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PaccMOTpeHbl OCHOBHBIE TMOHATUAMH M HPUHIUOBL WUMHUTALUOHHOTO
MOJICJIMPOBAHUS, MPOU3BENCHA KIacCU(PUKalUg HAyYHO-UCCIEI0BATEIbCKUX
paboT, BbIIEJIEHBI OCOOCHHOCTH U MTPEUMYILECTBA.
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OCHOBbI 1 IPUHIIUIIBI
NUMUTALOUOHHOI'O MOAEJIMPOBAHUA

Hean n 3a1auun 1a00paTOPHOTro 3aHATHS (J1a00PATOPHOI padOTHI):

Heab padoTrbl — U3Yy4YEHUE  METOJOB  MMHUTALIMOHHOIO
MOJICJIMPOBAHUS CIIOKHBIX CHCTEM, NPUMEHSEMBIX MJISI IPOBEICHUS
HAyYHBIX HCCICIOBAHUM M MPUOOPETEHHE MPAKTUUECKUX HABBIKOB HUX
VICIIOJIb30BaHHS.

3agaum padoTHI.

»  Tlo3HaKOMHUTBHCSI C OCHOBHBIMU IOHATHUSIMH METOIOJIOTHH
MMUTAIMOHHOTO  MOJECIUPOBAaHUSA, NPUMEHSIEMBIMM B  HAYYHBIX
HCCIEeNOBaHMSX,

»  W3yunth  k1acCH(HKAMIO  METOJOB  HMMHTAIIMOHHOTO
MO/JICJIMPOBAHMS, ATAIIbl IOCTPOCHUS MOJICIICH;

»  M3yunth GYHKIIMM W 3HAY€HWE  MMHUTAIIMOHHOTO
MO/JICIMPOBAHUS B IIPOLIECCE TO3HAHUS,

»  Bpigenmute  cmocoObl  KiIacCU(HMKAMM — UMHTAIIMOHHBIX
MOJICJIEH U pa3BEPThIBAHUS TEOPUI;

»  M3yunTh 0COOCHHOCTH TEOPETUUYECKOTO YPOBHS MPOBEICHHUS
HCCJICOBAHNN;

»  Bpgenuth CTPYKTYypHBICE KOMIIOHEHTHI HMMHTAIIMOHHOTO
MO/JICJIMPOBAHHS;

»  Tlo3HAaKOMHTBCSA C AJIrOPUTMaMH IPOIECCAa IOCTPOCHHS H
Ha3HAUYCHUSI UMUTAIIMOHHBIX MOJECIICH;

»  Ilpoananuzuposamo u obocHosamp MPEUMYIIECTBA
MPYMEHEHUS UMUTAIMOHHOTO MOJICIMPOBAHUS B IIpolIecce pa3padOTKH.

Ilnanupyemble pe3yabTaThl 00ydeHus (popmMupyembie 3HAHUSA, YMEHMS,
HABbIKM U KOMIIETEHLINH):

Koo u mnaumenosanue unouxamopa Oocmudicenusi KoMnemeHyuu,
3aKPenieHH020 3 OUCYUNIUHOU:

OIIK-4.1 MW cnonib3yeT HOBbIE Hay4YHble NPUHUUIBI W METOJIbI
HCCJICIOBAHUMN;

OIIK-4.2 [IpuMeHsieT Ha MPAKTUKE HOBBIE HAYYHBIE TPUHLUIIBI U METOBI
HUCCICAOBAHUM;

OIIK-4.3 Pemaet npodeccuoHanbHble 3a/1a4i ¢ TPUMEHEHUEM HOBBIX
Hay4YHBIX MMPUHIIMIIOB U METOJOB UCCIIEIOBAHNS;
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VYK-1.4 - Pa3pabaThIBacT U COAEPIKATETHLHO ApTyMEHTHUPYET CTPATETHIO
penieHust npoOJIeMHON CUTyallu HA OCHOBE CUCTEMHOI'0 U MEKIUCIUIUTMHAPHBIX
MOAXO/I0B;

VYK-1.5 Ucnonb3yeT JIOruKo-MeTOI0JIOTMYEeCKUN HHCTPYMEHTapUi s
KPUTHUYECKOMN OLICHKH COBPEMEHHBIX KOHIEMIUN (PHUIOCOPCKOTO U COLHMATIBHOTO
XapaKkTepa B CBOEH MpeAMETHOM 001acTu;

H606XOIII/IMI)Ie MaATCPUAIBHO-TEXHUIECCKOEC 060pyn0BaHne H

MaTepHaJIl)I:
1. Kinacc IIDBM - Athlon 64 X2-2.4; Cel 2.4, Cel 2.6, Cel 800.

2.  Myneptumenuna  uentp:  HoytOyk  ASUS  X50VL  PMD
T2330/14"/1024Mb/ 160Gb/ cym-ka/mpoektop inFocus IN24+ .

3. Dxpan moOuibpHBIN Draper Diplomat 60x60

4. loctyn B ceTb UHTEpHET.

Illkaj1a oueHMBAHUST W KPUTEPUMH OLCHUBAHUSA BBINOJHEHHOH
NMPAKTHYECKOIl padoThI:

. MaxkcumanbHbIN
MuHuMaNbHBIN Oaja
dopma KOHTPOJIS Oasn

Oayy1 | mpumedaHue | OaJl | HpUMeYaHue
1 2 3 4 5
JlaGoparopHoe 3aHsTHE Ne3 Beimosiau, Brimosmaunn
OCHOBBI ¥ IPUHUMIIBI 6 |HO «HE 12 |u
HMHUTAIMOHHOTO MOJIeJTUPOBAHMS 3AITATHID) «3aIUTHID)

Iliian mpoBegeHust J1a0OPATOPHOr0 3aHATHA (J1a0OPATOPHOM
padoThbI)

3AJAHUA 1A CAMOCTOATEJBHOI'O BBITTOJIHEHUA

1. CocTaBUTh CTPYKTYpHYIO CXEMYy MIpoIecca HMHUTAIMOHHOTO
MozaenupoBanusi. O6G0CHOBATh BEIOOP BXOASIINX MOTYJICH.

2. CocTtaBUTh CTPYKTYpHBIE KOMIIOHEHTBI KJacCHU(pHUKaINH
UMHUTAIIMOHHOTO  MOJCIIMPOBAaHMS. APryMEHTHPOBATh COJACPIKAHHE
BXOJISIIINX MOJYJIEH U UX Ha3HAUYCHUE.

3. O06ocHOBATH 0COOCHHOCTH aNropuT™Ma mporiecca
UMHUTAIIMOHHOTO MOJICTMPOBAHUS IPH MTPOBEICHUS UCCIICIOBAHMM.

4. IlpoaHanu3upoBaTh MNPOOJEMHYIO CHUTYyallMI0 KaK CHCTEMY,
BEISIBIISISI €€ COCTABJISIONINE U CBSI3M MY HUMH.

4. Onpenenuth mpoOensl B HHPOpPMALMM, HEOOXOIAUMOM IS
pelueHus npo0OJIEeMHOMN CUTYallUH, 000CHOBATH MPUYHAHBI
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BO3HUKHOBEHHUS W pPa3BUTUS MpoOJieMHBbIX cutryanuii. OOOCHOBATH
MPEICTABIIEHUE MOJIENN B PACIIPEACIIEHHOM MOJIEIUPOBAHUU.

5. Pa3paboTtath M coAEpKATEIBHO apryMEHTHUPOBATH CTPATETHIO
pemieHuss TPOOJEMHOM  CHUTyallMd Ha OCHOBE CHCTEMHOIO U
MEXKIUCHUIIIIMHAPHBIX TOAXO00B.

6. IIpoananu3upoBaTh OCHOBHBIC S3bIKH, IIPUMEHSIEMbIC B
VMHUTAllUOHHOM  MOJIEJINPOBAHUH. BpINONHUTE  CTPYKTYypHU3ALUAIO
PEAMETHOM 00JaCTH U TOCTPOCHHUE MOJIEIIH.

7. Ilpoananu3upoBaTh U 000CHOBATH MPEUMYIIIECTBA U HEAOCTATKU
A3bIKOBO-OPUEHTUPOBAHHOW METO/I0JIOTUU.

8. IlocTpoiiTe aiaropuTM MPOBEPKU aJEKBATHOCTH C IEJbIO
BOCIIPOM3BEJICHUS MOJICJIbIO C  HEOOXOJAMMOM  IIOJHOTOM  BCEX
XapaKTEePUCTUK 00BEKTA, CYIIECTBEHHBIX IS IIEIH MOJICIUPOBAHUS TIPH
BCEM Pa3INYNH MOJEIY U OPUTHHAJIA.

9. [IpousBecTH CpaBHUTEIIHHBIN aHAINU3 PE3YIbTATOB.

10. Cnenatp BBIBOJBI IO paboTe.

11. IIpenctaBUTh OTYET.

1. KPATKUE TEOPETUYECKHUE CBEAEHUSA

Hmumayuonnoe mooenuposanue (MM) npencraBiser coOoit
METOJI MCCIICIOBAHUS, MPU KOTOPOM H3y4yaemas CUCTEMaA 3aMEHSETCS
MO/IEJIbIO, OIKCHIBAIOIICH pEaJTbHYK) CHUCTEMY C LEJIbI0 MPOBEIACHUS
SKCIEPUMEHTOB M TMOJy4YeHus uHPopmanun o Hed. Ilpu s3TOoM
UMUTAIMOHHAS MOJCNIb BOCHPOU3BOMUT (umumupyem)  TIOBEICHHE
MOJICJIUPYEMON CHUCTEMBbI BO BPEMEHU WJIM TIPU PA3TUYHBIX YCIOBUAX C
JIOCTATOYHOU TOYHOCTBIO.

NmuTaiimoHHOE MOJEIMPOBAHUE MNPEACTABISAECT YACTHBIA CITydaid
MaTEMATUYECKOTO0 MOJICIIUPOBAHUSA, SBJSSICH MOIIHBIM, a WHOTAA
€OIUHCTBEHHBIM METOAOM HCCIENOBAHUSA THUHAMHYECKOTO IOBEICHUS
CJII0>KHBIX CHCTEM.

NmuTaniuonHass  MoJielib  TPEACTaBIsIET  cOO0OM  JIOTMKO-
MaTeMaTUYeCKOE OIMCAHUE OO0BEKTa, KOTOPOE UCIOJIb3YETCA IS
SKCIICPUMEHTUPOBAHUSA HA KOMIIBIOTEPE B IENAX IPOCKTUPOBAHUS,
aHan3a U OUEHKU (YHKIIMOHUPOBAHUS OOBEKTA.

Crnenyer 3aMeTUTh, 4YTO CYIIECTBYET KjacCc OOBEKTOB, JIJIs
KOTOPBIX IO Pa3JIMYHBIM MPUYMHAM HE pa3pad0TaHbl aHATUTUUYECKHE
Mojenu, Jub0 He pa3paboTaHbl METOAbl pemieHus. B 3Tom ciydae
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1eaecooOpa3Ha 3aMeHa MaTeMaTUYeCKOW MOJEId HMHTATOPOM HIIH
UMUTAIIMOHHOU MOJIENBIO.

HUmumayuonnoe mooenuposanue yenecooopazno npumeHams 6
cayuanx:

- €CJIH JIOPOTO WJIM HEBO3MOYKHO IMPOBOJIUTH IKCHEPUMEHTHI HA
pealbHOM O0BEKTE;

- HEBO3MOKHO MOCTPOUTH AHAIUTHYECKYIO MOJIENIb: B CHUCTEME
€CTh BpEMs, MPUYUHHBIE CBSI3U, IMIOCIEJICTBUE, HEIMHEHHOCTH,
CTOXacTUYECKHE (CydailHbIe) MEPEMEHHBIC;

- HEO0XO0IUMO UMUTHPOBATH MOBEJACHUE CUCTEMbI BO BPEMEHH.

1.1 eab U 321244 UMHUTALMOHHOTO MO/IEJIMPOBAHUA

[lenp  MMHTAIIMOHHOTO  MOJCIIMPOBAHMS  3aKJIIOYaeTCs B
BOCIIPOM3BEICHUU TIOBEJICHUS HUCCIEAyeMOM CHCTEMbl Ha OCHOBE
pe3yIbTATOB aHaIM3a HauboJee CYIIECTBEHHBIX B3aUMOCBS3EH MEXIY
ec dJeMeHTaMH WM pa3paboTke cumyisaropa (Simulationmodeling)
UCCIIEAYeMOM TMpEeaMETHOW 00JIacTH IJisi TPOBEJACHUS Pa3IUYHBIX
IKCIIEPUMEHTOB.

OO6o3HaveHHast 1ieab OyJeT JOCTUTHYTa B XOJ€ pEUICHUS
CHENYIOIINX 3A0ay UCCIe006AHUA:

I. Onpenenutsb HOHSITUS WUMUTAIIMOHHOMN MOJIeJIN u
UMHUTAIIMOHHOTO MOJICITHPOBAHUSI.

2. Beigenutb 3Tambl U CTPYKTYpPY Mpoliecca HUMHUTAIMOHHOTO
MOJICITUPOBAHMUSI.

3.M3yunth HCTOPHIO CTaHOBJICHUS UMHUTAIIMOHHOT'O
MOJICIIUPOBAHHS.

4. Ilpoananu3upoBaTh TMHAMUKY Pa3BUTHS U MPUMEHEHHUS METO/1a
UMHUTAIIMOHHOTO MOJICITHPOBAHUSI.

5. OnpenenuTh, Kak U KaKhue€ OCHOBHBIE CUCTEMbI UMUTAIMOHHOTO
MOJICIIMPOBAHMS  HMCIIOJIB3YIOTCSI B COBPEMEHHBIX  YCIOBUAX  JIS
WCCJICIOBAHUS U YIIPaBJICHUS.

3amaun UCCIEAOBaHUsA, PEIIaeMble C TOMOIIBI0 MMHUTAIIMOHHOTO
MOJICIIMPOBAHMS, TIPEICTABICHBI HA PUCYHKE 1.



3agadun, pelaemble
c nomowbo MM

» [1psamble 3aga4m aHanuaa

» ObOpaTHble 3aga4m aHanu3aa

» 3aJayn cCMHTE3a

o IHOYKTUBHbIE 3a4a4u

Pucynok 1- 3amgauu, pemaemsple ¢ MOMOIIBIO UMHUTAIIHOHHOTO
MOJIEJIIMPOBAHUS

1. Ilpsamsie 3a0auu ananusza, IpU PEIICHUN KOTOPBIX UCCISayeMas
cucTteMa 3amaéTcs TMapaMeTpamMu CBOMX DJIEMEHTOB U TapaMeTpaMu
HCXOJIHOTO pEeXHMa, CTPYKTYpOH WM YpaBHCHUSIMH U TpeOyercs
OMPEICTTUTh PEAKIINIO CUCTEMBI Ha JISHCTBYIOIIUE CUJIBI.

2. ObpamHvle 3a0a4u aHaiu3a. 3aadd, B KOTOPBIX MO U3BECTHOU
peakmuy CHCTEMbI TpeOyeTcsl HaWTH BO3MYIICHHUS, 3aCTaBHBIIIHE
paccMaTpuBaeMyl CUCTEMY NMPUUTH K JAHHOMY COCTOSHUIO U JaHHOM
peaKIuu,

3. 3adauu cunmesa:. NPH PEUICHUN ONPEICIISIIOTCS TAKUE 3HAYCHUS
napaMeTpoB, IIPH KOTOPBIX MPOUCXOISIINE TIPOIIECCHl B CHCTEME UMEIOT
YKEJATEIbHBIN MO0 KAKUM-TTMO0 COOOpAKEHUSIM XapaKTep.

4. HunoykmueHvle 3adauu, PEUICHUE KOTOPBIX HMEET IIeJbI0
MIPOBEPKY THIIOTE3, YTOYHEHHUE ypaBHEHUM, OMHUCHIBAIOIINX IPOIECCHI,
MPOUCXOAIIME B CHUCTEME, BBIICHEHHE CBOWCTB OSTHUX DJIEMEHTOB,
OTJIaJKa MPOTrpaMM (aJITOPUTMOB) JIJIsE pacYETOB Ha KOMIThIOTEpE.

Memoouka nocmpoeHuss UMUMAYUOHHBIX MOOe/lell COCTOUT W3
JIBYX DTAaroB:

1. MeTomonoruss UMUTAIUA — NOCMAHOBKA 3A0adlu, NOO20MOBKA
OAHHbIX, NOCMPOeHUe MOOeNU, OYEHKA A0eK8AMHOCMU,

2. Opranu3anus UMHUTAIIMOHHOTO SKCIEPUMEHTA — MJIAHUPOBAHUE
9KCnepumMenma, JIKCNepUMEeHmuposanue, o0o0pabomrka pe3yibmamos,
KCnepumenma.

CTpyKTypa MMHUTAIMOHHOIO MOJAEJIHPOBAHMS TpEICTaBUMa B
BHUJIC TATH  OTaloB, BBHIIOJHCHUE  KOTOPBIX  OCYIICCTBIISCTCS
MOCJIeIOBAaTENIbHO.  L[MKIMYHOCTh  HMCCIIEIOBAaHUN  TPOSBISETCS B
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HEOOXOJUMOCTH BO3BpAlllCHUS] K MPEIbIAYIIMM 3TaraM U MOBTOPEHUU
yKE€ OJHAXIbl TMPOWJICHHOTO MNYTH C MW3MEHEHHBIMU B CHIY
HEOOXOIMMOCTH JAHHBIMU U TTapaMeTpaMu MOJIEIH.

Ha nepeéom Imane  BBINOJTHSAETCS  OLIEHKAa  MPOOJIEMBI,
BO3MOKHOCTb M CIIOCOOBI PEIICHHS 3a7a4yM, O0KHJAAEMbIC PE3yJIbTaThl.
OTOT  3Tam  XapakTepeH Il MPAKTUYECKOTO  MPUMEHCHUS
MOJICJIMPOBAHKS, K HEMY  BO3BpAlIAIOTCA  IOCIE€  OKOHYAHUA
UCCJICIOBAaHUS MOJIETM U 00pabOTKU pe3yibTaTOB ISl W3MEHEHUS
MMOCTAHOBKY 33J1a41, 4 UHOTA U CAMOM LIEJIM MOJICITIUPOBAHUS.

Ha 6mMopom Imane OCYIIECTBIISIOT dbopmanuzaiuio
MOJCIIUPYEMOTO OOBEKTA: JACTCS OMUCAHWE AJIEMEHTOB HCCIEAYEMOTO
00bEKTa, B3aUMOJICUCTBUSI MEXKAY AJIEMEHTaMU OOBbEKTa U OOBEKTA C
BHEIIHEHW CpEeAOM. OTOT HTal BKJIOYACT CO3aHUEC HMMUTALUMOHHOMN
MOJeIH, pa3paboTKy mporpammbl Jisi DBM Ha oCHOBE BBEIOPaHHOTO
A3bIKa MOJENMpoBaHus. TakKe OCYIIECTBISECTCS MPOBEPKA MOTYUYECHHON
MOJICJIUPYIOLIEH MPOrpaMMbl Ha COOTBETCTBHE €€ TOM TEOPETUUYECKOU
cxeme, KoTopas ObUla TOJIOKE€HA B OCHOBY (DOPMaibHOTO OMHCAHUSA
O0ObEKTa  MOJEIUPOBAHUS. ITOT  MPOIECC  YacTO  Ha3bIBAIOT
gepuuxayuei mooenu. 3aBEpIICHUEM BTOPOIrO 3Tana SBISIETCA OLICHKA
COOTBETCTBUSI MMUTALIMOHHOM MOJIEIM CBOWCTBAM PEAIIBHOM CHUCTEMBI.
Ecnu yciioBus HE BBINOJHSIOTCS, TO CIEIYE€T BEPHYTHCA K MOMEHTY
dbopmanuzanu MOJEIH, YTOOBI MIPOBECTH KOPPEKIMIO B OMpEeICHUN
TEOPETUYECKOMN 0a3bl MOICIH.

Tpemuii yman uMumayuoHHO20 MOOEIUPOBAHUs 3AKITIOYACTCS B
MPOBEJICHUM KCCIIEIOBaHUS Ha pa3pabdOTaHHOW MOJIENId MyTeM aHaIn3a
ee Ha DOBM. Omnpenensercs HEOOXOAUMOE KOJHMYECTBO «IIPOTOHOBY
MOJIEJTH, TMO3BOJISIONICE MOJYYUTh HEOOXOIUMBIM 00beM HH(POPMALIUU
IIPY 3aJJaHHOM COCTaBE M JOCTOBEPHOCTH MCXOJHBIX NAaHHBIX. Jlanee Ha
OCHOBE pa3pabOTaHHOIO TIUIaHA  OKCIEPUMEHTAa  OCYIIECTBIISIOT
«OPOTOHBD) HWMHUTAIMOHHOW Monaenu Ha OBM. B  koHne »sramna
BBITOJIHSAETCS 00pabO0TKa PE3yJIbTaTOB AKCIIEPHUMEHTA.

Ha uyemeepmom 3mane OCYUIECTBISIETCS aHAIU3 PE3yJIbTaTOB
uccieoBaHus,  (QOPMHUPYIOTCA  BBIBOALI IO  MPOBEIACHHOMY
MOJIeUpPOBaHNI0. Ha 3TOM 3Tare onpenessitoTes T€ CBOMCTBA PEAIbHOU
CHUCTEMBbI, KOTOpbIE HaOOJIee BaXKHBI JJIs1 UCCIIeIOBaTENS.

Ilameii man ABIAETCS 3aKIOUYUATENBHBIM. Ha 3TOomM 3Tame
GbopMyIUPYIOTCS  OKOHYATENbHBIE BBIBOJABI W  pa3padaThIBAIOTCS
PEKOMEHJAIUN 0 HCIOJB30BAHUIO PE3YJIbTATOB MOIECIUPOBAHUS IS
JOCTHIKEHMSI TOCTAaBJICHHBIX Iiesie. Ha ocHOBe 3TuX BBIBOJOB JHOO
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BO3BPAIIAIOTCA K HAadally MpOLEcca MOJEIUPOBAHUSA ISl BHECEHUS
HEOOXOJUMBIX HW3MEHEHUM B MOJAECIM W TPOBEACHUU MOBTOPHBIX
HCCICNOBAaHMN C W3MEHCHHOM MOJCIBIO; JIMOO  3aKaHYHMBAIOT
uccienaoBanus. B pesynbTaTe HECKOJIBKUX MOAOOHBIX ITUKIOB MOTYYarOT
UMUTAIMOHHYIO MOJI€]b, HAWIYYIIUM 00pa3oM YJIOBJIETBOPSIONIYIO
MTOCTABJICHHBIM 3aJ]a4aM.

Takum 00pa3zoM, METOJI MMHUTAMOHHOTO MOJECIHPOBAHUS TMPU
UCCJICIOBAaHUU  CJIOKHOM  TPOOJEMHOM  CUTyallMud Mpeanosaraet
BBITIOJIHEHUE TISATU HTAIOB.

1.2 Buabl HMUTAIHOHHOT0 MOAEJTUPOBAHUS

NmuTaimoHHble  MOJCIM  TO3BOJSIIOT  IPOBEPUTH  BEPHOCTH
IIOHMMAHUS TMPOIECCOB B HCCICAYyeMOM OOBEKTE, M BBISIBUTh B
pPa3IMYHBIX KOHKPETHBIX CJydasxX IlapamMeTpbl NOpsAaKa. 3HAHUE
MOCJEIHUX U JaeT BO3MOKHOCTb CTPOUTH MPOCTHIE MOJIECIU CJIOKHBIX
SIBJICHUM. NmuTanmonHoe (KOMITBIOTEPHOE) MOJECIIUPOBAHUE
MoJpa3AeiasieTcsl Ha HECKOJbKO BHIOB, KOTOPBIE IIPEICTaBIICHBI Ha
pUCYHKE 2.

CucrtemHas NNCKPETHO-COOLITUMHOE
anMHaMuKa MOZEenUpoBaHue

AreHTHoe MoaenMpoBaHme

PI/ICYHOK 2 - BI/II[BI HMUTAIIUOHHOT'O MOICIIMPOBAHHUA

AreHTHO€ MOJeJTMPOBaHMeE MPEACTABISAET COO0M OTHOCUTEIBHO
HOBO€  HAllpaBJICHHE B HMHUTAIMOHHOM MOJCIUPOBAHUU, KOTOPOE
pazpaborano B 1990- — 2000-e rr. B Hacrosmiee BpemMs areHTHOE
MO/JICIUPOBAHUE TTPUMEHSIETCS ISl UCCIIEA0BAHUS ICICHTPATU30BaHHBIX
CHUCTEM, JHUHAMHKa (QYHKIIMOHUPOBAHMS, KOTOPBIX OMpeaeseTCs
WHIMBUIYAIbHONM aKTUBHOCTBIO YICHOB I'PYIIIIHI.

[lenp areHTHBIX MOJEIEW  3aKIOYACTCI B  MNOJYYCHUU
npejicTaBlieHui 00 00I1IeM MOBEJICHUU CUCTEMBI, UCXO/IS1 U3 BO3MOYKHBIX
MIPEANOIOKEHUN 00 HHANBUAYaIbHOM, YaCTHOM IOBEICHUH OTISIbHBIX
AKTUBHBIX OOBEKTOB 1 B3aMMOJICCTBUHU 3TUX OOBEKTOB B CUCTEME.
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ATEeHT B CHCTEME pacCMaTpUBAaeTCs KaK HeKas CYIIHOCTb,
oOnajaromias aKTUBHOCTbIO, AaBTOHOMHBIM  TOBEJACHUEM, MOXKET
NPUHUMATh PEIICHUS B COOTBETCTBHUU C HEKOTOPHIM HAOOpOM IIPaBWII,
B3aUMOJICHICTBOBATh C OKPYXKEHHEM, a TakKe CaMOCTOSITEIbHO
U3MEHSTHCS.

JIMCKpPEeTHO-COObITUIIHOE MOAeJTUPOBAHMeE TIPEACTABISAET COOOM
NMOAXOJ K MOJCIMPOBAHUIO, MPEJIaraliuil paccMaTpuBaTh TOJIBKO
OCHOBHBIE€ COOBITHSI MOACTUPYEMON CUCTEMBI, TAKUE KaK: «OHCUOAHUEY,
«obpabomka 3aKaza», «OBUNCEHUe C 2PY30M», «pasepy3Ka» W JIpyTHe.
JIuCKpeTHO-COOBITUITHOE MOJACIUPOBAHUE HanOOJEe Pa3BUTO M HMEET
OTpOMHYIO cpepy MPUTIOKEHUNH — OT JIOTUCTUKH U CHUCTEM MacCOBOTO
oOCITy>)KMBaHUS IO TPAHCIOPTHBIX M MPOU3BOJICTBEHHBIX CHUCTEM. IJTOT
BUJT MOJCIMPOBAHUS HauWOoJiee TMOAXOMUT JUIsi MOJACIUPOBAHUS
IIPOU3BOJICTBEHHBIX MporieccoB. OH Ob11 ocHOBaH [[xeddpu ['opaoHom
B 1960-x ronax.

CraTtucTtuyeckoe HMHUTANMOHHOE MoOIeJIMPOBaHNe
MPEACTaBISET BUJ HMUTAIMOHHOTO MOJEIUPOBAHUS, TO3BOJISIOIINI
BOCITPOM3BOIUTh Ha DBM (yHKIIMOHWPOBAHWE CJIOXKHBIX CITy4alHBIX

TIPOIIECCOB.
[Ipy  wcclemoBaHWM  CIIOKHBIX ~ CHUCTEM,  IOJBEPIKEHHBIX
CIIy4aiHBIM BO3MYIIICHUSM, UCIIOJIB3YIOTCS BEPOSITHOCTHBIC

AHAINTUYECKUE MOJEIN U BEPOATHOCTHBIE UMUTALMOHHBIE MOJeIu. B
BEPOSTHOCTHOM HWMWUTALIMOHHOM MOJCIUPOBAHUN OIIEPUPYIOT HE C
XapaKTEpUCTUKAMU  CIIYYaMHBIX IIPOLECCOB, a C KOHKPETHBIMU
CIIy4alHbIMU YHUCJIOBBIMM 3HAYCHUsAMU I[1apaMeTpoOB IIpoLecca WIIH
cucteMbl. Ilpu 3TOM pe3yisbTaThl, MOJYYEHHBIE IPU BOCIPOU3BEICHUU
Ha MMUTALUMOHHOM MOJENIM PAacCMaTPUBAEMOrO MPOLECCA, SBIISIIOTCS
cilly4allHbIMU peanu3anusaMu. [losToMy misi HaXOKIEHNUS OOBEKTUBHBIX
¥ YCTOMUYMBBIX XapaKTEPUCTUK Ipoliecca TpeOyeTcss ero MHOTOKPATHOE
BOCIIPOM3BEICHUE, C TMOCIHEAYIOUIEH CTaTUCTUYECKOW 00paboTKoit
IIOJYYEHHBIX JaHHBIX. VIMEHHO ©IO3TOMY MCCIEIOBAHUE CIIOKHBIX
IIPOLIECCOB U CHUCTEM, IOJABEPKEHHBIX CIy4YalHbIM BO3MYIIECHUSIM, C
IIOMOIIIBI0  MMMUTALlMOHHOIO  MOJEJUPOBAHUS NPUHIATO HA3bIBATh
CMAamucCmu4ecKum mMoo0eaupoeanuem.

[Ipn peanuzanuu Ha OBM cmamucmuueckozo umumayuonnozo
MoO0enuposanusi BOZHUKACT 3ajlada MojaydeHus Ha OBM ciyuaifHbIX
YUCIIOBBIX IOCJIEAOBATEIBHOCTEN C 3aJaHHBIMU  BEPOSTHOCTHBIMU
xapakrepuctukaMu. IIpu 3ToM yamie Bcero npuMeHsoT Meto «MoHTe-
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Kapno», peanusyromniuii 3agady reHEpUpPOBaHUS IOCIIEI0BATEIHLHOCTH
CJIy4alHBIX YKCeIl C 3aIaHHBIMU 3aKOHAMU pacHpeieNICHHUs .

1.3 IlpeacraBiieHne MOJ€EJIU B pacnpeaeJJeHHOM MOJAeJINPOBAHUN

ITocnenoBarenpbHass HMUTALIMOHHAS MOJIEIL MOXKET OBIThH
BBITIOJIHEHA C WCIIOJB30BAaHUEM MapaICIbHON BBIYMCIMTEILHON
TeXHHUKHU. [Ipr 3TOM BBIUTPBIII MO BPEMEHH MOXKET OBITh JIOCTUTHYT
3a CYET MapaUICIIbHOTO BBIIIOJTHCHUS COOBITHUM, 3aIlJIaHUPOBAHHBIX
Ha OJWH U TOT )K€ MOMEHT MOJICJIbHOTO BPEMEHH.

PacnpenenerHoe MOJEIHPOBAHNUE HCIIONL3YET APYTYIO OOIIYIO
dbopmy Tapamienu3sMa, a HWMEHHO IapajUIeIbHOE BBITIOJTHEHUE
COOBITHH, 3alJIaHUPOBAHHBIX B PA3IUYHBIX OTpPe3KaxX MOJCIHLHOTO
BPCMCHH.

B pacnpeneneHHOM — MOACTHPOBAaHWMHM B OTJIWYHE  OT
IIOCJICIOBATEIIPHOTO  MOJCIIMPOBAHUS  TMCPBUYHOM  €IMHHIICH
SBIISICTCS HE OOBCKT, a TaK Ha3bIBAGMBIH .Jl02uuecKutl npouecc.
Kaxxap1if 1orudaeckuii mporecc uMeeT COOCTBEHHBIN Habop 0O0BEKTOB
M COOCTBEHHYIO YHpPaBISIONIYI0 Iporpammy. Ilpm 3TOM Kakabli
JOTUYECKUU MPOIECC  XapaKTEePU3yeTCS JIOKATBHBIM  CIHUCKOM
COOBITHM M YacaMH JIOKaJbHOTO MOJICILHOTO BpeMeHH. Jlorndeckue
IIPOTIECCHI B3aMMOJCUCTBYIOT HCKIIOYHUTEIIFHO C ITOMOIIBIO
repeaadyn COOOIIECHUM.

Pacnpenenennyro wmomensb, coctosmyro w3 N JTOrHISCKUX
IIPOIIECCOB, MOKHO OIPEACIIUTH CICAYIOIIUM 00pa3oMm:

N
DM = JIp¥,
k=1
Ip¥ ={sm*,T¥, s*},
S* ={(QF 1), (Q5 15)..... (Qn, th).tf <tf <..<ti},

N k
T=>T"
k=1
rie DM — pacnpenenennas monaenb; |p — mormueckmii mpoiecc;
SmM — mnoaMojeNh JIOTUYECKOTO Tiporecca;, | — 3Ha4YeHHe

JOKAJIbHBIX 9aCOB MOJICILHOTO BPEMEHH JIOTHYECKOTO Mpolecca; S
— JIOKQJIBHBIA CIHCOK COOBITHH JIOTMYECKOTO Tiporecca; Q —
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COOBITHE B CIHCKE COOBITHI; I — MOJEIbHOE BpeMsi HACTYIJICHUS
cooniTusg Q (BpeMeHHast MeTka coObIThs Q).

I'mobGanbHbIX (0OmIMX It BCEM pachpesieIEeHHOW MOJIEIN)
4acOB MOJICJILHOTO BPEMEHU U TJI100ATbHOTO CIUMCKA COOBITUN SIBHO
HE CYIIECTBYeT, TaK KaKk HajJlu4yue OOIIed ympaBistomen
nporpaMmbl, paboTarolme ¢ 3TUMHU TJI0O0AJBHBIMHU CTPYKTYpaMH,
OBLIO OBI TSKEJIBIM B UCTIOJTHEHUM JIJI TTapaljIeIbHOTO UCTIOJTHEHUS.
Tekymee moaenbHOE BpeMs Bcer mojsenu TIME B kaXablii MOMEHT
paBHO:

TIME = min T,
k=1, N

Kaxaprii IOTHYeCKUil IPOIeCC BHIMOIHICTCS B COOCTBEHHOM
MOJICJIbHOM BpPEMEH M KaK aBTOHOMHAasl MOCJie/IoBaTeIbHas
MoJiesb. JJ1s1 TOro oH cCHabGKaeTCs PK3EMIUIIPOM YIIPaBIISIOIICH
MPOTrpPaMMBI.

I[Ipu »TOM JOorMYeckuii mpouecc oOmaercss ¢ JApyruMu
MpoleccamMu, MepenaBas UM COOOIICHUS], KOTOpPbIE MOTYT OBbITh
pa3HBIX BUJOB. byneM paccMaTpuBaTh MPOCTEUIITNN BUJ COOOIIEHUS
— ACUHXPOHHOEe COOOujeHue, HUKAK HE BIUSIOIIEE HA BBINOJIHEHUE
JIOTUYECKOTr0 Mpoliecca — OTIPABUTENA.

Coobuenne M, mepemaBaemoe OT JOTHMYECKOTO IMporecca
Ip' noruueckomy mnpoueccy Ip!, B mpocreitmem ciayuae umeer
CIIEYIOLIYIO CTPYKTYPY:
M; =(Q%TY).
Jlornueckuit mpouecc Ip!, momyums coobmenue, koTopoe

nMmeeT Gpopmy COOBITHUS, BCTABJISIET 3TO COOBITHE B YIOPSI0OYCHHBIN
CIIMCOK CBOMX JIOKAJIbHBIX COOBITHM B COOTBETCTBHUU CO 3HAYCHUEM
TJ,

YnpagJstonas nporpaMmma HAQYMHACT  BBIMNOJIHATH
MOAU(PUITUPOBAHHBINA CIIMCOK JIOKAJIbHBIX COObITHI. Takum
00pa3oM, TMOJIYYEHHOE COOOIIEHHE MOXKET HW3MEHUTh JIOTUKY
BBITIOJIHEHUSI JIOTUYECKOTO MpoIiecca — IMOJIydaTes.

Ilepenaua coOOmIEHUM MOXET OCYIIECTBISATHCA JOTHUUYECKUMHU
MpolieccaMU HEMOCPEJACTBEHHO C IMOMOIIBIO CPEACTB ONEPAIIMOHHOM
CHUCTEMBI, BO3MOYKHAsI cCXeMa KOTOPOM MPHBEICHHAsI HA PUCYHKE 3.
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KOI\M}’I—MK&LMOHH&?I CHCTEMA

Vlxkm | v 0 | KE | | KH |

|| VIT ! v | | M|

e | )| M | || M|
JIT1 T2 JOIN

Pucynok 3 - Cxema BBITIOJTHEHUS pacpeeIeHHON MOIEIH:
JIIT — nornyeckuit nipouece, [IM — noamonaens, YII — ynpapistomas
nporpamma, K1 — KkoMMyHHUKaIIMOHHBINH uUHTEpdeiic.

OHa BKJII0OYa€T KOMMYHUKAIIMOHHYIO MOJCUCTEMY B KaudeCTBE
OTJIEJIbHOTO KOMITOHEHTA. Jlornueckue MIPOIIECCHI
B3aUMOJIEUCTBYIOT C KOMMYHHUKALIMOHHOW MOJCUCTEMOM C TOMOIIBIO
ompeesieHHOTO nHTepderica.

Best cuctemHass 4acTh pealu3aliii  Nepeadyu  COOOIICHUM
COCpENOTOYEHA B OJHOW IIporpamMme (KOMMYHUMKaI[MOHHOM
MOJACUCTEME).

Jlorndyeckue MpoIecchl MOTYT OBITh pPEaliM30BaHbl Ha SI3BIKE
C++. Jlma mepeHoca MoAelnel M CUCTEMBI MOJCIMPOBAHUSA Ha
JIPYTYIO0  BBIYUCIMTEIBbHYIO CHCTEMY JIOCTAaTOYHO TEPEHECTHU
KOMMYHUKAIIUOHHYIO moAcucteMmy. IlepeHoc KOMMYHUKAIIMOHHOU
CUCTEMBbI YIPOUIAETCS, €CIU TPHU €€ pealM3allii HCIOJIb30BaHbI
CTaHJIapTHBIE  CpEJCTBa, HaNpUMEp Iiepeaadya  COOOIICHU,
peanuzoBaHa ¢ mnomompblo nporokoira MPI (Message passing
interface) , KOTOpbI UMeeT peanu3zauuu kak 11 Windows, Tak u
JUIsl HapajiyIeIbHbIX KOMITBFOTEPOB M I€TEPOTECHHBIX KJIACTEPOB.

KoMmmyHukanmonHas MOJICUCTEMA MOKET
CUHXPOHU3UPOBATH BBIMOJHEHUE JIOTMYECKUX IIPOIECCOB B
MOJCJIbHOM BPEMEHH.
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2. A3BIKHU, IPUMEHAEMbBIE B UMUTALTUOHHOM
MOAEJIUPOBAHUH

2.1 IlpenMeTHO-OPUEHTHUPOBAHHbIE A3BIKH

[IpenMeTHO-OpUEHTUPOBAHHBIN S3bIK MPEACTABISECT COOON S3BIK
POrpaMMUPOBAHMUS, CICIIMAIM3UPOBAHHBIN 11 KOHKPETHOW 00s1acTH
npumeHenus. [locTpoeHre Takoro si3blka U/UIM €ro CTPYKTYpa JTaHHBIX
OTPaXKarT CHCIU(UKY PeIIaeMbIX C €r0 MMOMOIIBIO 3a/1a9.

CrnenyeT OTMETUTD, YTO ACJICHUE SA3bIKOB MIPOrpaMMUPOBAHUS Ha
SI3BIKM OOIIEr0 HAa3HAYEHUS W MPEAMETHO-OPUEHTUPOBAHHBIC SIBIISICTCS
ycinoBHBIM.  CyImecTByeT OOJbIIOE KOJWYECTBO S3BIKOB  OOIIIETO
HA3HAYCHUS, PUMEHSIEMBIX B Ka4€CTBE MPEAMETHO-OPUEHTUPOBAHHBIX
JUISL  pelieHus  OMpeNeNEHHBIX  3a7a4, a TaKXke MPEeIMETHO-
OPHUEHTUPOBAHHBIX SI3BIKOB, IPUMEHIEMBIX B Ka4eCTBE SI3bIKOB OOIIETO
Ha3HAYCHUS.

SApkum npumepom sBisiercss sa3blk CHU, pa3paboTaHHBIN B
KadyecTBEe KpocciiaT@OpMEHHOTO accemOiepa, HO Ha IPaKTUKE
IIPUMEHSEMBIN TOPa3a0 IIUpe.

S3pik ML, mopomuBmIMi IHEI0C CEMEHCTBO S3BIKOB OOIIEro
Ha3HaueHus, Bkiaouas Haskell, HbiHe HamOosiee mnpeamoYMTaEMBIi
pa3paboTYMKaMU TMPEIMETHO-OPUCHTUPOBAHHBIX SI3BIKOB B KadyeCTBE
6azoBoro. M3HavyanpHO paspadareiBanics B kadyecTBe DSL miis cuctemsl
aBTOMAaTHUYECKOTO JoKa3aresbcTBa TeopeM LFC.

[IpuMepom, TIOKA3bIBAIOIIMM  YCJIOBHOCTh  KJIACCU(PUKAIINH,
cinykut s3Ik BH® (1 xommmisitop ¢ Hero Lex/Yacc): ¢ onHou
CTOPOHBI, 3TO APKUU MPUMEP METas3bIKa, ¢ APYroi—IIpeHa3HAYCH IS
OJHOW KOHKPETHOU 3a/1a4Hu.

[Ipocreitmme IPEAMETHO-OPUECHTUPOBAHHBIC SI3BIKH,
UCITOJIb3YEMBbIE B OJTHOM KOHKPETHOM IPHJIOKCHHH, YaCTO HAa3bIBAIOT
CMUHU-AZBIKAMUY .

YacTo  WCHONB3YIOT  TEepPMHHBI  «problemoriented»  wm
«domainoriented», HO B aHIVIOA3BIYHOM HAyYHOM COOOIICCTBE
nprwkKuics TepMuH «domain-specificy, mpuuém wumeHHo «domain-
specificlanguage», a He «domain-specificorogramminglanguage». B
PYCCKOSI3BIYHON JIUTEpaType MO TPOrpaMMHPOBAHUIO BCTPEUYAIOTCS
BapUaAHTHI «OOMEHHO-CneyudUUHbLI, «npobremHo-
OPUEHMUPOBAHHDBLLL, «KNPEOMEMHO-0PUESHMUPOBAHHBLID.


https://ru.wikipedia.org/wiki/ML
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BC%D0%B0_%D0%91%D1%8D%D0%BA%D1%83%D1%81%D0%B0_%E2%80%94_%D0%9D%D0%B0%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D1%8F%D0%B7%D1%8B%D0%BA
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2.2 S13bIKM HMHUTAIMOHHOTO MOJAEJTUPOBAHUS

OcHoBOU 000K MOACIUPYIONIEH CUCTEMbl SIBIISIETCS  S3bIK
umumayuonno2o mooenuposanus (SIAM). SI3bIKH  MMHTAIIMOHHOI'O
MOJICIMPOBAHUST OTHOCSTCS K KJIacCy MPOOJIEMHO-OPUEHTUPOBAHHBIX
S3bIKOB, KOTOpBIE pa3padaThIBAIUCh JJIsi MPOTPAMMHOI0 OOECIICUCHHUS
ONpeIeIEHHBIX Ki1accoB M.

A3bIKU  UMUMAYUOHHO20 — MOOENUpOBaHUsi  PEAU3yloTCsl B
MPOrPaMMHO-METOIMYECKUX  KOMIUIEKcax moxaenupoBanus CMO,
MMEIOIIUX Ty WIN UHYIO CTENECHb CIIEHHAIN3AINY.

A3zviku UMUMAYUOHHO20 MOOenUpo8anus OTPaXKAIOT
omnpe/eieHHbIe  crneluuYeckue U  CTPYKTYpHbIE  OCOOEHHOCTH
MOJEIUPYEMBIX  SBJICHUWA TIPU  HCIHOJIB30BAHUU  ONPEICIICHHBIX
OMUCATENbHBIX M JWHAMUYECKUX TMOHSITUH, HAIpUMEp, 3SJIEMEHTOB
CTPYKTYpHU3aIluu, COOBITUN U COCTOSHUH.

OCOOEHHOCTh  A3bIKO8  UMUMAYUOHHO20  MOOEIUPOBAHUSL
OUCKpEemHbIX cucmemM COCTOUT B TOM, UTO TMOCJEI0BATEIbHOCTD
BBITIOJTHEHUST OIEpalMii MPOTpaMMbl, HAMMCAHHBIX Ha 3THUX S3bIKaX,
ONpEeNeNsIEeTC B XOJE BBINOJHEHUS MPOrpaMMbl B 3aBUCUMOCTH OT
BPEMEHHBIX MHTEPBAJIOB, XapaKTEPUIYIOMIUX JIUTEILHOCTH 00pabOTOK
Ha Pa3JIMYHBIX dTarax MOJICIUPYEMOro mpoiiecca.

Bo-nepBrix, A3bIKU UMUMAYUOHHO20 MOOeNUPOBaAHUs]
MPEJCTABIISIIOT IPOTPAMMUCTY CpeACTBa U1t OMUCaHUS
(GYHKIIMOHUPOBAHUS CJIOXKHBIX CHUCTEM B BHJE IIUPOKOro Habopa
CHEHHAIBHBIX ONEPATOPOB, a TAKKE OCBOOOXKAAIOT OT HEOOXOIUMOCTH
MPOTPAMMUPOBAHUS CIIY>KEOHBIX OMNEpaluid MOJEIUPOBAHUS, KOTOPHIE
aBTOMATHUYECKHU PEaTU3YIOTCA.

Bo-BTOpBIX, A3bIKU UMUMAYUOHHO20 MOOenUuposanus
MPEJCTABIISIIOT  METOJOJOTMYECKYI0  OCHOBY  JIJIi  ONHCAaHHUS W
UCCIICJIOBAHUSI CUCTEM Pa3JIMYHOW TMPUPOJBI C EAUHBIX MO3UIIUM
KOHCTpyKIIUM SI3BIKOB  SIBIISIFOTCSL  aOCTPaKUUSIMHU, TMPUMEHUMBIE K
IIUPOKOMY KJIacCy siBIeHMM. Vcronp30BaHME si3bIKa 3aKIIOYACTCS B
TOM, YTOOBI OTOXIECTBUTH KOMIIOHEHThl KOHKPETHOM CHCTEMBI C
COOTBETCTBYIOIIUMHU €JUHUIIAMU SI3bIKa, YCTAHOBUTH COOTHOIICHUS
MEXK]Ty HUMH ¥ OTIMCATh 3TH COOTHOIIICHUS CPEJICTBAMH SI3bIKA.

PazButne sa361K08 UMUMAYUOHHO20 MOOENUPOBAHUS HAYAIOCH B
koHile 50 - x rogoB. CHavyana B MOJEIUPOBAHUM HMCIIOJIB30BAIU MO0
S3bIKH, OPUCHTUPOBAHHBIC HA KOHKpEeTHYI0O DBM, b0 yHUBEepCcalbHBIC
SI3BIKH.
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Onaum u3 MOMYJISIPHBIX A3bIKOB UMUMAYUOHHO2O
MoO0enuposanusi, TPUMEHSEMBIX [JI1 pEIICHUS 3a7ad CHCTEMHOTO
ananu3a, sisngercs s3plk DYNAMO, pazpabotannsiii B CIIA rpynmnoi
@oppectopa. ITOT SA3bIK OPUEHTUPOBAH HA MOJEIHMPOBAHUE MPOCTHIX
JTUHAMUYECKUX CUCTEM, OMUCHIBAEMBIX OOBIKHOBEHHBIMU
nuddepeHMaiIbHBIMU  YPABHEHUSIMA € BO3MOXKHOCTBIO — 3aj[aHUS
CIy4YalHbIX  BO3MylIeHMM. Bce 3T0  co3maeT  BO3MOYKHOCTH
ncnoiab3oBanug sa3plka DYNAMO crnenmanucramMy, HE 3HAIOIIUMH
MPOTPAMMUPOBAHUS, HO MPEACTABISIONIMMH COJIEPKATEIbHYIO CTOPOHY
cBoel 3amaun. OIHAKO CYILIECTBYIOT M ONPEAEIICHHBIE OTPAHUYECHUS,
CBSI3aHHBIE C OTCYTCTBMEM BEKTOPHOIO MPEACTABIICHHSI MPOIIECCOB, a
TaKXke cIa0b0 pa3BUTAask JOTMKA BPEMEHHBIX B3aUMO/ICHCTBUI.

Mopenu, NOCTpOEHHBIE C HCIOJIb30BAHUEM ATOTrO SA3bIKA IS
OTOOpakeHUs1 AUHAMUKHU CHUCTEMBI, COCTOST U3 TaKUX CIEeHUpUUSCKUX
JOTUYECKUX CTPYKTYp, KakK YpOBHH, IOTOKH, MpeoOpa3oBareiu Hu
COEMHUTEIIH.

MeTto1010ruYecKy 1o OCHOBY  3bIKO8 UMUMAYUOHHO20
MOOenuposarusi COCTaBISAIOT MPEACTaBICHHUS 00 00BEKTE UCCIIeOBAHUS
KaK O CHCTEME C JUCKPETHbIMU cOObITUsIMU. IIpu 3TOM MoOzenb
CTPOUTCS TAKUM 00pa3oM, YTO MOBEJECHNE CUCTEMBI BOCIIPOU3BOIUTCS B
BUJIE TIOCJIEIOBATEILHOCTA €€ COCTOSHMN BO BpeMeHHu. Bcskoe
buKCcupyeMoe U3MEHEHHE COCTOSHHS CUCTEMbl HA3BbIBACTCS COObIMUEM.
CoOpbITHE, BBI3BIBAEMOE B PEATbHOW CUCTEME U3MEHEHHEM TapaMETPOB B
TEUEHHE HEKOTOPOT0 BPEMEHHOI0 HHTEpBaja, B MOJEIH CUHTACTCS
MPOUCXOMSIIUM MIHOBEHHO. J[MCKpETHOCTh MOJENEH TaKoro THUIla
3aKJII0YAETCs B OCOOOM TMOAXOJA€ K HaONMIOJACHUIO TOBEACHUS
UCCIICTYEMBIX CHUCTEM: (DUKCUPYIOTCA TOJBKO T€ COOBITHUS, KOTOPHIC
CYIIECTBEHHbl B IUIaHE MPOBOAUMOro wuccieaoBanus. Ilpu s3ToM
CUMTAETCsI, YTO CHUCTeMa He HaOJroJaeMa B TEUYCHHUE MPOMEXYTKOB
BPEMEHU MEXIy (PUKCUPYEMBIMU COOBITUSIMU. B CHIy 3TOro S3bBIKU
CUCTEMHOTO MOJIETTUPOBAHMUS 4acTo HAa3bIBAIOT S3bIKaMHU
MOJIETUPOBAHUS CUCTEM C JUCKPETHBIMU COOBITHUSIMH.

JInst  HEKOTOPBIX  A3bIKO8  MAWMUHHO20 — UMUMAYUOHHO20
MOOeNUPOBAHUS (Hammpumep, GPSS) JOCTATOYHO h170000
KOHKPETU3UPOBAaTh  CIIOCOO  JUCKPETHOW  ammpoKCUMAIlid, |
COOTBETCTBYIOILIME CJIydailHble COOBITHS OyIyT TE€HEepUpPOBATHCS
aBTOMATHUYECKHU.

CrnemyeT OTMETHUTh, YTO A3bIKU UMUMAYUOHHO2O MOOEIUPOBAHUSL
MO3BOJISTIIOT 32 CPABHUTEIBLHO KOPOTKUM CPOK COCTABIIATH MPOTPAMMHBIC
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MOJICIM JIOBOJIBHO CJOXKHBIX cucTeM. JlJIs1 oTrBera Ha NOJOOHBIC
BOIPOCHI YaCTO MPUXOJAUTCS HEMOCPEACTBEHHO U3MEHSATh MPOTPAMMHBIN
KOJl MOJICJIM, YTO MOBBIIIAECT 3aTPAThl BPEMEHU HA aHAJIM3 CUCTEMBI. [Ipun
WCIIOJIb30BAHUM SI3bIKOB HMMHUTALIMOHHOTO MOJIEJIMPOBAHUS BO3HUKAET
TaKKe apyras mpobiiema: 3aTpaThl HA M3YyYE€HHE U OCBOCHHE SI3bIKa, TEM
0oJiee, YTO ATU SI3BIKU ONEPUPYIOT AOCTPAKTHBIMU MOHSATHSIMH, B TO
BpEMsI KaK JKCIIEPUMEHTATOP YacCTO SBISICTCS CHEHUAIIUCTOM B TOWU
o0J1acT, KOTOPOH MPUHAMICKUT MOJICTIUpyeMasi CHCTEMA, M IPUMEHSIET
CreUu(UIECKYI0 TEPMHUHOJIOTHIO, YTO MOXKET 3HAYMTEIBHO OCJIO0KHUTH
OCBOCHHE S3bIKa UCCJICIOBATCIICM.

CyuectByromue METOIbI u S3bIKU UMUMAYUOHHO20
MOOenuposarusi 9acTo OKa3bIBalOTCS HEAIPHEKTUBHBIMU 110 MPUYUHE
CBOCH HHU3KOW THOKOCTHM U CIIO)KHOCTH MOJCIUPOBAHHUSA CHCTEM
NPUHATHS PEIICHUH ¥ YIOPaBJICHUS, OCOOCHHO €CIM CHCTeMa
yIpaBJICHUS] BKJIOYAeT B ce0s UelIoBEKa-omepaTopa, MPUHUMAIOIIETO
pemieHus. VCriosib30BaHME TMOSIBUBIIMXCS HA PBIHKE MNPOrPAMMHBIX
MPOAYKTOB MHTEJUIEKTYJIbHBIX CHUCTEM HUMHUTAIIHOHHOTO
MOJIEJIMPOBAHUSL CHUMAET 4YaCThb JTUX TPYAHOCTEM WU IPEIOCTABISET
HOBBIC BO3MO’KHOCTH IPH HCMOJIb30BAHUM HWMHUTAIMU B THOPUIHBIX
CUCTEMAX I PEUICHUS MIPUKIIAJHBIX CUCTEMHBIX 3a/a4.

I[Ipy DoCTpOCHMH HMHUTALMOHHBIX MOJEICH Ba)XHOE 3HAYCHUE
UMEET  BBIOOpP  coomeemcmeyouje2o  A3blKAd — UMUMAYUOHHO2O
MOOenuposarusi, UCIOIb30BaHNE KOTOPOI0 CYIIECTBEHHO YIIPOIIAET U
YCKOPSET MPOLIECC MOJCIUPOBAHUS.

ITockonbKy TpeOOBaHMS K S3bIKaM IMPOTpaMMHUPOBAHUS BOOOIIE U
K SA3bIKAM UMUMAYUOHHO2O MOOEIUPOBAHUs, B YAaCTHOCTH, YETKO HE
OIPEZICJIEHBI, TTOATOM HET U €JAUHOTO MHEHHUS OTHOCUTEJIBHO TOIO, YTO
K€ CJIETYET CYUTATh COOCTBEHHO SI3BIKOM.

IToMmumo camMux S3BIKOB, CYHNIECTBYIOT JUAJIEKThI, OTBETBJICHUS
(wm s13p1kM L-THNA) ¥ paclIMpeHHbIE BapUAHTHI A3BIKOB. /[uanexmom
IIPUHSATO HA3bIBATh COKPAILICHHBIA BAPUAHT OCHOBHOTO SI3bIKa. S3bIK L-
TUIIA €CTh SI3bIK, MO JyXYy U OYKBE CXOJHBIA C OCHOBHBIM SI3bIKOM L, HO
0o0JIagaronii HECKOJILKO WHBIMH CBOMCTBAMH, 4YTO HE IIO3BOJISIET
CUHUTATh €r0 JIHAJICKTOM.

BaxxHo oOTMETUTH 06a 6axCHBIX npeumMyuiecmea - A3blKo8
UMUMAYUOHHO20 MOOeIUPO8aHus TIO0 CPaBHEHUIO C yHHUBEpPCATbHBIMU
3aKJIFOYAKOIIMECss B yJI00CTBE MPOrpaMMHUPOBAHUS W KOHIENTyalbHOU
BBIpA3UTEIIbHOCTU. [locnenHee MOCTOMHCTBO - BO3MOXKHOCTh YETKO H
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SCHO ONUCHIBATh pa3JIMYHbIC TOHATHUS - BaXXHO Ha CTaJuu
MOJICJIMPOBAHMS M BbIOOpA 00IIETO MOIX04a K U3YUEHHUIO CUCTEMBI.

Y106cTBO NpOrpaMMHUPOBAHUS OCOOEHHO CHJIBHO MPOSBIISCTCS
IpU HaIMCAaHUM camMou mporpammebl. Ellle 0HO MperMyIIecTBO SI3bIKOB
UMUTAIIMOHHOTO MOJICIMPOBAHUS 3aKJIIOYAETCS B TOM, UYTO HUX MOXXHO
UCITOJIH30BaTh KaK CPEJICTBA KOMMYHHUKAITUU U JJOKYMEHTUPOBAHUSI.

S3b1kH UMUTAIITOHHOTO MOJICIUPOBAHUS OTpaxaroT
ONpENeTICHHbIE  CIeUU(PUYECKHUE UM  CTPYKTYpHbIE  OCOOCHHOCTH
MOJCIUPYEMBbIX  SIBIIGHUA TPH  HMCIOJIB30BAHWHM  OIPEICICHHBIX
ONMHCATENbHBIX M JAUHAMUYECKUX TOHSITHH, HaNpUMeEp, DJIEMEHTOB
CTPYKTYpH3AIUH, COOBITUI U COCTOSTHUIA.

Crnenuanu3upoBaHHbIE  SI3bIKM  ITU(YPOBOTO  MMUTAIMOHHOTO
MOJCIUPOBAHUS  JEIATCSA Ha JBE  CAaMOCTOSITEJIIbHBIC  TPYIIIIHI,
COOTBETCTBYIOIIME€ JBYM BHJaM HWMHTAIMU: HEMNPEPBIBHBIX U
JTUCKPETHBIX TPOIIECCOB, KOTOPHIE MPOWLTIOCTPUPOBAHBI HA PUCYHKE 4.

['pynna s3v1k068 HenpepvigHO20 UMUMAYUOHHO20 MOOEIUPOBAHUs B
CBOIO OdYepenb JENWTCI Ha TpU THUMA: S3BIKK  aHAJOTOBOTO
MOJCIIMPOBAHMS; S3BIKM, TPUMEHSEMBbIC [IJI1 PEIICHUS CHCTEM
mudpepeHImanbHbIX ypaBHEHUN, OMUCHIBAIOIIUX JACTCPMUHUPOBAHHBIC
3aMKHYTbhI€ HEIPEPHIBHBIC CHUCTEMBI;, SI3bIKM ypaBHEeHMU. [lepBwie nBa
TUIIa PacCYUTAHbl Ha OJIOYHOE MOCTPOCHUE MOJENEH, SI3BIKH TPEThETo
THUIIa ONIEPUPYIOT C YPABHEHUSIMH.

HA3bIkn umdpposoro IM

A3bIkK A3bIkK
HenpepbIBHbLIX M nuckpeTHbix M
aHarnorosble A3bIKWM YPaBHEHUN
nndhdepeHunanbHbie

PucyHoxk 4 - S3piku IMpOBOT0 UMUTAITMOHHOTO MOJICIUPOBAHUS

Takum 06p330M, SA3BIKN HUMHUTAIITMOHHOTI'O MOACIUPOBAHUA
IMO3BOJIAKOT 3a CPABHUTCIIBHO KOpOTKHfI CPOK COCTABJIATH IMPOTPAMMHBIC
MOACIN AJOBOJIBHO CJIIOKHBIX CUCTCEM.
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OnHako MMHUTAOHHOMY MOJEIUPOBAHUIO pUCYLIU
cnenuduyecKkue XapakTepucTuku. I[loaTomy kemaTtenbHO, YTOOBI B
A3bIKE UMUMAYUOHHO20 MOOENUPOBAHUSL COJNCPKAINUCH CHEIUATbHBIC
CpencTBa Ui 3aluCH aJrOPUTMOB HMHTAIIUU CJOXKHBIX OOBEKTOB.
Kpome TOro, B KakJapli MOMEHT BPEMEHU B MOJECIHPYEMOM CUCTEME
OJJHOBPEMEHHO TMPOTEKAIOT PpPa3JIMYHbIE MPOILECCHl, MO3TOMY B
MOJICJIUPYIOIIEH CUCTEME JOJKHBI ObITh CPEJCTBA JIJIi CUHXPOHU3AINH
ATUX MPOLIECCOB.

Takum 006pa3zoM, GyHKIIMOHUPOBAHUE MOJIETU JOJHKHO MPOTEKAThH
B HCKYCCTBEHHOM (HE B pEalbHOM M HE€ B MAIlIMHHOM) BPEMEHH,
oOecrieunBasi TMOSBJICHUE COOBITUM B TpPeOYyeMOM JIOTUKOM paboThI
UCCIIEIYEMOM CHUCTEMBI MOPSAKE MU C HAJJICKAINMMUA BPEMEHHBIMU
VHTEPBAIAMU MEXAYy HUMH. [Ipy 3TOM HaI0 y4YUTHIBATH, YTO JIEMEHTHI
peanabHO cucTeMbl (YHKIIMOHUPYIOT OJHOBPEMEHHO (TIapajuieNbHo), a
KOMITOHEHTHI MIPOrPaMMHOM MOJEIU JIEUCTBYIOT MOCJIEI0BATEIbHO, TaK
KaK peain3yroTcs ¢ noMolibio 9BM nociaenoBaTeabHOTO NEHCTBUS.

Jnsg  coxpaHeHHsT  aJE€KBAaTHOCTH  IPUYUHHO-CIICICTBEHHBIX
BPEMEHHBIX CBSI3€M HEOOXOAMMO B CO3/IaTh MEXaHU3M 3aJIaHUsI BPEMEHHU
JUI. CAHXPOHU3AUUU JEUCTBUM SJIEMEHTOB MOJEIN CUCTEMBI.

B koHeuHoMm cuere, mepen pa3pabOTYMKOM MOJEIHW BO3HUKAET
npobJjieMa €€ OMUCaHMWSl Ha S3bIKE, MPUEMJIEMOM ISl HCIOJIb3YEeMOM
OBM. HMmuranmuoHHBIE MOJEIH OOBIYHO HWMEIOT OYCHBb CJI0XKHYIO
JIOTUYECKYIO CTPYKTYpY, XapaKTEePU3YOIYIOCS MHOKECTBOM
B3aMMOCBSI3€HM MEXAY AJIEMEHTAMU CHCTEMBbI, IPUYEM MHOTHUE U3 ATHUX
B3aMMOCBSI3€M TPETEPIICBAIOT B XOJE BBINOJHEHUS MIPOTPAMMBI
nruHamuuyeckue wusMmeHeHuss. llostomy muna GPSS, Cumckpunm,
Cumyna, /unamo m UM TIOJOOHBIE SBISIOTCS SI3bIKAMU 00Jie€ BHICOKOTO
YPOBHSI, YEM YHUBEpcalbHbIE s13bIKK THIIA DOopTpan, Anron u bancuk.

Benymue UCCIIEI0BATEIN A3bIKOBO-OPUEHTUPOBAHHOTO
MPOrpaMMUPOBAHUSA TIPUBOIAT CJIEAYIONIME TMPUMEPHI MPEAMETHO-
creln(pUYHBIX SI3bIKOB B KAUE€CTBE KIACCUUECKUX:

. TeXnus moAroToBKM (KOMIBIOTEPHONW BEPCTKH) TEKCTOBBIX
JIOKYMEHTOB;

. Perl mpuMeHsieTcs JU1sl MAaHUITY TUPOBAHUS TEKCTAMU;

. SQL mpumensercs ais pa3padorku CYB/I,

. Tclgns rpaduueckoro naTepdeiica MoIb30BaATENS,

. HTML u SGML gns pasMeTkn TOKYMEHTOB;

. Verilog m VHDL qis onmcanust anmapaTHOTro 00eCIIeueHMs;

. Mathematica u Maple a1t CHMBOJIbHBIX BBIYHCICHUIT;


https://ru.wikipedia.org/wiki/TeX
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B2%D1%91%D1%80%D1%81%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/Perl
https://ru.wikipedia.org/wiki/SQL
https://ru.wikipedia.org/wiki/%D0%A1%D0%A3%D0%91%D0%94
https://ru.wikipedia.org/wiki/Tcl/Tk
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D0%B9%D1%81_%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/HTML
https://ru.wikipedia.org/wiki/SGML
https://ru.wikipedia.org/wiki/Verilog
https://ru.wikipedia.org/wiki/VHDL
https://ru.wikipedia.org/wiki/Mathematica
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. AutoL.isp g1 xomnbrorepaoro Mmoaeauposanus (CAIIP);

. Prolog mns 3amay, copMyIupOBaHHBIX B TEPMHHAX
HCYHCJICHHS TIPSIUKATOB;

. ML u Haskell mns 3amau, chopmynupoBaHHBIX B TEpMUHAX
byHKIMMA.

CyllIecTBYIOT SI3bIKH ITPOTPaAaMMHUPOBAHUS, BCTPOCHHBIE B CUCTEMY
ynpasieHus: pecypcamu npennpusatus (s36ik ABAP B SAP/R3, s3biku
cucreM ['anaktuka, Ilapyc, 1C) u npumeHsieMblie ST UX JOMOJTHECHUS
cneuu(UUHBIMA  JJIi ~ KOHKPETHOM  OpraHu3alud  MOJYJISIMH.
Hcnonb30BaHUE BCTPOEHHOTO SI3bIKA YIIPOIIAET IPOrPaMMHUPOBAHUE
cnenuUUHbIX 3a/1ad, MOCKOJIbKY B SI3bIKE M3HAYAIBbHO MPUCYTCTBYIOT
MOHATHUS TIpeaAMETHON obsactu. HekoTopsle reonHGpOpMalMOHHBIC
cuctreMbl u  CAIIP  Takke  HWMEIOT  BCTPOEHHBIE  SI3BIKU
IIPOrpPaMMHUPOBAHUSL.

Emeé onaum npumepom siBiisietcss G-ko S3bIK TPOTPAMMHUPOBAHUS
YCTPOMCTB C YUCIIOBBIM MPOrpaMMHBIM yripaBienuem (HITY).

2.3 BecrpauBaemble si3bIKH

KoMmnbloTEpHBIE SA3BIKH PEANU3YIOTCS 3aBUCUMbBIM 00pa3oMm, T.€.
«BHYTPHU» TPAHCIUPYEMOTO s3bIKa, 0€3 KOTOPOTO ATU SI3bIKM HE TOJBKO
HE CIOCOOHBI WCMOJHATHCA, HO U 3a4acTyl0 HE 00pa3yroT LEIOCTHYIO
CUMBOJIBHYIO CUCTEMY U HE 001aAat0T ThIOpUHT-MIOJIHOTOM.

Takue S3bIKKM MPUHATO HA3BIBATh «BCMPAUBAEMBIMU NPEOMEMHO-
cneyu@uUUHbIMUY A3LIKAMUY» WA MPOCTO «BCMPAUBAEMBIMU A3bIKAMUY,
TAKXKE€ «SI3bIKAMM, PEAJIM30BAHHBIMU 7108epX WIH HA OCHOBE NAHHOTO
A3BIKAY.

BcTpauBaemble  A3bIKM  JOMYCKAaIOT €II€ HECKOJbKO BHUIOB
peaIN3aInu SI3bIKA:

. YUCTOE BCTPAUBAHUE;

. UCIIOJB30BAHUE  MAKpPOCPEACTB  si3blka (M HEPEAKO
OTOXKJIECTBJICHUE UX C TEPMHUHOM «METAPOTrPaMMHUPOBAHUEY ), KOTOPOE,
B CBOIO OU€PEb, MOIPA3ACTACTCS:

1.  MHOrocTajguiiHbIe BEIYUCIICHUS,

2.  KBa3UIUTUPOBaHME (M3BECTHOE M3 sA3bIka Lisp);

3.  HUCIoJb30BaHUE MIa0JIOHOB.

C [npyrod CTOpPOHBI, MOXHO PacCMaTpUBaTh PEATU3ALUIO
BCTPAMBAEMOTO  f3bIKa KaK  «peaju3aluio 0e3  TpaHCIALUN,


https://ru.wikipedia.org/wiki/AutoLisp
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/Prolog
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_%D0%BF%D1%80%D0%B5%D0%B4%D0%B8%D0%BA%D0%B0%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/ML
https://ru.wikipedia.org/wiki/G-code
https://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%BE%D0%B2%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D1%83%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BD%D0%BE%D1%82%D0%B0_%D0%BF%D0%BE_%D0%A2%D1%8C%D1%8E%D1%80%D0%B8%D0%BD%D0%B3%D1%83
https://ru.wikipedia.org/wiki/%D0%A8%D0%B0%D0%B1%D0%BB%D0%BE%D0%BD%D1%8B_C%2B%2B
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BB%D1%8F%D1%82%D0%BE%D1%80
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noapasymeBasg, uyto DSL Oyaer SBIATbCS CHUHTAKCUYECKUM H
CEMaHTUYECKUM MOJAMHOKECTBOM $SI3bIKa, B KOTOPHI OH BCTPAUBAETCSI.

S3bIK, UCHOJB3YyeMbI B KauecTBE 0a30BOro IS pealn3aiuu
JPYTOTO, YaCTO HA3bIBAIOT METAA3BIKOM.

OCHOBHBIX TNPUYUH JIsI Pa3paOOTKU BCTPAUBAEMBIX TEKCTOBBIX
SI3BIKOB TPH:

1. BBOX B MCXOJHBIN SI3bIK JOTOJHUTEIbHBIX BO3MOKHOCTEH,
pacmMpsONMX  CIHeKTp A(P(EKTUBHO  pemaeMbIX  3amad WA
CUHTAKCUYECKH YIPOIIAIOIINX PEIIEHNE YaCTO BCTPEYAEMBbIX 3a/1ad.

2.  VHTeHCHBHOE pPe-HCMOJIb30BAHUE KOMIIOHEHTOB TPaHCISATOPA
0a30BOro0 s3plKa: Mapcepa, MeXaHuW3Ma THUMHU3AIWHM, peaTnu3aluu
TPUBHUAIBHBIX BelEH (Takux Kak apudMeTHKa 4ucen), ONTUMHU3aTopa u
ap. DTO o0ecleunBaeT KpaTHOE CHIDKEHHE TPYNOEMKOCTH peaau3aiiiu
MPUAYMAHHOTO S13bIKA, @ TAK)KE BHICOKMU YPOBEHBb KaueCTBA peaTnu3alliu
IIPY UCIIOJIb30BaHUM 0€30MacHOTO S3bIKa B KAUeCTBE 0a30BOrO.

3. Ilomyuenme  BO3MOXHOCTH  3((PEKTUBHO  CMEIIMBATH
CBOMCTBAa Pa3HBIX CAMOCTOSITEIBHBIX S3BIKOB B €AMHBIX (pparMeHTax
Koja, (opMupyst MyIbTUIIAPAAUTMEHHBIN S3BIK IIHUPOKOTO TPOQHII,
UCKIIIOYasi ~ HEOOXOJMMOCTh  MEXKBA3BIKOBOTO  B3aUMOCHCTBUSIH
paciupsisi BO3SMOKHOCTU ONTUMU3AIIUH.

Hanbonee yacThiMU mpuMeEpaMu SI3BIKOB IEPBOW TPYIIBI MOTYT
CIIY)KUTh peaau3aluu 00bEKTHO-OPUEHTUPOBAHHBIX BOBMOKHOCTEH B
(YHKIIMOHAIBHBIX WM MPONEAYPHBIX  S3BIKAX, W KJIACCUYECKUM
npuMepoM cinyxuT s3eik CLOS. CnenyeT oTMETUTh, YTO TEPMUH
«SI3BIK» 371eCh HCIOJB3YETCsl HE BCErJla —HMHOTJa TOBOPAT IMPOCTO O
«peanusayuu 8 sA3blKe HOBbIX BOZMONCHOCMEU» WIN O «PacliupeHuu
A3bIKA NOOCUCNEMOU, HAYETIeHHOU HA peuleHue OnpeoeséHHbIX 3a0au», 1
HET CTPOTO JeJeHUs Ha «OUOTUOTEKM» M «BCTPAMBAEMBIC S3BIKN,
T.K. (hopmanbsHO 1100011 APl, mpoToKOoa WM CTPyKTypa JaHHBIX MOXKET
paccMaTpuBaThCsA B KadecTBE S3bIKa. Tak, HAIpHMeEp, HEOThEMIIEMOM
qacThi0  s3blka  LISP  sBIseTCS  BCTPOCHHBIM HE  TOJIHBIA  I10
ThIOpUHTY SI3BIK S-BBIPAKEHUIA,

Bropas rpymma BCTpawmBaeMbBIX  SI3BIKOB  HamOoJiee  ITOJTHO
npeacraBicHa B coobOmectBe  s3pika  Haskell, w moromy
cam Haskell Bpemenamu onpenenstor kak «DSL 0ns denomayuonnoi
cemanmuku». Ilpumepamu wmoryT ciyxuth EImu  apyrue s3pikm,
PEACTaBIAIOMNE (PYHKIIMOHATBHYIO PEAKTUBHYIO MapagurMy, a TaKxke
s3pIk CUrry. BpeMeHaMu Takke BCTpEYaeTCs MOXO0XKEeE BBIPaXKCHHUE B
otHomeHuu Jlucna: «LiSp — amo wue s3vlk, a cpeda Ons paspabomku


https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D1%82%D0%BE%D1%80%D0%BD%D0%BE%D0%B5_%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%BA%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%82%D0%B8%D0%BF%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D0%BF%D0%BE%D0%B1%D0%B5%D0%B7%D0%BE%D0%BF%D0%B0%D1%81%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/CLOS
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%B1%D0%BB%D0%B8%D0%BE%D1%82%D0%B5%D0%BA%D0%B0_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/API
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BD%D0%BE%D1%82%D0%B0_%D0%BF%D0%BE_%D0%A2%D1%8C%D1%8E%D1%80%D0%B8%D0%BD%D0%B3%D1%83
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BD%D0%BE%D1%82%D0%B0_%D0%BF%D0%BE_%D0%A2%D1%8C%D1%8E%D1%80%D0%B8%D0%BD%D0%B3%D1%83
https://ru.wikipedia.org/wiki/S-%D0%B2%D1%8B%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%80%D0%B5%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%81%D0%BF
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sa3vik06». [lpuMepoMm s3bIKa, pealn3oBaHHOro moBepx LISp, moxker
cryxuth Qi. Macca BCcTpamBaeMbIX MHUHH-S3BIKOB peajn30BaHa B
s3pike OCaml  mocpenctBom  Moaynms  CamlpX — kommmisitopa.
A3k Rebol Takxke  mpoekrtmpoBayics s MPOrpaMMHPOBAHUS
MOCPEICTBOM MHTCHCUBHOW pealM3allid BCTPAUBAEMbBIX MHUHHU-S3BIKOB.
B muanexkre Lisp Scheme mnocpenctBoM s3bIka  S-BhIpakeHHUI
peanmn3oBaH He moaHBIA mo TeiopuHTy s3Ik SXML Bomromarommii
npotokos XML BcTpanBaeMbIM 00pa3om.

BcerpanBaeMbli SI3bIK MOKET UMETh CAMOJOCTATOYHYIO MOJIHYIO T10
ThIOpUHIY CEMAHTUKY, HO TEM HE MEHEE BMECTO HE3aBUCUMOU
peanu3alum pe-rucroab30BaTh KOMIIOHEHTl 0a30BOr0 si3blKa (TPEThs
IpyIIa, CMEIICHUE MEPBBIX NBYX). SPKUM TPUMEPOM SBIISIETCS SI3BIK
Schelog, peammsyrommii  cemanTuky [Ipojora BHyTpu  auajekTa
Lisp Scheme mocpencTBoM mpooinkeHnid, U npespamatomuii [Iposor
U3 «CaMOCTOSITEIILHOT'OY SI3bIKa BO BCTPAUBACMBIi.

VY4ebHOM 3aaueit AJi1 MHOTUX (DYHKIIMOHATBHBIX SI3bIKOB CITYKUT
peanu3anus MOBEPX PAcCMATPUBAEMOIO S3bIKa KaKOTO-THOO IPYroro,
qale BCETo s3bIKa JOTUKHU IIPEJINKATOB IIEPBOT0 MOPSIIKA.

B KOHTEKCTE MeETas3hIKOB CaMOCTOSTENIbHBIC SI3bIKM BpPEMEHAMH
HA3bIBAIOT «S3BIKAMHU TEPBOrO Kjacca» (MO aHAJOTHH C CYIIHOCTSIMHU
NEepBOTO  Kjacca B s3bIKax), a BCTpaMBaeMble — «OOBEKTHBIMHU
SI3BIKAME.

B mnopaBnsromieM OOJBITMHCTBE CIy4aeB BCTPAUBAEMBIC S3BIKU
UMCIOT JIMINh OJHY TOJJCPKUBACMYIO pealu3aluio, W pPa3jIudus B
PE3YABTUPYIONIEM MAIIMHHOM TMPEJCTABICHUM KOJa Ha HHUX 3aBUCST
JUIIHL OT HCIOJb3YEeMOIro TpaHCasATopa 0a3oBoro s3bika. OmHAKO,
OBIBAIOT M HMCKJIIOUEHHUS — Hampumep, 361k Concurrent ML (CML),
PaCHIUPSIOIINIA Standard ML KOHCTPYKIHUSIMU TSI
SBHOTO TIapaJyiejiu3Ma, HMMeeT JBE MPUHIHUIHAIBHO  pa3JIMYHbBIC
peaTn3aInm.

2.4 BusyaJjibHble SI3bIKH

OnuH w3 s3bIKOB (0a30BBIM WJIM BCTPAMBAEMbIM) MOXKET OBITh
BU3yaJIbHbIM, 4YTO HEPEJIKO MPUMEHSETCS B  MOJb30BATEIHCKOM
MIPOTPAaMMHUPOBAHUH .

TUYHBIMH NpUMEpaMU TaKHX Iap MOTYT CIyXuTh AutoLisp—
AutoCAD u VBA—MicrosoftExcel. Otu mapel 00pa3yrOT LETOCTHYIO
WHTEPAKTUBHYIO CUCTEMY, U C TOYKH 3PEHHUS TTOJIH30BaTENSI HEBO3MOXKHO
OTIPEICIINTh, SIBISIOTCA JU BU3yaJIbHBIE WHCTPYMEHTHI HAJCTPONKOMH,


https://ru.wikipedia.org/wiki/S-%D0%B2%D1%8B%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BD%D0%BE%D1%82%D0%B0_%D0%BF%D0%BE_%D0%A2%D1%8C%D1%8E%D1%80%D0%B8%D0%BD%D0%B3%D1%83
https://ru.wikipedia.org/wiki/XML
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BD%D0%BE%D1%82%D0%B0_%D0%BF%D0%BE_%D0%A2%D1%8C%D1%8E%D1%80%D0%B8%D0%BD%D0%B3%D1%83
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BD%D0%BE%D1%82%D0%B0_%D0%BF%D0%BE_%D0%A2%D1%8C%D1%8E%D1%80%D0%B8%D0%BD%D0%B3%D1%83
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D1%82%D0%BE%D1%80%D0%BD%D0%BE%D0%B5_%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%BA%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/Prolog
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B4%D0%BE%D0%BB%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
логики%20предикатов%20первого%20порядка
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82_%D0%BF%D0%B5%D1%80%D0%B2%D0%BE%D0%B3%D0%BE_%D0%BA%D0%BB%D0%B0%D1%81%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82_%D0%BF%D0%B5%D1%80%D0%B2%D0%BE%D0%B3%D0%BE_%D0%BA%D0%BB%D0%B0%D1%81%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BB%D0%BB%D0%B5%D0%BB%D0%B8%D0%B7%D0%BC_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B7%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/VBA
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UMUTUPYIOIICH KOMaHIbl BCTPOCHHOTO TEKCTOBOTO SI3bIKA, WU IKE
TEKCTOBBI  SI3BIK  YOPABJISIET  BU3YyAJIbHBIMH  WHCTPYMCHTaMH.
JleficTBUTENIbHBIC B3aUMOOTHOIICHHWS B OTHUX TMapax OMPEIeIIsIIOTCs
Pa3pabOTYHKOM.

B mape Emacs—EmacsLisp otHomenus Oosee omnpeaciaéHHbIE.
LiSp TpaIuIMOHHO OTHOCHTCS K MeETas3blkaM, M B JaHHOM CJydae
TEKCTOBBIN PEIAKTOp HAJICTPAMBACTCS HAJl HUM KaK BU3yasibHBIA DSL,
9TO U JIeJIaeT TMOCISTHUN N3MEHSIEMBIM U PACIIIUPSEMBIM.

B cnoydae, xorma o0a s3bIKa  SBISIOTCS  BHU3yaJIbHBIMH,
BCTpaMBaeMbIe S3BIKM OOBIYHO HA3bIBAIOT WHBIMH TEPMHUHAMU —
niaeunamu, Quiempamu W Ip., ¥ HE HUCIOJB3YIOT TEPMHUHOJIOTHIO
SI3BIKOBO-OPUEHTUPOBAHHOTO TIporpamMMupoBaHus. @DopMalbHO XKe
MOXHO TOBOPHTH, HANpPUMEp, UYTO JUIsI BHU3YaJlbHOTO METa-s3bIKa
o6pabotku rpaduxu AdobePhotoshop ectb MHOXECTBO BCTpanBaeMbIX
BH3YaJIbHbIX MUHH-S3BIKOB

2.5 IlpenmyiecTBa U HEJOCTATKY SI3BIKOBO-OPUEHTHPOBAHHOI
MeTO/10JI0TH

[IpenmyiiectBa W HEAOCTATKU HCHOJIB30BAHUS B KOHKPETHOMU
3agaye KOHKpeTHoro DSL  BMmecTo s3blka 0OIIEro Ha3HAYCHUS
OMPEAEIISIIOTCS TOPa30 SIBCTBEHHEE, YEM IMPEUMYILIECTBA U HEJIOCTATKU
UCIIOJIb30BaHMS OJIHOTO SI3bIKAa OOIIEro Ha3HAY€HUs BMECTO Jpyroro. B
B OOJBIIMHCTBE CIly4aeB Yxke pa3pabotanubii DSL oxaswiBaercs
KOHIIENTyaJlbHO HENPUMEHUM K OJIHMM 3ajlauaM M J1a€T OeCCHOpPHBIN
BBIMTPHIII TIO OOJIBIIMHCTBY TOKa3aTeliel KadecTBa B JIPYyTUX, a
HEKOTOpbIE MOJ3aJayd  BOOOINE OCTAIOTCS  HEPEHIEHHBIMU  JO
pa3paborku DSL.

Takum o0Opa3oMm, BOMPOC O TMPEUMYIIECTBAX M HEJOCTaTKaX
KOpPpPEKTHEE CTaBUTh B CBETE MPUMEHECHUS A3bIKOGO-0OPUECHMUDPOBAHHOL
Memooo102uu BMECTO KaKoOW-noo IpPYyTOH, COTIOCTABJISS
MOTEHIMATBHBINA BBIMTPHIIIT OT €ro MCIOJIb30BaHUS C 3aTpaTaMu Ha €ro
pa3paboOTKy ¥ COMPOBOXKACHUE.

AnyLogic—rpeacraBiser MIPOrpaMMHOE obecrnieueHue,
MPUMEHSIEMOE IS MMHUTAIMOHHOTO MOJEIUPOBaHMS, pa3pabOTaHHOE
poccuiickoii komnanuer TheAnyLogicCompany (ObiBmias «39Kc
ket Texnomomkucy, anri. XJ Technologies).

NHCcTpyMEeHT obOnamaer COBPEMEHHBIM T'paUueCKUM
uHTep(PericoM U TO3BOJISIET HCIOJIB30BATh SA3bIK Java [yt pa3paboTKu


https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B7%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B3%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%87%D0%B5%D1%81%D1%82%D0%B2%D0%BE_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D0%B9%D1%81_%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D0%B9%D1%81_%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/Java_(%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F)
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moneneii. Bepcus AnylLogic PLE gocrymuna OecriatHo s
00pa30BaTeNbHBIX IIEJIEM M CaMOOOYUYEHHS W TOJJIEPKUBACT BCE TPU
M3BECTHBIX METOJ1a MOJEIUPOBAHUS:

. CHUCTEMHasl TUHAMUKA,
. JTMCKPETHO-COOBITHITHOE (TIPOIIECCHOE) MOJCIUPOBAHNUE,
. areHTHOE MOJICJIMPOBAHUE.

C mnomompio AnyLogiC B0o3MOXHO pa3padaTbiBaTh MOJCIU B
CIEAYIONTUX 00JIacTIX:

. IIPOU3BOJICTBO;

. JIOTHCTHKA U IIETTIOYKH ITOCTABOK;

. PBIHOK M KOHKYPEHIIHS,

. Ou3HeC-TpolecChl U cdepa 00CIyKUBaHUS;

. 3IpaBOOXpaHEeHHUE U (papMaIleBTHKa;

. yIIpaBJICHUE aKTUBAMH U ITPOCKTAMU;

. TEJCKOMMYHHUKAIIMM ¥ HH(POPMAIMOHHBIE CHCTEMEI;
. COITMAJIbHBIC W DKOJIOTHUYECKHUE CUCTEMBI;

. TenexoHas THHAMUKa,;

. 00opoHa.

AnyLogic u Java

AnyLogic BkirodaeT B ce0s rpaduuecKuii I36IK MOJICITMPOBAHUS, a
TaKX€ TO3BOJIIET MOJIb30BATENO PACHIUPSATh CO3JAaHHBIE MOJEIH C
MOMOUIBIO SI3bIKA Java.

Wurerpamus kommuistopa Java B AnyLOgiC npemocraBiser
0oJiee IIMPOKHE BO3MOKHOCTH TMPU CO3JAHUU MOJENEH, a TaKxke
co3laHve Java anmieToB, KOTOPbIE MOTYT OBITh OTKPBITHI JIOOBIM
Opay3epoM. OTH amnIuieThl TMO3BOJISIOT JIEFKO pa3Meliarh MOJIeNIu
AnyLogic nHa BeO-caiitax. B jgomonHeHwe Kk Java-ammieram,
AnyLogicProfessional moamepxuBaeT co3jgaHue Java-TIpHIOKCHHMA, B
ATOM ClIy4ae MoJIb30BaTe) b MOXKET 3ayCTUTh MOJCNb 0€3 UHCTAUISIIUN
AnyLogic.

Mopenu AnyLogic MOTyT OBITH OCHOBAHBI Ha JIFOOOM U3 OCHOBHBIX
napajurM HWMHUTAIMOHHOTO MOJCIMPOBAHUS: JTUCKPETHO-COOBITUHHOM
MOJIETUPOBAHUM, CUCTEMHON JUHAMUKE W areHTHOM MOJECIUPOBAHUU

(puc. 5).


https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D0%BE-%D1%81%D0%BE%D0%B1%D1%8B%D1%82%D0%B8%D0%B9%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D0%B3%D0%B5%D0%BD%D1%82%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D0%BE-%D1%81%D0%BE%D0%B1%D1%8B%D1%82%D0%B8%D0%B9%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D0%BE-%D1%81%D0%BE%D0%B1%D1%8B%D1%82%D0%B8%D0%B9%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0

25

. 4 .
BhicoEMA YPOBEHD B rperatel, robanbHBE NPUYUHHBIE 3BEMCMMOLCTH,

afcTpakumum OWHAMWHKE 0DpaTHBIX CBASEN, ...
[MeHBWE geTANER

MaKpo YPOBEHE S R CHCTEMHEA AWHEMHHE |
CTRETErMYECHMN MOAENNPOBAHKE | | | sHakonuTENK (arperatsi)
VPOBEHE] #AKTUEHbIE | | #MoToku
OBLEKTE | | *Npaewna (obpaTHee
sAHAWENDY- I | ceAsuM)
CpegHHHA ypOBEHD aNbHLIE NPABEKNE | |
abcTpakymMm NoOEE0EHWA 1
[cpeaHAs *MpAMoe 1 |
AETANEHOCTE HEMpAMOE 1
MESO-YPOBEHE E3aMMOOEHCTEME :
TIHTUUECHMH s[JUHEMMHKE :
VPOBEHE] .
|
HW3 HHH YpOBEHB !
abcTpaku K !
[Bonbwe netanel

fal

MWHPO YPOEEHE
CHOPOCTH, BREMEHE, ...

OMEPATHEHBIK
YPOBEHL]

B ocHoBHOM 4 I p. B ocHoBHOM
OWCKpEeTHbIe I HEMpepbiBHbIE

PucyHnok 5- Bo3mokHbIE TOAXOIBI AJIs1 peain3auyu MOJeIen
MMUTAIIMOHHOTO MOJICIMPOBAHUS

CucreMHas AUHAMHMKA W JUCKPETHO-COOBITHMHHOE (IPOILIECCHOE)
MOJICIUPOBAHMUE, II0J] KOTOPHIM MBI IIOHMMAaeM JIH000€ pa3BUTHE
unert GPSS — 3710 TpagunMOHHBIE YCTOSBIIHECS ITOJAXOJbI, areHTHOE
MOJICIUPOBAHUE — OTHOCHUTEJIbHO HOBBIM. CHCTeMHas JUHAMHKA
OTIEPUPYET B OCHOBHOM C HEMPEPHIBHBIMA BO BPEMEHM IPOIIECCAMU,
TOTrJa KaK JUCKPETHO-COOBITUMHOE M areHTHOE MOJICIMPOBAHUE — C
JTMCKPETHBIMU.

CucteMHasi TMHaMUKa U JUCKPETHO-COOBITUIHOE MOJICTUPOBAHUE
UCTOPUYECKH MPENOJAITCS COBEPIICHHO Pa3HBIM I'PYyIIlaM CTYICHTOB.
CJl yame mpenojaeTcsi CTyJeHTaM U3 oOjacTh MeHemkmenta, [IC —
WH)KEHEepaM TI0  OpraHu3allid  IPOM3BOACTBA M  HHI)KCHEpaM-
pa3paboTuMKaM CHCTEM YyIpaBiieHusd. B pe3yibTaTe BO3HUKIN JIBa
MPAKTUYECKH HE TMEePECEKAIOIIUXCs COOOIECTBa, KOTOPhIE MOYTH HUKAK
HE 00IIATCS APYT C IPYTOM.

ATEeHTHOE MOJCIMPOBaHKE 10 HEJABHETO BPEMEHHU OBLIO CTPOIo
aKaJeMUYeCKUM  HarpaBieHueMm. (OJHAKO pacTyldii CcOpoc Ha
r100ATPHYI0 ONTHMHU3AIMI0 CO CTOPOHBI OM3HEcCa 3acCTaBWI BEAYIIHX
aHAJINTUKOB 00pPaTUTh BHUMAaHUE MMEHHO Ha ar€HTHOE MOJCIMPOBAHUE
1 ero o0beJMHEeHUE C TPAAUIIMOHHBIMH IOJIX0JIaMH C IEJIbI0 MOJIYUYCHUS


https://ru.wikipedia.org/wiki/GPSS
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Oojiee TMOJHOM KapTUHBI B3aUMOJICUCTBUS CIIOKHBIX ITPOIIECCOB
PA3IIUYHON PUPOIBI.

Teneps pacCMOTPUM MOAXOJbl MMUTAIMOHHOT'O MOJIEIUPOBAHUS
Ha IKajae ypoBHSA aOctpakiuu. CHcTeMHas JAWHAMHKA, 3aMCHSS
WHIWBUIyalbHbIE OOBEKTHI WX arperaTamu, MpearnoaaracT HauBBICIIAMA
ypoBeHb  aOcTpakiuu. JIMCKPETHO-COOBITUHHOE  MOJEIUpPOBAHUE
paboTaeT B HHU3KOM M CpeIHEeM auarna3oHe. BaXHO OTMETHTh, YTO
areHTHOE MOJICIMPOBAHNE MOYKET MPUMEHSITHCA MPAKTHIECKHA Ha JTI000M
ypOBHE M B JIOObIX MacmrTabax. ATreHTbl MOTYT HPEACTaBISAThH
MEeNIeX0/I0B, aBTOMOOUIIN UM POOOTOB B (PU3MUECKOM MPOCTPAHCTBE,
KJIMEHTA WJIW MpoJaBlia Ha CPEIHEM YPOBHE, WIM K€ KOHKYPUPYIOIIUE
KOMITaHUH Ha BBICOKOM.

[Ipu paspabotke momenacii B AnyLOQIC MOXKHO KCIOJIb30BaTh
KOHIICTIIMA M CPEJACTBA M3 HECKOJBKMX METOJOB MOJCIUPOBAHUS.
Hanpumep, B areHTHOM MOJEIM MOXKHO HCIOJIb30BaTh METO/IbI
CUCTEMHOM JWHAMUKW JUJISI TIPEJCTABJICHUS HM3MEHEHUM COCTOSHUS
CpeJibl; B HEMPEPHIBHOM MOJICIN JUHAMUYECKON CUCTEMBI MOKHO YU€CTh
TUCKpeTHBIE COObITHSA. IIpu 3TOM NMPOU3BOJACTBO OMHUCHIBAETCS B paMKax
JTUCKPETHO-COOBITUMHOTO (MTPOIIECCHOTO) MOJICIUPOBAHUS, T/I€ MPOAYKT
WA €r0 4acTh — 3TO 3asBKH, a aBTOMOOWJIH, Moe3/a, MTadenépbl —
pecypcbl. Camu MOCTaBKHU MPEICTABISIOTCA AUCKPETHBIMU COOBITHUSIMH,
HO MIpU 3TOM CIPOC HA TOBAPbl MOXKET OMNHUCHIBATHCS HEMPEPHIBHOU
CUCTEMHO-IMHAMUAYECKOW JuUarpamMMor. BoO3MOXHOCTh CMEIINBATH
MOAXOJIbl TO3BOJISIET OMHUCHIBATH MPOIECCHl PEATHbHON JKU3HU, a HE
MOJITOHATH MPOIIECC MO JOCTYITHBIM MaTeMaTUYECKUI ammapar.

DJyieMeHThI rpadUueCKOM Cpebl.

. Stock&FlowDiagrams (mnarpamma IIOTOKOB u
HaKOIUTEJIEH) TPUMEHSIETCS MNpu pa3paboTKe MOJENeH, HCIOJIb3Ys
METOJI CUCTEMHON JTMHAMUKH.

. Statecharts (kapThl cOCTOSIHUIT) B OCHOBHOM HCITIOJIB3YETCS B
areHTHBIX MOJIENAX JUIsl ompeieseHUs MmoBejeHus areHToB. Ho Takke
4acTO HCIOJB3YyeTCd B JIUCKPETHO-COOBITUMHOM MOJCIUPOBAHUM,
HaMpUMeEp IJII CUMYJISIIIUA MAITUHHBIX COOEB.

. Actioncharts (610k-CXeMbl) UCITONB3YETCS IS TIOCTPOCHHSI
anropuT™MoB. [IpuMeHsieTcs B TUCKPETHO-COOBITUMHOM MOJICIMPOBAHUU
(MapuIpyTr3anusi 3BOHKOB) MU ar€eHTHOM MOJICIUPOBAHUU (171 JIOTUKU
pELICHUI areHTa).
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. Processflowcharts (mpomeccHble auarpaMMbl) OCHOBHAs
KOHCTPYKIIMSI, HCMOJb3yeMasi JJid  ONpEACNIeHHs MpPOLEeCCOB B
JTUCKPETHO-COOBITUITHOM MOJICTTUPOBAHUH.

Cpena MoJienupoBaHus TakKe BKIIIOYAET B Ce0si: HU3KOYPOBHEBBIE
KOHCTPYKIUH MOJIEIUPOBAaHUS (MIEPEMEHHbIE, YPABHEHUS, MapameTphl,
coObITHUS U T.1), (OPMBI TIPEJCTaBICHUS (JIMHUHU, KBaJpaThl, OBAJIbI U
T.I), DJIEMEHTHl aHanu3a (0a3bl JAHHBIX, TUCTOTPaMMBbI, Tpaduxn),
CTaHJapTHbIC KAPTUHKU U (POPMBI IKCTIEPUMEHTOB.

Cpena MO/JICJIMPOBAHUS AnyLogic MOJJICPKUBACT
MPOEKTUPOBAHUE, pa3paboTKy, JOKYMEHTUPOBAHHE MOJIENH,
BBITIOJTHEHHE KOMIIBIOTEPHBIX ASKCIEPUMEHTOB C MOJEIbI0, BKIOYas
paziMyHbIe BUJBI AaHAJIM3a. AaHaju3 YYyBCTBUTEJIBHOCTH MOJENH,
ONTUMHU3ALMNIO [APAMETPOB  MOJAEIM OTHOCHTEIBHO HEKOTOPOIO
KpUTEPUSL.

HNuTterpanus mogenau ¢ IT-undpacrpykrypoit

Mogemn AnyLOQIC 3KCIOPTHPYIOTCS B BHUAC Java-NPUIIOKCHHIT,
KOTOpPbIE MOJKHO 3aIlyCKaTh OTHEJIBHO OT Cpeabl pa3pabOTKu WU
WHTETPUpPOBATHL C  JAPYrMMH  OporpammamMu. B yacTHOCTH,
SKCIOPTUPOBAHHAsI MOJIEJIb MOXET ObITh BcTpoeHa B Japyroe I[1O u
paboTaTh B KAYECTBE JOMOJIHUTEIBHOTO MOAYJIs i cucteM tumna ERP,
MRP unu TMS. Moaenu Takxe unterpupytores ¢ daitnamu TXT, MS
Excel, MS Access u no0biMu 0azamu manneix (MS SQL, My SQL,
Oracle, u np.). Kpome TOro, y Kaxxaoi MoOJIeJI €CTh CBOSI BCTPOCHHAs
0a3a maaublx Ha HSQLDB.

2.6 OcHOBHbBIE IPEUMYIIECTBA U HEJOCTATKH UMHUTAIIMOHHOTO
MO/IeJIMPOBAHUA

[IppuMeHeHre WMUTAIIMOHHBIX MOJEJIEH JaeT MPEeMMYyLIECTBa IO
CPABHEHHUIO C BBIMOJHEHUEM SKCIEPUMEHTOB HAJl peaIbHOW CUCTEMOU U
UCITOJIb30BAHUEM APYTUX METOJIOB.

Croumoctsb. HanpumMep, KOMIaHusi yBOJIMIIA YaCTh COTPYAHUKOB,
4YTO B JaJbHEHIIEM MPUBEIO K CHUKEHHUIO KauecTBa OOCIYKUBAaHUS U
NOTEPH YaCTHU KIUEHTOB. [IpuHATH 000CHOBaHHOE pENIEHUE MTOMOTJIA ObI
UMUTALIMOHHAS MOJEJNb, 3aTpaThl Ha NPUMEHEHHUE KOTOPOM COCTOST
JUIIb W3 II€Hbl NIPOrpaMMHOI0  OOECleYeHUs] U  CTOMMOCTH
KOHCAJITUHTOBBIX YCIYT.

Bpemsi. B peanbHOCTH OLEHUTH 3(P(EKTUBHOCTH HOBOW CETU
pacnpoCTpaHeHHs] MNPOAYKIMM WM HW3MEHEHHOM CTPYKTYphI CKJaja
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MOYKHO JIMIIb YE€PE3 MECALBl WIM Jaxe roapl. MiMutannoHnHas Moneib
MO3BOJIIET  ONPENEIUTh ONTUMAIBHOCTh TAaKUX HW3MEHEHHM 3a
CUMTAHHBIC MUHYThI, HEOOXOIUMBIEC JIJIsi IPOBEACHUS SKCIIEPUMEHTA.

IoBTOpsiemocTh. CoBpeMEHHAs )XKU3Hb TPEOYeT OT OpraHU3aIui
OBICTPOIl peakuuu Ha M3MEHEHUE CUTyallud Ha pbiHKe. Hampumep,
MPOTHO3 00BEMOB CIPOCA MPOAYKIIUH JOJKEH ObITh COCTABJIEH B CPOK,
U €ro M3MEeHEHUs KpUTHYHbl. C NOMOIIPK0 HMMUTALMOHHOW MOJEIHU
MOYXXHO IIPOBECTM HEOIPAHUYEHHOE KOJHUYECTBO 3IKCIEPUMEHTOB C
pa3HBIMU MMapaMeTpaMu, YTOOBI ONPEICIUTh HAUTYUIIINN BapUaHT.

To4yHocTh. TpaaUIIMOHHBIE PACUETHBIE MATEMATHUYECKUE METOMBI
TpeOYIOT MPUMEHEHHUS BHICOKOUM CTENEHU a0CTpaKIMKU U HE YUYUTHIBAIOT
BAXHBIE JAeTannd. MUTAIMOHHOE MOAEIUPOBAHUE TO3BOJSAECT ONMUCATH
CTPYKTYPY CUCTEMBI U €€ TPOIECCHl B €CTECTBEHHOM BUJE, HE TpuoOeras
K HCIOJIb30BaHUIO ()OPMYJ U CTPOTUX MATEMATHUYECKUX 3aBUCUMOCTEM.

Harasanoctb. MuTaninonHas MoJiesib 001a1a€T BO3MOXKXHOCTIMU
BHU3yau3aluy npoiecca padoTbl CUCTEMBI BO BPEMEHU, CXEMATUYHOIO
3alaHusl €€ CTPYKTYPhl M BBIJIAYM PE3YJIbTATOB B rpa)UUECcKOM BHJE.
DOTO MO3BOJISIET HATVISIAHO TPEJICTABUTh IMOJYYEHHOE PENICHUE U
JIOHECTH 3aJ10°KEHHBIE B HETO UJIEU O KIIMEHTA U KOJLJIET.

YHuBepcajJabHOCTh. VIMUTAIMOHHOE MOAEIUPOBAHUE ITO3BOJISET
pemath 3aJadyd U3 JIHOOBIX 00ylacTed: MPOU3BOJCTBA, JIOTUCTHUKH,
(GbrHAHCOB, 3PaBOOXPAHEHUS M MHOTHX Jpyrux. B kaxagom ciydae
MOJIEJIb UMUTHPYET, BOCHPOU3BOJUT, PEAIBbHYIO KWU3Hb U IO3BOJSET
MPOBOJUTH MIUPOKUN HAOOP AKCIIEPUMEHTOB O€3 BIUSHUS HA pealibHbIC
OOBEKTHI.

OIHaKO UMUTAMOHHOE MOJICIIMPOBAHUE HAPSIAY C JOCTOMHCTBAMU
UMEET U HEJIOCTAaTKHU: - pa3paboTKa XOpOIIed MMHUTAIMOHHOW MOJENIH
4acTO OOXOJUTCA JIOPOKE CO3JAHUSI aHATUTUUYECKON MOJEIU U TpeOyeT
OOJIBIIINX BPEMEHHBIX 3aTparT;

- MOET OKa3aTbCs, YTO HWMUTAIMOHHAs MOJEIb HETOYHA (4YTO
ObIBA€T YACTO), U Mbl HE B COCTOSIHUM HM3MEPUTH CTEIEHb ATOU
HETOYHOCTH;

- 3a4acTyl0 HCCJeIOBaTeNn OO0palalTcsi K HWMUTAIMOHHOMY
MOJICJIMPOBAHNIO, HE MPEACTABISAS TE€X TPYAHOCTEW, C KOTOPBIMH OHU
BCTPETATCA M COBEPIIAIOT MPHU 3TOM PsAJl OIMIMOOK METOI0JOTUUECKOTO
XapakTrepa.

U, tem He MeHee, UMHTAIMOHHOE MOJECIUPOBAHUE SIBIACTCA
OJIHUM U3 HamOoJiee MIHUPOKO HCHOJIB3YEMBIX METOJOB IPH PEIICHUU
3a7a4 CUHTE3a U aHAJIN3a CJI0KHBIX MTPOIIECCOB U CUCTEM.
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KOHTpOJII)HI)Ie 3aJaHUdA U BOIIPOCHI

1. Chopmyaupyiite 11€71b UMHUTAIIMOHHOTO MOJICITMPOBAHUS.
2. Kakume Bumpl 3amad, pemiarTcs ¢ MOMOIIBI0 WMHTAIMOHHOTO

MOJICIUPOBAHUS ?

3. M3 kakuX 3TanoB COCTOUT METOJAUKA TOCTPOCHUS MOJIEIICH ?

4. [Iepeuncnure OCHOBHBIE BUIbI MMUTALMOHHOT'O
MO/JICJIMPOBAHUS.

5. N3 kakux OTanmoB COCTOMT CTPYKTypa HMHUTALMOHHOIO
MOJEIUPOBAHMUS?

6. B uem 3akirodaeTcs 11eb areHTHBIX MO/Ieei?

/. B 4dem 3akiroyaroTcsi 0COOEHHOCTH JUCKPETHO-COOBITHMHOTO
MO/JICJTUPOBAHHUS !

8. Chopmymmpyiite 0COOCHHOCTH CTaTUCTUYECKOTO
UMUTAIMOHHOTO MOJCITUPOBAHUSI.

9. Kak ocymecTtBiasieTcss  NPEACTABICHUE  MOJEIU B
pacrpeaeICcHHOM MOJACITUPOBAHUHN ?

10. Kakume TpeOoBaHUS TNPEABSIBISAIOTCS K TOCTPOCHHUIO
pacupenereHHon Moaenu?

11. Kakue npeaMeTHO-OPUEHTUPOBAHHBIE SI3bIKU, HCIIOIb3yEMBIC
B UMUTAlIMIOHHOM MOJIEITUPOBAHUM?

12. B d4em coOCTOMT OCOOEHHOCTb S3BIKOB HWMHUTAIIMOHHOTO
MOJICIMPOBAHUS TUCKPETHBIX CUCTEM?

13. MeToa0I0TUUECKYI0 OCHOBY  s3bIKO8  HMMUTAIIMOHHOTO
MOJICIMPOBAHMS COCTABIISIOT?

14. Kakne npeabsBisitoTcsi  TpeOOBaHUST K  SI3bIKaM
UMUTAIMOHHOTO MOJCITUPOBAHUS ?

15. CdopmynupyiiTe JABa BaXHBIX MPEUMYIIECTBA S3BIKOB
UMUTAIMOHHOTO MOJCIMPOBAHUS IO CPABHEHUIO C YHUBEPCATbHBIMH.

16. Kakue BubI peain3aiu JOMyCKatOT BCTPAauBAEMBbIC SI3bIKU?

17.  CdopmynupyiiTe = OCOOEHHOCTH  BU3YAJIbHBIX  SI3BIKOB,
MPUMEHSIEMBIX B UMUTAIIMIOHHOM MOJICTUPOBAHUU?

18. Kakue mnpeumyliecTBa JaeT NPUMEHEHHE WMHUTAIIMOHHBIX
MOJIeIIei?

19. CdopmynupyiiTe OCHOBHBIE HEIOCTATKM HWMHTAIIMOHHOTO
MOJICTTUPOBAHUS.

20. Uto sBHIsI€TCSI OCHOBOM MOCTPOCHUS JTH000# Teopun?

21. Kakue criocoObl MOCTPOCHHS HAYYHBIX TCOPUM CYIIECTBYIOT?
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22.  llepeuncnutre  BJAEMEHTBHI,  COCTABISIONIME  OCHOBY
TEOPETUUECKON MOJIEIIH.

23. ChopmynupyiiTe onpeaenacHue HayqdHoro UCClIeI0BaHMs.

24. Kak MOXHO KjiacCH(HUIIMpOBaTh Hay4yHBIE HCCJIEIOBaHUS B
3aBUCUMOCTHU OT MPUMEHSIEMBIX METO/I0B?

25. CdhopmynupyiiTe, Kakylo pojib DJKCIEPUMEHT HMMEET B
dbopMUpPOBaHUU HAYYHOTO 3HAHUS?

26. Chopmymupyiite 0COOCHHOCTH AMIUPUUYECKOTO
WCCJICIOBaHUAL.

27. Kakass cBsI3b CyIIECTBYET MEXIy HAy4YHbIM TMO3HAHUEM U
HAyYHBIM UCCIICIOBAHUEM?

28. Kakoe 3HaueHHME HMMEET TEOpUs B TMPOIECCE HAYYHOIO
MTO3HAHUSA?

29. Kak ocymiecTBisieTcs Kiaccuukanus HaydHbIX UCCIEIOBAHUN
B 3aBUCHMOCTH OT MECTa MPOBEIACHUS?

30. Chopmynupyiite stambl mpoBegaeunus HNP.
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