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NCCIEJOBAHHUE U PASPABOTKA 3BOTIOITUOHHLIX METOJOB
KJACTEPU3AIIMHA N ONIPENEJIEHHSA OTITUMAJIBHBIX
PEHIAIOIIIMX ®YHKIIMA B ABTOMATHYECKHAX CACTEMAX
PACITO3HABAHHS OBPA30B

© 2005r. A.C Cepzees

B noceiue roab OfHEM M3 NEPCTICKTHBHAIX HANPABIICHAR JANBHEHALICTO Pa3BHTHA HHTSIVIEKTY-
ANBHBLIX CHCTEM ABTOMATHIALIMM NPOSKTUPOBAHWA, CHCTEM TIPUHATHA NPOEKTHBIX PELISHUH CTAIO HC-
NONB30BAHKE AHAOMUH C MPOUESCCAMH PA3BHTHS, H3MEHEHNMA W IPHCTIOCOOEHNA XHUBLIX OPFAHHU3MOR,
KOTOPBIE ABNSHOTCH OCHOBOTIONATAIOILMMY TPH pa3palboTe ATOPHMOB IBOSIOLIMOHHBIX BRMHCIEHHI
(reHemieckux oprasinmos) [ 1-3]. Panee neceIoBaoCh MPMMEHEHKE SBOMIOUMOHHONO ATMOPUTMA IS
petuenist NP-namibIx MaLHHOCTPOHTEIILHOIO IPOM3BOACTBA [4-5). BMecTe ¢ Tem oiHOM 13 38124 1po-
exruposanus TexHonormi BUC, a ratoxe st pasMetieHns aneMentos 8 CATIP 0CHOBHbIX 33124, BOZHH-
KAJOTUMX TIPH TIOCTPOEHUH HCKYCCTBEHHBIX HHTEIUIEKTYAILHBIX CHCTEM TIPOSKTHPOBAHHUS H YIIPARJIEHHS,
ARAETCA 3a%a%a pactio3HaBaHus 00pasoB, HCNIOL3yeMas, B YaCTHOCTH, [PH 00yuEeHNHN ¥ HaCTPORKe
HEUPOHHBIX CHCTEM [UI PEIICHNA 3304 aBTOMATH3HPOBAHHOIO NPOSKTHPOBAaHNA [6-8).

Kak ormeueHo B [7), Hapaay ¢ 3anavelt tipecTaBneHus HCXOMHbIX IaHHbIX, NOTYYEHHBIX KaK pe-
3YNETaThl HAMEPEHMH IR NOAIEXKAUIET0 PACNIO3HABAHMK 00BEKTA, aKTYAILHBIMH NPH [IOCTPOEHAN
ABTOMATHYCCKIUX CHCTEM PacIO3HAHAA 06pa3oB ABMAIOTCA ceayomue 3anaun. [lepsas - 3ajgada
BBIAESICHHA XaPAKTEPHBIX MPU3HAKOB WM CBOHCTE M3 NCXOAHBIX JaHHbIX H (POPMHPOBAHKE KIIACCOB
00pa3zos, BTopas — 3a/1a4a OTHICKAHHA ONTHMANLHBIX PELIAIOLIMX TIPOLERYP AN KIACCUDHKALIMH.
Ecnn npoctpanctso 06pazoB cocToHT 3 M obnactedt, To 3aja4a paciio3HaBakHmMs CBOIMTCH K TOCT-
poeHuio rpanul obnactedi -— pemarowmx dyuxmmii (PO) d,(x), d,(x)...d,, (x) , ipu 3TOM 06pa3 x
NPHHAINIEXHT Kaccy ©; , eci 4,(x) > d (x) maseexi, j=1,2.M, j #1i.

Pa3paGoTia reHeTHECKOTO aAr0PHTMA PellieHHs saiaun Kiaccupricaiiy 06pasos U onpeae-
JleHHs pelaouinx GyHkunit. PaccMOTpyM reHeTHYeCKul ATTOPHTM, KOTOPbI MOXET GbITh HCTIONL-
30BaH NP NOCTPOEHMH CHCTEM KIACCH(HKALIY 05pa3os Ha OCHOBE IBPHCTHHECKOTO TIORXO0/IA — HC~
TIOAL30BAHUA V1% KRaccH(pUKay 00pasos (yHkimm paccroanud [9]. MoapobHo ceolicTsa # CTIOCOOb!
peaitMay NaHHKIX Knacchdxaropos onscaHs! B [7]. B npensaragMoM reHeTUECKOM aBropHTMe, SB-
JonMMes 06001LEHVEM NPpETaraeMblX B [ 7] anropHT™MOB MHHIMATEHOTO PACCTOSHHS, MAKCHMAITb-
HOTO paccTOAHAA N K BHYTPHIPYTITIOBbIX CPEIHHX, NIEPBOHAYANLHAS MOMYTLIHSA pellieHHil PopMupyeT-
€t ¥ CITyqaliHBIM 00pa3oM ITyTEM 3alaHMA AN KKIOT0 06pasa MPOU3BOJILHONO HOMEPA KNacea, K ko-
TopoMy 00pas npuxamiexdT [9] (1pn 3ToM npeasapurTensHo Bee N ofpa3os AOmkHE GbiTh
nporymeposas! 0T 1 10 V). Uenenas dynama (LID) Flfitness) ams kaxzo XpoMOCOMBI OHpeaensieTcs
KK F=F +F+F+. .. e Fi-— CyMMa eBIIMI0BBIX PACCTOAIMIA OT 06pasos knactepa | o uetpa (srano-
HA) 3TOrO Ki1acTepa, F, — CyMMa paccTosHHi 0T 06pasoB, BXOMALIMX B KIacTep 2, 10 LeHTpa (3TaoHa)
ITOT0 Knactepa ¥ T. . LieHTpbt (3TaNoHbI) KIACTEpa § 3a710TC AMPHOPHO WIH OTIPSASIIEOTCS 0 dopMyTie

1% 1%
K= 2 X Y= r 30,
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rae N, -~ Hcno 06pa3os, BXOMUNAX B i-# knactep; X, Y, — xoopaunars: o6pasos, BxomAumx B
i-# Kknacrep.

OTMETHM, YTO B Ka4€CTBE PacCTOAHMA MEXIY BEKTOPaMH 00pa3oB H 3TaJIOHAMH KIJIACTEPOB
HCTIONE3YETCA EBKIHROBO PACCTOAHHME, onpegenseMoe Kak {7]

D=|fx-z||=,/(x-2)'(x-z ,

rae (X-Z)' — Bexrop-CTpOKa pa3sHOCTH KOOPAMHAT 00pa3oB H ueHTpos knacrepa; (X ~Z) —
BekTOp-CcTONGEL, BBIYHCIAEMBIH AHATOTHYHO.

ITpu pabore reHETHIECKOTO ArOPUTMa ISt ONPEICIICHHA PACCTOAHUA MEXAY obpasaMH 1e-
[I0/1b30BAJIKCH TAKXKE U3BECTHBIE OPMYIILI:

D=|x,-x |+[5-7]; )

D= J(X,-X,)+(Y,-Y,)".

[Mocne hbopMuposanHsa Ha4aNbHOA TONY/AUMH OCY LIECTBAAETCA TPHMEHEHHE MHOXECTBA
TEHETHYECKHX OMNEPATOPOB, LUENbIO IBONICLHOHROTO IOKCKA ABJIAETCH (OPMUPOBAHHE MHOXKE-
CTBa XpOMOCOM € MHHUMaNbHBIM 3HaueHneM LI F. OrmeTM, 4To OnHcaHHe OCHOBHEIX MEHETH-
yeCKHX ofiepauyit 1 METOAMKA KX NPYMEHEHNS IPUBOANTCS, Hanpumep, B [1-3].

B kauecTse NpUMepa pacCMOTPHM MHOXECTBO M3 8 00pasoB ¢ 3aRaHHBIMH KOOPAHHATAMH
1-(2, 4), 2-(3, 3), 3-(1, 2), 4-(-2, 2), 5-(-3, 0), 6-(~1, -3), 70, -3), 8-(1, -4). [lycTh B pesynstrare
npUMEHeHHA TeHETUYECKRX ONepalnii creHepupoBana xpoMocoma (3, 1,2,2,3,3,1,2), T e.
K kiactepy 1 oTHocATCA 06passl 2, 7, k wiactepy 2 oTHOcATCA obpassl 3, 4, 8, K wiactepy 3 — o6-
pasel 1, 5, 6. Llewtpsl K1acTepos clegyloime:

X, =-;-(3+0)=1,5;
1

Y, ==(3-3)=0;

ul 2( )

X,,2=§(1-2+1)=o;

Y, =%(2+2-4)=o;

1 2
X.=—(2-3-1 =-=;

Y, =%(4+0-3)=§.

3nauenne LD F onpenenserca kak F=F +F +F,. Henonsays (1), nomy4um:
F, = [3-1,5#3-0[}+{]0-1,5/+-3-0(]=9;
F,= [11-0p+2~0{}+[}-2~01+2~0{}+{| 10401 2;
Fy= [12+2/3 |4~ 1/3[[4{1-3+ 2/3 HO-1/3 [1H{I-1+2/3 [+-3-1/3[1<12-2/3;
F=9+12+12-2/3=33-2/3.

EC/M B pesyNbTaTe MPHMEHEHHA FEHeTHUeCKHX oniepaumii copmmposata xpomocoma (1, 1, 1,2,
2,3, 3, 3);T0, NPOBOIA AHANOTHHHbIE BEIMHCIICHHS, TI0NyvaeM, 410 F=F +F+F,=4+3+3:1/3=10-1/3.
B npouecce paboTs! FeHETHIECKOTO ATOPHTMA IIONYYHM, HTO JaHHOE 3HA4EHHE UeneBoi ¢byBKUHH
ABAAETCA ONTTUMANBHBIM.

Hapany ¢ onucansoi 3afavelt KnacCHPHKALMH IpK MOCTPOCHHH PACMO3HAIOIINX CHCTEM
aKTyaILHOM, KaK OTMEEHO Bblule, ARNAETCA 331a4a 00 OTHICKAHHH pellieHUH O PHHAUTOKHOCTH
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npeabABNAEMbIX CHCTeMe 00pa308 HEKOTOPOMY KIIacCy Ha OCHOBE pellarolmux dyHkuui (PD).
Paccmorpum cityyait pasbuetius Ha M K1accoB O, ©,, @;...0),, , FBIMIOLUAXCA JTHHEHHO pasaeny-
MbIMH, TO €CTb PD uMeroT Bup =W X+ W X +W,. OTMETHM, 4TO OCHOBHbI€ CITy9al OnpeiesieH s
P® nipu pasbuennn Ha M kiaaccoB onucansl B [8]. PacemorpuM Gonee o6mnit ciryyalk, xorma
KIIaCcChl pasnesiuMbl 110TIapHO, TO eCTh cymectayet M(M-1)/2 P® d (x) Taxmx, uto ecnn obpas
Xe w;, 10 dij(x)>0 i Beex J # i, kpoMe Toro, d,j(x)= - dﬁ(x). Tocne 3apanna Buna PO posuwkaet
3afia4a onpeneneHnd eé kKoapPUIMEeHTOB,

Jns pemenus 3T0# 32Aa4H PaCCMOTPHM NPUMEHEHHE BO/HONMOHEOTO rioaxona. [lycrs 3anauno
MHOXeCTBO U3 N 06pa308, xoTopoe HeobxomMo pa3duts Ha M kiaccos ¢ nomousio M(AM-1)/2 pe-
waronwx GyHkuwit d, (x)...d,, . ., (x) ¢ HewssecTHbMH koadduLmentamu. Copmupyem nomys-
L0 XPOMOCOM, T [IEPBEIE JIBA 'eHA COOTBETCTBYIOT 3Ha4eHvisM koodibuientos I, W, nepaoit PO
d,, (x), cnefyloume [isa reHa CoOTBETCTBYIOT Kooddpuruentam W, W, sropoit PO d, (x)u Tak manee.

B obwuem cryyae Koo HULMEHT ipK X, MOXHO TIOJIOKHTB PABHBIM | 1 3a1IHCATD YPABHEHHE B BUJIE
X,= WX+ W,. DTOMY YpaBHEHHIO COOTBETCTBYeT 118a Bfia PO —W X +X W =0 u W X -X,+W =0.
Pemeriro 3aa4u yornersopser ta PO aﬁj, KOTOPAst IMEET IOVIONMTEITbHBI 3HAK B TOM NORYILIOCKOC-
TH, [J1¢ HAXORMTCA Kiace o0pasos w,

ITocae roro ara xaxnol xpoMocoMsl onpeaensercs [ kak

F =max[d,(x)+d,;(x)+...] + max[d, (x) +
+dyy (x)+.. J+ max[d,, (x)+ d, () +..]+...,

Xew, Xew,, X0,
d, <0, d,, <0, d,; <0,

T.€. CyMMa OTPHUATEIbHbIX 3HAYCHHUI dy(x) Ina Beex 06pasos x KNacca (), AOMKHA ObITh MAKCH~
ManbHa (MHRMManhHA 10 a0CON:0THOMY 3Ha4eHu:0). 1{e/1hi0 IBOMOUMOHHON ONITUMM3ALMH ABNA-
ercq GopMupoBaHye ONITUMANBHON XPOMOCOMBE C HyNeBEIM 3HaneRuem 1P F, To ecTh B onry-
MalsHOM CllyHae [Uls BceX o0pa3os knacca o), d>0 upn j # i. BeIOOp rpaHAIl 10NYCTHMBIX 3Ha~
uenut kodpdutmenTos W, W, npu pealus3atii reHeTHIECKOrO aiTOpUTMa ONPEACHAETCS
YCIIOBHAMM 3aa4H. PaccMOTPHM, HAMPHMep, MHOXECTRO 13 12 00pa3os, pa3aelieHHbIX Ha 3 K1acca H
UMEIOLIX crreftyrounie kooprmsaer: w, {(3,13), (6, 13), (3, 10), (6, 10)}, w,{(1, 5), 3, 5), (1,2), 3, 2)}, w, {(6,
6),(8,6),(6,3),(8,3)} (puc. 1).

\- oy __?\
w, |
.4

L3

T
1
3 4 5

N+

7 9 10 11 12 13 t
N PN = o —x 4w =0

d|2=wlxi+x1—-w3=0 23 B ML

Puec. 1. Tlpumep ypasnenus ana PO, pasaensiommx Tpy knacca obpasos. Obpas x& w, ecim
d>0 nns seex j#i
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Ecnn nomyctaTs, 40 NpAMasi, pasaensiomas Kiaccs w, 1 W,, IOJKHA MMETH OTPUUATEAbHBIH
YIoBO#H k03 (pHIHEHT, TO BOIMOXHO OnpeaelieHne nHTepeanos W,  [4, 12), W, e[-3,-1/2). Ta-
knM 06pa3oM, U3 ypasHenna X,=—W X +W, cnenyror ypasHenus PP

WX X W=, @
"Wlx F—X2+W 3=0' 3

Brifupas npom3BoimbHYI0 TouKy (HanpuMep (0, 0)), n0mydnM, YTO YCROBHIO pasielieHNs KAaccoB
1 u2 ynornetsopsier PO (2), Tak kak d, (0} —#,<0 8 T0it NONYIUIOCKOCTH, IIe HAXOAATCA KIace W,n
To4Ka (0, 0) u, crejioarensyo, d,,>0 B TO NOMYIUIGCKOCTH, TTie HAXOIMTCA KIIACC W, (puc 1). Anano-
THYHO, PHHHMAs YITIOBOH Ko3(dULMEHT IIPAMOl, pasie/sromels Kiaccs! 1 ¥ 3, MONOKHUTETLHBIM H
npusimas W, (5, 12], nomyunm, 4To 13 ypasHeHus X,=W X +W, cnenyior ypasuenus PO

WX -X+W=0; @
~W X+ X-W,~0. (5)

Yenosmo pasneneHna kiacco | 1 3 yrnonetsopsiet ypasHenue (5), Tax kax d,,(0) =—#,<0 B Toft no-
JyIIOCKOCTH, e HaxoasTes kiace w, M Touka (0, 0) u, cnenosaresmstio, 4,>0 B Toi NoymiockocTy, e
HaxomuTes Knace w,. {Tputmas ymosoi koaddHLeHT OpamMoi, pasaessaoLIe# Knacchl W, M W,, OTpH-
LATeNbHBIM W MpHiMMast W, € (5, 11] noysum, YTO 3 ypaBreruit (2) u (3) yC/oBHIO pasielienus Kiac-
COB YOBNETBOPAET ypasHeHue (3), Tak kax d,,(0)=w,>0 B TO#H IQIYMTOCKDCTH, IIIe HAXOAATCS KAACC W, U
Touxa (0, 0) n, cnenoBaresHHO, OTPULIATE/THHO B TOH NOMYTIOCKOCTH, 71 HAXOMHTCS KIAce w,.

Takum obpa3om, npu BrIOpaHHOM cniocobe KoaUpoBaHUA XpoMocoMa (a, b, ¢, d, e, f) cooT-
BETCTBYET ClieXyrouHM PO:

dy, =ax +x, -b,dy = -ax, ~x, + b;
d,=-cx +x,-d,d,, =cx, —x, +d,;
dy=—ex,—x,+ f,d, =ex, +x,- f.

Hanpumep, jus xpomocoMst (2, 9, 1, 6, 1, 10) P® nokasansl Ha puc. 2a. 3Hadenne 1O nia
3TOM XpPOMOCOMBI

F=d,,(6,10)+d,(3,5)+d,,(6,3) =—2~2—1= 5.

s d ) X +x,-6=0
/7

Puc. 2, ITpaMep HEONTHMANBHONO W ONTHMAIBHOTO onpeaeneHus PM, noaywaeMbIX COOTBETCTBERHO H3
xpomocoM: a — (2, 9, 1, 6, 1, 10); 6 — (1, 10,1/2, 6, 3/2, 1) (cMm. Takxke c1p.7)
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dy(x)=-0,5 x+x,~6=0

F—

°| 23456N91N213x[
d(xy= 1,5 xp-x,+10=0 6) d(xy= x +x,-10=0

Puc. 2. Oxonyanue

Hns xpomocomsi (1, 10, 1/2, 6, 3/2, 1) P nokazaxm sa puc. 2 6. Jina 3ot xpomocomn LD
F=0 (1. e. 11 Bcex oBpason kaacca W, dij>0 npi j # i), noaroMy PO, COOTBEeTCTBYIOWUE JaHHOMH
XPOMOCOME, ABIAIOTCH ONTHMATIbHEIMH:

d, =x +x,-10,d;, :—%.q +x,~6,d,, =—-;--xl -x,+10.

KpaTkoe 0nHcaHHe Pe3yILTATOR JKCIEPHMEHTATLHON pean3anu. JUis dkcrepuMeHTanb-
HOTO HCCAEAOBAHHS ONHCAHHBIX ANTOPHTMOB HCHIOJIL30BATHCH TECTH TIPH PasIMYHbIX pasMepax
NOMYAALNY, B KaXAOM TecTe MpoBoaunock 10 n 6onee HerbiTaHuH. PesynsTars TECTa mpH pa3bu-
¢HHH MHOXecTBa 13 10 o6pa3oe Ha TpH K1acTepa & MHOXeCTBA K3 12 00pa3oB Ha iBa knacTepa
npy onruManbHoM 3Hauenun L@ 38 u 115 nokazanm B Tabn. 1.

Tabnvna 1

3aBHCHMOCTL YACTOTHI CXOHMOCTH I'eHETHYECKOTO AXTOPHTMA IpH pasbueHHn MHOXecTBa
13 10 o6pa3os Ha Tpu U ABA KaacTepa

MonyvenHoe aHavyeHue Wrepauus, Ha xOTOpOR
MpPoUEHT CXOAUMOCTH
Ne Paamep uoe HaCTYNaeT CXOAUMOCTL
onbiTa | nonynsuwk | npw Tpex npuasyx | npmtpex | npwABYX | npuTpex | npuAByX
Knacrepax | knacrepax | xnacrepax | xnactepax | knacrepax { xnacrepax
1 0 708 552 1:20 10:100 14 14
2 20 461 460 7:100 8:30 13 14
3 30 134 552 2:20 5:20 12 12
4 40 38 179 15:100 4:20 12 10
5 50 38 179 8:40 8:20 10 8
6 60 134 115 5:20 9:20 8 6
7 70 38 115 6:20 10:20 8 5
8 80 134 115 10:20 6:10 6 5
9 90 38 115 12:20 12:15 6 5
10 100 38 115 9:10 9:10 5 3

Pezynerarsl TecTa NpH pa3GHEHNH MHOXECTBa M3 10 HHANBUAYYMOB Ha TPM H Q€THIPE KTac-
Tepa apu onTuMansHoM 3HaYennd LId 13 u 10 npusenenst B Tabu. 2.
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Tabauua 2

3aBchMOC‘I‘b YacTOThl CXOAHMOCTH NeHETHYECKOr( AJIFOPHTMA NpPH p836HeHHH MHOXKECTBR
u3 10 obpasos Ha Tpu H uernIpe KiacTepa

Utepauus, Ha XOTOPOW
NonyyeHKoe 3raveHne nossunacs
Yacrora cX04MMOCTH
Ne Pasmep ue onTUManbHas
nony- XPOMOCOMa
onbiTa
NAUUK npw npu npv
npu Tpex npy Tpex npK Tpex
yeTbipex yeTsipex Yyersipex
Knacrepax knacrepax Knacrepax
Knacrepax knacrepax Knacrepax

1 10 13 478 1:100 4:10 3 6

2 30 13 208 2:100 5:10 4 4

3 50 13 22 7:100 1:10 2 9

4 100 13 10 13:100 310 4 2

5 150 13 10 20:100 5:.10 14 3

6 200 13 10 27:100 7:10 1 5

7 250 13 10 36:100 4:10 5 4

8 300 13 10 37:100 6:10 1 2

9 400 13 10 47:100 7:10 1 1
10 500 13 10 50:100 8:10 6 1

Hns anroputma onpeaeneHus PO HCNOAb30BATHCH TECTOBbIE NPUMEPDI C Pa3HBLIMHU pa3Me-
PamM¥ NOMyNALAH, B KOKIOM H3 KOTOPHIX IPOBOAHNIOCH NATE H Gosiee HCTIBITAHAM.
Pe3yartarhl Tecta nipy pasbueHun muokecTsa H3 12 u 20 o6pa3os Ha TpH KiacTepa ¢ noMo-
wpto Tpex PO nokazaust B Ta01. 3.
Tabanua 3

3aBHCHMOCTH YACTOTBI CXOMHMOCTH FeHETHYECKOTO aIropuTMa NpH pa3bHeHHH MHOXKecTBA
#3 12 u 20 o6pa3sop Ha TP KiacTepa

Wrepauun, Ha
MonyuenHoe KOTOPOW nosennacs
Ne Paamep 3Havenwe LI Hacrora cxoaumocTH onTHManbHan
onbiTa“ | nonynsumv XPOMOCOMA
npu 12 npwn 20 npw 12 npu 20 rpu 12 npwu 20
obpasax obpasax ofpasax | ofbpasax | obpasax | o6pasax
1 100 -043 -0,25 - - 8 8
2 200 -0,06 0,21 - - 7 6
3 500 0 0 3:20 7:20 6 5
4 1000 0 0 8:10 5:10 4 4
5 2000 0 0 55 4.5 3 3

Takum 06pa30M, TIPUBCACHHLIC ONTHMANbHbLIC H KBAaSHOITTHMAIBHBIC PE3y JIbTaThi CBHACTEb-

CTBYHOT O BOSMOXHOCTH PCLICHHA JAaHHOMO KJ1acca 3aja4y ¢ NOMOLIBIO 3BOTOLHOHHBIX METO0/10B.
OnHako B TO %< BpeMA reHETUMECKHH arOPUTM B OTIMYHE OT KNACCHUECKHX ONTUMY3ZLMOHHbIX
METOI0B NO3BOJIAET TOMYYaTh AOCTATOMHO 60AbLIOE pasHoobpa3ne BapHAHTOB PENIEHHS, HTO
ABJISETCA ONHON W3 €10 OCHOBHBIX OTTMUMTENBHEIX 0COOEHHOCTEM M 11038014€T BLIGPATh BapHaHT,
ONTHMAJILHBIN [N KOHKPETHBIX YCITOBHH.
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TEXHUYECKHE ACHEKTBI
PAIOYACTOTHOM WIEHTHOUKALINU

© 2005 r. A.C. JTobanoe, B.H. Huocuxos

Konudectro oySnukauuii no pandouacToTHOH uaeHTHOUKALMN PACTET HA IPOTAXKEHHH He-
CKOJILKHX JIET. ITO 0ObAcHseTCA OypHBIM pasBUTHEM camoit Texronorua RFID, ocBoeHueM Ho-
BBIX YACTOTHBIX IHANA30HOR, PEryNAPHBIM NOSBIEHHEM HOBBIX MMPOJYKTOB K HOBbIX NPUIOKE-
HU, € TEXHOIOTHA GECKOHTAKTHON KOSHTUGHKAINH (AITH PAAHOHACTOTRON MAEHTHOMKALMN —
Radio Frequency Identification) no3BonfeT peiarh 3ala4u, paHee HEMOCHIBHBIE A TCXHHYEC-
KHX M [IPOIPaMMHBIX CPEJICTB.

TeXHONOTHs PANHOYACTOTHOM MIEHTH(UKALIMM TTOABHIIACH Ha CBeT OKono 2()} €T Hazaz, ¥ BECh
10T Neproa GOPMIPOBAIACH TEMIAMH, OTIEPEKAOIHUMH KOMIBIOTEPHLIE TEXHONOrHH. OcoGeHHO
MHTEHCHBHO RFID cOBEPIUEHCTROBANACK B NOCeHHe rofst (5-7 net), OOBACHHTH 3TO MOXHO JBY-
M axTopamu: BO-TIEPBBIX, PA3BUTHE MMKPOIIEKTPOHHKH O3BONUIIO PEANTH30BATE MHOTHE HIIEH,
paHee HEJOCTYITHLIE 110 YMCTO TEXHOJIIOTHIECKHM NTPRYMHAM, 2 BO-BTOPbIX, NOABIINCH CTAHIAPTH,
IPUMEHEHHE KOTOPBIX 00ECNEYHIIO COBMECTHMOCTD TEXHUUECKIX PEIIEHHH OT Pa3HBIX IMPOM3BO/IM-
tenei. [Tpex e 4eM paccMaTpyBaTh KOHKPETHBIE BOMPOCH! HCTI0N630BaHMA OECKOHTAKTRON KieH-
THYKAUMH B PA3ITIHBIX OONACTAX YENTOBEECKOM NEATENLHOCTH, OCTAHOBHMCS Ha OOILIMX TPHHIM-
nax cucreM RFID v HOPMATHBHBIX TOKYMEHTAX, KOTOPbIe ONpeNensioT i GyayT onpenessaTs B
Gnuxaiinree BpeMa Xol KORCTPYKTOPCKOH MBICITH.
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KonctpykimonHsie ocobeHHocTH, Dusnyueckse NPHHIMIL (110 KpafiHed Mepe, i GobImH-
CTBA YaCTOTHBIX IHaNa30HOR) HATOMUHAIOT paboTy TpaHchopMaTopa WM CHCTEMbI CBA3AHHBIX
KOHTYpPOB. Kak H3BECTHO, €CJIH B3ATh JBE KATYIKHA W Pa3MECTHTh HX HE O4YEHB AAJIEKO ApYT OT
Apyra, TO OHM OyHyT 0Xa3bIBaTh JIPYT HA APyra B3auMHoe BNusAHuE (puc. 1),

CuMTHIBaTEb Kapra

Int [ J

Puc. 1. [lpuangn pabotbl Napst «CHATHLIBATENb~HACHTHPUKATOD»

CuMTLIBATE b COTEPIKHT FHEPATOP BBICOKOH YaCTOTH G, KOTOpbIH 3AMATLIBACT AHTEHHY CUM-
ThiBaTeNA L. DNEKTPOMArHUTHAs CBA3h M MEXK/y aHTCHHOH CYHTHIBATENA H AHTCHHON HICHTH-
¢ukaropa (kapThi) L _sBISETCS NPUUKHON MOABTEHUS NIEPEMEHHOTO HANPAKEHHUA B KapTe, BeH-
YHHA KOTOPOrO 3aBUCHT OT KOHCTPYKTHBHOTO HCIIOTHEHHSA 1 PACCTOAHUA MEXITY KapTo#t B cun-
ThiBaTeneM. HaBeleHHOE HANPMHKEHUE HCMONB3YETCA [L1A THTAHUA MUKPOCXEMBI kKapThl D, uepes
BLUTPAMHTESTS, 00pa3oBanHbll AuoxoM VD, 1 gumbtpyrommmM xornencaropom C,. Mukpocxema
KapTel D_MORYJIUPYET HaNpsXKEHHE B aHTEHHE L _ITyTeM ee LYHTHPOBAHUA pe3ncTopom R . 3a
CHeT CBA3M aHTEHH MOMYJISLMA NOABNACTCA B RHTEHHE CUHTBIBATENA L , AETEKTUPYETCA AUOAOM
VD, n nocTynaeT Ha MHKpOCXeMy cuuThiBarens D, kotopas NentHdpUpyeT KOA KapThl, U B €€
KOHTpOJITep yepe3 KuTepoelic /nt. [lo TakoMy NpHHUMIY paoTany nepebie MaccuBHpie R/
(Read Only — TONbKO A5 uTeRUs) Proximity-KapTel ¥ CYHTBIBATENH. 3aTeM ObLIH CO3AAHBI HICH-
THPHKATOPBI, CNOCOGHBIE HE TONBKO NMEPEAABATL HEGOPMALIHIO CYHTLIBATEMIO, HO K NOTYYaTh €€
JUTA eNel nporpaMMHpoBaHKs (3anMcH HHPOPMALHK B FHEPrOHE3aBUCUMYIO NTaMATh). C TOUKH
3PEHHS OCHOBHBIX IPAHLIMNOB NOCTPOCHUA RFID-CHCTEMBI B CUMTHIBATENE TIOSBIICA MOIYASTOD,
KOTOPbIif MORYTHPOBAJ M3NYHaeMYH) CUMTBIBATENEM HECYIIYHO 4ACTOTY, a B KAPTE — AETEKTOP H
nepenporpaMMHpyeMas dHeproHesapuciuman namaTs (EEPROM), B koTOpy 10 3anKChIBANACH
rniepenasaemMas cy¥ThiBaTeneM HHGopmauus (puc. 2). MaeHTnpurkatopsl (kapThl) npH TakoH Tex-
HOJOTHM YK€ HasbIBatoTcs /W (Read Write), T. €. «<MTEHHE M 3aITUCH).

CuurbIBaTEIb

4JEEPROM

Puc. 2. Cuctema RFID ¢ texuonorvie#t Read/Write

[lepssie npoMblTIeHHbIE CHcTeMbl RFID 06ocHOBANHCE B 4aCTOTHOM Auanasone 125 kI'u,
Ho ¢ poctom notpebHOCTH B 00beMe NepenaBaeMoi 3a KOpPOTKOE BpeMst MH(popMaLuy ObuIH
paspaboradsl 1 Gonee BbICOKOYACTOTHBIE CHCTEMBI, B YaCTHOCTH, (Jy HKLIHOHUPYIOLHE B JHana-
3oue 13, 56 MI'u [1].

He3aBRCUMO OT YaCTOTHOIO AHANA30HA U METOA KOAHPOBAHNA KOHCTPY KLIMA KapT, ASHCTBY-
romx 1o Texs#anoryd RFID, npumepHo onnHakoBa, KAk M f10Xa3aHO Ha puc. 3.

UHrerpanbHas cXxeMa TPAHCIIOHAEPAa MOHTUPYETCA METONOM N€PEBEPHYTOr0 KpHCTALIA,
ANMIOMHHYEBAA BHTEHHA, BCTPOCHHAA B NOMLTOKKY, ONHOBPEMEHHO HCTIONb3YETCR Kak Karyul-
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Ka HHAYKTHBHOCTH PE30HAHCHOIO KOHTYpa, a AMOMHHUEBLIE CJIOH, PACNONOXEHHLIE Ha BEp-
XHell U HIWXHEH cTOpoHe NOANTOXKKH, 0bpasytoT o6knanku kopaeHcaTopa. [N ONTHMH3ALMH
paboThi yCTPONCTBA 3TH CHOM MOTYT ObITh yceueHm, 4ToOb KOMICHCHPOBATL CMEIEHHE
YACTOTH, KOTOPOE MOXeT NPOH30HTH NOCAE KOPIYCUPOBaHWA TPaHCIIOHAEPA MM Iochae No-
MeEILEHUS MOATIMKKY TPAHCUOHIEPA B KaKyIO-Tu0O0 cpeny, hanpuMep, KapTOH HIY InacTMac-
cy. M3 npudurna paboTel Mapbl «KapTa - CYMTHIBATENbY OAHO3HAUHO CAEAYET BLIBOA: YeM
GonblyI0 RANMBHOCTH CUMTHIRAHUSA TpebyeTca obecneynTsb, TeM 60NbIIMX pa3Mepor Gyner
CYUTHIBATENL H TEM BhILE A0MKHA ObITh H3NyyaeMas MolHOCTh. [Jnd rpy6o# ouenxku noreH-
UHabHON AANbHOCTH NacCHBHOM cucTeMbl RFID-nuanasonos 125 KI'u u 13, 56 MI'u Mmoxho
MPHHATE 32 OCHOBY TOT QaKT, YTO NpenesbHas NalbHOCTh CURTHIBAHMA KOAA KapThl paBHa
JIHArOHAJIR AHTEHHB! CunTHiBaTeNs (2]

KOHTaKThl AHTCHHD!

r ‘ ;;/,/ Koutposiep
: [lonnoxka
: -1

f

“F J,.a AHTCHHA
il {

Puc. 3. YetpoiicTRo paodacToTHOR METKH

YacTotbl B CTRHAAPTBL PacCMOTpUM YaCTOTHRIE AMaNa30Hb] cicTeM RFID ¥ OCHOBHEIE CTaH-
AAPTHI, KOTOPHIM MOXYUHAIOTCA MPAKTHHECKK BCE COBpPEMeHHbe paspaboTku B 3TOH obnacTu.
CornacHo roCynapCTBEHHBIM HOPMATHBAM CyUIECTBYET OTPaHHYEHHOE KOIH4ECTBO AHAla30HOB
4acToT JUTA AAHHOW NPOXYKUMH, KOTOPBIE NOAPAAENAIOTCA HA CIAETYIOUKE HHTEPBANLI:

- yu3xouacTorbie 1 00-500K  u;

— cpeanevacToTHble 3-30 MIu;

—~ BeicoKOHacToTHLIe 850-950 MI'w: 2, 45-8 I'T'n1.

OnHUM U3 MABHBIX HEJOCTATKOB BHICOKOYACTOTHOIO /IAANA30HA ABNACTCH CWILHOE OTPAKEHHE
PaaHOBONH, IO3TOMY CHCTEMBI HACHTH(HKALNH ITOH IPYIINbI, B OCHOBHOM, YCTaHaBIMBAOTCA B
OTKpbITOH MecTHOCTH. HO OCHOBHOE IPEUMYLLECTBO MEPE HUIKOHACTOTHOM M CPENHEYacTOTHON
NPOJIy KLKeH 3aKM04aeTCA B GONbLUCH JaNbHOCTH YTEHNHA W 3aITHCH HHpOpMaunu [3, 4).

Ha nm3koil acTOTE OTpaXEHHE W NOIMOLIEHHE PATHOBQIH MEHEE 3HAYHTENbHOE, HO paboyas
JaNLHOCTH CHILHO CHKaeTca. B Hactosuiee Bpema B Espone u CLLA yrusepcanLHoi suibpana
NpoRY KA ¢ pafouedi yacroroit 13, 56 M, koTopas oTBeYaeT BceM TEXHUHECKHM TpeboBaHH-
AM H MOAXOAHT ANTA OCHOBHBIX o0JIacTel MpMMeHeH s 6eCKOHTAKTHBIX HACHTHPUKALMOHHMIX CH-
CTEM, XapaKTEPHCTHKH KOTOPBIX MPUBEACHLI HA PHC. 4.

CnenoBatensHo, U1 KaXIOTO U3 NKaNa30HOB MCIIONB3YIOTCH CROM METOML KOAHPOBAHMA
CHIHAJIOB B Nape (CUWTHIBATENIb — KAPTA», CBOM CKOPOCTH MEpeiadt H AlIrOpUTMbl Pa3PEIeHH
KOJANH3HH, MexXaHu3M aHTHKOJUIW3UA KCTIONb3YETCA AN TOTo, YTO0K NMPY ONHOBPEMEHHOM Ha-
XOXHEHHH B [I0JIE CYMTHIBATENN HECKOIBKAX ANCHTHRHKATOPOR MOXKHO GBLIO BLIOPATL 4715t AMaNio-
ra TONLKO OAMH, KOTOPbIi HEOOXOAHM B JaHHLIH MOMEHT BPEMEHH.

B crapeix cuctemax Proximity 6€3 Taxoro MexaHu3mMa 0JHOBPEMEHHOE MOAHECEHHE K
CYMTHIBATEINIO ABYX W Go/ee KapT NPHBOANIO K TOMY, YTO HH OAHA U3 HHEX He UHTanacs. MHo-
rHe COBPEMEHHEIE IPHIOKEHUS Ha Da3e TexHonorun RFID 6e3 310r0 HHCTPYMEHTA MOWPOCTY
He MorTH G5l yHKUHOHHPOBATD, Y4TO M TIOJIBHIVIO K CTAHAAPTH3ALUMM CHCTEM U Pa3paboTKu yHM-
BEPCAJIbHOTO AIPOTOKOIA AHTHKOJLIM3HE.
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Jlns kaxIOT0 U3 YIIOMAHYTHIX YaCTOTHbIX JAMANa30HOB AEHCTBYIOT CBOH CTAHNAPTHI CO CBOEI
crenenkio nmpopabotku. Hanbonee obume X XapaKTEPHCTUKM HpeACTaBAeHk! B TabL. 1.

A
PasMeps1 anreHHb! 3aBHCHMOCTD MEpeNa U
ToTtpe6aenue axeprun JAHHBIX OT
HornoieHue B Boge TEMNEPaTyphbl
E
8
oot
»
Huamqmmuﬁ CpeaneqactorHbiit Beicokodacrorueii
AManosoH, ki’ Jawuanoson, My avanoson, I'Tu
Puc. 4. 3asucHmocts apamMetpos cucteMal RFID ot yacToThl
Tabnuua 1
Craunaprsi
PaGovan
Cranpapr XapakrepucTvku Npunoxexue
Jacrota
150 14223 Manasn gansHocTs Metxa paspaGoTana ans uaeHTUDUKALIAK dH-
CUATLIBAHNA, HN3KaRA BOTHbLIX, ICNONL3YeTCA B PA3NUUHBIX UMMOGH-~
125Ky SO 11784 OCTb METO Nansepax v cucrema
CTOUMOCTb METOK X 7 X AoCTyna
ISO 11785 P A
1SO 14443 BeckoHTaKTHMIe KapTHl 4NA WKWPOKOro Kpyra
CpeaHan AanbHocTs APUNOXEHWNA.
13,56 ML} | /SO 15693 CUUTHIBAHUS BEeCKOHTaKTHHI@ METKY AR NOTUCTUKA, MASH-
TMdUKaLIMK TOBAPOB, CUCTEM A0CTYRa M T.4.
1SO 10373 MeToA TeCTMPOBAHUA KapT

Bonbuwan AansHoCTL U | BECKOHTAKTHLIO MEBTXN ANA NOTUCTUKK, NAEH-
CKOPOCTb CHMTHIBAHURA, | TUMKauun TORapos, cucTem AOCTYNa M T.A. C
TpebyeTca TouHoe yBefIMYeHHBIM 061LEeMOM NaMATH U AaNBLHOCTLIO
2,45(1TF1| | /SO 18000 Hauenueanue cuutbl- | peicTBun A0 10 M

BaTens, BLICOKaR
CTOMMOCTb METOK

KapThi, KOTOpBie BLIMYCKANHCH JO CTaHAAPTH3ALUH, NPAKTHYECKH Bce HMEIOT pabouyio
yactoty 125 KI'n u pasznuuHbie NpoToKoNbt o6MeHa. [lepeuens caMbiX MOMYIAPHBIX KapT
TIpUBEieH B Tab1. 2.
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Tabnuua 2

Hectanpaptuinpoanusie RFID metku

indala KapTbli MMBIOT (DUKCUPOBARHYIO BHYTPEHHIOIO ANNHY KOAA KAPTHI, PABHYIO 35 Butam

HID Umeer NOCTOAKRHYI0 ANUHY KOAA, paBiyio 64 Gur

B dopmare EM Marine peannsosaHa Goree cepoe3Has 3awuTa o7 ownbok Npu CHUTLI-
BaHWK. 33 CUBT ITOTD Aa¥e NPU MEHEE NOMEXOYCTOWUUBOW aMNANTYAHOR MOZYNALUWN

EM Marin AOCTOBEPHOCTb PAbOTHl Napbi «MAEHTHPNKATOP ~ CHUTLIBATENbY AOCTATOYHO BHICOKAR,
ANuKa xoaa cocrasnseT 40 Gur

Tiris paboTaeT He B8 HENPBPLIBHOM PEXUME MINYYEHUA KOAQ, KaK BCE BLILLEPACCMOT-

PEHHBIE CUCTEMbI, @8 HEKOTOPOS BPEeMS HAKANAWBAET 3HEPTWIO, M3NYUREMYI0 CHUTHIBA-

Tiris TENeM, NOTOM NEPeaaeT OTHOCHTENIbHO KOPOTKYIO fTOCKINKY CO CBOWM KOAOM CHMTbiBa-

TeNMO, @ 3aTeM ONATL NePeXOAUT B pexuMm Haxonnexus. NoaobHoe pewexne nosonser
NONYYMTh GONLILYIO AaNLHOCTL MpU HENNOXKX IHEPreTUYEeCKUX XapaKrepncrTukax

HITAG OcHosHoe pacnpocrtpaHesiue, kak v Tiris, — 3T0 aBTOMOGKNLHLIE UMMOBNITaN3ePLI

Henoariopanne RFID. CucteMnl RocTyna — ORHO U3 NEPBLIX AEHCTBUTEILHO MACCORBIX
npuMcHenH#H Texsosorku RFID. OGvscusiercs 310, BUIUMO, JBYMS (aKTOPaMH: BO-NEPBbIX, MPO-
CTOTON peanuzaliny CaMoit TexHonoruy npuMeHuTessbio k CKVY]I (crcTeMbl KOHYpos yriparie-
Hus pocryna). JlocTarouHo Henoab3osaTh uiaeHTAdGUKaTopy R/0 TOALKO IS YTeHUA © HeGonsb-
woit (R TPY uaK veThIpe 6aliTa) ANHHON KOMA; BO-BTOPLIX, HENPEB3OHACHHLIM YIOGCTBOM 110
CPABHEHMIO € JIIOOBIMM IPY THMH THNAMH HAECHTH(HKATOPOR: KOHTAKTHBIX, C MarHuTHoli nostocofi,
Wiegand (e myTarh ¢ GOPMATOM NEpPeIady KO CYMTLIBATCIAMHA),

Kaprogxa Proximify Moxert OblTh IpOYHTaHa CYWTHIBATENEM Jaxe yepes OyMaXKHHK WK
KOILENEK H OIHOBPEMEHHO CROCOGHA Hrpath ponsk nponycka ¢ Gororpadueit wan 6oilxvKa.
Kpome TOro, 110 CPABHEHHIO C JOMBHHPOBABLIKMHU A0 MOSBICHUS TEXHONOrHH RFID MarduTHsl-
MH KapTaM¥ CETOAHRIIHME KapThi Proximity iMeloT fonec BLICOKAN YPOBEHD 3aAMMUIEHHOCTH OT
KOTTMPOBAHHA U MIOAAEIKH. MOXHO CKa3aTh, ITO MarHHTHBIE KAPThI «BEDKHITHY TONLKO TaM, rAe
OHH peanbro 06ecreHHBAIOT MPEHMYILECTBO, HAIIPUMED, IOCTYN B 6aHKOMaThi 8 HOYHOE BPEMA.
B stom nmane camoll koHcepBaTHBHON CTpaHoi oxazarack AMEpUKa, HMEHHO TaM [0 CHX 110p
coXpannock HanGobIee KONMHIECTBO CTAPBIX CHCTEM Ha MArHHMTHBIX KapraxX. PaguouacrorHas
HAEHTHOKKALIWA HAXORAMT CaMOE LIUPOKOE NIPHMEHEHHC B CHCTEMaXx, rae Tpefyercs GuicTpas v
TOYHaR HAeHTH(HUKAUHA 00eKTOB. K TAKHM FpMMEHEHMAM OTHOCATCA:

- DKCAIPECC-AOCTABKA MOCHLIOK;

-- 00paboTka ¥ JOCTaBKa Garaxa Ha AaBHATHHUAX;

- ofiecnieuetine NacCaXAPOB HNEKTPOHHLIMH BHIIeTaMu;

— APEAOTBpAIHEHUEe NONALIKH PAIHYHBIX KATETOPHI TOBAPOB;

- RUCTpuOyTHBHOC (PACTIPEAENEHROE) MATEPHAILHO-TEX HIUECKOE CHAabKEHHE;

— KOHTpO/b OCTYTa B 31aHHS ¥ COOPYXKEHUS;

-- MApKUpOBKa (MACHTHHKALHA) UMY LECTBA, ROKYMEHTOB, GUGnAOTEURLIX MATEPHANOB
T[S, 6]

AKTHEHBIC KapTbl. JLis yBETHYCHHA RATbHOCTY HACHTH(HKATOPB! (KapThl) OCHAIUAIOTCA
ManorabaputHO# uTHEeBOH GaTapelikoi. [Tpy 3TOM JUIA NUTAHHS MEKPOCXEMBL KapTh ke Tpeby-
€14 60MbAA MOLIHOCTS HITYHEHHA CYHTBIBATENA, U JANBHOCTh NMOJOOHBIX CHCTEM fIpeBbIllAeT
ouMH MeTp. FicToprueckn na3epoM 3/1ech sBageTca aHimiickas koMnanus Cotag. Ee akTHBHLIC
KapTh MMEIOT CPOK XHK3HY He MEHee MATH JieT.

‘TexHONOIMS aXTHBHAIX HAEHTH(GHUKATOPOR NOYUMIA Ad/bHEHIlee PA3BUTHE B CUCTEMAX 01103
HaBahua aBToMobuel. Takoit naeHTHdUKaTop (yxe He B BU/IE KapTsl, a BHIE HeGoNbIoro Gii0Ka,
Kpenawenocs K Ky30BY aBTOMOOIIA M NOTYHalolero mMiTariHe ot ero 6oprosoit cetu) pabotaer,
Kax MP&BHJIO, CO CYNTHIBATENEM, AHTEHHA XOTOPOTO NPEACTABAAET C000M MPOBOIOYRYIO NETIIO,
3aKPLIBAEMYIO B JOPOKHOE NOJIOTHO.

13



ISSN 0321-2653 _ Hseecmus gy3os. Cegepo-Kasxasckuii pezuon.

Hosbte ananasonsl. Maes nagHTudHKaLMK NPOACIDKIIA ABWKEHHE BIEPE] B CHCTEMaX
nnanasoa 2, 5 I'Tu. B sTom quanasoHe A¥HEHHEBE pa3Mepbl aHTEHH NOTYYAOTCH A0CTATOY-
HO MajeHbKAMM. U cuuThIBaTENb (Aake pasMepoM ¢ o0yBHYI0 KOpOOKY) ciocobes nerko
NpeoJoNeTh METPOBHI 6apbep Ha NaCCHUBHLIX HICHTHPUKATODAX, a IPH AKTHBHOM — THIIO-
BO€ 3HAYCHUE MAKCHMAJIbHOM JANIBHOCTH CYHTHIBAHHSA CTAHOBHTCA paBHbiM 10 M. TlpuMepa-
MU TaKHX CUCTEeM, W3BECTHBIX B Poccun, MOTyT ClTyxuTb Tag-Master (Hiseuus) u Nedap (Fon-
nanua). [Ipn 3TOM cefyeT MOMHUTD, 4TO HAXOAMTHCS NPOJOIDKHTENEHOE BpEMS B 1101€ pa-
60Thl cuuTsiBaTend Sonsirol aanbrocTy CBU-ananazona HebezomacHo (3T0 kacaeTca Aake
molusoctl nopsaka 100 MBt). Ewle oaHo npeamyiecTBo, BhITEKAOIUEE U3 PUIHUECKHUX
CBOWCTB JaHHOTO YaCTOTHOIO AxanasoHa, — 3TO YE€TKO BbIpa)KCHHAA B NNIPOCTPAHCTBE XHAr-
paMMa HanpaBReHHOCTH CUNTBIBATENA, YTO NOBHIIAET €ro 3PHEKTHBHOCTD € TOYKH 3peHUS
IHEPreTHKH, @ PH HCMONB30BAHHH PAAOM PACTIONOKEHHBIX IPOX0AO0B (TIPOE3A0B) yMEHbUIA-
eT B3aHMOBJIMAHHE PAZOM PACNIONOKEHRBIX CUHTHiBaTeNel. [TosBAEHHE NMepe3anuchBAEMbIX
(R/W) xapr otkpbiaet npuMeHuTenbHo K CKYJI pan HOBBIX BO3MOXKHOCTEN. D10, Halpumep,
OpraHu3anmns rModansHOro aHTHNAccOIK’a Jaxe NPH OTCYTCTBHH CBA3M MEXAY KOHTPO/UIEpa-
MM, 06CIyXHBAIOUIMMH pa3Hble TOYKH NPOXoAa oAHOH ero o6nactu. JIpyrue uurepecHsle
TIEPCTIEKTHBLI CBA3AHbI € TEM, UTO B KAPTY HECIIOXHO 3aNUCaTh GHOMETPHYECKHE XapaKTCPH-
CTHKH 4e0Beka (CKaxeM, OTREYATKM NanbLER) M MCITONB30BATh UX Ha 00BEKTaX NOBHILIEHHOMH
cexpeTHocTy. Takoe pellteHHE NPOABUTACT HA PLIHKE KOMNanus BioScript. B npuHuMne Ha
KapTy peajbHO 3anucaTh UBCTHYIO GoTorpaduio ee Braje/bla U HCNOAL3IOBATE HA TOHKaX
NpoXoAa JUIA BBAeo Bepudukauuy. K coxanennio, nansneifiiee pa3BuTHe NOTEHIMANA fiepe-
3alKcH XpaHsielica B kapTe WHGOPMALKRY OTPAHHYEHO TEM, YTO HA CErOAHSLIHAN AeHbL
NPaKTUYECKHU He Bumyckatotcs konrposuepst CKVI, nossoasiomue HenocpeacTBeHHo pabo-
Tarb ¢ KapTaMu R/W. DTo kacaeTca H HCMOMb3YEMOro IOBCEMECTHO ITPOTOKOIA 06MEHa €O
cunThiBareaMu Wiegand, n cTpykTyp 6a3 DaHHBIX KORTpoOJsiepa, i ero noruku paborsl. Bee
3T0 06yCcn0BAeHO GONLLION HHEPIHOHHOCTLIO B HAaCTH pa3paboTKK TEXHHYECKHX cpeacTs Ge-
30MAaCHOCTH — MUpOBble Tuaeps! HHAYCTpHE CKVY/] He 00HOBASIOT THHEHKH CBOMX NIPOAYK-
T0B AO 1015 ner.

3axnoyenne. PaccMoTpeHsl Bee CYIIECTBYIOIHME YACTOTHBIE AHANA30HM], HCIOIb3YEMbIE B
PAaAMO4aCTOTHON UACHTH(PUKAIMH OGBEKTOB, XaPAKTEPHCTHKH METOK ¥ WX (H3NUECKHE CBOMCTBA
[pH KCMONL30BAHHH PA3THYHLIX HACTOT ¥ Pa3snUyHbIX cpel. U3 aHanu3a BHAHO HeocropuMoe
NPENMYLUIECTBO HCTIOIIBIOBAHHA PAIHOYACTOTHOM METKH B OONACTH HACHTM(HKALNH 00BEKTOB
CUCTEM KOHTPOJIA YITPaBICHHUA AOCTYNIOM, 2 TAKXKE LIMPOKHE BOIMOXHOCTH €€ MPHMEHEHHS B
JOMOARUTENIbHOM 3AINMTC CYIHECTBYIOMMNX CHCTEM.
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