YYEHBIE 3ATINCKN KASAHCKOTI'O TOCYIAPCTBEHHOI'O YHUBEPCUTETA
Tom 151, xu. 3 Pu3NKO-MaTeMaTHIeCKue HAYKH 2009

VIIK 81:004.9
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JEPEBBEB A3bBIKOB
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AnaHOoTan s

C nosiBjIeHMEM HECKOJIBKO JIET Ha3a 1 OOIbIINX TUIIOJIOrHIECKUX 6a3 JaHHBIX BO3HUKJIA IIPO-
G1eMa BHIOOPA MATEMATHIECKAX CPEJICTB W3BICUCHNs U3 HUX 3HAHWI (B (DOpME KIacTepu3aIrim
a3b1KOB). OGBIYHO /17151 ITUX TIEEH HCIOIB3YIOTCA (DUIOT€HETHIECKHIE AITOPUTMbL, OCHOBAHHBIE
na mMerpuke Xemmunra. QIHAKO B KJIACTEPHOM aHajm3e ObLIO MOKA3aHO, YTO HEKOTOPBIE JAPY-
rre MeTPUKH JAIOT JIyIIINe Pe3yabTaThl. B cTaThe BBEIEHBI JBE HOBbIE METPUKU U HA GOJIBIITOM
9HCJIe PeaTbHBIX JTUHTBUCTUYECKUX MPUMEPAX MPOTEMOHCTPUPOBAHO, UTO (PUIOTEHETUIECKIE
aJIrOPUTMBI, OCHOBAaHHBIE HA 3THUX MeTPHUKaX, JAlOT JIydIlHe Pe3y/IbTaThl.

KuarodeBble cjioBa: TUHIBUCTUYECKHE Oa3bl JTAHHBIX, METPUKH, (DUIOTEHETUIECKUE AJITO-
PUTMBIL.

BBenenue

B nocieanue roawsr aist mccsiemoBaTesieil cTaan JOCTYIHbBL ABe OOJIbINTHE TUITOJIOTH-
yeckue 6a3bl JaHHbIX: «3biku Mupay u WALS (World Atlas of Linguistic Structures —
BeemupHblii atnac a3u1K0Boi cTpyKTypbl). Ha cerogusamumii 1eHb OHU ABJISIOTCA KPYTI-
HEHIITMMHU U3 JIMHIBUCTHYECKUX 0a3 JTAHHBIX, OMUCHIBAIONINX IPAMMATHIECKNE CBONCTBA
A3BIKOB.

B 6aze «dI3biku Mupas [1] conepskurcst 315 s3pikoB EBpasnu, Kaxaplii 13 KOTOPHIX
ommcan 3821 npuzHakoM. Bce mpusHaku mpeacTaBieHbl B OMHAPHOM BUIE W OTHOCSITCS
K OJHOI M3 Tpex cdep Onmcanus si3blka: (POHETHKa, Mopdoaorns, cuaTakcuc. Beero
B 06a3e JTaHHBIX TPEICTABICHO OIMHHAIIATD S3BIKOBBIX CEMEi.

B WALS [2] conepxkurca 2559 A3BIKOB M3 BCEX A3BIKOBBIX ceMmeil Mupa. Onmncanue
JA3bIKOB B Hell MEHee JIeTaJM3uPOBAHO: KOJIUIecTBO pu3Hakos Meree 1500 (nipu nepesBo-
Jie X B OUHAPHBINA (popMaT), a JJjisi MHOIUX A3BIKOB YKA3AHBI 3HAUCHUSI JIUITH HEMHOTUX
MPU3HAKOB.

C nogpiennem 3Tux 6a3 TAHHBIX CTAJIO0 BO3MOXKHBIM MPUMEHEHNUE HOBBIX JJid JIMHT-
BUCTHKHU METO/IOB, KOTOPBbIE MOIYT MOMOYb B DEIIEHUU DPAna IpobseM, OCTABIIAXCH
HEPEIIeHHBIMIA DaHee, TAKWX, HAMPUMED, KAK MOCTPOEHHUE JAEPEeBA IBOJIIONNN S3BIKOB
Ha ryouny Oosee 10 Teicsau jier. Cpequ TAKUX METOAOB HAWOOJI€E TOMYISPHBIMY siB-
JISTIOTCST METOJbI KJIACTEPU3ANNY, & TaKyKe Pa3pabOTaHHbIE B PAMKAX IBOJIOIMOHHON
OMOJIOTHY CHENUATBHBIE METOIBI PEKOHCTPYKIIMU 3IBOJIIONUOHHBIX JEPEBHEB — MAaKCH-
MasIbHO# GepexkamBocTn [3], MakcHManbHOTO mpasaono106us: [3] u GaitecoBckuil anamms
[4]. Kaxkaplii u3 9TuX METOIOB PEKOHCTPYHUPYET (bUIOreHeTHIecKoe 1epeBo — rpad, aB-
JISTFOTIIUICST JIEPEBOM, JIUCThs KOTOPOT'O MOMEYEHbBI HA3BAHUSIMU CYIIECTBYIOIINX SI3bIKOB,
a BHYTPEHHWE BEpINUHBI COOTBETCTBYIOT TPOTOs3biKaM. CaMBIMU ITHPOKO WMCIOIb3ye-
MBIMH METOAMH TOCIeI0BATEIHFHON KIACTEPUBAINN SBJISIOTCS METOI HEB3BEIIIEHHOTO
napuoro apudmeruydeckoro cpeanero (unweighted pair-group method using arithmetic
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averages, COKpaleHHo, upgma [3]) u meros GamkHero cocena (neighbor-joining, nj [3]).
Onn, Kak M BCEe METOABI MOCICAOBATENBHON KIACTEPU3alUu, OCHOBAHBI HA BBIYHCIIC-
HHM DPACCTOAHUI MEXKIy CPABHHBACMBIMH OOBEKTAMM, TO €CTh JJs UX NPAMEHCHHS
HeOOXOMMO 3aJaTh MATPUIYY PACCTOSHUI Mexmy obbektamu. ns sToro wame Bee-
ro WCTIOIB3YIOT MeTpuKy Xemmunra. B paGore [5] BBemena A-Merprka (OCHOBaHHAsT Ha
IUIOTE3€ A-KOMIAKTHOCTH), KOTOpasd BO MHOIMX CIydasdX JAeT JIYUIIue Pe3yTbTaTbl.
B mesnom cremyer OTMETHTD, YTO BCE HCIOMB3YEMbIE B HACTOAIIEE BPEMsA METOIbI He JIa-
10T JOCTATOYHO TOYHBIX U HAJEKHBIX PE3YIBTATOB, 9TO 3aCTABIACT HCKATH HOBLIE MOJI-
Xompl. B HacTOAIMIEH cTaThe IPUBEIEHDBI PE3YAbTATH KIACTEPU3AINH C UCTIOMB30BAHIEM
HOBBIX MATPHIL PACCTOSTHUI, TOIYYEHHLIX TpanchOpMAIUeil paccTOSHI XeMMHUHATA 1
A-pPaCCTOSTHHS.

O6mast maes MCCIeNIOBAHUSA COCTOMT B TOM, UTOOBI B3ATh HEKOTOPOE MHOMKECTBO
SI3BIKOB (€ OZIHOH CTOPOHBI, JOCTATOYHO MPEICTABUTENBHOE, &, C JAPYTOf — JJIsa HETO
uMeeTCs OOLIENPUHATOE A€PEBO IBOJIONUYU (ITAJIOHHOE)), HOCTPOUTH JIJid HErO JA€PEBbs
€ TIOMOIIBIO PAZIUIHBIX AJITOPUTMOB W METPHUK W, CPABHUBAA UX C STAJTOHHBIM, BBISTBUTH
HauboJIee MEPCIIeKTURHBIC METOARL. B TambHEHIIeM 5T METOIBI MOTYT OLITH TPUMEHEHB
B MEHEE SICHBIX CUTYAIIUSAX — C HEYCTAHOBJCHHBIM POJCTBOM SI3BIKOB.

1. Wccaenyemblie A3bIKHA

B pabore m3yuaercsa rpymnma u3 42 sS3bIKOB, TPUHAIIEKAIMNX PA3TAIHBIM A3BIKO-
BbIM CEMbAM: WHIOEBPONEHCKON, CeBEPOKABKA3CKOM, YYKOTCKO-KOPAKCKON, YPaJIbCKOM,
anrafickoii. Ouun a3bIK (OUPMAHCKUiT) TPUHAIIEIKUT CUHO-TUGETCKO# cembe. HuBxcKmii
SI3BIK SIBJISETCS U30JIITOM — HE OTHOCUTCS HU K OJTHOM ceMbe. Y3bIKU BRIOUPAIUCE U3 TEX
coobpazkenuit, 9T0ObI OHM OBLIK MOJTHO OMUCAHBI M MPEACTABIIANIN BCE OCHOBHBIE CEMbH,
comepzKarniuecs B 6a3e JaHHBIX. Kpome TOro, OMncaHus STUX A3bIKOB OBLIN TOIBEPTHY THI
JOTIOTHUTETBHON IKCTIEPTU3E.

Kak mpruHATO B NCTOPUYECKON TUHTBUCTUKE, CEMbHU JIESTCS HA BETBH, JTaJiee TI0 Mepe
JIPOOJIEHNUST BBIAEJSIIOT TPYIIBL W MOAIPYIINBL I36IKOB. DBOJIIOIMOHHOE IEPEBO TTOKA3AHO
Ha puc. 1. 3rmech mcnonp3oBana KaaccuduKalys, puBeieHHas B [6] n siBasromasicst
MPAKTHIECKN OOIIEMPUHATOM.

2. AaropuTmbl U METPUKU

TectupoBasuch nBa HanbOIeE TOMYIAAPHBIX (DUIOTEHETHIECKUAX AJITOPUTMA — UPZMa
W Nj, ¥ JIBe METPUKH — 110 XeMMHHTY U A-paccrosiine. CTOUT OTMeTHTh, uTo B pabore [5]
BBEJIEHO JTBA PA3JUYHBIX ONpeeieHusd A-paccroguus. B mepBowm ciydae \-paccrosguue
OIIPEJIEJIEHO KaK He MeTpudeckoe (B HEM He BBINOJIHAETCH HEPABEHCTBO TPEYIOJIbHUKA,
TO €CThb ITO [ICEeBAOMETPUKA ), BO BTOPOM CJIy4ae \-PAaCCTOdHUE CTPOUTC HA OCHOBE Mep-
BOr'O C MPUMEHEHHEM CIeNUaIbHOrO nmpeodpa3zoBaHus, 0OOECIeYnBAIOINIETO BHIIOJIHEHNE
BCEX aKCHOM MeTpuku. B masibHeiimeM B craTbe OyIeT UATH PEYb TOJIBKO O HEMETpUYIe-
CKOE \-PACCTOSTHUHM, KOTOPOE MbI HA30BEM A-TICEBIOMETPUKON (JI€PEBbsi, TOCTPOCHHBIE
C ee UCIoMb30BaHueM, OyJIyT uMeTb Mapkep L), Tak Kak ee NpUMEHEHHe OKa3a10Ch 6o-
nee 3pPEKTUBHBIM, B TOM CMBICTIE, UTO TTO3BOJSIET CTPOUTDH AepeBbs, Oosee OIU3Kne K
STAJTOHHOMY.

OmnpenenuM HOBbIE MICEBIOMETPUKH, MOIYIaeMble C IIOMOIIBIO TPEOOPA3OBAHIS MET-
prukn XemmuHra u A-nicegomerpuku. ITycrs D(i,j) — paccTosiHue MexIy 00beKTaMu
i j (mo XeMMuHTy, OO A-TICEBIOMETPHUKE, TAKME PACCTOSHUS B JATBHEHTIIeM Oy Iy T
HA3bIBATHCA OOBIYHBIMU, MATPHUIIBI PACCTOAHUN — OOBIYHBIMEA MATPHUIIAMU PACCTOSHUIN,
a JIepeBbsl, IIOCTPOEHHBIE IPU UX MCIIOJIb30BAHUU, — OOBIYHBIMU JIEPEBHSIMU).
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Nivkh
Burmese
Abkhaz
Bagvalal
Aghul
Lezgi
Georgian
Turkmen
Azerbaijani
Turkish
Bashkir
Tatar
— Mogholi
—— Mongolian
_E Buriat
Kalmyk
Armenian
English
German
Icelandic
Norwegian
— Assamese

Dari
-E Persian
Taijiki

— Belarusan
— Polish
_E Bulgarian
Macedonian
Romanian
Galician
Spanish
Italy
Portuguese

|: Hungary
Khanty

Veps
—E Finnish
Estonian

— ltelmen
|_|: Koryak
Chukot

Puc. 1. Obmenpunsitaa rereajsorndeckas KiaaccuduKanmsa PacCMaTPUBAEMBbIX sI3bIKOB

Omnpeneaenne 1. JIna kaxXmaoro oObeKTa ¢ HaIeM MaKCHMAJIBHO YIAJEHHBIH
or uero obbekt. Ilycrs 310 Gymer obbekr k. Hanee paccrosuue D’(i,j) onpemenum
kak D(i,7)/D(i, k). Urobbl marpuna paccrogauil 6bLia CUMMETPUYHOMN, 2JI€MEHThI HO-
BOMl MATPHUIBI (HA30BEM ee MaTpHUIeil TI0 MakCUMyMy) OyJeM BbIYUCAATH 110 (hOpMYyIie
M(i,j) = (D'(i,j) + D/(j,1))/2. TonyuenHas ncepgoMerpuka (B Heil He BBIMOTHSIETCS
AKCHOMa, TPEyTOJbHUKA) OyJeT HA3BIBATHCS TICEBIOMETPUKOMN M0 MAKCUMYMY.

Omnpenenenne 2. Jlna Kaxkaoro ob0bekTa ¢ HaiiaeM cpegHee pacCTOSHHE 0 BCEX
OCTAJIBHBIX OOBEKTOB, MYCTh 310 Oyaer unciao s(i). Paccrosume D'(i,j) onpemennm
kak D(i,7)/s(?). Yrober MaTpuia paccTosiauii Gbla CHMMETPHYHOMN, 37I€MEHTHI HOBO
MATPHUIBI (MATPHUIIBL O cpemHemy) Gymem Beraucaars no dopmyne M (i, 7) = (D'(i,7)+
+ D'(4,4))/2. llceBnomerpuka, paccuuTaHHas TaKuM 00pa3oM (B HEil TaKKe He BbIIIOJI-
HSETCs1 HEPABEHCTBO TPEYTOMBHUKA), OyIET HA3BIBATHCS MCEBIOMETPUKON TI0 CPETHEMY.

B nmanbueiimem MeTom ¢ MpUMEHEHWEM TICEBIOMETPUKU TI0 MAKCUMYMY, & TaK¥Ke TOo-
JIyY€HHOE 110 HEMY IepPeBO OYIEeT UMETh MAPKED 1M, & MCeBIOMETPUKH 110 CPETHEMY — S.
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B Koryak
Koryak ~ Abkhaz
Nivkh L Burmese
- Abkhaz Nivkh
L chukot Bagvalal
Polish Aghul
Itel Lezgi
Bagvalal Armenian
Aghul Georgian
Lezgi A
Armenian Turkish
Georgian Azerbaijani
Khanty Bashkir
Assamese Tatar
Turkish ] Turkmen
Azerbaijani Buriat
Bashkir Kalmyk
| Tatar Mogholi
Turkmen Mongolian
Hungary Hungary
Buriat Khanty
Kalmyk Estonian
Mogholi Veps
Mongolian Finnish
Finnish . I Itel
Veps L Chukot
Estonian [ Tajiki
Tajiki Persian
L] —E Dari English
Persian Dari
English Romanian
Macedonian Norwegian
Portuguese Icelandic
Italy German
Galician Macedonian
Spanish Portuguese
Romanian Italy
Norwegian Galician
Icelandic Spanish
German Polish
E Belarusan Belarusan
Bulgarian Bulgarian
Puc. 2. ®unorenerndeckoe nepeBo, OCTPO- Puc. 3. ®unorenerndgeckoe 1epeBo, IOCTPO-
€HHOEe 110 MEeTOoAy upgma C MQTpHKOfI XeMm- €HHOE€ 110 METO/1y upgma C m-1nceBaoMeTpu-
MUHTa Kot XeMMUHTA

[lesibio UCCIeIOBAHKS SBJISIETCS] CPABHEHHE JIEPEBbEB, MOCTPOEHHBIX 110 OOLITHBIM
MeTpHUKaM U TCceBIOMETpHuKaM. JlepeBbsl CpaBHMBAINCH KaK HA OCHOBE MPABHILHOMN
K.HaCCI/I(bI/IKaHI/II/I A3BIKOB IIO0 CEMbAM M BETBAM, TaK M IIYyTEM IIPHMEHCHUA ABYX MET-
PHUK HA JIEPEBbsX. JTO CACYIONHE METPUKHN:

1) merpuka Pobuncona— ®@oyizca [7];

2) MerTpHuKa, OCHOBAHHAsS HA KOJMYECTBE KBAPTETOB, UMEIOIIUX OJUHAKOBYIO TOIO-
JIOTHIO ¥ OBYX JEPEBbEB — TAJIOHHOTO U UCCIeTYyeMoro [8].

3. PujroreHeTnvecKne AepeBbd IO pa3sHbIM MeTpUuKaM

s kazknoro Metoza (upgma u nj) ObLIM OCTPOEHBI JEPEBb 110 JIBYM PACCTOAHUAM
(XeMMuHIa U A-IICEBJOMETPHUKH), & TAKXKe IIyTeM Npeodpa3s0BaHus STUX PACCTOAHUI

JIBYMsl BBIIIEONUCAHHBIME criocobamu (m- u s-npeodpazosanus). Takum o6pa3oM, BCero
ObLT0 IOCTPOEHO 12 tepeBben. PaccMOTpuM pe3yIbTaThl OTAENBHO 110 KAXKIOMY METOTY.

3.1. Mertog upgma, MeTpuka XeMMuHTa. B 1epese, mocTpOEHHOM C UCIIOJIB30-
BaHMeM MeTPUKK XeMMuHra (puc. 2), ypajbcKas ceMbs Pa3jesieHa Ha Tpu yactu (B o
HOM OKa3auch (DUHCKUIT, BEMCCKUIl U ICTOHCKUIL A3bIKH, B IBYX JAPYIUX — XaHTBIACKUI
U BEHIepCKUil cOOTBeTCTBeHHO). [Ipu NpUMeHEeHUH M- U $-TICEBIOMETDPUK ypPajbCKas
ceMbsi ObLTa KIacCH(pUIMPOBAHA B OTILIbHOE TIoaIepeBo. Merox ¢ MeTpukoit XeMMuH-
ra BBLIEJU B OJHO IOJJIEPEBO C alTalCKUMU A3bIKAMHU JIBa A3bIKA U3 JIPYTUX CeMeii:
MOHTI'OJIbCKAS BETBb O0bEIMHAETCS C BEHIEPCKUM S3BIKOM, & TIOPKCKAs — C aCCAMCKUM.
IIpu ucnonmw3oBaHNN §-TICEBIOMETPUKH MOTYYIUIACh AHAJOTHIHAS KaPTUHA, HO BMECTO
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Tabdn. 1

KonndecTBo s3BIKOB, BEPHO KJIACCH(MUIIMPOBAHHBIX METOOM UPZgMa MO PA3HBIM MATPUIIAM
PacCTOAHUNA 1y1d ceMeil

Cembst Oburee umncio upgma upgma-m upgma-s
A3BIKOB
Ypanbckasa 5 3 5 5
Anraiickas 9 9 (¢ accamckum 9 9 (c accamckum
%9 BeHI‘epCKHM) 1 UTEJIbMEH-
CKHM)
Munoespomneii- 18 12 16 16
cKas
YykoTcko- 3 - 2 -
KaM4YaTCKad
CeBepoKaBKa3- 3 3 3 3
cKas
Tabm. 2

KonndecTBo s3BIKOB, BEPHO KJIACCH(MUIMPOBAHHBIX METOIOM UPZMa IO PA3HBIM MATPUIIAM
PaCCTOAHUN I BEeTBel

Bersn Oburee umncio upgma upgma-m upgma-s
SI3BIKOB
Tropkckas 5 5 5 5
Monromabckas 4 4 4 4
Wpanckas 3 3 2 (¢ aarmmii- 3
CKWM)
Tepmanckas 4 3 3 3
Pomanckas 5 4 (¢ MaxemoH- 3 3
CKUM U
AHTTAACKIAM )
CnaBsHcKasg 4 2 3 3

BEHIE€PCKOI0 A3bIKA MOHIOJIbCKAA BETBb 00beInHEHA B OOIee MOIIEePEBO C UTEIbMEH-
cKuM a3bikoM. B m-mepese (puc. 3) anraiickas ceMbs KAaCCUDUIUPYETCsT BEPHO.

B nesiom mHamsmydime pe3yabTaThl MOy IUINCH C TPUMEHEHNeM 1711-TICEBIOMETPUKH.
OpHaKO B TAKOM JIepeBe JIWINb IBA U3 TPEX WPAHCKUX S3bIKA OKA3AJINCH POJICTBEHHBI-
vu. JTapu n mepcuackmii S36IKH 00Pa3yoT MOAIEPEBO C AHTIUHCKAM A3BIKOM, & TPeTHit
(TaKUKCKUI A3bIK) PACIIOJIOKEH OTAEIbHO. B ABYX IDYyrux JepeBbsax UPAHCKUE A3bIKU
KJIaccupUIMPOBaHbl BepHO. JlepeBo, OCTPOeHHOE M0 MeTpHKe XeMMWHTa, ObLIO Han-
MeHee TOYHOE. DTO JTeMOHCTPUPYIOT Tabii. 1 U 2, B KOTOPBIX MPUBEIEHBI PE3YIBTATHI ITO
BCEM TpeM CrocobaM OTIETHHO MO CEMbSIM U BETBSIM.

CpaBHeHUE [ePEBbEB C ITAJIOHHBIM [Ty TEM HCIOJIb30BAHNS METPUK HA, IEPEBhSIX AJI0
CTIeYIOIINE PE3YAbTATHI:

— paccrosnne Pobunrcona— @oynaca MEXIy AEPEBOM IO METPUKE XEMMUHTa W ITa-
JIOHHBIM TIOJIy9UJIOCh PABHBIM 53, 10 000UM TiceBIOMeTpuKaM — 49;

— YHUCJI0 OJUHAKOBBIX KBAPTETOB C TAJOHHBIM JIEPEBOM LIS JI€PEBA, MOCTPOEHHOTO
o MeTpuke XemMMmuHra, — 63713, m-ncepaomerpuke — 70514, s-ticepmomerpuke — 69506.
OrmMeruM, 9TO B 3TOM METO/IE YeM OOJIbIIE OIMHAKOBBIX KBAPTETOB, TEM JIEPEBbsT OIIMKE.

Takmm 06pa3oM, pe3yaIbTaThI IPH CPABHEHUH IEPEBLEB 110 TOYHOCTH KIACCH(pPUKAIINN
A3BIKOBBIX CEMEH M BeTBell W 3HAYEHUAM METPHUK Ha JE€PEBbAX MOKA3aJM, YTO Hanbosee
OMM3KUM K UCTUHHOMY J€PEBY SI3bIKOB MOJIYUMIOCH JIEPEBO, TMTOCTPOEHHOE TI0 17 -TICEB-
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Tabn. 3

KonndecTBo S3BIKOB, BEPHO KJIACCH(UIMPOBAHHBIX METOAOM Upgma-L mo pasnsiM mMaTpuiam
PacCCTOAHUNA 11d ceMeil

Cembst Oburee umncio upgma-L upgma-L-m upgma-L-s
A3BIKOB
Ypanbckag 5 4 5 5
Anraiickas 9 9 (c aryibckuM 9 9
U JIE3TUHCKUM )
Munoespomneii- 18 13 13 13
cKast
YykoTcko- 3 2 2 2
KaMYaTCKasa (¢ abxazckum) (c abxazckum) (¢ abxazckmm,
OUPMAHCKUM W
HUBXCKWM )
CeBepokaBkas- 3 2 3 3
cKast
Tabmn. 4

KonunyecTBo s3BIKOB, BEPHO KJIACCHMUIMPOBAHHBIX METOIOM upgma-L 1mo pasasiM MaTpumnaM
PAaCCTOIHUM /15l BETBeM

Bersn O6miee ancio upgma-L upgma-L-m upgma-L-s
SA3BIKOB

Tropkckas 5 5 5 5
Mownroasckas 4 4 4 4
Wpanckas 3 3 3 3
Tepmanckas 4 3 3 3
Pomanckag 5 3 3 3
CnaBsHCKas 4 3 3 3

noverprke. B menom moboe n3 IByX J€PEBhEB, MOCTPOCHHBIX IO TICEBIOMETPHKAM , OBLIO
6oJ1ee TOMHO PEKOHCTPYUPOBAHO, YeM JIePEBO, MOCTPOEHHOE TI0 MeTPUKEe XeMMUHTA.

3.2. MeTox upgma, \-TiceBIoMeTpuKa. B JaHHOM cIydae pe3yabTaThl 0 M-
U $-1ICEBJOMETPUKAM BHOBb OKA3aJIUCh Jiydlle (B CPABHEHUH ¢ OOBIYHON A-IICeBIOMET-
pukoii). Ajropurm upgma ¢ 00bIYHON A-IICEBAOMETPUKOH 00beuHdgeT B HOIIepeBo 4
U3 5 ypPaabCKUX SI3BIKOB (OTIEJBHO CTOSA XAHTLIACKUE A3BIK BMECTE C apMSHCKAM U
rpy3uHcKuM). BmecTe ¢ anraiickuMu g3bIKaMyu B OJHOM TIOIEPEBE OKA3AIUCh JIBa Ce-
BEPOKABKA3CKMUX $I3bIKA — AryJbCKWIl U JIESTUHCKU. M- W S-TICEBIOMETPUKU TAHHBIE
CeMbH BBIIEIUIH BePHO. MeTon ¢ mpuMeHEHHeM \-TICEBIOMETPUKN OObLeTMHUI JIUIITh
JIBA U3 TPEX CEBEPOKABKAZCKUX A3bIKOB (6ArBaJMHCKUI A3BIK OKA3AJICA B OJTHOM IOJJIe-
peBe C ACCAMCKHM, & aryJIbCKUil U JIE3TMHCKUI — ¢ MOHTOJTbCKUMU SI3BIKAMHU ).

Paccrosane Pobunrcona— @oyiaca MeXIy 3TAJOHHBIM JIEPEBOM W JIEPEBOM, MOJIY-
YEHHBIM C IPUMEHEHUEM A-TICEBIOMETPUKM, PABHO 55, YMCJIO OJIMHAKOBBIX KBAPTETOB —
63392. Inga m- u s-ngepesbes paccrosuue Poduncona — Poysma pasro 49; uncsio oquHa-
KOBBIX KBapTeToB — 68446 u 68797 coorBercTBento. Takum obpazom, mpeodpa3zoBaHHbIE
M- " $-TICEBIOMETPUKHU [IPU MTPUMEHEHUH AJTOPUTMA UPEMa JAI0T MPUMEPHO OJUHAKO-
BBIE PE3YJIBTATHI.

[Monyuennbie 1epeBbs, MOCTPOEHHBIE MO METOLY UPZMA C PA3HBIMYU MATPUIIAMHU PAC-
CTOSHUH, CBAAETEILCTBYIOT 00 3 (PeKTUBHOCTH MpUMEHeHns TceBaoMerpuk. lepenba
[0 HAM HOJLy4uIuch Gonee TounbiMu (cM. Tabi. 3 u 4), 94T0 ¥ NOATBEPIANUIM METPUKU HA
JIEPEBbSIX.
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Abkhaz

Abkhaz

Burmese Burmese
Nivkh A
Itelmen Bagvalal
Bagvalal Aghul
—E Aghul Lezgi
Lezgi Armenian
E Mogholi Georgian
Mongolian Koryak
Turkish Itelmen
_E Azerbaijani Chukot
Bashki Turkish
C Tatar Azerbaijani
Turkmen Bashkir
Buriat Tatar
Kalmyk Turkmen
Khanty Hungary
Hungary Khanty
Veps Veps
Finnish Finnish
e Estonian Estonian
A Nivkh
English Mogholi
Italy Mongolian
Galician Buriat
Spanish Kalmyk
Macedonian English
Romanian Romanian
Portuguese Portuguese
Norwegian Norwegian
Icelandic Icelandic
German German
Polish Italy
Belarusan Galician
Bulgarian Spanish
Dari Polish
Persian Belarusan
Tajiki Bulgarian
— Armmenian Macedonian
L Georgian Tajiki
 Koryak 4E Dari
L chukot Persian
Puc. 4. ®unorenernveckoe nepeso, mOCTPO- Puc. 5. ®unorenerndeckoe 1epeBo, OCTPO-
€HHOe 10 MeTOy 1j ¢ MeTPUKOU XeMMUHTa €HHOEe II0 METOIy N] C S-TICeBIOMETPUKOIR

Xemmuura

3.3. Metoa nj, meTpuka XeMMHHIra. B 3T0M ciydae pe3ysbTaThl C UCIOJIb30-
BaHUEM METpPUKU XeMmMuHra (puc. 4) u m-IceBJIOMeTPUKH ObLIU CXOKUMU, & JIEPEBO,
HNOCTPOEHHOE 110 s-MaTpulle (puc. 5), ObLI0 HauboIee TOYHBIM, UTO MOATBEPIMIO KAK
CPaBHEHHUE MO MPABUILHOCTH KIACCU(DUKAIMY A3bIKOBBIX ceMeli u Bersedi (tabi. 5, 6),
TaK ¥ METPUKH HA JE€PEBbAX.

CrouT OTMETHTB, 9TO B METOJIE 11j ¢ IpeoOPa30BaHHON METPUKO XeMMUHTa O CPe/I-
HEMY BCE YETHIPE CJIABAHCKUX S3bIKA ObLIN OOBEIWHEHBI B OJHO TOJJIepeBo. B mByx
JIPYTUX JEPEeBbsX ObLI «IMOTEpsiH» MaKEeIOHCKUI s3bIK. B JepeBe, TIOCTPOEHHOM TIO S-
[ICEBIOMETPUKE, BCE TPU UYKOTCKO-KAMYATCKUX sI3bIKA TaK¥Ke 00pa30BaJIM MOIIEPEBO,
49T0 OBLIIO TOIBKO B JAHHOM JIEPEBE CPeau BCeX 12 MOCTPOEHHBIX.

Merpukn Ha JepeBbAX MOKA3ajW, 9TO, KAK W PAHBINE, M- U S-MATPHUIBI PACCTO-
AHUHA garoT HambosIee TOUHBIE pe3yabrarhl. Paccrogame Pobumcona— Poyamca Mexxmy
9TAJIOHHBIM U JIEPEBOM C METPUKOH XeMMWHra TOJyYHUI0Ch PaBHBIM 50, YUCIO Oau-
HaKOBBIX KBapTeTOB — 72943. /Ina m-aepeBa 3Tu mokasaren paBHSIOTCT 48 u 73412
coorsercTBenno. [l s-nepesa paccrosuue Pobuncona— @oyizca pasusercs 42 (abco-
JIOTHO JIydIIuil Pe3yJbTaT 10 JAHHOI MeTpUKe cpeiu Bcex 12 nepeBbeB), YUCio OjuHa-
KOBBIX KJIacTepoB — 73253. Pe3ynbrarsl AByX METPUK HA JIE€PEBbAX [IJId TICEBIOMETPUK
MOJTY 9MJIUCH TTPOTUBOMONOKHBIME. Eenn mo Mmerpuke Pobuncona — @oysiaca HAMIY M
JIEPEBOM CUUTAETCST S-JI€PEBO, TO 10 KOJUYECTBY OJUHAKOBBIX KJIACTEPOB — 1711-TE€PEBO
(mpaBa, pasHUIA 31€Ch OYEHb MAJIA).

3.4. Metoa nj, A\-niceBOAOMETPHKA. B JaHHOM cilydyae AepeBO, [OCTPOEHHOE
C UpuUMeHeHWeM A\-nceBaoMerpuku (puc. 6), ObLIO OJHUM M3 CAMbBIX TOYHBIX CPEJIU
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Tabn. b

KonndecTBo 43BIKOB, BEPHO KJIACCHMUIIMPOBAHHBIX METOIOM 1j TIO PA3HBIM MATPHUIIAM PACCTO-
AHUN JI7I9 ceMeit

Cembst O6miee ancio nj nj-m nj-s
SA3BIKOB
VYpanbckas 5 5 5 5
Anraiickasa 9 3 oTHeabHBIE 3 oTHeabHBIE 2 oTmesIbHBIEe
TPYIIIBI TPYIIIBI TDYIIIIBL
Munoespomneii- 18 17 17 16
CcKas
YykoTcko- 3 2 2 3
KaMYaTCKas
CeBepoKaBKa3- 3 3 3 3
CcKas
Tabm. 6

KomnaecTBo 36IKOB, BEPHO K/IACCU(DUIMPOBAHHBIX METOOM Nj TIO PA3HBIM MATPHUIIAM PACCTO-
SHUMN [7Is1 BETBEH

Bersn O6miee ancio nj nj-m nj-s
SI3BIKOB
Tropkckas 5 5 5 5
Mosronbckasg 4 2 2 4
Wpanckag 3 3 3 3
Tepmanckas 4 3 3 3
Pomanckas 5 3 4 (c anrnmit- 3
CKWM)
CraBsHCKas 4 3 3 4

Bcex 12. m-mepeBo ObLIO CXOKWM C OOBIYHBIM 110 TOMOJIOTHHU, & IO KOJUIECTBY OJIM-
HAKOBBIX KBAPTETOB C STAJOHHBIM J€PEBOM HEMHOrO Jjydire. /lepeBo, mocTpoeHHoe mo
s-ncesgoMerpuke (puc. 7), ObLI0 XyAmum (4TO OATBEPAUIN 066 METPUKHU HA JePEBbIX,
a Tak¥ke KjaccudUKALNS sI3bIKOB 10 CeMbsiM U BeTBsAM (Tabs. 7,8)).

Paccrosaue Pobuncona — @oyraca MexK 1y STAJTOHHBIM I€PEBOM U IIOCTPOEHHBIM ¢ -
MICEBIOMETPHUKON TOJYUUI0OCH PABHBIM 46, THCIO OMUHAKOBBLIX KBApTETOB — 76398, st
m-nepesa 46 u 77803 coorBercTBeHHO, /U1 S-mepeBa — 50 u 70601. Takum obpazom, 310
€IMHCTBEHHBIN CJIydail u3 BCeX PACCMOTPEHHBIX, KOTJA MPUMEHEHHE IICEBIOMETPUKHU
MPUBEJIO K XYIIIEMY DPE3YyIbTaTy.

B sakmouenue npusegeM manabie (tabs. 9), MoaydeHHbIE TIPU TPUMEHEHUU K TICEB-
JIOMETPHKAM aJTOPUTMa MEeTPU3AINHN, OMMUCAHHOTO B [5]. TIpakTHIecKn BO BCEX CIydasx
HCII0JIb30BAHNE METPUK BMECTO IICEBIOMETPUK MPUBOAUT K YXYAIIEHUIO PE3YIbTATOB.

3akJiroueHue

[Mpu wcnonb30BaHUM BBEIEHHBIX M- U S-TICEBIOMETPUK B TPEX W3 YETHIPEX CIIy-
gagx (Meromsl upgma, upgma-L, nj) noaydanuck 6ojiee TOUHO PEKOHCTPYUPOBAHHBIE
duoreHeTHYECKNE T€PEBbs. JTO MOATBEPININ KAK COMEPKATETbHAS TUHTBUCTAIECKAS
KJaccupUKAIUs S3BIKOB IO CEMbSIM U BETBsIM, TaK U (HOPMAJTbHBIE METPUKHU HA Iepe-
Bbsax. JIumib B Meroze nj-L ucrmonp3oBanue S-1CeBIOMETPUKHU MIPUBEJIO K YXYIIIEHIIO
pesynbrara.

ITo meTpuke Pobuncona — @oysaca Hanydinee 1epeBo oIy daeTcst TP UCTIOTh30Ba-
HUU TTPe0OPA30BAHHOI 10 CpeIHeMy MeTpUKM XeMMUHTA JjTst MeTo1a nj. lasee caemyror
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Puc. 6. ®unmorenerutieckoe 1epeBo, mOCTPO-
€HHOE TI0 METOMY 1j ¢ A-TICEBIOMETPHUKOM

I

Abkhaz Abkhaz
Georgian B

Itel Nivkh
Assamese Georgian
Bagvalal Itell

Aghul A

Lezgi Bagvalal
Turkmen Aghul
Tatar Lezgi
Turkish Turkish
Azerbaijani Azerbaijani
Bashkir Bashkir
Mogholi Tatar
Mongolian Turkmen
Buriat Assamese
Kalmyk Khanty
Khanty Hungary
Hungary Estonian
Veps Veps
Finnish Finnish
Estonian Buriat

Ar i Kalmyk
English Mogholi
Ilaly i — Mongolian
Gallc!an Macedonian
Spanish English
Romanian Italy
Portugu_ese Galician
Norwegian Spanish
Icelandic Norwegian
German . Portuguese
Macedonian Icelandic
Bulgarian German
Belarusan Romanian
Polish Polish
Dari . Belarusan
Persian Bulgarian
Tajiki Dari
Chukot 4E Persian
Nivkh Tajiki
Burmese — Koryak
Koryak L Chukot

Puc. 7. ®unorenernyeckoe qepeBo, MOCTPO-
€HHOE 10 METONY 1j C A-TICEeBIOMETPHUKOIA,

peoOPaA30BAHHON 110 CpeHEMY

Tabn. 7

KonndecTBo S3BIKOB, BEPHO KIACCH(MUITMPOBAHHBIX MeTOIOM Nj-L 110 pasHbiM MaTpmiam pac-

CTOAHUN Oad cemeit

Cembst O6miee ancio nj-L nj-L-m nj-L-s
SI3BIKOB
VYpanbckas 5 5 5 5
Arraiickas 9 9 9 9 (¢ ypanb-
CKMMU U aC-
CAMCKWM)
Wumoespormeii- 18 17 17 16
cKast (c rpy3unHCKEAM)
Yyxorcko- 3 2 (¢ HuBX- 2 (c uuBx- 2
KaM4JaTCKasd CKHUM U Oup- CKUM U O6up-
MaHCKUM ) MaHCKUM )
CeBepokaBkas- 3 3 3 3
cKast

JIePeBbsi, IOy UYeHHbIe METONOM nj-L (¢ A-TICeBMOMETPUKOI) U 11-TICEBIOMETPUKON Pac-
CTOSIHWM, 3TU K€ JePeBbs COMEP:KAJIN HAUOOJbINee YUCTIO OIMHAKOBBIX KBAPTETOB C
KBApPTETaMU U3 UCTUHHOTO IE€PEBA.

B menom mpu npuMeneHu:m m- W S-TICEBIOMETPUK JIEPEBbSA TOJYUAJUCH OOsee
rounbiMu. Cpemnee 3Hadenue paccrosuusg Pobuncona— @oynaca y MeTpUKH XeMMUH-
ra m A-TICEBIOMETPUKH PAaBHO 51, a KOJMYECTBO OJUHAKOBBLIX KBapTeTOB — 69112,
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Tabn. 8

KomndecTBo s3BIKOB, BEPHO KJIACCH(MUIIMPOBAHHBIX METOIOM Nj-l MO pa3sHBIM MaTPHUIAM pac-
CTOAHUN N/1d BeTBel

Bersn O6miee ancio nj-L nj-L-m nj-L-s
SA3BIKOB
Tropkckas 5 5 5 5
Mosronbckasg 4 4 4 4
Wpanckas 3 3 3 3
Tepmanckas 4 3 3 2
(¢ pymbraECKHAM)
Pomanckas 5 3 3 4 (c mHopBex-
CKHM)
CraBsHCKas 4 4 4 3
Tabu. 9
O6benuHeHAbIE PE3yIbTATHI [0 METPUKAM Ha JIEPEBbAX
Paccrosune Pobumicona — @oynaca | KommdaecTBO OMMHAKOBBIX KIACTEPOB
Metpuka Bes C merpuza- Bes C merpusa-
MeTPHU3AITUNA e MeTPpU3aIUNA e
upgma 53* 63713*
upgma-m 49 55 70514 60471
upgma-s 49 57 69506 66136
upgma-L 55 51 63392 63179
upgma-L-m 49 57 68446 64087
upgma-L-s 49 57 68797 62247
nj 50* 72943*
nj-m 48 60 73412 62635
nj-s 42 64 73253 60954
nj-L 46 54 76398 72945
nj-L-m 46 62 77803 51337
nj-L-s 50 62 70601 52874

* B aTux ciydasx UCIOJIB30BAJACH METPUKA XEMMUHTA, TO €CTh METpHU3alus He TpeboBaiach.

Yy M-TICEBJOMETPUKH 3TH MOKA3aTeNn COCTaBIAOT 48 m 72544 COOTBETCTBEHHO, y S-
ncepaoMeTpurn — 47.5 n 70539.

Mo>KHO 3aMeTUTDb TaKKe, YTO BO BCEX METPUKAX UCIOIB30BAHNE METOIA 1Nj STBJISIETCS
6ostee 3¢bHEKTUBHBIM, YeM UCIO/Ib30BAHIE METOMA UPgMma.

[Monydennbie pe3yabTaThl YKA3BIBAIOT, YTO UMEET CMbIC MTPOU3BOIUTH TIOUCK HOBBIX
paccrogumil, a TakKe MOAMMUINPOBATH UMEIOIINECsd, s MOJIydeHus 00Jiee TOYHBIX
buIoreHeTHYECKNX IePEBHEB.

Pat6ora Beimoarena npu dbuHarCcOBOH nonaep:kke ®AO PO (mpoexr Ne 2.2.1.1/6944
«Pazputne Poccniickoro  HaydHO-00pa30BaTEIHLHOrO  IEHTPa IO  JMHTBUCTHKE
um. WA, Boaysua ne Kyprens» ).

Summary

V.D. Solovyev, R.F. Fashutdinov. Transformation of Metrics Used in Clusterization
Methods for Building the Phylogenetic Language Trees.

As large typological databases appeared a few years ago, the problem of data mining (as
clusterization of languages) arose. Usually phylogenetic algorithms based on Hamming-distance
are used for these purposes. But it was found out in cluster analysis that some other metrics
give better results. In the paper two new metrics are proposed and it is shown on a great
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number of linguistic examples that phylogenetic algorithms based on these metrics give better
results.

Key words: linguistic database, metrics, phylogenetic algorithms.
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