MIHICTEPCTBO OCBITU YKPAIHU
HALIIOHAJIbHUM TEXHIYHUM YHIBEPCUTET YKPATHU
"KUIBCHKUU ITOJITEXHIYHUU IHCTUTY T"

METOJANYHI BKA3IBKHA
J10 KYPCOBOI'0 MPOEKTYBAHHSA 3 TUCUMILIIHA
"THYYKI KOMIT'IOTEPU30BAHI CUCTEMHA"
KPeAUTHOI 0 MOXYJIsI
"AJITOPUTMI3AIIA TA BEPUDIKALIA YITPABJIIHHSA B THYUYKUX
KOMIT'IOTEPU30BAHUX CUCTEMAX"

JUIS CTyJIeHTIB HanpsMy miaroroBku 6.0914 "CucreMHa imxeHepis'”
cnenianpHOCTl 7.091402 "'Hy4Ki KOMIT' FOTEPU30BaHI CUCTEMH Ta pOOOTOTEeXHIKa"

3aTBEPIKEHO
Ha 3acigaHHl kadenpu TeXHIYHOT KIOEpHETUKH
[Mpotokos Ne 9 Bin "22" kBiTHs 2008p.

Kuis 2008



2

Anroput™izamis Ta Bepu(ikaiis YHOpaBliHHS B THYYKHX KOMIT FOTEPU30BaHUX
cucremMax: MeToauuHl BKa3iBKM 10 KypcoBoro mpoektyBaHHs [/ CkiaaeHo
K.B.Ocranueunxo. - Kuis: HTYVY-KIII, 2008. - 44c.



3MICT

1. 3micT 3aBAaHHS HA KYPCOBE MPOCKTYBAHHS -..veeeeeunrrrreesssnnnneeassasnnnneeessnnnneess 4

2. 3aranpHl BUMOTH J10 CTPYKTYpPH, 00CSTY Ta 3MICTY KYPCOBOI'O MPOEKTY....... 6

3. TeopernuHi MOJOXKEHHA Ta MaTeMaTU4HI 3aco0M, IIOJO PO3B'sI3aHHSA
TTOCTABITCHITX BAJTAM +.vuvvunsrnsennseunssnsesnsesnssassnsesnssassnseanssssssnsesnssnssnsesnsensssnsesnsessssnsesnsenn 9
3.1. Opranizauis onepaTuBHOTO yOpaBmiHHSA [BC ..., 9

3.2. Buxinsi nani 'BC sk 00° €KTa ONepaTUBHOTO YIPABIIH «....evvveeeernnnee 11

3.3. OneparusHe minanyBaHHA pOOOTH ['BC ... 15

3.4. Opranizaiiis onepaTuBHO-AKUCHEeTYepchbKoro ynpasiinusa ['BC............ 22

3.5. 3aco0u MOJIETIOBAHHS TUCKPETHUX TIPOLECIB ...vvvvreersnrreeeessannrreeessannnes 25

A, JTITEPATYPA . uveeeeeiauneeeeeeaasreeee s s e e e s s ssnn e e e e s aassr e e e e s s annnn e e e s e annreeeeeaannnneeeaans 43



1. 3micT 3aBIaHHS Ha KYpCOBe NMPOEeKTYBAHHS

Mertoro BUKJIaJaHHs JUCHIIUTIHU “ AnropuTmizauis 1 Bepudikaiis yrnpaBiaiHHS
B THYYKHMX KOMII FOTEpU30BAHUX CHUCTEMAaX € OTPUMaHHS CTYJAEHTaMH 3HaHb B
00J1aCTl TEXHOJIOT1] aAropuUTMIi3allii 3a1a4 yIpaBiiHHS 1HTETPOBAaHUM BUPOOHULITBOM
Ha PI3HUX pIBHAX MOro opradizamii, a came Ha pIBHAX BiJ OpraHizaliiHOIo
YIOPABIIHHS MIAITPUEMCTBOM J0 TEXHOJOTTYHOTO YNPABIIHHA TPyHaMu YU OKPEMUMHU
OJIMHUILIMU TMPOMHUCIOBOTO OO0JIaIHAHHS BUPOOHUYHUX MiAPO3aAUTiB. OCOOIUBICTIO
npoOJieMH CTBOPEHHS QJITOPUTMIYHOTO Ta MPOTPAMHOTO 3a0€3MEUeHHS] CHUCTEMU
VIOPABIIIHHS BUPOOHUILITBOM € 3aCTOCYBAHHS PI3HUX 3a 3MICTOM Ta MPU3HAYEHHSIM
IH)KCHEPHUX METOJIIB PO3B S3aHHS KOMILICKCY 33/]au MPOCKTYBAHHS Ta CKCILIyaTallii
IHTETPOBAHOTO BHUPOOHUITBA, BAXIMWBOIO CKIIAJOBOI0 YAaCTUHOIO SIKOIO IOCTa€
raHydka BupooHuya cucrema (I'BC) riexoBoro piBHs.

ToMy TemMoO0 KypcOBOTO NPOEKTYBAHHS JaHOI JUCLIMUIMHU € CTBOPEHHS
ITOPUTMIYHOTO Ta MPOTPAMHOTI0 3a0€3MeUEHHSI CHCTEMH ONEPATUBHOIO YIPaBIIHHS
(COY) rHy4YkdM aBTOMATH30BaHHMM MiANpo3aiioM (eXoM, IUISHKOMO, JIiHI€W). 3a
3MICTOM 3aBIaHHS MOCTA€ SIK KOMIUIEKCHE 3a PaxyHOK IMOCIITOBHOTO PO3B SI3aHHS
B3a€EMOTIOB SI3aHUX  3a7a4 3 PO3POOKH MIiJICHCTEM OIEePATHBHO-KAJICHIAPHOTO
TUTaHYBAHHS JJIsl OpraHi3alifiHoOro piBHS, ONEPATUBHO-IUCIIETYEPCHKOTO YIPABIIHHSA
IUISl TEXHOJIOTUYHOTO PIBHS BHUPOOHMITBA Ta IMITALIMHOIO MOJENIOBaHHSA pOOOTH
I'BC nns BuKOHaBUYOro piBHA Bepudikauii poOoTu o0aaaHaHHS.

OcHoBHOWO opranizaniiHoo ¢opmoro I'BC Ha BUpPOOHMUTBI € THyYKa
aBToMatu3zoBana nauisinka ([CAJ). T'AJI — me BuUpoOHMYA cHCTeMa, B SIKid
peani3yeTbcsi aBTOMAaTU30BAHE TPyNoBE OaraTOHOMEHKJIATypHE BUPOOHHUITBO, IIO
OMEpPAaTUBHO NEPEHAIAr0/KYEThCS Yy BU3HAUYEHOMY MMAapaMETPUYHOMY JUana3zoHi
MPOJYKIIi Yepe3 CUHXPOHHY poOOTY BCIX (PYHKIIOHAIBHUX MOIYJIB 3a JOMOMOTOIO
CUCTEMHU onepaTuBHOro ymnpasiiHHS. bynp-ska ['AJl mMae y cBoemy ckiaal Taki
MOYI:

- rHyuki BupoOHUYi Moayni ('BM) OCHOBHOrO TEXHOJIOTTYHOTO OOJIaHAHHS
(BepcTatH, CKIaaabHI MAIIMHU, TOIIIO);

- aBTOMaTH30BaHHMU ckian (BuUpoOiB, HamiBpaOpPUKATIB, KOMIUICKTYIOYHX,
IHCTPYMEHTIB);

- aBTOMAaTU30BaHY TPAHCIIOPTHY CUCTEMY.

Jiis 3a0e3nedenHs noaaBaHHs BupoOiB Ha ['BM Tta opranizamii ix B3aemonii 3
aBTOMaTu30BaHUM  ckiagoM B ['AJ[  BUKOpPUCTOBYeTbCS  aBTOMaTH30BaHa
TPAHCIIOPTHA CUCTEMa B CKJIaJl TPAHCIOPTHUX MOJYIIB Ta poOOTIB-1ITa0ENePiB, K1
MarTh TPAaHCHOPTHI MapuipyTH nepecyBaHHsi. [ BM 000B'sI3KOBO MaioTh B CBOEMY
CKJIaJIl BXIJHUW Ta BUXIITHUN HAKOMUYyBaul, B K1 JeTaal HAAXOISATh ISl MOJAJbIIOT
00pOOKH 3riJHO TEXHOJIOT1i, a Miciisl 3aBeplIeHHss 00POOKH TUMYACOBO 30€pIiraroThes
JUISL TIOAQNBIIOr0 TPAHCHIOPTYBaHHS HaA 1HIIE TeXHoJIoriyHe oOnanHanHs. lle
J03BOJISIE CMIOYATKY MPHUBE3TH HACTYIMHY JeTalb A1 OOpOOKH, a MOTIM BUBE3TH TY,
10 4YeKkae Ha nojanblly oOpoOky. IIpoTe, Ha (YHKIIOHYBaHHS HAaKONMMYyBadiB Ta
pobotry I'BM HaknanaroThCsi JeaKi OOMEKEHHsI, TIOB' si3aH1 13 3a0€3MeYeHHSIM BUMOT
Ha NOPAJIOK 1HILIFOBaHHS TEXHOJIOT1UHOI onepailii Ha o6yagHanHi. Le:
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- TPAaHCHOPTHUN MOAYJb HE MOKE MPUBE3TU HACTYMNHY JeTaib Ha OOpOOKY,
MOKHM 3aBaHTaXXEHUM BX1JHUW HAKOIUYyBadY,

- 00po0OKka Jreraii 3 BXIJHOTO HaKoMmuyyBadya He Moxke noyatucs Ha ['BM, noku
3alHATHI BUX1THUIA HaKOMM4YyBay,

- TICTSl 3aBEpIICHHS OOpOOKH JIeTalib OJHOYACHO HAJXOJWUThH JI0 BUXIJTHOTO
HAKOIMMWYyBaya.

Jns ctBopenHs edpektuBHO nAitouboi COY I'AJ] HeoOXinHO B mepury 4epry
BU3HAYUTH TEXHOJIOTTYHI MapumpyTd oOpoOku neraneir Ha I'BM nns 3amaHoro
HOMEHKJIATypHOTO Tepeiiky BHpPOOiB, po3paxyBaTh MHOPSJOK 3amycKy AeTalled y
BUPOOHUIITBO [IJIi BHU3HAYEHHS 4Yacy BUPOOHHYOro MLHUKIY 1 PO3KIaxy poOOTH
oOnagHaHHs, a MOTIM pO3poOUTH Tpadik MPOBEAECHHS TPAHCIOPTHUX ONepauiid ass
CBOEYACHOTO BHUKOHAHHS TEXHOJIOTIYHMX omepauidi Ha I'BM 3rigHo poskiagy ix
poOoTu. OgHOYACHO B XO/I1 CKJIaJaHHs PO3KIaAy Ta rpadiky OOrpyHTOBY€EThCS BUOID
J0CTaTHHOT KUIBKOCTI Ta mpu3HaueHHS (cmeriamizarii) 'BM Ta TpaHCcmOpTHHX
MOJYIB, IKMI 3a0€3MeYnTh BUKOHAHHS pO3pO0JIEHOr0 BUPOOHUYOr0 UKy 00pOOKH
neraned. Otpumana iHopMalliss Oyne BKIIOYATH JaHl MPO MOYATOK 1 3aBEPIICHHS
pi3Hux omnepauii Ha ['BM, TpaHcnmopTHUX MOAyJidX, HampsM Ta iX MeETy
nepecyBaHHs. 3 METOI0 aHaIi3y MOXKJIMBOCTI pealtizallii po3po0JIeHOro po3kiaay Ta
rpadiky poOOTH Bchboro ycraTkyBaHHs ['AJl BUKOHYEThCS CITKOBE MOJICJIIOBAaHHS,
AK€ TIepPEeBIps€ yMOBHU IHIIIIOBAaHHS ONeEpalliif, BUKOHAHHS BChOTO 3allIAHOBAaHUX
nepesiky Jiid y CUCTEMI, IOBEPHEHHSI 00JaJlHAHHS B MOYATKOBUM CTaH, OOMEXKEHHSI
pecypciB Ta iHue. Kpim, TOro BUKOHYEThCA MOIIYK BY3bKHUX MICIb, KOH(QIIKTIB IpH
poOoTi oOnagHaHHA. JlocmigkeHHs 3aBepUIYeETbCS BUPOOJEHHSM PpPEKOMEHJIalii
II0JI0 YCYHEHHSI IOMUJIOK Ta HETOYHOCTEH, K1 OyJlIM MPUIYILIEH] TPU MPOEKTYBaHH1
CTPYKTYpH Ta anropuTMmiB pyHkiionyBanus ['AJI.

Omxe po3B'si3aHHS 3a/7a4 KypCOBOTO NPOEKTY nependadyae BUKOHAHHS TaKHX
3aB/IaHb:
Ne 3amauvi Ta 3MiCT 3aBIaHHA Jliteparypa
Po3poOka niacucremu onepatuBHoro oomaiky ['BC.
CtBoput 1H(popMaliiHy ©0a3y [AaHMX 3 HOPMAaTHBHO-
1 | TexHOJOr1YHUX MMOKAa3HUKIB MOJIaHH S Marepianbhux, | 4,712
iHpopmatiiinux npouecis 1 00°ektiB I'BC Ta mposectn ix
PO3PAXYHOK.
Po3poOka niacucremu onepatuBHoro mianyBanHs [ BC.
3a  BHU3HAQUYEHHUM  KpUTEpIEM  €PEKTHUBHOCTI  poOOTH
aBTOMATM30BAaHHOIO MiJIPO3JilJia CKIAacTH po3kian podotu |1, 3, 5,

2 TEXHOJIOTIYHOTO OOJIaiHaHHS B 1boMy miaposnim mo | J7, J116
BUTOTOBJIEHHIO BCTAaHOBJIEHOI HOMEHKJIATypu MPOAYKIII 3a
OTIEPAaTUBHUI IHTEpBaJ Yacy — 3MiHy (100Y).

Po3poOka MIJICUCTEMHU ONepaTUBHO-AUCIETYEPCHKOTO
ynpasiiaas 'BC
3 Po3poOutu aNrOpUTM oprasizarii tpancnoptHoro | 1, 1, J2,

0o0CIIyrOByBaHHS 3MIHHOTO 3aBAaHHs, BUXOJA4d 3 Toro, mpo | J[16
HEO0OX1THO 3a0e3MeYUTH MIHIMaJIbHI BIIXUJICHHS BiJ TEPMIHIB
3aBepIIEHHsT BMKOHAHHS TEXHOJOTIYHUX oOMepauid 3rifHo 3
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Ne 3ajayi Ta 3MICT 3aB1aAHHA Jliteparypa
Mo0y/T0BAHOTO PO3KJIaAy pOOOTH TEXHOJIOTTYHOTO O0Ia HAHHS.
Po3po6ka migcuctemu imiTaniHoro moaentoBanns ['BC
Bukonatu SKICHMM aHalmi3 KOpPPEKTHOCTI po3pobnenoro |4, 1, M4,
aNropuTMy, CHOPOEKTYBaBIIM ‘' MpaBWibHO noOyaoBany” | /113

CITKOBY MOJI€JIb TPAHCIIOPTHOTO OOCITYrOBYBaHHS.

BuxignumMu naHuMM a0 po3B'A3aHHA  IIMX 3aBJaHb Ta CTBOPEHHS
aBTOMAaTU30BAaHOI CHCTEMHM YIOPABIIHHS BU3HAYalOThCSl HACTYIHI MapaMmeTpu
BUPOOHHUIITBA!

Bupo6uuua mnporpama [I'BC - mnpencraBisieTbess 'y BHUIIISII

HOMEHKJIATYpHUX IJIaH1B, BCTAHOBJICHUX Ha 33JIaHU 1epio]l poOOTH.

TexHonoriyHi MapuIpyTH BHUTOTOBJEHHS 3aJaHOi HOMEHKJIATypu
BUPOOIB - MOCHIJIOBHICTh BUKOHAHHS TEXHOJIOTIYHHUX OIepaliidl Ha TEXHOJOTTYHOMY
o01aiHaHHI.

[MpaneMicTkicTh (4aC BMKOHAHHS) OCHOBHHMX TEXHOJOTIYHHX OTepallii
(0OpoOKH, CKIIaaHHS, KOHTPOJIIO TOIIIO).

TpaHncnopTHI MapHIpyTH NEpeBE3CHHS OJAMHUIL MaTepialbHUX MOTOKIB
(Bupo0OiB, IHCTpYMEHTa TOINO), SKi BH3HAYAKOTHCSI CTPYKTYPHOIO CXEMOO
komnonyBaHHs ['BC.

Yac BUKOHAHHS TPAHCIOPTHUX Ta 0OCIYyrOBYIOUMX OINEpalliil - 4ac pyxy
32 y4aCcTKaMH TPAHCHOPTHHUX MApUIPYyTIB Ta T[EpPEBAHTAXXKEHHA OO0 €KTIB
TPaHCHIOPTYBaHHS.

Mictkicts BuKoprcToBanux y I'BC onepatuBHMX HaKONUYyBayiB.

Kpurepiit ouinku edextruBHOCTI podotu ['BC Ha 3ananuit nepiof.

2. 3arajibHi BUMOTH 10 CTPYKTYPH, 00CATY Ta 3MiCTYy KYPCOBOI'O IPOEKTY

JIoKyMeHTallisl KypCOBOT'O MPOEKTY CKIIAJAETHCS 3 MOSICHIOBAIBHOI 3alUCKHU Ta
000B's13k0BOr0 rpadiunoro Marepiany (kpecienb). KpiM Toro, mpu 3axucTi MOXKe
BUKOPHCTOBYBATHCh JOJATKOBO JCMOHCTpalliiHui MaTepiaa B rpadiunomy (Ha
narepi, IIiBKax), eJIeKTPOHHOMY (BiIeoMartepiaiu, MyJIbTUMEia, IPE3EHTAIli] TOIIO)
a00 HaTypHOMY (MOJIEIi, IPOTPAMU) BHUIJISII.

OpieHTOBHUM 00CST, 3 ypaXyBaHHSM BHUKJIAJEHOTO B MONEPEAHBOMY IYHKTI,
CKJIaJa€:

- osicHIOBaJIbHA 3anucka - 50-70 cTopiHOK;

- 000B's13k0BUY rpadiuHmii (LUTIOCTPATUBHUI) MaTepiai - He MeHIe 2 apKyIIIiB
KpecieHb popmary Al.

lloscHiosanvua 3anucka 10 KypcoOBOTO MPOEKTY MOBUHHA Yy CTUCHIN Ta YiTKii
dbopmi pO3KpUBATH TBOPYUH 3aayM NPOEKTY, MICTUTH aHajl3 CY4acCHOrO CTaHy
npo0eMH, METO/IIB BUPILIEHH 3aBAaHb IPOEKTY, OOTPYHTYBAaHHS X ONTUMAIbHOCTI,
METOJUMKH Ta Pe3yJbTaTH PO3PaXyHKIB, OMUC MPOBEJCHUX EKCIIEPUMEHTIB, aHATI3 iX
pe3yabTaTiB 1 BUCHOBKUA 3 HUX; MICTUTH HEOOXITHI UTIOCTpallli, eckizu, rpadiku,
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aiarpamu, TaOauIll, CXeMH, MalloHKM Ta 1H. B HIH MawoTh OyTH BIICYTHI
3arajbHOBIIOMI MOJIOKEHHS, 3aiiB1 OMKMCH, BUBEJEHHS CKJIAJHUX (OPMYIT TOLIO.

TekcT MOosACHIOBAJIbHOI 3alMCKU CKJIAAAETHCS, AK MPABUIIO, JEPXKABHOIO abo
POCIHChKOIO (/1151 IHO3EMHUX CTYJICHTIB) MOBOIO B JIPYKOBAaHOMY BUTJISI/II HA apKyIIax
dopmary A4 mpudprom Times New Roman 14 myHkTiB, MKpSIKOBUil iHTepBan 1,5
Lines.

Cmpykmypa nosiCHI08aNIbHOI 3aNUCKYU YMOBHO TOAUISIETBCS HA BCTYIHY
YaCTHHY, OCHOBHY YaCTHHY Ta JOJIaTKH.

BcerynHa yactuna:

- TutynbHul apkym (hopma KII-2);

- 3aBJJaHHS Ha KypcoBe npoekTyBaHHs (popma KII-3);

- KaJICHJapHUil IJ1aH BUKOHAHHS 1poekTy (dopma KI1-4)

- pedepar (aHoTaris);

- 3micT (hopma KII-5);

- IepeTiK CKOPOYEHb, YMOBHHUX MTO3HAYEHb, TEPMIHIB;

- BCTYII.

OcHOBHa YacTHHa!

- PO3UIH, SIKI PO3KPUBAIOTh OCHOBHUM 3MICT IPOEKTY BIAMOBIIHO A0 MEPETIKY
NUTaHb, HAJAHUX Y 3aBJIaHHI Ha KYPCOBE MPOEKTYBaHHS;

- 3aKiHYeHHs (BUCHOBKH);

- IepeNiK MOCHUIIaHb.

JlonaTku:

- BiloMOCTh KypcoBoro npoekty (popma KII-6);

- texuiune 3aBaanns Ha KII (hopma KI1-7);

- rpadiuHui Matepian (KpeciieHHs);

- 1HII1 MaTepiaju, K1 J0NOMararoTh OUIBII MOBHO 1 JOKIAJHO PO3KPUTH 33a]1yM
Ta IUISAXU peajizalii NpoeKTy, B TOMY YMCI MporpamMHe 3a0e3NeueHHs KypCcOBOIro
MIPOEKTY.

[lepenik ckopodeHb, BCTYI, BUCHOBKH, MEPEIIK MOCUIAHb 1 JOJATKU , OKPIM
PO3/A11IB OCHOBHOI YaCTUHH, HE HYMEPYIOThCH.

Pegpepam (anorartist) oocsrom 0,5-1c. MOBUHEH CTUCIIO Bi0Opa)xaTu 3arajibHy
XapaKTePUCTUKY Ta OCHOBHHM 3MICT MIPOEKTY 1 MICTUTH

- BIIOMOCTI MpO O0OCST TOSICHIOBAJIBHOI 3aMUCKH, KUIBKICTH UIHOCTpaIlii,
TaONMllb, KpECIeHb, AOJATKIB 1 O10miorpadiuHUX HalMEHYBaHb 3a NEPENIIKOM
MOCHJIaHb;

- METy TMpOEeKTy, BHUKOPUCTAHI METOAM Ta OTPUMaHi pe3yJabTaTu
(xapakTepucTHKa OO'€KTY NPOCKTYBaHHS, HOBI SKICHI Ta KUIBKICHI ITOKa3HHKH,
CKOHOMIYHHH e(EeKT TOIIO);

- peKoMeHfamii 1070 BUKOpUCTaHHSA abo (Ta) pe3ynbTaTd BIPOBAIKCHHS
po3po0OK ab0 OCIIIKEHbD,

- iepettik KiodoBux ciiB (He Oubine 20).

Bcmyn moBHHEH BiOOpakaTh akTyadbHICTh 1 JOLUIBHICT NPOEKTY Ta
MICTHUTH:
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- OOIrpyHTYBaHHS HEOOXIJHOCTI aBTOMAaTH3allli ICHYHYOro o0'ekTa
MIPOEKTYBaHHS Ha OCHOBI aHaji3y Cy4YaCHOrO CTaHy MpoOJeMHu 3a JTaHUMH
BITYM3HSIHOI Ta 3apyO1>KHOI HAYKOBO-TEXHIUHO1 JIITEpaTypH;

- OOTpYHTYBaHHS OCHOBHHMX ITPOEKTHUX PIlLIEHb a00 HAMPSAMKIB JOCIIIKEHb,

- MOXJIMBI rajgy3l 3aCTOCYBaHHS PE3YJIbTATIB IPOEKTY;

- KIHIIEBY METY MPOEKTYBaHHS.

OcHosHa wacmuHa NOSICHIOBAJIBHOT 3aIMUCKY MOBUHHA BKIIFOYATH

- PO3pOOKY BUMOT JI0 XapaKTEPUCTUK 00'€KTa MPOECKTYBAHHS,

- BUOIp 1 OOTpYHTYBaHHS ONTUMAJIBHOCTI TEXHIYHUX PillIeHb a00 TEOPETUUHUX
Ta €KCIIEPUMEHTAJIbHUX METO/IIB JIOCIIJKEHb MTOCTaBICHUX 3a/1a4;

- BUOIp Ta OOIPYHTYBaHHA MOXJIMBUX BaplaHTIB TEXHIYHOI peanizalii Ta
METO/11B pO3paxyHKIB MTapaMeTpPiB €JIEMEHTIB;

- EKCHEePUMEHTAJIbHI JOCHIJKEHHS, PO3pOOKY METOIMKH JOCIIIKEHb, OIHUC
po3po0JieHOr0  MpOrpaMHOro  3a0e3MeyeHHs, aHalli3  pe3ylbTaTiB  PoOOTH
MIPOTrPaMHOI0 3a0€3MeYCHHS;

- 3arajibHi BUCHOBKHU IOJIO BiJIMOBIJHOCTI OTPUMAHUX PE3YJIbTATIB 3aBJAAHHIO
Ha KypCOBE MPOEKTYBAaHHS Ta BUCYHYTUM BHUMOTraM, MOKJIMBICTb BIIPOBAIKEHHS a00
3aCTOCYBaHHS PE3yJIbTATIB.

Po3ai11 OCHOBHOI YaCTHMHU MOBHHHI BIATBOPUTH HACTYIHI TUTAHHS

1.Anani3 3aj1a4 IpOEKTYBaHHs CUCTEMH orepaTuBHOTO ynpasiinHg [ BC

1.1.0nuc ninpo3zaina I'BC sik 06° exta ynpaBiiHs
1.2.TloctanoBka 3aaau npoektyBanHs COY I'BC
1.3.Anani3 Ta BUOIp METO1B JOCIII>KEHHS

2.IlpoekTyBaHHS aNTOPUTMUYHOIO 3a0€3MEYEHHS CHUCTEMU OINEpPaTUBHOTO
yIpaBJIiHHS

2.1.Po3pobOka iHpopMaLIHHUX CTPYKTYpP JAHHHUX 3a/1a4 IPOEKTYBAHHS
2.2.CxnaganHs po3kiaay poOOTH TEXHOJIOTTYHOTO 00JIaIHAHHS
2.3.Po3pob6ka anroputma TpaHcnopTHoro oociayropyBanss ' BC
2.4.CuHrte3 ciTKoBO1 MoJenl PyHKIIOHYBaHHS obsnagHanHs ['BC

3. Po3poOka nporpamuoro 3a6e3nedenss nigcucrem COY I'BC

3.1.ITpu3HaveHHs 1 001aCTh 3aCTOCYBaHHS IPOrPAMHOIO 3a0€3MeUeHHS
3.2.0nuc nigcucTeMu BBOAY 1 00J1IKY TexHoJIoruHuX napamerpis I'BC
3.3.0nuc niACUCTEMH ONEPaTUBHOIO MJIaHyBaHHS

3.4.0nuc niACUCTEMH ONEPAaTUBHO-AUCIETYEPCHKOIO YIIPABIIHHS
3.5.0nuc niacucremu citkoBoro mozaentoBanHs ['BC

VY sucnoskax GhopmyniOIOTHCS OCHOBHI PE3ylbTaTH, OI[IHKM Ta peKOMeHAaIlii
11010 MPOBEJEHHOT0 IPOEKTYBAHHS.

Jloxymenmayin 006086'13K08020 epaghiunoco mamepiany TOBUHHA BKIIOYATH
(GyKLIOHATBHY CXEMY CITKOBOI Mojeii poboru obnagHanHs ['BC ta Onok-cxemu
aJTOPUTMIB IPOrPAMHOTO 3a0€3MEeUCHHS.
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3. TeopeTn4Hi MOI0KEHHS TA MATEMATUYHI 32c00H, 1100 PO3B' A3aHHSA
MOCTABJICHUX 3a/1a4

3.1. Opranizaiiis onepatuBHoro ynpasiiaHs ['BC

[Ipu po3B's3anHHi 3a7a4i oOpraHizamiftHOro ynpasiiHHS BUPOOHHIITBOM, OJHUM
3 TOJIOBHUX (DAaKTOPIB, IO PErIaMEHTYIOTh JIsUTbHICTh IPOMHCIOBOTO ITi IPUEMCTBA
€ y3araJpHCHHUU PO3PaXyHOK BHUPOOHMYUX MOTY)KHOCTEH | 3aBaHTaKCHHS
oOJIaJiHaHHS, PE3yJIbTATOM SKOTO € BUPOOHMYA TporpaMa OO0CSry BHTOTOBJICHHS
npoaykiii. B ymMoBax MacoBoro i cepiifHOro BUPOOHUITBA €PEKTHBHHM METOJIOM
TAKOTO PO3pPaxyHKy, M0 3a0e3ledye MaKCUMaJIbHE 3aBAHTAXCHHs OOJaTHAHHS, €
JiHIiHE TpOrpaMyBaHHS, OPIEHTOBaHE Ha NOOYAOBY JIHIMHHX ONTHMI3aliiHUX
Mozened BUpOOHUITBA. Mogeni, sKi BUKOPUCTOBYIOTBCA Y pO3paxyHKax €
CTaTUYHUMHU, OO0 BOHM TpPH3HAYCHI IS aHAII3y KEPYKYHX pIlIeHb, SKI
NOUIMPIOIOTECS. HA TICBHUM, IMOMEPEIHbO BU3HAYCHHUI mpomixok dvacy. Cdepa
3aCTOCYBAaHHSI TaKHX MOJIEJCH Ta METOMIB y TEMepImHIA 4Yac OXOIUIIOE IIHPOKUIA
cuektp GyHkuid opranizamiinoro ympasiiaas [1,J]12]. TunoBumu 3amavamu
BUPOOHMYOTO TUIAHYBAaHHS OOCSTY | HOMEHKIIATYpH BHITYCKY MpPOAYKIIi Ha JBOX
pIBHSIX YHpaBJiHHS TIJANPUEMCTBOM € 3ajjada YIpaBiiHHA 30yTOM MPOIYKINT JJis
aJIMIHICTPATHBHOTO PIiBHS YNpaBIIHHS | 337a4a ONTUMAILHOTO PO3MOAINTY pecypciB
s piBHs ynpaiaiaas miapo3gimamu [[17]. Ane mas I'BC 1 3agadi  TilbKd
BHU3HAYAIOTh MOYATKOBI JaHHI 1 TOMY HE € MPEIMETOM PO3IJsAy MpPU MPOECKTYyBaHHI
COV.

Opranizaiiis OnepaTUBHOTO YIPAaBIIHHS I JIPUEMCTBOM HEMOXIINBA 0€3
aertanizamii BUpOOHHUYOT MPOrpaMu BHITYCKY MPOAYKIIT 32 YaCOBUMH IHTEpBajJaMH B
Me)Kax BCTAHOBJICHOTO IUIAHOBOTO mepiony. Peanizanis miei GpyHkuii 3xidicHIOEThCS
3a]]auei0 KaJCHIAPHOTO IUIAaHYBaHHS, pE3yJIbTaTOM BHPIMIEHHS SIKOT € YacoBe
VIOPSIKYBAaHHS ~ KOMIUIEKCY  3alUIaHOBAaHHMX  poOIT  mporpamu.  Yacose
YIOPSIKYBAHHS BHUPAKAETBCS y BH3HAYCHI CTPOKIB TMOYATKy Ta 3aBEPIICHHS
BUKOHAHHS POOIT, TOOTO KaJeHIapHUI TUTaH BU3HAYAE CKITBKU MPOAYKIIT HEOOXITHO
BUTOTOBUTH Y KOXXHOMY IHTepBasl BctaHoBieHOro mepiony. Y I'BC oneparuBHwmii
TUIAHOBHUW TEPIOJ, SK MPaBUJIO, HE MEPEBHINYE MICIYHOTO TEPMIHY, a CTPOKAMHU
3aIyCKYy-BHITYCKY € TakKl 4acoBI IHTepBaJI: JeKaIu, THXIHI a00 aHI (100u).

MareMaTiuHO0 (HOPMOIO YSBICHHS 3aja4 JAHOTO KIIACY € JIiHIHHA JUCKPETHA
ONTUMI3alliifHAa MOJEeNb, a METOJMOJIOTIEI0  PO3B'SI3aHHSA -  I[IJIOYHCETIbHE
pOTrpaMyBaHHSI.

Oprasizaiiis  oOnepaTHBHO-TUCIIETYCPCHKOTO  YIPABIIHHS ~ BHPOOHHUIITBOM
IPYHTYEThCS Ha JAeTajizalii sl BUKOHABIIIB PaHIIIEe pO3paxOBaHOTO KaJCHIapHOIO
IUTaHY BHUITYCKY MPOJYKINT B MeXaX 3aJaHOr0 IMJIAHOBOrO IHTepBay. Peaizaris miei
GyHKIiT 30ICHIOETBCS 3a/1a4CH0 OTNIEPATHBHOIO IIAHYBAaHHS, PE3yJIbTaTOM SIKOi €
MPOCTOPOBE YIOPSAAKYBaHHS KOMILICKCY 3aruiaHoBanux poOit [1]. TIpocropose
YIOPSIKYBAHHS BUPAXKAETHCSI y BU3HAYCHHI KOXKHOMY BUKOHABIIO IUIaHY poOIT 3
okpemux omepainiii. B I'BC onepatuBHMI IUTAHOBHI IHTEpBal, SK MPaBWIO, HE
nepeBUIye 3MiHH (100H), @ BUKOHABIIEM € TEXHOJIOTIYHEe 00J1aTHaHHS.
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MatemaTtnyHoro (opmMor0 TOJAaHHA 3ajady JaHOro Kjacy € JIMCKpeTHa
ONTHMI3alliifHa MOJellb, a METOAOJIOTIEl0 pIlIeHHS - JWCKpeTHE JIiHIiHe
nporpamyBanus (JIJIIT) Ta imitamiiini MeToIu TOCIIIKEHHS.

Jlist peanizanii po3poOJeHuX BUPOOHUYMX MPOrpaMm 1 KajleHAapHHUX rpadikiB
HEOOXIJHA CHCTEMa ONEPATUBHOIO KOHTPOJIIO 1 PEryJNIOBaHHSA X0y BHPOOHHYOIO
npouecy. Lle 3B's13aHo 3 THM, 10 Ha XOJ BHUPOOHHUYOrO TMPOILECY BIJIUBAE PSJl
BUIMAJKOBUX (DaKTOpIB, L0 BUKIIOUUTU LIUJIKOM MPaKTUYHO HEMOXIUBO. /o HHUX
BITHOCSTBCA TIOJIOMKM YyCTaTKyBaHHS, Mepebdoi B mocTayaHHl, Opak, CTYIIHb
3a0€3Me4YeHOCTI TPYJOBUMHU pPECypcaMu, 1HOJA1 BHUHHUKaHO4a HEOOXIJHICTh BHUIYCKY
HE3arIaHOBAaHO1 TPOYKIIII.

OnepaTWBHUN  KOHTPOJb 1 pEryNIOBaHHA (AUCHCTYUPYBAHHS)  XOAY
BUPOOHHUIITBA 3IMCHIOETHCS SIK Y MaclTadbl BChOro MIANPHUEMCTBA, TaK 1 HA PIBHI
BUpOOHMYUX mifpo3AutiB. [lopsaa 3 ¢pyHKUI€O, 3B'13aHOI 3 ONEPATUBHUM YCYHEHHSIM
BIIXWIEHb XOAY BHUPOOHUYOrO MPOLECY Bl HOPMaJbHUM, MepeAdaueHuM
KaJICHJApHUM IUJIAHOM, JMCIETUYMPYBAaHHS MOBMHHE HOCUTH 1 MOMNEpeKyBaJbHUM
xapaktep. lle o3Hauae, M0 AMCHETYMPYBAHHS MOBHHHE MICTHUTH B COOl 3aBUacHe
BUSBIICHHS W YCYHEHHS HAMIY€HHMX BIAXWIECHb B PO3POOJEHUX KaleHIApHUX
rpadikiB, TOOTO KOperyBaHHs MOTOYHMX TIUIaHiB. Jlo TOro 3, HEOOXITHO
30aiaHCyBaTH (CHHXPOHU3YBaTH) pOOOTY OCHOBHOTO TEXHOJIOTTYHOTO OO HAHHS 1
O6CJIYFOBYIO‘{OFO — TPAHCIOPTHUX 1 HAKOMUYYBAJIBHUX 3aC001B, TOOTO PO3pPOOUTH
B3a€MOIIOB' i3aH1 PO3KJaau poOOTU BCiX BUAIB oOmaaHaHHs migpo3auia ['BC, B
AKOMY HEOOXITHO 3IIMCHUTH ONEePaTHUBHO-IUCIIETYEPChKE YIpaBiiHHA. Pe3yabTaTom
pO3B'si3aHHS 1€l 3a7a4l 3 ypaXyBaHHAM CTPYKTypHO-KoMINaHyBaiabHOI cxemu ['BC
OyJie MOBHICTIO OMKCaHa poOOoTa JUCKPETHOI CUCTEMH 00JIaTHAHHS.

AHaJi3 TMCKPETHOI CUCTEMHM JIOCUTh CKJIAIHO 3/1IMCHUTH Ha pealibHIi CUCTEMI,
TOMY IIIO 1I€ 3B'SI3aHO 3 BEJIMKUMH BUTpaTaMU Ha i MOOYIOBY 1 HIKOJIM HEMA€E MOBHOT
BIIEBHEHOCTI y TOMY, IIO JaHUM BapiaHT € OCTAaTOYHUM. ToMy JJIsl JTOCITITKEHHS
CKJIAJJHUX CHUCTeM OyAyIOThb iXHI MOJENl — CHPOIIEH] KOIIii, 0 BOJOAIIOThH
OCHOBHHUMHM SIKOCTSIMH CUCTEMH, IO SKUX pOOJISITh aHANI3 OCTaHHIX. MojentoBaHHs y
I'BC — ue He TUIBKM THCTPYMEHT aHali3y aje W 3aci0 BIIJIAroJKEHHS JTUCKPETHHX
CUCTEM YIPaBJIHHA, AIarHOCTUKHU SIKICHMX XapaKTepUCTUK MPOLECIB 1 JKepel
HEMPUIYCTUMHX CTaHIB.

AHani3 cknazeHoro poskiany po6oru obnannanHs ['BC mepenbauae ioro
CITKOBE MOJICTIOBaHHS 3 BUKOPUCTaHHSAM amapary citok Iletpi 3 HacTynmHum
JOOCHIIPKEHHSIM ~ BJIJACTUBOCTEM CITKOBOi MO, TMOHIYKOM BY3bKHX MICIb 1
KOH(JIIKTIB MpU poOOTI ycTaTKyBaHHS. [OCHi>KeHHS 3aBepIIyeThCsl pEKOMEHALlIIMU
3 HaJAro/JKeHHs CUCTEeMHU onepaTuBHOro ynpasiiHHsS ['BC, ycyHeHHS NOMWIIOK,
JOMYIIEHUX MpU  MpPOeKTyBaHHI.  KOppeKkTHICTh MOOYJO0BAaHOTO  PO3KIAAY
BHU3HAYA€THCS HACTYITHUMH BUMOTaMU JI0 YIIPABIIHHS:

- YOPABJISIIOYME TPOLEC HE MOBUHHUN MPUBOAUTH 10 TYMMUKOBUX CUTYaLll MpU
BUKOHaHHI BUPOOHUYOTO Tiporiecy (He MOKHA TI0J[aBaTh HOBY JIeTallb HA 00J1aTHAHHS
HE 3BUILHUBIIK HOTO Bij MONEPEIHBOT IeTati);

- YIOpaBJslOYMNA MpoLEC HE MOBUHHUN MPUBOAMTH A0 OJOKYBaHHS poOOTH
yCcTaTKyBaHHs (HE MOXHA HAKONMYyBaTH Ha OOJaJHAaHHI JAeTajcii Ouiblile, HDK
3a/1aHO HOro MOKJIUBICTIO);
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- YOpaBIAIOYMI MpoLEeC NOBUHHUM 3a0e3nedyBaTh NOBTOPHE BHUKOHAHHS
TEXHOJIOTIYHUX OIEpallid MiCs IXHROTO 3aBEPUICHHS (3 BpaxyBaHHSAM KUIbKOCTI
HAKOMUYYBaviB y THy4yKoMYy BUpoOHM4OMY Moayiai ('BM), merans He Moxe Oynu
3aBaHTa)K€HA JI0 BXIJHOTO HakomuvyBada, Aotu ['BM He cTaHe BUIbBHHMM, a TaKOX
neTanb He Moxke OyTtu o0OpoOneHa Ha ['BM, ot He 3BUIBHUTBCS BHUXIIHUI
HAKOIMYEBaY).

3.2. Buxinsi nani ['BC sk 00° €ekTa onepaTUBHOTO yNpaBiliHs

3.2.1. 36upaHHs Ta BU3HAYEHHS TOYATKOBUM BUXITHUX JAHUX MPOECKTYBaHHS

Jist toro, mo6 e(QexkTUBHO HaJaroJuUTH CUCTEMY YMPaBIiHHS BHPOOHHYOIO
IUITHKOIO 1, 3BU4aiiHo K, caM ' BC He00X1JHO BU3HAUNUTH.

- HOMEHKJIaTypy JeTajaei 00poOKkH;

- y SIK1{ MTOCJIIIOBHOCTI 1 HA SIKOM YCTaTKyBaHHI;

- KUIBKICTh TPAHCIIOPTHUX MOAYJIIB;

- CXeMy 3/1ICHeHHS TPaHCIIOPTYBaHHs 00'€KTIB BUPOOHUIITBA.

Jana iHopMalig € BUXIIHOL Uil pIlIeHHs 3a7a4l ONepaTUBHOTO IMJIaHyBaHHS
Ta JUCIETYEPYBAHHS, PE3yJbTaTOM SKUX € PO3KiIaJ poOOTH YCTaTKYBaHHS JUISTHKH
MPOTATOM BUPOOHMYOTO LIMKIY, a TAKOXK I'padik poOOTH TpaHCIOPTHUX MOAYIiB. Ls
iHopMaIlis BKJIIOYA€ JaH1 PO MOYATOK 1 3aKiHUEHH onepalliii o00poOKH Ha OKpEeMHX
BepcTaTax, MOMEHTH 3aBaHTaXXEHHS 1 pO3BAHTAKEHHA BHUPOOHMYMX MOJYJIIB,
HampsIMOK 1 IUIb MEpPEeMIlEHHS TPAaHCHOPTHUX MPUCTPOIB. Y XOH1 CKIIaJaHHA
PO3KJIaly Ha MPAKTHI[l YJIAIITOBYETHCS BUOIP TOrO YM I1HIIOTO YKCJIa BUPOOHUUUX
MOJTYJIiB 1 TPAHCTIOPTHHUX MPUCTPOIB (POOOTOB-IIITAOEIIEPOB).

Jlam Bci 3HAQYCHHS 10 BUXITHUX JAaHUX HABEACHI JJII MOSCHCHHS 1 K
MPUKJIaJA1 BUKOHAHHS 3aBJIaHHS MPOEKTYBAaHHS.

Homenknatypa nerasneii, oOpoOJifOoBaHMX Ha JUISHIN, CKIATA€THCA 13 CEMU
HaliMeHyBaHb. [lpy 1pOMY KOXHa JeTanb NPOXOAUTHh HACTYMHI TEXHOJOT1YH1
oreparii:

J1-T2T3T4C1D1C2P1

J2 - TIT2T3T4C2P1

13 - TST1T2T3T4

J4 - T1IC2T2T3T4C101

15 - TIC2P1T3T2T4

J16 - TIC1®1T3T2T4C2P1

J7 - T2T3T4C2P1,

ne Ti - TokapchKi onepariii;

Ci - cBepTMIIBHI OTepaiii;

@1 - (hpesepyBaibHI onepallii;

P1i - onepauii Hapi3ku pi30IeHHS.

HomeHnknaTypa onepartiii i1 KOKHO1 JieTalii 3Be/ieHa B Tabi. 1.

Tab6n.1l
T1 |T2 |T3 |T4 |15 |31 32 |®@1 |P1
I[l * * * * * * *
I[Z * * * * * *
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I[3 * * * * *

* * * * * * *
114
I[S * * * * * *
I[G * * * * * * * *
I[? * * * * *

Jlo cknamy THY4YKOi BUPOOHMYOI AUISHKK BXOASAThH: 4 THYYKUX BUPOOHUYHMX
monayaiB ('BM); onuH aBTOMaTH30BaHUl CKJIall, IO BUCTYIAE B POJII IIEHTPATBLHOTO
HarpoMajpkyBada JUuisi TOpPOMDKHOTO 30epexeHHss O0O0'e€KTiB BHUpPOOHHMIITBA, O
TpaHCIOPTHUX Moayns (pobotu-mrtadenepu - PIII), 3amadero sSIKUX € mepeMilleHHs
00'eKTIB BUPOOHULITBA MK CKJIaJIOM 1 BAPOOHUYUMHU MOIYJISIMHU.

Cxema po3ousku ['BC na I'BM npezacrasnena Ha mai. 1.

&
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Puc. 1. CtpykrypHo-TexHomnoriyHa cxema ['BC

Cxema BHUPOOHMYOI JUISHKA € CKIAJ0BOI0 YaCTUHOK  CTPYKTYPHO-
KOMIIOHOBOYHOM CXEMM THYYKO1 BUPOOHHUYOI CUCTEMH, pO3pOOJIEHOT HA MONEpPEeaHIX
etanax npoektyBaHHs ['TIC. Cxema BUpOOHUYOT AUISHKY IIPEICTaBI€Ha Ha MaJl.2.
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Puc.2. CtpykTypHO-KOMIOHYBajgbHa cxema AutssHku ['BC

OcHoBHi napametpu auisiiku 'BC npencrasieni B Ta0i.2.
Tabn.2.

HainmenyBanHs nmapameTpa [To3HaueHHs Onuanug 3HayYeHHS
BUMIpPY

CepenHst  TPYIOMICTKICTh  OOpPOOKH |tys rojJiMHa 0,2
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OJIHIET JIeTaJIeyCTaHOBKH

Yac 3aBantaxxenns I BM t, MIH 6
Yac po3BanTaxkeHHs | BM t, MIH 4
Cepennst nosxuna nepemimenns PIIT g, M 35
Cepenns mBuakicts nepemimmenss PII|V g, M/XB 30

ykazyeMo Homep ['BM, Ha IKOMy BUKOHY€ETBCS 1aHa Onepanis:

Buxoasuu 3 mapameTpiB pyxXy TPaHCIOPTHUX MOJYJIB 1 PO3MIIICHHS MOIYJIIB
IOUISHKY, OYB BU3HAYEHUH Yac TPAHCIIOPTYBAHHS JI€TaJeH:

nepeMimenns 3 AC na 'BM1
nepeMiienns 3 AC na '[BM2
nepeMiiienss 3 'BM1 na T'BM2
nepeMiienns 3 'BM1 na 'BM3
nepeMiiienss 3 'BM1 na 'BM4
nepeMiiienns 3 [BM2 na 'BM3
nepeMiienss 3 'BM2 na T'BM4
nepemimienss 3 [BM2 na AC
nepeMiienss 3 'BM3 na 'BM2
nepemimienss 3 [BM3 na AC
nepeMiienss 3 'BM4 na TBM2
nepeMiiienns 3 'BM4 na 'BM3
nepeMiienns 3 'BM4 na AC

- tcm; ~ 1,17 xB;
- tcMm, ~ 2,34 xB;
- tMyMmy 1,17 xB;
- tMmyMm3 3,51 XB;
- tmyMs~ 2,34 xB;
- tMoMs 2,34 XB;
- tMoMmy 1,17 xB;
- tMyc ~ 3,51 xB;
- tMaMy 3,51 XB;
- tmsc ~ 1,17 xB;
- tMqM> ~ 4,68 xB;
- tMgMm3 1,17 xB;
- tMqc ~ 2,34 xB.

TakuM 4MHOM, 10 CKJIaJy MOYATKOBUX BUXIIHUI JaHUX JJI1 BUPILICHHS 3a/1a4
MPOEKTYBAHHS BXOJATh:
- HOMEHKJIaTypa 00poOJIIoBaHUX JeTalei;

- HOMEHKJIATypa OIepalliil 1Jis KOKHOT IeTati;

- CTpYKTypHO-TeXHousoriu"a cxema ['BC;

- CTPYKTYpHO-KOMIOHYBaJlibHa cxema AutaHku ['BC;
- OCHOBHI napameTpu BUpoOHuuoi autsHku ['BC.

3.2.2. O0po0kKa 1 MAroToBKa BUXITHUX JAHUX MPOECKTYyBaHHS

JIns cknajgaHHsS po3KiIaay poOOTH TEXHOJIOTIYHOTO yCTaTKyBaHHS HEOOX1IHO
BU3HAYUTH TEXHOJIOTTUHUNA MAapUIPYT AJIsi KOXKHOT I€Tall, 110 MICTUTh y cO01 OPSAI0K
MPOXOKEHHS €€ uepe3 TeXHOJoriuHe yctatkyBanHs ['BM 1 yac 06poOku Ha OTMHUITI
ycTaTKkyBaHHs. [lopsSgok MpOXOMKEHHS JAeTajiell yepe3 TEXHOJOr1uHEe YCTaTKyBaHHS
BHU3HAYA€THCS BIJAMOBIIHO JIO MEPENKYy orepalliif, BUKOHYBaHUX HaJ HUMH 1 CXEMH
MPOXOKEHHSI JIeTalie 1Mo BUPOOHMUMX MOIydsiX. Ha miacTaBi IIUX JaHHBIX,
ckJ1aglaeMo MaTpuifro po3mipHicTio NxM, ae N -KiJIbKICTh YCI1X MOXJIMBHUX OTEpallii,
a M - HomeHkiatypa, 00po0iatoBaHux getaieii. Ha mepeTuHaHH1 psIAKIB 1 CTOBMIIIB

a1 a2 L3 4 a5 [6 a7
T1 * * 2 2 2 * *
T2 1 1 1 1 1 1 1
T3 1 1 1 1 1 1 1
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T4 3 * * 3 3 3 3
T5 * 3 * 3 3 * 3
T6 * 6 * * * * *
31 * * * 2 2 * *
32 1 1 1 1 1 1 1
q)z * * * * * 5 *
P1 4 * 4 * * * 4
P2 4 * 4 * * * 4

[Ticas mepeTBOpEeHHs MaTpHIll HUIAXOM OO'€JHAHHS B OJMH eTam OOpOOKH
omepauiid, MO 3A1MCHIOITHCS OJHA 3a 1HIOK Ha oaHoMmy ['BM, onepxumo
HEOOXIHY MAaTPUIIO MAPUIPYTIB:

a1 a2 a3 14 a5 |16 a7
Eram 1 1 1 2 2 2 1 1
Eran 2 3 3 1 1 1 3 3
Eran 3 1 6 4 3 3 1 1
Eran 4 4 1 * 2 2 5 4
Eran 5 * * * 1 1 * *

I[e I'BM1 :{ T2,32,T3), FBMZZ{ Tl,Cl} ; FBM3:{ T4,T5} ; FBM4:{ Pl,Pz} ;

I'BM5={ ®,}, T BM6={ T¢}

Yac BUKOHAHHS KOXHOi omeparii 3aJeXuTh Bi 11 CKIAQTHOCTI, IO
BU3HAYA€TbCA TUIIOM omepauii 1 po3MipaMu 00poOatoBaHoi moBepxHi. Camiii
cknaaHiil omeparii 13 100% mnoBepxHer0 0OOpOOKM NPHUCBOIOETHCS 3HayeHHs 1.
YacTime 3a Bce mepiii omneparlii B TEXHOJOTIUHIM cxemi 00poOKH AeTaneil MarTh
HalOUIbIY CKJIAQJHICTh 32 YacOM BUKOHAHHS TOMY, LIO TOB's3aHI 3 HIATOTOBKH
MOBEPXHI 0 BUKOHAHHS HAcTynmHUX omnepariil. Lle onepaiiii Tokapcbkoi 0OpoOKH.
Bci HacTynH1 omepaiiii MOpIBHSIHHO 3 HUMHM MalOTh MEHIIY CKJIAJIHICTh OOPOOKH.
Cnig 3a3HaunTH, 110 JEsAKl TOKApChKI ornepauli MOXYyTh MaTH OJHAKOBY CKJIAJHICTb,
SKIO BUKOHYIOThCS Ha ['BM minpsin (e BUmamok BHKOHAHHS Ha ogHomy ['BM
OJIHaKOBMX 32 (DYHKIIIOHAJbHUM NPHU3HAYEHHSM Olepauliid 3 JBOX CTOPIH JAeTall 3a
nBi ycTaHoBKHM). CBepNTWIIBHI OTepallii 3a CKJIQJHICTIO BUKOHAHHS MOKHA TTOPIBHSITH
C TOKapCbKHMH, SIKII0O BOHM BHUKOHYIOTbCS Ha MOBHY JOBXHUHY J€Tajl, B IHIIOMY
BUIAJIKY 1X CKJIQJHICTh MEHILA HI’)K TOKAPChKUX orepanii. @pe3epHi onepariiii MeHII
CKJIaJHI HIX TOKapCchKi Ta CBepAJWiIbHI. BoHu noodopMiaoTs 00poOIIOBAIbHY
MOBEPXHIO, TOMY iX BUTpaTH uacy 1 BiAmNoBiAHAa ckiagHicth ckinagae 0,3-0,6.
Onepartiii pi301€HHS BUKOHYIOTBCS Ha TOBEPXHSAX, AKI MIATOTOBJIEHI CBEPAIUIBHUMU
onepauisMH, aje TIIbKM Ha YaCTUHY JIOBXKMHHU OTBipy. Tomy, iX cKiagHIiCTh TpeOa
BHU3HAYaTH MEHILIE, HDK CKJIaJHICTh BIANOBIJHUX CBEPUTHIIBHUX OTPALIIH.

OTxe, CKJIaJIHICTh BUKOHAHHS orepalliid npejcrapieHa B Tadin.4.

Taomung 4.
Omneparrist Tun O06po6itoBana oBepxHs. %0 CkIaHiCTh Yac
T1 TOKapCchKa 100 1 19.41176
T2 TOKapChKa 90 0,9 17,47059
T3 TOKapChKa 80 0.8 15,52941
T4 TOKapChKa 70 0,7 13,58824
T5 TOKapChKa 60 0,6 11.64706




15

T6 TOKapChKa 50 0,5 9,705882
31 cBepyibHa |80 0,8 15,52941
32 cBepyibHa |40 0,4 7,764706
o2 ¢pesepHa 20 0,6 11,64706
P1 pi30neHHs 40 0,4 7,764706
P2 pi30neHHs 30 0,1 1,941176

VY BIAMOBIIHOCTI 31 CKIQJAHICTIO 0OPOOKH PO3PaXOBYETHCS Yac KOXKHOI oreparii

3a GOpPMYJIOIO:

ti= t,* KOI’lij, t,=n* tOG/é KCJZJ', KCJZj:é. Kon;

7€ N - 3arajbHa KUIBKICTH omepailiid (1eraneycTaHoBKH), t,s - cepenHiil vac
00poOKU ONHIET JeTaneyCcTaHOBKH, ., — yac 0O0poOku ckiianHoi onepailii 3 Koni=1,
Kenj - xoedimient ckmamnocti j-oi nmetami, Kom - koedimieHT ckmamgHOCTi i-01
orepallii, 10 BXOJUTh B TEXHOJOTIYHUN TIpoIiec 0OPOOKH |-01 meTalti.

Pe3ynpTaTn o0umnciens npuseaeHi B Tadaui 4.

Ha niacTtaBi oTpUMaHMX 3HAY€Hb CKIIAJIEMO MATPULIIO MPOJOJIKUTEIBHOCTEH
00po6Oku neraneii Ha 'BM:

A1 N2 3 J4 5 116 N7
Eran 1 [40,77 40,77 19,41 19,41 34,94 40,77 11.65
Etan 2 |13.59 11,65 40,77 40,77 40,77 13,59 40.77
Eran 3 |17,48 9,7 9.71 15,53 25,24 11,65 13,59
Ertan 4 25,24 7,77 9,71
Etan 5
Marouun MAaTPHUIIO TEXHOJIOTTYHUX MapuIpyTiB 1 MAaTPHUIIO

MPOJOJDKUTENBHOCTE OOpOOKM MOKHA CKJIacTH pO3KJIaJ poOOTH OCHOBHOIO
TexHoJoriunoro ycrarkyBanHs ' BC y Buai aiarpamu I'anTa.

3.3. OneparuBHe mianyBanHsa podotu I'BC

3.3.1. [locraHoBKa 3a/1a4i OMEPATUBHOTO IJIAHYBaHHS

OO0'ekTaMu TIpoIeCy IUIAHYBaHHSA € pOOOTH - TEXHOJOTIYHI omeparii, Mo
BUKOHYIOTBCSl HAJl MapTiIMU JETeNeH, JUIsl SKUX HEOOXIIHO BU3HAYUTH PO3KIAJ
(mopsiIok Ta yac) MPOXOJPKEHHS Yepe3 00JIagHaHHs MPpH (IKCOBAHUX TEXHOJIOTIYHUX
MapuipyTax oO0poOku. TeXHONOrYHUN MapuIpyT Jedaji MONepeAHbO BCTAHOBIIIOE
MOPSIIOK BUKOHAHHS TEXHOJOTTYHMX Omepalliid Ha o0JaJHaHHI, aje BiH HE BU3HAYa€
TEPMIHIB HAJIXOJKEHHs Jjeraned. TexXHOJOriyHlI MapHIpyTH CKJIAJAIOThCsS —SIK
MOCJIIIOBHI a00 WHMKIIYHI TOPSAKK 3aCTOCYBAHHS TEXHOJIOTIYHMX OMNepauil Ta
MOXXYTbh OyTH MOBHICTIO 00 YaCTKOBO OJHAKOBI JUIs YC1X 00OpOOIsieMuUX eTanei.

dopMaibHO 3a/1a4a ONIEPATUBHOTO IJIAHYBAHHS TOAA€THCSI TAKUM YHHOM.

Homenkmnarypuuii mepenik npoaykiii, sika Bupooisierbess Ha M rpymax (k=1,m)
oOyalHaHHs, CKIaJaeThes 3 N HaiiMeHyBaHb (j=1,n). BuroToBneHHs naprii getanei
KOXKHOTO HalMEHYBaHHS 3a3/lajieTiib BH3HAUCHO MOCIIJOBHICTIO TPOXOJKCHHS
AeTanell 4yepe3 rpynu OOJNaTHAHHS, SKY HA3MBAaKOTh TEXHOJIOTIYHHM MapIIPyTOM
Gi=(L;|i=1,M;), ne Ljj - TexHomnoriuHa onepanis, sika BAKOHYETHCS 1-010 32 MOPSIIKOM
BUTOTOBNEHHA |-0i nmetami; M; - kimpkicTh omepariif, fki BHKOHYIOTHCS HaJ j-OI0
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meramwmo. Y  Mapmpyti  TexHomoriuni  omepamii Ljj=(Qj,Tj) marore Taxi
XapaKTePUCTUKHU:

Qi = k - HOMep rpynu oOnagHaHHS, HATATOIKCHHOTO Ha BUKOHAHHS omnepanii
Lij;

Tij - HOpMaTHBHA TPUBAJIICTh BUKOHAHHS omeparii Lj;.

Heoo6xinno ckiactu poskiaan P=(T;"[i=1,M;; j=1,n), sikuii BU3HAYa€ MOMEHTH
I0YaTKy BUKOHaHHSA omepamii L (MomenTH 3amycky maptii getaneil Ha OXMHHMILIX
oOnagHaHHs) | 3a0BOJIBHSAE CUCTEMI OOMEKEHbD!

- YMOBa BUKOHAHHsI TeXHOIOTi4HOi mocigoBHocTi Tji" >= Ty

- YMOBa BUKOHAHHS TEXHOJIOTIYHUX MapuIpyTiB G;;

- yMOBa BUKOHaHHsI omepaiii 6e3 nepeps Tjj" = Tij" + Tjj;

- YMOBa BUKOHAaHHS B KOXXHHMWA MOMEHT 4Yacy TUIbKH OJHi€l omepamii Ha
OJIMHUIII 00JIaTHAHHS

" Ligja, Lizi2 :( Qizz = Qiz2) P (Tigja" = Tig2),

ne Tjj* - MOMEHT 3aKiHUeHHs BUKOHAHHS onepaii Ljj.

Poskian poGotu obOnagHaHHs 3 0OpoOKM neraneil Moxke OyTH MOJAHMHA Yy
BUTJISIII YacoBUX JiiarpaM ['aHTa, B IKMX BIITBOPEHI MapaliefibH1 TPOIIECH BUKOHAHHSI
TEXHOJIOTIYHUX Ofepalliil 3 o0poOku AeTaneit Ha KOXHIN onuHuIll oOnagHanHs. [Ipu
bOMY KOKHa OJUHUIL 00JIaJHAHHS Ma€ CBiil BIaCHUI Npoliec BUKOHAHHS oneparii,
SKUWA TIOMAEThCA SIK TMOCIIJIOBHICTh y 4Yaci BIAPI3KIB - TEXHOJOTIYHUX oOmepariii
00poOKHU BIAMOBIAHUX JETaNICH, PO 110 POOUTHCS BiAMITKA HaJ BiapizkoM. ToOTo, y
JiarpaMi FOpU3OHTaJIbHA KOOpAMHATAa BIATBOPIOE 4Yac, a BEpPTHKaIbHA — HOMEp
oOnaHaHHS.

[Momryk HaKpamioro po3kiaay BHKOHYEThCS 3a KpUTEpleM e(eKTHBHOCTI,
BUOIp SKOTO IHAWBIIYadbHO 3aJICKUTh BIJI E€KOHOMIYHUX, OpraHi3alliliHUX Ta
TEXHIYHUX OCOOJIMBOCTEH POOOTH KOHKPETHOI'O BUPOOHMYOIrO MIAPO3AUTY B YMOBAX
JOCSITHEHHS HAaWOLIBIINX TMOKA3HUKIB TOCMOAAPChKOi AISIBHOCTI. Bimomo, mo BiA
CTPYKTYpU ILIAHOBAHOTO PO3MOJUTY JAeTajei 1o oOjajHaHHIO (NepeHaNagoK Y
npocTopi) Ta po3Mipy mapTiii ngerenei (mepeHanaloKk y wYaci) 3aiexkaTh 3HaA4YHI
BUPOOHUYO-TOCTIONAPCHKI ~ MOKa3HUKU. ToMy Tmpolec MOOyJOBH  KPUTEPIIO
e(EeKTUBHOCTI CKJIAJA€ThCs 3 BU3HAUYCHHSI [TOKAa3HUKA OLIHIOBaHHA Ta BUOOpY popmu
BHpa3y OLIHKM B 3aJ€KHOCTI Bl €KOHOMIYHMX YMOB Oprasi3auii BUpPOOHHUIITBA.
HaiiyacTie mokasHMKOM OILIIHIOBAHHS B KPHUTEpii BM3HAYAIOTh 4Yac BUPOOHUYOIO
HuKIy, (oHAOBIANAaYy 00JIaJHAaHHSA, OOCAT HE3aBEpPLIEHHOr0 BHUPOOHMIITBA, a
($hopMOI0 OIIHIOBAHHS - CYMapHE, MaKCUMaJlbHE UM MIHIMAJIbHE 3HAUEHHS MOKa3HUKA
ab0 HOro cpeIHbOI0 3HAUYECHHSI 3a IUIAHOBUI yac.

Haii6 b1 nommpeHuMu TUIIAMHU KPUTEPIiB €:

1) wmiHiMi3aliss BHPOOHMYBOTO WHKIY - 4Yacy BHUIYCKY 3aJlaHOr0 00cCsry
MPOAYKIIIT SIK CyMapHOT TPUBAIOCTI OOPOOKHU BCIiX JIeTaCH:

min(mex{T;"}) (1.2)
Il

min(max{ T+T¢'}) , (1.2)
Kk
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min(max{a (T;;"+T;)}) ,
(1.3
j oo
ne T - cymapHuii yac BUKOHaHHs onepaiii Ha k-i oquHuI 06magHaHHs,
T - cymapHuii yac mpocToiB K-oi oauHuIl 00Ja HAHHS,
i’ - OuiKyBaHHs j-0i qeTeri nepex 00poOKoro Ha i-i onepartii;
2) onTuMi3allis BUKOPUCTaHHS o0naaHanHs (GoHaoBiAaa49N):
- MaKCHUMI3alI(is 3aBaHTAXEHHS 00JIalHAHHS, a caMe
miniManbHoro - max(min{ K’}) , (2.2)
Kk

saragpHOro - max(a kK’ ,
2.2)
k

ne K=TPI(TP+Ty") - koedimient 3aBanTaxenus K- oquuuii o6naaHaHus;
- MiHIMI3allisl Yacy NpoCTOr0 OO0JaHaHH, a came
makcumansaoro - min(max{ T'}),

(2.3)
Kk
MaKCHUMaJIbHOI'O0 MIKOIEPALIHHOr0 TPOCTOI0 00JIaJHAHHS —
min(max{ T;"}), (2.4)
Jil
3arajgbHOro - min(a T,"), (2.5)

k

ne Tj" — mpocroii k-i ommuuui obmagnanus (K=Qj) mepen BHKOHAHHSAM
onepauii Ljj,
T'=aT;" — cymapuuii npoctoit k-i omuunni o6naaHasus;
(1,jIQi=K)
- MiHIMI3allisl CepEeIHHOT0 MDKOIEPALIHOI0 MPOCTO0 00JIaJHAHHS, & CaMe
makcuManbHoro — min(max{ T'/Ng}),
(2.6)
Kk

saransHOro — min(a T'/Ny),
2.7)
k

ne Ny — KUTBKICTh orepariii, 110 BUKOHYEThCS Ha K- ouHUIl 0018 THAHHS
a00 KUIBbKICTh OJIMHUIIb MPOCTOI0 Y BUMAJIKY, SKIIO OOJaJHAHHSI BUKOHYE OJHAKOBY
KUIBKICTh ONepauii;
3) MiHIMI3allis HEe3aBEPIICHOTO BUPOOHHUIITBA!
- MiHIMI3allis OYIKYBaHHS JIeTelel nepesr 00poOKoro, a came
MaKCHMaJIbHOTO MDbKOMepariiiHoro ouikyBants - min(max{ T;”'}),
(3.2)
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N
MaKCHMAIIBHOTO MOJIETAIBHOTO ouikyBanHs - min(max{a T;** }),
(3.2)

3aranbHOrO O4iKyBaHHs - Min(a T;;"); (3.3
N

- MiHIMI3allisl CepeIHbOTO OUIKYBaHHS JeTasnel nepes oOpoOKoro, a came

MAaKCHUMAJIBbHOI'O —
min(max{ & T;"*/M;}), (3.4)
j i
min(max{a T;*"/N;}), (3.5)
j i
3araJJbHOIro —
mi n(é Tijoq/Mj), (36)
il
mi n(é Tijoq/Nj), (37)

Il
ne N; - KiIbKiCTh OJMHUIG Yacy OYIKyBaHHSA |-1 meTani mepen oOpoOKoio
(MO>xe 3acTOCOBYBATHCS Y BUIIAJKY, SKIIO M o1HaKoBe [Isl BCIX AeTanei).

KoxeH 3 HaBeieHUX THUIIB KPUTEPIEB OPIEHTOBAHUI Ha 3aJI0BOJICHHS TLIBKH
BJIACHOTO MOKa3HUKAa €(eKTUBHOCTI BUpOOHUIITBA. [IpoTe, nepiinii € 1esIKor Miporo
OUTbII 3arajJibHUM Ta OaraToyHKI[IOHAJIbBHUM N0 BIJHOIICHHIO JIO0 JPYroro Ta
TPETHOr0, TOMY IO MOXE iX ONTHMI3YBATH MPHU PI3HUX TEXHOJIOTTYHHX YMOBaX
opraHizamii BuUpoOHHUIITBA. Tak, SIKIIO yci Jeraini OOpOoOdsSIOThCA 3a OJIHAKOBUM
TE€XHOJIOTTYHUM MapLIPpyTOM, TO BUKOPHCTAHHS MEPIIOr0 KPUTEPIIO O3HAUAE TAKOX
ONTUMI3aI[1I0 BUKOPUCTAHHS 00JI1aIHAHHS, TOOTO MIHIMI3AI[1}0 MPOCTOIO.

Yacrime B peajbHUX BUPOOHUYUN yMOBaxX HEOOXIJIHO BUpPINIYBaTH 3aJady
OMEpPAaTUBHOIO MJIAHYBAaHHS, BPaXxOBYIOUM OJHOYACHO JeKUIbKka KputTepliB. OIHUM 3
3aco0iB pO3B'si3aHHSA OaraTOKpUTEpialibHOI 3a/adl € CTBOPEHHS KOMIIPOMICHOTO
KkpuTepito. Moro cTBopenHs nepeabayae HaCTYIHE:

- g KoxHoro JjokampHoro kpurepito (Eli=1,r) po3s'sa3yerbcs 3amaua
onTUMI3aIlli 1 00UUCIIOETHCA 11 eKCTpEeMalIbHE 3HAUCHHS Ei*;

- 3aJ]al0ThCs BaroBi KOeQil[i€eHTH TPUOPITETY | | Ta BU3HAYAIOTHCS PIBHSIHHS
Bimxunens  Vi=E-E{ KOXHOTO KpUTEpil0 Bifl CBOr0 ONTHMATBHOTO 3HAYCHHS Y
KOKHOMY IHIIIOMY BHIIQJIKy PO3B sSI3aHHS 3a/1a4i;

- OyayeTbcs BHpa3 KOMIIPOMICHOTO KPHUTEPIIO 3 BUKOPUCTAHHAM aJUTHUBHOI
dyskuii min&1 *V;) a6o dynxuii pisromiproro Bixxmrenns min(@l *Vi/E);

i i
- PO3B'SI3y€ThCS 3aj7]aya 13 3aCTOCYBaHHSAM KOMIIPOMICHOT'O KpUTEPit0 abo cepen

paHillle 3HalJIeHHUX pillleHb OOUPAEThCA T€, SKE ONTHUMI3ZYE KOMIPOMICHUM
KpUTEPIH.
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BaxmuBumu mokazHUKaMu SIKOCTI C)OPMOBAHOTO PO3KIIATY 3 TOUKH 30py HOTrO
peanizaiii mpH ONEPaTUBHO-AUCIETICPCHKOMY YIPABIIHHI BHCTYMAKOTh MPOCTOT
o0JIaJIHaHHs, Yac OYIKYBaHHs JeTanel nepea oOpoOKOro Ta JIOKAIbHI pe3epBH yacy.

[poctiii - me iHTEpBa) Yyacy MK 3aBEpPIICHHSM BHKOHAHHS MOINEPEIHBOT
orepar(ii Ta MOYATKOM HACTYIHOI 3a pO3KIajAoM poOoTH obiamHaHHA. IIpoctoi
OyBaroTh Joomneparliiiai (4ac 0O T[MOYaTKy BHKOHAHHS Tmepmioi omeparmii Ha
o0J1aIHaHH1), MIXKOTIepalliiiHi Ta MicJis onepalliiHi (Jac micjas BUKOHAHHS OCTaHHBOT
omeparilii Ha 00JIaIHaAHHI.

OuikyBaHHsI - 1€ IHTEpBaJ 4Yacy MIX 3aBEpIICHHSM BHKOHAHHS OOpOOKH
Aetanl Ha TOMEPETHBOI 32 TEXHOJIOTIYHMUM MAapIIPYyTOM ofepaiii Ta MOoYaTKOM
BUKOHAHHS HACTYITHOT omepariii.

JlokanbpHUH pe3eps - 1ie IHTepBal Yacy, Ha KUl MOKHA 301JIBIIMTH TPUBAIICTh
oreparlii, He 3MIHIOIOYM MOMEHT MOYATKy HACTYITHOI 32 PO3KJIaIoM poOIT omepariii.

JlokanbHuii pe3eps onepatii Lij po3paxoByeThes K MiHIMaJIbHE 3HAYEHHS MiX
npocToeM obnanHanHsS K=Qjj micyis BuUKOHaHHS onepauii Ljj Ta yacoMm ouikyBaHHS j-01
netani nepen 00poOkoro Ha omepamii L qj:

Tijnp:mi n{ Tknp1Ti+ 1j0q } ,
Tisg” = Tieg)" - T,
Tc? =Tgn' - Tiff,

ne k=Q;j=Qqn, a Lgn - HacTymHa micas Ljj onepartisi, o BUKOHY€EThCS HA IBOMY
oOmanHanHl. Pe3epB CTBOPIOETBCS SIK 32 PaxyHOK HEMOXIIHBOCTI OBHOT'O
3aBaHT)KEHHS OOJaJHAHHS HaBITh 32 YMOBHM ONTHMAaJIbHOTO PO3B'SI3aHHs 3ajadl
ONTHUMAJILHOTO TUTAHYBAaHHS, TaK | 32 PaxyHOK IIJIECHPSIMOBAHOTO BBEJCHHS HOTO Y
po3knang pobGoru. OCHOBHE MpPHU3HAYCHHS JIOKAIBHOTO pE3epBY IMOJSATaE Yy
BUKOPUCTaHHI HOro B ONEPAaTHBHO-IUCIETYEPCHKOMY VYIPABIIHHI 3 METOMH
KOMIICHCYBAaHHsI 30BHIIIHIX BIUTMBIB HAa 4ac BUKOHaHHs omepaniii. Takox pe3epBu
MOXYTh OyTH BUKOPHUCTaHI JJIsi BKJIFOUEHHS y PO3KIIa[ POOOTH JOJATKOBHX POOIT,
IO HE MOPYIIYIOTh OCHOBHY CTPYKTYpPY PO3KJIajy, ajie MiABUINYIOTh 3aBAHTAXKCHHS
o0JaHaHHS.

3.3.2. MeToau po3B's3aHHs 3aa4l CKIaJaHHs PO3KIaTy pOOOTH 00JaTHAHHS

VYci meronu po3B's3aHHS 3334 I[bOTO TUIY YMOBHO pO30HMBAaIOTh Ha Taki
OCHOBHI KJIacH:

- aHAJIITUYH1 METOJIH, SIKI IPYHTYIOThCSl Ha anapari JUCKPETHO1 ONTUMI3allii;

- IMITalliHI METO/H, SIK1 IPYHTYIOThCS Ha IMiTallii poOOTH 00'€KTY MIaHyBaHHS
Ta BUKOPUCTAHHS TMOBHOTO 200 YacTKOBOTO mepe0opy BapiaHTIB 3allyCKy JeTajei B
00poOKy;

- KOMO1HOBaH1 aHAJIITUKO-IMITAIli{H1 METOIH.

IcHyIOYI aHaNITH4YHI METOAM 3BUYAWHO MNpsIMO a00 HENpsMO TOB's3aHl 3
nepeOOpoM BapiaHTIB, ajie iX NPaNEeMICTKICTh EKCHOHCHIIWHO 3aJeKHUTh BIJ
po3mMipHOCTI 3a1au4i. Bimomi Mmeronu BijciroBaHHs BapiaHTiB TUITY "TiJIOK Ta TPAHUIIE"
J03BOJISIFOTH 3MEHIIUTH, IHOMAI CYTTEBO, KOSDIMIEHT MPOMOPIIHHOCTI B 3aJICKHOCTI
MIJK MPANEMICTKICTIO QJITOPUTMY Ta PO3MIPHICTIO 3aaaul | THM CaMUM TOHIMPUTH
00JIacTh ~ TPAKTUYHOTO  3aCTOCYBaHHs  mepeOopHMX  anroputMmiB.  OnHak
CKCTIOHCHIIIMHUN XapakTep LUX alTOpPUTMIB JUIs 3a4ad y 3arajlbHOMY BHIJISI
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3aJMIIaeThesl He3MiHHUM. [IpoTe iCHye Kiac OKpeMHX 3allad  OIEpaTUBHOTO
IUTAaHYBAHHS, 110 MAlOTh AHAJIITUYHI AJITOPUTMM BHUPIIIEHHS HE E€KCIIOHEHLIMHOIo
xapakTepy ckiaaHocti. L1 3agadyi MatoTh 0OMEXEHHsS Y 3aCTOCYBaHHI, MOB sI3aHI 3
BUXITHUMHU yMOBaMH 3ajadi, HANpUKIAJ, OJHAKOBUN yac abo mapuipyt oOpoOKkH,
0oOMEKEeHY KUIbKICTh OOJIaJIHaHHS - OJHE, JBa a0o TpH, Ta iHIIE. ToOTO edeKTUBHI
aHAJITUYHI METOAM ICHYIOTh TUIBKHU JUJII MPOCTHX BHUMAAKIB (POPMYJIOBaHb 3a/1a4
ONEPATUBHOIO MJIAHYBaHHS.

TunoBUM TPEJACTABHUKOM TaKUX 3a/a4, B SIKUX BITOOpPa)KarOThCS HAWOLIbII
MOIIUPEH]I YMOBM BHUpPOOHMIITBA € 3aj1aya J[>KOHCOHa “mpo JBa CTaHKU , IO Mae
ONTUMAJIBHUNA alIrOpUTM PO3B’ sA3aHHSA. BUpPOOHMYMI y4yacTOK CKIIaae€TbCsi 3 JBOX
OJIMHUITL O0JIaHAHHS, sIKe 00po0Isie BUpOOU N-TUMIB 32 OJTHAKOBUM TE€XHOJIOTTYHUM
MapuipyToM. ToOTO nerani MOBHHHI MOCIIIOBHO MPOWTU 4Yepe3 yce 00 HaHHS.
HeoOXigHO BH3HAYMTH 4YEProBIiCTh 3alyCKYy-BUIYCKY BHPOOIB 3a KpHUTEpIEM
MiHiIMi3a1lil BAPOOHUYBOTO NUKITY (3arajbHOT0 4acy) BUTOTOBJICHHS YCiX BHPOOIB.

OuyeBugHO, WO i1 OTPUMAHHS ONTUMAJILHOTO PIlIEHHS MOTPIOHO
MIHIMI3yBaTH CYMapHUM Yac TPOCTOK JPYyroro oOJaJHAHHS B OYIKYyBaHHI
3aBeplIeHHss OoOpoOkM Jeraned Ha nepuioMy. I[IpuHIMIIOM —ONTHUMAaBHOCTI
YeproBoCTl  3amMycKy  3a  BHM3HAQYEHUM  KpUTepieM  €(EeKTUBHOCTI €
MiN(Ta, T2)<min(Ty, Tx), sxmo aetans K ige panimre gerani |. 3a qomomororo 1€l
HEPIBHOCT1 (JOPMY€ETHCS HACTYITHUN aJITOPUTM ONTUMI3aIlii:

- BC1 JeTajl NOAUIAIOThCS Ha ABI rpynu. Jlo mepiioi HajexaTh AeTall B SIKUX
Tu<Tx, a 10 Ipyroi - AeTani B SKUX 11 >=Ty;

- B IIepUIiil Tpymi AeTajl BIOPSAKOBYIOThCA 3a 3pOCTaHHS Yacy [k, @ B APYTi -
3a 3MEHIIICHHSM 4acy T y;

- 3arajbHa YEpProBICTh 3aMyCKy JeTajed BU3HAYAETHCS SK MOCITITOBHICTh
00poOKHM zieTasnel 3 nepuioi rpynu, a moTiM 3 APYToi.

AHAJIOTIYHUI aNTOPUTM MOXKE 3aCTOCOBYBATUCS 1y BUNIAJKY TPhOX CTaHKIB. B
UbOMY BHUNAJAKy MPUHLIMM  ONTUMAJIBHOCTI HaOyBae Takud  BUIISA -
MiN(TyctTok, T+ T2)<mIN(Ty+Ty, Tat To), Akmo nerans K Wae padime Ha oOpoOKy
aeram |. ToOTo, B mepuriid Tpymi JeTali BHOPSIKOBYIOThCS 3a 3POCTAHHSIM 4Yacy
Tt Tok, @ B IpyTiii - 32 3MEHIIIEHHSIM 4acy Tzt To.

B pa3i yacTKOBOIro MpoXOKEHHS JeTaneil depe3 OAMHMII OOJIaJHAHHS, TaKy
CUTYallll0 TAKOXX MOXHO 3BECTH JO BUXIAHOI, MPUUHSABIIM HYJIbOBUU Hac poOOTH
oOnagHaHHs. [lpore, sSKIO KUIBKICTE OOJaJHAHHS TMEPEBUIIYE TPU OJUHULI
3aCTOCOBAaHUN MPUHUUI ONTHUMAJIBHOCTI Ta HABEJACHUM allfOPUTM HE MOXKe OyTH
BUKOPUCTAaHUU TOMY, IO HE J]a€ ONTUMAJILHOTO BUPIIIEHHS 3aa4i.

Imitanivini Metomu. Jlns ckimagHux 3anad (pi3HI TEXHOJOTIYHI MapUIpyTH
00poOKH, KUTBKICTh O0JIaTHAHHS MIEPEBUIILYE TPHU T 1HIIE) 3 TOUYKH 30py MPAKTHYHUX
L€l OTpUMaHHA pe3yJbTaTy 3a KOPOTKHI TEpMIH YacTilleé BHUKOPUCTOBYIOTH
€BPUCTHYHI aJIrOpPUTMM CKJIAJaHHs pO3KiaaiB Ha 0a3l BHUpIIAIBHUX NPaBUI B
pexXuMi iMiTarii poOOTH BUPOOHHUYOT CHUCTEMH. Y ILbOMY PEXKHUMI BUKOHYIOTHCS
napanenbHa (ogHOo4acHa) moOymoBa nmiarpam [aHta jmis  yciX — OJUHHMIB
TEXHOJIOTIYHOTO OO0JaJHaHHA, SIKi OepyTh y4acTh y mpolieci ruianyBaHHs. [liarpama
I"anTa 11e yacoBuit rpadik BUKOHAHHS OMNepaliil TEXHOJOTTYHUX MapHIpyTiB 00pOOKHU
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JeTajgell Ha BU3HAUYCHUX OJWHUIAX OOJIaJlHAHHS, TOOTO MPOTHU KOMKHOT OJUHHMIIL
oOnaHaHHs NpU3HAYEH1 Y BCTAHOBJIEHUH Yac onepatiii 00poOKH.

AnroputM noOyJ0BU PO3KIIAJIIB 32 TAHUM METOJOM € TaAKHM:

0. Hexaii y fgeskuii MOMEHT 4Yacy 1= min(t"l-j) BepcTaT |=Q; 3akiHunB 00pOOKY
omepaitii / motouHoi geraii |. [leif MOMEHT BU3HAYA€THCS SIK MIiHIMAIIBHUI cepell ycix
BCTAHOBJIEHUX Ha MOTOYHUU MOMEHT TEPMIHIB 3aBEpIICHHS BUKOHAHHS omnepaiii B
rpadiky pooir .

1. OO6poOisieHa JeTaib | 3aHOCUTHCS Yy mMOpTdenb podIiT HACTYIMHOro 3a
TEXHOJIOTITYHUM MaplIpyTOM BepcTaTa ' =0 1j. [loprdens pobit ne miarotosnexi (y
CTaHl OYiKyBaHHs) 70 BUKOHAHHS Ha BEPCTaTi omeparlii oOpoOku aetanei. SIkiio e
JEKUIbKAa BaplaHTIB TEXHOJIOTTYHOIO MaplipyTy, JAETallb OJHOYACHO 3aHOCUTBHCS Yy
BIJIMOBIHY KUIBKICTh MoOpTdeiniB. SIKI0 BUKOHAaHa omneparliss Oyna OCTaHHBOIO 3a
TEXHOJOTIYHUM MapmpyToM =M, Toxl neranb BHUKIIOYAEThCS 3 po3risany. Llei
MIYHKT NOBTOPHO BUKOHYETBHCS AJIA BCIX BEpPCTATIB, AKI K MOMEHTY [ 3aKIHYWIH
BUKOHAHHS OTeparlii.

2. Slxmo moprdens podit Bepcrata | mopoxHii, To BiH Oyne mepeBeneHUi y
CTaH NpocTor0. B iHIIOMY BUMaAKy 3a JOMOMOI'OI0 BUPIIAIIBHOTO MpaBuiia MepeBaru
3 TOpT(ETI0 BHOUPAETHCS OfHA NETaNb | TA 3alHCYETHCS SK MOTOYHA B PO3KIAL
poOIT JaHOrO BEpcTaTa 3 3a3HAUEHHS Yacy 3aBEpIICHHs orepanii

Erp= et b

OOpaHa TakUM YMHOM JI€Tajlb BUKIIOUYAETHCA 3 yCIX MOPTdeiB, B KOTPUX BOHA
Mmictuiacs. Lleil myHKT MOBTOPHO BUKOHYETHCS ISl BCIX BEPCTATIB, AKI K MOMEHTY T
3aKIHYMJIM BUKOHAHHSI OTeparliil.

3. Sxmo B pa3l BUKOHaHHA M.l 3'iBUJIach MOXKJIMBICTH 3aBaHTAKUTU BEpCTarT,
SAKUN 3HAXOJIUTHCS y CTaHl MPOCTOIO, TO BIAMOBIJHA AETAllb 3alIUCYETHCS B PO3KIIA]
poOIT 1BOrO BepcTaTa, Mg AKOTO (OPMYETHCS HOBE 3HAUYEHHS Yacy 3aBEpILICHHS
ornepalii 3a MpaBUIOM II.2.

4. O6upa€eThCcsi HACTYITHUM BEpCTaT 3 MIHIMAJIBHUM MOTOYHUM 3HAYCHHSIM | Ta
BUKOHYeThcs nepexin o n.0. [lnanyBaHHS BeeThCs A0 MOBHOIO BUKOHAHHS YCiX
onepauid Haja AeTansMu abo 10 TUX Mip, MOKM He Oyae moOynoBaHMM pO3KJIaa Ha
noTpiOHUI iHTEpBaN IaHyBaHHS (3MiHY/100Y).

B sxocTi BUpilIaJbHUX MNPaBWI B aIrOpUTMax IMITALITHOTO MOJEIIOBAaHHS
HallyacTillle BUKOPUCTOBYIOThCSI HACTYITHI MpaBUjia NIEpeBaru:

1) npaBwio HaiiKOpOTIIOi omepailii — 3 MOTOYHOTO mopTdenro podit, sKi
MITOTOBJICHI J0 BUKOHAHHS Ha I[OTOYHOMY BEpCTaTi, OOUpPAEThCS JeTadb 3
MIHIMQJIbBHUM YacoM OOpoOKH; MeTa MpaBWiia — SKHAMCKOpIlle 3aBaHTAKHUTH
pOOOTOO HACTYIIHI 32 TEXHOJIOT'TYHUM MapIIpyTOM BEpPCTaTH;

2) TMpaBWJIO MaKCUMAJIBHOI 3alUIIKOBOT TPYJOMICTKOCTI — 3 IOTOYHOTrO
noprdento podiT,  AKI MOIArOTOBaHI JO BHUKOHAHHS, OOUpaeTbcs JeTaib 3
MaKCHUMaJIbHOIO CYMOIO 4Yacy OOpoOKHM Ha YCIX Illé HEBUKOHAHUX OIepalisix; Mera
MpaBUiIa — 3aKIHYUTH 00pPOOKY ycCiX JeTaneil nmpuOiIr3HO OJJHOYACHO;

3) mpaBWJIO BHPIBHIOBaHHS 3aBAaHTAXKEHHsS BEpCTaTiB — 3 moprdento podirt
oOUpaeThCs JeTalb, SIKa MOTIM HAAXOAWTh HA BEpPCTAT, SIKMW Mae y JaHUW d4ac
MIHIMQJIBHUHM 3a TPYAOMICTKICTIO TOPT(HENb MIArOTOBIEHUX poOiIT; MeTa MpaBuiia —
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PIBHOMIPHO 3aBaHTaXUTU BepcTaTd (IPaBUIO MOXXKHA BHKOPHCTOBYBAaTH IIPH
OaraToBapiaHTHHX MaplIpyTax);

4) npaBUJIO MIHIMAIBHOT 3aJIUIIKOBOT TPYIOMICTKOCTI — QIbTEPHATHBA MIPABUITY
2,

5) nmpaBuII0 HAHIOBIIOT OMepallii — anbTepHaTUBa npaBuy 1.

6) mpaBuiao npu3HadeHHs y mopsaky HaaxomkeHHs (FIFO) — 3 motounoro
noprdento polIT oOupaeThCcs neTaib, sKa HaIldlouia B 4epry Ha oOpoOKy 10
BepcTaTa Nepiuoio;

7) npaBuio LIFO — anprepHatuBa npasuiy 6.

I3 HaBeeHuX MpaBuil BUAHO, 10 BOHM MAaOTh €BPUCTHUYHUN XapakTep, TOOTO 3
iX IONOMOIr'0K0 HEMOJKJIMBO BCTAHOBUTH Ta OLIIHUTH HAOIMKEHHS O ONTUMAIbHOCT1
OTPUMAHOTO PIIICHHS, ajle MOKHA BUPOOUTH "100pe” pillleHHs B 3aJ€XKHOCTI Bij iX
NPU3HAYEHHS! MO 3aCTOCYBAHHIO UM BiJ KPUTEPit0 (PYHKIIOHYBaHHS BUPOOHUYOI
CUCTEMH, JJIS AKOi pO3POOISETHCS PO3KIAL pOOOTH.

AHaJITUKO-IMITAllIHI _METOIM OyAYIOThCS 3a CXEMOIo, M0 THependayae
BUKOPHUCTaHHSI OJHOYACHO SIK aHAJITUYHUX, TaK 1 IMITaIlIiHUX mporeayp. Bei i
METOAM BIJIPI3HAIOTHCA OJMH Bl OJHOrO MIJXOJIOM JI0 YEProBOCTI 3aCTOCYBaHHS
aHAMITUYHHUX 1 IMITALIHHUX TPOLIEYP.

OauH 3 Takux NIAXOAIB Iepefdadae JBOX-€TAalHE pO3B'sA3aHHS 3anadi. Ha
MEepIIoMy €Tari TUIAaHYEThCSt OOpoOKa HEBETUKOI KUIBKOCTI 30UIBIIEHUX MapTiit
netajged Ha JABOX a00 TphOX Tpynax TEXHOJOrYHOTO oOnaaHaHHA. ToOTo
MPOBOJIUTHCSL 3MEHIIEHHSI PO3MIPHOCTI 3ajJlaul JJig TOTO, 100 BUKOPUCTATH TOYHI
aHAMITUYHI METOAM, HANpUKIad aiaroput™m 3agadi /xoncona. Ha gpyromy erami
OyIoylOTbCSl YTOUHEHHI KaJ€HJAapHI IUIaHU [ KOXKHOI 3 CTBOPEHHUX TIpyIl
oOnagHaHHS 3 BUKOPHUCTAHHAM IMITAlliIMHUX METOAIB. ['pymyBaHHS 00JiaJHAHHA
BUKOHYETBCS 32 KpUTEPIEM MIHIMI3alLli KUIBKOCTI JeTale, o NpoXoasTh 0OpoOKy
Outbll, HDK y OAHIA Tpymi. I'pynyBaHHsS Jerajeil BUKOHYETbCS 3a KPHUTEpIEM
MIHIMI3alli KUIBKOCTI OOJagHaHHS, SKI OOpOOJSAI0TH OUIbII, HDK OJHY Tpymy
JeTajnen.

TakuM yuHOM, JAEKOMIO3MWLIA 3aJadl IUIAHYBaHHSA JO3BOJIUTH CYTTEBO
3MEHIIUTH PO3MIPHICTh, CKJIAAHICTh Ta MPUCKOPUTH PO3B'sI3aHHs 3a1a4i. [IpoTe icHye
3aJIEKHICTh SIKOCTI PIIIEHHS BiJl TOUHOCTI OLIHOK 4acy oOpoOKH 30UIbIIEHUX MapTiid
JeTaJiel, 110 3aCTOCOBYIOThCS HA MepiiomMy eTamni. ToMy Npu BUKOPUCTAHHI TAKOT'O
MIAX0Yy B AHAIITUKO-IMITAIlIHHUX METOAaX HEOOXIMHO po3po0sTH AEeKUIbKa
BaplaHTIB BUKOHAHHS NEPIIOro eTalmy 3 METOI MPOBEACHHS SAKICHOTO aHalli3y
OTPUMAaHUX PE3yJIbTATIB 3a/a4i.

3.4. Opranizaiiis onepaTuBHO-AUCHETYEpChKoro yrpaniiHHsa [ BC

OnepaTuBHa JAWCHETYEpU3allisi TOB's3aHA 3 BHU3HAUYCHHSIM (DAKTUUYHUX
MOMEHTIB 3alyCcKy JeTajeil y BUPOOHUITBO Ta iX HAAXOJKEHHS HAa TEXHOJIOT14HE
ycTaTkyBaHHsA. [Ipy 1poMy BpaxoBYyHOThCS BUTpPATH 4acy Ha MiATOTOBUYO-3aKIIIOYHI
orepauii, NepeHaNaro/KeHHs, orepaunii oOCIyroByBaHHsS Ta TPaHCHOPTYBAaHHS.
OneparuBHa AWCHETYEpHU3allisl 3IMCHIOETBCS B pealbHOMY MaciiTadl Yacy Ha
MIJICTaBl Pe3yJbTAaTIB OMEPATUBHOIO KOHTPOIIO 1 BCTAHOBICHHX OMNEPATUBHUM
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IUIaHYBAHHSM IJJAHOBUX TIpadikiB 3amycKy-BUIyCKy JeTtanei. ToMy CHHXpOHHa
MOJIeNIb POOOTH BCIX OJIMHUIIL YCTATKYBaHHS (TEXHOJIOT1YHHMX, TPAHCIOPTHHUX) JUIS
BUKOPUCTAaHHS Ha CTajli ONEpPaTUBHOIO KOHTPOJIO 1 ONTHUMajbHA CTpaTeris
oOCITyroByBaHHsl 3allyCKy JeTajlied y BUPOOHUUTBO MpPHU PETYIIOBAHHI XOAY
BUPOOHHUYOTO MPOLECY MOBHHHI OyTH pe3yJbTaTaMU CHUIBHOTO PO3IJIANY 3ajad
ONEpPaTUBHOIO IJIaHYBaHHS U AUCHETYEpU3ALlii.

Moge iiie npo Te, 0 NpU ONEPATUBHOMY IJIAHYBaHHI HEOOXITHO JETAIbHO
npopobutu rpadik podOTH BCHOTO KOMIUIEKCY OOJajHaHHS a00 BU3HAYUTHU TIaH
poOOTH TUIBKM TEXHOJOTIYHOTO YyCTaTKyBaHHS Ta BCTAHOBUTHU CTPATETIIO
aucneTdepusanii  omepamiii  oOcnyroByBaHHS W TpaHCHOpPTYBaHHA,  a
OUCHETYEPU3AL0 3AIMCHUTH B PEXKHUMI 3aCTOCYBaHHS CHHXPOHHOI Mojeni
(GyHKLIOHYBaHHS a00 B PeXMMI MPSAMOi JucrieTdepusalli TpaHCHOPTHUX Olepamini
BIIMOBIJHO /10  CTparerii ~ OoOCIAYyroByBaHHS  OCHOBHOTO  TE€XHOJIOI'TYHOIO
YCTaTKyBaHHS.

Omxe, peanizaliss 3aJady ONEPATUBHOIO IUIAHYBAaHHA Ta OINEPaTUBHOI
JAUCHeTYepHU3allil TICHO B3a€MOIIOB’ A3aHI, OCKUIBKM BHOIp alropuTMy Oprasizamii
JUCIETYEPCHKOrO YNPaBIIHHA CYTTEBO BIUIMBAE HA TPUBATICTh MPOXOIKEHHS MapTiid
JeTajgel uepe3 BUPOOHUUY CHUCTEMY, a caMe Ha 3allJJaHOBaHI TEPMIHM 3alyCKy-
BUITYCKY JIeTaJIell Ha TEXHOJOTTYHOMY YCTaTKyBaHHI.

be3nocepeHb0 X010M BUPOOHUYOTO MPOLIECY KEPYE MIJCUCTEMA ONIEPATUBHO-
JUCIIETYEPCHKOTO YIPaBIIiHHS, SIKa BIAMOBIIHO 10 OOpaHOro alrOpUTMY peaiizye
CIUTAHOBAaHMUM pO3KJIaJ POOOTH YCTATKYBaHHS.

3amava gucneTdepusalii mojsArae y HacTynHomy. llopsaok mpoXoJKeHHs
neraneil (3asBOK Ha OOpOOKy) uepe3 TEXHOJIOTIUHE YCTAaTKYBaHHS BIIOMHUH 3
pO3paxoBaHOTO  MOMEPEeNHbO  po3kiany podbotu. HeobOximHO  opraHizyBaTu
TpaHCHOPTHE OOCIYrOBYBaHHS BCTAaHOBJICHOI'O MOPSAKY POOIT 13 3alyCKy-BHUIIYCKY
JeTajliel Ha TEXHOJOriyHOMY ycTaTKyBaHHI. Kpurepiem poOoTu Takoi cucTeMH €
JOTPUMAHHSI CTPOKIB 3allyCKYy-BUIIYCKY JeTaliedl Ha TEXHOJIOTIYHE YCTaTKyBaHHS
BIIMOBIIHO /10 PO3POOJICHOTO CHUCTEMOK OMNEPATUBHOIO TUIAHYBAHHSA PO3KIATy
poOOTH 3a paxyHOK CBOEYACHOTO TPAHCIOPTHOrO OOCIYrOBYBaHHS 3asiBOK, IO
HAJXOAATh BIJl TEXHOJOITYHOTO YCTATKYBAHHS.

KoxHuii po3paxyHKOBUI MOMEHT Y MpOILlecl AMCIeTYepHu3allii BUSHAYAETHCA
HasIBHICTIO 3asiBOK Ha TPAHCIOPTHE OOCYroBYBaHHs JeTajieil Ta BUIbBHUMH 3ac00aMu
TpaHcnopTyBaHHs. Ko’kHa 3asiBka XapakTepu3yeTcsi MICLEM JOCTaBKM JieTall,
JUPEKTUBHUM TEPMIHOM 3aBEpPIICHHS JOCTaBKU (0OyMOBICHHM TpadikoM 0OpOOKH
JeTani) Ta MepeslikoM MOXIIMBUX 3aco0iB ii TpaHcmopTyBaHHs. Miclie JOCTaBKH
BHU3HAYAE TUII 3a5BKM 0OCITYrOBYBaHHS, a HAsIBHICTh JIEKLILKOX 3asBOK 200 JIEKIITbKOX
BUIBHUX 3ac00iB OOCIYroByBaHHS MOPOJXKYE KOH(MIIKT BHOOpPY 3asBKM Ta
MpU3HAYEHHS il 3ac00y 00CITyrOBYBaHHS.

Omxe, nucneruepusallis NOBUHHA MepeadadaT po3B’ i3aHHS HACTYIHUX THUIIIB
KOH(JTIKTIB:

— 00CIIyrOBYBaHHS 3asBOK CIUIBHUM 3aCO00M;

— Ha/laHHs 3aC001B CIUIbHIN 3a5BII1.

Crpareris o0ciiyroByBaHHs OyAyeThcsi Ha 0a3l MOCIIIOBHOTO PO3B’ sI3aHHS
KOH(ITIKTY 3 BUOOPY 3asiBKM Ta BUSHAYEHHS 3ac00Y ii MojanbIioi peaizaliii.
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BuOip 3asBKku 0a3yeThCsl HA BCTAHOBJIEHI ii TUIY, Cepel] IKHX €:

— 3a8BKU Ha 00CIIyTOBYBaHHs JeTalled, K1 MOBUHHI HAJIIUTU 3 TEXHOJIOTTYHOTO
YCTaTKyBaHHS Ha CKJIAJ;

—3adBKM Ha OOCIYroBYBaHHsS JeTajleld, sIKI MOBUHHI HaAIMTH 3 OIHOIrO
TEXHOJIOTIYHOTO YCTaTKyBaHHS Ha iHIIe (y BUIMAJAKYy HEMOXIMBOCTI BUKOHAHHS
TAaKOro 00CIYyroByBaHHSI BOHO MO)Ke OyTH 3aMiHEHE Ha 0OCIIyTOBYBAaHHSI Yepe3 CKiIaj
3 TUMYACOBUM 30€piraHHAM JIeTalIel 1 MOJaIbIIUM iX BIAMpPaBICHHIM Ha HEOOXiJIHE
yCTaTKyBaHHs);

—3adBKM Ha OOCIYroByBaHHS JAeTajied, Kl MOBHHHI HaJIIWTH 31 CKJIaly Ha
TE€XHOJIOT1YHE YCTATKyBaHHS.

Bulip 3adBKu-TIpeTeHIEHTa Ha OOCIYrOBYBaHHS 3IMCHIOETHCS 32 MPABUIOM
nepeBaru OJAHOrO THUIY Haj 1HIIKMM. Hampukiazn, cnoyaTky po3risiAatoThCs 3asiBKU
Mepuioro, MOTIM JAPYroro 1 Hajaam TpeThoro TumiB. [lepeBaru TUIIB 3asBOK
BU3HAYAIOTHCSA MPIOPUTETOM Ha MEPHIOYEPTOBUN MOPSAJOK BUKOHAHHS Onepauid y
BUPOOHUYIN CUCTEMI.

Opranizaiiss BUOOpPY TMpETEHACHTa B CEPEIUHI KOXXKHOTO THUMY 3asBOK
3IACHIOETHCS Ha 0a31 NPIOPUTETHUX MPABUIT IEPEBATH 3a5BOK:

— HallKOPOTIIOi TPAHCIIOPTHOI OMepallii;

— HalOUIbIl KPUTUYHUN JUPEKTUBHUA TEPMIH 3alyCKy Ha TEXHOJIOTIYHE
YCTaTKyBaHHS;

— MIHIMaJIbHOT 3aJIMILKOBOI TPYAOMICTKOCT1 TEXHOJIOT'TUHHUX ONEpalliif;

— MIHIMaJIbHOT 3aJIMIIKOBOI TPYAOMICTKOCT1 TPAHCIIOPTHUX ONEpaliiif;

—npaswia FIFO, LIFO Ta in.

[TpusnauenHst 3aco0y o0CIyroByBaHHS OOpaHOi 3asiBKU 31IMCHIOEThCS Ha 0a3i
NpIOPUTETIB HAa HAJaHHS ycTaTKyBaHHA. CTpareris HagaHHS Moke (opmaiizyBaTu
OJIMH 3 HACTYIHUX NMPUHLHUIIIB aIpeCyBaHH 3asBOK BUIbBHOMY YCTaTKYBAaHHIO:

—3adBKa HANpaBls€TbCd HA YCTATKYBaHHS 3 MIHIMQJIbHUM IOTOYHHUM
3aBaHTAXKEHHSIM,

— 3asBKa HAIPaBJISIETHCS HA HAHOJIMKYE 32 YaCOM JIOCTaBKU YCTaTKyBaHHS;

—3asdBKa HANpaBISEThCA BUNAJAKOBUM UYHMHOM a0 3a MKOPCTKO 3aJaHHUM
MPIOPUTETOM.

TakuM 4MHOM, 3arajabHUIl aNrOPUTM AMCIETYEPCHKOIrO YMpaBIiHHS Ha 0a3i
CTpaterii TPaHCHOPTHOrO OOCIYTrOBYBaHHS CKJIAJAETHCS 3 HACTYTHUX €TalliB!

1. Bukonatu onutyBanHs ['BM Ha 3aBepiueHHs BUKOHAaHHSI TE€XHOJOTTYHHX
omepaniid (BIAMOBIIHO JO pO3KIaay poOOTy y BUDsi miarpamu  [anrta) i
chopMyBaTu Yepru 3assBOK Ha 3aBAHTAXKCHHS TPAHCIIOPTHUX 3aCO01B.

2. BusHauuT mopsAioK 0OCIyroByBaHHS 3asiBOK 3 4YEpr BUIBHUX y MOTOYHUUI
MOMEHT TPaHCIOPTHHUX 3aCO0IB BIAMOBIIHO 1O BCTAHOBJIEHOTO MPIOPUTETY 3a5BOK.

3. Ins koxHOI 0OpaHOi 3asiBKM NPHU3HAYUTH BUIBHUN TPAHCIOPTHHM 3aci0
BIJIMOBIJHO 10 00paHoi cTpaTerii aapecyBaHHs 3asBOK.

4. 3aBaHTa)XUTU TPAHCIOPTHE YCTaTKYyBaHHA 1 CKOPUTYBaTH BCl 4Yepru
3aBaHTA)KEHHS, BUKJIFOUMBIIHN OOpaHy 3asBKY.

5. [loBroproBatn anroput™ 3 1.1, MOKM € 3assBKM Ha TPAHCIOPTHE
00CITyroByBaHHS.

PesynpraTomM anroputMmy € giarpama ['aHTa, B gKii BIATBOpPEHI BCl OJMHHIIL
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TEXHOJIOTTYHOTO 1 TPAHCIOPTHOIO YCTAaKyBaHHs, CKOOpPJMHOBaHI BCl omepaii
00poOku 1 oOciyroByBaHHs. Taky jiarpamMy HaldacTille Ha3UBaIOTh TEXHOJIOTTYHUM
(po3mupenum) poskiagom podoru I'BC.

3.5. 3acobu MoJIeIOBaHHS TUCKPETHUX MIPOLIECIB

EdexktuBHUM 3ac000M MOJETIOBAHHS AMCKPETHUX IMporeciB € citku llerpi
[2,11,/14]. IX OCHOBHI BIACTHBOCTI MOJIATAIOTH Yy MOXKJIMBOCTI Bi10OpaxeHHS
napajienizaMmy, aCHHXPOHHOCTI, 1€papXi4HOCTI OO0'€KTIB, 110 MOJICTIOIOTHCS, OUIBII
npocTimumMu  3acobamu. Tomy BukopucTaHHs ciTok IleTpi ans  JOCHiTKEHHS
lepapXiuHMX JUCKPETHUX cucteM, 30kpema I'BC, € kpamum.

3.5.1. Buznauenns mepexi Iletpi

Mepexa Iletpi - mnNpuUYMHHO-HACTIAKOBA MOJEIL YSBICHHSA MOMAIHM, IO
BUHUKAIOTh y mporeci pobdotu auckperHoi cuctemu [10]. Ilpomecw, ski
MOJICJTIOIOTHCS, MOJAAITHCS SIK MHOYHHA MO Ta yMoB. Iloxii - e nii (Hanpukian,
BUKOHAHHS TEXHOJIOTIYHHMX OIEpalliif), MOCIIIOBHICTh HACTYIy SKUX KEPYEThCS
cTaHoBHIAaMH CcUCTeMHU. CTaHOBWIA CUCTEMH BHU3HAYAIOTHCS CYKYIHICTIO YMOB,
cepell IKUX BHJIIISIOTH:

1) nepeaymMoBH - MOB's3aHi 3 (haKTOM HACTYIY TOJIT;

2) nicnslyMOBH - TIOB'si3aHl 3 hakToM 3xiiicHeHHs noi1. TakuM yuHOM Mepexa
[leTpi ysBISETBCA CYKYIHICTIO TOB'SI3aHUX TMOJIH Ta yMOB, III0 BHHHKAIOTh Y
CUCTEMI sIKa MOJICITIOETHCS.

Jlnst 3aBnanHs Mepex [leTpl HaiivacTiie BUKOPUCTOBYIOTH Taki criocoOH, siK
TEOPETUKO-MHOKUHHE BU3HAUCHHS, Tpad)iyHe ySIBICHHS Ta MATPUYHE ITOIaHHS.

TeopeTnko-MHOKHUHHE BU3HAYCHHS Mepex [lerpi.

dopmanbao Mepexa [lerpi N moxe Oyt 3amaHa y BHUIUIAJI HACTYITHOT
I'STIPKA €JIEMEHTIB!

N = (P, T,F,H,M0),
P={PFili=1,n},
T={Tjj=1,m},
FP Tpb {01.2,..},
H: T Pb {0,12,..},
Mo: PP {0,1,2,...},
ne P - MHOXMHA MO3HIIIH, SKI 300pa)kal0Th YMOBU B CUCTEMI;

T - MHOXHHA TIEPEXO/IiB, sIKi 300paXkar0Th MOIiT B CUCTEMI;

F, H - dyskuii iHnuaeHit mo3umiii Ta nepexois, Mo BU3HAYAIOTh JOYMOBU

a00 OCTYMOBH TOJIIH;

MO - mo4aTkoBe MapKipyBaHHS MEPEXKI.

Gynknis F, Bu3HAuuBIIM TepeayMOBH 3IIMCHEHHs TOJIN, MpHU3HAYAE
KOKHOMY Tiepexoay BximHy muoxuny mosutiin ~Tj={ Pi|[F(Pi,Tj)* 0}, a dyukuis H,
BU3HAYMBIIK MICASYMOBH, NpPH3HAYAE KOXKHOMY TMEPEXOAYy BHUXIIHY MHOXHHY
nosuniii Tj ={Pi|H(Tj,Pi)! 0} . MapkipyBauus Mo(Pi) o3Hauae KinbkicTh MapkepiB y
no3utlii Pi mepexi.

Crnip 3ayBakKMTH, IO TMeEpIll YOTHUPU EJIEMEHTH BH3HAYAIOTh CTPYKTYPY
CUCTEMH, a OCTaHIW CJIEMEHT - JMHAMIKY TOBEIIHKA CHCTEMH, il MOYaTKOBHI CTaH.
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JluHamika Mepexi MoB'si3aHa 3 PyXOM MapKepiB MO MO3UIlisX (BUKOHAHHS YMOB Y
cucTeMi) y pe3ynbTari CrpaiboByBaHb MEepexoiB (peanizaiii fiif), BHACIIIOK YO0
CTBOPIOIOTHCs HOBI MapkyBanHs mosunid M(Pi). Tooto nunamika mepexi I[letpi
BiI00pakae MOCIiJOBHICT, BUKOHAHHS 3aIlJIAaHOBAHUX J[1M, BHACIIJIOK SIKUX CHCTEMa
3MIHIOE CBOE CTAHOBHILIE.

[padiune ysBnenns mepex [letpi.

['padiuno mepexa [letpi - 11e JBOOIBHUN OpIEHTOBAHMI MyIbTHTpad, 1e:

- JIBOJIOJIBHICTH O3HA4Ya€ HAsABHICTh JBOX THUINIB BepliuH (MO3MIid Ta
EePexo/IiB);

- OpIEHTOBAHICTh O3HAYAE, IO BCI YT MAKOTh NEBHUI HANIPSIMOK;

- MyJIbTHrpad - Tyru MOXKYTh MaTH KPaTHICTh (BOHA MMO3HAYAETHCS 3HAUCHHSIM
MOHAJ] Y010 a00 KIJBKICTIO JIyT).

['padiune ysBICHHS TIOB'I3aHE 3 TEOPETUKO-MHOKUHHUM BU3HAYCHHSIM
HACTYITHUM YAHOM

1) no3wuiii BioOpakarThCsl Kpyramu;

2) epexo/ Bi1I00paKaIOTHCS PUCKAMH;

3) ¢yukuii F i H - opieHToBaHUMH ayramu, KiIbKICTh a00 KpaTHICTh SIKUX
BU3HAYAETHCS 3HAYCHHAM (DYHKIIIif;

4) mapkyBaHHS MEpexi BII0OpaKa€eThCs KITBKICTIO MapKepiB y TO3HIIISX.

Marpuuse nogaHHs.

MartpuuHe momaHHs 1€ aHaJITHYHUEA crociO ysBiaeHHs mepexi [lerpi. ¥V
[bOMY BHIAJKy (QYHKIIT IHIMIEHII Ta MOYaTKOBE MapKyBaHHS 300paKalOThCS Y
BUTJISII MATPUIL po3Mipom [N* m]

F=[Fiji=1,n;j=1,m],

H=[Hij[i=1,n;j=1,m]
Ta BEKTOPOM-CTOBITYMKOM Po3Mipom [N* 1]

Mo=[Moili=1,n],
ne Fij=F(Pi,Tj), Hij=H(Tj,Pi), Moi=Mo(P).

3.5.2. [IpaBuina poboru mepexi [etpi

PobGota (dyukmionyBanus) mepex IleTpi BH3HAYAETHCS SIK IMOCIITOBHICTH
CTpallbOBYBaHHS TIEPEXOJIB, BHACIIJIOK 4YOro BigOyBaeTbcs 3MiHA MapKyBaHb
TO3HIII .

[Mepexia MOXe CIIpalbOBYBATH, SIKIIO BIH € 30Y)KEHUM.

[Mepexin T] BBaxkaeThest 30y HKEHUM, SIKIIO BUKOHYETHCSI HACTYITHA YMOBA:

wis yeix Pi T Tj: M(Pi) >= F(Pi, Tj).

ToOTO BUKOHYIOTHCSI JOYMOBH 3IIHICHEHHS MOJEIBOBAHOI UM MEPEXOJA0M
noJi1 - y KOXKHIH BXiHIH mO3uIiT nepexoay KiIbKiCTh MapKepiB HE MEHIIIE KPAaTHOCTI
IYTH, 10 iX 3'€IHYE.

Toni ymoBa criparibOByBaHHS 30y I)KEHOTO IMEPEXOy ) Ma€ TaKUI BUTIIS:

s yeix Pi T Tj' M'(P)=M(P)+H(Tj,Pi)- F(Pi, Tj).

ToOro mnpu cmpamnboByBaHHI 30Yy/KEHOTO TEepexony MapkKyBaHHsS M
3aMIHIOETbCS MapkyBaHHsM M' 3a mpaBWioM - 3 BXIAHHX MO3UIIH TEpexomy
3a0MpaETbCsl TIEBHA KITBKICTH MapkepiB, sika Bu3HauaeThes ¢yHkiiero F(Pi,Tj), a
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BUXITHI MO3UIIT Mepexo1y OTPUMYIOTh IHIIY KUIBKICTh MapKepiB, sika BU3HAYAETHCS
Bxe gpynkmiero H(Tj,Pi).

HeoOxigHo BigMITUTH, 1O Yy pa3l BUKOPHUCTAaHHS MATPUYHOTO CIIOCOOY
nojganas Mepex Iletpi ymoBa 30ymkeHHs mepexonay T) mae Buriisig M >= F* U, a
yMmoBa crpaipoByBanas M'=M+(H- F)*U,

ne U=[Uj|j=1,m] - BekTop-cTOBMYMK po3mipom [M*1], y sikoro Bci enemMeHTH
nopisaioTh 0, kpim Uj=1.

VY Oynb-skomy ctani mepexi [leTpl mMoxe IcHyBaTH JeKiibka OJIHOYACHO
30y/DKEHUX TMepeXoJiB. AJie MOCIHIAOBHICTh iX CIpalbOBYBaHHS HE BCTAHOBJICHA |
Moxe OyTu Oynb-sika, ajie 0e3 OJHOYACHOTO CIpalbOBYBaHHs mepexoiiB. Tomy B
mepexax [leTpl BU3HAYarOTh JACKIIbKA MPUHHITHUX TOCIIJOBHOCTEH CIIPallbOBYBaHb
nepexoiiB, 10 MOPO/UKYIOTh TMOCHIJIOBHOCTI BHHUKAIOYUX MapKyBaHb. lle
BiIiOpaskae mapaneni3m ta HeneTepMiHizm mepex [etpi.

Takum uwHOM 3 (QyHKHiOHYBaHHSAM Mepexi Ilerpi moOB's3yroTh  IBI
HOCJII IOBHOCTI:

1) mociI0BHICTH CIIPAIbOBYIOUNX MTEPEXOIIB;

2) MOCJIiIOBHICTh BHHHMKaIOYMX (IOCSHKHUX) MapkyBaHb. Lli mociigoBHOCTI €
B3a€MOIIOB'SI3aHUMH.

JIBa mapkipyBanas M i M' BBaxaroThCsi 0€3MocepeIHbO JOCSHKHUMHU, SKIIO Y
¢dyHkuionyBaHHI Mepexi icHye mepexin Tj, cnpalbOBYBaHHS SKOTO IEPEBOJHUTH
Mepexy 3 My M":

Tj
MP M.

JIBa mapkyBanHs M | M' BBaxkarOThCsl JOCSHKHUMH, SIKIIO y (DYHKIIOHYBaHHI
Mepexi icaye mociaigoBhicTs mepexoaiB  G=(Tj1,Tj2,..., Tjk), sska nepeBoauTH
Mepexy3 My M':

M P M,
TOOTO BUHHMKAE MOCIIIOBHICTH 0€3M0CEePEIHBO JOCSHKHUX MapKIpyBaHHb
Tj1 Tj2 Tjk

MP M1bp M2..Mkb M

Takum ynHOM, (hOopMaNTBEHO QYHKIIIOHYBAHHS MEPEKI TOTA€THCS:

- moBoro Mepexi Iletpi L(N) - MHOKMHOIO TIOCTIITOBHOCTEH CHPaIbOBYIOYHX
EPexo/IiB;

- MHOXUHOW gnocsraemMocti R(N) - MHOXHHOIO MapKyBaHb, JIOCSDKHUX 3
MOYaTKOBOTO MapKyBaHHS.

LI mocnimoBHOCTI 00'€AHYIOTBCS y paMKax €IMHOT MOJEIN YSBJICHHS poOOTH
Mepexi - rTpada JocAraeMOCTI - OpieHTOBaHOTO rpada, BEpIIMHAMH SKOTO €
mapkyBanHs 3 MHOXMHH R(N), a ayramm e cnparpoBytoui nepexoaun 3 L(N).
[ToyaTkoBOMY MapKyBaHHIO BIJIOBIa€ KOpPEHEBa BepIIMHA JepeBa, a JIyIH,
BiqMIYeHHI mepexonaMu 1], 3'€IHYIOTh BEpPIIMHH-MAPKyBaHHsI, 10 € Oe3M0CepeIHbO
JOCSOKHUMH TIpU cripanboByBanHl Tj. JlepeBo mocsiraeMocTi B 3arajibHOMY BHITaJIKY
MOXe OyTH HECKIHUCHHHM 3 BEpIIMHAMH TaKUX TUMIB: 1) BHYTpIIIHE MapKyBaHHSI,
K€ € JOCSHKHMM 3 TMOYaTKOBOTO MAapKyBaHHs Ta HE € TYMIKOBUM; 2) TYIIKOBE
MapKyBaHHsI, 3 SKOTO HE MOXE CIpalbOBYBaTH HI OAMH mepexin, 3) myOirorode
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MapkyBaHHs Mp, sike BiamoBimae BKe BBEICHOMY paHIllle Yy JEPEBO MapKyBaHHIO
M=Mpa (asme sikmo Ha NUISIXYy 3 MOYAaTKOBOTO MapKyBaHHS 10 My 3ycTpidaeTrncs
mapkyBaHHs M, To M1 € MapkyBaHHAM-IIMKIIOM); 4) HAKONMUYYyIO4Ye MapKyBaHHs MH,
BIJIMOBIZHO SIKOMY Ha HUISAXY BiJl MOYaTKOBOIO MapKyBaHHS ICHY€E ITIIHE MapKyBaHHS
M Take, mo M <= MHu. HeckiH4ueHHICTh JepeBa MOXIHMBE TIiJbKI y BHIAIKY
ICHyBaHHST HAKONMUYYIOYMX MapKipyBaHb, SIKI MOPOJKYIOTh IMKIIIYHE MOBTOPCHHS
OJTHAKOBHUX IOCIIJIOBHOCTEH CIPAIIbOBYIOUHX MEPEXOJIIB.

Jliist Toro, 1106 moOyayBaTH CKIHYEHHE JAEPEBO JOCATAEMOCTI | MOJATH MPOIIEC
HECKIHUEHHOT'O HAKOMMYYBaHHS MapKepPIB y MO3MIIISIX MEPEXKI, BBOAUTCS TTO3HAYCHHS
y BUTJIAZII CHMBOJIY W, BOJIOJIIFOYOTO TAKMMH BJIACTUBOCTSIMHU:

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

Toni anroput™M TOOYIOBH CKIHYCHHOTO J€peBa JOCSATAEMOCTI Oa3yeThCs Ha
HACTYITHUX MOJIOKEHHSIX:

1. AropuT™m mociioBHO 00po0IIsie BEPIINHH, IEPETBOPIOIOYH KOXKHY KIHIIEBY
(HeoOpOoOIIeHY) B OJTHY 3 TUTMIOBUX - TYHIKOBY 4H AYOIIOI0OUY.

2. Slkmo mnorouHe MapkyBaHHsS M He kBaniikyeTbcs SIK OJHA 3 JBOX
HaBeleHUX, TO M crae BHYTpIIIHBOIWO i SIKOT (OPMYETHCS I IMHOXKHHA
Oe3mocepelHbO JOCSHKHUX MapKyBaHb, KOTpI y JepeBl CTalTh KIHIIEBUMHU
BepmmHaMu. HoBi kiHieBl wmapkyBanHs M' BU3HA4YamOTBhCS 3a pe3ylibTaTaMu
crpalboByBaHHs 30ykeHUX Y M miepexoiB 3a HACTYITHUMH MTPABHIAMH

- sixmo M(Pi) = w, ro M'(Pi) = w;

- SIKIIO Ha NUISAXY 3 TOYaTKOBOTO MapKyBaHs 10 M' icHye Take MapKyBaHHS
M", o

M" <=M"i M"(Pi) < M'(Pi), o M'(Pi) = w;

- y nporuBHoMy pasi M'(Pi) 30epirae cBoe 3HauYCHHS, OTPHUMAaHE BHACIIJOK
CTpaIlbOBYBAHHS MEPEXOY.

3. Konu yci BeprmHu OynyTh 00pOOIICH] alrOPUTM 3yTUHSIETHCS.

[ToOynoBa CKIHYEHHOTO JiepeBa JOCATAEMOCTI  JO3BOJHMTH MPAKTHYHO
BUKOPHUCTATH HOTO IS TOCIIJPKEHHS BIIACTHBOCTEH Mepexi [lerpi.

3.5.3. [Ipuknaa BU3HAYCHHS Ta MOJIeIOBaHHS poOotu Mepexi [letpi

[Mogamo 3a rTpadiunum 300paxkeHHsM Mepexi Ha Man.5.1 ii TeopeTHko-
MHOXXHHHE Ta MAaTPHUYHE BU3HAYCHHS, MOOYIYEMO JEPEBO JOCSHKHOCTI | BU3HAYUMO
XapaKTePUCTHKH POOOTH MEPEXKI.
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Man.5.1
TeopeTHKO-MHOKHHHE BU3HAYCHHS MEPEXKI .

N = (P,T,F,H,Mo0),
P={P1,P2,P3,P4}, T={T1,T2,T3},

F(Pi,TD)=1 nna i=1,2,3, F(P4,T1)=0,
F(P4,T2)=1, F(PFi,T2)=0 gns i=1,2,3
F(P3,T3)=1, F(Pi,T3)=0 nns i=1,2,4
H(T1,P1)=1, H(T1,Pi)=0 ons i=2,3,4
H(T2,P)=1 nns i=2,3, H(T2,P)=0 nns i=1,4
H(T3,P4)=1, H(T3,Pi)=0 ans i=1,2,3

Mo(P1)=Mo(P3)=1, Mo(P2)=Mo(P4)=0.
Muoxxunu BXiguux nosuiin nepexonais: ‘T1={P1,P2,P3}, T2={ P4}, 'T3={ P3}.
Muoxunu Buxigaux nosutii nepexoais: T1'={P1}, T2'={P2,P3}, T3'={P4}.

MarpuuHe nogaHHs:
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MOl 1010
T3
M1| 1001
T2
MZ] Tw10D
T T3

M3] TwDD M4 | 1TwDI1

Tynik
T2

M| 1wl

LUukn M5=M?2

[lepexonu cnpanbOBYIOTH yci, ane € TynikoBe MapkipyBanHs M3, nukiiune
noBTOpeHHsI MapkipyBanb M2P M4b M5 ta nmouaTkoBe MapKipyBaHHS HEJOCSIKHE 3
Oy/ib-SIKOTO IHIIOTO Yy JepeBI.

3.5.4. lunamika mepex Iletpi

MeTtoto SIKICHOTO aHalli3y XapaKTePUCTHK € BUSBICHHS HENPUITYCTUMHUX CTaHIB
1 BU3HAYEHHS YMOB HOPMAJbHOrO (PYHKLIOHYBaHHS OOJaJHAHHS CHUCTEM 3TIHO
3aBJIaHHSI.

Mepexi Iletpi, ik MaTeMaTH4HHIA 3aci0 OmMKMCy 00'€KTIB sKI JOCTIIKYIOThCS,
BIZIOOpaXXar0Th JIOTIYHY TOCHIOBHICTh TOJii, IO BHHUKAKOTH Yy Tporeci iX
(GYHKIIOHYBaHHS, 10 SIKUX BIAHOCATH | BUpoOHUYI cuctemu. Llst mocsiioBHICT ol
Ma€ XapaKTEPUCTHKU TapalebHUX TPOIECiB, SKICHUH aHali3 sSKHX TOTpedye
BU3HAYCHHS BUKOHAHHS y Tporeci PyHKIIOHYBAaHHS CUCTEMH HACTYMHUX YMOB: 1)
NOBTOpHA IHITlami3alis onepallii B mporeci mpunycTuMa TITbKY MICIs 3aBEPIICHHS
NOTIEPETHHOT0 BUKOHAHHS ii y CHUCTEeMI; 2) BUKOPHCTaHHS B JTUCKPETHIN CUCTEMI
pecypciB (0OmagHanHs) Ma€e KijbKiCHe 0OMEKEHHS M0 3aCTOCYBaHHIO; 3) y B3a€MOIi 1
YACTUH TapajelbHUX IMPOIECIB MEPEMIIICHHsT MaTepialbHUX MOTOKIB Ta HaJaHHS
PO3MOJUICHUX PECYpCiB HE TOBUHHO 3'SBIATUCS OJIOKYBaHb PO3BUTKY TOJIH,
TYMIKOBMX CTaHIB a00 3allikIioBaHb y BHKOHaHHI mToOCiigoBHUX jii. [losBa
TYIIKOBOTO CTaHy O3HA4ae€, IO MPOLEC PyXy MarepiaibHUX MOTOKIB MPHITUHAETHCS
a00 TPOIOBXKYE PYHKIIIOHYBATH TI0 3aKHYTOMY ITUKJIY HE JIOCSATHYB CBOTO KiHIICBOT'O
cTaHy. blIoKyBaHHS PO3BHTKY IMOJ1i O3HAYAE, IO B MPOIIEC HAAHHS PO3IOAUICHIX
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pecypciB Oyn0 3aCTOCOBAHO KOHKYPEHTHE iX BHUKOPUCTaHHS, SIKE MPHU3BENIO 0
HEMOJKJIMBOCTI WX HaJaHH ¥ Hagall.

[lepeBipka 1UX yMOB TPAKTUYHO O3HAYAE BCTAHOBJICHHS BIACTUBOCTEH
auHaMiku podoTu Mepexi [lerpi.

Busnavyenns BiaactuBocTeit Mmepexi [lerpi.

Posrinsinemo wmepexy Iletpi sik MareMaTHYHY CHCTEMY SKICHOTO aHali3y
JAMHAMIKA pOOOTH JTUCKPETHOrO 00'ekTy. Bu3HauMMo, 10 CTPYKTYpHI €IeMEHTH
Mepexi MOXKYTh IHTEPIPETYBATUCS HACTYMHHM YHHOM: TMO3MIII - 1€ YMOBH
BUKOHAHHS a00 03HAKM 3/liicHeHHs i (omepariii) Ha 00'ekTi-pecypci (00naaHaHHI),
NepeXo/u - e Mmojii, mo 3AIWCHIOITECS HA 00'€KTI y pa3l BUKOHAHHS HEOOXITHUX
YMOB, MapKipyBaHHS - Il¢ MOTOYHUI cTaH o0'ekty. [Ipm omuci mporeciB 00'ekTy
Mmepexxkamu [letpi Oyab-sike MapKyBaHHS MEpPeXki acOIIIEThCS 3 BUZHAUCHUM CTAaHOM
00'ekTy KMl MojemoeThes. CrpaiboByBaHHs Oyab-SKoro nepexony 1] mepexi N
NOB'si3aHE 13 3MIHOIO Horo ctaHy (BUKOHaHHSM elleMeHTapHoi jii y npoueci). Tomy
CTaTW4HI BJIACTUBOCTI 00'ekTy BHU3Hayae rpadoBa yactuHa Mepexi Ilerpi, a
JAWHAMIYHI - T[IOYAaTKOBE MAapKyBaHHS | mpaBuiaa 30y/KEHHS-CIPAIbOBYBAHHS
nepexoiB, Mo BioOpakae MOACITIOBAHHS pOOOTH 00 '€KTY.

OcHoBHMUMU BiacTUBOCTAMHM Mapaxi lleTpi € oOMexeHICTh, OEe3MeYHICTb,
KUBICTb, 30€PEKEHHICTb.

1. OOMexeHICTh Ta 0€3MeYHICTh MEPEKI.

[Mosuniro Pi HasuBaroTh K-0OMEXeHOI, SKIIO KITBKICTH MapkepiB y mii
no3uilii He MepeBHINye Jesike Yuciao K s yeiX JOCSKHHX MapKyBaHb 3 MHOXKHHHU
R(N), To6TO

s yeix M T R(N) icuye k: M(Pi) <= k.

VY cBoto yepry, mepexa Iletpi € k-oOMexeHoro, skio yci mo3unii mepexi € K-
oomexeHumu. ToOTo, sKkmo y Mepexi nosutii Pi oomexenl yucnamu kK1,k2,..., T0 B
uinomy mepexa [lerpi 6yne K-oomexenoro, npuuomy k = max{kl, k2,...}. Inakmre
Kaxydi, Juis KoxHOI mosumii Mepexi y Bcix mapkyBauHsix 3 R(N) icHye enuna
KIHIIEBa KIJIBKICTh MapKepiB, 110 3'SIBISFOTHCS TaM OJHOYACHO.

VY Bunanky, komu K=1, OoTpuMyeMO YACTKOBHIA BHIaJOK OOMEXKEHOCTI -
Oe3reyHa mo3wuilis Ta Oe3rmeyHa Mepexa.

Mepexa N BBaxkaeThCsi 0€3MEYHOIO, SIKIIO PU BCIX JOCSKHUX MapKyBaHHSX ii
NO3HIIIT HE MOXKYTh MaTH OlJIbIIIE OJHOTO MapKepy.

OOMeXEHICTh CBITYUTH MPO KIHIEBHI CTaH OKPEMHX CJICMEHTIB CUCTEMH, SKa
MOJIEIIOEThCs Mepexeto [leTpi, a Ge3nedHicTh BU3HAYa€e (hakT BUKOHAHHS YMOB TIpH
poboti 00'ekty MojmenoBaHHsA. OTXke, SAKIO HAKOMWUYyBad oOOJaJHAHHSA Mae
OOMEKEHY MICTKICTh, TO MO3HMIIsS siKa BioOpakae (aKT HAKOMUYEHHS MapKepiB-
JeTajgel MaTepiaibHOTO MOTOKY MOBUHHA OYTH OOMEXKEHOI0, a SIKIIO O0JaJHaHHS
3aifHsTe BUKOHAHHS IOTOYHOI oOlepalii, TO MO3ulid sKa BigoOpaxkae ued Qakr
NMOBUHHA OYyTH 3aBX1M Oe3nedHoro y mepexi [lerpi.

2. 30epeKEeHHICTh MEPEKI.

Mepexa Iletpi HasuBaeTbcs 30epirarovor0 IO BiJHOMICHHIO JO BaroBOTrO
BexTopy Z=(Zili=1,n), sikmo s koxxkHoro M T R(N) BHKOHYeThCs yMOBa:

a [zi* M(Pi)),i=1,n =34 [(Zi* Mo(Pi)), i=1,n] = Const.
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SAxmo Zi=1 pis yeix i=1,n, To Mepexa Ha3UBAETHCS CYBOPO 30€pirarovoro.
HeoOxinHOIO yMOBOIO 30€pe)KeHHS € OOMEKEHHICTh Mepexi, a J0CTaTHIM -
HasBHICTh BeKkTOpa Z.

Mepexa € 30epiratouoro, sKiio icHye pimenns cucremu R * S = Const, ne
pimeHHsM € BeKTOp S, a R - MaTpus nocsbkHuX MapkipyBanb 3 R(M).

30epiranHss Mepeki CBITYUTH PO HEMOXKIUBICTH 3HUIICHHS a00 BUHUKHCHHS
JOJJaTKOBUX pPeCypciB y cHCTeMI sKa MOJENIOEThes. Hampukmam, KuUTbKicThb
oOnaHaHHs HE3MIHHE /10 KIHIA poOOTH cucTeMu, ado BCl JeTanl NOBUMHHI MPOUTH
00poOKy, 3MIHUBIIHM CBOI BJIACTUBOCTI YU NIEPETBOPUTHUCS Y HOBI JI€Tal.

3. XKusicth Mepexi.

JXKuBIicTh - 116 BIACTUBICTD, 110 MOB'sI3aHa 3 BIJCYTHICTIO TYNIKOBUX CHTYallii
(6ytoxyBaHb) Ta 3aIMKIIOBAHb Mpoliecy QyHKIIOHyBaHHS Mepexi. O0'ekT, Moaeri
SKMX BOJIOJIIOTh BJACTHBICTIO JKHBOCTI, MOXXYTh IEPEXOJAUTH 3 OyIb-IKOTO
JOCSDKHOTO CTaHy B IHIIIE, Y TOMY YHCII | B TOYaTKOBE.

Mepexy BBOKAIOTh )KHUBOIO, SIKIIIO BUKOHYIOTHCS JIBI YMOBH

T]

1) mns yeix Tj T T icaye MI, Mk T R(N): Ml P MK, T0o6T0 6Yyap-siKuii
nepexi] IOBUHEH CIPaIlbOBYBATH IIPH MOJICTIOBaHHI poO0TH Mepexi (0Tke Oyab-sika
Tist Oy/ie 3aBK/I1d BUKOHAHA B CHCTEMI);

2) mna yeix MLMk T R(N): Ml b Mk, to6t0 B Mepexi icHye
B32€MOJIOCSDKHICTh MapKyBaHb, y TOMY 4YHCI | TIOYaTKOBOTO MAapKyBaHHSI, IO
BH3HAYa€ BIJICYTHICTh TYNHKIB Ta 3al[MKIIOBaHb y poOoTi Mepexi (omke mporiec
(GYHKIIIOHYBaHHS CHCTEMH 3aBXKIH 3aBEPIIYETHCS HOPMAIbHO, MOBEPHYBIIUCH Y
MOYaTKOBUH CTaH).

Mapkysanns M 1 R(N) Ha3uBaIoTh TYHiKOBHM, SIKIIO B ITbOMY CTaHi 5KOJIEH 3
NepeXo/iiB HE MOXE CIpamrpoBaTh. Mepexa, 10 Mae TYIIKOBI MapKyBaHHS € HE
’KHUBOIO.

SAxmo y mepexi N € nosumii Pi nis ssxkux F(Pi,Tj)=0 a6o H(Tj,Pi)=0, a mepexa
N', mo € yactunor N 6e3 Takux Mo3ulliil € KUBO, TO Mepexxy N BBaxar0Th yMOBHO
’KHUBOIO.

3.5.5. Meroau ananizy BiaactuBocTeil mepexi [letpi

BukopucToBYIOThCS TaKi METOJIM aHaji3y BiIacTUBocTeil mepesxi [lerpi:

1) mocnipKeHHsT CTPYKTYPH JAepeBa JOCITaeMOCTI;

2) TOCTIDKEHHS MATPUIHOTO Mo1anHs Mepexi [letpi;

3) peaykiliiiHi crrocoOu aHai3y.

Busnauenns BnactuBocTeil mepexi [lerpi Ha oOMekeHICTh Ta O€3NEeYHICTh 3a
JIOTIOMOTOI0 JiepeBa JOCSHKHOCTI mepedadyae JOCHIKEHHsI KOXKHOI BepIInHU rpady
Ha MOTOYHY KUIBKICTh MapKepiB B KOXHIA MO3UIIi, a KMBICTh BCTAHOBIIIOETHCS 32
YMOBHM BUKOHAHHS HaCTYITHUX BUMOT

- B MIO3HAYKaX AYT BUKOPUCTaHI yC1 MEPEXOH MEPEXKI,

- HEMa€ BEpUINH, 1110 TO3HAYAIOTh TYIMIKOBI Ta HAKOMUYYIO4l MAPKYBaHHS,

- yCl HIUKJIIYHI TOBTOPEHHS BEPIIMH MalOTh BUXIJ 3 LBOTO, MO BEAEC 10
[I0YaTKOBO1 BEPILIUHY,
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- ICHY€ IIMKJI y IOYaTKOBE MapKyBaHHSI.

[IpoTe BU3HAYUTH BIACTUBICTH 30€pIra€eMOCTI MEPEXK1, BUKOPUCTABILU JAEPEBO
JTOCSKHOCTI HE MOKJITUBO.

Omxe, mepeBipka BIACTUBOCTEH MEpEk MOXKE BUKOHYBATHCHh MUIIXOM
noOyJ0BH | aHami3y JepeBa JIOCATaEMOCTI, aje e NOoTpeOdye BCTAHOBICHHS YCIX
JOCSOKHUX y MEPeXi MapKyBaHb, 110 € BaKKOIO 33JIa4CH0 MOBHOTO Mepedopy CTaHIB.
Tomy icHye iHmmi croci0, sikuii ysBisie coOOK CTPYKTypHUE aHaii3 Mepexl,
3aCHOBaHUWI Ha MATPUIll IHIUACHIIIH | TOYaTKOBOrO MapKyBaHHs [9].

Buxoasiun i3 yMOB 30y/UKCHHS Ta CHpAIlbOBYBaHHS MEPEXOJiB, TUHAMIKY
Mepexi B mpocTopi craHiB (MapkyBaHb) MOXHA OIHMCATH TAaKHUM PEKYPEHTHHM
piBHSIHHSM (PIBHSHHSIM CTaHY MEPEXi):

Mk =Mk-1+A* Uk;k=12,. (5.2)
ne Mk - cran, y skwit nepeiine mepexa 3 crany MK-1 y pesynberati K-ro
BBy UK  (cmpanboByBanust mepexoay); Uk=[Ujk] - kepyrouuii BekTop,

komroHeHTa sikoro Ujk=1, skmo B K-ii MOMEHT acMHXPOHHOTO 4Yacy BHHHKAE
crpaiboByBaHHs niepexoay 1), abo Ujk=0, skio crpanboByBaHHs HE BiOyBa€ThC;
A=[AIi]] - wmaTpuns IHUWACHLIW TO3MUIIN Ta nepexoaiB, eileMeHTH Alij sKol
nopisaioTh |, -1 a6o 0, xomu, BignmosimgHo, mepexig Tj mae | BuxigHUX Ayr 10
no3utii Pi, | BXigaux ayr 3 no3uii Pi, abo He Mae 3B'13Ky 3 mo3utiieio Pi.

Matpuirro A MOXKHa po3paxyBaTd Ha ImijacTaBi omeparii Haj MaTPHUISIMHU
F=[Fij] i H=[Hij], sixi 3amatoTh KiabKICTb AYT, 110 BUXOASATH BIAMOBIIHO 3 MO3MUINIH |
nepexo/iiB

A=H- F,
TOOTO eneMeHTH Fij 3amatoTh KinbKicTh MapkepiB, siki moTpiOHO 3a0paTu 3 no3uiii Pi
NpY CIIPalbOBYBaHHI mepexony Tj, a enementd Hij BU3HAUIOTH KIIBKICTE MapKepiB,
sIKI HATPaBJISIFOThCS Y MO3uIlit0 Pi mpu cripaiiboByBaHHI iepexony Tj.

OueBuHO, MO0 B Oy/Ib-SKOMY CTaHI KOMIIOHCHTH BEKTOpa MapKipyBaHHS HE
MOXYTh OyTH Big'eMHUMH. BOHI MOXyTh mpuiimaru nimie HynIbOBI a0o JoJaTHI
iytouncenbHl 3HadeHHs. Lsg ymoBa y matpuanomy 3anucy mae Bug MK >= 0 s Bcix
K. BpaxoByrouu octaHHe, 3 piBHAHHsS cTaHIB onepxkyemo Mk-1+ A * Uk >= 0, a
nociigoBHICTh MapkyBaHb (5.1) MO)KHA 3aMIHWTH €JUHHUM BHPAa30M Yepe3 MOYaTKOBE
MapkyBaHHs Mo | BEeKTOp TiipaXyHKY CHpaIllbOBYBaHb:

S=3 [Uk k=1,23,..]; S=[F]i=1,m]. (5.2)

OneMeHT § BKaszye, sKy KIJIbKICTH pasiB  chpamnboBye mepexin T) B
TIOCJII IOBHOCTI MapKyBaHb, sika ine Bix Mo k MK. BpaxoByrouu pisasiaHs (4.2), 3
(5.1) oaepxumo:

Mk=Mo+A*S (5.3)
AO0O yBIBIIY BEKTOP 3MIHA MapKyBaHHSI
dM = Mk - Mo,
3 piBasiHHSA (5.3) 07ep)KUMO pIBHSHHS
A* S=dM (5.4)

Bcl MoxnuBI pillieHHsT JaHOTO DPIBHSHHS MOXXHA OTPHMATH 32 JIOIIOMOT'OIO
OJTHOTO 3 METO/IIB PIIIEHHS 3a/1a4 IiJI0YHCEIBHOTO MPOrpaMyBaHHSI.
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Po3risitHeMo BHKOpHCTaHHS METOJIB JIIHIWHOI anreOpu B  po3B's3aHHI
PEKYpEHTHHUX PIBHSIHBL 3MIHU CTaHIB Mojel Mepexi. BoHU 103BONSIOTH Ha OCHOBI
MATeMaTUYHOTO JIOCHIDKCHHST CTPYKTypu Oirpadga Mepexki | [MOY4aTKOBOTO
MapkyBaHHs Mo OWIHUTH Taki SIKICHI XapaKTEPUCTHKH MEpEXi sIK 0OOMEXKEHHICTb,
KHBICTb.

[inouncenbuuii Bextop X = [Xi|i=1,n], sikuii € pitmeHHsM JIHIHHOT cUCTEeMH

A~*X=0 (5.5)
HA3UBAETHCS P-IHBAPIaHTOM.

Posrnsunemo piBusHas (5.1), 0OMABI YacTMHHM SKOTO IOMHOXXHMO Ha

TpaHCHIOHOBAaHUN BeKTOp X~ (~ - TO3HAYKA TPAHCIIOHYBaHHS):

X~*M=X~*Mo+X~*A*S (5.6)
Bpaxosytouu (5.5) i Te, mo A~* X = X~* A, 3 Bupasy (5.6) oxepxumo:
X~* M = X~* Mo (5.7)

ToOto, Oynp-sikuii P-iHBapiaHT XapakTepusye BCl JOCSHKHI — MapKyBaHHS

Mepexi 3 TOUKH 30py 30€peKeHHSI ISIKUX BIACTUBOCTEH NpoIieciB. SIKIO MO3HAYUTH
X~* Mo =Ko,

ne KO - koHCTaHTa, TO IHBaplaHTHICTh MapKyBaHb MEpeX| MPEACTaBUMO Y
BUTJISA/I CIIiBBITHOMICHHS-PIBHOCTI:

X~* M =Ko = const (5.8)

Bektop X ToMy Ha3uWBalTh P-IHBapiaHTOM, IO BiH BHU3HAYA€ BJIACTUBOCTI
CTPYKTYpH Mepexki y posmojinai MapkepiB 3a mosuilisMu Pi He3anexHO Bia Oynb-
SIKOT'O JIOCSDKHOTO MapKipyBaHHS.

BpaxoBytoun, mo cuctema (5.5) Moke MaTH HECKIHUCHHY KIJIBKICTh PILICHB,
(byHIaMEHTAIBHOKO CHUCTEMOIO PO3B'SI3KIB CHCTEMH JIIHIMHUX OJHOPIIHUX piBHSHB
HA3MBalOTh TaKy CYKYIHICTh pillleHb, 332 JIOMOMOTOI0 SKOi BHpa)aroThCs BCl IHIII
po3B'si3ku. Skiio paHr matpuill A gopiBHIOE uncay HeBigomux (f=N), To cucTeMa
(5.5) mae Tiapku HysIbOBE pimeHHs. SAkmio r < n, o cuctema (5.5) okpiM HYIHOBOTO
Ma€ HECKIHYCHHY MHOKMHY IHIIMX pIIICHb, NpUYoMy (yHIaMEHTaIbHA CUCTEMa
ckianaetbes 3 (N-r) BekropiB X. Panr matpuni A = [alj] po3mipom (N X M) gopiBHIOE
HAMBHUIOMY TOPSAAKY BIIMIHHOTO BII Hy/Is BHU3HAYHHKA, OJIEP>KaHHOTO
BUKpecoBaHHsaM (N-r) croBomis | (M-r) psakiB 3 marpuni A. Takum 4mHOM, BCi
iHBapianTH X I MapKyBaHb Mepexi MokHa oTpuMmatu 3 (N-r) Oa3sUCHHUX pIllICHb.
OO'enmHaBIIM 3amKcaHi y BUTISAI BEKTOPIB-pAAKIB pilieHHs (yHIaMeHTaIbHOT
CUCTEMH, OJICP)KMMO MATPHIlO IHBapiaHTIB un O0a3ucHux pimens B. Toxal mis Oyab-
SIKOT'O JIOCSDKHOTO MapKyBaHHS 1o1i0HO piBHSIHHIO (5.7) MaTHMe

B*M=B* Mo=Ko (5.9

SIkmo BClI KOMIIOHEHTH pP-iHBapiaHTy HeEBIJ'€MHI, HOro Ha3WBaKOTh -
naHmrorom. [ToBHUH pP-nmaHIOr - 1€ P-IHBapiaHT, BCl KOMIIOHEHTH SKOTO JOJATHI,
TOOTO TIOBHUU P-JNAHIIOr MICTUTH y coOl Bci mosumii mepexi. Mepexa Iletpi
iHBaplanTHa (30epiratoua), SAKOO g Hel ICHye MOBHUEM pP-nmaHipor. [loBHuWit p-
JIAHIIOT MOTPIOHO IIyKaTH cepe]] yCiX pillleHb GpyHAaMeHTalIbHOI cuctemMu B abo 1x
JMiHINHOT KOMOIHaN|1.

laBapianTHa Mepesxa [leTpi € oOMexeHO, ane oOMexeHa Mepexa MOKe OyTH
HE IHBapiaHTHO, TOOTO HE MaTH MOBHOTO JIaHIIOra. [le BUILIMBAE 3 TOrO, IO SKIIO
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X - moBHu# p-nanmor i X~*M=KO0, To 3BakeHa cyma MapKepiB 3a BCiMa MO3HIIIIMU
a [(Xi * Mi), i=1,n]=Ko € obmexeHo0. A ockinpku Xi - momaTHi | Bca cyma

oOMexeHa, To | MapkyBaHHS Bcix mosuiiii mepexi Mi<=Ko/Xi obomexeni. Cif
3ayBa)KUTH, IO SIKIIO MOBHUM P-ITaHIIOr € OIMHUYHUM BeKkTopoM 1 KO=1, To mepexa
€ 0e3MeYHOI0.

Po3risitHeMO HACTYNHY XapaKTePHCTUKY MEPEki - KUBICTh, BU3HAYCHHS SIKOT
0a3zyeTbest Ha oOuunciieHH| t-iIHBapiaHTIB.

Llinourcnenuii Bekrop Y = [Y][[=1,m] Ha3zuBaeThcs t-iHBapiaHTOM, SKIIO BIH €
PO3B'I3KOM JIHIHHOT OAHOPITHOT CUCTEMU

A*Y =0 (5.10)

SIkmo 3HavyeHHs t-iHBaplanTy minctaButu B piBHsAHHS (5.3) 3aMmicTh BekTOpa

i IpaxyHKy CHpaIbOBYBaHb S, TO BUSBUTHCS, 110
M=Mo+A*Y =Mo.

3Bigcu BumumBae, mo skmo Y0, To Mepexa criiika, TOOTO MICIA ACSIKUX
CHpallbOBYBaHb MEPEXO/IB BOHA MOBEPTAEThCA B MouaTkoBuii ctaH MO. CrilikicTb
Mepexi ToB'sI3aHa 3 11 UKJIIYHOK MOBTOPIOBAHICTIO, MounHatoun 31 crany Mo. Crin
3a3HaunTH, 1o cepen pimenb cuctemu (5.10) mMoxyrs Oyt | Taki Bekropu Y,
KOMIIOHEHTH SKUX Bij'eMHI.

[ToBHuii t-nanmor - e t-iHBapiaHT, Bci KOMIOHEHTH SIKOTO noaaTHI. [ToBHwMIA t-
JIAHITIOT BKITIOYAE B OOl yci mepexoan Mepeski. SIKIno Mepexa Mae MOBHUI t-aHIIoT,
TO BOHA CTIiiKa, IO € TITbKA HEOOXITHOK YMOBOK JKHMBOCTI TpPH OYIb-IKOMY
MOYaTKOBOMY MapKyBaHHI, OCKIJIbKA BCTAHOBJICHO, IO B TOCJIJIOBHOCTI MapKyBaHb
Bigx MO 1o M=MO cnpanpsoByOTh BCi mepexonu, aje He BH3HAUCHO YU ICHYKOTH
TynikoBl MapkyBaHHs. [lomyk moBHOro t-;maHirora 37IHCHIOETBCS TOAIOHO 10
MOIIYKY MIOBHOTO P-JaHItora. TakuM YWHOM, SIKIIIO MEepexka )KHUBa, TO BOHA CTIHKA.

BupiimuMo nuTaHHSA 3HAXOPKCHHS TYMIKOBMX CTaHIB. TymiK e AOCSKHHUM 3
MOYaTKOBOTO MapKyBaHHS CTaH y SIKOMY He 30Y/KCHHI JKOJICH 3 TIEPEXO/IIB MEpexi.
3anuuieMo yMOBY 30Y/IXKEHHsI IEPEeX0y 1) Y HACTYITHOMY BUJII:

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

ne E - onuHuuHU BEKTOP.

Ockillbku MHOXHHA JOCSOKHMX MapkyBaHb R(N) moBHHHA 3a70BOJIBHATH
ymoBi (5.9), To BincytHicTh 30ymkyBanux nepexois aiust M e R(N) ciig Bu3HaunTu 3
PO3B'SI3KY TaKOi CUCTEMU

B*M=B* Mo (5.11)
F*M=F*E-E

SIKImo 1 cucTemMa Mae pIlIeHHs, TO Jeske 11 MapKyBaHHsS € TYMIKOBUM, B
IHIIIOMY BHIIQJIKy Mepexa He Ma€ TYIIKIB | € )KUBOIO.

BaxxkicTh 3aCTOCYBaHHSI MATPUYHOTO JOCHIIKEHHS CKIAJAEThCSI B TOMY, IO
pO3B'3aHHS PIBHAHb € HEOOXIIHUM Ui BHU3HAYEHHS JKUBOCTI 1 MNOTpelye
3HAXOJPKEHHS paHTy MaTpHill, U0 € CKIaJHOI 3a/Jaueto MpHU BEJIMKIA PO3MIPHOCTI
matpuii mepexi Ilerpi. Kpim Toro, po3s'siskam MOXyTb BIANOBIIaTH HEAOMYCTHUMI
MOCJI1IOBHOCTI 3aIyCKy MepeXo(iB ab0 B3araii AeKUIbKa MOCI1I0BHOCTEH.
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ToMy oTpumanu MNOMMPEHHS PEAYKIIAHI METOAM JOCIIKEHHS, UIO0
J03BOJIAIOTH 3aCTOCYBAaTH 0 Mepexi LIeTpi CTpyKTypHI NepeTBOPEHHs 3aCHOBaHI Ha
JEKOMIO3UIIi 3 METOI0 3MEHILEHHS PO3MIPHOCTI Mepexki a00 MHOXUHU JOCSKHOCTI 1
CIPOILCHHS TPOILIEAYPU aHai3y BJIACTUBOCTEW IWHAMIKU poOoTH. Pepykiis - 1e
npoueaypa roMomMop(iyHOro MepeTBOpeHHs mepBUHHOI Mepexi Ilerpi B i
peaylboBaHuii o0pa3, B SKOMY 30eperarThCsi JOCTIIKYBaHI BJIACTUBOCTI 1
NPUHIUIY GYHKIIOHYBAaHHS OPUT1HAJIBHOT Mepexi. SIK HACH110K, aHaJli3 CIPOIIEHHOT
Mepexi JacTh BIANOBIAL MPO BJIACTUBOCTI NEpPBUHHOI. Bci MeToam mnpoBeneHHs
penykiii B Mepexkax IleTpi 3acHOBaH1 Ha PI3HUX CIOCO0AaX BUAUICHHS MiAMEpEX Ta
MOJJATBIIOTO 1X 3aMIIIEHHs IHIIUMU CTPYKTYPHUMH MOaHHAMH [ 7].

Buninenns migMepex, ski Hagadl OyAyThb MaTh Ha3By MEpPEKOBUX OJIOKIB,
0a3yeTbCsl Ha TAKUX CIOCO0AX MOy IEPBUHHOI MEPEXKHU HA YACTUHU:

1) 3a TUHAMIYHUMU O3HAKaMU POOOTH;

2) 3a CTPYKTYPHOIO IMOOYI0BOIO.

Penykuiga 3a nMHaMIYHMMM O3HAKaMU TOJISATa€ y BHUJIJIEHHI TaKMX YacTHH-
OJIOKIB y TEepBUHHOI MeEpexl, sKI MarTh JOCIIKYBaHI BJACTUBOCTI abo
(YHKLIOHYBaHHS iX 3aMIHHUKIB HE 3MIHIOE.pOOOTY CYMIKHUX €JIEMEHTIB MEPBUHHOI
Mepexi. Tonal aHami3 BIAaCTUBOCTEN Oyze MONSArath y iX BU3HAUEHHI B MEPEXKOBHX
0JIoKax Ta B peayllbOBaHOMY 00pa3i MEepBHUHHOI Mepexi. SKIo po3Mip NMEepBUHHOI
MEpexXi € HAATO BEJIMKUM, TO 3aCTOCYBaHHS LbOIO CHOCO0Y BUSIBISETHCA
NpoOJIeMaTUYHUM Y 3B'SI3KY 3 HEOOXIJHICTIO BU3HAYEHHS BIACTHUBOCTEH poOOTH 3a
JOTIOMOTO0 OJTHOTO 13 HaBEICHUX paHIlle METOAIB aHaJlI3y Y CTBOPEHUX MEPEKOBHUX
0JIOKIB Ta YMOB B3a€MO/1i OJIOKIB 3 1HIIMMH €JIeMEHTaMUu MEePBUHHOI Mepexi. Takum
YUHOM, JaHuM cnocid penykuii He mnepeadadae (opMali3oBaHUX MPOLENYP
BUJIUICHHS NIMEPEX 1 CTBOPEHHS MEPEKOBUX OJIOKIB.

Penykiiss 3a CTpyKTypHOIO MOOYAOBOIO TMOJISITAE Yy BHUJUIEHI B TEPBUHHOI
MEpeXi TaKUX YacTHH, SIKI MaloTh 3a3/IeJIeTib BU3HAauYCHY I'padoBYy CTPYKTYpY 3
BXIIHUIMH 1 BUXITHUMHU ejeMeHTamMH (HO3MIisIMH a00 MepexojaMu) OIHAKOBOIO
TUIY, B SIKIl rapaHTOBAaHO HAsBHICTh JOCHIJKYBaHUX BJIACTUBOCTEH 1 BHU3HAYEHO
YMOBH KOPEKTHOI B3a€MOJII 3 30BHILIHIMH €JIEMEHTaMH MEPBUHHOI MeEpexi.
30KpeMa, TakuMU TpadoOBUMH CTPYKTYypaMH NOOYAOBH MEPEKOBUX OJIOKIB MOXKYTb
OyTH BU3HAUCHI:

1) aBToMaTHI OJIOKH - CTPYKTYpPH 3 TOCIIJJOBHHM CHPSMYBaHHSM IMO3UIIHA 1
Nepexo/1iB BiJ BXOJly /10 BUXO.Y;

2) YMOBHI OJIOKH - CTPYKTYpH 13 aJlbTePHATHBHUM CIPSMYBAHHSMU MO3HUIIIHN 1
Nepexo/iB BiJ BXOJly 10 BUXO.Y;

3) mapanenbHi OJOKU - CTPYKTYPH, BHYTPIIIHI €JIEMEHTH SKHX MAlOTh CIUTbHI
BXO/IY 1 CITIJIbH1 BUXO/IH,

4) uMKIiYHI OJIOKM - aBTOMATHI CTPYKTYpH, B SKHX JOJAaTKOBO BH3HAYCHO
MOBEPTAOU1 MOCIIIOBHOCTI, 110 3B'SI3yTh BUXI1J 13 BXOJIOM.

XapakTepHOIO O3HAKOK KOPEKTHOI MOOYI0BM OJIOKIB Jis JOTPUMAHHS
BJIACTUBOCTEN poOOTH € B3aeMojiss OJOKY 3 30BHIIIHIMU €JIEMEHTAMH MEPBHUHHOI
MepexXi TUIbKM Yepe3 BXOAM Ta BUXOJM, TOOTO BIACYTHI 3B'I3KM BHYTPIIIHIX
€JIEMEHTIB 3 30BHILIHIIIHIMUA €IEMEHTaMHU.
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3amilleHHs] BUAUIEHHUX OJIOKIB HAa CHPOIIEHHE iX MOJAaHHS BUKOHYETHCS MPH
YMOBI, AKIIO [I€ HE MNpHU3BEIE N0 3MIHU (PYHKIIOHYBaHHS CYMIDKHUX €JIEMEHTIB
MEPBUHHOT Mepexi, TOOTO HE 3MIHMTBCS MOPSAOK CIpalbOBYBaHHS IMEPEXOJIB 1
MapKyBaHHs no3uuiid. Hailuacrimie BuAUIEHI MEpeXoBl OJOKM MOAAIOTHCS MaKpo-
MO3ULISAMH, MAKPO-TIEPEX0JaMH y BUMAJKY, AKIIO BXOAM 1 BUXOAHU OJIOKIB € OJHOIO
TUIy, ad0 00'€IHYBaJbHUMU AyraMu B IHIIOMY Bunajky. IIpore BxinHi1 abo BUXIiJHI
€JIeMEHTH OJIOKY 3aBXIM € OJHOIO THUILY - MO3MIT Yd nepexoau. Makpo-mo3uiii
BUKOPUCTOBYIOTHCA JJIsi 3aMILIEHHSI CTPYKTYp OJIOKIB 3 TPAHUYHUMU €JIEMEHTaMU -
MO3ULISMH, 110 MalOTh 3B'A30K 3 30BHIIIHIMHU €J€MEHTaMu - nepexogamu. Makpo-
Nepexo BUKOPUCTOBYIOTHCSA ISl 3aMILIEHHS CTPYKTYp OJOKIB 3 T'paHUYHUMH
eJeMEHTaMH - [epexojiamMu, W0 MaloTh 3B'A30K 3 30BHINIHIMU €JIEMEHTaMH -
no3uuismMu. O0'€eTHaHHA AYr BUKOPUCTOBYETHCS ISl 3aMILLIEHHS CTPYKTYp OJIOKIB 3
IPaHUYHUMU €JIEMEHTaMM PI3HUX THUIIIB 1 MOJAETHCA K 3B'sI3Ka "'TO3ULIA-TIEPEXON”
abo "mepexoa-nmo3uiis’, e MO3Ullisl 1 mepexo ] Bi1oOpaXkaroTh BIANOBIAHI I'PaHUYHI
€JIeMEHTH OJIOKY.

Takum ynHOM, peAyKI[iHHI CTOCOOU aHalli3y MOYKHA BBa)XKaTH KOMOIHOBaHUMU
METOAMH JOCIIPKEHHS BIIACTUBOCTEN MEPEXK, 1110 JT03BOJISIOTH 3MEHIIUBILIN PO3MIp
Mepexi ePEeKTUBHO 3aCTOCYBATH METOAM aHaNI3y JIepeBa JOCSHKHOCTI YU MAaTPUYHOTO
MOJIaHHS.

3.5.6. [Ipuknax anamizy mapexi [etpi

PosrnsHemo Ha mnpukianl  HaBemeHoi Mepexi  (Man.5.2) MOXIHBOCTI
BUKJIQJICHHOT'O MaTPUYHOTO MIX0AY J0 aHai3y BIACTHBOCTEH.

OO

(T

FI T

Mai. 5.2
Jns 3amaHoi Mepexi BiamoBimHo a0 piBHsHHS (5.5) p-imBapianT X €
11 IOYMCIICHUM PO3B'SI3KOM CHCTEMHU:
-X1+X3=X2+X3=X1+X2-X4=0
Panr marpuni A (ta6n.1l) cuctemu A * X = 0 nopiBHioe 3, TOMy JlaHa CUCTEMa
Mae Jiiie oaHe 6asucHe pimeHas (N-r =4-3=1)
X~=[1-110].
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Buxoasdi 3 11p0oro He MOKHA 3pOOHMTH BHCHOBOK, IO JOCIHIDKYBaHa Mepexa
€ 00OMEKEHOIO.

Tabanmg 1
Matpuist A~
no3uii, Pi1
[Tepexonu T] 1 2 3 4
1 -1 0 1 0
2 0 -1 -1 0
3 1 1 0 -1
Tabaumg 2
Martpuns F
no3umii, Pi1
[Mepexonu T] 1 2 3 4
1 1 0 0 0
2 0 1 1 1
3 0 0 0 1

Po3paxyemo t-inBapiant Y. 3 cuctemu (5.10) omepxuMo cHCTEMY piBHSHB:
-Y1+Y3=-Y2+Y3=Y1- Y2=-Y3=0.

Cucrtema mae Jymiie HynboBe pitnenns Y~ = [0 0 0], tomy B maHiii Mepexi He
ICHye MapKyBaHb, sKi 1M03B'13aHl ukiIamu y rpadi craniB. MapkyBanus M criiBnanae
3 MOYATKOBHUM, SIKIIO TIIBKH HE CIPAIbOBYE XKOJCH 3 MEPEXOJiB MEPEexki, OCKIIIbKH
BCl KOMIIOHCHTH BEKTOpa HYJbOBI. |Hakmie kaxyuuw, ockiapku Y = 0, TO
HOCJII IOBHICTh CTaHIB HE Ma€ MOBEPHEHB | Mepexka € HECTIMKO0, a TOMY | HEeXKUBOIO.

B 3B'13Ky 3 0fiep>KaHUMU OCOOTMBOCTSIMH JIOIITbHO BU3HAYHUTH, YU Ma € TYITUK
BKa3aHa 0e3MOBOPOTHS MOCIIOBHICTE MapkipyBanb. Cuctema (5.11) mae Bu:

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

OckibkH cHcTeMa Ma€ He HYJIbOBE PIIICHHS, TO MOXHA 3pOOUTH BHCHOBOK,
0 JOCHIDKyBaHa Mepeka € TYIMIKOBOK. A TYMIKOBHMH MapKipyBaHHIMH
JOCSHKHAMU 3 MTOYATKOBOTO OyAyTh Takl, 10 33JJOBOJILHSIOTH CIiiBBigHOmEHHsIM M1
=M4=0,M2=M3=Const > 0.

OTxke, 3aCTOCYBaBIIM BHINEC PO3TISHYTHH miaxin mo ananizy mepexi [lerpi,
MOJKHA BIIEBHUTHCH B TOMY III0 BOHA HEXXHBA | TYNIKOBA.

3.5.7. Moauduxkarii mepex [etpi

Mepexi IleTpl, sik MaremaTHyHMiA 3aci0 OMUCY JOCIHIIKYBAHHX JTUCKPETHUX
00'ekTiB, BiJIOOpakatoTh JOTIYHY TOCIIIOBHICTD MO/, 10 BUHUKAIOTH y Tporecl 1X
GYHKIIIOHYBaHHS, 10 IKUX BIAHOCATH | BUpoOHUYI cuctemu. LIt mociiioBHICT ol
Ma€ XapaKTEPUCTUKU TapaleIbHUX MpoIeciB, KIIbKICHUN aHami3 sKux morpedye
BU3HAYCHHS y MOJIEJ]l YaCOBUX XapaKTEPUCTUK 00'€KTa MOJCIIOBAHHS, TUHAMIYHO
3MIHSIOUYMX BJIACTHBOCTEH JUCKPETHHX 00'eKTIiB, (ikcoBaHOro (MpiOpUTETHOIrO)
MOPSJIKY BUKOHAHHS 3aIlJIAHOBAHMX JIi Ta IHIIIe.
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Oxpim knacuuHoOro amapary mepexi I[leTpl mns ommcy poOOTH BUPOOHHYHMX
0araTOHOMEHKJIATYPHUX CHCTEM BUKOPUCTOBYIOTHCS Taki ii Moaudikarii:

1. KonbopoBi Mepexi

B 1mux mepexax mapkepu € 3aco0aMu YsBICHHS JUHAMIYHHUX 00'€KTIB, sKI
XapaKTepu3ymThcss HabopoM atpuOytiB. KoxxHOMy atpuOyTy CTaBUTBCA Y
BiIOBIIHICTE KOJIp Mapkepy, a mpaBuia 30yKCHHsS Ta CIpAIfOBAaHHS NEPEeXO/IiB
BPAaXOBYIOTh KOMOIHAIT KOJBOPIB, MO 3'IBISIOTHCSA y MO3MIIsIX Mepexi. [IpaBuio
30y KCHHSI IIEPEX0y Y KOJLOPOBIH Mepexki JOMOBHIOETLCS YMOBOIO, IO Mepeadayae
BUOIp MapKepiB TIIbKM BU3HAYCHUX KOJBOPIB 3 BXIJHUX MO3MIH I[LOTO MEPEXOY.
CrnpanbOBYBaHHSI TEPEXOJy JOMOBHIOETHCSI YMOBOKO PO3MIIICHHS Yy BUXITHHX
MO3HIIISIX MapKepiB BIMOBITHUX KOJIBOPIB.

dopmasibHO KOJLOPOBA MEperka BU3HAYAETHCS MHOKHUHOIO eJIeMeHTIB [7,8]:

CN=(P,T,FH,C| \y M),

ne C={Cl||=1,9} - MmHOXXHMHa KOJTBOPIB MapKepiB MEPEKi,

| :(P" C) T® (0,1) - dbyHKIIis JOMYCTUMHUX PO3MOALICHD KOJIBOPOBUX MapKEPiB
M0 BX1IHUM TO3UIIISIM IEPEXO/1B, 110 BU3HAYAE BapiaHTH iX 30yIKEHHH,

y:T" (P C)® (0,1) - byHKitis JOMYCTUMHUX PO3MOiICHh KOJTbOPOBUX MAPKEPIiB
M0 BUX1THUM TO3UIIISIM NIEPEXO/1B, 110 BU3HAYAE PE3YNbTAT iX CHIPAlbOBYBaHHS;

M:(P C)® {0,1,2,...} - MapKyBaHHSs MO3UIIi}l KOJILOPOBUMH MapKEepPaMHU.

Omxe, npu 30ymkeHHI nepexony (QyHKUis F Bu3HAuae CKUIbKM HEOOXiTHO
MaTH MapKepiB y BXiJHUX Mo3ullifx, a ¢yHkuis | - sikoro BoHM Kombopy. B
pe3yNIbTaTI CIpalboByBaHHs nepexoay QyHkuis H BU3Hauae CKUIbKK MapkepiB Oyze
y BUX1IHUX MO3ULIAX, @ QYHKIIA Y - IKOTO BOHU OYIyTh KOJIbOPY.

Takum uymHOM, sikimo mapkep konbopy Cl y mosumii Pi mpuiimae yuactp y
30ymkenni nepexony 1], 1o | j(Pi,C)=1 (ymoBHO Kakyui ayra 3 mo3uiiiPi 1o
nepexony 1] modapboana y komip Cl), a skmo mepexon Tj cmpaipoBye, TO
JOIYCTUMOMY PO3MOUIEHHIO KOJIBPOBUX MapKepIiB MO BXITHUM MO3ULISAM CTaBUTHCA
y BIIMOBIAHICTH BUXigHEe po3noaiieHHs ais sikoro Y j(Pi,Cl)=1 i 3 BXiTHUX MO3HIIiH
BIZIMIOBIZIHI KOJLOPOBI MapkepH 3a0UparOThCs, a BHXIAHI mo3uiii Pi oTpumyroTh
mapkepu Cl.

[Ipu mopentoBaHHI POOOTH NHMCKPETHHX IMPOLECIB BUPOOHUYBOI CHUCTEMH
KOJILOPOB1 MapKepu MOXYTh BIJOOpa)kaTv pi3HI €IEMEHTH MaTeplajJbHUX IMOTOKIB,
30KpeMa TUIU OOpoOJseEMUX NeTajei, IHCTPyMEHT, abo elneMeHTH 1HPOopMaliiHUX
MOTOKIB, HAPUKIIA/, (PYHKIIOHATbHUN CTaH 00J1aJHAHHS.

JI1s1 KONMBOPOBUX MEPEXkK ICHYIOTh aHAJOTIYHI METOJY aHaji3y BIIACTUBOCTEH
po6oTH, 110 po3risaanucs y mn.5.4.

HaBenemMo TUIBKM BIAMIHHOCTI y 3aCTOCYBaHHI, IO ICHYIOTb JISI METOIY
aHaJi3y MaTPUYHOTO TOJAaHHS IPU 3HAXO/KEHHI IHBapiaHT KOJILOPOBOi Mepexi [9)].

JluHamika pyxy MapkepiB y KOJbpPOBIH Mepexki MOJAI0Th PIBHSIHHSIM:

Mk = Mk-1+ D * Uk,

ae D=[Dij|Dij=(dijl,I=1,9)], i=1,n;j=1,m - kJIiTHHHA TPHOXBUMIPIOBaJIbHA
MaTpHIIsA, eJIeMEeHTH sAKoi Dij momalTbes y BUIUIAAI BEKTOPIB-PAAKIB JTMHOIO (.
SIkmo mo3unis Pi mae Buxigni myru xkonwopy Cl mo nepexony Tj, to dijl=-1, skmio
no3uilis Pi Mae Bxigni ayru xoasopy Cl 3 mepexony Tj, To dijl=1, skmio He mae ayr
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poro koisopy, To dijl=0. TooTo MaTpuns D dopmyerhes Ha 6a3i Gynkmiin F i H 3
ypaxyBaHHIM QyHKIiH | 1Y .

BnacTuBOCTI Mepeki BCTAHOBIIIOIOTh HACTYITHUM YMHOM.

J171s1 BU3HAYEHHSI 0OMEKEHOCT1 PO3B'SI3YIOTh CUCTEMY

D~*V =0,
ne V=[VIi] - Bextop-cToBOCIb P-IHBAPiaHTH, KOMIIOHEHTH SIKOTO TOJAIOTHCS K
Vi=(vil| 1=1,9). ®ynnamenranbha cuctema B mae (N-rq) po3s's3anb, KO I - paHT

Matpuii D, N - KuTbKicTh MO3MUIIIH, ( - KUIBKICTh KOJILOPOBUX MapKepiB.

J171s1 BUBHAYEHHS )KUBOCT1 PO3B'SA3YIOTh CUCTEMY

D*W=0,

ne W=[W]] - BekTop-cToBOCIH {-iHBapiaHTH, KOMIIOHEHTH SIKOTO IOJAI0ThCS
sk Wj=(wjl| 1=1,q).

YMoOBa ICHYBaHHs TYIIKIB B KOJBOPOBIA MeEpexi 3HAXOAMTHCS 3 aHali3y
CUCTEMU:

B*M =B* Mo;
O*MEO*FE-E,

ae O=[Qij|0ij=(0ijl,1=1,9)]; Oijl=1, skuo icuye myra konpopy Cl 3 Pi B TJ,

E'=[E]] - xniTkoBUiI BEKTOpP, KOMIIOHEHTH SIKOTO IIOJaHi Habopamu 3 (
OJTUHHIIb.

2. HacoBl Mepexi

LI Mepexi BUKOPUCTOBYIOTHCS JUISl PEaliCTUYHOTO BIIOOpaskeHHs MPOIIeciB Ta
NOJII#, SIKI BUMararoTh JUIsi CBOTO 3BEpPIICHHS IMEBHOrO 4acy. B wacoBux Mepexkax
KOXXHIW TO3uIlli BU3HAYAETHCS Yac 3aTPUMKU MapKepa MPH BUKOHAHHI MPOLEAYPH
30y/pKeHHsT mepexoliiB. ToOTO Ko Mapkep HaAIWIIOB O MO3UIl1, TO HA MPOTS3I
BCTAHOBJICHOTO 4Yacy IIed MapKep He BPaxXxOBYEThCS y MpaBuil 30yIKCHHS OYib-
SKOTO Tepexoay Mepexi. YacoBi Mepexki 4yacTillie BUKOPUCTOBYIOThCS y BUIMAJKAX,
KOJIM HEOOX1IHO BUKOHATH MEBHI PO3PAXYHKH Yacy poOOTH MOJENbOBAHUX 00'€KTIB
a00 BUKOHATU KUIbKICHUN aHaji3 poOOTH CUCTEMHU.

3. llpenukatni (mpioputeTHi) Mepexi.

s wmomudikamiss mepexx [leTpl BUKOPUCTOBYETBCS MJIE  MOJICITIOBAHHS
JeTepMIHOBAHOT MOBEIIHKM BUPOOHMYMX CHUCTEM. B 1ix Mepexkax BuOip mepexony,
KOTPUIl TOBHHEH CIIPAllbOBYBATH, 3aJA€ThCS MPEAUKAaTOM (MPIOPUTETOM), SKHIA
J0JaTKOBO BHU3HA4Ya€ YMOBH CIIPAllbOBYBAaHHS KOKHOTO TMEPEXoiay, 1Mo npedyBae y
KOHQUIIKTI 3a MapKepu y Mepexi BITHOCHO IHIIHUX 30yDKEHUX mepexoiiB. Takum
YMHOM, TPEAUKAT BH3HAYA€ TMPIOPUTETHICTH BUTPAT MapKepiB 30yIKCHUMH
NepeX0/IaMu Ta YeProBiCTh IX CIpaIlbOBYBaHHSI.

3.5.8. Meronuka MEpEKHOTO MOJIETIOBAHHS MpoIeciB (yHKUIOHYBaHHS
BUPOOHUYHUX CUCTEM

OcHoBy (popmanizoBaHOro MoAaHHs (YHKLIOHYBaHHS BUPOOHMYBOi CUCTEMU
IpY BUPILIEHH] 3a/1a4 ONEPATUBHOTO YIPABIIHHS CKJIAJA€ MPUHUUI BiIOOpaKEHHS B
MO/IeJll MaTepialbHO-TPAHCHIOPTHUX 3B'A3KIB BUPOOHWYUX MPOLECIB MPHU OpraHizamii
o0CTyroByBaHHsi POOOTH OCHOBHOI'O TexHoJoriuHoro ooOnagHanas [[1]. Lew
MPUHIMIT Tiependavae, MO MNpoleaypa MOOYyAOBH MOJAEN 3aJ0BOJIbHSE BHUMOTaM
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MOAYJABHOCTI 1 CTPYKTypHOi moAiOHOCTI. MOAYNBHICTE BU3HAYa€  MOALI
MO/JICJIbOBAHOTO 00'€KTy Ha eneMeHTH (MOJy:i), IUIsi KOXKHOTO 3 SIKUX OYIYyEThCS
BJacHa Mojelb. Moayib ysBIsi€ COOOI0 JTOCTaTHHO aBTOHOMHMM 3 TEXHOJIOTTYHOI
TOYKH 30py 00'€KT, TOOTO 3 BIITHOCHO HEBEJIUKOIO KUIBKICT' IO 3B'A3KIB I[OTO 00'€KTY 3
iHIMMHU. CTpyKTypHa MNOAIOHICTH MOJSATa€E y TOMY, IO KOXHOMY 3HAauyIIbOMY
CTPYKTYpPHOMY €JIEMEHTY O00'€KTa CTaBUThCS Yy BIJIMOBIAHICTh HAOOp €JIEMEHTIB
Mojieli, MHQOPMALIHHUNA CTaH SKUX OJHO3HAYHO BU3HAuYa€ (DYHKIIOHAJIbHUW CTaH
o0'ekty. Mogeni Mopayliei arperyrThCs s OTPUMAHHS y3araJbHEHOT MOJAEIN1
cucteMu. Takuii miIxo A0 MOJAHHS T03BOJIUTH CHOPMYBATH MOJIENIb IHBAPIAHTHY JI0
TEXHOJIOT1M BUPOOHMYMX TMPOIECIB, OJMHMIIL MaTepiaiIbHUX IMOTOKIB, CTaHIB
BUPOOHUYBOTO 00JaHAHHS, K1 OyAyTh BUCTYIIATH B SIKOCTI MapaMeTpiB MOJEIII.

3MICT METOAMKUA PO3KPHUEMO Ha TMPHUKIAJl ONUCY poOOTH PpOOOTHU30BAHOI
CUCTEMH 3 JBOX BEpPCTaTiB, OJHOTO TPAHCIOPTHOrO pOOOTY, BXIHUX Ta BUXITHHUX
HaKONMMWYyBaydiB JeTajedl 1 roroBoi mnpoaykuii. KoxeH BepcTaT Mae BXIiJIHUN
HaKOMHU4YyBa4d, JI€ 3HAXOJAUThCS MapTisi OOpoOIsIEMUX JeTalie, Ta BHUXIIHUI
HaKOINUYyBay, y AKui OyJe CKIaJ0BaHO pe3ysibTatu 00poOku. TpancnopTHuil poOiT
BUKOHY€E oOIlepailii 3aBaHTaXEHHS poOOYO0i MO3WINT BepcTaTa AETENI0 3 BXIJTHOTO
HAKOINMMYyBaya Ta PO3BAHTAXXEHHS FOTOBOI MPOJAYKUIi y BUXIAHUI HakonuuyyBad. Ha
BEpCTaTi OJHOYACHO MOXKE OOpOOJSATUCSA TUIbKM OJIHA JeTajb, TOOTO Ha poOouiit
no3ullii Mae OyTH He OUIbIlIE OAHIET 1eTal.

Cxnananag MoJeni QyHKIIOHYBaHHSI CUCTEMU 3/IIHCHIOETHCS TIOETAITHO.

1. BuzHaueHHs cXeM pyXy NpeaMeTiB BUPOOHUIITBA MO0 OOPOOHUM pecypcam 1
BUJIUICHHS] TUIIOBUX ONEpalliil 1 IpoOLEcCiB.

1) BuznauuTu cKiiaj onepaitiii mporeciB GyHKIIOHYBaHHS OKPEMHX CIIEMEHTIB
CUCTEMHU:

t,,t, - omeparlii 3aBaHTakeHHsA poOoYoi mo3milii Bepctata 1,2 3 BXIJHHX
HAKOIMYyBayiB,;

t,,t, - omeparlii oOpoOKu JeTaneil Ha BepcTaTax,

t.,t; - omepalii po3BaHTa)XEHHS TOTOBOI MPOIYKIIi 3 BEpCTaTIB y BHUXIJIHI
HAKOIMUYyBayi.

2) Bu3HauuTy yMOBU BUKOHAHHS OTIEPAIIii:

P, P, - CTaH 3aBaHTaXCHHS BXIIHUX HAKONUYyBadi BepcTaTiB 1,2 peransimu
U151 00pOOKH;

Ps, P, - 3aBEpIICHHS 3aBaHTaXEHHs poOOYOT TMO3HUIlli BEpPCTaTiB 1 3amuT
00poOKH;

Ps, Pg - 3aBEpIICHHSI OOPOOKHU 1 OYIKYBAHHS PO3BAHTAXKEHHS POOOYOT MO3UIIIT
BEpCTATIB;

P,, Pg - CTAH 3aBaHTAKEHHSI BUX1THUX HAKOMUYyBay1B TOTOBO1 NPOAYKIIIi;

Py, P, - CTaH TOTOBHOCTI BEPCTATIB 10 00poOKku - "Bepcrat BuibHUI",

P, - CTaH TOTOBHOCTI TPAaHCIOPTHOIO POOOTY A0 omepauiil 3aBaHTAKEHHS-
PO3BaHTaXKEHHS.

3) Cxmactu rpad (miarpamy) B3a€MO3B'SI3KIB  Omepallii  MPOIECiB
(YHKLIOHYBaHHS KOKHOTO €J1€MEHTY CUCTEMM:
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BepcTaT 1 - mociiIoBHO BUKOHYE orepalii t, ® t, ® t, 1 MOBEPTAETHCS y CTaH

TOTOBHOCTI;
BepCTaT 2 - MOCIII0BHO BUKOHYE omepauii t, ® t, ® t, 1 HOBEpTAETbCA Yy CTaH

TOTOBHOCTI;

pobOT - BHKOHYe OAHY 3 omepauid t,t,,t;,t; 1 IOBEpPTAETbCA Yy CTaH
TOTOBHOCTI.

2. CTpykTypu3alisi MOBHOTO ONKUCY (DYHKIIIOHYBaHHS CUCTEMH.

Bukonyerbcs kommnosuuis rpadiB  MpoleciB Yy €IMHY MOJAENb-CITKY
¢byHKUIOHYBaHHS cucTeMd. KoMmo3uilisi mpoBOAUTECA yepe3 00'€THaHHS CIUTBHUX
orepauii 1 yMOB iX BUKOHAHHS. Y CITKHM Omepalii NoJalThCs Nepexo aMu, YMOBH -
MO3UIIISIMUA, a B LUIOMY Mojzelib € citka IleTpi 3 HEBHM3HAYEHUM MOYATKOBUM
MapKipyBaHHsM 1 0€3 KOJbOpOBHX MapkepiB. Tomy usg Mozenb Oyae BiaoOpaxaTu
MHOXXMHY BapiaHTIB TPAHCHOPTHOTO OOCIYrOBaHHS BEpPCTaTIB POOOTOM 1 MOXKE
3aCTOCOBYBATHCS Il BU3HAUEHHHS Opradisallii ONepaTUBHOIO YIPABIIHHSA PYyXOM
AeTenen. SKIo aiaropurM TPaHCHOPTHOTO OOCIYyrOoBYBaHHS BCTaHOBJIEH, TO
HEOOX1HO Horo (opmanizyBaTu y napaMerpax MOJAENi.

3. ®opmyBaHHs ONUCY MaTePiaIbHUX MOTOKIB 1 CTaHIB BUPOOHUYUX PECYPCIB.

[IpoBoauThes (opmanizaiiss KOJIbOPOBUMU MapKepaMu CTaHIB JAeTaledl 1
BUPOOHHUYHUX €JIEMEHTIB CUCTEMH - BEPCTATIB 1 poboTa. BUu3HaueHo Taki cTaHu:

c,,C,,C;,C, - TOTOBHICTH pPOOOTa JO BUKOHAHHS BIAMOBITHUM omeparliit
t, 6.t

C, - TOTOBHICTh BEPCTATIB 10 BUKOHAHHS OIepalliil 3aBaHTakeHHs t, abo t,;

Cc, - 00poOJIIOBaHa JIeTallb.

4. IlapameTpuzaliiss MoJeJi 3TTHO 3 BHU3HAYEHUMHM TEXHOJOTISIMU
BUT'OTOBJIEHHS 1 JOMYCTUMHUMH CXEMaMHU PyXy MaTepiajbHUX MOTOKIB.

[lapameTpusaniss Mozeni o3Hadae (OpMyBaHHS B KOJIBOPOBIM CITKH MJis
KO)KHOTO Tmepexony (GYHKIIA JOMycTUMHUX po3noaiieHs |, Y. Buxomsdi, mo
BCTAHOBJICHUI aJTOPUTM TPAHCIOPTHOIO OOCIYyroBYBaHHS BEpCTaTIB IHependavae
LIUKIIYHE BHUKOHAHHSA TNOCIIOBHOCTI omepamid t,,t,,t;,t,, 3HaUeHHA (QYHKLIHA
"no¢apOyBaHHs AYT" MarOTh OYTH TaKUMH:

I (P1iCe) =1 1(Py,C) =1 1(Ps,Cs) =LYy 1(P3,Cs) =Y 1(Pu,Cr) =1
I2(P2:C6) =1 2(Pu,€1) =1 5(Py. Cs) =LY 2(P4:Ce) =Y 2(Pu,Cs) =1
I5(Ps:C6) =1 4(PasCe) =LY 5(Ps:Cs) =Y 4(Ps:Ce) =1,

I 5(p5’c6) :| S(pll’CB) :lly 5(p7’C6) :y S(pll’c4) :y 5(p9’c5) :l;
I'6(P6:Ce) =1 6(Pu1:Cs) =LY 6(Pg:Cs) =Y 6(Pu:C1) =Y 6(Py,Cs) =1.

Beci in11i 3HaueHHd QyHK11H 0opiBHIOOTH 0.

5. BuzHaueHHs OYaTKOBOT'O CTaHy CUCTEMHU.

[loyaTKOBHMIl CTaH CUCTEMHU MOJAETHCS SIK MOYATKOBE MAPKIPYBAaHHS MO3ULIM
KOJLOPOBUMHU MapKepaMmH 1 BU3HAUa€ 3aBJaHHS Ha OOpOOKY JeTalie Ta MOTOYHHI
(dbyHKIIOHANTBHUN cTaH oOsianHaHHsA. Hexall BXigHI HaKONMMYyBadl MarOTh MO OJHIM
JeTali, BEpCTaTH TOTOBI JO 3aBaHTAXEHHS 1 poOOT OYIKye BUKOHAHHS MEPIIOi
onepauii. ToMmy nmo4atkoBe MapKipyBaHHS CITKU MA€ BUTJISIAL

MO(pl’C6) :l'MO(pQ’CS) = MO(plo’CS):l'MO(pll’Cl):]"
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B ninomy moaens poOOTH30BaHOI cUcTeMH MojaHo Ha puc. 3.26. [loGynoBana
CiTka € OOMEXEHOI Ta YMOBHO HBOIO, TOOTO CTPYKTypa CITKM 0€3 MNO3UIIN

Hay, rnm H

BbIX1

P, P, Pyy Pg € JKUBOKO, TOMY IO BUPOOHHMYE OOJAJHAHHS CUCTEMHU IMICIsi 0OpPOOKH
JIeTaJICH MOBEPTAETHCS y TIOYATKOBUI CTaH.
Puc 3.26 ArperatHa MoJieb IBYXCTaHOUYHOI POOOTH30BAaHOT CUCTEMU
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