Jlekuis 01.
NMoHATTA MoAaentoBaHHSA
Cnocobu nogaHHA mooeneu



Mopgenb - cmoci® 3aMillleHHs peaJbHOro 00'€KTa, BUKOPUCTOBYBaHMM Ui HOTo
BUBYCHHS. 3T0ZIOM MU YTOYHUMO JJaHE BU3HAUCHHS.



Mognenb 3aMicTh BUXITHOTO 00'€KTa BUKOPUCTAETHCS Y BUIAJKAX, KOIU EKCIIEPUMEHT
HeOe3neyHui, Aopir, BiIOyBaeTbCs B HE3PYUYHOMY MaciiTadl MPOCTOPY # Yacy
(TOBroCTpOKOBHIA, 3aHAATO KOPOTKOYAaCHUH, MPOTSDKIUBUH. . . ),HEMOXKIIUBUH,
HEMOBTOPHUM, HeHaouHuH 1 T.A. [IpoumocTpyemo 1e:

* «EKCIIEPUMEHT HeOe3MeUHU» - IpU JiSUTbHOCTI B arpECUBHOMY CEPEIOBHILI
3aMICTbh JIFOUHM Kpallle BUKOPUCTATH HOro MakeT; MPUKIAJOM MOXKE CIYKHUTU
MiCSILIEX1;

*  «AOpIr» - MEPI HIXK BUKOPHUCTATH 1JICI0 B pealIbHIM €KOHOMIIl KpaiHu, Kpale
BUIIPOOYBaTH Hei HA MaTeMaTH4Hii ab0 IMITaIliifHII MO/IeNi eKOHOMIKH,
MPOpaxyBaBIlK Ha Hil BCI «3a» U «IIPOTU» ¥ O/lep:KaBIIU NOAAHHS PO MOXKIIUBI
HACIIIKH;

*  «JIOBIOCTPOKOBHID) - BUBUUTH KOPO3II0 - MPOLEC, 1110 BiAOYBaIOTHCS
IECATHIITTSA, - BUTIAHIIIE H MIBUIIIE HA MOOENI;

* «KOPOTKOYACHHIT» - BUBYATH J€TaJl MPOTIKAaHHS MPOIECYy 00pOOKH MeTalliB
BHOYXOM Kpalle Ha MOJIei, OCKIJIbKA TaKUH IpOolieC MBUIKOIUTMHHUHN Yy Yaci;

*  (MPOTSNIIUBHHA Yy MPOCTOPI» - JIJIsl BABUEHHSI KOCMOTOHIYHUX MPOIIECiB 3py4Hi
MaTeMaTH4HI MOJIeN1, OCKUJIbKU pealibHI MOJBOTHU JI0 31pOK (IIOKHU) HEMOXKIINBI;

*  «MIKPOCKOMIYHUI - JJI1 BUBYCHHS B3a€EMOJII1 aTOMIB 3py4YHO CKOPUCTATHCS
IXHBOIO MOJICIIITIO;



*  HEMOXJIMBHIT» — YacTo JIOJMHA Ma€ CIpaBy i3 CUTYalli€l0, KoM 00'eKTa Hi,
BiH Il TUTBKU MPOEKTYeThCs. [Ipy MpoeKkTyBaHHI BaXKJIMBO HE TUTBKU YSIBUTH
€001 MaitOyTHI# 00'eKT, ajie i BUIPoOyBaTH HOTO BIPTyaIbHUHN aHAJIOT J0 TOTO,
K Je(EeKTH MPOEKTYBAaHHs BUABIATHCA B OpUTiHAMI. BaxuBo: MoJemoBaHH
HaWTICHIIIUM 00pa30M IOB'sI3aHE 13 MPOEKTYBAaHHSAM. 3BUYAIHO CIIOYATKY
IPOEKTYIOTh CUCTEMY, ITOTIM i BUIIPOOOBYIOTh, MOTIM 3HOBY KOPEKTYIOTh IPOEKT
1 3HOBY BHITPOOOBYIOTb, 1 TaK JIOTH, IOKU IPOEKT HE CTAHE 33J0BOJIBHATH
IPOTIOHOBAHUM JI0 HHOTO BUMOTraM. IIporiec «1poeKkTyBaHHI-MOICITIOBAHHSD)
nukiardaeH. [Ipy npoMy MUK Ma€e BUIIA] CITipaiti - 3 KOKHUM [TOBTOPOM HPOEKT
CTa€ yce Kpaille, TOMY 110 MOJIEIIb CTa€ yce OUTbIIE JETaNbHOI, a PIBEHb OMUCY
TOYHIIIIE;



* (HEMOBTOPHHUI - 11€ AOCUTH PIAKHI BUNIA/I0K, KO €KCIIEPUMEHT ITOBTOPUTH HE
MOJKHA; Y TaKiil CUTYyaIlii MOIeJb - ETMHUMA CIIOCI0 BUBUCHHS TaKUX SIBUIIL.
[Tpuknan - icTOpUYHI MPOLIECH, - aJIXKE MOBEPHYTH 1CTOPiI0 Ha3al HEMOXKIIHMBO;

* «HEHAOUHHID» — MOJIEJb J03BOJISE 3aIITHYTH B JIeTalll Tpoliecy, y Horo
HOPOMIXKHI cTaii; mpu moOy10B1 MOJEI AOCTIIHUK SIK OU 3MYLIEHUI onucaTu
MPUYMHHO-HACIIAKOBI 3B'SI3KH, 110 JI03BOJISIOTH 3pO3YMITH BCE B €THOCTI,
cucreMi. [ToOynoBa Moaeni AUCHUIIIIHY€E MUCTICHHS. BaXkianBo: Mozesb rpae
CHUCTEMOO0OPa3yYIOIIYIO i CMBICIIO00PA3YIOIIYIO POJIb Y HAYKOBOMY II3HAHHI,
JI03BOJISIE 3p03yMimu SIBUILE, CTPYKTYPY IOCIipKyBaHOro 00'exta. He
noOy/yBaBIIM MOJIENb, HABPSJ] UM BAACTHCA 3pO3YMITH JIOTIKY il cuctemu. Lle
03HAYae, 110 MOJIEIb JI03BOJISIE PO3KIIACTH CUCTEMY Ha €JIEMEHTH, 3B'3KH,
MEXaHi3MH, BUMAra€e MosICHUTH Jisl CHCTEeMH, BU3HAYUTH PUIMHH SBUIIL,
XapakTep B3a€MO/IIT CKJIaJJOBUX.



[Iporiec MozenmioBaHHS € MpOLEC MEpexoJy 3 pealbHoi 0o0NacTi y BipTyaJbHY
(MozmenpHy) 3a Jomnomororo (opmamizauii, gani BiIOyBa€TbCsl BHBYEHHS MOZEI
(BIacTMBO MOJENIOBAHHS) 1, HapelTi, IHTEpIpeTalis pe3yabTaTiB SK 3BOPOTHUN
nepexi 3 BipTyasibHOi oOnacTi B peanbHy. Llei nuisax 3amiHse mpsiMe TOCITIIKEHHS
o0'exTa B peasibHiil obmacti, TOOTO 10060Be ab0 IHTYiTMBHE pilmieHHs 3aaadi. OTxe, y
HAWMPOCTIIIOMY BHMAJAKY TEXHOJIOTiS MOJEIIOBaHHS Ma€ Ha YyBa3i 3 eramu:
dbopmanizaiiisi, BIacCTUBO MOJIETIOBAaHHS, iHTepnpeTanis (man. 1.1).
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Puc. 1.1. [Ipouec monentoBaHHs (0a30BUi BapiaHT)



SIkmo noTpiOHEe YTOUHEHHs, LI eTalnu MOBTOPIOIOTHCS 3HOBY W 3HOBY: (opmaiizarlis
(mpoekTyBaHHs), MOJIEIOBaHHsI, iHTepIipeTanisa. Cnipans! Haropy mo xoiy.

bimbm noknagHO BeCh ITUKI PO3pOOKM IMOKa3aHWUW Ha Mai. 1.14, me BimOuTI MeTomH,
CHoco0u, MPUIOMH, 33 JOIMOMOTOIO SIKUX PEalli3ye€ThCsl KOKHHM 3 €TariB.

OCKiTbKM MOJICTIOBAHHS - CIOCIO 3aMilIeHHs pealbHOTO 00'€eKTa MOro aHaioroM, TO
BUHUKA€ TTUTAHHS: HACKUIBKHM aHAJIOT TIOBHHEH BiJIMIOBIIATH BUXITHOMY 00'€KTY?

Bapianr 1: BigmoBigHicTh - 100%. O4eBUIHO, IO TOYHICTH PIMIEHHS B IIbOMY BUIAJAKY
MaKCUMaJlbHa, a 30WTOK BiJ 3aCTOCYBaHHsS MOJENI MiHIMAJIbHUN. AJie BUTpaTH Ha
moOyI0BYy Takoi MOJIe]i HECKIHYEHHO BEJIHKI, TOMY IO O0'€KT IMOBTOPIOETHCS y BCIX
CBOIX JeTansix; (aKTHYHO, CTBOPIOETHCS TOUYHO TAKUH k€ O00'€KT LUIIXOM KOIIIOBAHHS
1oro 1o aromiB (110 caMe 1Mo co0i He Ma€ 3MICTY).

Bapiaat 2: Bigmomignicte - 0%. Mojens 30BCiM HE CXOKa Ha peaJbHHNA OO0'€KT.
OueBUIHO, IO TOYHICTH PINICHHS MiHIMajdbHA, a 30MTOK BiJ 3aCTOCYBaHHS MOJEII
MaKCHMaJbHHUN, HECKIHUEHHUNA. AJie BUTpATH Ha MOOYI0BY TAaKOi MOZEI HYJIbOBI.



3BuuaiiHo, BapiantTH | ¥ 2 — wne kpaifHocti. HacnpaBai Mozaenb CTBOPIOETHCS 3
MIpKyBaHb KOMIIPOMICY MDK BUTparamMH Ha ii moOymnoBy W 30MTKOM BiJ HETOYHOCTI ii
3acTtocyBaHHs. Lle kparka MiXK JABOMa HECKIHUEHHOCTSIMH. TOOTO, MOJEIIOI0UH, BapTO
MaTl Ha yBa3l, L0 AOCTIAHUK (MOJENIOBAJIbHUK) MOBUHEH MPArHyTH OO ONTUMYMY
CyMapHUX BHUTpaT, IO BKJIKOUYAlOThb 30MTOK BiJ 3acCTOCYBaHHS M BHUTpaTd Ha
BUTOTOBJICHHS Mojieni (nuB. Mai. 1.2).
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Puc. 1.2. CniBBiAHOIIEHHS] CyMapHUX BUTPAT 1 TOYHOCTI
JUISL PI3HUX BapiaHTIiB JeTali3alii NpUKIaaHoT MOei



[TpocymyiiTe ABI KpHBI BUTpaT - BUille OJHA KpHBa 3arajbHUX BUTpAT. 3HAIITh
ONTUMYM Ha CyMapHIii KpHBIii: BiH JIEKUTh MDK UMM KpailHIMH BapiaHTamu. BugHo,
10 HETOYHI MOjeNl He MoTpiOHi, aje i abCcoNoTHA TOYHICTh TEX He MoTpiOHa, Ta U
HemoxuiMBa. Yacta i po3noBCIOIKeHa OMaHa IMpHU MOOYI0BI MOJENIeH - BUMAraTu <Gk
MOXKHA TOYHILIE».

«Monenb — TOMIYK KIHIEBOTO B HECKIHYCHHOMY» — IIsI JIyMKa HaJCKUTh
. . MenneneeBy. [l{o BigkumaeTscs, 1mo0 MEPETBOPUTH HECKIHUEHHE B KiHIEBe? Y
MOJIENIb BKJIFOYAIOTHCS TUIBKH ICTOTHI ACHEKTH, IO MPEICTaBISIOTh O0'€KT, i
BIIKMJAIOTBCS 6Ci iHwii (HeCKIHYEHHA OLIBINICTh). ICTOTHUI a00 HECYTTEBUI acIeKT
ONMKCY BH3HAYAIOTH BIJMOBIAHO OO0 METH JOCHiIKEHHS. TOOTO KOXHAa MOJIEINb
CKIIAJA€EThCA 3 SAKOIOCh MeTor. IlounMHarouM MOZCNIOBAHHSA, JOCIIAHUK ITOBHHEH
BU3HAYMTH METa, BiIOKPEMHBINU 11 BiJ BCIX MOXJIHMBUX IHIIMX IIUJICH, YUCIIO SKUX,
OYEBHJIHO, HECKIHUEHHO.



Ha >xanp, 3a3HaueHa Ha Mai. 1.2 KpuBa € YyMOBHOKW I peaJbHO [0 IIOYATKY
MoJIeNIoBaHHs oOyioBaHa OyTu He Moxe. ToMy Ha MpakTULl JI10Th Y Takuil crocio:
PYXaloThCsl MO IIKaJi TOYHOCTI JIBOPYY MpaBOpyd, TOOTO BiJ MPOCTUX MoOjeIel
(«Mogmens 1», «Mogenb 2»...) no yce Oumbiie ckmaaHoro («Momenb 3», «Mogenb
4»...)... A mpolec MOJENIIOBaHHS Ma€ IUKIIYHUNA CHUpaIenofiOHul XapakTep: SKIIO
noOygoBaHa MOJENh HE 3aJ0BOJIbHSE BHUMOTaM TOYHOCTI, T€ 11 JETalli3ylOTh,
JIOIPALbOBYIOTh HAa HACTYITHOMY LUK (quB. Mai. 1.3).



Puc. 1.3. CripanenoniOHuii XxapakTep Mporecy
MIPOEKTYBAHHS i YTOUHEHHS IPUKJIATHUX MOJIEIeH



[Toninuryroun Monenb, CTeXaTb, MO0 €QeKT BiA YCKIaJHEHHS MOJENi IEpPEeBHIYBaB
NOB'SI3aH1 13 IMM BUTpATU. SIK TUIBKM AOCTIAHUK 3ayBa)Kye, 0 BUTPATU HA YTOUHEHHS
MOZIeNIi MEpEeBHILIYIOTh €(eKT BiJl TOYHOCTI IpH 3aCTOCYBaHHI MOJENi, BapTo
3YIIUHUATHUCS, OCKIJIBKU Kparka ONTUMYMY JOCSTHYTA. Takwid MmigxXiJ 3aBXId TapaHTye
OKYITHICTb BKJIa/IEHb.

I3 ychoro ckazanoro TpeOa, o Mojelield Moke OyTH TpOXU: HaOIKeHa, OUTbIIEe TOYHA,
e To4Hime ¥ Tak gam. Moxeni sk Ou yTBOpATH psn. Pyxaroumch Bin BapiaHTa 0
BapiaHTa, JOCTIIHUK YIOCKOHANOE Mojnenb. J[ng moOynoBHM # ymOCKOHAIIOBAHHS
Mojesniel HeoOXiIHI iXHS HACTYIHICTh, 3aCO0M BIACTEKEHHS BEpCid 1 Tak aaii, TOOTO
MOJICITFOBaHHS BUMArae iHCTPyMEHTa i ONMUPAEThCs Ha TEXHOJIOTIIO.

IHcTpymMeHT - THHIOBHMI 3aci0, IO JO3BOJNSE JOCITTH OPHUTiHAIBHHUK Ppe3ynbrar i
CKOpOUYEHHs, 10 3a0e3redye, BUTpPAT Ha BHKOHAHHS TPOMDKHHMX OMeparii (iMimpxki,
CcTaHAapTHI 010/110TeKH, MaUCTPH, JTIHINKH, TYMKH...).

TexHoJioris - Habip cTaHAAPTHUX CMIOCO0IB, MPUHOMIB, METOIIB, IO JTO3BOJISIE JOCSTTH
pe3yabTaTy TapaHTOBAaHOI SKOCTI 3a JOIMOMOTOK 3a3HAYeHHX 1HCTPYMEHTIB 3a
3a3[aieriip BiJOMUI yac MpH 3a/laHUX BUTpaTax, ajie Ipu JOTPUMaHHI KOPHUCTYyBa4eM
OTOJIOIIEHUX BUMOT 1 IOPSI/IKY.



CepenoBuie - CyKylnHICTb pPOOOYOr0 MHPOCTOPY M IHCTPYMEHTIB Ha HbOMY, IO
niATpUMYye 30epiraHHs i 3MiHY, HaCTYIHICTh IPOEKTIB W 1HTEPIPETYI0UOi BIaCTUBOCTI
00'€KTIB 1 CUCTEM 3 HHX.

[HONI MOAETI MUITYTh HA MOBaX MPOTrpaMyBaHHsI, aje e TOBruil i qoporuii nporec. s
MOJICITIOBaHHS MO)KHA BHKOPHCTaTH MaT€MaTH4Hi MakeTu, ajie, sIK MOKa3ye JOCBiX, y
HUX 3BHYAiHO HE BHUCTa4ae 0ararboX IHKEHEPHUX IHCTPYMEHTIB. ONTHMAaJIbHUM €
BUKOPUCTAHHS CEPEIOBHIIA MOJCTIOBAHHS.

MogetoBaHHS € IHKSHEPHOIO HAYKOI0, TEXHOJIOTIEI0 pilieHHs 3a7a4. L{e 3ayBakeHHS -
OyXe BaxJiuBe. TOMy IO TEXHOJOTis € CIocCiO JOCSATHEHHS pe3ylbTaTy 3 BiJIOMHM
3a3/1aleriib AKICTI0O W TapaHTOBAaHWMHU BUTPATAMU M CTPOKAMH, TO MOJCITIOBAHHS, SK
JUCLUIUIIHA;

* BHUBYAE COCOOM PIIICHHS 3a/1a4, TOOTO € IHKEHEPHOIO HAYKOIO;
* € yHIBepCaJIbHUM 1IHCTPYMEHTOM, 1[0 TAPAHTY€ PillICHHS OyAb-IKHUX 3a/1ad,
HE3aJICKHO BiJl TPEIMETHOI 001aCTI.

CyMDKHMMH ~ MOJICTIIOBAHHIO  INpeIMeTaMd €.  MpOorpaMyBaHHS, MaTeMaTHKa,
JIOCITIIDKEHHS OTepartiil.



IIporpamyBaHHsl — TOMY IO YacTO MOJENb peaji3yloTh Ha LITYYHOMY HOCIT
(mmacTwiiiH, BOJA, €M, MaTeMaTH4HI BUPAXKEHHS...),a KOMIT'IOTEP € OJIHUM 13 CaMHX
yHIBepCaJIbHUX HOCIIB iH(opMalii i MPUTIM aKTUBHUM (IMITY€ IUIACTHIIIH, BOAY, LIETVIH,
yBa)kae MaTeMaTU4H1 BUpaXxeHHs i T.1.). [IporpamyBaHHs € criocid BUKIAAY aIropuTMy
B (opMi COBH MporpamyBaHs. AJITOPUTM - OAUH 31 CIOCOOIB MOJAHHS (BIAOUTTS)
IYMKH, TpOIECY, SBUIIA B INTYYHOMY OOYHCIIOBAIILHOMY CEpENOBHINI, SKHHA €
xomn'torep (poH-HelMaHIBChKIN apxiTekTypu). Crenudika alropurMy CKIaJaeTbes y
B1IOMTTI MOCIIOBHOCTI 1. MoemoBaHHs MO)Ke BUKOPHUCTATH MPOTPaMyBaHHS, SKIIO
MOJIETbOBaHUM OO0'€KT JIETKO OMHUCATH 3 MONIAAY WOro MOBOMKEHHA. SIKIIO Jiermie
OMMCATH BJACTUBOCTI 00'€KTa, TO BUKOPUCTATH MPOrpaMyBaHHsS Baxko. Ko
MOJIEJIIOI0UE CepeloBuIle MOOYyJ0BaHE HE HA OCHOBI (OH-HEHMaHIBCHKil apXiTEeKTYypH,
pOTpaMyBaHHS MIPAKTUIHO JTAPEMHO.



SIKka pi3HUL MIXK aJITOPUTMOM 1 MOJIEIUTIO?

AJITOPUTM — II¢ TPOIIeC PIMIEHHS 3a/iadi IIISXOM peaiizaiii MoCIiJOBHOCTI KPOKIB,
TOJI SIK MOJIENIb — CYKYITHICTh MOTEHIIIHHUX BIACTHBOCTEH 00'ekTa. SKIIO 10 Mozeni
MOPYIIUTH TUTAHHS W TOJATH JIOJIATKOBI YMOBH Y BUIVISII BUXITHUX JaHUX (3B'SI30K 3
IHIMUMU 00'€KTaMM, MOYATKOBI YMOBH, OOMEXKEHHs), TO BOHa MOXE OyTH JT03BOJICHA
JOCTITHUKOM 10710 HeBimomuXx. Ilponec pimeHHs 3amayi Moke OyTH IMpeCcTaBICHUN
ajgropuT™MoM (aje Bimomi ¥ iHII criocoOu pimeHHs ). B3arani mpukiaaw alroputMiB y
OpUPOZl HEBIIOMi, BOHM CYTh MOPODKEHHS JIIOICHKOTO MO3KY, pO3yMYy, 37aTHOTO JI0
BCTAHOBJICHHS TUIaHy. CamMe alropuT™ - 1€ 1 € TUIaH, PO3rOPHYTUH Y MOCIIAOBHICTD JTiH.
Bapro po3pi3HiATH MOBOMKEHHS O00'€KTiB, MOB'A3aHE 13 NPUPOTHUMH TNPHUUYMHAMH, 1
POMHCEN PO3YMY, KEPYIOUHIA XOJIOM PYyXY, III0 IIPOPOKYE PE3yNIbTaT HA OCHOBI 3HAHHSA U
JOUUTBHUN BapiaHT, 0 BUOUPAE, TIOBOKEHHS.

Orxe:

MOJIENb + MUTAHHS + J0aTKOBI YMOBH = 3aj1a4a.



MaremaTnka - Hayka, 1110 Ha/1a€ MOXKJIMBICTb BUPAXyBaHHs MOJIeNeil, 110 IPUBOJATH J10
CTaHJapTHOTO (KaHOHIYHOMY) BuIy. Hayka mpo 3HaxOmKeHHS pillleHb aHaTITHYHUX
Mozeneil (aHaniz) 3acobamu GopMaIbHUX MEPETBOPEHb.

JlocJiilkeHHA onepauiii - TUCIUIUTIHA, IO peajidye cnocoOu NOCITiKEHHsT Moenei 3
MOTIISITY 3HAXO/DKCHHS HAaWKpaluX KEPYOYUX BIUIMBIB Ha Mozeli (cuHTe3). [1o Oinbrmii
YaCTUHI Mae€ CrpaBa 3 aHATITHYHUMH MOAeIsIMH. Jlormomarae mnpuilMaTH pillleHHS,
BUKOPHUCTOBYIOYH IMOOYI0BaHI MOJIEIII.

IIpoekTyBaHHA - MPOIEC CTBOPEHHS 00'€KTa 1 WOTO MOJENi; MOJEIIOBAHHS - CHOCiO
OLIIHKY pe3yJbTaTy MPOEKTyBaHHs; MOACTIOBAHHS O€3 MPOSKTYBaHHS HE iCHYE.

CyMDKHMMH JTUCHMIUTIHAMU JUI MOJICNIOBAHHS MOXKHA BHU3HATU EJIEKTPOTEXHIKY,
€KOHOMIKY, 010J10Ti10, Teorpadiro i 1HIKX y TOMY PO3yMiHHI, 110 BOHU BUKOPHUCTAIOTh
METOIM MOJAETIOBaHHS JUIS JOCIIPKEHHS BJIACHOTO MPHKIAIHOTO 00'eKTa (HAIPUKIAM,
Mozenb JaHAmadTy, MOJAENb EIeKTPHYHOTO JAHIIOTa, MOJENbh TI'POIIOBHX IOTOKIB
1T.0.).

[TeBarM yrHOM Onm3bki quciuiuiinun «Komm'rotepra rpadikay it «CucreMu ¥ MeToau
HITYYHOTO 1HTENEKTY» (nuB. Mai. 1.4).
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Puc. 1.4. OcHoBHI miicucTeMU NPU NPOEKTYBaHHI KOMIUIEKCHUX MOjiesei



Komn'torepHa rpagika nornomarae opraHizyBaTd 3pydHUil NpUpoaHMN iHTepdeiic s
KEepyBaHHSI MOJIEJUIIO, JUISl CIIOCTEPEKEHHS 3a ii peakuisiMu. BaxiuBo po3ymiTd, 110
KOPHCTYBa4d B3a€MOJII€ 3 MOJIEIUTIO HE MPSMO, a caMe uepe3 iHTepdeiic: 3 oHIET CTOPOHU
BIH mocuiae il BUXiAHI (BXIOHI) AaHl (HAaNpHUKiIaa, 3a JAOINOMOIOI BIKOH YBEIEHHS,
KHOTIIOK, JIBUXKiB, KOMaHJHOTO psiiKa U T.J.), 3 IHIIOTO OOKY - JUBHUTHCS Ha pe3ysbTar
pobotu Mozieni, ToOTO crpuiiMae 3a JOMOMOrolo iHTepdelicy BUXITHI JIaHI.

IITyyHuii iHTEJICKT Ma€e Ha yBa3i MOOyI0Ba BUIIMX MOJE/ICH (Hanmpukiai, aJlalTHBHUX,
K1 BMIIOTh CAMOHACTPOIOBATHUCS, YMIIOTh CTBOPIOBATH OMH OJHOTO i T.1.). MaeTbes Ha
yBasi, 110 MOJEJb IHTEJIEKTY B CTaHi camMa OyayBaTH MOl NMPUKIATHUX OO0'€KTIB 1
CHCTEM; TOSICHEHHSI TOTO, SIK II€ POOMTHCS, JdaeThesi B Kypci «Mopem i meroau
HITYYHOTO 1HTEJICKTY». Pa3oM 3 THM HOMITUMO, IO ST JAOCTIIHHUKIB, TOBOPSYH PO
IITYYHUH 1HTEJEKT, MalOTh HA yBa3i 3aCTOCYBaHHS Mojelel (HaBYaHHS, BiITBOPEHHS,
MOBH ¥ T.J1.) Il BUBYCHHS W IMITaIlll OHIET 13 caMHUX CKIIQIHUX cucTteM y BeecBiti —
JIFOJUHH.

[TomiTMO, IO IITYYHUH IHTENEKT - JOCHTH OifbIlla MOJEJb, IO MICTHTh BEIIUKY
iH(pOpMAaLIiIO0 PO HABKOJUIIHIN CBIT 1 MO3HAYKY-MO/IENb, 10 BMIIOTh ii JOOYIOBYBaTH.
[To3Hauku-Mo/eNi MalOTh BEJIHKA MOA00Y 3 IMITOBAHUMHU HUMH JIFOIUHOIO.



3aneXHO BiJ HOCIS PO3PI3HAIOTH MOJIENi: HAaTypHi, ysABHI, MaTeMaTH4Hi, IMITalliiHi,
rpadiuni, ¢ororpadiuni ¥ Tak gam. KoxHa 3 Mozpenedl mae pi3Hy 3HaTHICTb [0
HpOrHO3Y BiIacTUBOCTeN 00'exra. Hampuknan, no ¢otorpadii aroquuu B aHpac HaBpsL
YU MO)KHA BIPHO TNPEICTAaBUTH, K BHIVISAAAE HOro moTwiuis. HaOmmkeHHsS y BHIVISII
TPUBUMIPHOI MOJeTi — Ha0araro Kpaiie, ajie 4d MO)KHa 3 ii JIOMOMOTO BU3HAYHTH,
KOJIM, HANpPHUKIA, y BIPTyaJIbHOI JIFOMWHU BUPOCTYTh BOJOCCS JOBXKHHOIO S50 guB?
ImiTamiitna Mmogens mie Oinbin iHGoOpMaTHBHA. AJle HAHOINBIIOW I[IHHICTIO BOJIOIIIOTH
MoJIeTl, MPUAATHI Il PIICHHS 3a/1a4, TOOTO Ma.The MPOTHOCTUYHUMU BJIIACTUBOCTSIMH,
10 BMiIOTh BiJIMOBIAaTH Ha MHUTaHHA. BapTo po3pi3HATH ABa MOHSTTS - «MOAEIb)» U
«3agaday. Monenp 3B's3ye 3MiHHI Mk c0o0010 3akoHaMu. Lli 3aKkoHU IiI0TH HE3ATIEHKHO
BiJl TOTO, SIKa 3apa3 3ajjaua KOIITye mepeq HaMu. Mojenb 00'eKTUBHA, BOHA MOAIOHA 10
MHUpY, IO HAC OTOYY€, 1 MICTUTh y co01 iHpopmamito npo ue. Crpykrypa mupy (y
3arajJbHOMY 3HA4€HHI1) He3MiHHA, (yHIaMEeHTallbHA, MO/, OTXKE, TEX. A JIOIUHA, K
icToTa cy0'€eKTHUBHE, 10 Ma€ BJIACHI 11111, YaCTO MIHJIMBI Oa)KaHHSI, CTABUTh, 3aJICKHO BiJI
CBOIX MOTpeO, 110pa3 HOBI 33/a4i, BUMarae BUPILIMTH BUHUKAIOUI B HHOTO MPOOJIEMH.
Bin cTaBuTh NMUTaHHS J0 HABKOJMIIHBOTO CBITY, 13 3aKOHaMH SIKOTO HE MOXXHA HE
BBXATHCS. 3PYYHO CTaBUTHU MHUTAHHSA J0 MOJENI, IO MICTUTh MOTPiOHY iH(pOpMAIit0
npo cBiT. Tomy 3a1a4a - 11e CyKynHICTh NUTAaHHA ¥ Mozelni. MoxHa 10 Mojienl 3ajaBaTu
BC1 HOBI 1 HOBI TUTaHHS i TIPH LIOMY HE MIiHSATH MOJIETb, ajie MIHATH 3a/1a4y.



Te € momenb - croci0 3HAXOKCHHS BiANOBiAeH Ha nuTaHHA. 11[o0 BigmoBiCTHMTH Ha
MOCTABJICHE 3allMTaHHS, MOJEIbh IOBUHHA OYyTH IEepeTBOpPEHA 3a NpaBHIAMH, IO
3a0e3neuye il €KBIBaJIEHTHICTh, JO BHIY, IO BiJAMOBiAa€ BiAMOBiAlI Ha muTaHHA. Lle
O3Ha4ae, M0 MOJEIb MOBHHHA OyTH chOpMOBaHa 3a TpaBWJIAMHU TIEBHOI anreOpu

(anrebpa € mpaBmiIa IEPETBOPEHHs). A Mpoleaypa, 10 JOIOMarae 3acToCyBaTH Taki
IpaBUJIa A0 MOJIEJIl, HA3UBAETHCS METOJIOM.



PosrsiHeMo IpUKJIIAA.

Mopnenbs magiHHA Tija MiJ KyTOM 10 OOpil0 MICTUTH iH(OpMaIilo NMpo KOOpAWHATH
TPAEKTOPIi, 3aJaHUX B OCAX (X, V): y = x> +4-x-3 (KoopAMHATH TiNa B MOJBOTI) —
IuB. Mai. 1.5.

Puc. 1.5. Tpaekropis pyxy Tina,
KUHYTOTO IiJI KyTOM JI0 00piro



Mopnensb 3B's3ye 1Ba 3MiHHI ¥ i x 3akoHH f(y, x) = 0. Monenp Moxxe OyTH po3LIMpeHa

JESKUMHU BUXITHUMHU JaHUMU, HAPUKIIAI, TaK: ) = X244 x— 3, y=0 (uikaBisTH HE
BCl MOXKJIMB1 3HAYEHHS ), @ TUIBKM KParKH Ha MIOBEPXHI 3eMJTi).

y=0 — me Tex 3akoH, aie Ourpme apidHOTOo MacmrTady. Taki piBHSHHS MOXYTh
3'SIBISATHCSA M 3HUKATH 3aJISKHO BiJ TOCIIPKYBaHOT IpoOieMu. 3BHUaiiHO iX Ha3UBaroOTh
rinoTe3amu.

ITuragusa: x = ?
Terep MO/eTh 1 MUTAHHS Pa30M YTBOPWIIH 33]1a49y:

y=-=x>+4-x-3,

y=0,

x=7?

TpaktyBaTu 3a7a4y MOXKHA TaK: MPU SKUX 3HAYCHHSIX X TiJIO BUSBUTHCS Ha MOBEPXHI
3emti?

Mopnens Mae Ha yBasi, MO JOCTITHUK MOXE BUPINIYBaTH 3 i JOMOMOTOIO TpsiMi U
3BOPOTHI 3aj1aui.



[Ipsima 3amaua He BuMarae anreOpaidyHUX MEPETBOPEHB, TOCUTh TITBKUA apu(PMETUUHUX
MIJICTAHOBOK: X =2, } = X+ 4x— 3, y="7. BignoBigs: y = 1. ToOTO, SAKIIO Ha BXIif
MOJIEJI MTOJIaTH 3HAYCHHSI 2, TO Ha BUXOA1 Moneni Oyne 3HadeHHs | — quB. mai. 1.6.

Puc. 1.6. Bux monemi st pitieHHs npsMoi 3a/1a4i

3BopoTHa 3amada: y =0, y= X244 x— 3, x=7 Bignmosigs: x=1, x=3. TobOTo
BIJIMIOBI/Ib TOBOPUTH: 100 HA BHXOMAI Mozeli 3a0e3neuntu 3HadeHHs 0, TpeOa, mod Ha
BX1J Mojieni Oyio momane 3HaueHHs 1 (abo 3).



I B mepmomy, i B ApyroMy BUMAAKy MU B Pi3HIA Mepi MepeTBOPIOBATIN MOAEIb, alie
3aBX/IM TaK, 00 Ha BXO/Il B Hel Oylia BijioMa BEJIMYHMHA, a Ha BUXOJI1 - HEB1OMA.

Y nepuromy BapianTi y :=—x” + 4 - x — 3.

Y npyromy BapiaHTI MOZAENb TEPETBOPUTHCS 10 Buay: 0= x> +4 - x-3. Tyt Mu
OITYCTHWJIH PSi/I IEPETBOPEHB, BIIOMHX 3 KYpCy CEPEIHbOI IIKOJIU, a CaMe:

D:=b—-4-q- c,aea=-1,b=4,c=-3.

x = (=b £sqrt(D))/(2 - a).

x:=1abo x :=3.

[leperBopeHHs BinOyBasucs 3 ypaxyBaHHSM HIpaBui anreOpu. SIkOu mpasuna anreOpu
Oysi HaM HEB1JOMi, TO BUPIIIMTH 3BOPOTHY 3a7a4y HaM OM HE BAAJIOCA. A BUXOJIUTH, HE
BIAJIOCS O BIAMOBICTUTH HA TIOCTABIICHE 3aITUTAHHS: «X = 7.



3ni0HICTh MOJENl MEepeTBOPIOBATH 3a JOMOMOIOI0 anredpu Jae MOXKIUBICTh HaAami
BUKOPUCTATH ii Oaratopa3oBo Ui pillIeHHs PI3HUX 3a/1a4, pOOUTH Ha Hiil MPOTHO3M.

3piBHseTE: TeneOHHUN AOBIIHMK - II€ TEK CBOEPITHA MOJENb, ajle sSKi MPOTHO3M BH
MOXeTe 3pOOHTH, SIKi 3BOPOTHI 3a4a4i BUPIUTH? Sk oOuncnuTy mpi3Buile abOHEHTa
o HoMepi Tenedony? Sxy anredpy BU BUKOpHUCTA€ETE?

Tomy, cTBOpIOIOUM MOJENb, BApTO OOOB'S3KOBO AYMaTH PO Te€, KOO anreOpor BOHA
Oyne mneperBoproBatu. CTBOproBaTH anreOpy Tpeda mapanenbHO 3 MOJCIII0 abo
BUKOPHCTATH BXKE TOTOBY anreOpy i HE BIIXOAUTH MPH MOOYIOBI MOJIeNi Bif 11 paBwHII.

[Ile omuu TUM 3a7ad4, IO JOBOIUTHCS BUPIIIYBATH Ha MOIEISAX - 3a7a4i HACTPOIOBAHHS
MOJEII.



IIpuBenemo mpuknaz. IIpu sxkux 3HaYEHHAX Mapamerpa a MOJAEIb ) = d ° X*+4-x-3
3abe3neunts y = 9 ipu x = 2? Bupimryemo cuctemy piBHSHb:

y=a-x’+4-x-3
: o

x=2
abo

9=a-22+4-2-3
Jauti, 3a mpaBwiiaMu apuMETHKY i aareOpu, OepKKUMO BiIMOBiAb: a = 1.



Bin nokazanoro Ha man. 1.7 cTpyKTypHOro 300pa’k€HHS MOJIENII MOXKHa MeperTu 1o
1HIIOT0, MaTeMaTuyHoMYy, ii Bugy: ¥ = M(X).

Bxon Bolxog

b Moaene M Y

Puc. 1.7. CtpykrypHe 300paXeHHS

MOJIeJIi B CepeIOBUILI MOJIETIOBAHHS
Mopaesab — 3aKOHOMIpPHICTb, 1110 IEPETBOPUTDH BX1JHI 3HAYEHHS Y BUXIAHI. A SIK B1ZIOMO
3 MaTeMaTHKH, 3 BUPaXEHHAM ) = M(X) MO)KHA BUPILIMTU TPU BUIMU 337134, SIKI HABEJCHI
B Ta0m. 1.1.



TaoGmuos 1.1.
®opmu 3ammcy MoJeNi i TUTIH PO3B'sI3yBaHUX 33144

Binomo  HeBimomo Pimenns
[Ipsama 3agaua X, M Y Y = M(X)
3BopoTHa 331242 Y, M X X=M7(1

3a1a4a HACTPOIOBAHHSA

MozaeJi XY M M=/ 1)



Psng Momeneit moxke OyTH HETOBHU3HAYEHMI - 1€ O3HAuae, 10 BapiaHTIB BiAMOBimeH
Oararo (zBa, Tpu, CTO a00 HECKIHYCHHA MHOXKMHA). SIKIIO MOTpiOHMIT OfHA BIAMOBIIb,
To mpobnemy Tpeba [MOBH3HAUATH, [OTMOBHIOBaTH yMmoBaMu. «HemoBuzHaueHUii»
O3Hayvae, 10 MOXKHA JIOBIIBHO, KPIM TIMOTE3, 3aKOHIB, BIAMOBIAI, 3a)KaJgaTH JT0AaTKOBO
BUKOHAHHA III€ SIKUXOCh yMOB. MOXIJIHMBO, TpH TOOYIOBI Moneni Imock He Oyio
BpaxOBaHO, HE BHCTAya€ SKUXOCh 3akKOHIB. Perent 3po3yminmii: Moaenb Tpeda
nobynyBaru. Ane Moxe Oyt W mo-iHmomy. Pimens Oarato i €, BUIMMO, Kpaili
pimenHs, 1 € ripme. Toal A 3HaXOIKEHHs KpaIloro pilIeHHs! BapToO 3BY3UTH 00JacTb
pillleHb, HaKIAJaroud IEBHI OOMEXEeHHs, 100 BiaciaTu iHmi. Taki 3amadi 4acTto
HA3MBAIOTh 33J]auaMU KepyBaHHS.

YactiHa BH3HAYCHb, SKUM TpeOa OC3yMOBHO  3aJOBOJIBHHTH, HA3HBAIOTHCS
OOMEXKEHHIMU.

YacTiHa BHW3HAYCHb, WIOAO SKUX BHUCIOBIIOIOTh TUIBKM TOOaKaHHS («OyTH
SKHAKO1TbIIIe 200 MEHIIIE) ), HA3UBAOTHCS KPUTEPISIMH.



VY 1isoMy BUXOIUThH 3BOPOTHA 3a/aya. A Te, 0 Tpeba BU3HAUUTH - KEpOBaHA 3MiHHA.
ToOTo 1iKaBIATHCS: K BapTo 3MIHUTH BXIIHUKA mapameTp (KepyBaHHsI), 1100
3a0e3MeYnTH BUKOHAHHS 3aKOHIB, HE BUMTH 32 0OMEXeHHs i 1100 Mpu 1IbOMY KpUTEpii
NpUIHAB HalKpalle 3Ha4YeHHs?



IIpuxnan. Mopenb: y = x>+ 4 x—3. Turanus: x =2 JloBU3HAuUEHHS MOJENmi: )
MOBUHEH OyTH MaKCHMi30BaHUM, x > 2.5. ToMy 1110 ) TOBUHEH OyTH MaKCUMI30BaHUi, TO
MU TOBMHHI HaMmaraThcs pyxaTHcs Haropy y3foBxk rpadika ¢yskmii (mam. 1.8) i
CTEXUTH, 1100 3HAYCHHsI X HE CTajo MeHme 2.5. Sk BUAHO 3 MallfOHKA, 3HAYCHHS )
CTaHe MaKCHUMalbHUM Tpu x = 2.5. BigmoBins: y = 0.75, x = 2.5.

¥
1a
(2.5, 0.75)
Ly cTpEMMTCA
K MEKCHM YNy
1 7 3 ¢
=5

Puc. 1.8. I'padiuna imrocTparrist
pillleHHs 3a/1a4i 3 0OMEKEHHIMHI



BijizHaunmo, 1110 cTBOPUTH MOAENbs OyBae MpOCTIillle, HIX Bifpa3y AaTv coOl BiANOBiAb
Ha TIMTaHHS, 10 [iKaBUTh. HareBHo, Ha PaKTHUIll BU 3ayBa)KyBaJH, IO YaCcTO HAbararo
OpPOCTIIIE CKJIACTH PIBHSAHHS, YMM yrajaTd pilleHHs 3afa4i. Hampuxiaa: BupimeHo
PO3IUTMTH BEIWYE3Ha KylIs po3MipoM 13 3eMiIl0 Ha 1Bl TIOJIOBUHKH, OTPHUMAaHY
NOJIOBUHKY 3HOBY MOJUINTH HABMLN 1 Tak paii. CipoOyiiTe BiANOBICTUTH HA 3alIMTAHHS:
CKUIBKH pa3iB (77) TpebGa MPOBECTH TaKy OMEpalliro, o0 po3Mip IIJIEHOI YaCTOYKH B
pe3ynbraTi Jocsr po3mipy atoma? HameBHo, Bifpa3y BiANOBICTH HA 1€ MHUTAHHA HE
BIACTbCS, IHTYILIS MBOIUTH, IPUIlI€ CKIACTH MOJIEb.

Iycts D =6 400 kv = 6 400 000 M — giamerp kymi (3emmi), a d =10~ m — miamerp
aroma. Tomi momens € Bupaxkeuus: 2" =D/d abo 2"=6400 000/ 107, 3gigcu
omepxyemo: 2"=6.4-10"° a6o n= log,(6.4 - 101). Ormxe, mpubmmsmo, n=53.
HecnoniBanuii pe3ynbrar, He un npasaa?! yu MoskHa Oyro iioro Bragatu?



[le xinpka npukiagiB. TpusianeHi Moneni: x = 5°; renedon apyra boprko — 403-36—
54. Taki mojeni He HECYTh y OO0l MPOTHOCTUYHUX BJIACTUBOCTEH, OCKUIBKM Ha OCHOBI
BiZIoMOi 1H(pOpMAaLli HEMOXKJIMBO OOUHCIUTH SIKUM-HEOyb 00pa3oM iHIY iH(pOpMaIliio.
3Hatoun TesnedoH omHOTO Apyra bopTka, HEeMOXIMBO OOUMCIUTH TeaedOH IHIIOTO HOTO
npyra. Lle Tak Ha3uBaHi npa-mozeni (pra-model). ®akTuyuHo 1€ AaHi.



[TomiTuMO, 110 HEMOOLIHKA B Cy4aCHHUX YMOBAaX IOHSTTS MOJEIIOBAaHHS Bee [0
BUKOopucTaHHS B APMax komepuiiiHOro nmpusHadeHHs TUIbKU JaHuX. Came ToMy Taki
APMu He 37aTHI BUpILIyBaTl NPOTHOCTUYHI 3a]1a4i i BUPIIIYIOTh, B OCHOBHOMY, TUIBKU
00m1koBI1 3a1a4i (quB. Mai. 1.9).

HMHTYMTHBHODE
NEHHATHE
PEWEHHHA

Fpadnen,
AHArpam e,
Tabnuuel...

Byxr anmrepcKk i
yusT o J nrpEerDBaHHbIE ASHHBIE

i

APMBbI CKNaACKOr o
yHETa TOEApOB J CAOp AaHHBL

Puc. 1.9. Tunosa cxema B3aemoznii APMis B ACY
(Ge3 pimeHHs 3a/1a4 MPOTrHO3YBAHH)



[I1o6 mporpatu cuTyallito Ha MiANPUEMCTBI Ha MailOyTHE, AOBIIATHCS, 10 YOTO PUBEIE
Te abo iHIIe pimeHHs, Tpeda 1o ckiaxy APMiB Brirouatn Moneni (qus. mai. 1.10).

Brifop M NPHHATHE
DDOCHOBAHHBIK

pELl EHHA
MMnoTesbl i MporHos

AP M
an peKTopa . . —

-

OTHETbIT

M, FEyxranmepcmni IE).!,LI,J AFpErHROEaHHBIE AGHHBIS

YHET

i

\'_-" APMBI CKNaACKOr o
¥Y4ETa TOBApOE J CHop ASHHEIR

Puc. 1.10. Cxema B3aemoxmii APMis B ACY
(TIpy MOCTAHOBIII 33124 IPOTHO3YBAHHS)



Ha man. 1.11 nokazana nipamizia MOziee, pi3HUX 110 CTYINEH1 MPOTHOCTUYHOCTI.
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O6tekTEl,
onepauki

QALeKTH,
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Moaens

AaHHBI2 AaHHeI2

Mpa-moaens

Puc. 1.11.
CHiBBIIHOIIEHHS THUIIIB MOJIEJIEN
0 CTYMEHI MPOTHOCTUYHOCTI



3BepHITH yBary: piBeHb «Monenb» «XapuyeTbes» iHPOpMAIi€r0, CTPYKTYpOBAaHOI MO
TUM TonepeaHsoro piBHsA «lIpa-mMomens», TOOTO BOHA CIOXKMBAE HAa BXOMI OaHi,
nepepobisie iX 1 moBepTae TEX Oawui, TOOTO Mozaeni Oinblle HHU3BKOTO piBHS (Ipa-
monedni). Ilimkpecnumo mie pas, mo dani — 1e Tex mozaeni! Piers «Cympa-Momenby»
CIIOXKMBA€E HA BXOJI MOOeni y BUIIISAI 00'€KTIB ¥ omeparliid, mepepodise iX i moBeprae
MmoOeni (MPUKIAIOM TaKHX CyHpa-MojAeied MOXYTh CIY)KHTH TpaMaTHKH, 37aTHi
nepeTBoproBaT Moneni (piBHsHHsS). JlaHWH NPUHIMIN CHOpaBEeUIMBHA 1 JUISL BCIX
HacTynmHUX (BHUIIecTosAmux) piBHiB. Ilipamiga Ha main. 1.11 mpemcraBieHa y BUIIISAL
(GyHKIIOHATBHUX pIBHIB; II€ O3HA4ya€, IO KOXXEH HACTYMHUN pIBEHb MOTYTHIIE
MOTIEPEIHBOT0, TOOTO BIH JIO3BOJISIE€ OJACpKATH OUIBIINKA, MOTYTHIIIMK SKICHUIN
pe3ynbTar.

Moneni MOXXyTh IpUHAMATH Pi3HY (HOPMY, 3aJIeKHO BiJl CIIOCOO0Y MHUCIICHHS JO0CIITHUKA,
foro momisiAy Ha MHp, BUKOPHCTOBYBaHOI anreOpu. BukopucTaHHsS —pi3HHX
MaTeMaTHYHUX arapariB 3r0J0M IIPUBOAUTH O PI3HUX MOXKIIMBOCTEH y pillICHH] 3a4a4.



Mogneni MOXYTb OyTH:

* (eHoMeHONIOoT1uHI i aOCTpaKTHi;
* aKTHUBHI i TACHUBHI;

* CTaTW4HI i AUHAMIYHI;

* JUCKpETHI i Oe3nepepBHi;

* JeTepMiHOBaHi i CTOXaCTUYHI;

* (yHKIIOHATBHI i 00'€KTHI.

DeHOMEHOOTIYHI MOZENi CUJIBHO MPHB'A3aHl 10 KOHKPETHOTO SBUINA. 3MiHA CHUTYaIlii
4acTO MPUBOIUTH JIO TOTO, IO MOJEIUTI0 CKOPHUCTATHCS B HOBHUX yMOBaX JIOCHTH
cknaaHo. Lle BinOyBaeThCs TOMY, 110 TIPU CKIAJaHHI MOJIEN 11 He BIaiocs mooymayBaTH 3
MomIsAAy TONO0M BHYTPIIIHIA OygoBi MomeahoBaHOT cucTeMu. (DEeHOMEHONOTiIuHI
MOJIEJNb Mepela€ 30BHIIMIHS M000a.

AOCTpakTHa MOJENb BiITBOPIOE CHUCTEMY 3 MOIIAAY il BHYTPILIHBOTO IPHCTPOIO,
Komitoe ii OUTbIN TOYHO. Y Hei OuIbIle MOMJIMBOCTEH, HIMPIIE KJIac PO3B'S3yBaHUX
3a1ad.



AKTUBHI MOzeNl B3a€MOJIIOTHh 13 KOPUCTYBadeM; MOXYThb HE TUIbKM, SK IAaCHBHI,
BUJIaBaTH BIANOBI/l HA MMUTAHHS KOPUCTYBaya, KOJIU TOM MO Lie MONPOCUTH, aje i cami
AKTUBYIOThH JI1aJIOT, MiHSIOTh MOTO JIiHIIO, MalOTh BIacHi 1. Bce me BinmOyBaeThes 3a
PaxyHOK TOTO, I10 aKTUBH1 MOJI€JII MOKYTh CaMO3M1HIOBATHUCS!.

CrarnyHi MOl ONUCYIOTH sIBUIA 0e3 pOo3BUTKY. JIMHaMI4uHI MOJENi MPOCTEXKYIOTh
MOBO/DKEHHS CHUCTEM, TOMY BHKOPHCTAIOTh y CBOEMY 3allHCi, HaNpPUKIA],
nudepeHIianbHi PIBHSIHHS, TOX1IHI BiJ Yacy.

JuckperHi i OesmepepBHI Moxeni. JlMCKpeTHI Mojenl 3MIiHIOIOTh CTaH 3MIHHUX
CTpUOKOM, TOMY III0 HE MAIOTh JICTATBHOTO OMHKCY 3B'S3KY MPUYKH 1 HACITIJIKIB, YaCTHHA
MpOIeCy CXOBaHa BiJl JOCIiTHUKA. be3mepepBHi Mojeli OuTbIe TOYHI, MICTIATh y cO0i
iH(pOopMaIIito PO AeTalli IEPEXOy.

JlerepMiHOBaHi i cToXacTH4YHI Mojieni. SIKIO0 HACHiAOK TOYHO BU3HAYCHUN MPUUUHOIO,
TO MOJIEITh TIPE/ICTABIISIE TIPOIIEC JCTEPMIHOBAHO. SIKIIO Yepe3 HEBUBUCHICT JIETalCii He
BIA€THCSA OMUCATH TOYHO 3B'S30K MPUYHMH 1 HACTIAKIB, & MOXJIMBO TiIbKA OMNHUC Y
IJIOMY, CTaTUCTUYHO (1110 YacTo ¥ OyBa€ JUIsl CKIIAIHUX CUCTEM), TO MOJCIb OYyEThCS
3 BUKOPUCTAHHSM MOHSATTS HIMOBIPHOCTI.



Po3snonineni, CTpyKTypHi, 30cepekeHi Mopeni. SKimo mnapameTrp, IO OMNHCYE
BJIACTUBICTh 00'€kTa, Y Oy[b-SKUX HOro Kpalkax Ma€ OJHAKOBE 3HAYEHHS (XO4a MOXeE
MiHATHCA B 4acil!), TO Le cucTeMa i3 30cepe/KeHUMH MapameTpamu. SIKIo mapamerp
npuiiMae pi3Hi 3HAUEHHS B PI3HUX Kpalkax 00'ekTa, TO FOBOPSTH, 110 BIH PO3NOALICHUH,
a MOJIeTib, 1[0 OMHCY€E 00'€KT, - po3moAiieHa. [HOII MOAENh KOMito€e CTPYKTYpY 00'€kTa,
ajie napameTpu o0'eKTa 30CepeHKEH1, TOA1 MOJIENb - CTPYKTypHa.

DyHKIIOHATBHI ¥ 00'€KTHI Moei. SIKImo onuc i71e 3 MOy MOBOHKSHHSI, TO MOJIETh
noOymoBaHa 1Mo (DyHKI[IOHANBHINA O3HAIi. SKIO0 OmHMC KOXKHOTO 00'€KTa BIIIUICHO BiJ
OIHCY IHIIOTO 00'€KTA, SKIIO OMHUCYIOTHCS BJIACTHBOCTI 00'€KTa, 3 IKUX BHUILIMBAE HOTO
MOBOJKEHHSI, TO MOJIEIb € 00'€KTO-OPIEHTOBAHOIO.

Koxen miaxin mae cBoi AOCTOTHCTBAa i Hemomiku. Pi3HI mMaTtemaTWyHi amapaTtd MaroThb
Pi3HI MOXIIMBOCTI (TIOTYKHICTB) JUIsI PILIIGHHS 3a7a4, pi3Hi HOTpeOr B 0OYMCIIOBATBHUX
pecypcax. Toii camuii 00'ekT Moxe OyTH ONUCaHUN PiI3HUMH crnocobamu. [HxkeHep
MOBHHEH TPAaMOTHO 3aCTOCOBYBAaTH Te a00 iHINE MOJAHHS, BUXOSIYHU 3 TIOTOYHUX YMOB i
BapTOi Mepe HUM NpoOIIEMH.



HaBenena Bumie knacudikaiis € igeanpHO0. Mopeni CKIagHUX CHCTeM 3BHYAiHO
MarOTh KOMIUICKCHUW BHIJISAJI, BUKOPUCTAIOTh Y CBOEMY CKJIAJl Bipa3sy KUIbKa MOAAHb.
SKI0 BHA€ThCS 3BECTH MOJENb A0 OJHOTO THUIMY, Uil SIKOTO BXke chopmynboBaHa
anreOpa, TO JOCTIHKCHHS MOJENI, PIMIEHHS 3a7ad Ha Hill ICTOTHO CHPOILYETHCS, CTAE
TUTIOBUM. J[71s IIbOTO MOIENbh TOBMHHA OyTH PI3HUMH crnocoO0amu (CIPOLICHHSM,
MepPEeno3HaUYCHHSIM W 1HIIMMH) HaBeAeHa IO KaHOHIYHOTO BHUIY, TOOTO O BHY, IS
SKOTO Bke chopMynboBaHa anredpa, ii MeToAu. 3ajIekHO BiJl BAKOPHUCTOBYBAHOTO THITY
Mmoneni (anrebpaiuni, nudepenuianbhi, Tpadu i T.1.) HA PI3HUX eTanax ii JOCTIHKSHHS
BUKOPHCTAIOTHCS Pi3HI MaTeMaTHYHI arapaTH.
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Puc. 1.13. Cxema miporiecy MojieIroBaHHs (YTOYHCHHI BapiaHT)



Ha man. 1.15 npezacrasieHi eTanu 1oOya0BU MOJENI.

—= MpoBnemMa 1. MocTaHOEKE 3aAadM, onpeAsNeHHE FPAHHL PECCHOTREHHA.

HDE,D.MET Z.mopmanm3aumq DO EEKTOE W HX 3NeMeHTOE, BrlaeneHne TEPMHHOE,
he— [ = 6 = B

ZAaKOHbBI HX DI'IDE,ELEQEHHM (aTDM YTOE, CEQHWCTE BHEMEHTDB). ?Uﬂ KaYeCcTEEHH bIX
OTHOWEHKHA [ —, =, =, =), BEOA CHCTEMEI M3MEPEHHA ANA BEIPa¥ EHHA
EONHMYEC TEEHHBIX OTHOLWEHMH,

A Sanaqa

( ; 3. COopka ceAsef anemeHToB coobpasHo chopmMynHMpOBaHHON 3atade.
EONpOc

Eeifiop TMNOB cEAZEA (=, 7).

SanaHue -
o SHAYEHHMHA 4. HYHcneHHEld annapaT. BeidvoneHua,

~—e— HacTpofika 5. OTnaAKa, KOPPEKTHPOEKA MO AEnH,
ha— PEWEHHE 6. BLIMHCANTENEHBIA IKCAEPHMEHT, YMCNEHHOE PELlEHHE 34434
aHaNHW3&a, CHHTEZA,

—a— T[lpoEEpKa T. QUEHKE TOMHOCTH M HHTEPNPETauMa, Mepexoa 6 NpeAMeTHYH obnacTe,

¥EASKA
“—a— B HEDAPpXHH, 8. HomnnekcvpogsaHre, BCTpPaMEaHWE pEWEHHA B CTApEle CHCTEME,
CHCTEMY

Puc. 1.15. Etanu nporiecy Moe/ItOBaHHS




3BUUaiiHO, MOJIENIIOBAaHHS, K YK€ Oyll0 CKa3aHo, y 3'€JJHaHHI 13 IPOEKTYBaHHSAM — LI€
TEXHOJIOTsI pillIeHHs pobieM, 3a7ad. AJle B KOKHOT TEXHOJIOT1i BCe-TaKU € TPaHULIA, 3a
skoi BoHa MeHII edekTuBHa. Taka rpanuus € il Tyr. [lomuBurecs 3HOBy Ha man. 1.13.
OueBuHO, 1110 HEpIIi eTany BUPIIIYIOTh MEHII (opMaiizoBaHi 3ajayi, a HACTyIHI —
yce Ounblie gopmanbHi. BinnoBigHo, MeToau Mepiiux eTamiB MeHII (opmalii3oBaHi, a
HACTYMHUX - OuIbIIe popMaibHi, TOTYXHI. Lle o3Hauae, o cami Bakki i BIAMOBINabHI
eTanu A MOJENIOBaJbHUKA - mepiui. TyT BiJf HbOro moTpiOHO OuiblIe IHTYITUBHHX
pimenb. | momuiika Ha OUTBbIIE paHHIX eTamax OUIbIIE MO3HAYAETHCS HA IMOMATBIINX
pilIeHHSX, MOBepTaTHCA W MepepoONsATH IOBOAWUTHCS Habarato Oinblle, HDK Ha
OCTaHHIX eramax. Tomy Bpajl pillleHHS Ha MEPIIMX eTanaxX BHUKIMKAIOTh HWIbHUN
1HTepeC CHUCTEMOTEXHIKIB, HayKa MOJEIIOBAHHs IMPOSBIs€ N0 HUX IiJIBUIICHA yBara.
Ockinbku  (OpMalibHI METOIM JIETKO AaBTOMAaTH3yIOTh, TO OCTaHHI €Talmu CXeMH
HiATpUMaH1 IPOrPAMHUMHU MPOAYKTAMHU H JIETKO TOCTYIIHI KIHLIEBUM KOPUCTYyBadam, aje
HaNUOUIBLINI 1HTEpEeC ChOTOHI IPECTABIIAIOTH IPOTrPAMHI MPOIYKTH, 110 MIATPUMYIOTh
Hepuli eTany - CUCTEMH, 110 JI0NOoMararoTh (GpopManidyBaTu 3agadi. A TaKoX CHUCTEMH,
0 3a0€3IMevYyl0Th HACKpI3HE NMPOEKTYBAaHHSI, JIOBEJEHE IO MOJCITIOBAHHS W KIHIIEBOL
peanizariii (aBTOMaTH4HE TOPOHKEHHS KOy 10 OIMHUCI MPOEKTY).



Tyt MoxHa 3rajatu asa HanpsMmku. [lepuie - iHcTpymeHTanbHe. [IpoekTyBanbHUKOBI
HEOOXITHUI 1HCTPYMEHT i (POpPMaJIbHOrO OMHCY PO3MISHYTOro iM o6'ekra. Bimomo
KUTbKa Takux iHCTpyMeHTiB: RationalRose, «Anamnitux», IDEF 3a texnonoriero SADT,
Stratum. € 1HCTpyMEHTH, IO MiJKa3ylOTh pILIEHHS, € MPOCTO IacuBHI Habopw,
6i10miorekn. OfHUM 3 IHCTPYMEHTIB 3HAXOMKEHHsA pilleHb € TexHojoriss AJIPU3;
BUIUIMBAIOUM 1i aJrOpUTMY, BIJANOBiJal0YM Ha NUTaHHS L€l TEXHOJOTii, MO)KHa
rapaHTOBAaHO NMPHUITHU 10 PIIIEHHS.

Jpyruil muisx - aHaNiTU4HI CHCTEMH, IO BUBOAATH 13 QakxTiB 3HaHHA. [Ipo Hel mime
MOBa B HACTYITHOMY HalIOMY Kypci - «CHCTeMH 1 METOAM IUTYYHOTO 1HTEIEKTY.

SIK puKIIa TOAUBUMOCS, SIK MOYKHA BUSIBUTH, & TIOTIM OTIMCATH 3aKOHOMipPHICTb.

Jonmyctumo, o HaM MOTPiOHO BUPIMIHUTH «3adady MpO po3pi3yBaHHS», TOOTO Tpeda
NPOPOYUTH, CKUIbKH Oyae moTpiOHO po3pi3iB y BUINIALI MPSAMHX JIiHIH, 100 PO3IUIUTH
¢irypy (main. 1.16) Ha 3aaHe ynCcI0 MIMATKIB (A1 MPUKIIaa TOCUTh, o0 ¢irypa Oyna

OMYKJIOIO).

CnpoOyeMo BUPILIUTH IO 3a]1a4y BPYUHY.



I1 1

Puc. 1.16. 3amaua nipo po3pizyBanHs (Girypu Ha 3a7aHe YUCIO MIMATKIB

3 wman. 1.16 BugHOo, mo npu 0 pospizax yrBopuThcs 1 mmMatok, mpu 1 po3pisi
YTBOPUTHCS 2 IIMATKW, IOpHU JBOX — 4, mpu TppoX — 7, npu 4oTtupbox — 11. Yu
MOXKETE BH 3apa3 CKa3aTW HaIepeld, CKIJIbKU Oyae MOTpiOHO po3pi3iB IS YTBOPEHHS,
Hanpuknaz, 821 mmatka? [lo-moemy, Hemae! Yomy Bu yTpynHsereca? — Bam HeBimoma
3aKOHOMIpHICTh K = f(P), ne K — KUIBKICTh IIMAaTKiB, P — KUIBKICTh pO3pi3iB. Sk
BUSIBUTU 3aKOHOMIPHICTH?



3anuimmmo TabIuIo, 110 3B'A3y€E BiIOMI HAM YHUCIIa IIIMATKIB 1 pO3pi3iB.

TaGmuosa 1.2.
Tabnu1st BiAMOBIIHOCTI PO3pi3iB
1 pparMeHTiB, 10 BUXO/STh, Pirypu

Po3pizu o 1 2 3 4
IImaTku 1 2 4 7 11

[Toku 3akOHOMIpHICTb He sicHa. TomMy pO3DISIHEMO PI3HUII MDK OKPEeMHUMH
eKCTIIEpUMEHTaMH, MOJUBUMOCS, YUM BIAPI3HAETHCS PE3YJAbTAT OIHOTO EKCIEPHUMEHTY
Bl 1HIIOTO. 3PO3YMIBIIM PI3HUINO, MU 3HAWIEMO CIOCIO TEpexody B OIHOTO
pe3ynbTaTy A0 1HIIOTro, TOOTO 3aKOH, 110 3B's3ye K i P.

Tabmuna 1.3.
Tabnuist BiINOBITHOCTI PO3pi3iB
1 pparMeHTiB, 110 BUXOAATH, (Pirypu



0 1 2 3 4
1 2 4 7 11
- I1=2—1|2=4—2I3=7—4|4=711_|

Yxe Jesika 3aKOHOMIPHICTh BHSIBUJIACS, HE YU TpaBaa?



O6uucaMO IPyTi Pi3HMLIL.

Tabmuns 1.4.
Tabnu1st BiAMOBIIHOCTI PO3pi3iB
1 pparMeHTiB, 10 BUXO/STh, Pirypu

Po3pizn 0 1 2 3 4

ImaTkn 1 2 4 7 11
[lepui pi3HHALi — 1=2-1 2=4-2 3=7-4 | 4=11-7
Jlpyri pisHnuni — 1=2-1 1=3-2 1=4-3

O4eBHIHO, IO AaJli MPOJOBKYBATH MPOLEAYPY OOYHCICHHS Pa3HOCTEH 3MICTy HEMAE.



Tenep Bce mpoctro. DyHKLIA / HA3UBAETHCA BUPOOISIOHOI (DyHKII€. SIKIO BOHA
JUHEWHa, TO Mepull PI3HULI PIBHI MDK co00r0. fIKIIO BOHA KBaJpaTHU4HA, TO JPYTi
pi3HULI piBHI MiX coboro. | Tak nami.

OyHK1iA [ € okpeMuil Bunaaok ¢popmynu Hperotona:

bon  e-nn-1) d-nn-1)n-2) e-nn-1)n-2)(n-23)
T YT T 123 T 1234 T

Koedittientn a, b, ¢, d, e ansa Hamoi xkeadpamuunoi GyHKIIT / IepeOyBarOTh y MepIIUX
ocepeaKax psAAKiB eKCliepuMeHTanbHoi Tabnui 1.5.



Taomuns 1.5.
Tabmurst BiMOBIIHOCTI PO3pi3iB
1 pparmMeHTiB, 10 BUXOSATh, (Pirypu

Po3pizn 0 1 2 3 4
HImaTkn a=1 2 4 7 11
. . _ _ _ 4=11-
Mepmi pizuumi = — b=1 2=4-2 3=7-4

JApyri pisHnuni - c=1 [ 1=3-21=4-3



OTxe, 3aKOHOMIPHICTb €, 1 BOHA TaKa:
K=a+b-p+tc-p-(p-DR2=1+p+p-(p—1)2=05 p>+05 p+1.

Terep, Konu 3aKOHOMIPHICTH, BH3HAY€Ha, MOXKHA BUPINIUTH 3BOPOTHY 3aaadqy U
BIJIMOBICTUTH HA TIOCTABJICHE 3alUTaHHS: CKUIBKM Tpebda BUKOHATH pO3pI3iB, MIO0

onepkatu 821 mmarok? K =821, K= 0.5 -p2 +05-p+1,p="?

Bupimyemo kBanmpatHe piBHsHHS 821 =0.5 - p2 +0.5-p+1, 3HAXOMUMO KOPiHb:
p =40.



[TinBeneMo miACyMKH (3BEPHITH Ha Iie yBary!).

Binpa3sy Bragaru pimieHass Md He 3MODTH. [10CTaBUTH €KCIIEPUMEHT BUSBUIIOCS BaXKKO.
JloBenocst moOyayBaTH MOAEIb, TOOTO 3HAUTH 3aKOHOMIPHICTh MK 3MiIHHHUMH. MoJeib
BUHIILIA y BUIISAL piBHSAHHS. JlofaBiy 10 piBHSAHHS MUTaHHS U PIBHSHHS, 10 BiTOUBaE
BiJloMa yMOBa, yTBOpWIM 3anmady. OCKUIbKM 3ajlaya BUSBUJIACS THUIIOBOTO BHUIY
(kaHOHIYHOTO), Te 1i BOATOCS BUPIMIUTH OJHUM 3 BiTOMUX MeTomiB. Tomy 3amaua
BUSIBUJIACS BUPILICHA.

I me myxe BaKJIMBO BIJ3HAYWTH, IO MOJENb BiAOWBAa€ MPUYUHHO-HACIIIKOBI 3B'SI3KH.
Mix 3MiHHUMH TOOYOBaHOI MOJENi MiMCHO € MIIlHUN 3B'30K. 3MiHA OAMH 3MIHHOI
CHpUYMHSE 3MiHA iHIIOI. MU paHimie cka3aliu, M0 «MOJENb Tpae cucTeMooOpasyrouy i
3MiCTOOOpPAa3yody poiib Y HAyKOBOMY Ii3HAHHI, J03BOJISIE 3PO3YMITH SIBUIIE, CTPYKTYPY
JOCTIKYBaHOTO 00'€KTa, BCTAHOBUTH 3B'A30K NMPUYMHHU W HACIIAKY MiX coboro». Lle
O3Ha4ae, II0 MOJENb JO3BOJIS€ BU3HAYUTU NPUYMHM SIBHIL, Xapakrep B3aeMomii ii
CKIQJOBUX. Mojenb 3B'Si3ye NPUYMHA W HACHIIKH 4Yepe3 3aKOHW, TOOTO 3MiHHI

3B'SI3YIOTHCS M2k 00010 uepe3 piBHSAHHS a00 BUPAKEHHS.



Ane!!l Cama MareMaTMkKa He [Ja€ MOMJIMBOCTI BHMBOAMTH 3 pe3yJbTaTiB
eKClepUMeHTIiB siKi-He0ylIb 3aKoHH a00 MoJesi, SK Ile¢ MO)XKe 3IaTHUCS IiCIs
PO3IISTHYTOTO TIJIBKYU 10 MpHKJIaaa. MaTeMaTuka e TIIbKH crociO BUBUEHHS 00'€KTa,
ABMILA, 1, MPUYOMY, OJUH 3 JEKUIBKOX MOXJIMBHX CHOCOOIB MucieHHa. € 1ie,
HaNpHUKIaJ, peniridauil cnocid abo cmocid, SKUM KOPUCTYIOTbCA — XYIOKHHKH,
IHTYITUBHUN -1HTYITUBHUH-€MOLIITHO-1HTYITUBHUH, 32 JOIMOMOTOI IUX CHOCOOIB TEX
Hi3HAIOTh MUP, IPUPOLY, JTIOACH, cede.

OTtxe, rinore3y mpo 3B'A30K 3MiHHUX A U B Tpeba BHOCHTH camMOMy JOCIHiTHUKOBI,
330BHi, IIOBEpX TOro. A sk 11e poouts moauna? [lopagutu BHECTH TinoTe3y JIETKO, aje
SK HAaBYMTH I[bOMY, MOSCHUTH L€ JiiCTBO, a BHXOAWUThb, 3HOB-TAaKH SK HOTO
dopmainizyBatn? JlokiagHo MU MOKaXeMo Iie B Kypci «CHCTeMu il MEeToiu IUTY4HOTO
THTEIEKTY».



A or yomy ne Tpeba poOMTH 330BHI, OKPEMO, JTOJJaTKOBO i MOBEPX TOrO, MOSCHUMO
3apa3. Hocute 1e MmipkyBaHHs iM's ['enens, 1o 1OBIB TeopeMy IPO HEMOBHOTY — HE
MOXHa JIOBECTH MPABUIBHICTD JIESKOI Teopii (Mozeni) y paMkax Iiei sk Teopii (Mozedi).
[TonuBuTecs me pa3 Ha Mai. 1.12. Mogenp Ouiblile BUCOKOTO pIBHA HEPETBOPUTH
eKBIBaJIEHTHO MOJIe/Ib OLbIIe HU3BKOTO PiBHS 3 OJHOTO BHIY B iHIIIH. AOO reHepye
MoO/JIeNIb OUIbIIIE HU3BKOTO PiBHA MO €KBIBAJIGHTHOMY 3HOBY X ii onuci. A ot camy cebe
BOHA IMEPETBOPUTHU HE Moxke. Mojenb Oynye monenb. | s mipamiza Mozenei (Teopiid)
HECKIHUEHHa.



A moku, 100 «He miAipBaTUCs Ha JypHHI», BaM TpeOa OyTH HACTOpPOXKi i mepeBipsaTu
BCl 370poBUM Iity37oM. [IpuBeaemo mnpukiaa, crapuil BIAOMHUH KapT 13 (QOIBKIOPY
(i3uKiB.



«IIpo mkony oripkis»

Oripku Bac moryomsats! Koxen 3'inenuit oripok HaOmuxkae Bac 10 cMmeprti. [JuBHO, sK
JyMaroui JIFO JOTETep He PO3Mi3HAIM CMEPTOHOCHOCTI I[LOTO POCIMHHOTO MPOIYKTY
i HaBiTh MpHUOIraloTh J0 WOro HAa3BH Ui TMOPIBHSAHHSA B MO3UTHBHOMY 3MICTI («SIK
oripouok!»). I, He3BaXkarouu Hi Ha 1110, BUPOOHHUIITBO KOHCEPBOBAHUX OTIPKIB POCTE.



3 oripkamu 3B's3aHi BCI TUIECHI HEYTH 1 B3arajii BCl JIFOJIChKI HEIACTS.

1. ITpakTH4YHO BCi JIOAH, IO CTPAXKAAIOTh XPOHIYHUMH 3aXBOPIOBAHHIMH, i7TH
OTIpKH.

2. 99.9 % Bcix mozel, 0 BMEPIHU Bifl paKy, PH JKUTTI i1M OTipKH.

100% Bcix conaaTiB 71U OT1pPKH.

4. 99.7 % Bcix 0ci0, U0 CTaIH KepPTBAMH aBTOMOOUTFHUX i aBiallifHUX KatacTpod,
Y)KHUBAJIU OTIPKH B 1KY MPOTATOM JBOX THXKHIB, IO IEPEIyBAIH HEIIACHOMY
BUIIAIKY.

5. 93.1 % Bcix MajIOJITHIX 3JI0YUHIIIB ITOXOJIATH 13 POJMH, JI€ OTIPKU CIIOKHBAIH
MIOCTIMHO.

[98)

€ naHi i mpo Te, 10 LIKIJIUBA [Iisl OT1PKIB MO3HAYAETHCS IY>KE IOBIO: CEpe IOACH, 1110
Hapomuiucss B 1889 pomi i xapuyBanmucsi 3roJjoM OTipKaMH, CMEPTHICTh JOPIBHIOE
100%. Bci ocobu HapomkeHHs 1889-1909 pokiB MaroTh B'suly 3MOPIIKYBaTy HIKIpY,
BTpAaTHJIM Maike BCi 3yOM, NPAaKTUYHO OCTIIUIM (KO XBOPOOW, BUKJIMKAHI
CIO)KMBaHHSM OTIPKiB, HE 3BEJIH X YK€ 1aBHO B MOTHIIY).



[Ile Oinbll NEPEKOHJIMBUI pe3ynbTaT, OTPUMAHUM BIJOMUM KOJEKTHBOM BYECHHX-
ME/IMKIB: MOPCbKI CBUHKH, SIKUM IIPUMYCOBO 3roJ10ByBajiu 10 20 (yHTIB OTipKiB y JI€Hb
HPOTATOM MICSIIS, BTPATUIIN areTuT!

€auHNi cnocid YHUKHYTH IKIAITUBOI i1 OTIPKIB - 3MIHUTH JAi€Ty. KTe cyn 3 60m0THUX
opxinei. Bix HbOT0, HACKIJILKH HaM BiZIOMO, I1I€ HIXTO HE BMUPaB.

Or Tak!



Pyxaemocs mami. CkiafHicTh 3ajjadi 4yacTo JUKTYE TOM croci® MoAaHHsA MOAENi, L0
Oyne BUKopucTarucs npu ii onuci. [Tokaxemo 11e Ha MpUKIIAal HAUTTPOCTINIOT 3a1a4i.

3amaya 1. Hexait nBa 00'exTn (HampuKiIaa, MIMIOXiT 1 BEJTOCUIIEANCT) PYyXalOThCsS OAUH
omHOMy Hasyctpiu (man. 1.17) 31 mBuakoctamu V| i V, Bigmosigno. HeoOximmo

JOB1IATUCS: KOJH U Jie 3yCTPIHYThCS Il 00'eKTH?

Wy Yz

—_— -—

Puc. 1.17. 3agaua npo 3ycTpiu



AHaniTmyHmm cnocid nogaHHA 3apavi 1

s w™momens pocutTh pganeka Bix peanbHOCTi. [l[0-HeOyns BHUBYMTH Ha HIil
MPEICTABISIETHCSA POOJEMATUYHUM, TOMY IO 3 1i MOXKHA 3HAWTH TUTBKM 4ac 7 1 MicIe
3ycTpiui S. Imeamizaisi mojsirae B TiM, IO JIOPOTa BBAXKAETHCS i/IeaTbHO MpsMiil, 0e3
YXHJIIB 1 MiIHOMIB, IBUJIKOCTI 00'EKTIB YBa)KAIOThCS MOCTIHHUMH, Oa)KaHHS 00'€KTIB HE
MIHSFOTBCS, CHJIM O€3MEXKHi, BiJICYTHI MEPEIIKOIU IS PyXY, MOJENb HE 3aJICKUTh BiJl
Benuuud D, V,, V, (BOHU MOXYTb OyTH SIK 3aBIOJHO OLIBIIMMHU 200 MaJlMMH).

Ty :=D/(V{ +
Vs)



PeanbHicTh 3BMUYaiiHO HE Ma€ HIYOTO 3arajbHOTO 3 TAKOI MOCTAHOBKOIO 3ajaui. Aje 3a
paxyHOK BeJMKOI 11eanizauii (i1easizawii BEJIMKOTO MOPSAIKY) BUXOIUThH yKE MPOCTa
MOJIeJNb, 10 MOXKE OyTH J03BOJICHA B 3arajlbHOMY BHI (aHAIITUYHO) MaTeMaTHUYHUMU
criocobamu. Tak (GOpMYITIOIOTECS HAMYACTIIIE AITOPUTMIYHI MO, /1€ MPOTITHEHA
JAHLIOKOK 00YMCIICHb Bl BUXIIHUX JaHUX J0 BUXO1y. TOMy MU 3acTOCYBaJId B 3aIMCi
3HaK npucBotoBaHHs (:=). [licns oOuuCIeHHS MpaBOi YaCTUHHM BUPAKEHHS 11 3HAYCHHS
NPUBJIACHIOETbCS 3MiHHOI, BapToi B JiBIM uacTuHi. Jlami 3HayeHHsA 1€l 3MiHHOI
3aCTOCOBAHE B MpaBiil YaCTHUHI HACTYNHOIO BHpaxeHHs. CXeMaTU4HO 1ie BUIVISIAE TakK,
K IOKa3aHo Ha Mai. 1.18.



I"'I1
“~ i
Sp= T, b e

Puc. 1.18. Cxema piuieHHs 3a1a4l Ipo
3yCTpid
(aHamiTHYHUN SBHUN CTIOCi0)



VY nanomy ¢opMmynOBaHHI 32 paXyHOK BHKOPHCTaHHS 3HaKa ypaBHUBAHUS OTPUMaHUI
3B'130K sMinnux f(7, V), V,, D, S) = 0 y BUIIIAA1 CUCTEMH PIBHSAHb. YCTaHOBIIIOKOUH 3HAK

«?» Ha pIi3HI 3MiHHI, MOXXKHa (OPMYJIIOBAaTH MPU HEOOXiTHOCTI WM psA JOBUIBHHX
3a/1a4, HAPUKJIAJ TaK:

Ty (Vq+Vy) =
D

S1=Vi' Ty
T1=?

[Tpu oMy 3amadi GOpPMYITIOIOTHCS KOPUCTYBaYeM 1 He mNepeadayaroTbes CHElialbHO
MOJIETTIOBUTBHUKOM. TOOTO Monens mace uensnd o6'ekma. Mu ofeprxanu OUTbIIE SIKICHY
Mozenb. [neamizamis ii BenMka, ane 3a paxyHOK HesBHOI (opMu 3amucy 3'sBuiIacs
MOKJIMBICTh 3MI1HU 3a]1a41, BABUCHHSI HA HIH IJIOTO PsITYy TTPOOIIEM.



ImiTauwinHum cnoci6 nopgaHHA 3apavi 1

[Tpu imiTaniiiHoMy croco6i pileHHs: 000B'SI3KOBUM € HAsIBHICTH SIKOTOCH JIYMIIbHHKA,
III0 JTO3BOJISIE MOZIEITIOBATH IPOLIEC 10 KPOKax abo 1Mo AETaNsX MpoIecy.

[ToBTOPIOIOUM TIOKPOKOBO PO3PAXYHOK Y IMKJII, HA KOXHOMY €Tari poOOTH aJroOpuTMy
OynmeMo iMiTyBaTu TUTHH Tiporiecy (Mmain. 1.19). 3BepHiTh yBary, mo mnporec 0epeThes He
B I[UIOMY, a K OW B JeTansX, MO0 KpOoKaxX. 3MiHHA ! € KOOPAMHATOI, & BUXOIUTH,
BIJICJTITKOBYETBCSL JIYMIBHUKOM 13 KPOKOM /1. Imest imitamii — mpocyBaTH MIMIOXig 1
BEJIOCHUTICINCTA HAa BEJIMYUHY } - /1 HAa KOXKHOMY TaKTi, JIe /i — JOCUTh Maja BEIHYHHA.
OCKUIBKM MH PO3TIIAIAEMO MHOXKHHY aKTiB PyXy OKpPEMO, MOXKHA IO XOAYy MIHSTH BCi
3MiHHI Mopeni, Hanpuknan, V. SIKkmo muiax npoineHuit Benukui (S)), TO MOXHA

BiamrTyBatu npusai (/= (0) Ha gkuiick Yac. 3ynmuHKa NpOIECy iMiTallii BUSHAYAETHCS
CYMOIO NUIAXiB, POWIEHUX BEJIOCUIIEIUCTOM 1 IMIIIOXOJAOM Ha3yCTpid OAMH OTHOMY, i
MOPIBHSHHSAM 11 3 BiJIcCTaHHIO .



F:=t+h
S1:=351+%¥1"h
S2i=52+V2'h

Aa

Puc. 1.19. Brok-cxema pitieHHs 3a1a4i Ipo
3ycTpiu
(IMiTaIiiHAA aNTOPUTMIYHHUI CTIOCIO)



CDOpMaJ'ILHO-MaTeMaTI/I“IHOIO MOBOIO aJITOPUTM BUITIAJAE TAK, SIK ITIOKA3aHO HUKYC.

t:=t+h-e

Sl:=Sl+V1'h'e
Sz:=Sz+V2'h'e
e:= ed(D—(Sl+52

)
f := not(e)
stop(f)

€ — [0NOMKHMIA npanop;

f — npanop, Wo nokasye, uu 6yB NPONAEHUIA A0 CyYaCHUIA MOMEHT t BECb UM LUMSX
Hi;

ed(x) — oanHuyHa dyHkuis: ed(x) = 1 npu x = 0, iHakwe ed(x) = 0;

stop(z) — ¢yHKUis 3ynuHy obuncneHs npu z > 0.



Pimenns moxe OyTu 3HaiijeHe reomerpuyHo. s mporo B ocsax (7, S) cxemoro,
nokaszanoi Ha Mai. 1.20, OynyroTbcs TPA€KTOPii pyXy 00'€KTIB.

s
-

=
[
=z
‘E
I:IOE
@
L]

[Ny}
(%]
n
L)
|
=z
r-a
[Hy]
[g%]
uoE ‘
D
B

:|

Puc. 1.20. Cxema pimieHHs 3a1a4i Ipo
3yCTpid
(imiTariitHIi reoMeTpUYHUH CIIOCi0)

Ha wman. 1.21 Bu Gaunte KapTuUHY, YTBOpPEHY ABoMa ocuuiorpamamu. Kpamka, y skiid
MEPETUHAIOTHCS OCHMIIOTPAMU, € TIepe0aduyBaHOIO KPAITKOKO 3yCTPidi TBOX 00'€KTIB.
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Puc. 1.21. Bug pimenss 3a1a4i mpo
3ycTpiu
(imiTamiifHU reoMeTpUYHHM crocio)



3apavi

[onoBHA BiAMIHHICTH IMITAI[IHHUX MOJENEH BiJ aHATITHYHUX, SKI MU PO3DISTHYIU
BHUIIIC, TOJISITAE B TOMY, IO IMITALIHHY MOJEIh MOXKHA TIOCTYIIOBO YCKJIAHIOBATH, TIPH
[IbOMY PE3YJIbTaTUBHICTh MOZETI HE MaIaE.

Yexnmagaumo 3amady 1, yBiBmm B Hei momarkoBa ymoBa. IlpeacraBumo, mo Ha OUIAXY
nepuoro i/abo apyroro o0'ekTa 3yCTpIHEThCS MEpelikoja - Hexail 1e Oyae MiasHKa
3ai3HUII 31 mutarbaymoMm, IO TPAIfO€ 3a BHIIAJAKOBHM 3aKOHOM. SIKIIO muiaroaym
BIAKPUTHH, TO 00'€KT MOXKE TIEPEXOAMUTH 3aJi3HUIII0, Y IPOTUBHOMY BHIIAJIKy BiH HE Ma€
paBa LbOT0 pOOUTH.

[TpomonentoBat BHUINAAKOBY poOOTy muiarbayma MOXKHa 3a JIOIIOMOIOK TeHeparopa
Bunaakoux uucen (I'BY). V pizni momentu uvacy ['BU Oyne BuaaBatu BHIAAKOBE
yucao » =0 abo r= 1, e Oyae o3Ha4yaTH, M0 HUTarbayM 3aKpuTHil abo, BiAMOBIIHO,
BIAKpUTHH (quB. Mai. 1.22).
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Puc. 1.22. Bun ¢yHKIIIT BUTaKOBHX
HEePEIIKO]
(1o 3amadi mpo 3ycTpiv)
YacroTy BigkpuBaHHS Iuiarbayma MOXKHA KOHTPOIIOBATH, 30UTbIIYIOUYM a00, HABIAKH,
3MEHIIYIOYM 4YHCIIO ¢, TepepaxyBaBIIM BHIAJAKOBE YHCIO 7 B z TO (QOpPMYIi:
z:=ed(g—7).

Ha man. 1.23 ngana imoctpanis yckiaaHeHoi 3agauyi 1.
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Puc. 1.23. ImtocTpartist 10 yCKIagHEHOT 331241 PO 3yCTpiy
Ha man. 1.24 npencrasiena anropuTMidyHa cxema 3ajadi.



I My |
ri 1 lr

51 =151 +¥1 - not(b1) - by - F
bl :=nakir) « ed{51 —{a -5} ' ed{{a + 5) — 51}

52 i=(52 + V2 not(b2) - by - F
bz 1= not(r) - edi(D —52) —(a + 5)) : ed{{a + 15) - (D — 52))

fi=ediD—- (51 + 520

+ nokif) M — KONMHECTED IKCMEPHMEH TOE
+ £ not{F) k — BpemA BcTpEYH
+ 51 nok{f} L — TouKa BOTRENH

l

Cp. Bpera = kjin
Cp. nyTe = Lfn

ni=
k=
L=

— >3

Puc. 1.24. Cxema pinienns 3aj1a4i npo 3ycTpid (IMiTallifHUN CTaTUCTUYHUN
croci0)
YMoBu b/ ¥ b2 KOHTPONIOIOTh, 4M MepedyBae mepuinii it/ado Apyruit 00'€eKT MEHIIT YUM
3a 5 MeTpiB Bia mnutardéayma, Konu Toi 3aumHenuid. b/ =1 (b2 =1) — 1e ymoBa «He
pyxaTucs», SKIo 00'ekT mepebyBae B 30HI muiarbayma i nuiarbaym 3aKkpuTHi; a —
Miclle 3HaXO/KeHHs Iularbayma, BifcTaHb 10 LularObayma Bif HyNs; [ — Tparop
3ycTpivi. Akmio /= 0, To 3ycTpiu BigOyacs i MOAETOBaHHS MTOYNHAETHCS 3HOBY 3 1 = 0,



S1=0, S2=0, a N0 CTaTUCTUYHHUX JIYWIHHHUKIB HEOOXiHO JONaTH MiJICyMKH
eKCIIEPUMEHTY — HOMEp €KCIEPUMEHTY, 4ac 3yCTpiyl, Miclle 3yCTpiul.

OCKUTBKHM QJITOPUTM BUKOPHCTAE BUIAJIKOBI YMCIIA B SIKOCTI BUXIHUX JTaHHX, NpUiIe
3pOOHUTH KiJTbKa EKCIIEPUMEHTIB 1 3HAWTH CepeqHi 3HAYCHHS BUXITHUX BEIHYHWH.
Pesynbrar OHOTO EKCIEPUMEHTY BUIAJIKOBHI 1 Hi NpO MmO He ToBOpHUTh. CepemHe
3HadeHHs Ounbin iHpopmaTtuBHO. llle Oinbin iHpOpMAaTUBHI BiZIOMOCTI MPO MEPIINH i
JIPYTHil MOMEHT - CEPETHhOMY i PO3KH/I1 3HaYE€Hb JIOBKOJIA HBOTO (McTepcii) 1 Tak aali.



IMiTauinHumum KpiTepinHmMm cnocib

Lle#t croci6 — 1m1e oAMH KPOK 0 YCKIIATHEHHS] MOJENl W HaOMMKEeHHIO ii 10 pearbHUX
yMOB. SIKII0 y BCIX MOMEPEaHIX BUIMAKaxX MBUIKICTh J Oyna BiloMa, TO Terep BOHA —
Herepen0ayeHa, HaBiTh CTaTUCTUYHO, IO HaiyacTille i CrocTepiraeThCsi B pealbHUX
ymoBax. IIIBunkicTs V' 00'exTa mpuilMaeTbes 3 NESAKUX TOJATKOBUX Mojenel. [Ipudomy
i Mojeni MOXYTh OyTH 31 3BOPOTHMMHM 3B'si3kamu. Hampuxiiaj, MIBUAKICTH MOXe
3aJIe)KaTH  Bi OOCTAHOBKH, CTYINEHS JOCSTHEHHS METH, TIUIaHy, JOIUIBHOCTI
MOBOJDKEHHS, 3HAHHS MICLIEBOCTI, OakaHHS pyxarucs (mcuxoyoriyHuid MotuB). Taka
MOCTaHOBKA BEJIE /10 a/IaTUBHUX CUCTEM 1 CHCTEM IITYYHOTO 1HTEJIEKTY.

Hampuknaz, sikio o0'exT (MIOXia) Mae MOXJIIMBICTh OTJISTHYTH MICIIEBICTD 13 OTJISIOBOT
BEXi, TO BiH MOKe 3a3/1aJIeTi/Ib MPOpaxyBaTH CBil IIIAX 1 MOTIM BUIUIMBATH Homy. bes
OTJISIIOBOT BEXI1 MMIMIOXIJ MOXE 3aiTH B O€3BHXITHUN TIYXHH KyT a00 HECKIHUEHHO
JIOBTO TIepeOUpaTH BapiaHTH NUIAXY. [ aqanTHBHUX CHCTEM YBOIUTHCS KPUTEPIH st
OIIIHKH MEPCIIEKTUBHOCTI BUOOPY HAMPSMKY PYXY.




OTxe, miai6'eMo MiACYMOK.

Mopenp - cmoci0 3aMilieHHS peasbHOro 00'€KTa, BUKOPUCTOBYBAaHUH JUISL KOTO
JOCII/DKEHHS, KOJIM HATypaJbHUH EKCIIEPUMEHT HEMOXIIMBHM, AOpIr, HeOe3neyHui,
JIOBFOCTPOKOBUH.

[Mpuxmnagu. Ockinbku HOCHiKeHHs Micsis HeGe3MeqHo Il JIOIUHU, JUIS 1€l MEeTH
BUKOPHCTAIOTh MiCALIEXi]] IK MOAEIH TOCIITHUKA; OCKIIBKHM peallbHi EKCTIEPUMEHTH HaT
€KOHOMIKOI0 KpaiHM JOpPOrM IO CBOIX HAacliJKaX, TO BHMKOPUCTAIOTh MaTeMaTH4HI
MOZIeTIi €KOHOMIKHM JUIsi BUBYCHHS HACIHIAKIB KEPYIOUHMX pIillleHb; OCKIJIBKH IPOLEC
00poOKkM MeTaniB BHOYXOM MIBUIKOILTMHHHUM y 4aci, Te Horo BMBYAIOTH HAa MOJAENI B
301IBpIIEHOMY MaciuTadi yacy, a mpouec Kopo3sii - y 3MEHIIEHOMY; aTOM BUBUYAETHCS B
301IBIIEHOMY MaciiTabdi MpOCTOpY, a KOCMOTOHIYHI MPOIECH - Yy 3MEHIICHOMY
MaciTadl MpocTopy; OCKUIBKH MPHU MPOEKTyBaHHI 00'€KTa HOro MonpocTy He ICHYE, TO
JOCIIKeHHS MalOyTHIX BIaCTUBOCTEH 00'€KTa BEETHCS HA MOJETI.



Mopenb Hece CHCTEMOYTBOPIOIOUY M 3MICTOYTBOPIOIOUY pOJIb y HAYKOBOMY ITi3HAHHI.
Ha mopeni BMBYaIOTH HEBIOMI BJIACTUBOCTI IMpeaMeTiB. Mojenb mparHe siKk MO)KHa
OUTBII SICKPaBO BHPA3UTH CTPYKTYpy SBHIIA, HOro TOJIOBHI acmekTu. Mogenb €
KOHILIEHTPOBAaHHUM BHUPAXEHHSIM CYTHOCTI IpeameTra abo Mpolecy, BUAUISIIOUU TIIbKU
HOro OCHOBHI PHUCH.

3HaHHSA - 116 MOJIEJi HABKOJIMIIHBOTO CBiTY, (PUKCOBaHI JIOIUHOIO B 1Oro MO3Ky abo Ha
TEXHIYHUX HOCIAX. MoJesi MaroTh MiABUIICHY HAOYHICTbh, BUIUISIOYH TOJIOBHI aCIIEKTH
CYTHOCTI, 1 aKTHBHO BHKOPUCTAIOTbCA B Mpolecax Mi3HaHHSA W Hap4yaHHA. Jlromuna,
BHUPINTYIOUH, K HOMY HQJIMTH B Tiil a00 1HIIIN cUTYyallli, 3aBX/Id HAMara€TbCs ySIBUTH
co0i HachiAKy pilleHHs, U1 BOTO BiH NPOTpae CHUTYyalilo, Npeactasise Hei coli
HOAYMKH, CTPOSI MOJIeNb Y Tos10Bi. KomIT'roTep € mijcuintoBadyeM iisi BApOOHUIITBA JaHOT
IisUIbHOCTI,  iHCTpyMeHTOM  iH(popmamiiitnoi Texnonorii. Komm'rorepni  moneni
MIPUCKOPIOIOTH TPOLIEC TOCTIKEHHSI, pOOJIATH HOTO OLIBIIE TOYHUM.

AJITOPUTMM - 3HaHHS, 0 BUOYIOBYIOTh JIFOAUHOIO (200, MIUpIIE, PO3YMHOIO ICTOTOO)
y JIQHIIOKOK TakK, MO0 3'€HATH BUXIAHWN CTaH 3 OaXaHHMM, METOI; I OIUH 3
BapiaHTIB sy 3aX0/iB, KPOKIiB, 1[0 TPUBOISATH IO METH.



TakuM 4MHOM, MOJIEIi - 11€ OCHOBA PO3YMHO1 pO3yMOBOI AisIIBHOCTI; MOZIEII BiAIrPatOTh
poib 6a3ucy, a MOJIEIIOBAHHS - POJIb IHCTPYMEHTA JJIsi IPOTHO3YBaHHSL.

[Ipomiec MopenmtoBaHHS CKIAAAEThCA 13 TPHOX CcTamii: Qopmamizamii (mepexim Bifg
peanpHOro 00'€KTa 1O MOJIEINi), MOJEIIOBaHHS (JOCHIKEHHS 1 IIepeTBOPEHHS MOJIei),
iHTepnpeTarlii (mepeKia pe3yabTaTiB MOJICTIOBAaHHS B 00JIACTh PEaIbHOCTI).

Monenb € 3aexHICTh F' MK BXogoM X i1 BuxoaoM Y. Mojenb BiiOMBae 3aKOHOMIPHICTh
Y= F(X). Yacto mozens € 3akoHOM. Mojenb BipHa B paMKaxX MOMYIICHUX MpH ii
noOymoBi rimote3. Tomy Mozeh 0OMekeHa JIeSTKO0 00JIACTIO i aJieKBaTHA B Hil.

HaGip mopeneit yTBOpUTh HayKOBY TUCIHUILIIHY (MexaHika, ¢i3uKa, TipHUYa ClpaBa
i T.71.) Monens Moxke OyTH pO3IIMpeHa HUIIXOM OOJIIKY B Hill TOAATKOBUX MapaMeTpiB.

Toni o6macTs ii 3aCTOCYBaHHS CTa€ IIUPIIIE.

O0'exT MOXke OyTH MPEICTABICHHUN y BUIIISAI aHATITUIHOT 200 iMITaIliiHOT MOJIeTI.



AHaniTUYHE MOAAHHS MiAXOAWUTH JIUIIE A AYKE MPOCTHX 1 CHJIBHO ieaii30BaHMUX
3a7a4 ¥ 00'€KTIB, SIKi, SIK MPABWJIO, MAIOTh Maji0 3arajbHOTO 3 PEAJIbHOI (CKJIAIHOI)
TIHCHICTIO, alleé MalOTh BUCOKY CHUTbHICTh. AHATITHYHI MOJIEINi 3BUYAaHO 3aCTOCOBYIOTh
JUist onucy (yHIAMEHTAJIbHUX BIIACTUBOCTEM 00'€KTIB (TOMY HHMMM TaK IIUPOKO
KOPHUCTYEThCSI TEOpeTHUYHa (i3MKa), TOMy L0 (pyHIAMEHT MPOCTUH MO CBOiM CyTi.
CxutagHi 00'€KTH PIKO BAAETHCS OMMUCATH aHATITUYHO.

ImiTarniitHe MOJETIOBaHHS JIO3BOJISIE€ PO3KIIAAaTH OUIBITY MOJIEIh HA YacTUHI (00'€KTH,
«IIMATOYKM»), IKUMH MOXKHA ONEPYBAaTH OKPEMO, CTBOPIOIOYM IHIIHX, OUIBIIE MPOCTI
a00, HAaBIaKW, OlJbIIe CKIagHI Moaesi. TaKuM YMHOM, iMITalllifHE MOJETIOBAHHS TIXKIE
10 00'€KTO-OpI€EHTOBAHOTO TMOAAHHS, LI0 TNPUPOJHO OMUCYye OO'€KTH, IXHINH CcTaH,
MOBOJDKCHHS, a TAaKOX B3a€MOJIis MK HMMH. IMiTaliiiHy Mojelb MOXKHA IMOCTYIIOBO
YCKJIQJHIOBATH W YCKJIQJHIOBATH; AHANITUYHUN CIOCIO IhOTO HE Jomyckae abo
JIOTIyCKae, ajie 3 OLIBITMMU OOMEKEHHSIMH.

Mognenb Moxe OyTH 3'€lHaHA 3 THIIUMH MOJICIIIMHA. MaTreMaTHYHO 11e O3HAYA€ CIUIBHE
pilieHHs Mojenel (mepeTUHaHHs) 1 HaKIaJeHHS TOTOXKHOCTEW Ha 3B'A3yBaHi 3MiHHI.
[Tpu 3B's3yBaHHI MOzENI YTBOPSTH CHUCTEMY, IO Ma€ TEBHY CTPYKTYpy (BKJaleHY,
napanenbHy, OCTiI0BHY, 3MillIaHy, 31 3BOPOTHUMH 3B'SA3KaMH i T.11.)



Skmo no mnoOymnoBaHOT MOJENI J0JaTW MUTaHHS, TO 3a JIONOMOIOK Hel MOXKHa
BUPIIIUTH 3a/ady, OJEepXKaTu BIAMNOBIb, L0 3a3fajieriib He O4YeBUAHMNA. K0
BIJIMOBI/Ib 3a371aJIEeT1/[b OYEBHUJIHA, TO MOJENb HE OyayloTh. 3BUYAWHO Ta cama MOJEINb
TOAUTHCA Ui PIIIEHHS MHOXHUHHM 3a1a4. Bupinryroun 3anaudi, JiroquHa 3BUYaiHO Oynye
MoOJIesIi y CBOi rojoBi i MOXKBaBIIOE (IHTEPIIPETYE) iX TaM ke ado Ha ITYYHOMY HOCIT
(y cepenoBHILI MOICITIOBaHHS).

[ToBTOpUMO:

MOJIEJTb + MATAHHS + JI0aTKOBI YMOBH = 3a]1a4a.
Y BUDIAIl yMOB MOXYTh OyTH Oyab-sKi JOAATKOBI BHPAXEHHS: PIBHOCTI,
NPUCBOIOBAHHS MOYATKOBUX TaHMX, HEPIBHOCTI, METH, (PyHKIIOHAIN H T.X., IO MAIOTh
3MICT OOMEXEHb, YMOB, JIOAATKOBUX 3B'SI3KIB.

VY BUIISAAI MUTAaHHS MOXE CITY’)KUTH OfiHA (200 TPOXH) 3 HEBIIOMHX 3MIHHHUX.

3asaua JOBU3HAYA€E BUIbHI 3MIHHI MOJIENI, 3BY)KY€E 00JIaCTh MOXKIIUBUX PIIIEHb.



3angaui, po3B's3yBaHI Ha MoJeNi, AUIATbCA Ha mpsmi i 3BopotHi. Ilpsmi 3amaui mo
3alaHoMy X 3HaXOJATh ! IUISXOM MiJACTaHOBKU X y piBHSAHHSA Y = F(X). 3BU4aiiHO Taki
3aa4yl Ha3WBAaIOTh 33/la4aMU aHalli3y. 3BOPOTHI 3ajayl Mo 3aJaHoMy ! 3HaXosaTh X
[IUISIXOM 3HAXOJDKEHHS 3BOPOTHOI (PyHKIIT F '{ migcranoskn X = F~ L(Y). 3Buuaitno ix
HA3MBAIOTH 3aJa4aMH CHHTE3y. SIKIIO 3HAHTH 3BOpOTHY (YHKIiO F~ | y SBHOMY BHI
Ba)XKO, TO CTAHOBJISITh OOUMCITIOBAIIBHI CXEMH Il YMCEIbHOTO BU3HaYeHHs X. Yacto 110
IIbOTO BHJIY MPUBOJSATHCS 3a/1aui KepyBaHHS 00'€KTaMHu.

Ille omniero crienudivHOO 3a1a49€r0 € 3HAXOKEHHS 1Mo 3aAaHuM X ¥ Y 3amexHocTi F
a6o ii koedimienti. e 3amaua moOya0BY (200 HACTPOIOBAHHS) MOAEIII.



Ponb mogeni

[ToGynyBaBIIM MOJEIB, TOCIITHUK MOXE:

* MPOTHO3YBATH BIACTHBOCTI i MOBOJKEHHS 00'€KTa SIK ycepeauHi 00nacTi, y sKii
nmoOyaoBaHa MOJIEIb, TaK i (MMpU OOTPYHTOBAHOMY 3aCTOCYBaHHI) 3a 1l MeXaMu
(mporHo3yr04a poib MOJIEII);

* YyHpaBisITH 00'€KTOM, B1I0Mpar0Yl HalKpalll BIUIMBY HUIIXOM BUIIPOOYBaHHS iX
Ha MoJielli (Kepyroda poJib);

* Ti3HaBaTH siBUIIE a00 00'€KT, MOJIEIb SKOTO BiH MMOOynyBaB (Mi3HaBaIbHA POJIH
Mozedi);

* O/IEp)KYBAaTH HaBUYKH 110 KEPYBAHHIO 00'€KTOM IILISIXOM BUKOPUCTAHHS MOAET1
AK TpeHakepa a0o rpu (HaB4ajbHa pOJib);

* MOJIMIITYBaTH 00'€KT, 3MIHIOIOYH MOJIEIb 1 BUIIPOOOBYIOUH ii (ITPOEKTHA POJIb).



ApekBaTHIiCcTb mopgeni

OCKUTbKM MOJIENh € BHPAXKEHHSIM KIHLEBOTO pSAAY W TUIPKM HaWBXKIUBIIINX IS
KOHKPETHOTO JIOCIHIJ)KEHHS acCIleKTIB CYTHOCTI, TO BOHa HE MO)K€ OyTH aOCOIIOTHO
imenTraHOi MozenboBaHOMY 00'exTy. Kpim 1poro, peanbHuii 00'€eKT HECKIHUCHHUN /IS
ni3HaHHA. ToMy Hema parlii mparHyTy 10 HECKIHYEHHOI TOYHOCTI TPy T00YyI0B1 MOJIEi.
Jlist 3'sicyBaHHST HEOOXITHOTO CTYIICHS aJICKBAaTHOCTI 3BHYAHO OYyIyIOTh psifi MOJAETCH,
MMOYMHAIOYN 13 TPYOMX, MPOCTUX MOZCICH 1 pyXaloducCh 10 yce OLIbIINe CKIATHUM 1
TOYHHUM. SIK TiTbKM BUTPATH HA TOOYIOBY Y€ProBOi MOJEINI MOYMHAOTH MEPEBUIIYBATH
IJIAaHOBAaHY BiJIIady BiJ MOJEN, TO YTOYHEHHS MOJE/i MPUIUHSIOTEH. [lepBicHI Kpoku
BUPOOJISIOTECA B SIKOMY-HEOy/b ICHYIOUOMY YHIBEPCAJIBbHOMY MOJETIOIOUYOMY MAaKeTi.
[Ticnst cxBajieHHS MOJENI MM Hei MUIIEThCS CreliagizoBanuii maker. HeoOxiqHICTh y
IbOMY BHHHMKA€ Yy BUNAJKY, SKIIO (YHKIIOHYBaHHS MOZETI B YHIBEpCaJIbHOMY
CepEIOBHIII MOJICITIOBAaHHS HE 33JI0BOJILHSIE BUMOTaM IIBUIKOIIT (200 SKUMCH 1HIITUM ).

VY 3ajgayi maHOTO KypCy BXOAUTH BHBUEHHS MPUHOMIB 1 CrOCO0iB, HEOOXITHUX IUIs
dopmanizaliii, BABUEHHS 1 IHTEpIpeTaLlii CUCTEM.



MogentoBaHHs - PUKIAIHA 1H)KEHEpPHA HayKa KJIacy TEXHOJOTIYHUX. MOJentoBaHHS -
JTUCLHMILIIHA, MO0 CTaBUTh METOK MOOyAoBa MoJeled ¥ IXHE IOCTIIHKCHHS 3a
JOTIOMOTOI0  BIACHUX YHIBEpCATbHUX METOMAIB, a TaKoX CHenu(piyHUX METO/iB
CYMDKHHX 3 HEIO HayK (MaTeMaTHKa, J0CIHKSHHS oTepalliid, mporpaMmyBaHHS).
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