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SI3bIK cTaThbM — PyCCKUi
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ku. 2016. T. 16. Ne 1. C. 150-160.

AHHOTaNMSA

Ipennoxxena moxudukanus merozxa Jlacco, HCHoB3yeMOro IS ITOJTHOTEHOMHOTO MTOMCKA aCCOLMAINH, HA IIPHMepe aHalH-
3a YABOEHHBIX TaIUIONIHBIX JMHHUN SUMEHS Ul ydeTa NOIOJHHUTEIbHON MH(OpPMAIMU O IIENeBBIX 3HAYEHHSIX (EeHOTHIa,
OIIPE/IeNIIEMOr0 HEKOTOPEIM CBOWCTBOM pacTeHnil. CO CTaTUCTHYECKOW TOYKH 3pEHHs paccMarpuBaeTcs Moaudukanus 3a-
na4yM JuHeHHoH perpeccuu. [IpemioxeHo Gpopmaan3oBaTh JOIOJHHUTEIBHYI0 HHGOPMALUIO O CBOWCTBAX PAacTEHUH B BUIE
TIepeceueHusl IByX MHOXECTB BECOB, NPUIHCHIBAEMBIX 3JI€MEHTaM oOyuaromeil Beioopku. IlepBoe MHOMXeECTBO 00pa30BaHO
NpU TIOMOIIM MHTEPBANbHOM MOIENN 3acopeHus. BTopoe MHOXKECTBO BECOB 00pa3yeTcs MOCIEI0BATENbHOCTBIO MapHBIX
cpaBHeHHMH 3HaueHui (enoruna. [lomyyeHHOE MepecedeHne SBIAETCS BHITYKIBIM U HOJHOCTBHIO OIPEAENIAETCS] €T0 KpanHH-
MH TOYKaMH, ITO TIO3BOJISICT CBECTU MOAMGHUINPOBAHHBIHN, C TOUKH 3pPEHHS HCIIOIb30BAHUS MHOXKECTB BECOB HAOIIOJCHUM,
Metoz Jlacco k KOHEUHOMY MHOXKECTBY CTaHAApTHBIX peanu3anuil Jlacco. Pe3ynbTaTsl 4nCIIOBBIX AKCIIEPUMEHTOB IIOKA3allH,
YTO MOAMGUKAIMS MO3BOJISET MONYyYUTh OOJIee TOUHBIE XapaKTEPHCTHKHU 110 CPAaBHEHUIO CO CTaHIApTHBIM MeTojoM Jlacco
MPU MaJoM 00beMe 00y4aroIeii BEIOOPKH.
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Abstract

A modification of the Lasso method used for genome-wide association study by examples of double haploid lines of barley is
proposed for taking into account the additional information about target values of the phenotype which is defined by some
feature of plants. From a statistical point of view, a linear regression problem is studied. It is proposed to formalize the
additional information about features of plants as intersection of two sets of weights assigned to the training set elements. The
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first set of weights is produced by means of the interval contamination model. The second set is formed by the pair-wise
comparisons of phenotype values. The obtained intersection is convex and is totally defined by its extreme points. This
feature allows reducing the Lasso method with sets of weights to a finite set of standard Lasso methods. Results of numerical
experiments have showed that the modification provides the better accuracy measures in comparison with the standard Lasso
when the training set is small.
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BBenenue

[exnb MOMTHOTEHOMHOTO TIOMCKA accolmanuii (a genome-wide association study — GWAS) 3akirouaercs B
MOUCKE CBSI3U WJIM ACCOLMALNN MEX/y 3HAYCHUSIMHU (PCHOTHUIA U TEHOTHIIOM. [[0JTHOT€HOMHbIH MOKMCK accolna-
M MOXHO pacCMaTPHBATh KaK OJIMH U3 METOJIOB PELICHUS M3BECTHOM 3a/1aui 0TOOpa MPHU3HAKOB, TI/ie MPH3HA-
KaMH SIBIISIFOTCSL OTHOHYKJIeOTHIHbIe TIosuMopdu3mbl (singular nucleotide polymorphisms — SNP) uiu moneky-
JsipHBIe Mapkepbl. [loHMMaHUe TOro, Kak reHeTHYeCKHe BapHallMM BIMSIOT Ha MU3MEHEHUs (EHOTHIA, UMEET
OTPOMHOE 3HAYEHHUE JUIS IPOTHO3UPOBAHUSI MTOJIE3HBIX CBOMCTB CEIbCKOXO3SIMCTBEHHBIX KyJIbTYp. Kak mokazano
B pabore [1], uMeeT MecTo LembIil P CIOKHOCTEH Npu penieHnn 3anauu oroopa SNP-mapkepoB. Bo-nepBbix,
yrcino SNP-mapkepoB p OOBIMHO B JECSTKHU WIIM COTHU Pa3 MPEBBIIIAET YMCIO JJIEMEHTOB # B 00ydYaromiei

BEIOOpKE HJIM YMCIIO aHAU3UPYEMBIX IMOTOMKOB. J[pyrHMU clOBaMH, pa3MEpHOCTh 3alla4yd 3HAYUTEIBHO Ipe-
BBIIIACT KOJMYECTBO TOYCK B MPOCTPAHCTBE MPHU3HAKOB. BO-BTOPBIX, 3HAUCHHS (DCHOTHIIA SBISIFOTCS CIyYalHBI-
MU BEIHYHMHAMH, KOTOPHIE ONPEAEIAIOTCS HE TOIBKO TeHOTUIIOM, HO M YCIIOBUSIMH BHEITHEH Cpelbl, HalpuMep,
KOJIMYECTBOM OCAIKOB, KOJMYECTBOM COJNHEYHBIX IHEH, CpemHel TeMmepaTypol, BIMSHHE KOTOPHIX B SIBHOM
BHI€ OOBIYHO HEM3BECTHO.

BosbIioe 4nciio CTaTHCTHIECKUX MOJISICH U METOIOB [T PEeLICHHS 3a1adn 0T0opa SNP-MapkepoB ObL10
MIPEAJTIOKEHO B MocienHee BpeMs. YacTh METOIOB MOYKHO OTHECTH K MeToAaM (puibTpanuu [2, 3], KOTOpbIe HC-
MOJIB3YIOT cTaTHCTHUECKue cBoiicTBa SNP-MapkepoB i oTOpackiBaHNs HanMeHee HH)OPMATHBHBIX MapKepOB.
K HEUM OTHOCSTCS HW3BECTHBIE METOJBI, OCHOBAHHBIC Ha WCIIOJIE30BAHHUU ! -CTATUCTHKH, Kputepus Durrepa

( F -cTaticTHKM), ¥ -CTATUCTHKH M MHOTHe Apyrue. MakTHIeCKH METOMIbI (pHIBTPAIMH HCCIIENYIOT, HACKONBKO

3HAa4YeHHs TeHOTHIA Kaxaoro SNP-mMapkepa v COOTBETCTBYIOIINE UM 3HaUCHUS ()EHOTHIIa 00pa3yroT pa3InIHbIe
pacripeeieHus] BEpOATHOCTEH, T.€. HACKOJIBKO pa3IMyHbIe 3HAUSHHS TCHOTHIIA Pa3eIIIOT 3HaueHHs (DeHOTHIIA.

Jlpyras yacTb METOJIOB Ha3bIBAETCSI METOAAMHU YIaKoBKH [4]. CanTaercs, 9T0 OHH 00ecIieunBaroT Oojee
TOYHOE PEIICHHE 110 CPABHEHUIO C METOJaMU (UIIBTPALMH, HO OJHOBPEMEHHO SIBIISIIOTCS Oo0Jiee 3aTPaTHBIMH C
BBIYHCITUTENbHON Touku 3peHus [4]. OqHuM 13 Hambosee N3BECTHBIX TAKMX METOIOB SBJISETCS METO, MPEIsio-
JKEHHBIN B paboTe [5] 1 Ha3bIBaeMblil pEKYPCUBHBIM y/alIeHHEM IPU3HAKOB. DTOT METO/ ObUI YCIIEIHO MpUMe-
HEH JIJIsl pelieHus 3a1a4 0TOOpa I'eHOB NPH KIIACCU(PHKAIHM OHKOJIOTMYECKUX 3a00JIeBaHHH.

Meroapl GUABTPALUM U X MOAMU(PHUKALUH, YIAKOBOYHBIE METOJBI MOTYT OBITh JJOCTaTOYHO 3(PPEeKTUB-
HBIM MHCTPYMEHTOM JUIS pelieHus 3a1aun oroopa SNP-mapkepoB. B To jxe Bpemst ITpu pelieHny 3a1a4u oToopa
SNP-mapkepoB, 0COOCHHO IPH HAIMYNM HM3MEHSIONIMXCS 3HAUYCHWH (DEHOTHIIA, MCIHOJIB3YIOT PErpecCHOHHBIC
anroputMbl. OHOM M3 MepBBIX W HauboJiee M3BECTHBIX palOT, MOCBSIIEHHBIX MPUMEHEHHIO PErpecCHOHHBIX
MoJenelt I pemreHus 3aaaun orbopa SNP-mapkepoB, siBisiercst padoTa [6]. MeTomsl Ui TOCTPOCHHS COOTBET-
CTBYIOIINX PErPECCHOHHBIX MOJEINICH MOTYT OBITH OTHECEHBI K BIOXKEHHBIM MeTonaM [7]. OHU peanusyroT oToop
SNP-mapkepoB B mporiecce 00ydeHHst MOAETICH U 0XBAaTHIBAIOT OOJIBIIOE YMCIO M3BECTHBIX MOAXO0I0B, BKIIOYAs
meron Jlacco (Least Absolute Shrinkage u Selection Operator — LASSO) [8, 9], koTopblii, 0O4eBUAHO, SBISETCS
HanOoJiee MOMyIAPHBIM | 3((EKTUBHBIM METOIOM B 3afadax oroopa SNP-mapkepoB. OCHOBHOE PEHMYIIIECTBO
ucronb3oBanus Jlacco 3akiodaeTcss B TOM, YTO OH OCYLIECTBIISIET OTOOP MEPEMEHHBIX U KilacCU(UKAUIO (MIH
MOCTPOEHHE PErPECCHHU) OTHOBPEMEHHO.

MHOXeCTBO MOAXO0B, UCTIONB3YIOIKX MeTo] Jlacco u ero Moandukanuu, OblI0 pa3paboTaHo Jyis pe-
meHus 3aga4u oroopa SNP-MapkepoB B paMKax ITOJIHOT€HOMHOTO ITOMCKa aCCOLMAINH (CM., HalpuMep, paboTh
[10]). B pabote [11] mpuBeneH UCUEPIBIBAONINI 0030p CTATUCTUYECKHX METOJOB PEIICHUS 3a]la4 IIOJHOTe-
HOMHOTO ITOVCKa aCCOIMAIH.

B nacrosmeit pabore mpr MmomudumpyeM GWAS u uccnenyem mpemmaraeMyo MOAH(DUKAIIAIO HA TIPH-
Mepe aHan3a yABOCHHBIX raronaubix (Y1) muauii samens. B cootsercTBum ¢ YI' MeToOM, TONBKO JBa THIIA
TEHOTHIIOB UMEIOT MECTO JUI KaKHoi mapsl amieneil. Co CTaTHCTUYECKOW TOYKH 3pEHHS MBI pelIaeM 3anady
JUHEHHOU perpeccuu. PelreHrne 0OCHOBaHO Ha MCIOJIb30BaHMK MeTona Jlacco. Mel npemaraeM (GhopMain30BaTh
JIOTIOJTHUTENBHYI0 MH(OPMAIMIO O CBOWCTBAX KyJIbTYP B BHJE OPHUTHHAIBHOTO MEPECCUEHHsS IBYX MHOMKECTB
BECOB AJIEMEHTOB 0o0yuaroiiell BbIOOpKH. [lepBoe MHOMXKECTBO 0Opa30BaHO HPH MOMOIIN WHTEPBaIBHONW MOJIEIH
€ -3acoperus [12]. Bropoe MHOXeECTBO BECOB 00pa3yeTcss MHOKECTBOM IMAPHBIX CPaBHEHUH 3HAUYeHUH (heHOTH-
Ma WIH 3JIEMEHTOB oOydaromield BBIOOPKH. B pesynbraTe 3TOr0 MHOXKECTBa KOMIIEHCHPYIOT APYT Apyra. Mbl
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MOKa3bIBaeM, UTO ITOJyIEHHOE IEPECCUCHNE SIBISETCS BBIMYKIBIM M MOTHOCTBIO OMPEAEIACTCS €ro KpailHnuMu
TOYKaMH, YTO IHO3BOJISIET CBECTH MOAMGHUIMPOBAHHBIM, C TOYKHM 3PEHUS HCIIOJIb30BAHMS MHOXKECTB BECOB Ha-
6monennit, meron Jlacco kK KOHEUHOMY MHOXECTBY CTaHAApTHBIX peamm3auuii Jlacco. Kpaitnue Touku mepece-
YEHUs! NTOJIy4YEHBbI B pabOTe B IBHOM BUJIE, UTO J€JAET pealn3allio METO/Ia JOCTATOYHO MPOCTOH 3aJauci.

Meton Jlacco

Mgr ananmusupyem 1 Y1 THHUAN STAMEHS WIH TOMYJLIIHAI0 7 TOTOMKOB. C TOYKHM 3pEHHUS PEerPECCHOHHBIX

mozeneir SNP-mapkepsl MOTyT paccMaTpuBaTbCsl KaK HE3aBUCHMBIC BXOJHbIE IEpEMEHHbIE, T..
T . .

X, =(x5-%,;) — BeKTOp 3HaueHu# j-ro SNP-mapkepa, j=1,...,p.31€ecb x; — ABOMYHAS [IEPEMEHHAS, T.€.

x; € {0,1} . YucnoBoil npusHaK MM MHOXKECTBO 3Ha4eHni derotuna y, € R, i =1,...,n , MOXKHO paccMaTpuBaTh
kak BbIXOAHOH Bektop Y =(),,...,»,)". Mbl Takke 00O3HAYMM MATpUIly TEHOTMIOB Ui 71 JIMHUH
v . v T .
X= [Xl,...,Xp] , BEKTOD aJlIeNIed, COOTBETCTBYIOLIMUX I -OM JIMHUM X, = (x“,...,x,.p), i=1,..,n.
Hamma niens — NOCTpOUTh CTaHAAPTHYIO TUHEHHYIO PETPECCHOHHYI0 MOJEINb

y:iﬁ,.X+Bo+s:XﬁT+Bo+s.

i=1
3mecs € — NEHTPUPOBAHHBINA IIyM, T.€. CIydaifHas BEIWYWHA, UMEIOIIAas HOPMAIbHOE pacIpe/ieeHue C
MaTeMaTHYECKUM OXuaaHueM, pasHbM 0; X — BexTop 3HaueHui SNP-mMapkepoB HOBOIO NOTOMKA, JUIsl KOTO-

poro Heo0X0AMMO omnpenenuTh 3Hauenne denornna y; B=(B,,...,B,) — BEKTOp HEM3BECTHBIX MapameTpOB,
Ka)kK/bli 3JIEMEHT KOToporo P, ompenenser, kak SNP-mapkep ¢ HoMepoM i BIuseT Ha 3HAYEHUs BEKTopa (eHo-
tunoB Y . Yem Goublie 3HaueHue P, , TeM Oonee 3HauuMbIM sBisiercs i-if SNP-mapkep. Takum oOpasom, ompe-
IielleHne BeKTopa [ siBisieTcss ocHOBHOM 3amaueit GWAS. Ilapamerp B, — cBoOoxmsIii unen. Eciu Bce mepe-
MEHHbIE [IEHTPUPOBAHBI, TO MOXKHO UCKIIFOUMThH CBOOOIHBIN wieH [, u3 paccMoTpenus [13].

Cremyer OTMETHTB, YTO B OOIIEM CIydae 3a7ady MOCTPOSHUS PErpecCHOHHON M KITaCCH(PHUKAIIMOHHON
MOJIETTH MOYKHO 3aIMCaTh B BUJE CIICAYIONICH 3a/1a41 ONTUMH3AIUH:

ﬁo :arg&lll{rl}{l(YsXaﬁ)'i_Qx(B)}a (1)

rae [(Y,X,B) — dynxuus noteps; O, (B) — mrpadHoe cnaraemoe; B’ — onTuMaibHbIE 3HAYCHHS NAPAMETPOB

Hawnbonee nomynsipaoi 1 3 peKTHBHON perpecCHOHHON MOJENbI0, OCYIIECTBISIONEH 00paboTKy JaH-
HBIX IIPH yCIOBUH p > n , ABnsercs Meton Jlacco [8]. Mozens onieHuBaeT napameTps! 3 Ha OCHOBE MUHHMH3a-

un cnenyrouied Gynkunu noreps (Y, X,B) :
B’ =argmin/(Y,X,B) =argmin||Y - X[3||2 )
BeR?” BeR”

B merone Jlacco orpaHuueHnst Ha 3HaYEHUS] BEKTOpa 3 UMEIOT BUIL

P
I8l =Z|Bj|Ss, 5>0.
J=

3,HGCB § — BEIIMYMHA OTPAaHUYCHUA, BLI6I/IpaeMaSI B 3aBHUCHMOCTH OT KOHerTHOﬁ 3a1auyv Wi HacTpaun-
BacMasl B pE3YJIbTaTEC OKCIIEPUMEHTOB. I[BOFICTBCHH&?[ 3aJa4a 3aImuCbIBACTCA KaK

B =argmin|[¥ ~ X[ +1Jp] @

Te. 0,(B)= X"B"l; A — HEOTPUIATENHHBI MapaMeTp PerylsapH3alliy MIH CTIKHBAHMS, XapaKTepH3yIOMIHii

CTCIICHb BJIMSIHUS BTOPOI'O CJ1aracMoro B perpeCCHOHHOﬁ MOJCIIN.
MoTtuBaumus ajas paspaﬁonm HOBOI'0O M€TOAA

CymiecTByIOMHNE METO/IBI TOJTHOTEHOMHOTO TTOMCKA ACCOIMAINY HE HCITIONB3YIOT B MOJHOM Mepe IOMod-
HUTENBbHYI0 MH(OPMAIMIO, KOTOpast 0OBIYHO MMeeT MecTo. sl MHOTHX IPUIIOKEHHH IeTh MOJHOTCHOMHOTO
TIOMCKA aCCOLMAIINN 3aKJII0YAeTCsl HE B TOCTPOSHUN HaWIydlleld B HEKOTOPOM CMBICIIE PErPECCUOHHON MOJIETIH
M0 UMEIOLIUMCS TaHHBIM, a B 0T00pe SNP-MapkepoB, KOTOpBIEe BIUSIOT HA HAUMEHbIINE (HauOOoJbIINe) 3HaUe-
HUs (EHOTHIA, UCXOAS U3 MPAKTUUECKUX cooOpaxenuit. Hanpumep, npu aHanuze BiusHus SNP-mapkepoB Ha
BpeMs KOJIOLIEHUsI STUMEHsI Hac MPEeXIE BCEro WHTEPECYOT MHUHUMAJbHBIE 3HAUEHHs JAHHOTO NpH3HAKa, T.C.
Hala Ieib 3aKiIoyaercst B onpeneseHnn SNP-MapkepoB, BIMSIOIIMX HA YMEHBIIECHHE BPEMEHH KOJOILISHHS.
AHanorn4yHele 3aBHCUMOCTH MOKHO ONPENENUTh A OONBUIMHCTBA NPH3HAKOB, ONPEACISIONINX TOJIE3HbIE
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cBoiicTBa pacteHnii. Hmwxke amst onpeneneHHocTr OyeM paccMaTpUBaTh NMPHU3HAKH, TPEOYIOMNE MUHUMH3ALUH
WX 3HaYECHUH.

Ha nepBblii B3I, UCHONB30BAHUE TPEICTABICHHOMN MOMOIHUTEIHHOW MH(POPMAIMU SIBISIETCS TPHUBH-
ANBHOM 3a/1aueil 1 MOXET OBITh OCYIIECTBJICHO pa3lIMuHbIMH criocobaMu. Hanpumep, nepBbiii Hanbosiee mpo-
CTO# c110c00 — OCTaBUTH JJIsI IIOCTPOCHUS PErPECCHOHHOM MOJIENU TOJNBKO JIMHUU ¢ MUHUMAaJIbHBIMU 3HaUCHHUS-
Mu  (eHoTnna. OpHAKO KOJIMYECTBO JIMHUHA OOBIYHO HACTOJNBKO Majl0 1O CPaBHEHHIO C KOJMYECTBOM
SNP-MapkepoB, 4TO 3TOT HOAXOJ MPHUBEIET K COBEPILIEHHO HEYAOBIETBOPUTEILHBIM pe3yibTraTtaM. bosee Toro,
OCTaBIIYIOCS BEIOOPKY HEOOXOAMMO pa3fessiTh Ha JBE YacTH: OOYYaIOIIyI0 M KOHTPOJbHYI0. Jpyroii oueBmu-
HBI CIIOCO0 — MpUIHCATh KaXKI0W JIMHUM HEKOTOPBIH Bec, HApUMEp, UCHONb3Ysl npasuio PunibepHa, B COOT-
BETCTBHH C YIOPSAAOUYCHHBIMHU 3HaYeHMSIMU (eHoTHma. OgHaKko He0OX0ANMO OTMETHTh, YTO 3HaYeHHs (PeHOTHIIa
SBISIFOTCSL CITyYalHBIMHU B PE3YyJIbTaTe BO3JCHCTBHS BHEIIHHUX (DakTOpoB. B cBA3M ¢ 3THM, eciny OZHO 3HaYCHUE
(heHOTHIIA MEHBIIIE APYTOTO, TO 3TO HE O3HAYAET, YTO JAHHOE COOTHOIIEHNE NMEET MECTO Oarofapst COOTBETCT-
BYIOIIMM 3HAUCHUSAM TeHoTuna. Mcxoas u3 3Toro, UCHONIb30BAHUE TAKOTO TMOAXO0/a TAKXKE MOXKET IMPUBECTH K
HEKOPPEKTHBIM pe3yiibraram. Ha camom fene mepBblil crioco0 eCTh YacTHBIN clydail BTOpOTO Crocoda, Korjaa
Beca paBHbI 00 0 (1711 0TOpackiBaeMbIX HaOMOAeHUI) WK 1 1715t HAOMIOJICHUH ¢ MUHMUMANbHBIMH 3HAUEHHUSMH
(enoTHna.

Meton Jlacco ¥ MHOKeCTBAa BeCOB HAOTI0AeHH I

BepHeMmcs k paccMOTpeHHIo 3a1auu ontuMusanmu (1) s perpeccHoHHOM Monenu. JlanHas 3agada Oblia
3amKcaHa IpU YCIOBHH, YTO BCE DJIEMEHTHI 00y4Jaromel BRIOOPKHA paBHO3HAYHBI M UMEIOT OJMHAKOBbIH Bec. Jis
0000I1IeHNS MOZIENI MOKHO MCIIONB30BaTh Beca W = (W,,...,w,) HaOJII0OfeHNUil, Ha KOTOpble yMHOXXaeTcs (yHK-
1y nmotepb. OHAKO TOYHBIE Beca OOBIYHO HEM3BECTHBI, MM MX Ha3HA4eHHe sABIIseTCs Oecrione3HbM. B To ke
BpeMs BMECTO TOYHBIX BECOB MOXKHO OIIPEACNIUTh HEKOTOPOE BBITYKJIOE MHOXECTBO BecoB W, KOTopoe ocial-
JISIeT KECTKUE YCIIOBHSI, CBA3aHHBIE C HA3HAUCHUEM TOYHBIX BECOB.

3anuiiem 3a1a4y ONTUMH3AIMHA TIPH YCIOBHU HATMYHS MHOXKECTBA BeCOB. [Ipy 3TOM HEOOXOIUMO, Mpe-
KIIE BCETO, OMPENENTUTh CTPATETUI0 TIPUHSITHSI PELICHHH, T.e. HCOOXOJMMO OIPENEITUTh TPABUIIO ONTHMAIIBHOTO
BBIOOpa BecoB M3 MHOkecTBa W . HambGonee pacnpocTpaHeHHOW cTpaTerdeil sBiseTcss MUHUMAKCHAS WITH Tec-
CHMUCTHYECKAs CTPATerusi, B COOTBETCTBUH C KOTOPOIl BHIOMpaeTCs HaUXYALIMI B HEKOTOPOM CMBICIIE BEKTOD
BeCOB. B cOOTBETCTBUM € 3TOW CTpaTerueil BEIOMpaeTCsi TAKOW BEKTOP BECOB U3 MHOKeCTBa W, KOTOpBIH 0obec-
NeYMBacT MaKCUMyM (DYyHKIIMH HOTephb I KaKAOro (PUKCHPOBAHHOTO BEKTOpa mapaMeTpoB [3 . MUHUMaKCHas
CTpAaTerHsl HHTEPIPETHPYETCA KaK CTpaxOBKa MPOTHB HaMXyauero ciyvas. Torna 3agada ONTHMHU3ALINA MOXKET
OBITh Mepenucana CIEIYOIIM 00pa3oM:

B’ = argmin max{l(Y,X,ﬁ)-wT +QX(B)}. 3)
BeR? weW
Tak kaK ONTHMAIIBHEIA BEKTOP BECOB 3aBHCHUT OT IapaMeTpoB f , TO 3a1ady HeJb3s PEIIUTh HEIOCPEICT-
BeHHO. O/IHaKO ee MOXXHO CBECTH K KOHEYHOMY YHCIIy IMPOCTBIX 3aJad ONTUMH3ALUH, HCIOJIB3YSl CBOMCTBA
MHOXKeCTBa W ¥ 337a4 JMHEHHOTO IPOrpaMMHUPOBAHHSI.
3adukcupyem BekTop mapamerpos =B . Toraa Mbl HoiydyaeM 3a1ady JIMHEHHOTO TPOrPAMMUPOBAHHS
C NIEPEeMEHHBIMU W :
* T *
max {/(Y,X,B")-w" + 0, (B")}.
wewWw
Pemenne 3a1aun onTHMU3aIMU MOXKHO UCKATh CPeIN KpallHUX TOYEK MHOXKECTBA BOBMOIKHBIX PEIICHHH.
B nanHOM citydae TakuM MHOXKeCTBOM siBisiercss W . O0o3HaumM ero kpaitHue Toukn E(W). Torma MoXxHO 3a-

mucaTh 3aJavy ONTUMHU3al0NN KaK
max {I(Y,X.p")-w*" +0,(B)} ,

wh) eE(W)
rme w — k -as KpaifHss TOYKa MHOKeCTBa W .

Ecmu uncno kxpalflHUX TOYEK PaBHO 7, TO IMOJTydaeM # MEeNEBhIX (YHKIWH WK 3a1ad Oe3yCIOBHON OIITH-
muzanun. Takum oOpa3oM, 3amada (3) MoxkeT OBITh TIepenrcaHa B BUIE 7 CTaHAAPTHBIX 33124 ONTHMHU3AIIH

B’ = arg max min {I(Y, X,B)-whT+Q, (B)} ) 4)

k=1,...,r BeR”

[Moncrapmnss B (4) kpaitHHe TOYKA wh

MHOKecTBa W, momydaeM » 3amad (1). OnTuManbHOe pemeHue
JOCTHTaeTcs MpU HAUOOJIBIIEM 3HAYESHUH LeTeBOH QYHKIUHU {Z(Y,X,B)-w“‘)T +0, (ﬁ)} . Taxum o6pasom, 3Has

KpaifHue TOYKM MHOKecTBa W W Bo3Bpamiasch kK meroay Jlacco (cm. 3amauy (2)), 3amauy onrumm3anuu (3)
MOJHO CBECTH K 7' CTaHJApPTHBIM 3a1adam Jlacco.

MHoskecTBa BeCcOB Ha0/II0ieHNI U UX KpaiiHHe TOYKH
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Wnes Ha3zHaueHUs BECOB HAOIIOACHUSM MOXET OBITh TOJE3HA W MO3BOJHT MOBBICHUTH TOYHOCTH OTOOpA
SNP-mapkepoB, eciny 0cIadUTh HEKOTOPHIM 00pa30M HX JKECTKOE HasHaueHHE. DTO MOXHO CJeNIaTh, PacCMOT-
PEB J1Ba MHOXECTBA BECOB.

[TepBoe MHOXKECTBO 00pa30BaHO MPH IMOMOIIM WHTEPBANBEHOW Momenu € -3acopenus [12]. Mcmoms3oBa-
HHE 3TON MOJEIH OCIa0IAeT YCIOBHE Ha3HAYCHUS OJMHAKOBBIX BECOB, KOTOPOE HESIBHO MMEET MECTO B TPaIH-
IIMOHHOM HCTOJIB30BaHUH MeToa Jlacco, Koraa NCIONb3YIOTCS BCe HAOMIOACHUS U OHU paBHO3HAYHEI.

Btopoe MHOXXECTBO BECOB 00pa3yeTcss MHOKECTBOM MAapHBIX CPAaBHEHHHA. ITO MHOKECTBO ITO3BOJISET OC-
NMa0HTh KECTKOE YINOPSIJOYMBAaHHE U Ha3HAUYEHHE TOYHBIX BECOB, HAIIPHUMED, B COOTBETCTBHHU € TpaBiioM Duii-
O6epHa. MBI He Ha3HA4YaeM TOYHBIC Beca Ul paH)KUPOBAHUS AJIEMEHTOB oOydaromield BHIOOpKH. B To BpeMs kak
HCTIOJIB30BaHUE MTEPBOTO MHOYKECTBA SIBJISICTCS TOCTATOYHO OOIIUM METOJIOM JJIs CO3MaHHs POOACTHBIX CTaTH-
CTHYCCKUX MOJIENICH, YCTOHYMBBIX K IIyMaM, HMEIONIMM MECTO OCOOCHHO NPH OTPaHHUUECHHOCTH pa3Mmepa o0y-
Yaromeil BRIOOPKH, MPUMEHEHHE BTOPOTO0 MHOXKECTBA MO3BOJIAET MOCTHPOBATH MHGOPMAIUIO O Pa3IHYHON
3HAYUMOCTH 3JICMEHTOB 0OydJaroieil BEIOOPKU. 3/1eCh Ba)KHO OTMETHTH, YTO MBI HE Ha3HAYaeM YKECTKO Beca,
CpaBHHMBas 3Ha4YcHUs (QeHoTHIa. MBI MpeuiaraeéM HCIOIh30BaTh MHOXKECTBO BECOB, COTJIACOBAHHBIX C MMEIO-
nieticst mH(OpMAaITHei o eI TTOTHOTEHOMHOTO TTOUCKA aCCOIMAIIUH. JTO CYIMIECTBEHHOE OTIIHYHNE OT NU3BECTHBIX
TIOIXOZIOB.

Kaxxmoe MHOKECTBO BECOB B OTHEIBHOCTH MMEET CBOM ITOJIOKUTEIBHBIE CTOPOHBL. OMHAKO ATH MHOXE-
CTBa, OCOOEHHO BTOPOE, MOTYT OBITH CIHIIKOM OOJIBIIIMMH, UTO JIHOO JIeTaeT UX HCIIOIB30BAHNE OCECIIONIE3HBIM,
100 MOJKET MPUBECTH K CIUIIKOM ITECCUMHUCTHYECKUM pEIIeHUsIM. B CBSI3M ¢ 3TUM MBI UCIONB3yeM 006a MHO-
JKECTBa, a TO4Hee, ux mepeceyenne. O0a MHOXKeCTBa KOMIIEHCHPYIOT OPYT APYyra, U UX IEepPecedeHne CyIIecT-
BEHHO COKpaIaeT ux pasmep. bonee Toro, 06a MHOKECTBa SBISIOTCS BBIITYKIBIMH, a CIIEZIOBATENIFHO, M UX IIepe-
CCUCHHE SIBJISCTCS BBITYKJIBIM MHOKECTBOM, KOTOPOE MOJHOCTBIO OIMPEICIIACTCS CBOUMH KPaWHUME TOYKAMHU.
CrnenoBatenbHO, MOKHO MCIIOJIB30BATh 3TH KpallHUe TOYKHU I PEIICHUs 3a7a4 ONTUMU3AINH (4).

PaccmoTpum Oostee eTaabHO JIBa MHOKECTBA BECOB.

HNuTepBansHas Moaeab 3acopenns. [leppoe MHOKECTBO BECOB 00pa3yeTcs IPpH TOMOIIH HHTSPBATBHON
MOJICTIH € -3aCOPEHUsI, KoTopas Obuia Tpemiokena Yoiun [12] B kayecTBe 0000IIEHHsT U3BECTHOH pOOACTHOM

Mozenu € -3acopenus [14]. Ilycts q =(qg,,...,q,) — OLIEHKa HEKOTOPOTO pacIpeseleHus Beco. MHTepBanbHas
MOJIENb € -3aCOpPEHHs 00pa3yeT BOKPYI ¢ TaKOe MHOXKECTBO BecOB P(g,q), uto w, = (1—g)g, +¢&h, 11 Kaxmno-
ro ¢ukcupoBanHoro ¢ € (0,1) u ¢,, Tae /4, — MPOM3BONBHBIE BECa, HA KOTOPbIE HAKNIABIBACTCS CANHCTBECHHOE
orpanuuenue A, +...+h, =1. Ipyrumu cnoBamy, h = (4,,...,h,) sABIAeTCS IPOU3BOIBHBIM PACIIPEACIICHUEM Be-
COB W3 €OMHUYHOTO cuMILIeKca, obo3HadeHHoro S(l,7). [lapameTp 3acopeHus € oTpakaeT Mepy Heompeze-
JIEHHOCTH B OLIEHKE ¢ . TakuM 00pa3oM, MHOXKECTBO P(g,() SBISETCSA IOIMHOXKECTBOM SMHHYHOTO CUMILIEKCA
S(1,n) u npencraBaseT co00i CUMIUIEKC MEHbBINETro pa3Mepa. Tonbko pu € =1 MHOXecTBO P(g,q) coBmamgaer
C eIMHUYHBIM cuMILTekcoM. O603HaunM MHOXecTBO P(g,q) mpu q=(1/n,...,1/n) kak P(g). B stom ciyuae
MHOXeCTBO P(g) 00pa3oBaHO #+1 IIOCKOCTSIMH MM OTPaHUYCHUSIMA

w,.Z(l—e)n’l, i=L.,n w+..+w =1. ®)]

MHo:xecTBO, 00pa3oBaHHOE CPABHUTEIbHON HHpopManueil. PaccMoTpum crenyrolnyro nHpopmanuio

B BHJIE ITAPHBIX CPABHEHMH 21EMEHTOB 00ydJaromeil BRIGOPKH:
wSw, <. <w, (6)

IIpY yCIOBUU W, +...+w, =1.
MHoxecTBO M BecoB W = (W),...,w, ), KOTOpble 00pa3oBaHbl n—1 HepaBeHCTBaMu Buga w,—w, =0, a
TaKKe 71 HEpaBEeHCTBAMH W, > (0 M OJHUM PABEHCTBOM W, +...+w, =1, sBIsAeTCA BBIMYKIBIM, TaK KaK BCE Hepa-

BCHCTBA U PaBCHCTBO ABJIAIOTCA JIMHEWHBIMU. CJ'IeZ[OBaTeJ'H)HO, MHOECTBO M IIOJIHOCTBHIO OIpPCACIACTCA Kpaﬁ-
HUMHU TOYKAMU CJICAYIOMICIO BUAa:

weow, . W W, W,
0 0 .. 0 0 1
0 0 .. 0 1/2 1/2
0 0 . 1/3 1/3 1/3°

I/n 1U/n .. 1/n 1/n 1/n

WHTEepecHO OTMETUTh, YTO KpalHHE TOYKH COOTBETCTBYIOT CHTYAlHsM, KOT/Ia TOJIBKO YaCTh DJIEMEHTOB
oOyuJaromieil BRIOOPKH HUCHOIB3YETCs U IOCTPOCHUSI PErPEeCCHOHHON Mojienu. bosee Toro, nBa KpaitHUX CITy-
yast IMetoT MecTo. [1epBrIil ciydail 3aKiI04aeTcsi B TOM, YTO pacipe/iesieHIe BECOB IMEET TOIBKO OJUH HEHYJIe-
BOHM DJIEMEHT. DTO O3HAYaeT, YTO MOJAENb CTPOUTCS Ha OCHOBE OJTHOTO DJIEMEHTa C MUHUMAaJbHBIM 3HAUCHUEM
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(enorumna. Bropoil cmydail coBmamaeT ¢ paBHOMEPHBIM pacHpeielieHHeM, KOTOpOe HESBHO NPUCYTCTBYET B
CTaHJapPTHOM MOX0Jie Oe3 yueTa JIOMOIHUTENIbHOM HH(OpMALIUK O CBOWCTBAX PACTEHHIA.
Iepeceuenue nBYX MHOKeCTB. [lepen TeM Kak pacCMOTPETh OOIIMI CIy4ail MepeceueHns: MHOXKECTB P(g)

1 M, mpoaHaTM3UpyeM CITydaid n = 3 , UCTIONB3Ys CTAaHAAPTHOE MPEICTABICHIE BECOB IIPH MOMOIIHA SIUHUIHOTO
cumiuiekca. Puc. 1 WIIIOCTpUpyeT CUMILIEKC, KaXx/Jas TOuKa KOTOPOro — 3TO BEKTOP BECOB (W, W,, W, ). MHoOxe-
CTBO M COOTBETCTBYeT 00JIACTH, OTPAHUYCHHOH TpeyronbHUKOM ABC . MHOXecTBO P(€) COOTBETCTBYET obiac-

TH, OTPaHUYCHHOIN MaJIbIM CHMIUIEKCOM. VX mepecedeHne orpaHnueHo TpeyroibHUKOM BED (3alITpuXOBaHHAs
o6Js1acTb). MOXHO 3aMETUTh, YTO MOITYYEHHOE MHOXECTBO BecoB HeOousbiroe. Kpome Toro, Beca CMeIIEHBI B
HaTpaBJICHUH TTOCIIEAHEH (TpeTheil) BepITUHBI CUMIUIEKCa. B TO ke BpeMs Majblii CHMIUIEKC, COOTBETCTBYIOIIHN
P(g) , HE MTO3BOJIAET HA3HAYATh CIMIIKOM OOJIBIION BEC KaK TPEThEH BEPIUUHE, TAK U APYTUM BepinHaM. Jlpy-

T'MH CJIOBaMH, P(S) SABJACTCA OIrPAHUYIUTEIIEM BECOB, IMOJTYUYCHHDBIX [TAPHBIMU CPABHCHUSMU.

AW2

/\
A\

/" A\
/AN

Puc. 1. Cumnnekc

YTBep:kaenne 1. MHOXKeCTBO KpaifHUX Touek nepecedeHnst P(€) MM COCTOHT U3 /1 3IIEMEHTOB BHJIA
1 ¢ 1 ¢ i-1 .
Zow = ==W =—+4———i=1..,n

n o n n n n—-i+l

Joka3zareabcTBo. O603HaunM P — HepaBeHcTBa (5) 1 M — HepaBeHcTBa (6). HepaBenctsa w, 20 He
BXOAAT B P, Tak Kak Bce TOUKH ¢ w, =0, no KpailHell Mepe, [Uli OJHOIO i HE MPHHAAIEKAT NEPECEUECHHIO
P(e) "M . PaccmoTpum cuctemy 2n—1 HepaBeHCTB M3 P u M . V3BecTHO, 94TO Kaxaasi KpaiHssS TOUKa OIpe-
nensiercs n—1 paBeHcTBamu U3 P M . PaccMOTpuM clleyrolue Cily4au.

Cnyuaii 1. Bce n—1 HepaBeHCTB npuHauIexar P . OueBUAHO, YTO W, =...=w, =1/n.

Crnyyaif 2. n—2 HepaBeHCTB NpHHAIEKAT P, n 1 orpaHnyYeHre NPUHAUICKUT M . DTO 3HAYHT, YTO

1

-1 —
CYLIECTBYIOT OJIHO CTPOIOE€ HEPABEHCTBO W, ; < W, U3 P M OJIHO PaBEHCTBO W, =n —¢&n  u3 M . Paccmorpum

JIBA YaCTHBIX ciry4as. [lepBerii cmyqait — k > 7. Torma

_ ) -1
W_ <WwW, =w,=n —g&n .

Opnako w, =w,, =..=w,. Orcioga cineayer, 4to w, +...+w, =1—¢e<1. Ilomyunnan npoTuBopeyne.

[TosTomy 3TOT ciydait He naeT KpaitHuX Touek. Bropoii ciyuait — k& <i. Torna

_ . S B |
W=WwW,=..=W_ =n —&n .

Orcrona
W+t w, = 1—(n'1 —sn‘l)i.
B urore nomyuaem
-1 -1 .
1—(n —¢&n )z 1 ¢ i-1
W= =S ————,
n—i+l1 n n n—i+l
[Tomyuena kpaifHss TOUKa 111 GUKCHPOBAHHOTO i .

Cayudaii 3. n—3 HepaBeHCTB NpHUHAUIEKAT P, W 2 OTpaHUYCHHMS NpUHAIIEKAT M . DTO O3HAYAET, YTO
CYLICCTBYIOT JABa HEPaBEHCTBA W, , <W, U W, <w,, i<j, U3 P u J1Ba paBeHCTBa W, =n"'—-en' wm

wy=n"—en"', k</.Cny4ait k>i u [>i He pacCMaTPUBAETCA 3/€Ch (CM. AHATOTMYHYIO CUTYAIHIO BBILIE).

Hpennonoxum, uro k <i n [ <i.Torma w,=w, =..=w,, =n"'—gn .
Ipennonoxum, 4ro w,=a, S=i,..,j—-1, u w =b, s=j,.,n, Te Ww=..= W, =a,
W, == W, =b. 3neck Onaronapsi HepaBeHCTBAM W, ; < W, U w, | <Ww, 3alHIIeM n—ent<a<b.

Uucna a u b y#aoBIETBOPSIOT CIEAYIOINM OUYEBHIHBIM YCIOBHAM:
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(n —en™ )i =D +a(j-i)+b(n-j+1)=1.

CymiecTByeT OECKOHEYHOE MHOXKECTBO 3HAYCHUH a ¥ b , yIOBIECTBOPSIOMIUX YCIOBUSAM BBIIIE. DTO 03-
HadYaeT, YTO MBI MOIYYMIN peOpO COOTBETCTBYIOIIETO0 MHOTOTpaHHHUKA. To e camoe MoiydaeTcs A APYTHX
ciydaeB, Korja Mbl OepeM 7 —7 paBeHCTB 3 P, u r—1 orpanuuenuii u3 M . CrienoBaTenbHO, Cirydail 2 modj-
HOCTBIO OIIPEIEIIACT BCe KPaHUE TOYKH, YTO TPEOOBAIOCH JOKA3aTh. ]

Paccmorpum dactHble ciydan MHOXkecTBa P(e) M . Ecin € = 0, To MHOXKeCTBO P(g€) MM cyiKaercst 10

touku (1/n,...,1/n). DTOT ciydaii cCOOTBETCTBYET cTanaapTHOMY Metony Jlacco. Ecim € =1, t0 P()NMM =M,

T.€. IOCTPOCHHUE PErPECCUN OCHOBAHO TOJIBKO HA HCIIOIB30BAHUU MAPHBIX CPABHEHUHM.
YrBepkaenue | 03BOJSIET B SIBHOM BHJIE HOJyYUTh KpaiHHE TOYKH MHOXecTBa P(g) "M, KOTOpBIE He-

00XOAMMBI AJISI PEUIeHHsT § =7 3afad ONTUMH3AIMK B paMkax meronaa Jlacco. Kaxnas 3amaua ontummsanuu
ompesenseTcs OfHON U3 kpaitaux Touek W), k =1,...,n. B pe3ynbTaTe monyyaem n CTaHAAapTHHIX 3anad Jlac-
CO, peIIeHNe KOTOPHIX HE MPENCTABISET TPYAHOCTEH.

YucaoBbie IKCIIEPUMEHTBI

MHoskecTBa JaHHBIX. UHCIOBBIE SKCIIEPUMEHTHI OCYIIECTBISUTUCH IS IBYX MOIYJISAININ YABOSHHBIX Ta-
mionaHbIX (YT) nmuHmMiA samens.

1. TlepBoe MHOXECTBO aHHBIX cOcTOUT U3 93 VI nuHMI siUMeHs1, onucaHHbIX B paborax [15, 16]. [lanHble mo
(eHOTHIIAM M TEHOTHIIAaM MOXXHO HalTH Ha caiite (http://wheat.pw.usda.gov/ggpages/maps/OWB/). Msi
AHAJIM3UPOBAIH JINHUU B COOTBETCTBHHU C TpeMsi PEHOTHUITMYECKHUMHU CBOMCTBaMHU: JuinHa kosoca (SL) B cm;
konmuectBo 3epeH (GN); Bpems konomenus (HD) B mmsix. Kapra cnerenus cocrout nz 1328 SNP-
MapKepoB.

2. Btopoe MHOXECTBO MHaHHBIX COCTOMT U3 92 VI 1uHUMl suMeHs, MONYYEHHBIX OT CKPEIIUBAHUS
DicktooxMorex u onmicaHHBIX B pabote [17]. JlanHbBIe 10 (DeHOTHITAM U TEHOTHUTIAM MOKHO HAaWTH Ha caiTe
http://wheat.pw.usda.gov/ggpages/DxM/. Mbl aHaTH3UPOBAIN JIMHAH B COOTBETCTBUH C ABYMS (DEHOTHIIH-
YECKHMMH CBOMCTBAMU: BpeMsI KOJIOIICHHUS C APOBH3ALKEH 1 06€3 IpOBH3ALNHN C PEKUMOM CBETOBOTO IEPHO-
na 8 1 ceera/16 u TemuoThl. Kapra crierienuns coctout u3 117 SNP-mapkepos.

IIponyieHnsle JaHHbIe. [IpomymieHHbIe JaHHBIE BO BCEX MHOKECTBAX JTaHHBIX OLIEHUBAIOTCSA MOCPE.-

CTBOM CJIEIYIOIIEH SBPUCTUYECKON HPOLENYPhl, KOTOpask MOXKET paccMaTpuBaThCsl KaKk HEKOTOpasi MoJudHKa-

1us U3BeCTHOro meroga K Ommkaiimux coceneil. IIpeanonoxum, uto BekTop X,, COOTBETCTBYIOLIMU 7 -My

SNP, uMeeT NpoIyLIEHHOE JaHHOE Ha k -0l MO3ULUM, T.€., X, IpomylueHo. Mcronb3ys ylneabHOe pacCTOsHUE
Xommunra Mexay Bekropom X, u Bcemu Bekropamu X, j=1,...p, j#i, Mbl oTOMpaeM K Oamkaidimux co-

cemed X.,..., X,

i i i K OmKaimmx BCEKTOPOB. I[J'IH yue€Ta MpoImymCHHbBIX 3HAYCHUH OHM HMCKIIIOYAIOTCS W3
BBIYUCJICHUA PACCTOAHUA Xsmmunra. Bor TIOYEMY HCIOJIB3YETCA YACIBHOEC PAaCCTOAHUE XsMMUHTA IS CpaBHEC-
HU BEKTOPOB € PA3JIMYHBIM YHUCJIOM IMPOIMYIICHHBIX 3H3}~I€HHI71, T.€. MbI BBIYHCIIAEM PACCTOAHUE, ITPUBCACHHOC K

OAHOMY 3JIEMCHTY X[ . I[OOHPCHCHHGMOG 3HAUCHUC MMTPUHUMACTCA TaAKUM, KOTOPOC COOTBETCTBYCT HaI/I60J'ILHI€My

unciy K 3HaveHuii Ha k -0l nosuiuy Beex Omkaiumx coceneit X, ..., X, ;. 3Hauenne K Obuio BbIOpaHO 7.

i

IMoka3aTens ommdku. M3 KaxI0ro MHOXKECTBA J@HHBIX CIIyYailHIM 00pa3oM BBIOMPAIOTCS JBa MOJI-
MHO>XXECTBA: MHOXECTBO o6yqa}oumx n HpI/lMepOB U MHOXECTBO TeCTl/IpyIOLHI/IX JAHHBIX B KOJIHUYECTBE 7

test
npuMepoB. KadyecTBO aJrOpUTMOB OLIEHMBAETCS IPH MMOMOIIM CPEIHEH KBaApaTHYECKOW OIIMOKH PErpecchu
(CKOP), koTOpas ornpenensercs Kak

"mu

E=ng, > (0= fx)),

rae [ — (GyHKIHS, OLCHEHHAs NPEIOKCHHBIM MeTonoM; f(X,) — IporHosupyeMoe 3HadeHHe (eHorHna y,

s kaxnoro i€ {l,...,n, }. Ilokasarens ommOku CKOP BeUuUCISETCS TpH MOMOIIN YCPEOHEHUS PEe3yIhTaTOB

test
MHOTOKPAaTHO TIOBTOPSIIOMIETOCS CITy9aifHOTO BBEIOOpa TECTUPYIOIINX NTAaHHBIX. UeM MeHbIe 3HaUueHHEe IMOKa3aTe-
JIs, TEM JIy4YIlle COOTBETCTBYIOUIMI METOA. MBI UCHOJB3YEM METOJ KPOCC-BAMAALMHA C OJHUM TECTUPYIOIIUM
3JIEMEHTOM, T.€. 7, ., =1. DTO CBA3aHO C TEM, YTO YHUCIIO JTUHUI HEBEJIMKO MO CpaBHEHHUIO ¢ unuciaoM SNP u kax-

test
J0e HabIIoIeHNE BaXHO.

IlepBoe MHO)kecTBO JaHHBIX. CHavyana paccMoTpuM YI' IMHUU sTUMEHS U3 NEpBOM Tpynnbl. 3HAYCHUS
CKOP st mepBoro MHOXeCTBa JaHHBIX NMPHUBEAEHBI B Ta0J. 1, rae mepBblid cToI0EI COOTBETCTBYET TPEM aHa-
JTU3UPYEMBIM MpH3HaKaM, cTonOIsl 2—5 conepxar 3HadeHuss CKOP, ucnonesys 40 HanGonee 3HaunMbix SNP.
[Ipn 3TOM M3y4anuch ciaydau, KOTa TOYHOCTH OINpPEAEssieTcs Uil BCeX JIMHUK (Bce JIMHWH), M JUIS TEPBBIX
10 nmuHMA ¢ HanMeHbIMMU 3HaueHuAMHU Qerotuna (nepseie 10 muamit). Cokpamenus CM u [IM cooTBeTcTBY-
10T CTaHJapPTHOMY METOy U MpeAIaraéMoMy METOAy C BecaMH HaONIOJeHUI COOTBETCTBEHHO. B kadecTBe 3Ha-
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yenunit CKOP juis1 mpeasiaraeMoro MeTosia BEIOpaHbl HAMMEHBILNE 3HAYCHUS], TTOJyYEHHbBIE TIPH Pa3IMuHbIX € B
npenenax or 0 mo 0,5. MoXXHO 3aMeTHTh, YTO IIpeIaraeéMblii METOJ 0OECIeUNBACT JIyUIINe pe3yIbTaThl B
OCHOBHOM 151 iepBbIX 10 muamid. [Tpu sToM HambombImmit 3P PeKT mocTUTaeTCs s BpeMeHH KOJOMIeHus. B To
JKe BpeMs IepBbIe /1Ba MPHU3HAKa, JTMHA KOJOCAa M KOJUYECTBO 3€PEH, HE 3aBUCAT OT HA3HAYCHHS BECOB M HE
JEMOHCTPUPYIOT KaKOTO-THOO0 CYIIECTBEHHOTO YMEHBIICHUS OMNOKN perpeccud. JJaHHBIH BBIBOJ MMEET MECTO
TakKe MPH UCTIONIb30BaHnU Beex SNP-mapkepos.

Haunbonee 3naunmMble SNP Bce SNP
BCE JIMHUU nepsbie 10 nuHMiA BCE€ JIMHUHU nepsble 10 nuHMiA
CsaoiicTBa CM M CM IIM CM 1M CM M
SL 1,44 1,36 1,552 1,392 2,684 2,684 2,45 2,45
GN 85,9 82,94 58,53 58,18 140,4 139,6 104,3 104,3
HD 47,72 33,01 60,72 16,866 98,58 94,92 92,38 86,82

Tabnuua 1. CKOP gns ctaHgapTHOro u npegnaraemoro MeTodoB

B kagectBe mmoctparmu 3aBucuMoct CKOP ot mapamerpa 3acopeHnst €, ONpeersIonero MHOKECTBO
P(¢), Ha pucC. 2 MOKa3aHbl rpadyKy, MOTy4IeHHbIE U npu3Haka SL. ['paduk ¢ TpeyroasHBIMH MapKepamMu MOoKa-
3bIBa€T 3aBHCHMOCTb IIPH UCIIONB30BAHUM BCEX JIMHMIA, a rpaMK ¢ IPSIMOYTOJIBHBIMH MapKepaMH WLTIOCTPHPYeT,
KaK MEHSeTCsl OIMOKa PEerpeccuy NMpH PaCCMOTPEHUM TOJIBKO NepBbix 10 ymHuil. M3 puc. 2 MOXXHO yBHAETb, YTO
CYILECTBYET HEKOTOPOE ONTHMaIbHOE 3HadeHue €, mpu koropom CKOP E nocrturaer cBoero Muanmyma. B pac-
CMaTpHBaEMOM CJIyyae ONTUMAILHOE 3HaYEeHHEe € JUIs 000MX TpadMKOB COBManaer. B To jxe Bpems puc. 2 1okasbl-
BAaeT, YTO UCMOJIb30BAHUE MHOXECTBA BECOB MOMKET AK€ CHU3UTh TOYHOCTb MOJEIH, KOIa UCIOJb3YIOTCS BCE
SNP-mapkeps! A1si MOJISTUPOBaHIL. BakHO OTMETHTH, 9TO ciay4ail € =0 COOTBETCTBYET CTAaHIAPTHOMY METOLY
Jlacco. Mcxonst u3 3toro, HIKe Mbl OyzeM cpaBHHBaTh noiydeHHble 3HaueHns CKOP npu pazmmuseix € >0 co
3HaueHueM npu € =0, T.e. co cranAapTHbIM Jlacco. AHanorn4yHele TpadMKy Uil BpEMEHH KOJIOIIEHHUS TIPEeCTaB-
JeHbl Ha puc. 3. V3 pucyHKa BHIHO CYIIECTBEHHOE CHIDKEHHE OLIMOKM perpeccuu. IIpu MCronb30BaHMU BCex
SNP-mapkepoB Takoe CHIKEHHE MPAKTHIECKU OTCYTCTBYET M IMEET MeCTO TOIbKO st € = 0,05 .

HaubGounee 3naunmeie SNP Bce SNP
E E

1,6 ﬁi"é 2:8 H_-—/__‘/‘_h‘\._—‘
Ls- \ / g 52

1,4} 2,5
T 2,4
1,3} ’
2,3
1,2 2,2
0 0,1 0,2 0,3 04 05 c¢ 0 0,1 0,2 0,3 04 05 ¢
a 8]

Puc. 2. 3aBncumoctn CKOP (CM2) oT € (OTH.ed.) ans Hambonee 3Haummblx SNP(a) u anst Bcex SNP(6),
nony4YeHHble 4nsa npusHaka SL; TpeyronbHble Mapkepbl — NPpY UCMONb30BaHUN BCEX NINHUN;
NPSIMOYrorbHbIE MapKepbl — TOMLKO nepBbix 10 NUHWUIA

Hawubomnee 3naunmbie SNP P Bce SNP
60 |- 120
50 110
40 100
30 \W 90
20 \i_._.’._._& 20
10 70
0 0,1 02 03 04 05c¢ 0 0,1 02 03 04 05c¢
a 6
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Pwuc. 3. 3aBucumoctu CKOP (konuyecTtso ,D,Hel7I2) oT € (0TH.eq.) anga Hanbonee 3Ha4ymMmbix SNP(a) n ans Bcex
SNP(6), nony4eHHbIe Ana BpEMEHW KOMOLLEHWS; TPeYrornbHble MapKepbl — MPU NCMNOMNb30BaHUN BCEX NUHWUIA;
NPSIMOYronbHbIe MapKkepbl — TONbKo NepBbix 10 NUHWIA

Bropoe MHOXkKeCTBO JaHHBIX. PAaCCMOTPUM MHOXECTBO JIaHHBIX, cocrosiiee U3 92 YI' nuHuil sumens,
noirydeHHoe u3 ckpemuBanus DicktooxMorex. Ta0m. 2 colepKUT moKa3aTeIr OIMOKY TSl MHOKECTBA JAaHHBIX
DicktooxMorex mpu aHamU3e IBYX MPU3HAKOB: BpeMs KOJIOMICHUS C ApOBU3alueit u 0e3 sposuzanun. 13 Tabi. 2
CIIeZlyeT, UTO TMpeIaraeMblii METO MPAaKTHUECKH HE BIMSAET HA TOYHOCTH MOJENH, T.C. CTAaHNAPTHBIH METO.
Jlacco maet Takue ke pe3yNbTaThl. DTO TakKKe BUIHO U3 PHUC. 4, T/Ie TOIBKO i Hanbosee 3HaYnMbIX SNP 1 pu
paccMotperny nepBeix 10 auHUMIT HabmogaeTcs HesHaunTenpbHoe ymMenbiienne CKOP.

HawnGomee 3naunmeie SNP Bce SNP
BCE JIMHUH niepBbie 10 TuHMIA BC€ JIMHUH nepBoie 10 nuHMA
CoiicTBa CM M CM IIM CM 1M CM M
0e3 STpoBH3AIIH 32,23 32,23 19,6 19,31 46,41 46,25 23,74 23,36
C SIpOBH3AIHEH 29,05 28,3 24,6 23,4 38,52 38,55 27,4 27,02
Tabnuua 2. CKOP ans DicktooxMorex
£ Hawnbonee 3naunmebic SNP Bce SNP
E
31 | 60 b
29 | S Ji —
27 | >0
25 | 40 =
23 30
21 |
19 20 |
17 | 10 |
15 0 |
0 0,1 0,2 0,3 04 05 ¢ 0 0,1 0,2 0,3 04 05 ¢

a 6]

Puc. 4. 3aBucumoctn CKOP (konmyecTBo ,lJ,Hel7I2) oT € (0TH.eA.) anga Hanbonee 3Haunmbix SNP(a) u ans
Bcex SNP(6), nony4veHHble gnsa Dicktoo x Morex; TpeyronbHble MapKepbl — MPU UCMONb30BAHNN BCEX JIUHUI;
NPsIMOYrorbHbIE MapKepbl — TOMbKO NepBbix 10 NUHWIA

CoxparuM pasmep oOydatromeid BIOopkH 1t JaHHbIX DicktooxMorex no n =30, yranus n3 00y4aromero
MHOXKecTBa 62 sneMeHTa. Pe3ynbTaThl aHamM3a Npy pa3liMuHbIX YCJIOBUSX M 7 =30 mpueneHsl B Tadi. 3. Ml
MO)KeM HaOJII01aTh COBEPILEHHO ApYyTyIo KapTuhy. [IpakTuueckn uist BceX YCIOBHH | JUIS IBYX MPU3HAKOB Mpel-
JlaraeMblil METOJ 3HAUUTENBHO IPEBOCXOUT CTaHJAPTHBIA. DTO TAKIKE MOXKHO BUIETh U3 PUC. 5.

Haub6onee 3naunmeie SNP Bce SNP
BCE JIMHUU nepsble 10 tuHMHA BCE€ JIMHUHU nepsble 10 tuHMHA
CaoiicTBa CM M CM M CM M CM M
0e3 sipoBH3aLUU 18,88 18,88 19,30 18,62 45,37 4455 51,23 46,52
C sipoBH3aIMEH 6,76 5,88 8,74 6,83 39,66 33,07 64,47 54,39
Tabnuua 3. CKOP gnsa DicktooxMorex npu manow Beibopke
E Hawubonee 3naunmeie SNP Bee SNP
E
14
13 ﬁ¢l—l—\— 60 Wﬁ
12 50
5 - // \\ 30
g = \\\—n 2
7 ,
6| i 10 |
: 0
> 0 0,1 0,2 0,3 04 05c¢ 0 0,1 0,2 0,3 04 05c¢
a 9]

Puc. 5. 3aBucumoctn CKOP (konnyecTtso ﬂHeVIZ) oT € (oTH.ed.) Ans Hanbonee 3HaunmbIx SNP(a) n ansa Bcex
SNP(6), nony4eHHble ansa DicktooxMorex npu manon BbIOOpKe; TPEYronbHbIe MapKepbl — NPU UCMONb30BaHUN
BCEX NINMHUI; NPSIMOYTofbHblE MapKkepbl — TOMbKO NepBbiX 10 NMHURA
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3akiaouenue

Pe3ynbTaThl 4MCIIOBBIX JKCIIEPUMEHTOB M JIOTHKA, JIeXKalllas B OCHOBE IpeIiaraeéMoro Meroja, mpoje-
MOHCTPHPOBAIIH, YTO METO/I MO3BOJISAET MOIYyYUTh 00JIee TOYHbBIE XapaKTEPUCTHKH 10 CPABHEHHIO CO CTaHAAPT-
HBIM MeTo10M Jlacco, 0coO0eHHO, Koria 00beM 00yJaroleii BHIOOPKH MaJl.

HeO6XO[ll/lMO OTMCTHUTDH, YTO HOHHOFCHOMHbIﬁ IIOHUCK accounaunﬁ 6bIJ'I BBITIOJTHEH B KA4Y€CTBE MPUIIOKE-
HUS JJ1s1 YABOCHHBIX TallJIOMIHBIX JIMHUN STYMEHS. O[lHaKO METOA MOXKET IMTPUMEHATHCA 663 KaKl/IX—J'll/I6O HU3MECHE-
HUH U U1 ApYyTUX OOBEKTOB, HAIIPUMEP, IS MOJTHOIC€HOMHOTO ITOWCKA aCCOIUAINN APYTHX OPTaHU3MOB, IS
aHaJIN3a 3KCIPECCUU I'CHOB B TEHOMAX YKHBBIX OPraHU3MOB Ha OCHOBE JAHHBIX SKCIIPECCHOHHBIX MUKPOYHIIOB.

B pabote ObLT MpeIoKeH OJIUH U3 CIIOCO00B yUeTa OTMOHUTEIHHON HHPOPMAITUH B BHIC TICPECCUCHHS
JIBYX MHOXECTB BECOB HaOIIO/ICHHUN, 0OPa30BaHHBIX MHTEPBAIBHON MOJIEIBIO 3aCOPEHHsSI U MAPHBIMU CpaBHE-
HUsiMU. [IpH 9TOM KIIFOYEBBIM 3JIEMEHTOM, MMO3BOJISIONIMM HCIOJIB30BaTh MHOXKECTBA B 33j1a4ax ONTUMHU3AIINY,
ObL1a BO3MOXHOCTH TOJIyYSHHUS] KOHEYHOTO Habopa KpailHUX TOYeK repecedeHus. AHATOTHYHBIM 00pPa30M MOXK-
HO pa3paboTath Apyrue, BO3MOKHO, Oosee d3QeKTUBHBIC TOAXOAbI AJIsl yyeTa JOMOJIHUTEIbHONW HH(pOpMAIHH,
00pa3syolire MHOXKECTBA BECOB. DTO SIBJISIETCS OJHUM U3 HANPABJICHUN TAIbHEHUIIINX UCCIICI0BAaHUH.
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