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OnruMizariiiHi MOA€Ai €BOAFOIINIHOIO IPOrpaMyBaHHA
B Excel: po3p’a3aHHA 3aAa4i KOMIBOsDKEPa
3 oomesxennamu alldifferent

Axmyanvhicms i Macosuii xapakmep npooiemamuxy ONmumMizayitiHo2o mo-
Oenoeanus npuseiu 00 po3pooKU Ma WUPOKOMACULIMADOHO20 8NPOBANICEH-
H OOCMYNHUX, NOMYHCHUX U eheKMUBHUX 3aC00i8 MameMamudnoi Onmumi-
3ayii. Beasxcaemvcs, wo yeu npoyec mae npugecmu 00 Cymmeeo2o niogu-
WjeHHs1 AKOCMI YNpasaiHCbKUX PilueHb, Wo NPUUMAIOMbC HA PI3HUX DIGHAX
gionogioanvHocmi. Baoicnuso, wo yi 3acobu opiecnmosaHni Ha po36 s3aHHs
3a0ay onmumizayii, peanizayis MamemMamuyHux mooeinetl SKux 00 cb0200HI
Oyna HedoCANHCHA 01 36UHALIHUX YNPABIiHYI6 ma aHanimukie. Posenanymo
HOBIMHI NPOSPAMHI 3aCO0U eBONIOYIIHO20 NPOSPAMYBAHHS, KT 003601810Mb
Ha 38u4atiHomy pobouomy micyi npoghecitinozo kopucmysaua 6e3 6yO0b-saKux
000amKOBUX BUMPAM PO38 'A3y6amu ONMUMI3AYIUHY 3a0a4y KoMigosicepd,
sAKa mae bes3niy eapianmis i Moougikayii.

Knrouosi cnosa:. mamemamuuna onmumizayis, MS Excel, esonoyiiine npo-
2PAMYBAHHSL, 2EHEMUYHUL Al2OPUMM, 3A0aia KOMIBosxcepd, NPUUHSIMNSL
piwens, spreadsheet modeling and optimization.

Bcryn

[lepeBaskHy OUTBIIICTH MPAKTHYHUX 3a7ad ONTUMI3aIlii BIAHOCATH JO «BaXKKHUX»
JUIs KOMIT'FOTEpPHOI pearizalii 3aja4u 3-3a sIBHOI HEJTIHIHHOCTI 1iIbOBOI (yHKIII i 006-
MeXeHb 1 HEOOXiHOCTI BpaxyBaHHS CHEI[lalbHUX TPAHUYHUX 3HAYEHb NJIS MIYKAaHUX
HeBitoMuX. ToX BUMYIICHUN W TOMY HAaHOUIBbII MOMYJISIPHUN IIJISAX 0 MOUIYKY Tio0a-
JBHOTO ONTUMYMY — 3BEJICHHS IHMX 33/1a4 0 KIACHYHUX MOJENeH JTiHIMHOTO, IT0YH-
CJIOBOTO 200 x04a 0 OMYKIJIOTO MpOoTpaMmyBaHHs, 3p03yMiIO0, i3 BTPATOIO MEBHUX Xapak-
TEPHHUX BIACTHBOCTEH 00’ekTa mochipkeHHs. Lled numsix QakTuyHO AOCAT BEpIIMH
CBOIX TEOPETHYHUX 1 MPUKIATHIX MOKIUBOCTEH, BIAMOBITHO, 3AIUIIAETHCS aKTYaIbHOO
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npobiema Oe3nocepelHbOr0 MaTeMaTUYHOTO MOJICITIOBAHHS PEeANbHUX 3a/1a4 ONTUMI3a-
1ii 6e3 OyAb-IKUX MPUHIUIIOBUX CIIPOLICHb. | y IbOMY HanpsAMKY iijie MOIIyK OpuUTriHa-
JBHUX OOYHMCIIOBATBHUX AJITOPUTMIB, 3a JOMOMOTOI0 SIKHUX 13 3aCTOCYBAaHHSIM MOTYX-
HUX KOMIT FOTEPHUX 3ac00IB BIA€ThCA 3HAWTH ONTUMANbHI 9M ONM3bKI O HUX
PO3B’A3KH BAXKJIMBHUX 1 «BAXKKHUX» 33734 COJITHUX PO3MIpIB i3 SBHUM NPAKTUYHUM
crpsiMyBaHHsM. Llell HanpsSMOK OpiEHTYEThCS Ha KOMOIHOBaHY TEXHOJOTII0 IMiTaIliitHOT
ontumizalii (MaTeMaTH4HE MPOrpaMyBaHHs + iMiralliiine MojentoBanHs, Simulation
optimization), ne criibHO 3aCTOCOBYETHCS anapaTr 0OPOOKH HEBIIOMUX JETEPMIHOBAHOT
1 BUITAJKOBOT IPUPOJIH.

OpHi€ro 3 TaKUX «BAKKHUX» 3aJlad, sKa Mae 0e3Iiu 3aCTOCYBaHb, 30KpeMa, K TECT
(benchmark) myst mocinikeHHS HOBUX aJTOPUTMIB, € KJIaCHYHA 3a/1a4a MPO KOMIBOSKE-
pa (sxuii Mae BiIBiIATH N MICT 3 MIHIMAJIBLHOIO JIOBKHHOIO KOHTYPY 00X0/1y), /e KiHIIe-
BUI pe3y/bTaT KPUTHYHO W SKCIIOHEHIIHHO 3aJIeKHUTh BiJl pO3MIpy 3a1aui (3HA4eHHs N)
— KUIBKICTh MOKJIMBHX KOHTYpiB 00Xony ckiangae (antactuyny Benuuuny nN! Y mpo-
1eci 11 po3B’si3aHHs TUIIOBUMH i MapasieIbHUMH aJIrOpUTMaMU 1epeOOpHOro THUITY Mpo-
TATOM OCTaHHIX Maiixke 60 pokiB copMyBaBCs HaBITh CTUMYJ CHOPTHUBHOIO TUILY Y BU-
TJISIT1 TOCSATHEHHS PEKOP/IIB — Yac BiJ 4acy JOCHTIIHUKU MyOIiKYIOTh Kpallli MOKa3HUKU
II0/I0 IOCATHYTUX MaKCHMAaJIbHUX pO3MipiB (3HaueHb N), BUTPAT MAIIMHHOTO 4Yacy cIie-
[iaTbHO TOOYIOBaHUX 0araTOMalIMHHUX KOMIT FOTEPHUX CUCTEM 1 MOBEIIHKU BiIMOBIA-
HuX anroputmiB. Haiinepuuii pexopa, sikuii 6yno nocsaruyro me Ha EOM panHix mo-
KOJIIHB, 11€ HAKOPOTIINI KOHTYp, 110 3’eanye 49 mict-cronuup mwratiBe CHIA. Ocranni
pexopau 2000-x pokiB, 110 OTpUMaHi Ha OaraTOMAaIIMHHUX KOMITJIEKCAX 3a CIELIaIbHO
po3pobiieHo0 porpamoro, nocuth Bpaxkaroui: 2005 p. — 33810 mict, 2006 p. — 85900
mict’. Aste 1 pekopH, Ha Kaib, He MAlOTh CEPHO3HOrO BIUIMBY HA PEalbHy MACOBY
MPAKTHUKY, JIe COTHI TUCAY aHAIITUKIB MalOTh, SIK IPABUIIO, CTAHIAPTHI KOMIT IOTEPHI Ta
MporpaMHi 3aco0u JIsi MOJAENIOBAHHS NPAKTHYHUX 3a]a4 ONTHUMI3amii ¥ MPUHHATTS
YIPaBIIHCHKUX PillIEHb HA il OCHOBI.

Tox came ais 1i€i HaWMOLIMPEHIMIOT KaTeropii KOPUCTYBAadiB-ONTHUMI3aTOPIB 31
CTaHJAPTHOIO MaTeMaTHYHOIO U MPOrpaMicTChKOIO MIArOTOBKOIO Bxke 20 pOKIB y MOITy-
JsipHEe oOuMCIIOBanbHE cepepoBumie EXcel BOyIoByIOTh moCTynHi i epeKTUBHI Mpo-
rpaMHi IPOYKTH MAaCOBOT'O BUKOPHUCTAHHS Y BUTJISAI TOTOBUX JI0 BUKOPUCTAHHS OITH-
Mi3aliiHuX mporpaM-HaaOynoB (Solvers). BigmosinHo, y cdepi onTumizamiifHoro mo-
JIENIOBAHHS Ta NMPUHHATTS YIPABIIHCHKUX pillleHb, sika HalOUIbII mommpeHa y Oi3Hec-
CepeloBUIll, B ONepalifHOMy MEHEXKMEHTI Ta Oi3Hec-0CBITI, chopmyBanacs i aKTHUB-
HO PO3BUBAETHCS CydacHA TEXHOJIOTIS aHali3y, MOJICIIOBAaHHS Ta MPUHHATTSA pillieHb Ha
aTopMi eNeKTpOHHUX Tabnuub (Spreadsheets) — enexmponno-mabauune moodenio-
sannst ma onmumizayis (Spreadsheet-based modeling and optimization) [4-5].

CranmapTHUI KOMIUICKT HaaOyn0BH T Ha3Boto Excel Solver (B pociiicbkoMOBHiit
Bepcii — I[louck pemenus) mo Bepcii Excel 2003 ckmamaerbcss 3 TppOX IMporpam-
ONTUMI3ATOPIB Ul PO3B’sA3aHHS HAWMOUIMPEHININX 33/a4 MaTEeMaTHYHOTO IpOrpamy-
BaHHJ: JIIHIIMHOT, IJIOUYMCIIOBOI Ta TTaAKOT HENMIHIHHOT ONTUMI3allil, Ie peai3oBaHo TPU

! Crigy srapary miomepHi qocTiKeHHs KHIBCHKUX KibepHeTHKIB 70-80 POKIB, KOMU B yMOBAX OOMEIKCHIX MAIIHHHIX
pecypciB mudposux EOM (mBuakomis, mam’sTh) po3pobIsuIucs CHeiani3oBaHi eNeKTPOHHI MOJENI MOTOKOBUX 3a-
lad, y TOMY 9HCII, 3a7adi KOMIiBOSDKEpa, /e MPOLEC MapalelbHUX OOYHCICHB 3IIHCHIOETHCS 31 MBHAKICTIO PyXY
€IIEKTPUIHOTO CTPYMY, TOOTO, MUTTEBO [2].
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Onmumizayitni mooeni esomoyiinoz2o npozpamysanis ¢ Excel:
POo36 azanns 3a0ayi komisosacepa 3 oomexcennsmu alldifferent

00YMCITIOBANIbHI AITOPUTMHU: CUMILIEKC-METO/T, METO]I TUIOK 1 IpaHuIlb Ta MeToau Hbro-
TOHA ¥ CIIPSHKCHUX TPAIIE€HTIB IS HEMHIHHUX 3a1a4.

3a y3rokeHHsM 3 kommaniero Microsoft mo cepenosumy Excel 2007/2010 B6ymo-
BaHO BJIOCKOHaJIeHY HaJ0ynoBy Premium Solver, xe ans riragkoi HeNliHIHHOT onTHMI3a-
1ii 3aCTOCOBYETHCS MOTYKHHMII METOJI y3aralbHEHOro MpHBeAeHOro rpatienta’ (Gene-
ralized Reduced Gradient, GRG).

VY npuknaaHid MaTeMaTHIll «BaXKKI» 3a/adi ONTUMI3allil BITHOCITH 0 KJacy Hewi-
HIMHMX 337124 13 HEeTJIaKOI0 IJIbOBOIO (DYHKIII€I0 i 0OMEKESHHSIMH Ha HEBIIOMI PI3HOTO
TUIY, UL IKUX O€3CHJIIl KJIACHMYHI MOJIeJi i METO/IM HETIHIMHOTO MporpaMyBaHHs Ipa-
JTIEHTHOTO THUIY I0J0 MOIIYKY IN1o0anbHOTO onTuMyMy. Tox mporpecuBHa i Garato-
oOimsroya HanOynoBa Premium Solver mae y cBoemy ckiaai MOayib HErJaakol Hewi-
HilfHOT onTuMmizanii mig Ha3Boro Evolutionary Solver (y pociiicekomoBHili Bepcii Excel
2010 — DBOJIIOIMOHHBIN MMOUCK PEIICHHS), 10 BiANOBIa€ HOBITHBOMY KJIAaCy MaTeMa-
TUYHUX MOJIENICH eBOJIIOLIIHOTO MporpamMyBaHHs. B OCHOBI IbOTO MOTYXXHOTO, aje Ma-
JI0 11 BIAOMOTO MAacOBOMY KOPHUCTYBady MOJYIIO peaiizaiis crneuu(iyHoro aliropur-
My HalpaBJICHOTO IMepedopy Mij Ha3BOW «reHeTwyHHi anroputm» ([CA), me cmiibHO
3aCTOCOBYETHCSI TE€HEPATOP BUIAJAKOBUX YUCET M OpHUriHAIbHUNA OOUYMCIIOBATBHUN Me-
XaHI3M MOIIYKY ONTHUMYMY, IO BIATBOPIOE €BOJIOLINHHI MpolecH XKuBoi npupoau. Ha
BIIMIHY BiJ] CTUXIHHUX METO/IIB CIIPOO 1 IOMHJIOK YU BUIIAIKOBOTO TMOIIYKY 13 HAKOIHU-
YEHHSIM CTaTUCTUKH, B ['A Ha KO)KHOMY KpOLi-Cripo0i 3iiICHIOETHCS IEBHE MEePeKOMOi-
HYBaHHS 3HAY€Hb LIYKaHUX HEBITOMUX (MOBOIO 0i0JIOTii — MyTalis Ta CXpelieHHs) i
PO3B’A3yeThCs HAOIp MPOMDKHUX MiA3ajaad, mod chopMyBaTH OHOBIEHHI Habip 3Ha-
YeHb HIYKAaHUX HEBIJIOMHX, SIKMI BH3HAYa€e Kpallle 3a MOIMepeIHE 3HAYCHHS IUIbOBOI
¢ynkuii. 3a MM aNrOPUTMOM MOKHA 3HAMTU JOCUTH OJMM3BKUI O ONTUMAIBHOTO
PO3B’SI30K MOCTaBIIEHOI HErNaAKOol HENIHIMHOI 3a7adi ONTUMI3allii CONITHOTO PO3MIpy
[7,8].

L1eit >xe MOAYNb Ma€ 1€ OJHY LiKaBy i e(eKTUBHY BIACTHBICTD, 1110 JAETAIBHO PO3-
TIISIIAETHCS Y il poOOTi, SiKa TO3BOJISIE 3aCTOCYBATH IS IIYKAHUX HEBIJIOMUX OpHUTiHA-
TpHUMA BU oOMexenb min Ha3Boto alldifferent (B Excel 2010 — «Bce pasHbie»).

Jlis 3amadi mpo KoMiBospkepa Iiei BHA OOMEXeHb € HaJA3BHYailHO KOPUCHHUM, 0O
INPUBOAMTH JI0 CYTTEBOTO 30UIBLICHHS JOIMYCTUMOTO PO3Mipy 3a/1adi, 10 pO3B’SI3yETHCA
B Excel, — 3amicTh 3ama4i 3 N? + N HEBILOMEMHE 33 [HM OOMEKEHHSM PO3B’A3y€ThCS
3amava auiie 3 N HeBimoMumu. CKaxiMmo, 32 IOIOMOTOI0 METO/AY «TiTOK 1 TPaHUIb» B
Excel moxHa TOYHO pO3B’sA3aTH 3a/a4y KOMIBOsSDKEpa 3a MOJEIUTIO OYIIEBOTO Mporpa-
myBaHHs 3 N < 13 [6, ¢. 192], 3aTe eBOIOIIMHUM METOJIOM 3 OOMEXCHHSM «BCE pa3-
HBbIe» HAOMIKEHO, 3 BIAXUJICHHSIM Bil onTuMyMmy Ha 2—3 %, 10 U IPAKTHKHU LLTKOM
TPHITHSATHO, PO3B’A3YEThCA 3aa4a KOMiBosDKepa 3 N < 200°,

[MosiBy HanOynoBu Premium Solver crix BBaxxaTH peBOJIOLIHOIO MOIIE0 Yy cdepi
MPUKIAAHOTO ONTUMI3AIIHOIO MOJIEIOBAHHS 3aBJASKH HAsBHOCTI JOCTYIHUX, HOTYX-
HUX, e()eKTUBHUX W HaI3BUYAMHO KOpUCHUX 3ac00iB. Ha mpukmani po3s’si3aHHs Kiia-
CHYHOI 1 «HemiIHOMHOI» 3a/a4i KOMIBOsDKEpa PSAI0BHI KOPHCTYBay (MEHEIKep-aHali-
THUK, JOCTIJHUK-TIPAKTHUK, BUKJIaJay, aclipaHT, CTYJCHT 1 HaBITh y4eHb CTapILIUX Kia-

2 B Excel 2010 6ykBansruit mepexan — «HemuHeiHEIi MeTO 0606IIEHHOro HoHIKaomero rpaguenta (OI1L).
® Upcno 200 — MakcHMANIbHE CPAHIYHE 3HAYCHHS HCIIA HEBITOMEX Y CTammapTHEX Bepciax Excel y ckmani makera
MS Office, y komepriliHiX Bepcisix — KiJlbKa THCSY.

ISSN 1560-9189 Peectpauis, 30epiranHs i o6pooka ganmnx, 2011, T. 13, Ne 3 5



O.I'. [looonos, A. 1. Kyzbmuuos

ciB) ¢dakTryHo Bepiie Ha 3Bu4aiiHoMy 1K i3 BCTaHOBIIEHMM MPOLIECOPOM €ICKTPOH-
Hux tadmuue Excel 2007/2010 otpuma peaibHy MOMIIMBICTH MEPEHTH BiJl «Irpaliko-
BUX» 3aJ1a4 PO KoMiBospkepa 3 npudansHo 10-12 mictamu amst 06X0y i TpUBATICTIO
nomyky 10 15-20 xB. 10 po3B’si3aHHS L€l XK 3a/1a4l HA MOPSIOK OUIBIINX PO3MIpIB 13
TaKOIO X TPUBAJICTIO, AKA 3a3BUYail IOKPUBAE pealibHI 3a]a4i, [0 BUHUKAIOTh y MpaK-
THUILI MOJICTIOBaHHS MaTepiajJbHUX YU (PIHAHCOBUX MOTOKIB y MEpexax Ta B MPUKIaIHIl
JIOTICTHIL].

3apaua KoMmiBomKepa

3amgaya komiBospkepa (B Teopii rpadiB — 3agaya Momryky HailKOpPOTIIOTO TaMillb-
TOHOBA KOHTYPY) Ay’Ke€ OJIM3bKa 3a CBOEIO MOCTAHOBKOIO JI0 TUTIOBUX MOTOKOBUX 33724
Ha rpadax: mpo HaHKOPOTIIMHA NUISAX, PO MPU3HAYCHHS Ta PO MIHIMAJIbHE MOKPUTTS.
Ane i 3amadi po3B’SA3yIOTHCS 3HAYHO MPOCTINIE, HDK 3a/Jadya KOMIBOsDKEpa, TOMY i
PO3B’A30K 3aa4i KOMiBOsKepa 0a3yeThCsl Ha aITOPUTMAX KX JETI0 MPOCTIIINX 33134,

VYnepiie MmaTeMaTH4Ha MOJIEIh 3a1aui mpo komiBosbkepa (TSP, travelling salesmam
problem) Oyna Busnauena B 1930 p. (K. Menrep) y kiaci Mmojeneii KoMOiHATOPHOTO
nporpamMyBaHHs; s i koM rorepHoi peamizauii y 1950-ti poku (k. Januur) Oyna
OCTABIICHA BiAMOBiAHA 3ajaya HiniitHoro mporpamysamms® (JITI) i3-3a i cxoxocti 3
TPAHCIOPTHOIO 33aJaueio Ta 3a/Javyel0 Mpo NpU3HAYEHHS MaTpuuHoro tumy. IlpaBna,
3pa3y K BUSABHJIACS HenepeadauyBaHa rmpodiema — Mpyu BUKOPUCTaHHI JIIHIHHOT Moael
JUIS 3a/1a4i PO MPHU3HAYEHHS IIYKaHWW TaMUIbTOHIB KOHTYP PO3PUBAETHCS HA CYKYI-
HICTh YaCTKOBUX IIIKOHTYPIB, 110 3’€IHYIOTh MEBHI I'pynu TOYOK. Ll mocrtaHoBka asst
moBHOTO Tpada 3 N BepIUIMHAMH MICTUTh N’ + N 3MiHHKX i He MEHIIE [OJIOBUHY Lii€i Be-
JTUYMHA — II€ SBHI OOMEXEHHS Ha HEB1JIOMi, HACTYITHI HEsSIBHI OOMEXXEHHs B MpOIECi
00YMCIIeHBb CTaBJIATh 32 METY JIKBIJAllil0 YaCTKOBUX KOHTYpiB. TOX X04ya NPUHIMIIOBO
CHUMILJICKC-METOIOM MOKHA KOPHCTYBATHUCH, ajie Ha MPAKTULI Bil HbOTO BIIMOBIISIOTHCS
3-3a foro rpomizakocti i HeeexTuBHOCTI Mozeni JIIT. B Excel 3actocoByerhcst BOY10-
BaHU# B «[1OMCK pEICHUS» TOYHUI CUMILIEKC-METO 1 (INB. HIXKYE).

HactynHuii etan po3poOKu aJlrOPUTMIB JUIs pO3B’sI3aHHS 33a4l PO KOMIBOsDKepa
— OUIbII MPOAYKTUBHUI TUCKPETHUH MiAXiJ 3 BUKOPUCTAHHSAM PO3ralyXeHb, aJro-
PHUTMIB HAIIPaBJICHOTO i CKOPOYEHOTO Mepedopy BapiaHTiB (apKe MOBHUIA mepedip act-
poHOMIYHOT N! KiMBKOCTI BapiaHTIB Bimagae oapasy) 3a JOMOMOTIOI0 JiepeBa MOIIyKy Ta
Mojieni OyleBOro mporpamyBaHHA. Y I[bOMY HANpsMKY pO3pOOJISAIOTHCS TOYHI W Ha-
OMKeHI METOM 1 aITOPUTMH TOINyKy ontumymy. B Excel ans mporo 3actocoByeThes
BOYHOBaHMiA B «[TOMCK PEIICHHMS» TOUHHIT METOJ «T'LIOK i TPaHHIBE” (MOJIENb GYIeBOTO
nporpaMyBaHHs) 1 HAOMMKEHUH €BOJIOIIHHIA MeTo (MO/IeNb eBOMIOLIIHOTO Mporpa-
MYBaHHS).

Ilocmanoska 3adaui.

KowmiBospkep (areHT po3piOHOT TOPriBii) Mae 00IMTH N KITIEHTIB (3aMOBHUKIB, TTEB-
HUX 00’€KTIB, TPAIUI[IHHO — MICT) HAUKOPOTIIUM MUISXOM (SIKHAWIIBHU/IIE, 3 MiHIMA-
JHHUMH BUTPAaTaMH PECYPCIB) 1 MOBEPHYTHUCS Y MOYATKOBUH ITYHKT, TOOYBABILIHU y KOX-

“Dantzig G. Solution of a Large-Scale Traveling Salesman Problem / G. Dantzig, D. Fulkerson, S. Jonson. — OR,
1954. — P. 393-410.

® An Algorithm for Traveling Salesman Problem / [Little J., Murty K., Swenney D., Karel C.]. — OR, 1963. —
P. 972-989.
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HOTO KJIIEHTA JIMIIe pa3. Y poJjii KOMIBOsDKepa Moxke OyTH TpaHCHOPTHHH 3aci0d 3 joc-
TaBKH TOBAPIB Yy 3aKJIa 1 po3ApiOHOT TOPriBii UM B EBHI MyHKTHU JJIs TIONIOBHEHHS 3a-
naciB pecypciB (Xap4iB, HUTHOI BOJHM, MAJINBA, JIIKIB, JXKEpel eIeKTPOCHEeprii) uu 3aMmi-
HU TIEpCOHATY, CMITTE30MpaibHa TeXHIKa, KaHAUIAT B JACMYTaTH, MEPCOHAT KOHTPOIIb-
HO-PEB31HHOT city>k0H, Opuraga oOCIyroByBaHHs OaHKOMATiB, aBTOOYC 3 TpYNOIO TY-
PHUCTIB TOILIO — yCi BOHM MalOTh HAa METi BU3HAYUTH ONTUMAIIbHUI KOHTYp 00X0/y Bif-
MOBIAHUX 00’ €KTIB, 00 MIHIMI3yBaTH JOBXKUHY, Yac Y IHIII1 BUTPATH.

AHaNOTIYHY MOCTAaHOBKY Ma€ BUPOOHMYA 3ajada Mo MEepeHaNaroHKeHHs yHiBep-
calbHOTO 00JIaJHAHHS /ISl TIOCJIIIOBHOTO BUKOHAHHS Ha HHOMY N PI3HMUX omepauii i3
MIHIMAJIBHOI) 3arajbHOI0 TPUBATICTIO YCHOTO IMPOLECY, 3agada Mpo HAWKOPOTIIE
3’€THaHHS N €JIEKTPOHHUX EJIEMEHTIB Ha MIKpOCXeMi Ta 6araTo iHIIUX.

Knacuyna mocraHoBka 3ajadi KOMIBOSDKEpa JOMOBHIOETHCSA PSIOM cHEIM(DIYHUX
YM y3araJlbHeHUX 3a/a4, KOJH, CKaXiMO, KOMIBOSDKEpD Ma€ BiABiAyBaTH MEBHI rpymnu
MICT Y MeKax MEBHUX PETiOHIB UM KOJM Tpeda BU3HAUUTH «BY3bKE MICIE» B KOHTYpI
00Xx0/1y — 111 YMOBH I1I€ JOJAATKOBO YCKJIQJHIOIOTh i 06€3 IbOTO HEMPOCTY 33134y B Kiia-
CHYHIH MOCTaHOBII, aje X JOCATHEHHS ONTUMAJIBHOIO YM X04a OU GJIM3BKOT0 JI0 HBOTO
BapiaHTa 3a0e3euye SBHY eKOHOMIYHY UM IHIY €(DeKTUBHICTD.

I1# maTemMaTHuHa 3a7aya NPUIYCKAa€ NPOCTY HAOYHY IHTEPIpETallito, 3 YOro i po3-
MOYHMHAETHCS 11 MOCTAHOBKA: HA IUIOMIMHI 33J]aHO N TOYOK 13 BiAMOBITHUMHU KOOpPIHUHA-
TaMH, JIe KOYKHa TOYKa 3’€THaHa i3 yciMa iHmuMu N toukamu. [le — Habip ganux (V, D,
A, X, S), ne

V={1, ..., n} — 3agana MHOXHHA N By31iB (HOMEPH, HA3BHU, KOJIH);

D ={(i, j)} — 3anana muoxuna n gyr: (1, 1), (1, 2), ..., (n, n), koxHa (i, j)-Ta ayra
(i #]) rpada 3’enHye neBHy mapy By3uiB 1, ] € V, e — noBHUIA rpad, AJs SIKOTO iCHY€
PO3B’A30K; JUIs HEMOBHOTO rpada iCHyBaHHS PO3B 3Ky HE TapaHTY€EThCH;

A = {aij} — 3amaHa MHOXMHA BaroBHX KOeQillieHTIB YM MapameTpiB AyT, 1€ Biac-
TaHb, TPUBAJIICTh, BUTPATH MaJMBA, KOIITIB YU OYyAb-IKUX PECypciB, A | = | @jj = oo;
IpU @;j = ajj 337a4a CUMETPUYHA, 1HAKIIIE, Y 3araJbHOMY BUIA/IKy, HECUMETPUYHA,

X ={Xij} — mrykanuii pe3ynbTar y MaTpuuHii GopMi, MHOXXHMHA IIyKaHUX HEBilO-
MHEX, 1e: Xij = 1, sxmo (i, J)-Ta gyra HaIeXUTh NIyKaHOMY KOHTYpY, Xij = 0 — B iHmIOMY
Bunaaky, abo X = {Xj} — mrykanuii pe3ynprar y BEKTOpHiil (OpMi, MHOKHHA LTYKAaHUX
HEBIJJOMHX y BUTJISIII KOMOIHAIIT N HOMEPIB BY3JiB;

S — cxema KOHTYpY Ha IUIOIIMHI.

BianoBigHo, A1 MOCTAaHOBKM Ta PO3B’sI3aHHS 33/1a4i PO KOMIBOSDKEpa MAEMO 3Ba-
xeHul rpad (abo HeopieHTOBaHY MEpeKy), A€ Tpebda 3HaHTH HAHKOPOTIINHA 3aMKHEHHI
KOHTYp, SIKMH CKJIQJAA€ThCSI TOYHO 3 N AYT 1 MPOXOAUTH Yepe3 KOKEH BY30JI OJUH JIUIIE
pa3 (e 3agaya Mpo MiHIMAJILHUI raMUTBTOHIB KOHTYP, III0 BU3HAUCHA IPITaHACHKUM Ma-
tematukoM ['aminbroHoM y 1800-Ti pokH, sika DOBIi pOKM clipuiiManacs sk 3BUYaiiHa
rOJIOBOJIOMKA).

3adaua onmumizayii.

I. 3naiiti muan X = {Xij}Ta U ={u,}, raxi, mo6

n n

LU K =>>"a;x; —min

i-1 j=1
II1. 3a oOMexeHb:
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n
a) z X; =1, 3 KO)HOTO By3/1a MOHa BHITH 1 pa3;

) n n%+n-1 n-+1
- 4 19 17
— xe . 5 29 26
0) z X; =1, y KoxeH By301 MOKHa yBiiiTH 1 pas; : 41 37
_ = o 7 55 50
i Ba OOMEXKEHHS 3a0e3MedyloTh YMOBY 1-pa3oBOro BiABimy- B 7 65
BAHHS KOKHOT'O MICTa; 9 83 62
holii=23 . : 10 109 101
B) U —U; +nx; <n-11,j=23..,ni#j, Ui U — 10BiIb- 1 = 197
Hi 3HAYEHHS, pH | = U; —U; +nX; = 0; e oOMexenus 3abe3me- E 1;? ﬁg
qy€e HEMOKJIMBICTh PO3PHBY KOHTYPY Ha OKpeMi MiIKOHTYpHU Ta 14 209 197
15 239 226

rpaHIYHEX YMOB: yeiX; € {0,1}.

Takum ymHOM, A7s 3amadi 00Xoqy N MmicT Tpeba 3HANTH: N sHaveHb MaTpuii X,

n — 1 3magens Bextopa U, pasom: N°+ N — 1 HEBITIOMHUX i3 3araIbHEM YHCIOM OOMEKEHD
2 . .

n“+ 1 (oquB. Ta6n.). OTxke, 3 fonyctuMuM yrcioM Heimomux (200) i oomexens (100) B
Excel mosxHa po3B’si3aTi 3a1a4y KOMIBOSDKEpa 3 YMCIOM MicT 10 13.

Posp’a3anna 3aaaui komiBosokepa B Excel

Hpuxaan 1. CuMiuiekc-MeToA JiHIHHOTO MTPOrpaMyBaHHS.

Ilocmanogka 3adaui.

Ha momuHi 3aaH0 KOOpPAMHATH 6 MYHKTIB, PO3B’S3aTH 3aJla4y KOMIBOsDKEpa SIK
3aKpUTY 3334y PO IMpU3HAYCHHS (KUIBKICTh MIPETEHICHTIB = KIIbKOCTI BaKaHCIi).

Mamemamuyuna mooeny:

I. 3naiiti mian X = {Xij}TaKHﬁ, 100

II. P K :::§::§:zﬁjx“ — min

i-1 j=1
II1. 3a oOMexeHb:

n
a) z X; =1, 3 KO)KHOTO BYy3JIa MOKHA BHiATH 1 pa3z;
i=1

n
0) z X; =1, y KOKeH By3011 MOKHa yBiiiTh 1 pas;
j=1
111 1Ba 0OMeXeHHs 3a0e3MeuyioTh YMOBY 1-pa3oBOTro Bi/BiIyBaHHS KOKHOTO MiCTa Ta
rpaHHYHEX YMOB: yei X; € {0,1} .
Ilopsadok pobomu.

1. YBecTn Ha3BM MICT 1 iXHI KOOpIUHA-

TH.

2. IloOGynyBatu niarpamy ToudeuHas:

-1
-2
M-3
-4
M-5
-5

ok N W A O O N ® ©

e B =1 E=21 ) L]

Lo |00 b= |ra]|a




Onmumizayitni mooeni esomoyiinoz2o npozpamysanis ¢ Excel:
POo36 azanns 3a0ayi komisosacepa 3 oomexcennsmu alldifferent

3. Chopmysatu matpumio Bincraneit A(6,6) oOumcneHHAME 3Ha4YeHb ajj 3a Qop-

MYIIOH0: &; = \/ (X% —X; ) +(y, - Y )? , yci niaronaneHi enemenTH (a;) = 100 (ananor ):

M1 M2 M3 | M4 | M5 | M-B

3 4 b 2 4 1

6 2 4 9 8 3

M-1 3 6) 100 41| 36] 32 22| 36
-2 4 2 41| 1o00f 28 73] 60 32
M-3 B 4 36/ 28 100 64| 45 &A1
-4 2 9 32| 73| 64] 100 22| &A1
-5 4 g 22 60 45 22 100] &8
-6 1 3 36| 32 51 61| 58 100

4. ChopmyBat MATPUIlIO X, 3HANTH CyMH €JIEMEHTIB 3a PSAKAMH Ta CTOBIIISIMH i
o0uncIuTH 3HaYeHH 1U1boBOT QyHKIIT (LID):

AlB]C| D E F G | H I

| 14| M| M2 [ M3 M4 | W5 | M6
15| 3 4 & 2 4 1

16 6 2 4 g 8 3

17 [M-1 a| e[ 100] 41] 36 32| 22] 36

18 [M-2 4 2] 4A] 100l 28] 73] 60 32

19 [M-3 6| 4] 36] 28] 100 64 45 5A

20 [M4 2 9] 32 73] 64 100 22| 6.1

21 [M-5 4 8] 22 s0] 45 22[ 100 58

22 [M-6 1 3] 36l 32 51 61] &3 100

23

24 M4 M2 M3 M4 M5 M6 Cyma
| 25 | M-1 0
| 26 | M-2 0
| 27 | M-3 0
| 28 | M-4 0
29| M-5 0
30| M-6 0

1 Cyma 0 0 0 0 0 0 0

5. ChopmyBaTu TaOIMYHY MOIENb 33024l PO IPU3HAYECHHS U 3HANUTH 11 PO3B’SA30K.
pPMyB y po 1p p

Sk i mependadanocs, IMyKaHUH KOHTYp po3maBcs Ha Tpu miakoHTypu: (1-6-1), (2-3-2),
(4-5-4), sixi noOymoBaHO Ha jiarpami, 3HaUCHHS IUIAHY: (X16, X23, X32, X45, X54, X61) = 1,
iHmi — myni, Hd = 17,34:

-
Thowce pewers

M [ M2 M3 | Ma ] Ms [ ME
3 4] ] 2 4

Yeramamm upoerp mar

8§ 3
10|41

L
N 1) 1 e

6. Bupimryemo posiparu ninkontyp (1-6-1), mis nporo popmyeMo go1aTkoBe 00-
MEXEHHS: X16 + X1 < 1 i yBOIUMO B MOJICNIb; OTPUMAHO HOBHM PE3yJbTaT, 3a SIKHM €
nBa migkoHTypu: (1-3-2-6-1) ta (4-5-4), snauenns L{® 30utbmmnocs va 0,33:
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) ] ) e e I
3 4 | 2| 4] 1 e "

‘ o2 a o 8 3 i . yorsonm o e (001 ) mﬂ
M- 6 ool 41 36 3 22 316 — Pt ) sy swares () g © — |
M2 4| 2| aa] oo 28] 73] e0| 32 s —. S
M3 [ 360 28] 100] 64| 45 51 . # noyramecey rrae
M4 2 32| 73] 64l 100 22| 61 | veens mshon
M4 4 22] 60| a5 22 100 58 8 e D M [Toezmmemm.

ME 1 E 2 53] &1 &8 o0 s - = — == = oo |
- Tm—
M1 M2 M3 M4 M5 ME Cyua 4 - = 3 KA = 1 =
M T ) i ) ot —~ rroairta]
7 5 ol S . 3 —_— — A0 - L [rre—— |
M3 2 — - Taanes oo
(¥ i Crosnca
M5 |
ME v
Cyma 1% ] 1 3 4 ] 7

7. Bupiuryemo po3sipBatu migkoHTyp (4-5-4), ans mporo GopmMyemMo apyre 0aat-
KOBE OOMEKEHHS: X45 + X54 < 1 1 BBOJUMO B MOJICNIb; OTPUMAHO HOBHUI pPe3ylbTar, 3a
SKUM € 1Ba minkoHTypu: (1-5-4-1) ta (2-3-6-2), 3nauenns LD 30unpmmnocs va 1,05:

° -
o T N — Yossampeapenaiy: |08 [P (s ] |
N — 5 ;
s l F ____F Paoit!  paceameery wurassen e O fre—
M3 1 . N : T ———
M4 ] = T
:i g i - Py i e——
3 o & Do | ||
* — = SRILRIE = 1 Dot |
M1 1 — et 534 am 41434 |
w2 ? —_ == $6535 «= G435 frreere—s {
— ~ SIETEEN - 1
M3 2 — - occzaronrs | |
e 1 daee )|
W I
ne L
Cyus ] 1 2 4 e

8. Bupimryemo posipBatu migkoHTyp (1-5-4-1), s mporo Gpopmyemo TpeTe goaaT-
KOBE OOMEXKEHHS: X15 + X51 + X54 + Xa5 + Xa1 + X14 < 2 1 BBOZUMO HOTO B MOJIEJNb; OTPHU-
MaHO HOBHH pe3y/bTar, 3a SKHM 3HalIeHO onTUManbHuii KOHTYp (1-4-5-3-2-6-1), ioro
MiHIMabHa oBkMHA (3HaueHHs L) nopiBaroe 19,47:

—— R =
VT BT ey me ool Ml prorv_|
| Pet £ mmraneon reme O pemor 0 —
@ A b
Vierga matmie.
WERIN Bl [Tpeansnagan
[rra— [oame1ons
ooLEs -1 Acleery
FGEM <= HEN
543 <= 528 [
$0426 <= G186 .Mq r———
SIS - 1 T —
Loatea

M1 | M2 | W3 | 1 | WS | WB
3 4 8 A a 1 " z
6 2 4| 9 & 3
M- 3 B 100 41| 3s| a2 22 3 * —
M2 42 430 wol 28] 73 60| 32 o - —-
M3 36| 28] 100 64| &5 51 ' .
M ; 73] &4 0] 23] 61 \
M5 60| 45 22| 100 58 ] m e i
M& 32| &1 B &al 100 5 ™
MA M2 M3 M4 MS MG Cyma 4 — . .
M1 oo o] 1 o1 ' —
7 1 i e~ — s
3 1 ] .
M4 1] ,
ME 1
ME L 1 o v
Cywa| 1l 1] 1| 4l 1| 1jvean . L L s T

Bucnosox: Mozienb MiHIHHOTO MpoOrpaMyBaHHs BUMarae BUKOHYBAaTH 0arato Jomo-
MDKHOT pOOOTH 111010 BU3HAUEHHS MIIKOHTYPIB JJIs1 PO3IpBaHHS Ta YBEIEHHS BIAMOBII-

HUX 0OOMEXKEHb.

Hpuxaan 2. Metoa «riiok i rpaHuIb» OyJIeBOTro MporpaMyBaHHs.

Ilocmanosxa 3aoauyi (IUB.

[Mpukmnan 1).

BI/IKOPI/ICTOBY(-ZTBCSI HaBC€ICHA BUIIC MaTEMaTH4YHa MOACIIb.

Ilopsiook pobomu.
Bukonatu nmynktu 1+5.

6. ChopmyBaTu JOMOMDKHY MATPHIIO 3 METOK peaizaiii oOMexeHHs (B), BUKO-

pucTaBIIM M1a0JI0H MaTpHUIli X.
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Onmumizayitni mooeni esomoyiinoz2o npozpamysanis ¢ Excel:
POo36 azanns 3a0ayi komisosacepa 3 oomexcennsmu alldifferent

7. BU3HAUUTH CTOBMENb 13 S5 KIITUHOK JJI €JIEMEHTIB Uj MIyKaHOTO BekTopa U,
TPAHCIIOHYBAHHSIM BU3HAYUTH PSIIOK 3 5 KIITHHOK AJIS €JIEMEHTIB Uj.
8. CchopmyBaTu MaTpHIIIO JIBUX YaCTHH OOMEXEHb, Ha ii JiaroHani Hyi:

E36 - #& =5J36-E540+6°E27
AlBlc | D|[E|F [ [H] 1]
| 33| M1 M2 M3 M4 ME N6
| 34 | M-1 Ui
| 35 | M-2 0 5| 4] 2 1
| 36 | M-3 1 o -3 5| 2 0
| 37| M-4 4 3 of 2 5 3
| 38 | M-5 2 1 4 0 3 1
| 39| M-6 5] 2| & 3 of 2
40 Uj 1 3 =

9. V Tabnuyny MOJenb yBecTH 00MexxeHHs (B), IUIs IIOTO y BikHI [1ouck pewerusi:

— y nnone M3menss ayelku TOAATA aJpecy eJIEMEHTIB Uj;

— y nonti Ozpanuyenus. 101aTH OOMEKEHHS Ha ABIMKOBUN THI MaTpuili X Ta 00-
MexeHHs (B);

— y BikH1 Ilapamempul noucka pewienus 3HATH TaloukKy 3 no3uuii Heompuyame-
JIbHble 3Ha4eHusl, OCKUTbKY 3MiHHA U; MOKEe MPUIMATH JOBUIbHI 3HAYCHHSL.

Monex pewerina ﬁ @1 MapameTpsl NoMcka pelweHna A— @
YCTEHOBMTE Uenesyio Auelicy: §1$31 llj MaKCMaNsHOE BPeNs: | cexyHn
Pasroi: - (©) MakaamansHoMy HaueHHio SgmEr (U m MpenensHoe YMCNo UTepawli: | 100  Omesa |
@ erMMaﬂbHUMV LD OTHOCMTENBHAA NorpewHocTs: | 0,000001 W
WameHgn Aueitkn:
SDS25:S1830; 81635:61638 EJ m LonycTHMOE OTKIOHEHWE! 5 % COXpaHWTb MOAENb. ..
Orparerus: TapaMeTpel CXOMMMOCTD: 0,0001
§D&25:81830 = pBoMqHOE - LofaenTe E} NMHEHaR Moaens [:| ABTOMATHUECKOE MACWTAGHPOBaHWE
$DS31:81831 =1 — "
SES35:51538 <= 5 l@ | HeoTpMUETENSHEIe SHaHERA || TOKA35IBATE DESYNETATE HTEPALMI
§1825:61530 = 1 L lmJ QOueHik PasHocTH MeTon noucka
Al YRamTs @) nureit © npsreie @) HetoToHa
Cripaska KBaApaTH4Han _) UEHTPaNbHbIE _ CONpSTXEHHBIX CDAAVEHTOB
Pezynomam:
E36 ~ A =5J36-E540+6°E27
AlBlc|[ Dl EJTF[G][H 1 J KL ITMmIN]JoHaQ[R][s[TJul v w]lx
| 14 | MA | M2 M3 | M4 | M5 | M8
| 15 | 3 4 6 2 4 1
16 6 2 4 9 8 3
17 M1 3 6] 100| 41| 36 32| 22 36
18 |M-2 4 2| 41| 100) 28] 73] 6.0] 32
19 |M-3 6 4] 36| 28 100 64 485] 51
20 M4 2 9] 32| 73] 64| 100 22] 61
21 |M-5 4 8] 22| 60/ 45 22[ 100 58
22 \M-6 1 3] 36| 32 51] 61 5.8 100 -
23
| 24 | M1 M2 M3 M4 M5 ME Cyma g L
25 -1 o o o o o 1 1 . N\
| 26 | M-2 0 0 1 0 0 0 1
| 27 | M-3 0 0 0 0 1 0 1 7
El M4 11 o o o o o 1 s )
| 29 | M-5 0 0 0 1 0 0 1
| 30| M-6 0 i 0 0 0 0 1 5
| 31 Cyma 1 1 1 1 1 1] 19,47 " )
E3 _
| 33| MA M2 M3 M4 M5 MSB 3
E M-t ui , e
| 35 | M-2 0 5 4 2 1 -1
| 36 | M-3 1 0 -3 5 2 0 1
| 37 | M-4 4 3 )] 2 5 3 0
| 38 M-5 2 1 1 0 3 1 0 1 2 3 4 5 [ 7
| 39 | M-6 5 2 -5 -3 0 -2
40 Uj -1 0 3 1 2
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Bucnosox: muM MeTOIOM MOKHA 3HAWTH 3pa3y
IIYKaHUW KOHTYp 00XOJy, ajie 3a I MOXJIHBICTh MU
«PO3IIAYYEMOCST» JOJATKOBUMU OOMEKEHHSIMH, TOXK
00acTh poOOTH LIBOTO METOIY CYTTEBO OOMEXKYETHCS
TPaHUYHUMH 3HAYCHHSIMH KUTbKOCT1 HEB1IOMHUX Ta 00-
mexxenb Excel: 1o 200 3minnux i 10 100 oOMexeHb.

3aysancenns. B cepenopumii Excel 2010 y BikHO
Ilapamempwi noucka peuwienus Tpeda BHECTH Taki 3Mi-
HU. JUIS IIyKaHUX 3MIHHUX U PEKOMEHIYETHCS BHECTH
neBHe oOMexeHHs, Hanpukian, He menme 10, mami y
noJii Beibepume memoo pewenus Budpatu llouck pe- |[ e
WeHUsl TUHELIHBIX 3A0aY CUMNIEKC-MeMOOOM.

CrmsacsponaTs LsneEe yienses:

an CiMaraenm  (Dsewm O
[T ——

e il

Hpuxaan 3. EBomtomnilinuii meton.
LTro x 3amauy KOMIBOsDKEpa JUIsl HAMKOPOTIIOTO 00X01y 6 MyHKTIB PO3B’sKEMO 3a
JOTIOMOT0I0 METOTy D60 troyuonnsii nouck pewenusn B Excel 2010.

Ilo3nauenns:
i — MOTOYHHI HOMEp IIyKaHOI 3MiHHOI (CIiBIIaIa€e i3 HOMEPOM MiICTa B KOHTYPI),
i=1,...,6;

X = {x;} — mykanuii BexkTop HeBimoMux, X ={X1, X2, X3, X4, X5, X6};

D = {d(i, j)} — BekTop BincraHeil Mk mapamu CyCiZHIX BY3JiB y KOHTYpi 00X0/1y
po3mipom 3 6 enemenTiB, aei < (i nepeoye j).

3aoaua onmumizayii-

1. 3naiitu mnan oo6xony X = {x;}, Takuii, 06

6
II. L1®: nosxkunHa kOHTYpY K = zdij — min
ij=1
I11. 3a oomexeHb: x; €{6ce pazuvie}.

Ilopsadok pobomu.
[ToBTOpuTH MyHKTH 1+3.
4. Copmysatu psagok X i 3a- Es4 - Fe | =MHOEKC($D$46:31551;053;E53)
MMOBHUTU HOTO MOPSAKOBUMH HO- A /B CIDJELTF G H]I J K
" L |43 M M2 | M3 M4 | M5 | Ms
MEpaMH, Yy HACTYIIHIM (n + 1)-I/I 44 3 1 g 2 1 1
KIITUHII 3pOOMTH TOCHUIIAHHS Ha |42 6l 2 4 9 8 3
N 46 M1 | 3] 6| 100] 41| 36| 32 22 36
1-it enemeHT 1nporo psaka (MO0 |47 w2 4 2] 41 100 28 73] 60 32
. .. 2 4904 | 2] 9] 32| 7.3 64| 100] 22] 61
YUCIIUTHU BIACTAH1 MDK CYCIOAHIMH |50 -5 4 gl 22] 60] 45 22] 100] 5.8
KJIITHHKaMHU 3a JOMOMOTOI0 (DyHK- ?; M6 | 1] 3| 36/ 32 51 61 58 100
“ee v .. :J
I I/IHI[EKC 48 06‘-II/ICHI/ITI/I 1IXHKO 53 ¥= | il 2] 3 4 3 [ 1 U
CyMy 3a HOIOMOroo  (yHKuil L& Bincrane= | 412] 283 640] 224] 5.083]m 61] 25,08
CYMM.

5. Komanporo Januvie — Ilouck peuitenus BUKIUKATU BIKHO [lapamempsl noucka
peuwienus 1 3aII0BHUTH HOTO TOJISE BKa3aHUM YHHOM.
6. Hatucuyru Ha [lapamempul, BU3HAYUTH Y LIbOMY BIKHI PeXHUM poOOTH Mporpa-
mu, OK 1 B monepeaHboMy BiKHI HATUCHYTH Ha Halimu pewenue.
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[TounHaeTscs mporiec OOUNCIIEHb — Y PAJKY CTaHy BHU3Y BIKHA MTOCTYIIOBO BHUBO-
JUTHCS TIOBIZIOMJICHHSI TAKOTO BUTIISLY

AeitcTeyiowee: 19,4667376530463 Mogsagada: 260 CocToaHWE NoMcka peweHWa: 0 Adeika LeneBol dyHELMIE 19, 4667376530463

1e BUAHO: HoBe 3HaueHHs LID, Homep minzanauyi i monepeane 3aueHHs L.

[Tponiec npunmHsA€eTHCS, KOJIM 3Ha4eHHs L[D He 3MIHIOEThCA B MEXax 3a7aHOi TOY-
HOCTi 00 BUYepIaHi rpaHUYHI 3HAUCHHSI 33JaHUX MapaMeTpPiB 1 MPOMIOHYETHCS albTep-
HatuBa. [Ipooonxcums/ Ocmanosums.

[Ipouec onTuMIi3aIifHOTO MOJETIOBAHHS 3aBEPIIYETHCSA 3a KOMaHIOl OcmaHo-
8UMb.

s e [ i okt e ik
%= [ _s* a8 & ] uo .
Buacra= | 12| 283] 690] 224] b3 e asea] Ls 0 Dowazueam, pervmean Hrepsasd
SIS = B e pr—
[ R —
S
[ jrr— LisrounCrennan comemanenccTs (%] [

5 [l canas
Baogarre m
WeToa pewess: | TEOMOURBI NCHOE DL

(] M1oa pewsere

e
kil AT e AP - (KON (USR] Sy LA PS50, & A7 Y SR
FAAF - IO TR PRI

Pesyromam.

3HaliIeHo onTHUMabHKI KOHTYp o0xony X = {4, 5, 3, 2, 6, 1, 4} i3 MiHIMaJIbHOIO
noBxkuHOI0 19,47, Pe3ynbraT cmiBnaB 3 yciMa MONEPEIHIMU pe3ybTaTaMH, aje OTpHU-
MaHO HOTr0 3HAYHO LIBUIIE 3 MIHIMAJILHUMHU BUTPATaMH 4acy Ta PO3MIpy JOKYMEHTA:

K54 v Je | =CYMM(E54:154)

A B| C D E F G H | J K L ] il 0O F Q R S T U \'
43 WM-1 ] W2 [ M-3 | M4 | M5 -6
44 3 4 6 2 4 1
45 6 2 4 9 8 3
46 |M-1 3 6] 100] 441 36/ 32 22 36
AT |M-2 4 2 41 100 28 73 5.0 32 OH43dTE MPe dEaPHTEARHOE PE e HHE g
43 |M-3 6 4] 36] 28] 100 64| 45 51
49 (M4 2 9 3.2 7.3 6.4 100 2.2 6.1 ADCTHIHYTO MAKCHMANEHD AOMYCTHMOE HHCAD A0MYCTHHBEE PELEHHA,
505 | 4] 8| 22[ so0[ 45| 23] 100] 53 Mposomie?
51 M-6 1 3| 36 32 51 61 58 100
52
53 = 4] 5] 3] 2] 6] 1] 1] uo OcTaHoenTE COXPAHMTE CUEHaPHA
[54] Bigcrane= | 2.24| 447 263 3.16] 3.61] 3.16|[ 1947l
55

VYci HacTynHI NpUKIIaan peati3oBaHi 3a JOMOMOIOI0 €BOJIOLIMHOTO MeTody, 00 3
ypaxyBaHHSIM pPO3MIpiB IUX 3aJad aJlbTCPHATUBH IIbOMY MeToay Hema. [logatkoBuMHU
JaHUMU € KOOPAMHATH reorpadivHux 00’€KTIB UM TECTOBI JaHi, 10 OTPUMaHI 3a JI0TO-
MOTOI0 TeHEepaTopa BUMAIKOBUX YHCEIL.
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Mpuxaanx 4 (n = 13).

S 3 = 3 e = % oz =2 2 § % ¢ 2
= = = = = = = = = = = = =
2 3 8 Mo18 18 18 2z 13
3012 3 8 19 13 4 20 2 20

N
w =}

Q 5 10 15 20
1 1 1 1 1 1 1 1 1 1 1
Mnan e[ 7 e[ 3 1z[ 2 4] [ s[ 3 n[ 8 10 s8] us
SpcTans | 707 5] | 227] os| c=a| 10| 6] s1[ s38] se8[ 707 8 79,92
Mpukaan 5 (n = 22).
E
) : a @ =
o = s g & g o g g 2 E| x| 3
£ & =5 28 5 £ & £ 5 2558225582288
1 s/ 6 9 8 6 10 12 8| 14/ 18| 18 25 17| 21| 20/ 22| 27| 31| 34 28/ 23
11,15 11 17 9 200 139 13 16 16 20 17 14 9 4 2 7 8 10 15 7
1 Yaropog 111 oe8| 57| 5.0[100] 7.3 10,3] 92| 11,2 73] 13,9| 17,7 19.2| 24.7| 16,3 20,1| 20.Z| 22.8| 26,3| 30,1| 33,0| 27,3| 22,4
2 Nbeis 5 15 57| 598| 4,1 45) &7 51| 54| 52| 36| 91| 13,0] 13,9| 20,1] 12,0| 17.1]| 18,6| 21,4| 23.4| 26,9| 25.4| 23,0] 19,7
3/le.-op. 6 11| 50| 41| se8| 67| 23| 90| 45 83| 28| 54| 130] 150| 138 11.4] 15.1] 157| 15.4) 21.4| 25.2| 28.0| 22,4 175
4 Pigne 9|17| 10| 45 6.7 958 81| 42| 41| 85 41 5,1 2.1 9,5| 18,0] 85| 14.4) 17,0 19,8 20,6| 23,8| 26,0| 19,1| 17.2
5 YepHiBui B 9 73| 67| 28 81| 55| 11,2] 45 40| 40 52| 12.2] 14,9]| 188] 10,2| 13,0) 13,0| 157) 19,1 23,0] 25,0| 20,9] 15,1
B Kosens 6/ 20| 103] 51| 9.0| 42| 11.2| ss8| 31| 125| 73| 89| 128| 120] 19.2] 12.5( 18.8| 21,3 24.1) 24.7| 27.7[ 29.7| 228 21.4
TXMenhHMLI,hKMﬁ 10013 92| 54| 45| 41| 45| 81| 599| 45| 20| 50 85| 106| 155] 7.1| 11,7 13,5| 16,3| 18,0| 21,6| 24.2| 18,1| 142
8 Mor.-Mog. 12| 9| 12| 52| &3] 85| 40[125 45| 58| 57| 7.3 52| 125|153] 71| 90| 54| 122 151] 19,0 220 17,1] 11,2
9| Tepronins 8/ 13| 73| 38| 2.8) 41| 40| 73| 20| 57| 58| 7| 10.4] 122 17.5] s.1[12.6] 150| 17.8) 18.5| 22.5[ 26.2| 20.1| 16.2
10 AuToMup 14|16 138| 51| 94| 51| 22| 83| 50| 73| 67| %88 40| 57| 11.0| 26| 95| 134 18.1| 158| 18,8 20.5| 14,0| 12,7
11| Kuis 18| 16| 17.7{ 13,0] 12,0] 581|122 128| &5 52| 104] 40| 588 40| 71| 22| 78] 122|148 12,7] 15.2] 17.1| 10,0] 10,2
12 YepHirie 18| 20| 15.2| 13,5| 15,0| 9.5| 14,8[ 12,0| 108] 12,5 122] 57 40| %8| 78] 61| 11.4] 16.1| 18.4] 158] 17.7] 185 11,2| 13,8
13| Cymm 25 17| 24.7| 20.1| 19,8| 16,0 12.8] 19.2| 15.5) 15.3) 175 10| 71| 78| ses| s5| s3] 132|152 10.2] w.s] 1.4 38 102
14 BE.-Ueprea 17| 14| 18,2] 12,0] 11,4| 85| 10,3[ 12,5 71| 71| 31 36| 22| 61| 85| 589 6.4 104) 13,0 12.2) 15.2| 17.5] 11,0 9.2
15 Kiposorpag 21| 9| 20.1| 17.1] 15.1| 14,4| 12.,0| 188 11,7 50| 138] 95| 78| 11.4| 85| 64| %8| 51| 74| &3] 10,0 130] 52| 28
16 Muronais 20| 4| 202[188| 157 17.0| 12,0 21.3| 13.5) 54| 150| 134 122| 16.1] 13.3) 10.4| 51| ss8| 28| 78| 11.7[ 152] 13| 42
17 XepcoH 22| 2| 22.8|21,4| 18,4] 15,8] 15.7| 24.1| 18,3| 12.2| 17.8] 18.,1| 14.8]| 184| 153 12,0) 71| 28| 588| 7.1| 10.8] 14.4| 14,3] 5.1
18 3nopbcn 27| 7| 28.3|23.4| 21,4] 20,8] 15.1| 24.7) 18,0 15,1 15.5] 158| 12,7| 158| 10.2] 12,2| 83| 76| 71| 55| 4.1 78| 81| 4.0
19| Ooxeusk 31| 8| 30.1| 28.9| 25.2| 23.8| 23.0( 27.7| 21.8| 19.0] 23.5| 18.8| 153| 17.7| 10.8] 152| 10,0 11.7| 10.8| 41| se8| 38| 78| 8.1
20 JlyraHcer 34| 10| 230| 25.4| 28,0 28,0| 26,0 25.7| 24,2 20| 28.2) 20,5| 17.1| 183| 11.4] 17.5) 13.,0] 152 144| 78| 38| 58| 7.8 11.4
21 Kapris 28| 15| 27.3|23.0| 22,4] 15,1| 20,5| 228 181 17.1| 20.1] 14,0| 10.0] 11,2 3.8 11,0) 92| 136| 143| 81| 78| 78| 555 9.4
22 | Kp.-Pir 23| 7| 22.4] 19.7] 17.5) 17.2 15| 21.4| 14.3) 11.2) 182| 127| 103] 13.8] 10.2] 82| 28| 42| 51| 40| 81[11.4] 54| w8
Mnan [ 3] 1] 2] e[ 4] 10] 14] 1] 12[ 13] 21] 20] 19] 18] 17] 16] 22] 15] 8] 7] 9] & 3]
Biacrams | 50 57 5] 42 51] 38 22| 40 78] 38| 7.3] 28] 41| 7.1] 28] 42 28] 5.0 5] 2.0[ 0] 25| 100,97
A B CIDIE|F|G|H|I|J|K|LIM|N|J|O|P|Q[R|S|T|UJV|W|X|[Y]|Z|AA| AB |AC
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Onmumizayitni mooeni esomoyiinoz2o npozpamysanis ¢ Excel:
po36 sazanns 3a0aui komisoscepa 3 oomeaxcennsmu alldifferent

Mpuxaan 6 (n = 100).
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Kopezysanns pesynomamy.

JloBeneno [1], mo HAWKOPOTIINI 3aMKHEHHH KOHTYP, 1110 3B’sA3y€ N TOUOK Ha IUIO-
IIMHI, € 3aMKHEHOIO JIaMaHOI0 31 CTOPOHaMH, IO HE MepeTHHAIThCsA. HaOmmkeHuit
PO3B’A30K 3aJaui BEJIMKOIO pO3Mipy MOXKE YTBOPUTHU MEPETUHH y BUTJISAAL METENb, TOXK
iXHs 3aMiHa JIJAMaHUMH — TLISX JI0 TIOKPAIICHHS [ITYKaHOTO Pe3yIbTary.

Hpuxnan 7.
3a 10OMOT0I0 €BOJIIOLIIITHOTO METOy pO3B’si3aHa 3aJaua KOMIBOsDKepa po3MipoM
50x50, 3nauenns LD cknano Bennuuny 289,4, moOynoBaHa cxema KOHTYpY (371iBa).

Ha piarpami BU3HaueHa MeTis, sSKa BPyYHY 3aMiHEHA JIaMaHOIO, IO TPHUBEIIO J0
3MmeHmieHoro 3HaueHHs [|® Benmumuoro 281,3. BigmoimHuii ¢gparMeHT OHOBJIEHOT
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O.I'. [looonos, A. 1. Kyzbmuuos

KOMOiHAIlil HOMEpIB yBeJECHUH y MOJelb, 1 MOBTOPHUH il 3aIyCK MiATBEpAUB OHOBIIE-
HUHl pe3ynbrar. TakuM 4WHOM, Ui 33/1a4 BEITUKOTO PO3MIPY 3 SBISIETHCS MOXKIIUBICTD
Je110 MOKPAIIUTH OTPUMAHUNA HAONMKEHUN pe3ysbTaT MUIIXOM KOpeKIlii neBHux Qpa-
I'MEHTIB JlarpamMH y BUTJISII1 IEPETUHAHb.

Ipuxaan 8. ManxeTeHChbKa METPHUKA.
3aoaua: obiiiTn 23 nmyHKTH Ha KapTi KueBa, pyxarounuch BYIHLSMU.
Pesynomam.
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