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BCTVYII

Jucrunmaiaa «MeToau onTUMizallli Ta KOMIIOTEPHI TEXHOIOTII» €
ONHIED 3 0a30BHX Yy MIITOTORINl MaricTpiB aBTOMOOITRHOTO TPaHCHIOPTY.
3aaadi onruMizanii Oyim LICPIIAMHU, JIOKJIAHO BUBYEHUMU  3aja4aMu
LIOIMYKY eKcTpeMyMa QYHKIIHA — IIpH  HAABHOCTI OOMEXKCHDL THITY HEPIBHOCTEH.
B 1820 p. K. ®dyp'er morim B 1947 p. Jlk. JlaHIUr 3allpolioOHyBaB  METO/T
HAIIPaBICHOTO IIepedopy CYMIKHUX BEPIIMH Y HAIPIMKY 3POCTAHHS IUIBOBOI
(yHKIND — CUMIDICKC-METO, IO  CTaB  OCHOBHMM  [pU  PO3B'A3aHHL
3aJad JIHIHAHOIO HPOrpaMyBaHHs.

Buaiiennas KJIacy CKCTpeMallbHUX 3aj1a4,
OOYMOBIICHUX MHIMHAM (YHKITIOHATIOM HA MHOKHHI, IO 3aJaeThes JT1HIHHUMHA
oOMeKeHHIMH, BapTo BijHecTH M0 30-X pokiR XX ctopiuus. OJHUMHA 3 TIEPITHX,
oo  JOCHLKYBaIM B zaraibmiil  ¢dopMi  3ajadi JIHIHHOrO IIporpaMyBaHH,
oyau: Jxon ¢on Heiiman, 3HamMeHuTHi MareMaTUK 1 (DI3UK, IO AOBIB OCHOBHY
TeopeMy PO MaTPHUUHI ITPU H CTBOPUR €KOHOMIUHY MO/IENh, 10 HOCUTH HOTO 1M'SI;
paJsdHCLKHI akajeMik, JlaypeaT HodeBebkoi mpemii (1975 p.) JI. B. Kanroposuu,
e chopMyIIOBaB psJl 3ajad  JIHIAHOIO IporpaMyBaHHS H 3alpOlIOHYBaB
(1939 p.) MeToJ IXHBOTO PO3B'SI3aHHI (METOJ PO3B'SI3HUX MHOKHHKIB), IO
HE3HATHO BIJIPI3HIETHCS Bl CHMIIIEKC-METOTY.

B 1931 p. yropcokuii Marematuk b, Ereppapi posrisiHyB  MarTeMaTUHHY
[IOCTAHOBKY W BHPIMHMB 3ajavy JIHIHHOTO NpoTrpaMyBaHHA, IO Mae Ha3Ba
«1podieMa BUOOPY», METO/[ PO3B'SA3aHHS OJCPKAB HA3BY «YTOPCHKOTO METOMY» .

JI. B. KanropoBuueM pazom 13 M. K. I'aBypunum B 1949 p. pospobieHo MeTon
[TOTEHITIAMB, IO 3aCTOCOBYETHCS TPH PO3B'SI3aHHI TPAHCIIOPTHUX 3ajad. Y
HacTymmHuX poOotax JI. B. Kantoporuua, B. C. HemumnoBa, B. B. HoBoxwuinora,
AL Jlyp'e, A. Bpyano, A. 1. Aranbersina, /I b. IOgina, E. 1. ['osbmreitna #
IHIIUX MaTreMaTHKIB 1 CKOHOMICTIB OTPUMANM 1IOJAIBLIIUA  PO3BUTOK  HK
MaTeMaTHIHa  Teopls JHIMHOTO 1 HETHIMHOTO  NporpaMyBaHHSI,  Tak 1
3aCTOCYBaHHS i1 METOMIB [0 JOCTHIKEHHS PI3HUX EKOHOMITHHX ITpoOiIeM.
MetojaM  JHIHHOTO HpOrpaMyBaHHd IIPUCBIYCHO Oararo poOIT 3apyOnKHHX
yaueHux. B 1941 p. ®@. JI. XIiTUKOK_ITOCTaBHUBR TPAHCIIOPTHY 3ajady. OCHOBHHH
METOJI PO3B'SI3aHHS 3aJlad JIHIMHOTO MporpaMyBaHHsI — CHMILIEKC-MeTo] — OYB
OIyOITIKOBaHHUH B 1949 p. JIxk. JlaHImirom. [Tojanpmmii  PO3BHUTOK
METOJIH THIHHOTO 1 HEMHIHHOTO — IIpoTpaMyBaHHS OTpUMald B podoTtax I



Kymna, A. Takkepa, I'acca (Gass S. 1.), Hapueca (Charnes A.), bura (Beale E. M.) ta
HITIHAX.

OjHOUacHO 3  PO3BUTKOM IHIHHOTO  NporpaMyBaHHS BeIMKa  yBara
MIPHUILIBIIAcS 3a/jadaM HeTIHIMHOTO IIporpaMyBaHHs, ¥ IKUX ado ITUThoBa (PYHKINIA,
a0o oOMexenus, ado Te i iame nemuidm. B 1951 p. 6yna onybinikoBana podora
Kyna # Taxkepa, y gx1ii HaregeH1 HeoOX1HI M JOCTaTHI YMOBH ONTHMAIBHOCTI
ST pO3B'SI3aHHA 3a3j7a4 HeNMiHIMHOTO mporpamMyBaHHS. [[g poGoTa mociyXKuia
OCHOBOIO JIJISl HACTYIIHUX JOCIKCHD V IT1H raimysi.

[Tounnarouu 3 1955 p. o1y OJIKOBaHO Garato poOIT,
MIPUCBIUSHUX KBaIPaATHIHOMY [IporpaMyBaHHIO (POOOTH buna, E.
bapankina (Barankin =~ E.) 1 /lopdmana (Dorfman  R.), ®panka(Frank M.)
1 Boasda (Wolfe P.),I". Mapxkorima ta 1HImIX). Y podotax Jlennica (Dennis J.
B.), Pozena (Rosen J. B.) 1 3onrenjeiika (Zontendijk G.) poszpodieno rpajicHrHi
METOJHUPO3B'A3aHHS 3a/ja4 HeJIHIAHOTO IporpaMyBaHHI.

Y nmaHuii 4ac g e(peKTUBHOIO 3aCTOCYBAHHH METOAIB MaTeMaTHYHOIO
IporpaMyBaHHSI i pO3B's3aHHS 3aj7ad Ha KOMITIOTEpax po3poOIeH! MOBH
anredpaitHoro MoJIEIOBaHHS, TIpeicTaBHUKaMHA SKUMHE € AMPL 1 LANGO.

[TTo cTocyeThes KOMIT IOTEPHUX TEXHOJIOTIH, TO BOHM 3aCTOCORYIOTHCS SIK Ha
eram 300py Ta nouepeanboi oopolku iHdopmanii, Tak 1 Oe3l0CepejHbO B
HAYKOBHUX JOCJIJKCHHSIX: KOMII FOTEPHOMY 3a0e3IICUeHH] EeKCICPUMEHTATBHUX
TOCHTKeHh, MaTeMaTHUYHOMY MOJIEMOBaHHI Ta  oOpolm  jgaHuxX. be3
KOMIT IOTEPHHX TEXHOIOTIH HeMoXImBo OOIWTHCh MM  dac opOpMISHHI
pe3yIbTaTIB  JAOCHIKEHB: TIATOTOBII HAayYKOBHMX TEKCTOBHX Ta TIpadiuHAx
JTOKYMEHTIB, eTIeKTPOHHNX Tpe3eHTaIll, aRTOMaTU30BaHOMY TIepeKIasl TEKCTIB Ta
1H.
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1 3ATAJILHI ITOJIOXKEHHS OITTUMIBALII IIOKA3HUKIB TEXHIKHA

1.1. OCHOBHI ITIOHSMTTS 1 BU3HAYCHIIS

MeTonu onTuMmizalli Hale:kaTh A0 MeTOMIB NPUHHATTA pirmeHb. Harre
KUTTS — CYHUIbHI HpoOIeMH 1 KOKHA JHOAWHA IOJCHHO 31IITOBXYETLCH 3
HeOOXITHICTIO IPUMHATTA PillieHs. [X Tak 6araro i mpHiAMAarOThCS BOHH TaK 4acTo,
e y OUILIIOCT] BHIAJAKIB 1IE IIPOCTO HE YCBLAOMIIOCTLCH. | TUIbKM HaWOLILIN
BaKIIHR1 1 BaKK1 PIINIEHHS BUALBIIOTLCS 1 CTAIOTh IpeMeToM aHamizy. [Ipu oMy
IIX1T 3aBKIA OJWH. 30HMpaeThcs TOUHA, HajliifHa 1 ajleKBaTHa 1HQpopMaIis, a

LIOTIM POOUTLCS BUOIP cepel MOKIMBUX PIITICHD.
Mok ITHBOIO € HaCTYTIHA CXeMa TIPoTIecy IPUHHATTS PillleHb:

1) Busnadenns 1poOieMu;

2) Bubip xputepiiB OoIliHIOBaHHS Ta 0OMEKEHB,

3) 301ip JaHux Ta YTOYHCHHS IIOCTAHOBKH 3aB I,
4) PozpoOka albTepHATUBHUX BapiaHTIR PIITIEHE,

5) MojieinoBaHHs, aHaIl3 BapianTiB Ta iX OIHKa;

6) llopiBHSIHHES BapiaHTIB Ta BUOIP albTepHATUBH,
7) TIpuHAHATTS PITIEHHS.

Jlamo flesiki TosICHeHeHHsI JIo HaBejleHoi cxeMu. [IpoGmeMa - ckiajHe
TeopeTHuHe abo IpaKTHYHE IUTaHHM, SKe OTpedye pOo3B S3aHHS, BUBUCHHS ado
AOCIKCHIS. 30KpeMa, Ha aBTOMOOLILHOMY TPAHCIOPTI JOCI HEBHPIIICHUMHU
3aMUIMAOTECS poOleMu Oe3MeKd JOPOKHROTO PYXY, 3aTOopH Ta 3adpy/THEHHS
HaBKOJIUIIHLOIO cepefoBuina. Kpurepiit — 3acid (IIOKa3HUK SKOCT1), SIKUM MOMKHA
BHKOPHUCTOBYRATH JITIST OIIHKHM 00’ €KTa, IpOoIecy 1 T. 1.

€ Taki Kpurepii OIHIOBAHHS:;
- SIKICH1 - HOMEHKJIaTypa BHPOOIB, HASIBHICTH (BIICYTHICTE ) IESIKOTO MPH3HAKY

- KUTBKICHI (UHCIIOB1) — IPUOYTOK, TEPMIHH, BUTpaTa CHPOBHHH, PO TYKTHRHICTh

Lpari;



- HOPSAKOBI (PAHIOB1) — SKICTD LIPOAYKINI, KBadidiKkalis HepcoHay.
Bujau oOMexeHn:

- 3akoHHM Ta HopMaTHUBHa 0a3a;
- @igancy,

- CupoBuna 1 MaTepiaim,

-  TexHonoriuge oOIa HAHHS.

Knacudikars MeTo 1B IPUHHSATTS PIIICHD:
- HedopMabHI MEeTOTH (3aCTOCORYIOTHCS Y TTORCAKJACHHOMY KHUTT1);
- (hopMaIbHI METO M.

v HaYKOBHX I[OCHi,I[)KeHHHX B TEXHIYHHUX HaVEKax, SaSBanﬁ, 3aCTOCOBYIOTH

dhopMaIbHl METOAU HPUAHATTS PLIICHD:

- Meroau MaTeMaTHIHOL CTATUCTUKHY,

- Metoau onrrEMI3aIIi;

- Teopis irop;

- ImiTamiine MoaeIOBaHHL,

- Teopis macoBoro oOCIyroByBaHHs,

- HewiTka MaTemaTHKa.

TepMiH ONTHMATBHOCTI BHUKOPHCTOBYIOTH B PIi3HMX Haykax. Moro

TPaKTYIOTh MK Hallkpamui, naiOunm edexrusaui. Koxna Jnojguna moAeHHo, He
3aRK U YCBIJIOMIIOIOUH T, BUPIIITYE TPOOIEeMY: K OTPHUMAaTH HaitG1IbITTHH e(ekT,

BOJIOJIIIOYN OOMEKECHHUMHU PECYPCaMU.

OaHrM 3 THIOOBHX MPHHOMIB CHCTEMHOTO aHAMI3y € TIOJaHH]
AOCIIKYBAHOTO 00’ €KTa V BHIVIMAL KIOCPHETHYHOI CHUCTEMH, sKa Ha3UBAcTLCH

«YOPHUM ALTAKOM» (pHC. 1.1).

YHHHHKH — BX1/[H] IapaMeTPH, K1 XapakTepu3yioTh jiii0 Ha 00’ ekT. Bijaryku

— [apaMeTpH, K1 XapaKTepU3yIOTh PEakiliio 00’ cKkra Ha 3MIHY YMHHUKIB.
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Sxmmoe MoBa e mpo TeXHIYHME 00°¢KT, TO YMHHUKAMH € HapaMeTpH, SKi
MOJKEMO  3MIHIOBATH, HaMaralouuch IIOKPAIUTH HMOro SKICTh:  PO3MIpPH,

BIACTUBOCTI MaTEPIAIR 1 POOOUUX CEPEIOBUIIL, PEKUMHI TTapaMeTpPH.

B skocti BiArykis OyzieMo posrisgatd (yHKIIOHATBHI TapaMeTpu, SKi
XApaKTEePU3YIOTh SIKICTh BUKOHAHHS 00 €KTOM CBOrO npusHadyeHHs. 111 nokaszHuku

HAZMBAIOTL KPUTEPISIMHA OMTUMI AU SKI  BUCTYTAIOTH SIK IIILOBI (PYHKINT

OTITUMI3al1]i . Huvmu  MoxyTh OyTH e€KOHOMIUHI mapamMeTpu (npuOyToK,
coOIBapTICTh  TOINO);,  TEXHIKO-CKOHOMIYHI  mapaMeTpd  (IIPOAYKTHBHICTD,

HaJJIHHICTh, TOBTOBIYHICTE TOIIO); TEXHOIOTIUHI TTapaMeTpH.

X1 Y1
E— —
S X2 Y2 s
: —» O6'exT ——» 2
E o AocChimKeHb @
Xk Ym
—> —

Pucynok 1.1 — Cxema kibepHETHUHOT CUCTEMU «YOPHUH SIIIUK

SKio B nporect onTtuMizaiii IaHyoThes 3MIHIOBATH OJIMH 3 HapaMeTpiB

00°eKTa — 3aBJaHHA HA3HBRACTRCS OJHOMAPAMETPHUHOKD ONTHMI3aIlCIo. SIKIo

3MIHIOBAaHUX [IapaMeTpiB JiBa 1 OUIblle — 3aBaHHs fararonapaMeTpuyHe.

Akino B nporeci onTuMizamii IJIaHYeThCS MOKPAIyBaTH OJUH [MOKA3HUK

SIKOCTI 00’ C¢KTa — 3aBaHis HA3HBACTRLCS OIHOKPUTEPIATLHOIO OTITHMIBAITICTO.

HKI_[[O CTaBHUTLCII 3aBJaHHA napaneinbHoO MOKparmuuTH ,I[eKiJ'[bKa

XapaKTepUCTUK 00 eKTa — 3aBjlaHHs faraToKpuTepiajlbHe.

1.2. IlocranoBka 3aj1a4l ontUuMi3ami
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SKmie 3aBjaHHd  OJHOKpUTEpIalibHE, BOHO (DOPMYJIIOETLCS HACTYIIHAM
YUHOM: 3HAWTH Take CINBBIIHOIIEHHS 3HaueHb 3MIHIOBaHMX (akTtopie (Y1%,
Y2*%,... VYk*), ske 3abesneuye MakcuMalbHe (ado MiHIMaIbHE) 3HAYCHIS

KpHUTEPIIO, TOOTO
K—Kmax ado K—Kmin

Bubip HampsMKy MOMYKY ONTHMYMY 3aleXuTh BIT (PI3UTHOI TIPHPOIA
KPHUTEPIIO: SKIO Tie MOKa3HUK, 30UIBIIEHHS SKOro OaxkaHe (HAIPHKIAT TUTOMA
MIOTYKHICTh, KoedlIeHT KOpHCHOL Mii 1 T.J.), BUOHpPAeThCed PyX A0 MaKCHMYMY,
AKIo  Oa)kaHe 3MCHINCHHS IIOKa3HHWKa (HAllPUKIA], Maca, BapricTh), TO

BHOHPAETECS PYX O MIHIMYMY.

Skimo 3aBaanmns daraToKpUTepialiblie, TO TOUHOTO MATeMATHYHOIO PO3BI3KY
BOHO, K TIPABHIIO, HE Mae y 3B SI3KY 3 MPOTHPITHBICTIO KpUTepiiB. MoRa Moke HTH
TUIBKM IPO IOMYK 1 OOIPYHTYBAHHS KOMIIPOMICHOIO pimeHHs. Bupa3s st

BHU3HAUCHHS KPUTEPIIO HOCUTH Ha3BY «ITIITbOBa (DYHKITISD).

Humosa ¢yukmig Mac Burisi: u = f (x1, x2, ..., xn), Je u - o0J1acTh PIIICHDL
(MeTa) IS TIeBHOT MHOKWHH MPOEKTHUX TapaMeTpPIBR (X), KOJKEH 3 SIKHUX Ma€ CBOIO
poaMmipHicTh (n ). IloOygoBa jaHoi (yHKINI HeoOXITHO TIPH BHUKOHAHHI
SKOHOMITHHUX Ta 1H:KeHePHHUX po3paxyHKIB, HAPHUKIa, AT oOUHUCISHHST MIITHOCTI
a00 Macu KOHCTPYKIi, IIOTYKHOCTI YCTAHOBKH, OOCIrY BHIIYCKY IPOAYKIII,
BapTOCTI LICPEBE3CHDb BAHTAXKIB, IPUOYTKY 1 T. 1.

Sximo 3aBaaHHs nepeadavae BUOIP ONTUMAIBFHOTO PITIeHHS a00 TOPIBHIHHS
ABOX QIbTCPHATUBHUX PilllCHb, B ILOMY BHIAAKY He oOiHTHCS 0Oe3 JesaKoi
3aMeKHOT BEeMMYWHM, sSKa BU3HAYA€THCS IPOSKTHUMH TMapaMerpaMu. Came Iid
BeIMUMHA 1 € IUILoBOIO (VHKIICI. 1Ipy BUpiineHHl 3aBjalb IMOAO OLTHMI3AL]
MOTPIOHO 3HAWTH Takl MPOEKTHI TapaMeTpH, IPH JKHUX Y INITbOBOT PYHKINI €
MiHiMyM abo MakcumyMm. Takum uuHoM, QyHKIisE sBisie  coOOld  MOJEID
OITUMAJIBHOCTI, 34 JOIOMOICKO SKOi OIMCYIOThCH CKOHOMIYHI YH 1H;KCHEPHI

3aBJaHHA.
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llpy HagBHOCTI OJHOIO IIPOSKTHOIO IapamMerpa, KoM n = 1, miiboBa
$YHKISM Mae OHY 3MIHHY, a 3a ii rpadik OepeThcs Jesika KpHBa, IO Y IDIOTHHI.
Axkmo n = 2, ¢yvukmig Mae Bl 3Mimnux, 1 rpadgik ii Oyje IoBepxHero B
TPUBUMIPHOMY IIPOCTOPL.

[umoBa GYHKIS HEOOOB'SI3KOBO IIPSACTABIACTBC Y BUIIISAL opMyad. Y
THX BHIAJKaX, KO BOHA TIPHiMae TITHKU TUCKPETHI 3HAUeHH, il MOKHA 3a/1aTh
y BADILA Tabmumi. Tak 4w iHakime, y BCIX BHIAJKAX BOHA 4BIBIC cOOOIO
OTHO3HAYHY (PYHKITIIO IIPOSKTHUX HapaMeTPIB.

[ToGymora ITBOBOT PYHKITIT - OOOB'SI3KOBHM KPOK IIPH BHPINMICHH] 3aBJaHb
a0 onruMizanii. ONTUMIZaIicld Ha3zuBacTbed Ipolec BUOOPY HaNOLIBII
BIJIIIOBITHOTO BaplaHTy 3 MOKIMBHX. Hallpukiaj, IpHW BUKOHAaHHI 1HKEHEPHHX
PO3paxyHKIB MCTOAOM OITHMI3AIlli MOXKHA BUSHAYUTH, SKHH BapiaHT KOHCTPYKIIi
€ HalKpanmM, sIK parfioHaIbHO PO3TIOTITHTH PecypCH.

Pimenns 3aja4 1o orruMizaiii muepeadadac HOMYK ONTUMAILHUX 3HAYCHbD,
Kl BU3HAUAIOTH JaHy 3ajady. B 1mKeHepHHX 3ajavdaXx BOHHM Ha3WBaIOTHCS
I[POCKTHUMH IlapaMeTpaMH, & B €KOHOMIYHHUX - IlapaMeTpaMH IulaHy. B skocrti
MMPOEKTHUX TMapaMeTpPIiB MOXKYTh BHCTYNAaTH 3HAUEHHS Po3MipiB  o0'ekTa,
TeMIIepaTypH, MacH TOIIO.

JI4 BHUpIIIICHHS JIEAKUX 3aBjaHb MOXKE BUKOHYBaTHCH MOOYI0Ba Bipaszy
JACKUILKOX HUILOBUX (yHKINHA. Hanpukinag, B 1polecl IpoeKTyBaHHS BUPOOIB
MaImHOOYIYBaHHI HeOOX1IHO 3HaMTH ONTHUMAallbHI 3HA4YEHHSI MaKCHMaThHOI

Ha/JIIHOCTI, MiHIMaJIbHOI MaTepiaToeMHOCT], MaKCHMaILHOTO KOPHUCHOTO 00'eMy 1

T. L.

1.3. BuMoru 1o YuHHHAKIB

UuHHMK — He3alle’kHa 3MiHHA BelWUMHA, gKa BIUIMBae Ha IapaMeTp
orrrumizaii. Koxauit auHHMK Mae o0JacTh BH3HAYCHHS — CYKYIIHICTL BCIX
3HaUYe€Hb, SJKUX MOkKe HaOyBaTH 4UMHHHK. i d9ac JociaikeHb HeoOX1THO

BpaxoBYBaTH BCl ICTOTHI YHHHHUKHA. SIKIMO KUTBKICTH UWHHHKIB BeIHKa, TO
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HEOOX1IHO BIACIATH BCl Ti, SKI HECYTTEBO BIUIMBAIOTL Ha IlapaMerp OUTHMI3alli

(HaTIPUKTIAI, Ha OCHOBI alipiopHOTO PaHKYBaHHS ).

Yunnuky, To0TO BXiAHI HapaMeTpH, SK1 XapaKTepuUsyIOTh IO Ha 00 €KT,
IIOBHHHI BHpPaKaTHCh KUIBKICHOIO MIPOIO. SIKIMO UMHHHUK BHPaKacThCS SKICHOIO

MipoIO, TO HeoOX1/IHe CleIalbHe KOIYBAaHH 1€l MIpH.

YUMHHUKH TOBMHHI OYyTH KepOBaHHMH, TOOTO 3HAUEHHS YHHHHKIR TIOBHHHI

HIMUHATHCH BOJI1 0COOH, IKa BUKOHYE OIITHUMIZAITIIO.

UMHHUKH TIOBMHHI OYTH CYMICHHMH, TOOTO HIsSIKe 3 3alllTaHOBaHHUX
CIIBBIAHOIIEHL 3HA4YCHb YMHHUKIB HE IIOBHHHE HPUBOJUTH JO apapii o0 ckra,

HeOe3nexku AIEL TIEPCOHAITY, 3&6py,I[HeHHH HaBKOJTHITHBOTC CCPCIOBHIIA 1 T. .

1.4. Kiacudikarisgs METOAIB OLITUMI3ALIT

Meroau orrrumizariii KiacupikyloTh BLILIOBLAHO 0 3aj1a4d OITHMI3aLli;

» JlokamsHI METOJM: CXOMSITECS A0 SIKOTO-HEOY b TOKATBHOTO EKCTPEMYMY
IULOBOT PyHKINL. VY pasl yHIMOJAIBHOT ITUILOBOT DYHKINI, HIeH eKCTpeMyM
eMHUH, 1 Oy e r100albHIM MaKCHMYMOM/MIHIMYMOM.

» ['nobanpHI METOH: MalOTh CIIPaRy 3 DaraToekcTpeMalbHUMHU ITLITHOBUMH
dyuxmisyu. [pu robaibHOMY HOMIYKY OCHOBHOIO 3a1a4€CO € BUMBICHHS

TEeHICHITIiT TIo0anTbHOI TTIOBEMIHKH IIThOBOT (PYHKITII.

Knacudikaiys pozpaxyHKOBO-EKCIIEpUMEHTAIBPHIX METOIIB OIITAM13aITli
1o/j[ana Ha puc. 1.2,
Haitbumbm  nmomupeHuMd B TexHIll ¢ OaraTOKpUTeplalibHl  METOAU

omnruMizalni. bararokpurepilanbHAIMH Ha3UBAaIOTh 3aBIaHHS ONTHUMI3aIlli, B SIKHX €
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JACKITbKA LIIBOBUX (DYHKILIH 1 MOTPIOHO OTPUMATH PIMICHHA, IKC € HAMKPAIIIAM 3a

BCIE€F0 CYKYTIHICTEO LILTBOBUX (DYHKIIIH.

[limeoBl (yHKINT B 3a7aUax OaraTOKPHUTEPIATBHOI ONMTHMI3AIi HA3HBAIOThH

JACTKOBHMH KPHTEPIIMU ab0 JTOKAJIbHHUMH OIUHKAMH aJIbTCPHATHB.

e moB's3anH0 3 THM, IO TIOOATPHUH KPHTEPIH TOAAETHCA YV BHIIIAIL

BEKTOpA, €IEMEHTAMH SKOTO € 3HAUYCHHA YaCTKOBHX KPHUTEPIiB.

3aBaaHHA OAHOKPUTCPIATBHOI ONTHMI3amli HOCATH HA3BY CKAIIPHOI
onmTHMI3amii. YMOBa: KCPOBAaHI MApaMCTPH HAJCKATH 3aJaHIA  JOMYCTHMIH
MHOKHHI.  J]m1 makcuMizamli KPUTCPIF0 MNOTPIOHO NOMHOKUTH BLAMIOBIAHY

LI0BY (PyHKIIIO Ha -1.

PO3PAXYHKOBO-EKCTIEPUMEHTAJILHI METOAW OTITUMI3ALILL

OnHomapaMeTpuyHi METON BararomapameTpuyni MeToan BararokpurepianbHi MeTOH
AHamTHYHNI AHamiTHaHmit = MeTox ronoBHOro KpuTepis
™ B OAHOBMMIPHOMY m B OaraToBHMIpPHOMY
MpOCTOpI pocTOp! Merton
~ MOC/ITHOBHIX
3 IIOCTIMHUM M [ - MOCTYIOK
= etox [aycca-3aiinens
Meton KPOKOM y
— ~ Meton sropTku
nepebo i 3Mi -
€peoopy | 31 3MiHHIM ' KpHTEPIiB
KPOKOM MeTon bokca-Yincona i
—|  (rpazieHTHHuil, KpyTOrO v
; €TOJ1 eKCIIEPTHHIX
CXOIKEHHS YU CIYCKY) ,

| Merton NOTIOBHHHOTO OLHOK

nineHHsA 7

NpaBUIbHUI
CummuexcHnii | cnmriiexe Anai3 rpasuie 00/1aCTI

i METO{J 30J10TOTO METOL HeTpaBITbHHIT =] JONYCTHMHX 3Ha4Y€Hb

CIYeHHA e — (metox Iapero)
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Pucynok 1.2 — Kiacudikanisg po3paxyHKOBO-CKCIIEPUMEHTAILHIX METO/I1B

onTHMI3aI]

1.5 MeTo 1 3ropTKH KpATEPIiB

Jia  Toro, mood OaraToOKpUTeplaibHe — 3aBJaHHd  3BSCTH  JIO

OTHOKPUTEP1aTHLHOTO 3aCTOCOBRYIOTH 3TOPTAHHSI YaCTKOBUX KPUTEPIIR.

(OCHOBHI eTalld 3rOPTKH:

- oOTPYHTYBaHHS JJOTIYCTHUMOCTI 3TOPTKH,
- HOPMYBaHHS 3TOPTKH,

- BpaxXyBaHHS PIOPHUTETIR;

- noOy joBa GyHKIIT 3rOPTKH.

3ropryBati Kpyurepii HOBUHHI OyTH OHOPLIHL, TOOTO TaKl, K1 MalOTh 1IEBHE

3MICTOBE 3HAUeHHS 1 3aralbHOTPUMHATY Ha3By, HaOpPHKIAA, KpuUTepii

epEKTURHOCTI, KpUTEP1i AKOCT1. BHIULIIOTE Takl TPy I IIOKa3HUKIB e(peKTUBHOCTI:

[TokazHUKHM pe3yILTaTHBHOCTI,

[Toka3sHUKH pecypcOMICTKOCTI,

[Toka3zHUKHM OIIEPATUBHOCTI.

J11s1 3ropTyBaHHS KPUTEPIiB 3aCTOCORYIOTH TakKl (PYHKITI 3rOPTKH: a{UTHBHI,
MYJIBTUIUIIKATHBHI, arperoBasi ta 1H. Kol BUKOHYEThCS aUTUBHA 3rOpTKa,
TO BU3HAUAETHCS CYTIEPKPUTEPIH, KU € 3BaKEHOIO CYMOIO YaCTKOBHX

KpUTEPIiB.

1.6. I'pynryBaHHS KpUTEpiiB
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['pynyBanmis KpUTEpliB 3aCTOCOBYETLCS IIPU BEIUKIH KUILKOCTI KpUTEPIiB
edexkTurHOCTI. KpuTepli MokHa 00 €THATH B OJHOPIHI TPYIIH, K1 MalOThH I€BHE
3MICTOBHE 3HAYCHHS Ta 3arajJbHOUPHHHATY HA3BY: KPUTEPll SAKOCTI, KpUTEpli

e(PEKTHRHOCTI.

Bumorn o cucreMd KpUTEpliB: IIOBHOTA XapakKTEPUCTHKH 0O eKTa,

PO3KIIalyBaHICTE Ta 1H.

[lokaznuku rpynyBaHus: ¢iHaHcoBI  (BUTpaTH, HNpUOYTOK), SKICHI

(XapakTepH3YIOTh BIACTHROCTI 00’ €KTa), Yacorl, ()YHKITIOHATRHHI.

Jia BioOpaKeHHS CHUCTEMH 4YacTO BHKOPHCTOBYIOTH JCPEBO KPUTEPIB.
Bouo OyayeThecs Ha OCHOBI jJiepeBa IUIeH 1 CKJIafaeThesl 3 KPHUTEPIiB, K1

B1I0OpaKaroTh CTYIIHD JOCSTHCHHS KOKHOT METH.

JIng  koKHOI TpymHd KpuTepliB BCTAHOBMIOIOTH BaroBl  Koe(iIlieHTH.

['pyIyBaHHS BUKOHYIOTH 38 BOKIMBICTIO. PO3IIBIIal0Th TPU IPYIIA KPUTEPIiB:

- Kpwurepii, 3HaveHHS SKUX OakaHO 301TBITATH,

- Kpurepii, 3nadenns sxux ne Oaxcano 30UIbITYBaTH,

- Kpurepii, 3HaueHHSsI SKUX MOKHA 3MEHITIATH.

Jlam BUKOHYIOTH HOPMYBaHHS KPUTEPIiB 1 BBOIATE OOMEKeHHS: HAIIPUKIA/,
Ha JIpYTY TPYIy HaKIaJaioTh OOMEKeHHS, IO 1X 3HaueHHs TMOBWHHI OYyTH He
MEHIII, HI% PO3TIByBaHl allbTCPHATHUBY, Ul TPETLOI IPYIIM — 3HAYCHHS MOXKHA
3MCHIIUTH HA TAKY-TO BEIUIUHY.

OJHUM 3 MAXOTIB 0 TPYIYBaHHS KPUTEPIiB € KIacTepHHM aHam3. Jsa
Horo peajizamii HeoOXIHO 3aJaTU HalIp O3HAK, 3a SKHMHU OYJyTL I'PYIYBaTUCD

kpuTepii. [TicTs MHOTO BUKOHYETHCS KITacTepH3ariis.
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2 METOJOJIOITSI OIITUMIBAIIII ITOKA3HUKIB OYHKITOHYBAHHSI
TPAHCIIOPTHHX 3ACOEIB
2.1 3aranpHi TIOJIOKEHHS TeOpli ONTHMI3AIN] MOKa3HWUKIB TPAHCIIOPTHHX

3aco01B

Bigomo, mo B OCHOBI OyAb-SKOro cHOpMOBAHOIO HAYKOBOIO HAIIPSMKY
TeKUTh CHCTEMa HITKO BU3HAYUCHUX IOHATL, MOJCILHUX YSIBICHb MPO OO0'€KT
TOCTIKEHHS, SIK1 BUXOISTH 13 3aTaIbHORBU3HAHUX TTOJI0KEHb Teopli IM3HaHHS:

- Oy Ib-9KHUH 00'€KT HOCHKEHDb O0e3MEeKHO BUMIPHUH, TOOTO BiH IIOBHICTIO
Moke OYyTH oXapakTepH30BaHHiIT Oe3Mudio O3HAK, BIACTHBOCTEH, IMOKa3HHMKIB 1
XapaKkTepUCTHK;

- BIJTIOMOCTI1, TakoX SIK 1 3HAHHS IIPO JOCTKYBaHMI 00'€KT, SIK CKIa OB
CICMEHT MAaTeplajIbHOIO CBITY, Ha KOXKHOMY I[ICBHOMY €Talll € BIJHOCHUMM 1
HE3aKIHUEHUMH, $SKI 3aBXKJAM MaloTh P HEBIJOMHX O3HAK, BIAcTHBOCTEH,
IIOKA3HUKIB 1 XapaKTePUCTUK,

- TMi3HaBaIbHUI TIporlec Ha KOKHOMY eTami 3aBkTU € Pe3yIbTaToM
dhopMyBaHHS Y CBLIOMOCTI JIOCJIIHUAKIB IIEBHUX BIIACTUBOCTEH JIOCIIKYBAHOTO
o0'ckra;

- IIpolec JOCIIKEeHb, MAIOUU NUICCIPIMOBAaHUN Xapakrep, HpHU3HAYCHUHA
JUISL BUPIITIEHHsT TeBHOI TOCTaBIeHOI METH, a B JIAaHOMY BHIAQAKY HOTITITIEHHS
EHEPreTUIHHX, €KOJIOTTIHNX Ta eKOHOMIUHHX MTOKa3HHUKIB TPAHCIIOPTHHX 3aco0IB;

Bubip onruMaibHOTO BHIY MOTOPHOIO [ajlMBa € HayKOBO-TEXHIYHOKO
mpoOiemoro. IlpobiaeMa — me cHTyaris, ska moTpedye po3p’sa3aHHI. B oMy
BHUIIAJKY MOXJIMBE 3aCTOCYBAaHHSA CJICMCHTIB Teopli HpUHHATTA pimieHb. [l
po3R’sa3aHHs 1€l mpobileMHd Moke OyTH 3allpOTIOHOBaHHUM HACTYITHHM ITIX1,
OCHOBHUMHU €TallaMH SKOTO €:

- (popmyrOBaHHS ITPOOITEMH,

- aHaJi3 TOTOYHOTO CTaHy peueit;
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- ¢opMyIIOBaHHS METH,

- aHaNlI3 MOKIIMBHX NPHUHH HeOakaHOi CUTYaIl;

- BHU3HAYCHHSA aJIbTCPHATUBHUX PIIICHD,

- aHali3 albTEPHATHUBHUX PIINIEHE,

- UPUHAHATTS PIIICHHS.

OO8’ekTOM BHBUEHHS Yy HaIlUX JOCITIKEHHSIX € CHCTeMa «IaJnBO-/BUTYH-
TPaHCHOPTHHHA 3aciO». Y lpolecl BUBUCHHS 00'€KTa BECh KOMILUICKC AOCILIKCHD
ITOCIT TIOBHO IIPOXOIUTH HACTYIIHI IIEBHI 00'€KTUBHI CTYIICHI:

- BU3HAUYEHHS METH,

- oOrpyuroBanuii BuOIp o0'ckra 1 yTOUHCHIE, AcTamzaiid, (opMyBaHHsd
3apJIaHHS, IO TiIsITae BUPIITIEHHIO,

- oOrpyHTOBaHMHA BUOIp BaroMHMX BIIACTHUBOCTCH 1 XapaKTepHUCTUK o0'cKTa
BHUBYUEHHS, K1 HEOOX1THI JJIsI BUPIITIEHHS OCTaRISHNX 3ap/aHhb 1 iX OIliHKa,
LIepeBipKa;

- (opmyBaHHS KOHKpeTHOI cxeMH 00'€KTa 1 MpaKTHUHUX PEKOMEHJAINH, 10
JO3BOJIOTH BHUPINIATH IIOCTABJIICHE 3aBJAaHHM Ha JaHOMY eTall 1
[IPOTHO3YBATH MIEPCTIEKTHRY

- HayKOBO-IIpAKTHYHA  peamizaiisd IpOHO3UIiHA  (peKoMeHjalli), Immo
3a0€3MeUyIOTh BHPINICHHS 3aBJaHHS 1 JOCSTHCHHS IIOCTAaBICHOT METH, B
TOMY YMCIl BJOCKOHAJICHHS PaHIIle OTPUMAHUX PE3YIbTaTiB 3a IICBHUM
HATIPSIMKOM.

JlaHl JocTaKeHHS, TaKoK SK 1 1HIN, IIPOBOJITHCS Ha Oa3l Oe3midl
B3a€EMO3AIICHKHUX MoJelnel 00'eKTUBHOI peallbHOCTI 3a JOIOMOIOK) CIICIalbHUX
MM3HaBaIbHUX KOHCTPYKIIH Ha PiBHI KOHKPETHHX Mojelned o0'€KTIB, SBHII 1
IIPOICCIB 13 3aCTOCYBAHHSAM METOAUK CHCTEMHOI'O aHalizy, BHOOPY pilICHbD,
OTITHMI3aIli, OITHKHA Ta MPOTHO3YBAHHSL.

IIpu pozpodi Teopii BUOOPY AllbTEPHATHBHUX MOTOPHUX T1aauB (AMII) s
TPAHCTIOPTHUX 3acO0IB TIPOTOHYETHCS CTPYKTYpa HAYKOBOTO JOCTIGKEHHS 31

B3a€MO3B 3KOM i elleMeHTIB [9], gxa mokazaHa Ha puc. 2.1.
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PrucyHok 2.1 — CTpyKIypa HAYKOBOTO MOCTIAAKCHHI 1 B3aeMOSB'I30K i

CKNaJOBHX eIeMEHTIB [ 1]

Ko posTIHYTH ITpobiiemMy 3acTocyBaHHI AMII 9K cKImagHy CHCTEMY, TO
BOHA OXOIUIFOE€ IMIMH PO IHTaHb, MOYHHAOYH 13 OTPHUMAHHA ITallHB, BHUBYCHHA
0CcOOMMBOCTEH eKCITTyaTallli TpaHCIIOPTHMX 3acobip (T3) Ha IMX IamMBax y
MacInTadl OJHOr0 abo KiMbKOX eKOHOMIUHHX paifOHIB, PET10HIB 1 Jep/KaBH.

Y LpOMYy BHIIAJKY 3acTOCYBAaHHA CHCTEMHOTO aHaN3y fAK cTpaTerii
HAYKOBOTO TIONIYKY GINTBIT HIK JOMUTBHO JMA BHSHAUSHHA HallpaMy TIPHHHATTA

HEOOX1THOTO PIIIEHHS.

Takum UYHMHOM, CHTYaIlld, fKa BHHHKIA B Tally3l CIOKHBaHHI PLIKHX

MOTOPHHX ITa1THB HEleT OBOTO TIOXOIAKCHHA CTBOPHIIa Hpoﬁnemy

SHEePTOSKOTMOTIUHOI HAIPYKEHOCTI, IKY MOXKHA VCIIIHO BHPIIHTH IIDIIXOM

PO3IIHPEHHI PECYPCIB MOTOPHHX TMAHB 33 PaXyHOK 3acTocyBaHHI AMIL.
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Bukopucrannsg :x AMII B ¢BOIO yepry jI03BOJIsIE€ BUPIIIUATH IICBHI IIPOOICMHU,
TTOR'SI3aH1 3 MOMIIITIEHHSIM €HEPTOeKOIOTIUHIX MTOKa3HUKIB TPAHCTIOPTHUX 3aco01B,
110 [PaIOOTh Ha MUX BUAAX HaIUB. ToMy METOI X JOCIIKECHD € TIOKPAIICHHS
EHEProeKONOTIIHNX TOKa3HHUKIB Ta €KOHOMIUYHO! e(eKTHBRHOCTI eKcIUTyaTalli
TPAHCIIOPTHUX 3ac00i1B, IO HPAIOIOTh Ha aJIbTePHATUBHUX BHIAX [1aJIUBA.

VY 1mpoMy 3B'SI3KY €117 BECTAHOBUTH 1€papxiio 3aBaHb JaHOTO JTOCIIIKEHHS:

- 301p Ta oOpobka BuxiaHOI 1H(OPMAaLIi (TCOPETHYHI Ta HPAKTHYHI PIIICHIHL

aHaJIOTIYHUX 3aBJaHb, PE3YJIbTaTH aHaII3y 1HIIHAX JOCILIKCHb B CYMIKHHAX

o0NacTIx Ta 1H.);

- po3po0Ka METOAUKU TECOPSTHYHOIO JOCIKCHHS 1 aHall3y IIOKa3HUKIB,

BU3HAUESHHS OITIHOUHUX MOKa3HUKIB 3acTocyBaHHI AMIT;

- po3po0Ka METOJMKH CKCICPUMCHTAIBHUX JOCIHIKCHb 3aCTOCYBAHHA
AMII Ta aHam3y pe3yIbTaTik;

- y3aralJlbHEHHH OTPHUMAaHUX Ppe3ybTarlB JOCHDKCHb Ta BCTAHOBIICHHI
OITHOUYHMX KPHUTEPIiB €HEepPreTHIHHX, €KOIOTTUYHUX Ta €KOHOMIYHHUX MOKa3HHUKIR
TPaHCHOPTHHX 3aco01B, Iparoroanx Ha AMII,

- po3polOKa pekoMeHaIlli Ta MPOIO3UINH MO0 TOKpaIeHH MOKa3HUKIBR
podoTu TpancropTHUX 3acobiB Ha AMILL

Cilijt B35TH JIO YBary, IO BUBYCHHS 1 BUPIIISHHS AaHoi IpoOIeMH He MOKHA
PO3MIBLIATH, OOMEKYIOUH KOJIO IOCTABICHUX MUTaHb. X1 BUPIIICHHS MPOOICMHA
OyJie CYIPOROKYBATHUCS BHHUKHEHHSM, PO3TalykKeHHIM 1 (HOpMYTIOBaHHIM
JI0/TATKOBUX TTUTaHb, SIK1 TaK 9H 1HaKITe OyyTh MMOB's3aHl 3 OCHOBHUM TTUTAHHSIM.

3 TOUKM 30py MaTEMaTHKH PO3LIBIHYTY IHPOOIeMY MOKHA IIPEICTaBUTH K
MHOKHHY 3 1€papX1dyHOIO CTPYKTYPOIO (pHuc. 2.2) y BHTIs M Tpada, 1Mo Haraaye 3a
dbopmoro kpony Jepesa [1].

KokeH pireHb (eTalr) iepapXiqHoi CTPYKTYPH Mae cBOi OIIHOUHI MOKa3HUKA
3 (pyHKIIOHAILHUMH, TEXHOJOITYHUMH, EKOHOMIYHUMH, aHTPOHOJOITIHHUMU,
€HEePTeTUIHUMHU Ta 1HIMTAMH KPUTEPISIMHA, SIK1 CKITATal0Th OJTHY cucteMy «llammBo —

Enepretnuna ycraHoBka — TpancmopTHHM 3acid — IlianpremMcTBO-EXOHOMITHHI
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perion — Jlepkasa — Mukmepxasmmit pisens» (II - EY — T3 — [I-so — EP — J[ —
MJD).

Jlns koxkHOro piBHA (eTamy) po3poOKH (BUPINIEHHSI NOpoOJIeMH) € CBos

KOPOTKa XapaKTepHUCTHKA 3MICTY OIIHOYHUX NoKazHUKIB (OII).

Pucynok 2.2 — lepapxiuna cTpykTypa MHOKHHH OIHOYHHX ITOKA3HHUKIB

MOTOPHHX IIaJIUB

OmHounl nokazaukd B OII7 Brmrowarorh HeoOX1IHI BHMOIH O IAJIHBA,
TOOTO MepeliK KUILKICHUX MOKA3HUKIB BHKOHYBaHOi Aii Ta 00'cKTa JOCIITMKEHD,
KUTLKICHHX MOKA3HUKIB 0cOOIMBUX YMOBI90 1 0OMeKeHD, IPU SIKUX BUKOHYIOTLCH
mi. Jlo Takux B mepmry 4epry BLAHOCATLCS €HEPTeTHUHi, MOTOPHI, €KOJIOT1dHI,
eKCIUTyaTaIiiil NOKa3HUKH JOC/I/PKYBAHHX [1aJIUB.

BiamoBigHO, HaCTYIIHI OIUHOYHI NMOKAa3HHUKU € XapaKTepHUMH JIJIs1 JIBUTYHA
BHYTPINIHBOTO 3TOPSIHHA $SIK eHepreTHuHoi ycTaHoBkH (OII6), TpaHcmopTHOrO
sacodby (OII5), manpuemctia (OII4), 1HGpacTpyKTypH NEeBHOTO €KOHOMIUYHOTO
perios (OII3) Ta iHppacTpyKTypHu B MacmiTadl JIep:KapH 1 MUK Aep:kasamu (OI12 1
OI11), stki MOKYTh CKJIAJIATHCS 3 JIOJATKOBHX OIIHOYHHX MOKA3HHKIB JIUIsI KOXKHOT'O
PIBHS 1epapxiuHoi cTpyKTYypH. [Ipobiiema BGOpPY ONTHMAIBHOTO BHIAY MOTOPHOTO
MAJIHBA HAJICIKUTE JI0 J00pe CTPYKTYPOBaHHX, TOOTO KUIBKICHO C(hOpMOBaHHX, B
SIKUX OTPHMVIOTH UHCJIOB1 OIIHKH. ToMy /Ui aHam3y Iiel npoOieMH MOKHA
3aCTOCYBATH METOIM JOCILTKEHHS Oepariiii.

Ha ocnoBi amamizy pamime npopeaeHux podiT [7, 17, 21| BusHaueHa

JOMUTLHICTL  3aCTOCYBAHHS METOY IMOPIBHSHHSA Ta OIMIHKH IO IpoOJIeMH
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[IOJIIIICHHS E€HEPrOCKOMOITUHUX —IIOKA3HUKIB  CHEPICTHYHUX —VYCTAHOBOK 1
€KOHOMITHOI e(DEeKTUBHOCTI ekcIimyaTaiii T3, 1o mpaiffoloTh Ha aabTepHaTHBHUX
najauBax. llpudoMy, 3a pesyiabraTaMyd HOPIBHSHHS IPOBOJWTBCS OIIHKA, TOOTO
IIOPIBHSAHHS IIPOTIOHOBAHOTO 00'€KTa (CHCTEMH) 3 ICHYIOUHM (0a30BHM) 00'€KTOM
(CUCTEMOIO).

IcHYE kpHUTeplit TapHOTO TOPIBHIHHS, IO JO3BOISE OINIHATH €(pEeKTHRHICTH
1pononoBanoro ob'exkra (110) o Bigunomenmo Jo x dazobux o6'ckriB (BO) 3a

CYKYIIHICTIO OITTHOTHUX ITOKa3HUKIB:
Y= e Loy y, H,m 25,20, (2.1)

B pesyneTaTi mapHOTO MOPIBHSHHS 3HAUYeHb BHUMIPIOBAYIB OJAHOYHHX

Moka3HuKIB 0azoBoro (bO) Ta mporoHoraHoro o6 ekra (110):
PU Yy < Xpo(LEpeBepIye OazoBuil);
Xso = Xno (BIATIOB1Tae Ga3oBOMY ),
K50 > ¥po (TTIOCTYTAeTHeS 0a30BOMY ).

Y npoMy BHIAJAKY liepeAdadacTbes, MO BCl 3HAYCHHS PO3IIITHYTHX

BUMIPHUKIB OJUHUYHMX [TOKA3HUKIB OOMEIKCHI 3BEPXY 1 3HU3Y:

Z )<z <z, .i=1n, (2.2)

ae [Z-] — BEKTOp 3HAYCHL BUMIPHHUKIB OJMHAYHUX ITOKA3HUKIB, [IPUBEICHUX
Y HOPMaTHRHO-TEXHITHIN JOKYMEHTaITli.

Cint 3a3Ha4uTH, MO ¥, (OOMEHKCHIS 3BEPXY) HOB'S3aHe 3 PIBHEM TEXHIKH 1
€KOHOMITHOIO JIOIUIRHICTIO B JIaHWUH dac, a [Z,] (oOMeskeHHSI 3HU3Y) MOR'sS3aHe 3

BUMOTaMH ICHYIOUHUX HOPM, TIpaBUI Ta 1H.
3 oAy Ha Te, MO NPH BUBUEHH] JaHoi MpoGIeMH TTOPIBHIHHS BapiaHTIR

3MACHIOCTHCI OJHOYACHO 34 BEIHMKOIO KUIBKICTIO OIIHOYHHX IIOKA3HHKIB, SIK1
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TaKOXK BIAPI3HAIOTLCH 3a CBOCIO (PI3UUHOIO IIPUPOAOIO, JOIILHO 3aCTOCOBYBATH
CKJIAJ0BUR KpUTepil y BUIA Gy HKINI mHHoCTI O [Q(Aj )] ;

st pyHKINY cTaBUTh Y BLIHOBILAHICTD KOKHOMY 3HAYCHIIO ¥ SKSCh JIACHE
qpeo — mapaMetp mirHoeri 9(Y). IIpmdaoMy ¥ TepeBaxkae ' IIHINE TOJ, KOJIH
9(;{) > 9(,}{1 ), a ¥ PIBHOIIHHO 2" Tinbka B TOMY BHIIAJKY, SIKITIO 9(;{) = 9(;{1) .

Axmo dyukmg agurusia, To el 1 =1 ..., n (0> 3) BUMIPHUKIB apaMeTp

ITIHHOCTI MOKHA TIPEICTABUTH Y BUTIISIL

O(Krsedn) = 270 (X)), 2.3)
i=1
de 6, — BumipioBadi  BIACTHBOCTEN, BHPaKeHI 3HAYCHISAMH B

OE3pO3MIPHOMY BHITISLII;
¥; — BaroBl Koe(lITEHTH, IO XapaKTepH3yIOTh ITIHHICHE CITIBBITHOITIEHHS

M1K BUMIPHUKaMHU 1 3aI0BOJILHSIOTH YMOBI:

3

v, =1, (2.4)

3uadens KoediieHTiB BaroMOCTl OKpeMHX BHMIPHHMKIB, HAIIPUKIAM, L
T3 — manmMBHa eKOHOMITHICTh, BUKHIHU IMIKIITTMRUX PEYOBHH, ITYCKOB1 BIIACTHROCTI
1 T.J., BCTAHOBICHUX PO3PAXYHKOBHUM, EKCIICPUMCHTAIBHUM ado eKCIIEPTHHUM
MUISTXaMH, K1 JIUIS TTIOPIBHSHHS MOKHA HABECTH Y BUTTISN1 TaOTHIIL.

BaroMicTs ke BHUMIPHHKIB JSI PI3HUX THIMB T3 (JIETKOB1, BaHTaXHI 3
PI3HUMHM JABUI'YHAMH 1 T.JI.) MOKYTL OYTH P13HOIO.

3anekHO BT TPUIHATOTO METOJY OITHKHW, HAIPHUKIAT, CIPIMOBAHOCTI
BEKTOpa MeTH (lIaJIMBHA €KOHOMIYHICTh, €KOJIOIIYHICTh Ta 1H.) THIl J-T'0 IaJduBa

Oy Jle BBaxKaTUCH HAHKpalluM, SKIIO:
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n

F =F[9(Aj )J = Z@(xlj) —> max oann (2.5)

i=l Jjed

Jie | — BUMIPHHKH,

J — BHJ ITaIuBa;

11— KUTBKICTh BUMIPHHUKIB.

MetoJ OINHKKH BLIHOCHOI BArOMOCTI OKPEMHX IIOKA3HHUKIB I[IOBHUHEH
B1IOOpaKaTH CYKYIIHICTL CHEPTrOCKOIOITUHUX BUMOTL, OYIYUH OKPEMUM BHIIAIKOM
1HTEeTpaTLEHOTO KpuTepito [1] abo BpaxoByBaTH 111 BUMOTH B IIPOTIEC] eKCIUTyaTali
BIAIOBIAHO A0  HpuHiHgTOl  KiIacudikamii — 1HTerpaibHUX — KpUTEpliB
€HEPrOeKOIOTITHNX Ta €KOHOMIUHHX ITOKa3HUKIR TEXHIKH.

3apaanns paenTudikanii /4 1 KUIbKICHUX OLIHOK 1i 3HaYeHDb PO3AUIMIOTLCH Ha
OKpeM1 PO3IUIH, MApo3MiId. [ToTIM KOHKPEeTHO A KOKHOI 3 HHX 3HaXOISITHCS
OKpEeMI PIIICHHS, dK1 0OpOOISMIOThCS M aHaI3YIOTLCH.

BukopucropyBaru el KpuTepiii MOKHA, OPICHTYIOUMCH Ha PE3Y/ILTATH
JocaKeHs T3 1 IBUTYHIB, a TAaKOK Ha OITIHKH IapaMeTpIB 3a Mepioj ;KUTTEBOTO
ITUKTY B TOMY YHCII 3 BUKOPUCTAHHSIM €KCIIEPTHUX OITHOK. Y IThOMY CEeHCl ITeH
KPUTEPIH € YHIBEPCAILHHM.

OOpanuii nadip KpuTepiiB HOBUHECH BIAIIOBLIATH IIEBHUM BUMOTaM, TAKHAM
K, BHUMIPHICTh, TOPIBHAHHICTh, BHUKIIOUEHHS, NOCTIMHICTH, MIHIMAaThHICTH H
HE3AJICKHICTD.

KpiM mporo kokHUM KpuUTepiii MOBMHEH MaTH CBiff OIKC, MO BKIIOYaE
CYTHICTB, ¢opmylly ado crocid HOro BHU3HAYCHHS, OJHUHUIIO BHUMIPIOBAHHS,
Jlalia3oHy 1 XapakTep 3MIHM, CTYINHL CHUILHOCTI, 3MIHM BLIHOCHOI 3HAYYINOCTI,
crocoOH 1 3aco0U TOMMIITIEHHS .

Joig  janux  gociaiKeHb HaOlp KpUTEPIiB TaKOXK I[OBHUHCH YacTKOBO
BpaxoByBaTH IIO3WUTHUBHI Ta HeraTUBHI IIPOSBH  JOJATKOBHX  B3acMoOii

zactocyBaHHS All B cuctemi «I1 — EY — T3 —TI-po — EP — J1 — M]JI». (puc. 2.3).
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BHpiIIeHHS TTOCTAaBISHIX 3aBIaHb PealisyeThed, TTOCTIOBHO TIOUHMHAFOTH 3
MOYaTKOBOTO (HMKYOro) piBHA 1epapxii. Ilepeximi Ha HaCTYIHMIT PpIBEHb
BIAOYBAEThCA B TOMY BHITAIKY, KOMH KPHTEPIH POSTIIHYTOrO PiBHA 3aT0BOTHHIEC
MEBHUM BHMOTaM. OINHKH BHMIPHHKIB BIaCTHBOCTEH TpPH Pi3HIH iX BaroMocTi
3BOAATHCA A0 BH3HAUCHHA 3HaUYeHb KoedlIll€HTIE BaroMoOCTl 1 JOJarouHM ix
BCTaHOBIIOIOTHCA T1 YH 1HIIN BIIACTHBOCTI 060'€KTa AOCILIAKCSHb Ha KOXKHOMY PIBHL

(eTartl) BHPIIIeHHA IPOGISMH.

@opMH IIPOABY B3aEMOIII B CHCTEMI IIPH 3acTOCyBaHHI AlT
|
| ]

TTosuTHBHI — Heratusni

PairioHamizamia CTpyKTypH
CIOKMBAHHA MMPHUPOTHIX PECYpPCiB

JlonaTkoBe BHCHAKEHHA
IPHPOIHIX pecypcie depes

JlokanpHe 3a0e3neueHHT AO3ELT EYIIOBLTHITH
SHEPrOHOCIAMH indpacTpyKTypi

CTuMyITIOBaHHA PO3BHTOK HAYKH i
TeXHIKH, BUpOOHHIITBA. [I0ABa HOBHX
thopM HaBYaAHHA.

3MVIIeHHS 9IIeHIB
CYCIIIECTEA B 3MiHI
ComanbHO-eKOHOMIYHHIL PO3BUTOK, VCTaleHHX [IOHATh, IIPABHIL,
3ades3neueHHA JOJATKOBHX HOPM.
BHPOOHHITE. EXCIIOPT MPOOVEILL.

TTinBHIIeHHA eKONIOrigHOl Ge3leKH
CHCTEMH.

Pucynox 2.3 — IIpogp JomaTKOBMX B3aeMOMiit mpH 3acTocyBaHHA AMII B

saranbHiit cuctemi «I1—EY — T3 —II-Bo — EP — JI — MI»

Ha mpaxTHin HalOGImbIIe TTOIMMPEHHA 3HAMIIIOB METOM eKCIIePTHHX OIHOK
BIJITOBITHO IO SKOTO KOKEH eKCIIEPT BHKOHYE YIIOPIIKYBaHHI OKPEMHX ITiei abo
BHMIPHHKIB BIJITOBITHO JO BCTAaHOBICHOI TOMOBHOI MeTH. [ToTiM 3a Ba:KIHBICTIO
BHMIPHHK OJHHHYHOTO IMOKa3HHKA OTPHMYE BIATIOBITHHH PaHT 1 KOKHOMY 3 HHX
ITPHCBOIOETHLC KT KICHA OIIHKA (OallH, OIIHKH).

CHCTeMATHYHOI — IMPOLEAYPOI  JId  1€papxidHOoro  IIpeACTaBlIeHHA

KOMITOHEHTIB ITpo0ieMH € MeTON aHamisy lepapxiit (MAI), axuii B gami poGorTi
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BHUKOPUCTOBYETLCS IS OIIHKU ajalroBanocti cucremu g0 AMII [20]. B panomy
BHMNAAKY, TOOTO /I TIOPIBHSIHHS €HEPrOEKOIOTIIHHX TOKa3HHKIB 00'€KTa
gociypkeHsb (amuso, EY, T3, 1 T.4.) BCl OIMHKU IPYHTYIOTHCH Ha pe3ylibrarax
PO3PaxXyHKOBHX Ta eKCIIEpUMEHTATBHUX JTIOCII?KEHb.

3aranpna cucrema «lI — EY — T3 — 1I-eo — EP — J| — M/l» ¢ maaro
cknmagHor. Tomy B it poOOTI BOHa 3BOJUTHCS IO CHCTEMH «MAIHBO-BUTYH-

TpaHCHOPTHHH 3ac10», sika 1 Oy e JOCILPKYBATHCD B 11O AJILIIOMY.

2.2 OyHKIIOHAThHA CcXeMa eKCIUTyaTaIlifHOl CHCTEMH «IIaJNBO-/IBUTYH-

TpaHCHOPTHHI3ac10»

MeToJ0I0ITIHOI0  OCHOBOIO  OINHIOBAHHS  JOHLJILHOCTI  BUKOPHUCTAHIE
aThTEPHATUBHUX MOTOPHHX IAIWUB Y TPAHCIIOPTHUX 3aco0ax o0paHO CHUCTEMHMMH
X1, SKWA BCe IMUPINE BUKOPHUCTOBYETLCH IIPH IPOBEACHHI JOCIHKCHL Ha
CTamii eKcIUIyaTallii TpaHCIOPTHUX 3aco0iB.

CHcTeMHHI TIX1JA A03BOJISE 3BECTH KOMIUICKCHE 3aBJaHHS (ado CKIaJHy
CHCTEMY ) BUCOKOT PO3MIPHOCTI JIO 3R’ sI3aHUX (3 €THAHUX ) 3a TIEBHUMH IIpaBHIaMHA
OUIBII HPOCTHX 3aBJaHb (BLANOBLIHO  mijcucTeM). llpu mpoMy B KOXKHIA 3
IICUCTEM MOXKYThH JOCAraTHCh HE BCl, a TUIBKHM JCAKl IUI (Kpurepii), Toxal
3arajlbHANA pe3yiibTaT OTPUMYEThCS HA OCHOBI PE3yJIbTATIB BUPIICHHS YaCTKOBHX
3aB/laHb.

3acTocyBaHHS CHCTEMHHX IIPHUHIIUINB Y AOCTIKEeHH] mepeadadae, B IepITy
qepry, BHJAUICHHS CHCTEMM 13 CEpeJOBHINA HK CYKYIHOCTI EIIEMCHTIB, HKi
YTBOPIOIOTH IUTICHICTH 1 IEBHUM CIIOCOOOM OB SI3aH1 MiK COOOI0.

OcHOBHa yBara B CHCTEMHHX JIOCIIKCHHSX HallpaBJicHA Ha BHUSBIICHHS
CYKYITHOCT1 3B’SI3KIB 1 CINBBITHOITIEHB, SK BCEPEIHMHI JOCIIKYBAHOTO 00 €KTa,
Tak 1 B Horo B3acMOJIl 13 HaBKOJUIIHIM cepegoBuieM [17]. CriaaHicTh 1 BeJMKa

KUIBKICTh €JIeMEHTIB Ta 3B I3KIB CHCTEMH OOYMOBIIOE i 1€papxiuHy OyJIOBY -
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VIOPSAKOBAHY HOCIIIOBHICTD {1 PI3HMX KOMIIOHCHTIB 1 PIBHIB B3acMO3B 3Ky MIXK
HUMH.

CucrteMHMH INAX1J P PO3VELAL TPAHCHOPTHOIO 3aco0y HK ClIOKUBAYA
eHeprii mamWBa 1 JiKepela BHKHTIB IKIJJINBUX PEYOBHH Y HABKOIHIITHE
CePEeIOBUILE BUKOPUCTOBY€TLC B podoTax b.M. bazaposa [1], M.A. ['oBopyeHKo
[5], B.M. Iranora 1 B.I.€poxora [11], B.H. Jlykanmina 1 1O.B. Tpopumenka [15,
16], C.B.Illemvaxosa [24], ILM. Kanino [12] Ta 11

3 BUKOPHUCTaHHSIM CHCTEMHOTO MIAXOAY IIPOBOAWINCH JOCIILIKCHHS
TOKCHYHOCTI aRTOMOOUIIR B eKCIUIyaTalllfHHX yMOBaxX B CHCTEMI1 ,.BOJIMH-
aBTOMOOLID - IOpora - cepeloBUIle” B JOKTOPehbKid qucepranii [0.D. I'yrapeBuua
[7].

[3 3acTocyBaHHSIM CHCTEMOTCXHIYHMX IIPUHIIMIIB pospodiieHa Teopis
€KOJIOTIYHNX BJIacTUBOCTEH aBTOMOOITRHHX EY B JOKTOpCHKIM JIHcepTalni
I0.B. Tpodumenxa [22].

3 BUKOPUCTaHHSIM CHCTEMHOTO MIIXOAY TIPOBOTWINCH JTOCITIKEHHS
CKOJIOTTIHUX OKA3HUKIB aBTOMOOLIIB Y CUCTEMI «IOPOKHINA TpaHCIIOPTHUH 3aciOn»
B JOKTOpCHKIH auceprarii B.I1.Mareituuka [17].

B pobdori AB. ®imnnmora [23], ska Oylla BukoHaHa B OpeHOYPICHKOMY
JACpKaBHOMY YHIBEpCcHTET1, 3polieHa cipoda JOCIHKCHHS CUCTCMH «IIalIUBO-
TPaHCHOPTHHHA 3acid» I1J 4ac BHUKOPUCTAHHS B aBTOMOOLI Ia30BHX IIAIUB, ajI¢
KpuTepli onTuM13ariii Tak 1 He OyJIH BU3HAYEHI.

OnHak y TIOMepesHIX MOCIKEHHSIX HEe BHKOPHUCTORYBaBCS INMJAXIT IO
IIPEICTABICHHS JOCILKYBAHUX CHCTEM B CHCTEMHHX 00 €KTax Ta HiJCUCTEMax,
K1 OXOIUTIOIOTH TAJWBO, JBUTYH Ta TpaHCHOPTHHM 3acid. Came Iie po3IIIpIOE
MOKIIUBOCTI JIOCILKEHD.

3aBmaHHI KOMIUIEKCHOI omnTHMIzarli mokasHUkiB T3 y pa3l BUKOpHCTaHHSI
HIAJIMB PI3HOL YKOCTI € CKIQIHOI0 daraToKpUTeplalbHOIO OaraTo lapameTrpudHor

3a1a4cCro. HpHMI/IMI/I MaTeMaTHIYHMMH METOJaMI pOSB’HBﬂTI/I Take 3aBIaHHIA
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HEMOKIMBO., OJHUM 3 MOMKIHUBUX CLIOCOOIB IIpakKTHYHOI peaimsanii miei 3agadi €
3aCTOCYBAHHS CUCTEMHO-TEXHITHOTO MIIXO/TY .

B pobGorax aBropa [10, 11] i OLIHKK BIUIMBY BUJAY BHKOPHCTOBYBAHOIO
MaauBa Ha TOKa3HWKHA 13 3alpollOHOBAHO JIOCTHKYBATH CHCTEMY . TIalIUBO-
JABUIYH-TPAHCIIOPTHHUA 3aciO”, IIPEJCTABICHY B CUCTEMHUX OO0 €KTax, IO 3HAYHO
PO3ITHPIOE MOKITHBOCTI TOCITKEHb.

JUId  ocIpKeHHST IIpoliecy eKCIUIyaTaiii TEeXHOJIOITYHUX TPaHCIIOPTHUX
3aco0iB, TPAIOIOYMX Ha albTCPHATUBHUX I[AJMBaX, 3alpOIOHOBAHO MOJECIHD
eKCIUTyaTaIiiHOT CUCTEMH «IIaTHUBO-/IBUTYH-TPAHCIOPTHHI 3aci®», of e HaHNX
KIHIICBOIO METOK) — BHKOHAaHHA TpaHCIopTHOI podoTH. Pospobiiena 3arainbHa
cXeMa eKCIUTyaTaIllifHOi chcTeMH (puc. 2.4), 3TITHO 3 SKOK CHCTEMY «IIalTHBO-
JABUIYH-TPAHCIIOPTHHUMA 3aci®» y 3araJibHOMY BHUIJSJL IPOIIOHYETHCS OIHIOBATH
MOKa3HUKaMHU, [TOKa3aHUMHA Ha puc. 2.4.

IlizcucreMa «IIAIMBOY» 3AJICKUTL Bl M HOPMOBAHUX IapaMeTpiB, SIKi
MO’KHa BBa)KaTH TOUKOKO X; € X (X — MHOXHMHA IapaMeTpiB IlalvBa) B m —
MIPHOMY IIPOCTOPI apaMeTpis Ijacucremu (=1, ..., m). Kiacudikaiis MOTOpHHX
MaJIHB TTOKa3aHa Ha puc. 2.5.

[ligcucremMa «JBUI'YH» 3aJI€KUTh BIJI N HOPMOBAHHX IIapaMeTpiB, SIKI
MOKHA BBQXKaTU TOUKOO vy, € ¥V (¥ — MHOKHMHA IIapamMeTpiB JABUIYHA) B 1 —
MIPHOMY HPOCTOPI LIapaMeTpiB myjacucteMu (i =1, ... , »n).

[lizcucTeMa «TpaHCHOPTHHUM 3acid»  3alekuTh B k&  HOPMOBaHHX
mapaMeTpiB, sSKi MOKHa BBaKaTH TOUKOIO z; € 7 (Z — MHOKHHA MapaMeTpiB
TPaHCHOPTHOIO 3aco0y) B K — MipHOMY HpOCTOpPl HapaMeTpiB IACUCTEMHA (i =
1,.... k).

Oyukiii icHyBanus f(x), f{y), fiz) MOKyTb OyTH 3alucaHl JUIA KOKHOI
IT1 ICUCTEMH, TaK SIK BOHU BOJIOIIOTEH TIEBHOIO aBTOHOMHICTIO.

Exciuryaramiiina cucteMa «IajIuBO-IBUIYH-TPAHCHOPTHUE 3ac¢i0» B LILIOMY
3alekKuTh B m-n-k lapaMmeTpir. B ii mcuctemax, B mn-k — MIPHOMY TIPOCTOP1

rmapaMeTpiB CHUCTEMH BUIULIIOTH eIKY MHOXKWHY JOIYCTUMHX IIapaMeTpiB
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XY uZ (ob0nacth BHU3HAYUCHHS [ApaMETPIB  CHUCTEMH  «IIQJIWBO-JBUIYH-
TPaHCIIOPTHHIT 3aci0».

Posp’s3annd 1podiieMu BUOOPY MOTOPHHX 11aJIuB U1 T3 MOKHA 3BECTH 0
aHaNI3y BapilaHTIB BHPIMIEHHI 3a TIeBHUM HalOOopoM TapaMmeTpiB, ToOTO
CHCTeMaTH3allli MOXKIMBUX — BapianTiB  cucrteMu. lle pgoszBosie  3poluru
MopdoToTiaHmH MeTo goctipkeHns [19]. Moro MoxkHa peaTizyBaTH cKiIaJaHHIM
MOPQOIOITUHUX KapT, sSKI MICTITb, 3 OJAHICI CTOPOHH, ICPEIiK HEOOXIIHUX
rapaMeTpiB, BigoOpaxkaouux ImepeadatdyBaHHNA 1 OYIKYBaHHMM pe3ynbTaT, a 3
ApyTroi CTOPOHH, BaplaHTH PIMIeHb, cepef JKUX HoTpiOHO 3poOHTH BHOIP, MO0
AOCAITH  pe3yiabrary. 3poburn BuOp 1 OOIPYHTYBaHHY PIMICHb JO3BOJLC
MopdoaoriaHa Kaprta. [ToegHaHHS MeToxy KlacH(ikarii 1 METOAY y3aralbHeHHS
aae MeTol MophoIoriaHoro anamsy. Jis koxuoro 3 GyHKIIOHAILHAX SJICMEHTIB
CHCTEMH OCHOBHI MOP(]OIOTIUHI O3HAKH, BIJl SKAX 3aleKUTh JOCSTHEHHS

MOCTaBIICHOI METH, HOKa3aHl B TaOIL 2.1.
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Excnnyamayliina cucmema

« RAAUBO-06USYH-NMPANCHOPMHUT 3aCIO»

]

Tlapasempu naiusa

(Xf -"'sXm)

ITapaxempu dsueyna

(Yi RALE] yn)

llapamempu mpavcnopmuozo

3acoby (Z;,....Z,)

-—eﬂeMEHTapHHﬁ cKnan;

-TEMJIOTA 3rOpPAHHSA NaJHBO
MOBITPAHOT CyMilli;

- DeTOHALiMHA CTIHKICTb Ta
CXHMBHICTE 10 caMo3aifiMaHHs;

-Mexi cTabiNbHOro ropiHts;

- MOTYKHICTb, KPYTHHH
MOMEHT;

- BUTpaTa najanea,

- BUKHIH WKITTHBHX
peyoBuH 3 Bl

- HallifiHicTh,MOTOpECYPC;

-MacoBi napaMeTpu 1 -
rabapury;

-BaHTAXONAHOMHICTE;

- TATOBO-IUBHAKICHI
BNIACTUBOCTI;

-TeXHi4Ha PHCTOCOBAHICTh A0
AMIT;

TPaHCIOPTHHH 3aciO»

-eKoNorivHi skocTi; - BapTicTh
-NanvBHA EKOHOMIUHICTB;
-eHepro2aTpaTi BHPOOHHLITBA;
-eKONIOTIYHI NOKAZHHKK,
-0€3MeyHICTh 3aCTOCYBAHHA;
-eKOHOMi4Ha c(heKTHBHICTE;
llaruso Heueyn Tpancnopmuui 3acié
Crinronuil kpumepii
F(X_I,..., Xm: Y.’r“‘r}rn: Z},n---i Zﬂ)
Pucynok 2.4 - CxeMa cCKCIUIyaTaIlliHOI CHCTCMH  «IaJHMBO-IBHI'YH-
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30

— Awv3senbHe nanmeo

ArperatHvi cTaH |

BeH3nH

|| bioawsenbHe nanveo

|| AumeTtnnedip

- Cnnptn

—

MNpyvpoAHWA ras

lasonogiSHuiK

Manueo

HadToeuir ras

I

Bioras

Cnocib

—1 36epiraHHAa Ha T3

Mpy HOPMANbHOMY TUCRY

MpWY BUCOKOMY THMCKY

MpKY HU3bKOMY THMCKY

Cnocib nogavie
0B3

EeKUinHniA

Mg TMCKom

Pucynok 2.5 — Knacudixarist MOTOPHUX TalIHB

Jg miicucTeMu . .IATMBO”  BIIIIOBITHO 70 pUC. 2.5 BHALUIGHO 4 OCHOBHHX

O3HAKH, BIJ HKUX CYTTEBO 3ajicXKaTb CKOHOMIYHI Ta CKOJOIIYHI, a TaKOX
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rabGapurni, MacoBl nokazuuku 13: 1 — By manmusa; 2 — arperarnuii cra; 3 —
crioci0 30epirannsd Ha T3; 4 — crocid nmojapaHHS B JIBUTYH.

Haitbubm BaxxnuBuMu  MOPQOIIOTNTYHUMH O3HAKAMM [1JACUCTEMH , JIBUTYH
y BHIAAKy moprmHerRoro JIB3 € 5 — cnocid cyMimoyTBOpeHHS, 6 — cIocid
3alaioBaHis poOoUoi cyMil;, 7 — CTYIIHb CTUCKAHH; 8 — CIIOCIO perynoBaHus
ITOTYKHOCTI.

Joig koxnoi 3 11 MopdooriaHux O3HAK CUCTEMH BHOpaHO OCHOBHI
BaplaHTH iX peamizami (Bix 2 go 8). SIKIo yMOBHO IIo3HAa4YWATH BapiaHT 1.1 depes
a,,, BapiauT 1.2 depe3z @, 1 T.J., TOMl MaTPUITFO MOXKHaA TOJATH Y BHLISIL
MOPdOTOTITHOT MHOKUHH:

(G Gy Gyz Gy Qs Ay Ay ig ), (Gyy Gy Aoy ), (G Ay A3,
(Gyy Ay ), (Gsy sy ), (g gy Aoy ), (g Apy Gpy ), (g gy g3 ), (2.6)
(Ggy Qgp ); (Gy Bygp ); (G Gyga Gyy).

[Toeqnanud oKpeMUx BapianTiB MOPGOIOITIHIX 03HAK CTBOPIOC KOHKPETHY
CXEMY CHCTEMH 3 CBOIMH IIOKA3HUKaMM, SKa MoKe OyTH HojaHa Y BUIIBLIL
Mopdoaoriaaoi GopMyar. 3okpema, Mopdornoriuda gopMyia CHCTEMH: KOICHUH
TPAKTOP 3 AW3eIIEM, IPAIOIOY M Ha HADTOBOMY JM3€IbHOMY I1aJIHBI;

(alll Cl21 Cl31 a42 )+( aSZ a62 a73 a82 )+( a91 a102 allZ) (27)

3MiHa 1OocAHAHHS O3HAK (opMye HOBY CXEMy CHCTEMH. BIIIIOBIIHO IO
IIOCTaBIEHUX 3a/ad B JHCEepTaIliifHiii poOoTI AOCHIUKYEThesd poboTa TpakTopa
MT3 -80 na nadroBOMY AH3CIILHOMY IAIUBI, IIPUPOAHOMY I'asl Ta 0101U3EIbHOMY
nmanuBl. HacTymHuM eTtanoMm Moke OyTH BW3HAUeHHS IMKalTW 3HAUMMOCTI JIIIST
KOKHOTO IlapaMerpa, eKCIepTHA OIlHKA B 0ajax 3HaYMMOCT1 KOKHOIO YMHHUKA B
Meskax BUOpaHO1 TITKATH Ta JIO/IaBaHHs eKCIIepPTHUX OITIHOK 3a BCiMa IapaMeTpaMu
1 3a cyMo10 OaiB BU3HAYCHHS ONTHUMAILHOIO BapiantTy. Ajie B i poOoTi BubOip
ONTUMAJBPHOTO  BHUJIY  MOTOPHOTO  TalWBa  3JIMCHIOETHCS — METOJIOM

daraToKpuIeplaabHOL OIITHMI3ALII.
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Bzaemomis mBHMTyHa 3 TpPaHCTIOPTHHUMH 3aco00M BIIOYBaeThCA K 34
mapaMeTpaMH JBHTYHA (€HEPTOCIIOKHMBAHHA), TaK 1 3@ 30BHIMIHIMH MTOKA3HHKAMH
npouecy (yHkuionyBaHHS T3 ((popMyBaHHS TATOBO-IIBHAKICHHX, ITATHBO-
EKOHOMIYHHX Ta EKOJOTIYHHX XapakTepucTHk). (CXeMa B3a€EMHOTO BIUIHBY
CACMCHTIB CHCTCMH TOKa3aHa Ha puc. 2.6. OCKinbKY BHOIP MaIuBa 3A1HCHIOETHCA
32 YMOBH OTPUMAHHA MAKCHMANBLHOI TMOTYKHOCTI, HalMcHmmx BukHIB [P Ta
HAHOITBIIIOTO CKOHOMIYHOTO ¢(ekTy B podOTI C(HOPMOBAHI BiATMOBITHI IITBOBI

(hyHKITII,

AT ey

Co

A
Bnau6 muny 7 7 AN

dbueyna Ha S N S BUMD.EU do
nokasHuku T3 & N\ skocmi naauba

Bumozu do Bumoeu do
/// KOHCMPYKUIT  koncmpykuii "\\\‘\.
Tpancnopmyud\ Bumoeu do sxocmi nanuba o /
( sacid | = lManubo

Y Bnaub Budy naauba Ha nokasHuku T3 1
; ; y <
e TR ot

PucyHok 2.6 — CxeMa B3a€EMHOTO BILUTHBY €JIEMEHTIB CHCTEMH

Ax BuaHO 13 ¢xemu, 300paxkceHOl Ha puc. 2.4, CHCTCMHI 00 €KTH CHCTCMH
«TIATHBO-TBUTYH-TPAHCTIOPTHUH 3aci®» XapaKTCPH3YIOTHCA 3HAYHOK KITBKICTEO
mapaMeTpiB, BPAaXyBaTH iX YCI MPH BUKOHAHHI JOCTKEHHS TyKe CKIamaHO. Tomy
PaHXYBaHHAM BH3HAUCHI HaMOUTBIN BAKIHBI 3 HHUX IO JOCHTIKCHb 3a JAHOIO
TeMO10. Ak mpukiaax B Tabx. 2.2 HABOAUTHECH PE3yIBTATH alPIOPHOTO PAHKYBAHHSA
[14] mapamcTpiB ABUTYHA K ITIACHCTCMH.

Leit MCTOA IPYHTY€THCA HA CKCIICPTHIN OIIHLI YHHHHKIB TPYTIOK (DaxiBIUB,
KOMIICTCHTHHX B JaHIH ramy3l. OmKe, 3a pe3yabTaTaMy anplopHOTO PaHKYBaHHS
POSTIAHYTI TIAPAMETPH IBUTYHA PO3TAMIOBYHOTHCSA 3a 1X BITHBOM HACTYITHHM

YHHOM:



- 1 Mice — HOTYKHICTD, KPYTHUHR MOMEHT (Ap,= 11);

- 2 MICITe — BUTpaTa IlaauBa (A= 16);

- 3 Micle — HaJIHHICTD, MOTOPECYPC (A= 26);

- 4 MicITe - BapTICTh (A= 27).

34

Tabmaug 2.2 — Pe3yibTaTy alupiopHOro pamKkyBaHis [apaMeTpiB ABUTY Ha

[Tapamerp | YmoBui nomepu | Cyma | Buixuien ( A )2 3aiimaHe Bara
H Ta ix No EKCIIepTIB, m paHTiBR | HSI CYMH Mmictie | daktopa
k paHriB
12| 3]4|5/6|78
PaHTH OIIHKH i, A, Ak M., q,
[Moryxnic [ 2| 1| 2[ 1| 1] 1| 2|1 11 -9 81 1 0.4
Th,
KPYTHHA
MOMEHT (K
=13
Hamiinmicr | 3| 4| 4| 2| 3| 2| 4| 4| 26 6 36 3 0.2
b,
MOTOpPECY
pc
k=2)
Bapricts | 4| 3| 3| 4| 4| 4|3|2] 27 7 49 4 0.1
(k=3)
Burpara |1[2|1]32]3|1|3 16 -4 16 2 0.3
rIaarBa
(k=4)
YA.-
Pazom: 80 S=82 1.0
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3a pomomoror koe(illleHTa KOHKOpJAIli OIIHEHO CTYIIHb Y3TrOKEHOCTI
IYyMOK ekcrnepTiB. 3riaHo 3 [14], axmo BiH Outkinmi 3a 0,5, To MOKHA BBasKaTH, IO
MIK AyMKAaMH €KCIIEPTIB € NIeBHA y3rOMKEHICTh. B 1aHOMy BHUIAAKY BIH JOPIBHIOE
0,57, ToMy MOXKHA BBa)KATH, 1110 1CHYE MEBHA Y3TOIKEHICTh Iy MOK SKCTIEPTIB.

AHaJIOrYHUM YHHOM BHMKOHAHO PaHKyBAaHHS MapaMeTpiB TPAHCIOPTHOTO
3aco0y. Ha puc. 2.7 nokazaHa cxeMa eKCIuTyaraiiiHol CUCTEMU «TaTMBO-/IBUTYH-
TPAHCTIOPTHUH 3aci0» 3 TapamMeTpaMu TMIACHCTEM, OTPUMAHWUMH BHACIHIIOK

paHKyBaHH Ta CIIJIbLHUM KpuTepleM K, skui Oy OLIHIOBATHCH B JaHIH poOOTI.

Excnnyamayitna cucmema
“naavbo -d6uayH -mpaxcnopmyud 3acio

flapamempu nasuba flapamempu dBueyHa flapamempu mpaHcnopgmHoEo
(X1, Xm) (Y,.,Yml zacody (Z1,...72m)
- docmamaicmes pecypcib — NOMYXHICMb, KPYMHUU - eKgAQziYHa §e3neKa ;
ma moxAubicms mMacoBoco MOMEHM ; - eKoHOMiYHA egexmubHicme
bupodruymba ; - Bumpama nanuba. ekcnayamayii.

- demorauitna cmiukicms

ado cxuasricmes do
camMo3aUManHa ;

- yfHa ;

- eHepzozampamu BupodHuumba ;
- desnevHicmb 3acmocyBamns .

fla aubo HBueyn TparcnopmHud 3GCi8

CninbHul kpumepit
K (Kne,Ke E)

PucyHnok 2.7 — CxemMa ekcrutyaraiiiiHoi CHCTEMH 3 MapaMeTpaMH MiJACHCTEM,

OTPUMAaHUMH B PE3YJIbTATI PAHIKYyBaHHS

3acTOCYyBaHHS CHCTEMHHMX MPHHIMITB JO3BOJMIO MOCIIUKEHHS MPOIECY
excrmiyarami T3 nwa AMII 3milicHuTi Ha Mozenl eKCIUTyaTallWHOI CHCTEMH
«MaTMBO-ABUTYH-TPAHCIOPTHUH 3aciO» (puc. 2.7) [9]. Ha Bxia cuctemu nogaeThes
IIEBHUN BHJ IQJINBA, SKE XapaKTePU3YEThCSI CBOIM EIEMEHTApHUM CKJIAA0M,
HUKYOK TEMIOTOI 3rOpsAHHS, IMHOK Ta IHIIMMH MOKa3HWUKaMH. Buxomom

CUCTEMH € 3aralbHUM  KpUTepid BHOOpy mamuBa. B cHcTeMl TOCTIHHO
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B1IOYBAIOTLCH TaKl OCHOBHI IIPOLCCH: IICPSTBOPSHHS XIMIYHOI €HEpril HalmB y
TENIIORY €HepPrilo Ta B MeXaHIuHy poOoTy (pobouuii mporiec JBUTYHA), Tiepeaava
OOCPTAILHOIO MOMEHTY BLJ JABHIYHA 10 Kojic T3 (poboumii nporec TpaHcemicii
T3); Tpancdopmariis TATOBOI CHIH Ha KoJecax B MocTynanbHH pyx T3 (poSounii

poriec 13).

2.3 Merog onruMizamii  HapaMeIpiB  CUCTEMH  «IIAJIMBO-JBUIYH-

TpaHCIIOPTHHI 3aci0»

3apgannd BUOOPY HaIMBA UM TPAHCIOPTHOIO 3aco0y 3BeleHEe B
3araJbHOMY BHTILIIL 0 3ajadl ONTHMI3aIli ITapaMeTpIB €KCINTy aTallifHoi CHCTeMH

«IIQJIMBO-IBUT'YH-TPAHCIIOPTHUMA 3acid», TOOTO M0 BIANIYKAHHS TaKWUX 3HAYCHbL

Xyers Xy Visoonn Vo 21, Zk , TIPH SIKUX BUKOHYETBCST YMOBaA F( X, X, Voo Vo, ©1. 2k

3=y

)— max jge X; € X (MHOKHHA IIApaMeTpiB manuea), )€l (MHOXKHHA

lapaMerTpiB JBUIYHA), z, € Z (MHOXKHHA [apaMeTpiB TPaAHCHOPTHOIO 3acoly)

abo 70 JIOBCJACHHY, INO TaKuxX 3HadeHb Ha MHOKUHIX WY UZ (oblacrb
BU3HAUEHHS IIapaMeTPIB CHUCTEMH «HalWRO-IBUTYH-TPAHCIIOPTHHMM 3acib») He
ICHYE.

Criemiamizariss Bclei CHCTeMH 3a IIJIBOBOKD O3HAKOI — IIPHU3HAUSHHSM,
BHOCHTDL €JICMCHTH B3acMOIIl 1 B3acMOBIUIMBY MIK X, ), z TOOTO MaTUMEMO
B3a€MO3aJICKH] lTapaMeTPU B IIPOCTOPL w1k,

OcoGmmBocT1 BUOOPY OIITHMAaIBHUX IapaMeTPiB CHCTEMH HACTYIIHI

- HeMAac MOMKIIMBOCTI BUPA3UTH HUILOBY (DYHKINIO Hepe3 3MiHHI B SBHOMY
BUTJEII, OCKUIRKM TapaMeTpH TIIJCHCTEM TICHO B3aeEMO3R'SI3aHI MK CcOOOI0
TPaAHCHCHACHTHUMHU PIBHSHISIMUA B1IHOCHO BEKTOPIB X, , Z;

- BHCOKA PO3MIPHICTh 3aBJaHHS, OCKITHKH TONYK ONTUMAaTLHOTO BapiaHTa

CHCTEMU BEJICTLCS B #-1-k - MIPHOMY IPOCTOPI LIAPaMeTpiB;
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- € K HEICPEepPBHI 3MIHHI (llapaMeTpH), TaK 1 JUCKPeTHI 3MiHHI, 30Kpema
IMITTOYHCTIOBL,

- IUILOBA PYHKINS HE 3aBKIH Mac TIaJKICTh 1 YHIMOJAILHICTD.

IT1 ocoO0muMBOCTI 1 aHam3 METOIB IIONIYKY ONTHMAaTbHHUX IlapaMeTpiR
CIIPUSIOTH 3aCTOCYBAHHIO TAKOTO METOY OLTHMI3AII, SK CKAaHYBaHHS, IIPH AKOMY
3MINUCHIOETHCS TTIOBHUM mepedip U IHCelTbHUX 3MIHHUX 1 ITIITeCTIPIMOBAHHUI IS
oesnepeppuux [18].

Ha mnepmomy eTallli BUKOHYETHCA OITIHKA CKCIUIyaTaIlWHUX MMOKa3HHKIB
ambTepHaTUBHUX TammB. [1{o0 3abesmeuntu HOpManbHY poboty T3 mamuBo
IIOBMHHE MATH IICBHI CKCIUTYaTalliiiHl BIACTHBOCTL. SKIMO iX HOKA3HHUKH CYTTEBO
BIIPI3HSIOTHCS  BIJl TOKa3HHUKIB, fK1 OOYMOBJIEHl CTaHJapTaMH, TO BIJ
BUKOPUCTAHHS ACAKUX AIUB HOTPIOHO BIAMOBUTUCH BXKE Ha IILOMY €Talll.

CucreMHHUIT aHaTI3 TIOKa3aB, IO METOUKa BUOOPY albTepPHATHBHUX BUJIIB
11aJIiBa [OBUHHA I'PYHTYBATHCS Ha OIIHIN 3a pi3HuMHU Kpurepismu [10]. HaBeaena
Ha puc. 2.7 cxeMa IoKazye 3HauHy PI3HOMaHITHICTE MapaMeTpiB, BIACTUROCTEH Ta
IIOKA3HUKIB, 4Kl XapaKTEPHU3YIOTL CHCTeMYy. BUILIICTDL 3 HaBEACHUX IlapaMeTpiB
BUMATAIOTh MOJIATBITIONO CTPYKTYPHOTO TIOAUTY ak /10 TUCIOBUX MOKa3HUKIB. Jis
BHPIIICHHS [THOT'O 3aBIaHHs OTPIOHO:

- IOJAaTH OIIHOYHI XapaKTepUCTHKH OO'€KTIB Y BHIVBLAL  HYHCIOBHX
MOKA3HHKIB,

Bupazutu oIiHOYHI MOKa3HUKA B O€3p0o3MipHIit hopmi;

- NOPUUHATH YMOBY, IO 3POCTAaHHS TIOKA3HWKAa BU3HAYae ITiIBUITICHHS
eeKTHUBHOCTI, BHACIIIOK YOO PsJl IOKA3HUKIB IIOBHHCH OYTH B3ATHH K
3BOPOTHA BeTMIWHA,

-  BCIMYMHH, $KI IOBTOPIOIOTLCS IIOBHHHI BPAaXOBYBATHUCH CTUIBKH pas,
CKIITHbKHA BOHH 3YCTPIUAIOThCH,

- KUIBKICTH OIIHOYHHX XapaKTCPUCTUK I HOPIBHSHIS Pi3HUX 00 €KTIB

IIOBHHHA 6YTI/I OJHMHAKOBOIO.
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[Timx wac BuOOPY pamiOHATEHOTO BHAY MOTOPHOTO TATHBA MCTOIOM
OaraToKpuTCpladbHOI ONTHUMI3ALll MNOTPIOHO TMPABHIBHO BHOpaTH KpHTCPIi
ONTHMATBHOTO TanuBa. Bakmmeo, mod BuOpaHI KPUTCPii BKIOYAIHA BC1 1ICHYIOUL
acTieKTH, He OYVJIH HALTHINKOBHUMH, 4 TOMY HCTIOTPIOHHMH, IO O3HAYAE, MIO HE
OOWH KPHUTEPIH HE TOBWHCH TOBTOPHOBATH T¢, MO BXE OLIHCHO 34 IHINHM
KpUTEpleM; OYIH YITKO BH3HAYCHI, Oy 1M B3a€MOHC 3AICKHIUMH.

Jas B1IOOpaKCHHST CHCTCMH KPHTCPIIB 4acTO BHKOPHCTOBYIOTH ACPCBO
KputepiiB. BoHO Oy IyeThCs HA OCHOBI AepeBa LIICH 1 CKIAJAETRCS 3 KPHTEPIIB, K1
B1AOOpakaroTh CTCMIHB AOCATHEHHA KOKHOI mim. OCHOBHI LT €KOHOMIA
HaTOBOTO TagMBa, TOKPAIICHHA CKOJIOTIYHHX TIOKAa3HHUKIB, OTPHUMAaHHI
CKOHOMIYHOTO S(EeKTY 3a YyMOBH 30CpeKCHHA (DYHKIIOHANBHHMX BIIACTHBOCTCH
TpaHCTIOPTHOTO 3acoOy. Ilpu mepexoal HAa aabTCPHATHBHC TATHBO 3MIHIOETHCS
AKICTh TPAHCTIOPTHOTO 3acoly, SKa XapaKTCPU3YEThCSA HOTO (DYHKLIOHAILHHMH
MOKTHBOCTAMH Ta PAAOM CKCIUIVATAUIHHHX IIOKA3HHKIB. CKOJOTIMHHMH,
EKOHOMIYHHMH Ta eproHOMIMHUMH (puc. 2.8). [Ipu upoMy NpHAMAETHCA, IO MPH
MCPeXodl Ha albTCPHATHBHE TMAIHMBO, I1HON BIAacTHBOCTI T3 (HAmIHHICTS,

MAHCBPCHICTh, PEMOHTOTIPUAATHICTE Ta 1H.) HS 3MIHIOFOTBCA.

Hkicmbs mpaHcnopmHo2o
3acody

[
| |

PYHKYIOHAILHI
mMoxnuBocmi

[loka3Huku

[ |

ExonoeiyHi ExoHoMigHI EpeoHoMivHI

Pucynok 2.8 — JlepeBo kputcpiiB BUOOPY pamioHATLHOTO BUAY MOTOPHOTO

InaauBa

Came 11l MOKa3HHUKH TPHHMAKOTBCSA A0 yBaru npu BuOopi kpurepiie. Ha

(PYHKIIOHATBHI BJAACTHBOCTI T3 mepnr 3a Bce BIUIMBAE alaNTOBAHICTh TCXHIKH 10
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AMIIL. Tomy mnepmmM KpurepieM BHOOPY IaMBa HPUMMAcTbed KpUTEpiid
a/lallTOBAHOCT1, IPYTHH — KpUTepli exonorrHoi Oesnexu T3, TpeTid — kpurepiit
CKOHOMIUHOI edexruBnocTi excivryarammii 13 ma AMIL BubGpani xpurepii
HaJIe’KaTh JIO OJHIET TPy — KpuTepli akocTi. EproHoMivni BracturocTi 13 mpu
repexoii Ha AMII cyTTeBO He 3MIHIOIOTBC.

JIOCTITHAKH, SIK1 BHECTH 3HAYHUM BKIaJ y BHKOHaHI poOOTH 3a JaHUM
HAIIPIMKOM, TAKOX CXOAMTLCS Ha JYMIIL, 10 HAHOLIBIT BaKIMBUMHU KPUTEPISIMU
BHOOPY TaimBa I aBTOTPAKTOPHOI TEXHIKM MO)XKHA BBaKaTH KpHUTEpIii
ajlanrToBadocTi cucteMu o AMII, kpurepiit ekonoriuaoi Oeznekn T3 Ta kpuTepiit
CKOHOMIYHOI eekTUuBHOCTI ekciuryaraii [1, 3, 4], ski Bximodac B cele 3arajbHul
kputepii K Bubopy mammBa (puc. 2.3). [HIN NOKa3HUKHA eKCIUTyaTallliHIX
BJIIACTHBOCTCH BHKOPUCTOBYIOTHCS IIPH IIPWU3HA4YCHHI OOMEKEHb. 30Kpema,
KpUTePiit TATOBO-TIBUIKICHUX BlacTHRocTel T3 BU3HAUaeThes 3a €HEPreTHIHAMHA
[IOKa3HUKaMHU  JBUT'YHA, SKI BPaxOBYIOTHCS IPH BU3HAYCHHI  KPUTEPIIO
aaITOBAHOCTI.

B mporeci IpUHAHATT PIICHL AOBOJMTILCH 3HAXOAUTH KOMIIPOMIC MIK
qacTO KOHPMKTYIOUUMH ITUBIMH 3 BpaxyBaHHSIM 3HAYHOI KITBKOCT1 KpuTepliB. Ha
JaHui gac po3podiIeHa BeIuKa KUILKICTh MeTO B OaraToKpUTeplaIbHOIO aHali3y 1
orrrumizamii. B 3ajavax OGaratokpurepilaibHOI  ONTHMIZAINT  BUIIAJAKHA, KOIU
JocATracThed OITUMAIbHE PIICHHS BlIpa3y 3a BciMa JIOKAIBHUMH KPUTEPLIMH €
PIIKICTIO. XapaKTepHHM IS ITAX 3aBJaHb € Te, MO adlbTepHaTHRH ado JOITYCTHMI
PO3R’SI3KM 3 KpaIuMH 3HAUSHHSMH OJHIE] TPYIHA TPU3BOJATE 70 TOTIPIIEHHS
KpuTepliB iHmoi rpyid. Jst eheKTHBHOIO po3B a3Ky JHOOOro 3 JaHuX 3aBAaib
HeoOX1THO moOyyBaTH OaraTokpHTepialbHy MaTeMaTHIHY MOJENb, SKY IIOTIM
LHOTPIOHO OITHMI3YBATH, IONCPEIHLO BHOpPABIIM HAWOLIBIT MIAXOIAIIANA I
ITHOTO METO/I.

3a HagBHOCTL JOCTATHHOIO ACOPTHUMEHTY IIAJUB MOXYTH 3aCTOCOBYBATHChH
dyHKIMIOHATREHI cxemMd (puc. 2.9, 2.10, 2.11) pochiKeHHS aallTOBaHOCTI,

€KOJIOTITHOT Oe3lekH Ta €KOHOMITHOI edpeKTHURHOCTI ekcruyaTari T3 Ha AMII 3
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PO3OUICHHAM 3aBJAHHS HA TPH CTAIH (ACKOMITO3HIIA 3HAMHO 3HIDKY€ PO3MIPHICTD
3aBJaHHSA) MJO3BOJHIA OTPHMATH TIIOBHC BHPIMICHHSA TIOCTABICHHX 3aBJaHb
TOCTIKCHHSA. 3aCTOCYBAHHSA TPHHIMIY JSKOMITO3HINI T 4Yac OCIDKSHHSI
CHCTEMH «MAJTHBO-aBTOMOOLTE» TIPH BHKOPHCTAHHS Ta30BHX TNadHB OyJIO
3amo4YaTKOBaHO B podoTi [23].

I cram (puc. 2.9). Bupimyerbcs 3aBIaHHA, A¢ 3 M  MOXKIHBHX
aThTCPHATHBHHX BHIIB TamuBa (popmyeTbea Oe3mia 3 n, a, moTiM, 3 t
anbTCPHATHBHUX BHIIB maiuBa. [licia yXBajeHHS PIMICHHSA TPO JOCILKCHHA B
mporeci (JOpMyBAHHS 3aBAAHHSA CTBOPIOIOTHCS OAHKH JAHHMX 33 MIACHCTEMAMH
«TMaTHBO», «IBHTYH» 1 «TpaHcmopTHHil 3acid» (T3). BmsHavaroTecs
(D)YHKLIOHATBHI 3BYI3KH V BHIJBLAL EMIIPHUYHUX 1 (PI3MYHHX 3a71€KHOCTEH
mapamMeTpiB 1 XapakTCPUCTHK TPhOX (DYHKIIOHAABHUX TiacucTeM. Jlam

MPOBOJUTHECS TOPIBHAIBHA OI[IHKA CKCIUTyaTamiiiHuX BjacTuBocTe T3, 10

a

MPALOIOTh HA albTCPHATHBHHX 1 0az0BHX BHAAX mManHBa 3a kputepiem K

aJdanTOBAHOCTI CHCTEMHU O aJbTCPHATHBHUX BHWIIB TANuBa. 3a Kputepiem K,

BHSBJIETECSA TICPEBAXKHE TATHBO 1 (POPMYETHCS MHOXKHHA 3 t aTbTEPHATHBHHX

BHIIB IMAJIHBA.

1.1 1.2
BusHaueHHs aJalToBaHOCTI I1inbip anbTepHATUBHUX MaaNB 3a
JIB3 1o ansrepHaTHBHUX TNAJIUB 3a K, = maxj=12...,n; =0
kpurepiem Ky j=1,2...,m; n=0

[lepexin mo0
II-ro eTany

s b
il

113
n=n-+1

1.1.4
q)Oi').\‘l_\'BﬂIEIUI MHOMKHHH (T)()pM_\'BLIIlIIH MHOZKHHH
i3 n AJIBTEPHATUBHUX izt AJIBTCPHATUBHHX
HaJlup Halinp
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Pucynok 2.9 — ®yHKIMOHaTRHA cXemMa | eTamy OCTIIKEHHS CHCTEMH

«TIAJTUBO-IBUTY H-TPAHCTIOPTHUH 3acit»

II eran (puc. 2.10). OweBuanuM ¢ Te, IO CKOJOITYHI ITOKA3HUKU
TPaHCIIOPTHUX 3aco0iB, SKI EKCINTYaTYIOTHCS B yMOBax OOMEKEHHX O0'€MIB,
MOTPeOYIOTE CYTTEBOTO TIOKpaAITeHHsI, TOOTO BMICT TOKCHIHUX KOMIIOHEHTIR ¥ Bl
IIOBHHEH OyTH MIHIMI30BAaHHUM, IO JO3BOIMTH IX €KCIUTyaTyBaTH 3 MIHIMaThLHOIO
KO A0 [ Iparoounx. [loganbiie JocaipKeH s BKIIOYae po3B 430K 3aiadi, B
SIK1H CHCTEMa «TaTuBO-IBUTYH-TPAHCIIOPTHHUH 3aci0» ONTHUMI3YETHCS 3a KPUTEPIEM
ekoNoTIIHol Oestieku Ke. ITepaiiiinuil mporiec Ipu oMy 301raeThed, 1 KITBKICTh
ITepaltif BU3HaUaeThCS 3a peRyIbTaTaMU HOPIBHAIIBHOI OIIHKY, TpoBejieHoi Ha [
eram. 3a nokaznukoM Ke QopMyeThbes MHOKHHA 13 V. allbTCPHATUBHUX BHIIB
11aJIiBa, 1Ipy exciuryaTami na skomy 13 clpUYUHSIOTH MIHIMAILHY IIKIIJIUBY JI1IO

Ha JOBKIILIA.

2.1 22
BusHaueHHs PiBHS eKoIoriuHoT Oe3neky [1in6ip anbTepHATUBHUX MAIHB 32
T3 na anpTepHaTHBHUX NATMBaX 3a Ke smaxi=1.2...u:v=20
pirgureglly
kputepieMm Kei ,1=1.2..,bu=0
Iepexin Ha
I11-# eTan
2.12 .
BuGip nonycrumoro 2.2.5
snauenns Ke 1on i=1+1
[ }
216 | Hi
i=i+1
f 3
Tax
2.2:4
OpMYBAaHHS MHOKHHH 13
u=u+tl vV alETePHATHBHUX [a/IHB
r
2.1.3 |
DopMyBaHHI MHOKHHH 13

U aJblCPHATHBHUX [1AJIIB
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Pucynok 2.10 — ®dyukmioHaabHa cxema Il eTamy MocmiKeHHS CUCTEMHU

«TAJIABO-TPAHCTIOPTHHH 3ac10»

III etam (puc. 2.11). Ha 3apepimanbHOMYy €Taml BHPIMIYETLCS 3aBIaHHS, e
MOPIBHIOIOTHCS  ITOKA3HWUKH CKOHOMIYHOI  ©(pCKTHBHOCTI ¢KCIUTyaTamii T3,
MPUCTOCOBAHUX JT0 alThTePHATHBHUX BHJIIR TTAJTHBA.

3a MoKa3sHHKaMH €KOHOMIYHOI e(DeKTHBHOCTI F 3MIHCHIOETHCS TMOPIBHAIBHA
OIIHKA BUKOPUWCTAHHS aJbTepHATHBHUX 1 0a30BUX BW/IB MaiuBa. BubuparoThcs
T3, npuctocoBani g0 albTCpHATHBHHUX BHIIB IAJHBa, PIBSHb CKOJOT1YHOI
HeOC3ICKH SKHX JISKUTh B MEKAX HAMMCHINHUX 3HaYeHb. UHCII0 1Tepaliiii 3a1¢:KUTh
BiJ] KUTBKOCTI MO€AHAHE, MO RATHITHINCS TICIA peallizallii Mepiiux JBOX eTaliB
(popMyeThcs MHOKHHH 13 W aJIbTepHATHBHUX BH/IIB TIAJIHBA).

Jlam 3 MHOKHHH W albTepHATHBHUX BH/IIB MAJHBA (POPMYEThCS KOMILICKS
ATHTepHATHBHUX BU/IIB MAJBa HAa OCHOBI BUOOPY ONTHMATLHUX TOETHAHL BHIIB

MaJMBa 1 THB KOHCTPYKINT TPAHCTIOPTHHX 3acOOIR.

3.1 3.2
BuznaueHuga eKoHOMIYHOT eheKTHBHOCTI 5L
; ed [Ti10ip anbrepHaTHBHUX

excravarauii T3 Ha ansTepHaTHBHHX MNaJinBax K
32 KpMTepiEM KEH najarB 3a s ex Max
k=12..v k=1.2...viw=0
: Hi Bubip i3
Hi MHOMKHHH W
aJIETePHATHBHHX
najiuB
Taxk

3.1.2

PoapaxyHok 325
k= k+l

3.1:3

k= k+1 *
w=w+ 1|
3.24

cDOp.’vl}-"[’»E;lIIIIH MHOKHHH 13
W allbTCPHATHBHUX NMa/TnB
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Pucynok 2.11 — dyuxmionanbia exema I erany HocipKeHHS CHCTEMA
«TIalTUBO-/IBUTY H-TPaHCTIOPTHHH 3ac10»

[IpuitaaTy mOoOYyIOBY MOJAET CHOpOIMye OOYHCTIOBAIRLHUN  IIpoIiec
AOCILIKCHI, OCKUILKH JO3BOJIIC BUPIIIYBATH 3aBIaHH OLITUMI3ALI II0CTAIHO, 13
3MEHITIEHHSIM Ha KOKHOMY eTalll YHcia IIo€JHaHb IIapaMeTpiB  CHUCTEMH
«TIaTHABO-BUTYH-TPAHCIIOPTHHI 3aci0», 3aBAJIKHM UYOMY 3HITKYETHCS 3arajibHa
PO3MIPHICTD 3aB/IaHHSL.

Sx Bike Oyno ckazaHo, 3aBAaHHI mMAOOpPY mammBa A JIB3 3BepeHo 10
3aJadl  OITHUMIZalli llapaMeTpiB CKCIUIyaTalllfHol CHUCTEMH  «IIAJIHBO-IBUIY H-

TpaHCHOPTHHHA 3aci®y», TOOTO M0 BIAIMYKAHHS TAKUX 3HAUCHD Xjyeon X,y Vs Vy s

21, %% IIpH SKUX BUKOHYETHCS YMOBA [7 (Xpye0s X, Ve ¥, . 21 Zp )— max (IKIIO

El

IapamMeTpy OJIHOTO HampsMy), e X ; € X _ \moxuma napaMeTpiB MalnBa),

y, €l — MHOKWHa TIapaMeTpiB JBHTYHa, 2z,

;, € 7 — MHOXKHWHa TapaMeTpiB
TpaHCcTIOpTHOTO 3acoly, abo 70 JOBeJeHHS, MO TaKUX 3HaUYeHb Ha MHOKHHI
XUY uZ (obnacTth BU3HAYCHHS IIAPaMETPIB  CUCTEMH  «IIAJIHUBO-JBHUIYH-
TpaHCIIOPTHHI  3acid») He  ICHYe. BIIIoBLIHO 0  3allpOIIOHOBAHHX
dyHKImonaaLHuX cxeM (puc. 2.8, 2.9, 2.10), po310'emo 3aBJaHms HA TPH €Tallu.

I eramn. Meta: BuzHadeHns ajgarrosatocti J(B3 go anbTrepHaTHBHUX 1IAJIMB 1
BHOIp TTaTMBAa 3T1HO 3 ITAM KPUTEPIEM:

K,(g,., N,)> max — xpurepii ajgalroBaHocTl (KpHIepiii TeXHIYHOI
MpHUCTOCOBaHOCT1). IIpolfoHOBaHMM — KpHUTepiit TEXHIYHOI IIPHUCTOCOBAHOCTI €
MIPOIO TIAJTHUBO-CHEpreTHUHoi IpuctocoBanocTl JIB3 10 anbrepHaTMBHUX BHIIB
MaJvBa 1 BigoOpakae 3MIHY MalIUBO-€KOHOMIUHHX Ta €HEPTreTHUHHX IOKa3HHUKIB
1pu 1epexoai 13 ma ajapbTepHATUBHI BHAM lAJIMBA 1 BIPOBAKCHHI TEXHITHHX
PIITIEHE 1 3aX0/1B, TIOB'I3aHUX 3 1M TIEPEBeICHHSIM.

II eranr. Meta: BU3HaUeHHS PiBHS eKoNoTidHOI Oe3rekd 13, Sk mpaIforoTh

Ha aJbTepHaTHBHUX BHJAX HaiuBa, 1 madlp HajiuBa 3C1AHO 3 UM IHOKA3HHKOM.
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Exonoriuna Oeslieka — AOIYCTUMHH PIBEHL HeraTHBHOI Al aHTPOIIOICHHUX
YUHHUKIB €KOIOTITHOT Hebe3NeKH TeXHITHOI CUCTeMH Ha JOJIUHY Ta HABKOIHUITHE
CEPEJIOBHIIIC.

ITummoBa pyHKI: Ke (KHT, Keg)— min — KpuTepil eKoIOTIUHOI Oe3IeKH
Tpancuopraoro zacody, jge KHT — kareropis ekojoriauoi Hebesleku
JOCTITKYBAHOTO TPAaHCIIOPTHOTO 3acoly, KUl Tpalfoe Ha albTepHATHUBHOMY
11aJIKBI. Kareropis  exosorianoi  nHeOe3leKH  TPaHCIOPTHOIO — 3aco0y
XapakTepusye OJHOYACHO KUTBbKICTEL MKIAIMBHUX pedoBuH v BI, a Takox ix Kiac
HeOe3MeKH Ta TOKCUIHICTh 3 BpaXyBaHHAM TPaHUTHO JIOIYCTUMUX KOHIIEHTpAITii.

Ke6 — piBeHb €KOJIOITUHOT O€3IIeKH TPaHCIIOPTHOIO 3aco0y, KU Ipallioe Ha
0az0BOMY TIATHBI.

Oyukrionansul oomexerst: KHT/KHT: < 1. (2.8)

Jomyctumuit  piBeHb exonoriudoi HebOe3nekn 13 BH3HaUaeThed 3a
EBPOIICHCHLKUMU HOPMAaMHU, SIK1 AOHOBHEHI PIBISMH €KOJIOITYHOI IPUCTOCOBAHOCTI
JIB3 1o anpTepHATURHUX BU/IIB MaIvBa.

JLit ominku piBHs exojoriunoi Oesueku T3 3acrocoBanuit  kpurepid Ke
€KOTOTIIHOT Oe3MeKH TPaHCHOPTHOTO 3acoly, SIKW BU3HAUAETHCS 3a TTOKA3HUKOM
EKOJIOTTIHOT HeOe3IICKH.

III eran. Meta: BU3HAdCHHS ¢KOHOMIYHOI edeKTUBHOCTI ekciuryaramii 13,
SIKI 1IPaIioIOTh Ha allbTepHAaTUBHUX BHIAX MMallkBa, 1 101p HajduBa 3riHO 3 M
TTOKa3HUKOM.

ITutroBa QYHKITIS:
Rex(Bp,Bpm)%mm - KpHUTEp1i eKOHOMIYHOI e(hbeKTUBHOCT1 eKCIuyaTali, e
Bp - p1UH1 IPUBE/IEHI BUTPATH, TPH.

OyHKIoHAIbHI oOoMexerms: B, / B s 2 1 (2.9)

k4

MokHa TIPHINYCTHTH, MO KPUTEpIi TeXHITHOI aJalTOBAaHOCTI, €KOIOTTIHOI
OC3MICKH 1 CKOHOMIYHOI e(PCKTUBHOCTI ajCKBATHO OIUCYIOTH CKCIUTyaTaliiHy

CHCTEMY «IIaJIHBO-JBUTYH-TPAHCIIOPTHUH 3a¢10%.
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JUI1 BU3HAUCHHS  KPUTEPI® aJallOBaHOCTI CHUCTEMH JO PI3HUX [aIUB
po3polIileHa METOIMKa Ha OCHOB1 MeTOy aHami3y lepapxii [20] T.Caati (MAI). 3a
Ao1OMOToI0 MAI MoKHa BUPIITYBaTH 3aBJalHs SararoKpuTeplaibHOT OITHMI3AII
3 IOCHUTh BEITHUKOIO KITHKICTIO KPHUTEPIiB ONTHMAaIbHOCTI.

Metoj avamizy icpapxiif, MK METOJ CHCTEMHOIO aHall3y, [J03BOJLIE
3IUCHUTH 1€papXidHe TIPeICTaRIeHHs CKIaJIOBUX €JIeMEeHTIB cUcTeMH (puc. 2.8).
Koxnuii pisenn (erarr) ado HiapiBeHb (IeTall) icpapXiaHoi CrpyKTYPH Mae CBOi
OIIHOYHI TToKazHUKH (OIl) 3 eHepreTHIHNMH, €KOJIOTITHUMH, €KOHOMITHHUMHU,
(YHKIIOHATFHUME Ta 1H. KPUTEPISIMH, K1 € CKIIaJOBAMH eIeMEHTaMH CHCTEMH.

JL pocipkyBanoi IpodlieMy vV BLIIOBLIHOCTI 3 IPUHIMIIOM 1SHTHYHOCTL
Ta JIGKOMIIO3HUITI iepapxidHe TIpejCTaBIeHHS 3aBjJaHHS MOKHAa 1UIIOCTPYBaTH
roerarso (puc. 2.11).

O0'exTH TOCTIKEHD OIIHIOIOTHCS (IOTapHUM TOPIBHIHHAM ) 32 JTOTIOMOTOIO
po3poliicHOT MaTeMaTHYHOI MaTPUYHOI MOJEIL 13 3daCTOCYBAaHHSM MHOKUHH
KpuTepliB (pakTopiB, O3HAK, XapaKTEPHUCTHK, IapaMeTpiB, 3MIHHHX Ta 1H.),
oOpaHuX 3aJICKHO Bijl BUPINIYBAHUX 3aBJaHb 1 oO1acTi 1podileM, 1 MalOTL PI3HI
piBHI JeTam3arii. 3 oJHOTo OOKY pIBEHB JleTam3arli omHouHnx KpurepiiB (OK)
o0'exTa JOCHKEHHS IIIBUIIYE JIOCTOBIPHICTh PE3YIILTATIB OIIHKH, a 3 1HIIOIO -
3a0e31Iedye IEHTUUHICTD JaHuX, OJSPKYBAHUX PI3HUMH JOCIIHUKAMHU.

3ryiHo  JaHux  HOHSPEAHIX  JOCHLDKCHL  T'OJIOBHHUMH — BIAMIHHUMHU
ocoOauBoCTIMH po3podku OK e:

- HAsSIBHICTD 3B'SI3KY MK KPUTEPISIMHA 1 METOO ( IPU3HAYESHHSIM ) P1BHSI,

- XapaKTePHUCTUKA YKICHUX 1 KVIBKICHUX HOPIBHIOBAHUX BaplaHTIB PIIICHL;

- HaSBHICTH y3aralbHIOIOUUX (GOPM, 3pYUHHX JUIST HETIPIMOT OIIHKH 00 €KTIB
TOCIIKEHD,

- 1HOopMaIlsd mpo KpuTepli, gKka HajaeThesa Y (PopMamizoBaHOMY BHUTIIIL
(byHKIOHAALHI  3ajCKHOCTI, KoedilmicHrn, rpadiky, Tabluiil ToImoe) 3

KOHKPCTHHUMH YHUCIICBHMH ITapaMCTpPaMH.
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Bl ¥ Brbip namusa

Hmxua rennora 3ropains maIHBa
Piseus 2 Jetonaiifua cTifKICTs (CXHABHICTS 0 CAMO3aHMAHHS)
Pipens 3 JuznanuBo bioauzens r

PucyHok 2.12 — Ctpykrypa 1epapxii piBHs (eramy) «Ilamuso»

[Mpu 3actocoBanHi MAI moOpiBHIOETECS BIJHOCHA BAXKIMBICTH (Bara,
IHTEHCUBHICTb) KOXKHOTO KpPUTEpio (eneMeHTa) 3 BIAHOCHOK BAKJIMBICTHO OYb-
SIKOTO IHIIOTO KPUTEPI (eNeMeHTa), SKHH peami3yeThCsl MareMaTHYHO
MarpuuyHo Moaemao (puc. 2.13). TlopiBHSHHSL TPOBOAMTHCS OOUYMCIICHHSIM
BJACHOTO BeKTOpa MO pAIkax, OOUMCISHHIM Ta HOPMATIZAIIED BEKTOpa
TIPIOPHUTETY.

Peanizanis MAI nounHaeTsest 3 Apyroro piBHSA BHU3. HacTymHl npiopureTtn
(uMcmoBl  3HAYEHHS BIAHOCHOI  BAKIMBOCTI) MHOXKATBCA HA  MPIOPUTET
BIATIOBITHOTO KPUTEPII0 HA BHIIOMY PIBHI 1 MIACYMOBYIOTBCS TIO KOXHOMY
eleMeHTy (abTEepHATUBH PIIISeHBb) BIAMOBIAHO OO0 KPUTEPIiB, HA SIKI BIUTMBAE LEH
EIEeMEHT. 3a AaHUM MOPSIKOM KOKEH EJISMEHT APYroro PIBHSL MHOKHTBCS Ha
ONUHHINO, TOOTO HA YHMCIOBE 3HAYEHHSI BIJHOCHOI BaXKIMBOCTI (Bara) MeTH
TIePUIOTO pIBHA lepapxii. 3azHaueHa TpoIeAypa TPHBAE IO HAHHIDKUOTO PIBHS
PO3po0IeHOi CHCTEMH 1€papXii.

Ha puc. 2.13: A4, A, As ..,A, — MHOXHHA 3 N eJeMeHTIB (KpUTepliB

OLIHKH) 1 @;, @), @, ..., @, — BIAMOBIIHO iX BIAHOCHI BAXKIUBOCTI.
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Ofuucnennd i

Matpuusa NapHUX NOPiBHAHD OBuucneHHA BIACHOIO HOopManizania
NoKasHUKIB BEKTOPA NO PAAKAX BEKTOpa NPiIOPHTETY
A Az A3 A e a ) o a 3
A ACAC A A A A I
o iy @y ey
A | o/ |/ | @ @ o/ af of of _ 7 =x,
AFAEAE T 3
Az | o @, @ a.l% - Y
A- /"-’z %-}; @ J%%% 3"’4 - /&. %
Ay

._@;/ @, “"/ “’V Jw a,/ @) o 2y =
aft=a 4 ] 4 - y =X
a A}z fidy £y [ A’l A’z iy AJ; e o >

| B [ = 2. 2740

PrHcyHoK 2.13 — MarTpHIAd MapHHX TOPIBHAHE [MOKA3HHKIE, PO3PaxyHOK

BJIACHHX BeKTOPIiE, 004UHCIeHH Ta HOPMAJIi3allis1 BeKTOPIE IIPiOpHTETY

IpakTH4YHe BHKOpHCTaHHA MAT 00yMORJIeHe HaARHI CTIO TAKHX [IepeRar:
salesrmedyeTbCsl peamizaliia HaHOIMBII el eKTHRHOTO CIIOCO0Y  OLIHKH
KiTbKICHO HEPHMIpPHHX, ale pa3soM 3 THM BaKIHBHX (aKTOpie A0
TIPHHHATTA 00T PYHTOBAaHHX PillleHb;

JOCTI/TKEHHS CKITaAHHK [IpofiieM 3BOAHTLCA J0 JOCHTH IPOCTOl IpoLeay pH
TIPOR €TeHHAA MO CTiI0BHO [TOITAPHHX MOPiBHAHE;

OLIHIOETECA BAKITHBICTL BpPaxyBaHHs KOKHOIO pillleHHsT H BaKIHPICThb
PpaxyBaHHA KOKHOTo aKTopa, 10 BIVIHEaE Ha MPiOPHTETH pillicHb;
IpocToTa B pealnisallii, He MoTpiOHO 3HA4YHHX (HiHAHCOBHX 1 YaCOBHX
pecypciB Ha [POR efleHHA HeoOXiTHHX pPo3paxyHKIP;

MOKITHBI CTh BHPILIYBATH 3aB/JaHHA 3 BETHKO KiJbKICTHO KPHT epiip;
BPaxoBYEThCH «JTHICbKHH (paKkTop:» IPH IATOTOBLH IIPHHHATTSA PillleHH L

Hnst npoeefeHHSA cCy0'e¢KTHBHHX [apHHX IopieHaHb T. Caari Oyma

pospobiieHa HIKaATa BIAHOCHOI BaKIHBEOCTI KpHTepiie (Tadm. 2.3).
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Tabmurg 2.3 — I[Tlkana BITHOCHOT Ba:KIHBOCT1 KPUTEPIiB

CTymiHb
. BusHaueHHS ITogcHeHHS
BaKIIMBOCTIL
. JIB1 m1i BHOCITH OTHAKOBHMI BKIIa
1 OHaKoBa 3HAYUMICTD
Y JOCSTHEHHS METH
Jlesika nepeBara 3Ha4UMOCT1 o
o _ JIOCBLL 1 CYJDKEHHS JAlOTh JIETKY
3 oJIHiel ii mepes 1HIMMMH (clrabka o _
_ repeBary OJIH1f A1i 1epe;| IHMIMAMHA
3HAYMMICTH )
_ JIOCRIT 1 CYIKEHHS TalOTh BaroMy
5 IcToTHa abo BaroMa 3HAaYUMICTH - o _
repeBary OJHII A1l 1epe] IHIMAMA
ITepenara oiHI€l A1i HepeT 1HITIMHA
Hysxe Baroma abo oueBHIHA )
7 _ ayxe Baroma. Ii iepesara
3HAYUMICTh _
(paxTHIHO BiIOMA
_ CB1/IUEHHS Ha KOPHUCTH TIlepeBaru
9 AOCOMIOTHA 3HAYNMICTh . _ o
OJIHIE] HA/l 1HINOKO Y IIOBHIHA Mip1
ITpomikHI 3HATEHHS M1K Cwurtyarinist, KoJld HeoOX1/THe
2,4,6,8 o . _
CYC1/HIMHY 3HAYEHHSIMU ITIKAIH KOMIIPOMICHE PIITIEHHSI
3BopoTH1 |SIKIMO JI1i 7 TIPH TTOPIBHSHHI 3 JTIE€T0
BEJIMYUHU |/ IPUIUCYETHCS OJIHE 3 HABEACHUX
HABEJICHUX BHITIE YHCEIL, TO Jii j TIpH OOrpyHTOBaHE MPHITY ITIEHHS
BHIIIC LIOPIBHSIHHI 3 7 IPUIIUCY € THCH
qHCce 3BOPOTHE 3HAUCHHSI

$Ix GaumMo 31 ITKaJiM, MakCHMaJIbHO MOKIIHBa K1JTbKICHA [epepara OJaJHOTO

of'ckra HaJl IHIKM — 9. 3a3Ha4MMO OCHOBHI IIPUYHUHHA 1A BCTAHOBJICHHS BEPXHbOT

MeEK1 TKAIH;
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- HKICHI PO3XOJDKCHHS Baromi Ha IPakTHIL B TOMY BHIAJAKY, KOJIH
MTOPIBHIOBaH1 00'€KTH OIIM3bK1 IO KPUTEPIIO (BIACTHBOCTI), BUKOPHUCTAHOTO
IS TIOPIBHSTHES,

- 37aTHICTh JIOJHUHH 3HAXOJAHUTH SIKICHI BIAMIHHOCTI MK oO'ekTaMH, SIK1
MOKHA BLI3HAYUTH II'STbMa SKICHUMH PIBISMH: OJHAKOBHUH, CJIaOKHiA,
BaroMui, Jiyke BaroMHi 1 aOCOTIOTHHH,

- BIJOMO, IO OIlepaTUBHA IaM'STh JIOUHU 3JaTHA MAHIILY IIOBATH OJIHOYACHO
7+£2 omuHMIEIME 1HGOPMAIIi, TOMY HaBE¢IcHa IKala MICTHThL y coll He
O17IbIIIe JIEB'ITH Tpajaltif;

- e(eKTHBHICTH BUKOPHUCTAHHS HABECHOT IIKAJIM I11ITBEP[KEHA [IPAKTHKOIO.
JI1st oI HKH 1oTo,KeHOCT1 B MAI BUKOPHCTOBYIOTHCS 1HAEKC TTOTOIKEHOCT]

(I1D) 1 Bignomens noromxenocti (BID). lngeke moropkenocTi — KUIbKicHA OIIHKA
CYIIEPETHOCT] pe3yabTaTiB MOPIBHAHB (JUII CHCTEMH B ITIIIOMY, JUISI BY3TIB OTHOTO
Kjacrepa ado sl KIAcTepiB, MO MArOTh 3arajibHy Bepimumny). 111 He 3ane:xuts Bij
IMKaJ MOPIBHSAHB, aje 3aleKUTh Bl KITBKOCTI MapHUX MHOPIBHIHL. UHUM MeHIIe
LIPOTUPIY Y HOPIBHSAHHIX, THM MEHIIC 3HAYCHHS 1HJEKCY Iorojpxenocti. llpu
BHKOPHUCTaHHI cIOCOOY MOPIBHAHD 13 €TaTOHOM 3HAUeHHSI 1HAEKCY IOTO/IKeHOCTI
JOPIBHIOE HYITIO.

IHIexe NoroKeHOCT1

I = (A —mAn-1), (2.10)

ne Ay — BIACHE 3HAYCHHS MATPHII,

1 — KUIbKICTD KOMIIOHCHTIB MaTPHIIL.

Bigaomenns noroxkeHocti BII — BiHOMEHHS 1HJAEKCY TOTOKEHOCTI JIO
CePEJHBOCTATUCTUIHOIO 3HAYCHHS 1HACKCY IOTO/KECHOCTI IPU BHIIAKOBOMY
BUOOPI KOS(PIICHTIB MATPUIN LIOPIBHAHD.

Jam ¢dopMyeTbecd MaTpULM HapHUX MOPIBHAHL TPETHOIO PIBHM, I SKOI

(Oepyun o yBard ii cTpyKTypy) BUOHpaeMO HOB1 OIIHIOBaILHI TOKa3HUKH.
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Hacryiumuii erann MAI — pospaxyHOK — y3arajJlbHCHOIO (IJI00alIbHOIO)
MIPIOPUTETY, SIKUM B HAIIOMy BUIIAJKY € KPUTEPId aJalnTOBaHOCTI CHCTEMH 0O

PI3HUX IIAJIUB;
K,=) x¢ (2.1

Je X; — BEKTOp IPIOPUTETY i — OIIIHOYHOI'O KPUTEPIIO, OTPUMAHOTO IIPH
IMapHOMY TIOPIBHSHHI BITHOCHO{ Ba’KITHBOCTI KPHUTEpliB Ha IPYroMy PIBHI IIO
BIJHOIICHHIO JIO 3arallbHOl METH Ha IICPIIOMY PIBHI,

@; — BEKTOp TIPiopUTETY i — 00 €KTa JOCTIKEHb, OTPUMAHOTO TIPU TapHOMY
HOPIBHSHHI BIAHOCHOT BAXKIIMBOCTI 00’ €KTIB JOCIKEHHSA Ha TPETHOMY PiBHI.

OcTtanHIit Kpok — moOyJ0Ba TaONHIT 3aralbHUX PO3PaXyHKOBHUX 3HAUCHB, B
SKIH  BKIIOYAIOTHCH BEKTOPH  LIPIOPUTETIB 3 000X HOLEpeAHix TadJMIb 1
BIJIMOBIAHAM YHHOM JOJAIOThCS. Taka OINHKa MOKAa3HWKIB ITAIHMB BHKOHAHA B
posai 6.

[ToriepeiHRO  OIIHIOETHCS ~ TEXHIUHA  OpuUcTOocoBaHIcTE  JIB3  3a
EHEePTeTUIHUMH Ta TAaTHBO-€KOHOMIYHMMH TIOKa3HWKaMH JIBUTYHA TIpH HOTO
pobOTI Ha JAaHOMY allbTePHATUBHOMY laluBl (eeKTUBHA MOTYKHICTH JIBUIYHA,
cpexkTUBHMIA KpYyTHHI MOMEHT Ta NIUTOMa e(peKTHMBHA BUTpaTa llajuBa, Ha
BCIIMYKHY SKUX BIUIMBAE HUKYA TEIUIOTA 3TOPSHHS Ta 1HI [OKA3HUKH 11aJIHBA).

Y Hammx JOCTHDKEHHSX U1 PO3PAXyHKY TOTYKHOCTI  JIBUTYHa
BHUKOPHUCTAHO 3B'I30K MI?K KOPHUCHOIO POOOTOIO (LOTYKHICTIO) JABUI'YHA 1 KIILKICTIO

TCIIIOTH, BUTPAUCHOIO JTIIA 1i OACPHRAHHA:
e~ e T c.443,5.103 ., T, 2 2

ne H,,,— TeIora 3ropsSHHd TalABOIIOBITPIHOT cyMirmi, MJ /M,
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B, — TOIMHHA BUTPaTa HAJIMBOLIOBITPAHOI cyMilm, M>/To;
17 — epexTuBrmit KKJI.

3a PO3paxoBaHuMK 3HAYCHIPIMK OTPHMYCTECA BCIIMYHHA 3MIHHA TEIUIOTH

3TOPSIHHS TOPIOTHX CYMIITEH PI3HNX MaTUB B 3aJIeKHOCTI B1J] CKIIaAy CYMITTIL:

_H,-AHd,
oL,

H

<

; (2.13)

ne H, — nwxua reriora sropsuns nanmsa, MJDx/xr (MJG/ M),

Al — XiMiuHa HemTOBHOTA 3TOPAHHS TanuBa, MJUK/KT (MJTx/ M),
a — xoedIIeHT HATHIIKY TTORITPS,
L, — KIIBKICTD HOBITPS, TEOPETHYHO HeOOX1AHA I [IOBHOIO 3ropsgHHs 1 Kr

IHaJiBa, KT

Ha monepetHROMY eTarmn xapakTep 3MIHH 7], IPHHUMAETHCS TaKAM K€, K JIIS
0az0BHX IBUTYHIB, XO04Ya MEXaHIYHI BTpaTH y JBUTYHIB Ha aJlbTepHaTHRHHX
[IaJvBax, 30KpeMa Ha TIa30BOMY IIAJMBL, BBaXAIOThCS MEHIIMMH  4epe3
[TOJTITIIEHHS YMOB 3MaIleHHSI.

Burpara roprouoi cymimm A JIB3 1meBHOT KOHCTPYKINT BH3HAYaeThCS 3a

dhopMyIIoIO

Vi 0\ Lp,
«~\T000 ¢ )T -p, 1,7, M /ron, (2.14)

ae Vy, i — o0 eM 1 KUILKICTD HIITHJIPIB,
7— TaKTHICTH JIBUT'YHA,
1 — dacToTa oOepTaHHd, XB;

7, — KoediieHT HAIIOBHSHHS IIHIPIB;,
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To, Ts4 po, pa — BIINOBIAHO TeMIeparypa 1 THCK HABKOIUIIHLOIO
cepeIOBHINA 1 B KIHITI BITYCKY,

v = 1,11...1,14 — xoediieHT MOBHOTH 3apsy, IO BPaxoBye 3alll3HEHHS
3aKPUTTS BIIyCKHOTO KIIamaHa.

Bukopucrosyioun dopmyim (2.12 1 2.14) 1 pospaxyHKOBI 3HaUCHHSA Hcyy,

OTpUMaeMoO (popMYIY TS po3paxyHKy MOTYKHOCTI HOTUPUTAKTHOTO JIBUTYHA

. - B

a [

N =A-H, V,-n ‘1,7, ¥, XKBr (2.15)

Je A — cralia U1 JaHoro ABUryHa BeJIMYUHA.

Ba3< AMH_3'6']‘O3

Buxoagam 3 yMOB T =1, T . Ha HOMIHAILHOMY PEKHMI
i e

BHU3HAaYacThLCA 1IIMTOMA eq)eKTI/IBHa BUTpaTa IlIaJIABa

3600107
5 :H'—T]Eag’ MABm-eoc) ? (2. 1)

u

a IOTIM ITHTOMA BHUTpaTa TCILIOTH, BBEJICHOI B ABHI'VH 3 IIAJIMBOM

9 ~&. H”’ MZ[}K/KBm-eoa (2.17)

3a OTpUMAHWUMH 3HAYCHHSAMH IOTYKHOCT1 1 NUTOMOI e(peKTUBHOI BUTpPATH
nmaauBa (TEeIUIOTH) Jall po3paxoBYETHCS 3HAUEHHST KPYTHOTO MOMEHTY M Ta
I'OIUHHOI BUTpaTH HajiuBa Ga.

B gxocTi MipH e(peKTHBHOCT] TTalTHBHO-€HEPTETHUHOTO TIOJSI JIBUTYHA, SKe

o0’ eJIHy€e IIOKa3HUKH HAaBAHTaXKYBAJIBHUX XapaKTCPUCTHK, B poOOTI BBEJCHO
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KOMILICKHHMI IIOKA3HHUK, B3acMHO HOB‘SE[BYIO‘II/II;‘I eHepTGTHqu Ta IIaJIMBO-

€KOHOMITHI TIOKa3HUKH ABUTYHa — MeXaHIUHUH eKBiBaleHT oHoro M/ mainea

M, w
ME = é‘ , Br*roy/MJIx, (2.18)

F3

ae M, — edexTuBHUN KpyTHHM MOMCHT ABHUIYHa, HM, SKWif pO3BHBacTHCS
1P 4acTOTi 0OepTaHHd KOMIHYAcTOro Bajga @, ¢’ Ta TOAMHHINA BATpAT] a/IuBa B
eHepreTHUHUX oguHmax G, | MJTx/ro.

[TanuBHO-eHEpreTUUHE 110J1¢ BioOpaxKae Mipy HOTCHIIHHUX MOKIUBOCTCH
JBUTYHA 1 YMOBH, 3a SIKHX MOKIHBa MaKCHMaJbHO BHTIJIHa HOTO peanizaliist
BHACIJIOK B3a€MHOI IMOIODKCHOCT] XapaKTepUCTHK JABHUIYHA Ta IIOKA3HUKIB
raInRa.

JI 3pydHOCTI MOPIBHSHHA TalWBHO-€HEPTeTMUHMX IOKa3HWKIB JIBUTYHA

1IPU BUKOPUCTAHHI PI3HUX AIMB PO3IIBLIACTHCH TUILOBA PYHKITS

ME ... =f(M  ,n). (2.19)

OJHHAM 3 OCHOBHHX ITOKa3HUKIB, SK1 OITIHIOIOTH €(PeKTHRHICTH eKCINTyaTartii
T3 Moxe CIYKUTH BeIMYMHA TPAHCIOPTHOI LPOAYKTHBHOCTI. [i Benmumna
BU3HAYAECTHCS 3HAYCHHAMH BaHTAXKOILAMOMHOCTI Ta CEPEIHBOI 38 IIUKI IMBUKOCTL
pyxy V. B cBolo depry BaHTaKOIHOMHICTE U IMIBHAKICTH PYXY 3alekaTh Bl
eHeprouacuyenocti 13 Ta gopoxkuix yMoB. ToMy KUIbKICHA OLIHKA TPaHCIOPTHOL
pobotu T3 Mae BUKOHYBaTHChH Ha OCHOBI KOMITIEKCHHMX KPHUTEPIiB Ta HOPMOBAHUX
BUMIPHHKIB, $KI BIAOOPaXaOTh 3aKOHOMIPHI 3B S3KHM OCHOBHUX (haKTOpiB
TpPaHCTIOPTHOT POOOTH 3 TapaMeTpaMH 1 BUX1THUIMH XapakTePUCTUKaMHU JBUTYHA.

3 miclo Meroo B poOOTI BBOJAUTLCS KOMIUICKCHUM IIOKA3HUK TEXHIKO-
CKOHOMIUHOI  edeKruBHOCTI  TpaHcuoprHoro sacody (13), sxkuit  Moxke
BUKOPDUCTOBYBATHCH TaKOXK HK KOMIUICKCHHUH IIOKa3HHUK [aJIUBO-IIBHIKICHUX

BIIACTHBOCTEH
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m, -V
K, =—"2— tim/M]Ix, (2.20)

Je M, —ToBHa Maca 13, T,
I — cepeTHS MBUIKICTE PYXY, KM/TOT;

G, - cepearmd TOJAHMHHAa BHTpPaTa IlAIIMBad B CHCPICTHYHHX OJIHMHHITIX,

i
MJIx/Ton.
34 KOMIUIEKCHUM [OKA3HUKOM IIAIMBO-IIBUAKICHAX BJIACTUBOCTEH MOKE

OyTH cpopMOBaHUI OKpeMUH KpUTEP1H BUOOPY MalHRa.

2.4. MeToj| BUSHAYCHHS KPUTEPIiB, SK1 XapaKTEePU3YIOTh CUCTEMY «IIAIUBO-

JTBUTYH-TPAHCIIOPTHHI 3aciO»

JI71 oTiicy CHCTEMHU «TIaTHBO-IBUTYH-TPAaHCTIOPTHHUH 3aci®» CKOPUCTAEMOCS
HIPUHIMIIOM IPOMUCIOBOIO MeTaboII3My, SKUHA BUMAarae peaiisanii TphoX THIIB
PIITIEHD:

- 1HBEHTapW3allio BCIX MaTeplalbHUX 1 €HEePreTMUYHUX IOTOKIB 1 iX

PO3CIFOBAHHS B IIPUPO,[HUAX CEPEIOBHITIAX;

- KUIBKICHY 1 SKICHY OLIHKY BIUIMBY MaTeplaJIbHUX 1 €HCPIeTHYHHUX IOTOKIB

Ha JTOBKIIIA,

- po3po0Ky 3axo/IB IMOAO 3MEHIEHHsS IMKIMBOI A1 MarepialbHHX 1

CHEPreTUIHUX IIOTOKIB Ha JOBKULI.

3rilHO 3 PO3MIIHYTHM BHINE MPUHITAIIOM TOTOKW PEUOBMHM 1 €HEpTii
IPUMHATO BiAHOCHUTH A0 00'emy BupoOmoBaHoi npoaykuii. ToMy — HaBejaemo
IMOTOKH TanWBa 1 BIATIpallbOBaHUX Ta3lB B IIUTOMHX OJWUHHIX, TOOTO B
PO3PaxXyHKY Ha OJIMHUITIO SHEePTIi.

[ToTik manuBa NpeACTaBUMO Hepe3 MATOMY BUTpaTy HaInBa:
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G

g = 7” (2.21)
e
Jie ge — IIATOMA e()eKTUBHA BUTPATA MAJIMBA, KI/KBT-ro1;
(7» — TOJTUHHA BUTpaTa IIalluBa, KI/ToT;
N. — e(peKTHRHA TIOTYKHICTH BUTYHa, KBT
lluroma edexTMBHa BUTpaTa IIAJIMBA IIOKa3ye K4 KUILKICTh IIaJIMBa
LOTPIOHA JJIM OLIHKH OJIMHHUII MeXaHI4HOI POOOTH 1 € XapaKTePUCTHKOIO IIOBHOTH
BUKOPHUCTAHHS €HEpIil IaIuBa 1 Horo eHeprocMHOCTI.
[ToTik BIAOpallbOBaHUX Ta3lB  OIHUCYETHCS Uepe3 3MIHY MacOBHX

XapakTepUCTHK KOXKHOI 3 JOMIITIOK B Yaci:

E = 2.22
" 3600-N,° (2%
Je Ei — nuroMuil BHKMJ 1-1 PSHOBHMHM 3 BIAIIPAULOBAHUMH Ta3aMu,

r/kBTronm;
Mi — KUTBKICTh BUKHIIB 1-1 PEUOBHUHH, T/C.

Bemmuuna Fi nokasye, ska Maca 1-i PeHOBHHM HPUXOJUTHCS HA OJHHUITO
BHpoOIeHoT MeXaHITHOI POoOOTH 1 € XapaKTepPHCTHKOI BHUKHW/IIB IIPH OTPHUMaHHI

OJMHUII MeXaH1IHOT poOOTH.

EHepI‘eTI/I‘-IHI/Iﬁ MOTIK CHCTEMH OIHITIEMO HacTYIIHUM BHUPA30M:

(2.23)

Je A —Mexaniyna poOoTa, BUKOHAHA ABUTYHOM, K/,

t — 9yac BUKOHAHHI MEXaHIIHOI pO6OTI/I, C.
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Terep 3HaleMO B3aeMO3B'S3KHM MUK IIapaMeTpaMH, K1 XapaKTepU3YIOThH
MarepialbHl 1 €eHepreTUdHl TOTOKM CHUCTEMH «IIaJHUBO-JBUTYH-TPAHCIIOPTHHI

3aciOy». st nporo piBmsHus 2.21 — 2.23 HepenucyoThes Y BUTISIL

4.5, 2.24

i (224)
4__1 M 595
{3600 E (2.25)

M, G

Zi=36-—2,

z . (2.26)

KinpkicHa xapakTepucTUKa IOTOKY BLAIPAILOBAHUX Ta3iB Mi 3alle:KUTD Bl
KUIbKICHUX (7» 1 eHepreTWUHMX Hu (HWKYa TeIDIoTa 3TOPSHHSA IIalHBa)
XapaKTepUCTHK IOTOKY 1IaJIMBa, KUIBKICHUX XapaKTepUCTHK IIOTOKY eHeprii A/t, a
TaKoK BIJ TOBHOTH BHKOPHUCTAHHS €Heprii maameRa ge 1 Bl BHKH/IIB
BIANpabOBaHUX I'a31B IIPH OTPUMAHHI OIUHHUII MeXaH1uyHoi podoTu Ei [23].

3BejgeMo piBasaHI (2.22) po OesposMipHoro Buay. UL IbOro 3almimeMo

HOTO B HACTYIIHOMY BHIJIJIL:
M =3600-E-N =0 (2.27)

B sxocTi Maciradis st Beamdud Mi 1 Ne BubepeMo Jiesiki 3HadeHms Mi®

1 Ne®. OTpuMye€eThCS HACTYITHHI BHPa3:

MM -3600-E -N*-N =0, (2.28)
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_ Mi
M, =—5 (2.29)
— Ne
N, = A0 (2.30)

ne M, { N, - OC3pPO3MIPHI BEIMYMHU KUILKOCTI BUKUIAIB 1 ¢(EeKTUBHOT
HOTYKHOCTI JIBUTYHA.
PozaumBmm  oOuasl  wacTuHuW  Bupaszy 2.28 Ha Belmuuny  AMi°,

OTPUMYETHCSL O€3pO3MIpHMM  aHalor piBHAHHS 2.17, IO XapakTepusye

IIOTIK BIAIPALILOBAHKX T'a31B:

M—3600-%-N8 =0, (2.31)
OcTaTOUYHO MAacMoO;
M,-B-N, =0, (2.32)
E-N
p=3600-= 3=, (2.33)

i

ge f — Gesposmipimii xoMmivtexe (Gi3UUIMX BEIMYHI, IO XapAKTCPH3YE
IIOTIK BIANPANbOBAHUX Ta3iB, HOTIK CHEPrii Ta BUKUIKM BIALIPAILOBAHUX [a3iB I
Jac BUKOHaHHS MeXaHITHOT poOOTH.

3riyHo Teopii HOAIOHOCTI CXOKI SBUINA BIAPI3HSIOTLCH OJHE Bl OJHOIO
TUIBKH MacImTa0aMH XapakTepH3yIOUnX IapaMeTpiB.

CTOCOBHO CHCTEMH «IaTHBO-/BUTYH-TPacIIOpTHHM 3acid» mapamerpu Mi i

Ne s nogiOHUX CcTaHiB BLIPI3HAIOTLCS Ha BelMuubu MacirradiB Mi® 1 Ne®.
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bezmu 1ogidHUX CTaHIB  CUCTEMH  «IIAJIHUBO-ABHUIYH-TPAHCIOPTHHI  3acid»

XdPaKTCPpH3YETHCA OJHAKOBHUM 3HAYCHIAM /B :
B =const. (2.34)

Upemo f € kpurepieM TOMIGHOCTI CTAaHIB CHCTEMH «IIATHBO-JBUIYH-

TpaHCIIOPTHHI1 3aciO». [TepermimemMo Bupas (2.33) B HACTYITHOMY BHTTISII

E-N) M,-N]
M N M

i e i

ﬁ=3600- =COHS1‘_ (2.35)

Ilpunyetumo, 1mo Ui HoAI0HMX — CTaHiB — CUCTEMH  «IIAJIMBO-

JABUTYH-TPAHCTIOPTHUH 3aci®» BUKOHYETHCS YMOBA!

A
— =N, =const,
- =N (2.36)

Toal 1oji0H1 CTaHd CUCTEMHU «IIAJIUBO-ABUIYH-TPAHCIIOPTHUE 3aciO», I

SIKUX BUKOHYETBCH YMOBA (2.30), XapaKkTepu3VIOThCA HACTYIIHUM BHPa30M:

M.
K, = L = const,
Y, (2.37)

ne M, — xpurepiit PI3UKO-TEXHIYHOT TOAIGHOCTI.

VYapumo co01 JIBATYH, TeXHIYHO TPUCTOCOBAHMU O JEKUIBKOX BHIIB
11aJIuBa, SK1 CKIAIal0Th MHOKHHY albTepHATHBHUX BUAIB Hanusa. Po3id'eMo jany
MHOKHHY Ha MIIMHOXKHHH, IIPUUIOMY IS BCiel MHOKMHHM BHUKOHYETHCS YMOBa

(2.36), a ycepelwHl KOKHOI MAMHOKHHH yMoBa Mi = const. MaTeMaTHUHY
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IIOCTAHOBKY YMOB MO’KHA I1HTCPHPETYBATH TAKHUM YHHOM: ICHYE IIJIMHOKHHA
aThTEpHATUBHUX BU/IIB TANIMBa, MpU poOOTI Ha SIKAX JBUTYH, BUKOHYIOUH
IIOCTIMHY KUILKICTL MexaHiunoi poOoTH, BHKHIAae B arMocdepy oOJHAKOBY
KUIBKICTh 1-TOT PeYOBHHM. BHIaJKHW eKcINyaTallli TpaHCIOPTHOTO 3acoly,
OCHAITICHOI'0 IIMM JBUITYHOM, HA [aJIUBAX 3 JMaHOI IJIMHOKHHU MOMKYTh
KTacupikyBaTHCSI K TOAIOHI CTaHH CHCTEMH «IaJHBO-JIBHUTYH-TPaAHCIOPTHUH
3aciO». B gxocti Macirradis napamMerpis Mi 1 Ne JTOITYHO HIPUAHATYH 3HAYCHHS Mi°
1 Ne®, mo xapakTepu3yioTh podory JIB3 Ha GazoBoMy BHAI HalWBa. B mboMy
BHMNAJKY KpHUTepid (PI3UKO-TeXHITHOI IOMIOHOCTI BH3HAUae pIBEHb TEXHIYHOI
II[PUCTOCOBAHOCT] JBUIYHA JIO JIbTCPHATHBHUX BWIIB IAlWBa MO KIUJILKOCTI
BHKHIIB 1-Toi pedoBMHH. JloTpuMaHHI yMoBH (2.37) vycepeawHl KOXKHOI
IIMHOKHUHA TOBOPUTH IIPO OJHAKOBY TEXHIYHY IIPUCTOCOBAHICTH JBHUIYHA JIO
ambTepHATHBHUX BHUJIIB TIalIMBa 3 Hei, a p13H1 3HaueHHd Ki s pI3HUAX I IMHOKHAH
— IIPO Pi3HI PIBHI TEXHIYHOI IIPUCTOCOBAHOCTI ABUIYHA 10 aJIbTEPHATUBHUX BUIIB
MaJvRa, K1 CKJIaJaloTh JlaHl MAMHOKHHMA. SIKINO 3HAUeHHS KPUTEPIIO lekaTh B
marazoni Ki<l, To IBUI'YH TeXHIYHO IPUCTOCOBAHUN IO aJIbTCPHATUBHUX BHIIB
nantuea. 3HaueHHs Ki > 1 cB1IUaTh Mpo He MPHUCTOCOBaHICTH J[B3.

BimoBijao jgo nporsoszis, JIB3 B maiOmmkdoMy maiOyTHROMY OVIyThH
OCHOBHHUM JIKEpEJIOM €Heprii B TpaHcHOpTHUX 3acobax. Tomy 33MeHIIeHHS iX
BUKWJIB € BaXJIMBUM 3aBiaHHsaM. llpore TpaHcrioprHuii 3acid € jpKepernoMm
BHKH/IB B atMoc(epy Oe3mul pedoBHH, a PIBHI TOKCHYHOCTI OKPEMO B3SITHX
PEUOBHH, CHIBHO PI3HATHCI. ToMy TIpH peamizarii TPUHITAILY MTPOMUCIOBOTO
MeTalONI3My B OIIMCl CHCTEMU «1IAJIHBO-IBUIYH-TPAHCIIOPTHHH 3aci®» CTOCOBHO
TEXHOJIOTITHOTO TPAHCTIOPTY, SKWUW MEeBHY UYacTHHY dYacy IpaIlioe B 3aKPUTHX
LIPUMIIICHHAX, BHHHKAc HCOOXIIHICTL B  KOMIUICKCHIM — XapaKTepUCTHUII
€KOJIOTIIHOT HeOe3IieKH TToToKy Bl

Ji1 Takoi OIIHKH BUKOPHUCTAHO KOMIUICKCHHH IIOKA3HUK — KaTEropiro

HeOe3NeKn TpaHCHOPTHOTO 3acoly, SKHHM 1HTerpye B cede OJHOYACHO KITbKICTh
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BHKHJIIB BCIX PEUOBHH, IO MICTATHCI V BIAPAIbOBAHUX ra3ax, a TaKokK iX Kiac
HeOe3IeKH 1 TOKCHIHICTb.

BaxiuBoo IepeBarcld TaKoro INAXOAY MO OINHKU € ToH ¢akr, Imo
KaTeropis HeOe3MeKH JO3BOIsIE TTOPIBHIOBATH Mk co00I0 IK Hebe3NeKy OKpeMHX
TPaAHCHOPTHUX 3acO0IB (ICPEeCYBHUX JHKCPEI), TaK 1 HOPIBHATH 1i 3 HEOS3ICKOIO
BUKH/IIB IPOMHUCIOBUX IIIPUEMCTB (CTaIllOHAPHUX Kepen).

3aimmemMo  BUpas UL KpuTepilo  pizuko-TexHiuHoi moaidHocTi B

HACTYTTHOMY BHTJIAI1:

23]

i FK
(K.) ——ﬂﬂ (2.38)
M

TIIK

. . }
Je /K — rpaHudHo JOIYCTUMA KOHIICHTPAIS MKLIMBOI PSUOBUHH, I/M .

3 BpaxyraHHIM BHpa3y (1.4) Bupaz (2.38) HaOyRae HACTYIIHOTO BHTTISIY:

o KH,ZI,

(K,)" = KT (2.39)

ne KHJT: — xaTeropia ebesnexu i-i pedoBunn, M>/c;

0 . .
KH/Ti — xateropisg HeGe3NekH i-i peuoBHHH, BUOpaHa gk Macmrad, MY/c.
Bupazumo napamerp Ki depe3 KaTeropito HeOE3IEKH TPaHCHOPTHOTO

3aco0y:

(K =——r (2.40)
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jJe @,, i — 3HAYAMICTL 1-1 PCHOBHHHE, BHpAKCHA B YACTKdX KaTCr'Oopill

Hebesnekn 13.

; ; 0
O,I[Ha 1 Ta X pCcUOBHHA Mae OJHAKOBY 3HAYHUMICTL, TOMY O, =0, L[e YMOB4d

IS N-1 KITBKOCTI JOMIMIOK, IO BXOJITH A0 ckmajxy B, mo3Bomsge 3ammcaTH

HACTYIIHUH BUPA3:

Y() na 2.41)

[IeperBoprorouu Bupas 2.41, orpuMacMo:.

KHT
Ell'= 5
KHT, (2.42)
ne FEII — ToKa3HWUK eKOJIOTIYHOI TPHUCTOCOBAHOCTI  JBHTYHaA IO

AJIILTCPHATHBHHX BI/I,I[iB l1aJIrBa.

KHT — xateropisa HeOe3neku T3, Mo Mpaifioe Ha aThbTepHATHRHOMY ITaJTHRL,
M/

2

KHTs — xateropig HeGesnexn T3, mo mpargoe Ha 6a30BoMy TalluBi, M/c.

%

n n M
KHT:ZI:KHLII. =2 Fﬂ_K (2.43)

ne KHJI; — xareropia HeGe3nexu i-oi peyosunn, M/c;
M — KUIBKICTh BUKHIB 1-01 peUIOBHHH, T/C;
17K, — cepeanpogodoBa  rpaHMYHO-AONYCTHMA  KOHICHTpaIis  1-0i

PEYOBUHH, T/M>;
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@, — Oe3po3MIpHA KOHCTAHTAa, IO A03BOJIE IIOPIBHATH KIIacH HeOe31IeKH 1-01

peuoBUHM 1 Aiokcuay cipku (111 kinac nebesnexu);

1 — KUIBKICTh IMIK1JTHBHX pedoRUH y BI'.

Ie mop'szano 3 TuM, o me B 1999 p. BeecBiTHs opraHizamis OXOpOHU
3J0poB's 3a 0a3’0BHUH IIOKA3HHUK TOKCHYHOCTI NPUHHSIIA JIOKCH CIPKH (paHiIe
BHKOPUCTOBYRaIM okcHA Byremo CO). B tabm 2.4 HaBOJATECA 3HAUYCHHS

BiaHOCHOI arpecuBnocti [P 3a camiTapHUMKH HOpMaMHU.

Tabmag 2.4 — Bignocna arpecusnicts 111P

Pegopuna BigHocHa arpecHBHICTH
OKCH/JT BYTJIEITIO 0,09
Jiokcuj cipku 1
Oxcujy azory k)

Caska Oe3 JTOMIIIIOK 1.6
TRepl YaCTHHKH IS JU3EITIR He sHopM™.

EranonamMu € canitapri HopMH BiamoRigHo ['OCT 12.1.005-88 «O0mue
CAHUTAPHO-TUTHEHUUECKUEe TpeOoBaHUS K BO3AyXy padodedl 30HBD», SIKI
BCTAHOBIIOIOTH — I'paHudHO  JonyeTuMml  kKonmenrpam (/1K) TOKCHYHUX
KOMIIOHEHTIB vy 1oBiTpl (Tadn 2.5). Takux 1'JIK Tpu — MaxcuMalbHO pasopa,
cepelHLOIO00BA Ta B MOBITP1 podouoi 30HU. JISI BH3HAUEHHS €KOJIOTIYHOA
Oe3leKr TEXHOIOTTYHOTO TPAHCIIOPTY OYAeMO BUKOPUCTOBYBATH CEPEIHBOJ000BY
I'JIK. Kateropist HeGeznekn Tpancopty KHT Bpaxorye kmac HeOezmeku Ta ['JIK
KOKHOI IIKLUIMBOI PEHOBHHU. 3a BEIMYUHOK MMIKLUIMBOI aii Ha juojguny 1P
ITOIITIOTRCS. Ha YOTHPH KiIacH HeOesnekw: I — HamzpuuaiiHo Hebezmeudi, I1 —

BHUCOKO HeOe3mneuH1, [I1 — moMipHo HeOezneuH:;, [V — Mamo HebesmeuHi (Tadm. 2.5).
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Tabmama 2.5 — 3pawenms 1JIK Ta xinac mebesmexkm 1P B3 B

aTMoc(epHOMY TIOBITPI

Kmac MaxkcuMaIbHO Cepenabo1000Ba
PegoBuna nebesnexu | pasosa I'JIK, mr/m? I'JIK, Mo/’
(Oe3pozmipHa
KOHCTAHTA)
OKCHJT BYTJIEITIO IV 5.0 3.0
ByrneroHi v 5.0 1.5
Oxcujy azory II 0,085 0,04
Caxa II 0,15 0,05

I'panmuno  gomyerumi  kounenrpaimi TP B armocdepl BeTaHOBIICHI
BUXO/TIN 3 PIBHS INKIIABOT JIIi PETOBMHM Ha HABKOIHIIHE CEPEJOBUIE Ta
o uny. JoImycTUMOIO € Taka KOHIICHTpallisl, SKa He BHUABILIE INKLIMBOI A1l Ha
TIOJTAHY .

CydJacHUMH CTaHJapTaMH, 30KpeMa €BpPOICHCHKUMU, HOPMYETBHCS BMICT
tBepaux vactuHok (1Y) y BI. Choouarky TY ororoxmoBaimu 3 caxero. [loTim
OylI0 BCTAHOBICHO, IO Y CKIaAl cal, dKa BHKHAAETHCS IBHTYHAMH, € 1
MMOTIUKIITHI apoMaTHIHI BYTJIEBOIHI, TOOTO KaHIEpOoreHHW Ta MyTareHH, IO B
3HaYHIH MIp1 MIBHIIYE 11 arpecHUBHICTh. byJo JoBe/ieHO, MO MOKa3HUK B1THOCHOT
arpecuBHocT TY, axi mictarhes vy Bl ausems pisauit 200 yM. KI/KL, a y ABUTYHIB,
MpaIfiOOYNX Ha HeeTHIoBaHMX OeH3rHax 300 yM. KI/KT. AJle B JIIOUHUX CaHITapHUX
mopmax jgami mojgoe TY sigcyrni. Tomy aims ominku exonorianoi Oesnexku 13
OyJIeMO BUKOPHUCTOBYBATH HOPMH TTIOJIO CakKi.

3a1poroHOBaHA METOAMKA JO3BOJISE BPaXOBYBaTH TAKOXK IKIJIMBl BUKWIH
CTalllOHAPHUX JKEPeIl, SIK1 3HaXOAIThed ¥ BUPOOHUYIOMY HPUMIIICHH] 1 3a1sH1 Y
BHPOOHUIOMY TIPOIIECt.

Pisusinnst (2.44) e anajioroM piBHSHHS (2.37), JOHNOBHEHOI'O TOKCHUYHUMUH

rokazuukaMu. Tomy mnokasuuk EII B inreppBam 3nadenns [0, 1] nDokasye
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(pYHKINIOHAILHY HPUCTOCOBAHICTD, & B IHTepBali 3Ha4eHb (1, ov) — QYHKINOHAILHY
HE IIPUCTOCOBRAHICTh JBWUTYHa IO albTEPHATHUBHUX BWIIB MamuBa. [loka3HUK
rpucrocoBanocti JIB3 g0 anpTepHATHBHUX BH/IB IIAJIMBAa BH3HAYae PIBCHb
TexXHITHOI JockoHanmocT1 J/[B3 y nporeci ekcimmyaTarii T3 Ha pi3HUX BUAaX ITadnBa
38 CKOJIOIYHUMU XapaKTePUCTUKaMU BlIIPAIlbOBAHUX I'a31B.

[Tokazuuk EIl € yrouHrorounmM KoediIlieHTOM JUIST PO3PaxyHKY MOKa3HHUKa
CKOJIOIYHOT  HeOS3ICKH  TpaHCIOPTHOrO  3acol0y  1mja  4yac poloTi  Ha

allbTCPHATHBHOMY TIaJIHRI:

Keu :EH.Keuﬁ (244)

qe  Ken — mokasHWK  ekonoriyHoi  HeGesmeku 13, mo mpaipoe Ha

amhTepPHATUBHOMY BH/II TIAJTHBA;
K, . — 3HaueHHs KpHTepilo ekojoriunoi Oesmexu T3, mo mpamoe Ha

0a30BOMY BH/I1 IIAJIUBA.

KHT

K, ;=—" 2.45

? KHT,,. Sl

HE KHT HopA¢ — SHAUYCHHSA KaTGFOpﬁ HGGGBHGKI/I, p03anOBaHe 3a

HOPMAaTUBHUMU lIapaMeTpaMy JIIOUUX CTAHIAPTIB.

OtpuMaBI 3HaueHHs K, , BUKOHYETLCS OIUHKA BiITIOBI THUX BIACTUBOCTEH

-
JTBUTYHa, dkui mpaimoe Ha AMIIL. B jgamiit GaraToxpurepiaidbHiit 3ajmadl BUOOPY
ONTHMAaTbHOTO BHJy MajldBa BHUMaraeThes, MO0 BCl  OIHOYHI  KpUTepli
HaODKAIIACH 10 MaKCUMyMy. ToMy KpUTepiil eKoIoriuHoi Oe3lIeKH BU3HAYAETHCSH
SIK 3BOPOTHSI BEITUUMHA JIO PIBHS €KOJNOTIUHOT HeOe3MeKH TPaHCTIOPTHOTO 3acoly.

Kputepili ekooriuioi Oe3neku
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B oo
S, (2.46)

Bupaz (2.44) no3Bomsie OIMIHWUTH PiBHI ekoJoriuHoi Oesmexu T3, Sxuid
[[paIfioe Ha aJIbTCPHATUBHUX BHJAX I1AJIMBA, 38 CKOJOTTYHUMH XapaKTepUCTUKAMU
B1IIpalboBaHUX Ia3iB.

JlorpumanHa yMOBH (2.36) o©3Hadae, IO 3HAYCHHS €KOJIOTIUHIX
XapakTepUCTHK BIIIPAIbOBAHUX T'a3iB, K1 IOPIBHIOIOTHCS v BUpasl (2.43), 30yTi
IIPH BUKOHAHHI OJHIET 1 Tiei K KIIbKOcTI MeXaHiuHoi poboth. IlomiOHe
TBEPJUKCHHS JI0Ope Y3rOAKYEThCS 3 IPHUHITUIIOM IIPOMHUCIOBOTO MeTadoi3My,
3T1THO 3 SKHUM TIOPIBHSIbHA OTIHKA i p13HUX JKepell 3a0pyTHeHHS ITPOBOTUTHCS
3 BpAXyBaHHAM [IOBHOTM BHKOHAHHS HUMH OCHOBHHX (YHKINH. Y Hamomy
BUIIATKy OCHOBHOIO (PYHKITIEIO € BUKOHAHHS TPaHCIIOPTHOT poOOTH.

BusnadaTu eKoJOITYHI XapaKTePUCTHKH BLAIpaliboBalux ra3iB 13 B ymoBax
eKcIuryaTaiii HeMOXJIMBO. JJ1s boro Moxke OyTH BUKOPUCTaHA MOJEIb pyxy 13 —
i3oBuit 1UKI [6]. Toal BUKOHAHHS YMOBRH (2.26) 3BOUTHCA 1o BHIIpoOyRaHk T3
34 OJ(HUM i3I0BUM ITUKJIOM Ha PI3HUX IAJTUBAX.

[Ipy BUKOpUCTaHHI 13OBOTO ITUKIIY BUHHKaEe HEOOXITHICTH B TEpepaxyHKY

IMUTOMHUX BUKH/TIB 1-1 peUOBHHH 3a POpMYIIOIO:

ME.L M7
M, =— =——, 1lc (2.47)
t ¢
L .
ae M ; —IWToMHNA BUKWL 1-1 pSUOBUHHU, I/KM;

1. — JOBKWHA 13I0BOTO ITUKITY, KM,

{ — TPUBATICTH 13/TOBOTO ITUKITY, C;

M — maroMuid BUKHJT 1-1 PEUOBHHH, T/BAITPOOYBaHH.

[IpoananizyBaBImIM  1HTETPaJbHI MMapaMeTPH EKOJOTITHOI  HeOe3IeKH

BIIIIpAIbOBaHUX Ia31B, MOKHA BU3HAYUTH HAHOUILII €KOJOITYHO HeOe3lIeUuHy
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peuoBuny Bl'. BHecok IHIIMX KOMIIOHEHTIB YV (DOPMYBaHHI €KOJIOITIHO
HeOesnexu T3 MoKHa BU3HATH He3HATHUM ab0 MaJIo3HATHHM.

KpurepianbHa OIIHKA CHCTEMH «IAJIHBO-JBUIYH-TPAHCIIOPTHUA 3acid» Ha
OCHOB1 piBHSHB (2.43) 1 (2.44) 1 pganmx [3] mo3BOIsIe ommcaTH MeKl PIBHIB
CKOJIOrIHOT Hebe31eku Oy ib-saxoro T3,

B gxocTi  eTaloHHOTO  HOPMAaTHMBY  JUII  KOJNICHUX  TPakTOPIB,
BUKOPHUCTOBYBAHUX SIK TEXHOJOIYHI TpaHCLOpTHI 3aco0u, sKI IIEBHUNA dac
[IPaITIOIOTh B 3aKpPUTUX MPUMIIMICHHIX, BHUKOPHUCTOBYBABCS PIBEHBH €KOJIOTITHOI
Oeznexn 3riiHO ['OCT 17.2.205-97 (t1abn. 2.6). B €RpomneiichkoMy cOI031 IS
LIO3ANUIIXOBUX MAaIllKH 1 CIICHTEXHIKK JI1I0Th HOpMH Stage, 30kpema 3 2014 poky

Stage I'V.

Tabmur 2.6 — HopM# Ha BUKHIH IIK1THBHUX PEUOBHH KOIICHIUX TPaKTOPIB,

SIK1 3HAXOIITLCS B €KCILTyaTari

HatliMenyBanHs K JIIMBUX [Turomi BuKuy, 1/KBT*ro, 3a noBITpooOMiny
BHKH/IIB HeoOMEKEHOMY oOMeKeHOMY
OxCcHuA a30Ty 18,0 9.0

OKCH BYTIIEITIO 14.0 5,6

ByrnepoHi 4.5 22

B sKoCTI eTanoHHOIO HOPMATHBY IS aBTOMOOLIB, BUKOPHCTOBYBAHUX SK
TEXHOJOTIUHI TPAHCIIOPTHI 3aco0H, SK1 TEBHHMI dac IIpaIffoloTh B 3aKPHTHX
IIPUMIIICHHAX, [IPOIOHYETLCH BUKOPUCTATH PIBEHbL €KOJIOrUHOI HeOesneku 13,
1110 BiALoBijgae msTiit nompasui o Ipapunma €CEK OOH (K. < 1), a came €BPO
VI. Tleii HopMaTuR Mae UYHHHICTE 3 2013 poKy IS BCIX aRTOMOOLUIIR, ITO
BHUIIyCKalOTh B €Bpoln. T3, BIANOBLIHI ILOMY PIBHIO €KOJOIIHOI HeOe3lICKH,
MO’KHA BI3HATH Oe3MeTHUMH (YMOBHO).

3Haroud 00’eM IpUMIIEHHs, Uil HaiOiusm Hebesteudoi 1P moskHa

BU3HAYUTH Yac podotu JIB3 B npoMy 1pumMimmensi o gocarnenms /1K,
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Jst Toro moe0d YCIIHO BUPIIIYBATA IpoOIeMHU 3ally YCHHS Ta peaizalili 1HBec-
THUIH, B TOMY YHCT Ha TlepeoONajHaHHS TPAHCIIOPTHUX 3acol0IB s poOOTH Ha
AJETCPHATUBHUX 1IAJIMBAX, CJIJI 3aCTOCOBYBATH JOCTOBIPHI METOIM BH3HAYCHHA
E€KOHOMIYHO1 €(PEKTURHOCTI THRECTHITIMHIX IPOEKTIR. T1 METOIHKH, IO PO3POOISIITHCH
1 3aTBEP/KYBAIUCD Y PAASHCHKHI HePIojl, MK CHTy OMIIIAHAX JOKYMEHTIB, 3I11HO 3
SKAMH Ha IMAIPHEMCTRAX, B TIPOSKTHHX 1 HAyKOBHX OPraHizallissx BHKOHYBATHCA
PO3paxyHKH SKOHOMIYHOI e(PEKTHUBHOCTI KaIllTaIbHUX BKIAJICHD 1 TEXHIYHUX 3aX0/1B
[2]-

Atte 3 90-X pOKIB MUHYJIOTO CTOMITTS TIOUaIa BUKOPUCTORYBATHCH HOBA JUIST HAC
METOHKA, 3all03MueHa Ha 3ax0/11, 1 Xoua HOLCPSIHs, TpaJuliiina MeTOuKa O(IIIHHO
He OyJa cKacoBaHa, ii 3acTOCYBaHHS 3BYKyBalocs. B eKOHOMIWHIM mTepaTypl Iil
IATAHI  BHUCBITJIOIOTBHCH  HO-pizHOMY. OJHI  JpKepella  BUKIAJAIOTL  OCHOBHI
TIONIOKEHHS TUTBKH TPaIHAITIHHOT METOUKH, TPYTL, e BIIBOISMH MICIIE TpaTAITHHINA
METOJMIN  (BM3HAYCHHIO a0COMIOTHOI 1 HOPIBIUILHOT  €(DEKTHBHOCTI  KallTa-
JOBKIIQ/IEHE), XapakTepu3yIoTh 11 HeTOMKH 1 HaBOJSITH TIOKA3HUKW HOBOI, a TaKOX
LIPUKIAJHN PO3PaxXYHKIB, TPeTl HaBITh HE 3raIylOTh PO KOIMIIMHIO 1 MPOHOHYIOTH
JIUITIE HOB1 CTIOCOOM.

3 oy Ha ICHYIOYY HEIICBHY CHUTYAII0 BUKOHAHO IIOPIBHSUILHUIA aHai3
000X METOJUK BH3HAYCHHS CKOHOMIYHOI e(heKTHUBHOCTI. TpajuiiiHoOI0 METOUKOIO
1epeidadacTLes BU3HaueHHd a0coOTHOT eheKTUBHOCTI BCIET CYMU KallTaIOBK/IAICHDb
3a PO3poOIeHHAM TIPOEKTOM TEXHIYHOTO PO3BHTKY BHPOOHHIITRA 1 TOPIBHSIBHO
e(eKTHBHOCT1 aTkTepHATUBHUX BapilaHTIR. Y MEePITIOMY BHIIAKY KPHUTEPIEM OITIHKH €
koedinienr adcomornoi edexruBnocti (E,) gk Bigmomenns pudytky (11) xo
KamTaloBKIaeHb (K), y ApyroMy BHIIATKY - Koe(hIITeHT HOPIRHAIEHOT €(heKTHRHOCTI
(Ey) K BIIHOMEHHS PI3HUIN coOIBApTOCTI HPOAYKINI 3a apoma BapianraMu (Ci- Ca),
TOOTO PI3HUIN TPHOYTKY (3a yMoRH ofHakoBuxX ITH) (I-I1,) 7m0 pizHA
KarnTajoBkiaaeHn (K-Ki).

Hoa MetojmKka BHM3Hadae €KOHOMIUHY e€(eKTHBHICTH I1HBECTHINH 3a

JOTIOMOTOI) TIOKa3HHUKIB YHCTOI IpuBefeHol BaprocTi NHYV, JIHUCKOHTOBaHOTO
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crpoky okyimocti DPB, Bayrpimmboi  mopmu  npubyrky  IRR,  impekcy
MpUOYTKOBOCT1 (Koedirmenta penTabenbHOCT! 1HBecTHINi) PI. 11 moka3HUKH
IPYHTYIOTBCS Ha Teopii BapTOCTI IPoIeH y Jaci.

Posrmsaroun oco0amBocTi 000X METOIHK, MOKHA BIJ3HAUUTH SIK TIepeRary
TpaaMINAHOl HaJIHHICTL 1 MPOCTOTY PO3PAXYHKIB, AOCTYIIHICTL 1 JOCTOBIPHICTD
BUXIJTHUX JaHWX, MPaKTHYHY BIJCYTHICTh MOTPEOH B MNPOTHO3YBaHHI IIOTOYHHX
BUTPAT, IiH, CTPOKY MIi IIPOCKTY.

OrmiHka ¢KOHOMITHOI €(eKTUBHOCTI €KCIUTyaTallli TpaHCIOPTHHX 3acoliB,
nepeodIaHaHMX 1 poOOTH Ha aNbTePHATHRHUX BHJIaX MallMBa, BKIIOUAE aHaNi3
AOJATKOBUX KallITAIbHUX BKIAACHL 1 €KOHOMII IIOTOYHUX BUTPAT B HOPIBHSHHI 3
0az30BOI0 MOJIENITIO TPAHCTIOPTHOTO 3acoly.

Kamramsmi Briagenns K B uepeobuaananms T3 Bu3HagaloThes 3a

dhopMy 0O, TPH.:

K=Cy+Cy+Cpp, (2.48)

ae €', —BapTiCTh KOMIUIEKTY JOJATKOBOTO OO THAHHS, TPH;

C,, —BUTpaTH Ha MOHTak 1 PEMOHT YCTaTKYBaHHS, TPH,

(', — TPAHCTIOPTHI BUTPATH, TPH.

[limx  wac  po3paxyHKY  KamiTalOBKIAJeHb  TpUMAaloch, o
repeoOiaHyBaHui TpaHCIIOPTHUH 3acid 1epedyBac y ClpaBHOMY CTaHI.

ExoHOMIS (3pOocTaHHS) TMOTOUYHHX BHUTpaT IOR'S3aHa TOJOBHHUM YHHOM 3
CKOHOMIEIO (3POCTAaHHSM ) BUTPAT Ha [aJIMBO B cOOIBAPTOCTI 1IEPEBE3CHD, YV 3B'SI3KY
3 HIKYOIO (BHINOKIO) ITIHOKO albTepPHATHBHHUX BH/IIB TIaTWBa B IIOPIBHSIHHI 3
HaQTOBUM JIM3e/IbHUM IIAJIMBOM. B Toil ke uac, BoHa Mae OyTH 3MEHIICHA
(30UIbIICHA) Ha PO3MIP J0JATKOBHX CKCIUIyaTallHHUX BUTPAT, IIOB'S3aHUX 3
AMOPTH3AITIEIO TEXHIYHUM OOCTYTOBYBAHHSIM 1 TIOTOUHUM PEMOHTOM JOJaTKOBOTO

yCTaTKyBaHHSI.
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Burpara najnuBa BH3HAYAETHCS 3 BpaxyBaHHIM JIHIHHOI BUTpaTH,

TOJATKOBOI BHTpaTH Ha HacTl 3YNMHKHA 1 BHYTPITHBOTapakHl IOTpeOH 3a

dhopmyIIoIO:

O =H,-L,-J-K, K, /100, (2.49)

: 3
ne 0, —Burpara nanusa i-ro Buay, 1 ( M),

lc,zz — cepeTHbOI000BUH TIPOOIT TPAHCTIOPTHOTO 3ac00Y, KM;

A — tpuBamicTs Iepioly eKcIUIyaTarti, AHiB;

K, — xoedirmieHT, MO BpaxoBye AOJATKOBY BUTpaTy TATHBa Ha YacTi
3YIIUHKH,

., — xoedirienr, IO BpaxoBye AOJATKOBY BHTpaTy IalMBa HA
BHYTPIITHKOTapakH1 TTOTPEOH;

H, — niniiina Hopma BUTpaTH Hammba Ha 100 kM mpo6iry, /100 kM (M*/100

KM), BHU3HAYaeTRCS 3a OTPUMAHOIO Ha OCHOBI PO3PaXyHKOBUX JOCIHIKEHDb
NUIIXOBOT BUTPATH HAJIUBA.

Po3paxyHOK  J0JAaTKOBHX CKCIUIyaTalllifHUX  BUTpaT, IIOB'SM3aHUX 3
AMOPTH3ALIEIO, TEXHITHUM OOCIYTOBYBAHHSM 1 IIOTOYHUM PEMOHTOM JIOJATKOBOIO
VCTATKYBaHHS TMOYMHAETRCS 3 OOUMCIEHHSI PIYHOT CYMH aMOpTH3aIlifHuX

BlJIpaxyBaHb:

K
A, =H,1000- =L, (2.50)

ae Ap — pl4Ha cyMa JOJATKOBUX aMOPTH3AIIHHUX BlipaxyBaHb, IPH;

H , — HOopMa amoprmzarti, % Ha 1000 kM Ipobiry;

L » — pruHui pooir T3, kM.
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Piyna cyMa eKOHOMII eKCINIyaTaliMHuX BUTpAT £, CKIAJAcTLCS 3 €KOHOMII

y BUTpaTax Ha MmamuBo F, ., ekoHoMii Ha Tmati 3a 3a0pyAHeHHS aTMochepHOro

mn o2
nmoBiTpst FE,. (3apa3 BpaxoBYEThCS akKIM3HUM 300pOM  Ha TAJIWBO) 3a
- P '
BUPaxXyBaHHIM JIOJIATKOBOT CYMH €KCIUTyaTalifiHux BUTpar A , TOB'S3aHMX 3
AMOPTH3ALIEIO, TEXHITHAM OOCIYTOBYBAHHSM 1 IIOTOYHUM PEMOHTOM JIOJATKOBOIO

ycTaTKyBaHHsI. TepMiH OKYITHOCTI KaliTalbHUX BKIIAJeHb Ha MepeobnaaHanns T3

BU3HAYACTLCS 38 (hOPMYIIOIO:

K
I'= 5 (2.51)
EE.B.
ae E,. - exoHOMIS eKCIUIYaTAIUHHMX BHTPAT IIiJ 4Ya¢ BHKOPHCTAHHS

AJIILTCPHATHBHHAX 11AJIHB.

HaiiGimem edpekTHRHE pIIIEHHS IOAC BHOOPY HaiduBa OyJie BITIIOBIIATH

MiHIMyMy PiMHHX IIPHBEICHUX BUTpaT B, :

B =C-i-K —>min (2.52)

i

Jge C — coO1BapTiCThb lIepeBe3eHb 3 BUKOPUCTAHISM 1IEBHOIO BHY IlIaIUBa,
IPH;

i — HoCTiiHa HOpMa TUCKOHTY .

Exonomiuna edexrusHicTh BukopucTanus AMII ommioeTses KpurepieM

€KOHOMITHOT €()eKTHBHOCTI

K, =—"—. (2.53)

pmax

Taxkum umHOM BHOpaHO TpU KpuTepii BUOOPY ONTUMAILHOTO BHIY IaTvUBa

JUIS TpaHCHOPTHOrO 3aco0y. OCKUILKM BKaszaHi KpuTepli MaioThb pizny (i3udaHy
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pUPOay, HCOOXIAHO 3aCTOCYBATH MCTOA OINTHMIzamii, SKHH Ja€ MOKIHBICTD
PO3B 3Ky OaHOI OaraTOKpHTeplambHOI 3azavi. baraTtoxpurtepiansHy 3azady
3BEACMO [0 OJHOKPHTEPIANBHOI 3a METOOOM J3TOPTKH, AKHH € HAaHOLIBII
MOMIMPEHHM METOAOM PO3B 3Ky OaraTOKPUTEPIANBHHX 3aJad. 3TOPTKOIO
KOMIIOHEHTIB 0araTolIbOBOTO TOKA3HHKA € B1AOOpPaKEHHA, fAKE IECPETBOPIOE
CYKYITHICTh KOMIIOHCHTIB OaraTollTbOBOTO TMOKA3HUKA BIAMOBLAHHX JTOKAIBHHX
MITROBHX (DYHKINH, B JCAKHH CKAJIAPHHHA IITOBHI MOKa3HUK. [loCTiIOBHICTS

MPOLICAYPH 3TOPTKH TOKa3aHa Ha puc. 2. 14,

Emanu 32opmku

0dzpyHmyBarHs HopmyBanns BpaxybBarHs [Todydoba
donycmumocmi Kkpumepii8 npiopimemié PUHKUIT
320pMKU kpumepiib 320pmkU

Pucynok 2.14 — Ilocma0BHICTb 3TOPTKH

Ha mepmomy eTari BHKOHYETBCA OOTPYHTYBAHHA AOMYCTHMOCTI 3TOPTKH.
YacTkoBl KpuTEpli € OAHOPIAHI, TOOTO HamekaTh A0 OAHIEl rpynu. B Hamomy
BUIMAJKY KPHTCPli HAJICKATh A0 MOKAZHHKIB PE3YJIbTATHBHOCTI, TOOTO A0 OMHIEN
rpynu. Ha apyromy cTar BHKOHYETBCS HOPMYBAHHS KPHUTCPIiB. KMo wyacTkOBI
KPHTEPli MArOTh PI3HI PO3MIPHOCTI, iIX MOTPIOHO MPHBOIUTH 10 OC3PO3MIPHHX
BCTHYHH, BWKOHYETBCSA [IICHHA HOPMOBAHOI BCAMYHMHH HA JCAKY 3aJaHY
BEIMUMHY, fAKa HA3UBAETHCI HOPMOBAHHM MHOXHHKOM, SKHH Mae Ty XK
PO3MIPHICTh, IO 1 HOPMOBAHA BCAMYHMHA. BpaxyBaHHS NPIOPHTCTIB KPHTCPIiB
JOCATAETHCS 3a JOTMOMOTOI) BAaroBHX KOC(ILIEHTIB. 3aBCPIIATBHUM CTall —
noOygoBa (PYHKIII 3rOPTKH, KA B JAHOMY BHIAJKY aJIUTHBHA, TOOTO € 3BAYKCHOIO
CYMOK) YaCTKOBHX KPHUTCPIIB.

O06’ e tTHAHHS OKPEMHX KPHTEPIiB ¥ 3aTalbHUNA KPHTCPIH ONTHMATHEHOTO BHAY

MaJHBa 3A1HCHIOETHCH HACTYITHHM YHHOM:
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K=¢pK,+¢o,K +¢,K,, (2.54)

Je @, ©,, ¢, — KOe)IIEHTH BaroMoOCTl IIOKA3HUKIB aJallTOBAHOCTI
cucremMu a0 AMIL exonoriunoi Oe3lekd Ta eKOHOMIYHOT  e(EKTUBHOCTI
excIUlyaTamii TexHojloriuaux 13 Ha pisoux — HaaueBax ( %@,=1). 3okpema,

IIOKa3HUKOM aJallTOBAHOCTI CHCTEMM JIO JIBTCPHATUBHUX IIAJIMUB € CYKYIIHICTD
MaTURO-eHEPTeTUIHNX BIacTuUBocTeit. Ha manuit wac He icHye €IWHOI METOJUKH
BU3HAYCHHSA 3HAa4€Hb KOe(IIEHTIB BaroMocTl. BioMi METOAW IapaMeTPHIHUX
perpeciiHuX 3ajie’KHOCTEH, TPaHUIHHUX 1 HOMIHANBHUX 3HAUEHb, €KBIBAIEHTHHUX
CIIBBIJTHOIIIEHh, MalOTh CBOi 00JacTl 3acTOCYBaHHSI Ta CYTTER1 HEJAOMEKH. B
AAHOMY  JOCIDKCHHI UL OHIHKH BaroMOCTI OKPEMHUX KpUTepiiB  Oyiu
BHKOPHUCTaH1 PE3YIBTaTH €KCIEPTHHUX OIIHOK, BHKOHaHI B poOoTi. HaitGimbmry
3HAYUMICTL IPUAHSATO I KpUTEpito exolioriunoi Oesreku (0,4), Aemo MeHIm
3HaueHHA (0,3) MAaTHMyTh KpHUTEpIH aJalTORAHOCTI Ta KPUTEPIH €KOHOMITHOI
edekTHBHOCTI ekcIuryaralii. bulblia 3HaYUMICTDL KPUTEPIO €KOJIOITUHOT Oe3leKU
MIOSICHIOETRCST THM,  TTTO 3a0pyieHHs atMocdepd MK ITUBMHA BUKUIaMu 3 Bl
TPAHCHOPTHHUX 3acO0IB HadyJo rIodaJIbHOrO Xapakrepy. I TeXHOIOITIHOro
TPaHCHOPTY BHACHIJOK clienudiku #Horo pobord (HeoOXiAHICTL podOTH B
IIPUMIIICHHAX) TUTAHHS MTOKPAICHHS €KOJIOITIHOT O€3IIEKH TAKOXK € HaI3BUYaiHO
Ba)KJIMBUM.

JIIg mpudHATTS  pIMIEHHS MO0 BHOOPY ONTUMATBRHOTO BHUAY IaTvBa

copMoBana HUILOBA PYHKIIS

F(K)= max (2.55)
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2.5 Meroa Bubopy pamioHalIbHOINO BHAY lIAJIHBA JUIM TPAHCIIOPTHUX 3ac0O01B

CHCTeMHHUI aHalll3 I[OKa3aB, IO MeEToj BUOOPY ajlbTepHATHUBHUX BHJIB
raTuBa TOBWHHA TPYHTYBATHCS Ha OITIHIN 3a KPUTEPISIMH aJalTORAHOCTI,
CKOJIOITIHOT OC3IICKH 1 €KOHOMIYHOI edekTHBHOCTI ekciuryaTaiii. CTpyKrypHa
cXeMa TakoTo METOJY ToKazaHa Ha puc. 2.13.

Kpurepisimu BHOOPY pallloHATBLHOTO BHAY AJIBTCPHATHBHOIO MOTOPHOTO

NMajJiBa € KPHUTepiH ajallTOBaHOCTI CHCTEMH, KPHUTepidl ekoioriuHoi Oe3nexn

TpaHcopTHOTO 3acoby K, Ta KpuTepiif eKOHOMITHOI e(peKTHBHOCTI eKCIITyaTartii.

AHa3 eKcIuTyaTaljIfHHX BJIaCTHBOCTEH TPa HIIHHOIO Ta
aJ1bTEPHATHBHHX MOTOPHHX nanus (AMII)

!

Bubip kpurepiis onirkn nokasuukis 13 npu pobori na
TpagHIiHALX nataBax Ta AMIIT

!
Ouinka npucrocoBaHocTi cueremi 0 AMIT
38 KPHTEPIEM a1allTOBaHOCTI

1

llopiBuanuns piBHIB exoJiorignoi 6esnexkn T3 na 6azoBux i
A/1bTePHATHBHHX MATHBAX

#

OniHka eKOHOMIYHOI e(peKTHBHOCTI excrayaramii 13 Ha
a/IbTEPHATHBHHX ITATHBAX

%

AHaJTi3 MepcreKTHBHOCTI riepeBeeHHA 13 Ha albTepHATHBHI
BH/TH NaJIHBA 34 3araJlbHHM KPHTEPIEM

Pucynok 2.15 — CTpykTypHa cxeMa MeToJy BHOOpPY albTepHAaTHRHHX

MOTOPHHX IIaJIUB
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3 OBI' PYHTYBAHHS BUEOPY OIITUMAJIEHUX TTAJIUB JUJTS
TEXHOJIOITYHUX TPAHCIIOPTHUX 3ACOBIB MATEMATHUYHUM
MOJIEJTFOBAHHSIM

3.1 Ouinka HOKa3HUKIB AM3ei8 Ta KOJICHOIO TpakTopa IIj Jac ix poboTH
Ha OloMaanRl Ta HapTOBOMY TH3EIBHOMY IIaInBI
3.1.1 PospaxyHKoBI AOCILKCHHH [OKA3HUKIB Au3eisd IIpu podoTi Ha

OloTIAIUBaxX

JUI1  [MOpIBHSHHSA CHEPIeTUYHHUX Ta [AIWBO-CKOHOMIYHUX IOKA3HUKIB
mmenst J1-243 m yac Moro poOOTH Ha PI3HUX IMalWBaxX BHKOHAHMI poO3paxyHOK
pobodoro HUKIY Ha HOMIHAJILHOMY PEKHMI, B TOMY HYHCIL IIpU podOTI Ha
pimakoBoMy 13omporinoroMy edipl (PIE).

llonepeanpo OyJI0 BU3HAYUCHO CIIEMEHTapHMHA ckilaj (BMicT Byriemo C,
BoaHio H Ta kxucHo O) PIE BIANORITHO O BMICTY KUPHHUX KHCJIOT Y PIITAKOBIH
oi [9]. XiMiKO-eHepreTHYHI ITOKa3HUKH JU3CIIbHIX HaIUB HaBejaeHi B [10].
MeHnma uvacTHHA BYIVIEITIO B MOIEKylIaxX OloJM3eTbHUX TaIWB IPU3BOIUTH O
3MEHITICHHS 1X HIDKYOI TeIUIOTH 3TOPSIHHI. AJle 3 MOMIK Olo/iM3elbHUX TalliB
HaWOUIbIa TEIUIOTA 3rOPAHHA Ta HaliMeHIa BHTpaTta namusa PIE. 1mo BUTIHO
BIIp13HsIEe HOIO Bl PilIakoBoro MeTWIOBOIo edipy (PME) 1 piliakoBOro eTUIOBOIO
edipy (PEE). HasBHicTh KHCHIO B MOJEKyJIax OI0M3eNBHUX TaTHB JO3BOJISIE
1HTEeHCH(DIKYBATH MPOoIec 3TOPSHHS 1 crpusie OUIBIT TIOBHOMY 3TOPSHHIO MaIdBa.
[ edekTUBHI TIOKA3HUKH JBUI'YHA 38 YMOBH 30UILIIEHHS ITHTOMOI e(peKTUBHOI
BUTPATH MTATTURA € OTHHAKOBUMH.

BumicT ABOOKHCY BYIVICIIO Y BLANPabOBAHKX razax jJu3els pu poOoTi Ha
OlofM3eIFHAX MaluBaxX MEHITHHM, HIK IpH podoTI Ha HaTOBOMY TIallMBl Ta €
HaiivMenmuM  1pu Bukopuctanmi PIE. Edexrupmi nokasuuku jguseist J-243 upu

1ioro podOTI Ha pI3HUX TaTUBax HapeaeHl B TaOmumm 3.1.
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Tabmaug 3.1 — EdexruBni noxazuuku ausens J-243 1upu podori Ha pi3HHX

MaTuBRax
No | TToxazHuK [TanuBo
3/ Al | PME | PEE PIE
1 | Cepenniit epexruBumit Tuck Pe, Mlla 0,679 | 0,686 | 0,684 | 0,686
2 | EdexturHa TIoTy)HICTE Ne, KBT 59 59 59,5 59
3 0,363 | 0,364 | 0,364 | 0,365

Edexrusumii KK/ 7,

4 | IlutoMa edexTHBHa BHTpaTa mainmsa | 0,233 | 0,263 | 0,263 | 0,257

8, xr/xBt rog

3 tabmmmi 3.1 BugHO, ImMe M1 3ade3NedeHHs OJHAKOBROI e(eKTHBHOI
notyxuocTi Ta edexruoro KKJI amzens upu podori Ha HadTOBOMY Ta
OlofM3eI-HUX TaduBaX MAToMa e(eKTHRHA BUTpaTa OloJM3EIRHUX IalhuB Mae

OyTH OLILIIOIO.

3.1.2. Ominka HOKa3HUKIB KOJICHOIO TpakTopa 1Ipu podoTi HOro ausels Ha

OloTianmBl Ta HapTOBOMY JU3EITHHOMY TIalTHBI

BuxiiauMu JaHUMHA 715 PO3PaxXyHKY KPHUTEPIIO €KOIOTIdHOI Oe3leku €
IIATOMI IUIIXOBI BUKWJIM IIKUIMBUX PEUYOBHH  TpakrtopoM. Jls  omiHku
CKOJOTIYHMX [OKA3HUKIB Ta BUTPATH IallMBa, BHKOPHUCTOBYBAHOIO B SKOCTI
TEXHOJIOTITHOTO TPAHCIIOPTY KOJICHOTO TpakTopa B eKCINTyaTaIlifHUX YMOBax
Oyio copMoBaHO 13A0BHH IMKI Ta YTOYHCHO MAaTEMaTHUHY MOJECIb PYXY
BaHTA)KHOTO AaBRTOMOOLTS 3a I3I0BUM IMKIOM, po3podmeny B HTY [6, 7].
[TpuiAHATHIA 13/I0BUIA ITUKIT BKIIOYAE OCHOBHI PEKHUMHU PYyXy TPaKTOpa: po3riH, pyx
3 MOCTIHHOIO MBHAKICTIO, CIIOBIILHEHHS.

3a JOIOMOIOK YTOYHEHOI MaTeMaTHIHOT MO/ OYIIH pO3paxoBaHl ITUTOMI
MacoBl BHKHJIUA OKPEMHUX IIKUIMBUX PCUYOBHUH, CYMapHi IUIXOBI BHKHIU

IMK1JIMBUX PEUYOBHH Ta BHTpaTy mamuBa TpakTopoM MT3-80 mpu #oro pycl 3a
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i30BUM [UKJIOM. Po3paxyHoK OVB IIPOBEACHWI IS [JBOX BWIIB IAJWBA!
TpaguiitHe am3enpHe Tmanmmeo (J(II) Ta OlogmzenbHe MHalWMBO Ha OCHOBI
13onponuoBoroe edipy pinmaxonoi omi (PIE). 1lpu mpomy BpaxoByBajach maca
OYKCHUPYBAHOTO TPakTOpPOM Tpuuena. 3a IMuUMH jJaHuMu Oyma moly oBaHa
rpadiuna 3ainexkuicTh (puc. 3.1). Po3paxyHok Ha mMaTteMaTHYHIE MOJCI 1OKa3aB,
mo mpu 3actocyBaHHl PIE BuTpaTta mammBa 30UIBIIYEThCS Malike Ha 12% B
LOPIBHSIHHI 3 AU3e/IbHUM HaMBoM. CyMapHl HATOMI 3BSACHI A0 OKCHAY BYIICIIO
CO Buxuau I11P e OimpImME B TpakTopa, Ipairoodoro Ha HagroBomy JII, mpr
BukopuctanHi PIE BwmicT okcuay Byriaemo CO vy BIIIpallbOBaHHUX —Tazax
30LIbIyeThed Ha 28...35 %, BMICT OKCHJIB a30Ty IJABUINYETLCS 10 3% Ipu
IIOBHOMY HaBaHTaKeHH1, MacoB1 BUKHIHU ca’kl MPH BUKOPHUCTaHHI O10M3€ILHOTO
[IajJMBa 3HWKYIOTbCS B cepeauboMy  Ha 25 %, BMICT BYIVICBOJHIB V
BIIIparibOBaHMX Trazax NPH BHKOPHUCTaHHI O10M3elsl TIPaKTHYHO HE3MIHHUK Ha
MaJIUX HaBaHTKCHHIX Ta 3pocrac Maibke Ha 4 % Ipu OBHOMY HaBaHTaKCHHI.
Bukuan npaxruano Beix [T1P 3pocTatoTs 13 301IbITIeHHIM MacH TPaHCIIOPTOBAHOTO
BaHTAKY.

3a pmanmmu [9] cyrreBo 3meHmuTH BUkHIH 1P (1o 15 %) moxHa
BCTAHOBJIIGHHAM  ONTHMalIbHOTO i OlolanmBa  KyTa — BHUIICPE/KEHHS
BIIOPCKYBaHHS.

B jgammit wac O1oaM3€ibHE HAIMBO YacTO BHKOPUCTOBYIOTL B CYMIII 3
HaTOBUM JW3eNbHMM TMaduBoM. Ha pumc. 3.2 T1OKazaHO BIUTHB BMICTY
O10/TM3ETFHOTO TIAINBa B CYMII 3 HAQTOBUM MAIMBOM Ha MOKa3HHUKH KOJIICHOTO
Tpaktopa MT3-80. 3 rpadikiB BuAHO, MO 13 30UILIICHHAM BMICTY OloalvBa
3MEHITIYEThCSL BUTpaTa TMaluBa B EHEPTEeTUIHHX OJUHUIIX Ta 3MEHITYIOThCS
BUKUIU JUCIIEPCHUX YacTHHOK. MiHIMaIbHl BHKWIH BYIJICBOJHIB Ta OKCHIY
BYTIICITIO MafOTh MicIie pH BMicTi Olomanmpa 50%, a MIHIMaIbHI BUKHUIHA OKCH/IIR
a30Ty Ta MIHIMJILHI CyMapHl BUKWIH, 3BSIACHI JO OKCHAY BYIIICINO, IIPU BMICTI

Olommamra 25 %.
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Pucynok 3.1 — 3amexkHicTh BHTpaTH manuBa Ta BHkuAIB [1IP Bijg macu
BaHTaXy KoiicHoro tpakrtopa MT3-80 mix uac pobotu neuryHa Ha Glomauei Ta

HapTOBOMY JTH3CIIHLHOMY TIATHBI
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Pucynok 3.2 — BmnmuB BMICTY O10JH3EIBHOTO IaJdHBAa B CyMINN 3

Ha(TOBUM MAJIMBOM Ha MOKAa3HHKH KojicHoro Tpaktopa MT3-80 3a pi3Hoi macu

TPAHCIIOPTOBAHOI'O BAHTAXKY
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3.2 OmHka IOKa3HHUKIB KOJICHOIO TpakTopa Iij yac poOOTH JABUIYVHA HA
IIPUPOTHOMY Ta3l Ta JU3ETLHOMY MaTHBI
3.2.1 llopiBHUIbHA OIIHKA TATOBO-IMBHAKICHMX BJIACTUBOCTCH KOJIICHOIO

TpakTopa Ipu poGOTI IBUTYHA Ha TpaHUITIMHOMY Ta albTepHATUBRHUX IalTuBax

(OCHORBHI OIIHOYHI TIOKa3HUKHU JBUTYHA — €HEPTEeTUIHI, TATUBO €KOHOMIYHI,
Ta  GKOJOITYHI, 4KI € IIOKa3HUKaMHU SKOCT1 JBUIYHA, peali3yIoThed
KOHCTPYKTUBHAMH OCOOIMBOCTAMH caMoro aBuryHa. Ilpm 1mmwomy Tpeba
BpaxoBYBaTH, /IS SKOI caMe MaliuHH, K TeXHOJIOTIUHOTO 3acoly, JIBHUTYH
LIPU3HAYCHUHN 1 B SKUX YMOBAaX BIH IIPAITiOE.,

Burpara nammea, Bukuam I[IP 3 BigmpanboBaHWMMH TazaMH JIBUTYHIB
PO3paxOBYBAIMCh HA MaTEMaTHYHHMX MOJECIIX IIPH BIATBOPCHHI PYXYy Tpakropa
MT3-80 3 iputenoM 3a OpUIHATHAM 13JJOBUM ITHKIOM 3 PI3HUMH THIIAMH JBHTYHIB:
ra30BUM JBUTYHOM Ta 0a30BUM JH3EIIEM.

[Tlo6 pe3ympTaTH TOPIBHSIRHOTO aHATI3y B XapaKTepHHUX YMOBax pyxXy
MaKCHMaJIbHO IIOBHO BUJIIIOBLIAIM pealbHAM YMOBAM CKCIUIyaTalli, po3IiH
3JIHCHIOBARCS TIPH MaKCHUMallBbHUX (3@ Bech Mepiojl pyxy Mo THKITY) HOTOKEHHSIX
OPraHiB yIIPaBIHHA HAJUBOIIOAAYEIO 000X THINB JBUIYHIB. 1Ipu pycl TpakTopa 3a
IPUAHATAM {3J0BUM I[HUKIOM IEPEKIIOYCHHS Iepeiad TPaHCHOPTHOIO Py
B1IOyBaIOCh 3 6-1 Ha 8-y Ta Ha 9-y nepejpauqy.

B Tabimmi 3.2 HaBeIeHo IMOKa3HUKU TpakTopa (Maca Bantaxy mg = 4000 xr,
goBxKUHA UKy S = 1000 M, koedimient onopy koueHud fp=0,016), 4Ki OTpUMaHO
PO3PaxXyHKOM Ha MaTeMaTHUYHIA MOJCIIL.

Sx BHAHO 3 JJaHUX, HaBeJAeHWX B TaOauIll 3.2, TPHUBATICTH PO3TOHY Ipose
TpakTopa 3 ra3oBHM JABHIYHOM € Ha 13 % MEHINOK, HIK TPUBAICTH PO3TOHY
TpakTopa 3 AmseneM. TpuBamicTh TUKITY PYXY fyux: TPAKTOPa 3 TA30BUM JBUTYHOM
e Ha 5 % MeHImo0, HiX 3 guseneM. [TIIsX po3rony TpakTopa 3 ra30BUM JBUTYHOM

e Ha 22 Y MeHIINM, HIXK 3 THU3eIeM.
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Tabmng 3.2 — lloka3HUKH TITOBO-MIBHAKICHUX BIACTHBOCTEH TpakTopa

MT3-80 B mpuHHITOMY 130BOMY ITHKII

BukopucToRyBa- [TokazHUKHN TpakTOpa

He [1aJIBO Tpusamcrnb TpuBamcrsb Spose,
POBTOHY fposz, ¢ |  TIHKIY fyuxi, C M

BT 14,3 160 56,5

Hadrose JI11 13.5 158 55.1

iy 12,5 153 443

Kpamng jguHaMidai BJIacTHBOCTI TpakTopa 3 Tla30BUM ABUIYHOM MOYKHA
MIOSICHUTH THM, 110 TIPH PO3TOHI TAKOTO TpaKTopa olepatop Oe3nocepeTHbO JIie Ha
JAPOCEIbHY 3aCiIHKY Ta30MOBITPIHOIO 3MINIYBadd, & B JAW3EIl 3 BCEPCKUMHUM
PETYISITOPOM BiH He Mae MOKIMBOCTI Oe3nocepeTHRO BIUMBAaTH Ha peliky [THBT.
TSroBo-mMBHUAKICHI BIACTUBOCTI TpakTopa lipu Horo podori Ha O10JU3C/ILHOMY
MaJIMB1 € TIPIMMH Y MOPIBHIAHHI 3 MoKazHUKaMHu poOoTH Ha HadToroMy JIII. Ile
HOSCHIOETHCS MEHITIOK TEILIOTOO 3TOPSHHS 010 JU3eIIbHOIO TIaIHBA.

Burpara namuBa, Bukugu I[P 3 BianpanbOBaHUMH razaMH JIBUT'YHIB
PO3paxoByBallUCh Ha MaTEMaTHUHMX MOJCIIX IIPU BIATBOPEHHI PYXy TpaKTopa
MT3-80 3a TIpUMHATAM I13[0BUM IMKIOM IIpH poOOTI ABUTYHa Ha PI3HHX BHIAX

IHaJiBa.

3.2.2 IlopiBHsANIBHA OITIHKA BUTpPATH IIaldBa Ta BHUKHJAIB IIKI1JIABHX

PEUOBUH KOJICHOTO TpakTopa 1pu podori asuryna na CIIT" ta J1I

Ha puc. 3.3 nokazaHo oTpuMaHl pO3paxyHKOM Ha MaTeMaTHUHINA MoJel
3QJIC)KHO  BlJ] MacH TPaHCIOPTOBAHOIO BAHTAXy /. BHTpaTy IllAIUBA gn

[IPUBCJCHY JO HAWHWKYOI TEIUIOTH 3IOpsHHA Ha | KM IHpolIry KOJICHOIO

TpakTopa 3 Ju3elleM 1 Ta30BUM JABHUTYHOM; ITUTOMI BUKUAH OKCHUIY ByTieiro gCO,
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Pucynox 3.3 — 3amexHocTi BUTpaTH manmuea ta BHkWAiB LIP Big macu

BaHTaKy KojicHOro TpakTopa MT3-80 mm3eaem /1-243 Ta ra3oBHM ABHTYHOM
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3 1UX 3aJ1e)KHOCTEH BUIHO, ITIO TPAKTOP 3 AU3CIIeM BATpavae MEHIIC 1ajIuBa
BIJIOBITHO (B cepeHROMY) Ha 22 %, pukuau CO y TpakTopa 3 JW3elIeM MEHII
BianoBiAHO Ha 47 %, CH Bianosigno Menme Ha 90 %, HiK v TpakTopa 3 Ia30BHM
TBUTYHOM. []e MOSICHIOEThCS THM, MO Ta30BHil JIBUTYH Ha BCIX PeKMMax TPaIfioe
Ha OUIBII OaraTux MalUBO-IOBITPIHUX cyMimax. OKcHIB azory NOyx Tpakrop 3
a3eneM BUKHae Ha 4 % Ounbie. Ha BiAMIHY B1J TpakTopa 3 Ta30BHUM JBHTYHOM,
TPAKTOP 3 AW3eleM BUKUAE 1mIe i caxy. [[opiBHIOIOYM cyMapHI IIUTOMI 3BEJICHL JIO
oKcHy Byrnero ('O BHKWAW IIKIJIABHX PEUYOBHH, 3 ypaXyBaHHSIM BITHOCHOI
arpecHMBHOCTI, BHHO, IO OUIRIT HebezneuHuMH (Ha 36 %) e Bukuau 3 BI
TpakTopa 3 Ju3elleM. Burpara liaauBa, cyMapHl IIMTOMI 3BEJICHI J0 OKCHIY
pyrieio CO pukuam I11P, rukuam okpemmux I11P (3a BHHITKOM BYIJIERO/IHIB)

3POCTAIOTh 13 30LILIMICHHAM MAaCH TPAHCIIOPTOBAHOTO BAHTAXKY.

3.3 Ominka aJalrroBaHOCTI CHCTEMHM JIO allbTepHaTHBHUX 11AJIUB METOIOM

aHal3y 1epapxii

AJaITOBaHICTL  (TeXHiYHA IIPUCTOCOBAHICTL) cucTeMu a0 AMII nHa
[epPIIOMY  €Talll JOCHIIKEHHS OINHIOETHCS EHEepreTHIHMMH Ta  IaJIuBO-
E€KOHOMIUHUMH TIOKa3HUKaMKM TIpU poOOTI Ha IMX HaiuBax. /[0 eHepreTHIHHX
MMOKa3HUKIB JIBUTYHa HaleXWUTh Horo edexTHBHa TOTYXKHICTh, a TajluBHA
CKOHOMIYHICTL JABUIYHA IHpd PoOOTI HA PIAKHX Ta TIa30loAi0HUX IlaluBax
OITIHIOETHCS TTUTOMOIO BHUTPATOIO TEINIOTH Ha OJJUHUITIO epeKTUBHOI MOTYKHOCTI.
JUIs po3paxyHKy CHEpreTHYHHUX Ta [aJUBO-CKOHOMIYHUX IOKA3HHUKIB JBHUIYHA 34
po3pobIeHo0 B poGOTI METOMKOK OTPUMAHO BEITUMUHH 3MIiH TETUIOTH 3TOPSHHS
MTAJTHBO-TIOBITPSHUX CYMIITIEH PI3HUX TIAMB  3aleKHO BI iX ckiaay (puc. 3.4).
[ToTiM 3a 3aleKHOCTIAME, HABCICHUMHU B JIPYIOMY PO3JIUI, BH3HAUYeH] ¢deKTHBHA
MOTY3KHICTH JBUTYHA Ha HOMIHATHHOMY PEXKHMI Ta IMATOMAa BUTpaTa TEIJIOTH Ha

OJHUHUINO ¢(heKTHUBHOI IIOTYKHOCTI (Tad. 3.3).
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Tabmurg 3.3 — EHepreTHdHl Ta NaIMBO-€KOHOMITHI TIOKa3HHKH JIBUTYHa

TpakTopa MT3-80 1pu pobOTI Ha PI3HUX lAIUBAX

MEmax,
kBT ron/MJIx
Hadrose JI11 56 8 20
B 54 9 19
CIIT 57,2 10,2 20

llamso N ., KBT 8., MJIx/kBT roa

Hewu,

Mxc! a6
3,5

3,3

31

2,9 I ) -
2,7 \ \. -T@"':

2,5 S

2:3 \ o

2,1

1,9

1,7

15

0,9 1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 o
(33 == == Giggusens === :[lusenp

PucyHok 6.4 — 3aneXHICTh TEINIOTH 3TOPSHHS MaTHBOTIORITPSIHIX CYMIIEH
PI3HUX IIAJIUB B CKJIAy CYMIIIl

[ToTykHICTh Ta KPYTHHM MOMEHT AM3els IpH poOoTi Ha 010 U3eILHOMY
11aJIMB1 MEHIII Y LOPIBHAHHL 3 poOoTOIO Ha HADTOBOMY IIAJIMBI, 4 BUTpaTa IajivuBa
OLIbIIA BHACIIIOK MEHINOI TEILIOTH 3TOPAHHS. ['a30BHM ABHIYH Mae OLIbITY

MMOTYKHICTh, HIK JA3eb, ale € MEHII eKOoHOMIIYHMM. I[1 pesymbraté OyayTh
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BHKOPHCTAH1 B IMOJAIBINAX JOCTKEHHAX aJallTOBaHOCTL ABHTYHA J0 AMIIL. Ade
MOPIBHIOBATH IATHBO-eHEPTreTHYHI MOKA3HHKH JBHTYHA 3pyuHilne Oymo O 3a
OJHHM TTOKA3HHKOM. TaKHM MOKaZHHKOM MOKEe OYTH MeXaHIYHHH eKBiBalleHT
OJHOT' O M/[K ITaTHRA.

[TamBHO-eHepreTHYHE 10Je BigoOpaxkae Mipy ITOTEHIMHHIX MOKIHBOCTEH
OBHTYHA 1 YMOBH, 32 AKHX MOXIHBA MAKCHMAIBHO BHTITHA HOro peamisamid

3ABJIAKH B3a€MHIH ITOT OKEHOCTI XapaKTePHCTHE JBHTVHA Ta ITOKA3HHKIB ITaIHBA.

Ha puc. 3.5 mokazaHa IiMb0BAa GYHKIIA MEXAHIUHOTO eKBiRaneHTa ME .,
={f{n) nna ppuryHa J1-243 IpH BHKOPHCTaHHL PI3HAX ITAIHB. 3 TpadikiB BHIHO, IO
HaHOLILIN BHCOKL 3HAUeHHI MeXaHIUHOTO eKBIBAIeHTa MAE JH3eIbHe ITATHRO. ATle
HalMEHIA PIHAIA MK 3HAUCHHAMH CIIOCTEPITAETHCA B 30HI HH3BKHX YAacTOT
o0epraHHd 1 3HAUHHX HAPAHTAXeHh HA JPHIYH. HaliOlmbllle 3HAUECHHA I[LUIHORA

(bVHKII A Ma€ IIPH YacTOTI 00epTaHHd, SKa BiIORIJaE MaKCHMATEHOMY KPVTHOMY

MOMEHTY. BHKOPHCTOBYIOUH INIBOBY VHKIIR AME., =f{M; ,n) MOXKHA
BH3HAUHTH  ONTHMANGHI 30HH ITATHBHO-eHEPreTHUHOTO IIONS JBHMIYHA I

BHKOPHCTAHHSA iX B AKOCTL POOOUNX IIPH BHKOPHCTAHHI Pi3HHX ITATHB.

ME max,
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PHcyHOK 3.5 — 3anmexHIcTs IMBOBOI (DVHKINL ME g BiT YACTOTH

obepTaHHd JBHrYHA [-24 3 mpH poOoTi Ha Pi3HIX ITATHBAX
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FimericHa omHRa TpaHcoopTHOD poborH T3 MBE EMEOHYBATHCE HAa OCHOER
KOMILIEKCHHY KPHTEpUE Ta  HOPMOBAHHX  EBHMIPHHKIE, E1g0Dpaciard oo
3aK0HOMIPH] 3B ASFH OCHOBHIE QarToplE TpaHcIopTHO! poboTH 2 mapamMeTpans 1
B THHMH XApakT epHCTHRAMIE TEHTVHA.

Ha poc 36 mnokazaga 2afdeEHICTE  KPHTERIED  TEEHIKO-EK0HOMHH 0
ed EKTHEHOCT! BI[ IEHIEDCTI YoTaleHoro pyxy 15, Lled xpHTepiH ob’ erTHEHO
Eimobpakae OPONYETHEHICTE, TATOEQ-IIEHMORICHI EBJIACTHEOCTI Ta IIANHEHY
EKOHOMIMHICTE T3 IPH EMKOPHCT aHHL P1SHIT TAJHE.

Hafibimelln  #HAYEHHA KpPHTEPEIOD BIACTHEL TPARTOpY 2 [H2EJIEM,
IparE0 0Ny Ha Hadrorony HIT, HARTMIpON — TRAKTORY 2 TA20BHM OEHTVHOM, II0
MOACHIETECA DUmEmmm go 25 % nuromor edeRTHEHOK EMTPATOR [IAHMEA [IPH
pobori mgemryma 2a SHIX Hafibimema Tesmiko-eMoHOMIYHA efERTHEHICTE IPH
poboTi Ha BCiX BHOAX NATMEA OOCATAETECA IPH MEHOKOCTI TpakTopa 22 23

FMU/T O, 1100 TIOACHKETECA poDOTOK MEMIVHA 2 KPYTHHM MOMEHTOM, DID1ZERIIM 1o

MAFECHMAITEHOT 0.
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Pucynor 3.6 — 3aNefHICTE KPHTERIN TEMHIKO-eK0HOMINHOI ed eRTHEHOCT]

EiJ MIBHIKOCTL YCTANEHOT 0 pyxEy TpakTopa MWT3-50
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B3aeMO03Bs 30K KpUTEPIIO TEXHIKO-CKOHOMIYHOT  e(heKTUBHOCTI K, Ta

MEXaHIYHOTO eKBRiBalleHTa ojHoro MJIx manuBa ME oOyMOBIIOIOTH BUMOTH IO
[IAJUBHO-CHEPIETHIHOIO IIOTCHIANY ABHIYHA 1 JO B3acMHOI Y3TOJKEHOCTL
XapakTepuCTHK JBUTYHA Ta T3 B IUIOMY.

3HauHMIl 1HTEpec IIpeJACTaBiide MOPIBHAHHY [OKA3HUKIB JU3CI  Ta
nepeodIaHaHOTO 3 JIM3esl Ta30BOTO JIBUTYHaA, SK1 BIUTMBAlOTH Ha TITOBO-
HIBWIKICHI XapaKTCPUCTUKH TPAHCIIOPTHOIO 3ac00Y.

JUIsL OIMHKA 1 TIOPIBHSIHHS Ta30BOTO JIBATYHa 1 0a30BOTO  JIM3ENS
BHKOPHUCTOBYIOThH HACTYIIHI ITTOKa3HMKH, SKI BH3HAYAIOThCA 3 iX 3OBHINTHIX
NIBUIKICHUX XapaKTCPUCTHK:

- CTIHKICTH peXKUMYy PpOOOTH 1 3JaTHICTH JOJaTH 3YCTpIUHUIT omp 0Oe3

[IEPEexXO Y Ha HIDKYY [epejady;

- IPUMOMHUCTICTH JIBUTYHA,

[I[poJiYKTUBHICTL  TPAHCIOPTHOIO  3aco0y THUM BHINA, YHM  MCHIIC
3MIHIOETHCS MOTO IMBHAKICTH MPH 3MIHI 30BHIMHIX yYMOB. IT[o6 mpm poboti 3a
30BHIIMIHBLOIO XaPaKTCPUCTUKOI PEKUM pyXy OVB CTIHKHM, IIPH 3MIHI OLOPY
MBUAKICTH T3, a BIJIIOBITHO, 1 YacToTa 0OepTaHHs ABUTYHA TTOBUHHI 3MIHIOBATHCS
skHatiMeHTTe. [[opIBHSHHS CTIMKOCTI peXXUMY PoOOTH PI3HUX JIBUTYHIB IIPOROJATE
HAKJIAJ[CHHSAM BLIIIOBIIHUX 30BHINIHIX XapaKTePUCTHUK KPYTHOTO MOMEHTY.

3a cTaTUCTUIHUMH JJaHUMHU 3a1iac KPYTHOTO MOMEHTY KOIMBA€eThes B MekKax
JUIS IBUTYHIB 3 1ICKPOBUM 3aniamosamsiM 24 — 40 %, as pusems 10 — 24 %. Bin
XapakTepusye MOKIHMBICTh JIBUTYHa JOJaTH 3YCTPITHHM OHip 3a paxyHOK
30LIBIICHOIO KPYTHOTO MOMEHTY IPU 3HMKCHHI IMBHAKOCTI 0€3 IePeKIIOUCHHS
repeiadqi.

Ilig gac pyxy TpaHCHOPTHOrO 3aco0y 3yCcTpIHacThbesd KOPOTKOYACHUR OIIp
PYXY, IKUH JONaeThes He TITHKU BHACTIOK 301MBITEHOTO KPYTHOTO MOMEHTY, ale
1 3aBJSIKM KIHCTHYHINA eHeprii ABHIYHa IIpU Maiil dactori obeprannd. Taxum
YUHOM, 3 TOYKH 30py CTIHKOCTI peXHUMYy pOOOTH XapaKTepHCTHKA KpPYTHOIO

MOMCHTY I'a30BOI'0 JBHI'YHaA Kpallla, HIK XapaKTCPHUCTHEA TH3CILL.
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[[puHAOMUCTICTD TA30BOrO JBHIYHA 1 JAU3CIL MOXHA HOPIBHATH TaKOX
TIOJIOKEHHSIM iX TMMBUAKICHUX XapaKTePUCTUK TPU OTHAKOBUX 3HAUEHHIX KPYTHOTO
MOMEHTY Ha HOMIHA/IbHIN 9acTOTI 0OCPTaHs.

Bimpm KpyTi XapakTepUCTHKH KPYTHOTO MOMEHTY Taz0BOTO JIBUTYHa
3a0e3MeuyOTh HoMy OLIbINE HEPEBUINICHHS KPYTHOIO MOMEHTY HaJl MOMEHTOM
OTIOPY, SIKAM BHTPAvarOThCS Ha PO3TIH TPAHCTOPTHOTO 3acoly, a oTke 1 OLIBI
BUCOKI JIMHAMIYHI BIIACTUBOCTI TPAHCIIOPTHUX 3acO01B 3 Ta30BUMHU JBUTYHAMHU.

[IpuHOMHUCTICTh TpaHCHIOPTHOTO 3aco0y B eKcIUIyaTallli BU3HAYAETLCI HE
TIMBKW XapakTePUCTHKaMH, OTPHMMaHHUMH Ha CTalluxX peXuMax ale 1 THUIIoOM
3aCTOCOBYBaHOI Ha JIBUIYHI IIQJIMBHOI amapaTypH, $Ka BH3HAYae XapaxrTep
nepexiTHux mporieciB. [Ipu oJHAKOBOMY MaKCHMalbHOMY KPYTHOMY MOMEHTI
OUILIT BUCOKY PUAOMUCTICTL MA€ JH3CIID.

Takmm uwHOM, B yMOBax poOOTH 3a 30OBHINIHROIO XapaKTePUCTUKOIO
ra3oBUl IBUIYH Mac OUIBIIY [OTYKHICTb, OLILIT BHCOKY CTIHKICTL poOOTH 1
MIPHHOMHUCTICTD, HIJK JTH3€llh, aJle € MEHII eKOHOMIUHHM.

Ha gpyromy eram  JOCHUKCHHS — aJallTOBaHICTL — CHCTEMH  JIO
aTbTEPHATUBHUX  MOTOPHUX  TalWB  OINHIOETHCS — MalUBO-€HepPreTUIHUMH
MMOKa3HUKaMU. BH3HaUeHHS KpHUTEPilo a/JallTOBAHOCTI CUCTEMH IO PIZHHAX IIATHR
BHUKOHAHO 34 METOAMKOIO, PO3pOoOICHOID HAa OCHOBI METOJY aHalll3y lepapxii
(MAI) [20] T. Caari. 3a jgonomororo MAI MoxHa BHpIIIYBaTH 3aBIaHHs
OaraTokpuTepladbHOI ONTHMIZAIli 3 JOCHTh BEIHKOK KITBKICTIO KPHTEPIiB
OTITUMAJIBHOCTI.

MAI, sK METOJ CHCTeMHOIO aHam3y, M03BOILC 3AIHCHUTH ilepapxXidHe
MIpeJICTARICHHS CKIIQJIOBUX eNeMeHTIR cucreMu. KoxkHWH piBeHb (eram) ado
L1IPpIBEHD (MijieTall) IepapXidHoi CTPYKTYPH Mae ¢Boi ominouHi rroka3zuuky (OID) 3
EHEPreTUIHUMH, eKOJOTIYHUMH, eKOHOMIYHUMHM, (PYHKIIOHATLHAMH Ta 1H.

KpI/ITepiE[MI/I, K1 € CKIIATOBMMH CIICMCHTAMH CHCTCMH.
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JLs pociipkyBanoi IpodiieMy vV BLITIOBLIHOCTI 3 IPUHIMAIIOM 1SHTHYHOCT]
Ta JICKOMIIO3UINI 1epapxidHe TIpeJCTaBIIeHHS 3ajadul MOKHa 1TOCTPYBaTH
IIOCTAITHO.

Jiia  mpoBefieHHST CyO'€KTHUBHUX TApHUX TIOPIBHSIHL eKCIDTyaTariiiiHmx
IIOKa3HUKIB IAaJIMB BHKOPHUCTOBYEThCH INKajla BlAHOCHOI BaxkimsoctTi T.Caari
(tabm. 2.1).

Ilomepeanbo BHKOHaHe KiacH(piKalliiiHe TEXHOJIOITIHO-CKCILTyaTaliine
MIOPIBHSAHHSA TMOKa3HUKIB albTepHATMBHMX MaiauB (Tabia. 3.4) Ha OCHOBI JIaHUX,

OTPUMAaHNX aBTOPOM POOOTH Ta IHIUMH aBTOPAMH.

Tabmurg 3.4 — Knacudikariitie TEXHOIOTITHO-eKCIUTYaTaIlliiHe TOP1BHIHHS

IIOKa3HHKIB AJIbTCPHATUBHUX MOTOPHUX 1IaJIHB

Ne | AnbrepuatuBne | IlokpamryBani [Toka3HUKH, [Toka3zHuky JUL
3/T1 AITHBO eKCINTyaTariiHi oOMeRYIOU1 JTOJTATKOBHX
ITOKA3HUKH 3aCTOCYBAHHS JOCIIKCHD
1. |IIpupogmuii raz PecypcHi, Temnmmora Exonoriuni
CKOJIOTTIH1 HalIPYKCHICTD IIOKa3HUKH 1IPU
JeTalnei TRUTYHa, 3aCTOCYBaHHI
3MEHITIEHHS HeWTpan3aTopiB
BaHTAKOMTHOMHOCTIL BI
TPAHCIIOPTHOLO
3aco0y
2. | Bioauzenpue Bwmicr cipku, | Baptictb, B g3kicTb, | Burparu na TO
MaJIIBO €KOJIOTIUHI, HITKYa TeIIoTa 1 pEMOHT,
pecypceHi 3TOPSHHS TPUBAICTD
MMOKa3HUKH, 30epiraHHs
CXUILHICTE JIO
caMo3aiManis
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AHall3 HasgBHUX 3allAciB Ta KCILIyaTallliHUX BIACTUBOCTCH PI3HHUX BUIIB
AM3EeNbHUX [alliB, BUKOHAaHWM B po3auiax 1 Ta 3, mokazap, 1Mo HaiOinbm
[IEPCICKTUBHUMY aJIbTEPHATHBHUMU TIAJIMBAMH [JI1 HAIIOI JepiKaBy € O101U3eIIbHI
maauBa Ta TpupogHuWii raz. [IpoBegeMo OIHKY IepPCIEKTHBHOCTI X
BUKOPHUCTAHHY Ha lPUKIQJl  KolicHoro Tpakropa MT13-80, saxuit ¢
HaUTIOMMUAPEHIITAM ~ 3ac000M  TEXHOJIOTIUHOTO  TPAHCIOPTY B CIIBCHKOMY
TOCIOAAaPCTBI Ta IIPOMHUCIOBOCTI.

TexHiuHa OPUCTOCOBAHICTh TPaKTOpa A0 PI3HUX BHIIB IMallMBa OIIHIOBAIaCh
3a 3MIHOIO HOro eKcIUTyaTaliitHux mapameTpiB. HeoOx11H1 T OIMIHKA JaHi OyIH
OTPUMaH1 HAMH B XO/[1 €KCIICPUMEHTAIBHUX JOCIIHKCHb, MCTOIHUKA Ta PE3YILTaTH
SKUX JleTadbHO olncaH1 B podoTax arTopa [8-10].

Tak, nepexijyi 3 HadTOBOIC IU3C/ILHOIO NAluBa Ha OI0IM3CIbHE I1IAIUBO
CYIIPOBOJIKYETBCS  3pOCTaHHSIM  TTOMOI  eeKTUBHOI BUTpaTH  IIalldRa,
3MCHIICHHAM €(EeKTHBHOI HOTYKHOCTI Ta KpyTHOro Momentry. llepexig 3
AM3ENLHOTO TaliBa Ha TPUPOJHUIN Ta3  CYIPOBOKYETHCS  3POCTAHHIM
c(peKTUBHOI BHTPATH IajvBa Ta JCAKUM 30UIBIICHHAM MOTYKHOCTI Ta KPYTHOIO
MoMeHTy. TakuMm umHOM, JABWUTYH JI-243 3 mO3MI  TATORO-IIBHIKICHHX
BIIACTHROCTEH TpakTopa Ta NalMBHOI EKOHOMIYHOCTI TIPUCTOCOBAHHUN IO
IIPUPOIHOTO Ta3y Ta MaJIO IMPUCTOCOBAHUH 10 010IU3EIIBHOIO MATIHBA.

OIIHOYHI ITOKa3HUKH TPaJUIIAHOIO Ta aJbTCPHATHBHUX MOTOPHUX IAJUB,
SIK1 3aCTOCOBYIOTHCS B JU3EILIX, HABeAeH! B TaOauI 3.5.

Anamz gaHux Tadn. 3.5 fo3BoIsie 3poOWUTH HACTYIIHI BHCHOBKH: HIKYa
TEIUIOTA 3TOPSHHY IIAJWB BIUIMBAE HA TEIUIOTY 3FOPIHHS [aUBO-OBITPSHOTL
CYMII, a UM OUIBIIOK € TEIDIOTa 3TOPSHHSI CYMII, THM OlIbITa ITOTYKHICTH
ABUI'YHA. EKOIOIYHI SKOCT1 IIAJIMB 3ajIeikaThb BLA iX €IEMEHTApHOIO CKIauy 1
IIEBHOIO MIPOIO  OITHIOIOTHCH  cmpBBigHOomMEeHHsM C/H  (BOJHEBHM YHCIIOM).
3oxpema, B nadroporo Il C/H =0,145, a B upupoanoro razy 0,316 (tadi. 3.4),
ToOTO € OILIBIIAM, HI3K B JIBa pa3u. B ToH ke yac cyMapHa TOKCHIHICTE Ta30BOTO

JABUTYHa, TIPUBEJICHa JIO OKCHUIY BYTIEITIO, 3a 13- pekMMHMM BUMPOOYBaTLHAM
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IUKIOM € B 1.9 pa3y MEHIIOoIO V IIOPIBHAHHI 3 CYyMapHOIO TOKCHUUHICTIO 0a30BOT0
mmenst. ToOTo pe3ynabTaTH OMHKHA € Omm3bKuMH. I1Jo cTocyeThes O101H3eTBHIX
1IaJIuB, B SKMX 3HAYHO OUILIMMHA BMICT KUCHIO (B Mexkax 10%) y 1opiBHSHHI 3
IHIIIMMHA TaJTABaMH, TO IT€ TIPU3BOUATE 0 OUIBITIOI MIOBHOTH 3TOPSHHS TaIHR 1 SIK
HACIIOK A0 3HAYHOIO 3MEHINCHISM BMICTY caxi y Bl'. Aje BHACHJOK OLILIIOLO
BMICTY KHCHIO B OlOJM3€NbHOMY TaJIMBl BMICT BYIIRIIO Ta BOJHIO B
CICMCHTAPHOMY CKJIAJl [AIMBA € MEHIINM, IO [PU3BOJUTH IO 3MCHIICHHS HOTO
HIKYOl TCIDIOTH 3ropsgHHd. [[iHa HaiawB BINIMBac Ha CKOHOMIUHY €()eKTHBHICTH
eKCIUTyaTarii aRTOTPaKTOPHOT TEXHIKH.

Sk BuaHO 3 Tad. 3.5, 1IeBHA KUILKICTD HOKA3HUKIB OIIHKH MOTOPHUX IAJIUB
€ SKICHUMH TIOKa3HWKaMH, TOOTO He BHUpa’keHa UHUCITOBUMH 3HAUEHHSIMH, TOMY
JUISL BU3HAUCHHA ajanroBaHocTi cucreMu o0 AMIL BuOpaHo came mMeTo]| aHall3y

1€papxiIi.

Tabmurg 3.5 — OIHOYHI TOKa3HUKHA MOTOPHHUX TaTHR

[ToxazHUK [TanuBo

I BAII LI
JlocTarHicTh pecypeiB Ta MOXKIHMBICTH MacoOBOTO | - +/- -
BHUpPOOHHUIITRA
Hwxua Terviorta sropsaasg MJBk/kr MM > ) | 42,5 38,3 38
Jeronaniina CTIHKICTL (OKTaHOBE 4MCIo) abo | 45 49 100-
CXHJIBLHICTD 10 caMo3aiMatHs (1IeTaHOBE YHUCTIO) 125
Hina, rpm./i (rpu./m * ) 3a gapuMu nod. 2015 p. 16,5 15,5 8
Exomoridal sgxocTi (BIDIMB Ha HaBKOIMWIIHE | - + +/-
CEPEJOBUIIE)
EneproButparu BUpoOHHIITBA - F E3
BesmieuHicTh 3acTOCYBaHHS +/- 2 +/-
[IpmM. «+» — HasSBHICTH IlepeBar y IIOPIBHSHHI 13 IW3eIbHHM Ha(TOBHM

IIAITHMBOM.
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«+/-» — oeIHaHHY IIepeBar Ta HeJOJIKIB.

«-» — BIJICYTHICTH IIepeRar y IOPIBHIHHI 13 AU3eTbHUM Ha()TOBHM IMaTHBOM;

Tabn. 3.6, TIpu IIbOMY BpaxoBaHl IOKa3HWUKH TaOl 3.3

[lapHe IOPIBHSHHS OIMHOYHHX IIOKAa3HHUKIB JAPYILOro piBHA BHKOHAHO B

1 3.5

Pexmum

(YHKIIIOHYBAaHHA CHCTEMH — PYX TPakKTopa 3a HIPUHHATAM i3JI0BUM ITUKIOM 3

HOMIHAITLHUM HaBaHTAKEHHIM.

Tabmurg 3.6 — [lapHe TOPIRHSIHHS OITIHOYHUX MOKa3HUKIB MOTOPHHUX TIATTAR

Kpurept Al | A2 | A3 | Ad | A5 | A6 AT Bexrop
OTIIHKH MIPIOPUTETY (X;)
Al 1 1/5 6 4 /7 | 1/6 1/6 0.14

A2 3 1 1/3 6 172 | 1/4 1/5 0.14

A3 1/6 3 1 3 5 1/4 1/3 0.14

Ad /4 | 1/6 1/3 1 1/6 | 1/3 1/4 0.11

A5 7 2 5 6 1 5 1/2 0.16

Ab6 6 4 4 3 1/5 1 1/5 0.15

A7 6 5 3 4 2 5 1 0.16

T 2542115371966 27 | 9,01 | 12 | 2,65 2n=1.0

OIMHOYHAMHA KPHUTEPISIMHA APYTOTO PiBHM (pHc. 2.12) € IoKa3HUKH TalnBa

Ta CHCPTCTHYHHX Ta NaTABO-eKOHOMIYHHUX BIACTHBOCTEH JABHI'YHA, K1 H&BC,I[GHi B

Tabmum 3.5:

Al — mocTaTHICTE pecypciB Ta MOKINBICTE MaCOBOTO BUPOOHMITTRA,

A2 — eHCpreTHYHI IOKA3HUKH JIBUI'YHA IIPU poOOTI HA JaHOMY IaJlUBi;

A3 — meroHamniiHa cTIHKICTE a0 CXUIBHICTE 0 caMo3aiiMaHHS,

A4 — eHeproBuTpaT BUPOOHUIITBA;

A5 — eKOJIOTIUH] SKOCTI ITaJIFBa (BIUIHMB Ha HABKOJIUIITHE CePeIOBHIIIE ),

A 6 — TaJTMBHa eKOHOMIUHICTE JIBUTYHA,
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A7 — 6€31IeUHICTD 3aCTOCY BAHIS.

[TapHe TOPIRHAHHS OITIHOYHHUX ITOKa3HWKIB TPETHOro piRHI (puc. 2.12),
SKMH € 00 €KTH JOCHKeHDb, TOOTO PI3HI BHAU lIAJIMB, BUKoHane B Tadi. 3.7.
[TopiBHSIHHS BUKOHY€THCS 3a TTIOKa3HUKAMH JIPYTOTO PIBHSL.

Tabmmig 3.7 — [lapHe HOPIBHAHHA OIITHOYHUX IIOKA3HUKIB TPETHOIO PIBHA

Jlocratnicrs  pecypeis Ta |/ 2 3
MOKJIUBICTh MacoBOTO Bexmop npiopumemis
BHpOOHHUITTBA NayiuBa (Al) bAl\ar | i
1 2 3 4 5
1 1.00 10,33 | 0,50 |0,26 |Amax=5,02
2 3.00 [ 1,00 (4,00 |043 |ilI=1.01
3 2,00 (0,25 1,00 (031 |BII=234
EnepreTruni TIOKa3HUKH | [ 2 3 Bexmop npiopumemis

ABUI'YHA 1IpU poOOTI HA JaHOMY

nanel (A2)

1 1,00 [ 3,00 | 3,00 |040 |imax=4,29

2 0,33 | 1,00 | 3,00 |034 |[l/=0.64

3 0,33 10,33 | 1,00 025 |BII=1,89
Jleronamiiina crifkicTs naiaus | 1 2 3 Bexmop npiopumemie
ado CXWIBLHICTE bife)

camMozaiMaHHS (A3)

1 1,00 10,33 |0,20 |0,24 |imax=4.,03
= 3,00 [ 1,00 [ 0,50 |0,34 |1lI=0,51
3 5,00 12,00 [ 1,00 |0,42 |BIli=1,22

Eneproutparu BupoOH. (A4) 1 2 3 Bexmop npiopumemis

1 1,00 11,00 | 0,20 0,27 | Amax=4,00

2 1171=4,00
1,00 [ 1,00 | 0,20 |0,27

3 5,00 15,00 | 1,00 |0,46 |BII=1,96
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Ipogopxems Tadi. 6.7

ExotoriuHi SKOCTI ajuBa

(AS3) 1 2 3 | Bexmop npiopumemis
1 1,000,550 [ 0,17 [0,25 |’2max=4,20

2 2,0011,00 0,50 10,32 |11i=0,60

3 6,0012,00 | 1,00 1043 |BII=1,20
ITamvrHa €KOHOMIYTHICTE | / 2 3 Bexmop npiopumemie
TBUTYHA (AD)

1 1,00 10,50 [0,33 |0,27 | Amax=4,06

2 2,0011,00 0,50 10,33 |IlI=0,53

3 3,0012,00 | 1,00 0,38 [BII=1,06
besneunicrs 3actocyBanns (A7) | 1 2 3 Bexmop npiopumemis
1 1,001 1,00 | 2,00 |0,36 |Amax=4,00
2 1,001 1,00 [2,00 (0,36 |III=0,50
3 0,50 10,50 | 1,00 10,28 |BIH=1,00

JUIsL 1IbOTO  CTOBIMHUK BEKTOPIB MHOMKHTLCS Ha IIPIOPHTET BIAIOBIIHOIO
KPUTEPIIO 1 PE3VJbTaT JOAAEThC 110 KOKHOMY psaky. BHXOIHUTH y3aralbHCHUH
LIPIOPUTET IICBHOIO BHAY HOPIBHIOBAHOIO HaiuBa (00'ckra Jociaipkens). 11 gamni
TOBOJIAITH, IO XapakTep 1 KUIBKICTH pakTopiB (O3HAK) Y ITIIOMY 3ajeKaTh Bl METH
Ta 3aBjJaHb NPUHHATOrO pimeHHs, ToOTo OJuH 1 TOH ke 00'€kT MOKe OyTH
oXapakTepH30BaHMI pI3HUMH (akTopamMu ado OJHaKOB1 (aKTOPH MOKYTH MaTH
PI3HY 3HAYUMICTD IPU PI3HUX cuTyauisax. Ilicias nmpoBeleHHs HApHUX HOPIBHAHL
BH3HaUallach IIOTOUKEHICTE: 1HJAeKke moromikeHocTi Il Ta BIIHOBIIHOIEHHS
rorojpkenocti BT (tadi. 3.7).

Kpurepiii ajantoBaHOCT1 I KOKHOTO 3 BHY [alWBa , SKWUH 3riAHO 3

MeTooM CaaTi € rrmolalbHUM TIPIOPUTETOM, OOUHCTIOETHCS K cyMa JOOYTKIB
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JIOKAJILHAX IHOPUTETIB Ha BIAIOBLIHUA Baropuil koedinicnr. Pesyiapraru
PO3paxyHKIB KPHTEPIIO aJallTOBAHOCTI CHCTEMH 3 ABHTYHOM JI-243 mo pizHHX

[AJIMB HABOJJUTELCH B TadI1. 3.8.

Tadmaug 3.8 — Po3paxyHKOB] 3HAYCHHS KPUTEPIIO aJallTOBAHOCT] CUCTEMU 3
TBUTYHOM J[-243 1o pi3HMX TaIWB IpH IX BUKOPHUCTaHHI B TpakToplt MT3-80

Kpurepiit
Homepu xkpuTepiiB Al |A2 [A3 |A4 |AS |A6 | A7 | amanToBaHOCTI
Bexropu
MIPIOPUTETIB X(X1) 0,14 10,14 10,14 10,11 [ 0,16 | 0,15 | 0,16
Biommsenrne manuBo | 0,26 (0.4 0,24 10,27 10,25 (0,27 | 0,36 0,30
[Ipuponnuii raz 0,43 10,3410,34 10,27 (0,32 ] 0,33 | 0,36 0,34
Jy3elbHe HalluBo 0,31 10,2510,42 [ 0,46 (0,43 | 0,38 | 0,28 0,36

Y= 1,00

Orxe, Halkpallle 3HAYCHHS IPU BHKOPUCTAHHI B IHepeodlaJHAHOMY 3
AW3ENsl Ta30BOMY JIBUTYHI 3 ICKPOBHM 3allalIOBaHHSIM Ma€  KpHUTepii
aJanTOBAaHOCTI CUCTeMH 3 JBATYHOM J[-243 10 HadTOBOrO JU3ENBHOIO TANIMBAa,
SIKUH € y3araTbHEHUM IIPIOPUTETOM HOTO eKCIUTyaTarlifHIX BIaCTHROCTEIA.

OCKUTBKH B SIKOCTI TEXHOIOTIYHOTO TPAHCTIOPTY BUKOPHUCTOBYIOTHCS TaKOXK
BaHTaXH1 aBTOMOOLI 3 OCH3MHOBHUMH JBUIYHAMH, 34 TIEIO K CAMOI METOIUKOIO
BU3HAUEHO KpUTepilt aJanToBaHOCTI CHCTEMH 3 OSH3MHOBUM JBHTYHOM O
ocmsuny A-80, 3HI" ta 111" v Bunagky ix Bukopucranus B aproMmo0im 1'A3-3307
(Tabm. 3.9).

Ouinouni Kpurepli € TakKuMH K, SK I JU3CIbHUX Iaius (T1adir. 3.5).
Haitb1npimie 3Ha9eHHST Mae KPUTEpid afallTOBaHOCTI CUCTeMH o OemsuHy (0,367),
ACIIO MEHINE 3HAYCHIs Y Ipupoanoro raszy (0,339) 1 maiimenmne 3uavenns y 3HI

(0,294),
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Tabmaug 3.9 — 3nadyeHns KpUTEpio aJaroBaHOCTl CUCTEMH 3 OCH3UHOBUM

JTBUTYHOM JIO PI3HHUX MMaINB MIPH X BUKOpUCTaHHI B arToMo01m ['A3-3307

Homepu Kpurepiit
KpUTEpIiB Al A2 A3 A4 A5 Ab A7 | ajarrropatocTi
1 2 3 4 5 6 7 8 9
Bexropu
LIPIOPUTETIB
(1) 0,14 | 0,14 | 0,14 | 0,11 0,16 | 0,15 | 0,16
3HI 0,488 10,199 10,292 (0,157 | 0,418 [0,199 0,385 0,294
[Tpupoauii
ras 0,312 10,312 10,292 (0,294 | 0,378 [0,312|0,385 0,339
bemsun A-80 | 0,199 10,488 | 0,414 10,547 ( 0,202 | 0,488 | 0,228 0,367

2= 1,00

Ominouni nokasuuky [117 ta 3HIT npum ix Bukopucrtanni B OCH3HHOBHX
JBUTYHAX BaHTaKHUX aBTOMOOITIR 3 JIBOMATUBHUMH CHCTEMaMHU KUBJIEHHS T00pe
BUBYCHI, ACTallbHO BUCBITIICHI YV CICIIaIbHIA JiTepaTypl. Mae MICIe 3HIKCHHS
MTOTYKHOCT1 JBUTYHA Ha 5...7 % npu poboti Ha 3HI 1 18...20 % npu podoTi Ha
CII" mpwu T1# ke camiif BUTpaTi [IaJIMBa B TCIUIOBOMY €KBIBAJICHT1 Ta HOIiPIICHHS
TATOBO-IIBUAKICHUX BlIaCTHBOCTEH. ToMy TaOJIMIN MapHUX IIOPIBHIHB OLIIHOYHHX
ITOKa3HUKIB JIPYTOTO Ta TPETHOTO PIBHIB B JJaHIM poOOT1 He HABOJATHCS. CyTTEBOTO
MOKpaITieHHs] €HepreTHIHNX TOKa3HHWKIB JBHTYHa MpH poOOTI Ha razl MoKHA

JOCAITH HiI[BI/IH_IGHHE[M CTVIICHA CTHCKY.

3.4 OrmiHka exoJIoTIIHOI Oe3MeKH TEXHOIOTIYHHX TPaHCIOPTHHX 3acOO0IB

Hi,[[ qac pO6OTI/I Ha aJIbTCPHATHBHHX I1a/IHBax

3menmennss Bukuaiz I[P 3 BI' aBurymis € Jyxke BaXXIUBUM 14
TEXHOJIOTITHOTO TPAHCIIOPTY, IKOMY MEBHUH Mepioj] uacy JOBOJUTHCS TMPAIFOBATH
B 3aKpUTHX IIPUMIITICHHSIX. AHAaJN3 KUIBKICHHUX XapaKTePUCTHK BIAIPaIibOBaHUX

razis 13 JIO3BOJIIE  BCTAHOBHUTH 1X CKIIAjl, BMICT OKpPCMHX PCHUHOBHH Ta
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IIPIOPUTETHICTh PEYOBHH 3a MACOK BHUKHIY. AJC PECUOBHHH, K1 BXOJATH J0
ckiaaqy BI', auHATH p13HHIT BIDIMB Ha OpPraHI3M IOJUHH. TOMY 3a KITbKICHUMH
XapakTepUCTUKaMU HEMOMKIMBO CKJIACTH VBICHHS 1P C€KOJIOTTYHY HebesleKy
BI'.

KoMiuekcHuM  mokazHUKOM — ekosoriunoi  Hebesnexku Bl' e kareropis
exonoriaHoi HeGeznekn T3 (KHT), skxa Bu3HauaeThesd 3a BupazoM (2.43). KHT
BKIIOYAE KIIBKOCT] BUKHAIB BCIX HOPMOBAHUX IIKLIMBHUX PEUOBHH, SKI MICTATHCA
YV BIIIIpalibOBaHMX Tra3ax, Ta XapaKTepHUCTHKU iX TOKCHYHOCTI, TOMY BHpaKkae
aOCOMIOTHY €KOIorTuHICTh B

BaxiuBoo IepeBarcrd Takoro IMAXOAY  JO  IHTErpalibHOI  OIIHKH
tokcuuHOcTl BI' € Toit dakr, mo KHT go3Bomsie mopiBHIOBAaTH MIK COOOI0O
HeOe3MeKy TPaHCIIOPTHOIO 3aco0y Ta 1HINMHX JDKEpeNl, HAIPUKIAJ, CTAalllOHAPHUX
okepen 3a0py THEHHS aTMOChEpH.

llpy pospaxyHkKy Kateropii HeOe3leKHM Ha OCHOBI JaHMX BUKOHAHHUX
BUNPoOYBaHL BUHHUKAE HEOOX1THICTh B OOYMHCIICHHI KUIBPKOCTEH BUKHUIIB OKPEMUX
peuoBuH Mi 11pu pyci 13 3a i310BUM HUKIOM. BKazanuil po3paxyHoK BUKOHYETHCS
3a BupazoM 2.44. TTuromi numstxoBi BUku M IT1P otpumani 3 puc. 3.1 1 3.3.

AHal3 OTPUMAHMX 1HTErPaILHUX XapakTepucTuk Bl' J03BoIsIc BUZHAYUTH
KUILKICHI BHpazd ix abco/moTHOI €KOJOITIHOI HeOe3lCKH, BU3HAYMTH HaNOLIbII
HeOe3IeuHl PeYOBHHU B HUX, OLIIHUTH BIUIMB BH[Y BUKOPUCTOBYBAHOTO IIaJIMBa HA
exonoriuHy HeOesneky Bl'. Ane KHT He nmae ysSBIeHHS Opo CTYMHL €KOTOTIIHOL
HeGezneknw BI' 1 cTymHb TexHIUHOI JockoHamocTi 13, mpaiporodoro Ha
aNbTEPHATUBHUX [AJMBAX, 3 MO3UIIT eKOJIOTTYHOT HeOE3IICKU.

EkomoriyHa NOpHUCTOCOBAHICTh JABHTYHA J0 POOOTH HaA AalbTepPHATUBHUX
[IaJMBax OIIHIOEThCH 3a IHoKasHUKoM Ell, sgxuif Jo3BOJISE€ BU3HAYUTH PIBCHbL
IIPACTOCOBAHOCTI JBHUTYHA /IO AQIbTE€PHATUBHUX TIATMB 3a EKOJIOTIYHUMH
xapakrepuctukamu Bl'. 3a BupazoMm 2.42 3 BUKOPUCTAHHSAM PO3PaXOBAHUX
3HaueHb KHT, 3Haxo 9 Thesl 9UCIOB] 3HaueHHs noka3Huka ElI1, 3a skumMu poOHThCS

BHCHOBOK IIPO piBeHB eKOITOTIUHOT HpI/ICTOCOBElHOCTi ABHI'VHa JOO0 JaHOTIO
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aNbTCPHATUBHOIO IajyBa, TOOTO PO T€ HACKUIBKHA PO3LIBIyBAHA CYMICHICTDH
BH/ly TaduBa 1 KOHCTPYKIN{ JABHTYHa BIIPI3HIETHCS B1J 0a30BOro BaplaHTa 3
HO3UINT eKOJIOITUHOT Oe3eKH.

ATnle pO3MIMHYTI TOKa3HUKKA He JO3BOILIIOTE POOUTH BUCHOBOK TIPO
BianoBiAHICTL BI' ganoro tpancropTHOro 3acoly JIIOYMM HOPMAaM Ha BUKUIU
ITTP.

[Toka3zHUK eKOJI0ITYHOI HeOC3ICKH TPAaHCHOPTHOIO 3aco0y 11J dac podoTH
Ha OGa3zoBoMy manmBl Keys, IKAM BU3HAUYA€TLCA 3a BHPa3oM 2.43, 103BOIIIE OIIHATH
pPIBEHRL eKoJOoTIuHOI Hede3lekW Ta TEeXHIUYHOI JocKkoHamocTi T3 3 mos3mimi
eKONOrigHo1 Oesnexku. Jlanumu Juig po3paxyHKy 3HaueHb KeHO € pesyibrard
pmzHaueHHs KHT. 3 dopmynu (2.43) BHAHO, MO SKIO BHKOHYETHCS YMOBA
Kenb<l1, To Tpancrioprauii 3acid MOKHA AOIYCKATH 10 HOJAIbIIOI eKCIulyaTallii, a
gkmo K KenG>1, To TexHIUHMiIT cTaH Takoro 3aco0y 3 IMO3WINI €KOIOTTIHOI
OC3ICKHU BapTO BBAXKATH HE3aM0BLILHUM 1 BUHUKAc HoTpeda B IPUAHATTI IIeBHUX
3aXO/IIB JIISI BUIIPABIEHHS TAKOTO CTaHY.

Pesynpratd AocCijKeHbL TpakTopa Ha TOKcH4HICTL Bl noxaszami B Talul.
3.10. Tpaxtop Ha TpaJudliiiHOMY TIaMWBI Ta albTEpPHATUBRHUX IIaJIABax
BHNPOOYBAHUN 32 OJJHUM 1 THM K¢ BHIIPOOYBaILHUM IUKIOM. KUIBKOCTI BUKH/IIB
IIP B3g11 3 puc. 3.1 Ta 3.3 U1 BUIIAJAKY TPAHCIIOPTYBAHHS TPAKTOPOM BaHTaxy 4
T, OCKUILKM B IILOMY BUIQJAKy BHKMAM ¢ HaHOLIbIAMU. KUILKOCTI BUKHAIB
repepaxoBaHl 3 T/KM B I/c. BiamparpoBaHl TazW TpakTopa, IPaIfolovoro Ha
MIPUPOTHOMY Tazl, MICTATH B 1,03 pazm MeHIe okcumiB azoTy NOX, B 1,75 paszu
ouibe okcuay Byreio CO, B 9,3 pasu Oumbmie Byresouis CH, 3oBciM e
MICTATEH caKl y TOPIBHIHHI 3 BIJANPAIThbOBAaHUMM TazaMH TPaKTOpa, IMPaIfoiovuoro
Ha HadTOBOMY AW3CIBHOMY HaluBl. llepexig 3 Qu3eaLHOIO Halmsa Ha 6104u3elhb
Jlae MeHITle 3HIDKEeHHsST BUKU/IIR TIKIITHBUX pevuoBuH 3 Bl B 1mpomy BHmajgky
CYTTEBO 3MCHINYIOKOTBCS JHUIIE BUKHIN caxl. OCKUIBKA BUKHU HPAKTHYHO BCIX

ITTP 3pocTaloTh 13 30UIBIMIEHHSIM MacH TPaHCIIOPTOBAHOTO BaHTakKy, TO MacoBi
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eurioy 1P B DKM B34Tl 004 BHNAOKY DYEY KOMICHOTO TPAKTOpA 3 IIOBHICTHD
3aBAHTAKEHHM [TPH el Ol

32 CYMApHHM MTOKASHHKOM KIBKOCT] IKIMJMEHE BHFEHIIE (pHC. 3.8) mOupye
npHpooHUA ras Hpyre micle safinae HadTOBe OHIeBHe NamMEo. TpeTe Micle
EM3HaYeHO 33 Diomusenend [Marpansi, sobpakeH: Ha pHe. 3.8, nobyooeaHi sa
maHuLG Tabm 3.10

Tabmuna 3.10 — Buxstm 1P (T 1 Te) KomtcHUM TpaxTop o MT3-80 npi

poboT! OBHTVHA Ha pISHHE BUOAX NTANHE

KIMEKICTE BMEMIE UKIINTHERE pedoBHH i KOmICHHM TPaKTOp o
Bun

Ty ] _H CAYA Beroro
TTANHER

rfem | ofc |ofem| ©fc |rofxkm| rfc | ofEm it o rfc

HuseneHe 6,1 | 0,038 |56 0,035 |06 0003|077 |0,004s 13,0 0,051

MTATHE ©

Ipupopani [ 5,9 | 0,036 |58 (0,064 | 56 | 0,058 |- - 21,3 | 0,136

Tas

Blogmeem |58 |0,057 |8 0,051 | 1,3 | 0,008 | 0,62 | 0,003% [ 1577 (0,1

M,

rEs

0

15

10

5 — B

0 - ' - - '
an nr Bioguszne

E-NOx: @ -C0: g-CH;, B -TY; N -scsoro.

PucyHOoK 3.8 — KiMBKICH! XapakTepHcTHEN BIONpAalbOBAHWME TasiE TPaKTopa

LAT3-80
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AHami3  OTpUMaHMX JIaHUX  IIOKa3aB, IO  IMKUIMBL  PEUYOBHHHU
BllpanboBaHux razis Tpakropa M13-80 B cepeaunomy Ha 46 % CKIaAalOTLCS 3
CO, Ha 36 % cxnajmatoThes 3 NOX, Ta Ha 39 % 3 ByriieBoHIB. TOOTO 3a KITBKICTIO
HIKLUIMBUX BUKWIIB HAHOLIBIN 3HAYUMUM KOMIIOHEHTOM € OKcuJ Byrieo CO.

KimpkicHmit aHam3 cKIajay BIAIpaIlbOBAaHMX Ta3iB Jae  VABISHHSI IIpo
KUILKICTh BHKHJIB OKPEMMX IIKLUIMBUX PEYOBHI, CyMapHIf iX KUIBKOCTI Ta
TO3BOJISIE BUABHTH HaifOUIBIN 3HATNMI 3a Macoi KOMIIOHCHTH. AJle JaTH OINHKY
eKOJNOTIUHIH Oe3lleIl Ha OCHOBI TaKOro aHalily HEeMOKIHBO, 4Uepe3 Te IO He
BPaxOBYIOTbCA TOKCHYHICTD Ta KJlac HeOe3EeKH IMIKIJIMBUX PEYOBUH. ToMy HaMU
IIpOBEJieHa KOMIIIEKCHa OIliHKa ekonoriaHol Hebezneku Bl TpakTtopa MT3-80 Ha
ocunosl kareropii KHT wmebesuexku tpancuopraoro zacody (tadm 3.11) 3a
ITPaHUYHO JONMYCTHMHMH KoHreHTpamisiMa [1TP y BIT ta kxmacom HeOGe3nekn
peuoBun (Bupas 2.43). @axruuno KHT asisge coboro KiIbKICTh HOBITPS B MY/¢,
sSKe HeoOX1He I Toro, Mo0 TOKCHYHY PEYOBHHY PO30aBUTH 10 Oe3medHOl

KOHIICHTpAITi.

Tadmuryg 3.11 — Kareropis nedesnexku Bl xonicHoro tpakropa MT3-80 1ipu

poBOTI HOTO JIBUI'Y HA Ha PI3HUX IIAJIHUBAX

Kareropig nebesnexu pizuux peuosut Bl Kareropis
(KHJT) HeOe3NekH
Bun TpakTopa
rarmuBa (KHT)
NOy CO CH caxa
Me |% [Me|] % [ M| % | M| % M/c

amzensHe | 2789.1 | 8781 9,1 (0,29 1,9 (0,06 [377,5] 11,9 31776
11 IUBO

npupoanuit | 2476 | 98,71 14,41 0,57 116,5] 0,66 - - 2506,9

ras
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Oloamzens | 2565.8 89,8 (12,210,421 43 |0,15]1274,4] 9.6 2856,7

HaitGimem  exooTidHO HeOe3NeUHUMH € BIINpallbOBaHl Ta3H TpakTopa
MT3-80, npamorodoro na jauseiabnoMy Iaausi. Karteropid medeslekud Tpakropa,
paiforovoro Ha O101m3emi B 1,11 pa3u MeHITa, a Ha MpUpOAHOMY rasl B 1,26 pa3n
MEHIIIA, HDK Ha Ju3eibHOMY IlajauBl.  [IpudoMy  exosoriuba  Oesieka
Bi/ITIpanibOBaHUX Ta31B /IS BCIX BHUJIIB MAlUBa B cepeTHROMY Ha 90% BHU3HavaeTHCS
HeOe3nekoro NOy, BMICT SKHUX 3a Macolo He Ayke 3HauHuN. 3HAUWThH, OKCH/IH
a30Ty € HalO1LIeIn HeOe3leuHo pedorHHOo0 BI'. Ha wacTky 1HIMMX IK1ITABHX
peuoBUH lpuiiajac e oumie 10 % kareropii HeGe3leKy TPAHCIOPTHOTO 3acoly.

Cmepigrommenass H/C kimskocTi BogHIO H 1m0 KimpkocTi Byrhnemio C B
eJeMEHTapHOMY CKIIaJll TaluBa  XapaKTepH3ye TOBHOTY 3TOPSHHSA TanuBa 1
BILIMBAEC Ha TOKCHYHICTL BiaupanpoBanux raziz 13. Ilpu 30ubIIeHH] HBOIO
CHIBBITHOIIEHHS B 2,3 paszu kateropis Hedeznekn KHT TpancmopTHOTO 3aco0y
aMeHIyerbed B 1,26 pasu. 3menmenns KHT tpakropa, mpaiorodoro Ha bBLL
MMOSCHIOETHCS CYTTEBMM 3MEHITICHHSM BMICTY caxkl y BI' 3a paxyHok O1LIbII
IIOBHOTO 3ropaHus naiuea. e noscHroerses 3naduum (10 10%) BMICTOM KHUCHIO Y
BT

ITa MeToauKa He BPaxoBYE 3MEHITIEHHS ekoloriuyHol Hebesneku T3 mmpu
BUkopucTaHHl AMII BHacTIOK 3MEHITIEHHSI BMICTY CIPKH B ITUX TIaJIMBax, Tak SK
BMICT [IBOOKcHAY cipkd y BI' Ha manmii wac He oOMexyerThes. PospaxyHku
IIOKA3yIOTh, IO KaTeropis HeOe3lCKH JBOOKCHAY CIPKU 1Ipu poOOTI JAU3eis Ha
Ha(TOBOMY TamMBi cTaHOBUTH 120 M*/c, TOOTO 3HAUHO TIEPEBHINYE KATETOPIIO
HeOe3MeKH OKCHJY BYIUICIIO Ta BYIVICBOJHIB, ajJ¢ € B TPH pa3d MEHINOK 34
KaTeropio HeOe3NekH cakl. A€ came MPUCYTHICTH CIPKH B Ha(pTOBOMY IaJIHBI
CTBOpPIOE 3HAUHYy Ipobiiemy. HapBiTh 11pu poOOTI JuU3e/ 3 KaTallTHYHUM OKHUCHHUM
HEUTpaI3aTOPOM B OCTAHHLOMY TIPH IMI/IBUITIEHUX TeMIlepaTypax 1/ie 1HTeHC UBHUH

IIPOLIEC YTBOPECHHS CYIIL(MATIB, IO PI3KO 30LILITYE BUKH B aTMOchepY YaCTHHOK.
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3a ekoJIOTIYUHUMH XapakTepucTukamMud BI' npoBeseHa oOIliHKa €KOJOTTUHOI
MIPUCTOCOBAHOCTI ABHTYHA [1-243 nmo ajbTepHATHBHHX ITAJHB 3a BHpasom 2.42
(puc. 3.9). Takuii ABUTYH IPHCTOCOBAHHM K 10 mpupoxHoro raszy (EIIr=0.788),
Tak 1 g0 OloguseneHoro mnammBa (EII61—=0,898). PiRenr exoforiudoi

npucTocoBaHOCTI ABUryHA J[-243 mo 111" Bummumi, HikK 10 010IH3€ILHOTO MTAJTHBA.

He NPUCTOCOBaHWK

NpPUCTOCOBaHUIA

Pucyrok 3.9 — OriHKa ¢KOJOTIUHOI IPHCTOCOBaHOCTI ABMTYHa J[-243 1o

AJILTCPHATHBHHX MOTOPHHX ITAJIMB

HacTymiinMm etanoM ¢ BU3HAUESHHS PIBHA KOJOTIUHOI Hebesrekd TpakTopa
MT3-80 nipu poGoTI HA PI3HUX TAIUBAX 34 MTOKA3HHUKOM €KOJIOTTUHOI Hebesleku
Ken (tadbmumsa 3.12) 3a Bupasom 2.44. Ockinbkd HopMH Ha Bukuau 11IP
TEXHOJIOITUHMM  TpaHcnoprom BicyTHI, sHaueHHs KHT,,w pospaxosani 3a
BrupazoM (2.43) ta mHopmamu ['OCT 17.2.205-97 aas gusemB, Tpamioloudx B
IIPUMILLIEHHSAX 3 OOMEKEeHUM MOBITPoOoOMiHOM. SIK 3aBepilieHHs [LOIO eTaly ¢
BH3HAUCHHS KPUTEPIto eKoJoriuHoi 6e3nekd T3 mpu poGoTi HA pi3HHUX TAIHBAX.

3 Ttabu. 3.12 BHJIHO, MO HAKOUIbIE 3HAUEHHS KPHTEPIIO €KOJOTIYHOI
oesnexku (0,42) BIacTHBE TpakTopy, IMpalloldyoMy Ha IpHpoaHoMy rasi. Lle, B
HepILy Yepry, 3YMOBJIEHO HOTO €JIEMEHTAPHUM CKJIAIOM (OLIbIIMA BMICT BOJHIO)

Ta BIACYTHICTIO caxi y BI, memo menme sHaueHHS 1poro kputepito (0,37) B
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TpakTopa, IpaIodoro Ha OlOAW3EIbHOMY MAMBI, IO TAKOXK 3YMOBICHO HOro
eNeMEHTapHIM CKJIaJioM (OlIbITa KIMBKICTE KUCHIO B OlOTIaNMBl1 CIIpUse  O1TBII

IIOBHOMY HOTO 3TOPSIHHIO).

Tadmang 3.12 — Omzka exoloriaioi oesreku Tpakropa MT3-80 1 gac
poOOTH Ha PI3HMX HalHuBax

Buj nanusa [Toka3HuK eKoJIOrTIHO Kpurepilt ekonoriauoi
HeOesneku Ken Oesrexu Ke
Jn3epHE TaTMBO 2.98 0,33
[Ipupoiauii rasz 2,38 0,42
biognzens 2.7 0,37

HesBakaioun na Te, MO piBeHb €KOJIOITUHOI HeOesneku Tpakropa MT3-80
IIPH TIepexo/li 3 JU3eNbHOTO aluBa Ha albTepHATHBHI MaliBa 3MEHIIYEThCS, BiH
3aIMIacTbed  HeOe3leyHuM  JKepelioM 3a0pyaHenns arMocdepu. lLlek dakr
MMOSCHIOETHCS  HEJOCKOHAMICTIO  KOHCTPYKIUI  mmemst  J[-243, gkwii  3a
CBPOIICHCHLKUMU  CKOJIOITYHMMH  HOpPMaMM He Moxke OyTH JONYIISHHH 10
eKCIUTyaTarlli.

V3aranbHUBITH BHINEBUKIIAIeHe, MOKHA CTBEPIXKYBATH, IO caMe KpHUTepiH
exomoTiuHoi Oe3zriekn T3 jo3BONsSe He TIMEKH 00 €KTHBHO OITIHIOBATH 9K 13 B
IUIOMY 1€ HA HaBKOJHIITHE CEPeJOBHINE, alle 1 BUPIMTYRaTH OaraTo eKOJIOTIUHNX
Ta TeXHIYHUX 3aBJalb, OB S3aHUX 3 ekciuryaTanicio T3, Haiduipin Hebe3euaHo
peuoBHrHOIO Bl aBTOTpakTOpHOTO JABHUTYHA IPH Horo poOOTI Ha PI3HMX MaluBax
BIAIOBIAHO A0 CaHITApHUX HOPM € OKcuau aszory NOyx. Tomy s JIBHUI'YHIB
TeXHOIOTIUHOTO TPaHCIOPTY, SKUH IIEBHUH dYac IMIpaIoe B MOPUMINEHHIX 3
OOMEIKEHUM IIOBITPOOOMIHOM Ba)KJIMBUM € 3aCTOCYBaHHd HeTpamnizaropiB Bl ski
3MEHIMYIOTh BHUKMAM caMe Iriei pedopuH. Ile ™Moxke OyTH, HampuKIaf,
HEeHTpaI3aTOp HEKATAIITHYHOIO CCICKTUBHOIO BiAHOBIICHHS. 1lig vac pobdotu B

IpuMimmenal  oOMexkeHoro o6’emy 13 3 kaTamTUIHMM HEHTpaIizaTopoM dac



103

gocarnenns 1'JIK ocnoBhux P 3611bIyeTbes OUILII, HIK Y 5 pa3 y HOPIBHAHHI 3
T3, 6e3 metiTpamzaropin [55].

3a po3poOIICHOI METOIMKO BUKOHAHA TaKOXK OIHKA €KOJIOrTIHOI Oe3IeKn
apToMoOL11  ['A3-3307, BHKOPHUCTORYBAHOTO B  SKOCTI  TEXHOJIOTIYHOTO
TpaHcHoOpTy, Ipu podori Ha pizHux nanuBax (Tadin 3.13). IluTomi HUBIXOBI

BUKHH ITTP mipu pyci aBToMOOIITS 3a 13/T0BUM ITHUKIIOM B35IT1 3 poOoTH [42].

Tabmumg 3.13 — Buxugu [1IP (r/xM 1 1/c) aBTomMobimeM ['A3-3307 mpu

poOOT1 IBUTYHa Ha PI3HHUX BHAAX ITaJIHR

5 KimskiceTs Bukmme IT1P aBToMoO11eM
HA

NOy CO CH caxka Beroro

HajiiBa

I’kM | r/c r'kM | /e /KM r/c /KM r/’c | I/kM | r/c
Bemzua 9.7 0,08 45 0,373 | 3.58 0,029 - - 58.3 | 0,482
HpI/IpO,I[H. 8.4 0,07 15 0,124 | 3.69 0,031 - - 27,1 10,225
ras
3HT 0,06 0,23 0,018 - - 0,308

Pesynbratu gocimjpkenb astomoOust 1'A3-3307 na TokenunicTh Bl iy gac
pobOTH Ha PI3HUX HaJIUBax Iokazani B Tadl. 3.19. BI' aBroMoOL, Ipalioiouoro
Ha [1I" MICTSTE B TPH pa3Hl MEHITIE OKCHY BYTIICIO Ta B 1,15 pa3u MeHIIe OKCHTIR
a3oTy. CymMapHa KUIbKICTD IIKIJIMBUX BUKHIIB Olabina B Oemsuny B 2,15 pasu. 3a
KITBKICTIO TIKIUIMBAX BHKIB HAOLIBIT 3HAUUMHAM KOMIIOHEHTOM € OKCHJI
Byriero CO.

PesynbraT KOMITTEKCHOI OITIHKHA eKoJoridHoi HeOesneku BIT aBToMoO1Is
I'A3-3307 3a xareropicio nedesuexku KHT (Bupas 2.43) nokazano B tadi1. 3.14.

HaitG1mpm ekostoriaHo HeOe3NMEeUHUMHE € BIATIpallbOBaHl Ta3d aBTOMOOILI,
mpamoouoro Ha Oemsuni. Kareropid HebGes3lekd aBTOMOOLIHM, IIPALIOYOIO Ha
HIPUPOIHOMY Ta3l B 1,2 pasu MeHINa, HIK Ha OcH3uHi. llpudomy eKoJOridHa

Oe31eKa BLAIpAbOBAHUX Ta3iB JUIM BCIX BHIIB IIAIUBa B cepeauboMy Ha 98 %




104

BU3HAYACTLCS HEOC3IEKOI0 OKCHAIB a30Ty NOX, BMICT SKHX 3a Macoi HE JIYKe
3HAaYHUH. [IpraoMy OKCHAM a30Ty HajJekaTh M0 PEUYOBHH, MEXaHI3M YTBOPEHHS
SKHAX OC3IIOCePeIHBO HE MOB S3aHUK 3 IPOIECOM 3TOPSHHS IAIuB, aKe 1 a30T 1
KHCeHb TIOTPAILIIIOTE B KaMepH 3TOPSHHSA BHUTYHIB 3 MOBITPAM. PazoM 3 THM
BYIJICIICBOBMICH] mKimBl pevoBunu Bl (oxeun Byriemo CO, Byriuesoani CH,

caxa) € PO TyKTaMU 3TOPSHHS TTaTNB.

Tabmumg 3.14 — Kareropia nHeGesnexku BI' aBromodima ['A3-3307 1pu

poboT1 HOTO IBHIY HA Ha PI3HUX IaTHBaXxX

Kateropisa
Kareropis nebesnexu pizHux pedosut Bl HeOC31ICKH
Bun aBTOMOOLTIS
lajiMBa (KHT)
NOx CO CH caxa
Mle | % |[Me| % | Me| % | Me| % M/c
OCH3UH 3702 |976|76,71 20 [147| 04 | - | - 3793
LIPUPOJHUANA a3 3154 |986 (285 0,9 [15.1] 0,5 - - 2506,9
3HT 3427 |90.3(52,211.36| 88 |0.24| - | - 3480

PesynbraTi OIIHKH PIBHA €KOJIOTIUHOI Oe3nekn arToMoOuTs ['A3-3307 mpu
po0GOTI Ha PI3HUX lAJMBax 3BSAcHI B Tabumino 3.15.

Sx BugHO 3 Tabn. 3.15, xpuTepii exonoriuHoi Oe3neku IMPHUPOJTHOTO raszy
Maec 3Ha4YHO OUIbINe 3HAYCHHS YV IHOPIBHSHHI 3 HeeTHIOBaHUM OemsunoM A-80 Ta
3HI', o oGyMoBRIeHo Horo eneMeHTapHHM ckiajgoM. Ha apyromy Miciii Kputepiit
ekonorignoi oesnexu 3HI.

OtpumaH1 JaH1 A00pe V3o KYIOTRCS 3 pe3ylbTaTaMH, K1 OTpHMaIH 1HII
ABTOPU I PI3HUX BHJIB aBTOTPAKTOPHOI TEXHIKM, BHUKOPHUCTOBYIOUM 1HIII
METOJUKH. AJle aHAN3 EKCICPUMEHTAILHUX JAHUX CBLIYUTD, IO HaBITh B HOBUX

ABTOMOOLIIB 3aKOPJAOHHOIO BUpOOHUIITBA, BUKKAH ITTP SKkux BLANOBIAAIOTHL CAMUM
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cypopuM BuMoram €EK OOH mojo exosorii, BOHH HEPEeBUINYIOTL JOITYCTHMI
caHiTapHl HOpMH [55]. Tle, odeBuaHO, TOSCHIOETHES THM, 1Mo ITTP BimpaniboRaHIX
raziB  aBTOMOOLUIB BHUKHJIAIOTLCS B arMocdepy, a IO3UTUBHOI  HKICTIO
aTMoc(epHOro TOBITPSI € Te, IO B HHROMY 3a0pyJHIOIOWI PEUOBHHH MAarOTh
3JATHICTh PO3CIIOBATHCDL 0 KOHICHTPAIIN, SIKi He IIKOAATL KUBUM OpraHi3MaM.
Pazom 3 TUM Tig TOBOPUTH NPO TE, IO €KOJIOTIUHI XapaKTePUCTHKH TeXHOIOTIUHUX
T3, gK1 excluyaTyroThesd B ymMoBax oOMeKeHHX 00’ ¢MIB HOTPEOYIOTL CYyTTEBOIO
MIOKPAIeHHs 3 METOI0 3MCHINICHHS HETaTHBHOTO BIUIMBY Ha 3J0POBR’S IIOJACH,

IIPIFOIOUHX B TTHX IPHUMITTICHHSX.

Tabmurg 3.15 — Omiaka exomoriuHoi Oesnekud arToMoOLIsI 1'A3-3307 mpu

po0OTI Ha PI3HUX 1A/ IMBAX

Buj nanusa Ioxasznuk exosoriunoi | Kpurepii exonoriaaoi
HeOesrekn Ken Oesmiexn Ke
bensun A-80 (HE 3.69 0,27
ETHUIIOBaHUIA )
[Tpupo 1Mt raz 2,46 0,41
3HI” 3,23 0,31

3.5 OrmiHka €KOHOMIUHOI e(eKTHBHOCTI €KCINTyaTaIlli TpaHCIIOPTHHX

3aco0IB Ha AJIIbTCPHATUBHUX BHAAX IIaJIHBa

BaknmuRuM UMHHUKOM pO3MIUpeHHS BUKOpuUcTaHHI AMII B yMoBax
PHHKOBOI €KOHOMIKHM € HagBHICTL €KOHOMIYHOIO €(ekTy IIpu iX BHKOPHUCTAHHI.
binmpmmicte AMIT BiAPI3HSIOTHCS Bl TPaJHIIWHHX MalHR eKCINTyaTallliHAMHA
BJIACTUBOCTAMU, IO MPHU3BOJUTH JO 3MIHH EKCIUIYyaTallifHUX SKOCTEH camoro
TpaHCIIOPTHOTO 3aco0y. JIg OIHKM eKOHOMITHO! e(heKTHMBHOCTI €KCINTyaTarlii
BUKOPUCTOBYBAHOI'O B YKOCTI TEXHOJIOIMUHOIO  TPAHCIIOPTY KOJICHOTO TPAaKTOpa

MT3-80 na ajnpbrepHaTHBHUX IIAJIMBax IIPOBOJUTLCS PO3PAXYHOK MOPIBHILHOL
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CKOHOMIYHOI e(EeKTHUBHOCTI, SKUH BKIIOWac B cebe¢ po3paxyHOK HEOOX1IHUX
KallTadlbHAX  BKJIajJeHb, EKOHOMIIO  eKCIUIyaTallHHUX  BHUTpaT, PITHOTO
CKOHOMITHOTO e(eKTy Ta TepMIHY OKYIIHOCTI KallTalbHHUX BKJIAICHD.

[TozuTuBHMUN eKOHOMIUHMM edeKkT BiJ BUKOPUCTAHHS albTepPHATHBHUX
[IAJUB Mae MICIE 3aB/HKU TaKuM (pakTopaM: MEHINA BapTiCTh [aJIHUB, 3MEHITICHHS
eKCIUTyaTaIiHHIX BUTPAT BHACIHIIOK 30UIBIIEHHSI MOTOPECYPCY, MiIKPEMOHTHHX
1IPOOIriB ABUIYHA Ta BUIPATH MOTOPHOIO Maclia, 3MCHIICHHS 30UTKY BIJ
3a0pyIHCHHS aTMOocepH.

Hadrore mmsenbHe manvBo, IPUPOTHUIL raz Ta 010 U3eNbHE TTATHBO MalOTh
PI3HY MIHY, IO BU3HAYac Pi3Hy coOIBapTICTh liepeBeseHb. [HIMN YMHHUKKA Ha
coOIBapTICTh ITIepeBe3eHb BINIMBAIOTh B He33HauHiit wMipi. KpiM Toro, pizHa
BapTicTh  liepeoOliajHaHHs TpakTopa Uil poOOTH Ha IUX [aJuBaxX BH3HAYAE
pPI3HUK pIBEHh KaIllITAIRHUX BKIaJieHh B IlepeoOnajgHaHHsa. HaitGiasmmoo
€ BapTicTh HepeodaHalus TpakTopa A podOTH Ha HPUPOIHOMY rasi.

Kamransmi BriasenHs K B nepeoOiiajHaHHSI BU3HAYAIOTHC 3a (HOPMYIIOIO
(2.39). TpancuoprHi BuTpaTH IpUAMaOTLCS B posMmipi 10 % Big Baprocti
KOMIUIEKTa JIoJlaTKOBoro  oOlajJHaHHA g ajanTarii  podorm T3  Ha
anpbTepHATUBHUX mnanmBax. KamiTanrbHi BKIQJeHHS B TepeoOIaIHAHHS OJHOTO

TpakTopa HpuBeeHi B Tadi. 3.16.

Tabmurg 3.16 — Kamitanpal BKIaJEHHS B HepeodnafHaHHs TpakTopa MT3-

80 st poGOTH Ha aTbTePHATUBHUX MMATHBRaxX

HalimMmenyBaHHS BUTpAT, IPH. [Ipupognmii raz | biogmzens
Ioxynne obaHanms 6230 2486
BuroTtosiieHus opuriHajibHAX BY3IIB 622 -

MoHTax 1 Halaro KeHHS eneMeHTIiB | 3050 500

ajantyBatis Texmku a0 AMII

TpanciopTHi BUTpaTH 990 250
Berworo 10892 3236
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PospaxyHok exoHOMII TOTOYHUX BUTPAT MPH EKCILTyaTarlii BUKOHYETLCS TSI
OJHOTO KojJicHOro Tpakropa MT3-80, mHOCTIHHO IpaIiolOvoro B HKOCTI
TEXHOJIOTITHOTO TpaHCHOPTY. EKOHOMIS eKcImyaTariiiffHuX BHUTpaT IOBR’s3aHa 31
3MCHINICHHAM BHTpaT Ha IAIMBO B cOOIBAPTOCTL IIEPEBE3CHb Ta CKOHOMIT 3aBJSKH
3MEHITIEHHIO €KOJIOTITHOTO TMoAaTKy. 30MTOK BiJl BUKHAY | T OKCHAY BYTJIEITO
CTaHOBUTL 266 y.0., 1 T ByreBoamn 357 y.o., 1 T okewaie azory 1330 y.o.
Edexr Bix 30UIbIMICHHS MUKPEMOHTHHX IIpOOITiB 1 TEPMIHIB 3aMIHM Macia
JacTKOBO HIBEIIOETHCS 30UIBIIeHHSIM BHTpaT Ha TO 1 peMOHT J0JaTKOBOTO
oOJajHaHHA, a TaKoXK HaJ0aBKOIO A0 3apoOITHOI IUIATH BOIIB Ia300aloHHOIO
TpaHcriopTy. OTpWMaHI PO3paxXyHKOM Ha MaTeMaTHIHHUX MOJETIX TUIIXOBI
BUTpATH [auB IICpeBelCHl B JIHIAHY BHUTpary NaauB. Buxijmi gaHi s
PO3pPaxXyHKY €KOHOMIUHOI e()eKTHBHOCTI eKcInmyaTarii Tpaktopa MT3-80 Ha

allbTepHaTUBHUX IIaMBax 3BeeHl B Tad1. 3.17,

Tabmang 3.17 — Buxaami gani JUIs po3paxyHKy €KOHOMIYHOI eheKTUBHOCTI

ekcIuTyaTarii TpakTopa MT3-80 Ha anmbTepHaTUBHUX ITaTUBax

No OnuHATY Eazopa | ATbTepHATHBHE IIaIHBO
Ilokasnuk _
3/ BUMIPIOB. MOJIETE :
1 bioguzens
KigbkicThb
1 _ TIIT. 1 1 1
OJHAHHALL TCXHIKH
Cepeapo1000BHI
2 . KM 40 40 40
1IpooIr
Jli pobotu 3a pik _
3. JTHI 305 305 305
Hp
Koedimienr
4. - 0.82 0,82 0.82
BHITY CKY
5. KoedimenT - 0.5 0.5 0.5
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BUKOPHUCTAHHS
1pooIry
JlimiiiHa BUTpaTa /100 kM

6. 16.0 19.0 17,5
11a/11Ba (M > /100 kM)

ITpoporxennas Tadm. 3.17

[ina manuBa (3a ganuMu | IpH.3a li

7. 19.6 8.5 19.0
o, 2015 p.) (rpa.3amM?)
JlogarkoBl BUTpaTH Ha

8. P TPH. - 1089,2 -
TO1i1IP

[ima piIaKOBOIO I130IPOHUIOBOIO edipy BH3HAYCHA 3 BPaXyBaHINAM
3MEHITIEHHS aKITI3HOTO 300Dy .

JliHifiHa BHUTpaTa manuBa TpakTopa MT3-80) BH3HaUueHa 3a 3HAYEHHSIMH
nusixoBoi Burtpard namusBa (puc. 3.1 Tta 3.3). Burparm na TO 1 peMoHT
TOAATKOBOTO 00IaTHaHH MPHUITHATI B po3Mipl 7% B1J] BapTOCTI TlepeodaaTHaHHS.

Piduna exonomis exclulyaraliinux BUTpaT CKIAJAcTbed 3 €KOHOMII BUTpaT
Ha [IAJIUBO 3a MIHYCOM BHUTpar, IOB’g3aHUX 3 1O 1 peMOHTOM JIOJaTKOBOIO
oOnmagHanid. TepMiH OKYIIIOCTI KaINTaAbHWX BKIAACHb B HepeodiiaHanIs
TpakTopa Juisl poOOTH Ha albTepHATUBHHUX MallMBaX BU3HAUAETHCS 3a POPMYIOIO
(2.51). Piunuii exonoMiunmii edekr Bu3HadacThbed 3a  dopmylo  (2.53).
HopMmaTnBHMIT KOe(IITIEHT €KOHOMIUHOI e(eKTHMBHOCTI KalllTalbHHUX BKIa/IeHb
MpHitHATHI piBHAM 0,15,

Pesynbratd  poO3paxyHKY — IOKA3HMKIB — €KOHOMIYHOI  ¢(heKTUBHOCTI
ekcinyaTamii  Tpaktopa  MT3-80 gk TEeXHOJOTIYHOTO  TpaHCIOPTY  Ha
allbTepHaTUBHUX IIaMBax 3BeeHl B Tad1. 3.18.

TakuM YHHOM, eKcINTyaTarisi oJHoro Tpakropa MT3-80 B gxocTi
TEXHOJOTTIHOTO TPaHCHOPTHOTO 3aco0y Ha Ta3oBOMY MalWBl B IOPIBHSHHI 3

AM3CILHIAM TIAJTUBOM 3a0e3liedye J0JaTKOBUM piuHui ekoHoMIYHME edekT 6078,3
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I'PH, & TSPMIH OKYIIHOCTI BUTPAT Ha liepeodiiafHalis I poOOTH Ha rasi cKiajac
1,41 poxy. llpm ekcruryarami Ha O10/iH3eTBPHOMY IATHUB1 PIYHHAM €KOHOMIUYHHIH
edexr ckimage 177,3 rpH, a TepMiH OKYIIHOCTI BUTpar Ha nepeolnagnamms 4,9
POKY. 3 HaBEJEHHX JaHUX BHUAHO, MO B SKocTi AMII HaHOUIBIT €KOHOMITHO
BUI'IHUM € 3aCTOCYBAHHA IIPUPOIHOTO raszy. Ale nepeoldiiafHaH s JIBUTYHIB JIL
po0OTH Ha ITHOMY MalWBl BAMAarae OUNBITIHAX, Y MOPIBHAHHI 3 1HIMAMHA TaTHBaMH,
KalnTaJoBKIaJeHb. 1py BUKOHaHHI pO3paxyHKIB LIPUAHATO, IO 3apodiTHA IUIaTa
oIleparopa TpaKTopa, IpaIfiolouoro Ha rasl, Oyje Takow K, SK 1 IIpu poOOoTI  Ha
AM3eNbHOMY Tamupi, 3ampaBka Tpaktopa CIIIT Oyae 3ailicHIOBaTHChH Ha
i anpueMceTBl. Jis poOOTH Ha LIPUPOIHOMY a3l HAUOUILIN €KOHOMIYHO BHI1IHO
nepeodIaTHYBaTH JIU3ENTI, K1 TOTPeOYIOThH peMOHTY. B IThoMY BHIIAJKY BUTPATH
Ha InepeoOnajHanHd OyjyTh YacTKOBO IIOKPHUBATUCH BUTPAaTAMH HA PEMOHT:
3HOIMEHa JW3elibHa TalWBHA amapaTypa JEMOHTYETHCS, a 3MEHITUTH CTYIIHD

CTHCKY JIBUI'YHA MOYKHA Il 9ac PEeMOHTY HOro IIIHHPO-IIOPIIHEBOL [PYIIH.

Tabmang 3.18 — ExonoMiuna eheKTUBHICTD eKcIuryaranii Tpakropa M13-80

Ha aJIbTCPHATHBHHX ITaTHBax

No AJnbTepHaTUBHE

Onmumnng | basosa
3/11 IToka3zHuk _ HaJIBO
BHMIPIOB. | MOJIENTh

III" | Bioauzens

1 . 3 4 5 6

Piunuit  npolir  Tpakropa,
1. BHKOPHUCTOBYBAHOTO B SIKOCT1 | THC. KM 12.5 12.5 12.5

TEXHOJIOTTYHOIO TPAHCIIOPTY

2. Pigna BuTpaTa manampa T (M?) 2320 2984 2508

3. Burparn Ha manmBo 3a pik TPH. 45797 | 36996 45135

4. Burparu na TO 1 I1P I'PH. 7000 8090 7000
Piuni eKCcInLTyaTariiifi

5. TpH. 52797 | 45086 52135

BUTpAaTH




110

ExoHoMisT  eKcIUTyaTaliiiftHux

6. TPH. - THLZ] 6623
BUTPAT
TepMmin OKYITHOCTI1

T KaIlTaJIOBKIIaACHD Ha - 1.41 4,9
repeodIaTHaHHS

[Ipoaosxkenns tadi. 3.18

1 2 3 4 5 6

Piunuit exonoMiunuii  edexr

8. B1JT BUKOPUCTaAHHS TPH. - 6078,3 1773
AIBTCPHATUBHUX 11aJIUB
Kpurepiit CKOHOMIYHOT

9. epeKTUBHOCTI BHKOPHUCTAHHS - - 0,71 0,2
AMII

OrpuMaHl pe3yJIbTaTH Y3TOKYIOThCAd 3 JAHUMH, OTPUMaHUMM 1HITIUMH
apTopaMu. 30KpeMa, TepMiH OKYITHOCTI TiepeoOnajHaHH Au3ens Tpakropa MT3-
82 B ra3oBHH JBUT'YH 3 1CKPOBHUM 3alallfOBaHHSIM JITISI poOOTH Ha MIPUPOTHOMY Trasi
1pu koedimicari 3aBantaxenocti K3=0,5 cranoBurh 8 micsaip, a upu K3=0,75
CTaHOBUTDL 6 MICAINB | |.

3a po3polbIIeHOI METOIUKOID BUKOHAHA OITIHKa €KOHOMITHOI e(peKTUBHOCTI
ekcimmyaTariii arToMoO1II ['A3-3307 K TeXHOJIOTIYHOTO TPAaHCIIOPTY Ha PI3HUX
najuBax. Pe3yibratd po3paxyHKy IIOKa3HHUKIB eKOHOMIYHOI  e(eKTUBHOCTI
ekcimyaTarii aproMoO1t  ['A3-3307 Ha ankTepHAaTHRHUX MMallMBax 3BEJICHI B
Tadi 3.19.

3 Tabn. 3.19 BugHO, MO eKoHOMIYHa e€(eKTHBHICTH BHKopucTaHHd 3HI' B
apromMoOLI1 1'A3-3307 ¢ Bumoro v nopisusani 3 1117 1le nosgcHioeThes MEHIIO
BapTIicTIO razoBoi amapatypu Aad 3HI. Texmiko-ekcIUTyaTaIlliiHl MOKa3HHKH

(BaHTaKOI THOMHICTh, 00 €M BHKOHAHOI TpaHCHOPTHOI poOOTH) aBTOMOOLIS,
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rpamorouoro Ha Oensuni ta Ha 3HI' 3HaxoadThess UPUOIM3HO HAa OJMHAKOBOMY
pirHi Tlpu pozpaxyHkax He BpaxoBYBalOCh 3MEHINEHHS BaHTaKOITHOMHOCTI
aBToMOOLIS Ipu poOoTi Ha 111" 3a paxynok BcraHoBlieHHs razoBux OatoHis. Tomy
KO TIpY BUKOHAHHI TIepeBe3eHn NeperdavuacThes MoBHe ado ONMU3bKe JI0 TIOBHOTO
BUKOPUCTAHHY BaHTAKOMLIAOMHOCTI aBTOMOOLIM, TO HepeodaajHanms Horo Ha
III" moxe OyTw He 30BCIM BUIpaRiaHWUM. bymo NOpuifHATO, MO 3amlpaBka
apromoOLIg 11T Oyae BiadyBaTHCh Ha TEPUTOPL MIALPHEMCTBA. Y BHIAJIKY
3anpaBk Ha MepekeBid AIHKC B 3HauHIA Mipl 3pocTae CepelHBOIOOOBHH

XOIOCTHH TPOOIT.

Tabmurg 3.19 — ExoHoMiuHa e(eKTHBHICTE eKcITyaTarii aromMoOouts ['A3-

3307 Ha alIbTCPHATUBHUX 11AJIMBAX

AJIbTepHATUBHE
No
(@310%080500F bazopa aJIHBO
3/l lloka3zHuk _
BUMIPIOB. MO/JIETb [Ipupon
3HI'
HHUH Ta3
Kpurepiit  exoHOMITHOI
1. edekTUBHOCT1 = = 0,45 0,55
BUKOpUCTaHHI AMII
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3.6 BusHadeHHS 3arajbHOIO KPUTEPIiIO BUOOPY paliiOHATILHOIO BHJY IajIMBa

Pesynbrary po3paxyHKiB 3aralbHOIO KPUTEPIIO BUOOPY OLITHMAILHOTO BHIY
rmaauBa 3a BHUpazoM 2.45 IS BUKOPHUCTOBYBAHOTO B SIKOCTI TEXHOIOTIUHOTO

Tpanciopry Tpaktopa MT3-80 3Beaeni B Tadimio 3.20.

Tabmang 3.20 — 3HaueHHS 3arajibHOIO KPHUTEPIO BHOOPY OLTUMAILHOIO

BHIY ajuBa I Tpakropa MT3-80

[Tayuso 3arampuuii  kpurepit K Bubopy

OIITUMAJILHOTO BHAY IIaJIHBaA

Jm3ebHe malluBO 0,240
[Ipupouuii ras 0,484
bioauzens 0,295

B pesyibrari  JoCHKeHb BCTAHOBICHO, INO HAWOUIbIIE 3HAYCHIS
3arajJbHOTO KPUTEPiio BHOOPY ONTHMAITLHOTO BHAY MaluBa Mae TPHPOIHHM a3 y
BHIIAJKyY HOIro BUKOPUCTAHHS B IIepeoOIajHaHOMY 3 JH3es ra3oBoMy ABUrYHI. [le
[IOACHIOCTLCA THM, IO B ILOTO MMaluBa HaHOIILIIE 3HAYSHHS KPUTEPIIo
EKOTOTIUHOI Oe3NeKr Ta KPUTEPII0 €KOHOMIUHOI e(eKTHBHOCTI eKCILTyaralii.
Hattvenmre 3HaueHHS 3aralbHOTO KPHUTEpilo BHOOpY HammBa B Ha(TOBOTO
JTH3EILHOTO 11a]I1BA.

Pesynbrary po3paxyHKiB 3arajibHOIO KpUTEpio BUOOPY ONTUMAILHOTO BHAY
MaIrBa I BUKOPUCTOBYBAHOTO B SIKOCT1 TEXHOJIOTIYHOTO TPAHCIOPTY aBTOMO G114
I'A3-3307 naseneni B tadi. 3.21.

B pesymerari JlocHikeHb BCTAHOBIEHO, IO HalOUIBITe 3HauYeHHS
3arajbHoro Kpurepiio BUOOPY ONTHUMAJILHOIO BHAY NAJIMBA Mac IIPUPOAHUNA ras,

HaWMEHIIE 3HAYSHHS B 6CHSI/IHy.
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Tabmug 3.21 — 3HaueHHs 3arajibHOIO KPHUTEPIO BHOOPY OLTUMAILHOTO

BH/Ty TTaluBa s apToMoOut [A3-3307

ITanuro 3aranbpHMit kpuTepiit K pubopy

OIITUMAJILEHOI'O BHAY 1IaJIMBa

bemun A-80 0,218
[Tpuposunii raz 0,399
3HI° 0,377

3pipkenuit nadropuii raz (3HI) aBisge coboro MpoAyKT lepepodku Hadru
abo € cymyTHIM koMmnoHeHToM BHaoOyTKy CIII. Pecypcu 3HIT oOmeskem,
OCKUILKM BOHH 3HAYHOIO MIPOIO IIOB's3aHl 3 BUAOOYTKOM HadTH. Y COLIaJIbHO-
moOyTOBOMY cekTopl kpainud 3HI' BUKOPHCTOBYE 3HaUYHA KINMBKICTH KUTETIB. KpiM
toro, 3HI" sBisie codo10 HOY CUPOBUHY I XIMITHOL IIpoMuciioBocti. Tomy 3HI
Ha aRTOTPAHCIIOPTI CJ1] BUKOPUCTORYBATH TINHKH JITIS BIACHUKIB 1HIWBI Y aTbHIX

ABTOMOOLIIB JUUISL HOMIIICHHS SKOJIOTTYHOT CUTYaIll BEJIMKUX MICT 1 IIPOMUCIIOBUX

ITEHTPIB.
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4 3ACTOCYBAHIHS KOMITIOTEPHUX TEXHOJIOITH V HAYKOBUX
JOCITJDKEHHSTX

4.1 Komimorepmi texmojorii xa eraii 300py Ta Holepeanboi oOpoOku
1HpopMaITi

Internet - rnolajibHa KOMIT'IOTEPHA MeEpeika, IO OXOIUIOE YBECh CBIT.
Croroami Interet mae 6nusbko 15 MuibHoHiB aboneHTiB y Oubn HixK 150 kpainax
Mupy. [{omicarrg po3mip Mepexl 301bITyeThes Ha 7-10%. Internet yTRoproe gk Om
aapo, Mo 3ade3ledye 3B'A30K PI3HUX 1HGOpPMAITIMHUX MepeX, IO HalleKaTb
PI3HHAM YCTaHOBAaM B YCLOMY CBITI, OJ(Ia 3 1HITION.

Juir poboru B Internet pospoOieno cremiaibHl IporpaMu (Opayseph).
ITommyx 1HGOpMAITT 3MIHCHIOETHCS TBOMA CIIOCOOaMH:

- 3a jouoMororo ajapecu URL;

- 34 JOIIOMOTOIO MONTYKOBUX CHCTEM 34 KIIFOYOBHUM CIIOBOM.

Slxmo panime Mepeka BUKOPHUCTAIOCS BUHSITKOBO SIK CEPEIOBHITIE TIepe/iaul
(daitmiB 1 MOBIAOMIEHE €JIeKTPOHHOI MOIITH, TO CHOTOJHI BHPIMIYIOTHCS O1TbINE
CIJIQJIHI 3aBJAaHHS PO3IOALICHOIO JAOCTYILY J0 pecypciB. bBull TphoX POKIB TOMY
OyaHd cTBOpeHl OOOJIOHKH, IO INATPUMYIOTH (DYHKINI MEpPEeKHOro IMOIIYKY H
TOCTYITY JO PO3IIOIIEHHX 1HQOPMAITIHIX pecypciB, eMeKTPOHHUM apXiBaM.

Internet, Mo ciayXWia KOJIUCh BUHATKOBO JOCIIIHUIBKAM 1 HaBUYAJIBHUM
rpylaM, 4ui 1IHTEpecH HPOCTHPAIIACA aX [0 JOCTYILY JO CYIEPKOMIIIOTEPIB, cTae
yce OUIBITE IOy SIPHOIL B A1TOBOMY CRITI.

KoMmanii CHOKYIIAIOTH IMIBWAKICTH, JCMICBUHA INIOOAIBHUA  3B'S30K,
3PYUHICTD I IPOBEISHHS CIUIBHUX poOIT, TOCTYIIHI IIPOTpaMH, YHIKaIbHa Oasa
naHl Mepexi Internet. BoHu po3risiaaiors miodaabHy MEpexy SK JOINOBHEHHS JI0O
CBOIM BIIACHOTO JOKAIBHOT MepekaM.

[Ipyn HHM3BKOI BapTOCTI TOCTYT (¥YacTo IT€ TUIRKH (PIKCOBaHa IMOMICIIHA
IUlaTa 3a BUKOPHCTOBYBaHI JIHIT ado TeiaedoH) KOPUCTYBAYl MOXKYThH OJepiKaTh
AOCTYII JIO KOMEPIIAHUX 1 HeKoMepLiitnux indopmaniitmix ciryx0 CIHA, Kanaau,
ABcTpanii it 0araThoxX €BpOIEHCHKHX KpaiH. B apxiBax BIIBHOTO JOCTYITY Mepekl
Internet MoxHa 3HalTH 1HQOpPMaIIO IIPAKTUYHO 110 BCIX cdepax JMOIACHKO
JISUIBHOCTL, NOYUMHAKOYH 3 HOBUX HAyKOBUX BIIKPUTTIB J0O IPOTHO3Y IOTOIH HA
3aBTpa.

Kpim Toro, Internet Hajae yHIKaIbHI MOKIHBOCTI JIEIIEROTO, HaIHHOTO H
KOH(DIISHITAHOTO 1NI00aILHOIO 3B'3KY 110 YChoMY CBiTL. Lle BHSMBIBICTLCH JYyIKE
3pyaIHAM A7 hipM (i, 1o MaroTh CBOI, TI0 YCHOMY CBIT1, TpaHCHaITIOHATEHUAX
KOPIIOpAIii 1 CTPYKTYp KepyBaHHS. 3BHYAMHO, BHKOPHUCTAHIN 1HOPACTPYKTYPHU
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Internet 1 MIKHAPOJAHOTO 3B'SI3KY OOXOJUTLCS 3HAYHO JICHICBINE IPAMOTO
KOMITIOTEPHOTO 3B'SI3KY Uepes CyIyTHHKOBUH KaHal abo depes TenedoH.

EnexrpoHHa 1omra - HaWIOIMUpeHiIa nociayra mepeskl Internet. ¥ neit gac
CBOS ajpeca IO SICKTPOHHIN IIOMITI MaIOTh HPUOIM3HO 20 MUILHOHIB YOJIOBIK.
[Tocunka mucTa MO €NEeKTPOHHIM MOMTI 0OXOUTHCS 3HAYHO JIEMIEBINEe MOCHIKH
3BMYaifHOTO nucTa. KpiM TOTO, MOBIIOMIEHHS, MOCIAaHe IO €IESKTPOHHIM IOIITI
Aifjge o ajpecara 3a KUIbKa FOJAWH, Y TOW Yac SK 3BHYAHHMA JIMCT MOKE
AoOupaThcs A0 ajpecara KUIbKa JIHIB, a T¢ H THIKHIB.

V¥ et yac Internet BumpoOoBye miepiof migioMy, Oarato B 4OMY 3aBJSKH
aKTUBHIM MATPUMIT 3 OOKy ypsamiB eBponeiicbkux kpain 1 CIITA. Iopiuno B
CIITA BHIUTIETHCS ONMU3BKO 1-2 MUTLIPAIB J0IapiB Ha CTBOPSHHA HOBOI MEPE/KHOT
indpactpykrypu. JocipkeHas B o01acTi MEPEKHNX KOMYHIKaIii (piHaHCYIOThLCS
TakokK ypsagamu BemukoOpuranii, [TIrerni, ®iansami, HiveqamnHm.

OpHak, Jep:kaBHe (DIHAHCYBAHHA - JIMINE HEBEIWKAa YacTUHA BCTYIIHHUX
3aco0iB, TOMY M0 yce Oulblle IOMITHOI cTac "KoMepruamsars” Mepexi
(ouikyeThes, mo 80-90% 3acobiB Oy e HaIXOUTH 13 IPUBATHOTO CEKTOPa).

4.2 KoMIDOTEepHI TEXHOJIOI B HayKOBUX JIOC/IIKCHISX
4.2.1 OcHOBHI TIOHATTS T€OP1i MOIETIOBaHHS

4.2.1.1. Cran 1podiieMu MOJICIIOBAHHS CUCTEM

Ha cywacHoMy eTami po3BHUTKY HayKd 1 TeXHIKH PO MaTeMaTHIHOTO
MOJIETIOBAHHA 3HAYHO 3pOCia Y 3B 'SA3KY 3 1HTEHCHBHHM 3aCTOCYBaHHSIM
KOMIT IOTEpHOI  TexHIKH. CROTOJHI BaXKO  VSIBHTH co0l  IPOBEJCHHA
$yHAaMEHTATPHIX UM TPUKIQJIHUX HAYKOBHX JOCTiKeHL 03 ToeHaHHS
MaTeMaTUIHOTO MOJIEMIOBAHHS Ta KOMITIOTepa. B HaykoBift miTepaTypl s
IIJKPECICHHS BaKIMBOCTI Ta €PEKTUBHOCTI TAKOIO MOEJHAHHS BBEJCHO HABIThH
OKpeMHUM TepMiH — 00YHUCTIOBAJIBHHIT eKRCIePpUMEHT, TIIJ] SKAM PO3YMIIOTH
TOCTIKEHHST BIacTUBOCcTelt o0’exTy alo SBUINMA TUIIXOM PO3BR’MI3YBaHHS 3a
JAOIOMOI'OKO KOMII IOTEPHOI TEXHIKH 3aja4l, dKa gBisie codoro MM 1poro gBuina
gy 06’ ckra. bararopaszoBe NMPOBEJCHHI PO3PAXYHKY MOJSIL I8 pi3HUX HAOOPIB
BXIJTHUX JaHUX Jla€ 3MOTY JOCTIIUTH POJIb Ta BIUIMB PI3HHX (PakTOpiR Ha
LIPOTIKAHHS TOI'O UM 1HIIOIO Hporecy ado HoBeAiHKY o0 ekry. OOUuc/moBaILHUH
CKCIICPUMEHT JIa€ 3MOrY IIPABWILHO IUIAHYBATH Ta NPOBOJUTH HATYPHHA
((b13UdHMI) eKCHepUMEHT, a [PaBWIbHE BUKOPHCTAHHS MOrO pPE3yJIbTariB jlae
3MOIY CYTTEBO CKOPOTHTH TEPMIHM IIPOECKTHO-KOHCTPYKTOPCHKHAX POOIT, 3HU3UTH
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3aTpaTd MareplaliB Ta €HEPropecypeiB, a TaKOK BHSABHTH HOBI TEOPETHYHI Ta
TeXHITHI STKOCT1 JIOCTITKYBAHOTO IIpoIIecy. YemimmHa — peanizalis
OOUHCIIOBAIBHOIO EKCIICPUMEHTY OOYMOBJICHA TICHAM B3a€MO3B S3KOM TPHOX
(axTopiB: HOTYKHOT KOMIIIOTEPHOI TEXHIKH, Ha SKIf 3J1HCHIOCTLCS YHCCIILHUN
eKCTIEpUMEHT, a/IeKBaTHUX MaTeMaTHIHUX MojieNed TOoCTiIKYBaHUX TIPOIIeciB Ta
YUCENFHUX MeTO/IB iX aHamizy. HasgBHICTH cydacHHX TIPOTPaAMHHX CHCTEM
ABTOMATH3AINI IIPOBSJACHIS MaTeMaTHIHUX PO3paxyHKiB Takux, sk MATHCAD,
MATLAB, gax1 gacTkoBo ad0 HOBHICTIO Peali3yIOTh 0araro YMCeIILHUX METOIB, 1,
IO HAWTOJOBHINIE, MICTITh MporpaMHi 3aco0W peamizaiii HOBHX Ta
HEeCTaHJapTHUX CXeM YHCEIbHUX METOIB, IMe OUIbIe MABHINYIOTH POIb Ta
Ba)KJIMBICTh OOUHCIIOBAILHOTO EKCIICPUMEHTY B IIPOBCACHHI (PyHIaMEHTATHLHHX
HAYKOBHX JOCIIKCHb Ta B CHCTEMax aBTOMaTH3allli HPOCKTYBAJILHUX POOIT, a
Tako’X 3HAUYHO CHPONIYIOTH Horo peamizario. CepeJl UYHCETHHHX METO/IB
KOMII'IOTepHOl peaynzanii o0dUCIIOBAILHOIO CKCICPUMEHTY HaileeKTUBHIIAMU
€ METO/[ CKIHUCHUX PI3HULb, METOJ CKIHYCHHUX €JICMCHTIB Ta METOJ I'PaHUTHHX
enmemMeHTIB [|.MogemopadHHs (y ITHPOKOMY 3MICT1) € OCHOBHHM CIIOCOOOM
TOCTITKEHHS ¥ BCIX 00NacTsax 3a JOTIOMOTOI0 HayKOBO OOTPYHTOBAHOTO METOY
OITIHOK XapaKTCPUCTHK CKJIAJHUX CHUCTEM, BUKOPHUCTOBYBAHOIO I IPUHAHSTTI
pllIeHb Y pi3HUX chepax IHKCHSPHOI AUILHOCTL. [CHYIOU] 1 IIPOCKTOBAaHI CHCTEMU
eeKTHBHO JOCTiTKYBATH 3a JOTIOMOTOI0 MATEMaTHIHUX Mojlelei (aHATITHIHMX 1
IMITAII AKX ), peaTizoBaHux Ha cydacHuXx EOM, 1Mo BHCTYIAIOTL K 1HCTPYMEHT
CKCIICPUMEHTATOPA 3 MOJICILIIO CUCTEMH.

4.2.1.2. MoieJnoBaHHs SIK METOJ HAYKOBOT'O IH3HAHIS

B jmanmit wac He MOKHa HazBaTH OOIAcTh MOACHKOI AUSIIBHOCTI, ¥V IKIH ¥ TIM
a0o 1HITIOMY CTYTIEHI HE BUKOPHUCTOBYBAIHACS OH MeTOTH MoiemoBaHHI. OcoOIURO
IIe BITHOCHUTHCS O cepHu KepyBaHHS PI3HUMH CHCTEMaMH, Jieé OCHOBHUMH €
LIPOLECH IIPUUILITTS PIMICHL HAa OC-HOBe Ojep:KyBanoi iHdopMalii. 3yIuHuMOCs
Ha ¢uiocodCchKUX aclekTax MOJEMOBaHHSI, a TOUHINE, Ha 3aralbHiil Teopii
MO/Ie TIOBaHHS.

Meroso0IT9Ha OCHOBA MOJICIIIOBAHHA. Yce Te, Ha IO HallpaBJIeHa JIOACHKA
JSUIBHICTD, HasuBacThes oO0'ckroM. BupoOneHHs MeToAolorii clpiaMoBaHe Ha
VIOPSAKYBAHHS OTPUMaHHS it 0OpoOku 1HpopMaITi mpo ob'ekTH, IO 1ICHYIOTH 1034
HaImoi CBIJIOMICTIO 1 B3aEMOJIIIOTH MIZK cOOO0IO 1 30BHIIITHIM CEpeTOBHUITIEM.

YV HayKOBHX JIOCHIDKCHHIX BEJIMKY pOJIb I'PalOTh TIHOTE3H, TOOTO IIEBHI
IIPOPOKYBAHHA, IO IPYHTYIOTHCS HA HEBEIHKIN KUIBKOCTI JIOCBIIUCHUX IAaHUX,
CIIOCTEPEIKEHD, 370rajiB. [IBuUaKa 1 IIOBHA IICPEBIpKa TIIIOTE3, IO PYXAKOThCH,
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MOKe OyTH IPOBEACHA B X0/ CIICHIalbHO excriepuMenty. [Ipu gopmymoBanmi i
MIEPEBIPITl MPABUIBHOCTI TIMTOTE3 BEIMKE 3HAUEHHS SK MEeTOJ CY/KEHHS Mae
AHAJIOL1S.

AHAJIOTNEIO HA3UBAIOTL CYHKCHHS 1IPO SKY-HeOyIb IPUBATHY 1I0A10HICTE ABOX
00'ekTIB, TPHUUOMY Taka NOMIOHICTE MOKe OyTH ICTOTHMM 1 HECYTTERHM.
HeoOxi1aH0 BIA3HAUMTH, MO MOHITTS 1CTOTHOCTI 1 HECYTTEBOCTI MOMIOHOCTI abo
PO3X0pKeHI 00'eKTIB YMOBHI 1 BigHocHl. CyTTEBICTD LOAIOHOCTI (PO3XOIKCHHS )
3QJIC)KUTH Bl PIBHSY aOcTparyBaHHS W y 3arajlbHOMY BUIIQAKY BHU3HAYAETHCA
KIHI[EBOIO MeETOI0 TPOBEACHOrO jochijkeHHs. CyuyacHa HaykoBa TioTesa
CTBOPIOETELCA, K IIPABUIIO, 3a AHATIOTIEIO 3 MMepeBIPEeHNMH Ha TIPaKTHUIT HayKOBUMH
[TOJIOKCHHAMHA. TaKiM YHHOM, aHAJIOT14 3B'43Y€ TIIIOTE3Y 3 CKCICPUMEHTOM.

['iroresy | anajiorii, moe BiAOHBAIOTL peallbHUH, 00'€KTHBHO ICHYIOUMH CBIT,
ITOBHHHI MaTH HAOUHICTh a00 3BOJAUTHCA JO 3PYUHOTO JUISI JOCTTKEHHS JTOTTIHUM
CXEMaM; Takl JOITYHI CXEMH, IO CIPOIIYIOTHL MIPKYBAHHS 1 JIOTT4HI 1100y 10BH alo
0 JO3BOJSIOTH IPOBOJMUTH CKCHEPUMEHTH, IO YTOYHIOIOTL IIPHPOJY SBHIIL,
HA3UBAIOTHCA MOJIETIMH. [HIMMMM clIoBaMu, Mojenb (nar. modulus mipa) — 11e
o0'ekT-3acTYHUK  OO0'€KkTa-opuTiHay, 1o 3ale3leuye BHUBUEHHS JIEIKHX
BJIACTHUBOCTEH OPUITHAIY.

BuzHaueHHS MOJEIIOBAHHA. 3aMIMEHHS OJHOrO o0'ekTa 1HIMM 3 METOIO
ofepkaHHS 1H(}popMaIui mpo HaWBakKIHBIMI BIACTHBOCTI O0'€KTa-OpHTIHATY 3a
JAOHOMOI'CIO  O0'€KTa-MOJENl HA3WUBAETLCS MOJCIIOBAHHAM. TakuM YHHOM,
MOJICTIOBAHHA MOKe OyTH BH3HAYCHE SK IIPEJACTAaBICHHS O0'€KTa MOJ-JUIIO UL
ofiepkaHHS 1H(popMaIii mmpo 1eit 00'ekT MIIIXOM IIPOBEJICHHS €KCIIEPUMEHTIB 3
Horo wmogewno. Teopis 3amimeHus oaHux oOO0'€KTIB (OPUITHAIIB) 1HITUMHU
o0'ekTaMH (MOIETIMH) 1 IOCIIKEHHS BJIACTHBOCTEH O0'€KTIB Ha IXHIX MOJEILIX
HA3UBAETHCH TCOPIEIO MOICIIFOBAHHA.

BuzHauatouy THOCEOIOTIUHY POJib Teopil MoiemoRaHHs, ToOTO 11 3HAaUeHHS B
Ipolteci M3HaHH, HeoOX1THO HacaMIlepe T BIIBEPHYTHCS BiJl ICHYIOUOTO B HayTIll 1
TEXHIKY PI3HOMAHITTH MOJEICH 1 BUAUIMTH Te 3alajbHe, IO BIACTHBO MOJCIISM
PI3HUX [0 CBOIH mpupoji o0'ekTiB pealbHoro cpity. Lle 3aranbhe mnosdrae B
HasSBHOCTI JIesIKOi CTPYKTYpH (cTaTHdHOI ado JUHaMIuHOi, MaTepianbHoi ado
VABHOT), IO HOAIOHA CTPYKTYpl JaHoro ob'ekra. Y Mpolecl BUBYCHHS MOACIIDL
BHCTYIIA€ B POJI BIAHOCHO CaAMOCTIAHOIO KBa3zlo0€KTy, IO JO3BOJEIE OACPKATH
IIPH JTOCTIKEHHI eIkl 3HaHHS PO caMUAM 00'eKT.

Skmo pe3ynabTaTH MOJIEMIOBAHHS IIATBEP/KYIOTHCS 1 MOKYTH CIYKUTH
OCHOBOIO I IIPOTHO3YBaHHA IIPOIECIB, IO IPOTIKAIOTH Y JAOCIIZKYBaHHUX
00’ €eKTax, TO TOBOPSTS, IO MOJIENH a/lekBaTHa 00'ekToBI. [IpH 1MThOMY a/leKBaTHICTh
MOJISII 3aJICKUTD BlJl METH MOJACIIOBAHHS 1 IIPUAHATUX KPUTEPIiB,
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VY3araapHEeHE MOJCIIOBAHHS MOKHA BHU3HAUYUTH SK METOJ[ OIOCCPEAKOBAHOTO
M3HAHHS, TIPH IKOMY JTOCHIKYBAaHUHM O0'€KT-OpUTIHAT 3HAXOTUTECS B JIEIKOMY
BIAIOBIAHOCTI 3 THIIHM 00 €KTOM-MOJICILIO, IIPHYOMY MOJICIb 3jlaTHa B TOMY ado
IHIIOMY BIJHOIICHHI 3aMIIIATH OPHUIIHANI Ha JSAKHUX CTaflaX Ii3HaBaJbHOIO
mportecy. Ctajiii m3HAHHS, Ha SKHAX BIIOYBAeThCS Taka 3aMiHa, a Takoxk (popMm
B1IIIOBITHOCT1 MOJIEN ¥ OpUTIHAIY MOXKYTh OyTH PI3HUMHU:

1) MojemoBaHHS SK II3HABAJIBHUI I1IPOIEC, WO MICTUTL IepepoOKy
indopMariii, Mo HAIXOAUTH 13 30BHINIHLOTO CEPEAOBUINA I1IPO SBHUINA, IO
B1I0YBaIOThCS B HIH, Yy PE3yJBTaTl UOTO Y CBIJIOMOCTI 3'BISIIOTHCS oOpasH, SK1
BIAMNOBIIAIOTH 00 €KTaM;

2) MOJICTIOBAHHS, IO IOJArac B MOOYAOBL ACIKOI CHCTEMH-MOJET (Ipyroi
CHCTEMH), 3B'S3aH0l BU3HAYCHUMM CIIBBLIHOIICHHAMH IHIOJ00H 13 CHCTEMOIO-
OPUTTHATIOM (TIEPIOID CHCTEMOIO), TIPUUOMY B IThOMY BHUIIQJIKY BiT0OpaKeHHS
oamicl cUcTeMHM B IHINE € 3aco00M BHSBIEHHS 3aJIEKHOCTEH MIDK JIBOMA
CHUCTEMaMM, BIAOUTUMH B CIHIBBLIHOIMICHHIX IOJ00H, a HE Pe3yIbTaToM
Oe3mocepeTHROrO BUBUEHHS 1H(OpMaTITi, 1o Ha X0 HTh.

Cnmij 3a3HauWTH, IO 3 TOTTEAY  pirocodii MoiemoRBaHHs - e(peKTUBHHM 3acid
mi3HaHHg upupoan. llporiec MojeinoBaHHS Iiepej-JyMae HasgBHICTL 0OO0'e€kTa
JAOCIIKEHHS;, AOCIIHUKA, IIepe] SKAM II0CTaBIcHa KOHKPETHA 3ajada; MO,
CTBOPIOBAHOI 7SI ofiep:kaHHs 1HPopMaIli mpo oO0'ekT 1 HeoOX1THOI ISl PITTIEHHS
IIOCTABJICHOIO 3aBjaHHd. |[pudoMy CTOCOBHO MOJEH JOCIIHUK €, 10 CYTIL JILIA,
CKCIICPUMEHTATOPOM, TLILKH B JIAHOMY BHIIAJKY CKCICPUMEHT IPOBOJIUTHCH HE 3
peaTbHUM 00'€KTOM, a 3 Horo mojeno. Takuil excliepUMeHT sl 1HKeHepa €
1HCTPYMEHT Oe3II0CEPEIHLOTO PITICHHS OpraHi3alifHo-TeX HITHHX 3a1a.

TpebGa MaTH Ha yBa3l, IO OyAb-SIKHH EKCICPUMEHT MOXKE MaTH 1CTOTHE
3HaYCHHs B KOHKPETHIH oOiacTi HAYKM TUILKM I1IPU  CHEMaIbHOI  HOro
OTIPAITIOBAHHA I y3aranbHeHHI. OJUHUTHUI eKCIIepUMEHT HIKOIN He MoXe OyTH
BHUPIMAIBFHAM IS THATBEPKEHHS TIIIOTE3H, TIepeBipku Teopii. Tomy imkeHepH
(MOCIIIHUKA 1 MpaKTHKH) IOBUHHI OyTH 3HAWOMI 3 €IeMeHTaMM CydacHil
METOJMOIOIT Teopil IM3HAHHS 1, 30KpeMa , He IOBHHHI 3a0yBaTH OCHOBHOIO
MMOTOKEHHST  MaTeplamcTHIHoi  dimocodii, 1Mo caMe  eKcllepUMeHTalbHe
AOCILIKCHIS, JOCB1, IIPAKTUKA € KPUTEPIEM 1CTUHH.

4.2.1.3. BuxopucTaHHS MOJEIIOBaHHI TIPH JOCIDKeHHI 1 IIPOEKTYBaHHI
CKJIaTHUX CUCTEM

OpnHa 3 mpollleM cydJacHOi HayKM 1 TEXHIKM — po3poOKa 1 BOPOBaIKEHHS B
IIPAKTUKY IIPOCKTYBAHHS HOBITHIX METO[IB JIOCHLDKCHHS XapaKTEPUCTHK
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CKIaIHUX 1HGOPMAIIHHO-KePYIOUHX 1 1H(GOpMaIiHHO-OOUUCIIOBAILHUX CHUCTEM
PI3HUX PIBHIB, TaKWX SK, HalpHKIaJd, KOMII IOTEPHU30BaHI CHCTEMH BHIaBHUYO-
rogirpadiaaux  BUpOOHMITB. 1Ipy IpoekTyBaHHI CKIAAHUX CHCTEM 1 IXHIX
MIACUCTEM BHHHKAIOTL YHCICHII 3aJadl, IO BHMArAlOTL OINHKH KIIBKICHUX 1
SKICHUX 3aKOHOMIPHOCTEH TporieciB (PYHKITIOHYBaHHS TaKMX CHCTEM, TIPOBE/ISHHS
CTPYKTYPHOTO AITOPUTMITHOTO 1 TapaMeTPUIHOTO IXHBOTO CHHTE3Y.

OcoOmuBocTi  po3podku  cucTeM.  PoO3riBHYyTI Y JaHoMy — [HOCIOHUKY
CHCTEMH YW TO MOJEH CKIAIHUX TEeXHIYHUX CHUCTEM BILAHOCITBLCH JO Kiacy
BEIMKUX CHCTEM, €Talld MPOeKTYBaHHSI, YIIPORAKEHHS, eKCIITyaTtarii i eBoIorii
IKUX Y JaHUH 9ac HEMOKIHUBR1 Oe3 BUKOPHUCTaHHS PI3HUX BHAIB MoJemoBaHHd. Ha
BCIX MEpepaxoBaHUX eTallax MM CKIQJAHNX BHAIB PI3HUX PIBHIB HeoOXiAMO
BPaXOBYBAaTH HACTYIIHI OCOOJHMBOCTI: CKIAIHICTL CTPYKTYPH 1 CTOXACTHYHICTD
3B'SI3KIB MIXK €JIeMEHTaMH, HeO/THO3HAUHICTh ITOBOKEHHS €JIeMEHTIB IIPH PI3HUX
YMOBAX, BEJIMKA KIJILKICTD IapaMeTpiB 1 ISPEeMIHHUX, HEIIOBHOTY 1 HCBU3HAYEHICTD
BUX1AHOT 1HGOpMaIi, po3MaiTIicTh 1 IMOBIPHICHHUN XapaKTep BIUIMBIB 30BHIIIHLOIO
cepefforuma 1 T OOMeXeHICTh MOXIMBOCTEH  eKCIepUMEeHTAIbHOTO
TOCTITKEHHSI BETUKUX CHUCTEM POOUTH aKTyalbHOI po3poOKy METOIMKH IXHBOTO
MOJICIIOBAaHHS, IO JO3BOJMMIA O Y BIANOBLAHIA (opMi HpejCTABUTUH IIPOLECCH
(DYHKINOHYBAHHA CHCTEM, OIMC IIPOTIKAHHS IMX MPOLECIB 3a JOIOMOIOIO
MaTeMaTUIHUX MoJielel, ofiep:kaHHs pe3yNbTaTiB eKCIEPUMEHTIBR 3 MOJETISIMH 110
OLIHIIl XapaKTCPUCTUKH JOCIKYBaHUX ©0'ckTiB. llpugomy Ha pi3HMX eramnax
CTBOPCHHS 1 BHKOPHCTAHHS I[EPEPAXOBAHUX CHCTEM Ul BChOIO PI3HOMAHITTS
BXIJIHUX Y HHX IIJICHCTEM 3acTOCYBAaHHS METOJY MOJIeTIOBAHHS IIepeciye
KOHKPETHI IIUJI, a ¢eKTHBHICTL METOAY 3aJICKUTDL BlJ TOTO, HACKUILKY I'PAMOTHO
Ppo3po0IOBaY BUKOPUCTOBYE MOKITUBOCTI MOIETIOBAHHS.

Hezanexxno BiJ po30MBKH KOHKPETHOI CKIIAHOI CHCTEMH HA IJICHCTEMH IIPH
MMPOEKTYBaHHI KOXHOI 3 HHX HeoOX1JJHO BHKOHATH 3OBHINIHE ITPOEKTYBaHHA
(MaxpoIIPOEKTYBaHHS ) 1 BHYTPIITHE TPOEKTYBaHHI (MIKPOIPOEKTYRaHHS). ToMmy
IO Ha WX CTaaiax po3polmoBad Iepeciiiye pi3Hl LI, T¢ 1 BUKOPHUCTOBYBaHI
LIPU IbOMY METOH 1 3aCO0H MO IS/IOBAHHSI MOKYTD 1ICTOTHO BIAPI3HATUCA.

Ha cramii makpomnpoekTyBaHHS TIOBMHHa OyTH po3poOlleHa y3araahbHeHa
MOJIC]b  lporiecy  (DYHKITOHYBAHHA — CKIQJHOI  CHUCTEMM, IO  JO3BOJISE
pos3poOIoBaueBl oJepKaTH BUANOBIAL Ha IIMTAHHI IIPO CHCKTUBHICTL PI3HUX
CTpaTeriii kepyBaHHI 00'€KTOM IPH HOTO B3aeMOJIi 3 30BHINIHIM CEPETOBHITIEM.
Cra/iiio 30BHINIHKOTO TPOEKTYRaHHSI MOKHa POo30MTH Ha aHami3 1 chHTe3. IlpHm
aHalli3l BHUBYAIOTL OO'€KT KepyBaHHS, OYJIYIOTh MOJE/IbL BIUIMBIB 30BHIIIHLOIO
CepeIoBHINA, BHU3HAYAIOTh KPHUTEpii OIHKKM e(eKTHBHOCTI, HasjgBHI PeCcypcH,
HeoOximi oOmeskenns. KineBa Mera cTajii aHamsy - 1moOyaoBa Moje ob'ckra
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KECPYBaHHA I8 OIIHKK HOro XapakrtepucTHK. 1Ipy cuHTE31 Ha eTall 30BHIIIHLOTO
MMPOEKTYBaHHS BHUPIMIYIOTHCS 3ajadul BHOOpPY cTpaTerii KepyBaHHS Ha OCHOBIL
MoJIel 00'eKTa MOACIIIOBAHHS, TOOTO CKJIaJHOI CUCTEMH.

Ha craaii MikpolpoeKTyBaHHsd po3polisIOTh MOJCIL 3 METOIO CTBOPCHHS
epeKTHRHUX InJcucTeM. [IpHdoMy BHKOPHUCTOBYBaHI METOJH 1 3acoOH
MOJIETIOBaHHS 3alekaTh Bl TOTO, SIKI KOHKPETHO 3ale3NeduyioTh IMiJICHCTEMH
PO3poOIBIIOTHCH: 1HGOPMAITIAHI, MaTeMATHYH1, TEXHIYHI, IIPOrPaMHi 1 T. ..

Oco0OmuBocTl  BUKOpUCTaHHS Mojelied. Bulip Merogy MoJeinoBaHHS 1
HeoOX1/IHa JeTaizaliisl Mojelel 1CTOTHO 3aleskaTh Bl eTaly po3poOKH CKIIa HOA
cucteMu. Ha etamax oGcTerkenns ol'exTa KepyBaHHS, HaIpUKIA] IIPOMHUCIOBOTO
MANPHEMCTBA, 1  po3po0KH  TEXHIYHOTO  3aBJaHHd Ha  [POSKTYBaII
ABTOMATU30BAHOI CHCTEMH KEPYBaHHS MOJEIl B OCHOBHOMY HOCHTH OIIMCOBHH
XapakTep 1 MaroTh Ha MeT1 HalOUIBIIEe MOBHO MPEJICTAaBUTH B KOMITAKTHIH (dopmi
indopMarriio npo od'exr, HeoOXIHY PO3POdIIOBAYCB] CUCTCMHU.

Ha eramax po3pobku TexXHIHOIO 1 poOOHOro IMPOCKTIB CHUCTEM, MOJENl
OKpeMHX TIIJICUCTEM JETAM3YIOThCS, 1 MOJEIIOBAHHS CIHYKHTh ST PITICHHS
KOHKPETHHX 3a7ad MPOeKTYRBaHHs, ToOTO BUOOPY ONTUMATLHOTO 3a BH3HAUEHUM
KpUTEPIEM 1IPH 3aJaHux OOMEKCHHHMX BapianTa 3 Oe3indl IpUIycTUMUX. ToMy B
OCHOBHOMY Ha IIMX €Talax HPOCKTYBaHHS CKIIAJHHUX CHCTEM BHUKOPHUCTOBYIOTLCS
MO JUIS ITIIe CHHTEe3Y .

[{uIbOBE IIPU3HAYCHHS MOJCIIOBAHHS HA €Talll BIPOBAKCHHS i eKCIUIyaTalli
CKJIAJHUX CHCTEM — II¢ IPOIPaBaHHS MOMKIMBUX CUTYaIld Ul IPUAHSTTS
OOIPYHTOBAHUX 1 TIEPCIIEKTHRHUX PIITIEHb IO KEPYBaHHIO 00'€KTOM. MoIe TIOBaHHS
(IMITAIIIO) TAKOXK MIUPOKO 3aCTOCOBYIOTH IIPH HABYAHHI 1 TPEHYBaHHI IIPCOHATY Y
pI3HHX cdepax, HallpUKIaj, IIPH HaBIaHHI POOOTI 3 APYKAPCHKOK MaIIHHOK. Y
IHOMY BHIAJKY MOJCIIOBAHHS HOCHTH Xapakrep JAUIOBHUX 1rop. Mojeb,
peamizoBaHa 3BH4YaliHO Ha EOM, BIATBOpIOE MOBOKEHHS KepoBaHOTo o0'€kTa 1
30BHIMIMHLOTO CEPEIOBMINA, a MOAW YV BH3HAUeHI MOMEHTH dUacy NpHitMaioTh
PIMICHHS 110 KSPYBAHHIO 00'€KTOM.

4.2.1.4. TlepcrieKTUBH PO3BHUTKY METOMIB 1 3ac0o0iB MOJETIOBaHHSI CHCTEM Y
CBITJI HOBHX 1H(OPMaLIHHUX TeXHOIOI1H

B ocTaHHI poKH OCHOBHI JTOCATHEHHSI B PI3HMX 00JacTIX HayKd 1 TEXHIKH
HEepO3PUBHO 3B's3aH1 3 mporiecoM yaockoHamoBaHHS EOM. Cdepa ekciuryararni
EOM — OypxJIMBO PO3BHUBAETLCS Taly3b IOJACHKOI NPAKTHKH, IO CTUMYIIOE
PO3BUTOK HOBHX TEOPETHUUHHX 1 IPHUKIAJHUX HalpsSMKiB. PecypcH cydacHOi
indopMaIi ino-o0UUCIIIOBAILHOT  TEXHIKH  JAlOTh  MOMKIMBICTL — CTABHTH 1
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BUpPIIIYBAaTH MaTeMaTHYHl 3ajadl Takoi CKIAAHOCTI, IO Y HEJABHIM MUHYJIOMY
37aBalIncs Hepeani3oBaHUMU, HATIPHUKIIAT MOJIETIOBAHHS BETUKIX CHCTEM.

AHNTAYHI W IMITAIIAHT MeTOAU. [CTOPUYHO IIEPIIMM CKIABCH aHa i THIHUN
X1 O JIOCILKEHH cuereM, Kol EOM BHKOpUCTOBYBanacsd 9K 0OYHUCIIOBAY
[0 aHANTHIHUX 3aJ1eKHOCTIX. AHATI3 XapaKTEPHUCTHK TIPOITECiB PYyHKITIOHYBaHHS
BEIIMKUX CHCTEM 3a JOMOMOTOIO TIMTBKH AHATITHIHHUX METOIB JIOCHIIKeHHS
HAIIITOBXYETLCS  3BUYAMHO HA 3HAYHUX TPYJHOIUB, IO HPHUBOJHUTL JIO
HEOOXIIHOCT] ICTOTHOIO CIPOIICHIS MoJeelt ado Ha eraln ixuboi 1nodyaoBu, ado
B TIporieci poOOTH 3 MOJIETITIO, MO MOKe MIPUBECTH JIO OJIePKAHHS HeTOCTORIPHUX
Pe3yILTaTIB.

ToMy B manuii ac mopsn 3 o0y A0BOIO aHAMNITHYHAX MOJEICH BelKa yBara
IPUALIIETHCA  3ajladaM  OINHKHA XapaKTePHUCTHUK BEIMKWUX CHCTEM Ha OCHOBI
IMITAIIUHIX MOJIENei, peal3oBaHUX Ha cydacHHX EOM 3 BHCOKOIO IMBHIKOTIEIO 1
BEIMKUM 00CIIOM ollepaTUBHOL IaM'aTi. 1IpuaoMy IEepCleKTUBHICTD IMITALIHHOTO
MOJICTIOBAHHA MK METO Y JOCIIKCHHS XapaKTepUCTHK IIporecy (yHKIIIOHYBaHHS
BEITHKHX CHCTEM 3POCTAE 3 MIBUITIEHHSM IBUAKO/TII 1 onlepaTHRHOI 1TaM' 11 EOM,
3 PO3BUTKOM MaTeMaTHIHOTO 3abe3levueHHs, YO0CKOHATIOBAaHHIM OaHKIB JaHUX 1
HepuGepiHHUX MPUCTPOIB I OpraHizaiii JaloroBHUX CUCTeM MotenoBanns. 1e,
y CBOIO Yepry, CIPHUAIE MOSB1 HOBUX «YHCTO MallMHHUX» METOIB PIIICHHS 3a/a4
TOCTIKEHHSI BETUKUX CHCTEM Ha OCHOBI OpraHizallli iMITaIlIiHIX eKCIIepUMEeHTIBR
3 ixmHiMu MojeisiMu. [IpudomMy opleHTalis Ha aBTOMaTH3oBaHi poOOUl MICIH Ha
Oa3l nepconaipHux HOM i peanizaiii eKCHEpUMEHTIB 3 IMITAIAHAMHU
MOJIEJSIMH  BEJIMKUX CHCTEM JIO3BOJSIE TIPOBOJMTH HE TUIBKKM aHali3 IXHIX
XapaKTepUCTHK, allc 1 BUPIIIYBATH 3ajadl CTPYKTYPHOIO, aJITOPUTMIMHOIO 1
[IAPAMETPUIHOTO CHHTE3Y TaKWX CHCTEM IPHU 3aJaHuX KPHUTEPIIX OINMHKH
eeKTHBHOCTI i OOMEIKCHHSX.

JIOCATHYT1 YCINIXM Y BHKOPHUCTaHHI 3aco0IR OOUHMCIIOBATLHOI TEeXHIKH IS
ITieH MOJIEMIOBaHHS YacTO CTROPIOIOTH 1IO31I0, O 3acTocyBaHHA cydacHOoi EOM
rapaHTye MOKIIHBICTD JOCILKCHHSI CHUCTeMH Oyb-aKoi cKiagaHocTi. [Ipra oMy
ICHOPYETBC TOU (haKT, 110 B OCHOBY Oy Ib-SKOi MO HOKIAICHE TPY AOMICTKE 110
BUTpaTax dacy 1 MaTeplalbHUX pecypciB MOIepeHe BUBUEHHS SBUII, O MAaioTh
Micue B oO'ekri-opurinaimi. I Bl TOro, HACKUILKU JICTAILHO BHUBYCHI pealIbHI
SIBUINA, HACKUILKH IIPaBUILHO IIPOBEACHE ixud dopMaiizamisa i aaropurMizallis,
3aJ1eKUTH B OCTATOUHOMY TJICYMKY YCITIX MOIETTIOBaHHS KOHKPETHOTO 00'EKTA.

3aco0M MOJeTIOBaHHS CHUCTeM. PO3MMpeHHS MOKIUBOCTEH MOJIeTIOBaHHS
PI3HUX KIACIB BEIMKMX CHCTEM HEPO3PHMBHO 3B'I3aHO 3 Y IOCKOHAIIOBAHHIM
3aco01B OOUHMCMIOBAIRLHOT TEXHIKH 1 TEXHIKH 3B'S3KY. 1lepCIIieKTHRHIM HaIpsIMKOM
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€ CTBOPSHHS I IUICH MOJCIIOBAHHS lepapXiuHux OOYUCIIOBAILHUX CHUCTEM 1
MepexK.

IIpyu crBOpeHH] BEIMKHX CHCTEM IXHI KOMIIOHCHTH pO3pOO/SIIOTLCS PI3HUMU
KOJICKTUBAMH, IO BUKOPUCTOBYIOTH 3ac00y MOJCIIOBAHHS 1IPH aHaIi3l 1 CHHTE31
OoKpeMux TIjcucTeM. [Ipm 1poMy po3poOmoBavyaM HEOOX1THUM ollepaTHRHHUH
JOCTYTL JIO MPOTPAMHO-TEXHIUHUX 3acO0IB MOJIEMIOBAHHS, a4 TAKOK ONepPaTHRHUH
OOMIH pe3yJIbTaTaMUi MOJICIIOBAHHI OKPEMHX B3acMOJIIOUMX HijcucTeM. Taxum
YUHOM, 3'IBIHETHCS HeOOXIAHICTD Y CTBOPSHHI A1aJI0TOBHX CHCTEM MOJICIIOBAHHS,
JUISL SIKMX XapakTepHl HAcTYITHI OCOOIMBOCTI: MOXKIHBICTH OJHOYacHO! poOOTH
GaraThboX KOPHCTYBaYiB, 3alHATHX po3po0Kor0 oJHIEi ado JEKITLKOX CHCTEM,
JOCTYII KOPHUCTYBAIB JIO MPOTPAMHO-TCXHIYHAX PECYPCIB CUCTEMH MOICIIOBAHHS,
BKJOUaoun, 0a3y JaHUX 1 3HaHb, HAKCTH IPUKIQIHUX [IPOrpaM MoOJICIIOBAHHS,
3ale3leveHHsT T1aJOTOBOTO PekuMy poOOTH 3 PISHUMH OOUHCIIOBATLHAMHA
MallMHaMKi 1 IPUCTPOIMH, BKIDOUAIOUW ITUGPOBI # aHAJIOIOBI OOUYUCIIIOBAILHI
MalllMHK, YCTAHOBKU HATYPHOIO 1 (PI3HUHOIO MOCIIOBAHHS, CIICMEHTH PealbHUX
CHCTEM 1 T. II., TUCTIETUEPYBAHHA poOIT ¥ CHCTeM1 MOJIETIOBaHHS 1 HaJaHHs PI3HIX
MOCIIYT KOPUCTYBauaM, BKIIOYAIOUH HaBUaHHA PoOOTI 3 JIIaIOTOBOIO CHCTEMOIO
MOJICIIOBAaHHS 1IPU 3a0¢31ICHCHH] IPYKHbOro 1HTEepdeicy.

Indopmariiini Texuoaorii B cycnuibeTBl XXI cromirria. Kinenps XX cTopiuds
O3HaMEHYBAaRCS 1HTEHCUBHHMM PO3BUTKOM 1 YIIPOBQKEHHSIM B yci cepH KUTTI
cycluberBa 1HGopMaTHKU. 1le IposBHIOCH B IHTCHCHBHOMY Y IOCKOHAIOBAHHI
3ac0o0IB  OOUYMC/HOBAILHOT TEXHIKM 1 TEXHIKH 3B'SM3KY, V II0MB1 HOBHX 1
HaJam PO3BUTKY ICHYIOUMX 1H(OPMaITIMHHX TEeXHOJOTIH, a TaKoK y peaizarii
HpUKIaaHux iHdopMamimmx cucteM. Jocsraenns 1HGOPMaTUKKU 3aWHMIM T1He
MiCIIe B OpTaHi3allliHOMY KEPYBaHHI, Y IPOMUCIOBOCTI, Y IMPOBEASHHI HayKOBHX
AOCIIKCHL 1 B aBTOMAaTH30BAHOMY IIpoeKTyBaHHl. Indopmarusanis oxomwia 1
corianbHy cepy: YTRBOPEHHS, HAYKY, KYIBTYPY, OXOPOHY 370POB'SL.

[Toctymmoro B cBITI (opMyBaBcS PHHOK, V SKOMY 1HpoOpMaIls NoYHHalIa
BUCTYIIATH K pecype, Mo Mae KoMepriinuii xapakrep. [lopsg 3 BupoOHHUIITBOM
cucreM 1 3aco0iB 1HGOPMATHKM BeJMKe Miclle B JaHui dHac 3aiMaloTh 1
1HpOopMaITiiHI TTOCIYTH, Ha 0a31 caMOOIIIaTHOCT] IHTEHCHBHO PO3BHBAETHCS Tally3hb
3p'a3ky.  Tenedoniss, pamioMoBieHHs, TeledadeHnd, [HTepHer HIpalolOTh 3
BUKOPHUCTAHHIM PI3HHUX THUIINB KaHaIiB 3B'a3ky. KoMIr'rorepHa TexHiKa MIITHO
BRIHIIIIa B IOOYT 1 BHKOPHUCTORYETHCS SIK B YTBOPEHHI, TaK 1 Y BHXOBaHHI
IT1POCTAIOUOTO TIOKOIIHHSL.

JoManiHiii KoMIT'IOTEp CTaB IPUPOIHUM UL OaraThoX poJuH. B yTBOpeHHI
3HAYHA YacTKa HaBaHTaXEHHS B HaBYaIbHOMY TIpOTleci TIEPEHOCUTHCS Ha
CaMOCTIMHI 3aBJaHis, BUKOHYBaHI Ha JOMAalIHLoMY KoMIr'toTepi. [lo cBoilt skocti
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JOMAIIHIA KOMI'IOTEp Vy JlaHuil 4ac dYacTe BKSIBIBIEThCS Hadararo BHINE
KOMITIOTEPa, BUKOPUCTOBYBAHOTO B TMIKOMI ab0 By3i. XapakTepHo, IO B OCTaHHI
POKH, KYIIVIOUM JOMaIHIA KOMIIIOTEp, KOPUCTYBad IIOYaB 3BEpTaTd yBary Ha
Micne 300pKy, KOH(DIrypaliio 1 HepCleKTHBHI MOKIUBOCTI TeXHIKU. 3100yBacThes
1 3Ha4YHa KITbKICTh TIPOTPaMHHAX 3acodIB, Y TOMY 4YHcHl 3ammmcaHnux Ha CD-ROM,
BeIMUe3He UHCIo aOOHEeHTIB MiKIIOUaeThes 1o [HTepHeT, 3HaUHE YHCTIO
KOPUCTYBA4IB IIPAIIOE 3 BUKOPHUCTAHHAM CTUIBHUKOBOI H 1HINOI Mepek. Yce Ie
LLITBEPIKYE, MO lporec indopMaTu3amii IHTCHCUPIKYEThCS, 3aBEPIIYETLC STall
HekepoBaHol iHpopMarm3arii. KeporaHa ckiajoBa, KOTpa peani3oByBalacs B
OCHOBHOMY B YTBOP€HHI, Y IIPOMHCJIOBOCTI H B aJMIHICTPAaTUBHOMY KepyBaHHI
BUSBHIIACA SABHO HEAOCTATHLOI Hepe3 Maml (pimancoBl 3aco0H, ajle B IILIIOMY
CyuacHMH piBeHb 1H(popMaTH3alli JM03BOJISE KOHCTATYBAaTH, IO IIOYATOK
HACTYITHOTO CTOJITTS CTaHe KPAamKol Tepexoy 31 CTONITT €HepreTUKH B
cromTTd 1HOPMATHKH, 5K Iie 1poruno3yBaB HopOepr Binep.

[ndopmarmsamid 9K Hpolec ISPeXopy Bij 1HIYCTPIAILHOIO CYCHUILCTBA IO
1HpOPMAITIHHOTO XapaKTePHU3YETHC PI3KUM MEPEPO3IIOAITIOM TPYAOBHX PECYPCIB Y
MaTeplalbHe BHPOOHMITTBO Wy cdepy 1HopMari. Ile cHmiBBITHOIICHHS
sMiHioeThest Bl 3:1 go 1:3. Y psyil kpaid cyMapHi BUTPaTH Ha KOMITIOTCPHY
TEXHIKY, TEJICKOMYHIKAIli, eJICKTPOHIKY ICPCBUIIWIA BUTPAaTH HA CHEPICTHUKY, a
TOMY, PO3TTISIAIOUN MMPOOIeMY TePCIIEeKTHB PO3BUTKY YTBOPEHHS, HAM HeOOX1THO
BUXOJHUTH 3 MalOyTHBLOIO, OCKUILKH TUILKH JIOrdgHo pospoliieHa KapTUHa
MaiOyTHBOTO MOKE JOIOMOITH IN3HATH chorojeHus. llpobiieMa craHOBICHHS
1H(pOpMaITIHHOTO CYCIIILCTRA 1 cKIafora ii mpobiaeMa 1H(OpMaTI3aIli YTROPEHHS
IIOBHHHA PO3LJIATHCS B TICHOMY B3a€MO3B'S3KY 3 IIPOOIECMOI MailbyTHHOTO
CTIMKOTO PO3BHUTKY ITABLII3aLII.

4.2.2 Knacudikaiiist BUAIB MOJICTIOBAHHS CHCTEM
4.2.2.1. Knacudikaiiiss METOIIB MOACIIOBAHHS

B ocHoRl MojemoBaHHA JEXKHUTH Teopis TOAoOH, IO 3aTBepIKye, IO
a0coMoTHa 1og00a MOKE MATH MICIE JIMIIE IHPU 3aMiHl OJHOIO O0'cKTa 1HIINM
TouHo TakuMm ke, llpu MogemoBammi abcoimorHa 1ogo0a He Mae MICIl, 1
HeoOX1THO TIparHyTH O Toro, o0 MoJelnb JOCHTh JAo0pe Bigodpakana
TOCTKYBaHY CTOPOHY (PYHKITIOHYBaHHS 00'€KTa.

Knacudikamifini o3Haku. Y SKOCTI OJHOIO 3 IEPIIMX O3HAK KiacHgpikarii
BH/IIB MOJIETIOBAaHHS MOKHa BHOpaTH CTYIIIHE TOBHOTH MOJET 1 PO3JAUIMTH
MOJIC/Il BIAIIOBLAHO IO Iici O3HAKH HA IOBHI, HCHOBHI 1 HaOmmKeHi. B oCHOBI
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IIOBHOT'O MOJICJIFOBAHHA JICKUTH IIOBHA 110004, IO BUABIBIETHCS SK Y Yaci, TaK 1 B
mmpocTopi. JIsi HEMOBHOTO MOJIEMIOBAHHS XapaKTepHO HEMOBHa mojoda Mojemnl
JociypKyBanoMy ©00'ckroBl. B ocHOBI HaOMMKEHONO MOISIIOBAHHS JICHKUTD
nadmmkena 10j00a, HpH SKOMY JICIKI CTOPOHM (PYHKIIOHYBAHHS PEaJbHOIO
o0'ekTa He MOJISIOIOTHCS 30BCIM. Y 3alIe’KHOCT1 BiJl XapakTepy AOCTTKYBaHIX
IIpoIleciB Y CHCTeMl S ycl BHAM MOJIEMIOBAaHHI MOXKYTH OYTH pPO3/UIeHl Ha
JACTEPMIHOBAHL 1 CTOXACTHYHI, CTATHYHI 1 JUHAMIYHI, JUCKpeTHI, Oe3lepepBHI
TUCKPETHO-0C31ICPEPBHI.

JleTepMiHOBaHE MOJETIOBaHHS BioOpaikae JeTepMIHOBaHI IPOIECH, TOOTO
[IPOIIeCH, V IKUX IepeadadacThes BIACYTHICT YCAKMX BAIAAKOBUX BILIUBIB.

CroxacTHuHe MOJCIIOBaHHA BimoOpakac IMOBIPHICHI IIpolecd 1 Imomii. Y
IbOMY BHIIQJKY AaHAMI3YEThCS PsJi  pealisalliii  BHIIQJAKOBOIO Iporecy H
OITIHIOIOTHCS CEpe/THI XapaKTepUCTUKH, TOOTO HalIp OJHOPITHUX peani3alfii.

CraruuHe MOJICIIOBAHHS CIYKHUTh JUIL OIMCY IIOBOUKCHHS OO'€KTa B SIKHIA-
Hedy b MOMEHT 4acy, a JUHAMIYHE MOICIIOBAHHS BIAOHBAE HOBOKCHHS 00'cKTa
B Haci.

JluckpeTHe MOJIEMIOBAHHS CIYKHUTH JIUIST OIIUCY MPOTIECIB, MO Tepe1davdaroThest
AUCKPETHUMHM, BIAIOBIAHO OE3lICPEPBHE MOJCIIOBAHHS — JO3BOIBIEC  BIAOUTH
Oe31epepBHi LIPOICCH B CUCTEMAXx.

JluckpeTHO-Oe3IepepBHE MOJIETIOBAHHS BHUKOPUCTOBYETLCS IS BUIIAJIKIB,
KOJIM XOUYTh BUIUIMTH HASBHICTD 5K JUCKPETHHX, Tak 1 Oe3lIepepBHUX HPOLIECIB.

VY sanexHocTi Bl GopMmu IpeacTaBieHud o0'ekTa (CUHCTEMH MOKHA BUALIUTH
VSIBHE 1 peaTbHe MOJISTTIOBaHHSI.

PozymoBe MojemoBanis 1HOAL € CAUHUM CIIOCOOOM MOJACIIOBaHHS O0'€KTIB,
o ado IMPakTUIHO Hepeali3oBaHl B 3aJaHOMY 1HTepBall dacy, ado 1ICHYIOTH I103a
YMOBAMH, MOKJIMBUX I iXHbOro ¢izuunoro crpopenis. Hanpuioiax, na 0Oasi
PO3YMOBOTO MOJIeMOBaHHI MOXKYThH OYTH MpoaHali30oBaHI ©OaraTo CHTyarii
MIKPOCBITY, 10 He IMAJaloThesd  (PI3MUHOMY  €KCIIEpUMEHTORl.  YSBHE
MOJICIIOBAHHY MOe OyTH pealli3oBale Yy BHII HAOYHOIO, CHMBOJIYHI
MaTeMaTUIHOTL'O.

[Ipu HAaowHOMY MOJIETIOBaHHI Ha 0a3l NpecTaBIeHb JIOJAWHH TIPO peabHl
00'CKTH CTBOPIOIOTLCS PI3HI HAOUHI MO, IO BLIoOpaXkaloTh SBUINA 1 IPOLIECH,
o HPOTIKAIOTh B 00'ckTl. B OCHOBI IMIIOTETHIHOIO MOJASIHIOBAHHA JOCILIHUKOM
3aKIaJacThesl JiesTka TIoTe3a IIPO  3aKOHOMIPHOCTI TPOTIKAHHS TPOIeCY Y
peanbHOMY 00'€KT1, IO B1AOHBae piBeHb 3HaHb AOCTITHHAKA 00'€KT1 1 Oa3yeThes Ha
LIPUMUHHO-HACIIIKOBIX 3B'SI3KaX MDK BXOJUOM 1 BHXOJIOM JOCIHIIKYBAHOIO
o0'exta. I'imoTeTHIHE MOJIETIOBAHHS BUKOPUCTORYETHCS, KOMHM 3HaHB PO 00'€KT
HEJOCTATHBO 1 OOV IOBH (pOpMaIbHIX MOICIICH.
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AHAJIOTOBE MOJICIIOBAHHS I[PYHTYETLCS HA 3aCTOCYBAHHI AHAJIOTIA PI3HHUX
pieHIB. HaliBUIITUM pIBHEM € TIOBHA aHAIOTIS, IO Ma€ MIcIie TUIBKH IS TOCHTH
1pocTUX 00'€KTIB. 3 YCKIAJHCHHIM 00'€KTa BUKOPHUCTOBYIOThH AHAIOTT HACTYIITHUX
PIBHIB, KOJIM aHajJoroBa Mojellb BLIoOpaxac Tpoxu ado TUILKH OJHY CTOPOHY
dyHKIIOHYBaHHS 00'€KTa.

[cToTHE Miclle TIpA  PO3YMOBOMY HAaOUHOMY  MOJIETIOBaHHI  3aiMae
MakeTyBaHHS. PO3YMOBHI MakeT MOKE 3aCTOCOBYBATHCH Y BHIIQJKaX, IO KOJIH
IPOTIKAIOTL YV peallbHOMY OO'¢KTI IpoLecH He IHIaloTLes  (Di3HIHOMY
MO/IeTIOBaHHIO, a0 MOKe TlepeTyBaTH MPOBEISHHIO 1HIMX BUIB MO/IETIOBAHHSI.
B ocHoBi o0y 10BH po3yMOBHX MaKeTIB TaKO’K JIesKaTh aHalloTii, oJHaK 3BUHaitHO
0a3yroThcd Ha NPUIUHHO-HACIIIKOBHX 3B'd3KaX MK SBHIMAMH 1 IIPOIecaMu B
00'exT1. SKIO BBECTH YMOBHA II03HAUKA OKPEMUX IIOHIThL, TOOTO 3HAKH, & TAKOK
BH3HAuUeH1 oIepaiii MDK ITUMH 3HakKaMHd, TO MOKHA peani3yBaTH 3HAKOBE
MOJICIIOBAHHS 1 34 JIOHOMOIOIO 3HaKIB BigoOpaxaTh Hallp IOHMTL - CKIaJaTH
OKpEeMI JIAHIIOMKKH 31 CJIIB 1 IPOHO3UIIH. BUKOpHCTOBYIOUH oliepaliii 00'eHanms,
MEPeTUHAHHS 1 JOTIOBHEHHSI Teopii MHOKHWH, MOKHA B OKPeMHUX CHMBOIaX JaTH
OTIUC SIKOTOCH pealbHOro 00'€KTa.

B OCHOBI $3MKOBOIO MOJICIIOBAHHS JICKUTH JAedKuil Te3aypyc. OcTaHHIN
VTBOPUTBLCH 3 HAOOpY BXIAHUX IIOHSATHL, HIPUYOMY Lied Hallp HOBUHHUNA OyTH
dixcopanmM. Crmij 3a3HAYNTH, IO MK Te3aypycoM 1 3BHYAWHHM CIOBHHKOM
MAarOThCS MPUHIMIIOBL PO3XODKeHHS. Tesaypyce - CIOBHHK, IO OYMINECHUHA Bij
HCOJHO3HAYHOCTI, TOOTO B HBOMY KOKHOMY CIIOBY MOXE BLANOBLIATH JIUIIE
eqUHE TIOHATTS, XOYa B 3BUYAMHOMY CIOBHHKY OJHOMY CIIOBY MOKYTh
BLJIIIOBLIATHA KUILKA IIOHSTD.

CHUMBOMIYHE MOJETIOBAaHHS SBIsIE CcOOOK INTYYHHHA TIPOIEC CTBOPEHHA
joriggoro od'ckra, Mo 3aMillac pealbHui 1 BUpakac OCHOBHI BIIACTHBOCTI HOIO
B1THOCHH 3a JIOTIOMOTOIO BU3HAUY€HO1 CHCTEMH 3HAKIB a00 CHMBOJTIB.

MarematnuHe MoJienoBaHH. JUISI JTOCTIIKEHHST XapakTEepHCTHK TIPOTECY
(yHKIonyBaHHA OYIb-4KO1 CUCTEMH S MaTeMaTUIHUMH METOIaMH, BKIIOYAIOUH 1
MalluHHi, [oBHHHA OyTH  IpoBeideHa  dopMamszamisd IbOro  1POIECY,
To0TO TIOOYI0BaHa MaTeMaTHYHA MOJIETE.

1111 MaTeMaTHYHUM MOJCIIOBAHHAM OYIEMO PO3YMITH IPOIEC YCTAHOBICHHS
BIIIOBIAHOCTI JIAHOMY peallbHOMY OO0'€KTOBI JISAKOIO MareMaTHYHOIo 00'cKTa,
HA3WBAaHOTO MaTEMaTHIHOIO MO0, 1 JOCTIKEHH i€l MOJeml, o JIO3BOISE
OJIepP’KYBaTH  XapaKTEepUCTHUKH  PO3NBIHYTOTO  pealdsHoro  ol'ekta.  Buja
MaTeMaTUYHOI MOJICN 3aJICKUTh 9K B IIPUPOIU pealbHOro od'ekra, Tak 1 3ajay
TocTaKeHHS 00'ekTa 1 HeOOX1JHIM BIPOTITHOCTI 1 TOYHOCT1 PIITIEHHS ITIET 3a/1aul.
by ib-sika MaTeMaTHYHA MOJIC]Ib, K 1 BCAKa 1HINA, OIIMCYE pealbHUK 00'€KT JIHIIE 3
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JESKUM CTYIICHEM HaOIWKeHHd jo JAliicHOCTI. MareMaTHyHe MOJCIIOBAHHS I
JTOCTIKEHHSI  XapaKTepUCTUK  TpoIrlecy  (YHKITIOHYBaHHS CHCTEM  MOKHA
PO3ALIMTH Ha aHAIITHIHE, IMiTalliiine 1 KoMO1HOBaHE.

JUi4  aHAMTHYHOIO  MOJCIIOBAHHA — XapaKTepHO Te, 10  IPOIECH
(OYHKIIOHYBAHHS ~ €JIE€MEHTIB  CHCTeMH  3allUCyIOThCS vV BHTI  JIESIKHX
(YHKIIOHATFHUX CIIBBITHOINEHE (anreOpaiaHux, 1HTerpalIbHO-IH(pepeHIlaTbHIX,
KIHIEBO-PI3HUIEBUX 1 T.11.) ab0 JIOrTYHUX YMOB. AHaJIITHYHA MOJIEIbL MOKe OyTH
JOCIKeHA HACTYITHUMHW METOJaMU:

a) aHaTITHIHHUM, KONHM TMparHyTh ojepkaTh B 3arajlbHOMY Bl SIBHI
3aJ1eKHOCTI 14 Ty KaHUX XapaKTePUCTHUK,

0) 4HCeNbHUM, KOJIH, He YMIIOYH BHUPIINIyBaTH PIBHAHL V 3arajibHOMy BHIL,
[IPartyTh OJIePIKATH YUCIOB] PE3YIIBTaTH IIPU KOHKPCTHUX IOYATKOBHX JIAHUX

B) SIKICHMM, KOJIH, He MalO4H PIIIEHHI B SBHOMY BHJI1, MOKHa 3HaUTH JEIKl
BJIACTHBOCTI PIIICHIS (HAIIPUKIAI, OLIIHUTH CTIHKICTD PIIICHHS).

Haitbuipm nmoBHe AOCHKCHHS Hpolecy (YHKIIOHYBAHHS CUCTEMH MOXKHA
IIPOBECTH, SKITO BIAOMI SIBHI 3al€KHOCTI, O 3B'SI3VIOTH MYKaH1 XapaKTePUCTUKH 3
MMOYATKOBUMH YMOBaMHM, TMapaMeTpaMHd 1 MepeMIiHHUMH cucTeMu S. OjHak Taki
3QJICKHOCT] BIAETLCS OJICPKATH TUIBKK JUIS HOPIBHAHO IIPOCTHUX cucteM. 1lpu
VCKIIAJHCHHI CUCTEM JIOCIIDKCHHS IXHIM aHaJITHYHHM METOJOM HAIITOBXYEThCS
Ha 3HAUYHUX TPYAHOIMB, MO 4YacTo OYyBarOTh He3joNaHHUMHU. Tomy, Oaxkaroun
BUKOPDUCTOBYBATH AHAJITHYHUNA METOJA, V IbOMY BHIAJIKY HAyTh Ha I1CTOTHE
CIPOIICHHS IICPBICHOI MO, MO0 MaTH MOKIMBICTL BUBUMTH Xoua O 3aralibHi
BJIACTHROCTI cHcTeMH. Take JOCIUIKEHHsS Ha CHPOINEHIH MoJell aHaTITHIHHAM
METOJOM JOIIOMArae OJIepKaTh OPIEHTOBaHI Pe3yJIbTATH IS BU3HAUCHHS OUIbII
TOYHHUX OITIHOK 1HIIMMHA MeTOJaMH. YHUCEeIbHHA METOJ [O3BOIIIE TOCIIIKYBATH B
LHOPIBHSHHI 3 aHAITHYHHUM METOAOM OUIbII IMUPOKUH KIac CHCTEM, alie IIpU
IMHOMY OTpPUMaHl PIMeHHSI HOCATH NPWUBATHUM XapakTep. UucenbHUN MeTO[
ocoOIMRO epeKTURHUM NTPH BUKOpHUCcTaHHI EOM.

B okpeMux BHIIAJKax MOCHKCHHI CHCTEMH MOXKYThb 3aJOBOJBHUTH 1 Tl
BUCHOBKH, $KI MOXHA 3pOOHTH HPU BUKOPUCTAHHI SKICHOI'O METOJY aHalli3y
MaTeMaTHIHOi Mojem. Taki SKICHI METOIM IMHPOKO BHKOPHUCTOBYIOTHC,
HalpUKIaA, Y TCOpli aBTOMATUIHOIO KEPYBAHHS IS OIIHKH ¢(DeKTUBHOCTI PI3HUX
BaplaHTIB CUCTEM KEPYBaHIs.

B fmannii Wac TOMMpEHI METOAM MalllMHHOI peam3aiii ToCKeHHT
XapakTepuCTHK Mpolriecy (YHKITIOHYBaHHS BelWKMX cHcTeM. Jma peamzarii
MareMaruauoi Moaem Ha EOM  HeoOxigmo noOyayBaTH — BIAIOBLAHUN
MOJIETIOIOUHH aTTOPUTM.
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[Ipu iMiTamfinoMy MOACIIOBAHHI peaizyiouy MOJCbL aIl'OPHUTM BLITBOPIOE
mportec (PYHKIIOHYBaHHS CHCTEMH S y dYacl, IPHYOMY IMITYIOTBCSl elleMeHTapH1
SBUINA, IO CKIAAAIOTHL Hpolec, 31 30epeKeHHIM IXHbOI JIOTIYHOI CTPYKTYPH 1
HOCILIOBHOCTI IPOTIKAHH B 4acl, IO JO3BOJEE 110 BUXLIHUM JaHUM OJSPiKaTH
3BeJICHHS TIPO CTaHM MPOTIECY YV BU3HAUEeHI MOMEHTH Hacy, Mo JaloTh MOKIUBICTE
OITIHUTH XapaKTePUCTUKHU CUCTEMHU S.

OCHOBHOIO  IIEpeBarcl0  IMITAIHOIO MOJC/IOBAHHS B [OPIBHMHHI 3
AHAIIITUYHUM € MOMK/IUBICTD pilleHHs OUILIT CKIaJIHUX 3a1ad. IMitaiiin Mojenl
JTO3BOISIIOTh  TOCUTHL TIPOCTO BPaxoBYBAaTH Takli (akTOPH, SK HaSBHICTh
TACKpeTHNX 1 Oe3lepepBHUX €JIeMEHTIB, HEIIHIIHI XapaKTepHCTHKH €JISMEHTIB
CHCTEMH, YHACICHH] BUNAIKOB1 BIUIMBH H 1H., IO YaCTO CTBOPIOIOTH TPYAHOI IIPH
AHATITUUHUX JOCIDKeHHIX. B Jlapuii yac iMITamiige MOJe/IOBAHHs - HAWOUIBII
edexTHBHMIM MeToT TOCT)KeHHS BEINKAX CHCTEM, a YacTo 1 €IUHUN TPaKTUTHO
JAOCTYIIHHN METO][ Ofep:KaHHs 1H(opMaIii Ipo MOBOJKECHHS CHCTEMH, OCODIHUBO
Ha erar i IPOCKTY BaHHS.

Komu pesynpTaTi, OTpUMaHI IIPH BIJITBOPEHHI Ha IMITAITIHHIN MO TIPOITECY
(QYHKIIOHYBAaHHS CHUCTEMH S, € peamizalliiMH BHIAaJKOBHX BEIHYIHH 1 (PYHKIHA,
ToMl I IepeOyBaHHS XapaKTCPUCTHK IIPOILEcy IOTpIOHO Horo OararopasoBne
BIATBOPEHHS 3 HACTYIIHOI CTATHCTUYIHOIO OOpOOKOIO iHdopMalni 1 AOMUILHO
SK  METOJI MaIltMHHOI peamzaiii IMITaIiHOI MOJel BHUKOPHCTOBYBATH METO/T
CTATUCTUYHOrO MOJEIOBaHHA. CriouaTky OyB po3poOIIeHUHA METOJI CTaTUCTHYHIX
ICIIUTIB, IO IPEACTaBIe COOOK YMCEIBLHHA METOJ, IO 3acTOCOBYBaBCH I
MOJIETIOBAaHHS BHUIAJAKOBHUX BeNMUHMH 1 (DYHKINH, IMOBIPHOCTI XapaKTepHUCTHKH
aKux 30irajiics 3 PITICHHIMM aHAITHYHHUX 3ajad (Taka Lpoleypa olepixalia
Ha3By MeToxy MoHTte-Kapio). IloTiM mell mpwifoM cTaad 3acTOCOBYBATH 1 IS
MalMHHol  IMiTamii 3  METOK  JOCHDKCHHS — XapaKTePUCTHK  IHPOLESCIB
(YHKITIOHYBaHHS CUCTEM, IIJIJTAHAX BUIIAIKOBUM BILTHBAM, TOOTO 3'SIBUBCSI METO/T
CTATUCTUYHOTO  MOJIEMIOBaHHSI. TakuM UHHOM, METOJOM  CTaTHCTHIHOTO
MOJIeIOBaHH Oy 1eMO Hajalll Ha3uBaTH METOJ MalllMHHOL peaisaliii iMiTaiinol
MOJICII, & METOJOM CTaTHCTUYHUX 1cIUTIB (Monrte-Kapiio) - ducelIbHHI MeTo
PIITIEHHS aHATITHYHO 3a/1adi.

Metoj IMITAIIAHOIO MOJCIIOBAHHS JAO3BOJIIC BHUPIIIYBATH 3aJadi aHaji3zy
BCIHMKUX CHUCTEM S, BKJIIOYAIOYHU 3ajlayl OIHKHW: BaplaHTiB CTPYKTYPH CUCTECMH,
e(pEKTHRHOCTI PI3HHUX alTOPUTMIB KePYBaHHS CHCTEMOIO, BIUIMBY 3MIHH PI3HHX
rmapaMeTpiB cHcTeMH. [MiTarliifHe MoJemOBaHHS Moke OyTH TOKNIaJieHe TaKoXK B
OCHOBY CTPYKTYPHOIO, QJITOPUTMIYHOIO 1 MAPAMETPUYHOIO CHHTE3Y BCIHUKHX
CHUCTEM, KOJIH MOTPIOHO CTRBOPUTH CHUCTEMY, 13 3aJJaHUMH XapaKTEePUCTUKAMH MPH
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IICBHUX OOMEKCHHSX, IO € OUTHMAIBHOIO 3a JCIKUMH KPUTCPISIMUA OINHKH
e(pEKTHRHOCTI.

[Ipu pimenni 3a1a4 MAaIMIMHHOTO CHHTE3Y CUCTEM Ha OCHOBI IXHIX IMITAIIAHMX
MOJICIIeH KpIM PO3pOoOKH MOJACIIOIOUMX aJITOPUTMIB UL aHalizy (ikcoBaHol
CHCTEMH HeOOX|THO TakKoXK PpO3pOoOUTH alTOPUTMHU IIOMIYKY ONTHUMAIbHOTO
BaplaHTa cucTeMH. Jlami B MeTOooJorii MaITMHHOTO MOJIEMOBaHHS Oy aeMo
PO3PI3HATH J[Ba OCHOBHHUX PO3JATHYJA: CTATUKY 1 JHUHAMIKY, - OCHOBHUM 3MICTOM
SAKHUX € BUAIIOBLIHO IMUTAHHY &HATI3Y 1 CHHTE3Y CHCTEM, 3aJaHUX MOJCIIOIOUUMHA
aNTOPUTMaMHU.

KomOinoBaHe (aHamMTHKO-IMITaIlliHE) MOJAEIIOBAaHHA IPHU aHali3l 1 CHHTE31
CHCTEM JO3BOIIC o0'¢aHaTH JOCTOIHCTBA AHAMTHUHOTO ¢ IMITAIHHOTO
MoJieinoBaiis. [Ipu noOyaoB1 KOMOIHOBAHKUX MOJCICH IPOBOIUTLCS IOICPEIHS
JEKOMITO3HINS Tporiecy (hYHKIIOHYBaHHS 00'€KTa Ha CKIIAJOBR1 MAIPOIECH 1 I
TUX 3 HUX, JI€ II¢ MOXKIIMBO, BUKOPUCTOBYIOTLCS aHAIITHYHI MOJICI, a JJIs 1HITHIX
HAIponeciB - OyAyIOTLeH  IMiTamiiinl Mojem. Takwii koMOIHOBaHMEA  IIAXIA
JO3BOIISIE OXOIMTH SKICHO HOB1 KITAaCH CHCTEM, IO HE MOXKYTh OYTH JOCITIKEHI 3
BHKOPHUCTAHHIM TUIFKH aHATITHIHOTO H IMITAIIHHOTO MOJIETIOBaHHS OKPEMO.

[Hmm BuaM Moje/moBaHus. [[pyu pealbHOMY MOJEIIOBAHHI BUKOPUCTOBYETHCH
MOMKIIMBICTD JOCILDKCHHS PI3HUX XapakTepucTuk ado Ha peallbHOMy 00'€KTi
mIKoM, abo Ha Horo "acTuHi. Takl AOCTKEHHS MOXKYTH IPOBOJUTHCS SK Ha
ob'ckrax, IO MHPalOIOTh Y HOPMAJbHUX peKUMax, Tak 1 IpH opraHizarii
CIICIIAILHUX PEKUMIB IS OLIHKY MIKABIIYOIO JOCIIIHUKA XapaKTePUCTHK (IIpU
1HINIIX 3HAUYeHHSIX IEePEeMIHHMX 1 MapaMeTpiB, B 1HIIOMY Macmradl gacy 1 T.JI. ).
Peanbne MojJemoBaHHS € HAWOUILIT ajeKBaTHUM, ajié Ipd IbOMY HOro
MOKIIHBOCTI 3 YpaxXyBaHHSM OCOOIMBOCTEH pealbHAX OO0'€KTIB OOMEKEHI.
PosrimsiHeMo pi3HOBHY pealbHOTO MOJISIIOBAHHS.

HartypauM  MOJIeMIOBAaHHSM — HA3WBAIOTH TPOBEJEHHS  JOCHIKEHHSI Ha
peanbHOMY 00'€KTI1 3 HACTYITHOIO 0OpOOKOIO PE3YIIBTaTIR €KCIIEPUMEHTY Ha OCHOBI
tTeopli mogodu. Ilpu dyukmonysanni od'ekTa BLAIIOBIAHO IO IOCTABICHOT METU
VAAE€ThCH BUSBUTH 3aKOHOMIPHOCTI IIPOTIKAHHS peallbHOTO IIporecy. 1peda
BII3HAYWATH, IO TaKl PI3HOBUAH HATYPHOTO EKCIEepUMEeHTY, SK BHUPOOHUUHH
CKCIIEPUMEHT 1 KOMILICKCHI 1CIIMTH, MalOTh BUCOKUM CTYIIIHb BIPOITIHOCTL.

3 PO3BUTKOM TEXHIKH 1 IPOHUKHCHHAM YV [VIMO IIPOIECIB, IO HPOTIKAIOTH Y
peaTbHHX CHCTeMax, 3pocTae TeXHIUHAa OCHAIMEHICTh CY9acHOTO HayKOBOTO
eKcTIepUMeHTy. BIH XapakTepus3yeThcsl TMUPOKUM BUKOPUCTAHHSIM  3aco0iB
ABTOMATH3AINI [POBCACHI, 3aCTOCYBAHHAM JIOCHTH PI3HOMAHITHHUX 3aco01B
oOpoOkH 1H(opMaIlli, MOKIHBICTIO BTPYYaHHS TIOJHHHA B IIPOIEC IPOBEICHHS
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CKCIICPUMEHTY, 1 BIIIOBIJIHO JO IOIO 3'SBHUBCH HOBHHA HayKOBHWI HAIPIMOK -
aBTOMATH3AITISl HAYKOBUX €KCTIEPUMEHTIB.

BigMIHHICTD €KCIEPUMEHTY Bljl PeajlbHOIO IIPOTIKAHHS MPOLECY MoJsrac B
TIM, IO B HLOMY MOKYThH 3'BHTHCH OKPeMl1 KPUTHUHI CHTYallll 1 BU3HAYaTHUCH
TPaHUITl CTIMKOCTI Tpolecy. ¥ XOJ1 eKCIIEpUMEHTY BBOJITHCS HOBI (paKTOpH
1 BIDIMBH, IO 0OYPIOIOTH, Y Mporiect PyHKITIOHYBaHHSI 00'ekTa. OJXUH 3 PI3HOBHTIR
CKCIICPUMEHTY - KOMIUICKCHI ICIUTH, IO TAKOK MOXKHA BLIHECTH JO HATYPHOIO
MOJICTIOBAHHA, KOJIM BHACIJOK IIOBTOPCHHS ICIMTIB BHPOOIB BHABJEIOTHCH
3arajbHI 3aKOHOMIPHOCTI TIPO HAIHHICTH IUX BHPOOIB, TIPO XapaKTEPHUCTHKH
AKOCT1 1 T.[1.. ¥ IIbOMY BHIIQJKy MOJEMIOBAHHA 3A1MCHIOETHCA NMIIIXOM OOpOOKH U
y3araJbHeHHS 3BEJCHb, IO MPOXOJUITH V TPYIN OJHOPIAHUX gBHIN. [lopgaa 31
CIICIIAILHO  OPraHi30BaHUMH  ICHMTAMH MOMKIMBA  pealisalisd  HaTypHOIO
MOJIETIOBaHHA TUISIXOM  y3aralbHeHHs JIOCBIly, HAKOIMMUEHOTO B XOJi
BUPOOHUIOIO MPOIECY, TOOTO MOMKHA T'OBOPUTH IIPO BUPOOHUYUMIA €KCIICPUMEHT.
Tyt na Ga3i Teopii noao0H 0O6pOOIHIOTL CTATUCTHYHHN MaTepial 110 BUPOOHUIOMY
mporiec i oIepKYIOTH HOTOo y3aralbHeHi XapaKTePUCTHKH.

[HImMMM BHIOM peaTbHOTO MOJETIOBAHHS € (I3NUHE, IO BIAPI3HAETHCS BIT
HATYPHOI'O TeM, IO JOCIDKCHHS IIPOBOJAUTHCH HAa YCTAHOBKAX, IO 30epiraroTh
LIPUPOLY SBHIN 1 MalOTh (izHuany 110400y, Y nponeci (Gi3HIHOIO MOACTIOBAHHS
3a1afOTHCS JIesIKl XapaKTEePUCTHKH 30BHINMHLOTO CEPEJIOBUIMA 1 JOCTITKYEThCS
1oBOpKeHHsT ado peajapHuil ob'exr, abo #Horo Mojeial HpH 3agaHux ado
CTBOPIOBAHMX  INTYYHO  BIUIMBAX  30BHINIHBOIO  cepefoBumma.  Di3zudHe
MOJIETIOBAaHHS MO’Ke TIPOTIKATH B pealbHOMY 1 HepeallbHOMY (IICEBJOpeabHi)
MacIiradax vacy, a Takox Moxe posripigaruca 6e3 obimky dacy. B octaHHbOMY
BUIIAJKY BHBUYEHHIO IIJUBTalOTh TaK HA3WBaHI «3aMOPOKEH1» IIPOIECH, IO
(pikcyIOThCH B Jesikuit MoMenT dacy. HalOuibmm ckiaagHicTs 1 iHTepec 3 OBy
BIPHOCT1 OJIEp’KYBaHUX PE3yILTaTiB TPeJCTaRIse (PI3UTHE MOJENOBaHHI B
peanbHOMY MacImTadl Jacy.

3 mHorysly MaTeMaTHYHOIO OIHCY 00'eKTa H v 3aJIeKHOCTI Blj HOro Xapakrepy
MOJIe]l MOKHA PO3AUIMTH Ha MoJell anaioronl (OesnepepnHi), HHUGPOBI
(qUCKpeTH1) 1 aHanoro-mudporl (komMOIHOBaH1). [IiT aHAJIOTOBOIO MOJEILTIO
PO3YMIETLCS MOJICIIb, IO OHKUCYETHCH PIBHAHHAMU, IO 3B'SM3VIOTH Oe3lepepBHI
Beymuuiy. 1111 nudpoBull po3yMilOTh MOJCID, IO OIMCYETLCS PIBHSHISAMU, IO
3B'S3YIOTH JUCKPETHI BEIWUHMHH, IIpecTarieH! B mudporomy Bu . 1111 aHazoro-
IMAPPOBUIT  PO3YMIETRCS MOJIENh, IO Moke OYTH ONHNcCaHa PIBHAHHAMH, IO
3B'SI3YIOTH OC3IICPEPBHI 1 JMCKPETHI BEIUUUHY.

OcoOnmmBe Miclie B MOJENIOBaHHI 3aiiMae KiOepHeTHYHEe MOJCTIOBaHHM, Y
SKOMY BiAcyTHe Oesrocepeans nogoda Gi3UuHuX IPONECIB, 1O BiaOyBalOTLCI B
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MOJICIBIX, PealbHUM IIporecaM. Y ILOMY BHIIQJAKY IParnyTh BIIOOPa3sUTH JIUIIC
AegKy (PYHKITIIO 1 pO3TISIalOTh pealbHuH 00'eKT K «HOpHA CKPHUHSY, IO Mae psij
BXOJIB 1 BHXO/IB, 1 MOJACIIOIOTL JEdKl 3B'SI3KH MDK BHXOJAMH 1 BXOJAMH.
Hakuacrime 1pu BUKOPUCTAHHI KIOCPHETHUHMX MOJCICH IPOBOIATL aHall3
ITOBEIIHKOBOI CTOPOHU o0'eKTa IIPH PI3HUX BIUIMBAX 30BHINTHLOTO CepPEeIOBHINA.
Taxum 9UHOM, B OCHOB1 K1IOEpHETHUHHUX MOJIENEH TeKUTh BioOpakeHHS JeIKHIX
indopMaIifinuX IIPOLECIB KePYyBAHIS, IO JO3BOJSLC OIIHUTH  TOBOKCHIL
peaiboro o0'exra. Js 1moOygoBH IMITAIIHHOI MOJEIT B IILOMY BHIIAAKY
HeoOX1THO BHAUIMTH JOCIKYBaHY (PYHKITIIO pealbHOTO o0'€kTa, cIpoOyBaTH
dopmamizyBaTi M0 GYHKINO V BHAI ASAKAX OIEpaTOPIB 3B'A3KY MIK BXOIOM 1
BUXOJOM 1 BIATBOPUTH Ha IMITAIHIA MoJem Jany (QyHKINIO, MpHYoMy Ha Oasi
30BCIM 1HIMUX MaTEeMaTHUYHMX CIIBBUIHOMICHDL 1, HPUPOAHO, 1HIMOI (PI3HUHOL
peamizarii mporiecy.

4.2 .3 TIimxoan 10 MOAEMIOBAHHSA CHCTEM
4.2.3.1. CucteMHUH IIX1T IO MOJTETIOBAHHS

BigpizusieTbes Bl KIACHYHOTO (IHAYKTHBHOIO IMAXOAY) SKUH Ppo3Iisijgac
CHCTEMY TILITXOM TIEPEXOTy Bl UaCTKOBOTO JO 3aTalhbHOTO 1 CHHTE3YE KOHCTaTye
CHCTEMY IIIIXOM 3JIUTTS 1l KOMIIOHEHTIB, PO3POOIIOBAIILHUX OKPEMO.

Ha BiaMiny BiJ IbOIO CUCTEMHHH IIIX11 IPHUITYCKAe HOCIAOBHUI LICpexXij B1J
3aralbHOTO IO YacTKH, KOIMH B OCHOBI PO3DNIY IeKUThH MeTa, MPHIOMY
AOCIIKYBAHUH 00'€KT BHAUBICTLCS 3 HABKOJIUIIHLOTO CEPEJOBUINA (IIparHSHIE
TOCITTH JCSIKOI METH).

CucreMa S — nijecpsaMoBata 0e3/id B3acMO3aICKHUX CIEMEHTIB Oy Ib-SKOi
CHCTEMH.

3oBHINTHE cepefiopUITe E — 0e3Mmd ICHYIOUNX 1103a CHCTEMOIO elTeMeHTIB Oy JTb-
KO Ipupoau, IO podIBTh BIUIMB Ha cucrteMy abo IlepelOyBaHHd I i
B3acMOJIICIO.

CucteMHUH TIAXiA — 1€ eleMeHT HaBRUaHHS Ipo 3arajlbHI 3aKOHH PO3BHUTKY
LIPUPOJIH | OJHE 3 BUPAXKCHD JUaICKTHYHOIO HABYAHIIS,

OCKIILKM  HEMOMXIMBO 3MOJACIIOBATH PEAILHO  (DYHKIMOHYIOUY CUCTEMY
(cucteMy - opuTiHad, abo IepITy CHCTEMY), CTBOPIOETHCS MOJETh (CHCTeMa -
MoJIenb, abo IpyTa cUcTeMa) 11T TIOCTaRIeHy MpoOIeMy.

MeTta BHHHKAc 3 3aBJAHL MOJACIIOBAHIN, II€ JO3BOJIIC BH3HAYHUTH, SIKI
eJIEMEHTH BBIHIYTH ¥ CTBOPIOBAHY MOAETH M.



131

4.2.3.2. IIixoau 1o JOCILKEHH CHCTEM

BakuBUM € BH3HAUCHHS CTPYKTYPU CHCTEMH, CYKYIIHICTH 3B'SI3KIB MIK
CJICMCHTAMHY CHCTEMH, IO BIAOUBAIOTH IXHA B3aeMOA1L. CTPYKTYPa CUCTEMH MOKE
3MIHUTHCS 330BHI, a TAKOK 3CEPeTIMHH.

[Tepexin cucTeMu 3 OJHOTO CTaHy B 1HITIE 03Hadae (PYHKIIOHYBAHHS CUCTEMH
S(t) ToOTO PYX ¥ HPOCTOP1 CTAHIB 7.

Cr1BOpIOBaHa MoOJIelIb M ¢ TOYKH 30py CHCTEMHOTO IIJAXOAY TEXK € CUCTEMOIO
S'=S'(M) 1 MO’Ke pO3MISIIaTHCS CTOCOBHO 30RHINTHBOTO cepetoRHIa E.

HaitG1umsm mpocTi mo IpeAcTaBISHHIO MOJENl, vV IKUX 30epiracThed IpaMa
aHajorid IBUINA.

3acTOCOBYIOTH TaKl MOJCIIL, V SKUX HeMae IePeHOCY aHajIorli, a 30epiraioThes
JTUTTTE 3aKOHH 1 3aTallbHI 3aKOHOMIPHOCT! TIOBOIKEHHSI €JIEMEHTIB CUCTEMH S.

4.2.3.3. [Ipouec MOJSIIOBAaHHS Ha OCHOB] KIIACHYHOIO IAXOLY

Ilepenbavae po3rmsry X gk  BiioOpakeHHS 3B'I3KIB MK OKPEMHMH
mijgcucreMaMu o0'ckra 1 MOKe OYyTH BHKOPUCTAHWMA IIPH CTBOPEHHI JIOCHUTD
MIPOCTHUX MOJIETIEH.

[Iporec cuHTe’y Mojemi M Bkmouae po30UBKY pearbHOro o0'ekTa
MOJeIoBaHHd Ha InjcucreMu. llpu mpomy BHOMpalOThLes BHXIAHI JaHl 1
cTaB/EIThCA MeTH [, BLIoOpakaroThest OKpPEeMi CTOPOHU HPOIECY MOICIIFOBAHHA.

[To oxpemiil CYKYIHOCTI BUXIJHUX JaHUX J[ CTaBUTBHCS MeTa MOJICIHOBAHHS
OKpeMoi CTOpOHU (DYHKINOHYBAHHsS CHCTEMH, Ha 0Oasl 1miei MeTd (QopMyeThes
Aeskui  koMmioneHT Jlo  MaiOyrHboi  Mojgeni.  CyKyIHICTL — KOMIIOHCHTIB
BU3HAUAETHCS B Mojiemi M.

Y Ttakuit crocid pozpodka Mojenl Ha 0a3l KIacHIHOTO METOY O3Havae
ITICYMOBYBAHHSI OKPEMHX KOMIIOHEHTIB V €TUHY MOJENb, NMPUUOMY KOXKHA 3
KOMIIOHEHTIB BHUPIILIYE CBOI BJIacHi 3a/a41 ¥ 130J1b0BaHa Bl 1HIMX YaCTHH MOJIECIIL.

ToMy KmacHIHAM MeToT Moke OYTH BUKOPHCTAHWH I peam3aliii IopiBHIHO
MIPOCTHUX MOJIEIIEN.

4.2.3.4. [Ipouec Mo le/ioBaHHs Ha OCHOB1 CUCTEMHOTO IILIXO Iy
Jlms Mojiem ckiIagHoro o0'ekTa po3'eJHAHICTh PI3HUX KOMIIOHEHTIB CHCTEMH

HEIPUITYCTHMA, TOMY INO Ii¢ NPHBOJUTL JIO 3HAYHMX BHIPAT PECYpPCiB IPH
peansamii MoJel.
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3 yCKIIaJHEHHIM 00'eKTa JOCIIHUK JUBUTHCA Ha CUCTEMY, 1110 MOACIIOETHCH 3
MO3UIN{ TOTO, O BoHA OY/Ie JaCTHHOIO SIKOICH 1HITION CHCTEMH.

TakyuM 4MHOM, B OCHOBI JICKHUTh PO3LIS CUCTEMH K 1HTEIPOBAHOTO ILIOTO,
[IPUUIOMY IIed pO3IU] [pu  po3podIll MHOYMHAETHCS 3  (OPMYBaHHS METH
QYHKITIOHYBaHHS.

Ha ocHoBl BUX1THUX AaHuUX /[, BIIOMHX 3 aHaM3y 30BHINMTHBOI CHCTEMH THX
0OME)KEeHbB, 10 HAKIAJAIOTHCS HA CUCTEMY 3BepXY, ad0o BUXOHYHU 3 MOKIUBOCTCH
peamsamii 1 Ha OCHOBI MeTH (DYHKIIIOHYBaHH (OPMYIIIOIOTLCH BUX1AHI BUMOTH T
K mojem cucteMu S. Ha 0a31 mux BUMOr PoOpMYIOThCS JiesKi mijacucTemMu I,
ememMeHT E, 1 3mMHCHIOETbCS HaWOLIBIN CKIAAHAM eTanl cuHTe3Y — BuOip B
CKJIAJIOBUX CHCTEMHU, JUUI YOTO BHKOPUCTOBYIOTHCS CIIEIIalbHl KpHTEpli BUOOPY
KB.

HeobGximHo 3alesneduyBaTH MakcHMaldbHO €()EKTHUBHY MOJENb CHCTEMH.
EdexruBHicTb 3BUYAMHO BH3HAYACTLCS MK JICHKA PI3HHALIM MDK  SKHUMHCh
IIOKA3HUKaMH  IIUICHOCTI PE3yJILTaTIB, OTPUMAHHUX Y MIACYMKY €KCIUIyaTaii
MOJIeN1, 1 THMH BHTpaTaMu, 1o OyIH BKJIaJieHl B 1i po3poOKy 1 CTBOpEHHS.

4.2.3.5. Craaii po3podku MoJe/eh

BupusroTs BRI OCHOBH1I CTa/li MPOEKTYBaHHSI MAaKpOIPOEKTYRaHHS 1
MIKPOIPOCKTYBAHH .

Ha craaii MaxponpoekTyBaHHS OyAYyeTbCS MOJEIb 30BHIIHLOIO CEPEOBHUINA
Ha OCHORI JIAaHUX TIPO pealbHy CUCTEMY 1 30BHITITHE CepeJIOBHUITIE.

Bugsisirotees pecypcd W oOMEKeHHS U1 TOOYJJIOBU MOJEII CHCTEMH,
BUOHPAIOTHCS MOJIENIb CHUCTEMH 1 KPATEPIi, IO A03BOJBIIOTH OIIHUTH aJ¢KBaTHICTh
MoJelnn M peanbHoi cucreMu S,

[TobymyBaBm MoOJIeTh CUCTEMH 1 MOJIeNlb 30BHINMHLOTO CepeOBUINA Ha
OCHOBl KpHTepito edekTMBHOCTI (DYHKIIOHYBaHHS CHCTEMH, YV IIpoIieci
MOJICTIOBAHHA BUOHUPAIOTL ONTUMAJIbHY CTpaTerild KEepyBaHHS, IO J03BOJLIE
peali3yBaTH  MOKIHMBOCTI  MOJEI 1O  BIATBOPCHHIO  OKPEMHUX  CTOPIH
(G YHKIIOHYBaHHS peaTbHOI CHCTEMH S.

Crpareriss MIKpOIPOCKTYBAHHS B 3HAYHIA Mipl 3ale’KUTh B KOHKPETHOIO
TUILY 0OUpaHol MOJICIIL.

Y  Bumajgky iMiTamiiHoi Mojgem HeoOXigHOo 3a0e3lMeYuTH  CTBOPEHHS
1HpOpPMAITIHHOTO, MaTEMaTHIHOTO, TEeXHITHOTO 1 IIpoTrpaMHOTO 3ade3levueHb
CHCTEMH MOJICIIFOBAHHSL.
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Ha miit craaii MoKHaA YCTaHOBUTH OCHOBHI XapaKTECPUCTHKH CTBOPEHOT MOJICIIL,
OIIHUTH Yac poOOTH 3 HEIO 1 BUTPATH PECyPCIB I OJiep:KaHHS 3aaHOi SKOCTI
BIIIOBIIHOCTI MO IS/ IIPOLICCOB] (PYHKIIOHYBaHHI CUCTEMH S,

Hezanexkno Bij THIY BUKOPHUCTOBYBaHOI Moae/ i M 1pu 1i 1100y 10B1 He0OX1IHO
KepyBaTUCS TTOPYY MPUHITUIIB CUCTEMHOTO TIIXOY:

1) mapamenpbHO TIOCTITOBHUM TIPOCYBaHHSIM IO eTalax 1 HamnpsMKaMm
CTBOPEHHS MOJICII;

2)  ckinagaHmsM  iHpopMalIMHEX, pecypeHHX, HAMIAHICTL 1 1HIIHX
XapakTepUCTHK;

3) [OpaBWIbHHAM CINBBIIHOIMICHHAM OKpPeMHX PIBHIB lepapxii B CHCTEMI
MO/IeTIOBaHHA,

4) HUNCHICTIO OKPEeMUX B1AOCOOICHHUX cTa (i o0y I0BH MOJICIIL.

Mopens M moruHHa (OpMyBaTHCS B3a€MHO BHXOJISUM 3 METH 1i CTBOPEHHS,
TOMY OKpEM1 HaCTHHH IIOBUHHI KOMIUICKTYBATHCS B3a€MHO BHUXOJMYU 3 €IUHOL
CHCTEMHOT 3a/1a4i.

Meta Moxke OyTH cdopMylboBaHa SKICHO, TO/MI BOoHa Oyjie MaTH BEIHKY
3MICTOBHICTh 1 TPHBalHii dac Moke B1IOHBaTH O0'€KTHMBHI MOKIHMBOCT1 JaHOI
cHCTeMU MoJeoBanis. 1Ipu xubkicnoMy GhopMyJHOBaHHI METH BUHUKAE 1LJILOBA
dyHKIg gKka TouHO BLIoOpaxkac HaAHOUILIN 1¢TOTHI (haKTOPH, IO BILIMBAIOTH Ha
TOCSTHEHHSI METH.

[ToOyaoBa Mo e BIAHOCHTBCS A0 YUCIA CHCTEMHUX 3a/a4, IIPU PIIICHIH SKUX
CHHTE3YIOTh PIIICHHY Ha 0a3l BeAUYE3HOIO YMCIA BHUXLIHMX JaHUX Ha OCHOBI
MIPUIMYITEHb BETUKHUX KOIEKTHRIB (paxiBIliB. BUKOpHUCTaHHSI CHCTEMHOTO MIIXOTY B
IAX YMOBAax J03BOIIE HE TUIBKH HOOYAYBAaTH MOJEIb pealbHOro 00'€KTa, ajie 1 Ha
Oas31 1€l Mozen BHOpaTH HeoOX1JAHa KUIBKICTh 1H(opMaIii B peanabHId CHCTeMl
KEPYBaHHs, & TAKOK OIIHUTH HOKa3HUKH ii (yHKIIOHYBaHHS 1 TUM caMUM Ha 6asi
MoJieTl BUOpaTh HaMO1IbIn e(deKTUBHUM BapiaHT TOOYIOBH 1 BUTITHHN pPeXKUM
(YHKIIOHYBaHHS pealbHOI CHCTEMH S.

4.2.3.6. XapakTeprucTHKA MOJEIICH CUCTEM

Ax o6'exT MOACIIOBAHHA BUCTYHAIOTH CKIAMHT TEXHIUHI cucTeMu. Mojeib M
B CBOIO Hepry Tex crae cucremoro S(M). st moxgem S(M) ckiaanoi cHCTeMU
XapakTepHO HacTyIIHE:

1. Mera QyHKITIOHYRaHHS (OJHOIIIIRORA, OaraToIIhoRa).

2. CKJIagicTh.

3. I{uTiCHICTS.

4. HeBu3Ha4ueHICTh (3'SBIBICTLCSA B CUCTEMI, MIpa eHTPOLLS).
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5. EdexruBHicth (M03BOHE OIIHUTH €(PEKTHBHICTL JOCATHECHHSI METH
CHCTEMOIO).

6. AJJAIITUBHICTD (IIPUCTOCABIUBACMICTD 10 30BHIIIHIX BILIUBIB).

7. KepoBanicTb Moje (TOOTO MOMKIIMBICTD 3MIHU YMOB).

8. MOKIMBICTE  PO3BHUTKY Mojiem  (ToOTO  MOKIHBICTH  IOAATBITOTO
PO3IHPEHHST KOJIa 3aB/aHb, SIKI MOKHA PO3B’S3aTH Ha OCHOBI JIaHOT MOJIe1).

4.2.3.77. MeTta MOJIemOBaHHS CUCTEM

byab-axy MoaeIb OV IYIOTH V 3aJIe;KHOCT1 B1J] METH.

[Tono0a miporiecy cHCTEMH, IO TMPOEKTYIOTH MOJIET M, € MeTOI0, a He YMOBOIO
MIPaBUILHOTO (PYHKITIOHYBAHHS Mojeli. SIKIo MeTa scHa, TO BUHHMKAae HACTYITHA
1poditeMa, npodiaema Budopy ado 1ody I0BH MOIEIIL.

[ToOygoBa MoOjelll MOMIMBO, SKIIO MacThes 1HpopMalis ado BHCYHYTI
TIIIOTE3H MO0 CTPYKTYPH, MIOBETIHKH 1 MTapaMeTPIB JOCTTKYBAaHOTO 00'€KTa.

[ici oy 1oBU MoeI BUHHKaE IpodaeMa podOTH 3 Helo TOOTO pealisalis
MOJIeIIl, OCHOBHA 3ajada sKOi MIHIMIZalisl dYacy OJepiKaHHsS pPe3yiIbTariB 1
3ade3reveHHs IXHBOT1 BIPOT1THOCTI.

[IpaBumo o0y IOBH MOJIEN TIOBHHHI BHSIBUTH JIHINE Ti 3aKOHOMIPHOCTI SIK1
LHOTPIOHT JOCIIAHUKOBI, a HEe PO3IIBLAATH BIACTUBOCTI CHUCTEMH HE 1CTOTHI LI
TOCITITHAKA.

Bubip Moem r110yRaeThCA TUILKH 3a paXyHOK JOCTITHHKA.

3acobn o0IHCITIOBATFHOI TEXHIKM TITHKU JIOTIOMAraloTh 3 MOTTISTY PO3TIISTY
CKJIaHOI MOIeTl 1 He MOXKYTh II1ITBEPIUTH BIPOT1IHICTh JaHHUX.

4.3 CrangapTii IporpaMu s DUGPOBOIO MOJACIIOBAHH

OO0UMCIOBAILHUN CKCIICPUMEHT HEMOKIIMBO 31ACHUTH 0e3 KOMII IoTepa.
JI1s IbOTro BUKOPUCTOBYIOTHCS PI3HOMAHITHI 1IHCTPYMEHTAILHI IPOIPaMHi 3aco0u
Ta cepeqorriia (MathCad, Matl.ab, Mathematica Ta iH.)

Sx mpuxnan posrmsiHeMo Embarcadero Delphi - iHTerpoBane cepenoBHITE
MBUAKOT  po3poOKM  mporpamMHOTO  3a0e3mledeHHd T poOOTH M
Microsoft WINDOWSe, Bouno marpumye pospodky Windows-3acrocyBaHms Ha
MOBI iporpaMyBaHHs Delphi, sika € HacTymHHATIEIO MOBH Object Pascal.
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Delphi 2007, ogMHagUATa EBepcid, BXOMHTE Oo ckaagy CodeGear RAD
Studio 2007, mca TaKOE MOTPHMYE pospobiy Ha C++ gma 32-6immoi Microsoft
Windows, a Taxox Ha Delpht 1 C# gna onardoprst Microsof NMET. % Delpha
2009, mo eunvieHa v cepomi 2008-oro, Ga6morern VCL T1a IDE moeHICTE
mepepedeHl Ha FomEom, Tamo® $'MEHIHCA HOBI MOMMHEOCT  EOMIUIITORA
(vsarameHeHHA (agrm. Generics) 1 aHoHIMEG MeTomge), B IDE 6ymo momawo
MEHEDEED PECYRCIE TA MOEHICTH Nep ebVI0EAH0 MEHETEeD IpoekTiE. Hafinorinag
16 eepoia, mae Hasey Delpln XE2 1 exomite go Embarcadero RAD Studio XE2. W
i Eepoi gomado moTpHMEY mnardops Mac OS5 X 1a 105 a taxox 64-6iTHOi
APEITER TYPH.
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Puc. 4.1, TonoEHE MEHED

Delpht £ 0CHOEHO My BHEOPHCTOEY ETECA IJ 0SH0 BRH HACTIMEHI SacT0 CYHELE Ta
KoprnoparHernx CEEM, mpoTe uell {HCTPYMEHT MO¥HA EHEOPHCTOEYEATH JJIA
pozpobiH OYIOR-AKOI0 2ECamEHOr0 OporpaMHoro =abesnedenHA He zansineHa
OCTOPOHE 1 MOEIHELCTE 0 67 I0EH BEeb-3acTOCYHIE.

Delphi DomHp0EeTECA ¥ KAMEKOE PETAKIDE 3 PISHHME MOETHEOCTAME i
mians: Personal (Ha mammii dac HemocoTynuui), Professional, Enterprise (pamimme
Client/Server) Ta Architect.

Bodand Kvlizx — ue expieanest go Delphi gna onathopam Linuzx ITpoTe,
pospobka HACTYVIHHE Bepcili Oyina OIpHOHHeHa KodoaHier Borland ITpote 16
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TpaBud 2009 poky nHa kondepenuii Delphi Live 2009 Oyio oroliomeno mpo
poboTy Haj mpoekToM Delphi «X», 1o Tomsirae Ha BBeJICHHI KpoctuiaThopMeHHO1
LLITPUMKH JUISL po3poOKku Ha Linux.

Turbo Pascal Ta Borland Pascal Oymm jgemeBmmu  16-OiTHUMHA
KOMIILIITOpaMu. 3a POKH CBOI'O 1ICHYBAHHS, BOHU IPORIUIM Yyepe3 Oarato pelisis, 1
B OCHOBHOMY BHKODHUCTOBYBAJIHCS UL CTBOPCHHA IIporpaM, IO BHUBOWIA
1HpOPMAITIIO Y TEeKCTOBOMY pekuMi. Koau rukopucTanHs rpadpiaHoro iHTepdeiicy
KOpUCTyBada  crajo  HeoOxigmum vy Microsoft WINDOWS= 3.1,  Oyio
mpejacrapiieno Delphi, pozpobinene Ha ocHoBl Borland Pascal. Delphi Oyia
[IEPIIOID TaK 3BAHOK CHCTEMOKO IMBHAKOI pO3pOOKH, BHIYIIEHOK y 1995-omy
por st 16-61taHoi Windows 3.1.

Delphi 2, ipeicTaBiaeHa pokoM II3HINIE, MATpAMYBana 32-01tHe Windows-
CEpEJIORHUINE, a BEpCisi, MO BUKOPUCTOBYRaTa MoBY C++, mijl HazBoto C++ Builder
rrofaumia CBIT 111e KUIbKOMa POKaMU [13HIIIE,

[NonopauM apxiTekTopoM Delphi Ha Toi wac OyB Araepc Ielincdepr, Sxuid

pospoduB Turbo Pascal. Bin nepeiimoB y Microsoft y 1996 st po3poOku MOBU
CH#.

Y 2001-omy pomi Oylla HpeicraBiieHa Bepcls UL OlepaliiHol CUCTeMU
Linux mjg "Hazpoio Kylix. IIpote ayke MBHIKO BOHa Oyla pO3KpPHUTHKOBaHa 3a
HU3BKY SIKICTh 1 BENMHMKY KUTHKICTh MOMHIOK. Uepez Tie, BPaxoBYIOUM HU3LKUHA
PIBEHB TIPOIa’Ky, BoHa OyJla 3aHe0aHa Mcis TpeThoi Bepcli.

byna 3poliena crpoda 3pobutd marpuMmky 1 Linux, 1 Windows i
dararomiardopMuoi po3poOdku, BHACHAOK doro y Delphi 6 Oyina BxmouyeHa
610mortexka CLX, Oararomviardopmua Bepeis 6i0moreku VCL. Texuonoris CLX
TeX 3a3HaNa mopas3Ku 1 meid mamaas Kylix Tex Oyina 3akuHyTA.

[Mle mounHaroww 3 meprmoi Bepeii 1.0 po3podka mporpam A Oa3 JaHUX
cTalla OJIHIEIO 3 CHIBHUX cTopiH Delphi. BiGmoTeka Bi3yaaIbHIX KOMITIOHEHT (aHTIL.
Visual Component Library, VCL) mictiia Beauky O10110TeKY KOMIIOHSHT LIS
JOCTYIYy Ta Mamily/moBanms 3 Oaszamu jganux. Borland Database Engine Oyia
OPHUTTHAIIHFHOIO TEXHOJIOTIEIO 3B'I3KY 3 0a3aMU JaHWUX, 1 Oyla € THHAM PIITIEHHIM Y
pannix Bepeisx Delphi. Hapith 3apas, KoOIM BoHA PIAKO BHKOPUCTOBYETLCH,
ocranusl pepeist IDE Bce me nocraBmsiersest 3 BDE, HeoOoB'S3koBUM 1181
BCTAHOBJICHH.
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Delphi 7, Bunymena y cepum 2002, craja cramgaproM Je-¢gakro s
OaraTtbox Delphi-po3po0OHHUKIBR, 1 HABITE 3apa3 BOHa aKTHUBHO BHKOPHUCTOBYETELCA. B
Delphi 7 popano marpuMky st TeM Windows XP 1 nokpameno MOKIMBOCTL s
oOyroBu Web-3acrocyHkis. Takox ne Oyiia octannsd Bepeis Delphi, ska Moriia
BUKOPHUCTOBYBaTHCs Oe3 akTuparlii. BoHa Mana muime HeoOOR'SI3KOBY peecTpariiio,
SKy MOKHa OyIlio IpocTo TpoirHopyBaTH. Delphi 7 e Haidinem ormmineHono [DE,
crBopenoro  Borland 3aBaskd  ¢Boilf  cTaOLILHOCTI, MIBHAKOCTI 1 HU3LKUMHU
BHUMOIaMH 0 alaparnoro zabesnedennd. Ilonpu ne y mi#t Bepceii Delphi, sk 1y
BCIX 1HMMX, Oylla BelWKa KIUTBKICTH BIJIOMHX IIOMHJIOK, TakK 1 HIKOIHA He
Bunpapiennx Borland. 3aBjaHHg BAIpaBIeHHS X MOMHAIOK KOMIIaHId 3aTHIITIIA
Ha cIbHOTY Delphi (AuBIThCS «ITPOEKT BiapokeHIT Delphi» ).

Delphi 8, ipesncrapnenmnii y rpyaai 2003-oro, OyB mume NET-pemizoM, 1o
JAO3BOJIIB po3po0HHKaM KoMIaoBaTh BuxijHi koau Object Pascal y NET CIL.
Taxok BIH Jy’Ke BIIPI3HIBCH B1J NOIEPETHHUKIB 30BHIMHIM BUDIBAoM IDE, B
SKOMY BIEpITIE 3aCTOCOBaHO 0araTOBIKOHHHUH CTHNb, 0arato B UOMY CXOKHI Ha
cepegouie Microsoft's Visual Studio.NET. Xoda MOKIMBICTD IIEpeMHKaHHS Y
kinacware (aHr. Classic Undocked) po3MilmieHHS BIKOH Bee IT(€ 3alTUITTHIIACS.

Hacryima sepcis Delphi 2005 (Delphi 9) Brmouana B o0l MOKIMBICTD
po3poOku sk A mwmatdopmu Microsoft NET, tak 1 mija «pigHy» Win32. Takox
I Bepcid AO3BOJBIIa MaHIIYOBAaTH JaHUMH 3 0a3 JaHuX IIMe Yy PeKuMI
mainepa. Bisnaganocd 1 Bpockonaiene IDE, a 3 MOBHUX MOMKIMBOCTEH OyB
HOBHUI BHpas for ... in (aHamor foreach y C#'1). IIpote, cepemoruine OyIo 3HOBY
PO3KPUTHUKOBAHE 3a BHABJICHI MOMIIKA — o0maB1 Bepeli Delphi 8 1 Delphi 2005
Madd TpoOaeMH 13 CcTaOIIBHICTIO, K1 OyIH JIMITIE YacTKOBO BHIIPaBJICHl Y
CCPBICHHX IIAKeTax.

Hampuxiam 2005-oro Oyno pumnymeno Borland Developer Studio 2006, ska
Brinouasia C#, Delphi. NET, Delphi Win32 ta C++ y eaunomy IDE. 1lg Bepcis
Oyma HaGaraTo crabinbHIma 3a Delphi 8 uu Delphi 2005, 1 me O1nbIte mommimmmeHa
3 BHITYCKOM CEPBICHUX TaKETIB Ta OHOBJIEHb.

8-oro motoro 2006-oro poky Borland oronocmina npo Nomyk MOKYIIIS I
ii IDE 1 mmi mpoaykTiB Jas Oa3 JaHWX, mo Bkmodanto Delphi. Ile pimeHHA
KOMIIaHIS TIOSCHUIIA HAMAraHHIM CKOHIICHTPYBATHCS Ha CBOIM JiHII IPOIYKTIB
ALM. 11g HOBHHa Oyna cpuHHATA 3 HEOTHOZHAUHOIO PEAKITIEIO PO3POOHUKIB, K1
Bee Ime He royminum Delphi.
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[Mloctoro Bepectst 2006-oro Developer [OOLS Group (poGoua Haspa I1e
He BIiIIUIeHoi Tpynm po3poOHUKIB) KommaHii Borland Software Corporation
BUIlycTHIM ognoMoBHI Bepeil Borland Developer Studio, noBepHyBIIHCL 10
oy jsipaoro iMeni Turbo. Habip « Turbo» npoaykris Bxmouas Turbo Delphi for
Win32, Turbo Delphi for NET, Turbo C++, Ta Turbo C#. KoxkHa Bepcis TOCTYITHA
B JBOX pejakisx: Explorer — Bepcisd 1 BIIbHOTO cKauyBaHHS, Ta Professional
— gemeBa (US$899 mis HoBux xopuceryBauiB, US$399 mis OHOBIIGHHS) BEpCid,
sIKa BLIKpHBaJIa JOCTYII A0 THCIY KOMIIOHCHT CTOPOHHIX BUpOoOHUKIB. Ha Biaminy
BT panHix Personal Bepciii Delphi, #ori Explorer-pemakimii Morim
BUKOPUCTOBYBATHCS JIJIST KOMEPTIIHHOT PO3poOKH MPOrpaMHOTo 3a0e31IeUeHH.

14-oro mmcromaga 2006 Borland oroiocuna mpo BUIUIEHHS TPyHH
PO3POOHUKIB Y Hesalle:KHy gouipHio koManio CodeGear.

Delphi 2007 — nepima Bepceis BuiryiiieHa CodeGear 16-oro Oepeznst 2007.
Win32-Bepeist Oyiia npejcrapieHa IepIiolo, 3uine oyia punyena .NET-sepcis
Delphi 2007 sx wactuna upoaykry CodeGear RAD  Studio 2007. Hosi
MOKIHMBOCTI  BKMOYand mmATpUMKY MS Build Ta BjaockoHanenHs Visual
Component Library gngWINDOWSe Vista. CodeGear Takox mipecTaBuna DBX4
sk HoBy Bepcio dbExpress. Buepme Delphi moxna Oyiio 3aBaHTa)XuTH 3
IHTEPHETY 1 aKTHURYBaTH MIeH31HHNM KmoueM. Jlokamizorani Bepeii Delphi 2007
Oynm® OJIHOUacHO IIpejcTaBlIeHl Ha aHDHCBHKIM, (paHITy3pKiHd, HIMEITBKIH Ta
soHChbKIH MoBax. RAD Studio 2007, ska Bkiodaia po3poOky na Delphi. NET Ta
C++, OyJia BumymeHa 3-oro BepecHs 2007-oro.

Y Delphi 2009 (xogosa mnaszpa Tiburén) jgogamo OaraTo HOBHX
MOKIIMBOCTEH, 30KpeMa y3arajdbHEHHS (aHTJ. generics), aHOHIMHI METORH (IS
Win32 ta NET), nopuictio niepepodneno VCL ta RTL nma noBHOI mATPHAMKH
IOnikoxy.

Borland mpogana CodeGear xommanii Embarcadero Technologies B 2008.
Embarcadero 36eperia siuur CodeGear, crBopenuii Borland, i igentudikaini
KYIUIGHUX  IPOAYKTIB, c¢Boi K  po3pobxu  Embarcadero  pupimmia
PO3IIORCIOIKYBATH 1M1 iMeHeM DatabaseGear.

25 ceprmst 2009 poxy Oyio BuiymeHo 14-ty (13-ty Bepciio po3poOHUKU
TIPOIYCTHIH) Bepeito — Delphi 2010. 11 Gymo HaineHo TaKUMHA HOBHHKAMM:

- Iliprpuvka API Windows 7, y Tomy umciii Direct2D
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- Iiprpumika xectiB y Windows 2000, XP, Vista ta 7. Y Windows 2000 ta XP
BUKOPHUCTOBYETRCS BHYTPITITHIN KECTOBHHA JBUTYH

- IDE Insight - momyk mmo IDE, mo Hajgae goctyn ao Oyab-akoi ii ¢yskmi abo
rapameTpy

- Pozmmpenmit RTTI, miarpumia aTpuOyTIR
- Knmacuanmit iaTepdetic Delphi 7

[1i;1 yac OGera-TecTyBaHHI HacTyHOI Bepeli aeadi - Delphi XE, vy it Oyna
HIPUCYTHS. MOXKJIMBICTE CTBOPeHHS lporpam st Mac OS X, Ile Oylio MOKIHBO
zapaaku 010moTerti UCL 1o Oyna mo cyTi oHoBiIeHoI0 CLX 1 SazyBamacsa Ha Qt 4.

B UCL 6yno ayxe H6araro OariB, ki OyJ10 BaXKKO 3HAXOUTH Ta BUIIPABIISLTH
yepes auky cymim delphi ta c++-xoay. B pemri-pemt po3poOHUKY BUPIIIKAIK, 1110
oOpaHHl AX1T HE JO3BOIUTH IM CTBOPHUTH SKICHHI TIPOyKT, 1 30 ceprast 2010
15-Ty Bepceiro Delphi Oyno runymeno 6e3 marpumka Mac OS X. Jlocuts O171Ha Ha
HOBUHKM Bepcid oTpUMaja 1HTerpaliio 3 Subversion, YUCe/IbHI BHIIPABICHHS Ta
P10HI TIOKPaIeHHs, a TaKOXK COMITHY KITBKICTh KOPUCHUX YTHIIT B1Jl CTOPOHHIX
PO3pOOHUKIBR V BUTTISIT O€3KOIITOBHOIO J0IaTKA.

2 Bepecus 2011 Bumymeno 16-ty Bepcito Delpht XE2. Cepen roixoBHHX
HOBOBBEJICHB Bepcii:

- ITigrpumka 64-61tHOI apxiTekTypu maWINDOWS

- MoxauBICTE CTBOpPeHHS 3acTocyHKIB 11 Mac OS X ta 10S. J[1g mux mnatdopm
e HoBa O10moTeka kKoMmmoHeHTIE — FireMonkey (y muaymoMy DXScene Bif
KsDev). FireMonkey nopuicrio nanucana #Ha Delphi, BUKOPHCTOBYE BEKTOPHY
rpadiky U anapaTHe HIPUCKOPESHIS rpahiqHoero upouecopa

- 3'exnyBaul DataSnap Ju1st MOOLILHIX IIPUCTPOIB
- Cucrema 3B'si3yBanms Janux LiveBindings
- ¥ 616motexy VCL Oyiio goaaHo mATpUMKY IpadiaHuX CTHIB OQOPMICHHS.

3 pepecns 2012 Ha cBIT 3'9BHIacs ciMHaAIATa Bepeist mendt — Delphi XE3.
B mif pepcii 6i0morteka FireMonkey oTpumana Mmoganbplivii po3BHTOK. Y Hel
JTOJaHO MATPUMKY PacTPOBHX CTHIIB, SIKOPIB (Anchors), miit (Actions), Bifeo Ta
ayjio, a TaKoXK IIPOBEIACHO IUIMHK psj ourumizaiii ta pedakropunris. Cucrema
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3p's3yBannd Janux LiveBindings oTpumana rpadiaHuil pefakrop, MO IUIKOM
BifnoBiae  koHremui RAID mporpaMyBaHHS, SKOTO 3 TEPITAX  Bepcid
goTpumyerbed Delphi. Jlist VCL ta FireMonkey Oy ctBopeni et Metropolis,
mo  iMiTyIoth  odopmiaenns WinRT mporpam i Windows 8. CrBopemis
moBHOIHHUX WInRT mporpaM Ha fendi Ha JaHMM 4Yac HEMOKIHBE dYepes
HEMOKJIMBICTE CTBOPEHHS CTOPOHHROTO HATHMBHOTO KoMmimaropa Third-party
compilers locked out of Windows Runtime development. Ilixrpumka 108 Oyiia
Bukinodena 3 XE3, Bona 3'aBuTLed Ha odaTky 2013-10 poKy v BHUIVILI OKPEMOTO
mpoaykTy — Mobile Studio.

Delphi cmodatky OyiIo TaeMHHM JOCIIJHHITBKEM IIPOSKTOM KOMIIAHIi
Borland, sxuii po3BUHYBCS ¥ TIPOJYKT, IO MaB HazuBaTucs AppBuilder.

IIpote BiApazy michms meprmoro pemizy AppBuilder xommamii Borland O6ys
punymenuid Novell AppBuilder, Tox Borland Oyma 3myimena npuayMaTH HOBY
Ha3By UL CBOTO Hpoaykry. [lics Benukoi auckycii nassa Delphi nepemoriia.

Pozpobuuk Jleni Topn BuOGpar xko1oRe iM'ss Delphi TIOR'SI3aBITH 3 opakyIoM 3
JenmbdiB (anrn. Oracle at Delphi). Ognoro 3 ocHoBuux niiei Delphi Oyna
IIpe/ICTABUTH 3aco0H po3po0KH Ul 0a3 JaHMX, SK KIIOUYOBY MOKIHBICTH, a
MOMYISIPHUAM  MMakeToM 0Oa3 JaHux Ha Toi wac OyB Oracle; 3Bijicu, «SIkmmo BuU
XOUETE OMOBOPHUTH 3 OpakyJioM, 111Th J0 Jenndisy (anmi «If you want to talk to
[the] Oracle, go to Delphi»). Po3po0Oka npogosxkyBaiach, a Borland aegam 6iibine
CXWBIBCA 10 Ha3pH Delphi.
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