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B nokasaHHOM TIPUMEpPE MCIIOJb3YIOTCs JIBa MOpTa B 00Luee aJpecHoe NpOoCTPaHCTBO. Jns obecrieyeHust
6eckoH(IMKTHOH PaboThl NAMATH JIOCTATOYHO MPHMEHHTB JIBYXIIOPTOBYIO NamATh WA perucTpoBblii Qaiin. B
ciyuae, KOra J0CTyNHa TOJILKO O/IHOTIOPTOBAs TIaMsATh, aKCEIEpaTop Gy/IeT TIPOBOIMTD MOJIOBHHY BpeMeHH pado-
THI B OJKHJAHMN JAHHBIX OT NamsaTh. B Gosiee CIOKHBIX Clydasx i ofecrieueHHs BbICOKOi IPON3BOIMTENLHOCTH
QITOPUTM JIOJDKEH OBIT TIepepaboTaH /Uil CTIOJIb30BAHNSA HECKOJILKHX HE3aBUCHMBIX ©aHKOB NaMsATH.

B nokasaHHOM NpHMepEe HET MEXHTEPALHOHHBIX 3aBUCHMOCTEH, MI0ITOMY OH MOKET ObITH JIETKO pacra-
pajiene TyTeM ay6aupoBaHusi anmapatypbl. EanHcTBeHHas 00paTHas CBA3b MPOXOIMT Hepes (yHKIMOHATb-
Hblii 610K (+1) B cueTurike urepauui. Ecinu 3ajepxka yepes sToT yHKUMOHABHBIH OJIOK COCTABIAET 5 HC, TO
akcenepatop cmosxker paborars Ha yactore 10 200 MI'n npu COOTBETCTBYIOIIEH KOHBeieph3alluK OCTalbHO
4aCcTH TpaKTa JaHHbIX. UTOObI MOJHATH YAaCTOTy aKcelnepaTopa, norpebyercs pasoUTh onepauyo Ha 00paTHOl
CBSI3M HA HECKOJIBKO CTAJMii, OJHAKO 3TO HE NPHMBEAET K YBEIMYEHHIO MPOU3BOAMUTEILHOCTH, TaK KK CHETIHK
uTepauuy Oy/eT MPOU3BOAMTh JAEHCTBUTEIbHBIC JIAHHBIE TOJILKO 1 pa3 3a N TakToB, rie N — 4ncno KoHseiiep-
HBIX CTa/iMii Ha 00paTHON CBA3M.

3ak/IloueHue

B pa6oTe npe/CTaBIeHbl OCHOBHBIE TUIIbI TIOTOKOBBIX BbIUHCIHTEIBHBIX MOIeJI€ii, TPUrOIHBIX s arima-
patHoii peann3awui. IlokazaH NpuMep CO3/aHns aKcenepaTopa Ha OCHOBE paciperHoit BDF mojenm, siBisto-
1eiica 07HOM M3 Hanbosee NpocThiX M A(GEKTHBHBIX NPH MPSMOI peain3allui B anmnaparype. Bbigenens! oc-
HOBHbIE ()aKTOPbI, BIMSIOIINE HA POU3BOAUTEIILHOCTb TIOTOKOBBIX MALLIMH.

[TOTOKOBbBIE MOJIENN 00IaIal0T 3HAUNTEILHON BhIPA3UTEIbHON MOIIbIO, YTO MO3BOJIAET C UX TIPUMEHEHH-
€M OIMChIBATh IIMPOKHUil KJ1acC ajrOpUTMOB M3 Pas3INYHBIX NPEJAMETHBIX o6nacreit. [Ipu 3TOM MoTy4eHHbIE MO-
JIeJIM MPUTO/IHBI KAK JJisl MPSIMOH annapaTHONM peain3alni, TaK u s 0TOOpaKeHHsi Ha pa3andHble PEKOH(HTY-
pupyemble MawnHbl [5]. Haubosee nepenekTHBHOM 0671aCThI0 NPUMEHEHHSI TOTOKOBBIX MOJIEJICH SIBIACTCSA MX
MCIIONIB30BAHKE B BHJIE TIPOMEKYTOYHOTO MPECTaBIEHUs B CHCTEMaX BbICOKOYPOBHEBOTO CHHTESA. C ux rnomo-
LIbI0 MOJKHO BBIPA3HTh BCE BHIYMCIIMTENbHBIE M YNPABIAIOUINE KOHCTPYKLHH, HCMIOMB3YEMbIC B COBPEMEHHBIX
A3bIKAX BBHICOKOTO YPOBHSI, IPH 3TOM OHH T03BOJISKOT MaKCHMaJbHO MCIOJIb30BaTh BOSMOKHOCTH pacnapajlic-
JIMBAaHKS BBIYMCIIEHHUH B ClICLMANN3UPOBAHHOM anmnaparype.
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METO/ UCITPABJIEHUS OLIMBOK B HABOPE YTEHHH

HYKJIEOTPII[HOﬁ MOCJEJAOBATEJIBHOCTH
A.B. Anexcanapos, C.B. Kazakos, C.B. MebHHKOB, A.A. Ceprymnues, ®.H. llapes, A.A. lajabiTO

3anaua ceKBeHHPOBaHUs H COOPKH GONBIINX TEHOMOB ABJISETCS OHOM M3 AKTyalbHBIX 3a1a coBpeMeHHOit Gnonndopmaru-
k1. VICXOMHBIMH JaHHBIMH i COOPKHM TeHOMa SBIAIOTCA TaK HA3bIBAEMbIC YTCHHS, MOJNyYAEMbIC C MOMOLIbIO ML=
CeKBEHATOPOB. ITH YTEHHs MOTYT COAEPXKaTh OUIMOKH, BbI3BAHHBIC TEM, YTO CCKBECHHPOBAHHE OCHOBAHO Ha BBITIOJTHEHHH
psla XMMUYECKHX peakuuii. YacTto ofHMM M3 5Tanos cOOpKH reHoMa SBISCTCS MCIpaBlieHne OWNOOK B Habope 4TEeHHH.
BOJIBIIMHCTBO METOAOB HCTPABIEHUs OMGOK B YTEHHAX CTPOAT rpad ae Bpronna. Ilpennaraemblii METOA HE MCMOJBL3YCT
rpady e BpionHa, 4TO MO3BOJIAET CYLIECTBEHHO COKPATHTh MCTOJIb30BAHME NAMATH. MeToa peann3oBaH M onpobOBaH IpH
cBopke reHoMa B pamkax npoekTa «de novo Genome Assembly Project».

K10ueBbIe CJI0BA: TCHOM, CEKBEHHPOBaHHe, CO0pKa reHOMa, HCNpaBJieHne OHGOK.

BBenenue

MHOTHe COBPEMEHHBIE 3a/1aui GHONOrHH W MEIMIIMHBI TPEOYIOT 3HAHHS T€HOMA JKMBBIX OPraHU3MOB, KO-
TOpBI COCTOMT M3 HECKONIBKMX HYKJICOTHIHBIX TI0C/IeI0BaTENLHOCTEH MOJIEKYIl JIE30KCHPHOOHYKIIEMHOBOH K-
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METO/1 UCMPABNEHUSA OLUMBEOK B HABOPE YTEHUW HYKNEOTUOHOM...

ciotbl (JIHK). B cBs3M ¢ 5TMM BO3HHKaeT HEOOXOANMOCTD B [IEIIEBOM M OBICTPOM METO/Ie CEKBEHNPOBAHHS, T.C.
onpesiesieHus MOCIe0BaTeIbHOCTH Hyk1eoTH10B B 00pasue JIHK.

CylIeCTBYIOIIME TEXHHUYECKHE CPECTBA (CEKBEHATOPhI) HE MO3BOJSIIOT CHMTATh PAa3’OM BCIO MOJICKYIY
JIHK. BMecTo 3TOr0 OHH MO3BOJISIOT YHTaTh (JparMeHThi reHoMa HeGOIbIIOH AnnHbl. JlnHa parMenTa Moxer
BapbUPOBAThCs M ABISAETCS BaKHBIM NApaMETPOM CEKBEHWPOBAHMs, TAK KaK OT HEE HANpAMYIO 3aBHCHT CTOH-
MOCTb CEKBEHMPOBAHHMS W BPEMs, 3aTPa4yiBaeMOe Ha YTEHHE OIHOTO (hpparMeHTa: uem OoblIe IHHA CYNThIBAC-
MOro ()parMeHTa, Tem BbIIIE CTOMMOCTD YTEHHSI M TEM JIONIbIIE 3TO YTEHUE MPOMCXOANT. B CBs3H € 9THM celyac
TNOJIyuMIl PaclpoCTpaHEeHHe CleylomHii JemeBblid 1 3QHEKTHBHBIN MOAXO/: CHaYala BbIYJICHACTCS Cly4yaliHO
PacnonoKeHHbli B reHoMe (parMeHT JmnHO# 0koa0 S00 HYKIEOTHIOB, @ 3aTeM CUHTBIBAIOTCS €ro npedukc 1
cyddurc (namHoii okono 80-120 HykneoTnaoB Kaxawi). DT npedukc n cyddukc Ha3bIBAIOTCH NApHLIMU
umenusiMu. ITOT NMPOLECC MOBTOPSETCS TAKOE HHCIIO pa3, 4ToObl 00ECHeynTh J0CTATOYHO OOJBIIOE MOKPhITHE
reHoMa YTeHHsMH.

OrMeTM, YTO OnMcaHHble Bbilie npeduke u cydduke unrtatores ¢ pasnbix Hureid IHK: oann — ¢ nps-
MOIi, IpyTroii — ¢ 06PAaTHO-KOMILIEMEHTAPHOI, IIPHYEM HEM3BECTHO, KOTOPBIi 0TKya. [1o 3T0i npuunHe ya00HO
paccMaTpuBaTh FeHOM H YTCHUs, JI0TOIHEHHbIE CBOUMH 00pPAaTHO-KOMILIEMEHTAPHBIMU KOTIHSAMH.

OnucaHHBIH BbBIIIE TEXHOJOTHYECKHMH TMpOLECcC peau3yeTcs, HanmpuMep, CEKBEHaTopaMH KOMIAaHWH
[llumina [1]. TTpu 3TOM BaKHOI OCOOEHHOCTBIO PabOThl HTUX CEKBEHATOPOB SIBJISETCS BO3MOXKHOCTH COBEpLIE-
HHUsl OIMOOK NPU YTEHMH. DTO O3HAYAET, YTO HEKOTOPBIE HYKIEOTH/Ibl CEKBEHHPYIOTCS HEBEPHO (Hampumep,
BMeCTO HykneoTHaa A uutaercs Hykineotna G). Ommbkn 3aMeHbl — He eIMHCTBEHHBIH THIT OLIMOOK, 10TyCKae-
MBIii cekBeHaTopaMH. Tak, BO3MOMKHbI TaKKe OMINOKN BCTABKM M yjaneHus. O1HaKo 3TH OIMOKH BCTPEYaroTCs
B JIOBOJILHO CHEUM(HUUECKUX CIIyYasix ¥ MO CPABHEHHIO C OLINOKaMH 3aMEHbI OUEHb PEJIKH.

Kpome camoii mocie1oBaTebHOCTH HYKIIEOTHIOB, Pe3yIbTaToM paboThl CeKBeHaTOpa ABiSeTCs MH(Op-
Malysi 0 KaueCTBE MPOYTEHHS KKI0r0 U3 HYKIeoTH0B. ITo Hell MOXKET ObITh BbIYMC/IEHA BEPOSTHOCTH TOTO,
YTO J@HHbIH HYKJIEOTH ObLI POYNTAH HEBEPHO.

Jlns >ddexTnuBHON paboThI TMOCHEYIOIMX CTaAuil alroOpuT™Ma OYeHb BAKHO HCHPABHTH KaK MOXKHO
Oosblie OMINOOK B YTEHHSAX.

Cy1ecTByeT 60b1I0e YHCI0 COOPLINKOB, OCYLIECTBIIAIOMIMX BCE MIIM TOJILKO HEKOTOPbIE U3 NPUBE/CH-
HBIX BbILIIE 9TANOB. Bce MX MOXKHO pasaennTh Ha [Be rpymibl. OHH MCTIONB3YIOT JUlsl HCIIPABJIEHHs OLIMOOK TaK
HasbiBaeMblii rpad e Bprouna [2], nanpumep AByYSS [3], Velvet [4] unn SOAPdenovo [5]. pyrue npoBoast
4aCTOTHBII AHAJIM3 CTPOK JUIMHBI k (MX OOBIYHO HA3BIBAIOT k-MEpaMu) — 171l KakJ0ro k-Mepa CUMTaloT, CKOJIBKO
pa3 OH BCTPETW/ICS B YTEHMSIX, M HA OCHOBE 3THX JAHHBIX MCnpap/stoT omnbku. Tak paborator, Hampumep,
ALLPATHS [6] u EULER [7]. Bce 5Ti MeTO/ibl IOBOJILHO TPeOOBATENbHbI K BLIYMCIUTEIbHBIM PECypcaM H He
OueHb XOPOLIO MacCIUTaOUPYIOTCH.

Llenbio HacTosleli paboTh ABJIAETCS pa3paboTKa METO/a, JIMIIEHHOTO YKa3aHHbIX HEJI0CTaTKOB, KOTOPbII
Oy/1eT MCTIONb30BATHCs B KAYECTBE NEPBOTo Tana cOOpKM reHomMa 13 Habopa NapHbIX YTEHHI.

WUpes meToaa

Jlns >ddekTHBHOrO ucnpasieHns OmNHO0K HeoOX0MMMO, YTOObI KaX/1as TNo3MLMs reHoMa Oblia mpotn-
TaHa HECKONILKO a3, uTo, BBU/LY HEGOJIBIIONH BEPOSTHOCTH OIIMOKH, JA€T NIPABO CUMTATh, YTO HAMOOJIbLIECE YHC-
710 pa3 HyKJIEOTHl Ha Ka/10i mo3uumn Obul mpounTan BepHo. Ha npakTuke MCnosb3yroTCs HabOpPbI YTCHHI,
TOKPBIBAIOLINE TEHOM HECKOJIBKO AECATKOB pa3. BakHO OTMETHTB, YTO HE TOJLKO OTJAC/IbHBIC MO3HIMH BCErO
reHoMa ObIIM NPOYMTAHBI HECKOJIBKO JECATKOB Pa3, HO U HEOONBILIME €ro MOJACTPOKH (He JJIHHHEEe CaMHX uTe-
HHIi) BCTPEYAKOTCSl B YTEHUSX HECKOJIBKO a3, MPUYEM YEM JUIMHHEE MOJCTPOKA, TEM MEHbLIE LIAHCOB, YTO He-
CKOJIbKO pa3jIMYHbIX YTeHHUil ee coaepikar. Ilocnennee coodpaXkeHNe BbITEKAET HE TOJILKO U3 YBEIHUCHHs BEPO-
STHOCTH TOMAaHNs YTEHHUsI HA KOHKPETHYHO MOJCTPOKY NMPH YBEIMYCHHH €€ JUIMHBI, HO W M3 (paKTa HAIW4us B
YTEHHSIX OLIHOOK.

B paGoTe paccMaTpuBAKOTCS CTPOKH OJAMHAKOBOW [UTHHBI & (Tak HasbiBaemble k-mepbl). [lns kaxuoro k-
Mepa, MPUCYTCTBYIOLIErO B YTCHHSIX (MPAMBIX WM OOpPaTHO-KOMILIEMEHTApHBIX) XOTs Obl pa3, BBIYMCIIMM,
CKOJIBKO pa3 OH BCTpeuaeTcsi B uTeHusix. Ha OCHOBaHMH 3Tl CTaTMCTHKHM BCE A-MEPbl MOKHO PasieiuTh Ha 2
IPYMIbI — KHAZIEKHBIE» k-MEpPbI U «TI0103pUTENbHBIEY. «HanekHbie» k-Mepbl — 3TO T€, KOTOPbIC BCTPEYAOTCS B
YTEHUSIX J0CTATOYHO OOJILIIOE YHCIIO Pa3 — HE MEHbIIE 3HAYEHHs HEKOTOPOro nopora f, KoTopoe siBisieTcs na-
PaMeTpoM anroput™a u BbiGHpaercs BpyuHyto. C «HaaeKHbIMW) k-Mepamu JeaTh HUYEro He Hy’KHO, NMpeno-
Jaraercs, uTo B HUX omMO0K HeT. «I10103puTebHbIe)» K€ A-Mepbl BbI3BaHbI MJIM IJIOXHM MOKPBITHEM TEX 4ac-
Teil reHoMa, OTKY/1a OHM ObLIM MPOYMTaHbl, J100, YTO ropasno Gojee BEPOATHO, HAJIMYMEM B HUX OIHOH WIH
HECKOJIbKUX OLINOOK, KOTOPbIE HA/IEKHUT HCIIPABUTS.

TTocnie BbIIENEHUS «I1003PUTENBHBIXY» k-MEPOB JUlsl KaXKI0T0 U3 HUX HEOOXOIMMO ONPENIEUTh, B KaKOM
MMEHHO TO3HLMH MOIIa ObITh coBeplueHa ommbka. [list 3Toro npejuiaraercs nepedparh Bce MO3MLMHM k-Mepa
(MX POBHO k) M Bce BO3MOKHBIE HYKJIEOTH/IbI, MONPOOOBATH 3aMEHHTh MMEIOLIHIACA HYKIEOTH/ Ha nepedupae-
MBIii M IPOAHATIM3UPOBATH TOJTYYHBLINICS k-Mep. Ecii HOBBIN k-Mep 1monajgaer B rpyniy «HaeKHbIX», 3HAUNT,
BO3MO’KHO, PACCMATPHBAEMBII k-Mep SIBISIETCS Pe3yJIbTaToM €ro ommbounoro npoureHus. Ecin B TeueHue ne-
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peGopa Gbll Haii/leH TONbKO OJIMH «HALEKHBIINY k-Mep, TOTYYaOLMIACS U3 «TIOA03PUTEILHOT0) MyTEM 3aMEHBI

OIHOTO HYKJIEOTH/A Ha APYroOii, MONAraeTcs, YT0 AaHHbIH «T10/103pUTENBHBIIY k-Mep MCNIPABJICH, @ COOTBETCT-

BylOllee MCTIpaBjieHHe 3anomunaercs. Eciam Takux k-MepoOB HECKOJIbKO, HESCHO, KaKOe W3 MCTpaBIeHUH 3armo-

MHHATb, TI09TOMY B TaKHX CIy4asX «MOJO3PHTENbHbIE» k-MEPbl HE HCNIPABIISIOTCA. U, HakoHel, eciii He OBLIO

HaiiZIeHO HU OJHOTO CMOC00a, MCTIPABHTh KIOJ03PHTENbHBII k-MEp, 10J1araeTcs, 4To B HEM ObLIO COBEpIIEHO

Gonblie OIHOM OMIMOKH, TI0C/IE YEro 3amyCKaeTcsi aHaloruyHas npoueypa, Ho ¢ MCTPABICHHEM HE O/IHOTO, a

Ccpasy JBYX HYKJIEOTHO0B. AHAJIOTHYHBIM 06Pa30M MOKHO MbITATHCs N3MEHHTD HE TOJILKO Maphl, HO M TPOWKH, a

TaKKe KOPTEXKM M3 OOJIBLIETo UMc/ia HYKICOTH/0B, OJHAKO JaHHOE 0600IIEHHE OLIYTHMO CKa3bIBaeTCs Ha Obl-

CTpPO/IEHCTBHUH AJIrOPUTMA.

Ipu BEIGOpPE 3HAYCHNS IAPAMETPA k CIIEIYET YUHTBIBATH CIICYIOIINE co00paKeHHusl.

— Beanumna k 10JKHA ObITh 3HAYMTENBHO MEHbLUE JUTMHBI 4TeHui. Ecin jamHa k-mepa Oyner cpaBHMMA C
JUTMHOM uTeHHsi, TO GOJBLUIMHCTBO k-MepoB OyaeT BCTpeuarbesi B YTCHHAX OMH pa3, HTO HE JacT HHMKaKOMH
uH(OpPMALMHK JUTsS HCTIPABIIEHHs OLIHOOK.

_ BenuuuHa k 0MKHA OBITH JOCTATOYHO OOJIBILIONH, 4TOOBI BEPOSITHOCTH TOrO, HTO cnyvaiiHplii k-mep
3a71aHHOH JUTMHBI BCTPEUaeTcsl B reHoMe, Oblia HUYTOKHO Mailoii. B MPOTHBHOM Cily4ae HEKOTOphIE k-mepel,
cozeprkaliye ownoKy, He GyJlyT MCNIPaBiIeHbl TOJLKO MOTOMY, YTO €CTh 0CTATOTHO 0oIbI1Iasi BEPOSITHOCTD
TOTO, UTO 3TH k-Mepbl Ha CAMOM Jielle BCTPEUaloTCs B FEHOME, a TOT/ia OHH MOTYT MHOTO pa3 BCTPpEHATbCA B
YTEHUSAX.

AJITOPUTM HCOPABJIEHHSI OLIHOOK B YTEHHSAX

Jlns Hauana OTMETHMM, HTO KayeCTBO HYKIEOTHIOB CHIIBHO YXY/IIAETCs y KOHL@ HTCHHA, NOSTOMY JUIA
JIAHHOTO AJITOPHTMA MMeET CMbICI 00pe3aTh KyCKH YTEHHIl II0XOro KauecTsa, Tak Kak, ¢ OJIHOM CTOPOHBI, Ona-
rojapsi UM 06pa3syeTes MHOIO «I0J03PHTENbHBIX» k-MEpOB, ¢ JIPYroil CTOPOHBI, MX HEBO3MOXKHO HCTIPABUTH U3~
3a GOJIBIIOro Yhcna omnboK.

Takke BaXKHO 3aMETHTh, YTO BCE k-Mepbl MOXKHO Pa3OMTh Ha IPYINIbl HA OCHOBAHHH npedukca HeOOIb-
[LO# JUTHHBI, C KOTOPOro OHM HAauMHalOTCA. ECIN MpH 3TOM HE UCTPaBIIATH omuOKu B npeduKce, TO UCTpaBIie-
HHE He BBIBOAUT A-MEpbl M3 TPYMMbl. DTO HE MOBJEUYET 3a COOOIl HENCNIPABICHHBIC omnbKkyu B npedukcax, Tak
Kak npH oOpalieHnn k-mMepa ero npeduKe CTaHOBUTCS cyhpukcom.

Takum 06pa3zoM, ATTOPHTM COCTOMT M3 CIICAYIOLIMX HIaroB:

— oOpe3aHue k-MepoB Ha OCHOBaHNH Ka4eCTBa;
— pasOuenue k-MepoB Ha IpyTibl HA OCHOBAHUH npeuKCcoB;
—  BBINOJIHEHKE JUISl KaXK/10H IPyMIbl:

—  cOOp CTaTUCTHKH 110 k-Mepam;

—  WcnpasieHHe OIHOOK.

BaXkHO OTMETHTb, YTO AJTOPHTM MOHCKA OMMOOK B k-Mepax JIerko pacrapauiesMBacTcs, Tak Kak U 00-
paboTKM OZHOTO k-Mepa eMy TpeOyeTcs TONbKO J0CTYI Ha YTEHHE K o61eii cTpyKType JaHHBIX, XpaHALICH CTa-
THCTHKY TIO COJEPKaHHIO k-MEPOB B YTEHHSAX, a TAKIKE KpaTKOBPEMEHHBIH J0CTYN Ha 3aMHCh JUIS COXPaHCHH
pe3yJbTara.

DKcnepUMeHTAIbHbIE Pe3yJIbTaThbl

OnucaHHbIi 1101X07 ObUT pa3paboTaH W NPUMEHEH B pPaMKaX MPOCKTa dnGASP [8]. B aTom mpoekTe y4a-
CTHHKAM MPE/Iaraioch BOCCTAHOBUTh CUHTETHYECKHII FeHOM, coaeprKauuii 0koso 1,8 MUIIIHAP/I0B HYKIEOTH-
JIOB, KOTOpBIii GbUT IOKPHIT YTeHUAMH 44 pa3a. DTOT IeHOM ABISUICH CMECHIO FCHOMOB Pas/IMIHBIX JKHBLIX opra-
Hu3moB. [1pn peanusaly anropuTMa Juls XpaHeHus k-MepoB MCTONIb30Baach X311-Tabuia ¢ OTKPBITOH aape-
caueii [9]. DTO MO3BOINIO OCYIIECTBIATH 100aBICHHE HOBOTO k-Mepa ¥ MpPOBEPKY «HAIEKHOCTI HOBOTO 32
KOHCTaHTHOE Bpems (roclieHee 0COGEHHO BaKHO [l pacnapaiiienBaHins anropurma). Beuay toro, 4to B
pamKax 3TOro KOHKypca YTeHHs! HMEJIN UTHHY 114, Gbio BeIGpaHO 3HaueHne k, pasroe 30.

TMo 4acTOTHOMY pacrpe/ieneHnto k-MepoB (PHCYHOK) Oblo BLIOPAHO 3HAUEHHE MOpora f, PaBHOE 4EThI-
peM. ANrOpHTM HMCIpaBlieHHs OHGOK paboTa Ha KOMIILIOTEPE C HETHIPbMS LIETUSIEPHBIME TIPOLIECCOPAMH
Intel® Xeon® E7450 ¢ TakToBoii yactoToii 2,4 I'Tu u ¢ 24 I'b onepaTHBHOI MaMATH. Jlo 3amycka anropurma B
HCXOMHBIX JAHHBIX OBLIO 6,5 MIJLTHAP/IOB Pa3NHYHBIX k-MEPOB, M3 KOTOPbIX 3 MUJLIHAp/A «HAZCHKHBIX). Aunro-
puT™ paboTan 0koJ0 24 YacoB, MOCIE 4YEro B IAHHBIX CTAIO 3,9 munnuapaos (4to Ha 40% MeHble, YEM B Hava-
7€) pa3IMuHbIX k-MEpPOB, H3 KOTOPbIX 3,3 MIJLIMAP/A «HAACIKHBIX.

3akJl04eHue

PaspaGoTaH MeTOJ MCTpaBlIeHHs OLIMOOK, OCHOBAHHBIH HA YaCTOTHOM aHamu3e k-mepos. [IpoBesieHO
SKCHEPMMEHTATLHOE MCCIIEI0BAHNE METO/1a, MOKa3aBLIee ero paboTocnocOGHOCTh Ha JAHHBIX, OIM3KMX K pe-
anbHbIM. Pa3paGoTanHblii MeTOJ MOKET 3(h(MEKTHBHO HCIIOJIL30BaTh Kak J0CTaTOIHO MaJiblii, TaKk U 0O0JbLIONH
06beM pecypcoB. B HACTOSLIMI MOMEHT MCCIEAYIOTCA BO3MOXKHbBIC H3MEHEHHA, KOTOPbIC MOHO OCYILIECTBUTH
st yayumenns 5Q(EKTHBHOCTH M ObICTPOACHCTBHSA MPEIOKEHHOIO METO/A. Hanpumep, IulaHUpYyeTCs B
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METOJ UCNPABNEHUA OLLMBOK B HABOPE YTEHUIU HYKNEOTUOHOMW...

QoJibllIeH CTENEeHN Y4YUTbIBATb an)opmaumo 0 KayecTBe NPOYUTAHHBIX HYKJICOTH/IOB, MPEI0CTABIIAEMYHO CEKBE-
HaToOpaMH. KpOMC TOT0, pacCCMaTpUBaACTCs BO3MOKHOCTb yu€Ta B3aUMOCBA3H k-MCpOB B UTCHHUSX.
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Kaszakoe Cepzeit Braoumuposuu =
Menvrurxoe Cepeeit Bauecnasosuu =
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1010 T T Y T T T T T L] T T Y T T T T T T T
10° l 1
10° 2
T A i 1
10° . Sk 1
10° I I
10* I l
10° I 1
10? I ]
10" I .

Yucno k-mepoB

7 : L L L L n L L L : L

0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 85 90 95 100
YacTtoTta

PucyHoK. 3aBUCMMOCTb Y1CHa k-MepOoB OT TOrO, CKOMbKO pa3 OHM BCTPEYAIOTCS B YTEHUAX
Jlutepartypa
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