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OT ABTOPA

Tekywlas Oopka gokymerTa: 23 aHsaps 2012 r. 359

TexHUKa B )KU3HU YEJIOBEKa MTPacT 3HAYMTEIIFHYIO POJIb M MAIIMHHBINA TIEPEBOT
HE CcTaJ UCKIIoueHueM. Jljist obnerdeHus u ynpouieHus neperoja Oblia caenaHa
MOTIBITKA Pa3paboTaTh paclpeAcICHHYI0 CTaTUCTUYECKYIO CUCTEMY MAaITMHHOTO
nepeBoa.

Pabota cepcTana ¢ ucronp3oBaHneM XJIATEX. lokyMeHT odopMITeH Mo Tpe-
ooBanusiM MockoBckoro ABuanronHoro MuctuTyTa, HEe Bcerma 3TH TpeOoBa-
HUS COOTBETCTBYIOT MMPUHATHIM TOCYaPCTBEHHBIM WJIM MUPOBBIM CTaHIapTaMm, Ja
U 37IpaBOMY CMBICTTY. Tak 4To, yBa)KaeMbI€ YMTATEIIU, — HE B3BIIIHTE.

Cnacu6o Imutputo Kany (~ [34]), 3a ucnpaplieHUE OINEYATOK MPEIbI Ay
coopku. Ilpu oOHapyXeHUH OIMEYaTOK W OMMOOK, MOXKaIyihcTa, oOparaiTech

o azapecy: w@w-495.ru.

Bepcus moxyMeHTa cobpaHa creriuagbHO I pecypca twirpx.com
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PEDEPAT

Juniomuas pabora comepxutT 104 ctpanuibl, 13 pucyHkoB, 21 Tabmuiry,

4 IIPHUIIOKCHU . CHuCcoK MCIOJIb30BAaHHBIX HCTOYHUKOB COACPKUT 63 IIO3HUIINH.

KuroueBsie cioBa:

N-TPAMMBI, JTEKOAUPOBAHUE, JIEPEBO CYIIEPBU3UU, XXAJIHBIN
MHKPEMEHTHBIN IIOUCK, MAIIMHHOE OBYYEHME, MOJEJIb IIE-
PEBOJIA, MOJEJb S3bIKA, HAVUYHBIM TEKCT, OCOBEHHOCTHU
HAYYHO-TEXHUYECKOW JIUTEPATYPBI, OTKPBLITASI TEJEKOMMY-
HUKAILIMOHHA S IUDTATO®OPMA, TTAPAJIJIEJIbHBIN KOPITYC, ITEPEBO/I,
I[IOAXOAbl K MAHIIMHHOMY IIEPEBOY, IIOMCK IIO IIEPBOMY
HAWJIYUYIIEMY COBITAJIEHWIO, PACIIPEJAEJIEHHBIE BBIYMCIIEHNMA,
CHUCTEMA MAUHIMHHOI'O TIEPEBOJIA, CUCTEMA CTATUCTHUYECKO-
IO MAIIMHHOI'O ITEPEBOJIA, CTATUCTHUYECKHN MAIINHHBIN
ITEPEBO/I, CYIIEPBU30P, TPAHC®EPHAA CUCTEMA MAIIMHHOI'O
IIEPEBOJIA, TEKCTOBBIN KOPITYC, SI3bIKOBA S ITAPA.

PaGora mnocssieHa pa3paboTKe pacnpefeeHHOM CTaTUCTUYECKOW CHUCTEMBbI
MEPEBOJA €CTECTBEHHBIX SI3bIKOB. AKTYaJIbHOCTh TEMBI OIpPaB/laHa IMOSBICHUEM
OOJIBILIOTO KOJIMYECTBA HAYYHO-TEXHUYECKUX JOKYMEHTOB U HEOOXOIUMOCTHIO
OTIepaTUBHOTO UX MIEPEBOAA Ha JIpyTHe s3bIKH. B paboTe mpoBeeH kpaTkuii 0030p
CYILIECTBYIOIIMX TUIOB CUCTEM MAIIMHHOTO NMEPEBOJA, ONMKCAHA TEOPETUUECKAs
0a3a CTaTUCTMYECKUX CUCTEM MAIIMHHOTO IEpPEeBOAA, M3JIOKEH HETPaTUIIMOH-
HBIM MOAXOJ K CO3JAaHUIO0 TaKuX cucTteM. B pesynbrare paOoThl OBLIO CO3/1aHO
pacnpejieieHHOe TIPOrpaMMHO-MH(GOPMAIIMOHHOE 00eCTIeYeHUE CTaTUCTUYECKOM
MOJIENIU MIEPEBO/IA HAYYHO-TEXHUUECKUX TEKCTOB Ha MPUMEPE PYCCKOTO U aHIJINI-
CKOTO 13bIKOB. CHCTEMA MIPEICTABISIET HA0OP MPUIIOKEHUN B3aUMOIEUCTBYIOIIMX

¢ obmeit 6a3zoi maHHBIX. Habop mpuiokeHnit MOXKHO pa3/iesIuTh Ha JBa Kjacca:

a) MPWIOKEHUS HEOOXOAUMBIE Il OOYyUYEHUs] CUCTEMBI MO YK€ WMEIOIIUMCS

InepeBogaM, KOTOPBIC BBIIIOJIHCHBI YCIIOBCKOM,

0) TpWIOKEHUSI OCYIIECTBISIIONIME TTO00p Hanboiee MOAXOIASAIINX MePEeBO/-

HBIX OKBUBAJICHTOB.



ANTOpUTMBI 00yUY€HHUs CUCTEMBI ObLIA pa3paboTaHbl C y4ETOM 0COOCHHOCTEH Ha-
YYHBIX TEKCTOB M CJ1a00 MPUMEHUMBI JIJIs1 APYTUX CTUJIEH JTUTEpaTyphl. 3a HEUMe-
HUEM TEKCTOB HY)XKHOTO 00bE€Ma M KauecTBa, B paMKax JTaHHOH paboThl 00yde-
HUE CHUCTEMBbI IIPOBOAUIOCH HA KOMOMHMPOBAHHOM HaOOpe MEPEeBOAOB, COCTOSI-
MM TPEUMYIIECTBEHHO W3 O(PUIMATBHO-AEIOBOTO U MyOIUIIUCTUYECKOTO CTH-
Jew nureparypsl. st mogdbopa Hanbosiee MOAXOAAIINX IEPEBOAHBIX YKBUBAJICH-
TOB MCHOJIB3YETCS JKaAHbIM MHKPEMEHTHBIM MOUCK. Er0 OCHOBHBIM MpPEUMYILIE-
CTBOM SIBJISIETCSI BBICOKAsi CKOPOCTh pabOThI, UTO MOXKET OKa3aThCsl BAXKHBIM IS
orepaTUBHOTO nepeBoia. KauecTBo nepeBoa pa3padOTaHHONW CUCTEMBI HECKOIb-
KO YCTYNaeT CyIIECTBYIOIIUM aHajloraM. JT0 OOBSCHSETCS OCOOCHHOCTSIMU HC-
XOAHBIX JAHHBIX U XapaKTEPOM HCIOJb3YEeMbIX aaropuTMoB. CKOPOCTh pabOThI
CUCTEMBbI B HECKOJIBKO pa3 MPEBOCXOUT CKOPOCTU JOCTYIHBIX CUCTEM MOJ00HO-
ro knacca. JlJis cpaBHEHUS] CUCTEM UCIOJIB30BAJICSl OAMHAKOBBIN HA0Op AAHHBIX.
B skoHOMMUYECKOI YacTH MPOBEJEH pacyeT CTOMMOCTH pa3pabOTaHHOM CTEMBI.
B paznene mocBseHHOM OXpaHe TpyAa U OKPYKAIOIIEH Cpelibl ONMMCAaHO KaKUX

MOCJICJICTBUI MOXKHO M30€KaTh MPU UCTIOJIb30BAHUH CO3JaHHONW CHCTEMBI.
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CMNUCOK TEPMUHOB U UX COKPALLLEEHUW

CMII — cucteMa MalIMHHOTO MEPEBOAA.
CCMII — crarucTuyeckasl CUCTEMa MalllMHHOTO MEPEBOAA.

Kopnyc (JIMHTBUCTUYeCKHI KOPIYC) — HA3bIBAIOT COBOKYITHOCTh TEKCTOB, CO-
OpaHHBIX B COOTBETCTBUU C OIpPEIEICHHBIMUA MPUHIIUIIAMH, Pa3MEUCHHBIX
10 OTPEJIEIICHHOMY CTaHJapTy, B ATOH paboTe KOPITyCOM Ha3bIBAIOT COBO-
KyIHOCTb NPEJIOKEHUN HAa KOHKPETHOM fA3BIKE, pa3/IeJI€HHBIX CHMBOJIOM

HEpEeBOJIa CTPOKH.

n-rpaMmMa — TIOJNOCEAOBATEILHOCTh U3 N JIEMEHTOB M3 JJAHHOW TMOCJIeI0Ba-
TEILHOCTH TEKCTa WJIM PEUH, B JAaHHOW paboTe paccMaTpUBaeTCs Kak Moj-

Mo CJICA0BATCIbHOCTDH CJIOB.

OTII (OTP) — otkpheiTas TeIeKOMMYyHUKallMOHHAs Tiatgopma (open telecom
platform).
Cynepsu3op (B TepmuHax OTII) — nporece (Kak COBOKYITHOCTh B3aMMOCBSI-

3aHHBIX U B3aUMOJICVCTBYIOIIUX JEUCTBUI), CIEASAIINHN 32 IOYEPHUMU MIPO-

neccamu, OTBC“IaIOHII/Iﬁ 3a UX 34IllyCK U OCTAaHOBKY.

IIpunoxenue (B repmuHax OTII) — KOMIIOHEHT, KOTOPBIM MOXKHO 3aIlyCKaTh U
OCTaHABJIMBATh KaK €AMHOE 11€J10€, U KOTOPBIM TaK)KE MOXKET OBITh UCITIONb-

30BaH IIOBTOPHO B APYTUX CUCTCMaX.

JlepeBo KOHTPOJIsl (CynmepBM3UM) — COBOKYIHOCTh PaOOYHX IMPOIECCOB BBI-
YUCJIUTEIIBHOW CUCTEMBI, UX CYNEPBU30POB MPEACTABICHHOE B BUIE Ipe-

BOBUJHOM CTPYKTYPBI.



1. OCHOBHAA YACTb



1.1. BBEAEHUE

Mp1 xuBeM B MUpe HHGOPMAIIMOHHBIX TEXHOJIOTHUM, KOTOPHIE MMPOYHO BOILIH
B HAIly KWU3Hb. MBI MOJIb3yeMCSI COBPEMEHHBIMU CPEACTBAMHU CBA3U. KomIbroTep
MIPEBPATHIICS B HEOTHhEMJIEMBIN 3JIEMEHT HaIlleH )KU3HU HE TOJBKO Ha pabodeM Me-
CTe, HO M B TIOBCEIHEBHOM >KU3HU. bbICTpOEe pa3BUTHE HOBBIX MH(OPMAIIMOHHBIX
TEXHOJIOTU CBUJIETEIBCTBYET O BCEBO3PACTAIOIIEN PO KOMIIBIOTEPHON TEXHUKH
B MUPOBOM MH(GOPMAIITMIOHHOM MPOCTPAHCTBE.

C KaXXJIbIM JHEM yBEJIMYUBAETCS YUCIIO Nosb3oBareseil Mutepuera. Bee 60mb-
1I€ CETEBBIC TEXHOJOTMU OKA3bIBAIOT BIUSHUE HA PA3BUTHUE CAMOW HAYKH U TEX-
HUKH. 3a MMOCJICTHUE TOJIbl CUIILHO HadaJl MEHSATHCS XapakTep o0pa3oBaHusl, repe-
X0/ Ha YPOBEHb JUCTAHIIMOHHOTO. DTOT MEPEX0J] OCYLIECCTBIISIETCS AaXe B KJlac-
CHYECKHUX By3ax. Pa3BuTue Hayku u 00pa3oBaHus, Aa U BooOIIe GpopMupoBaHue
MHUPOBOTO HHGOPMAIIMOHHOTO MPOCTPAHCTBA 3HAYUTEILHO TOPMO3UTCS M3-3a TaK
HA3bIBAEMOTO SI3BIKOBOTO Oaphepa. DTa mpolbliieMa 1Moka He Hallljla CBOero Kapiu-
HAJIbHOTO PEIICHUS.

[Tocneanue roasl 00bEM MpeIHA3HAYCHHOW AJIs TIepeBoia nHMOpMaIuu yBe-
muamiicsi. Co3maHue YHUBEPCAIBHOTO SI3bIKa TUIIA DCTIEPAHTO, «INMbOUNCKUX SA3bI-
KOBY» WJTM KaKOTO-JIMOO JIPYroro si3blka HE MPUBEIN K U3MEHEHUIO cuTyaruu. Mc-
MOJB30BAHUE TPAAULIHOHHBIX CPEICTB MEKKYJIBTYPHOU KOMMYHUKAIIUH MOYET
OBITh IOCTOMHBIM BBIXOJOM. HBIHEIIHMI BEK NUKTYET CBOM YCJIOBUS: UHPOpMa-
M MEHSETCA IBaALATh YETHIPE Yaca B CyTKH, IUPOKO TPUMEHSFOTCS AIEKTPOH-
HBIE CPEACTBA CBSI3U. B Tako cUTyanuu KJIIACCUYECKUN MOIXO0/T K OCYIIIECTBIECHHIO
nepeBosia He Bceraa ompapiabiBaeT cedss. OH TpelyeT 3HAYMTENIbHBIX KaluTaao-
BJIO)KCHUH M BPEMEHHBIX 3aTpaT. B HEKOTOpBIX ciydasx Oosee 1esiecooOpa3HbIM
MPEICTABIACTCS UCIIOIb30BAHUE MAIITMHHOTO UJIM aBTOMaTUYECKOTO MepEeBO/a.

[lenpro pabOTHI ABIAETCS CO3JJaHNE CTATUCTUUYECKOM CUCTEMBI MAIIMHHOTO T1e-
peBoma. O0o3HaUEHHAs 11€J1b MOAPa3yMeBaeT MPOSKTUPOBAHKUE PACTIPEICICHHOM
CHUCTEMBI, pa3pabOTKy aJrOPUTMOB CTATUCTUUYECKOTO aHAJIN3a TEKCTOB, peasin3a-

MU0 U TCCTUPOBAHUC ITPOTrPAMMHOIO oOecrieyeHus.



[lens onpenenuia clieayoInue 3a1a4u:

HCCIICA0BAHNC CYIICCTBYIOMUX CTATUCTUICCKUX CUCTCM MAIIMHHOI'O IICPC-

BOJIA;

HN3Yy4YCHHUC MATCMATHUYCCKHUX OCHOB ITIOCTPOCHUA CTATUCTHUYCCKHUX CUCTCM Ma-

IIMHHOTO TMEPEBOIA;
W3y4YeHUE JTMHTBUCTUIECKUX OCHOB MAIIMHHOTO MIEPEBO/IA;

HN3Yy4YCHUC BO3MOKHBIX BAPHAHTOB XpAHCHHUA JAHHBIX B paMKaX 3ada4y Ma-

MIMHHOTO TIEPEBO/IA;
COCTaBJICHUE TPEOOBaHMI U OTPAHUYCHUN CUCTEMBI;
pa3paboTKa YMCIEHHOTO arTOpUTMa 00yUYEHHUS CUCTEMBI;

pa3paboTka anropuTMa MOMCKa BEPHOTO BapHaHTa IMePEeBOIa Ha OCHOBE 00Y-

YEHHOU MOJICJIH;

COCTaBJICHHE TPEOOBaHMI K BXOJAHBIM JaHHBIM YHUCJIEHHOTO aJITOPUTMA;
COCTaBJICHHE TPEOOBaHMI K BBIXOIHBIM JIAHHBIM aJITOPUTMA IOKCKA |
pa3paboTKa CTPYKTYPbl XpaHCHUS JaHHBIX;

pazpaboTka pacrpeaeIeHHON apXUTEKTYPHI;

pazpaboTka paboTaromieil 0OydaroIieicss MO Ha TECTOBBIX BXOMHBIX

JIAaHHBIX

pa3paboTka pabOoTaroIero MOMCKOBOTO MOIYJISI HA TECTOBBIX BXOAHBIX JTaH-

HBIX;
0/1I00p HY>KHBIX KOPITYCOB TEKCTOB;
pazpaboTka pacnpeaeIeHHONH 00yJaroIecss CUCTEMBI;

pa3paboTKa aJrOpUTMOB MPEABAPUTEIBHON 00paObOTKH BXOAHBIX KOPITYCOB

TEKCTA;
KOPPEKTHPOBKA CHCTEMBI C YIETOM BXOJHBIX JAHHBIX;

TCCTHPOBAHUC ITPUIIOKCHHUA, B COBOKYIIHOCTH OTIIaAKaA BCEM CHUCTEMBI.



1.2. KMNPOBJIEME MALLUHHOIO NEPEBOAA

B nHacrosiiiee Bpemsi UMEETCSl JIOCTAaTOYHO IIUPOKUN BBHIOOp MAKETOB MPO-
rpaMM, OOJIeryaromux TPy MepeBOJUHKA, KOTOPHIE YCIOBHO MOXKHO IOJpa3ze-

JIMTb Ha ABC OCHOBHBLIC I'PYIIIIbI:
® JJICKTPOHHBLIC CJIOBAPH;
¢ CHUCTCMBI MAalTMHHOI'O IICPCBOJIA.

CucteMbl MalIMHHOTO nepeBoaa TCKCTOB € OAHHUX CCTCCTBCHHLIX A3LIKOB
Ha IpYyruc MOACIHUPYIOT pa60Ty YCJIOBCKA-IICPCBOAYHKA. X mone3HocTh 3aBU-
CHUT OT TOro, B KakoM CTENEeHU B HUX YUYUTBIBAKOTCSA OOBEKTHUBHBIE 3aKOHBI SI3bI-
Ka ¥ MBIIIICHHA. 3aKOHBI 3TH MOKa CIIC M3YYCHLI IIJI0XO. HOBTOMy, pemasa 3a-
Ja1y MalllMHHOI'O IICpCBO/A, HCO6XOIH/IMO YYUTBIBATH OIIBIT MCXKHAIIMOHAJIBbHOIO
O6HIGHI/I$I H OIIBIT HGpCBOI[‘ICCKOfI ACATCIBbHOCTH, HaAKOIIJICHHBIN YeJIOBEYECTBOM.
B IMponecce rnepeBoaa B KA4CCTBC OCHOBHBIX CAMHHUI] CMBICJIa BBICTYIIAKOT HC OT-
ACJIBbHBIC CJIOBA, 4 (I)pa?:eOJIOFI/I‘IeCKI/IC CJI0BOCOYCTAHUS, BbIPAKAIOIINUC ITOHATHSI.
MNMEHHO TTOHSTHS SIBIISIIOTCS QJICMCHTAPHBIMH MBICJIUTCIIbHBIMHA 06pa3aMH. Tonb-
KO HCIIOJIb3YA MX MOXKXHO CTPOHMTH 0osee CIIOKHEIC O6p83131, COOTBCTCTBYIOIIIHC
IICPCBOANMOMY TCKCTY. B COBpeMeHHOfI JIMHI'BUCTHUKC MOXHO BLIACIWUTH PO HA-

paBjiIeHUI UCIIOJIb30BAHUSI KOMIIbIOTEpA:
* MallMHHBIN NEPEBOL;
* OTJENIbHBIC BUbl AaBTOMATU3ALIUN JTUHTBUCTUYECKUX UCCIEI0BAaHUM;
* aBTOMAaTH3AIUsI JICKCUKOTpahUIeCKuX padoT;
* aBTOMAaTHYECKUI MOUCK Oubnuorpaduyeckoit nHGpopmMauu.

B »T01i paGote MbI OyemM moapoOHO paccMaTpUBATh CUCTEMbI MAIIIMHHOTO T1€-

peBoOaa. Ha I[aHHBIﬁ MOMCHT BBIACJIAOT TPH THUIIA CUCTCM MAIIMHHOTO IIEPCBOAA:
¢ TIOJJHOCTBIO aBTOMaTH‘ICCKPlﬁ;

* aBTOMATH3UPOBAHHBII MAIIMHHBIN TepeBo MpU ydacTuu denoseka (MT!-

CUCTEMBI);

Machine Translation.
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¢ IICpPCBOA, OCYHICCTBHHGMBIﬁ YCJIIOBCKOM, C HCIIOJIBb30BAHHCM KOMIIBIOTCPA

(TM?-cucremsr).

IToMHOCTBIO aBTOMATUYECKHE CHUCTEMBl MAILIMHHOIO IEPEBOAA SBIAIOTCS
HECOBITOUHOM MEUTOH, YeM peanbHOU uael. B 3Toit pabote Mbl X paccMaTpUBaTh
He Oyznem. Bee cuctembl mammuHOr0 nnepeBosa (M T-cuctemsl) paboTaroT IpH yua-
CTHUM YEJIOBEKA B TOW WJIK MHOU Mepe. TM-CucTemMbl HHOTJIa HA3bIBAKOT €IIIE «IIa-
MSATBIO MIEpeBOUNKa». OHU SBISIIOTCA CKOPEE MPOCTO yAOOHBIM UHCTPYMEHTOM,

HCXKCIIN 3JICMCHTOM aBTOMAaTHU3alluu.

1.2.1. noagxoAabl K MALLMHHOMY MEPEBOAY

CucTtemMbl MAIIMHHOTO TEPEBOJAa MOTYT UCIIOIB30BAaTh METOJ IEPEBOA OCHO-
BaHHBIN HAa TMHTBUCTHYECKUX NpaBuiiax. Haubosee moaxonsinue cioBa U3 UCXOA-
HOTO fI3bIKa MPOCTO 3aMEHSIOTCS CJI0BaMHM MEPEBOTHOTO si3bIKa. YacTo yTBepxka-
€TCsl, UTO /ISl YCIEIIHOTO PelIeHUs MpoOIeMbl MAITMHHOTO TEPEeBO/Ia HEOOXOI1-
MO PEIINTh MPoOIeMy MOHUMAHHS TEKCTa HA €CTECTBEHHOM SI3BIKE.

Kak nmpaBuio, MmeTos1 mepeBojia OCHOBAHHBINM Ha MPABHUIIAX UCTIOIB3YET CHMBO-
JIMYeCcKoe MpecTaBieHne (MOCPEAHIKA), HA OCHOBE KOTOPOTO CO3/1ae€TCs TEKCT Ha
NIEPEBOAHOM SI3BIKE. A €CITU YUUTHIBATh IPUPOJTY TOCPETHUKA TO MO’KHO TOBOPUTH
00 MHTEPIIMHIBUCTUYECKOM MAITUHHOM T€PEBOJIC WU TPaHCHEPHOM MAITUHHOM
nepeBojie. ITH METOIbI TPEOYIOT OYEHB OOJIBIIKMX CIIOBApel ¢ MOP(OTOTHIECKOMH,
CUHTAKCUYECKOW M ceMaHTH4ecKoi mHpopMalnuel 1 0osblIoro Habopa MpaBuIL

CoBpeMeHHBIE CUCTEMbI MAILIMHHOTO MEPEBO/Ia ACNAT HA TPU OOJIBIINE TPYIIIbI:
* OCHOBaHHBIC Ha IIpaBUJIAX;
* OCHOBaHHBIC Ha IpUMEpPaXx;

¢* CTaTUCTHYCCKHC.

2Translation memory.
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1.2.2. CMIN OCHOBAHHbIE HA NMPABUJIAX

Cuctembl MallIMHHOTO TIEPEBO/Ia OCHOBAHHbIC HA MPaBUiIaX — OOILUNA TEPMUH,
KOTOpBI 0003HaYaeT CUCTEMbI MAIIMHHOIO MEpPEeBOJa Ha OCHOBE JIMHIBUCTUYE-
CKo HH(OpMAaIIK 00 UCXOTHOM U MTEPEBOTHOM s13bIKaxX. OHU COCTOST U3 ABYSA3bIY-
HBIX CJIOBape M rpaMMaTHK, OXBaThIBAIOIIMX OCHOBHBIE CEMaHTHYECKUE, MOP(O-
JIOTUYECKUE, CHHTAKCUYECKUE 3aKOHOMEPHOCTH KaXJO0TO sA3bIKa. Takou moaxon
K MallMHHOMY IE€PEBOAY €IIe Ha3bIBalOT KilaccuueckuM. Ha ocHoBe 3TuX JaH-
HBIX MCXOJHBIA TEKCT MOCIJIEOBATEIbHO, MO MPEIIOKEHUAM, ITpeodpasyercs B
TEKCT MEepPeBOAa. ITU CHUCTEMBI MPOTUBOIOCTABIISIOT CUCTEMAaM MAIIMHHOTO I1e-
peBoOJia, KOTOpbIE OCHOBAaHBI Ha MpuMmepax. [IpuHIMI paboThl TaKMX CUCTEM —
CBSI3b CTPYKTYPBI BXOJHOT'O Y BBIXOJTHOTO MPE/JIOKEHHUS.

OTH CUCTEMBI JIETATCS HA TPU TPYIIIIbI:

* CHCTEMBI MTOCIOBHOTO NIEPEBO/A;
* TpaHC(EepHbIE CUCTEMBIL;

* MHTCPJIHMHIBUCTHYCCKHUC.

NOCNOBHbIN NEPEBOA,

Takue cucteMbl UCTIONB3YIOTCS celuac KpailHe PeaKo M3-3a HU3KOrO Ka4yecTBa
nepeBojia. CioBa UCXOIHOTO TEKCTa MPeoOpa3yroTCs Kak €CTh B CJI0BA IIEPEBOHO-
ro Tekcta. Yacto Takoe npeodpa3oBaHue MPOUCXOIUT O€3 JIeMMaTH3alUU U MOP-
¢donoruyeckoro aHanuza. ITo CaMblii IPOCTOM METO MAIMHHOTO nepeBona. OH
UCIIONIB3YETCs JIs TIepeBO/ia JJIMHHBIX CIIUCKOB CJIOB, HAIpUMeEp, KaTajaoroB. Tak
K€ OH MOXET OBbITh MCIOJB30BaH JIJIsi COCTABICHUS «CIOBAPS-MIOACTPOUCUHUKAY

st TM-cucrteMm.

TPAHC®EPHbIE CUCTEMDI

Kak TpancdepHble cUCTEMBbl, TaAK U HHTEPIMHTBUCTUYECKHE, UMEIOT OAHY
U Ty ke o0uryto unero. g nepeBoga HEOOXOAUMO UMETh OCPETHUKA, KOTOPBIN
B ce0e HeCeT CMBICH MEePEBOANUMOrO BhIpAXKEHUSA. B MHTEPIMHIBUCTUUECKUX CHU-
cTeMax MOCPEAHHUK HE 3aBUCHUT OT IMapHhI S3BIKOB, B TO BPEMs KaK B TpaHCHEPHBIX

— 3aBUCHT.
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Tpancdepnbie cucTemMbl pabOTAIOT IO OYEHb TPOCTOMY IMPUHIUITY: K BXOJHO-
My TEKCTY NMPUMEHSIOTCS MPaBUiia, KOTOPhIE CTaBAT B COOTBETCTBHUE CTPYKTYPbI
HCXOJTHOTO M MEPEBOMHOTO s3bIKOB. HauanbHbIN 3Tanm paboThl BKIKOYAET B ceOs
MOP(OJIOTHUECKUN, CHHTAKCUUECKHN, a WHOTJAa U CEMAaHTHUYCCKUN aHAIN3 TEeK-
CTa JJisl CO3/1aHUsl BHYTPEHHETO MpeAcTaBieHus. [lepeBon renepupyercs u3 3To-
T'O IPEICTABJICHUS C UCTIOJIB30BAHUEM JIBYSI3BIUYHBIX CJIOBapei U rpaMMaTH4YEeCKUX
npaBui. lHOTIa HA OCHOBE MEPBUYHOTO MPEICTABICHUSI, KOTOPOE OBLIO MOTyue-
HO U3 HUCXOJITHOTO TEKCTa, CTPOST OoJiee «aOCTPaKTHOE» BHYTPEHHE MpeCTaBie-
HUE. DTO JIeJaeTcs ISl TOT0, YTOOBI aKIIEHTUPOBATh MECTA BaXKHBIE /IJIsl TIEPEBO/IA
¥ OTOPOCUTH HECYIIECTBEHHbIE YacTu TeKcTa. [Ipu mocTpoeHnu Tekcra nepeBoja
npeoOpa3oBaHKe YPOBHEW BHYTPEHHUX MPEICTABICHUI TPOUCXOIUT B OOpaTHOM
HOPSZIKE.

[Ipu ucnonb30BaHNUU 3TOM CTPATErUU MOJIYYAETCSA JOCTATOYHO BBICOKOE Kaye-
CTBO MEPEBOIOB, C TOYHOCTHIO B paiioHe 90% (CUIIbHO 3aBUCUT OT SI3BIKOBOM Ta-
pbl). PaboTa 10601t cuctembl TpaHCPEPHOTO MEPEBOIA COCTOUT KaK MUHUMYM U3

IIATH YaCTeu:
» Mop(dosoruyecKkuii aHaIn3;
* JIEKCUYEeCKasl KaTeropu3alus;
* JIEKCUYECKUM TpaHchep;
* CTPYKTYpHBIH TpaHchep;

» Mopdosiorudeckasi reHeparus.

WHTEP/IMHIBUCTUYECKMIA MALLMHHBIW NEPEBOA

NHaTepnmHrBucTHYECKMI MAIITMHHBIN MIEPEBOJ] — OJIUH U3 KJIIACCUYECKUX MO/~
XOJI0B K MaIlIMHHOMY TepeBoy. cXomHbIN TEKCT TpaHC(POopMUpYETCs B aOCTPaKT-
HOE TPEeJICTaBICHNE, KOTOPOE HE 3aBUCHUT OT S3bIKa (B OTIIMYHE OT TpaHCHEPHOTO
nepeBoa). [lepeBoIHOM TEKCT CO3/1a€TCsl HA OCHOBE ATOT0 MpeAcTaBiIeHUs. Mox-
HO JIOKa3aTh MAaTEMATUYECKH, UTO B PAMKAX 3TOT0 MOAX0Aa, CO3AAHHUE KaXKI0TO HO-
BOTO MHTEpIIpeTaTopa s3bIKa JJIs TAKOW CUCTEMBI OY/IeT YICHIEBIISATh €€, 10 CPaB-

HEHUIO0, HaIlpUMep, ¢ CUCTeMO# TpaHcepHoro nepeBona. Kpome Toro, B pamMkax
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TaKOI'0 MOJIX0/1a MOXKHO peasin30BaTh «Iepeckas TeKcTay, nepedpasupoBaHme Uc-
XOIHOTO TEKCTa B paMKax OJHOTO sI3bIKA.

Jlo cux mop HE CyHIECTBYET peaiM3alfil TAKOrO TUIIA CUCTEM, KOTOpasi KOp-
PEKTHO paboTana XoTs ObI IS IBYX S3bIKOB. MHOTHE SKCIIEPThI BBICKA3bIBAIOT CO-
MHEHUS B BO3MOXKHOCTH peanu3anuu. Camas 00Jblasi CI0KHOCTH JUIsl CO3IaHUs
MOTIOOHBIX CHUCTEM 3aKII0YAeTCsl B MPOSKTUPOBAHUU MEXbSI3BIKOBOTO MPEICTAB-
aenust. OHO AOHKHO OBITH OTHOBPEMEHHO a0CTPAKTHBIM M HE3aBUCSIIUM OT KOH-
KPETHBIX SI3BIKOB, HO B TOXKE BPEMS OHO JOHKHO OTpa)kaTh 0COOEHHOCTHU JIF000T0
CYIIECTBYIONIETO si3biKa. C APYroi CTOPOHBI, B paMKaX UCKYCCTBEHHOTO MHTEJICK-

Ta, 3a0a4a 8bl0eleHUs CMbICAA TEKCTa Ha I[aHHBIﬁ MOMCHT J0 CHUX ITOP HC pCHICHA.

1.2.3. CMIN OCHOBAHHbIE HA NPUMEPAX

ITepeBo OCHOBaHHBINM HA MPUMEPAX — OJWH M3 TOIX0JA0B K MAallTHHHOMY TIe-
PEBOY, IPU KOTOPOM HMCHOJIB3YETCS JABYA3BIYHBIN KOPIYC TEKCTA. DTOT KOPILYC
TEKCTa BO BpeMs IIEPEBOIa HCIIONb3yeTcs Kak 0asza 3Hanwmid. [Ipenronaraercs, 4To
JIFO/TM pa3jiararoT UCXOMHBIN TEKCT Ha (pa3bl, TOTOM MEPEBOAAT 3TH (pa3bl, a Aa-
JIe€ COCTAaBIISIOT MTEPEBOTHON TEKCT U3 (hpas. [Ipudem, mepeBoa Gppa3 0ObIUHO Mpo-
WCXOJIUT TIO0 aHAJIOTHHU C TPEABIAYIIUMH TiepeBoaMH. [ TOCTPOCHHS CUCTEMBI
MAaITHHHOTO MIePEBO/Ia, OCHOBAHHOM Ha ITpUMeEpaXx MoTpeOyeTcs A36IKOBOM KOPITYC,
COCTaBJICHHBIN W3 IMap MPEMIOKEHUN. 3b1K06ble napbl — TEKCTHI, COEepPIKAIINC
MIPEJIOKESHUSI HA OHOM SI3BIKE M COOTBETCTBYIOIINE UM MPEIOKEHUS Ha BTOPOM,
MOTYT OBITh KaK BapHaHTaM{ HAMMCAHUS IBYX MTPEIIOKCHHUHN YEIIOBEKOM — HOCH-
TEJIEM JIBYX SI3BIKOB, TaK U HA0OPOM MPEUTOKEHUHN 1 UX TIEPEBOJIOB, BHITOJTHECHHBIX
YEIIOBEKOM.

[lepeBoa, OCHOBaHHBIN HA TTpUMEpax, JyUIlle BCEro MOAXOIUT JJIS TaKUX SIB-
JeHUH Kak (ppa3oBbIe TIaroibl. 3HAYCHHS (PPa30BbIX IJIAr0JI0B CHIIBHO 3aBUCHUT OT
KOHTeKCcTa. @pa3oBblie IIarojibl 04E€Hb YACTO BCTPEYAOTCS B PA3TOBOPHOM aHTIIH-
cKoM si3b1ke. OHM COCTOSIT U3 IJIarosa ¢ MpeyioroM uiu HapeaneM. CMBICIT TaKoro
BBIPKEHUST HEBO3MOXKHO IMOTYYUTh U3 CMBICIIOB COCTABIISAIOMNX YacTer. Kimaccu-
YeCKHE METO/IbI ITIEPEBO/a B TAHHOM ClTydae HEMMPUMEHUMBI. DTOT METOJI TIepEBO/Ia
MO>KHO HCIIOJIB30BaTh JJIS OMPEACIICHHS] KOHTEKCTa TPEIJI0KEHUH.

Kak nmoka3aHo manee, peain30BaTh MPUMUTHBHYIO CUCTEMY MAIIMHHOTO TIEpe-

BOJIa OCHOBAHHYIO Ha MIPUMeEpax KpaitHe mpocCTo.
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1.2.4. CTATUCTUMECKMN MALLUUHHbIXA NEPEBOA,

CraTtucTU4eCcKUil MAIIMHHBIA TIEPEBO/I — 3TO METOJ MAIIMHHOIO MEpPEeBOA.
OH ucnonb3yeT cpaBHEHUE OONBIINX 0OBEMOB A3BIKOBBIX Map, TaK K€ KaK U Ma-
IIMHHBIN IEPEBOT OCHOBAHHBIN Ha ITpuMepax. CTaTuCTUYECKUI MAallIMHHBIN ITepe-
BOJI 00J1aZlaeT CBOMCTBOM «caMooOyueHus». YeM Oolibllie B pacopsHKeHUH UMe-
€TCA SI3BIKOBBIX I1ap M YEM TOYHEE OHU COOTBETCTBYIOT JIPYT JIPYTY, TEM JIy4IlE
pe3ynbTar CTaTUCTUYECKOTr0 MAIIMHHOTO nepeBoa. CTaTUCTUYECKUI MAaIMHHBIN
IEPEeBO OCHOBAH Ha MOMCKE HanboJiee BEPOSATHOTO MEPEBO/IA MPEIOKEHUS C HC-
IIOJIb30BAHUEM JAHHBIX U3 IBYSA3BIYHBIX KOPITYCOB TEKCTOB. B pesymnprare npu Bbl-
MIOJIHEHUH TIEPEBOJIa KOMITBIOTEP HE ONEPUPYET JUHTBUCTUYECKUMU AJITOPUTMA-
MH, @ BBIYHCIIIET BEPOATHOCTh MPUMEHEHUS TOTO WJIM MHOTO CJIO0BAa WJIM BbIpa-
xkeHus. CI0BO WIH IOCJIEI0BAaTENBHOCTD CIIOB, UMEIOLIME ONTUMAIIBHYIO BEPO-
SATHOCTh, CUNTAIOTCS Hau0O0JIee COOTBETCTBYIOIIMMHU MEPEBOY UCXOJHOTO TEKCTA
Y TIOJICTABIISFOTCA KOMITBIOTEPOM B IOJy4a€MBbIM B PE3YJIbTATE TEKCT.

B craructrueckoM MAalIMHHOM NEPEBOJAE CTABUTCS 3aJ1a4a HE NEPEBOAA TEK-
cTa, a 3a7a4a ero pacmudpoBku. CTaThs, HAMKCaHHAS HA AHITIMHCKOM SI3BbIKE, Ha
caMoOM JieNie ABJIE€TCS CTaThell HAMCAaHHOW Ha PYyCCKOM, HO TEKCT 3allu(poBaH
(unmu ucKakeH myMoMm). [Ipu TakoM mouxone CTaHOBUTCS MOHATHO MOYEMY, YEM
«JlaJIbIIe» S3bIKH, TEM JIy4ille paboTaeT CTaTUCTUUYECKUN METO/, IO CPABHEHHUIO C

KJIACCUYCCKHUMU I1OAXOdaMU.

MOAE/1b LULEHHOHA

Iym

Puc. 1.1. Mogensb 3a11ymM/IeHHOr0O KaHasa.

Mogenb COCTOUT U3 TSATU AJIEMEHTOB: UCTOYHHKA MHGOPMAIINH, TepeaaTIH-
Ka, KaHaja nepeaayv, TPUEMHUKA U KOHEYHOU 1I€JIH, PACIIOIO0KEHHBIX JIMHENHO.
[Tepenaruuk xogupyeT HHMOOPMAITHIO, TTIOTYUYEHHYIO OT HICTOYHUKA, U TIEPEIACT €
Ha kaHai. [lo kaHany nepenadyu, Ha KOTOPBIA JEHCTBYET IIIyM — MOMEXH Jt000-
ro poja, UCKa)karolue nHdopMaIuio, JaHHbIE TOCTYMAIOT B IPUEMHUK, TJI€ OHU

JNEKOOUPYETCS U MEPENAIOTCS K KOHEYHOU LIENH.
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N3-3a ryma mosrydeHHas IPUEMHUKOM HHGOPMAIIHS B 00IIEM CiTydae HE COB-
nagaeT ¢ nHpopMaIrei, oTrpaBieHHON nepenaryukoM. OTHAKO, COTJIACHO MOJIe-
mu lllenHona, co3naBas W30BITOUHYIO MH(POPMAIIMIO, UCXOIHBIC JAaHHBIE MOXHO
BOCCTAHOBHTH CO CKOJIb YTOJTHO BBICOKOM BEPOSITHOCTBIO. J[J1s1 0OOHApY KEHHUS OIIIN-
OOK MCIOJIb3YIOTCSI KOHTPOJIBHBIE CYMMBI, JIJISl UX UCIIPABICHUS — CTICIIUAIbHBIC
KOPPEKTHPYIOITHE KOJBI, IIPH YCIOBUH, UTO CTEIICHD IIIyMa HE MPEBOCXOIUT HEKO-
TOpo# rpanuiibl. CTOUT OTMETUTD, YTO JII00ast UHPOpMaIUsi B HEKOTOPOM POJIE U3-
obiTouHa [20]. YenoBeueckas peub U30BITOUHA — YTOOBI YIOBUTH CMBICIT MTPEJIO-
KEHHSI, 3a4aCTyI0 HEOOSI3aTeNIbHO CIBIIIATh €r0 MOJHOCTHIO. AHAIOTUYHO, MHCh-
MEHHas peub, TOKEe U30BITOYHA, U TIPH TIEPEBOJIC ATUM MOKHO BOCITOJIH30BaThCH.
Ecnu npennioskeHue B 11€JI0M MOHSATHO, HO €CTh HECKOJIBKO HE3HAKOMBIX CJIOB, TO
0OBIYHO HE TPYIHO IOTAAATHCS 00 UX 3HAUCHUH.

Taxum 06pazom, 1715 TIepeBoOIa TEKCTa HEOOXOAMMO HAUTH CTIOCO0 IEeKOIUPO-
BaHUS, HCTIOJB3YIOIIHIA €CTECTBEHHYIO H30BITOYHOCTD, B CBSI3U C UeM JICKOAMPOBa-
HUE JOJDKHO OBITh BEPOSTHOCTHBIM. 3a7a4a TaKoTo JACKOIUPOBAHUS 3aKITI0YACTCS
B TOM, YTOOBI, TIPY JTAHHOM COOOIIICHUN HAWTH MCXOJHOE COOOIICHHE, KOTOPOMY
COOTBETCTBYET HAaMOOJBIIIAs BEPOSATHOCTD. JIJIs1 3TOTO jk€ HEOOXOAMMO JJIST TFOOBIX
JIBYX COOOIIEHNI YMETh HAXOUTh YCIOBHYIO BEPOSITHOCTh TOTO, YTO MIEPEBEICH-
HOE COOOIIeHHE, PO Yepe3 KaHall ¢ IIyMOM, peoOpa3yeTcsi B UCXOHOE CO-
obmienue. B maHHOM City4ae Hy>KHa MOJIEJIb UCTOYHHKA (MOJIEIh SI3bIKA) U MOZCIIb
KaHasa (MoJIeNb IepeBoia). Moienb sS3bIKa JaeT OLEHKY BEPOATHOCTH (hpaszam Iie-
PEBOIHOTO S3BIKA, & MOJIECIIb MIEPEBOJIA OIICHUBAET BEPOSATHOCTH UCXOHOM (hpa3bl
pH yCI0BUH (Gpasbl Ha MEPEBOTHOM s3bIKe. Eciin HaM HY)XHO TiepeBecTH (ppasy ¢
PYCCKOTO Ha aHTTIMHACKHUH, TO MBI JJOJIKHBI 3HATH, YTO UMEHHO OOBITHO TOBOPST T10-
AHTIMHCKY 1 KaK aHIIIMHCKUE (pa3bl HCKaXAIOTCS /0 COCTOSHUS PYCCKOTO SI3bIKA.
Cam 1o cebe mepeBo/1 MpeBpaIaeTcs B MpoIece Moucka Takoh aHrMicKon (pa-
3bI, KOTOPasi MAKCUMU3UPOBaIa ObI MPOU3BEACHUS 0€3yCIOBHON BEPOSITHOCTH aH-
[IMICKOM (Ppasbl M BEPOATHOCTHU PYCCKOM (ppa3bl-OpUrHHANA PU YCIOBUU JAHHOM

aHTIMHCKON (pasbl.

H:EXP(SO@‘WT') = mle (P(pe) - P(erlpe)) , e

* . — (pa3a nepeBoja (aHIIUICKAs);

* . — (hpaza opuruHana (pycckas).
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B cucremax cTaTMCTHYECKOrO MEPEBO/IA, B KAUECTBE MOJEIM S3bIKA HCIIOJIb-
3yIOTCSl BApUAHTHI N-rpaMMHON Mojenu (Harnpumep, B nepeBoauuke Google, uc-
NOJIB3yTECs H-rpaMMHasi Mojienb). CortacHo 3TOW MO, TPaBUIILHOCTH BHIOOpA
TOTO MJIM HHOTO CJIOBA 3aBHCHUT TOJIBKO OT petiecTByomux (n — 1) ciaos. Camoit
IIPOCTOM CTAaTUCTUYECKOW MOZENBIO MEPEBOJA SBISETCS MOJEIb OCIOBHOIO I1e-
peBona. B aToit monenu, nuBectHoit kak Moaens IBM Nel, npennosaraercsi, 4To
JUIsl IEPEBOJA TIPEJIOKEHNS ¢ OHOIO S3bIKa HA IPYTOM TOCTAaTOYHO MEPEBECTU
BCE CJIOBA, @ PACCTAHOBKY MX B MPaBUJIHLHOM MOPSAKE 00€CTIEYUT MOJIENb S3bIKA.
EnuHCTBEHHBIM MacCHMBOM JIaHHBIX, KOTOpPBIM ornepupyeT Mopens Nel, sBnser-
cs1 TabiuIa BEpOSITHOCTEN MAPHBIX NMEPEBOIHBIX COOTBETCTBUN CIIOB JIBYX S3bI-
KOB [55]. OOBIYHO UCIIOIB3YIOTCS 00JIEE CIOKHBIE MOACIIH TIEPEBOA.

Pabota cTarucTuyeckux CUCTEM, TaK K€ KaK U CUCTEM OCHOBAaHHBIX HA MPHU-
Mepax MPOUCXOJIUT B ABYX peKUMax: OOyUeHHs U dKCIUTyaTanuu. B pexxume 00y-
YEHHUsI IPOCMAaTPUBAIOTCS NApaJUIETbHBIE KOPITYCa TEKCTA U BBIYHUCIISIIOTCS BEPO-
ATHOCTH MIEPEBOJIHBIX COOTBETCTBUI. CTPOUTCS MOZEIb sI3bIKa MepeBoaa. TyT ke
ONPEIEIAIOTCS BEPOATHOCTH KaXJI0W n-TpaMMbl. B pexume sKcIutyaranuu, s
(dpa3bl U3 UICXOAHOTO TEKCTA UIIEeTCs (Ppaza NEPEeBOAHOIO TEKCTA, TaK, YTOOBI MaK-

CUMU3HUPOBAThH MIPOU3BEACHHUE BEPOSITHOCTEH.
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1.2.5. CPABHEHUE PA3J/IU4HbBIX TUNOB CMIN

MaimHHbIN nepeBo/,

Ilpasuna [aHHbIe
[Toc/ioBHBIE OcHOBaHHbIe Ha IIpUMepax
TpaHcdepHbIe Crarucruueckue

Puc. 1.2. Knaccudukanysi CMCTeM MalllMHHOTO repeBo/ia.

PaCCMOTpI/IM KpaTKoO INpCUMYIICCTBA 1 HCAOCTATKHU CYIICCTBYIOIMIUX CHUCTCM.

CUCTEMbI NOC/1IOBHOIO MNEPEBOAA

CucreMsI ITOCIIOBHOTO InepeBoaa Ha I[aHHBIfI MOMCHT HCIIOJIb3YIOTCSA TOJIBKO
AJIA COCTABJICHUSA MOACTPOUCHHHKA, KAK OTMCYAJIOCh paHEC.

[Ipenmyiuecrna:
* IPOCTOTA;
* BBICOKAsi CKOPOCTb PabOThI;

* He TpeboBaTelbHBIE K pecypcam.
Henocrarku:
* HU3KOE KauyeCTBO MEPEBOA.

Spxux npeAcTaBUTENEH HAa PHIHKE HET, B JaHHOM clly4ae yaoOHee co3/1aBaTh HO-

BYIO CUCTEMY IT10J] KOHKPETHYIO 3a/1a4y.
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TPAHCOEPHbIE CUCTEMDI

TpancdepHbie CUCTeMBbI PaCIIPOCTPAHEHBI OUCHB MUPOKO. Hanbosee n3pect-
HBIMU TIpencTaBuTessiMu ABIst0TCS ImTranslator, PROMPT. Bce nomo6Hbie cu-
CTEMBbI UMEIOT CXO/IHBIE TPEUMYIIECTBA U HEAOCTATKH.

[Ipenmyiecrna:
* BBICOKOE KaueCTBO MepeBoja (MpU HAIMYME HYKHBIX CIIOBAPEN U MPaBUII);
* BBIOOp TEMATUKH TEKCTa, KOTOPHIN MOBBIIIAET KaU€CTBO MEPEBOAA;

* BO3MOXHO YTOYHEHHUE MEepeBoa, Omarogapsi BHECEHUIO U3MEHEHUI B 0a3zy
JIAHHBIX TIEPEBOIUMKA (TaKUM 00pa3oM, MOJIb30BaTE/ b MOJIy4YaeT MOTCHIIN-
aTbHO OECKOHEUHOE MHOXKECTBO TEPMHHOB, C KOTOPHIMU MOYKHO CBOOOIHO

OTIepUPOBATh, 1 MOXKHO JIOCTUTHYTh «O€CKOHEUHOTO» KauyeCcTBa MepeBoa).
Henocrarku:
* BBICOKasi CTOMMOCTb U BpeMsl pa3paboTKH;

* I I[O6aBJ'I€HI/IH HOBOI'O A3bIKA, HIPUXOAUTLCA IICPCACIIbIBATE CUCTCMY 3aHO-

BO;

¢ HY’XHa KOMaHJa KBaHI/I(I)I/I]_[I/IpOBaHHBIX JJMHTBUCTOB, IS OIIMCAaHUA KaXXI0I'0

HCXOJHOTO U KAKI0TO IICPCBOAHOI'O A3bIKA,

* TpebOoBaTENILHOCTH K pecypcaM Ha 3Tare COCTaBJIeHUs 0a3bl.

MHTEPIMHIBUCTUYECKUE CUCTEMDbI

I/IHTCpHI/IHFBI/ICTI/I‘ICCKI/Ie CUCTCMBI IICPCBOAA TAK M HC ObLIH JOBCACHBI

A0 YPOBHA IIPOMBIIIJICHHBIX CUCTCM. Hpez[nonaraeMbIe IMPpCUMYIICCTBA:
* BBICOKOC Ka4CCTBO IICpCBOAA, HC3aBUCHUMO OT BI)I60pa SA3bIKA,

* BBIACJICHHC CMBbICJIA U3 UCXOAHOI'0 TCKCTA ITPOUCXOAUT OJHUH Pa3 U IIOTOM 3a-
MMMCHIBAETCS Ha JTH000M SA3BbIK, B TOM 4YHCJIC I/ICXOI[HBII\/'I (HonyqaeM «IICPCCKa3

TEKCTa»);

¢ HH3Kasjd CTOUMOCTD TPpyA03arpar Ha )106aBJ'IeHI/I$I HOBOT'O s3bIKa B CUCTCMY.
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Henocrarku:
* CIOPHOCTH MOTEHITMATLHOW BO3MOXKHOCTH;
* BBICOKAsl CJIIO)KHOCTH Pa3padOTKy;

* CHUCTEMBbI HE MaCIITaOUPYIOTCS.

CMIM, OCHOBAHHbIE HA MPUMEPAX

CMII, ocHOBaHHBIE Ha MIPUMEPAX, TAK K€ HE UMEIOT IPKUX MPEACTABUTEIEH.
CymiecTByronue NpOTOTHIIBI UCIOIB3YIOTCS B aKaJeMUYECKON cpeae Uil HILIIO-
CTpalMM CaMoro Meroaa. Yacto OHM MOCTABIISIIOTCS HE B BUJE FOTOBOIO MPOIYK-
Ta, a B BUjie Habopa 6ubnunorek: Marclator — CMII Jlyonunckoro YHuBepcureTa,
Cunei [ rubpugnas CMII, ocHoBaHHas Ha EPEBOAE 110 aHAJIOTMH U HA CTaTUCTHU-
YECKOM IEPEBOJIE.

[Ipenmyiecrna:

* BBICOKO€ KaueCTBO MepeBoja (IpH HAIMYUE TOCTATOYHO J0JITON TPEHUPOB-

KU CUCTEMBI);

* XOpOILIO CIPABISAETCS CO MHOTMMHM KOHTEKCTHBIMHU 3aaadaMu ((ppa3oBbie

IJ1aroJibl );

* KBaJ'II/I(bI/IHI/IpOBaHHI)Ie JIMHITBUCTBI HC HYJXHBI HCIIOCPCIACTBCHHO IJIS ITO-

CTPOCHUS CUCTEMBI, HY>KHBI TOJIbKO UH/KEHEPHI;
* JIOTMYECKAs MPOCTOTAa YCTPONCTRA;
* BO3MOXXHO OOyYE€HHE CUCTEMbI BO BpEMS €€ DKCILTyaTalliHu.
Henocrarku:

* g o0ydeHus: CUCTEMbI HY>KHBI OOJIbIIINE MapalielbHble KOpIyca TEKCTa,

pa3MedeHHbIE ONPEACIIEHHBIM 00pa30M;
* KaueCTBO IIEPEBOJA 3ABUCHUT OT UCXOAHBIX KOPITYCOB;
* IPOAOKUTEIBLHOE BpeMs 00yUeHHUS,;

* TpeOOBaTENbHOCTh K PECYypCaM Ha 3Tare 0Oy4eHHUs.
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ccmn

CCMII aktuBHO pa3zpabaThiBaIucCh (M pa3pabaTeIBalOTCs) Kommnanuei IBM.
bnaronaps ee pazpaboTtkam, Obln co3nanbl Moaenu nepesoaa IBM Model 1-5. Ho
HauOOJBIIIYIO0 U3BECTHOCTh 3TOT METOJ Mpruodpen onaroxaps komnanuu Google.
Kpome nepeBomunka Google cymiecTByeT eiiie psii cucteM U OUOINOTEK, HCTIONb-
3YIOITUX CTaTUCTUYECKUIN TTOIXO]I.

[IpenmymiecTna:

® BBICOKOC Ka4CCTBO IICPCBOIA:

— 11 ppa3, KOTOPBIE LETUKOM TOMEIIAIOTCS B N-TPAMMHYIO MOJIEJb
— IIPU HaJWYUHU JOCTATOYHO JIOJITOM TPEHUPOBKE CUCTEMBI.

— IIPpH HAJINYHUN KAYCCTBCHHBIX KOPITYCOB TCKCTA,

® KBaJII/I(i)I/IHI/IpOBaHHBIG JIMHI'BUCTBI HC HYXXHbI HCIIOCPCACTBCHHO JIA IIO-

CTPOEHHUS CUCTEMBI, HY’KHbI TOJIbKO NHKEHEPBI;
* TPYJ Y€JI0BEKa MUHMUMHU3UPOBAH JUIsl CO3/IAHUS TAKUX CHCTEM;
* He TpeOyeTcsi mepecTpanBaTh CUCTEMY MPHU T00ABICHUHM HOBOTO S3bIKA;

* BO3MOXXHO OOyYE€HHE CUCTEMbI BO BpEMs €€ DKCILTyaTalliHu.
Henocrarku:

* 111 00y4€HHUs HY>KHbI OOJIbILINE NapaJljIebHbIE KOpITyca TEKCTa,
* CIJIOKHBIM MaTE€MaTUYECKHUU anmapar;

* KayeCTBEHHBIN IEPCBOA BO3MOKCH TOJIBKO JJIA (bpa3, KOTOPBIC ICIIMKOM I10-

MCIIAKOTCA B N-TPAMMHYIO MOJCIIb,
* Ka4CCTBO IICPCBOJA 3aBUCUT OT UCXOJHBIX KOPITYCOB;

* 1pu 100aBIEHUU HOBOTO SI3bIKA MPUXOAUTCS aHATU3UPOBATH OOJIBIINE 00b-

€MbI JaHHBIX;
* MPOJOJDKUTEIHLHOE BpeMs 00yUEeHUS;

* TpeOOBaTENbHOCTh K PECYypcaM Ha dTare 0Oy4eHHUs.
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1.3. MATEMATUYECKAA BA3A CCMIN

Ilycth ¢, — dpasa opuruHana, pycckas. TpeOyercs HalTh ¢, — dpazy 1e-
peBoaa, anruiickyro. HyxHo MakcumusupoBatsh P(p.|¢, ). Eciiu BCHOMHUTE MO-

JIeJb 3alllyMJICHHOTO KaHana (Mojenb [llenHoHa), To momy4yaem:

(P(996) ) P(@r“pe))
P(pr)

Peg = argmax P(pc|p,) = argmax (P(pe) - Plgr|oc))

e

=

P(%l%') =

P(y,) — HaM u3BecTHa, ee He yuuThiBaeM. Bennunna P(y.) Ha3bIBaeTCsS Mojie-
bt si3bika. P(p,|¢.) — momens nepeBoaa. Pabora 10001 CTaTUCTHYECKON CH-

CTCMBI IICPCBOAA COCTOUT U3 ABYX ITAIIOB!:
° O6y‘lCHI/I$[ — BBIYUCIEAIOTCA MOJCIIN SA3bIKAa U IICPCBOIA,

* JKCIUTyaTallii — BBIYUCIISIETCS BeIMUUHA arg max P (.|, ) npu TaHHOH ¢,
Upe

(Ipoliecc BHIYUCICHUS HAa3bIBAIOT IEKOJUPOBAHUEM ).

1.3.1. OBYHEHUE CCMI

BbIYUCNEHWUE A3bIKOBON MOAENU

B xauecTBe Mozaenu A3bIka B CUCTEMAaX CTATUCTUYECKOTO MEPEBOJA UCTIONb3Y-
I0TCSl IPEUMYIIIECTBEHHO pa3inuHble MOAUGMUKAIIUYA N-TPAMMHON MOJIECINIH, YTBEP-
KAAIOLIEH, YTO «TPaMMAaTUYHOCTB» BBIOOpAa OUEPEAHOTO CJIoBa IIpu (HopMuUpoBa-
HHUHU TEKCTA OIPEAEISIETCS TONIBKO TeM, Kakue (n—1) cioB uayT nepesa HuM. Bepo-
SITHOCTh KQXKJOTO N-TpamMMa ONPEAEISAETCS 110 €r0 BCTPEYAEMOCTH B TPEHUPOBOY-

HOM Kopmyce [55].

N — N-rpaMMHOCTb MOACIIN.
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Plwn|wr .. wm—1) = K - Plwp|wr ... wm_1)+

+Kp1 - Plwp_t1|wr - wm_o)+

+ K5 - P(w2|w1) + K - P(wl) + Ky;

yacmoma (wy)
er

uacmoma (wy . . . Wy—1Wm) |

P(wl) ==

P(wp|wi - wm-1) =

)

uacmoma (wy . . . Wy, 1)

K; — xoaddunrierts! crnaxuBanus. OHU MOTYT OBITh BEIOpAHBI pa3IMYHBIMU

criocobamu. Yaiie BCero UCIob3yeTcs TUHEHHAss HHTEPIIOJSAIUS.

K> Kii1;
Z K; =1.0;
1=0

B aTOM ciiydae npuaeTcs moaouparhk U SKCIIEPUMEHTAIBHO, HAIIPUMED IS TPEX-
rpamMmHoOi mosienu K3 = 0.8, Ko = 0.15, K1 = 0.049, Ky = 0.001 [34]

P’ MO>XHO BBIYUCIIUTD HHA4C, UCII0JIb3Y:A aI[aHTI/IBHBIfl METOA CIVIaXXUBaHUA

d + vacmoma (wy . .. wy,)
>~ (6 4 wacmoma (wy, . .. wy,,))

7

Pllwp|wi ... wm1) =

B 0 + wacmoma (wy . . . wy,)
5V 43 (uacmoma (wi, . .. wp,,))

V' — xonu4ecTBO BCEX n-IpaMM B UCIIOJIb3yeMoM Kopryce. Hanboee mpocTteiM
CITy4aeM aJTMTUBHOTO CIVIAKWBAHHMS SBJISCTCS METOJ, Korja 0 = 1 — MeToJ criia-
>kuBanus Jlammaca [58].

CymecTByloT W Jpyrue TEXHUKH coiaxuBaHus BepositHocTed (['yma-

Teropunra, Karua, Kuesepa-Heiis [2]),
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BbIYUC/IEHUE MOAE/IU NEPEBOAA

O603HaunM:

* O, — «aHDIMUCKUI» TEKCT (MHOKECTBO MPEIOKEHU);

* O, — «PYCCKUI» TEKCT;

» [I, — «aHDIMACKOE» TIPeIoKeHHE (ITOCIeI0BATEILHOCTE CJIOB);
* [, — «pycCKoe» MpeyIoKeHue;

* W, — «aHTJIMICKOE» CIIOBO;

® Wy — «PYCCKOC» CIIOBO,

le < |I1[;

l, < |I1,];
* T, ¢ no3unud w, B 11,
* T, ¢ no3uuus w. B I1,.

[lycte P(Il.|II,) — BepoSTHOCTh HEKOTOPOW CTPOKH (NPEIJIOKEHHS) H3 e,
[P THIOTE3€e TepeBoaa u3 r. 110 aHATIOTHH C MOJENBIO S3bIKa MOKHO MPEJIIo-

JJOXHTD, 4TO

uacmoma (II., II,.)

P(IL|I1,) =

)

uacmoma (11,
OzHaKo 3TO He BepHO. J[JIsl BHIYMCIIEHUS MOJIEH TIEPEBOJIA HYKHO:
* pa3IeNUTh MPEIOKEHNE HA MEHBIINE YaCTH;

* BBECTHU HOBYIO IEPEMEHHYIO @, MPEACTABIISIONLYI0 BHIPABHUBAHUS MEXKIY

OTACJIbHBIMHU CJIOBAMH B I1apcC Hp@HHO)KeHHﬁ.

P(IL|11,) = Y  P(II,, a|IT);
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BeposarHocTs nepesona:

le
g
P(Il,,al|ll,) = L H t(Wejlwras))
T ]:1

t — 3TO BEPOATHOCTH CJIOBAa OPUTMHAJA B MO3ULHUH j PU COOTBETCTBYIOLIEM EMY
CJIOBE MEPEBOJIA W j), OTPENICTICHHOM BBIPABHUBAHUEM (. € — HOPMAIM3YIOIIast
«KOHCTaHTa». B 3T0ii paboTe € BrIOUpaeTCst paBHBIM 1, HO €clii paccy)Aath Ooee
CTPOTO, £ — pacrpeeeHue BEPOSTHOCTEN JJIMH NPEIJIOKEHUN KaXKI0TO U3 SI3bI-

KOB
e =¢e(ll))

s npusenenust P(11,,a|ll.) x P(a|ll., I,), T.e. K BEPOSATHOCTH JaHHOTO BbI-
paBHHBaHHMS IIPH JAHHOH Mape NpeayioKeHuil, kaxaas sepostHocts P([1., a|ll,)
HOPMAJIM3YETCS [0 CYMME BEPOSITHOCTEN BCEX BBIPABHUBAHUM JAHHOW ITAPHI IPEI-

JIOKEHUM

P(I1,, a|IT,)
P HeaHr =
(e 1) = < ol

Nmest HaOOp BBIpaBHUBAHMN C ONIPEACIICHHBIMUA BEPOSTHOCTSIMH, MOXKHO TTO-
CUUTATh YACTOTHI KaX/IOM Maphl CIOB, B3BEIICHHBIE IO BEPOSITHOCTH BhIPABHUBA-
HUM, B KOTOPBIX OHU BCTpedaroTcs. Hanmpumep, ecim kakas-To mapa cJIoB BCTpe-
4yaeTcs B JIByX BbIPABHUBAHUIX, UMEIOIIUX BEPOSITHOCTU 0.5 U 1, TO B3BElICHHAA

yacTtoTa (counts) Takoi mapsl paBHa 1.5 [55].

, _ counts(we|w,)  counts(w.|w,)
(eleor) = Y counts(w,|w,)  total(w,)
We
TpeOyeTcst OlEHUTh BEPOSATHOCTH JIEKCHUESCKOTO nepeBoa t(w,|w, ) U3 mapai-
sensHOTOo Kopryca (O, ©,.). Ho 4To6bI ¢/ienarh 3TO Hy>KHO BHIYMCITUTH d, KOTOPOH
y Hac HeT. Bo3HMKaeT Tak Ha3bpIBaeMas «IpobiieMa KypuIlbl U sia». JJist oreH-
KU TapaMeTPOB MOJICITH HYXXHO 3HATh BEIPABHUBAHUSL. J{JIs1 OICHKHU BHIPABHUBAHUSI

HY>KHO 3HATh IapaMeTPbl MOJICIIH.
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[Ipu pemenuu 31oil mpodiemsl ucnonb3yoT EM-anroputm (Butepou), koto-

phIii OoJiee IeTanbHO PaCCMOTPEH B nprutokeHnn. EM-anropurwm:

1) Mauuuanu3upyeM mnapameTpbl MoJeau (OAMHAKOBHIMM 3HAYEHUSMH, Ha

NIEPBOI UTEPALINH);
2) OueHuM BEpOSTHOCTH OTCYTCTBYIOLIEH HHPOPMAIUY;
3) Ouenum mapaMeTpbl MOJIETIH HA OCHOBAaHUU HOBOW MH(pOpPMALIUU;

4) IlepeiineM K clieqyrOLIEH UTEPALIUN.

1.3.2. AEKOOAUPOBAHUE CCMIN

Jlexkonep Hy>KeH JJIsl OCYILECTBIEHUS HEIOCPEACTBEHHO niepeBoa. OH BbIYHUC-

JBICT BCIIMYHUHY

argIBaX (P(QQG) : P(%'W@))

€

3agada nexonupoBanus sieigeTcsa NP-nomHol [7]. CymiecTByeT HECKOJIBKO CITOCO-

00B 1 MeTOAOB JIeKoaupPOBaHUA. OOBIYHO BBIICIISIOT:
* TIOJIHBIN epedop;
* TIOKCK MO MEPBOMY HAWJIy4YIlIeMy COBMaieHUIO (A*):

— CTEKOBBIHN MOUCK,

— MYJIBTUCTEKOBBIN MTOUCK;
* JKaJHbId HHKPEMEHTHBIN ITOUCK;

* CcBelicHHME K 0000IeHHON (aCUMMETPUYHONW WJIM CUMMETPUYHOMN) 3ajaue
KOMMMUBOSKEpA:
— 3angaya JIII,
— Metof JInna-Kepuurana,
— TEHETUYECKHE aJITOPUTMBI,

— «MYpaBbHHas OIITUMU3ALIUS.
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Kaskaplil U3 MeTo0B 0011a1aeT CBOMMH JOCTOMHCTBAMH U HEJOCTaTKaMu. Bapu-
aHT MOJIHOTO Mepedopa Mbl paccMaTpUBaTh He OyJeM, Tak KaK, €l Mbl OrPaHH-
YMM Halll IOUCK B CTPOKE He 6oJIee YeM B JBa pasa JUIMHBI 171 CTPOKH HCXOJHOTO
A3BIKA, TO MBI TTOJTyYMM HAMBHBIH METOM ¢ CIOKHOCTBIO O(m?v?™) [7].

B JIaHHOM CJTy4ae MOKHO PaCCMOTPETh TOJIBKO 9acTh IIPOCTPAHCTBA BO3MOK-
HBIX COCTOsTHUIA. IIpK 3TOM, CKOpee BCEro, Mbl MOKEM MPOIYCTUTH CAMOE XOPOIIIee
pellieHHe, HO CMOKEM HaHTH «I0CTaTOYHO XOpoIueey. [l anropuTMOB JIEKOJIH-
POBaHMs BaKHBIMU MapaMeTPaMH SBISIOTCS CKOPOCTh, HOUCK OMIMOOK, KaueCTBO

nepeBo/a.

NOUCK NO NEPBOMY HAUNTYHLLEMY COBMNAAEHUIO

[Touck y4uThIBa€T KaKk pacCTOSTHUE OT HAYAJIbHOIO COCTOSIHUS U OIIEHKHU pac-
CTOSIHUA JI0 LIeJIH. B nMpHiioKeHNU TEKOAUPOBAHUS UMEEM CIEAYIOIINN alrOpuT™M

JUTSI CTEKOBOTO MOUCKA:
1) MHnnmnanusupyeM CTeK MyCcTOM TMIOTE30M.
2) JlocraeM iyulryto runotesy h u3 cTeka.
3) Ecnu h — Bce mpejioxkeHue, BHIBOIUM €ro U 3aBEPIIIaeM BBITIOJIHEHUE.

4) Jlns BceX BO3MOXKHBIX CJIEITYIONINX CJIOB W PACIIUPUTh TUTIOTE3Y h U TOJI0-

KUTb 00paTHO B CTEK.
5) IlepeiiTu KO BTOpOMYy MIary.

«CTeKoBBIM» TOMCK Ha3BaH MO0 UCTOPUYECKUM IPUUMHAM, HA CAMOM JEJE UCTIOIb-
3yeTcs o4epeb C IPUOPUTETAMM.

BonbiirM MUHYCOM 3TOTO MOUCKA SIBISIETCS, TO YTO O0JIe€ KOPOTKHE TMITOTE3bI
UMEIOT ITPUOPUTET. MyJIBTUCTEKOBBIM MOUCK OTIIMYAETCS HATUYUEM OTACIBHOTO
«JUIS TUIIOTE3» pa3HOro pasMmepa. KpaiiHe He 5KOHOMUYEH 1O NaMsTH. /{1 yMeHb-
LIEHUS IPOCTPAHCTBA TOMCKA BO3MOYKHBI PA3JIMYHbIEC YXUILIPEHUS, OCHOBAHHBIEC HA

3HAHUAX O CTPYKTYPE NPEMIOKEHUS.
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XAAOHbIA MHKPEMEHTHbIA MOUCK

IIpocToii moucK, MO3BONISIET JOCTUYD PEIICHUS ITyTEM BBIOOpA JTyUIlel aJIbTep-
HATHUBBI, YTOOBI 10OPATHCS 70 IIEJIM B HACTOSIIEE BpeMsl. DBpUCTUUECKas PYHKITUS
ONPENEIACTCA KaK CTOMMOCTh CaMOTO JIEIIEBOTO IyTH U3 TEKYIIEr0 COCTOSHUS B
1eneBoe coctossHue. XKaaHblil THKPEMEHTHbBIN MTOMCK UMEET CIIEAYIOLIUE 0COOEH-

HOCTH:

* «IJIOXOI» BapUaHT MEPEBOJIA MOIYYAEM Cpa3sy;
* IOCJIEIOBATENIBHO MPUMEHSSI HA0Op Orepanuii MOXKeM YIy4dIIUTh IePEBO/:

— W3MEHHUTH MePEeBOJI CJIOBa (TPYIIIBI CIIOB),
— yAaJuTh CJI0BO (TPYIITy CJIOB),

— IIOMCHATH CJIOBA MCCTaMU.

B opurunanbHoit padote [4] mpuBOAUTCS HHOM HAOOp omepaliuii, HO OH OTHO-
CUTCS UCKIIFOUUTENFHO K MOJIessiM Bhictiero nopsiaka (IBM 3-5). Ileno B Tom, 4to
MOJIETI BBICIIIUX MOPSIKOB YUYUTHIBAIOT HAIMUNUE (EePTUIHHOCTH CIIOBA — BEJIU-
YUHY TOKa3bIBAIOIIYIO CKOJIBKO CIIOB SI3bIKa IIEPEBOAA CIOCOOHO MOPOIUTh TAaHHOE
CJIOBO MCXOJIHOTO s3bIka. C MOHsATHEM (PEPTHIIHHOCTU CBSI3aHO MOHSTHE HYJIEBO-
ro cioBa. HyneBoe ciioBa— CJI0BO MCXOAHOTO S3bIKa HE UMEIoIIee rpaduuecKoro
HauepTaHUs B TEKCTE, U KAKOTO JINOO €Ile CBOErO MPOSBICHUSI, KpOME TOTO, YTO
OHO 00JazaeT HeHYNeBOW PepTuibHOCThIO. KpoMe TOTo, B KIIACCUYECKHX MOJIC-
JSIX UCTOJIb3yeTCsl OUrpaMMHasi MOJIEIb si3biKa. B CBSI3M ¢ 3TUM, K ONMHUCAHHBIM
BBIIIIE OMUPACTCS Cpasy J00aBJISIOTCS 3aMEHBI CJIOB B 3aBUCHUMOCTH OT UX (ep-
TUJILHOCTH, BCTABKHU CJIOB B KaKOM JINOO y4acTOK MEXIYy CIOBaMH, BCTaBKa CJIOB
¥ UX OJTHOBpEeMEHHas 3aMeHa. B 3Toif pabote Mbl HE BBOANM (HOPMAILHOE OTIHCa-
HUE MOJICIICH BBICIIIUX MOPSAKOB, TAK KaK 3TO 3aMET TOCTATOYHO BHYIIUTEIIbHBIN
00beM. [loToMy MBI TpUBETN YIPOILIEHHYIO BEPCHUIO aJITOPUTMA >KaTHOTO IMMOUCKA.
NmenHo Takas Bepcusl TOMCKa UCIIOIB3YETCSl HAMHU B IIPAKTUYECKOM YyacTu pado-
Thl. BEBIHOCUTB OTZIETTLHO ONMKMCAHUE MBI TOXKE HE CTaJIH, TaK KaK HUYEeM 0COOCHHO
HOBBIM ATOT BapHaHT MTOMCKA HE OTINYaeTcs. Beero ckopee Takoit anroputm oyaer
MIPOXOANTH IO ITUKITY OTIEpaIiiu OBICTPEE OPUTHHATIBLHOTO, HO ATOT (pakT TpedyeT
JIOTIOJTHUTEIBHBIX UCCIICIOBAHUIN U KOJIMUECTBEHHBIX U3MepeHuil. B mobom ciy-
4ae sICHO, YTO 332 MEHBIIIEE YUCIIO OTNepalliid MPUAETCS MIATUTh OOJIBIITUM KOJTUYe-

CTBOM HUTEPALMH aJIrOPUTMA.
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JKagHbIl TTOMCK MOMKET CTApTOBATHh W3 HAYAJIBHOTO COCTOSIHUS, KOTOPOE HU
IPUBEAET K KOHEUHOU 1enu. He sBnsercs MosHbIM WM onTUMaibHbIM. OIHAKO,
ATO caMblil OBICTPBIN U3 CYLIECTBYIOMIMX METONOB. JKaaHbI HHKPEMEHTHBIH T0-

UCK UCIIOJNIb3YEeTCs B JaHHOU paboTe.

CBEAEHUE K OBOBLLEHHOW 3AAAYE KOMMMWBOAXEPA

VcxomHpIME JAHHBIMU JITSL 331a4U SIBJISIETCS MHOXKECTBO BEPILHH, pa30UcHUE
3TOTrO0 MHOXKECTBA Ha IIOJJMHOXKECTBA, U TAK)Ke MaTpPHIla CTOMMOCTEH repexona u3
OJTHOH BEpIIUHEI B APYTYIO. 3a1a4a 3aKII0YaeTCs B HAXOXKICHUH KpaTyanIero 3a-
MKHYTOTO ITyTH, KOTOPBIi OBI MOCETHJI 10 OAHOW BEPIIMHE B KaXKIOM MOIMHOXKE-
CTBe.

7N\ N\
Ecnu muis nByx cmexHbIx BepinH |[AB| # |[BA|, To 3amaua sBisiercs: acum-

METPUYHOM. [JIs1 IEKOTUPOBAHUA UMEEM:
* MOJIMHOXKECTBO BEPIINH — CJIOBO MCXOJHOTO TEKCTA W, ;

* BEpINMHA — BapHaHT MepeBoja w,. (00brdHO BEIOMparoT 10 Hanbosaee Bepo-

ATHBIX BAPUAHTOB);
* paccrosiHre — BenuurHa HeonpeneneHHoct — log (P(p.) - P, |ee)).

O606mennas 3agaya kommuBosikepa (O3K) cBoauTes K MpoCToi 3a7aue KoM-
muBoskepa (3K) npu nomomu anroputma Hyna-bena [19]. [Janee ee pemator
CpelcTBaMu JIMHEWMHOW ONTUMHU3AIUU (KpaiiHe MEIJICHHbI BApUAHT), SBpUCTHYE-
CKHX aJTOPUTMOB, TCHETUUECKUX AJITOPUTMOB, METOAOB pO€6020 UHTEIIEKTA.

Jlist maHHOM pabOThI CBEACHUS 3a]1a4i IEKOIUPOBAHUS K 0000IIEHHOM 3a/1a4e
KOMMUBOSIKEPA MTPAKTUUECKOTO 3HAYEHUSI HE UMEET, HO MPEACTABIsAET 0COOCHHOM
WHTEpPEC B PAMKax CTATHCTUYECKOIO MAIIMHHOTO NepeBona. B xoxe uccimenosa-
HUM, COMYTCTBYIOIIMX pab0Te HaMU ObLI paCCMOTPEH METOJI pelIeHus: 000011IeH-
HOW 33/1a4¥ KOMMHBOSI)KEPA C TTIOMOIIBIO METO/IAa «MYPABbUHOW ONITUMHU3ALANY. B
pesyabrare, ObLI0 CIeNIaHO OYeHb BaykHOE Habmonenune — 1iig 3K He BaxkeH ropoa
¢ KoToporo 0wl Hauat 00xox rpada, a s 3a1auu JeKOAUPOBAHUS BaXKEH — €CTh
3aJJaHHBIA TIOPSAIOK CJIOB.

Meton «MypaBbMHOM ONTUMHU3ALMNY KaK Pa3 OTHOCUJICS K TAKUM HE YCTONYH-

BbIM MeToziaM. OTHOCUTENBHBIN MOPSIIOK CIIOB (PACIOIIOKEHHUE 1 COCETHUX CIIOB)
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MOKET OBITh YCTAHOBJIEHO C MOMOIUIBI0 MOJIEIH EIEBOTO SI3bIKa, OJHAKO, HAMPHU-
Mep MPH HUKJIMYECKOM CIBUTE CJIOB BBIXOHOTO MPEAIOKEHUS, MOZEIb S3bIKa Oy-
neT OeccuibHa.

Cam 1o cebe MeTo1 «<MypaBbUHON ONITUMU3AIUNY TIPEJICTABISAET U3 ce0sl Mpu-
onmxkeHHblt MeToj pemeHuss 3K. OH oCHOBaH Ha HAONIONCHUSX 3a MOBEICHU-
€M MypaBbeB B ipupoje. [lepememascy 0T OIHOTO MyHKTa 10 APYroro, MypaBbu
OCTaBJISIIOT 32 co00# Tponbl U3 ¢pepoMoHoB Ecnu apyrue MmypaBbu HaXoAsT Ta-
KH€ TPOIbL, OHU, MONAYT 1O HUM. TeM caMbIM YKpersT Bo3aercTBre GepoMOHHON
Tporbl. Co BpemeHeM (hepoMOHHas Tporia ucnapsiercs. Yem Oolibiiie BpeMeHU Tpe-
OyeTcst 1Sl MPOXOXKIEHHUsS, TEM CUJIbHEee ucnapurcs ¢pepomonHas tpoma. g 3K
MypaBbU CHa4aja B CIy4alHOM MOPSAKE BBIXOIAT U3 KaKJI0T0 TOpoja, OCIe 3a-
JAHHOTO YKCIIa MePEX0/I0B OTOMPAETCS MYyTh KOTOPBI MEHEE BCETO «UCTIAPUIICS.

B pamkax 3anmaun nepeBoaa npu pemeHnu 3K MeTonomM «MypaBbUHOW ONTH-
MHU3ALAN» MOXKHO UCIIOIB30BaTh HA BBIXOAE IMKINYECKUM CABUI MIOJIYYEHHBIX pe-
3yJIETATOB, HO B 3TO MOTPEOYET NOMOJIHUTENBHBIX HAKIIAIHBIX PACXO/I0B, KOTOPHIE
MOTYT MEPEKPHITh MPEUMYILIECTBA MPUOIUKEHHOTO METOAA.

MOKHO TaKXe IPEMIOKUT BAPUAHT METO/1A, KOTA KayKIbIY ITOJIyYCHHBIN pe-
3yABTaT MOXKHO OyJeT IIUKINYECKU CABUHYTH Ha ONpPEACICHHYIO BETUYUHY U T10-
TOM LEJIMKOM ITPOBEPUTH 110 MOJENH SA3bIKA, HO B 3TOM CJIy4ae, Mbl OJyYUM OUe-

peI[HOﬁ 1 OYCHb PK30TUUYCCKUM BAapHUAHT KaIHOI'O MHKPEMCHTHOT'O ITIOMCKaA.
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1.4. NPEANIATAEMbIN NOAXOA
K PASPABOTKE CCMIN

OCHOBHBIMH 3agadyaMiu p33pa6aTBIBaeM0ﬁ CHUCTCMBI ABJIAIOTCA:

a) 00paboTKa BXOAHOTO MapaJIeIbHOIO KOPITyca C OMOPOW Ha 0COOEHHOCTH

HAay4YHOT'O TEKCTA;

0) co3maHue Mojenel sS3bIKa 1 MePeBOjia HA OCHOBAHMH BXOJHOTO Mapasjieib-

HOI'O KOpPITyCa,

B) ACKOAUPOBAHUC UCXOJHOI'0 TCKCTAa HA OCHOBAHHUHN MOI[GJ'ICfI sA3bIKa U IICPC-

BOJIa (C OMIOpPO# HA OCOOEHHOCTH HAyYHOTO TEKCTA);

F) HMCTb BO3MOKHOCTD BBIIIOJHATH OIIMCAHHBIC BBIIIC OIICpAllUU paCIIpCaACIIC-

HO.

B cooTBeTcTBUU C MNEPCUNCICHHBIMH 3ala9aMH BCCh KO CUCTCMBI MOKHO pa3-

OuTh Ha 3 KJ1acca MPUIIOKEHH M, KK b U3 KOTOPBIX COOTBETCTBYET CBOCH 3aj1a4e.

Yumamenb

Kopniyc En, Ru

Bbaza daHHbix «——{ /lekodep

e

O6pabomuux

Puc. 1.3. YmpoiijeHHast cxema CUCTeMBI.

Kpome Toro, st B3auMOAEUCTBUSL C CUCTEMOW MOJIb30BaTENsl HEOOXOAMMO
peayCMOTPETh UHTEep(Peiic B3aUMOJCHCTBUS C TMOJIL30BATEIEM M C BHEIIHHUMU
npuwiokeHusIMUA. C y4ETOM 3TOTO U YCIIOBUSI pacpeieIeHHOCTH 00II[ast cCXxeMa MO-

JKCT UMCTb BU/J KaK IIPCACTABJICHO HHUXKC.
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Kopniyc En, Ru x [qumameﬂb x]

Kopniyc En, Ru . . . {qumame/lb /]

Kopnyc En, Ru 2 {‘mmameﬂb 2]

Kopnyc En, Ru 1 tqumame/lb 1J ekodep 1

\ Web . ..

Bbasa oaHHbix «——| [lekodep . .. Rest . ..

/ KoHconb . . .

O6pabomuuxk 1 ekodep z

O6pabomuuk 2

Obpabomuux \. .

Obpabomuuk vy

Puc. 1.4. TlomHag cxema CUCTeMBI.

st 5pdekTuBHON pabOThl CUCTEMBI Ipearonaraercs, uro x < y. Bece tpu
TUTIA MOJAYJISE MOTYT OBITh yaajeHbl reorpadudecku (OAHAKO, MPH ITOM MOXKET
yHacTh CKOPOCTb B3aMMOJCHCTBHUsA). ba3a MaHHBIX MOXKET OBITH pacipenesicHa.
Hcnons3oBanne (BO3MOXKHO, yAaJdeHHOM) 0a3bl JAaHHBIX SBISIETCS CKOpPEE YUCTO
TEXHUYECKMM MOMEHTOM peajn3aluy cucteMbl. HaMHOTO ecTecTBEeHHEE U MPOIIIe
ObUTO OBI MPOBOJAUTH BCE BBHIYKMCIICHUS B JIOKATHHOW MaMSITH MAIIMHBI, a JIJIS pac-

IpeesICHUs BBIYMCIEHUN OCYIIECTBIISITh EPECHUIKY COOOIIEHUI OT OHOTO y371a
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K apyromy. OgHako, MaMsaTh KOMIIBIOTEpa MOXKET ObITh HE B COCTOSTHUN BMECTHUTH
BCE HEOOXOMMMBIC I BEIYMCIICHUS JJAHHBIC Ja)Xe MPH OYE€HBb OOJIBIIIOM 00BhEMeE.
A mepechuIKa COOOIIEHU TPUBEIET K MEPEMOIHCHUIO OUePEIe COOOIICHHI ISt
IPOILIECCOB, KOTOPHIE MEAJIEHHO OCYIIECTBISIOT 00paboTky nHpopmanuu. Ha equ-
HUITy BpEMEHU OHHU OyIyT MpPHHUMATh OOJbIINE, 4eM cMoryT oOpaborars. I1oTo-
MY CaMbIM OITHMAJIbHBIM PEIICHUEM CTaJIO UCITOJIb30BaHNe Oa3bl IAaHHBIX Kjlacca
«KJTI0Y-3HAYCHHE» IS KaXKJ0W BRIYMCIUTEILHON OmepaIuy, KoTopas moTpeoyeT
JUTHTENIbHOTO XpaHeHus. [Ipu co3manny cucteM MalimHHOTO MepeBoa TEKCTOB C
OJTHUX €CTECTBEHHBIX SA3BIKOB Ha JIPYTHE BOZHUKAET BOIPOC O TOM, KAKUMU MUHH-
MaJIbHBIMH €UHHUIIAMH CMBICJIA CIEAYET ONIEPUPOBATh B TaKUX cuctemMax [60].
CucreMa OpueHTHpPOBaHA HA TIEPEBOJ UCKIIOUNTEIBHO HAyYHO-TEXHUYECKOM
auTeparypbl. TeKCTbl HAyYHOM JINTEPATypbl HA PYCCKOM M AHIVIMMCKOM S3BIKAX

CXOJIHBI 1O CBOEH CcTpyKType. CTUIIb HAyYHO-TEXHUYECKOM MPO3bl OTINYAETCS:
a) yCTOWYMBBIMH (POPMATLHBIMU BBIPAKCHUSIMU,
0) TPSMBIM TTOPSIIKOM CJIOB;
B) CTEPEOTHUITHOW CTPYKTYPOU MPEAJIOKEHUIT;
I') BaXXHOCTBIO JIOKAJBLHOIO MOPsJIKa CJIOB.

I[J'ISI nepeBoaa Hay4YHOro T€KCra, Ha OCHOBAHUHU ITPUHIOHUIIOB M3JI0KCHHBIX B TCO-

PETUYECKOMN YaCTH, MBI IIPEIIATAeM CIEAYIOLINE IPUEMBI:
a) BMECTO CIJIOB MCIIOJIb30BaTh UX IPYIIIbI WU N-TPAMMBI;
0) UCIOJIb30BaTh BEIPABHUBAHUE 110 KPYIHBIM TPYyNIaM n-rpamum;

B) MCIOJIb30BaTh MO/IENIM HU3KUX NOpsAIKOB (IBM 3-5 MoryT cuiibHO UCKa3UTh

JIOKaJIbHBIA MOPSIJIOK CJIOB).

Kaxk mokasbpIBaroT CTaTUCTHYECKUE UCCIIEOBAHMNS, CIOBOCOUETAHHUS JJIIMHOM OoJee
10 c110B MOBTOPSIIOTCS B TEKCTaX OYEHBb PEKO M B COBOKYIMHOCTH MOKPBHIBAIOT MX

MeHee uyeM Ha 1% [60].
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[Ipenaratorcs crneayronme orpaHu4YeHuUs:

a) MaKCUMAaJbHBII pa3Mep n-rpaMm MOJOKUTh PABHBIM 5 CJIOB;
0) MakcuMalbHBIA pa3Mep CYUTHIBAEMOM CTPOKH OTPaHUYUTh 256 CUMBOJIAMHU;

B) MaKCHMAJIbHBIN pa3Mep NPENIOKEHNs OrpaHUunTh 40 clloBaMy;

Bce 3Tu orpaHuyYeHus SIBISIIOTCS HACTPAaUBAEMbIMH, OJHAKO UMEHHO C TaKH-
MU HACTPOMKAMU ITPOBOMIIACH pEAIU3allis U TECTUPOBaHUE cucteMbl. Huke pac-

CMOTPHUM KaKAO0C IMMPHUIIOKCHUC B OTACIbHOCTH.

1.4.1. YATATE/1Ib

4yTeHue
KOprycoB

BblleNleHne
CMNCKOB
n-rpamMm

oTnpaBka
B 64

oTrnpaBkKa
B 64

Puc. 1.5. [JnarpaMma akKTUBHOCTH MPUIOKEHUS «UUTaTeIby.
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[IpunoxeHnue cuuTHIBAET NapaiebHbIA KOPITYC CTPOKA 3a CTPOKOM M3 JIBYX
daiinoB kopmyca ogHoBpeMeHHo. [lociie mpouTeHus Kaxaas CTpoka pa3OruBaeTcs
Ha CJIOBa, [0 CMHTAaKCUYECKUM IpHU3HAKaM KOHIA cjioBa (IpoOebl, 3HAKU Ipe-
nuHaHus). V3 cnuckoB ciaoB (OPMHUPYIOTCS TPYIIIBI n-TpaMM Ha4MHAsI ¢ MaKCH-
MaJbHOTO 71, 3aKaH4YMBas cyioBa. OTHUM U3 TPUHIUITUATIBHBIX MOMEHTOB CUCTEMBbI
SIBJISIETCSI METO/1 BBIJICJICHUSI CIUCKOB N-TpaMM. Mmest ciicok n-rpaMM BEpXHETO
YPOBHSI, CKa)KE€M IISITOTO, COCTaBUTh CIHMCOK 00Jiee HU3KOTO YPOBHS MOXKHO 0€3
oOpalleHust K UICXOAHOU cTpoke. Takum oOpa3om, BbIAENIEHUS CIUCKA 3aHUMAET
BpeMst cTporo Menbmiee yem O(I?) mo mmmHe cTpokn. POPMUPOBAHKE CITHCKOB
n-rpaMM M OTIIpaBKa MOJIYYEHHBIX Nn-TpaMM B 0a3y MOXET IPOUCXOAUTH Hapai-
aenbHO. CaMa 1o cede oTIpaBKa MpeCTaBIAeT COO0H napy onepanuii: ”THKPEMEHT
CUeTYMKA 3aJJaHHOU n-rpaMMbl B 0a3e 1 100aBIeHUE CI0BA MHOXKECTBO N-I'PAMM.
O06e 3TH omnepalyy Takke MOKHO MPOBOJAUTH MapajlieIbHO, 00JIee TOTO OTIPABKY
B 0a3y JaHHBIX MOXKET OBITh OCYILIECTBICHA ACUHXPOHHO, TaK KakK JJi1 HaC HE Ba-
’KEH BO3BpAT pPe3yJibTaTa BBIMOIHEHUSI KOMAH]Ibl. n-TPAaMMBbI B CIIUCKE 1-TPaMMBbI
OTCOPTUPOBAHBI 110 YOBIBAHUIO UX JUIHH, N-TPaMMbl OTMHAKOBOW JTMHHBI, OTCOP-
TUPOBAaHBI IO BO3PACTAHUIO [TO3UIIMH IIEPBOTO CI0BA 1-TPAMMBI B UCXOTHOM IpEA-
noxenun. JlobaBieHue B 0a3y CHUCKOB n-rpamMM MpeACTaBiIsieT OO0 aCHHXPOH-
HYIO 3alliCh KAXJOTO CMKCKa B 0a3y AaHHBIX MOJOOHO JO0ABICHHUIO IE€MEHTA B
ctek. O0mras cxema MpuiIoKEHUs IpeacTaBieHa Hike. CTpenkaMu MoKa3aHbl Mo-

TOKH JaHHBIX. HpepI)IBI/ICTI)IMI/I JIMHUAMHA I/1306pa)KeHBI KOCBCHHBIC CBsI3H.

Ob6pabomuuk
. Moodynb pabombl
Kopnyc En, Ru ¢aiiiog  ------- *
co cnoeamu

NN

Lucnemuep

(nomokos)

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
h'd

- Mooynb
I1yn coeduHeHuli «————

pabombl ¢ BT

Puc. 1.6. Cxema Mopy/nel PUIOKEHUST «YUTaTeTb».
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B onHo#t u3 Mogudukanuii 3Toro NpuiioKEeHUsi Mbl Cpaszy B MPUIIOKEHUU YH-
TaTelIs COCTABIISUIA CIIUCOK COMOCTABJIEHUSI -TPaMM Pa3HbIX A3BIKOB. JTO MO3BO-
JISLI0 HECKOJIBKO Pasrpy3UTh MPUIOKEHHE 00paboTuynKa KpoMe TOTO JaBajio BO3-
MOXHOCTb TMOKO HACTpauBaTh COMOCTABICHHUE N-TPAMM PAa3HOI0 pa3Mepa.

[TonHBI CIMCOK CONOCTAaBJIEHMS N-TPaMM IIPeNCTaBiseT co00il 1eKapTOBO
POU3BEJCHUS CITUCKOB Nn-TPaMM Ha pa3HbIX si3bikax. Ho ucnosnb3oBaHuE MOIHO-
r0O CIUCKA AJI n-IpaMM OOJIBILIOTO pa3Mepa SBJISETCS HE SKOHOMHYHBIM C TOUKH
3peHus XpaHeHust uHpopmauu. Tem Oosnee, yUUThIBasl, CTUIIMCTUYECKHE OCOOCH-
HOCTHU HAayYHOT'O TE€KCTA, KPYIHBIE TPYIIIHI CJIOB OTPAXKAIOIINE CXOJHbIE TOHATHUS
B HAyUYHBIX TEKCTaX HAXOASATCS MPUMEPHO HA OJMHAKOBOM YJAJECHUU OT Hauyaja
IpEII0KEHHUS.

Jly1g 3TOTO CiTyyas HaMu ObUT pa3paboTaH CIETYIOMINMA MOIXO/:

a) CTPOUTH TOJIHBIN CIIMCOK COIMOCTABJICHHUH (JI€KapTOBO MPOU3BEIACHUE) IJIS

1-rpamMm, TO €CTb CIIOB;
0) CTPOWTH M-TUATOHATBHYIO MATPHUILY JJISI BCEX OCTAIBHBIX N-TPAMM.

M BBIOMpAETCS SKCIEPUMEHTAIIBHO, IO YMOJIYAHHIO [TOJIaraeTcs paBHbiM 3. Ta-
KOM ITOAXO0/T MO3BOJISIET CHU3UTH KOJMYECTBO COMOCTABIISIEMBIX 71-TPAMM, HO ITOBbI-
[1aeT BEPOSITHOCTh OMMOKK 00ydeHus cucteMbl. Kak rmokaszana mpakTuka, He BCe
HAy4YHbIC TEKCThI YAOBJIETBOPSAIOT OTPAHUYCHHIO MPEICTaBIEHHOMY Bbile. Kpo-
M€ TOTO, 3TO MPEAINOJIOKEHUE SIBISIETCS OMMOOYHBIM /JIsi TEKCTOB MHBIX CTHIICH.

B Texymen peann3anu Mbl OTKa3JIMCh OT TAKOTO MTOAXO/A.
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1.4.2. ObPABOTYUK

OO6paboTUMK HYKEH ISl 00yYeHHs] MOJIEIU MePEeBO/Ia HA OCHOBAHUM JAaHHBIX

IMOJYUYCHHBIX Y UUTATCIIA.

npoYnTaTh
napameHTp
CX0ANMOCTM

A

[ENSet_k nycTo || RNSet_k nycTo]

[cownocs]

“\ cnucok n-rpamm us 6asbl

\ﬂ{POPLPUSH LSet_i LSet_J)

[LSet_i nycTo]

N

\4
yTeHue t(e|r) 1
\ 4 Y
HOpManu3aLms RPOPLPUSH RPOPLPUSH
ENset_k ENset_m RNset_k RNset_m
n-rpamma u3 6asbl n-rpaMmma m3 6asbl

BblYMCSIEHNE
BEJ/INYMHb
NHKpeMeHTa

BblYMC/IEHNE
NHKpPEMEHT t(elr)

counts(e|r)

WHKpEMEeHT
total(r)

A

‘ BBHMCbt(eH)’

Puc. 1.7. [JuarpaMmMa akKTUBHOCTH TIPUTIOXKEHUST «00pabOTUMK».
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[Ipunuun padboTel 00padOTYMKAa BO MHOTOM OIPEIEISIETCS alrOpuTMOM 00Y-
YEeHHs OMKCAHHBIM B BBIIIE. YCIOBUE CXOAMMOCTH IMPEAJAraeTcsi He BHIYUCIIATD
KaK MaTeMaTu4yecKkoe HepaBeHCTBO. Kak mokazaia mpakTuka Ha TEKCTaX OTPaHU-
YEeHHOT0 00beMa ITO YCIOBUE MOXKET HUKOTZIA HE BBIMIOJIHUTHCA, TEM 0oJiee HaM
HE CTOJIb BAJKEH caM (PaKT CXOJUMOCTH, CKOJIbKO OTHOCUTEIbHBIE OTHOIICHUS BE-
POSITHOCTEN MApPHBIX COOTBETCTBUU N-TPAMM.

BaxHbIMU apXUTEKTYPHBIMH MOMEHTaMH pa0OThI PUIIOKEHHUS SABIISIOTCS ME-
TOJIbI 1OCTYyNA K JaHHBIM. [IpeanonaraeTcs 4To Bce onepanny Ha 3alUcCh JaHHBIX
Oyny acuHXpoHHBIMH. Onepanys UHKPEeMEHTa BEIHYUHBI MOJCUYETOB (CM. ayro-
PUTMBI B MIPUJIOKEHUH), TOJKHBI OBITh aTOMapHBIMU M ACHHXPOHHBIMU. B mpo-
TUBHOM CITy4dae, €CJIM MbI UCIOJIb3yEeM PacpEe/IeICHHbIE BBIYUCIICHMS, TO JAHHBIE
PHUCKYIOT OBITh MJIM HEBEPHO MPOUYUTAHBI WIIH MIEpe3ancanbl B HETIOAXOASIINNA MO-
MEHT (ONTUMHUCTHYECKasi OJOKUpoBKa). Mcronp30BaHre IECCUMUCTUYECKON OJ10-
KHUPOBKH MOXET MPUBECTHU K 3HAYUTEIBHOMY 3aMEJICHUIO MTPU OOJIBIION KOHKY-
PEHIIMH 3aIIPOCOB.

Lsety) — mapsbl CIIMCKOB n-T'paMM IepeMelIeHHbIe Tyaa ynuTareaeM. Ha MomeHT
Hayaja padoTbl 00paboTYMKa MPEANOIaraeTcs 4To 3T0 MHOXKECTBO He mycTto. Ha
Ka)XXIOM TIPOXOJI€ TI0O MHOXKECTBY 3JIEMEHT 3TOT0 MHOXXECTBA CUUTHIBAECTCS B 00-
paboTuuk U nepemeniaercs B Lset; (3TO BBINOIHSAETCS Kak aToMapHasi ornepanus
rpoplpush). IIpu kaxxaoii ¢-if UTepanuy aIropuT™Ma 00padOTYNK CYUTHIBACT APy
CIIMCKOB n-rpaMm u3 Lset, 1 kitageT ux B MHOkecTBO Lset; ;1. CuTyanus ¢ BblYmC-
JIEHUEM BEPOSATHOCTH 10 BCEM N-I'paMMaM KOPITyca aHAJIOTMYHA, 32 UCKIIOUEHUEM
TOT0, YTO CYUTHIBAHUE U MEPEMEILICHHUE BEIETCS Cpa3y MO JIByM MHOXeCTBam. TyT
TaK e MMPEAINOoIaraeTcs, 4To NCIoib3yemMas 0a3a JaHHBIX MOAAECPKUBAET aTOMap-
HbIE OTIEpAIIMH TAKOTO BUa. B MpOTUBHOM CiTyyae MOTYT BOSHUKHYTh KOH(PIUKTHI
3aMyCU JAHHBIX U €CTh BO3MOXKHOCTD, UTO aJTOPUTM OyJIeT MHOTOKpaTHO oTpada-
THIBaTh C OTPAHUYEHHBIM OOBEMOM OAHUX U TEX K€ TaHHBIX.

Hcnonb30BaHHE MHOXKECTB B JAHHOM KOHTEKCTE MOXKET IOKa3aThbCsl CTPAH-
HbIM. bosiee Toro, oHO MOXKET MoKa3arh He caMbIM 3(()EKTUBHBIM perieHueM. Oi-
HAKO 3TO HE TaK. BEIOOp TEPMUHOJIIOIMH U CTPYKTYP XpaHEHUsl JaHHBIX ObLI cle-
JaH U3 MPAaKTUYECKUX cO0OpaxeHui. B Xxo1e mpoeKTUpoBaHUs U MPOMEKYTOUHBIX
peanu3anuil CUCTEMBbI OBLIIO OITPOOOBAHO MHOT'O PA3JIMYHBIX BAPHAHTOB, KOTOPHIE

OIIMCAaHBbI B HHUXKE.
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Bbiuucnenue Bbiuucnenue

noocuemos t(we|wr)

AN v

Mooynb BbluucaumenbHbll

pabomni ¢ B/] MOOY/b

SN S

I[Tyn coeduHeHul Lucnemyep

Pruc. 1.8. CxeMa Mojy/ne npunoxkeHUs: «06pabOTUMK».

Brime mpencraBieHa cxeMa MoayJiel npuiokeHus oopadoryunka. CTpenkaMu
MOKa3aHbl TIOTOKU JTaHHBIX. [IpephIBUCTBIME JIMHUSAMU H300paKEHbI KOCBEHHBIE
CBSI3H.

JIst cucTeMBbl KpaiiHe KpUTUYHO BpeMs JIOCTyIa K 0a3e JaHHBIX, TaK KaK JJIs
BCEX YUCJICHHBIX Oomepanui 6aza UCIoiib3yeTcs Kak BPEMEHHOE XPAHWINILE JTaH-
HBIX MEX]Iy UTE€pAIUAMH aNroputMa o0yueHus. IMeHHO moATOMY MBI Ha apXUTEK-

TYpHOU cxeme U300pakaeM TaKyl0 TEXHUYECKYIO IeTallb KaK IMyJl COeIUHEHUN.
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1.4.3. JEKOOEP

CornacHO ONMCAaHHOMY paHee aJrOPUTMY KAaJHOTO MHKPEMEHTHOTO ITOMCKA
JEKOZIep UMEET JIBa pexkuma padoThI.

B nepBoM pexxuMe paboThl Ha BXOJA MPUHUMAETCS MCXOMIHBIN TekcT. Jlanee
ULIETCSl €€ HanboJiee BEPOSATHBIA IKBUBAJIECHT, MOCIEAOBATEIbHBIM pa30UeHUEM
(dpa3bl Ha n-rpaMMbl HAMOOJIBIIETO pa3Mepa (aHAJOTUYHO aJTOPUTMY CUCTEMBI
nepeBo/ia OCHOBAHHOW HA MPUMEPAX B MPUIIOKEHHUH ), U TTAPAIIJICIbHBIM TOUCKOM
ux B 0aze nanHbIX. [locie Toro, kak 3KBUBAJIEHT BCEro TEKCTa ObUT HalIeH, BbI-

YUCJIACTCs BCJIMYKMHA HCOIIPCACICHHOCTHU TCKCTA!

57]« S’w’e
~ 5 3 Togy Plei)+g- 3 Togy Pl o)
BH — = =

* 7)o — N-TPAMMBbI BBICOKOTO TIOPS/IKa HalJICHHBIC B CO3JaHHOM TEKCTE;
* S,. — KOIMYECTBO TaKUX N-IPaMM;

* P(7.) — BEpOSITHOCTh N-I'PAMM COTJIACHO SI3BIKOBOM MOJIEITH (BBIYUCIIACTCS

KaK YKa3aHO paHHee);

* W, — M-TpaMMBbI (CJI0BA) KaK pe3y/bTaT MNEPEBOJA COITIACHO MOJEIIN IEpe-

BOJIA;
* S, — KOJINYECTBO TaKUX N-rpaMM (CJIOB);

* P(w,j|we;) — BeposTHOCTB NIepeBoaa (Gpassl w,; HA W, ;.

Bo Bropom pexxnme paboThl Ha BXoa mpuHUMaeTcs nexoaabii Teket (UT), me-
peBogHoi TekcT (IIT) ¢ npenpiayiiei nTepavu U BEIUYMHA HEONPEACICHHOCTH
(BH). Ilpumensitorcst onepauyy ONUCAaHHBIE BBILIE JJIs allTOPUTMA KaIHOTO MH-
KPEMEHTHOTIO IMOUCKA, €CIIN MOTYYEHHOE HOBOE 3HAUCHUE UMEET MEHBIIIYIO BEJIU-
YUHY HEONPEAEICHHOCTH Y€M MpPEeabIAylIee, TO OHO MOIAETCs Ha BhIXoaA. B mpo-

TUBHOM CJIy4dC UTCpAllUU ITPOAOJIZKAOTCH.
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NutepdeticHas yacTh AeKoepa NpeacTaBisieT co00i HAOOp OTAEIbHBIX MPH-
JIOKEHUM, KOTOPBIE BBI3BIBAIOT (DYHKIIMU JIEKO/IEpa MPHU MOCTYIUICHUU 3alpOCOB
Ha niepeBoa. OOmas cxema fekonepa npeacTapieHa Hke. CTpeakaMu OKa3aHbl

INIOTOKH JAaHHBIX. HpCpBIBI/ICTBIMI/I JIJMHUAMHAU I/1306pa)KCHBI KOCBCHHBIC CBs3H.

Beb Rest
npu/odceHue npuaodceHue

N

HumepdelicHbiti

=

MOOYb

Zucnemuep

LN

Mooynb BbluucaumenbHblili
pabombl ¢ BT MOOY/1b

e \

HauanbHblli YayuweHue
nepesoo nepegooa

4
[
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

ITyn coeduHeHuli

Puc. 1.9. Cxema Mogy/nel NpUIOKeHUsT «IeKoep».

Rest-npunoxenue npeacrasiset uz cedbs HTTP RESTful Be6-cyx0y. K neit
no onpeneneHuomy aapecy nocrynaet HTTP 3anpoc POST Bupna. B tene 3ampoca
NEPEeNAETCS UCXOAHBINA TEKCT JJI MePEeBOJA, KOTOPBIA OTIPABISETCS sl IEKOIU-
poBanus. [locne nepBoit urepaunu aekoaupoBaHus Rest-npunoxxenue, oTBeyaer
3alpOCHUBIIEMY KIMEHTY MEPBBIM «HANXYALIMM» BApUAHTOM IepeBoaa. Jlanee He
pa3pbiBasi COCAMHEHNs TEHEPUPYIOTCS APYrUe BaApUaHThI IEPEBOJA U Cpa3y Hepe-

AAar0TCsA KIIMCHTY. 210 IpoaOJIKACTCA IMOKAa KIMCHT CaMOCTOATCIIbHO HEC Pa30pPBCT

COCOAMHCHUC.
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Beb6-npunoxenue npencrapisieT U3 ceds 0OBIUHBIA BEO-pecypce, T/Ie MOIb30-
BaTEII0 MPEIaracTcs BBECTU UCXOAHBIN TEKCT JuIs epesona. [locne ocyiecTs-
JICHUS TIEPBOM UTEPAINH TIEPEBO/IA, TIOIB30BATEI0 OY/IET MPEAJIOKEHO yayUdIlIUTh
MOJTYYEHHBIM BApUAHT IepeBoaa. KonnuecTBo urepanuii no yay4ineHuIo nepeBo-

Ada onpeacisiCT B JAHHOM CJIydac CaM ITOJIb30BaTCIb.

D\
nosiyyeHve BBOL uT
NCXOOHOr 0 rMNoTn3bl = —-nT

TekcTa nepeesoaa BH

\ 4

pasbueHune npuMeHeHne
Ha Henepece- npasuna -
Katowmecs no NMoucky N

Nn-rpamMmmbl <<cocena>>

rnouck no 6ase
M3MeHMBLLErocs
3/1eMeHTa

nounck no 6ase

v

BbIbOp NnepeBoaa
ana max t(e|r)

A4

cbop cdpasbl
LesIMKOM

BbIbOp Nepesona
ana max t(ejr)

Y

cbop dpasbl
LesInkom

oueHKa
no Moaenu
A3blKa
v
oueHKa
no Moagenun
A3blKa

[ny4ywe npepbigywero]

\
CBI::IBOJJ, nepesogHoOro TeKCTa> GbIBOﬂ, nepesoaHoOro TEKCTa>

)
®

Puc. 1.10. JuarpaMmMbl aKTUBHOCTH TIPUJIOKEHUS «JeKOJep».
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1.4.4. CPABHEHUE C PELLEHUAMM OPYITUX
NPOU3BOAUTENEN

Ha nannblif MOMEHT CyIIECTBYET HECKOIBKO OTKPBITHIX MIaT(opM st co3/a-
HUS CUCTEM MaIlIMHHOTO nepeBoja. Hanbonee kpymnubie u3 Hux Moses u Chaski.
[TpuHIUIIBI paOOTHI 3THX CUCTEM ITOCTPOSHHBIX HA OCHOBE TOW M APYTOM TiaTgop-
MBI BO MHOTOM CXOJHBI, TOJIBKO ¢ TeéM oTiaudremM, 94To Chaski mo3BossieT CTpOuTh
pacnpeneneHnble cucteMbl. [l o0ydeHus: B 000MX clydasx UCIONb3yeTcs Ouo-
muoteka GIZA++, onnako Chaski BkitouaeT B ce0s1i MHOTOITPOIIECCOPHYIO BEPCUIO
3TOMN OMOJIIMOTEKHU.

Jlnst TectupoBaHUsA pa3pabaThIBAEMON CHUCTEMbI, ObUIM CO3/IaHBI €IlE JIBE
CCMII na ocnoBe Moses u Chaski. Hixe npuBeieHbl CpaBHEHUS 3TUX CUCTEM

¢ pa3paboTaHHOM.

Tabsuria 1.1. CpaBHeHHe Moy/iel 00yueHUsT [Jis pa3IMUHbIX CUCTEM.

Cucrema | PacnpepeneHHaa | OTKa3oycr.
TeKkywan [a [a
Moses (GIZA++) HeTt Het
Chaski (MGIZA++) Na Het

Tabmuia 1.2. CpaBHeHHe MO/y/iel 1eKOJMPOBaHUS /ISl pa3/IAYHBIX CUCTEM.

Cucrtema | PacnpegeneHHasa | OTKasoycrT. Web Rest
TeKkywan [a [a Ha [a

Moses (GIZA++) Bo3moskHO Het Ha Het
Chaski (MGIZA++) Bo3moskHO Het Bo3amoxkHo | Het

CambIM OONBIITUM JOCTOMHCTBOM pa3pabOTaHHOW CHUCTEMBI SBISETCS TO, YTO
OHA OPUEHTHUPOBAHA HA MEPEBOJI TEKCTOB UCKIFOUUTEIBHO HAYYHO-TEXHUYECKOTO
XapakTepa, KOTOPhIE UMEIOT SIBHYIO CTHJIMCTUYECKU MOMYEPKHYTYIO MPUHAJICHK-
HOCTb K KaHpPy Hay4YHOU Mpo3bl. Takas y3kas Crernuain3aius CUCTEMBI SIBISETCS

N OCHOBHBIM HCIOCTAaTKOM.
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1.5. PEAINZALUUA CCMTI

1.5.1. UCMNOJIb3OBAHUE KOPIYCA

B xone paGoThl MBI MOMBITAIMCH MOCTPOUTH CBOM COOCTBEHHBIN KOPITYC ISt
o0ydeHus cucteMbl Ha ocHOBe «JlomuTey HabokoBa. Ho mpobGiema 3akimrodaet-
Cs B TOM, 4YTO TAKOM KOPIYC KpalHE CI0KHO BBIPOBHATH. PyCCKUI 1 aHITIMNCKUI
BapUAHThI MECTAaMU CWJIBHO oTianyarorcs. [Ipu momnbiTke pa3OUTh Ha MPEJI0Ke-
HUSI HAMBHBIM METOJIOM (110 3HaKaM IIPEMUHAHUS ) PACX0XKICHUE BOZHUKIIO HA 11-M
npemioxenun. [Ipu monbITKe pa3OUTh Ha MPEIIOKEHUS C IIOMOIIBIO TTOAPOOHOTO
CHHTaKCHUYECKOTO aHaIN3a, OITMOKa BO3HUKIIA MpUMepHO Ha 200-M MpeIJI0KEHUH.
Bo3MoxHO, MMeeT CMBICIT CHavYaJ1a pa30uBaTh TEKCT Ha ab3allbl, a BHYTpH a03alleB
pazouBarh Ha mpeaaoxkeHus. Omudka OyaeT uMeTh MeHbIee BiausHuEe. OgHaKO
CJIO’)KHO YTBEPK/1aTh, UYTO TAKOW BaApHUAHT HE OOHAPYKUT PACXOXKICHUS B a03a1ax u
B J1I000M ciiydae moTpeOyeTcs pydHasi IpaBKa ¥ MHOTO BpeMeHH. Jj1s1 MaJeHbKUX
KOPITYCOB CYIIIECTBYIOT O0jiee CIIOKHBIE METO/bI, Takue Kak MeToi lloremknHa-
Kenpogoii [52], HO yale BCEro OHM MPEANOaraT HaIU4Hhe 3apaHee MOATOTOB-
JIEHHOTO CJIOBaps.

OOBIYHO MOCTPOEHKE OOJIBIIIOTO KOPITyCa BEACTCS ¢ YYETOM TUIoTe3bl [ aina-
UYepua, 0 TOM, 4TO CYIIECTBYET MpsiMasi 3aBUCUMOCTh MEXKIY JJTUHAMH MPEIIOKE-
HHUM B UCXOJHOM TEKCTE Y B MEPEBOZIC. B pamMKkax JaHHOTrO MOAX0/1a KaXI0W Mape
NPEIJIOKEHUN U3 TEKCTOB HA Pa3HBIX S3bIKAX, COOTBETCTBYET HEKOTOpAs Xapak-
TEPUCTHKA BO3BMOXHOCTH COMIOCTABJICHUA. JTA XapPAKTEPUCTUKA BBIYUCIISETCS Ha
OCHOBE Pa3HUIIBI JIJTUH MPEIIOKEHU (B CUMBOJIaX, BKJIIOUYast TPOOEIIbl) U JUCIIep-
CUU 3TOM pa3Huubl. Jlanee, ¢ MOMOIIBIO METOAOB JUHAMUYECKOTO MPOrPpaMMHPO-
BaHUS, HAXOJAUTCSA TAKOE€ COOTBETCTBUE MPE/JIOKEHU, PU KOTOPOM XapaKTepH-
CTUKH BO3MOXXHOCTH COTIOCTaBICHUS MakcuMalbHbI [41]. Camo 1o cebe mocTpoe-
HUE KOPIyCa SIBIIIETCS CAMOCTOSTEIILHOM 3a/1a4€id KOpMYyCHOM JIMHTBUCTUKU. [1o-

TOMY OBLIIO IMPUHATO PCIICHHUC IT0JIb30BATHCS YK€ T'OTOBBIMH KOPITYCaAMH.
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Jlns obyuenust paccmarpuBaemoit CCMII ucnons3oBanack KOMOWHAIUS W3

HECKOJIKMX PYCCKO-aHTTIMHCKUX KOPITYCOB:
a) xopmyc pesomronniit OOH;
6) pyccko-uemcko-anruiicknii koprmyc UMC (UFAL Multilingual Corpora);

B) HEKOTOpas BbIOOpKa 13 HalnmoHamsHOTo KOpItyca pyCcCKOro si3bika (Obliia BbI-
KaueHa ¢ BeO-caiiTa Kopiyca U aBTOMaTH4eCcKu c(hopMupoBaHa Mo arpuoy-

TaM TETOB);

r) HekoTopas BeiOOpKa u3 padotsl J. KnyTa «ckyccTBO mporpaMMUpOBaHUS

B Ka4CCTBC IMPUMCPA KOPITyCa HAYYHBIX TCKCTOB.

OO6muii o0beM kopmyca coctaBuil mnpumepHo 180000 mnpenmokeHui
(5854095 nexcuuecKnx €IUHMI]) Ha KaXKIOM U3 SI3BIKOB.

BaxHO OTMETHUTH, YTO CII0KHO HA3BaTh MOJTYUYCHHYIO KOMOMHAIIUIO KOPITYCOM
HAY4YHBIX TEKCTOB, HO 32 HEUMEHHEM XOPOIITUX UCXOTHBIX JaHHBIX MPHUIIIOCH J0-
BOJILCTBOBATHCS ATHUM.

Bonpine kopmyca HaydHOTO BCETO CKOpPEe Y M3IaTENIbCTB, M €CJTM MbI 3aXOTUM
pa3BUBaTh CUCTEMY JaJbIlie, TO MOXXHO OYIET MO OMpPEeAeICHHON JHUIICH3UHN 3TH
KopIyca npuoOpecTu.

Kopmyca He 00s13aTennbHO OymayT BBIPOBHEHBI 1O MPEAJIOKECHHUSAM, HO OMHUpa-
SICh Ha CBOMCTBA HAyYHOTO TEKCTa BHIPABHUBATH UX CAMOCTOSTEIBLHO JOCTATOYHO
npocto. Hanmpumep 310 MOKHO OyneT caenarb, Oiaromaps Haaluduio GopMmyn U

MCKAYHAPOAHBIX TCPMUHOB.
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1.5.2. CPEACTBO PA3SPABOTKHU

B kagecTBe 0CHOBHOTO HHCTPYMEHTAIILHOTO CPEJICTBA UCIIONIb3yeTCs (DyHKITH-
OHAJLHBIN S3bIK erlang.

OCHOBHBIE TPEUMYILIECTBA!

a) HeT NOOOYHBIX APPEKTOB MPUCYIINX UMIIEPATUBHBIM S3bIKAM;
0) MoJeNb JErKOBECHBIX MPOIIECCOB;
B) yaoOHBIE CpeACTBa pa3padOTKU pacipeleICHHBIX MPUI0KECHHIH;

I') BBICOKas MPOU3BOJUTEIBHOCTh (MeHbllle yeM st C, HO comocTaBuMa

¢ C++, npu koMmwisiiuu erlang B MalmmHHbBINA KOJ).

Ouenp vacTo erlang UCMONB3YIOT AJI HAITMCAHMS BBICOKOHAIPYKEHHBIX pac-
IpeesIeHHbIX MPUJIoKEeHUN. PaccMarpuBaemast cuicteMa OTHOCUTCS KIMEHHO K Ta-
KUM TPUIIOKESHUSIM.

B xone BeimonHeHust paboThI KaK albTEPHATUBHBIN BapUaHT pacCMaTpUBAJICS
S3BIK POTpaMMUpOBaHus python, HO Tociie aHANKM3 TaHHBIX MTPOU3BOJUTEIBHO-
CTH B paMKax JaHHOU 3aJjauu MpeAnoyTeHne ObLIO OTAAHO erlang.

JIist yBenuueHus: HaJIe:KHOCTH MPUIIOKEHHUI OBbLIIO pellieHo OpraHu30BaTh B3a-
UMOJICUCTBUS TIporieccoB ¢ ydetoM npuHIunoB OTII (oTKkpeiTas TEIEKOMMYHHU-
kanuoHHas iargopma — OTP, open telecom platform), Tam rie 3To BO3MOXKHO.
JlucrneTuep KakJ10To MPUJIOKEHUSI U MOIYJb ITyJia COeIMHEHUs1 ¢ 0a30i JaHHBIX
UMEET CTPYKTYpY AepeBa KOHTPOJIS («JIepeBa CyNepBU3UN»), KaK MOKa3aHO HUKE
Ha pucyHke. Pabouuii mporiecc MOKeT ObITh OOBIYHBIM BBIYMCITUTEILHBIM CEPBE-
poMm (B TepmuHax OTP), unu cynepsuzopoM (6osiee HU3KOro ypoBHs ). CynepBH30p
B JIAHHOM CITy4ae HY>K€H JIJIsl KOHTPOJIs 3a pabounmu npoieccamu. Ecnu y kakoro
1160 pabouero mporecca mporu3ouaeT cO0il U MPOIECC «yMaaeT», TO CYNEPBU30P

Mepe3arryCTuT €ro.
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I1punosiceHue (8 mepmunax OTII)

|

‘ Cynepsu3op ’

Pab6ouuti npoyecc 1 Pab6ouuti npoyecc n

Pabouuti npoyecc . . .

Puc. 1.11. IepeBo konTposnss OTIIL.

Ecnu c6ou OytyT MpOUCXOAUT B TEUEHUE 3apaHEe OMPENEICHHOTO TPOMEKYT-
Ka BPEMEHHU TO CYINEPBH30p NEPENACT CUTHAT O TOM, YTO MPO MPOLECC MEPECTAI
paboTark BBEPX IO AEPEBY KOHTPOJIS.

Eciau npunoxenue (B tepmunax OTII) koHTponaupyeTcs Apyrum CynepBU30-
POM, TO MPOIIECC MOBTOPUTCS CHOBA. U Tak moka He JOMIET 10 CaMOro BEPXHETO

YPOBH:, 4YTO IIPUBCIACT K OTKA3y CaMOI'0O IIPHUIIOKCHUSI.

1.5.3. BA3A AAHHbIX

B xauectBe 0a3bl maHHBIX Hcnoib3yeTcs Redis Server. Panee Ob11u paccMoT-

PEHBI IPOYKE BapUAHTHI:

1) XpaHuTh Bce caoBapH B MaMsATH, @ IO OKHOYAHUU CKUJBIBAaTh HAa JTUCK —
O4YeHb OBICTPO, HO OIMACHO, MO0 KOTJa MaMsATh KOHYUTCS MporpaMma Hauu-

HaeT paboTaTh HE CTAOUIIBHO.
2) Hcnonb3oBaTh JOKaIbHOE OTOOpakeHue B (pailil — HO TakoM BapUaHT:

* OYCHb ME/JICHHBIMN;

* HE MacuITaOupyeMbIH.

3) IompoGoBanu B KauecTBe 0a3bl JAHHBIX UCMOIL30BaTh Memcache, HO oHO

0Ka3aJIoCh MEIJICHHO, U HET MOJICP>KKM aTOMapHBIX ONepaliui.
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4) TlonmpoOoBanu B kadecTBe 0a3bl JAaHHBIX MCIIOIB30BaTh POJIHBIC I erlang
dts m mnesia, HO mepBas UMEET OTPAHUYCHUE B pa3Mepe XPaHUMbBIX JaHHBIX,

BTOpas B KOJIMYCCTBC XPAHUMBIX KJIIOYei.

B pesynbrare monarux moMCKOB M aHAIW3A, MbI MPUILIA K TEKYLIEMY BapUaHTY
Kpome Toro, Redis Bepcun Hmke 2.4 oka3ajcs 4yBCTBUTENICH K JJIMHE KITFOUSH
Y 3HAYCHUM.

Baxnoit ocooennocthio Redis siBisieTcs moaaepkka aTOMapHBIX ONepaliuii 00-
HOBJICHHS, pab0Ta C MHOXKECTBAMU M CIIMCKaMH, paboTa C XpaHWIHIAMHA THUIIA
KJTIou-3HaueHue. /s peanuzanuu anropuTMUYECKO YacTH ObUTH KpaiiHe HeoO-

XOJIUMBI CIIEAYIOIINE OTIePALIUU:
a) 11 paboThI C n-rpaMaMH:

» sadd key value — g06aBUTb >JIEMEHT B MHOXKECTBO,
* srandmember key — nonyuuTs ciy4yaiiHbINH 2JIEMEHT MHOXKECTBA,

* smove source destination member — nepemecTuTh 3IEMEHT U3

OJTHOTO MHOXKECTBA B JIPYTO€;
0) 171 pabOTHI CO CIMCKAMH N-TPaM:

* Ipush key value — noGaBieHue smemMeHTa B Ha4aIoO CIHCKA,

rpush key value — gobGaBieHue >1eMeHTa B KOHEI] CITHCKA,

lpop key — momydenue nepBoro sIeMeHTa CIIMCKa U €T0 yIaleHue,

rpop key — momydyeHue mociaeqHero JIeMEeHTa U €T0 yIaleHue,

rpoplpush srckey dstkey — monydyenue n yganeHue mocieaHero

aJIEMEHTa ciucka «Srckey» ¢ qodasienueM ero B «dstkey»;
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B) MJis paObOThI C MOJCUYETAMU U OLICHKOW BEPOSITHOCTH:

* hset key field value — ycranoBuTh 3HaYEHHE OIS,
* hget key field — mony4uuTs 3HaUeHME OIS,

* hincrby key field integer — yBenuunth 3HaueHume mons «field»

Ha 33J]aHHYIO BEJIMUUHY «integer»,

* hexists key field — mpoBepuTh cyiecTBOBaHUE TOJIS.

Bce 3T onepanun UMEIOT KOHCTAaHTHOE BPEMs JOCTYTIA.

Y4uuThiBas XapaKkTep CUCTEMBI, JOCTATOYHO y3KHM €€ MECTOM SIBIISICTCS CKO-
pOCTh JIOCTyIa K 0a3e JJaHHBIX, 0COOCHHO, eclii 0a3a sBiseTcs ynajieHHou. Ha-
JUYME aCHHXPOHHBIX OTEpPAIMil 3aMUCH TPU BBIYUCICHHS TOJCYETOB B TAHHOM
ClIydae sIBJISIETCSI OTPOMHBIM MPEUMYIIECTBOM, MBI HCTIOIB3YyEM TapasuieIbHBIN
JOCTYM K 0a3e JaHHBIX. ITO 0COOEHHO OKa3bIBAETCS KPUTHUYHO HA CUHXPOHHBIX
OTICPAIUAX YTCHHS.

J1st mapaienbHOro ToCTyna K 0a3e JaHHBIX, U UCKITFOUCHHS OJJIOKUPOBOK MBI
UCITIOJIb3yeM ITyJl COEIMHEHUH ¢ 0a30i naHHbIX. Hike Ha pUCYHKE MpeICTaBICHO

ACPCBO KOHTPOJIA ITOTOKOB ITyJla COCAMHCHUS.

eredis_pool_sup

3

—_ /|
50 173 174.0> 122.0>]<0.117.0> {<0.110.05—<0.130: <018 TS T

Puc. 1.12. [lepeBO KOHTPOJIA [Jid 11yJia COeUHEeHUS.
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1.5.4. APUOMETUKA C DUKCUPOBAHHOU 3ANATOMN

B pe3ynbrare neneHust mpu OCYIIECTBICHUU cOOpa MOACYETOB UCIIONB3YETCS
BEIIECTBEHHOE JIelieHne. J{J1s1 HHKpeMeHTa MOICYETOB YIOOHO HCIIONIb30BaTh aTo-
MapHyto onepauuio hincrby. Onnako, oHa paboTaeT TONBKO C LEIBIMU YUCIAMHU.
B sToM ciyuae MblI IipeasiaraeM ciaeayromui ToIXo/.

B kauectBe BepoOSTHOCTH, MBI OyJeM HCIIOJIb30BaTh YUCHIA C (PUKCHPOBAH-
HOM 3anATol 1o ocHOBaHMIO 576460752303423488 (2°7). Takoe 4ucio BEIOPaHO
HE CIIy4aifHO, 3TO MaKCUMAaJIbHOE MOJIOKUTEIFHOE YICIIO NCIOTb3yeMoe B erlang,

KOTOPOE€ MOXKET MTOMECTUTHCS B MAIIMHHOE CJI0BO 64-OUTHOW apXUTEKTYpe.

Base := 576460752303423488;

B
adiv(X,Y) — { ;86 -XJ .

1(X,Y Y.
amul (X, )%{Base J

[Tpu TakoM IMOAXO0E BO3MOXKHO TOSIBJICHHUS OIIMOOK ropas o O0IbIIEro mopsii-
Ka, YeM CYIIECTBYIOIEE MAIIMHHOE «AICUJIOH», HO OHU BCE PAaBHO OyAyT MpeHe-
OpexnMo MaJbl. JIJIst CKOPOCTH BBIYMCIECHUN U SKOHOMUHY TTaMATH, BaKHO COOJTFO-
CTH TIOCJICIOBATEILHOCTh BEIYUCIICHUH.

ITo mpoBeneHHOM TecTaM MPUPOCT CKOPOCTH COCTABWJ NMpuMepHO 14 pas
npy MpUMEHEHHH omepanuu hiNnCrby c¢ uncnamu ¢ GUKCUPOBAHHOM 3aIlATOMH,

I10 CPABHCHHIO C ITOCJICAOBATCIIbHBIMU CUYUTBIBAHHUU W 3aIIMCBIO B 6213y JaHHBIX.

1.5.5. OBYHEHUE CUCTEMDbI

OcHoBOi cuCcTeMBI SIBISIOTCS 0a30Bble anroput™Mbl moaeneit IBM 1 u IBM 2
(MOXXHO HaiiTu B npuiioxkenun). [Ipudyem ¢ Touku 3peHust 3HPEeKTUBHOCTH aBTOP
ornaet npeanourenuu IBM 1. Ilpu ucnons3oBannu IBM 2 nipu nagesun npous-
BOJIUTEJILHOCTH YIIYUIICHUS] Ka4eCTBa pabOThI CUCTEMBI HE 3aMEUYEHO OBLIO.

B GonpumiMHCTBE citydaeB ISl MOJTHOM CXOJUMOCTH OBUIO 10CTaTOYHO OKOJIO
10 urepanumii. [loromy B paboueil cucteme mpenjaraercs yciaoBHE CXOAUMOCTH

3aMCHUTD HpOBCpKOﬁ 3HaA4YCHUA CUCTUYMKA NUKJIA.
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WHULIMANU3ALIUA

B 6a30BoM anroputme ykazaHO, YTO HCOOXOAMMO TIepe]] Ha4aaoM €ro padoThl
MHUIIMAIU3UPOBATh BEIUYUHBI (W, |w, ) IS BCEX W, U w, B MapajjieIbHOM KOp-
nyce. Jloruuno Ob110 OBI AJIL ATOTO KCIOJIB30BATh A0COTIOTHYIO YacTOTY CJIOBa
B KaxxJ1oM nogkopnyce. OHako, AJisi 5TOro HEOOXOANUMO MPOYUTATh BECh KOPITYC
nenukoM. Eciy BHEMAaTeIbHO MOCMOTPETh Ha 0a30BbIM alTOPUTM, TO CTAHOBUT-
Csl SICHO, YTO OT HAYaJILHOTO 3HAYCHHS BEIWYHH (W, |w, ) HUYETO HE 3aBHCHT, €C-
J1 OHU BCE OJIMHAKOBBI. B TakoM cirydae, MOKHO MX MHULIMATM3UPOBATH 3apaHee
KaKoM-TuO0 KOHCTaHTOM, HampuUMep B JaHHOW paboTe MCHONb3yeTCsl KOHCTAHTA

paBHas 0.5.

BO3MOXHbIE OLLUNBKU

OdyeHb BaXXKHBIM MOMEHTOM peau3alliK ajaropuTMa OOydeHUs SBJISETCS TO,
YTO OLICHKA BEPOSITHOCTH MOJIENIA U BBIYMCIIEHUS MOJCYETOB JOJLKHBI MPOUCXO-
JUTH Cpa3y MO BCEMY KOPIYCY TEKCTOB.

Ha HayanpHBIX 3Tanax peajn3aiii CUCTEMbl HaMH Obljia JIOMYIIEHO CEepPbe3-
Has omuOKa. [IpunokeHus: yuraresisi, Ipoxoauia 1Mo Kopnycy u cautsiaigo 1000
cTpok. [Tocse 3Toro aTa Thicsiya CTPOK OTMPAaBIIsIIaCh HA 00PaOOTKH U TIO HEH CTPO-
UJIaCh MOJIEJb MepeBO/ia. 3aTEM CUMTHIBANIACH CIICIYIONIAsl MOPIHUS CTPOK.

B pesynbrare 3Tux 1eiCcTBUA MOICYEThl BRIUUCIISUIUCH TOJIBKO 7151 JIOKAJIBLHOTO
Habopa CTPOK, U 3aT€M 10 HUM BBIUUCIISIIACH BEPOSTHOCTh MEPEBOAHBIX COOTBET-
CTBHH U TIepe3anrchiBajia BEPOSITHOCTh BRIUUCICHHYIO paHEe.

[Tocne okoH4yaHUs1 pabOTHI ArOpUTMa OOYUEHHS MBI MOTyYalid BEPOATHOCTH
MIEPEBOIHBIX COOTBETCTBUU OOYUYEHHBIE TOJIBKO HA TOCJIEIHEH ThICSYE CTPOK, C
HEKOTOPBIM BJIIMSTHUEM OCTAJIbHOTO KOPITyCa.

YcTaHoBUTH OMIMOKY yaJI0Ch TOJBKO MOCIIE 3allyCcKa aJlfOpUTMa B MPEAEIib-
HOM CJIy4yae Ha KOPIyCe COCTOAIIMM U3 JBYX CTPOK, MPHU MPOXOJIE MOJIHOTO aJIr0-

puTMa O0y4YeHHs Ha KaXKJ10M U3 HUX.
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1.5.6. PEA/IN3ALIUA MHTEP®EICOB AEKOOEPA

PaccmarpuBaemas cucrema o6magaet Tpems BugamMu uHTepdeiica:
* KOHCOJIbHBIC;

* MpocToi BeO-uHTEpdEiiC;

* rest-unTepdeiic.

KoHconbHOE TIpuiiokKeHUE SIBISETCS CTaHAAPTHBIM OTJIaJ04YHBIM HUHTEpdEi-
com OTII mpunoxenuit. i1 nepeBoga AOCTaTOYHO MPOCTO BBI3BIBATH COOTBET-
CTBYIOIIYIO (DYHKIIUIO MOMIYJISL.

Be6-untepdeiic aexonepa BoinoiaHeH B Bujae otaesnbHoro OTII npunoxeHus
Y TIPEJICTABIISIET U3 Ce0sl MOJTHOIIEHHBIN BEO-pecypc, pean30BaHHbBIN C TOMOIIbIO
oubamorexu mochiweb.

Mp1 He Oyaem B paboTe IPUBOAUTH KaK BHEIIHE BBIIIIIUT KIMEHTCKAs YacTh
BeO-npunoxkenusi, kKoTopasi 0ToOpaxkaeTcsi B Opay3epe, Tak Kak OHa MpeCTaBIIs-
eT coOOl BCEro JUIIb TEKCTOBBIM 3JEMEHT BBOJIA, IBE KHONKH («IIEPEBECTU» U
«YIYYIIUTh TIEPEBOJ» ), U TEKCTOBBIN AJIEMEHT BBIBOJIA.

Baxwuetimieit yacteio Beb-mpunoxkenns seisercs XSLT-nmpeobpazosarens. B
JAHHOM cliy4dae oH ObuT Hamucad Ha C ¢ ucnoib3oBanueM libxml2 u libxslt. 13
erlang oH BbI3bIBaeTCs Kak mopr-cepep. Ha Bxon momaercst ctpoka XML koto-
pasi COIEpKUT B ceOe JaHHBIE (B HAILIEM CTydae, 3TO MEPEBOJ UCXOHOIO TEKCTA B
ClIyuyae OTBETa Ha 3amnpoc) U madinoH XSL, B KOTOPOM OMUCAHO KakK JaHHBIE Mepe-
naBath. [{ns yBenuuenus owicTponeiictBuss XSLT npeobpazoBatens (Ha CTOpOHE
kofa Ha C) HCTIONb3yeT X3II-TAaONMuIly, B KOTOPOM 3alKChIBAIOTCS HMCIIONIb30BaH-
Hbele paHee XSL ma6monsl. CaenaHo Ijis TOro, 4TOOBI HE 3arpy’kaTh MPH MOBTO-
poM oOpalieHnn Kax/abli 11a0JI0H CHOBa. B paMkax mpoekTa ObUIo peann30BaHo
JIBE BEpCHUH TTpeoOpa3oBaTeis ¢ 3allOMUHaHUEM I1a0JI0HOB U 0e3 Hero. Bepcus 6e3
X31I-TaOaUIBI padoTaeT MeJICHHEe, HO YI0OHEe pU «ropsueit 3aMeHey» mabdaoHa
yke Ha paboraromeM koae. Kpome Toro, mpeobpazoBarenb sBIsieTCss HE OJIOKHUPY-
IOLLKMM U IPU OJHOBPEMEHHBIX OOpallleHUsX BbI3bIBacTCs napayuenbHo. [locnen-
HEe JaeT MPUPOCT NMPOU3BOAUTEIHLHOCTH IPU HATMYKME HECKOJIBKUX MPOLIECCOPOB

WJIU SIAEP.



52

Rest-unrepdeiic nekonepa Takxke BbIONHEH B BuAe otaenabHoro OTII mpumo-
KEHUS U MPEACTABISET U3 ceOs MOTHOILICHHBIN BEO-pecypc peain30BaHHbIN C TO-
MOIIbI0 OubIroTeKn mochiweb.

[Tocne nocrymenus POST 3ampoca npuiiokeHuto, OHO HAaYWHAET MepeIaBaTh
tekcToBhIi (Content-Type: text/plain) HTTP (chunked) notok ¢ nanbonee Beposr-
HBIMHU BapuWaHTaMH NepeBo/ia. ITOT MOTOK Oy/AeT mepenaBaTrbes A0 TeX Mop, MoKa
KJIMEHT HE 3aKpOeT COCNMHEHHE, UM He OyayT mepeOpaHbl BCEe BapUaHTHI yayd-
LICHUS IEPEBOAA.

[ToTok mpencraBmsieT U3 cedbs HAOOpP YaHKOB B paMKaxX CHEIU(UKAIIUN TIPO-
tokoia HTTP 1.1. KaxpIii 4aHK cOIEepKUT KOJTUYECTBO MEpeAaBaeMbIX OalT U
MOCIEA0BATEIbHOCTh IEPEAABAEMBIX JTAHHBIX.

Kaxnas cTpoka IOJIHOrO nmepeBosa UCXOIHOIO TEKCTa NEPENAeTCsl B OTAEIb-
HOM YaHKe M 00s513aTeJIbHO 3aKaHUMBAETCS CHMBOJIOM IIEPEBOA CTPOKHU.

B otnuune ot web-unTepdeiica B 3TOM ciydae KJIMEHTY HE HYHO Oyner ca-
MOMY 3alpallnBaTh yiaydlleHue rnepeBoga. CaMbli MEPBBINA «GKaIHBII BapHaHT

nepeBoga rnepcaacTCs B IICPBOM YaHKE ITOTOKaA.
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1.6. TECTUPOBAHUE PA3PABOTAHHOM
ccMn

1.6.1. OUEHKA KAYECTBA NEPEBOAA

J1Jis OLIEHKH KadyecTBa MepeBoja 0CTaTOYHO B3IVISHYTh Ha TaOMuIly HUXke. B
HEM MPUBEICHBI MEPEBObI OJHOTO U TOTO K€ (PparMeHTa AJid pa3iIndHbIX CTATH-

CTHYCCKUX CUCTEM MAIIMHHOI'O IICPCBOA.

Tabmuia 1.3. Pa3iuuHble repeBo/bl KUCXOAHOTO TEKCTa

NcxoaHbin TekeT | adopted at the 81st plenary meeting

Mpod. nepeBoaAYUK | NPUHATA Ha 81-M NJAEHAPHOM 3aceaHnK

Moses | NpMHANM Ha 81 NONHbIN BCTPEUMU

Google-nepeBoa4unK | NpMHATOM Ha 81-e naeHapHOoe 3acedaHune

[aHHas cuctema | npuHATa 6e3 rosocoBaHmMA Ha 81 naeHapHOM 3a-

cenaHuu B bptroccene

Bce mpaBunpHO, 3acenannu O0b1710 B bproccene, HO B HCXOJHOM TEKCTE ATO-
ro "He 0bu10. OIHAKO HE COBCEM KOPPEKTHO CPABHUBATH CUCTEMbI, OOyUYEHHBIC Ha
pa3HBIX Kopycax TekcToB. [loTromy MbI OyieM UCIOIB30BaTh CUCTEMY MAIIMHHO-
o MepeBojia OCHOBaHHYIO Ha nmakeTe Moses (nexkoaupoBuink Moses 1 o0yvaromias
cucrteMa GIZA++), o0ydeHHYI0 Ha TOM K€ CaMOM BXOJIHOM KOpITyCe, YTO U Halla
cucrema.

JI71st OIIeHKU KayecTBa MepeBoia CyIecTByeT Ha0op hopMaIbHBIX METPUK.

BLEU (Bilingual Evaluation Understudy);

METEOR (Metric for Evaluation of Translation with Explicit ORdering);

NIST (na3Bana no umenu yuuepcutera National Institute of Standards and

Technology);

WER (Word error rate).

Yaiie BCEro cUCTeMbl MAaIIMHHOIO NIEPEBOA OLIEHUBAKOT 10 MeTpuke BLEU:
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* BBICOKasl KOPPEJISILUS C OLIEHKOM YEI0BEKA;

* JUIsl OLICHKU TpeOyeTcs TOTOBBIN MEPEBOJ TECTOBBIX MPEAIOKEHUM, BBIMOJ-

HEHHBIN TPO(eCcCHOHATIEHBIM TIEPEBOTIUKOM.

3 w,1 n
BLEU = Bp - e<nz—:1 )
> > wucnOocpesa (1)
Bp — ]-7 lC > lh? " . ceS. n.elC P
P2 -8 1 <, b > > uucno(n.)

ceS, n.eC

* S. — MHOXXECTBO KaHJUJaTOB Ha IEPEBOI;
» (' — KaHIUJAT HA TICPEBO/I;

* 7). — n-TpaMMa KaHJIujaTa Ha TIEPEeBO/I;

* [, — NMMHHA KaHUaaTa IepeBoa;

* [, — JITMHHA 3KCIIEPTHOTO MEPEBO/Ia (BBIIOJHEHHOTO YEIIOBEKOM );

1

e W, = N BEC, 11 METpUK OCHOBaHHBIX Ha BLEU, HO HE SKBUBaJIEHTHBIX

e, MOXKET OTIINYATHCS J1 Kax10T0 1, HanpuMep NIST HazHadaeT O0bIIniA

Bec 0oJiee peIKUM n-rpammam;

N = 4, n-rpaMHOCTb OIICHKH.

Takum oOpazom, BLEU ecTh B3BELIEHHOE CpEIHEE YMCa COBIAJCHHUMN 7-
rpamMm (CJIOB) KaHJUJATa U N-TpaMM B NEpPEBOJie dKcnepTra. MeTpuka siBisieTcs
WHBApUAHTOM TOPSAKA n-rpaMM, BaXXHO Hajnuuue coBnazeHui [34]. Uem Bbime
3HaueHue metpuku BLEU, Tem nepeBon xyxe.

Metpuku NIST u METEOR ocnoBanbsl Ha BLEU, WER — Ha BbIuncieHuu
paccrosinus JIeBeHTEMHA.

J1114 oileHKH nepeBoaa CUCTEMBbI MbI MCTIONb30Banu MeTpuky BLEU. g nox-
cdyeTta METpUKHU ObLIO BhIieTeHO 1024 mpeasiokeHuil B KaueCTBE MPUMEPOB IKC-
nepTHOro nepeBoaa, u 1024 npemiokeHnid ObLUIO TIEPEBEICHO pacCMaTpUBaEeMOM

cuctemoit MII. Jlna storo Habopa npemnoxxkenuit merpuka BLEU = 0.243 nns
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CAMHCTBEHHOMN uTepanuu padboTsl aexonepa, u 0.209 nus mydiiero BapuaHTa U3
100 mosmy4yeHHOTO B pe3ysbTare HECKOJbKUX uTepauuii. Cucrema MII, mocTpoeH-
Hasg Ha ocHoOBe nakeTa Moses, naet merpuky BLEU = 0.209 nna monenu IBM 3 u
BLEU = 0.173 ans monenu IBM 5.

Tabnuma 1.4. OLeHKH IepeBo/ia TeKCTa

Cuctema | BLEU
Tekywas (1) | 0.243
Tekywas (100) | 0.209
Moses (IBM 3) | 0.201
Moses (IBM 5) | 0.173

Bricokue 3nauenuns merpuku BLEU noka3sIBaroT, 4TO CHCTEMA IPOSIBIISET Ce-
Os1 HE B JIyUIlIeM CBETE Ha TECTOBOM KOPITYyCE, OJTHAKO CaM KOPIyC BeChbMa OTINYa-
€TCA OTIIMYAETCA OT TEX JJISI KOTOPBIX CO3/1aHa JaHHAas CUCTEMA.

Cy1iecTByeT 1ebli psig HehOpMaIbHBIX CIIOCOOO0B OIEHKH CHCTEM MAITHHHO-

ro nepeBona. Yaiie BCero UCMoib3yIOT TEXHUKY «OOpaTHOTO MEPEBOIAY.
* HUCXOJIHBIM OTPBHIBOK MEPEBOJAT CUCTEMOM C sI3bIKa L1 Ha S3BIK Lo;

* TIOJyYEHHBII OTPBIBOK MepeBoadT B 00pallpuTHyto cTOpoHy ¢ si3blka Lo Ha

SI3BIK L.

¢ CpaBHHUBAIOT JIBa BapHaHTa OTPbIBKA HaA A3BLIKC L1 1 110 UX OJTU30CTH CyIdiT O

Ka4uC€CTBC IICPCBOAA.

Ha nam B3m1s1 Takoil METOJT OLICHKHU HE SBJISIETCS BIIOJHE KOPPEKTHBIM B CITy4ae
CTaTUCTUYECKUX CUCTEM. Tak Kak COITIaCHO ypaBHEHUIO baiieca, B UTOTe MBI Olie-
HHBAEM TOJIBKO MOJIENb A3bIKa MCIOJIB3yEMOU CUCTEMBI. bosee Toro mpu MHOro-
KpaTHOM MPUMEHEHUHU «OOPaTHOTO MEPEBO/Ia» K OMHOMY M TOMY K€ OTPBIBKY, C

HEKOTOPOW UTepaluuu rnepeBog Ha L v Ha Lo IepecTanyT MEHSThCS.
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1.6.2. OLUEHKA CKOPOCTH

OLUEHKA CKOPOCTU OBYYEHMUA

Huxe MBI cpaBHUM CKOPOCTH OOy4Y€HHUS U PabOThI TPEX CHUCTEM MAIIMHHOTO
nepesoga. s Toro yToOBl MOKa3aTh Pa3HUILY pacHpee’IeHHbIX (MHOTOMOTOY-
HBIX) U HE paclpeeIeHHbIX CUCTEM SKCIIEPUMEHTBI TPOBOJUIMCH HA Pa3HbIX Ma-
muHax. JJig TecCTUpOBaHUS paccCMaTpruBaeMOi CUCTEMBI ObLIO Ha KaXKI0M MallliHe
3aIyCKaJMCh COOTBETCTBYIOIIUE MPHIIOKEHUS (YMTATEIh U 00pabOTUYHK), TPOTIOP-
UOHAJIBHO YUCIY SAEp IpolueccopoB. TecTupoBaHue Kak U paHee MPOBOIUIIOCH
Ha CMEIIaHHOM KOPITyCE€ OIIMCAHHOM BBIIIIE.

Bricokasi ckopocTh Tekymiel (peacTaBieHHOW B paboTe) CUCTEMBbl BO MHO-
roM oObsiCHsIeTCs ee nmpocToTor. O/IHAKo, sl 00Jiee KPYIHBIX KOPIIYCOB TEKCTA,
CKOPOCTb 00yYEHUSI MOXKET OKa3aThCsl KPUTUUHOM.

OneHka CKOpOCTH 00y4eHHUs HA OJJHOM M TOM 3Ke KOpITyce.

Tabsuria 1.5. OreHka ckopocty 00yuenwusi, mpoiieccop: Intel Core2 Duo, 1 sapo
64 owur, OI1 4I'6, ®C: ext4

Cuctema | Bpema, u
Tekywas (1) ~5
Moses (GIZA++) ~ 25
Chaski (MGIZA++) ~ 26

Tabsura 1.6. OrjeHka ckopocTtu obyuenus, rporjeccop: Intel Xeon E5506, 8 simep
64 out, OIT 10I'6, ®C:xfs

Cuctema | Bpema, u

Tekywas (1) ~1
Moses (GIZA++) ~ 22
Chaski (MGIZA++) ~3
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OLUEHKA CKOPOCTWU NEPEBOAA

CkopocTb nepeBosia OyzieM OLEeHUBaTh B MUKpOCeKyHax. [Ipuyem, ckopocTh
3amycka nexoaepa (Moses ctapryer B Teuenue MuHYTHI Ha Intel Core2 Duo) u

BpCM: Ha ITPOYUC HAKIAAHBIC BEIYUCICHUA YYUThIBATH HC 6y,Z[CM.

Tabnura 1.7. OreHKa CKOpOCTH repeBo/a, riporjeccop: Intel Core2 Duo, 1 sipo
64 6ut, OI1 4I'6, PC: ext4

Cucrema Bpems, uc
Tekywas (1) 1132
Tekywas (100) 7108124
Moses (IBM 3) | =~ 10000000
Moses (IBM 5) | =~ 30000000

Tabnuia 1.8. OrjeHKa CKOpOCTH TiepeBoza, Tipoiieccop: Intel Xeon E5506, 8 siaep
64 owur, OI1 10I'6, ®C: xfs

Cucrtema | Bpems, uc
TeKkywasn (1) 1012
Tekywas (100) 1119024
Moses (IBM 3) | ~ 5000000
Moses (IBM 5) | ~ 6000000

Kak MOXHO 3aKJTIOUUTh U3 TMPHUBEACHHBIX TECTOB UCIOJIB30BAHUE MMAPAJIIICIhb-
HBIX BBIYUCIICHUH TIO3BOJISIET IOCTUYD 3HAYUTEIIHHOTO MMPUPOCTA TIPOU3BOTUTEITb-
HOCTH Ha 3Tane o0ydeHHs] CUCTEMbI MAIIIMHHOTO ITEPEBO/IA.

Ha srame nexogupoBaHusi 0COOCHHBIM POCT HAOMIOAATh TPYAHO. DTO OymeT

BEChMa 3aMETHO Ha OOJIBLIIIOM KOJIMYECTBE OJHOBPCMCHHBLIX 3aIIPOCOB.



2. SdKOHOMMWYECKAA HACTDb
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2.1. BBEAEHUE

[To mepe Toro kak pacumupsieTcss HH(popMaTU3alus COBpEMEHHOT0 00IIECTBa,
BO3PACTAET 3HAYECHUE MPUKIATHON (BBIUUCIUTEIBHOM, KOMIIBIOTEPHOU, HHKEHEP-
HOW) JIMHTBUCTUKH, HAYKH, HAXOMAIIEHCS Ha CThIKE NIyOOKO YEIOBEYHOM, Tyma-
HUTApPHON HAyKHU JTUHTBUCTUKH (SI3bIKO3HAHUSA), U3yUarOUIEH 3aKOHbI pa3BUTHUA U
M0JIb30BaHUSI MOTYYUM CPEJICTBOM MBIIIJICHUS U KOMMYHHUKAIIUU — SI3BIKOM, — U
KOMITBIOTEPHOTO 3HaHUS, C IOMOILbIO KOTOPOTO MaIIMHE MepeacTcs Bce Ooblas
4aCTh MHTEJUIEKTYAJIbHOTO Tpy/Aa uenoBeka [44].

B nanHoii maBe OyzeT paccMOTpEHa SKOHOMHYECKas CTOpOHa Bonpoca. Bua-
yaje Oy/leT MOCTpOeHa CeTeBasi MOAENb padOT HaJl MPOEKTOM U €€ rpaduyeckoe
NpeACTaBICHUE. bynyT paccuuTaHbl paHHUE U TTO3THUE CPOKHU HAYaJla U 3aBepIe-
HUS pa0dOT HaJl IPOEKTOM, HallIeH KpUTUUECKUN Y Th U €r0 MPOI0JIKUTENBHOCTD,
BEPOSATHOCTH 3aBEPIICHHs KOMIUIEKca paboT Mo mpoekTy B cpok. [locie storo Oy-
JIET pacCuuTaHa CyMMa pacXo[0B Ha pa3padO0TKy NpoekTa. byaeT noacunrana eHa
pa3pabOTaHHOU CHUCTEMBI, KAMUTAIbHBIE BIIOKEHHUSI, CBSI3aHHbBIE C €€ BHEAPEHUEM,

a TaK>KE Pacxopl, CBI3aHHBIE C €€ AKCILTyaTallueu.

2.2. NOCTPOEHUE CETEBON MOAENU

CnoXXHOCTh M KOMIUIEKCHOCTh Pa3pabOTKU M peau3alii OMMCAHHOTO TpPO-
€KTa, HEOOXOAMMOCTh MapalIeIbHOTO BHITIOJTHEHUS pa0doT, 3aBUCHMOCTh Havasia
MHOTHX pa0OT OT pe3yIbTaToOB JAPYTUX, 3HAUUTEITHLHO OCIOKHSIOT IJIAHUPOBAHUE
pazpaboTKH.

[Tpy HATMYMKM MHOYKECTBA B3aUMOCBSI3aHHBIX PabOT, HanboJee yToOHBIMU SIB-
JSIFOTCSI CUCTEMBI CeTeBOTO ianupoBanus u yrpasieHus (CIIY). Ouu ocHOBaHbI
Ha IPUMEHECHHUH CETEBBIX MOJICIICH IJIaHUPYEMBIX IIPOIECCOB, KOTOPHIC TOMyCKa-
10T WCIIOJIh30BaHNE COBPEMEHHOW BHIYUCIUTEIHHON TEXHUKH.

CeTteBble MOACIH TIJIAHUPYEMBIX MPOIIECCOB TTO3BOISIOT OBICTPO OMPEACIUTD
MIOCJICICTBUSL PA3JIMUHBIX BAapHUAHTOB YIPABISAIOIMIMX BO3IACHCTBUA M HaXOIUTh
HaWJIy4IlIneC U3 HUX.

CIIY nmaroT BO3MOXXHOCTh CBOEBPEMEHHO TMOJIy4YaTh JTOCTOBEPHYIO MH(pOPMa-
ITUIO0 O COCTOSIHUHM JIEJ1, O BO3HUKIIINX 3a/IEPIKKAX U BOBMOKHOCTSIX YCKOPEHHUSI XO-

Ja pa60T, KOHOCHTPUPYIOT BHUMAHHUC HAa «KKPUTHYCCKUX» pa60TaX, OIpCaACIATO-
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X TPOAOCIKUTEIBHOCTh MTPOBEACHUS Pa3padOTKH B 1I€JIOM, 3aCTaBJISIIOT COBEP-
IICHCTBOBATh TEXHOJIOTHIO U OPraHU3AINI0 paboT, HEMOCPEACTBEHHO BIUSIOIINX
Ha CPOKH MPOBEICHUS Pa3pabOTKH, TOMOTAIOT COCTABIIATh PalliOHATbHBIE TUTAHBI

paodoT.

2.2.1. NEPEYEHb PABOT U COBbITUN

CocraBuM MOJHBIN NIepeYeHb COOBITUI U paboT ceTeBoit Moaenu. Kaxnas pa-
00Ta MMEET OIPENETIECHHYIO IPOJIOJIKUTENBHOCTh. OJJTHAKO HE BCETa 3apaHee U3-
BECTHO TOYHOE BPEMSI BBIMOIHEHUS pabOT, HO3TOMY AaJUM MPOJOIKUTEILHOCTH

Ka)XJI0M pabOThI JIBE BEPOSITHOCTHBIC OICHKU:

* MUHUMAaJbHYIO (ONTUMUCTUYECKYIO) — T1nin;

* MaKCHUMaJbHYIO (IECCUMHUCTHIECKYIO) — &0

OTH BEIMYNHEBI ABJISIOTCS HCXOOHBIMU IOJIA pacdyCTa OKHAACMOI'0 BPDCMCHU BbI-

MOJIHEHHS paboT: .

3- tmin + 2- tmaa:

tomm[aeMoe — 5

Paccuntaem nucnepcuun padbot no gopmyne:

52 _ tma.r - tmin 2
5)
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Tabmuiia 2.9. TlepeueHb pabOT U COOBITUM, 1, tmaz, tox A3MEPSIIOTCS B AHSIX.

’ Ne ‘ HaumeHoBaHue cobbiTusa Kopg pabotbl ‘ HaumeHoBaHue paboTbl ‘ tmin ‘ tmax ‘ tow ‘ 52 ‘
AHanun3 npobnembl U co-
0 | Havano pabot 0—1 2 5 3.8 | 0.16
cTaBneHWe naaHa-rpaduka
MccnepoBaHue cylecTsyio-
1—2 LMX CTaTUCTUYECKUX CUCTEM 4 10 6.4 | 1.44
3aBeplieHne aHaNM3a
1 MaLUWHHOTO NepeBoAa
W COCTaBNEHMA NJ1aHa
MN3yyeHne maTemaTU4eCcKnx
OCHOB MOCTPOEHMUA CTaTu-
1—-3 10 20 | 14.0 4.0
CTUYECKUX CUCTEM MaLLUH-
HOro nepesoja
M3yyeHne NNHIFBUCTUYECKMX
1—4 OCHOB MALLUMHHOIO NepeBo- 7 10 8.2 | 0.36
aa
M3yyeHne BO3MOMKHbIX Ba-
PWaHTOB XPaHEHMUA AaHHbIX
1—5 3 4 3.4 | 0.04
B PaMKax 3aZa4yM MalINHHO-
ro nepesoga
3aBeplieHune uccnepo- .
CoctaBneHve TpeboBaHuUi
2 | BaHuA CyLLeCcTBYHOLWMX 2—6 . 1 2 1.6 | 0.04
W OFPaHUYEHNIt cUucTeMbl
cuctem
PaspaboTka uMcneHHoro an-
3 3aBeplueHmne nsyyeHus 3—7 roputma obyyeHusa cucrte- 5 7 5.8 | 0.16
MaTemaTUYEeCKMX OCHOB Mbl
NnocTpoeHun PaspaboTka anroputma no-
CTAaTUCTUYECKUX CUCTEM WCKa BEPHOro BapuaHTa ne-
3—8 6 8 6.8 | 0.16
MaLUWHHOTO NepeBoAa peBoga Ha OCHoBe Oby4eH-
HOM mogenu
CocTtaBneHue TpeboBa-
4 3aBepLueHne u3yyeHus 4—9 HUA K BXOAHbIM [AaHHbIM 1 2 1.6 | 0.04
JIMHTBUCTUYECKUX OCHOB YMC/IEHHOTO aNropUTMa
MaLUMHHOrO NepeBosa CoctaBneHve TpeboBaHUM
4—8 K  BbIXOAHbIM  AaHHbIM 1 2 1.6 | 0.04
anropuTMa nowmcka
3aBepleHne  MU3yyeHwun
PaspaboTKa CTPYKTYpbl Xpa-
5 | BO3MOXHbIX  BapWaHTOB 5—7 2 3 2.4 | 0.04
HEHMWA fAHHbIX
XpaHeHUA AaHHbIX
3aBepLueHne cocTaBieHnn
. PaspaboTka pacnpepeneH-
6 | TpeboBaHui K cucTeme 6 —10 . 3 4 3.4 | 0.04
HOW apXUTEKTYpPbI
Ha OCHOBE aHa/0roB
3aBeplieHne paspaboTku PaspaboTka paboTatolLei
YUCNEHHOTO  anropuTma obyuatowelics Mmozenu
7 7—10 5 7 5.8 | 0.16
M CTPYKTPY  XpaHeHusA Ha  TeCTOBbIX  BXOAHbIX
OAHHbIX [AHHbIX
3aBeplueHne  paspabort- PaspaboTka paboTatolLe-
KW  anroputma Mnowcka ro MNOWCKOBOrO  MoOAynA
8 . 8 —13 6 9 7.2 | 0.36
1 BbIpaboTKM TpeboBaHW Ha  TeCTOBbIX  BXOOHbIX
K BbIXOZLHbIM AaHHbIM AaHHbIX
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Tabnuiia 2.9 (npodondicerue). TlepeueHb pabOT U COOBITUM, L1, tmazs tox A3MEPSIIOTCS B AHSIX.

Ne | HaumeHoBaHue cobbITUA Kog pabotbl | HaumeHoBaHue paboTbi tmin | tmax tow 52
Mopbop HyKHbIX Kopnycos
3aBepLueHne cocTaBeHnn
. TEKCTOB (Kopnyca TeKcTa Bce
TpeboBaHWUI K BXOAHbIM
9 9—11 elle oCTalTCA TeCTOBbIMM, 5 7 5.8 | 0.16
AaHHbIM YNCNEHHOTO
HO COCTaB/AIOTCA HA OCHOBE
anroputma
peanbHbIX AaHHbIX)
OKoHuYaHue pa3paboTku
pacnpefeneHHON  apxu-
PaspaboTka pacnepeaeneH-
10 | TekTypbl M ¥ Mmoaenu 10— 12 . . 2 4 2.8 | 0.16
. Holt obyyatoLLeinca cucTemsl
obyvalowenca Ha Tecrto-
BbIX BXOZAHbIX AAHHbIX
PaspaboTka  anroputmos
OkoH4YaHue noabopa Hy»x- npegBaputenbHOM  obpa-
11 11— 12 1 2 1.4 | 0.06
HbIX KOPNYCOB TEKCTOB 60TKM BXOAHbIX KOPMycoB
TEKCTa
OKOH4YaHue pa3paboT-
KK pacnepegeneHHom
obyuatowerica  cuctembl KoppeKTupoBKka  cucTembl
12 12 — 13 1 2 1.4 | 0.06
M anroputMoB npepaBa- C Y4EeTOM BXOAHbIX AaHHbIX
puTeNbHOM 06paboTKM
BXOZHbIX AAHHbIX
OKOHYaHMe KoppeKTUpoB-
Ku obyyatoweinca cucte- TecTupoBaHWe NPUNOKEHUA
13 | mbl 1 pa3paboTku paboTa- 13—14 B COBOKYMHOCTM OT/IafKa 10 15 | 12.0 1.0
IOLLErO MOMCKOBOTO MOAY- BCEl cUcTemMbl
na
MporoH cuctembl Ha peasnb-
14 | 3aBeplieHne OTNagKu 14 — 15 1 2 1.5 | 0.06
HbIX KOpMnycax TeKcTa
15 | 3aBepuweHue pabot
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2.2.2. TPA®UNYECKOE NPEACTABNIEHUE CETEBOW
MOZAE/N

Puc. 2.13. CeteBoii rpad paboT v KpUTHUE CKUIA Ty Th.

[TocTpoennsiit rpad cocrout u3 15 coOwiTHii (BepuinHbl rpada). Jdyru rpada
— pabotbel. Kaxknas nyra rpada nmoamucana cBepXy COOTBETCTBYIOIIEH €il mpo-
TOJDKUTEIHHOCTBIO PadoT.

[TocTpoennslit rpad ymoOBIETBOPSIET YCIOBHIO HE3aBUCUMOCTH COOBITHUM ¢ OT
coOBITHA j IJIA BCE ¢ > j. BBIMONMHEHUE 3TOTO YCIOBHUS OYEBUIAHO, TAK KaK HU
OJ/IHA JTyra HE 3aKaHYMBAECTCS B BEPIIIMHE C HOMEPOM, MEHBIIINM, Y€M HOMEP BEp-
IIMHBI U3 KOTOPOU ATO Ayra HAUMHAJIACh. JTO MO3BOISET KOPPEKTHO BBIMOJIHSITh

JNAJIbHEUIIINE PACYETHI.

2.2.3. PACYET NAPAMETPOB CETEBOM MOAENU

Paccuntaem HEKOTOpBIE XapaKTEPUCTUKHU CETEBOU MOJEIU. XapaKTEPUCTUKH
CETEBOM MOJIENIM TO3BOJISIIOT ONPEIEIUTh CTENEHb HANPSHKEHHOCTH BCEro KOM-
mieKkca paboT B IEJIOM U KaxJ0i padOThl B OTIAEIBHOCTH, a TAKKE MPUHSTH pe-
HIEHUE O MepepaclpeIeIEeHHH PECypCOB.

Jliis Bcex paboT paccuuTaeM CleayIouue noKa3aTesnu:

* PaHHUH CPOK Hayayia paboThI: {py j—j = gx (tomﬂaeMong_i + tpH’k_@-);
<17

k
* DAHHUU CPOK OKOHYAHUSI PAOOTHI: Loy i i = tpyii + ¢ e
p p P pPo,2—3 pH,2—) OKUIAEMOE,1—] »

* TO3THUN CPOK Hadasia paboTHI: bani—j = tnoi—j — towumaemoe,i—7j

* MO3AHHUN CPOK OKOHUYAHUS PAOOTHL: Lo = Igl>1n (tnoj—k — toxunaemoe,j—k )3
j



* IOJHBIA PE3€PB BPEMEHU: Ty i—j = tnui—j — Lpu,i—j

* CBOOOJHBIN PE3EPB BPEMEHHM: T j—j = lpuj — Lpui —

tom/maeMoe,i— 'R
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Tabnwuia 2.10. XapakTepruCTHUKNA CeTeBOM MO/, t ¥ 7 U3MEPSIFOTCS B IHSIX.

Kog pabotbl |  tox ton too tom tho Tn Te || tom.wp.nym | Ono. myrw
1 2 3|14=24+3|5=6-2 6 7=5-3 8 9 10
0—1 3.8 0.0 3.8 0.0 3.8 0.0 0.0 3.8 0.16
1—2 6.4 3.8 10.2 18.0 | 24.4 14.2 0.0 0.0 0.0
1—3 | 14.0 3.8 17.8 3.8 | 17.8 0.0 0.0 14.0 4.0
1—4 8.2 3.8 12.0 15.2 | 234 114 0.0 0.0 0.0
1-—5 3.4 3.8 7.2 17.8 | 21.2 14.0 0.0 0.0 0.0
2—6 1.6 || 10.2 19.4 24.4 | 26.0 14.2 7.6 0.0 0.0
3—7 5.8 || 17.8 23.6 17.8 | 23.6 0.0 0.0 5.8 0.16
3—8 6.8 || 17.8 24.6 19.6 | 26.4 1.8 0.0 0.0 0.0
4—8 1.6 || 12.0 13.6 24.8 | 26.4 12.8 | 11.0 0.0 0.0
4—9 1.6 || 12.0 13.6 23.4 | 25.0 11.4 0.0 0.0 0.0
5—7 2.4 7.2 9.6 21.2 | 23.6 14.0 | 14.0 0.0 0.0

6 —10 3.4 || 194 22.8 26.0 | 29.4 6.6 6.6 0.0 0.0
7—10 5.8 || 23.6 29.4 23.6 | 29.4 0.0 0.0 5.8 0.16
8 —13 7.2 || 24.6 31.8 26.4 | 33.6 1.8 0.4 0.0 0.0
9—11 5.8 || 13.6 19.4 25.0 | 30.8 114 0.0 0.0 0.0
10 — 12 2.8 || 294 32.2 29.4 | 32.2 0.0 0.0 2.8 0.16
11 —12 1.4 || 194 20.8 30.8 | 32.2 114 | 114 0.0 0.0
12 — 13 14 || 32.2 33.6 32.2 | 33.6 0.0 0.0 14 0.06
13 —14 | 12.0 || 33.6 45.6 33.6 | 45.6 0.0 0.0 12.0 1.0
14 — 15 1.4 || 45.6 47.0 45.6 | 47.0 0.0 0.0 1.4 0.06
CyMMapHble Bpema U ANUcnepcma KPUTUYECKOro nyTum: 47.0 4.76

2.2.4. AHANN3 CETEBOU MOAENU

Ha OCHOBC INOCYHUTAHHBIX BLIIIC MAPpaMCTPOB, IPOBCACM aHAJIU3 CCTCBOI'O I'pa-

(1)I/IKa. KpHTI/IquKI/I IIYTh BKJIIOYACT B ceOsT TUIIL COOBITHA C HYJICBBIM 3aI1aCOM

BpeMeHU. TakuMm MyTEM SBISETCS MyTh U3 BEPIIUH:

Lip=0—-1-3—-7—-10—12—=13 =14 = 15

CymmapHO€e BpeMsi KPUTUYECKOTO IyTH COCTaBusAeT 1, = 47 nHeH, a ero cym-

MapHas qucnepcus — 4.76 aas. Ha rpade KpUTHYSCKUN My Th BBIJEICH )KUPHBIMU

CTpPEJIKaMHU.
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Heo0xonumo, 4T00BI MPOJOIKUTENEHOCT KPUTUYECKOTO IyTH 1, HE Ipe-
BBILIAJIA TIPOJODKUTENBHOCTH 3aJaHHOI0 JUPEKTUBHOTO CpOKa 1 . Ecm T, >
T up, TO HEOOXOAMMO IIPUHATH MEPHI MO YIUIOTHEHHMIO rpaduka padbor. B Hamrem
Clly4yae NUPEKTUBHBIN CPOK CO3JaHMs IIPOrpaMMHOr0 KoMIulekca 1, = 63 aus,
a MPOJOIKUTENEHOCTE KPUTUIECKOTO YT 1y, = 47 nuel, T.e. Ty < T jyp.

PaccuuTtaem cpeqHeKkBaApaTUYHOE OTKIOHEHHE JIJISl TPOJOJIKUTEILHOCTH

KPUTHUYICCKOI'O ITYTH.

2 _
E Osp. nym = 4.76 =
i—j

= 6Kp. nytda —

D 62 mym = VAT6 ~ 2.181742422927143
i—j

[TocTpoum nOBEpUTENBHBIA UHTEPBA:
AT = Ty £ 3 - Oxp. nym = [40.46; 53.54] .

BrraucauM BepOsSTHOCTH BBHITIONIHCHHS TPOEKTa B JUPEKTUBHBIA CpokK. Jlis
ATOTO HEOOXOIMMO ONPEACIUTh 3HaUeHne GyHKiuu Jlamiaca (o Tabnauiie) B TO4-

K€, COOTBETCTBYIOIICH TUPEKTUBHOMY CPOKY:

P:@(il—i)=@<———)=¢H%®=Q%9
5Kp myTH 2' ]‘8

Taxum 00pa3oM, BEpOSTHOCTD 3aBEPILICHUS paOOTHI B JUPEKTUBHBIN CPOK MTPAKTHU-

YCCKHU paBHA 1, TO €CTb IIPOCKT 3aBCPIIUTCA TOYHO B CPOK.
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2.3. PACYHET 3ATPAT HA PA3SPABOTRY

Bcro paboty Hag mpoeKTOM MOXKHO pa30UTh Ha CIICIYIOIIUE ATaIlbl

1) Asaim3 TpoOsieMbl, BBIJCIICHHE KJIFOUEBBIX 3adad M JICHCTBHM
(pabota 0 — 1).

2) HccnenoBanue MPUHIMIIOB pabOTHI CYIIECTBYIOIMX CHUCTEM CTaTHUCTHYE-
CKOTO TepeBOia, N3yUYCHHE TCOPETUICCKIX OCHOB
(pa6otbr 1 —2,1—3,1—4,1—5,2—6).

3) Pa3paboTka YMCICHHBIX aJITOPUTMOB JIJI PAOOTHI CUCTEMBI
(pabote1 3 — 7,3 —8,4—9,4 —28).

4) Pa3paboTka CTpyKTypbl XpaHEHHUsI TaHHBIX U paCliepeeICHHON apXUTEKTY-

pBI
(pabotsl 5 — 7, 6 — 10).

5) Peanuzanus oTaeabHBIX MOAYJIEH NPUITOKEHUS
(pa6oter 7—10, 8 — 13, 10 — 12).

6) IIporon cuctembl Ha TaHHBIX MPUOIMKEHHBIX K PEAIbHOCTH, KOPPEKTHPOB-

Ka cuctemsl (padbotet 9 —11, 11 — 12, 12 — 13).
7) TectupoBanue u otiaaka (padotel 13 — 14).
8) Ilporon cuctembl Ha peajbHbIX JTaHHBIX (paboThl 14 — 15).

OnHO U3 OCHOBHBIX CTAaTEN PacXo0B SIBISIETCS 3apab0oTHAs I1aTa epcoHaa,
3aHSTOTO B MCCIIEJOBAHUSIX U pa3pabOTKe MPHU MPOBEACHUHU JAaHHOW TUILIOMHOM
paboTtsl. Pacyer cpenHeMecssUHON U CpeTHEAHEBHOM 3apIuiaThl paOOTHUKOB,

BaﬂeﬁCTBOBaHHBIX B IIPOCKTC, IMPHUBCACH HHIKC.
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Tabsura 2.11. Pacuer cpeHeMeCSUHOM 1 CpeIHeTHEBHOM 3apIiiaThl

pPabOTHHKOB.

Ne | UTP

Konnuectso cotpya-
HUKOB

CpeaHemecsaYHas
3apnsnarta (py6.)

Konnuectso
pabounx
aHel B meca-
ue

CpegHeaHeBHan
3apnnarta (py6.)

1 | CuctemHblin  apxu- | 1 60000 21 2857.14
TeKTOp

2 | NuHreuct 1 60000 21 2857.14

3 | MatemaTtuk 2 60000 21 2857.14

4 | PaspaboTtumK 2 60000 21 2857.14

5 | TectnpoBwwmk 1 60000 21 2857.14

TpynoeMKOCTh BEIYHCISIETCS TIO (hOpMYyJIe:

Qli—j)=1tli—7)-A—j)-f

* i, j — HavaJIbHOE U KOHEYHOE COOBITUS paboThl K(i — j);

* Q(i — j) — TPyROEMKOCTb PabOTHI, YEJ//H.;

* A(i — j) — KONMYECTBO WCIOJHHUTEINCH, 3aHATHIX BBHIIIOJHEHUEM PAOOTHI

E(i—j);

f — xoaddunuent nepeoaa (mpu HEOOXOAUMOCTH) pabOUMX JHEH B Ka-

neugapueie, f = 0.85 mis naTtugHeBHON padoueit Henenn wmm f = 1.0,

€CJIM MepEeBOJI B KaJIeHAAPHBIE THU HE TpeOyeTcs.

B nannom ciyuae xoaddunuent neperoaa oepercs 0, 85. Beruuciaum pacxosl Ha

3apIuiaTy mepcoHasa TamnaM padoT 0003HAYEHHBIM BhIle. BakKHO 3aMETUTh, YTO

JUTSL IPOCTOTHI B TaOJIMIIE 3apIUIaThl Pa3IMYHbIX paOOTHUKOB HE paznuyarorcs. B

Ta6JII/II_[e BBIIIC MbI YK€ IIPUBCJIM 3apIljiaTbl COTPYAHHUKOB — OHHM OAMHAKOBBLI. B

IMPOTUBHOM CJy4dac, MPUACTCA BBIYHUCINTbL CPCAHCIAHCBHYIO Sapa6OTHy10 IJI1arTy,

MPUXOJIAIILYIOCS Ha OJTHOTO YeJOBEeKa B KOMaHJie (He 3aBUCHMO OT €ro poJin), U

Janee onepupoBarh 3Toi Huppoil.
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Tabnuiia 2.12. Pacxoabl Ha 3aprijiaTy repcoHaria.

Ne sta- | Koanyectso wucnon- | TpyaoEMKOCTb CpegHenHeBHasn

. 3apnnata (py6.)
na HuTeneu (yen.) (yen./on.) 3apnnaarta (py6.)
1 1 3.23 2857.14 9228.56
2 4 28.55 2857.14 81599.91
3 4 13.42 2857.14 38371.39
4 2 4.93 2857.14 14085.70
5 3 13.43 2857.14 38371.39
6 3 7.31 2857.14 20885.69
7 6 65.28 2857.14 186514.09
8 1 1.275 2857.14 3642.853
UToro 137.425 392642.46

W3 pacueroB BhlllIE, CAEAYET, UTO CyMMapHasi TPYAOEMKOCTb (X2 137 uenoBeko-

JTHEW ) 3BHAUUTEIBLHO MPEBBIIACT JJIMHY KPUTUYECKOTO MyTH (47 IHei).

9T0 CBUIACTCIIbCTBYCT O TOM, UTO IIPpU JAHHOM IIJIAHUPOBAHHUH IICPCOHAII UCIIOJIb-

3yercs 10cTatodHo A pekTrBHO. OCHOBHBIM PE3YJIBTATOM pacueTa 3TOM TabIUIIbI

SABJIACTCS BBIABJICHUC CYMMBI 3aTpPAaT HA 3apa60THy}o IjIary.

Sin = 392642.46 py6reii.

3arpar Ha 3aKyIKy MPOrpaMMHOTO 00eCTICUeHUS HET, T.K. i1 pa3pabOTKu TIaH!-

PYCTCA UCIIOJIB30BATHb OTKPLITHIC ITPOAYKTHI.

Tabmuija 2.13. 3aTpaThl Ha 000pyOBaHKe.

Ne | HaumeHoBaHue Konunuectso | LleHa (py6.) | CtoumocTsb (pyb.)
1 | HoyTbyK Sony Vaio 7 40000.00 280000.00
NToro 280000.00

CyMmMapHas CTOMMOCTb 000PYIOBaHUS:

Ses = 280000.00 py6uei.

Paccmorpum omaty MIHTEpHETA KaK TOMOIHUTEIBHYIO CTaThIO0 PACXOA0B:

SI/IHTepHeTa — PONOAKIIOYECHHS +t- SMec
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* Shommouenns = 1900 CTOMMOCTB MOAKIIIOYCHHUS, PYO;
* Suec = 600 — omara 6e3numMutHOro Tapuda B Mecsl, pyo;

* { — KOJTUYECTBO MECAIIEB pa3pabOTKH, U3 pacueTa, YTo B MeCsIIe TOIbKO 21

pabouuii 1cHB;
Stureprera = 1500 4 3 - 600 = 3300.00 pyOnei.

KpOMe TOro, JJI IMTOBBIIICHUA KadaCTBa CUCTCMbI, BO3MOKHO, €€ ITPUICTCA TC-

CTUPOBATh HA IJIATHBIX KOpITycax TekcTa. Hampumep:

 «European Corpus Initiative Multilingual Corpus I»;

* «HaunoHanpHbBIN KOPIYC PYCCKOTO S3BIKA.

«European Corpus Initiative Multilingual Corpus I» goctynen mo uene 2000
pyOueii, B 6eccpodHoe Momb30BaHue J000T0 Xapakrepa. [Ipo komMepaeckyto 1o-
CTYIHOCTb « HalmoHaILHOTO KOPITyca PYCCKOTO S3bIKay HUYETO MTOKa HE U3BECTHO,

IIOTOMY MBI HE OyJIeM ero y4uThiBaTh. Torma
Skopn = 2000 py6mneit.
CymmapHbIe pacxo/ibl Ha pa3paboTKy MOTYT OBITh BBIYHCIIEHBI 110 (hOpMYIIE:
S =S (L4 wq) - (1 +we) + Sos + Stureprera + Skopn
* wyg = 0.2 — ko3 pULMEeHT, yUUTHIBAIOIIUHN AOMOJIHUTEIBHYIO 3apab0THYIO

miary (IpemMun);

* w. = 0.34 — ko3¢ PULKEHT, yUUTHIBAIOUINI CTPAXOBbIE B3HOCHI

BO BHEOIO/KETHBIC (DOH/IBI.
S = 916669.08py06neii.

Jlanee, BBIYMCIINM LIEHY TTOJIYY€HHOWU CUCTEMBI:

14+ F) -
c_(L+P)-S

n

* P, = 0.2 — HOpMaTuB peHTa0EIbHOCTH, YUUTHIBAIOIIUKN YACTh YUCTOTO JI0-

X0/1a, BKJIFOYEHHOTO B LIEHY (MOXKET OBITh IPUHST paBHbIM (), 2);
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* 1 — KOJMYECTBO OpPraHU3allMii, KOTOpbIE MOTYT KYyIIUTh pa3padbaTbiBaeMoe

MIpOTpaMMHOE 00eCIIeUeHHUE.

[TonoOHast cuctemMa MOXET OKa3aThCsl MOJIE3HOW MPEXkIe BCEro KPYMHBIM OIOpO
NEPEBOIOB, U KPYITHBIM MHOTOSI3bIYHBIM HHTEpHET-TTOpTaIaM. OIIEHUTh YUCJIO M0-
CJIEAHUX HE MPEACTaBIISIETCA BO3MOXKHBIM. O0111ee Ynciio OI0pO MEepeBOIOB 3ape-
TUCTPUPOBAaHHBIX B I. MockBe HacuuThiBaeT npuMmepHo ~ 600. bynem cuurars,

YTO, MOTEHIIHAIBHO, KAKI0€ U3 HUX MOKET KYITUTh JaHHYIO0 cucremy. Torpa,
C = 1833.33 pyoOneii.

BOO6H_IC, HOI[O6H35{ CHCTEMAa MOXKET 0Ka3aThCs MOJIC3HOM:

¢ HU3JaTcCJIbCTBAM, 3aHUMAOIIUMCS TICPCBOAOM HHOCTpaHHOﬁ TEXHUYECKOMN

JIUTEPATyphI;
* BEJOMCTBEHHBIM OPTraHU3ALIHIM;
* BOCHHBIM OpPTraHU3aIUSIM;
* KOHCTPYKTOPCKUM OIOPO U UCCIIEIOBATEIILCKUM IIEHTPAM.

Opnako, 3TU TUIBI TPEINPUATUN B JAHHON OIIEHKE, Mbl HCTIOJIB30BaTh HE OyIeM.
Kpome Toro, aBTOpBI pab0ThI YOSKI€HBI, YTO CUCTEMBI OAOOHOTO KJ1acca TOKHBI
MOCTAaBJISATh TOCYIAPCTBEHHBIM yUpEKICHUAM OecriaTHO. KanmutanpHbie BiOXe-
HUS, CBSI3aHHBIC C BHEJIPEHUEM B OpraHU3aI[MU-TI0JIb30BaTelie HOBOM MPOTPaMMBEI,
PaBHBI MTPOJIAYKHON CTOMMOCTH CUCTEMBI. Ha JaHHBII MOMEHT 3Ta CTOMMOCTH CO-
crapisier 1833.33 pyonei. Pacxosbl, cBsi3aHHbBIE C dKCIUTyaTaluell cucteMsl (Ha

OJTHY €IMHUILYy TEXHUKH, B TOJl) MOTYT OBITb OIPEEIICHBI CIECTYIOIINM 00pa3oM:

C
U:TMB'CM.B. -
B. —|—T

* T' = 0.5 — CpOK MOpPAJIBHOTO yCTapeBaHUsl CUCTEMBI (YCIOBHO MPUMEM

3a MoJIroja) ;

® TM'B' — I'0JOBOC MAIIIMHHOC BPCMSI BBIUMCIIMTESIILHOM MalInHBbI, HGO6XOI[I/I—

MoO€ JJis MPUMEHEHUSI BHEAPSIEMOI CUCTEMBI (B IaHHOM Cilyyae HamOosee
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() (PEKTUBHO MCIOJIH30BAaTh BBIYMCIUTEIIBHBIN KJIacTep, HO C YUYE€TOM BHI-
COKOM IIEHBI TAKOTO O0OPYIOBAHUS, BIIOJHE MOXKET MOJONTH BBIICICHHBIN

CepBep, WU JJaXe MPOCTON MEPCOHATBHBIN KOMITBIOTED);
* Cyps = 12 pyOineit, cTOUMOCTb Yaca MallTiHHOTO BPEMEHH.

B nanHOM citydae, MBI IToJiaraeM, 4To KaxJa0e U3 pacCMaTPUBAEMBIX OIOPO ITe-
peBooB oOnamaeT cBoel 0as3oil TekcToB. Takum obOpazoMm, He OyaeT HeoOXomu-
MOCTH B JIOIOJHUTCIIBHBIX pacxojax, Ha MOKYIIKY CTOPOHHHX IUIATHBIX KOPITYCOB

TEKCTOB. B utore nonyyaem:
* npu padore cucremy 760 gacoB B rofy: Uyam 760 = 12786.00  pyOneii;

* 1pu padote cucremy 1993 yacoB B roy (250 padbouux nHei, npu 40-4acoBoit

paboueii Henene): Uyam 1993 = 27582.67  pyOnei;

* mpu padore cucremy 8760 yacoB B romy (B pexume 24 Ha 7 Ha 36D):
UMam,8760 = 108786.67 pY6JI€I>'I.

Kpowme Toro, miist ucnonb30BaHUsI CUCTEMBI, IPEATPUATUIO IPUAECTCS PACIIU-
puth napk MamuH. OJHAKO, 3TH KaUTAJIOBIOKEHUS MOTYT 3aBUCETh OT HYX] U
BO3MOXKHOCTEH caMOil KOMMaHWU, U KoieOmoTces B auanazone ot 12000 pybnei
10 13 muH. py6neit (moKymnKa BRIYUCIUTENBHOTO KacTepa kinacca bmaiin ¢ 40 y3-

JaMH).

2.4. UENECOOBPA3HOCTb NPUMEHEHUA
CUCTEMDI

Cuctembl MallIMHHOTO TIEPEBOJIa LIEIECO00pa3HO MPUMEHSTh TOJIBKO IS T1e-
pEeBO/Ia HAYYHO-TEXHUUECKOU JIUTEPATYpPhl. ITO 00YCIOBIEHO CTHIUCTHUECKUMHU
0COOEHHOCTSIMU HAay4YHOTO TEeKCTa. B npyrux ciydasx pe3yabTar MAallMHHOTO Tie-
pEBO/IA HE MPEACTABISAET KAKOW-TUOO0 LIEHHOCTH.

CuctemMbl MAlIMHHOTO NEpeBo/ia (IIOKa) HE MOTYT MOJHOCTBIO 3aMEHUTh Y€eJI0-
BEKa, OIHAKO, OHHM 3HAYUTEIBHO O0JIETYaIOT TPY/ MEPEBOIUMKA, Jieasi ero padory

6omnee 3(pheKTUBHOM.
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KpOMe TOro, CUCTECMBI MAIIIKMHHOTO IICPEBOJAA MOT'YT OBITH H€O6XOI[I/IMBI:

* Hay4YHBIM COTPYTHHKAM HMCCIIEIOBATEIBCKUX IIEHTPOB — YTOOBI B KpaTJai-
IITMe CPOKH MOJYIUTH 00IIee MPEACTaBICHNUE, O TOM WM HMHOU padoTe,

Ha MHOCTPAHHOM A3bIKC,

* BOCHHBIM W BCAOMCTBCHHBLIM OpPraHu3alusaAM — KOI’ld YPOBCHb CCKPCTHO-
CTH, HC BCCria IIO3BOJIACT IICPCBOAYUKY HY)KHOﬁ CIICHUAIN3aINHA IIOJIYYUTh

AOCTYII K HCXOAHOMY TCKCTY.

OCHOBHOE MIPEUMYIIECTBO JIAHHOW CUCTEMBI, 3aKJIFOYAETCSI, B TOM, YTO €€ MOYKHO
pPacIpoCTPaHsITh B «KKOPOOOUHOMY BapuaHTE (pacIpeeIeHHOCTh JKellaTelibHa, HO
COBCEM He o0s13aTeNibHa). DTO SIBJISETCA rapaHThel, uTo HHGOpMaIus BBEACHHAS
JUTsl TIepeBo/ia He Oy/eT JOCTyIlHa CTOPOHHUM juilaMm. Kpome Toro, 6maromaps,
TOMY YTO CUCTEMA OCHOBAHA HA CTaTUCTHUKE, €€ MOXKHO HACTPOUTH HAa TEKCTHI, 3a-
JTAHHOM TeMaTHKH, 4TO OyJeT BeChMa IMOJIE3HO MEPBOI M BTOPOM KaTErOpHUH MOJIb-
30BaTEeIICH.

CucreMbl MallIMHHOTO MEPEBO/Ia MOTYT ObITh BBITOJTHBI:
* KPYINHBIM OIOPO NEPEBOAA;

* M3AATCJIbCTBAM, 3aHUMAIOIIMUMCA IICPCBOIOM HHOCTpaHHOﬁ TEXHUYECKOMN

JUTEPaTyPhI;
* UHEPHET-MopTajaM.

3apaboTHas iara nepeBogurka Ha konerl 2011 roga koneonercs ot 20000 pyo
10 45000 py6. Eciu B35Th CpeIHIOI0 BEIMYUHY M BBISICHUTH BO CKOJIBKO OpTaHM-

3aIlid 0OXOIUTCS OJIMH TIEPEBOAYMK B TOJI, TO TOTYIUTCS

45000 + 20000
Usenavg = ; 12 (1 4+ wq) - (1 4+ we) = 627120.00 py6uei.

Usermin = 20000 - 12 - (1 + wy) - (1 + w,) = 385920.00 py6ueii.
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Hanomauwm:

* wg = 0.2 — x03PPULHUEHT, yYUTHIBAIOLINNA TOMOJHUTEIbHYIO 3apab0THYIO

iary (IpemMun);

* w, = 0.34 — ko3P PUILIUEHT, YIUTHIBAIOIIUN CTPAXOBbIE B3HOCHI

BO BHEOIO/KETHBIE (DOH/IBI.

OCHOBBIBasACh Ha pacyeTax MPOBEICHHBIX B MPEABIAYIIEM pa3jieiie, COBOKYIIHAs
CTOMMOCTB BJIQJICHUS PACCMATPUBAEMOM CUCTEMBI B CAMOM JIOPOToM cirydae (0e3
ydeTa KaluTaJOBIOKEHUH B 000py/I0BaHUE) HUKE, YEM KOMIIAaHUU O0OXOJIUTCS ca-

MBI HU3KOOTIJIAYMBAEMbIN MIEPEBOIYMK.
Usmam,8760 = 108786.67 < 385920.00 = Usen,min

[Ipuuem, ecnu paccMaTpuBarh, TOJNBKO paboune nuu u 40-4acoByro pabodyio

HCICIII0, TO pasHUIIa CTAHOBUTCA Ooiee O[].Iy’rHMOﬁ.
UMam’lggg = 27582.67 < 385920.00 = qun,min

Kpome Toro, ckopocTh mpodecCHOHaIBLHOIO NEPEBOAYMKAa OOBIYHO OrpaHUYEHA
JIBaJIIIaThIO CTPAHUIIAMU B JICHb, B TO BpEMS KaK, Ha TOT K€ 00beM TEKCTa, MaIlliHa
MOTPATUT B XY/IIEM CITy4ae HECKOJIBKO MUHYT.

BaxxHO mOHMMATh, YTO CTATUCTUYECKUE CUCTEMBI MAIIMHHOIO IMEPEBOAA HE
MOTYT MOJTHOCTHIO (PYHKITMOHUPOBATH O€3 "uenoBeka. [lepen Tem kak HauaTh mepe-
BOAUTH, crarucTudeckue CMII noimkHbl 00yUHUTHCS Ha TIEPEBOIaX, KOTOPHIE ClIe-
Jaj yenoBek. [Ipudyem oT kadecTBa TEKCTOB, HA KOTOPBIX MallliHa oOydaeTcs, Oy-
JIET 3aBUCETh U KaUE€CTBO pe3yJibTaTta ee padboThl. [lepeBon BbgaBaeMblil MAIIMHON
HE BCEIJIa YIOBIETBOPAET JINTEPATYPHBIM CTAHAApPTaM si3blka nepeona. [loromy
B 3TUX CJIy4dasiX MOTYT NOTpeOOBaThCs yCIyTH KoppekTopa. OaHAKO, CTOUT 3aMe-
TUTb, UTO TIPU pabOTE MEPEBOAUMKA-YETOBEKA TAK)Ke ObIBACT HEOOXOUM KOPPEK-
Top. Yarie B ero pojiv BBICTYIIAECT MEPEBOAUMK 00JIee BHICOKOM KBanudukanuu. B

HUTOTC, MOXXHO IMPUATH K CJICI[y}OHICﬁ (bOpMy.]'IC
qun,mam + UMam,8760 < qun,min + qun,maac

rae, Usenmar — PAcXonpl Ha 3apabOTHYIO IIIATy KOPPEKTOpa MM IEPEBONYHMKA
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BbICOKOW KBanudukauu. (B nanHoMm ciiyyae nepeBOJYMKOB C HU3KOM KBaIu(u-
Karuen, MOKHO OTIIPABUTD MOBBINIATH CBOIO KBATU(HUKAITHIO. )
Ha npennpustusix, OCHOBHON AESITENBHOCTHIO, KOTOPHIX SABISETCA MEPEBOJ

TEKCTOB C OJTHOTO SI3bIKa Ha IPYTO BO3MOXKHO CJICAYIONICH MPUMEHEHUE CXEMBI
YyesioBeK; — MallMHa — Ye/I0BEKs

* 4yenoBeK|; — BBICOKOKBATU(PUIIMPOBAHHBIN MEPEBOAUNK, KOTOPHINA MPOIOI-
KaeT MEPEBOUTh 0C000 BaKHBIE TEKCTHI, CAMOCTOATENIbHO, 0€3 MpUMEHe-
Hus CMII;

* mawwnHa — craructuueckas CMII, koTopas npeaBapuTeIbHO 00yyaeTcs. Ha

IepeBoaax 4en0oBEeKay ,;

* YyenoBeKy — BBICOKOKBATU(DUIIMPOBAHHBIA NIEPEBOIUUK, KOTOPBI KOPPEK-

tupyert pesynabrarel CMIL

BbIronHoCTh 1aHHOM CXeMbI TPEOyeT AOMOIHUTEILHOTO 00OCHOBAHMS U MTPaK-
TUYECKUX U3MEPEeHU cKopocTH paboTsl toaeit 1 CMII 1 BBIXOIUT 3a paMKH JaH-

HOM pabOoTHI.



3. OXPAHA TPYAA
N OKPYKAIOLLIEM CPEAbI
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3.1. BBEAEHUE

JIro6as TexHOJIOrnYeCcKas AesTENbHOCTD SABIAETCS MOTEHIMAIBHO OMaCHON
JUTSL YeJIOBeKa U OKpyXxarouieil cpezbl. Pa3paboTka TUIUIOMHOTO MPOEKTa Ha Ka-
denpe «BeruncnurenbHas MaTeMaTHKa U TPOrPaMMHUPOBAHUE» HEU30EKHO CBSI3a-
HO C MOCTOSIHHOW U JIOJITOBPEMEHHOUM pabOTOl ¢ MEepPCOHATbHBIM BbIYMCIUTEINb-
HBIM YCTPOMCTBOM M MHOM JIEKTPOHHON TEXHUKOM.

PacrnipenenenHoe nmporpaMMHO-MH(POPMAIMOHHOE O0ECIIEUeHNE CTaTUCTHYE-
CKOM MOJIEJIH IIEPEBO/Ia €CTECTBEHHBIX SA3BIKOB, CO3JaHHOE B PAMKAX JTAHHOM JU-
IUIOMHOM pabOThI, — 3TO CIIOXKHBIN MPOTrpaMMHBIN KoMILieke. Pa3paboTka Takoro
pOJla CUCTEM MOAPA3YMEBAET IIOCTOSHHOE B3AMMOJEHCTBUE C KOMIIBIOTEPHOU TEX-

HUKOM. PaboTa ¢ KOMITBIOTEPOM XapaKTepU3yeTcs:
* 3HAYUTEJIbHBIM YMCTBEHHBIM HAIPSKECHUEM;
* HEPBHO-3MOLMOHAJIILHOW HArpy3KOHu;
* BBICOKOW HAMPSHKEHHOCTHIO 3PUTEIHLHON PaOOTHI;
* HEECTECTBEHHBIM MOJIOKEHUEM KOPITyCa TEIIa;
* Harpy3KoW Ha MBIIIIBI KHCTEH pyK (IMpu paboTe ¢ KIIaBUATypOH).

Bonbiioe 3HaueHNE UMEET palioHaIbHAsl KOHCTPYKIIMS U PACTIOIOXKEHUE DJIEMEH-
TOB pab0OYero MecTa, 4YTO BaKHO JJIS TIO/ICPKaHUSI ONTUMAIbHON pabouei mo3bl
yenoBeka. B mporiecce paboThl ¢ KOMIIBIOTEPOM HEOOXOAMMO COOTIONATH MPABUITh-
HBIN PEXUM TPyJla U OTAbIXa. B MPOTUBHOM cilydyae y 4eJOBEKa OTMEUAIOTCS 3HA-
YUTEJIbHOE HAIPSOKEHUE 3PUTEIBLHOIO arapara C MOsSBJICHUEM Kajlod Ha Heyo-
BJIETBOPEHHOCTH Pab0TOI, TOJIOBHBIE O0JIH, Pa3ApaKUTEILHOCTh, HAPYIICHHUE CHA,
yCTaJOCTh U O0JIC3HEHHBIC OIIYIIICHUS B T71a3ax, B OSACHUIIE, B OOIACTH IIIEH U PY-
kax. KpoMe Toro, BaxHO COOMIOATh JOCTATOYHYIO TUIOIIAL Ha OIHO pabouee
mecto. OHa JIOJKHA COCTABIIATH JUIS B3pOCIBIX THOJb30Bareseil He MeHee 9 M2,
a 00beM He MeHee 20 M3,

B nenom, Ha pabodyem mecTe MOKHBI OBITH MPEAYCMOTPEHBI MEPhI 3alllH-
ThI OT BO3MOXKHOTO BO3JICUCTBHS OMACHBIX U BPEAHBIX (PaKTOPOB MPOU3BOJICTBA.
YpoBHM 3THX (PAKTOPOB HE JOJKHBI MPEBBIIIATH MPEACTbHBIX 3HAYEHUM, OTOBO-

PCHHBIX ITPABOBLIMHU, TCXHUYCCKUMHN U CAHUTAPHO-TCXHUYICCKUMHN HOPMaMH. HOp—
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MaTUBHBIE JJOKYMEHTBI O0S3BIBAIOT K CO3/IaHHMIO HAa pabodeM MECTe YCIOBHH TPY-
Jia, [P KOTOPBIX BIMSIHUE OMMACHBIX M BPEIHBIX (DAKTOPOB HA pabOTAOIINX JTHOO
YCTPaHEHO COBCEM, JINOO HAXOAUTCS B IOMyCTUMBIX Mpeeiaax. ITH, a TAKKe MHO-
rue apyrue (paxTopbl HECOOXOMUMO YUHUTHIBATh MPHU JJIUTEILHON M HHTCHCUBHON
paboTe C KOMIBIOTEPOM, TAKOH Kak pa3zpaboTka AUIIoMHOro mpoekra. Cobmrone-
HUE MPaBWI O€30MACHOCTH TP pabOTe C KOMIIBIOTEPOM TTO3BOJISIET HE TOJIBKO CO-
XPaHUTh 3JI0POBbE, HO U MMOBBICUTH MPOU3BOJAUTEILHOCTh, YMEHBIITUB YTOMJICHHE

OT JUTUTEJIHLHOTO B3aUMOJICHCTBUS C TEXHUKOM.

3.2. OCHOBHAA YACTb

B ocHoBHOIT yacT paboThl OyIyT KpaTKo ONKcaHa 0ojbllas YacTh TpeOOBa-
HUH K YCIOBUSAM TpYyJla MPOrpaMMUCTa. AHAJIOTUYHBIE TPEOOBAHUS TOJKHBI OBITH
IPEIbSIBICHBI K YCIOBUSAM TPY/a MEPEBOUMKOB. B KoHIIe yacTu Ooliee moapoOHO
OIHMCaH YPOBEHb ITyMa, BOZHUKAIOIINKI OT HECKOJIBKUX HEKOT€PEHTHBIX UCTOYHH-

KOB.

3.2.1. MUKPOK/TUMAT

MuKpoKJIMMar — CyTbh, COCTOSIHUE BHYTPEHHEW CpEIbl IOMEILIECHHUSI, OKa3bIBa-
IOIIIEE BO3JICUCTBHAE HA YEIOBEKA, XapAKTEPU3YEMOE MOKA3ATEISIMUA TEMIIEPATyPhI
BO3/lyXa U OTPaXJAOIINX KOHCTPYKIIMH, BIIAXKHOCTBIO U IIOJABU>KHOCTBIO BO3AYyXa.

['maBHBIM mpOLIECCOM, KOTOPBIM PEryIUPYETCS MapamMeTpaMu MUKPOKIMMATa
ABJIIETCA TEIUIOOOMEH YEJIOBEKa C OKpy»Karollen cpenoil. YenoBeueckomy opra-
HU3MY OY€Hb BAKHO IOJJEPKUBATh MOCTOSHHYIO TEMIIEPATYPY Tesa. DTO SABIIA-
eTCsl HEOOXOANMBIM YCIIOBUEM KU3HEACSITEIIbHOCTH YEJIOBEKA, OCYIIECTBISIEMbIM
Oaroapsi MpoIeCCy TEPMOPETYIISLIUU.

TepMoperyssauus — cnocoOHOCTh YEIOBEKa MOAIEPKUBATH TEMIIEPATYpy Te-
J1a B ONPEAEIIEHHBIX paMKaX, HECMOTPS Ha TEMIIEPATypy OKPYKAOLIEH CPEIbI.

OTKJIOHEHHE HOPMAJIbHOM JUIsl OpraHu3Ma TEMIIEPATyphl B CTOPOHY yBEIUYE-
HUs Ha3bIBACTCS TUIIEPTEPMUEH, B CTOPOHY YMEHBIIEHU — TUnoTepMuei. [ nas-
HOE, YTO MOXKET MPEA0CTaBUTH KOM(MDOPTHBIN AJIs YeIOBeKa MUKPOKJIMMAT — 3TO
ONTUMAJIbHBIE YCIIOBUS JJIs TEINIOOOMEHA TeJla YEJIOBEKa C OKPYKaroILEel CPeou.

[Ipu pabotre 3a KOMIBIOTEPOM B 3aMKHYTOM TOMEIIIEHUH YEJIOBEK, Kak mpa-
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BUJIO, OKPY>KEH BBIUYHCIUTEIIBHON TEXHUKON, OCHOBHAsI OCOOCHHOCTh KOTOPOM —
OO0JIBILIOE KOJIMYECTBO BBLACISIEMOI0 B OKPYKAIOIIYIO Cpeay Terlia.

OTO ABISIETCS CIEACTBUEM TOTO, UTO B MTOMEIICHUHU MPOUCXOIUT MOBBILLICHNE
TEMIIEPATYpPbl U CHUYKEHHE OTHOCUTEIBHOM BIIAJKHOCTH BO3/1yXa.

HNmenHo TemniepaTypa ¥ OTHOCUTENBHAS BIIAXKHOCTh BO3yXa SIBIIIFOTCS JBYMS
OCHOBHBIMU MapamMeTpaMH, PEryIUPyeMbIMU B caHUTapHbIX HOpMax CH-245-71.
ITogBHKHOCTEIO BO3yXa B IOLIEHUE — €I1I€ OAUH BAXKHBIN ITApAMETP MUKPOKIIN-

MaTa. 3HAYCHUS dTUX napamMCTpoOB JOJIKHBI 3aBHUCCTh OT BPpCMCHHU I'0/14.

Tabsuiia 3.14. ITapameTpbl MUKPOK/IMMATa J1Jisl TIOMEIT|eHHH, TIe YCTaHOB/IeHbI
KOMITbIOTEPHI /1151 XOJIOAHOTO BPEMEeHHU To/a.

MapameTp MMUKpOKAMMaTa | BennymHa

TemnepaTtypa Bo3gyxa B nomeweHum | 22.24°C

OTHOCcUTenbHasa BnaxHoctb | 40.60 %

CKopocCTb ABU»KeHus Bo3ayxa | Ao 0.1m/c

Tabsura 3.15. ITapameTpbl MUKPOK/IMMATa J1Jisl TIOMeITieHHH, Tie YCTaHOB/IeHbI
KOMITBIOTEPBI [IJIS TEIJIOr0 BpeMeHU rojia.

MapameTp MMUKPOKIMMaTa | BennymHa

TemnepaTtypa Bo3gyxa B nomeweHum | 23.25°C

OTHOocuTenbHasa BnaxHoctb | 40.60 %

CKopocTb ABux»KeHus Bosayxa | 0.1 -0.2m/c

B nomemienue, rae HaXOASITCS KOMIIBIOTEPHI, HEOOXOAMMO OCYIIECTBIIATH TO-
Jaqy CBEXKETO BO3MyXa. ITOT MapamMeTp 3aBUCUT OT 00beMa MOMEIIECHHUS, TIPUXO-
JISIIIETOCS Ha OJTHOTO 4YeJIOBEKa, KOTOPHIN HE JOJKEH OBITh MEHBIIE, YeM 19,5M3

Ha 4YCJIOBCKA.
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Tabmuiia 3.16. Pacxof mosaBaemMoro B rioMellleHre CBeXKero Bo3ayxa

O6bem nomelleHus, m?

Ha yen. | O6bbeMHbIN pacxon NoaaBaemoro
B NOMeELLEHNE CBEXKEro BO3A4yXa,
m> Ha yen. B yac

[o 20 | He meHee 30
OT1 20 o 40 | He meHee 20

Ot 40 | EcTtecTBEHHas BeHTMAALUA

OObIYHO, /IS TOCTUKEHUSI 3HAUEHUN TapaMeTpOB, IPUBEICHHBIX B Ta0IHIIaX
BBILIE IPUMEHSIOT TEXHUUYECKHE CPECTBA — KOHAUIIMOHUPOBAHKUE BO30yXa, OTO-
NUATEJIbHAS CUCTEMA U OPTaHU3alIMOHHBIE METObI — PAllMOHAIbHAS OPraHU3AIUs
pOBeICHMs padOT B 3aBUCUMOCTH OT BPEMEHHU rofia U CyTOK, UepeOBaHHUE Tpy/a

W OTIBIXA.

3.2.2. PEKXUMDbI TPYAA U OTAbIXA

CobnroneHre mpaBUILHOTO PEeKUMa MOXKET 3HAYUTEIHHO YAYUIIUTh CAMOYYB-
CTBUE U NTOBBICUTH IIPOU3BOAUTEIBHOCTD TPYAA.
B cnydae HecoOmoneHus peKUMOB TPyJa U OT/AbIXa Y YEJIOBEKA P JTOJITOM

pa60Te 3d KOMIIBIOTCPOM MOT'YT Ha6JIIOI[aTBC5IZ

* YCTaJOCTh;
* HapylICHHS CHa;

* OoJIe3HEHHBIE OIIyIICHUS (B T71a3ax, MOSCHUIIE U OOJACTH IIICH).

B cootBerctBuM co CanlluH 2.2.2 546-96 BCce BUIbI TPYIOBOU AEATEILHOCTH,

CBA3AHHBIC C UCIIOJIB30BAHUCM KOMIIBIOTCPA, PA3ACIIAIOTCA Ha TPH I'PYIIIIBL:

 rpynmna A: paboTa mo CYUTHIBAaHUIO MH(OpPMALIMU C SKpaHa KOMIIbIOTEPA C

IPEIBAPUTEIILHBIM 3aIIPOCOM;
» rpynna b: pabora mo BBomy nH(pOpMAITUH;

 rpynma B: TBopueckas padota B pexxume auanora ¢ OBM.
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Tabnuua 3.17. I'pyrira A

YpoBeHb Harpysku
3a pabouyio cme-

HY, KO1n4yecT-80O

CymmapHoe Bpema perfiaMeHTu-

POBaHHbIX NepPepbIBOB, MUHYT

3HAKOB
CmeHa 8 yacos | CmeHa 12 yacos
A0 20000 30 70
[0 40000 50 90
Ao 60000 70 120

Tabnuua 3.18. I'pynina b

YpoBeHb Harpysku
3a pabouyio cme-

HY, KO/1n4yecT-BO

CymmapHoe Bpema perfaMeHTu-

POBaHHbIX NEPepbIBOB, MUHYT

3HAKOB
CmeHa 8 yacoB | CmeHa 12 yacos
Ao 15000 30 70
[0 30000 50 90
[0 40000 70 120

Tabnuua 3.19. I'pynmna B

YpoBeHb Harpysku
3a pabouyto cmeHy,

CymmapHoe Bpems perameHTu-

POBaAHHbIX NEPepbIBOB, MUHYT

4yacoB
CmeHa 8 yacos | CmeHa 12 yacos
no 2 30 70
no 4 50 90
[0 6 70 120
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Bpems niepepbIBOB JJaHO TIPH COONIOICHNH YKa3aHHBIX CaHUTApHBIX MPaBUIT
1 HOpM. IIpu HEeCOOTBeTCTBHH (paKTHUSCKUX YCIOBUM Tpyaa TpedoBanusM CaHu-
TapHBIX IPABUI K HOPM BpeMsl periiaMeHTUPOBAHHBIX MTEPEPHIBOB CIEAYET YBEIH-
yuTh Ha 30 %.

D} heKTHBHOCTH MIEPEPHIBOB MOBBIIIACTCS MIPU COUYECTAHUH C TIPOH3BOJICTBECH-
HOM TMMHACTHKOM WJIH OpTaHU3aIuH CIICIIHATBHOTO MTOMEIIICHUS JIJIST OTAbIXA ITep-

COHaJja ¢ y1o0HOM MATKON MeOelbi0, aKBApPUyMOM, 3€JICHOU 30HOM | T.I1.

3.2.3. 9/IEKTPOMATHUTHOE U UOHU3SUPYIOLLIEE
U3/TYYHEHUA

[To-MHEHHIO YYEHBIX, U3Iy4YeHHE OONBIIMHCTBA COBPEMEHHBIX MOHHTOPOB
HE OKa3bIBACT MMaryOHOT0 BO3JCHCTBHS JJIsI B3POCIIOTO YEJIOBEKA.
Tem He MeHee, HCUEPITBIBAIOIINX JAaHHBIX MO 3TOMY BOMPOC MOKA HET.

MaxkcuMaJIbHBIM yPOBEHD PEHTI€HOBCKOI'O U3JIy4€HUsI OT MOHUTOPA COCTaBJIA-

MKDb3p
eT B cpeaHeM 10 ——, a ”HTEHCUBHOCTD YIbTPa(roIeTOBOTO M HHPPAKPACHOTO
q

. MBT
U3ITy4eHHI JIexuT B uuTepsane 10-100 —-.
M
Huxe onucanbl 10oMyCTUMBbIE 3HAUCHUSI TAPAMETPOB HEHMOHU3UPYIOIIUX JIEK-

TPOMAarHUTHBIX U3IydeHui (B coorBeTcTBuU ¢ CanlluH 2.2.2.542-96).

® HaHpH)KeHHOCTB SHGKTqueCKOﬁ COCTaBJISII-OH_[eﬁ QJICKTPOMAroHuTHOI'O IT0JIA

Ha paccTosiHuM 50 CM OT MOBEPXHOCTH BUEOMOHUTOpa — 10—.
M

® HaHpH)KeHHOCTB MarHuTHOM COCTaBJ]SIIOLHeﬁ QJICKTPOMArduTHOI'O IT0JIA Ha

paccrossHuM 50 CM OT TOBEPXHOCTH BUAcoMOHUTOpa — (.3 —.
M

° I[J'ISI B3POCJIBIX M0JIb30BaTesei HAIIps2KCHHOCTD 3JICKTPOCTATHYCCKOI'O I10JIA

kB
HE JIOJKHA MpeBbIarh — 20—.
M

JUis CHYOKeHUS BO3ACMCTBUS STUX BUJOB U3JIYUCHHS] PEKOMEHAYETCs MprUMe-
HSITb MOHUTOPBI C MOHMWKEHHBIM ypoBHeM u3nydenus (MPR-II, TCO-92, TCO-
99), ycraHaBnIMBaTh 3allUTHBIE YKPaHbI, a TAKXKE COOMIONATH PErTIaMEHTUPOBAH-

HBIC PC)KUMBI TPpYJa U OTAbIXA.



82

3.2.4. OCBELLEHUE

OOBIYHO OCBEIICHUIO KaK pabovyero Mecra, Tak U MOMEIICHUS YASISIOT MaJio
BHUMaHUS. [Ipu paboTe 3a KOMIIBIOTEPOM HECOOIIOIEHNE MTPABUIT OCBEILICHHUSI SIB-
JE€TCA OOHOW M3 OCHOBHBIX MPUYWH YXYAIIEHUS 3PCHUSA.

HenocTtaTouHOCTh OCBEIICHUS:

* ocnabJsgeT BHUMAaHUE,

* MPUBOJUT K HACTYIUJICHUIO MTPEKIEBPEMEHHON YTOMIICHHOCTH.
Upe3MepHO SIpKOe OCBEIICHUE:

* BBI3LIBACT OCJICIUICHUC,

* paspakeHHE U Pe3b B IT1a3ax;

* MPUBOJUT K HACTYIUJICHUIO MTPEKIEBPEMEHHON YTOMIICHHOCTH.

HemnpaBunbHOE HalpaBiieHHE CBETa Ha paboyeM MECTe MOXKET CO3/1aBaTh PE3-
Kue TeHH, Onmku. i mporpaMmucTa, 3TH (PakTopsl HE SIBISIFOTCS OCOOCHHO BaX-
HBIMH, OJJHAKO, OJIArOMPUSITHBIMHU MX TOXKE HA3BaTh HEJb3A.

Cy1iiecTByeT TpU BUAA OCBELIEHUS — €CTECTBEHHOE, NCKYCCTBEHHOE U COB-
MEILEHHOE (€CTECTBEHHOE U UCKYCCTBEHHOE BMECTE).

EcTtecTBeHHOE OCBElIeHNE — OCBEIICHNE IOMEIICHH JHEBHBIM CBETOM, ITPO-
HUKAIOIIUM Yepe3 CBETOBBIE MPOEMBI B HAPYIKHBIX OTPAXKIAIOIINX KOHCTPYKIIHSIX
noMmenieHuil. EctecTBeHHOE OCBellleHHe XapaKTepu3yeTcs TeM, YTO MEHSETCS B
MIMPOKHUX TMpeeIax B 3aBUCUMOCTH OT BPEMEHHU JHS, BPEMEHHM rojia, Xapakrepa
o0yacTu u psia Ipyrux GakTopoB.

HckyccTBeHHOE OCBEIIEHNE TPUMEHSIETCS TIpU paboTe B TEMHOE BPEMS CYTOK
U JTHEM, KOT/1a HE yaeTcsl 00eCTeunTh HOpPMUPOBAHHBIC 3HAYCHUS KOdDPuIineHTa
€CTECTBEHHOT'0 OCBEIlEeHHUs (TacMypHasi orojia, KOPOTKUW CBETOBOU JIEHB ).

HckyccTBeHHOE OCBEIIEHNE OBIBACT TPEX BUIOB:
* pabouee;
* aBAPUUHOE;

® 9BAKyallMOHHOC.
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Ocgelienue, Mpyu KOTOPOM HEIOCTATOYHOE IO HOpMaM €CTECTBEHHOE OCBEIIE-
HUE JOMOJIHAETCSI UCKYCCTBEHHBIM, HAa3bIBAE€TCSI COBMEIICHHBIM OCBEILICHUEM.

PaGouee ocBenienne, MOKET ObITh OOIIMM HJIM KOMOMHUPOBAHHBIM.

OO6miee — ocBelieHue, P KOTOPOM CBETHUIIBHUKH Pa3MEIIaloTCsl B BepXHEH
30HE MOMEIIEHUSI PABHOMEPHO WJIM MPUMEHUTEIBHO K PACIIOI0KEHUIO 000pYI0-
BaHMS.

KomOuHMpOBaHHOE — OCBEIIEHUE, IPU KOTOPOM K 00I1IeMy J00aBIsIETCS MECT-
HOE OCBCIICHUE.

CornacHo CHullI 11-4-79 B momelieHuii BBIYUCIUTEIBHBIX IIEHTPOB HEOOX0 -
MO IPUMEHUTH CUCTEMY KOMOMHHUPOBAHHOTO OCBEIICHHUS.

B kauecTBe MCTOYHUKOB MCKYCCTBEHHOTO OCBEIHICHHS OOBIYHO HMCIIOJIB3YIOT-
cs1 momuHectieHTHbIe Jamiibl Tuma JIb win JIPJI. Onu monapHo 0ObenUHSIIOTCS B
CBETWJILHUKH, KOTOPBIC JOJKHBI PacIionararbcsi Haa pabouyuMU MOBEPXHOCTIMU
PaBHOMEPHO.

B du3suke ocBelieHHOCTh onpenesieTCs Kak OTHOIIIEHHE CBETOBOTO MOTOKA Ha

€AUHUILY TOBEPXHOCTH:

dP

E=—
ds

Enunuieit usmepenus ocseiieHHoOCTH B cucteMe CU cityxuT rokc (JiK).

CBeTOBOI MOTOK MOXKHO paccuuTaTh Mo hopmyre:

E-K-S-Z
N n

)

* O - pacCUUTHIBAEMbIN CBETOBOM MOTOK, JIM;

« F/ - HOpMUpOBaHHAsi MUHUMAJIbHAsI OCBELIEHHOCTb, JK (ONpeaeseTcs Mo
tabmuie). Paboty nmporpaMMucTa, B COOTBETCTBUHU C ITOM TaOIHIEH, MOXK-
HO OTHECTH K pa3psay TOUHBIX paboT, CiieI0BaTeIbHO, MUHUMAJIbHAs OCBE-
meHHOCTh OyaeT = 300 nk (3Ha4eHUs AJi1 MUHUMAJIbHOW OCBEIIEHHOCTH

OMMCAHbI HIXKE);
S - mIOIIalb OCBEIIAEMOTO MTOMEIICHUS;

* / - OTHOIIICHHUE CPEHEH OCBEIICHHOCTH K MUHUMAJIbHOU (OOBIYHO MPUHH-

maercs paBabiM 1.0, 1.1, 2.0);
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* K - ko3¢ duimenT 3amnaca, y4uThIBAIOIINN YMEHbBIIIEHHE CBETOBOTO TTOTOKA
JamIbl B pe3yabTare 3arps3HeHHs] CBETUIILHUKOB B MPOLECCE IKCILTyaTallun
(ero 3HaYeHUE 3aBUCUT OT TUIA MMOMEUIEHUS U XapaKTepa MPOBOJUMBIX B

HEeM paboT);

* n - KO3PGUIMEHT UCIIOJIB30BAHUSA, (BBIPAXKACTCA OTHOIIICHUEM CBETOBOTO
MOTOKA, MAJIAl0IIEr0 HA PACYETHYIO MOBEPXHOCTh, K CYMMapHOMY MOTOKY
BCEX JIaMIl YU UCUMCISECTCSA B JOJISAX €IUHULIBI, 3aBUCUT OT XapaKTEPUCTUK
CBETHJIbHUKA, pa3MEPOB MTOMEIIECHHS, OKPACKU CTEH U MOTOJIKA, XapaKTePH-

3yeMbIX KO (DHUITMEHTaMU OTPAXKEHHS OT CTEH U MOTOJIKA).

TpeboBaHUs K OCBEIIEHHOCTH B MOMEIICHMSX, TJ€ YCTAaHOBJIEHbI KOMIIbIO-
TEpbl, CIAEAYIOIINE: MPHU BBITOJIHEHUN 3PUTENBbHBIX PAaOOT BBICOKOM TOYHOCTH
oOmrasi OCBEUIEHHOCTh JOMKHAa cocTaBisaTh 300 JK, a KOMOMHHpOBaHHas —
750 5K; aHaJIOTWYHbIE TPEOOBAHUS ITPHU BBIMOJIHEHUHU pabOT CpeiHEN TOYHOCTH —
200 u 300 nx cooTBeTCTBEHHO. KpoMe TOro Bce nosie 3peHus JOIKHO ObITh OCBE-

IICHO JOCTATOYHO PABHOMCPHO — 3TO OCHOBHOC T'HTUCHHUYCCKOC Tpe6OBaHI/Ie.

3.2.5. WYM U BUBPALIUA

ITpu pabote ¢ 0001 TEXHUKOW HEOOXOIMMO COOMIONATh CIIOKOMCTBUE, HE Ja-
BaTh BOJIIO SMOIMSAM. B MpOTHBHOM cityuae, Kak Jisl 4YeJIOBeKa, TaK M I TEXHU-
YECKOTO CPEe/ICTBa MOTYT HACTYNHUTh HeoOpaTuMble nocienctsuss. OMHUM U3 Hau-
0os1ee CHITBHBIX Pa3ApakaroIuX (PaKkTOPOB SIBIISICTCS IITYM.

ITox Bo3melcTBHEM IITyMa yXyAIIAeTCS BHUMAHHE, MOBBIIIACTCS pa3apaku-
TeabHOCTD. [lociieTHee SIBIIsICTCS BEChMa OIMaCHBIM ITOCIICICTBHEM Pa0OTHI 32 KOM-
nbI0TepOM. UeTOBEK UCTIHITHIBAET TOJIOBHBIE 0O0JIH, TOJTOBOKPYKEHUE.

[lym 3aMenisieT peakiuio 4YeloBeKa Ha IMOCTyMHalolde OT TEeXHUYECKHX
yCTpOUCTB curHaibl. [llym yraeraer 1eHTpajdbHYI0 HEPBHYIO CHCTEMY, BBI3bIBA-
€T U3MCHEHHUS CKOPOCTH ABIXaHUS U IYJIbCa, CIIOCOOCTBYET HAPYIISHUIO 0OMEHA
BEIIIECTB,

BO3HMKHOBEHUIO CEPICUHO-COCYIUCTHIX 3a00JICBAHMIA.

B cimydae, korja mryMm BO3IeHCTBYET Ha CITyXOBBIE OpraHbl YeJI0BEKa MOCTOSH-

HO ¥ €10 3(PPEeKTUBHOCTH BEJIHMKA, TO 3TO MOXKET ITPUBECTH

K YaCTUYHOM WJIM MOJIHOW MOTEpE ClTyXa YeJIOBEKA.
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OnHa U3 U3MEPUMBIX XapAKTEPUCTUK 3ByKa — 3TO KOJIUYECTBO 3aKIIOYEHHOMN
B HEM DHEPI'UH; UHTEHCUBHOCTD 3ByKa B JII0O00H TOUKE MOXKHO MU3MEPHUTH KakK MO-
TOK SHEPTrUM, IPUXOASIICHCA HA EAUHUYHYIO TUIOIIA/IKY, U BBIPA3UTh B BaTTax Ha

M2
M
Takas xapaktepuctuka He yaqoOHa. Bo3MoxkeH oueHb MIMPOKOM IHMAaIia30H 3Ha-

. Bt
KBaJPaTHBIN METP .

YEeHUH.
[Ipu mompITKE 3amucarh B ATUX €AMHHUIIAX WHTEHCUBHOCTh OOBIYHBIX IITYMOB
cpa3y K€ BO3ZHHKAIOT TPYAHOCTH, TaK KaK HHTECHCUBHOCTh Han0OO0JIee TUXOTO 3BYKa,

JOCTYITHOTO BOCIIPUSITHAIO YETIOBEKA C CAMBIM OCTPBIM CITYXOM,

Bt

W.

Jlerko BUIETH, YTO ONMEPUPOBATH YHUCIAMH, BBIPAKAIOIMIMMHA UHTCHCUBHOCTHU

paBHa npubmusurenasHo 0.1 - 10711

3ByKa, JIEXKaIMEe B CTOJb IMUPOKOM JHANa3oHe, OY€Hb TPYAHO. BrIXxomom u3 cio-
YKUBILIENCSA CUTyallMH SIBIIIETCS UCIIOJIb30BAHUE HEKOTOPOU OmHOoCUmenvHou eeu-
YUHDBL.

Taxoii BenmmunHOU siBisieTcs neunden [1b]. YpoBeHb 3ByKa, BEIPa)KCHHBIH B Jie-
nuobenax, YUCICHHO PaBeH JECATUYHOMY Jiorapupmy 0e3pa3MepHOTr0 OTHOLIEHUS
M3MEpSIEMO MHTEHCUBHOCTH 3ByKa K 3TaJOHHOW MHTCHCUBHOCTH 3ByKa, YMHO-

JKCHHOMY Ha ACCATD.

A
A = logg <A_(1)>

® Al — U3MECPsACMasd MHTCHCUBHOCTD,

Bt
» Ay — dTaNoHHast HHTEHCUBHOCTh, MpUHUMaeMyto 3a 10 — 12 —.

M
HamomuauMm, uto nenmben — 53TO OTHOCHTENbHAs BenuuuHa. Omneparuu

HaJl HEW OTIWYAIOTCS OT ONepaluii HaJ aOCOMOTHRIMU BeTnuuHaMu. OOIuii ypo-
BEHB IIIyMa OT JIByX HCTOYHUKOB, BBIPAXKEHHBIH B ACINOEax, He OyJeT paBeH CyM-
Me Kax10ro u3 HuX. CyMMHUpoOBaTh HEOOXOAMMO UHTEHCUBHOCTD JIBYX UCTOYHU-
KOB, a TTOCJIE ATOTO MEPEUTH K JAenudenaM myTeM yBeIudeHus Jorapudma.
YpoBeHb 1IyMa, BO3HUKAIOIIUN OT HECKOJILKUX HEKOI€PEHTHBIX UCTOUYHHUKOB,
paboTaronuX OMTHOBPEMEHHO, TTOJICYMTHIBACTCSI HA OCHOBAHUY MPUHIIUIIA dYHEPre-

THYCCKOI'0O CYMMHUPOBAHUA I/IBHYI{GHI/If;I OTACIBbHBIX NCTOYHHUKOB
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1=n

Ly =10-logyp | Y _ (105

i=1
* L; — ypOBEHb 3ByKOBOI'O JIaBJICHHS i-IO UCTOUHHKA IIIyMa;

®* 7l — KOJIMYCCTBO UCTOYHHMKOB IIIyMa.

[TomydeHHble pe3ylnbTaThl pacyeTa CPaBHUBAETCS C JOMYCTUMBIM 3HAYCHUEM
YpOBHS IlIyMa JIJIsl JaHHOTO pabodero Mecta. Eciiu pe3ynbraTsl pacyeTa BBbIIIE J10-
MyCTUMOTO 3HAUEHUs YPOBHS [ITyMa, TO HEOOXOAUMBI CTIeIUANIbHBIE MEPHI 110 CHU-
KEHHIO Tryma. J[7st Toro, 4ToObl OIICHUTHh YPOBEHb ITyMa B IMOMEIICHUH, OOBIY-
HO HCIIOJIB3YIOTCS CIIEAATN3UPOBAHHBIE YCTPOMCTBA — IIYMOMEpPHIL. B mipocTeit-
[IeM cllydae UIyMOMEpP COCTOMUT U3 YCUJIUTEINS, K BXOLY KOTOPOTO IMOJKIIIOYAET-
Csl UBMEPUTEIIbHBI MUKPO(OH, a K BBIXOAY — BOJIBTMETP, MPOTPaIyUupOBaHHBIN B
neuubenax. OgHaKo, CyIIECTBYIOT UHbIE CLIOCOOBI U3MepeHus. JJig 3TOro MoxxHo
BOCIIOJI30BaTHCS OOBIYHBIM MUKPOPOHOM U JIF0OBIM NMPOGECCUOHAIBHBIM 3BYKO-
BBIM pefakTopoM (Sound Forge, Nero Wave Editor). MukpodoH u mporpaMmmMHOe
oOecrieyeHue MpeaBapUTENLHO CIEeIyeT OTKAIUOPOBaTh. J{JIsl OLIEHKH ITymMa TakKo-
T'O CJI0KHOTO YCTPOMCTBA KaK KOMITBIOTEP MOXKET MOTPeOOBaThCs, TPOBECTH IKC-
NIEPUMEHTHI TI0 U3MEPECHUIO YPOBHS IIIyMa /ISl KaXKI0W COCTABISIONIEH B OT/IEb-
HOCTH. B mpoTHBHOM ciTy4ae MpUIETCS TOBEPUTH IIYMOBBIM XapaKTEPUCTHUKAM,

KOTOPBIC YKA3aHHBI IIPOU3BOAUTCIIIMU KOMINJICKTYIOIUX.

Tabnuiia 3.20. XapakTepruCTHUKHU IITyMa TUTTMYHOTO HaCTOILHOTO KOMITbIOTEpa.

NCTOYHUMK Wyma | YpoBeHb Wwyma, ab

ecTkmMn anck 39
Cuctema oxnaxkaeHus 45
MoHutop 17

Knasnatypa 5

MpuHTEp 40
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Takum O6p330M MOXHO OLCHUTH IIYM THIIMYHOI'O HACTOJIbHOT'O KOMIIBIOTCPA.

Ly =10-logy (10°>° +10** + 10"" 4+ 10" + 10*°) =

= 10 - log19(44838.3) = 46.5165 nb

Tabnura 3.21. YpoBHU 3ByKa B Aierjbe/iaXx Ha pa3/IMUHbBIX Pabounx MecTax.

KaTeropvm HanpAaxeH-

HOCTU TPyAa

Kateropua Taxkectu Tpyaa

Nerkasa | CpegHAana | Taxkenaa | OyeHb TAXKeNaA
Mano HanpAXKeHHbI M 80 80 75 75
HanpaxeHHbIN 70 70 65 65
OueHb HanpAXKeHHbIN 60 60 — —
OnacHO HanpPsAMKeHHbIN 50 50 — —

VYpoBeHb IIymMa Ha paboueM MecTe MPOrpaMMHUCTOB HE JOHKEH MPEBBIIIATH

50 nb, a B 3ay1ax 00paboTK MH(GOPMALIUK HA BBIYUCITUTENBHBIX MAlIMHAX — 65

nb. BeruncieHHOe 3HaYeHNEe He TTPEBBIIIAET JOMYCTUMbINA YPOBEHB IITyMa padoue-

T'0 MCcCTa. OI[HaKO, Ba’XXHO ITOHUMATh, 4YTO IIPUBCACHHBIC PACUYCTBI HC IIPCTCHAYIOT

Ha BBICOKYIO TOUHOCTh. PeasbHbIN ypOBEHb MOXKET OBITh HECKOJIBKO OO0JIbIIIE, TaK

KaK BBIYHUCIIMTCIIbHAA MalllMHA ABJISACTCA JAJICKO HC €AMHCTBCHHBIM HMCTOYHHKOM

nryma. [[ns obecnieuenus mokasarenei yCTaHOBICHHBIX HOPMOM, HEOOXOAMMO HC-

IMOJIb30BATH 3BYKOIIOITIOIIAOIIHUEC MATCPHUAJIbl U BI/I6pOI/IBOH$ITOpI>I, B KOTOPBIC I1O-

MerraeTcsi o0opynoBanre. Bo MHOTHX ciiydasx peKOMEHIYETCs pa3Melnarh pado-

4yee MECTO NPOrpaMMUCTa U CaMO YCTPOWCTBO YAAIEHHO APYT OT JIpyTa.
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3SAK/TIOMEHUE

B xome BbIMOMHEHUS] JUTIIIOMHON paOOThI OBLIM TMONYYEHBI CICAYIOIIHNE Pe-

3yJIBTaThI:

a)

0)

B)

peaau30BaH OCHOBHOM (PYHKITMOHAN paCTpEAeICHHON CUCTEMbI MAIIIMHHOTO

epeBo/Ia;

p33pa6OTaHbI MCTOJABI CO3AdHHS MOACIM MAIIMHHOI'O IICPCBOAA TCKCTOB

Hay4YHO-T€XHUYECKOU JINTEPATYPHI;

peann3oBaH 3(PPEKTUBHBIA METOH JEKOAUPOBaHUs (IIEPEeBOJa) C OJHOTO

A3bIKa HA IPYTOM;

ObLIa IIPOBCPCHA MOACIIb IMapaJJICIIbHBIX BBIUMCJICHUMN JJId 3aa4YM MalllnH-
HOro nepcBoga u CACJIaHbl BLIBOALI O IIPUPOCTE MPOU3BOAUTCIILHOCTH Ha PA-

JI€ onepanui.

BbIACHUIIOCH, YTO HUCIIOJIB3yCMas MOJCIIb BBIUMCJICHUM HE SKOHOMUYHA IO

OTHOILICHUIO K 0a3¢ JaHHbBIX;

HE TOJIYYIJIOCh IOCTUYb BBICOKOTO KaueCcTBa MEepeBo/ia Jisl TEKCTOB 0OIIe

TCMATUKH, UCIIOJIb3YCMBIC AJITOPUTMbI MOI'YT HOTpC6OBaTI) KOPPCKTHPOBKHU.

B kauectBe I[&HBHGfIH.IHX IMPUOPUTCTHBIX HaHpaBJIeHI/Iﬁ I/ICCJ'IeI[OBaHI/Iﬁ " pas-

BUTHS CO3JJaHHON CUCTEMBI MOYKHO BBIJICIIUTH CICAYIOIIUE:

a)

6)

r)

pcajim3anus IIOJIHOICHHOI'O (1)p330BOFO Inepesoaa 1pu UCI10JIb30BaHNH KJIaC-
CHYCCKHUX ITOAXOOAO0B K CTAaTHYCCKOMY MAIIMHHOMY IICPCBOAY COBMCCTHO

C IoaxoaoM paCCMOTPCHHOM B pa60Te;
pcaim3annsa CUHTaKCHYCCKOI'O IICpCBOA,

ampoOarus CMenaHHON TPaHC(HEPHO-CTATUCTUYECKON CUCTEMbI MAIITMHHO-
ro mepeBojia MpU UCIOIb30BaHUU MOP(HOJIOrHYECKOTO aHaiau3a Jjisl KOH-

KPETHOM Napsbl A3bIKOB (PyCCKUM, aHIJIMHCKUN);

anpoOanus 0ojiee TOUHBIX, HO MeHee 3(PPEKTUBHBIX METO/IOB MTOUCKA.

KpOMe TOI'0, B INIAHC YIIYHIOCHUSA pCaIn3aliu CUCTCMbI MOKCT HOTpe6OBaTI)C$I
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a) HCIOJIb30BaTh MOCIOBHOE CXKaTue NMpu XpaHeHuu B BJ1;
0) mepenucarh 00paboturka Ha C ¢ OubmroTekoit libevent;

B) HMCHOJb30BaTh libevent mnsa rest-unrepdeiica gexoaepa, 4ToObI UMETH BO3-

MOKHOCTDB IIOAJACPKUBATD 1 MutH. OOJHOBPCMCHHBIX COCI[HHGHPIﬁ;

r) mompoOoBaTh MepeT Ha Oojee YPPEeKTUBHYIO peanu3anuio 0a3bl JaHHBIX,

Hanpumep c redis Ha leveldb.

B skxoHoMmueckoit yacTu paboThl MPOBENECHA OIEHKa CTOMMOCTH pa3pabda-
ThIBaeMOW cucTteMbl. CyMMapHbI€ pacxoflbl Ha pa3pabOTKy MOTYT COCTaBIISITh.
916669.08 py6neit. OgHako, 4TOOBI CUCTEMa OKYIUJIACh JOCTATOYHO MPOAABATh
ee 1o 1ene 1833 pyOineit. 3To cBsi3aHO, ¢ OONBIIUM YUCIIOM MPEANPUATUIN HYK1a-
IOLIUXCSA B ONEPATUBHOM MAaIIMHHOM TiepeBoze. COBOKyITHAsE CTOMMOCTD BIiajie-
HUS cucTeMol nipu padote B pexxume 24 Ha 7 Ha 365 cocTtapnser 108786 pyoneit
B rofi. OHaKo, 3TO BCE PaBHO HIDKE Ye€M PacXojlbl Ha 3apa0OTHYIO TUIaTy HU3KO-
KBaJIM(DUIIMPOBAHHOTO MEPEBOTYMKA 32 TOT K€ CaMblii nepuo. [laxe npu Hamuuue
KOPPEKTOpa, CUCTEMa OKa3bIBAETCSl OYEHb BHITOTHOM.

B pa3zznene nmocBsIIEHHOM OXpaHe TPyAa U OKPYKAIOIIEH Cpebl KPaTKO OIH-
CaHbl OCHOBHBIC TpeOOBaHUS K paboueMy MECTy MPOTPpaMMHUCTA. DTH K€ cambie
PEKOMEHJAalIMU MOKHO OTHECTHU U K paboueMy MecTy IpodecCHOHaIbHOTO nepe-
BOJIYMKA

Hau6onee noapo6HO B paboTe paccMoTpeH (HaKkTop 3alryMIeHHOCTH pabouero
MecTa. B coBpeMeHHOM Mupe MepeBOTYHK Yallle BCETO UCTOIb3YET B CBOCH paboTe
BBIYHUCITUTENIbHYIO0 TEXHUKY. Kak cocTaBieHue nmporpamm, Tak U MEePeBoOj] TEKCTOB
— CJIO’KHAs! BBICOKOMHTEIJIEKTYaJIbHas AESITEIbHOCTD, YaCTO COIPSIKEHHASI C BbI-
COKMMU HEpBHBIMU Harpy3kamu. [Ipu pabote ¢ 11060# TeXHUKOM HE0OXOUMO CO-
OroaTh CIOKOMCTBUE, B3BEIICHHO U 00lyMaHO MPUHUMATh PELICHUs, U HE MO/~
JaBaThCsl BHEUTHUM pasfapakuTessiM. OTHUM U3 TaKUX pa3ApakuTeNen sSBISeTCS
nryM. CyIIecTBYIOT Pa3IMuHbIC METO/IbI 3alTUTHI OT IIyma. Yarre Bcero 3To 3ByKO-
U30JIALMS IOMEIICHHUH, ClieuaabHble YCTAHOBKU ISl YCTPOUCTB, MOMIOMIAIOIINE
BUOpanuio. B HEKOTOPBIX Cilydasx MPUMEHSIOT MaJIOIIyMsIIIIUE YCTPOHCTRA.

CobmroieHre peKOMEeHIalui, MPEeITI0KEHHBIX BBIIIE, IO3BOJIUT CBECTU K MU-
HUMYMY BPEIHBIE BO3/ICUCTBHSI HA 3/I0pPOBbE YEIIOBEKA MPH JIITUTEIBHON padoTe
U COXPaHUTh €ro paboTOCIIOCOOHOCTB, @ C IOMOILIBIO [TOCIEIHETO MOBBICUTH Kaye-

CTBO PE3yJIBTATOB €TI0 TPYAA.
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Kpome Toro, cucrembl MallIMHHOTO TIEPEBO/IA MTPU3BAHBI OTPAHUYUTH B3aUMO-
JIEUCTBUE MIEPEBOAYMKOB C BBIYUCIIUTEIILHON TEXHUKOW, U TEM CAMBIM TaK K€ CBE-
CTU K MUHUMYMY BPEIHbIE€ BO3JICUCTBUS HA UX 3[I0POBbE. ITO MO3BOJIUT YIYUIIUTh

KaueCTBO MEPEBOJIOB, Ha KOTOPHIX Oy/eT 00y4yaThCsi cUCTeMa B OyIyIIEM.
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NPUNOXEHUE 1. NPOCTEULLIAA CMN,
OCHOBAHHAA HA NPUMEPAX

—module(simple_ebmt_decoder).
—export([decode/1]).

%% IlpocToit (hpa3oBblii JEKOAUPOBIIMK JJIsI CHCTEMbI MAIlTMHHOTO TIEPEBO/Ia OCHOBAHHOW Ha IpHMepax
decode(Input_string) —>
Word list = words:list(Input_string), %% Pa3z0uBaeM BXOIHYIO CTPOKY Ha CJIOBa.
Decoded word list = decode word list(Word _list, 6), %% IlepeBoanm cnucok ciios.

make sentence(Decoded word_list). %% DopMHpyeM U3 HETO TPEITIOKCHIE.

%%%%%%6%6%%%6%%%6% %% %% %% %6%6%6 %6%6% % %6 % %% %6 %% %6 %% %6 %%
%%% JlexonupoBaHue
%%%%6%%%6%%%6%%%6% %% %6 %% %6%6% % %6% % %6 %6 %% %6 %% %6 %6% % %%

%% IlepeBoauT crucok cinoB Word list ¢ yaetom pasmepa ¢pasel Phrase Size.
decode word list(Word _list, Phrase Size) —>

%% decode_word_list(Word_list, Size, MaxSize)

decode word_list(Word_list, Phrase_Size, Phrase Size).

decode_word_list([], _, ) —>[I;

%% Ecnu BXOZHOM CIHCOK CIIOB ITyCT, 3HAYUT I€PEBOUTH OOJIbIIIE HEUEro.

decode word_list(]| Unknown word | Rest word list], 0, MaxSize) —>
%% Ecnu Texymmii pasmMep paccMarpuBaeMoi pasbl, 3HAYUTMBI, HE MOKEM IIEPEBECTH ATy (pa3y ¢ Havaia.
%% IlonpoOyeM HayaTh CO BTOPOTO CIIOBA. A MEpBOE CJIOBO TEKyIIeH (pa3bl MIPU3HAEM HEN3BECTHBIM.

[[Unknown_word] | decode word_list(Rest word _list, MaxSize, MaxSize)];

decode_word_list(Word_list, Size, MaxSize)—>
%% Pa30uBaeM CIHCOK CJIOB Ha 2 YacTH.
%% IlepBas — (pa3a, KOTOPYIO XOTHUM IIepeBeCTH. Bropas — ocTaTok ImpeuisKkeHHs.
case Size < erlang:length(Word_list) of
true —>
{First Ngram, Rest word_list } = lists:split(Size, Word_list);
false —>
First Ngram = Word _list,
Rest_word_list = []
end,
%% IlpITaemsic epeBectH (pasy.
case try to translate(First Ngram) of
{no} —> %% Ecnu He yaanock, BO3bMEM (ppa3y IOMEHBIIIE
decode word_list(Word_list, Size—1, MaxSize);
Val —> %% Ecnu yganocs, mepeBoANM JajbIIe.
[ Val | decode_word_list(Rest_word_list, Size, MaxSize)]
end.
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try to_translate(Ngram) —>
case Ngram of % TaOmuia COOTBECTBHII CIIOB.
[7i”, "have”, "a”, "big”, "fat”, "cat”] —>
[u”, "7menja”, "est’”, "bolshoj”, “zhirnij”, ”kot”];
[’i”, ’have”, ”a”, "big”, "fat”, "rat”’] —>
['u”, "7menja”, “est’”, "bolshoj”, "zhirnij”, "krys”];
[’i”, "have”] —>["ja”, "imeju”];
["have”, ”a”] —>["imet’’];
[’a”, ”big”] —>["bolshoj”];
[’big”, "fat”] —>[’ochen’”, ”zhirnij”];
[’fat”, ”cat”] —> ["zhirnij”, "kot”];
[l —>1e’;
[’have”] —>["imet’”];
[’big”] —>["bolshoj”];
["fat”] —>["zhirnij’];
['cat”’] —>["kot”];
[‘rat”] —>[krysa”];

end.

%%%% %% %% %% % %% %% %% %% %% %% %% %% %6 %% %% %% %% %% %
%%% DopMHUpOBaHUE PEIIOKCHUS
%%%%%%%%%6%%6%%%6%%6 %% %% %% %% %% %6%%%6 %% %% %% %% %% %

make_sentence(List) —>
string:join(join_phrases(List), [32]).

join_phrases([]) —> [I;
join_phrases([Phrase|Tail] = List) —>
[join_phrase(Phrase) | join_phrases(Tail)].

join_phrase(Phrase) —>
string:join(Phrase, [32]).
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MPUNOXKEHUE 2. EM AZITOPUTM

EM-anroputm (expectation-maximization) - alropuT™, UCIOJIb3YEMBIN B Ma-
TEMAaTUYE€CKON CTATUCTUKE JJISI HAXOXKJICHUSI OIIEHOK MAaKCUMAJIbHOTO MpPaBoIo-
00usT MapamMeTpoOB BEPOSITHOCTHBIX MOJENEH, B CiIydae, KOrja MOJIeNIb 3aBUCUT
OT HEKOTOPBIX CKPBITHIX MepeMeHHbBIX. Kaxaas urepaiys aaroputMa COCTOUT U3
nByx maroB. Ha E-mare (expectation) BeUucIseTCs: oKugaeMoe 3HaueHrne (PyHK-
IIUU MIPABJIONIOA00US, IPU 3TOM CKPBIThIE IEPEMEHHBIC PACCMATPUBAIOTCS KaK Ha-
omonaembie. Ha M-miare (maximization) BBIYUCISETCS OLIEHKA MaKCUMaJlbHO-
O MPaBIONIOA00Us, TAKMM 00pa30M YBEITMYMBACTCS OXKHIaeMOe TIpaBaoIoaooue,
BbIYKCIsieMoe Ha E-1mare. 3arem 3T0 3HaueHUe Ucoib3yeTces i E-1ara Ha crie-

I[YIOHICﬁ HUTCpaluu. AJ'IFOpI/ITM BBIIMMOJIHACTCA A0 CXOAUMOCTH.

EXPECTATION

P(Il.,a|ll,)

P(al L, 1) = ~prs

Yucaurenb:

| Wral ))

l
P(Il., al|ll, ej
(ol = e LT
3HaMeHaTEeNb:

P(IT, 11,) = > P(Il.,a|Il,) =

:ﬁ >y Ht(wej|wra(j)) =
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le Iy

I
— ﬁHZt Wejlwri);

j=11=0

Takum o6pazom:

P(H67A|Hr) _ (lT + 1)16 J=1

PAI) =Py = 2 =l .
P E———— We 4 |Wrq
(lr + 1)l€ j=1i=0 ’
l
P(II., AlII,) 7 Hwejlwrag)
P 1) = g =115 ,
j=1 _Ot(wcj\w”)

MAXIMIZATION

l
counts(we|w,; I, I1,) = ZP(a\He,H 25 We, Wej) = 0 (W, Wra()));
j=1

)

~

e le
Counts(we\wr;]]e,ﬂr) I (w(‘w,) ’ 6(“67“6]’) ) Zé(wrawri>;
Z (W9|W7a ) =1 =0

j:

> counts(w,|w,; I, I,
I 11,

>y counts(w€|wr;ﬂe,]7r);
wy I IT,

t(we|wr; 11, Hr) =
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NMPUNOXEHUE 3. MOAEJIb IBM 1

OO0yuuth-Monens-IBM-1 (t(w.|w, ), O, 6;)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

16

17

18
19

20
21

Yw,€ll, €6,:

Yw, € II, € 6, :
t(we|w,) < u,u € R;

> Unuyuanusupyem mabnuyy t(w.|w,) 00UHAKOBLIMU 3HAYEHUAMU.

MOKAa He couaeTcs :

Yw. € Il, € O : > Unuuyuanuzupyem ocmaivHvle maoiuybl.
Yw, € Il € O, :
counts(we|w,) < 0;  total(w,) < 0;
VI, Il € 6,06, :> Buluucisem nopmanuzayuuio.
YVw, €ll,:
stotal(w.) < 0;
Vw,€ell,:
stotal(w,) < stotal(w.) + t(we.|w,);
Y we € I, : 1> Cobupaem noocuemni.

VwT € Hr .
counts(w,|w,) ts(welwr) + Heocler)
S(we|w CoUnLs(We |Wr ) = ———73;
e|Wr eI StOtCLl(We)
t(w(3|w7)
total(w,) < total(w,) + ————=;
ota (‘W) ota (w7) + stotal(we),

Yw, €Il, €O, :> Oyenusaem 6eposimmnocme.
Vw, € II, € O, :
counts(we|w,)

t(We |wy >
(eleor) 4= total(w,)
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NMPUNOXEHUE 4. MOAEJIb IBM 2

O6yuuts-Monenb-IBM-2 (t(w,|w,.), O, ©,.)

1

2
3
4
5
6
7

8

9
10
11
12
13
14
15

16

17
18
19
20
21
22
23

24
25
26
27

Vw. €1l €6,:

Yw, € I, € 6, :
t(we|wr) <~ Uy, Uy € R;

Oé(’/-rwg|7rw,<7 l7‘7 le) = U2, U2 € Ra

oKa He coinercy :

Ywe € Il, € O, : > Hnuyuanusupyem ocmanvHvle maoiuybwl.
Yw, € I, € O, :
counts(w.|w,) < 0; total(w,) < 0;
Ty ey Ur) <= 05 totaly(m,,, le, 1) < 0;

countsgy(m,,
VI, II. € 6,06, :> Boiuucisem HOpMaruzayuuio.
Yw, €1l :
stotal(w.) < 0;
Vw, €l :
stotal(w,.) < stotal(w.) + t(we|w,) - o,

Ty by le)s
Y w, € I, : 1> Cobupaem noocuembi.
Vw,€€ll,:
tHwe|w,) - a(my, |70, , by Le)

<_
¢ stotal(w.)

counts(w.|w,) + counts(w.|w,) + ¢
total(w,) + total(w,) + ¢;
countsq(m,, |Tw, s le, 1) < countsq(m,, |70, le, 1) + ¢
totaly(my,, le, 1) < totalg(w,, L, 1) + ¢
CIIaIUTh-UCKaKEHUA (countsy , totaly);
Yw, €ll, €0, :> Oyenusaem geposmuocme.
Vw, € II, € O, :
counts(we|w,)
total(w,)
Y (T s T, s ley 1) € countsy e
countsq(mo, | T, le, lr)
totaly(my, e, 1)

t(we|w,)

(T Ty Uy le) <
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CIIIaIUTh-UCKaKEeHUS (counts, , totaly)
I A«<1.0
2 Y (m,, 70, le ) € countsy
3 v 4 countsy(my |, le, 1);
4 eca (0 <v < A):
5 A < v
A
6 A 5;
T N (T, Tw, le, 1) € countsy :
8 countsq(my, |7, le, 1) <= countsq(my, |7, le, 1) + A
9 V (mu,,le, ) € totaly :
10 totaly(my, , le, ) < totaly(w,, le, 1) - 1
11
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