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Auroputmizaris i Bepudikailis ynpaBiIiHHS B THYYKUX KOMIT FOTEPH30BaHUX CUCTeMax: MeToiuuHi
BKa3iBKU /10 BHUKOHaHHs jaboparopuux pooiT / Crxmageno K.b.Ocramuenko. - Kuis: HTYY-KIII,
2008. - 53c.

3arajabHi BigoMocTi

['onoBHE TpPHU3HAYCHHS IMKIY JIAOOPAaTOPHUX pOOIT — 3akKpituleHHS 3HaHb 3 00JacT
TeXHOJIOTIi anropuT™i3ailii 3a1a4 yrpaBiiHHS B THYYKOMY KOMIT' FOTEPH30BaHOMY BHPOOHHUIITBI Ha
pI3HHX pIBHSX, a caMe Ha pIBHI OpraHi3amiiHOTO YIPAaBIIHHS CTPYKTYPHUMH MiIPO3IUTIAMH
HiINpUEMCTBA Ta Ha PIBHI YNOPaBIIHHS TEXHOJOTIYHUM OONagHaHHSIM. TOMYy TOBHHMH LUK
71a00paTOPHKUX POOIT CKIANAETHCS 3 IBOX YACTHH.

B nepiry yacTuHy 1IMX METOMYHHUX BKa3iBOK yBIHILIH Jab0paTopHi poOOTH, sKi TOB's13aHI 3
BUBYCHHSIM MaTEMAaTHYHUX METOJIB PO3B'SI3aHHS PI3HUX 3a]a4 IUIAHYBaHHS BHUPOOHHUIITBA Ta
MO/ICITIOBaHHS MTPOIIECIB TUCTIETUEPYBaHHS C(POPMOBAHUX TUIAHIB HA CTaJlii iX BUKOHAHHS. Y JpYry
YaCTHHY yBIWIUIK TabopaTopHi poOOTH, siKi Iepen0ayaroTh BUBUCHHS CIIOCOOIB OpraHi3ailii cucrem
YHUCENBHOrO  MPOTPaMHOTO  KEepPyBaHHsS  BepcraTaMd  Ta  OOJAJHAHHSIM  THYYKOTO
KOMIT' FOTEPH30BaHOTO BUPOOHUIITBA.

BukonanHs n1abopatopHux poOIT Oa3yeTbcs Ha 3HAHHSIX, OTPUMAHUX CTYJICHTOM TIpU
BuBYeHHI jucuimumH TlporpamyBanns”, "llpoekryBanHs enemeHTiB Ta wmoxayniB ['KC",
"IMpoekryBanns ['KC", "ocnimkenns omepaiiit”. KpiM TOro cTyAeHT MOBHHEH MaTH HaBUYKU
po6otu 3 [TEOM 3 BukopucraHHsM omnepamiitnoi cucremu WIiNdows ta cepemoBuIl po3poOKH
NPOrpaMHOTro 3a0e3MeUYeHHs, 1100 BMITH 3aCTOCOBYBAaTH ab0 PO3po0IsITH yuOOBI MIPOrpaMH.

BukoHaHHS KOKHOT J1ab0paTopHOi poOOTH mepeadadae monepeHe BUBUCHHS BiIMOBIIHOTO
METOJMYHOTO Mareplaily, 3aCBOEHHS METH Ta TOPSIKY pPOOOTH, OINpPAIIOBAHHS TEOPETUYHOTO
Mmarepialry Ta TIArTOTOBKY HEOOXITHMX 3a 3MICTOM pOOOTH JaHUX IO PO3poOJsieMoi yuOoBOI
nporpamu. CTyIEHT JOMYCKAETHCS 0 BUKOHAHHS poOOTH, SIKIO BUKOHAHI 1[I TIOTIEPEHI YMOBH Ta
niaroToBieHl BuXxigHI naHl g0 y400BOi mporpamu aboparoproi poGotu. Ilicns 3aBepiueHHs
BUKOHAHHS POOOTH CTYJICHT CKJajaa€ 3BIT (MPOTOKOJ) 3 J1abOpaTOpHOi poOOTH. 3BIT TOTYEThCS Ha
apkymax gopmaty A4, sKuil Mae MICTUTH HacTyIy IHGOpMaIio:

-MeTy poOoTH,

-3MicT poOOTH (3aBHaHHS),

-BUXITHI JaHli 710 y40oBOi mporpamu (MaremMaTHuHa MOJENb ab0 alrOPUTM BHKOHAHHS
3aBJIaHHS),

-OTPUMaHHI Pe3yJIbTaTH,

-MaTepianu 00poOkH pe3yabTaTiB (rpadiku, po3paxyHKH)

-BHCHOBKH TI0 pOOOTI.



Yacruna 1. MaremaTHuHi METOAHN p03B'ﬂ3aHHﬂ 3aaY IVIaHyBaHHSA BHpOﬁHI/IHTBa
Ta MOJACJTIOBAHHA npoueciB AUCHETIYCPYBAHHS BUKOHAHHS IJIaHIB

JladopaTopna podora Ne 1

JOCJI JDKEHHSA 3A/1AYIl INTAHYBAHHA OBCATY |
HOMEHKJIATYPU BUT'OTOBJIEHHS ITPOYKIIIT

Mera poGotu: BuBueHHS MeToaMKH (GOpMYyBaHHS Ta PO3B'A3aHHS 3ajadl IUIaHYBaHHS
00CSTy BHUTOTOBJICHHSI TMPOJYKIIl Yy BUPOOHUYMX CHCTEMax 3a JIOTIOMOTOI0 MAIIMHHOT peaizarii
TaOJIMYHOTO CUMILIEKC-METO/Y.

1. llopsinok BUKOHAHHS POOOTH

1. O3HaHlOMHUTHUCH 3 TEOPETHYHUM MAaTEPIaIOM.

2. CxiracTi MaTeMaTH4YHY MOJIENIb YMOB 3ajiadl IUIaHyBaHHs 00csra 3riJHO 3 BaplaHTOM
3aBJIaHHS.

3. [ligrotyBatu TekcTOBUil (paiiyl yMOB 3aadi.

4. Po3B's3aTH 3a/1a4y, po3poOUBIIH y4O0BY IpOrpamy.

5. TlpoBecTu IHTEpIIpeTAliI0 OTPUMAaHHUX PE3YJIbTATIB Ta BUKOHATH aHAI3 MaTEeMaTHYHOI
MoJieni 3aBIaHHS Ha YyTJIUBICTh, BUKOPUCTOBYIOYM pi3HI Bapianii 3HadeHsb (mianmaszon [-1,1])
napameTpiB 0OMeKeHb Ha 3aCTOCOBaHI PeCypcH.

6. [TlinroTyBaTH 3BIT.

2. TeopernuHnmii Marepiai

[Tpu po3B's3aHHI 3a7ay OpraHizaliiHOTO yIMpaBJIiHHS BHPOOHUIITBOM, OJHHM 3 TOJIOBHHX
(bakTopiB, 10 PErIaMEHTYIOTh AIsUTbHICTh MPOMHCIOBOTO ITi AMPHEMCTBA € 301TbIIEHHI PO3PAXYHOK
BUPOOHMYUX TIOTY)KHOCTEH | 3aBaHTaXXCHHs OOJIQJIHAHHS, PE3yJIbTaTOM SKOTO € BHPOOHHMYA
nporpama o0CsTy BHUTOTOBJICHHsS MpoAayKiii. B ymoBax macoBoro i cepiifHOro BHpOOHHIITBA
e(QEeKTUBHINM METOJIOM TaKOr0 pPO3pPaxyHKy, 1[I0 3a0e3ledyye MaKCUMalbHE 3aBaHTaKCHHS
oOyiaJiHaHHA, € JIHIHE TpOTpaMyBaHHs, OpPIEHTOBaHE Ha MOOYIOBY JIHIMHUX ONTHMI3AIlHHIX
MoJienieit BUpOOHUIITBA. Mojienl, sKi BUKOPHCTOBYIOTHCS Y PO3PaxyHKax € CTATHYHUMH, 00 BOHH
NpU3HAYCHI JUIs aHali3y KepyH4HX pIlIeHb, SKI TONIMPIOIOTBECS HAa IIEBHUM, MOMEPEIHBO
BU3HAaYeHHMI Binpi3ok wacy. Cdepa 3acrocyBaHHS MOAENeil Ta METOAIB Takoro poay y
TeMepiluIHid Yac OXOIUIIOE IMIMPOKUI CIeKTp (YHKIIH opraHizaniitHoro ympasiiaHs [2].

PosrisiHemo THIOBI 3a7a4i BUPOOHMYOTO IJIaHYBaHS OOCATY | HOMEHKJIATYpH BUIYCKY
NpOAYKIIi Ha ABOX PIBHSAX YHPAaBJIIHHS ITiIPHEMCTBOM: aMIHICTPATUBHOTO yrpaBiiHHs (3a1a4a
yIpaBiiHHSA 30yTOM MPOAYKIIT) | ympaBiiHHS Iiapo3figaMu (3agada ONTHMAIBHOTO —PO3IOJIITY
pecypcis).

2.1. 3amava ynpasiiHHs 30yTOM IPOIYKITI T

Sk mpukitan 3agadi yrnpaeliHHS 30yTOM MPOAYKII PO3IIISTHEMO CIPOINEHE TUIAHYBaHHS
30BHINIHBOTOPrIBENBHUX omepalliii. BupoOHuK Mae mepen co00r MeTy: BUPOOUTH BITUU3HSHUIA
TOBAp, SIKMI KOPUCTYETHCS MONMUTOM y 3axiaHiii €Bporl, BUBE3TH Ta MPOJATH WOTO 3a BAJIOTY, Ha
3apo0JICHI KOIITH MPUAOATH TOBap y €BpOTIi, SKUH KOPUCTYETHCS MOTMMTOM Ha YKpaiHi, mepeBe3TH
Ta MPOJATH HWOTO ONTOM YM B pO3Ipi0, ojepkaBIIM HaWOInbpmuid mpubyrok. [lpu mpomy BiH
TIOBUHEH BUXOJIUTH I3 HACTYITHUX YMOB:

1) Burpatu BUpOOHMKA Ha BHUIOTOBJICHHS  BITYM3HSHHUX  TOBapiB MPUIHATHOI
HoMeHkatypu (Bcboro N=6), BpaxoByrouu Jitensito Ha BuBi3 - Ci,i=1,N;

2) uiHM Ha BITYM3HSHI TOBApH MPU MPOJAKyY onToM 3a Bamory y €spormi - CPi,i=1,N;



3) MakcUMabHO JOCTYIHI pO3MIipH MapTiif BITYM3HAHUX TOBapiB - Pi,i=1,N;

4) ppaxTOBi CTaBKM IpU IepeBe3eHH! BiTYM3HAHUX ToBapiB - Fi,i=1,N;

5) 1iHKM Ha TOBapW 3aKOPJOHHOTO BUPOOHUITBA NpPUHHATHOI HOMeHKIaTypu (M=6) mnpu
KymiBil ontoM 3a BamoTy y €sponi - CEj,j=1,M;

6) ppaxroBi craBkM mpU TepeBe3eHHl IHO3eMHUX ToBapiB - FEj,j=1,M;

7) LiHM Ha €BPONEHChKI TOBapH MPH MPOJAXy 3a KapOoBaHill Bpo3apio - §j, j=1,M;

8) koediieHT nepepaxyHKy ONTOBOI IIHU B pO3piOHY TpH Mpoaxy - K;

9) craBka mojaTkiB Ha npojax - NP;

10) BamotHuit kypc kapoosanist - CCE;

11) koediuieHTH 3aralbHUX BTPAT HpU poOOTI 3 BITYM3HAHIUMHU ToBapamu - Di, i=1,N;

12) koediieHTH 3araJbHUX BTpAT NpU POOOTI 3 IHO3EMHUMH TOBapaMH IPH MPOJIAKY IX
ortoM - Mj1 Ta B po3api6 - Mj2, |=1,M;

13) mMakcuManbHI po3Mipu MmapTiii IHO3eMHUX TOBapiB, sSKi MOXKHA peaji3yBaTH y pamKax
3a3Ha4YeHHHX BTpAT - Bj, ]=1,M;

14) cyma rpomoBux KOIITIB, ki Mae BUPOOHHK - Q1;

15) cyma onepskaHoro kpeauty - Q2;

16) nporeHTHa cTaBKa 3 Kpeauty - KR;

17) oOMesxeHHsI Ha BUBI3 BAIIOTH 3 €Bpon# - T,

18) oOMeskeHHsI Ha BUBI3 BAIOTH 3 Ykpainu - TU.

HeoOxinHo Bu3HauuTH OOCST BUpOOHHMITBA BiTuM3HAHUX TOBapiB Xi, i=1,N Ta o0csar
NpOJIaXy IHO3eMHHUX TOBapiB onToM Ta B po3api6 Yjl, Yj2, j=1,M, 3aBasku sikum Oyze oJep KaHui
HaWOITBIINI TPHOYTOK.

JInst ioro mepepaxyemMo Bel IIHM B KapOOBaHILIX | BU3HAYMMO LiNbOBY QyHKI0 (L[D) sk
NpUOYTOK BiJl BCbOTO KOMILIEKCY YMOB:

l=max{( @ [S*K*YjLj=LM]+ & [S*Yj2,j=LM])* (1- NP)-
a [S* K*ML* YL j=1M] + @ [§* Mj2* Yj2, j=LM]) -
a [Ci*Xi,i=LN]+ q [CPi* Xi,i=1N] -
A [Fi*Xi,i=L,N]- & [FE* (Yjl+Yj2),j=1,M] -
& [CEj*(Yj1+Yj2), j=1M] -
& [CPi* Xi* Di, i=1,N] -- (1+KR) * Q2}

[Mepmia ckmamoBa yactuaa D Bu3Hauae BanoBHii MpUOYTOK O€3 ypaxyBaHHS MOJATKIB Ha
nponax ([1IB, mnomatok Ha mpuOyrok). [pyra - cyma BHUTpar mpu poOOTi 3 IHO3EMHUMH
toBapamMu (MUTHI 300pH, BapTICTh JiileH3ii HA BBI3, BAPTICTh HABAHTAKEHHS Ta PO3BAHTAKEHHS,
oopmiieHHs, aHami3iB B Jaboparopii, cTpaxyBaHHsS BaHTaXIB, apeHAa NPHUMILICHb, MTpadH,
3apo0iTHA TUIaTa MPALiBHUKIB, BUTPATH HA PEKJIaMy, HAKJIaJHI BUTpaTH, TOMIO). TpeTs - BapTiCcTh
napTiii BITYM3HSIHUX TOBapiB. UeTBepTra - BaJOBUil MPUOYTOK BIJ MPOJAKy BITYU3HSHUX TOBAPIB.
IT'sta BuTpatn Ha nepeBe3eHHs A0 €Bpomu. Illocra - BuTpaTtu Ha mepeBe3eHHS 10 YKpaiHM 3
€Bporn. ChOMa - BapTICTh 3aKYNOK €BpOIEHCHKHUX ToBapiB. Bocbma - BuTpaté y poOoTi 3
BITYM3HSIHUMU TOBapamu. [leB'ara - TuiaTix 3 KpenuTy.

dopmaitizyeMo HaBelleHI YMOBU BUKOHAHHS YyCIX YMOB | CTBOPEMO HACTYIIHY CHCTEMY
oOMeXeHb 3a/1aul.

1. OOMexeHuiT MOYaTKOBHIA KarliTall:

a [Ci*Xi,i=L,N]+ & [Fi* Xi, i=LN] +
& [CPi * Di* Xi, i=1,N] <= Q1 + Q2

2. OOMeXeHHs Ha BUBI3 BAIIOTH 3 €BpoIU:

-a [CE* (Yj1+Yj2),j=LM] + § [CPi* Xi, i=1,N] <= T - ue o6MexeHHs € Gibim

CHJIbHE, HIK T€, 10 BPaXOBYE BCI BUTPATH;
3. OOMeKeHHs Ha BUBI3 BAJIIOTH 3 YKpalHU:



QL+Q2- § [Ci* Xi,i=1,N] <=TU
4. OOMesxeHI KOIITH Ha MpUI0aHHS €BPONEHCHKUX TOBAPIB!
-4 [CPi*Xi,i=A,N]+ & [CEj*Yj1,j=1L,M]+ & [CEj* Yj2 j=1LM] <=0
5. MakcuManbHu# 00CST mapTii BITYM3HSIHUX TOBapIB:
Xi<=Pi, i=1,N
6. MakcuManbHui 00CsT MapTiil IHO3eMHUX TOBapIB:
Yjl+Yj2<=Bj, j=1,M.
Takum yMHOM, MaTeMaTWYHUU 3amwuc 1iei 3amadi 3 18 sminHuMEU pu 16 0OMEXCHHSIX Ma€e
HACTYIMHUUN BUTJISI:
I =max{ é [(S*K*(1- NP)- §*K*Mjl- FEj- CE)) * Yjl, j=1,M] +
a [(§*(1- NP)-§*K*Mj2- FEj- CE))* Yj2,j=LM] +
& [(CPi- Ci- Fi- CPi* Di)* Xi, i=1,N]}

& [(Ci+Fi+CPi* Di)* Xi, i=1,N] <= Q1 + Q2;
a [CE*Yj1j=1M]- & I[CEj* Yj2 j=1,M] +
& [Ci* Xi,i=L,N] <=T;

& [Ci*Xi,i=LN]<=TU- Q1- Q2

4 [CPi*Xi,i=L,N] + & [CEj* Yj1, j=LM] +
a [CEj* Yj2 j=1LM] <=0;

Xi <= Pi, i=1,N;
Yjl+Yj2 <= Bj, j=1,M.

2.2. 3agaya po3noiay pecypcis

Ha migmpuemcTBi, ske BUTOTOBJISE HEOJHOPIOHY TPOIYKIIO, sl (OpMyBaHHS
BUPOOHUYOT MPOTrpaMy HEOOXITHO BU3HAYUTH, SKUMHU TMOBHHHI OyTH pIBHI BHPOOHHIITBA KOXKHOTO
NpPOJYKTY 3a BCTAaHOBJCHWI dac IuiaHoBoro mepiomy.  Lli piBHI oOMexeHI HacTymHHUMHU
TEXHOJIOTIYHUMH YMOBAMH:

1) BUpOOHHMIITBO TPOJYKTIB MPOXOIUTH Ha 0a3i 4 pI3HUX THIIB TEXHOJIOTIYHHUX MPOIIECIB;

2) TexHosoriydi mporiecd 1-ro Ta 2-ro TUIIB OpIEHTOBAHI HA OJIep)KAHHS MPOIYKINT A, a
nporiecu 3-ro Ta 4-ro THIUB Ha OJiepXKaHHs MPOAYKIi B;

3) Butpartu (pecypcd CHUCTEMH), SIKI MOB'SI3aHI 3 KOXKHHM I3 TEXHOJOTIYHUX IPOIECIB,
BU3HAYAIOTHCS TPYAOBUTpATaMu (BUMIPSIHUMH B JIFOJIMHO -THXKHSX), @ TaKOX KIJIBKICTIO MaTeplany
Y i marepiany Z (B OJMHHUIIX Baru) siki CIOKUBAIOTHCS 32 THIK/ICHb.

VY pamkax [uX OOMEXKEHb KpHUTEpieM OIIHKA e(eKTHBHOCTI  OprasizaiiitHoro
YIpPaBIiHHSA BUPOOHHUIITBOM € OTPHMaHHS MaKCHMAIIbHOTO MPHOYTKY (200 MIHIMaTIbHUX BUTPAT).

BukopuctoByroun BHPOOHHYO-CKOHOMIYHI MOKAa3HUKU | BCI BCTaHOBIICHI OOMEKEHHH,
KIBKICHUI BUpa3 sKkuX mojanwii y Tabmuni 2.1, ¢opmye Thes HacTymHa JiHIFHA MOJEINb
BUPOOHMIITBA!

max{4* X1+5* X2+ 9* X3+ 11* X4} (2.1)
pu 0OMEXKEHHSIX
1*X1+1*X2+1*X3 +1* X4 <=15
7*X1+5* X2+3* X3 +2* X4 <=120 (2.2)
2*X1+5* X2+10* X3+15* X4<=100
Xi>=0,i=1,4 (2.3



Takum unHOM 3MICT 1€ 3a1a4l OpraHi3aliifHOro yIpaBJiHHS MOJISATaE B TOMY, 00 3HAHTH

3Ha4YeHHs BCIX HeBimomux Xi, ski 0 3amoBosbHsIM chiBBigHOmEHHSM (2.2), (2.3),
MaKcHMIi3yBaiu npuOyTox (2.1).
BupoOHIU0-eKOHOMIUHI MOKa3HUKH 3371a4l PO3MO/IITy pecypciB
Tabmua2.1
Ha oguauIio npoaykuii A Ha oguauiio npoayxkiiii B Bcenc
ITokazHuK nporec 1 nporec 2 mporec 3 nporiec 4
KinpkicTh JHOIMHO-THXHIB 1 1 1 1 1
Kinbkicts Matepiany Y (kr) 7 5 3 2 12
Kinbkicts Matepiany Z (kr) 2 5 10 15 1C
[TpuGyTOK 3 0. MPOAYKIIiT 4 5 9 11
OO0csT MpoayKIii X1 X2 X3 X4

|HIIMM BapiaHTOM 3ajadi PO3MOALTY pecypciB € PO3paxyHOK 3aBaHTaXKCHHs 00JaJHAHHS,
SIKUH BUKOHYETBCS 32 TAKUMU TIOYaTKOBUMU JJAHUMH:

1) Bi - npomyckHa 3matHICTb i-01 rpymnu oOnagnanus (1=1,m);

2) Aij - nmpanemictkicts j-ro BupoOy (j=1,n) BUTOTOBJIEHOTO Ha 00NaiaHHI i-01 rpymy;

3) § - cobiBapTicTh BUPOOIB;

4) Cj - BapTicTb BUPOOIB;

5) X] - mrykaHa mporpama BUITYCKY;

6) 0OMeKeHHs 3 TPOMYCKHIH 31aTHOCTI 00JIaHAHHS:

a [Aij * Xj, j=1,n] <= Bi, i=1,m (2.4)

B 3anexxHOCTI BiJi EKOHOMIYHUX BUMOT BHKOPUCTOBYIOTBCS PI3HI KpUTEpii OLIHKH ITYKaHOT

poOrpamMu BUITYCKY MPH 3aI0BOJICHHI 0OMexxeHHs tuny (2.4):

1) HalfiMeHbIIHI CyMapHUN po3Mip mpocToiB Min{ é [Ti, i=1,m]},

ne Ti=Bi- & [Aij* Xj,j=1,n];
2) MakcuMi3allisi BUITYCKY B BapTicHOMY Bupa3i max{ é [C] * X], j=1,n]};
3) makcumizaiis mpuOyTKy max{ é [(Cj- §)* Xj, j=1,n]}.

2.3. CuMIuIeKc-MeTO ] PO3B's3aHHsI 3a/a4i JIHIHHOTO TPOrpaMyBaHHS
PosrasiHyTi 3amadl  BITHOCATBCS O €JMHOTO MAaTEMATHYHOTO KIacy 3aaad - JIHIHHOTO
nporpamysanns (JIIT).

CUMILIEKC-METO]T € HAMOIIBII TOMIMPEHUM Ta YHIBEPCATLHUM OOUYUCITIOBAIBHIUM METOJIOM,
KW BUKOPUCTOBYETHCS JUIS PO3B'si3aHHs Oyab-sakux 3ana4d JIII 3a nomomororo EOM.

| 1est MeTo Iy ToJIsirae y TOCIIIOBHOMY TPOXO/KCHHI 10 0Oa3UCHUM DILICHHSIM OTIOPHUX
TUIaHIB 3a7a4l, JOKH He OyJe OJep)KaHO ONTHMAaIbHE pilieHHs (IHaKIIe KaXy4d Yy MOCIHITOBHOMY
MOKpAIlleHHI IJTaHIB 3a/adl 3a BUBHAYEHHM KPHUTEPIEM).

PosrisiHeMo mpoiiec MIATOTOBKM BHXITHUX HaHUX | anropuTMmy po3B's3anHs 3amadi JIIT
TaOJMYHUM CHMILIEKC-METOIOM.

Maremaruuna monens 3aaa4i JIIT mae ogny 13 HacTymHHX JiHIHHEX Qopwm [1]:

max{ & [Cj* Xj,j=1nl} (25)
3a YMOB
a [Aij * Xj, j=1,n] <= Bi, i=1,m (2.6)
Xj>=0,j=1n (2.7)
abo
min{ & [Cj* Xj, j=1,n} (2.8)



3a YMOB
a [Aij * Xj, j=1,n] >= Bi, i=L,m (2.9)
Xj>=0, j=1,n. (2.10)
[Mepen po3B's3aHHs 33124l HEOOXITHO TOTIEPETHHO BUKOHATH TaKi MPOLEAYPH:
1) npuBecTH MaTeMaTUYHY MOJICIb 0 KAHOHIYHOTO BUTIISAAY, TOOTO oOMexeHHs (2.6), (2.9)
NEPETBOPUTH Ha PIBHSHHS 32 JJONIOMOTOIO JIOJATKOBUX 3MIHHHUX;
2) BU3HAUUTH T[IOYATKOBE NPHUIHATHE (HeBiT'€MHE) Oa3ucHe pimeHHs 3amadi (B pasi
obmexenHb (2.9) BBecTH MITY4YHI 3MIHHI);
3) BBeCTM B MOYATKOBY CHMIUICKC-TAOJUII0 Taki mapamMeTpH, Kl BIJMOBIIaOThH
MO0YaTKOBOMY 0a3MCHOMY pIIICHHIO:
- BaroBi koediuientu npu 3minHux Xj B LD (psnok Cj);
- 3MiHHI X, SIKI BXOJITh JI0 HassBHOTO 0Oa3uCy;
- 3Ha4YeHHs Oa3ucHUX 3MiHHUX - Xi = Bi = Al0 (croBmuuk AO0);
- enementu Aij, i=1,m, j=1,n marpuni ymoB 3amaui A[m*n] (ctos6mi A1,A2,...,An);
-omiaku Dj, j=1,n, Bignosigui croBOmsM ALA2,...,Ani BusHaueHi 3a GopMyIior
Dj= & [Ci* Aij,i=1,m| - Cj, j=1,n (2.11)

m
. o . . .
Dj=a (Ci* Al) - Cj
i=1
Jlani BHUKOPUCTOBYIOUI ~ alTOPUTM CHMIUIEKC-METOY 3HAXOJATh ONTHMAJIbHE PIIICHHS
TUIaHy - 6a3ucHe pimeHHs Xi.

AJITOpHUTM cUMILIeKC-MeTony (st hopmu 2.5)

1. 3anoBHUTH MMOYATKOBY CUMILIEKC-TAOIHIIIO.

2. Slkmo Dj >= 0 g Beix j=1,n Toal OTpUMaHuil TUIaH ONTHMAIbHUM.

3. Sxkuro € Dj < 0 i B croBmuuku A Bci enementu Aij <= 0, to [{® He oOMekeHa 3Bepxy
YMOBaMH 3a/1a4i | 3HaHTH ONTHUMAaJIbHHUN TUIAH HEMOJKIIHBO.

4. Slxmo y cToBOIsix Aj, BiamosiaHux Big'emrauMm oninkam Dj, icHye xoua 6 oqun Aij > 0,
TO MOYKITUBHI MIEPEXIiJl 10 HOBOTO, KPAIIOTo IJIaHYy.

5. CroBmuuk AK, sikuii HEOOXITHO BBECTH JI0 Oa3KCy JUIs TIOKPALICHHS TUIaHY, BA3HAYAETHCS
3a HaliMeHuM Dj < 0. CTOBIUHMK B SIKOMY MICTHTBCS 1Is OI[IHKAa HA3UBAETHCS HAIIPABIISIOUNM.

6. CroBmuuk Ar, sKuii HeOOXiJHO BHBECTH 3 0a3WCy, BU3HAYAETHCS 3a BIJHOIICHHSM -
r:min[Aio/Aik, i=1,m] = Aro/Ark, (Aik* 0). Psiiok I Ha3uBa€eThCs HaNPaBIISIOYNM, a eeMeHT ArK,
SIKAH CTOITh Ha TIepexXpecTi HAIPABJISIFOYOTO PsKA | CTOBITYMKA, HA3UBAETHCS HANIPABIISIOYHM.

7. 3amoOBHIOETBCS HOBAa CHMIUICKC-TAONHMIl, SKa BIAMOBITATHME HOBOMY 0a3MCHOMY
PILIICHHIO:

Aij(1+2) = Aij(l) - Arj(1) * (Aik(l) / Ark) mpu it r (2.12)

Aij(I+1) = Arj(l) / Ark(l) npu i=r me i=1,m+1; j=0,n; |-Homep iteparii. 3nauenus Dj
BU3HAYAETHCS OJTHUM 3 JIBOX CHOCOOIB!

a) SIK KOXKHUH eNleMeHT Tabnui mo Bupasy (2.12);

0) 3a ¢popmyioro (2.11).

[Mpouec oO4YMCIIEHb 3aBEpIIYEThCS, SKIO 3HAWICHO ONTHMAalbHE pilIeHHS abo KoM
byHKIIIst Oyae He 0OMEeKEHHa.

Oco06MBOCTI 3aCTOCYBaHHS METOTY
1. SIkmro 3a movatkoBHUil 0a3uc OepyTh 0a3uc i3 BiabHHX 3MIHHEX, a8 skux Ci=0, T0
OLIHKK JUIs BCIX HeOa3MCHUX 3MIHHUX AopiBHIOIOTE Dj=A0j=-Cj, a BiamoBiaHi 3HaueHHs A0O=
a [Ci*Xi, i=1,m]=0.
2. [lpu po3'a3anHi 3amaui MIN B 0a3uC BBOAUTHCS CTOBITYMK 3 HAWOIIBIIOK JI0IATHHOKO
OIIHKOIO.



3. BincytHnicts croBOuiB 3 Dj < O (mpu po3s'sizanni 3amauli max) a6o 3 Dj > 0 (mpwm
po3B'si3aHHI 3aa4l MiN) € 03HAKOI ONTHMAJIBHOCTI BIJMOBIJHOTO Oa3MCHOTO PILICHHS.

4. sxmo € xoua O oxHa Big'emHa (3agava Max) abo nojmatHs (3agada MIiN) oIliHKa s
He0a3MCHOTO BEKTOpa, a HOro CTOBOCIh MICTUTH JIMIINE BiA€MHI €lIeMEHTH, TO B 00JacTi
npuiHATHUX pimeHb [[D He oOMexeHa.

2.4. Auani3 niHIHIX MOJIeNIel Ha YYTIUBICTh

BusHaueHHS ONTHMAaJbHUX 3HA4Y€Hb BUPOOHWYOI MPOrpaMH HE 3aBXKIH € JOCTATHBOIO
YMOBOKW Ui (OpMyBaHHs BUPOOHMKOM MPaBHIBHOTO KEPYHOYOro pILICHHS NpW OpraHizaiii
BUPOOHUIITBA. B OinbIIocTI BHMAAKIB CTABUTHCS 3a7ada JIOCIIDKCHHS BIUIMBY Ha 3HAYCHHS
0JIep>KyBaHOTO MpUOYTKY (a00 BUTpAT) 30IIbIICHHS KOXHOTO 3 pecypci siki BBUKOPUCTOBYIOTHCS
BJIOCKOHAJICHHS TOTO Y IHIIOTO TEXHOJIOTIYHOTO MpOIECY, 3MIHH BapTOCTI CHOXHBAHOI
CHPOBHHHM, IO BIUIMBA€E HAa MPUOYTKOBICTH BUPOOHHYO-TEXHOJOTIYHHX TporeciB. Lle o3Hauae, mo
HEOOXITHO 3HATH B SKOMY IHTEpBaJl MOXKHA 3MIHIOBAaTH BXIJHI mapameTrpu Mojeni 0e3 ICTOTHOTO
BIIXWJIGHHST BiJ 3HaiiiecHOr0 ONTHMyMy | 0Oe3 TMOpYIIEHHS CTPYKTypu Oaszucy, (pOopMyrdoro
ONTHMalbHe pimeHHs. JIOCHiKeHHs, 10 MPOBOJATHCS B paMKaxX Takoi 3aiadi, HA3UBAKOTHCS
aHaJTI30M MOJIeI Ha UYTIHBICTb.

Hexaii B 3amaui JIIT B=[Bi] - piBHi oOMmexenHs pecypciB, a dB=[dBi] - npuitHsaTHI
Bapianii nwmx pecypciB.  JlocmiauMo iX BIUIMB ~ Ha 3MIHY ONTHMalbHOrO 3HaueHHS [[D
L(Xopt(B))=L(B). Skmo mnpuitnatu mo B=B+dB, To HOoBe onTuMansHe 3HaueHHs LD Oyme
L(B+dB). OGuucimBmm  npupict  dL(B+dBi)=L(B+dBi)-L(B), 3Haiinemo rpaHuIo
CHIBBITHOIIICHHS:

dL(B+dBi) dL(B)
lim = - yacTkoBa noxigua IL{d mo 3miuuii BI.
dBi dBi

3a Teopemoro noiiHoCcTi [1] oxepsxkumo, o L(Xopt) = C * Xopt = Loas(Yopt) =B * *
Yopt, e Yopt - ontumanpHe pimenHs, a Logs - L@ 3amaui mopasiitHOCTI. 3Bimcu
dL(B)/dBi=Yiopt, 1o Bu3Hauae MakcuMaibHe 3HaYeHHs1 npupocty LD mpsiMoi 3amaui mpu 3MmiHI
i-ro pecypcy Ha 1 oauHHMIIO, a came yuM Oinbiie Y iopt, Tum Oinbira gyrnuBicts LD npsamoi 3agaul
710 3MiHM BibHUX wieHiB Bi B ontumansnomMy pimenni Xopt. Sxmo Yiopt=0, o 1e o3Hauae, 1o
BIIMOBITHUI pecypc HE € CYTTEBUM Il MOJIeN, TOMY IO BIH 3HaXOJUThCS Yy HauUIIKy Bi -
a [Aij * Xjopt, j=1,n], To6t0 g [Aij * Xjopt, j=1,n] < Bi.

TakuM YMHOM TpH TPOBEACHHI aHANI3y MOJENl Ha YyTIMBICTH MOXIIMBE BCTAHOBJICHHS
TaKUX Pe3yJbTaTIB:

1) sxmo onTUManbHE pitneHHs 3amaul moasiHoCTI Yiopt=0, To BimmoBimHu# pecypc
npsiMoi 3amadi Bi BHKOpPHCTOBYEThCS 4acTKOBO | HOro 3HAYeHHS MOXeE OyTH 3MEHIICHO JI0
BEJITMYUHU é [Ai] * Xjopt, j=1,n];

2) K10 oNTUMAaJIbHE pitiieHHs 3a1a4l moasiitHocti Yioptt O, To mpu 3MmiHI BiAMOBIAHOTO
pecypca Bi na 1 ogunuiro [{® npsmoi 3amadi oiep>kuTh NpUPICT Ha BeTuuuHy Y I0pt.

3. Bumoru 50 yu6oBoi mporpamu

VYuboBa nporpama NoBHHHA OYTH NpU3HAuYEHA JUIsl TPOBEICHHS po3paxyHKiB 3amga4 JIIT 3a
ANTOPUTMOM CHMILIEKC-MeTo1a. CepenoBuie (yHKI[IOHYBaHHS MPOTPaMU - OmepalliiiHa cucTeMa
Windows. 3a nomomororo i€l mporpaMu BUKOHATH ONTUMI3aIis JIHIHHUX Popm (2.5) abo (2.8), ski
MOTIEPEHBO OBUHHI OyTH 3Be/IeH] 10 KAHOHIYHOTO BUIVISAY 3 IPUUHATHAM Oa3MCHUM PILICHHSIM.

Bxinui nani ¢popmyroThcs B BUTIISAI TEKCTOBOTO (haiily abo 3a JOMOMOTON Janory, Je
3aMUCYIOTHCS TaKi 3HAYCHHS:



1) O3naka MakcuMmizarlii abo MiHiMizaril.

2) 3aranpHa KinpkicTh 3MiHHEX 3amaul (N), ska Bxitoyae iHQopMmariiHi (3 MOYaTKOBOI
NiHIHHOT GopMH), OJATKOBI-CTPYKTYpHI (s TpUBEICHHS JiHIHHOT GOpMHU 0 KAHOHIYHOTO
BUAy) Ta mTy4dHi 3MiHHI (U1s hOpMyBaHHS TOYATKOBOTO MPUHHITHOTO OA3uUCYy).

3) kinbkicTh 0OMexeHb 3anaul (M).

4) xinpKicTb IHpopManiitaux 3MiHaKX 3a1a4l (IN).

5) 3HaueHHs koediuientiB 1imboBoi pynkuii Ci, i=1,N.

6) M HabopiB, siKi ONHCYIOTH OOMEKEHHS, e MEPIINM CTOITh 3HaYCHHs pecypca Bj, a maui
N xoedimienTiB Alj mpu 3MIHHIX B OOMEXKEHHSIX.

7) M HOMeEpIB 3MIHHHMX MTOYATKOBOTO MIPUIHATHOTO Oa3uCy.

Koedimientn Ci mITydHUX 3MIHHUX CJTIJ] BUOUPATH HA JIEKiTbKa MOPSAKIB OITBIIUME, HIXK
HaOITbIIe 32 MOJTyJIEM 3HAUCHHS, BUKOPUCTAHE y BXIIHIN TaOmuII|.

VY4boBa mporpaMa MOBHHHA IMPAILIOBATH B OJHOMY 3 JIBOX PEXHMIB - JiaJIoTOBOMY abo
KOMaHJHOMY. B mianoroBomy yci po3paxyHKH TIOJIAIOTHCS HA €KpaH, a B KOMaHJAHOMY - Y BUXITHUH
Gaiin pe3ynbTaTiB, KU BKa3yeTbCs MPOTrpamMi y KOMaHIHOMY PSAIKY, HAIPUKIIAT

LP im's_daiiny_manHux > iM's_aitny_pe3ysbraTis.

BuxinHi pe3ynbTaTté MoBHHHI OyTH MpeaCcTaBiIeH] B Takii Gopmi:

1) 3nauenus [{D.

2) 3HaueHHs 3MIHHUX ONTHUMAJBHOTO IUIaHY Juisi mpsiMoi 3axadi. He BUBOAATHCS 3MiHHI,
3HAYEHHS SKUX B ONTHMAIBHOMY IUJIaHI JOPIBHIOIOTH HYIIIO.

3) 3HaueHHs 3MIHHUX ONTHUMAIBHOTO TUIAHY JJIS 38124l MOABIHHOCTI.

3.3. [Ipukiaja miAroTOBKM JAaHHUX Ta IHTEpIpeTaIlii pe3ybTaris

Bxigui mani mist 3amadi 1m.2.2 HaBeneHi B opmati (aiina gaHux ya00BOi MPOrpaMu:
1

7

3

4
45911000
15
1111100
120
7532010
100
251015001
567

Onep>xkanuii pe3yinbTaT Ma€e BUTIISIA!
103.75 - 3nauenns L{®
X16.25 - indopmariitai 3miHHI 3a1aul

X38.75

Y1275 -3minHi noasiitHoi 3amadi

Y2 0.00

Y3 0.625

OO0poOKka Ta IHTepIpeTallis 0JIep)KaHuX Pe3yNbTaTiB:
[Tpoykiris
[TokazHuk A A B B Bceworo
nportec 1 | mporec 2 | mponec 3 | mporiec 4
OO6csr mpoaykirit 6.25 0 8.75 0
Tpynosurparu




- Ha OJTMHMIIIO TTPOAYKIIiT 1 1 1 1 15
- Ha TapTio 6.25 0 8.75 0 15
Butparu marepiany Y
-Ha OJTUHUIIIO TTPOTYKIiT 7 5 3 2 120
-Ha MapTio 43.75 0 26.25 0 70
Butparu marepiany Z
- Ha OJTMHUIIIO TTPOAYKIIiT 2 5 10 15 100
- Ha TapTio 125 0 87.5 0 100
[TpubyTox
- Ha OJTMHUIIIO TTPOAYKIIiT 4 5 9 11
- Ha MapTiio 25 0 78.75 0 103.75

OTmxe, BUPOOHHIITBO MPOAYKINi Ha Oa3i mporecie 1 Ta 3 gacTh MOKIMBICTH OJEPIKaTH
npuoOyTok y po3mipi 103.75 kp6. Kpim toro, BuTpatu marepiany Y OyayTh He moBHUMH (TIO/BIiTHA
sminHa Y2=0), mo no3Bosisge 3MeHmuTH Horo pecypc 3 120 o 70. SIkimo 3MIHUTH 3HAYCHHS
pecypcy Marepiana Z Ha omuHum, To LI® 3amaui oTpumae mnpupicT Ha 3HAYCHHS MOJBIHOT
3minHO1 Y 3=0.625.

4. TexcTy 3aBIaHb

3aBnanHg 1

BupoOnuue 00'etHaHHsT BUPOOIISE | BiJBAaHTaXXy€e CBOIM CIIOKMBAYaM J[Ba BUIM TPOTYKIIIT :
nuomarepianu | panepy. 3rijlHO yMOBaM MOCTABOK B 3alUTAHOBAHMI Mepio HEOOXITHO BUPOOUTH
He MeHIne sk P1 xy0.m munomarepianis i P2 kB.m ¢anepu. [Ipubyrok 3 1 ky0.mM muiomarepiaiia
craHoButh C1 kp6., a 3 100 xB.M ¢anepu - C2 xp6. 11106 orpumatn 1 ky0.M mmimomMaTepiais,
HeoOxinHO BuTpaTuti Al ky0.M simmEM Ta A2 Ky0.M sutuil, a o6 BuroroButy 100 kB.M danepu
- A3 ky0.m sttran Ta A4 Ky0. M sutuiii. Ha cximazi 00'ennanss 3uaxoautbess Bl ky06.m stmvam | B2
Ky0.M sumnii. BusHaunTi 00CAT MOCTaBOK MPOIYKIIIT CIIOKUBavaM, TPU SIKUX 00'€ THAHHS MaTHMe
MaKCUMAaJIbHUI MPHOYTOK.

[TapameTp Bapiant

3aBAaHHA 1 2 3 4
P1 10 25 10 15
P2 120 120 120 10
C1 16 17 6 40
C2 60 600 70 1000
Al 1 2 2 10
A2 3 1 3 14
A3 5 100 10 2
A4 10 500 90 3
Bl 90 700 60 200
B2 180 1500 120 270
3aBaaHHs 2

CranenuBapHHil 3aBOJI BUKOHYE 3aMOBJICHHS Ha BUPOOHMIITBO JIMBApHUX BUPOOIB, UIs
BUTOTOBJICHHS SIKMX HEOOXIJHa YuWcTa cTaib | MeTanoOpyxT. BupoOHuul BHTpaTH 3aBomay i3
po3paxyHky Ha 1 kr umucroi craii ckiagarote Cl kp0., a Ha 1 kr meranoopyxty - C2 kp0.
3aMOBIICHHS Tiepe0avyae MOCTa4aHHs He MeHmie Z T JIMBapHUX BUPOOIB. 3amacu craii Ha ckiajl
obmexeni | He mepeBuiryrorb Pl T, a 3amacu wmeranoopyxty - P2 1. TexHonoriuni ymoBH
BUTOTOBJICHHSI JINBAPHUX BUPOOIB MAIOTh OYTH TaKMMH: CII IBBIJHOIICHHS Baru METaIOOPYXTY 10
Barv 4YMCTOI CTall B MpOLECi OJep)KaHHs JUBAPHUX BUPOOIB He TOBUHHO mepeBuiryBatu A2:Al;
Yac JIMBAPHOTO MPOIIECY HEe TOBUHEH NepeBuiyBat T roauH; Ha 1T ctani e B1 roaunu, a Ha 1



T MetanoOpyxty - B2 roamnu BupoOHMHYOro uvacy. BusHauumTH 0OCSAT BUKOpPHCTaHHS CTail Ta
METaNIo0PyXTy, TAKUM YMHOM II00 BUPOOHHYI BUTPATH HA BUTOTOBJICHHS JIMBAPHUX BUPOOIB Oyin
MIHIMaJIBHI.

ITpamerp Bapiant
3aBAaHHA 1 2 3 4
C1 3 5 2 4
C2 5 3 5 8
Z 5 5 6 6
P1 4 6 5 5
P2 6 4 6 6
Al 8 8 2 1
A2 7 12 4 5
T 18 12 14 12
Bl 3 3 2 3
B2 2 2 1 1
3aBnaHHs 3

Panio3aBoj Bumyckae panionpuiiMaul 3 pi3HUX MOJENCH, KOKHA 3 SKUX JIa€ MPUOYTOK Y
po3mipi (Cili=1,3). 3aBoj MOBHHEH BUTOTOBUTH 3a TIXICHb He MeHbin sk (Pili=1,3) monernei.
Koxna mozens i3 po3paxynky Ha 10 mpuitmauiB Mae Taki yacoBi xapakrepuctuku: Ali roauHu Ha
BUTOTOBJICHHSI JieTasei, A2i ronquHu Ha ckiananss, A3i roauHa Ha makyBanHs; 1=1,3. 3a miaHoBHiA
THXKJICHb 3aBOJ] MOJKE BUTPATUTH HA BUPOOHHIITBO netaiei jo Bl romuH, Ha ckinamanHs qo0 B2
roguH | Ha makyBaHHs 10 B3 roaun. BusnauumTe oOcCsArM BUIYCKY MoOJeNeH, ski O TpUHECTH
MaKCUMAaJIbHUI MPHOYTOK.

Ipamerp Bapiant
3aBIaHHs 1 2 3 4
Cl 8 5 2 7
C2 15 8 3 11
C3 25 8.5 5 15
P1 100 20 100 50
P2 150 10 60 60
P3 75 15 90 90
All 3 2 2 6
A2l 4 4 3 2
A3l 1 1 1 2
Al12 3.5 5 5 3
A22 5 5 3 3
A32 15 2 2 5
Al13 5 3 3 9
A23 8 8 6 5
A33 3 3 3 6
Bl 150 250 100 450
B2 200 200 150 100
B3 58 65 65 100
3aBmanns 4

HadromepepoOuuit komOiHaT 3 aBOX copriB HadTu BHpOONsSe IBI Mapku OCH3UHY,
BUKOPHCTOBYFOUH JUIS I[LOTO JIBa TEXHOJIOTIYHUX TpoliecH. TeXHOJIOTIYHI YMOBHU 3aCTOCYBaHHSI LIUX
nporeciB (i=1,2) matorb Oytu Takumu: 3 Ail oguHuIp 00'eMy cupoi Hadtul i Ai2 omuHHIs 00'eMy
cupoi HapTH2 BHXxOAUTh Bil omumuune 00'emy Oenszunyl | Bi2 oguuuinp o0'emy OeH3uHYZ.



MakcumanbHa KiJIbKiCTh 3anmaciB cupoi HadTH, Ky Ha KOMOIHATI MOXKYTh 30epiraTti, cTaHOBUTh Z1
I Z2 omuHUIB 00'eMy BIOMOBIAHO. 3a yMOBAaMH IOCTaBOK MOTPIOHO BHpoOMTH He MeHme Pl
omuHulb 00'emy OceH3uHyl | P2 omgunuie o0'emy Oenzuny2. Ilpubyrok 3 omuHHUIl 00'€eMy
OpOAyKIli, oJepaHol 3a JOMOMOTOK TEXHOJIOTIUHUX TmpoleciB, ckiaamarotk Cl i C2 y.o.
BimoBiaHO. Bu3HauTe omTMMmaiibHI 00CATH BHPOOIIFOBAHOTO OCH3WHY, peaiisallis SKUX JacTh
MaKCUMAaJIbHUI MPHOYTOK.

Ipametp Bapiant
3aBJaHHA 1 2 3 4
All 1 1 3 1
Al2 3 2 2 3
B11 5 1 2 3
B12 2 4 4 1
A21 4 1 4 5
A22 2 3 7 4
B21 3 4 4 2
B22 8 6 8 4
Z1 100 100 150 150
Z2 150 150 190 100
P1 200 100 130 90
P2 75 75 110 145
Cl 30 50 25 35
C2 55 30 25 45
3aBgaHHs 5

[TpomuciioBe MiANPHEMCTBO BHUITYCKA€ 3 PI3HUX TPOJYKTH, KOKHUHA 3 SIKHX OJIEPKYETHCS
IUISIXOM  TIepepoOKH  jeskoro Marepiany. [lpumbanHs Marepialy MHpOBOIUTBCS Y JABOX
nocravanbHUKIB. [Ipu iboMy 00CsT i-T0 MPOAYKTY, SIKMI MOXHA OTpUMatH 3 1 TOHM MaTepiany j-ro
nocravajibHUKa CTaHOBUTH Alj TOH, a mpuOyTOK Bij peanizamnii Bciel mpoaykiii, BurotopiaeHoi 3 1
TOHM Marepiaiy |-ro mocradayibHuka ckianae Cj y.o. Sky kimpkicTe MaTepiany ciij npuadata y
MOCTavalIbHUKIB, MO0 BUPOOHHMIITBO Mpoxaykiii He mepeBuiryBaio (Bili=1,3) ToH, a 3aranbHuii

npuOYTOK BiJl peasizaiii OyB HaWOIIbIIHIA.

IIpamerp

Bapiant
3aBJaHHA 1 2 3 4
All 0.2 0.1 0.2 0.3
A21 0.2 0.4 0.3 0.5
A3l 0.3 0.2 0.2 0.1
Al12 0.3 0.3 0.5 0.4
A22 0.1 0.1 0.2 0.2
A32 0.3 0.2 0.3 0.1
Cl 5 6 3 7
C2 6 5 7 5
B1 17 17 14 10
B2 11 11 15 12
B3 24 13 10 16
3aBmanHs 6

PemonTHa 5aHka 3 4-X YOJIOBIK BUKOHYE 3aMOBJICHHS Ha TMIArOTOBKY 3-X OJIMHUIb
OCHOBHOTO OOJIaJHAHHA JI0 BHITYCKy mpoaykiii. Oriara mpami j-ro poOiTHHUKa 3a  Tapupom
pPEeMOHTY i-ro oOnagHaHHs ckiagae Aij y.0./ro, a 3aranbHi BUTpaTH Ha PEMOHT I-T0 00JaHAHHS -
Bi y.o. Busnaute 3aranbHuii 4ac poOOTH KOKHOTO pOOITHHKA, 32 KU JIAHKA OTPUMAE 3arajbHUM



MaKCHMAJIbHUI TPUOYTOK, SKIIO "TPHOYTKOBICTh" BUKOpHCTaHHS poOiTHHKIB fopiBHIoe (Cjlj=1,4)
y.o./ro.

ITpamerp Bapiant
3aBJaHHA 1 2 3 4
All 1 5 2 2
Al2 1 5 2 3
A13 1 5 2 1
Al4 1 5 2 4
A?21 4 1 10 2
A22 5 2 5 5
A23 3 6 7 2
A24 2 3 8 7
A3l 3 3 4 4
A32 5 4 6 7
A33 10 2 3 5
A34 15 1 1 10
Bl 25 320 80 70
B2 100 220 280 120
B3 120 150 220 210
C1 4 11 7 2
C2 5 135 5 2
C3 4 10 3 3
C4 3 7 2 6
3aBnaHHd [

ByniBenpHMIT KOMOIHAT BUITYCKA€ |-BUAIB HamiB()aOpPHUKATIB, KOKHUI 3 KU CKIIQJAETHCS 3
I-TumiB KoMmnoHeHT. [Ipomec BupoOHMIITBA HamiB)aOpPHUKATIB PETJIAMEHTYETHCS HOPMOKO BHTpPAT
KoMIoHeHTIB Ha 1 kr HamiBdaOpukary - Aij. MakcumanbHa KUTBKICTH KOMIIOHEHT, SIKI € Yy
posmnopspkeHHi (adpuku cranoButh Mi Kr, a 10Xia, oxepkyBanuit 3 1kr HamiBpaOpuKaTy j-ro
Buay ckianae Pj. HeoOxigHo BupoOuTu He MeHIn Dj kr HaniBdaOpukaTiB KoxHOTO BUIY. [ToTpiOHO
BU3HAYUTH ONTHUMAIBHUN IUIaH BHUITYCKY, MO0 3a0€3MEeYUTh MAaKCHUMAaJIbHHUH CYKYIMHHHA JI0XOJ
koMOiHaTy. (CaMOCTIifHO BU3HAYUTH YHCENIbHI 3HAYCHHS [TApaMeTpPiB 3aBIaHHS).

3aBnanHs 8

MamuHoOy/IiBHE MiAMPUEMCTBO BUpPOOJsie NnpiOHI AeTani Ui MPOMUCIOBUX BHUPOOIB 1
mpoJiae X yepe3 CBOIX MOCEpeTHUKIB 3a (hikCOoBaHOMK IiHOIO B y.0. 3a mtyky. OOcSr MicSYHHX
MoCTavaHp JeTalleil mocepeqHuKam ckianae Pi mTyk. BUpoOHUYI MOTYKHOCTI MiANPHEMCTBA, 110
CKJIAJIA€ 3 |-1IeXIB, XapaKTePU3yIOThCS BEITMUYUHOI MPUITYCTUMOTO 00csTy BHpoOHHIITBA - Dj mryk
Ha Micslb, COOIBApTICTIO BHIOTOBICHHS onHiei nertani - Cj y.0. i TPAaHCHOPTHUMH BUTpaTaMH
KO’KHOTO IIeXy INpH JOCTaBII OJHI€T neTani mocepeqHukaMm - Rij y.o. Buznauutu ontuManbHUit
oOcsT BWITYyCKY TpPOAYKILIi B KOXHIM IleXy, 0[O0 3a0e3rnedye MaKCUMalbHUH MPHOYTOK
nignpueMcTBa. (CaMOCTIifHO BU3HAYMTH YKMCENbHI 3HAYCHHS ITapaMeTPIB 3aBJIaHH).

3aBnanHs 9

TpancnopTHa aBiakOMMaHis 3/IHCHIOE OOCITYrOBYBaHHS I-IyHKTIB JIITAKaM |-THITIB.
BanTaxomiTiOMHICTh JliTaka KOKHOTO THITy BCTAHOBJICHa B MeXaxX Pj TOHH, morpeba KOXKHOTO
nyHKTY He MeHII Di TOHH, a B po3nops/pkeHi aBiakoMmaHii 3HaxoquTbesi Nj JTiTakiB KOKHOTO THITY.
Butparu, moB'si3aHi 3 MEpeNiTOM JITakiB 3a MapIIpyTOM <IIEHTPAJbHUH aepopOM-ITyHKT
NpU3HAYCHHS» BU3HAUYCHI B po3mipi Aij y.o. 3a mepenit. HeoOXiMHO 3HAWTH ONTUMAaIBbHUI TUIaH
MEPEeBE3CHHsI  BaHTAXIB  JliTakaMH 3  MIHIMaJbHUMH  BUTpaTaMH, NPUYOMY  TEpeIiT



HEJI03aBaHTAKCHOTO JIiTaKa CIUIauyeThes sIK 3a NoBHUH. (CaMOCTIHO BHM3HAYUTH YHCEIBHI
3HAYCHHS MApaMETPIB 3aBIaHHS).

3apnanns 10

CranenuBapHe oO0'eHaHHS Ma€ y CBOEMY CKIIaJi [-rOpHO30aradyyBallbHUX KOMOIHATIB,
KOKHUHU 3 KU TepepoOIIsie 3aii3Hy pyay, OAepKYIOUd IpU IIbOMY S-COPTIB JIMTOTO 3aji3a.-Jlure
3a1i30 TOCTaBJsiEThcs Ha f-MeTanooOpoOHHMX 3aBOJIB, KOXKHUI 3 SKUH POOHMTH P-BHIIB KIHIEBOT
nponykiii. OO0'elHaHHIO HEOOXIAHO PO3POOWTH TOTOYHHWHA TUTAH BHPOOHHUIITBA, SKUH OH
MIHIMI3yBaB TOHHaX 3aJII3HOT PY/H, IO MiJJIArae nepepoOili Ha KoMOIHaTaxX, 3 OOJIKOM HACTYITHHX
BUPOOHMYO-TEXHOJOTTYHII YMOB 1 0OMEXKEHb Ha PIBEHb 30yTYy:

1)Asr — Bara JuTTs STO COpTYy, OJepKyBaHOro 3 I1ToHHM 3ani3HOT pyau Ha
ropHO30araqyBaJIbHOMY KOMOIHATI I;

2)Bspf — oOcsr mponykiii p-ro Buay, oAep)KyBaHOro 3 1 TOHHW JHTTS STO COpPTYy Ha
MeTanooopoOHOMY 3aBoi f;

3)Cr — MakcuManbHa KUIBKICTh (TOHH) 3ali3HOT pyIH, IO MOXKe OyTH mnepepoOieHe Ha
ropHO30araqyBaJIbHOMY KOMOIHATI I;

4)Kf — makcuMalnpHa KUTBKICTh JUTTS BCIX COPTIB, II0 MOKEe OyTH mepepoOsieHe B mporeci
OJIepKaHHs yCiX BUIIB MPOAYKIIT HA MeTaj000poOHOMY 3aBoi f;

5)cymMapHHii TOHHaX 3aJIi3HOI PyAH, IO TMEPepoOISIe€ThCs, TOBUHHUN OyTH JOPIBHIOE
TOHHAXY, 1[0 BUTPAYAETHCS ISl OJIEPXKAHHS JIMTTS B 00Cs31, nepeadadyeHoMy il IOCTa4aHHs Ha
MeTaro00po0Hi 3aBOIH;

6)cymMapHUil TOHHAaX 3ali3HOT PyaH, IO MEPepOOIIETHCA Ha KOXHOMY KOMOIHATI,
oOMeXeHUI BUPOOHIMYMMH MOTYKHOCTSIMHU JaHOTO KOMOIHATY;,

7)cyMapHU# TOHHAX JIUTTS, 10 BUTPAYAETHCS 3aBOIOM JUISI OJICPIKAHHS TOTOBOI MPOAYKIIii,
IMOBUHHUH BIAMIOBIZATH KUIBKOCTI IIOCTABJIEHOTO JINTTH,

8)cymapHUii TOHHaX JIMTTS, IO MEPEPOOIETHCA Ha KOXHIM 3aBOJI, OOMEKEHUI
BUPOOHMYUMH MOTY>KHOCTSIMHU JIAaHOTO 3aBOJLY;

9)cymapHuii 00CAT KOXKHOTO BUJLY TIPOJIYKIlii TOBUHHUH BiAMOBIIATH MOIMHUTY.

(CamocrTiiiHO BU3HAYUTH YHCEIIbHI 3HAYCHHSI TapaMeTpiB 3aBJaHHs).

3aBaanns 11

CinbCchbKOTOCIOIAPChKE MIMPUEMCTBO 3/IIHICHIOE BUPOIIYBaHHS N CUIBCHKOTOCIIONAPCHKUX
KynsTyp Ha M moutiB (yrims). Ha kokHIM 3 yrigs Moxke OyTH 3acisHa OJHA YM JCKLTbKa KYJIbTYP.
VCTaHOBICHO BPOXKANHHICTD KYJIBTYPH | Ha MOJI / - &; LEHTHEpiB 3 rekrapa, Iuioma mnois / — d;
reKTapiB, 3aJaHUi IUIaH BHPOOHUIITBA KOXKHOI KYNBTYpU — Dj IIEHTHEpIiB, a TaKoX 3aKyIiBeNbHI
I[IHM CUIBCHKOTOCHOJAPCHKUX KYNIbTYp — Cj KapOoBaHIIIB 3a IeHTHep. [IoTpiOHO BU3HAYMUTH ILUIaH
3aciBOM MOCIBHUX IJIOI] 3 METOO MaKCUMI3allil I0XO1y BiJl MPOAaxKy MPOTYKIIii.

(CamocrTiiiHO BU3HAYUTH YHCEIIbHI 3HAYCHHSI TapaMeTpiB 3aBJaHHs).

Jlirepatypa
1. Baituenko FO.I1. Jlocnimkenns oneparriii.-Kuis : Bumia mkosra, 1988.

2. OcHoBu aBTOoMatm3anii ympasiiaHs BupoOHuirBoMm /Ilin pex. |.M. Makaposa.- M.
Brercmiag mixona, 1983
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JOCJI JDKEHHA 3AJAYI KAJIEHJAPHOI'O INTAHYBAHHA
BUPOBHNYNX CUCTEM

Mera poOOTH: 03HAaHOMHUTH CTYJCHTIB 3 METOAMKOIO PO3B'SI3aHHS 3ajadl KaJeHJapHOTO
IUIAaHYBaHHS 3a JIOMOMOTOK MAIMHHOT peaii3aiii MeToJy TiJOK Ta TpaHUIlb JIHIKHOTO
inouncenbHOro nporpamysanns (JILIT).

1. [Topsnok BUKOHAHHS POOOTH

1. O3HalOMHUTHUCH 3 TEOPETHYHUM MAaTEPIaIOM.

2. Cxylacti MaTeMaTHYHY MOJIeb 3aa4l KaJeHJapHOro IUTaHYBAHHS 3TIIHO 13 BaplaHTOM
3aBJIaHHS Ta MEepeTBOPHUTH 1i B ymMoBH 3amaul JILIII.

3. [ligrotyBatu TekcTOBUil (haiiyl yMOB 3aadi.

4. Po3B's3aTH 3a/1a4y, po3poOUBIIH y4O0BY IpOrpamy.

5. Jlatu iHTepmperallifo OJepKaHMX pPe3yJbTaTiB, 3aCTOCYBABIIM JaHI MPO YyTJIUBICTH
copmoBanoi mMozenl, | JOCHIIUTH BIUIUB 33JaHUX MapaMeTpiB yMOB 3ajadi 3riITHO 3 BapiaHTOM
3aBJIaHHS.

6. [TliaroTyBaTH 3BIT.

2. TeopernuHwmii MaTepian

Opranizaiiis onepaTUBHOTO YIpPAaBIIHHS IIIPUEMCTBOM HEMOXJIHBa Oe3 aerajizaiii
BUPOOHMYOI TPOTpaMU BHITYCKY MPOJIYKI[T 32 YaCOBUMH IHTEpPBaJaMU B MEKaX BCTAHOBICHOTO
IUTaHOBOTO Tiepioay. Peaizarist 1ie 1 GyHKIIT 31 HCHIOETHCS 3a/1a4€H0 KaJICHIAPHOTO IJIaHYBaHH,
pe3yJIbTaTOM BHPILICHHS SKOI € 4YacoBe YIOPAAKYBAaHHS KOMILICKCY 3alUIaHOBAHHHX pOOIT
nporpamu. YacoBe yIMOpsAKYBaHHS BHPAKAEThCS y BH3HAYCHI CTPOKIB MOYATKY Ta 3aBEPIICHHS
BUKOHaHHsI poOIT, TOOTO KaJleHTApHHI IJTaH BH3HAYAE CKIIBKU MPOJYKINT HEOOXITHO BUTOTOBUTH
y KOXHOMY IHTepBaii BcraHoBieHOTO mepioxy. Y I'BC omeparuBHHMII IJIaHOBHH TEpIoa, SK
NPaBWIIO, HE TEPEBHIINYE MICSYHOTO TEPMIHY, a CTPOKaMH 3allyCKy-BUIYCKYy € Takli 4acoBi
IHTepBAJIN: ICKa/IU, THXK/HI a00 JTHI.

MarematuuHoO (GOpPMOIO  YSIBICHHS 3a7ad  JaHOTO KJacy € JiHIWHA JMCKpeTHa
onTHMI3alliiiHa MOJIENb, a METOJIOJIOTIE0 PO3B'SI3aHHS - I[IJIOYHCENILHE TPOTrPAMyBaHHSI.

2.1. TlocTaHoBKa 3aj1aul KaJIeHIaPHOTO TUIAHYBaHHS

HoMmeHknaTypHHiA CIUCOK MPOAYKIIIT, 110 BUPOOISETHCS 32 TUIAHOBUH MEpioJl, CKIIaIa€ThCsI
3 N HaiimenyBaup (i=1,n). IlnanoBuii mepion Bkmoyae T wyacoBux IHTepBaiiB (k=1,T). V
BUPOOHUIITBI BHKOPUCTOBYETHCS M BUAIB pecypciB (j=1,n). Pecypcamu MoxyTh OyTH rpymnu
oOMagHaHHs, MarepiajgbHi pecypcd, TpymH crerjanicTiB Ta iHme. Pecypcu, siki HaaxomsTh y
BUPOOHUIITBO, BBAKAIOTHCS 33/IaHUMU | XapaKTePU3YIOThCS:

1) TeXHOJOTIYHMMH yYMOBAMHU - HOPMATHBHUMH BHUTPaTaMH Ha BUTOTOBJICHHS TPOYKIi
A=[Aij], nme Aij - obcar j-ro pecypcy, HEOOXIITHOTO Ui BUTOTOBJICHHS JeTaied I-ro
HaliMeHyBaHHsl (HOpMaTWBHA TPYJIOMICTKI CTh BHUTOTOBJICHHS i-0i JeTajl Ha |-My OOJiaJHaHHI;
HOpPMAaTHBHI BUTPATH |-TO BHy MaTepiajliB Ha BUTOTOBJICHHS I-01 eTai);

2) opraHizamiiHUMH YMOBaMH - HOPMATHBHUMH 3amacaMu pecypciB y K-my iHTepBai
Bk=[bkj], ne BKj - obcsr j-ro pecypca y K-my inTepBaii (HopmatuBHUIA (HOHJ yacy poOOTH |-TO
obnanHanHA y K-My IHTepBali; HaJ X0 DKEHHS j-ro BUIy MaTeplaiiB y K-My inTepBaii).

[lepen mimposninmamMu CTaBUTHCS 3aBJaHHS BHKOHAHHS BUPOOHHMYOI Mporpamu  3a
obcsirom Bunycky mpoaykiii P=(Pi|i=1,n) 3a muaHoBwmii miepio Tak, 1100 CBOEYACHO MOCTAYaTH
nerani BigmoBimHo 3 3oBHImHIME moTtpedamu Fk=(FKili=1,n) (manpukian, norpedamMu



CKJIQIAILHOTO BUPOOHUIITBA a00 YMOBaMH IMOCTayaHHs Mponykiii), ne Pi - r1uraHoBuii o0csr
BUIYCKY Jerainedl i-ro HaiiMeHyBaHHs; FKi - moTpeOu neraneit i-ro HaiiMeHyBanHs y K-my
IHTepBaJIi.

dopmaizyeMo HaBeACHY MOCTAHOBKY 3a JIOMIOMOTOIO JIHIWHOT omTUMI3aIiitHol Mo ieni.

Cran BupoOHunTBa y K-my IHTepBani Oymemo 3amaBat Bektopom Xk= (XKi|i=1,n),
komroneHTa sikoro XKi - Bumyck neraneidt i-ro HaiimeHyBaHHs y K-my inTepBani. Toml oOcsr
BUKOPHCTAHOTO |-TO pecypcy y K-My i iHTepBasli HE MOBUHEH IIEPEBHINYBATH BCTAHOBJICHOTO
3HAUEHHS HOPMH, TOOTO

é (Aij * Xki), i=1,n] <=BKj , j=1,m, k=1,T (21

SIkmo pecypew, SIKI BUKOPUCTOBYIOTbCSL Y  BUPOOHMIITBI, MAalOTh 3IaTHICTh
HAKOTIMYYBaHHS Ta MEPEHOCY Y HACTYMHI 4acoBi IHTEepBaJK, TOJI OOMEXEHHS HAa BUKOPHUCTAHHS
HAJIaBAEMUX PECYPCIB MEPETBOPUTHCS TAKUM YHHOM

& [& [(Ajj* Xli),i=1n], 1=K <= & [Blj, I=1K] ,j=1,m,k=1T (2.2)

TOOTO 00CAT |-TO pecypcy, BUKOPUCTAHOTO 3a K IHTepBaliB, HE MOBHHEH MEPEBHUINYBATH
o0csry, SKuii HaIioB 10 K-ro iHTepBay.

Takum unHOM, oOMexeHHs (2.1), sike He BpPaXOBYe BUKOPHCTAHHS PECYPCiB Yy TOMNEpeaH|
IHTEpBaJid, JOIIJLHO BHKOPHCTOBYBATH Y BHITQJKy YacoBoro o0jiky pecypciB (dhoHm uwacy
oOnasHaHHA), a oOMexeHHs (2.2) - mpu KiIbKICTHOMY 00JIIKY pecypciB (BUTpaTu MatepiaiB).

AJle SKIIO0 HE BCTAHOBJICHI OpraHi3auliiiHi yMOBH BHTpaT pecypciB 3a 4Yac IJIAaHOBOTO
nepiojy, To OOMEKEHHS Ha iX BUKOPHCTAHHS TIOBUHHO YSBJISITUCS TAKUM YHHOM:

a [a [(Aij* xki),i=1,n], k=1T] <= & [Bkj, k=1T],j=1m

abo

a [(Aij* & [Xki, k=1T]),i=Ln] <=Bj, j=1L.m, (2.3)

ne Bj=a [Bkj, k=1,T].

KinmeBuit Bumyck mnpoaykiii 3a yMOBaMH 3ajadl TOBHHEH JIOPIBHIOBATH IUIAHY
BUPOOHUIITBA, TOOTO

a [Xki, k=1T] =Pi,i=1n (2.4)

SIkmo BpaxyBaTH, III0 BHUTOTOBJICHA MPOAYKIs OE3MOCepeHbO JAHOK BHPOOHUYOIO

OIMHHUIE He BHKOpUCTOBYeThes, TO Xi=(XKilk=1,T) HeBix'emMHa mociigoBHICTE, TOOTO
Xki>=0,k=1T,i=1n (2.5

Kanennapuuit mman Bumycky uponykmii (XK|k=1,T), skuii  3a10BOJIbHSE HaBEICHUM
OOMEKECHHSIM, HA3WBAIOTh MPUHHATHUM. B peasbHUX BUPOOHHMUIX yMOBax ICHye KIHIICBa, alie
JIOCTaTHHO BEJHMKA MHOXXMHA NPUHHATHHUX TUIAHIB BUITYCKY, Cepell SKUX HEOOXITHO BHOpaTH
HaWKpaIyii 3 TOYKH 30py MakcuMaibHOTO 3a10BojieHHs notpedou (FK|k=1,T). Tomy sk kpurepii
3amaul ¢ posrisiaTty mieBy ynkiito (LIP) minimizarii cymapHOTo MO IHTEpBajgax Ta JAETaIIX
BIIXIJICHHS BUIIYCKY BiJI HOTpeOH:

mn(g [a& [(Fki- Xki),i=1,n], k=1,T]) (2.6)

SIKIo nepeBUPOOHHIITBO HEMTPUITYCTUMO (BUITYCK HE MIOBHHEH MEPEBUILYBAaTH MOTPEOH), TO
B BUpPa3i KPUTEPIIO 3HAYCHHS BIIXUJICHHS BUITYCKY B MOTPEOU HEOOXITHO BpaxyBaTH 3a MOJYJIeM
(JFki - Xki]).

2.2. Meton "riiok Ta rpaHullb” 3a1adi JIHIHHOTO MIJOYUCETBLHOTO IPOTpaMyBaHHs

Meron "riiok Ta rpaHWIB’ HAJISKUTH JO TPYMH KOMOIHOBAHMX METOJI B JUCKPETHOTO
NpOrpaMyBaHHS | € OJHUM 3 HaHOUIbII TOIIMPEHHX METOMIB, SKI BHUKOPUCTOBYIOTBCS MpU
po3B's3ani 3amay JILIT.

Peanizaiiis 1boro MeTOAy MOJSTae Yy MOCIIIOBHOMY PO3railyKeHHI 0YaTKOBOT MHOXKHHU
pilliecHh Ha JEpeBO TIJIMHOXXWH 3 BU3HAUCHHSM pIlIeHb B yCIX IMIJIMHOXWHAX, JOKH He Oyne
3HAMJICHO ITIyKaHe, SIKe 33JJ0BOJIbHSIE YMOBI IIJTOYHCENBLHOCTI (IMCKPETHOCTI).



MaremaTtruna noctanoBka 3agadi JILII, 10 skoi 3aCTOCOBYIOTH METOJI MAa€ TaKHil BHIJISY

[1]:

FX)=max{ & [Cj* Xj,j=1nl} 2.7)
3a YMOB

a [Aij* Xj, j=1,n] <= Bi, i=1,m (2.8)

Xj>=0,j=1n (2.9)

X] - wial yucna (2.10)

[Tpouiec HaXOJHKEHHS ONTHUMAIBHOTO PIIMICHHS MOYMHAIOTH 3 PO3B'A3aHHS HEMepepBHOT
3agadi JII1. ko onep kaHuii Mpu bOMY ONITUMATBHUI T1aH X0 He 3a10BosbHsE ymoBi (2.10), To
snaueHHs L[® F(X0) nae Bepxuro ominky Q ans mykaHoro pimeHHs. Jlani BHKOPHCTOBYIOTh
OararoiTepaniiiHy Ipoueaypy radyKeHHs (pPO30UTTS MHOKUHY MPUHHIATHHUX PINICHB), TEPEPAXYHKY
OIl IHKU Ta IEPEBIPKY YMOBH LINIOYUCETBHOCTI.

Cxema aropuTMy ITepaliiftHoT MpoIeypu:

Kpox 1 - raimyxeHHs.

Bubpatu 3minny XjO, 3HadeHHs KOTpoi He € minouucenbHuM. Ilokmactu L=[Xjo], ne [ ] -
nporeaypa BuiieHHs 1ol yactuau. ChopmyBatu ABI 3a1adi: 'y mepiry gonatu oOMexeHHs X|
>=L+1, ayapyry Xj <=L. BiniOpatu ofHy 3 HUX SK IOTOYHY, a JPYry BBECTH Y CIIUCOK 3a1a4 G
TSI TIO/IANTBIIIOTO CTBOPEHHS MHOXKHHU PILIICHb.

Kpoxk 2.
Po3B's3aTi notouny JllI-3anauy sik HemepepBHY Ta 3HAWUTH 1i onTUManbHUH mi1aH XO.

Kpoxk 3.
Pospaxynox oninku Q=F(X0).

Kpok 4 - nepeBipka oNTUMAIBHOCTI.

Skmo Xo - uimouncenpie Ta Q=max{Q(G)}, To X0 - ontumanbHe pimeHHs. B iHmomy
BUMAJKY Bigoupaemo 3 G 3a7a4y 3 HEIIOYHCEIBHUM P IMIeHHSIM, Y ko1 orinka € max{ Q(G)}, ta
MEePEXOJMMO JI0 IOYATKy HACTYITHOI ITepartii.

[Mepen po3B'si3anHs 3amadl HEOOXITHO MOMEPETHHO BUKOHATH TaKi MPOLIEAYPH:

1) npuBecTH MaTeMaTHYHy MOJIEINb JI0 KAHOHIYHOTO BUAY y (opMi 3ajaui Ha MaKCHUMYyM,
T00TO O00XeHHs1 (2.8) mepeTBOpUTH Ha PIBHSHHA 32 JOMOMOTO JIOJATKOBHX (CTYKTYpPHHX)
3MiHHEX, a Gopmy LD noxatw sik (2.7);

2) BU3HAUUTH TIOYATKOBUI TPUIHATHUN (HEBIJ'€eMHMIT) Oa3MCHUIA pO3B'A30K 3amaul | B
pa3i HeoOXIITHOCTI BBECTH IITY4YHI 3MIHHI;

Oco0MBOCTI 3aCTOCYBaHHS METOY

1. MeTo1 MOKITMBO 3aCTOCOBYBATH SIK JUISl TTOBHICTIO, TaK | JUISl 4aCTKOBO I[IIOYHCETBHUX
3ajad.

2. Hogi oomexenns Buny Xj>=[X]jo]+1 un X]<=[X]0], sxi BBoAAThCS Ha KOXKHIH ITepariii,
BUCTYIAIOTh Y BUJII BiJICIUCHD.

3. [lpu BBOJAI HOBOTO OOMEXCHHS HeMae HEOOXITHOCTI 3HOBY PO3B'SI3yBaTH BCIO 3ajauy
(2.7)-(2.10), a MOXJIMBO BUKOPHCTOBYBAaTH PE3yJIbTaTH TOMIEPENHbOI ITepalii, Oe3mocepenHbo
BBOJISTYM B TaOJHINIO OTITUMAIBHOTO PIIIIEHHSI HOBE OOMEKCHHSI.

4. Tlpu pos'szanni JII1-3amadi HA MIN BUKOPHUCTOBYIOTh HMWXKHIO rpanuiio - Q(G)=min
F(X). B upoMy BunagiKy 03Haka ONTHMAIBHOCTI (GOPMYITIOE ThCS MPOTUICKHUM YHHOM.



3. Bumorwu 110 yu60Bo1 mporpamu

VYuboBa nporpama MoBHHHA OyTH TPU3HAUCHA VIS IPOBENICHHS po3paxyHKiB 3amad JILIIT 3a
CXEMOI0 QJITOPUTMY MeToja 'TUIoK Ta rpanulls’. CepenoBuile (YHKIIIOHYBAaHHS MPOTPaAMH -
omepariiina cuctema Windows. 3a nomomMororo miei mporpaMu BHKOHATH ONTHMI3aIlito JIHIHHOT
dopmu (2.7)-(2.10), sika monepeIHHO MPUBOTUTHCS IO KAHOHIYHOTO BHTY 3 IPUHHITHAM Oa3MCHUM
pILICHHSIM.

Bxinui nani ¢GopmyroThcs B BUTIISAI TEKCTOBOTO (haiy abo 3a JOMOMOTON [anory, 1e
3aMUCYIOTHCS TaKi 3HAYCHHS:

1) 3aranpHa kinbkicTh 3MiHHUX 3amadl (N), ska Britovae iHpopmaliitHi (3 MOYaTKOBOI
JiHITHOT popMHU), TOAATKOBI-CTPYKTYpHI (JUIs IpUBEICHHS JIHIITHOT POPMHU 10 KAHOHIYHOTO BU/Y)
Ta mTy4Hl 3MiHHI (Ui GOpMyBaHHS MOYATKOBOTO MPUHHATHOTO Oa3ucy).

2) Kinbkicte oOMexenb 3amaul (M).

3) Kinbkicts inpopmariiinux 3minaux 3aaadi (IN).

4) Homep mepmioi minouucenbHoi 3MiHHOT ('HWKHS — TpaHUIS 30HH I[IIOYHCETBHUX
3MIHHHX).

5) Homep ocranHBOI 1iiouncenbHOT 3MIHHOT (‘BEpXHs TpaHMI 30HU IIIOYHCETBHUX
3MIHHHX).

6) 3HaueHHs koediuientis winboBoi pynkuii Ci, i=1,N.

7) M HabopiB, siKi ONHCYIOTH OOMEKEHHS, e MEPIINM CTOITh 3HaYCHHS pecypca Bj, a maui
N xoedimienTiB Aij mpu 3MIHHIX B 0OMexXeHHsIX. Bel 1l 3HaUYeHHST MOXKYTh OyTH HE IITUMH.

8) M HOoMepIB HiTOYHCENPHIX 3MIHHUX MIOYaTKOBOTO NMpuiiHATHOTO O0aszucy. Koedinientu Ci
IITYYHUX 3MIHHUX CJIiJI BHOMpATH Ha JIEKIIbKa MO PSAKIB OITBIIMMU, HIK HAHOUIbIIE 32 MOJTyIeM
3HAYCHHs, BAKOPUCTAHE Y BXIJHIN TaOIHII|.

VYuaboBa mporpaMa MOBHHHA IPAILIOBATH B OJHOMY 3 JIBOX PEXHMIB - TiaJIoTOBOMY abo
KOMaHJHOMY. B mianoroBoMy yci po3paxyHKH MOJIAIOThCSl HA €KPaH, 2 B KOMAHIHOMY - Y BUXIJTHUN
Gaiin pe3ynbTaTiB, KU BKa3yeTbCs MPOTpaMi y KOMaHIHOMY PSIKY, HAIIPUKIIAT

DLP im's_caitny naHHuX > IM's_daiiiny_pe3ylbTaris.

Buxinni pe3ynbTaTté moBHHHI OyTH NMpeacTaBieH| B Takii Gopmi:

1) 3nauenus [[D.

2) 3HaueHHs 3MIHHUX ONTHUMAJBHOTO IUIaHY Ui mpsiMoi 3axavi. He BUBOAATHCS 3MiHHI,
3HAYCHHS SKUX B ONTHMAILHOMY ILUIaHI JTOPIBHIOIOTH HYIIO.

3) 3HaueHHs 3MIHHUX ONTHUMAIBLHOTO TUIAHY JJIS 38124l MOABIHHOCTI.

4. 3aBHa”us

JIns BUpOOHWYOI CHUCTEMH, SKa BHKIAJCHAa Y BIOMOBIIHOMY BapiaHTi 3aBJaHHS
naboparopHoi pobotu Nel, po3poOuTH KajJeHIApHUH TUIAaH BUITYCKY MPOAYKIIIT (IpOBEIECHHS POOIT)
3a yMOB, IIO IUIAHOBHW Tepioa ckiagae Thess 3 R iHTepBaniB, BHpOOHHMYA mporpama - Iie
IIIOYNCEBHUI pe3yNbTaT 3ajjaul MIaHyBaHHS 00CATY BHITYCKY MPOIYKIIi, Bcl HasBHI MarepiaibHI
pecypcu pO3MOAISAIOTECA 3a IHTepBajdamu y cmiBBigHomeHHI W, MIHIMAIBHOIO OJUHHIICIO
npoaykiii € U, a morpeba B mpoaykiiii mepeBuiye BUpoOHUUY mporpamy. Jlocmiautu 3B'130K
KaJICH/IApHUX IUIaHIB TPH Bapiallii HaCTYIMHUX TapaMeTpiB 3a/1aul KaJICHIAPHOTO TUIAHYBAHHS:

1) xinbkicth inTepBaniB R (mpu 30epexenHi 3aganoi nponopuii W B po3noini pecypcis y
TUIAHOBOMY TiepioJi);

2) opranizauiitnHi yMOBH BUKOpHCTaHHs pecypciB cucrtemu (2.1)-(2.3) (B 3ayexxHOCTI Bij
3MICTY PO3IOIIIEMHX 33 IHTEpBaJIaMHU PECYpPCIB).

3aBmanns | Bapiaat | R W U JlolaTKkoB1 yMOBH
1 1 3 211 1 xy6. M Ta 1 kB. M
1 2 3 1:1:2 -\\-
1 3 4 1:1:1:1 -\\-
1 4 4 1:2:1:1 -\\-
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1:2:2
334
4:5:6:5
6:5:5:4
2:1:2
2:3.5
1:1:1:1:1
1:2:3:3:1
311
1:1:3
5:3:1:1
1:3:4:2
5:3:2
2:4:4
1:3:2:4
4:3:2:1
1:3:1
2:2:.1
4:4:1:1
1:2:3:4
1:2:3
3:1:2
2:1:3
1:3:2
2:3:.1

100 kr
A\\-
A\\-
A\\-

1 mT
A\\-

10 mt
A\\-
106’ em
A\-
A\\-
A\\-
106’ em
A\\-
A\\-
A\\-

1 roguna
A\\-
A\\-
A\\-

1 oguunis
A\\-
A\\-
A\\-

1 uenrtHep

PUTMIYHOCTE ITOCTABOK Ta
CKJIAJICBK1 3aItacu
3MIHIOIOTECS 3rigHo W,
TUTAaHOBHI Tiepion - T.

[Tnmanoswuii nepion 3 R 3miH
no 8 ronuH




JlaGopaTopHa po6ora Ne 3

JIOCJIJUKEHHSI 3AJIAUI CKJIAJIAHHS PO3KJIAZTY
POBOTU BUPOBHNYOI'O OBJIAJJTHAHHS
TTPY OJJHAKOBUX TEXHOJIOTTYUHMX ITPOI[ECAX

Mera poOOTH: O3HAHOMHTH CTYIEHTIB 3 METOIMKOIO pILMICHHS 3aaadl OIepaTUBHOTO
IUTAaHYBaHHS 3a JIOTIOMOTOIO MAIIIMHHOI peani3amlii MeTOMAIB CKJIaJaHHsS po3KiIaay poOoTh
BUPOOHUYOTO 00JIaIHAHHS 32 YMOB OJJHAKOBUX TEXHOJIOTTYHHX MPOIIECIB 00pOOKH JeTasnei.

1. ITops0K BUKOHAHHS POOOTH

1. O3HalOMHUTHUCH 3 TEOPETHYHUM MAaTEPIaIOM.

2. Po3pobutu yaboBy nporpamy GopmMyBaHHS pO3KIaay poOOTH Ta 0OYUCIICHHS MOKA3HUKIB
SIKOCTI 1 €()EKTUBHOCTI 3TITHO 3 BapiaHTOM 3aBJIaHHS.

3. Po3paxyBaTu JOKaJNbHI pe3epBU yacy, MPOCTOT OOJaTHAHHS Ta Yac OYIKYBaHHs JeTaliei
nepes 00poOKoIo.

4. OuiHUTH OJepKaHi pe3yIbTaTH 32 KOMIIPOMICHUM KpUTEpIeEM e(eKTUBHOCTI, CaMOCTIHHO
BU3HAYMBINU TPUOPITETH MOKA3HHMKIB €(EKTHBHOCTI, Ta MOOYyJAyBaTH YacoBi Jiarpamu
I"anTa poskmamy poOoTH.

5. IligrotryBaru 3BIT.

2. TeopeTnunuii matepiain

Opranizaiiiss onepaTuBHO-AUCIIETYEPCHKOTO YIPABIIHHS BUPOOHHUIITBOM TIPYHTYETHCS Ha
Aeranizaiii Jyisi BUKOHABIIIB paHilie po3paxoBaHOrO KaJCHIAPHOTO IUIaHY BHITYCKY MPOAYKIIT B
MeKaxX 3aJaHOro IUTAHOBOTO IHTepBaiy. Peamizamis 1iei ¢yHKuii 37iiCHIOETBCS  3a1adeto
ONEPaTHBHOTO IUTAHYBAHHS, PE3YJIbTaTOM SKOi € HE TUIbKM 4YacoBe, SK B KaJCHIAPHOMY
IUIaHYBaHHI, ajie 1 MPOCTOPOBE YHOPSAKYBaHHS KOMIUIEKCY 3arjlaHoBaHuX poOiT. IIpocTopose
VIOPSAKYBaHHS BUPAXAETbCS Y BH3HAYCHHI KOXKHOMY BHUKOHABIIO IUIAHYy pOOIT 3 OKpeMux
omnepaniii. B 'BC oneparuBHMii TIIaHOBUIA IHTEpBaJ, SK MPABUIO, HE MEPEBHUILYE 3MIHU (00H), a
BUKOHABIIEM € TEXHOJIOTIYHE 00JIaTHAHHSI.

MaremarnuHoo (OpMOIO TOJAaHHS 3aJad JaHOTO KIAacy € JMCKPEeTHa ONTHMI3alliiiHa
MOJIeNTb, @ METOJIOJIOTIEI0 pIlIeHHs - JUCKpeTHe JiHiliHe mporpamyBanns (JIIT) ta imitamiiiHi
METO/U JTOCTIPKESHHS.

2.1. TlocraHoBKa 3a/1a4l ONEPAaTHBHOTO TUIAHYBAHHS

OO'ekTamMu TIpoIIeCy TUTAHYBAaHHS € POOOTH - TEXHOJOTIUHI omnepariii, 10 BUKOHYIOThCS HaJl
napTissMH JIeTeNeH, U AKX HeOOXITHO BU3HAUYUTH PO3KiIa] (MMOPSIO0K Ta Yac) MPOXOHKEHHS yepes3
obnasHaHHA TpU (IKCOBAaHMX TEXHOJIOTIYHUX MapuIpyrax oOpoOku. TeXHOJIOTIUHHMIA MapuipyT
JieNiati MOTMepeIHbO BCTAHOBIIIOE TOPSIOK BUKOHAHHS TEXHOJIOTTYHUX OMepalid Ha 00JaJHaHHI,
ajle BiH HE BM3HAYa€e TEPMIHIB HAJXOJDKEHHS eTanedl. TeXHOJOridHI MapIipyTH CKIaJaroThes SK
MOCIIIOBHI a00 IMKIIYHI TOPSAKA 3aCTOCYBaHHS TEXHOJIOTTYHHMX OTepaliii Ta MOXYyTb OyTH
MOBHICTIO 200 YaCTKOBO OJJHAKOBI JIJIs YCiX 0OpOOIsiEMHX JIeTamei.

dopmalibHO 3a/1a4a ONEPATUBHOTO TUIAHYBAaHHS MTOJAE€THCS TAKHMM YHHOM.

HowmenknaTypuuii mepenik mpoaykuii, ska BupoOmserbcss Ha M rpymax (k=1,m)
oOJiaJiHaHHA, CKIIAJAeThesl 3 N HalimeHyBaHb (J=1,n). BurotoBneHHs maprii neraneil KOKHOTO
HaliMEHYBaHHS 3a3JaJerihb BH3HAYCHO MOCHIIOBHICTIO TPOXOJDKEHHS JeTajeldl depe3 Tpynu
oOnagHaHHA, Ky Ha3UBalOTh TexHojoriyHuMm mapuipyrom Gi=(Ljji=1,M;), e Lj; - TexHomoriuna
oreparisi, ska BUKOHYETBCS 1-010 32 TOPSAAKOM BHTOTOBIICHHS |-01 geTaii; M; - KinbKicTh oneparii,



SKI BUKOHYIOTBCS HaJ |-010 JeTayuno. Y Mapmpyti TexHosorigai onepanii Lij=(Qjj, T;) MaroTs Taxi
XapaKTEePUCTUKH:

Qij = k - HOMep rpynu 00nagHaHHS, HAJIAro/PKEHHOTO HAa BUKOHAHHS orepaii Lij;

Tij - HopMaTHBHA TPUBAJICTh BUKOHAHHS oreparii Li;.

HeoOximHo ckmactu posknan P=(Ti"li=1,M;; j=1,n), skuii BH3HAYaE€ MOMEHTH IOYaTKY
BUKOHAHHS omepaniii Lj (MoMmeHTH 3amycky maprii nerajgell Ha OAMHMIMX OONamHAHHS) |
3aI0BOJIbHSIE CUCTEMI OOMEKEHB!

- YMOBa BUKOHAHHSI TEXHOJIOTIYHOT mocmigoBHOCTI Tjj" >= Tiyj';

- yMOBa BUKOHAHHS TeXHOJIOTIYHUX MapmpyTiB G;;

- yMOBa BUKOHaHHs orepaiiii 6e3 mepeps T;j = Tjj" + Tjj;

- yMOBa BUKOHaHHS B KOXHHMH MOMEHT 4Yacy TIJbKH OJHI€T omeparii Ha OJWHHII
oOnaHaHHS

" Ligjr , Ligiz :( Qizjr = Qizi2) P (Tiga" = Tizi2),

ne T - MOMEHT 3aKiHUeHHs BUKOHAHHS oneparii Li;.

Po3zknan poboTtu obmagHanHs 3 00pOOKH JeTaneid Moxe OyTH MOJAaHUM Y BUIJISII YaCOBHX
miarpam ['aHTa, B SKMX BIITBOpEHI MapajenbHi MpOIeCH BUKOHAHHS TEXHOJOTIYHHMX OIEpamii 3
00poOKkH aeraneil Ha KOKHIM oauHUII oOnagHanHs. [Ipu oMy KOXKHA OIMHUII 0ONIaTHAHHS Ma€e
CBIll BJIIaCHMIA Mpolec BUKOHAHHS Omepalliid, SKUH MOJA€ThCs SK MOCTIIOBHICTh Y Yaci BiIpi3KiB -
TEXHOJIOTIYHUX OIepariii oOpOoOKH BIAMOBITHUX JeTallel, MpO IO POOHUTHCS BiAMITKA HA
BiZpizkoM. ToOTO, y Iiarpami ropu3oHTaIbHa KOOPJMHATA BIATBOPIOE Yac, a BEPTHKAIbHA — HOMED
oOaHaHHS.

[Momryk HaWKpaIioro po3KJaay BHKOHYEThCS 3a KpUTEpieM e(eKTUBHOCTI, BUOIp SKOTO
IHIMBITyaJIbHO 3aJIC)KUTh Bil EKOHOMIYHUX, OPTaH3AIIMHAX Ta TEXHIYHUX OCOOIMBOCTEH poOOTH
KOHKPETHOTO BHPOOHWYOrO TMIAPO3AUTY B yMOBaxX JOCATHEHHS HAWOUIBIIUX TOKa3HUKIB
rOCHoJapchKoi AisIbHOCTI. Bimomo, mo Bil CTPYKTypW IIAHOBAHOTO PO3MOJUTY AETalel Io
obOmanHanHio (MepeHanaj ok y MpoCTopi) Ta po3Mmipy maprid jgereneit (mepeHansalok y daci)
3ajekaTh 3HAa4HI BHPOOHUYO-TOCIIONAPCHKI TOKa3HUKHA. Tomy mpolec NOOYIOBH KpPUTEPIO
e(EeKTHUBHOCTI CKJIAJJA€ThCS 3 BU3HAYCHHS IMOKAa3HWKA OIIIHIOBAaHHA Ta BUOOpPY (GOpMH BUpa3y
OIIIHKU B 3aJISKHOCTI BiJI EKOHOMIYHUX YMOB OpraHizaiii BUpoOHuITBa. Halfyacrime mokasHUKOM
OILIIHIOBAaHHS B KPUTEPii BU3HAYAIOTH Yac BUPOOHUYOTO IMKITY, POHIOBIAAAaYy OONagHaHHs, 00CsT
HE3aBEPIIICHHOT0 BUPOOHUIITBA, a (DOPMOIO OIIHIOBAHHS - CyMapHe, MaKCUMaIbHE YU MiHIMalIbHE
3HA4YeHHs MOKa3HHUKa ab0 HOro CpeIHhOTo 3HAYCHHS 32 TUIAHOBHH 4Yac.

Haii0inpIm nommupeHnMy THITAMU KPUTEPIIB €:

1) wmiHimi3amis BHPOOHMYBOTO IMKIY - 4Yacy BHITYCKY 3aJIaHOTO OOCSTY TMPOIYKIIT SIK
CyMapHOT TPUBAIOCTI 0OPOOKH BCIX JeTalei:

min(max{ Ti;}) , (1.1
ji

min(max{ T+Tx}) , (1.2
k

min(max{_é (T+Tp}) (1.3)

o

ne Ty’ - cyMapHuii yac BUKOHAHHS orepalliii Ha K-if o quHuIi 00IaqHaHH,

Tk" - cymapuumii yac pocToiB k-01 oquHuIIl 00T HAHHS,

Ti™ - ouikyBanHsI j-01 merei mepen 06poOKOIO Ha i-if onepartii;

2) onTuMi3allis BUKOpHCTaHHs o0sagHanHs (GOoHIOBIIIauH):
- MaKCHMIi3allis 3aBaHTaKEHHS 00JIaqHaHHA, a CaMe
minimMansroro - max(min{ Ki’}) , (2.1
k

saranmpHOTO - Max(akKy’) , (2.2
k



ne Ki'=T/I(TP+TK") - koediuienT 3aBanTa)enns k-i oquHuIi oGna HaHHs;
- MiHIMI3aIlis 9acy MPOCTO0 OOJIaJHAHHS, & caMe

MakcuMmaibHoro - min(max{ T¢'}), (2.3)
k
MaKCHUMAaJIbHOTO MDKOTIEPAI[IHHOTO MPOCTOI0 00IaTHAHHS —
min(max{ T;j"}), (2.4)
Jil
sarameHoro - min(@ "), (2.5)
k

ne Tij" — npocroit k-i omuauti obnaguanss (k=Qjj) mepen BUKOHaHHAM orepartii Lij,
T"'=& T;" — cymapumii mpocToit K-i oqumu 06magHAHHS;

(i,j1Q=K)
- MiHIMI3aIlisl CepeTHHOTO MDKOTIEPAIlITHOTO MPOCTO0 00JIaIHAHHS, a CaMe
makcumainbHoro — min(max{ Tk"/N}), (2.6)
k
sarampHOro — Min(a Td/Ny), (2.7)

k

ne Nk — KUTbKICTH ormeparliii, 10 BHUKOHYEThCS Ha K-ii oxuHuI oOmagHaHHsA abo
KUIBKICTh OJMHHUIb TPOCTOIO Y BHWIIAJKY, SKIIO OOJaJHAHHS BHKOHYE OJJHAKOBY KiIBKICTh
oTIepaIrii;
3) MiHiMi3allis He3aBEPIICHOTO BUPOOHUIITBA!
- MiHIMI3aIlis OUiKyBaHHS JeTesel mepea 00poOKoro, a came

MaKCHMAIIbHOTO MDKOTIepalliiftHoro ouikyBasus - min(max{ T;"'}), (3.1
Jil

MAaKCHMAIIBHOTO TOETaBHOT0 ouikyBanms - min(max{a T;™* }), (3.2
joo

3aramsHOro ouiKyBamms - Min(a T;*):; (3.3

Jil

- MIHIMI3aIlisl cepeIHbOTO OUIKYBaHHS JIeTajlel mepe; o0poOKkolo, a came

MAaKCUMAJIBHOTO —
min(max{ & T;;**/M;}), (3.4)
i
min(max{ & T;;""/N}), (3.5)
i
3araJJbHOTO —
min(& T;;*"/M;), (3.6)
Jil
min(a T;°*/Ny), (3.7)

Il
ne N; - KUIBKICTh OJMHHMIIL 4Yacy OYIKyBaHHA |- jgeTani mepex oOpoOkoro (Moxe
3aCTOCOBYBATHCS Y BUIIAJIKY, AKIIO M; 0JJHaKOBE JUIS BCIX JIeTalIeH).

KoxkeH 3 HaBeleHUX THIIIB KPUTEPIEB OPIEHTOBAHWN Ha 3aJ0BOJICHHS TUIBKH BIIACHOTO
noka3HuKa e(peKTUBHOCTI BUpoOHUITBa. [IpoTe, mepmuii € neskor0 Miporo OUIbIN 3aralbHUM Ta
0araro(yHKIIOHATBHUM TI0 BIJHOIIEHHIO JI0 JPYroro Ta TPEThOro, TOMY IO MOXeE iX
ONITUMI3yBaTH MPHU Pi3HUX TEXHOJOTIYHUX YMOBAX OpraHizaiii BUpoOHuUITBA. Tak, KO yci AeTaii



00pOOISAIOTHCS 32 OJTHAKOBUM TEXHOJIOTTYHUM MapIIpyTOM, TO BUKOPUCTAHHS MEPIIOTO KPUTEPI0
03HaYa€ TaKOX ONTUMI3allil0 BUKOPUCTAHHS 00JIalHaHH, TOOTO MIHIMI3aIlil0 TPOCTOIO.

Yacrime B pealbHUX BUPOOHHYMI yMOBaxX HEOOXIJHO BHPINIYBATH 3a/a4y ONEPATHBHOTO
IUTAHYBAaHHS, BPaxOBYIOUM OJHOYACHO JEKiIbKa KpuTepiiB. OmHUM 3 3aco0iB  po3B'A3aHHS
GaraToKpUTEpianbHOT 3a/1a4i € CTBOPEHHs KOMIIPOMICHOTO KpuTepito. Moro crBopenns nepenbauae
HACTYITHE:

- i KokHoro JokanbHOoTo Kputepito (Ei|i=1,r) po3B'sa3yerbcst 3amada onTuMizarfii i
OOYMCITIOETRCS i1 eKCTpeMallbHE 3HAYCHHS Ei*;

- 3aJal0ThCS BaroBi KoedillieHTH mpuopiteTy | Ta BU3HAYAKOTHCS PIBHSHHS BiIXHJICHD
Vi=E-E;’ K0XHOTO KpHTEpil0 Bill CBOTO ONTHMAIBHOTO 3HAYCHHS y KOKHOMY IHIIOMY BHITAIKY
PO3B sI3aHHS 33/1a41;

- Oyayerbcsi BHpa3 KOMIIPOMICHOTO KpPHUTEPiI0 3 BUKOPUCTAHHSAM aJUTUBHOT (QYHKIIIT
min(@! *V;) abo dymkuii piBHOMipHOTO Binxmmenns min(@ | *Vi/E"):;

| |

- pO3B'3yeThCS 3a7aya i3 3aCTOCYBAaHHSIM KOMIIPOMICHOTO KpHUTepito abo cepei paHimie
3HaJEHHUX PillIeHb 0OUPAETHCS TE, SIKE ONTHUMI3YE KOMITPOMICHUH KPUTEPIH.

BaxnuBuMu nokazHUKamMu sSKOCTI chOpMOBAHOTO PO3KJIaay 3 TOYKH 30py HOro peanizaii
NPU ONEPaTHBHO-AMCIETYSPCHKOMY YIIPaBIIIHHI BUCTYIAIOTh MPOCTOT 00JIaIHAHHS, YaC OYIKYBaHHS
aeraieii mepea 00poOKOO Ta JIOKAIbHI pe3epBH Yacy.

[Mpocriit - me iHTepBaN Yacy MiX 3aBEpIICHHSIM BHUKOHAHHS IONEPEIHbOT omeparii Ta
MOYATKOM HACTYITHOT 3a po3KiIagoM poOoTu obnanHanHs. [Ipoctoi OyBaroTh qoomeparliiHi (dac 10
MOYaTKy BUKOHAHHS MEPIIOT onepallii Ha 00JaHaHHI) Ta MDKOTIepaIliiiHi.

OuikyBaHHs - II¢ IHTEpBaJl Yacy MDK 3aBEpUICHHSM BHUKOHAHHS OOpOOKM jertani Ha
MOTMEPEHbO 32 TEXHOJOTIYHHM MAapIIPyTOM OIepalii Ta MOYaTKOM BHKOHAHHS HACTYIMHOI
omeparii.

JlokanbHUii pe3epB - Iie IHTepBal Yacy, Ha KU MOXHa 30IJbIIUTH TPUBAIICTH OTepallii, He
3MIHIOIOYM MOMEHT ITOYaTKy HACTYITHOT 33 PO3KJIaJ0M poOIT ormeparii.

JloxanpHuil pe3epB omepamnii Lij po3paxoByeTbesl K MiHIMaIbHE 3HAYEHHS MK IPOCTOEM
obnaguanHsg k=Qjj micns BukoHaHHS onepanii Lj; Ta vacom odikyBaHHs |-01 geTani nepes o6poOkoro
Ha orepamii L+ q:

TP =min{ T, Tis 1" },
Tieg)™ = Tiegj" - Tij",
T =Tg" - T,

ne k=Qi=Qgn, a Lgn - HacTynHa micns Lij onepattisi, o0 BUKOHYETHCS HA IIbOMY OOJIaIHaHHI.
Pe3epB cTBOPIOETHCS SIK 32 paXyHOK HEMOXKJIMBOCTI IOBHOTO 3aBaHTa)KEHHS 00JIaJHAHHS HaBITh 32
YMOBHU OINTHMAJIBHOTO pPO3B'A3aHHS 3a/a4l ONTUMAIBHOTO IUIAHYBAaHHS, TaK | 3a pPaxyHOK
IIJIECTIPSIMOBAHOTO BBEJICHHS HOTO Y po3Kiiaa poooTH. OCHOBHE MPU3HAUCHHS JIOKAIBHOTO PE3epBY
MOJISIra€ 'y BHUKOPHCTaHHI WOTO B  ONEPAaTHBHO-AMCIIETYEPCHKOMY YIPABIIHHI 3 METOIO
KOMIICHCYBAaHHsI 30BHIIIHIX BIUIMBIB Ha yac BUKOHAHHs omepalliif. TakoX pe3epBd MOXKYTh OyTH
BUKOPHCTaHI Uil BKIFOYCHHS Y PO3KJIa] poOOTH TOJATKOBUX POOIT, IO HE MOPYIIYIOTh OCHOBHY
CTPYKTYpPY PO3KJIay, aJie IiIBHIIYIOTh 3aBaHTaKCHHS 00JIaTHAHHSI.

2.2. Metou po3B's3aHHS 3a/1a4i CKJIaJaHHs pO3KIaay poOOTH 0OJIaHAHHS MTPH OTHAKOBHUX
TEXHOJIOTIYHUX MapIIpyTax o0poOKu

VYci Metou po3B's3aHHS 3a/1a4 IIbOTO THUITY YMOBHO pPO30MBAIOTh HA JIBa OCHOBHI KJIaCH:

- aHAJITUYHI METOJH, SIKI TPYHTYIOTHCS Ha amapati TUCKPETHOT onTuMi3allii;

- IMiTanmidHl Meromu, SKi TPYHTYIOThCS Ha IMitarlii poOoTH 0O0'€KTy IUIaHYBaHHS Ta
BHUKOPHCTAHs MMOBHOTO a00 YacTKOBOTO Mepedopy BapiaHTIB 3aITycKy JeTaneid B 00poOKy.

IcHyroul aHadITHYHI METOAM 3BHYAWHO TPAMO ab0 HENpsSMO IMOB'sI3aHI 3 mMepedopoM
BapiaHTIB, aje iX MpareMiCTKICTh CKCIIOHEHIIHHO 3alie)KUTh BiJg po3MmipHOCTI 3amaui. Bigowmi



METOJTIM BIJICIFOBAaHHS BapiaHTIB THITY "TIJIOK Ta TPaHUIL" TO3BOJIAIOTH 3MEHIIUTH, IHOJI CYTTEBO,
KoeIIIEHT TPOMOPIIIHHOCTI B 3aJICKHOCTI MK MPALEMiCTKICTIO aJITOPUTMY Ta PO3MIPHICTIO 3a1aul
| THM CaMHUM TOIIMPHUTH OOJACTh MPAKTHYHOTO 3aCTOCYBaHHS TepeOOpHHX anroputmiB. OmHaK
CKCIIOHCHIIMHUI XapaKkTep IUX alrOpuUTMIB IS 3aad y 3arajlbHOMY BHUTJISII 3aJIMIIAETHCS
He3MiHHUM. [IpoTe iCHye Ki1ac OKpeMHX 3aj1ad OIEpaTHBHOTO IUIAHYBAaHHS, 10 MAlOTh aHAITHYHI
ITOPUTMU BHPIIIEHHS HE €KCIIOHEHIIHOTO XapakTepy ckianHocTi. i 3amadi MaroTh 0OMeXeHHs
y 3acTOCYBaHHI, TOB’S3aHiI 3 BUXIIHUMH YMOBAaMH 3ajadi, HANpPHUKIAJ, OJHAKOBHI Yac abo
MapupytT oOpoOku, oOMexeHy KUIbKICTh OONagHaHHsA - onaHE, n1Ba abo Tpu, Ta iHme. ToOTo
e(peKTHBHI aHAJTITHYHI METOIM ICHYIOTH TUIBKM IS MPOCTUX BUIMAIKIB (OPMYIIOBaHb 3a7ady
OTIEPaTUBHOTO TUTAHYBAHHSI.

TunoBuM TpPENCTABHUKOM TaKUX 3a7ad, B SKUX BiJOOpaKalOThCS HAWOLIBII TONIUPEHI
YMOBHU BHPOOHUIITBA € 3amava J[PKOHCOHA “Ipo JBa CTAaHKK' , MO MAa€ ONTUMAIBHHUN alTOPUTM
po3B’si3aHHsA. BUpOOHWYMIA y4acTOK CKJIAAEThCs 3 JIBOX OJWHHIL OOJIAAHAHHS, sKe 00poOIse
BUPOOH N-THUIIB 32 OJHAKOBHM TEXHOJOTTYHHM MapuipyroM. ToOTo neTani MOBHUHHI MOCTIIOBHO
MPOUTH uepe3 yce oOnaaHaHHg. HeoOXiTHO BH3HAYUTH YEPrOBICThH 3aIyCKY-BHUITYCKY BHUPOOIB 3a
KpPHUTEPiEM MiHIMi3aIlii BAPOOHUYBOTO MUKITY (3aralbHOTO Yacy) BUTOTOBJICHHS YCiX BUPOOIB.

OueBuIHO, IO JJIs1 OTPUMAHHS ONTHMAJIBHOTO PIlIEHHS MOTPIOHO MIHIMI3yBaTH CyMapHUI
9ac MPOCTOI0 JPYroro oOjiaJHaHHS B OYIKyBaHHI 3aBeplIeHHS OOpoOKH jaeTalieil Ha HepIIioMmy.
[TpyHIIMTIOM ONTHUMANBHOCTI YEProBOCTI 3allyCKy 3a BH3HAUEHUM KpHUTEpieM e(pEeKTHBHOCTI €
MiN(Tak, T2)<min(Ta, Tak), skmo nerane K iine panime nerani |. 3a momoMororo 1€l HEpiBHOCTI
(OpMYy€eTHCST HACTYITHUIA aJTOPUTM OITHMI3AIlii:

- BC1 JieTali MOUISIOThCS Ha JBI rpynu. J{o mepiroi Hanexarb Aetaini B SkuxX 11<Tz, a J0
Apyroi - gerani B AKUX T1x>=Ta

- B TepuIii Tpymi JeTaji BHOPSAKOBYIOThCS 3a 3pPOCTaHHS 4acy lik, a B APYrid - 3a
3MEHIIEHHSIM 4acy T o;

- 3arajibHa YEePrOBICTh 3aMyCKY JeTallell BUSHAYAETHCS SIK TIOCIIOBHICTE 00pOOKH JieTarnei 3
MepuIoi TpynH, a MOTiM 3 APYroi.

AHAIOTIYHUNA AJITOPUTM MOXE 3aCTOCOBYBATHCS 1 y BHIIAJKy TPbOX CTaHKiB. B 1pomy
BUTIAJIKY MPUHLIUM ONITUMAJILHOCTI HaOyBae TaKui BUTJISAT -
MiN( Tyt Tok, Ta+T2)<min(Ty+Ta, Tact Tok), skimo getans K iige parinie Ha 00pooky netaii |. To6To,
B TEpIIiii Tpymi JAeTaiyi BIOPSJIKOBYIOTBCS 3a 3pOCTaHHAM Yacy Ti+Tx, a B JApyrid - 3a
3MEHIIEHHSM Yacy Tzt Tok.

B pa3i 4acTKOBOTO MPOXOJKEHHS JeTaliell uepe3 OMWHHIN OOJaJHaHHS, TaKy CHTYAI[ilo
TaK0’X MOXXHO 3BECTH 10 BHUXIIHOI, IPUHHSABIIN HYJIbOBUI yac poboTH obOnamHanHs. [Ipore, gkiio
KUIBKICTh OOJIaZIHAHHS TEPEBUIIYE TPU OIMHHUIII 3aCTOCOBAHMN TNPHUHIHUII ONTUMAIBHOCTI Ta
HaBE/ICHUI aJTOPUTM HE MOXe OyTH BHKOPHCTAaHMW TOMY, IO HE A€ ONTHMAJIbHOTO BUPIIMICHHS
3aaui.

3. Bumoru o yuboBoi nmporpamu

VYuboBa mporpaMa IMOBHHHA OyTH MpHU3HAYeHA /ISl TPOBEACHHS pO3pPaxyHKIB 3ajadl
OTEPaTHBHOTO IUIAHYBaHHS TPU OJHAKOBUX TEXHOJOTIYHHUX Maplipyrax oOpoOku neranedl 3a
CXEeMOI0 anropuTMy 3anadi J[P>KOHCOHa Ta MOBHOTO Tiepe0Opy BapiaHTIB 3amycKy JeTaiei. 3a
JOTIOMOTOIO IIi€l MPOTPaMU BUKOHYEThCS OOYI0Ba PO3KIany poOOTH 00T JHAHHS Ta PO3PAXYHOK
MOKA3HUKIB SKOCTI Ta €)eKTUBHOCTI, SIKI BU3HAYCHI 3aBIaHHSIM.

Bxinui nani ¢hopmyroThcs B BUTIISAI TEKCTOBOTO (haiily abo 3a JOMOMOTON [ianory, Je
3aMUCYIOTHCS TaKi 3HAYCHHS:

1) kinbKicTh OONMaTHAHHS MY,

2) xiIbKiCcTh AeTanei N;

3) marpurs TpuBanocreir 006pooku T=[T;li=1,m;j=1,n], xe Tj; - TpyaomicTKicTh 00pOOKH j-
of metani Ha i-i onepariii (0O6nagHaHHI).

Marpuis T mOBHHHA 3alICyBaTHCS TIOCIIOBHO IO PSIKAX.



VY4aboBa mporpaMa MOBHHHA IPAILIOBATH B OJHOMY 3 JIBOX PEXHMIB - JiaJIoTOBOMY abo
KOMaHJHOMY. B miamoroBomy yci po3paxyHKH TOJIAIOTHCS HA €KpaH, a B KOMaHJAHOMY - Y BUXITHUH
(aiin pe3ynbTaTiB, KU BKa3yeTbCs MPOTpaMi y KOMaHIHOMY PSAKY, HAIIPUKIIAT

TIMETABL im's_daiiny_nannux iM's_dainy_pe3ynbTariB

BuxinHi pe3ynbTaTté moBHHHI OyTH NMpeacTaBieH| B Takii Gopmi:

1) kinbKicTh OOJIAHAHHS,

2) xinbKicTh AeTaiel, siki 3amyiieHi Ha 00poOKy;

3) 3aranpHMIi Yac 0OpOOKH BCIX JeTaneH;

4) OKa3HUKH SKOCTI Ta €(PEKTUBHOCTI;

5) marpuns P=[Pjli=1,m;j=1,n], ne Pj - wac mowatky 0OpoOkm j-0i meTanm Ha i-My
obnasHanHI (omepartii).

4. 3aBaaHHs

Bu3Haunt onTUMaNbHHMIA TOPSAOK 3alyckKy B OOpoOKy 4 mapriid jgeraieil 3a yMoB
MOCITIZIOBHOTO TIPOXO/PKEHHS 3 OJWHHIIF TEXHOJOTIYHOTO OONaJHAHHA 3 YpaXyBaHHSIM dYacy
00poOku T 3a KpHuTepieM MiHIMI3alil yacy BUpOOHHUOTO HUKITY. Po3paxyBaTu Moka3HUKH SKOCTI Ta
epextuBHOCTi P. IIpoBecTn iX OIIHKY Ha pPI3HUX BapiaHTax 3amycKy AeTaneil B oOpoOKy 3a
JIOTIOMOT010 KOMITPOMICHOTO KpHuTepito R.

Bapganus | R P T

1 1 (1.1 233
(2.1)(2.3)(2.6) 524
(3.1)(3.4)(3.6) 343

415

2 2 (1.2 344
(2.2)(2.49)(2.7) 633
(3.2)(3.5(3.7) 454

526

3 1 (1.3 211
(2.1)(2.5)(2.6) 121
(3.3)(3.4)(3.7) 432

331

4 2 (1.1 211
(2.2)(2.5)(2.7) 121
(3.3)(3.5)(3.6) 432

331

5 1 (1.2 146
(2.1)(2.9)(2.7) 115
(3.2)(3.5)(3.6) 266

341

6 2 (1.3 148
(2.2)(2.3)(2.7) 115
(3.3)(3.5)(3.6) 266

341

7 1 (1.1 735
(2.2)(2.5)(2.7) 564
(3.3)(3.5)(3.6) 753

464

8 2 (1.2 312
(2.1)(2.9)(2.7) 564
(3.2)(3.5)(3.6) 753

232




9 (1.3) 232
(2.2)(2.3)(2.7) 612
(3.3)(3.5)(3.6) 624

445

10 1.2) 234
(2.2)(2.4)(2.7) 611
(32)(35)37)| 522

444

11 (1.3) 433
(2.1)(25)(26)| 343
(3.3)(3.4)(3.7) 654

551

12 (1.1) 423
2.1)(2.3)(26)| 323
(3.1)(3.4)(3.6) 644

451




JlabopaTopHa podora Ne 4

JIOCJIJUKEHHSI 3AJIAUI CKJIAJIAHHS PO3KJIAZTY
POBOTH BUPOBHINYOT'O OBJIAJJHAHHS TP BATATOMAPIIPYTHAX
TEXHOJIOITYHUX [TPOLIECAX OBPOBKU

Mera po0OOTH: O3HAHOMUTH CTYICHTIB 3 METOJIMKOK BHPIIICHHS 3a/adl OTEepPaTUBHOTO
TUIAaHYBaHHS 3a JOTMOMOTOK MAIMHHOI peaii3ailii IMITallliHuX METOMIB CKJIaJaHHS PO3KIany
poOOTH BHPOOHHYOTO OOJIQAHAHHS TpU OaraToMapIIpyTHHUX TEXHOJIOTIYHUX Ipolecax oOpoOku
JeTajnen.

1. [Topsnok BUKOHAHHS POOOTH

1. O3HAlOMHUTHUCH 3 TEOPETHYHUM MAaTEpiaoM.

2. Po3pobutu yub0oBY mporpamy (GOopMyBaHHS pO3KJIaay pPoOOTH 3rigHO 3 BapiaHTOM
3aBJIaHHS.

3. [ligroryBatu TekcTOBUil (hailyl yMOB 3a1adi OIEpaTHBHOTO TUIAHYBAHHS

4. OuiHUTH OJepKaHI pe3yNlbTaTH 3a 3aJaHUM KpuTepieM e(heKTHBHOCTI Ta MOOymyBaTh
niarpamu ["aHTa po3Kiiaay poOOTH.

5. Po3paxyBaTu JIoKalbHI pe3epBU Yacy, MPOCTOi OONaTHAHHS Ta Yac O4IKyBaHHS JeTalei
nepes 00poOKoIo.

6. [TliaroTyBaTH 3BIT.

2. TeopernuHnwmii Marepiain

Opranizaiiis onepaTuBHO-AUCIIETYEPCHKOTO YIPABIIHHS BUPOOHHUIITBOM TI'PYHTYETHCS Ha
Aetainizaiii Jyisi BAKOHABI(IB PaHillle pO3paXxOBaHOTO KAJCHIAPHOTO IUIAHY BHITYCKY MpPOAYKIIT B
MEXKax ~ 3aJIaHOr0 IUIAHOBOTO IHTepBany. Peanizamis wiei ¢(yHKuii 3aifiCHIOETBCS 3a/1a4eto
ONEPaTHBHOTO IUIAHYBAHHS, PE3YJbTaTOM SKOI € MPOCTOPOBE YIOPSIAKYBAHHS KOMILICKCY
3aruiaHoBaHUX poOIT.  [IpocTopoBe YHOPSIIKYBaHHS BUPAXKAETHCS y BH3HAYCHHI  KOXKHOMY
BUKOHABI[IO IUTaHy poOIT 3 okpemux omepauiii. B I'BC omepaTuBHuMil IuTaHOBUI IHTEpBal, sK
MPaBUJIO, HE TIEPEBUIIYE 3MIHHU (I0OM), 2 BAKOHABIIEM € TEXHOJIOTIYHE 00J1aHAHHS.

MarematnuHoo (OpMOIO TOJAaHHS 3aJad JaHOTO KIAacy € JMCKpPEeTHa ONTHMI3alliiiHa
MOJIeNTb, a METOJIOJIOTIEI0 pIllieHHs - JUCKpeTHe JiHiiiHe mporpamyBanus ([IJIIT) Ta iMitamiiHi
METO/U JTOCTIPKESHHS.

2.1. TTocraHOBKa 3a/1a4il ONEPATHBHOTO TUIAHYBaHHS

O0'exTamu TIpoIIeCy MJIAHYBaHHs € pOOOTH - TEXHOJIOTIYHI omneparii, maptii jgeTenei, s
SKAX HEOOXIJTHO BCTAaHOBUTH TMOPSJIOK TIPOXO/KCHHS dYepe3 oOONaJHAaHHA TpH (PIKCOBAHUX
TEXHOJIOTIYHUX MapIiipyrax o0poOku. DopMaibHO 3a1a4a OJA€ThCS TAKMM YHHOM.

HomenknatypHuii mnepenik nponykmii, sika BupoOnserbcss Ha M rpymax (k=1,m)
oOJlaJIHaHHA, CKJIQNAEThCS 3 N HaliMeHyBaHb (j=1,n). BuroTomieHHs maptii netaneil KOXKHOTO
HaliMEHYBaHHSI 3a3/Jajerip BU3HAYCHO TOCIIJIOBHICTIO TMPOXO/DKEHHS JeTalleil uepe3 Tpynu
oOJiaIHaHHSA, SIKY Ha3MBalOTh TexHoJoriyauM mapuipyrom Gj=(Lij|i=1,M]j), ne Lij - TexHonoriuna
orepailisi, ika BUKOHYETbCS I-0F0 3a TIOPSAKOM BHUTOTOBJCHHS J-0i gertanmi; M)]j - KinbKIiCTh
omepariii, ski BUKOHYIOTbCS HaJ [-OK0 JeTaulto. Y  MapmpyTti TEXHOJOTIYHI omeparii
Lij=(Qij,Tij) marots Taki xapakrepuctuku: Qij = K - HOMep rpynu oONagHaHHs, HAJIAroKCHHOTO
Ha BUKOHaHHs omepaiii Lij; Tij - HopMaTHBHA TpUBAIICTh BUKOHAHHS oneparyi Lij.

HeoOximHo ckmactu poskian P=(Twij[i=1,Mj;j=1,n), sikuii BU3HAYa€ MOMEHTH IOYATKY
BUKOHaHHs ormepariii Lij (MoMeHTH 3amycky maprii jeraneil Ha OJUHHUIX OONaTHAHHS) |
3a/I0BOJIBHSIE CUCTEMI OOMEKEHb.



- yMOBa BUKOHaHHSI TEXHOJIOTIUHOT ociigoBHocT THI| >= Tk(i-1)j;

- yMOBa BUKOHaHHSI TEXHOJIOTIYHUX MAPIIPYTIB;

- yMOBa BUKOHaHHsI orepartiii 6e3 nepeps Tkij = Twij + Tij;

- yMOBa BHUKOHAHHsS B KOXHHUM MOMEHT dYacy TUIbKM OJHI€] omepamii Ha OJWHHIII
o0JiaiHaHHS

(Tuilyl <= TuiZj2) b (Tkiljl <= Tki2j2), ne Tkij - MOMEHT 3aKiHYCHHS BUKOHAHHS
omepari Lij.

Bubip Haiikpamoro po3kiaay BHKOHYETHCS 3a KPUTEPISIMU €(QEeKTUBHOCTI, cepesl SKHUX
HAWOITBII TOMIUPEHUMH €:

1) wmiHiMi3amis dYacy BHITyCKYy 3aJlaHOTO 00cAry Tpoaykiii (3araibHOi TpPUBAJIOCTI
BUPOOHHUYOTO ITUKITY)

min(max{ Txij});
)
2) MakcuMi3allis 3aBaHTaKEHHS 00J1aTHAHHS
min{ Tk},
k=1,m

ne TK - cymapuuii gac npoctoiB K-oi ogunwuIl 0013 1HaHHS.

VY KO)XKHOMY KOHKPETHOMY BUIAJIKy IJIAHYBAaHHS 3a KpUTEpiil Moxke OyTu oOpaHuil IHIINI
BHUpa3 IIbOBOT (yHKIIT 3amaul 3aleXHO BiJ €KOHOMIUYHUX, OpraHi3aliiHUX Ta TEXHIYHHX
ocoOJMBOCTE#H OpraHizaiii BApOOHHIITBA.

2.2. MeToau po3B'si3aHHS 3a/1a4l CKIIaJIaHHsI PO3KIany poOoTH 00JiaHaHHS

VYci MeTou po3B'sa3aHHs 33/]a4 [IbOTO THITY YMOBHO PO30MBAIOTh Ha JIBA OCHOBHI KJIACH:

- aHAJITUYHI METOJH, SIKI TPYHTYIOTHCS Ha arapati TUCKPETHOT OnTuMi3allii;

- IMiTaniiiHi MeToaH, SKi TPYHTYIOThCS Ha IMmiTamli poOOTH O0'€KTY IUIaHYBaHHS Ta
BUKOPHCTAaHHI €BPUCTUYHUX IPABWII IIEPEBArH MPUITHATTS PILIICHb.

IcHyroul aHadITHYHI METOAM 3BHYAWHO TPsAMO ab0 HEMpsSMO IMOB'sI3aHl 3 mMepedopoM
BapiaHTIB, aje iX MpareMiCTKICTh CKCIIOHEHIIHHO 3alie)KUTh BiJg po3MipHOCTI 3amaui. Bigowmi
METO/IM BIJICITOBaHHS BapiaHTIB TUITY "TiJOK Ta TPaHUIb" TO3BOJISIOTH 3MEHIIMTH (IHOAI CYTTEBO)
KOe(IIIEHT TPOTOPIIHHOCTI B 3aJICKHOCTI MK TPAIEMICTKICTIO alTOpPUTMYy Ta PO3MIPH ICTIO
3a7a4l | THM CaMHM MOUIUPUTH OOJNACTh MPAKTHYHOTO 3aCTOCYBAaHHS MEPEOOPHHUX AITOPHUTMIB.
AJle eKCIIOHEHI[IHHUI XapaKTep [UX aJrOPUTMIB 3ATUINAETHCS HE3MIHHUM.

Tomy pnst nUpakTHYHHX Il YacTille BHKOPHCTOBYIOTh EBPUCTUYHI AITOPUTMHU
CKJIQJIaHHS PO3KJIaAIB Ha 0a3i BUPIUIYIOUMX MpaBHI B pekuMi iM itarii poOOTH BUPOOHHYOT
cucTteMd. Y IIbOMY peXHUMI BUKOHYIOTHCS MapalienbHa (0JjHOYacHa) moOymoBa aiarpam ["anTta s
yciX OJIMHUIIb TEXHOJIOT IYHOTO 00JIaJHaHHSI, sIKI OEpyTh Yy4acTh y Impolieci MIaHyBaHHS.

AJropuT™ MOOYIOBHU PO3KIIA/IIB 32 JAHUM METOJIOM € TAKUM:

0. Hexait y pmesikuit MoMeHT yacy T K-ii BepcTaT 3akiHYMB 00pOOKY MOTOYHOT JIeTalll.

1. O6pobieHa JeTanb 3aHOCHUTBCS y MOPTQeEab poOIT HACTYIMHOTO 3a TEXHOJOTIYHUM
MapuipyToM Bepcrtara. SIKIIo € jekiibka BapiaHTIB TEXHOJOTIYHOTO  Mapuipyry, JAeTalb
OJTHOYACHO 3aHOCUThCS Yy BIIMOBIIHY KiNbKicTh moprdeniB. SIKmo BUKOHaHA omeparls Oyna
OCTaHHBOIO 33 TEXHOJIOTYHUM MapIIPyTOM, TOJI JI€Tallb BUKIIIOYAETHCS 3 PO3IISLY.

2. Sxmo moprdens pobit K-ro Bepcrara mopoxkHii, To BiH OyJe NepeBeNeHUH Yy CTaH
npoctor. B iHIIOMY BHIaAKy 3a JOMOMOTOK BHPIMIAIBHOTO TpaBHia IepeBarn 3 MNopTdento
BUOMPAETBCS OJTHA JIETANIb Ta 3alUCYEThCS SK MOTOYHA B PO3KIAA POOIT JaHOTO Bepcrata 3
3a3HAYCHHSI Yacy 3aBepIICHHs omepaii

T=T+Tij

OOpaHa TakMM YHHOM JIeTalb BHKIIOYAETBCS 3 ycix mopTdeniB, B KOTPUX BOHA

MicThIIacs.



3. Skmo B pasi BuKOHaHHs 1.1 3'IBHJack MOXJIMBICTH 3aBAaHTQXKHTH BEPCTAT, SKUH
3HAXOJWTHCSA Yy CTaHI MPOCTOI, TO BIANOBIIHA JETalb 3aKUCYETHCS B PO3KIAA POOIT IHOTO
BepCTara, Ui SIKOro (JOPMYEThCs HOBE 3HAYCHHS Yacy 3aBEpIICHHS omnepaiiii.

4. OOUpaEThCs HACTYITHUI BepcTaT 3 MIHIMAIBHUM IMOTOYHUM 3HAYEHHSIM 1 Ta BUKOHYETHCS
nepexin go 1.0.

[TnanyBaHHS BeIEThCS IO MIOBHOTO BUKOHAHHS yCIX Oomepalliid Haj AeTalsMu abo 10 THX
nip, moku He OyJe MOOymOBaHMN PO3KIAJ Ha MOTPIOHMI IHTEpBaN IUTaHyBaHHS (3MiHY/100Y).

B sikocTi BHpIANEHUX TMpaBWI B aJrOPUTMax IMITAI[IHHOTO MOJCIIOBAHHS HaivacTiiie
BUKOPHCTOBYIOTHCSI HACTYITHI TIpaBUJIa IEPEBarH:

1) nmpaBWI0 HAWKOPOTIIOT omepaiii - 3 MOTOYHOro MOpTheNto podIT, AKi MIATOTOBJICHI 10
BUKOHAHHsI Ha TIOTOYHOMY BepCTaTi, OOMPAEThCS NIeTalnb 3 MIHIMAJBbHUM YacoM OOpOOKH; MeTa
npaBWiia - SKHAMCKOpIIIE 3aBaHTAKUTH POOOTO HACTYMHI 3a TEXHOJOTIYHUM MapIIpyTOM
BEpCTATH,;

2) MpaBWIO MaKCHMMAaJIBHOI 3aJUIIKOBOI TPYAOMICTKOCTI - 3 TIOTOYHOTO mopTdento pooir,
SIKI TIIATOTOBaHI IO BUKOHAHHS, 00OMPAETHCS IeTallh 3 MAKCUMAJIBHOK CYMOIO Yacy 00poOKH Ha ycix
I HEeBMKOHAHUX OIEpallisix; MeTa MpaBWia - 3aKIHYUTH OOpOOKYy yciX neraneil mpuOIM3HO
OJJTHOYACHO;

3) mpaBWIO BUPIBHIOBaHHS 3aBaHTAXXCHHS BEPCTATIB - 3 MOPTQETI0 podIiT oOupaeThes
JeTanb, SKa TOTIM HAIXOJWTh Ha BEpCTaT, SKUH Mae y JaHWuil d4ac  MIHIManbHUE 32
TPYIOMICTKICTTIO TIOpPT(deNb MIATOTOBICHUX POOIT; MeTa MpaBWia - PIBHOMIPHO 3aBaHTAXUTH
BepcTaty (MPaBUIIO MOYKHA BUKOPHCTOBYBATH MPH 0araToBapiaHTHUX MapIIpyTax);

4) npaBUIIO MIHIMAITBHOT 3AJTMIIIKOBOT TPYAOMICTKOCTI - alIbTEPHATUBA IPABUITY 2;

5) npaBuII0 HAHAOBIIOT OTepallii - aTbTepHATHBA MPAaBUTY 1.

6) npaBmiio npu3HadeHHs y nopsaky HajaxowkeHHs (FIFO) - 3 moTounoro moprdernto pooit
00OHUpaEeThCs JeTalb, SKa HaIWILIA B 4epry Ha 00poOKy /10 BepcTara Mepiio;

7) npaBuio LIFO - anbrepHaruBa npaBuiy 6.

|3 HaBeGHHMX MpPaBWJI BUJIHO, [0 BOHU MArOTh CBPUCTUYHHUI Xapaktep, TOOTO 3 ix
JOTIOMOTOK0 HEMOXKJIMBO BCTAHOBUTH Ta OLIHUTU HAOJMKCHHS JI0 ONTHMAILHOCTI OTPUMAHOTO
pillieHHs, aje MOKHa BHUpOOMTH "moOpe" pileHHS B 3aleXKHOCTI BII iX TpPU3HAYEHHS IO
3aCTOCYBaHHIO 4YM BIJ KpUTEepIt0 (QYHKIIOHYBaHHS BUPOOHMYOi  CHCTeMH, IS SIKOT
PO3pOOIIIETHCS PO3KIIA] POOOTH.

BaxnuBuMu nokazHUKamMu SKOCTI chOpMOBAHOTO PO3KJIaay 3 TOYKH 30py HOro peanizaii
Py OTIEPATUBHO-IUCIICTUYCPCHKOMY  YIPaBIIHHI ~ BUCTYMAIOTh. MPOCTOi OONagHAHHS, dYac
OUIKyBaHHS JeTaliei nepei 00poOKOO Ta JIOKAIbHI Pe3epBH Yacy.

[pocriit - me IHTEpBad dYacy MIX 3aBEpIICHHSIM BHKOHAHHS MOMEPEIHBOI omepamii Ta
MOYAaTKOM HACTYITHOT 32 PO3KIaJI0M pOOOTH 0OJIaHAHHS.

OuikyBaHHs - II¢ IHTEpPBaJI Yacy MDK 3aBEpIUICHHSM BHUKOHAHHS OOpOOKM jertani Ha
MOMEPEHbOI 32 TEXHOJOTIYHUM MapIIPyTOM OIepalii Ta MOYaTKOM BHKOHAHHS HACTYIMHOI
omeparii.

JlokanbHUii pe3eps - Iie IHTEpBaI Yacy, Ha SIKUH MOXKHa 3O0IIBIINTH TPUBAIICTH omepaiiii,
HE 3MIHIOIOYM MOMEHT T0YaTKy HACTYITHOT 32 PO3KJIa oM poOIT ormepartii.

JlokanbHuii pe3epB omepanii Lij po3paxoByeTbcsi sk MiHIMadbHE 3HAUCHHS MK TIPOCTOEM
obnamnanns Qij=K micnst BukoHanHs omeparii Lij Ta dYacoM ouikyBaHHS j-0i JeTani mepen
00poOkoro Ha omeparii L(i+1)j:

Tapij=min{ Tupk, Tou(i+1)],

1e 4ac odikyBaHHs Bu3HaudaeTbes sk Tou(i+1)] = Tu(i+1l)] - Txij, a mpocriii - Tupk =
=Tush - Tkij, k=Qij=Qsh, Lsh - nacrymna micns Lij omepariisi, 110 BUKOHYETBCS Ha IIBOMY
obnanHaHHl. Pe3epB CTBOPIOETHCS SIK 32  pPaxXyHOK HEMOJMJIMBOCTI MOBHOTO 3aBaHTaKCHHS
o0J1a/IHaHHS HaBITh 32 YMOBH ONTUMAJILHOTO PO3B'S3aHHS 3a/laul ONTHMAIBHOTO IJIaHYBaHHS, TaK |
3a paXyHOK IIIJIECTIPSIMOBAHOTO BBEJICHHS OTO y PO3KiIa]l poOOTH.

OcCHOBHE TIPU3HAYCHHS JIOKAILHOTO Pe3epBY MOJISIra€ Y BAKOPUCTAHHI OTO B OTIEPaTUBHO-
JMCTIETYEPCHKOMY YIIPaBIIIHHI 3 METOI KOMIICHCYBAHHS 30BHINIHIX BIUIMBIB Ha Yac BUKOHAHHS



omepariii. TakoX pe3epBH MOXYTh OyTH BHKOPHCTaHI JUIsi BKJIIOUEHHS Yy pO3Kiaj poOoTH
JIOJAaTKOBHX pOOIT, M0 HE TMOPYUIYIOTh OCHOBHY CTPYKTYpPY pO3KIaay, aje IiJBUIIYIOTh
3aBaHTaKEHHS 00JIaIHAHHS.

3. Ilpuknan yaboBoi mporpaMu

VYuboBa mporpaMa IMOBHHHA OyTH MpHU3HAYEHA /ISl TPOBEICHHS PO3pPaxyHKIB 3ajadl
OTNEPaTHBHOTO IUJIAHYBAaHHS 3a CXEMOK aJIrOPUTMY IMITAIIHHOTO METOJY MOJCIIOBaHHS. 3a
JIOTIOMOTOI0 I[i€i TpoTrpaMM BHUKOHYETHCA MOOYyI0Ba po3kiany pobotu obOnamHanus ['BC 3
BUKOPHCTAaHHSM €BPUCTUYHUX TPaBUJI IIepeBaru 03 BpaxyBaHHs POOOTH TPAHCIIOPTHHX 3acO0IB Ta
oreparliii mepeHasaroKeHHs.

Bxinui nani ¢hopmyroThcs B BUTIISAI TEKCTOBOTO (hailily abo 3a JOMOMOTOI [anory, e
3aMUCYIOTHCS TaKi 3HAYCHHS:

1) kinbkicTh 0OnagHaHHS M;

2) xinbkicTh getaneii N;

3) o3Haka BUJy BHXITHHX JaHUX Ta po3paxyHKIB F (muB. 1.3.2);

4) Homep npaBmia R;

5) marpuns texHosoriunux Mapuipytie  TM=[TMij|i=1,N;j=1,M], ne TMij - Homep
BepCcTara, Ha SKOMY BUKOHYETCS j-Ta OIepallisi TEXHOJIOTIYHOTO MapIIpyTy oOpoOKH i-0i neTasi;

6) matpuis tpuBanocreit 00opooku TO=[TOQij|i=1,N;j=1,m|, nme TOij - TpymoMiCTKiCcTh
00poOKw i-01 Aertaii Ha |- omepariii.

Marpuni TM u TO noBuHHI 3anucyBaTHCs TOCIITOBHO TIO PSIKAX.

VY4aboBa mporpaMa MOBHHHA IPAILIOBATH B OJHOMY 3 JIBOX PEXHMIB - iaJIoTOBOMY abo
KOMaHJHOMY. B mianoroBoMy yci po3paxyHKH IOJIAIOThCSl HA €KPaH, 2 B KOMAHHOMY - Y BUXIJTHUN
(aiin pe3ynbTariB, IKH BKa3yeThCs IPOTPaMi Y KOMaHIHOMY PSIKY.

PesynbTaTt MOKYTh OYTH 1O/IaH1 Y TAKOMY BUTJISI:

1) kinbKicTh BepcTaTiB;

2) xinbKicTh geTaiel, siki 3amyiieHi Ha 00poOKy;

3) 3aranbpHHMIT Yac 0OpOOKH BCIX JeTalCH;

4) marpuns RR=[RRIj|i=1,N;j=1,M], ne RRIj - yac no4yarky o0OpoOku i-0i jeTanu Ha |-My
obnannanni (F=1), abo yac movaTky j-oi omnepailii TEXHOJIOTIYHOTO MapIIPyTy 00poOKH i-0i gerail
(F=0).

4. 3aBgaHus
Ckractu poskiaa poootu obnannanus ['BC 3 M Bepcraris, 1o BupoOisitots N geraneit 3a

TexHoJoriYHUME Mapiipyramu TM | ButpadaroTh yac TO, BUKOPUCTABIIM BCTAaHOBIICHI MMpaBHIiIa
nepeard P. OumiHuTH OTpHMaHi pO3KJIaau Ta iX MOKa3HUKH SKOCTI 3a Kpitepiem R.

Bapmanu | R| P M| N ™ TO
i

1 2134| 3 4 132 233

312 524

231 343

123 415

2 1(14| 3 4 132 344

312 633

231 454

123 526

3 1125 3 4 312 211

213 121

123 432

132 331




4 2,3 312 211
213 121
123 432
132 331
5 1.4 132 146
312 115
132 266
321 341
6 34 132 148
312 115
132 266
321 341
7 4,5 123 735
213 564
321 753
132 464
8 2,4 123 312
312 564
231 753
132 232
9 2,3 231 232
213 612
312 624
321 445
10 1,2 231 234
312 611
312 522
321 444
11 1,4 312 433
213 343
123 654
132 551
12 3,5 213 423
231 323
123 644
132 451




JlabopaTopHa podora Ne 5

MOJIEJIIOBAHHA INCKPETHUX TEXHOJIOI'TYHUX ITPOLIECIB 3A
JOIIOMOT'OIO MEPEX ITETPI

Mera poOOTH: O3HAHOMHUTH CTYJACHTIB 3 MaTeMaTHYHMMH 3aco0amMH TIOJaHHS Ta
MoJIeNroBaHHs poOotu Mepex [lerpi.

1. [lopsinok BUKOHAHHS POOOTH

1. O3HalOMHUTHUCH 3 TEOPETHYHUM MATEPIaIOM.

2. 3a  BapiaHTOM 3aBJaHHS TMoJaTu Mepexy [leTpi y TeopeTHKO-MHOXHHHOMY Ta
MaTpHUYHOMY BH3HAYCHHI.

3. [NoOyayBaBIIM JepeBO MOCATAEMOCTI, BH3HAYUTH THITU BEPIIMH JOCSHKHUX MapKipyBaHb
Ta BJIACTUBOCTI MEPEXO/IIB, MO3HILIH | Mepexi.

4. Po3pobutn yuboBy mporpamy IOOYJOBH JiepeBa HOCATAEMOCTI, 3a JOTIOMOTOIO SIKOT
NEepPEeBIPUTH OTPUMaHI Pe3yJabTATH.

5. IligroryBaru 3BIT.

2. OcHOBHI BU3HA4eHHsI Ta MpaBmia pobotu Mepex [lerpi

EdexTuBHUM 3ac000M MOJIENIOBAHHS JUCKPETHHX HporeciB € mepesxi Ilerpi. Ix ochoBHi
BJIACTHBOCTI MOJISITAIOTH Yy  MOXIIUBOCTI BIJIOOpaKCHHSI ~MapayenizMy, acHHXPOHHOCTI,
iepapXi4HOCTI MOJEMIOEMHX 00'€KTIB OINIBII TpocTiUME 3acobamMu. ToMy BHKOPHCTaHHS MEPEK
[Metpi ast mocipKeHHS iepapXiYHUX JUCKPETHUX cucTeM, 30kpeMa ['BC, e kpamum.

Mepexa Iletpl - NpUYMHHO-HACIIJAKOBA MOJENIb YSBICHHS MOJIH, 10 BUHUKAIOTH Y
nporieci poOboTH TUCKpeTHOT cucTeMu. [IpoiiecH, siki MOJCTIOIOTBCS, MOJNAIOTHCS SIK  MHOXKHHA
nomii ta ymoB. Ilomii - 1e aii, mMOCHiTOBHICTh HACTYITY SIKUX KEPYETHCSI CTAHOBHUIAMH CUCTEMH.
CTaHOBHIIIA CUCTEMH BU3HAYAIOTHCS CYKYITHICTIO YMOB, Cepe[l SIKUX BHIJISIOTD!

1) nepeyMOBH - MOB's13aHI 3 PaKTOM HACTYITy MO,

2) micnssyMOBM - TOB's3aHi 3 ¢akroMm 3aiiicHenHs nofii. Takum umHOM Mepexa I[lerpi
YSBISIETHCS CYKYITHICTIO TOB'SI3aHUX TIOJIH Ta yMOB, 1[0 BUHUKAIOTh Y CUCTEMI SIKa MOJICITIOETHCS.

Jlns 3aBmanHs wmepex [lerpi  HaifyacTtiiie BHUKOPUCTOBYIOTH  TaKl CIIOCOOH, SIK
TEOPETUKO-MHOKMHHE BH3HA4YCHHs, rpadiuHe YSBICHHS Ta MATPHYHE TOAAHHS.

2.1. TeopeTuKo-MHOKMHHE BU3HaYCHHS Mepex [leTpi

dopmansHO Mepexa [etpi N Moke OyTH 3aaHa y BHIIISAl HACTYIHOT IT'SATIPKU €IEMEHTIB:
N = (P,T,F,H,Mo0),
P ={PFili=1,n},
T={Tjli=1,m},
F:P"Tpk {012,..},
H:T" Pk {012,..},
Mo: PP {0,12,..},
ne P - MHOXHHA MTO3UITIH, SKI 300pakal0Th YMOBH B CUCTEMI;
T - MHOKHMHA TIEPEX01iB, SIKI 300pakaroTh MOJii B cUCTEMI;
F, H - ¢yskuii iHIMAeHH mo3uiii Ta mepexoniB, IO BU3HAYAIOTh JIOYMOBH abo
MOCTYMOBH TIOJIH;
Mo - mouatkoBe MapkipyBanHs Mepexi. @DyHkuis F, BU3HAYMBIIM TEpeIyMOBU
3IHCHEHHS MOJIii, IPU3HAYAE KOXKHOMY IMepexoy Bxiany MHoxwuny nosutii T j={ Pi|F(Pi,Tj)* O},
a QyHKIis H, BA3HAYUBIIY TICIAYyMOBH, TMPH3HAYAE KOXHOMY TIEPEXOJy BUXIIHY MHOXUHY



nosutiin Tj ={ Pi|H(Tj,Pi)* 0}. MapxkipyBauus Mo(Pi) o3nawgae «kinbkicTs MapkepiB y mo3urii Pi
MepeKi.

Cuij 3ayBaXUTH, IO MEpIIl YOTHPH €JIEMEHTH BU3HAYAIOTh CTPYKTYPY CUCTEMH, & OCTaHIl
CIEMEHT - JUHAMIKY MOBEAIHKMA CHCTEMH, 11 TMOYaTKOBUi cTaH. J[MHamika Mepexi MmoB's3aHa 3
PYXOM MapkepiB TO TO3HWIliIX y pe3ynbTari CIpalnbOBYBaHb IEPEXOJIB, BHACIIIOK YbOTO
CTBOPIOIOTHCS HOBI MapKyBaHHs no3uiiiii M(Pi).

2.2. T'padiune ysBnenHs mepex [letpi

I'padiuno mepexa [letpi - e 1BOIOIBHUIN OpIEHTOBAHUI MYIILTHTPad), JIe:

- IBOJIOJIbHICTH O3HAYa€ HASBHICTH IBOX TUIIB BEPIIMH (MO3MIIIH Ta MEPEeXoiB);

- OpIEHTOBaHICTh O3HAYAE, IIO BCl IyT'M MAOTh IEBHUI HAIIPSIMOK;

- Mynbturpad - Iyrm MOXYTh MaTH KpaTHICTh (BOHA IMO3HAYAETHCS 3HAYCHHSIM IOHA]
JYroto abo KITBKICTIO AyT).

I'padiune ysiBieHHS MOB'I3aHE 3 TEOPETUKO-MHOKUHHUM BH3HAYCHHSIM HACTYITHUM YHHOM:

1) mo3uIii BiqoOpakarThCsi KpyramMu;

2) nepexoau BinoOpakarThCs PUCKaMHU;

3) bynkuii F i H - opieHTOBaHUMHU JIyramMu, KITbKICTh a00 KPaTHICTH SKMX BU3HAYAETHC
3HAYCHHSIM (YHKIIIH;

4) mapKyBaHHS MeEpexi BIJI0OpaXkaeThCs KIIBbKICTIO MapKepIB Y MO3HUIISX.

2.3. MaTtpuuHe noJaHHs

MarpuvHe noJaHHs 1€ aHATUYHUE crociO ysaBieHHs Mepexi [letpi. ¥ mpoMy Bunamky
GyHKIIT IHIMICHIIH Ta TOYaTKOBE MapKyBaHHsS 300pa)KarOThCS Y BHIIAII MaTpHIb PO3MIPOM
[r*m]

F=[Fijli=1,n;j=1,m],
H=[Hij|i=1,n;j=1,m] Ta BEKTOPOM-CTOBITYMKOM po3mMipom [N* 1]
Mo=[Moil|i=1,n], ne Fij=F(Pi,Tj), Hij=H(Tj,Pi), Moi=Mo(Pi).

2.4. TIpaBuna podotu mepexi [letpi

PoGora (pyHkuionyBanus) mepex [leTpi BU3HAYAETHCS SK MOCHIIOBHICTh CIIPAI[bOBYBAHHS
Nepexo/IiB, BHACIIIOK SKUX BIIOyBaeThCs 3MIHA MapKyBaHb TO3HUIIIH.

[Mepexin MoXxe crpalbOBYBaTH, SIKIIO BiH € 30Y/IKCHUM.

Tepexin Tj BBaxaeThcss 30YIKEHUM, SKIIO BMKOHYEThCS HACTYIIHA yMOBa : s ycix Pi 1
Tj : M(Pi) >= F(Pi,Tj). To6T0 BHKOHYIOTbCS JIOYMOBHM 3IIHCHEHHS MOJEIBOBAHOI LM
NepexXoI0M TOIi - y KOXKHIA BXIJHIN Mo3ulii mepexoy KiIbKICTh MapKepiB He MEHIIIe KpaTHOCTI
IYTH, 1O iX 3'€IHYE.

Tozi yMOBa CHpaIbOBYBAHHS 30y/KEHOTO Iepexoay Tj Mae Takuii BUrmsy : s yeix Pil
Tj' : M'(Pi) = M(P) + H(Tj,Pi) - F(Pi,Tj). ToGTo mpu crpanboByBaHHI 30y/DKEHOTO MEPEXOTy
MapkyBaHHsS M 3amiHIO€TBCS MapKyBaHHsM M' 3a TpaBWJIOM - 3 BXIJHHX MO3UIIHA TEpEeXory
3a0MpaeThCs TMEBHA KIJIBKICTh MapkepiB, ska Bu3Havaerbes ¢yHkuiero F(Pi,Tj), a BuxigHi
NO3MIIT TepexXoay OTPUMYIOTH IHIIY KiJBbKICTh MapKepiB, sKa BH3HAYA€ThCS BkKE (PYHKIIIEO
H(Tj,Pi).

HeoOximHO BIAMITUTH, MO y pa3i BUKOPUCTAHHS MAaTPUYHOTO CIIOCOOY MOJAHHS MEpex
[etpi ymoBa 30ymxenHs nepexoay T mae Buriissg M >= F * U, a ymoBa cripaiibOByBaHHS

M=M+H-F*U,

ne U=[Uj[j=1,m] - BekTOp-cTOBITYMK po3MipoMm [M*1], y SKOTO BCl €lIEMEHTH AOPIBHIOIOTH
0, xpim Uj=1.

Y Oyap-skoMy crtani Mepexi [letpi Moxe icHyBaTH JeKiibka OJHOYACHO 30YHKEHUX
nepexo/iB. AJie MOCHTIZOBHICTh iX CHpallbOByBaHHS HE BCTAHOBJICHA | MOXe OyTu Oynb-sika 0e3



OJTHOYACHOTO CIpallbOBYBaHHs mepexoniB. Tomy B wMepexax [leTpi BH3HA4YaKOTh JEKilbKa
NPUAHIATHUX TIOCHIJIOBHOCTEH CHpAIlbOBYBaHb IIEPEXOMIB, IO MOPOKYIOTh IOCIHIIOBHOCTI
BUHHMKAIOYMX MapKyBaHb. Lle BiniOpaxkae mapaneni3am ta HepeTepMiHizM Mepexk Ilerpi.

Takum unHOM 3 pyHKIIIOHYBaHHSIM Mepexi [leTpi moB'sa3yroTh ABI OCH |OBHOCTI:

1) nocniIoBHICTB CIIPALbOBYIOUUX TIEPEXOIIB;

2) TMOCHIIOBHICTh BUHHMKAaWOYHMX (HOCSDKHMX) MapkyBaHb. L[i  mocmimoBHOCTI €
B3a€MOIIOB'I3aHUMU.

JIBa wmapkipyBanHs M 1 M' BBakaroTbcs 0e3mOCEpeHBO JIOCSHKHHMH, SIKIIO Y
byHKIIOHYBaHHI Mepexi iCHye niepexin T], cipallbOBYBaHHS SIKOTO TIEPEBOAUTH Mepexxy 3 M y M':
Tj
M P M.

JIBa MapkyBanHs M | M' BBaXKarOTbCsl JOCSDKHUMU, SIKIIO Y (YHKIIOHYBaHHI Mepexi ICHye
nociigoBHicTe mepexoaiB G=(Tj1,Tj2,..., Tjk), sxa nepeBoauth Mepexxy3 My M":

M P M,
TOOTO BUHUKAE TOCIITOBHICTh 0€3M0CEPEIHBO JOCSHIKHUX MapKIpYBaHHb
Tj1 Tj2 Tik

MP ML P M2..Mk P M.

Takum unHOM, hopMaIbHO HYHKIIOHYBaHHS MEPEXi TOIAETHCS:

- moBoto Mepexi [Terpi L(N) - MHOXXHHOIO TOCIIIOBHOCTEH CIIPALbOBYIOYHUX TMTEPEXOIIB;

- MHOXUHOIO nocsiraemocti R(N) - MHOXHMHOIO MapKyBaHb, JOCSYKHHX 3 IOYaTKOBOTO
MapKyBaHHSI.

Lli mocnigoBHOCTI 00'€IHYIOTBCS Yy paMKaxX €IMHOI MoOJel YysBJCHHS poOOTH Mepexl -
rpada nocAraeMocTi - OpieHTOBaHOTO rpada, BepIIMHAMU SKOTo € MapKiBanHs 3 MHOXuHH R(N), a
ayramu € crpaipsoByroul nepexonu 3 L(N). TlouarkoBoMy MapKyBaHHIO BIiIIOBiJae KOpeHeBa
BEpIIMHA JiepeBa, a JIyr'd, BIIMIYCHHI mepexogaMu 1], 3'€JHYIOTh BEPUIMHU-MapKyBaHHS, IO €
Oe3mocepeIHbO  JOCSHKHUMHU TIpU  cripaiiboByBanHl T]. JlepeBo nocsAraeMocti B 3arajibHOMY
BUTIAJIKy MOK€ OYTH HECKIHUCHHUM 3 BEpPIIMHAMHU TaKHX THIIB. 1) BHYTpIlIHE MapKyBaHHS, SIKE €
JOCSDKHUM 3 TIOYaTKOBOTO MAapKyBaHHSI Ta HE € TYNMIKOBUM; 2) TYMIKOBE MapKyBaHHS, 3 SKOTO HE
MOXE CIpalbOBYBaTH HI OJMH mepexin; 3) ayOmorode mMapkyBaHHsS M, sike BIANOBimae Bxke
BBEJICHOMY paHime y JepeBo MapkyBaHHIO M=Mp (ame sKkmo Ha UUISIXY 3 [OYaTKOBOTO
MapkyBaHHS 10 Mpu 3ycTpiuaetbesi MapkyBaHHs M, To Mpn € MapkyBaHHAM-IMKIOM); 4)
HAKOIMU4YylO4Ye MapkiyBaHHs MH, BIINOBIIHO SKOMY Ha HUISXY BiJl MMOYATKOBOTO MAapKyBaHHs
icHye imHe mapkyBanHs M Take, mo M <= MHu. HeckiHueHHICTh JiepeBa MOXJIMBE TUIBKI y
BUNIAJIKy ICHYBaHHS HAKOIHMYYIOUUX MAapKipyBaHb, SKI IMOPOKYIOTh UKIIYHE IMOBTOPEHHS
OJTHAKOBUX TMOCIIJJOBHOCTEH CIPAIlbOBYIOUNX MEPEXO/IIB.

Jlns  Toro, mo0 moOyayBaTH CKIHYEHHE JEPEBO JIOCATAEMOCTI | TMOJaTH MPoIec
HECKIHYEHHOTO HAKOTIMYYBaHHS MapKepiB y TO3HUIISIX Mepexki, BBOAUTCS MO3HAYCHHS Yy BUTIISII
CHMBOJTY W, BOJIOJIIFOYOT'O TAKMMH BIIACTUBOCTSIMH:

w+a=w,w-a=w, a<Ww.

Toxi anroput™M mNOOYIOBU CKIHYEHHOTO JepeBa JOCSATraeMocTi 0a3yeThCs HAa HACTYITHUX
MOJIOKECHHSIX

1. Aaroput™M  MOCHIIOBHO  0OpOOJIsie BEPIIMHH,  IEPETBOPIOIOYM KOXHY KIHIICBY
(HeoOpoOiieHy) B OJTHY 3 TUTIOBHUX - TYIIKOBY YH AyOJIOOUY.

2. Slxmo morouHe mMapkyBaHHsS M He kBani(iKyeThCs SK OJHA 3 JBOX HaBeJeHUX, To M
CTa€ BHYTPIIIHBOI ISl SIKOi (POPMYETHCS IiIMHOKHMHA OE3MOCEPEeIHbO JTOCSHKHUX MapKyBaHb,
KOTpI y JiepeBi CTaroTh KiHIeBUMH BepuinHamu. HoBi kiHIeBI MapkyBaHHss M' BH3HAa4YatOThCs 3a
pe3yJibTaTaMy CIpalboByBaHHs 30y/KeHUX Yy M mepexo/1iB 3a HACTYITHUMH MTPABUIIAMHU

- sxio M(Pi) = w, To M'(Pi) = w;

- SIKIIO HA HUISAXY 3 MOYaTKOBOTro MapkyBaHs 10 M' icHye take wmapkyBanus M", mo M"
<=M'"i M"(Pi) < M'(Pi), o M'(Pi) = w;

- y mnporuBHoMy pazi M'(Pi) 30epirac  cBoe  3Ha4YeHHS, OTpPHUMaHE BHACIIIOK
CIIpanbOBYBAHHS MIEPEXOTY.



3. Konu yci Bepumau 0ynyTh 00poOIIeH| alropuT™ 3yIHHSIETHCS.
[ToOymoBa CKIHYEHHOTO JiepeBa JOCATAEMOCTI JIO3BOJHMTh TPAKTUYHO BHKOPUCTATH HOTO
IUIsL TOCITI JPKEHHS BiacTUBOCTel Mepexi [Terpi.

2.5. Momudikartii mepexi [erpi

[Ipu omumcanHi anropuTMiB ympaBiiHHA citkamu [leTpi HeoOximHo MaTm 3acib, 3a
JIOTIOMOTOF0 SIKOTO 3a00POHSIETHCS TIOBTOPHE IHIIIFOBAHHS OMEPATOPIB ITiJ] Yac iX BUKOHAHHS. s
I[LOTO BBOJSITHCS IHTIOITOPHI (3a00pOHSFOUI) IYTH, IO BHKOHYIOTH MEPEBIPKY CITKU Ha HYJIBOBY
MapkipoBKy. CiTKH, 110 MalOTh IHTUOITOPHI IyT'H, HA3UBAIOTHCS IHTIOITOPHUMHU.

IarubiTopHa citka mpencraBisie co0or ciTky [leTpi, TOTIOBHEHY CIEIiaIbHOI (DYHKITIEIO
inmuaentHocri F 1 P° T ® {0,1,2}, sika BBoAUTH iHriGiTopHi ayru mis tux map (p,t), y skux
F(pt)>0.

[TpaBuio crparbOByBaHHS MEPEXOAIB B IHTHOITOPHIN CITIII Ma€ HACTYITHHIA BUTJISI

"pl "t:m(p)* F(p,t) UM(p)F,(p,1) =0 ,
ge 't — MHOXMHA BXiIHMX TO3MIili mepexoma t. To6To, inribiropma ayra 3aGopomnse
CIpAllbOBYBAHHS TIEPEXOay, SKIIO Y BIIMOBIHIN MO3MUIlI 3HAXOJHUTCS MapKepiB OUIbIIE, HiXK
MpU3HAYEHO (YHKITIEIO IHIIUCHTHOCTI.

IarubGitopHi myru 3B'S3ylOTh TUTBKM TO3MIII 3 TepexogamMu 1 iX BimoOpaxaroTh HeE
CTpLIKaMH, 1110 3aKIHUYIOTHCS, @ MaJICHBKIMH KOJIAMH.

2.6. Biactuocti Mepexi

Jlnst mepex [leTpi BU3HA4aIOTh Taki OCHOBHI BJIaCTHBOCTI.

1. OO6MexeHIcTh Mepexi.

[Mo3umito Pi HazuBaroTh K-0OMeXeHOI0, SKIIO KIBKICTH MapKepiB y i mo3uiii He
nepeBuIye nesike uucio K s ycix gocsbkHux MapkyBaHb 3 MHOkHHU R(N), ToOTO ms ycix
MT R(N) icuye k : M(Pi) <= k.

VY cBoto yepry, Mepexa [letpi € K-oOMexeHoto, SKIIo yci mo3uilii Mmepexi € K-oOMexeHnMu.
Too6ro, sxmo y mepexi mo3utii Pi oomexeni yncnamu k1,k2,..., To B 1imomy mepexa Ilerpi Oyne
k-oomexeHnoro, mpuuomy k = max{ k1, k2,...}.

VY Bumajky, koyim K=1, oTpuMy€eMO 4acTKOBHIA BUIIAIOK OOMEXKEHOCTI Oe3revHa MO3HIIis Ta
Oe3reyHa Mepexa.

OOMeXeHICTh CBITYMTH MPO KIHIEBHIA CTaH OKPEMHX EJIEMEHTIB  CHCTEMH,  sKa
MOJICTTIOEThCSL Mepexeto [lerpi, a Oe3mevHicTh BH3HA4Ya€ (PAKT BUKOHAHHS yYMOB IPH POOOTI
00'€KTy MOJICITFOBaHHS.

2. 30epiraHHst MepeKi.

Mepexa Ilerpi Ha3uBaeTbcs 30epiraloduor0 IO BIJHOIIEHHIO JO BaroBOTO BEKTOPY
Z=(Zili=1,n), sxmo ms koxnoro M T R(N) Bukonyerscs

A [(Zi*M(P)),i=Ln = & [(Zi* Mo(Pi)), i=1,n] = Const.

SIkmo Zi=1 ans ycix i=1,n, To Mepeka Ha3uBaeThCsl TOYHO 30epiratouoro. HeoOxigHoIO
YMOBOIO 30epeXeHHs € 00MEKEHHICTh MEpeXi, a JIoCTaTHIM - HasBHICTH Bekropa Z. Mepexa €
30epirarouoro, sKIno icHye pimenns cuctemu RM * S = Congt, ae pimennsMm € Bexktop S, a RM -
MaTpuIs JOCSOKHUX MapkipyBanb 3 R(M). 30epiranHs Mepexi CBITYHTH PO HEMOXIIUBICTH
3HUIIEHHS 00 BUHUKHEHHS JIOJJATKOBUX PECYPCIB Y CHCTEMI sKa MOJICTFOETHCS.

3. Kugicts Mepexi.

XKupicte - 11e BIACTUBICTH, MO TMOB'SI3aHA 3 BIJACYTHICTIO TYNMHKOBHUX CHTyaIllii Ta
3aIMKIIIOBaHb MPOIIeCy GYHKIIOHYBaHHS MEPEXI.

OO'ekTH, MOIEII SIKUX BOJIOJIFOTH BIIACTHBICTIO )KUBOCTI, MOXKYTh MEPEXOJAUTH 3 OY/Ib-SKOTO
JOCSDKHOTO CTAaHOBMILA B IHIIIE, Y TOMY YHCJI | B TIOYaTKOBE.

Mepexy BBaKAIOTh KHBOIO, SKIIIO BUKOHYIOTHCS JIBI YMOBH:



Tj
1) ms yeix TjT T icaye MI, MkT R(N) : Ml b MK, To6T0 Gyb-sikuii Tepexin moBHHEH
CIIpalbOBYBATH TP MOJICITIOBAaHHI pOOOTH MEpexi;
2) mia yeix MLIMK T R(N) : Ml b MK, To6T0 B Mepexi icHye B3a€MONOCSKHICTH
MapKyBaHb, Y TOMY YHCJI | MOYaTKOBOTO MapKyBaHHs, II0 BH3HAYa€ BIJCYTHICTh TYNHKIB Ta
3aIMKIIIOBAaHb Y POOOTI MEpEKi.

3. [Ipuknax BU3HAYCHHS Ta MOJICIIOBaHHS poOoTH Mepexi [letpi

[Mogamo 3a rpadiuauM 300paxkeHHsSM Mepexi Ha puc.l T TEopeTHKO-MHOXKHHHE Ta
MaTpUYHE BU3HAUCHHS, MOOYIYEMO JIEPEBO JOCSHKHOCTI | BA3HAUUMO BJIACTUBOCTI MEPEKI.

P2

- ( ) T2
P1 @
T P3

P4

T3

Puc.1

TeopeTnKo-MHOKWHHE BU3HAYCHHS MEPEKi:
N = (P,T,F,H,Mo0),
P={P1,P2,P3,P4}, T={T1,T2,T3},
F(Pi,T1)=1 nna i=1,2,3, F(P4,T1)=0,
F(P4,T2)=1, F(P1,T2)=0 mns i=1,2,3
F(P3,T3)=1, F(Pi,T3)=0 nna i=1,2,4
H(T1,P1)=1, H(T1,Pi)=0 nns i=2,3,4
H(T2,Pi)=1 nnsa i=2,3, H(T2,P)=0 mus i=1,4
H(T3,P4)=1, H(T3,Pi)=0 nns i=1,2,3
Mo(P1)=Mo(P3)=1, Mo(P2)=Mo(P4)=0.
Mmuosxunu BxigHux mosuniit nepexoxis: T1={P1,P2,P3}, 'T2={ P4}, 'T3={ P3}.
MHuoyuny BuximHux no3uiii nepexonis: T1'={P1}, T2'={ P2,P3}, T3={P4}.
Marpu4dHe 1oJaHHs:

€oog  éloon  dlu
u u u
_el00y 0105 0
1014 60100 814
e .. u e .u

v éu
010p 0015 &0

JlepeBO JTOCSKHOCTI:
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[Mo3umii P1,P3,P4 - Gesneuni, a mosuiiiss P2 - HeoOMexxeHa. Tomy Mepexka BIIJIOMY
HeoOMexeHa | He30epiraroya.

[Tepexou cripallbOBYIOTh YCI, ajie € THIIKOBe MapKipyBaHHS M3, IHKIIIYHE TOBTOPEHHS
mapkipyBanb M2P M4b M5 Tta mouaTtkoBe MapKipyBaHHS HEHOCSDKHE 3 OYIb-SKOTO IHIIOTO Yy
nepesi. Tomy Mepeka HE)KHUBA.

4. BapiaHTH 3aB/IaHb
3rimHO BapiaHTa 3aBIaHHS TOJaTH Mepexy IleTpi y TeopeTHKO-MHOKMHHOMY Ta
MaTpuyHOMY BH3Ha4eHHI. [l00yayBaTu nepeBo JOCSIKHOCTI | BU3HAYMTH THUIH BEPIIMH JIOCSKHUX

MapKipyBaHb Ta BIACTUBOCTI IEPEXO/IIB, MO3MIIIH | MEpexI BIIIJIOMY.

3apgannga 1 3aBaanus 2




3aBaanHsa 3 3aBaannsa 4

3asaanus 9 3asaanusa 10
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JMHAMIKA MEPEX IIETPI
I AHAJTI3 AKICHUX XAPAKTEPUCTUK IMCKPETHUX ITPOLECIB

Mera poOOTH: O03HAHOMUTH CTYACHTIB 3 METOJMUKOIO SKICHOTO aHai3y JUHAMIKU
GyHKIIOHYBAHHS JTUCKPETHUX CHCTEM 3a JIOTIOMOTOI0 METOJIB JIHIWHOT aareOpu y J0CIipKeHHI
PEKYpEHTHHUX PIBHSHB cTaHiB Mepexi [letpi.

1. [Tops0k BUKOHAHHS POOOTH.

1. O3HalOMHUTHUCH 3 TEOPETHYHUM MAaTEPIaIOM.

2. BUKOPHCTOBYIOYH METOJM JIIHIWHOT anreOpH, MPOBECTH JOCHIIKEHHS 3alPOIIOHOBAHOT
mepexi [Tetpi (BiIMOBiIHO 10 3aBAaHHS).

3. Jatu iHTepmperaiito Ta OLIHUTH OJCp)KaHI PE3yabTaTH 3 TOYKU 30pY SIKICHUX
XapaKTEePUCTHUK JUCKPETHOI CUCTEMHU.

4. Po3pobutu yd00BY MporpaMy po3paxyHKy iHBapiaHT Mepexi. [lepeBiputu mporpamy Ha
MIPUKIIAJII MEPEXKIi 13 3aBaHHs 1aboparopHoi padboTu Neb.

5. IligroryBaru 3BIT.

2. TeopetnuHmii Matepia.

Mepexi [letpi, sik MaTemMaTHUHUIA 3aci0 onHCy 00'€KTIB sIKI OCIIIKYIOTBCS, BIJOOpaKaroTh
JIOTIYHY MOCIIAOBHICTh MO/, 10 BUHUKAIOTH Y Mpolieci X GyHKIIOHYBaHHSI, 10 SKUX BiTHOCSTH |
BUpOOHMYI cuctemu. Ll mocCimimOBHICTH TOJI Mae XapaKTEPUCTHKH TapalieIbHUX IPOILECIB,
aHaii3 SKMX MOTpedye BH3HAYCHHS HACTYMHHX yMOB: 1) moBTOpHa IHimiamizamisi omepamiii B
nporeci MpUNmycTUMa TUIBKU TICHs 3aBEpIICHHs MOMEPEJHbOr0 il BUKOHAHHS y CHCTeMl; 2)
BUKOPHMCTAHHS B JJUCKPETHIN CHCTEMI pecypciB Mae KibKiCHe 0OMEXEHHs M0 3aCTOCYBAaHHIO; 3) y
B3a€ MOJIi YaCTHH MapaJieIbHUX MPOIECIB HE MOBUHHO 3'SBIATUCS OJIOKYBaHb PO3BHTKY IO,
TYNIKOBMX CTaHIB abo0 3aliKIOBaHHb Yy BHKOHAHHI MOCHigoBHUX fiid. [lepeBipka mux ymoB
NpPaKTHYHO O3HAYa€ BCTAHOBIICHHS BIACTUBOCTEH auMHamiku pobotu wmepexi Ilerpi, a came
00MeEKEHOCTI, 0e3IIEYHOCTI Ta KUBOCTI.

Posrisinemo wmepexy Ilerpi sik maremarumuny cucremy [N=(P,T,F,H,Mo), P={Pi|i=1,n},
T={Tjli=a,m}, P~ TP {0,1,2,..}, H:T "~ PP {0,1,2,...}, Mo:PP {0,1,2,...}] mns sikicHoro aHaii3y
IMHAMIKH ~ poOOTH JMCKpeTHHX 00'ekTiB.  Tak CTpyKTypHI eleMeHTH Mepexi IMOBUHHI
IHTEPIPETYBATHCS HACTYITHUM YMHOM: TO3MIIIT - 116 YMOBH BUKOHAHHSI a00 O3HAKH 3IHCHEHHS i
(omepariiit) Ha 00'exTi, mMepexoau Iie MoAli, IO 3AIHCHIOIOTHCS HAa O0'€KTI y pa3l BHKOHAHHS
HEOOXITHMX YMOB, MapKIipyBaHHS - II¢ MOTOYHHMH CTaH 00'ekTy. TOMy CTaTW4HI BJIACTHUBOCTI
o0'exty BU3Hauae rpadoBa yactuHa mepexi [letpi, a muHamMiuHI - TIOYaTKOBE MapKyBaHHS |
npaBuiia 30y/PKEHHS-CIIPAIbOBYBaHHs nepexoaiB (MoxaemoBanHs podotu). [Ipu ommci mporieciB
mepexxamu [leTpi Oynbsike MapKyBaHHS MepexXi acOLFOETHCS 3 BU3SHAYCHUM CTAHOM 00'€KTY SIKHI
MoienoeThesi. CripaiiboByBaHHs Oyb-skoro mepexoay 1) mepexi N mos's3ane i3 3MiHOIO HOTO
cTaHy (BUKOHAHHSM €JIeMEHTapHO1 /i1 y mporieci).

Mepexy BBaXKAIOTh KHBOIO, SKIIIO BUKOHYIOTHCS IBI YMOBH:

Tj

1) ms yeix TjT T icaye MI, MkT R(N): Ml b MK, To6T0 Gyb-sikuii mepexin moBHHEH
CIpanbOBYBATH TPH MOJICITIOBAaHHI pOOOTH MEpexi;

2) mna ycix MLMk T R(N): Ml b Mk, To6To B Mepexi iCHye B3a€MOIOCSKHICTH
MapKyBaHb, y TOMY YHCII | TOYaTKOBOTO MapKyBaHHs, [0 BU3HAYA€ BIJCYTHICTh TYNHKIB Ta
3aIMKIIIOBaHb y poOoTi Mepexi, ne R(N) - MHOXHHA TOCSHYKHUX MapKyBaHb MEPEXKI.

Mapkysaras M 1T R(N) Ha3uBarOTh TymiKOBHM, SIKIIO B IIbOMY CTAHI JKOJICH 3 NIEPEXOIiB
HE MOJKE CIpAIFOBATH.



Mepexxa N BBakaeTbcst OOMEKEHOI0, SKIIO BCi 11 mo3wuilli oOMexeHl, TOOTO Ui KOXKHOI
no3uiii mepexi y Bcix mapkyBaHHsX 3 R(N) icHye enuHa KiHIeBa KITBKICTH MapKepiB, IO
3'ABJIAIOTHCS] TaM OJHOYACHO.

Mepexa N BBaxaeTbcsi OE3MEUHO0, SIKIO MPH BCIX TOCSHKHUX MapKyBaHHSX il mo3uiii He
MOXYTh MaTH OIJIbIIIE OJTHOTO MapKepy.

[TepeBipka BIaCTUBOCTEI MEpek MOXKE BUKOHYBATUCh LINITXOM MOOY/IOBH | aHaNI3y JepeBa
J0CATAaEMOCTI, ajie 1ie MOTpeOye BCTAHOBIEHHS YyCIX JOCSKHHX Yy MEpeXi MapKyBaHb, IO €
Ba)KKOIO 3aJlaueio IOBHOrO mepedopy craiB. Tomy IcHye IHmHKN croci0, sKuil ysBIsSE COO0I0
CTPYKTYpHHUH aHasI3 Mepexi, 3aCHOBaHHI HAa MATPHIIl IHIIMICHIIIN | TOYaTKOBOTO MapKyBaHHSI.

Buxonsuu i3 yMOB 30y/DKEHHS Ta CIpalbOBYBAaHHS MEPEXOJiB, THHAMIKYy Mepexi B
npocTopi craHiB (MapKyBaHb) MOXHA OTIIMCATH TAKAUM PEKYPEHTHUM DIBHSHHIM (PIBHSHHSIM CTaHy
Mepexi):

Mk=Mk-1+A* Uk:k=12,.. (2.2)

ne MK - cran, y skwuii nepeitne mepexa 3 crany Mk-1 y pesymbrari K-ro BBy UK
(cripanboByBanHs niepexony); Uk=[UjK] - kepytouuii Bektop, kommonenta sikoro Ujk=1, skio B
k-ii MOMEHT aCHHXPOHHOTO 4Yacy BHMHHUKA€ CIpalboByBaHHs mepexony 1), ab6o Ujk=0, sximro
CrpanboByBaHHs He BinOyBaeTbes; A=[AIj] - Marpuis IHIMIACHIIH TMO3MIIA Ta MEpPexois,
enemerTu Alj sikoi nopiBHIOIOTH |, - | @00 O, ko, BiamosiaHo, nepexin T) mae | BuxigHux ayr 1o
no3unii Pi, | BXigaux nyr 3 mo3unii Pi, abo He Mae 3B'13Ky 3 mo3utiieo Pi.

Marpuiro A MokHa po3paxyBaTH Ha TincTaBi omnepauii Hag marputsamu F=[Fij] 1 H=[Hij],
SKI 3a/1aI0Th KUIBKICTH JYT, IO BUXOJAThH BIAMOBIIHO 3 MO3UIIIH | IEpexoiB

A=H- F,
T0o0TO enemenTH Fij 3a1a10Th KiMbKICTh MapkepiB, skl HOTpiOHO 3a0partu 3 mo3unii Pi mpu
crpalbOByBaHHI mepexonay Tj, a emeMeHTd Hij BU3HAYIOTH KIIBKICTE Mapkepis, sKi

HAINpPaBISIOTHCS Y MO3uIIi0 Pi mpu cnpaiiboByBaHHI iepexoy TJ.

OueBHIIHO, 10 B OyIb-IKOMY CTaHI KOMIIOHEHTH BEKTOpa MapKipyBaHHsS HE MOXYTh OyTH
Bix'eMHUMU. BoHI MOXyTh mpuiiMaTH Jiiiie HYJAbOBI ab0 JoAaTHI IinouucenbHI 3Ha4eHHs. Lls
yMoBa y mMaTpuuHomy 3amucy mae Bua MK >= 0 mis Bcix K. BpaxoByroun octaHHe, 3 pIBHSIHHS
crauiB oxepxyemo Mk-1 + A * Uk >= 0, a nocnigoBHicTs MapkyBanb (2.1) MOXHa 3aMIHHTH
€IMHAM BHPa30M dYepe3 MOYaTKOBE MapKyBaHHsS Mo | BEKTOp MmiipaxyHKy CIpailbOByBaHb:

S=3 [Uk k=123..]; S=[Sj|i=1m]. (2.2)

OneMeHT § BKa3zye, SKy KIIbKICTh pa3iB  crpanboBye mepexin T) B MOCIHIIOBHOCTI
MapKyBaHb, sika ine Big Mo k MK. BpaxoBytouu piBusiHHS (2.2), 3 (2.1) onepkumo:

Mk=Mo+A*S (2.3)
A0O0 yBIBIIIM BEKTOP 3MIHU MapKyBaHHSI

dM = Mk - Mo,

3 piBHsIHHS (2.3) 0€PIKUMO PIBHSIHHS
A*S=dM (2.4)

Bci MOkuBI pillieHHsS JaHOTO PIBHSHHS MOXHA OTPUMATd 3a JOTMOMOTOI0 OJHOTO 3
METO/IB pIIICHHS 33124 [IJIOYUCETLHOTO MPOrpaMyBaHHSI.

Po3risiHeMO BUKOPUCTAaHHS METOJIB JIIHIHHOT areOpu B po3B'si3aHHI PEKYPEHTHUX PIBHSHb
3MiHU cTaHIB Mojeni Mepexi. BoOHH J03BONISIOTE Ha OCHOBI  MaTeMaTHYHOTO JOCHIKCHHS



CTpyKTypH Oirpada Mepexi | moyaTKoBOro MapkyBaHHs Mo OHIHUTH Takl SIKICHI XapaKTEpPUCTHKH
Mepexi K 0OMEXCHHICTh, dKHUBICTb.
Llinouncenbuuii Bekrop X = [Xi[i=1,n], skuii € pimieHHsIM JIHIHHOT CUCTEMH

A~*X=0 (2.5)
Ha3MBAETHCS P-IHBAPIaHTOM.
Posrasinemo piBHsiHHS (2.1), OOHMIBI YaCTMHU SKOTO MOMHOXHMO Ha TPaHCIIOHOBaHWI
BeKTOp X~ (~ - MO3HAYKa TPAHCIIOHYBAHHS):

X~*M=X~*Mo+X~*A*S (2.6)

BpaxoBytoun (2.5) i te, mo A~* X =X~* A, 3 Bupasy (2.6) ogepxumo:
X~* M =X~* Mo (2.7)

ToOto, Oynb-sikuii P-IHBapiaHT XapakTepu3ye Bcl JOCSHKHI MapKyBaHHS MEpexXi 3 TOUKU
30py 30€peKeHHsI ISIKUX BIACTUBOCTEH MpoIieciB. SIKII0 MO3HAYUTH
X~* Mo =Ko,
ne Ko - koHcraHTa, TO IHBapiaHTHICTh MapKyBaHb MEpEXi MPEICTaBUMO Yy BHIJISII
CITIBBIJTHOIIEHHSI-PIBHOCTI:

X~* M =Ko = const (2.8

Bektop X ToMy Ha3MBawOTh P-iHBapiaHTOM, IO BIH BU3HAYAE€ BIIACTHBOCTI CTPYKTYpH
Mepexl y posmonini MapkepiB 3a mo3ullisMd Pi He3alexxHO Bia OylIb-sIKOTO JIOCSHKHOTO
MapKipyBaHHS.

BpaxoBytoun, mo cucrema (2.5) Moxe Math  HECKIHUYEHHY  KUIBKICTh pIllICHb,
(byH/IaMEHTAJILHOIO CHCTEMOIO PO3B'SI3KIB CHCTEMH JIHIWHUX OJHOPIAHUX PIBHSIHb HA3WBAIOTh
TaKy CYKYIHICTh DIIICHb, 32 JOMOMOTOK SKO i BUPaXalOThCS BCI IHIII po3B's3ku. SIKiio paHr
matpuii A nopiBHIOE yuchy HeBimomux (I = n), To cucrema (2.5) Mae TiIbKH HYJIbOBE PIIICHHS.
Skmo r < n, to cucrema (2.5) okpiM HYJIBOBOTO Ma€ HECKIHYCHHY MHOXXUHY IHIIUX pIllICHb,
npudyoMy QyHIAaMEHTalbHa CHcTeMa ckiamaethest 3 (N-r) BekropiB X. Panr marpuii A = [ai]]
po3mipoM (N X M) JOpIBHIOE HAWBHMIIOMY TOPSJAKY BIJIMIHHOTO BIJ HYJsS BH3HAYHHKA,
OJIep>)KaHHOTO BUKpecitoBaHHsIM (N-r) croBmiiB | (M-r) psiakiB 3 marpuni A. Takum ymHOM, BCI
iHBapianTi X Ui MapKyBaHb Mepexi MOxHa otpumatd 3 (N-r) OasucHuX pimeHb. OO0'enHABIIN
3amucaHl y BUTIISAI BEKTOPIB-PSIKIB pilieHHs (yHIaAMEHTAIbHOT CUCTEMH, OICPKUMO MATPHIIFO
iHBapiaHTIB u4M Oa3ucHuX pimeHs B. Toxl s Oyap-sSKOro IOCSYKHOTO MapKyBaHHS TOJIOHO
piBHSHHIO (2.7) MaTume

B*M=B*Mo=Ko (2.9)

SIkImo BCi KOMITOHEHTH pP-IHBapiaHTy HEBII'€MHI, HOT0O HA3UBAKOThH P-JAHIOrOM. [loBHHI
p-JIaHITIOT - 1€ P-IHBapiaHT, BCI KOMIIOHEHTH SIKOTO J0JaTHI, TOOTO TOBHHUH P-JaHIIOT MICTUTh Y
co0i Bci mo3umii Mepexi. Mepexa Ilerpi iHBapiaHTHa, SKIIO JUIs Hel ICHYe MOBHHMA P-JIAHIIIOT.
[ToBHMiT p-nmaHIOr MOTPIOHO IIyKAaTH cepell YCiX pimeHs (yHAaMeHTanbHOI cuctemu B abo ix
JHIAHOT KOMOIHAL|{.

luBapianTHa Mepexa Ilerpi € oOMexeHO, ane oOMekeHa Mepeka Moke OyTH He
IHBapiaHTHOIO, TOOTO HE MaTH MOBHOTO JaHItora. Lle BUMImMBae 3 Toro, mo Ko X - MOBHUH P-

nanior | X~* M = Ko, To 3BakeHa cyma mapkepiB 3a Bcima mosuitisimu g [(Xi * Mi), i=1,n] =
Ko e oomexenor. A ockimbku Xi - nmojgatHi | Bcs cyma oOMexxeHa, To | MapkyBaHHsS Mi Beix

no3uiiit Mepexxi oomexeni. Citijl 3ayBaKUTH, 10 SKIIO MOBHUH P-JIAHIIOT € OJJMHUYHUM BEKTOPOM,
TO Mepexa € Oe3MeYHOIO.



Po3risiHeMO HAacTYIHY XapaKTepUCTUKY MEpEekKi - JKHUBICTb, BHU3HAYCHHS SIKOi 0a3yeThCs Ha
oOuucieHHi t-iHBapiaHTiB.

Linouncnenuit Bexktop Y = [Y]|j=1,m] Ha3uBaeTbcs t-IHBapiaHTOM, SKIIO BIiH € PO3B'SI3KOM
JIHITHOT OJJTHOPIAHOT CUCTEMH

A*Y =0 (2.10)

SIkmo 3HaveHHs t-iHBapiaHTy mifcTtaBUTH B piBHSHHA (2.3) 3aMicTh BEKTOpa MiAPaXyHKY
CIIPalbOBYBaHb S, TO BUSBUTHCS, 110

M=Mo+A*Y =Mo.

3Bincu BurumBae, 1o Ak Y10, To Mepexa ctiiika, TOOTO miC/s ASIKMX CIpPalbOBYBaHb
Nepexo/IiB BOHA MOBEPTAETHCS B MoYaTKoBHiA ctaH MO. CTilikicTh Mepexi MoB's3aHa 3 ii HUKITIYHO0
MOBTOPIOBAHICTIO, TTOYKMHAIOUH 3i ctany MoO. Crin 3a3HaunTti, 1m0 cepex pimeHs cucremu (2.10)
MOXYTb OyTH | Taki BeKTOpH Y, KOMIIOHEHTH SIKUX BIJI'€MHI.

[ToBHwmit t-nanmor - 1e t-iHBapianT, BCl KOMIIOHEHTH SKOTO JojatHi. [loBHUIl t-naHIor
BKJIFOUA€E B o0l yci mepexoau Mepexi. SIKIo Mepexa Mae MmoBHUH t-JTaHIIOT, TO BOHA CTIHKa, IO €
TUILKA HEOOXIJTHOI0 YMOBOIO JKHBOCTI TpU OyAb-SKOMY MOYaTKOBOMY MapKyBaHHI, OCKIIBKH
BCTaHOBIICHO, 1110 B MOCJIJOBHOCTI MapkyBaHb Bif MO 1o M=MO cnpanboByrOTh BCi TEepexo/IH,
ajie He BU3HAYEHO YM ICHYIOTh TYMIKOBI MapkipyBaHHs. [lomryk moBHOTO t-nmaHitora 3iiCHIOEThCS
1o/1I0HO JI0 MOIITYKY MOBHOTO P-JIAHIFOTA.

Takum yMHOM, SKIIIO MEpeKa KUBa | 0OOMeXeHa, TO BOHA CTi¥Ka | iHBapiaHTHa.

BupimmMo nuTaHHs 3HaXO/KCHHS TYMIKOBHX cTaHiB. TyIiK 11e TOCS)KHUNH 3 MOYaTKOBOTO
MapKipyBaHHSI CTaH y SIKOMY He 30y/DKEHHH KOJEH 3 IMepexojiB Mepexi. 3aluiieMo yYMOBY
30y/DKEHHS TIepexX0y T] Y HACTYITHOMY BHJII:

a [(Fij* Mi),i=1,n >= § [Fij, i=1,n], j=1,m
abo
F*M>=F*E,

ne E - oguHnuHuMil BEexTop.

Ockinbpku MHOXHHA JOCsHKHUX MapkyBanb R(N) mnoBuHHA 3am0BoJIbHSATH yMOBI (2.9), ToO
BiicyTHICTB 30ymKyBaHux nepexoais 1t M e R(N) ciix Bu3HauuTH 3 pO3B'SI3KYy TaKOi CUCTEMHU

B*M=B*Mo (2.12)
F*M=F*E-E

SIKIo 151 cucTeMa Mae pillieHHs, TO JesiKe 1l MapKyBaHHS € TYIIKOBHM, B IHIIOMY BHIIAJIKY
Mepexa He Ma€ TYIIKIB | € )KHUBOIO.

3. [Ipuknan ananizy mapexi [etpi.

PosrasiHemo Ha mpukianl  HaBeneHoi Mepexi  (Man.l)  MOMIIMBOCTI BHKIIAJICHHOTO
MaTeMaTUYHOTO i IXOY.



M T? P3

P1 T3

(N ¥

Man. 1
Jlnst 3amanoi mepexi BiAnmoBigHO 10 piBHsSHHA (2.5) p-iHBapianT X € HiToYHCICHUM
PO3B'SI3KOM CHCTEMU

-X1+X3=X2+X3=X1+X2- X4=0.

Panr marpuni A (tabm.1) cuctemu A * X = 0 nopiBHIO€ 3, TOMY JJaHa CHCTEMa Ma€ JIUILE
onHe O6aszucHe pitteHHs (N-r =4-3=1)
X~=[1-110].
Buxonmsui 3 1poro He MoOKHa 3pOOMTH BHCHOBOK, IO JOCIHIDKYBaHa Mepexa €
00MEXEHOIO.

Tabmums 1
Matpuis A~
no3uri, Pi
nepexou Tj 1 2 3 4
1 -1 0 1 0
2 0 -1 -1 0
3 1 1 0 -1
Tabmurs 2
Martpuns F
no3uri, Pi
nepexou Tj 1 2 3 4
1 1 0 0 0
2 0 1 1 1
3 0 0 0 1




Pospaxyemo t-inBapiant Y. 3 cucremu (2.10) onepXUMO CHCTEMY PIBHSHb:
-Y1+Y3=-Y2+Y3=Y1- Y2=-Y3=0.

Cucrema mae numie HynboBe pimenHs Y~ = [0 0 O], Tomy B pnaHiii Mepexi He icHye
MapKyBaHb, 5Kl MM03B'si3aHi nuKiIaMu y rpadi craniB. MapkyBanHs M cmiBmaiae 3 mo4aTKOBUM,
SKIIO TUIBKUA HE CIPAIbOBYE KOJCH 3 TMEPeXOJiB Mepexi, OCKIIbKH BCI KOMIIOHEHTH BEKTOpa
HYIBOBI. |HakIe kKaxyun, ockiapku Y =0, TO HMOCIIIOBHICTH CTaHIB HE Ma€ MOBEPHEHbB | Mepeka €
HECTIKOI0, @ TOMY | HEXKHUBOIO.

B 3B'i3Ky 3 o/iepKaHUMH OCOOJIMBOCTSAMH JOIIJTbHO BH3HAYHUTH, YA Ma € TYIIHK BKa3aHa
0e3MoBOPOTHS MOCHITOBHICTE MapkipyBaHb. Cucrema (2.11) mae Bu:

M1l- M2+M3=M1=M4=0;,M2+M3+M4=2.

OckiJbKM CHCTEMa Ma€ HE HYJIbOBE DPIIICHHS, TO MOXHa 3pOOMTH BHCHOBOK, IO
JOCIIDKYBaHAa Mepexa € TYMIKOBOK. A TyMIKOBUMHU MapKipyBaHHSMH JOCSHKHUMH 3 TIOYATKOBOTO
OyayTh Taxi, 110 3aI0BOJIBHSIOTH criBBlAHOIICHHIM M1 = M4 =0, M2 =M3 = Const > 0.

Otxe, 3aCTOCYBaBIIM BUINE PO3TSIHYTHH MiAXin 10 aHanizy mepexi [lerpi, moxHa
BIICBHUTHUCH B TOMY III0 BOHA HEXKHBA | TYIIKOBA.

2. BapianTu 3aB1aHb
BimmoBizHO 10 BapiaHTa 3aBJaHHS TPOBECTHM MaTpUYHE JIOCHIDKEHHS SKICHHX

XapaKTEePUCTHUK JTUCKPETHUX MPOIIECIB MOIaHUX HaBeIeHUMHU Mepexamu [lerpi.

3apgannga 1 3aBaanus 2

# A 4

3aBaanHsa 3 3aBaannsa 4
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OﬁﬂaIlHaHHﬂM THY4YKOro KoMII' HTEPU30BAHOI0 BHpOﬁHI/IHTBa

JlabopaTopHa podora Ne 7

HHPOI'PAMYBAHHA PYXY IHCTPYMEHTA 1P ®OPMOYTBOPEHHI
JNETAJIEW HA OBJIAIHAHHI 3 UITY

Merta poGotu: BuBueHHS MeTOMUKM (OPMYBAHHS TPAEKTOPil pyxy IHCTpyMEHTa Ta
mporpaMyBaHHs (POPMOYTBOPIOIOYHX il B cucTtemax UITY.

1. ITopsI0K BUKOHAHHS POOOTH

3a 3aJaHUM KpPECIEHHSIM KOHTYPY JeTali:

1) BHKOHAaTH PO3PAaXYHOK OIOPHUX KpAIoOK 1 MOOYAOBaTH SKBUAMUCTAHTY TPAEKTOPIl
PYXy OCHOBHOTO IHCTpYMEHTa 3 paJiycoM poOO0YhOi MOBEpPXHI 5 MM Ta 10AaTKOBOTO 3
paniycom 2 MM JUIS JOPOOKH CYMDKHUX JUISTHOK KOHTYPY;

2) cKJIacTU Kepywdy mporpamy (OpMOYTBOPEHHS JeTalli Y BHIAJKY MPOTPaMyBaHHS
KOHTYpY JleTali,

3) ckiactu Kepywdy nporpamy GpopMOYTBOPEHHS JAeTalli y BHIAAKY SKBUIMCTAHTHOTO
pOrpaMyBaHHs PyXy IHCTPYMEHTA;

4) Po3poOuTh HaBuUalbHY Mporpamy rpadidHOTO MOJENIOBAHHS TPAEKTOPIl PyXy
iHCTpYMeHTa i POPMOYTBOPEHHSI KOHTYPY JETai.

2. TeopeTnunuii matepian

@opMOYTBOPIOIOYHMIA pPyX IHCTPYMEHTa BIATBOPIOETHCS CITIIKYIOUMMHU MPHUBOJAMH I10/1a4i
BepcraTa. Po3TamyBaHHS TpPHUBOIB BIANOBIAa€ KOOPAWMHATHIM CHCTeMi BepcTara, y SKid
31ificHIOETRCST 00poOKa aerami. IIporpaMyeTscsi HEe BITHOCHUI pyX 3a KOHTYPOM, SIKUH 3aJaHO
KpPECIeHHAM JIeTalll, @ pyX Y3[OBXX SKBHJIUCTAHTH . DKBHUIHMCTAHTA - 1I€ TPAEKTOPIS PyXy LEHTpa
po00YOi KPOMKH IHCTPYMEHTA, 110 BIACTOITH Ha pajiyc IHCTpPYMEHTa BiJ 3aJaHOTO KOHTYPY JETaJli.
Jlnst omMcy SKBUIMCTAHT TPAEKTOPII0 PyXy IHCTPYMEHTA PO3IMOJAUISIOTH HA €IEMEHTApHI JIUISHKH,
0 3BUYAWHO 3aMal0ThCs MPSIMUMU ab0 TyraMu OKpPYKHOCTI. MICISl Ha CTHKY €JIeMEHTapHHX
TIISTHOK Ha3UBAIOTHCS OTMIOPHUMH TOYKAMHU.

[IporpamyBaHHsS pyxy IHCTpyMEHTa MDK OINOPHHUMH TOYKAaMHU 33/Ja€ThCA 33 JOMOMOTOIO
KaJpiB KePYIY0i MporpamH.

Kamp kepyrodoi mporpamu ckimamaetbes 31 ciiB. KoxkHe OKpeme CIIOBO MICTHUTH JITEpy
azipecy, 110 BU3HAYa€ MPU3HAYECHHS HACTYITHUX JaHUX.

Kanp BigkpuBaerbcss cumBosioMm N, mo o3Hayae HoMep kaapy. OCHOBHHH 3MICT Kajapy
CKJIA/Ia€ MOCIIIOBHICTb CIIB.

CnoBa 3 OykBeHoro anpecoto G HasmBaroTh miaroroBunMu QyHkmismu. GO0 ykaszye Ha
MpUCKOpeHe mepeMimienHs 1 mosumionyBanus, GOl - wa pyx mo mpsmiii minii, GO2 - pyx mo
OKPY)KHOCTI B MMO3UTHBHOMY HANpsMKY (IPOTH rOAMHHUKOBOT cTpinku), GO3 - pyx 1Mo oKpyKHOCTI
B HEraTMBHOMY HampsMKy (3a romuHHuKoBOi ctpimii). CnoBa 3 agpecamu X, Y € po3MipHi
MEepeMilleHHs, [0 TPEACTABJISIOTH COO0I0 BIIHOCHI KaJapoBi 30UIBIIEHHS TIO BIAMOBITHUM
KoopauHaTHUX ocsix. CnoBa 3 aapecami |, J yka3yroTh MOJIOKEHHS IOYAaTKOBOI TOUKHU JYTH 1100 ii
IIEHTPA B MICIEBIH crcTeMi KOOpauHaT. J[isl BCIX CIIiB 3 T€OMETPUYHOIO 1H(POPMAITIEI0 3HAK TUTIOC
OITYCKA€THCSl 1 MA€ThCSI HAa yBa3i 3a 3aMoBUyBaHHsM. CIOBO 3 aapecoio F BH3HAa4Yae MIBHIKICTDH
noJjiayi B MM/XB, @ BIICYyTHICTh MOAIOHOTO * CJIOBA B JIPYroMy KaJpi CBIIYHTH MPO Te, IO MOa4a
HE MIHSETHCA.



BignparpoByBaHHs KaJpy MOYMHAETHCS 3 MOMEHTY HOTro aKTWBi3allii, KOJU BIH CTae
po6quM [Tomepenne BLZ[HpaIIBOByBaHHSI KaJpy mepe]] akTUBI3aIlIEI0 CKIIaIal0ThCS B PO3paxyHKax
MPOMDKHUX TOTEPEIHIX MOJOXKEHb IHCTPYMEHTa, a TaKOX IEePETBOPEHHS KOOPIMHAT OMOPHHUX
TOYOK JI0 aOCOJIFOTHOI CHCTEMH KOOpPJHMHAT. BimmpanboBYBaHHS KaJpy 3aBEpIIYETHCS 3'€JaHHIM
oci po004Y0i KPOMKH IHCTPYMEHTa 3 KIHIIEBOIO OIOPHOIO TOYKOK), IO HaJalli BBAXKAKOTHCS
MOYATKOM HACTYITHOTO PYyXYy.

3. BapianTu 3aBianb
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JlaGopaTopHa po6ora Ne 8

JIOCJIIJPKEHH ST METO/IB IHTEPIIOJIALII JITHITHOI' O
PYXVY IHCTPYMEHTA HA OBJIAJJHAHHI 3 UIlY

Merta pobotu: BuBueHHS METOAMKH MPOBEJECHHS PO3PAXYHKIB TPAEKTOPIi JIHIHHOTO PYyXy
IHCTpyMEHTa Ta JOCIHiIPKEHHS (AaKTOpiB BIUTMBAIOUMX HA YTBOPEHHS MOXMOKK (POPMOYTBOPEHHS
KOHTYypa Jeranei B cucremax UITY.

1. ITopsIoK BUKOHAHHS POOOTH

3a 3a1aHMM KpeCJIeHHSIM KOHTYpY netai (3 tabopaTopHoi podotu Ne7):

1) Ui NiHIKHOT JUISTHKHM TPAEKTOPIl pyXy IHCTPYMEHTA BUKOHATHU IHTEPIOJISIIIO BHIAY1
KepYIOUHX JTUCKPET METOJaAMHU:

- OIiHHOT DYHKIIT 3 MPOTHO3YIOYUM KPOKOM

- omiHHOT PpyHKIIT HA OCTIHHINA HECyYilt 4acTOTi

- mudpoBuX TUGEPEHIIHHNX aHATI3aTOPIB

2) 3a pesymbTaTaMd PO3PAXYHKIB MOOYAyBaTH 4YacoBl jJiarpaMu BHadi KEPYHOUHUX
IMCKPET, a TaKOX IHTEPIONALIHHY TPaeKTOPil0 pyXy IHCTpyMeHTa npu (GopMyBaHHI
KOHTYDY.

3) JlochimuTy 3aJIeKHICTh TOYHOCTI YTBOPEHHS TPAEKTOPIL, 10 BiANPAIbOBYETHCS, Bil
nmapaMeTpiB METOJIB IHTEMONAIIi — JAUCKPETHOCTI, yria Haxwily TPaEeKTopii, mepiojaa
IHTEepnOoJAMLii. Y SIKOCTI MOKAa3HHUKIB TOYHOCTI PO3TSIaTH CyMapHy, CepeIHbOKBAApATHUHY 1
MaKCUMaJIbHY TTOXHOKY 1HTEpPITOJIAILIi.

4) 3poOuTH TOPIBHAJIBHHMI aHaIi3 METOMIB 1 BHPOOMTH peKOMeHmarii 3 iX
BUKOPHUCTAHHS.

5) Po3pobutu HaBYajdbHY NpPOTPaMy pPO3PAXYHKY TPAEKTOPii pyxy IHCTpyMEHTa
METOJaMH THTEPITOJISIIIT.

2. Teopetnunuii matepiain



JlaGopaTopua podora Ne 9

JIOCJIJIDKEHHSA METO/IB IHTEPITOJIALIIT KPYTOBOI'O
PYXVY IHCTPYMEHTA HA OBJIAJJHAHHI 3 UIlY

Merta poboTu: BuBYEHHSI METOIMKH MPOBEICHHS PO3PAXYHKIB TPAEKTOPil KPYroBOTO PyXy
IHCTpyMEHTa Ta JOCIHiIPKEHHS (AaKTOpiB BIUTMBAIOUMX HA YTBOPEHHS MOXMOKK (POPMOYTBOPEHHS
KOHTYypa Jeranei B cucremax UITY.

1. ITopsIoK BUKOHAHHS POOOTH

3a 3a1aHMM KpeCJIeHHSIM KOHTYpY netai (3 tabopaTopHoi podotu Ne7):

1) Ui NiHIKHOT JUISTHKHM TPAEKTOPIl pyXy IHCTPYMEHTA BUKOHATHU IHTEPIOJISIIIO BHIAY1
KepYIOUHX JTUCKPET METOJaAMHU:

- OIiHHOT DYHKIIT 3 MPOTHO3YIOYUM KPOKOM

- omiHHOT PpyHKIIT HA OCTIHHINA HECyYilt 4acTOTi

- TpOrHO3a 1 KOpeKIii

2) 3a pesympTaTaMd PO3PAXYHKIB MOOYAyBaTH 4YacoBl jJiarpaMd BHadi KEPYHOUHUX
IMCKPET, a TaKOX IHTEPIONALIHHY TPaeKTOPil0 pyXy IHCTpyMeHTa npu (GopMyBaHHI
KOHTYDY.

3) JlochimuTy 3aJIeKHICTh TOYHOCTI YTBOPEHHS TPAEKTOPIL, 10 BiANPAIbOBYETHCS, Bil
nmapaMeTpiB METOJIB IHTEMOJISII — JUCKPETHOCTI, pajiyca KoJia TpaekTopii, rmepionaa
iHTEepHOoJAMLii. Y SIKOCTI MOKa3HHUKIB TOYHOCTI PO3TSIaTH CyMapHy, CepeIHbOKBAApATHUHY 1
MaKCUMaJIbHY TTOXHOKY 1HTEpPITOJIALLI].

4) 3poOuTH TOPIBHSAJIBHHMI aHali3 METOMIB 1 BHPOOMTH pEeKOMeHmarii 3 ix
BUKOPHUCTAHHS.

5) Po3pobutu HaBYajdbHY NOpPOTpPaMy pPO3PAXYHKY TPAEKTOPii pyxy IHCTpyMEHTa
METOJaMH IHTEPITOJISIIIT.

2. Teopetnunuii matepian



