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B pabore uzyuaroTcs pacupeiesenusi, SHTPOIUs U Apyrue HHMOPMAIMOHHbIE CBONCTBA KO-
HEYHBIX TIPOEKTUBHBIX TONPOCTPAHCTB (CHHIPOMOB), TTAPAMETPUA3YEMbIX TIPU TIOMOIIA MM-
IIyJIbCHBIX [IOCJIEIOBATELHOCTE ¢ 6A30BBIMM JIEMEHTAMU B BUE MOJUHOMOB 2Kerajikuna
HaJ[ [IOJIEM XapPaKTEPUCTUKH ABa (CUMITOMOB). JIOKa3aHO, YTO CYNEPCHUHIPOMBI, IOy YeH-
HbIE IPU PACCMOTPEHUM B KadeCTBE GA30BBIX JIEMEHTOB MYJIbTUILIHKATHBHOTO CHHIPOMA,
3aMKHYTbI. KJ1acChl CUMIITOMOB, YIOPSIIOYEHHbBIE 10 MayKOPUPOBAHUIO, TO €CTh HEATPAJIb-
HOCTH OJIHOT'O M3 CUMIITOMOB IIPH KOH'BIOHKIIUU, 00Pa3yI0T MayKOPUPOBAHHBIA CUHIPOM, JIJIs
KOTOPOTO JIOKA3aHO CBOMCTBO MJIEHTUYHOCTU CHHApOMa u cymepcuriapoma. Chopmyaupo-
BaHHbBIE B MIEPBOIl YaCTU PAbOTHI YTBEPXKIEHUsI UCIIOIB3YIOTCs JJIsi OOOCHOBAHUS CXOJIAMO-
ctu urepanuonnoit nponeaypsl (UII), B koropoit Hanbosee nHDOPMATUBHBIE CHMIITOMBI,
0TOOpaHHBIE U3 YACTUYIHBIX CYMEPCUHIPOMOB MEHBIEl pa3MEPHOCTH, BHOBb ITOJIAIOTCS HA
Bxoz. Cranmonapuoe cocrosinue WII mocruraercss B ciiydyae TPUHAJIEKHOCTUA BCEX 3Jle-
MEHTOB BXOJIHOI'O MHOXKECTBA WJIA OJHOMY M TOMY K€ YACTUYHOMY CYIIEPCUHIPOMY, WUJIN
MarkopupoBaHHOMY cuHapoMy. Biaromapst U1 ynaercst Bbiaeasth Hanbosiee nHOOPMATHB-
HBIE CUMIITOMBI U3 GOJIBIION COBOKYITHOCTU IEPEMEHHBIX C MEHbIIeH TPyJoeMKocTbio. Ha
npumMepe u3 GTU3UATPUN [TOKA3AHO, KAKUM OOpPA30M IPHU MOMOIIUA CHUMIITOMHOTO AHAJIM3a
MOXKHO YJIYUIIUATE CHEUPUIHOCTD KJIACCUMDUKAIIAN.

Karoueswie c06a: MHOOMEDHBIH aHAIN3 KATErOPUAJIbHBIX JAHHBIX, KOHEYHbIE T€OMETPHUH,
ajrebpanmdecKrie HOpMaJIbHbIE (DOPMBI, SHTPOIHsI, KOI(DMUIMEHT HEOMPEIeIeHHOCTH, UTe-
PAIMOHHAS ITPOIEIYPa, CAMITOMHO-CUHIPOMAJIbHBIN METOJ, PELyKIUsI PA3MEPHOCTHU, KJIAC~
cuduKanys, 1yBCTBUTEILHOCTD, CIENU(MUIHOCTD.

1. BBegenue. B nanHoil crarbe pedb uieT 06 yCOBEPIIEHCTBOBAHUY CIIEIUAILHOIO
MEeTOJ[a M3yYeHUsI COBOKYITHOI'O BJIMSIHUsI OOJIBIIOIO KOJUYIECTBa (PaKTOPOB, IO, KOTO-
PBIMH IIOHEMAIOTCS CJIy9IaiiHble KaTeroprHaJbHbIe IepeMeHHbIe! | Ha pe3y/IbTaThl H3Mepe-
HUN PA3INYHON IPUPOIBI: 3TO MOT'YT OBITH UJIU METPHIECKAs IEPEMEHHAS C IayCCOBCKOI
OIMMOKOM, WJIM IIepeMeHHAasl TUIA KJACC, WIA I[eH3YPUPOBAHHBIE JAHHBIE TUIIA BPEMEHU
JKU3HU U T. 1. Jist 0T7e1bHOTrO (DaKTOpa B 3aBUCUMOCTH OT THUIIA U3y YIaeMOi ITepeMeHHON

MOXKeT ObITh IIPUMEHEH aﬂeKBaTHbeI CTATUCTUYECKUNA KpI/ITepI/II'?’I, Ha OCHOBE KOTOPOIo

*Pabora BbIOJIHEHA [IPU (DUHAHCOBON HojepxKKe Poccuiickoro dbonma dyHIaMEHTAIBHBIX UCCJIE-
nosanuii (rpaat Ne20-01-00096-a).

1Cuyuaiinple KareropuajbHbE [EPEMEHHbIE — 9TO JAUCKPETHBIE CIIydalHbIE BEIUUHHBI, IIPUHAMAIO-
i€ KOHEYHOE UHCJIO 3HAYEHUHN C 3aJaHHBIMU BEPOSITHOCTSIMIE.
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JleJlaeTcsl O BBIBOJ, O 3HAYMMOM WJIM HE3HAYUMOM BJIMSIHUU (PaKTOpa Ha 3Ty IepeMeH-
nyo. Hampumep, B ciydae JUCKPETHON IEepEeMEHHON THUIIa KJACC MOTYT HCIOJIb30BAThb-
Cs WIA CTATUCTUKA TOYHOro Kpurepus Puinepa, mim kodhOUINEHT HEOIPEIETIeHHOCTH,
JJId IIepEMEeHHOII HelIPepPbIBHOI'O THUIA — KPUTEPUU OJHOPOJHOCTH, B aHAJIM3E JAHHBIX
THUIIA BPEMEHN YKU3HU — JIOT-PAHTOBbIN KpuTepuil mian Kpurepuii ['exana — Buikokcona.
Hawuboiree urdopmaTuBEbIMU Oy1eM cIUTATh (PAKTOPHI, IPU KOTOPBIX COOTBETCTBYOIIUE
CTATUCTUKY JOCTUTAIOT HAUOOJIBIIErO 3HATEHMUSI.

3aKOHOMEPHO BO3HUKAET BOIIPOC O CYIIECTBOBAHUM JPYTUX Dojiee MHMOPMATUBHBIX
CKPBITBHIX IPU3HAKOB, OTPAXKAIOIINX COBOKYIIHOE BJIMSAHUE UCXOMHBIX (PAKTOPOB HA U3Y-
qaemyio mepeMeHHyto. [Ipemmomoxkum, 9To Bce n HAKTOPOB MMEIOT OJUHAKOBOE YHCJIO
rpajanuii, Koropble Kogupyoorcsa yucaamu 0,1, ...,¢—1, rjie ¢ — creneHb NpocToro 4uc-
Jia. B aToMm cirydyae BCeBO3MOXKHBIE 3HAUEHNs (DAKTOPOB 00Pa3yT KOHEUHYIO a(DMUHHY O
reomerpuio EJ, a ToukaM JABOACTBEHHOIT IPOEKTUBHOI reomerpun PY_| coorBercTByIOT,
COIIACHO [1]|, BCceBO3MOKHBIE IIyUKH MapaJlIeIbHBIX TUIepIuiockocTeil u3 £, oupenesns-
€MbIX JINHEHHBIMY KOMOHHAIUSIME 1 DaKTOPOB HAJL KOHeIHBIM mosieM [ ,. OcHoBHast 3a-
Jlada 3aKJII0YaeTCs B IMOUCKe JUCKPETHOro (pyHKImMoHa a co 3Haderusyu 0,1,...,¢ — 1,
33/IAaHHOTO B KOHEYHOM JIMHEMHOM IIPOCTPAHCTBe TO4YeK FI, KOTODBINl ABJISETCS ONTHU-
MAaJIBHBIM C TOYKHU 3PEHUS 33/ IAHHOTO KpuTepus. BejencTBue TBOMCTBEHHOCTH KOHETHBIX
reoMeTpuii, 310T (PYHKIUOHAJ MOXKET ObITh BBIPAYKEH B Bue JIMHEHHON [2] miu moswu-
HOMMAJIbHON KOMOUHALIUY JUCKPETHBIX CIIyJaiiHbIX Beandul ((hakTopoB) HAJ KOHEUHBIM
nojieM [,. Ilpu BblIesleHME HECKOIBKHX HaHMeHee CBS3aHHBIX APYT C IpyroM GyHK-
[IMOHAJIOB C HAWJIYUYIINMH SKCTPEMAJIBHBIMUA CBOWCTBAMU B COOTBETCTBUU C 3aJIaHHBIM
KPUTEPUEM VIAETCS PENIUTH 33/1a4y PEAyKIIMU Pa3MepPHOCTH, KOTOpas C TOYKHA 3PEHUS
KOHEYHBIX NeOMETPHUIl O3HAYaeT Iepexol] K 6ojiee MHPOPMATUBHBIM IIOIIPOCTPAHCTBAM
MEHbIIEH pa3MepHOCTH.

Takoit moax0d OKA3BIBAETCS HECKOJBKO IIPEIIOYTUTEIHLHEE TEX CPEJCTB, KOTOPDIE
OOBIYHO WCITOJIB3YIOTCSI IPH IIPOBEPKE 3HAYMMOCTH COBOKYITHOI'O BJIMSIHHUSI HECKOJIBKUX
dakTopoB Ha pesysbraTbl HabJoaeHnil. Hanpumep, npu 60sbnroM Kojmdectse hakTo-
poB MHOTO(MAKTOPHBIE MOJIE/IH JIUCIEPCUOHHOTO AHAJIN3a CTAHOBITCS HACTOJBKO CJIOZK-
HBIMH, 9YTO JJI 3/IEKBATHON OIEHKU IIapAMETPOB HEOOXOIMMBI BHIOOPKHU CJIMIIKOM 0O0JIb-
mioro obbema [3]. Meroasl MHOrOMEPHOIO MIKAJIMPOBAHUSA, B OCHOBE KOTOPOIO JIEXKUT
npeJBapuTeibHasi ONu(pPOBKa KaTErOPUaIbHBIX IEPEMEHHBIX C IPUCBOEHUEM KaTEeropu-
M YHUCJIOBBIX 3HAYEHUH M IMOCJIEIYIOMNM TPUMEHEHNEM MHOI'OMEPHBIX CTATUCTHUYECKUX
MEeTOJIOB, XyKe ysaBausaior 3 dexTsl B3anmoeicrsust paxkropos [4], a mocrpoerne ne-
peBa pertennii (decision trees) He MOAXOAUT JyIsl 3829 PELYyKIUUA pazMepHocTH [5].

ITepsonavasnbho (GyHKIMOHAIBHDIH MeTox [6—10] upennasHavacs JJisd BbISBJICHUS
nanboJiee 3HAYNMBIX COYETAHNIT (PAKTOPOB TOJILKO B BU/IE UX JIMHEHHBIX KOMOMHAIUN HA/T
nosisimu Fo u Fg u npumensisicst ipu pemenun psizia 6nomerpuyeckux 3a1a4 [11-16]. Ho
0Ka3aJI0Ch, YTO MOXKHO JIOCTUYb OOJIBIINX PE3Y/ILTATOB B IIJIAHE ONTUMU3AIIY 10 3aaH-
HOMY KPUTEPHUIO, €CJIA 110 KpaitHeil Mmepe HaJ mojeM [ o moMUMO JTUHEHHBIX KOMOWHATIH
paccMaTpUBaTh HOJIMHOMBI WK ajirebpandeckue HopMaJbhble hopMbl Braa [17]

n
P=a+ Z Z @iy iy Tiy * o Ti, (mod 2), e a,a;,..q, €4{0,1}.
k=141 <...<iy

Onu 6bn npemyioxkenbl B 1927 1. U. 2KerajkuasiM B KadecTBe YA0OHOIO CPEICTBA, ISt
npeacTaBenns GyHkmuit 0ymeBoit Joruku. Hampumep, ecian Hy»KHO HACHTH(PUITTPOBATH
HaJIM4Ke OJHOIO IPHU3HAKA T1 IPH OTCYTCTBUU IPYrOTO T, TO MOXKHO HCIIOJIb30BATH

Becmwux CII6I'Y. Mamemamuka. Mexanuka. Acmponomusn. 2021. T. 8 (66). Bun. 3 395



HOJIMHOM X1 + 2122 (mod 2), st OlMcaHus JJOTHIECKOH CyMMBI JIBYX OMHADHBIX IIPU3HA-
KOB — IIOJINHOM Z'1 4 T2+ 122 (mod 2) u 1. 1. st npeobpasoBaHust JJOrHIecKUX (OyHKIHIT
B [MOJIMHOMBI HaT, [ 9 MCIOJIB3YIOTCST METO/IBI, IMTUPOKO IPEJICTABJIEHHBIE B INCKPETHOM Ma~
TeMaTUKe: MeTOJ CYMMUPOBAaHUS, METOJ, TPEYTOJbHUKA, UCIOJb30Banne KapTbl KapHo,
6bicTpoe npeobpaszosanue Pypoe [18]. i craTuCTHUECKOro aHAIM3a KATeropUabHbIX
JIAHHBIX BaKHA UIEHTU(DUKAIMS 3HAYUMBIX COUYeTaHuil (DAKTOPOB, IOITOMY AKTyaJIbHbI-
MM OKa3bIBAIOTCsI APYTUe 3aa4n: Ipeodpa3oBaHme MOJIMHOMOB B JIOTUYECKHe (DyHKIUN U
napamMerpusanys ToaInHOMOB 2KerajknHa JJIsi OPraHu3allii UX 0 BO3MOYXKHOCTH ObICT-
poro mepedopa.

JIJist CHY2KEHUsI BBIYUCIUTEbHON HAIPY3KH MOXKHO OBLIO OBbI MCIIOJIB30BATDH AJINO-
pHUTM OBICTPOrO NEPEeYHC/IeHs] TOYEeK I'PAcCMaHuaHa, IpeJJIoKeHHbIl B pabore [19], HO
€ro 0Ka3aJIoCh HEJOCTATOYHO. B CBsI3u ¢ 9TUM ObLIa MPEAIIPUHSITA ONBITKA IPUMEHUTH
UTEPAIMOHHYIO TIPOIIE/LYPY, COTJIACHO KOTOPOii Hanboiee nHMOPMATHBHBIE TIOJUHOMBI 38~
JIAHHOTO TOPSIJIKA MTOJIAI0TCS BHOBb Ha BXOJ, B KadecTBe 0A30BBIX. DTO 0OECIIeYnBaeT yBe-
JINYEHUE CTEIleHN U PA3HOOOpa3us OJUHOMOB IIPHU MX HENoJHOM repebope. Ha npakTuke
JIOCTATOYHO OBICTPO 3Ta IMPOIELypa IPUBOAUTCS K CTAIMOHAPHOMY COCTOSIHUIO, IIPH KO-
TOPOM OTOOpaHHBIE JIATEHTHBIE IPU3HAKY 00Pa3yT MATPUILy €IUHUIHOTO PaHTra.

Ecin kpaTko onmchBaTh CTPYKTYPY JAHHONW pabOThl, TO TOC/IE BBEJICHUST OCHOBHBIX
TIOHSATHUI, OMUCaHusa crocoba mocTpoennsa moanHoMoB ZKeragkuma mo Habopy 6a30BBIX
[MEPEMEHHBIX ITPY IOMOIIM MMILYJIbCHBIX IIOCJIEI0BATEILHOCTEN U IPUBEIEHUSI IIPUMEPA,
MLTFOCTPUPYIOIIErO IPEUMYIIECTBa, CUMIITOMHO-CHHIPOMAJILHOTO METO/Ia B aHa/M3e O1o-
METPUYIECKUX JAHHBIX, U3YIaI0TCsd UTEPAIIMOHHBIE CBOHCTBA 3TUX IMOJIMHOMOB, TAKHE KAK
3aMKHYTOCTh U 9KBUBAJECHTHOCTH, HEOOXOIUMBIE JIJIsl OObSICHEHUS CXOIMMOCTU UTEPAITU-
OHHOI TPOTIEIyPhl U OJJHOPAHINOBOCTU MATPHUIILI CTAIMOHAPHOTO pemniernsi. Hanbosbimee
BHUMAHWE YJEJIEHO CBOICTBY MaXXOPHPOBAHHOCTH, O3HAYAIOIIEMY WHBAPUAHTHOCTH OJI-
HUX [TOJIMHOMOB OTHOCUTE/IbHO YMHOXKEHUSI Ha JApyrue. bymer mokasaHo, 9To MOJUHOMBI,
VIOPsIIOUEHHBIE 110 MayKOPUPOBAHUIO, 0OPa3yIOT KOHEUHYIO ITPOEKTUBHYIO I'€OMETPUIO,
00eCIIeInBAIOILY 0 JOMOJHATEILHBI BADUAHT CXOUMOCTH UTEPAIMOHHON TPOTIE LY PhI.

2. CuMOTOMHO-CUHIAPOMAaJIbHBIN aHammu3. 2.1. OcHoeHbie onpedeneHus.
O6ozuaunm uepe3 X = (Xo, X1,...,Xk_1) ciydailHbIl BEKTOP, KOMIOHEHTHI KOTOPOI'O
COOTBETCTBYIOT HEKOTOPBIM JMXOTOMUYECKUAM [I€PEMEHHLIM. B mepBoHadaIbHBIX paboTax
aBTOpA TI0 ITOH TeMaTHKe CIydaifHas BEJMINHA B BHIE KOHETHO-JIUHEHHON KOMOMHAIINN
L(Xo,.. ., Xk—1) = apXo+ ...+ ap_1Xk—1(mod 2), rue a; € {0;1}, Koropasi 0ueBUIHO
HOpPUHEMAET TOJbLKO 3HadeHnsa 0 mim 1, 6bLia HaspaHa cumnToMoM.? CummoroM (), mpu-
HuMalonuii 3Hadenne 0 ¢ BEPOSTHOCTHIO 1, Ha3BIBAJICS BBHIPOKIAEHHBIM. COBOKYIIHOCTD
daxropos {Xo, X1, Xo1 = Xo + X1(mod 2)} onpezessinach KaK CHHAPOM HEPBOIO II0-
psiaka. 371ech yMECTHO [IPOBECTH AHAJIOIUIO C OCHOBHBIME ITOHSITUSIMU KOHEYHBIX IIPOEK-
TUBHBIX T€OMETPHIi: CHMIITOMBI — TOYKH ([IPOCTPAHCTBA PA3MEPHOCTH HOJIb) U CUHIPOMBI
[EePBOTo Mopsijika — IpsiMble (pasMepHOCTb ofuH). Tak Ke, Kak B KOHEYHOH reoMeTpUH
MIPSIMYI0 MOXKHO ITPOBECTU Y€pe3 JIBe TOUKH, & KarXKJas IpsiMasl COJIEPXKUT HE MEHee TpeX
TOYEK, CHHAPOM IIEPBOIO IOPsIKa 00Pa3yioT JIOObIE JBa CUMIITOMA, & TPETUHA CUMIITOM
Xo1 = Xo + X1 (mod 2) dopmupyerca u3z aux opHosHadHbIM 06pazoM. Cummrom Xop co-
OTBETCTBYET 0ObeIMHEHNIO 063 nepecedernst (MCKIIIOUAIOIIEe WIH) U UHTEPIPETUPYETC s

2 AKTyaJIbHOCTD IIPHKIAIHOTO ACIeKTa MOTpeGoBajIa BBEJEHMsS HOBOH TepMuHOJormu. 1lo Hacros-
TeJIbHOU Ipochbbe Bpadeil, ¢ KOTOPOMH IIPHUIIJIOCH TOrJa paboTarh, BhIparkKeHHe «JIMHeWHasi KOMOMHAIIMS
HaJl KOHEYHBIM I10JIEM XapPaKTEPUCTUKHU JIBa» OBLIO 3aMEHEHO Ha «CHMIITOM», O3HAYAIONIUN TPU3HAK MU
HEKOTOPO€e COYeTaHue NPU3HAKOB.
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KaK JUCCOIMUPOBAHHOCTD (haKTOPOB, TO €CTh HAJMYUE KAKOTO-TO OJHOTO (PAKTOpa IPH
OTCYTCTBUU JIPYTOro.

st 0603HAYEHMST CHHIPOMA, TIEPBOTO TIOPSIJIKA, TOCTPOEHHOTO IT0 KOMITOHEHTAM BeK-
ropa Xg = (Xo, X1), yo6HO ucnoabzosarb BekTop S(X2) = S(Xo, X1) = (Xo, X1, Xo1),
a g ODO3HAYEHMsI KOJIMYECTBA SJIEMEHTOB B CHHJIPOME W IOPSIKA CHUHIPOMA, PaB-
HOIO KOJIMYECTBY JIMHEHHO HE3aBUCHMBIX KOMIIOHEHT 0e3 eMHUIbI, — BBIPAYKEHUS
|S(Xo, X1)| =3 u ||S(Xo, X1)|| =1 coorBercrBenno. OueBnamo, BekTopsl S(Xo, Xo1) =
(X0, Xo01,X1) u S(Xo, X1) = (Xo, X1, X01) 0mIn4aorcs TOJIBKO MEPECTAHOBKOM KOMIIO-
HEHT, KOTOPBIE OTHOCSITCSI K OJJHOMY U ToMy ke curupomy {Xo, X1, Xo1}.

Cunzpombl Gosbrrero nopsaka S(Xgi1), rae k > 1, nosgydeHHble U3 KOMIIOHEHT
Bekropa Xi4+1 = (Xo, X1,. .., Xk), JOCTATOYHO IIPOCTO BHIPAYKAIOTCS Y€PE3 UMILYJIHCHBIE
nocsiegoBaTesbHocTH [20], KOTOPBIMU HA3BIBAIOT HOCTPOEHHBIE DEKYPPEHTHBIM 00pa3oM
[IOCJIEZIOBATEILHOCTH 3JIEMEHTOB KOHEUHOrO MoJid. JIJjist 9TOro Hy>KHO paccMOTPETh 3Jie-
meHT Xj € S(Xg) u upubaBuTh ero K Kaxkzo#i kommonenTe sekropa S(Xj) Has mosem
F2. IMomyuennsiii BekTop o6o3uaunm depes S(Xy) + Xi(mod 2). Torga S(Xj41) ects city-
JaMHBIH AUXOTOMIYECKHH BeKTOp padmeprocTn 28T1 — 1 Buaa

S(X]H_l) = (S(Xk),Xk,S(Xk) + Xk(mon)) . (1)

Bynem ucnosnbzosars Beipazkenue S(Xi) T S(X,) st 0603HAYEHUs] CUTYAIMU, KOTIA
KOMIIOHEHTHI BeKTopa S(X},) sBistiorcss KoMmioHeHTaMu Bektopa S(Xy,). OdeBnano, 4to
ecit X, C XK,y 1o S(Ri) E S(Xy). Ecm S(Xy) E S(X,) u S(X) 3 S(X,), TO cuaapombl
COCTOSIT U3 OJJHUX U TEX K€ SJIEMEHTOB U MOT'YT OTJIMYATHCS [I€PECTAHOBKAMU, YACTOTAMK
BCTPEUAEMOCTH ¥ HAJIMYUEM MM OTCYTCTBHEM BBIPOKJIEHHOTO CHMIITOMA, — JJIs 9TOTO
ucrosb3yeM obosnadenne nogobus S(X,) ~ S(Xy). Hanpumep, ecm B (1) ncrnoabzosars
X € S(Kg), 10 S(Kpy1) =~ S(Kg). Cunnpom S(Xy), tne Xi C S(X,), OyneMm Ha3bIBATDH
YACTNULHDLM.

JJis napaMerpusanuy U yIOPsIOUNBAHUST TIOJMHOMOB 2K erajKnHa HCIIOJb3YyeTCsl
JIBYX9TalHAsI KOHCTPYKIWs, B KOTOPOii Gepercs anasornanoe (1) BoIpakeHue, e onepa-
s CJIOZKEHUST 3aMEHSETCA YMHOKEHHEM. TeM CaMbIM MOJTy9aeTCst MyJIbTHILUIMKATUBHBII
CHHPOM

V(X/H_l) = (V(Xk),Xk, V(Xk) -Xk(mod 2)), (2)

riae Xk € V(Xk), V(Xl) = V(X()) = Xo, V(Xg) = V(X07X1) = (X07X1, X()Xl(InOd 2)) .
Ecmu Bce smemenTbl BeKTOpa Xj, HEBBIPOXKIEHHBIE W HU OIUH CUMIITOM U3 Xq, ..., Xkp_1
He SIBJISETCS IPOU3BEJIEHNEM JIPYTUX, TO MYyJIbTUILIMKATUBHBIA curapom V (Xj) cocront
3 K = 2F — 1 ux BceBosMOXKHBIX npomsseennii. Ilpu ncnonssosanmu B (1) B Kade-
cTBe 6a30BLIX 37eMeHTOB V (X)) MBI IOJTyINM CIydaiiHblil BeKTOp pasmeproctn 25 — 1,
KOTOPBIH COIEPKUT BCEBO3MOXKHBIE IIOJIMHOMBI CTEIIEHH HE BbIIIE K M HA3bIBAETCS Cynep-
curdpomom SV (Xy) = S(V(Xy)). B manpreiimeM 11 KpaTKOCTH, YTOOBI HE OTATOMIATH
TEKCT IPUCTABKAMU «CYyIIeP», 3JIEMEHThI CyIIePCUHIPOMA OyieM Ha3bIBaTh CUMNIMOMAMU
WIM 110 HEOOXOIUMOCTU HEAUHETHBMU CUMNMOMAMU, 8 KOHEYHO-JIUHEHHbIE KOMOUHA-
MK HAJ, ITOJIEM XapaKTEPUCTUKHU JIBa, PaHee OIpeIesisieMble KaK CUMIITOMBI, AUHETHBLMU
CUMNIMOMAMU.

ITpumep 1. B sierkux KypuibIIuKOB, 110 JUTePaTyPHBbIM HaHHbIM [21], Habromaor-
Cs1 HAPYTIIeHUsT BEHTHISIITUOHHON CITOCOOHOCTH JIEPKUX 0OCTPYKTUBHOIO Xapakrepa. [laTo-
PEHETUIECKYI0 OCHOBY JAHHOTO THUIIA HAPYIIIEHWA CBA3bIBAIOT C TOBBIIIIEHHON IKCIIpeccueit
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MaTPUKCHBIX MeTasonporentas (MMII) — cemeiicTBa BHEKJIETOUHBIX IUHK-3aBUCHMBIX
SHJIOIENTHUIA3, CIIOCOOHBIX Pa3pyInaTh 6€JIKA BHEKJIETOUHOrO MaTpukca. OIHAKO IIPU Ha-
JINYNU COILY TCTBYIONMUX (DAKTOPOB ITY 3aBUCUMOCTD HHOLIA HE YIAETCs HOITBEPIUTD Ha-
IpSMYIO HA OCHOBE CTaTHCTHYecKnx Habsromenunii. Hanpumep, npu n3ydyeHun JaHHBIX O
KyPAIIUX U HEKYPAIIuX G0JbHBIX TyGepKysie3oM [22] MOKHO GbLIO IIPEIIIOJIOKUTD, ITO
KypEHUE SIBJISIETCSI OTSATOIIAIONINM (DAKTOPOM, TeM He MeHee MX pa3Jjindue 10 SKCIIPECCUU
xkenatuHasel MMII-9 okazajocs HezHaunMmbiM — p = 0.08 corytacHo Kpurepuio Buikokco-
na. B To ke BpeMst 3HAYNMOE IIOYUTH ABYXKPATHOE PA3JIMYINE C JOBEPUTEILHBIM YPOBHEM
BeposgTaocTu p = 0.0016 mabsromasoch Upu cpaBHeHuu ypoBHei 2kesatnnassr MMII-9
o cumuromy Xg+ X1Xo + X0 X1 X5 (mod 2), upenrudurnupyomemy coCTaBHYIO IPYIILY
pHCKa, B KOTOPYIO Hapsiy co BceMu Kypsimumu (Xo) BXoAsaT Haubosee TsixKesble 60JIb-
Hble ¢ HapylieHueM (DYHKIUHA BHEIIHEro Abixanus (Xi) NpU HAJUYUU MHOXKECTBEHHBIX
Ty6GepKysioM B Jjierkux (Xz).

2.2. BamrHnymocms cynepcundpomos. B cynepcuHIpomMe, MOCTPOEHHOM 110 3J1e-
MEHTaM OJHOT'O U TOTO 2Ke CYIIePCHUHIPOMA, He MOTYT HOSIBUTHCS KaKHe-TO MHbIE JIEMEH-
THI KPOME 3JIEMEHTOB HUCXOIHOTO cynepcutapoma. PopMasibHO 3TO CBOMCTBO 3aMKHY TOCTH
MOKHO BBIPa3UTh B BHUJE CJIEIYIOMNX yTBEPIKICHUII.

JIlemma 1. Ilyemo YI' sexmop ¢ k xomnonernmamu, us Komopoulir m AUHEUHO He3a-
sucumol, Yi' T S(Xy,) u Yy C Y7, moeda: 1) S(Yi*) ~ S(Y), 2) S(Y;') C S(X,).

JTOKABATEBCTBO. Iyers Y7 ~ (Y7 F(Y? \ Y™)), tie F = F(Y[ \ Y7) =
(fi,--+y fk—m) — BEKTOp C KOMIIOHEHTAMW, JIMHEHHO BBHIPA’KAEMBIMU HYE€pE3 3JIEMEHTHI
Y7, 1o ects f; € S(Y?). Torma s mobsix f;,s; € S(Yi) nan nosem [y crpaseniuso
fi + s € S(Y). Cienosarensuo, S(Y?) T S(YP) = S, F(YP\ YD) C S(Y%), To
ectb S(YP) ~ S(Y). Tak xax S(Y) T S(Xy), To m S(Y}') T S(%y). O

CaencrBue 1. [Tyems Yy, E SV (X,), moeda SV (Vi) C SV (X,).

2.8. CumMnmomovt ¢ 00UHAKOBBIMU 3HAYEHUAMUYU. Fcm B pacipeienenuu CuH-
npoma S(Xy) ecrb HyJleBble BeposaTHOCTH, TO B cyuepcutapome SV (Xy,) okaxyTcs cuMI-
TOMBI C OJMHAKOBBLIMH 3HAYEHUSIMU. PacCMOTpUM HPOCTEHNINiA Caydail CHHApOMa mep-
soro nopsinka S(Xg, X1) ¢ pacupeznenerueM (poo, Po1, P10, P11), B KOTOPOM, K IIPUMEPY,
p1o = P{Xo =1, X; =0} = 0. 1o npusoaur K ToMy, aro cumnroM Xo(1+ X;) okassisa-
eTcst BBIPOKIeHHBIM, TO ecTb P{Xo(1+X;) = 1} = p1o = 0 P{Xo(14+X1) =0} = 1. 3a-
METHUM, 9TO CJIOZKEHUE M YMHOXKEHHE OCYINECTBISAIOTC HaL 1osieM [ o, B KoTopom x+x = 0
u z-x = x. Beipoxaennocrs cumuroma Xo(1+ X1) UpuBoauT K TpEeM IapaM CUMITOMOB
¢ onuHAKOBBIMH 3HaueHusiMu: X = Xo + (Xo + XoX1) = Xo X1, X1 = X1 + Xo + X0 X1
uXo+ X1 = (Xo+ X1) + (Xo + XoX1) = X1 + XoX1. B pesyabrare B cynepcusipome
SV (Xo, X1) BMECTO ceMU CHMIITOMOB YHUKAJIHHBIMEA OKAYKYTCs TOJBKO TPHU HEBBIPOXK-
JIEHHBIX W OJIAH BBIPOXKJIEHHBINH CUMIITOMBI.

B obmieM Brjie aHAJIOIMYHO, HAJTMYAE HyJIEBOH BEPOSITHOCTH B PACIIPEIETIEHUN O3HA-
9aeT CIpaBeIMBOCTh HeKoToporo ypasuenms F(X,) = (. Ilpu paccmorpennm M =
22"=1 _ 1 xommonent G(X,) € SV (X,) MOXHO OOHAPYKHTb, 4TO [JIs KarsI0ii KOM-
nouentsl G(X,) # F(X,) cymecrByer xommonenta Gi(X,) € SV(X,) Takas, uro
Gi1(X,) = G(X,) + F(X,). CieoBaresbHO, IPH HAJIAYAH OFHOI HYyJIEBOH BEPOSTHO-

CTH KOJIMYECTBO HEOJMHAKOBBIX HEBBIPDOXKIECHHBIX CHUMIITOMOB B CYIEPCHHIPOME PaBHO
M—-1 _22”—2_1
= .
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[TpousBeieHnsi CUMIITOMOB MOT'YT TaKKe IMPUBOJUTH K CUMIITOMaM C OIMHAKOBBIMUI
3HadeHusiMu. Hampumep, mycTs a, b, ¢, d — HEKOTOpbIe OUHAPHBIE CJIydYailHble BeJIMYNHbI,
A=abc+b+bc+c, B=ab+abc+bc+c, C =b+bed+c, D=>b+ bed+ bd+ c.
Mozxkuo ybeaurhes B Tom, ato Hagl Fo cupasegymso AD = CD = D. Paccmorpum mo-
JipobHee 3TO CBOMCTBO CHMIITTOMOB OBITh HEHTPAJBLHBIME MO OTHOIIEHUIO JAPYT K JAPYLY
qepes3 IIPOU3BEICHHE.

2.4. MaocopuposarHsvie CUMNIMOMBL U CUHIPOMDBL. ByjieM TOBOPHUTH, UTO
HEBBIPOXKJIEHHBIN CUMITOM X j CTPOI'O MazKOPUPYeT HEBLIPOXKJIEHHBIN cuMIToM X; # X,
ecim X; X; = X;. Cumnrom X; OymeM Ha3bIBATb MaHcOpuposarHvum. s obo3HaueHs
CTPOroii Ma;KOpUPOBaHHOCTH Hcnoab3yeM X; < X;. Eciu cuMITOMBI HECOBMECTHEL, T. €.
X, X; = 0, um cupasegymso X; < X, OyieM roBOPUTH O HECTPOIOM MA’KOPUPOBAHUK
X; 2 X mmm mpocTo MasKOPUPOBAHHN.

JIemMma 2 (cBOICTBO TPaH3UTMBHOCTH M JIMHEWHOI He3aBucumocrtn). Fcau
Xo < X1 uXy =2 Xo, mo: 1) Xo 2 Xo; 2) aXy +bXs =0 moavko npua =5b=0.

,Z[OKASATEI[I)CTBO.

1) B cayuae crpororo mazkopupoBanust X1 < Xo umeem, uto eciu XoX; = Xo u
X1X2 = Xl, TO XOX2 = (XoXl)XQ = Xo(XlXQ) = XOX1 = )(07 TO €CTb X() < Xg. B
caygae X1Xo = 0 u XoX1 = X nonygaem XgXo = XgX1 X5 = 0, u ycnosue Xy < Xo
TaKKe OKA3bIBAETCS BBHITOTHEHHBIM.

2) N3z X1 = X1 XomwaX; +bXs =0 cmenyer aX1Xo+0Xo=0mu Xg(aXl + b) = 0.
ITockouibKy 1peioiaraeTcsi HEBbIPOXKIEHHOCTh CUMIITOMOB, ITOCJIe/IHEE PABEHCTBO CIIPa-
BeJJIMBO TOJILKO IIPU HYJIEBBIX KO3 durmenTax. Eciu 1y HEBBIPOXKIEHHBIX CUMIITOMOB
crpasenmBo X1 Xo = (), Torma u3 wersipex KomGunanmit koaddunnenros (a, b) TOIBKO
B ciyudae (0,0) umeer mecro aXq + bXs = 0, Tak Kak upu ¢ = 0,b = 1 umeem Xo =0
(mpu a = 1,b = 0 anasoruuno), wim a = 1,b = 1 Baeuer 3a coboit X; = Xo. a

Omnpenesnenne. DjeMeHTH BeKTOPa Xy, YIOBJIETBOPSIOT COOTHOIIEHUIO MAYKOPUPO-
BAHMUSI, €CJIA €r0 KOMIIOHEHTHI MOKHO YIIOPSI0IUTH TaKUM 00pa3om, 910 Xg =X ... = Xp_1
BEPHO TIPH yJAJICHAN JII0OOTO MPOMEXKyTOJHOro 3BeHa, X; = X; V i < j. IIpamasa myme-
panus Beibpana s onpedeiaennocru. Cungpom S(X,,) ¢ TakuMu 6a30BbIMU JIEMEHTAMI
OyIeM Ha3BbIBATD MAHCOPUPOSUHHHLM.

JIemma 3. Ilycmv Oan snemenmos Xy cnpasediuso COOMHOUEHUE MAHCOPUPOSA-
HuA, mozda: 1) IAEMEHMAMU MYALMUNAUKATMUEHO20 CUHIPOMA ABAAIOMCH IACMEHTIVL
i, mo ecmov V(K) E X, u SV (K) E S(Kk); 2) onemenmot Xj, Aunelino He3a6UCUMbL.

,Z[OKASATEIII)CTBO.
1) KOMIIOHEHTBl MYJIBTHIUIMKATUBHOIO cuHApoMa V(Xp) WMET BHI I
o m
Xo, ...y Xp—1, mm npomssenennii [[;", X;., X;, € Xy, KoTopble G1arogaps MarKOpH-

POBAHUIO CBOJATCS K MaXKOPUPOBAHHBIM cuMOTOMaM, To ectb V(X)) C Xj. Beaencrsue
storo SV (X)) = S(V(Xx)) C S(Xk), TO ecTb MasKOpUpOBaHHBI cynepcuuapom SV (Xy)
COMIEP?KUT TOJBKO JUHEHHbIe KOMOMHAIINA KOMITIOHEHT Xj .

2) Tlokaxkem, urto BbIpaxkenue agXo + a1 X1 + ... + ap—1Xp—1 = 0 umeer Mecro
TOJIBKO Tipu Beex a; = 0. Eciaum yMHOXKUTH 5TO BhIpakeHue Ha Xp, TO B CJly4ae CTPO-
rOT0 MaXKOPUPOBaHUs MOJTydaeM paBeHCTBO agXoX1 + a1 X1 X1 + ...+ ap_1Xn_1X1 =
apXo+ Xi(a1 + ...+ an—1) = 0, KOTOPOE CUPABEIJIMBO COMIACHO JieMMe 2 1pu a9 = 0 u
a1+ ...+ ap—1 = 0. Ocrapueecs Bbipaxkenue a1 X1 + ...+ an_1X,_1 = 0 yMHOXKUM Ha,
Xo. Honyunm a1 X1 Xo+. ..+ ap—1Xpn-1X2 = 0, orkyna a1 X1+ (a2 +...+an-1)X2 =0u
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a; = O7 1 TaK JaJiee BCe a; — 0. Arajlorugno YMHOXKEHHNEM Ha Pa3HbI€e KOMIIOHEHTBI MO2K-
HO IIOKa3aTh CIIPAaBE/JINBOCTH 9TOI'O YTBEP2KJACHUA IIPU HECTPOTOM MazKOPUPOBAHNU. U

Caencrsue 2. IIpuk < n < 2F—1 xomnonenmo. masicopuposarnozo sexmopa X, 1e
MO2YM, NPUHADAEIHCATND KAKOMY-TNO 00HOMY Hacmustomy cundpomy S(Xg), nockoivky 6
nocaeduem e mootcem 6vims boaee k Aunetino HE3ABUCUMDIT CUMNIMOMOS.

Teopema. ITycmo S(X,) — maotcopuposarmvls cundpom u Yi T S(X,) ecmw
k-noodmmoscecmeo cumMnmomos, no KOMoOpomy CMPOUMCA “ACTUNHBT CYNEPCuUHOpoMm

JIOKABATEJBCTBO. Ecim V(Yg) C S(X,), To 3a c4eT MarKOPUPOBAHUS OYECBUIHO
V(Yi) C Y C S(X,). Jasee MOXKHO BOCIOJIB30BATHCS YTBEPXKICHNEM 2 U3 JIEMMBI 1,
COTJIACHO KOTOPOMY 3JIEMEHTHI YaCTUIHOTO CHHIPOMA SIBJISIOTCS 3JIEMEHTAMH BCE TOTO

ke cuggpoma SV (Yg) = S(V(Yg)) C S(Yi)TS(Xy). O

2.5. Ilocmpoenue YynopadoueHHbiT No MAHCOPUPOSAHUIO CUMNIMOMOS. BLl-
SCHIIM, KAKIM 00pa30M MOYKHO TIOJTYIHTE YIOPAIOICHHDIE TI0 MAsKOPHPOBAHNIO CHMIITO-
MBI U, KaK CJIeJICTBHE, MaXKOPHUPOBAHHBIH CHHIPOM. IIycTh MMeIoTCsl YeThIpe OUHApPHBIC
nepeMeHHsIe a, b, ¢, d, pasbursle 110 Tpoiikam: (a, b, ¢), (a,b,d), (a,c,d), (b,c,d), n3 KoTO-
PBIX COOTBETCTBEHHO popMmupytoTca cumnTombl A, B, C, D.

Ipennoxkenune. [Tycmv cumnmomov. A, B A6AA10MCA dIAEMEHMAMU CYNEPCUHOPOMA
SV(a,b,c), a cumnmomov. Cy, D — anemenmamu cynepcundpoma SV (b, ¢, d), u svinoanen
YCA08UA 6HYMPeHHe20 madtcopuposanus A < D, C < B. Pacemompum oy < g €
SV(A,C) u P < B € SV(B,D) Toz0a Oél(A, C) < O{Q(A, C) < ﬂl(B,D) < BQ(B,D).

JOKABATENLCTBO. Ilo ycmosuio aq(A4,C) < az(A,C) u B1(B,D) < p2(B, D).
Iockonbky A < D, C < B, umeem aa(A,C) < B1(B, D), orcrofa 1o CBOACTBY TpaH3u-
THBHOCTH (JIeMMa 2) nosygaeM a1 (A, C) < az(4,C) < f1(B, D) < B2(B, D). O

ITpumep 2. MoxkHO HEIOCPEICTBEHHO yoeauThest, uro Haj Fo ntpu A = abc + ¢ u
B=a+ab+ abc+ ac+ c umeem AB = A, aupu C =ac+acd+cu D = acd + ad + c,
coorBercreerno, C'D = C. Kpome toro, AD = A, BC = C. PaccmarpuBast a; = A,
ag = A+ C+ AC = abc + abed + ¢, 1 = BD = abed + abd + acd + ad + ¢, f2 = B,
noiaygaeM iy = A(A+ C + AC) = A = a3, f182 = BDB = BD = 81, agf =
(A+C+ AC)BD = A+ C + AC = as, otkyga a1 < ag < 1 < Sa.

3. Urepanmonnas nporieaypa orbopa Hanbosiee nHPOPMATUBHBIX CUMIITO-
MoB. IIpegHasnadennas Ayl TOTO, YTOOBI OOOWTH MOJHBIN Tepedop CHMIITOMOB, UTEPa-
[IHOHHAST ITPOIIEJYPa OMPEJIEIISIeTCsT TPEMST TTAPAMETPAMME: ) — YUCIO UCXOTHBIX EePEMEH-
HBIX, k — HAWBLICIIASI CTEIEHD MOJUHOMA 2K erajKknHa, COOTBETCTBEHHO k — 1 — MOpsIIoK
YaCTUYHBIX CHHIPOMOB, [0 KOTOPBIM HUIIYyTCs HamboJiee MH(PpOPMATUBHBIE CUMIITOMBI, U
N > k — KOJIM4eCcTBO HAMJIYYIIUX CHMIITOMOB, OTOOPAHHBIX CO BCEX YACTUIHBIX CHHIIPO-
MOB JIJTsI CJIEJIYIOIIEro ITAIA.

Ha mauvajpHOM 3Talle pacCMaTpuBaeTCs BXOIHOE MHOXKECTBO U3 P JIUXOTOMUYECKUX
repeMeHHbIX. VI3 HUX BBIAEIAIOTCH C’]’; COYETAHUl IMePEMEHHBIX, KOTOPbIE IPUHIMAIOT-
¢Sl B KadecTBe 6A30BBIX JIIsT YACTUIHBIX CyHepCHHAPOMOB mopsiika k — 1. st kaxkmoro
u3 25 — 1 s;pemenTtos uwactmdanOro cymepcunapoma, rae K = 2F — 1, Berancisiercs ero
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3HAYUMOCTDH — B CJIy4ae JTUCKPETHON 3aBUCHUMOIl ITIepEMEHHON MOYKHO HCIIOJIb30BaTh KO-
3 DUIUEHTHI HEOIIPEIEJIEHHOCTH, 8 JjIsi METPUYECKUX IePEMEHHBIX WU JIJIsi KPUBBIX J[0-
JKATHUS — CTATUCTUKHU COOTBETCTBYIOIUX KpUTepueB ogaoponunoctu. Hanbostee 3nadnmbre
N cuMOTOMOB PaCCMATPUBAIOTCH KAK JIEMEHTHI BHIXOIHOTO MHOXKECTBA Ha CJIELYIOMIEM
srane. Ecim BBIXOHOE MHOXKECTBO COBIAJIAET CO BXOJHBIM MHOXKECTBOM, OCTUTAETCS
CTallHOHAPHOE COCTOAHUE.

Wrepanuonnas mporneaypa CXOIUTCs, KOTJIa 3JEMEHTHI BXOJHOT'O MHOYKECTBA IPH-
HaJJIe2KAT OJHOMY U TOMY K€ CHHIPOMY: YaCTUIHOMY MJIA MarKOpupoBaHHOMY. 110 BbI-
[IENPUBEJIEHHON TeopeMe W CJIEACTBUIO 1 3TW CHHIPOMBI 3aMKHYTBI, COOTBETCTBEHHO,
9KCTPEMAJIbHBIE CUMIITOMBI OCTAHYTCS TEMU K€, UTO M Ha MPEbILIyIneM mare. B cramm-
OHApPHOM COCTOSIHUH CPEJII leif COYeTaHUl, UCIOJb3yEMBbIX JIJIsl IIOCTPOEHUST YACTUIHBIX
CyILIEpCUHIPOMOB, C]’i,__ll COYeTaHHUI COMEPKAT HePBLIH 110 HHDOPMATUBHOCTH CHMIITOMS,
CJIEJIOBATEIbHO, B KAXKJIOM M3 3TUX YACTHUYHBIX CYHEPCUHIPOMOB CaMbIM MH(MOPMATHUB-
HBIM OKAaXKeTCsl OJMH U TOT K€ CHUMIITOM. B pe3ysbrare, eciin He IPemLyCMOTPETH IMIPO-
BepKy Hanbosiee HHPOPMATUBHBIX CUMIITOMOB Ha IIPEIMET UX SKBUBAJIEHTHOCTH, MATPH-
1a, cocraBjieHHast u3 N yIOpsIIOYEHHBIX 110 MH(MOPMATUBHOCTHU CyIEPCUMIITOMOB, IIPU
N < C]]V_ll OKazKeTcsl OJJHOPAHT'OBOiA.

IIpumep 3. Ilpumenum 3Ty HpOLELYPY MJjisd U3YU€HUs] CTPYKTYPHI 3aBUCUMOCTH
MeXK1y MOP(MOJIOrHIECKOil aKTUBHOCTHIO MATOJIOIMYECKOTO MPOoIecca y OOJBHBIX C TY-
GepKyJIOMOIi JIErKUX U HajudueM psja GakTopoB: GakTepuoBblieienue (@), Ka3e03HbIi
Hekpos (b), cuenuduieckue rpaHysIsUU B CTEHKe KalcyJe TyOepKyJIoMbl (¢), HeCIery-
dbuueckue BocnasuTeNbHbIE U3MEHeHUsT OPOHXUAIBbHOIO JiepeBa (d), TabakoKypenue (e),
HapyIieHre HYHKIMU BHeIHero apixanusi (f ). Crarucruueckne KpuTepun, IpUMeHEeHHbIE
K YKa3aHHBIM XapaKTEePUCTUKAM I10 OTIEJIbHOCTH, YKA3hIBAIOT Ha BBICOKYIO UyBCTBUTE/Ib-
HOCTH NPOrHO3upOoBaHusA mopsaka 0.95, HO OYeHb HUBKYIO CHENUMUYIHOCTH HA YPOBHE
0.45-0.64.

Ha mepBom srame ureparumonnoit npomueaypsl upu p = 6 u k = 3 ObLIN BBISBIECHBI
daxrops U = a+ac+acf+af+c=aféc+cuV = bef+bf +c, Koadbdurmenrsr Heonpe-
JIeJICHHOCTH JIJIsl KOTOPBIX paBHLI 57.85 1 46.32 % coorsercTsento. IIpu moMomy nepsoro
cdaxropa U (wm ¢, mmu ¢af) oTe e 60/IbHbIE, Y KOTOPBIX WK GBI crieriduHaecKe
TPaHYJISANNA B KAIICyJIe, WJIM €CJIM WX He ObLIO U OTCYTCTBOBAJIHN HAPYIIEHUS (PYHKIIUN
BHEIIIHEr0 JbIXaHWs, HO UMEJINCh OaKTePUOBbIAeeHnsd. B stom ciaydae u3 30 GOJILHBIX
y 29 ObLI aKTUBHBIA IIPOIECC, & B IPOTUBOIOJIOXKHOM ciiyuae u3 10 ODOJIbHBIX aKTUBHbIM
porece 6B TOJBKO Y JABOUX, 3HAUUMOCTh OTJAMYHs 110 TOYHOMY Kpurepuio Pumepa [23]
pasia p = 1075, Bropoit haxrop V (mmu ¢, miu bf) o3HAYAT ACCOMINPOBAHHOCTD AKTHB-
HOCTH HMATOJIOIMIECKOTO IIPOIECCa WU YePe3 HAJUYINE CHENMUIeCKUX TPAHYJISINN, in
Jepes3 coueTaHne Ka3e03HOro HEKpo3a ¢ HapyIieHrneM (DyHKIIMN BHEITHETO IbIXaHUs. DTOT
dakTop BcTpeuascs y 29 OOJbHBIX, U3 KOTOPLIX 28 MMeIN aKTUBHBII IIPOIECC, B IIPOTH-
BOITOJIOYXKHOM cJiyuae u3 13 G0JIbHBIX aKTUBHBIN [IPOIECC OBbLI ¥ 9eTBEPHIX, 3HAUYUMOCTD
5TOr0 pa3/MYusl, COIJIACHO TOYHOMY KpuTepuio Pumiepa, passa p = 107°. Ha BTopom
srane npu napamerpe N = 10 ObLT MOJTyYeH IebIiI KOMIIIEKC JOBOJBHO CJIOXKHBIX (DaK-
TOPOB C MPAKTUIECKU OJMHAKOBBIMU HH(MOPMAIIMOHHBIMI XaPAKTEPUCTUKAMHI HA YPOBHE
70%-ro xoaddunmenTa HeonpeaenseHHoCTH. [Iporie BCero 0Kasamoch BbLIETUTH COUETa-
mme W = U 4+ V + UV, Koropoe o3HavuaeT Hajmdme XoTsi Obl omgHOro u3 ¢dpaxropos U

3B cHaanCHpoOBaHHOI GJIOK-CXeMe, cojeprkanieil N 3JIeMeHTOB, PAaClpeieIeHHbIX 110 b = C]’i, BJIoKaM,

cocTosIIM 3 k SJIEMEHTOB, Karkaplii sieMent serpedaercst 1 = Ch Y pas (u3 coormomenus Gamarca
Nr = bk).
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wm V. Ilpu W =0 u W = 1 cooTBETCTBEHHO BEPOATHOCTH AKTHUBHOI'O IIPOIECCa OBLIN
pasub 0.1 (omun u3 10) u 0.97 (30 u3 31), p = 10~7. Taxum 06pazoM, IIPU MOMOIIH JBYX
CUMITTOMHO-CHHIPOMAJILHBIX UTEPAIAil 10 HEGOMBIIOMY YUCTy TIEPEMEHHBIX YIAIOCH J10-
cruab 90%-it cierudranoCTH.

4. 3akao4deHnue. [IpobremMa CTATHCTUIECKOTO aHAIN3a OOJIBIIIONO KOJIUIECTBA (DaK-
TOPOB aKTyaJbHA JJisi OOJILIMUHCTBA MEIUKO-OMOJIOTHIECKUX UCCJIEIOBAHUN. 3a9acTyTo
O0bEKTUBHYIO HEPABHOBECHOCTDL COYETAHWN (DAKTOPOB BpadaM HPHUXOIUTCS YIUTHIBATD
Ha UHTYUTHUBHOM ypOBHE, (bOPMUPYsSI CHHAPOMBI 110 HauTuio. llapaMerpusaius BceBO3-
MOXKHBIX JIOTUYECKHX COYeTaHWil mmojmHoMaMu 2KerajikuHa 1mo3BoJisier (hpopMain30BaTh
9TOT MOJIXOJL JIJIsI BBISIBJICHUST HAMOOJI€E 3HAYUMBIX M YCTOWIUBBIX MHTETPAJILHBIX (haKTO-
POB-CHMIITOMOB, arperupOBaHHBIX B CHHPOMBI U CYIIE€PCUHIPOMBI. JIJIsT CHUXKEHUST TPY-
JIOEMKOCTH BO3MOKEH TIEPEXO0JT OT TOJHOIO mepebopa KOHEIHBIX O IIIPOCTPAHCTB K UTepa-
[IMOHHOMN TIPOIEyPe PeIleHrsl SIKCTPEMAaJIbHON 3a/1a9u 110 IPOCTPAHCTBAM MEHbBINEH pas3-
MEPHOCTU. AHAJN3 CXOAUMOCTHU ITOW MPONEAYPHI MOKA3AJI, YTO UPUIMHON JOCTUKEHUST
CTAI[MOHAPHOI'O COCTOSTHUS MOXKET OBITH HE TOJIBKO CHIKEHUE PA3MEPHOCTU CHHIPOMOB,
HO M MX MaXOPHPOBAHHOCTD. JIOKAJIbHBIE SKCTPEMYMBbI, BLISBJIEHHBIE TAKUM 0ODPa30M,
UMEIOT CAMOCTOSITEbHOE 3HAYEHNE, OJIHAKO BOIIPOC, HACKOJIBKO OHU JIAJIEKU OT IJ100asIb-
HOT'O 9KCTPEMYMa, [TOKa OCTAETCSI OTKPBITHIM.

CuMITOMBI [TO3BOJISIFOT YCTAHOBUTH HEOJHOPO/IHBIN XapaKTep IPYIIl PUCKA UJIU BbI-
SIBUTb CTPYKTYPY JIATEHTHBIX (PaKTOPOB. BapuaHThI UCIOJIb30BaHUS UX B KaYeCTBE J0-
[TOJIHUTEJBHBIX (DAKTOPOB JJIsT YLy IIIeHUsT KIacCuDUKAINN U TPOrHO3UPOBAHUS TIOKA3a~
HBI HA [pUMepe aHAJIn3a (PTUHATPUIECKUX JTAHHBIX.

ABTop GJrarogapuT CTapIiero Hay4YHOTO COTPYIHUKA OHOXUMHUIECKON J1abopaTopun
Cankr-IleTepbyprckoro MHCTUTYTa (DTU3UOIYJILMOHOJIOIMN KAHIUIATa OHOJIOITIECKUX
nayk 1. C. DcMmesyisieBy 3a MpeocTaBIeHHbIE JAHHBIE U KOHCYJIBTHPOBAHUE IO BOITPOCAM
TEPMUHOJIOTUU U UHTEPIIPETAIN Pe3yIbTaTOB CTATUCTUYECKOTO aHAJIN3A.
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In this article, we study the distribution, entropy and other informational properties of finite
projective subspaces (syndromes) parameterized by impulse sequences with basic elements
in the form of symptoms — polynomials over the field F2 which are known as Zhegalkin
polynomials. It has been proven that the super syndrome, which is a linear syndrome with
basic elements in the form of a multiplicative syndrome, is closed. If in the multiplication
of two symptoms one is neutral, then we are talking about its majorization. The ordered by
majorization symptoms form a majorized syndrome. Is proved that the majorized syndrome
is closed and coincides with the super syndrome. The statements formulated in the first
part of the paper are used to justify the convergence of the iterative procedure (PI), in
which the most informative symptoms selected from partial super syndromes are again
used in the next step. The stationary state of PI is obtained if all elements of the input set
belong to either the same partial super syndrome or to the majorized syndrome. Thanks
IP it is possible to quickly find the optimal syndrome from a large set of variables. An
example from phthisiology shows how the specificity of classification can be improved using
symptom analysis.

Keywords: multivariate analysis of categorical data, finite geometries, algebraic normal
forms, entropy, uncertainty coefficient, iterative procedure, symptom-syndromic method,
dimension reduction, classification, sensitivity, specificity.
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