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BCTYII

MexaHnizalisa nepexianay Oyiia oJHI€l0 3 HaWJaBHIMX Mpiit mojacTa. Y XX
CTOJITTI L€ CTaj0 pEAJbHICTIO Yy BHIJISJlI KOMII IOTEPHUX MpOrpam, 3JaTHUX
nepeKIagaTi Halpi3HOMAaHITHILII TEKCTH 3 OAHIET IPUPOJHOI MOBU Ha 1HIIY. AJe,
AK HIKOJIM, peajbHICTh HE € JOCKOHANOK. Hemae «MaiuH 175 nepekyiaay», siki 3a
JIOTIOMOTOI0 HATHCKAHHS JEKUIBKOX KHOMOK MOXYTh NMpUHAMATU OyAb-sIKHMM TEKCT
OyJIb-SIKOI0 MOBOIO 1 CTBOPIOBATH 17icaIbHUM Mepekiaa Oyab-sSKOK 1HIIOK MOBOIO
0e3 BTpy4YaHHs 44 JOMOMOTH JroauHu. Lle inean ana nanekoro MaitOyTHBOTO, SKIIO

BOHO HaBITh B MIPUHIIUIT HABITH JIOCSHKHE, B YOMY 0araTo XTO CyMHIBa€ThCS.

JIOCSTHYTO PO3pOOJICHHS TMporpaM, SKi MOXYTh CTBOPIOBATH «CHPI»
nepeKyiaii TEKCTIB y BITHOCHO YITKO BHU3HAYEHUX MPEAMETHUX 00JIacTsIX, SKi
MOXYTh OyTH TEpErJisiHyTl, 00 AaTH SKICHI MepeKIaZeH] TEeKCTH 3 €eKOHOMIUYHO
BUTITHOIO IIBUIKICTIO, 200 sKI B iX HEBiJpeJaroBaHOMY CTaHI MOXYTb OyTH
YUTAIOTh 1 PO3YMIOTh (DaxiBIll 3 JaHOT TeMHU 3 1HPOPMAIIHHOIO METOI. Y JESKUX
BUIAJKaX, 3a JOMOMOTOI0 BIAMOBIAHOTO KOHTPOJIO MOBH BXIJHUX TEKCTIB,
nepeKyiaTd MOXKYTh OyTH BHKOHAHI aBTOMAaTHYHO, SKi1 BUIIOI SKOCTI MOTPEeOYIOTh

HEBEJIMKOTO Meperisiany ado He moTpeOyroTh neperisay [1].

Le cyminpHi 3100yTKH Y TOMY, IO 3apa3 TPAIUIIHHO Ha3UBAIOTh MAITMHHUM
MEepeKIajoM, aje BOHM YacTo OyiHM 3aTbMapeHi Ta HEMpaBWIBHO 3pO3YyMLNI.
I'pomanceke cupuiinarts MII crnoTBOprOETHCS NBOMa KpaHIMU TMO3UINISIMHU. 3
OolHOrO0 OOKy, € Ti, XTO HE INMEepPEeKOHAHWH, IO B aHANl31 MOBH € IIOCHh CKJIaIHE,
OCKUIPKHM HaBITh MAaJIEHbKI MITH 34aTHI TaK JIETKO BHMBYAaTH MOBH, 1 XTO
MEePEeKOHAHWH, MO0 KOXKEH, XTO 3HA€ 1HO3€MHY MOBY, IMOBHHEH BMITH JIETKO
nepexiagat. OTKe, BOHM HE B 3MO31 OI[IHUTH TPYIHOII 3aBAaHHS a00 CKUIBKHU
JOCSATHYTO. 3 1HIIOro OOKYy, € TaKi, XTO BBa)XKa€, IO OCKUIbKH aBTOMATHYHHI
nepeknan lllexcmipa, T'ere, Tosictoro Ta MEHIIUX JITEPAaTypHUX aBTOPIB

HEMOXJIMBUM, HEMA€ >KOJHO1 POl sl OyIb-SKOTO KOMII'FOTEPHOTO IEpPEKIay.



BoHu He B 3MO031 OIIIHUTU TOM BHECOK, SKUU MOTJIU O 3pOOUTH MEHIN, HIXK
JIOCKOHAJUM Tepekial, abo y BiacHid poOoTi, abo B 3arajJbHOMY MOJIMIICHHI

MDKHApOJHOT KOMYHIKaLlIi.

binbmiicTe mepekyagiB y CBITI HE € TEKCTaMH, SIKI MarTh BHCOKHUH
JTEepaTypHUl Ta KynbTypHHil craryc. llepeBakna OunbIicTh mpodeciiiHuX
nepeKsiaaayiB 3aiHATa s 3aJ0BOJEHHS BEIMYE3HOTO 1 3pOCTAl0UOro MOMUTY Ha
NepeKIaii HayKOBO-TEXHIYHUX JIOKYMEHTIB, KOMEPIIIMHUX Ta AUIOBUX ONEparlii,
aJAMIHICTPAaTUBHUX MEMOPAHJIYMIB, IOPUAMYHOI JIOKyYMEHTalli, I1HCTPYKIIH 3
eKCIuTyaTallii, mMIPyYHUKIB 13 CUTLCHKOTO TOCMOAApCTBA Ta MEAUYHOT MEIUIIUHH,
IPOMUCIIOBUX MATEHTIB, pEKJIIAMHUX JIMCTIBOK, Ta3€T 3BITH TOIO. [[eski 3 nmux pooiT
€ CKJIaJHUMU Ta CKJIAJTHUMU. AJie 3HauHa YaCTUHA I[bOTO BTOMJIMBA 1 TOBTOPIOBaHa,
B TOM >K€ Yac BUMAara€ akypaTHOCTI Ta MOchigoBHOCTI. [lonuT Ha Taki mepexiaau
3pOocTa€ MIBUAKICTIO, IO 3HAYHO TIEPEBHILYE MOXKIMBOCTI MEPeKIalalbkol
npodecii. JlormoMora koM’ roTepa Mae€ 4iTKl Ta HerakHi mpuBadauBocTi. [IpakTruana

KOPHUCHICTh

Cucrema MII BU3HaUa€eThCs B KIHIIEBOMY PAaXyHKY SIKICTIO i1 BUITyCKy. Alle
TE, 10 BBAKAETHCSA «XOPOIIUM» MEPEKIAJAOM, Y TO BUTOTOBICHUM JIIOJMHOIO, YU
MAaIINHOIO, - HAJ[3BHYAaHO BaYKKO TOYHO BU3HAYUTH MOHATTA. bararto 1mo 3anexuThb
BiJl KOHKPETHUX 00CTaBHH, 3a IKUX BiH 3pO0OJICHHH, 1 KOHKPETHOTO OJIepKyBada, JjIs
SIKOTO BIH IIPU3HauYCHUM. BipHICTh, TOUHICTH, 3pO3YMUIICTh, BIAMOBITHUN CTHIIH Ta
peecTp - 1€ BCl KpuUTepii, AKi MOXXKHA 3aCTOCYBAaTH, aj¢ BOHHU 3aJIMINAOTHCS
Ccy0'eKTUBHMMHU CYDKECHHAMH. Ha mpakTuili BaximuBo, o crocyerbes MII, - 1ie Te,
0 TOTPIOHO 3MIHUTH, MO0 JOCATTH PE3YNbTATIB 10 PIBHS, MPUAHATHOTO IS
JOJICHKOTO TIEpeKIa ada 9i YnTadya. 3 TaKOK CIU3bKOI0 KOHIICTIITIETO, SIK TIEPeKIIa,
JOCTITHUKA Ta po3poOHUKH cucteM MII MOXyTh 3pemTor0 MparHyTH JIUIIE
CTBOPHUTH MIEPEKIA/IH, SIKi € "KOPUCHUMHU" B KOHKPETHHUX CUTYAIlISAX - 10 3000B'sI3y€
iX BU3HAYMTU YITKI JOCTIIHHUIBKI Il - a00, SIK albTEepHATHBA, BOHU IIyKaIOTh

BIIMOBIIHUX 3aCTOCYBaHb " Mepekiain ", ikl HacIpaB/i BOHU 37aTHI POOUTH.
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Tum He MeHIII, 3aTMIIAeThCs BULLUHI 1/1€alT pIBHSHHS HAMKPAILOro JIF0ICHKOTO
nepekiany. MT € yacTuHOO mupIIoi chepu «IUCTOro TOCTIIKEHHSI» B 00poOI1Ii
MPUPOAHUMHU MOBaMH Ha KOMM'IOTEPHIN OCHOBI B OOUYMCIIOBAIbHIN JIIHI'BICTULII Ta
ITYYHOMY I1HTENIEKTI, Kl JOCIIPKYIOTh OCHOBHI MEXaHI3MH MOBU Ta pPO3yMY
IUIIXOM MOJICJIIOBaHHS Ta MOJENIOBAaHHS B KOMI'IOTEPHUX MporpamMax.
Hocnimxkennss MII TicHO moB'A3aHl 3 LOUMH 3yCWUISIMU, HOpUHAMalOud Ta
3aCTOCOBYIOYM SIK TEOPETHMYHI TEPCIEeKTUBHU, TaK 1 ONEPATUBHI METOAU
nepeKIaialbKuX MPOLECiB, 1, B CBOIO YEPry, IPOMOHYIOTh PO3YMIHHS Ta BUPIILICHHS
KOHKpeTHUX npobseM. Kpim Toro, MT Moxe 3abe3mneunTy OUTbII IIUPOKY LIKATY
TECTYBaHHS JJIs TEOPid 1 METOAMK, pO3POOJIICHUX HEBEJIMKUMU €KCIIEPUMEHTAMU 3

O00YHMCITIOBATBHOT JIIHTBICTUKY Ta IITYYHOT'O 1HTEJIEKTY.

OCHOBHUMU TIEPEIIKOIaMHU JUTSI TIEPEKIIa Ty 3a JOIMOMOTOI0 KOMIT I0Tepa €, SIK
e Oysno 3aBkaM, HE OOYMCIIOBAIbHO, a MOBHO. lle - mpoOiemMu JIEKCHYHOT
HEOJHO3HAYHOCTI, CHMHTAKCHYHOI CKJIAJHOCTI, CJIOBHHUKOBHMX BIIMIHHOCTEH MIX
MOBaMH, EJINTUYHUX Ta «HErpPaMaTUYHUX» KOHCTPYKI[iH, KOPOTKO KaKyd4H,
BUJTYYEHHS «3HAYCHHS» PEUCHb 1 TEKCTH 3 aHAJII3y MTUChbMOBUX 3HAKIB T4 CTBOPEHHS
peYeHb Ta TEKCTIB B IHIIIA CYKYIMHOCTI MOBHHUX CHMBOJIB 3 PIBHO3HAYHUM
3HaueHHsaM. Omxke, MII ciin crnomiBaTucs CUIBHO TOKIJIACTUCA HA JTOCSTHEHHS
JIHTBICTUYHUX JOCIIKEHb, OCOOJIMBO THUX Taly3eH, sKi IEMOHCTPYIOTh BUCOKHUU
cTyniHb popMmarizaiiii, 1 11e JiMCHO € 1 0yae mpoaorxyBaTu 1ie pooutn. Ane MII He
MOX€  3aCTOCOBYBATH JIIHTBICTUYHI Teopii Oe3mocepenHbo: MOBO3HABIII
neperMaroThCsa MOSCHEHHSIMU OCHOBHUX MEXaHi3MIB BUPOOJICHHS Ta OCMHUCIICHHSI
MOBH, BOHU 30CEPEIKYIOTHCS HA BAKJIMBUX O3HAKaX 1 HE HAMArarThCs BCE OMUCATH
g mosichutd. HaBmaku, cuctemu MII moBuHHI Matu crpaBy 3 (DaKTHIHUMH
TeKCTaMd. BOHM TOBWHHI 3ITKHYTHCS 3 yCIM CHEKTPOM JIHTBICTUYHUX SBHII,
CKIQHOMAMU  TEPMIHOJIOTI], HEMpaBWJIBHO  HAMHWCAHWUMH  HAMHMCAHHSIMH,
HEOJIOTI3MaMH, AacCTeKTaMU «IPOJYKTUBHOCTI», SKI HE 3aBXKIH CTOCYIOTHCS
a0bcTpakTHOI TeopeTndHOi JiHrBicTUKU. KopoTiie kaxyuun, MT camo mo coOi He €

CaMOCTIMHMM TIOJIEM «YHCTOrO» JociijikeHHs. Ile Oepe 3 JIHIBICTHKH,
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1HOPMAaTHKH, IITYYHOTO 1HTEJEKTY, TEOpIi NepeKnany, Oyap-aKux 1Aeil, MeToIB 1
MPUIOMIB, SIKI MOXKYTh CIyTyBaTu po3poO1li BIOCKOHaieHuXx cucteM. Lle, mo cyri,
"mpukiaaHi" TOCHIIKEHHS, aJie 1€ ToJie, SIKe BCe-TaKh CTBOPWIO 3HAYHY KUIbKICTh
TEXHIK 1 KOHUEII1{, K1, B CBOIO Yepr'y, MOXKYTh OyTH 3aCTOCOBaHI B IHIIUX cepax

KOMIT'FOTepHOi 00pOOKH MOBH.

Tepmin "Mamunnuit nepexnan” (MII) - ne Tenep TpaguiiiiHa 1 cTaHAapTHA
Ha3Ba KOMITFOTEPU30BAHUX CHCTEM, BiJIITOBITaIbHUX 32 BUPOOHHUIITBO MEPEKIIAIB 3
OJIHIE€T MPUPOJHOT MOBU Ha IHINY, 3 JIFOJICHKOIO JIOMOMOTOI uM Oe3 Hei. Panimni
HA3BH, Taki sK "MeXxaHIuHMM nepekan” Ta "aBToMaTUYHUHN niepekian’, 3apa3 piaKo
BUKOPHUCTOBYIOThCS aHTJIIHCHKOI0 MOBOIO; ajie iXHi €KBIBAJICHTH B IHIITUX MOBaX BCE
e momupeHi (Hampukiajd, (ppaHiy3bka aBTOMAaTH3allls MEpeKiIaay, pociiichbka
aBTomaru3alis mnepeBoay). Lleii TepmiH He BKIIIOYaE KOMITIOTEPHI 3acoOu
nepekiany, ki MATPUMYIOTh IepeKiiaaadiB, 3a0e3meuyrdu TO0CTYI 10 CIOBHUKIB
Ta BiAJaJeHuX 0a3 JaHUX TEPMIHOJIOT1I, TOJErIIyIoud Mepeaady Ta OTpUMaHHS
MaIIMHOYUTAHUX TEKCTIB a00 B3a€EMOJIIOUU 3 TEKCTOBUM TEKCTOBUM PENAKTOPOM,
pefaryBaHHAM TEKCTy 4 JpykoM. OjHaK 1€ BKIIOYA€ CHUCTEMH, B SKHX
nepekiiagayul 4l 1HIII KOPUCTyBayi JOMOMAararTh KOMIT'IOTEpaM Yy BHUPOOHHIITBI
NepeKIIaiB, BKIOYAOUN Pi3HI KOMOIHAIIT MATOTOBKH TEKCTY, OH-JIAaliH B3a€MOI1
Ta HACTYITHI 3MIHH Pe3yibTaTiB. MexXi MK aBTOMaTH30BaHUM IEPEKIIaIOM JTFOIUHU
(MAHT) Ta aBroMatu3oBaHuM MamuHHUM nepekiagoMm (HAMT) wacto €
HEBU3HAYCHUMH, a TepMiH "KoMmm'toTepHuil" (a00 KOMMI'IOTEpHUI) TMepeKiaa
(o6unaBa CAT) iHOZI MOKE OXOIUTIOBATH 1 Te, 1 iHIIE. AJie NEHTPAIBHUM SIPOM

camoro MII € aBTomaTH3aIlisl MTOBHOT'O MPOIIECY MEPEKIIany.

Xoua imea’qoM MoOxke OyTH CTBOPEHHS BHCOKOSKICHUX TIEPEKJIaiB, Ha
nmpakTuili Buxin Oinpmocti cucteM MII mepernsnaerscs (micnst penaryBanss). Y
npoMy BimHOMmEHHI Buxig MT TpakTyroTbcs HE 1HaKIIe, HDK BUXiA OUTBIIOCTI
JTOJCHKUX TIEPEKIIaIadiB, SKUN 3a3BUYall TIEPETIISAAEThCS IHIUM TepeKIagadeM
nepea po3moBCrOKeHHAM. OMHAK THUMH MMOMUJIOK IO BUPOOJISIFOTHCS CHCTEMaMHU

MII, niificHO BiIPIBHSAIOTBCA BIJ TAaKUX Y JIIOJCBKUX MepeknaaadiB. Xoua
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PO3MIILIEHHS TOUITH € HOPMOIO, € TIEBHI 00CTaBUHM, KOiau Buxim MT moxe OyTu
3anuuieHui 0e3 3MiH (kK HeoOpoOIeHui nepeksa) ado JIMIe 371erka BUIPaBICHUH,
HaIPUKJIa/ SKIIO BIH MPU3HAYEHUH JIUie 1S axiBIiB, 3HAHOMUX 3 TEMOIO TEKCTY.
BuxigHi gaHi TakoXX MOXYTh CIYTyBaTH TpPyOMM HPOEKTOM sl JIFOJICHKOTO

nepekiaaaya, K nonepeaii nepexa.

Texnomnorii, 3acHoBani Ha NLP, HaOyBaioTh Bce OUIBIIOIO MNOLIMPEHHS.
Hanpuknaza, Tene@onu Ta mopTaTuBHI KOMI'IOTEPU MIATPUMYIOTH PO3IMi3HABAHHS
TEKCTY Ta PYKOMUCHOTO BBEJEHHS; BEO-MONIYKOBI CUCTEMH HAJalOTh JIOCTYI 0
iHpopMaIlli, 3aUMHEHOT B HECTPYKTYPOBAHOMY TEKCTi, MAIIMHHUI MepeKiaja
JI03BOJISIE OTPUMYBATH TEKCTH, HaNMCaHl KUTANChKOIO MOBOIO, Ta YUTaTH iX
ICIIAaHCHKOI0 MOBOIO. 3a0€3MeYMBIIH OUTBII MPUPOJIHI IHTEPPENCH MIXK JIFOJIMHOIO Ta
MAaITMHOIO Ta OUIBII JOCKOHATIUHN TOCTYM 10 30epekeHoi iHpopmariii, 0opoOka MOBH
CTajJla BIAITpaBaTH IEHTPaJbHY pOJb Yy OaratToMoBHOMY iH(popMaIiiHOMY

CYCHUTBCTBI.
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1. PO3POBKA IIPOT'PAMHOI CUCTEMHU

1.1 AnaJi3 BUMOTr 10 peAMeTHOI 00J1acTi

1.1.1 Anani3 npeaMeTHOI 00J1acTi

B nanoMy mpo€kTi BUKOHYETHCSI PO3pOOKa MPOrpaMHOi CUCTEMU MAIIIMHHOTO
nepekiay Ha OCHOBI HEHPOMEPEKEBUX TEXHOJOTIM 3 BUKOPHCTAaHHSM BEKTOpa

METPUKH SKOCTI.

Mamunnnii nepexinan (MII) - HaiigaBHima mpobieMa JOCTIIKeHb ITYYHOTO
iHTeNnekTy Ta 1Hpopmatuku. Ilporsrom 1980-x pokiB 1m0A0 BHUHAXOIY
NIEPCOHATBLHUX KOMITFOTEPIB 3MIHUBCS TOTIsAA qociiqaukie MIT Ha MOBOKEHHS 3
moBamu. Ha BeG-caiiTi mipo npuiza npoTsarom 1990-x pokiB 3'sBHIIOCS 301UTBIICHHS
nanux npo [arepuer. Lle mBuaKe 3pocTaHHs JaHUX B [HTEPHETI CTa0 HATXHEHHAM
s pocimigaukiB MT nmimsa po3poOku Ounbin  KoMmepiiHux cuctemM MIT s
3abe3rneueHHss Tyo0anpHOi KomyHikarii. Ilpaktnuna meta MT - po3pobutu
CHUCTEMHM, JOCTYIIHI IS TPOCTOr0 HACEJISHHS 3a HOMIHAJIbHY BapTICTh, II00
3MEHIITUTH MOBHHM Oap'ep. MammuHHUN Mepeksag MOKHA PO3TIIAIATH SIK 00J1acTh
IPUKIATHUX JOCIIKEHb, IKa Yeprae 1/1el Ta METOIM 3 JIIHTBICTUKH, 1IHPOPMATHKH,

MITYYHOTO 1HTENIEKTY, Teopii MepeKiaay Ta CTAaTUCTUKA

Cucremu MII MoxyTh OyTH po3poOiieHI ab0 CHeIiaJbHO IJIsi IBOX MOB,
3BaHUX JIBOMOBHOIO CHCTEMOIO, a00 BiJ OJHIE] MOBM J0 OaraTbOoX MOB, SKI
Ha3MBAaIOThCA 0araTOMOBHUMH CHCTEMaMH. 3a3BH4Yali 0araTOMOBHI CHCTEMHU €

JIBOHAMPaBJICHUMU, aJie¢ OUTBIIICTh IBOMOBHUX CUCTEM € OJTHOHAIIPABICHUMH.

HesBaxaroumn Ha Te, 1o mammHHEUN niepeknan y 1950-x pokax posrnsgascs
K KOMIT IOTepHA Mporpama, a AOCIIKEHHS MPOBOAMIKCS HpOoTAroM 60 pOKiB,
MAaIIMHHUKM TIepeKyiaj BCE € BBAXKAETHCS BIAKPUTOIO Mpobsemoro. OaHak moci,

HE3BaXKAIOUM HA 3HA4YHI 3YCHJUIS, MOBHICTIO AaBTOMAaTUYHUNA BUCOKOSKICHUHN
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MepeKIiaJl He € PealiCTUYHOI0 METOI0 B OCSIKHOMY MalOyTHhoMY. IcHye Garato
MIAXOA1B 10 po3po0ku cucteM MII, y KOXKHOI CUCTEMHU € CBOI IEpeBaru Ta HEIOMIKH.
3 muX MIXOAIB IIHMPOKO BUKOPUCTOBYETHCS CTATUCTUYHHUA MAIIMHHHUI Nepekiaja
[2]. CucTeMa cTaTUCTUYHOTO MamMHHOTO Tepekiaany (SMT) BuBoauTh mpaBuia 3
JBOMOBHOT'O  MapajelbHOrO0 KOPIYCY, SKHM MICTUTh BEJIHMKY KUIBKICTb
BHUCOKOSIKICHUX BHUPIBHIOBaHUX peyeHb. HalOuIpmMM 3aBIaHHSIM € OTPUMAHHS
BUCOKOSIKICHOTO KOPITYCY uYepe3 HeNOCTaTHE Jikepeno AaHux. [ligxim Ha ocHOBI
mamHHoro nepexnany (EBMT) 3acTocoByeThbCs, KOMU JUIsl MOB JOCTYITHAa MEHIIIA
KUIbKICTh JIIHTBICTUYHHUX PECypCiB. Y MpUKIIaAl MEpeKiIaay Ha OCHOBI MPHUKIIATY
BU3HAUEHA CUCTEMA, sIKa MICTUThH HaO1p MPOIO3HUIIiif MOBHU JKepesia Ta BIAMOBIIHUX
poMo3ullii 1iIboBOi MOBU. [liJ] yac BUKOHAHHS MepeKiaay Ha OCHOBI MPUKIATY
BUKOPUCTOBYEThCA JBOMOBHHUHI Kopmyc sk Horo 0a3za manux. Llsg Ga3za manux
30epiraeTbcst B mam'aTi nepekiany. Konm cucrema CTUKAaeTbess 3 THUM CaMHUM
pEeUeHHsAM, cucTeMa He noTpedye mepekyagy 3HOBY cCUCTeMa Oe3loceperHbo

OTPUMYE 3 TIaM'sIT1 IEPEKIaIy.

[lepeBara mepekiialy Ha OCHOBI MPUKJIAAY IOJSITAE B TOMY, IO TaM'ATh
nepeKyiay €KOHOMHUTh 3YCHJUIS KOPHCTyBaya TNpH IEpeKiaji pedeHHs, 1 IIe
€KOHOMHUTH Yac IMPOIlecopa, a TAaKOXK 4dac KopuctyBada. Hemosmikom MpUKIaTHOTO
nepekiaay € BUTpaTa mam'sati s 30epiranus 6asu ganux. [ligxix 10 MammHHOTO
nepekiany Ha ocHoBi mnpaBwi (RBMT) BUKOpPUCTOBYEThCS IS MOB, SIKI €
rpamaTtudHo OaratuMu. CHCTeMa MAIIMHHOTO TIEPEKJaay Ha OCHOBI TIPaBUII
noOyaoBaHa 3 BAKOPUCTAHHSIM BEIMKOT KUTBKOCTI TPaMaTUYHUX MPABUII Ta BUCOKOT
SIKOCTI JIBOMOBHOTO CJIOBHHKA 3 BEJIMKOIO KUTbKICTIO 3amuciB. Cuctema RBMT
po30upae TEKCT 1 CTBOPIOE MOP(}OJIOTIYHE MOJAHHSA TEKCTy, a 3 MOP(}OIOTivHO1
iHbOpMaIlii MOBH-IKEpeNna TeHEpYeThCs IMiapoBa MoBa. llei mporec Bumarae
HMIAPOKUX JIBOMOBHHUX CJIOBHUKIB 13 CHHTAKCUYHOIO Ta CEMaHTUYHOIO 1HPOpMaIli€to
Ta BEJIMKMMHU HaOopaMu rpaMaTHIHuX paBuil. CucTeMa BUKOPHCTOBYE TpaMaTHIHI
ImpaBHWjIa Tepeaadi JJIs IMepeKiiagly MOBH-IDKEpeNa Ha IUIbOBY MOBY. CHCTeMHU

MAaIlIMHHOTO MEPEeKJIaly Ha OCHOBI MPaBWJI JalOTh BUCOKY SKICTh MEPEKIany, KOJIU
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BiH BUKOPHCTOBY€ BEJIMKI CIOBHMKM Ta OOIIMpHI rpamMaTU4Hl npasBuia. Jlus
IHAIACHKUX MOB, TaKMX SIK KaHHaJa Ta TEIyry, HEMae€ 3a3JalieTi[b BU3HAUCHUX

00UYHCITIOBATLHUX TPAMaTHK, CIIOBHUKIB Ta BEJIUKOI KUTBKOCT1 KOPITYCY.

3 aHaii3y MOTOYHOTO CTaHy AOCIII)KEHb B MAIIMHHOMY NIE€pEKIai JOBEACHO,
110 IBOMOBHUM CIIOBHUK 3 BEJIMKOIO KUIBKICTIO 3aIIUCIB € OCHOBHOIO BUMOTOIO IS
MII. 3apa3 cucrema nepekiaay BUKOPUCTOBYE OaraTo 30TaJ 0K 3aMICTh TOYHUX
3HaHb MPOTATOM NEPEKIa] 3 MOBU JIKEpesa Ha LUIbOBY MOBY uYepe3 BIACYTHICTb
BIANOBIAHOI 1H(GOpMAaIil AJig BUpIIEHHS BCiX curyauid. CTymiHb BIPOTiIHOCTI
HABEJICHOTO TBEP/KEHHS PI3HUTHCS, 3BMYAWHO, MIX pi3HUMHU cucteMamu MIIL.
Hanpuknaa, une goOpe mnpaiioe Juisi CTaTUCTUYHOIO MAIMHHOTO TepeKiiany,
OCKUIbKU MOJIENb MEepPEeKIIay J03BOJISIE 3/10TaAyBaTUC MPO HASBHUM KOPITYC, aje
SKICTb TIepeKIIay oOMexkeHa. SKicTh MOYKHA MOKPAIIUTH, 301UTHIIIUBIITN JIBOMOBHUN

KOPITYC, SIKHI OXOILTIOE BC1 ACTIEKTH MOBHOT MOJIENI.

Ines, 1110 eXUTH B OCHOBI MIAXOAY, 110 OOrOBOPIOETHCS TYT, MOJISTAE B TOMY,
10 JTBOMOBHI CJIOBHHKM BHUKOPHUCTOBYIOTHCA [IJIsi BITOOpa)K€HHS OKPEMHUX CIIiB
MOBH-JIDKEpelia Ha IIUTbOBY MOBY. [lofjaHHs 31 CJIOBHHKA CAaMOCTIMHO HE MOXE JaTH
BIJIMTOBITHUH MepeKIaj, OCKUIBKHU JIUIIEC CIOBHUKHA HE MOKYTh JaTH TOYHHUHN BUX1T Y
BCiX BHmazakax. JIjs TONIMIICHHS SKOCTI MAIIMHHOTO TEpeKIaay TpaMaTHYHI
IpaBuJIa epeiadl BUBOY BUKOPUCTOBYIOTHCS Pa30M 31 CJIOBHUKOM JIJIsl OTPUMAaHHS
3HAYYIIOTO pe3ynbTaTy. [IpaBmia rpamMaTuku mepeaadi po3poOJSIOThCS Ha PiBHI
teriB POS (dactuH MOBH), a JJIsI CTBOPEHHS IJIBOBOTO CIOBAa BUKOPUCTOBYETHCS

TabuI BimoOpaxkeHHs cydikcis [3].

B nmanmii 4ac CIOBHHKH, KOpPIIyCHa Ta OOYHCIIOBaJIbHA TpaMaTHKa €
JDKEepesioM Mpo0JIeM 3 MeXaHI3MaMU MepeKIiany, ane (HaBiTh 13 OpPIEHTOBAaHUMHU Ha
JaHl IMaXxoaaMu), KOJIM CUCTeMa MOBHHHA JaTH TOYHUH IMepeKiaj, ImepepaxoBaHi
BUIIE BJIACTHUBOCTI BiIrpar0Th BEIUKY poib. LI BIacTUBOCTI MOXXHa 0OpOOHTH,
BU3HAYUBIIKA Hallp MpaBUJI HA OCHOBI BJIACTMBOCTEN okpemoro ciosa [6]. Lo

CUCTCMY MOXHaA BJOCKOHAJIMTH Ha OCHOBI IMOKpPAaIICHHA SIKOCTI JABOMOBHOTI'O
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CJIOBHMKAa Ta Habopy mpaBuil rpamaTuku. [ligxid, 3acHOBaHUN Ha CIOBHUKY,
nependbavyae aHaiizatop MopQu, JBOMOBHUM CIIOBHHK, TaOJUII0 BigoOpa)KeHHS

cy(dikciB Ta renepaTop Mophem.

Mopdonoriynuii aHanizatop npuiiMae BBEJICHHS SIK CJIOBO 1 BUPOOJIsie€ BUXI]
AK aHaJli3 cjioBa. Buxig MicTUTh BMICT MopdosoriyHoi iHpopMmarii ciosa. Cucrema
kanHanu Caapu, po3po6nena Kasi Hapasna MypTi B IeHTpaibHOMY YHIBEPCHUTET1

Xaiinepabany, BAKOPUCTOBYETHCS SIK MOP(OJIOTTUHUM aHAI3aTop.

Buxin mopdoinoriunoro ananizatopa gae Mopdosioriyny iHpopmaiiiro 1aHOTO
cioBa. Mopdooriuna CTpyKTypa AI€CIIB KaHHAIU BIUIMBAE HA Yac, 0CO0Y, CTaTh Ta
9uCiI0. IMEHHUKH CIIOBOCTIONYYECHHS IS MHOYKHWHU, KOCOT0, BIIMIHKA Ta BIIMIHKIB.
CtpykTypa Ai€cioBa € CKJIQJHOIO, 1 3aXOIUICHHS IIi€l CKJIAIHOCTI B MAIIMHO
aHaJII30BaHOMY Ta MOPOHKYBAaHOMY (hOpMaTi € CKJIaJIHUM 3aBaaHHsAM. 1o meperiky
JIECTIB  KaHHAJAa  HalekaTh  KIHIEBl, HECKIHYEHHi, JI€EMNPUKMETHUKOBI,

IPUCITIBHUKOBI Ta YMOBHI IMTO3HAYCHHS.

1.1.2 IlocTaHOBKA 3aBAAHHSA

KoxxHa cBTOpeHa cuHcTeMa € TIOCTaBJICHOK IOCHIAOBHICTIO, SIKY MU
NEPEBTOPIOEMO Ha ITOCIIIOBHICTh 3arajlbHUX TPOLECIB Il BHPIMICHHS IEBHOT
npobieMu abo 3amadyi, sKa Mepeq HaMm CTae, TaK caMO 1 MPU CTBOPEHHI IMEBHOI
MPOrPaMHOi CUCTEMHU MU TEPECTINYEMO METY PO3B’si3aHHS MEBHOI MPOOIEeMU YH

3aadl.

[IporpamHa cucTemMa - 1€ CHCTEMa B3aEMOJIIOYMX KOMYHIKAIIHHUX
KOMITOHEHTIB, 3aCHOBaHa Ha MPOTPAMHOMY 3a0€3Me4YeHHi, M0 € YaCTUHOIO
KOMI'FOTEPHOI CUCTEMH (TMO€HAHHS anapaTHOrO Ta MPOTrPaMHOI0 3a0e3MeUeHHS).
Bin ‘"ckmagmaetbcs 3 psaAgy OKpemMux mporpam, (daitnmiB  koHpiryparii, ski

BUKOPHUCTOBYIOTHCS JIJISI HAJIAIITYBAHHS I[UX MPOrpaMm, CUCTEMHOI JTOKYMEHTAIlli,
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SKa OMHUCY€E CTPYKTYPY CUCTEMH, Ta JOKYMEHTaIlll KOpUCTyBaya, sika MOSICHIOE, SIK

KOPHUCTYBATHUCS CUCTEMOIO".

Tepmin "mporpamua cucrema" ciif BIAPI3HATH BiJ TEPMiHIB "KOMM'tOTEpHA
nporpama" Ta "mporpamue 3abesneueHHs". TepMmin "KoMm'toTepHa mporpama', sk
MPaBUJIO, BITHOCUTHCS 10 HAOOpy BKa3iBOK (BUXIIHHI a00 OO'€eKTHUH KOI), SKI
BUKOHYIOTb KOHKpETHE 3aBAaHHsA. OgHAK CUCTEMa MPOrpaMHOTO 3a0e3MeUeHHS, K
PaBUJIO, TOCHUJIAETHCS Ha OUIBII OXOIUTIOIYY KOHIEMIII0 13 3HAYHO OUIBIIO0
KUIBKICTIO KOMIIOHEHTIB, TakuUX SK crneuudikaiis, pe3ylbTaTH BHIPOOYBaHb,
JIOKYMEHTAIIIs JiJIsl KIHIIEBUX KOPHUCTYBAuiB, 3alMCU TEXHIYHOTO OOCIYTrOBYBaHHS

TOIIO.

Bukopucranus TepmiHy ''mporpaMHa cuctema' 4YacoMm TMOB's3aHE 13
3aCTOCYBaHHSIM MIIXOMIB A0 TEOPil CUCTEM y KOHTEKCTI MPOTPAMHOI 1HXEHepii.
[IporpaMHa cucTemMa CKJIaJaeThCs 3 IEKUTbKOX OKPEMHUX KOMIT'FOTEPHUX MPOTpam Ta
MOB'SI3aHUX 3 HUMH (aliiB KoHbIryparii, JOKyMEHTAIlli TOINO0, SIKI MPaIlOIOTh
pazoMm. KoHnenumiss BUKOPUCTOBYETbCSI IMPH BHUBUEHHI BEJIHMKOIO 1 CKIJIAJHOTO
IporpamMHoro 3abe3nedeHHs [4], OCKUIbKU (POKYCY€eThCS HA OCHOBHUX KOMIIOHEHTaX
mporpaMHOro 3a0esmnedeHHs Ta iXx B3aeMojii. lle Takox moB's3aHo 31 cdeporo

apXITEKTYPH MPOrPaMHOTO 3a0€3eUeHHS.

J10 OCHOBHMX KaTeropiii MporpaMHUX CUCTEM HaJIeXkKaTh Ti, 110 0a3yIOThCs Ha
PO3p0o0IIi MPUKIATHOTO MPOTPAMHOTO 3a0€3MEUYCHHS, MPOrPAMHOI0 3a0e3eUeHHs,
kiacugHoro Juisi pisHnx OC Ta CHCTEMHOTO TPOTPaMHOTO 3a0e3MEeUeHHS, Xo4a
po3pi3HEHHs 1HOAI MOXke OyTu ckiagHuM. [IpukiagamMu TpoOrpaMHHX CHUCTEM €
orepalliiHi CUCTeMH, KOMITTIOTEPHI CUCTEMHU OpOHIOBAHHS, CUCTEMH YIPABIIHHS
MOBITPSIHUM PYXOM, CHCTEMH BIMCHKOBOTO KOMAaHIyBaHHS Ta YIPaBJIiHHS,
TEJICKOMYHIKAIIHHI ~ MEpEeXi, CHCTEeMH YNPaBIiHHA KOHTEHTOM, CHCTEMH

yOpaBiIiHHAS 6a3aMu JaHUX, EKCTIEPTHI CUCTEMHU, BOYI0BaHI CHCTEMH TOIIIO.
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[licns peTenbHOTO aHami3y AaHOI MPEIMETHOT 00JacTi Ta 3HAXOJKECHHS
OCHOBHHUX mpo0OieM, moTpiOHO copMyBaTh 3aBIaHHS Ta MeETy IS

IMIUIEMEHTYBaHHS JAHOT'O MPOEKTHOTO PIIIEHHS.

VY sxocTi MeTu poOOTH OyJI0 TOCTABIEHO CTBOPUTH JB1 CHCTEMHU MAIIMHHOTO
nepexkiaay 3 pI3HUMU HEHpOMEpexeBUMM apxiTekTypamu TakuMu gk RNN Ta
LSTM 3 nepeBipkoto sSIKOCTI niepekiiany 3a gonomoroto anroputmy METEOR, mio
ABJIIE COOOI0 BEKTOp MeTpuKU skocTi. CaMi pe3ynbTaTH MaroTh CIYTyBaTH st
aHai3y Ta MOPIBHSAHHA JBOX CHCTEM MAIIMHHOIO MEpeKiIaay Ta BUSCHEHHS sKa 3
X apXITEeKTYp BUAAE KPaIlll PE3YJIbTATH Ta € OUIBII ONTUMAIBHOIO JUIsl TOOYI0BH

TOYHIIIMX CUCTEM MAIIIMHHOIO HABYAHHSI.

3 ornsaay Ha Te, 1o OyJIo ONMKMCaHO, TOCTaBJIEHHI HACTYITHI 3a/1a4ul B paMKax

1iei poboTu:

[TinroToBKa TBOMOBHOTO JaTaceTy Ha OuibIine HiK 100 THCSY peueHb

Po3poOutu cucreMy MammHHOTO nepekiiaay Ha ocHoBI RNN

- Po3poOutu cuctemy mMammHHOTO nepekiaay Ha ocHoBi LSTM

- AHanizyBaTH pe3yJbTaTH BUKOHAHHA CUCTEM MAIIMHHOTO HaBYaHHS 3a
nonomororo Mmetpuku METEOR

- CdopMyBatn BHCHOBOK Ha OCHOBI pE3yJbTaTiB TMEPEBIPKU SKOCTI

nepekanay, iX MOpiBHAHHS 3 OTJIAY Ha HaJaHHI Pe3yiIbTaTH NEPEBIpKU

metpukoro METEOR

ToMy BIAMOBIAHO A0 TOCTABICHHUX 3aBAaHb MOTPIOHO 3pOOUTH aHAI3
BHOOPY BIAMOBITHUX I1HCTPYMEHTIB I8 peamizamii maHoi 3amadi, migodip
HaWBIATIOBITHININX J1aTACETIB, SIKi € Y BUIBHOMY JIOCTYIII, SIKI MICTSTh PEUYCHHS 3
PI3HUMU rpaMaTHYHUMHU (POpMaMu, ITUPOKHUM CIIOBHUKOBHM 3aI1aCOM Ta JOBKHUHOIO

CaMHX PEUYCHb.

B pesynabraTi 1mporo anamizy Oyio BHUPIIMIEHO, IO 11 CUCTEMHU MAaKOTh
OynyBaTHCsl 3 BUKOPUCTaHHSIM BUIbHUX O10J110TEK, SIKI € HAWMOMYyJSPHIIIMMU Ha

JAHUA MOMEHT, Ta $IKI MICTSITh aJITOPUTMH, SKI mependadyeHHl BUOpaHUMU
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apXITEKTypaMu HEHPOHHUX MEPEXK Ta AITOPUTMAMU CaMOi METPUKH ISl IEPEBIPKU

Ta MOPIBHIHHS LUX apXITEKTYp,

1.1.3 Ilomyk BapiaHTiB BUKOPUCTAHHA

Jlns toro moOu TpoaHali3yBaTH sKi Ali MOXe pPOOUTH KOPUCTYyBau 3
IPOrPaMHOI0 CUCTEMOIO HEOOXIJTHO Bi3yali3allisl UKX JiH, AKi B1IOYyBaTUMYThCS MIXK
KOPUCTyBayeM Ta cUCTeMOI0. Hailo11bIll BUKOPHUCTOBYBAHOKO TAKOKO Bi3yasi3alli€lo

takux A1l € Use case giarpama.

Use case niarpama - 1€ peAcTaBIeHHs B3a€MO/I1i KOPUCTyBaya 3 CUCTEMOIO,
AKa TI0Ka3ye B3a€EMO3B'A30K MDK KOpPHUCTyBadeM Ta PI3HUMU BUIAJIKaAMU
BUKOPUCTAHHS, B IKMX KOPUCTYBay Oepe yuacth. [liarpama BumakiB BAKOPUCTAHHS
MOXE€ 1IeHTU(]IKYBaTH pI3HI THUIKM KOPUCTYBAayiB CUCTEMH Ta pIi3HI BUMAJKU
BUKOPHUCTAHHS, a TAKOX YacTO CYIPOBOJKYBATHCh 1 IHIIMMH TUIAMH Jiarpam.

Bunaaku BUKOpUCTaHHS MpecTaBieH] abo Konamu, abo emirncamu [5].

Xoua cama giarpaMa MOXeE JETallbHO ONKMCYBAaTH KOXXHY MOJKJIUBICTB,
JiarpaMa MOXeE JIOMOMOTTH 3a0€3MeUUTH BUCOKHH PIBEHb BUTIISAAY CHCTEMHU.
Panime Oyno ckazano, mo "Use case miarpamu € KpecjaeHHSMHU Bailoi cuctemMu'.
Bonu 3abesnedyroTh cropoiieHe Ta rpadidHe 300pakKeHHS TOro, IO CHCTeMa

HaCIIpaB/li IOBUHHA POOUTH.

3aBAsiKM CBOIM CIPOINEHIM MPHUPOJIl USE€ case JiarpaMu MOXYTb OyTu
XOpOIIUM THCTPYMEHTOM KOMYHIKaIlii JJIsi 3aIikaBIeHUX CTOpiH. MatoHKH
HaMararoThCsl HACJIIyBaTH pealbHUMN CBIT 1 1alOTh YSBICHHS 3alliKaBJICHUM 0co0am
3pO3yMITH, SIK TUIAHYETHCS TMPOCKTYBaTH CHUCTEMY. I[HXKEHEpH MPOrpaMHOrO
3a0e3NeveHHs] TPOBEIN JOCTI/KCHHSI, 00 BCTAHOBHUTH, YW ICHYBaJla CIIPaBXKHS
CUTyalliss MO0 JiarpaM BUIAJKIB BUKOPWUCTAHHA YHM B3arajii BOHU Oynu

HenoTpiOHuMHU. Byno BctanoBieHo, mo Use case aiarpamu repeaaBajid Hamipu
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CUCTEMH OUIBII CHOPOIICHUM YHWHOM [JIsl 3alllKaBJICHUX CTOpIH, 1 IO BOHH

"IHTEepHpeTyBaIUCs OUIBII MOBHO, HUK JlarpamMu KiaciB'.

Mera Use case aiarpam - MpocTo 3a0e3MeYUTH BUIJISLA HAa BUCOKOMY PiBHI
CHUCTEMHM Ta JIOHECTH BUMOTH JIO WICHIB TPyNu JJis 3ailikaBieHux oci6. JogaTkosi
JiarpaMu Ta JOKyMEHTAIlisl MOKYTh OyTH BUKOPHUCTaH1 AJid 3a0€311eYeHHS TIOBHOTO

(YHKII0HAIBHOTO T4 TEXHIYHOTO BUTJISLY CUCTEMH.

Tax gk )1 B3a€EMOJIT 3 CUCTEMOIO, 110 PO3POOJIIETHCA B pAMKaX MPOEKTY HE
nepeaoavyae MOCTOPOHBOI B3a€MOJII, sl 300paXKeHHsI KX Jii Oy/le BUKOPUCTAHO
JIUIIE J[BAa aKTOpa: KOPUCTYBay Ta cUCTeMa. 3TiIHO TOTO, 110 Ma€ pOOUTH cUCTEMA
Ta JIJIs SIKUX IIJIeH BOHA BUKOPHUCTOBYBATUMETHCS OYJIO CIIPOEKTOBAHO Jiarpamy,

110 300pa)KeHO HUKYE:

Mporpamya cucTema

3amiHa partacery

Mepeknan pedeHs
(LSTN)

KopucTyBad
Mepsknan peYeHs
(RMNM)

OILiHEE pe3yneTaTis

Puc. 1.1 — Use case aiarpama cuCTeMU MaIIMHHOTO HABYaHHS
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1.2 IIpo€ekTyBaHHA CUCTEMH

Rational Unified Process abo RUP — nie irepatuBHuUil npouec po3podku I13,
ctBopenuil komnaniero IBM B 2003. RUP - ne He eauHMil KOHKPETHHUM Mpoiiec
po3po0OKH, a CcKopille aJanToOBaHUN Mpolec, MNPU3HAYCHUN MJi1 POo3poOKHU
oprasizaiiiii po3BUTKY Ta NPOrPaMHUX KOMaHJ MPOEKTIB, K1 MiAOEpYTh €IEMEHTH

IpoLEeCy, sIKI BIAMOBIJAIOTH X MOTpedam.

[Ilo6u omucatu Bumor B RUP cTBOproroThCs mpeneaeHTH abo BapiaHTH
BukopuctanHs (UseCases). [ToBauit HaOip BapiaHTiB Bukopuctanus (BB) cucremu
pa3oM 3 JIOTIYHUMU BIJHONICHHSMH MDK HUMU HA3MBA€ETHCA MOJCIUIIO BapiaHTIB
BUKOPHUCTaHHS.

Koxuuit BB — 11e onuc crieHapito B3aemMo/ii KOpUCTyBada Ta CUCTEMH, IO
MOBHICTIO BUKOHYE KOHKPETHY 3a/Ja4y KOPHUCTyBaya. 3pO3yMiIO, HE Ma€ CEHCY
JOKyMEHTYyBaTH y BUDiAi BB HedyHKIIOHANBHI BUMOTH (10 TPOIYKTHBHOCTI,
skocTi Tomo). Ilpore, 3rimHo RUP Bci (yHKIIOHATBHI BUMOTH MaioTh OyTH
npeacTaBieHi y Buriisaai BB. Bpaxkaetscsa, mo monens BB mae Outbmn 1isticHe
ySIBJICHHSI TIPO (PYHKIIIOHAJIBHICTh CUCTEMH B TIOPIBHSHHI 3 TPAAUIIMHAM OITMCOM

BUMOT (TIepepaxyBaHHAM (DYHKITIH, SKUMH TIOBUHHA BOJIOJIITH CUCTEMA).

RUP 3a0xouye BHKOpHUCTaHHsS BI3yaJdbHUX 3aco0iB g aHamizy 1
IIPOCKTYBaHHs. SIK NpaBWJIO, BUKOPHUCTOBYETHCS HOTAIls 1, BIAMOBIAHO, 3aco0M
moxemoBanHss UML (taki sk RationalRose). Mopens mnpeametrHoi o0iacTi
JIOKYMEHTYETHCS y BUTJISIII liarpaMu Ki1aciB, Mojiess BB — 3a momomororo giarpamu
BB, B3aemopiss KOMIIOHEHTIB CHCTEMH MDK COOOI OIHCY€ETHCS JiarpaMoro

[MOCJIIJIOBHOCTI TOIIO
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1.2.1 O0upanHs npouecy peajizanii CHCTEMH Ta apXiTEKTypPH

1.2.2 Moaedi0BaAaHHA CHCTEMH

3avacty pilleHHs 3 BUKOPUCTAHHIM MAIIMHHOT'O HABYaHHS BUKOPUCTOBYIOTh
GyHKIIIOHAIBHUHN MIIXiJ, TOMY OyJ0 BUOpaHO caMe TaKUM ILISAX MOJIECTIOBAHHS
cUCTeMHU. Y SKOCTI 1HCTPYMEHTY peanizaiii O0yi10 oOpaHO MOBY MpOrpaMyBaHHS
Python y 3B’s13ky 3 6araTtoro 610J110TE€KO0, 1110 BKJIIOYAE Y ceOe 1 pi3HI MaTeMaTU4H1
0107110TeKH, 1 TAKOK Yepe3 Horo BEJIUKY THYUKICTh y peallizallii pilieHb 3 0yIb-IKOI0
napagurmoro [6]. s moOyoBu apXiTeKTypH, sika BioOpakaTumMe 110 y codi Oye

MICTUTH MPOTpaMHUH Kol HeoOXimHo nmooyayBatu UML-niarpamy.

VYHidikoBana MmoBa mojaemoBants (UML) - MoBa 3arajapHOTO NMpU3HAYCHHS
JUTSL pO3pOOKH, MOBa MOJISTTIOBaHHS B rajty3l iHKeHepli MporpaMHOTo 3a0e3NeYeHHS,

sIKa TTOKJIMKaHa 3a0€3MeunTH CTaHIapTHUN croci0 Bizyasizallii Ju3aiiHy CUCTEMU.

UML npomnonye crnoci6 Bizyasizaiii KpeclIeHHs apXiTeKTypuh CHCTEMH Ha

Jiarpami, BKIIFOYAIOUX TaKl €JIEMEHTH, SK:

- Oyab-sika AiSUTBHICTH (poOOYl MicIIs);

- OKpeMi KOMIIOHCHTH CUCTEMU;

- BHSICHEHHS SK MOXYTh B3a€EMOMISTH 3 IHIIUMH KOMIIOHEHTaMHU
IPOrPaMHOTO 3a0€3MeYeHHS;

- SK TIPAIfOBaTUME CUCTEMA;

- SIK B3a€MOJIiIOTh 00'€KTH 3 IHIMUMH (KOMIIOHEHTH Ta iHTepdeiicn);

30BHIINIHIN iHTEp(hElc KOPUCTyBAYA.

Xoda CMOYaTKy TMPU3HAYCHWHA IS OO'€KTHO-OPIEHTOBAHOI TPOEKTHOI
nokymeHnTanii, UML Oyno posmmupeHo Ha OuUIbll BEIUMKHM HaOip MNPOEKTHOT
JOKyMEHTallll (K 3a3HaY€HO BHINE) 1 BBAXKAETHCS KOPUCHUM Yy 0ararbox
KOHTEKCTaXx.
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Baxmuo po3pizasatu monaens UML ta HaOip miarpam cucremu. [iarpama -
1Ie YaCcTKOBe IpadiuHe 300paxeHHs mojeli cuctemu. Habip giarpam He MOBUHEH
MOBHICTIO OXOIUIFOBATH MOJIEJIb, @ BUJAJICHHS JlarpaMuy HE 3MIHIOE MO/IeNIb. MoJienb
TAaKOXX MOJXKE MICTUTH JOKYMEHTAllllo, fKa KEepye eJIeMEHTaMU MOJeNl Ta

aiarpaMaMu (HampuKiaa, BUMAaJAKd TUCbMOBOTO BUKOPUCTAHHS).

Hiarpamu UML mnpenctaBisioTh ABa PI3HUX NPEJCTABICHHS CUCTEMHOI

MOJIEITL:

- Cratuunuii (00 CTPYKTYpHUIN) MOMJISIA: MIAKPECIIOE CTATUYHY CTPYKTYPY
CUCTEMU 3 BUKOPHUCTAHHIM O0'€KTIB, aTpUOYTIB, ONepalii Ta BiIHOIICHb.
Bomna Bxitouae B ceOe aiarpaMu KJ1aciB 1 CKJIa/I0B1 JlarpaMu CTPYKTYpPHU.

- Junamiyauii (a60 TOBEMIHKOBUM) TOTJSAM: TMIAKPECIIOE TUHAMIYHY
MOBEJIIHKY CHUCTEMHU, TOKA3YIOUM CITIIBOPAII0O MK 00'€KTaMM Ta 3MIHU
BHYTPIIIHIX cTaHIB 00’ ekTiB. Llei BUI BKIIOYA€E AlarpaMu MOCTIOBHOCTI,

JiarpaMu akTUBHOCTI Ta JlarpaMu CTaHy MalluHHU.

Mogeni UML MoxHna obminsatu cepen iHctpymeHntiB UML 3a momomororo

dbopmaty o6Miny MetaganumMu XML (XMI).

B UML omgnuM 3 KJIIOYOBHX I1HCTPYMEHTIB MOJICTIOBAHHS ITOBEIIHKUA €
MOJIe)Ib BUKOPHUCTaHHS BUIaKiB, Bukiimkana OOSE. Bunagku BUKOpUCTaHHS - 11€
croci0 BKa3aTu HEOOXiIHI 3BUYai CUCTEMH. 3a3BUYail BOHM BUKOPHUCTOBYIOTHCS JIJIS

OXOIUICHHS BUMOT CHCTEMH, TOOTO TOTO, III0 CUCTEMA ITOBHHHA POOUTH [7].

Tomy Tak sk Oyme IMIIEMEHTOBAHO JBI CHCTEMH MAalIMHHOI'O HaBYaHHS,
BIJIMOBITHO HEOOXIHO CKOHCTPYIOBATHM JBI JiarpaMu, sKi BimoOpaxaloTh [Bi

CUCTEMH 3 PI3HUMH apXITEKTypaMH.
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text to ids model inputs encoding_layer

source_text: string rnn_inputs
target_text: string rn_size
source_vocab_to_int: array num_layers
target_vocab_to_int-array keep_proh

decoding_layer_train
encoder_state process decoding_input
dec_cell Ca
— . target_data: string
dec_embe [|1_| f [:ﬁt target_vocab_to_int: array
sequence_leng batch_size: integer
decoding_scope
output_fn
keep_prob decoding_layer
dec_embed_input decoding_layer infer
gﬁgag g’;bg? H[:EQS encoder_state
eq2seq_model > mcah_ﬁzel " gzg:gﬁ’lllbeddings
— ?r? r?u:ig ge_ Eng start_of_seguence_id
input_data num layers e nd__.m_seq uence_id
target_data [ | target_vocab_to_int maximum_length
keep_prob keep _pr ab Vo n:at:u__mze
hatch_size - decoding_scope
sequence_length < output_fn
source_vocab_size keep_prob
target_vocab_size
enc_embedding_size
dec_embedding_size R get_accuracy sentence to seq
rmn_size. num_layers
target_vocab_to_int target sentence
|ogits vocab_to_int

Puc. 1.2 — UML niarpama cucteMu MaliiHHOTO HaBYaHHS HAa ocHOBI RNN



sentence lemght

santence
wocab_to_int

encoding_layer

strn_inputs
strn_size

num_layers

weep_prob

seq2seq_model

nput_data
target_data

keep prob
batch_size
sequence_length
Source_wocoabh_size
target_wocab_size
enc_embedding_size
dec_embedding_size
strn_size
num_|layers

target wocab_to_int

train_layer

eneoder_state

dec_ocell
dec_embed_input
sequence_length
decoding_scope
output_fn
w2ep_prob

decoding_sentence

target data: string
target_wocab_to_int: array
batch_size: integer

sentence to_index

source_text string
target_text: siring
source_wocab_to_int: array
target_wocab_to_int-array

decoding_layer

dec_embed_input
dec_embeddings
encoder_state
wocab_size

saguence_langth
=tm_size
num_layers
target_wocab _to_int
weep_prob

Puc. 1.3 — UML niarpama cucteMu MalllMiHHOTO HaBYaHHS Ha ocHOB1 LSTM

decoding_layer_infer

encoder_state
dec_ocell
dec_embeddings
start_of _sequence_id
end_of_seguence_jd
miaximum_length
wvocab_size
decoding_scope
output_fn

keep prob
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1.3 KoHcTpyroBaHHS POrPaMHOI CHCTEMH

1.3.1 BuOpani TexH010riI 1151 KOHCTPYIOBAHHS

Jlns Toro, moOu TPUCTYNHUTH [0 peajizaiii MporpamMHoOi CUCTEMHU CIiJ
3aKIEHTYBaTH yBary Ha BUOOpP1 MOBH MPOTPaMyBaHHS Ta CEPEIOBUIII pO3pOOKHU. Y
3aJIEKHOCT1 Bl BUOOpPY IMX IHCTPYMEHTIB PO3pOOKH 3ajeXaThUMe IIBUIKICTD

PO3po0OKH Ta Pe3ybTaTH BUKOHAHHS.

Python - iHTepripeTOBaHa MOBa MPOTrpaMyBaHHS BUCOKOTO PiBHS, 3arajibHOTO
npusHaueHHs. CtBopena ['ino Ban Poccymom Ta Bnepuie BumymieHa B 1991 porii,
¢dinocodia quzaiiny Python migkpecitoe ynTabenbHICTh KOY 3aBIASKH MOMITHOMY
BHKOPUCTAHHIO 3HAYHOro mnpobiny. Moro MOBHI KOHCTpyKuil Ta 06'eKTHO-
OpIEHTOBAHUH MIAXiJ MAlOTh HA METI JIOTIOMOTI'TH MPOTrpaMiCTaM HamMCaTH YITKUM

JIOTTYHHUM KOJI I MaJIMX Ta MacIITAOHUX MPOEKTIB.

Python nuHamiuyHO THMi3oBaHa MoBa. BoHa miaTpuMye nekiTbka mapajaurm
nporpaMyBaHHs,  BKJIIOYAIOUW  MPOIEAypHE,  OO0'€KTHO-OpIEHTOBaHE  Ta
dbyHKITIOHAIBPHE TIpOorpaMyBaHHs. Python yacTo onucyeTscss MOBOIO SIK MOBa Y SIKO1

"Bce BKIIFOUEHO" 3aBISIKM CBOil BceO1UHil 010i0TeIi CTaHAaAPTIB.

Python 6yB 3amymanuit B kinii 1980-x pokiB sk HacTymHuK MoBu ABC.
Python 2.0, Bunymenunii y 2000 porri, mpenctaBuB Taki (QyHKIIi, camMe TMOHSTTS
CIIUCKIB Ta CHUCTEMY 300py CMITTS, 3[1aTHy 30upartu eranoHHi mukiau. Python 3.0,
Bunymernii y 2008 porii, 6yja OCHOBHOIO pEJaKili€l0 MOBH, sIKa HE € MOBHICTIO
3BOPOTHO-CYMICHOIO, 1 6arato koa Python 2 He npamroe 6e3 Moaudikaiiii y camoMmy

ko1l Ha Python 3.

Python - moBa mporpamyBannsi 6arato mapaaurmMu. O0'€KTHO-OpIEHTOBaHE
MpOrpaMyBaHHs Ta CTPYKTYpOBaHE MPOTPAMYBaHHS IMOBHICTIO MIATPUMYIOThCS, 1

Oarato i#loro (QyHKIIA MOIATPUMYIOTH (YHKIIOHAJIbHE MpPOTpaMyBaHHS Ta
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OpIEHTOBAHE Ha aCHEKTU MPOrpaMyBaHHs (B TOMY YHUCII METanporpaMmyBaHHsS Ta
MeTao0'ekTH (Mariydi MeToau)). barato 1HIIMX mapaaurM MiATPUMYIOTHCA Yepes3

PO3IIMPEHHS, BKIIOYA0YH JU3aiH 32 KOHTPAKTOM Ta JIOT14HE TpOorpaMyBaHHS.

Python BukopucTOBye nHMHaMI4HE BBEJEHHS TEKCTYy Ta KOMOIHAIIiIO
NIAPaxXyHKy JAOBIIOK Ta LMKIIYHE BUSBIEHHS CMITTE30IpHUKA JJIsl yNpPaBIIHHS
naMm'aTTio. BiH Takok Mae TUHaMIYyHE J103BUI IMEH (II3HE MPUB'A3yBaHHS), SKe

MOB'SI3y€ IMEHA METO/[1B Ta 3MIHHUX IT1/1 YaC BUKOHAHHS MIPOTPAMH.

Huzaiin ~ Python mnpomonye gesky  maTpuMKy  (DYHKI[IOHAJIbHOTO
nporpamyBaHHs B Tpaauuii Lisp. Bin mae QyHkmii @uibTpa, BigoOpakeHHS Ta
3MEHILICHHS; TEPEIYUTH PO3YMIHHS, CIOBHHUKH, HAOOpW Ta BHUpa3u reHepaTopa.
CranmaptHa 6i0mioreka mae nBa moayii (itertools ta functools), siki peanizyroTh

GyHKIIOHAIBHI IHCTpYMEHTH, 3ano3udeHi y Haskell Ta Standard ML.

OcHoBHa ¢inocodis MOBU y3arajibHeHa B gokymeHTI «JI3en Ilirona» (PEP

20), saxuit BKiItouae ahopu3Mu, Taki sSK:

- Kpacuse kpaiie, Hi’ TTOTBOpHE.

- SIBHe kparie, HXXK HESIBHE.

- Tlpoctwuii - kpaiie, HXK CKIaTHUH.
- Kowmmnekc kparie, HK CKIaTHUN.

- YwuraHHA paxyeTnes.

3amicTh TOTO, 1100 BCS HOTO PYHKITIOHATBHICTH OyJia BOy/I0BaHa B il OCHOBHY
ocHOBY, Python OyB po3poOiieHmii sk myxe posmmuproBanuii [8]. L1 kommakTHa
MOAYIBHICT, 3po0miia 1i 0COONMMBO TOMYJSPHOIO SK 3acid  JomaBaHHS
MporpaMoBaHuX iHTepdenciB 10 icHyrounXx noaarkiB. bauenus Ban Poccyma oo
HEBEJIMKOT OCHOBHOI MOBHM 3 BEJIHMKOIO CTaHJAPTHOIO Oi0JII0TEKOIO Ta JIETKO
PO3IMIMPIOBAaHUM TIEpPEKIaiadeM BHIUTMBANIO 3 #oro Qpyctpamii 3 ABC, sxa

MIATPUMYyBaJia MPOTHIIC)KHUHN MIIX1.
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Benuka crangaptaa 6i06mioreka Python, siky 3a3Bu4ail Ha3uMBaKOTh OJHIEIO 3
HalOUIBIIKUX ii CHJIBHUX CTOpPIH, MPOMOHYE IHCTPYMEHTH, IO MIAXOJATH IS
Oaratbox 3aBiaHb. [l mporpam, OpiEHTOBaHMX Ha IHTEpHET, MIATPUMYIOTHCS
Oararo ctanmapTHUX QopmariB Ta npoTokouiB, Takux sk MIME ta HTTP. Bin
BKJIIOYA€ MOJYJl [JIi CTBOpPEHHS TrpadiuHux iHTeppelciB KOPHUCTYBayiB,
MIIKJIIOYEHHST 10 peNdliiHux 0a3 JaHuX, reHepailii MceBIOBUNAIKOBUX YHUCET,
apu(pMEeTUKd 3 JECATKOBUMHM 3HAaKaMU JOBUIBHOI TOYHOCTI, MAaHIMYJIIOBAaHHS

PETYIIAPHUMU BUPA3aAMU Ta TCCTYBAHHS OJWHUIIb.

Jleski yacTUHM CTaHIapTHOI O10J10TEKHM OXOIUIeH1 crenudikaiisMu
(manpuknan, peamizamis iHTepdericy uumo3y Beb-cepBepa (WSGI) wsgiref
Bianosinae PEP 333), ane OGuibmiicTe MOIyJiB HEe €. BOHUM BHU3HAYAIOTHCS KOJOM,
BHYTPIIIIHBOIO  JJOKYMEHTAI[IE0 Ta TECTOBUMHU HaOopamMu  (SIKIIO BOHHU
nocTtavaroThes). OTHAK, OCKUIBKH OUTbIIIA YaCTHHA CTAaHIAPTHOT 010110 TEKH € KPOC-
mwiaThopMHUM KoaoM Python, nwuire aexiibka MOAYINIB MOTPEOYIOTH 3MiHH a0o

NepENMCyBaHHsI IS BapiaHTIB peastizaitii.

Cranom Ha nuctoman 2019 poky, iHaekc makeriB Python (PyPI), odimiliauit
CXOBHMIIIE CTOPOHHIX MporpaMHux MpoaykrTiB Python, mictutre monam 200 000

MAKETiB 13 MUPOKUM CIIEKTPOM (PYHKITIOHAJIBHOCTI, BKIIFOYAOYH:

- TI'padiunumii iHTepdeiic KopucTyBada
- Beb-pamku

- MynsTumenia

- ba3u ganux

- Mepexi

- TecroBi pamku

- ABTomarm3ars

- CxkpebOkyBanus B [HTepHeTI

- JlokymeHTaIis

- AAMiHICTpalis CUCTEMU

29



HaykoBi oOuuncneHHs
O06pobOka Tekcty

O6po0Oka 300pakeHb
MamvHHe HaBYaHHS

AHaniThKa JaHUX

VY sKkocTi cepenoBuiia po3podoku Oyno BuOpano Anaconda. uctpubyTun

Anaconda 3 BIIKPUTHUM BUXITHUM KOJIOM € OJTHUM 3 HAU3PYUYHIIIUX CEPEAOBUII JIJIsI

Data Science Ta MalIMHHOTO HABYAaHHS 3 BUKOPUTCAHHSM MOB MPOrpaMyBaHHS SIK

Python ta R y Takux nonynspuux onepaniinux cucremax sk Windows, Mac OS Tta

BCIX AMCTpuOYyTHUBIB Linux.

_) ANACONDA NAVIGATOR

ﬁ Home

‘ Environments
a Projects (beta)
‘ Learning

% Community

Documentation
Developer Blog

Feedback

¥y o

g

Applicationson |  base (root)

v Channels

O

jupyterlab

0.31.4

An extensible environment for interactive
and reproducible computing, based on the

Jupyter Notebook and Architecture.

Launch

AW,
Qg
spyder

3.26
Scientific PYthon Development

EnviRonment. Powerful Python IDE with
advanced editing, interactive testing,
debugging and introspection features

s—_—
Jupyter
N
notebook

5.4.0

Web-based, interactive computing notebook
environment. Edit and run human-readable
docs while describing the data analysis.

vscode

1.20.0

Streamlined code editor with support for
development operations like debugging,
task running and version control.

Launch ‘

Sign in to Anaconda Cloud

Refresh
~
&
gtconsole
431

PyQt GUI that supports inline figures, proper
multiline editing with syntax highlighting,

graphical calltips, and more.

glueviz

0.12.0

Multidimensional data visualization across
files. Explore relationships within and among

related datasets.

Puc. 1.4 — BitanpHe BikHO qucTpuOyTHBY Anaconda
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[uMm 1ucTpruOyTUBOM KOPUCTYIOTHCS OJU3bKO 15 MUIbIHOHIB KOPUCTYBAYIB 110

BCbOMY CBITY [9], 1 cTaB Bke (PaKTHUUHO CBITOBHM CTaHAApPTOM IJisi pO3pOOKH,

TECTYBaHHS Ta TPEHYBaHHS Ha OJJHOMY IIPUCTPOI Ta BKIIIOYA€E B c€0€ TaKi 3py4HOCTI1

SIK:

[IBuake 3aBanTaxkeHHs nmonay 1500 6i6miorek ansg moB Pythonta R
3pydHe KepyBaHHsS O10Ji0TeKaMH, 3aJIEKHOCTSIMU Ta CEpEeJIOBUILIEM 3
CHUCTEMHHM MEHEPKePOM TaKyHKiB Ta cepenonuina Conda

Po3pobka, TpeHyBaHHS MAalIMHHOTO HAaBYaHHS Ta BUKOPHUCTAaHHS DPi3HUX
moneneit riuOuHHoro HaBuaHHa (Deep Learning) 3  scitik-learn,
TensorFlow ta Theano

Amnai3 1aHux 3 MacIITa0yBaHHSM Ta BUCOKOIO MPOAYKTHBHICTIO 3 TAKHMH
posmpenaamu sk Dask, NumPy, pandas Ta Numba

Bizyamizaris pesynbrartiB 3 6i0mioTekamu Matplotlib, Bokeh, Datashader

ta Holovlews

1.3.2 Peagizaniss MAIIMHHOTO Nepekany Ha ocHoBi RNN

Jlns peamizarii peKypeHTHOI HEMpPOHHOI Mepexi MOTpiIOHO MOoOymyBaTH

ITOPUTM, 5K BKIIOUAIOTh Y ce0e HACTYITHI MyHKTHU Ta SIK1 /i1 B HbOMY BKJIIOYEHI:

[Tonepenuss o00poOka: 3aBaHTaXUTH Ta aHANI3yBaTH JaHi, YHCTKa,
TOKEHI3aIlis, HaOMBaHHS

MopemtoBaHHs: TOOYyBaTH, HABYUTH Ta IPOTECTYBATH MOJIEITh
[Iporno3yBaHHs: TeHEpYBaTH KOHKPETHI MEPEKIaau 3 JBOMOBHHUX JAaHUX
Ta TIOPIBHATH BUXI/IHI MEPEKIIaIN 3 OCHOBHUMH PEAIbHUMH TePEKIIagaMu
ITepamisi:  iTepyBaTH  MOJ€Nib, €KCIEPUMEHTYBAaTU 3  PI3HUMU

apXiTeKTypamu
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Komu ™Mwu 3amyckaemMo KUIBKICTH CJiB, MH MOXEMO MOOQ4YuUTH, 10
CJIOBHUKOBHH 3amac Habopy JaHUX 1ocuTh Manuii [9]. Lle Oyno 3axymaHo Juist IbOro
npoekty. Lle no3Bonsie Ham TpeHyBatu Mozeni B po3yMuuid yac (Jlicr. 1.1) (Jlict

1.2) (JTicr 1.11).

Ounnienns. Hisikol 101aTKOBOT YUCTKU B 1€ MOMEHT HE MOTPIOHO POOUTH.
JlaHi B)Xe TEpeTBOpPEHI B Mall Ta po3[UIeHI, m00 MDK yciMa clloBaMU Ta

NYHKTYaIl€o 0yau npooutn.

[Tpumitka. s iHmmx npoekTiB NLP BaM MoXyTh 3HaJ00UTHCS BUKOHYBATU
J0JTaTKOB1 KPOKH, Takl1 sik: BuganuTi reru HTML, Buganutu cTon-cinoBa, BUAAINTH
MYHKTYaIlito a00 MepeTBOPUTH HA MPEICTABICHHS TEr1B, MO3HAYUTH YACTUHU MOBH

a00 3/11CHUTH BUJIYYE€HHS CYTHOCTI.

Tokenizamis. Jani Ham mOTpiOHO TOKEHI3yBaTH JaHi - TOOTO MEPETBOPUTHU
TEKCT y YKCIIO0B1 3HaueHHs. Lle 103Bossie HEMpOHHINM Mepexki BUKOHYBAaTH orepariii
HaJl BX1IHUMU JaHUMHU. J{JI51 IbOTO MPOEKTY KOKHOMY CJIOBY Ta PO3AUIOBOMY 3HAKY
Oyne HanaHo yHikKanbHHH ineHTUdiKaTop. (s iHmux npoektiB NLP Moxe Oytu

JOIUTFHUM TIPU3HAYUTH KOKHOMY CUMBOJTY YHIKQJIbHHM 11€HTUDIKATOP. )

Komn Mu 3amyckaeMo TOKeEHI3aTOp, BiH CTBOPIOE 1HJAEKC CHiB, SIKHMH TOTIM

BUKOPUCTOBYETHCS I IEPETBOPEHHS KOKHOTO PEYEHHS Y BEKTOP.

[Tpoxnanku. Koiau My mojgaeMo Haiii MOCIiJOBHOCTI iIeHTH(]IKATOPIB CITIB Y
MOJIe/Ib, KOJKHA MOCIAOBHICTh ITOBUHHA OyTH OJTHaKOBOi noBxuHU. [1[06 mocsartu
IIbOTO, MIIKJIAgKa JOMA€ThCA OO Oyab-SKOi TOCIITOBHOCTI, fKa KOpOTIIA 3a

MaKCHUMaJIbHY JOBXKHHY (TOOTO KOPOTIIIE, HI>K HAHOBIIIE PEYCHHS).

MopemoBanns. Criouatky po3po0toeTsesi apxitektypa RNN Ha BHCOKOMY
piBai (Jlict 1.3). [locunarounch Ha fMiarpamy BHINE, € KUThbKAa YaCTHH MOJENI, PO

AKY MU MAa€MO 3HATH:

Bxixaai maHi. [TociaigoBHOCTI BBEAEHHS MOAAIOTHCS B MOJEIE 3 OJHUM CIIOBOM

Ha KOXEH Kpok yacy. KoxkHe cII0BO KOAY€ETbCS SIK yHIKAJIbHE IIlJIE YUCIO abo
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OJIHOKOJIbOPOBUM KOJOBAHUM BEKTOP, SKUU BITOOPAKAETHCS /10 CIOBHHKA JaHUX

AHTTIACHKOT MOBH.

Bxnananng mapis. BOynoByBaHHS BUKOPUCTOBYETHCA Uil MEPETBOPEHHS
KOXHOTO cJI0Ba y BEKTOp. Po3Mip BeKTOpa 3a€KUTh BiJ CKJIAHOCTI CIIOBHUKOBOTO

3armacy.

[ToBTOpHI mapu (eHkoaep). TyT KOHTEKCT i3 BEKTOPIB CHIB y MONEPEIHIX

KpOKaX 9aCy 3aCTOCOBYETHCA OO IMMOTOYHOI'O BEKTOPY CJIIB.

ineH1 mapu (mexonep). Lle TUMOBI MOBHICTIO MOB'A3aHl IIApH, Kl
BUKOPUCTOBYIOTBCSL JJIi  JIGKOJyBaHHS 3aKOJOBAaHOTO BBOJY VY TMpaBUJIbHY

nocinoBHICTh niepekiany (Jlict 1.4).

Buxoau. BuBoau moBepTarOThCs y BUTJIS/1 MTOCTIAOBHOCTI IIUIMX YHCEN a0
KOAYIOThCSI OJIHUM TapsiylMM BEKTOPOM, SIKI MOTIM MOXYTh OyTH BiIOOpa)keHi y

(b paHIy3bKUii CTOBHUK JAHUX.

Brnagenns. BxknageHHs 103BOJSIOTH 3adiKCyBaTH OLIBIIT TOUHI CHHTAKCHYHI1
Ta CEMaHTHYHI 3B 3KH chiB. Lle qocsAraeTbes MpOEKTYBaHHSIM KOXHOTO CJIOBA B N-
Mipauil ipoctip. CrioBa 3 MOAIOHNM 3HAYEHHSAM 3aiiMalOTh MOJI0H1 PETIOHU IIHOTO
IPOCTOPY; YUM OJIMXKYE JIBa CJIOBA, TUM BOHH CXOXIIIl. | 9acTO BEKTOpPH Mixk
CJIOBaMHU TIPEJCTABJISAIOTh KOPHCHI CTOCYHKH, Taki SIK TE€HJEp, Yac JI€CIoBa UM

HABITH I'€OMOJITUYHI 3B’ SI3KH.

Hapuanns BOymOBYBaHHS BEIMKOro HAOOpy JJdaHUX 3 HYJIsl BHUMAarae
BEJIMYE3HOT KUTBKOCTI TaHUX Ta 004HcCiIeHb. OTXe, 3aMIiCTh TOTO, 00 pOOHTH IIe
CaMOCTIIHO, MU 3a3BUYail BAKOPUCTOBYEMO MONIEPEIHBO MIATOTOBICHUN TTAKET IS
BOynoByBaHHs, Takui K GloVe abo word2vec. [Ipu BUKOpHCTaHHI IIOT'O CIIOCO0Y
BOynoByBaHHS € Gopmoro TpanchepHoro HaB4daHHs [10]. OmHaK, OCKUIBKH HAII
Halip AaHUX IS IILOTO IMPOCKTY MAa€ HEBEIMKHHA CIIOBHMKOBHM 3amac 1 Majo
CUHTAaKCUYHUX Bapianiid, Mu OyaemMo BUKopucToByBaTHM Keras nisi TpeHyBaHHS

BOYJIOBYBaHHSI CAMOCTIITHO.
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Konep 1 nexoaep. Hamma Moaens mociigoBHOCTI-MOCTIIOBHOCTI MOB'SI3Y€ JIB1
nepioInyH1 Mepexi: koaep 1 aekoaep. Koxep niacymoBye BXia y 3MiHY KOHTEKCTY,
AKa TaKOXX Ha3UBAETbCA CTaHOM. [IOTIM el KOHTEKCT JIEKOIY€EThCS 1 TEHEPYEThCS

BUXI1IHA TTOCIIIOBHICTb.

OckutbkH 1 KOJEp, 1 ACKOAEp € PEUUIMBHUMHU, BOHM MAaIOTh METII, SKi
00poOJSAI0Th KOXKHY YacTHMHY IMOCHIOBHOCTI Ha Pi3HUX yacoBux eramax. 11[o0
ySIBUTU 1le, HaWKpauie pO3KPYTUTH Mepexy, Mo0 MU MOorjiu OauuTu, ILI0

Bi/I0YBA€THCS HA KOXKHOMY KPOIIi.

VY HaBegeHOMY HHWX4Y€ MpPHUKIaAl MOTPIOHO YOTUPU KPOKU Hacy, 100
KOAYBAaTH BCIO MOCIITOBHICTh BBeZeHHS. Ha kokHOMY Kpolli yacy koaep "3uutye"
BBEJICHE CJIOBO 1 BUKOHYE MEPETBOPEHHS Ha Horo mpuxoBaHoMy ctaHi. [loTiMm BiH
NEPEXOIUTh 1Ie MPUXOBAHMI CTaH HAa HACTYIMHUHN KpoK yacy. MaiiTe Ha yBasi, 110
IPUXOBAHUMN CTaH SIBJISIE COOOIO BIAMOBIIHUN KOHTEKCT, IO MPOTIKAE MO MEPExKI.
Yum OUThIINN TPUXOBAHWUN CTaH, TUM OLIbIIIA HaBYAIbHA 37aTHICTH MOJENI, aje
TaKoXK 1 OUIbIII BUMOTH A0 OO0YHMCIeHb. Mwu OyaeMo TOBOPUTH OuUIbIIE PO
NEPETBOPEHHSI B MPUXOBAHOMY CTaHi, KOJU MU OXOIUTIOBATUMEMO MOBTOPIOBAHI

onuHMII 3 3akputuM TUIIOM (GRU).

[Toxu 110 3ayBakTe, IO JJIsI KOKHOT'O YaCOBOT'0O KPOKY IIICJISI TIEPIIIOTO CJIOBA
y MOCIIIOBHOCTI € JIBa BXOJH: MPUXOBAHUHN CTaH Ta CJIOBO 13 MOCTiMOBHOCTI. JIJIst
KoJiepa IIe HACTYIIHE CJIOBO Y TIOCHIMOBHOCTI BBeaeHHS. [l nekoxaepa 1ie

MOTIEPETHE CJIIOBO 3 BUXITHOI MOCTiTOBHOCTI.

Kpim Toro, mam’sraiite, 1o, KOJIM MU MAaeEMO Ha yBa3i «CJIOBO», MU JIHCHO

Ma€EMO Ha YBaBi BCKTOPHC IIPCACTABIICHHA CJIOBA, AKC ITOXOIHWTH 13 BKJIaJCHOI'O

mapy.

1.3.3 PeaJtizaniss MAIIMHHOIO NepekJaay Ha ocHoBi LSTM
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Y miii peanizanii OporpaMHOi CHCTEMHM MAIIMHHOTO HaBYaHHS Oyne

nobynoBanHa Ha apxitektypt LSTM. IloTiMm mnoTpiOHO MAJisi ONTHUMIIBHOIO

pe3yabTaTy TPEHYBaTH MOCIIIOBHICTh JO MO/JIEJ1 OCI1IOBHOCTI HAa HAOOP1 JaHUX 3

aHTJINACHKOI Ta (PaHIy3bKOi peyYeHb, SIKI MOXKYTh MEPEKIACTH HOBI PEUYEHHS 3

aHTJIACHKOT Ha (PPAHILY3bKY.

Cnouarky mae 0ytu 3peanizoBaHa (yHkiiss model inputs() a1 cTBOpeHHs

TF-3anoBHIOBaviB 17151 HeMpoHHOI Mepexi (JIicT. 1.5). BiH moBUHEH CTBOPUTH TaKi

3aIIOBHIOBAYI:;

BBeniTh  TEKCT-3alOBHIOBaY  TEKCTY 3  Ha3BOW  "BBEJEHHA',
BUKOPHUCTOBYIOUH MapaMeTp iMeH1 3anoBHioBaya TF 3 panr 2.

[{inboBMIA 3aII0BHIOBAY 3 PaHT 2.

3anoBHIOBaY PiBHS Kypcy HaBYaHHS 3 paHroM 0.

30epiraiite MMOBIpHICTH 3amoBHIOBaya iMeHi imeHi "Keep prob",

BUKOPHUCTOBYIOUHM MapaMeTp iMeH1 3anoBHioBa4ya TF 3 panrom 0.

[ToBepHEHHs 3aMOBHIOBAYiB Yy HAacTynmHOMY KopTexi [11] (BBemeHHs, 1imi,

IIBUKICTh HABUYAHHS, 30€pEKEHHS HMOBIPHOCTI).

Hacrymaum kpokom Oyne peanizamis decoding layer () s cTBOpeHHs mapy

RNN nexonepa (Jlict. 1.7):

CrBoproeTnest komipka RNN 11st 1exoyBaHHS 3a JOTIOMOTOIO In_Size Ta
num_layers.

CTBOpIOETHCS BUBIAAY (PYHKIIIS 32 IOMTOMOTOFO JIIMO 12, 11100 TTepETBOPUTH
ii Bxim, logits, JoriTu Kiacy.

Buxopucrosyiite ¢ynkiiro decoding layer train (encoder_state, dec cell,
dec_embed_input, length_length, decoding_scope, output_fn, Keep_prob)
JIJIs1 OTPUMAaHHS HaBYaJbHUX JIOTITIB.

BukopuctoByiite cBoto ¢ynkiio decoding layer infer (encoder state,

dec_cell, dec_embeddings, start_of sequence_id, end_of_ sequence_id,
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MakcuMalibHa length, vocab_size, decoding_scope, output_fn,

Keep prob), mo6 orpumaTi 1aHi BUCHOBKY.

HaiironoHima yactuHa mooyao0BH Mepekiiagaya 3 i€ apXiTeKTyporo — mooy10Ba
camoi HeipoHHOi Mepexi. J{Jis 1Iboro MoTpiOHO 3aCTOCYBATH OMUCAH1 BUIEe (PyHKIIIT

(JIict. 1.8)(JIicT. 1.9):

- 3acrocyBaHHs BOYJIOBaHUX JI0 BXIIHUX JaHUX KOJepa.

- KonyBanus Bxomy, BuUKOpucToByroun encoding layer (rnn_inputs,
rnn_size, num_layers, Keep_prob).

- OOpoOneHHs LUTBOBUX JAHUX 3a JOTIOMOT' 010 GyHKIIT
process_decoding_input (target_data, target_vocab_to_int, batch_size).

- 3acrocyBaHHS BOY/IOBaHUX JIO IUTLOBUX JAHUX JUIS JE€KOJepa.

- PosmmdpyBanHs 3ak0/10BaHOTO BXOJy, BUKOpucTOBYtoun decoding layer
(dec_embed_input, dec_embeddings, encoder_state, vocab_size,

length_length, rnn_size, num_layers, target_vocab_to_int, Keep_prob).

Ane HaWroyioBHille Uisi OTPUMaHHS XOPOULIOTO pe3yibTaTy MOTpiOHO
3aCTOCYBaHHS J0 JaHOT HEMPOHHOT MEpexi JIsl TPeHYBaHHS JIBOMOBHUN JaTacer,
AKUW MICTUTh BEJHMKE YHCJIO TEpeKIaJIeHuX pe4YeHb Ha I[HUX MOBax.
BukopucroByoun naraceT 3 MallduM YHCJIOM TEPEKIAICHUX PEYeHb XOPOIIUN
pe3ynbTaT MOXHa OyJe OTpUMATH JIMIIE TpH TMEepeKiaji MpPOCTUX peueHb. Bu
MOXKETE TpEeHyBaTUCA Ha PpaHIly3pKo-aHTIiicbkoMy Kopmyci WMT10. Leit nabip
JaHUX Ma€ Oulbllle CIOBHHKOBOTO 3amacy Ta Oararmié Ha TEMH, IO
00roBoproroThCs. OTHAK Ha 1€ BaM 3HAJ00UTHCS KiJIbKa IHIB, TOMY MTepeKOHaNTECH,
mo y Bac € GPU, 1 HelipoHHa Mepexa mpairoe Ha HabOpl JaHMX, SKI MU HaJalu.
IIpocTo nmepekoHaiiTecs, 1o Bu rpaere 3 kopnycom WMTI10 micis mojanHs 1bOTo

MIPOCKTY.

1.4 TecTtyBaHHS i BIPOBAIKEHHS MPOrPaMHOI CHCTEMH
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1.4.1 TectyBaHHs1 HIPOrpaMHOI CHCTEMH MAIIMHHOIO NEPEKIANY

Jlist Toro, moou BIEBHUTHUCS Y BIACYTHOCTI MOMUJIOK Y CUCTEM1 HEOOX1THO
3pOOUTH TECTYBaHHA KOy IporpaMu. AJie Tak sk MporpamHi pilieHHsI To0yA0BaH1
Ha OCHOBI HEMpOMEPEKEBUX apXITEKTYp HE MIAAAI0ThCA 3BUYaiHOMY TE€CTYBaHHIO
AK 1H(pOpMalliitHi cucTemMu, OyJI0 BUPIIIEHO MPOTECTYBATH 11 TPOrpaMHi CUCTEMU

3a nonomoroto Blackbox-tecTyBanHs.

TectyBannus Blackbox - me TectyBanHs (PyHKIIOHaNBHOCTI MpOTpamu, He
3HAIOUM JleTajieil ii peasizalli, BKJIIOYAIOYM BHYTPILIHIO CTPYKTYpPY HpOrpami,
CTPYKTYpH JaHuX ToIllo. TecToBl npukiaau TectyBanHs blackbox cTBopioroThCs Ha
ocHOBI cnienudikaiiii Bumor. Tomy HOro Takox Ha3MBaIOTh TECTYBAHHSIM Ha OCHOBI

cnenudikaiiii. Hactynna cxema npencraise tectyBanHs Blackbox:

Input Output

Software Code

Puc. 1.5 — Cxema Blackbox-tectyBanns

SKIIo 3aCTOCOBYBAaTHCH JIO MOJICJICH MAIIMHHOTO HaBYaHHS, TECTYBAHHS
blackbox o3Hauatume TecTyBanHsS Moxenei Machine Learning, He 3HarOYH
BHYTPINIHIX JAeTajed, TaKuX SK OCOOJMBOCTI MOJEIl MAIIMHHOIO HaBYaHHS,

AJITOPUTM, SIKUM BHKOPHUCTOBYETHCA AJIsI CTBOPCHH:A MOI[eHi TOIIO. OI[HaK 3aBJaHHA
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MoJIATae B TOMY, 1100 BHM3HAYMTH TECTOBUH Opakysn (JKepeno OuiKyBaHOTO
pe3ynbTary), SKAA MOXKE MEpEeBIpUTU pPe3yJbTaT BHUIPOOYBAHHS Ha OCHOBI

OUIKYBAaHMX paHillle 3HAYEHb.

3Baxkaloud Ha Te, M0 MOJIEJII MAaIlMHHOTO HaBYaHHS OyJM BiAHECEH1 [0
KaTeropli HemepeBipeHuX, 1€ Jla€ 3aBIaHHIO BUKOHATH TeCTyBaHHs mojaeinet ML

g Blackbox.

VY TpamuuiiiHiid po3poOI1li MporpaMHOro 3a0e3neueHHs MPUIYIIEHHSIM 4acTo
€ HasIBHICTh TECTOBOT'O OPAKYJIA, IKUH € HE IO 1HIIE, SIK TECTEPH / TECTOBI THXKEHEPHU
(monuHi) abo skack (GopMa MexaHI3MIB TECTYBaHHSA, BKIIIOYAIOUYM MPOrpamy
TECTYBaHHS, sIKa MOTJIa O MEePEBIPUTH BUXiJ] KOMITIOTEPHOT MPOTpaMy Ha OYiKyBaHE
3HAUYEHHS 1110 BiJIOMO 3a3xaneriap. [1{o cTocyeThess Mojieneii MallMHHOTO HAaBYaHHS,
3a37ajeriib He O4YiKyBaH1 3HA4YeHHs, OCKUIbKM Buxig ML-Moneneilt € neBHuUM
IPOTHO30M. 3Ba)KAaIOUM HA TE, IO PE3yJbTaT MOCIICH MAIIMHHOTO HAaBYAHHS €
nepea0avYeHHSIM, HEMPOCTO MOPIBHATH YU TEPEBIPUTH MPOTHO3YBAHHS 3 SKOIOCH
OUYIKYyBaHOI BapTICTIO, sSIKa HE BiJIoMa 3a3/JaJIeTib. 3Ba)kKalouu Ha I1e, i 4ac (a3u
po3poOku (1MoOYyI0BH MOJIEI) HAYKOBII TMEPEBIPSIOTh MPOAYKTUBHICTH MOJEII,
MOPIBHIOIOYM pPe3yJabTaTh MoJeli (rependauyBaHi 3HA4YeHHS) 3 (AKTHUIYHUMH
3HaueHHsAMHU. [le He Te came, IO TeCTyBaHHS MOJEl Ha Oyab-IKWUW BXia, €

OYIKyBaHE 3HAYEHHS HE BIIOMO.

B nictuHy BUKIAneHUN CKPUNT, KU MEpPeBIpsS€ CUCTEMHU Ha HASBHICTh

IIOMHMIIOK.

1.4.2 BukopucTaHHs IPOrPaMHOI CUCTEMH MALIUHHOIO MEePeKIaxy

[Ticns MOpIBHSHHS apXITEKTyp MOKHA BUSICHUTH SIKa HAWKPAIIE MiAX0IUTh
JUTIsi TOOYZIOBH TIOBHOIIIHHOI CHUCTEMH MAIIMHHOTO HaBYaHHS. ToMmy po3poOieHi

CUCTEMH MOKHa MOTIM peaji3yBaTH SIK 3aCTOCYHOK, a00 sk BeO-cepBic, TOMY IIIO
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CUCTEMY MOKHa BUKOPHUCTATH B 0araTtboX cepax, 1€ BUKOPUCTOBYIOTHCS 1HO3EMHI

MOBH.

Takox Horo cepu BUKOPUCTAHHS MOXKYTh OyTH TaKi:

nonepeaHii nepexkaj BeIUKUX MPOEKTIB I MOJaIbIIOr0 peJaryBaHHs
¢daxiBISIMU 3 METOIO IPUCKOPEHHS MPOLIEeCY MepeKIiany;

HepeKiIag B peaibHOMY 4aci JUIsl CIIyKOHM TEeXHIYHOI MIATPUMKH, YatTy 1 T.1
-

nepeKiaa MUTaHb 1 BIMOBIAEH, a TAKOXK IHTEpHET-()OPYMIB;

nepeksiaj MarepiaiaiB Mo Crheliaai3oBaHid TEeMaTHIll MPU HaIBHOCTI
BEJIMKOTO O0CATy TmapaliebHUX TEKCTIB - 3a3BUYaill NIl HayKOBHX abo
IOPUANYHUX 00J1acTeH;

BHYTPILIHSA KOPECIIOH/ICHIIIS;

YITKO CTPYKTYPOBaH1 KaTaJoru.

1.4.3 IlopiBHSIHHSI MPOTPAMHMX CUCTEM MAIMHHOIO MEpPeKJIATy

3a pomomoroto merpukn METEOR Tta pesynpraTiB 000X cucTeM

MaIIMHHOTO MepeKaay. 3 OrysiAy Ha MPEACTABICHH] AaH1 300pakeH1 Ha pUC Ta puC.

MOJXHa

3pOOUTH BHUCHOBOK, IO Cepea BUOpAaHUX apXITEKTyp HAWKpaIIow IS

moOy0BH CUCTEMH MalIMHHOTO niepekiany € LSTM cucrtema.

Score:
Fmean:

8.9977 = Fmean: 1.8888 * (1 - Penalty: 8.8@23)
1.8868 = 18 * Precision: 1.8888 * Recall: 1.8e80 / (Recall: 1.88088 + 9 * Precision: 1.8088)

Penalty: @.8823 = 8.5 * (Fragmentation: 8.16867 "3)

Fragmentation: ©.1667 = Chunks: 1.0@e@ / Matches: ©6.0088

Sentence (Maching): Ich meine, daf der Grundsatz der relativen Stabilitdt einen elementaren Rechtsgrundsat
z der gemeinsamen Fischereipelitik darstellt und ein Vorschlag, diesen zu unterlaufen, rechtlich unzuldssi

g wire.

Sentence (Etalon): Ich meine, dalk der Grundsatz der relativen Stabilitdt einen elementaren Rechtsgrundsatz
der gemeinsamen Fischereipolitik darstellt und ein Vorschlag, diesen zu unterlaufen, rechtlich unzuldssig

ware.
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Puc. 1.6 — Pe3ynbratu oninku metpukoro METEOR nepekiany 3a 1onoMoroxo

LSTM

Score: 8.9654 = Fmean: 8.9836 * (1 - Penalty: ©8.8185)

Fmean: ©.9836 = 16 * Precision: ©.8571 * Recall: 1.8e86 / (Recall: 1.8688 + 9 * Precision: 8.8571)
Penalty: .8185 = 8.5 * (Fragmentation: 8.3333 ~3)

Fragmentation: 8.3333 = Chunks: 2.88688 / Matches: 6.0888

Sentence (Machine)}: Ich glaube, dass der Grundsatz der relativen Stabilit3t ein grundlegendes Rechtsprinzi
p der Gemeinsamen Fischereipolitik ist und ein Vorschlag, ihn zu untergraben, rechtlich unzul3ssig ware.
Sentence (Etalon):Ich meine, dal der Grundsatz der relativen Stabilitdt einen elemantaren Rechtsgrundsatz
der gemeinsamen Fischereipolitik darstellt und ein Vorschlag, diesen zu unterlaufen, rechtlich unzuldssig

ware.

Puc. 1.7 — PesynbraTu oninku metpukoro METEOR nepeknany 3a qonomorozo

RNN
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2. CIIEIIAJIBHA YACTHUHA

2.1 HelipomepexkeBi apXiTeKTypH

JIroau Ta 1HII1 TBAPUHU 0OPOOIISIIOTH IHPOPMALIiIO 32 TOTOMOTOK0 HEUPOHHUX
Mepexxk. BoHM yTBOPIOIOTHCS 3 TPWIBHOHIB HEUPOHIB (HEPBOBHX KIITHH), IO
OOMIHIOIOTBCS KOPOTKMMHU  €IIEKTPUYHUMHU  IMITYJIbCaMH, $IKi Ha3WBaIOTHCS
noteHiianamMu  aii. Komm'torepni anropuTmu, 1O IMITYHOTh I1i  O10JIOT14HI
CTPYKTypH, OQIIMIHO HA3UBAIOTHCS INTYYHUMH HEHPOHHUMH MEpeXaMu, 100
BIJIPI3HUTH iX BiJl 3yXBaJIMX peuel BcepeanHi TBapruH. OHAK OUIBIIICTh BYCHUX Ta
1HXeHepiB He € OQIIMHUMU Ta BUKOPUCTOBYIOTh TEPMiIH HEHpOHHA Mepexka s

BKJIFOUEHHS K 010J10TYHUX, TaK 1 HEO10JIOTTYHUX CHCTEM.

JlocmipkeHHsT HeHPOHHOT MepeXi MOTHUBOBAHO JBOMa Oa)KaHHSIMU: Kpallle
3pO3YMITH JIFOJCBKHN MO30K Ta PO3POOUTH KOMI'FOTEPH, SKI MOXKYTh BUPIIIYBaTH
aOCTpakTHI Ta ToraHo Bu3HayeHi mnpoOiaemu [12]. Hampukiman, 3BuYaiiHi
KOMIT IOTEPH MAalOTh MPOOJIEMU 3 PO3YMIHHSM MOBHU Ta PO3Mi3HABAHHSIM OO0JIHY
monei. Jlns TOpiBHSHHS, JIOAWHA HAA3BUYAWHO J00pE CHPABISETHCS 3 MU

3aBJaHHAMM.

byno BumpoOyBaHO Oarato pi3HUX CTPYKTYp HEUPOHHOI MeEpexi, JesKi
3aCHOBaHI Ha IMiTaIlii TOTO, 0 0aYUTh O10JIOT i MIKPOCKOIIOM, a JesKi Ha OCHOBI
OLTBII MAaTEeMAaTHYHOTO aHalizy mpoOsemu. Haitbimpmn 4acTo BUKOPUCTOBYETHCS
CTPYKTypa IMoOKa3aHa Ha puc. 26-5. Llg HelipoHHA Mepeka CKIIANAEThCA 3 TPbOX
mapiB, 3BaHUX BX1IHUM IIAPOM, IPUXOBAHUM IIAPOM Ta BUXITHHUM IapoM. Koxen

map CKIaJa€ThCs 3 OJHOTO a00 JACKUIBKOX BY3JIIB, MPEACTABICHUX Ha I Jlarpami
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HEBEJMKUMHU KoJaMu. Psiiku MK By37aMu BKa3ylOTh Ha MOTIK 1H(GOpMaIlii 3 0OAHOTO
By3Ja B IHIIUWA. Y [bOMY KOHKPETHOMY THUIIl HEUPOHHOI Mepexi 1HpopMmaris
MPOTIKA€E JIMIIE 3 BXOAY Ha BUXiA (TOOTO 3J1iBa HampaBo). [HII TUNMKM HEHPOHHUX

MepEeX MaroTh OUIBLI CKIAAH1 3B'SI3KH, TaK1 K IIJISXH 3BOPOTHOTO 3B'SI3KY.

By3nu BXigHOro mapy nacuBHI, TOOTO BOHM HE 3MIHIOIOTH JAaHi. BoHu
OTPUMYIOTh €IMHE 3HAYECHHSI HA CBOEMY BBEIECHHI Ta QyOJIOIOTH 1€ 3HAYEHHS Ha
CBOIX KUIBKOX pe3yibTaTax. (7 MmOpiBHSHHSA, BY3JIM MPUXOBAHOI'O Ta BUXIAHOTO
mapy akTuBHI. Lle o3Havae, 110 BOHU 3MIHIOIOTH JIaHI, SIK MOKa3aHO Ha puc. 26-6.
3minai: X11, X12... X115 MIcTaTh AaHi, MO OiAIsaraTh omiHil (auB. Puc. 2.1).
Hanpuknaa, me MoxyTh OyTH TWIKCENbHI 3HAYCHHS 13 300pa’KE€HHA, 3pa3Ku
aBJiOCUTHANYy, IIHU HAa (OHIOBUX Oip’kKax y HACTymHI AHI Tomo. BoHu Takox
MOXYTh OyTH pe3ydbTaTOM SIKOTOCh IHIIOTO  alrOPUTMY, HaNpUKIa,
kiaacu@ikaTopiB y HAIIOMYy MPUKJIaAl BUSIBICHHS pakKy: JiaMeTp, SCKpPaBiCTh,

PI3KICTh Kparo 1 T.1.
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Puc. 2.1 — Ilpuxiran cxeMu HEMPOHHOT Mepexki

KoxHe 3Ha4eHHS 3 BXIIHOTO Mmapy AyOJIOEThCS 1 HAJICHIAETHCS BCIM
MPUXOBAaHUM By3JiaM. lle Ha3uBaeThCs MOBHICTIO B3a€MOTIOB'SI3aHOI0 CTPYKTYPOIO.
Sk moka3zaHo Ha puc. 26-6, 3HaUE€HHS, 1110 BXOJATh 10 IPUXOBAHOTO BY3J1a, MHOXKATh
Ha Baru, HaOip 3a3majerigb BU3HAYCHUX YHCEN, IO 30epiraloThCs B IIPOrpaMmi.
[ToTim 3Ba>keH1 BXOM TOJAIOTHCS JJII OTPUMaHHS €IMHOTO yucia. Lle mokazano Ha
miarpami cuMmBosioM Y. [lepen BHXomoM i3 By3na I YHCIIO MEPEAAEThCS depes
HEeNHIHY MareMaTuuHy (QYyHKI[iF0, Ky Ha3uBaloTh curmoimoro. lle kpusa "s" y

dbopwmi, o oomexye Buxia By3iaa [13]. To6To BXig 0 CHTMOIIH - 1€ 3HAYCHHS MIXK

-00 1+ 00, TOM1 SIK HOTro BUX1a Moxke OyTu jumre Mk 01 1.

43



Buxonu 3 mpuxoBaHOro mapy MNpeAcTaBI€HI Ha cXxeMi MOTOKY (puc. 26-5)
smiHHUMH: X2 1, X22, X23 1 X24. Sk 1 paniiie, KOKHE 3 [IMX 3HAYEHb TYOJIOETHCS
1 3aCTOCOBYETHCS JO HACTYNHOIO0 MIapy. AKTHUBHI BY3JIM BHXIJHOTO IIApy
00'eTHYIOTh 1 MOIU(IKYIOTh JIaHl JJisi OTPUMAaHHS JBOX BUXIJHUX 3HAYEHb i€l

Mmepexi, X31 ta X32.

HeliponHi mepexi MOXYyTb MaTH OyJlb-sIKy KUIBKICTh IIApiB 1 OyIb-AKy
KUIBKICTh BY3J1B Ha Iapi. BuiblicTh mporpam BHUKOPUCTOBYIOTH TPHUILIAPOBY
CTPYKTYPY 3 MakCHUMyM KUIbKOMa COTHSAMH BXITHUX BYy3JiB. [IpuxoBanuii map
3a3BUYail ctaHoBUTH mpubiu3Ho 10% Bim po3Mipy BxigHOTO Immapy. Y pasi
BUSIBJICHHS 111 BUXIIHOMY LIapy MOTPiOeH Jjuilie oJuH By30i1. Buxig uporo Bysia
MOPOTOBUH, 1100 3a0€3MeUnTH O3UTHBHY a00 HETaTUBHY 1HAMKAIIII0 HASIBHOCT1 200

BIJICYTHOCTI L1 Y BXITHUX JaHHX.

2.1.1 RNN

Pexypentna neiiponHa mepexka (RNN) - me kiac mTydHUX HEHUPOHHHUX
Mepex, J¢ 3'€THaHHS MK By3JaMU YTBOPIOIOThH CIIPSMOBAHUHN Tpadik MO 4acoBii
nociioBHOCTI. Lle m03BosE oMy MPOSBIIATH YacOBY JAMHAMIUHY MOBEIiHKY. Ha
BIIMIHY BiJ HEHMpOHHHUX Mepex mojadi, RNN MoXyTh BHUKOPHCTOBYBAaTH CBIii
BHYTPIIIHINA cTaH (maM'siTh) Juis 0OpoOKH MmociigoBHOCTeH BXomiB. Lle poOuTh ix
KOPUCHUM JUIsl TaKMX 3aBllaHb, SIK HECETMEHTOBaHE, MOB'I3aHE PO3Mi3HABAHHS

PYKOIMCHOTO TEKCTY a00 po3Mi3HaBaHHS MOBJICHHSI.

Tepmin "pexkypeHTHa HelipoHHa Mepexka' BUKOPHCTOBYETHCS 0e3 po30opy
JUTSE TIO3HAYEHHS JBOX IMUPOKUX KIJIACiB MEPEeX 3 TMOAIOHOI 3arajibHOIO
CTPYKTYpPOIO, /i€ OJIHA CTPYKTypa - KIHIEBHH IMIyJbC, a IHINA - HECKIHYCHHUUN
iMmmynbe. OOuABa KIacu MEPEX JAEMOHCTPYIOTh YacOBY JMHAMIYHY TOBEHIHKY.
Kinnesa imMmysnabcHa peKypeHTHa Mepexa - 1€ CIpSIMOBAaHUN allUKIIYHUN rpadik,

SIKAWA MOKHA PO3KPYTUTH 13aMIHUTH CYBOPO MOJAETHCS HEHPOHHOIO MEPEXKETO, TOI1
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K HECKIHYEHHa IMIyJbCHA PEKypEeHTHa Mepexka - L€ CIPAMOBAaHUN LUKIIYHUN

rpadik, IKUi HEMOXJIMBO PO3KPYTHUTH.

SIK KIHUEB1 IMITYJIbCHI, TaK 1 HECKIHYEHH1 MOBTOPIOBAHI IMIYJIbCHI MEpExi
MOXYTh MaTH JTOJATKOBUH 30€pEKEHHI CTaH, 1 CXOBUILE MOXKE 3HAXOAUTHUCS i
Oe3nocepeIHIM KOHTpOJIeM HEHpOHHOT Mepexi. CXOBHINE TaKoXK MOxe OyTH
3aMIHEHO 1HILOI0 Mepexero ado rpadikom, SKIIO e BKIIOYAE 3aTPUMKH B yaci abo
Mae MeTii 3BOPOTHOTO 3B's13Ky. Taki KEpoBaHi CTaHW HA3UBAIOTHCS 3aTBOPHUMHU a00
3aKPUTHUMH MaM'ITTIO 1 € YaCTUHOIO AOBrorpuBanux Mmepex nam'sti (LSTM) ta
pELUANBOBAHUX OJMHMIIb, IO 3aKpUBAIOTHCA. Lle Takok Ha3MBAETHCS HEUPOHHOIO

MCPCIKCHO 3BOPOTHOTO 3B,513Ky.

bazoBi RNN - 1ie mepexxka HEHpOHOMOMIOHHMX BY3JiB, OpPraHi30BaHUX Y
nocnigoBHl "mapu". KoxeH By3osn y 3agaHoMy Iapi 3'€lHaHUNA CIPSIMOBAaHUM
(OHOCTOPOHHIM) 3'€THAHHAM 3 KOXXHMM IHIIUM BY3JIOM Y HACTYIHOMY
nociimoBHomy 1mapi. [[loTpibHe mnutyBanHs]| KoskeH By3on (HeipoH) Mae
aKTUBALIIO0 peaJIbHOI LIIHHOCTI, 10 3aJI€KUTh BiJ yacy. KoxHe 3'e1HaHHs (CHUHAIIC)
Mae€ 3MIHUTH peanbHy Bary. Bysnu - e a0o By3nu BBeeHHS (OTpUMAaHHS JaHUX 3a
MeKaMH MEpeKi), BY3JIM BUBEACHHS (JIal0Th pe3yJIbTaTH), 200 IPUXOBaH1 BY3JIH (K1

3MIHIOIOTH JIaH1 Ha NIJISAXY BiJl BBEJACHHS O BUBOY).

JImd  KOHTPOJBOBAaHOTO HAaBYaHHA B JUCKPETHUX HACTPOMKAxX dacy
MOCJTITOBHOCT] JIMCHUX BEKTOPIB BXOAY HAAXOIATHh HA BXIAHI BY3JH, IO OJHOMY
BekTopy. Ha Oyap-sikomMy erami 4acy KOXEH HEBXITHUN OJIIOK OOYHCIIOE CBOIO
MOTOYHY aKTHBAIIIO (PE3yJIbTAT) SIK HEMIHIAHY (PYHKI[II0 3BaXKEHOT CYMHU aKTHBAIIli
yCiX OJWHHMIb, IO MiAKII0YaloThes g0 Hei. [luteoBi akTwBalii, 3amaHi
KEpIBHUIITBOM, MOXYTh TOJIaBATHCS IS NESKUX BUXITHUX OJIOKIB TMPOTITOM
MEeBHUX eTamiB yacy. Hanpukian, SKIo BXigHa MOCTIIOBHICTh € MOBHUM CHUTHAJIOM,
BIJIMOBITHUM PO3MOBHIN mu(pi, KIHIEBUM BHXITHUM I[UThOBUM PE3YyJIhTATOM B

KIHII1 TOCJIIIOBHOCT1 MOKe OyTH MITKa, 1110 Kiacuikye uudpy.
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VY HanamTyBaHHSX HABUAaHHS NIAKPIMUICHHS KOJEH BHUKIAJad HE HaJae
HIIbOBUX curHaiiB. HartomicTe QyHKIit0 (iTHeCy abo (yHKIIIO BUHAropoau
MepIOANYHO BUKOPUCTOBYIOTH JIJIsl OI[IHKM mparie3aaTHocTi RNN, sika BruinBae Ha 1i
BXIJTHUN TOTIK Yepe3 BUXIAHI OJIOKH, MITKIIOYECH] 10 BUKOHABYMX MEXaH13MiB, 10
BIUIMBAIOTh HA HABKOJUIITHE cepenoBuiie [14]. Lle moxxe OyTH BUKOPUCTAHO JJIsl TPU

B I'PY, B SIKil MPOrpec BUMIPIOETHCS KUTBKICTIO BUTPAHUX OYOK.

KoxHa mociiIoBHICTh CTBOPIOE MMOMUJIKY SIK CYMY BIIXUJIEHB YCiX LIbOBUX
CUTHAIIB BiJl BIAMOBIAHUX aKTHUBAIlIA, OOUYMCICHUX Mepexer. J[Jis HaB4alIbHOTO
HAOOpy 3 YUCIEHHUX MOCIIJOBHOCTEN 3arajibHa MOMHIIKA - 11€ CyMa IOMMJIOK YCiX

OKPEMUX MOCJI1IOBHOCTEH.

C(TJ> Unfold T .
V@] :>---7\ hHT |+ | htf v | hT
©, ® ® @

Puc. 2.2 — Apxitektypa RNN

=

-®
-®

—

Y

TpenyBanHs Bar B HEWpOMeEpeKi MOKHA MOJEIIOBATH SK HENIIHIHHY
npobaemy riodanbpHOi onTuMizaiii. [linkoBa GyHKIrist Moxe 6yTu copMoBaHa s
OITIHKY MIPUIATHOCTI 200 MOXMOKHU MEBHOT'O BaroBOro BekTopa Tak: Crovarky Baru
B MEpEeXi BCTAHOBJIIOIOTHCS BIIMOBITHO JO BaroBoro BekTopa. Jlam mepexa
OITIHIOETHCS BIJIMOBITHO /0 TPEHYBAJIBHOI MOCTIMOBHOCTI. SIK TpaBWIIO, PI3HULA
CyMH B KBaJIpaTi MK MPOTHO3aMH 1 IUIBOBUMH 3HAYCHHSMH, 3a3HAYCHHMH B

TPEHYBaJbHIN MOCIIIOBHOCTI, BUKOPUCTOBYETHCS ISl MPEACTABICHHS MOXUOKHU
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MOTOYHOI'O0 BECOBOrO0 BekTopa. ToJi MOBUIBHI METOAM TI00ANbHOI ONTHUMI3aIlli

MOXYTbh OyTH BUKOPUCTaH1 JUIsl MIHIMI3allii LI€T HUTbOBOI PYHKIII.

Hailinommpenimum mMeTooM rinobanbHoi ontumizanii s HaBdaHHS RNN e

TEHETUYH1 aJITOPUTMHU, OCOOJIMBO B HECTPYKTYPOBAHUX MEpEKaX.

Cnoyarky T€HEeTMYHHUH alrOpUTM KOJYETbCS BaraMu HEHUPOHHOT Mepexi
3a37ayeriib BA3HAYEHUM YUHOM, KOJIM OJIUH T€H y XpOMOCOMI fIBJII€E COOOI0 OJIHY
BaroBy JIaHKy. Bcs Mepexka mpejcTaBiieHa y BUIIISAL €JUHOT XpoMocoMH. DiTHecC-

(GYHKIISI OL[IHIOETHCS HACTYITHUM YHHOM:

- Koxxna Bara, 3akojjoBaHa B XpOMOCOMI, IPUCBOIOETHCS BIAMOBITHIM
BaroBii JIaHIIl MEPEXi.

- Habip TpeHiHry mpenctaBieHUN Mepexi, sKa MOIIMPIOE BXITHI CUTHAIIH
BIIEpEI.

- Cepenns kBagpaTUYHa TOMUJIKA ITOBEPTAETHCS 10 (YHKIIIT iTHECY.

- g ¢pyHKIIsS Kepye MPOIIECOM TEHETUIHOTO Bi1OODY.

baraTo xpoMocoM CKJIa1at0Th MOMYJIAIII0; TOMY PO3BUBAETHCS OArato pisHUX
HeHUpoHHUX Mepex [15], moku He Oyne BUKOHAHO KPUTEPi 3ymuHKH. 3arajibHa

CXCMa 3YIIMHKU!

- Konm Heltpomeperka 3acBoiia MeBHUHN B1ICOTOK JIAaHUX TPEHIHTY a00
- Konu miHimMaiibHe 3HAYeHHS CePETHBOKBAIPATUIHOT ITOMUIIKH 33]T0BOJICHO
abo

- Komu 6yne nocarayTo MakCUMalIbHOT KUTBKOCT1 HABYAJIBHUX TTOKOJIiHb.

Kpurepiit 3ynuHku OLIHIOETHCS (YHKIIEIO (ITHECY, OCKUIBKU BiH OTPUMYE
3BOPOTHY MOMUWJIKY CEPEIHBOTO KBAaAPATy Bil KOKHOI MEPEXI IMiT Yac TPeHYBaHHSI.
ToMy wMeTa TEHETHYHOTO QJITOPUTMY - MAKCHUMaJIbHO BUKOPUCTOBYBATH

(GYHKITIOHATBHICTH, 3MEHITYIOUH CEPEIHHLOKBAIPATHYHY TTOMUJIKY.
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[Hu11 rmoGanbHi (Ta / @00 €BOJIOLIIHI) METOAN ONTHUMI3allil MOXYTh OyTH
BUKOPHUCTaHI JJI MONIYKY TapHOro Habopy Bar, TakuX SIK IMiTalis Biamnany abo

ONTHUMI3allis PO YACTHHOK.

21.2LST™™

Hosra koporkouacHa mnam'ste (LSTM) - me apxiTtekrypa IITY4HOI
nepioguyHoi HelpoHHOT Mepexki (RNN), 110 BUKOPUCTOBYETHCS B Tally31 IITHOOKOTO
HaB4yaHHSA. Ha BiAMIHY Bii cTaHZapTHUX HEMPOHHUX Mepex noxaadi, LSTM mae
3B'SI3KM 3BOPOTHOTO 3B'SI3Ky. BiH Moke 00poOIATH HE JHIle OKPEM1 TOYKH JaHUX
(Hanpukia, 300pakeHHs ), a W LIl MOCIIIOBHOCTI TaHUX (HANpPHKIIaa, MoBa abo
Bizeo). Hanmpuxman, LSTM 3acTocoBHUIA 10 TaKUX 3aBllaHb, IK HECETMEHTOBAHE,
MiIKIIOYEHE PO3MI3HABaHHS PYKOMUCHOTO TEKCTY, PO3Mi3HABaHHS MOBU Ta
BUSIBJIICHHS aHOMaii B MepexxeBoMy Tpadiky abo IDS (cucremu BHSBIEHHSI

BTOPTHEHD ).

Teopernuno  kimacmuni  RNN  MOXyTh  BIACHIIKOBYBAaTH  JIOBUIBbHI
JIOBIOCTPOKOBI1 3JIEKHOCT1 y BXITHUX MOCIiIOBHOCTAX. [Ipo6iaema BaHiibHIX RNN
HOCHUTBH OOYHCIIIOBAJIbHHH (200 MPaKTUIHUN) XapaKTep: MpU TPEHYBaHHI BaH1IbHOT
PHH i3 3acTtocyBaHHSM 3BOPOTHOTO PO3MOBCIOJDKCHHS TPaai€HTH, SKI
PO3TOBCIOKYIOTHCS Ha3a/l, MOKYTh «3HUKATH» (TOOTO BOHU MAIOTh TEHICHIIIIO JI0
HyJIs1) a00 «BUOyxaTH» ( TOOTO BOHM MarOTh TEHACHIIIIO 10 HECKIHUEHHOCTI) Yepe3
OOYMCIIEeHHS, 0 OepyTh y4acTh y MPOIECi, B SKHUX BUKOPUCTOBYIOTHCS KIHIIEBI
touHi uncia. RNN, mo BukopucTtoBytoTh 070KkM LSTM, 4acTKOBO BHpIIIYIOThH
mpoOJieMy TpajiieHTa, IO 3HUKA€E, OCKUTbKKM oauHuUIll LSTM TakoxX J03BOJISIOTH

rpaJiieHTaM TEKTH 0e3 3MiH.

3aranpauit 610k LSTM cknamaeTtbes 3 KOMIpKH, BXITHUX BOPIT, BUXITHUX
BOPIT Ta IUTIO3Y 3a0yTTsA. Ocepenok 3amam'sTOBYE 3HAUYCHHS MPOTITOM JOBUIBHUX
YacOBHUX IHTEPBAJIIB, a TPU BOPOTA PETYJIIOIOTH MOTIK 1H(OpMaIlii B KJIITUHKY 11032
HEIO.
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LSTM unit

Ft |t tanh ‘

O
Ce-1.hea | : _‘*| Cry1 Nppr | — -
(0] (0] tanh (0)

Puc. 2.3 — Apxitextypa LSTM

Mepexi LSTM nobpe minxoasTh nns kiacudikarii, oOpoOku Ta
POrHO3YBaHHS HA OCHOB1 JIaHUX YaCOBHX PS/IIB, OCKUIBKM MDK Ba)KJIUBUMH
MOJIISIMH B YaCOBOMY PSifIl MOXKYTh OyTH BifcTaBaHHS HEBimoMoi TpuBanocTti. LSTM
Oynu po3poOsieHl JJis BHpPINIEHHS BHOYXOBHX Ta 3HUKAIOUUX TMpoOieM 3
IPaJiEHTOM, K1 MOKYTh BUHUKHYTH IpY HaBuaHHI Tpanuiiiiaux RNN. BignocHa
HEYYTJIMBICTh 10 TOBXKWHU 3a30py € nepearoro LSTM nan RNN, npuxoBanumu
MojensMu MapkoBa Ta IHITUMH METOJaMU HaBUYaHHS TOCIIJOBHOCTI y YACIECHHUX

mporpamax.

Icaye xinmpka apxiTekTypHux miapo3nunie LSTM. 3arambna apxitekTypa
CKIaJaeThes 3 KoMmipku (yactuHa mam'sti 6moky LSTM) 1 tprox "perynstopis",
3a3BUYail 3BaHUX BOPOTaMH, MTOTOKY iH(opmartii Bcepeaunni 6moky LSTM: Bxinawmii
3aTBOP, BUXITHUH 3aTBOP 13aTBOp 3a0yTTa. Jleski BapianTu 610ky LSTM He matoTh
oJiHi€T a00 JEKUIBKOX IIUX BOPIT a00, MOXKJIMBO, MalOTh 1HIII BopoTa. Hampuknan,

onuHn4H1 noBToproBani onunuill (GRU) He MarOTh BUXITHOTO KOJY.
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[HTYiTUBHO 3pO3yMiNa, 1110 KOMIpKa BIAMOBIZA€E 3a OOJIK 3aJIEKHOCTEH Mixk
€JIeMEHTAMM BXIJHOI MMOCI1I0BHOCTI. BXiHMI 3aTBOp KE€py€e THUM, HACKUIBKU HOBE
3HAYEHHs BOajae B KOMIpPKY [16], 3aTBop 3a0yTTs KEpye TUM, HACKUIbKU 3HAYECHHS
3aJIMIIAETHCS. B KOMIPII, @ BUXIAHUI 3aTBOpP Kepye€ THUM, HACKUIbKM 3HAYEHHS B
KOMIpI[I BUKOPUCTOBYEThCS AJII OOYMCIEHHS BHMBOAY akTupaiis Osoxky LSTM.

Oyukiis aktubailii BopiT LSTM yacTo € J0riCTUYHOI0 CUTMOiTHOI0 (YHKLIEHO.

[cHyrOTh mimkItOYeHHS a0 Ta BUXiIHUX Bopit LSTM, geski 3 sKux €
NOBTOpHUMU. Baru mux 3'eqHanb, ki MOTPIOHO AI3HATUCA i Yac TPEHYBAHHS,

BU3HAYAIOTh, SAK IMPAIOIOTh BOPOTA.

Y pIBHSHHAX, HaBEIEHUX HUXK4YE, 3MIHHI Yy HIXKHBOMY pericTpi
NPEJICTABIIAIOTh BEKTOPH. Matpuili Y pIBHSHHSAX, HaBEJACHUX HIDKYE, 3MIHHI y
HIDKHBOMY pericTpi MpeacTaBisitoTh BekTopu. Marpuri W, ta U, MICTATh
BIATOBITHO Baru BXIJHMX Ta NEPIOAUYHUX 3'€IHaHb, A€ 1HJEKC ¢ MOXke OyTH abo
BXITHUM BOPOTOM [ , BUXIJIHUM BOPOTOM 0, BOPOTOM 3a0yTTs f ab0 maM'aTTio
KOMIpKa ¢, B3aJeXKHO BIJ OOYHCIEHOT akTuBalii. Y [bOMY pO3AUIT MH
BUKOPUCTOBYEMO "Mo3HaueHHs BekTopa". Tak, Hampukian,c, € R - ne He onna

koMipka LSTM-oaunutis, a mictuth h komipok LSTM onuHMITS.

KoMnaktaumu dbopmamu piBHSHB A mpsimoro mpoxonay 6ioky LSTM 3

BOPOTOM 3a0yTTs € popmynu 2.1 — 2.5:

fr = 0;(Wex, + Ugh_q + by) 2.1)

iy = og(Wix, + Uphe_y + b;) (2.2)

0y = og(Woxy + Ughy_q + by) (2.3)
¢t = fr © Cem1 g 0 o (Wexe + b) (2.4)
hy = op(0; © ¢t) (2.5)
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1ie moyaTkoBi 3HaueHHs ¢y = 01 h, = 0, a oneparop o - no3Hayae 100yToK Anamapa

(IpOYKTY, IO HAJIEKUTH J10 e1eMeHTIB). KoedillieHT ¢ iHIeKCy€e KPOK Yacy.

Tabnuus 2.1 — KoediuieHTH, SiKi BAKOPUCTOBYIOTHCS AJI BOPIT 3a0yTTA

x; € R? Bxin Bektopa 1o LSTM 1onita

f: € R" BekTop akTuBanii 3a0yBajibHOIO BEHTUIIS

i, €R" BekTop akTHBaliii BXiJHOr0 BEHTUJIS

o, € R" BekTop akTHBaIii BUX1IHOTO BEHTUJIIS

h; € R" BekTop mpuxoBaHOro crany, sikuil Bimomuil sik Bektop LSTM

IOHITa

c, € R" BekTop crany KoMipku
W € R4 | Marpuusg Bar i napaMeTpu BEKTOPa 3MIlleHHS, K MOTPiOHi 11
U€RM" HaBYaHHS M1J] 4ac TPEHIHTY
Tab € R"

RNN, o BukopucroBye ogunuii LSTM, MoxkHa HaB4aTH il KOHTPOJIEM,
HaOlp HaBYaJbHUX IIOCTIOBHOCTEH, BUKOPHUCTOBYIOUM aJTOPUTM OINTHUMI3allii,
TaKHH K CITyCK TPaJIl€HTa, TIOETHAHUH 13 3BOPOTHUM PO3TIOBCIOJIKCHHSAM Yy Yaci JJis
oOYHrCIIeHHS TPAIEHTIB, HEOOXITHUX 1] 4ac MPOIIeCY ONTUMI3allii, 3 METOIO 3MIHH
K0kHO1 Baru Mepexi LSTM nponopiiiitHo moXiiHii MOMUWIKY (Ha BUXITHOMY IIapi

mepexi LSTM) mono BiaAmoBiaHOT Bary.

Onnak, mis onuaUIs LSTM, KoM 3HAYEHHS IMOMMIIOK IOIIMPIOIOTHCS 13
BUXIJHOTO TIapy, TOMHJIKA 3amuInaeTbest B komipii 6moxky LSTM. L "kapycenb
MOMIIOK" TIOCTIMHO MOBEPTAE MOMUIKY JI0 KOXKHOTO 3 BOpIT mpuctporo LSTM,

IIOKK BOHM HC HAaBYATbCA CKOPOYYBAaTH 3HAYCHHA.

2.2 MeTpUKH IKOCTi MepeKyaaxy
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Ouinka cucreMm MaminHHOTO niepekiany (MT) € )KUTTeBO BaKIMBOIO C(hHeporo
JOCIIIKEeHb, SIK JIJI1 BU3HAUYEHHS €(EeKTUBHOCTI icHytounux cucteM MT, Tak 1 s
ontumizauii npoaykTuBHOCTI cucteM MT. Ll yacThHa ommMCye HHM3KY PI3HUX
MIJXO0/IB /10 OLIIHIOBAHHS, sIKi BUKOPUCTOBYIOThCSI B GALE-CniibHOTI, Ta BBOAUTH
MIPOTOKOJIM Ta METOJIWKH OIlIHIOBAHHS, IO BUKOPHCTOBYIOTHCS B Tporpami. Mu
00TroBOPIOEMO PO3POOKY Ta BUKOPUCTAHHS aBTOMATHYHMX, JIFOJACHKHX, HA OCHOBI
3aBJlaHh Ta HAIiBaBTOMATHYHUX METOJMIB OIIIHKA MAIIMHHOTO TIePeKIIay,
OpIEHTYIOYMCh Ha BUKOPUCTAHHS PIBHSA MOMWIOK MEpeKiIaay, OMnOCepeIKOBAHOTO
moaunoto, HTER sk cranmapt ominku BukopuctoByeTbcs B GALE. Mu
00roBOpIOEMO poOOUYMI TpOLEC, MOB A3aHUN 13 BUKOPUCTAHHSM LbOTO 3aXO1y,
BKJIIOUAIOUM MYOJIIKAIlil0 MICIS pelaryBaHHs, KOHTPOJIb SKOCTI Ta OI[IHKY. Mu
JIOKYMEHTYEMO 3aBJIaHHS OIIHIOBaHHS, JIaHi, MPOTOKOJU Ta PE3yJbTaTH OCTaHHIX
oriinok GALE MT. Kpim TOro, Mu npeactaBisieMo i1y HU3KY Pi3HUX MIIXO0J1B 10
ontumizari cucteM MT Ha OCHOBI pi3HUX 3aX0A1B. MU OKpECIOEMO BUMOTH Ta
KOHKPETHI TpoOJeMU TPH BUKOPHUCTAHHI PI3HMX IMIJIXOMIB 10 ONTHMI3aIi Ta
OMHCYEMO, SIK XapaKTEPUCTUKU pi3HUX MeTpuK MT BIUIMBAIOTH HAa ONTHUMI3AIIIO.
Hapemri, MU onucyeMo HOBY HEIIOAABHIO Ta MOTOYHY poOOTY Haa po3poOKOI0
MOBHICTIO aBTOMAaTHYHUX METPHUK OIliHIOBaHHSI MT, sKi MOXXYyTh MaTH IOTEHITIAT

ICTOTHOTO TiIBHUINCHHS €(DEKTUBHOCTI OI[IHIOBAaHHSA Ta onTuMizairii cucteM MT.

[Iporpec y raiy3i MamuMHHOTO TMEPEKIaNy MOKIATAEThCA HA OILIHKY SKOCTI
HOBOT CHUCTEMH IUISIXOM CHCTEMAaTHYHOTO OI[IHIOBaHHS, TAKUM YMHOM, 1100 HOBa
CUCTeMa MOTJia TOKa3aTH, 1[0 BOHA MPAIIO€ Kpalle, HDK IMOMepeaHi CUCTEMH.
CxianHicTh BUHUKAE€ TPU BU3HAYEHHI Kpamoi cuctemu. OIHIOYHA SKICTh
nepekIiay, HeMa€e €IMHOT MPaBUIIBHOI BIJIMOBIII; MIBH/IIE, MOXKEe OyTH Oy/Ib-sKa
KUTBKICTh MOKJIMBUX MPABWIBHUX mepeknaniB. KpiM Toro, Ko aBa mepekiiaay €
JUIIIE YaCTKOBO TPABWIBHUMH - aji€ PI3HUMH CIIOCOOAMH - BAXKO BIIPI3HUTH
aKicTh. KpiM TOT0, OIliHKA SKOCTI MOKE 3aJIeKaTH BiJl MPU3HAYEHOTO BUKOPUCTAHHS
JUTSL TIepeKJIaay, HAMpUKIIAJ, TOH TMEPEKIaay MOXe OyTH BUPINIATBHUM Yy JCSKAX

nporpamMax, ajae He Ma€ 3HAUeHHS JUIsl IHIIUX MPOTpaM.
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Tpanuiiiino icCHye JB1 MapagurMy OI[IHIOBaHHS MalllMHHOTO nepeknany: (1)
OuiHKa CKJISIHOI CKPUHBKH, SIKA BUMIPIOE SIKICTh CHCTEMH Ha OCHOBI BHYTPIIIHIX
BJIACTUBOCTEN cucrteMu, Ta (2) OniHKa YOpHOI CKPUHBKH, SIKA BUMIPIOE SIKICTb
CHUCTEMHM, IO TPYHTYETHhCS BUKIIOYHO Ha 11 BUX1A, 0€3 MOBaru 0 BHYTPIIIHIX
MexaHi3MiB cuctemu nepeknany. Ouminka Glass Box ¢okycyerbcss Ha BUBYEHHI
MOBHO1 CHCTEMH, 3aTBEP/KEHOI i MmyOniyHOro Bumycky; [lommupenHs - 1e
HEOoOMEKEeHE OXOIUICHHS Ta Teopii, 10 BUKOPUCTOBYIOThCS Jisi OOpOTHOU 3 TUMHU
MoBHUMU siBulamMu [17]. Okpemi MOBHI KOMIIOHEHTH CHUCTEMU MOXYTb OyTH
JIOCJIIJDKEH] Ta MiI1ad1 OLiHIl YopHOTo 1moJjs. el MeTo oriHOBaHHS HacaMIiepe/
OyB OpIEHTOBAaHMUU Ha EKCHEPTHI CHUCTEMH, 3aCHOBaHI Ha MpaBUJaX, a HE Ha

CTaTUCTUYHI CUCTEMH.

3 1Hmoro OOKy, OIlIHKa YOPHOI CKPUHBKU CTOCYETHCS JUIIE 00'€KTUBHOT
MOBEIIHKM CHCTEMH 3a IOINEPEJIHhO BU3HAYCHUM HaOoOpoMm olliHoK. lleit Meron
OIIHIOBaHHS € JIMIIE CIPABEIJIMBUM TIOPIBHIHHSAM CHCTEM, SKIIO CHCTEMH, SKi
TECTYIOThCS, OyJaU Po3poOseHi Il poOOTH HAJl JaHUMH, SIKI MAlOTh TOW CaMHiA
XapakTep, 1o 1 Habip oliHOBaHHSA, ab0, AKIIO Hi, 0c00a, KA TECTYE CUCTEMH, MA€
Ha METI NMEePeBIPUTH HAMIMHICTh y BCIX Pi3HI THUIH JaHUX 3 PI3SHUMHU CTPYKTYpPaMH,
)aHpoMm Ta cTtuieM. Lleii mMeTon BHSBHMBCSA O€3I[IHHHUM JJIA Tajdy3l MAaIlMHHOTO
nepeKsiay, o J03BOJISE MOPIBHATH CUCTEMH Ha OJTHUX 1 THX )K€ TECTOBUX Habopax,
o0 BHU3HAYUTH, UM € JaHa 3MiHa CHUCTEMH HACIpaBJii BIOCKOHAJICHHSAM. Meron
(bakTUYHOTO BUMIPIOBAHHS MPAaIe3/1aTHOCTI CUCTEMHU Ha TECTOBOMY HaOOp1 BCe 111
3QIMIIAETBCS  Jy)KE AKTHBHOKO JOCIIIHHUIIBKOI 00JIacTIO, 1 Taki ITOKa3HUKH

OL[IHIOBAHHS € OCHOBOIO I[1€1 YaCTHUHHU.

2.2.1 METEOR

METEOR (Metric for Evaluation of Translation with Explicit ORdering) —
METpHUKa JJIsl OLIIHKHU SKOCTI MAIlIMHHOTO TNepekiiany. MeTeop OLiHIOE NepeKia,

oOuncIIooYn 0ajl, 3aCHOBAaHWM Ha SBHIM BIAIOBIIHOCTI CJIOBO B CJIOBO MIXK
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NepeKIagoM Ta 3aJaHUM MEePEKIAA0M. SKIO JOCTYIHO OUIbIIE OJHOIO €TAJIOHHOTO
nepeKkiiany, IMepeKiaa OI[IHIOEThCS HE3aJIe)KHO BiJ KOXKHOI TOCHJIaHHA, 1
BUKOPUCTOBY€EThCS HaliKpaunia mnapa OaniB. J[aBmu napy psAakiB sl MOPIBHAHHS,
Meteor cTBOpIOE BHUPIBHIOBAHHS CJIIB MK JBOMa psiikaMu. BUpIBHIOBaHHS - 1€
31CTaBJICHHS MIXK CIIOBaMM, TaKUM YHHOM, IO KOXXHE CJIOBO B KOXHIH DPIAKY
BiJ0OpaXka€ IIOHAaMEHILE OJHE CJIOBO B IHIIOMY psaKy. lle BHUpIBHIOBaHHSA
OCTYIIOBO BHPOOJIAE€THCA MOCIITOBHICTIO MOAYJIB BigoOpaxeHHs ciiB. "Tounuit"
MOJyJb BioOpa)ae JBa CJI0Ba, SKIO BOHU a0CONIOTHO OJHAKOBL. Moaylb «HOCIA
cTebna» BimoOpaxkae JBa CIOBA, SKII0O BOHM OJHAKOBI TICIsS TOTO, SIK BOHH
BUSIBJISIIOTRCSL 32 jgomomoroto credOmepa Iloprepa. Moayne “CunoHimis WN”
BiZOOpakae Ba CIOBA, SKIO BOHA BBAYKAIOTHCS CHHOHIMAaMHU, BUXOJISTYH 3 TOTO, 10

BOHHU 00M/IBA HAJIEKATh JIO OJTHOTO 1 TOTO XK “synset” y CJIOBHUKOBIN MepexI.

the cat sat on the mat

on the mat sat the cat

the cat sat on the mat

on the mat sat the cat

Puc. 2.4 — Ilpuknagu cxem BuUMiptoBaHHs 3a qomoMoroto metpuku METEOR

Mopyni kaptorpadiyHOro BimOOpakKeHHS CIOYaTKy I1AEHTU(]IKYIOTh Yci
MOXJIMBI 301rd cliB MDK napamu psakiB. [loTiM MM Bu3Ha4aeMoO HaMOUIBIIMI

MIJIMHOKHHA IIUX BITOOpaXe€Hb CJI1B, TAKUM YWHOM, II0 OTPUMaHH HAOIp sABISE
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co00I0 BHPIBHIOBAHHS, K BH3HAUCHO BHINE. SIKIIO 3HANAEHO OLIbIIE OJHOTO
MaKCUMaJIbHOTO  BUpIBHIOBaHHSA  KapauHaibHOcTi, METEOR  BuOuUpae
BUPIBHIOBaHHS, Uil SIKOTO MOPSAJOK CIIB y JBOX pAIKaxX € HalOUIbll moaiOHUM
(BimoOpaXkeHHsI, 110 Ma€ HaWMEHIy KUIbKICTh BIAOOpaXeHb YHIrpPaMOBHUX
cxpeiryBanb). llopsmok 3amyckaHHS MOAYJIB  BioOpakae  BIOJ0OAHHS
CJIOBOCIIOJIYYEHHSI. 3aMOBJICHHS 32 3aMOBUYBaHHSM MOJIATAE B TOMY, 11100 CIIOYATKY
3aCTOCYBaTH MOJYJb «TOYHOTrO» BigoOpaxeHHs (Ddopmyna 2.6), micias yoro

«MOPTHP, 110 BUIIMBAEY, a MOTIM «CUHOHIM1I0 WNY.

pP= Wﬂt (2.6)

[Ticas Toro, sik Oyae 3po0JieHO OCTAaTOYHE BUPIBHIOBAHHS MK CHCTEMHHUM
NepeKIIaIoM Ta eTAIOHHUM TepekiaaoM, oifinka METEOR st 1iboro criaproBaHHS
00UYHCITIOETHCS HACTYITHUM YMHOM. Ha OCHOB1 KUJIBKOCTI BiIoOpaX€HUX YHIrpamiB,
3HAWJACHUX MK JBOMA psJKaMu (m), 3arajbHOT KUIBKOCTI YHIrpam y nepexiafi (t)
Ta 3arajbHO1 KiJIbKOCT1 YHITpaM y MOCHJIaHHi (r), 00YHCII0OEMO TOYHICTh YHIFpamMy
P=m/t1i Yairpam Buxkimky R = m / r. IToTiMm o04uCIIOEMO MapaMeTpU30BaHE

cepenHe rapMmoHniuHe 3Ha4eHHs P 1 R (van Rijsbergen, 1979):

PR

Fnean = aP+(1-a)R 2.7)

Tounicte, Bigkaukanas Ta Fmean (dopmyna 2.7) TpyHTYIOTBbCS Ha
onmHOCTpOsixX. [Iy1st BpaxyBaHHS TOTO, HACKUTBKY BIMOBIAHI YHITPAMH Y TBOX PSIIKAX
3HAXOMAThCS B ofmHOMY mopsaky cioBa, METEOR o6umcinioe mtpad 3a 3amane
BHUPIBHIOBAaHHS HACTYMHUM YiHOM. [lo-miepiiie, mocnioBHICTh Y3roJI)KEHUX YHIrpaM

MDK JIBOMa PSJAKaMHU MOAUISETHCA Ha HAMMEHINY KIJIBKICTh MOKIIMBUX «IIIMAaTKiBY,
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TaK L0 Y3rOJKEH1 YHIIPaMH B KO)KHOMY ()parMeHT1 € CyMIXHUMU (B 000X psIKAX)
1 B OHAKOBOMY MOPsiAKY ciaiB. KuibkicTh pparmeHTiB (ch) 1 KUIBKICTh CHIBNA/IIHb
(m) mMOTIM BUKOPUCTOBYIOTKCS Il 00uncieHHs pparmenTa ¢pparMmeHramnii: frag =

ch/m. Ilotim miTpad HapaxoByeThCs K Ha popmyii 2.8:

Pen =y - frag”f (2.8)

3HaueHHs Y BU3HaUa€e MakcuMaibHui po3mip mtpady (0 <y < 1). 3HaueHHs
B BHU3Hauae (yHKIIOHATBHE CITIBBIIHOIIEHHS MUK (hparMeHTaliero ta mrpadom.
Haperri, ortinka METEOR ni1s BUupiBHIOBaHHS M JJBOMA PsIIKAMH O0UHCITIOETHCS

gk Ha ¢popmyni 2.9:

score = (1 — Pen) - F,ppum (2.9)

V Bcix nonepennix Bepcisix METEOR 3HauenHs TpbOX mapameTpiB, 3rajjaHuX
BuIle, BcTaHoBmoBaM Tak: o = 0,9, f = 3,0 1 v = 0,5 Ha OCHOBI €KCIIEPUMEHTIB,
npoBeaeHUX Ha moyatky 2004 poky. B ocTaHHBOMY BHITYCKY MM HAJIAIITYBaJd ITi
rmapaMeTpy IS ONTHMI3aIlli KOpeNsiii 3 Cy/PKCHHSIMH JTIOJIMHA Ha OCHOB1 OLTBII

OOIITUPHUX EKCTIEPUMEHTIB.

VY mouarkosiii Bepcii METEOR (Banerjee and Lavie, 2005) BcTaHOBIeHi
3HAUEHHS ISl TPHOX MapaMeTpiB Yy METPHIIi: OJUH JJIsl KOHTPOJIIO BITHOCHOI Baru
TOYHOCTI Ta BIAKIMKAHHSA Ipu oOuuciaeHHi 6any Fmean (o); oxHa, 1Mo peryiroe
dopmy mokapanns sk ¢GyHkii pparmenTarii (B), 1 ogHa AN BiTHOCHOI Barw,
npucBoeHoi mTpady 3a pparmenTartito (y). Y Bcix Bepcisx Meteor Ha ChOTOHI 1Ii
napameTpu Oyau BcTaHOBJIEHI 31 3HadueHHsAMH o = 0,9, B = 3,01y = 0,5, 3acHOBaH1

Ha paHHIX eKCIepuMeHTax 3 JaHuMmu. HemogaBHO MU mpoBesnu OUIbLI pETENibHE
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JOCIIIPKEHHSI, CIPSIMOBAHE Ha HAJIAIUITYBaHHS LIMX [TapaMeTPiB HA OCHOB1 AEKUIBKOX
HasBHUX HAOOpIB JaHUX, 3 METOI0 BCTAaHOBJICHHS IMapaMeTpiB MapameTpiB, IIO
J03BOJIAIOTh MAaKCHUMAaJIbHO CIIBBIAHECTHUCH 13 CYKEHHSIMH JtoAMHHU. CyIKeHHS
JIOIUHU  CKJIAJAIOThCsl Yy BUIJISA1I KUIBKICHUX TOKa3HHMKIB "aJekBaTHOCTI" Ta
"epekTHBHOCTI". VY HAIIUX EKCHEPUMEHTaX MH pO3[ISaIU  ONTUMIZAIIIO
napameTpiB JJi1 KOXKHOTO 3 LUX THUMIB JIOJCHKUX CYI)KEHb OKPEMO, a TaKOX
ONTHUMI3AIlII0 TIapaMeTpiB JJIsl CYMU aJI€KBaTHOCTI Ta €(PEeKTHUBHOCTI. AmamnTariis
napamMeTpiB TaKOX € MpoOIeMOIo i HOBOCTBOpeHUX ek3eMIusipiB METEOR mist
IHIIMX MOB. bynu mijo3pu, 10 mapaMeTpu, ONTHUMI30BaHI JJs MaKCUMaJbHOT
KOpEeJALil 3 JIOACBKUMH CY/DUKEHHSIMU JJIsl aHTJIIACBKOI MOBH, HE OOOB'SI3KOBO

6y}IYTL OIITUMAJIBHUMM IJIA IHIIIUX MOB.

B pesynbrari Oyi0 MpOBEACHO MOMIYK Ha TaK OM MOBHUTH «CXOJKCHHS Ha
ropy», 100 BHUSBUTH TapaMeTpH, SKi JOCATAIOTh MaKCHUMaJIbHOI KOpessiii 3
JTIOACHKUMHU CY/DKCHHSMH Ha TpeHYBaJbHOMY HaOopi. BukopucroByBammcs
koedimient xopemsii Ilipcoma sk Mipy Kopensmii. Mu IOTpUMYyBalUCh
TPEHYBAJIBHOT TPOIEAYPH «BHUITYCTHTH I1033a», 100 YHUKHYTH TEpEHACHYCHHSI.
Ko n cuctem Oymo AOCTYITHO sl IEBHOT MOBH, MH TPEHYEMO ITapaMeTpH n pasis,
3QIMIIIAI0YHM OJHY CUCTEMY y KOKHOMY HaBYaHHI Ta 00’ €THYHOYH CETMEHTH 3 YCIX
iHmux cucteM. KiHIEBI 3Ha4YeHHS IapaMeTpiB OOYHUCITIOIOTHCA SK CEpeaHE
3HAYCHHS 3 N OTPUMAaHHMX HAOOpPIB MIATOTOBIEHUX MapaMerpiB. OIiHOOYHA HAOIp
napamMeTpiB Ha TECTOBUX JAHUX, MU OOYHUCIIOEMO KOPEJSIi0 PIBHS CErMEHTa 3
CYy[UKEHHSIMU JIFOAMHHM JUIsl KOXKHOI 3 CHCTEM TECTOBOrO Habopy, a TOTIM

MOBIIOMIIIEMO TIPO CEPETHE 3HAUYCHHS JIJIST BCIX CHCTEM.
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3. OPATHIBAIIMHO-EKOHOMIYHA YACTHHA

3.1 3aranpHuid miaxXiZ 10 BHU3HAYEHHS EKOHOMIYHOI e(eKTHBHOCTI

poO3po0KH

OO00B’SI3KOBOIO CKJIaJJOBOIO YACTUHOIO OY/b-SKOT'O 1HKEHEPHOTO MPOEKTY, B
TOMY YHKCI1 CO)TBEPHOTO, € PIHAHCOBI BUTPATU HA PI3HUX €Tanax BUKOHAHHS POOIT.
BinnoBinHO, BaXJIMBO BIPHO 3AIMCHUTH (PIHAHCOBY OI[IHKY MepenadayyBaHUX
BUTPAT, TPOJYKTUBHICTb, KOPUCHICTh Ta, B PE3YJIbTATi, EKOHOMIUHY €(EKTUBHICTh
IPOEKTY.

Ominka BapTOCTI AOCHIIHHUIIBKUX pPO3pOOOK 0a3yeThCsi HA BUTPATHOMY
MiIX0/1: BUKOPUCTaHHI TEPBICHOT BapTOCTI 00'€KTIB, BUXOIAYU 3 (PAKTUUHHX
BUTPAT Ha pO3POOKY Ta JOBEJCHHS JO KOMEPIIHHOTO BUKOPUCTAHHS 3 YPaXyBaHHIM
amopru3zaiii. Tak, SiK pe3ynbTaTd poOOTH y BHUIJISAI MaTeMaTHUYHHUX MOJIENEH Ta
peanizoBaHoro Ha ix ocHoBi 13 He Oyie BUKOPUCTOBYBATHUCS B KOMEPIIIMHUX IUIAX
Ta HE MIJUISITaTUMe POy, a CTAHOBUTH HAYKOBY Ta IHTEJIEKTYaJbHY LIHHICTH, TO
noxony Bia mpogaxi II3 Ta po3poOku sik Takoro He mnepeadaydaeThes. [HIMMEU
CJIOBaMH, BCl BKJIAJI€H1 KOINTH Ta BUTPATH Ha PO3poOKy MAaHOTO PIllICHHS € HE
B3aEMOOKYITHUMH, III0 HECYTh JIMIIIE BUTPATH Y KUIBKOCTI 3aJy4eHHX PECYpCIB Ta
MarepiaJbHHUX 3ac00iB.

3rigno Cratti 8 3akony Ne 3792-12 mepenbayeHo, 1m0 TBOPU HAYKOBOTO
XapakTepy Ta KOMII IOTEpHI mporpamu € 00’ ekTamMu aBTOpchkoro mpasa[18]. V pasi
peecTpallii BUKOHaHO1 pOOOTH SIK IHTENIEKTYallbHOT BIACHOCTI Ta aBTOPCHKOTO TIpaBa
y JepXaBHIM cIyxO01 IHTEeNeKTyaJdbHOI BJIACHOCTI YKpaiHu HeoOXigHo Oyze
CIUIATUTH 300pH 3a JepKaBHY peectpaitito (382,5 rpH.).

st oTpuMaHHS BIIMIHHUX pPE3yJbTaTiB E€KCIEPUMEHTIB Ta JOIUIBHOCTI
po3poOku Takoro cmeriamizoBaHoro II3 moTpiOHI BiAMOBIAHI 3aTpaTd Ha
JIOCJIIJIPKEHHSI Ta po3poOKy. Lle 1 cTaHOBUTHME OCHOBY BUTPAT, SIK1 Oy1yTh 3/1CHEH1

MPOTSTOM MIATOTOBKM Ta BUKOHAHHS peajizalii JaHOrO PIIIEHHA. YSBHO MOJIEIb
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BUTpAT MOXHa MOJUIMTH Ha JBlI OCHOBHI YAaCTHMHM: BHUTpATH, IOB’s3aHaHI Ha
JOCIIIKEHHS MPEAMETHOT 00J1aCT1, MOOYI0BY MaTEMaTUYHUX MOJENEH, OTpPUMAHHS
MOMNEpPEHIX pe3yJbTaTIB EKCIEPUMEHTIB, Ta YacTHUHY peani3amii NporpaMHoi
CUCTEMHU, apXITEKTYPH Ta TECTyBaHHS.

Ho ctBopenHs 113 MoxyTh OyTH 3adyyeHl MO3ALITaTHI MPOTPaMICTU SIK
3apeecTpoBaHi, Tak 1 HE 3apeeCTPOBaH1 MANPUEMIIMUA. B 000X BUMagkax CriBmpars
3 HUMH 3J1UCHIOETHCS HA MiJICTaBl LIMBUILHO-MPABOBOIO JIOrOBOPY, HAWyacTilIe —
noroBopamu niapsany. lllogo onogaTkyBaHHs BUILIAT 3a JOTOBOPOM MiJAPSAY, TO BCE
3aJIeKUTh B TOr0, YU 3apEECTPOBAHUN BUKOHABEIb MiANpHeMIIEM. BaxnuBum
etanioM po3poOku I3 € iloro TecTyBaHHS, sIke€ BUKOHYETHCS TECTYBAaJbHUKOM 32
NEBHY BUHAropojay. SKIo TecTyBaJbHUKHU HE MepedyBarOTh 3 MIAIMPHUEMCTBOM Y
TPYJOBUX BIJHOCHHAX, OIJlaTa BUKOHYETHCS Ha OCHOBI JOTOBOPY MiApsSAy Ha
BUKOHaHHsA poOit 3 TectyBaHHsd [I3. Cam ke pe3yibrar po3poOKH HE
OIO/IATKOBYETHCS, AK€ HE € KOMEpPILIMHMM MPOEKTOM 1 HE CHPSIMOBAHUN Ha

IPOJIAK.

3.2 Po3paxyHOK BapTOCTi mpoiuecy po3po0KH Ta OIIHKA €KOHOMIYHOI

e(heKTUBHOCTI MPOEKTY

BukonaHHsT po3poOKH IPOrpaMHOro 3a0e3nedeHHs 3 OTJIAly €KOHOMIYHOT
MOJIeNIi MOKHAa BHKOHYBATH JIBOMa CIOCOOaMH: MPOLEAYPHUM Ta 00’ €KTHO-
opienToBaHuM. OOuIBa MinXoau MOTPeOYIOTh 3alydeHHS PECYpCiB Yy BUTIIAII
MPOrPaMiCTi-pO3pOOHHKIB, TECTYBAIbHHUKIB, KEPIBHUKA MPOEKTY, HAYKOBOTO
pecypcy. Pi3Hullsg BUHUKA€E B caMiil cXeMi po3poOKH, TPUBAJIOCTI Mepio1y po3poOKu
Ta BIANOBIAHIN BapTocTi. [Iponieaypuuit miaxin ayis po3pooku [13 B 0CHOBI SKOTO
nexarb mporenypu 1 ¢yHkiii mepembadae po3poOky I[I3 sk MOHOIITHOTO
KOMITIO3HUTY, [0 B TIOJIATIBIIIOMY, SIK TIPABUIJIO, BUMAra€ BEJIMKNUX BUTPAT Ha CYMPOBIT
Ta MojaepHizaiiio. OO0’ €KTHO-OPIEHTOBAHUM MIAXiA, IO TPYHTYEThCA HA OCHOBI

00’ €KTIB EBHUX KJIACIB, 1110 OMUCYIOTh [IE€BHY 00JIACTh, ONMUCYIOTh IEBHY MOBEIIHKY
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(MeToau) Ta BOJOIIIOTH BJIACTUBOCTSAMHU (aTpuOyTaMH), OpIEHTOBAHI HA BaplaHTH
BUKOPUCTAHHS Ta MOKPOKOBUH Tpoiiec po3poOku [19].

Jlist movyatky poOIT HEOOX1THO CKIIACTH TEXHIYHE 3aBJaHHS Ha pO3pOOKY, sIKe
€ OCHOBHMM JIOKYMEHTOM, LI0 PErjaMeHTye NoAalblly poOOTYy, Ta MICTUTh
JOKJIAIHANA onuc HeoOX1AHUX (YHKIIA mporpamu, iHTepdenc, TeXHOIOrIi, 1HIIE.
BapricTh ckianaHHd TEXHIYHOTO 3aBJaHHS MepeBaxHO ckianae no 10% Bixg
MJIAHOBAHOT BapTOCTI PO3poOKu. POOOTY 31 CKIajaHHs TEXHIYHOTO 3aBIaHHS BEJeC
KEpIBHUK MPOEKTY Pa3oM 13 IPOrpaMicTaMM Ta KOHCYIbTYIOUHCH 13 3aMOBHHUKOM.

VYci nporpamicTH, 110 NPaLO0Th Y MITATI HNIAIPUEMCTBA-PO3POOHHKA MAIOTh
BCTAHOBJICHO TIEBHUH TTOCaA0BUH OKJaj. MicsuyHUN OKJIaJ, A€HHA 3apo0iTHA TUIaTa,
TPYIOMICTKICTb (JTHIB) 1 OCHOBHA 3ap00iTHA IIaTa KOKHOTO YYaCHHKA TEXIPOLECY

npeacTaBiaeHo y Tabnuili 4.1. Bci cymu HaBeieH1 B HaI[iOHAJIBHIM BaltOT1 — B TPUBHI.

Tabmums 4.1 — Po3paxyHKoOBa BapTICTh TEXHOJIOTTYHOTO MIPOIIECY PO3POOKHU

OO0’ €eKkTHO- owe VoI
Micsiaau Jlenna OpIEHTOBAHUM POTICAYP
. 3ap. .. MAX1T
ITocana W oKJIam, MAX1T
TpH. foiata, : Cyma . Cyma
TpH. JIH1B P, JIH1B IpH.
KepiBauk 13310 605 15 9075 16 9680
[Tporpamict 11990 545 21 11445 25 13625
EeCTyBaﬂ"H“ 9966 453 7 3171 71 3171
JonaTtkoBa 3ap. mata 20% 43 4738,2 48 5295,2
®onx ormaty mpariti 36,77% 8711,18 9735,23
Bceworo Butpar Ha 3ap. miary 32402,18 36211,23
BiiicekoBuii 36ip 1,5% 486,03 543,17
€anHnii coriaJIbHUNA BHECOK 3.6% 1166,48 1303,60
I1]1B, 15% 4860,33 5431,68
Bcenoro 38915,02 43489,68
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3rilHO0 BUMOI' Ta MPOPAXOBAHOI KIUIBKOCTI HEOOXIAHUX pECypciB Ha
BUKOHAHHS, PO3pOOKYy, TECTYBaHHS Ta JOCIITHUIILKY POOOTYy OyJIO OTpUMaHO
OCHOBHI YacOB1 paMKu poOOTH HaJa MPO€eKTOM. Tak ajig 00’ €KTHO-OPIEHTOBAHOTO
MIAX0y 3arajbHa TpuBaiicTh poOotu Haja [13 cranoButh 38 poboumx AHIB (i
poOOYUM THEM PO3YMIETHCS 8-MU TOAUHHUM POOOUMIl IeHb), 110 BKJIIOYAE POOOTY
nporpamicta, SIKMil, B CBOIO 4YEpry, SIBISEThCS 1 KEPIBHUKOM PO3POOKH, POOOTY
TECTyBaJbHUKAa Ta HAyKOBOTO ImpariBHuka. Cyma BUTpaT Ha 3apoOITHIO ILJIATy
CTaHOBUTH S51222,21 TpuBeHb BKJIIOYAOYM BCl BUIW JOJATKOBUX oriat. s
MPOLIEAYPHOTO MIAXOAY JO PO3POOKH CyMH Jenio OUIbII, aKe 3aTpavyaeThes
Outblie Yacy Ha po3poOKy. Tak, mpW BUKOPUCTAHHI MPOLEAYPHOTO MIAXOY
CyMapHa TPUBAJICTh 4acy pO3pOOKH CTAaHOBUTH 42 poOOUi JIH1, Ta BUTPATU Y BUTIISI
BUILIAT 3apOOITHOT TIaTH CTAaHOBIATH 54571,95 rpuBeHs.

Butpatu Ha HayKOBO-JOCHITHUIBKY pOOOTY Ta 3I1MCHEHHS pPO3pOOKHU
IpPOrpaMHUX TMPOAYKTIB 1 00’ €KTHO-OPIEHTOBAHHMM, 1 MPOILEAYPHHUM CIIOCOOOM
BKJIFOUAIOTh:

OcHoBHa 3apo0iTHa TUIaTa:

3locu 1= 23691 rpH; 3locu 2= 26476 rpH.
JlomaTtkoBa 3apo0iTHA rm1aTa 00UUCIIOETHCS K 31 1y00 = 0,2 - 311 sc, .
BlL001=0,2 - 23691 =4738,20 rpH;  3l40:2=0,2 - 26476 = 5295,20 rpH.
Hapaxysanns Ha gonn omnatu npai (OOII):
®Ollecs = 0,3677- D3I
®OIlecp; = 0,3677-28429,20 = 8711,18 rpH;
®OIlecp; = 0,3677- 31771,20 = 9735,23 TpH.
Bceworo Butpar:
Bsm = 311 + @Ollecpi + 3 yon = 38915,02 rpH;
Bsm = 311 + @Ollecpy + 300 = 43489,68 rpH.

3 miei cymu yTpUMYIOThCsI 00OB’SI3KOBI BiJIpaxyBaHHS Ha 3apoOiTHY TUIATY:

€IMHUMN COIIaTbHUN BHECOK, AKUHM cKilanae 3,6% BiJl CyMU HapaxoBaHOi 3apO0ITHOT

MJaTh Ta MOJATOK Ha Aoxoau (i3uyHMX oci0, sAkui ckmagae 15% Big cymu

61



HapaxoBaHOi 3apoOITHOI IJIaTH, 3MEHLIEHOI HAa CYMY €IMHOIO BHECKY Ha
3arajibHOOOOB’I3KOBE COIllaJIbHE CTPaXyBaHHS Ta MOJATKOBOI COIIAJIbHOI MLIbIH,
BilicbKOBU 301p y po3mipi 1,5%, Bix cymu HapaxyBaHb.

Jlo okpeMHuX BHUTpAaT TaKOX BIAHOCATHCS BHUTPATH HA KYIMOBaHI BUPOOHU
(MatepianbHe 3a0e3neyueHHs) Ta crel] 00JagHaHHs s MATPUMKUA €KCIIEPUMEHTY,
HaKJIaaHI BUTpaTu. ButpaTtn, mo OyayTh CYIpOBOJKYBaTH MPOEKT PO3POOKH,
MOPIBHIOBATUMEMO B JIBOX MOXKJIMBHUX ITIIX0/IaX PO3POOKH.

MarepiajibHi BUTpaTH BU3HAYAIOTHCSA SK JOOYTOK KUIBKOCTI BUTPAYCHHUX

MarepiajiB Ta ixX 1iHu (popmyna 4.1).
Msi=gqi - p:, 4.1)
7€ ¢; — KUTBbKICTh BUTPAUYCHOT0 MaTepiajiy i-ro BUY; p; — I[iHAa MaTepiany i-To
BUTTY.

MarepianbHi BUTPATH B paMKax MPOEKTY HaBeleH1 B Tabmuill 4.2. 3araibHa

CyMa MaTeplajJbHUX BUTPAT CTAHOBHUTH 1189 rpuBeHb.

Tabmums 4.2 — MarepianbHi BUTpATH

. KinpkicTh Hina : 3arajibHa cyma,

HaiimenyBanHs pecypcy OJTMHUIII,
, IT. T'pH
I'pH

Onemku 3 195,00 585,00
[Mamip ansa npyky A4, apk 500 0,166 83,00
Tonep s npuHTEpa 1 53,00 53,00
Jlomika ISl 3aIuciB 1 435,00 435,00
[lepmaneHTHUI MapKep 3 11,00 33,00
Bcroro 1189,00

Po3paxyHok BuTpaT Ha  €IEKTPOCHEPril0 OJWHHIN  OOJaJHAHHS

BH3HAYAIOThCA 32 (POPMYIIOIO:
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3, =WH*T*S§, 4.2)

ne W — HeoOXxigHa NOTYXHICTh, KBT; 7 — KUIBKICTh TOOUH pPOOOTH
oOnagHaHHs; S — BapTICTh KUIOBAT-TOAUHU eJeKTpoeHeprii, S = 2,50 rpu/kBT-roa.
351 =0.7 * 344 * 2.5 = 602 rpH;
352 =0.7 * 384 *2.5 =672 rpH;
Po3zpaxyHok cymu amopTu3alidiHUX BigpaxyBaHb. Komm’iorepu Ta
OpITeXHIKa HaJIeXaTh /10 YeTBEPTOI rpynu OCHOBHUX (oHAIB. JJis 1€l rpynu piuHa
HOpMa amoptuzalii gopiBHioe 60 %, Bapricth skux mnepesunrye 1000 rpH. i1

BU3HAYA€THCA .

Troq (4.3)

ne Cs—6anancosa BapTicTs o6nagHanHsd, rpH; Va4 — HOpMa aMopTH3AIIIHHNX

BiZipaxyBaHb B ik, %; e — pakTUuHUil yac poOOTH 06IaTHAHHS O HAMCAHHIO

pOrpaMH, To; L ror — piunuii poGounii poHK Yacy, To.

YV naniii Gopmyni HOpMa BimpaxyBaHb Ha amoprtu3awio piHa Na = 0,6.

BanancoBa BapTicTh 0OnajgHaHHsA BKazaHa B Tabmumi 4.3 i pisaa Cs = 22780

T

rpuBeHb. Piunuii pobounii ¢ona yacy npuitmemo 3a ‘oz = 2120 romuH. 3 HUX

peanbHuil QaKTHUHUI POOOUHil YaC CTAHOBUTH ! vk = 344 FOAMHY 3TiHO 06 €KTHO-

OpIEHTOBAHOTO MIAXOIY Ta T4y = 384 romuH 3rigHO MPOIIETYPHOTO MIAX0Y.

3rifHo BuUIlle3ragaHoi GOpMyld BUTPATH HA aMOPTHU3AIII0 CTAHOBIATH

1959,94 rpuBens Ta 2166,25 rpuBeHb IS KOXKHOTO MIIXOAY BIAMIOBIIHO.
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Tabmuis 4.3 — [epenik HeOOX1AHOTO 00JIaTHAHHS

HaiimenyBaHHs KIHE;EITCTB [ina, rpu Cyma, rpH
Kowmm’totep 2 9830,00 19660,00
[Tpuntep 1 3120,00 3120,00
Cepenosuina po3pooku 2| OE3KOITOBHO 0€3KOIITOBHO
Onepauiﬁ}}a creTeMa 2| OE3KOIITOBHO 0€3KOLITOBHO
(Ubuntu Linux)

Bceboro 6utbiie 1000 rpH. 22780,00
Beboro BuTpar Ha aMopTH3aIlio 1959,94 2166,25
Bceboro 24739,94 |  24946,25

Haxmanni BuTpatu moB’si3aHi 3 OOCIYyroBYBaHHSM  BHUPOOHHIITBA,
yTPUMaHHSAM amnapaTry YIpaBiiHHS Ta CTBOPEHHS HEOOXiTHUX YMOB IIpalll Ta
3aKyIIBIIIO peCypCiB Ta 00JaHaHHS 1J11 po3pOoOKH HaBeaeH1 B TaOmuili 4.3.

3aJIe’)KHO BiJl OpraHi3alifHO-PaBoOBOT (OPMHU AISITBHOCTI TOCIIOIAPIOI0YOTO
cy0’eKkTa, HAKJIAgHI BUTPATH MOXYTh ctaHoBUTH 20—60 % Big cCyMH OCHOBHOI Ta
JI0JTIATKOBO1 3apo0iTHOT utaTy mpaiiBHUKiB. Hexaii Bona Oyne nopiBHtoBatu 40%,
mo ctaHoBuTh 11371,68 rpH M1 00’ekTHO-OpieHTOBaHOTO 1 12708,48 TpH M1s
MPOLIETYPHOTO MIIX0Iy PO3POOKH.

[IpoBenemMo po3paxyHOK BapTOCTI CTBOPIOBAHOTO MPOTPAMHOTO MPOAYKTY.
Bapricte mpoaykiii Bkiodae y cobi cobiBapTicTh 1 IUTAaHOBaHW TPHOYTOK.
HaliBaxmuBimuM MOMEHTOM JIUIS PO3POOHHUKA, 3 CKOHOMIYHOT TOUKH 30PY, € IIPOIIEC
BCTaHOBJICHHS 1[1HHU.

MoxHa oTpUMaTH 3arajbHI 3HAYEHHS BUTPAT HA PO3pOOKY Ta pealizalliro
MPOEKTY, BpPaXOBYIOYH BC1 BHIIIE OMMCAHI 3aTpaTH Ta HapaxyBaHHA. Llei Bua BuTpar

CKJIaJIa€ThCS 3 CyM BHUTpAT Ha OIUIaTy mpaill (BChOrO BUTpaTH HA OIUIATY Mpaill),
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MatepiaibHi 3aTpaTH, 3aTPaTH Ha €JIEKTPOCHEPrit0, HAKIAIHI BUTPATH, BUTPATH Ha
oOnagHaHHs, BPaXOBYIOUYM aMOpTHU3allil 001alHAHHS Ha YaC BUKOHAHHS MPOEKTY.

Co061BapTiCTh MPOAYKIIIT — 1€ CyMa I'POIIOBUX BUTPAT HiAnpueMcTBa (hipMu)
Ha BUPOOHHUUTBO 1 30yT OJUHULI TPOIYKIIT, BAKOHAHHS POOIT Ta HaJJaHHS MOCIIYT.

[ToBHa co61BapTICTh MPOrPAMHOTO MPOAYKTY JOPIBHIOE CyM1 yCiX BUTpPAT HA
Horo BUpOOHULTBO: 76743,38 TpH BUKOPUCTOBYIOUM OO’ €KTHO-OpPIEHTOBAHUM
niaxia, 82916,71 rpH npu nporeaypHOMY MiIX0/1 PO3POOKH.

EdekTuBHICTS BUPOOHMIITBA — 1€ y3arajbHEHE 1 MOBHE BiJOOpa’KEHHs
KIHLIEBUX PE3yJbTaTiB BUKOPUCTAHHA POOOUOi CUiTH, 3ac001B Ta MPEAMETIB Mpalll Ha
HiANPUEMCTBI 32 IEBHUN MPOMIDKOK Hacy.

Exonomiuna edextuBnicth (E) mnonsirae y BIigHOIIEHHI pe3yibTaTy

BUPOOHMIITBA JIO 3aTPAYCHUX PECYPCIB:

Cs 4.4)

ne I1 — npubyrok, /1= B - Cé; Cé — cOOIBapPTICTh.

VY BuUnajaky gaHoi po3poOKH, MatOYu HEKOMEPIIMHUI TPOEKT O€3 EKOHOMIYHO
KOPUCHOTO pPE3yibTaTy, MOXHa TPOTHO3YBaTH, IO CEKOHOMIUYHA €(PEKTUBHICTH
npsimye 10 0 y o0ox Bumagkax. OnHaK 1€ HE € MPUYMHOIO i HETaTUBHOTO
€KOHOMIYHOTO BHCHOBKY IIOJI0 JTAHOTO TMPOEKTY, aJKE TAKOTO IUIaHy PO3POOKH
MPUHOCATh KOPHUCTh y BUIVISAI IHTEICKTYaIbHUX pPECypciB, 1, TMEPEBa)KHO,
(diHaHCYIOThCA a00 BUKOHYIOTHCS Ha 3aMOBJICHHS OpTaHi3alliid, 3allikaBICHHX B
OTPUMaHHI pe3yJbTaTIB JOCIIKEHb Ta po3poOoK. (DIHAHCYBaHHS HE MOXKHA
BBaXKaTH OTPMMAaHUM JIOXOJ0M BiJ peanizaiiii. OJHaK 3a HAAXOKEHHS KOIITIB Ha
peasizaiito 330BHI MOKHA BBakKaTH e(PeKTUBHICTH MpoekTy piBHOIO 1 (E = 1), mo
O3HAYa€ MEPEKPUTTS BUTPAT HA PO3POOKY y TOBHIH Mipi, TOOTO (hiHAHCYBaHHS.

SKio pUHKOBa BapTICTh MPOrPAMHOIO MNPOAYKTY pPiBHA MNPUNHATIN, TO

€KOHOMI1YHa €(peKTUBHICTh BU3HAYAETHCS BCTAHOBICHUM piBHEM NpuOyTKy. [lopsin
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13 €KOHOMIYHOIO €(EKTHUBHICTIO PO3PaXOBYIOTh TEPMIH OKYMHOCTI KaliTalbHUX

BKJIaJEHb (Tox):

E (4.5)

VY Hamomy BHUMNAAKy HOpsMOro npuOyTky He icHye. Ilpubyrox MmoxHa
IPOTHO3YBATH HA MIAMPUEMCTBAX, OpraHi3allisgX Y BiIOMCTBAX, IO 3alliKaBJICHI B
nociipkeHHl. OKYIHICTh ke aig po3podku gaHoro I[13 3a epekTUBHOCTI piBHIM
OJIMHUIII MOKHA BBaXKaTH TeX piBHIN 1 3rimHo hopmynu 4.4.

Buxonsun 13 ekcnmepTHHX OIIHOK 1 CKJIQJHOCTI Mporpamu, MPURMEMO
BEJIMYMHY BHUTpPAT Ha CYIPOBIJ 1 MOJIEPHI3allil0 MPOTpaMHOro 3abe3IleueHHs,
CTBOPEHOTro 3a 00’€KTHO-OopieHTOBaHUM MeroaoM 25% (19185,84 rpH) Bix
NOYAaTKOBUX BUTPAT, a 3a npouenypaum — 30% (24875,01 rpH).

OpHak BapTo 3ayBaXXWTH, 110 pO3pOOKa CHpsIMOBaHA Ha KOPOTKOTPHUBATY
HiATPUMKY Ta HE TIPOTHO3YE MOJIepHi3allii. Y pasi K HEOOXITHOCTI pO3pOOKH TAKOTO
K a0o cymixHoro II3 mokHa BBakaTW 3a JOLLUILHO PO3MOYMHATH PO3POOKY 3
MOYAaTKOBUX €TaIliB, 110 MOTATHE 32 COO0K HOB1 BUTPATH Yy MOBHiN Mipi. ToOTO ¥
paszi KOPOTKOTEPMIHOBOI MIATPUMKH BCE XK 3a JOIUIBHIIIIE OOMpaTH 00’ €KTHO-
OpIEHTOBaHY MO PO3pPOOKH, a/Ke BaPTICTh KOPOTKOTEPMIHOBOI MIATPUMKH
3TiIHO I1i€T MOIesI1 He BINTMHE 3HAYHO Ha CYKYITHY BapTICTh PO3POOKHU.

3maHa B eKCIUTyaTaIlilo CUCTEMa He 3aBXJM IIUIKOM 3aBepIleHa, ii Tpeda
3MIHIOBATH MPOTATOM TEPMiHY eKcIuryaTarlii. BHacmigok 3MiH cucteMa cTae OuThbI
CKJIQJHOIO 1 MoraHo KepoBaHOt0. 00’ €KTHO-OPIEHTOBAHE MPECTABICHHS MTPOrPAMHU
JI03BOJISIE HABITh CEPEIHBOMY MPOTPAMICTY HMIBUAKO 1 €PEKTUBHO CYIMPOBOKYBATH
1 MOJIEpHI3yBaTH MIPOTPAMH, 1110 3HAYHO CKOPOUYE MOMAIBIINI BUTPATH HA CYIIPOBI
1 mozepHi3arrito [20].

CymapHi 1maHl E€KOHOMIYHOTO PO3PaxyHKy pO3pPOOKH TaHOTO MPOEKTY

HaseieH1 B Tadnui 4.4.
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Tabnuus 4.4 — 3aranbHi BUTpATH

OO0’ eKTHO-OpiEHTOBaHUI

Bun Butpar HiAXiL, rpH [TpouenypHuii migXia, rpH
3apruiaTa OCHOBHA 23691,00 26476,00
3apruiaTa J04aTKOBa 4738,20 5295,20
®donj 3apoOITHOT MIIATH 28429,20 31771,20
[IponoBxenHs Tabnuui 4.4
Binpaxysanns na @OII 8711,18 9735,23
Pazom Ha omutaty nparii 38915,02 43489,68
MarepianbHi BUTpaTu 1189,00 1189,00
EnexTtpoenepris 602,00 672,00
AMopTu3aris 1959,94 2166,25
Haknanni BuTpatu 11371,68 12708,48
OO0magHauHA 22780,00 22780,00
Pa3om Ha 1H. BUTpatu 36390,84 37598,90
Co0iBapTicTh 76817,64 83005,41
[TpubyToK BIJICYTHIM B1JICYTHIM
Bapricth po3podaenoro I13 76817,64 83005,41
MogpepHi3alisi 1 CynpoBia 19204,41 24901,62
3arajgbpH1 BUTPATH HA pO3POOKY 96022,05 107907,03
Exonomin (3B1-3B3) 11884,99

3arajpHa BapTICTh MPONOHOBaHUX poOiT ctaHoBUTH 107907,03 rpuBeHs mmns
nporeaypuoro 1 96022,05 rpuBeHb I8 00’ €KTHO-OPIEHTOBAHOTO ITIJIXOJIB
po3poOku. B manomy Bumangky peanmizailii MpOEKTy BapTo BHOpaTH 00’ €KTHO
OpIEHTOBAHUH IMiAXi 111 po3poOku gaHoro [13, amke ¢hiHaHCOBO 1€ OLIBIT BUT1THO.
Takox y nmaniii MeTtoawii po3poOKH Kpalli YacoBi paMKH Ta MEPCIEKTHUBH
MIATPUMKH 1 MOAEpHi3alii. Y OIiHIII BapTOCTI MPOIYKTY BapTO BPaXxOBYBATH
MOXKJIMBICTh (DiIHAHCYBAHHS Ta CIIOHCOPYBAHHS MPOEKTY, MO JTO3BOJIUTH THYYKO Ta

e(heKTUBHO MIAINTH 10 pOo3pOOKHU Ta OpraHi3alii mpaiii.
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4. OXOPOHA ITPAIII TA BE3IEKA B HA/IBBUYAHHUX CUTYAIIAX

4.1 Oxopona npaui

Po3poOka mporpamMHy CHCTEMY MAIIMHHOTO TMEepeKIaay Ha OCHOBI
HEHpPOMEpEeKEBUX TEXHOIOTIN 3/11MCHIOBANIACh 3 BUKOPUCTAHHSIM BEKTOpa METPUKH
SIKOCT1 3 BUKOPUCTAHHSAM IMOPTATHBHUX MPUCTPOIB Ta MIEPCOHATBHUX KOMIT FOTEPIB.
BiamoBigHo, B XOJ1 BUKOHAHHS eKCIUTyaTalllii JOBEAEThCS MpaIfoBaTH 3
KOMIT IOTEPHOI0 TEXHIKOI0. ToMy HaJ3BUYaiiHO BaXIMBUM (HAKTOPOM OC3IEKH
npaili € JOTPUMaHHS MPaBUJ KOPUCTYBAHHS TEXHIKOI, HOPM Ta MPaBUJI OXOPOHH
npami. [loTpiOHO 3a0e3meYnTH KOPHCTyBauyaM MaKCUMalbHO KOMQOPTHI Ta
Oe3rmeyHi yMOBHU JUIsl 1X nepeOyBaHHS B MPHUMIIIEHHI Ta AKICHOTO, €()eKTUBHOTO
BUKOHAHHS ITOCTaBJICHUX 3aBJaHb.

st 3a0e3reyeHHsT HOPM OXOpPOHW Tpaiml Ta Oe3NeKd BUKOPUCTAHHS
IPOrPaMHOi CUCTEMHU KOPUCTYBaui MOBUHHI MPOXOJIUTH NEPBUHHUN THCTPYKTAXK 3
OXOPOHHM Mparli Ha PoOoYOMY MicCIli Ta OyTH MPOiH(OOPMOBAHMMHU IIOJIO TPABUII
KOPUCTYBaHHSI BIAMOBITHUX MPHIIAiB. B mogaibmioMy BOHH MPOXOISTh TOBTOPHI
THCTPYKTaX1 3 OXOPOHH Ipalli Ha poO0YOMY MiCIIi pa3 B MiBPIdUs.

BianoBigHo 10 BectaHoBieHUX caHiTapHo-TirieHi9HUX HOpM (ITOCT 12.1.005-
88, JICH 3.3.6.042-99) pernaMeHTYIOThCS BUMOTH JI0 IPUMIIIICHHS JJabopaTopii, 1e
KOPHUCTYBATUMYThCSI pO3POOTIOBAHOIO CHCTEMOIO:

JUist  BHYTPINIHBOTO  O3/00JICHHS  TPHUMIMIEHh 3  MEPCOHATBHUMHU
KOMII‘F0T€paMu CJIi1 OOMpaTH CBITI1 HEUTpalibHI KOIbopH CTiH. [lokputTs miamoru
Ta TIOBEPXHS Ma€ OyTH PiBHOIO, HECIM3BKOIO, 3 AHTHCTATUYHUMHU BIACTHBOCTSIMHU.
Ili ymMoBH 037100JIeHHS HEOOXIJHO BpPaxOBYBaTH, QK€ TPH PO3POOINl CHCTEMHU
MaIlIMHHOTO TIEPeKJIaly BUMAarae 3a0e3leyeHHs] MaKCHMaJIbHO KOM(OPTHOTO
cepenosuia. lle cipusiTume MakcuManbHii €HEKTUBHOCTI OTPUMAHHS PE3yIbTaTIB

TECTYBaHHS MallieHTa Ta poOOTH MpalliBHUKA JabopaTopii.
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OCHOBHUM HOPMAaTHBHHUM JOKYMEHTOM, III0 PETYIIIO€ 3a0€3MEUCHHS OXOPOHH
mpaii KOPUCTYBayiB KOMII IOTEpHOI TEeXHIKM € «JlepkaBHI caHITapHI HOPMH
eneKkTpoHHO-o0uucoBanbHux Mamue» JCaunlliH 3.3.2.007-98, «/lepkaBHi
caHiTapHl mpaBuja 1 HOpMHU. [IrieHIYHI BHMOTM J0 oOpraHizamii poOoTH 3
BI3yaJIbHUMHU TUCTIIIEHHUMHU TEPMIHATIAMU €JIEKTPOHHO- O0UMCIIIOBATIbHUX MAIIHH».
VY BupoOHHMUYMX NpuUMilIeHHSIX Ta Ha poOoumnx micisax 3 BT ta [IK matore OyTu
3a0e3MeueHl ONTUMAajbHI 3HAYEHHS MMapaMeTpiB MIKPOKIIMATY - TeMIlepaTypu
HOBITPsI, BIAHOCHOI BOJIOTOCTI, IIBUJKOCTI pyXy NOBITps. [IJisi HbOTO MPUMIIIECHHS,
B SIKMX pPO3TalllOBaHI KOMII'IOTEpU30BaH1 poOoYil MICIsl MOBUHHI OyTH 00JiagHaH1
CHUCTeMaMHU ONaJICHHS, KOHAWIIIOHYBaHHSI, SIKIi aBTOMAaTHYHO MiATPUMYIOTH 3a/1aHi
napaMmeTpy MIKpOKJIIMATY.

[loTpiOHO CTBOPUTH CHPUATIAMBI YMOBH I 30pOBOi poboTH, siKi O
MIHIMI3yBaJIM BTOMY O4Y€i, BUHUKHEHHS MpodeCciiHUX 3aXBOPIOBaHb Ta CIPHUSIIH
MiABUIICHHIO TPOJYKTHUBHOCTI Tparli. ToMy OCBITJIEHHS TOBHHHE BIiJIIOBIIATH
BumoraM JIBH B.2.5-28:2018 «IIpupomne i mTydHe OCBiTIEHHs». OCHOBHOIO
BUMOT'OI0 € HEOOXITHICTh CTBOpPEHHsS Ha poOOYill TMOBEPXHI OCBITIICHOCTI, IO
BIJIMIOBIA€ XapaKTepy 30POBOi pOOOTH 1 3HAXOUTHCS B MEXKAX BCTAHOBJICHUX HOPM.
OcBiTIIcHHS Y TpUMIIIeHHI Mae OyTH cywimieHuM. Binrak, Hemocraya JICHHOTO
IIPUPOTHOTO OCBITJICHHS! KOMIIEHCYETHCSI HEOOX1THOO SISl IPUMIIIIEHHS KUTbKICTIO
IITYYHOTO OCBITVICHHS. SIK JKepenao IITYYHOrO OCBITJICHHS B NMPUMIIICHHAX, JIC
BCTAHOBJICHO KOMIT IOTEPHY TEXHIKY, 0a)kKaHO BUKOPHUCTOBYBATH JTIOMIHECIICHTHI
nammi. OCBITJIICHICTh poO0YOTro MiCIlsl Y TOPH3OHTAJBbHIN TJIONKMHI HA BUCOTI 0,8 M
BiJl piBHA mimjoryd nmoBuHHA Oytu He MeHme 400 nk. g 3axucTy Big MpsSMUX
COHSIYHUX MPOMEHIB MOBUHHI OyTH TepeadaueHi COHIIE3aXUCHI TPUCTPOT, KaTI031,
HITOPH.

[Ipu po3poOii mporpaMHOTO TPOAYKTY Ta B XOJ1 WOTr0 eKCruryaTarlii
KOPHUCTYIOThCSL JIHIAMH eJeKTpoMmepex. J[ns moOymoBu cuctemMu moTpiOHO
BUKOPHUCTOBYBaTH JIMIIE SIKICHI Ta cepTU]IKOBaHI MPUCTPOi Ta 3acooOm.

[lepconanpHi KOMIT'IOTEpPH 1 nepudepiiiHi NPUCTPOi MOBUHHI MIAKIIOYATHUCS 10
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€JEKTPOMEPEX1 TUIBKA 3a JOMOMOTOI0 CHpPAaBHUX IITENCEIbHUX 3’€IHAHb 1
€JIEKTPOPO3ETOK 3aBOACHKOIO BUTOTOBIIEHHS. B HUX, OKpIM KOHTaKTIB ()a30BOT0 Ta
HYJILOBOTO POOOYOro MPOBIIHHUKIB, MAlOTh OyTH cHellaJbHI KOHTAKTHU IS
MIAKIIOYEHHS! HYJIOBOIO 3aXHWCHOTO MPOBIJHUKA. YCl €NEKTPONPUIAIN, 3TTHO 3
JHAOII 0.00-1.21-98, noBuHHI OyTHM 3a3eMJIEHHI 3a JOMOMOrOI0 HYJIHOBOIO
3aXMCHOT'O MTPOBITHUKA.

3azeMiIeH1 KOHCTPYKIi, 1[0 3HAXOASATHCSA B MPUMIIICHHSX, J€ PO3MIIIEH]
poboui Micis (Oarapei omajgeHHs, BOJOIMPOBIAHI TpyOu, Kabemi 13 3a3eMJICHUM
BIIKPUTUM E€KPAaHOM), MalOTh OyTH HaJIHHO 3aXMILEH] JICICKTPUUHUMH IIUTKAMHU
a00 CITKaMH 3 METOI0 HEJOMYIICHHS MOTPAIUBTHHS NpalliBHUKA Imia Hanpyry. [lig
yac MOHTaXy Ta eKCIUTyarTamii JIHIH eJeKTpoMepeki HeOoOXITHO TMOBHICTIO
YHEMOJKJIMBUTH BUHHUKHCHHS CIICKTPUYHOTO JDKepesa 3aropsHHS BHACIIIOK
KOPOTKOTO 3aMHUKaHHS Ta MEpPeBaHTAKEHHS MPOBOJIIB, OOMEKYBATH 3aCTOCYBAHHS
IIPOBO/IIB 3 JIETKO3aHMHUCTOIO 130JIA1II€10.

[TpumimeHHss MalOTh OYyTH OCHAIEH! CHCTEMOI0 aBTOMATUYHOI MOXKEXKHOI
curHaiizarii 1 BOrHEraCHUKAaMH BIAMOBIAHO 10 BHMMOI YWHHOI'O 3aKOHOJAaBCTBA
VYkpaiau. [Ipoxoan m0 3aco0iB MOXKEKOTACIHHS MarOTh OYTH BUIBHMMH. 3TiTHO
TEXHIKM TIOKEKHOI Oe3MeKH MPUCTPOI MOBUHHI PO3TAIIOBYBATHCS HE OJIMDKUE
OJIHOT'O METpa BiJT JKepen Teria. TakoK Ha HUX He MOBUHHI MaJIaTH MPSMI COHSIYH1
IPOMEHI, 00 BHKIIOUWTH MOJKJIUBICTH MEPErpiBy KOMIIOHEHTIB Ta BOYIOBaHUX
aKyMYyJIATOPIB.

KopuctyBaui mporpamMHOi cHCTeMH MAIIMHHOTO TIEPEKIaay Ha OCHOBI
HEHPOMEPEKEBUX TEXHOJIOTIN 3 BUKOPUCTAHHSIM BEKTOpPA METPUKHU SIKOCT1 MOBUHHI1
JOTPUMYBATUCS TPABUJ Ta HOPM TOBEAIHKA 3 KOMII IOTEPHOIO TEXHIKOIO Ta
MOPTATUBHUMH TIPUCTPOSIMH. Y pa3l BUHUKHEHHS CHUTYaIli, fKI Cylepedarh
HOpPMaM OXOpPOHH TIpaIi Ta MOXYTh OyTH NMPUYMHOIO HETATHBHUX HACTIIKIB YU
3aBJAaTH IIKOJW, MOTPIOHO NPUIUHUTH BUKOHAHHS JIaTHOCTUYHOTO TECTy Ta
MOBIIOMUTH KEpiBHUKA POOOTH 4M 0COO0y, IO BIJINOBIJIa€ 32 OXOPOHY IMpalll B

naboparopii, Ipo MOPYIICHHS Ta TPOOJIEMH.
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ITin yac po3poOku, TECTyBaHHS Ta BIPOBAKEHHS CHUCTEMU MAIIMHHOIO
nepexiaay Oyiau TOTpUMaHi BCl BAMOTH, HOPMH Ta JEPKaBHI CTAHAAPTH 3 OXOPOHHU

Tpari.

4.2 Enexkrpo0e3neka KOPUCTYBaviB MEPCOHAJIBHOI0 KOMII’I0Tepa

CydacHUil KOMII'IOTE€p € €JIEKTPOTEXHIYHUM MPUCTPOEM 3arajibHOTO
KOPHMCTYBaHHSI, HE € 3aCO00M MiABUIICHOT HEOE3MEKH, & PEMOHT HOT0 BHYTPIIIHHOTO
€JIEKTPOHHOTO O0JaJIHAHHS MOXJIMBUHN TUIBKH Y CEPBICHUX LEHTpaxX 3a HAasABHOCTI

CIIEIaJIbHOTO O0JIaJHAHHS.

Bumoru enekTpoOe3nekud y NPUMIIICHHSAX, J€ BCTAaHOBJICHI CJIIEKTPOHHO-
0o0YHCITIOBAIBHI MAILIMHU 1 IepcOHabHI KoMmm'totepu (gani — EOM) BimoOpaxeHi
y JTHAOII 0.00-1.31-99. BianoBigHo 10 11bOT0 HOPMATUBHOTO JTOKYMEHTY ITi/T 4ac
IPOEKTYBAaHHSI CUCTEM €JIEKTPOIOCTauYaHH, MOHTaXY OCHOBHOT'O
€JIeKTPOOOIaHAHHS Ta EJIEKTPUYHOTO OCBITICHHS OY/iBEJIb Ta MPUMIIICHb IS
EOM Heo0x11HO 10TpUuMyBaTHCh BUMOT [IpaBuil BIamTyBaHHs €IEKTPOYCTAHOBOK
(IIBE), TOCT 12.1.006-84, TOCT 12.1.019-79, TOCT 12.1.030-81, T'OCT
12.1.045-84, IITE, TIBE, BCH 59-88 "DnekTpooOOpyIOBaHUEKUIBIX U
obmectBeHHbIX 3aaHuil. Hopmeimpoektupoanus', CH 357-77 "UHCTpyKIus 10
MPOEKTHUPOBAHUIO CUJIOBOT'O
OCBETUTEIbHOI0000PY10BaHUATTPOMUIILICHHBIXTIpEApusATUil", ITpaBun noxexHoi
Oe3rneku B YKpaiHi Ta iHIIMX HOPMATUBHUX JIOKYMEHTIB, IO CTOCYIOTHCS IITYYHOTO
OCBITJICHHSI 1 €IEKTPOTEXHIYHUX IIPUCTPOIB, @ TAKOK BUMOT HOPMATHUBHO-TEXHIYHO1

EKCILTyaTaIiifHOl TOKyMEHTAIIli 3aBOTy-BUPOOHHUKA.

[TpumimenHss 13 poOOYMMH MICISIMH KOPHCTYBadiB KOMII FOTEPIB IS
3a0e3MedeHHsI eIeKTPOoOe3NneKkn 00MaHAHHS, a TAKOXK JUIsl 3aXUCTY Bill YpasKCHHSI
€JIEKTPUYHUM CTPYMOM camux KopuctyBauiB [IK moBuHHI MaTu 10CTAaTHI TEXHIYHI

3aCc00M 3aXHCTY.
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Ilin yac MOHTaxXy Ta eKCIUlyaTalii JIHIA eJeKTpoMepexi HEOO0X1IHO
MOBHICTIO YHEMOXJIMBUTH BHHHUKHEHHS €JIEKTPUYHOTO JKepena 3aropsHHs
BHACJIJOK KOPOTKOTO 3aMUKaHHS Ta NEPEBAaHTAXEHHS MPOBOAIB, OOMEXKYyBaTH
3aCTOCYBaHHS MPOBOIIB 3 JIETKO3AaUMUCTOO 130JISIIIIEI0 1, 32 MOMIIMBOCTI, MIEPEUTH

Ha HEroprovy 130JIA1i10.

Jlinis enextpoMepexi A xusiienHs EOM, nepudepiiinux npuctpois EOM
Ta YCTaTKyBaHHSA [l OOCIyrOBYBaHHS, PEMOHTY Ta HamaromxkeHHs EOM
BUKOHYETBCS SIK OKpeMa IpyloBa TPUIIPOBIHA Mepexka, HUISIXOM MPOKIaJIaHHS
(a30BOroO, HYJIHOBOIO POOOYOro Ta HYJILOBOI'O 3aXMCHOI0 MpoBIAHUKIB. HynboBuii
3aXMCHUW  TPOBIAHUK BUKOPUCTOBYETHCA  JJIs  3a3eMJICHHS  (3aHYJICHHS)
EJIEKTPONPUIIMAYIB 1 MPOKIIAIAE€THCSA Bl CTIMKM TPYHOBOrO PO3MOAUIHUOTO LIUTA,

pOSHOIIiHB‘IOI‘O ITYHKTY A0 PO3CTOK KUBJICHHA

BukopurcranHsS HYJIbOBOTO poOOYOTO MPOBIIHHUKA SK HYJIHOBOTO 3aXHUCHOTO
NpoBiAHUKA 3a00poHsEThcs. HymbOBHI 3aXUCHWA TPOBIA MPOKIATAETHCA Bij
CTIHKM TPYIMOBOTO PO3MOAUIBYOTO IIHTA, PO3MOAUIEYOrO ITYHKTY JO PO3ETOK
kuBIeHHs. He nomyckaeThcs MIAKITIOYEHHS HA IMUTI O OJHOTO KOHTaKTHOTO
3aTHCKaya HYJbOBOT'O POOOYOro Ta HYJIHLOBOI'O 3aXHCHOIO MpOBIAHUKIB. [lmomia
nepepizy HyJIbOBOTO poOOYOro Ta HYJIBOBOI'O 3aXHMCHOT'O IPOBIJHUKA B TPYHOBIM
TPUNPOBIAHIA Mepexxi MOBMHHA OyTH HE MEHIIE TIUIONI mepepidy (¢a3oBOTo

IIPOBiTHUKA.

VYci npoBiIHUKY TOBUHHI BiMOBIaTH HOMIHAJILHUM IapaMeTpaM MEpEexki Ta
HABAaHTAXXEHHS, YMOBaM HAaBKOJHUIIHHOTO CEPEOBHUINA, YMOBAM PO3MOJALTY
MPOBIIHUKIB, TEMIIEPATYPHOMY PEKUMYy Ta THUIAM amapaTypy 3aXHCTy, BUMOTaM

[IpaBun HanamTyBaHHA €JIEKTPOYCTAHOB.

VY nmpuminieHHi, e OAHOYACHO €KCILTYyaTyeThCsl 200 00CTYyrOBY€eThCS OUTbIIE
'ty nepcoHanbHX EOM, Ha MOMITHOMY Ta JIOCTYITHOMY MiCIIi BCTAHOBITIOETHCS
aBapiiHMIl pe3epBHUII BUMHUKAY, SKUW MOXKE MOBHICTIO BUMKHYTU €JIEKTPUYHE

YKUBJICHHS IPUMIIIEHHS, KPIM OCBITJICHHS.
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EOM, nepudepiiini npuctpoi EOM Ta ycTaTkyBaHHS il 00CITyrOBYBaHHS,
peMoHTy Ta HanmarojykeHHs EOM DNOBUHHI NIAKIIOYATUCS A0 EIEKTPOMEpEexKI
TUIBKM 3 JOMIOMOIOI0 CHPAaBHUX IITENCEIbHUX 3'€HAHb 1 EJIEKTPOPO3ETOK
3aBOJICbKOr0 BUTOTOBJEHHS. lllTerncenpHi 3'€IHAHHS Ta EJIEKTPOPO3ETKH KpIM
KOHTAakTiB (a30oBOro Ta HYJIbOBOI'O pPOOOYOro MPOBIAHUKIB MOBUHHI MAaTH
cremiasibHl KOHTAaKTH JUIsl TIAKIIOYEHHS HYJIbOBOTO 3aXHWCHOTO MPOBITHUKA.
Koncerpykiiss ix mae OyTH Takow, 100 MNpUEAHAHHS HYJILOBOTO 3aXHCHOIO
NOpOBIJIHMKA BIAOYBaJNOCS paHillle HDK MNpUEAHAHHS (Aa30BOr0 Ta HYJIHOBOTO
pobGouoro mnpoBigHUKIB. [lopsimok poz'enHaHHA TpU BIAKIIOYEHHI Mae OyTH
3BOpOTHUM. HeoOX1THO YHEMOXKIIMBUTH 3'€THAHHS KOHTAKTIB ()a30BUX MMPOBITHHUKIB

3 KOHTAKTaMH1 HYJIBOBOI'O 3aXUCHOTI'O HpOBi)IHI/IKa.

Henpunycrumum e minxnrouenass EOM, nepudepiitnux npuctpoiB EOM Tta
yCTaTKyBaHHS JUisi OOCIYroBYBaHHS, PEMOHTY Ta HanaromkeHHs EOM o
3BMYANiHOI JIBOIPOBIJHOI €JIEKTPOMEPEXi, B TOMY YHUCII — 3 BUKOPHUCTAHHSIM

NEePEXITHUX MPUCTPOIB.

EnexTpoMepexi mTencenbHuX 3'€lHaHb Ta €JIEKTPOPO3ETOK IS KUBJICHHS
EOM, nepudepiitHux NpUCTPOiB CIil BUKOHYBAaTH 32 MariCTpaJibHOIO CXEMOI0, TT0
3...6 3’eqHaHp a00 €JIEKTPOPO3eTOK B oaHOMYy Koui. IlltercenpHi 3'enHaHHSA Ta
eneKTpopo3eTku g Hampyrd 12 B ta 36 B 3a cBO€t0 KOHCTPYKIIIE€IO MOBHHHI
BIJIPI3HATHCS BiJl IITETICENIbHUX 3'€THaHb 1711 Hanpyru 127 B ta 220 B 1 matoTs OyTH
nodapboBaHi B KOJIp, SKUH Bi3yaJIbHO 3HAYHO BIIPI3HIETHCS BiJl KOJIBOPY

LITENCENbHUX 3'€IHAHb, PO3pax0oBaHUX HA Hanpyry 127 B ta 220 B.

[HnuBinyanpHI Ta TPYMOBI INTENCENbHI 3'€MHAHHS Ta EJIEKTPOPO3ETKU
HEOOXITHO MOHTYBAaTH Ha HETOpHOYMX ab0 BaXKKOTOPIOUMX IUIACTHHAX 3
ypaxyBaHHsSM BuUMoOr [lpaBun HamamTyBaHHS eJeKkTpoycTaHoB Ta [IpaBun

MO’KEKHOT Oe3Mekn B YKpaiHi.

Enexrpomepexy mrenceiabHux po3eTok s kuBieHHs: EOM, nepudepiitHux

npuctpoiB EOM npu po3rainyBaHH] iX y3/10BXK CTIH NPUMIIIEHHS MPOKIIAJAI0Th MO
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171031 TOPAJ 31 CTIHAMY MPUMILIEHHS, SIK IPAaBUJIO, B METAJIEBUX TPYOax 1 THYUKUX
METaJeBUX pyKaBax 3 BIABOJAMH BIJNOBIAHO [0 3aTBEPIKEHOTO IUIAHY

po3MilIeHHs 00J1aJHAHHS Ta TEXHIYHUX XapaKTePUCTUK 00JIaTHAHHS.

[Ipu po3rairyBaHHI B IPUMIILIEHH] 32 HOTO IEPUMETPOM JI0 5 MEPCOHATBHUX
EOM, BHKOpHUCTaHHI TPHUIPOBIIHUKOBOI'O 3aXMIIEHOrO MpoBOAY abo Kabeno B
OOOJIOHIII 3 HEropwoyoro ado BaXKKOTOPIOUOTO MaTepialy JJA03BOJISETHCS

NpOKJIaJaHHs ix 0e3 MeTalleBUX TPYO Ta THYYKHUX METAJIEBUX PYKaBiB.

Enextpomepexy 1mtenceinbHuX po3eTok i kuBiaeHHs EOM  mnpu
po3TallyBaHHi iX y EHTP1 MPUMIIICHHS, TPOKIaAal0Th Y KaHajlax abo i 3HIMHOIO
IiIJIOTOI0 B METaJIeBUX TpyOax ab0 THyYKUX MeTajieBUX pykaBax. [Ipu mpomy He
JI03BOJISIETHCS 3ACTOCOBYBATH MPOBIJ 1 KaOemb B 13011111 3 ByJIKaHI30BaHOi T'YMHU Ta
HIII MaTepianu, M0 MICTATh CipKy. Bigkpura npokiaaka KaOemiB MiJ MiAJ0rok0
3a00poHseThCA. MetaneBl TpyOM Ta THY4YKI MeTajeBl pyKaBU MOBUHHI OyTH

3a3eMiieH]. 3a3eMiIeHHs MOBUHHO Bignosigatu sumoram HITAOIT 40.1-1.21-98.

JUIsT TMiOKITIOYEHHST TIEPEHOCHOT eJIeKTpoanapaTypd 3aCTOCOBYIOTh THYYKI
IpPOBOJIM B HaAiWHIA 130is1ii. TUMUacoBa €JIEeKTPONPOBOJKA Bl TMEPEHOCHUX
NpWIAAiB 10 JOKEPEN JKUBJICHHS BHKOHYETHCS HAWKOPOTIIMM MUISXOM 0e€3
3aIUTYTYBaHHS MPOBOJIIB Y KOHCTPYKIIISAX MAaIlIMH, IPHIAIIB Ta MeOisax. JlorouyBaTu
IIPOBOAM MOXKHA TUIBKH IILISXOM TasHHS 3 HACTYITHUM CTapaHHUM I30JIFOBAaHHSM

MICIIb 3'€ JTHAHHS.

MeraneBi TpyOu Ta THYYKI MeETalieBi pyKaBU TMOBWUHHI OYyTH 3a3€MIICHI.
3azemieHHs moBHHHO BignoBigatu Bumoram JIHAOII 0.00-1.21-98 "TIpaBuna
0e3MmeyHoi eKCIITyaTaIlii eeKTPOYCTAHOBOK CIIOKHUBAYIB". 3a3eMiIeHI KOHCTPYKIIIi,
10 3HAXOJATHCS Y IPUMIIIeHHX (OaTepei onaneHHs, BOMOMPOBIIHI TpyOH, Kabei
13 3a3eMJICHUM BIJKPUTUM €KpPaHOM TOIIO), MAOTh OyTH HAMIMHO 3aXHIINEHI

TiEICKTPUYHUMH IIMUTKaM# a00 CITKaMU Bij BUITAIKOBOTO JIOTHKY.

KoncTpykilist 3HIMHOT N1JI0TH TOBUHHA OYyTH Takolo0, 100 3a0e31euyBalncCh:
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BUIbHUM TOCTYI, A0 KaOEIbHUX KOMYHIKAI[IN 1]l 4ac 00CITyrOBYBaHHS;
CTIMKICTB O TOPU3OHTAIBHUX 3yCHUJIb MPU YACTKOBO 3HATHUX ILJIUTAX;
BUPIBHIOBAHHS TMOBEPXHI MUIJIOTH 3a JOMOMOTOI PEryJIIOBaIbHUX
OTIOPHUX €JIEMEHTIB,;

B3a€MO3aMIHIOBAHICTh IIJIUT.

€ HenpUIyCTUMUMU:

eKCIuTyaTallisi kabeyiB Ta MPOBOJIB 3 MOIIKOKEHOK ab0 Takolo, IO
BTpaTWja 3aXWCHI BJIACTUBOCTI 3a Yac eKCIUTyaTallii, 130JIII€10;
3UIMIIICHHS TIiJ] HANpyrow KaOeaiB Ta MPOBOJIIB 3 HEI30JbOBAHUMU
POBIIHUKAMU;

3aCTOCYBaHHSI CaMOpPOOHHMX TMPOJOBXKYBadiB, $KI HE BiJANOBIIAIOTH
BuMmoram [IBE 110 nepeHOCHUX eeKTponpoOBOIOK;

3aCTOCYBaHHSI  JJii  OMaJieHHd  OPUMIMIEHHS  HECTaHJapTHOTO
(caMmOpoOHOTO)  €JNeKTPOHArpiBaILHOTO  OONajHaHHA  abo  Jlamm
PO3KAPIOBAHHS;

KOPHCTYBAaHHSI TIOIIKO/DKEHUMHU PpO3ETKaMH, pPO3TalyKyBaJlbHUMU Ta
3’€IHyBaJIbHUMHU KOPOOKaMH, BAMHKauYaMH Ta 1HIIUMH €JICKTPOBUPOOAMH,
a TaKOXX JITaMIIaMH, CKJIO SIKUX Ma€ CIAU 3aTeMHEHHS a00 BUTTMHAHHS;
MiABIITYBaHHS CBITWJIBHUKIB 0O€3MOCepeHhO0 HA CTPYMOIPOBITHUX
IPOBOAX, OOTOPTAHHS €JIEKTPOJIAMII 1 CBITHIIBHHUKIB MArepoM, TKAHUHOIO
Ta IHIIMMHA TOPIOYMMHU MaTepialiaMu, eKCIUTyaTaris iX 31 3HITHMU
KOBITaKaMH (pO3CiroBa4amMm);

BUKOPUCTAHHS €JEKTpoamapaTypu Ta TNpuUiagiB B yMOBax, M0 He
BIJIIOBIAIOTH BKa31BKaM (peKoMeHIaIisIM ) iITPUEMCTB-

BUT'OTOBJIFOBAYIB.
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3axonM 1IOJI0 YCYHEHHS HEOE3NEKU YpaKEHHS EJNEKTPUYHUM CTPYMOM
3BOJSITHCS 10 TIPABUIBHOTO PO3MIIICHHS YCTaTKyBaHHs Ta €JIEKTPUYHUX KaOemiB.
[Hm1 3axonu 100 3a0€3MEeUeHHs eNEeKTpoOe3neKku, 30IraloThCsi 3 3arajlbHUMHU

3axoJaMU IT0KECXKO- Ta GHGKTpO6e3HCKI/I.

B saxocti npoduiakTHYHUX 3aXOAIB Ui 3a0€3MeUeHHs] MOKEXKHO1 Oe3neKu
CIJI BHUKOPHUCTOBYBATM  CKPUTY  €JIEKTPOMEPEXY, HaIliiHI  PO3ETKU 3
NOXeX00e3NMeYHNX MartepiajiiB, CHUJIOBI MeEpexXi JKUBJICHHS YCTaTKyBaHHS
BUKOHYBaTH KaOEIsiMU, PO3paxXOBaHUMHU Ha MAKIIOYEHHS B 3-5 pa3iB OUIbLIOrO
HABaHTAXXEHHS, BKJIIOYATH W BUKIIOYATH KUBJICHHS OOJaJHAHHS 3a JTIOIIOMOIOIO
IMITATHUX BUMHUKadiB. Tpeda peryiasipHo poOUTH OUYMCTKY BHYTPIIIHIX YaCTHH
KOMIT'IOTEpPIB, 1HIIOIO YCTATKYBAaHHsS BiJl MUY, PO3TAlIOBYBATH KOMII'IOTEpU Ha
OKpPEMHX HECMaJIIOBaHMX cTojiax. J[ns 3amoOiraHHs iCKpiHHS HEOOXI1THO piamie

BCTPOMIIATH 1 BUMMATH IITEICEJIbH1 BUIKH 3 PO3CTOK.
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BUCHOBKH

B numnomHii poboTi marictpa Oyno po3poOJieHO CUCTEMY MAIlMHHOTO
MepeKyIaay Ha OCHOBI HEHPOMEpEKEBUX TEXHOJOTIM 3 BUKOPUCTAHHSIM BEKTOpa

METPHUK AKOCTL. Byno po3risiHyTo npobsieMy pi3HUX BUAIB MAIIMHHOTO HaBYaHHS.

BukopuctaHHs MalIMHHOTO TIEpeKiaay BaKIUBIIIE, HDK MH MOXKEMO
noaymMatd. MOKHa CTBEP/KYBATH, 10 PECypCH, JOCTYIHI IS TIepeKiagada yepes
iHopMaIliitHl TeXHOJIOr1i, nependayatoTh 3MIHY B3a€MO3B'sI3KY MIXK NepekiiagaueM
i TekcroMmM, TOOTO HOBHH cmoci®6 mepexnany. OmHAK € PO3BUTOK HOBUX
MOKJIMBOCTEH, 110 TIPU3BOJIUTH JI0 TOTO, I[00 MU BKa3aJId Ha PsIJl ICTOTHUX aCIEKTiB
cUTyaIlii, mo ckianacs. Ilepeknaa 3a JOMOMOTO0 KOMII F0Tepa, 0€3yMOBHO, HE Te
came, 10 TPaIOBaTH BUKIIOYHO HA MATIEpi Ta 3 MarepoOBUMHU BUPOOAMH, TAKUMHU SIK
3BHYAiHI CJIOBHHMKH, TOMY IO KOMIT IOT€pPHI IHCTPYMEHTH 3a0e3MeuyloTh Ham
CTaBJIEHHS JI0 TEKCTY, sike Habarato rHydkiiie, HiX YHUCTO JiHIHHE ynTaHHA. Kpim
Toro, IHTEepHET 3 HOro yHIBEpCAIbHUM JOCTYIOM N0 iH(opMalii Ta MHUTTEBUM
CIUIKYBaHHSM MK KOPUCTYBa4aMH CTBOPHB (pi3nuHy Ta reorpadgiuay cBoOOIY JJs

nepeksaaayiB, ki OyJu HEMHUCIHMI B MUHYJIOMY.

[lepeknamauamM TOTPIOHO TPUUHIATH HOBI TEXHOJOT1I Ta HABUUTHCS
BUKOPHUCTOBYBATH iX 3 MaKCUMaJbHUM ITOTEHIIAJIOM SK 3aci0 I MiABUIICHHS
IIPOJIYKTUBHOCTI Ta MABUIIICHHS SIKOCTI. SIK MM BXKe 3ralyBaJid, ICHYIOTh IPOOIeMHU
HEOIHO3HAYHOCTI Ipu poboTi 3 MT, 1 mi mpobiaeMu TakoX € CITUTBHUMU JUIs Hac.

SIckpaBUM MIPUKIIAAOM MOXYTh OYTH MEPEKIIaIN 3 ICIIAHCHKOT HA 0ACKCHKY.

VY naniii mporpamHiit cuctemi Oynu po3poOsIeHi 1Bl TEXHOJIOT1] MAaIlTMHHOTO
HaBuaHHA. KoprcTyBad Mo)ke HAOYHO TOPIBHATH I1i IBI TEXHOJIOT11, a00 100aBUTH
IHIIWI JaTaceT MEBHOTO PO3IIMPEHHS Ta GOpMAaTyBaHHS ISl MEPEKIaay IHIIUMH
MOBaMH, a 3a]1 TOTIOMOTOI0 METPUKH SKOCTI OyJI0 MOPIBHSIHO PE3yabTaTH IIUX JBOX

CHCTEM Ha TOYHICTH Ta AKICTh NEepeKIaay.
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B xoa1 po3poOku AUIIIOMHOT poOOTH MaricTpa Oyiau OTpUMaH1 pe3yJbTaTu,
AK1 TTOKa3yl0Th, 110 BUKOPUCTAHHS MAUIMHHOTO MEPEKIaay Ha OCHOBI TEXHOJIOT1i
noBroi kopotkorpuBanoi nam’sati (LSTM) noxa3zye kpamii pe3ynbTaTH HIK

pekypeHTHa HeiipoHHa mepeska (RNN).

Po3po6nena iHndopmaiiiiina cucrema MICTUTH B co01 BCl HEOOX1mHI
(YHKIIOHAJIbHI MOXJIMBOCTI ISl BIPOBAIKEHHS MOro B IMPOrpaMHi CUCTEMHU, 1€
HEOOX1ZITHO BHUKOPUCTOBYBAaTH TEPEKIaand, a00 BHUKOPUCTOBYIOTHCS TEKCTU 3
JeKUIbKOMa MOBaMH Ta iX o0poOka. Tak sik 1151 cucTeMa Ja€ XOpollli pe3yJsbTaTH,
TOMY TaKUM 4YHHOM, po3poOijieHa iHpopMaliiHa cHCTeMa JAOBOJUTH CBOIO

KUTTE3AATHICTD, €PEKTUBHICTH 1 HEOOXIIHICTH 11 BOPOBAIKEHHS.
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1 NIJICTABM 10 PO3POBKH

Po3poOka npoBoAUTHCS y BIAMOBIAHOCTI A0 IpadiKy HaBUAIBHOIO IUIAHY HA
2019 pik, Ta 3rigHO HaKa3y HA BUKOHAHHS JUIUIOMHOI pOOOTH CTYJE€HTa-MaricTpa.
Tema mpoekty: «Po3poOka cucTeMH MAIIMHHOTO MEpEeKagy Ha OCHOBI

HEHPOMEPEKEBUX TEXHOTOJI1M 3 BUKOPUCTAHHIM BEKTOPA METPUK SKOCTL».

2 IPUBHAYEHHSA PO3POBKH

JluruioMHa poOoTa MpHUCBSYEHA CTBOPEHHIO MPOrPAMHOI  CHUCTEMH
MAaIIMHHOTO MEepeKIIay Ha OCHOBI HEHPOMEPEKEBUX TEXHOTOJI1M 3 BUKOPUCTAHHAM
BEKTOpa METPUK SIKOCTI.

[IpenmeToM OCHTIIKEHHS : € TPOrpaMHa CUCTEMa MAITMHHOTO MepeKIaay Ha
OCHOB1 JBOX PI3HUX HeWpomepexkeBUX TexHoroiiii tak sk RNN ta LSTM 3
BUKOPUCTaHHSM BekTopa MeTpuk sikocti METEOR.

Meta po60oTH TOCIIUTH SIKa 3 HEMpOMEPEeKEBUX TEXHOTOJIIN € KPaIloko JIJ1s
MAaIlIMHHOTO MepeKIary, nepeBipka 4yoro Oy/e 311iCHEHa 3a T0IOMOI0I0 METPUKH
METEOR.

3a pe3yiabTaTaMu BHUKOHAHOI POOOTH HEOOXITHO OTPUMATH MPOTPaMHE
3a0e3IeueHHs I MAIIMHHOTO MEePEKIaay Ta MOXKIIUBICTIO IEPEBIPUTH PE3yJIbTaTH

TOYHOCTI MEePeKIaaTy

3 BUMOI'1 10 ITPOI'PAMHOTI'O ITIPOAYKTY

3.1 OyHKITIOHABHI XapaKTEPUCTUKU
[Iporpamue 3a06e3neueHHs Ma€ BUKOHYBAaTH HACTYIHI il
— 3aMiHa KOPUCTYBA4YEM JIaTaceTy 3 MOTPIOHOI MOBOIO;
— Tlepeknaz 3a TOTOMOTOI0 TEXHOJIOT11
— Tlepeknaz 3a TOTOMOTOI0 TEXHOJIOT11

— TlepeBipka TOYHOCTI Ta KOPEKTHOCTI IEPEKIATY

3.2 Ckian Ta mapaMmeTpu TEXHIYHHUX 3ac001B
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IIK 3 8 I'6 omepaTuBHOI mam‘siTi, BCTAaHOBJIEHOIO cucteMor0 Windows,
Linux. He menme 1000 M6 BuibHOrO MICLS Ha >KOPCTKOMY JIUCKY. J[BosimepHMit

MPOIIECOp 3 TaKTOBOIO yacTtoToro Big 2.4 GHz 1 Ounbie.

3.3 IndopmariiiHa Ta IporpaMHa CroIy4YHICTb

[IporpamMHuii NPOAYKT NOBHMHEH KOPEKTHO (YHKIIIOHYBaTHU B PI3HUX
omnepauidHux cucremax. Po3poOioBaHa mnporpamHa cucTeMa IIOBUHHA OyTH
NPHUCTOCOBAHA JI0 BUKOPUCTAHHS y PI3HUX KOMIT toTepax. Po3poOKy BUKOHYBATH 3
BUKOpUCTaHHSIM MoBHM Python, 3 BukopucranHsam auctpuOyTHBy AnacondaTa

010miotexu Keras.

4. CTAIII PO3POBKH

B xoxiB peanizaiiii poOOTH MPOEKT MOBMHEH MPONTH KPi3b HACTYIHI CTaIi
PO3pOOKHU:

- aHaJII3 TIpeaAMEeTHOT 001acTi;

- POEKTYBaHHS apXITEKTYPH;

- peaizailris KJiaciB 1 MOJIYIiB;

- TECTYBaHHS PE3yJIbTaTIB PO3POOKH;

- opopMITIEHHSI CYTIPOBITHOT TOKYMEHTAII1;

- 371a4a POOOTH.
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5. HIPOI'PAMHA JOKYMEHTANIA

Jlns  mporpaMHOTO TPOJAYKTY TOBMHHI OyTH poO3po0JieHl HacTyIHI
JIOKYMEHTH:

- IlosicHIOBaIbHA 3aIIMCKA;

- TexHiuHe 3aBIaHHS;

- IIpe3enrauiitnuii matepiai;

- [HCTpyKIIis KOpUCTYBaua;

- Jlogatku.

6. TOPSITOK KOHTPOJIIO TA TIPUMMAHHSA

Po3poOnenuii mporpaMHMii MPOAYKT Ma€ BUKOHYBATH BCl BUMOTH, LIO
CKJIaJIal0ThCS 3 MEPEPaxXOBaHUX y 1. 3.1 XapakTEpUCTHUK.

[IpuitmaHHsT TPOBOAUTHCS CHEIAIBHO CTBOPEHOI E€K3aMEHAalIHHOI0
KOMICIE€I0 B TEPMiH J0:

“24” rpynns 2019p.
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VK 004.415.5
M. Bapancbknii ct. rp. CIIm-62.
TepHONUIbCHKUI HalIOHATBHUI TEXHIYHUHN yHIBepcuTeT iMeHi [Bana [lymios

Po3poOka cucTteMn MAIIMHHOIO MEPEKJIAly HA OCHOBI HelipoMepesKeBUX
TEXHOI0J1iil 3 BAKOPUCTAHHAM BEKTOPA METPUK SAKOCTI

M. Baranskyi
Ternopil Ivan Puluj National Technical University

Development of machine translation system based on technology of neural
networks with using a quality metric vector

JlomoBib MpHUCBSYEHA MNpPOrpamHii peasni3alii CUCTEMHM MAIIMHHOTO NEpeKyIagy Ha
OCHOB1 HEWpPOMEpEKEBUX TEXHOJIOTIM 3 BUKOPUCTaHHSIM BEKTOpa METpuK sikocTi. [IpoBeneno
aHay3 npeaMeTHoi oOmacti. [licns mpoBeneHHs mepea MPOEKTHOTO JOCHIHKEHHS NMPeAMETHOT
00J1aCTI, TOCTABJICHO 3aBAaHHS Ha PO3POOKY CUCTEMH, CPOPMYITbOBAaHO BUMOTH J0 PECYPCY.

[Ipodeciiinux mnepeknanadyiB BYaTh IepelaBaTd 3MICT CBOIMHM  CJIOBaMH, HeE
MPUB'SA3YIOYHCH 10 CTPYKTYPU PEYCHb OPHUTIHAJIHHOTO TEKCTy. AJCKBAaTHHU MEpeKya]l TOBUHEH
MparHyTyd BiA JOCHIBHIA 1 modpa3oBiil mepexayi A0 ceHCoBUX TpaHcopmaniil. [IpaBunpHa
«KOHBEPTAIls» TPaMAaTHUYHUX KOHCTPYKIIA OJHIET MOBH 3acobaMu I1HIIOI 1€ MeXa s
CTaTUCTUYHOTO MAIIMHHOTO Tepekiany. lle oOMexkeHHs He CKacOBYEThCS HaBiTh Ha 0asi
CIIOPITHEHUX MOB 1 CTBOPIOE OUTbIIIE MPOOJIEM B IHTEpIpETarlii, ajie 1 MEHIIe TpaMaTUYHOI
CXO0’KOCTi MOB B TIapi.

Sk 1 cTaTUCTUYHUH TIEpeKIIa i, HEHPOHHMI TTepeKIIa] BUMarae Jijisi HaBYaHHs TapayiesibHi
KOPIYCH, IO JO03BOJISIIOTH MOPIBHATH aBTOMAaTUYHUN MEPEeKIa] 3 €TAJIOHHUM <IIOJCHKUM),
TUTBKH B TIPOIIECI HAaBYAHHS ONEpPYye HE OKpeMUMHU (pa3aMH 1 CIOBOCIIOIYYCHHIMH, a HUTUMHU
pederHsMu [ 1]. OcHoBHA MpobIeMa B TOMY, 110 [T TPEHYBAHHS TaKO1 CHCTEMH MOTPIOHO iICTOTHO
OubIIIe OOYHCITIOBATBHUX MTOTY)KHOCTEH.

Hactynuuii etan nosnsiraB y BUOOp1 apXITEKTyp Ui PO3POOKU CHUCTEMH MAlIUHHOTO
HAaBYaHHS Ta TPEHYBAHHS HEHPOHHUX MEPEeX KOKHOI 3 apXiTekryp. HacTymHum KpokoMm €
BH3HAYEHHS TOYHOCTI mepekmnany 3a gonomoro merpuku METEOR - meTpuka /i oriHIOBaHHS
SIKOCT1 MAIIMHHOTO Tepekiany. MeTrpuka 0a3yeTbcsi HA BAKOPUCTaHHI n-gram Ta OpieHTOBaHA Ha
BUKOPHUCTAHHSI CTATUCTHUYHOI T4 TOYHOT OI[IHKU BUX1THOTO TEKCTY[2].

Jani Oyno CTBOpPEHO CHCTEMY MAIIMHHOTO TMEpeKyiaay, BUKOPHUCTOBYIOUM MOBY
nporpamyBanHs Python. [lns peanizamii apxitektypu Oyno oOpaHO Oi0NIOTEKY YIpPaBIIIHHS
6azamu nanux Keras ta nuctpulyruB po3pobku Anaconda, sika BkItoyae y codi gany 0i10/1i0TeKy.
VY sdKOCTI JaHMUX AJiI HaBYaHHS OyAyTh BHKOPHCTOBYBATHCS IBICTI TUCAY MEPEKIAIIB PEUCHb 3
aHTJICHKOT Ha HIMELIBKY.

Po3poOka apxXyTeKTypu CUCTEMHU MAITUHHOTO MepeKiaay € OJHUM 3 KIIFOUOBUX MOMEHTIB
fioro ctBopeHHs, [IpakTuuHe 3HaUEHHSI OTPUMAHUX PE3YNbTATIB JOCIIKEHHS MOJArae y TOMY,
10 CTBOpEHA KOMIT'IOTEpHA CHUCTEMa JIOTIOMara€ BU3HAUUTH KOTpa 3 OOpaHMUX apXiTEKTyp €
HaOUIBII TOYHOIO JUIsl BAKOPUCTAHHS ITPU PO3pOOILi PI3HUX CUCTEM MALIMHHOTO MEpeKany.

Jlireparypa:

1. Alex Galea, Luis Capelo «Applied Deep Learning with Python. Use scikit-learn,
TensorFlow, and Keras to create intelligent system and machine learning solutions» 2018
p. ¢.214-215, c.216-217.

2. Steven Bird, Ewan Klein, Edward Loper ‘“Natural Language Processing with Python.
Analyzing Text with the Natural Language Toolkit”, ¢ 292-304.

88



Jlictunr 1.1 — 3aBaHTa)XE€HHS AaTaceTy

mwren

DON'T MODIFY ANYTHING IN THIS CELL
mwwwn

import helper

import problem unittests as tests

source path = 'data/small vocab en'
target path 'data/small vocab fr'
source text = helper.load data(source path)
target text helper.load data(target path)

Jlictunr 1.2 — Metop view_sentence range()

view sentence range = (0, 10)

DON'T MODIFY ANYTHING IN THIS CELL

import numpy as np

print ('Dataset Stats')
print ('"Roughly the number of unique words: {}'.format (len ({word:
None for word in source text.split()})))

sentences = source_text.split('\n')

word counts = [len(sentence.split()) for sentence in sentences]
print ('Number of sentences: {}'.format (len(sentences)))

print ('Average number of words in a sentence:

{}'.format (np.average (word counts)))

print ()

print ('English sentences {} to
{}:'.format (*view sentence range))

print ('"\n'.join(source text.split('\n') [view sentence range[0]:v
iew sentence rangel[l]]))

print ()

print ('French sentences {} to {}:'.format (*view sentence range))

print ('\n'.join(ta’rget text.split('\n') [view sentence range[0]:
view sentence rangel[l]]))

Jlictunr 1.3 — Meton text to ids()

def text to ids(source text, target text, source vocab to int,
target vocab to int):
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wirwn

Convert source and target text to proper word ids

:param source text: String that contains all the source
text.

:param target text: String that contains all the target
text.

:param source vocab to int: Dictionary to go from the source
words to an id

:param target vocab to int: Dictionary to go from the target
words to an id

:return: A tuple of lists (source id text, target id text)

wn

# source id text: nested list comprehension. Return value
from dict, for word in line, for line in text

# target id text: nested list comprehension. Return value
from dict, for word in line, add <EOS> for line in text

source 1id text = [[source vocab to int[word] for word in
(line) .split ()]
for line in source text.split("\n")]

target id text = [[target vocab to int[word] for word in
line.split ()] + [target vocab to int[ "<EOS>"]]
for line in target text.split("\n")]

# Input: Raw text

# print ("source text", source text)

# Get value from dict to end of line element, a stop " ..in
april ."

# print ("source vocab to int", source vocab to int["."])

# Print the first sentence --> last element is wvalue 21 (a
stop)

# print("source id text", source id text[:1],
type (source id text))

# Print the first target sentence, last element is the added
by us, <EO0S>

# print ("target id text", target id text[:1],
type (target id text))

# print(target vocab to int["<GO>"])

return source id text, target id text

mwmwn

Jlictunr 1.4 — CtBopenns Checkpoint’y

mmwn
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DON'T MODIFY ANYTHING IN THIS CELL

mwiren

import numpy as np
import helper

(source int text, target int text), (source vocab to int,
target vocab to int), = helper.load preprocess ()

Jlictunr 1.5 — Metog view _model()

mwren

DON'T MODIFY ANYTHING IN THIS CELL

wren

from distutils.version import LooseVersion
import warnings
import tensorflow as tf

# Check TensorFlow Version

assert LooseVersion(tf. version ) in [LooseVersion('1.0.0"),
LooseVersion('1.0.1")], 'This project requires TensorFlow
version 1.0 You are using {}'.format (tf. version )

print ('TensorFlow Version: {}'.format (tf. version ))

# Check for a GPU
if not tf.test.gpu device name() :
warnings.warn ('No GPU found. Please use a GPU to train your
neural network.')
else:
print ('Default GPU Device:
{}'.format (tf.test.gpu device name()))

def model inputs():

Create TF Placeholders for input, targets, and learning
rate.

:return: Tuple (input, targets, learning rate, keep
probability)

input = tf.placeholder(tf.int32, [None, None], name="input")

targets = tf.placeholder(tf.int32, [None, None],
name="target")

learning rate = tf.placeholder (tf.float32,
name="learning rate")

keep prob = tf.placeholder (tf.float32, name="keep prob")

return input, targets, learning rate, keep prob

mwmwn

DON'T MODIFY ANYTHING IN THIS CELL THAT IS BELOW THIS LINE
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wren

tests.test model inputs(model inputs)

Jlictunr 1.5 — Metog process _decoding_input ()

def process decoding input (target data, target vocab to int,
batch size):

wrwwn

Preprocess target data for dencoding
:param target data: Target Placehoder
:param target vocab to int: Dictionary to go from the target

words to an id

:param batch size: Batch Size

:return: Preprocessed target data

# tf.strided slice(input , begin, end, strides=None)

# http://stackoverflow.com/questions/41380126/what-does-tf-

strided-slice-do

# print ("target data.shape", target data.shape) #

target data.shape (2, 3)

_l] ’

ending = tf.strided slice(target data, [0, 0], [batch size,
(1, 11)
# print ("ending.shape", ending.shape) # ending.shape (2, 2)

dec input = tf.concat([tf.fill([batch size, 1],

target vocab to int['<GO>']), ending], 1) # dec input (2, 3)

DON'

# print ("dec input", dec input.shape)

return dec input

T MODIFY ANYTHING IN THIS CELL THAT IS BELOW THIS LINE

tests.test process decoding input (process decoding input)

Jlictuar 1.6 — Meton encoding_layer()

def

encoding layer (rnn_inputs, rnn size, num layers, keep prob):
Create encoding layer

:param rnn_inputs: Inputs for the RNN

:param rnn_size: RNN Size

:param num layers: Number of layers

:param keep prob: Dropout keep probability

:return: RNN state
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wirwn

LSTM = tf.contrib.rnn.BasicLSTMCell (rnn_size)

enc_cell = tf.contrib.rnn.MultiRNNCell ([LSTM] *num layers)

drop = tf.nn.dropout (rnn_ inputs, keep prob)

RNN output, enc state = tf.nn.dynamic rnn(enc_cell, drop,
dtype=tf.float32)

return enc state

DON'T MODIFY ANYTHING IN THIS CELL THAT IS BELOW THIS LINE

wiren

tests.test encoding layer (encoding layer)

Jlictunr 1.7 — Meton decoding_layer_train()

def decoding layer train(encoder state, dec cell,
dec embed input, sequence length, decoding scope,
output fn, keep prob):

Create a decoding layer for training

:param encoder state: Encoder State

:param dec cell: Decoder RNN Cell

:param dec_embed input: Decoder embedded input

:param sequence length: Sequence Length

:param decoding scope: TensorFlow Variable Scope for
decoding

:param output fn: Function to apply the output layer

:param keep prob: Dropout keep probability

:return: Train Logits

train decoder fn =
tf.contrib.seg2seqg.simple decoder fn train(encoder state

train pred, , = tf.contrib.segZseqg.dynamic rnn decoder (

dec cell, train decoder fn,

dec embed input, sequence length, scope=decoding scope)

train pred = output fn(train pred)
train logits = tf.contrib.layers.dropout (train pred,
keep prob)

return train logits

mmn

DON'T MODIFY ANYTHING IN THIS CELL THAT IS BELOW THIS LINE

mmn

tests.test decoding layer train(decoding layer train)

Jlictunr 1.8 — Meroa decoding_layer infer()
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def decoding layer infer (encoder state, dec cell,
dec_embeddings, start of sequence id, end of sequence id,
maximum length, vocab size,

decoding scope, output fn, keep prob):

Create a decoding layer for inference

:param encoder state: Encoder state

:param dec cell: Decoder RNN Cell

:param dec embeddings: Decoder embeddings

:param start of sequence id: GO ID

:param end of sequence id: EOS Id

:param maximum length: The maximum allowed time steps to
decode

:param vocab size: Size of vocabulary

:param decoding scope: TensorFlow Variable Scope for
decoding

:param output fn: Function to apply the output layer

:param keep prob: Dropout keep probability

:return: Inference Logits

decoder infer =
tf.contrib.seg2seqg.simple decoder fn inference (output fn,

encoder state,

dec embeddings,

start of sequence id,
end of sequence id,
maximum length,

vocab size,
dtype=tf.int32)

output infer, state infer, =
tf.contrib.seg2seqg.dynamic rnn decoder (dec cell,

decoder infer,
scope=decoding_scope)
inference logits = tf.contrib.layers.dropout (output infer,

keep prob)
return inference logits

mwwwn
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DON'T MODIFY ANYTHING IN THIS CELL THAT IS BELOW THIS LINE

mwiren

tests.test decoding layer infer (decoding layer infer)

Jlictunr 1.9 — Meton decoding_layer()

def decoding layer (dec embed input, dec embeddings,
encoder state, vocab size, sequence length, rnn size,
num layers, target vocab to int, keep prob):

mwwwn

Create decoding layer

:param dec_embed input: Decoder embedded input

:param dec_embeddings: Decoder embeddings

:param encoder state: The encoded state

:param vocab size: Size of vocabulary

:param sequence length: Sequence Length

:param rnn_size: RNN Size

:param num layers: Number of layers

:param target vocab to int: Dictionary to go from the target
words to an id

:param keep prob: Dropout keep probability

:return: Tuple of (Training Logits, Inference Logits)

mwwwn

dec cell =
tf.contrib.rnn.MultiRNNCell ([tf.contrib.rnn.BasicLSTMCell (rnn_si
ze)] * num layers)

with tf.variable scope ('decoding') as decoding scope:
output fn = lambda x:
tf.contrib.layers.fully connected(x, vocab size, None, scope =
decoding scope)

train logits = decoding layer train(encoder state,
dec cell, dec embed input, sequence length,
decoding scope,
output fn, keep prob)

with tf.variable scope ('decoding', reuse=True) as
decoding scope:
infer logits = decoding layer infer (encoder state,
dec _cell, dec embeddings, target vocab to int['<GO>'],

target vocab to int['<EOS>'], sequence length, vocab size,
decoding scope,
output fn, keep prob)

return train logits, infer logits

mwwwn

DON'T MODIFY ANYTHING IN THIS CELL THAT IS BELOW THIS LINE
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wren

tests.test decoding layer (decoding layer)

Jlictunr 1.10 — Mertog seq2seq_model()

def seg2Zseq model (input data, target data, keep prob,
batch size, sequence length, source vocab size,
target vocab size,
enc_embedding size, dec embedding size,

rnn_size, num layers, target vocab to int):

mwwwn

Build the Sequence-to-Sequence part of the neural network

:param input data: Input placeholder

:param target data: Target placeholder

:param keep prob: Dropout keep probability placeholder

:param batch size: Batch Size

:param sequence length: Sequence Length

:param source vocab size: Source vocabulary size

:param target vocab size: Target vocabulary size

:param enc_embedding size: Decoder embedding size

:param dec_embedding size: Encoder embedding size

:param rnn size: RNN Size

:param num layers: Number of layers

:param target vocab to int: Dictionary to go from the target
words to an id

:return: Tuple of (Training Logits, Inference Logits)

mwwwn

rnn_inputs = tf.contrib.layers.embed sequence (input data,
source vocab size, enc embedding size)

enc cell = encoding layer (rnn inputs, rnn size, num layers,
keep prob)

dec cell = process decoding input (target data,
target vocab to int, batch size)
dec embeddings =
tf.Variable (tf.random uniform([target vocab size,
dec embedding size]))
dec embed input = tf.nn.embedding lookup (dec embeddings,
dec cell)

training logits, inference logits =
decoding layer (dec_embed input, dec embeddings, enc_cell,
target vocab size, sequence length, rnn size,
num layers, target vocab to int,
keep prob)

return training logits, inference logits

mwwwn

DON'T MODIFY ANYTHING IN THIS CELL THAT IS BELOW THIS LINE
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wren

tests.test segZ2seq model (segZ2seq model)

Jlictunr 1.11 — CtBopenHs rpadis

DON'T MODIFY ANYTHING IN THIS CELL

save path = 'checkpoints/dev'

(source int text, target int text), (source vocab to int,
target vocab to int), = helper.load preprocess ()

max source sentence length = max([len(sentence) for sentence in

source_ int text])

train graph = tf.Graph()
with train graph.as default():
input data, targets, lr, keep prob = model inputs()
sequence length =
tf.placeholder with default (max source sentence length, None,
name="'sequence length')
input shape = tf.shape (input data)

train logits, inference logits = segZseq model (
tf.reverse (input data, [-1]), targets, keep prob,
batch size, sequence length, len(source vocab to int),
len (target vocab to int),
encoding embedding size, decoding embedding size,
rnn_size, num layers, target vocab to int)

tf.identity(inference logits, 'logits')
with tf.name scope ("optimization"):
# Loss function
cost = tf.contrib.segZseq.sequence loss (
train logits,
targets,
tf.ones ([input shape[0], sequence length]))

# Optimizer
optimizer = tf.train.AdamOptimizer (1lr)

# Gradient Clipping

gradients = optimizer.compute gradients (cost)

capped gradients = [(tf.clip by value(grad, -1., 1.),
var) for grad, var in gradients if grad is not None]

train op = optimizer.apply gradients (capped gradients)

Jlictuar 1.12 — Meton get accuracy()

mwmn
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DON'T MODIFY ANYTHING IN THIS CELL

mwiren

import time

def get accuracy (target, logits):

wrwn

Calculate accuracy
max seq = max (target.shape[l], logits.shapel[l])
if max seq - target.shape[l]:

target = np.pad/(

target,
[(0,0), (0,max_seq - target.shape[l])],
'constant')

if max seq - logits.shape[l]:
logits = np.pad(

logits,
[(0,0), (0,max_seq - logits.shape[l]), (0,0)],
'constant')

return np.mean (np.equal (target, np.argmax(logits, 2)))

train source = source int text[batch size:]
train target = target int text[batch size:]

valid source =
helper.pad sentence batch(source int text[:batch size])
valid target =
helper.pad sentence batch(target int text[:batch size])

with tf.Session(graph=train graph) as sess:
sess.run(tf.global variables initializer())

for epoch i in range (epochs):
for batch i, (source batch, target batch) in enumerate (
helper.batch data(train source, train target,
batch size)):
start time = time.time ()

_, loss = sess.run(
[train op, cost],
{input data: source batch,
targets: target batch,
lr: learning rate,
sequence length: target batch.shape[l],
keep prob: keep probability})

batch train logits = sess.run(

inference logits,

{input data: source batch, keep prob: 1.0})
batch valid logits = sess.run(

inference logits,
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{input data: valid source, keep prob: 1.0})

train acc
batch train logits)

valid acc = get accuracy(np.array(valid target),
batch valid logits)

end time = time.time ()

print ("Epoch {:>3} Batch {:>4}/{} - Train Accuracy:
{:>6.3f}, Validation Accuracy: {:>6.3f}, Loss: {:>6.3f}'

.format (epoch i, batch i, len(source int text)

// batch size, train acc, valid acc, loss))

get accuracy (target batch,

# Save Model

saver = tf.train.Saver ()

saver.save (sess, save path)
print ('Model Trained and Saved')

Jlictunr 1.13 — Meton sentence to seq()

def sentence to seqg(sentence, vocab to int):
mwwwn
Convert a sentence to a sequence of ids
:param sentence: String
:param vocab to int: Dictionary to go from the words to an

id

:return: List of word ids

mwwn

word id = lambda word: vocab to int[word] if word in
vocab to int else vocab to int['<UNK>']

word to int = [word id(word.lower()) for word in

sentence.split ()]

# print (type (x))
# print (word to int)
return word to int

DON'T MODIFY ANYTHING IN THIS CELL THAT IS BELOW THIS LINE

mwwwn

tests.test sentence to seqg(sentence to seq)

translate sentence = 'he saw a old yellow truck .'
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wren

DON'T MODIFY ANYTHING IN THIS CELL

wrewn

translate sentence = sentence to seqg(translate sentence,
source vocab to int)

loaded graph = tf.Graph()

with tf.Session(graph=loaded graph) as sess:
# Load saved model
loader = tf.train.import meta graph(load path + '.meta')
loader.restore (sess, load path)

input data = loaded graph.get tensor by name('input:0')
logits = loaded graph.get tensor by name('logits:0")
keep prob = loaded graph.get tensor by name ('keep prob:0")

translate logits = sess.run(logits, {input data:
[translate sentence], keep prob: 1.0}) [0]

print ('Input')

print (' Word Ids: {}'".format ([1 for i in
translate sentence]))
print (' English Words: {}'.format ([source int to vocab[i] for 1

in translate sentence]))

print ('"\nPrediction')

print (' Word Ids: {}'.format ([1 for 1 in
np.argmax (translate logits, 1)1]))
print (' French Words: {}'.format ([target int to vocab[i] for 1

in np.argmax (translate logits, 1)1]))
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