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KOHCVJIbTAIN BUKJIAAAUYiB VHIBEPCUTETY 32 JONOMOI'OK T€HETUYHOTO AJITOPUTMY
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3. Buximai gani go po6ortu._IlHdopmaris mpo MOBY NporpamMyBaHHS HalHMCaHHS

OporpaMHoOro ImpoAvYKTY. IHCTDVKHiH 10 JOCTYIMTHUM OHeDaHiﬁHHM CHUCTCMaM, Ha JKHUX

MOXHAa BUKOPHUCTATH HDOFDaMHI/Iﬁ IIPOAVYKT

4. 3MICT MOSICHIOBAJIBHOT 3AIIUCKU:

1) Orusir npeaMeTHoi 001acTi;

2) 'eHEeTUUHUI AJITOPUTM:

3) HDOGKTVB&HH}I IPOrpaMHOro MOoAyJjisa
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1) I'padiunauii inTEpdEc TPOrPaAMHOTO MOJIYIIIO
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HaJTI3 JITepaTypH 14.10.2020
: 14.10.2020 —
3 |OOrpyHTYyBaHHS BUOOPY pILICHHS 98.10.2020
4 Ananiz  icHyrounx  MeroaiB  BupimenHs| 28.10.2020 —
3aBJIaHHS 14.11.2020
5 o . : 15.11.2020 —
00yZ10Ba MOJIeJieil OCHOBHUX IPOIIECIB 90.11.2020
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Kopuan 1.O.

(Tianuc BUITyCKHUKA)

(ILLB.)




PE®EPAT

[losicHiOBasibHA ~ 3amucka 70 JOUIUIOMHOI  poOotn  «IIporpamuuii  Momynb
dbopmyBaHHa Tpadiky KOHCYIbTAIlld BUKJIAJAdiB YHIBEPCUTETY 3a JOMOMOTOIO
reHeTuyHoro airoputMmy»: 91 cropinka, 31 pucyHok, 2 Ttabmuui, 25 JITEpaTypHUX
mxepen, 1 monatok.

AJI'OPUTM, T'EHETUYHUI AJITOPUTM, ABTOMATU3AILLA,
ITPOI'PAMHMUIA, TIPOJIYKT, PYTHON, I'PA®IK, JIOCJIJ>KEHHS.

OO0’ €eKT TOCHIIKEHHS — MOJIEIb CKIIaJJaHHs IrpadiKy KOHCYJbTallli y BY3l.

[Ipenmer nocaiIKeHHsS — IPOrpaMHUM MOyNib (OpMYBaHHS TpadiKy KOHCYJIbTaIlli
3a JIONOMOI'0I0 TEHETUYHOTO AJITOPUTMY .

Merta qUIUIOMHOTO MPOEKTY — MpoaHaIi3yBaTH Cy4yaCHUN PiBEHb PO3BUTKY Mojieei
CKJIaAaHHs rpadiky KOHCYIbTAII B By3aX, PO3IISAHYTH ICHYIOUl METOIM BUPIIICHHS 3a]1a4
oOparu Ta OOIpyHTYBaTu BUOIp METOMY, PO3POOUTH aJIrOpUTM Ta MPOTPAMHUNA MOAYIb JJIs
CKJIa/laHHs rpadiky KOHCYJbTAIlil, U0 103BOJIUTh CKOPOTUTH Yac, SIKUH BUTPAadaeThCs Ha

CKIIaJaHHA PO3KJIaAy Ta I'[iI[BI/IHlI/ITI/I SIKICTB OACPIKYBAHOT'O PO3KJIIAAY.

Metonu AOCHIKEHHS — BUBYEHHS MPUHIUIIB POOOTH T'€HETHUYHOTO aJrOpPUTMY,
BUKOPHUCTAHHS 00’ €KTHO-OPIEHTOBAHOT'O IIPOTpaMyBaHHsS IPH PO3POOIN JOJATKY JJIS
cucreMu B cepemoBuini nporpamysanas Microsoft Visual Studio Code 3a momomororo
MOBH IIporpamyBanus Python.

[IporHo3Hi mpUITYIIEHHS MIOAO0 PO3BUTKY 00’€KTa IOCHIDKCHHS — PO3IIUPEHHS
MOXKJIMBOCTEH CHUCTEMHU MUIIXOM PO3POOKH JOMATKOBUX MOMYIIB JUIsi MaciiTaOyBaHHS
J0/IaTKy Ta 3a0e3medeHHs] MOMIJIMBOCTI BKa3yBaTH JOJIATKOBI KpUTEpii I CKIagaHHS
rpadiky, a TaKoX JoAaHHs 0a3u JaHUX JJI 30epiraHHs JaHUX.

VY pe3ynbTaTi BUKOHAHHS JAUIUIOMHOT poOoTH OyB MPOBENCHMI aHAI3 Cy4aCHOTO
PIBHS PO3BUTKY MOJEINCH CKIaaaHHs Tpadiky KOHCYIbTAIliH, MITBEPIKEHO aKTyalbHICTh
JaHOI TeMH Ta TMPUWHATO PIMICHHS TPO CTBOPEHHS aBTOMATH30BaHOI CHUCTEeMH. byB
CKIQJCHUN CIUCOK BHMOT JO PO3POOIIOBAHOTO MPOrPAMHOTO MOJYJIsS, BHBUYEHA

npeaMeTHa o0JacTb, 00paHo 1 MPOAHANII30BAHO AJITOPUTM, pealli3oBaHUl B cucteMi. byno



chopMyIbOBaHO 3ajayy ontuMizauii rpagiky B paMKax TFeHETHYHUX anroputMmiB. Ha
OCHOBI 1Ii€i 3aaadi OyJI0 peani3oBaHO MPOTrpaMHUN NPOAYKT Ha MOBI HpPOrpaMyBaHHS
Python. PesynbraTtom poOOoTH € CTBOpeHAa aBTOMAaTH30BaHA CHCTEMa, IO 3aCTOCOBYETHCS
Uil reHepailii rpadiky KOHCYNbTallld, BUKOPUCTAHHS SKOTO 3HAYHO 3HUXKYE YacCOBI
BUTpATH.

Martepianu AUIUIOMHOT pOOOTH PEKOMEHAYETHCS BUKOPUCTOBYBATH Y HaBYAJIBHHUX

UJTSX.
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INEPEJIIK YMOBHUX ITO3HAYEHDb TA CKOPOYEHb

I'4

len

Xpomocoma

Honynayia
Cxpewyeanns

Cenekyis

Mymayis

Dimuec-pyHryis

Xopcmii obmedicenns

— 2eHemuUYHUI an20pumm — Mpoleaypa MOLYKY, 1110 BITHOCUTHCSA

70 CBOJIIOIIMHUX aJITOPUTMIB, SKa BHKOPHUCTOBYETHCS IS
BUPIIICHHS 33Ja4 ONTHMI3allil 1 MOJEIIOBaHHS, 3aCHOBaHA Ha
MEXaHi3Max MPUPOJHOTO BiAOOPY 1 CHAgKOEMCTBA. Y HHUX
BUKOPUCTOBYETHCS  CBOJIIOMINHUN  TPUHIUI  BIDKWBAHHS
HAWOUIBII MPUCTOCOBAHUX OCOOUH (B1AOIp, KOMOIHYBaHHS 1
Bapialii myKaHUX MapaMeTpiB 3 BUKOPUCTAHHIM MEXaHI3MIB,
110 HArajayloTh O10JOTIYHY EBOJIIOLIIO).

gnacmugicms, 3HAK, OemeKkmop — AaTOMapHUN eJIeMEHT
TCHOTHITY, 30KpeMa, XpPOMOCOMH.

CTPYKTYpPHHM  €JIEeMEHT  KJIITHHHOTO  sjipa  OlOJIOTTYHUX
OpraHi3MiB, SIKUW € HOCIEM I'€HIB Y KJIITUHHOMY SIIp1 OCOOMHHU.
11e KIHI[eBa MHOKMHA OCOOUH, 110 CXPEIIYIOThCSI MIX COOO0¥O.
TeHEeTHUYHUN oIepaTop, 10 BIAMNOBIAAE 3a Mepeaady O3HaK Bijl
0aThKIB 10 HOTOMKIB.

noyisirae 'y BHOOpi (MO po3paxoBaHUM 3HAYEHHSAM (PYHKIIIT
IPUCTOCOBAHOCTI) THX XPOMOCOM, SKi OpaTUMyTh y4acThb y
CTBOPCHHI HAIAJKIB i1 HACTYIHOI MOMYJISIii, TOOTO s
YeproBoro MOKONiHHA. Takuii BUOIpP 3MIMCHIOETHCS 3TITHO 3
IPUHITAIIOM TMPUPOJHOTO JT000pYy, 32 SKUM HAMOUIBIII IIAHCH
Ha y4acTh y CTBOPEHHI HOBUX OCOOWH MalOTh XPOMOCOMH 3
HANUOUTBIIMMU 3HAYCHHSIMH (YHKITI1 TPHUCTOCOBAHOCTI.
TCHETUYHUHN OIepaTop, 110 BIMOBITA€E 32 3MiHY T€HIB OCOOMHH
B JOMYCTUMUX 3HAYCHHSX IS TOKpAIEHHS HOTO IITbOBOT
byHKII.

(GYHKITIS OIIHKA TEHETHYHOTO aJTOPUTMY, 110 BH3HAYAE MIpPY

IPUCTOCOBAHOCTI OTPUMAHOTO PIllICHHS.

— O0OMEXEHHS, K1 MOBUHHI HEOAMIHHO 3aJ0BOJIBHITHCS, TaKl SIK1
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($13M4HO HE MOXKYTh OyTH MOPYILIEHI.
M’sixi obmedrcenns — OOMEXEHHs, fKI MO)XXHa MOpYIIyBaTH, aje Le MOPYLICHHS
MOBMHHO OyTH 3BeleHE 10 MiHIMyMy. IXHe BHKOHAaHHA He €

TaKUM ke 000B’SI3KOBUM, SIK KOPCTKUX.

MOI'A — MynbTHOO’ €EKTHUYN T€HETUUHUN aITOPUTM



BCTVII

CknananHa rpadiky 3aHiITh € OJHUM 13 BaXKJIMBHX 3aBAaHb, 0 BUPILIYIOTHCS MpPU
IJIaHYBaHHI1 HABYAJIBHOTO Mpolecy. B nmepury yepry, e nos'sizaHo 3 TuM, 1o 6e3 rpadiky
3aHATh HEMOXUIMBE (YHKIIOHYBaHHS OyIb-SKOTO HABUYAJIbHOIO 3akKiany. [HIIMMU
cioBamu, rpadik HaBYaIBHUX 3aHATH Mae OyTH CKiIaZeHOo cBoedacHO. KpiMm Toro, po3kian
MOBUHEH OyTH "AKICHO" CKJIaJIeHUM, TOOTO BIANOBINATH psAly BUMOT 1 KpuTepiiB. B sikocTi
TaKUX KPUTEPIiB MOXKYTh BUCTYNATH TaKi, U0 BIAOOPaKatOTh EKOHOMIYHY €(QEKTUBHICTh
BUKOPHUCTAHHS HAsIBHUX PECYPCiB OCBITHBOI CUCTEMH, KOM(DOPTHICTH HABYAHHSI CTY/ICHTIB,
OOMEKEeHHS 32 YaCOM HaBYaHHS 1 T.1.

VY paMkax yHiBepcUTETY rpadik KOHCYIbTAIliil TAKOXK € KpUTUIHUM. J{71s1 BUKIamaya
MOJKE€ CTaTH MPOOJIEMOIO MUTAHHS TOETHAHHS PO3KJIay HaBUAIBHHUX 3aHATH i3 Tpadikom
JOJATKOBUX KOHCynbTalid. Jlo TOro i, HEOOXigTHO BpaxOBYBAaTH HABaHTAKCHHS Ha
BUKJIaJjaya Ta cTyAeHTiB. Tomy, y naHiii poOOTI CTBOPEHO CHUCTEMY, fKa JIOMIOMOKE
NPOBOJIUTH KOHCYJbTAIlil y dYac, BUIbHUH BiJ 3aHATH 3a aBTOMATUYHO C(OPMOBAHHM
rpadikoM.

Po3BUTOK [OCHIIKEHb, CHPSMOBAaHUX Ha BHPINIEHHS 3aBJaHHS CKJIQJIaHHS
pO3KJIaay, MOXKHAa po30uTH Ha nBa eranu. [lepmumii etanm mae modarok B 80-1 poku 1
3aKiHYyeThcsad B cepenuHi 90-x. V 1meil mepiog macmTabHO 3aCTOCOBYIOTHCS KJIACHYHI
METOJIM BUPIIICHHS 3aBJaHb [IIOYMUCEIHLHOTO MPOTpaMyBaHHs: METOJ IOBHOTO mepedopy,
METOJ pO3MaIbOBKH Irpada, METOJI TJIOK Ta MEX.

Meronu, 1o BUKOPUCTOBYIOTHCS y ILHMX pPO3POOKaxX, MalTh BUCOKY CTYIiHb
dopmamizamii SK caMOro 3aBJaHHS, TaK 1 alTOPUTMIB, IO BUKOPUCTOBYIOTHCS.
3acTocyBaHHS KJIACMYHHUX METOMIB B OCBITHIX CHCTeMaX HaBYaHHS CTa€ Manoe()EeKTUBHUM
3 OISy Ha BEJIHUKY PO3MIPHICTH 3ajadl 1 3HAYHMX 4YacoBUX BUTpaT. lle mpusBeno 10
MOSIBH METOJIIB, IO OJICP)KaJId Ha3BYy IHTEIICKTyalIbHUX, 1 IIe OYB ITOYATOK JPYTrOro eTairy.
B ocCHOBI mMX METOMIB JIGKUTh BHUKOPUCTAHHSA PI3HUX EBPUCTHK 1 EBPUCTHYHHUX
anropuTMiB. PimeHHs 3a7adi ckiIaJaHHS PO3KIaLy 3 JOMOMOIOI0 €BPUCTUK HE FapaHTye

3HaXO>KCHHA r100aJIbHOTO OIITUMYMY.
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Icaye psin poOiT, sIKi BUKOPUCTOBYIOTH JJI aBTOMATHU3Aallll CKJIAJaHHS PO3KIaTy
MaTeMaTUYHUI amapaT HediTkoi Joriku. HediTka jorika J03BOJISi€ MOMITHO CHPOCTUTHU
dbopmainizaliro BUMOT, ajieé 4acTO MNPU3BOJUTH 10 MOOYAOBU pO3KIAdy, IO Ma€ HE
HaMKpalll XapaKTepUCTUKH B PE3yJbTaTi MEPexXoay BiA "KOPCTKUX'" BUMOI J0 OUIbII
"M'stkux".

B nanumii wac s pimeHHS 3a1a4i CKIaAaHHS PO3KIATy 3aCTOCOBYETHCS IIE OJUH
HOBUHM NIAX11 — HEWpoHHI Mepexi. HalBaXIMBIIMM HEIONIKOM 3aCTOCYBaHHS LIbOT'O
HiIXO/Y € CKIAAHICTh BUOOPY MOYATKOBOI'O CTaHy HEMPOHHOT MEPEXKI.

B ocranHi poku 0COOJMBOrO TOIMMPEHHS HAOYJIU JOCHIIKEHHS METOJIB
€BOJTIOIIHOTO TMOIIYKY. 3aCTOCYBaHHS METOJIIB €BOJIIOIINHOTO TOIIYKY MPU3BOIUTH 10
OTPUMAaHHS XOPOIIMX pe3yNbTaTiB, OJHAK MAa€ MICIE BHCOKa OOYMCITIOBAJIbHA
TPYIOMICTKICTh 1 BiJHOCHa Hee(EKTUBHICTh Ha 3aKIIOYHUX eTamax eBojtouii. OIHUM 3
TaKUX METOJIB € TEHETHYHUH aJropuTM, SIKHA J00pe MiIXOAWTh I CKJIaJaHHS
PI3HOMAaHITHUX PO3KJIAJIIB.

B naniit poOOTI MpOBOAUTHCS JOCHIKEHHS, CIIPIMOBAHE HA PO3B’SI3aHHS 3aBIaHHS
CkiIafaHHs Tpadiky KOHCYNbTalllii BHUKJIAAa4iB 3 BUKOPUCTAHHSIM TE€HETHYHOTO
ANTOPUTMY.

['eneTnuHi anropuT™Mu — 1€ Ay>K€ MOMYJISpHI B JaHHUM 4yac CrocoOu po3B’si3aHHA
3a/1a9 onTuMizallii. Y iXHi1i OCHOBI JIS)KUTh BUKOPUCTAHHS €BOJIOMINHUX MPUHIUITIB IS
MOIIYKY ONTHUMAJILHOTO PO3B’SI3aHHs. YK€ cama iiesl BUTIIAA€ JOCUTh IHTPUTYIOUOIO 1
I[IKaBOIO, MO0 TEPETBOPUTH ii B KUTTSA, a UYWCICHHI IMO3UTHUBHI PE3yJIbTaTH TiJIbKH
PO3MAIIIOIOTh IHTEpPEC 3 OOKY JTOCIITHUKIB.

MeTtoro nUIIIOMHOT POOOTHM € aBTOMAaTH3allis, CHPOIICHHS Ta MPHUIIBUIIICHHS
pobotn  kadenapu  (KOMITIOTEPH30BAaHMX CHCTEM  YIpAaBIiHHA) Ta  po3poOKka
aBTOMATU30BaHOI CUCTEMHU CKIIaJaHHs TpadiKy KOHCYIbTaIliid, 10 J03BOJIIE CKOPOTUTU
yac, 110 BUTPAYAETHhCS HA CKIAJAHHSA PO3KIALy, 1 MIABUIIUTH SKICTh OJEP>KYBaHOTO
po3KiIany.

JIns fOoCSATHEHHS Tl HEOOX1THO BUPIIIIUTH TaKi 3aBJIaHHS

— IlpoananizyBatn iHpOpMaIiifHI TEXHOJOTii Ta MporpamMHi 3aco0u, IO

BUKOPHUCTOBYIOTHCS B c(pepi OCBITH;
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— Jlocainutu 0co0IMBOCTI BUKOPUCTAHHS T€HETUYHOIO alrOPUTMY IPHU BUPIIIEHHI

3a/1a4y cKJIagaHHs rpadikis;

— Po3pobutu Mozens ckiagaHHs rpadiky KOHCYJIbTalld y By3i;

— Po3pobutu mporpaMHuii MOAYTh HAa OCHOBI TE€HETHYHOTO AITOPUTMY, SIKUN

3MIACHIOE MOUTYK ONTUMAJILHOTO BaplaHTYy.

OO0’ €eKT TOCHIIKEHHS — MOJIEIb CKIIaJJaHHs TpadiKy KOHCYJIbTallN y BY3I.

[Ipenmer nocaiIKeHHS — IPOrpaMHUM MOyJib (OpMYBaHHS TpadiKy KOHCYJIbTAIlli
3a JOTIOMOTOF0 T€HETHYHOTO alITOPUTMY.

[lpy  BupimIeHHI  TOCTaBJICHWX  3aBJaHb  BHKOPUCTOBYBAJHCS  METOJAH
MaTeMAaTUYHOTO MOJICTIOBAHHS, METOAM 1 AJITOPUTMHU EBOJIOIIHHOTO MOJCIIOBAHHS,
METOM CTPYKTYPHOTO MOJIEIIOBAHHS, METOJN 00'€KTHO-OPIEHTOBAHOTO MPOTPAMYBaHHS 1
00'€KTHO-OPIEHTOBAHOTO MPOEKTYBAHHS.

Y pobGoti mpoBeneHa (opmanizailis OpraHizallifHUX KOMIIOHEHTIB HaBYAJIbHOTO
IpoLeCcy, TAKUX AK: CKJIaJaHHs rpadiky 1 moOya0Ba CTpYKTYpHUX Mojienelt cuctemMu. Kpim
TOT0, JOCIIIKEHO 1CTOPIIO MOSIBH, OCHOBHI TIEpEeBaru 1 HeAOJIIKU T€HETUYHUX aITOPUTMIB,
10 BUKOPUCTOBYIOTHCS JUIsl BUPIIICHHS PI3HOMAHITHUX 3a/1a4.

[IpakTr4Ha IIHHICTE POOOTH TOJISITAE B MOMIIMBOCTI BUKOPHUCTAHHS PO3POOJICHOTO
IPOrpaMHOTO 3a0e3neUeHHs 71l MPUUHSTTS PIlieHb MpU 00Y10B1 rpadiky KOHCYIbTaIii

BUKJIQ/Ia4viB 1 HOTO 3aCTOCYBaHHS Il OTPUMaHHS PO3KIaAy y By3i.
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PO3JILI 1
OTJISIT TIPEJIMETHOT OBJIACTI

1.1 . [ndopmariitai TexHosorii B cepi ocBITH

[npopmaruzamis chepu OCBITM — OAMH 13 NPIOPUTETHUX HAMPSIMKIB MPOLECY
pPO3BUTKY cycmiibcTBa. [ligBuieHHs €()EeKTUBHOCTI HAaBYAJIBHOTO IMPOLIECY HEMOKIUBO
JOCATTH 03 BUKOPUCTaHHS aBTOMATH30BAHMX POOOYMX MICIb Ui BUPIMICHHS 3aBIaHb,
mo BuHuKaTh Yy BH3. Jlo Takux 3aBaaHb BiTHOCATHCS OOJIIK MEPCOHATY, MaTepialbHO-
TEXHIYHUX  PECypciB,  YOpPABIIHHS  JIOKYMEHTALI€l0, PO3MOJLT  BUKIAJAIbKOIO
HaBaHTOXEHHSA 1 T.4. OcoOJMBO Cii BII3HAYUTH BaXXJIUBICTh MPOOJIEMH CTBOPCHHS
iHopMmarliiiHoro 3abe3neyueHHs s OpraHi3aliifHUX MPOLECiB HaBYAJIbHUX 3aKJIAJIB, BiJ
SKOTO TIEBHOIO MIpOI0 3aJIEKUTh €(PEKTUBHICTh BUKOPHCTAHHS HAyKOBO-TIEIArOTi9YHOTO
noTeHIiary. Y 1el HampsiM BKITIOYCHI 3aBJaHHS NMPHU3HAYEHHS 1 PO3MOALTY HaBYaJIHLHOTO
HaBaHTaXXEHHSI CTYACHTIB 1 BUKJIAJadiB — CKIaJaHHS po3kiady 3aHsaTh. Llg ckmamoa
HaBYAJIBHOTO TMPOIECY pEriiaMeHTye TPYIOBUH pUTM 1 BIUIMBAE Ha TBOPUY BiJjady
BUKJIQJIa4iB 1 CTYIEHTIB, TOMY 1i MOXHa po3rjsgaTd Sk (akrtop onTuMizamii
BUKOPUCTAHHS OOMEXEHUX TPYIOBHX pecypciB. TeXHOIOTiI0 ) pO3pOOKH PO3KIIALY CIIif
CIpUiMaTH HE TUTBKH SK TPYIOMICTKHH TEXHIYHHM IMpolec ado 00'€eKT aBTOMaTH3allii 3
BukopuctanHsiM EOM, ane 1 Sk mpolec ONTUMAJIBHOTO YIpPaBIiHHA. TakuM YHHOM,
3aB/JIaHHS OTPUMAaHHS ONTUMAJIBHUX PO3KJIAAIB 3aHATHh MAIOTh OYEBUAHHUI COLIATbHUN 1

€KOHOMIUYHHH €(eKT.

1.2. AxTyanapHICTh TaHOT TEMHU

bakxaHHsS KOHTPOJIOBATH Ti UM 1HII ACTIEKTH CBOTO XHUTTS € OJHUM 3 (pakTopiB, sKi
Oe3rmocepeITHbO BIUIMBAIOTh Ha 3aJI0BOJICHHS 0a30BHX TNOTpeO JIOAWHHU. 3BiACH #je
MOCTIHE MparHeHHs JI0 Mi3HaHHS, CUCTeMaTu3aIlii Ta kiacudikarrii.

[omgHs MrOAMHA CTUKAETHCS 3 HEOOXITHICTIO IUIAaHYBaHHS CBOTO aHSA. [Ipmkmamom

MOXE CIYXUTU SK BUKOHAHHS 0a30BUX TMOBCSKICHHUX CIlpaB (MPpUHOMU 1K1, COH,
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JOTPUMAHHS TITI€EHU), TAK 1 SKUXOCh OUIbII KOMIUIEKCHUX. [Imanyroun yeproBuii 1eHb, MU
CKJIaJIa€EMO SIKUICh PO3KJIAJ, /1€ BPaXOBYEMO TPUBAIICTH TI€T YW 1HIIOL Jii, BaXKJIUBICTh 1
pa3oM 3 TUM — TIOPSAIOK iX BUKOHAHHS.

Po3knaau cynmpoBOIKYIOTh HAc BCIOJM: PO3KJIAJl KIHOCEAHCIB, MOI3/iB, aBiapeiciB,
3aHATh B IIKOJII @00 Ha Kypcax, Telenporpama, ToJuHu npuiomy Jikapis 1 Tak gaii. [Ipu
CKJIaJIaHH1 CIHCKY CIIPaB MM OPIEHTYEMOCSI Ha HEOOXIIHICTh KOXKHOTO 3 HOTO €JIEMEHTIB,
31CTaBJIIEMO THUMYACOBI PaMKH, IPYHTYIOUMCh Ha OOMEXEHHsS pO3KJIaJiB poOoTH abdo
HaJIaHHS MOCTYT HIIUMHU JIFOAbMU 200 KOMMaHISIMH.

Hanpukman, sxmo ocrtaHHid moi3a goxoMy ime 3 Bamoi cradmii B 0:10, To
HEOOX1IHO CKJIACTH CBIM IJIaH 1 MAapUIpyT Tak, 00 OOOB'I3KOBO BCTUTHYTH HAa HBOTO
(6axxaHO 3aBYACHO, BPAaXOBYIOUM MOXJIMBICTH MOSBU HENepea0adyeHuX OOCTaBHH), a OCh
NPOYMTATH KiTbKa TJIaB YJIFOOJICHOT KHUTH MOYKHA BXKE CHJSIYU B I[bOMY TOI3/i, TOMY IO
OUTBIIT BAXJIMBOIO METOIO € TIPUI3[ JJOJOMY.

SIKI0 3 MIaHyBaHHSIM CBOTO JIHS JIFOJMHA CIIPABISETHCS MaikKe IHTYITUBHO, TO IO
pOOHTH 31 CKJIIQJIHUM, IO BKJIIOYa€e B ceOe 0e3i1iu eIeMEHTIB 1 0OMEKEeHb PO3KJIaJ0M THX
KE caMuxX aBiapeiiciB a0o 3aHsATh B IIKOMI? SIK TpPaBUIBHO PO3CTaBUTU EJIEMEHTH,
3a37aJeriib yCyBalouUd MOXKIIMBI MallOyTH1 HecyTTeBI abo karacTpodiuHi nmpodiaemu? Sk
IPU [IOMY 3pOOUTH PIIICHHS MaKCUMAaJIbHO BHUT1IHUM 1 TaKUM, IO BJIAIITOBYE BCiX THX,
XTO 3aiTHUM B JTaHOMY PO3KiIami?

VY Takux CKIagHUX TpoOJiemax, SK IUTaHyBaHHS, HEMa€ OJHOr0 HaWKpalioro
croco0y MIMTH OCTAaTOYHOI BIATIOBIAI, TOMY JOBOJMTBCS BIABATHUCS JIO 1i IOIIYKY,
HAMaral4uch 3HAWTH «XOPOIIYy» BIANOBiAb. [l po3B’s3aHHA 3aaadi IJIaHYBaHHS
HaWJacTillie BUKOPUCTOBYIOTh E€BPUCTUYHI QITOPUTMH [IJISi TIONIYKY ONTHMAIBLHOTO
pimieHHs. EBpUCTUYHI METOAM MOIIYKY CTAIOTh BCE MEHII MPUJATHUMU, OCKUTBKU BX1ITHI
JaHl CTalOTh OUIBII CKIAQAHUMU Ta pizHOMaHITHUMHU. lle Tum mpolOiem BigOMUNA B
iHbopmatumi sk NP-nioBHI 3a1a4i. Lle o3Havae, mo He iCHY€E BIIOMUX alTOPUTMIB TIOIIYKY
ONTUMAJIEHOTO PIIICHHS 32 TOJIIHOMIaIBFHUHN Yac.

'enetnuHi anroputMu A00pe MIAXOASATH JJIsl BUPIMICHHS 3aBlIaHb BUPOOHUYOTO
TJIaHYBaHHSI, OCKUTHKY Ha BIIMIHY BiJl €BpPUCTUYHUX METO/IIB TEHETUYH] aITOPUTMH TIFOTh

Ha CYKYNHICTh pIIIEHb, @ HE HAa OJHE pIMEHHS. Y BHUPOOHMYOMY IUTAaHYBaHHI LA
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CYKYIHICTh PIIIEHb CKJIAJIAEThCS 3 0araThOX BIAMOBIAEH, SIKI MOXKYTh MaTd Pi3Hi, 1HOI
cynepewinBl uuil. Hampuknan, B OJHOMY pIlIEHHI MH MOXEMO OINTHUMI3yBaTH
BUpPOOHHUYMI Tpouec, IKUd OyJe 3aBepUICHO 3a MiHIMaJbHUN MPOMDKOK Yacy. B iHmomy
pIIIEHHI MU MOXEMO ONTHUMI3yBaTH JUIsl MIHIMaJdbHOI KiIbKOCT1 nedekTiB. [linBuiryroun
IIBUAKICTD, 3 SIKOIO MM BHUPOOJISEMO, MU MOXKEMO 3ITKHYTHUCS 31 30UIbIIEHHSIM JIe(EeKTIB
HAIIIOTO KiHIIEBOTO MPOAYKTY.

30UIbIIYIOUYA KUIBKICTh IIIJIEH, SIKUX MH HaMaraeMoch JOCSTTH, MU TaKOX
30UTBIIYEMO KUIBKICTh OOMEXEHb Ha MpoOJieMy 1 aHaJOTiyHO 30UTBIIYEMO CKIAIAHICTb.
['eHeTHuH1 anrOpUTMU 1J1€aJTbHO MIAXOAATH JUIsl TAKUX THUIIIB 3a]ady, A€ MPOCTIP MOUIYKY
BEJIMKUH, a KUTbKICTh MOXKJIUBHUX PIIIIEHb HEBEJIUKA.

['oBopsiuM Tpo pO3KIJIa] HaBUAIBHHX 3aHATh, BApPTO MaM'ATaTH, L0 MPAaBUIBHO
CKJIaICHUH PO3KIIaJ CIpHsIE TMONIMIICHHIO CIPUHHATTS MarepialliB CTyJIEeHTaMH, a
3HAYUTh, CHJILHO BIUIMBA€ HA SKICTh OTPUMYBAaHUX 3HaHb 1 jocBimy. [Iporec ckiagaHHs
pO3KIIa/IiB MOIOHOTO poay Mae Oe3liu "miABOAHUX KaMEHiB", 0OOMEXeHb, crerudiuHnX
YMOB, sIK1 HEOOXIJTHO BPaXOBYBAaTH JIJIsl TOTO UM 1HIIIOTO 3aKjIay.

JloBruii yac ckJIaJlaHHsSM PO3KJIaAiB 3aiMaliucsa BPyUHY, OAHAK, 1€ TPYIOMICTKHIM 1
BAXKAWA TIpoliec, 10 BUMAara€ 4YuMaly 4YacTKy JocBiny. Ha xamb, HaBiTh
HAWJOCBIMUEHININI JTUCTIETYEP HE 3aBXKJIUW MOXKE CKIACTH PO3KIAJ, SIKUHA 3aJ0BOJIbHSIE
BCiX Moro y4acHukiB. IIpuckopuTu mporiec 1 MOJIMIIUTH SKICTh OJePKYBaHOTO Ha BUXO/I1
pPO3KJIay JOMOMIr OM 4YiTKO BHOYJAyBaHHMM, MPOTECTOBAHWN aJITOPUTM, a SKIIO el
ITOPUTM pEaNi3yBaTH IlI€ i MPOrpaMHoO, TO 3aTPauyBaHHUM Yac 3HAYHO CKOPOTHUTHC.

[Tounnaroun 3 apyroi MoaoBUHU XX CTOJITTS OyJIO POBEACHO OaraTo JOCIHIKECHb
NTOPUTMIB, CTIPSIMOBAHUX HA ONTHMI3aIli0 TpadikiB BUPOOHHIITBA JIJISI CEPEOBUII TUITY
"mex pobotu" Ta "miHig motoky". Ha maHWit MOMEHT MUTaHHS 3QJIUIIAETHCS aKTyaJbHHM,
OCKUIBKH 17IeaIbHOTO PIllIEHHS III¢ He 3Hal1eHO0. bakaHHS [TyKaTH I1€ PIIICHHS 3YMOBIICHE
BEITUKOIO0 3aJICKHICTIO MPOJYKTUBHOCTI Ta MPHOYTKOBOCTI BHPOOHWKA Bil OMTHUMI3AIil
rpadixa.

3 kiang 1980-x pokiB 3pocTae iHTEpeC N0 TeHETUYHHX AITOPUTMIB - aJTOPUTMIB
omnTuMi3allii, 3aCHOBaHUX Ha MPUHITUTIAX MPUPOTHOT eBotoIii. OCKUTPKYA BOHHM 3aCHOBaHI

Ha EBOJIIOIIMHOMY HaBYaHHI, BOHU MOTPAIUIAIOTh Mil PYOPUKY WITYYHOTO IHTEJIEKTY.
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BoHu mMpoOKO BHUKOPUCTOBYIOTHCA [JIsl ONTHUMI3alli mMapameTpiB, Kiacudikaiii Ta
HaBYaHHS y MIUPOKOMY Jlara3oHi 3aCTOCYBaHb.

[IpunatHIiCTh U1l BEIMKUX MPOCTOPIB MOIIYKY € KOPUCHOIO MEPEBAror0 Mpu podoTi
3 rpadikamMu, MO 30UIBIIYIOTHCA, OCKUIBKM MPOCTIp pilIeHb OyJe MBUIKO 3pOCTaTH,
O0COOJIMBO KOJIM 1€ YCKIAIHIOETbCA TaKUMM (YHKLISIMH, SK aJbTEPHATHBHI OIWUHUIIL
BaxnuBo, mo6 11 BeJMKI MNOIIYKOBI MNPOCTOPUM MNPOWILIM SKOMOra IMIBUAIIE, 100
3a0€3MeUnTH MPAKTUYHY Ta KOPUCHY peasizalliio aBTOMaTU30BaHO1 ONITUMI3allil pO3KIIay.

Sxuo onTuMizaiiio 3pOOMTH IIBHJKO, TOJI KEPIBHUKM HaBUYaJbHOTO 3aKJaay
MOKYTh BUIIPOOYBaTH CIEHApil «IIO-SIKI[0» Ta JETaJbHUN aHaNi3 YyTIMUBOCTI, a TaKOX
3MOXYTh SIKOMOTa WIBUAIIE pearyBaTd Ha «Kpuzu». Tomy TpaauiiiHi MIAXOAU 110
onTuMizalii po3kiamy, Taki SK MaTeMaTHYHE NPOrpaMyBaHHsS Ta pO3TalyXeHHs Ta
0OME>KEeHHs, y>Ke MOBUIbHI 3 00Ky O0UYHMCIIEHHS B TAKOMY MaCUBHOMY IIPOCTOPI MOMIYKY.

CkopoueHHsS BHUTpAT 4yacy MOXe OYyTHM HACHIIKOM SIK BiJl OBHOI aBTOMAaTH3allii
npolecy CKIaJaHHs po3kiaay, Oi3Hec-Tpolec sIKoro 300paxkeHuit Ha puc. 1.1, Tak 1 Bif

aBTOMaTH3allii OKPEMHUX €TariB JaHOTO MPOIIECY.

Puc. 1.1. biznec-npouec ckinamganusa poskiany BH3
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B nanwmii vac nepen BH3amu ctoits HacTymHuit BUOIp:

— TMPOJIOBXKYBATH CKJIAJIaTH PO3KIIAJ BPYYHY;

— npuadatu BianosinHe 113 y ctTopoHHBOT Oprasizarii;

— peamizyBaTH CUCTEMY aBTOMAaTH3aIlil MPOIIECY CKIaJaHHS PO3KIaay 0COOUCTO.

PyuHe ckiagaHHs pO3KiIaay Mae CBOi HEAOJIKH yepe3 JIIoAChbKuil dakrop. Mo3ok
JIOJMHU HE 3JAaTHUW 3 TIEKO K JIETKICTIO K KOMIT'IOTEp OOpOOJSATH BEIHMKY KUIBKICTb
iHpopmariii. [TogidHa poOoTa NOBIPAETHCS TUIBKU JTOCBITYEHUM AMUCIIETYEPAM, ajie 1 BOHU
HE 3aBXK/IW 3/1aTHI CKJIACTH ONITUMAJILHUM BapiaHT PO3KIIadYy.

VYkianeHHss JIOroBopy 31 CTOPOHHIMHM OpraHizaifisiMM, 110 HaJalTh HEOOXiTHE
nporpaMHe 3a0€3MeUeHHs] X0Y 1 € KpallluM BapiaHTOM 3 TOUYKH 30pYy pe3yJbTary, ajie
TAaKOXXK Mae CBOi Hemosiku. [lepm 3a Bce, OCHOBHUM HEIOJIKOM € (DiHAaHCOBAa CTOpPOHA
MUTaHHS, TaK SK MOTPiOHO BKJIAJICHHS KOIITIB HE TUIBKM Ha MPUI0aHHS CUCTEMHU, aJie 1 Ha
il BOpOBaHKEHHS Ta MIITPHUMKY.

[Ile omHMM BaXJTUBUM HEIOJIKOM JAHOTO MIAXOAY € ToW akT, MO OUIBIIICTh
CHUCTEM HE MalOTh MOKJIMBOCTI BpaxyBaHHS IHIWBIIYaTbHUX OCOOJMBOCTEH KOXHOTO
3aKiany, 1o, 0€3CyMHIBHO, Ty>K€ CUIIbHO BIUIMBAE HA SIKICTh OJIEPKYBAHOTO PO3KIAAY.

Came toMy Bce Oinmpmie 1 Outbmie BH3 3 wacoM BIIMOBISIFOTBCS BiJl PYYHOTO
criocoOy 1 BiJ mpuI0aHHS CUCTEMHU Y CTOPOHHBOTO BUPOOHMKA 1 BCE YACTIIE CXUIISIOTHCS
710 BapiaHTy BJIACHOT peasizaliii.

[To3uTHBHOIO CTOPOHOIO B TaKid CHUTYyallll € Te, IO peayi3oBaHa cucTeMa Oyie
MaKCUMAaJIbHO "3aTOouYeHa" 1] KOHKPETHHM 3aKJIaJl, 110 30UIbIITyEe HMOBIPHICTH CTBOPEHHS
e OUTBIII ONTHUMAIBHOTO PO3KiIaay. Takok BUTpaTH Ha JIaHy CHCTeMy OyIyTh B pasu
MEHIII, HDK BiJ MOKyHnKH CTOpoHHBOTO [1O. BakiamBOIO YacTUHOIO JAaHOTO MiTXOIy €
HEOOXITHICTh B PETEIILHOMY BHBYEHHI 1 aHali31 MPEIMETHOI 00JacTi, a TaKOX MOTpiOHA
HAsSBHICTh HEOOXIAHMX [JIs peaiizallii, BIPOBa/)KCHHS Ta MIATPUMKH CHUCTEMU
PO3POOHUKIB.

Bubip omHOTO 3 TPHOX MIAXOAIB € IHAWBIAYaTbHUM 1 3aJEKHUTHh BiI KOHKPETHOTO
BH3. Ioro ronoBa Mae NpHIHHATH pillleHHS NMPO HEOOXiHICTH i GKOHOMIUHY BHTOIY

MTOSIBH MOJIIOHOT CHCTEMH B CBOEMY 3aKJIal.
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CkI1aieMo CIUCOK MOXJIMBUX BUMOT 10 MallOYTHBOI CUCTEMMU:

— Cuctema noBuHHa OyTH KpocmiaaTdhopMHOIO (JaHa yMOBa € 00OB'SI3KOBOIO, 1100
YHUKHYTH MpoOJeM 3 BIPOBAHKCHHSIM 1 MIATPUMKOI CHCTEMH Ha pPIZHHUX
omeparifHuX CUucTeMax);

— IloBuHHA OYTH MOKJIMBICTH BHU3HAUaTH ¥ 3MIHIOBAaTH HEOOXiIH1 JUIsl TeHeparii
pO3KJIaay JaHUX;

— JloBuHHa OyTH MOXJIMBICTh HaJAIITYBaHHS BaXXJIMBOCTI 1 OOOB'A3KOBOCTI
KpUTEPIiiB TeHepallii;

— CucreMa TIOBMHHAa [I03BOJISITA BHOCHTH 3MIHM B OTPUMaHUM  pO3KIIAJ
(MOXJTUBICTB pearyBaHHs 30UIbIIYE ONMTUMAIBHICTh PO3KIIATY);

— YacoBl MOKAa3HUKH, IO BUTPAYaIOTHCS CHUCTEMOIO Ha TEHepalilo po3KIany,
NOBUHHI OyTH MEHII, HDK MPU PYYHOMY METOJ1 reHepaiii abo BUKOPHCTaHHI
HIIMX MIPOTpaMm, a SIKICTh Pe3yJIbTaTy — Ma€ iM HE MOCTYMATUCS.

JloTpuMaHHsL BCIX TEpeiYeHUX BHUMOI TPU PO3POOI JO3BOJHUTH CTBOPUTHU
YHIBEpCAJIbHY CHCTEMY, 3aCTOCYBAaHHA SIKOi CTaHE MOXJIMBUM B Oyab-skomy BH3, mio
JI03BOJIUTH CKJIAJIATH MAKCUMAJIbHO OJIM3BKHM J10 ONITUMAJILHOTO BapiaHTy PO3KIIA].

[IpaBuiabHO OpraHi30BaHUM HaBUYAJIBHUN TpoIlEC (KOPEKTHO CKIAJCHHMN pPO3Kial B
TOMY YHUCI1) € BaXJIMBOIO CKJIaJ0BOIO OCBITHBOI rajy3i, TOMY MOYMHAIOYU 3 CEpEeIUHU
MUHYJIOTO CTOJITTS J0 HAIIMX JIHIB IMUTAaHHS IPO CTBOPCHHS 1 aBTOMAaTH3allil Mpolecy
CKJIaJIaHHsI PO3KJIQIIB BCE IE € aKTyaJbHUM 3 0ararbox MPUYWH (HANPHUKIIAJ, MOCTIHHO

PO3BHBAETHCS 1 3MIHIOETHCSI CUCTEMA OCBITH, TEXHOJIOT1UHI MPOTPECH Ta 1HIIE).

1.3. Ictopis aBTOMaTH3aIIii CKJIaJIaHHS PO3KJIIATy

[TutanHs Mpo cocoOM CTBOPEHHS ONMTUMAIIBHOTO, IIBUAKOTO 1 AKICHOTO aJTOPUTMY
CKJIaJaHHs PO3KIAay € aKTyaIbHHM BXK€ JIOBTI POKH, OJHAK, CYMDKHI 3 HUM THUTaHHS
MJIAaHYBaHHS 3'IBUJINCS 1LIE PaHIIIE.

Sk BkazaHo B jokepeni [1], me B 1784 pomi y BenukoOpuranii Oyna 3milicHeHa
ycminrHa cnpoba CKIagaHHs PO3KJIaay BIATPABICHHS MAapUIPYTHUX BO31B, IO € OJHHUM 3

MepuInx 3rajok npo poskian B icropii. [li3uime B 1840 poii 3'siBUBCS po3Kiaj MapoBO3iB,
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110 BKJIIOYAE B ceO€ HE TUIbKM Yac BIANPABIEHHS, ajie TakoxX 1 npuOyTTs. YUepes 7 pokiB B
pe3yabTaTi JOrOBOPY MDK yciMa MapoOBO3HUMHU KOoMIMaHisiMu BenukoOpurtanii
BU3HAYMJIOCS 3arajibHUI yac Juist Kpainu 3a [ puHBiueM.

OpHak pi3ke 3pOCTaHHSA TEMIy KHUTTS JIIOJIel, PO3BUTOK HAyKH 1 TEXHIKM pOOHIIU
MPOIECH CKJIaJaHHs PO3KIaAy 1 TUIAaHYBaHHS 3aHAATO BAXKUMHU 3BaKAIOYM Ha BEIHUKY
KUIBKICTh 3aJIEKHOCTEH 1 ydacHHUKIB. Tomy Bxke Ha mo4yaTky 20-ro CTOJITTS CTajo SICHO,
110 HEOOXITHO TEPMIHOBO BUPIIIYBATH HapOCTarO4l NpobsieMu B 1aHii chepi.

[Tpubnuzno B 1903 poui Bigomuii aisiy B chepi menemxmenty ['enpi Jloypenc 'ant
B OJIHIM 31 CBOiX poOIT [2] mpencTaBUB METOJ IpadiuHOro BHOPSAKYBAHHS poOIT (CXemMy
KaJCHIaPHOTO TUIaHYy), KA, sIK TIOMi4eHO B JKepeni [3], BiH cmoYaTKy BUKOPHCTOBYBAB
0COOHUCTO MiJ Yac 3BITIB MEpe] Ha4aJIbCTBOM MPO BUKOHAHI poOOTH. JlaHuii migxia cTaB
HACTUIBKU YCHIITHUM, 10 ['aHT BHUPIIIMB MPOJIOBXKUTH HOTO PO3BUTOK, YOMY NPHUCBITHB
3auIIoK cBOro >XUTTA (10 1919 poky). Takum unHOM ['aHT BHIC CBOE 1M'sl B ICTOpIIO, SIK
TBOpEIb 3HAMEHUTHX jiarpam ['aHTa, 0 € CTaHIAapTOM JOHWHI, IMCHOBAaHWUX Ha YeCTb
MOro TBOPIIA.

Came 3 MOMEHTY cTBOpeHHsI aiarpam ['anta Oepe CBif MOYaTOK TeOpis PO3KIIAIIB.
Bona € omHum 3 po3auniB Tak 3BaHoro pociimkeHHs omneparid ([10O). YV mxepemi [4]
naeThes Take BusHaueHHs J1O: nucuuiniina, mo 3aiMaeThesi po3poO0KOI0 1 3aCTOCYBAHHIM
METO/IIB 3HAXOPKCHHsI ONTUMAJBHUX PIIIEHh HA OCHOBI MAaTEeMaTHYHOTO MOJEIIOBAHHS,
CTATUCTUYHOTO MOJICTIOBAHHSA Ta PI3HUX EBPUCTHYHHMX ITAXOAIB B PI3HUX 00JaCTIX
JIOJIChKOT JisibHOCTI. 3 Bu3HadyeHHs J{O criimye, 1m0 BOHO CHIpsSMOBaHE HA TOMIYK 1
PO3pOOKY KpaIux pillleHb, 10 € BAKINBOIO YacTHHOO TP.

BinmoBimHo nmo mkepema [S5], Teopis po3KIamiB — II€ PO3ALUT JTUCKPETHOI
MaTeMaTUKH, 10 3aiMaeThCcsi mpobieMamu BHopsakyBanHs. Cam xe Tepmin "Teopis
PO3KIAAIB", K CYKYITHICTh BCIX TEOPETUYHHX 1 MPAKTHYHUX 3aBJaHb, 3'SBUBCS MI3HIIIC B
1956 poui B poGoTi [6] amepukanchbKkoro Marematuka Pidapga bennvana, mo craB
BIIOMUM, 3aBASKA CBOIM BHIATHUM 3aciyraMm B cepi MaTeMaTHKd 1 OOYHCIIOBAIBHOT
TexHIKU. B onHii 3 oro kHUT [7] maeTrbes Take Bu3HaueHHs TP: "Teopis po3knagiB — 1ie

PO3MALT TOCTIIKEHHS OTepalliid, B SKOMY OYAYIOThCS 1 aHATI3YIOThCSI MaTEMaTUYH1 MOJIEII
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KaJICHJAPHOIO MJIaHyBaHHs (TOOTO YNOPSIAKYBaHHS B Yacl) pi3HUX LUIECIPIMOBAaHUX il 3
ypaxyBaHHSM LUIbOBOT QYHKUIT 1 pI3HUX OOMEXKEHD .

[Ile onHUM B1IOMHUM MPUKIAAOM 3 To4yaTKy ictopii TP € 3acinyru amepukaHCHKOIrO
npomucioBi ['enpt @opaa. YV crarti 3 Horo Oiorpadieto [8] ckazano, mo B 1908 porrl BiH
CTaB TEPIIUM, XTO IT0YaB BUKOPUCTOBYBATH TPOMHUCIOBHH KOHBEEP JISI IMOTOYHOTO
BUpOOHMIITBA. He3Bakaroum Ha ICHYBaHHS KOHBEEPHOTO METOAY 3aJ0BrO 10 TIOSIBH
®doppa, BiH MEpPIIMM BUKOPUCTOBYBAB JAaHUW MIIXIJ JJIsI TEXHIYHO CKJIAAHOT MPOIYKIIiT
(aBTOMOO1Is1), 1110 JO3BOJIMIIO CKOPOTUTHU Yac BUMYCKY B 1,5 pasu.

Hamni, nounnarouu 3 50-x pokiB 20-ro CTONITTS, 6arato BUCeHUX BHECIIH CBiil BKJIaJ B
possutok Teopii TP. Ix romosHoro meroro Oyna knacudikaiis i BU3HAUEHHS piBHS
CKJIAAHOCTI 3aBAaHb TP, a Takokx BHW3HAYCHHS NPABWJI 3HAXOHKCHHS ONTHMAJIBHOTO
PO3KIIAAY JUIS IPOCTUX MOJIEIICH.

OaHuM 3 TMPOPHBIB CTaB AJITOPUTM, 3aCHOBAHMI Ha 3aBJaHHI bellmMaHa, TakoX
BIIOMUM, K anroput™m bennmana-J/[>koHCOHA, sSKuM, BIAMOBIIHO 10 JKepena [9], Oys
CTBOPEHUI [IJIsl TOIIYKY ONTHMAJIBbHOI MOCHIIOBHOCTI 3aIyCKy JeTaneil B oOpoOKy st
JIBOX BEpPCTATIB NPH IOCTITOBHIM 00poOIi Ha MOTOKOBOI JiHII. Takoxk 1€ 3aBaaHHS
pO3MIIsIAANM I TPHOX 1 OUNIbIlIe BEpCTaTIB, B pe3yJbTaTi 4oro OyB 3poOJIeHH BUCHOBOK
npo Te, IO 3 POCTOM YHCJA BEPCTATIB €KCIOHEHIIAIbHO ITIABUIIYETHCS 1 CKIIATHICTh
BUPIIIEHHS TaKWX 3aBJaHb, M0 MPU3BOJAUTH 1O BHUCHOBKY MPO HEOOXIAHICTH IMOIIYKY
IHITUX IUISX1B BUPINIEHHS MOCTABICHOT IPOOJIEMH.

Ax 1o 70-X pOKIB MHHYJIOT'O CTOJITTS 0arato JOCTIAHUKIB 3aiMauCsl TMTUTaHHSIM
CKJIaJlaHHs €(QEKTHBHOTO Ta TOYHOTO aJITrOPUTMy 3 OOMEKEHHMM YacoM pOOOTH B
3aJIeKHOCT1 BiJ] JOBXHMHH BXimHOi iH(popmarii. Benukum ycmixom Oyno BUpINICHHS
MUTAHHS TIPO 3HAXO/KEHHS HAWKOPOTIIOrO HUISIXY MK JIBOMa BEPIIMHAMH JTOBUTLHOTO
rpada, modymoBa KiCTAKOBOTO JIepeBa MiHIMAIBHOI Baru 1 6arato iHIIUX 3aBJaHb.

Benukuii BHECOK B 001acTi TEOPETHYHHX 1 NPAKTUYHUX 3aBJaHb CKJIAIaHHS
posknany BHecian Konseit P.B., Makcsenn B.JI. i Minnep JI.B. B 1967 porti, BUmycTuBmu
moHorpadito "Teopis poskmanis" [11], a Bxke B 1975 pomi pansaceki BueHi TanaeB B.C. i
[Ikyp6a B.B. Bumyctunu B cBit kHUTY "BBemenns B teopito poskianay” [12]. 3 mporo

MOMEHTY MOHa BBaxaTu TP MOBHICTIO cPOPMOBAHUM PO3LIOM.
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VY 1979 poui B oaHiil 31 cTaTeil, aBTopamu sikoi crtanu Jloyne, I'pexem, Jlencrpa 1
Pinnoit Kan [13], Oyna Bmepue mnpexacraBieHa kiacudikamis 3agad TP, a Takox
MoaudikoBaHa CHCTeMa TO3Ha4YeHb. He3Bakaroum Ha Te, IO CTATTA Oyja BHITYIICHA
O0araro poKiB TOMY, B Nepeliry SKMX BOHA 3a3Haja Oe3diu 3MiH, JaHa CUCTeMa €
aKTYaJbHOIO 1 10 I[bOTO JTHS.

['oBopsiuM mpo CKIAIHICTh aIrOPUTMIB PO3B'A3aHHs 3anad TP, BapTO BiI3HAYUTH
cTaTTio, BuUnNymieHy 1me B 1965 pomi EaMonaconom [14], B sKiii BIH HE TUIbKH
NPEJICTABIISAB AJITOPUTM IO 3HAXOJHKCHHIO JOCKOHAJIOTO MAapOCIONyYeHHS B JOBUIBHOMY
rpadi, a ¥ BKazyBaB Ha BHCOKY BaXIJHMBICTh BIIMIHHOCTI 3aBlaHb 3 TOYHUMH
MOJIIHOMIQJIBHUMU aJITOPUTMAaMH BiJ THUX, JJIs SKUX BIJIOM1 JIMIIE EKCIOHEHIlaJIbH1
QNITOPUTMH, TIJCTABOIO SKUX € METOJIW HESBHOTO IMepebopy. BakauBUM NMpUIyIICHHIM
Oysn0 HEMOXJIUBICTH TOOYTOBU  TMOJIHOMIAJIBHUX  QITOPUTMIB IS OUIBIIOCTI
BaYKKOBHPIITYBaHUX 3aBJaHb.

BaxxauBuM (akTopoMm, IO BIUIMHYB Ha BHU3HAYCHHS CKJIQJIHOCTI 3aBaaHb TP, €
pobora Kyka [15], Bunmymena B 1971 pomi, B sikiii BiH Bu3zHadae kiac NP, BBOIUTH
nousTTs NP-OBHOTH 1 BKa3ye Ha Te, 110 3aBAaHHS 3A1iCHEHHOCTI Takox € NP-1moBHOI0.
Bianogiguo mo mxepena [16], kmtacom NP B Teopii airopuT™iB IpUHHATO BBaXKaTH O€37114
npoOJieM 3IHCHEHHOCTI, JJIsl TIEPEBIPKHU PIIICHHS SKMX MOYKHA CKOPHUCTATHUCS MAIIHMHOIO
TrropuHra 3a yac, SKdid He MEPEBUIIYE TOJIHOMA Bl po3Mipy BXITHUX AaHUX, IIPH YMOBI
HAsSIBHOCTI JIesiKOi1 gojaTtkoBoi iHpopmartii. A NP-moBHa 3amaga, mo HanexuTh kiaacy NP,
€ 3aBJa”HHsAM, 0 Mae BiamoBias 0 abo 1, a 3HAXOMKEHHS AITOPUTMY 1i pIIICHHS 3a
MOJIIHOMIaTbHUIM Yac O3HAYa€ HasSBHICTh MOYKJIMBOCTI HACTUIBKH K IIIBUJIKOTO BUPIIIIEHHS
Oynp-sKoi iHII01 3aaa4i kimacy NP.

B pesynbrati nogansmux nociimkens Kapma i1 Jlesina NP-moBHOTa Oyna BusiBiIeHa
1 B 1HmMIMX KOMOIHATOPHUX 3aJadax. baraTto AOCHITHUKIB cTanmm ImykaTu mgoka3zu NP-
MOBHOTH HOBHUX 1 CTapuX 3aBlaHb B KOMOIHATOpPHIM omTuMmizamii. Y MIACYMKY B KIiHIII
1970-x Oyna omyOmikoBana moHorpadis ['epi 1 J[>xoncona [17], mo Bxirodae B cebe
CIIUCOK, 110 MICTUTh Oulblie TphoXxcoT NP-moBHMX 3amay, yacThHa 3 SIKUX (OJHM3BKO

JBaAIATH) cTaBuiacs 10 TP.
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[Momyku nokasziB NP-ckmagnocTi 3aBmanp TP Benucs ax [0 BHUXOAY CTarTi
[Managimitpioy 1 fnakakica B 1991 poui [18], B skiii OyB HapewTi NpeacTaBICHHUM
MepIIMN TEOPETUYHUM MiAXIJ JJIS BUBYEHHS OOYMCIIIOBAJIbHOI CKJIAQIHOCTI B MOOYMOBI
HaOMMKEHUX alrOpUTMIB 3aJlay ONTHMI3allii, a TaKOK BU3HAYEHI KJIACH 11i€1 CKIaJHOCTI.
JlaH1 BUCHOBKH 30UTBIINIIN IHTEPEC NOCTIAHUKIB 10 MUTaHHs TP B 1IIOMYy, 1 10 IOTO JHS

BUEHI BCHOT'O CBITY 3HAXOASTHCA B MOIIYKY BIAMOBIACH.

1.4. AHani3 iCHYIOUMX IpOrpaM JIJIsl BUPIIICHHS 3a]1a4l CKIaJaHHs pO3KIIay

ChOTOJHIITHS CHUTYyallid Ha PUHKY Taka, IO JYXE Majo MPOrpPaMHHX MPOIYKTIB
BIJINIOB1/Ia€ HEOOXIMHIM (YHKIIIOHATBHOCTI, fKa MOTPiOHA IS CKIIaJIaHHS PO3KIANy Yy
BH3. Takuii cran pedelt JIeTKO MOSICHIOETHCS TUM, 1110 IIKUIbHA OCBITA HA CHOTOJHIIIHIN
JIeHb Oulbll "cTaHmapTu3oBaHa" (B CEHCl opraHizailii HaBYaJIbHOTO MPOIECY), HIK
By3iBChbKa. Taka cTaHIapTH3allis BeIe J0 BEIMKOTO O0O0CATY TOTCHIIIMHOTO PHHKY
pOJaXiB KOMIN MPOrpaMHOro 3a0e3neueHHs, U0 MPU3BOIUTh A0 OKYITHOCTI MPOAYKTY.

VY pasi BH3 monut Ha cucteMu CKJIaJaHHs pO3KJaiB HaBITh OUIbIIE, HIXK JUIS TIKL,
ajie Mae MicIe BeiauKa crernudika opranizaiii HaB4aJIbHOTO MPOIECY B KOKHOMY OKPEMO
B3sTOMYy BY3i. CTBOpUTH yHiikOBaHE MporpamHe 3a0e3nedeHHs HE MPEeCTaBISIEThCS
MO>KJIMBUM, a BapTiCTh CTBOPEHHS CIICIIaII30BAHOTO MPOAYKTY Y CTOPOHHIX PO3POOHHUKIB
BUSIBIIIETbCS HEBUIMPABIAHO BeJIMKa. TakuM YMHOM, TMOKHU IO OJIEH MPOrpamMHUM
IPOIYKT HE J03BOJIAE JOCUTH MPOCTO YNPABIATA HABYAIHHUM IMPOIIECOM HABITh B MEPIOJ
ceclii.

Po3sristHeMo MOXITHBOCTI HAMOUTBII MOMYJISPHUX HA PUHKY MIPOTPAMHUX MPOIYKTIB,

10 peaNi3yroTh PIICHHS 3a1a4i CKJIaJaHHs PO3KIaIY.

1.4.1. aSc Timetables (IBN)

[Iporpama po3pobieHa I8 BCIX THITIB IMOYATKOBHX 1 CEpPEIHIX HaBYAIBHUX
3aknaniB. Cepeq OCHOBHUX XapaKTEPHCTHK PO3POOHUKH BHIUISIOTH: ONTHMAalbHE

BUKOPHUCTaHHSI KaOIHETIB Ta IHIIMX WIKUIbHUX MPUMILIEHb, TOTPUMAaHHS BCIX ICHYIOUHX
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MICUXOJIOTTYHUX 1 TIF€HIYHUX BHUMOI, YCYHEHHS MOXJIMBHUX HNOMMIOK 1 CyO'€KTHBHHX
(akTOpiB MpHU CKJIAJaHHI PO3KIAAIB B IIKOJI, BpaXyBaHHsA MoOakaHb BUMTEJIB 1 Maja
KUIBKICTh BIKOH, KOM(pOPTHUN iHTEep(eiic, 0 A03BOJIsIE€ AKOMOra e()eKTUBHIIIE BBOJAUTH
JaHi.

Kpim aBTOMaTHMyHOro CKJIaJaHHs po3KiIany IO KilacaMm, Iporpama CKIaaa€ OKpemi
PO3KIaAN AJid KaOIHETIB 1 BUMTENIB. ICHye MOXKIIMBICTh apxiBalii Ta 30epiraHHsa KUTbKOX
KOMIMA ICHYIOUMX PO3KJIaAiB, MOXIHMBICTb 3aMiHM BYMTENIB Ha NeEpioJ XBopodu abo
BIJICYTHOCTI.

IToGynoBa x po3kiany y BH3 niero nporpamoro He nepenoadeHo.

1.4.2. AVTOR-2

[Iporpama npu3HadeHa JJisl CKJIaJaHHS PO3KJIIIB 3aHATH 1 CYIPOBOAY iX MPOTITOM
BChOTO HaBuanpHOro poky. AVTOR-2 — yHiBepcaibHa cucteMa. € Kiibka Bepcii
mporpamu, IO po3paxoBaHi Ha Oynb-saKi HaB4aibHI 3akiagu. AVTOR-2 mae npuemHuit
nu3aiiH 1 ApyxHik iHTepdeiic. [Iporpama nocuTh mpocTa B OCBOEHHI. € JOKJIaTHUN
NOCIOHUK, B IKOMY OITMCaHI BC1 MOXKJIMBOCTI 1 crmocoOu poOoTu 3 mporpamoro. [Iporpama
npaifroe Ha Oyae-sakux IBM-cymicHux komm'totepax. OneparniitHa cuctema: MS DOS, a6o
Windows. Yac poboTu 3alle)XKuTh Bif PO3MIPYy HABYAIBLHOIO 3aKIagy 1 MOTYKHOCTI
KOMII'tOTEpa.

Henomikamu mporpamMu € HecTaHIApTU30BaHUM iHTepdeiic Ta HEeOOXIIHICTh PYYHOT

KOPEKI[ii TOTOBOTO PO3KJIAdY.

1.4.3. Meromuct

OCHOBHI ~ MOXJIMBOCTI ~ MPOTpaMH: PO3MOMIT 1 KOHTPOJIh  HABYAIHHOTO
HaBaHTAXCHHS, OOJIK METOAWYHUX PEKOMEHJAIli 1 0coOMCTHX ToOakaHb BHUKIAaviB
("BikHA", METOAMYHI JTHI, HeOaXaH1 YPOKH 1 JHI THXKHS), CKIAJaHHS PO3KIamy s Oyib-
SIKOTO TUITY HaBUAJIBHOTO 3aKjaay — TIKHEBE a00 cemecTpoBe (UK ckianae Bix 1 mo 23

TWXKHIB), OOJIK 00'eAHaHHsA rpyn (KJaciB) B MOTOKH 1 pO3OUTTS KJaciB Ha MiACPYIIH,
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3aKpIMVIEHHA CHEeLIaJbHUX ayAuTOpid (KOMHI'IOTEpH1 KiacH, JIHraoHH1 KaOiHETH,
cropT3ai 1 T.M.), oOJiK Yacy MepexoiiB MK KOpPIycaMmH; BKa3iBKa MPUYMH "HEBAAIOTO
npu3HaYeHHs" 3aHATH (3aliHsATa Oa)kaHa ayJIUTOPis, BUKIAJau NpU3HAYEHUI B HEOaKaHUI
JUIsL HBOTO JIEHb THIKHS) 3 MOXJIMBICTIO iX "pydHOro" BUIIpaBi€HHS (BUXOAHUTH, B IIbOMY
BUIMAJIKy TporpamMa HE MOXE€ aBTOMAaTHMYHO BHPIIIYBATH TaKi MPOOJIEMH), MOXKIUBICTb
OaratopazoBoro '‘modiniieHHs" po3kiany (aBTomMaTUyHO abo "Bpy4HY"), MOXKIIHUBICTH
BKa31BKM PpIBHS 3HAYYHIOCTI BpPAXOBYETbCS TMpU CKJIaJaHHI PO3KIAAy UUHHUKIB,
MOJKJIUBICTh BBEACHHS MPIOPUTETIB BUKIIANA4IB — CTYNEHs OOJIKY iX 1HAMBIAYaJTbHUX
noOakaHb.

O6mMmexennst (pyHkIioHaTbHOCTI "MeTonucta": 6arato3mMiHHI PO3KIaau OOMEKEHI
MaKCHUMAaJIbHOIO KUIBKICTIO YPOKIB B JIEHb — /, 3aHSTTS 3aBXIU MOYMHAIOTHCS 3 MEPIIOTO
ypoky / mapu (Ipu HEOOXITHOCTI MOXJIMBE NpPHU3HAYEHHS Ha TMEpIly Mapy "BUILHOTO
3aHATTA"), HE BPAXOBYETHCS yac 3MiH (HAPUKIAA Ui EPEBIPKH MOKIUBOCTI MEPEXOy
MDK KOpITyCaMH), HE BPaxOBYETHCS "pIBEHb CKIATHOCTI" 3aHATH A iX PaIlOHAIBLHOTO
PO3MOAUTY IO THKHIO, TPUBAIICTh 3aHATH MOCTINHHA (HEMOXKIIMBE CKIIAJAaHHs PO3KIaay AJis

30 xB. ypOKY B MOJIOAIIHUX 145 XB. — B CTapIIMX KJIacax).

1.5. Icayroui cnocoOu npecTaBIeHHs PO3KIIaIiB
IpynTyrounck Ha faHux mkepena [20], Ha CHOrOMHINIHIN JEHb ICHYE€ 3 OCHOBHHX

criocoOM MOJIaHHS PO3KIaIiB:

— rpadiuHmi (MPUKIATOM MOXKYTh CIYKUTH fiarpamu ['anTa (puc. 1.2));
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Puc. 1.2. Ilpuknazn giarpamu ['anta

— T1abmuunuii (puc. 1.3) (B miacyMKOBiA TaOJuUIll BiOOpakarOThCs 3aJEHKHOCTI

MIX 9acOM, BUKOHABIIIMH, pOOOTaMH Ta IHIIIC);

Puc. 1.3. [lpuknaa TaGaM9HOTO MIPEACTABICHHS PO3KIIATy
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— BekTopHui (puc. 1.4) (OCHOBHUM 3aBJAHHSIM € BIIOOPaKEHHS TMOPSIAKY

BUKOHAHHS POOIT).

Puc. 1.4. [Ipuknan BEKTOPHOTO MIPEICTABICHHS PO3KJIA/IiB

1.6. BucHoBKHU 10 pO3ALLY

B xoni HanMcaHHs 1aHOTO PO3/AUTY OyJiM BUKOHAHI HACTYMHI MYyHKTH:

— IlpoBenenuit anani3 akTyajabHOCTI pO3pOOIIOBAHOI CUCTEMH;

JlocikeHa icTopist Teopii po3kiany;

— IlpoBeneHo anaii3 iICHyIOUHX PIIICHb,

— BusHadeHO criocoOu MoIaHHS PO3KIIAIiB;

— BupineHo psaa MOXKIMBHAX BUMOT JIO pO3pPOOIIOBAHOT CHCTEMH.

Posrnsinyta mpoGsema ckiagaHHs pO3KIaJliB Y TMOBCSIKIECHHOMY KUTTI B IIUIOMY Ta
y poOOTI HaBYAIBHUX 3aKJaJiB B OCOOJMBOCTI. Y Il HampsM BKIIOYCHI 3aBIaHHS
INPU3HAYCHHS 1 PO3MOJAUTY HAaBYAIHHOTO HABAaHTAKEHHS CTYACHTIB 1 BHUKJIQJadiB —
CKJIaZlaHHs PO3KJIaay 3aHATh. Ll ckilajoBa HaBUAJIBLHOTO MPOLIECY PErNIAMEHTYE TPYIOBUN
PHUTM 1 BIUITMBA€E Ha TBOPYY BiJAavy BHKJIAJAYiB 1 CTYJACHTIB, TOMY il MOYKHA PO3TJIAIATH SIK
dakTop onTUMIi3allii BAKOPUCTAHHSI 0OMEXEHUX TPYIAOBUX PECYPCIB.

Posrnsinyre muTaHHS aKkTyaJdbHOCTI TeMH. Byno 3’sicoBaHO, 10 py4yHE CKIaJaHHS
PO3KJIaly Ma€ CBOI HEJIOJIKHU Yepe3 JTI0IChKUi pakTop. M0O30K JTIOAMHN HE 3IaTHUH 3 TIEI0
K JIETKICTIO SIK KOMITHOTEp OOpOOJSITH BeNuKy KuTbKicTh iHdopmarii. [Tonidona pobora
TOBIPSAETHCS TUIBKK JOCBITYCHUM JHCIIETYEpaM, ajie 1 BOHM HE 3aBKIM 37aTHI CKIIACTH
ONTUMAJILHUN BapiaHT po3kiamy. B nanuit wac mepen BH3amu croiTe HacTynmHuii BuOip
MDK THM, TPOJOBXKYBaTH CKiamaTtd Tpadiku BpyuHy, KymyBatu [I3 y cTOpoHHBOI
oprasizailii Y1 CaMOCTIHHO HOTO PO3POOIIATH.

Jlocmimkeno ictopito mpodiemu ckiaganHs rpadikiB. byso 3’scoBaHo, 10 MONTYKH
nokaziB NP-ckmagHocTi 3aBmaHb Teopii poskimaniB Bemwcs ax no 1991 poky, komun

HapemTi OyB TOpEeACTaBICHUN TMEpIIMA  TEOPETUYHUM  MIAXiAg JJIS  BUBYCHHS
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O0OYHMCIIOBAIBHOI CKIAQAHOCTI B MOOYJOBI HAOMMKEHUX aJrOpUTMIB 3a7ad ONTUMI3alli, a
TaK0X BU3HAUEHI KJIACH LI€1 CKIIAHOCTI.

AHani3 ICHyIOUHX DIIIEeHb TTOKAa3aB, 110 ChOTOJHINIHS CUTYAlllsl HA PUHKY Taka, 110
Iy’K€ Mallo MPOTPaMHUX MPOAYKTIB BIANOBIIA€ HEOOXIAHIN (YHKIIOHATBHOCTI, fKa
noTpiObHa st ckianands po3kiany y BH3. Takuit ctaH peueit Jerko MosSiCHIOEThCS THUM,
10 MIKUThHA OCBITa Ha CHOTOAHIIIHIN JIeHb OUTbI "cTaHAapTU30BaHa" (B CEHC1 opraHizari
HaBYaJIBHOTO MPOLIECY), HIK By3iBCbKa. Taka craHgapTu3alisi BeJe 10 BEIUKOro o0cAry
NOTEHLIMHOr0 PUHKY MPOJAXiB KOIMIA MPOrpaMHOro 3a0e3neueHHs, [0 MPU3BOJIUTH A0
OKYITHOCTI MpoAyKTy. Po3risiHyTo Taki mporpamui npoayktH, sik aSc Timetables (IBN),
AVTOR-2 ta «MeTomucr».

Byno 3’scoBaHo, 1110 Ha CHOTOJHINIHINA A€Hb rpadiku B OCHOBHOMY IMOAAIOTHCS Yy

TaOJIMYHOMY, TpapiYHOMY Ta BEKTOPHOMY BUTJISAIL.
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PO3JILI 2
TEHETUYHUI AJITOPUTM

2.1. IcTopis MOsBU €BOJIOLIMHUX aJrOPUTMIB

['eHeTHYH1 aNTOPUTMH € YACTUHOIO OLIBII 3arajibHOI TPy METOA1B, sIKI HA3UBAIOTh
€BOJIIOL[IMHUMU ~ OOYMCIEHHSMHU, IO TMOEAHYIOTh PI3HI BapiaHTH BUKOPHUCTAHHS
CBOJIIOIIHHUX TIPUHITUIIB JIJI JTOCATHCHHS MOCTaBIeHOI MeTH. CTUMYJIOM BUHUKHCHHS
IIUX METOJIB CTalli KiJbKa BIIKpUTTIB y Oionorii. Yapns3 [lapBin omyOiikyBaB y 1859p.
cBOI0 3HameHUTy poOoty "lloxomxeHnHs BumiB", ne OyJIM MPOTOJOIICH] OCHOBHI
NPUHIIMITK  €BOJIOLINHOTI Teopii: CHaJKOBICTh, MIHJMBICTH 1 HpUpOAHHI BiaOip. Tum
caMuM OyJI0 TIOKa3aHO, IO BUKOPHCTAHHS JaHUX MEXaHi3MiB 37aTHO IPHBECTH IO
BHU3HAYCHOTO PE3YJIBTATY Iij] BIULIMBOM HABKOJIMIIIHBOT'O CEPEOBHIIIA.

OpHak JMOBrUi Yac 3aJIMINAIOCS BIIKPUTHM IUTaHHS TIPO T, SK JKE BCE-TaKH
nepeacTbCsl TeHeTHYHa 1H(opMalris Big OarbkiB Hamagkam. Y 1944 pomi DiiBepi,
Makneon 1 Makkapti onmyOJIiKyBajiyd pe3yiabTaTH CBOIX JOCITIKEHbB, 110 JTOBOIWIIH, 110 3a
CIaJIKOEMHI TPOIIECH BIAMOBiIaIbHA "KUCI0Ta JIe30KcupruOo3Horo tumy". OmHaK mpo Te,
sk npamroe JJHK, crano Bimomo 27 xBiTHS 1953 poky, konu B HoMmepi xkypHaiy "Nature"
BUMIIIA CTATTs YOTCOHA 1 JIeMeHTy, siki Brepilie 3arporoHyBajad MOJIEb IBOJAHITFOTOBOT
cuipami JJHK. ¥V Takuit coci6 cranm Bigomi BCi HEOOXIiTHI KOMIIOHCHTH JIJIsl peati3allii
MOJICITi €BOJIFOIlIT Ha KOMIT'FOTEPI.

Tyt BapTO Tpoxu 3ynuHUTHCS HAa HacTymHoMy. CripaBa B TiMm, 1110, HalleBHO, €IMHA
MeTa ICHYBaHHS MPUPOJHOTO KOMILJIEKCY — BIDKMBAHHS B MOCTIHHO 3MIHIOBAHMX YMOBAaX
HABKOJIUIITHBOTO CepeloBUIa. | Xoya CEHC ICHYBaHHS — CIIOKOHBIYHE NUTaHHS IS
dutocodiB, ane AKIIO TPOXU aOCTparyBaTHCS BiJ] TJIOOAIBHUX 33 lyMiB Ha4eOTO 30arHeHHs
cyTHOCTI BcecBiTy, MOCSATHEHHS TPAaHCIEHIEHTHOCTI, 3MUTTS 3 KOCMIYHMM S 1 mOmIyKy
BimmoBifi Ha mwmrtanHa "o Oymo panim, kypka abo siie?", TO MOXHa 3poOWUTH
MPUIYIIEHHS, [0 CEHC XKUTTS — Y CAMOMY KHUTTI.

3arajoM, MOKHa CKa3aTd, M0 y BCIX MITyYHUX CHUCTEMaxX € TaKe TOHATTA, SK

MPU3HAYCHHS, 1HAKIIE KaXydd, 3MICT, MeTa. Lli mapamerpu € i B €BOJIOLIMHUX
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JITOPUTMIB, 3a BUHATKOM, Moxe, cucteMm mrty4dHoro »xutts (Artificial Life (A-Life)
Systems).

[lepma my6mikailisi, SKy MOXHa BITHECTH 10 T€HETUYHUX aJTOPUTMIB 3'ABUIACS B
1957 pomi, aBTopoM 0yB bapiuemni H.A., i nasuBanacs Bona "Symbiogenetic evolution
processes realised by artificial methods". ¥V 1962 poui 3'siBuiacs 1e ofHa ioro pobora
"Numerical testing of evolution theories". I[IpuOau3HO B TO# XK€ Yac Ie OJAMH JAOCTITHUK
@peiizep A.C. Takox omy0ikyBaB nBi ctarti: "Simulation of genetic systems by automatic
digital computers: S-linkage, dominance, and epistasis" (1960) i "Simulation of genetic
systems” (1962).

He3Baxkatoun Ha Te, 1m0 poboTu 000X aBTOpIB OyJid CIPSIMOBaHI HacamIepes Ha
PO3yMiHHS TNpUpPOAHOrO (QeHomeHa cmaakoBocTi, pobota Dpeifzepa wmae 0Oarato
3arajlbHOr0 13 CHOTOAHINIHIM OadeHHSM TEeHETUYHUX aIropuTMmiB. BiH MojentoBaB
€BOJIIOIII0 15-0ITHUX pANKIB 1 MIAPaxoBYyBaB IMPOLIEHTHUM BMICT ocoOed 13 BAAIUM
()EHOTHIIOM B YCIIIIHMX TOKOJNIHHSX. Voro po6oTn HaraayroTh ONTHMi3aliio QyHKIi,
olHaK y poborax @Dpeiizepa HeMae J>KOAHOTO 3rafyBaHHS TMPO  MOXKIMBOCTI
BUKOpPUCTOBYBaTH ['A 11 WITY4HHX 3adad. Y 0Oararbox JpKepelax came XoJlaHaa
HAa3MBaIOTh OATHKOM cydacHOi Teopii ['A.

Onnak, XOommaHx 3aiiMaBcs HHUMH He i3 CaMOro mouatky. Moro muikaBuna,
HacaMIiepe/1, 3IaTHICTh IPUPOJHUX CHUCTEM JI0 aJanTarlii, a Horo Mpi€ero OyJI0 CTBOPEHHS
TaKOi CHUCTEMH, IO Morja O MpucToCyBaTUCS A0 OyIb-SIKHX YMOB HAaBKOJHIIHBOTO
cepenoBuiia. 3aciayra XojulaHJa B TiM, IO BiH YCBIJIOMHB 3HAu€HHS EBOJIOIIHHUX
IPUHIMITB B ajanTallii i po3BUB CBO1 mpumnyiieHHs. Pa3om 31 cBoiMU CTyaeHTaMu, M0
CIIyXaJld KypCH IO aJanTHBHUX CUCTEMax B YHIBEpCUTETI mTaTy MiuuraH, BiH po3po0Isie
Te, W0 3roJ0M Ha3Be '"I'eHETHWYHMM IUIaHOM'", a HaM II¢ BIIOMO SK 'TeHETUYHHUH
anroputM". TIpo Te, HACKUIBKU CEpHO3HO BENHCS POOOTH B IIbOMY HANPSIMKY TOBOPHUTH
yKe Te, IO OJHH 3i crynenTiB Xomtanna — Kenner Jle Monr 3axuiaB gucepraiiio Ha
creninb Jloktopa ®dinocodii y 1975 poui. Jucepraiis HasuBaerbes "An Analysis of the
Behavior of a Class of Genetic Adaptive Systems" i MoXxe CTaTh MepIIuM IyTIBHUKOM IS

TUX, XTO Xoue 3animatucs ['A. Y ToMy X poIi BUXOJWTh 3HAMEHHWTA KHHTA XOJUIaH7a
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"AnanTamis B npuponHux i mryunux cucremax" (“Adaptation in Natural and Artificial
Systems", 1975).

[Ticns uporo I'A mounHaOTh TpHUBEpPTATH A0 cebe yce Oulbplle yBaru, HUMH
3aiiMaeTbesl yce OuIbllie JOCHIIHUKIB, 10 3HAXOAATh IM HOBI cepu 3acTocyBaHHs. Y 1992
porii, 3a ganuMu Oi6miorpadii SApmo Anannepa, yucio my6sikaiid nepeBammio 3a 500,
110, y3arali x, Hebarato, ogHak y 1982 porii ix Oyno Bcroro 15.

Ha 3akiHueHHss MoxHa cka3atd, mo ['A pasoMm 31 WITy4HUMH HEHPOHHUMU
MEpeKaMH € HampsMKaMu Cy4acHOro IITy4HOro iHrenekty. CmpaBa B TiM, LI0 € MIE
KJACUYHUM INTYYHUN IHTEJEKT, Ha SKOMY MOOYI0BaHI OUIBIIICTh €KCHEPTHUX CUCTEM 1
0a3 3HaHb, HOr0 BIAMIHHA pUcCa B TiM, IO BiH, B OCHOBHOMY, BUKOPUCTOBYE JIOTIKY JJIs

moOy/10BU BUCHOBKIB.

2.2. Ilpuponuuii BinOip

EBomromiitna Teopist CTBEpKye, MO KOXKEH OIOJOTTYHHN BHJI IUISCIPSIMOBAHO
PO3BHBAETBCS 1 3MIHIOETBCS IS TOTO, IMOO IIMOHAMKpalle MPUCTOCYBATUCA [0
HABKOJIUIIIHHOTO CEPEJIOBHINA. Y MPOIECi eBOJIOIIT OaraTo BUAIB KOMax 1 pub mpuadamu
3axucHe (apOyBaHHS, DKAaK CTaB HEBPA3JIMBUM 3aBISKH TOJKaM, JIIOJIMHA CTaja
BJIACHUKOM Jy)X€ CKJIaJIHOI HEPBOBOi CHCTeMH. MOJKHa CKa3aTH, IO EBOJIONIS — IIe
IIPOIIeC ONTUMI3aIlii BCiX )KUBUX OPraHi3MiB.

OCHOBHHIT MEXaHi3M eBOJIIOLI — 1ie IpHpo Kl BinGip. Moro cyTs monsrae B Tomy,
o OUIBII TPHUCTOCOBAHI OCOOM MAalOTh OUIBIIIE MOXKIMBOCTEH JJIS BIKMBAHHS 1
PO3MHOXKEHHSI 1, OTXKE, MPUHOCITH OLIbIIE HAMAAKIB, Hi’K MOTAHO MPUCTOCOBAHI OCOOM.
[Ipu mpoMy 3aBAsKH Tepenadi TeHEeTHYHOi 1HGopmarlii (FeHETUYHOMY CHaJKyBaHHIO)
HaIaJKN YCIAIKOBYIOTH BiJi 0aThbKiB OCHOBHI iXHi AKOCTi. TakuM YHWHOM, HaIaIKH
CHWIBHUX 1HJMBITYYMIiB TaKOX OYIyTh BITHOCHO JOOpE NMPUCTOCOBAaHWMH, a IXHS YacTKa B
3arajpHI Maci ocobun Oyme 3pocratu. Ilicims 3MiHM MEKUTBKOX JECSATKIB ab0 COTEHBb
MOKOJIIHBb CEPEeTHS MPUCTOCOBAHICTh OCOOWH JTAHOTO BUY MIOMITHO 3POCTAE.

{06 3pobuTH 3p03yMITUMU MPUHIIMIH POOOTH TE€HETUIHUX AITOPUTMIB, IOTPIOHO

TaKOXK ITOJACHUTH, K ynaHITOBaHi MEXaHI3MH T'€HETHYHOT'O ClIaAKyBaHHS B HpI/IpOI[i. v
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KOXHIN KIITH1 OyJb-SKOi TBAPUHHU YTPUMYETHCS BCS T€HETHYHA 1H(pOpMallis II€i OCOOU.
s 1adopmaris 3anucaHa y BuAl Habopy ayxe noBrux moiaekyn JAHK (Jlesokcupuodo
HyxkneinoBa Kucnota). Koxxna monexyna JIHK — me naHIfio:kok, 1o CKJIagaeTbes 3
MOJIEKYJl HYKJIEOTHIIB YOTHUPbOX THUMIB, 1o mno3Hayaiotecss A, 7, C 1 G. Bracwe,
iHpopMallito Hece MNOpANoK npoxokeHHs Hykineotunis y JHK. Takum uwuHOM,
FEHEeTUYHUN KOJ IHAMBIAyyMa — II€¢ MPOCTO JyXe JOBIHMU PIJOK CHUMBOJIB, €
BUKOPUCTOBYIOTHCS BChOro 4 OykBU. Y TBapuHHIN KIiTLI KoxkHa Mosiekyna JIHK otouena
00OJIOHKOIO — TaKe YTBOPEHHS HA3MBAETHCS XPOMOCOMOIO.

KoxxHa ypomxena sikicTh ocoOu (KOdip OKa, CIaJKOEMHI XBOPOOH, THUIl BOJOCCS 1
T.1.) KOJIYEThCS BHU3HAYCHOI YACTHHOI XPOMOCOMH, IO HA3MBAETHCS TCHOM Ii€l
BiacTuBOCTI. Hampukiaj, reH Koibopy oka MICTUThH 1H(POpPMAIIilo, 1110 KOJYyE BU3HAYEHUHN
KouTip oueid. Pi3H1 3HaUeHHs reHa Ha3UBAIOTHCSA WOTO aIEISIMU.

[Ipy poO3MHOKEHH1 TBapvH BIAOYBAETHCS 3JIUTTA JABOX OaThKIBCBKMX TIOJIOBHX
kimitok 1 ixai JJHK B3aemonitots, yTtBOproroun JIHK nHamaaka. OcHoBHUH cmoci0
B3aEMOJIIT — KpoccoBep (Cross-over, cxpentyBanHs). [Ipu kpoccoepi JIHK mnpenxis
PO3AUIAIOTHCS HA JBl YACTHHM, a MOTIM OOMIHIOIOTHCS CBOIMH MOJOBHUHKAMHU.

[Ipu cmankyBaHHI MOXJIMBI MyTarlii yepe3 pajioakTUBHICTh a00 1HIII BIUIUBH, y
pE3yNbTaTI IKUX MOXYTh 3MIHUTUCS JI€Kl T'€HU B IMOJIOBUX KJIITKaX OJHOTO 3 OAaThKiB.
3MiHEHI TeHU MePeIaroThCs HAIAIKOBI 1 TOAal0Th HOMY HOBI BJIACTUBOCTI. SIKIIO 111 HOBI
BJIACTUBOCT1 KOPHUCHI, BOHH, IIBUJIIIE 3a BCE, 30€PEKYThCSA B JAHOMY BHUII — IIPHU IILOMY
BIIOYIEThCSL CTPUOKOMOMIOHE MIABUIICHHS MPHCTOCOBAHOCTI BUAy. KirouoBy ponbs B
eBOIIOLIHII Teopii rpae mpupoamuii BinGip. Moro cyTh moisrae B Tomy, 1m0 HaifOLIbLII
MPUCTOCOBaHI OCOOM Kpalle BIKHUBAIOTH 1 NMPHHOCSTH OUIBINE HAIIAJIKIB, YAM MEHII
npuctocoBani. CaM mo co01 mpupoaHHiA Bi0ip 11e HEe 3a0e3meuye po3BUTOK O10JI0TTYHOTO
BUy. ToMy nyke BaXJIMBO 3pO3YMITH, SIKUM YMHOM BiI0YBa€ThCA CIAIKyBaHHS, TOOTO SK
BJIACTUBOCTI HaIlaJKa 3ajekarb Big BiacTUBOCTeH OarbkiB. (OCHOBHHHA  3aKOH
CHaJKyBaHHSl IHTYiTUBHO 3pO3yMIIMH — BIH MOJSTa€ B TOMY, IO HAIIaJKU CXO0X1 Ha
0aTpKiB. 30KpeMa, HamaaKd OUTBII MPHUCTOCOBAHWX OAaThKiB OyayTh, IIBUIIIEC 3a BCE,
OJTHUMH 3 HAWOLIBII MPUCTOCOBAHUX Yy cBoeMmy mokoumiHHI. IIlo6 3po3ymiTe, Ha YoMy

3aCHOBaHa 115l MOAI0HICTb, MOTPIOHO TPOXU MOTIUOUTHUCS B TOOYIOBY MPUPOAHOT KIITKU —

31



y CBIT T€HIB 1 XpoMocoM. Maiixe B KOXHIiM KIITIH1 OyJb-sKOi 0cOOM € Habip XpoMocoM,
10 HeCYTh 1H(pOpMaIlito mpo 110 0cody. OcHoBHA yacTuHa Xpomocomu — HUTKa JJHK, 1o
BHU3Hauae, AKI XIMIYHI peakuii OyayTh BiAOyBaThCA B JaHId KIITLI, K BOHA Oyne
po3BUBATHCH 1 sIK1 (PYHKIIIT BUKOHYBATH.

I'en — ne Biapizok nanipora JIHK, BiamoBinanbHUN 3a BU3HAYEHY BIACTUBICTDH
0co0u, HAMPUKIIAJ 3a KOJIp OYeH, THUIT BOJIOCCS, KOJIIP MIKIpH 1 T.1.

Po3pi3HsAOTh 1Ba BUAM KJIITOK: TMOJIOBI (Taki, SIK CIEpMaTo30id 1 SMIEKIITHHA) 1
coMaTU4Hl. Y KOXXHOI COMATHYHIN KIITII JIOAUHU YTpuMyeTbcs 46 xpomocom. Ili 46
XpOMOCOM — HacIpasi 23 mapu, MpUIoMy B KOXHIN Mapi 0JlHa 3 XpOMOCOM OTpHMaHa BiJ]
OaTtbka, a npyra — Big Marepi. [lapHi XpoMocoMH BiIMOBIaIOTh 32 OJTHAKOBI O3HAKH —
HaIpUKIaa, 0aTbKIBChKa XpOMOCOMa MOE MICTUTH T€H YOPHOT'O KOJILOPY OKa, a MmapHa ik
MaTEPUHChKA — TEeH OJIAKMTHOTO KOJbOPY. ICHYIOTh BH3HAYCHI 3aKOHH, IO KEPYIOTh
y4acTio TUX 200 IHIIHUX TeHIB Y PO3BUTKY O0COOU. 30KpeMa, y HAIIOMY MPHUKJIAl Haago0K
OyJie YOPHOOKHM, OCKUIBKH T€H OJAaKMUTHHX oued € "cilaOKkuM" i MPUAYIIYEThCS T'EHOM
OyJIb-SIKOTO 1HILIOTO KOJIBOPY.

VY crareBuX KIITHHAX XpOMOCOM TuTbKHM 23, 1 BoHW HemapHi. Ilpu 3ammigHeHH]
BiIOYBA€THCS 3JIMTTS YOJIOBIUMX 1 )KIHOUYOT CTATEBUX KJIITHUH 1 BUXOJIUTH KIIITHUHA 3apOJIKa,
0 MICTUTh 46 XpoMocoM. SIKi BIAaCTUBOCTI HAIIAJOK OACPKHUTH BiJl OaTbKa, a sIKI — Bif
Mmarepi? Lle 3amexxuTh Bim TOro, sKi came CTaTreBi KIITHHU Opaiu y4acTh y 3aIUTiTHCHHI.
[Iporiec BupOOJICHHS CTaTeBUX KIITUH (TaK HA3WBaHUN MeEWO3) B OpraHi3Mi IiITA€ThCS
HMOBIPHOCTSIM, 3aBJISIKH SKMM HAIaJIKU 0arato B 4OMY BiIPI3HSAIOTHCS BiJl CBOiX OaThKIB.
IIpu wMelio3i, BiAOyBalOThCS HACTYIHE: TApHI XPOMOCOMHM COMATHYHOI  KJIITKH
30IMKAIOTHCS BOPUTYI, OTIM ixHI HUTKU JTHK po3puBaroThCs B JEKUTBKOX BUIIAKOBHUX

MICIISIX 1 XpOMOCOMH OOMIHIOIOThCS CBOIMU YacThHaMu (puc. 2.1).

| ] | -
: -
[ [

Puc. 2.1. Ilpouec kpocosepy
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[leli mpomec 3abe3medye TMOSIBY HOBHUX BapiaHTIB XPOMOCOM 1 HA3UBAETHCA
"kpocinrosep". KoxkHa 13 3HOBY CTBOPEHHUX XPOMOCOM BHUSIBUTHCS MOTIM yCEepeauH1 OJHIET
3 MOJIOBUX KJITOK, 1 1i reHeTHyHa 1H(pOopMaIllsl MOXKE peayi3yBaTHCS B HallaJKax JaHOl
0coou.

Hpyruii BaxmBUKA (pakTop, IO BIUIMBAE HA CHAJKOBICTh, — II€ MyTallii, II10
BUpaxaloTbcsa B 3MiHI faeskux AuissHok JJHK. Myranii Takox BUMaaKoBl 1 MOXYTh OyTH
BUKJIMKaHI PI3HUMHU 30BHINIHIMU (PAKTOpaMH, TaKMMH, K PaJl0aKTHBHE ONPOMIHEHHS.
Axmo wmyTtamis BigOynaacs B TMOJOBIM KIITII, TO 3MIHEHUHW TE€H MOXE MepeaaTucs
HAIaJKOB1 1 TPOSIBUTKCS Y BUJI1 CTIAJIKOEMHOT XBOPOOU 200 B 1HIIMX HOBUX BIACTUBOCTSIX
Halajaka. BBaxkaeTnces, 110 came MyTallii € MPUYMHOIO MOSIBU HOBUX O10JIOTTYHUX BHUJIIB, a
KPOCIHFOBEp BH3HAYa€ BXKE MIHJIMBICTh YyCepeauHl BUAY (HANpUKIad, TE€HETUYHI

PO3XOIPKEHHS MIXK JTIFOJIbMH ).

2.3. l1lo Take reHeTUYHUI AIrOPUTM

['eHeTHUHU aNTrOPUTM - 11€ METOJ BHUPIIICHHS K OOMEXEHHX, TaK 1 HEOOMEKEHHUX
3aj1a4 ONTUMI3allii, SKUM Oa3yeTbcs Ha TPUPOJHOMY BimOOpi, Mpoleci, IO Kepye
O10JIOTTYHOIO €BOJIIOIIEI0. ['eHETHYHUN aJIrOPUTM HEOTHOPA30BO MOJAU(IKYE CYKYIHICTh
OKpeMHUX pimeHb. Ha KOXXHOMY KpoOIll T€HETHYHUU aJroOpuTM BiAOMpaE BHUMAIKOBHX
JIFOJICH 13 MOTOYHOT MOMYJIALii AJIsi OaThKIB 1 BAKOPUCTOBYE 1X JJIsT BUPOOHMUIITBA JITEH JIJIs
HACTYITHOTO TOKOJiHHA. [IpoTSIroM HAaCTYNMHHMX IOKOJIHb HACEJICHHS «EBOJIOIIOHYE» 10
ONITUMAJIBLHOTO PIllIEHHS.

Bu MoxeTe 3acTocyBaTH TEHETHYHUU AJITOPUTM [JIsi BUPIIICHHS PI3HOMAHITHHX
3a/lay OomTHUMI3allii, SKi MOTaHO MIAXONATHh NJsi CTAaHAAPTHUX AJITOPUTMIB ONTHUMI3aIll,
BKJIFOYAIOYM 3ajavi, B SKUX IIbOBa (DYHKIIiSI € pPO3pUBHOIO, HeaudepeHIIHOBaHOIO,
CTOXaCTUYHOIO a00 BKpail HeNMiHIMHOW. [ eHeTUYHNI aNnrOpuTM MOKE BHPINTYBATH 33724l
3MIIIAHOTO IUIOYUCEIBHOTO TMPOTPAMyBaHHS, M€ JesAKi KOMIIOHEHTH OOMEXYIOThCS
IIJIOYUCETHHUM 3HAYCHHSIM.

Hexait nmana nesxa ckmamna QyHkmis (miiboBa (yHKINS), MO 3aJ€KHTh Bij

JNEKUIbKOX 3MIHHHMX, 1 MOTPIOHO 3HAWTH Taki 3HAYEHHS 3MIHHHMX, MPU SKUX 3HAYCHHS
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¢yHKIIi MakCUMalibHE. 3aJadl Takoro pojy Ha3MBAaIOThCS 3a/layaMy ONTUMI3allli 1 BOHU
3yCTPI4arOThCSl HA MPAKTHUIl AYXkKE 4aCTO.

OauH 3 HAWOUIBII HAOYHMX MPUKIAIIB — 3aJada PO3MOAUTY IHBECTHILIN. Y wii
3a/1a4yl 3MIHHUMU € 00CATY 1HBECTHI[IN y KOokeH mpoeKT (10 3MiHHMX), a QYHKLIEIO, SKY
MOTpIOHO MaKCUMI3ZyBaTH — CYMapHHMM J0Xia iHBecTopa. Takok NpUBEICHI 3HAUYCHHS
MIHIMaJIBHOTO 1 MaKCUMaJIbHOTO 00’€My BKJIaJICHHS B KOXHHUH 13 MPOEKTIB, 110 33Jal0Th
001aCcTh 3MIHU KOXHOI 13 3MIHHHX.

CnpoOyemo po3B’si3aTu 1110 3a7a4dy, 3aCTOCOBYIOUM B1IOMI HaM MPUPOJIHI CIIOCOOU
onTuMizalli. byJeMo po3risiatu Ko>KeH BapiaHT 1HBECTYBaHHS (HaOip 3HAYeHb 3MIHHUX)
AK 1HAMBIAYYM, a MPUOYTKOBICTh WBOTO BapilaHTa — $K MPUCTOCOBAHICTH LHOTO
iHauBigyyma. Toal B mpomeci eBOJONIT (AKII0O MU 3yMIEMO HOro OpraHi3yBaTH)
PUCTOCOBAHICTh 1HIUBINYYMiB OyJie 3pOCTaTH, & BUXOAUTh, OyAYyTh 3'SIBISTUCS yce OUIbII
1 OUThII JOX1AHI BaplaHTU 1HBECTYBaHHS. 3YMUHHBIIN €BOJIOLIIO B JEIKANA MOMEHT 1
BUOPABIIM HAWKPAILIOTO 1HAUBIyyMa, MU OJIEPKUMO JOCUTh TapHe PIIIeHHS 3aa4i.

['eHeTHYHUI aNrOPUTM — Li€ IPOCTa MOJIENb €BOJIOLIT B IPUPO/II, SIKa peali3oBaHa y
BUJI1 KOMIT'FOTEPHOI IPOTPAMH.

VY HBOMY BUKOPUCTOBYIOTHCS SIK @HAJIOI MEXaHI3MY F€HETUYHOI'O CIa/JKyBaHHs, TaK
1 aHajmor mpupoaHoro Bimoopy. Ilpu mpomy 30epiraerbcsi 0ioyOTiYHA TEPMIHOJOTIS B

cuporieHoMy Buli. OT SIK MOJETIOETHCS TEHETUYHE CIaJKyBaHHA (Tad. 2.1).

Tabmuns 2.1

CraporrieHa TepMiHOJIOT1SI TCHETHYHOTO T OPUTMY

BexTop (mocnigoBHICTE) 3 HYIIB 1 oguHUIb. KokHa mo3uttis

Xpomocoma :
(0iT) HA3UBAETHCSI TEHOM.

[HAMBITYyM — FreHeTUYHHMA i ) i )
Habip xpomocom — BapiaHT pillieHHS 3a7a4i

KOJI
Ornepartist, IpH SIKid 1B XpOMOCOMH OOMIHIOIOTHCS CBOIMU
Kpocosep
YaCcTUHAMH
Myraris BumagkoBa 3miHa ogHiel a00 AEKUIBKOX MO3UILIN B
Y XpOMOCOMI

[I[o6 3MozenroBaTH EBOJIOMIMHUN TPOIEC, CIOYaTKy 3TEHEPYEMO BHITAIKOBY

MONYJISIIII0 — KUIbKA I1HAWBIAYYMIB 3 BHIaJKOBHUM HA0OpPOM XpPOMOCOM (YHUCIOBUX
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BEKTOpIB). ['eHETUUHMIA aITOPUTM IMITY€ €BOJIOLIIO LI€T MOMYJIALIT SIK IUKITYHUI Ipouec

CXpellyBaHHs 1HAUBIAYYMIB 1 3M1HU MTOKOIIHB (puc. 2.2).

Puc. 2.2. [lpunuun po60TH FeHETUYHOTO aJTOPUTMY

XKutTeBnii UK MOMYJSAIIi — [ KiJTbKa BHUITAJKOBUX CXPEIlyBaHb (3a JOIMOMOTOO
KpoccoBepa) 1 MyTalliid, y pe3yibTaTi SKUX JO0 TMOMYJAIIl JOJA€ThCA SIKach KIUIbKICTb
HOBHMX 1HIUBIYyMiB. Bif0ip y reHeTHYHOMY anroputmi — 1e npouec GopMyBaHHsS HOBOI
nomyJsii 31 crapoi, micis 4yoro crapa nonyisuis rune. Ilicnga Bigbopy 1o HOBOI
MOMYJIAIIl 3HOBY 3aCTOCOBYIOThCS oOIllepalii KpocoBepa 1 MyTalii, IOTIM 3HOBY
BiIOyBa€eThes BIIOIp, 1 TAK AaTi.

Binbip y reHeTHYHOMY aNropuTMi TICHO 3B'I3aHUHN 13 NPUHIUMIIAMH MPUPOTHOTO

Bi100pY B npupoi (tadi. 2.2).

Tabmunsa 2.2
3B'SI30K T€HETUYHOTO AJITOPUTMY 3 IPUPOJTHUM BiIOOPOM
[IpucTocyBanHs iHIUBITYyMa 3HaueHHA IUTLOBO1 QYHKIIIT HAa IbOMY THAMBIAYYMI
[Momynsiiis HACTYTHOTO TOKOJIIHHA (POPMYETHCS Y
BrxuBanasa HalO1IbIII BIJIMTOBITHOCTI 3 IIILOBOIO yHKITIE0. Yrm
IPUCTOCOBAHUX MPUCTOCOBAHININH IHANBITYYM, TUM OUIbIIIa HMOBIPHICTh
HOT0 y4acTi y KpocoBepi, TOOTO pO3MHOXKECHHI

Takum ynHOM, MOJIETH BIAOOPY BU3HAYAE, SKUM YHHOM BapTO OyAyBaTH MOMYJISIIIO
HACTYIMHOTO TMOKOJiHHA. SIK MpaBwmiio, WMOBIPHICTh y4acTi IHAWBIAyyMa B CXpellyBaHHI
OepeThCsl MPOMOPIIHHO HOro MPHCTOCYBaHHIO. YacTo BHKOPHUCTOBYETHCS TaK Ha3WBaHa

CTpaTerisi eniTu3Ma, MpU SIKIA KUIbKa KpallUX 1HAUBIAYYMIB MEPEXOASATh Y HACTYIIHE
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MOKOJIIHHS 0€3 3MiH, HEe Oepydd ydacTi y Kpocoepl 1 Ao0opi. Y Oyap-sKOMYy BUIAAKY
KOKHE HACTylHE TMOKOJiHHSA OyJe B cepeaHboMy Kpaile nonepeansoro. Konu
MPUCTOCOBAHICTh HAMBIAYYMIB IE€PECTAE MOMITHO 30UTbIIYBATUCS, MPOLIEC 3YNUHSIOTH 1

AK pO3B’sI3aHHA 33/a4l ONTUMI3allii OepyTh HAMKpAIIOro 31 3HAHAEHUX 1HIUBITYyMIB.

2.4. Oco0aMBOCTI FTEHETUYHUX AJITOPUTMIB

['eHeTHYHUI aNTOPUTM — HOBITHIN, ajle HE €IMHO MOMKJIUBHUU CHOCIO pO3B’SI3aHHS
3aja4 onTuMizailii. BiggaBHa BiloMi Ba OCHOBHMX IUISIXM PO3B’SI3aHHS TaKUX 3a/ad —
nepeOOpHU 1 JOKAIbHO-TPAIIEHTHUM. Y LHMX METOMIB CBOi IepeBaru i HEJOJIKH, 1 B
KO)KHOMY KOHKPETHOMY BHWIIAJKy BapTO IMOAYMATH, KWW 3 HUX BUOpaTu. PosriasiHemo
nepeBary 1 HEeJIOJIKMA CTaHJIAPTHUX 1 TCHETUYHUX METOJIB Ha MPUKIIAJl KIACHYHOI 3a/1a4i
komiBospkepa (TSP - travelling salesman problem). Cyts 3agaui mossrae B Tomy, 1100
3HAWTH HAWKOPOTIIWHA 3aMKHCHHMH MUIAX OO0XOJy JEKIIbKOX MICT, 3aJaHUX CBOIMH
KoopauHaTamMu. BusiBisieTses, mo Bxke s 30 MICT MOUTYK ONTUMAIBHOTO IUISAXY SIBIISIE
co0010 CKJIaJIHY 3a7advy, 10 CIOHYKaJa PO3BUTOK PI3HMX HOBUX METOJIB (Y TOMY YHCII
HeHpoMepeX 1 TeHEeTUYHUX aJTOPUTMIB).

Koxen BapianT po3B’si3aHHs (Mg 30 MICT) — 1€ YMCIOBHN PsiJI, € HA j-OMY MICII
CTOITh HOMEpP J-0ro 10 MOpsAAKYy o0xomy wicrta. Takum uwmHOM, y ik 3amaui 30
napamMeTpiB, MpUYOMYy He Bci KoMmOiHaIii 3Ha4eHb npunycTuMmi. IIpupoaHo, mepiioro
17Ic€10 € TTIOBHMM mepedip ycixX BapiaHTIB 00XOy.

[lepebGopHmit MeTon HAWOLIBII TPOCTUM TO CBOIM CyTi 1 TpUBIAIBHUN Y
nporpamyBaHHi. J[Jig TONIyKy ONTHMAJTBHOTO PO3B’si3aHHS (TOYKH MAKCHUMyMY IUTBOBOT
¢yHKI1i{) MOTPIOHO MOCTITOBHO OOYMCIUTH 3HAYCHHS MUTHOBOT (DYHKIIIT y BCIX MOMKITHBUX

TOYKaX, 3araM'sITOBYIOYM MaKCUMaJIbHE 3 HUX (pHcC. 2.3).
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Puc. 2.3. Ilpuknag MoxyinBoi GyHKIIT TepeOopHOTro METOLY

HenonikoMm 1poro Meroay € Beluka oOYMCIIIOBalbHA BapTiCTh. 30KpeMa, y 3ajadi
KOMiBOsKEpa Oyzie MOTpiOHO mpopaxyBaTu AoBKuHU Oinbm 100 BapianTis muIsAxis, 1o
30BCIM HepeasibHO. OJIHaK, SKIIO nepedip yCiX BapiaHTIB 3a PO3YMHUM 4ac MOKJIMBUM, TO
MOXKHa OyTH aOCOJIIOTHO YIEBHEHHMM Yy TIM, IO 3HaiieHe pO3B’si3aHHA MA1ICHO
ONTUMAJIbHE.

Hpyruii monynsipHuil cnocid 3aCHOBaHWMW Ha METOJl TpaiieHTHoro cmycka. [lpu
IIbOMY CIIOYaTKy BHOMPAIOTHCS M€Kl BUMAJAKOBI 3HAYCHHs TapaMeTpiB, a TMOTIM IIi

3HAYEHHS MOCTYIMOBO 3MIHIOIOTH, JOMArar04uch HAWMOUIBIIOI MIBUIKOCTI POCTY ILILOBOT

byukii (puc.2.4).

Puc. 2.4. Ilpuknag MoXJIMBO1 GyHKIIIT CITOCOOY IPaIIEHTHOTO CITYCKY

Jlocsrmm JTIOKaJIbHOTO MAaKCHUMyMY, TaKAW ajTOPUTM 3YIUHSAETHCA, TOMY JUIS
MOIIYKY TJI00ATEHOTO OMTUMYMY OYyTyTh IOTPIOH1 TOJATKOBI 3yCHILIS.
['pamgieHTHI METOAM MPAIIOIOThH AYXKE MIBUIKO, € HE TapPaHTYIOTh ONTUMAIBHOCTI

3HANEHOTO PO3B’A3aHHS.
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BoHu ieanpH1 11 3aCTOCYBaHHS B TaK 3BAaHUX YHIMOJQJIbHUX 3a/a4ax, /i€ IUIL0Ba
(GyHKIIA Ma€e €IUHUN JOKAIbHUM MakCUMyM (BiH ke — rioOanbHuii). Jlerko O0auutu, 1o

3aJ1a4a KOMIBOsDKEpa YHIMOJAJIBHOIO He € (puc. 2.5).

Puc. 2.5. [lpuknan MOXIHMBOI 1I1JIOBOIT (DYHKIIIT 3a7a41 KOMIBOsIKEpa
TunoBa npakTU4Ha 3ajaya, K MPaBHIIO, MYJIbTUMOJANbHA 1 OararomipHa, TOOTO

MICTUTH Oarato mapameTpiB. JJist Takux 3a7a4 HE ICHYE KOJIHOTO YHIBEPCAIBLHOTO METOY,

1110 JI03BOJISIB OM JJOCHTH IIIBH/IKO 3HANWTH a0COJIIOTHO TOYHE po3B’si3aHHs (puc. 2.6).

Puc. 2.6. Ilpuknaag MoxxJMBO1 GyHKINT MyTbTUMOAATLHOT Ta OaraToMipHoOi 3aga4i

Onnak, KOMOIHYIOUM TIEpEOOpHHMM 1 TpaJiEeHTHUA METOJIHM, MOJXKHA CIIOJIBAaTHCS
oTpuMaTH Xxo4ya O HaOMMWKEHEe pO3B’S3aHHSA, TOYHICTH SKOro Oyae 3pocTaTd IIpU

30LTBIIIEHH] Yacy po3paxyHKy (puc. 2.7).

Puc. 2.7. Ilpuxnan moxmmBoi GyHKIIIT KOMOiHAIlI{ TepeOOPHOTO 1 TPATIEHTHOTO METO1B
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['eneTnuHU aNropuT™ sIBJIsiE COOOI0 caMe Takhii KoMOIHOBaHMI MeTo. MexaHi3Mu
CXpellyBaHHs 1 MyTalili B SKOMYCh 3MICTI peaji3yloThb NEpeOOpHY YAaCTHHY METOIy, a
no0ip Kpaux po3B'i3aHb — Tpajl€eHTHUNA cnyck. Ha pucyHKy moOka3zaHo, IO Taka
KOMOIHaLiA J03BOJISIE 3a0€3MEUUTH CTIMKY, rapHy €(QEeKTUBHICTh M€HETUYHOI'O MOIIYKY

I OyIb-SIKUX THITIB 3a1a4 (puc. 2.8).
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Puc. 2.8. EdeKTUBHICTB pi3HUX aJTOPUTMIB

Otxe, SKIIO Ha JESIKid MHOXKHHI 3a7aHa CKJIajgHa (QYHKINS BiJl JEKUTBKOX 3MIHHHUX,
TO TCHETHYHHUH aJITOpPUTM — II€ MpOorpama, 10 3a PO3yMHHH Yac 3HAXOJIUTh TOYKY, JC
3HaueHHs (YHKII JOCHTh OJHM3bKE JI0 MAaKCUMajJbHO MOXIHMBOTO. BuOuparouun
MPUHHATHUN Yac po3paxyHKy, MH OJICPXKHUMO OJHE 3 KpalluX pO3B’s3aHb, IO y3arani

MOXJTMBO OJICpKAaTH 3a Iel Jac.

2.5. 3acTocyBaHHS T€HETUYHOTO aJITOPUTMY B 3aja4axX ONTUMI3aIlil

['eHeTnuHi anrOpUTMH B OCHOBHOMY 3aCTOCOBYIOTHCS [IJIsi PO3B’s3aHHS 3aaad
ONTUMIi3allii, TOOTO 3a7a4, y SKUX € aeska QyHKIisT AeKUTbKOX 3MiHHUX F(X1, X2, ... , Xpn) 1
HEoOX1HO 3HaiTH abo ii MakcumyM, abo ii MiHiMyMm. DyHKIisI F Ha3uBaeThCs MUTHOBOIO
dyHKITiEI0, a 3MIHHI — TapameTpamu GyHKIi. ['eHeTHYHI anroput™Mu "MPUIIABAIOTHECS" 10
naHoi 3amayi B Takmii croci6. ITapamerpm 3agadi € TCHETHYHUM MaTepiajioM — T'C¢HaMHU.
CykymHICTh TeHIB ckiiaae xpomocoMmy. KoxHa ocoba Mae CBOIO XpOMOCOMY, a, OTXKE,

CBOi HaOOpH mapameTpiB.
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[lincTaBUBIIK MapaMeTpu B LUIbOBY (YHKIIIIO, MOKHA OJEPKATU SAKECh 3HAUYEHHS.
Te, HackiTbKM TII€¢ 3HAYCHHS 3a/J0BOJIBHSE  IMOCTAaBICHUM YMOBaM, BH3HAUa€
XapaKTepUCTHKY OCOOM, M0 Ha3uBaeTbesi mnpucrocoBaHicTio (fitness). ®dywnkmis, 1o
BU3HAYA€ MPUCTOCOBAHICTh IMOBUHHA 3aJ0BOJIBHATH HACTYIHIM ymoBi: uuM "kpama"
0co0a, TUM BUIIIE TPUCTOCOBAHICTb.

['eHeTHYH1 aNTOPUTMU MPALIOIOTH 3 MOMYJISALIEIO SIK IPaBUIIO (PIKCOBAHOTO pPO3MIpY,
IO CKJIAJA€ThCS 3 OCOOMH, 3aJJaHUX 3a JIOMOMOIOI0 crnoco0y, omucanoro Buie. Ocobu
"cxpeuryroThea" Mk co00I0 3a JIOMOMOIOH T€HETHUYHUX OIepaTopiB, 1 B Takuil cmocid
BUXOJSTh HAIAJIKU, MPUYOMY YaCTHUHA HAMIAJKIB 3aMIHIOIOTH MPEJCTABHUKIB OUIbBII
CTaporo MOKOJIIHHS Y BIIMOBIIHOCTI 31 CTpaTeri€to (opMyBaHHS HOBOT'O IMOKOIIHHS.

Bubip ocobun myis cXpenlyBaHHsS MPOBOJAUTHCS BIAMOBIAHO JO CEJIEKTHUBHOT
ctpaterii (selection strategy). 3aHoBo copmoBaHa MOMYJIAIS 3HOBY OLIHIOETHCS, MOTIM
BUOUPAIOTHCS HAMOUIBII TiMHI JJIs1 CXPEIIYBaHHS OCOOH, IO CXPEUIYIOThCA MIX 00010,
BUXOAATH "AiTH" 1 3aliMaroOTh Micie "crapux" HAUBIAYMIB 1 T.A4. YCI 11€ TTPOJIOBKYETHCS
JIOTU TIOKM HE€ 3HAWJEeThCs 0co0a, TeHH SKOI MPEACTABISIOTh ONTHUMAIbHHM Habip
napamMeTpiB, TpH SKUX 3HAYCHHS IUTHOBOT (YyHKII OJU3bKE 10 MaKCUMyMy a0o
MIHIMYMY, a00 JOpPIBHIOE HOMY.

3ynuaka pobotn ['A Moxke BiIOyTHCS TaKOX Yy BHUITQJKY, SKIIO TTOMYJISIIiS
BUPOJIKYETHCSI, TOOTO SKIIO MPAKTUYHO HEMA€ PO3MAiTOCTI B T€HAX OCOOMH TMOMYJISAIL,
a00 SKIIO MPOCTO BUHUIIOB JIMIT Yacy. BUpomkeHHs monyJisiii Ha3uBalTh MepeIdacHOI0
30bKHICTIO (premature convergence).

[I1o6 3acTocyBaTu T€HETUYHUN ANTOPUTM J0 MPOOJIEMHU TUTAHYBAaHHS, CIIOYAaTKy MU
MOBUHHI MPEACTABUTH HOTO sIK reHoM. OIuH 13 CI0C001B MPEACTaBUTH T€HOM IIaHyBaHHS
- 1Ie BU3HAYUTH TOCIIIOBHICTh 3aBJIaHbh Ta 4Yac IMOYATKy IUX 3aBJaHb BIIHOCHO OJHH
onuoro. KoxHe 3aBaHHs Ta BiIMOBITHUHN Yac OYATKY MPECTABIISE TEH.

KoHnkpeTHa mocnigoBHICTh 3aBJaHb 1 yac Mo4YaTKy (F€HU) MPEACTABIISIE OJUH TEHOM
y Hamri momyssnii. [lo6 mepexkoHaTHCs, 1O HAII TEHOM € MOMJIMBUM PIIICHHSIM, MH
MMOBHUHHI MOA0ATH Mpo Te, 00 BiH BIJMOBIIaB HAIIMM OOMEKCHHSIM MpIOpHTETy. Mu
TeHEPYEMO MOYATKOBY CYKYITHICTh, BUKOPUCTOBYIOUH BUTAJKOBUN Yac MOYATKy B MeEXkax

00OMeXEeHb MIPIOPUTETY.
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[loTiM 3a JOMOMOTrOI0 TE€HETUYHUX aITOPUTMIB MU O€peMO M0 IO0YaTKOBY
MONYJISAIII0 Ta MEPETUHAEMO ii, MOEJIHYIOYM T€HOMH pPa3oM 3 HEBEIMKOK KUIbKICTIO
BUMAAKOBOCTI (MyTarrii). [lotomcTBO 111€i kOoMOiHaIli BUOMpPAEeThCST HAa OCHOBI (PyHKIIIT
¢iTHECY, sfiKa BKIIIOYA€ oJlHE a0 0araTo HaMIMX OOMEXEeHb, TAKUX SIK MIHIMI3alllsl Yyacy Ta
MiHIMI3aIlise aedekTiB. Mu J03BOJISIEMO 1IBOMY TMpOIECYy TpUBATH abo 3a3ganerilib
BilBeAeHUH uyac, ab0 MOKM MU HE 3HaiJIeMO pIllleHHs, SKE BIJOBIIa€ HAIIUM
MIHIMaJIbHUM KPUTEPILSIM.

3arajgoM KOKHE HACTYITHE MOKOJIHHS MaTuMe OUTBIIMKM cepelHild piBeHb (PI3UYHOT
MiATOTOBKH, TOOTO 3a0MpaTUME MEHIIIE Yacy 3 BUIIOO SKICTIO, HIXK TTOTIEPEIH1 TTOKOI1HHS.
[lin yac mulaHyBaHHA TpoOJieM, AK 1 y BUMAAKY 3 IHIIMMU PIIMICHHSIMH TE€HETUYHHUX
QITOPUTMIB, MU TOBUHHI TIEPEKOHATHUCS, IO MU HE BIAOMPAEMO MOTOMCTBO, SIKE €
HEMOXJIMBUM, HATIPUKIIAJ, TOTOMCTBO, K€ IMOPYIIIYE Hallle 0OMEXKEHHS MPIOPUTETY.

3BUYaitHO, HAM, MOKJIUBO, JIOBEJIEThCS JIOAATH JI0JATKOB1 MOKA3HUKHU MPUIATHOCTI,
Taki SK MIHIMI3aIlisl BUTPAT; OJHAK KOXHE J0JaHe OOMEXEHHsS 3HaYHO 30UIbILIY€E MPOCTIP
MOIIYKY Ta 3MEHIIYE KUTbKICTD PillleHb, SIKI T0OpE BiATOBIAAIOTh.

Moske cTBOpUTHCS BpaxkeHHs, MO ['A € NpocTo NepeKpydeHUM BapiaHTOM
BUIIAJIKOBOTO MOMIYKY. AJie TPUCTOCOBAHICTh OyJia BBeJeHA 30BCiM He aapeMHo. CripaBa B
TIM, 110 BOHa 0€3MOCepeHhO BIUIMBAE HA IIAHC OCOOM B3SITH Y4acTh Y CXpellyBaHHI 3
HACTYIHUM "Hapo/DKeHHSAM miTei'. BuOuparouwm mopas s CXpellyBaHHS HaWOLIbII
IPUCTOCOBAHUX OCOOMH, MOKHA 3 BUSHAUYCHUM CTETICHEM YIIEBHEHOCTI CTBEPKYBaTH, 110
Hamaaku OynyTh abo He Habararo ripmri, HDK 0arbku, abo kpamii ix. [IpubnausHO 1110
BEJIMYMHY BIICBHEHOCTI MOXKHA OIIIHUTH 3a JIOIIOMOT'OI) TEOPEeMH Ia0JIOHIB (TeopeMH
KM ).

Ycworo 3acrocyBanb ['A myxe 6arato, ToMy MPUBEJICHUN CITUCOK HE € BUYEPITHUM.

ExcTpemanbHi 3a7a4i (IMONIYK TOYOK MIHIMyMY 1 MIHIMYMY);

— 3agadi mpo HAMKOPOTIIHNH IIJISX;

3ajaqi KOMIIOHYBaHHS,
— CxJaianHs po3KJaiB,
— Anpoxcumariiss pyHKITIH;

— Jo6ip (¢pinpTpalris) BXITHUX JaHUX;
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— HacTtporoBaHHs IITYy4HOI HEHPOHHOT MEpEXI;

— MopemoBanns mry4aHoro xutts (Artificial life systems);

— bioindgopmatuka (3ropranus Ouikis 1 PHK);

— IrpoBi crparertii;

— Heniniiina QinbTpanis;

— ArenTH, mo po3suBarothcs/Mamnau (Evolvable agents/machines);

— Pi3HomanitHi 3amaui Ha rpadax (3amaua KoMmiBospKepa, po3dapOyBaHHS,

3HAXOJPKCHHS IMapOCTIONyUYCHB );

— HaByaHHs mITY4HOT HEMPOHHOT MEPEXKI;

— IlITyune XKuTTA.

'A - me edpeKkTUBHMA METACBPUCTHYHWUN IHCTPYMEHT JUUIS BHPIIICHHS TaKHX
npoOJieM yhpaBlliHHSA, SK TpoOjeMa IUIaHyBaHHS 00'€ekTa, IPOCKTYBaHHS MEpEexKi
NOCTayaHHs, TUTAHYBAaHHS, TIPOTHO3YBAHHS Ta YIPABIIHHS 3aIlacaMH.

J. Jarra BukopuctoByBaB ['A s BUpIMICHHS OJHOPSAIKOBOI IPOOJIEMHU
KOMITOHYBaHHS o0'ekTa. {7 11i€i 3amaul MmoaudikoBaHi onepaTopu KpOCOBEpY Ta MyTarlii
I'A parore niiicHi pimenHa. Bonu 3actocoByBanmm ['A 10 Benukux mnpolsiem, IO
ckinanarTeess 3 60—80 BumankiB. OmHAK BiH CTpaxkaae BiA TPOOJEMH 3aJeKHOCTI
napameTpis.

I'. Cagp3azne 3anponoHyBaB T€HETUUHUN aJITOPUTM JJIsi OaratopsiAKOBOI mpooIeMu
KOMITOHYBaHHsS 00’€kTa MaTtu Oarato mpoAykTiB. O0’ekTH OyiH CKYyIMUYEHI 3a JIOMOMOTOI0
MyTalliiHUX Ta EBPUCTUYHUX OIEpaTopiB. 3arajibHa BapTICTh, OTpPUMaHa BiX
3anpornionoBanoro I'A, Oyna 3meHmieHa Ha 7,2% MOPIBHAHO 3 IHIIMMH adroputMamu. B.
By BmnpoBaguB iepapxiunuii ['A, mo0 3’scyBaTH CXeMy CTUIBHHUKOBOI BHPOOHUYOI
cuctemu. OTHaK Ha Pe3yTbTATUBHICTH ['A CHIIBHO BIUTMBAIOTh TEHETUYHI OTIEPATOPH.

T. Astenno 3anpononyBaB MOI'A nnst mpoOinemMu KOMIOHYBaHHA 00’€kta. BoHH
BUKOPUCTOBYBAIM MYJIbTHOO €KTHUM T€HETUYHHM aNTOPUTM IS TUIAHYBAHHS JBAIATH
pizaux Bigautie. P. [Tamomo-Pomepo 3anmpononyBas octpiBHy Monens ['A s BUpinieHHS.

3anmponoHOBaHa METOAMKA MIATPUMYE PI3HOMAHITHICTh TMOMYJSAINA Ta CTBOPIOE

Kpallli pillieHHs], HibK icCHyroul MeToau. OaHaK I METOJIMKA CTpPaXkJa€ BiJl HEMPABHIHLHOT
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MIrpaliitHOi cTpaTerii, ika Mo)ke OyTH BUKOpUCTaHa JJIA MOMINIIEeHHd HaceneHHsa. ['A Ta
HOro BapiaHTH YCIIIIHO 3aCTOCOBaH1 Ha MpoOieMax KOMIIOHYBaHHS 00’ €KTa.

3aBAsIKM PO3BUTKY MYJIbTUMEAIMHUX NporpaM 300pa)k€HHS, BIIEO Ta ayJlo
MepeIaoThCsl 3 OJTHOTO Miclsl B iHIIE yepe3 IHTrepHeT. VY nitepaTypi Oyno BCTaHOBIIEHO,
10 300pa)KE€HHs YacTillle CXWJIbHI 10 MOMMUJIOK MiJ Yac nepenayi. Tomy HEOOXIgHI Takl
METO/IM 3aXHUCTY 300paKeHHS, SIK U pPyBaHHs, BOASHI 3Haku Ta Kpunrorpadid. Knacuuni
MeToaH udpyBaHHS 300paK€Hb BUMAraoTh BXITHUX MapaMeTpiB AJid udpyBaHHS.

HenpaBuinbHuit BUOip BXIAHUX MapaMeTpiB MpU3BEAE 0 HeaeKBaTHUX PE3yJIbTaTiB
mudpyBanns. ['A Ta #oro BapiaHTu OyiuM BHUKOPUCTaHI JUisi BUOOPY BIAMOBIIHHUX
napametpiB ynpasiinasa. M. Kayp po3poOuB 6aratoniiboBUii TeHETUUHUI aJIrOPUTM IS
ONnTUMi3alii KOHTPOJIBHUX TMapaMmeTpiB XaoTW4HOi KapTH. CekpeTHHHd Kiod OyB
CTBOPEHHI 3a JOMOMOTOI0 0eTa-xaoTH4HOi KapTu. CTBOpEHUH KIIF0OY BHKOPHUCTOBYBABCS
mis mmdpyBanHs 300paxenHs. I[lapanensHi ['A  TakoX BHKOPUCTOBYBAJIHCH IS
mudpyBaHHs 300paKeHHS.

OCHOBHMMHU 3aBJIaHHSAMU 00pOOKU 300pakeHb € momnepeaHss o0poOKa, cerMeHTallis,
BUSIBJICHHS 00 €KTIB, 3HEIIKO/DKEHHA Ta po3mni3HaBaHHA. CerMeHTanis 300paXeHb €
BOXJIMBUM KPOKOM JIJIi BUPINICHHA MpoOieM oO0poOku 300paxkeHb. Po3kiamaHHs Ta
po3aiIeHHs 300paKeHHSI BUMAarae BEJIMKUX 00YHCIIIOBAILHUX BUTPAT.

Jlns  BupimeHHs 11i€i  MpoOJieMHM BUKOPUCTOBYEThCA ['A  3aBOsSKH  Kpalium
MOXIIMBOCTAM TOIIyKy. Enhancement - me TexHika [JIsl TMOKpAIICHHS SKOCTI Ta
KOHTPACTHOCTI 300pakeHHs. [l aHamizy AgaHOTO 300pakKeHHs MOTpiOHA Kpala sIKiCTh
300paxkeHHa. ['A BUKOPUCTOBYBAJIWUCH HJisi TOCWJICHHS TPUPOJHOTO KOHTPACTY Ta
30LTBIIICHHS 300payKEHHS.

Jlesiki MOCHIMHHUKYU TIPAIIOI0Th Haj TiOpuau3aiico rpydboro Habopy 3 alanTUBHUM
FeHeTUYHUM  QITOPUTMOM  JJIi  3AUTTS  aTpubyTiB mymy Ta Kkoiasopy. ['A
BUKOPUCTOBYBAINCH MJIi YCYHEHHS IMyMy Bim JaHOTO 300pakeHHsA. ['A Moxke Oytu
riOpuaN30BaHUM 3 HEYITKOI JIOTIKOI, MO0 TOTIPIIUTA TIYMHE 300pakKeHHA. TexHika
BITHOBJICHHS, 3acHOBaHa Ha ['A, moxe OyTu BHKOpHCTaHAa IS YCYHEHHS CEpIIaHKY,
TyMaHy Ta CMOTy 3 JaHOro 300pakeHHs. BusBieHHS Ta po3mi3HaBaHHS OO €KTIB €

CKJIaJJHOI0 TMpoOiieMoro B 3adadi. Mogens cymimi ['ayca 3abesmeuye Kpaury

43



MPOAYKTUBHICTh ITiJ1 Yac MPOLECY BHUIBICHHS Ta po3mi3HaBaHHsA. [lapameTpu ympaBiiHHSA
ONTHUMI30BaH1 3a onomororo I'A.

['A neMoHCTpYe 4yI0Bi pe3yabTaTH ISl BUPIMICHHS TaKWX 3aBJaHb IUIAHYBaHHS, 5K
IUIaHYBaHHS POOOTH B MarasuHi, IHTErpoBaHE IUIaHYBaHHS Ta IJIaHYBaHHSA MPOLECIB,
tomo. o6 mnominmuTy e(QeKTUBHICTh Yy BHILE3a3HAYEHUX OOJACTAX IJIaHYyBaHHS,
JOOCIHIAHUKA pO3pOOMIM PI3HI TEHETUYH1 YSIBJICHHS, TEHETHYHI ONepaTopud Ta
riOpuausysanu ['A 3 IHIIUMHU METOAAMU.

Hanpuknaza, opranizaiii, NpamiBHUKU SIKUX MOXYThb MaTuh HEPEryJlsapHUi rpadix
poOOTH, MOBUHHI BIIOPATHUCS 3 MPOOJIEMOIO PO3IMOALTY POOOUMX 3MIH /JIs BCIX pOOITHUKIB,
mo0 3aJ0BOJILHUTH TPOTHO30BAaHUHM IMOMUT Ha pPOOOTY TOPHU3OHTY IUIAHYBaHHS 3
MiHIMQJIBHUMH BHUTpaTaMH, PO3TIISAJAI0YH HHU3KY OOMEXKEHb, IO CTOCYIOTHCS JIFOYOTO
3aKOHO/IaBCTBA, IHAWBIYyaIbH1 YIIOJ00aHHS KOXHOTO IMpalliBHUKA 1 TaK JIaJIi.

JlikapHi, roteini, TeiaedoHHI KOMIaHIi, YHIBEpMaru, TOLIO - MPUKIAAN YCTaHOB, Y
AKX 3a3BUYail TMPUCYTHI TMPAIIBHUKA 3 HEHOPMOBaHUM Tpadikom. BusHadeHHs
HEONTUMAJIBHOTO poO0ouoro rpadiky Juis BUIIE3a3HAYEHUX YCTAaHOB € 0araToBapiaHTHOIO,
MYJIBTUMOJQIBHOIO, KOMOIHATOPHOIO 3aJlauel0 ONTHUMI3allii, M0 BKIOYae 0ararto
00OME>KEHb.

Taki XapakTEepUCTUKH TMEPEIIKOKAIOTh 3aCTOCYBAaHHIO 3BHYAWHUX METOIIB
onTuMizatii, ki, IMOBIpHO, TOTPAIUIATh y MACTKY JIOKAJIbHUX ONTHUMYMIB. 3 1HIIOTO OOKY,
B OCTaHHI POKM MH CTajd CBIIKAMH TIOSIBU E€BOJIIOMIMHUX aJTrOPUTMIB, 30Kpema
TCHETUYHUX aJITOPUTMIB, SIKi OyJIM YCITIIIHO 3aCTOCOBAaHI JI0 ALY IPoOJieM 3 IEIKUMH 3
BUII€3a3HAYCHUX XaPAKTEPUCTHUK.

Tyt mepma npobrnema obmexeHOro poOodoro rpadiky BHU3HAUEHA IS BUMAIKY,
KOJIM TIpaIliBHUKHU KJIacu(PIKyIOThCs HA KiTbKa Tpyn abo kareropiil. [ToTiM po3poOmnsieThes
IHAMBINYyaJIbHUNA TEHEeTUYHUH alropuTM J0 1i pillIeHHS IIJISXOM BHU3HAUYEHHS BUTPAT,
MOB'I3aHUX 3 MOPYIIEHHSM OOMEXEHBb Ta IUIIXOM PO3POOKH €BPUCTUYHUX OIEPATOPIB,
Tis1 SIKUX TOJIATAE Y 3MEHIICHH] 3HaYeHb BUTPATH Ha MOPYIICHHS.

Pesynpratn MoaenioBaHHS MiATBEPIXKYIOTh 3aCTOCOBHICTh 3aIpPONOHOBAHOTO

METOJIy JI0 PETBHOTO CBITY MPOOJIEMHU 13 MIIaHyBaHHSM po00voro rpadiky.
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[IpunyctuMo, 110 ICHYyEe oOpraHizailisg, Ska Ma€ HEOJHOPIAHY pobouy cumy,
Kjacu(dikoBaHy 3a KUIbKOMa IMpaliBHUKaMU Tpynu abo Kareropii, SIK INOKa3aHO Ha

puc. 2.9.

Puc. 2.9. Cxematuune 300paxeHHs pi3HOP1IHOT poOoUoi cuiin 3 36 NpalliBHUKIB,

po3noUieHuX Ha 7 rpyn abo KaTeropii

3anporioHOBaHa TMpoOjeMa HEOJHOPIMIHOTO IUIAHYBaHHS poO0OYoi cuiau i3
OOMEKEHHSIMHU TOJIATa€e y BU3HAYEHHI rpadiky poOOTH BCiX POOITHUKIB MPOTIATOM JIaHOTO
nepioay IJIaHyBaHHS, 1100 MIHIMI3yBaTH 3arajibHI BUTPATH, 3aJ0BOJIBHIIOUN MPU IIOMY
KUIbKICTh OOMEXeHb. Taki oOMeXeHHS MOXXYTh OyTH 3araJilbHUMU (HANpHKIaj, HasBHA
KUIbKICTh TpaliBHUKIB), crienudidHa ajia rpynu (Hampukiag, MaKCUMaldbHa Ta CEpeaHs
TPUBAJICTh poOOUOiT 3MiHM) ab0 crenudivyHa Ui NpariBHUKA (HAIPHUKIIAJ, BIIOJ00AHHS
yacy mpailiBHHKa ab0 Oa)kaHa KiTbKiCTh pOOOYHX 3MiH).

['opu30HT MIaHyBaHHS CKJIAIAE€THCS 3 JUCKPETHUX, MOCIIJIOBHUX Ta PIBHOMIPHHX
(omHaKoBOI TpUBaNOCTi) iHTepBamiB vacy t, mius ¢t = 1,2,3,. . ., T. KoxeH mpaiiBHUK
MIpaIfoe 1Mo 3MiHaX, KO)KHA 3MiHA CKJIQIAE€ThCS 3 IILJIOr0 Yucia iHTepBainy dacy. Kpim Toro,
HeXal S mo3Ha4a€e MaKCHUMalbHY KUIBKICTh POOOYMX 3MiH OyAb-KOTO TpalliBHUKA
MPOTATOM TOPU3OHTY IIJIaHYBaHHSI.

OcHOBHI BHMOTHW 3ajadyi BKJIIOYaOTh R; i R‘tg , BIAITOBIAHO, 3arajbHa KUIBKICTB
MpaIiBHUKIB Ta MiHIMaJbHA KUIBKICTh MPAIBHUKIB TPYyNMy §, HEOOXigHA Ha iHTepBami t,
mt=12, .., T. JlonaTkoBo € ImapaMeTp y Takui, mo yR; 1a€ MiHIMAIbHO IPUHHATHY

MiJCYMKOBY KUTBbKICTh MPAIliBHUKIB MPOTITOM IHTEpPBAY 4acy.
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[HIIMM MPUKIIAIOM € pO3B’sI3aHHA 3a7a4i KOMIBOsDKEpa 3a JOIIOMOTOI0 TEHETUYHOTO
anroput™my. Ll npobnema € oAHIED 3 HAWOUIBII IHTEHCUBHO BHBYEHUX MpoOJieM
KOMOIHATOpHOI ONTHUMI3alli, SIK MNPUKIAJ HEAETEPMIHOBAHMX BaXKUX MpoOieM 3
MOJIIHOMIAJIbHUM YacoM, 3 TMOXIAHUMHU Yy cdepax JOriCTUKH, KiOep-MeIUIMHU Ta
METUITUHY.

3anaya 3aja€ HaCTyIHE 3anuTaHHsA: “BpaxoByroun nepeinik By3/liB Ta BIICTaHI MIX
KOXKHOIO TIapOI0 BY3JIB, SIKUN HAWKOPOTIIMN IIISAX, SKUM O3BOJISE BIBIIATH KOXKEH
BY30J1 JIMIII€ OJIMH Pa3 1 MOBEPHYTUCS J0 MOYATKOBOTO By3na?”.

Kinbka TOYHUX Ta EBPUCTUUHHMX AJITOPUTMIB MOKYTh HaJaTH NPHOJIU3HE PIIICHHS,
a yac po0OTH aJIrOPUTMIB 3aJI€KHUTh BiJl KiTbKOCTi N By3:IiB.

[TpukaagoM KOHCTPYKTHBHO-€BpUCTUYHOTO anroputMy N! ckiaagHOCTI € anroputm
«Haiommkuunii cyciiy, sIkuil MpOMoHYEe MapIIpyT 13 3arajibHOK0 BiJICTaHHIO, TPUOJIU3HO Ha
25% AOBIIOO 32 HAMKOPOTIIMA MOKJIMBHUI MapIIpyT.

Takuii anropuT™ JIETKO peajizyBaTv, BAOMPAOYN HAHOIMIKYOTO CyCifa B KOXKHOMY
BY3J1i, ITHOPYIOYHM HACIIJIKHM 3arajibHO1 BIJICTaH1 MapuIpyTy, 10 BKa3y€e Ha HOTO CIa0KICTh.
Takum dYuHOM, I OTpPUMaHHA HAWKpAIIOrO pIllIEHHS HEoOXiHa ONTHUMI3allis
njoHaliMenue 20% i1 Takoro ajJropuTrmy.

Jns 3agaui koMmiBospkepa 3 N micTamMu onTUManbHE PIIIEHHS MOXKHA 3HAWTH
METOAOM “Tpy0o0i cuiin” micis Mpoxo KeHHS BCixX pizHux N! mapuipytis, npencrarieni N
PO3MIpHUM BEKTOPOM IILIUX YHCE.

Cki1agHICTh MPOOJIEMH MOXKE PI3KO 3MEHIIHUTHCS, SKIIO0 MapIIPYT MPEICTABUTH SK
HEHAIpaBJICHU TaMiUIbTOHIBCHKMM MapIIpyT, IO BiAMOBiAa€ BHU3HA4YeHHIO 3amadi. Lle
MOJIAaHHS OITyCKAa€ 3HAYCHHS HANPSMKY 1 OMHCY€E KpyroBuid MapmpyT (puc. 2.10) - Takum

yrHOM cKianHicTh magae 3 N! o (N-1)!/ 2 (puc. 2.11).
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Puc. 2.10. Kpyrouii MapuipyTt, 110 CKJIaIa€ThCs 3 8 BY3J11B, 300paK€HUN Y BUTIIS1

rpada

Puc. 2.11. Toit camuii MapmIpyT y BEKTOPHOMY ITOJIaHHI

Jlist Toro, mo0 po3B’s3aTH II0 3a/1ady 3a JOIMOMOTOK T€HETUYHOTO ajTrOpUTMY,
nOTPiOHO MPEeACTaBUTH MApUIPYT 1HaKIIe. MOXIuBE pillieHHs (XpOMOCOMA) - 11e BEKTOp 13
BIJICTAaHSIMH MIX BY3J1aMH KOKHOTO MOJKJIIMBOTO MapIIPYTy, SIKMH MICTHUTh KOXKEH BY30JI
JIMIIIE OJTMH Pa3 1 MOBEPTAETHCS IO TIOYATKOBOTO By3JIa.

[IpakTuyHuil MWiAXiA, MO BUIUIMBa€E 3 Teopii rpadiB, BUKOPUCTOBYE CIPOIICHY
Matpuiro cymikaHocTi 3aitmens (SAM) 3amicTe BekTOpa 3'€IHAHHS B Mapi 3 MaTPHUIIECIO
Bincranei (DM).

SAM - e cumerpuuna matpuils [N x N] 6iriB, ne «0» o3Hauae po3puB, a «1» -
3B’SI30K MIDXK PSIZIKOM 1 CTOBITYMKOM KOMIPKH (JIyTOI0 Mi3K TBOMA BY3JIaMH ).

Jns mpoctux cuctem SAM Moke TeHepyBaThCs O€3MOCEPEIHBO 3 BEKTOPHOTO

noAaHHs. [[7s BEIMKHUX CUCTEM MATPUII0O MOKHA OMUCATU HUKITYHO sK 2-ToukoBui KIIT 1
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chopMyBaTh 3a JONOMOIOI0 MPOCTUX MATPUYHMX OOYMCIIEHb, SIKI MOYKHA JIETKO
peanizyBatu B Matlab.

be3nocepetHbO MOMHOKHBIIM BEPXHIA / HUXKHIA NPAMOKYTHHUK Matpuul SAM,
OOYHCIIOETHCS 3arajbHa HOPMOBAaHA BIJICTaHb MapIIPYTY.

Kpurepiem npunuHeHHs € HalkopoTmMM nHuiax (aOCOMOTHUM MiHIMYM) a0o
KOPOTUIMH HUIAX, OTPUMAHUH MICIsI MAaKCUMAJIbHOT KUJIBKOCTI ITepallii.

3a3Buyail movyaTKoBa MOMYJSALIs OCOOMH T€HEPYETHCS BUMAJAKOBUM YMHOM. Takum
YMHOM, YaCTMHA TMOYAaTKOBUX XPOMOCOM MOXeE OyTH [dajleKol0 Bl ONTHUMAaJIbHOIO
pilieHHs. 3aMiCTh BHIIaJIKOBOIO T'e€HEpyBaHHS BUKOpPUCTOBYeThbcsl anroput™ NN, 1
MOYATKOB1 XPOMOCOMH («MO>KJIMBI PIIIEHHS») € BEKTOpaMH, OTPUMAaHUMH MPU PO3TISAIL
KO’KHOTO By3Ja SIK MOYaTKOBOIO MiCTa Ha KpyroBomy mapupyti (puc. 2.12). Takum
YUHOM, XPOMOCOMHU - II€ IIJISXH 13 3aTaJIbHOI0 BIICTaHHIO PUOIU3HO HA 25% moBIIE, HIXK

HAWUKOPOTILIUN MOKJIMBUH LIJISX.

Puc. 2.12. Ilpukian ABOX MOYATKOBUX XPOMOCOM JJII MAPUIPYTY

Bin6ip 0aTbkiB 6a3yeThCs HA JIIHIHHOMY PAaHTOBOMY CKJIal MOMYJIALII, IO BKIIOYAE
m XpoMOCOM: C1, C2, C3... ¢m-2y Cm-1, Cm.

MiHimMaibHe Ta MakcuMajbHe pimieHHs (C1, ¢m) - e mmepma mapa OaThKiB IS
HacTtynmHoro mnokoiriHHs. [[lo6 3abe3meunTn ABOX JOJATKOBUX OATHKIB JJIi HACTYITHOTO
MOKOJIIHHS, BJOCKOHAJICHWI aJTOPUTM BUKOPUCTOBYE OPTOTOHAIBHUM-TAMUIBTOHIB
MapuipyT (OHR). Anroputm BukopuctoBye crnemnianbay ¢yHkuiro OHR: OHR BigHOCHO
JIOBTOTO MapIIpyTy CTBOPUTH KOPOTIIMI MapuipyT, a BiTHOCHO KOPOTKOTO MapUIpyTy -
noBimuiA. TakuM YMHOM, HA TIEPIIOMY €Talli ITepaIiifHOro Tmpolecy OyayTh BU3HAUCHI JBI
"ciMT" - cim's kopoTmux mapmpyTiB ("MiHIManpHA" CiM'S) 1 CIM'S JOBIIMX MapHIpyTiB

("mMakcumanipbHa" CiM's).
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3acrocoByroun OHR, aiiropuT™ 103BOJUTH YHUKHYTH 3MEHUIEHHS! PI3HOMAHITHOCTI
HACEJICHHS, 110 € OCHOBHOIO MPUYMHOIO MEepPeadacHOro 30JIMKEHHs, a 0TKe, 3a0e3MeYnTh
MIATPUMKY PI3HOMAHITHOCTI.

JUis BeNMKUX TpyNn HAceleHHS MOXKHa pO3MVISIHYTH Oulbllie map OaThKiB Ha
npukiagi: (C1, c¢m), (C2, c¢m1), (C3, cm-2) Tomo. KpiM TOro, MOAUIMBINKM MOIYJISIIIFO
XpOMOCOM Ha K cyOmomysiriid, MoXHa oTpuMaTi K MakcumMyM i K MiHIMyMIB, 1, OT)Ke, |-Ta
napa 0aThbKiB HACTYITHOTO IMOKOJIIHHA € | MIHIMyMOM 1 ] MmakcumymoM, ne | = 1,2, ... k.
JloaTkoB1 OaThKH JIJIsl HACTYIHOIO MOKOJIHHS 3a0e3neuytoThes 3a gonomorowo OHR.

ITepariifHuii Ipollec BU3HAYAETHCA SK JIBa MapalieIbHUX KOHBEEpH (MiHIMalbHE Ta
MaKCUMaJbHE CIMEHCTBO) 3 I’ATH €TaliB Ha KoXHoMy. lIpomec amsi mMamux CUCTEM

MoKa3aHo Ha puc. 2.13.

Puc. 2.13. [lapasienbHe BUKOHAHHS AJITOPUTMY U1 HAUKOPOTIINX T4 HAMJOBIIAX

MapIIpyTiB
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Ha nepmomy etani, BukopuctoBytoun ¢pyHkuiro OHR, “miHiIMymM™ OaTbKiB HaJacTh
“BIIHOCHO MakCUMyM™’ OaTbKiB, a “MakCUMyM™ OaThKiB Ma€ “BIAHOCHO MIHIMYM” OaThbKiB.

Ha gpyromy erami, BUKOPUCTOBYIOYM ONEpaTop MyTamii, ‘“MakcuMyMm’ Ta
“MIHIMyM” O0aTbKiB CTBOPIOIOTH CIM’I0 3 UYOTHUPMA Imax (TUMYACOBHI MaKCHUMYM),
BIIMOBIIHO CIM’I0 3 YOTUPMA XPOMOCOMAaMH [ min (TUMYacoBui MiHiMyMm). Ha TpeTrbomy
eTari XpOMOCOMH CIMEUCTBA «MAKCUMYM» Ta «MIHIMYyM» KJIaCU(]PIKYIOTbCS OKPEMO.

3anporoHOBaHa CTpATEris JIOKAIBHOT ONTUMI3AIlli JJIsi BHXOAY 3 JIOKaJbHOTO
MIHIMyMY 3a JIONOMOIOI0 IMKJIIYHOTO BEKTOpa ISl MIPAXyHKY HE3MIHHUX PE3yJbTaTiB
QITOPUTMY Ta IHIIIIOBaHHS KpPOCOBepy Ta / abo MyTallii 3 METOI MOKpAIIeHHs PIllIeHHS.
Ha uyerBepromy etani, BukopuctoBytroun ¢yskniro OHR, "makcumym" 1 "Minimym" 3
KOKHOi ciM'T AaayTh HOB1 "BigHOCHUH MiHIMYM" / "BIIHOCHUH MakCHUMyM'" XpOMOCOM
(Tmidmin I Tmidmax)-

Ha m’aromy etani HOBI XpOMOCOMH OyIyTh MepeHanpaBIieHi 10 BIAMOBIIHOI CIM’1, 1
TaKUM YUHOM 3a0e3IeuyeThCcs HOBE paHTrOBaHE MOKOJIHHSA. MakcumaiabHa XpoMocoma
MaKCUMAaJIbHOTO CIMEHCTBAa Ta MIHIMalbHa XpPOMOCOMa MIHIMAJBHOIO CiMeicTBa - Le
nepuia napa 0aTbhKIB JUIsl HACTYIHOTO MOKOJIHHS, SIKIIO KPUTEPid NMPUIUHEHHS ILE HE
TOCSTHYTHH.

[IponoHyeTbCsl cTpaTerist JOKaJbHOI ONTUMI3alii A BHUXOLY 3 JIOKAJIBHOTO
MIHIMYMY, BUKOPHUCTOBYIOYM HHUKIIYHUN BEKTOp MJIA MiAPAXyHKY KUTBKOCTI HE3MIHHUX
pe3yiIbTaTIB Ta IHIIIFOBAHHS KPOCHHTOBEpYy Ta / abo MyTailii 3 METOI BIOCKOHAJCHHSI
pimieHb. KpocoBep 3acHOBaHMN Ha TphOX NOCILAOBHUX BYy3/lax (3 MOYaTKOBUM

BUIIAJKOBHM PO3MIIIEHHSIM) KPOCOBEPa MOPSAKY MK JBOMa OaTtbkaMu (puc. 2.14).

Puc. 2.14. 3MiHa MOCIIIOBHOCTI B pe3yJIbTaTi KPOCOBEPY
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Omnepariis MyTallli 3aCHOBaHa Ha BUIAJAKOBOMY OOMIHI mapamu By3iiB. Ilinkauka
MOKe OyTH 3/1iICHEHa NUIIXOM OOMIHY iX PSAKIB 1 michas iX croBnuiB y SAM abo nuisxom
3aMIHM BY3JI1B y CTaHJAPTHOMY BEKTOP1 Ta CTBOPEHHS BiAnoBinHoro SAM.

[IceBnoBuna kOBl IBIMKOBUI reHEpaTOp IJIs KPOCOBEPY Ta MyTaIlii 0a3yeThcsl Ha
22-01ToBOMY JIHIHHOMY pericTpi 3cyBy 3BOpoTHOro 3B'sa3ky (LFSR) 3 Bukopuctanusm

MOJIIHOMIaJILHOTO BUPA3Y:

14+ x14+ 224+ 234 x>+ x84+ x13 4 x21

Takuit renepatop BupoOssie (miciss BuOopy Ta  HopMamizamii  OiTiB)

TMICEBJIOBUIAIKOB1 HAOOpHU KoedilieHTIB 00MiHY OITIB / KpocoBepa.

2.6. OCHOBHI MOHATTS FTEHETUYHUX AITOPUTMIB

I'enetnunnii anroput™ (anri. Genetic algorithm) — e eBpucTHYHHI aNITOPUTM
MOITYKY, BUKOPUCTOBYBAHHU JIJISl PIlICHHS 3aJa4 ONTUMI3allii i MOJIETIOBAHHS ILITXOM
MOCJIIZIOBHOTO MMi100pYy, KOMOIHYBaHHS 1 Bapiallii ITyKaHUX MapaMeTpiB 3 BUKOPUCTAHHSAM
MEXaHI3MIB, 110 HAraJyrTh 010J0T1UYHY €BOJIOIII0. € PI3HOBUIOM €BOJIOIIHHUX YHCIICHb
(anr. evolutionary computation).

BigMiHHOIO PHCOIO0 T€HETHYHOTO AITOPUTMY € aKIIEHT Ha BUKOPUCTAHHS OIlepaTopa
"cxpermryBaHHA", IO POOUTH oONEpaIlifo peKoMOIHAIl pilleHb-KaHAUIAATIB, POJIb SKOI
aHAJOTIYHA POJII CXpENlyBaHHS B KUBiM npuposi. "baTbkoM-3aCHOBHHKOM" T€HETHYHHUX
aNrOpUTMIB, SIK BXKE OyJIO CKa3aHO BuUIlle, BBakaeTbcsa [xon Xoimana, KHUTA SKOTO
"Anmanraris B mpupogHUX 1 mTydyHuX cuctemax' (amri. Adaptation in Natural and
Artificial Systems) e ocHOBHOIO Tipariero B il 001acTi JOCIIIKEHb.

[Ipu ommCi TeHETUYHUX AJTOPUTMIB BUKOPHUCTOBYIOTHCS O3HAYCHHSI, 3allO3MYCHI 3
reHeThKku. Hampukian, moBa #me mpo momynsmii ocoOuH, a sK 0a30Bl MOHATTS
3aCTOCOBYIOTHCS T€H, XPOMOCOMa, T€HOTHUTI, (DEHOTHT, ajuiehb. TakoX BUKOPUCTOBYIOTHCS
BIJIMOBITHUM IIMM TEPMiHAM O3HAYEHHS 3 TEXHIYHOTO JICKCUKOHY, 30KpeMa, JaHIIIOT,

JIBIMKOBA TOCIIIOBHICTh, CTPYKTYpa.
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[Tomynsis — 1e KiHIeBa MHOXKMHA OCOOMH.

Oco0u, 1o BXOASITH y MOMYJIAIII0, Y TEHETUYHUX AITOPUTMAX MPEACTABISIOTHCS
XpOMOCOMAMH 3 3aKOJJOBAaHUM y HUX MHOKMHAaMHM MapaMeTpiB 3ajadi, TOOTO pillieHb, AKI
IHaKIIIe HA3MBAIOThCS TOYKAMH B MPOCTOPi momyky (search points). ¥V aeskux podorax
0CcO0M Ha3MBAIOTHCS OpraHI3MaMH.

Xpomocomu (IHIII Ha3BU — JIAHLIOKKH ab0 KOJOBI TOCHIJOBHOCTI) — 1€
YIOPSIKOBAH1 MOC1JOBHOCTI I'€HIB.

['en (TakoX Ha3BaHWI BJIACTUBICTIO, 3HAKOM a00 JOETEKTOPOM) — II€ aTOMapHH
€JIEMEHT TeHOTHITY, 30KpeMa, XpPOMOCOMH.

'enotun abo crpykTypa — 1e Hablp XpomocoMm JaHoi ocobu. Otxke, ocobamu
nomyJsiii  MOXYyTb OYTH TEHOTHMNM abo OJMHUYHI XpomMocoMH (Y JIOCUTh
PO3TMOBCIOKEHOMY BUTIQ/IKY, KOJIM TCHOTHUII CKIIAJIAE€THCS 3 OJTHIET XPOMOCOMM ).

denoTun — 11e HaOIp 3HAYEHb, IO BIANOBIIAIOTH JIAHOMY T'E€HOTHIIOBI, TOOTO
JICKO/IOBaHa CTPYKTypa ab0 MHOXHMHA MapameTpiB 3anadi (pillleHHs, TOYKa MPOCTOPY
MOIIYKY).

Annens — 1€ 3HAYEHHS KOHKPETHOTO TeHa, TaKOXX OOYMOBJIEHE $K 3HAY€HHS
BJIACTHUBOCT1 200 BapiaHT BIACTHUBOCTI.

Jlokyc abo mo3mIis BKa3zye MiCIle pPO3MIIIEHHS JaHOTO TeHa B XPOMOCOMI
(JTaHIOKKY). MHOXKHHA MTO3UITIN TEHIB — I1€ JIOKH.

Jlye BaxJIMBUM TOHATTSM Yy TEHETUYHUX alrOpUTMax BBAXKAEThCS (QYHKINISA
npuctocoBanocti  (fitness function), imakme Ha3uBaHa (yHKIEO OLIHKA. BoHa
IpeACTaBiIsie Mipy MPUCTOCOBAHOCTI JaHoi ocobu B momynsamii. [g QyHkiis Bimirpae
HAaWBaXXJIMBIITY POJIb, OCKUIBKH JTO3BOJISIE€ OLIIHUTH CTEMiHb MPUCTOCOBAHOCTI KOHKPETHUX
0COOMH y momyJsmii 1 BHOpaTH 3 HUX HaWOUTBII TPUCTOCOBaHI (TOOTO HAWOLIBIIN
3HaueHHsA (YHKI[i, IO MalTh NPHUCTOCOBAHOCTI) BIAMOBIAHO 10 EBOJIOLIIHOTO
MPUHIIUITY BYDKUBAHHS "HaCHIIBHIMNX " (HalKpaIle MprUCTOCYBaJIUC).

@DyHKIlIST TPUCTOCOBAHOCTI TAaKOX OJIp)Kaja CBOK Ha3By O€3MOCcepeiHhO 3
reHeTrky. BoHa BrumBae Ha (GyHKI[IOHYBaHHS T€HETUYHHX QJITOPUTMIB 1 TIOBUHHA MAaTH
TOYHE 1 KOPEKTHE O3HA4YCHHS. Y 3aJauax ONTUMi3amii (yHKIS TPUCTOCOBAHOCTI, 5K

MPaBUJIO, ONTUMI3YETHCS (TOYHINIE KaXy4Hl, MAKCUMI3YEThCS) 1 HA3UBAETHCA ILILOBOIO
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dbyHkiiero. Y 3agadax MiHIMI3amii [UIboBa (YHKISI TEPETBOPIOETHCS, 1 mTpoliaemMa
3BOJIUTHCA 10 MaKCHUMI3allii.

VY Teopii kepyBaHHS (PYHKISI TPUCTOCOBAHOCTI MOXE NpuiAMatu BUA (PyHKIIIT
noxubku, a B Teopili irop — BapTicHOi QyHKIii. Ha KkoxHIM iTepaiii reHEeTHYHOTO
ITOPUTMY IPHUCTOCOBAHICTh KOXHOT OCOOM TaHOI MOIMYJISLIi OLIIHIOETHCA 3a JTOMOMOIOI0
(yHKIIi MPUCTOCOBAHOCTI, 1 Ha 1[I OCHOB1 CTBOPIOETHCSI HACTYITHA MOMYJISIIISE OCOOUH, 110
CKJIQJal0Th MHOKMHY MOTEHI[INHUX pillIeHb MPOOJeMH, HAIPUKIIA/, 3a/1a4l ONTUMI3allii.

Yepropa momyisiis B T€HETUYHOMY aJFOPUTMI HA3UBAETHCSA TOKOIIHHSAM, a [0
3HOBY CTBOPIOBAHOI MOMYJISLIi OCOOMH 3aCTOCOBYETHCS TEPMiH "HOBE MOKOJIHHS" abo

"ITOKOIIHHSA HaaIKIB" .

2.7. Onuc anroputMy

3aj1aua KOJAY€eThCS TAKUM YHHOM, 00 11 pillICHHS MOTJIO OYTH IIPE/ICTaBIICHE Y BH/II
BekTopa ("xpomocoma'). BunajgkoBUM YMHOM CTBOPIOETHCA J€siKa KUIBKICTh MOYaTKOBUX
BekTopiB ("'mouaTkoBa momysAmisA'"). BoHM OIIHIOIOTBCS 3 BUKOPUCTAHHIM "(QyHKIIIT
IPUCTOCOBAHOCTI", Y pe3yJbTaTi 4YOro KOXKHOMY BEKTOPOBI MPUBIIACHIOETHCS BU3HAUCHE
3HaueHHS ("'MPUCTOCOBAHICTB"), IO BHU3HAYAa€ WMOBIPHICTh BI)KMBAaHHS OpraHizmy,
NPEJICTABIICHOTO TAHUM BEKTOPOM.

[licns 1mporo 3 BUKOPUCTAHHSIM OTPUMAHUX 3HAYEHb IMPUCTOCOBAHOCTI
BUOMpPAIOThCS BEKTOpU (cenekinii), momymieHi mo "cxpemryBaHHsA". [[o mHMX BEKTOpIB
3aCTOCOBYIOThCA '"TeHeTHYHi orepatopu” (y OLIBIIOCTI BUNAIKIB '"CXpelnlyBaHHS -
crossover i "myraris"-mutation), cTBoOproroYM B TakWi CIOCIO HACTyIHE "MOKOJIHHA'.
OcoOu HACTYMHOTO TIOKOJIHHS TaKOXX OIIIHIOIOTBCS, ITOTIM BHPOOJISIETBCS CEJICSKIIis,
3aCTOCOBYIOTHCSI TEHETHUYHI orepaTopu i T.1. Tak MoaemtoeTbes "eBomtoniiHui mporec”,
0 TPOJOBXKYETHCS KUTbKA JKUTTEBUX NHKIIB (TIOKOJIIHB), MOKH HE Oyne BUKOHAHUU
KpUTEPil 3yUHKA aITOPUTMY.

Takum KpuTepieM Moxe OyTH:

— OtpuMaHHA 1100aTBHOTO, 00 CyOONTHMATBHOTO PIIICHHS;

— BuuepnaHHs 4nciia MOKOJiHb, BIAMYIIEHUX HA €BOJIOLIIIO;
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— Buuepnanng yacy, BIAMYIIEHOTO Ha €BOJIIOLIIO.

['eHeTHYHI aNTOPUTMHU CIIyXaTh, TOJOBHUM YMHOM, JUIS MOIIYKY DIIIEHb Yy YK€
BEJIUKUX, CKIaJHUX MIPOCTOPAX MOUIYKY.

TakuMm YWHOM, MOXHA BUJUIUTH HACTYMHI €Tamud TEHETUYHOTO aJIFOPUTMY
(puc. 2.15):

— CTBOpEHHS MOYaTKOBOT MOIMYJISIIII;

— OOuuncnenHs GyHKI[IH TPUCTOCOBAHOCTI JJIsl OCOOMH MOMYJIsIliil (OL[IHIOBAHHS).

[TouaTtok mukmny:

— BuOip iHIUBUIIB 3 TOTOYHOT MOMYJISIT (CeneKis);

CxpenryBanHs i (a00) MyTariis;
— OOGuucnenHs: PyHKIIH MPUCTOCOBAHOCTI JIJIsSI BCIX OCOOMH;
— @dopMyBaHHS HOBOT'O MOKOJITHHS;

— HKIIIO BUKOHYIOTBCA YMOBHU iHIHOFO, TO KiHCIIB IMUKITY, 1HaKIIe Ha IOYaTOK

MouaTok

IHiYianizayia - emdip
MoYaTKoBOT NONYNALT
XPOMOCOM

LUKITY.

QUIHOEAHHA
NPUCTOCYBaHHA
XpOMOCOM Y
nomynALi

YMmoBy
33BEPLLEHHA
BUKOHEHO

Tak

Buwbip
Cenekuis xpomocom "wanxpawol”
XPOMOCOMM

3ACTOCYBEHHR
FEHETHUHMX
onepartopis

CTE0pEHHA HOBOI
nonynAaLil

PR

KiHels

Puc. 2.15. Cxema anroputmy I'A
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2.7.1. CTBOpeHHs MOYaTKOBOI MOMYJIALIT

[lepen nmepmnM KpOKOM MOTPIOHO BUMAJAKOBUM YMHOM CTBOPHUTHU SIKYCh ITOYATKOBY
MOMYJISAIII0; HaBITh SKIIO BOHA BUSBUTHCS 30BCIM HEKOHKYPEHTOCIPOMOKHOIO,
TF€HEeTUYHUN alrOpUTM JOCUTHh LIBUJKO NEpeBeie il B MKUTTE3AATHY monyssnito. Takum
YMHOM, Ha MEepUIOMY KpOIll MOXKHA OCOOJIMBO HE Hamaratucs 3poOUTH 3aHAJATO IYyKe
MPUCTOCOBAHUX OCOOWH, JOCUTH, 11100 BOHU BIANOBIAAIN (POPMATOBI OCOOMH MOy, 1
Ha HHAX MOXKHa Oyno migpaxyBaTu (yHkiito mpucrocoBanocTi (Fitness). Ilimcymkom

NepIIoro Kpoky € nomyJsiis H, o ckinagaetses 3 N ocoOuH.
2.7.2. Bin6ip

Ha erani BinOopy motpiGHO 3 yciel momyniii BUOpaTH BU3HAa4YEHY ii 4acTKy, IIO
3IMIIATHCS "y KUBHUX" Ha IIbOMY €Talll eBOMIoIIl. € Pi3HI cmocoOu MPOBOIUTH BiLOip.
MoBipHicTs BmXuBaHHS 0coO0M N [OBMHHA 3amexard BiZ 3HAYCHHA QYHKIII
npuctocoBanocti Fitness (h). Cama wuacTtka, IO BHXKHIIA, 3a3BHYail € MapaMeTpoOM
T€HETUYHOTO AJITOPUTMY, 1 ii MPOCTO 3aJar0Th 3a3dalieTiab. 3a MmiACyMKaMH Bimoopy 3 N
ocoOMH momyssii H MOBUHHI 3aIUIIUTUCA S OCOOWH, IO BBIWAYTH Y IJICYMKOBY

nonyssmito H'. [ami oco6u ruHyTs.
2.7.3. PoaMHOXEHHS

Po3MHOXEHHSI B TEHETHYHUX aIrOpUTMaxX 3a3BUYail cTaTeBe — MO0 3poOHUTH
HaIaaKa, TOTPiIOHO AeKiIbKa OaThKiB; 3a3BUYail, MOTPIOHO PIBHO ABa. PO3MHOXEHHS B
PI3HHX aNTOpUTMax BHU3HAYAETHCS IMO-PI3HOMY — BOHO, 3a3BUYai, 3al€KUTh BIJ
MPEICTaBICHHS AaHUX. | 0JIOBHA BUMOTA IO PO3MHOKEHHS — 100 HaIIa0K a00 HAIA KA
MaJjii MOXKJIMBICTh yCTAIKyBaTH PUCH 000X 0aThKiB, "3MimaBmm" iX sKuM-HEOYb JOCUTH
PO3YMHUM crocoOoMm. ¥Y3arajal TOBOpSYM, JUISI TOro 1100 TPOBECTH OIEpalliro
po3MHOXKeHHsI, moTpibHo BuOparn (1 — s)p/2 map rimore3 3 H i mposectn 3 HuMH

PO3MHOKEHHSI, OJEPKABIIM [0 JiBa HAIAJKa Bl KOXHOI mapu (SKIIO PO3MHOXKEHHS
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BU3HAYCHE TaK, 00 JaBaTH OJHOIO Hallaaka, morpiono sudparu (1 — s)p map), i qomatu
nux Hamaakie y H'. ¥V pesynasrati H' Oyne cknagatuca 3 N ocobun. Yomy ocobu st
PO3MHOXKEHHSI 3BUYaliHO BUOMPAIOTHCS 3 yCle€i momyssiuii H, a He 3 eleMeHTIB, 1110 BUKUIH
Ha nepuoMy kpoui, Ho (Xxo4a ocTaHHIi BapiaHT TeX Mae€ MpaBo Ha icHyBaHHs)? CrpaBa B
TIM, LI0 TOJOBHA KPUTHKa 0araTh0X TE€HETUYHUX AJNTOPUTMIB — HEIOJIK PO3MAiTOCT1
(diversity) B ocobax. JIoCHTh IIBHAKO BHAIISAETHCS OOUH-€IMHHA TEHOTHII, IO SBJISE
co0010 JIOKaJTbHUH MaKCUMYM, a MOTIM BC1 €JIEMEHTH MONYJIALIl IpOrparTs KoMy BUOIp, 1
BCs MOMyJsLis "3a0uBaeTbest” KomisiMU 11i€i ocoOu. € pi3HI criocoOu 0OpOTHOM 3 TaKUM
HeOakaHUM €(EKTOM; OJIMH 3 HUX — BHOIp JJIT PO3MHOKEHHS HE CaMHUX MPUCTOCOBAHUX,
ajie yzarajii BCiX OCOOUH.

Omnepatopu KpoCOBEpPY BHUKOPHUCTOBYIOTHCS JJISI CTBOPEHHS HAIIAJIKIB IIJITXOM
NoeIHAHHS TeHeTHyHoi 1HQopMmarlii aBoXx abo Oinbmie OatTkkiB. [[oOpe Bimomumu
orepaTopaMH KpOCOBEpa € OJHOTOYKOBI, JBOTOYKOBI, K-TOYKOBI, PIBHOMIpPHI, 4aCTKOBO
y3TOJUKCHI, TTOPSJIKOBI, TIepeBaru, mo 30epiraroTh KpocoBep, MepeTacoBKa, 3MCHIICHUH
cyporar i ITUKIL.

VY KkpocoBepi 3 OAHIEI0 TOYKOIO BHUOUPAETHCS BUITAIKOBA TOYKa KpOCOBEpA.
I'enetnyna iHpopMmarlisi 1BOX OATHKIB, SKa MEPEBUIIYE IF0 TOUKY, Oy/1e MIHATHCS MICISIMU
MK coboro. Ha puc 2.16. mokazana renerudna iHdopmariis micis ooMiny. Lle 3aminunmo

01TOB1 MacuBH 000X OATHKIB, III0O OTPUMATH HOBE IMTOTOMCTBO.

Puc. 2.16. O6miH reHeTHYHOO iH(POpMAITIEIO Y Pe3yIbTaTi OJHOTOYKOBOTO

KPOCOBEPY

Y nBOTOYKOBOMY Ta K-TOYKOBOMY KpOCOBEpi o0OHMparoThCsi JBi abo Oiibiie

BUIMAJKOBUX TOYOK KpOCOBepy, 1 reHeThyHa iHGopmanis OarbkiB Oyne 3aMiHeHa
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BIIMOBIAHO N0 CTBOpeHuX cerMeHTiB. Ha pwuc. 2.17. moka3zaHo OOMIH TI'€HETUYHOI
iHpopmalii MK Toukamu nepetuHy. CepeaHiii cerMeHT OaThKIB 3aMIHIOETHbCS IS

CTBOPCHHA HOBOI'O ITIOTOMCTBA.

Puc. 2.17. O6miH reHeTHYHOO 1H(POpMAIIi€IO y pe3ysIbTaTi ABOTOUKOBOTO

KpOCOBEpY

[Ipu piBHOMIpHOMY KpOocOoBepi OaThbKIBCHKHMI €JIEMEHT HE€ MOKHA pPO3KJIACTH Ha
CerMeHTH. baThbka MOXKHA PO3IIISIIATH SK KOXKEH TeH OKpeMo. MU BUIAJKOBUM YHHOM
BUPINIYEMO, YU HaM TOTPIOHO TOMIHSATH I'€H TaKUM >K€ MICIIEM pO3TallyBaHHS 1HIIOT
xpomocomu. Ha pwuc. 2.18. 300paxkeHO 0OMIH oco0aMu TpW PIBHOMIpHINA omeparlii

KpPOCOBEpY.

Puc. 2.18. O6miH iHpoOpMaIliero uepe3 OKpeMi TeHH

YacTKOBO  y3TOJKEHHUH KpOCOBEpP € HaWOUIBII YacTO BUKOPUCTOBYBAHUM
oriepatopoM Kpocosepa. Lle omeparop, sikuii mpaittoe edeKTUBHIIIE, HK OUTBIIICTD 1HIITHX
oriepatopiB KpocoBepa. YacTKOBO Y3roJDKeHHH KpocoBep OyB 3amporioHoBanmii [l.
lomppbeprom Ta P. Jlinrmem. s craproBaHHs 00uparoTh ABOX 6atbkiB. OuH 3 0aTHKiB

nepenae SKyCch 4acTUHY TEHETUYHOTO Martepiaiy, a BIATMOBIIHA YacTHWHA 1HIIOTO OaThKa
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3HaXOJUThCS y HamaAKy. [licis 3aBepiieHHs IHOTO MPONECY 3AIMIIECH] aieli KOMIKThCS

3 npyroro 0atbka. Ha puc. 2.19. 300paxeHo npukiaa Takoro KpocoBepy.

Puc. 2.19. O6min iHDOpMaIli€ro T Yac YaCTKOBO Y3TOJKEHOT'O0 KPOCOBEPY

BrnopsiakoBanuii kpocoBep 0yino 3anpononoBano /[leicom y 1985 poui. Bin komitoe
o/HYy (200 OibIle) YaCTUH O0AThKIBCHKUX JaHWUX HaIaJKaM 13 BUOpaHUX TOUOK BUPI3aHHS
Ta 3alOBHIOE 3QJMIINOK TMPOCTOPY 3HAYEHHSIMHU, BIIMIHHUMHU BiJ THX, 110 BKJIIOYCHI B
CKomioBaHUM  po3nin. BapianTh Takoro KpocoBepy NPOMOHYIOTHCS  PI3HUMU
JTOCHIIHUKAaMHU JUIs  PpI3HUX TuUmiB T1pobinem. Bin nmobpe minxoauTs I 3aaad
BIIOPSAAKYBaHHS, OJHAK BHUSBJICHO, IO BiH € MeHII €()EKTUBHMM Yy BHUPINICHHI 3ajadi
KOMIBOSDKEpA.

Kpocosep 3 30epekeHHsIM TIepeBaru 30epirae BIOPSAKYBaHHS OKPEMHX PillIeHb, K1
€ y OarTbKIBCBKOTO TIOTOMCTBAa Iiepe]] 3acTOCyBaHHSIM KpocoBepy. I[lotomcTBO
IHIMATI3YEThCA Ha PAMOK BUMAIKOBUX 1 1 0, sIKi BUPIIYIOTh, Yd CJIi oOupatu ocid Bix
000X OaThKIB UM Hi.

KpocoBep 13 mepectaHoBkamu Oys0  3alpolOHOBAHO  JUIsl  3MEHIICHHS
YIEPEKEHOCT], BBEJEHOT IHITUMHU METOJaMu KpocoBepy. BiH mepeminrye 3HaueHHS
OKPEMOTO PIIICHHS Iepe]l KpOCOBEPOM 1 BIIXHITIOE iX MIC/ISA TOTO, SIK BUKOHAHA OIeparlis
KpOCOBEpa, TaK M0 TOYKA KPOCOBEpA HE CTBOPIOE OYIb-SKHUX YIEPEIKEHb y KPOCOBEPI.
OpmHak BUKOPUCTAHHS IIbOTO KPOCOBEPA B OCTAHHI POKH JTyKe OOMEKEHE.

CyporaTHuii KpocoBep 31 3HI)KCHHSM 3MEHINYE HEMOTPiOHI KpOCOBEpH, SKIIO
0aThbKM MAarOTh OJIHAKOBY TMOCJIAOBHICTh T€HIB JJIs MOJAHHS po34ynHy. BiH 0a3zyeThcsi Ha

MPUITYIICHH], 110 T€HETHYHUW aJIrOpUTM Ja€ KpalluX OCOOWH, SKIIO OaThbKH JIOCHUTh
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PI3HOMAHITHI 3a CBOIM T'e€HEeTHYHUM ckiaaoM. OaHak el KpPOCOBEp HE MOXKE JaTu
KpallliuX OCOOUH JiJisi TUX OAThKIB, K1 MAIOTh OJTHAKOBUN CKJIaI.

[uxniuHUN KpOCOBEp HAMAraeThCsl CTBOPUTH MTOTOMCTBO 3a JOTIOMOT0I0 0aThKIB, 1€
KOXEH €JIEMEHT 3aiiMae MO3MI[i10, MOCWIAI0YHMCh Ha MO3MILII0 CBOiX OAaThKIB. Y MEpIIOMYy
UKl BIH Oepe JesKi eIeMEHTH y Tepuioro 0arbka. Y IpyroMy LMKl BiH Oepe iHIII

€JIEMEHTH 3 Ipyroro 6aThbKa, K rmokasaHo Ha puc. 2. 20.

Puc. 2.20. O6min iHDOpMalIi€r0 y MUKITIYHOMY KPOCOBEP1

SIk ToOKa3ye TmpakTHKa, OIHOTOYKOBI Ta K-TOYKOBI THIIM KPOCOBEPY JIETKO
3acTocyBaTH. PIBHOMIpHUI KpOCOBEp MIAXOIUTH JJIsl BEJIMKUX MIIMHOXHWH. BriopsiakoBaHi
KPOCOBEPHU Ta HMKJIIYHI 3a0€3MeUyI0Th Kpally PO3BiIKY, HIXK 1HII TEXHIKH KpPOCOBepa.
YacTkoBo mimiOpaHmii KpocoBep 3abesmedye Kpaimie JochifkeHHs. EdeKTUBHICTD
YaCTKOBO Y3TOJPKEHOTO KpOCOBEpa Kpallla, HDK IHII TEeXHIKH KpOocoBepa. 3MEHIIEeHI

CypOraTHi Ta IUKIIYHI KPOCOBEPH CTPAXKIAIOTH Bl MEPEIIaACHOTO 30JIMKEHHS.

2.7.4. Myramii

Jlo MyTaIiiifi BITHOCHTBCS BCE T€ X came, IO 1 JO PO3MHOXEHHS: € JesiKa JacTKa
MYTaHTIB M, M0 € MapaMeTPOM T€HETHYHOTO aJTOPUTMY, 1 Ha KPOIll MYyTaIlii mOTpiOHO
BHOpaTH M O0COOMH, a IMOTIM 3MIHUTH iX BiATOBIIHO J0 3a3/1aJICTib BU3HAYCHUX OIICPaIlii

MyTarii.
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MyTanis - 1ue omneparop, SIKUA HIATPUMYE TE€HETUYHE DPIZHOMAHITTSA BiA OJHIET
nonyJsiii 10 HacTynHoi. JloOpe BiJoOMUMU onepaTopamMu MyTallii € IepeMIIlleHHs], TPOCTa
IHBEpCIs Ta MyTallis 13 3ITKHEHHSAMH.

Oneparop MyTalii NepeMillleHHs BUTICHAE NIAPSIAOK JaHOTO IHIUBITYaJTIbHOIO
psaka BcepeauHi cedbe. Micuie BUOMpAEThCA BUMAJIKOBUM YMHOM 13 JAHOTO MiJPSAKA IS
NEepeMIIIEHHs] TakUM YHMHOM, II00 OTpUMaHe pilieHHs Oyno MJiCHUM, a TaKoX
BUIIAJIKOBOIO MYTAlI€I0 MEpeMIlIeHHs. [CHYIOTh BapiaHTH TakuMX MyTalid - 1e oOMiHHA
MyTallisi Ta MyTalis 13 BCTaBKOIO. B omepatopax MyTarlii oOMiHy Ta BCTaBKM MYyTalli
YacTHHA OKPEMOIo pillleHHS a00 OOMIHIOETHCS 3 1HILIOK YaCTUHOIO, a00 BCTaBISETHCS B
1HIIIE MICIIE BIAMMOBIIHO.

[Ipoctuii oneparop Mmytauii iHBepcii 3MIHIOE TIAPAIOK MK OyIb-SIKUMU JBOMA
BU3HAYECHUMH MICIIMH B OKpeMmoMmy pimieHHi. Ile omepaTop iHBepcii, sikuii mepeBepTae
BUIIAJIKOBO BUOpaHUH PSIIOK 1 po3Milllye HOTro y BUIAAKOBOMY Miciii. OnepaTop MyTarii
CKpeMOJIIHTY PO3MIIIY€E €JIEMEHTH Yy BKa3aHOMY Jlana3oHi 1HAWBIIYaJbHOTO PIIICHHS Yy
BUIIAIKOBOMY TOPSIIKY Ta MEPEBIpsi€, YU MOKPAIIEHO 3HAUYEHHS MPUJATHOCTI HEIOJaBHO
CTBOPEHOTO PIIICHHS YU HI.

PiBHOMIpHI Ta OJHOTOYKOBI KPOCOBEPH MOKHA BHUKOPHUCTOBYBATH 3 OLIBIIICTIO
orepaTtopiB KOAYBaHHA Ta MyTalli. YacTKOBO y3Tro/K€HUIl KPOCOBEP BUKOPHUCTOBYETHCS 3

MyTaIli€o 1HBEPCii, a cxeMa KOJyBaHHS MepEeCTaHOBKHU 3a0e3Meuye OnTUMaIbHEe PIIICHHS.

2.8. KomyBaHHs

Jl1st 61MbIIOCT OOUHCTIOBATBHUX MTPOOJIEM cXema KOyBaHHs (TOOTO IepeTBOPEHHS
B MEBHIM ¢opMmi) Bimirpae BaxkiuBy poiib. Hamana indopmairiss mOBUHHA KOJYBaTUCS Y
neBHOMY OiToBoMy psiaky. Cxemu KonayBaHHsA audepeHiiiioBaHi BIAMOBIAHO 10
npobiemMHoi obmacti. J[oOpe BioMHMH cxXeMaMH KOJyBaHHS € JBIMKOBi, BICIMKOBI,
ITICTHAAISITKOBI, IEPECTAHOBKH, 3ACHOBAH1 HA 3HAYEHHSX 1 IepeBa.

binapue komayBaHHS - II¢ 3arajbHOBXHBaHa cxema KoayBaHHS. KoxkeH reH abo
XpOMOCOMa TIpeICTaBIIeH] y BUTIIsiAL psaaka 1 abo 0. Y ABiiiKOBOMY KOJYBaHHI KOXKEH OiT

MPEJCTABIsIE XapaKTEPUCTUKHU pimieHHs. lle 3a0e3medye OUIbII MIBHAKY peaizaliio
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orepaTopiB KpocoBepy Ta MyTailii. OfgHaK J1j1s NEpeTBOPEHHS B IBIMKOBY (hOopMy MOTPiOH1
JOJIaTKOB1 3yCWJIJIS, @ TOYHICTh AIrOPUTMY 3aJIEKUTh Bl ABIMKOBOIO MEPETBOPEHHS.
[ToTik OITIB 3MIHIOETHCS BIANOBIAHO A0 IpoOnemu. CxeMa ABIMKOBOIO KOJyBaHHS HeE
MIIXOIUTH JUISl IESIKUX MPOOJIEM 1HKEHEPHOTO IPOCKTYBAHHS Yepe3 €MicTa3 Ta MPUPOJIHE
ySIBJICHHS.

VY BICIMKOBIM cXeMl KOAYBaHHS T'eH abo XpoMocoma TMpeicTaBieHl y Qopmi
BiciMkoBux umucen (0-7). Y miicTHaAIATKOBIA CXeMi KOJYBaHHS reH abo Xpomocoma
npeAcTaBieHl y Burisal mictHaansaTkoBux uucen (0-9, A-F). Cxema KojyBaHHS
NepeCcTaHOBOK, K MPaBUIIO, BUKOPUCTOBYETHCS /ISl BIIOPSAIKYBAaHHS 3aB/IaHb. Y il cxeMi
KOAYBaHHS TeH abo XpoMocoMmMa TMPEJCTaBiIeHl PAIKOM 4YHUCEN, U0 MpeACTaBlisie
MOJIOKEHHS B TMOCIIJOBHOCTI. Y CXeMi KOJIyBaHHS 3Haue€Hb TIeH abo Xpomocoma
NpEeJCTaBlICHI 3a JOMOMOIOK psaKa ACSIKUX 3HaueHb. Lli 3HaueHHS MOXyTh OyTH
TIMCHUMH, IUTAMH YUCIIaMU a00 cuMBosiaMH. L{st cxema Ko yBaHHS MOke OyTH KOPHCHOIO
JUTSL BUPILICHHS TIPOOJIeM, B IKUX BUKOPUCTOBYIOTHCS OLIBIN CKJIaiH1 3HaYCHHS. OCKIIBKH
IBIMKOBE KOJYBaHHS MOXXE MPHU3BECTH 0 30010 B TaKUX IpoOsieMax, B OCHOBHOMY BiH
BUKOPUCTOBYETHCA B HEMPOHHUX MepexKax JiJIsl MOIIYKY ONTUMAaJbHUX Bar.

VY koayBaHHI JnepeBa TeH abo XpoMocoMa MpeJcTaBieHl AepeBoM (YHKINA abo
koMana. Lli ¢yHKImii Ta KOMaHAM MOXYTh OYTH TIOB’s3aHI 3 OYIb-SIKOIO MOBOIO
nporpamyBaHHs. Le gyke cxoke Ha mogaHHs pernpecii y aepeBHoMy dopmari. Lleit tun
KOAYBaHHs, SIK TIPaBWJIO, BUKOPHCTOBYEThCS B Tporpamax abo BHpasax, IIo

PO3BUBAIOTHCS.

2.9. Pi3HOBUIM TEHETUYHUX aITOPUTMIB

Pi3Hi BapiaHTM TEHETUYHHX aNTOPUTMIB Oyl 3alpOIOHOBAHI OCIHITHUKAMHU.
Bapiantu I'A B nimomy kimacuikyroTbes Ha 1°SITh OCHOBHUX KaTETOpid, a came peasibHe
Ta JBIMKOBE KOAYBaHHsS, 0aratoo0’€KTHI, MapajeibHi, XaOTHYHI Ta T1OpHJIHI TeHETHYHI
ANTOPUTMH.

Buxonsian 3 mpencraBneHHst xpomocoM, ['A kimacuikyroTbes Ha 1Ba KIIacH, a came

Ha JBIMKOBI Ta 3akogoBaHl 'A.
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JIBiliKOBE MpeACTaBICHHS OyJ0 BHUKOPUCTAHO sl KoayBaHHA ['A 1 Bigome sk
JBIMKOBHM T€HETUYHUN anropuT™. ['eHeTH4YH1 onepaTopu TakoX Oyau MoaudikoBaH1 AJis
3niiicHeHHs mpolecy mnomryky. Ileitn 1 ['nen po3pobwnu nBifikoBuit I'A st BUSBICHHS
noAI0HOCTI MK MoJieKyldamMd. BOHM BUKOPHUCTOBYBallM [BIMKOBE MpEICTaBICHHS IS
MOJIOKEHHSI MOJIeKylu Ta ix koHpopMmamiii. OnpHak 1€l MeTOJA Ma€ BHUCOKY
00YHCIIOBATBHY CKJIAJIHICTb.

B. JloHTsiH 1OCAIAMB TpU Pi3HI METOAM ISl MPOEKTYBAaHHS BITPOEIEKTPOCTAHIIN 13
BukopuctanuaMm GinapHoro I'A (BI'A). Ix MeTon naB kpallly IpuaaTHICTh i €)eKTHBHICTb.
J. IUlykna BukopuctoByBaB bI'A nns  Bubopy migMHOXUHU  QyHKUiA. Bin
BUKOPUCTOBYBAaB KOHIIEMI[II0 MaKcHMi3allii B3aeMHOI iH(opmalii Ay BUOOpPY BaKIMBHUX
o3Hak. BI'A cTpaxpaatoTh Bl CKelb XEMMIHra, HEPIBHOMIPHOI CXeMU Ta TPYAHOUIIB Y
JIOCSITHEHH] TOYHOCTI.

3akonoBaHi ['A MIMPOKO BUKOPHCTOBYIOTHCS B PI3HUX MPOrpaMax B MOBCIKICHHOMY
*uTTi. [lpeacraBieHHS XpOMOCOM TICHO TIOB'SI3aHE€ 3 pEAIbHUMHU TMPOOIeMaMH.
OcHoBHMMU TiepeBaramMu Takux ['A € HamiiHICTb, €)EeKTUBHICTh Ta TOYHICTh. OHAK BOHU
CTpaXXIAI0Th BiJ MepenyacHoro 30mkeHHs. JlOCHIIHMKY MpalolTh HaJ HUMH, 1100
MOJIMIIUTH X €(GEeKTUBHICTh. binbliicTh 3akomoBaHuX ['A po3poOJISIIOTHCS IMIISIXOM
Moaudikallii ornepaTopiB KpocoBepy, MyTallii Ta Biioopy.

Mynbtno6’extauit 'A (MOT'A) - ne moaudikoBana Bepcis mpoctoro 'A. MOTI'A
BiZIpI3HAIOTRCS Bif ['A 3 Touku 30py npu3HadeHHS PyHKII ¢iTHECY. Pemita KpokiB cXoxi
Ha ['A. OCHOBHUM MOTHBOM MYJIbTHOO'€eKTHOTO ['A € CTBOpEHHS ONTUMAIBLHOTO (POHTY
[TapeTo B 00'€eKTHOMY IPOCTOPI TAKUM YHMHOM, 1100 MMOJIAJIbINE BAOCKOHAICHHS OY/Ib-IKO1
¢dyHnkiii hiTHecy He mopytryBaio iHmi QyHKIi dhiTHECY.

KonBepreHnmis, pi3SHOMaHITHICTh Ta IMOKPUTTS € OCHOBHOIO METOIO 0araToIlIbOBUX
['A. MOT'A B ocHOBHOMY MOJUISIOTHCSA Ha /Bl KaTeropii, a came Ha ocHOBI [lapeto Ta Ha
OCHOBI PO3KJIaJIaHHS.

[Tonsitrss nominyBanuas [lapeto Oymo BBemeno B MOI'A. ®onceka Tta DiemiHr
po3pobmnn  mepmmit  MOI'A.  Jlns  BUpilmieHHS MYJIBTHMOJATBHUX MpoOieM Oyio
3alpONOHOBAHO KOHIIEMI[II0 Hill Ta oci0, mo mnpuiiMatoTe pimeHHs. Ognak MOT'A

CTpaXkJae Bil MpoOJieMH HaJlaIUTyBaHHS IMapaMeTpiB Ta CTYINEHS THUCKY BuOopy. ['opH
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3alpONOHYBAaB HIIEBUM T€HETUYHUUA anroputMm IlapeTo, sKUil BHKOPUCTOBYBaB
KOHIIENII}0 BiAOOpY TypHipiB Ta noMinyBaHHs [lapero. IlpiniBac Ta Jle® po3pobuiu
F€HEeTUYHUW alropuTM COpTyBaHHsA ©Oe3 nomiHyBaHHs. OJHaK BIH CTPaXXJa€ Bij
BIJICYTHOCTI €JITapHOCTI, HEOOXITHOCTI CIUIBHOTO BUKOPUCTAHHS MMapaMeTPiB Ta BUCOKOT
CKJIQHOCT1 OOYUCIIEHb.

{06 mosermuTu 11 mpodieMu, 0ya0 po3poOIeHO MBUIKUHN eITapHUNA TeHETUUHUI
aNTOPUTM COPTYBaHHS 6e3 JOMiHyBaHHs. Moro eeKTHBHICTh MOXe NOTIpIINTHCS Yepe3
O6araro o0'extuBHUX mnpoOnem. Lleirt 'A He 3Mir 30epertu pizHoMaHiTHICTH y Ilapeto-
¢ponti. Ilo6 mnomermmTy 10 npobieMy, BBEIM JUHAMIYHY BIJCTaHb CKYMUYEHHS 1
po3poOMIM MyNbTHOO'€KTHUNA MIKpO-I'A. BoHM BUKOpHCTOBYBaIM apXiB JJIsl 30epiraHHs
HepeanizoBaHuX pimeHb. EdekTuBHICTh NiAXOAIB, 3acHoBaHMX Ha Ilapeto, Moxe
HOTIPIIUTUCS Y 6aratbox 00'€KTUBHUX MPOOIeMax.

MOT'A Ha OCHOBI JEKOMIO3UIlII PO3KIaAAI0Th 3aJlaHy 3a/ady Ha Oe3id mija3aaad.
{1 mig3agadi BUPIMIYIOTHCS OJAHOYACHO Ta OOMIHIOIOTHCA PIMIEHHSMH MDK CYCIHIMH
mignpobmemamu. Icibydi Ta Mypata po3poOWIM  MYJIbTHOO'€KTHUN TEHETHUHUHN
nokaneHuit momyk (MOIJIIT). ¥V MOIJIII BumankoBi Bard BUKOPUCTOBYBAIHMCH IS
Bi100OpY OaThKIB Ta MICIIEBOT'O TMOIIYKY iXHIX HalajakiB. BoHM BHKOPUCTOBYBad METO]
3aMIHU TIOKOJIIHb Ta BUOIp pyneTku. Amkesua moaudikysas MOIJIII, BukopucToByroun
pi3HI MeXxaHi3MH Bigbopy s OatbkiB. IloTiM Oyno 3amporoHOBaHO KIIITHHHUN
TeHEeTHYHUN airopuT™M i MynbTuo0'exktHoi ontuMmizamii (K-MOI'A), saxuit OyB
npogopxeHHsiM MOI'A. Bouu nonmanu xiituHHy crpyktypy B MOI'A. ¥V K-MOT'A
orepaTop BiIOOpY MPOBOIUBCA Ha KOXKHIM cycigHii koMipiii. K-MOI'A 6yno npoaoBxeHo
[IUISIXOM 3amlpOBaKeHHsST mpoleaypu iMmirpanii ta Bimomoro sk KI-MOI'A. Anec Ta
Anmeiina po3poOuin MyabTHOO'€KTHUI T€HETUYHUN alroOpuT™M Ha OcHOBI YeOuiesa, 1o
3a0e3neuye 30MMKEHHS Ta pisHOMaHITHICTh. CkamspHa ¢yskiis YeOumeBa Oyna
BUKOPUCTaHA IS CTBOPEHHS HaOOpy pimeHp 0e3 [JoMiHyBaHHSA. Takox Oyio
3anmporionoBano  MOI'A Ha ocHoBi naekommosumii (J[-MOI'A). Bouu iHTEerpyBasin
HaBuaHHS Ha ocHOBI omo3uilii B JI-MOI'A nmnsa renepamii BekTopiB Baru. J[-MOI'A
3MaTHUWA MIATPUMYBAaTH OallaHC MDK PI3HOMAaHITHICTIO pIMIeHh Ta JAOCTIIKCHHIM

MPOCTOPY TOIIYKY.
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Mertoro mapanenbHux I'A € mokpaieHHs: 00YUCITIOBAIbHOIO Yacy Ta SIKOCTI PIIIEHb
3a JOMOMOTOK po3NoAUIeHUX 1HAUBIAYYyMiB. IlapanensHi I'A knacu@ikyroTbcs Ha TpH
IIMPOK1 KaTeropii, Takli sK mapaneiabHi ['A  Beaydoro-miuierjioro, JIpiOHO3EpHUCTI
napasienbHl ['A ta mapanensHuidi ['A 3 Mmynerunonyndmiero. Y mnapanenbHomy ['A
BEIyUUU-TIJIETIMN 00UUCIeHHs QYHKUINA MPUAATHOCTI PO3NOAUISETHCS MIXK JEKUIbKOMA
MpOIECOpaMH.

Y npiGHozepuuctomy ['A mapanenbHi KOMIT'IOTEPU BUKOPUCTOBYIOTHCS IS
BUPIIICHHS peajbHuX MpodseM. ['eHeTnuyHi omepaTopu OOMEXEH1 CBOIM CYCIIACTBOM.
Opnak B3aemoniss MDK 1HAUMBiIyymMamu Jo3BosieHa. llpu rpyOosepuuctii T'A
3IACHIOETHCST OOMIH OCOOMHaMU MK cyOmonyssmisiMu. [lapamerpu ynpaBiiHHS TaKOX
nepenalThess mix vac Mirpamii. OcHOBHMMH TmpoOiemamu mnapanenbHux ['A €
MaKCHMi3allisg MPOMYCKHOT 3/IaTHOCTI MaM'ATi Ta OpraHizaiis MOTOKIB JJii BUKOPUCTAHHS
HNOTYXKHOCT1 rpaYHUX MPOIIECOPIB.

Benmka KiTbKiCTh MPOIIECOPIB BUKOPUCTOBYETHCSA B mMapaienbHoMy ['A Bemgyuuii-
MiJIETIIMHA Y TMOPIBHAHHI 3 IHIMUMH TiaxoaamMu. OO0UYUCIeHHS NMpUAaTHUX (QYHKIINA MOXKe
OyTu 30UTBIICHO 3a paxXyHOK 30UIbIIEHHS KUIbKOCTI TmporecopiB. Takuit ['A moxxe OyTu
BUKOPUCTAHUN JI1 BUPIIICHHS TPoOJeM I1HTEIEKTyaJdbHOTO aHami3y JnaHux. HediTki
IpaBWJia BUKOPUCTOBYIOThCS 3 mapanenbHuM ['A. OIiHKY NTpHAAaTHOCTI BUKOHYBald Ha
nipreraux MamyHaxX. OMHAK BiH CTpaXKJa€e Bl BEJIUKOr0 0O0UHCIIOBAIBLHOTO Yacy. Takox,
et ['A peanmizoBano jis mpobiaemu mnomyky muisixy BIIJIA. T'enernuni omeparopu
BUKOHYBAJUCh Ha Tpoliecopax. BoHUM BUKOPUCTOBYBaiM OaraTosIepHUN TpoIEcop 3
qoTupMa sfpaMu. BimOip Ta OIiHKY HPUAATHOCTI MPOBOAMIM HA MAaIIMHAX-ITIIJIETIHX.
Llett 'A Oyno 3acTtocoBaHo 10 mpoOieMu mpucBoeHHs Tpadiky. Bonu BukopucTanu
TPUILATH MPOLIECOPIB Il BUPIMICHHS ITi€i mpobiemMu B HarmioHanbHOMY YHIBEPCUTETI
Cinranypy. Takox icHye BeO-napanensHuii ['A, ogHak cucteMa Mae CKIaaHUN XapakTep.

B ocraHHI KijTbKa AECSATHIIITH TOCTITHAKY MPAIIOIOTH HAJl MIrPAIifHO 0 TIOJITUKOIO
npiono3epuuctoro napanenpaHoro I'A (JI3-I1'A). BoHu BUKOPUCTOBYIOTh TOAWHHUK JIJIS
94aCTOTH MITpallii, Ka He 3aJIeKUTh BiJl TIOKOJIIHb 1 HEOAHOPIAHY CTPYKTYPY Ta CTATUUHY
koH(irypamito. J[ms mirpamii Oymo oOpaHO HaWKpale pillieHHS, a HaWripiie pirieHHs

3aMIHEHO PIIIEHHSAM JJI MITPaHTIB.
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M. Kypnai BHKOpHUCTOBYBaB aJanTUBHY 4acToTy Mirpauii. Ilpomneaypa wirparii
MOYMHAETHCA O TUX Mip, NMOKM HE OyJe 3MIH y OTPUMAaHUX PIIIEHHSAX Yepe3 AECATh
MOCHIOBHUX TOKOJiHb. BHUKOPHUCTOBYBalW HEOJHOPIAHY Ta JUHAMIYHY CTPYKTYpY.
MicueBi Haiikpaiui pimeHHs OyJid CHUHXPOHI30BaH1 1 chopmyBanu Haikpaiil rioOaibH1
pimenHsa. Haiikpamii rmobanbHi pimieHHs OyfauW TepefaHi BCIM  mpolecopam  Jjist
0aTbKIBCHKOTO BHKOHaHHS. YacToTa Mmirpamii 3ajieKuTh BiJ KUIBKOCTI TeHepauii. Bonu
BUKOPUCTOBYBAJIM €JIMHY CTPYKTYPY 3 (piKCOBaHOIO KOH(DIryparli€eto.

J1. YxaH BUKOPHCTOBYBAB MapanedbHuii ['A st BEpIIIEHHST MPOOJIEMH TOKPHUTTSI
0e3IpoTOBUX MepeX. BOHM 3acTOCOBYBalld CTpaTerito «po3AUIM 1 3aBOKI», 1100
po3KJIacCTH  HaceyleHHss Ha cyOmomymsmii. [licis 1mbOoro reHeTHYH1 omepaTtopu
3aCTOCOBYBAIMCH Ha MICIIEBUX po3unHaX, a KyH-MIOHKpec BUKOPHUCTOBYBABCS s
00’€THaHHS MICIIEBUX PO3UYHHIB.

®. Ilinens 3ampononyBaB GraphCell. TTomynsamis iHimiaai3yBangacs BHIIaJIKOBUMH
3HAYCHHSIMH, a OJHE DIIICHHS IHIMIaTI3yBaJoCs EBPUCTHYHMM Meromom Min-min. Jlis
peamizaiii 3arponoOHOBAHOTO TiAXoay Oyno Bukopuctano 448 mporecopiB. OnHaK
rpy0o3epHucTi napanenbHi ['A MeHIlle BUKOPHUCTOBYIOTHCS Yepe3 CKIIAJHUN XapakTep.
I'6punni mapanensHi 'A MIMPOKO BUKOPUCTOBYIOTHCS B PI3HUX JOJaTKaX.

A. Hlaeri 3amporonyBaB bipMminremcekuii kiactepy ['A, 3acHOBaHWU Ha M.
["omoBHMIA By30J1 BIAIIOBiZIaB 3a YIPaBIiHHS TJIOOATLHOIO TMOMYIsAIier0. BeneHuit By30.
BUOWpaB pIlIeHHS 3 TJ00anhbHOI CYKYIMHOCTI Ta BHUKOHYBaB ix. Jlusg oOuucieHHs
BUKOPHUCTOBYEThCS 240 mIporiecopis.

B. PobGepre BUKOpuCTOBYBARB T1OpHIHHH TIAX1 ISl ONTUMI3AIl] KyTa MTepeMUKaHHS
iHBepTOpiB. BOHM BUKOPHCTOBYBaM YOTUPH Pi3HI CTparterii ajs oO4YucieHHs (QyHKIIil
¢ditHecy. B Ham wac rpadiunuii mporecop, «xmapa» Ta Mepeka € HaWMOmyJIsSpHIIIUM
oOnagHaHHAM i mapanenbHux ['A.

OcHoBHMM HepodikoM ['A € mnepeayacHa KOHBEpPreHiisi. XaoTHYHI CUCTEMU
BKmoueHi B ['A s mosermeHHs 1ii€i mpoOiieMu. Pi3HOMaHITHICTP TEHETHYHOTO
QITOPUTMY XaoCy yCyBa€ IepeavyacHy KOHBepreHijito. Oneparopu KpocoBepa Ta MyTarii
MO)XHA 3aMiHATH XaoTuuHUMHU Kaptamu. C. TioHT iHTerpyBaB xaoTu4Hi kapTu B ['A s

MOAANBIIOr0 MIJBUILECHHS TOYHOCTI. BOHM BHKOPHCTOBYBAIU IIICTh PI3HUX XAOTUYHHUX
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kapT. [IponykrusHicTs Logistic, Henon ta Ikeda xaotrunux I'A moka3sye cebe kpariie, Hix
kiacuyHuil 'A. OgHak 11 METOAM CTPaXKAAOTh BiJl BEIMKOI 00UHCITIOBAIIBHOI CKIIATHOCTI.

P. EGparim3ane BukopuctoByBaiu xaoc JlopeHua s reHeTMuHUX omnepaTtopis I'A
JUIsl YCYHEHHS JIOKaJIbHOI npoOseMu ontuMymy. OJIHaK 3alpornOHOBAHUNA MIJX1A HE 3Mir
3HAUTH B3a€EMO3B'SI30K MDK EHTPONIEI Ta XaoTUyHOK kapToro. M. Xasimi
BUKOPHCTOBYBAJIM JIBI XaOTHYHI KapTH, a caMe JIOTICTUYHY KapTy Ta KapTy HaMmeTy s
reHEepPYBaHHS XaOTUYHUX 3HAYEHb 3aMICTh BUIIaJIKOBOTO B1OOPY MOYATKOBOT CYKYITHOCTI.

3anponioHoBaHuii xaotuyHui ['A mpamoe kpame, HibK ['A. OgHak 1eil meron
CTpaXKJa€ BiJ BUCOKOI 0OUMCIIOBANBHOI ckiagHocTl. I'. dyeprec iIHTErpyBaB €HTPOMIIO B
xaotnunuii ['A. [lapamerpu ympaBimiHHI MOAU(IKYIOTHCS 3a JOMOMOTOI0 XaOTUYHHUX KapT.
Bonu gocnimpkyBaiiv B3aEMO3B'A30K MK €HTPOIIEI0 Ta ONTUMI3aII€0 TPOAYKTUBHOCTI.

XaoTHYHI CHCTEMH TaKOXX BHKOPHUCTOBYIOTHCS B MYJIBTHOO €KTHUX Ta TIOPHIHHUX
I'A. V1. AGo-Enara iHTerpyBain XaoTuuHy cucteMy B MojaudikoBany I'A s BUpilIeHHS
npoOJieM JIBOPIBHEBOT'O TPOTpaMyBaHHSA. XAaOTHYHICTh JIOTIOMAara€ 3amporOHOBAHOMY
QITOPUTMY TIOJETIIUTA MICIEBl ONTUMYMH Ta TOCWJIMTH KoHBepreHmiro. M. Taxip
npe/cTaBuB JBilikoBUN xaoTuuHui ['A 111 BUOOpPY 03HAK Y Tally31 OXOPOHHU 310POB’ 1.

XaoTH4H1 KapTU BUKOPHUCTOBYBAIUCH IS 1HIIIAMI3aIiT oMy, a MoaudikoBaHi
orepaTopyd BIATBOPEHHA 3acTocoByBanuch A0 mnonymsamii. JI. Cio  3ampornoHyBaB
XaOTWYHUM Ti0punHuii iMyHHUE ['A m1s po3nonunry cmektpa. 3ampornoHOBAaHUM MMiIX1T
BUKOPUCTOBYE TIEPEBAru K XaOTUYHOTO, TaK 1 IMyHHOro omeparopa. OaHak el MeTo
CTpakJae Bia mpoOIeMu iHimiami3aiii mapaMeTpis.

['eHeTnyH1 anrOpUTMH MOXKHA JIETKO TiOpUAWM3yBaTH 3 I1HIIUMHU METOJaMH
onTUMI3aIlii /Ui TOJIMIICHHS 1X MPOAYKTUBHOCTI, TAKUMH SK METOJM 3HEIIKOKCHHS
300paKeHHA, ONTUMI3aIlisl XIMIYHUX peakilid Ta Oarato iHmUX. OCHOBHUMU MEepeBaraMu
riopuanzoBanoro ['A 3 iHmIMMH MeETOJaMU € Kpaia SKICTb pe3ylbTary, Kparia
€(eKTHBHICTh, TAPAHTISI MOXKJIMBHX PIICHH Ta ONTUMI30BaHI TapaMeTPH YIIPABITIHHS.

3 miTepaTypd BHUIHO, IO HAa BUOIPKOBICTE ['A CHIBHO BIUIMBA€ YHCEIBHICTH
nomynsiii. o6 BupimuTh 10 mpoOIeMy, alrOPUTMH JIOKAJIBHOTO TOIIYKY, TaKi SK

MEMETUYHUN alnropuT™M, OOJJIBIHIBCHKHM, JIAMApPKCHKHA Ta JIOKAJbHUN TOIIYK, OynIu
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iHTerpoBadi 3 ['A. Llg inTerpanisa 3a0e3nedye HajIeKHUM OalaHC MK IHTEHCH(IKALIIE€O Ta
IUBEpCU(IKALIETO.

e onuiero mpobnemoro B I'A € BcraHoBieHHS mapamerpiB. llomyk BiAmOBIAHUX
nmapaMeTpiB yIpaBiiHHS - 1€ HyJHE 3aBJaHHs. [HII METaeBpUCTHUYHI METOIU MOXKYTh
OyTu BUKOpHUCTaH1 pa3oM 13 ['A niist BUpieHHs uiei npooieMu.

['A Oynu iHTErpoBaHi 3 JIOKAJbHUMM QJITOPUTMAaMM TOLIYKY JUIsl 3MEHILECHHS
TeHEeTUYHOTO Apeildy. SABHUI onepaTop yTouyHEHHs! OyB BBEICHUH Y MICLIEBUI MOLIYK st
oTpuMaHHs Kpauux pimenb. T. Enb-Mixoy0 BCcTaHOBMB BIUIMB WMOBIPHOCTI MICIIEBOTO
nouryKky Ha uucenbHicTh nonyisuii 'A. @. EcmiHo3a mociiikyBaB BIUIMB MICIIEBOTO
NOITYKY Ha 3MEHIIEHHS 4YHCEeNbHOCTI momyismii ['A. Pi3HI anropuTMu MOMIYKY
iHTerpoBaHi 3 I'A /U1t BUpILLIEHHS pealbHUX JOJATKIB.

Y cximagHuX Ta 0OaraTOBUMIpHUX 3ajadaxX TeHETHYHI omeparopu ['A TEHepyrTh
HEMOXKJIUBI pimeHHs. KpocoBep reHepye He3aIMCHEHH] PIIEHHs AJisi MPo0JeM Ha OCHOBI
3amoBiieHHs. OmepaTop KpocoBepa, IO 30epirae BiACTaHb, OYB PO3POOJEHUN IS
CTBOPEHHSI MOXKJIMBUX DIlICHBb IS 3aj1adi KoMmiBospKepa. Oreparop reHodoHIy 3aMicTh
KpocoBepy OyB BUKOPUCTAHUU IUIsI CTBOPEHHS MOXIJIMBOI'O PIllIEHHS IS KjacTepu3alii
nanux. A. Konak iHTerpyBaB airoput™m 3pizy HacuueHocTi 13 ['A myig mpoekTyBaHHS
MepeX 3B'SI3Ky. BOHM BHUKOPHUCTOBYBajIu pIBHOMIPDHUN KpOCOBEp [UIsl OTpUMAHHS
MO>KJIUBUX PIllICHb.

[cHye MOXIMBICTh 3aMIHM T€HETHYHHUX OTIEPATOPIB 1HITUMU METOJAaMHU IOIIyKY. JI.
Jlenr po3pobuB kepoBaHuii ['A, KUl BUKOPHUCTOBYE TIOKapaHHS 3 KEPOBAHOTO MICIIEBOTO
nomryky. Ili mokapaHHS BHUKOPHUCTOBYBAJIUCh Y (iTHeC-QYHKINI, 00 MONIMIITUTH
nokasaukn ['A. A. Xemap BHUKOPHUCTOBYBaB CHUMIUIEKCHHH KpPOCOBEp 3aMiCTh
CTaHmapTHOro  KpocoBepa. CraHmapTHuii  omepaTtop MyTarmii OyB  3amiHEHUU
MOJIeJIbOBaHUM BiAnasoM. OCHOBHI KOHIENI[ii KBAHTOBUX OOYUCIEHb BUKOPUCTOBYIOTHCS
JUTsT  mABWINEHHS mpoayktuBHocTi ['A.  EBpucTHuYHI omepatopu KpocoBepa Ta
«ambIiHI3MY» MOXYTh OyTH iHTerpoBaHi B ['A nmns BuUpimieHHsS mTpoOiieMH 3 TpboMma
30iramu.

[TapameTpu xoHTpOIIO ['A BimirpatoTh BUpIMIAILHY POIb Y MIATPUMII OalaHCy MiX

iHTeHcudikamiero Ta auBepcudikaiiero. HediTka Jorika Mae MOXJIUBICTh OILIIHUTH
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BIMOBIAHI napameTpu ynpasiiHHa ['A. Kpim nsoro, I'A mMoxe OyTH BUKOPUCTaHMM AJis
ONTHUMI3allii MapaMeTpiB yIPABIIHHS IHIIUMHU METOJIAMHU.

['A BUKOPHUCTOBYBAIUCH JJIsl ONTUMI3allil MBUAKOCTI HABYAHHS, Baru Ta TOMOJOT11
HEUTpabHUX Mepexk. ['A MOKHA BUKOPUCTOBYBATH JJIsl OLIIHKK ONTUMAJIBHOTO 3HAYEHHS
HEYITKOTO 4IEHCTBA B KOHTpoJepi. BiH TakoX BUKOPUCTOBYBAaBCS MJis ONTUMI3alli

koHTpoapHUX napametpiB ACO, PSO Ta iHIIMX METaeBpUCTUYHUX METO/1B.

2.10. BUCHOBKH 710 pO3a1Ty

Y nmanomy posauni Oylo B 3arajibHOMY OIMCAHO ICTOPIIO TOSIBH E€BOJIOIIHHUX
QJITOPUTMIB, 1[0 TaKe T€HETUYHUN aJTOPUTM, HOTO TEPMIHOJIOT1t0, OCOOJMBOCTI Ta €TallH,
3 SIKUX BiH cKiamaeThes. st 3po3yminocTi O6yino moOyaoBaHO OJIOK-CXeMY allTOPUTMY Ta
HaAaHo ii onuc. Takox OyN0 BU3ZHaUEHO MOTro mepeBaru y 3ajadyax onTHUMI3allii.

byno 3’sicoBaHO, 110 T€HETHUYHI JITOPUTMHU € YAaCTUHOIO OLIBII 3arajbHOi TpymH
METO/IB, SIKI HA3MBAIOTh CBOJIOIIMHIUMHU OOYHCICHHSMH, IO MOEIHYIOTh Pi3HI BapiaHTH
BUKOPHUCTAHHS €BOJIONIMHUX MPUHIMIIB JUIsl JOCATHEHHS MOCTaBieHoi MeTh. CTUMYJIIOM
BUHUKHECHHS I1IMX METOMIB CTald KiTbka BiAKpUTTIB y Oiosorii. Yapne3 JlapBiH
onyOnikyBaB y 1859p. cBorwo 3Hamenuty pobory "[loxomkeHus BumiB", ae Oymu
IIPOTOJIONIEH] OCHOBHI TPUHIMIIM €BOJIOLIMHOT Teopii: CMaaKOBICTh, MIHJIMBICTD 1
IPUPOTHUN BiIOID.

3arajoM, TEpMiH «TE€HETUYHUN alropuT™M» MOXKHA TOSCHUTH TakK: II€ METO]
BUPIIIEHHS SK OOMEXEHHUX, TaK 1 HEOOMEXKEHHMX 3ajJa4 ONTUMI3allii, sKuii 0a3yeThbcs Ha
MPUPOJHOMY BiOOpi, TMporeci, IO Kepye OI0JOTIYHOK eBOJIOINiE0. | eHeTHUHMIA
QITOPUTM HEOJTHOPa30BO MOJIU(DIKYyE CYKYIHICTh OKpEMUX pimieHb. Ha KOXHOMY Kporri
TCHETUYHUN aJITOPUTM BiIOMpae BUMAIKOBUX JIFOACH 13 MMOTOYHOT MOMYJISIIiT J1sl 0aThKIB 1
BUKOPUCTOBYE 1iX 11 BUPOOHHWIITBA MIT€H MJisi HACTYMHOrO TOKOJiHHA. [IpoTsirom
HACTYITHUX MTOKOJIIHb HACEJIICHHS «EBOJTIOI[IOHYEY» 0 ONTHUMAIBHOTO PIIICHHS.

[Tpu omucCi TeHETUYHUX aJNTOPUTMIB BUKOPHUCTOBYIOTHCS O3HAYCHHSI, 3aMIO3UYCHI 3
reHeTuku. Hampuknan, MoBa #ae mnpo mnomyssiii ocoOuH, a SK 0a30Bl MHOHSTTA

3aCTOCOBYIOTBLCA I'CH, XpOMOCOMA, I'CHOTHII, (1)CHOTI/IH, ajienb. Takox BHUKOPHUCTOBYIOTBCA
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BUIMOBIIHUM IIUM TE€pMiHAM O3HAYEHHS 3 TEXHIYHOIO JIEKCUKOHY, 30KpeMa, JaHIJIOT,
JBIMKOBA MOCIIOBHICTh, CTpyKTypa. ChopMoBaHE MOSICHEHHS JJIsl KOKHOTO 3 TEPMIHIB,
MEepesuYeHUX BUIIE Ta JOCIIKEHO MPUHUUINA POOOTH aJITOPUTMY.

JlocniapKeHo MPpU3HAUYECHHA TeHETUYHUX aITOPUTMIB y Hayll. [ eHeTH4H1 anropuT™Mu
B OCHOBHOMY 3aCTOCOBYIOThCS ISl PO3B’I3aHHS 3a/1au ONTUMI3allii, TOOTO 3aj/1a4, y IKUX €
nesika yHKIliA JeKUTbKOX 3MIHHUX F(X1, X2, ... , Xn) 1 HEOOXIAHO 3HATH 200 ii MAKCHUMYM,
a6o ii miHiMmyMm. OyHkuis F Ha3uBaeThC LUITLOBOIO (DYHKIIIEIO, @ 3MIHHI — MMapaMeTpaMu
¢ynkuii. ['eHeTHyH1 anropuT™Mu "TPUINMBAIOTHCA" 110 MaHOI 3ajadyl B TakWil crocio.
[lapamerpu 3amadi € reHEeTHYHUM MatepiamoMm — reHamu. CyKyIHICTh TEHIB CKJIajJae
xpomocoMy. KoxHa ocoba Mae CBOIO XpOMOCOMY, a, OTKe, CBOT HA0OpH MmapaMeTpiB.

3’scoBaHO, IO OCHOBHMMH €TallaMH BHUKOHAHHS alTOpPUTMY € (opMyBaHHS
MOYaTKOBOi MOMYJSIIi, CeNeKIlisl, MyTalisi, KpocoBep Ta OOYMCIEeHHS (QyHKIIT
NpUCTOCOBAHOCTI. PO3riisiHyTO 0COOIMBOCTI KOXKHOTO 3 IIUX €TaIliB.

JIOCTIIKEHO OCHOBHI THIA T€HETHYHUX alTOPUTMIB. 3’sicoBaHO, o ['A B mijzomy
KJIacu(IKyIOThCS Ha I’ SITh OCHOBHUX KaTeTOpii, a came peajbHe Ta JIBINKOBE KOJIYBaHHS,
MYyJIBTHOO €KTHI, TIapasiesibHi, XaOTH4YHI Ta TIOpHAHI T€HETUYHI adropuTMu. Po3risHyTO
0COOJIMBOCTI aJTOPUTMIB KOXKHOI KaTeropii.

Ha ocHoBi1 oTpuManux maHux, Oyso 3’sCOBaHO, IO IS peaji3alii mporpaMHOro
MOAYJII0 HEOOX1THUM 1 JIOCTaTHIM OyJie IPOCTHI KOJOBAaHUN T€HETUIHUHN anropuTtM. Jis
peaiizamii mporpaMHOro MOy Oyino oOpaHo MOBY mporpamyBaHHs Python uepes
HAsBHICTh JIOCUTh BEJIMKOi KUIBKOCTI PpPO3POOHUKIB, IO TMOJErIIUTh MIATPUMKY
IPOrPaMHOT0 MOJYIIIO Y MalOyTHbOMY, a TaKOX MOJKJIUBICTBH MITKIIOYEHHS 010J110TEK,
HamucaHux MoBo0 C Ta MPEKOMOUISAIIO KOAY, IO JIO3BOJISIE MIABUIIUTH IIBUAKICTH

pOOOTH MPOTPAMHOTO MOIYIIO.
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PO3/ILI 3
[MPOEKTYBAHHS TIPOTPAMHOT'O MOJIYJIS

3.1. IlocraHoBKa MaTeMaTHUYHOI MOJIEIII 3a]1a4l CKIaAaHHs rpadiky

I'padix koHCynbTalii B YHIBEPCUTETI CKJIQJAEThCS 3 TAaKUX MHOXHUH. TPYyHU

CTYJICHTIB, ayJAUTOPIH, MPEIMETIB, BUKJIa/1auiB, YaCOBUX IHTEPBAIIB.

MHoX1Ha rpyn CTYI[CHTiB MICTHTD CJIICMCHTH, 1O IMPCACTABIIAIOTH OerMi Irpynu.

G =1{91.92"" gn}
Ac g; — 1€ I'pymna,
N — KUIBKICTB TPYI Ha KypCl.
KoxeH eneMeHT 111€1 MHOXUHU B CBOIO YEPTY CKIAAAETHCS 3 HOTUPHOX €JIEMEHTIB
— id rpyny;

— Ha3Ba rpyIu;

PO3Mip T'pyIH;

MHOHHA TIPEMETIB, 1110 BUKIAAAIOTHCS IS IIET TPYIIN:

gi = {gid;, gny, gsi, gmy},
ne gid; — id rpymu;
gn; — Ha3Ba rpy1w;
gS; — po3Mmip rpymu;
gm;— MHOXXHHA TIPEIMETIB.

MHOXXHWHA PEMETIB MICTUTh €JIEMEHTH, IO MPEACTABISIIOTH OKPEMi IIPEIMETHU .

M = {my,my, -, my,},
1e m; — 1€ IPEeaMET;

N — KUTBKICTh TIPEJAMETIB Ha KypCi.
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Koxen eneMeHT 1mi€i MHOXXUHU B CBOIO YEPTY CKIAAAETHCS 3 YOTUPHOX CIICMEHTIB!
— id npenmera;

— mudp npeamera,

— Ha3Ba MpeaMeTa,;

— MHOXHHa BI/IKJ'IaI[a‘IiB, 10 YUTAKTh I[aHI/II‘/’I mpecaAMCT.

m; = {mid;, mc;, mn;, pids;},
ne mid; — id npeamera;
mc; — mudp npeamera;
mn; — Ha3Ba MPEIMETA;
pids;— MHOKHHA BHKJIAJadiB.
MHOXHMHA BHUKJIQJA4iB MICTUTh €JIEMEHTH, [0 MPEACTABISIOTh OKPEMHX

BUKJIa/]a4iB.

P ={p1,p2 -, pn},
Je p; — 1€ BUKJIa1aY;
N — KUIBKICTH BUKJIAIAYiB.
KoxeH eneMeHT 1iei MHOXKHHHU B CBOIO YEPTY CKJIAJA€ThCS 3 TBOX CJICMCHTIB!
— id Bukiamaua;

— I1Ib Bukmagaua.

p; = {pid;, pn;},
ne pid; — id Bukiamauya;
pn; — I1Ib Buknangaya.

MHOXHWHA ayAuTOpPid, eJIeMEHTaMU SKOi € OKpeMi ayauTopii:

R=A{r,r, 1}
1e 17; — IIe ayIUTOPis;

N — KUTBKICTh ayIUTOPIH.
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KoxeH eneMeHT 111€1 MHOXUHU B CBOIO YEPTY CKJIAAAETHCS 3 TPHOX €JIEMEHTIB!
— id aynuTopii;
— HOMEp ayJIuTopii;

— MICTKICTh ayiuTOpii (MakcHMajbHa KUTBKICTh CTYACHTIB JIIsl HABYAHHS ):

ry = {rid;, rn;, e,
ne rid; — id ayauropii;
TN; — HOMEp ayAUTOPii;

7C; — MICTKICTb ayJIUTOPII.

MHOXXHHA YaCOBUX 1HTEPBAJIIB, €IEMEHTAMH SIKOT € OKPEM1 YacOB1 IHTEPBAJIU

T = {tlr b)) tn};
7ie 7; — 11€ YaCOBUM 1HTEPBAT,
N — KUTBKICTh YaCOBUX 1HTEPBAJIIB.
KokeH eleMeHT 11ie1 MHOXXUHH B CBOIO UEpPTy CKIIAJAEThCS 3 IBOX €JICMCHTIB!
— id gacoBoro iHTepBay;

— YacOBUU MPOMIXKOK:

t; = {tid;, ts;},
ae tid; — id vacoBoro iHTepBay;
ts; — 9acCOBHIA MPOMDKOK.

[ MHOXHHA 3aHATH U1 PO3KIIATY, €IIEMEHTAMH SIKOT € OKPEeM1 3aHATTS .

S ={s1,52 ", 5},
1e S; — 1Ie 3aHATTS,
N — KUIbKICTD 3aHSATh.
KosxeH ereMeHT 11ie1 MHOXKHUHHU B CBOIO YEPT'y CKJIQIAETHCS 3 I'SITH SJICMCHTIB:
— ayJauTOpIis;

— BHKJIAJIa4,
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— TpPEIMET;

— Ipyna;

— YacOBUI MPOMIXKOK.

si = {smi, spi, smy, sgi, sti},
1€ ST; — ayJIuTopis;
Sp; — BUKJIAaY;
Sm; — peMeET,
sg; — Tpyna;

St; — 4acOBUH IPOMIKOK.

3.2. O6MeKEeHHS arOpUTMy

[TpoGnema mporecy cKiIaJaHHs PO3KJIaAy IOJSTae B TOMY, IO PO3KJaja IMOBUHEH
BIJINTOBIIATH PSIy 0OMEKEHB. Y C1 0OMEKEHHS MOUISIOTh Ha M’ SIKI Ta dKOPCTKI.

KopcTki — 11e oOMekeHHs, SKi MOBUHHI HEOJIMIHHO 3aJIOBOJIBHATHCS; TaKi SKi
b13MYHO HE MOXYTh OyTH TMOpPYIIEH] (HApUKIIaa OJWH 1 TOH caMHuil BHKJIagad HE MOXKE
OyTH MPUCYTHIN B OJIUH 1 TOW CaMHi Yac y IBOX MICISIX OJHOYACHO).

M’ski — 11e 0OMeXXeHHSI, SIKi MOYKHA TTOPYITyBaTH, ajie Iie MOPYIIeHHS TOBUHHO OyTH
3BejieHe JI0 MiHIMyMy. [XHe BUKOHAHHS HE € TAKUM e 000B’SI3KOBUM, K KOPCTKHX.

Huxde Bu3HauEHO KOPCTKI OOMEKEHHS JIJIsl TTPOLIECY CKIaJIaHHs PO3KIANY:

— Buknagad He Moxe OyTH IPUCYTHIM Ha IBOX KOHCYJBTAIISIX OJTHOYACHO;

— B onHiii ayauTopii He MOXKYTh TPOBOJUTHUCS PI3HI KOHCYIBTAIlIl OTHOYACHO;

— MicTkicTh ayauTopii HE MOKe OyTH MEHIIOI0, HK KUIBKICTh MPUCYTHIX y HiH

CTYJICHTIB;

— Opnna rpymna He MOKe OyTH MPUCYTHS Ha JACKLIPKOX KOHCYIBTAIlIIX OJTHOYACHO;

— KinpkicTh KOHCYNBTAIlIN HA J€Hb HE OUTbIIe 4.

M’ siki 0OMeKEeHHS, IKI MOXKYTh BHKOHYBATHUCH JIJISI PO3KIIATy 3aHSTh:

— ¥V po3kiaji He Mae OyTH BIKOH;
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— Bukiagaui MOXyTh BiJJlaBaTH MepeBary KOHKPETHOMY 4Yacy IPOBEICHHS

KOHCYJIbTAaIIil.

3.3. Bu3HaueHHS OCHOBHUX TEPMIHIB Ta €TamiB FTeHETUYHOIO aIrOPUTMY

Xpomocoma — 1ie BHOPSAJIKOBaHA MOCIIOBHICTh I'eHiB. B 1aHOMy BUMaaKy 1€ HaOIp
KOHCYJbTallK y rpadiky. XpoMOCOMHU NPEACTABISIOTh Y BUTJISIAI MACUBY JIaHUX, KOXKHUHN
€JIEMEHT SIKOTO — 11€ OJlHa KOHCYJIbTaIllsl B rpadiky.

OcobunHa — 11e Habip XPOMOCOM, HUM Oyjie SBJISITUCH caM rpadik KOHCYJIbTAIllH, 1110
Oyzie MpeICcTaBICHO y BUTIISAL IBOMIPHOTO MAaCUBY XPOMOCOM.

[Tonymsitis — 1€ KiHIIEBA MHOXHWHA OCOOWH, IO CXPEHIYIOThCS MK co0oro. B
JAHOMY BHUIAJIKY 11e HaO1p copMoBaHUX TpadikiB KOHCYIbTAIIIH,

['eHeTHYHMI anTOpUTM Oy CKIIAaTHCS 3 HACTYITHUX €TalliB:

— CTBOpEeHHS TOYATKOBOI MOMYJISAIIIT;

— OO6uucneHHs GyHKIIT MPUCTOCOBAHOCTI JIJIs OCI0 MOMYJIAIii (OI[iHIOBAHHS );

— TloBTOproBaHHS 10 BUKOHAHHS KPUTEPII0 3yMUHKU aJTOPUTMY;

— BuOip iHIUBIAIB 13 TOTOYHOT MOMYJIAIIT (CENEKIis);

— Cxperienns abo/Ta MyTallis;

— OOGuucnenHs GyHKITI MPUCTOCOBYBAHOCTI I BCiX 0Ci0;

— dopmyBaHHS HOBOT'O MOKOJIHHS.

3.4. Etan cTBOpEeHHS TOYATKOBOI MOMYJISIII{

[lepmuM eTamoM alropuTMy € CTBOPEHHS BUMAJIKOBHM YHHOM JESKOI MOYaTKOBOI
nomynsiii. HaBiTh AKIIO MOMyJsilis BHUSBUTHCS aOCONIOTHO HE KOHKYPEHTO3IATHOIO,
TeHETHYHUN allTOPUTM BCE OJHO JOCTATHHO IIBUIKO TIEpeBeie il B MPHUAATHY JJIS JKUATTS
nomymsiifo. TakuM YWHOM, Ha I[OMY KpOIlI MOXHA HE CTapaTUCA 3POOUTH HAITO
MPUCTOCOBAHUX OCi0, TOCTAaTHRO, MO0 BOHU BiAmoBiganu ¢hopmary ocid momyunsmii, 1 Ha
HUX MOXKHa OyJI0 mopaxyBaTH (yHKI[IF0 MPHUCTOCOBAHOCTI. ETanmu cTBOpeHHS 0COOMHU ISt

MOMYJIAIIT TpeACTaBIeHO Ha puc. 3.1.
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MNoyaToK

CTEOPHEMD METPULID
rpadiky KOHCYNLTALLH

fori= 1. MNi+=1

PaHpoMHWA Bubip
DY 3 MHO¥MHM
rpyn G

PaHpomHviA subip
NPEOMETY 3 MHOM¥MHK
npeqMmeTie G onA
rpynu G

PanooMmHuii BnGip
AyOMTORI 2 MHOMIMHK
A 3a TUNOM, WO
BKA3IAHWI OANR
npegmeTy

OSWpaEMo BIMbHY
KOMIDEY B MaTPULI
A rpadiky KoHCYNLTaLUiR
onA oGpaHol rpyn9

AyoMTopia
T3 EMENZLEY B S3HWA
WOMEHT SinsHZ

Tak

BcTaska KoHCyneTaUl
B KOMIpKY

A

)
"

Puc. 3.1. Cxema anroputmy CTBOPEHHS TOYATKOBOT MOMYJISIII]




3.5. CxpeuryBaHHs

CxpemyBaHHd — L€ OJOMH 13 BHJIB ONeparopa peKoMOiHAILll TE€HETUYHOIO
anroputMy. B HaykoBiil miTepaTypl 3yCTpidaeThCsl 1€ i Ha3BOK KPOCOBEP YU
KPOCUHTOBEp. METOI0 CXpellyBaHHS € MOPOJKEHHS 3 HAasBHOI MHOXKUHU PIlIEHb HOBOTO,
B AKOMY KOXHa XpomMocoMa OyJe HalakoM JAEsSKUX JBOX EJIEMEHTIB MONepeIHbOl
nonyJisiiii, To0To HecTH B co0l 4acTKOBO iHQopMaIllito KoKHOro Oarbka. JlomyckaeTbes
CUTyallis, Kojiu 00uaBa OaThbKa MOJIaH1 OJTHUM 1 TUM K€ €JIEMEHTOM IOIYJISIIII.

CxpeliyBaHHS B110YBaTUMETbCSI HACTYITHUM YHHOM:

— 3 6aThKIBCHKOI MOMYJIALII 0OMPaOTHCS 1B1 OCOOMHHU.

— Big nmepmoro 6arbka yCNaJKOBYEThCS PO3TAlIYBaHHS MPEIMETIB MO YaCOBUM
iHTepBasiaM. Big apyroro 0aTbka ycmaJKOBY€TbCS PO3TAllyBaHHS ayIuTOPId MO
YaCOBHMM IHTEpBaJIaM.

[Hmi meToam cxpemlyBaHHA (Takl SK TOYKOBE CXpEIlyBaHHA) He OyayTh

eheKTUBHUMHU B 3ajayi ontumizaiii rpadiky KOHCYJIbTAIllid, TOMY M0 OUIBIIICTh
CTBOPEHHUX HAIIAJKIB OyAyTh BIAKUAATHCH Yepe3 MOPYIICHHS 3>XOPCTKUX OOMEXKEHBb

rpadiky (MpOBEICHHS IBOX 3aHATh B OJHINA ayUTOPii OJTHOYACHO, TOIIIO).

3.6. Myrartis

Omneparop myrtarii mossrae B 3MiHI T€HIB y BUIAIKOBO BHOpaHux mo3uiisax. Ha
BIIMIHY B oOIlepaTopa CXpeEIlyBaHHSA, SKWW BHKOPUCTOBYIOTHCS JUIS ITOJIIIIIEHHS
CTPYKTYpH XPOMOCOM, METOIO OIlepaTopa MyTarii € auBepcudikallis, TOOTO MiABUIICHHS
PI3HOMaHITHOCTI TIOIIYKY 1 BBEJEHHS HOBHUX XPOMOCOM B TOMYJSAIIIO JJIsi TOTO, 1100
OUTBII TOBHO JOCTIPKYBAaTH TPOCTIp TOMIyKy. MyTarlis iHIIIIOE PI3HOMAHITHICTH B
MOMYJIAI{, TO3BOJISIIOYN TPOTJISIAATH OUTBIIE TOYOK B MPOCTOPI MONIYKY 1 OJATH TaKUM
YUHOM JIOKaJdbHI €KCTPEMYMH B XOJ1 MOmrykKy. HeoOxigHO BiA3HAYMTH, IO OMEpPaTOp
MyTaIlii € OCHOBHUM ITOIITYKOBUM OTIEPATOPOM 1 ICHYIOTh METO/H, 110 HE BUKOPUCTOBYIOTh
IHIIMX omepaTopiB OKpiM MyTarlii. [y BupimeHHs 1aHoi 3a1a4i 0y/1e BUKOPUCTOBYBATHCH

MpocTa MYyTallisl, fKa BUKOPUCTOBYEThCA [JIsi OIHAPHHMX, TOMOJOTIYHUX, YHUCIOBHUX 1
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BEKTOPHUX XpOMOCOM. byze peanizoBaHO HACTyNHI aJiropuTMu MyTalli, siki OyAyTh
MPOTECTOBAaHI B XOJ1 HAmUCaHHSA KOAY IMporpamu, 1 HaWKpaluid airoput™m Oyne
3aCTOCOBAHO JIJIsl TEHETHYHOTO allTOPUTMY:

Kpok 1. 3mina ayautopii:

— Komniroemo gaHi ocoOMHM B 0OCOOMHY-HAIA]Ka;

— O06upaemMo BUIAIKOBO KOHCYJIBTAIIIIO;

— 3MiHIOEMO i ayauTOpito Ha 1;

— S0 >KOpcTKi OOMEXEHHsI HEe MOPYIIMIMCh, TO 3aBEPIIyEMO MyTarito. [Hakire

3MEHIITYEMO 3HaUeHHs ayauTopii Ha 1.

Kpok 2. 3mina nap:

— Komniroemo gaHi ocoOMHN B OCOOMHY-HAIIA]KA;

— BunagkoBo oOupaemo J1Bi KOHCYIbTAII 3 rpadiky Uil TPYIH;

— MiHsgeMo X MiCIISIMHU.

Kpok 3. 3mina ayaurtopii:

— Komiroemo gaHi ocoOMHHM B OCOOMHY-HAIA/IKA;

— BumankoBo obupaeMo 1B1 KOHCYNIbTAIl 3 Tpadiky 11 Tpymu;

— MiHsgemo iX ayauTopii MiCLISIMHU.

Kpok 4. 3MiHa yacy npoBeieHHSI KOHCYJIbTAIII1:

— Komiroemo gaHi ocoOMHHM B 0OCOOMHY-HAIA]IKa;

— BumankoBo o6upaeMo KOHCYJBTAIIiI0 3 Tpadiky I TpyIu;

— 30u1bIIYyeMO 200 3MEHIITYEMO BUITAIKOBO Yac HOT0 MpOBEACHHS.

Kpok 5. ITocnigoBHuUI 3CyB KOHCYJIbTAIIIMN:

— Komiroemo nani ocoOMHHM B 0COOMHY-HAIA/IKA;

BumankoBo 06upaeMo 1€Hb KOHCYIbTAIlIN B PO3KIIAIL;

— OO6upaemMo OJIHY YM JICKUJIbKa KOHCY/IbTAIlIN y IIeH JICHb;

— 3cyBaemo 111 KoHCynbTallii Ha 1 mapy Brepen;

— SIkimo KOHCyNbTaIlil 3CYHYTUCh Ha 1HITY KOHCYJIBTAIIIO, SIKa BiIOYBa€ThCA, TO 115
KOHCYJIbTAIlis TAKOK 3COBYeThCs Ha | mapy Briepen. [lepexin Ha HACTYITHUIN KPOK.

[Hak1ie 3aBepuIyeMo MyTallio;
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— Skmo 1M KOHCyJdbTalliss — 5 mapa, TO BOHAa 3CYBa€ThCsl Ha IMeEpuly mapy
HACTYMHOIO JTHS.

Kpok 6. Skmo nepma mapa HacTymHOro JHA TaKOX 3aHsATa, TO I Hapa
MEPEHOCUTHCS Ha MicCIle TIepIIoi mapw, 1o Oyna oOpaHa /i 3CyBY B kpolii 3. 3aBepIryemMo
MyTallio:

— Bunaakosa 3MiHa ayIuTopii.

Ha puc. 3.2 300pakeHo cxemy JaHOTr0 alropuTMy MyTarlii.

Puc. 3.2. Cxema anroputMmy MyTarlii MIIIXOM BUTIAAKOBOT 3MIHH ayAUTOPii 3aHATTS

78



Kpok 7. 3MiHa yacy Jj1sl BCIX TpYII.

— Komniroemo gaHi ocoOMHHU B OCOOMHY-HAIA]IKa;

— BumaakoBo oOupaeMo aBa CTOBMYMKM 3 MaTpuill rpadiky KOHCymbTalii (1aBa
YacHu MPOBEJICHHS KOHCYJIbTAIlIN);

— MiHseMo X MICISIMH.

3.7. Cenexis

Cenekuiss — ue BUOIp THX XpOMOCOM, sIKi OyayTh OpaTu y4yacThb B CTBOPEHHI
HAIaJKiB JJIs HACTYMHOI MOMYJALii, TOOTO JUIsi CTBOPEHHS HOBOTO MOKOMIHHS. Takuii
BUOIpP MPOBOAUTHCS BIAMOBIIHO 0 MPUHIIUMITY MPUPOJHOTO BimOOpY, 3a SIKUM HaWOLIbII
IIAaHCK Ha y4YacTh B CTBOPEHHI HOBUX OCOOWH MalOTh XPOMOCOMH 3 HaWOUTBIITUMU
3HaYEHHSAMH (QYHKIII TPUCTOCOBAHOCTI. Y HAIIOMY aaropuTMi OyJie 3aCTOCOBAHO METO/]
pYJEeTKH. 3aCHOBaHWW Ha TMPHUHIMIN KOJIeca PYJIETKH METOJ[ CEJICKIIii BBAXKAETHCS IS
TEHETUYHUX QJITOPUTMIB OCHOBHHUM METOJOM BiOOpPY OCOOMH s OaThKiBCHKOT
MOMYJISAIIi 3 METOI0 MOAANBIIOr0 iX MEPEeTBOPEHHS FEHETUYHUMH ONEpaTopamMu, TaKUMHU
AK CXpelllyBaHHA 1 MyTallis. He3pakaroun Ha BUMAJAKOBUN XapaKTep MPOLEAypH CEIeKIIii,
0aThKIBCbKI ~ OCOOMHM  BHOMPAIOTHCA  MPOMOPIIIAHO  3HAYECHHSAM  1X  (PYyHKIIIH
IIPUCTOCOBAHOCTI: KOXHIA XpOMOCOMI 3ICTaBIICHHH CEKTOp KoJjieca PYJETKH, BEIHMYMHA
SIKOTO BCTAHOBJIIOETHCS IPOIOPIIMHOK 3HAYCHHIO (YHKII MPUCTOCOBAHOCTI JAHOI

XPOMOCOMHU

[ N
2.

j=1
ne l; — me BenwuMHA cexTopa pyJeTKd (IMOBIPHICTB, 3 SIKOIO OcoOWHa Oyxe
BifiOpaHa IJisi CXpenryBaHH);

[ — 1Ie HOMep OCOOMHH, IO AOCTIIKYETHCS;

N — 11e KUTbKiCTh OCOOMH, IO MICTUTHCS B IMTOYATKOBIM MOMYJIAILI;

fi — e 3HAYEeHHS MITbOBOT QYHKIIIT 17151 i-1 0COOMHMU.
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ToMy, yum Outblle 3HaU€HHS (YHKLII TPUCTOCOBAHOCTI, TUM OUIBIIMI CEKTOp Ha

KOJIEC1 pyJIETKU. A OT>Ke, TUM BUILUM 1IaHC, 1110 Oy/ie oOpaHa caMe 115l XpoOMOCcOoMa.

3.8. ditHec-pyHKIIsA

PimenHss mono xpomMocoMu (OCOOMHHU) OIIIHIOETBCS 3a JIOMOMOTOK) 3HAYEHHS
HUIb0BOI  (YHKIII, TOOTO NEPEeBIPAETHCSA, YU MpUAATHA OCOOMHA [UIsl MOAAJIBIIOTO
BukopuctanHs. [linpoBy (yHKIIIO 4YacTO Ha3uWBarOTh (iTHEC-QYHKIIIED YU (DPYHKIIIEO
npuAaTHOCTI. 3HaUYCHHS 111€1 PYHKIIIT OLIHIOETHCS JJIsl KOYKHOT OCOOMHU MOl OKPEMO
1 Ha OCHOBI I[LOTO 3HAYCHHS, IPUUMAETHCS PIICHHS BUKOPUCTOBYBATH ITF0 XPOMOCOMY YH
NepelTH 0 eTamy IMOKpaleHHs OCOOWMH TIOMyJIAlii, 3a JONMOMOTOI T'e€HETUYHUX
orepaTopiB CXpellyBaHHA Ta MyTtamii. s 3amadl ckiafaHHs 1 ONTHMI3alil pO3KIIATy
3aHATH OyJIO PO3pOO0JICHO IITLOBY (DYHKINIIO, IO BPaxOBYBaTUME M SIKI OOMEKEHHS Ha
rpadix KoHCyNbTaliid. 3a HEBUKOHAHHA M’ SIKOTO OOMEKEHHS Ha PO3KJIaJ HaKIaJaeThCs
mtpad. Koxne oOmexeHHs Mae cBid mrpadHuil KoedillieHT, a TaKOX Yy KOXXHOTO
oOMe)XeHHSI ICHY€E CBIM CTYITiHb HE BUKOHYBAHOCTI i rpadiky. bymo o6paHo 3a CTymiHb
HE BHMKOHYBAHOCTI KIJIBKICTh MOPYIIEHb 1-T0 OOMexeHHs y Tpadiky. Hampukmanm, y
rpadiky KOHCYIbTallii € 6 BikoH. To/al CTyIiHb HE BUKOHYBAHOCTI JIJISI IIbOT'O OOMEXKEHHS
(y pos3kimanmi Hemae OyTH BikoH) craHoBHTh 6. IlTpad 18 omHOro OOMEKEHHS

OOYHUCITIOETHCS HACTYITHUM YHHOM:
Li = n;w;,
ne L; — mrpad 3a HEBUKOHAHHS i-TO OOMEKCHHS,
n; — e CTYIiHb HE BUKOHYBAHOCTI I-T0 0OMEKEHHS;

w; — mtpadHuii KoeiieHT ISt I-ro 0OMEKEHHS.

Tonxi hopmyna minpoBoi PyHKINIT MAaTUME HACTYITHUN BUTIIS;
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F(Hj):;m—'>max,

1+
i=1
ne H; — e njociimKyBana ocoouHa;

M — KUIbKICTh M’ IKMX OOMEKEHb ISl PO3KJIaly 3aHSTh;
L; — mirpad 3a HEBUKOHAHHS 1-T0 OOMEXKCHHSI.
Orxe, yuM MeHIIUWA mTpad 32 HEBUKOHAHHS M’ SIKUX OOMEXEHb, TUM OUIbLINM
Oyne 3Ha4YeHHs IMUIbOBOI (PYHKIII, a OTKE THUM Kpaiorw Oyae ocoOuHa. SIKIIO HUIbOBA
bynakiis << 1, TO 1€ O3HAYae€, M0 HE BUKOHAJIOCH SKECh 13 M’SIKUX OOMEXEHb, TOMY
JOCHI)KYyBaHa OCOOMHA € HEMPUJATHOIO 1 MIAJIATaE MOKPAIICHHIO CBOIX XapaKTEPHUCTHK.
[linpoBa (yHKIIIST 3aCTOCOBYETHCSA A0 KOXKHOI OCOOMHHM TMOMyIsLii i cripsMoBaHA Ha

3HaXOKEHHSA MaKCUMaJIbHOIO 3HAYEHHS.
3.9. XapakTrepucTuka Ta pe3yjabTaTd poOOTH MPOTrPaMHOTO MPOAYKTY

s popmyBaHHs Tpadiky KOHCYIbTAIlI Oyo po3po0JIeHO MPOTpaMHUN MOIYJIb,
mo gopmye rpadik 3a AOMOMOTOI T'€HETUYHOro aiaroputmy. IIporpamy peanizoBaHO Ha
KpocruiaTOpMeHHI MOBi nporpamyBaHHs Python Ta mpoTecroBaHo Ha BXiTHUX JaHUX
JUTSL TPHOX TPYI Kapepy KOMIT FOTEPU30BAHUX CUCTEM YIIPABIIIHHS .
Bximni gaHi nporpaMu MOXyTh OyTH BBeAeHI BpyuHy (puc. 3.3. — 3.4.) ab0 MoxHa
BUKOPHUCTOBYBATH 3aBYACHO BBEJICHI JaHI.
HaGip BXiqHUX JaHUX CKIIATA€THCS 3:
— I'pymu ctynentiB. HeoOximHum 1 moctaTHIM HAaOOpOM JaHHWX MPO TPYITy, IO
noTpiOHUM st hopmyBaHHs Tpadiky, € Ha3Ba TPYNU Ta KUIBKICTh CTYACHTIB Y
Hiii. Hanpuxmnan, rpyna nig vazsoro CII-324 naniuye 30 cTyaeHTiB;

— Aynurtopiii. TyT HeoOXiZHO BBECTHM HOMEpP ayaHUTOpil Ta KUIBKICTH MICIIb.
Hanpuxkmnan, ayaquropis Nel01 moxe Bmictutr 30 CTYICHTIB,;

— Tlpenmeris. Hanpuknan, «IlITyunuit iHTEIEKTY;

— Buknagauis. Tyt gocrarHbo BBecTH iM’s BukiIagada (Ieanom I.I., IBanoB IBan

IBaHOBHWY TOII10);
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— YacoBux iHTepBaiiB. [ 4acoBUM 1HTEpBAJIOM MA€ThCA HA YBa3l 4ac MOYaTKy Ta

3aKIHUCHHSI 3aHSTTS, a TAKOXK JeHb THxKHA. Hanpuknan, yetsep, 8:00 — 9:20.

Puc. 3.3. Kopucrysaipbkuii inTepdeiic mporpaMHOTo MOJTYJTIO

Puc. 3.4. Ilpuknaa Tabiuili 3 BBEACHUMHU TAHUMHU

[Iporpama BuBOAWTH iHGOpPMAII0 TPO 3HAYCHHS (YHKIlI MPUCTOCOBAHOCTI JIJISt
KOXHO1 ocoOmHu. Ha ocHOBI 3HaueHb 11i€i PyHKIT 0OMparOThCS BINMOBIMHI reHepartii.
Takok BUBOJAUTHCS 3arajibHa KUTBKICTh CTBOPEHHUX T'€HEpAIlil JO TOrO MOMEHTY, KOJHU

Oyne 3HaleHe Halikpamie. Ha puc. 3.5. HaBeieHO IpUKJIa] BUBOTY TaKUX 3HAUCHb.
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DO PDOOOO®®

Solution found in 24
Final solution fitness: 1.@

Clashes:

Puc. 3.5. 3nauenns gitHec-PyHKIIT 1151 KOKHOTO MOKOJITHHS

e

OO OO OO O®DODO®®

1
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2
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.3333333333333333
.3333333333333333
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generations

[Iporpama 30epirae 3reHepoOBaHHM pO3KJa] KOHCYJIbTallik y daiai XISX y BUTIIsAIl

TaOJINII, [0 MICTUTh HACTYITHUN HAOIp aHUX:

Ha3zBa npenmera;

— Howmep ayautopii;

— IM’g Bukitamaua;

— Yac moyatky Ta 3aKiHUCHHS] KOHCYJIbTAIIli.

PesynbraT mpencrasieHi Ha pucyHkax 3.6 — 3.8.
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Puc. 3.6. Po3knan koHcynbramiit aiist rpynu CI1-324

Puc. 3.7. Po3kman koncynpramiid qis rpynu CIT-325
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Puc. 3.8. Posxian koHcynpraiiit aiis rpynu CI1-326

3.10. BucHOBKH J10 pO3aLTY

Y nmanomy po3aiii Oylio JIeTalbHO OINMUCAHO O00’€KT OMNTHUMI3allli TeHETUYHOTO
anroputMy — rpadik KOHCyNbTallid. byno BH3HAYeHO 3 SKUX MHOXHH BiH Oyje
CKJIQJIaTUCh Ta SK IIi MHOXHUHU Oyle TO€THAHO JJig HOro yTBOpeHHs. Takox Oyio
BU3HAYCHO OOMEKEHHS, SKi MOTPIOHO BpaxoOByBaTH IPH CKIaJlaHHI Trpadiky, a came Ti,
JTOTPUMAHHS SKHUX € 000B’SI3KOBUM IS YCHINTHOTO CKJIaJaHHS rpadiky, 1 Ti, BUKOHAHHS
SKUX € OaKaHUM IS TOTO, 00 rpadik KOHCYIbTAIlIH OyB OJIM3bKUM JI0 ONITHMAIBHOTO.

Takoxx OyB po3poOJieHWH TEHETHUYHWN aJITOPUTM  OonTuUMizaimii  Tpadiky
KOHCYyJbTaIli. byno omucano 3agady onTuMizarlii y TepMiHaX T€HETUYHOTO aJTOpPUTMY,
BU3HAYECHO OCHOBHI eTanu anroputMmy (hopmMyBaHHS TMOYATKOBOI MOMYJSAIIi, CEIEKIIif,
CXpellyBaHHs, MyTallis, BHOIp HaWKpamoro BapiaHTy) Ta ONHCAHO [ii, IO
BUKOHYBAaTHUMYThCS Ha KOKHOMY 3 ITX €TalTiB.

Bcranosneno Habip oOMexkeHb, 0 BHCYBAIOThCS 10 ToTOBOrO rpadiky. [Ipobrema
MPOIIECY CKIIAJaHHs PO3KIaay TOJSTaE B TOMY, IO PO3KJIa] MOBUHEH BIANOBIIATH PSIY

oOMexXeHb. Yl 00MEXKEHHS MOUISIOTh HA M SIKI Ta dKOPCTKI.
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XKopcTki — 1e oOMexeHHs, SIKi MOBUHHI HEOJMIHHO 3aJIOBOJBHATHCS; TaKl fK1
($13M4HO HE MOXYTh OyTH MOpPYIIEH! (HAIpHUKIaJ OJIMH 1 TOM CaMHMil BUKJIaJad HE MOXKeE
OyTH NPUCYTHINA B OJMH 1 TOM caMuid Yac y IBOX MICLISIX OJJHOYACHO).

M’siki — e 0OMeKeHHs, K1 MOKHa MOPYIIYBaTH, ajie 1€ NOPYIIEHHS IOBUHHO OyTH
3BejieHe /10 MiHiIMyMy. IXHe BUKOHAHHS He € TAKMM e 000B’I3KOBUM, SIK KOPCTKHUX.

[lepenik >kOpcTKUX OOMEKEHb, 1110 HAKIAAAIOThCA Ha rpadik, BUTIIAIA€ HACTYITHUM
YHHOM:

— Buxknanay He Moke OyTH MPUCYTHIM HA TBOX KOHCYJBTAIISIX OJTHOYACHO;

— B onHiii ayaAuTOpii HE MOXKYTh IPOBOJUTHUCS PI3HI KOHCYJIbTAIlli OIHOYACHO;

— MicTkicTh ayauTopii HE MOXKe OYyTH MEHIIOI0, HK KUIBKICTh NMPUCYTHIX y HIH

CTY/ICHTIB;

— OpHa Tpymna He MOXe OyTH MPUCYTHS Ha JACKUIBKOX KOHCYIIBTAIISIX OJTHOYACHO;

— KinbkicTh KOHCYNBTAIlIN HA JICHH HE OlbIIe 4.

M’ siki 0OMeXEHHSI, SIKi MOXYTh BUKOHYBATHCh JIJIsl PO3KIIAITy 3aHATH:

— Y po3kiaji He Mae OyTH BIKOH;

— Buknagaui MOXyTh BiIJaBaTd TiepeBary KOHKPETHOMY dYacy HpOBEIECHHSA

KOHCYJIbTAI].

3’sicoBaHO HaOIp Ta omMcaHO HaOIp BXITHUX JAHUX, HEOOXIMHUX I (GOpMYyBaHHS
PO3KIIay, a caMe:

— I'pynu cTyneHTis;

— AynuTopii;

— Ilpenmern;

— Bukmnanaui;

— Yacogi iHTEepBaIH (3aHATTS).

byno po3pobneHo mnporpaMHMii MPOAYKT, IO HA OCHOBI JaHUX, BBEIACHUX
aucnetaepoM, Gopmye rpadik KOHCYIbTAIliil BUKJIAAAadiB 3a JOMOMOTOI T€HETHYHOTO

anropuTMy Ta 30epirae ioro y daiiii, SKui MICTHTH rpadik s KOXKHOI 3 TPYTI.
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BHUCHOBKHA

Metoro po6GoTH OyJio pO3pOOJICHHS MPOrPAMHOTO MOy (GopmyBaHHS rpadiky
KOHCYJIbTAIl1 BUKJIaJa4iB YHIBEPCUTETY 32 JOTIOMOI'OI0 T€HETUYHOI'O AJITOPUTMY .

Boxe noBruii yac muTaHHSA IpO po3poOKy Ta aBTOMATHU3ALIIO0 SKICHOTO aJITOPUTMY
ckiagaHHs poskiany BH3 3anumaeTsca oqauM 13 HailBaxMBiKX B cdepi ocBith. JJodpe
CKJaZeHuil rpadik BIUVIMBAE K HA 3aCBOIOBAHICTh MaTepiajiB CTYJAEHTaMH, TaK 1 Ha SKICTh
HaBYaHHS BHKJIaJadaMu. Takok cucTeMa MOBHHHA OyTH €KOHOMIYHO BUTITHOIO JJISI CBOTO
3aknany. llpouec cknamanHHs po3KiIany — L€ HAA3BUYAWHO TPUBAJIMKW Ta HENPOCTUU
nporiec, kUil motpebye Bij JroMeil, AKi HOro CKIajaloTh, IEBHUX BMIHb Ta 3HaHb. Moro
MaTEMaTUYHO MOXHa (opMaii3yBaTu K CKJIAJHY ONTUMI3alliiiHy 3a7a4y, ISl BUPIIICHHS
SIKOT ChOTOJTH1 1CHYE€ PSIJT METO/IB.

Jliss  MOCATHEHHS pe3yJibTaTy OyB TPOBEACHUN aHali3 aKTyalbHOCTI JaHOTO
NUTaHHS Ta icTOpii Teopii po3kianay. byno po3risiHyTO OCHOBHI MOHSTTS €BOIIOLIMHUX
METO/IIB JIJISl pO3B’sI3aHHS ONTUMI3AIIMHUX 3aJ]a4, JETAIbHO OMMCAHO OJWH 3 HUX, a caMe
TeHeTHUYHUN alrOpUTM, 1 MOKHA CKa3aTH, IO L€l alrOpuTM 3aCHOBAaHUM HA aHAJOTIi 3
NPUPOJHIMHI EBOJIOLIHUME TporiecaMu. Moro mepeBaroio € Te, IO HE BHCYBAIOThCS
JIOIATKOBI BUMOTH JI0 BUAY IIIbOBOI (DYHKIIIT, alrOpUTM Ha KOXHIN iTepallii mpaitoe 3
MHOXHHOIO PIIlIEHb, IO JO3BOJISIE€ B OaraThb0X BUMAJKaX OUIBII JIETAJbHO B MOPIBHIHHI 3
TPaJIEHTHUMH  METOJaMU  0OaraTOBUMIpHOi  HeNiHiiHOT 0e3yMOBHOI  onTuMizarii
aHaNI3yBaTU TPOCTIp TOIMIYKY. 3arajoM, T'€HETUYHHH aJrOpUTM SBISETHCS TOTYKHUM
THCTPYMEHTOM [IJI1 BUPIMICHHS CKJIQAHUX ONTHUMI3AIlIMHMX 3a7ad 1 WOro MpPaKTHYHE
3aCTOCYBaHHS BiI0YBA€ETHCS CHOT'OIHI BCE YACTIIIE 1 YaCTIIIIE.

Ha ocHOBI oTpuMaHHUX MaHUX MICIs TeHEpallii po3KiIaay, a TAaKOX MpU MOPIBHAHHI 3
PYYHUM METOJIOM, MOXHa 3pOOUTH BHUCHOBOK IpPO JOCSATHEHHS IOCTaBJICHOI METH: Hac,
BUTpaueHUIl Ha CTBOPEHHA TpadiKy CHCTEMOIO 3HAYHO MEHIIIE Yacy, 10 BUTPAYAE€ThCS Ha

pydHE CKIIaJaHHs PO3KJIaay HE3aJeKHO Bi ciocoOy pydHOT reHepaitii.
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JlocaimuBIIY, SIK 3aCTOCOBYETHCSI TEHETUYHUN aJITOPUTM JJIsl TPOOJIEMH CKIIaJaHHs
rpadiky B yHIBEpCUTETaX, MOKHA CKa3aTH, IO e METOJ Ma€ Psiji MepeBar y NOpiBHSHHI
13 IHIIUMU:

— BIJCYTHICTh HEOOX1THOCTI y CIeM(PIYHUX 3HAHHSIX MPO BUPILIYBaHY 3a7a4y;

— KOHIIENTYyaJlbHA IPOCTOTA Ta MPO30PICTh peanizallii;

— MOXIIMBICTh PO3MapaeIOBaHHS,;

— MPOCTOTA KOJYBaHHS BXIAHOT 1 BUX1JIHO1 1H(POpMaIii;

— MOXIIMBICTh 3aCTOCYBAaHHS JI0 BEJIHMKOTO KOJIa 3a7ad 0e3 BHECEHHS CepHOo3HUX

3MIH Y BHYTPILIHIO CTPYKTYPY METOY.

B xoni BukoHaHHA poOOTHM OyJ0 MOCHIKEHO 3aCTOCYBaHHS TI'E€HETUYHOIO
aNropuTMy IJIsl 3ajadi CTBOPEHHS 1 OonTuUMIZallli rpadiky KOHCYJbTalllii BUKIIAJayiB B
YHIBEPCHUTETI.

Ha nanomy erarmi Oysi0 BAKOHAHO HACTYITHI 3aBJIaHHS:

— 3po06ieHo orys mpeaAMEeTHOT 00IacTi;

— CxJazieHo 3arajJbHUM OMUC TEHETUYHOTO aJTOPUTMY;

— CkJaieHo 3arajbHUi OMUC JTOCHIKYBAaHOTO 00’ €KTy (rpadiky KOHCYIbTAIlii);

— CdopmynboBaHi 3amada ontumizamii Tpadiky KOHCYNIbTAIlii B TepMiHAX
TEHETUYHOTO QJITOPUTMY Ta KpHUTEpidl sikocTi rpadiky (1iIboBa (PYHKINIS, 10
3QJIEKUTH 00CPHEHO MPOIOPIIHHO Bl 00’ €My MOPYIIEHb M’ IKMX OOMEKEHb, 1110
HAKJIaJIal0ThCs Ha Tpadik, 3HAYCHHS SKOi IMOTPIOHO MAaKCHUMI3yBaTh JJis
OTPUMAaHHS ONTUMAIBHOTO PO3KIIANY);

— CdopMoBaHO AITOPUTM CTBOPEHHS IMOYATKOBOI IMOITYJIAIII;

— BwusHadeHo mMeTonu cenekIli as BiAOopy OaThKIBCHKOI MOMyNAMii (TypHIpHUN
BinOip, METOJ PYJIETKH Ta METOJ PaHTIB), CE€peln SKUX y Tpoleci HamUCaHHS
KOJy IIJIIXOM TECTyBaHHS Oy/ie BHOpaHO HAaWKpAIIHA METOI,

— BwmsHadeHo crioci0 cxpernryBaHHs 0aTbKIBCHKUX OCOOHH,;

— PosrnsryTO pi3HI crocoOu MyTarlii ocoOMH (3MiHa 3HA4YEHb AyAUTOPii, 3MiHA
nap, 3MiHa ayJauWTOpi MICISIMHU, 3MiHAa 4Yacy, 3CyB 3aHATh, BHIIQJIKOBA 3MiHa

ayaIuTOpii, 3MiHA YaCOBUX IHTEPBAIB JJIs yCiX TPYH OJHOYACHO), HAWMKpAIIUHN 3
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akux Oyzae oOpaHO B XOJlI MPOEKTYBAHHS AapXITEKTYpH MPOrpaMH IIJISIXOM
TECTYBaHHS;

— Ha ocHOBI c(hOpMyIbOBaHOIO TE€HETUYHOrO aJITrOpPUTMY OYyJIO peai30BaHO
IporpaMHUNA TPOAYKT, 110 ¢hopmye rpadik KOHCYIbTAIlINA 32 JOTIOMOTOIO TaHOTO
anroputMy Ta 30epirae HWOro y BHUIISIAL €IeKTpoHHOI Tabmuui. [Iporpamy
pearizoBaHO Ha MOBI nporpamyBanHs Python;

— Po3pobnene pimeHHss OyJO JOCHIIKEHO 1 MPOTECTOBAHO Ha PI3HUX 00’ emax
naHux. byno 3po0ieHO BHMCHOBOK, IO pO3pOOJIEHUN alIrOpUTM BUKOHYE
MOCTaBIIEHY 3aJa4y JOCTaTHbO IIBUIKO, a OTXKE, MOXKe OyTH 3aCTOCOBAHMM JIJIst
dbopmyBaHHs rpadiky KOHCYIbTAIlI B peaIbHUX YMOBaXx.

PesynbTatl poOoTH anroput™My 30epiraroThes y GopMi, MPUAATHIN AJI MOJATBIIOTO
3pyYyHOTO BHUKOPUCTaHHS Ta OOpoOJeHHS. 3akjaJieHa MOXIIHMBICTh TOJATBIIOTO
yIIOCKOHAJICHHS aJITOPUTMY Ta PO3IIHUPEHHS Horo (GyHKI[IOHATEHOCTI.

[TomanpIuM poO3BUTKOM MPOTPAMHOTO MOJIYIIIO MOKE OyTH MOMIIMBICTH CTBOPEHHS
BeO-Bepcii i 3py4dHOi poOOoTH, 30epiraHHs HeoOxigHOI1 iHdopmMmamii y 0a3i maHuX Ta

HaJaHHS KOPUCTYBauyaM MOXJIMBOCTI OCOOMCTO BKa3yBaTH KPUTEPIii CKIaIaHHs PO3KIIAY.
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JlomaTok A

JIicTUHT KOy IPOTPaMHOT0 MOJIYJIIO

daiin timetable _ga.py:

from genetic_algorithm import GeneticAlgorithm
from population import Population

from timetable import Timetable

import xlsxwriter

def initialize_timetable():
timetable = Timetable()
timetable.add_room(1, 101", 30)
timetable.add_room(2, 203", 30)
timetable.add_room(3, 204", 30)
timetable.add_room(4, 205", 30)
timetable.add_room(5, 213", 30)
timetable.add_room(6, 218", 30)
timetable.add_room(7, 219", 30)
timetable.add_room(8, 303", 30)
timetable.add_room(9, 304", 70)
timetable.add_room(10, 305", 30)
timetable.add_room(11, 306", 30)
timetable.add_room(12, "311", 70)
timetable.add _room(13, "313", 70)
timetable.add_room(14, "316", 70)
timetable.add_timeslot(1, "Ilonedinox, 8:00 - 9:20")
timetable.add_timeslot(2, "lloneoinok, 9:40 - 11:00")
timetable.add_timeslot(3, "lloneoinox, 11:20 - 12:40")
timetable.add_timeslot(4, "lloneoinox, 13:00 - 14:20")
timetable.add_timeslot(5, "Bismopox, 8:00 - 9:20")

92



timetable.add_timeslot(6, "Bismopox, 9:40 - 11:00")
timetable.add_timeslot(7, "Bismopox, 11:20 - 12:40")
timetable.add_timeslot(8, "Bismopox, 13:00 - 14:20")
timetable.add_timeslot(9, "Cepeoa, 8:00 - 9:20")
timetable.add_timeslot(70, "Cepeoa, 9:40 - 11:00")
timetable.add_timeslot(71, "Cepeoa, 11:20 - 12:40™)
timetable.add_timeslot(72, "Cepeoa, 13:00 - 14:20™)
timetable.add_timeslot(73, "Yemsep, 8:00 - 9:20™)
timetable.add_timeslot(74, "Yemsep, 9:40 - 11:00")
timetable.add_timeslot(15, "Yemsep, 11:20 - 12:40™)
timetable.add_timeslot(16, "Yemsep, 13:00 - 14:20™)
timetable.add_timeslot(17, "Il'smnuys, 8:00 - 9:20")
timetable.add_timeslot(18, "IT'asmnuys, 9:40 - 11:00")
timetable.add_timeslot(19, "IT'smnuys, 11:20 - 12:40")
timetable.add_timeslot(20, "IT’smnuys, 13.:00 - 14:20")

timetable.add professor(l, "leéanos I'.B.")
timetable.add professor(2, "llempoeé B.JI.")
timetable.add_professor(3, "Cuoopos O.M.")
timetable.add professor(4, "®@edopos M.B.")
timetable.add professor(5, "[lenucoe M.B.")
timetable.add_professor(6, "Maxcumos O.1.")

timetable.add_module(1, "ppl", "Komn'tomepua nocixa", [1])
timetable.add_module(2, "pp2", "Auckpemna mamemamuxa", [1, 8])
timetable.add_module(3, "eitl", "Cucmemne npoepamysanns", [2])
timetable.add_module(4, "eit2", "®@yuxyionanvno-nociune npocpamysanns”, [5])
timetable.add_module(5, "gal", "Komn'tomepni mepeaci”, [3])
timetable.add_module(6, "ga2", "Komn'tomepui cucmemu", [3])

timetable.add_module(7, "webl1", "Cucmemne npoecpamne 3abesneuenns”, [4])
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timetable.add_module(8, "web2", "06'ekmno-opienmosane npoecpamysanns”, [4,

1)

timetable.add_module(9, "spasl”, "IlImyunuii inmenexm", [6])
timetable.add_module(10, “spas2", "basu oanux", [6])
timetable.add _group(1, "CI1-124", 30, [1, 2, 3, 4,5, 6, 7, 8, 9, 10])
timetable.add _group(2, "CI1-224", 28, [1, 2, 3, 4,5, 6, 7, 8, 9, 10])
timetable.add _group(3, "CI1-324", 14, [1, 2, 3, 4,5, 6, 7, 8, 9, 10])

return timetable

def main():
timetable = initialize_timetable()
ga = GeneticAlgorithm(100, 0.01, 0.9, 2, 5)
population = ga.init_population(timetable)
ga.eval_population(population, timetable)

generation =1

while ga.is_termination_condition_met(generations_count=generation,

max_generations=1000) IS False

ga.is_termination_condition_met(population=population) is False:

and

print('G {} Best fitness: {}'.format(generation, population.get_fittest(0).fitness))

population = ga.crossover_population(population)
population = ga.mutate_population(population, timetable)
ga.eval_population(population, timetable)
generation +=1
timetable.create_classes(population.get_fittest(0))
print()
print(‘Solution found in {} generations'.format(generation))
print(‘Final solution fitness: {}'.format(population.get_fittest(0).fitness))
print(‘Clashes: {}'.format(timetable.calc_clashes()))

# Print classrooms

print()
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classrooms = timetable.classes

# class_index =1

# for best_classroom in classrooms:

#  print(‘Classroom {}:'.format(class_index))
print(timetable.get_module(best_classroom.module_id).module_name)
print(timetable.get_group(best_classroom.group_id).group_name)
print(timetable.get_room(best_classroom.room_id).room_number)
print(timetable.get_professor(best_classroom.professor_id).professor_name)

print(timetable.get_timeslot(best_classroom.timeslot_id).timeslot)

H OHF OH OHF OHF O HF OH

class_index +=1

workbook = xlsxwriter.Workbook(' TIMETABLE.xIsx")

worksheet = workbook.add_worksheet()

bold_center = workbook.add_format({'bold': True, ‘align': ‘center'})
bold_red = workbook.add_format({'bold’: True, ‘color': 'red'})
center = workbook.add_format({'align’: ‘center'})

text_ wrap = workbook.add format({'text_wrap': True, 'valign': 'top'})

i=0

group_index =0

timeslot_index =0

while (i <5 * len(timetable.groups)):

if (1%5==0):

worksheet.write_string(i, 0, 'IToneoinox', bold_center)
worksheet.write_string(i, 1, 'Bismopox', bold_center)
worksheet.write_string(i, 2, 'Cepeoa’, bold_center)
worksheet.write_string(i, 3, 'Yemsep', bold_center)

worksheet.write_string(i, 4, "ITsasmnuys", bold_center)
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worksheet.write_string(i, 5, timetable.get_group(group_index +
1).group_name, bold_red)
+=1
group_index +=1
timeslot_index =1%5
for j in range(5):
worksheet.write_string(i, j, find_classroom(group_index, timeslot_index,
timetable, classrooms), center)
timeslot_index +=4
+=1

workbook.close()

def find_classroom(group_index, timeslot_index, timetable, classrooms):
for best_classroom in classrooms:
if (best_classroom.group_id == group_index and best_classroom.timeslot_id
== timeslot_index):
return str(timetable.get_ module(best_classroom.module_id).module_name)
+ '\n' + str(timetable.get_room(best_classroom.room_id).room_number) + "\n' +
str(timetable.get_professor(best_classroom.professor_id).professor name) + "\n' +
str(timetable.get_timeslot(best_classroom.timeslot_id).timeslot.split(*,")[1])
return "
if _name_  ==" main_":

main()

daiin timetable.py:

from classroom import Classroom
from room import Room

from professor import Professor

from module import Module

96



from group import Group
from timeslot import Timeslot

from random import random

daiin timetable.py:
class Timetable:
_classes =[]

_num_classes =0

def __init__(self, cloneable=None):

if cloneable is None:
self._rooms = {}
self._professors = {}
self._modules = {}
self._groups = {}
self._timeslots = {}

elif cloneable is not None:
self._rooms = cloneable.rooms
self._professors = cloneable.professors
self._modules = cloneable.modules
self._groups = cloneable.groups

self._timeslots = cloneable.timeslots

@property
def groups(self):

return self._groups

@property
def timeslots(self):

return self._timeslots
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@property
def modules(self):

return self._modules

@property
def professors(self):

return self._professors

@property
def rooms(self):

return self._rooms

def add_room(self, room_id, room_name, capacity):

self._rooms[room_id] = Room(room_id, room_name, capacity)

def add_professor(self, professor_id, professor_name):
self._professors[professor_id] = Professor(

professor_id, professor_name)

def add_module(self, module_id, module_code, module_name, professor_ids):
self._modules[module_id] = Module(

module_id, module_code, module_name, professor_ids)

def add_group(self, group_id, group_name, group_size, module_ids):
self._groups[group_id] = Group(
group_id, group_name, group_size, module_ids)

self._ num_classes =0

def add_timeslot(self, timeslot_id, timeslot):

98



self._timeslots[timeslot_id] = Timeslot(timeslot_id, timeslot)

def get_room(self, room_id):
If room_id not in self._rooms:
print("Rooms doesn't contain key " + room_id)

return self._rooms[room_id]

def get_random_room(self):
rooms_array = list(self._rooms.values())
room = rooms_array|[(int)(len(rooms_array) * random())]

return room

def get_professor(self, professor_id):

return self._professors[professor_id]

def get_module(self, module_id):

return self._modules[module_id]

def get_group_modules(self, group_id):
group = self._groups[group_id]

return group.module_ids

def get_group(self, group_id):

return self._groups[group_id]

def get_groups_as_array(self):

return list(self._groups.values())

def get_timeslot(self, timeslot_id):

return self._timeslots[timeslot_id]
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def get_random_timeslot(self):

timeslot_array = list(self._timeslots.values())

timeslot = timeslot_array[(int)(len(timeslot_array) * random())]

return timeslot

@property
def classes(self):

return self._classes

def get_num_classes(self):
if self._num_classes > 0:
return self._num_classes
num_classes =0
groups = list(self._groups.values())
for group in groups:
num_classes += len(group.module_ids)
self._num_classes = num_classes

return self._num_classes

def create_classes(self, individual):
classes = [None] * self.get_ num_classes()
chromosome = individual.chromosome
chromosome_pos =0
class_index =0
for group in self.get_groups_as_array():
module_ids = group.module_ids
for module_id in module_ids:

classes[class_index] = Classroom(

class_index, group.group_id, module_id)
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# Add timeslot

classes[class_index].timeslot_id = chromosome[chromosome_pos]
chromosome_pos +=1

# Add room

classes[class_index].room_id = chromosome[chromosome_pos]
chromosome_pos +=1

# Add professor

classes[class_index].professor_id = chromosome[chromosome_pos]
chromosome_pos +=1

class_index +=1

self._classes = classes

def calc_clashes(self):
clashes =0
for class_a in self._classes:
# Check room capacity
room_capacity = self.get_room(class_a.room_id).room_capacity
group_size = self.get_group(class_a.group_id).group_size
If room_capacity < group_size:
clashes +=1
# Check if room is taken
for class_b in self._classes:
if class_a.room_id == class b.room id and class_a.timeslot id ==

class_b.timeslot_id and class_a.class_id != class_b.class_id:

clashes +=1
break
if class a.room_id != class b.room id and class_a.timeslot id ==
class_Db.timeslot_id and class_a.group_id == class_b.group_id and class_a.class_id !=
class_b.class_id:
clashes +=1
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break
if class_a.professor_id == class_b.professor_id and class_a.timeslot_id
== class_b.timeslot_id and class_a.class_id != class_b.class _id:
clashes +=1

break

return clashes

daiin genetic_algorithm.py:

from population import Population
from timetable import Timetable
from individual import Individual

from random import random

class GeneticAlgorithm:

_tournament_size =0

def __init__ (self, population_size, mutation_rate, crossover_rate, elitism_count,
tournament_size):
self._population_size = population_size
self._mutation_rate = mutation_rate
self._crossover_rate = crossover_rate
self._elitism_count = elitism_count

GeneticAlgorithm._tournament_size = tournament_size

def init_population(self, timetable):
# Initialize population
population = Population(self._population_size, timetable)

return population

102



def is_termination_condition_met(self, population=None,
generations_count=None,
max_generations=None):
if population is not None:
return population.get_fittest(0).fitness == 1.0
elif generations_count is not None and max_generations is not None:

return generations_count > max_generations

def calc_fitness(self, individual, timetable):
thread_timetable = Timetable(timetable)
thread_timetable.create_classes(individual)
clashes = thread_timetable.calc_clashes()
fitness = 1 / float((clashes + 1))
individual.fitness = fitness

return fitness

def eval_population(self, population, timetable):
population_fitness =0
# Loop over population evaluating individuals and summing population fitness
for individual in population.individuals:
population_fitness += self.calc_fitness(individual, timetable)

population.population_fitness = population_fitness

@staticmethod

def select_parent(population):
tournament = Population(GeneticAlgorithm._tournament_size)
population.shuffle()
for i in range(GeneticAlgorithm._tournament_size):

tournament_individual = population.get_individual(i)
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tournament.set_individual(i, tournament_individual)

return tournament.get_fittest(0)

def mutate_population(self, population, timetable):
new_population = Population(self._population_size)
for population_index in range(population.size()):
individual = population.get_fittest(population_index)
random_individual = Individual(timetable=timetable)
for gene_index in range(individual.chromosome_length):
if population_index > self._elitism_count:
if self._mutation_rate > random():
individual.set_gene(gene_index,
random_individual.get_gene(gene_index))
new_population.set_individual(population_index, individual)

return new_population

def crossover_population(self, population):
new_population = Population(population.size())
for population_index in range(population.size()):
parentl = population.get_fittest(population_index)
if self._crossover rate > random() and population_index >=
self._elitism_count:
offspring = Individual(chromosome_length=parentl.chromosome_length)
parent2 = GeneticAlgorithm.select_parent(population)
for gene_index in range(parentl.chromosome_length):
if 0.5 > random():
offspring.set_gene(gene_index, parentl.get_gene(gene_index))
else:
offspring.set_gene(gene_index, parent2.get_gene(gene_index))

new_population.set_individual(population_index, offspring)
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else:
new_population.set_individual(population_index, parentl)

return new_population

®aiin individual.py:

class Individual:

def __init__ (self, timetable=None, chromosome_length=None):
if timetable is not None:

num_classes = timetable.get num_classes()

_chromosome_length = num_classes * 3

new_chromosome = [None] * _chromosome_length

chromosome_index =0

for group in timetable.get_groups_as_array():

for module_id in group.module_ids:
timeslot_id = timetable.get_random_timeslot().timeslot_id
new_chromosome[chromosome_index] = timeslot_id
chromosome_index +=1
room_id = timetable.get_random_room().room_id
new_chromosome[chromosome_index] = room_id
chromosome_index +=1
module = timetable.get_module(module_id)
new_chromosome[chromosome_index] =
module.get_random_professor_id()

chromosome_index +=1

self._chromosome = new_chromosome

self._fitness = -1

elif chromosome_length is not None:
individual = [None] * chromosome_length

for gene in range(chromosome_length):
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individual[gene] = gene
self._chromosome = individual

self._fitness = -1

@property
def chromosome(self):

return self._chromosome

@property
def chromosome_length(self):

return len(self._chromosome)

def set_gene(self, offset, gene):

self._chromosome[offset] = gene

def get_gene(self, offset):

return self._chromosome|offset]

@property
def fitness(self):

return self._fitness

@fitness.setter
def fitness(self, value):

self._fitness = value

def _ str_ (self):
output ="
for gene in range(len(self._chromosome)):

output += self._chromosome[gene] + ',
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return output

def contains_gene(self, gene):
for i in range(len(self._chromosome)):
if self._chromosome[i] == gene:
return True

return False

daiin population.py
from individual import Individual

from random import randint

class Population:

_population_fitness = -1

def __init_ (self, population_size, timetable=None):
self._population = [None] * population_size
if timetable is not None:
for individual_count in range(population_size):
individual = Individual(timetable=timetable)

self._population[individual_count] = individual

@property
def individuals(self):

return self._population
def get_fittest(self, offset):

self._population.sort(key=lambda x: x.fitness, reverse=True)

return self._population[offset]
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@property
def population_fitness(self):

return self._population_fitness

@population_fitness.setter
def population_fitness(self, value):

self._population_fitness = value

def size(self):

return len(self._population)

def set_individual(self, offset, individual):
self._population[offset] = individual

return self._population[offset]

def get_individual(self, offset):

return self._population[offset]

def shuffle(self):
for i in range(len(self._population)-1, 0, -1):
index = randint(0, i)
a = self._population[index]
self._population[index] = self._population[i]

self._population[i] = a

daiin timeslot.py:

class Timeslot:

def __init__(self, timeslot_id, timeslot):
self._timeslot_id = timeslot_id

self._timeslot = timeslot
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@property
def timeslot_id(self):

return self._timeslot_id

@property
def timeslot(self):

return self._timeslot

@aitn room.py:
class Room:
def __init_ (self, room_id, room_number, room_capacity):
self._room_id = room_id
self._room_number = room_number

self._room_capacity = room_capacity

@property
def room_id(self):

return self._room_id

@property
def room_number(self):

return self._room_number

# getRoomCapacity Java
@property
def room_capacity(self):

return self._room_capacity
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daiin proffesor.py:
class Professor:
def _init__(self, professor_id, professor_name):
self._professor_id = professor _id

self._professor_name = professor_name

@property
def professor_id(self):

return self._professor _id

@property
def professor_name(self):

return self._professor_name

daiin module.py:

from random import random

class Module:
def __init_ (self, module_id, module_code, module_name, professor_ids):
self._module_id = module_id
self._module code = module_code
self._module _name = module_name

self.professor_ids = professor_ids

@property
def module_id(self):

return self._module _id

@property
def module_code(self):
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return self._module_code

# getModuleName in Java
@property
def module_name(self):

return self._module_name

def get_random_professor_id(self):
random_id = (int)(len(self.professor_ids) * random())
professor_id = self.professor_ids[random_id]

return professor_id

@aii group.py:
class Group:
def __init_ (self, group_id, group_name, group_size, module_ids):
self._group_id = group_id
self._group_name = group_name
self._group_size = group_size

self._module_ids = module_ids

@property
def group_id(self):

return self._group_id

@property
def group_name(self):

return self._group_name

@property
def group_size(self):
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return self._group_size

@property
def module_ids(self):

return self._module_ids

daiin classroom.py:
class Classroom:
def __init__ (self, class_id, group_id, module_id):
self. _class_id = class_id
self._group _id = group _id
self._module_id = module _id
@property
def class_id(self):
return self._class_id
@property
def group_id(self):
return self._group_id
@property
def module_id(self):
return self._module_id
@property
def professor_id(self):
return self._professor_id
@property
def timeslot_id(self):
return self._timeslot_id
@property
def room_id(self):

return self._room_.id
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@professor_id.setter
def professor_id(self, value):

self._professor_id = value

@timeslot_id.setter
def timeslot_id(self, value):

self._timeslot_id = value

@room_id.setter
def room_id(self, value):

self._room_id = value
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