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ONITUMM3AIIUS M3BJIEYEHUSA CKPBITBIX CBOMCTB U OBPABOTKH JIAHHBIX
HECTAIIUOHAPHBIX OBPBEKTOB HA OCHOBE HEYUETKUX TEHETUYECKUX
AJITOPUTMOB

Cmamucmux 6a OUHAMUK MOOeNNap, HOMUHUK MYNIAM 64 MAHmuk, eenemux aneopummaap (I'A) xycycusmaapu
YMYMAQUIYEU OYIUYA MABIYMOMAGD AWUPUH XOCCATAPUHU OTUW 84 (DOUOANAHUWL YCYIAAPUHU MAKOMULIAWMUPUWL Xamod
DUBONHCIAHMUPUL ACOCUOA HOCTNAYUOHAD 00BEKMAAPHU CUDAMAU UOSHMUDUKAYUATAW 80 MABIYMOMAAP2A ONMUMAT UWLIO8
OepuHY MALMUHLAW MYAMMOCY MANKUH Kuaunean. Cmamucmux cmpame2us, 4e2apanu ycyinap, anbanaeuil 6a Homunux I’ Anu
xucobnaw cxemanapu acocuda macoougpuii eaxmau xamop (TBK)iu nocmayuonap mapxubunu ¢uismproguu ycyn 6d
anzopummnap uwiiad yuxurean. Macana ewumu HamMudicanapy, ONMUMAl HA30PAM Ye2apanapu HCounauiy8u 8a KeHenueuHu
Xamoa mMavaymonapea uuiiog depuwiod MUHUMAL ypmaia Keaopamuk XamoaukiapHu 6axonaw yyyn mamemamuk ugooarapu
Kypunuwiuoa oaunean. CeeMeHMAYUAIAW, MABAYMOM XOCCANAPUHU OAUWL, ABT0OHUHE OOWNAHEUY 84 AKVHUL NONYIAYUACU
ynuamunu, TBK Hocmayuonap maprkubunu HOMUHUK Kouoanap Oyuuua Quismpiraw ye2apanapu JHCOUuLauilyéu VpHU 6d
KeHeMUSUHU MOCIAUIMUPULL AeOPUMMIAPUHY CUHMESNAW 64 UMKOHUSAMAGDUHU YMYMIQUIMUPUUL YCYIU MAKIUG SMUIeaH.
Lllaxnnanmupunean uyKu cepeuciap, MavIymomiap éa ounumiap 6asaiapu, anvanasuii ea Homunux I’Aoan govidananuw yuym
MYJIACANNAHEAH OACYPUTL MANCMYA TOUUXANAUMUPUTICAH.

Taanuy cyznap: maopudxcuii MOOELIAUMUPULL, HOCMAYUOHAD 0ObEKM, 2EHEMUK AN2OPUMM, HOMUHUK, MYNAAM, HOMUHUK
Xynocanaui, uoeHmugurayus, ceeMeHmayus, NapamempiIapHy Co31au, GuIbmpaul, eeapa KeHaiueu, 0acmypuil Maxcmya.

Coopmynuposarna npobnrema obecneveHus Kawecmea uOeHMuUGUKaAyuyU u ONMUMUZAYUU 0OPAOOMKU OAHHBIX
HeCmayuoHapHolX 00bEKMO8 HA OCHOBE COBEPUIEHCIBOBANUS U PA3GUMUSL MEMOO08 U3BNEUEHUs U UCNONb308AHUSL CKPIMbIX
cgolicme OauHblx nymem 0000wenust 0COOEHHOCMEN CMAMUCHUYECKUX U OUHAMUYECKUX MOOeell, HeYemKUX MHONCECME U
noeuxu, eememuveckux aneopummos (I'A). Pazpabomanvl memoovl u arcopummvl Guismpayuu HeCmayuoHapHbIX
cocmagnawux cayyatnvlx epemennvix paooe (CBP) na ocnose cmamucmuueckux cmpamezuil, NOPO2OGbIX MeEmO0008,
BLIUUCTUMENBHBIX CXeM Mpaouyuonublx u Hevemkux I'A. Pesynomamvl peuwienus 3a0ay npeocmasisiion MameMamuieckue
8bIpadICenUst Ol OYEHKU YPOGHS PACHONIONCEHUsT U WUPUHBL ONMUMAIbHBIX 2PAHUY KOHMPOIS, d MAKICe MUHUMATLHOU
CPeOHeK8adpamuyecKoll noepewHocmu npu oopabomke dannvix. Ilpednoscen memoo cunmesa u 0600WeHUsL B03MONCHOCHIEN
AN2OPUMMOS Ce2MEeHMAayull, U3GNeueHUst CGOUCME OaHHbIX, PE2YIUPOBAHUsL ONUHbL HAYATLHOU U KOHEYHOU NONYIAYUL NOKOJIeHUI,
VDOBHSL PACNONOJCEHUS U WUPUHBL 2panuy Gurbmpayuu necmayuonapuulx cocmasasiowux CBP na ocnose neyemkux npagu.
Cnpoexmuposan npo2pamMMmHbLil KOMIJLEKC, OPUSHIMUPOBAHKbBII HA UCNONb308AHUE BCIPOCHHBIX CEPEUCO8, OA3 OAHHBIX U 3HAHUI,
mpaouyuonnvix u Hewemxux I'A.

Knrouesvie cnosa: 360110yuonHoe MoOeIupogane, HeCMayuoHapHulil 00beKm, 2eHeMU4ecKull ai2opumm, HedemKoe
MHONCECMB0, HeuemKUe Gbl800bl, UOCHMUDUKAYUsL, Ce2MEeHMAayusl, HACMPOUKA NAPAMEmMpPOs. QUIbMpPayusl, WUPUHA SPAHUY,
NPOSPAMMHbBILL KOMNIIEKC.

The problem is formulated for providing the quality of identification and optimization during data processing of non-
stationary objects on the basis of improving and developing methods to extraction and use latent properties of data by
generalization of features of statistical and dynamic models, fuzzy sets and fuzzy logic, genetic algorithms (GA). The methods
and algorithms are developed to filtering non-stationary components of random time series (RTS) on the basis of statistical
strategy, threshold methods, computing circuits of traditional and fuzzy GA. Results of tasks solutions represent mathematical
expressions to evaluate the location level and width of optimum borders of control, minimal mean-squared error of data
processing. The method is offered for synthesis and generalization of opportunities of segmentation algorithms, algorithms to
extracting data properties and regulation the length of initial and final population of generations, level of location, width of
filtration borders for non-stationary components of RTS on the basis of fuzzy rules. The designed program complex are focused
on use of built-in services, databases and knowledge bases, traditional and fuzzy GA.
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AKTyaJlbHOCTH TeMbl. B HacTosIee BpeMs yaessieTcs 00Jbloe BHUMAaHUE pa3paboTKe METOOB,
QJITOPUTMOB U IPOTPAMMHBIX CPEACTB UACHTU(DUKALIUH JIJIsl TOCTPOCHUS PUIIOKEHUH HHTEIUICKTYaTbHOTO
aHaiM3a M OOpabOTKH [aHHBIX B ABTOMATH3UPOBAHHBIX CHUCTEMaX VIPaBICHHsS C HECTAlMOHAPHBIMU
00BEKTaMHU, KOTOPbIE OCHOBBIBAIOTCS HAa COBMEIIEHHUH BO3MOXHOCTEH CTAaTUCTHYECKUX, JUHAMHYECKHX
MoJieneld, 0000IEeHNN CBOMCTB HEYETKUX MHOXECTB M JIOTHKH, HelpoHHBIX cerelt (HC) u reHeTnyeckux
anroputmoB (['A). CymiecTByroniye ucciae0BaHUs MOCBSIIEHB, B OCHOBHOM, METOJlaM ONTHUMH3ALIUU
00paboOTKM JaHHBIX, HAMPABJICHHBIM HA PEIICHHE 3a]lay TMOUCKA JIOKAJIBHBIX ONTUMYMOB B UPE3MEPHO
IIUPOKOM TPOCTPAHCTBE MPHU3HAKOB HECTAIIMOHAPHBIX OOBEKTOB, MPEACTABISIEMBIX B BHUJIC CIy4alHBIX
BpeMeHHbIX psanoB (CBP) ¢ mnpumeHeHMEM MHOTOUTEPATUBHBIX AJITOPUTMOB, XapaKTEPHU3YIOIIMXCS
3HAUYUTEJbHBIM YBEJIMYEHUEM BPEMEHHU YCTAHOBJICHHUSI TOYHOI'O 3HAUYECHUS HIKCTPEMYyMa U MEHEE TOUYHBIMHU
pe3ynbratamu uaeHTudukamu [1,2].

PaGota nocssiieHa pa3paboTke METOJ0B U aJTOPUTMOB MOBBIIIEHUSI Ka4ecTBa UACHTU(UKALIUUA U
ONTHUMH3aMA 00paOOTKM JAaHHBIX HECTAMOHAPHBIX OOBEKTOB HAa OCHOBE DPA3CIICHHS MPU3HAKOBOIO
MPOCTPAHCTBA PELICHUs 3aJlady Ha NapajUlesibHble CETMEHTBhI C LIEJbI0 YMEHBILIECHUS BPEMEHHM MOUCKa
JIOKaJIbHBIX SKCTPEMYMOB M PETYJIUPOBAHUS 3HAUECHUI TapaMeTpoB Mozeneil Ha ocHoBe ['A.

IIpuHUMNBI NOBBINIEHNSI KAYeCTBA HAEHTH(PHKAIIUM HA OCHOBE PeryJTHPOBAHNS IAPAMETPOB
mMoaeseid ¢ momombo I'A. s mOBbIIIEHUS KayecTBa WACHTH(HKAIMKA M ONTHMH3AIMUA 0O0pabOTKU
JAHHBIX B CTPYKTYpPE METOJIOB MHTEIIEKTYaIbHOTO aHaIM3a CUHTE3UPYIOTCS MEXaHU3MBbI Peryisipu3aluu
napameTpoB monenei onucanuss CBP Ha ocHoBe TpamumuonHoro I'A ¢ OuHapHBIM KogupoBaHueM. [pu
sToM pabota ['’A OCHOBBIBaeTCS Ha HCIOJIB30BAaHUE MPEIBICTOPUM U3MEHEHUS 3HAUYEHUN TEHOB U U3
HavyaJIbHBIX MOKOJEHUN MOMYJISIIUNA 0COOM MPOU3BOIUTCS UCKYCCTBEHHBIM OTOOP T€HOTHUIIOB, OTIEPATOPHI
KOTOPBIX CTpPEeMSTCS K omnpeneracHHoMy 3HadeHuio (0 win 1) ¢ moATBepKIeHNEM KaueCTBEHHOU ()yHKITUH
npucnocodaennoctu (PIT) [3].

[lpennaraemMble METOABI aNaNTUBHOM HACHTHU(PHUKAMM W OOpaOOTKH JAaHHBIX C peryisuuei
napameTpoB mojenu CBP ocHOBBIBarOTCS Ha NPHUMEHEHUE CIEAYIOUIUX MPUHIUIIOB 3BOJIIOIIMOHHOTO
MOJIETUPOBAHUS: MCKYCCTBEHHOT'O OTOOpa HaWIydlieil ocoOeil (reHOTUIIOB) B MOKOJEHUE MOIMYISIINH,;
aJanTalyy MapaMeTpoB MOKOJICHUS TOMYJSIIME O0coOU; BBEJCHHE OJIOKOB HEYETKOTO MOJAEITUPOBAHUS;
ONTUMU3ALINS U IPUHATHE PELIECHUs 10 pe3yabTaTaM 00paOOTKH JaHHBIX.

B 10 Xe camoe BpeMs METOABI PETYISINN TMapaMEeTPOB MOJENICH [JIsi TOBBIMICHHUS KadyecTBa
UACHTH(PHUKAIIMM ¥ ONTUMHU3AIMUA OOpaOOTKH NTaHHBIX C IMOMOIIBIO SBOJIOIHOHHOTO MOJEIHPOBAHUS
OCHOBBIBAIOTCSI HA PE3YJIbTATHI PELICHUS CIEAYIOIIMX 3a/1a4:

- TIOBBIIIEHUE BEPOSATHOCTH HCKYCCTBEHHOTO OTOOpa OCOOM B IMOKOJIGHWU MOIMYJIALMU, KOrja
MMOTOMOK MMEET PACCTOSHUE MEHBIIIEE M0 XIMMUHTY, YeM PACCTOSHHUE B TOMYJISINN;

- MoauduKanus oneparopa KpOCCHHIOBEpa, KOrjna ¢ OOINbIIeH BEPOSTHOCTHIO HAPYIIAIOTCS
YCTOSIBILIUECS COYETaHHMs] TE€HOB M TpeOyeTcs ydeT CclydalHbIX BapHalMil, a TaKXe pacllupeHue
MIPOCTPAHCTBA MPU3HAKOB IS 3a7a4 ITOUCKA;

- (dopmupoBanne 0Oa3pl gAaHHBIX (BJl) w 06a3er 3nanuit (b3) B Havase momymnsiuMH, KOTOPHIE
aJanTUPYIOTCS 110 Mepe paciupeHus onepatopoB I'A B cooTBeTcTBUU ¢ u3MeHeHueM OIT;

- TIOBBIIIIEHHE YCTONYMBOCTU anropuTMoB uaeHTHuKaruu CBP s goctrxkeHus rio0albHOTO
ONTHUMYMa;

- onTuMu3anMs o00pabOTKM JaHHBIX C PpEryjIMpoBaHUEM I[apaMETpPOB MOJIEIM Ha OCHOBE
HAXO0XICHUS MOAXO0sAIero 3HaueHuss OII reHeTHUeCKUX OnepaTopoB, J0OABICHHUS K OCHOBHOMY T€HHOMY
HAOOpYy Jy4IIero TpPEACTaBUTENs TMOMyJSIIUH, a TakKe 3aHeCeHHe B OIepaTop KPOCCHHTOBEpa
CHeIHaIbHOTO OUTOBOTO I'eHa.

Pa3Butne ™MeTomoB 00pabOTKM MaHHBIX OCYIIECTBISACTCS peamu3alieil MEeTOJO0B CHHTE3a
QITOPUTMOB HEYETKUX BBIBOJIOB M ['A, CIMOCOOCTBYIONIUX IOCTPOCHHIO MEXaHU3Ma PETyIUPOBAHUS
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napametpoB wMoxeneit wacHtudukanuum CBP. Ilpum 3TOM OCHOBHBIM MOAXOAOM K MOIUGUKAIAN
BBIUUCIUTENBHBIX cXeM ['A sBiseTcs 3aMeHa CIOXKHOH, TPYAHO (OopManu3yeMbIX HEITUHEHHBIX Ha
HEYETKYI0 3aBUCHMOCTb, COBMEILEHUE DJIEMEHTOB HEUETKOTO M BEIIECTBEHHOIO KOJUPOBAHUM C LIEJIBIO
IIOCTPOEHHUS BBICOKO ITPOU3BOJUTENBHBIX aJITOPUTMOB.

OCOOEHHOCTBIO COBEPIICHCTBOBAHMS TEHETHUECKUX ONEPaTOpOB SBISETCA UCHONb30BaHue b/ mo
aJIJIeIISIM JTY4YIIero MPEeCTaBUTEIS IIOKOJICHUH 0COOU 13 BCEW MOMYIISALNHI LIEITUKOM, HCKYCCTBEHHBIH 0TOOD
Ha OPUHIUIE KOHKYPEHIMH MEXAYy FeHaMHU 3a MOIaJaHue B CIEAYyolee NOKOJICHHE MOMyIIsLUU 0COOeH,
noiy4yenue ®II 1t oeHKkH cTabMIIBHOCTH 3HAYEHUH I'€HOB B IPOLIECCE CMEHBI B TOKOJIEHUAX MOMYJISALUH.

Peanuzanmst mpemioKeHHBIX TPUHIMIIOB COBEPIICHCTBOBAHMS METOAOB HWACHTH(QHKAINUA U
ONTUMM3AIMU 00pabOTKH NaHHBIX CBsI3aHA C MIOCTPOECHUEM AJITOPUTMOB aJIAITUBHOM 00pabOTKU JaHHBIX,
CHUHTE3UPYIOIIUX CTATUCTUYECKUE MOJIeIel NIeHTH(PUKALIMY ¢ MEXaHU3MaMH PEryIMPOBaHUS TapaMeTpOB
Ha ocHoBe ['A.

AJTOpUTM W3BJIeYeHMs CBOMCTB HH(oOpManumu aganTHUBHO 00pa0oTke JAHHBIX.
Cratuctuueckue Mojeiau TpeOyroT oOecrneueHHus CTaOWJIBHOCTH B BblAeNeHHON mnpeasicropun CBP u
IPOBE/ICHUE aHajM3a HCCIEIyeMbIX TEXHOJOIMYECKUX (DaKTOpOB, YTO OOYCIOBIMBACT TPYAOEMKOCThH
alroputMa oOpaOOTKM JaHHBIX. B cBSI3M ¢ 3TUM JUId NOBBILIEHMS aJaNTHPYIOLIEH CHOCOOHOCTH
QITOPUTMOB B YCIOBUSAX OTIPAHWYEHHOCTH AIPHOPHBIX CBEACHUM M HAJIW4YUsA HEOIPEIECICHHOCTH B
napaMmeTpax Mojeied WACHTU(HUKAIMU IpeiaraeTcss MPUMEHEHHE CTOXaCTUYECKOrO MOJCIUPOBAHUS
nyreM (OPMHPOBAHUS I'€HETHYECKOro Habopa ocoOel M MPHUMEHEHMs CIIOCOOOB M3BJICYEHUS CBOWCTB
HECTaIlMOHAPHOCTH, KOTOPHIE MO3BOJISIOT 000UTHUCH Oe3 pacuupeHHoi npeasictopun CBP.

Crnenyronmii pa3paOOTaHHBIA aJTOPUTM pEATU3yeT OJWH M3 IOJXOA0B K M3BJICYCHUIO CBOWCTB
HectaunonapHoct CBP s Bkitouenus B B/I, 1 cocTouT u3 crneayrommx maros:

Hlar 1. ®opmupyroTcs TecTHpyolUe, o0ydarolue, KOHTpOJbHble HaOopel u3mepenuit CBP
HECTALlMOHAPHBIX OOBEKTOB.

[Iar 2. ®OopMHUPYIOTCS ABYMEPHBIC MATPHUIIBI JaHHBIX pa3MepHOCcThi0 N x 2, rie N -mainuHa Habopa
n3mepenuii CBP. IlepBoil CTpokoil MaTpuLbl JaHHBIX SIBJISIOTCS BEKTOpP OLCHOK IapaMeTpa MOAEIN
UACHTU(PUKAIIUH, BTOpasi CTPOKa — BPEMsI, 3aTpauuBaeMoe Ha UIECHTU(PUKALUIO.

[ar 3. BersiBisiercst noaxondias Tpesaosas moaesnb CBP 1o mupokomMy ClieKTpy aHaIUTHUECKUX
(GyHKIMH anmnpoKCHMalMM HAa OCHOBE ONTHMHU3ALMHU 110 METO/AY HAauMEHbIIUX KBajapaToB. Eciam Takas
HE00X0AUMOCTb OTCYTCTBYET, TO OTPaHUYMBAIOTCS PACYETOM MEAUAHBI.

[[Tar 4. PaccuuThiBaeTCsS CpeAHEKBAIPATHYHOE OTKJIOHEHHWE OT cpenHero 3HadeHuss CBP nmbo
3HAYEHUS TPEHI0BON (QYHKIHH.

IIar 5. IIpoBepsieTcst THIIOTE3a O CTAMOHAPHOCTH Tporiecca. Ecnu B mpemenax kputepust + 30
HaxoauTcs 3HaueHue uMepenuit CBP ¢ rapanTuiinoil BeposiTHOCTBIO Ooiiee ueM 0.7, To BpeMEeHHbIN psif
CUMTAETCs CTAllMOHAPHBIM, T.€. CcTaOWiIbHBIM. IIpm Oonee sxecTkux TpeOoBaHusx 3HaueHne CBP
KOHTpOJIMpyeTCs B npejesax rpanul + 20 . Ecim nipu atom 3Havenre CBP He momasaer ¢ rapaHTHIHON
BEpOATHOCThIO Oosiee ueM 0.5, TO BpPEMEHHOH psii CcUMTaeTcss HeCTalMOHApHbIM. (MDYHKIMU IIara
PACIIUPSIIOTCS Ha OCHOBE cratucTHueckux Kputepues t-CThro[ieHTa TPpU MPOBEPKE CPEIHErO 3HAYCHUS U

mucrepen, y° — ITMpcoHa Ipy NpOBepKe aBTOKOPPEIAIMOHHBIX (DYHKIIHI M 3aKOHOB PACIIPE/ICIICHH.

[Ilar 5.1. 3amyckaeTcsa mnpolenypa peryaupoBaHHs Uil HACTPOWKH IMAPAMETPOB MOAECIU 0
JOCTHXKEHUs Tpedyemoro kadectBa uaeHtuduxamnu CBP.

CnenyeT OTMETHUTD, YTO NMPEAYCMOTPEHHBIE B Iare 5 ajlropuTMa CTpaTeruu U3BJIEUYEHUS CBOWCTB
nH(pOpMaIlMY HE YYUTHIBAIOT BapHUalluu CTaTHCTUYECKUX mapaMmeTpoB CBP Takux, kak cpeiHee 3HaUCHUE,
nucrniepcuu, GyHKIMU 1 KOd()PUITMEHTOB aBTOKOPPEISIIUY, (QYHKIIMK pacpeesieHUsT TaHHBIX, a TaKxkKe
BEpPOSITHOCTEH MCKaXEHUH TepeiaBaeMoit 11t 00paboTku nHbopmariuu [4]. B cBsi3u ¢ 5TUM, BO3MOKHOCTh
U3JI0)KEHHOT0 aJrOpUTMa CYLIECTBEHHO pPACLIMpSIETCS 3a CUET METOJ0B KoHTpousist Bapuauuii CBP no
[oporaM paspelleHHbIX 3HA4YeHWH, MpHpalleHusIM, C [peJcKazaHMeM Ha 0Oa3uce pa3IUYHBIX
CTaTHUCTUYECKUX U IMHAMUYECKUX MOJIEel, B YACTHOCTH, MTOJIMHOMHANIbHBIX (QYHKIUH, adredpanyeckux
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MHOTOYJICHOB, Apa0OIMUECKUX U KYOMYECKUX CIUTAWH-(YHKIIUH, THHEHHBIX U HETMHEHHBIX PUIBTPOB [5].

OCHOBHBIM KpHUTEpHUAIbHBIM TpeOOBaHHMEM K ONTHMM3aUMU HIeHTH(ukauuu u obpabotku CBP
ABJIISIeTCSl 00ecreueHue MUHUMAJIbHON CpeAHEKBAIpaTUYEeCKON IOrpeIIHOCTH pPacyeToB Ha OCHOBE
BKJIIOUCHHUSI MEXaHW3Ma 3BPUCTUYECKOTO PEryJUPOBAHUS M HACTPOWMKHU MapameTpoB ajroputma. B [6]
MIOJTyYEHBI BBIPAXECHHUS I OLIEHOK ONTUMAJIBHBIX TPaHMI JAJIT KOHTposs TouyHocTH (unbrparmu CBP u
MUHHMAJIbHOH CpEIHEKBAIPATUUYECKON IMOTrpemHOCTH OO0pabOTKM JaHHBIX B YCIOBHUAX H3MEHEHUS
CTaTUCTUYECKUX apaMeTpoB, AMHAMUYECKUX XapaKTEPUCTUK, (PYHKIUH KOPPEISLUH U paclpeaesieHus
BeposiTHOCTeH. OHaKo, CleayeT OTMETHTbh, YTO IPU JAHHOM IOJIXOJE OCTAeTCsl HEPELIeHHOW mpobiaema
COKpAIllCHUs] Pa3MEPHOCTH IPOCTPAHCTBA ITOMCKA IIPU3HAKOB, IIOCTPOEHUS YIPOILECHHBIX IPOLEIYp
HaXOXICHHUSA TIJI00ATbHOTO M JIOKAJIBHBIX AKCTpeMyMoB 1o neneBod ¢yHkuuu (LID), obecneuenus
HE00X0AUMOM TOUHOCTH 00pabOTKH JaHHBIX MPU MEHBIINX BBIYUCIUTENIBHBIX pecypcax.

Jns  nanpHEWIIEro COBEpPUICHCTBOBAHWS W PA3BUTHs IOJAXOJOB K W3BICYEHUID CBOMCTB
MHPOpPMANNY, ONTHMH3ALUN HACHTH(PHUKAIMA W OOpaOOTKH JaHHBIX B YCIOBHSAX HECTAI[HIOHAPHOCTH
[IapaMeTpoB MOJEJIEH M MHOTNOKOMIIOHEHTHOCTH CTpyKTypel CBP mnpeanokeHo wucnonb3oBaHUE
MEXaHU3MOB PETYJISILIUY U HACTPOUKH [1apaMeTPOB, IIOJyUYEHHBIX HA OCHOBE HEUETKUX BBIBOAOB U ['A Kak
B CAMOCTOSITENIBHOM, TaK U B COBMEIIICHHOM BapUaHTaX.

IHoBbimenne kayecTBa uaeHTuukanun CBP na ocnoBe I'A. [y pemenus 3a1a4 mOBBIIICHUS
KayecTBa M ONTUMH3AIMKM HIEHTH(UKAaNIMU JaHHBIX Ha ocHoBe ['A  oxHokommoHeHTHass CBP
paccMaTpUBaEeTCs B Ka4eCTBE TE€HOTUIIA U3 TIOKOJICHUS NONYJIsuH, a mapaMmeTpsl onucanus CBP 3anatorcs
B BHJE XpPOMOCOM TI€HOTHNA. Pe3ynbTaTbl BBINOJHEHUS ONEPATOPOB HCKYCCTBEHHOTO OTOODA,
CKpELMBaHUs, MYTallUH, TIEHEpalUd HAWIydllero TIEeHOTUIIA C COOTBETCTBYIOIIMMH XPOMOCOMAaMH
oucHuBarorcss @PII, KOTOPOHM COOTBETCTBYIOT BBIPAKECHHMS MHHHMMAJIBHONW CPEIHEKBAAPATHYECKOU
MOTPEIIHOCTH 3BOJIIOLIMOHHOTO MOZEJINPOBAHNUS, JOCTUTAEMOM NPU KOHEYHOM MOMYJISLUH.

JUIs OUEHKM pPa3sHOCTH MEXIy pe3ysbTaTaMM HAYaJbHOW M KOHEYHOW MOMyJsMU oco0ei
UCIIONB3YETCS TpaguuuoHHas cxema ['A »BoMOIMOHHOTO MonenupoBaHus. HMcxoas w3 2310rOo, B
KJIacCHYeCKOM BapuanTte ['A, mcronb3yionieM OMHapHOE KOAMPOBAHWE HCXOIHBIX BEIUYWH, ONEPATOp
CKPEILMBAHUA JBYX XPOMOCOM I'€HOTHUIIA 33Ja€TCsI B BUJIE

Z={z, }={F(x.Y )}

Juin ~ MoaupMKamMu — Olepartopa  CKpPEIIMBaHUS  BBEAEM  CIEAyIOIIHE  00O03HAYECHMS:
X ={X,X s X, } 71 Y ={V¥;,Y,,-, Y, } — pomutensckue xpomocomsr, Xj u Yj, ie[1,n] — ornensubie

TeHBI B XpPOMOCOMax poauTeneil; Z — XpoMocoMa MOTOMKa; Zj — FeH B XpOMOCOME MOTOMKA; n — ofIee
YHCJIO TEHOB B XpoMocoMe; K — 1ienoe ciydaiinoe uucio K e [1,n];

VYcnoBueM NPUMEHEHHsI ONEepaTopa CKPELIMBAHUS SIBISETCS OIPEACICHUE HOBOW XPOMOCOMBI,
COCTOAILEH U3 T€HOB, 3HAYEHUs KOTOPBIX JIEKAT B MHTEPBAJIE MEXAY COOTBETCTBYIOIIMMHM I'€HAMU B
XpOMOCOMax POJHUTENSA, a ONEpPaTop MyTalUd M3MEHSET OAWH WM HECKOJBKO I'€HOB B XpOMOCOME Ha
3HauY€HHE, CIy4allHO BBIOpAaHHOE U3 JHana3oHa JONYyCTUMBIX 3HadeHud. B cBsi3uw ¢ 3TuM, Koraa
paccmatpuBaercsi ['A C BeIIECTBEHHBIM KOJUPOBAHUEM, TJI€ XPOMOCOMBI 0co0eil ¢uKcupyroTcs ¢
IIJIABAOIIEH TOYKOM, OIepaTOpbl CKPEIMBAHUS U MYTAIlUH 33Jal0TCS B BUJE

| r |
Z=%+(Y,-%), L =3+(5-1)C,
N |
rae ¢ — cayvaiiHoe unciio ¢ €[01], {€R; Z u Z, — 7eBbIC MUHUMAJIBHBIC U TIPABBIC MAKCHMATIBHBIC

AOMMYCTUMBIC 3HAYCHUS I'PAHULL [TApaMETpPa Zk .
B kauectBe MCPBI OnM30CTH ABYX XpOMOCOM IpeIaracTCda BbIPAXXCHUC IJI UX OLUCHKU

_ o min(x,y; )
R(X’Y)_gmax(xi’yi)
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B nokoneHnn momyInsiun 0coOu yropsa0YHBaOTCS 110 YOBIBAHHIO 3HAYEHUH MEpBI OJIN30CTH, T.€.
no @I 1ByxX XpoMOCOM TakK, YTOOBI

m = max R(X;,X;).

je[i+15]
BeposTHOCTE MyTaluK IIOTOMKA C | -0i XPOMOCOMOI# OIPEIENIAETCS [0 YCIOBHUIO
P ecium; <0;
Pi=41-
I 10 g (m—1)+1, 6 npomusHom ciyuae,

I7I€ O — BEPOSITHOCTh MyTalllK; & — MOPOT pa3Inyus 3HAUEHUH XPOMOCOM.

Hpyrum noaxoaom K MoauduKaiuu onepaTopoB ['A sBiseTCS UCTIOIb30BaHNE HEYETKUX BBIBOJIOB
1 JIOTIOJIHUTEIIFHOTO OTepaTopa PEKOMOMHAIIMKM TTapaMEeTPOB B MOKOJICHUH TIOMYJISIITUM OCOOCH, a TakkKe
CHUHTE3 OJHOTO W3 BBILIEU3IIOKEHHBIX AJITOPUTMOB HW3BJICUECHHS CBOMCTB JaHHbIX. JlJis 3TOTO BBEAEM
ciaenyromee onpejeneHue: M, — ypoBeHb pacnojioKeHHs TIpaHul (GHUIBTPALMU HECTallMOHAPHBIX

COCTaBILIOIINX CerMeHTa, QUKCHpyeMBlil B pe3ynbTaTe oqHOI utepanuu I'A B MomeHT Bpemenu 1; M, —

YPOBEHb PacIoJIOkKEHUs TpaHull B HadasibHOM cermeHTe CBP; K — unciio u3mepenuii B O4THOM CerMeHTe
CBP; N — o0miee 4yucio cerMEHTOB B IIPOCTPAHCTBE pacnpesenenus 3nayeHnii CBP.

OCOOEHHOCTBIO METOJa ONTHMH3ALMU HIEeHTH(GUKAnuM W 00pabOTKM MaHHBIX Ha ocHOBe ['A
SBIIETCA PETyIMPOBAHHE YPOBHS PACIONIOKEHUS WM IIUPHUHBI TPaHUI] (QUIbTPAlMd HECTAI[MOHAPHBIX
coctasisiromux CBP. AnroputM 0CHOBBIBAETCS Ha CIEAYIOLIUX MPABUIIAX:

- ectu CBP sBnsieTcss HecTalMOHAPHBIM M BO3PACTAIOLIUM, TO YPOBEHb PACIIONIONKEHHS T'PaHUI]
¢wunpTpanun CBP nns cnexyromeit nrepanuu ['A Beraucisercs: Kak

*
M, =M, + Mo K=Mo
N
— ecniu CBP sBnsercs HecTallMOHApHBIM M YOBIBAIOIINM, TO YPOBEHB PACIIOIIOXEHHS TPAHHUIL

¢bunsTparuun CBP s cnenyromieit urepanuu ['A BerauciseTcs Kak
M,* -M
M, =M, +0}l£(0 )

AHaJIOTUYHO PeryJIUPYIOTCS MUPHUHBI TpaHul] puiabTpanuu CBP:
- ecu CBP sBisieTcst HeCTallMOHApHBIM U BO3pACTalOIMUM, TO mupuHa rpaHul] Guabrpaiuu CBP
TS cienyronieit urepamnu I'A BEIYHUCIISAETCS Kak
R*K-FR,
Py =Rt
N

rae P, — mmpuna rpanun, pukcupyemas B pesynbsrate urepaun ['A B MOMeHT BpemeHH 1

P,— mmpuna rpanun, pukcupyemas B HagaiabHo# nomynanuu CBP;

— eci reHoTHNT CBP siBnsieTcst HeCTaMOHApHBIM U yOBIBAIOIINM, TO ITMPUHA IpaHUll pUIbTpauu
CBP s cnenyromeit urepauuu I'A BeIUucaseTcs Kak

R*Y -P
RH=R+3—%%—3-

CrnenyeT OTMETUTD, UTO MPEUMYLIECTBO U3BJIECYEHHSI CBOMCTB JaHHBIX Ha OCHOBE pa3pabOTaHHBIX
QJITOPUTMOB U TMPOLEAYP PETYIUPOBAHHS ApaMETPOB JOCTUTACTCS MPH KECTKUX T'paHUIax (GpuiabTpanuu
CBP u Tpebyer Hamuuusi paclIMPEHHON MpeIbICTOPUM Ui (OPMHUPOBAHUS HAYaIbHON MOMYISALUU
HBOJIFOL[MOHHOI'O MOJIEJINPOBaHUS

Hapsiny ¢ atum, npeacrapisieT HHTEpeC pa3paboTKa airOPUTMOB M3BJICYEHHS CBOMCTB JaHHBIX HA
OCHOBE COBMEILIEHUSI BO3MOXKHOCTEM aNrOPUTMOB HEYETKUX BHIBOJOB M I'A, B KOTOpBIX B KayecTBE
peryaupyeMbIX IapamMeTpoB BBICTYHNAIOT KOX(PQHUUMEHTH! MW TpaHUIbl (YHKUUNH NPUHAICKHOCTEH,
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I/IHTepBaJ'II)I HpI/IHaI[J'Ie)KHOCTI/I HOCI/ITeHeﬁ HCUYCTKHUX MHOKECTB BXOAHBIX U BBIXOAHBIX JIMHI'BUCTHYCCKUX
TEPMOB, a TAK)K€ HAOOPBI HEYETKUX MPABHIL

IloBbleHne KavyecTBa MIAEHTH(PUKAIMN HA OCHOBE COBMEIIEHHS AJITOPUTMOB HEYeTKHUX
BbIBOOB M I'A. BrrunciurebHble CXeMbl METOJIOB U3BJICUCHHSI CBOMCTB JJAHHBIX PEAIM3YIOTCSI HA OCHOBE
CJIC,Z[yIOH.[I/IX HpI/IHI_[I/IHOBI

— mepBble S oco0el, MOJy4YEeHHbIE CIy4alHbIM BBIOOPOM COCTABJISIIOT HAYaJIbHYIO MOMYINAIMIO, a
BCE TMOCJICIYIONINE MOJY4YaloTCs C TIOMOIIBIO OINEpaTopa CKPEIIMBAaHMS IBYX CIY4ailHO BHIOpaHHBIX
XPOMOCOM M3 PENPOYKTUBHON MOIYJISILIUY ITIOKOJIEHUS 0CO0eH;

— B HOBOM MOPOXKJACHHOM IMOKOJICHHE TOMYJISLUN CTA0MIN3UPYETCs 3HAUCHUE MapaMeTpa S, YTOObI
MOCTUTAI0Ch MAKCUMAJILHOE 3HAUYECHHUE OOIIEH YNCIEHHOCTH 0CO0€eH S ;

— BBOJUTCS ONEPaTOp CEJICKIUHU, MPOPEKHUBAIOUINN MONYISIUI0 U OTCEHBAIOMIMA 0oco0u ¢
BBICOKMMHU BGpOSITHOCTfIMI/I B BUJC

if p, >®: X, removed,

rae @ — nopor paznnuus 3HaueHust OI1, B kayecTBe KOTOPO BRICTYMAET (PYHKIUS MPUHAATIC)KHOCTH JIJIs
olepaTopa CeJIEKLIUU BTOPOTo MOPSIKa;

— OHepaTop MyTalUM CIy4allHbIM O0pa3oM HM3MEHSIET 3HAU€HHs] XPOMOCOM BCEX MOPOXKICHHBIX
ocobeit, yToObI K03 (HUITMEHT MyTallMK HE MPEBbBIIIA 3alaHHOE TIOPOrOBOE 3HAUeHUE @ ;

— BBOJIUTCS ONIEPATOP MIUTAPHOMN CEJIEKIIMU, OCHOBAHHBIN Ha COXPAHEHUU B IO TOJIBKO TEX
oco0el, KOTopble UMEIOT MakcuMaiabHoe 3HaueHue OII;

— BBOJUTCS MPOLIEAYPa MOPOKICHUS MHOKECTBO IIOTOMKOB, JISKAINX UCKITIOUUTENFHO B 00J1aCTH
053 aTTpaKTOpa 3axBaTa MOy,

— BBOJUTCS oniepaTop ¢ 6ojiee BHICOKUM KO3(pPULIMEHTOM MyTallui Ha OCHOBE 3JIMTapHOro oT0opa
XpOMOCOM JIJIsl TIOJTHOM TOMOT€HHOW MOMYJISIUH, MOPOXKIECHUS 0COOM U ynajeHUs oco0ell ¢ MEHBIINM
3HaueHuem OII.

PesyabraThl peanu3anuu NPOrpaMMHOro kKomiuiekca wuaentupuxkanum CBP. Kauectso
BBINOJIHEHUSI M3JI0)KEHHBIX HHCTpyMeHTOB uaeHtuukanuu CBP u 00paboTku JaHHBIX Ha OCHOBE
QITOPUTMOB  U3BJICYEHMS] CBOWCTB HMH(OpPMAIMM HCCIEAYeTCS MO KPUTEPUI0 MHMHHUMAJIbHOTO
CPEIHEKBAIPATHIECKOr0 OTKJIOHCHHUSI PE3yJIbTATOB MEXKIy HYJIEBOM H 1 -0if momymsiimeil ocobell B
nokoneHuu. J{ns monarBepxkaeHust kadectBa uaeHTuduxarmmu CBP  mporectupoBano 30 nHabGopos
n3mepenuii CBP.

B pesynabrare TEcTHpOBaHMs peanu3aldd IMPOTPaMMHBIX MOJYJEH aIrOPUTMOB OIPEAEIECHO
CIIeyIoILee:

— [IPU OTCYTCTBHHU «OJIM3KUX» XPOMOCOM | -if 0COOM JJIsl TOTOMKOB COXPAHSETCS MUHHMAJIbHAs
BepositHOCTh MyTaiu o =0.03(3%);

— IIpU TIOSIBIICHUM «OJIU3KUX» ocobei, korma M, > @, BEpOSTHOCTb MYyTallMd BO3PACTAET IO
JTUHEIHOMY 3aKOHY;

— MaKCHUMaJIbHasA BCPOATHOCTb MYyTallUH pi XPOMOCOMBI | -1 ocobu JI1 IIOTOMKAa PaBHOCHJIbHA

IIOPOXKIACHUIO HOBOM XPOMOCOMBI.

[IpuBeneM pe3yapTaThl TECTUPOBAHUS IPOrpaMM B COCTABE AaBTOMATHU3UPOBAHHOW CHUCTEMBI
YIPABJIECHUS TEXHOJIOTMYECKUM MPOLECCOM MPEANPUATHS IIBEUHOIO MPOU3BOJCTBA.

B cootBeTcTBHU ¢ hopMaToM BBOAA M POPMHUPOBAHUS NCXOAHBIX JAHHBIX KOAUPYETCS HHPOpMAIUs
TEeXHOJOTru4ecknx ¢akTtopoB. [y 3amycka KOMITIEKCa MPOTpaMM 33JaHbl UICXOIHbIE JaHHBIE, B KOTOPBIX
B/] conepxut nHpOpMALUIO O TpaH3aKLUAX, B BUJIE TapaMeTpoB tid - koa Tpan3akiuw, iid - kogq CBP.

JlonomHUTENBHO 3a/1aHbl: paclIupeHHOEe MHOKECTBO D 3apanee onpeaenenHbix 3HaueHuit CBP; b3
HEUYETKUX IPaBUJI; TUIIOBbIE TPOTPAMMHBIE MOYJIH aJITOPUTMOB HEUETKUX BbIBOJOB Mamaanu u CyraHo.
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XpoMoCOMEBI TeHOTUTIAa 0003HaYeHBI BEKTOpOM urcen V ¢ pazmepom N . Kakslii aeMeHT BEKTOpa
V[i], npencransier coboit wmcno i=(1.N); T — muoxectBo Bcex kmwoueir 11d naGopos CBP,
Hanpumep, BekTop V =< 1,35 > o3HayaeT Hannuue B b/ Habopa usmepenuit CBP ¢ kimouamu 1, 3 u 5, o
KOTOPBIM ITPOU3BOUTCS 3aIlyCK HYKHOTO Habopa; pasmep N = 3.

HccnenoBanuga mNpoBOAWIMCH U1 BBISICHEHHMS ONTUMalbHbIX 3HadueHud @PII omepaTopos:
BEPOSITHOCTEH CKpPEIIUBAaHUS W MyTaluu MoauuiupoBaHHoro ['A; pacuera YHCIEHHOCTH OcoOed B
MOKOJICHUU KOHEYHOU MOMYJISAIUN; HEOOX0AMMOE KOJIUYECTBO MOKOJICHUH.

[IpoBeneH comocTaBUTEIbHBIN aHATU3 A(P(HEKTUBHOCTH PEaTU3alMK aIrOPUTMOB U MPOrPAMMHBIX
MOMYJIeH W3BJICYCHUS CBOWCTB WH(OpPMAIMM HA OCHOBE CTAaTUCTUYECKUX KPHUTEPUEB, TOPOTOBBIX
QITOPUTMOB Ha 0a3e CTAaTUCTUYECKUX MOJENEH, alrOpUTMOB aJaNTHBHOTO PETYIUPOBAHHS YPOBHS
pacmoyio)KeHUsT M IIUPHUHBI TpaHull (UIBTPAIMH HECTAMOHAPHBIX cocTaBmsiomux CBP  mpu
IBPUCTUYCCKUX CTPATETHSIX, BHIUUCIUTEIBHBIX CXEMaxX KJIACCHYECKUX M MOAM(MUIIMPOBAHHBIX HEUECTKUX
I'A o kpuTepui0 MUHHUMAJIbHON CpeJHEKBAaIPATUYECKON MOTPEIIHOCTH HJIEHTU(PUKALUU U 00paboTKU
JaHHBIX B KA4eCTBE KOTOPOH BBHICTYMAIOT (DYHKIMU MPUCTOCOOIEHHOCTH TE€HETUYECKUX OIEepaTOpOB
SBOJIIOLIMOHHOTO MOJIEJIUPOBAHUSI.

[ToaTBepxkaeHo, uto HeueTkuid ['A umeer Ha 15-20% BbIlIE CXOAMMOCTH, YE€M KIIACCUUYECKHUU.
MoaundunmpoBaHHbBIE OMEPATOPHI SBOJTIOIMMOHHOTO MOJICTUPOBAHUS CYIIECTBEHHO COKpPAIIAlOT BpEeMs
NPUOMKEHUST K ONMTHUMYMY LEJIeBOW (PYHKIIMM M TIO3BOJISIOT YACTUYHO M30€rath 3axBara IOMYJISITIU
JIOKQJIbHBIM aTTPAKTOPOM, OCTaBIIsisl B PEPOAYKTUBHOM MOKOJIEHUH OCOOU HE TOJIBKO C OOJBIINM, HO U C
HU3KUM 3HaueHueMm DII.

Merox sautapHOro 0TOOpa CIOCOOCTBYET YMEHBIICHWIO BpPEMEHH TIOWCKAa ONTHUMYMa 10
cpaBHeHHUIO ['A ¢ BepOsSTHOCTHBIM O0TOOpOM. Kpome TOro, CyIiecTBeHHOE COKpaIlleHUE BPEMEHHU MOUCKA
rI00aNkHOTO ONTHMyMa Ha OCHOBe HedeTkoro ['A ¢ »nuTapHbIM OTOOPOM JOCTUTAeTCA TpHU

JIOTIOJIHUTEIILHOM OIEpaTope CENEKIMU BTOPOTO MOpsIKa

uq;_ < « C TpoNeAypoM 3axBaTa TMOMYJANHH  JOKAJTHHBIM
097 L x o aTTPAKTOPOM.
I BeruucnurennHbie CXEMBI pacudera o
096 |- peanu3oBanbl cpeactBamu  SQL  Ha cepepe B/l
I o ['enepanusi HayaabHOM MOMYNSALKMU OCOOEH B MOKOJIEHHUE
095 |- o I 0 MOMYJSIUA  TPOU3BOAUTCS HA OCHOBE  CIIEIYIOIINX
0 TpeOOBaHUI:
Lol o 5 - XpOMOCOMBI 0COO€H SBISIOTCS JJIEMEHTaMH
S = 0 MHOxecTBa u3mepenuit CBP —D
093 g - Bce mno3unuu ['A TECTHUPYIOTCSI Ha OCHOBE
I C 3aJlaHHOTO MHOXecTBa HaOopa u3mepenuit CBP — T ;

0.92 L J L | L | . |
0

200 400 600 800 1000 - I CKp€UIMBAaHUA 0cobM W3 IIOKOJIEHUS
Puc. 1. /luazpamma ompasicenusn 3eonouuu nomyJjasanunu cnyqaﬁHLIM 06pa30M BI)I6I/IpaIOTC$I ABa
noxonenuil nonyaayuu ocooeil. BEKTOpA;

- U1 oTiepaTopa MyTaluu BbIOMpPAeTCs CIydyailHbIM 00pa3oM MO3UIMH AJIEMEHTOB MHOXKECTBa T B
BeIOpanHbIM uHTEpBase [d,N];

- KpUTEpUEM OCTaHOBa alNropuTMa siisiercs ynydmenue [{d Ha mpoTskeHUM 3aaHHOTO 4YMCiIa
I1aroB.

B xommnekce unentudukanmu CBP peann3oBaHbl HporpaMMHbIE MOAYIU TNpeABapUTEIbHON
00pabOTKH HMCXOIHOTO0 MHOXKECTBAa M3MEpPEHUH (CerMeHTHUpOBaHMs); (HOpMUPOBaHMs Habopa ¢ Haubosee
MPUOPUTETHBIMM T'€HOTUIIAMU; TEHepaluu oco0el B TOKOJEHHE MOMYJSIUU C OOJBIIMM YHCIOM
BXOXJICHUM.

OmnpeneneHo, YToO B Cilyyae MCHOIB30BAHUS MOAYJS MpeIBapUTEIbHON 00paboTku naHHBIX B 30 -
50 utepauusx ¢GopMuUpyeTCsl YMEHBIICHHOE TMOYTH B JIBa pa3a YHCIO OCOOed MOKOJCHHsS KOHEYHOM
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MOMYJISIUUA, & TIPU OTCYTCTBUM TAKOTO MOMIYJSI PAallMOHAIBHOE YHMCIO 0COO0EH B MOKOJCHUU KOHEYHOM
MOMYJISIIIAK OTpeensieTcs B 0ompiie yeM 60 ureparusix BOTOIMOHHOTO MOACTUPOBAHUS.

Ha puc. 1 nokazana nuarpaMmma aHainu3a BKJIaJa MEXaHHU3MOB M3BJICUEHHUS CBOWCTB MH(pOpMALIUU
MIPU ONITUMHU3AIUY [IeJICBOW (DYHKIIMH OMPEACIICHUS HOBOTO TOKOJIeHHsT ocobu ¢ makcumaiibHor DI1. Ha
rpaduke 1o ocu abCIUCC OTIOXKEHO OO0IIee YUCIO 0CO0eH, MPUHABIIMX YYaCTHE B BOJIOLUH, a TI0 OCH
opaunat 3HaueHue L®. [IpunsTe! cnenyromue 0003HAYCHHS:

— «O » pe3ynbTat TectupoBanusi ['A ¢ anuTapHbIM 0TOOPOM U OMHAPHBIM CKPEIIMBAHUEM;

— « 0 » pe3ynbTar BBEICHUS IBYX THIIOB CKPEIIMBAHUS;

— «O» TO ke camoe, 4To ¥ « O », HO ¢ BEPOSATHOCThIO MyTaiu @ =0.7 u € =0.75;

— «X» pe3yabTaT MOIUUIIMPOBaHHON HeueTKoi ['A.

OnpeneneHo, 9TO COBMEMICHHWE MOAM(PHUIIMPOBAHHBIX OIEPATOPOB CKPEIIMBAHUS W MYTAIlUU
MO3BOJIAET CYIIECTBEHHO YBEIUYHUTh CKOPOCTh HAXOXIEHUS O0O0JacTH ONTHUMAIbHOTO pEIICHUSI.
MaxkcuMasnbHOe U cpefiHee 3HAuYeHUs 1eNIeBOM (YHKIMM COBMAJaeT JHO0 MPU FOMOTC€HHON MOMYIISIIHH,
nu00 TpH HAIMYUM HECKOJIBKUX JIOKAJBHBIX AaTTPAKTOPOB ONTHUMYMOB C pPaBHBIMH 3HAYCHHUSIMHU.
[TonTBepx)aeHO, UTO HEUeTKUM ['A MO3BOIAET TOCTUYD 3HAUUTEIBHOTO COKPALLIEHUS YU CIIa HCIIOJIb3YEMBIX
B 9BOJTFOIIMOHHOM MOJIETUPOBAHUY MTOKOJIEHUH 0cO0eH, BpeMeHH MOUCKa ONITUMATbHBIX 3HAYCHHI 11eTIeBOI
(GbyHKIIMH, TTOBBIIICHHS KadecTBa nuaeHTudukamnuu CBP.

3akiouenue. Pa3paboTaHbl METOJUYECKHME OCHOBBI TOCTPOEHHUS MPOTPAMMHOTO KOMIUIEKCA
UACHTU(PHUKAIIUN ¥ ONTUMHU3AIUU 00PaOOTKH TaHHBIX HECTAI[MOHAPHBIX 0OBEKTOB HA OCHOBE MEXaHHU3MOB
W3BIIEYCHHS] CBOMCTB JIaHHBIX M HACTPOWKM TMapaMeTpoB Ha 0aszuce CTAaTHCTUYECKUX, TUHAMHYECKHX,
HeueTkux Mozeneit uaeHTudukauu CBP. D¢ dhexkTHBHOCTS MpUMEHEHNS AJITOPUTMOB H3BJICYCHUS CBOWCTB
nH(OpMalMK J0Ka3aHa HAa OCHOBE peaM3alMM CTATUCTUYECKHX, MOPOTOBBIX KPUTEPHUEB (PUIBTPALIUU
HeCTalMOHAPHBIX cocTaBisomux CBP, BBUMCIUTENBHBIX CXEM HEYETKOM JIOTMKH, TPAAUIMOHHBIX M
HeueTkux ['A, pazdbuenus npoctpancTBa 3HaueHUt CBP Ha cerMeHTsl, a TakyKe MPOBeICHUS MapalieTbHBIX
BBIYMCIICHUIA.
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