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BBenenue

AKXTyaJabHOCTh TEMbI HCCIIEZOBaHUS O0YyCJIOBJIEHA TEM, YTO BO3pacTarouiast
CIIO)KHOCTh IPOTPAMMHBIX HPOAYKTOB M HH(OPMALMOHHBIX TEXHOJOIHHA C
YMEHBIIEHHEM CpEIHEero CpoKa JKM3HEHHOIO LHKIAa pa3paboTku Tpedyer
aJIeKBaTHOTIO, 000CHOBAaHHOTO U KayeCTBEHHOIO BbIOOpa  sA3BIKA
IPOrpaMMHUPOBAHUS BBICOKOTO YPOBHS B paMKax peaiau3auuu pasauuHbix UT-
npoekToB.  Jng  moBbilieHHs — 3QQPEeKTHBHOCTH  BbIOOpa  HEOOXOAUM
WHCTPYMEHTAPUI MOJACPKKH, B TOM YUCJIE U MHCTPYMEHTAPUI, OCHOBAaHHBIN Ha
MaTEMaTUYECKUX MOJIENSAX, YTO OOECHEYHUT BBICOKUM YpPOBEHb JOCTOBEPHOCTH
pe3yiapTaTa U €ro 000CHOBaHHOCTb. Ha cCeromHAIIHUN [€Hb IpPEACTaBICHO
MHOKECTBO MATEMaTHYECKMX MOJENEeH Uil CUCTEMbl BbIOOpAa U MOIAEPKKHU
NPUHATUN YIPaBICHUYECKUX PEIICHHM B Pa3jIMYHBIX 00JIACTAX, BCE OHU HMEIOT
CBOM JIOCTOMHCTBA M HENOCTaTKM M OOECHEeYMBAIOT HEOOXOAMMBIN YpPOBEHb
nocroBepHocTH. CrieoBaTeabHO, pa3BUTHE CUCTEMBbl aHAJIM3a U BBIOOpA SA3BIKOB
POrPaMMUPOBAHMS BBICOKOTO YPOBHS, BBICTPOCHHOM Ha OCHOBE 3((EKTHUBHBIX
MaTEeMaTUYECKUX MOJIEIIEH, SBIIETCSA aKTyaJlbHBIM HalPABICHUEM UCCIIEIOBAaHUI B
cdepe npukiIaHoON HHHOPMATUKY U MATEMATUKH.

OOBeKT uccienoBaHUs: MaTEMATUYECKUE MOJENN AJIs MPUHATUS PELICHUS
IIPU IPOBEICHUH CPABHUTEJIBHOIO AHAJIA3A S3BIKOB ITPOrPaMMHUPOBAHUS BBICOKOTO
YPOBHSI.

[IpenmMer uccneaoBaHus: TPOLECC MPUHIATHS PEIICHUSI O BHIOOpE Ha OCHOBE
CPABHUTEJbHBIX XapaKTePUCTUK 3(H(PEKTUBHOCTU S3BIKOB MPOTrPAMMHUPOBAHMS
BBICOKOT'O YPOBHS.

Lenb ucciaenoBanusi: pa3pabOTKa CUCTEMBI MOAJEPKKHU MPUHATHS PEIICHUS
O BBIOOpE B paMKax CpPaBHUTEIBHOTO AaHAJIM3a S3BIKOB MPOTrPaMMHUPOBAHUS
BBICOKOT'O YPOBHSI, OCHOBaHHOW Ha MaT€MaTHYECKUX MOJAEIISIX.

JIis MOCTMXKEHUS TOCTaBICHHOW ILIEMTM HEOOXOIMMO PEIIUTh CIEAYIONIne

3aJa4un:



— HU3YUUTb TCOPECTHYCCKHEC MW  MCTOJUYCCKHEC AaCIICKTbl IIPOBCACHMA
CPaBHUTCIIBHOT'O dHAJIM34a SA3bIKOB IIPOTPAMMHUPOBAHNUA BBICOKOI'O YPOBHA,
— HN3Y4YUTb NPCHUMYHICCTBA M HCAOCTATKH A3BIKOB BBICOKOI'O YPOBHIA, HX

XapaKTCPUCTUKA M OTIIMYUTECIIBHBIC YCPTHI,

— HCCIeAoBaTh MAaTeMAaTHUYECKUE MOJEIH, MPUMEHUMBIE ISl pEelIeHUs
MOCTaBJICHHOMN MCCJIEI0BATEIbCKOM 3a/1auH;

— pa3paboTaTh MaTEMaTUYECKYIO0 MOJIEIb JUIsl TPOBEACHUS CPABHUTEIHLHOTO

aHaJIM3a U OLIEHKH SI3bIKOB BHICOKOTO YPOBHS;

— TIPOBECTH IKCIEPUMEHT C UCIIOJIH30BAHUEM MATEMATHUYECKOW MOJIEIH AJIs

pELIeHUs UCCIIEI0BATENBCKOM 3a/1a4u;

— OILICHUTH PE3YyJbTaThl MOJICTUPOBAHHUSL.

Meronsl HCCIIEIOBAaHUSA: MaTEMaTUYECKOE MOJEIMPOBAHUE, CUCTEMHBIN
aHalln3, AHAJUTUYECKHE METOJbl, 3KCIEPTHBIE METOJbl, CpPaBHEHHUE, CHHTE3,
aHajau3 U 0000IIEHHUE U IPYTHE.

['mnore3a wWccieqoBaHUS COCTOMT B TOM, 4YTO Pa3BUTHE CHCTEMBI
NOAJICP)KKM TPUHATUS pEUICHUS, OCHOBAaHHAs HA MAaTEeMAaTUYECKHX MOJEISIX
HEYETKON JIOTMKM  TO3BOJUT MOBBICUTH 3(P(HEKTUBHOCTH BBIOOpPA B paMKax
CPaBHUTEJIBHOIO aHAJIM3a S3bIKOB MPOTrPAMMHPOBAHUS BHICOKOTO YPOBHS, a TAaK¥Ke
o0OecreyuTh OOOCHOBAaHHOCTH BbIOOpAa M MPEAOTBPATUTh OIIMOKM Ha 3Tamax
IpOeKTUpOBaHUA U MIaHupoBanuss UT-npoekToB mo pa3zpaboTke MporpamMmmMHOIrO
MPOJIYKTa, UCIIPABIEHUE KOTOPHIX MOXKET MOBJIeUb (puHAHCOBBIE moTepu 10 80%
OT CTOMMOCTH BCETO IPOEKTA.

TeopeTnko-MeTONOJIOTMYECKYI0O ~ OCHOBY  MCCIIEIOBaHHS  COCTaBWJIH
UCCJIEIOBATENbCKUE Pa0OThl BEAYIIMX OTEYECTBEHHBIX M MHOCTPAHHBIX YUYEHBIX.
MeTonbpl M KpUTEPUU CPABHUTEIBLHOTO aHalM3a S3bIKOB IMPOTPAMMHUPOBAHUS
BBICOKOT'O YPOBHS B CBOMX paboTax paccMaTpHBalOT Takue aBTOpHI, kKak H. A.
bopcyk, . B. Macteikam, B.I1. Kaydman, M. C. Kopotkos, E. C. 3anskoB, B. H.

CeicoeB 1 M. O. UnpuH.



[IpoBeneHnn CpPaBHUTENBHOTO aHAJIM3a, OCHOBAaHHOIO Ha MOCTPOEHUU
MaTeMaTUYECKUX MOJIeNIed MpelaraloT TaKue HKCHEPThI-UCCIIEIOBATENN, Kak
[Tyneikuna A. A., Catynuna A. E., A. B. [lorynunckuii, A. I1. [Ipeobpaskenckuid,
A. B. lllnunes, B. C. JIlyunuxos, T. II. HoBukoBa, A.A. Akunun, FO.C. AkuHuHa,
C.B. TiopuH u npyrue.

[IpopabaThiBatoT OTENIBHBIE JTAIlbl MATEMATHUYECKOTO MOJICIUPOBAHUS MPU
pElIeHNH 3a/lay aHaJIN3a U BbIOOpA S3BIKOB MPOrPAaMMUPOBAHUS BHICOKOTO YPOBHS
B CBoMX paboTax, Takue ydeHble, kak: B. H. BonkoBa, A. E. JleonoBa, A.A.
Camapckuii, A.11. Muxaiinos, 1O. C. Pu3zen.

TeopeTuko-MeTogoiornyeckass 0asza, HWCIOJIb30BaHHAS JUIsl Pa3pabOTKU
MaTeMaTUYECKOW MOJIETIM HA OCHOBE HEUYETKOW JIOTMKH, OCHOBBIBAETCS HA TPYyIax
BUJHBIX MateMaTukoB, Takux kak P. Kamnan, K. Acan, /I. Baraga, A.b. Kpurep,
K.A. AxcenoB, E.M. Cadpwiruna, JL.I'. [dopocunckuii, A.M. Turtos, A.l.
XoMOHEHKO, ['.0. fxbseBa u apyrux. Mx uccienoBaHus MpeaOCTaBUIN MTPOYHbBIN
byHIaMEHT JJIi TOHUMaHMS W JTalIbHEUMINEero pa3BUTHS KOHLEMIIUHA W METO/OB
HEUYETKOM JOTMKHU. BKJIal 3TUX yYEHBIX CTaJl OCHOBOMOJIATAIOIINM JIJIsi CO3AaHUs
MojeNield,  CIMOCOOHBIX  3(QexkTuBHO  pemarb  3aJauyd B YCIOBHUAX
HEONpPEAECICHHOCTH M  HEYETKO  OMNpENENeHHbIX JaHHbIX. (COBpEMEHHbIE
WCCJIEIOBAHUS MPOAOJDKAIOT Pa3BUBATh 3Ty 00JacTh, YTO TMO3BOJIIET HEUYETKOM
JIOTUKE DBOJIIOIMOHUPOBATh M HAXOAUTh HOBBIC NPWIOKEHUS B PA3TUYHBIX
cdepax.

B nacrosiee BpeMs HaOI0aeTCsl aKTUBHASI MHTETPaIs MaTeMaTHYECKOTO
ammapara HEYETKOW JIOTMKA C HWHTEJUICKTYaJbHBIMU TapagurMaMu, 4YTO
CIIOCOOCTBYET Pa3BUTHIO TaKMX TEXHOJOTHH, KaK HEUETKHE HEHPOHHBIE CETU H
JIPYTHE acEeKThl HCKYCCTBEHHOTO MHTEJUIEKTA. DTOT MPOIECC MPEICTaBISIET COO0M
OIHO u3 Hauboyiee TEPCIEKTUBHBIX HAMpaBICHWA B HAyKe U TEXHHKE.
CoBMmenieHue HEYETKOW JIOTUKM C HEHPOHHBIMU CETSIMUA TO3BOJISIET CO3]/1aBaTh
MOJIeNIM, 00JIa/IaloIIie BBICOKOW aJanTUBHOCTBIO M CIIOCOOHOCTBHIO O00ydaThbCsl Ha

OCHOBAHHMHW HCTOYHbLIX W YaCTUYHO OIPCACICHHLIX AAHHBLIX, 4YTO CYHICCTBCHHO
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pacmupsieT HUX TNPUMEHEHHE B PA3NMUYHBIX O00JacTAX, BKIIOYas 0OpabOTKy
€CTECTBEHHOTO SA3bIKA, IPOTHO3UPOBAHUE U YIIPABJIEHUE CI0KHBIMU CUCTEMAMMU.

Hayynass HOBM3HA MarmcTrepckol IHUCCEPTALMM COCTOMT B TNPUMEHEHUU
MaTeMaTUYECKOW MOJIENIM HEUYETKOM JIOTHKHU K PEIICHUIO 3aa4d CPABHUTEIBHOTO
aHajau3a A3bIKOB IPOTPAMMHUPOBAHUS BBICOKOIO YpPOBHS, HANpPaBJIECHHOIO Ha
pPa3BUTHE CHUCTEM MPUHATUS PEIICHUN MpU BHIOOPE MHCTPYMEHTOB pealn3aliuu
NT-npoexToB 1o pa3paboTke MPOrpaMMHBIX TPOIYKTOB.

TeopeTnueckass 3HAYUMOCTb HMCCIEAOBAaHUs 3aKIOYACTCA B PaCLIMPEHUU
TEOPETUYECKUX MOJIOKEHNN B HAITPABIICHUH PA3BUTHS MATEMATUYECKOTO aIlllapara
IIPU PEIICHUW 3a1a4d CPABHUTEIBHOTO aHAN3a S3BIKOB IPOrPaMMHMPOBAHUS
BBICOKOI'O YPOBHS.

[IpakTyeckass 3HAYMMOCTb MCCIECAOBAHHUS COCTOMT B BO3MOYKHOCTHU
OPUMEHEHHUsI pe3yJbTaTOB  MOJEIUPOBAaHUS IpU BbIOOpPE HMHCTPYMEHTOB
peanuzanuu UT-ipoekToB no pa3paboTKe NPOrpaMMHBIX IPOTYKTOB.

JlocToBepHOCT, M OOOCHOBAaHHOCTh  PE3YyJbTAaTOB  HMCCIEIOBAHUS
IIOATBEPKAACTCS IKCIEPUMEHTAIBHBIM MOJIEIIUPOBAHUEM.

K Hay4dHbBIM pe3ynpTaTam, BEIHOCUMBIM Ha 3aIIHUTY, OTHOCSTCS:

- cUCTeMa I1apaMETPOB IIOCTPOECHMS HEUYETKOM MAaTeMaTU4YeCKOU
MOJIENIN I Pa3BUTHUSL CUCTEMBI MONJCPIKKU IIPUHATHS PELICHUN IIpU
MIPOBEICHUN AHAJIN3a A3BIKOB POIPAMMUPOBAHNUS BBICOKOTO YPOBHS;

— MaTreMaTH4eckass MojAelb MamaaHu Ui pelieHus — 3aJadd
CPaBHUTEJIBHOIO aHAJIW3a A3BIKOB IPOIPAMMHUPOBAHHUS BBICOKOIO
YPOBHSL.

Crpyktypa 1 00beM MarucTepckou auccepranuu. Jluccepranusi COCTOUT U3

BBEJICHUS, TPEX Pa3zesioB, OOIIETO 3aKJIIOUEHHUs, BHIBOJOB, CIIMCKA JUTEPATYPhl U

npuioxeHui. ClUCOK JUTEPATYPbl HACUUTHIBAET 53 HAUMEHOBAHUS.



1 TeopeaneCKne )| METOAUYIECKHUE ACICKThbI NMPOBECACHUA
CPAaBHUTEJIBHOIO aHa/in3a A3bIKOB IIporpaMMmmupoBaHUsl BBICOKOI'O

YPOBHS

1.1 OO030p #A3BIKOB NPOrpaMMHMPOBAHUS BBICOKOIO YPOBHS, HX

AOCTOMHCTBA M HEAOCTATKH, B paMKaX NOCTAHOBKH 3a/1a11 aHAJIH3A U

BbIOOpa
Ha CErOIHSAIITHUN JIEHb CYIIECTBYET MHOECTBO S3BIKOB
pOrpaMMHUPOBAHUS BBICOKOTO ypOBHS. EXEromHo OHHM  IPOJOJHKAIOT

pa3BUBATHCA, MOSBISIIOTCS HOBBIE CHUCTEMBI MPOTPAMMHUPOBAHMS, 3TO CBS3aHO C
AKTUBHBIM  BBICOKOCKOPOCTHBIM  Pa3BUTHSI  CKBO3HBIX  MH(MOPMAIIMOHHBIX
TEXHOJIOTUI TUGPOBOM HSKOHOMHUKU, TaKUX KaK HMCKYCCTBEHHBIH HHTEIUICKT,
WUHTEpHET Bellel, Oosbue naHHble u Apyrux [3]. B paMkax pa3BUTHS S3BIKOB
IPOrpaMMHUPOBAHKS HEOOXOIUMO MMOHUMATh, YTO MEHSIFOTCS KaK CaMH SI3bIKH, TaK
U TEXHOJOTMU MPOrpaMMHUPOBAHUS, KOTOpPbIE OHHU pEATM3YIOT, a TaKKe
yCHoXHATCS WT-1IpoeKThl, OCHOBOM peanu3alrd KOTOPBIX S3bIKH SIBIISFOTCS.
[ToaToMy 3amaua aHanmm3a W BBIOOpA sI3bIKa MPOTPAMMHUPOBAHUS YCIIOKHSIETCS
exxerogHo. He Bceraa BeiOMpaeTcs NpaBUIIbHBIN SI3bIK, MOAXOISIINMI ISl PeIIeHUS
KOHKPETHBIX 3aJa4, YTO CHIDKaeT 3(pdexTuBHOCTh peanuzauuu UT-npoekToB u
JIpYrUX 3aJay, peIIeHHE KOTOPBhIX CBSA3aHO C S3bIKAMHU MPOTPAMMHUPOBAHUS
BhICOKOTO ypoBHS [2] [40].

Br16op s3bIka TpOrpaMMHUPOBAaHUST BBICOKOTO YPOBHS, 3(P(HEKTHBHOTO TPH
co3ganuu nporpamMmmuoro MUT-mipoekra, onpeaensercs psaoM GakTopoB, BKIHOYAS
OCOOCHHOCTH S3bIKa W TMpPEAMETHOM o0nacTh aBTOMAaTU3allMd, a Takke
IpEeAMOYTEeHHUS 3aKa3yrKa U pa3padoTunka [1].

«SI3bIK MporpaMMupoBaHusl - 3TO (OPMAJbHBIN S3bIK, MpeAHA3HAYCHHBIN
JUISl HAITMCAHUsl KOMIBIOTEPHBIX porpaMm» [15]. Kak otmeuaror C. B. UepHoBa n

B. A. JlapuHa: «I3bIk mporpaMMHpOBaHusl BBICOKOTO YPOBHS OIpeAessieT Habop
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JEKCUYECKUX, CHHTAKCUYECKUX M CEMAHTUYECKUX MPaBUJ, KOTOpbIE, B CBOIO
ouyepeqb, OMPENENAIOT BHEUIHUM BUJ MPOTPAMMBI U JCWUCTBHUSA, BBINOJHIEMBIC
ucrojaHuTeaeM (00bIYHO KOMITbIOTEpOM)» [13].

[Tpu mpoBeaeHNH U aHATU3€ SI3BIKOB MPOTPAMMUPOBAHMS BHICOKOTO YPOBHS
OYCHb Ba)kKHa 00JacTh NpuMeHeHus, kak ormedaror H. A. bopcyk u JI. B.
Macteikan. «O0nacTeil MpUMEHEHUS A3bIKOB MTPOTrPAMMUPOBAHUS B COBPEMEHHOM
MUpE  MPEJOCTAaTOYHO:  HAy4yHble  TMPWIOKECHHS,  OW3HEC-TIPHIOKECHHUS,
MCKYCCTBEHHBIA MHTEIJIEKT U JIPyTHUe CKBO3HBIE MH(DOPMAIMOHHBIE TEXHOJIOTHUU U
texHosoruu Muanyctpun 4.0, cucreMHOEe porpaMMUpOBaHUE, BEO-TIPUIIOKEHUS U
tak panee» [l14]. Iloatomy mnepBoil 3amadyeil mpu BbIOOpE s3bIKa SIBISETCA
NEPEYUCIICHUE OCHOBHBIX TpeOOBaHMI K TMPOEKTY, 3a KOTOPBIM CIEIYIOT
BTOpOCTeNeHHbIe TpeboBanus [10].

«BBICOKOYPOBHEBBIM  SI3bIK  TIPOrPAMMHUPOBAHUS MPEJOCTABIAECT Ooliee
aOCTpaKTHbIE KOHIICTIIMM ¥ HWHCTPYMEHTHI, TO3BOJIAIONINE MPOrpaMMHUCTaM
CKOHIICHTPUPOBATHCS HA PEIICHUM 3ajad, a He Ha JeTajsiX paOdoThl KOMITbIOTEpA.
OHu 00BIYHO HAMHMCaHBI TaK, YTOOBI MPOTPAMMHBIA KON ObUT OOJiee TOHSTEH H
guTaeM, 4TO YIPOMIACT COMPOBOXKICHHE M MOTUPHUKAIMIO mporpammy» [12].
BbICOKOypOBHEBBIE  SI3BIKM  MPOTPAMMHUPOBAHHUS  OOBIYHO TOCTABISIOTCS  C
oOmupHBIMA ~ OuOMMOTeKaMu  (YHKIMA, YTO TIO3BOJISIET MPOTPAMMHCTAM
UCTIOJIB30BaTh TOTOBBIC pPEIICHUs JUIsi MHOTHX 3anad [5]. «Komn, HamucaHHBI Ha
BBICOKOYPOBHEBOM SI3bIKE€ TMPOTPAMMHPOBAHHUSA, YaCTO MOXHO TEPEHOCHTHh Ha
pasIUYHbIE  ONEpAllMOHHBIE CHCTEMbl W  amnmapaTHbie Tuiatgopmbl  0e3
3HAUMTEIBHBIX HW3MCHCHHH. BBICOKOYpOBHEBBIC S3BIKH IPOTPaMMHPOBAHUS
OOBIYHO TIPEJOCTABIISIIOT OoJyiee YIO0OHBIE CpEeACTBA NIl pabOTHI C Pa3IMYHBIMU
TUTIAMH JIAHHBIX, TAKUMHU KaK TEKCT, YMCJIa, MAaCCHUBBI, CTPYKTYPHI U T.1. MHOTHE
U3 HUX 00ECTeUYMBAIOT ABTOMATUYECKOE YIPABJICHHE MAMSTBHIO, YTO YIPOIIAET
MpoIecC MPOTrPAMMHUPOBAHMSI U YMEHBIIAET PHUCK YTEUEK MaMATH U JIPYTUX

omuook» [24].



PaccMoTpuM  Takke emie  OAHO  ONpeleleHHe TepMHHAa  <«SI3bIK
OpPOrpaMMHUPOBAHUSA ~ BBICOKOTO  YPOBHS». «BBICOKOYPOBHEBBIN  SI3BIK
NPOrPaMMHUPOBAHMSL — 3TO CPEACTBO 3alMCH KOMIBIOTEPHBIX MPOTpamM,
00eCIeunBaroIIee BHICOKYIO CKOPOCTh U yIOOCTBO paboThl. Ero oTnmunTensHOM
yepTol sBisieTcss alcTpakuus. JpyrumMu cioBaMH, BBICOKOYPOBHEBBIN SI3BIK
IpPOrpaMMHUPOBAHMS  OOECIEYMBAaE€T  BO3MOXKHOCTh  BBEJEHUS  CMBICIOBBIX
KOHCTPYKIUH, CIIOCOOHBIX KOPOTKO OMUcaTh (opMaThl JAaHHBIX M OMEpPaldU C
HUMH B T€X CIIy4asix, KOrjJa ONKCAaHUS Ha HU3KOYPOBHEBOM sI3bIKE (Hampumep, Ha
MAaIIMHHOM K0Ji¢) OYAyT CIIOKHBIMU JIJISl BOCIIPUATHS M OYCHD JUTHHHBIMI [16].

[lepBpie BBICOKOYPOBHEBBIE SI3BIKM MPOrPAMMHPOBAHUS CO3/IaBATUCH C
1EJIbIO MPEOTBPAILEHUS 3aBUCUMOCTH CYTH aITOPUTMOB OT 11aThopmbl. «B aToM
ciydyae TuIaTOpPMEHHAs HE3aBUCHMOCTh O0OECIIEUMBACTCS MEpEeKIaIbIBAHUEM
CBSI36M Ha MHCTPYMEHTAJIBHBIE IPOrPaMMbl, KOTOPHIE OCYLIECTBISIOT IEPEBOJ
TEKCTOB C BBICOKOYPOBHEBBIX $I3bIKOB Ha MAaIIMHHBIA KOJ. MHCTpymMeHTanbHbIC
IporpaMMbl  BBICTYNAIOT CBOEr0 pojia TpaHCIATOpaMu. TakuMm 00paszoMm,
BBICOKOYPOBHEBBIE SI3bIKHA TTPOTPAMMHUPOBAHMS 00JIETYAIOT BBIMOJHEHUE CIIOKHBIX
3a7a4 MPOrPaMMHUPOBAHUS U YIPOIIAIOT aJanTalui0 MPOTPaAaMMHOTO 00eCTIeUeHHUs
(ITO) [4]. TlpumeHEHME HHCTPYMEHTAJIBHBIX TPAHCISTOPOB IO3BOJSET CBS3aTh
MPOrpaMMbl, HAMUCAHHBIE C WCIOJH30BAHUEM BBICOKOYPOBHEBBIX S3BIKOB H
onepaunoHHoi cucreMbl (OC) ycTpoiicTB U 000pyaoBaHusi. B uaeanibHoM citydae
Ipy  WUCIMOJB30BAHWM  HMHTEPIPETATOPOB  HE  Tpebyercs  moauduraims
NEPBOHAYAIEHOTO TEKCTa Ha SI3BIKE MPOTPaAaMMHUPOBAHUS BBICOKOTO YpPOBHS IS
BCeX BUAOB wiathopmy» [17] [19].

«OCHOBHBIM JIOCTOMHCTBOM MAaITUHHO-HE3aBUCUMBIX SI3BIKOB
IPOrpaMMHUPOBAHUS SIBIISIIOTCA WX MPOCTOTa U yHHUBEpcaIbHOCTh. Kak ciencrsue,
3HAYUTEILHO COKPAIAETCs MPOJIOJDKATEILHOCTh HAMMCAaHUS KOJa M OTJIaJKH.
Opna ¥ Ta Xe MmporpaMMa MOXKET OBITh BBIIIOJIHEHA HAa KOMITBIOTEpAaX pPa3HOM
apxutektypel» [28]. TlpeumyiiecTBa s3bIKOB MPOTPAMMHUPOBAHUS BBICOKOTO

YPOBHsI IPUBE/ICHBI HA pUCYHKE 1.



an(aBHT CYIIECTBEHHO IIMPE MAITUHHOTO, COACPKUT 256
CHUMBOJIOB U IIO3BOJIACT OIIUCATh JHOGBIG KOHCTPYKIINU

IJIg OIICPAaTOPOB U KIIFOUCBBIX CJIOB UCIOJIB3YIOTCA
OCMBICJICHHBIC CJIOBA €CTCCTBCHHOTI'O A3BIKA

pa3BUTBIE OIIEPATOPHI YIIPABICHUS U OTPOMHBIN
apCceHaJl CpeACTB OIMCAHUSA CTPYKTYP JaHHBIX

CYLIECTBYET IOHSATHE TUIIA IAHHBIX U MOAJICPIKHUBACTCS UX
MIUPOKUNA HabOp

Pucynok 1 — [IpeumyinecTBa s136IKOB TPOrPaMMHUPOBAHMS BBICOKOTO YPOBHS

[34]
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BbICOKOYpOBHEBBIE SA3BIKH MPOrPAMMHUPOBAHMS 00IaJal0T 3HAYMTEIBHBIMU
IPEUMYIIECTBAMH, TAKUMH KakK yJ00CTBO HAIMCaHHWS M OTJAIKH KOJa, a TaKXkKe
BBICOKAs aOCTpakius OT ammapaTHbIX jAerajeid. OgHAKO A3TH IPEUMYIIECTBA
CONPOBOXKIAIOTCS OJHAM W3 TJIABHBIX HEJIOCTaTKOB — OOJBIIUM Pa3sMEpPOM
CO371aBa€MBIX MPOrpaMM. DTO OOBACHIETCS TEM, YTO BBICOKOYPOBHEBBIC SI3BIKH
TPeOYIOT JOMOJHHUTEIBHBIX PECYPCOB JUIS MHTEPIPETAIMM U BBITOJHCHHS KOJA,
YTO MPUBOJIUT K YBEIMUCHHUIO €ro 0ObeMa. B CBsI3U ¢ 3TUM, HECMOTPS Ha IIUPOKOE
pacIpoCTpaHCHHE BBICOKOYPOBHEBBIX S3BIKOB, CYIIECTBYET psa OOIacTei, rie
UCIIOIb30BAHNE HHU3KOYPOBHEBBIX SI3BIKOB, TaKMX KakK acceMOiep, ocTraeTcs
aKTyaJIbHBIM M JIake HeoOXoauMbIM. Hampumep, mpu pa3paboTKe KOMITHISTOPOB
JUISE BBICOKOYPOBHEBBIX SI3BIKOB, IPaliBEPOB, CHCTEMHOrO KOJa M MPOrpamMM ISt
MHUKPOKOHTPOJUIEPOB, IJie TPeOYyeTCs MaKCUMaIIbHO 3PPEKTUBHOE UCIIOIb30BAHHE
HaMsTH U pecypcoB mporieccopa [8].

OcHoBHast 00J1aCTh IpUMEHEHHUS BBICOKOYPOBHEBBIX ~ SI3BIKOB
NpOrpaMMHUPOBAHUSI — 3TO pPa3pabOTKa MPOTrPaMMHOTO OOECHeUeHHs IS
KOMITBIOTEPOB M PA3IHYHBIX YCTPOMCTB, 00JIAMAIOIINX 3HAYNTEILHBIMUA 00beMaMu
HaMsaTH. BBICOKOYPOBHEBBIC S3BIKM IIO3BOJIAIOT pa3pabOTYMKaM  CO3/1aBaTh
CIIOYKHBIC TPUIOKEHHsT C MHHHMAJIbHBIMH 3aTpaTaMd BpPEMEHH W YCHJIMHA Ha
IpOrpaMMHPOBaHUE M OTIaAKy. OJHAKO MPH CO3JAHMHM CHUCTEM, TJI€ KPUTHYHBI
IPOM3BOANTEIILHOCTh U KOMITAKTHOCTh KOJIa, HU3KOYPOBHEBBIC SI3BIKH COXPAHSIOT
cBoe 3HaucHue. OHU MO3BOJISIFOT KOHTPOJIMPOBATh KXY OMEPAIMI0 HA YPOBHE
nporeccopa U 00eCreunuBaTh ONTHMAIBLHOE YIPABJICHHE PECypCaMH CHCTEMBI.
Pasnuuuss MeXIy 3TUMH KATETOPHSIMH S3BIKOB IPOTPAMMHPOBAHHS CTAHOBSTCS
0COOEHHO 3aMETHBI MPHU aHAIM3¢ TaKHX IapaMeTPOB, KaK MPOU3BOAUTEIHLHOCTD,
pasMep Kojaa, yaoOCTBO pa3paboTku W ypoBeHb aOctpakmmu [23] [38].
[TapameTpbl, MO KOTOPHIM HMEIOT CYIICCTBEHHBIC OTJIMYHSA S3BIKA BBICOKOTO
YPOBHS OT HH3KOYPOBHEBBIX S3BIKOB IPOTPaMMHPOBAHHs IPEACTABICHBI Ha

pHUCYHKE 2.
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CxkopocTh

TpeboBaHus K mamMsTH

[IpocroTa ncnonab30BaHUs

[ToptupyemocTts

AOlcTpakuus

Pucynok 2 — [TapameTpsbl, IO KOTOPBIM UMEIOT CYIIIECTBEHHBIE OTINYUS

SI3BIKH BBICOKOTO YPOBHSI OT HU3KOYPOBHEBBIX SI3bIKOB ITpOrpaMmmupoBanus [14]

CymiecTByeT MHOXECTBO KJIACCH(UKAIMKA S3BIKOB MPOTPAMMUPOBAHUS
BBICOKOT'O YPOBHS MO pa3HbIM MapamerpaMm. Ha pucyHke Tpu npeacTaBieHa OJHa

U3 KJIacCCHU(pHUKAIUN S3bIKOB TMPOTPAMMHPOBAHUS BBICOKOTO YPOBHS, KOTOPOM
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IPUJIEPKUBAIOTCS MPAKTUKHU B 00JaCTU pa3pabOTKU MPOrpaMMHOTO oOecreueHus

(pucyHOK 3).

[IpoueaypHO-OpUEHTHUPOBAHHBIE S3BIKU
IpOrpaMMHUpPOBaHUS

[IpoGrieMHO-OpUEHTUPOBAHHEBIE SA3BIKH
POrpaMMHUPOBAHUS

OOBEKTHO-OPUEHTHUPOBAHHBIE S3bIKH
IIPOrpPaMMHUPOBAHHUS
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Pucynok 3 — Oana u3 kinaccuukamuii S36IK0B MPOrpaMMUPOBAHUS

BBICOKOTO ypOBHsI [14]

OOBEeKTHO-OPUEHTUPOBAHHBIE S3BIKH MPOTPAMMHUPOBAHUS BHICOKOTO YPOBHS
HNOSIBWINCHh TI0 UTOraM pa3BUTHS HNPOLEAYPHBIX SA3BIKOB IPOrpPaMMHUPOBAHUS.
«KoHuenuuss ~ 0OBEKTHO-OPUEHTUPOBAHHBIX  A3BIKOB  NPOTrPAMMMPOBAHMUS
3aKJIIOYAETCsl B MPEACTaBICHUHM MPOrPaMMBbl, KaK COBOKYIHOCTH OOBEKTOB. B
CTPYKTYPHBIX  fA3BIKAX OCHOBHYKO  pPOJIb WIPAaeT JIOTMKA, IOHMMAaHHE
MOCJIEIOBATENBHOCTH ACHUCTBUH. B 0OBEKTHO-OPUEHTUPOBAHHBIX SI3bIKAX BAXKHO
B3aMMOJIEUCTBUE APYT C JAPYTOM OOBEKTOB, JIOTHKA pa0OTHI KAKIOTO O0OBEKTa HE
BaXKHa. SI3bIKM OOBEKTHO-OPUEHTHUPOBAHHOTO MPOrPaMMHUPOBAHUS TMO3BOJISIOT
POrPaMMUCTY MCIOJIb30BaTh HE TOJBKO CYHIECTBYIOUIUE KJIACCHI, HO U CO3aBaTh
NoJIb30BaTeNbckue. TakuM 00pa3oM MOXKHO CONEpPHUYaTh C MPOOJIEMHO-
OPUEHTHUPOBAHHBIMM SI3bIKAMH IIPOTPAMMHUPOBAHUS B PELICHUH IPUKIATHBIX
3ama4y. Mcrnonb3oBaHuE KIAcCOB  Jydyllle CTPYKTYpUPYET TMporpamMmmy H
3HAYUTENIbHO COKpamaer ee pasmep. Hu ogHa Oosblias mporpaMma HE MOMKET
OBIThH HalycaHa 0e3 VCIIOJIb30BaHUs 00BEKTHO-OPUEHTUPOBAHHOTO
porpaMMHupoBaHus» [26].

OO0bexTHO-OpueHTUpOBaHHOe mnporpammupoBanue (OOIl) mnpomomkaer
OCTaBaThCsl BaYKHEUIIEH MapaJaurMoil B pa3pabOTKe MPOrpaMMHOr0 00ecredyeHus,
o0ecrnieurBasi CTPYKTYPUPOBAHHBIM M MOJAYJBHBIN MOAXOJ K CO3AAHUIO CIOXKHBIX
cucteM. S3bIku mporpammupoBanus, Takue kak C++, C#, u JavaScript, ocTaroTcs
JuAepaMu B 3TOW oOsactu, Onarogaps cBOe€ rHOKOCTH, MOIIHOCTU U IIUPOKOMY
cnektpy npumeHenus [41]. OmgHako, MOMHUMO HHX, CYHIECTBYET MHOXKECTBO
JIPYTUX BBICOKOYPOBHEBBIX SI3IKOB, KOTOpble Takke mnonaepxkusator OOIl u
HaXOAT CBOE MPUMEHEHHE B Pa3IMYHBIX cpepax MporpaMMHUPOBAHUS. DTU A3BIKH,
Biomrowast Java, Delphi, FEiffel, u Python, mnpenocraBmsitor paspaboTurkam

p33H006p8,3HBIC HHCTPYMCHTBI M BO3MOXXHOCTH OJId1 peain3alilin 00BEKTHO-
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OPUEHTHUPOBAHHBIX KOHIICINH, TaKMX KaK HaclIeJOBaHUE, MOMUMOPHU3M H
uHKarcysus [44].

Kaxnprii 13 3THX S3BIKOB 001a/1a€T YHUKAJIBHBIMU XapaKTEPUCTUKAMU U
OCOOCHHOCTSIMH, YTO TO3BOJISIET BBIOMpPATh HanOoJee MOAXOASIIUNA WHCTPYMEHT
JUIsT KOHKpeTHbIX 3anad. Hampumep, Delphi u Object Pascal wucropuuecku
UCIIOJIb30BAIKMCH ISl OBICTPOM pa3pabOTKU HACTOJBHBIX MPUIIOKEHHH, B TO BpeMsI
kak Python u3BecTeH cBoeil mMpOCTOTON W HIMPOKUM NMPUMEHEHHEM B HAyYHBIX
BBIUUCIICHUSX U BeO-paszpabotke [6] [11]. SI3bikm, Takme kak Ruby m Smalltalk,
aKIICHTUPYIOT BHUMAHUE HA YUCTOTE€ OOBEKTHOM MOJieNu, Torna kak ActionScript
u JScript NET oOecneunBarot BozmoxHoctr OOl B KOHTEKCTE BEO-pa3paboTKu U
paboThl ¢ MynbTUMenuiiHbIM KOHTeHTOM [20]. Takum oOpaszom, pasHooOpasue
00BEKTHO-OPUEHTUPOBAHHBIX SI3BIKOB IPOTPaAaMMHUPOBAHUS MO3BOJISIET
pa3paboTurkaMm BHIOMpATh HAMOOJIEE MOAXOASIINN HHCTPYMEHT B 3aBUCUMOCTH OT
TpeOOBaHMIM MpPOEKTa U JUYHBIX MPEANOYTEHUH, 4YTO CcrnocoOCcTByeT Ooliee
3¢ (exTUBHON M MPOAYKTUBHON paboTe B oOnactu nporpammupoBaHus. Jlanee
MPEACTABIICH TMEpPEYeHb S3BIKOB TMPOrPAMMHPOBAHUSA BBICOKOTO YPOBHS U3
KaTeropuu 0ObEKTHO-OPUECHTUPOBAHHBIX, B TOM YHUCIIC:

- C#
— CH++;
- Javg;
—  Delphi;
—  Object Pascal;
—  Visual DataFlex;
- Perl;
—  PowerBuilder;
—  Python;
— ActionScript (3.0);
— JavaScript;

— JScript .NET;
15



—  PHP u npyrue.

JIyist IpoBeIeHNsT aHaM3a W BRIOOpA SI3bIKA MPOTPAMMHUPOBAHUS BBICOKOTO
ypoBHst (SIIBY) u BblmeneHuss xapakTepUCTHK (KpUTEpUEB U TOKa3aTeseil)
pacCMOTPUM HEKOTOpBIE SI3BIKM MPOTPAMMHUPOBAHMS BBICOKOTO YpPOBHS, UX

(GYHKITMOHAJ, TOCTOMHCTBA B HejocTaTku (pucyHok 4) [42], [43].
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Python

OnuH 13 BOCTpeOOBAHHBIX SI3BIKOB POTPAMMHUPOBAHUS CPEIH
pa3pabOTYMKOB U3-32 €r0 CHHTAKCHUYECKOM MPOCTOTHI U
yHHBepcaabHOCTH. Python rcnonb3yercs 11 MalIMHHOTO O0Y4YEeHHUS
pa3paboTunKamu, MOCKOJIbKY OH MEHEe CJI0kKEH 1o cpaBHEeHUIO ¢ C u
Java. Python - mepeHOCHMBIN S3BIK, OH MOKET UCIIOIB30BAThCS HA
wiargopmax Linux, Windows, Mac OS u UNIX. On npusnekareneH
Onaronapsi cBOUM (YHKIIMSM, TAKUM KaK HHTEPAKTUBHOCTb,
UHTEPIPETUPYEMOCTD, MOAYIbHOCTh, AMHAMUYHOCTb, IEPEHOCUMOCTh U
BBICOKOYPOBHEBOCTbH, UTO JIEJIAET €ro OoJiee YHUKAIbHBIM, 4eM Java.
Python - aTo MHOTOMapagUrManbHas IporpamMma, Mo IePKUBAOLIAsT
00BEKTHO-OPUEHTUPOBAHHBIE, TPOLEAYPHbIE U PYHKLIHOHAIbHBIE CTHIIN
nporpamMmmupoBanus. Python monnepxuBaeT HeHpPOHHBIC CETH U
paspabotky pemenuii NLP Grarogapst cBoeit mpocToii 6ubiaroreke
¢bynkuuit u 6onee ynoOHoi cTpykrype. IlognepxxuBaer TecTupoBaHue
anropuTMoB 0e3 HeoOX0MUMOCTH UX TpuMeHeHust. Python pazsuBaercs
osicTpee, uem Java u C. B otinuue ot C u Java, Python paGoraer ¢
MIOMOIIBI0 UHTEPIPETATOpa, KOTOPBINA 3aMeIIsieT KOMIMIALUIO 1
BoeinosHeHue. [Iporpammel Ha Python paboTaror Meanennee, uem
MporpaMMbl Ha Java, HO IIpH 3TOM Ha UX pa3pabOTKy yXOAUT ropaszo
MeHbIie BpeMmenu. [Iporpammel Ha Python 00s1uHO B 3-5 pa3 kopoue
SKBUBAJICHTHBIX IporpaMM Ha Java. [TomoOHoe paznuumne oObsIcHIeTCS
BCTpOeHHBIMH B Python THmamu gaHHBIX BEICOKOTO YPOBHS U €TO
TUHaMHUYecKol Tunu3anuend. Hanpumep, pazpaboruuk Python He
TpaTUT BpeMs Ha OObSABICHUE TUIIOB APTyMEHTOB WM NTEPEMEHHBIX.
Morusblil monumMopdHsIi crincok Python u tum crnoBapsi, 1t KOTOPBIX
Oorarasi CHHTaKCH4eCKasi OIep’KKa BCTPOCHA HETIOCPECTBEHHO B
SI3BIK, HAXOAAT MIPUMEHEHHE MOYTH B Kax10il mporpamme Python. M3-3a
TUIH3AIMHI BO BPeMs BBITIOJIHEHUS, cpeaa pazpadbotku Python
Harpyxaetcs Ooinblie, ueM Java. Harpumep, pu OlieHKe BBIPKEHHS a
+ b 0HO JOJDKHO HCCIIEI0BATh O0OBEKTHI a U b, YTOOBI HAWTH MX THII,
KOTOPBIN HE N3BECTEH BO BPeMsI KOMIUIISIIIMK. 3aTE€M BbI3bIBACTCS
COOTBETCTBYIOIIAs OTEpaIusl CI0KEHHUS, KOTOPYIO MOXKHO TIEPErpy3UTh
C MOMOIIBIO N10JIB30BATENBCKOI0 METO/1A. Java MOXKET BBIIOIHSTh
CJIOXKEHUE 1IEJIbIX YHCell, OH TpeOyeT 0ObsABICHUS IEPEMEHHBIX JUIS A U
b 1 He JomycKaeT nmeperpy3Ku Juist oneparopa + ais 00beKTOB,
oTpezieisieMbIX MoJib30BaTeneM kiaccoB. [1o atum npuunnam Python
ropaszio Jiydiie HOAXOJUT B KaUECTBE «CBS3YIOIIET0» SA3bIKA.

Pucynox 4 - CpaBHeHHE SI3bIKOB ITPOTPaMMHUPOBAHUS U COTIOCTABICHUE UX

¢dbyHKIIMOHAa (HA4aso)
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C#

Camblil ObICTpBIN KOMIIBIOTEPHBIH A3bIK. ET0 cKOpOCTh BakHA 11
pa3paboTYHKOB, KOTOPBIE 0OJIbILE BCEro LEHT BpeMs. OH
oOecrieyrBaeT ObICTPOE BBHIOJHEHUE U MEHBIIIEE BPEeMs 3arpy3KH,
MI03TOMY IIPUMEHSETCS B TOMCKOBBIX CUCTEMaXx M MpH pa3padboTke
KOMIBIOTEpHBIX UTP. C # MO3BOJISET MIMPOKO HCITOIB30BATh
anropuT™Msl ¥ 3 HEKTUBHO UCTIOIB30BATh CTATUCTUYECKUE METObI
HCKYCCTBEHHOTO MHTe/uIeKkTa. C moaaepKuBaeT MoBTOPHOE
MCIIOJIb30BaHUE MTPOTPaMM B pa3pabOTKe 3a CUET HACIEIOBaHUS U
COKPBITHS IaHHBIX, 4TO 3((HEKTUBHO C TOUKH 3PEHUS IKOHOMUHU
BpeMeHH U 3atpat. C MOoIX0aUT Il MATMHHOTO 00y4YeHUs 1
HEHUPOHHBIX CeTeH. JJaHHBIN A3bIK IPOIPAMMUPOBAHUS XOPOLLIO
MPUMEHUM [T [TOMCKA PEHIeHUH CI0KHBIX ITpodsieM. OH Oorat
OMOIMOTEUYHBIMHU (PYHKIIMSAMH U HAOOPOM MPOTPAMMHBIX
UHCTpYMEHTOB. C - 3T0 MHOTONapagurmaibHas nporpamma,
MOJICPKUBAIOIAsl 00bEKTHO-OPUEHTUPOBAHHBIC TPUHIUIIHI,
MTOJIE3HBIE JIJISl IOJYyYEHHs OPraHU30BaHHBIX JaHHBIX. B TO ke Bpems
C mmoxo cripaBIsIeTCsl ¢ MHOT033JauHOCThIO. JIaHHBIHN SI3bIK
IIPOrpaMMUPOBAaHUS OJXOAUT TOJIBKO JUIsl IPUMEHEHMS s]Ipa WU
0a3bl TaHHBIX OTPENIENIEHHBIX CUCTEM WM anroput™MoB. [Toaxon
CHHU3Y BBEPX YPE3BBIUANHO CIIOKEH U 3aTPYAHSET A1 HAUMHAKOLIUX
paspabortunkoB. Kox Python 3agacrtyro B 5-10 pa3 kopoue
skBuBaneHTHoro koaa C. K mpumepy, pazpadorunk Python moxer
BBITIOJTHUTH 32 J[BA MecsIla TO, 4To ABa pazpaborunka C # He cMOTyT

BBIINIOJTHUTD 34 I'O.

Pucynok 4 - CpaBHEHHUE SI3bIKOB POTrPAMMHUPOBAHHUS U COTIOCTABICHUE UX

dbyHKIIMOHANA (MPOJOJIKEHHE)
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Java

SI3bIK IPOrpaMMUPOBAHUS C HECKOJIBKUMU MTapaJiurMaMu, KOTOPbIi
cienyeT 00beKTHO-OPUEHTUPOBAHHBIM IPUHIIUIIAM U IPUHIUITY
Once Written Read / Run Anywhere (WORA). D10 s3b1K
MPOrPaMMHUPOBAHUS UCKYCCTBEHHOTO MHTEJUIEKTA, KOTOPBIA MOXKET
paboTtarh Ha 11000 moanepkuBatolei ero miargopme 6e3
H€06XOI[I/IMOCTI/I MECPCKOMITUIIALINU. Bonpmias yacte cuATaKcuca
3anMcTBoBaHa n3 C. Java mogxonut He ToIbKo i1t NLP u
MOMCKOBBIX aJITOPUTMOB, HO U JJI HEHPOHHBIX ceTell. B oTimuune ot
C, Java mpoct B ucnonb3oBanuu. MimeeT aBToMaTH4ecKuit
MEHEKEp MaMsTH, 00JIer4aronifii padoty pazpaboTunkos. Java
memieHHee C, mMeer 00siee HU3KYI0 CKOPOCTh BBITOJIHCHUS U
Oosbliee BpeMst OTKJIMKA. Java MOpPTaTUBEH, HO CTapble MIaTqopMbl
noTpeOyr0T U3MEHEHH TPOrPaMMHOTO U almapaTHOTro

obecrieueHus.

Pucynok 4 - CpaBHEHHUE SI3bIKOB POTrPAMMHUPOBAHHUS U COTIOCTABICHUE UX

dbyHKIIMOHANTA (OKOHYAHHE)
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B ycnoBusAX MOCTOSSHHO pPAa3BHUBAIOLIMXCS TEXHOJOTWH, IMOBCEMECTHOIO
BHEJPECHUSI HUCKYCCTBEHHOTO WHTEIJICKTa, WHHOBAIUM, pa3BUTUA LUDPOBOI
PKOHOMUKM U HEOOXOJUMOCTU YCKOpPEHHs LHUPpPOBOM TpaHCPopManuu B
pa3NUYHBIX OTPACIAX BO3PACTAET CIOXHOCTh MNPOrPAMMHBIX MPOJYKTOB,
MEHSIOTCS TEXHOJIOTMH MTPOrpaMMUPOBAHUSL, TPeOyeTCs MOCTOSHHOE PaCIIMpPEHUE
(yHKIIMOHAJa U COKPAILLEHUE CPEAHETO CPOKa JKU3HEHHOTO LIMKJIAa Pa3pabOTKH.

B otux ycmoBusx HEOOXOAMM TOYHBIA, aJeKBaTHBIM, OBICTPHIM W
KayeCTBEHHBIA BBIOOP sI3bIKa MPOrPaMMHUPOBAHUSI BBHICOKOTO YPOBHS B paMKax
peanu3aluy  pa3IMYHbIX HWH(OPMAIIMOHHBIX W HWHHOBAIMOHHBIX IPOEKTOB
nuppoBu3alM U LUPPOBOKM TpaHChOpMALMK, TPOEKTOB, OCHOBAaHHBIX Ha
COBPEMEHHBIX CKBO3HBIX TEXHOJOTHAX [21].

JUist moBbimeHust 3QQGEKTUBHOCTH BbIOOpAa HEOOXOAMM HMHCTPYMEHTApHiA
NOJJIEPKKH, B TOM YHUCJIE U MHCTPYMEHTApHil, OCHOBaHHBI HAa MaT€MaTHYECKHUX
MOJIEJISIX, YTO OOECIEYUT BBICOKHI YpOBEHb JOCTOBEPHOCTH pE3yjbTaTa U €ro
o0ocHOBaHHOCTb.  Clie10BaTENbHO, PpPA3BUTHE CHUCTEMbI  aHalu3a  S3BIKOB
IPOrpaMMHUpPOBAHUS BBICOKOTO YPOBHA U BbIOpaHHas TeMaTHKa SIBISETCS
aKTYaJIbHBIM MTPAKTHUKO-HAYYHBIM HarpasiieHueM [9].

B nanHom maparpade BBIMOTHEH 0030p S3BIKOB TPOTPAMMHUPOBAHUS
BBICOKOTO YPOBHS, BBIJECJIEHBl HX JIOCTOMHCTBA W HEIOCTaTKH, B paMKax
MOCTAHOBKHM 3a/layd aHaiu3a U BbIOOpa S3BIKOB MPOTPAMMHUPOBAHUS BBICOKOTO
ypoBHs. Jlanee mepeiiieM K pacCMOTpPEHHIO MpoOJeMbl BbHIOOpa KpPUTEPUEB
nokasaresied 3(P(PEeKTUBHOCTU s3bIKAa MNPOrPAMMHUPOBAHUS BBICOKOTO YpPOBHS B

YCIOBUAX CPABHUTCIBHOT'O aHAJIM3ad HAa OCHOBC MAaTCMATHUYCCKOI'O MOJACIIMPOBAHM.
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1.2 Omnpenesenne mnpodaeMbl W BbIOOPa KpUTEpHEB MNOKa3aTesei
3(p(PeKTHBHOCTH $f3bIKA MPOrPAMMHPOBAHMS BBICOKOIO YPOBHSI B
YCJIOBHAAX CPABHUTEJIBHOr0 AaHAJIM3a HA OCHOBE MAaTEeMaTH4eCKOIo

MOAECITUPOBAHNA

Ha CETOAHSIIHUN JI€Hb CYLIECTBYET MHO’K€ECTBO A3bIKOB
POrPaMMHUPOBAHMS BBICOKOTO YpOBHS. MX KOIMYECTBO pacTer, H3MEHSIOTCS
TEXHOJIOTMM MNPOrpaMMHUPOBAaHUSA, HHTEP(ENCHl, pPa3BUBAIOTCA CaMH  SI3bIKU
nporpammupoBanus.  CrnegoBaTesnbHO,  JOJDKHBI  COBEpPIIEHCTBOBATHCS U
WHCTPYMEHTBl TMOJAECPKKH 3(P(HEKTUBHOrO BBIOOpA s3bIKa MPOrpaMMHUPOBAHUS
BBICOKOT'O YPOBHS JUIsl peaju3alii KOHKPETHBIX 3a7a4 U IPOECKTOB.

OddexkTuBHOCTH BBHIOOPAa ONTHUMAIBHOIO SI3bIKA IPOrPAMMHPOBAHUS
BBICOKOI'O YPOBHSI OIpPEAENSAETCS PSAAOM XapaKTepUCTHK (IIOKaszarTeneil), Kak
KOJIMYECTBEHHBIX, TaK M KAaueCTBEHHbIX. IIpy aHanu3e M OLIEHKE S3BIKOB
IPOrPaMMUPOBAHMS BBICOKOI'O YPOBHSI YUUTBIBAIOTCS TAKUE XAPAKTEPUCTUKH, KaK
[17]:

—  0COOEHHOCTH SA3BIKA;

—  TOpeaMmeTHas 00J1acTh;

—  TpeboBaHMS K S3BIKY 3aKa3UMKOB MU TEX, KTO pPEaJU3yeT MPOEKThI
pa3pabOTKU Ha JTaHHOM $I3bIKE IPOTPAMMUPOBAHMS.

Yame Bcero, kak ormedaer Kaydman B.II., sf3bIKM IpOrpamMMHUpOBaHUS
paccMaTpuBalOTCsl B COOTBETCTBUU C oOmmmu kputepusamu. Hampumep, M. C.
Kopotkos, E. C. 3anbkoB, B. H. CeicoeB u M. O. NibuH peKOMEHIYIOT st
CPaBHUTEJIBHOTO aHAJM3a BHIOUPATh CIIECAYIOIINE KPUTEPUH:

—  «yno00YnUTaeMOCTh (HACKOJIBKO CIIOKHO OYJIET MPOYUTATh KOJ);

— mpocTtoTa (HACKOJIBKO Jierko Oyaer paboTaTh W HCHOJIB30BATh
OMOINOTEKN);

—  OpPTOTOHAJIBHOCTH (YNPABISIOLUIME ONEPATOPbI U CTPYKTYPHI JAHHBIX
A3bIKa MOTYT OBITh BBIP@XKEHBI C HCIOJB30BAHHEM OTHOCHTEIHHO
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HEOOJIBIITIOTO YHCIIA DIIEMEHTAPHBIX KOHCTPYKITHN );

—  GUI (rpaduueckuii mHTEpdEiic MOIB30BATENS): HACKOIBKO JIETKO
Oynet paboTaTh ¢ rpapUUECKUM MPUIOKECHHUEM;

—  KpoccriaThOpMEHHOCTh (JIETKO 3alycKaTh MpOrpaMMmy Ha pa3HbIX
mwiaropmax)» [22].

C aumu coraacuel C. B. Jlenos, O. JI. Kupcanos, O. FO. TumomieBckas u
npyrue [25], [28].

JIs CpaBHUTENBHOIO aHaliu3a OYEHb YacTO BBIOMPAIOT TaKUE SI3BIKU
IPOrpaMMUPOBAHUS BBICOKOTO YPOBHS, KOTOpbIe HanboJiee KOHKYPEHTOCTIOCOOHBI
Ha UT-peinke, B Tom uucie [29], [32]:

— C++;
- C#

- Javg;

—  JavaScript;

—  Python.

D10 Habop HamboJee KOHKYPEHTOCIIOCOOHBIX SI3bIKOB MPOrPAMMHUPOBAHMS,
KOTOpBIN Jajee OyAeT UCHOJIb30BaThCS Il pabOThl C MaTeMaTHUYeCKUMHU
MOJIEIISIMU.

C oTuM coOrJlacHbIE MHOTHE COBPEMEHHBIE HCCIIEIOBATENHN  SI3BIKOB
nporpammupoBanusi, B ToM umcie: T. A. Kosamenko, A. 0. Jlo6aues, 1. B.
[Iumosa, M. M. Adnycanamos, T. B. Asetucsn, A. M. boponaii [18], [49].

[Ipu npoBeeHNN CPaBHUTEIHLHOTO aHATU3a M TTOCTPOSHUSI MAaTEMaTHIECKUX
MOJIeJIel aHajdu3a MHOTHUE WCCIICIOBATENIM TMpejiaraloT ONpeAessiTh BECOBbBIC
K02 (PHUITMEHTHI KaXKIOTO BBHIOPAHHOTO KPUTEPHS, YTOOBI MOHSATH, KAKOW M3 HUX
oonee BaxkeH [12], [35]. DToro MHEHMS TPHAEPKUBAIOTCS TAKHE DKCIEPTHI, KaK
[Tyneikuna A. A., Catynuna A. E., A. B. [lorynunckuii, A. I1. I[IpeoOpaxeHckuid,
A. B. lllnunes, B. C. JIyunukos, T. II. HoBukoBa, A.A. Akunun, FO.C. AkuHuHa,
C.B. TwopuH u npyrue.
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«BecoBbie KO3(h(UIMEHTH KPUTEPHEB WIM TMOKa3aTeled OMpeessOTCs
HKCIEPTHBIM METOJIOM M OCHOBaHbI Ha HCIOJB30BAaHUU OOOOIEHHOTO OIBITA U
WHTYUIIMN CIEIHAIMCTOB-IKCIIEPTOB. B 3KCIEpTHOM METOJe OlLIEHKa YPOBHS
BRXKHOCTH KOHKPETHOTO CBOKMCTBA OIpeesieTcsl B 0e3pa3MepHbIX equHumax» [1],
[3].

B cooTBeTcTBHE ¢ peKOMEHIAIUSAMU, U3JI0KEHHBIMUA TAKUMH aBTOPAMHU, KaK:
B. H. Bonkoga, A. E. JleonoBa, Camapckuii A.A., Muxaitnos A.Il., Puzen, 1O. C.,
Janbllie TPUMEHSETCS Tpolenypa pawxkupoBaHusi. OOBEKTH aHaIW3a — SI3BIKU
IpPOrpaMMHUPOBAHUSA BBICOKOTO YPOBHS - pACIOJIOKEHBI B TOPSAOKE HX
npeanouTeHus (pamxupoBanus). «MecTo, 3aHIMaeMOe TIPU TAKOM PACIIONIOKEHUN
B PaHXUPOBAHHOM psily, Ha3biBaeTcsi paHroM. Hanbonee BaxxHOMYy KpUTEpUIO, 1O
MHEHHIO KCIIEePTa, MPUCBANBACTCS HAUBBICIIHMM 0aslsl, BCEM OCTaIbHBIM B MOPSIIKE
YMEHBILIEHUSI UX OTHOCUTEJIBHON BaXKHOCTH — OaljIbl A0 1.

[TosmyueHHbIe pe3yiabTaThl U3MEPEHUI HOPMAIU3YIOTCS (ENATCs Ha ooliee
KoJinuecTBo OaysioB). BecoBbie k03(h(UIIMEHTHI, MOJYy4YEHHBIE TaKUM 00pa3oM,
npuHUMaroT 3HaueHus ot 0 10 1, u ux cymma craHoButcs pasHo 1» [1], [5].

IIpu oOpaboTKe pe3yJbTaTOB, MOJYYEHHBIX C MOMOIIBI PaHXKUPOBAHUA,
HEOOXOMMO BBITIOJIHUTD CIEAYIOLINE ONEpalnu:

1. Onpenenutrs cymmy OayuioB, HAaOpaHHBIX BCEMH OSKCHEpTaMHU 110
ONPEJEICHHOMY KPUTEPHIO (TIOKA3aTEII0).

2. Onpenenutb cyMMy OalljIOB IO BCEM KPUTEPUSIM, YCTAHOBIIEHHBIM BCEMU
IKCIIEPTAMH.

3. Onpenenenne BecoBOro KodPuimeHTa j-ro KpuTepusi.

B cooTBeTcTBUM ¢ CyMMOI1 paHrOB Ka)KJ0r0 00BEKTa KCIEPTU3bI CTPOUTCS
paHmXHpPOBAHHBIA  pSAJ, KOTOPBIM SBISETCS  PE3yJbTaTOM  MHOTOKPATHBIX
n3MepeHuit. Onpenensercs BeC CEpuu.

B pamkax pasBuTtHs TponeAyphl CPAaBHHUTEIBHOTO aHajdn3a S3BIKOB

MMporpaMMHpOBaHUsI BBICOKOI'O YPOBH:A HCO6XOI[I/IMO HCIIOJb30BaThb CHCTEMY
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KOJIMYECTBEHHBIX KPUTEPUEB WM IOKA3aTeler, KOTOpas SBISETCS OCHOBHOU
YaCTbI0 MUHCTPYMEHTAPUS ISl CPABHEHUS HA OCHOBE MATEMATUYECKUX MOJIEIIEH.

Cucrtema kputepueB (TMOKazaresiell) J0JDKHA BKIFOYATh HECKOJBKO KJIACCOB
MTOKA3aTeJIeH, OTPAXKAIOIMMX KOJUYECTBEHHBIE M KAYECTBEHHBIE XapaKTEPUCTHKHU
CPaBHUTEIILHOI'O aHAJIN3A A3BIKOB IIPOIPAMMUPOBAHUS BICOKOTO YPOBHS.

B ocHOBy cucTemMbl KOJWYECTBEHHBIX IIOKa3aTeled MOIYT Jiedb
CpaBHUTEJIbHBIC XapaKTEPUCTUKH, aHAIU3 0 KOTOPHIM MpHUBEACH B Tabnuie 1. B
paMKax aHaiM3a U BbIOOpaA SI3bIKA MPOTrPAMMUPOBAHMSI BBICOKOIO YPOBHS MOKHO
IIPOBOJAUTL CPABHUTENIBHBIM AaHAIU3 CIEAYIOIINUX S3BIKOB II0 BBIJICICHHBIM

XapakTepucThkam (rmokazaresnsam) (Tadauna 1), Kak OJIMH U3 BApUAHTOB:

Tabmuua 1 - AHanu3 s361k0B nporpammupoBanus Java, C# u Python Ha ocHoBe

BBIACJICHHBIX XaPaKTCPUCTUK

CpaBHUTENBHBIE XapaKTEPUCTUKU SI3BIK MPOrpaMMHUPOBAHUS BBICOKOT'O YPOBHS
Java C# Python
Berpoennas nonaepkka 00beKTHO- + + +

OPHUCHTHUPOBAHHOI'O ITOAXO4a

O0ecrieueHrEe BO3MOKHOCTH - — +
KOMITUJISIIIUU B MaHIHHHBIfI KOJ

Bcerpoennas nogaepikka 00paboTku + + +
UCKJIIOYEHUN

O0ecrieueHre CTaTHUECKOM + — —
TUIIN3AIAU

O0ecrieuenue + + +

KpOCCHJIaT(I)OpMCHHOCTI/I

Bo03MOXHOCTEL HOIKIIOUYEHUS — — +
CYILIECTBYIOIIMX B OPraHU3aluu
TOTOBBIX PEIIEHUI
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Taxke Tpw NPOBEACHWUM aHAIM3a W OIEHKH SI3BIKOB TIPH pa3pabOTKe
CHUCTEMBI TIOKa3zaTeleld MOTyT OBITh HCIIOJIb30BAaHA CHCTEMa BHEIIHUX
XapakTEepUCTHK (MTOKa3aTesieil) KadecTBa MPOTrpaMMHON pa3paboTKH, KOTopas

oToOpakeHa rpauIecKy Ha PUCYHKE O.

\

OyHKIHOHATBHOCTH (Functionality) - HaGop aTpHOYTOB, KOTOPBIE BIHAKT
Ha CyIIeCTBOBaHAE HaGopa (QYHKITHII H HX 3aJaHHBIX CBOHCTB. OYHKIIHH —
3T0 XapakTepHCTHKH [10, KOTOpEIE yAOBIETBOPSIOT 3aABIEHHEIE HIIN
II0Jpa3yMeBaeMble IOTPEGHOCTH.

\

Hanesxnocts (Reliability) - Hadop aTpHOYTOB, KOTOPBIE BIHAKT
Ha CIIOCOGHOCTH IPOTPAMMHOTI0 0GeCTIeueHHs TOIIEPKHBATh
CBOII YPOBEHb IPOM3BOHTENFHOCTH IIPH YKa3aHHBIX YCTIOBHAX B
TEUEHHE YKa3aHHOTO IEPHO Ia BpEMEHH.

103a6mmutu (Usability) - HaGop aTpuGyTOB, KOTOPEIE BIHAT
HA YCHIIHA, HEOOXOUMBIE 1114 HCII0/Ib30BAHHA IIPOTPAMMHEIX
Ppa3paboTOK [10/Ib30BATENEM, H Ha HHAHBHANYAIbHYI0 OLEHKY
TaKOI'0 HCIIOIb30BAHAA 3a4AB/ICHHBIM H/IH [I0Pa3yMEBAEMBIM
Ha0OpOM II0/Ib30BaTENEN.

B¢ dexTuBHOCTS (Efficiency) - HaGop aTpHOYTOB, KOTOPHIE
BIHAKT HA B3aHMOCBS3b MEKTY YPOBHEM IIPOH3BOIHTENLHOCTH
TIIPOrpaMMHOTO 0GecTIeYyeHH H KOTHIECTBOM HCIIOIb3yEMBIX
PECypcoB IIPH YKa3aHHBIX YCIOBHAX.

[

[Toprapyemocts (Portability) - BaGop aTpuGYTOB, BIHAKIINX HA
BO3MOKHOCTE [IepeJaul IPOrPaMMHOI0 00€CIIEUeHHA 13 OJHOH CPE/IEI B
APYTYIO.

/

Pucynok 5 - Cucrema BHENTHUX XapaKTEPUCTUK Ka4eCTBA MPOTPaMMHOM
pazpaboTku
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A Taxke cucTeMa BHYTPEHHUX KauecTB (ITOKa3aTesei), KOTopas BKIIOYAeT
TaKue, Kak:

— «cormpoBoxaaeMocTh (Maintainability) - HaGop aTpuOyTOB, BIMSIOIIMX

Ha YCUJIWSA, HEOOXOAUMBIE /ISl BHECEHUS ONPE/IeTIEHHBIX U3MEHEHU;

— TtectupyemocTts (Testability) - HaGop aTpuOyTOB, BIUAIOMINUX HA YCHUIIHS,
HEOOXOAMMBbIE I TPOBEPKH MPOTPAMMHOIO OO€eCleyYeHus Toclie
IPOBEJACHUS KaKOT0-In00 BUIOM3MEHEHHS» [25].

BrineneHasie ceMb XapaKTEPUCTUK SIBIISIOTCS KITFOUEBBIMH WHIUKATOPAMH,
KOTOpbIE  OMPENeNAI0OT  KadecTBO  MNPOrpaMMHOro  obecrnedeHus.  IJTU
XapaKTEPUCTHUKHA  OXBATBIBAIOT TAaKHWE AaCMEKThl, Kak (PYHKIIMOHAIBHOCTD,
HA/IC)KHOCTh, yA00CTBO HCIIONB30BaHUS, I(PGEKTUBHOCTH, COMPOBOKIAEMOCTD,
NEePEHOCUMOCTh M TPOU3BOJUTEIHHOCTh. KOMIIJIEKCHBIH YYET STHUX aCIEKTOB
MO3BOJIIET HE TOJBKO OIEHUTHh TEKYIIEe COCTOSHUE MPOrpPaMMHOTO MPOIYKTa, HO
U MPOTHO3UPOBATH €r0 TMOBEACHHE B PA3IMYHBIX YCIOBHUSX AIKCILTyaTallMH. ITO
JienaeT JaHHbIe XapaKTePUCTUKU YHUBEPCATbHBIM MHCTPYMEHTOM JJIsS aHAllU3a U
CpPaBHEHUS Pa3IMYHBIX MPOTPAMMHBIX PEIICHH, o0ecreunBas 0ObEKTUBHOCTD M
BCECTOPOHHOCTH OLIEHOK.

B KkoHTEKcTEe CpaBHUTEIBLHOTO aHaMHW3a S3BIKOB TMPOTPAMMHPOBAHUS
BBICOKOTO YPOBHSI, 3TH XapaKTEPUCTUKH MOTYT CIY>KUTh OCHOBOH JJIsl pa3pabOoTKu
CUCTEMBI KPUTEPHEB, KOTOPbIC MOMOTYT BBHISIBUTH CHUJIBHBIE U CIIA0BIE CTOPOHBI
KOKIOTO s3bIKa. TakoW TIOJXOJ CIOCOOCTBYET BBISBICHUIO ONTHMAIBHBIX
pemieHut 11 KOHKPETHBIX 3ajad, 4YTO, B CBOI O4Yepelb, IOBBIIIACT
3 PeKTUBHOCTh Pa3pabOTKU W HUCIIOJIb30BaHUS MPOrpaMMHOro obecreueHus. B
KaueCTBE YACTHBIX ITOKa3aTelield, KOTOpbIC TaKXe TMpEeIaracTcs BKIIOUYNTH B
CUCTEMY KPUTEPHEB WM IMOKa3aTeJIe MOMXHO TaK)Xe HCIIOJIh30BaTh MOKA3aTelH,
NPE/ICTABJICHHBIC HA PUCYHKE (PUCYHOK 6).

B cBoro ouepenp, KaxxIplid U3 YaCTHBIX NTOKA3ATENEN 3aBUCUT OT MHOXKECTBA

pa3HOOOPa3HbIX XapaKTEPUCTHK.

26



YUTA0ETBbHOCTH (JIETKOCTh UTEHUS ¥ IOHUMAHHUS IIPOTPAMM )

JIETKOCTh CO3JJaHUs MporpamMm (yIoOCTBO sI3bIKA JJIsI CO3TAHUS
IporpamMm B BEIOPaHHOW 00J1aCTH)

HAJEKHOCTH (0OecreyeHre MUHUMYyMa OIHUOOK MpU
pabote mporpamm)

CTOMMOCTH (CyMMapHasi CTOMMOCTb BCETO JKU3HEHHOTO
IIUKJIA S3BIKA)

MIEPEHOCUMOCTH MPOTrpamM (JIErKOCTh MepeHoca
MporpamMM U3 OJIHOM OTNEPALIMOHHOMN CPEJIbl B APYTYIO)

YHHUBEPCAIbHOCTh (IPUMEHUMOCTH K IIMPOKOMY KpYTY 3aj1a4)

YEeTKOCTb (TIOJIHOTA M TOYHOCTH O(UIINATIEHOTO OMUCAHHUS S3bIKA)

Pucynok 6 - CucteMa 4acTHBIX MOKa3aTesael JUisl BKIIOYEHUS B CUCTEMY
IIOKA3aTeJIel CPAaBHEHUS A3BIKOB IIPOIPAMMUPOBAHUS
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Jl7i CpaBHUTEIBHOTO aHAM3a B paMKax MCCIEIOBaHUS MpeaaraeTcs B3ATh
32 OCHOBY KPUTEpPUHU PUCYHKA 6, a TakKe J0OABUTh TAKUE KPUTEPHUH, KaK:
— 4uTabebHOCTh (HACKOIBKO CII0KHO OyACT YMTATh KON);
— 1mpocTtoTa (HAacKOJbKO JIeTKO OyaeT paboTaTh M MOJIb30BATHCS
OMOIMOTEeKaAMM );

— OpPTOTOHANLHOCThH (YHPABISIONINE OMEPATOPbl U CTPYKTYPbl JAHHBIX
S3bIKA MOTYT OBITh BBIPAXKEHBI C MOMOIIBI0 OTHOCUTEIIBHO HEOOJBIIOrO
YHCIIa QJIEMEHTaPHBIX KOHCTPYKIINUN);

— GUI (rpaduueckuii uaTepdeiic noap30BaTess): HaCKOJIbKO JIETKO OyaeT

paboTath ¢ rpa@UUecKuM MPUIOKECHUEM;

— KpoccmiaTpOpMEHHOCTh (IPOCTOTa 3alycka MporpaMMbl Ha pPa3HbIX

maTdopmax).

[Ipu pa3paboTke MaTeMaTUYECKOM MOJIETHM B paMKaxX Pa3BUTHUS CHUCTEMBI
MOMJICP)KKH TPUHATHS PEIICHUS TPU TPOBEACHUHM CPABHUTEIHHOTO aHAIM3a
S3BIKOB  MPOTPAMMHPOBAHMSI  BBICOKOTO  ypOBHS ~ OYIOyT  HCIOJIb30BaThCS
cieayromme Kputepud (IMOKa3aTeln):d  4YWTa0elbHOCTh, OPTOrOHAILHOCTD,
npocrora, GUI, HamekxHOCTb, CTOMMOCTb, I€PEHOCUMOCTH MPOrpPamM,
YHHUBEPCATLHOCTh, KPOCCILIaT(HOPMEHHOCTh, YeTKOCTH [45].

Hanee HeoOXoauMo OyAeT OmpeaenuTh BeCOBblE KOA(DOUIIMEHTH KaXKI0TO
KpUTEpHS, YTOOBI MOHSTh, KAKOW U3 HUX OoJiee BakeH. BecoBbie KO3 ULIUEHTHI B
JAHHOM MCCIIEIOBAHUU OIPENEISIOTCS SKCIEPTHBIM METOJAOM M OCHOBAaHbI Ha
UCTIONIb30BaHUU OOOOIIEHHOTO OMbITa U WHTYWIIMU CHEIHATIMCTOB-IKCIEpTOB. B
HKCIIEPTHOM METOJIe OLIEHKa YPOBHA BaXXHOCTH KOHKPETHOTO CBOMCTBA
ornpeaensercs: B 0e3pa3MepHbIX €IMHULIAX.

[Ipouienypa paHXHpOBaHUS BBIMOIHIETCS B COOTBETCTBUE CO CIICTYIOIIAM

aNrOpUTMOM (PUCYHOK 7).
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4 )

1. OOBEKTHI 3KCTIEPTU3BI PACTIONOKEHBI B TIOPSJIKE UX
IpeanoyTeHus (paHkuposanus). Mecro, 3aHUMaeMoe
IIPU TAaKOM PACIIOJIOKEHUHU B PAHXUPOBAHHOM PSINLY,
HA3bIBACTCS] PAHTOM.

4 )

2. CaMmOMy BaXXHOMY KPUTEPHIO, 10 MHEHHUIO SKCIIEPTa,

MIPUCBAMBAETCS] HAMBBICIIIAS OLIEHKA, BCEM OCTAJIbHBIM B

MOPSIIKE YMEHBIIECHUSI UX OTHOCUTEIbHON BaXKHOCTH —
Oasutel 110 1.

3. [omy4eHHbIe pe3yabTaThl H3MEPEHUN
HOPMAJIN3YIOTCSI, T.€. INATCS Ha OOLIYI0 CyMMY
6aoB. [TomyyeHHble TaKUM 00pa30M BECOBBIE

k03¢ UIIMEeHTHI TPUHUMAIOT 3HaueHus ot 0 1o 1, u ux
CyMMa CTaHOBUTCS paBHOH 1.

. J

Pucynok 7 - [Ipouenypa paHxupoBaHus
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Teopernyeckoe wuccneqOBaHUE, MPOBEACHHOE B paMKaX MAaruCTEPCKOM
JTUCCEPTAINK, TO3BOJIMIO TIAyOOKO U3YYUTh METOJOJIOTHYCCKHAE ACIICKTHI
CPaBHHUTCIIPHOTO aHaIM3a S3BIKOB IPOTPaMMHPOBAHHUS BBICOKOTO YpOBHS. B
pe3ynbTaTte OBLIN BBISABJICHBI KITFOYEBBIC TPEUMYIIECTBA M HEOCTATKH PA3IAIHBIX
SI3BIKOB, YTO OOCCIEYHIIO TIOHUMAHKUE UX XapaKTEPHUCTHK M OTIMYHUTEIBHBIX YEpT.
Takoli TOAXO0a CIIOCOOCTBOBAJI BCECTOPOHHEMY PACCMOTPCHHIO TIPEIMETHOMN
00JIaCTH | TTO3BOJIMII YETKO ONPEICIUTh MapaMeTPhl, BIUSIIONINE Ha BBIOOD S3BIKA
IPOrpPaMMHUPOBAHUS B Pa3IMUHBIX KOHTEKCTax [27].

[IpoBeneHHOE WCCIEOBAaHUE CHUCTEMATH3UPOBAJIO 3HAHHWS O S3BIKAX
MPOTPAaMMHUPOBAHMS, CO3/IaBasi OCHOBY JUIS  JANbHEUITUX  OMITUPUICCKUX
HCCIICIOBAHUM M TPAKTUYCCKUX peKoMeHmarui. [1oapoOHbI aHAMM3 IO3BOJIMII
CTPYKTYPHPOBaTh WH(MOPMAITUIO U TPEIIOKUTH METOIOJIOTHIECKHE TIOIXOIbI K
MPOBEJICHUIO CPaBHHUTEIIBHOTO aHajini3a, 4YTO, B CBOK O4Yepeb, CIIOCOOCTBYET
0oJiee 0CO3HAHHOMY W OOOCHOBAHHOMY BBIOOPY S3BIKOB MPOTPAMMHUPOBAHUS IS
peIIeHUs] KOHKPETHBIX 3a7a4. JTO HCCIICIOBAHWE UMEET 3HAYUTENbHBIA BKIIAI B
TeOpeTHUECKY0 0a3y, (Gopmupys OCHOBY s pa3pabOTKHM HOBBIX METOIUK U
WHCTPYMEHTOB JIJIs1 aHAJIM3a S3BIKOB TIPOTPaMMHUPOBAaHMSI BRICOKOTO YpoBHS. Jlanee
neperaeM K aHauM3y MaTEeMaTHYECKUX MOJCICH, MPUMEHUMBIX IJIsS PEIICHUs

IMOCTaBJIECHHOM MCCJICIOBATEILCKOM 3a1aUH.
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2 UccaenoBanue MaTeMaTHYeCKHX MojeJieil, IPUMEHUMBIX B paMKax
CPABHUTEJBHOI0 AaHAJN3a H3bIKOB MPOrPAMMHPOBAHUA BbICOKOTO

YPOBHS

2.1 bBaajabHas MaTeMaTHYECKAs MOa€CJIb

PaccMoTpuM psin 0a30BbIX MaTeMaTHYECKUX MOjeNel, KOTOpble OOBIYHO
UCIIOJIB3YIOTCSL TIPH CPAaBHEHWHM W aHAIM3€ pa3IMyHbIX cucteM. IIpu nmpunsatun
pelIeHUs O BBIOOpPE TOTO MIJIM MHOTO SI3bIKa MPOTrPAMMMPOBAHUS BHICOKOIO YPOBHS
JUISL peanu3alyy TOrO0 WM MHOTO MPOEKTa MPOLIECC MPUHATHUS YIPABIECHYECKOTO
pelieHus] HeOOXOAUMO BBIPAXKATh HE TOJBKO B KAUECTBEHHBIX XAPAKTEPUCTUKAX,
HO M B KOJMYECTBEHHBIX I[OKA3aTeIsIX (KpUTEpHsIX). ODTH KOJIUYECTBEHHbIE
MOKa3aTelld MOXKHO OXapaKTepHU30BaTh KaK MoKa3areiau 3(P(EKTUBHOCTH padOTHI
WIM NIPUMEHEHHUs TOTO WJIM MHOTO S3bIKa IPOTPAMMHUPOBAHUS BBICOKOTO YPOBHSI
[7].

OmnpenencHue KOJIMYSCTBEHHBIX KPHUTEPHEB (MOKa3aTeleil) MPUMEHUMOCTH
win 3(p(PEeKTUBHOCTH NPUMEHEHHS TOTO WM HWHOTO s3blKa OCHOBBIBAECTCS Ha
NPUMEHEHUU MaTeMaTu4eckux mojeineil. Haubonee mpoctoil mMaTeMaTuyeckoi
MOJEJIBIO, KOTOPYIO MO>KHO aJanTHUpPOBaTh 1ozt IIOCTaBJICHHYIO
UCCIIEIOBATENbCKYI0  3ajady  siBiseTcss  OawibHass  Mozenb.  JlaHHyto
MaTEMaTUYECKYI0 MOJIe]Ib MOXXHO NMPUMEHUTh U B paMKax peUIeHUs 3aJadd 10
IIPOBEJICHUIO CPABHUTEIBHOIO aHAJIN3a S3bIKOB MPOTPAMMHPOBAHUS BBICOKOTO
yposust [37].

CyIHOCTB 3TOM MOJIEIH 3aKII0YACTCs B CICAYIOIIEM (PUCYHOK 8).
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OnpepenaeTca COBOKYNHOCTb KOIMYECTBEHHbIX
nokasatenein, rae KIl, ;,KIly;, ..., KII,,j - coBokynHocTb
KOZIMYECTBEHHbIX NOKa3aTeNel, XapakTepum3yoLLnX A3bIK
NPOrpaMmmMmnpPOBaAHMA BbICOKOIO YPOBHA C HOMepom j =1,
2, ..., N Ha gaHHbI MOMEHT BpemMeHU t 1 pe3ynbTaTbl €ro
B peanusaumm NporpaMmmHbIX NpoayKTax 3a
npeaLwecTBYOWNIA KOHTPOIbHbIN Nepuog, I1.

Ha ocHoBe 0603Ha4YeHHbIX AaHHbIX onpedenseTca
reHepasbHbii pentuHr PE; onpesenexHoro Asbika
NPOrpammMpOBaHUA BbICOKOTO YPOBHS C HOMEPOM «j» Ha
MOMEHT BpeMeHM t, KOTOpbI pPaccYMTbIBAETCA B
COOTBETCTBME C MaTEMATUYECKON MOAENbIO.

Matematuueckan mogenb: PE; = . BM; KII;
j=12,...,N.

j»

O603HayeHUs, UCNOb3yeEMblE B MaTEMATUYECKOM
MOZENU: N - YNCNO BCEX NOKazaTenen; N — Homep fA3blika
NPOrpamMmmmnpPOBaHNA BbICOKOTO YPOBHA U3 CPaBHUBAEMOM
rpynnbl A3bIKOB NPOrPamMMUPOBAHNA BbICOKOIO YPOBHSA,
BM - BecoBble MHOXWUTENN, Ha3HaYaeMble IKCnepTamu
3BPUCTUYECKU (34€Cb NPUMEHSAIOTCSA SKCNEPTHbIE MEeToAbl
ANA Ha3HauyeHUA BECOBbIX MHOMUTENEN).

Pucynoxk 8 — CyniHocTb 0ayuibHOM MOJENH B paMKaXxX pa3BUTHS
CPaBHUTEIBHOTO aHANIM3A SI3bIKOB MTPOTrPAMMHUPOBAHMS BBICOKOT'O YPOBHS
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YV  OamnbHOU MOJICIIN CCTb OIIPCACICHHBIC AOCTOMHCTBA WM HCAOCTATKH,

KOTOpbIE MpHBeeHbI Ha pucyHKe 9 [37].

4 N\
JoctonHcTea 6annbHoOM
MaTeMaTM4YeCcKoM Mmoaenm
o J

4 N\

MpocToTa paboTbl C MOAENbIO

~
HepocTtaTkn 6annbHom
MaTeMaTM4YecKo moaenm
J
4 )\

NpumeHeHWe SKCcnepTHbIX

HeBbiCOKaa TpyA0EMKOCTb

METOZ0B AN1A onpeae/ieHuns
BECOBbIX MHOXUTENEN

CyMmuMpOBaHue BEMYMH,

NUMEIOLMX PasINYHble
pa3sMepHOCTH

. J

4 )

OTcyTCTBME yyeTa peanbHo
CYLLECTBYHOLLMX

3aBMCMMOCTEN MeXKAY PALOM
noKasaTtenem

- J

4 )

OTcyTcTBME pasaeneHums
noKasaTtenemn Ha

noTeHuunanbHble u
pe3ynbTaTUBHbIE FPynMbl

Pucynok 9 — JlocToMHCTBA U HEIOCTATKU OAJUIBHOM MOJIENN IS
CPaBHUTEJILHOTO aHAIN3a SI3bIKOB MPOTPaMMHUPOBAHUS BEICOKOTO YPOBHS
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Kak Mbl BUIUM, OaJibHAs MaTeMaTUYECKasl MOJENb SBISIETCS TOCTATOYHO
OpOCTOW M O0ecneuynBaeT HU3KYI TPYJOEMKOCTh PELICHHs MCCIEN0BATEIbCKOM
3a/1a4M, OJTHAKO PsAJ HEJOCTAaTKOB, KOTOPBIE NMPUBEACHBI HA PUCYHKE 9 CTaBAT MoX
BOIIPOC IIPUMEHEHUE JAHHON MOJIEIN B KAYECTBE HHCTPYMEHTA PAa3BUTUS CUCTEMBI
IIPUHATHS PELICHWs I[pPU [POBEIACHUM CPABHUTEIBHOIO AaHAINW3a A3BIKOB

IIPOTPaMMUPOBAHUS BBICOKOTO YPOBHS.

2.2 HOpMaTI/lBHO-K.HaCCl/I(l)I/IKaI[I/IOHHaSI H ITAJIOHHAdA MaTEeMaTHYCCKHE

MOJ€C/IN

HekotopsIM pa3BuTueM OalIbHOM MaTeMaTHYECKOW MOJEIH SBISIOTCS
HOPMAaTUBHO-KJIaCCU(UKALIMOHHAsT M JSTAJOHHAs MOJEJIU pacueTa pEHTHHIOB
(pucynok 10).

PaccMoTpuM  XapaKTepUCTUKM HOPMATUBHO-KIJIACCU(PUKALMOHHON MOJIEIH
pacueta pPEeHTHHrOB [7], «B KOTOPOW COBOKYITHOCTb HMCXOJHBIX IOKa3aTeleH
COCTOSIHUS M aKTHUBHOCTH JI€ATEJIbHOCTH 3a/IaHHOTO OOBEKTa pa3/essieTcss Ha JiBa
MHOXECTBA  IIOKa3aTesen: BO-TIEPBBIX, IoKa3aTen MOTEHIUATBHBIX
BO3MOKHOCTEH, XapaKTepU3YyIOLIUe COCTOSHUE U IMOTCHIMAIBHBIE BO3MOXKHOCTH
BBIIIOJIHEHNS  PA3JMYHBIX BUJOB  JIESITENBHOCTH; BO-BTOPBIX, IOKAa3aTeNn
aKTUBHOCTH  WJM  PE3YJbTaTUBHOCTH,  XAapAKTEPHU3YIOLIUE  PE3YyJIbTaThI
(GYyHKUMOHUPOBAHUS  JAHHOTO  OOBEKTa 3a  MNPEIUIECTBYIOUIMH  MEepUOA
iaHupoBanus» [37].

«IToka3zaTenu nepBOro MHOKECTBA PAa3JEIAIOTCA Ha HEKOTOPOE KOJIUYECTBO
KJIACCOB, KAXKIbIM M3 KOTOPBIX MMEET Clelu(PUUECKUe MPU3HAKHU, a MOKa3aTeln
BTOPOTO MHOYKECTBA MOJAPA3ACISIIOTCS HAa HEKOTOPOE KOJWYECTBO BUIOB
JeATEeNbHOCTH. Jlanee moka3arenu IOTEHUHAIBHBIX BO3MOXKHOCTEW U BHJIOB
JNEATEIbHOCTH KaKIOW M3 TpyNI HOPMHUPYIOTCS OTHOCUTEJIBHO HEKOTOPBIX

BEJIMYMH, MMEKIIMX JKOHOMHUYECKMM  CMBICH. /Jlnd  Kakaou  rpymsl
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INOTCHIOMAJIBHBIX BO3MOXXHOCTEH U BHUJa JACATCIBHOCTH OSKCIICPTHBIM METOAOM

OTIPENICISIIOTCS  BECOBBbIE KOA((GUIIMEHTHI ¥  OCYIIECTBIISCTCS  BBIYUCIICHHE

pCﬁTHHFOB IMOTCHIHAJIOB I10 PA3JIMYHBIM BHUIAaM IMOTCHIUAJIBHBIX BO3MOKHOCTEH U

PEUTUHTOB

AKTUBHOCTU  (pE3yJIbTATUBHOCTH) TIO  Pa3JIUYHBIM

nesTenbHoCTHY [34].

CyLHOCTb HOPMATUBHO-KNACCUOUKALMOHHOM MOAENN COCTOUT B TOM, YTO
BCA COBOKYMHOCTb MCXOAHbIX nokasaTesien KII;; a3bika
NPOrpaMmmmMpOBaHMA BbICOKOTO YPOBHA C HOMEPOM «j» noapasaensetca
Ha Ba MHOXeCTBa NoKasaTenen:

- NoKasaTenu KH]‘-Tk (t), xapakTepu3yloLLMe COCTOSHME U NOTeHUMaNbHbIe
BO3MOKHOCTM BbINONHEHMA pa3nunyHbix npoekTos (k=1, 2, ..., n) Ha
A3blKe NPOrPamMmMMUPOBAHUA C HOMEPOM «j» B MOMEHT BpeMeHu t no

nokasarento k;

BHUaM

- NOKasartenu KH}’; (t,I1), xapakTepuaytoLLime pesynsTaTbl BbINONHEHUA

NPOEKTa Ha KOHKPETHOM fA3bIKE NPOrPamMmmMmUPOBaHUA C HOMEPOM «j» 3a
npeawectsyowmin nepuog, I1 8 MOMeHT BpemeHu t No pesynbratam
BbINO/IHEHUA NpoeKTa s (s=1, 2, ..., m).

3atem nokasatenu KIIjj (t) nogpassenaiotca Ha HEKOTOPOE KOMYeCTBO

rpynmn, Kaxaaa ns KoTopbix MMeeT cneundunyeckne NnpusHaKM, a nokasatenm

KH]’-’S‘(t, [1) nogpaspenstoTca Ha HEKOTOPOE KOIMYECTBO NPOEKTOB.

[danee nokasaTenu NPoOeKToB U NOTEHLMaNbHbIX BO3MOXKHOCTEN Kaxaoi 13

rpynn HOPMUPYHOTCA.

/

-

[NnA Kaxkgon rpynnbl NPOEKTOB M NOTEHLMANbHbIX BO3MOXHOCTEN
9KCNEPTHbIM METOA40M ONpeaensatoTca BecoBble Ko3ddUUMEHTbI U
OCYLLECTBNAETCA BblYMCNEHNE PEUTUHIOB NOTEHLMANOB NO PA3/TUYHbBIM
BMAM NOTEHUMA/IbHbIX BOSMOXHOCTEN U PENTUHIOB Pe3yNbTaTUBHOCTU
MCMNONb30BaHWUA A3bIKOB MPOrPAaMMMPOBAHMA NO PA3/IUYHLIM MPOEKTaM.
[anee TakK ke, KaK 1 B 6aNbHOM cUCTeMe, NO 3HAYEHUAM reHepasibHoro
PENTUHra BCe A3bIKM NPOrPammmMpoBaHUA NOAPA3AENAOTCA HA HECKONbKO
rpynn, 1 B 3aBUCMMOCTU OT NPUHAZNENKHOCTM K TON AN MHOW rpynne.

~

J
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Pucynok 10 — CymHocTh HOpMaTUBHO-KJIaCCU(DUKAITMOHHON MOAETH
pacyera pedTUHIOB B paMKaX Pa3BUTHUS CPABHUTEIBHOTO aHAIN3A S3bIKOB
IPOrpPaMMHUPOBAHUS BBICOKOI'O YPOBHS

«OTanoHHAsT MOJIEIb YIIPaBICHUs OOJBIIMMH CUCTEMaMH yIpaBlieHUs Oblia
npeioxkeHa npodgeccopom B.M. UepHeukum aisi CHHTE3a CAMOHACTPaUBAIOIINXCS]
(amanTUpPYOIIMXCA)  CUCTEM  aBTOMATUYECKOTO  YIPABJICHHUS  CIOKHBIMU
MHOTOKOHTYPHBIMH TEXHHUYECKUMH OObekTamMm» [37]. Mopjenb Takoro THrma
«IPEATNOoNaraeT BbIOOP HEKOTOPOTO WIEANIbHOIO (TMIOTETUYECKOTO, ITATIOHHOTIO)
00OBEKTa yNpaBIICHUS, 3HAYCHUS NTaPaMETPOB KOTOPOTO SBJISIOTCS ONTUMATbHBIMU
B TOM WIA HHOM CMBbICIE (3TO NPEANOJOKEHWE HE BCeraa IMPaKTHYECKU
peanuzyeMo). 3aTeM 3HAUYEHHUsS KOHTPOJIHMPYEMBIX MApaMETPOB BCEX JPYIHX
OOBEKTOB YNPABIICHUSA, OTHOCAIIUXCS K TOMY K€ THUILY, YTO M 3TAJIOHHBII OOBEKT,
OLIEHUBAIOTCS MO OTKJIOHEHUSM (WJIM OTHOLIEHUSIM) OT 3HAUYECHUN MapaMmeTpoB
3TAJIOHHOrOo oOBekTa. Ha ocHOBe pe3ynpTaTOB CpaBHEHHUS (PAKTUUYECKUX U
ATAJIOHHBIX  3HAYEHWH  KOHTPOJIUPYEMBIX  NApaMeTpOB  CHUHTE3UPYETCS
JIOTIOJIHUTEIbHBIA KOHTYpP yNpaBieHUs (KOHTYp aJanTaldd U CaMOHACTPOWKH),
OCHOBHOW LIEJIBIO KOTOPOTO SIBJIAETCS TOCIEN0BATEIBHOE U3MEHEHHE HEKOTOPBIX
TEXHOJIOTMUECKUX [apaMeTpOB, ONPEAESIOIUX AMHAMUKY JIBH)KEHUSI 00bEKTa B
HEoOXOoqMMOM HampasiieHuu. [Ipu ucnonb30BaHWM OCHOBHOW HAE€U HPHUHIIMIIA
ATAJIOHHBIX MOJEJIE PEUTHUHIOBBIE MOJIETU YIpPaBIEHUs OOJbIIMMHU CUCTEMAMHU,
10 CYIIECTBY, SBJIIFOTCS MAaTEMAaTUYECKUMU MOJEIISIMA CUHTE3a JOMOJHUTEIBHBIX
KOHTYpOB ajanTaiuy OOJIbIION CHCTEMbl YIpaBIEHUS, OO0ECNEeYMBAIOIINX
JIOCTAaTOYHO BBICOKYI0 3()PEKTUBHOCTh HUX (YHKUUOHUPOBAHUS B CJIOKHBIX
JUHAMUYECKH HW3MEHSIOIIMUXCS WIM  HENpEACKa3yeMbIX (HEONpPENeEHHBIX)
YCIOBUSIX  MpPU  HAIMYUM  CyOBEKTHBHBIX  (4YeloBeuecKkux)  (akTopos,
ONPENENSIEMBIX, B YaCTHOCTH, MHOXECTBOM HEKOHTPOJIUPYEMBIX BO3ACHCTBUI»
[37].

B pamkax unccienoBaTeNbCKOW 3aaud IO Pa3BUTUIO CUCTEMBI IPUHATHUSA

peiCHus MPpH MMPOBCACHUN CPABHUTCIIBHOI'O dHAJIN3a SA3bIKOB IPOTrpaMMHUPOBAHUA
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BBICOKOI'O YPOBHA 3TAJIOHHBIC MOACTIN NOCTATOYHO CJIOKHO HMCIIOJIb30BATh, TAK KaK
HCXOaHasd I/IHq)OpMaI_II/IH HE ABIACTCA AO0CTATOYHO YETKOM MU OTCYTCTBYIOT
9TAJIOHHBIC SA3BIKHW IIPOTPaAMMHUPOBAHUA, IMAPAMCTPblI KOTOPBLIX MOIJIHA OBl OBITH

HCIIOJIb30BAaHbI ITPHU UCIIOJIb30BAHUHN I[aHHOI\/JI MaTEeMaTHYECKOM MOJACIN.

2.3 MaremaTu4yecKkue MOJAeJH, NMOCTPOCHHbIE HA aNmapare He4YeTKOu

JJOT'MKH

Jlanee paccMOTpUM MaTeMaTHYECKHE MOJICTH, TMTOCTPOSHHBIC Ha ammapare
HEYETKON JIOTMKH, KOTOpPhIE TPHUMEHSIOT B YCIOBHAX HEOMPEISICHHOCTH
pe3yibTaTa MPUMEHEHUsI TOTO WM MHOTO SI3bIKa MPOTPAMMUPOBAHUS BBICOKOTO
ypoBHsI nipu peanm3aruu U T-npoekToB 1mo pa3paboTke MporpaMMHBIX MTPOTYKTOB.

«MaremaTtuueckasi Teopusi HEUETKMX MHOXeCTB (fuzzy sets) m HedeTkas
noruka (fuzzy logic) sBistoTcs 0000IMEHUSIMU KJIACCUUECKON TEOPUH MHOXKECTB U
KJIaccuueckod  (opmanbHOM JIOTMKU. JlaHHBIE TOHATHS OBLIM  BIIEPBbBIC
npemioxkeHbl aMmepukanckuM yueHsiM Jlotdu 3ane (Lotfi Zadeh) B 1965 r.
OCHOBHOM TNPUYMHON TIOABJIEHUS HOBOW TEOPUM CTAJI0 HAJIWYHME HEYETKUX U
MPUOJIMKEHHBIX PACCYKICHUM TPU OMUCAHUU YEJIOBEKOM IPOIIECCOB, CHUCTEM,
00BekTOBY [43].

[Ipexkne yeM HEYETKHWHW TMOAXOA K MOJCIHPOBAHUIO CIOKHBIX CHCTEM
MOJIYYHJI TIPU3HAHKE BO BCEM MHpE, IPOIUIO HE OJHO JIECATUIICTHE C MOMEHTA
3apOXKJICHUS] TEOPHHM HEUETKMX MHOXXECTB. M Ha 3TOM MyTH Pa3BHTHS HEUCTKHX
CHUCTEM IPHUHSTO BBIACIATH TPH TIEPHO/IA.

«Ilepsoiii mepuona (konen 1960-x—nauano 1970 romoB) xapaktepusyercs
pPa3BUTHEM TEOPETUYCCKOTO armapaTa HeueTkux MHOecTB (JI. 3ane, . Mamuaanw,
bennman). Bo Btopom mepuwome (1970-80-e¢ rOaBI) TOSBISIIOTCS TIEPBBIC
MPAKTUYECKUE Pe3ylbTaThl B O0JACTH HEUETKOTO YIPABICHUS CJIOKHBIMHU
TEXHUYECKUMU CHUCTeMaMH (IaporeHepaTop C HEYETKUM  YIPABJICHHUEM).

OI[HOBpeMeHHO CTAJIO YyACIIATHCA BHHMAHHC BOIIPOCAM IOCTPOCHUA SKCIICPTHBIX
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CHCTEM, OCHOBAHHBIX Ha HEUETKOH JIOTHKE, pa3paboTKe HEUETKHX KOHTPOJUIEPOB.
HeueTkne sKkcnepTHbIE CHCTEMBI I MOAJNEPKKHA NPHUHATHS PEIICHUNA HaXOIAT
IMIMPOKOE TMPHUMCHEHHE B MeauIMHe M 3KoHOMHKe [44]. B Tperhem mnepuoge,
KOTOpPBIA JUIMTCA C KOHHA 80-X TOMOB W MPOAOJDKAETCA B HACTOAIICE BPEMH,
MOSIBIIIFOTCS MTAKETHI TPOTPaMM ISl IOCTPOEHUS HEYETKUX IKCIIEPTHBIX CUCTEM, a
o0JacTM TPUMEHEHUSI HEYETKOM JIOTMKM 3aMeTHO pacmupsitorcs. Ona
OpUMEHSETCI B aBTOMOOMJIBHOM, a’pOKOCMHYECKOW M TPAHCIHOPTHOM
IPOMBIIIJIEHHOCTH, B 00JacTU W3J€Iuil ObITOBOM TEXHUKH, B cdepe (PUHAHCOB,
aHaJli3a U NPHUHATHS YIPaBICHUYCCKUX PEIICHUI 1 MHOTHX Jpyrux» [39].

«OtnaBaTbCsl MPEANOYTEHUE HEYETKOW JIOTMKHM MO0 MHPY HAYajaoCh MOCIE
nokazatenbcTBa B KoHIe 1980-x rr. bapronomeem Kocko 3HaMeHUTOM Teopembl
FAT (Fuzzy Approximation Theorem). B Ousnece u (puHaHcax HeyeTKas JIOTHKa
NOJIy4WJIa NpU3HAHUE IIOCiIe TOro, Kak B 1988 romy skcmeprHas cuctema Ha
OCHOBE HEYETKUX TMPaBWJI Ui MPOTHO3UPOBAHUS (DMHAHCOBBIX HHIUKATOPOB
€AMHCTBEHHAsl MpeJcKa3ana OupkeBol kKpax. WM xonmuecTBO ycnemHbIX ¢as3u-
NPUMEHCHHUH B HACTOSIIIIEE BPEMST HCUMCIIACTCS Thicssyammuy [47].

AJTOPUTMBI HEYETKOTO BBIBOJIA PA3IMYAIOTCS, TJIABHBIM 00pa3oM, BUIOM
UCITOJIB3YEMBIX TPAaBWI, JIOTUYECKHUX OIEepaluid W pPa3sHOBUAHOCTBIO METOJA
nedazsudukanuu. PapaboTansl Mojenu HeueTkoro BbiBoja Mampaanu, CyreHo,
Jlapcena, IlykamoTo [48], [49].

PaccmoTpum  moapoOHee HEUeTKHWil BBIBOJ, Ha TpPUMEpPEe MeXaHU3Ma
Mamaann (Mamdani) [48]. DOrto wHaumbonee pacnpoCTpaHEHHBIH CIIOCOO
JIOTUYECKOTO BBIBOJA B HEYETKUX CHUCTEMax. B HEM HCHONb3yeTcss MUHMMAaKCHas
KOMIO3UIMSL HEYETKUX MHOXECTB. JlaHHBIM MexaHM3M BKJIIOYaeT B ce0s
CIEAYIOIIYIO TTOCIEN0BATENBHOCTh AEUCTBUM, KOTOpask MPEACTABICHA HA PUCYHKE

(pucynoxk 11).
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HOCTpOCHI/Ie BXOAHBIX U
BBIXO/IHBIX HEYCTKUX
MHOXECCTB

dazzuduKanus BXOJHBIX
HEYETKUX MHOKECTB

AKKyMyJALHS

Arperanus

Cosnanune 0a3el
HCUCTKUX HpaBI/IJI

Hedazzudukamms

Pucynok 11 — CucreMa HEYETKOTO JJOTMYECKOTO BBIBOIA
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[Ipouenypa daz3udukanmm SBISETCS HAYATBHBIM 3TaoM 00pabOTKH
JJAHHBIX B HEUETKON JIOTHMKE, TJI€ OMNPEACSIOTCS CTENEeHU WCTUHHOCTU ISt
MPEANOCHUIOK KaKI0T0 MpaBuja. ITO TOCTUTAETCS MyTEM MpUMEHEHUs (PyHKIIHit
NPUHAJIEKHOCTH, KOTOPbIE  OIIEHMBAIOT, HACKOJBKO  JAHHBIM  3JIEMEHT
COOTBETCTBYET HEUETKMM MHOXKecTBaM. B mpoliecce HEYETKOro BBIBOJAA ATH
CTENIEHU HWCTUHHOCTH HCIOJIb3YIOTCSl JUIsl YCTAHOBJIGHUSI YPOBHEH OTCEUEHHS,
ONPEAEISIONMX 3HAYMMOCTh Ka)KJO0r0 IMpaBuia. 3aT€M BBIYUCISIOTCS YCEUEHHBIE
GYyHKIMA — TPUHAAJIEKHOCTH, OTpPAXaIoOUMe OTKOPPEKTUPOBAHHBIE CTEINECHU
UCTUHHOCTH, COOTBETCTBYIOIIHE JAHHBIM YPOBHSAM oTcedcHus [45].

Ha sTame koMIo3uuuMu NpPOUCXOIUT OOBEIMHEHHE YCEUEHHBIX (DYHKIMIA
MPUHAJICKHOCTH. ITO OCYIIECTBISETCS C MCIOIb30BAaHUEM MAaKCUMAJIBHON
KOMITO3UIIMM HEYETKHX MHOXECTB, 4YTO TO3BOJISIET MOJY4YUTh OOOOIIEHHYIO
OLICHKY BBIXOJHBIX 3HAUYCHMH. 3aKIIOUUTENBHBIN 3Tanm - jaedasz3zudukanus -
HaIpaBjeH Ha MpeoOpa3oBaHUE HEUYETKUX JIAHHBIX OOPATHO B YETKUE 3HAUYCHUS.
CymiecTByeT HECKOJbKO METONIOB JAeda3z3uuKalu, Cpead KOTOPbIX METOA
CpEeIHEr0  IEHTpa WU  I[EHTPOWJHBIA  METON  sBJIseTCs  HauboJjee
pacrpoCTpaHEHHBIM. DTOT METOJ BBIUUCISCT ILEHTP THKECTH OO0BhEAUHEHHOU
GyHKIMA TPUHAUISKHOCTH, YTO TO3BOJISET TOJNYyYUTh KOHEUYHOE YETKOE
3HAuU€HUE, NPEJICTaBIAIONIee HauOoJiee BEPOSTHBIM pe3ylbTaT HA OCHOBAHUU
NIEPBOHAYAIBHBIX HEYETKUX JaHHBIX [53].

MeTtoabl HEUETKOM JIOTUKU SIBJISIIOTCS OJHUM W3 aKTUBHO Pa3BUBAIOLIUXCS
HarmpaBjieHueM. MareMaThuueckiue MOJENH, TNOCTpOeHHble Ha 0as3e ammapara
HEUYETKOM JIOTHUKH, MOIXOST JUIsl pElISHUs 3a/1a4 B HEONPEACIICHHBIX YCIOBUSX, B
KOTOpBIX peanu3yrorcss UT-npoekTel, mo3ToMy NMPUMEHEHUS anmnapara HEeYeTKOU
JIOTMKW ISl PEIIEHUS MCCIENOBATENBCKOM 3aJa4yd MAruCTEpCKOW AUCCEPTALUU
OyzneT noctaTouHo 3PGHEKTHBHBIM.

«B pesynbprare OOBEAMHEHUS HECKOJIBKHX TEXHOJIOTHH HCKYCCTBEHHOTO
WHTEJUIEKTA TOSBHUJICS CICIUAIBHBIA TEPMUH — «MSTKHE BbIYHCICHUSD (SOft

computing), kotopsiii BBen JI. 3ame B 1994 romy. B Hacrosiiee Bpemsi MSTKHE
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BBIUMCICHUS] ~ OOBEAMHSIOT  TakMe  OONacTM  Kak:  He4eTKkas  JIOTHKa,
UCKYCCTBEHHbIE HEHPOHHBIE CETH, BEPOSITHOCTHBIE paccyKIaeHus
Y DBOJIIOIIMOHHBIE aNTOpUTMbl. OHHM JOMOJHAIOT APYT JIpyra U UCIOJIb3YIOTCSA B
Pa3TUYHBIX KOMOMHAITUSX JIJIS1 CO3AaHUS THOPUIHBIX HHTCIICKTYATHHBIX CUCTEM.

BrnusHue HeueTKoW JIOTMKM OKa3alloch, MOXKalyl, CaMbIM OOIIUPHBIM.
[Togo6HO TOMy, Kak HEYETKHE MHOXKECTBA PACIIMPWIM PAMKH KJIACCHYECKOM
MaTEMaTUYECKYIO0 TEOPUIO MHOXKECTB, HEUETKAs JIOTMKA BTOPIJIACH TPAKTUYECKU B
OonpIMHCTBO MeTon0B Data Mining, HamenuB MX HOBOW (DYHKIIMOHAIBHOCTEHIO.
Huxe npuBonarcs HanOosiee HHTEPECHBIE PUMEPBI TAKMX 00bETUHEHUN.

Heuetrkue wHeliponnbie cetu (fuzzy-neural networks) ocymecTBiasoT
BBIBOJIbI HAa OCHOBE ammapaTra HEYETKOM JIOTMKU, OJIHAKO MapameTpbl (yHKIUN
NPUHAJIEKHOCTH HACTPAUBAIOTCS C UCIOIb30BaHUEM anroputMoB oOyuenus HC.
[ToaToMy myis mojbopa mapaMmeTpoB TaKUX CETEH MPUMEHUM METOJ OO0paTHOTo
pacnpocTpaHeHus OIIUOKH, M3HAYAIBHO MPEII0KCHHBIN TUIS
oOy4eHHs] MHOTOCIIOHHOTO — mepcenTpoHa. Jliust 3Toro MoIylib  HEYETKOro
yIpaBJICHUS TIPEACTaBIsIeTCS B (hopMe MHOTOCIOWHON ceT. HedeTkas HeilpoHHas
CeTh, KAaK MPaBUJIO, COCTOMT U3 YETHIPEX CIO0EB: cios (a33uuKauu BXOTHBIX
MEPEMEHHBIX, CJIOSI AarperupoBaHUs 3HAYCHUN aAKTUBAIIMU YCIIOBUS, CIIOS
arperupoBaHMsl HEYETKUX TPaBWI W  BBIXOJHOTO  ciosd.  HawmOGosbinee
pPacIpOCTPAHEHUE B HACTOSIIEE BpeMs MMOJYyYWIIA apXUTEKTypbl HedueTkon HC
Buga ANFIS wu TSK. Jloka3zano, 4YTo TakKue CETH  SBJISIOTCS
YHHUBEPCAILHBIMU armpokcuMaTopammy [28].

beicTphie anrOpuTMBI OOYYEHUS W HWHTEPIPETUPYEMOCTh HAKOIUICHHBIX
3HaHUN — 3TU (HAKTOPHI CAENAIN CETOJHS HEUETKUE HEHUPOHHBIC CETH OJHUM W3
CaMbIX TEPCHEKTUBHBIX M 3(P(GEKTHUBHBIX WHCTPYMEHTOB MSTKHUX BBIYHCIICHHM
[46].

Kitaccnueckre He4eTKne CUCTEMBI UMEIOT OTPaHUYEHHE, 3aKIFOYAIOIIEECs B
HEOOXOJAMMOCTHA YYacTHsl SKCIEPTOB ISl ONpelesieHUus MpaBwil U (yHKUUN

NPUHAICKHOCTH, YTO HEPEAKO MPEACTaBIseT cO00i 3HAYUTEIbHYIO CIIOKHOCTb.
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OKcnepThl TOKHBL 0071a1aTh TIyOOKMMHU 3HAHUSIMH B KOHKPETHOM NMPEAMETHOM
obOnmacTu, 4dYTOOBI ChOPMYIMPOBATH AaJCKBATHBIE IMIpaBWjIa, OMKCHIBAIOIIHEC
noBeZieHUe cuctembl. OIHAKO JOCTYMHOCTh TaKWX CIEIMAIMCTOB HE BCerja
rapaHTUPOBaHAa, U WX MPUBJICUYCHUE MOXKET OBITh 3aTPYAHEHO U3-3a Pa3IUYHBIX
(bakTopoB, BKJIIOYAas OTPAaHUYEHHBIE PECYpPChl WJIM OTCYTCTBHUE HEOOXOJMMBIX
KOMIIETEHIIUH. DTO OOCTOSTENBCTBO CYIIECTBEHHO CHIDKAET 3(G(HEKTUBHOCTH
KJIACCUYECKUX HEUYETKUX CHUCTEM, IOCKOJBKY KX HACTPOlKa M KOPPEKTUPOBKA
CTaHOBSATCS TPYAOEMKHUMH U 3aTPATHBIMHU MPOLECCAMHU.

AJlalITUBHBIE HEYETKHE CHUCTEeMbl MpesaratorT 3()QPEeKTUBHOE pelnieHue
JaHHOU mpoOnemMbl. B Takux cucremax mpouecc noadopa mapaMeTpoB HEUETKOU
CUCTEMbl aBTOMATHU3MPOBAaH M OCYILECTBISETCS Ha OCHOBE OOy4YeHHUs ©C
UCITOJIb30BAHUEM SKCIEPUMEHTAIBHBIX JIAaHHBIX. OJTO MO3BOJIIET CYIIECTBEHHO
YMEHBIIUTh 3aBUCHUMOCTh OT 4YEJIOBEYECKOro ¢akropa U obecrneyuTh Oosee
ruOKyl0 M TOYHYIO HACTpOWMKYy cHCTeMbl. B mporecce oOydeHus aqanTHBHas
HEYETKask CUCTEMA CAMOCTOSITEIbHO KOPPEKTUPYET CBOU MAPAMETPhI, OCHOBBIBASICh
Ha aHaJlu3e MOCTynawmeld uWHPOpPMalMU, YTO 3HAYMTEIbHO TIOBBIIIAET €€
alanTUBHOCTh M MPUMEHUMOCTh B pa3nu4HbIX ycioBusx [50]. Takum obOpazom,
a/laliITUBHbIE HEYETKUE CUCTEMbI NPEJCTABIAIOT cOOON 0ojee MporpecCUBHBIN U
s peKkTHBHBIN MOAX0a K o00paboTKe HEYeTKOHW uHbopMaly, obecreunBas
BBICOKYIO CTEMIEHb aBTOMATH3allMi U MUHUMHU3UPYsI HEOOXOIUMOCTh MPUBIICUCHUS
y3KONPO(MUIBHBIX JKCIEPTOB. AJTOPUTMBI OOYYEHHUS aJanTHBHBIX HEYETKHX
CUCTEM OTHOCHUTENIbHO TPYIOEMKH W CIOXKHBI 10 CPAaBHEHHIO C aJIrOpUTMaMu
oOy4eHHs] HEMPOHHBIX CeTeH, U, KaK MPaBUJI0, COCTOST U3 IBYX CTaJMA:

— T'eHepanusi TMHTBUCTUYECKUX MPABUI;

— KoppektupoBka GyHKIMI NpUHAIIEKHOCTH.

«IlepBast 3agaya OTHOCUTCS K 3ajadye MepeOOpPHOro Tuma, BTOpas — K
ONTHUMM3aLMKA B HENPEPBIBHBIX NpocTpaHCTBax. IIpu 3TOM  BO3HHMKaeT
OTpEeNIEHHOE MPOTUBOPEUYHUE: JJIsi TeHepaluyd HEYETKHX MPaBHJI HEOOXOIUMBI

q)YHKHI/II/I IIPUHAOJIC)KHOCTH, a I MPOBCACHUA HCUCTKOI'O BLIBOAA — IIpaBHJIA.
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Kpome Toro, mpum aBTOMAaTHYECKON TeHEpalUyd HEYETKUX MPaBUJI HEOOXOIUMO
00eCneunTh UX MOJHOTY U HEIPOTUBOPEUUBOCTb.

3HauuTeNnpHAss ~ YacTh  METOJOB  OOYy4YEHMSI  HEYETKUX  CHUCTEM
UCITIOJIb3YET FTEHETUYECKUE aJTOPUTMbl. B  aHIUIOA3BIYHOW JUTEpaType 3TOMY
COOTBETCTBYET CrelnuanbHblii TepMuH — Genetic Fuzzy Systems. 3HaunTeIbHBIH
BKJaJ B PAa3BUTHE TEOPUM U NPAKTUKUA HEUETKUX CHCTEM C 3BOJIIOLIUOHHOMN
ajanrTanyend BHECHA Ipymiia UCIMAHCKUX uccienosarene Bo rinase ¢ @. Xeppepa
(F. Herrera).

Heuerkue 3ampocsl k 0a3zam nmaHHbix (fuzzy queries) — mepCrieKTUBHOE
HaIlpaBJI€HUE B COBPEMEHHBIX cHUCTeMax o0pabdoTku wuHpopMauuu. JlaHHBIN
UHCTPYMEHT JaeT BO3MOXHOCTh (POPMYJIHPOBATH 3allpOChl HAa E€CTECTBEHHOM
A3bIKE, Hanmpumep: «BbIBECTH CHOUCOK HEAOPOTHX MPEIJIOKEHUNA O ChEME KUIIbS
OJM3KO K LIEHTPY ropo/ia», YTO HEBO3MOXKHO IPHU HCIOJIb30BAHUN CTaHJAPTHOTO
MexaHu3Ma 3amnpocoB. s 3TOM 1enu pa3paboTaHa HEUETKas pesslUOHHAs
anredpa W CHeuuaigbHble paclMpeHus S3bIKoB SQL 171 HEYeTKuX 3ampocoB.
bonbias 4acTb HCCJICIOBAHUM B STOU oOactu TIPUHAJICKUT
3amagHoeBponeiickuM yuenbiM 1. {ro0Oya u I'. Ipane.

Heuetkue accornmaruBabie npasuia (fuzzy associative rules) — uHcTpyMeHT
JUIs U3BJIeYeHUs M3 0a3 JaHHBIX 3aKOHOMEPHOCTEH, KOTOpble (HOPMYIHPYIOTCS B
BUJIC JIMHIBUCTUYECKUX BBICKA3bIBAHUW. 3J1€Ch BBEJEHBI CHEUUATbHBIE MOHITHS
HEYETKON TpaH3aKUWH, NOAIEPKKH U JOCTOBEPHOCTH HEYETKOIO aCCOLMATUBHOIO
npaBuia. Heuerkne korHuTuBHbIE KapThl (fuzzy cognitive maps) OblIu
npenoxkensl b, Kocko B 1986 r. u uCHONB3yrOTCA I MOAEIMPOBAHUS
IPUYMHHBIX B3aUMOCBS3€M, BBISBICHHBIX MEXIy KOHLENTaMH HEKOTOPOM
ob0nactu. B oTiauumMe OT MPOCTBHIX KOTHUTHUBHBIX KapT, HEYETKUE KOTHUTUBHBIC
KapThl TIPEACTABISIOT COOOW HEUYETKUI OPUEHTUPOBAHHBIN Tpad, y3JIbI KOTOPOTO
SBIISIIOTCS HEUETKMMU MHOXXecTBamu. HampaBiennole peOpa rpada HE TOJBKO
OTPaXKAOT MPUUMHHO-CIIEICTBEHHBIE CBSI3U MEXKAY KOHLIENTAMHU, HO ¥ OIPEIEIIAIOT

CTEIICHb BIUSHUS (BEC) CBA3BIBAEMBIX KOHIIENTOBY [48].
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AKTHBHOE HCIIOIb30BaHUE HeueTKuX KOrHUTUBHBIX KapT (HKK) B kauectse
WHCTPYMEHTA MOJICJIMPOBAHMUS CUCTEM OOYCIOBJIEHO pSAIOM 3HAYUTEIbHBIX
npeumyniects. OAHUM U3 OCHOBHBIX JIOCTOMHCTB SIBIISIETCS BO3MOXHOCTH
HATJISAHOTO MPEICTaBICHHS HCCIEAYEMON CUCTEMBI, YTO CIIOCOOCTBYET JTyUIIEMY
MMOHMMAHMIO U aHAJIN3Y CJIO0KHBIX B3aUMOCBSI3EH MEK]y Pa3JIMUYHBIMU 3JIEMEHTaAMU
cucTteMbl. Buzyanuzamusi MpUYMHHO-CIEACTBEHHBIX CBA3€H MEXKIYy KOHLENTaMHU
MO3BOJISIET MCCIIEIOBATENSAM U MPAKTUKaM JIETKO MHTEPIPETHUPOBATh U OOBIACHSTH
IuHaMHuKy cuctembl, yto fenaer HKK He3ameHMMBIMU B pa3inyHBIX 00JACTIX
3HAaHWU, BKIIOYas yIpaBjiICHHE, SKOHOMHKY W dKoyioruio [52]. OxHako, HECMOTpS
Ha O4YeBHUAHBIE MpeuMmylecTBa, npouecc noctpoenus HKK crankuBaercs c
CYLIECTBEHHbIMU THpoOsemMamMu. OJHOM W3 TJAaBHBIX TPYJHOCTEH SBISETCS
OTCYTCTBUE CTPOroi (hopMaliu3alii, YTO 3aTPYAHIET CUCTEMATUYECKOE CO3/IaHHE
KapT U JeNaeT 3TOT NPOIECC 3aBUCUMBIM OT CyOBEKTUBHBIX OLIEHOK IKCIIEPTOB.

«B cBsA3u ¢ 3TMM, OJHOM M3 KIIOYEBBIX 337a4 CTAHOBUTCS INPOBEPKA
aZICKBaTHOCTU TIIOCTPOEHHOM KOTHUTHUBHOW KapThl PEAJbHOM MOJEIUPYEMOM
cucreme. OTo TpeOyeT pa3pabOTKM METOJOB, CIIOCOOHBIX O00OECTICUHTh
OOBEKTHUBHOCTh M HAJEKHOCTh KapT, YTOObl OHHU JEHCTBUTENIBHO OTpaXKajiu
¢yHKIIMOHUpOBaHUE cuUCTeMbl. OIHUM U3 NEPCIEKTHBHBIX MOAXOAOB IS
pELICHUs STOM 3a/1a4M SIBJIAIOTCS alrOPUTMBI aBTOMAaTH4YeCcKOro nocrpoennss HKK
Ha OCHOBE JAaHHBIX. OTHU aNTOPUTMbl MCHOJB3YIOT BBIOOPKM JAHHBIX IS
reHepaly KapT, 4YTO TMO3BOJSIET MUHUMHU3UPOBATh BIHUSHHE CYOBEKTUBHBIX
dbakTopoB U obecreunuTh 0o0Jiee TOYHOE COOTBETCTBUE KAPT PEaNbHOCTU. Takum
oOpazom, aptomatuzamusi mpoiiecca nocrpoenus HKK He Tonbpko ymporaer
CO3JaHUE MOJEJIEH, HO M IOBBIIAET MX TOYHOCTH W JIOCTOBEPHOCTH, YTO
OTKpPBIBAET HOBBIE BO3MOKHOCTHU ISl UX IPUMEHEHUS B PA3IMYHBIX 00JIACTSIX.

HeueTkne Meroapl KJIaCTEpU3aLMM, B OTJIWYUE OT YETKUX METOJOB
(nanpumep, HeilpoHHbIe ceTn KoxoHeHa), TO3BOJISIOT OJJHOMY U TOMY K€ OOBEKTY
MPUHAJIEKATh OJHOBPEMEHHO HECKOJBKHMM KJIACTEPAM, HO C Pa3IMYHOU

crenennto. HeueTkas KJIacTepusanusa BO MHOTUX CUTYyalIUAX OoJtee «ECTCCTBCHHA»,
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YeM YeTKas, HaupuMmep, JUIs 00bEKTOB, PACIIONOKEHHBIX Ha TPAHMIIE KIACTEPOB.
Hawubomee pacmnpocTpaHeHbI: aJrOpUTM HEYETKOH CaMOOpraHM3aludd Cc-means H
ero obo6ienue B Buae anroputma ['yeradcona-Keccens» [32], [48].

CIHCOK MOXKHO TPOJOKHTH W Jajbllie. HEYETKHE JACPEBbS PEIICHUH,
HCUCTKHE ceTH [Metpw, HeUeTKas accoIMaTUBHAs namsTh,
HCUCTKUE CAMOOPTaHU3YIONIUECS KapThl U IPYTHE THOPUIHBIC METO/IBI.

B pamkax pasaena ObUIH PacCMOTPEHBI MaTEMATHYCCKUE MOJIEIH, KOTOPBIC
MOJKHO OBLIO ObI HMCIOJIB30BATh I PELICHHS 33Jaud CPaBHUTEIHLHOIO aHAIN3a
S3BIKOB TIPOTPAMMHPOBAHHUS BHICOKOTO ypOBHS. OIpeaeieHo, uTo I pa3paboTKH
CHCTEMBI MPHHATHSA PEHICHWH OyayT HCIOJb30BAaHBI MaTEMaTHYECKHE MOJIEIH,
IOCTPOCHHBIC HA  almapaTte HEYeTKOW JIOrMKd. Hederkwit moaxon K
MOJICIIMPOBAHUIO CIIOKHBIX CHCTEM IIOJIydns IPH3HAHKE BO BCeM Mupe. B
YCIOBHSX HEOMpeACICHHOCTH peaiu3anuu U T-nmpoekToB ¢ UCIONIb30BaHUEM TOTO
WIA WHOTO sI3bIKa MPOrPAaMMHPOBAHHUS BBICOKOTO YPOBHS, IS PCIICHUS
MIOCTaBJICHHOM 3a/a4M 1€JIeCO00pa3HO MPUMEHUTh HHCTPYMEHTBI, OCHOBaHHBIC Ha
HEYETKOHN Jyiormke. B ToM umcie HEoOXOIMMO 3a/IeiCTBOBATH MaTeMaTHYECKUE
MOJICIA HEUETKUX MHOXKECTB JUIsI MPHHATHSA PEHICHHS 10 BHIOOpPY S3BIKA
NpOrpaMMUPOBAHUS. ITO  IMO3BOJIUT  ONEPUPOBATh  KOJIMYCCTBEHHBIMH U
Ka4eCTBEHHBIMU  KpUTEpUsMH  (ITOKA3aTeNsAIMH) B  YCJIOBUSAX  OTCYTCTBHUS
JOCTOBEPHBIX ~ CTATUCTHUECKUX JJaHHBIX. HEUeTKO-MHOKECTBEHHBI  METOJ
NPEJCTaBUT TMOJIHBIA CIIEKTP BO3MOXKHBIX BAapHAHTOB Pa3BUTHS COOBITHH B
OTJIMYHE  OT  BEPOSTHOCTHO-CTATUCTHYECKMX  CIIOCOOOB C  KOHEYHBIMHU

MHOXKECTBaAaMHU CHCHAPHCB.
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3 Pa3paboTka MaTeMaTH4yecKoii Moaeau /Jisl PpellleHusl 3aJa4d MO0

MPOBEACHNIO CPABHUTCJIIBHOT0 aHAJIN3Aa SA3BIKOB BHICOKOT0 YPOBHSA

3.1 Pa3paborka maTtemMaTHuyeckoil Moaegn MamaaHu AJsi peleHUs:

3aa4YM HCCJIEI0BAHNSA

Pa3zpaboTka MareMaTHUeCKONH MOJIEIH MOAAEPKKH MPUHATHUS PEIICHUS TpU
CPaBHUTEIBHOM aHaIM3€ U BBIOOpE s3bIKAa MPOTPAMMMPOBAHMS BBICOKOTO YPOBHS

BBIIIOJIHSJIACHh HA OCHOBE AJITOPUTMA, TOKAa3aHHOTO Ha pUCYHKE 12.

O0cnenoBadnue 00bEKTA
MOJICTUPOBAHUS

[TocranoBka 3aauu
(comeprkaresibHasi, KOHLIETITYaJIbHAs
Y MareMaTu4ecKas)

AHanu3 1 npoBepKka KOPPEKTHOCTU
MOJENH

Br160p MeTOOB pelieHus 3a1a491

Pa3pabotka anropurma pemeHus u
ero peanu3anus

[TpoBepka ageKBaTHOCTH MOJIETH

Pucynox 12 — Anroputm pa3paboTKu MaTeMaTHYECKON MOJIEH st

peLIEHUs UCCIIEN0BATENIBCKON 3a1a4U
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OTO KjacCHMUYeCKUd MOAXOA K pa3paboTke MaTeMaTH4YeCKOW MOJenu, Ha
KoTOpoM OyjieT oCHOBaHO AanbHekee moaenupoBanne [30]. B pa3zpabareiBacmoii
Mozenu OyneT peanu3oBaH ajiropuTM MamjaHu, KOTOpbIM ObLI paccMOTpEeH B
npenpiaymeM mnaparpade. Peamusamus camoit Mojenmu MamumaHu Uil perieHUs
3aJlayd CPaBHUTEIBHOTO aHAIHN3a A3BIKOB MIPOTPAMMHUPOBAHMS BEICOKOTO YPOBHS U
CUCTEMa IMapaMEeTPOB TMOCTPOCHUSI HEYETKOM MaTeMaTH4YeCKOW Monaenu Juis
Pa3BUTHS CUCTEMBI TOIJCPKKHA TMPUHATHS PEHICHUN TPH MPOBEICHUW aHAIN3a
S3BIKOB MPOTPAMMHUPOBAHUSI BBICOKOTO YPOBHSI OYJI€T OCHOBBIBATHCS HAa CHUCTEME
KPUTEPUEB, PACCMOTPEHHBIX B TIEPBOM pas3fesie MarucTepCKOW IHCCepTallvu.
Pa3paboTka ajiropuT™Ma pelieHrs U ero peanus3alus B paMKax anpoOanuy MOJIeIu
OynyT BeIonHATHCS B Microsoft Excel, uto mo3Bonut nokaszarh 3¢ ()EeKTUBHOCTH
paboThl MaTEMaTUYECKON MoJe Mamaanu sl pelieHns 3aa4d UCCIIEI0BAHMUS.

B pamkax MopenupoBaHusi pabOThl HEUETKOrO BBIBOJA Mpe/jIaraercs
WCITIOJIb30BATh AJITOPUTM MPUHSATHS PEUICHUS Ha OCHOBE MCIOJIb30BaHUS METOJ/IOB
HEUYETKOM JIOTUKH (Tabnuia 2).

CornacHo Tabmuiie 2, aqrOpuUTM MPHUHSATUS YIPABICHUYECKUX PEIICHUN Ha
OCHOBE METOJIOB HEYETKOW JIOTUKH SIBIIICTCSA THOKMM HHCTPYMEHTOM, KOTOPBIH
MO3BOJISIET YYMUTHIBATH HEOMPEJEICHHOCTh M HEMOJHOTY WHGOpMAIUU TpU
NPUHATUU  CIIOKHBIX CTpaTeTMYECKMX M TaKTUYECKHX pelmieHudd B chepe
ynpasineHuss UT-npoekramu mo pa3paboTKe MPOTrpaMMHBIX MPOIYKTOB U MOKET
OBITh HCIOJB30BAaH [IJISI PEIICHHS 3a]addl CPaBHUTEIBHOTO aHAIW3a S3BIKOB
IPOrPaMMHUPOBAHUS BBICOKOTO YpOBHS. IIpeayaraemplii anropuTM MO3BOJISET
3G (HEKTUBHO MOJETUPOBATh M AHAJIU3UPOBATH PA3IUYHBIE (PAKTOPHI, KOTOpHIE
MOTYT BJMSITH Ha PE3yJbTaT TPHUHATUS PEIICHUS, W YYUTHIBATH MHOMXECTBO
NEepeMEHHBIX  OJHOBpeMeHHo. Jlamee mepeligeM K  MareMaTHYe€CKOMY
MOJICIMPOBAHUIO 3a/1auyd CPABHUTEIHHOTO aHAJIM3a SI3BIKOB IMPOTPaMMHUPOBAHUS

BBICOKOI'O YPOBHS Ha OCHOBC MOACIIN MaMI[aMI/I.
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Tabnuna 2 - AITOPUTM NPUHATHS YIIPABICHYECKUX PELIEHUI Ha OCHOBE METOJIOB

HEYETKOU JIOTHKH (COCTABJIICHO aBTOPOM)

Oran

Omnucanue

1

2

1. Onpenenenue
eJied U 3agad

B sTOM 11are onpenensrorcs Henu 1 3a1a4u, KOTOpbIE T0JIKHBI ObITh
JOCTUTHYTHI IPU IPUHATHH pemeHus. Llenu MoryT ObITh Kak
KpPaTKOCPOYHBIMHU (HAIpUMep, MOBBIIIEHUE TPOU3BOAUTEIBHOCTH),
TaK U J0JITOCPOYHBIMH (HAIIpUMEp, YBEIUUEHUE IPUOBLIN)

2. Coop maHHBIX

B sToM miare nmpoucxoaut cOop JaHHBIX, KOTOPBIE MOTYT OBITh
WCIIOJIb30BAHBI [Tl IPUHATHS peiieHus. JlaHHbIe MOTYT BKJIIOYATh B
ce0st nHpOpMAIIHIO O TIPOU3BOACTBCHHBIX ITOKA3aTENSIX, (PUHAHCOBBIX
MoKa3aTessiX, KIMEHTCKON 0a3e U T.1.

3. Onpexgenenue
HEYETKHUX
MePEMEHHBIX H

byHKIUH
NPUHAUIC)KHOCTH

B sTOM 1mare onpenenstoTcs HeYeTKUe epeMeHHbIe, KOTOpble OyayT
HCIIOJIB30BATHCS I MOAEINPOBAHUS HEYETKOCTH U
HeornpeeseHHocTH. HedeTkas nmepemMeHHas npejacraBiser coooi
XapaKTEPUCTUKY WIX ITapaMeTp, KOTOPBIM MOXKET IPUHUMATh
pa3IUyHbIe 3HAUYCHHsI HA OCHOBE OIpeesIeHHON (YHKLIUU
IIPUHAJUIEKHOCTH

4. OnpeneneHue
MIpaBUJI BEIBOIA

B stom mare popmynupyroTcs rpaBuiia BEIBOIa HA OCHOBE 3HAHUHN 1
9KCIIePTHOTO ombITa. [IpaBuiia BEIBOIA SBISIOTCS JIOTHUECKUMU
BBICKA3bIBAHHUAMU, KOTOPBIC CBA3LIBAIOT YCIIOBHA (BXO)IHI)IC I[aHHI)Ie)
C pe3ynbTataMu (BBIXOJHBIMH JaHHBIMHU). Kakioe nmpaBuio umeet
Bun «ECJIU [ycnoBue], TO [pe3ynbTaT]»

5. Beruncneunue
CTEIICHU

MPUHAJICIKHOCTH JIA

KaKZI0Tro IpaBujia

B sToM mare ucnomnb3yrorcs GyHKIUU NPUHAIIICKHOCTH AJIs
BBIYHCIICHHS CTEIICHU IPUHAIICKHOCTH KaK10I0 BXOJAHOTO
3HAYEHMUs K ONPEJEICHHOW HEUETKON ITEPEMEHHOMN

6. Arperanus
pe3ynbTaToB

B stom mare MPOUCXOJUT arperanus pe3yjabTaTOB, ITOJYUCHHBIX Ha
NpeaAbIAYIICM HIare, ¢ UCJIbIO MOJIYYCHHUA OKOHYAaTCIIbHOTO BBIBOAA.
Arperaunﬂ MOKET OCYHIECCTBJIIATHECA pa3IMYHbBIMU CHOCO6aMI/I,
Harmpumep, € NIOMOIIbIO OIICpallu MaKCUMYMa HUJIU CPEAHETO
3HA4YCHUA

7. IlpuHATHE pemenns

B 5TOM 1mare Ha OCHOBE arperupOBAHHBIX PE3YJIbTATOB IPUHUMAETCS
yIipaBJieHYeCcKoe pelieHue. Pemenne MoxeT ObITh IPUHATO Ha
OCHOBE OIPEAEIICHHON CTPATETUH UIIM KPUTEPUEB OLICHKH

8. OueHka u B 5TOM miare mpoucxoauT OLEHKa IPUHATOTO PEHIEHUS U
KOPPEKTHPOBKa HEOO0XOAUMOCTh €r0 KOPPEKTUPOBKU HA OCHOBE HOBOW MH(OPMALIUU
peleHui WM U3MEHEHHUS B YCIOBUAX OKPY)KAIOLIEH cpe/ibl
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PaccMorpum  MomenupoBaHue — pabOTBl  HEUYETKOTO  BbIBOJA IO

MOATBCPIKACHUTIO T'HITOTC3bI MaFHCTepCKOﬁ AUCCCpTaluu.

3.2 MOI[eJII/IpOBaHI/Ie paﬁoTl)I HEYETKOI'O BbIBOAA

B pamkax wucCmonb30BaHMS METOJla HEYETKOM JIOTMKH pa3zpaboTaem
MaTEMaTUYECKYIO0 MOJICIh ISl Pa3BUTHS CUCTEMBI MTOICPKKA MIPUHSATHS PEIICHUI
Py TPOBEICHUM aHAJIU3a SI3BIKOB MPOTrPAMMHUPOBAHMS BBICOKOTO YpPOBHSI, TJIE
cHayana omnpeaenuM ucxojanbie MHOXecTBa M (X, Y) u N (Y, Z), rne X — UT-
MIPOCKT pa3pabOTKH MPOTPAMMHOTO TPOAYKTa; Y — KPUTEPHH BBHIOOpA SI3BIKOB
IPOrPaMMUPOBAHUS BBICOKOTO YPOBHS;, Z — S3BIKM MPOrPAMMHPOBAHUS BBICOKOTO
YPOBHSI.

Jlanee ompenenum coaepxanue MHOXeCTB, rae : X = (X1, X2, x3, x4, x5):
UT-npoekt 1, UT-tipoext 2, UT-npoekt 3, UT-tipoext 4, UT-npoekt 5. Bce UT-
MPOEKTHI 1O Pa3pabOTKe MPOTPAMMHBIX MPOIYKTOB OTIMYAIOTCS TIO COACPIKAHUIO
U TOYHO HE OMNPEICICHbl XapaKTEPUCTUKU S3bIKAa MPOTPAMMUPOBAHUS JUIS
pealM3alnuyd TMPOEKTOB, IMOATOMY HAJ0 MPOBECTH CPABHUTEINBHBIA aHAIU3 U
0TOOpaTh SA3BIKM TMPOTPAMMHUPOBAHUS, KOTOpPbIE OYIyT HCIOIB30BATHCS IS
pelIeH s 3a71a4 KOHKPETHOTO MPOEKTA.

Y = (vl, y2, y3, y4, y5, y6, y7, y8, y9, yl0): uutabGenbHOCTb,
OpTOroHajgbHOCTh, mpoctota, GUI, HamexHOCTh, CTOMMOCTb, NEPEHOCUMOCTD
IporpaMM, YHUBEPCAIbHOCTh, KPOCCIIAT(HOPMEHHOCTD, YETKOCTb.

Z =(z1, z2, z3, z4, z5): C++, C#, Java, JavaScript, Python.

OcHOBHBIE TIapaMeTpbl MAaTeMAaTHUYECKOW MOJEIM U aJTOpUTM  ee

peanuzaiuu MpecTaBiieH B TabJIMIle, COCTaBICHHOM aBTOpoM (Tabiuia 3).
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Tabnuna 3 — OcHOBHBIE MApaMETPhI MOCTPOCHUS HEUETKON MOJENHU AJIsl pa3BUTUSA
CUCTEMBl TMONICPKKA NPUHATHA PEIICHUH IPU NPOBEACHUM AHAIN3A SI3BIKOB

POrpaMMUPOBAHUS BBICOKOTO YPOBHS

[Tapamerp 3HaueHue

1 2

1. M (X, Y)

Ucxonnbie N (Y, 2)

MHOKeCTBa | X — UT-mpoeKT pa3paboTKu IMPOrpaMMHOTO TIPOIYKTa,

Y — kpuTepun BHIOOPA SI3BIKOB IIPOrPAMMUPOBAHHSI BBICOKOTO YPOBHS;
Z — 3bIKM IPOTrPAMMHPOBAHHS BBICOKOTO YPOBHS

2. X = (X1, X2, X3, X4, Xs5): UT-tipoekt 1, UT-npoexr 2, UT-npoekt 3, UT-npoekr
Conepxanune | 4, UT-tipoexr 5.
MHOECTB

Y = (Y1, Y2, V3, Y2, V5. Y6, Y7, Y8, Yo, Y10): YMTA0CTBHOCTH, OPTOTOHAIBHOCTD,
npoctota, GUI, Hage:)KHOCTh, CTOUMOCTh, IEPEHOCUMOCTh IIPOTPaMM,
YHUBEPCATBHOCTD, KPOCCIIATPOPMEHHOCTh, Y€TKOCTh.

Z = (21, 2, 73, 24, Z5): C++, C#, Java, JavaScript, Python.

3. Anroputm | 1) [lonyuenue ucxoausix 1aHHbIX B Buae otHoweHuit M u N. Onpenenenue
perIcHus byHKIMI TpUHAUISKHOCTH (TabuIm! 4, 5);

2) OnpeneneHuie UX MaTpuIL:

- g M.

09 09 08 04 05 03 06 02 09 08
08 05 0903 01 0202 02 0505
03 09 06 05 09 08 09 08 0603
05 04 0505 02 0203 03 0908

0.7 08 08 02 06 0202 03 0302

st N:

r 09 08 0.7 09 1
06 04 08 05 06
05 02 03 08 07
05 09 05 08 04
1 06 05 07 08
04 05 1 07 08
05 08 09 05 04
05 06 07 06 05
08 1 02 05 06
L0.3 05 09 06 08

3) Omnpenenenrie MaTpUIlbl HEYETKOTO OTHOIIEHUS. JlaHHBIE ONIPEeTIIOTCS Kak
MUHUMAaTbHBIC 3HAYCHUS (DYHKIIMU TIPUHAJUICKHOCTH BCEX Map MOCTPOYHO:

09 09 08 09 09

08 08 07 08 08
09 08 09 07 08

08 09 08 06 08
0.7 07 08 08 07

4) IpeobpazoBanue MaTpHUIlbl B TabaruHyio opmy (Tabnuiia 6).
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[Tpogomxenue TabmuIs! 3

1

2

4. BeIBOIBI

C ToukM 3peHusi CPaBHUTEIBHOTO BHIOOPA sSI3bIKa POrPaMMHUPOBAHUS
BBICOKOT'O YPOBHsI, Hau0o0JIee MOAXOIAT:

- nist UT mpoekTa 1: C++, C#, JavaScript, Python;

- it UT mpoekra 2: C++, C#, JavaScript, Python;

- nist UT mpoekra 3: C++, Java;

- nist UT mpoekra 4: C#,

- it UT mpoexkra 5: Java, JavaScript

Omnpenenum coepkanue oTHoIIeHUss M (Ta0uiibl 4).

Ta6nuna 4 - ConepxaHue HEUETKOTO OTHOIIeHUsT M

X\Y Y1 Y2 Y3 Ya Ys Yo Y7 Ys Yo Y10
X1 0,9 0,9 0,8 0,4 0,5 0,3 0,6 0,2 0,9 0,8
X2 0,8 0,5 0,9 0,3 0,1 0,2 0,2 0,2 0,5 0,5
X3 0,3 0,9 0,6 0,5 0,9 0,8 0,9 0,8 0,6 0,3
X4 0,5 0,4 0,5 0,5 0,2 0,2 0,3 0,3 0,9 0,8
X5 0,7 0,8 0,8 0,2 0,6 0,2 0,2 0,3 0,3 0,2

OmnpenenuMm coaepxanue oTHoteHus: N (TabauIie! 5).
Ta6nuna 5 - ConeprkaHue HEUETKOTO OTHOIIeHUsT N

Y\Z Z1 Zo Z3 Z4 Zs
1 2 3 4 5 6
Y1 0,9 0,8 0,7 0,9 1,0
Yo 0,6 0,4 0,8 0,5 0,6
Y3 0,5 0,2 0,3 0,8 0,7
Ya 0,5 0,9 0,5 0,8 0,4
Vs 1,0 0,6 05 0,7 0,4
V6 0,4 0,5 1,0 0,7 0,8
2 0,5 0,8 0,9 0,5 0,4
Vs 0,5 0,6 0,7 0,6 0,5
Yo 0,8 1,0 0,2 0,5 0,6
Y10 0,3 0,5 0,9 0,6 0,8
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[IpeoOpa3oBaHre UTOTOBOM MAaTPHUIIBl K TaOJIWYHON (hopMe MPECTABICHO B
tabnmume 6. JlaHHble ONpeAeNsAIOTCS KaKk MHHHUMAlbHblEe 3HAYeHHA (YHKIHH

MPUHAJJICKHOCTH BCEX Map MOCTPOYHO.

Tabmnura 6 — Utorosasg komnosuius otaorreHnit M u N

UT-npoext\ SA3bik C++ C# Java JavaScript Python
MIPOrPaMMHUPOBAHHUS
NT-npoekr 1 0,9 0,9 0,8 0,9 0,9
UT-nipoekt 2 0,8 0,8 0,7 0,8 0,8
WT-nipoexr 3 0,9 0,8 0,9 0,7 0,8
NUT-npoekT 4 0,8 0,9 0,8 0,6 0,8
WT-nipoekT 5 0,7 0,7 0,8 0,8 0,7

CormacHo Tabmume 6, TmTpW  CPaBHUTEIHLHOM  aHAIM3E  S3BIKOB
IPOrPaAaMMHUPOBAHMS BBHICOKOTO YPOBHSI MEHEIDKEPY IMPOEKTa CIEAYyeT OMUPATHCS
Ha TIOJYYEHHBIE PE3YyJbTaThl MOJCIUPOBAHUA, Uil peATH3aldd TMPOEKTOB
OTOOpAaHBI CIEYIONTUE S3BIKH:

- nist UT npoekra 1: C++, C#, JavaScript, Python;

- nist UT npoekra 2: C++, C#, JavaScript, Python;

- niisg T npoekra 3: C++, Java;

- nnst UT npoekra 4: C#;

- i1t U'T mpoexkra 5: Java, JavaScript.

CrnenoBaTeNbHO, TPUMEHEHHWE METOJOB HEYETKOM JIOTUKHA TO3BOJISIET
aHATM3UPOBATh PA3HOPOHBIC M KAaU€CTBEHHBIC TIOKa3aTeau U (OpPMHUPOBATH HA UX
OCHOBE peIICHUS, HAMpaBJICHHbIE HAa MAKCHMAJLHO TIOJHOE COOTBETCTBHE
TpeboBaHuaM coaepkannio UT-mpoextos [51].

Takum o0Opa3om, MeTOABI HEYETKOW JIOTUKU CIIOCOOCTBYIOT Pa3BUTHIO

MAaTCMAaTUYICCKOTO IOJAXO0/Ja K IPUHATHUIO YIIPABJIICHYCCKUX pemeHHﬁ, 494TO BA’XXHO
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s 3pdextuBHON peanuzauuu UT-poeKkToB B YCIOBHUSX HEOMPEIEICHHOCTH.
OpHoil W3 BaxkHEWIMX MPOOJEM HHTErpalMd MAaTeMaTHYeCKOro arrmapaTra B
YIPABJICHUE MPOEKTaMM  SBJISETCA HENOCTATOYHBIM YpPOBEHb 3HAaHUW U
MONYJIIPHOCTH METOJO0B HETOYHOW JIOTMKH Y CHEUHUAINCTOB, OCYIIECTBIISIOMINX
HOJIrOTOBKY MH(pOpMAIUK JJIsl IPUHATUS YINPABICHUYECKUX pelleHuil. B kauecTse
aKTyaJIbHBIX TIOJXOJOB B IIPaKTUKE pa3pabOTKH YHPaBIECHUYECKUX pPEIICHUM
UCTIONIB3YIOTCSl MPOTPAMMHBIE CPEICTBA, IKCHEPTHBIM MOAXO, JIMOO MPUHSATHE
pelIeHUid Ha OCHOBE WHTYMIIMH, KOTOpble HEI()(EKTHBHBI C TOUKH 3PEHUS
BPEMEHHBIX U (PMHAHCOBBIX 3aTpar. B To ke Bpems, MaTeMaTUYECKHE METOJbI
NOBBIIIAIOT TOYHOCTh AHAJIM3a MW  BBIBOJOB, CIOCOOCTBYIOT  CHM)KEHHIO
CyObEeKTHUBU3MA B (DOPMHUPOBAHUM JaHHBIX, MCIOJIb30BAaHUE KOTOPHIX BIUSAET Ha
PAlMOHAIIBHOCTh IPUHUMAEMBIX PEIICHUN. Bce 3T apryMeHThI TOBOPAT B MOJIB3Y
HEOOXOJMMOCTH BHEJPEHHE MaTeMAaTUYECKUX HHCTPYMEHTOB aHajiu3a, B TOM
YUCJI€ METOJOB HEYETKOW JIOTMKHU, B JEATEIBHOCTh MEHEIKEPOB IIPOEKTOB, Y
KOTOPBIX MPEIINOJIaraeTcs Hajdu4yue MOTPEOHOCTH B TNPUMEHEHUH TaKOTo

aHaTMTHYeCcKoro ammapara [31].
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4 Pe3yabTaThl MOJIEJTUPOBAHUS

Pa3paboTka mMaTeMaTH4YeCKON MOJENM JUIsl PEIICHHs HCCIe0BaTEeIbCKOM
3aJlaud  MArucTepcKOM  JHUCCEepTallMM Ha  OCHOBE  Mojaenu  MamaaHu
OCYIIECTBIISUIACH B TPETHEM pazfelie, aajee paccMOTpuM 3(P(HEKTUBHOCTh MOJIEIH
Mawm1aHu ¢ UCTOJIB30BAHUEM MPOrPAMMHOT0 MIPOAyKTa MozAeaupoBanus Microsoft
Excel.

Uccnenoanne  moO3BOJWIO  pa3paboTaTh  MaTEMAaTHYECKYIO  MOJIEIb
MOJJICPKKU MPUHATHS PEUICHUN B KOHTEKCTE BHIOOpA SI3bIKAa MPOTPAMMUPOBAHUS
BBICOKOT'O YPOBHS, 4YTO OBUIO JOCTUTHYTO 4Yepe3 NPUMEHEHHE aJlrOpuTMa
Mampaanu. JlanHbiid anroputM, Oa3upyrOIUMKACS HAa HEYETKOM JIOTHKE, MO3BOJIMI
CO3[1aTh MOJENb, YYUTHIBAIOUIYI0O MHOECTBEHHBIE MAPAMETPbI, BIUSAIONIME Ha
BBIOOp s3bIKAa TporpaMmupoBanusi. Cuctema napaMeTpoB IS TMOCTPOCHUS
HEYETKOM MaTeMaTH4YEeCKOW Mojenu obOecrneunBaeT TMOKOCTh W aJalnTUBHOCTh
MOJIEIN, YTO OCOOEHHO BaXKHO B YCJIOBHUSIX OBICTPO MEHSIOIIMXCS TEXHOJIOTUNA U
TpeOOBaHUH K sI3bIKaM MporpammupoBanus [53].

MogaenupoBaHue BBIIOIHAIOCH MO CIEIYIOMIEMY alITOPUTMY.

[Ilar 1. IToctpoeHne BXOIHBIX U BBIXOJIHBIX HEUETKUX MHOKECTB.

1. BBoxm ampeca si4eek, B KOTOPBIX XpaHATCA TMapaMeTpbl (QYHKIUH
MPUHAJJICKHOCTH.

2. B suerikax A10:A110 BBox 3HaueHnsa n3 quamnasona ot 20 1o 120.

3. Jlanmee B siueiikax B10:D110 BBoa dopmynsl fuisi pacdyeTa TPEYroJbHBIX
GyHKUMNA TPUHAIIIEKHOCTH.

4. Tlocne BBOma (opmyn AJis 3aMOJIHEHHMs] BCEro JUana3oHa 3HAYCHHM
BBITIOJTHSIETCS] aBTO3AMOJIHEHHUE.

5. 3aTeMm ctpouTtcs rpaduk NEPBOro HEUETKOTO MHOXKECTBA (PUCYHOK 13).
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MpadMK NepBOro HEYETKOro MHOXeCTBa

1,2

0,8
0,6
0,4
0,2

0

N OO MmN =N oM N MmN AN MmN o n o
I < N N AN T NN 0O WO NN 00 0 00O

101

e PR ] em—Pan)  es—Pan3

Pucynoxk 13 - I'paduk nmepBoro He4ETKOro MHOKECTBA

6. s mocTpoeHus BTOPOro HEUETKOro MHokecTBa B siueiikax F10:F110
BBOJ 3HaueHMA n3 quana3zona ot 200 go 300.
7. Hanee B sueiikax G10:1110 BBox dopmynbl amst pacueTa TPEYroJbHBIX

GyHKINNA TPUHAJICKHOCTH BTOPOTO HEYETKOTO MHOKECTBA (PUCYHOK 14).

(DYHI-(LI,MVI NPUHaaNENKHOCTUN BTOPOIro HEYETKOIoO
MHOXeCTBa

1,2

0,8
0,6
0,4

0,2

73
77
81
85
89
93
97
101

Papl Papn2 Pan3

Pucynok 14 - I'paduk BTOpOro HEUETKOTO MHOXKECTBA
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8. 1151 mOCTpOEHHMS BBIXOJIHOIO HEYETKOTO0 MHOKecTBa B stueiikax K10:K110
BBOJI 3HaueHud u3 quanaszoHa ot 500 mo 600.
9. Jlanee B sueiikax L10:P10 BBoA dopmynsl Asisi pacdyera TPEyroJbHBIX

GbyHKUMNA TPUHAIJICKHOCTH BBIXOJAHOTO HEYETKOTO MHOXKECTBA (PUCYHOK 15).

DYHKUMM NPUHAANEKHOCTU BbIXOAHOTO
HEYETKOro MHOXecTBa

1,2

0,8
0,6
0,4
0,2

0

N N ™~ A N NS = N NN A N NN~ AN 0 on S
= N AN AN NN O WO NN 00D

101

e—Panl Pan2 Pan3 PAp4 e Pan5

Pucynok 15 - @yHKkumMu nprHaJIeKHOCTH BBIXOJHOTO HEYETKOTO
MHOKECTBA

[ar 2. ®a33udukanus BXOJHbIX HEUETKMX MHOKECTB.

1. Jlnsg peanu3anuu AJaHHOTO Imara, HeoOxoawmmo ¢ momonisio BIIP B
3aBUCHUMOCTH OT YETKMX 3HAYEHUW MapaMeTpoB x| M X2 HalWTH CTENeHU
IIPUHAJIEKHOCTH BXOJIHBIX HEYETKMX MHOKECTB.

2. Ina onpenenenus creneHer npuHaainexHoctu B sueiiku AH117:AK119 BBog
bopMyIblL.

3. B pesynbrare pganHoil omepanuu B siuedikax All17:AIl119 m AKI117:
AK119 Oynyr oToOpaskeHbl 3HAYEHHUs CTENEHEW MPUHAMJICKHOCTH K BXOJHBIM

HCYCTKHMM MHOXCCTBaM.
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AaHHEl® OT

AETYMHE a b
75 215
CreneHu n  x11 0 x21 0,875
x12 075 x22 0,375
x13 0,25 x23 o

PI/ICYHOK 16 - 3HaueHus cTEICHEH MMPpUHAOJIC)KHOCTHU K BXOAHBIM HCUCTKHUM
MHOXCCTBaM

[Iar 3. Co3nanue 6a3bl HEYETKUX MPABUIL.
1. YroObl oOmpeneanuTh CTEMeHb BO3MOXKHOCTH KaXIOTro IIpaBWiIa B

nporpamme Excel nenaro MaTpuily HeYeTKUX OTHOUICHUH.

MaTpWMua HEYETHMX OTHOWEHWA

0

0 0,75

0 0,375 0,25
0,25 )

0

Pucynok 17 - MaTpuiia He4eTKMX OTHOUIEHUIN

2. Ilocne 3TOro ompenensito CTENEHUW YCEYEHHUs BBIXOAHBIX TepMOB. [lms

aToro B siueiikax AL122:AL126 BBoa GpopmyIib.

V5 0
yd 0,75
y3 0,375
y2 0,25
vl 0

Pucynok 18 - Ctenenu yceueHus BIXOJAHBIX TEPMOB
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[ar 4. AKKymMyJsus

1. B sueiikax AB10:AB110 BBoa nuana3oH 3Hauenui ot 500 go 600.

2. B sueiikax ACI10:AG10 BBoa 3Hauenumsa. Ilocae »dtoro memaro
aBTO3aITOJTHECHUE.

3. Tlocne QopMupoBaHus 3aKIOUYEHUN HEYETKO-JTOTUUYECKOTO BBIBOJIA,

MOJTY9aeTCsl CIICAYIOIIHi rpaduk (pucyHok 19).

Fpacbmqecr(oe npeacraBiaeHne akkymyaaumm
0,8
0,7
0,6
0,5
0,4
0,3
0,2

0,1

41
45
49
53
57
61
65
69
73
77
81
85
89
93
97
101

Pap3 Pap4d

Pucynok 19- I'paduueckoe nmpeacTaBieHre aKKyMYJISIIIUU

[ar 5. Arperauus
1. B sguerixax AI10:AI110 BBOx 3HaYeHHMsT ¥ [OCJE DJTOrO JEJIAar0
aBTO3aIMOJIHEHHUE.

2. Ha skpaHe MOHHMTOpA MOJIy4aeTCsl CIACIYIOIee H300paKeHHUE.
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Al Al
9 |ObbeguHEHKE

10 0,25 125
) 0,25 125,25
12 0,25 1255
13 0,25 125,75

Pucynok 20 - Tabnuiia aisg arperanuu

3. TI'paduueckass uHTEpHpeTalns MOJYYEHHBIX pE3yJIbTAaTOB HMEET

cienyrouui Buj (pucyHok 21).

lpaduyeckoe npeactaBaeHMe arperaumm
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

N OO M N N MmN N oM AN o NnN N N oS o
T N NN T NN O WO NDMNOOO 0 O OO
i

Pucynok 21 — I'padpuaeckoe npecTaBiieHre arperaiuu

[ar 6. Jledasz3udukarus

1. UToOBI BBIOJHUTE JaHHLIN miar B syerikax AJ10:AJ110 BBox 3HaYeHUS U
IIOCJIE ATOTO JIEJIA0 ABTO3ANI0JIHEHUE.

2. Ha skpane MoHUTOpa MOTy4rIics rpaduK, aHaJTOTUYHBIA TpaduKy BHIIIIE.

3. Jlanee B sueitkax All111:AJ112 BBoA cneayroue faHHbBIE:

Sueiika / @opmyna

All11 =CYMM(AI10:AI110)

AJ111 =CYMM(AJ10:AJ110)
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AJ112 =OKPVYTJI(AJ111/AI111;2)
4. B sueiike AJ112 dopmMupyeTcst BBIXOIHOE 3HAUCHUE, MTOTYYCHHOE C

nomotikio Mmogenu Mamaanu. All12 =ECJIMOIIMBKA(AJ112;500)

Al Al
111 39,965 216111
112 540,75 540,75

117

PucyHok 22 - BeIX0IHOE 3HAUEHUE

5. Jlanee ¢ moMoIibto s3bIka MporpaMmupoBanus VBA Moaenupyro padoty

HCYCTKOI'O BBIBOAA.

6. [Ins sToro Hy>xHO Haxkath kinaBuiu Alt + F11 u BeiOpate komanay Insert
— Module.

7. B Moaynv BCTaBJISIIO CJICAYIONIMI TPOrpaMMHBINA KO/ (PUCYHOK 23).

Sub hard_Def()

On Error GoTo ErrorHandler

Dim i As Integer, R As Integer, j As Integer, var As Double, columNum As Integer
columNum = 45

For j =200 To 300 Step 5

columNum = columNum + 1

R=119

Fori=20To 120 Step 5
ThisWorkbook.Worksheets("Defuzzy™).Range("ai" & (116)).Value =i
ThisWorkbook.Worksheets("Defuzzy").Range("ak" & (116)).Value = j
var = ThisWorkbook.Worksheets("Defuzzy").Range("ai" & (112))
GoTo lab:

ErrorHandler:

var=0

Resume Next

lab:

ThisWorkbook.Worksheets("Defuzzy™).Cells(R, columNum).Value = var
R=R+1

Next i

Next

End Sub

Pucynoxk 23 — JIuctunr
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8. B pe3ynbrare BBINOJHEHUS JAHHOTO MPOrPaMMHOIO KOJa B sUYEKax

AT119:BN139 nosgBiagroTcs 3HaUCHUS.

200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295

20 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500

25 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500

35 500 575 575 575 57| 5675 567,53 5695 560 55,5 5535 55,5 545 545 545 545 500 500 500 500

a0 500 575 575 575 575 568,84 567,35 565,16 560 554,84 5535 550,16 545 545 545 545 500 500 500 500

as 500 =7= 575 575 575 ST0,85  567,5 564,34 560 555,86 5535 543,34 45 545 545 545 500 500 500 500

50 500 =7= 575 575 575 ST0,85  567,5 564,34 560 555,86 5535 543,34 45 545 545 545 500 500 500 500

55 500 567,5 568,84 570,86 570,86 565,22 56151 560 555,66 550,22 S47,BL 545 540,56 40,86 538,84 5375 500 500 500 500

60 500 567, 567,5 567, 67,5 563,51 550 557,18 55,5 47,81 s45| s42,18|  537,5| 5375|5375 5375 500 500 500 500

65 500, 567,5 53515 56434 564,34 560 557,18 554,78 548,34 545 542,19 538,78 534,34 534,34) 53516 535 500 500 500 500

70 500 =50 580 560 560 555,66 555 549,34 545 540,86 53T5 53434 530 530 30 530 500 500 500 500

75 500 553,5 554,84 5S5,E6 555,86 550,22 54751 545 540,66 535,21 s53E1 530 535,86 525,86 E14.B4 5135 500 500 500 500

B 500 55,5 5535 5S35 S5L5 EATEL 545 s43,18 5375 s3nEL 530 S48 s13,5 5135 S235 513 500 500 500 500

85 500 553,5  550,15 548,34 54834 545 4318 53p 7R 53434 530 527,48 52478 518,34 518,34 503§ 5135 500 =00 500 500

%0 500 iz 45 545 245 =4086 5375 534,34 530 515,56 5235 518,34 B 515 B BH 500 =00 500 500

o5 500 iz 45 545 245 =4086 5375 534,34 530 515,56 5235 518,34 B 515 B BH 500 =00 500 500

100 500 =iz 42 4z 545 s53gE4 5375 53515 530 =484 5235 50,18 512 51z LT 51z 500 =00 500 500
105 500 =iz 42 4z =4z =35 =3TE =3RS 530 522,85 S35 s3ns 512 51z LT 51z 500 =00 500 500
110 500 =00 500 500 =00 500 500 =00 500 500 500 500 500 500 =00 500 500 =00 500 500
115 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500
120 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500

Pucynoxk 24 — 3HaueHus, oJIy4eHHbIC B pe3ysibTaTe paboThl MOIEIN

AnpoOauust Mozxenu MamaaHu Ha pealbHBbIX JaHHBIX MOATBEpAMIIa €€
OPAKTUYECKYI0 MPUMEHUMOCTh M MOJE3HOCTb Ui TNPUHATHS OOOCHOBAaHHBIX
pelieHuil B mpouecce BbIOOpa si3bIka MPOrpaMMHUPOBaHUA. ITO CBUAETENBCTBYET O
TOM, YTO NMPUMEHEHHE HEUETKOH JIOTMKH B JAHHOM OOJACTH MOYKET 3HAYUTEIbHO
yJIy4IIUTh Kaue€CTBO W TOYHOCTh NMPUHUMAEMbIX peElleHui, obecrieunBas Oosee
B3BCIIICHHBII 1 000CHOBAHHBIH MOIXO0]] K BHIOOPY HHCTPYMEHTOB pazpabotku [50].

I'padmyeckass uHTEpHpETALUS MOTYYCHHBIX PE3yJbTAaTOB IMpe/ICTaBlICHa Ha

pUCYyHKe 25.
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B Papl2 mPaAnl3 W Panld mPapl5 = Paple M PaAnl7 M Panl8 MPanlo M Pap20 M PaAg21

Pucynox 25. I'paduaeckas maTepnperanys padoTel Moean Mamaanu

Pa3paboTka mMaremMaTHueCKOW MOJEIN MOIIEPKKU MPUHATUSL PELICHUS TPU

CPaBHUTEIBLHOM aHAJIU3€ U BHIOOPE sI3bIKa MPOrPAaMMHPOBAHUS BBICOKOTO YPOBHS
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BBITOJIHSIACH HA OCHOBE BBRIOPAHHOTO alroputMa MamaaHu.

Peasmszannss camon  Momenm  Mampanu Ui pelIeHMs  3aa4dd
CPABHUTEJIBHOTO AHAJIN3a S3BIKOB IPOTPAMMHUPOBAHUS BBICOKOIO YpPOBHS H
CUCTEMA IapaMETPOB IOCTPOCHHUSI HEYETKOM MaTEeMaTH4YECKOM MOJAENnu Ui
Pa3BUTHSA CUCTEMBI MOJJCPKKU NPHUHATHS PEIUICHUN IIPU NPOBEICHUU aHaIu3a
A3BIKOB MPOTrPaMMHPOBAHUS BBICOKOTO YPOBHS, a TaKXke amnpodauus MOJENu
Mawmpanu, BeimonHeHHas B Microsoft Excel, mokazanu a¢dekTuBHOCTH ee paboThl
IUISL pelieHus 3a1aun uccienoBanus [33].

Ha ocHOBaHMM MNpOBEAEHHOTO MOJEIUPOBAHUS, MOXXHO OTMETHTh, YTO
JIOCTOBEPHOCTh M1 OOOCHOBAHHOCTh PE3YJIbTAaTOB HCCIEIOBAHUS MOATBEPIKIAETCS
DKCIIEPUMEHTAJIbHBIM MOJEITUPOBAHUEM.

B pamMkax Marucrepckoul guccepranMd MOJYYEH psii PE3yIbTaToB,
o01alaloIUX HayYHOM HOBU3HOM, @ UMEHHO!

- CUCTEMA I[1apaMETPOB IIOCTPOCHUS HEYETKOM MaTeMaTHYECKOU
MOJEIU ISl PA3BUTHS CUCTEMBI MOAAECPKKUA MPUHATHUS PEILICHUNA TTPU
POBEICHUH aHAJIN3a A3bIKOB POIPaMMHUPOBAHNUS BBICOKOTO YPOBHS;

- MaTeMaTU4yecKas MOJIeNIb, OCHOBaHHAs Ha ajropurMe Mampaanu, Ui
penieHus 3a/1ayu CPaBHUTEIBHOIO aHaym3a A3BIKOB

IPOTPAMMHUPOBAHUSI BBICOKOT'O YPOBHS.
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3ak/Il0oYeHue

B ycrmoBUsAX MOCTOSHHO pPa3BHUBAIONIUXCS TEXHOJOTHUH, IMOBCEMECTHOTO
BHEJIDEHUSI HUCKYCCTBEHHOIO WHTEIUIEKTa, HWHHOBAIMM, pa3BUTUA LUPpPOBOI
PKOHOMHUKH H HEOOXOJUMOCTH YCKOpPEHHS MH(PPOBOM TpaHCPopMalu B
pa3IMYHBIX OTpaciAX BO3PACTAET CJIOXKHOCTh MPOrPAMMHBIX MPOAYKTOB,
MEHSIOTCSl TEXHOJIOTUU MPOTrPAMMHUPOBAHMUS, TPEOYETCS MOCTOSTHHOE PaCUIUPEHUE
GyHKIIMOHAJA ¥ COKpAIIEHUE CPETHETO CPOKa KU3HCHHOTO ITUKIIA Pa3paOdO0TKH.

B »aTux ycrmoBusx HE0OXOAUM TOYHBIM, aJCKBaTHBIM, OBICTpBIH U
KaueCTBCHHBI BBHIOOp SI3bIKA IMPOTPAMMHUPOBAHMS BBICOKOTO YpPOBHS B paMKax
peanm3aniyd  pa3IMYHbIX WHOOPMAIIMOHHBIX W HWHHOBAIMOHHBIX IPOCKTOB
nudpoBuza U HUGPOBOKM TpaHChOpMAIMK, TPOEKTOB, OCHOBAaHHBIX Ha
COBPEMEHHBIX CKBO3HBIX TEXHOJIOTHUSX.

st moBbiieHust 3QGEKTUBHOCTH BBIOOpAa HEOOXOAMM HMHCTPYMEHTApHi
MOJJICPKKH, B TOM YHUCJIE U MHCTPYMEHTApHii, OCHOBAHHBI HA MaTEMaTUYECKUX
MOJIENISAX, YTO OOECIEYUT BBICOKHHA YPOBEHb JOCTOBEPHOCTH pe3yjbTaTa M €ro
o0ocHoBaHHOCTh.  CrieoBaTENbHO, pPA3BUTHE CHUCTEMBl aHAIU3a  SI3BIKOB
MPOTPAaMMHUPOBAHKS BBICOKOTO YypOBHS W BBIOpaHHas TeMaTHKa SIBISICTCS
aKTyaJIbHBIM MPAKTUKO-HAYYHBIM HAIPABICHUEM.

Onpeneneare A(OQPEKTUBHOCTH  WCIOJIB30BAHUS  PA3IMYHBIX  S3BIKOB
MIPOTrPAMMHUPOBAHKS OCHOBBIBAETCS Ha NMPUMCHCHHMH MAaTEMaTHYECKHX MOJCICH,
KOTOPBIE TO3BOJISIIOT OOBEKTUBHO OICHUTh M CPABHUTH UX IO PSAY MMapaMeTpOB.
OpnHolt U3 Takux MoJiesel sIBsieTcs OauibHasi MOJIEIb, KOTOpasi, Oarojgapsi CBoei
MPOCTOTE U AJANTUBHOCTH, MOXKET OBbITh 3(PPEKTUBHO MCIOJIb30BAHA JJIsl aHAIM3a
U BbIOOpA MOJXOSIIETO S3bIKAa MTPOTPaMMHUPOBAHUS BRICOKOTO YpoBHs. B manHo#
MOJCIA KaKJIOMY SI3BIKY TPHCBAWUBAIOTCS OayuIbl IO OMPEISICHHBIM KPUTEPHSIM,
YTO TO3BOJISIET CTPYKTYPHUPOBAHO OIEHUTH WX MPOU3BOIUTEIHHOCTH, YIA0OCTBO
WCIIOJIb30BaHUSA,  (DYHKIIMOHAJIBHBIE  BO3MOXXHOCTH W JPYTH€  Ba)KHBIC

XapaKTCPUCTUKU. OTO0T MCETO ABIIACTCA y,Z[O6HBIM HHCTPYMCHTOM IJIs IPHUHATHSA
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OOOCHOBaHHBIX pEUICHHH B TMpOLEcce BbIOOpa s3bIKa MPOTPaAaMMHPOBAHUS,
YUUTHIBasi MHOXKECTBO (DAaKTOPOB, KOTOPBIE MOTYT MOBJIHITH HA KOHEUHBII BBIOOD.

B pamkax JaHHOro HCClEeIOBaHHUS OOBEKTOM SBJISIOTCS MaTEeMAaTUYECKUE
MOJENH, HUCIOJIb3YEMBIE I NPUHATHS PELICHUW IPU CPAaBHUTEIBHOM AHAJIN3E
A3BIKOB  NPOTPAaMMHPOBAHUs  BBICOKOrO ypoBHA. IIpeamer wuccienoBaHus
(doxycupyercs Ha MpoLecce NPUHATHS PELICHNs], OCHOBAHHOTO Ha CPaBHUTEJIbHBIX
XapakTepucTuKax d3(PPeKTUBHOCTH OSTUX s3bIKOB. I[loaxon, ocHOBaHHBIA Ha
OaJuIbHOM MOJIENM, MO3BOJIIET HE TOJBKO CHCTEMATHU3UPOBaTh M YIPOCTHUTH
IPOLECC aHaJIU3a, HO U CAENaTh e€ro 0ojee Npo3padyHbIM U OOBEKTUBHBIM. B
pe3ynbTare, NPUMEHEHUE TaKOW MOJENH CIOCOOCTBYET MOBBIIICHUIO TOYHOCTH U
000CHOBAaHHOCTH BBIOOPA, UTO OCOOEHHO BAJKHO B YCJIOBUSIX OBICTPO MEHSIIOIIMXCS
TEXHOJIOTUIA U TPEOOBAHMI K MPOrPaMMHBIM ITPOTYKTaM.

Lenb nccnaenoBanusi: pa3padOTKa CUCTEMBI MOAJEPKKHU MPUHATHS PEIICHUS
O BBIOOpE B paMKax CpPaBHUTEJIBHOIO aHajM3a SA3bIKOB MPOTrPaMMHPOBAHUS
BBICOKOT'O YPOBHsI, OCHOBAaHHOM HAa MaTEMATUYECKUX MOJEISX.

I[J'ISI JOCTHIKCHMU A MOCTaBJICHHOM OCJIN PCIICHBI CIACAYIOIINC 3a1a49n:

W3YYEHbl TEOPETUYECKHUE M METOJUYECKHUE aCHEKThl MPOBEICHUS

CPaBHUTEIBHOIO aHAJIN3A SI3bIKOB MPOrPAaMMHUPOBAHHS BHICOKOTO YPOBHS;

— U3Y4YEHbI MNPEUMYIIECTBA M HEIOCTATKU SI3BIKOB BBICOKOTO YPOBHSA, MX
XapaKTEPUCTUKA U OTIIMYUTEIbHBIC YEPTHI;

— UCCJIEAOBAHbl MAaT€MaTUYECKUE MOJICIM, MPUMEHUMBIE IS PEIICHUS
MOCTaBJICHHON MCCJIEI0BATEIILCKOM 3a4a4H;

— pa3paboTaHa MaTeMaTHYeCKass MOJICIb JIJIsl MPOBEACHUSI CPABHUTEIIBHOTO
aHaJIN3a U OLICHKH SI3bIKOB BHICOKOTO YPOBHS;

— MPOBEJEH SKCIIEPUMEHT C UCIOJb30BAHUEM MAaTEMATUUYECKOW MOAEIH IS

pELLIEeHUS UCCIIEA0BATEIbCKON 3a/1a4H;

— OILCHCHBI PC3YJIbTAThI MOJACINPOBAHUA.
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HaydHass HOBM3Ha MarucTepcKOMl AHMCCEpTalMUd COCTOMT B HPHUMEHEHHUH
MaTEMaTUYECKOM MOJENIM HEYETKOM JIOTUKH K PEIICHUIO 33a/1a4d CPaBHUTEIBLHOIO
aHaNIM3a S3bIKOB IPOIPAMMHPOBAHUS BBICOKOIO YPOBHs, HAIPABJICHHOIO Ha
pa3BUTHE CHUCTEM MPUHATHS PEIICHUN NMpPU BBHIOOPE MHCTPYMEHTOB peau3aluu
NT-npoekToB 1o pa3padboTKe MPOrpaMMHBIX IPOIYKTOB.

Teopernyeckass 3HAYMMOCTb MCCIIEIOBAaHUS 3AKIKOYACTCS B PACIIMPECHHUU
TEOPETUYECKUX IMOJOXKEHUI B HAIPABIICHUN PA3BUTHS MaTEMAaTUYECKOIO arapara
IPU pEUICHUU 33Ja4d CPABHUTEIBHOTO AaHAIM3a S3BIKOB IIPOrPaMMHUPOBAHUS
BBICOKOT'O YPOBHH.

[IpakThueckass 3HAYUMOCTb MCCIEOBAaHUA COCTOMT B BO3MOXHOCTH
OPUMEHEHHUsI pe3yJbTaTOB MOJEIUPOBAaHUS IpPU BbIOOpPE HMHCTPYMEHTOB
peanuzanuu UT-ipoekToB 1o pazpaboTke MpOrpaMMHBIX POTYKTOB.

JIOCTOBEpHOCTh M OOOCHOBAaHHOCTh  PE3YJIbTATOB  HCCJIEI0BAHUS
HOATBEPKIAAETCS IKCIIEPUMEHTAIbHBIM MOJEITUPOBAHUEM.

K HayuHbIM pe3yibTaTam, IMOJIYYEHHbIM B paMKax HCCIEI0BaHHUS,
OTHOCATCH:

- CUCTEMa IIapaMETPOB TIOCTPOCHHMS HEUYETKOM MAaTeMaTU4YECKOU
MOJEIU ISl PA3BUTHUS CUCTEMBI MOAJIEPKKU TPUHATHUS PEIIEHUN TIpH
IPOBEIECHUH aHAIN3A A3BIKOB IPOIPAMMHUPOBAHHUS BBICOKOT'O YPOBHS;

- MareMathyeckas MojJenb MampaHnu Uil peuieHus  3aJa4u
CPaBHUTEJIBHOTO aHAJIM3a S3bIKOB IMPOTPAMMHUPOBAHUS BBICOKOTO

YPOBHSI.
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