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BBEAEHI{E

Peqt cyil{ec'r'geuHlrft 3JreMeHT r{eroBe.{ecKoft AeflTeJrbHocrr4, rro3BoJlfltoulrafi

qeroBeKy ro3HaBaTb oKpy)Kanquft Mtrp, [epeAaBaTb cBor{ 3HaHr4fl r4 orrbrr Apyrr4M

JIIoAflM. Vctnafl cocraBJrflIorqafl peqr4 [poflBJrflercfl B Br,rAe roJrocoBbrx BbrcKa3brBa-

utttit, Koropbre Bo3Mo)KHbr 6naro4,apfl foJrocoBoMy a[flapary qeroBeKa. Kax<4lrir
r{eroBeK I4MeeT r4HAr4BVIAyaJrbHbre ronocoBbre xapaKTepr4cTr4Kr4, KoTopbre onpeAe-

JIflIorctI oco6esuocTflMrr crpoeHr{fl ero roJrocoBbrx opraHoB. B npoqecce o6lleua:r

[rro+u cnoco6Hbr Ha [oAco3HaTeJrbHoM ypoBHe pa3J[{qarb foJroca Apyftlx .rrru4eft,

oAHaKo AJrtr BbItItrrcJII4TeJrbHoft rexHuKlr AaHHag 3aAalra flBJIflercfl HeTpr,rBualtuoft.

B Hactot{il{ee BpeMfl ua6nro4aercs pocr r4HTepeca K TexHoJrofuflM, cBfl3aH-

HbIM c pac[o3HaBaHr{eM pe.r[. 3ro 3aAa.rz y[paBJretr4tr ycrpoftcrBaMrr c noMorqbro

roJlocoBbrx KoM&HAr 3aAaqr4 crpaBoquoft cryx<6rr, Koropafl ilpeAoc:faBJrsror r{H-

Sopvraql4lo rocJre 3arrpoca B 6onee ecrecrBeHnoft $oprtne - c roMorr{bro roJroca.

Tar<as Bo3Mo)KHocrb y4o6ua B HeKoropbrx cr{Tyar{r4flx, Harrpr4Mep, KorAa He xo-

qe'rctl I4cKarb uu$opvral{I4lo B cMaprSoHe r4Irvr eclrr4 neo6xo4rrMo o6parnrbcr{ K

HeKoropoft $ynKI{I4rr ycrpoftcrBa Ha paccroflHvrr4 (eclu, Harpr4Mep, Hy>KHo cAe-

Jlarb drororpaSralo) . Ano co3AaHr4s raroft TexHoJrofr4rr Heo6xo4nvro 6luo petunrb

taKylo 3aAaqy, KaK pacrro3HaBaHr4e peqv. WccneAoBaHr4fl Bo3Mo)KHocreft nepenoAa

r{eJloBeqecroit pequ B TeKcr BeAyrcfl erqe c cepeAr4Hbr XX seKa) vr Ha cefoAHflurnnli

AeHb cyu{ecTByer HecKoJrbKo ocHoBHbrx rroAXoAoB. Ka.{ecrBo paclo3naBaHrre pe-

rII4 3aBI4cI4T or Korr4rrecTBa cJroB, Koropnre Heo6xoAr,rMo 6y4er pac[o3HaH, KaKoB

6y4er rl4n pacrlo3Haeael,Ioft pequ, KaKoro Ha3HaqeHr4e (cracreubr Ar4KToBKr4 r4Jrr4

KoMaHAHbIe crrcTeMbr) n vrHorr4e Apyrr4e xapaKTepr4crvrKzt. Cucreubr pacro3HaBa-

Hr4fl Moryr 6nttr pa3AeJreHbr Ha reKcTo3aBlrcr4Mbre r4 TeKCToHe3aBr4cr4Mbre. llp,
TeKcTo3aBI{cI4MoM pacrlo3HaBaHur4 Mofyr r,rcrroJrb3oBaTbcfl KaK $rar<crapoBaHHbre

$paau, 'raK I4 $pasrr, crcHeprrpoBanHbre cr4cTeuoft I,r [peAJro)KeHHbre [oJrb3oBare-

nrc. Ter<croHe3aBI4cI4MbIe clrcTeMbr rrpeAHasHaLreHbr o6pa6arbrBarb [por{3BoJrbHyro

peqb. Tar<x<e clrcreMbl paclo3HaBaH?rfl pasJrurqarorcfl MeToAaMr4 14 aJrfopr4TMaMr4,

Ha KoTopr,rx oHr{ rrocrpoeulr. 3ro Mofyr 6rrrs, Harrpr4M€p, cKpbrrbre Mapr<oBcKr4e

MoAeJrrr vilLr HeftpoHHbre cerr4.

B [ocJIeAHI4e roAbr na6raparor rrorryJrflpHocrb aJrropr,rrMbr, r4crroJrb3yrou{ne

cr,rcreMbr r4AeHTra$urcaqvr4 Ar4K'ropa tro foJrocy Arrfl nnr6opa orrrr4MaJrbHbrx aKycru-



qecKr4x MoAeJreit gnn pac[o3HaBaHr4fl peqr4. 3a4ava paclo3HaBaHr4fl rnrrHocrr4 rro

roJrocy 6ama ilocTaBJreHa 6onee 40 JreT HasaA, Ho rrccJreAoBaHrrfl n eroft o6ractn

rrpoAoJr)KaroTcfl u B Hacroflrr{ee BpeMfl. IzlseecrHo MHofo coBpeMeHHbIX cI4cTeM,

Koropbre rrbrraroTcfl peuarb AaHHyro 3aAa.ry AocraroqHo eSSer<u,IBHo, oAHaKo

ToLrHocTu no4o6Hbrx clrcreM He BcerAa coorBercrByer AocTaToqHoMy ypoBHIo AJIfl

Lrx peaJrbHofo rrpr4MeHe[r4fl .

Ha ro.rHocTb coBpeMeHHbrx crrcreM pacrro3H aBanvrfl peqr4 HaKJraAblBaercfl

AoBoJrbHo MHofo orpauuqennft. Cro4a orHocsr npo6neMbl, cBs3aHHbIe c Hecoor-

BercrBr4eM ycJronwfi o6yvennfl, 14 pacrro3HaBalwfl, Ar4KTopa, npo6JIeMbI pa3rI4r{HbIX

aKycrl4qecKr4x yclonnft, B ToM rrI4cJIe Harl4ql4fl rlocropoHHl4x IxyMoB I,I rloMex, trpo-

6leum orrnqnfl B crreKTpaJrbHbrx cocraBJrflForr{r{x 3arll4ceft roroca I43-3a rIp?IMeHe-

Hr4fl. pasrr4rrHbrx vuar<po$oHoB. Bce oro, B AotIoJIHeHI,Ie K HecoBeplxeHcrBy MoAeneft

r,r MeToAoB, rrpr4MeHfleMbrx AJra r4AeHTr4$nr<aqnr4 Ar,rKTopa, BeAeT K yMeHbIxeHI4Io

TorrHocrr{ paclo3HaBaHr4fl. llosrorvry r4HTepec r4ccrreAoBareneft upI,IBJIeKaIor Bo3-

Mo)KHocrr4 r4cnoJrb3oBaHkrfl, a4anrr4poBaHHbrx aKycrl4tlecKl4x MoAeJIefi 4nxropoB B

cI4CTeMaX pacrro3HaBaHr4fl per{r4.

B parvrrcax Marr4crepcKoft pa6orrr 6lua peaJrr43oBaHa cr4cTeMa pacrlo3HaBa-

Hvrfl, peqn c r4cloJlb3oBaHlreM aAarrrrrpoBaHHbrx aKycTr,rrrecKlrx MoAeJIeft 4,nrropon

nur6op Koropbrx 6y4er ocyu{ecTBJrflTbcfl Ha pe3yJrbrarax pa6orrr peaJrr,rsonaHHoft

cncreM br r4AeHTv $ n rcaq r4r4 Ar4Klop a tro roJlocy.

Pa6ora fiporrrJra aupo6aqtarc Ha pa3Jrr4rrHbrx r<oH$epeHr{r4flx, B LlacrHocrrl,

Ha e)Kero4noft cryAeHqecxoft xoH$epeHr{r4r4 <,ArryaJrbHbre npo6neMbl MareMaTI4-

Kvr v MexaHr4Kr4>> Koropyrc rpoBoAr4Jr MexaHr4Ko-MareMaTwsecwvfr. Saxynrter CfV
B arpeJre 2019 foAa, B ceKr{r4n <.Ana^nr43 AaHHbrx>> n e VII Me>x4yHapoAHoft tuoro-

4excuoft HayLrHo-rrpaKTrrqecroft r<onSepeHrlr4rl <.MareuarrrqecKoe r4 KoMtlblorep-

Hoe MoAeJrr,rpoBaHr4e B oKoHoMr{Ke, crpaxoBal:ar4 r{ ynpaBrre:nvrr4 pI4cKaMI4>>, Hofl6po

2018 foAa.



1 Tl4enrnSwxa\krfl Ar,rr{Topa ro roJrocy

Pa6ora cncreM pacrro3HaBaHr4fl coAep)Kr4T ABa ocHoBHbrx orarra: peftaclpa-

\vfl rroJrb3oBarereft B crrcreMe r.r caM [poqecc pacrro3H aBaHr4fl, (u4eHur$nr<aqlru

rl4qHocrrI). llorrsoBaTeJrr4 rpeABapr4TeJrbHo perncrpr4pyrorcfl B cr4creMe, 3arrr4caB

cBoI{ roJloca. O6paseq roJroca KDKAoro Ar{KTopa o6pa6arbrBaercfl c r{eJrbro r43BJre-

qeHufl rIpI43HaKoB, KoTopbre Moryr 6rrun r4crroJrb3oBaHbr Arrfl pacrro3H aBaHr4tr. Ha

ocHoBe r43BrelreHHbrx rrpr43HaKoB cTpoflTcfl MoAeJrrr (r Her<oropbrx cryr{aflx 6onee

IroAXoAtru{r{M TepMrHoM flBJIflercfl rua6roH) nonrsoBaTeJreft. Mo4eJrb rrpeAcTaBJrr{-

er co6oft Heroropylo crpyK'typy, [o3BoJrflIorqyrc rrpu AaHHbrx nprr3HaKax oqeHrrrb

c'l'erreHb nogo6ms tn6o cpa3y npiaHarb perxeHr4e.

Bo uperr,ra [poqecca lrAeHTa$vr<aqzu [pozrcxo1r4T r43BJrelreHr4e npu3HaKoB

z3 rpeA'bflBJleHHoro o6pasqa (exo4uofo clrrHana), Koropbre 3aTeM cpaBHr4Barorcfl

co BceMu r4Meloil\r4Mr4ctr B cr4cTeMe MoAeJrflMt{.

O6qyro cxeMy pa6orrr cl4creMbr pacro3HaBaHr4fl Ar4KTopa Mo)KHo orncaTb

cJreAyrou{r4 M o6pasortr :

1. O6pa6orra cI4fHaJIa. I/rs cI4fHaJIa BbrAeJrflrorcfl rrprr3HaKr4, cyil{ecrBeHHbre

xilfl 3aAaql4 pac[o3HaBaHr4fl. Peqenoit cvtrnaJr rrpeAcraBJrflercfl B Bt{Ae na6o-

pa BeKTopoB rrpr43HaKoB.

2. Mo4eJII4poBaHr{e. Mo>r<er 3aKrlorrarbcfl KaK B npocToM KorrltpoBatwr4 BeKTo-

poB rIpr43HaKoB, TaK r4 B rrocrpoeHr4r4 BepoflTHocrHbrx MoAeJreft. llocne orolo

cTaHoBI4TCfl BO3MO)KHbIM IIpII AaHHbrX npI43HaKaX Bbrqr4cJrr4Tb CTerreHb rIO-

go6un Me)KAy rpr4sHaKaMr4 r4 coxpaHennoft MoAeJrbro.

3. llptr H trrr4e peureHuft.

O6pa6oTKa curuaJla B AaHHbrx rpr{Jrox(eHrrflx rMeeT rl,eJrbro BbrAeJrr4Tb B pe-

LIeBoM cI4fHaJIe raudropnraqr{rc, peJreBaHTHyro Arrfl 3aAaLrlr paclo3H aBa;uvrfl rro fo-

Jlocy, To ecrb raudropr,nar{r4lo, flpeAcraBJrflroil{yrc vrHryr4Br4AyaJrbHbre oco6euuocru

roJloca qeJIoBeKa, vilw ilpr{3HaKr4. Blr4eneHHbre [p]r3Haww 6ygyr r4crroJrb3oBaHbr

Alrtr $opruupoBaHr4fl ura6roH a ulrvr AIrfl cpaBHeH r4tr c 3aperrcrpr,rpoBaHHbrMr4 rua6-

JroHaMr4. Anpraopr{ HeBo3Mo)KHo or{eHr{Tb, KaKr4e rrpr43HaKvr 6onee rroAxoAtrr Alrtt

paclo3H aBat\rtr. Ilpoqecc olpeAeJreHr4fl [oAxoAflu{r{x [prr3HaKoB 3aKJrro.raeT ctr B

uepe6ope Bo3Mo)KHbrx Bapr4aHToB rrpz3HaKoB c rrocJreAyFou{eft arcnepzMeHTaJrb-

uoft or{eHKofi . Bu4eJrflror ABa Br4Aa rpr43HaKoB: Hr43KoypoBHeBbre (o6ycJIoBJIeHHbIe

aHaroMr4qecKr4M crpoeHr4eM peqeBofo annapara) r.r BbrcoKoypoBHeBbre (npno6pe-



TeHHbIe' cBfl3aHHble c MaHepoft npoa3HorueHutr).Cno>Kueruvftcs. rroAXoA K rrpoqe-

Aype o6pa6otKl4 pelleBoro cI4rHaJIa cocToI4T B rrc[oJrb3oBaHr4r4 KparKoBpeMeHHo-

fo aHaJlvr3a. To ectl cafHaJI pas6lreaeTcfl Ha BpeMeHHbre oKHa tlur<clrpoBaHHoro

pa3Mepa' Ha KoTopbIX, KaK lpeAloJlafaeTcfl, rrapaMeTpbr cr4fHaJra He MeHflroTcfl.

Ano pelleBofo cI{fHaJIa pa3Mep oKHa o6nrquo etr6zpaercfl B npeAeJrax 10 - 30 nrc.

Ano 6oneetotlHoro npeAc'raBJleHl{fl cr{rHaJra Mex(Ay oKHaMrr AeJraroT rrepeKpbrrr.re,

paBHoe IIoJIotszHe AJIIIHbI oKHa. 3ateu K Kax(AoMy oKHy ilpr4MeHflrorcfl aJrr.opr4T-

MbI Ir3BJIeLIeHufl rlpr{3HaKoB, TaKI4e KaK cl]eKTpaJlbHtrft aHaJ[{3, MeroA luHeftHoro
IIpeAcKa3aHI4fl u[rkr Apyfl{e. Mero4nr I43BreqeHvrtr fl [pI43HaKoB rrpeAHa3Har{eHbt

Arrfl BbrAeJretr4tr xapaKTepr4crr4K Ha He6oJrbrrroM yr{acrKe. fna roro qro6tr coxpa_

Harb znSopvral{I4lo o AuHaMIrKe peql4, rlpzMeHflror rroAXoA) 3aKJrroqarcr{r4 ttctt s
o6aegwHeHl4l4 BeKTopoB IIpI43HaKoB c r4x [epBbrMV v, Bo3Mo)KHo, BTOpbrMr4 rrpor{3-

BOAHL,IMu. Tawvre rpoII3BoAHbre roilyr{r4Jrrr HaBBaHrre L- w A - A- r<os$suqraeHroe
(4en nra- 14 Aerrbra-AeJr bra- rcos$$ 14 r{r4 eHroB ) .

Ilocne4oBareJlbHocTb BeKTopoB, tloryqeHHafl rrocJre orara o6pa6or Ku c4rr-

HaJIa, I4crloJlb3yercfl AJrfl nocrpoeHnfl ura6loHa MoAeJrr4 At{KTop a r4Jrw l\Irfl ocy-

u{ecTBJleHvrfl cpaBHeHvrfl c y)Ke rlocrpoeHHbrMr4 rua6nonaMr4. llpoqecc orpeAeJre-

HUfl AI4KTOpa, 3apefI4CTpI{poBaHHOrO B CI{CTeMe, trO BXOAHOMy peqeBoMy cr{fHaJry

Bo BCex paccMarpl4BaeMblx MeroAax cocror4T B rror4cKe Hau6oJree rroAxoAflrr{eft co-

xpaHeHHoft MoAeJrr4 Ha OCHOBe KaKr4x-nu6o Kprrrepr4eB.

B panrr<ax Marl4cTepcKoft pa6ornr 6ru r43yqeH MeroA Ha ocHOBe fayccoBbrx

cueceft Arrfl u4erTr4$uxaqu u AuKTopa ro roJrocy.

Mo4enl fayccoBblx cMeceft ruupoKo r{crroJrb3yeTcfl B o6nacrwpacilo3H aBaHr4tr

AIlKTopou. llpeACTaBJIser co6oft eseerueHHylo cyMMy M wownoHeHT 14 Mo)Ker 6l11t
o[r4caHa Bbrpax(eHr{eM :

M
P(E l)) - \n,u,(n)

i:I

r4e ) - MoAeJIb AI4KTopa, M - KoJrtr{qecrBo KoMrroHeHToB MoAeJrr4, r - D-
uepuuft BeKTop cny'taftHblx BeJrr4Lrr4H, pt - Beca KoMrroHeHToB MoAeJrr{ , br(T)

$yurquu [JIoT'HocTIr pacnpeAeJreHr{fl cocraBJrfl Forr{r4x MoAeJrr4 :

(1)

(2)
QrlE lD,I't'

ot\r) : ""0{ -;@-w)'It'_ a}



r4e Ff - BeKTop MaTeMaTl4qecKoro o)KI4 AaHvrfl, n t - KoBapr4ar{r4oHHafl MaT-

pzqa. llpr sToM Beca cMecr4 yAoBJrerBopflror ycJroBr4ro:

M

Dpu-r (3)
i,:L

llolnocTblo MoAeJIb fayccoBoft cruecn o[peAeJrflercfl BeKTopaMr4 MaTeMaTr4-

LlecKoro o)KI,IAaHI4g, KoBapr4ar{r4oHHblMr4 MaTpI4r{aMw 14 BecaMr4 cMeceit !rng. Ka)K-

AO|O KOMTTOHeHTa MOAeJrr4:

)- - r,.., M (4)

llpt I4cIIoJIbsoBaH?II4 AaHHofo MeroAa Ka>KAwit gvtt<Top rpeAcTaBJrflercfl Mo-

AeJrbro rayccoBbrx cMeceft ).
r{arqe Bcefo B cl4creMax, peaJlr{3y}ou{r4x AaHHyro MoAeJrb, r4crroJrb3yeTcfl AWa.

roHaJlbHafl Marpvl\a KoBapr4ar\r4r4. BosN,ro)KHo TaK)Ke HcrroJrb3oBaHr,re o4Hoft Mar-
pI4I{bI KoBapl,Ia\uv Arrfl Bcex KoMrroHeHToB MoAeJrr4 AI4KTopa r4lrr4 o4uoft MaTpr,rr{br

Arrfl Bcex uo4eleft.

Taruvr o6pasorrn , Ailr rlocrpoelr4fl. MoAeJrr4 Ar4KTopa neo6xoAr4Mo orrpeAeJrr{Tb

BeKTopbI cpeAHI4x, MarpI4I{bI KoBapr4a\r4m u Beca KoMnoHeHToB. f,auHyro 3aAalry

pemalor c iloMolr{blo EM-anropI4TMa. Ha BXoA roAaercfl o6y.raroqafl rrocJreAo-

BareJlbHocrb BeKTopos x - fr1, ...,frT. Ilaparr,rerpbr MoAeJrr4 wLrl\r4lJrr43r4pyroTcfl

HaqarbHbIMI4 3HaqeHI4trMr4 14 3areM Ha KilKAofi r4Tepaqvrr4 a[rropr4TMa [por4cxoAr4T

nepeoqeHKa napaMeTpoB.

Ana onpeAeJl eHwfl, HaqaJIbHbIX [apaMeTpoB o6nrqHo r4crroJrb3yror aJrroprrrM

KJr acrep vna\r4vr raxoft , KaK aJrropr4TM K-cpe4u rax.

lloctpor,rn pas6uetue MHox(ecrna o6yqarcqr4x BeKTopoB Ha M xracrepoB,

IlapaMerpbl MOAeJIV Mofyr 6nttn r,rHr4r{r4aJrr43r,rpoBaHbr cJreAyror{r4M o6pasona. Ha-
rIaIbHbIe SHatIeHI4fl, p'i, COBnaAaIOT C IIeHTpaMI4 KJIaCT€pOB, MaTpI4I{bI KOBapI,IaL\r4vr

paccqllTblBaloTcfl Ha ocHoBe rrorraBrur4x B 4auHlrft KJracrep BeKTopoB, Beca KoM-

rIoHeHToB o[peAeJlflIorcfl AoJIeft nerropoB AaHHoro KJracrepa cpeAr,r o6qero KoJrr4-

rrecrBa o6yvarou{[x BeKTopoB.

I..ttn oI{eHKlI cl4creM w$eHTvr$r,Ixaqra v s 6onb[rr4HcTBe crytraeB ofpaHr4rrr4Ba-

7



IOTCfl 3aMKHyTbIM MHOX(eCTBOM rIOJrb3OBaTeJrefi, TO eCTb BCe rrOJrb3OBaTeJr[, [pO-

xoAflIrll4e rIoubITKy TIAeHTI4$uxaqnn, 3apefr4crpr4poBaHbr B cr4creMe. Pesynbrar

3aBI,IcI4T oT KoJIIrqecTBa 3apefr4crprrpoBaHHbrx rroJrb3oBareleft Lr or pasMepa Bo3-

BpalqaeMoro ctII4cKa (uarqe Bcero r4crroJrb3yror roJrbKo oAr4H vryetTu$raxarop)

r4Jrr4 or nopofa BKJIIoqeHI4fl B crrrrcoK. BepoxrHocrb vrryeH,rv$ur<aqnn (ncrrauHo-

rloJloxfl4terunoft I4AenTl4$raxaquu) oqeru4Baror KaK AoJrro rorrbrroK r4AeHTn$nr<a-

IJ*vv, B pe3yJlbrare Koropbrx 6nrr Bo3Bpail{tjH cnucoK KaHAr,rAaroB, coAep>r<au1nft

nepnrrft r4ryetTr4$uxarop.
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2 PacnosHaBaHr{e rpom3BoJrbHoft pevn

PacnosuaBaHrle peql4 - oro rrpoqecc npeo6pa3oBaHr4fl peqeBoro cnfHaJra B

TeKcroBntft uoror. Cncrenrbl I4cKyccrBeHHoro r{HTeJrJreKTa, pacno3Haroulr4e peqb,

IIpoIuJII4 6olnuroft uy:rt pasBr{rr4fl or rroflBJreHr4tr B 1970-x roAax Ao Harrzx 4neft.
flporpecc cBfl3aH He ToJIbKo c TeM, qro Bo3Hr4KJrr4 HoBbre TexHolrorwr4l Ho r4 c reM,

qro floflBvrllr4cb 6onrurue BL,rrrI4cJrI{TeJrbHbIe Morr{HocTvr 14 KaqecrBeHHbre peqeBbre

Koprrycbr.

B sacroru{ee BpeMfl Ha pbrHKe cyil{ecTByer 6orruroe KoJrtrrlrecTBo r-o'roBbrx

c[creM pacrlo3HaBaHl4fl qeJroBelrecroft peqrr Koropbre rrpr4MeHflroTcfl B rrJLrpoKoM

creKTpe cl4creM - or rlpr{Jro)Keuwtt Ha cMapr$ouax Ao cr4cTeM <<VuHlrft AoM)>.

Paccvrorpr4M caMbre [orryJrflpHbre r{3 Hr4x.

llo4annflIou{ee 6orsurnHcrBo pa6orarou{r4x cr4cTeM flBJrflrorcfl rrponpr{erap-

HbIMI4 rIpoAyKTaMI4, T.e. IroJlb3oBarerrb vrrrur loTeHr{r4aJrbHbrfi paspa6orqux He r4Me-

er Aocryna K ux I4cxoAHoMy KoAy. 3ro HeraTr4BHo cKa3brBaercfl Ha Bo3Mo)KHocTrr

IrHTerpa\un ct{creM pacrlo3HaBaur4fr pequ B rpoeKTbr c oTKpbrrbrM KoAou. Tapre
He cyqecrByer KaKoro nvt6o I{eHTpaJrr43oBaHHoro r4crorrHr4Ka AaHHbrx, orrtr{cbrBaFo-

qefo rIoJIo)KlrreJIbHbIe 14 orpr4r{aTeJrbHbre cropoHbr cr4cTeM paclo3HaBa[Wfl peyu

c orKpblrblM KoAoM. B pe3yJrbrare Bo3Hr4Kaer upo6neua nu6opa orrrr4Ma;ruoft

cI,IcTeMbI pac[o3HaBaHr4fl peqr4 Arrfl pe[reHr4fl [ocraBJreHHofi. zagaun.

flo toqsocrl4 cI4cTeMbI cpaBHr4Balorcfl no Han6oJree pacrpocrpaHeHHbrM MeT-

pI4KaM: Word Recognition Rate (WRR), Word Error Rate (WER), Koropbre Bbr-

qr4crflIorcrr ro cJreAyrorqr4M $opvrynanr:

WER: S+I+D
T

(5)

(6)WRR - 1- WER

r4e S - ql4cro oflepaqnft saN4eHbr cJroB, I - r{rrcJro onepaquft ncraBKr4 cJroB,

D - ql4cro orepaqwfi yganetutr cJroB r4s pacro3HaHHoft $pa3br AJrfl roryqelr4tr
I4cxoAHoft $pasbl, a - qLICflo cJroB B r4cxoAnolr $pase 14 r43Mepflercfl B rrpoqeHrax.

flo cr<opocTl4 pacrosHaBaHr4tr cpaBHeHue 6nrro rpoBeAeHo c r4crroJrb3oBaHr4evr Real

Time Factor - rIoKa3aTeJIfl orHo[Ielntr BpeMeHr4 pac[o3HaBaHr4tr K nlrvrreJrbHocrrr

pacro3HaBaeMofo cr4rHaJra, raK)Ke r43BecrHoro KaK Speed Factor (SF). !,aHHrrft



[oKa3aTeJrb Mo)KHo paccq[Tarb r,rcrroJrb3yo SopMyJry:

.1r1 T
D-f/ : i (7)

r$eT - BpeMfl pacrlo3HaBalvrfl cr,rfHaJra,T - efo AJrr4TeJrbHocTb r4 r43Mepflercfl

B AOJTflX OT peaJrbHofo BpeMeHr4.

Bce clrcreMbl rlpoBepflJrrrcb c rrpr4MeHeHr4eM perreBofo Kopryca WSJ1 (Wall
Street Journal 1), co4ep)Kalqero oKoJIo 160.IacoB TpeHr4poBor{Hbrx AaHHbrx lr 10

YacoB TecroBbIX AaHHbIX, rpeAcraBJlflIoil{rx co6oft orpbrBKr4 r43 ra3erbr Wall Street
Journal. fauultft peveeoft xoplyc BKJIFoT{aeT s ce6s sanr4cvr Ar4KTopoe o6onx ro-
JroB Ha artrnvftcKoM fl3brKe.

Ta6nr'rqa 1 - PesynbraTbl cpaBHeHI4s crrcreM pacrro3HaBaHus pe.1u 11o roqHocTlr vr cKopocTr4

Czcrerrna WER, % WRR, % SF
HTK 19.8 80.2 r.4

CMU Sphinx 2r.4 78.6 0.5
Kaldi 6.5 93.5 0.6
Julius 23.1 76.9 1.3
iAtros 16.1 83.9 2.r

RWTH ASR 15.5 84.5 3.8

B paMKax Mafl4crepo<ofi pa6oru r4crroJrb3oBaJracb cr4creMa CMU Sphinx

AJrfl peaJII,I3aI\kru cI4cTeMbI paclo3HaBaHl4fl perrr4. Tar<oft nnr6op o6ycnowreH cJre-

Aylou{r{rrru cnoftcTBaMr4 cr4creMbr :

!,ocraroqHo BbrcoKafl ToqHocrb pacrro3HaBa Hr4fl

Brrcorcafl cKopocTb pacrro3HaBa Hr4fl.

Orxptrrtrft zcxo4unrft KoA, Jrr4r{eH3veft BSD

Bostulo)KHocTb aAarITI,IpoBaTb aKycrr4yecKr4e MoAeJrr4 BcTpoeHHbrMr{ r4Hcrpy-

MEHTAMII

llpocrora I4HTerpaI{I4ur c cvrcreMaMrr Harrr4canHbrMr4 na Python
CMU Sphinx - oro AllKTopoHe3aBr4clrrrrnrft pacrro3HaBareJrb HeilpeprreHoft

peql4) KoTopblft ucnolb3yeT Cxpurmre MapxoBcKrre MoAeJrr4 r4 n-rpaMMHyro crarr{-
crl4qecKylo fl3blKoByFo MoAeJIb. Sphinx r4MeeT Bo3Mo)KHocrrr pacro3HaBalatr rpo-

AoJI)KI4Telnsoft peqlr, Al4KTopoHe3aBr4curusrft ofpoMHtrft croeapb pacrro3HaBaHr4fl.

Sphinx4 uolnttfi n reperrcannlrft pevenoft ABr,r)KoK Sphinx, fJraBHafl r{eJrb Ko-
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Topofo o6ecneyvrr rvr6rcvtit KapKac A[rfl r,rccJreAoBaHtrfl, B pacrro3HaBaHr4r4 perrr4.

Sphinx4 Harrr4caH rroJrHocrbro Ha fl3brKe rrporpaMMzpoBaHr4fl Java.

CMU Sphinx rloKa3brBaer [ocpeAcrBeHHyro ro.rHocTb pacro3HaBan r4fl, vr

Jry.ttrryn cKopocTb pacrro3HaBa*vrfl r43 Bcex paccMoTpeHHbrx. Hy>rcHo 3aMerr4Tb,

qro Ha[6onruras cKopocTb pacrro3HaBatvrfl. AocTr4faeTcfl rrpr4 r4crroJrb3oBaHzr4 Ae-

KoAepa pocketsphinx, Harr4caHHoro Ha C.

CMU Sph nx B Hacroflrr{ee BpeMfl, flBrrfler KpyrHeir:ltwwr rpoeKToM rro pac-

rro3HaBaHr4lo qeJroBeqecxoft peqr4. B r4HcrpyMe rapnft BXoAflT cJreAyroqne rpo-

fpaMMbt v 6w6n r4oTeKr4 :

Pocketsphinx - ne6oJrbrrrafl rrpofpaMMa, Koropafl rrpr,rHr4Maer Ha BXoA rrpo-

I43BOJIbHbIe aKyCTr4rIeCKr4e MOAeITI4) fpaMMaTr4KW r4 CJIOBapr4, a TaK)Ke 3By-

ronoft notor<(nu6o snyKosoft Saftn, nu6o caM 6eper rroroK c Mr4Kpo$oHa).

Ha nntxo4e floilyqaeTcfl pacrrosHaHHnrft TeKcT. HauncaHa Ha C, pa6oraer

6rrcrpo

Sphinxbase - 6vr6nvoreKa neo6xo4vrMan Ailn pa6orrr Pocketsphinx

Sphinx4 - rw6t<as 6u6tr4oreKa Arrfl pacrro3H aBalvr4 Harrr4caHa na Java

Sphinxtra n - rporpaMMa Arrfl o6yvenufl aKycTr4qecKvrx uo4eleft

11



3 flpnvreHeHrre crrcreMbr r,rAeHrz$nxa\vrrr Ardr{Topa B peruenvrvr

3aAaqm pacrro3HaBaH[fl peq]r

B parvrr<ax Mafr{crepcKoft pa6orrr 6ura peaJrr43oBaHa cr4creMa pacno3HaBa-

Hr4tr peqz c I4crIoJIb3oBaHr4eM aAarrrr4poBaHHbrx aKycTr,rqecKr4x MoAeleft ua 6ase

CMU Sphinx, rpu oroM Alrtr nnr6opa aAarrr{poBaHHoft rr,ro4eJrr4 B pe)Kr4Me peaJrb-

Hof o B peM eH vr vcno ilb3oBarb cr4 creMy r{AeHTlr$ra r<aqn 14 Ar4 KTop a.

O6rqne rpe6onalufl K cr4creMe:

Cucreua rpeAocTaBJlfle'r API nlrtr vrryetTr4$raraqur4 Ar4KTopa ilo rpor43BoJrb-

uoft peqr4

B c"nyvae ycnetuuoft u4euru$rar<aL\vr4Ar4KTopa cr4creMa rrpeAocTaBJrfler r{AeH-

'ru$nr<arop aAarlTl{ponauuoft aKycrr4lrecr<ofi MoAeJrrr AJrtr r4AeHTr,r$raqnpo-

BaHHofo AIrKTop&, B rIporI4BHoM cJrylrae [peAocTaBJrflercfl r4AeHTra$rar<arop

6asoeoft MoAeJrr4

Czcrenna no3BoJlser vrryeHTvr$lrqnpoBarb Ar4KTop a w pacrro3HaTb reKCT Bo

BxoAflrr{eM 3ByKoBoM cr4rHaJre sa ,SF < L2

Cncreua llpeAocraBJlfler API tro perr4crpar{r4r,r HoBoro rroJrb3oBareJrfl w a1an-

'rat\Lrr4 aKycr[ qecrcoft MoAeJrr{

B Ka.{ecrBe I4HcrpyMeHTa peaJrvrca\vrr4 cncreMbr 6rrn nrr6pau fl3brK rrporpaM-

Mr4poBaHutr Python.

Python - BblcoKoypoBHenntft fl3brK rrpofpaMMr4poBanr4tr o6ulero HaBHaLreHr4fl)

opI4eHTI4poBaHHltfi Ha rIoBbIIrIeH?Ie [polr3BoAr4TeJrbHocTr4 pa3pa6orvLrKa r4 r{r4Tae-

MocTt{ KoAa. Cnnrarcr4c trqpa Python Mr4Hr{MaJrr4cTr4qeH. B ro )Ke BpeMfl craH-

AaprHan 6v6nproreKa BKrloqaer 6orlruoft o6reu rroJre3Hbrx $yur<\wfi.
Python rogeplKl4Baer crpyKTypHoe, o6rexrHo-opr4eHTrrpoBanHoe, $yn^-

I{I4OHaJIbHOe, I4Mleparr4BHOe W aCrreKTHO-Opr4eHTr4pOBaHHOe [pofpaMMr{poBaHrle.

OcHoeuble apxrlTeK'rypHble LIeprbI - AwHaMr4LIecKafl Tl4trr43aWf , aBToMaTr4lrecKoe

yrlpaBJreHrle [aMflTblo) troJrHafl r4HTpocneKr{r{fl, MexaHr43M o6pa6orr<n [cKJrrolre-

ttufr., nogep)KKa MHoro[orotrHbrx Bbrlrr4c newvit , BbrcoKoypoBHeBbre cTpyKTypbr AaH-

HbIX. llo44epx(I{Baerca pas6r4etne ilporpaMM Ha MoAyJrr4, KoTopbre, B cBoro olre-

peAb, Moryt o6re4raHflTbcfl B rraKerbr.

Python - aKTI4BHo pa3BllBalou{ttfr,cs, fl3brK rrpofpaMMrrpoBaHvrtr) HoBbre Bep-

cwv c 4o6aeneHt{eM r43MeHeHr4eM r{3brKoBrrx ceoficrB BbrxoAflT rrpr4MepHo pas B ABa

c floJloBttnoft. foAa. flsrtK He rroABepraJrcfl o$nqua"ntnoft craHAaprr43ar{r4r.r, poJrb
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craHAapra Ae-OaKro BbItIoJIHfler C Python, pa3pa6arrreaennuft roA KoHrporreM

aBl'opa fl3blKa. Paspa6ortrtr{Kr{ fl3brKa Python rpr4Aepxr4Barorcfl orrpeAeJrtjHHoft

cfnnocorbn^ rporpaMMl4poBaHvn1 Ha3brBaennoft <rThe Zen of Python>>. Etj rerccr

BbIAaercfl urTeprperaropoM Python ro KoMau4e import this (pa6oraer oAlrH pa3

3a ceccl4ro). AntopoM etoft cf ranoco rb^^ clru{raercs Tnu flerepe (Tim Peters).

trno pa6otlr c 6olsurvrMr4I4crloJrb3oBaJracb 6w6nuoTeKa pandas. B exocacTe-

r,ne Python, parrdas flBJlrercn naw6oree rpoABr4Hyroft u 6atcrpopa3Br4Barurqefi.cn

6u6nworeroft Arrfl o6pa6orKr4 trr aHaJrr43a AaHHbrx. Hro6rr eSSerrrrBHo pa6orarr
c pandas, Heo6xoAI4Mo ocBor{Tb caMbre fJraBHbre crpyK'r'ypbr AaHHbrx 6v6nvoTeK?r:

DataFrame vr Series. Crpyr<rypaf o6beKr Series npeAcraBJrfler vr3 ce6s o6uex'r.,

lroxo)Kplfr, ua oAHoMepnnrft Maccr4B (nrzroHoscwkrir. clr{coK) HaflplrMep), Ho orrurrr4-

rellsoft efo qeproft serflerctr Harrr4qr4e accoqilr4poBaHHbrx MeroK, T.H. trHAeKcoB)

BAoJIb KDKAofo oJIeMeHTa r43 cnvcKa. Tar<as oco6eHnocrb rrpeBpau{aer efo B ac-

coql{arl4eFlltft Maccr4B r4rrr4 cJroBapb n Python. O6ter<r DataFYame ilyqrue Bcer.o

rlpeAc'r'aBrflTb ce6e B BI{Ae o6rt.{Hofi, ra6nwqbr 14 oTo [paBr4JrbHo, BeAb DataFrame
flBJIflercs ra6nv'{Hoft crpyKrypoft AaHHbrx. B nro6ofi. ta6nr4r{e BcefAa rrpr4cyrcrBy-

Iol' crpoKr4 n cror6qnt. Cron6qaMr4 n o6rexre DataFrame Bbrcryilaror o6uet<rrr

Series, crpoKl{ Ko'ropblx flBJrflroTCfl r4x HenocpeAcTBeHHbrMr4 oJreMeHTaM?r.

llpn ueo6xo4l,IMocu{ I4crloJlb3oBarb pasJrr4lrHbre MareMaTtrrqecKr{e cpynr< rJvrkr

14 orepa:1;r'r,I4croJlbsoBa^rracb BbrcoKorrpor43BoAt{TeJrbHa s 6v6nwoTeKa NumPy. B116-

JII4oTeKa NumPy [peAocTaBJIfleT peaJlr{3a\r4vr BbrrrurcJrureJrbHbrx aJrfopr4TMoB (e

Br4Ae dtyur<qraft u onepaTopoe), onruMr43r.rpoBaHHbre Alrrr pa6ortr c MHoroMepHbr-

MI4 Maccr4BaMr4. B pesynbrare nro6oft aJrfopr4TM, KoToplrfi Mo)Ker 6srrl BbrpDKeH B

BI{Ae nocJleAoBaTeJlbHocrr{ orepaqwfr, nagMaccr.rBal,rra (nrarprr{aMrr) u peanr43oBaH-

sttfi c ucIIoJIb3oBaHI4ew NumPA, pa6oraeT TaK x<e 6trcTpo, KaK oKBrrBaJreu.rHlrfi

KoA, BbrrroJrHsenamft e MATLAB.

A4anrnpoBaHHble aKycrl4qecKr4e MoAeJrr4 B CMU Sphinx Mo)KHo rrcrroJrb-

3oBarb KaK Alrtr aAa[TaI{uI4 6asoeoft MoAeJrr4 rroA oco6ennocrr4 rrpor43Ho[reHr4fl

AI4KTopa TaK I4 [oA oco6enuocrr4 l,rrarcpo$oHa 14 oKpy)Kelr4fl.. llpoqecc aAarrarJww

I4cfloJlb3yer ort{caHHble BXoAHbre AaHHbre AJrfl yryqueur4fl. y)Ke cyu{ecTnyrcrqeft

MOAOJII4. Ano yryquretufl MoAeJrr,r rroA oco6ensocrr4 rrpor43HorrreHr4fl AuKtopa pe-

KoMeHAyerctr I4ctIoJIb3oBaTb He MeHee 5 vnnyr 3arrr4cannoft peqr4.

Mo4ynr recogn'it'ion paspa6aTbrBaeM oit cncreMbr rro3BoJrfleT r4crroJrb3oBaTb
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aAalrr4poBaHHbre aKycTr4r{ecKr4e MoAeJrr4 AT4KTOpOB AJrfl yryr{ue[vrfl KaqecTBa pac-

rro3HaBa[krfl peqr4.

Bce I4Meloil{r4ecfl, B cl4creMe MoAeJIIT 3arppKaroTcfl B pa6ovyp rraMflTb rpr4

r4[vr\r4aJrw3a\r4r4 cl4cTeMbr. Kar4oft nro4eJII4 rIpI4cBaI4BaeTcfl, yHvrKalnHmft rrAeHTr4-

$zr<aqraoHHrtft HoMep coBrlaAanulufi c I4AeHTnSwr<aqr4oHHbrM HoMepoM Ar4KTopa.
Hv>r<e rpeAcTaBJIeH KoAr4Hr4qI4aJII43a\r4r4 MoAyJrfl Pocketsphinx c aAanrr4poBaHgoft

aKycTt4rrecroft MoAeJrbIo.

K&>r<4oft MoAeJII4 npl4cBal,IBaercfl yHr4KaJrlHuft r4AeHTr4$zxaqnoHsufi Ho-

Mep coBrlaAaro[1raft c I4AeHTu$zxaqIIoHHbIM HoMepoM ArzKTopa. Ha axo4 MoAyJrb

recognition rpI4HI4Maet o6pa6otaHnttft snyxonoft cr4fHaJr rr r4AeHTa$zxarop. Ha
repBoM sTarle I4lr{ercfl coBrIaAeHI4e [oJlyyeHHofo r4AeHrr,rSlry<aropa c r4AeHTw$wwa-

TopaMI4 3afpy)KeHHbIX MoAeJIefi. Ecnu coBIIaAeHne HaftAeHo, nlr6upaeTcfl MoAeJrb

AI4KTopa. Ecnw coBrlaAeruwft. HeT, nu6upaeTcfl 6asonaa aKycrr4yecKafl MoAeJrb fl3br-

rca. Ha BTopoM orarle [pol{3BoAvrrcfl pacrro3HaBaHr4e Souevr B [orytreHHoM 3ByKo-

BoM cI,IrHaJIe c I4crIoJIbBoBaHr4eu nm6pannoft aKycrr4yecroft MoAeJrr4.

L4



3AKJITOIIEHME

Cavroe 6nrctpoe ra s$$eKTI{BHoe Bsar4Mo4eftcru4e Me)KAy JrroAbMr4 npor4c-
xoAl4r rlocpeAcrBoM ycrHOft peql4. C uorvrolr{blo peql4 Moryr 6lrrr repeAaHbr pa3-
rI4qHbIe r{yBCTBa I4 SMoI{I4v,, d rJIaBHoe - [oJre3Hafl ran$opnn a\r4fl,. Heo6xo4r{Mocrb
co3AaHl4fl KoMrIbIoTepHbIX ranrep$eftcon 3ByKoBoro BBoAa-BbrBoAa He Bbr3brBaeT

coMHeHvrfi,, nocKoJlbKy rax eSSeKTI4BHocTb ocHoBaHa Ha [paKTr4yecKr,r HeorpaHtr-
tIeHHbIX Bo3Mox(Hocrflx tlopnnyrupoBKl4 B caMbIX pasJrrarrHbrx o6nacrsx qeJroBeLre-

ct<oft AesreJIbHocTIr. Mox<uo yrBep)KAaTb, tITo yx(e B cKopoM BpeMeHrr foJrocoBbre

ItHrep$eftcst [paKTI4qecKI4 ue 6y4yr oTrl4tlaTbcfl rro HaAe)KHocTr4 or KJraccrqe-
cKrrx cuoco6oB BBoAa.

PacnosHaBaHl{e peql4 - oAHa I43 caMbIX r4HTepecHbrx 14 cJro)KHbrx 3aAaq r4c-

KyccTBeHHofo I4HTeJIJI€KTa. 34ecl aa4eftcr:BoBaHbl AocTr4)K e1vrfl, BecbMa pa3Jrr{q-

HbIX o6lacteft: oT KoMrbrorepHoft JII4HrBr4crr4Kr4 Ao qra$ponoft o6pa6orxr,r cr4f-

HaJIoB. Cartnuuu I43BecTHbIMI4 vr eS$er<u4BHbrMr4 aJrfopr{TMaMr4 pac[o3H aBaH1rtr

per{I4 flBJIflIOTCfl aJIfOpI4TMbI, IIOCTpOeHHbIe Ha I4C[OJrb3OBaH[1I,I CKpbrTbrx MapKoB-

cKrIX MoAeJIeft v neitpoHHble cerw. TexHolorwr4 peyeBofo pac[o3HaBaHr,rfl HaruJpr

cBoe [pI'IMeHeHI'Ie B pa3JtI{rrHbIX o6lacrsx. O4naKo B 4annoft o6nacrv. MHo)KecrBo

npo6neM Bce eqe ocTaloTcfl He peIxeHHbIMrr, MHorr4e krryekr rpe6yror AaJrbHefiurero
pa3Br4Tr4A.

B paMKax 4anHoft pa6orsr r4ccrreKoBaJracb Bo3Mo)KHocrb [pr4MeH eHWfl cr4-

cTeM I4AeHTI4$zr<aqraI4 AI4KTopa I4 aAalrl4poBaHHbrx aKycrrrqecKr4x MoAeleft Arrtr
IIoBbIIUeHr4fl' KarrecTBa pac[o3HaBaH[fl peqr4. Btrla peaJrr43oBaHa cr4cTeMa pac[o-
3HaBaHI4fl peqn no aAarITI,IpoBaHHbIM MoAeJrflM Ar4KTopoB. An^ ntr6opa-MoAeJrr4

AIrKTopa I4crIoJIb3oBaJIacb peaJII43oBaHHafl B paMKax 4annoft pa6ortr cr4creMa pac-

ro3HaBaHr4fl. Ar4KTOpa rO foJrocy.
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