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PE®EPAT

00'ekT. 3aBaaHHs MAaTEMAaTUYHOTO [TPOTPaMyBaHHS

IIpeamer. PimenHs 3aBgaHs B yMOBax pu3HKy. PillleHHS 3aBAaHb B yMOBax
HEBU3HAYEHOCTI. PillIeHHs 3aBJaHb, 3aCHOBAHUX Ha MEPEKEBUX MOAEIAX. PilieHHs
3aBJ/laHb, 3aCHOBAaHUX Ha JIETEPMIHOBAHUX MOJEIIAX AUHAMIYHOTO NIPOTrPaMyBaHHs

Mera. IlpaktuyHa 1 camocTiiiHa po0OoTa CTyJeHTa, CIpsSMOBaHa Ha
dbopMyBaHHsI 3HaHb-KOIIIH 1 3HaHb, 110 JO3BOJISIOTH BUPIIIYBATH TUIIOBI 3aBAaHHS
0 MIPEICTABICHUX TYT TEMaXx:

o VYXBajeHHs pllIeHb B yMOBax PU3UKY (3HAaTH: OCHOBHI MOHATTS: KPUTEPIi
OUIKYBaHOIO 3HAYEHHS, aJbTEPHATUBHE pIIICHHS, BUIIAJKOBA BEJIMYMHA,
BIPOT1JIHICTh MOJIl, CTAaHU HPHUPOAH, JEPEBO PILIEHb, BUpIMIAJIbHA 1 BUIAJKOBA
BEpIIMHU. YMITH: CUHTE3YBAaTH [EPEBO pPIIICHb 3aBJaHb B YMOBax pPH3UKYy Ha
OCHOB1 aHali3y MOXJIMBHX aJbTEPHATUBHUX pIllIeHb, (QOpPMYyBaTH KpUTEpIH
OUYIKYBAaHOTO 3HAYEHHS, BUKOPUCTOBYBaTH TaOMuWuHy (opMy  KpHUTEpito
OUIKYBaHOT'O 3HAYEHHS ISl BAOOPY ONTUMAIBHOTO PIILICHHS)

o VYxBajeHHs pillleHb B yMOBaX HEBU3HAUYCHOCTI (3HATH: OCHOBHI MOHATTS:
MaTpulsi IJIaTeXIB, Mipa KOHCEpBaTU3MYy, MPHUHIMI HEIOCTaTHhOI OCHOBH,
kpurepii: Jlamnaca, MiHIMakcHUM, MakcuMiHHMH, CaBumxka, ['ypBuIld, MOKa3HUK
ONTHMI3MYy. YMITH: 3acTocoByBaTH kputepii Jlarumaca, minimakcHuii, CoBHIKA,
['ypBuLlE Ha NOYATKOBIA MAaTpULl IUIATEXKIB I YXBaJ€HHS ONTUMAJIbHOTO
pilIeHHs 3aB/laHb B YMOBaxX HEBU3HAYEHOCTI)

o MepexeBi moneni (3HaTU: OCHOBHI MOHATTS: Mepexka, By30J (BEpIlUHA),
nyra (pebpo), MoTiK, OopieHTOBaHE PeOpo, NUISLX, LUK, 3B'A3HA Mepexa, JAEPeBo,
OCTOBHOE JI€pEBO. YMITH: 3aCTOCOBYBATH AJNTOPUTMU IOOYJOBH MIHIMAJIBHOIO
OCTOBHOTO JIEpeBa 1 BU3HAUYEHHs HalKopoTuoro nuisixy (aaroputm dmoiina) ans
ONTHMAJIbHOI'O BUPIIIEHHS 3aB/1aHb, 3aCHOBAHUX HA MEPEKEBUX MOJEIIAX )

o JleTepMiHOBaHI MOAENI JAWHAMIYHOIO MpOrpaMyBaHHs (3HaTW: NPHUHLIMII
JUHAMIYHOTO NPOrpaMyBaHHsS; NPUHIUO JACKOMIO3ULII CKJIAJHOTO 3aBIaHHS;
OPUHIUI ~ ONTUMAJIBHOCTI; TNPHUHLIMI  PEKYPEHTHUX  OOYMCIEHb.  YMITH:
3aCTOCOBYBaTM OCHOBHI €JIEMEHTH MOJENeld JTUHAMIYHOTO MpOorpamyBaHHS;
3aCTOCOBYBaTH QJITOPUTMH TMPSMOIO 1 3BOPOTHOTO MPOTOHY JJisi BHUPILIECHHS
CKJIQJHUX 3aBJIaHb)

Kontpoabs 3acBoeHHs wMaTepially, IO BHUBYAETHCA, MPOBOJUTHCS Ha
HACTYITHOMY NPAKTUYHOMY 3aHATTI 1 IPUITyCKae€ OOTOBOPEHHS! BUHUKIIUX NMUTAaHb 1
3aXHMCT KOHTPOJIbHUX 3aBJIaHb MO0 BIAMOBIIHIA TeMi.

Ilpumimka. baxaHa aBTomMaTH3alis pPO3PaXyHKIB 3 3aCTOCYBAHHSM
nporpamMuux 3aco0iB MATLAB, Mahtcad, Excel, Ta iH., a0 3 CTBOpECHHSIM
JITOPUTMIB 1 IPOTPaM PO3PaxXyHKIB.



TEMM 1, 2. YXBAJIEHHS PIHNIEHDb B YMOBAX PU3UKY.
Kpurepiii ouikyBaHOT0 3HaUEeHHS; IepeBO pillleHb; TabauuHa gopma

SAkmo  pilmieHHS NpUAMAETBCS B YMOBax pU3HMKY, TO  BapTOCTI
AIbTEPHATUBHUX PIIIEHb 3a3BUYall OIMUCYIOTHCA IMOBIPHICHUMH PO3MOJLIAMHU.
Pimenns, mo 3 1€l NpUYUHU NPURMAETHCSA, TPYHTYETHCS HA BUKOPUCTAHHI
KPUTEPII0 OUIKYBAHOTO 3HAYCHHS, Y BIAMOBIAHOCTI 3 IKUM aJIbTE€PHATUBHI PIIIICHHS
MOPIBHIOIOTHCS 3 TOYKH 30py MaKCHMIi3aIlii O4iKyBaHOT0 IpUOYTKY abo MiHIMi3aIlii
OUYIKyBaHMX BUTpaT. Takuil MAXIJ Ma€ CBOi HEJOJIKH, SKI HE JI03BOJISIOTH
BUKOPUCTOBYBATH MOTO B JAESIKWX cUTyamisx. s HUX po3poOseni moaudikarii
3raJlaHoOr0 KPUTEPIIO 1 MIXOIH 10 YXBAJICHHS PIllIEHh B YMOBaX PU3HKY.

Kpurepiii o4ikyBaHOTO 3HaYEHHS

Kputepiii ouikyBaHOTO 3HAYE€HHS 3BOJAUTHCS ab00 [0 MaKcuMi3alii
OYIKyBaHOIO (CepeaHbor0) NpuOyTKy, ado 10 MiHIMI3alli O4IKyBaHUX BUTpPAT.
B nanomy Bunmanky mepenbdayaerncs, 110 NpUOYTOK (BUTpPATH), MOB'SI3aHUN 3
KO’KHUM aJIbTEPHATUBHUM DPILIEHHSM, € BUIIaJKOBOI BEIUYUHOIO.

HepeBo piens (1-a Mogudikariss KpUTepito O4iKyBaHOTO 3HAUYEHHS])

VY HaBeZieHOMY HIXKU€ IPOCTOMY MPUKJIIAJIl pO3IIIIA€ThCs CUTYallls, TOB'sI3aHa
3 YXBAJICHHSM pIILIEHHS 3@ HAsIBHOCTI KIHIIEBOT'O YMCJIA aIbTEPHATUB 1 TOYHUX 3HAUCHb
MaTpulll TPUOYTKIB.

Hpuxaan 1

[Tpunyctumo, HeoOXigHO Bkiactu Ha ¢ouHmoBid Oipxi 10000 y.o. B akiii
OJIHI€T 3 MBOX KoMmmaHii: A abo B. Axiii komnaHii A SBISIOTHCS PUSUKOBAHUMU,
ajie MOXyTb npuHecTH 50% npuOyTKY BiJ CyMHU IHBECTHILIIT HA MPOTS31 HACTYITHOTO
poky. SIkmo ymoBu (OHIOBOI OipkKi OyIyTh HECTIPUATINBI, CyMa 1HBECTHUIIIT MOXe
suemiantucs Ha 20%. Kommaniss B 3a0esmeuye Oe3nexy iHBecTuriii 3 15%
npuOyTKy B yMOBax HiJABUIIECHHS KOTUPYBaHb Ha Oipxki 1 TUIbKU 5% - B ymoBax
NOHWKEHHA KOTHUpPYBaHb. YcCi aHamiThuuHi myOmikauii 3 BiporigHicTio 60%
IPOTHO3YIOTh MIABUIIEHHS KOTUPYBaHb 1 3 BiporigHicTio 40% — 3HMKEHHS
KOTHUPYBaHb. Y Ky KOMIaHIO CJI1J] BKJIACTH 1HBECTHUIIIi?

[adopmarrtis, mos'si3aHa 3 yXBaJISHHSM PIIIICHHS], TIiZICYMOBYBaHa y HACTYITHIN
TaOJIALLL.

[TpuOyTOK BiJI IHBECTHIII1 32 OJTUH PIK
AlIbTepHATHBHE pillieHHs [Tpu nigBUIIeHH] [Tpu 3HMKEHHI
KOTHPYBaHb, (y.0.) KOTHPYBaHBb, (y.0.)
Axmii koMmmanii A 5000 -2000
Axmii komnadii B 1500 500
Biporignicts noxii 0.6 0.4

[le 3aBmanHs Moxe OyTHM TIpeICTaBlICHE Yy BUIJISAAl JepeBa pIIICHb,
IIOKa3aHoro Ha puc. 1. Ha npoMy pHCyHKY BUKOPHUCTOBYIOTBCS JIBA THUIIM BEPILUUH:
KBaJpaT MpeacTaBise '"BUpilIagbHYy' BepIIMHY, a Kpyr - "BumaakoBy'. Takum
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YUHOM, 3 BEPIIMHUA | BHUXONATH JIBI TIJIKW, IO MPEACTABIAIOTh AIBTCPHATHBH,
NOB’s13aH1 3 KyMIBJICIO aKiiii kommaHii A abo B. Jlam AB1 ruiku, mo BHXOIATH 3
BepIIMH 2 1 3, BIANOBIAAIOTh BUIIAJIKaM IMIJABUIICHHS 1 3HM)KCHHS KOTUPYBaHb Ha
O1p>K1 3 BIPOTIIHICTIO iX MOSBHU 1 BIANOBIIHUMH IJIaTEXKaAMHU.

Buxonsuu 3 cxemu puc. 1, oTpuMyeMoO OYIKyBaHUW MPUOYTOK 3a pIK JJst
KO>KHOI 3 JIBOX aJIbTEPHATHUB.

Jost axmin kommanii 4: 5000-0.6 + (-2000)-0.4=2200 y.o.

s akuiit kommadii B: 1500-0.6 + 500-0.4 = 1100 y.o.

Bammm pimeHHsM, 3aCHOBaHMM Ha ITUX OOYMCIICHHSIX, € KYIIIBJIS aKIlii
KOMITaHii A.

ITizeumenns kotupysans (0.6)

5000
IuBecTHIii B A
2
3mxeHHs KoTHpyBaus (0.4)
-2000
1
IlizeEmennsa koTHpyBaHs (0.6)
1500
IaBecTamii y B
3
3mmkeHHa KoTHpyBaHs (0.4)
500

Puc. 1 — JlepeBo pilieHb

VY Teopii yXBaJleHHs pillleHb MIJABUIICHHS 1 MOHUXXEHHS KOTHPYBaHb Ha
O1pK1 IMEHYIOThCS CTaHaAMH MPUPOJU, MOXIIMBI peanizalii KX € BUIAJKOBUMHU
noAisiMu (B gaHomy BUMNaAKy 3 BiporigHicTio 0.6 1 0.4). V 3arajibHOMYy BUINAIKY
3aBJAHHS NOPUUHATTS pPEIIeHH MOXKe BKJIOYaTH 7 CTaHIB MOPUPOAU 1 m
albTepHATUB. SIKIIO p; — BIPOTIAHICTH j-TO CTaHy MNPUPOAH, a a; — IUIATIK,
NOB'SI3aHUI 3 yXBaJ€HHSAM PIlLICHHS i IPU CTaHl npupoau j (i = 1,m, Jj =1,n), Tomi
OYIKYBaHUH TUIATIXK 711 BUPILIEHHS [ OOUUCIIOIOTh y BHUII

Dj=a;py +ajppy + ...+ ajppy, 1 =1n,

n
Jie 38 BU3HAYEHHAM Y p; =1

i=1
Halikpamum pimeHHsM Oyne Te, sKke Bianosimae D; =max;{D;} un
D; =min;{D;}, 3aJIe)KHO BIJl TOTO, YU SBJIAETHCS IUIATIK B 3aBAAHHI JOXOI0M
(mpulyTKOM) 2060 30UTKOM (BUTpaTaMu).



Tabauuna gpopma (2-a Moaudikallis KpUTEPIt0 OU4IKYBaHOTO 3HAUCHHS)

Posrnstnemo cutyarito NpUAHATTS pillIeHb, B AKUX IUIaTa € MaTEMaTUIHOIO
GYyHKITIEIO albTepHATUBHUX PillieHb. B 1IbOMy BUMAAKYy TpEICTaBICHHS 3aBIaHHS
y BUIUIAAl JIepeBa pIilleHb XO04Ya 1 € MOXJIMBUM, aje MOXKe OyTH HE TaKuM
KOPHCHHM, SIK B TIONIEPETHHOMY TPUKIIATI.

Ipuxaaxg 2

Mertponoriuna cinyx6a (MC) mianpuemctBa BuxopucrtoBye 200 3aco0iB
BumiptoBadb (3B). MC mnanye mnepioguuny mnepeBipky 3B. BiporigHicTs pr
HernpuaaTHocTl 3B 1m0 ekcrityartariii micis 3aKiHYEHHS ¢ MICSIIIB MICIIS TIEPEBIPKU
OIIIHIOETHCSI TAKUM YUHOM.

t 1 2 3 4 5 6 7 8 9 >10
D 1 1 1 2 4

BunankoBa MeTposorigyHa BiiMoBa 01HOTO 3B 00X0AUTHCS MiAPUEMCTBY B
100 y.o., a mmaHoBaHa mepioguyHa mepeBipka B 10 y.o. HeoOxigHO BU3HAUNTH
ONTUMAJILHUHN TIEP10/T (Y MICAIISAX ) MK TJITAHOBAHUMH TIEPIOTUIHUMU TIEPEBIPKaAMHU.

[lozHaunmo wuyepe3 N 1IykaHe YHCIO MICSIIB MDK TNEPIOJUYHUMHU
nepeBipkaMu. YTPOAOBXK N-MECSUYHOTO MHMKIY MOXYTh MaTH MICIle JBa BHUIA
BUTpAT: 1) BUTpaTH, MOB'I3aHl 3 YCYHEHHSIM METPOJIOTIYHOI BiIMOBU 3B yrmpoaoBxk
nepmmx N-1 MicamiB 1 2) BUTpaTH Ha TEPIOAUYHY TMEPEBIPKY Y KIHIN ITUKITY.
Butparu npyroro Buay (nepioguyHa nepeBipka) ckianarotsh 10x200 3B, Too6to 2000
y.0. Ha IUKJ. BuTpaTy, nos's3aHi 3 yCyHEHHSIM METPOJIOTTYHOI BiiMOBH 3B, MOBHHHI
TPYHTYBATHUCS Ha cepeHii KutbkocTi 3B, 110 BUAILIHN 3 Ja1y YIpoaoBxK nepimmx N-
1 wMicamip mukmy. TyT MM MaeMo JBa CTaHM IICIAS 3aKiHUCHHS MicsUs f:
METPOJIOTIYHA B1IMOBA 3 BIPOTITHICTIO p; 1 WOTO BIIICYTHICTH 3 BIPOT1IHICTIO /-p.
OTxe, OUIKyBaHE YHCIO METPOJIOTIYHMX BIJIMOB TIC/S 3aKiHUYCHHS MICSIS ¢
JOpiBHIOE KimbKocTi 3B Ha mianmpuemMcTBi, MOMHOXEHOMY Ha p; To0TO 200p:.
BukopucroBytoun 1ei pesyibTaT, MiIpaxyeMo OviKyBaHe 3arajbHe uuciio 3B, 1o
BIIMOBHJIM, YIPOAOBXK mepmnx N-1 MICSIIB LMKIY Yy BUIJISAAI CyMHU BIATOBIIHHX
BEJIMYMH JUISI KOXKHOTO MicsIsl okpemo, Tooto 200p,+ 200p: +... + 200py.; =
200(prtp2 +...tpn-1). TloznauuBmm yepe3 CN 3arajibHy O4YiKyBaHy BapTICTh IS
IUKITY MK IEPIOJUYHMMU MEPEBIPKAMU, MAEMO HACTYITHE.

CN =2000 + 100*200(prtp2 +...+pn-1), y.O.

3ananHs BuOOpy pimieHHs MC 3BOAUTHCS TaKUM UYMHOM JI0 BHU3HAYEHHS

JOBKHHM LUKITY N, sKka MIHIMI3y€ 3arajibHi OYiKyBaHI BUTpPATH 3a OIWH MICSIIb
N-1
2000+20000 >’ p;
CN i
CMN, 10610 Bennuuny CMN = = =1
N N
Minimizanito pyskiii CMN He MOKHA BUKOHATH B siBHIN Qopmi. 3amicThb

I[bOI'0 BUKOPUCTOBYETHCS HACTYMHA TaOau4yHa (hopMa 3HAXOKEHHS PIIICHHS.




N| pv | N-1 CMN
Zpi
i=1
110.05| 0.00 |[2000.00
210.07] 0.05 |1500.00
OntmmaimeHe N | 3 1 0.10 | 0.12 | 1466.67
410.13| 0.22 |1600.00
510.18 | 0.35 |1800.00
610.23] 0.53 |2100.00
71033 0.76 |2457.14

OO6uuncnenHs mokaszywTtb, mo CMN pocsarae cBoro MiHiMymy mpu N=3.
OTxe, nepioguuny nepeBipky 3B Tpeba BUKOHYBaTH KOXKHI TPH MiCALIL.

3aBnanHHs BHOOpPY pILICHHS B MPHUKIAAI 2 MOXKHA TAaKOX MPEACTaBUTU Y
BUTJISIZI IepeBa pillieHb.

3ABJAHHSI HA CAMOCTIAHY POBOTY

3ananns 1. Y 3aBganHi 3 Npukiagy 2 BapTICTh NEPIOJUYHOI MEPEBIPKU OJTHOTO
3B nopiBHtoe x1=20 y.0., a BapTICTb YCYHEHHSI METPOJIOTIYHOT BiIMOBU — X2=40
y.0. Biporianicts meTposoriunoi BigmoBu 3B B niepmmii micsis qopisHioe p1=0.03
1 36umpmyerbcss Ha Ap=0.01 It KOXKHOTO HACTYMHOTO MICSIA, IO JECATUN
BKJIIOYHO. [loumHaroun 3 OAMHAAUATOrO Micslsl 1 Jaii, BIPOTIAHICTH
METPOJIOTTYHOT BIIMOBH 30€piraeTbcsi MOCTIHHOIO Ha piBHI p2=0.13.

a) [ToOyyiiTe BiJIMOBIAHE AEPEBO PIIlICHD.
0) Bu3HaunTe ONTUMANBHY TOBXUHY ITUKITY JUIS IEPIOUIHOT TIEPEBIPKH.

3apaanns 2. [llopiynuit nonut Ha 3B nmeBHOro BUIY B MEPEKi MPOIAXKIB 33JAETHCS
CIIIYFOYUM PO3IOIJIOM BIPOT1THOCTI.

n | 100 | 150 | 200 | 250 | 300
P,10.20]10.25]0.300.15]0.10

®dipma kynye 3B o a=500 y.o., a mpoaae o b=1000 y.o. ko 3B He npoganuit
B TOW ke pIK, TO N0 KiHI poky 3B Moxe Oytu peanizoBanuMm 3a ¢=250 y.o.
Bennunna 3amacy 3B Moxke mpuiimMaTH OfHE 3 MOXJIMBHX 3HA4CHb IMOMUTY, SKi
nepeiyeHi BUIIE.

a) [ToOyny¥iTe BIAMOBIHE AEPEBO PIIICHb.
0) Cxinpku 3B HEOOX1IHO 3aKyMOBYBATH IOPIYHO?

3aBnanns 3. Hexail B momepeqHhOMy 3aBIaHHI YacOBUU 1HTEpBaj, I SKOTO
HEOOX1IHO BHPINIUTH 3aBJaHHS YXBaJCHHS pIIIeHb, CKJIaJa€ JBa POKH.
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AJbTepHATUBH Ui IPYTOro POKY 3ajexarh Bia 00'emy peanizamii 3B B mepumii
pik. SIKII0 peanizoBaHMii Y TOYHOCTI yBECh 3allac Mepuioro poky, gipmMa 3aMOBHUTH
Taky X KuibKicTb 3B 1 Ha npyruii pik. SAkmo norpeba B 3B B mepummii pik
NepeBUIIY€e HasBHUW 3amac, TO JAJIA APYroro poky (ipMa MOKe 3aMOBHUTH OY]ib-
KUl 3 00'emMiB monuty Ha 3B, siKuil epeBuIy€e 3amac nepuoro poky. I Hapemri,
JKIO B MEpHIMH piK peanizoBaHo MeHuie 3B, uuM Oyno 3akymiueHo, TO i
JIPYroro poky ¢ipMa MOXke 3aMOBUTH Oyab-sKHi 3 00'eMiB monuTy Ha 3B, skuii
MEHIIIe 3arnacy nepiioro poky. [loOyayiTe BiANMOBIIHE AEPEBO PIllICHHh 1 BU3HAUTE
ONTHMAaJbHY CTPATEri0 3aMOBJICHHS.

a) [loOynayiiTe BiATOBIHE AEPEBO PIIICHb.
0) BusHaunte onTUMalibHy CTpaTErito 3aMOBJICHHS.

3aBnanns 4. ABTOMaT NPU3BOANTH d TUCAY OJUHULB JESKOTO MPOAYKTY IIOJHS.
SIKo @ 301mbIIy€eThCs, 101 Opaky p, OyAy4dd BHUMAIKOBOIO BEIMYHUHOIO, 3POCTAE
BIJIMOBIJTHO /10 HACTYMHOI (DYHKIIIT IIUTBHOCTI PO3MOILTY:

a- a_l,n n0< p<li
f(p)=12"F P P
0,mpu0>p>1

Koxen 6pakoBanuii BUpi® npuHOCUTh 30UTOK B x=40 y.0., a AIKICHUHM BHUPIO -
npudyTOK =5 y.0.

a) [losicHITB, YoMy BayKKO TIOOY TyBaTH JIEPEBO PillIeHb JJISI ITHOTO 3aBIAHHSI.
0) Buznaure 3Ha4eHHS a, IPH IKOMY OUYIKyBaHUN MPUOYTOK HAOyBa€ MaKCUMAaIbHOTO
3HAUCHHSI.



BAPIAHTU ITOYATKOBUX JAHUX (Temu 1, 2)

MOYaTKOBI 3aBmanHs | ‘ 3aBaHHs 2 ‘ 3aBmanss 4
JaHi napaMeTp 3aBJIaHHs
Nepapiaury | x; |x2| p1 | p2 |Ap| a | b | c X y

0 14 136)0.02]0.11 |0.01 | 240 | 300 | 160 | 15 5
1 8 16 | 0.02 | 0.10 | 0.01 | 200 | 300 | 70 | 47 7
2 9 271003 ]0.120.01 | 260 | 400 | 100 | 95 20
3 10 [32]0.02]0.11]0.01 |300] 500 | 180 | 33 3
4 11 1910.0310.13]0.01 | 256 | 1024 | 128 | 60 16
5 12 138]0.02/014]0.01 | 90 | 200 | 30 | 50 10
6 13 14210.04 | 0.15]0.01 | 512 | 1024 | 256 | 77 12
7 14 14910.02]0.11 | 0.01 | 240 | 500 | 175 | 80 15
8 15 [38]0.03|0.10]0.01 | 600 | 990 | 370 | 50 4
9 16 [50]0.02]0.12]0.01 | 450 | 800 | 330 | 18 3
10 17 15410.01 |0.13]0.01]| 700 | 1000 | 400 | 45 6
11 18 [80]0.02]0.15]0.01 | 400 | 680 | 250 | 70 17
12 19 [73]10.03|0.16]0.01 |370| 510 | 150 | 60 8
13 20 [ 68]0.02)0.12]0.01 | 430 | 780 | 300 | 89 14
14 21 |83]0.04]0.11]0.01 |390] 700 | 150 | 49 8
15 12 166]0.01 | 0.10]0.01 | 150| 270 | 50 | 34 6
16 8 2010.0210.10 | 0.01 | 210 | 300 | 80 17 5
17 9 3210.01 10.120.02 280 | 400 | 140 | 26 8
18 10 [30]0.02]0.11]0.01 320 500 | 180 | 37 14
19 11 128]0.01]0.13]0.02]260| 320 | 200 | 56 7
20 12 1400.02]0.1410.01 | 90 | 160 | 40 17 9
21 13 121]001]0.15]0.02]512| 600 | 280 | 29 9
22 15 141]0.01]0.10]0.02 600 | 800 | 380 | 37 13
23 16 [37]10.03]0.12]0.01 450 700 {340 | 17 7
24 17 142)0.01]0.13]0.02]700| 800 | 300 | 19 11
25 18 [47]10.02]0.15]0.01 400 580 | 180 | 53 35
26 19 150]0.01]0.16]0.02 370 | 420 | 165 | 24 13
27 20 |1 48/0.04]0.12|0.01 | 410 | 530 | 300 | 35 17
30 21 |710.01|0.10|0.01 |160 | 210 | 50 | 76 37
31 22 | 65/0.02]0.10|0.01 | 410 | 490 | 185 | 54 27
32 23 |5910.01]0.120.02 570 | 700 |330| 35 15
33 24 |74 10.02 0.11 | 0.01 | 610 | 750 | 300 | 27 12
34 8 161 0.01]0.120.02 500 725 | 200 | 28 9
35 9 3210.02|0.13|0.01 | 215| 310 | 100 | 33 19
36 10 [ 17]0.01]0.12]0.02| 80 | 115 | 50 14 3
37 11 |210.02]0.14|0.01 | 210 | 299 | 100 | 17

38 12 119/0.01 | 0.11]0.02 | 490 | 560 | 300 | 21

39 13 |33/0.02]0.10|0.01 | 700 | 750 | 600 | 30 13

30 21 | 7110.01]0.10|0.01 | 160 | 210 | 50 | 34 17




TEMM 3, 4. YXBAJIEHHSA PILIEHDb B YMOBAX HEBU3HAYEHOCTI.
Kpurepiii Jlansaca; kpurepiii MAaKCUMIiHHMIA;
kputepiii CeBuaxa; kpurepiii I'ypBuus

VYxBajeHHs pilleHb B yYMOBaX HEBH3HAYCHOCTI BHMAara€ BHW3HAYCHHS
aNbTEPHATUBHUX 1A, SKUM BIAMOBIIAIOTH TUIATEXI1, 3ajeXH1 BiJ (BUMAIKOBHX)
CMAaHis npupoou.

Mampuyro niamedicié B 3aBJlaHH] YXBAJICHHS PIIIICHB 3 71 MOMJIMBUMHU I15IMU
1 n cTaHaMM MPUPOJIA MOYKHA MPEJCTABUTH TAKHM YHHOM.

S1 S2 e N e Sn
ar | viay,s))  viap,sy) ... Vvias;) .. viasy,)
ay | viay,s)) v(ap,sp) ... Vvlaz.s;) ... viay,s,)
a; V(aiasl) V(aias2) . e V(ai9sj) e V(aiasn)
aAm V(amasl) V(amas2) e V(amﬂsj) e V(Clm,Sn)

EnemeHT a; npencrapiisie i-e MOXJIMBE PIIICHHS, a €JIEMEHT §; — j-€ CTaH
npuponu. [lmara (un m0Xim), MoB'si3aHa 3 PINIEHHSIM @ 1 CTAHOM S§; JIOPIBHIOE
v(a;,s;).

B ymoBax HeBH3HAUE€HOCTI IMOBIpHICHUH PO3IOIiI, 11O BIANOBIIAE€ CTaHAM

s; abo HeBiJoMHM, a00 HE MOXKe OyTH BH3HAUYCHHM. B IIbOMy BHUIAIKy aHaji3
yXBaJICHHS PIlICHHS MOXJIMBHH 13 3aCTOCYBaHHSIM HACTYITHUX KPUTEPIiB.

Kpurepiit Jlarumaca cnupaeTrbcsi Ha MPUHIUN HEAOCTATHBROI OCHOBH, KU
CBIJTYUTH, IO OCKIJIBKM PO3MOJLI BIPOTIMHOCTI CTaHiB P(s;) HEeBIAOMUIA, HEMaE
OPUYMH BBaXaTH iX pi3HUMU. OTXKe, BUKOPUCTOBYETHCS ONTHMICTHYHE
NPUITYIICHHS, 10 BIPOTIAHICTh YCIX CTaHIB MPUPOIU piBHA MK €000, TOOTO
P{si}= P{si}=... P{sp}=1/n. Sxmo npu upomy v(a;,s;) MNPEICTABISE

OTPUMYBaHUI MPUOYTOK, TO HAMKPAIIIUM PIIICHHSM € Te, sIke 3a0e3mnedye

1 n
maxy— > v(a;,s ;)
aip | ;=1

Skmio BemuuuHa v(a;,s;) TIPENCTABISIE BUTPATH 0COOU, WO NpUUMAe

piwenns (OIIP), To oneparop "max" 3aMiHIOEThCS Ha "min".

MakcuMiHHUN (MIHIMAKCHHI) KpUTEpi 3aCHOBAHMM Ha KOHCEpPBATUBHIM
00epeXHIi TMOBEMIHIII OCOOH, IO MpUUMAE PIIICHHS, 1 3BOAUTHCA 10 BUOOPY
HAWKPAIIOl AlbTEPHATUBU 3 HaWTipumx. Ko BemuuuHa v(a;,s;) NPEACTABIISAE



OTpUMYBaHMM TNPUOYTOK (BUTpaTH), TO BIANOBIAHO JO MAaKCHUMIHHOTO
(MIHIMAKCHOTO) KpPHUTEpII0 B SKOCTI ONTHMAIbHOTO BHOWUPAETHCS BiJIMOBITHO
pileHHs, 110 3a0e3neuye

maxyminv(a;,s ;) 94 minymaxv(a;,s ;).
a; Sj a; Sj

Kputepiit CoBupka mparHe MNOM'SKIIUTA KOHCEPBATU3M MIHIMAKCHOTO
(MaKCMMIHHOTO) KPHUTEPII0 IUIIXOM 3aMiHU MAaTpUIll IUIATeXiB (BUrpamriB ado
nporpantib) v(a;,s j) MaTpHLEIo BTPAT 7(q;,s ;) , IKa BA3HAYA€TbCA TAKUM YNHOM:

maxv(ay,s ;) —v(a;,s;),V - 10X0]

ay
r(a;,s ;)=

v(a;,s;) - n;]i{nv(ak,sj) ,V - BTpaTu

Kpurepiit ['ypBins oxoritoe psig pi3HUX MIIXOJIB A0 YXBaJ€HHS PILIEHb -
Bl HAWOUIBII ONTUMICTUYHOIO 10 HalOUIpm mecuMmicTuuHoro. Hexan 0<a<l 1
BEJIIMYUHU  v(a;,s;) TIPENCTABISIOTh NPUOYTKHM (30uTKM). Toxi pilieHH}o,

BUOpaHOMy 3a KpuTepisM ['ypBils BiAMoBigae

max,amaxv(a;,s ;) +(1-a)minv(a;,s ;)
a; Sj Sj

qHn

ming minv(a;,s ;) +(1—a)maxv(a;,s ;)

Cli Sj Sj

[Tapametrp o - mokazHuk ontumizmy. Skmo o=0, kpurepii ['ypBius ctae
KOHCEpPBAaTUBHHUM, OCKUIbKM HOT0 3aCTOCYBaHHS E€KBIBaJEHTHO 3aCTOCYBAHHIO
3BUYAMHOTO MiHIMaKCHOTO KpuTepito. Akmo a=1, kpurepiit ['ypBirs crae 3aHaaTo
ONTUMICTUYHUM, 0O PO3paxoBye€ Ha HaMKpalll 3 HalKpamux ymMoB. MU MOXeMO
KOHKPETHU3YBaTH Mipy ONTUMI3MY (UM MECUMI3My) HaJeKHUM BUOOPOM BEIMYMHU
o 3 iHTepBaiy [0,1]. 3a BiICYTHOCTI SICKpaBO BUPAKEHOT CXMIJIBHOCTI 10 ONITUMI3MY
a60 mecuMmizmy BuOip a=0.5 mpeacTaBas€ThCA HAWOUIBIT PO3yMHUM.

Hpuxaan 1

Cnyx6a (KBIITaA) mnigmpuemMcTBa BHPIIIYe OpraHi3yBaTH HEOOXITHY
kubKicTh APM nanaguukiB PEA. Uucno T3A, 110 mijyisratoTb peMOHTY, Y MiCSIIb
BIAMOBIAHO 110 Tpadiky IMOTOYHOro peMoHTy Moxke Oytu 40, 60, 80, 100.
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Binxunenns y 0ik 3MeHIeHHsT a00 301bmeHHs KUTbKOCTI APM cipuduHSIOTH 32
co0010 T0IaTKOBI BUTPATH, 0OYMOBJICHI OYIIBHUIITBOM HaJMIpPHUX (HEBKUBAHUX)
APM abo BTpaTol0 MOXJIMBOCTI OTpUMATH MPUOYTOK y pas3l, KOJU MOTpeOU
nignpueMcrBa B copaBHUX T3A He 3amoBonibHSIOTHCS. Hexaih 3MiHHI a1-as
NPEICTaBIAIOT, MOXJIMBI KITbKOCTI APM (3 po3paxyHky Ha oOciyroByBaHHs 40,
60, 80 1 100 T3A B wmicsilib), a 3MiHHI S$1-S4 - BiAMoOBiAHE umcio T3A, mo
NOCTYIalTh B peMOHT. HacTynHa Tabnuils MIiCTUTh MaTpuilio BapTtocTei (y.0.) B
1M cUTyarlii.

St | 82 | §3 | 4
ar| 6 101825
a9 |7 |14|21
a3 20116 9 |24
as |30]125]20 |12

[TpoBenemo anai3 1i€i cuTyarlii, BAKOPUCTOBYIOYH OIKCaHI BUIIE KPUTEPIi.
Kpumepiiu Jlannaca

Ilpu 3apanux BiporigHoctsx P{s;)=1/n =0.25 ouikyBaHi 3HaYCHH:

BUTpPAT AJIS PI3HUX MOXKIIMBUX PIIICHb OOUUCTIOIOTHCA TAKUM YHHOM:

M{a;} =0.25*%(6+10+18+25) =14.75 y.o.
M{a,} =0.25%(9+7+14+21) =12.75 y.0. <« ontumym
M{as} =0.25%(20+16+9+24) =17.25 y.o.
M{as} =0.25%(30+25+20+12) =21.75 y.o.

Kpumepiit minimaxkcruii

[eit kpuTepiii BUKOPUCTOBYE MOYATKOBY MATPHULIIO BAPTOCTEM.

S1 | $2 | 83 | §4 | MakcuMyM psJIKiB
ar| 6 [10]18]25 25
a9 |7 (14|21 21 <— MIHIMaKC
A3 20|16 9 |24 24
A4 30 (25(20 |12 30

Kpumepii Creuosca
Matpunis BTpaT B J[JaHOMY BHUMAJAKy BHU3HAYA€THCA 3a JOIOMOTOIO

BIJIHIMaHHS €JEMEHTIB JllaroHaji IMOYaTKOBOI MAaTpHIll BapTOCTEH 3 €JIEMEHTIB
CTOBIIIIIB BiJI MEPIIOTO 0 YETBEPTOro BiAMOBIAHO. Toal
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S1 | $2 | 83 | sS4 | MakcUMyM psiIKIB
A0 | 319 |13 13
A |3 10| 51]9 9 «— MIHIMAaKC
az 1419 | 0 |12 14
as 2418 ]11] 0 24
Kpumepin I'ypeius

Pe3ynpTaTi 00YMCIIEHb MICTATHCS B HACTYIHIN TaOJIULII:

AnprepHatuBa | MiHiMyM psakiB | MakcuMyM psAAKIB | ou(MiHIMYM psiaka) +
(1 -o)( MakcuMyM psiiKa)
a 6 25 15.5
az 7 21 14.0
as 9 24 16.5
as 12 30 21.0

BuxopuctoByroun OakaHe 3HAUY€HHS O, MOYKHAa BHM3HAUYUTU ONTHUMAJIbHY
anbTepHaTuBy. [Ipn 0=0.5 onTUManbHOIO € abTEpHATHUBA Q2.
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3ABJIAHHSI HA CAMOCTIHHY POBOTY

3aBaanns 1. Bupimnits 3aBganHs 3 npukiany 1 (BUKOPUCTOBYIOUM KOKHUM 3
NPUBEACHUX KPUTEPIiB), MPUITYCKAIOUH, 110 JOX1J, MOB'SI3aHUMN 3 PILIEHHSM d;, 1
CTaHOM S;, IPEJICTABJICHUN HACTYMHOIO MaTPULIEIO

S1 | 82| 83| 84
ar| 6 |56 |12
a| 7 18 120]20
az| 9 101417
as | 1217 | 3 130

Ilpumimka. BinnmoBigHO 10 HOMEpa BapiaHTy (X) 1 ocTaHHBOI HUbpHU (V)
mudpy CTYJIEHTa, KOXXHE 3HA4YeHHs MaTpuIli NOpUOYTKIB  KOPUTYETHCA
BUYHCIICHHAM 3a popMyJIoro v(a;,s J-)-x+(x- »).

3apaanns 2. Oaun 3 6e3miui N BepcTariB Mae OyTH BUOpAHUH JJIT BUTOTOBJICHHS
QO omuHunp npoAykilii. MiHiManpbHa 1 MakcHMMalbHa moTpeda B MPOIYKINT
TOPiBHIOE Omin 1 Omax BiAMOBiAHO. BupoOHudi BuTpatn C; Ha BUTOTOBJICHHS ()
OJIMHUIIb TPOAYKINT Ha i-My BepcTaTi BKiIOYae (ikcoBaHi BUTpaTH K; 1 MUTOMI
BUTPATU ¢; HA BUPOOHMIITBO OJMHHMIN MPOAYKII, 1 BUPaXKAOThCA (HOPMYIIOI0
C; =K; +¢;Q. Bupimite 3aBAaHHS 3a JONOMOIOK0 KOXXHOIO 3 YOTHPbOX
KPUTEpIiiB yXBaJeHHs DIMICHHS B yMOBAaX HEBH3HAYCHOCTi, MPHUITYCKAIOYH, IO
Omin < O < Omax - [TouaTkoBI AaH1 NpUBeeH] B HACTYNHIN TaOIML1
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BAPIAHTU ITOYATKOBUX JAHUX (Temu 3, 4)

IMOYATKOBI1 J1aH1 JO 3aBIAaHHS 2

MNe Bapianty | BepcraT i | Ki, y.0. | Ciy ¥.0. | Omin | Omax | a

1 1 100 5 1000 | 3000 | 0.1
2 50 10
3 150 3
4 80 7

2 1 120 3 800 | 2000 ]0.2
2 80 8
3 160 7
4 40 10

3 1 150 17 300 |5000(0.3
2 90 20
3 170 21
4 50 14

4 1 300 23 11200 ]4700 | 0.4
2 200 15
3 50 5
4 190 9

5 1 60 9 450 2200 0.6
2 80 7
3 120 8
4 75 6

6 1 110 36 256 | 2048 10.7
2 33 48
3 177 14
4 99 21

7 1 41 3 1024 14112 0.8
2 75 5
3 114 8
4 57 2
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TEMM 5, 6. MEPEKEBI MOJIEJII.
AJITOpuUT™M MOOYA0BM MiHIMAJILHOTO OCTOBHOI0 /IepeBa; 3HAXOAKEHHSI
HAHKOPOTILIOT0 HLISIXY

AnroputM 1OOYJOBM MIHIMAIbHOTO OCTOBHOTO JiepeBa MPHUITyCKa€E
3'€lHaHHS yCIX BY3JIIB MEpeXl 3a JOMOMOTOI NUISXIB HalMEHINOi JIOBKHUHU.
TunoBuM 3aBAaHHSAM, JIS BHPINIEHHS SKOTO TOTPIOHUN TaKkUil alropuTM,
SIBJIIETbCSI CTBOPEHHS (MPOEKTYBAaHHS) MEPEX1 JOPIr 3 TBEPAUM MOKPUTTAM, IO
CIIOJIyYalOTh HAceJeHl IMYHKTH B CUIbCHKIM MICIIEBOCTI, Ji€ JOpPOTH, IO
CIOJIYYalOTh JIBa SIKI-HEOY/lb MyHKTH, MOXYTh MPOXOJUTH Yepe3 IHII HaceIeH1
nyHKTA. HaiOumblr eKOHOMIYHUW MPOEKT JOPOKHBOI CHCTEMH IOBHHEH
MIHIMI3yBaTH 3arajbHy JOBXHHY JOpIT 3 TBEPAUM IMOKPUTTSAM, TPHU ILHOMY
OaxaHWil PE3yJIbTaT MOKHA OTPUMATH 3a JIOMOMOTOI0 aJTOPUTMY MOOYI0BU
MIHIMAJIbHOTO OCTOBHOTO JIepeBa.

OmnumemMo mporeaypy BUKOHAHHS I[HOTO AITOPUTMY.

[Toznaunmo uepes N — {1, 2,..., n) 0e3/1i4 BY3JIiB MEPEkKi 1 BBEIEMO HOBI
no3HayeHHs: C, — Oe37i4 BY3JB MEpeXi, CIOIYYEHUX aJTOPUTMOM IiCIs
BUKOHAHHS k-i iTepariii mporo ajroputMmy; C. — 0314 BY3JiB Mepexi, He
CHOJIyYEHUX 3 BYy3JaMU MHOXHUHM C, MICJIsl BUKOHAaHHA k-01 iTepallli LbOTo
AITOPUTMY .

Eram 0.  Hexait C,=J1i Co = N.

Etan 1. Bubupaemo Oyab-sikuii By30s1 [ 3 MHOXUHU C, 1 BU3HAYAEMO
C, ={i}, Toni C: = N -{i} . BBaxkxaemo k = 2.

OcHoBHuii etan k. Y MHOXUHI C, BHOMPAEMO BY30JI j, SIKHW CHOTyYEHUH
HaWKOPOTIIOW Jyrol 3 SKUM-HEOyAb By3JIoM 3 MHOXuUHM C,,. Byzon j

NPUETHYETHCS 10 MHOXKHHHA C, | 1 BUJAISETHCS 3 MHOXKHHU Cii. TaKUM YHHOM,
C,=C, t{j}, Ci=Cii-{j}.

SIkmo MHOXHMHA C, TOPOXKHS, TO BHKOHAHHS alTOPUTMY 3aKiHUYEThCS.
[Hakme BBaxkaeMo k=k+1 1 TOBTOPIOEMO OCTaHHIH eTarl.

HMpuxaan 1

TenesiziiiHa KOMMaHis TUTAHY€E MIIKJIIOYEHHS 10 CBO€i KaOeIbHOI Mepexi
n'aTu HOBHMX paioHiB. Ha puc. 1 mokazaHa cTpykTypa IIJTaHOBAaHOI MEpexi 1
BiJIcTaHi (y KM) MK pailoHaMH 1 TeJereHTpoM. HeoOxiaHO cruianyBaTu HalOIbII
C€KOHOMIUHY KaOeJIbHY MEPEKY.
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Puc. 1 — CtpykTypa maHoBaHOI Mepexi

[Ilo6 mouyaTu BUKOHAHHS aJTOPUTMY MOOYTOBU MIHIMAJIBLHOTO OCTOBHOTO
nepesa, BuOepemo By30a 1 (um Oyap-sxui 1HmmME Byson). Tomi Cp={l} 1
C1 ={2,3,4,5,6}.

[TocmimoBHi iTepallii BUKOHAHHSA AaJTOPUTMY TMpEACTaBICHI Ha pHC. 2.

TyT TOHKMMHM JNiHISIMH TOKa3aHi pebpa, [0 CHOMy4YaloTh BY3JH, SIKI HaJeXaTb
MHOXHHaM C, i Ci, cepel SAKHUX IHIYKaeEMO peOpo 3 MIHIMAIBLHOK BapTICTIO

(3aBmoBxku). Ile 3HailimeHe peOpo mMokazaHe MYHKTHUPHOK JiHIE€W. ToBCTUMU
CYLUTFHUMHU JIHISIMU TIO3HaU€H1 pedpa, 1110 CIOTy4YaroTh By3JIU MHOXKUHU C, (1 SIK1

paHillie Mo3HAYaAIUCS MYHKTUPHUMHU JIIHISIMH).

Irepamis 1 ITeparis 2

Puc. 2 — TlocnioBHi iTepariii BUKOHAHHS aJTOPUTMY
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ITepariis 4

: ®
AnbTepHaTHBHI
pebpa

ITeparist 5 ITeparist 6
Puc. 2 — IlponoBxkeHHs (MOCIIIOBH] 1Tepallii BUKOHAHHS aJrOPUTMY)

Hanpuxknan, wa nmepmiii itepamii pedbpo (1, 2) Mae HalMeHIIy BapTiCTh
(ToOTO HaliMeHIa BICTaHb MK ITyHKTaMHU MEPEX1) cepel ycixX iHmmX pedep, 1o
CIOTy4YaroTh By30Jd 1 3 By3laMu MHOXHHH Ci, (BIIMITHMO, 110 BY30J1 6 HE Mae
pedpa, mo 6e3nocepeHbo cnonydae oro 3 BysiaoM 1). Tomy j =21 Cp ={1,2},

C2 ={3,4,5,6}.
PimenHst y BUIIAAI MiHIMaJIbHOIO OCTOBHOTO J€peBa OTpHUMaHE Ha 6-id

iTeparii (puc. 2). MiniManpHa  JOBXMHA Kabemo s TOOYyJAOBH  Takoi
mepexi piBHa 1+3+4+3+5 =16 km.

3ABJAHHSI HA CAMOCTIAHY POBOTY

3aBaanns 1. Bupimits 3aBganHs 3 npukiaay 1, mounHarouu 3 By3ina S.

3aBaanusa 2. 3HaiAITh MiHIMAJIbHE OCTOBHOE JIEPEBO JUIS MEpEeki 3 mpukiamy 1
IIPU BUKOHAHHI KOJKHOT'O 3 HACTYITHUX YMOB OKPEMO.

a) Bysnu 516 no's3aHi 2-kM kabenem.

0) By3nu 2 1 5 He nmoB's3aHi.

B) By3nu 2 1 6 noB's3ani 4-kMm kabenem.

r) Bysnu 1 12 nos's3ani kabeaem 3aBIOBXKHU 8 KM.
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n) Bysmu 3 15 noB's3ani kabeneM 3aBIOBKKH 2 KM.
e) Bysoux 2 He noB's3anuii 6e3mocepeHBO 3 By3aMu 3 1 5.

gaBI[aHHSI JHAXO0IKCHHHA HﬁﬁKOpOTHIOI‘O HJISAXY

Lle 3aBnaHHs nossrae y BU3HAYEHH1 B TPAHCIIOPTHIN MEpeki HAKOPOTIIOTO
HUIAXY MK 33JJaHUMU TTIOYaTKOBUM ITYHKTOM 1 MyHKTOM MPU3HAYEHHS.

Anroputm ®mnoiiga 103BOJSE 3HAXOAUTH HAWKOPOTIINI HUIAXU MIXK OyIb-
SKUMHU JIBOMa BY3JIaMH Mepexi. Y LbOMYy aJlfOPUTMI Mepexka MpeJcTaBieHa Y
BUTJISIII KBAJIPATHOT MATPHIIL 3 7 psAAKaMu 1 n croBrnmsaMu. EneMenr (i, j) mopiBHIOE
BIJICTaH1 dj; BiJl By3J1a i JI0 BYy3Ja j, sSIKe Ma€ KIHIIEBE 3HAYEHHS, AKIIO iICHye ayra (i,
j), 1 TOpPIBHIOE HECKIHYEHHOCTI 1HAKIIIE.

Hexaii € Tpu By3nu i, j Ta k Ta 3amaHi BiacTtaHi MK HuMU (puc. 3). Skmio
BUKOHYETHCS HEPIBHICTh djjtdji<di, T€ NOLUIBHO 3aMIHUTH HUIAX I—>k HOUISIXOM
i—j—k. Taka 3amiHa (TPUKYTHUH ONEPATOP) BUKOHYETHCA CHUCTEMAaTUYHO B
IpoIeCci BUKOHAHHS allTOPUTMY.

Puc. 3

Anroputm @noiiia BUMarae BAKOHaHHS HACTYIHUX JIH:

Etan 0. Busnauaemo mowatkoBy MaTpuiio Bifactaneit Do 1 marpuirio
MOCIAOBHOCTI BY3/1iB So. JliaroHaJibHI €IeMEHTH 000X MaTpHIlb MO3HAYAIOTHCS
3HaKoM "-", SIKMIl MOKa3ye, 10 L1 €JIEMEHTH B OOYMCICHHSIX HE OEpyTh y4yacTb.
Baxkaemo k=1.

D, 1 2 ... J .. n
1 - dlZ dlj In
2 d21 - 2j 2n
1 dll di2 dl] din
7’l dnl an cee dnj cee -
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| - |2 Jj
2 | 1] - Jj
i 1|2 Jj n
n | 1|2 ]..0j .-

OcHoBHuil etan k. 3agaemMo psnok k 1 cToBHelb K SK TPOBITHUN PSAIOK 1
IMPOBITHAKM CTOBIEI. PoO3risgaeM0 MOXIHMBICTE 3aCTOCYBaHHS TPUKYTHOTO
orepaTopa JI0 yCiX eJIeMeHTIB dj; MaTpulli D, , SIKII0 BUKOHYETHCS HEPIBHICTh

dig +dp <dy,(#k,j#k,i#]),

T€ POOMMO HACTYIIHE:
a) CTBOPIOEMO MaTPHMLIO D, IUIAXOM 3aMiHM B MaTpHLl D, €IEMEHTY d; CyMOIO

d,td,,
0) CTBOPIOEMO MATPUIIIO S, , MIHSIIOYU B MaTPHIIl S, , €JIEMEHT s; Ha k. BBaxkaeMo

k=k+1 1 moBTOpPrOEMO €Tar k.
[TosicarMO J1ii, 110 BUKOHYIOTBCS HA A-My €Talli aJlfOPUTMY, IPEACTABUBIIN
MaTpUIi0 D, , TakK, sSK BOHA MOKa3aHa Ha puc. 4. Ha npoMy MalroHKY pSAAOK k i

CTOBIICIIb k € BenydyuMHU. Psiiok i — OyIb-aKuid psAgoK 3 HOMepoM Bia 1 10 k-1, a
PANIOK p — JOBUIBHUM PSAOK 3 HOMEPOM BiJl k+1 10 7. AHAJIOTIYHO CTOBIEIH j
npejAcTaBiisie OylIb-SIKUM CTOBIEIL 3 HOMepoM Bif 1 mo k-1, a cToBmeup g —
JOBUTHHUM CTOBIEIb 3 HOMEPOM Bif k+1 10 n. TpuKkyTHUI onepaTop BUKOHYETHCS
TaKUM YMHOM. SIKIO Cyma €JeMEHTIB BEAyYMX psJiKa 1 CTOBIIA (TOKa3aHUX B
KBaJpaTUKax) MEHIIE EJIEMEHTIB, 10 3HAXOMIThCA Ha MEPETHHI CTOBIIA 1 PsIaKa
(moka3aHi B KyXJISIX), IO BIAMOBIIAIOTh JaHUM BEIyYiM €JIeMEHTaM, TO BiJCTaHb
(emeMeHT B KyXJi) 3aMIHIOETBCS CYMOIO BIJCTaHEW, MPEICTaBICHUX BEAyYUMHU
CJIEMEHTaMH.

[Ticns peamizaliii # eramiB aaropuTMy BH3HAUCHHS MO MaTpUIAX D, 1 S,

HAaWKOPOTIIOTO MIISAXYy MDK By3JaMu I Ta j BHUKOHYETbCS 3a HACTYNHUMU
MpaBUJIAMMU:
1. Bigcrans MiXK By3/1aMH i Ta j TOPIBHIOE €JIEMEHTY d, y MaTpuil D, .

2. TlpomixH1 By3/4 NUISIXY BiJ By3Ja i J0 By3Jia j BU3HAYAEMO MO MATPHIIL S, .
Hexait Sij = k, Tonl Maemo muIX i— k— j. Sxmo pam s =k 1 Skj=J» TOI
BBAYKAEMO, 1110 YBECh IIISX BU3HAYEHUH, OCKIIBKU 3HANICHI yCi MPOMIXKHI BY3JIH.

[Hak1Ie MOBTOPIOEMO OMHKCaHy MPOIeAypYy AJIs IUISIXIB BiA By3Ja i 10 By3Ja k 1 Bl
By3JIa k 710 By3Ja j.

19



Benyuni

CroBnenp CroBnenp
. CTOBIIEIb
J k q
H t
t t
t t
t t
Psanok i
Benyunii
y qu
panok k
Psjiok p dpk""'—"’ .....
|
|
|
|

Puc. 4 — Ilpeacrasnenns matputi Dy

Hpuxaan 2

3HailieMo JUIsl MEpEeki, MOKa3aHoi Ha pUc. 5, HAMKOPOTIII HIISAXU MIXK Oy/Ib-
SKUMHU JIBOMa By3JlaMd. BijncraHi MK By3lamH 1i€i MepexXl MpPOCTaBJIE€HI Ha
MaJIOHKY Oins BiamoBinHUX pebep. Pebpo (3, 5) opieHTOBaHO, TOMY HeE
JIOMYCKA€ThCS pyX BIJ By3Ja 5 10 Bysna 3. Yci iHII pedpa J0MyCKalOTh PyX B
0OM/IB1 CTOPOHH.

Etan 0. [TouatkoBi maTtpuii D, 1 S, OyayroThcs 0e3mocepeIHRO 3a 3a1aHO0

CXeMow Mepexi. Marpuusg D, CUMETpPUYHA, 32 BUHATKOM MapH €JIEMEHTIB d,; 1

d, ne d,,= oo (OCKUTbKM HEMOXJIMBUM Mepexia BiJ By3ja 5 10 By3na 3).

Puc. 5 — [louarkoBa mepexa
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D, 1 2 3 4 5 So 1 2 3 45
1 3110 |00 | o I | -12]13]|4|5
2 3| -lo|5] 2 11]-1314]5
3 |10|0| - | 615 3 11]12|-141]5
4 |0 | 5] 6| -] 4 4 |1[12]|3]-15
5 | 0 || ® - S5111]12(3(4]-

Etam 1. ¥V Marpuni D, BUAUICH] Beaydl PsAJIOK 1 CTOBMEIb 3 HOMEepoM (k=1).
3aTeMHEHUMU TPEJCTaBICHI €NEMEHTH d,, 1 d,, €MHI cepe/l eIEMEHTIB MaTpHIll
D,, 3HAYCHHsI SIKUX MOJKHA TOJIMIIMTHA 32 JOMOMOTOI TPUKYTHOTO OTepaTopa.
Tak, mo0 Ha OCHOBI MaTpuilb D, 1 S, OTpUMATH MATpPUIll D, 1 S,, BUKOHYEMO

HACTYTHI 1ii.

1. 3amiHtoeMo d,, Ha d,, + d,; =3 + 10 =13 1 BcTaHOBIIIOEMO s,, = 1.

2. 3aMiHIOEMO d,, Ha d,, + d, = 10+ 3 = 13 1 BcTaHOBMIOEMO s,, = 1. MaTpuii D,

1 S, MalOTh HACTYITHUWA BUTJISI.

D1 2 3 4 5 S 1 2 3 4 5
1 3 110|o]| 1 |-12]1314]|5
2 13 - |13 |5 | o 211|-1114]5
3 (10|13 ] - | 615 3|1 |1|-14/|5
4 || 5|6 |-|4 4 1112 - 15
5] o | - 51112134/ -

Etan 2. Baxxaemo k = 2; y maTpuii D,, BUAUIEHI BeAy4l PAJOK 1 CTOBIELIb.
TpukyTHUI onepaTop 3aCTOCOBYETHCS A0 €IEMEHTIB MaTpullb D, 1 S|, BUIUIEHUM
3aTiHIOBaHHIM. B pe3ynbrari oTpuMmyeMo matpuiii D, 1 S, .

D, 1 2 3 4 5 S, 1 2 3 4 5
1 -1 3110 (8| o 1 | -12]13]2]|5
2 3 - 113 |5] o 2 11|-1114]5
3 [1013] - |6]15 3 /1|1 |-14]|5
4 8 | 5|16 |- 4 4 (2|2 -5
5 | 0o | ® 4| - 51112134/ -

Etan 3. BBaxkaemo k = 3; y marpuui D, BUAUIEH] Bely4dl PSAOK 1 CTOBIELb.
TpukyTHUIl onepaTrop 3aCTOCOBYETHCS 10 3aTEMHEHHUX €JIEMEHTIB MaTpullb D, 1

S, . B pesynbprari orpuMyeMo Matpuii D, 1 S, .
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Dy |1 2 3 4 5 Ss 1 2 3 4 5
1 - | 3 110825 I [ -12]3]2]3
2 |3 | - 113528 2 (1]-11]14]3
3 1013 ] - |6]15 3| 1[1]-14]|5
4 16|56 -4 4 12]2]3]-]5
5 4 - 5111234 -

Etan 4. BBaxxaemo k = 4, Beyui psSIoK 1 CTOBIEIs B MAaTpULll D, BUIUIEHI.
OTpumyeMo HOBI MaTpuili D, 1 S, .

b, 1 2 3 4 35 S 1 2 3 4 5
1 - 13 ]108]12 I | -1213]2|4
2 13 ] -[11]5]9 2 [1]-14]4]4
3 (10 11] - 1610 3 1114]-14]|4
4 |8 15|16 |-]4 4 |212]3|-]5
5 11219 104 - 51414144 -

Etan 5. BBaxaemo k = 5, Benydi psiioK 1 CTOBIELb B MAaTPHIll D, BUIUICHI.
Hisikux mif Ha IbOMY eTarr He BUKOHYEMO; O0YMCIICHHS 3aKIHYCHI.

KinnesBt marpumi D, 1 S, MICTATh yCIO 1H(pOpPMAILIIO, HEOOXITHY IS
BU3HAYCHHS HAWKOPOTIIMX MUIAXIB MK OyIb-SKUMHU JIBOMa BYy3JIaMU MEPEXKI.
Hanpuknana, HafikopoTiia BiicTaHb MK By3iamMu 1 1 5 nopiHtoe d,, =12.

JUis BU3HAYEHHS BIANOBIIHUX MApUIPYTIB HArajaeMo, 010 CErMEHT
MapupyTy (i,j) CKIagaeTses 3 pedpa (i,/) TUIBKH TO.I, KoMK s;; = j . IHaKuIe Bysmu
i 1] NoB's13aH1, MIPUHANMHI, Yepe3 OJIMH MPOMDKHUI By30Jl. Hampukiaza, ocKuIbKu
S15=41 545 = 5, CIOYATKy HAMKOPOTIIMH MapHIpyT MK By3namu 1 1 5 maTume
Burisag 1— 4— 5. Ane ockuibku s14 # 4, By3au 1 14 y BU3HauyBaHOMY LIIJISIXY HE
MOB'sI3aH1 OJTHUM peOpoMm (ajie B MOYaTKOBIM MepeKi BOHU MOXKYTh OYTH TOB's3aH1
6e3nocepeubo). Jani ciii BU3HAYUTH MPOMIDKHUN BY30J (BY3JIM) MK MEPIIUM 1
YEeTBEPTUM By3JlaMU. MaeMo S14 =2 1 Soq = 4, TOMy MapupyT 1— 4 3aMiHIOEMO
1-> 2— 4. Ockutbku syp = 2 1 Sp4 = 4, IHIIUX IPOMDKHHUX BY3/IB HEMAE.

Kom0iHytoun TmeBHI CETMEHTH MapuIpyTy, OCTaTOYHO OTPUMYEMO HACTYIHUN
HalKOpOTIIMU nUIsIX BiA By3na 1 go Bysna 5: 1— 2— 4— 5. JloBxkuHaA 1HOTO
NUISIXY JOPIBHIOE 12 KM.
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3ABJJAHHS HA CAMOCTIMHY POBOTY

3apnannsa 3. 3HaWAITP MIHIMajdbHE OCTOBHE JEpPEBO JJIi MEPEXi, MaTpulsd
CUHIUIEHIUI K01 BIIMOB1AAa€ HOMEPY BapiaHTYy.

3aBnanns 4. 3acrocyere anroput™m dDroiina 10 Mepexi, MATPUL «IHIIAACHITIN
AKIA BiJMOBiAae HoMepy BapianTy. OmHe a0o Jekiabka pedep MoKHa 3pOOUTH
OpieHTOBAaHMMHM (HEOOOB'I3KOBO). Bu3HauTe HAWKOpOTII HUISXHM MDK Tapamu
BY3JIIB: 1) MepIIuM 1 OCTaHHIM; 2) APYTUM 1 ITepeIOCTaHHIM.

Ilpumimka. BiacyTHICTH HUISIXY B OJHOTO By3ia Tpada a0 1HIIOTO By3ja
Mo3HAYaeThesl 3HaKOM "~" (xBwist). SAkimo peOpo € OpieHTOBaHUM, TO 3 OJIHOTO
OOKy MaTpulll CTOITh NOBXKHHA LUISIXY, a 3 1HIIOTO CUMETPUYHOTO OOKY CTOITh
XBUJIS.
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BAPIAHTU ITOYATKOBUX JAHUX (Temu S, 6)

24
24
15

13

19
20

120

12

18
17
19

15

19

18

20

11

ITouaTkoBi gaHi 10 3aBAaHb 3, 4

| #8 | #15 |
6 11 9 ~ - 21 14 16 8 12 - 17 12 17 10 13
24 24 15 ~ 21 - 2 2 18 20 17 - 5 9 2 9
- 022 23 1114 2 - 6 17 612 5 - 11 3 4
2 - 21 16 16 2 6 - 8 4 17 9 11 - ~ ~
23 21 - 15 8 18 17 8 - 19 10 2 3 ~ - 19
11 16 15 - |12 20 6 4 19 -/13 9 4 ~ 19 -
#9 #16
20 20 20 ~ - 23 ~ 20 23 3 - 22 8 8 17 ~
19 20 6 20 23 - 16 4 ~ 13 22 - 12 15 9 4
- 10 ~ 13 ~ 16 - 11 ~ 16 8 12 - 11 18 20
100 - 23 3,20 4 11 - 3 6.8 15 11 - 6 11
~ 23 - 15 23 ~ ~ 3 - 6 17 9 18 6 - 2
13 3 15 - 3 1316 6 6 - ~ 4 20 11 2 -
#10 #17
4 11 15 2 - 9 12 ~ 18 ~ - 6 22 ~ 11 4
18 17 19 15 9 - 15 24 9 2 6 - 18 15 5 3
- 16 10 20| 12 15 - 22 ~ 22|22 18 - 10 17 22|
16 - 15 16 ~ 24 22 - 19 23 ~ 15 10 - 16 19
10 15 - 24 18 9 ~ 19 - ~ 11 5 17 16 - 16
20 16 24 - | ~ 2 22 23 ~ - 4 3 22 19 16 -
#11 #18
2 5 2 14 - 4 12 20 ~ 14 - ~ 2015 6 12
18 ~ 20 11 4 - 7 4 8 17 ~ - 13 18 5 21
- 2 23 ~ 12 7 - ~ 19 21 20 13 - 9 4 8
2 - 14 23/20 4 ~ - 3 19|15 18 9 - 3 2|
23 14 - 15 ~ 8 19 3 - ~ 6 5 4 3 - 6
~ 23 15 - 14 17 21 19 ~ - 12 21 8 2 6 -
| #12 | #19 |
24 13 15 24 - 14 4 5 ~ - ~ 13 17 6 18
~ 22 2 2 ~ - 3 1217 2 ~ - ~ 9 18 16
- 23 ~ 21|14 3 - 15 17 18|13 ~ - 19 16 10
23 - 9 24 4 12 15 - 13 12 17 9 19 - 19 14
~ 9 - 22 5 17 17 13 - 11 6 18 16 19 - 12
21 24 22 - ~ 2 18 12 11 - 18 16 10 14 12 -
#13 #20
21 20 ~ 16 - 4 20 ~ 13 ~ - ~ 6 ~ 21 14
2 6 3 15 4 - 4 8 14 8 ~ - 5 10 2 2
- 13 5 ~ 20 4 - 8 2 8 6 5 - 2 71 ~
13 - ~ 21, ~ 8 8 - 11 19/ ~ 10 2 - 19 2
5 ~ - 5 13 14 22 11 - 11 21 2 7 19 - 20
~ 21 5 - ~ 8 8 19 11 - 14 2 ~ 2 20 -
| #14 _
15 ~ ~ ~ - 15 11 15 2 ~
~ 17 5 3 15 - 11 ~ ~ 24
- 11 4 14|11 11 - 20 21 20|
11 - ~ 19 15 ~ 20 - 16 8
4 ~ - 21 2 ~ 21 16 - 5
14 19 21 - ~ 24 20 8 5 -
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BAPIAHTU ITOYATKOBUX JAHUX (Temu S, 6)

ITouaTkoBi gaHi 10 3aBAaHb 3, 4

#21 - #28 #35
8§ 17 11 4 8| - 15 17 17 20 4| - 2 14 12 5

8 - 4 17 5 21 15 - ~ 19 23 13 2 - ~ 18 5 ~
17 4 - 18 18 18 17 ~ - 22 12 14 14 ~ - 12 14 2
11 17 18 - 8 16,17 19 22 - 13 7 /12 18 12 - 9 9
4 5 18 8 - 12 20 23 12 13 - 9 5 5 14 9 - 10
-8 21 18 16 12 - 4 13 14 7 9 - 23 ~ 2 9 10 -
| #22 | #29 | #36 _
- 12 17 18 ~ 23 - 21 ~ 22 24 ~ - ~ 16 21 14 18
12 - 20 3 ~ 1721 - 8 10 13 16 ~ - 2 ~ 9 7
17 20 - 24 ~ 12 ~ 8 - 15 9 10 16 2 - 4 2 5
18 3 24 - 20 8 22 10 15 - 14 ~ 21 ~ 4 - 5 4
~ ~ ~ 20 - 23 24 13 9 14 - 5 14 9 2 5 - ~
23 17 12 8 23 - ~ 16 10 ~ 5 - 18 7 5 4 ~ -
#23 #30 - #37

- 19 8 22 19 7 - 18 22 24 24 13 - 12 19 ~ 5 18
19 - 14 5 7 ~ 18 - 10 2 10 7 12 - 15 5 ~ 7
-8 14 - 8 14 ~ 22 10 - 13 4 15 19 15 - 21 24 4
|22 5 8 - ~ 8|24 2 13 - 9 2|~ 5 21 - 8 8]
19 7 14 ~ - 19 24 10 4 9 - 5 5 ~ 24 8 - ~
7 ~ ~ 8 19 - 13 7 15 2 5 - 18 7 4 8 ~ -
| #24 | #31 | #38 |
- ~ 6 5 213 - 19 3 12 11 23 - 12 16 ~ 4 9
~ - 6 22 3 24 19 - 5 19 16 23 12 - ~ 18 22 3
6 6 - 2 14 14 3 5 - 2323 ~ 16 ~ - 4 13 8
5 2 2 - 2 ~ 12 19 23 - 13 7 ~ 18 4 - 17 23
2 3 14 2 - 2 11 16 23 13 - ~ 4 22 13 17 - 6
13 24 14 ~ 2 - 23 23 ~ 7 ~ - 9 3 8 23 6 -
- #25 - #32 #39
| - 19 ~ 7 ~ 17| - 7 7 24 23 15| - 23 18 14 11 18|
19 - 7 12 23 2 7 - 8 23 22 24 23 - 11 24 20 9
~ 7 - 13 ~ ~ 7 8 - 1319 8 18 11 - ~ 19 10
7 12 13 - 22 14124 23 13 - ~ 314 24 ~ - 11 22
~ 23 ~ 22 - ~ 23 22 19 ~ - 7 11 20 19 11 - 20
17 2 ~ 14 ~ - 15 24 8§ 3 7 - 18 9 10 22 20 -
| #26 | #33 | #40 _
- 6 9 ~ 2219 - 10 8 5 5 ~ - 9 4 ~ 21 16
6 - 4 23 ~ 20 10 - 18 21 24 3 9 - 9 15 17 4
9 4 - ~ ~ 138 18 - 15 ~ 4 4 9 - 23 ~ 18
-~ 23 ~ - ~ 11 5 21 15 - 18 12 ~ 15 23 - 9 ~
2 ~ ~ ~ - ~ 5 24 ~ 18 - 23 21 17 ~ 9 - 23
19 20 13 11 ~ - ~ 3 4 12 23 - 16 4 18 ~ 23 -
#27 - #34 _

- 19 23 11 2 14, - 14 ~ 14 15 14
19 - 3 24 7 24 14 - 11 18 20 17
23 3 - 20 22 13~ 11 - ~ ~ 8
| 11 24 20 - 5 11|14 18 ~ - 11 11|

2 7 22 5 - 21 15 20 ~ 11 - 2

14 24 13 11 21 - 14 17 8 11 2 -
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TEMMU 7, 8. IAETEPMIHOBAHI MOJIEJII TMHAMIYHOI'O
INPOI'PAMYBAHHA

Hunamiune nporpamyBannd (1) BU3Hauae onTumanbHe PilIEHHS 7-MIPHOI
3a/1aul OUITXOM 11 JIGKOMIIO3WIlI Ha 7 €TamiB, KOXEH 3 SKUX TNIPeACTaBsie
nij3aaa4y BIAHOCHO OfHI€T 3MiHHOI. OOUHCIIOBaIbHA TepeBara Takoro IMiJIXOdy
MoJIsITa€ B TOMY, III0 MU 3aliMaeMOCs PIIICHHSM OJHOBHUMIPHUX ONTHMI3aIliHHUX
mij3a7a4 3aMicTh BEIUKOI n-MmipHOI 3aaadi. dyHaameHTanbHUM npuHmunom JI1,
10 CTAHOBUTH OCHOBY JICKOMITIO3HMIIIT 3a7a4l, € ONTUMAJIbHICTh. OCKIJIBKH IPUPOIa
KO)KHOT'O €TaIy PillleHHs 3aJeKUTh B1JI KOHKPETHOT'O ONTHUMI3aIlliifHOTO 3aBIAaHHs,
NIl He mpomoHye OOYMCIIOBAILHUX AJTOPUTMIB O€3MOCEPEHBO I KOKHOTO
erary. OOUHCITIOBAIbHI ACTIEKTH PIIICHHS ONTUMIZAIIMHUX 11133724 Ha KOKHOMY
eTarli MPOEKTYIOTHCS 1 Peai3yl0ThCs OKPEMO.

OGuncnenns B JIII BUKOHYIOTBCS PEKypEeHTHO B TOMY CEHCI, IO
ONTHMAaJbHE PIIICHHSA OJHIET Mi/i3a/1a4l BUKOPUCTOBYETHCS B SKOCTI MOYATKOBHUX
JaHUX 71 HACTymHOi. BupimmBmIM OCTaHHIO TiA3aJady, MH OTPHUMAEMO
ONTHMalIbHE PIIIEHHS MMOYaTKoBOI 3adadi. (Crnoci0 BUKOHAHHA PEKYPEHTHHX
OOUYHCIICHb 3aJIEKUTh BIJI TOTO, SIK MPOBOJUTHCS JCKOMIIO3UIlISI TTOYATKOBOIO
3aBJaHHs. 30Kpema, IMija3ajadl 3a3BUYail TMOB'3aHI MK COOOK JEIKUMHU
3araJIbHUMU OOMEXKEHHSIMHU. SIKIO 3M1MCHIOEThCS MEepeXiJl BiJ OJHIET Mia3aaadl 10
1HIII01, TO MIOBUHH1 BPaXOBYBATHUCS 111 OOMEKEHHS.

PexypeHTHUH aJropuT™M NPSAMOro MPoOroHy

Hpuxaan 1

[Ipumyctumo, HeoOXiAHO BUOpaTH HAWUKOPOTIIMKA HUIAX MK JBOMaA
mictamu. Mepexa nopir, moka3zaHa Ha puc. 1, mpeacTaBisie MOXKIMBI MapIIpyTH
MIDXK TIOYaTKOBHM MICTOM, ITI0 3HAXOAUTHCS Y BY3Ii 1, 1 KIHIIEBUM ITyHKTOM, SIKAA
3HAXOAMTHCH Y By3J1l 7. MapuipyTu nNpoXoAsaTh yepe3 MPOMIKHI MiCTa, MO3HAYEH1
Ha MEPEX1 By3JIaMH 3 HoMepaMu 2-6.

Puc. 1 — ITouatkoBa Mepexa

Mu MokeMO BUPIIIMTH II€ 3aBJIaHHS 32 JOTIOMOT'OI0 TTIOBHOTO TIEpebopy ycix
MapumipyTiB Mik By3namu 1 1 7 (e m'sTh Takux mapuipyTiB). Ilpore y Benmkin
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MepeKi TOBHHM nepedip € Hee(heKTUBHUM 3 OOUHCITIOBAIBLHOI TOUKH 30DY.

[Ilo6 BupimmTH II€ 3aBAaHHS 3a JOMOMOTOI0 METOJIB JHUHAMIYHOTO
IpOrpaMyBaHHs, CIIOYATKy PO3AUIMMO ii Ha eranu. BepTukanbHi TyHKTUPHI JiHIT
Ha pucC. 2 OOKPECIIOIOTh TPH €Talu 3aBJaHHsl. J[ali BUKOHYIOThCS OOUMCICHHS ISt
KOXHOTO €Tary OKPEMO.

N

7
(2)

é : f

§ 12
5
: : 9 (21
(D

17

Puc. 2 — Eranu 3aBnanus

3araibHe 3aBAaHHSA TIOJIATa€ B OOYHMCICHHI HAWMKOPOTIIHMX (ITOCTYIIOBO
HAKOIMWYYBaHUX) BIJICTaHEW JI0 yCIX BEPIIUH €Taly 3 HACTyITHUM BUKOPUCTAHHSIM
IIUX B1JICTaHEW B SIKOCTI MOYATKOBUX JIAHUX JIJISl HACTYMHOTO eTtamy. Po3risgatoun
BY3JIH, 1110 BITHOCSATHCSA JI0 MEPIIOTO €Tary, TOMI4aeMO, 10 KOXKEH 3 By3JiB 2, 3 14
NOB'SI3aHUI 3 NOYAaTKOBUM BY3JI0M | ennHOI0 ayroro (puc. 2). OTxe, 11 NepIIoro
eTary MaeMO HacTYyITHE.

Etan 1. [lincymMKoBI pe3ynbTaTH.

HaiikopoTmmii nuisix 3 By3na 1 10 By3Jia 2 TOpiBHIOE 7 KM.
HalikopoTimmii nuisix 3 By3na 1 10 By3na 3 1OpiBHIOE 8 KM.
HaiikopoTmmii msix 3 By3na 1 10 By3ia 4 1OpIBHIOE 5 KM.

Jlami mepexoauMo A0 APYroro eTamy s OOYMCICHHS HaWKOPOTIINX
(HAaKOMMYEHMX) BIACTaHEH 70 BY3JiB 5 1 6. Po3rmsimaroun By307 5 mepuium, 3 puc.
2 MOMIYa€EMO, IO € TPYU MOXKIIMBI MAapUIPYTH, MO SKUX MOXKHA JOCSTTH By3Jla 5, a
came (2, 5), (3,5) 1 (4, 5). s indbopmartis pazoM 3 HAHKOPOTIITUMHU BiJICTAHAMHU 0
BY3JiB 2, 3, 1 4 BU3HaUYa€ HAWKOPOTITYy (HAKOMHUYEHY) BIJICTaHb /IO By3/a 5 TaKUM
YUHOM.

= min
i=2,3,4

(Haf/iKOPOTH_Ia j

Haiikoropma Bingcrass Bix
+
B1JICTaHb JI0 By3Jia 5

B1JICTaHb JI0 By3JIa i BYy3J1a i 0 By3Jsa 5
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7+12=19
=miny8+8=16 ;=12 (3 By3na4).
5+7=12

AHanoriyHo 715 By3jia 6 Ma€EMO HACTYIIHE.

(HaﬁKOPOTI_Ha j (HaﬁKopOTma j (BiILCTaHB BIJI j
+

= min =
BIJICTaHb 710 By371a 6 ) =34 |\ BIACTaHb /10 By3Ja i By3J1a i 10 By3Ja 6
C|18+9=17
= min =17 (3 By3na 3).
5+13=18

Eram 2. ITincymMKoBi pe3yibTaTH.

HaiikopoTmuii misix 3 By3na 4 10 By3Jia 5 10piBHIOE 12 KM.
HaiikopoTtmuii nuisix 3 By3na 3 10 By3Ja 6 n1opiBHIOE 17 KM.

OctanHiM KpokoM € TpeTii eram. KiHieBuil By30J 7 MOXHa JIOCSTTH 5K 3
By371a 5, Tak 1 6. BUKOpHCTOBYIOYH MiZICYMKOBI pe3yJbTaTh eTamy 2 1 BiICTaH1 BiJ
BY3JiB 5 1 6 10 By37a 7, OTpPUMY€EMO HACTYyIIHE.

=21 (3 By31a 5).

HaitkopoTina o |112+9=21
= min
BIJICTaHb J10 By3Ja 7 174+6=23

Eran 3. [limcymMKoBi pe3ynbTaTH.

HalikopoTmuii nuisix 10 By3na 7 10piBHIOE 21 kM (3 By3na 5).

[IpuBeneHi oOYMCIEHHS MOKa3yloTh, IO HAWKOPOTIIA BIACTAaHb MIXK
By3namu 1 1 7 popiBHioe 21 kM. Micra, yepe3 siki NPOXOJUTh HAWKOPOTILUN
MapLIpyT, BU3HAYAIOThCSI TAaKUM YMHOM. 3 MIJACYMKOBHUX pe3yJbTaTiB TPETHOIO
eTaly BHMXOJWTh, L0 BY30J 7 3B'sI3yeTbcsl 3 By3soM 5. Jlami 3 MHiJCYMKOBHX
pe3yJIbTaTIB JPYroro €ramy BUXOAUTb, IO BY301 4 3B'SA3y€TbCS 3 BY3JIOM 5.
Hapemri, 3 miIcyMKOBUX pE3yJIbTaTIB IMEPIIOTO €Taly BUXOJIWUTH, IO BY30J1 4
3B'SI3y€ThbCs 3 By3noM 1. OTxe, ONTUMAaIbHUM MapHIPyTOM € MOCTIAOBHICTH 1—>

4—5->7.
dopmaJiizanis pekyppeTrHoro ooumncaenns JIIT

Hexait f;(x;) — HaliKopoTIlIa BIACTaHb [0 By3Ja X; Ha erami i, d(x;_1,X;)
— BIACTaHb BiA By3/la X;_| A0 By3la Xx;. Toal f; OOUMCIIIOETBCS Ha OCHOBI
3HA4YeHb f;_| 3a JONOMOT'OI0 HACTYITHOTO PEKYPEHTHOTO PiBHSHHS.
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Ji(x;)= min {d(xi—1,%) + fi-1(xi—D}, i=123

BCI IPUITYCTUMI
(x;_1,x; ) MapuIpyTH

ITpu =1 BBaxaeMo f(xp)=0. Lle piBHAHHA NOKa3ye, 110 HAHKOPOTIII
BiZicTaHl f;(X;) Ha erami i MaloThb OyTH BHUpa)keH1 sIK (YHKILI{ HACTYIHOTO By3Jja
x;. Y TEpMIHOJIOTIT JUHAMIYHOTO IIPOTPaMyBaHHS X, IMEHY€TbCS CTAHOM CHCTEMHU
Ha eTari i.

Hacnpapai cran cucremu Ha erami i — 11e 1iHGOpMaIlis, 0 3B'3y€ eTanu
MK CO00I0, MpU I[bOMY ONTHUMAaJbHI PIMICHHS ISl €TamiB, M0 3aJHIIUAIUCS,
MOXXYTbh TIpHMaTHCsl 0€3 MOBTOPHOI MEPEBIPKU TOTO, AK OyJIM OTpUMAaHI PIIICHHS
Ha TMOMEepe/HIX eranax. Take BU3HAUEHHS CTaHy CUCTEMH JI03BOJISIE PO3IJISAATH
KOXEH €Tal OKPEMO 1 TapaHTye, IO PIIIEHHS € JOIMYCTUMUM Ha KOXKHOMY €Tarll.

BusHauenHsi cTaHy CHUCTEMH NPU3BOIUTH A0 HACTYMHOTO YHI1()IKOBAHOTO
MIOJIOKEHHSI.

[IpuHuun ontuManeHOCTl. Ha KOXHOMY erTami onTHMallbHa CTpaTeris
BHU3HAYAETHCS HE3AJIEKHO BIJl CTPATETr1id, BUKOPUCTAHUX Ha MOIMEPEAHIX eTarax.

3acTocyBaHHS MPUHIIUITY ONTUMAIBHOCTI IEMOHCTPYETHCS OOUNCICHHIMH 3
npukiany 1. Hanpuxman, Ha etam 3 MU BUKOPHCTOBYEMO HAMKOPOTIII NUISXU 10
BY3JIB 5 1 6 1 HE IKABUMOCS, SIK 111 BY3JIM OyJIM IOCATHYTI 3 By37a 1.

PexypeHTHHII a1TrOPUTM 3BOPOTHOIO NPOTOHY

VY npuxnani 1 oGYHCICHHS MPOBOAMIKCS MOCTIAOBHO BiJl MEPIIOTO €TaIy
0 TpeThoro. Taka MOCIIIOBHICTH OOYHCICHb BiJIOMa K aJITOPUTM MPSMOTO
nporony. Lleil xe npukiag Moxe OyTHM BHUPIIIEHUN 32 JONOMOTOI AJITOPUTMY
3BOPOTHOTO TMPOTOHY, BIJAMOBITHO 1O SKOTO OOYHCICHHS TPOBOASTHCS BiJl
TPETHOTO eTamy M0 MEPIIOTO.

AJTOPUTMH MPSMOTO 1 3BOPOTHOTO MPOTOHY MPU3BOASTH IO OJAHOTO 1 TOTO
XK pimeHHs. He3Baxkaroum Ha Te IO QJITOPUTM TOPSIMOTO  MPOTOHY
NPEACTABISETHCSA JIOTIYHIIIMM, B CHELlajdbHIA JiTeparypl, npucsueHiid JI1,
HE3MIHHO BHKOPHCTOBYETHCS aTOPUTM 3BOPOTHOTO mporoHy. [IpuumHa 1mporo B
TOMY, 110 B 3arajbHOMY BHUMAJKy aJTOPUTM 3BOPOTHOTO MPOTOHY MOXKE OyTH
epeKTUBHIIIUM 3  OOYHMCITIOBAIbHOI  TOYku  30py. [IpoaemoHCTpyeMO
BUKOPUCTAHHS aJTOPUTMY 3BOPOTHOTO MporoHny Ha mnpukiam 1. Takox
MPEeJACTaBUMO OOYHMCIICHHS JUHAMIYHOTO TMPOrpaMyBaHHS B  KOMIIAKTHIN
TabIMaHIi dhopmi.

Hpuxaan 2

PexkypeHTHE piBHSHHS U711 AITOPUTMY 3BOPOTHOTO NMPOTOHY B MpHKIaal 1
Ma€ BUTIIA
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min
BCI IPUITYCTUMI
(>;1,%; ) MapIIPy TH

Ji(x;) = {d(xi—1,x)+ fis1(xi—)}, =123

He f,(x,)=0 nmua x,=7. BiANOBiIHOIO TOCIIIOBHICTIO OOYHCIIeHb OyIe

L= =>4

Etan 3. Ockinbku By30i1 7 (x, =7) NOB'A3aHUM 3 By3JaMu 516 {x; =51 6)

TUIBKM OJIHUM MAaplIpyTOM, aJIbTE€pPHATUBU AJi1 BUOOpY BIJICYTHI, a pe3yJbTaTu
TPETHOT'O €TAIly MOKHA M1ACYMyBaTH TAKUM YHHOM.

Etan 3 | d(x;,x,) | OnTHMaIbHE pillICHHS
X3 X, = 7 f3(x3) x:
5 9 9 7
6 6 6 7

Etam 2. Ockinbku mapmpyTy (2, 6) He iCHY€, BIIOBIIHA aIbTEpHATHBA HE
PO3TIIAAETHCSA. BUKOPHUCTOBYIOUM 3HAYCHHS f,(x,) OTPUMaHI Ha TPETHOMY €TaIl,

MU MOXEMO IOPIBHATH JOMYCTHMI albTEPHATHBHI PIIICHHS, SK IOKa3aHO B
HACTYTHIN TaOIHIII.

Eran 2 | d(x,,x;)+ f3(x;) | OnTumanbHe pilieHHs
X, x; =5 x, =6 f(x5) X,
2 12+9=21 - 21 5
3 8+9=17 | 9+6=15 15 6
4 7+9=16 | 13+6=19 16 5

OnTumanbHe pIlIEeHHS JPYyroro eTamy oO3Hayae HacTymHe. SIKmo B
3HAXOJUTECS y By3Ji 2 ab0 4, HAWKOPOTIIMIA MUISIX 70 By3Jia 7 MPOXOAUTH depes
BY30J1 5, a sIKIO y BY371 3 — uepe3 By3071 6.

Etan 1. 3 By3na 1 mounnaroThcst Tpu anbrepHaTtuBHI Mapuipytu: (1, 2), (1, 3)
1 (1, 4). BukopuctoByroun 3Ha4YeHHS f,(x,) OTpUMaHI Ha JAPYroMy eTarli,
00UYHCITIOEMO JTaH1 HACTYITHOT TaOJIHIII.

OnrtumanibHe pilIeHHs Ha MEPIIOMY €Tarl MoKa3ye, 0 HAUKOPOTIIUN ILIIX
IpOXoauTh 4epe3 By3os 4. Jlami 3 ONTUMAanbHOTO PIIIEHHS Ha JPYroMmy eTari
BUTIKAE, 1110 3 By3Ja 4 He0oOX1THO pyxaTucs y By3oua 5. Hapemri, 3 onTUMaabHOTO
pIIIEHHST HA TPEThOMY €Talll BUTIKAE, 110 BY30J 5 MOB'si3aHuii 3 By3iaoMm 7. OTxe,
MOBHUM MapHIpyTOM, 0 MAa€ HAUKOPOTIIY JOBXHHY, € 1— 4— 5— 7, 1 Hioro
JOBKMHA JTOPiBHIOE 21 KM.
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Eran 1 d(x,;,x,)+ f5(x,) OnrumaibHe PillleHHs
X, x, =2 x, =3 x, =4 Si(x) X,
1 T+21=28 | 8+15=23 | 5+16=21 21 4

3ABJJAHHS HA CAMOCTIMHY POBOTY

3aBpanns 1. [{ng Mepexi, MaTpuisl «IHUUACHI» SKiM BiANOBIZAaE HOMEPY
BaplaHTy, 3HANAITh HAUKOPOTIIMM IIIAX MDK IEPIIMM 1 OCTaHHIM By3JlaMmu. J{is
BUPILIEHHS 3aCTOCYETE PEKYPEHTHUN anroputm mnpsimoro nporony Il {oBxunu
MapuIpyTiB NPUBEIEHI y BIAMOBIAHIA MaTpUlll «HUMIAEHLII»; HANPUKIAL, IS
3aBJaHHs 3 MpUKiIaay 1 Mepexka 1 i1 MaTpuls WHIUICHIUN BUTJISAIAIOTH TaKUM
YUHOM:

d1l1234 5 67
I - 785 ~ ~ ~
2 ~ - o~ ~ 12 ~ ~
3 ~~ -~ 8 9 ~
4 ~ ~~ - 7 13 ~
5 ~~~~ - ~ 9
6~~~ ~ ~ - 6
7 o~ o~ o~ o~ o~ o~ -

Ipumirka. TyT, BiACYTHICTH HUISXY BiJ OAHOTO By3jia rpada 10 IHIIOrO By3Ja
no3HavYaeThesd 3HakoM "~". Skmo peOpo € OpieHTOBaHUM, TO 3 OJHOTO OOKY
MaTpHIll CTOITh JOBKUHA NIIAXY, a 3 1HIIIOTO CUMETPUYHOTO OOKY CTOITh "~".

3apaanns 2. /g 3a7aui 13 3aBAaHHg 1 oTpuMaeTe peKypeHTHE CITIBBIIHOIICHHS

3BOPOTHOTO TPOTOHY 1 BUKOPUCTOBYHTE MOTrO JJIS OTPUMAHHS ONTHUMAJILHOTO
pIIIEHHS.
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BAPIAHTHU TIOYATKOBUX JAHUX (TEMMU 7,8)

ITouaTkoBi gaHi 10 3aBAaHb 1, 2

#2
7 23 ~ ~ ~ ~ ~ ~ |- 19 20 ~ ~ ~ ~ ~
-~ 19 4 15 ~ ~ ~ ~ - ~ 5 22 14 ~ ~
~ - 2 14 16 ~ ~ ~ ~ ~ - 24 11 18 ~ ~
~ ~ - ~ ~ 3 19 ~ |~ ~ ~ - ~ ~ 3 13
~ ~ o~ -~ 21 15 ~ ~ ~ ~ ~ - ~ 14 7
~ ~ ~ ~ - 2310 ~ ~ ~ ~ ~ ~ - 21 15
o~ o & & e o ~ 24|~ ~ o~ o~~~ - ~
S 6 ~ ~ o~ o~ o~~~ -
| #4
6 22 ~ ~ ~ ~ ~ ~ - 8 15 ~ ~ ~ ~ ~
-~ 12 17 8 ~ ~ ~ ~ - ~ 13 2 ~ o~
~ - 6 7 5 ~ ~ ~ ~ ~ - 18 18 18 ~ ~
~ ~ -~ ~ 24 24 ~ ~ ~ ~ - ~ ~ 11 5
~ o~ ~ -~ 4 T ~ |~ ~ ~ ~ - ~ 16 14
~ ~ ~ ~ - 7 5 ~ ~ ~ ~ ~ ~ - 9 3
~ ~ ~ ~ ~ - ~ 21  ~ ~ ~ ~ ~ ~ - ~
~ ~ ~ ~ ~ ~ - 23 | ~ -~ -~ -~ ~ ~ ~ -
#6
21 24 ~ ~ ~ ~ ~ ~ |- 7 9 7 ~ ~ ~ ~
-~ 235 8 ~ ~ ~ ~ - ~ ~ 11 6 21 ~
~ - 10 10 2 ~ ~ ~ ~ ~ - ~ 23 6 24 ~
~ ~ -~ ~ 17 24 ~ |~ ~ ~ - 13 18 17 ~
~ ~ ~ - ~ 2214 ~ ~ ~ ~ ~ - ~ ~ 3
~ ~ ~ ~ - 11 24 ~ ~ ~ ~ ~ ~ - ~ 9
~ ~ o~~~ -~ 12~~~ o~~~ - T
~ ~ ~ ~ ~ ~ - 23 i ~ ~ ~ ~ ~ ~ ~ -
#8
14 13 15 ~ ~ ~ ~ - 19 24 11 ~ ~ ~ ~
-~ ~ 20 10 14 ~ ~ - ~ ~ 5 22 12 ~
~ - ~ 14 4 11 ~ ~ o~ - ~ 7 11 15 ~
~ ~ - 2 19 13 ~ ~ o~ o~ - 17 22 4 ~
~ ~ ~ - ~ ~ 14 ~ ~ ~ ~ - o~ ~ 23
~ o~ o~ o~ -~ 17 ~ o~ o~ o~ ~ - ~ 21
~ ~ ~ ~ ~ - 5 ~ ~ ~ ~ ~ ~ - 6
#10
8 17 12 ~ ~ ~ ~ - 23 9 5 ~ ~ ~ ~
-~ ~ 21 19 10 ~ ~ -~ ~ 5 23 24 ~
~ - ~ 4 18 13 ~ ~ ~ -~ 11 24 3 ~
~ ~ - 24 16 13 ~ ~ ~ ~ - 21 3 20 ~
e TP R | 7 o~ ~ o~ o~ o~ o~
~ ~ ~ ~ - ~ 18 T~ ~ ~ ~ ~ - ~ 10
~ o~ ~ ~ ~ - 20 |~ ~ ~ ~ ~ ~ - 2
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BAPIAHTHU TIOYATKOBUX JAHUX (TEMMU 7,8)

ITouaTkoBi gani 10 3aBHadb 1, 2

#12

~ e~~~ e e B B & & & & & o
- o~ 11 15 ~ ~ ~ ~ ~ -~ 23 14 ~ ~ ~ ~
~ - 17 22 ~ ~ ~ ~ ~ ~ - 16 14 ~ ~ ~ ~
~ ~ - ~ 6 21 ~ ~ ~ ~ - ~ 23 16 20 ~
~ ~ ~ - 6 10 3 ~ ~ ~ ~ ~ - 14 20 4 ~
~ ~ o~ o~ -~ o~ 15|~ ~ o~ o~ o~ - o~ ~ 17
~ ~ ~ o~ o~ -~ 22~~~ o~~~ o~ T
~ ~ ~ ~ ~ ~ - 1T~ ~ ~ ~ ~ ~ ~ - 9
- #14 _
7 4 ~ ~ ~ ~ ~ ~ - 135 ~ ~ ~ ~ ~ ~
-~ 11 16 ~ ~ ~ ~ |~ - ~ 13 12 ~ ~ ~ ~|
~ - 2 14 ~ ~ ~ ~ ~ ~ - 7 16 ~ ~ ~ ~
~ ~ - ~ 18 21 ~ ~ o~ ~ - o~ 4 17 14 ~
~ ~ ~ - 2417 18 ~ |~ ~ ~ ~ - 5 18 18 ~ |
~ ~ ~ ~ - ~ ~ 10 ~ ~ ~ ~ ~ - ~ ~ 18
~ ~ ~ ~ ~ -~ 4 ~ o~ ~ ~ o~ o~ - o~ 13
~ ~ ~ ~ ~ ~ - 13 ~ ~ ~ ~ ~ o~ ~ - 71
#16
9 12 ~ ~ ~ ~ ~ ~ - 20 10 7 19 ~ ~ ~ ~
-~ 21 6 ~ ~ ~ ~ ~ - ~ ~ ~ 239 7 ~
~ - 21 18 ~ ~ ~ ~ |~ ~ - ~ ~ 18 17 11 ~
~ o~ -~ 15 20 ~ ~ ~ ~ - ~ 19 19 12 ~
~ ~ ~ - 14 13 3 ~ i~ ~ ~ ~ - 14 12 5 ~
~ o~~~ -~ o~ 12~ o~~~ o~ -~ ~ 20
~ ~ o~ o~ ~ - o~ 18 ~ ~ ~ ~ ~ ~ - o~ 20
~ ~ ~ ~ ~ ~ - 8 ~ ~ ~ ~ ~ ~ ~ - 14
#18
3 0223 15 ~ ~ ~ ~ - 143 18 14 ~ ~ ~ ~
-~ ~ ~ 4 21 2 ~ ~ - ~ ~ ~ 13 11 17 ~
~ - ~ ~ 2223 11 ~ ~ ~ - ~ ~ 8 22 22 ~
~ ~ - ~ 235 20 ~ ~ ~ ~ - ~ 9 16 4 ~
~ ~ ~ - 2311 6 ~ ~ ~ ~ ~ - 8 19 19 ~
~ ~ ~ ~ - ~ ~ 18 ~ ~ ~ ~ ~ - ~ ~ 11
~ ~ ~ ~ ~ - ~ 3|~ ~ ~ ~ ~ ~ - ~ 15
~ ~ ~ ~ ~ ~ - 20~ ~ ~ ~ ~ ~ ~ - 3
| #20 _
20 2 23 19 ~ ~ ~ ~ - 21 4 23 23 ~ ~ ~ ~
-~~~ 7 17 22 ~ ~ - o~ ~ ~ 7 13 4 ~
~ - ~ ~ 2 4 4 ~|~ ~ - ~ ~ 8 18 19 ~ |
~ ~ - ~ 195 9 ~ ~ ~ ~ - ~ 12 24 16 ~
~ ~ ~ - 18 7 2 ~ ~ ~ ~ ~ - 24 8 14 ~
~ ~ ~ ~ -~ ~ 24 ~ ~ ~ ~ ~ - ~ ~ 3
~ ~ ~ ~ ~ - ~ 18 ~ ~ ~ ~ ~ ~ - ~ 12
~ ~ ~ ~ ~ ~ - 14~ ~ ~ ~ ~ ~ ~ - 22
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BAPIAHTHU TIOYATKOBUX JAHUX (TEMM 7,8)

ITouaTkoBi gani 10 3aBHadb 1, 2

#22

21

-~ ~ 9 15 22 19 ~ ~ - ~ ~ 1219 22 4 ~
~ - ~ 22 12 16 15 ~ ~ ~ - ~ 243 12 8 ~
~ ~ - 4 24 13 8 ~ ~ ~ ~ - 16 2 21 21 ~
~ ~ ~ - ~ ~ ~ 8 ~ ~ ~ ~ - ~ ~ ~ 6
~ ~ ~ ~ - ~ ~ 10/~ ~ ~ ~ ~ - ~ ~ 14
~ ~ ~ ~ ~ - ~ 13 ~ ~ ~ ~ ~ ~ - ~ 18
~ ~ ~ ~ ~ ~ - 16 ~ ~ ~ ~ ~ ~ ~ - 9
-~~~ e e e |~ . e e~ o~~~
- #24
14 3 6 ~ ~ ~ ~ ~ ‘- 7 11 5 ~ ~ ~ ~ ~
-~ ~ 5 13 14 14 ~ |~ - ~ ~ 4 24 14 8 ~
~ - ~ 4 12 125 ~ ~ ~ - ~ 15 21 17 20 ~
~ ~ - 5 19 12 16 ~ ~ ~ ~ - 24 6 21 4 ~
~ ~ ~ - ~ ~ ~ 5|~ ~ ~ ~ - ~ ~ ~ 8|
~ ~ ~ ~ -~ ~ 5 ~ ~ ~ ~ ~ - ~ ~ 71
~ ~ ~ ~ ~ - ~ 2 i~ ~ ~ ~ ~ ~ - ~ 19
~ ~ o~ o~ ~ o~ - 12 ~ ~ ~ ~ ~ ~ ~ - 13
#26
35 8 ~ ~ ~ ~ ~ - 7 12 16 ~ ~ ~ ~ ~
-~ ~ 234 195 ~ ~ - ~ ~ 8 5 ~ ~ ~
~ - ~ 8 17 11 17 ~ |~ ~ - ~ 20 4 ~ ~ ~
~ ~ - 7 10 19 ~ ~ o~ o~ - 248 ~ ~ ~
~ ~ ~ -~ ~ ~ 5 ~ ~ ~ ~ - ~ 21 9 ~
~ ~ ~ o~ -~ o~ 24|~ ~ ~ ~ ~ - 12 13 ~
~ ~ ~ ~ ~ - ~ 13 ~ ~ ~ ~ ~ ~ - ~ 13
~ ~ ~ ~ ~ ~ - 1l ~ ~ ~ ~ ~ ~ ~ - 13
#28
4 10 24 ~ ~ ~ ~ ~ - 20 13 5 ~ ~ ~ ~ ~
-~ ~ 5 16 ~ ~ ~ ~ - ~ ~ 9 24 ~ ~ ~
~ - ~ 10 18 ~ ~ ~ ~ ~ - ~ 21 23 ~ ~ ~
~ ~ - 11 22 ~ ~ ~ ~ ~ ~ - 127 ~ ~ ~
~ ~ ~ - ~ 8 2l ~ ~ ~ ~ ~ - ~ 7 14 ~
~ ~ ~ o~ - 4 22 ~ ~ ~ ~ ~ ~ - 4 19 ~
~ ~ o~ o~ o~ -~ 6~ o~ ~ o~ ~ ~ - o~ 11
~ ~ ~ ~ ~ ~ - 13 ~ ~ ~ ~ ~ ~ ~ - 10
#30
21 8 18 ~ ~ ~ ~ ~ - 5 8 8 ~ ~ ~ ~ ~
-~ ~ 13 24 ~ ~ ~ ~ - ~ ~ 4 ~ o~ o~
~ - ~ 5 5 ~ ~ ~ |~ ~ - ~ 1410 ~ ~ ~
~ ~ - 21 9 ~ ~ ~ ~ ~ ~ - 14 4 ~ ~ ~
~ ~ ~ - ~ 6 15 ~ ~ ~ ~ ~ - ~ 23 5 ~
~ ~ ~ ~ - 195 ~ ~ ~ ~ ~ ~ - 2312 ~
~ o~ o~ o~ o~ -~ T~ o~~~ ~ o~ -~ 14
~ ~ ~ ~ ~ ~ - 14~ ~ ~ ~ ~ ~ ~ - 23
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