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PAIMOTEXHUKA

YIKS519.86
MATEMATHUYECKHUE MOJEJIN
MEXAHUYECKHUX HAITPSIKEHUI U

JTE®@OPMAIIMI B CWJIOBBIX
KAPKACAX BUHTOBBIX OBMOTOK

MAPTBIHOB C.A., XA2KMYPAJJOB M.A.

PaccmatpuBaroTcs MareMaTH4eCKUE MOJEIM pacuera Ha-
OpsoKeHU U gedopMmanuii mpu JeWCTBHH IPEPBIBUCTHIX
paclpeleneHHbIX Harpy30K HECYHIMX CHJIOBBIX 3JEMEHTOB
BHHTOBBIX OOMOTOK TOPOHMJIANBHBIX MarHHUTHBIX CHCTEM.
Ilpennaratorcs pacuerHele cxemsl. IIpuBonsaTcs aHanuT-
9YeCKHe BBIPAKEHHS OIPEIeIeHNs] H3THOAIONIIX MOMEHTOB.
Pa3zpaboraHHBIII MaTeMaTHYecKUil ammapaT MOXeET OBITH
UCIIONIB30BAH IIPU HAIUMCAHUM KOMIIBIOTEPHBIX IPOrpaMM,
ONlpesieIeHNs] HaIpPSKEHHO-1e(hOPMUPOBAHHOTO COCTOS-
HUS TEPMOSAEPHBIX (DU3NYECKUX YCTAHOBOK YKa3aHHOTO
KJacca.

1. BBeaenue

Cpenu MHOXKeCTBa Po0IIeM, CTOSIIHX Tepe ] pa3padoT-
YUKaMU TOPOUAaTIbHBIX MarHUTHBIX cucteM [ 1,2] (TMC),
MOJKHO BBIJICITUTH HANIPABICHUE, CBI3aHHOE C PACIETOM
HanpsbkeHHo-aegopmupoBanHoro cocrosHus (H/C).
Kaxk o0wext uccnenosanus TMC 001a1ar0T CIIOKHON
MPOCTPAHCTBEHHOM reoMeTprUIecKoi popMOii U BHYIITH-
TEJNBHBIMH TeOMETPHIECKIMHE pazMepaMu. [IpoekTupo-
BaHME TAKIX CUCTEM — IITUTEIHHBIN U TPYIOSMKH i Ipo-
[[ecc, OCHOBAaHHBIA Ha MCIONB30BAaHUN HETPaIUIIHOH-
HBIX TEXHOJIOTMH M3rOTOBJIEHHs. BMmecte ¢ TeM cyme-
CTBYET psiJl 0COOEHHOCTE!, XapaKTEePHBIX JIJIs HOCTpOe-
HUS PacYETHBIX aJTOPHTMOB IpoeKTupoBanus. K Hum
OTHOCSITCSI TEOMETPHIECKNE XapaKTePUCTHKN MarHUT-
HBIX OOMOTOK, BXO/SIIINX B COCTaB TEPMOSIEPHBIX yC-
TAHOBOK B Ka4eCTBE MOJCUCTEM, TAKMX KaK: BHHTOBAs
00MOTKa; KOMITEHCHPYIOIINE, KOPPEKTUPYIOIINE, YII-
PaBISIFOINUE KATYIIKU MPOJOIBHOTO IO, MPeacTaB-
JICHHBIC B BUJE IUTOCKHAX KoJel. Takue MOICHCTEMBI
0o0ecreunBalOT MATHUTHYIO KOH(UTYpaIHo, Croco0-
HYI0 yIepKaTh BBICOKOTEMIIEPATYpPHYIO ILIa3My IS
OCYIIECTBIICHUS TEPMOSIICPHOTO CHHTE3a. TOKH B IPO-
BOJHUKAX MEPEUNCICHHBIX MOICUCTEM COBPEMEHHBIX
TEPMOSICPHBIX (PU3NIECKAX YCTAHOBOK TOCTUTAIOT CO-
TEH KHJIOAMIIEP, YTO IOPOXKIAET OTPOMHBIE CHUIIBI, JeH-
CTBYIOIIHE HA 3JIEMEHTBI KOHCTPYKIMH. Llenbro nanHon
PpabOTHI SIBIISIETCS CO3IaHIE MATEMAaTHYECKOTO aIapara
U QITOPUTMOB UISI pacdeTa MEXaHUYEeCKUX HaIpsiKe-
HUH, BOSHUKAIOIINX B CHJIOBBIX 2JIEMEHTaX KOHCTPYK-
nuu yctaHoBok TCM. B kadectBe pacueTHON Mozienn
pPaccMOTPUM TPEX3aXOIHYI0 BUHTOBYIO OOMOTKY C Tpa-
nenen1anbHON () OpMOi IOITFoCa.

PH, 2013, Ne 2

2. MexaHnyeckue Hanpsi:keHus u aedopmanuu
NIPH 1efiCTBHH NPEPHIBUCTHIX pacnpeaeIeHHbIX
HATPYy30K

B cOBpeMEHHBIX TEPMOSIIEPHBIX (HYU3NIECKUX YCTAHOB-
Kax HEeCYIIMMHU KapKacaMu Ui IPOBOTHUKOB BUHTOBOM
00OMOTKH MOKET CIYXHTb JIMOO CHIIOBOHM Kapkac [3,4],
nub0 BaKyyMHasl Kamepa, YCUJICHHAsl HU30JIALUOHHBIM
0aH1a)KOM, pa3IMYHBIMA BCTABKAMH, KIIMHBSMH, KOJIb-
namu. HecMoTps Ha mepedrciieHHbIe OCOOCHHOCTH, pac-
YyeTHas cXeMa eJJHasi — KOJIbII0 IIOCTOSIHHOM TOJIIMHBI U
€IMHUYHOMN JJIMHBI, 3arPyKEHHOE MPEPHIBUCTHIMU PaB-
HOMEPHO paclpeleNeHHbIMU Harpy3kamu (puc. 1). B
KayecTBE JONYLIEHUS PEIIOJI0KHUM, YTO KOJIBIO BhIpe-
3aHO M3 OPAMOI TPYObl, TOCKOJBKY KPHUBH3HOW TOpa
MOXHO IIpeHEOpEYb.

Puc. 1. PacuetHas Monens: I — CpeAHUN paanyc KOJNbLA;
q (Kr/cM) — WHTEHCHBHOCTb paJIMaJIbHOM Harpy3ku; N —
HpOAONbHAs cHIa; X| — MOMEHT CHII

Ucnone3ys Meron cuit, BEIOEpEM B Ka4eCTBE CHCTEMEI
KOJIBLIO € pa3pe3oM Ha ocu cummerpuu. IIpononbHas
cruia N MoxeT ObITh HalJIeHa U3 YCIIOBHS PaBHOBECHS
nyru AB (puc. 2).

20=27/3

Puc. 2. Pacuernass monenb

[IpoexkTupyst cuibl Ha OUCCEKTpPUCY yTia 2m/3
(cM.pHc. 2) ¥ IpUpaBHUBAsA CYMMY K HYJTIO, HAXOIUM:

2Nsinm/3—-2qrsing=0, N:(2\/§)/3qrsin(p.



Henocraromyto HEeM3BECTHYIO — MOMEHT X; HaXOUM U3
KaHOHUYECKOTO YPaBHEHHUS METOJIA CHIT, BHIPAXKAIOIETO
YCIIOBHE OTCYTCTBHUS YIJia TIOBOPOTa GEPEros paspesa B
ceuenun «Ay» 8;X; +Alq=0.

115 n3ru0aronyx MOMEHTOB:
M = Nr(l1-cos0) = (Zx/g/3)qr2(l —cos0)sinQ,
00 (n/3-0);

M = (24/3/3)qr2(1 - cos8)sin @ — qr2{l — cos[0 — (/3 — )]},

(t/3-0)<0<(n/3+09);

M = (24/3/3)qr2(1 - cos6)sin @ — 2qr sin ¢sin(6 — 1t/3),
(n/3+¢9)<0<(n—-9);
M = (24/3/3)qr2 (1 - cos0)sin@ — 2qr2 sin @sin(6 — /3) —
—ar?{l - cos[o - (- @)}
(m—@)<0<m.

W3rnbatomuit MOMEHT OT €IMHUYHOTO MOMEHTa M = |
MIpeJCTaBIeH Ha puc.3.

Puc. 3. Pacuernas monenb. ENMHUYHBI MOMEHT

Koapuumentsr 8; u Alq onpenensiem ciocobom Mopa:

n_ JE—
8; =2[M?rd6/EJ =2mr/EJ, Alq= 25 [MMrd6/EJ
0 0
e EJ — %eCTKOCTh IIPU HU3THoe.

ITocne moaCcTaHOBKY 3HAYEHUI U3rMOAIOMX MOMEHTOB
HMeeM:

/3
Alq = (2qr3 /EJ) {(2@/3) sin @ I(l —c0s0)do x
0

n/3+¢
X j' [(2x/§/3)(1 —cos@sin@—1+cos(0—m/3+¢)]do+
n/3-¢

¢
+ j [(2\/5 /3)(1—cos@)sin @—2sin @sin(0—m/3)]d0 +
n/3+¢

T
+ [[(24/3/3)sin ¢(1 - cos ) — 2sin @sin(6 —1/3) — 1 +
-0
+cos(0—m+¢)]do}.

4

[Moce mpeobpazoBaHus
Alq=—(2qr3 /EN[(24/3 - 7/3)sin ¢ —3¢].

[oncranoska 8;; u Alq B KAHOHMYECKOE ypaBHEHHE
NPUBOIMT K CJIEAYIOMIEMY BBIPAKEHHIO LIS HEJOCTAKO-
1ieii HEM3BECTHO! X, =qr? [(2v/3/3)sin@—3¢/m].

J11s1 oy deH s CyMMapHBIX H3THOAIOIINX MOMEHTOB Ha
ydacTKax cjenyeT U3 YpaBHEHHH MOMEHTOB BBIYECTh
MOMEHT X;, YTO NPUBOAUT K ypaBHEHHSM (cIpaBa U
CJIeBa CEUEHUS «A»):

M = qr2[3¢/m - (2+/3/3)sin gcos6],

0<06<(n/3-0);

M = qr2[3¢/n - (2\/5/3)sin(pcose —1+cos(8-7n/3+0)],
(n/3-9)<0<(n/3+09);

M= qr2[3(p/n—(2\/5/3)sin(pcose—2sin(psin(9—1t/3)], M
(®/3+¢9)<0<(n—-0);

M = qr2[3¢/7 — (2+/3/3)sin cos® — 2sin ¢sin(® — 1/3) -
—1+cos(0—m+ )],

(r-@0)<B<Tm

[Tonb3ysick BeipaXkeHUsIMHU (1), MOXKHO IOCTPOUTE SITIOPY
U3rubaroImuX MOMEHTOB IO BCEMY KOJbILY, IPHYEM B
CHILy CHMMETPHH JJOCTATOYHO UCCIIEI0BATh NIEPBbIE JBa
BBIpaKEHU s B UHTEpBaJIE () < O < 1t/ 3 , TAK KaK B JaJIbHEH -
ieM cxeMa OyJeT MIeCTh pa3 IOBTOPSTHCS.

Kpome m3rubaroniero MOMEHTa B CEUYCHHH ACHCTBYET
npononbHas cuiia. OHa MOXeET OBITh PACCYUTAHA ITYTEM
MIPOEKTUPOBAHHUSI BCEX CHJI HAa HaIlpaBJIEHUE KacaTeIbHOM
B JaHHOM CEUEHUHU:

Ng =—Ncos0 = —(2@/3)qrsin @cosQ,
0<6<s(n/3-9);
Ng =—Ncos®—qr[l—cos(6—7/3+¢)] =
—(2\/3_)/3)qrsin(pcoscp—qr[1—cos(G—Tc/3+(p)],
(/3-0)<0<(n/3+0).

JInst AByX OPYTHUX MHTEPBAJIOB PACUETHBIC BBIPAKEHHUS
Oy/IyT TAKHMH Ke.

Ha ocnoBaHuM M310KEHHOT'O MOKHO IIPEACTaBUTh OKCT-
PEMAJIIBHBIC 3HAYCHUA IA I/ISFI/I6&IOIJ.II/IX MOMCHTOB H
IIPOAOJIBHBIX CHIIL.

s 6=0:
Minin = qr2[3@/n—(2ﬁ/3) sinQ];
M, =—(243/3)arsing .
HAnsa 6=7/3:
My = 4r2[3¢/ T (v/3/3)sin g1+ cos ] ;
M in = —qr[(Sﬁ/6) sin@—(1/2)cos @] .

Hcrone3ys 3TH BBIPaKESHUST, MOYKHO OITPEAEITUTH MaKCH-
MaJbHBIC HANPsDKEHHS B KapKace MpU pacueTe ero Ha
MpoYHOCTh 6 =*M/W —-N/E.
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3. Onpenesienne paauaidbHBIX MepeMeleHuit

Paccmotpum paguanbHble nepemMerieHus « Uy moa Bo3aei-
CTBUEM TPEX B3aMHO-YPaBHOBEIICHHBIX €IMHUYHBIX CUIL,
OTCTOSIIMX JIPYT OT Jipyra Ha yrou 2p/3. B cuity cummer-
PHU B TAKUX CEUCHUSIX PaAUaIbHbIE IepeMeleHus OyayT
OJIMHAKOBBIMU. YTPOECHHOE PaJUalbHOE MEpeMEILCHUE
MOKET OBITh BHIUUCIIEHO C IOMOIIBIO HHTEerpana Mopa:

U =1/3MMrd6/EJ

rae M — u3rnbaromnmii MOMEHT, BEIYUCIIEHHBIN 110 COOT-
HomeHusM (1); ) —U3rubarommii MOMEHT 10| BO3/IeH-
CTBHEM E€AMHUYHOMN CHIIBI; EJ — )KECTKOCTh; § — yroi B
MEpHIMOHATHLHOM CEUEHUH TOPA.

n/3-¢

p
n/3+¢

n/3-¢
n/3+B

U=(qr4/3E7)] ™°*°

21/3+B

2n/3-B
+Q

¢

Jns onpenenenns paauanbHbIX TEPEMEIEHUN PACCMOT-
puM 1Ba cirydasi: 1) mepeMenieHust HaXOIsITCs UTs He3ar-
PY’KEHHOH 9acTH KOJNbLA; 2) MepeMeIIeHIs HaXOmITCs
JUISL CEYEHU 3arpy’KEHHON YaCTH KOJIbLIA.

3.1. IlepemMenieHnsi B He3arpy:KeHHOI YacTH
KOJIbIA

Pacuernas cxema npe/craBiieHa Ha puc. 4.

Puc. 4. Pacuernas cxema 0 <P < (/3 —-0)

PH, 2013, Ne 2

[ [3¢/m—(243/3)sin cos 0]sin(6 —B)d6 +
+ ]' [3(p/n—(2\/§/3)sin @cosO—1+s0s(0—1/3+ ¢)]sin(6—B)do+
+ ]' [Bo/m— (2x/§/ 3)sin @cos 0 — 2sin @sin(0—1/3)]sin(60—)do +
¢
+ j [Bo/m— (2x/§/3) sin @cos 0 — 2sin @sin(0 —1/3)][sin(60—P) +sin(6 —1/3—)]dO +
-
+ j [3o/m— (2x/§/3) sin @ cos 0 — 2sin @sin(0—1/3)][sin(60—27/3 +B)dO +

+ j' [3(p/Tl:—(2@/3)sin(pcosO—Zsin(psin(e—Tc/S)—1+cos(6—1'c—[3)]sin(6—2ﬂ:/3+B)dG.

ypaBHeHI/IH I/I3FI/I6a}OHIHX MOMECHTOB OT €AUHUYHBIX CUJI
HNMCHOT BU/:

M=0,0<0<p;

M =rsin(0 - B), p< 6 < (21/3+P);

M = rsin(6 — B) + rsin(6 — 21/3 - p),

2n/3+P) <0<

M=0,0<0<2n/3-B);

M = rsin(0 - 21/3+P), 21/3-P) < 0 < (T + ).

2

[MoncranoBka Beipaxkenuii (1) B (2) B cooTHOLIEHHE ATIS
BBIYMCIICHUS paiuanbHOro nepemerenus «Uy» naer pe-
3yJIbTaT, IPEACTaBICHHbIH (2%).

2%

KonTyp paszbuBaercs Ha onpeieIieHHOS KOJMYECTBO yJa-
CTKOB, B TpefeNiax KaXJI0ro M3 KOTOphIX M u M -
HenpepbIBHbIe PyHKIMHA. CYMMHPOBaHHE HHTEIPAJIOB C
OJIMHAKOBBIMH IMOJILIHTETPATbHBIMHU BHIPAKCHHUSIMH U HE-
TIPEPHIBHO U3MEHSIOIMUMUCS TIPEICTIaMu UHTETPHUPOBa-
HUSI TPUBOIUT K BRIPAKCHUIO JIJIS1 BRIYUCIICHUSI TIepeMe-
IIEHNN:

U=(qr*/3EN[B¢/m)(L,; +L, +L;)—
—(2/3/3)sin@(L, +Ls +Lg)— 3)
=2sin@(L, +Lg+Lg)—L;q—L;;+L;5+L;5],
roe L; (i=1,2,3,...,13)— wuHTerpasbHbIC BBHIPAKCHUS,
KOTOPBIE 3aBUCAT OT HOMEPHBIX KOOPIWHAT U YIJIOBOM

IIUPUHBI Toroca (@, 6, B).

[ToncraHoBKa 3TUX MHTETPaAIOB B (3) mocie npeodpaso-
BaHMH IaeT OKOHYATEIIbHOE MATEMATHIECKOE BBIPAIKECHHIE

IUTs TIepeMenennii B uaTeppaiie 0 <P <(n/3-¢):

(9(p/n)+<p\/§c05(pcos[3—

U =(qr*/3EJ
tar ){— sin[(t/3+2+/3) cos B+ B3 sin [3} -4



3navyenue nporuba npu =0 u f=(n/3—-@) Oyner:

>

9/ 3cosq—
Up_o :(qr4/3EJ)[ 9/m+ 3 cosg }

—(m/3+23sin @)

9¢/m+(¢/3/2) -
U — (qr* /3EJ)] = sin[21t/3 +4/3 = 3@)cos + 1. O)

BT
370 +(3+¢V3)sing]

Beipaxxenue (5) He00X0AUMO LIS IPOBEPKH IPABHIIEHO-
CTH JaNbHEHINNX PEIICHH, 9TOOBI 00ECIICYUTh TEM Ca-
MBIM CXOJIMMOCTb M aJICKBATHOCTh JAJIBHEUIINX pellie-
Huil. Ceyenue 3 =1/ 3 — ¢ ABISCTCSA TPAHUYHBIM CCUCHU -
€M HEHarpy>kKeHHOI'O ¥ Harpy»>KeHHOT 0 y4acTKoB. [Iyrem
MPENETBHOIO IEPEX0Aa OT PACHPEAECICHHON HAarpy3KH K
COCpEIOTOUYEHHOM CHIIE TIPH

sing—@—0, 2qrsin@—=p, cose=0

13 BbIpaxkeHus (4) monyyum

99/ 21— (1t/6+3/2) cosp—

U=(qr3/3EJ
(3R —(B+/3/2)sinp.

3.2. llepemelieHns1 B HATPY’KEHHOH YAaCTH KOJIbLA

PacuerHas cxXeMma
((®/3-Q)<P<w/3).

npuBeneHa Ha  puc. S

Puc. 5. Pacuernas cxema mepemenieHus

Jns onpenenenrs nepeMenieHuii B HEHarpy>KeHHOi yac-
TH Koyiblia BeIpaxkeHus (1)-(3) ocraroTcss MpeKHHUMHU,
MEHSIOTCS TOJNBKO MTPEAEIIbl THTETPUPOBAHMUSL.

[Moctynas Tak ke, kak B pazzaene 3.1, momydaem
U =(qr*/3EN[(Be/m)(L, +L,) -

—(2V3/3)(L; +L,)sin@—2(Ls + L)sing -
—L;—Lg—Lo—Ljg+Lj;+Lj; +Lj3+L 4],

roe L; (i=1,2,...,14) — uaTerpansl, 3Ha4€HNs KOTOPBIX
BBIYKCIIAIOTCS 110 mapameTpaM 6, B, .

IToncraHoBKa 3THX MHTETPajoB B BhIpaskeHue Aast «Uy»
JaeT penieHne I paarualbHOro mepeMeIieHus 3arpy-

YKECHHOM 9acTH KoJbla mpu ©t/3— @ <P < n/3
6

99/T—3+(3/2+¢V3/4)x

X (cosP +\/§sin[3)cosq>+
+(3/4)(n/3 - B)(+/3 cosP —sinP) x
xcos@+[3¢/4—-1/3-3/2)x | . (6)
x (cosP +/3sinP) — (v3/4)x
><(T|:/3—B)X(\/gcosﬁ—sinﬁ)]sin(p

[To raHHOMY BBIpaKEHUIO MOYKHO HAITH ITepeMeIlIeHUe Ha
TpaHHMIIE YIACTKOB, T.€. «U» mpu B = (/3 - @) :

U = (qr*/3EJ)

9¢/m+ wﬁ/z —sin@Xx
Upor/3- = (@ /3EDIX[(-30+2m/3 + V3)cos+ ‘
+(3+¢V3)sing)]
Bripaxxenue coBnanaer ¢ (4), obecrieunBasi CXOJUMOCTh
peLeHus.

W3 mony4eHHbIX COOTHOLIEHHI BUIHO, YTO HAHOOIIbIICE
nepemerienue Oyaer mpu 3 =m/3 :

9(p/n—3+(3+(p\/§/2)cos(p+
Up_r/3 = (qr*/3EJ) '
+(39/2-2n/3—+3)sing

CraenaeM mpeaenbHbIi Mepexoa K TPEM COCPea0TOuEH-
HBIM CHJIaM:

Upop3 = (@r* /6ENO¢/m—+3/2-2m/3) =
=(qr3/3E3)9/2n— /3 /4 —7/3).
Hanee
U = (Pr3/3E3)[9/2n — (/6 +/3/2)cosP —
— (BV/3/2)sinp] lp_r/3 = (Pr/3ED)x
x(9/2n—/3/4-1/3).

Takast MHOIOCTOPOHHSISI TPOBEPKA rapaHTUPYET CXOIU-
MOCTb PE3YJIbTaTOB.

4. OnpenesieHne yriioB NOBOpoOTa ceveHMit

J1J1s onipeiesieH s yIiIoB MOBOPOTA CEUSHHMH HEOOXOMMO
MIPUJIOKUTD JBa B3aUMOYpPaBHOBELIMBAIOIINX CUMMET-
PHYHO PacIONOKEHHBIX €IMHUIHBIX MOMEHTOB (pHC. 6).

HuTerpan Mopa, B3SIThIi 10 KOHTYPY KOJIbI[A, AAET YABO-
€HHBIN yroJ IOBOPOTA CEYECHUM:

¥ =1/2§MMrd6/EJ

IJie ) — yroJ MoBOpoTa ce4eHus; M — u3rnbaronuii

MOMEHT (PaBEeHCTBO 1); M — CAMHUYHBII MOMEHT:
M=0 npu 0<0<B,
M=1 npu B<O<T. ™

B crity ciMMmeTpur 3KBUBAICHTHOM CHCTEMBI (CM.pHC. 1)1
CHUCTEMBI, 3arpy’)KeHHOH €IMHUYHBIMH MOMEHTaMH
(cm.puc. 6)

T
$MMrd6/EJ = 2[MMrd6/EJ
0
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Puc. 6. Pacyernast cxema yrioB moBopora

Taxum 06pa3om, BeIpakeHue (6) IprHoOpeTaeT BHT

n —_—
= [MMrd6/EJ (8)
0

31ech A YIVIOB MOBOPOTAa HAAO PacCMaTpUBATh JBa
Clly4asi — yroi IOBOpOTa JJIs 3arpy>KEHHOM 1 17151 Hes3ar-
PYKEHHOU YacTen.

4.1. Yrupl IOBOPOTA B He3arPyKeHHOH YacTH
KOJIbLA

PacuetHas cxema nOpeacraBjiCcHa Ha pUcC. 6. I[I/IaHaSOH

u3MeHeHus yrima 0 <B<(n/3-a).

[Toncranoska Beipaskenuii (1), (7) B (8) naer ananuruyec-
KOE BeIpakeHue A 9 (8%).

HuTerpupoBanue v mpeobpa3oBaHue IPUBOANT K BIpa-
eHuro 111 0 <P < (n/3-0):

® = (qr3 /EN[(2/3/3)sin gsinp—39B/x]. (9)
n/3—¢

B
n/3+¢

n/3-¢

¥ =(qr3/EJ) o

T/34+¢

¢

4.2. YrJbl NOBOPOTA B 3arPyKEeHHOI YaCTH KOJIbIa

Huamnazon m3meHenust (/3 —@) <P <n/3. Aaroputm
pacuera aHaoru4dHbIi st 4. 1.

OKOH‘I&T@J’ILHOC MaATEMATHYCCKOC BLIpa)KeHI/Ie HUMCECT BU
o(1-3p/n)—m/3+P+
9= (qr3 /ED) + (1/2)(+/3 cosP — sinB) cos ¢ +

(10)
+[\/§/6)sin[3— (1/2)cosP]sing
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[ [3¢/m—(2v3/3)sinpcos 0146 +
+ I [3(p/n—(2x/§/3)sin(pcos9—l+sos(e—Tc/3+(p)]d6+
+ [ [3¢/m—(2v3/3)sin@cos — 2sin psin(6 — /3146 +

T
+ f[3(p/7t - (2\/3/3)sin(pcosq) —2sin@sin(0 — 1t/3) — 1 +cos(6 — - B)])d6.

5. BoIBOABI

HO.]'Iy‘IeHHI:IfI MaTeMaTHYeCKU armapaTMOXET UCIIOJIb30-
BaTbCA IPU HAITMCAHW W KOMITBIOTEPHBIX ITPOI'paMM pacucTa
Hal'[prKeHHO-I{e(bOpMI/IpOBaHHOFO COCTOSIHHA TOPpOU AajIb-
HBIX MArHUTHBIX CUCTEM, IPEAHA3HAYCHHBIX I YACPKaA -
HUA BI)ICOKOTCMHepaTypHOI\;I I1a3Mbl. MaTeMaTHYeCKui
armapaTt MOXXET OBITD MNPUMEHECH K CUCTEMaM 000i1 3axo4-
HOCTH (paCCMOTpeHa TpEX3axoaHas CUCTEMA C OOJBIIIMH
ACIICKTOBBIMHU COOT: HOHIeHI/IHMI/I).

I/ICHOJ'IIByf{ TNOJYYCHHBIC PEHICHU, MOXKHO ITIOCTPOUTD:

— IO BBIpaXKeHUsM (1) — SIFOPBI M3rUOAIOIIIX MOMEHTOB
JUISl TPOBEPKU KOHCTPYKLIMHU Ha MPOYHOCTb;

— 110 BbIpakeHUsIM (4) 1 (6) — yIpyryro JIMHUIO U 10 Hel
MIPOBEPUTBH )KECTKOCTh KOJIbLIA;

— 110 BeipaxkeHusM (9) u (10) — smtopy AeBUaIIU.

Cnucok aureparypsl: 1. buixos B.E., I'eopeuesckuii A.B.,
Kopsasko B.U., Jlumeunenxo FO.A. beccunoBble TOponaaib-
Hble MarHuTHble cucreMsl. [Ipenpunt XDTU 76-39. Xapsb-
k0B, 1976. 2. Shishkin A.A. Torsatron type system with the
small pitch angle of helical windings and additional toroidal
field coils - URAGAN-2M (Principal physics issues). Preprint
KhIPT 2005-2. Kharkov, 2005. 3. beikog B.E., 'eopeuesckuii
A.B., lpynos B.A. u op. IIpoexT TopcaTpoHa C JOMOTHUTEIb-
HBIM NpPOJOJNBHBIM HoOleM — ycTaHoBka «YPAT'AH-2My.
Joxmaner 3 Bcecoto3Hoi KOH(pEpEeHIHH 10 HHXEHEPHBIM
npobieMaM TepMOSIIEPHBIX peakTopoB. (Jlemmnrpanm, 20-22
nrons 1984 r.). Mocksa :LlHUWaTomuu(OpM, 1984. Tom 1. C.
61-67. 4. Mapmuwinoe C.A., Bopobvesa B.I1., Kpyzono M.C.,
FOpxun A.1O., Xaxcmypaoos M.A. Monenn 1 METOIBI ONTH-
MH3aIUH HaNPsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHHUS TOP-
catpoHa «YparaH-2M» // ACY u mpu0Oopbl aBTOMaTHKH.
2009.Ne147.C.32-38.
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AHAJIM3 TEPCHEKTUBHBIX CUCTEM
OXJIAKJIEHUSA AKKYMYJISITOPHBIX
BATAPEM

CIIABOCITULIKHH P.II., XAXKMYPAJIOB M.A.,
JIVKbAHOBA B.I1.

IpuBoanTCs aHANU3 U 0030p CYIIECTBYIONIUX K pa3pabaTsl-
BAaeMBIX CHCTEM OXJIAXJCHHS aKKyMyJIATOPHBIX OaTapeil.

1. BBegenune

CucTeMbl OXJIaXKICHUSI TPUMEHSIOTCS B KOMITBIOTEPHOM,
KOCMHUYECKOH 1 BOEHHOM TEXHHKE, B JOMAIIHUX U MPO-
MBIIIJIEHHBIX KOHAMLIMOHEpaX, Ha jKeJIe3HOAOPOKHOM,
BOJIHOM U BO3AYILIHOM TPAaHCIOPTE, a TAKXKe B 3JIEKTPO-
MoOmisix. B Hamux padorax [1-4] paccMOTpeHbI cucrte-
MBI OXJIQKACHUS aKKyMYJISITOPHBIX OaTapei, UCIob3ye-
MBIX B JJIEKTPOMOOMIISIX.

2. AHATUTHYECKHii MeTO/I pacyera

PacueThl mpoBeIeHbI aHATU THYECKAM METOIOM JITSI KOH-
KPETHOM KOHCTPYKIIMH aKKyMYJSTOPHOH Oatapew, rie
OXJIQXKAFOTCS SIYCHKH OaTaper MOTOKOM BO3/yXa depe3
MPSIMOYTOJIEHBIC KaHAIBI. [[pOBEICHBI pacyeTh IS CITy-
yaeB, KOrja SYeWKH OXJIAXKIAIOTCS MOTOKOM BO3IyXa
CHU3Y, CBEpPXY U cOOKy. PacueTsl mpoBeJeHbl Kak ajs
CHCTEMBI OXJIQXKJICHHS C paBHOMEPHBIM PaclpeieieHuEM
Teria B siueiikax Oatapeu — 15 BT Beiensercs mo Beei
BbICOTE siuelku (puc. 1,a), Tak U ¢ HepaBHOMEPHBIM
pacnpenenenuem temia— 15 Bt pacnpeneneHs o BbICO-
Te sIYCHKU corjacHo puc 1,0 (B BEPXHHUX YaCTAX SUEEK
Oarapen TemIiepatypa BbIle, YeM B HIKHHUX). Eciu B
KaKOH-TH00 YacTH sTYekKY OaTaper TemMrieparypa npeBbl-
[IaeT JIOMyCTUMBIE YCIIOBHS ee paboThl (+50°C), To HeoO-
XOIUMBI JOTIOJTHUTEIBHEIE MEPHI IO OXJIAXKICHUIO OaTa-
pen.

[Ipu pacuerax aHaTUTHYECKUM METOIIOM [ 5, 6] UCITONB30-
BaJIOCh ypaBHEeHHE OanaHca 3Hepruu (1) ams 6atapeu ¢
pasmepamu L =220 mm, b= 150 MM, a =2, 3, 4, 5 mm:

qc =hg-A-AT, =m-C, AT, | 1)

raeq, — TEIUIOBOM ITOTOK, IOCTYNAIONIMH B KaHAI, h ¢~
ko3 dunnent rermonepenaun; A =2b-L — o6mas mio-
11a/1b TOBEPXHOCTH KOHTAKTa BO3/lyXa C TEIIONEepeaato-
I1eH MOBEepXHOCTBIO; AT, —pa3HOCTH TEMITEpPaTyphI MEX/TY
MIOBEPXHOCTBIO A4eiikn T, W cpemHed Temreparypoit
MOTOKA; 11, — MAaccoBBIN pacxoi BO3AyXa; Cp — yIelb-
Has TeTUI0eMKOCTh; AT; —M3MeHeHne TeMIepaTypsl IoTo-
Ka MEX/y BXOJIOM B KaHaj U BbIXOJIOM U3 HETO.

B ypauenuu (1):

T, +T
b b
T ——L 22

ML= T-—5—|; @)

AT =T, ~T, 3)

34€Ch Ts —CpeaHssd TEMIIEpAaTypa CTCHKU Tbl —TEMIICpa-
TYpaIlOTOKa Ha BXOJC KaHaJ1a, sz —TEMIIEpaTypa II0TOKa
Ha BbIXOAC U3 HETO.

< a)

T, = By, " 2 Br
= kit h U
") |2Br
Ll
‘b—v—/
[Morox Bo3.Lyxa

Puc. 1. Bo3aymiHoe oxmaxkaeHHe yepe3 NpsSMOYroiibHbIe
KaHaNbL: a — C paBHOMEPHEIM [1], 6 — ¢ HEpaBHOMEPHBIM

pacrpeneneHueM MOLHoOCTH [4]; TSi (i=1,j,4) — Temnepa-
Typa TOBEPXHOCTH HacTell OaTapen
MaccoBblil pacxo]] BO3yXa 4epe3 KaHaJl paBeH
m=p-B- Vi > @)
rae p — IUNIOTHOCTh BO3AyXa; B = ¢ -b —IIOIIAaL KaHa-
na; V,, — cpemHss CKOPOCTh JBIKEHUS BO3/yXa.

KoaddunuenT reronepenayu paccunuThiBaeTcs Mo (op-
MmyJie

N k-Nu
cT TN, 5
N 5)
31ICh k —KO3((HUITHESHT TEIIIONPOBOHOCTH BO3yXa; Nu

—uncno Hyccensra; Dy, — runpaBnudgeckuii quamerp.

Yucno Hyccenbra aj1st TJaMUHAPHOTO JIBHXKEHHSI BBIYUC-
nseTcs 1o hopmysie

D\ 0,14
Nu,,, =186(Re-P*®| =2 | [Ee | o
L) (u
a JuTsl TYpOYJIEHTHOT'O IBHXKCHHSI — IO (hopMyJie
Nu,,; =0,023Re"*- Pr’’, (7

rne Re —uncno Peiinonsaca; Pr—aucno [panars; Dy, —

TUAPABINYECKAN nuaMeTp; L — nimna kanana; Wy, U, —

K0O(hQUIIUEHTHI TTHAMAYECKON BS3KOCTH BO3AyXa IPH
pasubix Temnepatypax (+20 °Cu+50 °C) cooTBEeTCTBEH-
Ho. Yuncno PeliHonbca Beramcisercs mo hopmysie

_Vm’Dh
A%

Re ; ®)
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rae V., — CpemHss CKOPOCTh JBHMIKEHHS BO3AYXa; V —
K03 (PUIMEHT KNHETUYECKOMN BS3KOCTH.

Pacuersl BBINOJIHEHBI MPU CKOPOCTH TOAAYU BO3IyXa

V,, =1..20 M/c, pa3nnuuHBIX 3HAYESHUIX 3a30pa MEXKITY

stueiikamu (a =2, 3, 4 1 5 MM), pa3HbIX HalpaBICHUIX

MOJIAYH OXJTAXK/TAFOIIETO TOTOKA BO3IyXa B OaTapeto (cOo-

Ky, CHU3Y, cBepxy) [1-4]. Hekoropsie pe3ynbTaThl pac-

YETOB IPUBE/ICHEI B Ta0I. 1.

[Ipu momave OXJIa)XIAIOIIEro MOTOKA BO3AyXa COOKY
T _

BBEJICHA Benn4MHa 1, — CpejHss TeMmiepatypa, Kak

CcpelHee 3HAa4YeHUE Ul BCEH IOBEPXHOCTU SAYECHKU

4
T, = T, /43
i=1
Ananus JaHHBIX T8.6.]'I. 1 IIOKa3bIBACT, YTO caMasd BbICO-

Kas TeMIepaTypa B BepxHeil uactu ( 1 4 ) TIOBEPXHOCTH

s;uelKku Ipu oxJlaxaeHuu cHusy (76,7 °C), HECKOJIbKO
HIDKE TEMIIepPaTypa MOBEPXHOCTH HIDKHEH YaCTH STUCHKH

(Tsl) npu oxJjaxaeHuu csepxy (68,8 °C), a myuiue

BCEro u3 HamboJee ropsiunuX YacTe OXJIAXKIACTCS IO~
BEPXHOCTh BepxHeii yactu sueiiku T, (58,4 °C) npu
cp

OXJIAXKIEHUU COOKY. XOTs 4eTBepTasl 4acTh STUCHKU Ha
BBIXOJIE IIOTOKA BO3/TyXa U UMEET BRICOKYIO TEMIIEpaTy-
py (79 °C), onHako cpenHss TeMIepaTypa BepxHei ua-
cTH Bcell sueliku He odeHb Bbicokas (58,4 °C). Ilo-
BHJIIMOMY, 3TO CBSI3aHO C TeM, 4TO IIMpPHHA OaTapeu
(150 mm) meHbLIE, yeM ee BricoTa (220 MM).

OO01uii BEIBOI, KOTOPBIH MOXKHO CIIENIATh B Pe3yiIbTaTe
BCEX MPOBEICHHBIX HCCIICIOBAaHMH (M3MEHEHHUE CKOPO-
CTHU W HalpaBJICHHs MMOJaYd BO3ayxa B O6arapero, 3a30-
POB MEXIy sYeliKaMH W Jp.), TAKOB, YTO MPH MaJoh

CKOpPOCTH IOTOKa BO3AyXa V,, =1 M/c He ynaercst CHU-

3UTh TEMIIEPATYPY MOBEpXHOCTH stueiiku ke +50 °C.
[TosToMy HEOOXOOMMO HCKATh APYTHE IMYTH PEIICHUS
3TOMU MPOOIIEMBI.

3. IToucku 3¢ (PeKTUBHBIX CUCTEM OXJIANKIEHUS

Co3matp ycioBHs, KOra TeMIepaTypa CaMbIX TOPsSInX
YacTel OBEpXHOCTH suekiky OyieT MeHbIte +50°C, MOXKHO

00 MyTEM yBETUIECHU S KO3 PP UIHEHTA TeTLIoNepeia-
un h_,nu6o myrem yBenuuenus yucia Hyccenbra Nu.
B namux paborax [3-4] npuBeneHb rpad MK 3aBUCH-
MocTu BenuurH h, 1 Nu oT ckopocTH mocTynarero
Bo3ayxa V, =1...10 M/cipu pa3THUHBIX 3230pax MEX-
oy sauedikamu (a=2, 3, 4 u 5 mm). U3 rpadukos
BHJTHO, YTO C YBEJIMYECHHUEM CKOPOCTH V, JIBHXECHHE
BO3/yXa IIEPEXOIUT OT IAMUHAPHOTO B TYpOYICHTHOE,
MPH KOTOPOM MOBEPXHOCTH SYCHKH JTYUIIE OXJIaK1aeT-
cs1. U3 rpadukoB Takke CIEAyeT, YTO MPH MaibIX
ckopocTax V, <3 m/c BennuuHa K03 huIineHTa Ter-
jornepenays h, HaMHOro MeHsble, YeM Mpu OONBIINX
CKOPOCTSIX. DTO MO3BOJISET PACCMOTPETH PSiT BO3MOXK-
HBIX ITyTel co3maHus () PEeKTUBHBIX CHCTEM OXJIaXKIe-
HUSL, YIUTHIBas pa3pabOoTKy, MPEII0KEHHBIE U OITYOIIH -
KOBaHHBIE B MUPOBOI nedatu [7-9].

4. Ucnojib30BaHHe HAHOMOKPBITHIA

B 2010 romy amepuKkaHCKHE YUYCHBIC pa3paboTany u
OIyONnuKOBaIy [ 7] cCienuanbHOe MOKPBITHE, TIO3BOIS-
ro1ee B 3,5-4 paza yBenHM4UTh TEIJIONEepeaady oXaax-
JAoLuX oBepxHocTell. [IpeaBapuTenbHbIe pe3ynbTa-
TBHI PacYETOB TEMIIEPATYPbI IOBEPXHOCTU MPH Pa3HBIX
CKOpOCTSX IOTOKA Bo3ayxa V, JUId a =2 MM IpuBe-
neHbl Ha puc. 2 u 3. Ha puc. 2 naHbl pe3yibTaThl
pacyeToB TeMIepaTypbl 4eTBepTOil (BepxHeil) yacTu
STYCHKU ISl HIDKHEH M BEepXHEH mopadyu Bo3nyxa 0e3
HaHOIOKPBITHS U ¢ HAaHOMOKpbITHEM. Ha puc. 3 npuse-
JI€HBI TAKH € )K€ 3aBUCUMOCTH,, HO JUIsI IEPBOM (HUKHEH )
YaCTH AYCHKH.

N3 puc. 2,3 BUaHO, 4TO NPy HAHECEHU U HAHO OKPBITHS
CHM)KaeTcs TeMIIepaTypa aHaJIn3upyeMoil HOBEpXHOC-
TH siueliku. TemmepaTypa B OOJIBIIMHCTBE CIIydacB
cranoButcs Hke +50 °C. OgHako naxke mpu HaHECe-
HUM HAHOIIOKPBITHS, TEMIIEpATypa YeTBEPTOi (Bepx-
HEW) YacTH SYSHKHM NpH HUXKHEH Tojadye BO3IyXa W
MepBOi (HH)KHEH ) YacTH sTYCHKY MTPU BEpXHEH mojaye

Bo3ayxa misa V,, =1 m/cmpessimaer 50 °C. be3 Hane-

CCHHMsI HAHOMIOKPBITHSI TEMIIEPATypa MOBEPXHOCTH s4e-
€K 3HaYUTeNbHO BhIIIe (Oenee yem Ha 10 °C).

Tabnuua 1. Pe3ynbraThl pacueToB CUCTEMBI OXJIXKICHHUS MPHU MOAaye MOTOKA

BO3/yxa COOKY, CHH3Y M CBEpXY

[Tomaua cboxy TTomaua
IToxaua cauzy

v, mle CBEpXy
MM " 0 0 [ [ 0, 0, 0, 0 0
T, 0.°C| T,@,°C| T,3),°C| T, ,°C| T *Cl T, °C| T, °C] T, ,°)C| T, ,°C

2 |1 37,3 51,8 65,5 79 58,4 29,9176,7 68,8149,8

2 12 32 36 40,6 45 38,4 27,0154,5 46,4 41,1

2 |3 30 34 38 42 37,5 25,8146,5 38,8137,5

3 |1 37,8 46,8 55,8 62,8 50,8 29,9167,9 55,8149,8
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Puc. 2. Temmeparypa deTBepTOil (BepXHEH) YacTH SUCHKH

NPH HIDKHEH W BEPXHEH Tmojiave BO3ayXa 0€3 NpUMEHEHHs

nanonokpsrtust ( Ty —H ) u (Tg4 —B) n ¢ npumeHennem
nanonokpeitust ( Tgy —H-nauo) u (Ty4 — B-Hauo)

(=}
o
-
e
[4)]
»
-~
o
©
-
o

V., m/c

Puc. 3. TemnepaTypa nepBoi (HIDKHEH) 9acTH S9EHKH TIPH
HWKHEH U BepxHel mojaue Bo3iyxa 03 IpUMEHEHHs
nanonokpeitust (T —H) n (T —B) u ¢ npumenernem
nanonokpertust (T — H-nano) u ( Ty — B-naHo)

5. OnTuMu3anus MI0OIAAM Temjonepenaomei
MOBEPXHOCTH

Tennonepenayy OXJIaXKIAOMIEN MOBEPXHOCTH MOXHO
YBEJIMYMTH 32 CUYET IJIOIIA U TETIIoNepeIatolIei oBep-
XHOCTH (OXJIAKAAFOIINE TOBEPXHOCTH ), T.€. 38 CUET CO-
3aHUST PEOPUCTOCTH TOBEPXHOCTH. TOYHBIC pPacyeTh
AQHATMTHYECKUM METOJIOM CJIEJIATh TPYIHO, TIO3TOMY 10~
MBITAEMCS OIICHUTh BO3MOXKHOCTD YBEIIMYCHHUS TETLION e~
penavn 3a CUeT CO3JIaHus IPOCTHIX pedep Ha TOBEPXHO-
ctu. PaccMoTpeHHBIN HaMU BapuaHT MPUBE/ICH Ha puC. 4.
B 3a3ope, o KOTOPOMY IPOTEKAET BO3IYX, CO3AIOTCS
BBICTYIIBI (peOpa). lllupunHa 3a3opa a =2 MM, pebpa
CO3JAK0TCSI C OTHOW CTOPOHBI OXJIAXKJA€MOM TOBEPXHOC-
TH, BeIcOTa pedep 1,5 Mmm u mupuna 0,5 mM. [lupuna
0,5 MM BBIOpaHa, MCXOJSA M3 TOrO, YTOOBI TEIUIO W3
STYEHKU MOTJIO JIOCTATOYHO XOPOIIIO IIPOHUKHYTH Ha BCIO
JUTHHY pebpa. 3a3op Mexay peOpamu paBeH 1 MM, BBICO-
Ta stueiiku L=220 MM, miuuHa saeidkid b=150 M.

Ha muae staeiiku b =150 MM momecTutes nmprMepHo 100
TaKuX OpeOpEeHHBIX y4acTKOB. [Inomans oqHoro Takoro
OpeOPEHHOrO y4acTKa Ay, BKIIFOYAKOIIEr0 OIHO PeOpo 1
OJIFH 3230p MEXIy pedpaMu, Kak 3TO BUIHO Ha puc. 4, B
TpH pa3a 0oJIbIIIe MIIOIIA I HeOpeOPEHHOM ITOBEPXHOCTH.

UTOOBI ONPECTUTh TEMITEPATYPY TOBEPXHOCTH STYCHKHU
Tg, e T, =AT, +Tbl +AT, /2, HEOOXOIUMO BBIYHC-
muth BenuuuHbl AT, w AT, . JInsg BeIYHCICHHS

10

AT, =—Je
h, A

H606XO,Z[I/IMO 3HATb BCJ'II/I‘-II/IHyA —Iuiomanab
C

KOHTAaKTa BO3yXa C Tennonepena}omeﬁ MOBEPXHOCTHIO

kaHama. Benmnunna A =2b-L, rne b u L — pa3mepsr
sueiiku 6atapen. Ecrm B kanase HeT pedep, 10 A=0,066 M>.

CnenoBatenbHo, ecnut 4, =15 Br, h =16,8 Br/m*Tpan,

to AT, =13,5°C. Ecnu B kaHame uMeroTcs pebpa

(cm.puc. 4), T0 Apc — IIONIA/Ib CTOPOHBI, HA KOTOPOM
MOMEIIEHEI pebpa, OyaeT B 3 pa3a GoIbIile, 4eM ILIOMIA Th
CTOPOHBI O3 pebep 1 00IIIast IITONIa b KOHTAKTa BO3TyXa
C TeIUIoNepeaatonlell MOBEepXHOCTRIO KaHana Oyner B 4
pa3a Oombllle, YeM IUIOMIAb OTHOH CTOPOHBI SYCHKH,
Koria HET pedep, T.€. Aggy =0,132 M? 1, crieosaTenbHo,

BesmunHa AT, =6,8°C.

220MM

L

e

S,
b:’50!\nf

Puc. 4. Barapes ¢ peOpucroii oxiaxaaromiel MoBEpXHOC-
TBIO

__ %
Jlns Boruncnenuss AT =——"— HeoOX0AUMO3HATH Mac-

m-C o .
COBBIH pacxo/ Bo3ayxauepe3 kanan m=p-B-V  Ilmor-

HOCTh BO3ayxa p=~ 1,1 KI/M? M CKOPOCTh MPOTEKAHHS
BO3ayXa V., MblI3amaeM paBHoH 1 m/c. [Inomans kanana

paBHa B=a-b. Jlna ciydas, kora HeT pebep B KaHase
B=300 MM” 1 MaccoBblif pacxon Bo3ayxa m = 0,33 r/c,

dc

ATy = rh-Cp Oynerpasna AT, =45°C.Cneno-

BeIMYMHA
BATCIbHO, BenmuunHa T, = AT, + Tb1 +AT, /2 =56°C.
Korna B kaHae ecTb pedpa, IJI0IIa, b KaHaia o KOTOpo-

My TIPOXOIMT BO3IyX, yMeHbInaercss or B=300 Mm? 10
B=225 MM? U MaccoBblif pacxos Bo3yXa uepe3 KaHal

0 y pi € T
m = 0,250 r/c. B oTom ciyuae AT, =_q_C BO3pacTeT
m-C
p
o AT, =55°. CrnenoBaTenbHO, BEIUYNHA
PU, 2013, Ne 2



T,=54,3°C, 4T0 HECKOJNBKO HWXKE, 4eM I ciydas,
Korja B kaHane orcyTcTByloT pedpa (T, =56°C). Ecin
Tenepb pa3o0beM S4eiKy Mo BbIcoTe Ha 4 4YacTH
(cMm.puc. 16), TO TeMIIepaTypa MOBEPXHOCTH JJIS ITEPBOIi
4acTH TS] =30,4°C, st BTOpoit T 5 =46°C, 11 TpeThei
15, =61,6°C u ans uerseproit T;, =78,9°C.

[IpuBeneMm erie JaHHBIE TSI CITy4ast, KOTIa JJIs COXpaHe-
HUS Macchl pacxozga Bosnyxa m= 0,33 r/c, kak 31O
OBLITO BO BCEX MPEABIIYIINX pacueTax [1-4], yenmuena
CKOPOCTh IIPOTEKaHus Bo3ayxa oT VYV, =1 Mm/c 1o
V_=1,32 m/c. Korna sueiika He nenutcs Ha 4 dacTy,
nonyuaem AT, =45°C, AT,=6,8°C n BenuuuHa
T, =49,3°C, uT0 TaKke HECKOJIIBKO HHMXKE, YeM IS CIIy-
Yas, Korja B KaHaine orcyrcTByoT pedpa (T =56°C).
Ecnu Teneps pa3o0beM srueiKy 10 BRICOTE Ha 4 4aCTH, TO
NOJy4YyaeM CIEeAYIOUUE 3HAUCHUS: TSl =29,3°C;
Ty, =42,4°C; T, =52,5°Cu T, =69,8°C. DTy Benuuu-
HY MOXKHO €Ill¢ HECKOJIbKO CHU3UTH (10 Ts4 =67,1°C),
€CIIM y4YeCTh, YTO C BBICTYIAMH THIPABIMYCCKUAN JUa-
metp Dy Oyzer paBeH He 4 MM, a 3 MM U, CJI€0BaTEb-
HO, KO3G(}UIUEHT Temronepeaadn BO3PaCTET C
h_ =16,8 Br/m>rpanno h,=22,4 Br/m?-rpax. [Tpu nass-

HelI1eM YBeJIMUEeHU Y IO OXJIaXK A0 el TOBEpX-
HOCTH 32 CUET KOHCTPYKTOPCKUX PELICHU I MOXKHO e1le
HECKOJIbKO CHU3UTh TEMIIEPATYPY IOBEPXHOCTU STYEHUKH,
HO OY€BHUIHO, YTO KAYECTBEHHOI'O yMEHbILIEHUS, T.€. Ha
JIECSITKU I'PalyCoB, TEMIIEPATYPbI OBEPXHOCTH SUEHKHU
3a c4eT JOBIX BEICTYIOB T0OUThCS He ynactes. CHu-
3HTh TEMIIEpaTypy MOBEPXHOCTH sAueiku 6ojee +50°C
MOXHO TOJIbKO YBEJIIMYNB CKOPOCTB BO3yXa V, 00mb-
me 2,5 m/c.

Hapuc. 5 npuBeneHbpl BO3MOXKHBIE BAPUAHTHI OXJIAKIAI0-
IIUX MOBepXHOCTeH OaTtapen. IHHEeKTHBHOCTE MPHUMEHe-
HUS TAKOTO TUIIA TOBEPXHOCTEN aHATUTUYECKUM METOJIOM
OLIEHUTH JIOBOJIHO CIIOXKHO U JIJIs1 UX PAaCYETOB UCIIONb-

3YIOTCAMETOABI SKCIIEPUMEHTAJIBHOT'O 1 KOMIIBIOTEPHOI'O
MOICIHUPOBAHUAA.

lﬁ ‘\.\\\\\\ , . i
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Puc. 5. [Ipumeps! oxmaxAa0MUX MOBEPXHOCTEN
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6. Oxna:xkaeHue siyeek 0aTapeu KMIAKOCTHIO

3HaunTeNnbHO 3() () eKTUBHEH OXJ1aJUTh IOBEPXHOCTH OaTa-
peu MOXKHO, €CIIH OXJIaKJaTh HE BO3YXOM, a BOJoH. B
TabJ. 2 IPUBENCHBI CIIPABOYHBIC JAHHBIC (HU3UICCKIX
XapaKTEPUCTUK TEIJIOBBIX IPOLECCOB Ui BO3IyXa H
BOJIBIL.

Tabnuma 2. CripaBoYHBIE JaHHBIE XapaKTEPHCTHK HEKOTO-
PBIX (PM3MUECKHUX BEJIMUMH JUIS BO3/LyXa M BOMIBI

HaumenoBanue Bosayx Bona
(duzngeckoit
BEJIMYHUHBI

[TnoTHOCTH BO3myxa, | =1,1 KI/M ~1000 kr/m°

p

VY nenvHast 1014 Jx/xrrpan |4181 Dx/krrpan
TETIOEMKOCTb TIPU
ITOCTOSTHHOM

JIaBJICHUH, Cp

Koaddurment 0,0265 Br/m-°C | 0,658 Br/m-°C

TCIJIOIIPOBOAHOCTH, k

CnenaeM pacueTsl Asl ciydasl, KOrJa 4epe3 KaHal
(a=2wmmMm, Dy =4 MM) npokaunBaloOT BOLY CO CKOpOC-
ThIO 1 M/C.

IIpoBeneHHBIE pacyeThl IOKA3aJI1, YTO €CIIH JUIs BO3AyXa
yuciao Pefinonbsaca Re=227, to mus Bomael Re~2200.
Yucno Hyccenbra yBenuuusaercs 1o 12. IIpu ckopoctu
V_ =1 M/c Macca npoka4rBaeMoi BOJIbI YBEINYNBACTCS

npuMmepHo B 10° pa3 10 cpaBHEHMIO ¢ BO3AyXOM, HO-
CKONIBKY P pony PaBHO 983 kr/M?, a Bozayxa

P sosayxa = 1,1 kr/m>. 7151 BO/IbI BETMYMHA yIeAbHOM Ter-

moeMKocTH C - NPUMEPHO B 4 pa3za Oomble, YeM UL

Bo3ayxa (cM. Tabu. 2). [ostomy AT) = JUTSI BOZIBI

m-C
p
Oyner B 4103 pa3 MeHbIIe, YeM sl BO3AyXa, T.€. IS

Boael AT; =0,01°C. CnenoBaTenbHO, €Cii MMOAaBaTh B

KaHaJI BO/y C TEMITepaTypoit Tb1 =20°C, To Ha BEIXOJIE U3
KaHaJia TeMIepaTypa BobI OyIeT sz =20,01°C. Koad-

k-Nu

(uuuent temtonepenadn h = JUISL BOOBI H3-3a

h

Toro, 4ro kod(pdummentreronepenadn kK =0,658 Bt/

BOJIBI

M-°C 3HAYHTENBHO Gosbie K =0,0265 Br/mM-°C u

BO31yXa

Nu

BOJIBI

U, » OyET paBHa h = 1974 Br/m*°C,
urto B 117 pa3 Gonblue, yem st Bozayxa h, = 16,8 Bt/
m2-°C. Ypennuenne koo pumuenta h, Gonee gem B 100
pa3 IpUBOIUT K TOMY, uTo BenmunHa AT, Gynmer paBen

AT, =0,13°C. B pe3ynbTaTe 3THX OLICHOK ITOTy4aeM, YTO

Temmepatypa creHku sueiiku T =20,15°C npubnusu-
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TENLHO paBHA TEMIIEPAType BOIBI, BXOMIAIICH B KaHAIL.
Hacronbko ke OyIeT OTiIHYaThCsi OT 3TOM TEMIIEPaTyPhI 1
TEMITepaTypa OTIEIBHBIX y4aCTKOB CTEHOK OaTapen. OT1-
CIOZIa CIIENyeT, YTO BOJA U JAPYTHE KHUIKOCTH SBISIFOTCS
XOpOIIMMHU OXJIATUTENSAMHU Oataped, U OONBIIMHCTBO
(bupm, pa3pabaThIBAIOMIHX JICKTPOMOOKITH, UCTIONB3YIOT
YKHJIKOCTH JITSI OXJTaXKICHIS aKKyMYJISITOPHBIX OaTapei.
JKunkocTHOE OXTaXIeHHEe OTBOJMT TEILIO OBICTPEE, YeEM
BO3JyIIIHOE, OHO KOMIAKTHEE M JIaKe CIIOCOOHO cIpa-
BUTBCS C HEOOJBIIUM BO3TOPaHUEM, HO MOTCHIIMAIHHO
MEHEee HaJIeXKHO, TaK KaK YTeUKa )KUJKOCTH U3 CHCTEMEI
OXJIQXK/ICHUSI MOXET ITPUBECTHU K BBIXO/IY M3 CTPOSI aKKY-
MyJsITopHOM 6aTapen. OmacHO 1 HCIIOIE30BaHUE KU TKO-
creit (Bojia v p. ), KOTOPBIE 3aMeP3at0T IPU OTPULIATEIb-
HBIX TeMreparypax. JJisi mpeofoneHus 3THX MpobiieM
HCCIIeIOBATEIN U3 HHCTUTYTA OKpYKarolel cpebl, Oe-
30MMaCHOCTH W JHEPreTHYCCKUX TEXHOJOTUH 00IIecTBa
Opaynrodepa (PPI') cozmanu BOAHO-ITHIECHTITUKOIb-
napaduHOBYyI0 cucteMy oxnaxaeHnus CryoSolplus [8].
Ee kroueBbie KOMIIOHEHTHI — BOJIA, TBEPAbIE MapaduHO-
BbIC KaIUIX, STHJICHIIIMKONb (00ecreurBaeT He3aMep3a-
HUE) U IOBEPXHOCTHO-aKTUBHEIE BeriecTBa. [locnennue
He JaloTnapaduHy BCIUTBIBATH HAa TOBEPXHOCTH (OH JIeTYe
BOJIBI) M 0OECIIEUMBAIOT €r0 PABHOMEPHOE pacIpeere-
HUE TIO0 BceMy o00beMy cMecH. TeIrIoeMKOCTb TaKOi
CHCTEMEI B TPH pa3a BEIIIIE, 4eM y BoAbl. Takas cucrema
He TpeOyeT OonbIoro 6aka i xpaHeHus. B Gnvokatitiee
BpeMs1 OyIyT IPOBEACHBI IIOJIEBBIC UCITBITAHUS 3TOU pa3-
pabOTKH Ha HKCIIEPUMEHTATBEHOM aBTOMOOHIIE.

7. HoBble THIIBI AKKYMY.ISTOPHBIX OaTapeii

B HacTosiee Bpemst yueHble pa3HBIX CTpaH paOoTaroT HaT
CO3IIAHMEM aKKyMYJIITOPHBIX OaTapei ISl AIEeKTpOMO-
OWyIsl, KOTOpEIe HE HYXKHAIOTCS B OXJIaXIeHWH. Tak,
yuaeHbie u3 Maccauaycerca (CIIIA) pa3paboTanu HOBBIT
THIT aKKYMYJISTOPHBIX Oatapei [9], koTopsie He OosITCs
OTPHUIIATENBHBIX TEMITEPATYP 1 HE HYKIAIOTCS B OXJIAXKIe-
Huu. HoBrie GaTapen criocoOHBI coxpaHsaTh Ooiee 90%
3apsga MpU Pe3KOi CMEHe TeMIepaTyphl BO3Ayxa 10 —
30°C. «MsI cunTaem, 9TO HOBBIN THI AKKyMYJISITOPOB —
9TO HACTOSAIINN IIPOPHIB B IIPOM3BOACTBE AIIEKTPOMOOH-
neii. OTKa3 OT MCMOIB30BAHMS TOPOTOCTOSIINX CHCTEM
OXJIXKIEHIIS, 3 TAKYKE BO3MOXKHOCTB OKCILTyaTaIliH dJIeK-
TPOMOOHMJIEH B CYpPOBBIX KITMMATHYECKUX YCIOBHSIX OJia-
TONPHATHO CKa)KyTCsI Ha MOITYJISIIHH STOT0 KJIacca aBTo-
MOOWJIel B MHpe», — 3asBWJI TJIaBHBIH pa3pabOTUHK
JeBun Brlo.
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B utore MmoxxHo CKa3aTb, YTO B HACTOALIEC BPEMA B MHUPE
HMHTCHCHBHO IPOBOAATCS HOBBIC pa3pa60T1<H KaK I10 CHUC-
TEMaM OXJIAXKACHHU A aKKYMYJIITOPOB, TaK U 1O CO3AaHUIO
HOBBIX TUIIOB AKKYMYJISITOPOB. I[anLHeﬁnme HucCcCJIca0Ba-
HUA MOKAXKYT, KAKNE CUCTEMbI OKAXKYTCA Ooiee NEpCIICK-
THUBHBIMH U 6yL[YI‘ HCIIOJIb30BAHbI BHOBBIX BHCK’I‘pOMOGI/I-
JIsIX.
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AJIEKTPOHUKA

VK 621.039.05

NCCIIEJOBAHUE KPUCTAJIJIOB BE3
HEHTPAUHBEPCUN HA OCHOBAHHUU
KBAHTOBOI'O KHHETHYECKOI'O
YPABHEHUSA

YEPHBILIOB H.H.

OmnuceIBaeTcsl MOMydeHHAs IO 3IEKTPHYECKOMY IONI0 II0-
IpaBKa K TOKY, CBA3aHHAs C OTCYTCTBHEM IIEHTpa WHBEPCHH
kprcraina. PaccMatpuBaercs cirygait HeBBIPOXKJEHHOTO SIIEK-
TpUYECKOro ra3a. KagecTBeHHO CTaTHUECKHIl pacder MmoKasa-
HO MOJIENBI0 aCHMMETPHUHBIX pacceuBateneil. L{upkymsp-
HEBIA (hoToranbpBaHMUECKHi 3QQEKT B ITOM pacdeTe OTCyT-
CTBYET U II0JI€ MOJKET CUUTAThCS AeHCTBUTENBHBIM. [Tockomb-
Ky pellleHHe 3aJaqil pacCMaTpUBAeTCs 32 PaMKaMH OOpPHOB-
CKOTO TPHOIIKEHUS], OCHOBAaHHEM SIBIISIETCS METOX KBaHTO-
BOTO KMHETHYECKOTO YPABHECHHSL.

1. BBeaenne

B Teopry KWHETHYIECKUX SBICHUH TOK B CHITBHOM JJIEKT-
PHYECKOM ITOJIE SIBISIETCSI HeUeTHOM (pyHKITHer. C yaeToM
AHU30TPOIMH IIPU PA3JI0KEHUH TOKA 110 OJIIO TEH30D Oy,
paBeH Hymo. llenbro sBisieTcst pa3paboTka METOIUKU
pacuera acCHMMETPUYHBIX pacceuBaTeNeH MPH OTCYTCTBHU
IUPKYJISIPHOTO (DOTOraIbBaHUIECKOro A dexra. 3agaun
HCCIIEIOBAHMS — pa3pad0TKa MaTeMaTHIeCKOH MOJEIH
MepeHoca 3apsiia v peleHrne KBaHTOBOI'0 KHHETHIECKOTO
YpaBHEHHS HTEPALIUSMH [T0 HEIETHOMY HHTET PAITY CTOJK-
HOBCHU.

2. SIBieHus1 MepeHoca 3apsaa B JIEKTPUIECKOM
noJie

Wz Teopun kpricTayuorpaduu cieayer, 4To TEH30p HedeT-
HOTO paHTa He paBeH HYIIO B KpHCTawie 0e3 IeHTpa
MHBEPCHH. PAaBEHCTBOHYIIIO O €CTh CIIEJICTBUE PEIIIO-

JIOXKCHHSI O YSTHOCTH BEPOSTHOCTH PACCESTHUS DIIEKTPO-
HOB. B 3TOM nipe/monoxXeHnn KHHETHYECKOE YpaBHEHUE
Bonbimana umeer Bun [1]

of -
R g1, = ;[Wp@pfpf -w, e

OHnHo pa30ouBaeTcs Ha ypaBHEHUS T YeTHOHN p+ W HEYeT-
HO# f uacTeil GyHKUMH pacipeneneHus:

ot
—eEgz pr . (2)

B nusmem nopsiake £ =0,f; =f,(€ (p)), rae f,(€ (p)) —
paBHOBecHas QyHKIUsA pacnpeneneHus. V3 ypaBHeHUs

(2) cnenyer, uto f, pasmaraercs Mo CTEMEHAM TIONIS.

Ecnu W, He sBIsIeTcs 4eTHOH (DyHKLMEH, TO B pa3ioxKe-
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HUU TOKA I10 IEKTPUUYECKOMY TIOJII0 BO3MOXHBI YJICHBI,
coneprkaniue yetHele crenenu E. M3BecTHO, uTO B 60p-
HOBCKOM IPHOJIMKEHHH BEPOSTHOCTB IIEPEX0/1a SIBIISIETCS
yeTHOi. {115 BbIxona 3a G0pHOBCKOE MPUOIMKEHHUE UC-
MOJIb30BAJICS METOJI KBAaHTOBOT'O KMHETUYECKOr0 ypaB-
HeHwst. B pabote [2] momydeH HEeYeTHBIH BKJIA1 BEPOSITHO-
CTH IIepexo0/ia B HU3LIEM MOPsIJIKE TEOPUU BO3MYIIECHUH.
B kadecTBe MexaHM3Ma pacCesiHUs ObLTH PACCMOTPEHEI
3apsHKEHHBIE TIPUMECH C MYJIbTHIIOIbHBIMU MOMEHTAMHU.
PaccMoTpuM BeposITHOCTB IEPEX 01 1715 pACCESTHH S DJIEK-
TPOHOB Ha (oHOHaX. [yl raMHJIBTOHHAHA JJICKTPOH-
()OHOHHOTO B3aMMOJCWUCTBHSI B HH3IIEM IIOPSAKE IO
nedopMaluu KpyucTaiija nojiyduM ypaBHEHUE

HCPh = ch,t(bq»t*_btq,t)a;a;—q’ (3)

9.tLp

rae C,, — MATPUYHBIA JJIEMEHT B3aMMOAEHCTBHS; t —
HOMEp BETBU KoleOaHWid. 3/1ech U B JaNbHEHIIEM HC-
IONB3YETCS CUCTEMA EUHHUL C fi=1.

MOoKHO yOeTUThCS, YTO BKJIAJ OT pacueTa He MEHSICTCS
IpU CMEHE 3HaKa BCEX MMIIYJIbCOB. JTUM CBOHCTBOM
00JIaZIal0T BCE PacUeThl B FapMOHHYECKOM MPHOIMKE-
Huu. CienyeT yuecTb nonpaBku 00jiee BBICOKOTO OPsiI-
Ka 1o nedopmannu kpucraiuia. [lepBeiMu nonpaBKkamu

OyneM npeHedperats. Bo BTOpOM MOpsIIKe TaMITbTOHUAH
B3aMMOJICHCTBHUS YIEKTPOHOB ¢ POHOHAMU HMeeTBU/ [ 3 ]

_ + + +
Hefph - Zcqt,q't' (bqt + bfqt )(bq't' + bfq’t')apap'sp‘p#qm"
q.9%6t0p.p’
ManH'—IHI:IfI OJIEMCHT aHTapMOHHUYCCKOT'O B3aHMOL[eI>i-
CTBUA Cy v o0J1afaeT CICYIOIUMU CBOHCTBAMMU:

* *
th,q't' = Cq't',qt = qut,fq't" (4)
AHrapMOHquCKoe B3aHMOHeﬁCTBI/Ie QJICKTPOHOB C aKy-

CTHYECKUMH (POHOHAMU ITpH q — 0 COCTONT U3 HEMTUHEH-

HOT'0 JIe(OpMAIIMOHHOT0 TTOTEHIMAa AUy, (uy - 1e-
(hopmarius KpucTalia) U HeJIMHEHHOrO IThe30OTEeHITHA-
na. [TepBblit 13 HUX PUBOJUT K YETHBIM 110 HMITYJIECAM
BKJIaJ]aM B BEPOSTHOCTH mepexoza. [lone B mbe303JeKT-
PHKE CTOYHOCTBIO JI0 YWICHOB TPETHEr0 IOPSIIKA YIOBIIET-
BopsieT ypaBHeHuto [IyaccoHa:

VikE; + ki BBy ) =4V B v ik + G kBt + Bijram U ik Wi )-
3nech kij — TE€H30p ANDIIEKTPHUUECKUX MTPOHUIIAEMOCTEH;
K\ —HenuHelHas NonApu3yeMocTh; B, —be30TeH30p;

£l — KOO OUIIMEHTHI 2NEKTPOCTPUKINH; By, — HENH-
HEWHBIN MbE30TEH30P.

3. PenreHue KBAaHTOBOI0 KMHETH4€CKOI0
YPaBHeHMs

Cxema perieHrst KBaHTOBOT'O KHHETHYECKOTO YPAaBHEHHSI
BonbiimMana cocToUT B ClEAyIONIEM:

— MHTETpaJjl CTOIKHOBEHUH pa30nBaeTCs Ha YaCTH;
—YETHasl YaCcTh MHTErpaJla CYuTaeTCsl U30TPOITHOM;
— CYMTAETCS, YTO BPEMsI SHEPreTUYECKON PENaKCALUU T,

ropaszo OoJIbIle BpEMEHH PETaKCALIUHY 10 UIMILYIIbCY T, ;
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— BBIBOJ] YPAaBHEHHUH I U30TPOIHON M HEUYETHOM IO
HUMITYJIBCY JICKTPOHA YacTel (YHKIIUU pacIpeIeIeHILS;

— IMOJYy4ICHHBIE PACYCTHI ITOJICTABIISUINCH B KHHETHYECKOES
YpaBHEHHUE C YU€TOM aHU30TPOIHOro paccesiHus [3].

' .
Bpemena penakcaiuu Ha GoHOHAX T° U MPUMECAX T ;

3

XZ
ne=n s
3
2 &)
3X?
B anE
ph(T 2
e X=—; 7= tpi ( );rgh(T)z%; $ — CKo-
Tp(T) \/EmAAZTA
POCTB 3ByKa.
3¢ (Th, (T
bespasmepnsiii Bektop &, = eE; L)Te() 1o 1o-

2T

PAAKY BEJIMYHUHBI pPABEH U3MCHCHUIO OHCPI'UU 3JICKTPOHA
B DJICKTPUUYCCKOM I10JIC HA JJIMHE OCTbIBAHUA.

UeTHBIi 10 3JIEKTPUYECKOMY IOJIIO BKJIaJ paBeH [4]

X

dX
F(X)=N —
( ) 28% !1+§26(X) (6)
o 0(X) = X Z= rgh @M N
YHKIUA = X247 s L= ‘CL(T) M KOHCTAaHTa IN OIIpe-

JIETSFOTCS. HOPMHUPOBKOM
VT2 [aXdXF(X) = 1 [XVX0() = 0. (7
0 0

TpumecHsIit Ge3pasMepHbIil TEH30p Af, ompenensercs
9 EKTUBHBIM OKTYTIOIEHEIM MOMEHTOM IPUMECH Q.
Benuunna ueTBEpTOro BKiIaza

ji= vT7 ¥ noesT dXX2{- 0(X)D(X)E +

X20(X) y
3X?+Z (8)
< (WXoeoF) oz + xg;;vx]}.

+a’y;(F +F)0)0( +2a¢ &,

B mpenenpHBIX ciydasx momydaeM &<<1,Z<<I1 — cna-
ObIi pa3orpeB, paccessHie Ha (POHOHAX MPEBATUPYET:

= 4a'nges 2
i = D1 - n2)(E, g, +7,E% +
\J3n !
A D
A (xgy +§xgj¢z1n2)gjgk}

Bekropnas BenuuMHa v; CyLIECTBYET TOJIBKO B KPUCTAJI-
JIaX ¢ OCOOCHHOM MOJIIPHOM OCBI0 — B YACTHOCTH, BO BCEX
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IHPO- M CErHETOdIeKTpuKax. TeH3op A, oTanmueH or
HYJISI B OOJiee IIMPOKOM KJIacCe KPUCTAILIOB, B YaCTHO-
CTH, B KyOMYEeCKUX KpHcTaluTax 0e3 EeHTpa HHBEPCHH
tuna A3;Bs. B 3Tux kpucramiax CylmecTBYIOT paBHbIE
KOMITOHEHTBI A5, = A5 = Xypy =Xy = Ay, =Ly, . BHHXUET-
HAas 4acTh TOKA 00paIiaeTcs B HOJb, €CIIU IOJIE HAIIPaB-
JIEHO IO OJIHOM M3 KpucTaorpaduyeckux oceit [5]. B
CITa0BIX MOJISIX YETHAS O IOJTIO YaCTh TOKA HAYNHACTCS C

KBa/IpaTU4HBIX &; TonpaBok. [1pn GaronpusTHEIX ycio-

BHSIX B C1a0O0M DIIEKTPHYCSCKOM TI0JIC KBa{paTHIHAsI IO~
npaBKa MOXKET J0CTHYb 107 OT BeIMYMHBI OMMYECKOrO
BKJIaJ]a. B mepeMeHHOM 3JIeKTpHUUECKOM MoJie KBajpa-
TUYHasi [onpaBKa K 3akoHy OMa onpeJienseT cTaloHap-
HBIH TOK, KOTOPBIH BBIpaXKaeTcs Yyepes3 aMILIUTYIy repe-
MeHHOro 1oJisi. UHTepecHo, 4To KBaIpaTUYHAs [IOITPaBKa
K TOKy HE CBfi3aHa C pa3zorpeBoM 3JeKTpoHoB. OHa
OKAa3bIBACTCS KOHCYHOH B CITy4ae OTCYTCTBUS (DOHOHHOTO
paccesiHus, ONpeIeNIIeMOro peflakcallueil SJHEPruu dJeK-
TpOHOB. VI3 ypaBHEHU S 1715 CPEIHEH DHEPTU U SIEKTPOHOB

MOTYIUM
3 ’
(e) =21l -arg +&). (9)
4. BoiBog

Haytmaﬂ HO6U3HA pa6OTBI 3aKJII04ac€TCd B TOM, 4YTO
peuIeHne KBAHTOBOI'O KMHETUYCCKOI'O YpaBHCHUSA OAC€T
BO3MOKHOCTb OHNPEACIINTD CABUI apIryMCHTA (1)yHKLII/II/I
pacpeaciacHus o UMITyJIbCaM Ha BEJIMINHY TPONOpLH-
OHAJIbHYIO 3HAYCHHUIO JJICKTPUYCCKOIO ITOJIA.

U3-3a paznuuus BEpoATHOCTEH paccestHUs COCTOSTHUI p
U -p CIIBHUT apryMeHTa (YYHKIUU PacIpeIeeHIs TI0 UM-
MyJbCaM HEOJMHAKOB JJIsl Pa3HbIX TPYIII AJIEKTPOHOB,
YTO IPUBOJUT K UBMEHEHUIO CPEAHEN SHEPIUHU JIEKTPO-
HOB.
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Excited state polarization, bulk photovoltaic effect and the
photorefractive effect in electrically polarized media // J.
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METO/JIA NIJIBUIIIEHHS
E®EKTUBHOCTIHABYAHHSI
HEWPOHHOIMEPEKIITPU CTBOPEHHI
CUCTEMMY OLITHKH SIKOCTI
COPUMHATTATOCIYTUIPTV

CYH]JJVYKOB K.C., KOb3A4P JI.C.

IporoHyI0TECS METOAN HOpMAi3allii BXiTHAX TapaMeTpiB Ta
BHOOPY TOMONOTil HEHPOHHOI Mepexi IMPU CTBOPEHHI CHCTe-
MH BH3Ha49eHHS skocTi crpuiHiTrs IPTV mocmyrm. Iloka-
3y€ThCS, IO BUKOPUCTAHHS JAHUX METOMIB JIO3BOJISE ITiJBH-
IIATH TOYHICTh BH3HAYEHHS SKOCTI CHPHHHATTS, 3MCHIIUTH
9ac Ta CHPOCTHTH IIPOIeC HABUYAHHS HEHPOHHOI Mepexi.

1. Beryn

BusnaueHHs ikocTi cripuitHaTTsa cucremu [IPTV Ha micrasi
00’ €KTUBHUX MApaMeTpiB, sIKi BILIMBAIOTH HAa CUCTEMY,
MOJKHA PO3TJISIATH SIK 3aBIaHHs Kiacudikarii. Ie Mmox-
JIUBO 32 PaXyHOK TOT0, IO SIKICTh CIIPHIHSATTS B CHCTEMI
IPTV BupaxkaeTbcsi 3a JOMOMOIOI S5-0aJIbHOI IIKATH
3riaHo 3[1]. BianosinHo, 3aBaaHHs Ki1acuikaiii MoxKHa
c(hOpMyITFOBATH TaK: 3HAWTH BIAMOBIIHICTH 33]JAHOTO Ha-
0opy BEMYMWH, [0 BIUTHBaIOTh Ha cuctemy IPTV mapa-
METPIB 1 OTHOI0 3 11’ SITH KJIAC1B SIKOCTI CIIPUIHSATTS ITOCITY-
ru IPTV. Po3risiHeMO MOXKIHBICTh BHPIIICHHS TaHOT
3aJ1a4i KJ1acuQikallii 3a JomoMororo MaTeMaTHYHOr' o arna-
paTy HEHPOHHUX MEPEK.

Hefiponni Mepexi BUKOPHCTOBYIOTBCS SK BarKJIMBHM
THCTpYMEHT i 3a7ad kiacugikamii. JlocmipKeHHs B
obuacri kiracudikariii 3a JOIoOMOror HEHPOHHUX MEPEK
[2,3] moka3aim, 110 HEHPOHHI MepeXi - MePCIeKTHBHA
aJIETEPHATHBA ICHYIOYMM MeToiaM Kinacudikarii. [Tepea-
ra HEHPOHHUX MEPEX IMOJArae B TAKUX TEOPETUUHUX
acriektax. [lo-miepie, HEHPOHHI MepeXi CaMOCTIHHO
aJIANTYIOTHCS 1 YIPABISIFOTHCS TaHUME. TOMY BOHH MO-
KyTh TIepeOyayBaTH CBOIO POOOTY JUIS BiJIOBITHOCTI
JTaHuM 0e3 Oyab-sKol iH(popMallii Mpo OMUCYyBaHy MO-
nenb. [To-npyre, HEHPOHHI MEPEXKi MOXKYTh AITPOKCHMY-
BaTH Oyb-Ky (DYHKIIIO 3 3aJTaHO0 TOUHICTIO [4,5]. T1o-
TpeTe, HEHPOHHI MepPeXi € HEMHIMHUMU MOJICIISIMH, 1O
JI03BOJISIE TM MOJZICITFOBATH MPOLIECH HABKOJIHUIIIHBOTO Ce-
penoBHIIa 3 OLTBIION THYYKICTIO. TakoXK HEHMpPOHHI Me-
Pexi 31aTHI 0OYKMCITIOBATH aNlOCTEPiOpHY HMOBIPHICTB,
10 JJa€ MOXKITUBICTh BCTAHOBJIFOBATH IIpaBHJIa Kiacudi-
KalIlii i MPOBOJAMTH CTATUCTHYHUH aHaTi3 [6].

CucTeMH BU3HAYEHHS SKOCTI CIIPUHHATTS, 3aCHOBaHI Ha
HEHPOHHIM MEPEeXi, € THYYKHMH 1 MACIITAOOBAHUMHU JIJIS
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BEJIMKOI KUTHKOCTI BXiJJTHUX apaMeTpiB. Y HaHiil podoTi
PO3TIISIIAETHCS MTPOIEC HABYAHHS HEWPOHHOI MEPEXKi Ipsi-
MOT'O MTOIIMPEHHS 31 3BOPOTHUM MOIITHUPEHHSIM ITOMUIOK
JUTSl CTBOPEHHSI CHCTEMH BU3HAYCHHS IKOCTI COPUIHSTTS
nociyrd [IPTV i mponoHyrOThCsS METOAW IiIBUIICHHS
€(eKTUBHOCTI HABYaHHS 32 JOIIOMOT'OI0 BUKOPHCTAHHS
0COOITUBOCTEH MPUKITATHOT 00TACTI.

2.3araJjibHi M0JI03KEHHSA NPO HelPOHHI Mepexax
NPSIMOTr0 NMOLIUPEHHA 3i 3BOPOTHUM NOIIMPEHHAM
NOMMJIKH

3anporoHoBaHa CHCTEMa BU3HAYEHHS IKOCTI CHPHHHATTS
nociyru IPTV nobynoBana Ha mizicrasi 6araTormapoBoro
MepcenTpoHa MPSMOTO ITOIIUPEHHS 31 3BOPOTHHUM ITOLIH-
PEHHSIM TOMMJIKH.

BararorrapoBi Mepeski mpssMoro oM peHHs, abo 6araTo-
IAPOBI IEPCETITPOHH SIBJITFOTH COOOFO CYKYITHICTB BX1THOTO
rapy, OAHOT0 200 JEKUTHKOX BHYTPIMIHIX MAPIB i OHOTO
BHXIJTHOTO IIapy HEHPOHIB, IO TTOKa3aHO Ha puc.l.

.

BXioHWi  BHYTPIWHIA  BHYTPILWHINA

BuxigHWH

wap wap 1 wap 2 wap

Puc. 1. CtpykTypHa cxema 06araTomapoBOro MepcernTpoHa

Jlo OCHOBHUX eTariB HOOYZI0BH CHCTEMH SIKOCTI CHPHIA-
HATTS MOCTYTHU Ha 0231 Hel pOHHOT MEePEKi IPSIMOTO MO -
PEHH1 31 3BOPOTHUM ITOLIN PEHHSIM OMUIIKHU BIZTHOCSATHCSL:

1) 30ip Ta 0O6poOKa JaHWX JJIs HABYAHHS;
2) BUOIp apXiTEKTypH MEPEKi;

3) HaBYaHHS HEHPOHHOI MEPEXkKi METOIOM MPSIMOT'O IO~
UIMPEHHS 31 3BOPOTHUM HOIIUPEHHSIM HOMUJIKH;

4) TecTyBaHHS HABYCHOT HEHPOHHOT MEPEXKi;

5) BBEACHHS CUCTEMH BH3HAYEHHS SIKOCTI CHPHUHATTS
nocayru IPTV B ekcriyaTariiro.

Jlo mepeBar TaHOi CHCTEMH MOYKHA BiJIHECTH BIJTHOCHY
MPOCTOTY peatizallii, KOJIM CHCTeMa MOXKe OYTH peatizo-
BaHa IHCTPYMEHTAapPiEM OJTHOIO 3 BITOMUX MOB ITPOrpamy-
BaHHSI, TOYHICTh OJICPIKYBAHUX PE3yJIbTATIB, OCKLIBKH
HaBUYaHHS HEMPOHHOI MepeXXi TPOBOAMTHCS Ha IMiJICTaB1
Ccy0’€KTHBHOTO TECTyBaHHs icHyro4oi cucremu IPTV,
MOJKJTMBICTB OOJIKY BCiX (DaKTOpIB, IO BIUITMBAIOThH HA
CUCTEMY, 11X B3a€MHUI BILJIUB.

Cepen HEIOMIKIB 3aIPOITOHOBAHOTO ITiIX0Ty MOKHA BH-
JITTHA HEOOX1THICTh IX HABYAHHS HAa OCHOBI CY0’ €KTHBHO-
T'0 TECTYBaHHS ICHYIOYOT CHCTEMH, 10 TOTpedye A01aT-
KOBUX MaTepiaJIbHAX Ta YaCOBHX PECYPCIB.

3. 30ip i miaroroBKa qaHUX AJIs1 HABYAHHS
HelipoHHOT Mepe:xi

OHMM 3 HaOLTBII BAXKITMBUX (haKTOPIB yCIIIITHOT TOOY-
JTIOBH HEMPOHHOI MEPEXi JJ1s BUPIIICHHS 3a/1a4  KJIacH-
¢ikamii € mpaBUILHUI BUOIp MapaMeTpiB CHCTEMH, IO
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BIUTMBAIOTH Ha IPUHAJICKHICTB IEBHOTO SIBUIIA 10 TIEBHO-
ro KJIacy. Y 3arallbHOMY BUIAJIKY i€ € HETPUBIAIEHUM
3aBJAHHSM. 3 OJIHOTO OOKY, OLIbIIAa KUTBKICTh BXiJTHHX
mapaMeTpiB Ja€e 0 OUTBII TOYHHUU PEe3yNbTAT PIlICHHS
3ajadi Kiacugikarii. 3 iHIIOro — Taka KUIBKICTh mapa-
METPIB MOXKE HPU3BECTU 10 HEBHUIIPABIAHOTO YCKJIa]l-
HEHHSI CUCTEMH 1 ePEeKTy «IepeHaBUYaHHI», KON aJro-
PHTM 3BOPOTHOTO MO PEHHS IOMUJIKH HE CXOIUTHCS IO
MiHIMyMy i1 pyHKIII.

BximHuME TaHUMU U151 HABYAHHS MEPEXKI € pe3yNIbTaTH,
OTpHMaHi IIpH Cy0’ EKTUBHOMY TECTYBaHHI, IO ITPe/ICTaB-
JISTFOTH COOOIO BI/IMOBITHICTh BX1THUX apaMeTpiB i BUXi-
JHOTO pe3ynbrary. JaHi cy0’€KTUBHOTO TECTYBaHHS
JIIISITHCS HA TPH i ITPYITH: HABYAJIbHI TAH1, BHKOPHUCTOBY-
BaHI JJIs1 HABYAHHS MEPEXKIi, IePEBipOYHI JaHi, BUKOPHC-
TOBYBaHI JUTs IEPEBIPKH pe3yNIbTaTy HaBUaHHS, 1 JaHi 1o3a
Jiara30HOM HAaBYAHHSI JIJ1s1 BaJTiAa1ii HSHPOHHOI MEpexi.

[Ipu po3risiai BXIAHUX JaHUX JUISE HEHPOHHOI Mepexi
HEOOX1THO BpaxyBaTH YacOBI Ta TEXHIYHI BUTPATH IS
360py nanux. Kpim Toro, HeoOXiqHO aHAI3yBaTH i TPaHC-
(hopMyBaTH BX1THI TaHi ISl MiHIMi3aIlii ITyMiB, BHIUICHHS
BKJIMBUX 3B’ SI3KiB, 1100 JOMOMOI'TH HEHPOHHIIH Mepexi
MpaBUWIIBHO HaBYaTHCS. Ha mpakTuili ayxe piko BXimHi
mapamMeTpy HaIXOSITh B HEHPOHHY MEpEKy B HeoOpoOIte-
HOMY BUDIISAI. J{ist TpanchopMalii TaHHX BUKOPHCTO-
BY€ThCs MacIITaOyBaHHsI, Torapu(hMyBaHHS JaAHUX Ta iH.
TakoX MOXKYTh BUKOPUCTOBYBATHCSI KBAHTYBaHHS IS
Oe3nepepBHUX BEIMYHH, ajle TAHWU MIAXiT oOMexye
KUTBKICTh MOXKJTMBHX BapiaHTIB 3HAYCHHS 3MiHHUX [7].
KpiM 116010, MOKe 3aCTOCOBYBATHUCS (DLITBTPAITIS BXITHHX
JaHUX JJIs1 OTPUMAHHS PIBHOMIPHOT'O PO3IOILTY 3HAYEHB
rapameTpiB.

[Ticnst 300py AaHMX JJ1 HaBYAHHS HEHPOHHOI Mepexi
3IIACHIOETHCS 1X ITOJILJI Ha JIBI TIATPYITW: HaBYaJIbHA BUO-
ipka (6mm3pKo 80% manux ) i mepeBipodna BHOipKa (OIHM3bK0
20% nannx). HaBuanpHa BHOiIpKa BHUKOPHCTOBYETHCS
Oe3rmocepeIHbO 1J1s HaBYaHHS HEHPOHHOT Mepexi 3a Me-
TOJJOM 3BOPOTHBROT'O ITOIIHPEHH TOMILTKH. [TepeBipouna
BHOIpKa BHKOPHUCTOBYETBLCS JUISl OLIIHKHM aJIeKBATHOCTI
HaBYaHHS Mepexi. TecToBi 1aHi MOJar0ThCs Ha BX1J] HEH -
POHHOI MEPEXi, 1 OLIHIOETHCS ITOMIIIKA MEPEXKI TP BU3-
HAYEHHI SKOCTI CHpUIHSTTS. SIKIIO 3HAYEHHS TOMUJIKH
3aJIMIIAETHCS B MEKaxX 00paHoi HOPMH, TO Mepeka BBa-
JKAETHCS KOPEKTHO HABYCHOIO 1 MOXKE OyTH BUKOpHCTaHA
JUIS OLHKHY 3agaHol cucremu [PTV.

4. MonudikoBanuii MmeTon HopMaJjizauii BXiTHUX
napamMeTpiB HelPOHHOI Mepe:Ki 1Sl CTBOPEHHS
CHCTeMHU BU3HAYeHHs siKocTi cnpuiituaTTa IPTV

Jst TpaHchopMariii BXigHUX JaHUX HEUPOHHOI MEPEKi
BHKOPHCTOBYETLCS MacIITa0yBaHHs, JIorapu(MyBaHHS
naHuX. KopekTHICT 3aCTOCYBaHHS 3a3HAYCHUX METOIIB
TpaHchopMmallii JaHUX 3aJICKUTh BiJl YMOB ITPOBEICHHS
Cy0’ €KTHBHOTO TE€CTYBaHHSI. SIKIIIO apaMeTpH eKCIIepH-
MEHTY IPH Cy0’ €EKTUBHOMY TECTyBaHH1 Oy yTh TOKpHBa-
TH TUTBKH YaCTUHY JOMYCTHMOT'O Aiaia30HY BETUYUH, TO
TIPH TIOIAJTHIIIOMY BUKOPHCTaHH1 HABYEHOT Ha TaKiid BUOIpITl
HEHPOHHOT Mepeki MOXKYTh OYyTH OTpHUMaHi HEKOPETHI
pe3ysbTaTd MpHU MOSBI BENWYMH BXiJHUX JaHUX HE 3
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Jliara3oHy HaBYAIbHOI BUOIPKH. J[J1s1 BUKITFOUCHHS BILTHU-
BY JJAHOTO YNHHHKA MTPOMOHYETHCS BUKOPUCTAHHS HOP-
MaJti3allii BXiIHIX TapaMeTpiB Ha ITiICTABI ICHYFOUHX CTaH-
JapTiB sKocTi B obnacti IPTV.

OcHOBHa i1es1 HopMaJTi3allii BXiJHUX MapaMeTpiB MoJsrae
B 3BEICHHI BCHOT'0 MOXITHBOTO J[1al1a30HY BETMYHH KOX-
HOT'O 3 MapaMeTpiB Jo aianasony [0; 1].

I[.]'ISI NpUBCACHHS 3HAYCHHS 6yﬂb-${KOFO mapamMe€Tpa 10
JaHOIro uiana30Hy HeO6XiL[HO PO3IIIAHYTH IBA BUIIA/IKH:

3HaYeHHs BXiJJHOTO TapaMeTpa P KOBAapiaHTHO 3HAYCH-
HIO ITapaMeTpa siKocTi cipuiHATT QOE.

B Takomy BHIaaKy mapaMeTp Moxe OyTH HOpMai3oBa-
HUH 3T1THO 3 BUPA30OM:

\Phglpspsgw

P

IPI=1,P>P,

JaHuii BUpa3 Moxe OyTH MpeAcTaBIeHHH rpadikoM Ha
puc. 2.

illp|

Pre P

Puc. 2. I'padix HOpMamizarii KOBapiaHTHOTO BXiTHOTO
napamerpa

3HaveHHs BXiJHOrO TapaMeTpa P KOHTpaBapiaHTHO3HA-
YEHHIO TapaMeTpa sKocTi cipuiHATTSA QOoE. 11 MoxITH-

BOCTI HOpMaJTi3anii graHoro mapamerpa B giarnasoni [0;1]
OymeMo po3MIsiIaTH 1 HOpMaJli3yBaTH HOTO 3BOPOTHE

3HaueHHs P/ = — :

|l)’|=1—1:)1,1)sl)rp 5

p

|Pl=LP>P

Hopwmautizaiiist KOHTpaBapiaHTHUX TapaMeTpiB ITOKa3aHa
Ha puc.3.

.II.||3|

P
L

Prp P

Puc. 3. I'paduk HOpMaTizallii KOHTpaBapiaHTHUX
napamerpis
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3riJHO 3 pEKOMEH/IAIIEIO [ 8] rpaHUYHI 3HAYCHHSI 3a3HaYe-
HUX ( Ta0x1. 1) mapaMeTpiB BiIITOBINAFOTH IKOCTI CHPHIAHSATTS
MOS=5 (Bci3a3HaueHi MapaMeTpH € KOHTPABAPIAHTHIMH ).

Tabmuus 1. ITapamerpu cucremu IPTV ms MOS=5

[Mapametp 3HaueHHS

Yac 3aTpUMKH CUTHAITY 200 mc

Biacrans BTpatH (BiACTaHb MiXK 1

MIOCJTITOBHUMH BTpaTaMH MAKETIiB MEPEXi | ITOMHIITKa
200 TTIOMUJIKOBUMH TIOJIiSIMH) 3a4roxn

JlxurTep 50 mc

TpuBasicTh OAMHUYHOT MOMUIIKH 16 mc
PiBeHb BTpaT nakerin 1.22E-05

3arpumka [-xkaapy 500 mc

TpuBaicTh BUKOHAHHS KOMaHIH B 200 mc

iHTEepdeiici KoprucTyBada
Yac nepeMuKaHHs KaHATy 2¢

Yac 3arycky cepsicy 10c
Yac miKIIoYeHHs 10 MYJIbTUKACT KaHaTy 50 mc
InTepBan 3aTpUMKHU 3yNUHKU MYJIbTUKACT 150 mc
KaHaITy
Yac BiAKITIOYECHHS BiJl MyJIbTHKACT KaHATY 50 mc

TakuM YHHOM, MOKE 31HCHIOBATHCS HOpMAJTi3allis Oy1b-
SKOT'0 TapaMeTpa Ha ITiJCTaBi HOro rpaHNYHOT 0 3HAYEH-
Hs. JlaHi 3HaYeHHS MOKHA OTPHUMYBATH Ha OCHOBI CTaH-
JapTiB, SIKI BUKOPUCTOBYIOTBCS IPU PO3pOOII cHCTEM
IPTV, a Takox rpu cy0’€KTUBHOMY TE€CTYBaHHI.

Po3srisiHeMO OCHOBHI IepeBaru JaHoro miaxony. ['omnos-
Ha yBara B JTepaTypi 3 OoOpOOKM BXiHUX JaHUX B
HEHPOHHHUX Mepexkax [9-12] mpuaiiseThcsl yHUKHEHHIO
HaCHUYEHHS Mepexi 1 He0OXiAHOCTI BUKOPUCTaHHS HEBe-
JUKUX BUTIQIKOBHUX 3HAUYCHb IOYATKOBHX Bar. Y 3araib-
HOMY BUIAJIKy, 3HAaUEHHS ITOYaTKOBHX Bar 3B’s3KiB O~
BHHHO 3aJIe)KaTH BiJl 3HAYEHb BX1JHUX JaHUX, IX KITLKOCTI
Ta Kopessii. Hopmaizariis BXiIHHX TapaMeTpiB JT03BO-
JIsI€ YHUKHYTH 3JIe)KHOCTI IIOYATKOBUX Bar Bill 3HAYCHb
TapaMeTpiB BXiHHUX JIaHUX 1 J03BOJIsIE BUOWPATH 11i 3HA-
YEeHHS BUTIAIKOBIM YHHOM 0€3 JOMaTKOBHX YMOB. Kpim
IEOT0, HOPMaJTi3aIlisl BXITHUX TAaHUX JTO3BOJISIE YHUKATH
3YIIMHKA HaBYaHHS HEHPOHHOI MEPEKi B JIOKATHHOMY
MIHIMYMIi 33 PaXyHOK [ICHTPYBaHHS JAaHUX, [0 301TBIITYE
TOYHICTh HABYAHHS HEHPOHHOI MEPEXKi.

5. BuOip apxiTekTypu HelpOHHOI Mepe:xi

ApXiTeKTypa HeHpOHHOT MEePEXi sIBJIsIE COOOO TPH 1 OLITbIIIE
apiB HEHPOHIB: BXITHUH, BHYTPIIIIHIN Ta BUX1THHM.

Kinmpkicts mapamerpiB cucremu IPTV, ski HeoOXiaHO
BpaxyBaTH, BU3HAYATHUME KUIbKICTh BXOJIB HEHPOHHOT
Mepexi (HM). Hexaii Ham He00XiTHO 3MOICTFOBATH CHC-
Temy, A€ icHye | 3Hauynux napameTpis, o Bifanosigae |

HelpoHaM y BXigHoMy mapi: X € {X,,...,X,} -

Y 3aauax KiacuQikalii KiTbKicTh HEHPOHIB y BUXITHOMY
miapi BiJIMOBIJIA€ KiJbKOCTI MOXJIMBHX KJIACIB, J0 SAKAX
MOXKE HaJexaTH 00 €KT JociipkeHHs. [Ipu posrsi
3aJ1a4i BU3HAYCHHS IKOCTI CIIPUMHSTTS K 00’ €KTa J0CTI-
17pKeHHs OyB 0OpaHuit MeTog MOS sik MeToJ CyO’ EKTHB-
HOI OLIIHKH SIKOCTI cipuiHATTSA B cuctemi IPTV [ 1]. Jlanwii
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MeToz OyB 0OpaHHH 32 yMOBOIO Hai{OUIBII HaCTOTO BUKO-
pHCTaHHS B JITEpaTypi Hpu IyOJdiKailii pe3ynbTaTiB
cy0’exTHBHOrO TecTyBaHHs cuctemu IPTV. Ane mns
1o0yJOBH CUCTEMH BU3HAYEHHS SIKOCTI CHPHHHATTS B
cucreMi [IPTV Bubip MeToy cy0’ €KTHBHOT OLIIHKH SKOCTI
BIUIMBAE TLTBKU Ha TOIOJIOTII0 HABUEHOI HEHPOHHOI Me-
pexi i He € 00MEeXyI0Y0I0 YMOBOIO 3aCTOCYBaHHS MaTe-
MaTHYHOTO arapaTy HeHPOHHUX Mepex. TakiuM YUHOM,
IIPY BUKOPUCTaHHI METOTy CY0’ €KTHBHOI OLIHKH SKOCTI
MOS BuximHMiA 1Iap Po3rSHYTOI HEHMPOHHOI MEpexkKi
noBuHeH Mictuti: O = 5 HeHpoHiB, OAWH 3 SAKHX B
pe3ynbTari poOOTH CHCTEMH INpHiiMae 3HaudeHHS 1, a
pewta — 0.

TeopeTuHO HEHpOHHA MEpeka 3 OMHUM BHYTPIIIHIM
IIapoM 3 IOCTATHBOIO KUTHKICTIO HEHPOHIB 371aTHA alIPOK-
CHUMyBaTH OyIb-sIKy Oe3mepepBHy QyHKIit0. Ha mpakTuiri
HEHpOHHI Mepexi 3 omHUM abo JBOMAa BHYTPIIIHIMU
[IapaMy MOKa3ylTh XOPOIIi Pe3yabTaTH s OLIBIIOCTI
3aBJaHb. 30UTBIICHHS KUTHKOCTI BHYTPIIIHIX IITAPiB MOXKE
MIPU3BOJIUTH JI0 «IIepeHABYAHHD) Mepeki. «IlepeHaBuaH-
HsD» BHHUKA€E, KOJIX B XOJ[I HABYAHHS BUKOPUCTOBYETHCS
BiJTHOCHO MEHIIIEC YUCIIO TECTOBUX JaHUX, HIX KUTbKICTh
mapaMeTpiB MepPexi, 10 3MIHIOIOTHCS TP HaBYaHH1. Yum
Oinpla KiNBKICTh Bar 3B’sA3KiB MK HeHpoHaMu y mo-
PIBHHSHI 3 KUIBKICTIO TECTOBUX JaHHMX, TUM OlLiblia
HMOBIPHICTB, IO cHcTeMa Oyjie 3amaM’ ITOBYBaTH 0CO0-
JIUBOCTi OKPEMHX EKCIIEPUMEHTIB, a HE BUAUISITH 3araib-
He TpaBmiio. TOMY PEKOMEHIYETHCS CTBOPIOBATH HEH-
POHHY MEPEXKY 3 OTHUM-IIBOMA BHYTPILITHIMU [IAPaAMH.

Ha ngaHuii MOMEHT He iCHye MpaBWiIa, IO BU3HAYAE
ONTHMAJIbHE YUCIIO HEWPOHIB y BHYTPIIIHBOMY MIapi.
KinpKicTh HEHPOHIB Y BHYTPIITHHOMY IIApi BH3HAYAETHCS
eKCIIepUMEHTAaIbHO. B maHuii yac BiJIoMi Taki MiIXO0/H.
Mactepc [13] 3anporioHyBaB po3paxoByBaTH KUIbKICTh
HEHPOHIB Y BHYTPINTHHOMY IIapi JJIs TPUIIAPOBOI Me-
pexi, sk (0,5...2)v/mn , A€ M — KUIbKICTh BUXITHHX
HEHPOHIB, N— KUTBKICTh BX1THUX HEHpoHiB. [{eski aBTopH
MpH BUOOPI KUTLKOCTI HEHPOHIB Y BHYTPIIIHEOMY IIIapi
OpIEHTYIOTHCS Ha KUTBKICTh HEHPOHIB TUTBKH Y BX1THOMY
miapi: betni 1 TomricoH [ 15] mporoHyOTh BUKOPHCTOBY-
Batu 0,75n 4MCII0 HEHPOHIB Y BHYTPIITHBLOMY IIIAPi, TOJI
sik Katir [ 14] BBaxkae, 1110 oNTHMaJIbHA KUTHKICTh HEHPOHIB
y Mepexi Moxke OyTH 3HaiaeHa B Mexax (0,5,...,3)n .

Heo0xi1H0 TakoX BpaxoByBaTH, IO TPaBUIIa BU3HAYCH-
HSI KUTBKOCTI HEHPOHIB y BHYTPIITHBLOMY IIapi CIIpaBe/I-
JIMBI JIJIS1 THX BUIIAKIB, KOJIM KUIBKICTH TECTOBUX JTAHUX
nepeBuIlye B 2 i Oinble pa3iB KUIBKICTh HEHPOHIB Y
BHYTPIIIHEOMY IIIapi, IO HE MPU3BEE IO «IIepeHaBYaH-
HsD» HEHPOHHOT MEpEexKi.

3arajbpHe MPaBHIIO TPH BHOOPI KITLKOCTI HEHPOHIB Take:
BHOpaTH HalMEHIITY MOYITUBY KUTbKICTh HSHPOHIB Y BHYT-
pimHbOMY 11api. [ Ipu TecTyBaHHI € eKTUBHOCTI HABYAHHS
HEHPOHHOT MEPEXKi 3 PI3HOO KITbKICTIO HEHPOHIB y BHYT-
PIITHBOMY IIAPi HEOOX1THO IHIII ITAPAMETPH MEPEXKI 3aJTh -
[IaTH HE3MIHHUMH, OCKUTBKH 3MiHA 1HIMUX ITapaMeTpiB
MOJKE€ TIPU3BECTH JIO CTBOPCHHS HEMPOHHOI MEpexi 3
1HIIOK (YHKIIE0 TOMMIIKH, IO YCKJIaJHUTH BHOIp
KUTbKOCTI HEHPOHIB Y BHYTPIITHBLOMY IIapi.
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6. Moaudikopanmii MmeTon BUOOpY TOMOI0TIT
BHYTPIlIHIX WIapiB HeliPOHHOI Mepe:ki 1JIs
CTBOPEHHS] CHCTEMH BU3HAYCHHS SIKOCTI
cnpuiiaarta IPTV

Jutsa cxmamHux BUXiTHUX (DYHKIIH, SKI MAlOTh KUTbKa
BEpIIMH, OOrPYHTOBAHO MATH JIBa BHYTPIIIHIX IIapH 3
KUTbKOMa HelpoHaMu. J[0 TaKoro THITYy BiTHOCHTHCS 1
¢bynkuis sxocti cipuiiasatTsa IPTV. B [16] Oyno mokasaHo,
IO HASBHICTh IBOX HEHPOHIB Yy NPYrOMy CXOBaHOMY
nrapi 103BOJISIE allPOKCUMYBATH (PYHKIIIIO 3 IBOMA Bep-
mmHaMu. KoskeH 1o1aTkoBHI HEWPOH Y IPyroMy CXOBa-
HOMY IIapi JO3BOJISIE alPOKCUMYBaTH (DYHKIIIO 3 IIe
OLTBIIOK KUTBKICTIO BepmuH. [Ipu mpomy 3aranbHa
KIIBKICTh HEHPOHIB y IEPIIOMY Ta IpyroMy BHYTPIIIHb-
oMy mapax OyJie MeHIIa, Hix JJ1s1 aHaJIOr YHOT HeH pOHHOT
MEpEeKi 3 OMHIM BHYTPIIIHIM IIapoM. AJie B TOH ke Jac,
SKIIO BUKOPUCTOBYBATH OUIBIIY KiNBKICTh HEHPOHIB y
JIPYroMy CXOBaHOMY IIIapi, HiXK HEOOX1THO JUTsl BUX1THOT
GyHKIIT, 1€ TpU3BeIe 10 3yMUHKU HaBYaHHS B IOKAIEHO-
MY MiHIMyMi 200 JI0 BEJTMKHX YaCOBHUX BHUTpAT IPH Ha-
BYAaHHI.

OCKUTBKY BUXiTHA QYHKIIIS B iI€aTbEHOMY BUIIAIKy IO~
BHHHA MaTH 5 BEPIIIMH, 1110 BIAMOBIAa€ S-0anbHii mKkai
oninku MOS, To HalOLIbII ePEeKTUBHUM Oy7Ie BUKOPHC-
TaHHS 5 HEHPOHIB Y IPYrOMYy CXOBaHOMY IIapi.

PosrisiHeMO HEOOXiTHY KITBKICTh HEHPOHIB y IIEPIIOMY
BHYTPIIHbOMY Iapi. /i mbOro po3ristHEMO OKPEMO
(G YHKIIII0 HEHPOHA BHYTPIIIHEOTO [IAPY:

hy(x") =h(0,x, +0,x, +6,x,).

Bxin omHOro HelipoHa MEpIIOro BHYTPIIIHBOTO APy €
JIHIHOI KOMOIHAITIE0 BX1HUX TapaMeTpiB:

x'=0x,+0,x, +0,X; .

TakuM YUHOM, KOJKEH 3 HEHPOHIB NIEPIIOro BHYTPITHb-
oro mapy siBJisie co00r0 QYHKIII0 BT 3HAUCHHS JTIHIHHOT
KoMOiHaIlii BXiTHUX HeipoHiB. Barosi koedimieHTH Mixk
BXIJIHUIMH HEWpOHAMU 1 3aIaHAUM HEHPOHOM IEepIIoro
BHYTPIIIHBOTO IIAPY BU3HAYAKOTh, IKUH 3 BXIJHUX Mapa-
METpIB HaHO1IbII BIUTMHE HA BUX1/THE 3HAYCHHS 33 JTAHOTO
HEHpOHA BHYTPINIHKOTO IIapy. Toai okpeMuid HeHpoH
MEPIIOr0 BHYTPIIIHBOTO MIAPY MOXHA PO3IISAATH 5K
TpyIyBaHHS BXiTHUX MTapaMEeTPiB 3a IEBHUM KPUTEPIiEM.
Y nmaniit poOOTi MPOMOHYETHCA yTPyIIOBAHHS TapaMETpIB,
CXOXKHX 3@ THUIIOM BIUTUBY Ha CHCTEMY, IO JI03BOJIUThH
00’ eTHATH OJTHOPITHI (HaKTOPH B paMKax OJIHIET TpyIOBOT
dynKii.

[lykana sikicTh cpritHATTS B cricteMi IPTV e cynepniosu-
mi€ero QyHKIK BILTUBY KOXKHOTO 3 hakTopiB. [IponoHyeTh-
Csl BUKODUCTOBYBATH TaKWil BUpa3, 1O BPaxoBye BCi
IpyIH (haKTOpiB, SKi BIVIMBAIOTh Ha SIKICTh CIIPUMHATTS:

QoE = f(TrPar, Avail, EnvFact, Codec, RespTime),

ne TrPar — mapamerpu TpaHCIIOpTHOI Mepexi; Avail —
mapaMeTpH JOCTynmHOCTI cepsicy; EnvFact — dhaktopu
cepenosuina; Codec — mapameTpu e(peKTUBHOCTI KO-
BaHHs / nekoxyBaHHs; Re spTime — gac BigmoBixi
cepaicy.
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VY Tabin. 2 HaBeJeH1 apaMeTpH, SIKi BiIITOB1 IAIOTh KOXKHIH

3 rpyn (akTopis.
Tabmuus 2. Tloxin mapamerpis cucremu IPTV Ha rpymm

Hasga rpymnu napa- [Tapamerpu

METpiB

CepenHst 3aTpUMKa IIaKeTa,
Bapiallisi 3aTPUMKH TaKeTa,
piBeHb BTpaT MAakeTiB, JI0-
CTYIHICTh NDIAXY, Yac BJa-
J0i YCTAaHOBKU 3'€THAHH,
yac BJAJIOr0  3aKiHYEHHS
3'€THAHHSA, TPYIOBa JOCTYII-
HICTb CepBiCy, piBeHb IPYyIO-
BOi BTpaTH MaKeTiB

TrPar

HocTymHicts nonmatka, Jo-
CTYITHICTh CEPBEPIB, MOCTYII-
HicTb  QyHKUIH  cepsicy,
HABAHTAXKEHHS JI0/IATKA

Avail

HaBanTtaxxennst mporiecopa,
KUJIBKICTh BUIBHOI OIepaTHB-
HOI IaM'saTi, HASIBHICTH BLIb-
HOTO TIPOCTOPY Ha JMCKOBHX
pecypcax, MBHAKICTD 3aIACy
/ 3unTyBaHHS iH(pOpMaIi Ha
JIMCKOBI TIPUCTPOT

EnvFact

[IBunkicT KOJTyBaHHSI,
CIIBBIIHOIIEHHS CuUrHai1 /

mym

Codec

TpuBaJIiCTh BUKOHAHHS KO-
MaHIM B iHTep(eiici Kopuc-
TyBa4a, MEPEMHKAHHS KaHa-

RespTime

1Ty, 4ac 3aIycKy CepBicy, yac
MIJKTIOYEHHS. 10 MYJIBTH-
KacT KaHajly, iHTepBal 3a-
TPUMKU 3YIHUHKA MYJIBTH-
KacT KaHajy, 4ac BiIKIIIO-
YeHHs BiJl MyJIBTHKACT KaHa-

Iy

TakuMm 4yuHOM, TIpU Cy0’€KTHBHOMY TECTYBaHHI MOXKeE
OyTH BUKOPHCTAHO BiJl OJHIET IO IT’ATH TPyH (HaKTOPIB.
[Tpu po3po0bii apxiTeKTypr HEHPOHHOI MEPEKi, 110 BUKO-
PHUCTOBY€E JUIS HaBYaHHs 3aJaHy BHUOIPKY TaHUX
Cy0’€KTHBHOTO TECTYBAHHS, TPOINOHYETHCS BUKOPHUCTO-
BYBATH BIAMOBIIHY KiJIbKICTh HEHPOHIB y TEPIIOMY BHYT-
pimHBOMY Iiapi. Hampukian, 3a HassBHOCTI apaMeTpiB 3
TPhOX 3a3HAYCHHX BUIIIE I'PYIT HEOOXiAHO BUOPATH TPU
HEHpPOHA B MEPIIOMY BHYTPIITHHOMY IIIapi.

Ha miyicraBi BUKITaICHUX MTPOTIO3UITI MOXKHA y3araJlbHH-
TH MO (DiKOBAaHUH METO T BUOOPY TOIMOJIOT1 BHYTPIIITHIX
IapiB:

1. Ipu po3poOIli apXiTEeKTypyd HEWPOHHOI MEpexi JIs
3a0e3neueHHs SIKOCTi CIPUHHATTS cuctemu IPTV BuGu-
paeTbes JBa BHYTPINIHIX MIApU: MEPIIHA BHUKOPHCTO-
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BYETBCSI JJIs TPYITyBaHHS BXiTHUX ITapaMeTpiB 3a IIPHPO-
7010 iX BIUIMBY Ha CHCTEMY, OPYTHH BHYTPILIHIN Imap
BUKOPUCTOBYETHCS JUTsl HAHKpaIof anpoKCHUMallii BUXif-
HOI QYHKIIT KITach BiKallii SKOCTi CIPUHHSTTSL.

2. KinpKicTb HEHpOHIB Y NepuioMy BHYTPILIHEOMY IIapi
BHU3HAYAEThCS KUTBKICTIO TPYIl MapaMeTpiB, sIKi Opaiu
y4acTb y cy0’ €KTHBHOMY TECTyBaHHI.

3. KunpkicTs HEHpOHIB Yy IpyroMy BHYTPIIIHBOMY IIapi -
5, 10 Bijamnosigac 5-0anpHii mxani orinky MOS. Skiio
IpH cy0’ eKTHBHOMY TeCTyBaHHi Oyiia BUKOpHCTaHa iHIIIa
IIKaJia, TO KUIBKICTh HEHPOHIB Y APYroMy CXOBaHOMY
rapi 0OMpaeThCs BIAIOBITHO.

7. AHani3 ed)eKTUBHOCTI HABYAHHA HEePOHHOL
Mepe:Ki NPy BUKOPUCTAHHI 3aIIPONIOHOBAHUX
MoaudikoBaHUX MeTOIIB

s ananizy e eKTHBHOCTI HABYaHHS HEHPOHHOT MEpeKi
3 BUKOPHCTaHHAM MOIU(pIKOBAHUX METOJIB Oylia BUKO-
pHcTaHa HEHpOHHA Mepexa 3 TaKOK apXiTeKTyporo: 7
BXiZIHUX HEHPOHIB, 2 HEI{pOHa B I1EPIIOMY BHYTPIIIHHOMY
mapi, 5 HeHpOHIB y JIpyroMy BHYTPIIIHBOMY Inapi, 5
HEHpOHIB y BUXimHOMY miapi. s noBeneHHs edeKkTuB-
HOCTI MO (IKOBAHOrO METOAY HOpMANi3allii BXiJHHX
mapaMeTpiB HEHPOHHOI MepeKi BKa3aHa Mepeka Oyna
HaBYCHA HA MiJICTaBi Cy0’ €KTUBHUX JaHUX, OIYOJIIKOBa-
HUX B [17], 63 00poOKH 13 BUKOPUCTAHHSM 3aIIPOIIOHO-
BaHOI'0 METO/Iy HOpMaTi3allii BXiqHuX mapameTpis. Ha-
BYaHHS BiJ0yBajoCs 33 METOIOM 3BOPOTHOTO MOIIHPEH-
Hsl TOMIJIKY. KoM’ roTepHe MOJEeNOBaHHS HEHpPOHHOT
Mepexki OyJI0 BHKOHAHO 32 JIOMOMOTOIO ITPOrPaMHOIO
3abesneuenHs Neuroph Studio.

[Mapametpu 1 METOY 3BOPOTHOT'O IIOITHPEHHSI TOMHUJT-
Ku Oysu 0OpaHi eMITIpUYHO 33 KPUTEPIEM MiHIMATBHOT
MTOMHMJTKH POOOTH HEHPOHHOT MEPEKI.

['padik 3a1eKHOCTI MOMHITKHA MEPEXKi Bijl KIJTBKOCTI iTe-
pariiii HaB4aHHS 300paKeHUI Ha puc. 4.

Network Error Graph

Iteration: 242 Total Network Error: 0,45754932753707608

Tatal Network Error

Puc.4. I'padik 3aexHOCTI MOMUIKH HEHPOHHOT MEpEeXi Bij
KUTBKOCTI iTepaliii ipyu i HaBYaHHI 3a JIOTIOMOTOK0 HEHOP-
MaJTi30BaHOI HABYAJILHOI BHOIpKH

MiHiMaJIpHa TOMIJIKA CKJIAjIa Sst =0,45 , mo craHOBHTE

045

-100% =9,14% .

st

PH, 2013, Ne 2

PosriisiHeMO HaBYaHHS HEWPOHHOI Mepexi 7-2-5-5 3a
JIOIIOMOT'0F0 HOPMAJTi30BaHOTO HA0OpY HapameTpiB cyo-
’€KTHBHOI'O TECTYBaHHSI.

I'padix 3ame:KHOCTI TOMUIIKH MEPEXKi BiJ] KITBKOCTI iTe-
paliii HaBYaHHS 300pa)KeHUH Ha puc. 5.

Network Error Graph

Iteration: 1625 Total Netwark Error: 0099758570 76518741

Total Metwiark Eror

Puc.5. I'padix 3amexxHOCTI TOMIIIKH HEHPOHHOI Mepexi Bif
KITBKOCTI iTepaniii npu 1i HaBYaHHI 3a JOIOMOTOI0 HOpMal-
130BaHOI HAaBYAIBHOI BHOIPKH
VY mporieci HaBUaHHS MiHIMAaTbHA TIOMHJIKA HEHPOHHOL
Mepexi 8..4=01, mo

0,1

CKJiajaa CTaHOBUTDH

teh =

mod

-100% =2% .

MoskHa 3p0OMTH BUCHOBOK, 1110 BUKOPUCTAHH ST MOAU (-
iIKOBAHOI'0 METOIy HOpMaJji3alii BXiIHUX MMapamMeTpiB
O3BOJISIE 301JBIIMTA TOYHICTH BHU3HAYEHHS SKOCTI

cupuiiuaTTsa B cucremi IPTV na €, —€_ , =7,14% .

JlaHipe3yabTaTh MOKa3yrTh €)EKTHBHICTD 3aIIPOITOHO-
BaHUX MOAM(IKaIii ISl CTBOPEHHS CHCTEMH BH3HA-
YeHHs stkocTi cripuitHATTA [IPTV Ha migcTaBi HelpoHHOT
MepeXi TPSIMOTO MONTUPEHHS 31 3BOPOTHUM ITOIUPEH-
HSIM IOMHJIOK.

Jlns ananizy e(eKTUBHOCTI 3aCTOCYBaHHS MOJU (PiKo-
BaHOr0 METOy BHOOPY TOMOJIOTI1 BHYTPIIIHIX IIapiB
HM 6yno npuitHATO pillieHHS PO MOPIBHSIHHS IBU /-
kocTi HaBYaHHs HM 3 apxiTekTyporo 7-2-5-5, 006paHoro
3a JIOOMOT'OK0 3aIlpolOHOBaHOro Meroay, i HM 3
apXiTEeKTypor 7-6-5, 00paHOIO 3TiHO 3 ICHYIOUHMH
Metoaukamu modynosu HM mis 3anad knacugikarrii.
O6uaei HM Oy HaB4YeHI METOI0M 3BOPOTHOT'O TTOIITH -
PEHHS IIOMUJIKH.

EdexTuBHICT HaBYaHHS B JaHOMY BHIIAJKy BH3HA-
YaeThCs Ha MiACTaBl MOPIBHAHHSA KiJbKOCTI ONeparlii,
HEOOXIAHUX IS JOCATHEHHS 3a1aHOr0 MOKa3HUKA I10-

muaku HM: 6 =0,2.
[Tpu HaByanHi HM 3 apxiTekTyporo 7-6-5 OyB AOCSATHY-

THii 3aaHni mokasHuk mommiku 3a N, < =350 ite-

paitiii. ['padik 3a1eKHOCTI TOMHIIKK MEPEXi BiJT KUTbKOCTI
iTepalliii HaBYaHHsI 300paKeHH I Ha pHC. 6.
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Network Error Graph

Tteration: 350 Error0.

Total Hetyark Error

Puc. 6. I'padik 3a11e)KHOCTI TOMIIKA MEPEXi BiI KUTBKOCTI
iTepaniit HaBuanHs HM 3 apxitextyporo 7-6-5

Otpumana HM micyist HaBUaHHS Ma€ BUTJIA, TOKa3aHHH
Ha puc. 7.

Puc. 7. HM 3 apxiTekTypoto 7-6-5 miciisi HaBUaHHS

ITpn HaBuanni HM 3 apxiTekryporo 7-2-5-5 6yB nocaray-

TNl 3aaHuil OKa3HUK moMuikk 3a N, , o o =257

iTepamiii. ['padix 3a7eKHOCTI MOMWJIKH MEpPEXi Bia
KUTBKOCTI iTepalliii HaB4aHHS 300pakeHH Ha pHC. 8.

Network Error Graph

Tteration: 257 Total Network Error: 0. 19385 126821056424

Total Netwark Error

Puc. 8. I'padik 3anexHOCTI TOMHIKH MEPEXi BiJl KiTbKOCTI
itepaniit HaB4anHs HM 3 apxitektyporo 7-2-5-5

Otpumana HM micist HaBUaHHS Ma€ BUTJIA, TOKa3aHUH
Ha puc. 9.
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Puc. 9. HM 3 apxiTektypoto 7-2-5-5 micis HaB4aHHS

3HalIeMO BUTPAIIl ITPY BUKOPHCTAHHI MOTU(IKOBAHOTO
MeTony Bubopy romonorii HM, sikuii 3anmpornoHoOBaHMiA B
JIaHii poOoTi:

N._..—N 350—257

7-2-5-5 100% —

7-6-5

A= =26,5%

HamizcraBi HaBeIeHOT0 aHATi3y MOXKHA 3pOOHUTH BUCHO-
BOK IO €()eKTHBHICTh BUKOPUCTAHHS MOTU(IKOBAHOTO
MeTony Bubopy Tomonorii HM mpu cTBOpeHHI cucteMu
OLIIHKY sIKOCTI cipuitHaTTs [PTV.

BucnoBkn

Brepie 3anpornonoBani Mou hikoBaHH METO HOpMAJI-
i3a11ii BX{JTHUX MapaMeTpiB HEHPOHHOT MepeKi i Mo iko-
BaHMIi METO]] BHOOPY TOIOJIOTiT BHYTPIIIHIX [IapiB HEMH-
POHHOI Mepexi Ul CTBOPEHHS CHCTEMH BHM3HAYEHHS
sikocTi cnpuitHsTTs [PTV.

Byio mokasaHo, 1110 1aHi METOIH I03BOJISIOTH 301LTBITUTH
e(eKTUBHICTh HABYaHHS HEHPOHHOT MEPEXKi 32 paXyHOK:

a) 30UTBIIICHHS TOYHOCTI OIIHKHU SKOCTI CIIPUHHATTS HA
7,14%:;

0) 3MEHIIICHHS Yacy HaBYaHHS HEHPOHHOI Mepexi Ha
26,5%;

B) CIIPOIICHHS BUOIp MOYaTKOBUX BATOBUX KOC(IIIEHTIB
MIPH HAaBYaHHI MEPEXKi.

TaxuM YHHOM, 3aCTOCYBaHHS 3aIIPOIIOHOBAHNX METOJIIB
€ JIONUTLHUM Ta e()EKTUBHUM TIPU CTBOPEHHI CHCTEMH
BH3HAYCHH IKOCTI cripuitHsTTs IPTV mocmyru.
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CUCTEMBI U
MPOLIECCHI
YIIPABJEHUS

VK629.13

JABUKEHUE KOCMHUYECKOI'O
AIIITAPATA HA OCHOBEMOAYJIsIINHU
KPUBU3HbIITPOCTPAHCTBA

KAYYP C.A.

Hpez[naranTcsl MOJICIIb ﬂBOﬁHOﬁ CHUCTEMbI YCPHBIX AbIPp C
PaanoIyIbCapoOM U METOA OIPEACIICHUA TPACKTOPUUN IABHXKC-
HHsL KOCMHUYECKOr'o arapara BOJIH3H 3TOM CUCTEMEI, 4 TAKXKC
MOJCIIb CHUCTEMblI MOAYJISINUN KPUBU3HBI IMPOCTPAHCTBA B
3€MHBIX YCJIOBUAX HAa OCHOBE [IBYX SACPHBIX PCAKTOPOB H
QJICKTPOMAruuTHOIO HM3J1y4aTeiIs.

1. BBeaenue M MOCTAHOBKA 331241

O reomerpun Mupa BrepBble ckazan A.A. Opunman.
Bonpocam nckpuBIIeHHS TPOCTPAHCTBA OH ITOCBSATHII He-
CKOJBKO paboT: «O KpuBH3HE mpocTpaHcTBay (1922),
«Mup Kak npocTpaHcTBO U Bpems» (1923), «O Bo3MOX-
HOCTHU MUPa C TOCTOSHHOW OTPHUILIATENbHON KPUBU3HON
(1924). BeyTcsi moncku eCTeCTBEHHBIX POCTPAHCTBEH-
HO-BPEMEHHBIX «KOPUIOPOB» UIIH «TyHHenen». OHaKo
MIPEACTABIIAETCS, UTO TAKME KKOPUIOPHD» PeIHa3HAUYEHbI
He U1t KocMuyeckoro anmnapara (KA) u paspymmutenbHbl
IUTSL HETO.

B nacrosiee Bpems Bce monetsl KA B ComHewHO crc-
TeMe OCYIIECTBIISIFOTCS C IPUMEHEHUEM TIepTypOaIoH-
HOTO MaHeBpa. JTO CHeuaIbHbII MaHEBp, UCIIOIb3Yye-
MBIH /ISl pa3roHa WM U3MEHEHUS TPACKTOPHH IOJIeTa
KOCMHYECKOTo anmapara. J[Jis mpoBeieHus epTypOarm-
OHHOT'0 MaHEBPAa UCITOIb3YETCSI COUETAHUE OTHOBPEMEH-
HOT'O BO3JICHCTBUS IPAaBHTALIMOHHBIX IOJICH HEOSCHBIX
TE€ Ha KOCMUYECKWHU ammapaT ¥ UMIYJIbC PAKETHOTO
JIBUTATEJIs CaMOro KOCMHYECKOro annapara. Takoil ma-
HEBD BIIEPBBIC MPEJIOKIIT OCYIIECTBIATH MPH KOCMHU-
yeckux nonerax 0. B. Konapatiok B padotax «Tem, KTo
Oyzmer yutaTh, 4ToOBI cTpouTh» (1919), «3aBoeBaHue
MEXKIIIAHETHBIX TPOCTPaHCTBY (1929).

C TOUKH 3peHUsT U3MEHEHUS KPUBU3HBI IIPOCTPAHCTBA
HanOOJBIUH HHTEPEC TPEACTABIISIOT HEOOBIYHBIE CBOM-
CTBA BpallaloIuXcs YepHBIX AbIp. Y3 aprocepbl Takon
JBIPEI MOYKHO H3BIIEKATh SHEPTHIO, B COTHHU pa3 MPEeBOC-
XOSIIY0 3 (EeKTHBHOCTB BBIJICIICHHSI SHEPTUH ITPH TEP-
MOSIIEPHBIX peakiisx. Ha prc.1 mpeacrasneno nzodpa-
JKEHUE BpaIarolielics YepHoil AbIpbl B pa3pese. Crena:
TOPU30HT COOBITHH OKPYXEH 3procdepoid, B KOTOpOH
TeJa, 9YaCTUIIH! ¥ (JOTOHBI HEMPEPHIBHO IBUTAIOTCS, IO
XBauCHHBIE BUXPEBBIM I'PaBUTAIIHOHHEIM I10JIEM YEPHOU
npIpel. CrpaBa: Iyd cBETa, POXOISIIINI BOIH3H Bpamia-
FOLIEICS YEPHOU IBIPBI, U3MEHSET CBOE IBH)KCHUE.
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Haubonee mepcneKTUBHBIM SIBISICTCS MOMYJISIIAS TIPO-
CTPaHCTBA Ha OCHOBE JJBOMHOM CHCTEMBI YePHBIX IIBIP C
pamuonyibcapoM. OHAKO paJuoNyIbCcaphl CO CITYTHH-
KaMU — YePHBIMH JIBIPAMHU TIOKA HE OTKPHITHI. Teopus
MPEICKA3bIBAET, YTO HA KAXKIYIO THICSIY paJroIyibca-
POB JOJIKEH MPUXOAUTHCS OTUH ITyJIbCap B HAPE C YePHOM
abipoit [1].

Ocb BpalleHus

Oprocdepa

Puc.1. Cxemarnueckoe M300paKeHHE BpaIlAIOIIEHCs
YEepHOH JABIPBL B paspese

Oona u3 3a0au Gnuxaiiiero OyyIero — oOHapyKeHHe
1 HCCIIeZIOBaHUE IBM)KEHHU S PaJHOITy IbCapOB B IBOHHBIX
cHCTeMax C YepHBIMH AbIpaMu. {7t 3Toro Heodxommma
pa3paboTka Mozenel Takoro poga 0ObEKTOB M HOBBIX
TIOIXO/IOB B LIEJISIX MOBBIIEHHS 9P PEKTHBHOCTH HCIIONb-
30BaHUS YHEPIUU KOCMHUYECKUX OOBEKTOB.

UepHas ipipa — KOCMHYECKHI 00BEKT, BOZHUKAIONIUHN B
pe3ysbTaTe CKaTus Tejla IPaBUTAlMOHHBIMU CHIIAMU JI0
pa3MepoB, PaBHBIX €ro rPaBUTALIMOHHOMY paauycy (Iis
BHENTHET0 HaOIro1aTeNs ). Y YepHOM IbIPl UMEIOTCS TPH
XapaKTEPUCTHKH: Macca, yTIIOBOH MOMEHT U AJIEKTpHIEC-
ki 3apsi. JIyau cBeta BOJU3W YEPHOM JbIPHI 3arn0aroT-
Cs1, IBUTAIOTCS 10 KPYTOBBIM TPAEKTOPHSIM H JIaXe 3aca-
CBIBAIOTCS B YEPHYIO JbIpY (puc.2).

Puc. 2. JIyun cBera BOJSU3U YEPHOM JBIPHI

[IpencraBnsercs, 4YTO PENUKTOBOE U3YyYEHHUE — PaBHO-
MEPHO paclpeaeeHHOe BO BCeneHHOM 3IIeKTpOMarHuT-
Hoe n3nyueHne. CBOWCTBA TBOWHOW CHCTEMBI, KOMIIO-
HEHTaMU KOTOPOH SIBJISIFOTCS IBE YEPHBIE IBIPHI C PAHO-
MyJIbCAPOM Ha OPOUTE, OIPEEISIOT BO3MOKHOCTE MOITY-
nsauu npoctpanctsa 4 KA. Ilpu peanuzanuu 31o npu-
BEJIET K MaHEBPY Ha OCHOBE AJIEKTPOMArHUTHBIX IOJIEH U
n3nydeHnil. HazoBeM Takoil MaHEBP AEKTPOMATHUTHBIM.

DNeKTPOMArHUTHBIA MaHEBP — 3TO MAHEBP, UCIIONb3YIO-
i 3¢ HEeKT UCKPUBJICHHS TPOCTPAHCTBA B PE3yJIbTATE
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B3aMMOEHCTBUS ANEKTPOMArHUTHBIX MOJIel KocMuyiec-
KX 00BEKTOB C AJIEKTPOMAarHUTHEIM moeM KA. OmHo-
BPEMEHHOE HCIOJIb30BAHNE KPUBU3HBI IIPOCTPAHCTBA U
TPaBUTALMOHHBIX TOJNEH MPEB30HUIET B Pasbl AP PEKTHI
MIPUMEHEHUS 3THX MaHEBPOB HE3aBUCUMO.

Llens pabomwl — co3aHNE METO/1A OIIPENIETICHH S TPAaeK-
Topuu aBuxkeHUs: KA Ha OCHOBE 3JIEKTPOMarHMTHOIO
MaHeBpa.

I[.]'ISI OIMUCAaHHA JJICKTPOMArHUTHOI'O MaHEBpPa BOIH3HU
JIBOMHOM CHCTEMBI YEPHBIX AbIPp C MYJbCAPOM ONHIIEM
TUIIOTETUYCCKYHO CXEMY CTPOCHUS TAKOI'o o0beKTa M
npeaAcTaBUM UMHUTALITMOHHYIO MOACIIb TaKou CTPYKTYPbI
JUT peajin3aliui MOAYJISIIIUNA KPUBU3HBI ITPOCTPAHCTBA B
3€MHBIX YCJIOBHUSX.

2. 'unoreTnyeckas cxemMa JIBOMHOMH CHCTEMbI
YEePHBIX ABIP € MYJbCAPOM W MOXYJISIIAA
HCKPHUBJIEHUS MPOCcTpaHcTBa 1A KA

[IpencraBnsieTcsi, 4TO cXeMa JIBH)KEHUSA ABYX YEPHBIX
neip Py u P, ¢ mymscapom I1 Ha opOuTe MOXKET OBITH
npeacrasiieHa puc. 3. Och BpallleHU s CUCTEMBI TIPOXOIUT
yepe3 LeHTp (Touka O) ¥ ePHeH JUKYIISPHA K IJIOCKOCTH
pucyHka. LI Tpux-yHKTHPHOM THHIEH 0003HaYCHA TPpa-
€KTOpHSI ABMKEHU S paHO ITyJIbCapa, OMUCHIBAIOIIAst BOK-
PYT Kax/10ii YepHO# JIbIpHI ee 3procdepy. BpamartensHoe
JBIKEHHE dTHX JIBYX cep Co3IaroT aprocdepy cucre-
MBI, KOTOpast ONpe/ieieHa Ha puc.3 BHEIIHEH OKpYy>KHOC-
Th10. McX0/15 M3 IpeITI0KEHHON MOZIENTN CTPOEHHUSI CUCTE-
MBI, CO CTOPOHBI BHEIITHET'O HAOIIOaTENs TaKas CUCTEMa
HE OTJINYAETCSI OT YEPHOU ABIPHI.

Puc.3. T'unorerrueckasi cxema CTPOEHHUSI JABOMHOM cHCTe-
MBI YEpHBIX JBIP C PaAHOMYIbCAPOM

B nporiecce neperekanus Macchl OT YepHOM IbIpbI P, K Py
pazuonynbcap /1 mepeMeraeTcs U3 HUKHEW 4acTh cXe-
MBI B BEPXHIOIO, T.€ U3 TOUKU B B Touky O. B Touke O
Macca YepHOU AbIpbl P, CTAHOBUTCA PABHOM HYJIO, Macca
P, — cymmapnoil Macce cuctemsl. [Ipu nepememennu
paauomnynbcapa u3 Touku O B TOUKY 4 IepeTeKaHne Mace
OTCYTCTBYET. B ciiyuae nBmxeHus paguonysibcapa u3 4 B
Brponecc neperekanus Macchl TOBTOPSIETCS B 00paTHOM
HampaBJieHuu oT P; x P, Ha ydactke (40) ¢ mocneayro-
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niel maysoii Ha yyactke (OB). Takum 00pa3om, Hampas-
JIEHHE IBIKEH M TyJbcapa COOTBETCTBYET HAPaBIICHUIO
neperekanus Macchl. Da3bl nepeTeKaHus MacChl Hepey-
FOTCSI ¢ (ha3aMu MOKOSL.

[Ipu nBM>XeHUM NyJIbcapa Mo HarnpasieHuto (BO) uzme-
HEHUE 3HAYEHUH MacC YEPHBIX IIbIP MOXHO OIKCATh
TapPMOHHYECKUM OCHILISITOPOM CIEAYIONIMMU QOopMy-
JIaMH:

1\/‘[2:1\/Imax(l_cos2 Y)’ (1)

M,=M_, cos’ Y, 2)

rae M, M, — MacChl COOTBETCTBEHHO YE€pPHBIX AbIp P 1
Py ; M .x—CyMMapHasi Macca IBOMHOM CHCTEMBI YEPHBIX
JBIp; Y — YroJI MEXIy HamnpaBJIEHUEM OT TOYKH B 10
myJibcapa U ocblo AB.

[Ipu nBuxeHun nynbcapa no HampasieHuto (40) macca
P, onpenensercs mo dopmyne (1), a macca P, — no
dbopmyne (2).
[Monoxxenuto mynbcapa Ha miaockoctd (DyDD,) unu
(E{EE,), npu koropom [3=45°, 0t=90°, cooTBeTCTBYET
COOTHOLLEHHE Macc YepHbIX 1pIp 1:1. Macca nysnbcapa
OMpeIeNAeTCS B 3TOM IPAaHUYHOM COCTOSIHUU U3 COOTHO-
HICHUH MEX Ty MaccaM¥ HEOECHBIX TEN U PACCTOSHUSMHU
Mexny Humu (FD), (FE) u (DE):

gMM, +gMnM2 :ngMz 3)

R’ 5R* ’

4R?
M1:M2:Mmax/2’ (4)

rae Mp — Mmacca mynbcapa, R — pamuyc sprocgepsl
YEPHBIX JIbIP; € — IOCTOSIHHAS TPABUTALIUH.

B pesyinbraTe HecnoxHbBIX Mpeodpa3oBanuii popmyi (3),
(4) monyunm
M —1 M 0,IM
o= max 7 max . (5)
9,6

MoHO Npenoa0KUTh, YTO UICXOJHBIMU IapaMeTpaMu
JUIS OIpeJeNICHHs] U3MEHEHUsI KpUBU3HBI IIPOCTPAaHCTBA
BOJIM3H IBOMHOM CHCTEMBI ABJISIOTCS: CyMMapHas Macca
CUCTEMBI M, ; PAIIyC OpOUTHI TyJIbcapa R; mpeaeabHas

9aCTOTA M3ITy9eHUs (0 ,COOTBETCTBYIOMIAs OITHOM aKK-

peUMH Ha OJHY U3 YEPHBIX JIbIP; BPEMs UPPETYIISIPHOrO
W3MEHEHUS U3ITyICeHUs /[, JOJS HCTEKalomed MacChl 10

OTHOILEHHIO K TIONHOI Macce 00bekTa 3, .

ITockonbky B manpHEHIIEM AJIA MOCTPOEHUS CHUCTEMBI
MOJYJISIIIMM TTPOCTPAHCTBA B 3€MHBIX YCIOBHUSAX OyaeT
paccMmaTpuBaThCsl B KAayeCTBE aHAJIOra YEpHOW IBIPHI
SIIEPHBIN PEAKTOP, IOCIIETHUE TPH ITapaMeTpa OIpe iene-
HBI [10 aHAJIOTUH CO CIIETYIOIIUMHU [TapaMeTpaMU SIIEPHO-
'O peakTopa: () —YacToTa U3MEHEHUS PEaKTHBHOCTH; [ —

BPEMA KU3HU MI'HOBCHHBIX HGﬁTpOHOBB — J0JIi BCEX

3aras3/AbIBaloLINX HEUTPOHOB 10 OTHOLIEHU O K [IOJTHOMY
YUCITy HEHPOHOB.
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[Toananoruu ¢ sIepHBIM PEAKTOPOM HYJIEBOH MOLITHOCTH
B 00JIACTH BBICOKUX 9acTOT [2] k03 pHLIMEHT ycrteHus
JIBOMHOI CHCTEMBI YEPHBIX JbIP MPH HAXOXKACHUH MTYJIb-
capa B Touke O MOXKHO OIPEACIUTh 10 hopmyie

K, =(o,1,)". (6)

Koaddunuent ycunenus K B ciry4ae HAX0XKACHUs TyJlb-
capa B IPOM3BOJILHOH TOYKe £ BO BpeMs a3kl epereka-
HUS MacChl ONpeieNsieTcs CIAEAYIONMM 00pa3oM:

1
S ol ®
W, =Z20,, (8)
[FE]
~|FD[- ©)

rne [FD| u |[FE| — paccrosiHus OT mynbcapa JI0 COOTBET-
CTBEHHO YEpHBIX AbIp P U P,.

C yuerom [Hdomnep-3¢ddekra BemecTa (TOMIUBA), HC-
MOJIB3YsI BEIBOJ IS SIIEPHOIO PEAKTOpa, IPUBEACHHBIN B
[3], 3amumiem ¢popmyity pacdera ko3 puimeHTa uCKpuB-
JICHUS TPOCTPAHCTBA!

k=

- Ly (10)
1+10B,0,
YtII/ITI)IBaSI, qTO CKOpOCTB paCHpOCTpaHeHHf[ BHeKTpOMar-
HUTHBIX BOJIH paBHa CKOpOCTI/I CB€Ta ¢, a JJIMHAa BOJIHBI
JOJI’KHA COOTBETCTBOBATH paCCTOXHI/I}O MG)K,E[y ]_leHTpaMH
YEpHBIX JBIP, YACTOTA MyJIbcapa Ompeacsercs 1mo Gop-
MyJie

C
(Dn:§~ (11)

Monysiiys KpUuBU3HbI [TPOCTPAHCTBA OCYLIECTBIISIETCS B
(haze mepeTeKaHus SHEPrUuy (Macchl) 3a CUET U3MCHEHHUS

YaCTOThI U3JIYyUCHUA (,()1 , KOTOPOE OIIPECACIIACTCA ITOJI0XKE-

HUEM IyJibcapa.

3. Metoa nocTtpoenus Tpaekropun aBmxenus KA
BOJIM3M IBOIHOI cUCTEMbI YePHBIX IbIP

OrmnpenenuM TPaeKTOPHUIO MOJIeTa KOCMUYECKOro arlapa-
Ta 1 TpeOyeMble 3HAYCHHSI €r0 apaMeTPOB AJISI TPOXOXK-
JICHUsI Yepe3 JBOMHYI0 CHCTEMY YEPHBIX JIbIP C MYJIbCa-
poM B ¢a3e HCKpHUBIIEHHUS TpocTpaHcTBa. Hanbomee Oe-
3omacHbiM Ut KA siBisieTcs: monoxeHue myiibcapa npu

o=45.
Paccmotpum TpaekToputo neuxenus KA (puc.4). Bu-
eHne KA B HCKpUBIIEHHOM MTPOCTPAaHCTBE HAYNHAETCS B

TOYKE A, OTCTOAIIEH OT IEHTPa ABOWHOMN CUCTEMBI (TOUKA
O) Ha paccTosiHHE L.

L, =2kR. (12)
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[IpoctpancTBo pacumpsiercsa ¢ koddduuuentom k 10
ypoBHs (ckopocTb KA Ha yuactke (BCB) paBHa) ¢
paccrosiaueM (4K):

L, =kR. (13)

Hawunreppaine (SBC) nBMKeHHE TPOUCXOINUT O€3 HCKPUB-
neHusi npoctpaHcrBa. Ha unrepsane (CB) Hactymaer
cKaTUe MpocTpaHcTBa c koddduuueHTom k. [Ipu Beixone
u3 nerinu (BCB) KA Bo3Bpaiiaercss B UCXOIHOE IPO-
CTPAHCTBO ¢ KO3 HUIIEHTOM KPHBH3HEI, PABHBIM 1, 4TO
COOTBETCTBYET ydacTKy Tpaekrtopuu (BDEA). Pamuyc
coepsl (OF), onpenensromuil TpaHuIly UCKPUBICHUS
MIPOCTPAHCTBA, paBeH AR.

Puc.4. Tpaekropus nemxenuss KA BOIU3M TBOWHOMN
CHCTEMBI YEpHBIX JABIP C PaAHOMYIbCapOM

s Toro yToObl KA MOTr OCYIIECTBHTH JBHXKCHHE IO
OINMHMCAaHHOW TPASKTOPUH, 3HAUCHUS €T0 ITapaMeTPOB JI0JI-
JKHBI YJIOBJICTBOPATH CICAYIOIIUM YCIOBHSIM.

1. KA nomkeH UMeTh peTpaHCIsaTOp SHEPruH, paboTaro-

LMl Ha YacToTax (), U My - Bonpocsr perpancisiuum

SHEPTUH VI SIEPHOTO peakTopa BOMU3UM MTHOBEHHOI
KPUTHYHOCTH pacCMOTPEHBI B paborax [4, 5].

2. Cxopocth KA Ha yuactke (BCB) He no/KHA MPEBHI-
math Z(M/c), Tie Z onpenensercs 1o ¢popmyiie (9). Oto
YCIIOBHE PaCCMOTPEHO B [3] mpu c)KaTUH POCTPAHCTBA

() —
Vil =col,. (14)
3. Ckopoctb KA Ha yuacTke (AS) He TOIDKHA TPEBHIIATD

(15)

4. MakcumanbHasi macca KA ompenensiercst st ero
IIOJIOXKEHHUS B TOUKE ' M3 COOTHOIIEHUS

(P — 1V ©
Vi =kVi, -
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gkM M,
(R/Z)2

ngKAMH _ gM M, ,
(R/2)>  (2r)? U9

Ipu O =45° M, =0,08M .y, My = 0,104M,,,. TTpu-
HuMmasi, yto My =Mp=0,1 M.\, U3 cootHomeHus (16)
MOTYIUM

~0,028M

max
KA
k

5.1Ipu nonanannu B ieTno cxxatust KA 1oImKeH moiHs Th-
¢4 HaJ| IJI0OCKOCThIO, B KOTOpoi Haxoxstcs [1, P, u P,, Ha
paccrosHue h:

(17)

h=5tg(v/2). (18)
k

6. Bpems npeOrpiBanuss KA B kaxmoi u3 yersipex a3
WCKPUBIIEHUS MPOCTpaHCTBA: 1) pacmupeHue (y4yacTok
TpaekTopuu (4S)); 2) nay3a (yuactok tpaekropun (SBC)),
JUI KOTOPOW MCKPUBIIEHHE MPOCTPAHCTBA OTCYTCTBYET;
3) cxartue (yuactok Tpaekropuu (CB)); 4) BoccraHOBIIe-
Hue (y4acTok TpaekTopuu (BDEA)).

CooTHoIIEHHE BPEMEHU [UTS Pa3InYHbIX (a3 B HAIIeM
(T1) u uckpupnennom (T2) mpocTpaHCTBE IPEICTaBUM B
CIIEAYIOLIEM BUE:

Tl —7t :tT-t/k:t/k:27T,
T2—1t/k:t-t/k:t :27T.

BenuunHa BpeMEHHOTO MHTEpBaia T OMpPEAEIACTCS
Kak 0asucHas U3 aHalk3a CKaTHS B COOTBETCTBHH C
dhopmynoit

. R
=Ry © (19)
[leproa Moay ALY TPOCTPAHCTBA pABEH
T =4t. (20)

Monynsauus KpuBU3HbI mpocTpancTa KA 3akimtouaercs
B UBMEHEHUHU YacCTOT PETPAHCIISITOpa B COOTBETCTBUU C
M3MEHEHUEM IMOJIOKEHUS paluONyJbcapa U KOppeKLuei
CKOpPOCTHU TIOJIETa B 3aBUCHUMOCTH OT KPUBHU3HBI MPO-
CTpaHCTBaA.

PeanpHOE MCKpHUBIEHNE TPOCTPAHCTBA TPOU3BOAUT ABOK -
Hasl cucTeMa YepHBIX AbIP C PaHONyIbCapoM, HO BO3-
MO>KHOCTb I10I1AaCTh B 3TO IPOCTPaHCTBO onpenenser KA
U TaKUM 00pa3oM MOIYJIHPYET KPHUBH3HY CBOETO IIPO-
CTPaHCTBA, OCYIIECTBIIAA AIEKTPOMATrHUTHBI A MaHEBD.

4. Moaeab cucTeMbl MOAYJISIIUM KPUBU3HBI
NMPOCTPAHCTBA B 3¢MHBIX YCJI0BHAX

Onpenenum CTPYKTYpy CHCTEMBbI, UMUTUPYIOLIEH uc-
KpUBJICHUE TPOCTPAHCTBA JBOMHOW CUCTEMOU YEPHBIX
JIBIp € paiuonyJibcapoM. B cocTaB UMHUTUPYIOILIEH CHC-
TeMbl BXOZAT: peaktop P, peakrop P,, usnyuarenn
3JIEKTPOMATHHUTHBIX BOJH I 1, MBHKyIUiiCs 00BEKT.
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Cxema pacrooXeHHUs1 KOMITOHEHTOB CHCTEMBI COOTBET-
ctByeT puc.4. [l nonoxenus uanydatens o0 = 45° . B

cocTase syiepHoro TormBa cogepxkutest 22°Pu, 3 =0,0021,
BpeMsl )KH3HH MITHOBEHHBIX HeiiTponos /=108¢.

3aHy0K JIBOMHOMN CHCTEMBI PEAKTOPOB OCYILICCTBIIACTCS
BHCIIHUM 3JICKTPOMArHUTHBIM BO3/IeCTBHEM. MUHUMAIIb-
Has 4aCTOTa BHEUIHET O BO3JIEHCTBUS COOTBCTCTBYCT MaAK-
CUMaJbHON JJIMHE BOJH PEIMUKTOBOTO HU3ITYYCHUS

(A =1,5MMm), KoTOpOE SABISETCS PAaBHOMEPHO pacrpere-

JIEHHBIM BO BceleHHO 31eKTpOMarHuTHRIM U3TY4YeHHU-
em. [Ipu pacuere ucrmons3yercs u3BectTHas popmyina [6]

C

('OBH.min = X . (21)

IMpuMeHHB nepeaTouHy 0 HYHKIIHIO PEaKTOpa JUIs pac-
yeTta Ko3(hburenTa ycuieHus K, OrpeeinM 3amyCKaro-
IIY0 YaCTOTY KOHKPETHOTO PEaKTOpa MPH YCIOBHHU, YTO
K=1/c=1/3-108, o cienyromeii popmye:

(22)

o C
BH 7 -
1
MakcumanbHOe pacCTOSHUE L, a0 OT 3aITYCKAFOIETO
BHELIHETro U3JIyyaTelis 10 peakropa P onpenensiercs us
cooTHoIIeHus [6] (4acToTa yKa3aHa B paj/c)

Q)

BH.Max

nm

BH.MMax

=c,p=1,2,3..310%  (23)

HcxonHnbIiMu mapaMeTpaMy MOJIENI CUCTEMBI SIBJISFOTCS:
1) pamuyc R=500M; 2) cymmapHas Macca sI€pHOro
TOILIMBA PEaKTOPOB M,,,,=20T; 3) MUHHMAaJIbHASA YACTOTA
n3MeHeHus peaktuBHocTH (=0,3(3)m.

OmnpenenuM napaMmeTpbl CUCTEMbI MOLYJISLIMM IPOCTpaH-
CTBa.

1. Koa¢phunmenT aciMMeTprH B COOTBETCTBHH C (hOPMY-
nou (9): Z =1,47.

2. YacToTa U3MEHEHUS PEAKTHBHOCTH B COOTBETCTBUH C
dbopmyioii (8): 0 =0,49T"m.

3. KoaddpunmeHT HCKpUBIIEHHS TPOCTPAHCTBA B COOTBET-
ctBum ¢ popmynon (10): k=7,024.

4. Maccbl KOMIIOHEHTOB CHCTEMbl B COOTBETCTBHH C
dbopmymnamu (2), (1), (5): M=18,41, M,=1,6T, M=2T.

5. YacroTa 3JIEKTpOMarHuTHOTO U3JIy4aTelsl B COOTBET-
i . -3.105

crBum ¢ popmynoit (11): @, =3-10° I'u.

6. MuHMMaJIbHAs YaCTOTA 3aITyCKAIOIIEr O BHEIIIH Ero JIeK-

TPOMATHUTHOT'O U3IIy4€HHUS B COOTBETCTBUH C (hOPMYIION
(21): O gumin=2" 10" I'm.

7. MakcuManbHOE pacCTOSTHUE OT 3allyCKAIOIIEero BHEI-
HEro u3iy4areis JO peakropa P; B cooTBeTcTBUM C
dopmymnoii (23): L,=2,25-107m.

OmnpeneniM mapaMeTpsl JBIDKYIIErocst 00beKTa.

1. CkopocTh 00hEKTa Ha yY4ACTKE CKATHUS B COOTBETCTBHUH
¢ popmynoit (14): V©= 1,47 m/c.
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2. CKOpocTh 00bEKTA Ha YUACTKE PACIIHPEHHSI B COOTBET-
ctBun ¢ popmynoit (15): VP=10,3 m/c.

3. Macca oObekTa B coOTBETCTBHH C (hopmynoid (17):
M,=79,7xr.

4. BrIicoTa NOAHATHS 00BEKTa OTHOCHTEIBHO INIOCKOCTH
peakTopa M M3IydaTens B COOTBETCTBHHU ¢ (hopMmyIoii
(18): A=18,5Mm.

5. HacToThl 37eKTpOMaruuTHoro usnydenus: 0,491 u
3-10° ',

OrmnpeeauM mapaMeTphbl TPAEKTOPHH K BPEMS IBHIKEHHSI
00BEKTA.

1. Paccrosiaue OT 00BEKTa 10 IICHTPA JBOHHOMN CHCTEMBI
peakTopoB B cOOTBeTCTBHU ¢ (opmyrnoit (12):
L,=14,048xmMm.

2. PaccrosiHue 0T 00BEKTA IO IPaHMIIBI 00JIACTH PACIIH-
peHus B COOTBETCTBUU ¢ popmyuoit (12): L,=7,024km.

3. CooTHOIIIEHHE BPEMEHH ISl Pa3INIHbIX (ha3 B HALIEM
T1 u uckpuBneHHOM T2 MPOCTPAHCTBE B COOTBETCTBUU C
dbopmynoit (19):

T1 — 40muH. : 34,3muH. : 5,7vuH. : 14 20MuH.,
T2 — 5,7 mun. : 34,3muH. : 40MuH. : 19 20MuH.

4. Ilepron MOIYJISIIUYU MIPOCTPAHCTBA B COOTBETCTBHY C
dbopmynoit (20): =24 40muH.

JBIoKyuMCs: 00bEKTOM B PACCMOTPEHHOM MOJIEITH CH-
CTeMbl MOJYJISILIMM TPOCTPAHCTBA Ha MEPBBIM B3IIIAL]
MOXeET OBITh YENOBEK, HO B ATOM CITy4ae YaCTOThI JJICK-
TPOMarHUTHBIX U3Ty4E€HUH MO3Ta YeJl0BEeKa JJOIKHBI CO-
orBercTBoBaTh 0,491 3-10° I'mI. Kpome Toro, B pabore
[5] moka3aHo, 4TO 3aITyCKAFOINN H3ITydaTelh, QYHKIHO-
HupyloIMil Ha yacTorax nopska 102 npu Bo3aeii-
CTBUH Ha PEAKTOP, MOXXHO MPEJCTABUTH B BUJIEC DKBHBA-
JICHTHOW CXEMBI, BKIIFOYAIOIIEH ABa U3Ty4aTens: BBICO-

KOYACTOTHBIH M3nyyatens Ha yactore 3-10°T1 (O;) u
HU3KOYACTOTHBIH H3TydaTens Ha yactoTe 3,3- 102 ( @ 5).
HuzkouacTOTHBIN W3TydaTeNb SBISIETCS CKPBITHIM, TO-
CKOJIBKY MUHUMAITFHOE PACCTOSIHHE OT HETO JI0 PeakTopa
cocraBisieT B cootBerctBuH ¢ (23) 4,2:10° M. B sTOM
clydae CepAlle YelloBeKa NOIDKHO MMETh CIIOCOOHOCTH
paboTaTh ¢ 4acTOTOM 2 yaapa/MuH. YKa3aHHbBIC TapamMeT-
PBI3aBUCAT OTHHIUBHIyyMa. [10CKOIBKY IpHpoaa geIro-
BEKa HE U3BECTHA, HEOOXOAMMa pa3paboTKa HHIUBHUIY-
QIIBHBIX CPEJICTB 3aLIUTHI IIPH U3yICHIH IPOCTPAHCTBEH-
HO-BPEMCHHEBIX SIBTICHUH.

5. 3akI0ueHue

Teopemuueckasa nogusna. 1IpennoxxeHbl MOAETb OBOM-
HOM CHCTEMBI YEPHBIX JBIP C PAAHOITYIECAPOM U METOT
onpeeNeHus TPACKTOPUH IBHYKEHHSI KOCMHUYECKOT0 arl-
napara BOJIM3H 3TOi CUCTeMbl. BBeIeHO MOHSTHE DJIEKT-
POMAarHMTHOTO MaHEBPA, TTO3BOJISIONIETO UCTIOIB30BATh
KOCMHYECKUM aIllapaToM IMPOCTPAaHCTBEHHO-BPEMEHHBIE
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HM3MEHEHNS BOJIU3H JIBOMHBIX CHCTEM YCPHBIX ABIP. Onpe-
ACJICHBbI YCJIOBUS, ITPHU KOTOPBIX KA moxer COBCpIIATh
NepeEMCIICHNEC BO BPEMEHHU U ITPOCTPAHCTBE. Z[aHO IIOHA-
TUEC MOAYJISIIUN KPUBU3HBI IPOCTPAHCTBA KA, KOTOpas
3aKJIIOYa€TCA B UBMCHCHH U YaCTOT PETPAHCIATOPA KAB
COOTBETCTBUH C U3BMCHCHHNEM ITOJIOXKCHUS paJUOITYJIbCa-
pa u KoppeKuHeﬁ CKOpPOCTHU ITOJICTA B 3aBUCUMOCTU OT
KPUBU3HBI TPOCTPAHCTBA.

Pa3pa60TaHa MOJCJIb CUCTEMbI MOAYJIAINU KPHUBU3HBI
MOPOCTPAaHCTBA B 3C€MHBIX YCJIOBUAX Ha OCHOBC IBYX
AACPHDBIX PEAKTOPOB 1 3JICKTPOMATrHUTHOT'O U3JTYy1aTEIIA.

Ipaxmuueckas snavyumocms. lcnonb3oBaHue Mpeaio-
KEHHOH MOJIENIM TBOMHOM CHUCTEMBI YEPHBIX ABIP C pa-
JIMOITYJIECAPOM HATIPaBIICHO Ha MOBEIIIeHHE 3 PeKTHB-
HOCTH WCCJICIOBAaHMSI KOCMUYECKHX OOBEKTOB, PACIIU-
pEeHUE BO3MOXKHOCTEH OCBOCHHS KOCMOCA, Pa3paboTKy
MOJIEJIeH U METOIOB ITOCTPOEHU I TPAEKTOPU U MEXKTralaK-
TUYECKHUX MOoJeToB. [IpuMeHeHrne B 3eMHBIX YCIOBHSX
CUCTEM MOAYJIALMU KPUBU3HBI TPOCTPAHCTBA MO3BOJIUT
BBIITH Ha HOBBIH YPOBEHB UCIIOJIb30BAHUSA U YIIPABICHUS
JHEPrUel AIIEKTPOMArHU THBIX MOJIeH.

OCHOBHOM ITPOOIEMOH ANIEKTPOMATHUTHOT'O YIIPaBIICHHSI
Y MOAYJIALIMY KPUBU3HBI IPOCTPAHCTBA, KOTOPOH HE yie-
JISIeTCSI OJKHOTO BHUMAHUSL, SIBJISIETCS o0ecrieueHue oe-
30[1aCHOCTH 4YeJIOBEKa B Ciy4ae 3JIEKTPOMArHUTHOIO
BO3ZEUCTBUS M U3MEHEHUs IPOCTPAHCTBEHHO-BPEMEH-
HBIX XapakTepucTiK. KpoMe Toro, Heo0X0mIuMo mpoBeie-
HUE paboT MO CO3IAHMIO PETPAHCIIATOpA YHEPrHH, pabo-
TaIOLLEr0 Ha YaCTOTaX MCKPUBJICHUS TPOCTPAHCTBA.

Jlureparypa: 1. Yepenawyx A.M., Yepnun A./]. Bcenennas,
H3Hb, 4yepHble IbIpbl. Ppssuso: Bek 2, 2007. 320 c. 2. Eme-
avsinoe U A, Epanos A.U., Koncmanumunos JI.B. HaydHo-
TEXHUYECKUE OCHOBBI YNPABJIECHHS SICPHBIMH DPEaKTOPaMHU.
M.: Duepromspaar, 1981. 360c. 3. Kauyp C.A. Monens nBmxe-
HUSI KOCMUYECKOTO aIapara MpH MEeXTaJlaKTHIeCKHUX ToJie-
Tax M TEOPHsS KOCMHUYECKOro peakropa// PaauosnekTpoHuka
nuapopmatuka. 2012. No2. C.43-49. 4. Kauyp C.A. Ynpasne-
HHE SACPHBIM PEAKTOPOM IMOCPEICTBOM BHEIIHETO JIIEKTPO-
MarauTHOro u3nydenus// Ilpom. temnorexuuka. 2012. T.34,
Ne4. C.39-43.5. Kauyp C.A. PerpaHcrsnus JHEPTUU SIEPHOTO
peakTopa BOJIM3M MTHOBEHHOM KputuuHocTH// [IpoM. Terio-
texauka. 2013. T.35. Ne2. C.37-42. 6. bymuxog E.U., bvikos
A.A., Konopamves A.C. ®nznka. M.:Hayka,1979. 608c.

[octynmna B peakomteruto 26.04.2013
PenenseHT: 1-p TexH. Hayk, npod. Komn B..

Kauyp CBeTrsiana AjekcaHIpoOBHA, KaH/I. TEXH. HAYK, JJOLECHT
kadeapsl aBTOMAaTU3aLMH TEXHOJOTMYECKUX IMPOIECCOB U
npon3BoAcTB CeBacTONONbCKOTO0 HALMOHAILHOTO YHHBEP-
CUTETa SIACPHOM DHEPTMU W TPOMBINIIEHHOCTH. Hayunbie
uHTepeckl: cetu [leTpu, MonenupoBaHue, YIpaBiIeHHe CIOXK-
HBIMH TEXHHYECKHMH CHCTEMaMHM, CHCTEMHBIH aHaJIM3 CIIOXK-
HBIX CHCTEM YIpaBIlieHUs, 0€30MacHOCTh YIIPaBJIECHHS peak-
TOpHBIMH ycTaHOBKamMH. Azpec: Ykpauna, 99029, CeBacro-
nois, [1p. OctpsikoBa, 74-9,(0692) 57-09-92,0934310286.
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VIKS519.216

OB OJTHOM KJIACCE
HECTAIIMOHAPHBIX CJTIYYAMHBIX
MPOIIECCOB

KOPOBCKAA A. B.

OnuceIBaeTCA OJUH KIACC 3BOIIOLMOHHO IPEICTABUMBIX HE-
CTaIlMOHAPHBIX CIyYalHBIX IIPOLECCOB B paMKaX TMILOepTO-
Ba I0JXO0a K KOPPEIALMOHHON TEOpUH CIydalHBIX IPOLEC-
COB. Brruncnenne WHQUHUTEINMAIBHOH KOPPETSIIMOHHOM
(YHKIMH, OIICHIBAIOIIEH OTKIOHEHHE CIyJaifHOTO IIpoIec-
ca OT CTallMOHAPHOIO, OCYLIECTBISAETCS HPU HOMOILU pe-
30IbBEHTHI OIEPATOpa, AAIOIIEr0 SBONIOLUOHHOE IPEICTaB-
nenue. IIpu 3TOM UCHONB3YIOTCS TPEYrOIbHbIE MOAEIU JHC-
CHIIATUBHBIX OIEPAaTOPOB.

BBenenue

B [1] 6611 BBEIEH KJIACC TAK HA3BIBAEMBIX SBOIIOI[HOHHO
MPEICTaBUMBIX HECTAIIHOHAPHBIX MPOLIECCOB, [ KOTO-
PBIX IIPH BIIOKEHUU B THIILOEPTOBO MPOCTPAHCTBO COOT-
BETCTBYIOLLAs KPHBas ABJIsIETCS perieHreM 3a1auun Koy,
Just Takux mporeccos B [1] Obla ycTaHOBJIEHA TeCHAs
CBSI3b CO CIIEKTPAJILHON TeOpHeld HECaMOCOPSHKEHHBIX
WJIM HEYHUTAPHBIX OllepaTopoB. B nanpHeiiem noaxon,
npeuiokeHHbId B [1], mpuBJIeK BHUMaHUE LIUPOKOTrO
Kpyra uccnenonareieid [2-6]. OnHaKo 3BOIIOLHUOHHO
MpeACcTaBUMBIE [TPOLIECCHI, TOpOXKIaeMble 3aaa4eii Komu
C OIEepaTopOM, KOTOPBIH SIBJISIETCS] CaMOCONPSKEHHBIM
BO3MYLIEHHEM onepaTopa Bonbreppa, He H3y4yanuch.
[MoaToMy BO3HHKAET HEOOXOIMMOCTB B PACIITHPEHIH KJTac-
ca HECTALIMOHAPHBIX CIyYaHHBIX IPOIECCOB B PaMKax
KOPPENSALMOHHON TEOPHH.

L]envio uccnenoBanus ABISETCA U3YyUEHHUE OJHOTO KJlac-
ca HECTAallMOHAPHBIX CIIy4yalHBIX MPOLIECCOB U MOIyye-
HUE KaHOHIMYECKOTO MPEICTABICHNUS I WHPUHUTE3HU-
MaJIbHOM KOPPEAITHOHHON (PYHKITHH.

3adauawccrieoBaHNS COCTOUT B penlieHuH 3a1a4uu Ko
JUIS. COOTBETCTBYIOIIETO DBOIIOIMOHHO MPEICTABIMOT0
JIICCUTIATUBHOTO TIpoIlecca MEepBOr0 paHra HeCcTaluo-
HapHOCTH B CJIyYae, KOrJa paccMaTpUBAETCsS CamMOCOI-
psSOKEHHOE BO3MYIIIeHHE oriepaTtopa Bonbreppa.

IlocTaHoBKa 3aaun

B pabote n3y4aroTcs ciaydaiiHbIe MPOIECChI, OepaTop-
HOE [TpeICTaBlIEHUE KOTOPBIX TOPOKIAETCS OllepaTopaMu

» L2[0;1] suma (AD)) = 0(F () +i[ f(y)dy .

rre o(x) = ou(x) - CoorBeTcTBYyIOIIAst KpHBas é(t, X) B

L*[0;1] umeer Bun E(t, x) =&, (X), 1. e. sBasercs
pemennem 3axauun Komm:

E)ﬁ(t X) = o(x)E(t, X)+1I§(t Y)dy

§(0, X) =1, (%)
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(1

Pemrenune. Brimounm orepatop A BONEpPaTOPHbIA KOM-
IJIEKC

K = (Af = a(x)f (t,x) + ij f(t,y)dy,

210- — —
L [091]9 g(X) = 17 J= 1) :
[TockonbKy Bce XapaKTepUCTUKH HECTAI[MOHAPHOCTH Tec-
HO CBSI3aHBbI C OJTHOMIAPaMETPUYECKOM MOTYTPyIION ore-
iAt *
paropoB € (A # A ), TO MOXKHO BBIYUCIIUTh HEMOC-
iAt
pexcteenno &(t,x)=¢""'f (X), Bocroab30BaBILIACH

iAt

OpeaACTaBICHUECM c B BUAC

eiAt :—L_§enx(A—;\.I)_ld7\,, rae ’Y — KOHTYD,
2mi Y

OXBATBIBAIOIMH CIIEKTP oriepatopa A , WM pemas 3a1a-
yy Komwu (1).

Halinem pe3onbBeHTY U NOIYIPYyIIy Jjs TPEYrOJBbHOM
mozenu omnepatopa (1), korna (1) umeer Bun:

1
Af, =xf, +i[fdt

=(A — M)~ onepatopa A
—AD™'f =h, Torna

Beruncmum pesonseenty R,

u nyctb (A
1
,=(x=M)h, +i[hdt,

Cnenaem 3ameny G, =(X —A)h  u nepenmmem 310
PABEHCTBO B BHJIE

1

£, =G, +if 9

dt

X

[Tocne mud dhepeHnmpoBanus NoMydInM 3anaqy Komm

X —A @)

Jlerko mpoBepuTh, 9TO PYHKIHS

£(1) f (x — x)
-0

Go=(=2)'

SIBJISIETCS pereHueM 3aaaan Komm (2).

[Tonyyaem, uro

hx:(x—K)” frdt

t

£ J(X 7»)11
)

Takum o6pasom, pesonsBenTa R, = (A - M)_l ore-

1
paropa Af =xf + iJ. f,dt, meiicrByrouero B mpo-

CTpaHCTBE L? [O; 1] , AMEET BHI:
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£(1)
(1-2)’

Bocmnonb3yeMcst popMyIioii KOHTYPHOTO WHTETPHPOBA-

R, (M) = (x 1) j o

itA

HUA AJI1 BBIYUCIICHU A TOTYTPYTIIIbI Zt =¢ .Kaku3pe-

ctHO [3]:

et =—L,j(A — D)~ eMdA
2mi Y :

Tornma mis é';(t, x) = eitAf(x) MOJTy4HM:

£(1)

ith il _
et oS

1
a(tax) - _% !

j(x Mllfd )dA =

f(hdh

1 it A— i
Jet G ST

21t1Y A—1

| .
, 1 a A=x)" dA
f (- A d
+j o 27ti-[e (k—u)‘?x—x)u

B])I'-II/ICJ'H/IM I/IHTeraJ'I
_ 1 J‘ X_X)ieim d?\, _
2mi Y A—u A—X

1 - x—u,.; dA
e ! 1+ ! =
2ni-|;e ( k—x) A—X

_ 1je.h(1 Xou (G)EimD xmw
2mi 7» 2! (A —x)?

-1)(—

—2)'(x—u)3+ dA
3| A-x)*

TA—x

| ()

i(+1)-i2

: i-i
=e"(l+—tlu—x)+
( 1! (-x) (2?

t*(u—x)> +

1(1 +D(i+2)-i’
3h?

[NepenniieM BeIpaskeHHE B CKOOKaX KaK CyMMY:

t(u-x)" +..)

(u=x)-t-i)*
kZ? (k!)?
rae 1, =i(i+1)...i+k-1).

oy 3)

JlaHHBII psa CXOOUTCS, TAK KaK
i |<1-2--(1+k-1<Kk!,

28

apa Y

= K’

t , HOTOMY 4TO PaJHyC €ro CXOAUMOCTH R =oo.

CXOOUTCA IpH 1I000M X, & u

Hannas cymma (3) sBIsieTCs pa3inoKeHUEM B PsiJ] BBIPOXK-
JICHHOM TUIIePreOMeTpUIecKoi GyHKIuu [S]:

rae ans Hamero ciydas z=it(u—Xx), (a), =1,,
(’Y)k =k!. Torma umeem
F(o,v,z)=F(,,k!,it(u — x))
U CIIpaBeJINBa CIEAYIONIAs TeOpeMa.
Teopema 1. Ecau onepamop, Oeilicmgyrowuii 6 npo-

cmpancmee 1* [O, l], umeem 6u0:
1
Af, =xf, +i[f,dt,

mo

E(t,x) =e"f(x) =—e
1
- j e™ F(i,,k!,it(u - x))f/du

X

“f(1)-Fd, LKL it(-x)) —

20e f(x)e L*[0,1],a F(i,,k!,it(u — X)) umeem 6uo:

F(i, , kL it(u —x)) = Z% i, @

30ech UE (X; l].

HepefmeM K 00IIeMY CITy4ar0. DTOT IOXO0]1 OBLI TPEIO-
JKEH JIJIsl paccMaTpuBaemoro onepatopa B. A. 3omorape-

BBIM. [TycTh omrepatop A wmeer BUI:
1
Af = o(x)f, +i[ fdt

AD™

Berancium pesonssenty R, = (A —

M)_lf =h. Torma

oreparopa

A mnycrs (A —

1
(0(x) = Mh, +i[h dt=F,

ITocie 3aMeHbI Jhtdt = y(X) nomyunm 3anagdy Kommu:

f(x)
aux)—A

, 1 _
T A
y(1)=0
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L [Ipeobpaszyem cnaraemeie (7) ¢ TOMOIIBIO HHTETPATTLHOM

_I a(;;),kdﬁ ¢dopmynsr Komm [3]:
(DyHKHI/IFI y =Cce * SABJISICTCA pEIICHUEM OJHO-
POAHOr0 ypaBHCHUA, a PCHICHUC 3a1a4iu KOHII/I UMECT I _ L eit}\' }\’ _ eit(x(x)
o "7 2mid A-a(x) ;

(A=A f=—y’ = -1 |
o(x) = A [ jdﬁj e D
. . 1= . -
| Taam® L it apa® 2niy (A= oux) —a(B))
+ e j et du=
O('(X) -\ X O('(u) -2 u mx(x mx(B)
N \dB.
ot w1 G —a®) * @ =a)
o(x)—A o(x)—A
g I, =- I Idt X
1 - ap 2 !
XI f'(u)-e faors du. (@ ) My
X ith
e
. X dA =
Brrmenin 2, £ {@—a@D@—am»@raaﬁ)
g
()= 2= % . f(l)( | ef o®” gy I I i) .
Tt ou(x
(2') (OL(X) —out;))(ou(x) — ot,))
J.h Oﬂ(B) itx
f d d?\, itou(t;)
T 2mi j I W o ® ¢

+ +
(o)) —oux))(out;) — ot ))

itou(t,)

rie ue (x;l].
e

Otmerum, utonipu 1 = u : + ).
| " (ot,) —oux))(out,) —aft,))
b e Ao® g = v I
e Y A= o(x) YHTHIBAsA [IOTYYEHHYIO 3aKOHOMEPHOCTb, BBITUCHIBACM |
it i[9 =—— dt dt,... | dt x
_ _L‘ e e Py ©) nu) I I
211 Y A— OC(X) ito(x)
e
. X( +
s (0(x) — a(t,) . (o(x) — 0z, )
Paznoxum € * B CTETIICHHOM psijl ¥ mepernuiieM (6) ito(t;)
B BUJIE: + © +..+
(at,) —a(x)) - (ot,) — ot ) ... (olt;) - ai(t,)
itA i dp .
_L. e o A—a(B) dh = N eit(ta) )
2 A= 0(x) (0(t,) = (%)) - (08, ) = u(t,) o a(t, ) = 0, )
: itA u (8)
_ i) _ 1 : J‘ c J‘ dp dn — Torza (5) mpumer BUI:
(1) - 2mi 5 A —oux)y A — o) L i
t,x)=f(l)-— B gy -
; ey &(t,x) = (D) jx s
_ [ ( b )>dh— ...
@21 A—a(x) d A - o) > (D

£’ " x"j‘(B)dded ~
—{ (W) (= jk el )du =

rae ue (x;l].
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2 :n

= (1) (I, +il, + — L, +ot 1 +..)—
2! n!
1 i2 in
—jf’(u)du-(l0 il +—L, Het—1 +.) =
2! n!
. (o1
=f(1)- Z—I —jf(u)-(zglk)du:
k=0 K&

=f(x)-1, Z

rre ue (x;1],a Ik HMeeT BUJI:

+ jf(u)(Z—I Y du,

I =——- dt dt dt x

emx(x)

X( +

(ou(x) —au(t))) -...- (0Ux) — oty )
et
+ +...+

(a(t;) - ox)) - (ou(t, ) = oft,)) ... (ot ) — oty )

eita(tk)

' (ot ) —a(x)) - (ot ) = ou(ty)) .- (ot ) = a(tk—l)))

Teopema 2. Ecau onepamop, Oelicmgeyrowuii 6 npo-

cmpancmee L [O, l], umeem 6u0:
1
Af, =o(x)f, +i[fdt

mo e20 nonyepynna pasua kpusoii ¢ 1.2 [O, l]:
o 1k

E(t,x) = ™ f(x) = f(x)- ™™ . Y+
k=0 k'

1 o -k
1 ’
+J.f(u)(kZ=(;EIk) odu

20e f(x)e L’ [0, l], ue (x;l], a 1, umeem 6uo (8).

[TepeiineM K BEIYUCIICHUIO MHPUHUTEINMAITLHON KOppe-
JAoHHON pyHKIMH [1]:

W(t,s) =(2Im A&(t),&(s)).

[TockonbKy B paccMaTpUBaeMOM CITydae
1
2ImAf = [f(x)dx = (f,g)e
0

g(x)=1 dim2ImAH =1), To0

W(t,5) = O(t)¢(s) e

o(t) = (&(t,x), g) = [ &(t, x)dx

rue (t.e.

30

CrienoBaTesnbHO, Iph (X ) = X HMeeM:

o(t)=—f(1)- [™F(i,.KL,it(1- x))dx -

- j j e™F(i,, k!, it(u — x))f"(u)du dx =

—_ j e f()F@,,k!,it(1-x))dx —

0
1
- j xe™F(, , kl,it(x — x))f"(x)dx =
0

1

=— j e“f(DF(G, kit -x)dx (g

0

rre F(i,, kL it(u —x)) = Z%

Takum 06pa30M, JA0Ka3aHa CJICAYyroLias Teopema.

k-

Teopema 3. [Iycmo &t — 960IIOYUOHHO NPEOCMABUMDbLLL

ouccunamueHblil npoyecc nepeoco panea Hecmayuo-
HApHOCMU, CneKmp Komopozo cocmoun U3 6cex mo4ex

unmepsana [O; l]. Toeoa ungunumesumanvruas Koppe-
JISIYUOHHAS. PYHKYUSL UMeem GUO W(t,s) = (p(t)(p(s),

20e Q(t) umeem 6uo (9), npoyecc & acumnmomuyecku
3amyxaem u e2o KOppesyUoOHHAas (PYHKYUS umeem 6uo

K(t,s) = T(p(t +T)p(s + T)dT.

B obrmiem ciyuae nmeem:

o(t) = j £(x)- e (Z )dx+
+”f(u)(§1k—k!1k)'udu dx =

j f(x)- (e (Z )+X(Z kI) )dx

rae [, umeer Bup (8). [Ipu 5TOM KOppensuronHas GyHk-

wnn K(t.5) = (€., f E(x, DE(x. s)dx

BriBoabI

[IpenoxeHHBIN B CTaThE OMEPATOPHBIN MOIX 0T PEATH30-
BaH JUIsl MOJIEIMPOBAHUS OJTHOTO Kjlacca HeCcTallluoHap-
HBIX CITy4ailHBIX MTPOLIECCOB B pAMKaX KOPPEIAIUOHHON
Teopuu. Beluncinena noayrpymnmna onepaTopoB Ui Mo-

nensHoroomeparopa Af =xf + iJ‘ f,dt umnsonepa-
X
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Topa, UMEIIIEro Oosee oo BU ]

I
Af =o(x)f, + i_[ f,dt . Tlonydyena nndunuTesnMab-

Has KOPpECIALIUOHHAA Q)YHKHI/IFI JJI1 5BOJIFONMOHHO IPEa-
CTaBUMOI'0 JUCCHUIIATHBHOI'O IpoLecca IMEpBOro paHra
HECTAllMOHAPHOCTHU.

Ilpakmuueckoe 3nauenue: pe3ynbTaThl JAHHOTO UCCIIE-
JIOBaHUS MOT'YT CIYXUTh OCHOBOW JUIsI MOJEIIMPOBAHUS
KOPPEISIIMOHHBIX (DYHKIIUH HECTAIIMOHAPHBIX CIydai-
HBIX MPOIECCOB MPH 00pPabOTKE CTATUCTHYCSCKHUX JaH-
HBIX, a TAKXKE€ IJI1 MOCTPOCHUS CIEKTPAJIbHOW TEOPUU
HEKOTOPBIX KJIACCOB HECTALIMOHAPHBIX CIyYaiHbIX PyH-
KIIUH.

Jlutepatypa: 1. JTuswuy M. C. Teopust onepaTopHbIX y3JI0B
B TIIb0EpTOBBIX mpocTpancTtBax / M. C. Jlupmmm, A. A. Sn-

uesnu. X. : M3x-Bo Xapek. yu-ta, 1971. 160 c. 2. 3oromapes
B. A. AnanuTHyeckue METONbl CHEKTPaJbHBIX MpeACTaBlie-

HUH HECaMOCOIPSIKEHHBIX W HEYHHTapHBIX OIEPaTOpPOB /
B. A. Bomorapes. X. : [XHY], 2003. 342 c. 3. Zolotarev V.
Nonstationary curves in Hilbert spaces and their correlation
functions. I / V. Zolotarev, K. Kirchev // Integr Equat Oper
Theory, 1994. Vol. 19. P. 270-289. 4. Zolotarev V.
Nonstationary curves in Hilbert spaces and their correlation
functions. II / V. Zolotarev, K. Kirchev // Integr Equat Oper
Theory, 1994. Vol. 19. P. 447-457. 5. Huxugopog A. @. OcHo-
BBI TEOPHH cHenuanbHeIX ¢yakmmit / A. @. Hukudopos. M.:
Hayka, 1974. 303 c. 6. Henom A. M. BBenenue B TeOpuro
CTalMOHAPHBIX CIydaiHeIX QyHKmuit / A. M. fArmom // Yem.
Mmat. Hayk. 1952. T. 7. Beim. 5(51). 168 c.
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MOJIEJIOBAHHSI BAPOBHUYOI
JIOT'ICTUKHN B YMOBAXIIEPEBY 10BU
HHIAIMPUEMCTBA

I'PUIIKO C.B., I'VI]JA O.M., CYXOMJIIHOB A.1L

AHaNI3YIOTECS MeTomH (hopMyBaHHS e()eKTHBHOI BHPOOHH-
901 JIOTICTHKH B yMOBaX IepeOynoBH BUPOOHNITBA. B pamkax
JIETePMIHOBAHOTO MOJICIIOBAHHSA BHPOOHUYOI JOTiCTHKU
PO3TIIANAIOTECS OfHO- Ta OaraTo- MPOMYKTOBI TPAHCHOPTHI
3agadi. OKpecIroThCs MAX0aH 10 (opMyBaHHS BHPOOHH-
YOl JIOTiICTHKHM B PaMKax JIETEPMIiHOBAHOT'O MOJICITIOBAHHSI.

AKTyaJIbHICTh, MeTa Ta 3aJa4i JA0CJiIzKeHHS

[Tounnaroun 3 70-X poKiB MUHYJIOT'O CTOJITTS JIOTICTHKA,
sIKa BiJIOMa 3 aHTHYHUX YaciB, nepeiinia y gasy oypx-
JIUBOT'O PO3BUTKY 1 CTaJia 00’ EKTOM JIOCIKEHb, B ITEPITY
4yepry, eKOHOMICTIB Ta TPUKIIAAHUX MATEMATHKIB. 3a e
Yac 3MIHUBCSA 1 TPEMET caMol JIOTiCTUKH. Bia Hayku Ta
MIPAKTHKK 3a0e3MeUeHHs BIMCBK JIOTiCTHKA TIEPETBOPH-
Jlach, 3 OJHOrO0 OOKy, y CaMOCTiHHY Taly3b CBITOBOI
€KOHOMIKH, 3 1HIIOr0O — Ha HayKy, IO 0a3yeTbcs Ha
METOIaX MATEMATUKHU Ta EKOHOMIKH 1 BTLTIO€ CBOI OCAT-
HEHHS B aBTOMAaTH30BaHUX T4 aBTOMATHYHHX CHCTEMaX
VIpaBJIiHHS PI3HUX PIBHIB — BiJl MAIIOTO ITIMPHEMCTBA Ta
MIPUBATHOTO I IPUEMIIS IO TPAaHCHAIIOHAILHUX KOPITO-
paitiii Ta HaJIepKaBHUX YTBOPEHb.

BUpOOHUIITBO B CYy4aCHUX yYMOBaX XapaKTEPH3YEThCS
CTJIUM YCKJIaTHEHHSIM O13HeC-TIporieciB. 301IbITY€EThCS
HOMEHKJIaTypa ToBapiB. Lle npu3BouTh 10 YCKITa THEHHS
CTPYKTYpH MaTepiaJlbHOTO TOTOKY, 1110 3a0e31euye BU-
POOHHMIITBO Ta 3pOCTaHHS 3HAYYNIOCTI iH(opMaIiiHOro
MTOTOKY, II[0 CYITPOBOKYE MaTepialibHUH MOTIK. 3p0o3yM-
1J10, 0 e(peKTUBHE YIIPABIIHHS MaTePialbHUM IIOTOKOM
MOJKIJIMBE TIJIbKH 32 HASIBHOCTI JOCKOHAJIMX KOMIT FOTEpH-
30BaHUX CHCTEM, SIKi IPYHTYIOTHCSI HA TEOPETHYHHX 3aCa-
JlaX Cy4acHOI JIOTICTHKH 1 3a0e3NeuyroTh e(eKTUBHUM
CYIIPOBI MaTepiajbHOIro MOTOKY Y PEXHAMI PeaabHOro
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9acy, MITPHMYIOYU TIPH [OMY 3B’S30K 3 CHCTEMOIO
YIIPaBITiHHS 1A PUEMCTBOM.

Sk BiaMiganock y [ 1], ’akTyalbHICTb YIIpaBIiHHSI MaTepi-
QTBHIMU IIOTOKaMH 00YMOBIICHA TPHOMa KOMIIOHCHTAMH,

— CYTTEBOIO POJLTIO MaTePiaJbHUX MOTOKIB Y BHPOOHUYIO-
My TpOIeCi TPOMHICIOBOTO MiIPHEMCTBA,

— CKJIQ/THICTIO YIIPABIiHHS PyXOM MaTepiabHHUX PecypciB
y mpocTopi 1 9aci,

—Cy4YaCHUMH TEH/ICHIISIMU OpraHi3aiii BUpoOHHITBA.”

VYcknamHeHHs Oi3HeC-TIPOLIECiB BUMAra€e HOBUX IiIXO/IiB
JIO YIIPABJIIHHS CY4aCHUM MignpueMcTBoM. J[is gocsr-
HEHHS BUCOKOT €)EeKTHBHOCTI isTILHOCTI I ITPUEMCTBA
HEOoOX1THO MaTH MaKCUMAaJIbHO TOYHY KapTHHY TOTO, IO
BiIOYBAEThCS, MAKCUMAJIBHO TOUYHUH aHaii3. Kpim Toro,
JTy>Ke BaKJIMBO MaTH IMTPOTHO3 HACITIIKIB BUKOHAHHS MTPU -
HATUX pilieHb. CBITOBa TEOPETHYHA JTyMKa HE CTOITh Ha
MiCITi 1 IPOJIYKY€e HOB1 TEXHOJIOTIT 1 METOJJMKH MOJIEITIO-
BaHHsI O13HeC-TIPOIIeCiB. 3BEPHEMO YBary Ha I0sIBY HOBO-
IO CTaHIAPTY ISl MOJICTFOBaHH ST O13HEC-TIPOIIECiB i Mepe-
xkeBux mociyr Business Process Modeling Notation
(BPMN) [2]. Ak moka3ano y [3], ’BPMN aBToMaTH3ye i
YIOPSIKOBYE Oi3HEC-TIPOIECH, SKI € 3HAUYIIUMU IS
30UTbIIICHHS MPOTYKTHBHOCTI, TOYMHAKOYH BiJl HAWMY riep-
COHAJTy 1 3aKIHUYIOUH 00POOKOI0 3aMOBJICHHS Ha MOKYTI-
Ky. BPMN crpusie pecTpyKTypu3allii, KOHTPOJIO Ta Y-
PaBIIIHHIO BUPOOHUYMMHU TTPOLIECAMHU, 1[0 BKIFOYAIOTH B
cebe mrozel 1 cucTeMH, JUTs OUTBI e(PESKTUBHOTO BUKO-
HaHHS poOiT”. SIKIIO JIOTICTHKY PO3IIISIIATH SK OIUH 3
BH/IIB Oi3HEC-TIPOIIECIB, TO CTAE 3PO3YMUIHM, IO OJJHIUM
3 HaMTepCIIeKTUBHINIMX IT1IXO/IIB B JIOTICTHII € BIIPOBA/I-
YKCHHSI B TPAKTHKY FOCIIOIAPIOBAHHS Bi3yaJIbHOTO IMiTa-
IKHHOTO MOJICITIOBaHHS Oi3Hec-Tiporiecis [3].

AKXTyaJIbHICTB BITPOBaPKEHHS HOBUX METO/IIB YITPABITIHHS
3HAYHO 3pOCTA€ y BHUITAJIKY MEepeOyIOBH MiAPUEMCTRA,
KOJIH JIOBOJIUTHCS TPUAMATH PillICHHS, HACIIKY SIKUX HE
anpoOOBaHi MPAKTUKOKO FOCIIOAPIOBAHHS, a € JIUIIE TEO-
PETHYHHMH pO3paxyHKaMK a00, HaBiTh, JIUIIIE IHTYiTHBHH-
MH 3[I0TaJKaMH.
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MeTor LBOro MOCHIIKEHHS € BH3HAYEHHS METOLIB 1
MIAXOIB 0 po3po0KH e(heKTHBHOT BUPOOHUYO1 JIOTICTH-
KU Ha piBHI TIAMPUEMCTBA Ha €TaIli Tepe0yI0BHU y )KUTTE-
BOMY IIMKJIi IixnpueMcTBa. s nocsrHeHHs 1iel MeTH
HEOOXiJHO pO3B’3aTH TaKi 3a/1a4i:

— BU3HAYCHHS METOAIB (hopMyBaHHS e(heKTUBHOI BUPOO-
HUYO1 JIOTICTUKY [TPH CTAJIOMY BUPOOHHIITBI;

— BU3HAYCHHS METOAIB (hopMyBaHHS e()eKTUBHOI BUPOO-
HUYO1 JIOTICTUKY ITPH 1epeOy10Bi BUPOOHUIITBA;

— BU3HAYCHHS METOAIB (hopMyBaHHS e(peKTUBHOI BUPOO-
HUYOI JIOTICTHKH 3 ypaxyBaHHIM HEICTEPMiHOBAHOCTI
JIOTiCTUYHUX MAapPaMEeTPIB.

1. BupoOnuya joricTuka niAnpueMcTBa NpU
CTAJI0MYy BUPOOHHMUTBI

VY NaHIFOKKY BHPOOHUYOrO MPOIecy BUPOOHUYA JIOTi-
CTHKA 3aliMa€ MiCIIe MiXk 3arOTiBEILHOIO Ta PO3IIO/ILITb-
9010 Jiorictukoro. Cama BUpOOHWYA JIOTiCTHKA, y (DiHAH-
COBOMY CEHCI, BITHOCUTBCS IO BUTPAT HA BUPOOHHIITBO.
[MianpreMHHUNITBO, SIK BUJ ISUTHHOCTI, Ma€ 32 METY OTPH-
MaHH IPUOYTKY ITPU TOTPUMAaHI IEBHUX YMOB (B IIEPILY
9epry JITITHMHOCTI Ta ETHYHOCT1).

3arabHONPUAHATIM € ()OPMYITFOBAHHS METH ITi IIPHEM-
HUNTBA (IIUTHOBOI (DYHKIIIT), TK MAKCHMi3aLlis MPHOYTKY:

IMI=1-B — max, (D
ne I1 —npubyroxk; J — moxix Bix peasnizamii mpoayKIiii;
B —3arajibHi BUTPATH, [0 BKIFOYAIOTh BUTPATH Ha 3aKY-

MIBJIIO CHPOBHHHM, Ha BUPOOHUITBO Ta 30YT MPOIYKIIii.
Po3riisiHeMO 3araibHi BUTPATH SIK CYMY JBOX CKJIQJOBHX:

B=JIg +By,, 2)
TyT JIg — BUTpaTH Ha BUPOOHHUYY JIOTiCTHKY; B;, — Bci
THII BATPATH.

[IpumycTrMo, 110 iCHYe IHTEpBal 4Yacy t, JUIS SIKOTO
BUKOHYIOTBCSI TAKi yMOBH:

1. € HEe3MIHHUMH I[IHK Ha BUTOTORJICHY MPOAYKIIIIO.
2. € He3MIHHUMH I[IHK Ha CHPOBHHY, IO 3aKYTIOBYEThHCS

IUTsl BUpOOHUIITBA, Ta iHIII CKIagoBi B;, , B TOMy 9ucii
1 Ha 3arOTiBEIbHY Ta PO3MOAUILYY JIOTICTHKY.

3. O0csr BUpOOHHMIITBA € MTOCTIHHUM.

4. TpuBaJlicTh IHTEpBaly Yacy t IEPEBHINYE KiTbKa
IAKJIiB BUPOOHUIITBA.

5. TIpoTATOM ITPOMIXKKY Yacy t € MOXKIIMBICTh 3MIHIOBATH

CTPYKTYpY Ta IHTEHCUBHICTh MaTepiaJIbHOI'O TIOTOKY Ha
eTarm BUPOOHUIITBA, TOOTO 3aCTOCOBYBATH Pi3HI IJIaAHU
BHPOOHUYOI JIOTICTHKH.

Buxopasuu 3 ymoB 1 ta 3 Mmaemo /I = const . BpaxoByrouu

yMoBH 2 Ta 3 TpaTu MaemMo B;, =const.

TakuMm YMHOM, Ha TPOMIDKKY Yacy t MaKCHMI3allis IpH-
OYTKY [] 3BOJIUTHCS IO MiHIMI3aIlii BATpAT HA BAPOOHHTY
JIOTiCTHKY:

32

JIg — min. 3)

SIK110 BUTpaTH Ha BUPOOHHMYY JIOTiCTHKY JIg po3risaaTu
SIK CyMY JIBOX CKJIIQJIOBUX — BHUTPATH Ha MEPEMIlICHHS
BaHTaXIB (OpraHizalisMaTepialbHOr0 MOTOKY ) T TOCTIHHI
BUTpATH, 110 HE 3aJIeXKATh BiJl BATPAT HA MaTepialbHUIHI
MOTIK, TOMIHIMI3aIlisl BUTPAT Ha BUPOOHUTY TOTICTHKY (3)
3BEIEThCS JIO MiHIMI3allii BUTPAT Ha TIEPEMIIICHHS BaH-
TaxiB. L1 3amaua BizjoMa K TPaHCIIOPTHA a0 SIK IBOIH-
JICKCHA 3a]1ava JIIHIHHOr o porpaMyBaHHs. MaremaTiudHa
MOJIeTIh TPAHCIOPTHOI 3a1a4i JJIs TIePEBE3CHHSI OTHOTO
BUJy BaHTAXY € Takoro [4]:

m n
F=2 2 cijxjj (4)
i=1j=1
3a yMOB
m . JE—
2.xj=b; (j=Ln), (5)
i=1
n . _
2 Xij =2 (1:1,m)’ (6)
j=1
xij20 (i=Lmj=Ln), (7

J€ n — KUTBKICTh IYHKTIB BiJIIPaBIICHHS BAHTAXKY; M —
KUTBKICTB TyHKTIB TPU3HAa4YeHHS; Cij —TapHd ImepeBeseH-
Hs1 OJTHI€T OMMMHMII BAHTAXKY 3 | -TOITYHKTY BiATIPaBICHHS
y j-¥ MyHKT MpU3HAYEHHS; a; —3allack BAHTAXY Y | -My
IyHKTI BiMpaBienHs; bj — norpeba y BaHTakiy j-my
IYHKTiIPU3HAYEHHS; Xjj —KUIbKICTb OMHUIIb BAHTAXKY,
IO MEPEBO3UTHCS 3 1 -r0 MyHKTY BIANpABICHHA Y j-i#
MyHKT PH3HAYCHHS. By/ib-ske HeBia €eMHE po3B’s13aHHS
CUCTEMHU JIIHIMHUX PiBHSHB (5) Ta (6) IPUITHATO HA3UBATH

MJIaHOM TPaHCIOPTHOI 3amaui [4]. [lnan TpaHCcopTHOT
3aJ1a4i € BU3HAYHUKOM mXn :

X=(x;) (i=Lm;j=Ln).

[Tnan, npu sikomMy 11T60Ba P YHKITIS (4) TpriiMae MiHIMaJIbHE
3HaYEHH:, HA3UBAETHCS ONTUMAJILHUM. [CHY€ KilTbKa Me-
TOJIiB 3HAXO/PKEHHS ONTUMABbHUX IUIaHIB TPAHCIIOPTHOL
3aJ1a4i, 30KpeMa MeTOJT TOTSHITIaIIiB 1 METO U epeHITi-
anpHUX peHT [4].

3Ba)karouu HaTe, 1110 3a3BU YAl BUPOOHMYA JIOTICTHKA MA€E
CIpaBy HE 3 OJHMM BHUJOM BaHTaXiB, a 3 KUIbKOMA,
JTIOBOJTUTHCSI PO3TIIAAATH OPraHi3aIliFo MaTePiaIbHOI 0 I0-
TOKY B JIOTICTHIIl SIK 0araTo MpOJIYKTOBY TPAHCIIOPTHY
3ajavy, TOOTO sIK 3aJady, IO CKIAJIAEThCS 3 KiJTbKOX
TpaHCIIOPTHHX 331124 (4)-(7) 47151 KOXKHOTO By BAHTAXKY
(npoayxkry). LlinboBy QyHKITiF0 TAaKOT 331241 MOYKHA 3aITH-
CaTH K CyMY IIUTbOBHX (PYHKIIIH 1151 KOXKHOTO IIPOYKTY.

Takum 4rHOM, (POpMyBaHHS CPEKTHBHOI BUPOOHUYOT
JIOT1CTHKH ITPH CTAIOMY BUPOOHUIITBI MOXKHA PO3TIISAAATH
SIK 3HAXOJPKCHHSI MiHIMAJTLHOTO 3HAUCHHS IIUTHOBOT (DYHKITii

0araTonpoyKToBOI TPaHCIIOPTHOI 3a1aui D :

o)y
®=)>F"* > min, (8)
k=1
Jie P — KUTBKICTh BHJIIB BAHTAXY.
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2. Bupo0OHuya JioricTuka mianpueMcTBa NpHU 3MiHi
BUPOOHMIITBA

PosrisiHeMo cuTyalito, Kou BiIOyBaeThCs mepedynoBa
M PUEMCTBA, TOOTO MTEPEX i1 BiJT OTHOTO CTAJIOTO IPOILIe-
cy BupoOHHITBa 10 iHmoro (CB; — CBi,).

IMpruns nepedynoBu Moxke Oytn Oararo. 3 HUX, Ha HaILy
JIyMKY, € TPF OCHOBHI1 IIPUYHHU: TIEpIIIa—HEMOXKITUBICT 200
HEBHTIIHICTB [IPOJIOB)XKYBATH iCHYIO4E BUPOOHHIITBO; Ipyra
—11e MOKITUBICTB IIEPEHTH JI0 OLTBII PeHTa0ETEHOr0 BHPOO-
HUIITBA, sIKe Oy 1e JaBaTH OLTBIINA TPUOYTOK 132 MPHIAHST-
HUIA Yac TIOKPUE BUTPATH Ha TepeOyIoBy BUPOOHHMIITBA;
TpeTsi—3a0e3eueHHs HOBOI (DYHKIIIOHATEHOCTI I AT PHEM-
CTBa y CKJIaJTi OUTBIIIOI OpraHi3amiiHOi CTPYKTYPH.

Buxomsiun 3 ananizy MatepialibHUX TOTOKIB, TEpeOyA0BY
BHPOOHHUIITBA MOXKHA PO3ILUTUTH HA TAKi TUITH:

—00csr Ta CTPYKTYpa BXiTHOTO i BUX1THOT O MaTepialbHO-
ro TOTOKY HE 3MIHIO€ThCs. [IpUKIIagoM Takoro THITY
nepeOyI0BH € BIIPOBAIKEHHS YCTATKYBaHHS, IO J03BO-
JISIE CKOPOTUTH KUTBKICTh IPAIFOFOYHX, & BIZIMOBIIHO 3MEH-
[IUTH BUTPATH Ha BAPOOHHUIITBO;

—00CsIr Ta CTPyKTypa BX1IHOI'0O MATEPiaTbHOrO TOTOKY HE
3MIHIOETBCS, @ 00CAT UM CTPYKTypa 200 00cAT i CTpyKTypa
BHXIJTHOTO MOTOKY 3MIHIOIOTHCSI TAKUM YHHOM, IO I
MPUBOANTD JI0 301TBIICHHS HAAXOHKEHb BiJl peamizariil
npoxykuii. [Ipuknagom Takoi nepeGynoBu Moxe OyTH
MepEeXi/  Ha HOBHIA TEXHOJIOTTYHUH MPOLIEC, TKHI 3MEHIITYE
KUTBKICTB BiIXO/IB 200 JI03BOJISIE BUKOPHCTOBYBATH KO-
JIUIIHI BIIXO/IU ISl BATOTOBJICHHS KOPHUCHOT MTPOTYKITIT;

— BinOyBa€eThCsl OJJHOYACHA 3MiHA OOCATIB, & MOXIIUBO 1
CTPYKTYpH, SIK BXiTHOTO, TaK i BUXITHOrO MaTepialbHIX
noTokiB. Takuii T mepeOya0BY XapaKTepHUH JJ15 TOBHO-
ro abo 4acTKOBOIo repenpodiTroBaHHS BUPOOHUIITRA.
PosrasiHeMo TpuBaJIMid iHTEpBaA Yacy T , SKHIA OXOILITIOE
neBHUH npoMikok CB; , yac mepe0ynoBr BUPOOHUIITBA
Ta aeskuit mpomixkok CB; :

T=T+Ty + Ty,
ne T,—inrepBan icuyBanHsa CB; ; Ty —4ac nepexigHoro
nepiony CB; — CB,,;; T, — iHTepBa} iCHyBaHHS

CB,,;. Ha pucynky 300paskeHO mepexim Bil OIHOTO
CTaJIOr0 BUPOOHUIITBA JIO 1HILIOTO.

Crane MNepebynosa Crare
BMPOBHULITBO BMPOOHULTBA BUPOGHNLTBO
to] Itw !Zz
a 5 i —
N A A ) yac
v v A
Ti Tn Tin

Puc. 1. YacoBa cxema nepeOynoBH BHPOOHHUIITBA

Ha pucysky t, o3Hauae MOMEHT 4acy, KOJIH BinOynocs
YCBIIOMJICHHS TTPO HEOOXITHICTh 3MiHM BUPOOHHUIITBA
CB; — CB;; t; — MOMEHT IOYATKy Iepedya0BH; ty —
MOMEHT 3aBEpIICHHS MepeOyI0BH 1 TOYATOK HOBOT'O CTa-
JIOT'0 BUPOOHUIITBA.
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3 HaBeZIGHUX BHUIIE TPHOX NMPUYHH NepeOy10BH Iepiua i
Jpyra sIBHO MIOBHHHI MPHBECTH 10 OUTHIN e()eKTHBHOTO
BUPOOHUIITBA, TOOTO JIO CUTYallil, KOJIM 32 OJHAKOBHUH
npoMikoK yacy At CBj,| IOBHHHO JaBaTu OLNbIINIH
npuOyToK, Hix CB; :

I, (At) > IT; (At), )

ne IT;(At) ta II;,;(At) — nmpuOyTOK, OTpUMaHUil 3a
MPOMIXKOK 9acy At MpPH BIAMOBITHOMY CTaJIOMYy BHPOO-
HUITBI. 11151 TpeThOi MPUYHHY 3MiHU BUPOOHUIITBA (HOBA
(YHKITIOHATTBHICTB ) CITIBBITHOIIEHHS (9) MOXKE 1 HE BUKO-
HYBaTHUCS VIS IiIIPHEMCTBA, Ha SIKOMY BiIOYBa€eThCs
nepeOyIoBa, aie e 000B’I3KOBO OB’ S3aHO 3 HAMAraH-
HSIM BUKOHATH CIiBBITHOMIEHHS (9) U151 BUPOOHIYO1 CTPYK-
TYpH, 10 SIKOI HAJEKUTH MIANPUEMCTBO, IO TepedymIo-
BYEThCAL.

Posrisnemo 3a1auy MakcuMizaniinpuOyTky (1) Ha iHTEp-
Bajivacy T .SIkmio Ha inTepBani T OOMEXUTHCH TUTBKH
CB; ta CBi,;|, To MaKcuMi3alis OpUOYTKY 3BENCThCSA
MPOCTO A0 GOPMYBaHHS IBOX €PEKTUBHUX BUPOOHUIHUX
JIOTICTHK, SIKi BU3HAYAFOTHCS ILTHOBUMH (D YHKITisIMU Oara-
TOIMPOIYKTOBUX TPAHCHOPTHHX 3a/a4 (8) JUIs TBOX CTa-
JIUX BUPOOHUIITB. BNkl TOTO, 3BAKaF0UX Ha CITIBBITHO-
meHHs (9), y3aranpHeHui npuOyToK Oyan MakCHMaib-
HUM, SIKIIO B MOMEHT t( (PUCYHOK) 3pa3y HEpeTH 10
CB;,; - TeopeTHYHO 11€ MOXKIIMBO, KOJIM HIIIIO HE 3aBAXKaE
0e3 BKJIa/ICHb 1 IEPEXiTHOT0 IIepio Ty 3MIHUTH BUPOOHUII-
TBO. AJle y 3arajlbHOMY BHITaAKy ITOTpiOeH yac Ha Mmiaro-
TOBKY JI0 TepeOymIoBH BHPOOHUIITBA (HA PHCYHKY L€
iHTepBall [tg,t;])i4yac Ha fforo mepeOynoBY (Ha pUCYHKY
e inTepBain [ti,t,] ). Hac mepeOynosu BupoGHHIITBA Ty
BH3HAYA€THCS 00’ EKTUBHUMH YHHHUKAMHU 1 B peaIbHUX
YMOBax MOXKE BapifOBaTHCh B JIOBOJII IIIMPOKOMY Jliaria-
30Hi. 3a3BHYail iCHy€ KiJIbKa BapiaHTIB epeOyI0BH BH-
POOHHMIITBA, SIKI XapaKTEPHU3YIOThCS PI3HOIO BAapTICTIO 1
TPUBAICTIO, aJie IPUBOIATH 10 OAHAKOBOT'O CTaHY BH-
poOHuITBa. Bynemo BBaxartu, 1o icHye n TaKuX Bapi-

aHTIB, KOJKEH 3 IKHX Ma€ cBOIO BapTicth oX) | TpuBaIicTs
nepeOynoBH Tl(]k) = (t(zk) - tfk)) Ta IHTEpBAJ MiATOTOBKA
JI0 TepeOya0BU 0 = (tfk) —t9), 1€ ke L_n . Beenemo
BEJMYMHY NIUTEHOCTI IPUOYTKY P 5K BiAHOIICHHS OTPH-
MyBaHOT0 MPUOYTKY 3a ONMHUITO Yacy. Takox Bubepe-
MO MOMEHT 4acy t3 € T, , o OiIbmmil 32 Oyab-sIKHi
t(zk) . Toxi HaWiBHTiAHIIIUM OyJe BapiaHT mepeOyaoBH,
IPH SIKOMY BEJTHYHHA

kel,in

Pist - (t3 = t8N) 4 p 18 — ) KELD gy, (10)
ne p; — muteHiCTh mpuOyTKy mpu CB;, a  piy

IinpHICTE TpUOYTKY ipu CB, |, JOCSTaE MaKCUMyMY.

TakuMm 4HHOM, JUTSI BUPOOHMYOT JIOTICTUKH ITiIIPUEM-
CTBa, 0 3a3HAE MepeOyI0BY, ePEKTUBHICTD Oy Ie BU3HA-
YaTHCS MITHOBOKO (PYHKITIEIO OaraTornpoayKTOBOI TpaHC-
MOpTHOT 3a1a4i (8) Ta BUOOPOM BapiaHTy MepeOynoBH

(10).
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3. JlerepminoBaHe Ta CTOXaCTHYHE MOEJTIOBAHHSI
BUPOOHMYOI JTOTICTUKH

Y nerepMiHOBaHIM Mozeni Oyab-sKOro sBUIA abo
00’ €KTa BCl MOXKIIMBI ITOAIT € 3a3/1aJ1€T1 /1 BU3HAYEHUMU
o0 X mocToBipHOCTI. CTOXAaCTUYHE MOJCITIOBAHHS
JTO3BOJISIE CTBOPIOBATH OIIbIIN aJeKBaTHI MOJIENI, HIX
JIETepMIHOBAHE MOICTIOBAHHSL, aJ1KE MU )KUBEMO Y CBITI,
ne Oyab-siKe SIBHILE BiIOYBA€THCS 3 SIKOIOCH HMOBIipHi-
CTIO.

3a OUTBII BUCOKY aJIeKBATHICTh CTOXACTHYHOTO MOJIE-
JIFOBAHHS IOBOJMTHLCS IUTATHUTH CBOIO IiHY. CTOXaCTUYHI
MO/IEJTi 3HAYHO CKJIATHIIII 32 JeTePMiHOBAHI.

Po3rnsHyTi BHIIE MO/IETI BUPOOHUYOI JIOTICTHKHU OyIIH
3BelIeH] 10 0araTompoayKTOBOI TPAHCIOPTHOI 3aaadi
(4)-(8), BaKiii Cjj —Tapud nepeBe3eHHs OAHiET 0oAMHULI
BAaHTAXKYy; a; — 3allacu BaHTaXy Ta b; — morpeba y
BaHTAaXI € IeTEpMiHOBaHUMHU BeanunHamu. [1nan nepe-
BeseHb X = (Xjj) TaKoX PO3ISLIAETHCS SIK ASTEPMiHO-
BaHWI, TOOTO TAKUH, TP SIKOMY BECh BAaHTaXK, BiAIpaB-
JIGHUH 3 { -TO IYHKTY O j-T'0 IIyHKTY Yy KUIBKOCTI Xjj,
npubyae Oe3 BTpar y 3amiaHoBaHuit yac. s ypaxyBaH-
Hs HEJIETEPMIHOBAHOCTI MapaMeTpiB BUPOOHUYOI JIOTi-
CTUKH MOXXHA CKOPHCTATHCS 3aco0aMu iMITaI[iiHOTro
MojenroBaHH [5]. ”Ha BiAMiHy Bil aHATITUYHOTO iMiTa-
LiiiHe MOJEIIOBAHHS 3HIMA€E OLIBIIICTh OOMEXEHbD, I10-
B’sI3aHUX 3 MOXKJIUBICTIO B1IOOpa)kKeHHS B MOJICISIX pe-
QIIBHOTO MpoIiecy (G YHKIIIOHYBAHHS CHCTEMHU, SIKY JIOC-
JDKYIOTh, JUHAMIYHOI B3a€EMHOI OOYMOBJIEHOCTI TO-
TOYHUX 1 HACTYITHUX MOJiH, KOMIUIEKCHOTO B3a€EMO3B -
SI3KY MDXK ITapaMeTpaMH 1 MOKa3HUKaMu e(heKTUBHOCTI
cucremu Tomo” [5].

[Toromxyrounck 3 aBTOpoM [S5] 1 po3riisiiarouu BUPoO-
HUYY JIOTICTUKY, SIK CHCTEMY MacOBOr0 00CITyroByBaH-
HsI, TPUXOJMMO JI0 BUCHOBKY TIPO HEOOXiHICTh BKIIIO-
YEHHsI y aBTOMATH30BaHy CUCTEMY YIIPABIIHHS MIAIPUE-
MCTBOM (DYHKIIIOHAJTBHOCTI, IO BUKOPUCTOBYE iMiTAaIl-
1iHY MOJIe)Tb BUPOOHW YOI JIOTICTHKH 1 I03BOJISIE 3HAXO-
JTUTH eDEKTHBHI PIIICHHS 3 ypaXyBaHHSIM HEJCTEPMiHO-
BaHOCTI MapaMeTpiB BUPOOHUYOT JIOTICTHKH.

Taxkum 4ynmHOM, cripoba ypaxyBaHHs HeJeTepMiHOBa-
HOCTI ITapameTpiB BUPOOHUYOT JIOTiICTUKHU TPH3BOIUTH J0
HEOOXIHOCT1 BIPOBAKCHHS 1HPOPMAIIHHAX CHCTEM
VIOPaBIIiHHS, SIKi B PEKHMI pEaJIbHOTO Yacy OyIyTh
KOPUTYBaTH BUPOOHHUYY JIOTICTHKY, Ha BIAMIHY Bif Je-
TEPMIHOBAHOT'O BapiaHTY, JIc MOXKHA OTPUMATH CTATHIHE
PO3B’sI3aHHSI TPAHCIIOPTHOI 3aja4i i Ha HOro mijacTaBi
chopMyBaTH cTablIbHY BUPOOHUYY JIOTICTHKY.
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VY nmociipKkeHi po3mISHYTI, Y paMKax AeTepMiHOBaHOI
Mojeni, eekTuBHI MeTtoan (HOpMyBaHHS BUPOOHHYOL
JIOTICTHKH TIPH CTAJIOMY BHPOOHUIITBI 1 TPH TEepexoi
BHPOOHUIITBA 3 OJHOI'O CTAJIONO BapiaHTy 10 iHIIoro. B
paMKax JeTepMiHOBaHOI MOJIEIi BUPOOHHYOI JIOTICTUKI
3po0JIEHO BUCHOBOK, IO €(EKTUBHA JIOTICTHKA MOXE
OyTu copMOBaHA HAa OCHOBI pO3B’si3aHHS GaraTompo-
JTyKTOBOI TPaHCIIOPTHOT 3a1a4i.

Y nociipkeHi TaKoXK OKPECIIeH] MiIXO/H /10 ypaxyBaHHS
HEJICTePMiIHOBAaHOCTI MAPaMETPiB BUPOOHU YO JIOTiICTHKY.
Y pOMY BHITAAKY IPOIIOHY€ThCS CTBOPIOBATH IMITAIIIHHY
MO/IEJTb BUPOOHU YOI JIOTICTHKH 1 IMiIXOANUTH 10 HET 5K 70
CHCTEMH MAacOBOTO OOCITyrOBYBaHHSI.

[Momganpimuii po3BUTOK MOCHIIKEHHS aBTOpU 0adaTh y
HEe00XiJHOCTI OOy JOBH MOJIEITi BUPOOHHYO1 JIOT1CTHKH 13
3aJy9eHHSIM anapaTy CTOXaCTUYHOI'O MOJICITIOBAHHS Ta
TEOpIi IPUIHATTS pillieHs [6].
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KOMIIBIOTEPHAA

N

WHKXEHEPUS U A
TEXHUUYECKAS
JIMATHOCTHUKA

VIK658.512.011:681.326:519.713

KBAHTOBBIE MOJIEJIN
JUATHOCTHUPOBAHUA HIU®POBBIX
CUCTEM

BATJTAIIA AMMAP ABHU ABFAC (Baghdadi
Ammar Awni Abbas), XAXAHOB B./.,
JINTBUHOBA E.H., FYTEHKO C.A.,
YYMAYEHKO C.B.

[pemmaraercst HOBasi MOJENb MPEICTABICHHS JAHHBIX U MaT-
PUYHBII MeTOJ KBAaHTOBOTO JUArHOCTUPOBaHUS (YHKIINO-
HAJTBHBIX HAPYIIEHUH B IPOrPaMMHBIX WM allliapaTHbIX 0JI0-
KaX, a TakKke KOHCTAaHTHBIX HEUCHPaBHOCTEH, KOTOpHIC HC-
MONB3YIOT KYOUTHBIE CTPYKTYPHI IAHHBIX KBAHTOBBIX BBIYHC-
JIUTENBHBIX TPOIECCOB, YTO JaeT BO3MOXKHOCTh CYIIECTBEH-
HO YMEHBIIUTh BBIYHCIUTEIBHYIO CIOXKHOCTD TPH YCTaHOB-
JICHUH JMarHo3a 3a CUeT BBENCHUS MapauIeNIbHBIX JIOTHYec-
KUX OIlepanuii HaJl MAaTPHYHBIMU JTAaHHBIMH, COCTaBJISIOIIH-
MU JTHarHOCTHYECKYI0 MH(opManmio. ONHCHIBAIOTCS KyOHT-
HBIE CTPYKTYpPHI JaHHBIX U KBAHTOBBIH METOJ HCIIPABHOTO
MOJICJTUPOBAHMS IU(PPOBBIX YCTPOKCTB, KOTOPBIH HMEET Cy-
LIECTBEHHO 0oJiee BBICOKOE OBICTpOJICHCTBHE Onaromaps aji-
pecHOM peayM3aluy MpoIeAypbl 00pabOTKH (YHKIIMOHAIb-
HBIX MPAMUTHBOB, 3aJaHHBIX Q-TOKPHITHSAMH.

1. BBeaenue

Mopnenb 00BeKTa THATHOCTHPOBAHUS TIPEICTaBICHA B
(dhopme U POBOH CHCTEMBI, KOTOpask UMeeT (QYHKIHO-
HAJNBHBIC DIIEMEHTHI, COCIMHEHHBIC JTUHISIMUA CBS3CH.
Cpenu HUX UMEIOTCSI aCCEPLIUOHHBIEC TOUKH HAOMIO ICHIA,
HeoOXOIUMEIE 171 BepH(PUKAIIIH, TECTUPOBAHUS U JIHAT -
HOCcTHpOBaHUs HeucnpapHocteil [1]. Jlmarnocruueckas
nH(popMaIus npencrapieHa kommnoneHramu: 1) Tect mpo-
BEPKHU WM AUATHOCTHPOBAHUS HEHCIIPABHOCTEH 3a1aH-
HOT'O KJIacca, B TaHHOM CIIydae pacCMaTpUBaOTCS OJTH-

HOUYHbIE KOHCTaHTHBIE fedekThl {= 0,=1} nuHuii cxembl.

2) Tabmuia HEMCIPABHOCTEH [2], CTPOKH KOTOPO#t 3a/1a-
IOT BEKTOPHI IIPOBEPSIEMBIX Ha KaKIIOM TECTOBOM Habope
neeKToB, IPUBSI3aHHBIX K TMHUSM CXeMEI. 3) MaTpria
JOCTH)KUMOCTEH, KOTOpasi ONpeAeisieT AOCTUKUMOCTD
KaXXJI0H aCCePLIMOHHON TOYKH CO CTOPOHBI MHOKECTBA
MIPEIIESCTBYIONIMX JIMHUN [3]. 4) MaTpuiia COCTOSTHUS
aCCEepLMOHHOI0 MEXaHMW3Ma WJIM MaTPULIA SKCTIEPUMEH-
TaJbHOM IPOBEPKH, KOTOPAs OIPEIENISET COCTOSHUE KaXK-
JIOi accepluy Ha TECTOBBIX HAOOpaX IyTeM CpaBHEHHS
ATaJIOHHOM peaKIuy B JAHHOW TOUKE C PeaIbHbIM CUTHA-
JIOM B IIPOLIECCE BBIITOIHEHUS IMarHOCTUYECKOI' 0 dKCIIe-
pumenTa [4].
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B mporecce BHIMONHEHUS METOA JAUATHOCTHPOBAHUS
CO3/1a€TCs TBOMYHASI MATPHILIA CTPYKTYPHOM aKTHBH3ALH I
HEHCIIPaBHOCTEH, KOTOpasi CIYXKHUT MAacKOH Ui CyIlie-
CTBEHHOI'0 YMEHBIIICHHUSI MHOXKECTBA IT0/I03PEBAEMBIX
Je(hEeKTOB ITPU COBMECTHOM aHAJTH3E TAOJHIIBI HEHCIPaB-
HocTel. [Ipr ATOM CHMBOJTBI OJJHHOYHBIX KOHCTAHTHBIX
nedexros {0, 1, X, I}, X={0, 1} B sueiikax TaGIuibI
HEHCIPAaBHOCTEN [5] KOAUPYIOTCS COOTBETCTBYIOIIUMHU
kyouramu (10,01,11,00) MmEOro3Haunoro andasurta Kan-

topa A" =10, 1, X, &} ,4T0 1a€T BO3MOXKHOCTE HCKITIO-
YUTh U3 BEIYUCIUTEIBHBIX MPOIECCOB TEOPETUKO-MHO-

JKECTBCHHBIC MPOLEAYPbI, 3aMCHUB WX HA BEKTOPHBLIC
JIOTMYCCKHUEC OICpaliuu.

2. KBaHTOBBIH MeTO/ IMATHOCTUPOBAHUS
IHM(PPOBBIX CHCTEM

st paccMOTpeHuUs CyHITHOCTH MPEIaraéMoro Meroja
ucnosub3yercs (pparMeHT HUGPOBON CXEMBbI, MPEACTaB-
JIEHHOU Ha puc. 1. 31ech UMEIOTCS TPH aCCEPIIMOHHBIX
Toukn A,B,C Ui HaONIONEHUS 32 COCTOSHUEM BCEX
JIMHUMA CXEMBI B IIPOIIECCE TECTUPOBAHUS (BBITIOTHEHUS
JMarHOCTUYECKOr0 KCIIEPUMEHTA) MYTEM MOJa41 IATH
TECTOBBIX BO3ICHCTBU, 3aJTAHHBIX B TAOJIUIIC HEUCTIPAB-
vocreit T \F . KoopauHaTel JaHHOM TaONMIIBI 3a1ar0T
TPOBEPSIEMbIC HA TECT-BEKTOpaxX HencnpaBHOCTH O v 1, a
TaKKe UMEIOTCS COCTOsIHUS KoopauHatr: J(.) — oTcyT-
CTBUE MPOBEPSAEMBIX IePEKTOB U X —IPOBEPKA HA TUHUHU
koHcTaHThI 0 1 1 ofHOBpeMeHHO. [IpaBasi yacTh TAOIHUIIBI
€CTh MaTPHIla COCTOSIHUI aCCEPIIMOHHOTO0 MEXaHU3Ma B
BUJIE PE3yJBTATOB CPaBHEHUS 3TAJOHHOW M PeanbHOU
peakiuii mudpoBOro ycTpolcTBa Ha TECTOBBIE HAOOPHI.
3nauenue 1 o3Hawaer HecpaBHeHue, 0 — coBIajeHue
YIOMSIHYTBIX PEAKIUAH.

1
2
E‘"‘ES &%j_i
_32,.&?
3 o
1 &%,E
5 et
8
T\F (123456789 ABC|V, V V¢
11110110 000 . 00O0O0O O 1 1{1 O O
010101j1 . 1 .1 .111 1000 1 1
101001{. 1 .11 .111100{0 O O
000011{. . .001101 010 0 O
111110(0 0 1 0001 1 1

Puc. 1. ®parmenT nudppoBoOii CXeMbl U TaOJIMIA HEHCIIPAB-
HOCTel

B Tabnuiie HencnpaBHOCTEH HE YYUTBIBACTCS CTPYKTYpa
CXEMBI IS TOBBITICHHS TITyONHBI INAaTHOCTHPOBAHISI HA
OCHOBE BBIYMCIICHUSI pEaIbHOM MaTpULbl COCTOSHUU
acCepLUOHHOI0 MEXaHU3Ma, KOTOpasi COBMECTHO C MaT-
pULEH JOCTUKUMOCTEN CO34AET CTPYKTYPHYIO MACKY,
MUHHUMH3UPYIOLYI0 MHOXECTBO IOJO3PEBAEMBbIX [ie-
(heKTOoB.
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Just hpparmMeHTa UQPOBOH CXEMBI, IPEICTABICHHOMN Ha
puc. 1, MaTpuna IOCTH>KUMOCTEH MMEET CIelyroluil
BHI:

ij‘

s=\s
1

2
3
3L[eCI: BbIXObI-aCCCPIIHNU A,B,C ABJISIFOTCA MOHHUTOPaMHA
TEXHUYECKOI'O COCTOSHHUS 00bEKTa JAUArHOCTUPOBAHM .
Ka)K,Z[I:Iﬁ 13 HUX MOXKCT UMCTD JIBa COCTOSAHUA:

Ajj ={0,1}, Aj; =T; ® U, xoropsie popmupyior mac-
Ky BO3MOMKHBIX J€()EKTOB C IOMOIIBIO CIEAYIONIEro

i o

BBIPAYKEHUS: S(T)=( v Sj)/\( Vv Sj). Kaxnprii
A=l A;=0

TECT-BEKTOP (-CETMEHT) aKTHBH3UPYET COOCTBEHHYIO

CTPYKTYPY, IO3TOMY MAacKa BO3MOXHBIX 1e(heKTOB (yH-

KLIMOHAJIBHO 3aBUCUT OT CTPYKTYPBbI, aCCEPLH U TeCTO-

BBIX HAOOPOB: S' —f(S,A, T;). Eciau npeamnonoxuTh, 4To

B MaTpuLe S = ‘Sij‘ COCTOSIHUS BBIXOJI0B paBHbI (A,B,C)
= (011), To Macka BO3MOXXHBIX J1e(hEeKTOB OyIeT MMETh
CIETYIOIIVI BUA:

S'=(Sy vS3) A(S)=(111101110010 v 001111101001) A (110000000100) =
=(I1TTT1111011) A(00T111111011) = (001111111011).

[TonydyeHHast Macka HaKJIaIbIBA€TCs HA MEPBYIO CTPOKY
TaOJHIIBI HEUCIPAaBHOCTEH, YTO OIPEICIIET MHOKECTBO
MOJI03PEBACMBIX HEHCIPaBHOCTEH, (GpOpMHUPYIOMIUX ac-
cepuuoHnyto peakuuio (A,B,C) = (011) ycrpoiicTBa Ha
TIEPBBIN TECT-BEKTOP:
Test \ Faults|1
Tl 0
S1 0
TI(SH . .
B cooTBeTcTBHM C TPEATIOKEHHON TPOLEYyPOU TOTy4e-
HUS MaCKU O/IHOW CTPOKH BBITIOJIHSAETCS IOCTPOEHU E MaT-
pHULBI CTPYKTYPHOM aKTUBH3allMM HEHCIPABHOCTEN HA
OCHOBE HCII0JIb30BaHUS MaTPHULbl KCIIEPUMEHTaIbHOM
MIPOBEPKH (COCTOSIHUS aCCEPIIMOHHOI0 MEXaHN3Ma):

3456789 ABC
00.00000T11
1111111011
00 000 11

S O

1

T\AJABC| [S(D[123456789ABC
S=\Sij\l23456789ABCSi(T.) TE|T 00 [TI[T10000000100
T T T & | T2(0 1 1{_|T2{001 111111011
2 hiiiliil .1, T310 00/ T31000000000000
3oL rtinn.1 1 T4 10 00| |T4{000000000000

TS L1t [Ts(iiirriirrild

Mogens (6a3oBast) TardHOCTHPOBAHMS TUCKPETHOTO TIPO-
1[ecca HITH SIBIICHHSI IIPECTABIEHa KOMITOHEHTAMH, KOTO-
pble CO31a0T 4 U3MEPEHHUs B IIPOCTPAHCTBE MPU3HAKOB:

Dy =<S,A,F, T>
D={<S,A><FT>};

Py, = (S| x|A|x|F|x[T|);
P = (|S] x|A|) + (F|x|T]);
P, >>P;

S' =f(S,A,T);
Vi =g(T,A);
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[pu 5TOM 00BEM TMarHocTHYECKOU HH(pOopManuu P gop-
MUPYETCs IPOU3BEICHIEM MOIITHOCTEH YeThIPEX KOMIIO-
HEHTOB: 1) CTpyKTypa 00beKTa; 2) MeXaHU3M accepluit
WM MOHUTOPHHTA; 3) COBOKYITHOCTh HEHUCIIPABHOCTEH
WJTH MOJTyJIeH, TIOIBEPKEHHBIX (DYHKIINOHAIEHBIM HApy-
HICHUM; 4) TECTOBBIC HAOOPHI MIIM CETMEHTBI JUIS JTiar-
HOCTHPOBaHUS HEUCIIPABHOCTEW HITH COBOKYITHOCTH yIIO-
MSHYTBIX Moayaeld. CyIIecTBEHHO YMEHBIIUTh 00beM
JIMAarHOCTUYECKOH MH(OPMAIIUU MOXKHO ITyTEM MTOHUKE-
HUS pa3MEPHOCTH ITPOCTPAHCTBA IIPHU3HAKOB 32 CYET pas-
JeneHust 0a30BOM MOJETHM Ha JBa HEMEPEeCeKAIOIUXCs
nogmHoxectBa < S, A >, < F, T >.BaTomciy4ae oueH-
Ka 00bEMHOH CITOKHOCTH CTAHOBUTCS HE MYJIbTUILTKA-
TUBHOM, a aJUIATUBHONA MO OTHOIICHUIO K MOIIHOCTH
MOJIMHOXKECTB 0€3 KaKOTr0-TM00 YMEHBIIICHSI TTyOUHEI
nuarHocTupoBanus. [1epBeIil KOMIIOHEHT MOJICITH JIHAar-
HOCTHUPOBAHHSI MPEICTABICH MATPUIICH TOCTHKUMOC-
TeH, KOTOpas MO3BOJISIET MUHUMHU3UPOBATh MAacKy BO3-
MOJKHBIX Te()€KTOB Ha OCHOBE aHaJIH3a CTPYKTYPHI CXe-
MBI ITyTEM CPAaBHEHUS MCTHHHBIX U PEalIbHBIX PE3yJIbTa-
TOB MOJICTPOBAHUS BHIXOJHBIX CUTHAJIOB Ha KaXKIOM
TECTOBOM HaOope WK cerMeHTe. UMCIo CTPOK Takon
MaTpHUIbl PABHO KOJUYECTBY HAOIIOTaEMBIX BBHIXO/IOB
WJIN aCCepIUi:

F(T)[123456789ABC F(T)[123456789ABC
TI 11100000001 0 Ojgey T1 110000000100
2100111111101 1) 47|T20011111110 11|
T3/000000000000 T3/000000000000
T41000000000000 T410000000000 00
TS{11 11111111171 TS5{11 1111111111
F|1 2345678 9ABC

10 10 01 01 11 01 01 01 01 10 10 10

10 11 01 11 01 11 01 01 01 10 10 10

A [1110 11 10 10 11 10 10 10 10 01 01

111111 11 01 01 10 10 01 10 01 10

10 10 11 11 11 01 11 11 11 10 10 10
C=[10 10 01 00 00 01 00 00 00 10 00 00
b=0o01 . .1 . . .0 . .

Beenennas omneparius, OJu3Kast K KOOpAWHATHOW orepa-
WU OTPUIAHHUSA KyOHTOB (IBYXpa3psIHBIX BEKTOPOB,
KOoIMpyroIux ajigasutKanTopa), Mo3BOJIsSET HA IIPAKTH-
K€ peasin30BaTh () yHKIIMOHABHOCTH THArHOCTHPOBAHUS
TOJBKO ITyTEM JIOTHIECKOTO YMHOKEHHS BEKTOPOB Mat-
PHIIBI KOJIOB HEHCIIPAaBHOCTEH:

F(T)=(v F)A(V F)=

:(Aﬁ\:le)A(A:/:on):(A/j\:le)A(A?\:on):(j/:\le)

[IpenBapuTenbHO BBIIONHSIETCS ONlepallisl HHBEPCUU HaJl
sTYeKaMHU MaTPULBI KOJIOB HEUCIPABHOCTEMN, MACKHpYe-
MBIMH HYJIEBBIMHU CUTHAJaMH1 MaTpPHUILbl aKTUBU3ALUH, &
TaK’Ke HaJl BCEMH HYJIEBBIMH KOJIAMH TaOJIMIIBI HEUCITPaB-

nocreit: Fj =Fj « (Fj=00) v (S;;=0):

A[00 0110 11| [A|D 10X
0/11100100[ |0|X 01 Y
1]11 0110 11] |11[X 10X

Tabnuiia HICTHHHOCTH CKOPPEKTUPOBAaHA OTHOCHTEIIHLHO
nnaBepcuu coctossansi 00 B 11 mpu emMHUYHOM 3HAYCHUT
CHTHAJIa aKTUBU3aIlNU HEUCIIPABHOCTH, IIOTOMY YTO Ta-
koit koz (00) o3HaUaeT MPUCYTCTBHE B CXEME HA JIMHUH
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MTyCTOr0 MHOXKECTBA IIPOBEPSAEMBIX JIepEeKTOB, UTO He-
Bo3MoxxHO. Ho koz 00 emie u GJIOKMpYeT BCe BHIYMCIIE-
HUS KOHBIOHKIUH TI0 CTONOIY, peBpalias pe3yabTaT B
00. aBepcust koaa JaeT BOSMOKHOCTh HE MACKHPOBATh
MIPY yMHOXKEHUH JeHCTBUTEIFHO MPUCYTCTBYIOIINX Jie-
(exToB, MoOBIX 3HAKOB. [Ipn 3TOM NpeAnonaraeTcs, 4To
HEBO3MOYXKHO TECT-BEKTOPOM ITPOBEPHUTH Ha OJTHOH IMHUN
CXeMBI Ie()eKThI pa3HbIX 3HAKOB.

Teopema 1.00urnounvie koncmanmuvie Oepexmoi yugh-
POBOLL cxeMbl, 3a0aHHble KYOUMAamu Ha MecmosslX Ha-
bopax mMHO203HAYHOU MAOIUYLL HEUCHPABHOCMEN, ON-
Ppeoesilomces ¢ NOMOWbIO 8eKMOPHOU and-onepayuu,
MACKUPY MOt nO CIPOKAM 8EKIMOPOM IKCREPUMEHM b~
HOU NPOBEPKU:

- _ n
S(T)=( v Sj)/\( Y% Sj)Z( A Sj)/\( A Sj)=(A S])
A=l A j=0 =l
Bripaxkenue sBIIsIeTCSl BEPHBIM, TIOTOMY 4TO: 1) BTopoit
COMHOKHTENTh YMCTasi MAaTEMAaTHKA —OTPULIAHUE TU3bIOH-
KIIUH €CTh KOHBIOHKIIHS OTPULIAHH, YTO 03HAYAET yMHO-
JKCHHE KOJIOB TAOJIMIIBI C MX MPEBAPUTEIbHBIM OTPHIIA-
HueM. 2) [TepBbliii COMHOXKHUTEh OPUEHTHPOBAH Ha TIOUCK
HEIPOTUBOPEUMBHIX Je(eKTOB. J[eficTBUTENBHO, HA O/~
HOU JIMHHUY WY IEPEMEHHON HE MOTYT PUCYTCTBOBATH
OJTHOBPEMEHHO JIBE TPOTUBOIOJIOKHBIX IT0 3HAKY ITPOBE-
psieMbIx HeucnpaBHocTH. [ToaToMy B 6a30Bo# Gopmyrie
JIU3bIOHKIMS 1e()EKTOB B OOJBIIICH CTETIEHH OPUEHTHPO-
BaHa Ha TIOMCK KPATHBIX HEUCITPABHOCTEH, HO HE CBSI3aH-
HBIX C OJJHOM JTuHUEH. KpaTHOCTh MPOTHBOPEUUBBIX Jic-
(EKTOB Ha OTHOW IMHIH, PABHO KaK U HHBEPCHUS ITyCTOT'0
MHOXKECTBA HEHCIPABHOCTEH, TEOPETHUECKH CO3/1aeT
YCIIOBHS OECIIPEATCTBEHHOTO YMHOKEHHSI IPYTHX sTUe-
€K CTOJIONA B 1ENIX (hOPMHUPOBAHMS HA KaXKIOW JTMHUH
pesyiabTara B BHIE AedeKTa OHOrO 3HaKa HIIH IIyCTOrO
MHOKECTBA HEHCIIPABHOCTEM.

Teopema 2. Kpamuvie koncmanmuvie oeghekmul yugh-
POBOLL cXembl, 3a0anHble KyOumamu Ha mecmogulx Ha-
O0pax MHO203HAYHOU MABAUYLL HEUCHPAGHOCHEl, ON-
PeOeNAmes ¢ NOMOWbBIO 6EKMOPHLIX OF- and- onepa-
Yutl, MACKUPYEMbIX NO CMPOKAM 6EKMOPOM SKCNepu-
MEHMATLHOU NPOGEPKU:

S(T;)=( v Sj)/\( v Sj)=( v Sj)/\( A Sj)
AJ:I Aj=0 Aj:1 Aj=0
BripaxkeHue ABISETCS BEpHBIM, IOTOMY 4TO: 1) BTopoii
COMHOYKHTENh YACTAs MATEMATHKA — OTPHIIAHUE TU3HIOH-
KIUH €CTh KOHBIOHKIIHS OTPULIAHH, YTO 03HAYAET yMHO-
YKEHUE KOIOB TAOJHIIBI C X IIPEIBAPUTEILHBIM OTPHLIA-
HueM. 2) [TepBbIii COMHOXKHTEh OPUEHTHPOBAH Ha TIOMCK
KpaTHBIX JE(PEKTOB B MPEIIONOKEHNH, YTO HA OTHOM
JUHAH WIH TIEPEMEHHOH MOTYT MPUCYTCTBOBAThH OIHO-
BPEMEHHO JIBE MIPOTHBOIIONIOKHEIX IO 3HAKY IIPOBEpPsie-
MBIX HeucnpaBHocTH. JlaHHas hopmyria B OonbIei cre-
MIEHW OPUEHTUPOBaHA Ha TIOMCK KPaTHBIX HEHCIIPaBHOC-
Tel B 0J10Kax IU(POBBIX CHCTEM, HE CBSI3aHHBIX C OJTHON
nmuHuel. KpatHocTh e eKTOB B IU(PPOBOI cUCTEME TEO-
PETHYECKH CO3MIAeT YCIOBHS IS JIOTHYECKOTO CIIOMKE-
HUS JIPyTUX S4eeK cTojlna B Heimsx (GopMupoBaHUS
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pe3yabTaTa B BUIE MHOXKECTBA IeheKTOB (hOpMHUPYIOLIIX
3aJJaHHBI BEKTOpP KCIIEPUMEHTANbHON MPOBEPKH, W3
KOTOPBIX HEOOXOAWMO BBIUECTh MTPOBEPSEMEIC HA TECTE
HEHCIIPaBHOCTH, HE BIUIONIKE HA (HOPMHUPOBAHHE He-
KOPPEKTHBIX PEaKILIMi 110 BHIXO/IaM.

WuTepec mpeAcTaBiseT MOUCK KPAaTHBIX Ne(EeKTOB Ha
OCHOBE MYJbTHIIpoOLEccOpa Xacce, KOTOPbI OpUEHTH-
POBaH Ha peUIeHHE 3aJla4M MMOKPBITHUS IYTEM IOJHOTO
niepedopa cOOBITHIA, 00ECIIEUNBAIOIINX TOYHOE ITOKPBITHE
BEKTOpa YKCIIEPUMEHTAILHOI TPOBEPKHU CTOIOIAMU Ta0-

et nencnipasrocteit: S(Tj) = (vSj) @ A=0.
]

35ech pelIeHUEeM SBIISIETCSl TAKOE COUYETaHNE CTONOIIOB,
Y4acCTBYIOIUX B BEKTOPHOM OMepaliy JIOTHYeCKOro Co-
KEHMUsI, KOTOPOE B COBOKYITHOCTH JIa€T PaBEHCTBO BEKTO-
pY PKCIepUMeHTaIbHOM mpoBepku. [TockonbKy orepa-
LKA BpeMsi3aTpaTHasi, TO JUIsl Hee CIeyeT UCIOJIb30BaTh
MyJbTHIpoLIECCOp Xacce, OpUEeHTUPOBAHHBIN Ha B3ATHE
OyJicaHa B IOYTH TAPAJUICITEHOM PEKUME:

F 12345678 9ABC|V, V|V,
11110110 10 01 01 11 01 01 01 01 10 10 10f{ 1 O O
010101j10 11 01 11 01 11 01 01 01 10 10 10f O 1 1
101001{11 10 11 10 10 11 10 10 10 10 01 O1f{ O O O
00001111 11 11 11 01 01 10 10 01 10 01 100 O O
111110{10 10 11 11 11 01 11 11 111010101 1 1

D |10 10 01 00 00 01 00 00 00 10 00 00

D* 1001 . . 1 0

Takum 00pa3oM, MOJIETh TUATHOCTUPOBAHUS COIEPIKUT
ClIeyIOIIIE IIPeoOpa3oBaTeNu:

[penponeccupoBanue. ['eHepupoBaHUE UCXOTHON TUar-
HOCTHYECKO! HH(pOPMAIIHH B BUAC TECTA IUATHOCTUPOBA-
HUSI, TAOJIU bl HEUCIIPABHOCTEH M MATPHIIBI IOCTHIKHMO-
CTei TGP POBON CHCTEMBI.

MogennpoBaHHE peaIbHOrO YCTPOMCTBA HA TECTOBBIX
Habopax W CpaBHEHHE Pe3yIbTATOB C ATAJIOHOM IO Ha-
OJIF0 TaeMBIM JIMHUSIM-ACCEPIINSIM, YTO TACT BO3MOKHOCTD
c(OpMHIPOBATH MaTPHUITY BEIXOAHBIX PEAKITH FITH SKCIIe-
PHMEHTAIBHOM MTPOBEPKH B TBONTHOM alI(haBUTE.

BeruucnieHre MaTpHIbl aKTHBHOCTH IPa) 0BOK CTPYKTYPbI
Ha KaKIOM BXOIHOM TECTOBOM Habope, paBHOI o pa3-
MEPHOCTH TaOJIHIIIE HEUCIIPABHOCTEH, C TOMOIIBIO MaTpH-
(bl KCTIEPUMEHTAIILHOM TPOBEPKH U MATPHULIbI TOCTHIKHU-
MOCTEH.

Moaudukarus coaep>XUuMOoro TabIUIIBI HEMCIIPABHOCTEH
MyTeM MPHUMEHEHUS MaTPHUIbI aKTUBHOCTH TpadoBOi
CTPYKTYPBI, B LIEJISIX MHIWKAIIUY HEUCITPABHOCTEH, JIEH-
CTBUTEIILHO IPOBEPSIEMbIX TECTOBBIMH HA0OpaMHU.

BeimonHenre npomeaypsl BEKTOPHOIO JIOTHIECKOro yM-
HOYKEHHS HaJI CTPOKaMH TaOJIHIIBI IS [TOJTy YEHHSI BEKTOpa
MOJI03pEeBacMBbIX 1e(hEKTOB

3. KyoutHbie Moaeau onucanus nu¢poBbIx
CHCTEM

Hedekr onpepensiercs Kak KakIoe OTIEIbHOe HECOOT-
BETCTBHE TPeOOBAHMSIM CreU(DHUKAIINK, HO MPH 3TOM
Mozienb AedeKTa He J0KHA BBIBOIUTH U3/ICITHE 3 ITPefie-
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nel (hyHKIHOHANBHOCTH. [ToaTOMy medekt (Moaens ne-
(hexTa—HEHCIIPaBHOCTD ) €CTh PUKCHPOBAHHAS BO BpeMe-
HU 9aCTh QYHKIIMOHATFHOCTH, PUBSI3aHHAs K hr3ndec-
KOMY KOMITOHEHTY. KOHCTaHTHAsI HEHCITPaBHOCTD JINHUH
— eCTh (DMKCHPOBAHHBIN B IByX COCETHHUX TaKTaX mepe-
xox 0-0. Her cMbIcia majee ero paccMaTpuBaTh Kak
MPOJOIDKCHUE B JPYTHX TAKTaX, MOCKOJBKY BCE OHH
OIMKCHIBAIOTCS, COrJIACHO aBTOMATHOW MOJIETH MOCPE/I-
CTBOM JIBYX COCEIHHX BPEMEHHBIX (peitmoB. Pacmpoc-
TpaHss JAHHYIO ABYX(PEHMOBYIO KOHIICTIIIHIO HA aBTO-
MaTHbIE TEPEMEHHBIE, MOYKHO BBECTH ITOJTHOE MHOKECTBO
HeuctpaBHocted niepexoznos: 00, 01, 10, 11. [eiicTBu-
TEJbHO, FOBOPS 00 ABTOMATHBIX IEPEMEHHBIX, HAITPUMED,
perucTpa, HeoOXOAUMO CTPOUTH TECTOBBIE HAOOPHI, TIPO-
BEpSIOIINE YIIOMSHYTHIE BBIIIEC Tepexonsl. Vcxons u3
KOHLIENINH Ae(heKTa CIeMyeT, YTO MOTHOE MHOMXKECTBO
COCTOSIHUH (DYHKIIMOHATEHOCTH (DOPMHPYET TAKKE IO~
HOE MHOXECTBO JIe(EKTOB C TOH JIUIIb pa3HUIEH, YTO
KOHKPETHBIN 1e()eKT BCEr/Ia sIBJIICTCS JOMOTHEHUEM 110
OTHOIICHUIO K TECTOBOMY CHTHAITY, TPOBEPSIOLIEMY He-
HCIIPaBHOCTS [6]:

FOTOL=0,
T®F=L;
T®L=F;
FOL=T.

31ech Moka3aHo, YTO B3aUMOJICHCTBUE TecTa (PYHKIUO-
HAJBHOCTEH 1 Ie()EKTOB BCET1a CBOPAYHBACTCS B ITYCTOES
WJIH HYJTb IPOCTPAHCTBO, YTO IAET BO3MOXKHOCTH OIpe/ie-
JUTH OO0 NeEeKT MOCPEACTBOM HEIIYCTOr0 B3anMO-
JCUCTBUS MEXIYy TeCTOM M ()YHKIIMOHAIBHOCTHIO. Ho
MTOCKOJBKY TECT €CTh TPOU3BOIHAS OT ()yHKIIMOHAIBHOC-
TH, TO U3 3TOTO CIIEAYET BBIBOI, UTO Ie(hEKT, a TOUHEE eTO
MOJIENb €CTh IIPOM3BOAHAS OT (DYHKIIMOHATEHOCTH MK €€
MPOCTPAaHCTBEHHO BpeMeHHOH (hpeiim. EctecTBeHHO, UTO-
OBl TaKOE B3aMMOICHCTBUE TPHAIBI OBIIIO BO3MOXKHBIM,
HE0OX0IMMO IPUBECTH MOJIEITH BCEX TPEX KOMITOHEHTOB
K eIMHOMY BHIY WU (hopMme (MaTpulla WM TabiuIa,
OyJIeBbI ypaBHEHHsI, CTPYKTypa). OJTHUM U3 BapUAHTOB
3aMEeHBI TPaIUITMOHHON cuMBONKKY Pora [ 7], HampaBieH-
HOU Ha BU3YyaJIU3aLUI0 AKTUBHBIX ITYTEH B CXEME, SBJIACT-
CsI BEKTOPHOE ITPEACTABIICHUE IIPOCTPAHCTBEHHO-BPEMEH-
HBIX ()peliMOB MOENH, TecTa, AedeKTa B JUCKPETHOM
OyJICBOM U3MEPEHUH.

KyOunTHas Mozesh TaHHBIX OCYIIECTBIISAET TPaHCHOPMHU-
pOBaHME KBaHTa HH(POPMAIINH, Ty4IIe He Ha30BEIIb, U3
TEOPETHKO-MHOKECTBEHHOT'O CHMBOJIA B JIOTHUECKII OUT-
BEKTOp C YHUTAPHBIM KOAUPOBAHNEM MTPUMHUTHBOB. JTO
MPaKTHYECKY 03HAYAET 3aMEHY TEOPETHKO-MHOKECTBEH-
HBIX OIIEPaliii BEKTOPHO-TOTMIECKIMH, YTO TO3UTHBHO
BIIHSIET HA OBICTPOMEICTBHE, HO MPU STOM BO3HHKAET
CYOBEKTHBHBIA IPOUTPHIII B BU3yalIH3aluu HHPOpMa-
WY TS 9€T0BEKa, KOTOPBIN TIOX0 YMEET YUTATh OYKBEI
(TeKCThI), IpeCTaBICHHBIE B (pOpMe OMHAPHBIX BEKTO-
poB. Takum 00pa3zom, JItO00H 3aMKHYTHIH MHOTO3HAY-
HBII TEOPETUKO-MHOXKECTBEHHBIN aJI()aBUT 3aIMACHIBACTCS
COBOKYITHOCTBIO TBONYHBIX BEKTOPOB, TI€ TPAHC(HOPMHU-
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PpOBaHUEC OHNPCACIAACTCA CICAYHOIMUM COOTHOLICHUCM:

n=1log,(B=2"), rue B — Gyiean nim MHOXeCTBO
BCEX MOAMHOXXECTB, N — YUCIIO OMTOB WIIM IPUMHUTHBOB
(MOITHOCTH YHUBEpPCYMa), 00pa3yromux Oyinean. Haue,
KyOHT €CTh BEKTOPHO-JIOTHYECKUH SKBHBAJIEHT JIF0O0T0
3aMKHYTOT'0 TEOPETUKO-MHOXKECTBEHHOT'0 aii(haBuTa. ITO
03HAYaeT, YTO KyOUT €CTh BEKTOp C YHCIIOM OHUTOB (HE
MeHee JIBYX), PaBHBIX YHCIY IPUMHTHUBHBIX CHMBOJIOB,
KOTOpBIH CIIOCOOEH CBOMMH ABOMYHBIMH pa3psiaMu Ipe-
CTaBJIATH OyneaH cocTosHHH. OIHOOUTOBBIN KyOHT He
MMEET CMBICIIa, TIOCKOJIBKY OH HE MMEET COOTBETCTBUS B
TEOPETHKO-MHOXKECTBEHHOM ITPOCTPAHCTBE.

[pumep yersipexpaspsaHoro Kyoura. I[lycts mMeercs
JBYXTaKTHBIN aji(h)aBUT OUCAHNSI aBTOMATHBIX IIEpeMEH-
HBIX, IPEJCTABIBTIONINN cO00# OyieaH Ha YHUBEPCYME U3
YeThIPEX IPUMHUTUBOB:

B2(Y) = {Q=(1000), E=(0100), H=(0010), J=(0001),
0={Q,H}=(1010), I={E,J}=(0101), A={Q.E}=(1100),
B={H,J}=(0011), S={Q.J}=(1001, P={E,H}=(0110),
C={E,H,)}=(1110), F={Q,H,]}=(1011),
L={Q.EJ}=(1101), V={Q,E,H}=(1110),
Y={Q,E,H,J} =(1111), U=(0000)}.

Onepanyu HaJi CHMBOJIAMH TEOPETUKO-MH0KECTBEHHOT'O
andaBuTa CBOAATCS K JIOTMYECKMM KOMaHAaM and, or,
not, Xor, KOTOpbIe (HOPMUPYIOT (PYHKITHOHAITBHO TOTHBIH
6asuc, cormacHo Teopeme [locta [8]. Hampumep, Hike
MPE/ICTABIICHBI IOTHYECKUE TPEe0OPa30BaHUS OTACTBHBIX
TEOPETUKO-MHOKECTBEHHBIX OIlepalnii:

QUE=1000v0100=1100=A;
SNV =1001A1110=1000=Q;
B=0011=1100=A;
FAP=1011®©0110=1101=;
HAJ =0010® 0001 =0011= B;
FAY =1011@1111=0100=Y;
FAF=1011®©1011=0000 = U(Q);

KBanToBas nHTepnperanus OyjicaHa u3 4eThipex MpUMH-
THBOB (IBOWYHBIE TTO3UIIMOHHBIE Kombl: 00, 01, 10, 11)
TIpe/ICTaBIICHA HUKE:

000000000011 111111
offoooorrrir1o00001111
1000110011001 10011
11101 0101010101010'1

Ona co3naer 16 pa3nu4HbIX QYHKIUH OT ABYX ITepeMeH-
HBIX. B T0 ke BpeMst ocIIe IHIO0 TaOIHITy MOKHO TIpe-
CTaBHTh B BUJAE KOIOB (BEKTOPOB) CHMBOJIOB MHOTO-
3HAYHOTO an(aBHuTa, KOTOPHIMH JIETKO OIIEPHPOBATH IS
peleHus 3a/1a4 CHHTE3a U aHaH3a OyJIeBBIX ()yHKIIHIM:

QIo000O0OD0O0OOTITITITI1ITII1IT1TTII1
Ef/000O0O111100001111
H001100110011001 1
JI0O1 0101010101010
OJHBEIPCQSOFALVY
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Takum 00pa3om, KyOUT, COCTaBICHHBIN U3 YeThIpeX Ou-
TOB, CHOCOOCH OMHCATh 16 COCTOSIHU TPOCTPAHCTBEHHO-
BpeMeHHOTO (peiiMa GpYHKIIMOHATBHOCTEH U IPH STOM
OMEPHUPOBATHL BEKTOPHBIMHU JIOTHYECKUMHU OTEPaIsIMU
JUTS peIlICHHS 3a/1a4 CHHTE3a U aHaJIN3a.

4. KBantoBoe MojenpoBanue NU(PPOBHIX CUCTEM

Hampumep, 11 onucanus nuGpPOBOM CXeMBbI, IIPE/ICTaB-
JICHHOW Ha pHUC. 2, HEOOXOIMMO UMETh CTPYKTYPY B3aH-
MOCBSI3aHHBIX 3JICMEHTOB M KyOHYECKOE MOKPBITHE JTOTH-
yeckoro saemenTa -HE.

o»—»—A»—A»-<

Puc. 2. ®parmenT mudpoBoit cxeMsl

JlaHHOE MOKPBITHE MOXHO TPaHC(HOPMUPOBATH C YYETOM
YHUTapPHOT0 KOAMPOBAHUS BXOAHBIX BeKTOpoB. Kak cren-
CTBHE, IS TIFOOOTO MOKPHITHS (PYHKIIHOHATHLHOTO OJTHO-
BBIXO/IOBOTO MPUMHUTHBA BCETJa MMEETCS TOJBKO JBa
KybOa. OHH MMOKA3bIBAIOT HE TOJNBKO BCE PEIICHHUS, HO U
WHBEPCHUIO CUTHAJIOB Ha BBIXOJIE, YTO MHTEPECHO C MO3U-
LMW aKTUBU3ALUU BCEX JIOTHUECKUX MyTEH B CXEMHOM
cTpyKType. Hampumep, B crienyrorieM KyOUTHOM ITOKPHI-
TUU BEHTWIS JIJIsl K3MEHCHU S COCTOSIHUS BEIX0/1a HE00X0-
JUMO CO3/1aTh Ha BXOJaX Mapy cJIenyloluX ApYr 3a
JpPYroM YCIIOBMiA, TJle¢ B NEPBOM TaKTe JOJDKHBI OBITh
MepBbIe TP BEKTOpa (aapeca), a BO BTOPOM — YETBEPTHI
BEKTOP, GOPMUPYEMBII IBYMS BXOJAHBIMU MEPEMCHHBI-
MH:

JUPOBAHUS HEUCIPABHOCTEH, oMCKa Ae(heKToB. 31ech
OCHOBHBIE MPOIIEAYPHI CBSI3aHBI C MAHUITYJINPOBAHUEM
aJipecaMu, HESIBHO TPEICTABICHHBIMUA B KOOPIMHATAX
JBYX KyOOB KBaHTOBOT'O (KyOWTHOr'0) MOKPBITHS, ajee
uMenyemoro Q-nokpeitueM (Q-coverage):

0o(of |QJ0
OL|O[_|E|0|_|F|O]_|1101|0
10(1| [H|1| [H|1] [0010]|1
11[0| [J]O

oo[1] [Q]1
o1|1| |E|1 1110

S[1 110
0|17 a1 o001
1mjo| [Jlo

JIsist MOIETUPOBAHHU S UCITPABHOTO MIOBECHHS JJOCTATOY-
HO UMETh TOJBKO OIUH KyO (HYJICBOH HIIH SMHUYHbII ),
MOCKOJIbKY BTOpO#l BCErja SBJSETCS AOMOJIHEHHEM K
nepBomy. Ciie10BaTeNbHO, OPUEHTHPYSCh, HATIPUMED, Ha
eMHUYHBINA KyO, (POPMHUPYIONIHI Ha BRIXOJE 1, MOXKHO
yOpath OUT COCTOSIHUS BBIXO/Ia IPUMHUTHBA, YTO YMEHb-
UIAT Pa3MEPHOCTb Ky0a M MOZICITA IPUMHUTHBA JI0 KOJIH-
4eCTBa aJ[PECOB HIIEMEHTA, I/1e OUT C aIPECHBIM HOMEPOM
1 MIEHTH(GHUIHPYET CITOCOOHOCTH aJipeca, COCTABJICHHOTO
W3 3HAYCHUH BXOTHBIX IEPEMEHHBIX, COPMHUPOBATH €11~
HUYHOE COCTOSIHUE BBIXO/1a IPUMUTHBA.

KyOuTHOE MM KBaHTOBOE TOKPHITHE OTHOBBIXOJOBOTO
MPUMUTHBA BCETa MPEACTABICHO ABYMS KyOaMu, pas-
MEPHOCTh KOTOPBIX pPaBHa CTENEHM JBOMKMU OT qMcia
BXOJHBIX IEPEMEHHBIX, II€ €AMHUYHOE 3HaU€HUE KOOp-
JMHATHI ONPEENSIET yUacTHe aJJpeca paccCMaTpUBaEMOI 0
outa B popmupoBanuu coorsercrBytoriero (0,1) cocto-
SIHUA BBIXOZIa NpUMUTHBA. KBaHTOBbBIE MOZIENN IPUMUTH -
BOB TpeOyIOT CO3MaHMsI HOBOW TEOPUU MOJIEINPOBAHUS,
MIPSIMOM M 00paTHOW MMITJIMKAIIMH, CHHTE3a TECTOB, MOJIC-
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Mopuenb ¢ poBoi CHCTEMBI Ha OCHOBE UCIIOIB30BAHUS
KyOUTHBIX CTPYKTYP JaHHBIX X HH()OPMAIIMOHHBIX KBaH-
TOB MOXKET OBITh O CaHa YEeTHIPHMS KOMITOHECHTAMU:

F=<L,M,X,Q >,
L=(L,L,,..,L;...,L));
M=M,M,,...M;,...M,);
X=X, X, g0 X X
Q=(Qui1sQui25» Qs Quin)-

3L[CCI: IOpeACTABIICHBI: BEKTOP I/IL[CHTI/I(bI/IKaTOpOB OKBHIIO-
TEHIIMAJIbHBIX TUHUN CXEMBI HI/I(l)pOBOﬁ CHUCTCMbI, BEKTOP
MOACITUPOBAHUA COCTOSTHUH BCEX JTMHUH CXEMbI, YIIOp:-
A04YC€HHAsA COBOKYITHOCTH BEKTOPOB BXOAHBIX MEPEMCH-
HBIX KQ&XKJ0I'0 IpUMUTHUBA CXEMBbI, ITPUBA3aHHbIX K HOMC-
paM BBIXOJAOB, COBOKYIIHOCTb BCKTOPOB — KBAHTOBBIX
HOKpI)ITI/Iﬁ INPUMUTUBOB, CTPOr'0 NPHUBA3AHHBIX K HOME-
PaM BbIXOJ0B 1 BXOAHBIM NIEPEMCHHBIM IPUMUTUBOB,; N—
YHCJIO IUHUM B CXEME, X — KOJIMYCCTBO BXOOHBIX IICPEC-
MCHHBIX.

X+i2°"° x+n)’

B kadecTBe npriMepa KyOUTHOT'O 33 JaHH S MOJICITH LI (pO-
Boro ycrpoiictBa F =< L, M, X, Q >, npencrasienHo-
ro Ha PUC. 2, HUXKE NPUBECHBI /B BapUaHTa TAOJIHI
OIUCAHUSI CXEMBI JUTS aHaM3a UCIPABHOIO MOBEACHHUS
(fault free similation):

L[123456 7 8 0 A B
Q. ... .1 1 1 1 11
111111
111111
. 00 0000
X 13 34 27 75 68 89
MII1110 0 1 1 1 0
L[123456 7 8 0 A B
M[1I11110 01 1 10
X]. 13 34 27 75 63 89
Q. 1 1 1 1 11
111111
111111
000000

[Ipouienypa mcrpaBHOTO MOJEIHPOBAHUSI CBOJUTCS K
OIpEeJIENICHUIO anpeca, POPMUPYEMOro IBOMYHBIMH CO-
CTOSIHHSIMU BXOHBIX IIEPEMEHHBIX Ka)KJI0T0 IPUMHUTHBA
nndpoBoii cxeMbl. Eciu mepeMeHHbIe CO31ai0T HE JABO-
WYHBIH a/Ipec, TO B IAHHOM CITydae CyIIeCTBYET BO3MOXK-
HOCTb ()OPMHPOBAHUS HE IBOMYHOTO COCTOSTHUS BBIX0JIA
MPHUMHTHBA, KOTOPOE OIIPEEIICHO B TPOUYHOM aji(haBUTE
cumBoioM X. CoCTOSTHUS BBIXOJI0B (DOPMHUPYIOTCS TIOC-
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JIeZI0BaTEIbHON POLEAYPO MOAETUPOBAHNSI HA OCHOBE
MPOCTBIX UTEPALMii MK uTepaunii 3eriaens. Bo Bropom
ciyyae HeoOXO0MMa MPEMPOLIECCOPHAsI TPOLIEAypa paH-
KUPOBAHUS JIMHUHI 1 IPUMHUTHUBOB CXEMBI, KOTOpas Mo-
3BOJISIET CYIIECTBEHHO YMEHBIIUThH KOJUYECTBO ITPOXO-
JIOB IO TPUMHUTUBAM CXEMBI JUIsI TOCTUKEHUS CXOTUMO-
CTH, Korja (PUKCHpYeTCs PaBEHCTBO COCTOSHUN BCEX
JIMHUH CXEMBI B IBYX COCeIHUX uTepauusix. Kpome roro,
PaHXHPOBAHKE IPHMHUTUBOB T10 YPOBHIM (hOPMHUPOBa-
HHUSI BBIXOJIOB J1a€T BO3MOXKHOCTh CYIIECTBEHHO IOBBI-
CUTh OBICTPOJICHICTBHE MOJICIIMPOBAHUS 3a CUET Mapal-
JIeTBHON 00pabOoTKH (YHKITHOHATHHBIX AIEMEHTOB OJTHO-
ro ypoBHs. Hanmpumep, J11s1 cXeMbl, TPEICTABICHHON Ha
pHC. 2, OJTHOBPEMEHHO MOXKHO 00pa0aThIBATh DIICMEHTHI
¢ HoMepamu 6,7, 3atem — 8,9 u nanee — A,B. B nepBom
clyd4ae, KOr/ia UCIOIb3YIOTCSl IPOCThIE UTEPALINH, PaH-
KHUPOBAHHS HE TPpeOyeTcs1, HO IUTATOM 3a MPOCTOTY aJIro-
PUTMa MOJICTTMPOBAHUS SIBJIAETCS CYLLIECTBEHHO OOJIbIIIEE
YHUCIIO UTEPATUBHBIX MPOXOIOB MO MPUMUTHUBAM CXEMBI
JUISI TOCTHKEHU S YIIOMSIHYTOTI'O KPUTEPHSI CXOTUMOCTH.

CTpyKTypBI KYOUTHBIX TAHHBIX MOTU(PUIUPYIOTCS B CTO-
POHY JOMNOJHEHUSI CTPOKOW THUIOB NPUMUTHUBOB
F=<L,M,X,P,Q>P=(P,P,,...,P,..,P ), 3a-
JIeiCTBOBaHHBIX IIPU CUHTE3€ LU (POBOI CUCTEMBI, €CITH
Heo0X0aMMO B Tponecce (YHKIMOHUPOBAHUS BBIION-
HSTH PEMOHT WJIM BOCCTaHOBJIEHHE Pab0OTOCTIOCOOHOCTH
MyTeM BBEAEHUS 3alaCHBIX IIPUMHUTHBOB, KOTOpBIE TaK
e KaK U OCHOBHbIE, PEaJIN3yIOTCsI Ha OCHOBE 3JIEMEHTOB
namsTu. B crnenyroei tabimiie mpencTaBieHbl CTPOKa
TUIIOB JIOTMYECKUX 3JIEMEHTOB, a TaKOKe ajpeca 3THX
MIPUMHUTHBOB, OTMEUEHHBIE HOMEPAMHU:

L|123456 7 8 9 A B
M[1111100 1 110
X|. 13 34 27 75 68 89
Pl. .. .. 11 1 111
Qftrrrrr1r 1 11 1 1
rrr111 11111
rtr1111 1 1111
00000000000
L|123456 7 8 9 AB
M1111100 1 110
X|. 13 34 27 75 68 89
Pl. .. .. 1234356
Qftrrrrr1r 1 11 1 1
rrr111 1 1111
rt1r1111 1 1111
00000000000

Bropas tabnuia oneprpyer HoMepaMy IPUMUATHBOB, 4TO
IaeT BO3MOYKHOCTb 3aMEHUTH 000 OTKA3aBIIUM dJie-
MEHT UCIPAaBHBIM U3 PEMOHTHOTO 3a11aca IIyTeM U3MeHe-
HUS aJIpECHOr0 HOMEpa B CTPOKE NPUMUTHBOB P. PeMoH-
THBIE DJIEMEHTHI B JaHHHOW TaOJIHIIe HAYMHAIOTCS C HOME-
pa 7. B nepBoii Tabmuiie, OpUEHTHUPOBAHHON Ha TIPO-
IPaMMHYO peaTi3aL 10 MOJIETIMPOBAHH 1, PEMOHTHBIE ITPU-
MUTUBbBI HauumHaIOTCS ¢ HoMepa 2. Eciu cymectByer
BO3MOXKHOCTb I€pPENpOrpaMMHUPOBAHUS JIOTUKU B 3Jie-
MEHTE [TaMATH C OAMHAKOBBIM YU CJIOB BXOJJHBIX IIEpEMEH-
HBIX, TO JAaHHYIO IPOLEAYPY CIEAYET BBIIOIHATH 10CIE
(uKcanuy HEHCIPaBHOTO JIEMEHTA, KOTIa CTAHOBUTCS
HU3BECTHO — KAaKOM 3JIEMEHT B CTPYKTYpPE M KaKOW THII
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MPUMUTHBA OTKa3a]1. Takasi mporeypa BOCCTAHOBIICHHUS
paboTocrnocobHOCTH oprueHTHpoBana Ha PLD-peannsa-
10 UdPoBLIX cucTeM. Eciu KyOUTHBIE MOJIETH CXEM
HE UMEIOT 3aITACHBIX TPUMUTHBOB, TO COOTBETCTBYIOII[HE
UM TaOJIUIBI OYTyT UMETh CIIETYIOIIU I BUJL:

L[123456 7 8 0 A B
MI111100 1 1 10
X 13 34 27 75 68 89
Pl 1 1 1 1 1 1
Q1.

1.

1.

0.
L][123456 7 8 90 AB
MI111100 1 110
X 13 34 27 75 68 89
Pl .. .. 123456
Qrr1 111

111111

111111

000000

Taxum 00pazoM, KBAHTOBBIE CTPYKTYPbI JAHHBIX OPUEH-
TUPOBaHBI HA KOMITIAKTHOCTb ONMHUCAaHUA (HYHKIIOHAIOB
urdpoBOro uzenus KyOUTHBIMU BEKTOPAMH, TIOBBIILIE-
HUE OBICTPOICHCTBIS ITPOLIETYP MOJCTHPOBAHMS 32 CIET
aJipecaliy COCTOSIHUM BBIXOIOB TPUMUTHBOB, a TAK)KE HA
BOCCTaHOBJICHHE pab0TOCITOCOOHOCTH OTACTBHBIX JIOTH-
YECKUX DJIIEMEHTOB, OJIaro/1apst X peaanu3aiiiy B 2JIeMEH-
Tax namsatu PLD.

5. Moaeab KOMOMHAIIMOHHOM
CaMOBOCCTAHABJIUBAEMOIl CTPYKTYPbI

HemHorouuncneHHbIe paboThI, TOCBAIICHHBIE BOCCTAHOB-
JICHUIO paboTOCITIOCOOHOCTH JIOTHYECKHUX cXeM [9], oru-
ceIBatoT 1Be une. [lepBas 3akirouaercs B peKoHpUrypa-
[N CTPYKTYPBI JIOTHYECKUX SJIEMEHTOB B pexume off-
line, koTopast obecreurnBaeT BO3MOKHOCTD 3aMEHBI KaK-
JOT0 W3 HEHCHpaBHBIX NPHMUTHBOB. Btopas cozmaer
YCIIOBUS [UTS 3aMEHBI HEHCIPABHBIX JJIEMEHTOB ITyTEM
HCIIOJIb30BAHUS 3aITACHBIX JJOTHYECKIX KOMIIOHEHTOB H
pacIupeHus MyIbTHILIEKCOPOB LIS Iepeapecaliiy OT-
Ka3aBIINX IPUMUTHBOB. [{airee mpeiaraercs B KauecTBe
mpuMepa ISl pACCMOTPEHHS] TEOPHH U IMTPAKTUKH aJpeca-
UM IPAMUTHBOB KOMOHHAITHOHHBIX CXEM B IIEJISIX BCTPO-
€HHOTO PEMOHTa (PYHKIIMOHATBHBIX HAPYIICHHH JOTH-
YECKUX 2JIEMEHTOB HCIOJIb30BATh ONTACAHUE IPOCTEUILIEN
CXEMHOW CTPYKTYphI (CM.pHC. 2).

OHa COACPXKUT ECTh OJHOTHITHBIX JIOTHIECKUX dJIEMEH-
TOB, KOTOPbIE MOXXHO MPEACTABUTH B aIPECHOM IIPO-
CTPaHCTBE CIIEAYIOIIUM CIIUCKOM (JABYMEPHBIM MacCH-
BOM):

No=[123456[789
P =11 1111111
$=[[;=[132768]XXX
Ly=34758 9|X XX
13=[6 7T89AB[YYY

Kaxprit cTonmber] COOTBETCTBYET JIOTHUECKOMY DIIEMEH-
Ty CXEMBI, a IPUMHUTHUBEI C HOMepaMmu 7, 8, 9 sBistoTCS
3aIaCHBIMU, KOTOPBIE UCTIONB3YIOTCS VIS 3aMEHBI JIFOOBIX
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TpexX U3 LIECTH 3JIEMEHTOB NPU AUATHOCTUPOBAHUU B
MOCIIETHUX KaKHX-JTH00 (YHKIIMOHAIBHBIX HAPYLISHHH.
B ctpoke P yka3aHbl TUIIBI IPUMHUTHUBOB, HUXE — HOMEpa
BXOJ/IHBIX U BBIXO/IHBIX IEPEMEHHBIX, BEKTOP MOJEIHPO-
BaHUS M COIEPXKUT pe3yJIbTaT aHAIN3a BXOJHOIO CI10Ba
11111 Ha cxeMHOM CTPYKTYype, IpeCTaBIEHHOM puc. 3.

Addressed

Spares

Puc. 3. Ilpumep cXeMHOH CTPYKTYpbl U3 aJpECYeMBIX U
3aMacHbIX DJIEMEHTOB

[poriecc-mMozaeas GOPMUPOBAHUS BEIXOAHBIX 3HAUCHHH
CXEMBI B 3aBUCMMOCTHU OT KOHKaTEHUPOBAHHBIX COCTOS-
HUH BXOJIOB, (POPMHUPYIOMINX aIPeC TICHKH COCTOSHUS
BBIX0/1a, MOYKHO ITPEACTABUTh B AOCTPAKTHOM HJIH aria-
PaTHO OPUEHTHUPOBAHHOM, Ha HCIOJb30BAHUE BEKTOPA
cocrosHus M, Bujie:

[ Ye=P(X]*X3); |
Y7=P(X3*Xy);
Yg=P3(X2 *X7);
Yo="P4(X7*X5);
Y A=P5(X6*Xg);

[Mg=P (M| *M3); |

| YR="Ps(Xg *X9). |

| M= Ps(Mg *M). |

M7="P,(M3*My);
Mg="P3(M; *M7);
Mg=P4(M7 *Ms);
M= P5(Mg *Mg);

3neck M — BEKTOp COCTOSHHS JNUHHH CXeMBbI, Pj

norudeckas Gynknus U-HE, umeromas 1Ba Bxona, pea-
nu3oBaHHas B BuJE dneMenTa namsatu LUT. ITockonbky
BC€ IIIECTh MPUMUTHUBHBIX 3JIEMEHTOB PEANU3YIOT OHY
norudeckyro pynkuio M-HE, To mpensiaymiee Beipaxe-
HHE MOYXHO YIIPOCTUTH ITyTEM 3aMEHBI BCEX CTPYKTYPHBIX
3JIEMEHTOB OJJHUM (PYHKIIMOHAJILHBIM TPUMUTUBOM F ¢
TIOCIIEAYIONIMM MCITOJIb30BAHUEM JUTSI OTIEpaIliy KOHKa-
TEHAI[UHU IBYMEPHOT0 MaccuBa JIMHUM cBs3H (L) Mexay
BXOJIaMU ¥ BBEIXOJaMH JIOTHYECKHUX DJIEMEHTOB:

[Mg=F(M{*M3); | [Mg=FIM(L11)*M(L12)]; -
M7=F(M3*My); M7=FM(L21)*M(L22)l;
Mg=F(Mj *M7); Mg=F[M(L31)*M(L32)];
Mog=F(M7 *M5); Mg=F[M(L41)*M(Lg2)l;
Ma=F(Mg*Mg);| | Ma=FIM(Ls;)*M(Ls3)];

| Mp=F(Mg*My). | |Mp=FM(Lg)*M(Lg))].

Takum 00pa3oM, MOXKHO CHHTE3UPOBATh CTPYKTYPY JJIs
peanu3anuu mporecc-MoJIEN CXEMbI, UMEIOIIEH JIBYX-
BXOJIOBBIC (DYHKIIMOHAILHBIC IPHMHUTHUBBI, B CIICTYFOIIEM
BHJIE:

M(Ljs,, ) = FIM(Ljj)*M(Lj;)] = FIM(L)].
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Y4auThIBas GakT, YTO BCE BEIYUCICHHS B CXEME IPUBSI3a-
HBI K CTPYKTYPHBIM 3JIEMEHTaM, KOTOpbl€ UMEIOT UJICHTH -
(UKATOP JTOTUIECKOH OMEepaIuy, MPESIBIAYIYIO GopMy-
JIy MOKHO TpaHC(hOpMUPOBATD K BUY:

M(Ljs,, ) = Pi[M(Ljj)*M(Ljr)] = PIM(L)].

B obmiem ciydae ctpyktypa Moaenu (hyHKIIMOHAIBHOC-
TH, OpPUEHTUPOBAHHON Ha pealin3aluio B kpucramie PLD,
COJZIEPKUT AT KOMIIOHEHTOB:

S=<P,FFM,L, T >,
P=(P,,P,,...P},.... Py );
F=(F,Fy,....Fj,.... Fiy);

M =(M{,My,...M;,...My);
L=[Lpqlip=1n; q=15p;
T=[Telit=1n; e=1Ly;
M(L) =P[M(L)].

31ech npencTaBiieHbl: 1) MPUMUTUBBI CXEMHOM CTPYKTY-
pbI P, onipenieneHHbIe HICH TH(UKATOPAMHU THITA ()YHKIIH-
OHAJBHOCTH (HOMEp WJIH KOJI KOMaH/IbI); 2) THITBI (hYHK-
[UOHAIBHBIX 3JIeMEeHTOB F — HabOp 3JIEMEHTOB MaMSTH
LUT, 13 KOTOpBIX pealn3yroTcs MPUMHUTHBBI, & TAKKE
M30BITOYHBIC AIIEMEHTBI TSI pPEMOHTA () yHKIIMOHATBHOC-
Tel; 3) BekTop MoJieiupoBaHus M (IBOWYHBIN ), onpeze-
JISFOIIMIA COCTOSIHUS BCEX JIMHUU (BXOZHbIE, BHYTPEHHHE,
BBIXOJIHBIE); 4) MaTpHLIa SKBUIIOTEHLIMATbHBIX TNHUH CBA3U
L a5t 00be IMHEHNYS N IOTHYECKUX 3JIEMEHTOB B CTPYKTY-
py; 5) MaTpuIia BXOJHBIX TECTOBBIX (pabo4rx) HaOOPOB
T. O6paboTKa CXeMBI (processing) B KPHCTAILIE CBOINT-
€ K ONPEeNIENIEHUIO a/ipeca, COCTaBIEHHOr0 IBOMYHBIMU
OnTaMu BEKTOpa MONIEITIPOBAHMS, IO KOTOPOMY HAXOTHT-
csLornyeckast yHKuus. Ka>kprit mpuMUTHB UMeeT ITUKIT
00pabOTKH, COACPIKAIIMIA TPH POLICAYPHI:

1) AapecHoe CYUTHIBAHHE HOMEPOB BXOJHBIX ITePEeMEH-
HBIX U3 COOTBETCTBYIOWIETO CTONONAa MaTpuubl L mms
(hopMHpOBaHUS aJ[peca COCTOSTHU S BXOIHOH TepeMEHHOM

BEKTOpa MOJICIMPOBAHUS: A = Lija i= I,_n; j= l,sp -1.

2) ®opMupoBaHHEe anapeca (IBOMYHOTO KOJA) JJIs BbI-
YHCIICHUS JIOTMYECKOH (YHKIUH MyTeM KOHKATCHAIIUU
COOTBETCTBYIOIIMX COCTOSIHUM BXOJHBIX IEPEMEHHBIX B

Bextope Mogenmuposarns A =M(Ljj) *M(Lj) .

3) 3amnuch pe3ynbTaTa BBIIOIHEHUS JIOTHUECKON (DyHK-
[[UH KAK COCTOSIHUSI BBIXOJIa B COOTBETCTBYIOIIHIA pa3psi
BEKTOPa MOJICITUPOBAHHSI

M(Ljs, ) = FIM(Ljj) *M(Lir)]

6. OnepanuoHHoOe YCTPOICTBO JJI51
MO/eTHPOBAHNUS KOMOMHAIIMOHHOI CTPYKTYpPBI

[Iporiecc 00pabOTKH BceX MPUMHUTHBOB CXEMBI B JAHHOM
Cllydae SIBJISIETCS CTPOro MOCIIEIOBATENbHBIM, YTO IPE-
CTaBJISICT COOOM CYIIECTBEHHOE 3aMEeIJICHUE [TPOLETYPhI
(GOpMHUpOBaHHS COCTOSIHUN BBIXOAHBIX MEPEMEHHBIX.
OnHaKo yMEHbIIICHUE OBICTPOACHCTBHSI MOXKHO CUUTATh
IUIATOM 32 CEPBUC BCTPOSHHOIO U aBTOHOMHOT'O BOCCTa-
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HOBJICHHUsI pabOTOCIIOCOOHOCTH HMUGPOBOH CTPYKTYPEHI,
KOTOPBIH SIBJISIETCS OHUM U3 3TATOB (DyHKITMOHHPOBAHUS
HHPACTPYKTYpbI 00cTykuBanust SOC, mpeIcTaBICHHOM
Ha puc. 4.

Cike, L e 8

P e LS k
(s

Puc. 4. OneparnuoHHast CTpYKTypa KOMOWHAIIMOHHOM
CXEMBI

KoMmOnHanmoHHass cxeMa CTaHOBHUTCS OIEpPaldOHHBIM
YCTPOHCTBOM, TJI€ PHCYTCTBYIOT ONCPAIIMOHHBIA U YII-
PAaBJISIONI I aBTOMATHI. 3aMEHSIEMBIMU KOMITOHEHTAMH B
OIeparioOHHOM aBTOMATE IBJISFOTCS TUITbI IPUMHTHBOB —
(YHKIIMOHATBHBIE 3JIEMEHTEHI (pHC. 5).

.1
DOFMARDRANNE KOMNGHEHTOR

FoiB, By Bron B i T e B R P

tuit, bpsin g-f5

2 g

PRm@annaaina nepame pos
feil =4

R —

%KKF}Q?ABHTL&;}OB&H%& WHOBRCORE
Imishbm el MO = TN 00 on,

4 |
MOZen#pUBEHIe NHMMUTHES
t

MLy 3 =Rl 8 MLy
i

KoHeu MOQenMpoRaHHS

Puc. 5. T'pad-cxema anroputma yrmpapiieHHs ITPOIIECCOM
MOJICITHPOBAHUS

OrnepaliioHHOE YCTPOWCTBO peain3aliii SIeMEHTO-a/Ipe-
CYeMbIX KOMOHMHAIIMOHHBIX CXEM COICPIKHT: CUETUUK
00paboTKH TeKyIeronpuMuTiea Cy ; HaMATh IS XpaHe-

HUS TUIIOB IPUMHUTHBOB, COOTBETCTBYIOLIUX CTPYKTYp-
HBIM DJIEMEHTaM P; cueTunK CUUThIBAaHUS HOMEPOB BXO/I-
HBIX U BBIXOJHOM NEPEMEHHBIX TEKYLLETO MPUMHUTHBA

C» ; nemumdparop tunos npuMutueos DC; mamMaTh 1

XpaHEHUs BEKTOpa MOJIEIMpoBaHus M; MaTpUyHyto na-
MSATh 7151 XPaHEHUsI HOMEPOB BXO/I0B-BBIXOI0B CTPYK-
TYPHBIX IPUMUTUBOB L; TMHEHKY MaMATEN, peaausyro-
mux GYHKIIHOHATBHBIE IPIMHUTUBEI F; peructp dpopmu-
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POBaHMsI BXOIHOT'O aJIPECHOr0 CIIOBa JUIs 00padaThiBae-
Moro npuMuTuBa RG; nornyeckuii anement Or 17151 KOM-
MYTAIIH Pe3yJIbTATOB 00pa0OTKH (pyHKITHOHATEHBIX ITPH-
MUTHBOB.

I'pad-cxema anroputma ynpaBieHHs POLECCOM MOJIe-
JUPOBAHUS CTPYKTYPhl KOMOMHAIIMOHHON CXEMBI MTPE/-
CTaBJIeHA Ha puc. 5.

1. Manumanm3anus ((hopMUpOBaHUE ) BCeX KOMITOHEHTOB
(HOMEpa U TUIIBI 2JIEMEHTOB, TMHUH CBS3EH M5l BXOJIOB U
BBIXO/IOB JIOTHYECKHUX 3JIEMEHTOB) CXEMHOM CTPYKTYPBI:

P=(P,Ps,...P,... P ); F= (Fl,Fz,...,Fj,...,Fm);
L=[qu];p =Ln; q :l,sp.

2. Maunuanu3anys napamerpa o0padaTeiBacMOro npuMu-
THBAa U HOMepa BxojaHoro Habopa i=0, t=0 mus ero
MoOJIeIpoBaHus B 1BonuHoM andasute M, = {0,1} .

3. NHKpeMeHTHpOBaHKE MHECKCA MPUMUTHBA, HOMEpa
TECTa M MHUITMAITA3AIIMS BXOIHOI'0 TECTOBOrO (padoyero)

Habopa: i=i+1, t=t+1, M(X)=T{(X), |T; (X)| =1.

4. Konkarenanus (#) paspsioB cioBa st popMHpOBa-

k

HUS BXOIHOIO BO3IEHCTBHS # M(Lij) JIOTHYECKOr0
J=1

s1eMeHTa P M BBINOIHEHHE MPOLETyphl ONpeIeNeH s

COCTOAHHUA €ro BbIXOoda C nocneny}omeﬁ 3aIllMChI0 B
COOTBETCTBYIOILLYIO KOOPAWHATY BEKTOpAa MOACIHNPOBA-

k
anst: M(Ly 1) : M(Lg41) = B[ .#IM(Lij)]-
J:

5. TloBTopenne MyHKTOB 3 W 4 B HENSAX IONTYYCHHS
COCTOSIHUH BBIXOJIOB BCEX JIOTHUSCKHUX JJIEMEHTOB IO
BEITIOJTHEHHS YCIIOBHUS: 1 = 1.

6. [ToBTOopenune MyHKTOB 2—4 B LENSAX MOACITUPOBAHUS
BCEX BXOJIHBIX TECTOBBIX (pab0ounx) HaOOPOB 110 BHITION-

HEHUsI paBeHCTBa: t =1, e 1| — [uIiHa TecTa.

7. OKoHYaHUE TPoIecca MOJCTHPOBAHIS HH(POBOTO
YCTpOMCTBA.

7. 3aKI04eHue

[MpescrapieH anmnapaT KBAHTOBOTO OMHCAHUS UPPOBBIX
KOMIIOHEHTOB, KOTOPbIH IaeT BO3MOXKHOCTh CYIIIECTBEH-
HO [TOBBICUTH OBICTPOICICTBIE MPOLIE/LYP CHHTE3a 1 aHa-
JM3a 33 CYEeT YBEIMYCHHUS Pa3MEPHOCTH BEKTOPOB IS
YHHUTAPHOI'0 KOJUPOBAHHUSI CHMBOJIOB TEOPETUKO-MHOXKE-
CTBEHHOT0 aJI(haBUTA.

[Noxa3zaHBI HpUMEpPHI HCIIOIB30BAHMS KYOUTHBIX CTPYK-
Typ JaHHBIX U KBAaHTOBBIX IPE0Opa30BaHMI I MOZC-
MU POBAHUS I POBBIX CXEM U PEIICHHS 3a1a4 AHATHO-
CTUPOBAHUS IIyTEM UCIOJIb30BaHUS BEKTOPHBIX Mapaj-
JIENbHBIX JIOTHYECKUX ONEPALUii U PEMOHTA HeucIpaB-
HBIX MOJYJEl Ha OCHOBE aJpPEeCyeMbIX JIOTHYECKUX
MIPUMHUTHBOB.

HampaBneHus Oy yniyx Hecne10BaHU:
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1. Hcnionp3oBanue Or-ornepanunu Ui Jjis aHajan3a Ta0IHN-
ObI HeHCHpaBHOCTefI B HCIIAX ITOUCKA KPATHBIX I[e(beKTOB.

2.WccnenoBanue u npuMeHeHue Xacce, mpoleccopa ajist
MOMCKA OJIMHOYHBIX /T KPATHBIX IE)EKTOB I10 TAOIHIIE
HEUCIPaBHOCTEH ITyTeM NPUBEAESHUS MPOLIeTyPhI K 3a]1a-
Ye [MOUCKa ONTUMAJIbHOTO IOKPBITHSL.

3. MoaenupoBaHue HCIIPAaBHOTO TOBEICHHU S IOCIIEA0BA-
TEIbHOCTHBIX CXEM Ha OCHOBE KYOUTHBIX CTPYKTYP JAaH-
HBIX IU(PPOBBIX YCTPOICTB.

4. CuHTE3 KyOUTHBIX MOJieeH () yHKITHOHATBHBIX IIPHMH-
THBOB.

5. MOL[CJ'II/IpOBaHI/Ie HeHCHpaBHOCTeﬁ nepexoaoB aBTO-
MAaTHBIX ICPEMCHHBIX TYTEM MOL[I/I(bI/IKaIII/II/I ACAYKTUBHO-
To ajqropuTMa.

Jlureparypa: 1./lpoexmuposanue 1 TecTHpOBaHHE IH(PO-
BBIX cucTeM Ha kpucrayuiax / B.W. Xaxanos, E.W. JIutBuHoBa,
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KOJIMPOBAHME HH®OPMAIMOHHBIX
PECYPCOB CUCTEM
BUJIEOKOH®EPEHIICBSI3M JUISI
MOBBIIIEHUSI UX BE3ONACHOCTH

BJIACOB A.B., JIVKUH B.B., KOMOJIOB J].U.

Ipennaraercsa moaxoy IO OOECIICUECHHIO OE30IACHOCTH BH-
JeONH(pOPMAIIMOHHOTO Pecypca CHCTEM BHIEOKOH(EpEHII-
CBSI3M B CHCTEMaXx YIPABJICHUS CIICHATbHOrO Ha3HAUCHHS Ha
Pa3HBIX 3Tamax JOCTaBKH Ha OCHOBE KOMIIAKTHOTO ee Hpef-
craBieHHs. Pa3zpabaTeIBaeTcss MeTON KOAMPOBAHUS BUIEO-
n300pakeHNH, KOTOPEIH oOecreunBaeT MOBBIICHHE 3(hek-
Ta CKaTUs U yMEHBIICHUS MOTeph CEMAaHTHUECKOH HH(Op-
Maluu.

BBenenue

Buenpenune HoBeHIITNX HH(OPMAMOHHBIX CHCTEM M TEX-
HOJIOTHH B CHCTEMBI YIPABIEHUS TOCYyIapCTBEHHBIX
OpTaHOB BIACTH OKA3bIBAET BIMSIHNE HAa KAYECTBO YII-
paBIIEHHS, CBOEBPEMEHHOCTD IPUHATHS PEIICHUI U NX
nosezaenne. CHmwkenne 3gppekTuBHOCTH 00pabOTKH U
TIOBBIIIIEHNE BPEMEHHBIX 3aep KeK, BBI3BaHHBIE TIPO-
HeccamMu repeadu 1 00padoTKH BUACOMH(DOPMAITNH B
pearbHOM BpeMEHH, TPUBOIAT K HapyIIeHn o O6e3omac-
HocTH MH(popMarmu [1].

B cucremax ympaBieHHs CIENUAaIbHOTO HAa3HAYCHHS
(Boopy»xennbie Cunbl, MB/l) B HacTosi1iee BpeMs 1IU-
POKO MPUMEHSIIOTCS CHCTEMBI BHIICOKOH(EPCHIICBS3H
(BKC) [2, 3]. Jlanable cucTeMbl SBISIOTCS 0a30BOM
KOMITOHEHTO! OpraHU3alNH YIIPABICHHS 1 00ECTICUCHHS
00BeKTUBHOTO KOHTpOs. HpOpMaIMOHHBIH pecypc
cucrem BKC Becbma uyBCTBUTENIEH K TOTEPSIM ITAKETOB,
BpPEMEHHBIM 3aJIepKKaM, a TAK)Ke K OITMOKaM, BOSHHUKA-
IOITUM B MH(OKOMMYHHKAIIMOHHEIX CHCTEMax B MPO-
necce o0OpaboTku u nepeaauu [4, 5.

B nacrosmiee Bpemst B H()OKOMMYHHUKAITMOHHBIX CHCTE-
MaXx CHEeIHaIbHOr0 Ha3HAYEHUS pean30BaHbl METOIEI,
KOTOpBIE OPHEHTUPOBAHBI B OCHOBHOM Ha 00eCIIeUeHIE
3aIUTHI KH(POPMAIIHH, B IIEPBYIO 0Yepe]ib €€ KOH (U ICH-
IUATBHOCTH, PEIICHHUS 32124 pa3rpaHMICHUS K KOHTPO-
JIs TOCTYIa K BUJICOMH(POPMAIITMOHHOMY pecypey [4].

HeonmHopogHOCTE CTPYKTYPHI CYIIECTBYIOMINX HH(O-
KOMMYHHKAIIHOHHBIX CHCTEM, OTPAaHUICHHBIC XapaK-
TEPUCTUKH IIPON3BOAUTEITHHOCTH PEain30BaHHBIX TEX-
HOJIOTHH Tiepeiadn 1 00paboTKH HHPOpPMALIHH TPUBO-
JAT K HCKQKCHUSIM U HapyIICHUsM o0pabaTbiBaeMOn
BHJICONH(OPMAINH, K HAPYIMICHUIO TAKUX KATEropui
0e30macHOCTH WH(OpPMAINK, KaK €€ JOCTYIHOCTh U
IIEJIOCTHOCTH [4].

ITosTomy obecrieuerme 6e30macHOCTH HHMOPMAITUHU Ha
Pa3HBIX dTalax ee JOCTaBKH, B TOM YHCIIC M Ha 3Tare
o0paboTtku BuaconH(GopMarmu B cucremax BKC cucrem
yIIpaBIICHUS CIICIIUAILHOTO HA3HAYCHHUS SBJICTCS aK-
MYAIbHOU HAYUHO — NPUKAAOHOU 3a0aUell.
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OpHO M3 HampaBlIeHHWH pelIeHHs aHHOW 3aJaudu —
MIPUMEHEHNE TEXHOJIOT U KOMITPECCHH BUICOMH(OopMa-
uu [6, 7].

B cBs131 ¢ 3THM BOIPOCH! TOBBIMIEHHUS O€30MaCHOCTH
BuieonH(pOopManiy BUH(POKOMMYHHKAIIMOHHBIX CUCTE-
Max CIEeNUAIBHOIO HA3HAY€HUs1, OCHOBAHHBIE HA pa3pa-
00TKE 1 BHEJPEHUH CTaHJapPTOB O0ECTIEYEeHNs ee J10C-
TYIHOCTH U [IEIOCTHOCTH Ha 0a3e KOMITaKTHOTO TIpe-
CTaBJICHUS BHJICOMH(DOPMAINH, SIBIISIOTCS aKTyaJIbHBI-
MH.

Lenvio uccnedosanuti— pazpadoTKa METO]1a KOMITPEC-
cuu BUICOMH(DOPMAITUH JIJIsI TOBBIIIICHUSI €€ [IETOCTHOC-
TH ¥ JIOCTYITHOCTH HA OCHOBE TEXHOJIOI M MaCKHUPOBa-
HUS C COXPAaHEHUEM CEMaHTHYECKH 3HAUMMOM HH)OP-
MaluH.

OcHoOBHAfI YaCTh

KonuenTyansHO Bee CyIIeCTBYIOIINE TEXHOJIOTHH KOM-
MIPECCHH OCHOBAHBI HA CETMEHTHPOBAHNUHN BHICOU300-
paxkeHuil ¢ 3apaHee 3aJaHHbIMU pa3Mepami. [Iposenen-
HBIH aHaJIN3 TI0Ka3a [5, 8], 4TO MpH 3TOM HE YUUTHIBA-
eTCsI HEOTHOPO/IHAsI CEMaHTHYECKas CTPYKTypa oOpada-
THEIBAaEMBIX BUIC0n300pakeHnii. O tHOM 13 0a30BBIX CO-
CTaBJISTIONINX CEMAaHTUIECKON 00pabOTKH BUIEOM300-
pakeHUH Ha IPaKTHKE SBISIOTCS METOIbI MACKHPOBa-
HUSL, KOTOPBIE TI03BOJISTIOT BBIIEIISTH HAUO0JIee CEMAaHTH-
9eCKY 3HAUUMYIO MH(OPMAIIHIO O CTPYKTYPHBIX Xapak-
TEPUCTHKAX 00BEKTOB B U300paKeHMsIX [5].

Ju1st moBBITIIeHHsI 0€30ITaCHOCTH BHICONH(DOPMAITHH C
OTIpeACTICHNEM U MTOCIISAYIONTNM COXpaHEHUEM CEMaH-
THUYECKH 3HAYMMOH HH(OPMAIN HEOOX OTIMO pa3pado-
TaTh METOJ1 KOMIIPECCUH BHJICOIAHHBIX , KOTOPBIH ITpe/I-
JIaraeTcsi CTPOUTh Ha OCHOBE MOCIIEI0BATEIIBEHOCTH ATa-
1oB nu¢ hepeHITUPOBaHHON 00paObOTKH BUACOMH(POpMA-
IIUH C BBEJICHUEM HHTEIUICKTYalIbHOTO aHAJIM3a, 8 IMEH-
HO!

a) oOHapyKeHHUE 1 JIOKATN3aIUs CeMaHTHYECKH 3HAY -
Mol HH(OpPMAIINH B BUICOU300PIKCHHUSX

0) BBIMONHEHHE MOGPArMEHTHOTO aHAIM3a BUICOUH-
(dbopmanuu ¢ KaccupuKarue CeMaHTHUECKOM CTPYK-
TYpBbI (CTENEHN HACHITIIEHHOCTH KOHTYPAMH );

B) pealiu3alius KOMIIPECCUH BUIC0IaHHBIX B 3aBUCUMO-
CTH OT KJIacCa CEMaHTUYECKOU CTPYKTYPHI.

OOHapy:KeHH e H JIOKAJIN3aNHA CEMAHTHYECKH 3HA-
4yuMOii HHpopMAaUN B BHIE0N300PaKeHHAX

J11st OOHApYKESHHS 1 TOKATM3aI[ii CEMAaHTHUYECKH 3Ha-
YUMO# HH(OPMAITUH B BHICON300paKEHHUSX ITpe Ijiara-
eTCs MPUMEHSTh MPaInCHTHBIE METO IbI MACKHUPOBAHHUS,
KOTOPBIE ITO3BOJISIOT BBIICTUTh HH()OPMATHBHBIE CBEIC-
HUS O CTPYKTYPHBIX XapaKTEPUCTUKAX O0BEKTOB B BH-
neon300paxkeHusix [ 5, 8]. [ paaueHTHBIC METO b1 SIBIIS-
FOTCS HHTEIPUPOBAHHBIMU METOIAMH TSI BBIICICHHS
KOHTYPOB C [TPOM3BOJILHBIM HanpaBiieHueM. 111 peau-
3a1K OBUTH OTOOPaHBI CIACTYIOIIHNE IPaTUEHTHBIE METO-
nwl: Pobeprca, [IproutTa, Cobena, llapy, Xpsiesa,
Jlamnaca, Jlanmacuan, macka merona Kannu [ 3, 8].
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B pesynbprare nccnemnoBanuii ObU10 JOKA3aHO, YTO CY-
IIECTBYIOIINE METOIBI MACKUPOBAHUS ABISIOTCS (-
(heKTHBHBIMH TONBKO B TIpEIeIax y3Koro Kiacca n3o0-
paxennii [8, 9]. IIpr 3TOM OTCYTCTBYET 1OCTOBEPHBIN
amnmapar OIleHKH Ka4ecTBa paboTH METOJI0B MacCKHPO-
BaHHSA, YTO CHIDKAET X 3P (EKTUBHOCTH ITPHU HCIIOIb-
30BaHUU JUIA IIUPOKOTO Ki1acca u3o0paxeHuit. Omen-
Ka Ka4ecTBa METOJa MAaCKHUPOBaHHUS B OONBIINHCTBE
CITy4JaeB SIBISIAcCh CyObeKTHBHON (BH3yabHas OLlECH-
Ka KauecTBa paboTsl). Ho Takoi moaxon mpuMeHnM
TOJIBKO B CITy9ae HAJIMIHS SKCIIepTa WK JINIA, TPUHH-
Marouiero pemenue. [ToaTomy st pemenus nepBoi
oJ13a1a491 ObUT 000CHOBAHBI KOJIMY €CTBEHHBIE MEPHI
OIIEHKH Ka4eCTBa METO/10B MACKMPOBAHUS JJIS TIOCIIE-
AyIOLled peanu3aluyd B CUCTEMax aBTOMAaTHYECKOM
obpabotku Buneonnpopmanmu [8, 9]. Konnuecrren-
Has oneHKa 3((HEeKTHBHOCTH pabOTHI METOJOB MAaCKH-
pPOBaHUS BBHINOIHIETCS Ha OCHOBE MPEIII0KEHHBIX
Mep Ka4ecTBa ICTEeKTHPOBAHNUS M JIOKAITN3allNY KOHTY-
poB o6wekTOB [8, 9, 11].

Pe3ynbrar npoBenEeHHBIX UCCIEAOBAaHUN 10 OLICHKE
KadecTBa METO/I0B MAaCKHPOBAHUS MPEACTABIIEH B [ 8,
12].

Jlng mpenyaraeMoro MeToaa KOMIPECCHH B CHCTEMax
aBTOMaTH4YeCKOU 00paboTKy BuAeonHpopmannu (cuc-
temax BKC) nmpu ycTpaneHnn HefoCTaTKOB OTJAETbHBIX
METOJIOB MAaCKHpPOBAHUS C COOIIOICHNEM HETIPEPHIB-
HOCTH ITpoIiecca 00paboTKH peAsiaraeTcs NpuMeHI Th
JBYXKaCKaHYIO HHTEIUIEKTyaJIbHYIO CXEMY MaCKHPO-
BaHUS C HCIIOJIb30BAaHUEM PA3JIMYHBIX METOZ0B MACKH-
poBanust st Kackana 1 — ro u 2 — ro ypoBHe#. I10
MO3BOJIUT B KOHEYHOM MTOTE OAHOBPEMEHHO YyCTpa-
HUTb HEJJOCTATKU METOJOB MACKUPOBAHUS U peaTH30-
BaTh OIIEHKY KauecTBa MackupoBanus [8 — 10].

B mepBoMm Kackazie CXEMBI PElIatoTCs CIEAYHIue
3agaum [8 — 10]:

a) BBIICITIAIOTCSI KOHTYPBI B U300paKEeHUH C UCTIOJB30-
BaHHWEM Macok | — ro ypoBHS (IomyckaeTcs Bblaese-
HHE JJO)KHBIX KOHTYPOB);

0) BBITNIOJIHSIETCA OIlEHKA MOKa3aTelell CTPYKTYpHOU
CIIOKHOCTH H300pakeHus (HparMeHTOB).

Ha Bropom kackane peanusyercs [8 — 10]:

a) ximaccudukanus u3odpaxenus (GparMeHTOB) IO
CTEMEHH HACHIIIEHHOCTH HX KOHTYPaMH;

0) JoKanu3anus KOHTYPOB OOBEKTOB HM300pakKeHUS
MAaCKOi#1 2-T0 YPOBHSI C Y4€TOM KJIacca HaChIIIEHHOCTH
KOHTYpaMH;

B) OIIpeJIeNIeHUe MapaMeTPOB METOIa KOMITPECCHU IS
BHI€OM300pakeHHs (ITOQparMeHTHO) B 3aBUCUMOCTH
OT KJIacCca HAChIIIIEHHOCTH KOHTYpaMH.

JIuist peanu3aruy JaHHOTO OX0/1a HE0OX OTHMO OTIpe-
JIETTUTh TTApaMeTPhI CTPYKTYPHOMU CII0KHOCTH H300pa-
JKECHUs, HA OCHOBAHUH KOTOPBIX OYIET BHITOIHITHCS
Kiaccuukanus n3o0paxxenus (pparMeHToB) 10 CTe-
MICHN HACBHIIICHHOCTH KOHTYPaMHU.
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AHanus BugeonHpopMannu ¢ Kiaaccupukanmen
CEMAHTHYECKON CTPYKTYPHI N0 CTENECHN
HACBIIIEHHOCTH KOHTYPaMH

B pesynpTare uccnenoBanmii [8 — 10, 12] mis oreHKH
HACBIIIEHHOCTH KOHTYpaMH H300paskeHus ((hparMeHToB)
OBUTH MTPEIOKEHBI CIIEAYIOIINE TapaMeTPhI CTPYKTYP-
HOU CITOKHOCTH N300pakeHni S (aOCOMOTHRIE OTHOCH-
TeJIbHBIC 3HAUCHHS ):

1) ycpemHeHHOE 3HAYCHHE ABOMYHBIX ITEPETaI0B B CTPO-
KaxX OTHOCHUTEIHHO CTOJIOLOB:

n=2 (1)

[ZIe Ny — KOJIMYECTBO ABOUYHBIX MIEPENAIOB B X-1 CTpO-
ke; N~ — KOIHMYeCTBO CTOIOIOB; Ncm — KOJIMYECTBO
CTPOK; X — IOPSLAKOBBII HOMEP CTPOKH;

2) ycpeaHeHHOE 3HaYeHHE IBOMYHBIX IT€PEMa I0B B CTON-
0I1aX OTHOCHUTEIHHO CTPOK:

IJI€ Ny, — KOIMYECTBO JBOMYHBIX IEPENANOB B y-M
CTOJOIIE; Y — OPSAKOBBIA HOMEp CTONOMA;

3)MHTErpaIbHBIN MapaMeTp 10 OLCHKE IBOMYHBIX TIEpe-
1aJI0B:
2 v 2
n=yn, +n, ; 3)

4) MHTErpaJIbHBIM TapaMeTp YAETbHOTO HACBIIICHHUS KOH-

TypaMHU —OTHOIICHUC IUIOIa/Iu KOHTYpa S KOHTYpa KIIJIO-
1A /TH H300P@KEHHS S 600 » (B %0):
AS _ SKOHTypa - N PiX KHT.
=5 N 4)
n300pax. pix u3.
rac N pix xar. 06]]_[66 KOJIMYCCTBO IIMKCEJIICHU B KOHTYpax

(6enpIx — mocne 00paboTKU MacKoi); Npix w. — OoO1ee
KOJIMYECTBO MuKcestei B u3oopaxkennn (N, - N B

MTUKCENAX );

cTp. »

5) KOTMYECTBO JBOMYHBIX ITEPEIAIOB IO CTPOKaM (abco-
JIFOTHOE U yCPETHEHHOE 3HAUCHUE IBOUYHBIX IIEpPeraioB
10 CTPOKaM);

6) KOJTMYECTBO IBOMYHBIX MEpenaaoB Mo cToaomam (ao-
COJTFOTHOE 1 yCPEAHEHHOE 3HAaUCHUE IBOMYHBIX ITeperia-
JIOB TIO CTOJIOIaM);

7) KOJIMYECTBO IBOUYHBIX CEPHH 110 CTpOKaM (aOCOIOT-
HOE U yCpeIHEHHOE 3HAUEHHE IBOMYHBIX CEPUH IO CTPO-
Kam);

8) KOJIMYeCTBO IBOUYHBIX CEPUH IO CTOJIOIAM (a0COTIOT-
HOE 1 yCPEeIHEHHOE 3HAYEeHHE JIBOUYHBIX CEPHH 1O CTOJ-
O1am);
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9) 3HaueHne IBOMYHBIX IIEPETIAI0B 110 CTPOKaM (cToI0-
11aM) YCpeIHEHHOE KO BCeMy H300paKeHHIO ((pparmMeH-
Ty).

IIpennoxxeHHbIE TApaMETPBl CTPYKTYPHOU CIIOKHOCTH

M300paKeHNs PACCUNTHIBAIOTCS Ha BBbIXOz1e | -To Kackana
CXeMbI 00paboTKH.

IIpenaraercsa paccMaTpUBaTh 3 KlIacca CEMaHTHUYECKOM
HaceimenHoctn KouTypamu (KHK): cmabonaceimenHsre,
CpeIHEeHACHIIIEHHBIE ¥ CUITbHOHACKIIIIEHHbIE H300parke-
HHS.

O06paboTka pe3yabTaToB SKCIEPUMEHTOBIIO3BOIISIET ChOp-
MHPOBaTh ANAIIa30HbI 3HAUYCHUH TApaMeTPOB CTPYKTYP-
HOM CIIO’KHOCTH M300pakeHHs AJIs KaKJ0T0 KJlacca Ha-
CBIIIIEHHOCTH KOHTypaMH. J{nara3oHsl mapamMeTpoB CTPyK-
TYPHOI1 CITO’KHOCTH MCIIOIB3YIOTCS BO BTOPOM KacKaze
CXeMBI 00paOOTKH MPH ITOCTPOESHHUH PEIIAIOIIETO IPaBH-
JIa TI0 OTIPE/IETIEHUIO TAPAMETPOB METO/1a KOMITPECCHH.

Konmermust 00paboTKu BUICONH(POPMAIIIH CyIETOM pe-
3yIHTaTOB MACKHPOBAHUS

CymiecTByromue MeTo1bl KOMIIPECCHH TIPH MpeIBapu-
TEIILHOM CErMEHTHPOBAHIH BUICON300p akeH I 00pada-
THIBAIOT PA3HOPOJHBIE NT0 CEMAHTHYECKOW CTPYKType
obmactu [5 — 8]. C ogHOH CTOPOHEI, 3TO MO3BOJISIET
CHM3UTH BpeMs 0OpabOTKHM Ha 3Tale CXKaTHusi, a C
JPYyTroil — CTOPOHBI IPUBOJUT K YACTUYHOH (3a9acTyI0
HeoOpaTUMOit) moTepe nHGOpMAITHH.

B cBs131 ¢ 3TIM HE0OX 0AMMO pa3pabaThIBaTh TAKHUE CTAH-
JapThl KOMITAKTHOTO TIPEJICTAaBIEHIS BUAEON300paxKe-
HUH, KOTOpBIE OBl YMEHBIITAN OTEPH CEMAaHTHIECKON
COCTABJISIOIICH BUACOM300PKECHHIA.

Jlst BBIOOpa mapameTpOB KOMIIPECCHH B3aBHCHMOCTH OT
KHKu3o0paskeHus npeaaraercs mpuMeHsTh muddepeH-
[MPOBAHHYO CTPATETHIO KBAHTH3AIUH - CHCTEMY PEIIIaro-
KX TIPABUIT, YYUTHIBAIONIYIO MEXaHH3M KBAHTOBAHHS B
3aBHCHMOCTH OT KJIACCa CEMAHTHYECKOH CTPYKTYpBI
(parMeHTOB BHICOM300payKEHHUSI U ITO3BOJISFOIIIYIO OTIpe-
JIETTATD TAPAMETPHI KBAHTH3AIINH:

Q;

Q=F,(X;M;5;K)=Q(n,m)=1Q,;

)

Qs,

TAE F(X; M3S:K) — (hyHKIIHOHAI, (POPMATU3YIOIINH CH-

CTeMy peIarouX MpaBui A 1ud G epeHIIMPOBaHHOTO
OIpezieieHNs TapaMeTpOB KBaHTH3alMu (Q Ha OCHOBE
pe3ylibTaTa MacKupoBaHus M HCXOTHOTO BUIe0H300pa-
skeHus X, onpenenennn kinacca K ceManTuueckoit HachlI-
IIEHHOCTH 110 IapaMeTpam CTPYKTYPHOH CIIOKHOCTH S;
Q1, Qy, Q3 — cooTBercTBYIONTHE K; KJTacCy HACHIIIIEHHO-
CTH MaTPHIIBI KO PHUIIMEHTOB KBAHTOBAHHL.
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MexaHn3MKBaHTOBAaHHMS IIPETIONIaracT ONpeIe/icHNe 3Ha-
YeHNH KO3(PUIMEHTOB MaTPHUIIbl KBAHTOBAHHSI HA OCHOBE
3HaUYEeHUN JMHAMUUYECKUX AUana30HOB KaXKJ10M TpaHc-
(opmaHTHI IpeodpazoBaHusl. 3HaUCHUS KOIPHUIMEHTOB
KBAaHTHU3aIMH q [i, j] OPERENAIOTCS IMITUPUIECKHIM ITY-
TEM Ha OCHOBE 3KCIIEPUMEHTAIbHBIX IAHHBIX 00paboTKN
peaTNCTHYECKUX N300 paskeHUH.

MeTtoa koMIpeccu U300pakeHHii Ha 0OCHOBe
auddepeHpoBaHHON 00padOTKU M300paKeHUI ¢
MacKMpPOBaHHEM

[Ipennaraercs opraHN30BEIBATh KOMIIAKTHOE IIPEACTAB-
JIeHHue BUAEON300paKeHNT Ha OCHOBE TMO3WIIMOHHOTO
KOZIMPOBaHMS TpaHC(HOPMHUPOBAHHOTO MPEACTABICHUS
BUAEON300pakeHHa C (OPMHUPOBAHHEM HapaMeTPOB
CKaTHA, KOTOPBIE ONPEAEIAIOTCS CTPYKTYPHBIMH OCO-
OEHHOCTSIMH HCXOJTHOTO N300 pakeHusI (KJIacCOM CEMaH-
TUYECKON CTPYKTYpbI (pparmMeHToB n3obpakenus) [7,
12].

[Ipennaraerca npUMEHATH AUCKPETHOE IBYMEPHOE ITpe-
obpazoBanne Xaapa (JI1X), 9T0 TO3BOIHUT YIUTHIBATH
JIOKaTBHBIE CBS3H M 0OCOOCHHOCTH N300paKESHUH,, BBITION-
HUTH UX OBICTPYI0 00pabOTKy. 3HaHHE KITacca CeMaHTH-
9eCKOH CTPYKTYPHI TIO3BOJIUT C(HOPMHUPOBATH MATPHUILY
kBaHTOBaHMA. [ m3o0paxenus (Onoka mukcenedt X
pasmepom nxn) ero JIIX Y Oymer BbUMCHATHCA MO

dopmyme:
Y(n,n)=H(n)X(n,n)H'(n). (6)

Matpuua H(n) nomyuaercst Bpe3ynabrare AUCKpeTn3a-
UM MHOKecTBa (pyHKIMiT Xaapa (371eMEHTHI MATPHUIIBI -
K023 hHUIIHEHTRI TpH Oa3UCHBIX PYHKIMAM Xaapa)[6, 7].

B pesynbTate BoimonHeHUs peodpazoBanus 11X, 3a-
JAaHHOT'O cooTHOMIeHHEM (6), hopMmupyeTcs Tpauchop-

MaHTa Y pazMepoM NXN 371eMEeHTOB, IpeiCTaBlIsIeMas B
BHJIE IBYMEPHOI'O MacCHBa:

Yia Y, Yin

Y=y, - Yi; Yin
, (7

yn’1 ynjj YH,n

ey, ; —(1, J)-AKOMIOHEHTa TPaHCHOPMAHTHL.

KoMrioHeHThI TpancdOpMaHThI H300paKeHus T0/IBEpTa-
FOTCA TIPOLIETYPE KBAHTH3ALHH:
. Y[i, j]
Y[i, j] = IntegerRound | —— | (8)
qli, j]
JLJIs TIOBBIIIEHKS TOYHOCTH OTPEIENIEHHUS M yueTa HEPaB-
HOMEPHOCTH JIMAIIa30HOB 10 IBYM HATIPABJICHUSIM TPAHC-
(OpMaHTHI MpeEIIAraeTcs UCIOIb30BaTh CMENIAHHYIO
. w2
JIBYMEPHYIO CHCTEMY OCHOBAHUM Wy( ) pasMepHOCTBIO
nxn:
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Wi Wie Win
(2) _
Wy = Wi Wi Win
)
\Vn,l \Vn,é vee an,n

B xauectBeocHOBaHUS W |, BRIOMpAETCs 3SHAUCHHE [TH-
Hamudeckoro guanasona d  , msa (k, / )amemenray |,
tpanchopmante Y, T.e W, = d, . 3nauenns seco-
BEIX KOO (PHUIIMEHTOB VS) ONPEAENAI0OTCSA CIETYIOIIUM
o0pazom:

O_T
Vi = Hwéé

&=k +1

(10)

KonoBas cTpykTypa B CO3JaHHOM CIIEKTpaTbHOM JHdde-

PEHIMPOBAHHO - KBAHTH3UPOBAHHOM IIPOCTPAHCTBE IS
TpaHCc()OpMaHTHI I300paKeHNS C yIeTOM C(HOPMHUPOBAH-
HOU CHCTEMBI OCHOBAHUIA Wy(z) Y BECOBBIX KOA( HIIHEH-
TOB Vﬁ) OTIPEEIAETCS CIEAYIONIM COOTHOIIICHHUEM:

M _ N
Ng = ZYk/, Vi
k=1

dusnueckuii cMbIci chOpMHUPOBAHHOTO KO IS (ppar-
MEHTa BHJIEOM300pakeHNs OTIPEeIIsIETCS CTENIEHbIO Ha-
CHIIIEHHOCTH KOHTYPaMH 1 TEKCTYPHBIM COJIep KaHHEM.
Jus popmupoBanms koma OyIeT NCTIONB30BATHCS HEPaB-
HOMEPHOE KOJIMYECTBO Pa3psII0B.

(11)

BrIBOOBI

1. Takum 06pa3om, B IPEIIOAKESHHOM METOIE KOMIIpec-
CHH BUICOM300p aXKESHU:

a) pa3paboTaHoO MO3UITHOHHOE KOAUPOBaHUE TPaHChOp-
MaHT npeobpaszoBanusl. B pe3ynbrarte Takoro Koauposa-
HUsI COKpaIaeTcss KOMOMHATOPHAS M30BITOYHOCTH BTPaHC-
¢dbopMaHTax, yTO OOecIeYrBaeT MOBbIIICHHE dPPeKTa
CXKaTHs ¥ yMEHBIIAST IOTepU MH(DOPMAIIMK U3-32 HEXBAT-
KH pa3psiJIoOB B MAIIUHHOM CJIOBE;

0) BBeZleHa BO3MOXXHOCTD AnddepeHnpoBaHHOH 0Opa-
OOTKH N300paskeHHIA, KOTOPasi TO3BOJISIET: a1alITHPOBATh
M30BITOYHOCTH M300pasKEHUS IO/ KITaCC CEMaHTUYECKON
CTPYKTYPBI; COXPAHUTh, C OJTHOI CTOPOHBL, CEMAHTHKY
M300paXeHUH, a ¢ APYro — o0ecreYnTh TPeOyeMbIit
YPOBEHb CXKATHUs U KaK CIIE/ICTBHE JOCTYITHOCTH BUEO-
HM300pKEHHIA;

B) IPEJI0KEHHOE KOJTUPOBaHUE N300pasKEHUH MTO3BOJIS-
eTaJanTupoBaThes K A hepeHIpoOBaHHON 00paboTKe
(hparMeHTOB U300paXKEHU I C UCTIOIH30BAHUEM TEXHOJIO-
TUil MACKUPOBAHMSL.

2. [IpenyokeHbl KOMYECTBEHHBIC MTOKA3aTe N OL[CHKU
CTPYKTYPHOH CIIO’)KHOCTH M300paxkeHus (1) — (4) mist
peanu3alum perarolero npaBuia OnpeeleH s Kiiacca
HACBIIICHHOCTH KOHTYPaMH BU/ICOM300PayKESHHSI.
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3. Pa3zpaborana qByXKackagHas cxeMa MaCKHPOBAHHS
n300pakeHnil, KOTOpasi TO3BOJISET TOBBICUTH KAYECTBO
MaCKHPOBAHMS M COKPATUTh CyMMapHOe BpeMst 00paboT-
KM, yCTPAHUTb HEIOCTATKH OTAEIIBHO HCIIOJIb3YEMBIX Me-
TOOB MAaCKHPOBAaHUSL C COXPAHEHUEM JOCTOUHCTB U
MPEUMYLIECTB TEXHOIOTMY MACKUPOBAHUS B LIEJIOM.

4.Pa3paboTaH MeTO/] MHTEIUIEKTYaJIbHON A depeHtiu-
POBaHHOM 00PabOTKM BUACON300paKEHNM JITISI UX KOM-
MaKTHOTO [TPEICTABIICHHS B IIEISIX ITOBBIMICHHUS Oe301ac-
HOCTH BUA€OMH(OPMAITNH, a UMEHHO €€ IOCTYITHOCTH 1
IIEJIOCTHOCTH, OCHOBAHHBIM Ha:

a) MPUMECHEHUH KACKAJHON CXEMBI JETEKTUPOBAHUH H
JIOKaJIN3aIIH CEMaHTHYECKON HH(pOpMaImy (KOHTYpOB
00BEKTOB) B BUICON300 paKEHIH €33/ TaHHBIM KaUeCTBOM;

0) BBITIOJTHEHNH aHAJTH3a BUEON300paskeHN s M KITacCH-
¢ukammu ero ¢pparMeHTOB O CTETICHN HACHIIIIEHHOCTH

KOHTypamy;

B) onpeacicHun 0a30BBIX KOMIIOHEHT TEXHOJIOI'MH U Ia-
paMETpOBMETOAa KOMIIPECCHUU B 3aBUCUMOCTHU OT CTEIIC-
HH CEMaHTHYECKOM HAaCBIIICHHOCTH,

T') KOMIIPECCHH BHIEOAAHHBIX C COXpAaHEHHUEM CEMaHTH-
YeCKH 3HAYMMON MH(OpMAINU 1 KOHTPOJIEM KadecTBa
KOMITAaKTHOT'O IIPEJICTABIICHHUS.
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kuH. M.: [IUAJIOT — MUDU, 2002. 384 c.7. bapannux B.B.
KoaupoBanue TpaHCHOPMHPOBAHHBIX H300paKCHUN B HH-
(hoxoMmyHHKaIIMOHHBIX cucTeMax / B.B. bapannuk, B.IL
ITonmsxos. X.: XVIIC, 2010. 212 c. 8. Bracos A.B. Ananu3
METOJIOB OOHAPY)KEHHUSI TPaHUI] 00BEKTOB Ha M300paKCHH-
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A.B. SIxoBenko // CyuacHa crieniaibHa Texnika. 2012. Bur.
3(30). C. 17 -27.9. Bracos A.B. Meronomnorisi AByXKackKaJ-
HOTO MAacCKyBaHHS 300pa)K€Hb B CHCTEMax iH(OTEIEKOMYH-
ikaniii / A.B. Bnacos, B.B. bapannuk, A.B.Illupses / ACY
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Bnacos A.B. JIByxkacKamHBIN TMOAXOJ IS MAacCKHPOBAHUS
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KOMIIBIOTEPHBIE
HAYKUA

VK 621.327:681.5

AJIATITHBHOE OJJHOOCHOBHOE
MO3UIIMOHHOE KOJUPOBAHUE
MACCHBOB JIJTHH CEPH1 JBONYHBIX
JIEMEHTOB

T'YP)XUH I1.H., FOUKO IO.I1., TPETbSK B.®.

IToka3pIBaeTCsl, 4TO CyLIECTBYIOIIUI MOAXOJ OTHOCUTEIBHO
KOJMPOBAHUS OMTOBOTO OIHCAHHS TPaHC(HOPMAHT Ha OCHO-
B€ HEPABHOBECHOI'O MO3MIMOHHOIO KOIUPOBAHUA C Ipe]Ba-
PUTENBHBIM MOCTPOEHUEM MACCHBOB JUIMH CEpUH JBOMYHBIX
3JIEMEHTOB MMEET Psifl HEAOCTATKOB. BhIABIAIOTCA HenocTaT-
KM, BJIMAIOLINE Ha CHIDKEHUE DPE3YNbTUPYIOLIEH cTeneHu
CKaTUs ¥ yBeIMYEHHE BPEMEHH Ha 00paboTky. M3naratorcs
OCHOBHBIE 3Tallbl MOCTPOEHHS METOJIONOTMU OJHOOCHOBHO-
IO MO3ULMOHHOIO KOAUPOBAaHUS MAaCCUBOB JUIMH CEpUil ABO-
MYHEIX 3JIeMeHTOoB. [IpoBomuTes OeHKa U 00OCHOBBIBAIOTCS
IPEeUMYIECTBA HPEUIOKEHHOTO HANpPABIEHUS OTHOCHTEIb-
HO COBEPIICHCTBOBAHMS TEXHOIOIMH KOMIIPECCUU BUIEO-
JIAHHBIX.

1. BBegenue

CoBepireHCcTBOBaHIE HH()OKOMMYHUKAITHOHHBIX TEXHO-
soruit (UT) nmpoBoguTCsS B HANpaBICHHH TOBBIIICHUS
KadecTBa mpefocTaBieHus cepBucHbIX yoryr [1]. [Ipo-
OJieMa BO3HUKAET MPH HEOOXOTMMOCTH TIPEIOCTaBICHHUS
BHJICOMH(OPMAIIMOHHBIX yCayrT. B cBs3u ¢ atum, B UT
HHTETPUPYIOTCS TEXHOIOTHH KOMITIPECCHU H300paKEeHH I
[2; 3]. Harbomee uerob3yeMbIMU SBIISIFOTCS TEXHOIOTHH
Ha 0a3e JPEG [2 - 4]. 3nech obecrnieunBaeTcs cokpaiie-
HHe 00beMOB BUeonaHHbIX 110 30 pa3. OJHAKO B COBpe-
MEHHBIX yYCIIOBHUSX ()OPMUPOBAHHMS BUICONH(POPMALIAOH-
HBIX YCIIYT TAKUX XapaKTEPUCTHUK OKa3bIBaeTCs HENOCTa-
TOYHO. DTO MPUBOAMT K MOSIBIIEHUIO CYILIECTBEHHBIX 3a-
Jep>KeK U CHIDKCHHIO Ka4eCTBA PEKOHCTPYHPYEMBIX H300-
paxenwii [3 - 5].

3Ha4MT, COKpaIleHre 00bEMOB BUICOIAHHBIX IIPH 3a1aH-
HBIX pa3Mepax M300paXKeHUH KayecTBa X BU3YaIbHOIO
BOCIIPUATHS SIBJIIETCS AKMYAbHOU HAYHHO-NPUKAAOHOU
3a0ayell.

HanpaBnenue pa3BUTHs TEXHOJIOTU KOMIIPECCUH 3aK-
JIIOYAeTCsl B COBEPIICHCTBOBAHNH TEXHOJIOTHH KOAUPO-
BaHHs OWTOBBIX IIockocTel [4; 5]. TlepcriekTHBHBIM
HaIpaBJICHUEM SBILIETCS KOJUPOBAHIE OMTOBOTO OITHCA-
Hus TpanchopmanThel (BOT) ¢ mpenBapuTeNbHBIM BhISB-
JieHHeM cepuid iBonyHbIX AsteMenToB (CJ19). [Tocnemyro-
mee koaupoBanne mMaccuBoB CJID opraHm3yercs Ha
OCHOBE HEPaBHOBECHOTO IMO3WIIMOHHOTO KOTHUPOBAHUS
[4; 5]. OnHako Tako# MOAXO0J UMEET Psii HEAOCTATKOB,
COCTOSIIINX B YBEIIMUCHUH KOJTMIECTBA CITYKEOHBIX TaH-
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HBIX U POCTE 3a7epxek Ha 00pabotky. [TosTomy mpea-
raeTcsl YCOBEPIICHCTBOBATh TEXHOIOTUIO KOTUPOBAHUS
BOT. Orcrona, yenwv ucciedosanuii COCTOUT B pa3pador-
K€ aJJalITUBHOTO TO3UIIMOHHOTO KOTUPOBAHUS MACCUBOB
JUTUH CepUil TBOMYHBIX 3JIEMEHTOB.

2. AHAJIM3 HeIOCTATKOB HEPABHOBECHOTO
TMO3UIMOHHOT 0 KOJUPOBAHUSA

AHanu3 TEXHOJIOTUU KOAUPOBAHUS HA OCHOBE HEPaBHO-
BECHOTI'0 IPE/ICTABIICH U TO3BOJISET ClIENIaTh 3aKII0UEHUE
0 TOM, 4TO 3JIEMEHTBI IOCIIEAHEr0 CTOI0IIa MOTYT (hOpMHU-
POBaTHCSI JJ151 HECKONBKUX OMHAPHBIX IJIOCKOCTEN TpaHC-
¢dopmanT. Torma MONMYyYMM XapaKTEPHBIC HCKAXKCHUS,
MIPOSIBJIIOLIMECS B U3MEHEHU U KOJTUUECTBA U AJTUH CEPHiA
JBOWYHBIX 3J1eMEHTOB [4; 5]. DTO mpuBeneT K TaKUM
MOCIIEACTBUSIM:

- 3Ha4YCHUA KOMHOHCHTTpaHC(bOpMaHT KaK I1J1s1 HU3Ko4a-
CTOTHBIX, TaK 1 AJ11 BBICOKOYaCTOTHBIX KOMIIOHCHT 6y£[yT
MOJIY4YC€HBI C UCKAXKCHUSAMU, YTO COOTBETCTBECHHO IIPUBEC-
A€T K CYIIECTBEHHBIM IIOTEPAM I/IH(l)OpMaIII/II/I, CoacpKa-
MKUMCs B OTACIIbHBIX (bparMeHTax I/I306pa)KeHI/I${;

- €CJIM CyMMa JUIMH CepUil IBOMYHBIX DJIEMEHTOB OyleT
MEHBIIEH, Y4eM HEOOXOIUMO IS TTOJTHOTO 3aMOTHEHUS
OWHAPHOI O OIMCAHU S TPAHC(HOPMAHTEL, TO Oy IET ITPHHSTO
omrOOYHOE PEIICHIE O TOM, YTO TEKYIINH CTOI0EI Mac-
cuBa anuH C/ID He sBisieTcs MOCIeIHUM.

B aToM ciydae HagabHOE KOAOBOE CIIOBO YIS CIETYIO-
nieit TpaHcgopMaHTHI (ee IepBoro croadma) Oyaer mpu-
HSATO KaK KOJIOBOE CJIOBO ITOCIIETHETO CTONOIA TEKYIIEH
TpaHCPOPMAHTHI. DTO MPUBENET K BOSHUKHOBEHUIO J1a-
BHHHOTO 3¢ (eKTa, Korjaa OmuOKy MpH IeKOTHPOBAHUH
OITHOM TpaHC(HOPMAHTHI Oy YT PACIIPOCTPAHSATELCS U pa3-
MHOKATBCS B ITPOLIECCE BOCCTAHOBIICHHS BCEX TTOCIIE Y-
roIux TpancopManT. B pe3ynbraTe mponu30M Iy T HOTepH
WH(OPMAIIMH HE TOJIEKO B OTAEIBHOM (pparMeHTe n3obpa-
KEHUS, a B HECKONBKUX (PParMEeHTaX BILIOTH JI0 BCETO
M300paKeHUSI.

3HAYUT, JUTs UCKITFOUCHUS TIOTeph HH()OpMAITUH HE00XO-
JIIMO JTOTTOJTHUTEIILHO WCIIONB30BATh CIY)KEOHYIO WH-
(opMaIuio, MO3BOJSIONIYI0 OICHUTh KONMYECTBO Sy
3JIEMEHTOB B ITOCJeIHEM cTouoIe. J{is aToro Tpedyercs
JIOTIOTHATEINTLHO ITepeaBaTh HH(OOPMAITHIO O KOJTHYECTBE
Sy IUIMH CepHii JBOMYHBIX JJIEMEHTOB, CHOPMUPOBaAH-
HBIX JUIsi OWHAPHOTO ONMUCAHUS TpaHC(HOpPMAaHTHI. J[s
3TOro MOXKET ToTpeboBathes oT 10 g0 16 TBOMYHBIX
pa3psiIoB B 3aBUCHMOCTH OT pa3MepoB 00padaThIBaEMBbIX
TpaHCOpPMaHT.

OreHnM, KaK Takas JOIOIHUTEIbHAS HH(pOpMAaIHs O~
BIIHSIET HA CYMMAapPHEIH 006eM Vy CKAaTOro IpeJcTaBIie-
HUS TPAHC(OPMAHTHI TSI Pa3HBIX PEXKIMOB IIOTEPH Kade-
CTBa BU3YaJIN3aI[IH H300paXEHUH 1 KITACCOB PEaTuCTH-
YeCKHX M300pakeHui. PaccMaTpuBaroTCs clemyronue
PEKUMBIL: pekuM 1 — cxxaTre 6e3 moTepH KavuecTsa (3Ha-
YeHHEe NUKOBOTO OTHOWICHHS CHUTHAJ/IIYM pPaBHO
6=501b); pexum 2 — c)KaTHE C YACTHYHOW IMOTepei
KadecTBa (3HaUeHHE MMKOBOTO OTHOIICHHSI CHTHAJ/IITYM
paBHO 6=27 1b). B pe3yibraTe 3KCIIEpUMEHTOB MOTy4e-
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HO, YTO COCTABIISIONIAs CyMMapHOTro 00beMa, PUXO/is-
IasICs Ha JOMOTHUTENBHYO HH(POPMAIIHIO O KOTHYECTBE
wmH CJID B BOT, cocraBnsier B cpequem ot 7 - 10 %
(nnst pexxuma cxxatust 6=50 1b) u ot 27 % (ans pexxuma

cxatust 6=27 ab). CrnienoBarensHO, MOXKHO 3aKITIOUUTh,
YTO JIOMOJHUTENbHAS HH(POPMALIHS O KOJMYECTBE ITHH
CJ1D 8 BOT 0co0eHHO 3HAYMTENLHO BIUSIET HA CTENEHD

cxaTus s pexxnma 6=27 nb.

OTC}OL[a BBITCKACT, YTO IIOTCHI M AJI AJ151 CHUXKCHU A CTCIIC-
HH C)KATUS 3aKIH0YAETCSI B 00ECIEUEHUN BO3MOXKHOCTH
BOCCTaAaHOBUTH 61/IHapHOC OIIKUCAHUC TpaHC(bOpMaHT C3a-
JIaHHOH HOTepeﬁ Ka4yeCTBa BU3yaJin3allun H3OGpa)KeHPII>i
0€e3 HCIIONb30BAHUS JIONOJTHUTENIbHON I/IH(l)OpMaLII/II/I (6]
KOJIMYCCTBC IJIMH cepnﬁ JABOUYHBIX JJICMCHTOB. I[.]'ISI
9TOro HeOGXOI[I/IMO MIPOBOANUTHL BOCCTAHOBJICHUEC B YCJIO-
BHAX 3apaHEC HECHU3BCCTHOI'O KOJIMYECTBA 3JIEMCHTOB B
CTO.]'I6HC MacCCHBa JJIMH JBOUMYHBIX cepnﬁ.

Pazpabomaem menepw ycnosue ons cHudicenus Koauye-
cmea onepayuii Ipy peanu3alii TEXHOJIOTUU KOAUPOBa-
HUs1 OMHAPHOT' O O CAHUS TPAHC(OPMAHTEL.

Cxema mpaKTH4ecKol pean3anny HepaBHOBECHOTO 10~
3UIIMOHHOTO KOJMPOBaHMS 3aKJIF0YAETCs B BEIYUCICHUN
3HaueHHs Koga C, IO ciexyromieil cxeme:

Ck = Ck,] +Ck,2 +...+ijs +...+Ck,s .

rae Cy —BenM4nHA IPOU3BEACHUS s -I'O JJIeMeHTa K -
ro cron6ua maccuBa JuinH C/ID Ha BeNTU4YMHY BECOBOTO

s
koaddunumenta, r.e. Cy s =Viy Hpg .
&=s

B pesynbrate cymmupoBanus BenmanH Cy ¢ TOBceM s ,
s=1,S HNOIy4YUM UTOrOBOE 3HAYEHHUE KOJA:

S S
Ck = Vl,k Hpi + ... +VS,k Hpi + ... +VS*1,k pS + Vs’k .
g=2 &=s
BecoBbie k03 PUITMEHTHI BBIYUCIISIOTCS 10 PEKYPPEHT-
HOU cXeMe, IS 9eTO0 MCIIOIb3YIOTCS CACIYIOIINE BhIpa-
HKEHUSL:

Ds,i = pi Ds,ifl s S:L_S s IZZS s (1)

re p; — OCHOBaHHE {-TO 3JIEMEHTa HEPAaBHOBECHOIO
nosutonHoro (HIT) uncia.

JlaHHOE BBIpa’keHHE O3BOJISIET BEIYMCIUTH BECOBOM KO-

s¢dunuent Dg; nms 2neMeHTOB s - CTPOKH IO Mepe
TOT0, KAK CTAHOBSITCS] HU3BECTHBIMHU 3HAYCHU ST OCHOBAHU
IUTSL | -TO KONWYIECTBA IMOCIEAYIOIINX CTPOK, HAaunHAasl CO
BTOpO# cTpokHu. [ToaTomy cunTaercs, uro B hopmyse (1)
3HauyeHue BecoBoro koddunuenta Dg;=1. Toraa BbI-
pakenue (1) 3a1aeT peKyppeHTHOE BEIYHCIICHHUE BECOBO-
ro KO3 (HUIIHEHTA CO CMEIIICHUEM.

Hrorosoe3HaueHre BeCOBOro KO3 GpuIiueHTa hopMupy-
eTcs, Korga o0paboTaHO OCHOBAaHHE JJIS MOCIESTHETO
anemenTa HIl uucna, 1.e.
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s
Dy =Dgs=psPs = Hpi .

i=s+1
HenocraTok Takoro mojaxoga 3aKal4acTcs B TOM, 4YTO

dopmuposanue BenmuunH Cy ; HEBO3MOXHO Oe3 3HAaHUS

BecoBoro koddduiuenta, T.e. 6€3 MpeIBapUTEIEHOTO
BBIYMCIICHUS IIPOU3BEICHIS] OCHOBAHUH [l BCEX MJIal-
mux snementoB HII uncna. OTcrona ans BHIYUCIEHUS
kona HII uucna TpeOyercs BBIMOTHUTE JABa MPOXO/Ia 110
aneMeHTaM ctonbia Maccusa uinH CJ93. IepBbrit nmpo-
XOJ1 TpeOyeTCsI ISl ONPEISIICHHS BECOBBIX KO P HUIIHEH-
ToB 35eMeHnToB HII yncna. CoOTBETCTBEHHO Ha BTOPOM
MIPOX0JIE MPOU3BOAUTCS BHIYUCICHIE HAKOIIEHHOW CyM-

MbI BCJIIMYHWH Ck,s . B koHeuHOM cuete 3To OpUBOONT K

HEOOXOIMMOCTH B Tpolecce 00pabOTKU UCIONB30BATh
BpEMEHHbIE 33JIEP)KKU Ha IIPe/IBAPUTEIILHOE BHIYMCIIEHUE
BECOBBIX KO3 PuIneHToB A Beex dnnemenToB HIT uuc-
na. Ecnu juinHa cronbiia MaccuBa JUTMH CEpUA IBOMYHBIX
JJIEMEHTOB paBHA S, TO BPEMCHHas 3ajepxka Oyner
paBHA BpEMEHH BBINONHEHUSA (S—1) - onepanuii ymMHO-
HKEHUSL.

CooTBeTCTBEHHO Ipoliece IeKoaupoBanus koga C, Oy-

JeT CBOAWUTBHCS K HEOOXOIUMOCTH MPEIBAPUTEIEHOTO
BBIYMCIICHHS HAKOIUIEHHBIX TPOU3BEIEHU A5 BCEeX Oc-
HOBaHHUH 3JIEMEHTOB HEPAaBHOBECHOTO MO3MIIMOHHOIO
grcna. Y TonpKo mociie 3Toro 0yetT BO3MOXHBIM OCYIIIe-

CTBIISATH BOCCTAHOBJICHUE )IIEMEHTOB V . HITuncna, T.€.
Vox=[Cx /D] = [C /psDsIps , s=1,S. Tax, Boccra-
HOBJIEHHE MEPBOro demenTa Vi HIT uncna norpebyer

MPEABAPUTENBHOrO BEITONHEHUS (S —1) -l onepanuii yM-
HOXXCHUS JUIS BBIYMCIICHHUST BECOBOTO KO3 (PHUIHEHTA

S
D, = HPi .
i=2

Taxue 3aepKKH IPUBOIAT K YBENUICHUIO BPEMEHH Ha
(b opMHupoBaHUE U IEKOANPOBAHIE KOIa HEPABHOBECHOT'O
MTO3UIINOHHOTO YK CHIA.

[IpoBenem oLeHKY BAUSHHS TAKON BPEMEHHOM 33 IEPIKKU
Ha CyMMapHO€ KOJIMYECTBO ONEpaLuil s peanu3aluu
TEXHOJIOTUH KOIUPOBAHUS OMHAPHOTO OMTUCAHNUS TPaHC-
(hopMaHTHI.

Jns yka3aHus pasMepoB MacCUBOB JJIMH CEpUN IBOHUY-
HBIX 3JIEMEHTOB HEOOX OZIFIMO BBITIONTHUTH OJTHY OIEPAITHIO
YMHOXEHHUS U OJHY orepanuto nenenns. OOpazoBaHus
mH CJI9 s Bcero OMHapHOro onvcanus Tpanchop-

MaHTHI TpeOyeT BRIMOTHEHU: dm n omepannii cpaBHe-

Hus. @opmupoBaHue ocHoBaHM# anemeHToB HII uncna
KaK 3JIEMEHTOB CTOJIOI0B MaccuBa aiuH CJID cBs3aHo ¢

BoinonHeHneM ((S—1) K) omepanuii cpasaenus. Omnpe-

JICTICHHE 3HAYCHHUI BECOBBIX KOO (DUITUSHTOB 3JIEMEHTOB
HEPaBHOBECHOI'O IIO3UITHOHHOTO YHCJIa U MAaCCHBA [UTHH

CIID tpeOyer BoimomHeHUs (S—1) omeparuu yMHOXe-
Hus. J{st hopMupoBaHus 3HAYSHU KOJIOB JJ151 CTOJIOIOB
MacCHBa JUIMH CEPHid JIBOMYHBIX 3JIEMEHTOB TpeOyeTcs
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BBIONMHUTS ((S—1) K) onepaunii ymHoxenusau ((S—1)K)

onepanuid cnoxeHus. Torga cymMMapHOE KOJIWYECTBO
orepanuii Ha TEXHOJIOTHIO KOJIMPOBAHMU S ONHAPHOTO OITH -
caHus TpaHC(OPMAHTHI PaBHO

((S-1)(K+1)) (om. ymn) + ((S—-1)K) (om. ci) +
(dmn + ((S-1)K)) (om. cpn).

PaccMoTpuM ynenpHBIN Bec onepanuil YMHOXKEHHS Ha
(dbopMupOBaHUE BECOBBIX KO3()(DUIIMEHTOB HA CyMMap-
HOE KOJIMYECTBO OIEpaIluii TEXHOJIOTUU KOJAUPOBAHUS
i d=8, m=8, n=8, K=4; 8 u S=8&;12 . B pe3ynbrare
MoNy4yuMm, uto st K=8 ynenpHbIii BEC B IPOLEHTAX 110
onepauusiM yMHOXKeHHs paBeH 12%, a nig K=4 - 25%.
YuuThIBas, 4TO B CPEAHEM OJIHA ONEpalUsi YMHOKEHUS
BhITIONHsAETCS B 1 0 pa3 1onbIiie, 4eM orepariis CpaBHEH U
H CIIOKCHUs, a g BerauciaeHus koxoB HII umcen mx
notpedyeTcs B 3 pa3a MEHBIIIE, YeM CYMMAapHOE KOJTn4e-
CTBO ONEpanuii CpaBHEHUS U CIOXEHHS, TO BIUSHUC
3JIEP’KKH Ha TIPEJIBAPUTEIILHOE BHIYHUCICHUE BECOBBIX
K03 PHUIIHEHTOB OKa3bIBaeTCs BCpeiHeM Ha ypoBHE 20%
0T CyMMapHOro BpeMeHu Ha koxupoBanue bOT.

3HauuUT, yCIOBUE AJISl TEXHOJIIOTUU HEPAaBHOBECHOT'O MO~
3UI[MOHHOTO KOJIUPOBAHUSI OTHOCUTEIHLHO COKpAISHUS
BpEMEHH Ha 00pabOTKy 3aKII0YaeTCs B YMCHBIICHUH
3aJICP)KKH Ha ITPEIBAPUTENBHOE POPMUPOBAHHE BECOBBIX
kod¢ purmenTos s anementoB HIT uncna.

Ortcrona Tpe0yercs pa3paboTaTh TAKYFO PEATTH3AIIHIO a/1all-
TUBHOTO TIO3UITHOHHOTO KOIUPOBAHUSL, ISl KOTOPOit Oy-
JIeT CYIIECTBOBATh BO3MOXKHOCTh BBIYUCIICHHUS KOJA B
YCIIOBHSX UCKITIOUEHHS TPEABAPUTEITBHOIO OMPEICIICHIU S
3HAYEHU I BECOBBIX KO3 QHUIIMEHTOB.

3. Co3nanue aJjanTHBHOIO OJHOOCHOBHOIO MO3HUIU-
OHHOTI'0 KOJIMPOBAHHUSI MACCHBOB [IJIMH CepHii ABOUY-
HBIX JJIEMEHTOB

Jl1g uCKIIIOUeHUs HeIOCTaTKOB, CBA3aHHBIX C HEPABHO-
BECHBIM O3ULIMOHHBIM KOJUPOBAHUEM MAaCCHBOB JIJIMH
JIBOMYHBIX CEpUld, npednazaemca GOpMIPOBATH a/Iall-
TUBHBIE O3ULIMOHHBIE YUCIIa C OAHUM OCHOBaHHeM. Be-

yurHa koga C(p) OJHOOCHOBHOI'O MMO3UIIMOHHOIO YK C-

J1a C 3]l THBHBIM BEIOOPOM OCHOBAHHUS P OIpeIeNsieTCs
o opmyiie:

s
Cp)=v,p* 4V, p 2 v p P Vg Vg = szps’S )
s=1
370 103BONHT HOPMUPOBATH BECOBOI KO3 dummenT D,
JUIsL s -T'O DJIEMEHTa Ha OCHOBE M3BECTHOTO KOJIMYECTBA
O, MJIAQIIUX SJIEMEHTOB aJanTHBHOTO MMO3UIIMOHHOTO
ancna, T.e. D, =pS*=p®. 31eCh O — KOIMYECTBO
MUIQ/IIIUX DJIEMEHTOB a1l THBHOT'O [TO3HUIIMOHHOI' O YK CIIa
OTHOCHTEJBHOTO s -0 dJIeMeHTa. Bennunna o, onpene-
JISIETCS B YCJIOBUSX M3BECTHOM [UTMHBI S MO3UIIMOHHOTO
quca.

B ycnosusx, korga anmmHa Sy MOCIETHETO K -TO CTOJ-
Ol1a MaccuBa JITMH JIBOMYHBIX CEpHid OyJeT MEHbIIEH,
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YeM JUTHHA S TIOHBIX CTOJI0IIOB, TO BRIpKEHUE TSI KoJa
aIaTITHBHOTO ITO3UITUOHHOI'0 UM CIIA TPUMET CIIE YOI
BUIT

S S—s .
p ,—k<K-1;
CP=D Ve ) ¢ .
s=1 p’* ", > k=K.

Cxema AJalITUBHOI'O TO3UITUOHHOI'O KOANPOBAHUSA C O~
HMM OCHOBAaHHUCM p IIPUMET cneny}omnﬁ BU:

C(p) =c(p) (P2 +-Fe(P) s +--te(Ps. (2)
3necy S’ ompenensercsa U3 ycIoBHs:

g S,>k<K-I
Sk, = k=K.
Bennuuna ¢(p)y  paBHAa IPOU3BEACHHIO § -0 3JIEMEHTa
k -ro cronbua MaccuBa anuH CJID Ha BETUMUHHY BECOBO-
ro kodpunuenta, T.e. c(p)ys = Vi ps'—s_ Hnuna V,
KOJIOBOT'O CJIoBa Jisl pezcTasienus koga AOIT uncna
ompenesnsercss U3 pacdera JUIMHBI S TOJHOrO CTONONA
MaccHBa CepHUil JIBOMYHBIX DJIEMEHTOB IO CIEIyroLIeH
dopmyne: V, =[fog,p° —1]+1. Ilpu 31oM uHHa V, Ko-
JIOBOTO CJIOBa OyJleT OMHAKOBOH /1 Bcex kojoB AOIT
qrces, 00pa3oBaHHBIX IS TEKYIIETO MaccuBa A, , T.c.

V(C(p)l)v’V(C(p)k)ﬂav(c(p)K) = Vc s

rae V(C(p)y) — AluHa KOJOBOIO CJIOBA 71 IIPECTaBIIe-
Hust 3HaueHus koxa C(p), ; K —xommuectBo cronbuos B
MAaCCHBE JUIMH CEPUN JBONYHBIX AIEMEHTOB.

Pa3paboraHHBIN METOJl aJaITUBHOTO OJJHOOCHOBHOTO
MO3UIIMOHHOT'0 KOJIMPOBAHMS OCYIIECTBIISIET (POPMHUPO-
BaHME KOJIa 3a OJTUH IIPOXOJI, T.€. He TpeOyeTcs MpoBO-
JIUTH IPEIBAPUTEIIBHOE BBIYMCIICHHE BECOBBIX KO3 H-
IIMEHTOB.

B oToM ciydae 3a c4eT BO3MOXKHOCTH (OPMHPOBAHUS
Kojia 1o Mepe aob6asneHus snmemMenToB AOIT yncna uc-
KITIFOUAeTCs 33 ICpIKKa Ha IPeIBAPUTEILHOE BEIYICICHUE
BecOBBIX K03 durrieHToB. OTCIO/1a KOJTUYECTBO Orepa-

Ui yMHOKEHHSI COKpammaercsiHa (S—1) onepamuto. Tor-

Jla CyMMapHOE KOJIMYECTBO OMEpaliii HAa TEXHOJIOTUI0
KO POBaHMsI OWHAPHOTO ONK CaHK S TPpaHC(HOPMAHTHI Oy-
JIET PaBHO

((S-DK) (om. ymn) + ((S—1)K) (om. ci) +
+(dmn + ((S-1)K)) (om. cps).
COOTBETCTBEHHO BpeMsl Ha peaTi3aIlfi0 TEXHOJIOTHH KO-
JTMPOBaHHMsI OYZET COKpanaThes B cpeaHeM Ha 20%.

4. BoiBog

1. [TokazaHo, YTO IS UCKITIOYCHUS CYIIECTBEHHBIX TO-
Tepb HH(GOPMAIIHIH B CITydae HEpaBHOBECHOT'O ITIO3UIIHOH-
HOT0 KoJrpoBaHus MaccuBoB JiiH CJ1D Tpebyercs no-
MTOJTHUTEITLHO MCITOJIb30BaTh CITYKeOHYI0 HH(OpMAIIHIO,
MTO3BOJISIONIYIO OLICHUTH KOJHMYECTBO 3JIEMEHTOB B ITOC-
nemHeM croiodie. [Ipr aToM cocTaBIsIonIast CcyMMapHOTO
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o0beMa, MPUXOSIIAsICS Ha JOIOIHUTEIBHYIO HH(pOpMa-
nuro o xomuyectse ;iuH CIID B BOT, cocraBnsier B
cpemaeM ot 10 % (st pexxrma cxKaTHs ITMKOBOT'O OTHO-
HmIeHus curHan/mym Ha yposHe 5016) u ot 30 % (s
peXHMMa COKATHS MUKOBOTO OTHOIICHHS CUTHAJ/IITYM Ha
ypoBue 271b).

2. BriseneHo, uro B cinyuae HIT kogupoBaHus Hcrions3y-
I0TCsI BEIHYKICHHBIE BPEMEHHbIE 3aJICPKKH Ha Ipe/Ba-
PUTENIbHOE BBIYMCIEHUE BECOBBIX KO3((HUIIUEHTOB IS
Bcex annemenToB HIT uucna. ITpu 3ToM BiusHUE 33 IEPAKKH
JUISL IPeIBAPUTEIBHOTO BBIYMCIEHUS BECOBBIX K03 hu-
LUEHTOB OKa3bIBAeTCsl B cpeqHeM Ha yposHe 20% oT
CYMMapHOr0 BpeMeHH Ha KOJIMPOBaHNE OMHAPHOT'O OIH-
CaHUs TpaHC(HOPMAHTEL.

3. Co3gaHo aganTUBHOE MO3WIMOHHOE KOIMPOBaHUE,
Oasupyromeecss Ha (HOPMHUPOBAHUU KOJAA JUIS OIHOTO
OCHOBaHUsI, (HOPMUPYEMOTO JITS KaXKIOr0 MACCHBA JTHH
Cepuil IBOMYHBIX 3JIEMEHTOB.

[Ipu 3TOM HOCTUTAETCS OTIMYNE, COCTOSILEE B TOM, YTO:
JUTS BEIYHCIICHHSI BECOBBIX K03 () puIineHToB 00pabareipa-
€MBIX JJIEMEHTOB HE TPEOYeTCsl MPOBOAUTH IPEeIBAPH-
TENBHYI0 00pabOoTKY; B IPOIECCE KOIUPOBAHHUS HE TPeOy-
€TCs TPOBOAMTE MPEBAPUTEIHHOE BEIYUCIECHUE BECOBBIX
ko3 punueHToB. BpeMs Ha peanus3aluio TEXHOJIOTHH
KOIUPOBaHUs OyAeT coKpamaThes B cpemaneM Ha 20%.

Hayunas nosusna. Biepsble pa3zpaboTaHo KOJUPOBaHUE
MOCJICIOBATENILHOCTEH JITMH CEPHi TBONYHBIX dIICMEH-
TOB Ha 0a3e MO3UIIMOHHOTO MPEACTABICHHUS C aIAIITHB-
HBIM (OPMHIPOBAHHEM OCHOBAHU I, KOTOPOE B OTIIHYUE OT
CYIIECTBYIOIIUX METOAOB (hOPMUPYET KOIOBOEC 3HAUE-
HUE B HE3aBUCUMOCTH OT OCHOBAHHU 1 MJTA/IIINX dIIEMEH-
TOB. DTO MO3BOJISIET B MPOLIECCE CIKATHUS YCTPAHUTH Bpe-
MEHHYIO 3aJICPXKKY [UISl IPEABAPUTEITBHOIO BEIYUCIICHHS
BECOBBIX KO3 (UITUEHTOB.

HpakmuquKoe 3HA4YeHue:.

1) IOMOTHUTENBHO MOBBIIIAETCS CTENICHD CKATHS B CPE/I-
HeM Ha 7 u 27% 3a cYeT COKpaIIeHUs] KOJIWYECTBA
CITy’)KeOHBIX IAHHBIX Ha TIPEACTaBICHHE HHPOPMAIIUU O
KOJIMYECTBE 3JICMEHTOB B CTOJIOIaX MACCHBA JUTHH CEPH
JIBOMYHBIX SJIEMEHTOB;
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2) cHmxkaercst BpeMsi 00paboTku B cpeaneM Ha 20% 3a
CYET UCKJIFOUYEHHU S IPEIBAPUTENILHOTO BEIUM CIIEHUSI BECO-
BBIX K03 purrenToB daeMeHToB AOIT uncna.
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MO/IEJIb OIIEHKHA
HH®OPMATHUBHOCTH
HU3KOYACTOTHOM COCTABJISIIOIIEN
CIEKTPAJIBHOI'O ITPEJCTABJIEHUSI
CEIMEHTA U30BPAKEHUSI

TYPEHKO C.B.

BBISBISIIOTCS HETOCTATKH M IIOKa3bIBaeTCS HEOOXOIMMOCTH
COBEPIICHCTBOBAHUS TEXHOJOIMM KOJUPOBAHHS HHU3KOYaC-
TOTHBIX COCTABJIIOLINX CIEKTPAIbHOIO MPEICTABICHUS IS
¢dopmata JPEG. Ctpontcs MaTeMaTHIeCKast MOJIENb ISl OLICH-
KA HHPOPMATHBHOCTH CTPYKTYPHOTO OIHCAHHS HU3KOYAC-
TOTHBIX KOMIIOHEHT, Oasupyromascss Ha TOM, 4TO ameprypa
PaBHOMEPHOMW JUIMHBI, IOCTPOEHHAs Ui HOPMHPOBAHHBIX
HU3KOYACTOTHBIX KOMIIOHEHT, SIBJISETCS KOMOWHATOPHBIM
00BEKTOM B YCIIOBUSIX HOPMHUPOBAHHMS IO TEPBOW HU3KOYA-
CTOTHOM KOMIIOHEHTE M BBISBICHHS CKOPPEKTHPOBAHHBIX
JIOKQJIBHBIX NPUPALICHUH MEXIY CMEXKHBIMH 3JIEMEHTaMU
aneprypsl.

1. BBegenune

AxmyanbHocm pa3BUTHS TEOPETUYECKUX OCHOB U TEXHO-
JIOTHH CXKATUSl BHUJCONAHHBIX OOYCIIOBIICHA HAIUYACM
TEHJICHIINY 3HAYUTEIHHO OOJiee BEICOKHX TEMITOB POCTA
BUJICONPUIIOKEHUH 110 CPABHEHHIO C BHEAPEHHUEM BBICO-
KOCKOPOCTHBIX 0eCIIpOBOAHBIX TexHomorui [1 — 3]. Ox-
HUM U3 [IHPOKO UCIIONB3YyEMBIX CTaHIAPTOB SIBISIETCS
JPEG [2;3]. [TosTOMy mpezsiaraercs HalnpaBieHHE Aalb-
HEWIIEro pa3BUTHS TAKOM TeXHOJIoruu. B acekre onHoN
13 BOKHBIX COCTABJIIONINX SIBIISETCS pa3padOTKa KOIH-
POBaHMS HU3KOYACTOTHBIX COCTABIISFOIIX CIICKTPATEHO-
'O IPEICTABICHISL.

Crparerus KOIMpPOBaHUs KBaH TH3HMPOBAHHOI TpaHchop-
MAaHTBI TSI KOMIIOHEHTHOT'O OITHCAHHS CTPOUTCS C YIETOM
TaKuX CBOMCTB [2; 3]:

1) KOHIIEHTpALKsI OCHOBHOW YHEPI'UH HCXOHOTO CUTHA-
Jia B OrPaHMYEHHOM KOJIMYECTBE HU3KOYACTOTHBIX KOM-
MTOHEHT TPaHC(HOPMAaHTHI;

2) BbIENIeHHE 00JaCTH BBICOKOYACTOTHBIX KOMITOHEHT,
HECYIIUX WH()OPMAIIHIO O METKHX JICTAJISIX H300pasKeHHH
Y TIOTOMY OKa3bIBAIOIIMX MEHEE 3HAYMMOE BIHSHUE HA
BU3yaJbHOE BOCIPHSATHE H300pakeHUH, YeM HHU3Kodac-
TOTHBIE KOMITOHEHTHI;

3) mosiBIIEHE KOMITOHEHT TPaHC()OPMAHTBI C HYJIEBBIMU
3HAYEHHUSIMH, 0c00ast KOHIIEHTPALIKS KOTOPBIX BEJIUKA JIsT
3MI3aroo0pa3HoOro 00Xoja B JUArOHAJILHOM HaIpaBlie-
HHH B 00J1aCTH BEICOKOYACTOTHBIX KOMIIOHEHT.

Takue cBOWCTBa HAIOIr0 MPEAONPENCTUIN PA3BUTHE
0a30BbIX CTpaTeruii KOMUPOBAHUSI KOMIOHEHTHOT'O ITPEI-
CTaBJICHUS TpaHCHOPMaAHTBI, 8 UMEHHO Pa3JIeIbHYO 00-
paboTKy HU3KOYACTOTHOM DC-KOMIIOHEHTHI M OCTAITLHBIX
AC KOMIIOHEHT TpaHC(HOPMAHT.
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KommnonenTsr DC MOT'YT KOAUPOBATHCSA C UCTIOJIb30BAHN -
€M CJIICAYHOLIUX CIIOCOOO0B:

1) Ha3HAYCHHUEC MO3JIEMCHTHBIX KOAOB C MPUMCEHCHUEM
KOJOBBIX Ta6.]'II/IIl B 3aBHCHUMOCTHU OT Jualia3oHa DC-
KOMIIOHCHTbI,

2) mpoBeAeHuE IpeBapuTeNbHOro auddepeHaIsHOro
npeacrapieHuss Mexxay DC-KOMIIOHEHTaMU COCEIHUX
TpaHc(hOpMaHT C MOCIETYIOLUM KOJUPOBAHUEM I10 TEX-
Hojioruu LZW;

3) paBHOMepHOE Ko tupoBanre DC-KOMITOHEHTHI ¢ TPEe/I-
BapUTEIHHON €€ KBAHTU3AIUEH.

I[aHHI:Ie CIIOCOOBI HMEIOT CJICAYHOIINEC HCAOCTATKHU

— ecnu 3Ha4yenrie DC-KOMIIOHEHTHI BEJIMKO, TO Ta0IMLa
KOJIOB IO JTara3ony OyIeT YBEININBATh JIMHY BHIXO]I-
HOro kojia. Kak mokaspIBaroT SMIHAPUYECKIE HCCIICA0BA-
HUS, 3aTpaThl KonudecTBa OuT Ha DC-KOMIIOHEHTY TIpH
TaKOM cItoco0e KomupoBaHus OymyT He Hinke 10— 12 6ur;

— cHUXeHue 3HaueHnus DC-KOMIIOHEHThI BO3MOXHO 3a
CUeT ee KBaHTHU3allMHM, HO TaKOH MOAXO0J HEMHHYEMO
MIPUBEJIET K [TOTEPe 3HAYNTENbHOI HHpOpMAaIny;

—ucnonb3oBanre LZW TeXHOIOruY MO3BOIUT B Ty4IIEM
Clly4ae YMEHBIIUTh KOIMYECTBO OUT HA TPEICTABICHUE
DC-koMIIOHEHTHI He Ooiee, yeM Ha 5 — 7%.

Takum 00pa3oM, HEOOXOAUMO CO3IaTh TAKYIO TEXHOJO-
THIO KOAWPOBAHUS HA3KOYACTOTHBIX KOMITOHEHT TPaHC-
(dbopMaHT, AN KOTOpoW Oynmer oOecriedeHO CHUKEHHE
OUTOBOW CKOPOCTH CXKATOrO IOTOKA BHUICOJAHHBIX B
YCIIOBUSIX OTCYTCTBHSI HCKQ)KEHHUH U MPOBEICHUS 00pa-
0OTKM B pealbHOM BPEMEHU HE3aBHCHUMO OT CTCIICHU
HACBIIEHHOCTH H300pakeHWi. B cBs3u ¢ 3THM, s
000CHOBaHHMS HAITPABJICHHUS IO 00pabOTKE HU3KOYACTOT-
HBIX KOMIIOHEHT TpeOyeTcs pa3padoTaTh COOTBETCTBYIO-
YO MOJICNb OIICHKH WH(OPMATUBHOCTH, YTO ¥ COCTAB-
JISIET Yeab UCCIeO08AHUIL.

2. OcHOBHAsl 4acTh

[To ycnoBuio popMupoBaHUS BEKTOPA IBYXKOMIIOHEHT-
HBIX KOpTeKel HU3KoYacToTHasi komnonenta DC He yua-
CTBYET B Takoil 006paborke. 3HaueHre DC KOMITOHEHTHI
HECEeT KIIFOUYEBYI0 HH(POPMAIIHIO 00 UCXOTHOM CErMEHTE
Y UMEET OTHOCUTENBbHO 3HAUUTENbHbBIN AMHAMUYECKUM
quana3oH. Takue CBOKCTBA HAaKIAAbIBAIOT OMPEAEIICH-
HBIE TPEOOBaHMSI OTHOCHTEIIFHO BBISIBIICHHS 3aKOHOMEP-
HOCTEM M TEXHOJOrMi KOIMPOBaHUS HU3KOUACTOTHBIX
KOMITOHEHT, 28 UMECHHO HE0OX0TUMO:

1) y4UTBIBaTH OTHOCHTEIILHO HE3HAUNTEIbHBIC U3MEHE-
Husi Mex Ty DC-KOMIIOHEHTaMU COCETHUX JIMHEAPU3UPO-
BaHHBIX TpaHC(HOPMAHT B ciIydae 00pabOTKH CllaboHACHI-
[IEHHBIX CETMEHTOB H300PaKEHHIA;

2) obecrieyrBaTh KOMITCHCAIIMIO MPH HATUYHH PE3KUX
nepenanoB Mexxay DC-KOMIOHEHTaMH, YTO XapaKTEPHO
s JIT, COOTBETCTBYIOIMX CErMEHTAM HACBIIIEHHBIX
H300paKeHHI;

3) ucKIIrOYaTh HCKaXKEHHS B Iporiecce oopadorku DC-
KOMITOHEHT.
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HOSTOMy npedflaeaemwz BBIABJIATH 3aKOHOMEPHOCTH JIA
IOoCICA0BATCIIBHOCTHU DC-xoMmoHeHT Ha 0a3e CMEXHBIX
.HT, YUUTBIBAA UX CTPYKTYPHBIC U CTATUCTUYCCKHUE 3aBH -
CHUMOCTH.

PaccMoTrpuM mmocienoBarebHoCTh (3 HU3KOYACTOTHBIX
DC-komnoHeHT, cooTBeTCTBYIOIMX cocenHum JIT.
Hna yyera cratuctuueckod 3aBucuMoctd mexay DC
KOMITOHEHTaMH CMEXKHBIX TpaHC(HOPMaHT Ipe/iaraeTcst
B IIEPBYIO OYEpE/lb OCYHIECTBIIATh UX MPEACTABICHNE B
i pepeHImanT,HOM MPOCTPAHCTBE 3a CHET HOPMHUPOBA-
HusA 1o nepBoii DC-koMIloOHEHTE B BeKTOpe G . OTO
3a/1a€TCs CIIEAYIOIM BBIPAKECHUEM:

Clr = CLr—C11, (D

’ v (v
rIe €], —3Ha4eHHE r -il HU3KOYaCTOTHOW KOMIIOHEHTHI B
HOPMHPOBAHHOM MIPOCTPAHCTBE.

B pesynbraTe HOpMupoBkH (1) hopmupyercst BeKTop G,

Y KOTOPOT0 IepBasi KOMIIOHEHTA UMEET 3HaUEHHE, PABHOE
’

Hymo, ¢;;=0, r.e.

4
G = {0, ey Cl,r _Cl,lﬂ ceey cl,R _cl,l} .

Taxkoe OpeACTaBJICHUC IMMO3BOJIUT COKpPATUTh JUHAMU-
YeCKUH Auara3oH HU3K09aCTOTHBIX KOMIIOHCHT, UCI10JIb-
3ys 3aBUCUMOCTb MEKY COCCTHNMU DC-xommioHeHTAa-
MHU. I[.]'ISI TOr0 YTOOBI BBISIBUTH 3aKOHOMEPHOCTU BO BCel
IoCJICA0BATCIIbBHOCTHU DC-KOMHOHCHT, npeaiiaracrcs
Q)OpMHpOBaTB JJIA BEKTOpa G’ anepTypHbIC 3aKOHOMEP-
HOCTH.

XapaKkTepucTUKaMU arepTypbl SBISIOTCS:

1) wHa R ameprypsl, BRIYUCIAEMast Kak KOJMHYECTBO

DC-KOMHOHeHT, U1 KOTOPBIX BBIIIOJTHACTCA YCIIOBHE
’ 4 . 4 D —

CLr € [DChins DChax 1 , r=1,R;

o ’
2) HaYaIbHBIN DJIEMEHT C],] allepTypHI;

3) BeicoTa d amepTypsl, ompezpenseMas Kak pa3HHIA
’ ’
Mex1ny BepxHuM DC ... nHWKHEM DC ;,, 3HAYCHUAMHU

JMHAMHUYECKOTO IMaNa3oHa i Bekropa G’ u3agaromas
JIOITYCK Ha JTMAIa30H OTKIOHEHWS 3HAUYEHUN DIIEMEHTOB
arnepTyphl, dJIEMEHTOB MPEICKa3aHHBIX KaJIPOB.

OCHOBHBIM CTPYKTYPHBIM CBOHCTBOM aIl€pTyphI SIBJISET-
€Sl TO, UTO €€ DJIEMEHThI IPUHAJIEKAT OrPAaHUYEHHOMY

4 ’ 4
JAMHaMUYecKoMy quanaszony, T.e. DCpin < ¢ < DCpp,y

3T0 MO3BOISIET PACCMATPUBATH ANIEPTYPY KaK MepecTa-
HOBKY C IOBTOPSHHUSMHU 10 R DJIEMEHTOB, Ha JHMHAMH-

’ ’
YECKHUE IUANIa30HbI k(cu) 1 A(C] ) KOTOPBIX HAIOKEHBI
CIIEAYIOLIHE OrPaHHYEHS:

i SMep) —1=1; (2)
Ci,r < k(ci,r)_l = DC'max - DC,min , r=2,R. (3)

Torna koauyecTBo W(G') pa3iM4HBIX alepTyp IIHMHON
R B HOPMHUPOBAHHOM I10 KOOpPAMHATE alepTypsl Mpo-

54

CTPaHCTBE, KOTOPOE€ MOXKHO COCTaBUThH MpPU HAIUYUH
OrpaHUYeHUH Ha AMHAMUYECKHE TUala30Hbl JIEMEHTOB,
3aJlaHHBIX BeIpakeHUsIMH (2) u (3), OyzaeT paBHO

W(G") = Mcly) - M )R = (DCpay = DCrin DR

CooteercTBeHHO KonruecTBO V(G') nH(OpMaImu B Bek-

Tope G, COCTABIEHHOE U3 HU3KOYACTOTHBIX KOMITOHEHT
JIMHEapU3UPOBAHHBIX TPAaHCPOPMAHT B HOPMUPOBAHHOM
110 HaYaJIbHOMY DJIEMEHTY IPOCTPAHCTBE, OLIEHUBAETCS

1o popmyne V(G') = (R=1)Logy (DClyax — DClyip)) -

311eCh MO0 YCIOBHIO (POPMHUPOBAHIS ATIEPTYPHI BBITIOHS-
eTcsl ycloBHe

DC’maX - DC’min < DC,max < DCmax ’ (4)

rae DC,,x —MaKCUMaJIbHOE 3HaYEHUE HU3KOUaCTOTHOM
KOMITOHEHTHI B BEKTOpE G 10 HOPMHUPOBAHHUSL.

B T0 k€ Bpemsi B mporiecce BbIsSBICHHS 3aKOHOMEPHOCTEH
JUTS ITOCIEZI0BATEbHOCTH HU3KOYACTOTHBIX KOMITOHEHT U
UX KOAWPOBAHUS HEOOXOANMO YIUTHIBATH OCOOCHHOCTH
(hopMupOBaHUs aNIEPTYP, a IMEHHO: ECIIH AIlepTypa CTPO-
WTCS B PeXKUME 3apaHee 3aJJaHHOU BBICOThI, TO IEpEMEH-
HOil Oyner ee mmHa. Torma, ¢ OJHOH CTOPOHBI, 3TO
TIPUBEJIET K IMTOTEPE a/ITAITUBHOCTH OTHOCUTEIHHO Pealib-
HOro iuHamMuueckoro quanazona DC komnonent. Otcro-
Jia BO3MOXKHBI TAKKE MTOCTISICTBHSI, KOTIa TMHAMHYUCSCKHIA
JMarna3oH: OyAeT 3HAaYUTeIbHO MEHBIIINM, YeM BEIOpaH-
HOE 3apaHee 3HaYeHHE BBICOTHI allepTYphbl, YTO IPUBEAET
K TIOSIBJICHHIO W30BITOYHOIO KOJIMYECTBA Pa3psOB MPH
¢dbopmupoBannu oobema DC-KOMIIOHEHT; OyIeT UMeTh
HeCTaI[OHAPHBIC 3HAYCHHUS, YTO B CITy4ae (HYUKCHPOBaH-
HOM BBICOTHI allepTypPhI MPUBEIET K 00pa30BaHUI0 00JTb-
nioro Koyimyectsa anepryp. C Apyroi CTOPOHBI, JTHHA
amnepTypbl OyJeT 3aBUCETh OT CTEINIEHU KOT€pPEHTHOCTH
CErMEHTOB U IIPUBOJIUTH K: CHIYKSHHIO TIOMEXO0YCTOWYH-
BOCTH KOJIOBBIX KOHCTPYKIIMI; YMEHBIICHUIO CTCIICHH
CKATHS JUTSl CCTMEHTOB HACBIIIEHHBIX BHICOKOYaCTOTHBI-
MH COCTABJISIFOIMMU; YBEITUMUCHUIO KOJIMYECTBA Orepa-
oA Ha 00pabOTKy Kak pe3yjbTaT pocTa KOJIMYECTBA
OTJEIBHBIX aTIePTYP.

71t yeTpaHeHNs TAKUX HEIOCTATKOB HPeOJ1azaemc ocy-
MIECTBIIATH TONONHUTENEHOE BBISBICHUE 3aKOHOMEPHOC-
Teil, OCHOBaHHBIX Ha y4eTe JIOKAIbHO-IIPOCTPAHCTBEH-
HBIX CBOMCTB allepTypPhI IS TOCIIEA0BATEIBHOCTH HU3KO-
YaCTOTHBIX KOMIIOHEHT cMeKHBIX JIT [4; 5]. BeisiBnenue
JIOKATBHO-IIPOCTPAHCTBEHHBIX CBOWCTB ISl IOCIIEI0BA-
TENIbHOCTH HA3KOUACTOTHBIX KOMIIOHCHT HpeOlazaemcs
OCYIIECTBIISTH HA OCHOBE y4eTa OrPaHUIEHHOT 0 prpa-

IICHUA hr MECXIY COCCITHUMH HU3KOYaCTOTHBIMU KOM-

rnmonenTamu. Hamnuane Takux CBOMCTB 00BSICHSIETCS, BO-
TIEePBBIX, KOTEPEHTHOCTHIO CMEXKHBIX CETMEHTOB M300pa-
YKEHUSI, 2 BO-BTOPBIX — [TPEJICTABICHUEM ITOCIIEIOBATEIb-
HOCTH HH3KOYACTOTHBIX KOMITOHEHT B HOPMHUPOBAHHOM
TIPOCTPAHCTBE.

Takoli B OrpaHHYECHUI 3a/1a€TCA CIEAYIOLIEH CHCTe-
MOM COOTHOIIICHU :
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’
C1,r-1 _hr

IN

o
as
N

C,I,I‘—l +h1‘ > C,I,I‘ . (5)

J11s1 cokpaleHust CTy>KeOHBIX TaHHBIX MPeIIaraeTcs Ha
OCHOBE BEKTOpa H MpHpameHud (OpMHUPOBATH OTHO
3Ha4Y€HHE, BEIUMCIIIEMOE KaK MaKCUMAaJIbHOE MpUpalie-

Hue h.. [4; 5]: hp = max {h.},rme hy,, —Mak-
I<r<R

CUMAaJIbHOC ITPUPALICHUE CPCAN KOMIIOHCHT BCKTOpa H .

Benuunna h,,, BBIUUCIAETCS U1 IOCIEA0BATENILHOCTH
HOPMHUPOBaHHBIX HU3KOYaCTOTHBIX KOMITOHEHT U OITpeie-
JISieT TMHAMUYECKU I TNana30H NpUpalieH Uil MeXXITy KaX-
Jior mapoit ee aneMeHToB. ClenoBaTeNbHO, BETUYMHA

hmaX XapaKTCpU3yECT JIOKAJIbHBIC TPOCTPAHCTBEHHO-BPE-
MEHHbBIE CBOMCTBA arnepTrypsl. I[.]'ISI 9JICMCHTOB I10CJICA0-
BaTEIbHOCTH (G’ BBINOIHSIETCA OrpaHUYCHNC

’ 7 ’ —
C1,r—l_hmax < Clr < Cl,r—l"'hmax , r=1,R. (6)

Opnako BbIpakeHHe (6) HE YUUTHIBAE€T OrpaHHYEHUS,
HaKJIaJbIBa€Mble Ha 3JIEMEHTHI allEPTYPbl OTHOCUTEIBHO
WX JIOIYCTUMOTO OTKJIOHEHHU S B IIpeieiaX BbICOTHI amnep-
Typbl. Torna BO3MOKEH BapuaHT, KOTJa BETMYMHA ITPU-
palIeHUsT MOKET OBITH OOJBIIIE, YEM ITOJIOBUHA BBICOTHI
anepTypsl, T.e.

oy > d/2 = (DCyax ~DClin)/ 2.

B aTtom Cl1y4a€ HOPMUPOBAHHbBIC HU3KOYACTOTHBIC KOM-
IIOHCHTBI 6YL[YT HU3MCHATHCA B npeaciax

’
CLr-1€ [=hax s Nimax], mprdem

’ 4 ’ ’ ’ b
Dcmin >Cl,r—1 _hmax SC1,r < CLr-1 +hmax >DCmaX,I'=l, R.
(7

B 10 %€ BpeMsi 110 OnpeAENIEHU IO anepTypbl MPUHAIJIEKA -

IIIHE e DJIEMEHTEI HE TOKHEI BBIXOIUTE 3a €€ HHKHUU U

o 4 4
Bepxuuil npezenpl, T.e. DChyin < c¢pp < DCyy .

CrenoBatenbHO, A7 BHITTOTHEHUS TPeOOBAaHHMI OTHOCH-
TENbHO (HOPMUPOBAHUS ATIEPTYPbl HEOOXOIUMO BBOIUTH
KOPPEKTHPYIOIIEE YCIOBHE, KOTOPOE MO3BOJHUT H30e-
KaTh CIIy4aeB, OMUCHIBaeMbIX cooTHOmeHueM (7). Jlns
3TOTO nPediazaem cs BEIYUCIATH JTOKAIFHOE pUpaliie-

HUE KaK MHUHUMAaJIbHOE 3HAYeHHE MEKIY BBICOTOH d
anepTypbl U MaKCUMaJlbHBIM IpupamieHueM h.. [5]:

h

hax = min(1 max {h,}; d). laHHOE BBIpaXKCHIE 3a/1a€T
Sr=s

JIOKAJIHOE [IpHpaleHne hj,  MEKLy HOPMHPOBAHHbI-
MM HH3KOYAaCTOTHBIMH KOMIIOHEHTAMH ¢ KOPPEKTHPOB-
KOH.

3HAYNT, 115l HOPMUPOBAHHBIX HU3KOYACTOTHBIX KOMIIO-
HEHT, PACCMATPUBACMbIX KaK 9JIEMEHTBI llepTyPbl C JI0-
KaJIbHBIM NpUpalieHueM hj .. , GyaeT COOTBETCTBOBATH

JUHAMWYECKH NHana3oH, 3a1aBa€Mbli CIEAYIOLINMU
COOTHOILIEHUSIMU:

¢l SMchy) —1=1; 3
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cir <min( max {(h.};d), r=2,R. (9)
’ 1<r<R

OTcroza MOXKHO C(hOpMyYIIMPOBATE CIIEAYIOIIEE OMpee-
JICHHUE.

Onpeodenenue. AniepTypa paBHOMEPHOU JUTUHBI, TIOCTPO-
€HHas U1 HOPMHUPOBAHHBIX HU3KOYACTOTHBIX KOMIIO-
HEHT, SBISICTCSI KOMOMHATOPHBIM OOBEKTOM, 8 HMEHHO
MEPECTAHOBKOM C IIOBTOPSHUSAMH 110 R 3JIEMEHTOB, JIU-

’ 4
HaMHWYECKUE JUAMIa30Hbl 7»(01,1) 1 A(C] ;) KOTOPBIX OIpe-
JICNISTFOTCSI B COOTBETCTBUU C BhIpaskeHUsIMH (8) 1 (9).

KonuuectBo Takux anepryp W(G”) ompenensercs kak
KOJIMYECTBO MEPECTAHOBOK MO0 R 3JIEMEHTOB C JBYMS
’ ’
crenuduranusmu A(cy;) u AMci,) u3agaercs popmy-

B (0)71

W(G”) = (min(2 max {h,}; d)R~! (10)

1<r<R :

CootHomienue (10) ans OLIEHKH KOIHYECTBA HOPMUPO-
BaHHBIX AlepPTyp C YUETOM CKOPPEKTUPOBAHHOIO Orpa-
HUYCHUS HA JIOKAILHOE IPHUpaIiieHre 00eCIeYnBacT UC-
KJTFOUEHHUE TEX anePTyp, SIEMEHTHI KOTOPBIX BBIXOJIAT 328
€€ rPaHHUIIbL.

Ha ocnose Bripaxkenue (10) MakcumManbHOE KOIHYECTBO
IBOMUHBIX paspsmoB V(G”), 3aTpaunBaemoe Ha Ipej-
CTaBJIEHUE PaBHOMEPHON HOPMUPOBAHHOM MOCIIEA0Ba-
TENbHOCTU (G” HU3KOYACTOTHBIX KOMIIOHEHT C Y4E€TOM
BBISIBJICHUSI CKOPPEKTHUPOBAHHBIX OTPaHUYEHUN Ha JIO-

KaJIbHOE MpUpAaIlleHUE, HAaXOIUTCS MO CIeYIOLIEMY BbI-
PaXKEHHIO:

V(G”) =[(R-1)¢og, (min(21 znai(R{hr}; dyl+1.(11)

MUHUMAITBHOE KOIMYECTBO U30BITOUHOCTH S(G”) iy OT-
HOCHUTENBHO HCXOJHOM MOCIEI0BATEIbHOCTY HU3KOYAC-
TOTHBIX KOMIIOHEHT, KOTOPOE COKPAIAETCsl B PE3YNIbTATE
HOPMHPOBAHMUSI 10 1€PBOI KOMIIOHEHTE, BBISBICHHS CKOP-
PEKTUPOBAaHHBIX OTPAHUYEHUI Ha JIOKaJIbHOE IIPHUpale-
HUE U PACCMOTPEHUs amepTypbl KaK MEPECTaHOBKU C
TIOBTOPEHHSAMH C IBYMS CIIEIH(DNKAIMAMH, OLIEHNBAETCS
mo opmyiie

O (OB

x 100 o

3necs V(G) — MakcuMajbHOE KOJMYECTBO IBOMYHBIX

pa3psaa0B Ha IpeACTaBIeHUE M1OCIE10BaTEIbHOCTH HU3-
KOYaCTOTHBIX KOMIIOHEHT 0€3 HOPMUPOBKH U 110 BEISIBIIC-
HUS JIOKAJIbHBIX IPUPAILEHU N, paBHOE

V(G) =[Rlogy DCppax 1 +1,

rae DC,,x —MaKkCUMaJIbHOE 3HAYCHHE HU3KOYaCTOTHOM

KOMITIOHCHTBI B BEKTOpE (G 10 HOPMHUPOBAHHUS.

Torna ¢ yaetom Beipaxenus (11) moydum criemyroinee
COOTHOLLUEHHE JUIsl OUEHKH MUHUMAJIBHOTO KOJIMYECTBa
U30bITOUHOCTH S(G”) iy OTHOCHTENBHO HCXOIHOM T10C-
JIeIOBATENIbHOCTH HU3KOYaCTOTHBIX KOMIIOHEHT, KOTOPOE
COKpalllaeTcs B pe3yjIbTaTe HOPMUPOBAHUS IO MEPBOM
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KOMITOHEHTE, BBISIBJICHUSI CKOPPEKTUPOBAHHBIX OIpaHU-
YEHWH Ha JIOKAJTLHOE TIPU PAIIEHIE U PACCMOTPEHUSI ariep-
TYpHI KaK MEPECTAHOBKHU C MMOBTOPEHUSIMHU C ABYMS CIie-
IUPUKAUAME, 8 IMEHHO:

[(R-1)fog, (min(2 max ¢h,}; d))]+1
1<r<R

S(G") in =(1 )100%,

[Rlogy DCppax 111

3I[CCB R —anuHammocne 0BaTeabHOCTU HU3KOYACTOTHBIX
KOMIIOHCHT.

ITockONBKY BBITIOTIHAETCA HEPABEHCTBO
DCax < d < min(2 max {h.}; d)),
1<r<R

TO MUHUMAJIBHOC YCTPAHAEMOC KOJINYECTBO HU30BITOYHO-
CTH GYL[CT BCCra 0oibIIe HYJIEBOro ypoBHi, T.C.

S(G")pin >>>0 .

KomugectBo yCTpaHerMOﬁ HM30BITOYHOCTH OOBICHIETCS:
BbIABJIICHUEM CTaTUCTHYCCKHUX 3aKOHOMepHOCTCﬁ, 06yc-
JIOBJICHHBIX KOTCPCHTHOCTHIO COCEAHUX CCTMCHTOB H300-
pa)KeHHﬁ; BBISIBJICHUEM CTPYKTYPHBIX OFpaHI/I‘IeHI/Iﬁ Ha
JIOKAJIbHOC IMPUPALICHUEC, KoppeKuHeﬁ JIOKQJIbHOI'O IIpH-
pamieHus OTHOCUTEIIbHO BBICOTBI AlICPTYPhI.

3. BeIBOADI

1. O6ocHoBaHa 3¢ (heKTHBHOCTH HOPMHPOBAHHOH ITOCIIE-
JIOBaTETbHOCTH HU3KOYACTOTHBIX KOMITOHEHT B BHJIC ariep-
TYPBI C BEISIBIICHHBIMU CKOPPEKTH POBAHHBIMH JIOKATBHBI-
MU MPUPAIICHUSIMH MEXKITY JJIEMEHTaMH. 3/1eCh oOecrie-
YHBACTCS YCTPAHEHMsI H30BITOYHOCTH Oe3 TOTepu HH(Op-
MAITIH C yYETOM: OTHOCUTEIHHO HE3HAYUTEIbHBIX H3Me-
HeHui Mexxay DC-KOMITOHEHTaMU COCeTHUX JIMHEapU 31 -
POBaHHBIX TpaHC(HOPMAHT B ClTydae 00paObOTKH ci1aboHa-
CBIIIIEHHBIX CErMEHTOB H300Pa>KeHNH ; HATNIHS KOMITCH-
CaIliH IPH Pe3KuX repenanax Mexry DC-koMnoHeHTa-
MM, 4TO XapakTepHo A1 JIT, COOTBETCTBYIOIINX CErMEH-
TaM HaCHIIICHHBIX H300paskeHHH.

2. Pa3paboraHa mMarteMaTH4YecKas MOJeIb ISl OLUECHKU
WH(DOPMATUBHOCTH CTPYKTYPHOTO OIMCaHUs TpaHchop-
MaHTbI, 043U PYIOIASICS HA TOM, YTO allePTypa paBHOMEP-
HOM JUTHHBI, TOCTPOSHHASI U151 HOPMUPOBAHHBIX HU3KOUA-
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CTOTHBIX KOMIIOHCHT, ABJIACTCA KOM6I/IHaTOpHBIM 00BeK-
TOM, a HUMCHHO HepeCTaHOBKOfI C IIOBTOPCHUSAMMU 110 R

OJICMCHTOB, JMHAMHUYCCKUEC U Aalla30HbI KOTOPBIX OIIPEAC-
JIAFOTCA B COOTBETCTBUU C YCJIIOBUAMU HOPMHUPOBAHU A 1O
nepBoﬁ HHU3KOYaCTOTHOM KOMITOHEHTE U BBISIBJICHU S CKOp-
PEKTUPOBAHHBIX JIOKAJIBHBIX npnpameHHﬁ MEXKAY CMCK-
HBIMHU 3JIEMCHTAMMU allICPTYPhI.

Hayunas nosusna. Bnepsbie pazpaboTana MaremMaTHyec-
Kasl MOJICIb JIJISI OIIEHKU HH(OPMATHBHOCTH JTHHEAPU3H-
poBaHHO# TpaHchopMaHThl. OTANYUTENbHBIE XapaKTepU -
CTHKHU MOJIENH COCTOSIT B TOM, YTO TIOCJIEZA0BATENbHOCTD
HU3KOYAaCTOTHBIX KOMITOHEHT IPEACTABIIAETCS KOMOUHA-
TOPHBIM OOBEKTOM, 3 HMEHHO ITePECTaHOBKOM C ITOBTOPE-
HUSAMH, JUHAMHYECKUE AUana30Hbl KOTOPBIX OMpeens-
I0TCSL B COOTBETCTBHUU C YCJIOBUSAMU HOPMHUPOBAHUS 11O
MepBOM HU3KOYACTOTHOM KOMITOHEHTE U BBISIBIIEHH I CKOP-
PEKTUPOBAaHHBIX JIOKAJIbHBIX ITPUPALLEHUI MEXTY CMEX-
HBIMH 3JIEMEHTaMH alepTypbl. DTO MO3BOJISET OLEHUTh
HWDKHIOIO TpaHuly 3()(EeKTHBHOCTH KOMIIPECCHH Cer-
MEHTOB U300paXKeHUH.
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METOJIOBPABOTKH JMHAMUYECKOM
COCTABJISIFOIIIENI HA OCHOBE
MO3UIIMOHHOI'O KOJIUPOBAHMUSI C
AJJAIITUBHBIM BHIBFOPOM
OCHOBAHUSI

JIEKAX A.A.

W3naraercst METOJ CxKaTUsl MAaCCUBOB AMHAMUYECKOM COCTAB-
JISIOIIEH HAa OCHOBE OJHOMEPHOIO MO3ULIMOHHOIO KOJIUPO-
BaHMS C aJaNTHBHEIM BBIOOpOM ocHoBaHms. [Ipenmaraercs
pa30HBKy IMHAMIYECKOH COCTaBIIIOMICH HAa MAacCHBEI OCY-
IIECTBIIATh C Y4ETOM HAINYHS HH()OPMAIMH O KOIMYECTBE
3IIEMEHTOB JUHAMUYECKOH cocraBisronieil. OOOCHOBEIBaCT-
Cs1, 9TO 32 CUET ITO3UIMOHHOTO KOJUPOBAaHHS 00beM AUHAMH-
4ecKoii cocraBiisitoleil cauzutes Ha 38%. B pesynbrate npes-
JIO>KEHHOI'O KOJUPOBAHMS MAaCCHUBbl JMHAMHYECKOH COCTaB-
JISIOIIEH 3aMEHSIOTCS MOCIE0BATEIbHOCTbIO KOAOBBIX 3HA-
YeHUH MO3ULUOHHBIX YUCENl C aJalTUBHbIM OCHOBAaHHEM.

1. BBegenue

JAJ1s1 TOBBIIIICHHS TPOU3BOUTEIBHOCTH CHCTEM ITEpeIayum
HH(pOpMAIHX HEOOXOTUMO TPUMEH AT METOIBI 00padoT-
KU (KOJIMPOBAHUS ) H300paKEHUH, TO3BOJISIFOIINE YMEHbB-
I1aTh 00BEM TAHHBIX, HO IIPH 3TOM COXPAHATh HH(pOpMa-
UOHHOE cofiepKanue. Perienue aToii 3a1aun Hepa3phIB-
HO CBSI3aHO C pa3pa0bOTKOH U MPHMEHEHHEM HOBBIX METO-
JIOB ¥ CPEACTB KOMITAKTHOTO MPEACTABICHUS TaHHBIX,
MO3BOJISIONIAX HE TOJNBKO COKPATUTh UX 00BEM, HO U
MHHUMH3UPOBATH BpeMs Iiepeiadd HH(GOpPMAIIUH 110 Ka-
HaJjaM CBs3U U (hopMUpOBaHUe ee rpadnIeCcKOr MOACITH
B YCTPOMCTBaX OTOOpaXEHHs B peajbHOM MaciiTabe
BPEMEHH.

OTcrona, yeas ucciedosanuil 3aKIH04aeTCs B pa3padoTKe
METO/Ia CXKATUSI MACCHBOB JTMHAMHUYECKON COCTABIISIIO-
11eit Ha OCHOBE OIHOMEPHOI'0 [TO3UI[HOHHOT0 KOTUPOBa-
HUSI C 8IA0TUBHBIM BHIOOPOM OCHOBAHUSI.

2. PazpaboTka MeTO/1a C:KATUS MACCHBOB
JTUHAMHYECKON COCTaBJAIOIIEH

[To3U1IMOHHOMY KOJIMPOBAHHIO C 81alITHBHBIM BHIOOPOM
OCHOBaHWUSI IIOJIBEPratOTCsl HE OT/EBbHBIC SIEMEHTBI, & UX
coBokyrHocTH (cTpok). [ToaTomMy riepe HaYaIoM mo3u-
[UOHHOI'0 KOAMPOBAHHUS C aIAIITUBHBIM BEIOOPOM OCHO-
BaHHsI TPEOYETCS M3 OTACIBHBIX AJIEMEHTOB COPMHUPO-
BaTh MaccuBBl. JluHamMuueckast coctapistomas |y, pas-
OnBaeTCs Ha MacCHBHIL.

Ha Bpems ¢popmupoBanus MaccBOB D BIIASIET MTOPSIOK
00xo1a nMHaMuyeckoi coctasisromeii. C TEXHUYECKON
TOYKH 3pECHUS HANMEHBIIIEE BpeMsi OTOOpaskeHU s HHPOP-
MAITIH Ha 9KpaHe TOCTUTAETCS IIPH ITIOCTPOTHOM ITOPSIIIKE
00X01a IMHAMAYECKON COCTABIAIOLIECH. DTO 00BACHSAET-
¢ TEM, YTO B IPOIECCe OTOOPAKCHHSI H300paskeHUsT OHO
BEIBOAWTCSI HAa DKPaH IO CTPOKaM (CTpOUHasl pa3BEpTKa).
Torma mpu BOCCTAHOBIICHHH W300pa)KCHHsI OHO OyaeT
BEIBOANTHCS Ha DKpaH IO MEPE BOCCTAHOBIICHHS DJICMEH-
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TOB, MPUHAIICKAIIUX JUHAMHYECKOHN COCTaBIIsIONICH. B
9TOM CIy4ae OHa pa30uBaeTcs Ha OJOKU PaBHBIX pa3Me-
pOB.

IMTosromMy moOpsI0K 00X0/a AMHAMUYECKOU COCTABIISIIO-
Hieil MpezyiaraeTcsi OpraHM30BbIBATh IO CTPOKaM B Ha-
[IPaBJICHUH ClieBa HApaBo. JIJ1s KaskI0i moceayromiei
JMHAMHUYeCKOH cocrapistomen 1., mpouecc pa3due-
HUS €€ Ha MAaCCUBbI HAYMHAETCS CHAavaIa.

KonunuecTBo 371€MEHTOB B IMHAMMUYECKOH COCTABIIAIO-
et Vuy HaM U3BECTHO U OHO ONpEEsieTCs Kak KOJu-
4ECTBO EJMHUYHBIX 3JIEMEHTOB B CTALIUOHAPHOMU COCTaB-
nstromeit I, . [TosTomy npemiaraercs pa3oMBKy AMHAMU-
YECKOM COCTaBIISIIOLIEH HA MACCHBBI OCYILECTBISTH C
Y4EeTOM HaJIM4uus ”H(GOPMAIHH O KOJIMYECTBE €€ DIIeMEH-
ToB. OTCIO/1a pa3Mep MaccuBa IpeJaraeTcs BRIOMpats ¢
YHETOM:

1) MAKCUMAJIbHOI'O 3aI10JIHCHHA MaCCUBOB 3JICMCHTAMU
JIMHAMUYECKOU COCTaBJ’IfHOHIefI, T.C. B [IOCJICAHEM MacC-
CHUBC, C(bOpMI/IpOBaHHOM AJId HEC JOJIZKHO OBITH Kak
MOXXHO MCHBbIIC HE3AIOJHCHHBIX CTPOK;

2) TOro, YTO MO3UIIMOHHOE YUCIIO U KO (HOPMHPYIOTCS
JUIL CTPOKH MaccuBa. B 3ToM cimydae HE0OXOAMMO
00€CIeYnTh OTCYTCTBUE CUTYAIIUH, MPUBOISIIINX K TTe-
PETNOJIHEHU IO MAKCUMAJIbHO IOMYCTUMOMN JUTMHBI KOJ0-
BOTO CJIOBA;

3) TOro, 4TO KOJIMYECTBO MOTEHIMAIBHON COKpaIaeMOii
M30BITOYHOCTH YBEITHYHUTCS C POCTOM pa3Mepa MO3UIH-
OHHOT'0 YHCJIA. DTO 00YCIOBJICHO TEM, UTO JJIs1 OOJBIIEH
JUTUHBI OJIOKA MOXKHO BBISIBUTH OOJBIIE 3aKOHOMEPHOC-
TeH, UCTIONB3yEMBIX B IIPOIIECCE COKPAIICHHS H30BITOY-
HOCTH.

B cBs31 ¢ 9THM mpemaraercs Ciemyromas mpoeaypa
OIpeeeH s pa3MepOB MacCHBOB, Ha KOTOpBIE pa30uBa-
eTCs IMHAMHUYECKAast COCTABIISIOIA:

1. Ecnm ngnmuHa nomycTuMOoro KOJI0BOTO CIIOBA OTPaHIYe-
Ha 64 6uTaMH, TO B COOTBETCTBHH CO CBOMCTBAMH ITO3H-
[IMOHHOTO KOAWPOBAHUS ITTHHA CTPOKH MACCHBA TMHAMU-
YECKOW COCTABJISIONIEH HE JIOMKHa mpeBbimath 8. C
JIPYTOi CTOPOHBI, B COOTBETCTBUH C TPETHUM TPEOOBaHH-
€M OTHOCUTEITLHO BBIOOPa pa3Mepa MacCHBa THHAMHUYEC-
KO COCTaBJIAIONIEH JJIMHA CTPOKH HE JOJDKHA OBITh
menbie 4. [ToaTomy Ha mepBoM dTare mperaraeTcs
BBIOMPATh JUTMHY CTPOKH MAaCCHBOB JTUHAMUYECKOH CO-
CTaBIISIIOIIEH paBHYIO O, T.€.:

(nZ[I/IH =0), ITH SVL[I/IH: (1)

rae Vpuy — KOIMYECTBO JIEMEHTOB B JMHAMHUYECKOM
COCTAaBJISIONIEH.

€CIIM n

Tormga cymmapHO€ KOIMYECTBO CTPOK NHHAMUYECKOH
COCTaBJISIIOILEH m(Z)MH IIPU Y4€Te 3HAHUS BEJTUUUHbI
Vum OIpenensiercs mo gopmyie:

v
[2551+1, ecma vy, — [ Im yy #0;
m(Z) — nL[I/IH nL[I/IH
o V V ()
——, e Vg, —[———Imy, =0,
nﬂl/IH nLlI/IH
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Vmm

rac — KOJIMYCCTBO CTPOK JIMHAMHYECKOM COCTaB-

JIUH
HﬂlOHIeﬁ, Ha OCHOBE KOTOPbIX Q)OpMpr}OTCH IIOJIHBIC

V mu

MacCuBbl; V oy — [ Jm ;. —ocTaTouHOE KOMMYECTBO

IUH
CTPOK JMHAMHYECKON COCTABJISIONIEH, HA OCHOBE KOTO-
poro Hemb3s chOPMUPOBATH TOITHBIA MACCHB.

2. CyMMapHOe KOJHYECTBO CTPOK pa30MBaeTCs Ha OT-
JeTbHBIC MACCUBBI. 3/IeCh HEOOXOIUMO YIUTHIBATb, YTO
KOJIMYECTBO CTPOK B MacCHBaX JOJIKHO OBITh OJTMHAKO-
BbIM. C JIpyro#i CTOPOHBI, Ha BEIOOP KOJIIMYECTBA CTPOK B
MaCCHUBE BJIMSCT YCIOBHE COXPaHEHHS OTHOPOIHOCTH
CBOJCTB B JIOKaJTBHOM 00JIACTH IO JMHAMHYECKUAM JTHAIia-
30HaM. DTO II03BOJIUT BBIOMPATH aTAIITUBHOE OCHOBAHUE
MO3UIIMOHHOT0 YK CiIa, HanboJee aIeKBaTHO OMTUCHIBAIO-
miee CBOMCTBO JIOKAJIBHOW oOnactu. B cBsizu ¢ atum
Mpe/IaraeTcsl KOMMYECTBO CTPOK B MAaCCUBE BBHIOMPATH

PaBHBIM Ny =6 Torma KOMHYECTBO vl(\f"“) MAacCCHBOB,

Ha KOTOpbIE pa30MBACTCs BCSI TMHAMUYECKAs COCTaBJISIO-

1asi, onpeaensiercs mo Gpopmyoie:

m(E) o
m

ylam) _

M 3)
HpI/I O9TOM, YTOOBI COKpAaTUTb KOJHUYECTBO OCHOBaHMH
HO3WMIIMOHHBIX YHUCCII, BI)IGI/IpaeMBIX JJIA KaXX10ro mMmac-
CHBa B OTACJIbHOCTH, IIPEJIAracTcCs CJICAYonas nmpoue-

aypa:

JIAH

m(z)
m(z)m/m - [m]mmm <3=

My

2 H (4)

TOr1a MOCIEIHNH ITOTHBIM MacCHUB 3aIlOTHAETCS OCTaB-
IIUMUCS CTPOKAMH U3 HEMOJTHOTO MAacCHBA.

B npotuBHOM cityuae, Koraa:

m(z)

m
JiH
—

_ _nvH
=m0

m(Z) My < )

nmH T [
JIMH

TO GOPMUPYETCs HETOIHBIA MaCCHB.

B o0mem Buae cxema MO3HIIMOHHOTO KOIUPOBAHUS
MAacCCHBOB JIMHAMHWYECKONH COCTAaBJIAIOIEH C alallTHB-
HBIM BBIOOPOM OCHOBaHHUS IMOKa3aHa Ha puc. 1.

Tabnua € cocraBiasercs U3 BCEX BO3MOMKHBIX MaCCH-
BOB JIAHHBIX (B 00IIIEM BHUJIE), paclpeieICHHBIX B 3aBH-
CHMOCTH OT 3HAaUeHHs ocHOBaHM, rae U +1 — Kommde-
CTBO Pa3IMYHBIX MACCHBOB TMHAMHYECKON COCTABIISIIO-
el 3a/IaHHOTO0 pa3Mepa, a U — WHJIEKC TTOJMHOMKECTBA
MAacCCUBOB JHUHAMHUYECKOW COCTaBJISIOLICH, YIOBIETBO-
PSIOIMINX 3HAYEHHIO OCHOBAaHHA A, . MacCHBBI TMHAMHU-
YEeCKOM COCTABJISIOIIEH 00pa3yroTCs U3 HCXOIHOT0 U300-
paxeHHst Ha OCHOBE (DYHKIIMOHATOB @y . 3aTeM Ui
MOTy4EeHHBIX MaCCHBOB HAXOJWUTCA OCHOBaHME A, . Haii-
JICHHOE OCHOBAHUE CITYKHUT BXOAHBIM MTAPAMETPOM JIJIsSI
CUUTHIBAHUSA M3 TaOMUIBI @ MHOXECTB ), COOTBET-
CTBEHHO BO3MOXKHBIX MACCHUBOB JJUHAMHYECKONM COCTaB-
nstroriedt. B mpenenax BRIOpaHHBIX MHOXKECTB €, CTON-
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OLIbI MACCHBOB TTHAMUYIECKON COCTABIISIONICH HyMepy-
FOTCS 10 OPSIIIKY COOTBETCTBEHHO OT 0 10 | Q, | .IToato-
My IyTE€M COIOCTaBJIEHUS KOHKPETHBIX MACCHBOB TUHA-
MUYECKOIl cocTaBIstoLIel CTOIOaM MHOXKECTB ) OI-
PERETSAOTCS COOTBETCTBYIOLIUE KOABI IS TO3ULMOHHBIX
gucen N(u); .

B obmem ciyuae monHbli MaccuB D, JMHAMHUYECKOH
COCTaBJIAIOILEN MMEET BUJ

dl’l d1,2 “ee dl 1

R

u 2 o Gy [RIp—
, (6)

deI/IH’l M yg,2 dmnI/IHaj dmL[I/IHanL[I/IH
rae di, j — (i; j)-¥ DJIEMEHT MaccHuBa JUHAMHYECKON

COCTaBIISIFOILEH; My , Ny — COOTBETCTBEHHO KOJIUYE-
CTBO CTPOK M CTOJIOLIOB B MaccuBax D .

HCO6XOL[I/IMO 3aMCTUTb, YTO MAaCCHB Du MOXKET OBITh
3aI10JIHEHHBIN HE TOJTHOCTHIO.

(DOpMI/IpOBaHI/Ie CTPOKHM MacCCHUBa JIMHAMUYECKON CO-
CTaBJISIOIIEH MPOBOAUTCA € YYETOM CABUTA HA KOJIMYC-
CTBO 3JIEMEHTOB, PABHOE UIMHE CTPOKA MACCHUBA Ny .

Ha nporiecc pazoueHust ITMHAMUYECKON COCTaBJISIONICH
HaMaccuBbl D, BiIHsgeT MakcuMaibHOe3HaUeHUEe d .,
aneMeHTa Iy, ¥ KonmmyecTBO Ny, cTONOLOB. DTO
00YCJIOBJIEHO TEM, 4TO KOA (GopMHUpyeTcs He IS OT-
IIENBHOTO DJIEMEHTA TUHAMHYECKON COCTaBISIONIEH, a
UL CTPOKH ee MaccuBa. I[o3ToMy Ha 3Ha4YeHHE KOja

TTO3UIIMOHHOr0 ynciia N(u); ¥ Ha JUIMHY €ro KoJorpam-
MBI L; BIHseT amanTHBHOE OCHOBaHUE, KOTOPOE BHIOH-
paercsi B COOTBETCTBUU C d,,, Y KOITUYECTBOM DJIEMEH-
TOB B MO3UIMOHHOM YHCIIE, YTO ONPEAEISIETCS Ny .
IIpu 3TOM MBI MOXXEM YIPaBISATHh TOJABKO BEIMYUHON
N,y . Bennunna d,,, BBIYHCISAETCA OTACIBHO IS
KaXXIIOM NTWHAMHWYECKOM cocTaBigmomer. B cBsa3u ¢
3THM ITEPeI BBIOOPOM Ny, TIPEUIaraeTcs pacCMOTPETh

0COOEHHOCTH MMO3UITMOHHOI'O KOAUPOBAHMS C aJallTUB-
HbIM BI)I60p0M OCHOBaHUA.

[TepBast 0COOCHHOCTD 3aKJIFOUACTCS B OTPAHUYCHHH, Ha-
KJIaJbIBAEMOM Ha JUIMHY KOAOTpaMMbl L; , KoTopoe oT-
BOAMTCS ITOJ MO3UIIMOHHOE uncino N(u); . Beimonnenue
3TOTO OIPaHUYCHHUS HEOOXOIUMO ISl HCKITIOYCHHUS T10-
Tepb UH(GOPMAIINK H3-32 HEXBATKH Pa3psioB s Ipe-
cTaBlIeHUs 3HadeHus koxa N(u); . [Jns atoro BennunHa
MaKCHUMaJIbHO BO3MOXKHOTO YHCIIa, KOTOPOE MOXET Xpa-
HUTBCS B KoJlorpamme L; pa3psiioB, HE AOJIKHA TPEBbI-
IaTh BEIMYMHBI JMHAMHYECKOro auana3ona DNy 3Ha-
YEeHU I KOJOB IMO3UIIMOHHBIX YHCE, T.€.:

2M > Dy, (7)
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rac 2Li — MaKCHUMaJIbHO BO3MOXHOE€ YUCII0, KOTOPOC
MOXET XPaHUTHCA B KOAOI'paMMeE JUTAHOM Li our.

Junamuueckuii uanason D) onpenensiercs kak Mak-
CUMaJIbHO BO3MOKHOE 3HAYEHHE KOAa MO3MLMOHHBIX
gucen N(u); U1 3aJaHHOTO 3HAYSHUS OCHOBAHHUSA A .

Bropast 0coOGeHHOCTE BBI3BaHA TEM, UTO 3HAYCHUS KOJOB
N(u); dhopMupyrOTCS IS TO3UIIMOHHBIX YHCEN PaBHO-
MEpHOH JUTMHBEI Ny, . DTO 00YCIOBIEHO TE€M, YTO IT03H-
OUOHHOE YUCIo (hopMUpyeTCcst Ha 0a3e AIEMEHTOB OT-
JeNBHBIX CTPOK MAacCHBOB TUHAMHUYECKOW COCTaBJISIO-
meit. [Toatomy komer N(u); OyZyT NpHHUMATH pa3Ind-
Hble 3HaYeHU s AJ151 pa3HbIX cTpok. OTcro1a 17151 coKparie-
HUS KOJIOBOIM N30BITOYHOCTH IPEIAraeTcst JNTHHY KOJIOT-
pammbl L; BBIOMpaTh HEPAaBHOMEPHOHA, T.€.:

L; =VAR. (8)
J1s mpeiosKeHHOM OopraHu3aluy MaccuBoB D, cxema
BBIYUCIICHUS TO3UIMOHHBIX YHCEN Ui CTPOK
Dy ={di,1§ di,zé -~-~adi,ja-~-di,nMH} 3THUX MAaCCHBOB C
Y4EeTOM aJIalTHBHOTO BBIOOpAa OCHOBAHHS A, 3ajaercs
BBIPQKCHUSIMH

N un
N = 2dij Py )
i

Py = A=), (10)
7\.u = max{di,j 11
I<j<n gyy
1SiSmHHH

(11)

rae N(u); — 3HaUeHHWE KOAA IUIS i-TO MO3MIIMOHHOTO
quclia, MOJTy4eHHOTo JUTs i-i CTPOKH U-r0 MaccHBa TUHA-
MHUYECKOH cocTaBIstolel; P; —BecoBoii KO3 UIUeHT
J-TO3J7IeMeHTa HO3UIIMOHHOT O YHCTa; A, —OCHOBaHHE U-
0 MacCUBa JTUHAMHWYECKON COCTaBJISIONIEH.

PaccMoTprm npuMep BeIYHCIEHUS KOJOB AJIs TO3UIIMOH-
HBIX YHCEJl CTPOK MacCHBa AMHAMUYECKON COCTABIISIO-
HICH.

IIpumep. Boruncnum 3Hauenns N(u); Ui KOJOB I103U-
LIUOHHBIX YHCEN MacCUBOB D, :

10 23 30
2018 9
4 10 15

D, =

u

Bnauarne omnpenenyM MO3WIIMOHHBIC YHCA IS CTPOK
maccuBa Dy ; nunamuueckoi cocrasnstomei. Jls ato-
TO HaiJIleM OCHOBaHMeE A, W BBIYHCINM 110 popmyie (10)
UX HaKOIUICHHbIE mpou3seneHust Pj. Bennununa ocHosa-
nus A, =31. Tora Becood kodppuiment P, =3 12 =961;
P, = 31 =31; P;=3 1° =1 . Ha ocHoBe 5TuX 3Ha4eHHi1 1O
dopmyne (9) BerancauM N(u); U1 KOZOB MTO3UITMOHHBIX
upcen Dy ;:

N(u); =10x961 +20x31 +4x1=10234 - L; =H4-6n%;
N(u), =23%x961 +18%x31 +10x1=22671+ L, =561+

N(u); = 30x961 +9x31 +15x1=29124 + Ly =}56u+

MakcuMallbHO KOJIMYECTBO Pa3psiIoB, 3aTpauyrBaeMoe Ha
TIPE/ICTaBICHUE TO3UITUOHHBIX YU CEIT TMHAMUYECKON CO-
CTaBIISIIOILIEH, paBHO 15 pa3psaaam. [Ipu 3Tom Ha KonoBoe
MPEJCTABIICHUE HCXOMHOr0 (hparMeHTa H300paKeHUS
(pparmenT n300paskeHMs KIacCUPUITUPYETCs KAK CHITb-
HOHACHIIICHHBIH JIeTaIsIMU, UMEIONTUH Pa3InIHbIC TUHA-
MHYECKHE COCTABJISFOIINE) TOHAIOOUTCS 24 paspsa.
CrnenoBaTenbHO, 32 CUET MO3UIIMOHHOTO KOIUPOBAHMUS
00BEM JUHAMUYECKON COCTABIISIONIEH cHI3UTCS Ha 38%.

[To3ntmoHHBIE KOJIBI TO3BOJISIT KOMITAKTHO MTPEJICTABUTH
MAaCCHBBI JUHAMUYECKOM COCTABJISIOIICH, €CIIH COOTBET-
CTBYIOIIME MAKCUMAJIbHBIE 3HAUESHUS A, IMEIOT OTPaHH-

deHus, T.€. Ay <dpax, =LV . 30ech dp,, —Makcu-

I}Jm—l D Du
Du,l —> N(u)l
N\ ~ _
Du,2 Ll
—_—
Du, i N(u)l
N — J
D L;
u, My,
N
v (u)mﬂl/lH
Puc. 1. Cxema mosydeHHs: KOJIOB — HOMEPOB JUIsl yacteil pparmenra
H300paKeHUs ~ fj -~/
m)JI/IH
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MaJIbHOE YUCJIOBOE 3HAUECHUE JUHAMUYECKON COCTaBIISI-
FOILIEH.

Takum 06pa30M, B PE3YJIbTATC NPEAJIOKEHHOIO KOAUPO-
BaHUS MaCCUBBI IMHAMUYECKON COCTABIISIOIIECH 3aMeHsI-
FOTCS OCJIEIOBATEILHOCTBIO KOJIOBBIX 3HAUYEHUH 103U~
OUOHHBIX YHCCI C aJallTUBHBIM OCHOBAHHCM

{N(u)l,...N(u)i,...N(u)mm} )

PaCCMOTpI/IM HUHTEPIIPETAINIO NPCATTOKCHHOI'O KOANPO-
BaHMs.

Kaxxgoil cTpoke mMaccuBa TUHAMUYECKOW COCTaBJISIO-
IeH, paccMaTpUBaEMOM KaK MO3UIIMOHHOE YK CIIO, COOT-
BETCTBYET OAMHKOA N(u); HepaBHOMEPHOH JutnHbL. Tor-
Jla MOYKHO CKa3aTh, YTO 3a CYET MOZULIMOHHOIO KOIUPO-
BaHU C JaITUBHBIM OCHOBAHUEM PABHOMEPHBIE YACTH
JTUHAMHAYECKON COCTABIIAIOIIEH 3aMEHSIOTCS KOAOrpaM-
MaMH HepaBHOMEpHOM AnuHbI. [ToaTomMy BCro Lens noc-
JIeIOBATENFHBIX MMPE0OPA30BaHII MOXKHO PACCMATPUBATH
KaK paBHOMEPHOE BEKTOPHOE KBAHTOBAHHUE C OCIIEAYIO-
[IUM HEpaBHOMEPHBIM pacIIpeIeIEHUEM KOJTMYECTBA JBO-
WYHBIX pa3psnoB (cMm.puc. 1).

O003HauNM TaHHOE TPeodpa30BaHUE CIETYIOMINM 00pa-
30M:

(12)
L;= prp {Nu,i;su} = prp{prK {Du,i;xu};su}a (13)

rae prK — (QyHKIIOHAT, 33JalONIIi PABHOE BEKTOPHOE

N(u); = prK {Du,i;xu} 5

KBaHTOBAaHUE JWHAMWYECKOU COCTaBJ’IfHOHICfI; prp -
Q)YHKHI/IOHaJ'I, OINUCBIBAIOIIHN T Ipouecce pacupeaciCHus
KOJIMYECTBA IBONYHBIX pa3pAa0B 10/ Ka)KJIbIH KOJI IT03U-
OUOHHOI'O YK ia.

ITockonbKy, C OTHOI CTOPOHBI, KOTUYECTBO JIEMEHTOB B
MO3UIIMOHHOM YHCJIE SIBJIIETCS. pABHOMEPHBIM, a C ApY-
rod — 3HA4YEHUs UX IJIEMEHTOB UMEIOT HEPaBHOMEPHOE
pacnpeneneHue Ha HaTypalbHO# ocH, Tokox N(u); Oyner

HEPaBHOMEPHBIM, T.€.:

N(u); = VAR . (15)

B atom ciydae, eciii moa Kaapld Koa GpOpMHpOBaTh
KOJIOTpaMMy 3apaHee 3aJJaHHOM PaBHOMEPHOW IJIMHBI
L., Oyner 00pa3oBBIBAaTHCS KOZOBAs M30BITOYHOCTH R .

310 00YyCIIOBIICHO MOSBICHUEM HE3HAUNMBIX CTApIINX
pa3psIoB KOAOTpaMMEI, KaK IMOKa3aHO Ha pHC.2.
R L

A

C
— M —~
Ni

—~

LC
Puc. 2. Cxema (popMupoBaHusi KOJOBOH HM30BITOYHOCTH

KomoBast N30BITOYHOCTH ONpenensaeTcs ceayromei gop-
MYJIOM:

R.=L.-L;, (15)
rae L; — KommuecTBO pa3psaoB Ha MPeICTaBICHIE 3HA-
YEHMsI KOJIa TTO3UITUOHHOTO YK ciia, YOpMUPYEMOe aIaTi THB-

60

HO AJISl KXKIOH CTPOKM MaccuBa AMHAMUYECKOH Co-
crasistomeit D, ; L, —3apaHee BBIOpaHHAs paBHOMEp-
Has JJIUHA KOAOTPaMMbI, HE YUUTHIBAIOLIAS CTPYKTYp-
HBIE€ 0COOEHHOCTH MaCCUBOB JMHAMUYECKOM COCTaBIIs-
omei D, .

B cBs13u ¢ 3THM, 17151 COKpAIEHHS KOJJOBOM H30BITOYHO-
CTH Tpeanaraercsi GOpMUPOBATH IIIUHY KOAOTPAMMEL,
YYUTBIBAsI CTPYKTYPHBIE OCOOCHHOCTH KaXKIOH CTPOKU
D, ; MaccuBa mHaMu4ecKoi cocTapstonieil. [Tpu stom
HEOOXOMMO YUUTHIBATB, YTO JNTMHA KOOI PAMMEI Oy IeT
HEpPaBHOMEPHOH, T.€. AN KaXIOH CTPOKM MAacCHBa
JMHAMHYECKON COCTABIIAIONICH B O0IIEM CTydae MOXKET
BBINOJIHSTHCS HEPABEHCTBO:

Ly#.L; #..L (16)

JIns TAaKMX yCIOBHH CYIIECTBYIOT ZiBe 0a30BbIE CTpaTe-
MY NO3ULMOHUPOBAHUS KOJOrPaMM CXKaTOro Ipej-
CTaBIICHUSL.

Mpyyy -

[IepBas cTpaTerus 3akiar04aeTcs B UCIIONb30BAaHUY Map-
KEpHBIX pa3lenuTenci Mexay KomorpammaMu. Map-
KEpHBIE pa3JeNIuTeIN MPelCTaBsaoT co00i KOIOBYIO
MOCBUIKY, COJIEP’)KaHNE KOTOPOU HE MOXKET MOBTOPSITHCSA
HU B 07HOM Koporpamme. C 0JJHOH CTOPOHBI, 3TO O3B0~
JsieT 00eCTICYH Th pa3AeIeHIe KOIOTpaMM Ha IPUEMHON
CTOpOHE, HO C APYrod — HNPUBOAUT K YBEIUUYECHUIO
00bEeMa CIKATOTO MPEICTABIICHUS.

Jnst ycTpaHeHHsT JaHHOTO HENOCTAaTKa MpEeaiaraercs
HCIOJIb30BATh BTOPYIO cTpaTeruto. CyTh ee 3aKIrovaeT-
Csl B TOM, YTO KOJIUYECTBO Pa3psoB IO KOJOTPaMMy
BBIOMPAETCS. ¢ YUIETOM OCOOCHHOCTEH NWHAMUYECKHUX
JIana30HoB 00pabaThIBAEMBIX CTPOK JTHHAMHUYCCKOH
cocraBiistoined. [Tpu 3ToM TSl COKpaleHus Ciryxeo-
HBIX JIAHHBIX TPEUIaraeTcsi MCIONIb30BaTh TOIBKO TY
cykeOHyr0 WH(OpPMaIKio, KOTOpas MPUMEHSJIACh B
nporecce GopMHpPOBaHUS Koma N(u); .

B cityuae hopMupoBanus KoJ1a 115 TO3UITMOHHOT'0 YK C-
JIa peJIaraeTcsl yYuThIBaTh CIEAYIONINE HX CBOMCTBA.
MakcuMainbHO€E 3Ha4eHHE KOJa N(U)y.x TO3UIIUOHHO-
TO YHCa AJIs 33JAHHOTO OCHOBAHHSA A, OIpeAensiercs

HAKOIJICHHBIM [TPOXU3BEICHIEM OCHOBAHMM €r0 3JIeMEH-
TOB, T.€.:

(17

Otcroaa 3Hauenre koja N(u); A5 O3ULUOHHBIX YHCEI

N max = At

CaJanTUBHBIM OCHOBAaHUEM A, OyAeT OrpaHUYEHO cle-
JIYIOIIEH BETUYUHOM:

(18)

KonnuecTBo 1BOMYHBIX pa3psaa0B L; Ha mpeacTaBieHue

N(u); <A™ 1.

koma N(u); MO aJanTHBHOMY OCHOBaHWIO A, Oyrner
HMETH CIIEAYIOIIYIO BEPXHIOIO IPAHUILY:

L; =[logy N(u);]+1< [logy A" —1]+1. (19)

Kax cnenyer u3 Beipaxkenus (19), npaBas 4acth Hepa-
BEHCTBA 3aBUCHT OT BEIMYNHEI 3IAITHBHOT'O OCHOBAHUS

A, W JUIMHBI CTPOKH Ny, MaccHBa AWHAMHYECKOH
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cocrasysonieii. Bennunna A, ucronb3yercs BIpoLec-
ce KOIUPOBaHUSA, T.C. HE SBISETCS IOMOTHUTEIHHON
cIryeOHOM HH(pOpPMAIUEH, TO3TOMY JUTS TTO3UITHOHUPO-
BaHUsI KOJOTPaMM ITO3UIIMOHHBIX YU CEN MPEATIONIaraeT-
Csl OCYLIECTBIISITh paclpeliefieHue KOJIMYecTBa paspsi-
JIOB IOJ1 KaXAyI0 KOJIOTPaMMy B COOTBETCTBUU C Hepa-
BeHCTBOM (19). B aToM cinydae nnuna kogorpammsl L;
Oyner paBHa:

L; =[logy A" —1]+1, (20)

Torna =2~ .

B cooTBeTcTBUY € MPESIOAKEHHON cTpaTeruei koauye-
CTBO Pa3psIoB MOJ KaXKIyI KOJOrpaMMy B Mpejenax
OJTHOTO MaccHBa IMHAMHUYECKOH COCTaBIIsroNIel Oyner
nocTossHHBIM. Ho 17151 pa3sHbIX MACCUBOB JUHAMUUYECKOM
COCTaBJIAIOILEH 3aTPaThl KOIIMYECTBA PA3PSLIOB O] KakK-
JyI0 KOJIorpaMMy OyIyT HepaBHOMEPHBIMHU. DTO 00BsIC-

HSeTCS pa3IMYMsIMU 3HAaYeHUH ocHOBaHMH A, . [ToaTomy

npeayraraCTCa IpruHIOUII PACIIPEACIICHUA KOJIMYUCCTBA pas3-
psA0OB IOA KOAOIpaMMy HA3bIBATh JIOKAJIbHO-PABHO-
MCPHBIM.

3. BuIBoabI

1. [IpennoxeHsl TpeOOBAHUS OTHOCUTEIBHO Pa30UBKH
JMHAMUYECKON COCTABIISIONIEH Ha MACCUBBI, yYUThIBA-
IOIMe, C OJHOM CTOPOHBI, HEOOXOAUMOCTD JTOTOIHH-
TEJIBHOTO COKpAIEHUsI U30BITOYHOCTH, C IPYTOH — HC-
KIIIOUEHHUE CITy4aeB MepenoiHeHNs KOJOBOTO CIIOBA.

2. Pa3pa60TaH METOJI CKATUS MAaCCUBOB JMHAMUYECKON
COCTaBJISIIOIIEH HA OCHOBE OJHOMEPHOI'O IMMO3UIIHUOHHO-
o KOOUPOBAaHUA C alalITUBHBIM BI>I60pOM OCHOBaHUA.

[pu 3TOM KO ITO3UITMOHHOTO YHciia popMupyercs s
OTJIENbHBIX CTPOK MacCHUBa JUHAMUYECKON COCTABIISIO-
Iiei, a JUIMHA KOJOBOTO CIIOBAa BBHIOMPAETCS HEPaBHO-
MEpHOI.

3. I[.]'II/IHI)I KOJOBBIX CJIOB MO3UIUOHUPYKOTCA OTHOCH-
TEJIbHO APYT Apyra B COOTBETCTBHUU C U3BECTHBIM 3HAYC-
HUEM JJIMHBI IMO3MIIMOHHOI'O 4YMCjIa W aJallTUBHOI'O
OCHOBAaHHUA.

Jlutepatypa: 1. Ayouosusyanvusie CHCTEMBI CBSI3H U BEIlIa-
HUS: HOBBIE TEXHOJIOTHH TPETHETO THICSUCNICTHUS, 3aaul U
npobnemsl BHeapenus B Ykpaune / [O.B. Iodaiizen,
A.U. JIaxos, H.K. Muxanos u np.] // Ipani YHAIPT. 2000.
Ne 3. C. 3-40. 2. Onugpep B.I'. Komnbrotepusie cetu. [Tpun-
IUITHI, TEXHOJIOTHH, TIPOTOKONEI: YueOHHK s By30B / B.T'.
Omudep, H.A. Omxudep. CII6.: IMurep, 2006. 958 c.
3. Barannik V. Optimization of the Data Width to the
Booked Quality of the Dobeshies-Wavelet Transform /
V. Barannik., I. Hahanova//International Symposium [[IEEE
East-West Design & Testl], (Yerevan, Armenia, September
7-10,2007)/ Yerevan: 2007. P. 154 —157.4. bapannux B.B.
KomupoBanue TpaHC()OPMHPOBAHHEIX H300paKeHUIl B HH-
(oxoMMyHHKAIIMOHHEIX cucteMax / B.B. bapamnuk, B.II.
ITonskos. X.: XVYIIC, 2010. 212 c.
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METO/J CUHTE3A BA3YNCJIEHHBIX
ACCOIMATUBHBIX ITPABHUJI

OJIEFHHUK A.A., 34HKO T.A., CYBEOTHH C.A.

Pemraercst 3aqa4a moctpoeHusi 0a3 YHCICHHBIX aCCOLMATHB-
HBIX TpaBWI. Pa3pabaTeiBaeTcss METO/I CHHTE3a 0a3 accolua-
THBHBIX TPABWI, B KOTOPOM BBINONHsCTCS (ha33uduKrarms
TPaH3aKIHOHHONW 0a3bl MAHHBIX, BBIYHCISIFOTCS MOPOrOBBIC
3HAYCHMS MOMICPIKKHU, UCIIOIB3YIOTCS KPUTEPHHU [UISI OLICHH-
BaHUsI KOCBEHHBIX aCCOLMALMI, YTO TIOHIDKACT CTCICHb y4a-
CTHsI TIOJIb30BATENS B MPOLIECCE MOUCKA ACCOLMATHBHBIX TIpa-
BUII, @ TAKKE [TO3BOJISICT U3BJICKATh HE TOIBKO YaCTO BCTPEUa-
FOIIHeCsT HAOOpPBI, HO M PEAKO BO3HHKAIOIINEC HHTCPECHBIC
acCOIMATHBHBIC IMPABHIIA.

BBenenune

B HacTos1iee BpeMs 11l MOMCKa 3aKOHOMEPHOCTEN MEkK-
JIy CBSI3aHHBIMHU COOBITHUSAMH IMTUPOKO PACIIPOCTPAHEHBI
acconaTtuBHbIE paBuna [1].

Kak mpaBuiio, uccieayemble 0ObEKThI WM MPOLECCH
OIMUCHIBAIOTCS YMCICHHBIMHU [TPU3HAKAMHE, TIO3TOMY IS
M3BIICUCHHSI ACCOL[ATHBHBIX IIPABUIT M TOCTPOCHHSI HA KX
OCHOBE 0a3 IpaBUJI HEOOXOIUMO YHCIICHHBIC aTPHOYTHI
MPeBapUTEIILHO MTPe0OPa3oBbIBATH K (hOpMaTYy, TOCTYII-
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HOMY JUTS IPIMEHEHHS M3BECTHBIX METOJIOB ITOHCKA ac-
conuatuBHbIX npawui [1-3]. TIpu 3ToM TpeOyercs BbI-
TIOJHSATH pa30neHNe YNCTICHHBIX IIPH3HAKOB HA HETepece-
KaIOIIHecst THTEPBaJIbI, KasKAbIH N3 KOTOPBIX pacCMaTpH-
BaeTCs 3aTEM KaK HOBBIH aTpHOYT.

O/HAKO B TAKHX CIyYasiX BOSHUKAIOT MPOOJIeMbI BBIOOPa
KOJIYECTBA HHTEPBAJIOB U CYIIECTBEHHOI'O BO3pACTAHUS
Pa3MEpHOCTH peIIaeMoi 3aJaqu, YTO TOBBIIIAET TPpeho-
BaHUS K BRIYMCIUTENBHBIM pecypcam DBM. Kpome Toro,
B HEKOTOPBHIX CITy4asXx KpPOME YacTO BCTPEYAIOIIMXCS
Ha0OPOB Ba)KHBIMH JUTS U3BIICUYCHUS HOBBIX 3HAHUHN 00
HCCIIeTyeMbIX 00BEKTaX MU ITPOLIECCaX SBISIFOTCS Heva-
CTBIE Ha0OPBI AIIEMEHTOB, MTO3BOJISIOIINE BBISIBIIATH KOC-
BEHHBIE aCCOIMAIINN, KOTOPEIE HE U3BJIEKAIOTCS IIPH HC-
MOJIH30BaHIH H3BECTHBIX METOJIOB CHHTE3a 0a3 accolu-
ATUBHBIX IpaBui [ 1-6].

[ToaToMy akTyaIbHOM SIBIIsICTCS pa3paboTKa METO/Ia CHH-
Te3a 0a3 YMCICHHBIX aCCOIMATHBHBIX ITPABUJI, CBOOOTHO-
T'0 OT YKa3aHHBIX HEJIOCTATKOB ¥ TTO3BOJISIFOILIETO H3BJIC-
KaTh HE TOJBKO YaCTO BCTpeyaroluecs HabOphl, HO U
PEIKO BO3HUKAIOIIUE HHTEPECHBIC ACCOIIMATHBHBIC ITPa-
BHIIA.

L]envio HacTosIIEeH pabOTHI ABJSETCS CO3/IaHUE METO/IA
cuHTe3a 0a3 YMCICHHBIX aCCOIIMATUBHBIX MTPABHIL.
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ITocTaHoBKAa 3a1aUM CMHTE3a 0a3 YHCJEeHHBIX acCo-
MUATUBHBIX IIPaBUJI

[MycTe 3aman Habop (6a3a) Tpan3akiuii D:
D={T}.T.... Tnp, |,

B KOTOPOM KaXKJIbI{ AJIEMEHT Tj , j=12,..,Np conep-
JKUT HH(POPMAIIMIO O HEKOTOPBIX B3aUMOCBS3aHHBIX CO-
ObITHSX; Np = |D| — KOJIMYECTBO DJIEMEHTOB (TpaH3aK-
item JJ} g I

— j-s Tpan3aknus 6a3el D, mpencrasistonias co00i crim-

i) B Habope naHHbIX D; Tj = {tlj,tzj,...,tN

COK JIEMEHTOB ljj C KOHKPETHBIM 3HAUCHUEM YU CIIOBBIX
atpu0yroB; tij — i-if a;mement j-ii Tpamsakumu Tj,

i=1,2,...,N‘Tj ; N‘Tj‘ — KOJIMYECTBO 3JIEMEHTOB B j-if

tpansakiuu 1j; I ={T, ,’Cz,...,’CNI} — MHOECTBO BO3-
MO>KHBIX IEPEMEHHBIX (IPU3HAKOB ), KOTOPHIE MOTYT BXO-
IWUTh B CIIMCOK DJIEMEHTOB KAKIOH TpaH3akuuu T;,
j=L2,..,Np HaOopa manHeix D; 1, — a-if smement
MHOxkectBa I, a=1,2,...,Ny; Ny = |I| — KOJIMYECTBO 3JIe-
MEHTOB MHOXecTBa 1.

B ciyuae, ecmu 6a3za Tpanzakuuii D comepkuT Kpome

6I/IHapHI)IX, €IIC U BEIICCTBCHHBIC ICPEMCHHBIC, DJICMCH-
ThI tij TpaH3aKINH TJ OpEaACTAaBIIAIOTCSA KOPTEIKEM

t; =< T v(Ty) >,

rae Tij — NpU3HAK U3 MHOXKeCTBA |, COOTBETCTBYIOLIMHA
anementy tj; V(T;;) —3HaucHue npusHaka Tjj B TpaH-
sacuun T, V(Ti) € Ay = [Ty Ty |5 Tijmin H
Tijmax — MMHAMAIIbHOE U MAaKCUMAIbHOE 3HAYECHHUS U3
JManas’oHa BOSMOXKHBIX 3HaueHuii Ajj npusnaka Tij .

Torna 3agaua cuHTe3a 0a36I YUCIEHHBIX ACCOIIMATUBHBIX
TIPaBHJI HA OCHOBE 33]JTAHHOM TPaH3aKIIMOHHOM 0a3bl TaH-

HBIX D 3aKITfo4aeTcs B TOM, 9TO HEOOXOINMO IIOCTPOUTH
Habop (0a3y) YMCICHHBIX aCCOIIMATUBHBIX MpaBui bI1 B

BUAE HUMIUIMKALUN <X,V(X)>—><Y,V(Y)>, B KOTOPBIX

Habopel X u Y He mepecekarores [3]:
BIL: (X,v(X)) > (Y,v(Y)): XcI, YcI, XNY=2,

rae V(X) 5 V(Y) — MHOKECTBA 3HAYCHUH NPU3HAKOB,
MPUHAIEKAIUX MHOKECTBaM X U Y, COOTBETCTBEHHO.

IocTpoenne 6a3 YMCACHHBIX ACCOLMATUBHBIX
npaBuI

J71s1 N3BNIEYCHNUS aCCOMATHBHBIX ITPABIII M3 TPAH3AKIIU-
OHHBIX 0a3 JaHHBIX D, copiepKaiyx YucIeHHbIE aTpUOYy-
ThI, TAKAE aTPUOYTHI MPEOOPa30BLIBAIOTCS K GopMaTy,
JOCTYITHOMY JUTS IPUMEHEHHS H3BECTHBIX METOJIOB ITOHIC-
Ka acCOIMATUBHBIX mpaBui [2, 4]. [Ipu aToM Tpebyercs
BEITTONTHATH pa30HeHre YN CIICHHBIX IPU3HAKOB Ha Herle-
peceKaroIecs MHTEPBANbI, KaXKIbI U3 KOTOPBIX pac-
CMaTpUBaeTCs 3aTeM KaK HOBBIH aTpuOyT. B pa3paboran-
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HOM METOJIE€ CHHTe3a 0a3 YMCIIEHHBIX acCOIUATHBHBIX
TIpaBUJI MPEJIAraeTCsl MCITOJIB30BATh MOJIX0]] HA OCHOBE
TEOpUU HEUETKUX MHOXecTB [3, 7, 8], mo3Bomnstomuii
pa3duBaTh UCXOIHBIC TPU3HAKH HA HEUECTKHUE HHTEPBAIBI
1 paboTaTh C KKIBIM MPU3HAKOM, a HE C OTJCIbHBIMU
HWHTEpPBaJaMH €ro pa3orueHusI.

[TosToMy Ha HavaJIbLHOM 3Tale MPEIOKEHHOT0 METOIa
BEITONHsETCS (pa3zudukaiys 6a3sl TpaH3akuii D, T.e.
MpUBEJICHIE BCEX €€ YNCIIEHHBIX 3HAYEHH I K HEYETKOMY

Buay: D — FuzzyD. Takoe nmpeoOpa3oBaHue MO3BOIUT

BBIICTIUTh HEUETKUE TEPMBbI KQXKI0I0 MPU3HAKA JIJ1s1 BbI-
TIOJTHEHUS JAJIbHEHIIEero U3BJICYEHUSI aCCOLIMaTUBHBIX
MpaBUJL.

[Tpu morcke accorMaTUBHBIX PABUIT BAXKHON XapaKTepH-
CTHKOI, MCIONB3yeMOW B MpolLlecCe UX M3BJICUCHUS,
SIBJIIETCS MOAJICP)KKa HaOOPOB 3JIEMEHTOB, a TAKXKE €e
TIOPOrOBOE 3HAYEHNE, 33/1aBAEMOE, KaK ITPABUJIO, ITOJIb30-
BaTeJIeM B KauecTBe Mmapamerpa MeToza. B paspaboran-
HOM METO/IC TOCTPOCHH S 023 YMCICHHBIX ACCOLIMATUBHBIX
HPaBUII MOJICPIKKY TPaH3aKIUU 1j OyaeM paccuuThI-
BaTh KaK IepecedcHre QyHKIIIA MPHHAIICKHOCTH MPH-

3HAKOB, BXOAAIIUX B TPAH3aKIIUTO T] .

Supp(Tj) = ﬂ“a (Tj) ,

T.eTj
roe U, (Tj ) —3HaueHMe (HYHKIMY IPUHAIEKHOCTH G-TO
IPU3HAKA, BBIYUCIICHHOE IS TPaH3aKuuu 1.

Torma nomnepikka Habopa X ompenenseTcs Kak cymma
TIO/IJIEPXKEK BCEX TPAH3AKIIUN, COAECPIKAIIIUX ITO MHOXKE-
CTBO:

supp(X)= > supp(T;) = > [u.(T,)

XcT; XcT; 1,€T;

B3Bemrennyro momepkky Habopa X, YYHUTHIBAIOIILYIO
OIICHKY MHIIMBHUAYaTbHON HH( OPMATHBHOCTH IIPU3HAKOB,
BXOSIINX B JaHHBIA HAOOp, OMPENETHM CIEIYIOIIUM
obpazom:

wsupp(X)=supp(X) X w, ,
TaeX

rIeBeNMYNHa ) W, OINpeeNnseT OleHKy HH(OpPMATHB-
TaeX

HOCTH Habopa IMpU3HAKOB X.

B3BemieHHast MoiepKKa acCOUATHBHOIO MpaBHIIa
X — Y MOXET OBITh OlpeielicHa Mo GpopmMylie:

wsupp(X = Y)=supp(XUY) Sw, .
TeXUY

Bynem cuntaths X 4acTo BCTpEeYarOMIUMCS B3BEIIEHHBIM
Ha0bOpOM, eciTi OYZET BBITOJIHATHCS yYCIOBHUE:

wsupp(X) 2 wminsupport ,

rIe wminsupport — moporoBoe (MUHHMAJIBHO JOITYCTH-
MOe€) 3HaUCHIE B3BEIICHHOH MOIEPIKKH.
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I[.]'ISI MMOHUCKa YaCTO BCTPEUYAOIINXCS Ha60pOB X YCTaHO-
BUM 3Ha4€HHE MUHUMaJIbHOM NOAACPIKKU C yHETOM OLICH-
KU I/IH(l)OpMaTI/IBHOCTI/I CaMOro JJINHHOr'o Ha60pa npu3Ha-
KOB B 0ase JlaHHBIX D:

minsupport = ¢, - wminsupport ,
rae o — K03 PUIHEeHT, yYUThIBAIOUINI 3HAYUMOCTb Ca-
MOt JUIHHHOM TpaH3akuu Tj ( ‘Tj‘ = %SE|TJ | ) B TpaH3aK-
IUOHHOM 6a3e JaHHBIX D:

1
2 Wy

Tj‘= max ‘TJ‘
TyeD

o=

a:TyeTj,

Yacto BCTpCHAOIIUMUCH GYL[CM CUMUTATh Ha6opm X, JJIA
KOTOPBIX BBIIIOJIHACTCA YCIIOBUEC:

supp(X) > minsupport .

Baxuo OTMETHUTD, YTO B HCKOTOPBIX CIIYyHYasAX KPOME HaCTO
BCTpCHAOIUXCA Ha60pOB X BaXHBIMM 7151 U3BJICUCHUS
HOBBIX 3HAaHHI 00 HCCIIEAYCMbIX 00BbeKTax UiIn mpouec-
Cax ABJIAIOTCA HCUACTBIC Ha60pBI 9JICMCHTOB, IT03BOJISAIO-
KU BhIABJIATE KOCBCHHEBIC (HerfIMBIe) accouanmu.

Ecnu nBa Habopa snemenToB X 1 Y CYIIECTBEHHO 3aBU-

CSTOT TpeThero Habopa Z, Toraa 0yIeM CUuTaTh, 9To napa
z

X u Y KOCBEeHHO CBsi3aHa 1o Habopy Z: X—=—Y .

Hanuuue takoi cBsi3u GYL[CM OnpeacIATb, UCXOOs U3
HCTHUHHOCTH TaKUX yC.]'IOBHfIZ

1) 3HaueHHe B3BEIICHHON momnepxku Habopa XUY
MEHBIIe MUHIMAJIBHO IOy CTHMOM:

WSllpp(X U Y) < Bwsupp(XUY) 5

rae Bwsupp(xuy) — TIOpOTOBOE 3HAYECHHE B3BEIICHHOU
HEYETKOW MOIEPKKHI MEX Ty HabopaMu X U Y — BEIHYH-
Ha, yKa3bIBAIOIIAs HA TO, YTO OHHU BCTPEUYAIOTCS HE YACTO.

3HayeHue Bwsupp(XUY) MOJKHO YCTaHOBUTH CIICAYIOIIUM
obpazom: Bwsupp(XUY) = wminsupport ;

2) cymiecTByeT HermycToi Habop Z (37 # &), U1 KOTO-
POTO BBIMOIHSAOTCS YCIOBUSI:

wsupp(X U Z) 2 Bwsupp(z);
wsupp(Y U Z) 2 Bwsupp(Z)5

W(X,Z)Z W min s

u W(Y,Z)Z W min »

rjae Bwsupp(z) —IMOPOrOBOE 3HAYEHUE B3BEIICHHOW HEYET-
KO IMOIEPIKKH MEX Ty HEKOTOPBIM Hab0poM 1 HabopoM
Z, SBIAIONIAMCS KITFOUSBBIM JUTS OSBIICHUS ITapbl Ha0O-
poB Xu'Y,—BeNHUYNHA, yKa3bIBAOINAS HA TO, YTO HAOOPHI
X 1 Y BCTpeuaroTcs 4acTo MpY HATMYUKA MHOXKECTBA Z.
3HaueHue Bwsupp(z) 1esecooOpasHo YCTaHOBUTH CIIETY-
FOIUM  00pa3oM: Bwsupp(Z) 2 Bwsupp(XUY); W(X,Z) u
w(Y,Z) — KPUTEPUHU OLICHUBAHUS B3aUMOCBSI3U MEXIY
MHOXecTBaMHU X U Z, a Takxke Y U Z, COOTBETCTBEHHO;
W nin — MHHUMAaJIbHO JOITYCTUMOE 3Ha4YE€HUE KPUTEPHUS
OLICHUBAHMs B3aMMOCBSI3H MEXAYy MHOXKECTBAMH 3JIe-
MEHTOB 0a3bl TpaH3aKIIHA.
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B xauecTBe Mepsl W(X,Z) 1eNIeco00pasHoO HCIIONb30-
BaTh CICAYIONIYIO (hOPMYITY:

w(X,Z)= p(XNZ)

VpX)p(Z)

rae p(X), p(Z), p(XNZ) — BepOATHOCTH IOSABJIEHUS
Ha6opoB X, Zu X(\Z B 6a3e gaHHBIX D.

Takum 06pa30M, HCIIOJIBb30BaAHUE TPEAJIOKCHHDBIX BBIIIC
KPUTEPUCB U UX ITOPOT'OBBIX 3HAYEHHU I MTO3BOIUT U3BJIE-
KaTb HC TOJIBKO 4aCTO BCTPEYAIOIIHECCA Ha60pBI, HO U
Ha60pBI, PEAKO BOBHUKAKOIIKUE B HUCXOJIHOM Oase JaHHBbIX,
OAHAKO ABJIAOIIHUECA HWHTCPECCHBIMHW U ITO3BOJIAIOIINEC
BBISIBIIATH HOBBIE 3HAHHUS 00 HCCIIEaYCMbIX 00BbeKTax MK
nmponeccax.

[Tocse BbINONHEHU S TOATOTOBUTEIBHBIX TPOLIEYD, CBS-
3aHHBIX C IIpeoOpa30oBaHIEM TPAH3AKIIMOHHOM 0a3bI TaH-
HBIX ¥ OIIpeieJIeHHEeM TOPOTrOBBIX 3HAUEHUH MOAIEPKKH
U JIOCTOBEPHOCTH, BBITIOJHAETCS U3BJICUEHUE accolUa-
TUBHBIX MIPABUJI U MIOCTPOCHHUE HA UX OCHOBE 0a3bl mmpa-
BWI. B mpemioxxeHHOM MeTolle B LIEJSIX COKPAIEHHS
MIPOCTPAHCTBA MOKCKA UCTIONB3YETCS CBOMCTBO aHTHUMO-
HOTOHHOCTU TMOIAEPXKKU [, 4] mpu co3maHuM HOBBIX
HA0OPOB KAHTMIATOB.

[ moctpoeHus 6a3bl YHCICHHBIX aCCOIIMATHBHBIX MTpa-
BHJI3a/Ia€TCs TPaH3aKIIMOHHAs 0a3a JaHHbIX D, comepka-
1asi TPAaH3aKIUK 1) ¢ 9UCIOBBIMU 3HAYCHUSIMU aTPHUOY-
TOB 1T, , BEIOMpaeTcs NpHu He0OXOIMMOCTH Habop (YyHK-
[IUH IPUHAUISKHOCTH [ , NCTIONb3YEMBbIX [T pa30HeHHs
JIMana3oHoB A, YHCIEHHBIX NPU3HAKOB Ha HEYETKHE
MHTEPBAJIbI, OMPEACIACTCS MHHUMAJbHAS B3BEHICHHAS
MOAJEePXKKa wminsupport 1 B3BelIeHHAasI JOCTOBEPHOCTh
wminconfidence , a Takyke apyrre TOPOTOBBIE 3HAUCHUS

(Bwsupp(XUY), Bwsupp(z), W nin )» HEOOXOIMMBIX IS
paboThI MeTOA.

3aTeM KaX10€ j-€ UHCICHHOE 3HaYeHNE Toj a-TO IPH3HA-
Ka T, BTpaH3akuuu 1j mpeoOpa3oBhIBAETCS K HEYETKO-
My 3Ha4CHHIO {Ty:

NHHT.

fT _ ¥ l"lak(Ta € TJ)
aj |A | 5

k=1 ak
rae W, (T, € T)) — dysxuns npunamnexusoctn a-ro
npu3HaKa k-My TepMy, BBIYHCIICHHA JUTS IPU3HAKA T, B
Tpansakuu Ti; |Aak| —mupuHa k-ro nuamna3ona pasou-
SHUS a-T0 IPU3HAKa.

ITocite 3TOro BBIYHCISETCA MOIMHOCTH Ka)XIOro K-ro
JMana3oHa pa3oueHHs a-ro pru3HaKa:

Np
CAak = zuak (Ta € TJ)
=1
1 HAXOOWUTCA MaKCUMaJIbHasA BCIWMYWHA JJI1 KaXKI0T0 a-

ro IpH3HAKA!

maxCA, = CAy, a=12,.

b
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a TaKKe COOTBETCTBYIOIMH BenuunHe max CA, HHTep-
BaJ pa3oueHus maxA,, KOTOPBIH B JadbHEHIeM Mpo-
[ecce M3BJICUYCHUS aCCOIMATUBHBIX TPaBHII OyAeT HC-
MOJIb30BAThCSA JUIs IPEICTABICHU S HEUETKUX XapaKTepH-

CTHUK DJIEMEHTA T, .

JUId kaXIoro UHTEpBalla maxA, , a = 1,2,...,|I| BBIUMCIIA-
€TCs B3BEIICHHAs MOACPKKa wsupp(max Aa) o ¢op-
MyJlaM, IPUBEACHHBIM Bbllle. Bce MHTEpBallbl max A, ,

3HAYE€HHUS B3BEIICHHOMN NOAACPIKKHU KOTOPBIX HE MCHEC
MHWHUMAJIbHO AO0YCTUMOI'O IOPOrOBOTO 3HAYCHUA

wminsupport , 3aHocsiTcss B MaccuB FIj, comepxanuii
OJTHO3JIEMEHTHBIE YACTO BCTPEUAIOIIHECS HAOOPHI:

FL, = {max Ayl wsupp(max A, ) > wminsupport} .

WuTepBansl ¢ MaJbIMU 3HAYEHHUSMHU B3BEIICHHBIX O]~
JIEpPIKEK wsupp(maan) 3a”ocATcs B MaccuB Rl penxo
BCTPEYAIOIIIXCS OTHOIEMEHTHBIX HAOOpOB:

Rl = {max A, | wsupp (max A, ) < wminsupport} .

B Cl1y4dae, €CJIM MHOKECTBO FII SIBJIAACTCA ITyCTBhIM, METOJ
OpeKpamacT CBOKO pa60Ty, IMOCKOJIbKY CIr€HEpUpPOBAThH
YacCTO BCTPCHAOMUECA N JOCTOBCPHDBIC aCCOLIMATHBHBIC
npaBuJIia HEC NPCACTABIACTCA BO3MOXKHBIM.

3areM Ha OCHOBE TeKyIlero Muoxkecrsa Fl; d-anemenrt-
HBIX Ha0OpoB reHepupyercs MHOXKecTBO Cg,q (d+ 1)-
3JIEMEHTHBIX KaHAMJATOB B 4ACTO BCTpeyaronyecs Habo-
pel. [Ipu sToM anamormuyno merony Apriori [1-3] mis
YMEHbIIEHUS KoJruuecTBa KanauaaToB Ha (d + 1)-i ute-
PalHHU UCTIONB3YeTCs CBOHCTBO aHTUMOHOTOHHOCTH IO/~
JEPIKKH, 3aKITI0YAIOIIEecs B TOM, UTO IOAIEPIKKA JTF000-
IO MHOXKECTBA AJIEMEHTOB X HE IPEBHIMIACT 3HAUCHUS
MUHUMAaIBHOH IMOIAEPKKH JIF0O0T0 €ro MOIMHOKECTBA
Y c X [1, 3]. [Toaromy Ha »Tamne reHepamni MHOKECTBA

kaHauaaToB Cgy,; OTCEKAIOTCS (HE CO3IAI0TCS M HE 3aHO-

carcstB C g,y ) T€ HAOOPBI, KOTOPBIE HE MOTYT CTATh 9acTO
BCTPEYAIOIIUMIICS, YTO OIIPEACISIETCS Ha OCHOBE HH(Op-
MaIuu 0 Habopax ¢ HU3KUMHU 3HAYEHUSMH TTOIICPKKH
WSUpp , paCCYNTaHHBIMU Ha ITPEIBLTYIINX dTAllax U Xpa-
HAnMucs Bo MHoxectBe RI. Takum o6paszom, mpu
co3faHuK HOBOro MHOXectBa Cg,; KaHAWZATOB HC-
MOJB3YETCS HIES O TOM, UTO y HabOopa, KOTOPHIi MTOTSHIT!-
QITBHO SBJISIETCS YaCTO BCTPEYATOIIUMCS, BCE TIOIMHOMKE-
CTBa TaK)Ke JOJDKHBI OBITh YaCTO BCTPEYAIOLTIMICS (3HA-
YEHUS BCEX MOICPIKEK MOIMHOXKECTB JOJDKHBI OBITH HE
HIDKe moporoBoro). CiemoBaTenbHO, KaHIUIAT X, CO-
JepKamil TOAMHOXECTBO Y — X, OTOpOIIeHHOe Ha
MNPEeOBIIYyIINX dTamax KaKk HEYacTO BCTpEYarolieecs
(YeRI), HE BKIIOYAETCS B CIICAYIOIIEE MHOMKECTBO

Cy41 KaHIUIATOB B YaCTO BCTPEUAIOIINecs HabOPBI.

ITocne dpopmupoBanust MHOXKecTBa Cgy,q MU KaXJOTO
Habopa X ={1;,75,.... T411 1€ Cysi (|X| =d+1) Brrumc-
JISIETCS €r0 HeUeTKas XapaKTePUCTHKA IS j-1 TpaH3aKIU!
Tj :
64

i(T)= NG e T

a:t,eX

JAaJiee onpeacisdeTCs B3BCIICHHAas IMMOAICPKKa Ha6opa X:

ZHX(Tj) Zwa )

XeTj,TieD  13eX

wsupp(X) =

Ecnu 3Hauenue Wsupp(X) HE MCHCC MUHHUMAJIbHO JOITY-

CTHUMOI'O [IOpOra Wminsupport , MHOXeCTBO X 3aHOCUTCSI
B MaccuB Flj | uyacTo BcTpeuaromuxcsi HabOpoB 3ie-
MEHTOB, B IPOTUBHOM CJIy4a€ — B MacCUB PEOKO BCTpeE-
yaromuxcs HabopoB Rl .

B cnyuae, ecnn Fly, #, BEIIONHAIOTCA AECTBHA,
aHaJIOTMYHBIE ONMCAHHBIM BhIIIE. B IPOTHBHOM Cilydae
CUMTAETCS, YTO JaIbHENIIEE TeHEPIPOBAHHE YaCTO BCTPeE-
YaIOIMXCcs HAOOPOB ABILIETCS HEBO3MOXKHBIM. [ToaToMy
Jiariee BBITONHSETCS U3BJIEYEHHE ACCOLUATHBHBIX IIPaBUIT
C NIPUEMJIEMBIM YPOBHEM JOCTOBEPHOCTH.

AcconnaTiBHbIE MTPaBUIa OyIeM TeHEPUPOBATH UCXOJIS
M3 TOr'O, 4YTO:

wsupp(X — Y)

weonf(X — Y)= > wminconfidence,

wsupp(X)
XNY=4.

MaccuB Bcex 4acTo BCTpeyaronuxcs Habopos, HaliieH-

HBIX paHee, MOXKeT ObITh COPMHUPOBAH KaK COBOKYII-

HOCTb MaccuBOB Fl :

d
FI= UFIC .
C=1
Jis kaxxaoro Habopa A € FI ¥ Ka)10ro ero nojaMHoOXe-
cTBa X € A BBIIOJHSAIOTCS IPOBEPKU:

wsupp(A)

> wminconfidence wu
wsupp(X)

wsupp(A)

> wminconfidence
wsupp(A \ X) )

IIycte Y=A\X. Torma, ecnu BBIIOIHSETCS NEPBOE
YCIIOBHE, TO TE€HEPHPYETCS aCCOIMAaTHBHOE IPABHUIIO
X — Y . Ecniu BEImomHsieTcst BTOpoe ycloBHeE, TO TEHEPHU-
pyeTcs npaBuio Y — X . [Ipu HeBbImONHEHUH 000HMX
YCIIOBUY TeHepaluy TpaBuia 1l Ac F] U Xe A HeE
TIPOUCXOJTUT.

ITocie 3TOro BEIOMHAETCS IIOUCK I/IHT%peCHBIX, HO PEKO
BCTpEYAIOIIUXC MpaBuil Buga X———>Y . J[Is 9TOro
¢dhopmupyetcst MHOKecTBO RI:

d
RI= JRIc
C=1

M JJIs KaKA0oro ero njemMeHTa A€ Rl BBITOIHSIOTCSA
CIEAYOIINE NEUCTBUS: X = A‘ AT MOCHEIHUN DJIIEMEHT
MHOXecTBa A; Y :A‘ A1~ NPEANOCICAHUNA IEMEHT
MHOXeCTBa A; Z=A\ (X U Y) . Torna Oynem u3BieKaTh
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Z
ACCOLIMAaTUBHBIC [TpaBUJIa BUAA X—Y IIpH BBITIOJIHE-
HUU CICAYIOIUX yC.]'IOBHﬁZ

wsupp(X U Y) < Bwsupp(XUY);
(Wsupp(X U Z)) N (Wsupp(Y U Z)) 2 Bwsupp(Z);
w(X, Z)NwW(Y,Z)= Wi,

ITocime usBiedYeHUS UMIIIMKALUK BUga X —Y H

z
X——Y Ha ux OCHOBE CHHTE3UpyeTCs 6a3a acconua-

TUBHBIX IIPABHJI, OITUCHIBAIOIIAS UCCIICTYEMbIE O0BEKTHI
U TIPOLIECCHL.

Takum 00pa3oM, MPEIIOKEHHBI METOA CHHTe3a 0a3
YUCIIEHHBIX aCCOLMATUBHBIX MpaBUJ MPENONaraer uc-
MOJIb30BaHNE KPUTEPUEB JJIsi OLIEHUBAHUS KOCBEHHBIX
accolMallii, YTO MOHUKAET CTETIEHb Y4aCTH S I0JIb30Ba-
TEJIA B IPOLIECCE TOUCKA ACCOLUATUBHBIX IIPaBUIL, YMEHb-
iaeT BEPOATHOCTh W3BJICUEHHUS MpPaBUJI, HEKOPPEKTHO
OIUCHIBAIOIINX HCCIIEIyeMble 00BEKTHI M MPOLECCHI, a
TaKKe MO3BOJISIET U3BJIEKATH HE TOJIBKO YaCTO BCTPEYaro-
nmecst Habopbl, HO M PEIIKO BOSHUKAIOIINE HHTEPECHBIE
accOLIMaTUBHBIE PaBUIIA.

Hns uccnenoBanus 3PpQPEKTUBHOCTH MPEITIOKEHHOTO
METOlla TOCTPOCHUs 0a3 YHCIEHHBIX AaCCOIIMATUBHBIX
MPaBWJI OLIEHUM €ro BBIYMCIUTENIBbHYIO CIOXKHOCTH O.
U3Bneuenne accoliMaTUBHBIX MTPABUII CBA3aHO C IIOCTPO-
SHHEM MHO)KECTBA 4acTo BcTpedaronuxcst Habopos Fl,
9TO B CBOIO O4Yepelb TPeOyeT OmpeleicHUs 3HAUCHUI
MOJIEPXKEK KaXKJIOr0 M3 KaHIUAATOB, MaKCUMaJbHOE

2
KOJIMYECTBO KOTOPBIX HE MPEBBIILIAET |I| . CnoxHocTh

2 o
sroro npouecca coctaBut O (|I| ) onepauwuii. [Tporecc
M3BJICYCHHSI ACCOIMATHBHBIX TIPaBUII U3 MHOXKecTBa FI
npejnoyiaraeT o0pabOTKy Ka)JO0ro MOJMHOMXECTBA

I| ? ) omeparuii.

AeFI, Ha uro norpebyerca O

W3BIL. (
HOBTOMy BBIYHCIIUTCIIbHAA CJIOKHOCTD IPEAJIOKECHHOI'O
METOaa COCTaBHUT.

0=0,(1")+0,.. (" )=0(1").

ITockonbKy 3aBUCHMOCTD JIEMEHTAPHBIX ONEpaluil OT
pa3Mepa BXOAHBIX JaHHBIX SIBJIETCS MOJTMHOMHUATIBHON
(KBaIpaTHYHOH), MOKHO CIETaTh BBIBOJ O TOM, UTO
TP IUIOKEHHBIN METO/ SIBIISIETCS BEIYHCIUTENHHO () ek-
TUBHBIM.

JKCIepUMEHTBI U Pe3yJbTaThl

Jns uccrnenoBaHusl CBOMCTB U XapaKTEPUCTUK IPEJIO-
KEHHOT'O METO/Ia MTOCTPOCHUS 0a3 YHCIEHHBIX acCcolra-
THUBHBIX ITPAaBHJI ObLIa BRITIONHEHA €TI0 IIPOrpaMMHast pe-
anu3anus Ha s3bIKe mporpaMmupoBaHus C#.

DKCIIepUMEHTAIILHOE HCCIICOBAHNE Pa3pabOTaHHOTO
METO/1a BBITIOHSIIOCH C TOMOIIBIO TECTOBBIX TPAH3AKITH-
OHHBIX 0a3 JaHHBIX. Pe3ysbTaThl HCCIeIOBaHUIN TIPUBE-
JICHBI B TAOJTUIIE, B KOTOPOM UCTIONB3YIOTCS TaKKE 0003Ha-
ueHus: N — KonudecTBo Tpansakuuii Tj B 6ase D; |I| -
KOJIMYECTBO DJIEMEHTOR (ITPU3HAKOB), H3 KOTOPBIX MOTJIH

(bOpMHPOBATHCS TPAH3AKIHH; ‘Tj — Cpe/IHEee KOJIMYECTBO
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MIPU3HAKOB B TpaH3akiuax 0as3sl D; |BII| — konmnvecTBo
W3BJICYEHHBIX aCCOLIMATHBHBIX ITPABUJI B CHHTE3UPOBaH-
HoU 0a3e mpaBui BII; t — Bpems paGoThl MeTOA.

PesynpraTer
9KCIIEPUMEHTANIbHBIX HCCIIEI0BAHUIM

Pesynbrarsl

XapaKTepuCTHKH 0a3bl cuHTe3a 0a3
Ne TpaH3akuud D ACCOLMATUBHBIX

MpaBUII

Np Il |Tj| IBII| t
1 10000 100 10 202 0,12
2| 10000 500 10 246 0,41
3| 10000 1000 10 281 0,92
4 | 50000 100 10 489 0,53
5| 50000 500 20 519 2,27
6 | 50000 1000 30 621 5,82
7 | 100000 1000 10 802 6,13
8 | 100000 5000 20 858 31,05
9 | 100000 10000 30 992 67,58

Kak BuiHO U3 TaOIHILIBI, BpeMsl pabOThI IPEI0KEHHOTO
METO/1a CyIIECTBEHHO 3aBHCHT OT KoJnuecTsa |1 anemen-
TOB B 0ase D, UTO MOATBEPIKAAET OLEHKY BHIYUCITUTENb-
HOI CJIO)KHOCTH O(|I| 2 ) meroza. Kpome Toro, pesy.ibra-
ThI SKCIIEPUMEHTOB TTOKA3aJIH, YTO KOJIMYECTBO CTEHEPH-
posanmnbix npasu [BI1| pacTeT ¢ yBenmueHreM napamer-

poB Np, I| u ‘Tj‘ 6a3bl Tpan3akumii D. 910 00ycnoBe-
HO OONBIIMM KOJIUYECTBOM Pa3IMYHBIX JJIIEMCHTOB B
MHOXKECTBE 4acTo BcTpevaroniuxcs HabopoB FI, uto
MTO3BOJIAIIO CTEHEPHPOBATE OOJTBIIIE YNCIICHHBIX aCCOLH-
ATUBHBIX IIPaBUIL.

Takum 06pa3oM, pe3yIbTaThl IKCIEPHMEHTOB ITOKa3ally,
9TO pa3paboTaHHBINA METOJI IIO3BOJISIET H3BJIEKATh U3 3a-
JaHHOro Habopa TpaH3aKIMi YHCIICHHBIE ACCOIIMATHBHBIE
npaBuia, GOPMUpPYEMBIE HE TOJBKO Ha OCHOBE YacTO
BCTPEYANOINNXCS HAaOOPOB, HO U Ha OCHOBE HaOOpOB,
PEIKO BOSHUKAIOIIMX B HCXOIHOM 0a3e TaHHBIX, OHAKO
SIBIISTFOINMX CSL HHTEPECHBIMHM M ITO3BOJISAIOIINX BBISBIIATE
HOBBIC 3HaHUS 00 MCCIeIyeMbIX 00BEKTaX WM IpoLiec-
cax.

BriBOabBI

Pemrena aKTyaJIbHaA 3aJja4a aBTOMAaTU3AIIU N ITIOCTPOCHUA
0a3 YNCIECHHBIX ACCONMATUBHBIX IIPAaBUII.

Hayunas nosusna paboTBI 3aKIIOYAaETCS B TOM, HTO
MPeAIOKEH METO/ CHHTE3a 0a3 YHCICHHBIX aCCOIIHATHB-
HBIX MPAaBHJI, B KOTOPOM BBITIONHSAETCS (ha33u(UKaIIL
TpaH3aKIIMOHHOH 0436l MAHHBIX, BEIYUCIISIIOTCS IIOPOT0-
BEIC 3HAYCHHUS TOIIEPIKKHU, UCTIONB3YIOTCS KPUTEPUH IJIS
OLICHWBaHM KOCBEHHBIX aCCOIMAIINI, UTO IIOHMKAET CTe-
TIEHb YYaCTHsI [TOJIH30BATENS B IIPOIIECCE TIOMCKA aCCOLH-
ATHBHBIX ITPABHJI, & TAKXKE TIO3BOJISIET M3BJICKATH HE TOJb-
KO 4acTo BCTpeyaromuecs Habopsl, HO M PeIKO BOSHUKA-
OIIE HHTEPECHBIC ACCOITUATUBHBIC IPABUJIA.
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Ipaxmuueckas yennocms NOIYYEHHBIX PE3yIbTATOB
3aKJIIOYAEeTCd B TOM, YTO HAa OCHOBE MPEIOKEHHOIO
MeTona pa3paboTaHO MPOrpaMMHOE OOECIeYeHue, Mo-
3BOIISIOIIEE BBITIOHSATH TOCTPOSHHE a3 YHCICHHBIX ac-
COL[MATHBHBIX IIPaBUIL

Pa6ora BhITIONHEHA B paMKaX rOCOIO/PKETHONW HAYYHO-
HCCIIEIOBATEIBCKOM TEMBI 3aIIOPOKCKOr0 HAI[MOHAIb-
HOT'0 TCXHHYECKOro YHUBepcuTeTa « IHTeIeKTyapHbIe
HH(POPMAIMOHHBIE TEXHOJIOTHY ABTOMATH 3L IIPOCKTH-
POBaHMSI, MOJICTUPOBAHUS, YIIPABIICHUS 1 THATHOCTUPO-
BaHU IPOU3BOJICTBEHHBIX IIPOIIECCOB H CUCTEM» (HOMEP
rocyaapctBenHoi peructpauuu 0112U005350).
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M. S. Khan, M. Muyeba, F. Coenen // Lecture Notes in
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OueiiHuK AHapeii AJleKcaHIPOBUY, KaH]I. TEXH. HAYK, JOLEHT
Kadenpsl MPOrpaMMHBIX CPEICTB 3aMOpPOKCKOrO HAIHO-
HaJIBHOTO TEXHWYECKOro yHHMBepcutTera. HaydHble HMHTEpe-
CBI: MHTEJUIEKTYaJIbHBIC CHCTEMBI MOJUIEP’KKU MPUHATHS pe-
meHuil. Aapec: Ykpauna, 69063, 3anopoxse, yi. XKykoBc-
Koro, 64.

3aiiko TaThsiHa AHaToO/NBLeBHA, acIHUpaHT Kadeapsl mpo-
IpaMMHBIX CpPEICTB 3alOpO’KCKOr0 HAIMOHAJIBHOTO TEXHU-
4yecKkoro yHupepcutTera. HayuHble MHTEpechl: METOABI UH-
JYKTABHOTO OOyYeHHs, acCOIMAaTHBHBIC MpaBmiIa. Ajpec:
VYkpauna, 69063, 3anopoxse, yi1. XKykosckoro, 64.

Cy60oTun Cepreii AnekcaHAPOBUY, KAaHIIAT TEXHUYECKHX
HayK, JIOIIEHT, mpogeccop Kadenpsl IPOrpaMMHBIX CPEICTB
3amopoKCKOro HAIHOHATBHOIO TEXHHYECKOTO YHHBEPCH-
Teta. HayuHble nHTepech: HEHPOHHBIE CETH, HeUETKas JIo-
TMKa, MHTEIUICKTYalbHbIE CHCTEMbI MOMNEPKKH IPHHSATUS
pewmenuil. Aapec: Ykpauna, 69063, 3anopoxse, yi. XKykos-
ckoro, 64.
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NH®OPMAIINOHHBLIE
TEXHOJJIOI'MHU )

V]IK681.324:519.613

HUHTEJUIEKTY AJIBHOE OBJIAKO
YIIPABJIEHUSA IBUKEHUEM (Smart
Cloud Traffic Control)

XAXAHOB B.U., INTBUHOBA E.I.,
YYMAYEHKO C.B., @UJIUIIIIEHKO O.4.

[pemmaraercst MHTEUICKTYalbHAS O0JIaYHAsT HHPPACTPYKTY-
pa MOHUTOPHHTA W YIPABICHUS IOPOXKHBIM JIBIDKCHHUEM B
peanbHOM MaciiTabe BpEeMEHH Ha OCHOBE HCIIOJIb30BaHUS
IJI00ATBHBIX CHCTEM TMO3WIMOHMPOBAHUS M HABHUTAIMH, MO-
OMJIBHBIX TaJUKETOB U VIHTepHEeTa B LIEINSX MOBBIIICHUS Kade-
cTBa 1 OE30MaCHOCTH MEPEIBIKEHUS TPAHCIIOPTHBIX CPE/ICTB,
a TaKKe MHUHIUMU3AIUN BPEMEHHBIX H MaTEPUAITBHBIX 3aTpat
NpH JBYWOKEHHH aBTOMOOWIIEH MO 3alaHHBIM MapIIPyTaM.
OcCHOBHasi MHHOBAILlMOHHASI HJes — IEPEeHOC CBETO(POpPOB ¢
MOBEPXHOCTH 3€MJIM B BHPTyaJIbHOE OOJIAYHOE MPOCTpaH-
CTBO JUIsl YIIPABIICHUsI TPAHCIIOPTOM, CHAOXKEHHBIM MOOHIIb-
HBIM Ta/DKETOM, Ha 9KpaH KOTOPOTO BBIBOASATCS: KapTa, Map-
LIPYT CJIEAOBAHUS, KOOPAWHATHI YYaCTHUKA JOPOXKHOTO JIBH-
JKEHUs W CUrHajbl cBetodopa. [Ipemnaraercs KOMIUIEKC WH-
HOBAIIMOHHBIX TEXHOJOTMYECKUX PEIICHUH ISl COUUATbHBIX,
T'YMAaHHUTAPHBIX, YKOHOMHYECKUX, TOIUIMBHO-IHEPTETHYEC-
KHX M 9KOJOTHYECKUX MPOOIIeM, CBS3aHHBIX C CO3JAHHUEM H
NPUMEHCHHEM 00JaKa MOHHTOPHHIA W YyIPaBICHHS. Y IIO-
MSIHYTBIC TEXHOIIOTHHM ¥ KOMIIOHCHTBI WHTETPUDPYIOTCS B CH-
CTEMHYI0 aBTOMATHYIO MOJCIb HHTEPAKTHBHOTO B3aHMO-
JICHCTBHUSI B peaibHOM BPEMEHH HH(PACTPYKTYpHOro 00ia-
Ka MOHHTOPHHTA U YIIPABJICHHUS C TaKETOM TPAHCIIOPTHOIO
cpencraa.

1. BBenenue

HanoonexTpoHrka, KOMIBIOTEp U KHOEPIPOCTPAHCTBO
(MHTEpHET) COCTABISIOT CETOIHS TPH ABOIIOIIHOHUPYIO-
IIMX YPOBHSI HepapXuH [IU(PPOBOH TtaHeThl. Ha mx ocHOBe
TPETh BCEX MHTEUIEKTYaJIbHBIX PECYPCOB YEJIOBEUECTBA B
HACTOSIIEe BpeMsl TPYIUTCS HAll CO3MAHUEM ITU(PPOBOIL
KapThl WK 3epKajla CTPYKTYPHOI'O B3aUMHO-0/JHO3HAYHO-
I'0 COOTBETCTBUS MEXAY IIPOLIECCAMU, SIBJICHUSIMH Peallb-
HOI'0 U BUPTYaJIbHOI'O MUPOB B LIEJIX NOBBILLIEHUS Kaye-
CTBA J)KU3HU JIIOZIEH ITyTEM CO3JIaHUS «3eJICHOM» KuoepI-
JIAHETHI. JTO O3HAYAET OIU(PPOBHIBAHHE HE TOIBKO BCEX
MOOWJIBHBIX M CTAIHOHAPHBIX OOBEKTOB, HO M «IHCTOTO)»
CTPYKTYPHUPOBAHHOI'O 36MHOI'O IPOCTPAHCTBA AJIsl TOYHO-
ro3aJiaHus KOOPAMHAT IIPOLIECCOB U ABJIEHU M, TPOHCXOI-
IIMX Ha peajbHOM ianere. [{udporas kapra mocnenHen
MIOCTOSIHHO 3BOJTIOLIUOHUPYET OT CTALIMOHAPHOCTH K ANHA-
MHUKE [IPOLIECCOB PEabHOTO BPEMEHH U YXKE UCIIOb3YeT-
Cs1 JUTsI CO3JTAHU S B KHOEPIIPOCTPAHCTBE 00IaYHBIX CEPBH-
COBTOYHOT'O MOHITOPIHTa  OITUMAITLHOT'O (OECITHIIOTHO-
T'0) yIpaBJieHUs (IBIKYIIMMHUCS ) 00bEKTAMH PEATEHOTO
mupa B m3mepenusix: 1D, 2D, 3D.
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YckopeHre pa3BUTHS 3HAHUI O MPHUPOJNE B MOCIEIHES
BpEMSI CBSI3BIBACTCS C TEXHOJOTHYECKOH CHHIYIISIPHOC-
THIO WK B3PBIBOM B IOHMMAHUU 3aKOHOB MHKPO- U
MaKpOMHpa Ha KOPOTKOM IMPOMEXKYTKE BPEMEHU, YTO
HEIPEMEHHO MPHUBEJIET K CO3TAHUIO Yepe3 IBa ICCITUIIC-
THS TI00ATFHOr0 KHOEpMO3ra JUTsl YIIPaBIICHHS YeI0Be-
YECTBOM, & TAKXKE MPOIIECCAMU U SIBICHUSIMU PEATEHOTO
Mupa. DTO BO3MOXKHO O1aroapsi pa3BUTHIO TPEX KOMIIO-
HEHTOB: OHMOMH)KCHEPUH, HCKYCCTBEHHOI'O MHTEIUICKTA
KAOEpIPOCTPpaHCTBA M HAHOTEXHOJOTHH aJJUTUBHOTO
MPOM3BOJICTBA ITIPOMBITITICHHBIX U3ICUH. 31€Ch IMEEeTCsI
BBUJY: 1) BCTPOCHHAS 1 HEMOCPEACTBCHHAS HHTETPAIUS
MO3ra 4ejoBeKa ¢ KOMIBIOTEPOM HIIM KHOEepIpOCTpaH-
CTBOM ITyTEM YCTPaHEHHS I3BIKOBBIX MHTEP(HEHCOB MEXK-
Iy HUMH; 2) CO3IaHIE HCKYCCTBEHHOT'O HHTEIUIEKTA IS
caMOOOYYEHUS U CAMOCOBEPIICHCTBOBAHUS HEONOIOTH-
9eCKUX (KOMIBIOTEPHBIX) CTPYKTYp, MPOTpaMM U TIpo-
[ECCOB; 3) «HAHO-BHIPAIIMBAHUE» KOMITBIOTEpA ITyTEM
aJIMTHBHOT O CTPYKTYPHPOBaHUsI aTOMOB. PrIHOYHAS TpH-
BJICKATENILHOCTD «3€JICHBIX)» HAHOTEXHOIOTUH BOCX OIS~
[IET0 IPOSKTHPOBAHMU S — TOCTPOCHUE HITH BBIPALIIMBAHUE
(KBaHTOBOT0) KOMITBIOTEpPA IYTEM CTPYKTYPHPOBAHHS
aTOMOB — 3aKJTF0YAETCS B O€30TXOHOCTH, MUKPOMHUHHUA-
TIOPHOCTH, CBEPXHU3KOM SHEPrornoTpeOIeHHH, a0COMIOTHO
MUHHMAaJIBHOH 3aTPaTHOCTH MaTEPUAIIOB, a B OyAyIIeM 1
CTOMMOCTH, CBEPXBBICOKOM OBICTPOJCHCTBHHU U Tpedye-
MO MacIITaOHPyeMOCTH, COM3BMEPHMOI C KIIACCOM [0~
CTaBIsIeMBIX cepBHCOB. COBPEMEHHBIE TEXHOJIOTUH TIO-
3BOJISIFOT CErOIHS HE TOIEKO CKAaHUPOBATh ATOMHBIE CTPYK-
TYPBI, HO U TIOCJIEIOBATEIIFHO CTPOUTH HITH BBIPAIIIMBATh
UX C MoMoIIbio TexHonoruii 3D-npunaTepa. OMHAKO HA
MyTH PELICHUs MPOOIEeMbI HAHO-TEXHOJIOTUIECKOro Ha-
TpaBJIeHHs Pa3padOTKH KBAHTOBOTO KOMITHIOTEPA Ha PHIHKE
HUMEETCSI TPU IPHBIIEKATEIBHBIX, HO €IIe HE PEIICHHBIX
3amaun: 1) OTKpBITHE TEXHOJIOTUI C BEICOKUM OBICTPO-
JNEeHCTBHEM BEIpAIlUBAaHUS TPEOYEMBIX T'eTEPOreHHBIX
ATOMHBIX CTPYKTYp B COOTBETCTBHH C 33aJaHHOW IIpO-
rpaMMHOU cienudukanueit Berauciautens. 2) Co3nanue
3¢ EKTUBHOTO TPAH3aKITMOHHOTO MEXaHU3Ma IS pealTi-
3aIlU¥ POCTOr0 MOHUTOPUHTA U YIIPABIICHHSI KBAHTOBBI-
MU COCTOSTHUSIMH BBIPAIIIEHHBIX aTOMHBIX BEIYHCIIUTEIb-
HBIX CTPYKTYP C aJJpecyeMbIMU KoMIIoHeHTaMH. 3) Obec-
TevYeHre TpeOyeMoil CTaOMIIBHOCTH BO BPEMEHH COCTOS-
HHUI KOMIIOHEHTOB aTOMHOM CTPYKTYPBI, PEAIU3YIOLIEH
maMsTh. Perenne ymoMsHyTHIX TPo0JieM B MUKPOMUpE
MTO3BOJTUT PAUKAIHHO H3MEHUTH BCE TIPOLIECCH H SIBJIC-
HUS B MAKPOMUPE, KOTOPBINA CETOIHS dBOJIOIIHOHUPYET B
¢ opme kubeprnpoctpancTa (MHTepHETa) TUTAHETHI, TIOC-
JIeIOBATEIBHO MPOXOIA cieayroniye neproasl: 1) 1980-
€ TozIbI — pOpMIpOBaHIE TApKa TEPCOHATBHBIX KOMITBIO-
TepoB; 2) 1990-e roapl — BHEApeHEe IHTEpHET-TEXHOIIO-
THi B TPOM3BOJICTBEHHBIE MPOIECCHI U OBIT YeJIOBEKa; 3)
2000-e rompl — IOBBIIIEHWE KayecTBa JKU3HU 34 CUET
MTOBCEMECTHOTO UCIIOJIb30BAHUST MOOMIIBHBIX YCTPOUCTB
u o0mavHbIX cepBucoB; 4) 2010-e roapl — co3maHue
nrpoBoi HHPPACTPYKTYPhI MOHUTOPHHTA, YIIPABJICHHS
Y B3aMOZICHCTBUS MEXy COOOH CTallMOHAPHBIX U JIBH-
KYIIUXCS OOBEKTOB, BKJIFOYAsl BO3AYINHBIN, MOPCKOM,
Ha3eMHBIM TpaHCHOpT U poOoToB; 5) 2015-e rompl —
co3liaHue rI00abHON TU(GPOBOK MHPPACTPYKTYPHI K-
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OeprpocTpaHCTBa, I'/ie BCE MPOLECCHI, SBICHNS HICHTH-
(GUIMPYIOTCS BO BPEMEHH U B TPEXMEPHOM INPOCTPaH-
CTBE, NTOCTENEHHO NPEBPaIlasich B WHTEIUIEKTYaJIbHbIE
(Internet of Things, Smart Everything).

Kyna ceromusi crpeMHTCs pealibHBIH KHOCPHETUICCKHI
mup? KopriopaTuBHbIE CeTH, IEPCOHANBHBIE KOMITBIOTE-
PBI, a TaKXKe OTAENbHBIE CEPBUCHI (TIPOrpaMMHBIE TIPO-
IIYKTBI) YXOJSIT B 00J1aka KHOSPIPOCTPAHCTBA, KOTOPHIC
HUMEIOT SIPKO BBIPAXXEHHYIO TEHACHIUIO K PACCIOCHUIO
WnTepHeTa no cnenuaiu3upoBaHHbIM cepBucaM. Eciu
ceroHs 4 MuIIMapaa MoJib30BaTeNlel COeTUHSIOTCS B

Unteprere (1 zettabytes = 1021 =270 0aiiT) mocpen-
ctBoM 50 MHJUIHApIOB TaPKETOB, TO 4Yepe3 MATh JIET
Ka)XIIbIil AKTUBHBIN TTOJIL30BATEIN OYIET UMETh HE MCHEE
10 ycTpoHCTB 115 CBsI3U ¢ KubepnpocTpancTBoM. CTaHo-
BUTCSI HEBO3MOXKHBIM HCIIOJB30BAHHUE MEPCOHATBHBIX
raJHKETOB M KOMITBIOTEPOB 0€3 YaCTUYHOTO WITH TIOJTHOTO
UX 0TOOpaKECHUS M CHHXPOHH3aIMK Ha oOnakax MiHrepHe-
Ta. ITO TaeT BO3MOXKHOCTB PEeIIaTh PoOIeMy YIaIeHHO-
'O JIOCTYTIA K JIMYHBIM JAHHBIM U CEPBHCAM ITEPCOHAIb-
HOT'0 KOMITBIOTEPA IIPH MTEPEMEIIICHUH MOIb30BaTENeH B
MPOCTPaHCTBE. DKOHOMHYECKUH (haKTOop HEIPHEKTUBHO-
T'0 UCIONB30BaHUS MPHOOPETEHHBIX TPHIIOKECHUH, pa3-
MEIIEHHBIX B Ta/DKETaX U MePCOHATBHBIX KOMITBIOTEPAX,
3aCTaBJISIeT OJIb30BATENSI OTKA3bIBATHCS OT MX ITOKYIIKH B
MOJIb3y MOYTH OECIUIATHOM apeHIIbl CEPBUCOB Ha 00JIa-
Kax. Bce ymoMsiHyTOE BBIIIE SBISETCS CYIECTBEHHBIM
apryMEHTOM M HEOCIIOPUMBIM JIOKA3aTeIbCTBOM HEMU-
HYEMOT0 Iepexo/ia BCEro YeI0BeYecTBa B KHOSPIPOCT-
PaHCTBO BUPTYAILHBIX CETEH U KOMITBIOTEPOB, Pacloa-
raeMbIX B IPO(ECCHOHATFHO HAISKHBIX 00JIaKaX CepBH-
coB. JIocTOMHCTBa BUPTYaIEHOTO MUPA 3aKIIFOYAIOTCS B
TOM, YTO MHUKPO-STUYSHKH U MaKpO-CETH B 00JIaKaxX MHBA-
PHAHTHBI IT0 OTHOIIICHHUIO K MHOTOUUCIICHHBIM T'aJPKETaM
Ka)XIIOTO ITONTb30BaTENsl WK Kopropaund. OOixadHbie
TEXHOJOTUU CHUMAIOT TPAKTUIECKU BCE YIIOMSHYTHIC
BBIIIIEC MPOOJIEMBI HAJIS)KHOCTH, O€30ITACHOCTH, CEPBHUC-
HOT'0 OOCITY)KHBaHHS U TOYTH HE HMEIOT HEIOCTAaTKOB. B
CBSI3H C TNI00ATBLHBIM ITEPEX0I0M KOPITOPAIUii U ITOJIB30-
BaTeel B 00J1aKka Ype3BbIYaliHO aKTYaIbHOM U PHIHOYHO
MPUBJICKATENFHON CTAaHOBUTCS MpoOeMa 3alluThl WH-
(dhopmarii 1 KOMIIOHEHTOB KHOEPIPOCTPAHCTBA OT He-
CaHKIIMOHUPOBAHHOTO JIOCTYTIA, IECTPYKTUBHBIX IIPOHUK-
HOBEHHIA, BUpycoB. HeoOXo11Mo co3iaBaTh HaISKHYIO,
TECTOIPUTONHYIO U 3AIMUIICHHYIO OT HECAHKIIHOHUPO-
BaHHBIX IPOHUKHOBEHUH HHPPACTPYKTYPY KHOSpIIpOCT-
PaHCTBA ¥ €T0 KOMITOHEHTOB (BHPTYaJIbHBIC TIEPCOHAND-
HBIE KOMIIBIOTEPHI U KOPIIOPATHBHBIE CETH ) TI0 aHATIOTHH
C CYIIECTBYIOUINMH CETONHS PEIICHUSIMU B PEabHOM
kubepHeTHYeCKOM Mupe. TakuM 00pa3oM, KaXKabli cep-
BHC, pa3padaThIBaEMbIii B peaIbHOM MHPE, JIOJKEH OBITh
MTOMEIIIEH B COOTBETCTBYIOIIYIO TYEHKY 001aKa, KOTopoe
00bemuHSAET OM3KKE MO PYHKIIMOHATLHOCTSIM U MOJIe3-
HBIE YeJI0BEKY KOMIIOHEHTHI. CKa3aHHOE HETIOCPEICTBEH-
HO OTHOCUTCS 1 K CEpPBUCAM IIPOSKTHPOBAHUS [T (PPOBBIX
CHCTEM Ha KPUCTAJUIaX, KOTOPhIE SKOHOMHYECKH 1 TEX-
HHUYECKH I1eJIECO00pa3HO XPaHUTh B KHOEPITPOCTPAHCTBE
JUTSL TIOCTICAYIOIIErO WCIIONB30BaHUS 10 HAa3HAYCHUIO.
[TepcoHanbHBIA KOMIIBIOTEP IPEBPALIACTCS B YAOOHBIH
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WHTEIJIEKTYaJIbHbIii MUKPOMUHUATIOPHBINA HHTEpdelic 11
JOCTyTa K COOCTBEHHOH MU(POBOI SUSHKE HITH K JKella-
eMOMYy O0JIaYHOMY CEepBHCY KuOeprmpocTpaHcTBa. J{ist
CO3/1aH TIEPCOHATTBHBIX HHTEP(]EiiCOB-TaKETOB B (hop-
Me IUQPPOBBIX CHUCTEM HA KPHCTAIUIAX PHIHOK HAHO-
AJIEKTPOHHBIX TEXHOJIOTHI IPEIOCTABIIIET pa3padoTIu-
KaMm 70 1 Musinapaa BeHTHIIeH Ha [JIacTUHE pa3MepHOC-
TBIO 2X2 CM ITPU €€ TONLIMHE, paBHO# 5 MUKpoH. [Tpu 3TOM
COBPEMEHHBIE TEXHOJIOTMH JOIMYCKAOT CO3jaHUE TaKeTa
WJIU «COHABUYAY, CONEPKALIETO 10 7 KPEMHUEBBIX KpHU-
cTaiioB. [IpakTudecku «OecIpOBOTHOE» COCTUHEHUE
TaKUX [JIACTH OCHOBBIBAETCS HA TEXHOJIOIMYECKOM BO3-
MOXKHOCTH cBepiieHUs nopsiaka 10 Teicsd CKBO3HBIX OT-
BepcTuid (vias) Ha 1 kBaapatHOM canTUMerpe. Kpome
Toro, mosiiieHune TpexmepHeix FinFETSs Tpan3zucropos u
OCHOBaHHBIX Ha HUX 3 D-TeXHONMOruii peanu3aiu 00beM-
HBIX IU(PPOBBIX CUCTEM MPEIOCTABISIET HOBBIC BO3MOX-
HOCTH ISl CO3JIaHMsI Ooyiee OBICTPONEHCTBYIONINX BbI-
YUCJIUTEIBHBIX YCTPOWCTB 32 CUET YMEHBIICHHUS 3a]Ep-
keK. ViMes ynmoMsIHyTbIe TEXHUYECKHE BO3MOXHOCTH,
MO>KHO U HY’KHO HCIIOJIb30BATh <OKaIHbIe» K anmapaType
MOJIEJIA U METOJIBI JJIsl CO3AaHUsI OBICTPOJCHCTBYIOIUX
CPEICTB MapaJlJIEbHOIO PEIIECHHS TPAKTUYECKHUX 3a/1a4.
st aToro ciaenyetr NpuMEHTh TUCKPETHOCTh U MHOTO-
3HAYHOCTH aJI(haBUTOB OMTUCAHHS MH(POPMALIMOHHBIX ITPO-
LIECCOB, CBOWCTBO MapajlieNn3Ma, 3aJ0KEHHOE B KBaH-
TOBBIX BBIYUCIICHUSX, YTO CETOIHS SBISIETCS BOCTPeOo-
BaHHBIM IIPU CO3AAHUU 3P HEKTUBHBIX M MHTEILICKTYallb-
HBIX BBIYUCIUTENCH U aHaan3a KHOepIpoCTpaHCTBa,
obnaunbIx cTpyKTyp Big Data, a Taxoke Iuis mpoeKTHpoBa-
HUS HOBBIX pYHKIIMOHANbHOCTEH MHTepHEeTa. CKa3aHHOE
BBIIIE HEMOCPEICTBEHHO OTHOCUTCS U K CEPBUCY OPOXK-
HOT0 IBUYKCHHSI, KOTOPOE HMEET I (PPOBOE OTOOpasKEHUE
B KHOEPITPOCTPAHCTBE IS ITOCIEIYIOIEr0 MOIETHPOBA-
HUS BCEX IPOILIECCOB HA O0JAKE C IETBI0 MPEITIOKUTH
Ka)KJIOMY BOJUTENII0 KaUeCTBEHHbIE YCIIOBUS IEpEIBU-
YKEHUsSI C PKOHOMHEN BPEMEHH U CPEJICTB.

2. ®opMaibHasi MO/IeJIb 00JIA4YHOT0 YNPaBJIEeHUs U
3a1a4d MCCJIeJOBAHUSA

L]env —IOBEINIIEHHE KaUeCTBA M O€30MTACHOCTH IOPOIKHO-
'O ABIKCHUS ITyTEM CO3JaHMsI €TO BUPTYaIbHOW HHTE-
JIEKTYaIbHON HHPACTPYKTYPhI, BKITFOYAIOIICH MOHUTO-
PHHT | YTIpaBJICHHE B peaIbHOM MaciTade BpeMenu [ 1,3 ]
Ha OCHOBE HCIOJIb30BAHUSI MOOITFHBIX T XKETOB TPAHC-
MOPTHBIX CPEIICTB W OOJIAYHBIX CBETO(POPOB, YTO JaeT
BO3MOJKHOCTh MHHHMHU3UPOBATh BPEMEHHBIE U MaTepH-
aJIbHBIC 3aTPATHI IIPH OPTaHU3ALNN JOPOXKHOTO JIBHKE-
HUS, a TAKXKE CO3J]aBATh MHHOBAIIMOHHBIE PEIICHHS COLIU-
QIIBHBIX, TYMaHATAPHBIX, YKOHOMHYECKUX H DKOJIOTHIeC-
KHX TIpo0JIeM.

Obvexm ucciedosaniisi — 00J1ad4HbIE TEXHOIOTMH MOHH-
TOPHHTA U YIIPABJIEHHUS TPAHCIOPTHBIME CPEIACTBAMM Ha
OCHOBE HCITOIb30BaHMs BUPTYaIbHBIX CBETO()OPOB, 110~
POKHBIX 3HAKOB M MOOHIIBHBIX I'aKETOB ISt HACHTH (U -
KalliH, PaIHOJIOKAlliH U PAAHOHABUTAINN YIaCTHUKOB
JOPOKHOTO JIBHYKEHUS.

Ipeomem uccnedosanusi: TpAHCIIOPTHBIE ITOTOKH, BUPTY-
aNbHAasi UHPPACTPYKTYpa JTOPOKHBIX COOOIIEHUH, MPo-
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T'paMMHO-ammnapaTHbIC MOOMIbHBIE CHCTEMEI I/IIleHTI/I(l)I/I-
Kallyu, MOHUTOPUHIA U YIIPABJICHU JOPOKHBIM IABUKE-
HHUEM Ha OCHOBC IPUMCHCHU A BUPTYAJIbHbIX CBeTO(bOpOB.

Cywnocms ucciedoganus — co3JJaHue HHTEIJIEKTYallb-
HOro 00JTaKa yrpaBlieHHs TOpoKHbIM aBrmkeHuneM (iCloud
Traffic Control) B peanpHOM MaciiTabe BpeMeHH Ha
OCHOBE CO3/1aHUs 00JIaYHON BUPTYaNbHOU HH(PACTPYK-
TYPBI JOPOKHOTO JIBHKEHUS, HHTET PUPOBAHHOM C BUPTY-
QIBHBIMU YJTHYHBIMU CBETOPOpaMH, MOOHITEHBIMHE CPE/I-
CTBaMU UACHTU HUKAIINY aBTOMOOHIICH B IIEIISIX TOBBIIIIC-
HUS Ka4eCTBa M 0€30IaCHOCTH ITEePEIBUIKEHIS TPAHCIIOP-
THBIX CPEJICTB, MUHUMH3AIIMU BPEMEHHBIX K MATEPUATb-
HBIX 3aTPAT IIPH UCIIOTHEHNH 33JaHHBIX MaPIIPYTOB.

HUnnosayuonnoe npednoscenue: IHTEIIEKTYaIbHOE 00-
JaYHOE yIpaBJIeHue TopokHbIM IBrkenneM (Intelligence
Cloud Traffic Control — iCTC) umeer Lenpl0 MepeHoc
cBeTo(opoB B 00JIaKa, YTO PAJUKAIBHO MEHSET BCHO
HHQPACTPYKTYPY IOPOKHOTO NIBMIKEHHUS Ha 3emie U
CO3/IaeT MOTEHIMAIbHBIE BO3MOXKHOCTH JIJIS1 SKOHOMUH
TBICSIY TOHH METaJlIa JJIsi M3TOTOBJICHUS CBETO(OPOB,
COTEH THICSY KAJIOBATT 3JICKTPOIHEPI MM Ha TOIEPIKaHUE
HX paboTOCITOCOOHOCTH, MUJUTHOHOB JIOJUIAPOB HA HX
YCTaHOBKY H 9KCILTyaTalliOHHBIE PACXOIIbI,  TAKKE YMEHb-
[ICHIE BPEMEHH YCTAHOBKH U aKTYaJIH3alu1 CBETO(HOPOB
B BUPTYaJIbHON UH(PPACTPYKType TOPOIIOB IO HECKOIb-
KHAX MUHYT.

Dopmanvhas modenv kubepcucmemyl TIPEACTABICHA B
BHJIC JIBYX OOJIAYHBIX KOMITOHEHTOB HJIM MECXaHH3MOB
[1]: 1) f— MOHHUTOPHHT U yHIpaBJICHUE; 2) g — HCIIOTHU-
TeNbHBIC UHPPACTPYKTYPHBIC MEXaHU3MBI, KOTOPHIE CBSI-
3aHBI MKy COOOH CHTHAJIaMH MOHUTOPUHTA, YIIpaBJie-
HUS ¥ HHAITUAPOBAHUS 000MX KOMITOHEHTOB IS pean3a-
MU CepBUCOB. AHaMTHYecKas popma [4]3ananus iCTC-
CHCTEMEI U €€ CTPYKTYPHBII DKBUBAJICHT H300paKCHBI HA
puc. 1.

A=(f,g1,v,X,RY,P),

{Yt =X, R, Y ls

Pt = g[(Xs R’ L, Y)t]

X=(v,p,s)Y =[G(k), L, M, P];

R=(G,P)g;P=(G(k),L.M,P)p;

1=[G(k),.L,M.P};

v={L;, Ly Ly, Ls}=L;

G{R,P} = {G(k),L,M,P}.

Puc. 1. AHanuthueckas W aBToMaTtHas OPMbI 3aaHUS
iCTC-cucremsl

B monenu purypupyror A = (f,g,1u,0, X, R, Y,P) coorser-
CTBEHHO: GJIOKH YIIPABIICHUS U UCITONHEHFSI, CHTHAIIBI
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MOHHUTOpPHHTA U YIIPABJICHNW 1, BXObl YIIPABJIAIOMINX 3a-
JIAaHUM ¥ UCTIOJTHUTENbHBIX PECypCOB, BbIXOAbI HHAWKA-
X COCTOSHMA aJIrOpUTMa pe€ajin3allvu 3aJaH1 U ITPEI0-
CTaBJICHUSA CEpBHUCA. 3L[eCI: TAKKE IPUCYTCTBYIOT CUTHA-
Jibl BHCIIHETO YIHPABJICHUSA AOPOXHBIM JABUKCHUEM

X =(v,p,s) Al peryJupOBaHUsI MPOE3a MPABUTEIb-

CTBEHHBIX IIEPCOH, ITOTUIIEHCKIX MAIIUH U aBTOMOOWIIEH
CHENUAJIbHOTO Ha3HAUYEHUSI COOTBETCTBEHHO. CUTHAIIBI
ympasnenus tpaHcmoprom V= {L; L L;,L}=L wuc-
MOJB3YIOT BUPTYAIBHEIH CBETO(Op, paboTaromuii B pe-
*uMax: 1) HHTEIIEKTyaIbHBIH, () yHKIIMOHATBHO 3aBHCH-
MBII OT JJOPOXKHOW OOCTaHOBKH; 2) aBTOMATHYECKUH, C
(UKCHPOBAaHHBIMU MTEPUOJAMHU TEPEKITIOUEHUS; 3) pyd-
HOU BHPTYaJbHBIA PEKUM Ha OCHOBE ITU(POBOTO MOHU-
TOpPUHTa [TEPEKPECTKA Ha HIKPAHE OITUIIEUCKOI O KOMITBIO-
Tepa, aHAJIOT — YIPaBIEHUE BO3AYIITHBIM TPAHCIIOPTOM C
MOMOILIbI0O MOHUTOPA AUCIETYEPA B a3PONOPTY; 4) SKCT-

peHHI;IfI OCTaHOB Lx €V TPaHCHOPTHOI'O CPEACTBA IIO
HI/I(l)pOBOMy 3alpocy NoJaunuu, KOTOpI:Iﬁ BU3YyaJIU3UPYy-
€TCs Ha DKPaHC MOHUTOpPA ra/ipkeTa aBTomMoOms. Ob1au-
HOMY MOHUTOPHUHTY NOMJIECKAT COOTBETCTBCHHO:

w=[G(k),L, M, P] Bce MOOMJIBHBIE I'aKETHI aBTOMOOH-
JIeH C UX KOOPAMHATAMH, COCTOSIHUSI CBETO(OPOB, TIPUBSI-
3aHHBIE K KapTe MECTHOCTH M, a TakKe HCIOJIHCHUE
3aKa3aHHBIX MAPIIPYTOB IBHYKCHISI TPAHCIIOPTA.

ITepenoc ceerodopa L e {v,P} ¢ peansHoro nepekpect-
Ka Ha 00JIaYHBIN 3aBEpIIACT CO3IaHIE BUPTYaTbHOW HH-
(b pacTpyKTypHI ILTAaHETHI, 00pa3yst 3AMKHYTHIH ITUKJI CHC-
TEMbl MOHUTOPUHTA U YIIPABJIEHUS C €AUHCTBEHHBIM Pe-
QIBHBIM KOMIIOHEHTOM B BHJIE MOOWJIBHOTO TaJiKeTa

G{R,P} ={G(k),L, M,ﬁ} YYaCTHHKA TIOPOKHOTO JBYIKE-
aus (YJ). Tamxker peanusyer ¢hyHKIMIO HHTEpdelica
JUTSI CBSI3U ¢ 0OakoM: R-BXo B 001aK0 — 3aKa3 cepBuca

R=(G,§)R (menerupoBanue B obnako ID-ramxera u
MyTH TIEPEABKEHUS) M P-BBIXO/ M3 HETO — MONTyYeHUE

cepauca P=[M,G(k),P,L] (kapTa, KOODAMHATBI Ta/pKe-
Ta, ONTUMAJIBHBIN MapiIpyT, cBeTodop).

Y4acTHHK MMOIyYaeT CEPBUC OKOHHOIO CKPOJLTHMHIA Kap-
ThI H CHTHAJIBI CBeTO(OPOB B peajbHOM MaciuTade Bpe-

MEHH 10 TyTH JABIDKCHHS P, €CIIH OH Jelerupyer CBOM
rajpkeT B obmako. [Ipu 3aka3aHHOM ITyTH OH JOMOIHU-
TEJIFHO MOTyYaeT KBa3HONTUMAIBHBIA MapIIPYT ABHKE-
HUS W TPHOPUTETHBIN mpoe3n cBeTodoporB. Ha camom
JIeTie CHCTEMY C ITO3HIMH TIOJIB30BATENsI CO3IAI0T N1Ba
KOMITOHEHTa: 00JIako U TajpkeT. [Ipu 3ToM HOBM3HA M
OPHUTHHAILHOCT CHCTEMBI 3aKIIF0YAETCS B IPEIOCTaBIIC-
HUAW OO0JIaYHOTO CEepBHCa — CHTHAJOB CBeTodopa Ha
9KpaHe raJpKeTa YIacTHHUKA JOPOKHOTO IBIDKeHMS. Bee
OCTaNbHOE: KapThl, MAPIIPYTHl IBIKEHUS — YK CyIIIe-
CTBYIOT U pabotaroT. Bueapenue npemiaraemoit iCTC-
CHCTEMBI OyIET IPONCXOIUTH ITyTEM CO3IaHUSI BUPTYaJIb-
HBIX CBeTO(OPOB, TyOIUPYIOIIUX PEabHBIC B CHHXPOH-
HOM PEXHMe, a 3aTeM ITOCTEIIEHHOTO YCTPaHEHHsSI BCEX
(hM3HYECKUX YCTPOWCTB M 3HAKOB 3eMHOW HH(PACTPYK-
TYPBI JOPO’KHOTO ABIKECHUS IO MEpe IIPHOOPETEHUS BO-
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JUTENSIMHA HOBOH TEXHOJIOTHIECKON KyIbTYPhI 9BOJOIU-
OHHBIM IyTeM. bojee Toro, Bce KpymHbI€ roposia yxKe
UMEIOT (DaKTUYECKH [IEHTPATN30BAHHOE KOMITBIOTEPHOE
(obmaunoe) ynpaBienue ceeropopamu. [losTomy mepe-
HOC CBEeTO(OpOB B 00JIaKO HE OymeT CBsI3aH C Cylle-
CTBEHHBIMU JIONIOTHUTETBHBIMH 3aTPATaAMH, a CKOpEee Ha-
000pOT— OOJIBIIINE IKCIUTYaTAITUOHHBIE PACXO/IBI Ha ITOI-
JeprKaHre CBETOPOPHON U 3HAKOBON WH(PPACTPYKTYPHI
TOpPOZIOB B PabOTOCIIOCOOHOM COCTOSTHHH TPaHC(HOPMHU-
PYIOTCSL B HOJb.

MoOOUITBEHBIN raIKeT TPAHCIIOPTHOTO cpencTBa G sIBISET-
s TNIAaBHBIM YIIpaBIIIOMIMM BozzaeicTBreM st iCloud
Traffic Control, paBHO Kak ¥ OH €CTh OCHOBHBIM ITOTpE-
OuTeneM cBEeTO(GOPHBIX CHTHAIIOB L yripaBieHus BrkKe-
HUEM aBTOMOOWIISI, BBEIBOAMMEIX Ha JIOOOBOE CTEKIO

L={L;,L,L,L.}=F(L,G,V,T,D,P),raeV — curuans
crenynpasiieHus, T — MporpaMMHUpPyeMbIi UKIJI aBTO-
HOMHOI'O YIIPaBJICHU CBeTO(bOpOM, D — HakomieHHbIE
HWHTCEJUICKTYAJIbHBIC CTATUCTUYCCKNEC IAHHDBIC I10 CBET 0(1)0-
py (mpocnexTy, palioHy), B TOM YHCJIE€ YYUTHIBAIOIINE

BpEMEHA roa M CYTOK, P — IOCTYIAIOIIIe 3aKa3bl Ha
MapIIPYThI IBHKEHUS Tparcropra. Co3aaHue BUPTyallb-
HOW CHUCTEMBI CBETO(OPOB JaET BO3MOXKHOCTh MPAKTH-
gecku 0e3 PHHAHCOBBIX, BPEMEHHBIX, MATCPUATBHBIX U
SHEPreTUIECKUX 3aTPAT Pa3MeIIaTh MyTeM IIPOrpaMMHU-
POBaHMsSI HOBBIE CBETO(OPHI B BUPTYAILHOM IPOCTPAH-
CTBE, PaBHO KaK M YyIAIITh MX U3 o0llaka B Ipolecce
MOJICPHHU3AIIUU HHPPACTPYKTYphl. Busyanusanus Ha 1o-
60BOM cTekITe (MOOMIIEHOM MOHUTOPE) CUTHAJIOB CBETO-
¢dopa u TonocoBoe TyOIUPOBAHUE MOBBICHT KAYECTBO U
0€30IaCHOCTh JOPOXKHOTO JTBM)KCHHUSI, CHU3UT aBapUil-
HYIO 00CTaHOBKY KaK JJisi BOIUTENS, TaK U JUIsd HH(ppa-
CTPYKTYpBI TOpoIoB B 1ieioM. O0navHbIi cBeTOdOp, KaK
U(POBOI CUTHAI, B OTIIMYKE OT aHAJIOTOBOT'O BOCHIPHSI-
THS BOAMTENIEM pealibHOro cBetodopa, sBisercs Oonee
HAJISKHBIM CPEJICTBOM YITPABJICHHS TPAHCIIOPTOM, B TOM
YHCIIe W YIS [OCIEIYIOIIEr0 BHEIPEHUS B JIOPOIKHOE
JIBHKEHHE aBTOIMMUIIOTA, BOCIIPUHUMAOIIETO TOIBKO JIe-
TEPMUHUPOBAHHBIC CUTHAIIBI YIIPABJICHHS.

Y4acTHUKHY IOPOKHOTO JIBUIKEHUS MACHTU(DUIIUPYIOTCS B
obrake rajpkeroM ik iPhone, KOTOpBIN mapyercs npu
nocajKe B aBToMo0wmIIb. CTaTyc y4aCTHUKA MOBBIIIAETCS
[P [IPOXOXKICHUH CBETO(POPOB, €CIH MAPILIPYT JIBHIKE-
HUSI 3aKa3bIBaeTCs 3apaHee. J[pyrue yuacTHHKU JTOPOXK-
HOT'O IBUOKEHUS (IIeIIeX0/Ibl, MOTOLIMKIIUCTBI U BEIOCH-
MEeIUCThI) TAK)KE MMEIOT MPABO 3aKa3bIBaTh MapIIpyT,
MOBBIIIIAs CBOM CTATYC JJIsI UCIIONB30BaHUSI CBETO(OPOB.
[Memiexo/pl UMEIOT BO3MOXHOCTD TIOIYYHUTh CEPBUC IS
3aKa3a KOMOMHHUPOBAHHOIO MapIPyTa, BKIFOYAOIIETO
BCE BUJIbI HA3EMHOr'0 M MOA3EMHOr0 TPaHCopTa (aBTo-
OyCBI, METPO).

Jst aBTOMOOMIIS CHICTEMA YIIpaBJIeHHS (pOpMUPYET HyHK-
[IMOHAJI, O TUMHU3UPYIOIINIA KpUTEPUI KauecTBa 00CTy-
YKUBaHMSL, KOTOPBIN 3aBUCUT OT CIIEAYIOILUX IEPEMEHHBIX

(Bpems1, InmMHA M KadecTBOMappyTa): Q = minf(T,P,K).

Jis cBeTodopa cucTeMa yrpaBiieHUs: pOpMUPYET QYHK-
[UOHAJ, MUHUMU3UPYIOIIN I CyMMapHOE BPeMs [TPOCTOS
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ABTOMOOUJIEH B TEUEHHE CYTOK (Z — HOUKII IEPEKITIOYCHU A

- -1

cBerodopa): Q= minl % w
ni—1  Z(Pi,Vi,J;)

YHCITUTENE U 3HAMEHATEIIC IIPEICTABIICHBI () YHKIIMOHAb-
HBIE 3aBUCHMOCTH BPEMEHH ITPOCTOS M IUKIIA OT YKa3aH-
HBIX B CKOOKax nmapamerpoB. DakTHUeCK CyMMUPYIOTCS
9aCTH CBETO( OPHBIX IIUKIIOB, HEOOXOIMBIE JUTS IIPOE31a
Ka)XIIOMy aBTOMOOWJIIO uepe3 mepekpectok. Ecimu B pe-
3yJBTATE MOYIUTCS OL[CHKA KaueCTBa, OJIM3Kas K SANHU-
e Q=1, To mepekpecTok PyHKIIMOHUPYET HOpMaIIbHO. B
MPOTHBHOM CIIy4ae HEOOX OIIMO MOTU(DUITPOBATE IIUKIT
MIEPEKITIOYCH IS HJTA PEKOHCTPYUPOBATH EPEKPecTOK. [ist
HHQPACTPYKTYPHI TOPOJIa WITH paiioHa CHCTeMa yIpaBiie-
HUs popMEPYeET QYHKIIHOHA, O TAMU3UPYIOIIU I KpUTe-
pHii KadecTBa OOCITyKHBAHHS aBTOMOOWIICH 3a mpome-
KYTOK BpeMEHHU (9ac, CyTKH ), KOTOPBIH 3aBHCHUT OT CyM-
MapHOTO BPEMEHH IPOE3/1a aBTOMOOHIICH IO 38 TAHHBIM
MapIIpyTaM U peKOMEHIYeMOH CKOPOCTH, BPEMEHH TIPO-
CTOSI aBTOMOOMJICH Ha CBETO(Opax U B POOKAX, OTHECEH-
HBIX K WACAITBHO MPOUJICHHBIM MapIIPyTaM MpHU paspe-
IIEHHON CKOPOCTH JABIIKEHUs 03 3a/IeprKeK Ha CBETO(O-

, TIe B

= -1
.1 o T(Pi, Vi, L, Jj
pax ¥ B mpobkax: Q=min— Y M )
T (Pi, Vi)

=1
Juis mpocekTa ropojia cCucTeMa yrpasieHus popMupyer
(YHKIHMOHA, ONTUMU3U PYIOIIUH KPUTEPU I CYMMAapHOT0
BPEMEHH IpOe3/ia aBTOMOOWIICH OT Hadasla U 0 KOHIIA
yIAULBl 32 NPOMEXYTOK BpPEMEHHU (4ac, CYTKH):

-1

Q=minlz 1( 1>+1» 1)
nio (Vi)

3amaun, mojyIeKaIue peneHuro s peanusanuu iCloud

Traffic Control (iCTC):

1) Pa3paboTka TEXHOIOTUH PaIi04aCTOTHOTO U (DPOBO-
r0 MO3UIIMOHUPOBAHKS TPAHCIIOPTHOTO cpencTBa (raf-
JKeTa) C TOYHOCTBIO JIO 2 METPOB.

2) Co3znaHyie HOBOM CHCTEMBl MHEMOHHYECKUX U COTIPO-
BOK/IAIOIINX 3BYKOBBIX CHTHAJIOB HA MOHUTOPE, COCTaB-
JSIOIUX 00JTavHbIe IIPABIIIA JOPOKHOTO JBIKCHUS.

3) Pa3paboTka onepaliiOHHOrO U YIPABIISIONIETO aBTO-
MaTOB, KOTOpbIe 00beIUHSIOT Bce KoMmoHeHTsl iCloud
Traffic Control B ennHyr0 00JAYHYIO CHCTEMY, UMEHO-
nIyro BXxoz0M H BbIxoaoM rajker G(k) (aBTomoOwmis),
KaK ¢JIMHCTBEHHBIN MHTEpdelic CBSI3U ¢ 007IaKoM, ITO3H-
[UOHUPYEMBIH B peaibHOM MACIITa0e BpeMEHHU TOYHBIMU
KoopauHaTaMu k Ha kapTe M HHpPacTpyKTyphI CO CBETO-
dopamu L 1151 yripaBieHus: epeIBHKSHUEM yIaCTHUKA
JIOPOYKHOTO JIBUYKEHUSI.

4) TlpoekTrpoBanue Maciradupyemon cucremsl iCTC
1usi cBetodopa, MPOCIeKTa, paioHa, ropoaa, CTPAHBI,
TUTAHETHI.

5) Paspabotka cepBrCOB (ITPOrpaMMHBIX TPUIIOKECHHUH )
Ha CTOPOHE KJIMeHTa (ABTOMOOUJIb, TIEIIEXO/I, BEJIOCUIIE-
JIMCT, MOTOLMKIIUCT) ISl ONTHMAIBHOIO YIIPABJICHHUS
MCTIOIHEHHEM MapIPYTOB NEPEABUIKECHHS, BKITFOYAs CH-
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CTEMY BHJICO- ¥ ayJNO-CUTHAIIOB, IIPUBSI3aHHBIX K HH}-
pactpykrype u nocraBiusieMbix n3 iCTC B peanbHOM
MacITabe BpeMEHH.

6) IIpoexTHpoBaHuE CEPBUCOB HAa CTOPOHE OOaKa (cep-
Bepa) AJIs pellieHus 3a7a4 ONTUMHU3ALIMHI ITPU ITPOKIIAJIKE
MaplIpyTOB, YIIPaBIeHUU CBETO(OPOM, MOAU(DUKALINH
00JIaYHOM U peasTbHOM HHPPACTPYKTYPHI, & TAKXKE CEPBU-
COB OIIEPAaTUBHOTO yIIpaBIieHUs 00JauHbIMU cBeTO(hOpa-
MU Ha OCHOBE MOHHUTOPHUHTA IOPOXKHOTO JABHIKEHUSL.

7) Pa3paboTka KyOHUTHBIX CTPYKTYp TAHHBIX U «KBaHTO-
BBIX)» MAaTPUYHBIX POIECCOPOB HA OCHOBE TEXHOJIOTHIA
Big Data a1 0MHOBPEMEHHOT'O H IapauUIeIBHOIO cep-
BHCHOTr0 00cyxkrBanus mons3opareneit iICTC-o01aka B
pearbHOM MaciTabe BpeMEHH, YHCIIO KOTOPBIX B IIPEJe-
JI€ TOJDKHO OBITh PABHBIM KOJIMYECTBY KU TEIICH IITAHETHI.

8) CoznaHre MHTEIJIEKTyaIbHBIX MOJIENEi, METOI0B CHH-
Te3a M aHaJIN3a BUPTYaJIbHOU HHPPACTPYKTYPHI IS OIle-
HUBAHUS KAYECTBA JOPOXKHOT'O IBVXKEHUSI, MOJICTTUPOBA-
HuUsA Tpaduka, NpeIoKEHUs ONTUMAIEHOI'0 MapILIPyTa C
Y4ETOM TEXHUYECKHX, KIMMATHYECKUX, COLUAJIbHBIX
(hakTOpOB, KauecTBa JOPOT, KOJIMYECTBA CBETO(OPOB,
JIEBBIX MIOBOPOTOB B IIEJISIX CO3/]aHUSI HOBBIX U PEKOHCT-
PYKIUH CYNIECTBYIOMIMX HH(PACTPYKTYP JOPOXKHOTO
TIBHOKEHUS.

9) IlpenmocraBneHne 00IAYHBIX CEPBUCOB LIS aBTOTPAH-
CIIOPTHBIX MPEINPHSITH B LESIX TOBBIIICHUS KAYeCTBA
00CIy)KUBaHUS MACCAXHUPOB, IEPEBO3KHU I'PY30B, ONTH-
MU3AIMH BPEMEHHBIX 1 MATEPHAIbHBIX 3aTPaT.

10) [TpenocTaBneHre 0OTaAYHBIX CEPBUCOB ISl BOITUTEIISI
B LEJIAX MOBBIIICHUS KauecTBa Mpoe3a Mo 3aJaHHOMY
MapIIpyTy ¥ ONTUMHU3AINHA BPEMEHHBIX M MaTEpUaTTbHBIX
3arpar.

11) C6op craTrcTHYECKON HH(POPMALINK (MHTEIICKTYa-
JU3anus 1I00aTbHOM, KOPITOPATHBHOMN 1 IMEPCOHATBHOMN
HWHQPACTPYKTYPBI) TyTeM HAKOIICHHUS HICTOPUH TpadHKa,
M3MEHEHUS €T0 MapaMeTPOB BO BPEMEHH U B IIPOCTPaH-
CTBE ISl IPOKJIaIbIBAHUS KBA3HONTHMATBHBIX MapIIpy-
TOB OYIyIIUX TOE3/IOK.

12) Co3nanue cpencTB 3aInuThl HHPOPMAIIUW U CAaHKITH-
OHHPOBAHHOTI'O JOCTYIIA K [IEPCOHAIBHBIM H KOPIIOPATHUB-
HBIM JTaHHBIM B oOnake. Kaxxaplif 10ab30BaTENb BUIUT
TOJILKO CBOH aBTOMOOWIIL B 00JIake M O0OE3IMYEHHBIE
TPaHCIIOPTHBIE TOTOKH. Bee naeH THPMKATOPBI TPAHCIIOP-
Ta MOT'YT OBITh TOCTYITHBI 10 PEIICHHUIO CY/Ia HITH [TOCTa-
HOBJICHHIO CJIEZICTBEHHBIX OPraHOB TOJBKO CIIEI[HAIIb-
HBIM T'OCYIapPCTBEHHBIM CITyKOaM.

13) Coznanue cnienuduxaryu iCloud Traffic Control kak
start-up npoekra s €ro MoCIeayoIero NpeaIoKEeHUs
WM TIpoJiaku kommnianusMm Apple u Google.

14) ITorck BaJTUAHBIX TAPTHEPOB B €BPOIEHUCKUX CTPaHAX
(I'epmanus, [Tonsma, ®pannus, senws, Hopeerus) mis
nonaun coBmectHoro npoekta iCloud Traffic Control B
LeNsX ToNydeHus rpanta a0 10 MUUIMOHOB €Bpo B
pamkax FP8 nwnn TEMPUS nporpamm.

15) ITouck COCTOSITENBHBIX HMHBECTOPOB M BAJIATHBIX
rmapTHepoB B Japyrux crpanax (Poccust, Upan, Caynosc-
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kast ApaBus, CILIA) i peanuzaiuu COBMECTHOTO MPO-
exra iCloud Traftic Control B nesnsix mosry4eHus rpaHTOB
Ha MCIOJIHEHNE MacIITabupyeMoro POTOTHIIA B ITpeJie-
JIax ropojia WM paioHa.

16) IMatentoBanue B YkpauHe u CLIA BupTyanbHOi
TEXHONOrHH (MHGPACTPYKTYPHI) YIIPABICHUS JOPOKHBIM
JIBIDKCHHEM Ha OCHOBE HCITONB30BaHUS 00JIAYHOTO CBE-
Tohopa, 0TOOpakaeMoro Ha JUCILICE FaJKeTa.

HeranuzoBannas cTpykrypa iCTC-cucteMsl mpeacras-
JICHa Ha pHC. 2, TJ¢ OCHOBHBIMU OJIOKAMU SIBIISFOTCS:
raJHKET aBTOMOOWIIS ¥ 00JIaK0, KOTOPOE JETUTCS Ha JIBE
gactu. [lepBast U3 HUX g CONEPKUT UHPPACTPYKTYPY C
KoMmroHeHTaMHu [1-3]: xapTa MeCTHOCTH, KOOpAUHATHI
raJpkeTa — aBTOMOOWIIS, CBETO(OPBI U JOPOKHBIC 3HAKH,
a TakXKe aMsITh s XpaHEH U s 3aKa3aHHbIX MapIIPYTOB U
CTaTHCTUKU MEpeABIKEHUS TpaHcnopTa. Bropas yacth
obnaka fpencraBiaeHa 610KkaMU MAMSTH, MOHUTOPHHTA
Y yIIpaBJIEHUs, @ TAKXKE MOAYJIEM 3alIUThI OT HECAHKI[U-
OHHMPOBAHHOTO JIOCTYTIA.
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Puc. 2. Crpykrypa iCTC-cucremsl

Takum o6pa3om, nmpeanaraemas nHHoBarmonHas iCTC-
CHCTeMa XapaKTEePU3yeTCs HATMYUEM TOJIBKO 00JauHbIX
B3aMMOCBSI3aHHBIX KOMIIOHEHTOB: HUH(PACTPYKTYPHI,
MOHHUTOPUHIA W YIPABICHUS JIOPOXKHBIM JBHIKCHUEM,
BKJIFOYas CBETO(OPHI, UTO JaeT BO3MOXKHOCTB: 1) KBa3u-
OITHMAJILHO YIPABJIATH KaX/bIM TPAHCIOPTHBIM CPEl-
CTBOM B PEXKHUME PEaibHOI0 BPEMEHH Ha OCHOBE UCTIONb-
30BaHUsI CYILECTBYIOIIMX KAHAIOB CBS3U M MOOMIIBHBIX
raKETOB, CIAPEHHBIX C ABTOMOOHIIbHBIMH KOMITBIOTEPA-
MH; 2) ONTUMU3UPOBATH MPOLECCH OMTUMAIBLHOTO MO
BPEMEHH, 3aTpaTaM U Ka4eCTBY YIIPABICHUS JTOPOKHBIM
JIBHXKEHHEM JUTS PELICHHS COLIUATBbHBIX, TYMaHUTAPHBIX,
SKOHOMHYECKUX M DKOJOTMYECKMX Mpobiem; 3) pamu-
KaJIbHO YMEHbIIATh PeaibHYI0 HHPACTPYKTYPY AOPOXK-
HOT'0 IBHKCHUS M COKOHOMHTB: MaTEPHAJIbI LISl K3TOTOB-
JICHUSI JIOPOXKHBIX 3HAKOB U CBETO(OPOB, IJIEKTPOIHEP-
THIO Ha o0ecIieueHre NX paboTocrocoOOHOCTH, (DUHAHCHI
Ha YCTAaHOBKY CBETO(OPOB U IKCILITyaTal[HOHHBIE PACX0-
JIbI 32 CUET CO3JIaHUs CBETO(POPOB B BUPTYaIILHOM HH(ppa-
CTPYKTYPE ILJIAHETHI.
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Anroput™ paboThl 00JIAYHON CHCTEMBI YIIPABICHUS CO-
JEPIKUT CIEAYIONIHE ATH: TIPH ITOCAJKE B aBTOMOOHIIH
BOJUTENb C TIOMOIIBIO TaDKETa 3aKa3bIBACT MAPIIPYT
nepeBmKeHus myteM oopamenus Kk iCTC, koTopas Bepu-
(GUIHPYET BAUAHOCT MOTH30BATEINS C TOMOIIBIO OJIOKA
«Security», pa3pemaromero BXoa B 00JaKo, KOTOpOe
OIpeeNseT KOOPAWHATY TaJKeTa WM aBTOMOOWIIS B
OKHE KapThl MECTHOCTH, BBIYHUCIISCT ONITUMAITEHBIN Ty Th
BO BPEMEHM U TPOCTPAHCTBE, a TAKXKE OCYILIECTBIIAET
COITPOBOXKJICHUE TPAHCIIOPTA B pealIbHOM BPEMEHH ITyTEM
MIPEJOCTABIIEHUS CEPBUCOB M0 YIPABICHUIO C IOMOIIBIO
00JIaYHBIX CBETO(OPOB, IPUBI3AHHBIX K KOOPJHHATAM
WM TIEPEKPECTKaM Ha MapiipyTe ABmkeHus. [Tpu oTcyr-
CTBHH 3aKa3aHHOT'O ITyTH ITOJTb30BATENb TOIY9aeT TOJIBKO
OKHO KapTbl MECTHOCTH CO CBETO(OpaMH Ha TEKYLEM
MyTH MEPEABIKEHUS TPAHCIOPTHOTO CPEACTBA, HO MPH
sToM cama iICTC-crcremMa MOXKET IPEIIOKUTH Harboee
BEPOSTHBIN MAPIIPYT IBUKECHIS, HCXOJIS X CTATHCTHKH
MOE3/I0K, COXPaHIEMON B OJIOKE HCTOpUHU «Storagey.
lapkeT MOXKeT OBITh MCHONB30BAH M IMEHIEXOI0M IS
nepexoa yepes NepeKpecTKU U MPOCHEKTHI, 3aKa3a Map-
mpyTa MepeBUKEHUsI Ha OCHOBE NMPUMEHEHUs Cyllle-
CTBYIOIIUX TPAHCIIOPTHBIX CPENICTB: aBTOOYC, METPOIIO-
JIUTEH, TI0€3], CAaMOJIET.

Pesxxumpl paboter iCTC-cucteMsl s monb3oBaTens: 1)
COIPOBOX/IEHUE YYACTHHUKA JOPOKHOIO JBUKEHUS ITy-
TEM IMPEAOCTABICHIS HHPPACTPYKTYPHOH KaPThI, KOOP-
JMHATBl W CHUTHAJIOB cBeTodopa; 2) 3aKka3 Mapiipyra
MEPEBIKEHIS, KOraa K (pyHKIIMOHATBHOCTH MEPBOrO
pexumMa 100aBISeTCs KBa3UONTUMAIBHBIN MyTh, MHHH-
MU3UPYIOLIHIA BpeMs, TUCTAHIIHIO, KAYeCTBO MEPEIIBHU-
YKEHMUsI, BKIIIOYasi CTATUCTUUECKYIO CBETO(OpPHYIO 3elie-
HYIO BOJIHY IO IyTH CJICZIOBaHUs; 3) OCOOBIA 3aka3
Mapmipyta ydactHukamu X L (v,p,s), KOTJa IO ITyTH
CIICIOBAHNS M BIIEPEIH CIICIIHAIEHOT O TPaHCIOpTa 00ec-
MeYNBaETCs 3aIJIAHIPOBAHHAS U TAPaHTHPOBAHHAS 3€Ie-
HAasl BOJIHA, IPEIJIATaloIas JPYTUM YIaCTHHKAM JTOPOXK-
HOT'0 IBIDKEHUS HE TPETII TCTBOBATH CHICINATBHBIM MaIIIH-
HaM, BIUIOTh 0 OCTaHOBKH, ITyTeM HHU(POBOI U TOI0CO-
BOI HHIMKAIINY COOTBETCTBYIOIINX CUTHAJIOB YIIpaBJie-
HUS Ha DKpaHe Ta/KeTOB aBTOMOOWIISH B 30HE B3aHMHOTO
WH(QPaCTPYKTYyPHOTO BIUSHUS TPAHCIIOPTA.

3. OcHoBaHus 1JI51 peaju3aluy NMPOeKTa

1) PeIiHOYHAsS HpHBIICKATEIbHOCTS. Kanmuramu3arus ous-
HEC-TIPOEKTa B Tpeneiax YKpPauHbI MOCIIE BHEAPEHHUS
1CTC-006maka MOXET COCTaBHTh 1 MUJLTHAPT IOJIAPOB.

2) IIpoeKT opueHTHPOBAH HA IIPEIOCTABICHUE CEPBICOB
JUTSL 7 MAJUTHOHOB BOJUTENICH Y KPaWHBI U § THICSY KOM-
MaHUH. AHAJIOrOB TAKMX CHCTEM B MHUpE ITOKa HE CyIIIe-
cTByeT. IMEIOTCS OTAeNbHBIE KOMIIOHESHTHI TS CO3IaHMUs
HHQPACTPYKTYPHI: DIIEKTPOHHBIE KAPTHI, CIIyTHHKOBBIE
CHCTEMEI JIOKAIINH M HABUTAIINH, CTICIIHATI3HPOBAHHBIE
0a3bl JaHHBIX B 00J1aKaX, CpeACTBa MOHUTOPHUHTA, cOOpa
U 3aIIUTH HHPOPMALINH, ICHTPATH30BaHHO YIpaBIIsie-
MBbIe CBETO(OPHI, COTOBAsI CBA3b, KaK YaCTh HEOOXOIH-
MOW HH(PPACTPYKTYPHI TS pealr3aiyu mpoekTa. DuHan-
COBAasI TOCTYITHOCTH [UTSI BOAUTENEH MOOMIIEHBIX CPE/ICTB
HaBHTAIIHH, YITPABJICHHS 1 MOHIUTOPHHT A IBFKEHIS TPaHC-
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MOPTHBIX CpeACTB. Hannuue nporpaMMHBIX, aniapaTHBIX
1 CETEBBIX CHCTEM LIEHTPAIM30BaHHOIO YIIPaBIECHUS J0-
POXKHBIM JIBHOKEHHEM B Macinta®ax crpadsl. Jloctym-
HOCTb 00JIAYHBIX BEIYMCIIUTENBHBIX TEXHOIOTHH. [TocTo-
STHHOE COBEPLICHCTBOBAHUE W YJIEIIEBICHUE TEXHOJIO-
THIA, TIPIMEHSAEMBIX B UHPPACTPYKType TOPOTr U KUOEepII-
pocTpaHcTBe. BozpacTaHue KOMITbIOTEPHON, MOOUIBHOM
U MHTEPHET-TPaMOTHOCTH Hacenenus. [lonnmanue co cro-
POHBI TOCYIAPCTBA HEOOXOAUMOCTH CO3/IaHUS U HCIIONb-
30BaHUS MHTEIUICKTya IbHOU HH(PACTPYKTYPHI U 00Ia4-
HOT'O CEpBUCA KAYECTBEHHOTO U 0E30MaCHOT0 JIOPOKHO-
T0 JBUXKEHUS.

3) TocynapctBenHas neneBas mporpamma «besomnacHoctsb
JIOPOXKHOTO JIBUKCHHS B pAMKaX CTPATErMUECKOro I1J1a-
Ha YKpauHbl «32)KUTOYHOE 00IIECTBO, KOHKYPEHTOCIIO-
cOOHast 5KOHOMUKA, 3 (PEKTUBHOE TOCYAaPCTBOY HA I1e-
puon o 2016 roma ¢ ruTaHUpyeMbIM OrojKeToM 5,43
MJIpA IpuBeH, oT 25 mapta 2012 roza.

4) Teoperrueckue pa3pabOTKH HHTEILICKTyaIbHBIX MO-
Jernield, METOZIOB W MPOLIECCOPOB aHAIM3a KHOEepIpocT-
paHCTBa, CBSA3aHHBIE C TUCKPETHON ONTUMHM3AINEH, TT0-
WCKa, PaClIO3HABaHUs U IPUHATH perieHuit [ 1-4].

5) OmbIT pa3pabOTKH ¥ BHEAPEHHUS BCTpoeHHbIX U RFID
IHU(POBBIX CUCTEM JIJISI MOHUTOPHHTA JOPOXKHOTO JBH-
xeHus [5-9].

6) OmnbIT pa3pabOTKH ¥ BHEIPESHUS MPOrPAMMHBIX IPO-
JTYKTOB ¥ O0JIAYHBIX CEPBUCOB [T ONTHMHU3AI[UU MapIII-
PYTOB TPaHCIIOPTHBIX CPEJCTB YKPAMHCKUX MIPEATPUSITUI
B IIENISIX MUHUMH3AIUU MaTepHAIbHbIX U BPEMEHHBIX
3aTparT M OBBIIICHHS Ka9eCTBA 00CITyKHBAHUS MTACCAKHU-
poB [10-15].

7) Pa3zpaboTku pacnpeneiecHHOW CUCTEMBbI YITPaBICHUS
JOPOKHBIM JIBIKCHUEM B YCIOBHSX KPYITHBIX TOPOJIOB H
METaNoINCOB Ha OCHOBE BBICOKOHAIEC)KHON BBIYMCITH-
tenpHOM TexHuku [ 11-13].

8) CymecTByOIIHE CHCTEMbI MOHUTOPUHTA JIOPOXKHOTO
neroxenns B CLIA, Kanane n SImoanu—OnStaru NEXCO
Central. Cuctema OnStar opueHTHpPOBaHa HA MOHHUTOPHUHT
otnenbHbIx ManinH, NEXCO Central ocymecTBisier riio-
0aJbHBI MOHUTOPUHT TpaduKa Ha OCHOBHBIX M CaMBIX
OJKHBJICHHBIX MarucTpaisx crpanbl. OnStar cepBHCHI
JIOCTYITHBI BJIa e IbIlaM aBToMoOmIIel : Acura, Audi, Isuzu,
Subaru, Volkswagen. Ha qaHHBIif MOMEHT HACYHTHIBALT-
cst okomo 4 000 000 monp30BaTeNnell JaHHOTO CEepBHUCA.
CTOMMOCTB OZHOTO yCTPOHCTBA MOHHUTOPHHTA TOPSAKA
$200. Ucronp3yercss CDMA KaHa CBSA3H, IPEIOCTABIISA-
eMbIi penmytectBeHHO Verizon Wireless B CI1IA u Bell
Mobility B Kanane. [y onpeielieHUst MECTOIOJIOKEHMS
ucnonb3yercsi GPS. MmeeTcst BO3MOXXHOCTH TOJIOCOBO
cBsi3u ¢ omepartopamu. MHpopMmanus ¢ ceHcopoB (B
OCHOBHOM 1TO JAaTYHKH yIAPOB U cpabaThIBaHUS ITOTY-
ek 6e30IMacHOCTH) aBTOMAaTHUYECKH Tiepenaercs B call-
LEHTPEI. DTO MO3BOJISECT HEMEIIEHHO OIOBEIIATh O MeC-
TOIOJIOKEHUH aBAPUU CIIacaTelNbHBIC U IPaBOOXPAHU-
TeNbHBIE Opranbl. KpoMe 3Toro, Bce MamIimHbl, 000pyIo-
BaHHBIE NaHHOW cucremoi, nmetor GPS nepenatunk,
KOTOPBIi1 II03BOJISIET OTCIIETUTH YTHAHHBIA aBTOMOOWIIB.
Taxoke IMeeTcst BOSMOXHOCTE TOTYIeHUS HH(POPMAITHH
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0 CKOPOCTH, pacXo/i¢ TOILTUBA, HATIPABICHUH JIBUKEHHUS
U CTWIIC BOXKJEHUsI aBTOMOOMIs. [TanHast uHpopMaIus
HCIIOJIB3YETCSl CTPAXOBBIMU KOMITAHUSIMU JJIsI PacueTa
CTOMMOCTH HH/IMBUYaTbHBIX CTPAXOBBIX MOIKCOB. Ho-
BbI€ MOJIEIIH aBTOMOOMJIEH 000PY/IyFOTCSI CHCTEMOi yaa-
JICHHOM OCTAaHOBKH JBUTATEISI. ABTOMOOUIIb MOXKHO 3a-
BECTH TOJBKO IMOCIE BBOJA CIEIHATBHOIO CEKPETHOTO
koma. Croumocts cepeuco — Safe & Sound — $18.95 B
Mmecsil. Tapud BKIFOUAET aBTOMATHYECKOE OMIOBEIICHHIE
00 aBapuu, MOHUTOPUHT YTHAHHOTO aBTOMOOHIIS, aBa-
puiinbie cepBuchl. Directions & Connections — $28.90 B
Mecsil. JIOMoTHUTETbHO HMEETCS BO3MOXKHOCTh MOHUTO-
PUHTa HATIPABJICHUS IBUXKCHUS U CTHIISI BOXKICHUSI BTO-
MOOWIHCTA.

Cucrema NEXCO Central pazpaborana Japan Highway
Public Corporation. [TpuHImm paboTsl 3aKiIt0YaeTCs B
r7100aTbHOM MOHHTOPHHIE JTOPOXKHOTO JIBMKCHHS Ha
[JIaBHBIX aBTOCTpajiax cTpanbl. CucTeMa moKpbIBaeT Mo-
psaka 2000 kM mopor. [aTa-nieHTp oOpabaThiBacT AaH-
HbI€, IOJy4aeMble C JIOPOKHBIX TATYNKOB C MUHYTHBIM
HMHTEPBAJIOM C IIOMOIIBIO0 T00aneHoi [P cetn. Ha nopo-
rax yCTAHOBIICHO 744 TOUKH TOCTYIIA ¥ TIepeaaur HHQOp-
MallKu 10 TeNie() OHHBIM KaHaJIaM O IOPO’KHON CUTYallH.
Co3nmanue MBYX HOBBIX OOIIECTB B WH(OPMAIOHHOM
cucrteMe IEEE cBHIETENBCTBYET O BBICOKOM YPOBHE
AKTYaJIbHOCTH U PHIHOYHOM IPUBIICKATEIHHOCTH 00a4-
HOTO MOHUTOPHUHTA U YIIPaBJIEHUS JBIKYIIIMHCS OOBEK-
TaMu B Omkarimue 10 ser.

4. IlpeumyiiecTBa U HEAOCTATKU 00JIAYHBIX CEPBHU-
coB iICTC-cucrembl

1) J171st mIaHeThl — COXpaHEHHE YKOJIOTHH 33 CYET YMEHbB-
UICHHS 3aTPSI3HEHMUS OKPYKAIOIIEH CpPebl, TOBBILICHHE
MPOAOKUTEIHOCTH M KAYECTBA JKH3HU YETOBEKa, 3KO-
HOMHSI TOTUTHBHO-YHEPIeTUYECKUX PECYPCOB MYTEM CO-
KpAallIeHHs BpEMEHH JABUKEHHUS OJ1aro1apsi BbIOOpY OITH-
MAaJIbHOTO MapIIPyTa, YMEHBILICHHUS KOITHYECTBA U CIIOXK-
HOCTH MPOOOK 3a CUeT BHEAPCHHS B HHPPACTPYKTYPY
MHTEIUIEKTyalbHbIX CBETO(GOPOB.

2) Jlnst rocyIapcTBEHHBIX CTPYKTYP — TOJIHUITHS, TOPOXK-
Hasl MHCIIEKIHS — TOYHAS UICHTU(UKAIIHST aBTOMOOMIIEH,
MOHHUTOPHHT [TO3ULMOHUPOBAH U TPAHCIIOPTHBIX CPEACTB
BO BPEMEHU U MPOCTPAHCTBE, BKJIIOYAsl YTOHbI, KOJJIHU-
3UH, HECAHKLIMOHU POBaHHbIE MapIIpyThl. CyILIEeCTBEHHOE
CHIDKCHHE aBapUUHOCTH ONaromapsi MpocdeTy YpOBHS
0e30IaCHOCTH MaHEBPOB, YMEHBIIICHNE TOCIIEICTBUH 10~
POKHO-TPaHCHOPTHBIX IIPOMCIICCTBIH, MTOBEIIICHHE Oc-
30IMacHOCTH B KOM(OpTa yIaCTHUKOB TOPOKHOTO JIBH-
KEHUSL.

3) )1 TpaHCIOPTHBIX KOMITAHUH —MOHUTOPUHT TIO3UITH-
OHMPOBAHUS U MEPEABMKEHUS TPAHCIIOPTHBIX CPENCTB,
KBa3UOINTUMAJIbHOE BBINOJIHEHUE 3aKa30B I10 IEPEBO3KE
MacCa)KUpoB U I'PY30B C TOYKH 3pEHUST MUHUMHU3ALUU
MaTepUaTbHBIX 1/HIH BpeMEHHBIX 3aTpaT.

4) Inst BOTUTENS — IIPEJOCTABICHUE CEPBUCOB, CBS3AH-
HBIX C NPOKJIa/IbIBAHUEM KBa3HONTUMAJIbHBIX MapLIpy-
TOB 1 rpadiKa IBMKEHUS C YUETOM HETaTHBHBIX (pakTo-
POB CyIIecTBYOMEH HH)PACTPYKTYPHI B IEISIX MUHIMH-
3allMM MaTepUalIbHbIX U BPEMEHHBIX 3aTpaT B PEKUME
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peasnbHOrO BpeMmeHn. CHUKEHHE aBapUMHOCTH 3a CUET
MOHMUTOPHHTA 3aKPBITHIX JJIi BU3YAJIIbHOTO MPOCMOTpa
YYaCTKOB JIOPOTH W MPOCYETa YPOBHS OE30MaCHOCTH
MaHEBPOB.

5) HAns maccaxxupa — IPEIOCTaBICHHE CEPBUCOB IO
MOHUTOPHUHTY MO3UIIUOHUPOBAHUS U JBUKEHUS Macca-
AKHUPCKUX TPAHCIIOPTHBIX CPEJCTB HA OCTAHOBOYHBIX UIIH
TPaHCIIOPTHBIX TEPMUHAIAX TIOCPEACTBOM UCIONIb30Ba-
HUS CTAIIMOHAPHBIX MOHUTOPOB MJIA MOOWITBHBIX I'aJlKe-
TOB JI51 CBSI3U C COOTBETCTBYIOIIUMU 00JIaUHBIMU CEPBU-
camu. Buzyanu3zaiiyst Ha 9KpaHe B aBTOMOOMIIE KPUTHYEC-
KHX TOYEK MaplIpyTa ABHXKEHHS TPAHCHOPTHOTO Cpe[l-
CTBa B PEAIbHOM MacIITabe BpEMEHH ITyTEM HUCIIONIB30Ba-
HUS KaMep BUACOHAOIIOICHUS.

4.1. Texnunueckne U (PyHKIHOHATbHBIC
Bo3Mo:kHOCTH ICTC

1) MOHUTOPUHT peanbHON CKOPOCTH IBUXKEHHUS BCEX
TPaHCIIOPTHBIX CPENCTB U WH(POPMUPOBAHUE O 30HAX
CKOPOCTHOTO pexnma. Ll poBoii MOHUTOPUHT Mpoe3na
Ha 3aIpeliaollre 3HaKu U CUTHAJIbI CBETO(QOPOB.

2) DKOHOMWUS TOIUTHBA, YMEHBIIICHHUE 3arPSI3HEHUS OKPY-
JKaroIler cpelibl, COKpAIlleHHe BPEMEHH JIBUXKEHHUS OJ1a-
rofiapsi BEIOOPY ONTUMAIILHOTO MapIIpPyTa, MPEIoCcTaB-
JIEHHOT'O 00JIaKOM.

3) YMeHbIIIeHHE KOTMYECTBA U CIIOXKHOCTH MPOOOK 32
CYEeT IUIAHUPOBAHUS ABM>KEHUS TPAHCIIOPTHBIX CPENICTB,
YYUTHIBAIOIIET0 Oy IyIINe MaPIIPYTHl yIaCTHUKOB. Kop-
PEKTUPOBKA MapIIpyTa JBUKEHUS TPAHCIIOPTHOIO CPeI-
CTBa B pealibHOM BPEMEHH NPH U3MEHEHUU JIOPOKHOM
CUTYalHH.

4) MHTeIeKTyanbHOE yIPaBICHHE [IMKIIAMU [TEPEKITIOYe-
HUS CBETO(OPOB B 3aBUCHMOCTH OT JIOPOXKHOM 00OcTa-
HOBKH Ha MEPEeKPEeCTKax.

5)T'eHepupoBaHue aHATUTHYSCKHUX,, CTATHCTHYECKUX OT-
9YETOB U PEKOMEHIAITHH 10 YITy4IIeHHIO HH(PPACTPYKTY-
PBI IOPOT, PaCCTAHOBKH BUPTYyaIbHBIX 3HAKOB, CBETO(O-
OB U LIEHTPAJIM30BaHHOE IIPOrPAMMUPOBAHHE LINKJIOB UX
MEPEKITIOYEHU L.

6) IIpotuBoNEiiCTBHE YTOHY TPAHCIIOPTHOT'O CPEICTBA U
camoBoJIbHOTO ye3na ¢ Mecta JITII Gimarogapst MOHUTO-
PHHTY MECTOIOJIOKEHUS KaXKaA0ro aBToMo0Omist. O6mad-
Has IU(poBas pEruCTpaIs JJis CTPAXOBBIX KOMITAHHH
Bcex HeoOxoauMbIx Aetaieii u nunamuku JTII, e cBs-
3aHHBIX C TPABMaMH, 03 yUaCTHsI JOPOKHOH MOJTUIHH.

7) NudopMupoBaHHE C MTOMOIIBIO TPEBOKHOW KHOIKH
CIEUHATbHBIX CITYXKO0 O MPOUCIIECTBUAX, CITyYHBIIHXCS
Ha JIOpOrax MK ¢ aBTOMOOHIIEM.

8) [IpenynpexneHre BOIUTENS O TOTCHIIMAILHON Orac-
HOCTH Ha 3aKa3aHHOM MapIIpyTe, MOJyYSHHOH 0T 001aKa
B TIPOIIECCE TBUIKECHUSI.

4.2. IIpo6.iemMbl, peniaeMble ¢ TOMOIIbIO
undpoBoi naeHTH(PUKALUT

YKe cerofiHst CyIeCTBYET JI0OCTATOYHO MHOTO aKTyallb-
HBIX ¥ TPAKTUYIECKA OPUEHTHUPOBAHHBIX 3329, KOTOPHIE
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MOXXHO pCHINUTH C TOMOIIBIO paI[I/IOHI/I(prBBIX macmop-
TOB:

1. Unentudukanus uznenus (00beKTa WM CyObeKTa)
B JIOKaJbHOW WJIH TJI00abHOM CUCTEME KOOPIUHAT.

2. CoxpaHeHHe IapaMeTpoB, XapaKTEPU3yIOIIUX OC-
HOBHBIE CBOWMCTBA 00BEKTA.

3. HakomieHue ¥ COXpaHEHUE HCTOPUH YKU3HEHHOTO
LIUKJIa 00BEKTA.

4. Tlepenaua uHdopMaruu 00 00bEKTE UITH IBJICHUH 11O
CaHKIIMOHHPOBAHHOMY TPeOOBAaHHIO B 00JIAKO YIpaB-
JICHHSL.

5. IlpueM caHKIMOHUPOBAHHOW WH(OpPMAIUHU, JAX0-
e BO3MOXKHOCTh MOAU (PUIIUPOBATH OTAEIbHbIE CBO-
CTBa 3JIEKTPOHHOTO TAaCIopTa 00BEKTA.

6. CaHKHI/IOHI/IpOBaHHOC B3aMMOJIEHCTBHUE C OJICKTPOH-
HBIMU MMAaCOpTaMu IPpyrux OG’BCKTOB, HaxoJsAmuxcs B
moJie paguOBUIUMOCTHU 00BeKTA.

7. Iepenada nHGOPMALIMH O B3aUMOJACHCTBHUU 00BEK-
Ta C APYrUMU UJEHTU(PHUKATOPaMU B Ipesesax paauo-
BUJIUMOCTH.

Taxum 06pa3oM, IMEKTPOHHBIN U POBOI UACHTU U -
KaTop 00BEKTa SBJISETCS aBTOHOMHOM ITU(POBOI cuc-
TEMOM Ha KpHUCTaJlJIe ¢ IPUEeMO-TIepeaaTIuKOM, KOTO-
PBIi clTOCOOCH XPaHUTh HHPOPMAITHIO 00 HIeHTHDUIIH-
pyeMoM 00BeKTe, MOAU(HUIMPOBATE €€ MO0 KOMAaHJe
LEHTpa yIPaBICHU, a TAKIKE XPAHUTHh HHOOPMAIIHIO O
B3aMMOJIEMCTBUSIX C OKPY)KAIOIIE cpeor ¢ BO3ZMOXK-
HOCTBIO IIepe/Iauyl TaHHBIX B 00JaK0 yrpasienus. Jpy-
rue BapuaHThl ID KoMMyHUKalUii CBSI3aHBI C UCTIOJb-
30BaHUEM: 1) ceTH MOOITHLHOM TeeOHUH; 2) CIyTHH -
KOBBIX CHCTEM JUISA IIpUEMa U Iepeaadu HHPOPMaIuu.

4.3. AprymMeHTHI NIPOTHB BHeJApPeHUs 00J1aKa B
MacmrTadax cCTpaHbl

1. «Hapymienue nmpaBa Ha HEIPHKOCHOBEHHOCTH YaCT-
HOM )KU3HH, IIOCKOIBKY TEOPETUIECKH 00JIaK0 OCyIIe-
CTBIISICT TOTAIBHBI MOHUTOPUHT BCEX TPAHCIOPTHBIX
cpenctsy. Ha caMoM nene ceromHs CyIIecTBYET CHC-
TeMa 3aKOHHOT'O ITepexBaTa TeIeKOMMYHUKAIIHI, pea-
JMU30BaHHAS B COOTBETCTBHH C MEXKIYHAPOIHBIMH TPe-
O0oBaHuAMHU. HOo BO3MOXXHOCTH IepexBaTa Telie(hOHHBIX
TepEroBOPOB JIF000T0 a00OHEHTA HCIIOJB3YETCS TOIHKO
B XOJ¢ CIICICTBHS M C CaHKIWHU cyna. Mimeercs BO3-
MOKHOCTB OTCIICKHBATh MECTO HAXOXKICHUS a00OHEHTA
CIEIMAaNbHEIMU cy)0aMu. JJaHHBIHA QakT 4151 3aKOHO-
MOCITYITHBIX TPaXKIaH HUKAKOU MPOOIJIEMBI HE CO3/1AET.
2. «/lomomHUTETBHBIC 3aTPATH HA TPHOOPETEHIE ama-
pPaTHO-IIPOrPaMMHBIX MOOMIIHHBIX TaJDKETOB HICHTH-
(dbukanuu U apeHHas iaTa, nopsaka 100 qonnapos B
ron, 3a ucnoyib3oBanue cepBucoB iCTC-cucTeMbIy.
VY3Ke CeToIHsI MPaKTUIECKH BCE KU TEIN IUTAaHETH HMe-
0T TaKHE YCTPOWCTBA, @ 9KOHOMUYECKIE IIPEeUMyIIe-
cTBa o0JaKa, CBSI3aHHBIE C DKOHOMHEH TOIUIMBA M
YMEHBIICHHEM BPEMEHU IOE3[IKH, BIIOJTHE JTOCTOHHO
KOMIICHCHPYIOT 3aTpaThl Ha IPHOOPETEHHE CEPBUCOB.
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5. IlpakTH4YeckHne NMpUMepbI BHEAPECHUS
koMnoHeHTOB iCTC-cucrembl

[IporpaMMHOe MpHIIOKEHHE YIPABICHHUS KOPIOpPaTHB-
HBbIMU iepeBo3kamMu [ 1-3] ucnonb3yercs Uit ONTUMab-
HOT0 TJIAHWPOBAHUS PEHCOB 0 JOCTABKE IPY30B, TPUBO-
JIILIEro K YMEHbUICHUIO BPEMEHHBIX U MaTepUajbHbIX
3aTpar 3a cueT: 1) CHIKEHHs PacXolOoB Ha roproue-
cmazounbie MaTepuansl ('CM); 2) onTumansHOro pac-
MIPE/ICIICH IS 32aKa30B MEXKITY aBTOMOOHIISIMH; 3 ) IPOTHO-
3UpPOBaHUs IOCTABOK TOBAPOB Il yMEHbIIEHUS CKIIa IC-
KHX U3JIEpPKeK; 4) IKOHOMHH pabouero BpeMEHH Mepco-
HaJla U COKPALLeHU s LITATHBIX COTPYAHUKOB; 5) yMEHb-
IICHUS YKCIIa aBTOMOOHIICH JIITsI BBITTOJTHEHUS 33 JaHHOTO
o0beMa TepeBO30K; 6) MOHUTOPUHTA M OIEPATUBHOTO
YIIpaBIICHHS aBTOMOOWIISIMU TIPH JOCTABKE IPY30B B pe-
QIFHOM BpeMeHH. PRIHOYHAS IPHBIIEKATEILHOCTH 00J1a4-
HOTO cepBHCa TPAHCIIOPTHOM JIOTMCTUKHU: ONTOBBIE KOM-
MIAHWH, PETUOHATBHBIE IUCTPUOBIOTOPHI TPOIOBOIBECTBECH-
HBIX ¥ MPOMBIIIICHHBIX TOBApPOB (XJ1€003aBOIBI, MOJIO-
KO03aBOJIbI, MICOKOMOIHATEI, ITHBO-0€3aJIKOr OJIbHBIC KOM-
OWHATEL, TPOMBITILICHHBIE TIPS PUSTHUS, aBTOTPAHCIIOPT-
HbI€ PEIIPUATHUS, TOPrOBBIE CETH, JJOTMCTUUECKHUE OTle-
paTopsl, TPAaHCIIOPTHO-3IKCIIEAUTOPCKIE KOMIIAHUH, BEH-
JMHTOBbIE KOMIIAHUH, CKOpasi IOMOI1Ib, UHKACCATOPCKUE
CITY’)KOBI, KyphEpCKHE CIY>KOBI, WHTEpHET-Mara3uHEI,
KIIMHUHT'OBbIE KOMIIAHHH).

Tenemerpuueckuit moxyns “SHERLOCK?” [1-2] npen-
Ha3Ha4yeH JUIs IOCTPOSHUS paclpeeICHHbIX CUCTEM MO-
HUTOPHHTA U yITPaBJICHUsI 00bEKTAMU, BKITFOYAst MOOHITb-
Hele. [Ipencrasiser cob0i 2EKTPOHHOE U3/IeNHe, TOCT-
POEHHOE Ha OCHOBE HCIOJIBb30BAHMS TpeX HOBEHIIMX
texnonoruii Mobile-to-Mobile, GPS u GPRS. 3amaun,
pemaeMbpie ¢ MOMOIIBI0 MOAYJs: 1) ABTOMaTHYECKOe
orpeiesIeHIe MECTOIOJIOKEHHSI TPAHCIIOPTHBIX CPEACTB.
2) YrpasieHue aBTOTPaHCIIOPTHBIM ITaPKOM, JIOTUCTHKA.
3) ABToMaTtu3anus CIry:x0 Takcu. 4) MOHUTOPUHT Map-
IIpyTa v pacircaHus qBYKSHMS TpaHcmopra. 5) MoHuTO-
PHUHT PEKUMOB dKCIUTyaTallul TPAHCIIOPTHBIX CPEACTB.
Texunueckue xapakrepuctuku: GPS —MHOrokananbHbIH
MPUEMHUK C BBICOKOW YYBCTBUTEJIBHOCTHIO M MaJlbIM
SHEpronoTpeOIeHneM, CennalbHO IpeIHa3HAUCH IS
paboThl B YCIOBUAX TOPOJICKOM 3aCTPOMKH W HATHUUS
OTpPa)KEHHBIX CUTHAJIOB. JJOCTYI K OHIalH-CEPBUCY MO-
HUTOPHUHTA OCYLIECTBJISIETCS KPYIJIOCYTOYHO CO CTpa-
HU4ky http://gps.rfid.com.ua. [Ij1s moryueHus 1ocTymna K
CEpBUCY MOJb30BATEIbh JIOJKEH aBTOPU30BATHCS IPH
IIOMOIIIY JIOTHHA U ITapoist. Ha riiaBHOM cTpaHuULe CepBU-
ca OOJBINYIO YACTh IUIOMAIN dKPaHA 3aHUMAET OKHO C
KapTOii, Ha KOTOPYIO HAaKJIaIbIBatoOTCs JTaHHbIE O MECTOIIO-
JI0KEHUH MOOMIILHBIX OOBEKTOB. J{J1s BU3yaJIH3aIiHy FC-
MOJIb3yeTCs KapTorpaduueckasi iHGOpMaIvs KOMITaHUH
BU3UKOM. I1pu Bu3yanu3aiiuy Ha KapTe TUKTOrpaMMa-
MH 0TOOpaXKaeTcsi COCTOSTHIE OOBEKTOB U MapIIpyT JBH-
JKEHUS 32 BRIOpaHHEII HHTEPBAJ BpEMEHH, a TaKKe Ipo-
JOJDKUTENbHBIE CTOSIHKU. Pa3mep 1 mosjoxeHue KapThl
MOYXHO M3MEHSTh NPU NOMOLIM MBIIIK U 3JIEMEHTOB
yIpaBieHus. B HykHel 4acTy ITTaBHOW CTpaHULIBI PACIIO-
JararoTcs SIEMEHTHI YIIPaBIICHNS, TO3BOJIIIOIINE OBICTPO
MEPEKIIIYAThCA MEXIY YacTSIMHM MapLIpyTa U MEXIY
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00bEKTaMH, a TAKXKe CTaTUCTHUECKas nHopMarus. [Tpu
BBIOOPE OTOOPAKEHUS TOIBKO OJTHOr0 00BEKTA JOCTYITHA
GyHKIUs pacuera paccTosHus. KOMIUIEKT TOCTaBKU Te-
nemerpuyeckoro moayins: antrenHa GPS;. antenna GSM;
Ka0eITb COSAMHUTENBHBIIN; HHCTPYKITHSI ITO KCILTYaTallHu;
SIM-xkapra.

6. Hayunasi HoBM3HA, pbIHOYHAS
NPUBJIEKATEIbLHOCTh U COLUAIbHASI 3HAYMMOCTh

TpynHo npezackas3aTth U MEPEUUCIUTh BCE MO3UTHBHBIE
coLMaJIbHbIE, TEXHOJIOTUYECKUE U TEXHUYECKHE MOCTe -
CTBHSI PaIMKAILHOTO MPE0Opa30BaHUs CYIIECTBYIOIETO
MUpa IOCIIE BHEAPESHUS IU(PPOBBIX CEPBHCOB HHTEILICK-
TyaJbpHOTrO 00JIaKka TOpoXKHOro nBrkeHus. Yepes 10 ner
CIITyeT OXKHUIATH TOSBIICHUS OECITIIIOTHOrO TPAHCIIOPTA
MIPU UCTIOTHEHUU MapmpyToB. J[is 6nrokaitmero Oymy-
LIer0 HUKE MPEJCTaBIEHbBI OTAEIbHBIE U OU€BUTHBIE JI0-
Ka3aTelbHble HHHOBALMOHHbIE HAY4YHO-TEXHUUECKHUE pe-
LIEHUSI COLUANBHBIX, TYMaHUTAPHBIX, DKOHOMUYECKHUX U
HKOJIOTMYECKUX MPOOJIEM, CBS3aHHBIC C TOSBICHUEM
00JIAYHOr0 MOHUTOPHUHTA U YIIPABIICHHS TOPOXKHBIM JIBU-
KEHUEM.

Hayunas HoBu3HA ipoekTa «HTemIeKTyanpHoe 001ad-
HOE yIpaBJeHue TOpoKHBIM aprkennem” (Intelligence
Cloud Traffic Control — iCTC) xapakTepu3yercs mepeHo-
CcOM CBETO(OpOB B BHPTyaJbHOE KUOSPIPOCTPAHCTRBO,
9TO 3aBEPIIACT CO3JaHNE BUPTYaTbHOU HHQPACTPYKTYPEI
JIOPOKHOTO IBMKEHHSI ISl TOBBIIICHUS KAU€CTBA JKU3HH
BOJIUTEIICH, YMEHBIIICHU I BPDEMCHH HAX 00K/ICHHSI B Ty TH
3aTpaT Ha TOIUIMBO, YKOHOMUH THICSY TOHH METAJLIA JJIs
H3TOTOBIICHHSI CBETO(OPOB, COTCH THICSY KUIIOBATT JJICK-
TPOIHEPTUU HA MOAJEPIKAHUE UX pabOTOCIOCOOHOCTH,
MHJUTHOHOB JIOJUIAPOB HA YCTAHOBKY CBETO(OPOB U HKC-
[UTyaTalMOHHBIE PACXO/IbI, & TAK)KE YMEHBIICHHE BpeMe-
HU YCTAHOBKH U aKTyaIn3aliK CBETOQOPOB B BUPTYaJb-
HOM MH(PACTPYKTYpe TOPOJOB 10 HECKOIbKHX MHHYT,
YTO B COBOKYITHOCTH JIA€T BO3MOXKHOCTh ABTOMATH3HPO-
BaTh POLECCHI KBA3UONTUMAIBHOIO YIIPABICHHSI TPAHC-
[OPTOM H JIOPOXKHBIM JIBUIKCHUEM B PEXKUME PEAbHOTO
BPEMEHH H PellaTh COL[HAIbHBIE, TYMaHUTAPHBIE, JKOHO-
MHUYECKHE U IKOJIOTHUECKUE TPOOIEMbI

[IpaxkTHyeckas 3HAUMMOCTb OIPEAEISAETCS OTYyYEHUEM
HOBBIX YCIYT Y4aCTHUKaM JOPOKHOI'O JBMXKEHUS, JO-
POKHOH HONHIINH, CTICIIHATIBHBIM CITY>KOaM 1 OpraHu3a-
LM

1. CepBuc crieniuaibHOTO yIpaBIeHUs TEPEKITIOUYECHUEM
BHPTYaJIBHBIX IOPOKHBIX CBETO()OPOB B pexkHMe on-line
TUTS1 aBBTOMaTHIECKOT0 00€CTICUCHU ST OeCTIPEeTIITCTBEHHO-
'O IBIDKSHHUS 110 3aJJAHHOMY MapIIpyTy CIEIHaIH3HPO-
BaHHBIX MAIINH WA KOPTEXeH (TTepeBo3Ka JIETeH, Bak-
HBIE TOCYIApCTBCHHBIC UYHMHOBHHKH, CKOpas ITOMOIIb,
TO’KapHas ClTy»0a, BOCHHBIE KOJIOHHBI, OTTACHBIE TPY3bI).

2. CepBHUC ONTUMATIBHOIO YIIPABICHUS BUPTYAIbHBIMU
cBeTodopamMul B pexkuMe on-line Ha noporax u nepekpe-
CTKaX C MOMOIIBI0 TOYHOrO HU(PPOBOrO MOHUTOPHUHTA
JIOPOJKHOTO JIBUYKEHHUS ITYTEM HCIIOJIb30BAHHS '3/ PKETOB
ABTOMOOWJISL, AL BO3MOKHOCTH MUHUMH3HPOBATH
BpeMsl MIPOXOXKICHUSI MaplIpyTa BCEMU YYACTHHKAMH
JIOPOYKHOTO JIBUYKEHUSI.
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3. CepBHC IJIaHWUPOBAHU S ONITUMAJIbHOTI'O MapHIpyTa It
AOCTUKCHH S OJHOT'O NI HECKOJIBKUX ITYHKTOB Ha3HA4Y€-
HHSI aBTOMOOUJIEM BO BPEMCHHU U B IIPOCTPAHCTBEC, Aar0-
IIHUH BO3MOXKHOCTh YMEHBUINTD BPEMEHHBIC U MATCPH-
AJIbHBIC 3aTPAThI [TPU 3aJAHHOM Ka4€CTBE KOM(l)OpI‘a (Bpe-
Ms CYTOK, I'oJid, JOPOXKHOC IMTOKPLITHUE, JICBBIC IIOBOPOTHI,
NOroaHbIC yCJIOBHA, Hp06KI/I, PEMOHTHBIC pa60TBI) nepe-
ABHXXCHUS TPAHCIIOPTHOI'O CPEACTBA.

4. CepBUC UHTEIUIEKTYaJIbHON UCTOPUHU NTEPEIBUKEHUS
aBTOMOOMIIS, HMEIOLIEr 0 BUPTYAJILHYIO MOJIEITh B KHOep-
IPOCTPaHCTBE — MHAUBUAYAIbHYIO S4elKy B OOJakKe,
WHBapHaHTHYIO 110 OTHOIIEHHUIO K BOAUTENSAM, 00CITYKH-
BAaIOLIUM TPaHCIOPTHOE CPEACTBO, YTO AAET BO3MOXK-
HOCTB OTCJIEZINTh JIIO0bIE TepeIBHKEHHS TPAHCIIOPTHOTO
CpPEZCTBA B MPOIILIOM; & TAKXKE IPOrHO3UPOBATH XKenae-
MBI€ MapLIPYTHI U MTOE3/IKU B Oy IyIeM yxe 0e3 ydacTus
BOJUTEIIS.

5. CepBHC HWHTCJUICKTYAJIbHOT'O YIIPABJICHUS BUPTYyaJib-
HbIM CBeTO(bOpOM, Korjga CUTHaJbl HCPCKIIIOYCHU A (l)Op-
MUDPYIOTCA B 3aBUCUMOCTHU OT HAJIMYUS UJIHA KOJINYECTBA
TPAHCIOPTHBIX CPEACTB, MIOCHUIAOIINX 3aITPOCHI OT aBTO-
MOOMIIBHBIX TraJ>KCTOB.

6. CepBuc 00J1a4HOr0 MOHUTOPUHTa MOOIITBHBIX ITH(PO-
BBIX MMACIOPTOB TPAHCIOPTHBIX CPEJICTB B PEXKUME ONn-
line mo3BoOUT yOpaTh aBTOMOOMIIEHBIC HOMEPA U3 CUCTE-
MBI y4€Ta, U KaK CICICTBHE:

1) B HEKPUTUYECKUX CHTYAIUSIX UCKIIOYUTH HEITOCPEI-
CTBEHHOE y94aCTHE JJOPOKHOW IMOTUIMH B (PHKCALIUHU Ha-
PYLICHHI TPaBIII JOPOKHOTO ABMKCHUS (PEBBIILICHHE
CKOPOCTH, TPOE3]T Ha 3aIPeIaroIIue CUTHAIBI CBETO(O-
POB, HapyIICHHE IPaBUI MAHEBPHUPOBAHUSI, IETKHE CTOI-
KHOBCHHUS);

2) COKOHOMUTbH THICSYM TOHH METaJljla Ha H3TOTOBJICHUE
METaJUTMYECKUX HOMEPOB U YIIPOCTUTH PETUCTPAIIHIO aB-
TOMOOWJICH NMpH MOKYIKE C HECKOJBKUX JHEW 10 He-
CKOJIBKUX MUHYT;

3) aBTomatu3upoBath odopmienue JITII Ge3 yuactus
COTPYIHUKOB JIOPOJKHOM MOJHUIUK MyTeM HH(PPOBOTo
MOHHUTOPUHTA U ()POBON KAPTHI IPOUCIIECTBHSL, CKOIIH-
POBaHHOTO ¢ 00JIaKa;

4) CyIIeCTBEHHO COKPATUTh YHCICHHBIA COCTAB JIOPOXK-
HOH MOJIUIHH, TOCKOJIBKY UCTOPUS IEPEMEILLICHUI aBTO-
MOOWJISI M €T0 IOPOXKHBIX HAPYIICHUH CTAHOBUTCS a0CO-
JIFOTHO IPO3PavHOM AJ1st 00IaKa, ITO TO3BOITUT aBTOMATH-
YECKHU CIHUCHIBATh CO CUETOB BOAUTEINSI CTOUMOCTh Hapy-
LIEHUsI B COOTBETCTBUHU C 3aKOHOJATEILCTBOM KOHKPET-
HOU CTpaHBbI;

5) TONHOCTHIO UCKJIFOUUTEL KOPPYIIUIO B OTHOIICHHUSX
BOJIUTEIIS C TOPOXKHOM TOJTHIIHEH Oraronaps HEBO3MOXK-
HOCTH CTepeTh HH()OPMAITUIO 0 HAPYIIIEHWH B 00JIaKe;

6) IpaKTUYECKH JIMKBHIUPOBATH KPUMUHAIUTET B 00J1ac-
TH YTOHa aBTOMOOMJICH OJiarozapsi BCTPOCHHOMY B Ma-
IIMHY A () POBOro MOOMIIBHOTO TACTIOPTA, YTO 00SCIICUH -
BaeT KPYIJIOCYTOYHYIO HAOIF0IaeMOCTh TPaHCIIOpTa B
pexxume on-line, eciii aBTOMOOWIIb (PU3NYESCKH HE YHIY-
TOXKEH;
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7) ynpoCTHUTB JIEraliu3aliio BOJUTENS IyTeM UACHTU DU -
KalluH BOAUTEIbCKOU TuiieH3uu (driver’s license) B criucke
paspeIeHHBIX JTUII [T POBOro MacmopTa aBTOMOOUJISA IO
nporokomy “blue tooth”, 4To mO3BONSAET YCTPAHUTD U3TO-
TOBJIEHHE OyMar 1 IOBEPEeHHOCTEH Ha BOXKICHHE aBTOMO-
OWJIS APYTUMHU JTHIIAMU;

8) ymenpmnTh KonuuectBo JTII, cymecTBeHHO OBHI-
CUTb KQ4€CTBO JKU3HU BOJAUTEIICH U TTaCCAKUPOB OJ1aro-
Jlapst TOTaIbHOMY MOHUTOPHHTY HApYIIEHHI 1 HEOTBPa-
TUMOCTH HaKa3aHUU 3a KaXKJJ0€ U3 HUX;

9) YMEHBIINTH aBTOMOOHIIEHBIC BBIOPOCHI YTIICKHUCIOTO
ras3a 3a cyeT CHIDKEHHS BpEMEHH ITPOCTOEB Ha MepeKpe-
CTKaxX M BHIOOPA ONTHMAIBHBIX PEKIMOB U MapIIPyTOB
MepeIBUKEHUS TPAHCIIOPTA;

10) obecrieynTh BHICOKYIO PHIHOYHYIO MpPUBIICKATEINb-
HOCTB 00J1aKa 3a CYeT MPOIAXKH CEPBUCOB KOMITAHUSAM H
YaCTHBIM JIUIAM, YTO TapaHTHPYET ITOydeHHE BHICOKOH
MPUOBLIN — OT COTEH MUJIJIMOHOB /10 MIJIJTHAP/I0B A0JLIa-
POB, MacIITaOHpPyeMOil B 3aBUCHMOCTH OT IJIOIIaH
TIOKPBITHSI CEPBHCAMU: TOPOAA, CTPaHbl, BCEr0 MHUpa.

7. OxoHomuueckue nHTepecsl. [Ipu Hanuuuu B ctpane 10
MHUJUTHOHOB aBTOMOOMIIEH M CTOMMOCTH I'OI0BOT'0 00J1a4-
HOro cepBuca, paBHoro 100 nomnapoB, ypoBeHb KanuTa-
JIM3alliy IPOEKTa paBeH | MuuIHapay 1o1apoB. 3aTpa-
ThI Ha co3anue Macitabupyemoro npororuna iCTC—10
MUJIJTHOHOB JIOJUIAPOB, TUTIOC HAKIIAJIHBIE PACXOJbI IO
TEXHUYECKOH TOMIEPKKE M IKCIUTyaTalluH OOIavyHOM
HHOQPACTPYKTYpHI — 10 MUJUTHOHOB IOJIAPOB B TOJ TSI
CTpaHBbI.

8. HampaBnenus Oymymux uccienoBaHuid. PeanbHbIit
MUp HYXKIACTCS B COBEPIIEHHBIX U TOYHBIX IMpoIeccax
00JTa9HOT0 MOHHTOPHHTA U yrpaBieHus. [Ipodaema Oy-
JIET pelIeHa TOJIBKO ¢ ITOMOIIBI0 paAnonu(pOBOH HICH-
TADUKAIIH BCeH TPOM3BEICHHOMN MPOIYKIIUU U IIPUPO/I-
HBIX 00BEKTOB Ha ITaHETe, BKIIIOYAs YEII0BEKa U KHBOT-
HBIX. Crenyronme mard — Co34aHnue 00JauHBIX BHUPTY-
QNBHBIX IU(GPOBBIX MoOJENEeHd CYOBEKTOB M OOBEKTOB
peaxpHOrO MHpa, a TAKXKE BCEX BO3MOXKHBIX OTHOIICHHI
(TIpHPOAHBIX, COMUANBHBIX, TEXHUIECKUX, TEXHOIOTH-
YECKUX) MEXITy HUMH JUISl CO3IaHHS CEPBHUCOB TOUHOTO
¢ POBOTO MOACITHPOBAHNS, MOHUTOPUHTA H YIIPaBIIe-
HUS IIPOIIECCAMU U SIBIICHUSMU Ha TUTaHETE.

9. Coznanue nudpoBoii *HHPACTPYKTYPhl MOHUTOPHHTA
U YIIPaBIICHHSI TOPOKHBIM BIKEHHEM C IIOMOIIBIO BEI-
COKOTOYHBIX YIPaBJISIONINX M HAOIIOAAIONINX aIPECHO
HaAIpaBICHHBIX PAIMOCUTHAIOB €CTh OyayIiee TpaHC-
mopTa 0e3 BoAMTENeH, aBapUid, KOJUTU3UH Ha 3eMJIe, BOJIC
U B Bo3ayxe. s 9Toro HeoOXOaMMO TEXHOIOTHUECKA
00€CITeUHTh IBYX- U TPEXMEPHBIC CTAHIAPTHI pauonud-
POBOT'0 M3MEPEHN S M HACHTH() MKAIINH TIIAaHETAPHOTO ITPO-
CTPaHCTBA C BO3MOYKHOCTHIO MOHHTOPUHTA M YITPABICHHS
KaXXJIOW €ro sYerku ¢ pazmepom nopsiaka 10cm.

Jlureparypa: 1. Xaxanos B.U., Menuxan B.11I, Caamusn A.T",
Lllaxos JI.B. «3enenas BomHa» — 00JaKO MOHHMTOPHHTA U
YTIpaBJIEHUS TOPOKHBIM ABKeHrneM. Apmennsi. Bectank «H-
(opMaIiOHHbIE TEXHOJIOTHH, JIEKTPOHHKA, PaJHOTEXHHKAY.
Beim. 16(Nel). C.53-60. 2. Hahanov V.1, Guz O.A., Ziarmand
A.N., Ngene Christopher Umerah, Arefjev A. Cloud Traffic
Control System. Proc. of IEEE East-West Design and Test
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and control. Proceedings of the 2013 IEEE 7th International
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Kuigang, Xu Jing. Research on the Integrated Management
of Highway Based on Radio Frequency Identification
Technology // Third International Conference on Measuring
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Systems and Networks. 2009. P.160-165. 7. Jiang Lin-ying,
Wang Shuai, Zhang Heng, Tan Han-qing. Improved Design
of Vehicle Management System Based on RFID // International
Conference on Intelligent System Design and Engineering
Application (ISDEA).2010. Vol. 1.P.844-847.8. Chen Xue-Mei,
Wei Zhong-Hua. Vehicle management system based on multi-
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2011.P.5497-5499.9. yonuros C., boenxo U. beckoHTakT-
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KowmmonenTts! u texHomornu. 2007. Nel. http://www kit-e.ru/
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Yerrapragada A.K., Annasamudram S.S. Intelligent traffic
management system // IEEE Conference on Sustainable
Utilization and Development in Engineering and Technology
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Control Engineering Technologies, Applications, and New
Directions. Intelligent Transportation Systems: Roadway
Applications. Wiley-IEEE Press. 2001. P. 348 -369. 12. Schutte
J. Recent trends in automatic train controls // IEEE Intelligent
Transportation Systems. 2001. P. 813 -819. 13. Zingirian N.,
Valenti C. Sensor clouds for Intelligent Truck Monitoring //
IEEE Intelligent Vehicles Symposium (IV). 2012. P. 999-1004.
14. Branisso L.B., Kato E.R.R., Pedrino E.C., Morandin O.,
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PED®EPATU

ABSTRACTS

YK 519.86

MaremaTH4Hi Mojie/li MeXaHIYHHX HANPYT i Aedopmaniii y
CHJIOBHMX KapKacax TBHHTOBUX 06MoTok / C.O. MapTHHOB,
M.A. XaxmypanoB // PamioenekrpoHika Ta iH(popMaTHKa.
2013.Ne2.C.3-7.

Po3paxyHok HampyxeHo-1e(OpMOBaHOTO CTaHy TOPOimab-
HHX MarHiTHUX CHCTEM € aKTyaJIbHIM 3aBIaHHSIM BU3HAUCHHS
XapaKTepHCTUK MarHiTHOI KOH(Irypamii, o yrpuMye BHCO-
KOTEeMIIepaTypHy Inta3My. [IpencraBieHi MaTeMaTH4HI Mo-
Jieni TmapaMeTpiB HampyXXeHO-Ie(OpMOBAHOTO CTaHY IS
aBTOMATH30BAHOTO IPOCKTYBAHHS CHCTEM JAaHOTO KIIacy.

I. 6. Bibmiorp.: 4 Ha3BH.

UDC519.86

Mathematical models of the mechanical stress and stains in
the power frames of the screw-type windings/S.O. Martynov,
M.A. Khazhmuradov // Radioelektronika i informatika. 2013.
N2.P.3-7.

The calculation of the mode of deformation of the toroidal
magnetic systems is an important task in determining the
characteristics of the magnetic configuration, retaining high-
temperature plasma. This paper considers the mathematical
model of mode of deformation parameters for computer-aided
design systems of this class.

Fig. 6. Ref.: 4 item.

VIIK 621.3

AHaJli3 nepcneKTHBHUX CHCTEM OXOJIOMKeHHSI aKyMyJIsi-
TopHux 6arapeii/P.I1. Crabocumskuii, M. A. XaxmMypasos,
B.IL Jlyk’sHoBa // Pagioenekrponika Ta iHpopmaruka. 2013.
Ne2.C.8-12.

IlpoBeneHO aHai3 CHCTEM OXOJIOKCHHS aKyMYISTOPHHUX
Oatapeii. [lokazaHo, MmO 30IMBIINTH €(EKTUBHICTH CHCTEMH
OXOJIOJDKEHHSI MOXKHA 32 PAaXyHOK 30UIBIIEHHS IDIOMII TEIUIo-
HepefaBabHIA MOBepxXHi OaTapel, MiABUINEHHS IIBUIKOCTI
OXOJIOJDKYIOYOTO MOTOKY ITIOBITPSI 1 3aCTOCYBAHHS P1IMHHOTO
OXOJIOMKCHHS.

Tabm. 2. In. 5. Bibmiorp.: 9 Ha3B.

V1K 621.039.05

Jocaipxenns kpucraiis 6e3 neHTpy iHBepcii Ha migcTasi
KBaHTOBOr0 KiHeTM4YHOro piBHsinHsa / M.M. Uepnuiios//
Panioenekrponika ta inpopmaruka. 2013. Ne 2. C. 13-14.

Onucana 3100yTa MO €NEKTPUYHOMY IIONIIO ITONpaBKa JI0
CTpyMy, TIOB’si3aHa 3 BIJICYTHICTIO IICHTPY iHBEpCIi KpUcTaa.
PosrnsHyTHII BHNAIOK HEBHPOHKEHOTO EJIEKTPHIHOTO Ta3y.
SIKICHO CTAaTUYHMI PO3PaXyHOK IMOKa3aHO MOJEIUII0 aCHMET-
puyHUX po3ciroBadiB. [lupkynspHuii ¢GororaibBaHiYHHIA
e(eKT B IbOMY PO3PaXyHKY BIJICYTHIH 1 IO MOXKE BBa)KATH-
cs mificHuM. OCKIBKHM pIlICHHS 3ajadi pO3IJIsIaeThes 3a
pamMkamMu OOpPHOBCHKOTO HAONMIKEHHS, MiJICTABOI0 € METOJ
KBaHTOBOTO KiHETHYHOTO PiBHSHHSL

Bibmiorp.: 5 Ha3B.

VIIK 004.7

MeTonu migBunIeHHs e()eKTUBHOCTIi HABYAHHSI HeHPOHHOL
MepesKi PH CTBOPEHHI CHCTeMH OLHKHU IKOCTi CHPUIHATTSA
nocayru IPTV / K.C. Cynayukos, JI.C.KoG3ap //
Panioenekrponika ta inpopmaruka. 2013. Ne 2. C. 15-21.

PoGora mpucBsiueHa MiIBUILECHHIO ¢()EKTUBHOCTI HABYAHHS
HEHPOHHOI MepeXi MPH CTBOPEHHI CHCTEMH BHU3HAYCHHS
sikocTi crnipuiHATT nocnyru IPTV. 3amnponoHoBaHi meTon
HOpMaJTi3alii BXiJHAX apaMeTPiB Ta METO/ BUOOPY TOIMOOTIT
HEHPOHHOI MEpeXi MPH CTBOPCHHI CHCTEMH BHU3HAYCHHS
sikocTi cripuidHATT [PTV mociayru. 3a 10moMororw KoMt ro-
TEPHOTO MOJENIOBaHHS OyJ0 JOBEISHO, II0 BHKOPHCTAHHS
PO3pOOICHNX METO/IIB AO3BOJISIE ITABUIIUTH TOUHICTE Ha 7,14%
BHM3HAYCHHS SIKOCTI CIIPUAHSTTS, 3MEHIIIUTH Yac Ha 26,5% Ta
CIPOCTUTH TIPOLIEC HAaBYaHHS HEHPOHHOI Mepexi.

Tab6mn. 2. I:1. 9. bi6miorp.: 17 Ha3B.
PH, 2013, Ne 2

UDC621.3

Analysis of promising systems for accumulator battery
cooling / R.P. Slabospitskij, M.A. Khazhmuradov,
V.P. Lukyanova // Radioelektronika i informatika. 2013. N 2.
P.8-12.

The accumulator battery cooling systems were analyzed. It
is shown that efficiency of cooling system can be increased
by increasing the area of the battery heat transfer surfaces
and by increasing the cooling air flow rate and liquid cooling
usage.

Tab. 2. Fig. 5. Ref.: 9 items.

UDC621.039.05

The study of crystals without inversion center on the basis
of the quantum kinetic equation /M.M. Chernyshev //
Radioelektronika i informatika. 2013. N 2. P. 13-14.

Described won by the electric field correction to the current
is related to the lack of inversion center of the crystal. The
case of the electric nondegenerate gas. Qualitatively static
model calculation shows asymmetric diffuser . Circular
photovoltaic effect in this calculation is absent and the field
can be considered valid. Since the solution of the problem is
seen outside approximation method is the basis of the quantum
kinetic equation.

Ref.:5 items.

UDC004.7

The Method of Improving the Efficiency of Neural Network
Learning for Designing QoE Evaluation System for IPTV
service / K.S. Sunduchkov, L.S. Globa, L.S. Kobzar //
Radioelektronika i informatika. 2013. N 2. P. 15-21.

The work is dedicated to improving the efficiency of neural
network learning for designing QoE evaluation system for
IPTV service. New method of input parameters normalization
and method of topology design selection were proposed in
this paper. Using of developed methods allows to reduce time
of learning up to 26,5% and increase the accuracy of QoE
evaluation up to 7,14%.

Tab. 2. Fig. 9. Ref.: 17 items.
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YK 629.13

Pyx xocMiYHOro anapary Ha OCHOBi MOAY./Is1lii KPMBM3HHU
npoctopy /C.O. Kauyp //PamioenekTpoHika Ta iHpOpMaTHKa.
2013.Ne2.C.22-26.

3amporoHOBaHO MOJENs HOABIHHOI CHCTEMH YOpPHUX AIp 3
pajiomyrbcapoM 1 METOX BH3HAYEHHS TPAEKTOPIii pyXy Koc-
MiYHOrO amapaTy mo6mm3y miei cucremu. IlpencraBieHo
MOJIeTTb CHCTEMH MOJYJISLIT KPHBU3HU IIPOCTOPY B 3EMHUX
YMOBaX Ha OCHOBI JIBOX SIICPHUX PEAaKTOPIB i  eleKTpomar-
HITHOTO BHIIPOMIHIOBAdYa.

Inn. 4. Bi6miorp. 6 Ha3B.

UDC629.13

Movement of space vehicle on the basis of modulation of
curvature of space/S.A. Kachur //Radioelectronika i infor-
matica.2013. N 2. P.22-26.

Offered model of the double system of black holes with
radiopulsar and method of determination of trajectory of
movement of space vehicle near-by this system. The model
of the system of modulation of curvature of space in earthly
terms on the basis of two nuclear reactors and electromagnet-
ic emitter is represented.

Fig. 4. Ref. 6 items.

YIK519.216

ITpo onuH K11ac HecTaliOHAPHUX BHIAAKOBHUX pouecis /T
B. KopobGcbka // Papioenektponika Ta iHpopmaTrka. 2013. Ne
2.C.27-31.

BuBueHO ofMH KJIac €BOJIOLINHHO 300pa)KyBaHMX HeCTamio-
HapHHUX BHIIAJKOBHX IIPOIIECIB Y MEXKaxX TLUIEOEPTOBOrO IMiIxo-
Jy 10 KOpeAIiiHOI Teopii BUMaaKoBuX mporeciB. Oduncien-
HA iH(IHITE3UMaNbHOI KopensmiiHoi (yHKmii, ska omucye
BIIXMJICHHS BUIIAIKOBOT'O IIPOIIECY BiJ CTAI[iOHAPHOTO, B CIITY
€BOJTIOLIHHOI 300pa’kyBaHOCTI 3/IMCHIOBAIOCH 3a JIOTIOMO-
TOI0 PE30JIbBEHTH OIEepaTopa, M0 A€ eBOIIOMiHE IpeCTaB-
neHHs. [Ipy oMy 3aCTOCOBYBANCS TPUKYTHI MOJIENI JIHCH-
MaTHBHHUX OIEPaTopiB.

bi6miorp.: 6 Ha3B.

UDC519.216

About one class of nonstationary random processes / G. V.
Korobska // Radioelektronika i informatika. 2013. N 2. P. 27—
31.

One class of evolutionary represented nonstationary ran-
dom processes in the frame of the Hilbert approach to the
correlation theory of random processes was considered. The
calculation of infinitesimal correlation function that describes
the deviation of a random process from the stationary pro-
cess due to the representation of evolution was performed
with the help of the resolvent operator giving evolutionary
representation. In this case the triangular models of dissipa-
tive operators were used.

Ref.: 6 items.

VIIK 656.13:658

MopenoBaHHS BUPOOHUY 01 IOTiCTHKH B YMOBaX Mepedy/10-
B mignpuemcrBa / C.B. I'pumko, O.M. I'yma, A.I. Cyxo-
MitiHOB// PanmioenexTpoHika Ta iHpopmaTtuka. 2013. Ne 2. C.
31-34.

Po3rnsiHyTi yMOBHM 3BeleHHs npoiecy (hopmyBaHHS edek-
THUBHOI BUPOOHHUYOT JIOTICTUKH 10 0araTonpoayKTOBOI TPaHC-
MOPTHOI 3a7a4yi B paMKaxX JIETEPMIHOBAHOTO MOJICITIOBAHHS
JUISL BHIIAJKY CTAJIOr0 BHPOOHMITBA MiANPUEMCTBA Ta VIS
BHIIQ/IKy MepeOyI0BH IiAIPHUEMCTBA. 3ampOIOHOBAHI MiIX0-
I 710 ypaxyBaHHS HEICTEPMIHOBAHUX MapaMeTpiB BUPOOHH-
90 JIOTICTHKH.

In. 1. Bibmiorp.: 6 Ha3B.

VK 658.512.011:681.326:519.713

KBanroBi mojieJti giarHocTyBanHs npoBux cucrem / bar-
nan Ammap ABHi ABBAC ( barmani Ammap ABHi A66Gac ), B.I.
Xaxanos, €.1. JlutunoBa, C.A. byrenko, C.B. Uymadenko / /
Panioenekrponika ta inpopmatuka. 2013. Ne 2. C. 35-43.

3anpornoHOBaHa HOBA MOJENb IPEACTABICHHS JaHHUX 1 Mart-
pUYHUN METOJ KBAaHTOBOTO JiarHOCTYBaHHS (DYHKIIIOHAJb-
HUX TOpYIIEHb B TPOTpaMHUX ab0 amapaTHUX OJIOKax, a
TaKOK KOHCTAHTHI HECITPABHOCTI, SIKi BAKOPHUCTOBYIOTh KYOITHI
CTPYKTYpH IaHUX KBAHTOBUX OOYHCITFOBAIBHUX IIPOLIECIB , IO
J1a€ MOXKJIMBICTH ICTOTHO 3MCHIIUTH OOYHCIIOBAJIBbHY
CKJIaJTHICTh [P BCTAHOBJICHHI J[IarHO3Y 3a paXyHOK BBEJICHHS
napasenbHUX JIOTTYHUX OIepaliil Hal MATPUYHAMH JTaHUMH,
CKJIQJIOBUMH JiarHOCTHYHOI iH(opmanii. Onucani KyOiTHI
CTPYKTYpU OAaHHX 1 KBAHTOBHI METOJ CIPABHOTO MOICITIO-
BaHHS IU(PPOBHUX PUCTPOIB, KU Ma€ iICTOTHO OLIBII BUCOKY
LIBUIKOJIIIO 3aBIISKK aJpeCcHii peaizaiii mporeaypu oopoo-
KM (QYHKIIOHAIBHUX MPUMITHBIB, 3aaHUX Q- MOKPUTTAMH.

. 5. Bi6Gmiorp.: 9 Ha3B.
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UDC656.13:658

Modeling production logistics in the restructuring of enter-
prises / S.V. Grishko, O.N. Gutsa, A.I. Suhomlinov // Radio-
elektronika i informatika. 2013. N 2. P. 31-34.

The conditions for the reducing of the formation of an
efficient production logistics to many food transportation
problem in the deterministic model for the case of stable
production process of the enterprise and in the case of
restructuring the company. The approaches to accounting
for non-deterministic parameters of production logistics

Fig. 1. Ref.: 6 items.

UDC658.512.011:681.326:519.713

Quantum models of diagnosis of digital systems / Baghdad
Ammar Abbas Avni, V.I. Hahanov, E.I. Litvinova, S.A. Buten-
ko, S.V. Chumatchenko // Radioelektronika i informatika.
2013.N2.P.35-43.

A new model for data representation and quantum matrix
method of diagnosing functional disorders in the software or
hardware blocks, as well as constant faults, data structures
used qubit quantum computational processes, which allows
to significantly reduce the computational complexity at diag-
nosis due to the introduction of parallel logic operations on
matrix information constituting diagnostic information. Qu-
bit described data structures and quantum method service-
able modeling of digital devices, which has significantly
higher performance thanks to the implementation of proce-
dures for processing address functional primitives defined
Q-covers.

Fig. 5. Ref.: 9 items.
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VK 621.327:681.5

KonyBanns inopmauiiinux pecypceis cucrem Bineoxondge-
PeHU3B’A3KY JUIS NniABUILEHHA ix Oe3nexu / A.B. Bracos,
B.B.JIykin, I.1. Komornos // PapioenexrpoHnika ta iHpopMaTHKa.
2013.Ne2.C.44-48.

3anponoHOBaHUH MiAXi 1O 3a0e3MeYeHHI0 Oe3MeKH  Bifleoi-
H(pOPMALIIITHOrO pecypcy CHCTEM BiICOKOH(pEPEHI3B SI3KY B
CHCTeMaX YIPaBIiHHA CICLiadbHOro MPH3HAYCHHS HA PI3HIX
erarmax JOCTaBKH Ha OCHOBI KOMIIAKTHOTO ITPE/ICTAaBIEHHS.
Po3pobiennii MeTox KOMyBaHHS Bife0300paXKeHb, SKUH 3a-
Oesmedye MigBHUINEHHS e()EeKTy CTUCKYBaHHS 1 3MCHIICHHS
BTpPaT CEMAaHTHYHOI iH(opMaIii 3 BHKOPHCTaHHSIM METOIB
MacKyBaHHS U BU3HAUCHHS CEMaHTHYHOI iH(OpMarii, omiH-
KOI0 KJIaCy CEMAaHTHYHOI HACHYEHOCTi (parmMeHTiB 300pa-
XKeHb Ha 0a3i po3pobNeHNX MmapaMeTpiB CTPYKTYpHOI CKiIaj-
HOCTi, BBEICHHsAM IH(epeHniiioBaHol cTpaTterii BH3HAYECHHS
mapameTpiB KoMrmpecii i peamizamii IMO3WIIHHOrO KOXyBaHHS
TpaHCHOPMAIIfHOrO MPEACTAaBICHHS Bie0300paKEHHS.

bi6miorp.: 11 Ha3B.

UDC621.327:681.5

Eencoding of informative resources of systems of
videokonferencsvyazi for increase of their safety / Vlasov
A.V., Lukin V.V.,D Komolov//Radioelektronika i informatika.
2013.N2.P.44-48.

The paper offered approach on providing safety of video
information resource of the systems of video conferencing in
control system the special setting on the different stages of
delivery on the basis of its compact presentation. The method
of encoding of video pictures is developed, which provides the
increase of effect of compression and diminishing of losses of
semantic information with the use of methods of disguise for
the selection of semantic information, by the estimation of
class of semantic saturation of fragments of images on the base
of the developed parameters of structural complication, by
introduction of the differentiated strategy determination of
parameters of compression and realization of the position
encoding of transformation presentation of video picture.

Ref.: 11 items.

VK 621.327:681.5

AjanTHBHE 0IHOOCHOBHE NO3H1iliHe KOAyBaHHA MACHBIB
AOBKHH cepiii ABilikoBux esementiB / IL.M. I'ypxii,
10.11.Boiiko, B.®. Tpersx // PapioenexTpoHika i iHpopMaTH-
ka.2013.Ne2.C.49-52.

IMoxazaHo, IO ICHYFOUHII MiAXiX MO0 KOAYBaHHS OITOBOrO
omicy TpaHc(hOPMAHT HAa OCHOBI HEPiBHOBA)KHOTO TO3HIIiH-
HOTO KOIYBaHHS 3 MOIEPEIHBOIO ITOOYZOBOIO MacHBIB JIOB-
XKHH cepiil ABIIIKOBUX eJIEMEHTIB Ma€ psiJ HeIOMiKiB. BusBie-
HO HEJIONIKY, SIKi BIUIMBAIOTh HA 3HIDKEHHS PE3YIBTYIOYOrO
CTyIIeHsI CTHCHEHHS 1 301IbIICHHS Yacy Ha oOpoOKy. Bukia-
JICHO OCHOBHI €Tanu MOOYIOBH METOJOJIOTII OHOOCHOBHOTO
MO3HIIIHHOTO KOJYBaHHS MACHBIB JIOBXKHH Cepiil JBIHKOBHX
enemeHTiB. [IpoBeneHa OIliHKAa Ta OOTPYHTOBYIOThCS TIepeBa-
'l 3aIPOIIOHOBAHOrO HAMPSIMKY IOJI0 BIOCKOHAICHHS TeX-
HOJIOTiH KOMITpecii BiJCOlaHMX.

Bibmiorp.: 5 Ha3B.

VK 621.327:681.5

Moaenasb oniHkH iHpOPMATHBHOCTI HU3bKOYACTOTHOI CKJIa-
J0BOi CIIEKTPAJILHOI0 IPeICTABJIEHHSI CETMEHTa 300pasKeH-
ns / C.B. Typenko // PagioenekrpoHnika i inpopmaruka. 2013.
Ne2.C.53-56.

BusiBiieHO HEIOMIKY 1 TTOKa3aHa HEOOXiHICTh BJOCKOHAJICHHS
TEXHOJIOTIi KOAYBaHHS HH3bKOYACTOTHHX CKJIAJOBHUX CIICKT-
panbHoro yseienHs st popmary JPEG. TToOynoBana mare-
MaTHYHa MOJENb ISl OLIHKU iH()OPMATHBHOCTI CTPYKTYPHO-
r0 OMKCY HU3BKOYACTOTHUX KOMITOHEHT.

Bi6miorp.: 5 Ha3B.

VK 621.327:681.5

Adaptive encoding positional monobasic lengths of series
arrays of binary elements./P. Gurgziy, Yu. Boiko, V. Tretyak
// Radioelektronika i informatika. 2013. N 2. P. 49-52.

The paper shows that the current approach regarding coding
bit description transforms on the basis of non-equilibrium
position encoding with a pre-built binary run-length arrays
of elements has a number of drawbacks. There are drawbacks
affecting the reduction of the resulting compression ratio and
an increase in processing time . Outlines the main steps in the
construction methodology monobasic positional encoding
arrays of run lengths of binary elements. An evaluation of the
benefits and justify the proposed direction on how to improve
the video compression technology.

Ref.: 5 items.

VK 621.327:681.5

Model estimation informing low frequency constituent of
spectral presentation display group / S. Turenko// Radioele-
ktronika i informatika. 2013. Ne 2. P. 53-56.

Failings come to light and the necessity perfection of tech-
nology encoding is shown low frequency constituents spec-
tral presentation for the format JPEG. The construction of
mathematical model is expounded for the estimation of in-
forming structural description low frequency component.

Ref.: 5 items.

VK 621.327:681.5

MeTon 00po0Ku TMHAMIYHOI CKJIA0BOI HA OCHOBI MO3UILiFi-
HOI'0 KOJYBAHHSI 3 aIaNTUBHUM BHOOpOM ocHOBH / A A. Jle-
kax// Papioenekrponika i inpopmaruka. 2013. Ne 2. C. 57-61.

Po3poOiiennii MeToj] CTUCHEHHSI MAacCHBIB JTUHAMIYHOI CKia-
JI0BOT Ha MIJICTaBl OJHOMIPHOIO MO3HUIIIIHOTO KOJIYBaHHS 3
aJanTUBHUM BHOOPOM OCHOBH. 3alpONOHOBAHO PO3OHMBKY
JIUHAMIYHOT CKJIAZIOBOI Ha MAaCHBH 3/IMICHIOBATH 3 ypaxyBaH-
HSM HasiBHOCTI iH(opMallii mpo KUTbKICTh €JIEMEHTIB JNHAM-
i4HOT CcKJ1a10BO1. OOTPYHTOBAHO, IO 32 PAXYHOK MO3HUIIHHO-
r0 KOAyBaHHs 3a0e3MeuyeThCsl CTHCHEHHSI IMHAMIYHOI CKIIa-

PH, 2013, Ne 2

VK 621.327:681.5

Method for compressing the dynamic component arrays
based on one-dimensional positional coding with adaptive
selection of the base / A.A. Lekakh // Radioelektronika i
informatika. 2013. Ne2. P. 57-61.

The paper developed a method for compressing the dynamic
component arrays based on one-dimensional positional
coding with adaptive selection of the base. Offered a
breakdown of the dynamic component to implement arrays
based on the availability of information on the number of
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JIOBOI. Y pe3ysbTari 3amporoHOBAaHOTO KOAYBAaHHS MAacCUBH
JIMHAMIYHOI CKJIaJ0BOI 3aMiHSAIOTECS ITOCIIIOBHICTIO KOJOBUX
3HAY€Hb 1103 IMO3HUI[HHMX YHCEI 3 aJalTHBHOIO OCHOBOIO.
Takok 3ampONMOHOBAHO JUIsi CKOPOYEHHS KOJOBOi Hal-
MIPHOCTI JIOBXHHY KOJAOTpaMH BHOHPATH HEPiBHOMIPHOO

I1. 2. Bi6miorp.: 4 Ha3BH.

elements of the dynamic component. Justified that position
by the amount of coding dynamic component will decrease
by 38%. As a result of the proposed encoding arrays dynamic
component replaced the positional sequence of code numbers
with adaptive base.

Fig. 2. Ref.: 4 items.

VJIK 004.93

MeTon cuHTe3y 6a3 YHCeJbHHX ACOHIaTHBHUX MPaBHI /
A. O. Omniitruk, T. A. 3aiiko, C. O. Cyo6otiH // Pamioenekr-
porika Ta iHpopMaTrKa. 2013. Ne 2. C. 61-66.

PosrasHyTo 3amady moOynoBH 0a3 YHCENbHHUX aCOLIaTUBHUX
npasmit. Po3pobneHo MeTos cHHTe3y 0a3 acoliaTHBHHX IIpa-
BUJI, Y IKOMY BUKOHY€ThCS (pa33nikariis TpaH3akiiHoi 0a3u
JIAHUX, OOYHCIIOIOTHCS TPAHWYHI 3HAUCHHS IiITPHMKH, BH-
KOPHCTOBYIOTBCSI KPHTEPIi IS OMIHIOBAHHS HENPSIMHUX aCOLl-
iamiif, MO 3HIDKYE CTYIIHB ydacTi KOPHCTyBada B MpOIeci
HOIIYKY acOLIaTHBHUX IIPABIIL.

Tabm. 1. Biomiorp.: 8 Ha3B.

UDC004.93

Method of quantitative association rule bases synthesis /
A. Oliinyk, T. Zayko, S. Subbotin // Radioelektronika i
informatika. 2013. Ne2. P. 61-66.

The solution of the problem of constructing quantitative
bases of association rules is considered. The method of
synthesis of association rules bases, which consists of
fuzzyfication of transactional database, calculation of
threshold values of support, criteria used to evaluate the
indirect associations, which reduces the degree of user
involvement in the process of mining association rules.

Tab. 1. Ref.: 8 items.

V]IK681.324:519.613

InTenexryanbHa Xxmapa ynpasJiinus pyxom (Smart Cloud
Traffic Control )/ B.I. Xaxanos, €.1. JlutBuHoBa, C.B. Uyma-
genko, O.1. ®ininmenko // PagioenexkTpoHnika i iHpopMaTHKa.
2013.Ne2.C.67-76.

IIpomoHyeThCs iHTENEKTyallbHA XMapHa IHPPACTPYKTypa
MOHITOPHHTY Ta YIPABIiHHS JOPOXXHIM PYXOM Yy pealbHOMY
Macirradi 4acy Ha OCHOBI BUKOPHCTaHHS TIIO0ATbHUX CUCTEM
MO3MIIOHYBaHHS 1 HaBirarii, MOOUTEHIX Ta/UKETIB Ta IHTepHe-
Ty B IUTAX MiJBHIIEHHS SKOCTI i O0e3MeKH pyXy TPaHCIIOPTHHX
3aco0iB, a TaKOXK MIHIMI3aIli{ YaCOBUX i MaTepialbHUX BUTPAT
IpY PYXOBi aBTOMOOLTIB N0 3aJaHUX Mapmpyrax. OCHOBHa
IHHOBaIi}{Ha ifes TepeHeceHH s CBITIO(OPIB 3 ITOBEPXHI 3eMTi
y BIpTyaJIbHUI XMapHHIA TPOCTIp JUTsl YIIPABIiHHS TPAHCIIOP-
TOM, OOJaJHAHUM MOOIJTBHHUM Ta/KETOM, Ha €KpaH SKOTO
BUBOJIITHCS: KAPTA, MAPLIPYT IPSIMYBaHHS, KOOPIHHATH ydac-
HUKa JIOPOXKHBOTO pyXy Ta curHayim cBiTiodopa. IIporo-
HYETHCS KOMITJICKC IHHOBAI[IHUX TEXHOJIOTIYHUX PIllICHb TS
COlliaJIbHUX, TYMaHITAPHUX, EKOHOMIYHHUX, MTAJIMBHO- EHEpre-
THYHUX Ta CKOJIOTTUYHHUX MPOOJIEM, MOB'SI3aHUX 13 CTBOPEHHIM
1 3aCTOCYBaHHSAM XMapy MOHITOPHMHTY Ta yNpPaBIiHHS . 3ra-
JTaHl TEXHOJIOTIT Ta KOMIIOHCHTH IHTETPYIOTHCSI B CHCTEMHY
ABTOMATHY MOJEJb IHTEPAKTHBHOI B3a€MOJIii B PEalbHOMY
yaci iHQpacTpyKTypHOI XMapy MOHITOPHHIY Ta YHpPaBJIiHHS
3 ra/pKeTOM TPAHCIIOPTHOrO 3aco0y.

In. 2. Bibmiorp.: 15 Ha3s.
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UDC681.324:519.613

Cloud Intelligent Traffic Control (Smart Cloud Traffic
Control) / V.I. Hahanov, E.I. Litvinova, S.V. Chumachenko,
O.1. Filippenko // Radioelektronika i informatika. 2013. Ne 2. P.
67-76.

Intelligent cloud infrastructure monitoring and traffic
management in real- time based on the use of global positioning
and navigation , mobile gadgets and the Internet to improve
the quality and safety of movement of vehicles, and also
minimizing the time and cost when driving cars on the
specified routes has been proposed. The main innovative
idea — the transfer of traffic lights from the ground to a virtual
cloud space for traffic management , equipped with a mobile
gadget , which displays on the screen: map, route, coordinates
of'the road user and traffic signals. Proposed a set of innovative
technological solutions for social, humanitarian, economic,
fuel, energy and environmental problems associated with the
creation and application of cloud monitoring and management.
These technologies and components are integrated into the
system automata model interactive real-time cloud
infrastructure monitoring and management with gadget
vehicle.

Fig. 2. Ref.: 15 items.
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ITPABHWJIA

oopmnenus pykonucetl 0is1 A8MOpPo8
HAYYHO-MEXHUYECKO20 JHCYPHALA

"Paouosnexkmponuka u ungopmamura”

TemaTuka: PpaAnOTEXHUKA, 3JICKTPOHUKA,; TCICKOMMYHH -
Kallyun; KOMIIbIOTCPHBIC HAYKHW ; KOMIIBIOTEPHAs HHKEHE-
PUA U TEXHUYCCKAA JUATrHOCTUKA; CUCTEMbBI U IMTPOLECChI
YIIpaBJICHUA, I/IH(l)OpMaLII/IOHHBIe TEXHOJIOTUH B HAYKE,
06pa3OBaHI/II/I, KYJIbTYypE, MCAULINHE, DKOHOMHUKE, DKOJIO-
T'ny, COOUOJIOIru.

Dopmat crpanuiibl — A4 (210x297 Mm), onst: cBEpXyY —
15, cnpasa, ciea, cHu3y — 20 mM. KonnyecTBo K0JI0HOK
—2, MHTepBaI MeX Iy HUMHU — 5 MM. Penaktop: Pagemaker
6.0 (MmoxHO, HO HexxenaTenbHo Word), rapautypa Times
ET (Times New Roman Cyr), xernp — 10 myHKTOB,
MeKCTpouHOe pacctostaue — 110%, Tabyssinus — S MM.

O0wem pykommcu — oT 2 g0 10 c. (A3BIKH: PYCCKUA,
YKpPauHCKUH, aHIIMCKUii). TeKCT pyKoOmucH OHKEH
OBITh CTPYKTYPHUPOBAH U COJEPKATh BCE OCHOBHbIE YAC-
mu, xapakmepuvie Ol HAYYHOU cmamby: BBeJACHHE
(oTpaxkaet akmyanvHocms, QOPMYITHPOBAHUE Yeau U 3d-
day YicCIeI0OBaHU); CYLIIHOCTb (M3JI0KEHHUE OCHOBHOTO
MaTepuala UCCIIe0BaHUs C ONMCaHUEM UEH, METOIA, U
000CHOBaHUEM TMONYYCHHBIX HAYYHBIX PE3yJIBTATOB);
BBIBO/IbI (OTPaXXaroT pe3y/bTaThl UCCIEIOBAHUS, UX HA-
VUHYIO HOBU3HY U NPAKMUYECKYI0 3HAYUMOCMb, CPABHE-
HUE C JTYYIIUMU aHAJIOraMHU, IEPCIIEKTUBBI ).

CTpyKTypa pyKONKCH: 3aT0JIOBOK, aHHOTALIM S, TEKCT, JIU-
TepaTtypa, pedepar (Ha yKpauHCKOM M aHTJTUHCKOM SI3bI-
Kax), CBEJICHUs 00 aBTOpaXx.

OBPA3EL] ODOPMJIEHUA
VIKS519.713

HA3BAHUE PYKOIIMCH

QAMUITHA U O.
(Haszsanue sicenaemoeo paszoeia memamuxi)

AHHoTaiums (Ha si3bIKe cTaThu, ad3ai 5-10 cTpok, kerib 9)
MOMEIIACTCSl B HAavale CTaTbH M COACPIKUT HH(POPMALHIO O
pe3ynbTaTax OMHCAHHBIX HCCIICIOBAHHM.

OCHOBHOIA TEKCT MOXKHO pa3/ieiisITh Ha 2 1 GoJee moapas-
JIETIOB C 3arOJIOBKaMH, BBIACICHHBIMH HOJYKHPHBIM
mpuTOM, MPOHYMEPOBAHHBIMHU apabCKUMU Hu(pamu,
KaK ITOKa3aHo B CIICAYIONIEH CTPOKE.

1. Ha3Banmue pa3nuena

Pucynku v Tabauiib! (4epHO-0eNbie, KOHTPACTHBIE) TOMe-
IIAFOTCS B TEKCT I1OCIIE TIEPBOI CCBUIKH B BHJIE HepeHO-
cuMbIX 06veKmMo8 U Pa3IeNbHO HyMEPYIOTCS, TIPH HaIIU-
gk OoJiee OJHOrO pHCYyHKa (TalOiuibl), apaOCKUMH
nugpaMu. PUCYHOK COTEPKUT OAPUCYHOUHYO IICHTPH-
POBaHHYIO HOAUCH O MILTIOCTpaIiell (BHE PUCYHKA),
KaK MOKa3aHo Ha puc. 1.

O——O
D olo

Puc. 1. I'pad ¢ koHTYpamu

TaGNUYHBIA 3aT0JIOBOK pacroiiaraeTcs crpaBa HaJ Ta0-
nuiel (BHe TaOJIHIIBI ), 4TO HILTFOCTpUpyeTcs Tadu. 1. Pe-
naktopel: CorelDraw, Table Editor, Excel.

Tabnuma 1

Mari |12 3 ]4]5]6
OI(13) 1|22 ]4]6 1

DopMyITEI HYyMEpPYIOTCS TIPH HAJTHYUH CCHUIOK HA HHX B
pykonucu. DopmyIibl, CUMBOJIBI, IIEpEMEHHbBIE, BCTpeya-
FOLIIECS B TEKCTE, JIOJKHBI OBITh HAOpaHbI KaK 00bEKTHI
Microsoft Equation. Pexomenayemas Beicota opmyib-
HBIX Kerjieii: nepeMenHas — 10 myHKTOB, MHJEKC— 8, Hal-
Y TIOJTUH/IEKC — 8, OCHOBHOM (MH/IEKCHBIN ) MaTeMaTHIEC-
kuit cumBon — 12(10):

b ip? . 3 nk
Fii= XFj= Py e Fimlex ™™ ()
i= =

dopmar nepeMeHHbBIX (KEIATeTHbHO HE KYPCUBOM — O3
HAKJIOHA) B TEKCTE U (POPMYJIax JOKEH ObITh UICHTHY-
HbIM. B Tekcre Haa- u noguHeKcs! coctaBisiioT 70 % ot
BBICOTBI KEIJ1sl, KOTOPbIC PEKOMEH/TYEeTCs OTYCKATh (nox-
HuMaTth) Ha 17 (33) % oTHOCHTENBHO OCHOBHOM CTPOKH.

Jlurepatypa (BKITIOYAET OITy OTMKOBAHHBIC UICTOYHUKH, HA
KOTOpbIE UMEIOTCS CCBUIKM B TEKCTE, 3aKJIIOUEHHbBIE B
KBaJ[paTHBIC CKOOKH) Tedaraercs: 6e3 OTcTyma, Kerib 9
ITYHKTOB.

O0pa3el OKOHYAHHSI TEKCTA PYKOITUCH (JIUTEpaTypa, CBe-
JeHus 00 aBTOpax, pedepar) MpeacTaBlIeH HIDKE.

Jlureparypa: 1. @amunus H.0. Hazpanue xauru. I'opon: 13-

narensctBo, 1900. 000 c. 2. Hazsanue coopuuka / Ilon pen.

N.0. ®amunus. IN'opox: Uznarenscrso, 1900. 000 c. 3. @amu-

aus M.0. HazBanue craTeu // Ha3anwue xypHana. Ha3zsanue
cepuu. 1997. T. 00, Ne 00. C. 00-00 .

INocrymmna B peaxomieruto 00.00.00

PeneH3eHT: TOIDKHOCTD, yaeHas creneHb, @amumns, K.O.

Damuusi, UM, 0TYECTBO, YICHAS CTEIICHb, 3BaHUE, JIOJIK-
HOCTh W MecTo paboTel. HaydHble MHTEpechl. YBICUeHHS U
x000H. AJllpec, KOHTaKTHbIC Tele()OHBI.

Pedepatsl mpencTaBistoTes Ha YKPAaUHCKOM W aHTIIHHC-
KOM f3bIKax.

YJIK 000.000.00

Ha3zea cratri /Ininianu. TlpizBuiie / PaxioenekrpoHika ta
inpopmatuka. 2000. Ne 00. C. 00-00.

Tekcr pedepary.
Ta6um. 00. L. 00. Biouiorp.: 00 Ha3B.
UDC 000.000.00

Title of paper/Initials. Surname// Radioelektronika i informa-
tika.2000. N 00. P.000-000.

Text.
Tab. 00. Fig. 00. Ref.: 00 items.
IIpencraBieHne MaTepHaIOB

Pykonuck, pedepathl, cBeficHHsS 00 aBTOpaX — B OJHOM
aitne, noumenosanHoM hamunueli agmopa, Ha AACKETE
,5 nmroiima. TBepmas Komus MaTepualioB — JJIs TPaKaaH

YKpauHbI — B OTHOM JK3EMIUTIPE: PyKOIUCH, MOHCAH-

HastaBTOPaMH, pepepaThl, aKT SKCITCPTH3bL, BHELITHSS PELICH-

3us, TOMIIMCAaHHAsl JOKTOPOM HAayK, 3asBIICHHEC HA MM

TJIABHOTO PEIAKTOpa CO CBEICHUSIMU 00 aBTOpax.

Anpec penakimu: Ykpauna, 61166, Xapekos, mp. Jlenuna, 14,
XHVYP3, komuara321,ten. 70-21-326, e-mail: ri@kture.kharkov.ua;
hahanov@kture.kharkov.ua. http://www.ewdtest.com/ri

PexoMennoBaHO YUEHBIM COBETOM XapbKOBCKOTO HAIMOHAIBHOTO
YHUBEPCHUTETA Paaro3IeKTpoHuKu (mporokos Ne 10 ot 27.06.2013)
Iigmacano go apyky 27.06.2013. dopmat 60x84'/..
YmoB. apyk. apk. 9,8 . 3am. Ne 6/ . Tupaxx 300 npum. Iina morosipHa.
Bignpykosano y CITJI @O Crenanos B.B.
61168, Xapkis, Akan. [TaBnosa, 311.
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