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MeTta 1 3aa1a4i 10CTIIKeHHSA

MeTta pobotu: pozpobka HoBoro maTemaTHMUYHOro i Nporpamyoro sabesneued-
HA ANA cMcTeMm MNiATPMMEM  pilleHb 3 OMTMMAanbHOTO PO3BMTRY BHMPOOHM4YMX
cucTem Ha Dasi metoponorii oNTMManbHOIo arperysadHA, Wwo 3Himae npobnemu
onTumizauil i aHanizy yyTnmeocti BMpobHKMUMx Oe3 cnpolleHb MOOEeneHn.

O6'exT gocnigpxeHHA: cydacHi BUpoBOHMUl CUCTEMM 3 WBMOKMMKM NPOLUESCaMmM
KiNbKICHOrO i AKICHOro pPO3BMTRY, 30KpPeMa eKonorisosaHi.

MpegmeT gocnigMeHHA: ONTMMANbHE aganTWMBHE YNpasniHHA Npouscamm
PYHKLIOHYBaHHA | pPO3BMTKY BMPODOHMUMX CMCTEM 3 O0BIIBHMMM pPecypCcHUMM

CTRPYKTYpPamm.
Nonoedi sasgaHHA:

1. Ananiz crany po3pobkn mogeneri meTonis oNnTHManbHOroO CTpaTeriyHoro
yNpasniHHA BUpOoOHMLUTBOM | PO3BUTKOM.

2. TopiBHANBHKMIA aHaniz BiooMKMX  MOOeneld OoNTHMMAaNbBHOrO YNPasniHHA
npouecamm $yHKUIOHYBaHHA | pO3BMTRY: 3adadi posnoainy bennmana, 3apadi
Maprosuuga, 3anadi «WiHOBI CcTparerii», 3agadi ynpaseniHHA KiIHUEBMM CTaHOoM. .

3. OTpyvmaHHA CTarMCTHUYHMX XAPaKTEPHUCTUE  ONTHUMaNIbHWUX npouecis
PO3BMUTKY MPWU HAABHOCTI HEBM3HaYeHocCcTel i 36ypeHs.

4. Nobyposa cMCTeMmMW NPUAHATTA pilueHb (3ana4i Ta iHTepdehcn).

5. Pospobka npuknagis piweHHA  3agad nobynoeu Komn' KOTEpHO-
iHTerpoeanux cuctem (KIC) onTumanbHOro ynpasniHHA Ta NpoBefeHHA gocnin-
M¥eHb 4R KOPUCTYBadiB CMCTEMM NIOTPUMEM pilleHb.
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IHdopManifiHa CTPYKTYpA
inTerpoBanoi ACY “BupodHuurso-

NOTICTUYHOT MIATPUMEKM
(«BMUPOBHMLUTBO CKNAO»)

PO3BUTOK”
IHTETPOBAHI
CUCTEMW YMPABMIHHA
NIANPHUEMCTBOM
(ERP)
CUCTEMM PO3BUTKY ll T T CUCTEMM
ABTOMATM30OBAHE CHMCTEMM " MEHEOHMEHTY
MPOEKTYBAHHA > YIMPAB/IHHA ,[LAHHMM"{_H AROCTI
| TEXHONOTIYHA «MPOAYKTU | TEXHONOMT | | YMPABMNIHHA
NIArOTOBKA BMPOBHWMLTBA» (| KOH®IIYPALIEID
BMPOBHWLITBA (PDM) N (komnnekTauia
{CAD/CAE/CAM) NiHIMOK NpoayKLii)
ACIP i L T T
«CTPATETT CACTEMU
PO3BUTHY» IHTETPOBAHOI




DYHKIIOHAJbHA CTPYKTYpA
y3arajbHeHol MoaeJIi BAPOOHUITBA |
PO3BUTKY

Moaynb Moayne Moayab « 8 HHaMiKa
HONTHMENeEHE ®3I0BHIWHI 3BypeHAAR - MOJOENb ONTHMEnN bHO arperosadoil BMpobHKUYoT
arperysaHHa M «EMPOBHMEW, I CHMCTEMM®
BUpODHMYOT IH> NPOAYKTE], KOPHUCTYESY] 1.> OnepamueH e ynpasniHHHA

CHUCTEMBEI supobHuymeom

Mogynb Mogyne «0HHIMK K3
#BapiaLiAHa 330843 ONTUMANBHOMD ” Bi,gNpaLL BaH HA
YMpasAiHHA KiHYe BUM CMaHoM I'IIEIDLI,EEC{: J KBGHTIB pECYpCY®

hYHHUIOHYBEHHA | PO3BUTHY K OnepamueH e ynpasni HHHA
PO3EUMEOM
- = BHHOpHCTaHHA Pe3ynbTaTiB:
MD,EI.‘,.THI:HE'ETHETHHE 1. Y¥cTeHOBKA CWCTEMKM  YNPaeniHHA  HA
NPOUECIE PasBUTHY BUPOBHUKE PeanbHEl 00BEKT
B BHTWEHOMY OTOMEHHI® 2. MogeneopieHTOBaHE NPOEKTYBaHHA




ba3oBuil aHAJIOI: pecypCcHa CTPYKTYpPAa,
ONTUMAJIbHE arperyBaHH,

ONTHUMAJIbHA CTPaTeris pO3BUTKY
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OnTUmanbHe arperyesaHHA OnTUManbHUIA NpoLec PO3BUTKY,
PecypcHa cTpyKTypa napanenbHol CTPYKTYPU rogorpad makcumymis GyHKLUIT
BMPOBHUYOI cucTeMM FaMinbTOHa




CTpyKTypa KOMILIEKCY 3a71a4
po3pooku. HoBe pilneHHs npodaeMu

1.CTpyKTYypa cMcTEMM

//'

YnpaeniHHa
ErpobHULTEOM

| ——

KpuTepii:
IHTerpaneHUid
nepworo poay|

BupobHuurso 1

?

Possutok 1

Bupo6HULUTBO 2

2. ONnTUManeHo arperogaHa cMcTema

F

PossutoK 2

PuHOK

3

OBumcneHHA Ta onTMmizaLi

i
-

=

dyHKUiil TamineToHa

KoHkypeHTH

/™

Kopuctysaui

BiHapHe oepeEoc ONTUMa/BHOTO
arperyeaHHs - izomopdHe
einobpameHHA pecypcHol
CTPYKTYPH BMpOBHMUGCT CUCTEMM.
t20, f2pr - onepatopwm
ONTUMAaNbHOTC 3rperyeaHHA
«BUpoBHULTED, DOZEMTOKY.

KopucTysaui,
KoHRypeHTH

YnpaeniHHA OB’EKT:
ONTUMAanbHO | arperoBaHWii
arperosaHom Fy (Xg r.ﬂ,{p)
CUCTEMOID

PuHok,

Fopp{MPLMP) = |—

3. OnTMMmaneHe
@arperyeaHHA iHTepeany

Fpr

fopr

(1P}

f1r(MP)

S2p(MP2)

f{MPY

4. lekomnosuLlia Nnpouecy po3sBUTKY

OnTum. posn.

Mpouec po3eMTKY NicnAa Kopexuii 3 T3>

raminoToHiana, f2PrK - onepaTop oNTMMaNsHOrO arperysaHHA

"BnpobHMuTED, posBnTOK" T3 QyHKUiT TamineToHa.

KBaHTY pec. d
OnTum. posn.
z KBaHTY pec. Mpouec poseuTKY nicna Kopexuyii 2 T2
OnTUMaNnBHKK
PO3NOAIN KBAHTY Mpouec po3BMUTHY Nicna Kopexwii 1 T1
pecypcy
MnaHoBMiA nepiog Nnporpamuv onTMManbHoro poseutry (05t Tp) Tp /
5 OnTUManbHe arperysaHHsA PO3BUTHY | Fopr(MPS ,VPH) = fprk
MPS - napametpu cuctemu, VPH - sextop napameTtpie
Foppt (MP1 ,MP2) FHap




BigoOpaxxeHHs mapaMeTpH30BaHOI
Mo/eJIl BUPOOHMIITBA B
napamerpuzosany OE®B - 1

«lone» i MpoaykTy fos - onepaTop onTUManbHOro
K1 Mepepobka
gy nP1 arperyBaHHA CTPYKTYpPU 3
K2 P2 PECYPCHMM 3BOPOTHIM 3B'A3KOM,
fa - onepatop ontumanbHoro
«Depman s nri1
. arperysaHHA napanenbHux
CTPYKTYp, fin - onepaTop

T1

T2 (

ONTUMaNbHOIO arperyBaHHA
NOCNiAOBHUX CTPYKTYP.
(f11,f12,f13,f149), (21,122, /23)

Bionepepobka - byHKUiTBMpOBHMUTBA

NocnifoBHUX CTPYKTYP, ( /31 ,f3‘2),

(f41,f42,f43, f44)- dB

Pecypcun
: i napanelbHUXCTPYK -
arpoeKoNOriuHOI P i

cucTemMm FO_D(XS,MP == Jon
[ -

OTtpumaHa dyHKUinA FOP (XS,VP) T 1] /ﬁn;\‘x
NOBUHHA KOPEKTHO Bigo6parkaTy /_,_ffﬁ\ k /jf\ /_jﬁ{\\
3Ha4YeHHA NapameTpiB B BiANOBIAHY fm 14 23 fon Bl 32 i 5
ONTUMAabHY eKBiBaNEHTHY GYHKLO T S e e
BMpPOBHMLTBA arpocUcTemMMm. /ﬁﬁ\ P 22 f21 A1 f12 13 44
a1 f2




BigoOpaxxeHHs mapaMeTpH30BaHOI
Mo/eJIl BUPOOHMIITBA B
napamerpuzosany OE®B - 2

TEOPEMA npo isomopdHe BiaobpareHHA pecypcHoi moaeni supobHu4yoi cuctemm (BC) B HiHapHe
NEPEBO ONTUMAaNbHOTO arperysaHHa [43] BigHOCUTBCA A0 NYHKTIB i |l Ha pUcyHKy. 2.4. Y AaHii poboTi
po3rnagaaeTbca nyHKTU |, I, Il K TBepAgKeHHA A0 3aKiHYEeHHA TeCTyBaHHA MoAeni.

TBEPOXAEHHA. MapameTpusoBaHa pecypcHa mogenb BC moxe 6ytn isomopdHO BigobpakeHa B
napameTpu3soBaHe OiHapHe AepeBO ONTUMaNbHOro arperysaHHAa BC, siKe, B CBOW 4epry, i3omopdHO
Big0bparKaeTbCA B MapaMeTPU30BaHY ONTUMabHY €KBIBa/eHTHI QyHKLit0 BuUpobHuuTea (OEDB).

3ayBaxKeHHA. OEDB - maTpuusd, AKa MICTUTb BCHO HeobxiaHy iHbopMaLito Npo po3noAdifeHHs pecypcy
(abo HaBaHTaXeHHA) i napameTpax nigcucrem [3].

| MatemaTtnyHa mogenb Il bBiHapHe aepeBo Il OE®PB BupobHMYOI

O6’ekra: _(JI'ITHMHHI:HDI‘O arperyBaHHs: ‘cut‘.‘remu:

MO(X. FOPS(Xs,V(MP) )
Knacwm 38’A3KiB
AnrebpaiuHi
| : - NapameTpuuHi
PeanbHuin 06’eKkT: 30BHIWHE cepeaoBuLLE: - 06’eKT. 30BHILLHE
BupobHuLTBO, PO3BUTOK KOHKYPEHTK, KOPUCTYBAMI. -| cepe,n,;:BHu.l.e

A\ N
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bararopiBHeBe onTUMAaJIbHE
arperyBaHHs napaJjieJibHuX OiHApHUX

6 .
F21= f20 . i i F22= f20
-'______‘_4______‘—/—/—\_\\—_-__\\-_—_‘ A

ONTUMANbHOTO
nigcucrem
f1p flr f2p /21 S3p fr [ A
PeoyKkoBaHi BiHapHi
Knacu napametpie OEPFf) = f2o0 [epeBa CUCTEMM
—4ucna, BEKTOPMK, MaTpULi Anrebpa |
— dyHKUji Yacy | SMiIHHUX E21 F2] ONTUMaIbHOTO
—BUNaaKosi GyHKLIT 3 arperyBaHHAa LO3BOAE
AOBINBHUM po3nogifiom OEPF{x) = f20 Bino6pasutn B OEDB
BiporigHocTel napameTp NigcucTemu
A /f?o\ OyAb-AKOro piBHA.
ObmeeHHs:
KpoK 2 Fliopr  F2lopr F31 F4] soowiines e

N N



bararopiBHeBe ONTHUMAJIbHE arperyBaHHA
MOCJIIOBHUX OIHAPHUX CTPYKTYP 3
napaMeTpHYHUMH 3B AI3KAMH

OaHopiBHEBE ONTUMAanbHe arperyBaHHsA BaratopiBHeBe ONTUMa/NbHOro arperysaHHA
CTPYKTYP: «BUPOOHUUTBO, PO3BUTOKY, KPO3BUTOK, «BUMPOBHMLUTBO, PO3BUTOK, IHHOBALI»,
iIHHOBAUWIT», KiIHHOBaUi, HAKONUYEHHAY. «BMpoBHULUTBO, PO3BMTOK, iIHHOBALLT», HAKONMUYEHHAY
- |Fopsuml = ¥
Fopr3 = A Foprl, Fopr2, Fopr3 - 4 //’ﬁk
pesynbTaTM ONTUMAaNbHOro Por fin
fin Jnak arperysaHHa nigcmucrem /D\
Fopr2 = Ppr «BUPOBHULTBO, PO3BUTOKY, o fr
/K «POSBMUTOK, iHHOBAL», T o
«IHHOBALLii HAKOMUYEHHA».
Fopsum1, Fopsum2 - f2pr fnak
Foprl = fpr HeobxigHe pilleHHs 3a4ay
ONTUMANbHOro fopr fin
o fi arperysaHHs.
Jp Jr
PiweHHA Ha 6a3i mogudikauii Fopr{Qn,Mprxﬂ) = Bor
anropuTMy arperysaHHA T T
Fopr{@;,Mprxgg) = f2p¥ fnak
R T HaKOMWYEHHSA
Fop Qn,MprxS;) = f2pr fin| iHHOBaU
/—/\\
/7 | BUpobHULTEO fr | poseuTok

1



IlapaMeTpu30BaHUU ONIEPATOP IMEPEXOTY
MK IHTEpBaJIaMHU NPoLeCcy PO3BUTKY.
Ipukiaan

Mpouecu ONTUMaNbHOIO PO3BUTKY,
pO3paxoBaHi Big No4YaTKy iHTepBany 40 KiHUA
MNa1aHOBOro nepioay.

IHTepBanu, Ha NOYaTKY AKUX KOPUTYETbCA

Smt

\

AXs1 AXs2 i
CTpaTeria po3BUTKY.
Kpoku onepaTUBHOro ynpasaiHHA
OnepaTuBHe ynpasaiHHA. Mogenb AnHaMiKM HeniHiMHoI, HecTalioHapHoi cuctemu. Mpuknag,.
r - & i 7S Ypur3(st0, props,u) = |S30 < smHP( props,st03,u)
(72 %) {3'3} S4 « rows(S30)
4 3 6 oy _ '/16 5\] mean(S530)-S4
500 e ’ koWz4(vpl ,vp2)
o[22 B 3
277 (7 2 SW Ypristm, Vpry =
589 (smr<1>)2: 4 3 6
45 6 (5 5 J
4 4 3 S2 532 54
( ) (smé?), = (4 4 3) =
(22 14 12) wxod < gq

120




OneparuBHe ONTUMAJIbHE YIIPABJIIHHSA
BUPOOHHUYOK0 CHCTEMOIO JIS CHIPHAKEHUX

3adaud
OEDB o
HeobxigHnit BUAYCK Ys ———— NTUMa/IbHE arperyBaHHs
iHi Xs Fops(Xs, Mps) =
=» MiHIMYM 3aTpaT Xs i P . VP
: 1 2 3 4 5

t

MpoeKkTn,
3aMOB/IEHHS, BUMOTH

"/—»36 19.61| 0.28( 0.71| o0.01
AL 47| 199 029 07| 0.01

G{}AI:T 30 45 60 | Xs= 47| || 48| 20.17| 029 07| 0.01

MapameTprU30OBaHa ONTMMa/bHa eKkBiBa/leHTHa BUpobHMYa dyHKLUias OEDB 3abe3neuye
ONTUMaJIbHE YrPaBAiHHA CNPAXEHMMM 3a4a4aMMU:

MpAma 3agava: Ys = Fop(Xs, Mp) — obmexeHHA pecypcy Xs, oTPUMaHO MaKCMManbHUIM BUNYCK YS

CnpsaxeHa 3aga4va Xs = Fobr(Ys, Mp) — obmexeHHa BUNYCKY Ys Npu MiHiMmymi 3aTpaTt Xs

N
MpoeKTH, pecypci, Y
OUHKM s ONTUManbHe arperysaHHs
j’f 1 Ixs ) Fops(Xs, Mps) =
PR 4 | - — D! - 3 4 5
: > SA 1L 26| 1961] 028| 071] o0.01 0
HBETIIHN PEEYREN Xe X 47| 199| 029| 07| o001 0
=> makcumym Bunycky Ys xs=46| I[48] 2017 o029] 07| o001 0
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Moayib BBeIeHHA JaHUX TEeCTOBOI 3a1aui
“OnruMajibHe arperyBaHis “BupoOHUITBO,
PO3BUTOK, IHHOBALIIT”

Mopaynb BBeAeHHA AaHUX. 3343EMO NapaMeTPU | NOYaTKOBUIM CTaH CUCTEMMU: BEKTOPM | MaTPULLIO
napameTpis GpyHKLIA BUPOBHULTB, PO3BUTKY, iIHHOBALLIK
20 10 3 10
VPp :=| 0.035 |’ VPr:=| 0.035 | MPin:=| 0.04 0.03
5 5 5 8
CymapHUIA pecypc CTapToOBKUIA cyn = 100 3apaemo cTa PTOBWIA po3noain pecypcy
|xp01 = 0.10-cyn, lxpOQ = 0.20-cyn; ; BUAINAEMO BEKTOpM napameTpis OB i
OP:  vPin i= MPitl; vPinr = MPin? vPr3 = MPin?; x = 1..300
20 . 20 20
J/
16 / 16 16
12 12 Jo(x.vPin) 3
P VP) Frix, vPr)y fr(x,vPinr) g /_,.---"
4 4 4
% 0 50 100150200 % 0 50 100150200 00 50 100 150 200
BiHapHe AepeBo ONTMMaNbHOro arperysaHHAa — nogaHHA yHKLiM B iMeHax i Ha3Bax
f2pr
_’_/f’_‘\'\_
ProductionFunc f2pr
A
DevelopmentFunc InnovationFunc




OnrumMalibHi eKBiBaJCHTHI (PyHKIIII
“Burparu, BUIYCK” 1JIl CTPYKTYpPH
“BUpOoOHUIITBO, PO3BUTOK, IHHOBAIII”’

150 : -
135 (Mw BUPOBHULTEO
120 wXo = | 20 /_,____-—J-"* .
Fop3yy,1 105 T |
90 70 — DyHKLIT «BUTPATH,
Fop2yy ]
Paxw.l 75 P BUMYCK» I l
Va
60 PO3BUTOK
Fopl_n-sj 45 //
=
il
30
15 1_/__-_’_, | IHHOBaUi
0 e T 1]
0 10 20 30 40 50 60 70 80 90 100
xv
125 = 125 125
IHHOBaUI Po3BUTOK BupobHuuTtBO
100 [ 100 : : : — 100 -
- QVYHKLiIT oNTMMaNbHOro po3noainy pecypcy
MiX «BMPOOHULTBOMY | K PO3BUTKOMY» MiACMCTEM f.r""
50 50 _|/.-'— 50 |
25 25 "_f 23
0 l 0 0
0 40 80 120 160 200 0 40 &80 120 160 200 0 40 80 120 160 200




TecryBanHss Moau(diKOBAHOIO oneparopa
“BUpOOHUITBO, PO3BUTOK”

185.35, 200 3anemHicTb
180 __;7(#"— JONTUMaNbHOro
160 /--"'F / ”\ NPUPOLLEHHA
Fopsyy ; 140 // /f ] BMpobHUUTBaBIA
120 / o= /r 4 3 | BEIMHUHW KBAHTY
PRIxv,1 199 / ] pecypcy BC (BupobHuyoi
PR 80 /" / L ;/ . cucTemu).
Wl an — — - )’(j 3anexHocTi
40 | / /’/ ONTUMaNbHOro
20 / NPUPOLLEHHA
0 / BMpobHMUTBa ANA
0 20 40 60 80 100 120f 140 160 180 200 niacucTem
0 xv | 2001,
150 ," \ Posnogain pecypcy
/ \ PO3BUTKY MiXK
L 120 [ 7 = j MiacucTremamu
1-11,
04—-//9{1 ,/ - 2-12
/,...—--""'__ OnTumaneHi poznoginu
7 1 o8 | e ) pecypcy Mix
_I BUPOBHMUTBOMI
“E—d/ 30 ——— | | POSBUTKOM 415
e’ S nigcucrem
80 120 160 200 00 40 0 120 160 20| (macwra650:1)




TecryBanHst HoBoro oneparopa “Ilepexia
MiK iIHTEepBaJIaMM NPOLeCy PO3BUTKY”

400
00 360 = OE®B CHCTEMH IICIIA
320 BHTPATH KBaHTY pecypcy 150
Foplslyy, 1 280 — = OE®B cHCTeMH ITiCIA
240 /, ] BHTPATH KBaHTY pecypcy 90
Fopls2yy 1 200 Py e 3 F OE®B cucTeMH MicTs
160 A Pl BHTpATH KBaHTY pecypcy 60
Fopls3yw J"r ,,/ e
= = L2 J]I / T
80 &
40
0 o
0 20 40 60 &0 100 120 140 160 180 200
0 xv 200,
120 —2a
TT1 acucreMa 1 | HI,HCHCTeMa 2 ‘ OE®B Tta BCKTOP-
96 — 120 % ﬁ:_!\— byHKIii
/_ | ‘ //’ ONTHMAILHOTO
- / T L o V PO3MOMITY pecypey B
= )/ ImicHCTeMAaX MiciIa

48

24

]

L

0 40

80

120

160

200

a0

30

0

] 40

&0

120

160

200

BHTPAaTH KBaHTIB
pecypey 60, 90
(mopMoeani 0*50)

N N




BucHoBknu

OTpvmano HOBI HayKOEBI pe3ynbTam™:

MNokpaweHo OeKOMNOSMLIMHY Modens pilleHHA BapiauiMHol 3304l pPOIBMTRY
BEMBHMYOT cMCcTEMM NpM oBMmemeHOMY FTOpMIOHTI NPOFHOSYBaHHA, A2 Ha BiaMmidy Big
ICHYIOUMX MEeTOLIE aHanizy CUHTe3y ONTMMAaNBHOMD YNPaBAiHHA MNPOUECaMM PO3BMTHY
BMpOBHMUMX CHCTEM 33NPONOHOBaHO pieHHA Ha Gasi aekomnosuuli nnaHosoro nepioay
NpOUECY POSBMTHY Ha IHTepeand, Og YNpaBNiHHA BMHOHWOTLCA Ha Bazi onTMmanoHoOrc
arperysaHHA CTPYKTYPH 4EMpOoDHMUTED, pO3BMTOKY,

Mokpawerno onepatop nepexogy mMid iHTEPBaNamMM NPoLECY BMKOHYETBCA HOBHMMW
ONepaTopomM NEpEXOAY MiM IHTepeanamu, Oe Ha BigMiHY Bio aHaNOorie, NpM Nepexoni mix
IHTEPEaNaMKM 3MIHIDETBCA HE TiNBHM CTaH BMpoBHWUOl cMCTemMM, ane W NapameTpy mModeni
OMHamikM. PozpobneHe pilueHHA — NapamMeTpM208aHHMK ONepaTop Nepexoay.

MpakTHyHe 2Ha4YeHHA OZ4EepMaHMX PeayAeTaTiBE NOMAr3e B TOMY, WO Ha OCHOBI
OTPMMaEHWX TEODETHUHKMX NONOHKEHb pospobneHo nporpamyi zacobu, soKkpema:

—nNporpamHUid Moayib obUMCAeHHA NPUPOLLEHHA BMMYCKY Npoaykuil | napameTpie
tbyHHUIT BUpoBHMUTES;

—NporpamMHUd MOoaYAe ODUMCAEHHA BMNYCKY NpoayKLUil | napameTpie cuUcTemMu E
2aNEeMHOCTI Big BEEMMUMHK KBaHTY pecypca;

—nNporpamu4 Ta iHTepdeicy NiocKMcTemy BESNeHHA | aHanisy AaHMx.
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