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AII3 — Aromatnunuii [loBTopHuUii 3anur
AIIT — AnanoroBo-tiudposuii [lepeTBoproBau
BCM - Besnposigna Cencopra Mepexa

3B — 3abpyauenns Boau

KIC — Komm’totepHo-inTerpoBana Cuctema
MUB — Mosnitopunr Yucrotu Bonu

HB — Heenuki Bonoiimuina
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BCTYII

Hi myis koro He CEeKperT, M0 YUCTa BOJia € OJHUM 3 HAWBaKIUBIIINX PECYPCIB,
OCKIJIbKM BOHA 3aJI0BOJIBHSIE BC1 MUBLTI3AIlIHI TOTPEOH, a 3arajibHa KUTBKICTh BOM,
IPHUCYTHHOI Ha IUIAHETI, 3aJIMIIAEThCS MOCTIHHOIO Ha BCii mianeti [1]. HegocraTtHbo
00po0JIeHnH BOHUH pecypc Y BUCOKO HACEICHUX PETiOHaX MPU3BOIUTH 10 CKUIAHHS
TOKCUYHUX XIMIYHHUX PEYOBHH, 3MIHM KJIIMaTy, 3pOCTaHHS KUIBKOCTI HACEJICHHS,
HEOYMIIICHUX CTIYHMX BOJI Ta I1HIIMX BHAIB AISJIBHOCTI JIOAWHU. Pe3ynbpraTom
npobiemMu aediuTy Ta HASBHOCTI € JOJAaTKOBE HEpPIBHOMIpHE, HECTallIbHE Ta

HEPIBHOMIPHE PO3MOBCIOIKCHHS BOJIU 10 BCIM IJIAHETI.

binbmiicte Moel y CBITI BUKOPUCTOBYIOTH 3a0pYyJIHEHY BOJY 3 BEKTOPHUMH
3aXBOPIOBAHHIMU HeElNepe0auyBaHUM PIBHEM PI3HHX 3a0pYyJHIOIOUHMX PEYOBUH IS
MPUTOTYBAHHS %K1 Ta MTUTTS.

VYci kpaiHu, 1110 pO3BUBAIOTHCS, 1aI0Th BOJY SIK OCHOBHY BUMOTY ISl 72% KUTTS
HAceJeHHs Ta OCOOJMBO CUIBCHKOI MICIIEBOCTI. 3a0pyJHEHE BOJONOCTaYaHHSA
noripiImio 6e3nexky s JroauHu. CaabKiCTh 1 CITyCTOIICHHS PU3BOAATH /10 BEJIMKUX
HaciKiB 3a0pyaHeHoi Boau. OTxe, XBOpoOHU, MEPEHECEH]I BOAOI0, TaKl SIK JCHTE,
XoJiepa Ta MaysIpisi TOIIO, 3MEHIIYIOThCS JJISI OCHOBHUX TPOOJIEM 31 30pPOB’SIM.
Henocrarne ouniiieHHs BOU Ta caHiTapii npu3BoauTh 10 70% BUManKiB giapei.

Tomy MeToro JaHOT pOOOTH € PO3POOJICHHS! KOMITIOTEPHO-1HTETPOBAHOT CUCTEMHU
KOHTPOJIIO YUCTOTH HEBEIMKHUX BOIOUMHUIIL. J[J1s IIbOTO HEOOX1THO BUPIIIIMTH HACTYIIHI
3a/layl: BUKOHATH aHaii3 cTaHy npobsiemMu 3a0pynHenns HB; BusHaunTn napamerpu
KOHTpoIt0 urcToT HB; mpoBecTH KOMIT' IOTEpHUN €KCIEPUMEHT 3 BUKOPUCTAHHS
MatLad Simulink; BukonaTu aHaji3 pe3yJbTaTiB KOMII IOTCPHOTO €KCICPHUMEHTY;

pPO3pOOUTH CTapTaIl MPOEKT.
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1. CTAH 3ABPYJHEHHS HEBEJIMKNX BOJJONMMII]

UwncToTa BOIM B CTaBKaX, 03epax KOHTPOIIOETHCS SIK IPUPOTHUMU TPOIICCAMH,
Tak 1 BILTUBOM JitoauHU. [IpupoaHi dhakTopu, Taki K JKEpesio BOJOWMMH y CTaBKax Ta
TUNU TIPCBKUX TOpiJ Ta TPYHTY B BOJOJIUI CTaBKiB, BIUIMBATUMYTh Ha JESKi
XapaKTepUCTHKH YMCcTOTH Boju [1]. Lli hakTopu BasKKO KOHTPOJIIOBATH, ajic 3a3BUYA
BUKJIMKAIOTh MaJio mpobsieM. HaTomicTh, Halicepho3HiIi TPoOIeMH 3 YUCTOTOIO BOAU
BUHHUKAIOTH 13 BUKOPHUCTAHHS 3eMeNb a00 1HIIMX BUJIIB AISUTBHOCTI MoOan3y ado y
craBkax, o3epax [1]. Edextu mux 3axo/iB 4acTO MOYKHA 3BECTH JIO MIHIMyMy 3a
JIOTIOMOTOI0 TIPABWJIBHOTO yMPAaBIiHHS Ta pPaHHBOIO BHSBJICHHS NpodieM 3a

JIOTIOMOT0¥0 TecTyBaHHs [1, 2].

1.1. Orasa i aHadi3 craHy npo0jeMd MOHITOPHMHIY YHMCTOTH HEBEJIHKHX
BOJXOMMMII

MoniTopunr unctotu Boau (MUB) — 1e mpoliec KOHTPOIJIIO Ta BUMIPIOBAHHS
TUIIB 3a0pyJIHIOIOYUX PEUYOBMH Y BOJI, KOHIIEHTpalli Ta TEHJAEHUIi pI3HUX
3a0pyHIOIOYMX PEUYOBHH, a TAKOXK OIIHKHU SKOCT1 BOJIM. Jliama3oH MOHITOPUHTY JTyKe
IIMPOKHM, BKIIIOUAOUM HE3a0pyHEH1 Ta 3a0pyJHEHI NPUPOJHI BOAM (piuKa, piuka,
03€p0, MOPCHKI Ta IPYHTOBI BOJM) Ta PI3HOMAaHITHI NMPOMUCIOBI CcTOKH. OCHOBHI
€JIEMEHTH MOHITOPUHTY MOJKHA PO3/UIMTH Ha JBI KaTEropii: OJlHA - 11€ KOMIUJIEKCHUN
MOKa3HUK, 110 BigoOpaka€ 4YUCTOTY BOJAM, HANpPHUKIAA TEMIIepaTypy, KoJip,
NOMyTHIHHS, pH, TpOBiMHICTH, 3BaXKEHI TBEPJAl PEYOBHHH, PO3UYMHEHUN KHUCEHbD,
noTpedy B XIMIYHOMY KHCHI Ta O10XIMIYHMM IMOMUT HA KUCEHb. [HI - TOKCHUYHI
pPEYOBMHHU, Taki SK (PEHOJ, IiaHlJ, MUII SIK, CBHUHEIb, XPOM, KaJaMii, PTyTh Ta
OpraHivyHi MeCTULUIU. 3 METOI0 00'€KTUBHOI OI[IHKU CTaHy PiUYOK Ta YUCTOTH BOIH B
OKeaH1, KpIM BHIII€3a3HAYECHUX MYHKTIB MOHITOPUHTY, 1HOJ1 BUMIPIOIOTH IIBUAKICTh

Tedii Ta BuTpary [1].
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1.1.1. OO0’€KTH MOHITOPHHTY

MYB oxomiro€e MHMPOKHA CIEKTP O00JacTei, BKIIOYAIOUM PETYIISPHUIA
MOHITOPUHI TOBEPXHEBUX 1 MIJ3€MHHUX BOJ], CIIOCTEPEKEHHS 32 BUPOOHUIITBOM Ta
XKUTTEBUM IPOIIECOM, a TAKOK MOHITOPUHT aBapiiHuX curyaiiii. MUB moxxe HagaTu
JaH1 Ta iHPOpMAIIIIO IS YIPaBIIHHS JOBKULISAM, 8 TAKOK MOXE MOCITY>KUTH OCHOBOIO
JUTSL OI[IHKH YHCTOTH BOJH PIYOK Ta okeaHiB [1].

1. [ToBepxHEeB1 Ta MiA3€MHI BOAM - PETYISIPHUI MOHITOPHUHT.

2. BupoOHu4i Ta )XKUTTEBI MPOIECH - MOHITOPUHT CIIOCTEPEIKCHHS.

3. MOHITOPHUHT aBapiii - MOHITOPUHT HAJ3BUYANHUX CUTYaIlIH.

4. JIna yripaBiiiHHS JOBKULISIM - HaJla€ JaH1 Ta iHPOpMaIlio.

5. Hamae pani Ta i1HdopMmamiio I8 HAyKOBHX JOCHIKEHb Yy Talysl

HaBKOJIMILIHBOT'O CEPENOBUIIA.
1.1.2. Metoau moniTtopunry HB

B nmanuit yac Texnonoris MUB nocsria mBHAKOTO PO3BUTKY 1 B OCHOBHOMY
BUKOPUCTOBYE TEXHOJOT0 (I3UYHOTO0 Ta XIMIYHOTO MOHITOPUHTY, BKIIIOYAIOUU
XIMIYHUA METO/I, CICKTPOXIMIYHUI METO/I, aTOMHO-a0COpOIIIHY
criekTpodoToMeTpiro, 10HHO-CEJICKTUBHUI €JIEKTPOAHU I METO/I, 10HHY
xpomatorpadito. Cnocid, razoBa xpomarorpadis, IIa3MOBUM  eMICIMHUI
cunektpockomiit (ICP-AES) tomo. Cepen HUX 10HHO-CEICKTHUBHUN €JICKTPOIHHMA
MeTOJ| (SKICHUM, KUIbKICHUH), XIMIYHUH MeTOj (TpaBIMETPUYHUN METOJ, METOJ]
00'€eMHOTO TUTPYBAaHHS Ta CHEKTPO(OTOMETPISl) TAKOXK MIMPOKO 3aCTOCOBYIOTHCS B
pyruaaomy MUB Bmoma Ta 3a kopmoHoMm [1-2]. B ocranni poku mas MUB
3aCTOCOBYIOTHCA TaKOX TEXHOJIOTIl OlOJIONYHOr0 MOHITOPUHIY Ta JUCTAHLIMHOIO
30H/TyBaHHSI.

Ha puc. 1.1 HaBeneHo mporiec MOHITOPUHTY Ta OIIHKH BOJHUX 00’ €KTIB, SIKHIA
HEOOX1THO PO3TJISIATH K MOCIIIOBHICTh B3a€EMO3B’ I3aHUX OTepalliil.

[{ukiu MOHITOpUHTa TOBHMHHI BHU3HAYATHCHh 1 TUIAHYBATHUCHh 3 PO3PAaXyHKOM

NOTPIOHOTO MPOAYKTA 1 cenu(iKu NONepeIHFOr0 KOMIIOHEHTA JIAHLIIOTA.
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Bomorocnogapceka

MiSNbHICTE \
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[Iporpamu =
MOHITOPHET'Y ObpobKa manux '
30ip naHHEx

Pucynok 1.1 — IIpyHUIMIIM MOHITOPUHTY 1 OLIHKY BOJAHHUX 00’ €KTIB

Tpaguuiinuii Gpi3HYHMH TA XiMiYHUI MOHITOPHHT

[Ipy MOHITOPUHTY YHMCTOTH TMOBEPXHEBUX BOJ, OCKUIBKM 1HCTPYMEHTH
MOHITOPUHTY BIIHOCHO MPOCTI, (P13UYHI MOHITOPUHIOBI MOKa3HUKHU YACTO MPOCTIIIIE
OoTpuMaTu. 3a3BUYail BUKOPUCTOBYBaH1 MPHIIAJIN JIJIs1 KOHTPOJIIO (P13UMYHHX MOKA3HUKIB
BKJIFOYAIOTh BHUMIPIOBAHHS TOMYTHIHHS BOJIU, (OTOMETpUYHHM (oTOMETp miist
BUMIPIOBAHHSA XPOMAaTUYHOCTI, BHUMIPIOBaY TPOBIMHOCTI IS BHUMIPIOBAHHSA
npoBigHocTi Tomo [2]. Ha manmii MmoMenT GaratodyHkiionaapsauii MUB peanizye
OJIHOYACHE BUMIPIOBAHHS JIEKUIHKOX MpeAMETIB. BIuB (pi3nyHMX MOKa3HUKIB.

MOHITOPUHT XIMIYHUX MOKAa3HUKIB € OCHOBOIO MOHITOPUHIY MTOBEPXHEBUX BOJ.
3BepTarouu yBary Ha MOHITOPMHT TOKCUYHHUX OPTaHIYHHUX 3a0pyAHIOIOYHX PEYOBHH,
OyJI0 TOCSITHYTO TEBHOTO MPOTPECY B rajy3l BUSBICHHS Ta JOCTIIKEHHS Ta PO3POOKH
npuiaaiB. Jleski cTaHIii MOHITOPUHTY 3allpOBaJAMIIM BEJIHKI Ta CepeaHi 1abopaTopHIi
MOHITOPHUHTH, SIKI MOXYTb OyTH Ha MicIli. MOHITOPHHT Ba)KKUX METaiB, TAaKUX K Zn,
Fe, Pb, Cd, Hg, Mn ta rajorenHi eieMeHTH, aMOHIEBUH a30T, HITPUTHUM a30T, IiaHi],

¢dbeHou, aHioHHI MU0l 3acobu Ta Se [3].
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BioJsioriynnii MOHITOPUHT

bioyioriyHui MOHITOPUHT € OJTHUM 13 METO[IB MOHITOPUHTY 3a0pyIHEHHS BOIH,
BiH BHUKOPHCTOBYE DPEAKI[iI0 O10JOTYHHUX OCi0, HACEJEHHA YHM TPOMAJU Ha 3MIHU
3a0pyJHCHHsSI HaBKOJHUIITHHOTO CEPEIOBUINA JUIsl YTOYHEHHS CTaHy 3a0pyJaHCHHS
HABKOJIMIITHEOTO CEPEIOBUIINA, SIKHH € UyTIUBUM, 30aradyeHuM, TOBIOCTPOKOBUM Ta
BCEOCSHKHUM. B nmanuii gac meTonu 61070TIYHOTO MOHITOPHHTY, SIKi 3aCTOCOBYIOTHCS
B peaJlbHOMY MOHITOPUHTY, BKJIIOYalOTh B OCHOBHOMY METOJ 010JI0T1YHOTO 1HJCKCY,
METO/ IHJIEKCY P13HOMaHITHOCTI BU/I1B, METOJ MOHITOPUHTY MiKpOO10-CITIJIbHOTH, TECT
010JIOT1YHOT TOKCUYHOCTI, BAMIPIOBAHHS 010JIOTTYHOT 3aJIUIIIKOBOT TOKCUYHOCTI1, METO/I
€KOJIOTTYHOI TOKCHUKOJIOT1i Tomo. KIliTHHHI BOJOPOCTI, MPOTEICTH, TOHHI OPraHi3MH,

pudwu Ta 3eMHOBOTHI [2-3].

TexHos0risi AMCTAHUIHOIO MOHITOPUHIY 30HAYBAHHS

BinnaneHuii MOHITOPMHI YHMCTOTM BHYTPIIIHIX BOJ IPYHTYETbCS Ha
EeMIIIPUYHOMY, CTAaTUCTUYHOMY aHaji3l abo CHEKTpalbHHUX XapaKTEepUCTHUKaX
napaMeTpiB YUCTOTH BOJM, Mi0OP1 JaHUX J1aMa30Hy JUCTAHIIIHOTO 30HyBaHHS Ta
JaHUX [apamMeTpiB YUCTOTU TIPYHTOBOI BOJAM I MAaT€MaTHYHOIO aHalizy Ta
BCTAHOBJICHHI aJTOPUTMYy 1HBepcil mapamerpiB umctotd Bomu [3]. Metoau
JUCTAaHUIAHOTO 30HyBaHHS YUCTOTH BOJM MOXYTh BiIOOpa)kaTh MPOCTOPOBHUM Ta
YaCOBHI PO3MOJILI Ta 3MIHU YUCTOTH BOJIU Ta 3HAXOUTH JICAK] JKEpea 3a0py THeHHS
Ta XapaKTEPUCTHKU MIrpamii 3a0pyJHIOIOYMX PEYOBHUH, SIKI BAXKKO PO3KPUTH
3BHYAlHUMHU METOJAMM, Ta MalTh IEpeBaru HIMPOKOTO iana30Hy MOHITOPHHIY,
BHUCOKOi IIBUIKOCTI, HHU3bKOi BapTOCTI Ta MPOCTOTO TPUBAJIOTO JUHAMIYHOTO

MOHITOPUHTY.
OneparuBHUI MOHITOPUHT

B pobGorax [1, 2, 3] HamucaHo, 110 HAHOLIBIIOl MIKOAW E€KOJOTIYHOMY CTaHy
BOJHUX 00'€KTIB, €KOHOMIIlI BOJIOKOPHCTYBadiB 3aBJalOTh aBapiifHI Ta 3ajIoBl, a
TaKOXX HeJlerajdbHl CKUAM 3a0pyJHEHMX CTIYHUX BOjA. HecBoeuacHe BUSIBIICHHS

eKCTPEMaJIbHUX CHUTYyalllif, HEONepaTUBHICTh OOCTEKEHHA Ta MPOrHO3YBaHHS
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NEepeMIleHHsI 30HU 3a0pyJHEHHsS MEpEeHIKO/KAIOTh MPUUHATTIO TEPMIHOBHUX
BOJIOOXOPOHHHX 3aXO1B 1 KEPYIOUHMX BILIMBIB 1 TPU3BOASITH 10 ICTOTHUX €KOHOMIYHUX
1 eKOJIOTIYHUX BTpaT.

B poOoti [4] 3a3nHaueHo Te, 110 100 IMBUAKO BHUSBUTH HEOE3ICUHI CHUTYyaIlii
3a0pyAHEHHS, BUKIIMKAHUX aBapiiHUM 3a0pYyIHEHHSIM BOJHUX 00'€KTIB, IPU3HAUYCHI
OIIepaTHBHI CIIOCTEPEHKEHHS, IO MTPOBOAATHCS 3 TUIsIMHE [4]:

- CBOEYACHOTO BUSIBICHHA 3MIH CTaHy BOJHHUX OO'€KTIB, SIKI MOXYTh

MPU3BECTH JI0 ICTOTHOT'O €KOHOMIYHOTO Ta €KOJIOTTYHOTO 30UTKY;

- TIONEpEeIHHOTO BU3HAUCHHS MACIITA01B 3MiH, MPUYMHU 1X BUHUKHEHHS Ta

MO>KJIMBHUX HACHIJIKIB;

- BUJayl onepaTUBHOI 1H(pOpMaIlil Ipo HeOe3MeyHe IBULIE 1 PEKOMEHTalllid

I0JI0 OTIEPATUBHUX 3aXO0/l1B, CIIPSMOBAHUX Ha 3aXUCT BOJIHOI EKOCHCTEMHU.

OnepkyBaHa MEPEKEI0 PEKUMHOIO MOHITOPUHTY i1H(pOpMallis Mpo CTYMiHb 1
XapakTep 3a0pyAHEHHS BOJHUX OO'€KTIB OXOIUIIOE JIUIIE HEBEIUKY YacTuHy 3B, 1o
HAJAXOMATH 31 CTOKAMH 3 PO3MOAUIEHHX 1 30cepemxkeHux mkepen [4]. Coin
BpPaxoBYBaTH, 1110 Yac, HEOOXITHUM 1Jig BiIOOPY MpoOu, ii TpaHCTIOPTYBAaHHS, aHATII3Y
CTaIllOHApHO1 J1abopaTopii, 3HaAYHO MEPEBUIILYE TEPMIHU MTPOXOKEHHS HEOE3MEUHOTO
SBUIIA HA BOJHOMY OO0'€KTi, BUKIMKAaHUM aBapiiHUM CKHUIAHHSAM 3a0pyJIHEHHUX
CTIYHMX BOJ. ICHye Takox (hakTOp 3ali3HIOBaHHS MOYATKY OOCTEXEHHS (JIEKLIbKa
110), TaK, KOJIM €IMHOI0 O3HAKOK HEOE3NeYHOTo SBHINA OyJ0 BUSBJICHHS 3arubioi
pubH, mepiof] 3ami3HIOBaHHSA MIT OyTH 1€ OUIbIINM, OCKUIbKH, HANIPUKIIAL, 3aruoii
OCETpOBI pUOM CILIMBAIOTh Ha MOBEepXHIO uepe3 7-10 mi6 [4]. B takomy Bumaaky
1meHTU(IKaIs Kepena 3a0py/IHeHHS BKpaid CKpYTHA 1 MOYKJIMBA JIUIIIE TTPU HASIBHOCTI
aBapiiHOTO CKUJAHHS MPOTITOM TPHBAIOTO Yacy.

CxiamHicTh  oprasizaimii  ONEpPaTUBHOTO  MOHITOPUHTY  YCKIIAIHIOETHCS
BUHUKHEHHSIM PI3HOMAaHITHUX 3a MICIIEM 1 4acOM HeOe3MeYHUX CUTYallli, BEIUKOIO
PI3HOMAHITHICTIO IPUYMH 1 KOMIIO3UIIIH 3B, cTUCcicTIO Yacy BUKUY.

KopotkoicHyroui 3B mOBepXHEBUX BOJ 3 BHCOKOI KOHIICHTPAIlIEIO, IO

BUKJIMKAIOTh CYTTEBI 3MIHU B CTaH1 €KOCHCTEM, 3a3BHYAil MPUYpPOYEHI IO pailoHIB 3
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IHTEHCBHUM aHTPOIIOTCHHUM HaBaHTaxeHHsIM [4]. Ile 1 BH3HauUae MOIIBHICTD
NEepIIoYEeproBoi Opraxizallli onepaTUBHOrO MOHITOPUHTY caMe B TAaKUX pailoHax.

3naBanocs 0, 3aco0M AUCTAHIIMHUX CIOCTEPEKEHb JI03BOJISIIOTH OMEPATUBHO
BUSIBUTH aBapiiiHe 3a0pyAHEHHS Ta 1IeHTU(DIKYBaTH JKepeno BIUIMBY. OaHak He Oy ab-
sgKa 3MIHa CTaHy BOJHOTO 00'€KTa, BUKJMKAaHA aBapiMHOIO CUTYalll€l0, MOXKE OYyTH
po3mmdpoBana 3acodbaMu qucTaHmiiHOi JaHku [3,4]. ToMy ¢dakt aBapiiiHOT cuTyaIlii
CJiJI BUSBIATH 1 3ac00aMU KOHTAKTHUX CIIOCTEPEKEHb. EKCTPEHICTh OTpUMaHHS
iHpopMaIlli 3HAYHO 3POCTA€ MPH BUKOPUCTAHHI aBTOMATUYHMX CTAHIIM KOHTPOJIIO
(bararormapaMeTpOBHUX aHaNI3aTOPiB), 10 BCTAHOBJIIOIOTHCA HA BOJHUX O0'€KTax y
MICIISIX WMOBIPHOTO MPOSBY aBapIMHUX CUTYaIllil Ta 3A1HCHIOIOTh B aBTOMAaTUYHOMY
peXHUMI 3a 33JaHOK0 MEPIOJMYHICTIO MOCTIMHUN KOHTPOJb MapaMeTpiB (Pi3MYHUX
BJIAacTUBOCTEH 1 XimiuHoro ckiamy [4]. Xoda, 3BHYAiiHO, KOHTaKTHI METOAHM B
MOPIBHSIHHI 3 JUCTAHI[IMHUMHM BOJIOJIIOTH 3HAYHO MEHIIMMHU MOMJIUBOCTSIMU
OIEPAaTUBHOIO BCTAHOBJIEHHS PO3MIPIB 30HU 3a0pyIHEHHS.

HaiiMeHIl omepaTMBHUM CHOCOOOM OTPUMAaHHS CHUTHANy IPO BUHUKHECHHS
HE0E3MeYyHO1 CHUTyallll Ha BOAHOMY OO'€KTI € MONEPEKEHHS BiJ MiANPUEMCTB,
CaHITapHUX 1 pUOIHCTIEKIII, OKPEMUX TPOMA/ISH.

Oco0nuBOi yBaru 3aciIiyroByrOTh TpacEpPHI METOAM, 3aCHOBaHI Ha CIEIIaAIbHOMY
crnoco0i MideHHs (DIIyOpEeCUEeHTHUMH TpacepaMmu-MapkepamMu 3B cTiuHuX BOJ, LIO
HAJIXOMATh IIIJI Yac aBapii B BOJY, MPOCTOTa 1 €KOHOMIYHICTh, BUCOKA UyTJIMBICThH
(BUSIBJIEHHS Tpaccepa MOKIIMBO Mpu po3BeneHHl 70 1013 pa3iB) 1 ekcripecHICTh — OCh
TOJIOBHI MepeBaru nux MeToiB. HallOubI mepcneKTUBHUM € JIa3epHE 30HAyBaHHS 3
OOpTYy TMOBITPSHOI CTaHINi CHocTepekeHb abo cyaHa. OpHak edeKTUBHE
BUKOPUCTAHHSA TpaccepiB MOXJIMBO IMpPU KOHTPOJI CKUAIB JIMIIE BEIUKHUX
30CEPEKEHUX JpKepell 3a0pyIHEHHS 1 MPAKTUYHO HE 3aCTOCOBYETHCS AJI1 KOHTPOJIIO
po3ocepemkennx kepen [4].

B cuctemi onepaTMBHOTO MOHITOPUHTY OCOOJIMBOTO 3HaY€HHS HA0YBalOTh TECT-
MeToau BU3HA4YeHHS npioputeTHux 3B Ha piBHI Bucokux (> 10 I'JIK) konuentparrii
Ha OCHOBI JOCTyIHUX B IIOJIbOBUX yMOBax 3aco0iB 1 NOpHUIlOMIB, HampuKIal,

IHIMKATOPHUX MArepiB, Bi3yalbHOI KOJOPUMETPIi, ioHoMmeTpil [4].
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1.1.3. Toka3HMKH BUNIPOOYBAaHb YUCTOTH BOAU

B po6orax [4, 5], BUALISAIOTE HACTYITHI OCHOBHI IIOKa3HUKHU:

1. Xpom: Koau xomip nuTHOT Boau OUIbIIKN 3a 15 rpaayciB, OLIBIIICTD JIFOICH
MOK€ BHSBUTH Moro, koiu BiH mnepeBuurye 30 rpaayciB, JIOAM BiA4yBalOTh
oruay. CTaHAApT YTOUHIOE, IO KOJIp MUTHOI BOJM HE MOBUHEH MepeBUINyBaTd 15
IpajayciB.

2. IlomyTHIHHS: 1€ BUPaXEHHA ONTHYHUX BIIACTUBOCTEH 3pa3KiB BOJH,
BUKOPUCTOBYETHCS NIl TIO3HAYEHHS YITKOCTI Ta MOMYTHIHHS Boau. Lle omuu 3
HaWBaXJIMBIIIUX TIOKA3HUKIB JJII BUMIPIOBaHHS JOOPOTHM YUCTOTH BOIH, a TaKOX
OI[IHKM €(PEKTUBHOCTI OYHUIIECHHA OOJaJHAHHS JUIsl OYMUIIEHHS BOAM Ta OILIHKH
OUHUIIEHHS BOJU. BaxiMBa OCHOBa TEXHIYHOTO CTaHy. 3HMKCHHS TOMYTHIHHS
O3Hayae, 110 BMICT MIKPOOPraHi3MiB, TaKMX SIK OpraHidHa pedyoBHHA, OakTepii Ta
BIpYCH Y BOJOWMI, 3HMKYETbCA, IO HE TUIBKK TOKpallye edekT ne3iHgexiii Ta
CTepHIIi3allii, ajie i 3MEHIIy€ KUTbKICTh TaJJIOTCHOBAHMX OPTaHIYHUX PEUOBHH [4].

3. 3amax Ta cMak: 3amax BOAM - II€ TOJOBHMM YHHOM HAasBHICTh OpPTaHIYHUX
PEYOBUH, MOXKE CIPUUYUHATUCSA TMIABUIICHOI OI0JOTIYHOK AaKTUBHICTIO abo
IPOMHUCIIOBUM  3a0pyJHEHHSIM. 3MiHA HOPMAJIBHOTO 3amaxy BOJOMOCTa4YaHHS
HAaCEeJICHHs] MOYKe OYyTH 03HAKOIO 3MIHHU SIKOCT1 CUPO1 BOJAM a00 HETOCTAaTHRO OUMIIICHOT
BOJIU.

4. BUugHO HE030pOEHUM OKOM: B OCHOBHOMY CTOCYETBHCS YACTUHOK a00 1HIIMX
3B@XCHUX PEYOBHUH, SIKI MPHUCYTHI Y BOJI 1 MOXYTh CIOCTEpIraTucs HE030pOEHUM
OKOM.

5. 3anuikoBud XJop: 3aJMIIKOBUN XJIOp O3HAYa€ KUIBKICTh XJIOPY, IO
3QJIMIITUBCA Y BOJI TICHS XJIOPYBAaHHSI Ta XJIOPYBaHHS IMPOTITOM IEBHOTO TMEPIOAY
yacy. besnepepBHa  OakTtepunyjHa  3JaTHICTB Yy  BOJAI  MOXKE  3amo0irTu
camo03a0pyJHEHHIO BOJIOIPOBOY Ta 3a0€3MEUUTH YUCTOTY BOJIU BOJOIPOBOY.

6. XiMmiuHa moTpeda B KUCHI: BITHOCHUTHCS IO KITBKOCTI KHCHIO, HEOOXITHOTO
XIMIYHUM OKHCIIIOBa4aM JUIsl OKMCJIEHHS OpraHiuHuX 3a0pyaHioBayiB y Boji. Uum

OupIa moTpeda B XIMIYHOMY KHCHI, TUM OLIbIIE OpraHIYHUX 3a0pyAHIOBAYiB y
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Boj1. Opraniuni 3a0pyHIOBaYl y BOJIi B OCHOBHOMY OTPUMYIOTb Bl CKUIY MTOOYTOBUX

CTIYHUX BOJ 200 MPOMUCTOBUX CTIYHUX BOJI.

7. Beboro Oakrtepiit: baktepii, 1o MICTATbCS y BOJIl, BUBOASTHCS 3 IOBITPS,

IPYHTY, CTIYHMX BOJ, CMITTS, TBapuH 1 pociauH. Tumu OakTepii y BOJI pi3HI,

BKJIIOUYAIOYM MATOTCHH1 OaKTepii.

8. 3aranpHa rpymna KHIIKOBOI MAJWYKU: 11€ 1HAUKATOp OakTepiil Ansi dexaabHIX

3a0py/IHEeHb, a CTaH, BUABJICHUM y Hii, MOKE€ BKa3yBaTH Ha T€ YU € y BOJII Oy/b-siKe

dekabHe 3a0pyAHEHHS Ta PIBEHb HOTO 3a0pyaHEHHS. Y TPOIeCi OYMINCHHS BOIU

micns Ae31HGeKIiHOI 00poOKH 3arajlbHUN MOKa3HUK KOJII(OpPM MOKE BIAMOBIAATH

BUMOTaM HOPM ITUTHOI BOAH, IO CBITYUTH PO Te, IO 1HII XBOPOOOTBOPHI MIKpOOH

B OCHOBHOMY TMHYTb. BUTbII I€TanbHI IpapaMeTpy YUCTOTH BOJIM HAaBEIEHI B Ta0M. 1.

Tabmuug 1. [lapameTrpu yncToT BOIU

IMapamerpu Omnnauni | 3ayBaxkennss | Bumorn Metoau
0 TecTy

®Di3uy4Hi Ta XIMiYHI:

- Komip Pt. Co 3 15 Konopumerpuunuii
IIKana

- 3amax Pt. Co HeraTuBHUM | O6e3 3amaxy | OpraHojaenTU4YHHMA
IKasia

- PH Pt. Co 6.50 6,5-8,5 Enexrpomerpuuni
IKana

- CMak Pt. Co HOpPMaJbHUU | HE OpranoyienTUYHUI
1IKasia HOPMaJIbHUN

- IloMyTHIHHSA OTY 1 3) [TomyTHIHHS

- AJTFOMIH1# MTI /11 amxue 0,20 0,2 AAC

- Miab M/ 11 amkae 0,03 1,0 AAC

- 3ami30 Bceoro | Mr/n amwk4ae 0,04 0,3 AAC

- Maprasnenp MT / JT 0,06 0,1 AAC

- Hatpiii MT / JT 96,93 200 AAC
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- [{uHk MT / 11 0,047 5 AAC
- Xnopun Mr /11 140,41 250 ApreHToMeTpuYHUN
- dnopun Mr /11 0,09 1.5 Konopumerpuunuii
- HitpaTn MT / T Hrxye 0,11 10 Konopumerpnunmii
- Hitputn Mr /11 0,96 1 Konopumerpuunuii
- Cynbdar Mr /11 Hxkue 0,94 400 TypOinumeTpuaHUH
- My’ sk MT / J1 mmwxkye 0,001 | 0,05 AAC
- bapiii MT / T Hrxye 0,10 1 AAC
- Kagmi ML/ 71 umxue 0,005 | 0,005 AAC
- Iianiz MT / J1 Hrkue 0,01 0,1 Konopumerpnunuit
- Xpom MT / J1 amwkue 0,006 | 0,05 Konopumerpnunuii
IECTUBAJICHTHHUM
- Benyunii MT / J1 amxye 0,01 0,05 AAC
- PTyTh MT / J1 mmxkye 0,001 | 0,001 AAC
- CeJleH MT / J1 umxkue 0,007 | 0,01 AAC
- Opraniyna Mr / J1 3.06 10 IlepmanrananTomMeTp
pe4OBHHA 3a WYHHIN
KMnO,4
- Po3unnena MT / J1 431 1000 ['paBimMeTpruyHUI
TBEp/ia peUOBUHA
- CipkoBOJIeHb SIK | MT / J1 Hxkue 0,01 0,05 Konopumerpuunuii
H»2S
- [ToBHa mr CaCO 3 | 95.49 500 AAC
TBEP/IICTh
BaxkrepioJiorivni:
- Beporo Ha MJI 6,9x 1072 1,0x 1072 -
OakTepiit
- Komigopm Ha 100 M | HyTIB HYJIb ®inbTparis
Canbmonena Ha 100 mn | HeratuBHMM | HeraTuBHUM | DiTbTpanis
ApK.
MLA.[1M4104.0000.T13 13
3un. | Apk. | Nedoxym. | mionuc |Gama




1.2. O030p i aHaxi3 meToAiB 3a0pyIHEHHSI [1JIsI KOHTPOJII0O OCHOBHMX

napamMeTpiB BOJIOMHUIIL

IIlo Take uncToTa Boau? YHUCTOTY BOJM MOXKHA BU3HAYUTHU K (DI3UUHI, XIMIUHI
Ta OIl0JIOTIYHI XapaKTePUCTUKHW BOJHU, SK MPaBWIO, IIOJA0 1i MPUAATHOCTI IS
npu3HadYeHoro BuWKopucTaHHS [4]. Sk Mu Bci 3Haemo, Bojga Mae OaraTo BUIIB,
HaIPUKIAI, A BIANOYMHKY, MUTTS, pubanscTBa, CI' Ta mpomucioBocTi. KoxHe 3 1iux
npU3HauYeHb Ma€ pi3HI BHU3HAuUEH1 XiMiuHI, (i3U4HI Ta OI1OJOTIYHI CTaHIAPTH,
HEOOX1/TH1 JJIsI MIATPUMKH 1IbOTO BUKOpHUCTaHHs [4]. Hanmpukian, MU 04iKyeMo OLTbIIT
BUCOKHMX CTaHJApTIB JJII BOJHU, SIKY MU I'€MO Ta KyNaeMo, MOPIBHAHO 3 TaKOI0, sKa
BUKOpPUCTOBYETHCS Yy CI' Ta IPOMHCIOBOCTI.

o Take aHaxi3 yncrorn Boau? CTaHIapTH YUCTOTHU BOJU 3aMPOBAKYIOTHCS
U 3a0e3nedeHHs] e()eKTHBHOTO BUKOPHCTAHHS BOJHW JUIS BU3HAUCHUX ITijier [D].
AHani3 4YHCTOTM BOJM IMOJSTa€ Yy BUMIPIOBAHHI HEOOXIJHUX NapameTpiB BOAM,
JOTPUMYIOUUCh CTaHJAAPTHUX METOIB, /I MEPEBIPKU BIAMOBITHOCTI iX CTaHIAPTY
[4].

Yomy moTpideH aHagi3 YncTOTH BOAU? AHaTI3 YHCTOTH BOAU HEOOXITHUH B
OCHOBHOMY Il MOHITOPHHTY. [IeBHE 3HaUCHHS TaKOT OI[IHKHU BKIIIOYae [5]:

1. IlepeBipuTH, UM BIAMOBIAAE SIKICTh BOJM CTaHIApTaM, a OTXKE, MIJXOAUTh YU Hi
JUTSI IPU3HAYEHOTO BUKOPUCTAHHSI.

2. KontpomtoBatu €(heKTUBHICTh pOOOTH CUCTEMHU JJisl 3a0€3MEUCHHSI YUCTOTH
BOJU

3. [lepeBipuTH, 4 MOTPiOHA OHOBJIEHHS / 3MiHA 1ICHYIOUO1 CUCTEMH, 1 BUPIIIUTH,
K1 3MIHU MalOTh BIIOYTHCS.

4. KonTposroBaty, 4¥ BIANOBIIA€ YUCTOTA BOJU MIPaBUIaM Ta HOpMaM.

Tak sk, HUBLII3ALIS HE CTOITh Ha MICHLI (PO3BUBAIOTHCS MIAMPUEMCTBA 1 T. 1.)
BUHUKAE psa 3a0pyJHIOBadiB BOJONMMHUIN. 3a0pPYIHEHHS PI3HUX BOJONMHUIIL
PO3IIIA€EThCS Ha (i3udHE, XIMIYHE, O10JIOTTYHE 1 TEIIIOBE.

®di3uyHe 3a0pyIHEHHS - 11€ MOTPAIUIIHHS BUKUHYTHUX MaTepiaiiB y HaBKOJUIITHE

cepenoBuiie. OizuyHe 3a0pyTHEHHS - 1€ T€, III0 MOYKHA HA3BaTH CMITTSM 1 € IPSIMUM
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pe3yNbTaTOM JIIOACHKUX Aii. [HIIMMU cioBamu, HpUposia HE CTBOPIOE (PI3UYHOTO
3a0pyHEHHS, OCKUIBKHA B MPUPOJHUX CUCTEMAaX BCl MOOIUHI MPOAYKTH ab0 BIIXOIU
3pELITOIO MEePEepOOIIAIOTHCA Ha3a ] Y HABKOJUIIHE cepeaoBuiie. Hanpukian, B mpupoi
TIOBAJICHE JICPEBO JCTPA/IYE 1 3 YaCOM IIOBEPHE MOYKUBHI pEUOBUHH B IPYHT. [5].

XimiyHe 3a0pyJIHEHHS - 1€ OJWH BHUJ 3a0pyaHeHHs. BiH BHU3HayaeTbCs SIK
NOTPAIUIIHHA XIMIYHUX PEUYOBUH y HABKOJMIIHE cepeloBuIlle. XIMIUHI PEUOBUHU HE
MO>KHa TTOOAYUTH HEO30pPOEHUM OKOM, ajie BOHU MOXYTh COPUUYUHUTU MPOOJIEMU Y
BCIX pailoHax HaBKOJIMIIHBOTO CEPEeIOBUIIIA, Bl MOBITPSI, IKE MH JUXAEMO, 0 MPICHOT
BOAM, SIKY MH I'€MO, JO IPYHTY, SIKUH MU BHKOPHUCTOBYEMO JJII BUPOIIyBaHHS
CUIbCHKOTOCTIONAPCHKUX KyJIbTYp. ClIbChbKOrocmoAapchka MNpaKTUKa € OAHUM 13
MPUKIIAJIIB JHKEpesia XIMIYHOro 3a0pyaHeHHs. [lecTuninam, 1o 3aCTOCOBYIOThCS IS
O0opoThOU 3 KOMaxamMH Ta JOOpPUBaMHU, SKI BUKOPUCTOBYIOTHCS [JISl I1JBUILEHHS
POJIOYOCTI IPYHTY, MICTATh a30T, pocdop Ta iHII XiMiuHI pedoBuHU [5]. 11 XimMiuH1
PEYOBHHH MOXKYTh OII'TH 3 1101 (hepMepa 1 TOTPAIUIATH Y BOJHI HUISIXH. A30T 1 hocdop
3aIUTITHIOIOTh KPUXITHE POCIUHHE KUTTS y BOJI, BUKJIMKAIOUM IMIBHIKUH PICT 1,
3pELITOI0, BUCHAKEHHS PIBHS KUCHIO Y BOJ1 IO TOTO MOMEHTY, KOJIM puba Ta 1HIII
BUJIU KUTTSI HE MOKYTh BIDKUTH. XIMIUHE 3a0py/IHEHHS MMECTULIMIaMU Ta JOOpUBaMU
TaKOXX MOXXE 3a0pYJHHUTHU IPYHT, SKIIO BUKOPHUCTOBYBATH HOTOo B HAAJMWIIKY. [HIII
JKepena 3a0pyTHeHHs ITPYHTY BKJIIOUAOTh BUTIKAHHS XIMIYHMX PEYOBHUH 13 IIaXT Ta
cMiTTe3BammiIL [5].

XimiuHe 3a0pyJHEHHS TaKOX CHOCTepIiraeTbcsa y ToBITpl. CrHaatoBaHHS
BUKOITHOTO TaJIMBa, HATPUKJIIA BYT1UIL, HAQTHU Ta TPUPOAHOTO Ta3y, BUIAUISIE XIMIUHI
3a0pynHioBadi B atmocdepy. Lli BUKOTHI BUIM MajlvBa MOXYTh BUKOPHUCTOBYBATUCS
Ha HallOMY TPAHCIIOPTHOMY 3ac001 200 B KOMyHaJIbHUX MIANPUEMCTBAX a00 rally3sx
npoMuciioBocTi. L1 xiMiuH1 3a0pyIHIOBaY1 HA3UBAIOTHCS TAPHUKOBUMU Ta3aMH, sIK1 €
razaMu B aTMocdepi, Kl NOMIMHAIOTH 1H(pauepBOHE BUIIPOMIHIOBaHHS Ta MaCTKOBE
terio. [5].

Ocob6nuBoi mKOIM BOAOWMAaM 3aBAarOTh HadTa W HaAQTOMPOMYKTH, SIKI
YTBOPIOIOTh HA TOBEpPXHI IUIIBKY, IO MEPEUIKOAKA€ ra3000MiHOBI MIX BOJAOKO 1

arMoc(eporo 1 3HMKYE BMICT KHCHIO y BOoi; 1 T HaTu 31aTHA po3muMBTHCS Ha 12 KM?
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noBepxHi Boau. Ocigaroun Ha THO, 3TYCTKU Ma3yTy BOMBAIOTh JOHHI MIKPOOPTaHI3MH,
o0 OepyTh y4acThb y CaMOOYMILIEHHI BOAW. ['HUTTS NOHHUX OCaJKiB, 3a0pyAHEHUX
OpPraHiYHUMHU CIIOTYKaMHU, IPOAYKY€E B BOJY OTPYIHI CIIOIYKH, 30KpeMa CIpKOBOJICHb,
1110 3a0pyAHIOE BOAY B piulli uu o3epi [5].

biosoriune 3a0pyaHEHHS - 11 TIEPEMIIICHHS KMBUX OPraHi3MiB, BUITAJIKOBO UM
HAaBMFHCHO, 3 THX MICIlb, JI¢ BOHU €BOJIOIIIOHYBAJIH, O HOBUX CEPEIOBHII, ¢ Opak
MIPUPOJIHUX BOPOTIB JI03BOJIsIE HaceleHH0 BuOyxaru [5]. Lli opranizmu, siki iHOI
HA3WBAIOTh IHBA3MBHUMH €K30THYHUMH IIIKiTHUKAMH, 3aTPOKYIOTh HAIIIMM YPOXKasiM,
HaIlIUM JIicaM 1, MOXKJIMBO, HaBITh CaMOMY iICHYBaHHIO. biojioriuni 3a0py/IHIOBaY1, 5K 1
X1M14H1 3a0pyAHIOBAYI1, € TYT Yepe3 JISITbHICTD JIIOAUHU. AJle Ha BIIMIHY B1JI XIMIYHUX
3a0pyaHIOBaYiB, O10J0T1YHI 3a0pyAHIOBAdl 3aKOHOJABCTBOM HE MOXYTh OyTH
3MEHIIIEHI YW TPOBOJAUTHUCH 3amoOiKHI 3axonu. Ilicims BBe3eHHs O10JOTTYHUX
3a0pyJHIOBAYiB  BOHH  POCTYTh, IHPUCTOCOBYIOTHCSA, PO3MHOXYIOTbCS — Ta
NOIIHUPIOIOTHCS CAMOCTINHO, SIKIO HE OYyTh BXKUTI IPsIMi, €HEPTriiiHI Ta YacTO AOPOT1
T 711 iX TpuUnuHeHHS [S].

TenoBe 3a0pyJIHEHHS - L€ MOTIPIIEHHS YHCTOTU BOJIU OyAb-SIKMM IPOLIECOM,
KU 3MIHIOE TEMIIEPATYPY HABKOJIMIIHBOI BOAM. [[OMIUPEHOI0 MPUUHNHOIO TETIIIOBOTO
3a0pyJHEHHS € BHUKOPHUCTAHHS BOJAM SK TEIUIOHOCIS €JICKTPOCTAHINSAMH Ta
IPOMHKCIIOBUMH BHpoOHUKaMHU [5]. TepMiH TeruioBe 3a0pyAHEHHS 3aCTOCOBYETBCS TSI
MO3HAYEHHSI 3TYOHMX HACIHIJKIB HarpiBaHHS CTOKIB, IO HArpiBalOThCS PI3ZHUMU
eJIEKTpOCTaHUIsIMU. BiH Mmo3Hayae moripiieHHs SKOCTI Ta MOTIPUIEHHS CTaHy BOJIHOIO
Ta HA3€MHOTO CEPEOBUINA PI3HUMH MPOMHUCIOBUMH YCTAaHOBKAMU, TAKUMHU SK
TEIJIOBl, aTOMHI, SIEPHI, BYTUIbHI yCTaHOBKH, TeHepaTopu HA(PTOBUX POJIOBHIII,
dabpuku Ta miuaM [5]. Jkepenamu €: ATOMHA €JICKTPOCTAHIIIS, €IEKTPOCTAHIIISA Ha
BYTULII, TPOMUCIIOBI CTOKH, MOOYTOBa KaHami3aIlis, TiAPOEICKTPUYHA MOTYXKHICTb,
TEIJIOBA €JIEKTPOCTAHILIS.

1.2.1. Kiacu yHcTOTH BOAM

JI1st po3yMiHHS «YHUCTOTa BOJIW - II€ TaKa XapaKTEPUCTHKA, SKa BU3HAYAE PIBCHb
3a0pynuenocti Boau. lllonaiiMeHie ix MoKHA PO3AUTMTH HA 5 KJIaciB.

VY po6orti [6] sikpa3 Taku HaBEJIEHO KOXKEH 13 5 KJIaciB YUCTOTH BOJIH.

ApK.

ML.[1M4104.0000.713

3wmH. | Apk. Ne dokym. Midnuc |dama




I-mii kaac: myxe yncra Boa, BOHA MICTUTh HEBEIMKY KOHIICHTPAIIF0 010TeHHUX
€JIEMEHTIB, MPO30PO0, XOJOHA Ta J0Ope HacuueHa kucHeM. Boga momiOHOT sIKOCTI B
YkpaiHi, 3a3Buuaii, OyBae JuIlIe y TIPCHKUX pIYKax Ta 03€pax, TaMm, JI¢ BIUIUB JIIOIUHA
Ha IPUPOY IIe MOPIBHIHO Mauii [6].

I1-mit kaac: Boja yucta, Y Hil 30UIBIIYETHCS KITBKICTh O10T€HHUX €JIEMEHTIB,
Yepes M0 Y BOJIOIMI CIIOCTEPITaeThCsi 0araTo MOJIIOCKIB, BOJAOPOCTEH, IMIMHOK KOMax
Tomow. Bojga Takoi sfKocTi mpuUTamMaHHa NPUPOJHUM BOAOWMHINAM, y SKI HE
MOTPAIISIOTh CTOKM KOMYHAJIbHUX IAIPHEMCTB, IPOMHCIOBUX OO'€KTIB Ta
CLIIBCHKOTOCIIOAAPCHKHUX KOMILIEKCIB [6].

Ill-mit wmac: Bojma 3a0pynneHa. TyT BigMIYaeThcsl 3O0UIBIICHUN BMICT
Oprpe€YOBMHH, OIOT€HHUX EJIEMEHTIB, BHACIIIOK YOro 3pOCTa€ O10MpPOAYKTHBHICTH
Bojoiimui [6]. Lle mposIBIAETHCS Y MOCHICHOMY PO3BUTKY Pi3HOMaHITHHUX BOJHHUX
POCIIMH Ta BUHUKHEHHIO TaKOTO SBHUINA, SK IBITIHHSA BOJIW 3a PaXyHOK MacOBOTO
PO3BUTKY B Hiil MIKPOCKOITIYHUX BOAOPOCTEN. Bou IbOT0 Ki1acy XapaKTepHi JJis 03€p
Ta PIYOK, y SIKI B HE3HAYHIM KIIBKOCTI MOTPAIUISIOTh KOMYHaJIbHI CTOKH Ta CTOKH
TBAPUHHULIBKUX (PepM, LIYKPOBUX 3aBOAIB TOILIO [6].

IV-nii kaac: Boma Opyana. Boma 3 3amylieHMMH BOJOMMHINIAMH, MOTaHUM
KHUCHEBUM OOMIHOM, HaJ3BUYANHO HU3BKOIO MPO30PICTIO BOJIU Ta SBUIIAMH 3aTyXH.
HakormmueHnHs opraHidyHOi pPEYOBMHM Yy JOHHHMX BIIKJIagaX CyHpPOBOKYETHCS
YTBOPEHHSIM CIPKOBOJIHIO Ta METaHy, SIK1 CIIPaBJISIOTh TOKCUYHY 1110 Ha 0€3Xpe0eTHUX
Ta pub. Bosa nmoai6HoO1 IKOCTI CIIOCTEPITraeThCsl Y BOJOMMAX, 10 SKUX PETYJISIPHO Ta y
3HAUHIA KUTBKOCTI MOTPAIISIOTh MPOMHUCIOBO-KOMYHAJIbHI CTIYHI BOAM ab0 CTOKHU
CUIbCHKOTOCIIOAAPCHKUX TiATPHEMCTB [6].

V-mii kjaac: Bojga Ayxke OpyaHa. Bu3HauaeTbes y BOJOMMMINAX, A€ HHU3bKa
KOHIIEHTpaIlisl po3unHeHoro kucHio (MeHie 10%), BinOyBatoThCs IPOLIECH THUTTS, a
TaKO0X MICTSATBCS BUCOKI KOHILIEHTpAIIil CIPKOBOJIHIO Y IOHHUX BijKjiaaax [6].

1.2.2. OO030p i aHaJi3 CTPYKTYPHUX NPUCTPOIB

3aJIe)KHO BiJl MPU3HAYCHHS MPUJIAIM aBTOMATUYHOTO KOHTPOJIO YHUCTOTH BOIM
TUISTHCS HA TPWIATU Y MPUCTPOI VIS CTAI[IOHAPHUX JIabopaTopiil, mepecyBHUX

nabopaTopiii Ta Isi pOOOTH B MOJILOBUX YMOBax [7].
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[Tpunaau, 10 mepeHOCATHCA B OCHOBHOMY JJIsl OTPUMAaHHS 1H(pOpMaIlii B pI3HUX
JIISTHKaX PIYoK, BOJAOWMMIN Ta iH. B moiboBUX ymoBax, 3 Oepera BOJAOWMH, OOpTY
4yoBHa, OeperoBux cropyn. JlaHi, ki MU OTPUMY€EMO JO3BOJIIOTh IPUMHATH IIBH]IKI
pIllICHHS WIOAO YCYHEHHS IIKIUIMBHX BIUIMBIB Ha palOH, IO KOHTPYIIOETHCS
BOJIOKOPHCTYBAHHS 1 MPOBOIUTH HEOOXiIH1 3ax01u [7].

Huxue HaBCACHO I[eﬂKi nprujaad KOHTPOJIIO YHUCTOTH BOI[OI;'IMPIHI.

Pucynok 1.2 — MSR POOL K 400 CL-ph-Rx-T  Pucynok 1.3 — Bermuda MSR

BuwmiproBanbHO-perysor0di CTaHIlii, iki KOHTPOJIIOTh BMICT BUIBHOTO XJIOPY, PIBEHb
pH, Redox i remmnieparypy

Texniuni xapakTepucTuku Bermuda MSR [7]:

- BumiproBani 3nauenns: 2,00-12,00 pH; 0,00-3,00 /10 ml /1 CI; 0 - +1000 mV;
0-50,0° C

- Minimanesauit mpotok - 331/ h

- MakcumanbsHuit THCK - 4 bar

- Peneiini Buxoau: 3 BUTbHUX KOHTaKTy 6A / 230V

- Perneiini BUX0au aBapiitHOro curHaiy: 2 BITbHUX KOHTaKTH 6A / 230V

Texniuni xapakTepucruku MSR POOL K 400 CL-ph-Rx-T [7]:
- Bumiprosani 3uauenns: 0,00-14,00 pH; 0,00-4,00 ml /| CI; -1500 - +1500 mV;
-30,0-140,0° C

- Minimaneauit mpotok — 30 1/ h
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- MakcuMaibHUM TUCK - 3 bar

- MakcumanbHa MoTyXHICTh Hacoca 5 1/ h npu 2bar

- Peneiini Buxoau: 3 BUIBHUX KOHTaKTy 6A / 230V

- Penelinnmii BUXiJ aBapiiHOTO cCUTHAITY: | BUIbHMI KOHTAKT 6A / 230V

1.2.3. Orasa ceHcopis

Ph sensor

HaiiBaxnuBimmuii mapametp Boau - PH. Bin Bka3ye Ha Ty>KHICTh a00 KUCIOTHICTh

3pa3ka. 3HaueHHs PH BUMIPIOETHCS B LIKAJI Bl HYJSI O YOTUPHAALSTH, 8 3HAUCHHS

TEeMIIepaTypy 3HAXOAUTHCS MIXK HyJIeM Ta BiciMiecarbma rpagycamu Llenbcis.

Tunosuii cyyacHuii pH-SENSOr - e KOMOIHOBAaHUM €IEKTPOJI, IKUU MOEAHYE B

co01 1 CKJISTHUH, 1 KOHTPOJIbHUM elekTpou. KomMOiHOBaHMI €NeKTPOoI CKIAJAETHCS 3

HACTYITHUX JacTHH (auB. puc. 1.4) []:

1.
2.

8.

UyTauBy 4acTHHY €JIeKTpoa, KOJIOy, BATOTOBJICHY 3 TIEBHOTO CKJIa
BHyTpimHiil enexTpoa, SK MpaBWiIo, XJOpUI cpibia enexktpoa ado

KaJIOMEJbHUM €JIEKTPO/T

. BayTpimmHiit po3uns, 3a3Buvail ph = 7 3a0ydepennuit pozuun 0,1 monb / 1

kel nns ph enextponis ado 0,1 moinb / 1 mel 17151 enekTpoiB pm

. I[Ipu BUKOpHUCTaHH1 XJIOPUIHOTO cpidia eNeKTPOoia HEBEMKA KUIbKICTh agcl

MOXXEC OCaauTH Bcepezu/IHi CKJIIHOTO CIICKTPOaa

. Enextpon BiIIiKy, SIK TPaBUiIO, TOTO K TUITY, IO 12
. ETanonnuii BHyTpimiHii po3uuH, sik npasuio, 0,1 mons / 1 kel

. 3'eqHaHHS 3 JOCIIDKYBAaHUM PO3YMHOM, SIK IMPABHIIO, BUTOTOBIISIETHCS 3

KepaMiku abo Kamiyisgpa 3 a30ecToM ad0 KBapIOBUM BOJOKHOM.

Kopryc enekrposa, BATOTOBJICHHUH 3 HEMPOBIIHOTO CKJIa a00 MJIacTMAcCH.

JHo enextpona 3 pH-KyJIbKOI BUXOAWTH B KPYINy TOHKY CKISHY KOJIOY.

Enextpon 3 pH Haiikpaiie po3risgaty sik npoOipky B TpyO1ui. BuyTpimHs npoOipka

MicTuTh He3MiEHmHA 1 X 1077 Mons / 1 po3unny HCI . Takoxk BcepeuHi BHYTPIIIHBOI

TpyOKHM 3HAXOAUTHCA KATOAHWUU KIHEIb OIOPHOTO 30HAAa. AHOIHUN KIHEIb

00epTaeThCs HABKOJO 30BHIMIHBOT CTOPOHM BHYTPIIIHBOI TPYOKH 1 3aKIHUYETHCS
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TaKUM K€ €TAIOHHUM 30HI0M, 110 OyB Ha BHYTPILIHIA CTOPOHI BHYTPIIIHBOT TPYOKH.
Bin HanoBHIO€THCA eTamoHHUM po3uyrnHOM KCl 1 KOHTaKkTye€ 3 pO3YMHOM Ha 30BHIIIHIM

cTopoHi pH-30H12a 3a JOMTOMOTOIO MOPUCTOI MPOOKH, SIKA CIIYKUTh COTbOBUM MOCTOM

[

PN

Pucynok 1.4 — Cxema koMOIHOBaHOTO €JIEKTPOIa

Ha puc. 1.4 npeacrasneno pH-metp ITAMC-02pH.

Pucynok 1.5. 30BHIIIHIN BUTIISA aHATiI3aTOpa akTUBHOCTI 10HIB kucHio [TAWC-02pH
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1 - BumiproBanbuuit npuctpiit [IAUC-02pH, 2 - knaBiaTypa, 3 - knasima «Bxi /
Buxkiny, 4 - rpadgiunuii qucriei, 5 - KiaBilia BKIIOYCHHS / BUKITFOYEHHS MiJACBITKH, 6
- OJ10K ceHcopiB, 7 — OJIOK IS PITUHM.

pH-metp [TAUC-02pH mpairoe miji ynpaBiaiHHSM MIKPOKOHTPOJIEPOM 1 Mae
IPOCTHH 1 3pYYHMIA JIJIs1 KOPUCTyBaya mporpaMuuii intepdeiic [8]. Binpm Benukwmii
rpadiunuil AucIied 1 KiaBiaTypa 3 BOCBMH KJaBIll JO3BOJISIIOTH KOPHUCTYBAadeBi
KepyBaTH pOOOYMM aHali3aTOPOM, BHKOPUCTOBYIOUM Pi3HI BUAM HAJIAIITYBaHb 1
KaJiOpOBOK, 3alMCyBaTH 1 BUBOAUTHU 1H(opMarlito mpo aucruiedt ananizatopa [IAUC-
02pH, xoMIT'roTep 1 1H. 30BHINTHI TPUCTPOI [8]. BKiItoueHHs (BUKITIOUCHHS ) aHAII3aTOP
3MIICHIOE HATUCHEHHS Ha KJiaBimii (3) 1 BAKOPUCTOBYE 1i B HAKATOMY CTaH1 MPOTATOM
3-4 cek. Bxmrodenns miacBiTku auciies Ha 30 ceKyHJ BUKOHYETHCS 3a TOTIOMOTOIO
kiasimi (5). i 301IbIeHHs Yacy Jiii MiJICBITKU A0 3 XB. HEOOX1THO HAXKATH KJIABIITY
HIepEMIIIICHHS KypCopy «BIIiBO», a00 «3Bepxy» [8].

YropasiaiHHsa poOOYMM aHami3aTOpoM akTUBHHMX 1oHIB kucHio I[TAMC-02pH
MPOBOANUTEL IS BHOOPY HEOOXITHUX O y MEHIO Ta BIAMOBH BiJI IIUTaHb,
BUBIIIYIOUM Ha JAMCIUICI, 3 MIATPUMKOI ABOX Kiapim «/la» (Brox) ta «Binmina»
(Copoc) [8]. ®yHKIiS iHIIMX YOTUPHOX KIACiB - 1€ MEpECHiByBaHHS Kypcopy Ha
TUCIUIel aHaji3atopa a00 BCTAHOBJIEHHS BBEICHUX HHUQP NUIAXOM iX mepebopy B
OuTbITy 200 MeHITy CTOpOHY [8]. ANTropuTM yrpaBiIiHHS TOOYIOBAHUN TAKHUM YHHOM,

1110 aHAJI3aTOP «BEJe» OrepaTopa, BUKIHOYAE MOXKIIMNBI IOMUIJIKH B Horo po6oTi [8].

JMaTuuk Temneparypu DS18B20

[upposuit  patunk Ttemnepatypu DS18B20 3abe3neuye 9-po3psanHmii
BUMIpIOBaHHs Temrepatypu 12-6itHoro 3a Ilenbciem 1 Mae (QyHKIIIO TPUBOTH 3
CHEProHEe3aNeKHUMHU TPOrPAMOBAHIUMH KOPUCTYBauyaMH, BEPXHIMU Ta HUKHIMU
tpurepauMu Toukamu [9]. DS18B20 3B's3yeThcst uepe3 1-mpoBifHy IIHMHY, SKa 3a
BU3HAYCHHSIM BUMAra€ JUINe OAHIET JiHII JaHWUX JUIsl 3B'SA3KY 3 IICHTPATbHUM
Mmikporpouecopom. Kpim Ttoro, DSI8B20 moxke OTpuMyBaTH >KUBIICHHSA
oesnocepeHbo Bif JdiHIT nepeaadi gaHux ("'mapa3uTHa MOTYXKHICTE'), BUKITIOUYAIOUH
noTpeOy B 30BHIIHBOMY Jpkepedi kubiieHHs. Koxen DS18B20 mae ynikansuuit 64-

PO3pAIHUM CepitHUM KO, sikuil 103BoJisie AekiabkoM DS18B20s dyHkiioHyBaTH Ha
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1-Wirebus [9]. Takum 4rHOM, POCTO BHKOPHCTOBYBATH OJIUH MIKPOIPOIIECOD LIS
yrpasiinasa O0aratbma DS18B20, po3noginennvu Ha Benukin o [9]. IIporpamu,
K1 MOXKYTh CKOPHCTATHUCS 1i€10 QYHKIIIEI0, BKIIIOUAIOTh €KOJIOT1YHUHM KOHTpoab OBK,
CHUCTEMH MOHITOPUHTY TeMIIepaTypH BCepeInHI OyaMHKIB, 00JIaIHAHHS YU MAaIlliH, a

TaKOK CUCTEMHU KOHTPOJIIO Ta YIpaBJIiHHs rpotecamu [9].

u¢7K

Pucynok 1.6 — Jlatuuk temneparypu DS18B20

JMaTuuk BuTpaTn Boau YF-5201

JlaTuuk BUTpaTH BOJM Ma€ MIACTUKOBUI KOPITyC KJalmaHa, a BCepeInHl KilanaHa
- porop Boau Ta natuuk edexrty Xosuta. Komu Bojga mpotikae dyepes3 poTop, poTop
KOTUThCS. [T IIBUAKICTH 3MiHIOETLCA 3 Pi3HOIO WBKAKICTIO noToky [10]. JaTuuk Xomn-
edekTy Buaae BiANOBIAHUM iMmyabcHUM curHai. s monens (YF — S201) mpaioe 3
Hanpyrow Big 5 B 10 18 1 MoXke mepeHOCHTH MIBHAKICTH Boau 10 2 mma [10]. V
KOXHOMY 1MIyibcl 450 miTpiB BoJa NpOXOIWTh 4Yepe3 kiamaH 1 (opmyna mid
po3paxyHKy mBmakocTi motoky: Yacrora (I'm) = 7,5 * Burpara (1 / xB). Horo
MIBUKICTh POOOYOro MOTOKY CTaHOBUTH Bia 1 g0 30 mitpiB Ha xBwiuHy. Puc. 1.7

umoctpye natuuk Y F-S201.
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Pucynok 1.7 — Jlatuuk Butpatu Bogu YF-S201

JaTuuK MYTHOCTI BOAH

JlaT4vK MYTHOCTI BUSIBIISIE BOJIy Ha SIKOCTI LUISIXY BHUMIPIOBaHHS, Ha PIBHAX

KaJlaMyTHOCT1, a00 Hemnpo30pocTi. BiH BUKOPUCTOBY€ CBITIO [JIsi BHUSBIICHHSA

3BOKEHUX YAaCTOK Yy BOJII IIJISIXOM BUMIPIOBaHHS MPOIYCKAaHHS CBITJIA 1 MIBUAKOCTI

pO3CitOBaHHs, sIKa 3MIHIOETBCS 3 KUIBKICTIO BiJ 3arajbHOi KUIBKOCTI 3Ba)KCHHX

tBepaux pedoBuH (TCC) y Boxi [11]. 31 30inpmennsm piBHs TTC piBeHb TOMYTHIHHS

piauHU 301TbITY€ThCs. JlaTYMKU TOMYTHIHHS BUKOPUCTOBYIOTHCS JJII BUMIPIOBaHHS

YUCTOTH BOJIM B PIUKaXx 1 MMOTOKaX, BAMIPIOBAHHS CTIYHHUX BOJ Ta CTOKIB, KOHTPOJIbHUX

MIPWIAIB JUIsl OCITaHHS BOJONM, MOCIHIKEHb TPAHCIIOPTY OCaay Ta JIAOOpaTOPHHUX

BumiproBans [ 11]. Lleit qaTunk 3abe3nedye aHanoroBuii Ta upoBuil pexxuMu BUXOTY

curHaiy. [lopir perymoerbcs B pexxumi nudpoBoro curHany. Bu moxere BuOparu

pexuM BianmosigHO 10 cBoro MCU. Ha puc. 1.8. HaBeneHo 1ieli 1aTuukK.

Pucynok 1.8 — JlaTunk MyTHOCTI BOAU
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BucHoBkM Ta pexkoMeHaamii 10 po3aiay 1

VY 1mpomy po3aiiai 0yio OrjIsSHYTO 1 MpoaHaji3oBaHo cTaH 3a0pyaHeHHs HB. Jlns
YAOCKOHAJIIEHHST METOJIB KOHTpoito uucrotn HB  motpibno 3Hatum mpo
XapaKTepUCTHKHU Boau y ux HB, Tak sk pi3HHX MiCISX BOHU pi3Hi. BusHaueHHs 1ux
XapaKTEPUCTUK J03BOJUTH IMpOaHaII3yBaTu cTaH 3a0pyaHeHHs. OLIHIOBaHHS TaKUX
XapaKTepUCTUK BOJIU JO3BOJIUTH MiAIOpaTH NUIAXU BHUpIIICHHS 3a0pyIHEHHS BOJ.
Tomy OyJ0 OTJISIHYTO METOIU AJIsE OUYUILIEHHS BOJU.

Tako OTJISIHYTO CTPYKTYpPHI IPUCTOPOi, CEHCOPH, K1 B)KE BUKOPUCTOBYIOTHCS Y
naHii cdepi, mo6 miaiopaTu, po3poOUTH, YIOCKOHAIUTH iX JUIsl CBOET cuctemMu. B

HACTYITHOMY PO3/ILJII OITMCaH1 CEHCOPH 1 TPUCTPOI, BUKOPUCTAHI JJISI CBOET CUCTEMHU.
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2. PO3POBKA MATEMATUYHOI MOJEJII OB’€EKTA
JOCJIIZKEHHSA

OxpiM BIUTMBY Ha TOCIOAAPCHKY MISUTBHICTH JIOJWHU, CY9acHHWM CTaH SKOCTI
BOJOMMHMIIT 3AJICKUTh TAKOXK BiJ] MPUPOAHUX sIBUMI. YKMCTOTa BOAM B 03epax 1 Jamodax
MOCTIHO 3a3Ha€ Jerpajalii, COPUYMHEHO! MNPUPOJHUMH IPOILIECAMH BHACIIJIOK
eBTpodikamii Ta BHACIIJIOK AaHTPONOTEHHUX TNPUYUH. 3 1HIIOI CTOPOHH,
PI3HOMAHITHICTh TOTPeO Ta TMPIOPUTETIB, 3a SKUMH OI[IHIOIOTHCS BOJIOMMHIIIA,
HaJ3BUYaiiHa. 30HU MISUIBHOCTI, SIKI BPaXOBYIOThCS, BKIIIOUAIOTh BOJIOMOCTaYaHHS
nomorocnogapcts, CI', TpaHCHOpTy, TiIPOCHEPTETUKH, PUOHOTO TOCIOIAPCTRA,
pekpeariii Ta 60poTHOHU 3 TOBCHEBUMH XBUJIsIMH [12].

ToMmy KUIBKICTh BOJM B pIYKax, 03€pax Ta BOJOMMAax CiiJ] OLIHIOBAaTH CYBOPO,
3aJIEKHO BIJ] MPIOPUTETHUX MOTPEO KOHKPETHOTO BUIAJKY, IO PO3TJISIAETHCS.
TpakTyroun 30epexeHHsl BOAU B IIIIOMY, CI1J MAKPECIUTH, 110 JuIiie 0imu3bko 50%
HABAHTAKEHHA Ha OlOreHHe 3a0pyJHEeHHs B110yBaeThes 3 ToukoBUX Jkepen (N, P).
Pemra 50% Hanxonate 3 po3cisiHUX JKepen. ToMy HaBiTh BiAMIHHA KaHATI3all1 MOXKE
HE JONYCTUTH Jerpajamii 4YymIMBUX MpuiMaviB. MacmTad mnpobieMu
B1I0OpakaeThCs, HAMp. 11aHO3 1BITE BOAO0. LI mpobiema cTocyeThCsi Hacammepen
eBTpodizoBaHuX (OaraTux MOKMBHUMHU PEYOBHMHAMU) 03€p Ta BOjoWM. bararorpanne
BUKOPHUCTAHHS BOJIOMM MOJKIIUBE JTUIIIE 32 YMOBH 30€pEKEHHS €KOJOTIYHIX 3HAYEHb
iX reocucreM, OCOOJIMBO XOpOLIOi YMCTOTH BOAM. Ll umcroTa BUNIMBAE 3 yMOB
HABKOJIMITHROTO CEPE/IOBHUINA Ta CrOCO0y pO3pOOKH AUISTHOK It 0OCITYyrOBYBaHHS
BOJOBIIBEICHHS. BUSBICHHS B3a€MO3B'A3KIB Ta B3a€EMOJINA y JPEHAKHOMY OaceiiHi-
BOJIOCXOBHIIl JIONIOMAarae BKa3aTh ONTHMabHI (OPMU BUKOPUCTAHHS 3€MElb,

BUKJTMKAIOYH 3aXMCT HAKOMMMYCHUX BOJAHUX pecypciB [12].
2.1. BuOip MeToa BUpilleHHS 1aHOI MoeJTi

VY po6ori [12] aBTOp OnUCYy€E Te, O OJJHUM i3 THCTPYMEHTIB, 110 3aCTOCOBYIOThCSI
JUTSL BUPIIIEHHS MPo0JieM 3a0py/THEHHS TTOBEPXHEBUX BOJI, € MOJICTIOBAHHS 3MiH, IO
BiI0YBAIOTHCS B 03€PHUX BOJAX Ta MOB'sI3aHI 3 1M 3MIHU SIKOCT1 BoAH. Taka Mojaenb

MOKe OyTH BUKOpPMCTaHa JJIsi POTHO3YBaHHS SIKOCTI BOJU 3 YpaxyBaHHSAM 3MiH, LIO
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BIUIMBAIOTh Ha (AKTOpH AKOCTI BoaM a00 3MIHM iX IHTEHCHUBHOCTI. TOYHICTh
€KOJIOTTYHOI OI[IHKH 3a JOTIOMOTOI0 MOJCIICH 3aJIeKHUTh Bl PO3YMIHHS MPOIIECIB, L0
BiIOYyBAIOTECSI B HABKOJMIIIHHOMY CEPEAOBHINI 1 Jami BIAMOBIMHUNA BHUOIp
MaTEeMaTUYHUX PIBHSHB, AKl iX OMUCYIOTh. 3 THIIOTO OOKY, 11€ 3aJIEKUTh BIJ] HABHUX
Ha0OPIB TaHUX, a caMe Pe3yJIbTaTiB BUMIPIOBAHHS MOKA3HUKIB SIKOCTI BOAM, HA SKUX
0a3yeThCs OIIHKA TTapaMeTpiB Ta KoedirieHTiB Moaeni [12]. B octanHi poku MeToau
KOMII'FOTEPHOT'O MOICITIOBaHHS Ha0yBaIOTh MOMYJISIPHOCTI B HAYKOBUX JOCTIKEHHSX,
O0COONMBO, IO CTOCYETHCSA  JOCHIKEHb BOJHOTO cepemoBuiia. Mertoau
KOMIT FOTEPHOTO aHaNi3y CTalld CaMOCTIMHOIO Taly33l0 TOCIHiIKECHb, IO CYTTEBO

301JIBIITY€ TOCIIAHUIIBKI MOXKIMBOCTI Cy4acHUX eKoirmkeHepiB [13].
2.1.1. MeTta MAaTEeMAaTHYHOI'0 MOECIIOBAHHS

MeTtoro moaemoBanHsl yuctotd HB € moOynoBa MareMaTH4HOi MOJEII MTOTOKY
(mpotoyHoi BoAM) abo pe3epByapa Il BOAM (CTOAYOI BOAM), IO JI03BOJISIE
BIJICTEKYBATH 3MIHM YHMCTOTH BOJIM, 3QJIEXKHI BiJl 3MIHHUX MOYaTKOBUX 1 TPAHUYHHUX
YMOB MOJICJIIOBAHHS. 3aCTOCYBaHHS MOJICNIOBAHHS ISl BHUPILICHHS 3aBJaHb,
MOB'S3aHUX 3 SKICTIO BOAM, IO JO3BOJISIE aHAJII3YBATH SIBHINA 1 3HAXOIUTH 3aJI€KHOCTI
MDK HUMH, a TAKO’K HaMaraTucs MPOTrHO3yBaTH 1 KIJIBKICHO OLIHIOBATH HACIKU 3MiH
y BogHOMY cepenoBuiii. HaitoiipI nommpeHi BUAM BUKOPUCTAHHSI MOJIEIEH SKOCTI
OBEPXHEBUX BOJ BKIIOYaOTH [12,13]:

a) pO3TalllyBaHHA IUIOUIMHHUX JKepen 3a0pyJIHEHHS, BCTAHOBJICHHS JIMITIB
(1000BUX, MICIYHUX, PIYHUX ) HABAHTAXEHHS 3a0pYJHIOIOUHMX PEYOBUH JIS1 ICHYOUUX
TOYKOBUX JIKEPEI 3a0pyTHEHHST,

0) MIaHyBaHHSI PO3TalllyBaHHS BO/J03a00pIB 1 BOJOBHUITYCKIB, III0 BUITYCKAIOTh
nonepeaH»0 00poOIIeHyY BOIy B CTIUHI BOJIM 3 OUUCHHUX CIIOPY/I,

B) PO3TAlllyBaHHsS CETMEHTIB MOTOKY a00 TIMOWHA 3aJsITaHHS BOJIOCXOBHII, Y
SAKUX € HECTIPUATIMBI UM HABITh HEOE3MEUH1 €KOJIOTTYH1 YMOBH JIJIsl 5)KUBUX OPTraHi3MiB,
3yMOBJIEHI ~ 3a0pyJHEHHSM  BOJAW, 10  MEPEHIKO/PKAIOTh  MPABUILHOMY
(GYHKII1I0HYBaHHIO BOJIHUX 1 BOJHO-3€MEJIbHUX €KOCHUCTEM,

I') OXOpOHA BOJIOTOKIB, MPU3HAYCHUX IS PO3MIIIEHHS JKEepesI TUTHOI BOJIH,
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1) BCTAHOBJICHHS TPWYHMH TOTIiPIICHHS YHCTOTH BOJM HAa JIAHOMY CETMEHTI
BOJIOVMU;

€) MPOTHO3yBaHHS 3MiH SKOCTI BOJM IUISXOM MOJICITIOBAHHS PO3BUTKY PI3HUX
BapiaHTIB BOJI0301pHOTO OaceiHy;

’K) BUOIp ONTUMAJILHOI CTpaTErii CTaIOro PO3BUTKY APEHaAXY OaceiHy.

3 mepepaxoOBaHUX BHWILE MUTaHb BOHM HaWyacTillle MiAJAIOTHCA aHali3y, IO
NPU3BOJUTH JI0 BU3HAYEHHSA EKOJOTIYHUX 3arpo3 BOJHHX PECYpCiB pailoHy,
MOB'SI3aHUX 3 TAaKUMHU SIBUIIAMHU, AK ACPIUT KUCHIO, €BTpodikaIlis, MiIKUCICHHS,
3a0pyHEHHS TOKCHYHHMM pPEUYOBMHAMHU (CHHTETHYHI OpPraHidHi CIOJYKH, BaXKKl
METaJIN ), COJIOHICTb 1 OTIPIICHHS caHiTapHUX yMOB [13].

MatemaTuyHe MOJICIIIOBaHHS € BITHOCHO MOJIOJIOI0 Taly33i0 HAyKH, TOMY HE TaK
JAaBHO JJIs1 JOCATHEHHS €KOJIOTIYHUX IUJIeH Takoro Tumy Oyla MiJroToBJIEHA
KOHKpPETHA MaTeMaTUIHa MOJIENb ISl KOXKHOTO TIOTOKY, 10 OyJI0 TyKe TPYIOMICTKO
1 Joporo. B manuii yac 15 npakTUKa MPUIUHEHA, 1 3aMICTh HET BUKOPUCTOBYIOTHCS
ICHYIOYl MaTeMaTW4yHl MOMYJ, $IKi B 3aJIeKHOCTI BiJl MOTped 1 XapaKTEePUCTHK

BOJIOTOKY ITiJUTAFOThCSI HEOOX1THIUM Moaudikartism [12].
2.1.2. Knacudikauis maTeMaTHYHUX Mo/eJiei

Haii611bp1m 3aranbHuil MO MPOTPAMHUX MOJYJIIB, IO BUKOPUCTOBYIOTHCS IS
MOJICJTFOBAHHSI TIPOIIECIB, IO B1I0YBAIOTHCS B HABKOJIMIIIHBOMY CEPEIOBUIII, BKIIOYAE
[12]:

a) g13uuH1 Mozeni (;1aboparopis),

0) MaTeMaTU4yH1 MOJIEIIi, BKIIFOYAIOYH:

- QHAJITUYHI MOJENI - 3aCHOBaHI Ha TOYHUX PIMIEHHAX (DI3UKO-MaTEMaTUYHUX
PIBHSHb,

- YUCJIOB1 MOJIETI - 3 BUKOPUCTAHHSM MPUOJIU3HUX PIIIICHb.

3aieXHo BiJ CKJIATHOCTI MOJEJeH KOMIT IOTEPHOTO MOJEIIOBAHHS YHCTOTH
MOBEPXHEBUX BOJ 1X MOXKHA PO3IUIUTH HA TPU TPYIIU:

- ogHOBUMIpHI Mozeni (1D), HaimpocTimii Ta HaiyacTiiie BUKOPHCTOBYBaHI

MOJIEJI aHaJTI3y SIKOCT1 PIYKOBUX BOJ, IO Tiepeadavae, 1o 3Ha4H1 3MiHH TTapaMeTpiB,
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K1 BU3HAYAIOTh YUCTOTY BOJH, B1I0OYBAIOTHCS JIUIIIE Y3IOBXK MO30BKHBOTO TTPO(D1ITIO
BOJOTOKY.

OpHoBHMMIpHA MOJENb TNPUIUIMBY-BIITOKY 3aCHOBaHa Ha BHMIpPIOBaHHI
KOHIIEHTpAIlIMHUX HaBaHTAXXEHb IapaMeTpiB BOJMU, IO BMAJaIOTh 1 BUXOISTh.
Buxonsaun 3 1b0r0, OOYMCIIOIOTBCS 3MIHM KOHIIEHTpAIlli yCIX IapaMeTpiB.
OmHOBUMIPHI MOJIEINI HE MPU3HAYEH] A1 OOUMCIIEHHS 3MIHU KOHIIGHTpAIIil B TOH 4ac,
TOMY HE MOKHa OTpUMATH 1HGOPMAIlIIO PO KOHKPETHI MOTOMHH1, T0O0B1 Ta MiCS4HI
napaMeTpH YUCTOTH Boau. Lli mporpamu He ONMUCYIOTH CKIaAHUX XIMIYHUX, (P13UYHUX
Ta 010JIOTIYHUX PEeaKIliil y BOJoMMax, Kl € BaKIUBUM (HPaKTOPOM, IO PETYIIIOE 3MIHU
napameTpiB YUCTOTH BojaM. [lepeBara mux mporpamM mojsira€ y Tomy, M0 iX MOKHA
IIBUJIKO 3aCTOCYBaTH A0 OyAb-fKOi 1HIIOI BOJM B pe3epByapi 0e3 momepeaHboro
KaiOpyBaHHS Ta 3 HEBEJIMKOIO JIOCTYITHO 033010 JaHUX MPO BUMiproBaHHs [12],

- IBOBUMIipHI Mozeni (2D), siki mNpunmycKarTh, IO 3HAYHI 3MIHHU SKOCTI BOJHU
B1I0YBaIOTHCS HE TIJIBKH Y3/I0OBXK, ajieé ¥ Y MO30BXKHbOMY IPOdiiai BOJOTOKY, 1 TOMY
HEOOXITHO aHaNi3yBaTH YHUCTOTY BOJM Ha pI3HUX TriauOuHax. J[BoMipHi Mojeni
3aCTOCOBYIOTBbCA HaWyacTille y BHUIAAKY O3€p, BOAOWM YHM TIJIMOOKMX PIYOK 1
BUMAararoTh OUIbIIE JaHUX 1 OUIbIIE aHAINTHYHOTO JOCBIY KOPHUCTyBaua, HIK
OJIHOBUMIpHI MOJieil. BOHM BUMararTh peTebHOTO KamiOpyBaHHS 1 Uy TJIMBI O 3MIH
0aratboX mapaMeTpiB sIKOCTI BoJu. KiHIIEBUM pe3ysIbTaTOM LUX MPOTpaM € MPOTHO3
napamMeTpiB YMCTOTH BOJH, ONM3bKUN 0 BUMIPIOBaHb (DaKTHUHHUX KOHIICHTPAIIii.
OuiHka OKpeMHUX MapaMeTpiB MoOke OyTHM BUKOHAHa JJis 3a/laHUX IHTEPBAJIIB 4acy,
TOOTO FOIWHU, IHS, THOKHS, MICAI Ta poky [12],

- TpuBUMIipHI Mojieni (3D), siki BUBYAIOTh IPOCTOPOBUIA PO3IOALT KOHIICHTPAIIIN
MO/IEJIbOBAHUX MApaMETPiB YUCTOTU BOAMU. TPUBUMIPHI MOJENI BUKOPUCTOBYIOTHCA
JUISL iMiTallii 3MiH YHCTOTH BOJM B MOPCBHKHX 3aTOKaxX, 03epax, JamoOax 1 TIMOOKHUX
plUKax; BOHM BHUMAaraloTh BEJIMYE3HOI KUIBKOCTI AAHUX Ta BEJIUKUA aHATITUYHUN
JOCBI] BiJ KOpucCTyBaua. BoHM HailyacTiilie BUKOPUCTOBYIOTHCS 4Y€pe3 BEJIUKY
CKJIQHICTh aHa/li30BaHUX MHUTaHb [12].

Sk 1 B IHmMMX cdepax HABKOJUIIHBOTO CEPEOBHUINA, ST KOMIT FOTEPHOTO

MOJICJIIOBAHHSI MUTAHh YHCTOTH IMOBEPXHEBUX BOJA HEOOXIAHHMI OaratompodiibHMIA
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MiaXiA, B SKOMYy MaTe€MaTHYHI METOAM Ta Cy4YacHI KOMITIOTEPHI TEXHOJOTIl
3aCTOCOBYIOTHCS OJHOYAaCHO 3 OCHOBHUMHU NpHMOMaMH B ramy3l €KOJOTIYHOi
imkenepii. Lle crocyeTbcsi omucy (i3UUHHMX SBUIN, TOB'SI3aHUX 3 YTBOPEHHSIM
3a0pyAHIOIOYUX PEYOBHH, X PO3MOJIIIIOM Ta 3MIHAMHU, 1110 BiJIOYBAaIOTHCS Y BOJHOMY
CEpENOBHII, a TAaKOXK 3aCTOCYBaHHSIM OOUYMCIIOBAILHUX METOIIB MO, aHali3y
Hebe3nekn abo KOHTPOJIIO SKOCTI BOAM B KOHKpeTHHX Bumnaakax [13]. 3 Touku 30py
JOJATKIB, KIHIIEBA METa MOJIENl IOJISra€ y BUKOPUCTAHHI i1 SIK JOMOMIXKHOTO
IHCTPYMEHTY JJIi MOHITOPUHTY Ta MPOTHO3YBAaHHS YHMCTOTH MOBEPXHEBUX BOM, a
TaKOX MiJ 4Yac TUIaHyBaHHs pilieHHb. Yepe3 macmTabu Ta MpOCTOPOBHM MaciTad
PO3TJISLIAI0OTHCS KijlbKa KaTteropiit moneneit [12, 13]:

a) OnepaTuBHI MoOJENl - $K MPaBUJIO, NOB'I3aHI 3 KOPOTKOCTPOKOBHUM
IPOrHO3YBaHHSM 1 BUKOPUCTOBYIOTHCS JJI1 KOHTPOJIIO B peaIbHOMY 4aci BOAOHM abo
BUTpPAaTU BOAM 3 METOI MIATPUMAHHS BCTAHOBJIEHUX MapaMmeTpiB. Taki mojeni
BHMAararoTh aBTOMaTUYHOT'O BBEJICHHS TTOTOYHUX BXITHUX JaHHX.

6) TakTuuHi MOJENl - TOB'SI3aHI 3 BUKOPUCTAHHSM OIEPATUBHOTO MPUNHATTSA
pilIeHb NPU BXXKUBAHHI TAKTUYHMX JI1i, B IKUX B3a€MO3B'SI3KH TUITY «BXIAHHUI BHX1)
MDK KJIIOYOBUMU IMapaMeTpaMu CHUCTEMH € KUTTEBO BaXXKIMBUMHU. YacoBUil ropu30HT
[[OTO THUIY aHaJI3y OXOIUIIOE TEepioJ Mapu TIKHIB YW HABITh CE30H y BHUMAJKY
KOHTPOJIIO YUCTOTH BOAM B Pivlli. 3 TOUKH 30py IHCTPYMEHTIB, 5IKI BAKOPUCTOBYIOTHCSA
B TAaKTUYHIA MOJEIi, BUKOPUCTOBYETHCS CTIMKUN aHa3 Ta KUTbKICHI €KOHOMIYHI Ta
€KOJIOT1YH1 IHCTPYMEHTH HalyacTIlIe.

B) Ctpareriuni MoJieni - BiTHOCSITHCS J0 OUIBIII TPUBAJIOTO YaCOBOT'O TOPU30HTY,
JIe MOXKHA aHali3yBaTH MPOTHO3YBAaHHs a00 TJIaHYBaTH CTaH JOBKIJUIS SK MPOTHO3
MOTOYHOTO CTaHy 3 ypaXyBaHHSIM YCiX BIAMNOBIAHUX TeHAeHIH. [lelt Ttun
MOJICIIIOBAaHHSI 0a3y€eThCsl HA aHaNi31 Pe3yJbTaTiB KOMITIOTEPHOTO MOJIEITIOBAHHS
PI3HMX CLIEHApiiB Ta aHaji31 HOro e(peKTUBHOCTI.

r) Mogeni CcHOpSAMOBAaHOCTI - CTOCYIOThCS JIOBFOCTPOKOBHUX IPOTHO3IB,
NOB’SI3aHUX 31 CTPYKTYPHHUMH 3MIHAMH, BHUIPOOYBAaHHS MOXJIMBOCTI CTajoro

PO3BUTKY Ta €BOJIIOIIIT BCI€ET CUCTEMH.
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2.1.3. KopoTkuii onuc MojeJsieil noBepXHeBUX BOJ

Mopens CE-QUAL-W2 2D - 1ie unctoTa BoJy Ta riipoguHaMiuHa Mojieib B 2D
(MO310BKHBO-BEPTUKAIbHA) IS PIYOK, JMMAaHIB, 03€p, BOJOCXOBHII] Ta PIYKOBHUX
OaceitniB. Ile nBOBMMipHA MOIENh YHCTOTH BOAW 1 TIAPOJUHAMIYHUN KO,
OiATpUMYBaHHH cTaHIiero gocaiaiB Boauux numxis USACE [14]. Lg Moaensb mmupoko
3aCTOCOBYETHCS B CTPATH(PIKOBAHUX CUCTEMax TMOBEPXHEBUX BOJ, TaKHX K 03€pa,
BOJIOMMH, JHMaHU Ta OOYHCIIOE PIBEHb BOJHM, TOPU30HTAIBHI Ta BEPTUKAIBHI
IIBUJIKOCTI, TeMIieparypa ta o6ibiine 20 iHIITHUX TapaMeTpiB YUCTOTH BOIM (HAITPUKJIIA/,
pPO3UMHEHUN KHCEHb, MOXHBHI PEYOBMHM, OpPTraHiuHI PEUuOBHHH, BOAOpocTi, pH,
KapOOHATHUM UK, OaKTepli Ta PO3UMHEH] TBEP/Il PEUOBUHH).

Monens COASTOX, us monens Oyna po3pobieHa B LleHTpi kibepHETHUKH, M.
KuiB [15] mns imiTamii TpaHCHOpTy Ta JucIepcli 3a0pyJHIOIOYHMX pPEYOBUH Y
JTHIMPOBCHKUX BOJIOCXOBHUIAX Ta Ha piutll [Ipun'ste. Bona micTuTh miamoeni
TPaHCHOPTY PaJIOHYKIIJAIB, MOMAIOHI 0 THUX, 0 BHUKOpUCTOBYIOThCA y FETRA.
Mogens BKJIIOYAE TPAHCHOPT BITPY, TPAHCHIOPT 3a JOIMOMOIOI0 aJABEKIIHHO-
nudy3iiHoi Ta paaioHYKIIIHOI B3aemojii. BoHa posrisgae auHaAMIKy JTOHHHUX
BIIKJIAZICHb Ta OINHUCY€ IIBUIKICTH OCA/PKEHHS Ta PECyCIEHIyBaHHS, SIK (DYHKIIIO
pi3HMII MDK (DAKTUYHOIO Ta PIBHOBAKHOIO KOHIIEHTPAIEID 3BAKEHOI PEYOBHHU
3aJIe)KHO BiJ TPAHCIIOPTHOI 3/IaTHOCTI TIOTOKY.

Mogens DELFT 3D - me moBHa mnpubepexHa TiApoadHaMidHa cHCTeMa
MOJICJIIOBAHHS, 37aTHa IMITYBaTH TIAPOJAMHAMIYHI MPOIECH 3a PaXyHOK XBHIIb,
IIPUILIMBIB, PIYOK, BITPIB Ta NpuOEepekHUX Teuii. L{e cucrema TpuBUMipHa, TPOrpamMu
po3paxyHkiB, po3pooneni Delft Hydraulics. Delft 3D - nie mporpamumii maker, skui
pO3pO0IIsIBCA HacaMmIiepes] SIK 10JaTOK, OPIEHTOBAaHUN Ha BUTpaTy BOJW Ta YUCTOTY.
[TakeT ckmagaeThes 3 AEKUIBKOX MOJTYJIB, SIK1 3'€IHaH1 pa3oMm, 1100 3a0€3Meun T MOBHY
KapTUHY TPUBHUMIPHOTO TIOTOKY, IOBEPXHEBUX XBUJIb, SIKOCTI BOJHU, EKOJIOTIi,
TpaHCHOPT ocaxy Ta Mop(dosorii AHa B CKJIAIHUX, pudepexkHux paronax. Cucrema
MOJICTIOBaHHSI BKJIIOYa€ TiApoauHamiyHuil Moaysib-FLOW, moaynb sxocTi Boau

WAQ, xBunboBuil wmonynb-WAVE, wonyns BiacTtexeHHs 4acTHHOK-PART,
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Mophoannamiuauit Mmoayns-MOR, monyns Tpancmopty ocaay-SED, exosnoriunwmii
moyib -ECO [16].

Monens ECOM (monens Estuarine, Coast and Ocean) - 1ie TpuBUMipHA YacoBa
3aJIe)KHa MOJieib, po3pooOsieHa biatombeprom Ta Memmop [16] a1 MITKOBOTHUX
CEpEeIOBUIL, TAKUX SIK PIUKH, 03€pa, JIUMAHU Ta IpUOepeKH1 OKeaHH. 3 OCTaHHIX POKIB
1[e HANMOMyJIApHIIIa MOJEIb, II0 BUKOPUCTOBYETHCS NI IMITAI[IHHOTO PO3PAXyHKY
MOTOKIB y MPUOEPEKHUX BOAAX Ta 03epax.

Monayns HSPF (mporpama rigposoriaaoro mozaemoBanus - FORTRAN) - me
aHamituuHuii 1HcTpymeHT EPA CIHIA, po3pobienuit ajigs Toro, mo0 JA03BOJIUTU
1HXKEHepy MOJEIIOBATU TiAPOJIOTII0 Ta YMCTOTA BOJU B MPUPOIHUX Ta TEXHOTCHHUX
cucremax. HSPF BUKOpHCTOBY€TBCS 711 3aCTOCYBAaHHS MATEMAaTUYHUX MOJEIICH IS
MiTalii pyxy 3a0pynHIOIOUUX pedoBUH depe3 Bomoautd. lle Habip koMm'roTepHUX
KOJ1B, K1 MOKYTb IMITYBaTH T'JIPOJIOT1YHI Ta OB’ A3aH1 3 [IUM SIKOCTI BOJH, IPOLIECH
Ha TMOBUIBHUX 1 HENPOHHMKHUX 3€MHHUX MOBEPXHSAX, B MOTOKAX 1 AOOpe 3MIIIaHUX
3aTokax [16].

Mogens TELEMAC - 1ie BOOCKOHaJ€Ha CHCTEMa, II0 BUKOPHCTOBYE METOJ
KIHIIEBUX €JIEMEHTIB JIJIs1 OOUYKCIICHHS TPAHCIIOPTY 3a0pyAHEHb Ta SIKOCTI BOJH Y JTBOX
Ta TppoX BUMIpax. Lls cuctema Oyna pospodnena HR Wallingford y cmiBmpari 3
Electricité de France / SOGREAH. TELMAC pa3zom 3 MIKE-3 ta Delft3D - ue
HAWTIOMIMPEHII MPOTrpaMHl CUCTEMH, SIKI JOCTYIHI Ha KOMEPIIMHUX 3acauax Jyis
OOYHCIICHHS! TPUBUMIPHOTO MOTOKY, TPAHCIIOPTY Ta SAKOCTi Bojau [16].

Monens  WASP (mporpama MojeniOBaHHS BOJHOTO aHanmizy). Cucrema
monemtoBanHss WASP - e y3araibHeHa CTPyKTypa MOJEIIOBaHHS — JI0JI
3a0pyHIOBAYiB Ta TPAHCIIOPTYBAHHS Y TIOBepXHEBHX Bojiax [16]. Ha ocHOBI THYy4KOTO
BiJICIKy MojemtoBaHHs, WASP Mo)Ha 3acTOCOBYBaTH B OJIHOMY, JBOX a00 TPhOX
Bumipax. WASP npusHaueHudl [ JIerkoi 3aMiHM HaNMCaHUX KOPHUCTyBaueM
nporeayp y CTpykTypy nporpamu. [Ipo6iemu, sxi BuBuanucs 3a gonomororo WASP
BKJIFOYAIOTh O10XIMIYHUI MOMUT HA KUCEHb, TUHAMIKY PO3YMHEHOTO KHUCHIO, TOKHBHI
pedyoBuHM / eBTpodikaiito, OakTepiaibHe 3a0pyJHEHHS Ta TOKCUYHUI XIMIYHUI PyX.

WASP - 1nie quHamivyHa MOJEINb BIJCIKY, SIKa MOKe OyTH BHUKOPHICTaHA JJIA aHAIII3Y
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PI3HOMaHITHUX MPOOJIEM YUCTOTH BOAM y TAKUX PI3HOMAHITHUX BOJONMAX, SIK CTaBKH,

CTPYMKH, 03€pa, BOJOMMH, PIUKH, JMMaHH Ta IpuoepexHi Boau [16].
2.2. Po3poOka ajropurMy A0CJiIzKeHHS

By3oa monitopunry HB. By3on 3'ennye Tta 30upae mani 3 natuukis (ALLII),
o0poOmsie Ta mepenae gani Koopmuuaropy. Bin BukopucroBye 2 Oatapei AA ms
JKUBJICHHS JaTuukiB 1 Moayiab SmartRF05Battery Board, ame Takox Moxe
BUKOPHUCTOBYBAaTH MOJYJIb COHSYHOI €HEpTii JJIs1 30BHILIHBOTO JKEpelia >KUBJICHHS.
Ha puc. 2.1 nokazana anapatHa apXiTeKkTypa By3na. /1o By3na MOXKyTb OyTH pUEIHAH]
TaKl TUIM AATYUKIB: JAaTYMK TEMIEpaTypu, JaT4uK pH, aTyuk npoBiAHOCTI, JaTYUK
MyTHOCTI. Xouya JaTyuk TemiepaTypu mae TouHicTh 2 °C mix 0-70 °C, skmo
KaniopysaTH BiJ 25 °C, MM MOKE€MO 3MEHUIUTH TOYHICTh A0 MPUIHATHOIO 3HAUECHHS
1°C. 3HaueHHs TemMnepaTypH Ta 3Ha4€HHs HaIpyTH JIHIIHHO NoB's3aHi. Yepes Te, 1o
CC2530 BUKOPHUCTOBYE HaIlpyry akyMyJjsTopa K opieHTOBHY Hampyry ALIIIL, Tomy
3Ha4YeHHs OyJie BIUIMBATH Ha YaC BUKOPUCTAHHS aKyMYJIATOPIB IPOTATOM TPUBAIOIO
yacy. [loTpiOHO BUKOpHUCTOBYBATH MOJ1F0 TOYHOCTI, IO 3aIyCKAEThCs, BY30J1 30Hpae
JlaH1 3 JaTYMKIB, OOUMCIIIOE Ta BUJIyYa€e MAKeT KIACTEPHUX JIaHUX, a MOTIM HaJCHUJIAE
rioro koopauHaTopy 3 HoMepoMm ACK. et ACK — yHikanpHUM 119 KOKHOI Iepesayl.
[Ticns 3aBepuieHHs mpolecy nepeaadi BiH 3anyckae taiiMep ACK (5 cexkynn) 1 uekae
xoopaunatopa ACK Bix Bysna [17]. Skmio maker ACK oTpumaHuid, ajne 3Ha4E€HHS B
bOMY TAKET1 HE IOPIBHIOE 3HAYEHHIO nonepennboro nakera nanux Clusterpacket abo
naker ACK BiaCyTHIM, makeT kiactepiB AaHuX Oyje 3HOBY HaaiciaaHuil. L{s QyHkuis
MIJBUINUTh HAAIMHICTD CHCTEMH Ta HAJACTh BIAMOBIII Ha EK3EMIUIIPH, SKIIO €
npo0emMu o010 Bei€i cuctemMu. KpiM Toro, By30J1 MOKe 3MIHIOBATH MOIEPEAKYBAIIbHI

3HAYCHHS, KOJIM OTPUMYE TaKeT MonepeKeHHs Kiactepy [17].
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Pucynok 2.1 — Anroput™ (yHKIIIOHYBaHHS By3s1a MOHITOpuHTY HB

Crapt

h A

|HiLianizaLiR
CHCTEMM

.

NpWEQHATHCA
00 Mepexi
Zighee

h 4

Mogia "
OMiKyYBaHHA

Hi

Tax

COH | OYiKYBAHHA
Tpurepa nogia

.

3i0paT oaxi 3
OATYMEIE

.

BiONpaBWTK JaHi 0o

KOOPOWHETOPA, COH [
Ta O4iKyEaHHA ACK

Koopannatop. KoopaunaTop Bifirpae neHTpaibHy POJib Y CUCTEMI, BIH 3aBKIH

3HaXOJIUThCS B aKTUBHOMY CTaH1 Ta 4Y€Kae Ha repejavy JaHuX BiJl BY3J1iB Ta 0OpOOKy

KOMaHJU BiJ KopuctyBauiB depe3 moxayib GSM / GPRS ana xoudiryparmii ta

MOHITOPUHTY BcCiXx By3diB y cuctemi [17]. Koopaunatop He Mae [IaTUYHKiB,

BCTAHOBJICHUX, 1 BiH 3a3BHYail po3Millly€eThbcsl Ha 3eMyii. BiH Oyae >KUBUTHCS BIJ
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MOCTIHHOTO CTPYMY BiJ] afanTtepa, 1o BiANOBIAa€ BEIMKUM oTpedam eneprii. Puc. 2.2
OMHUCY€E OCHOBHI HampsMKHU AisibHOCTI Koopaumnaropa. CriodyaTKy BiH 1HIIIAJIZYE
HeoOximH1 3MiHHI, ¢QyHKIi, Taki sk mMomyiai UART, cBitmomiomuuii, PK Tta inmi
KOMITOHEHTH. Y TOM k€ Yac BiH BUBYAE CEPEAOBHUIIE, 11100 BUOpATH YACTOTY KaHAIIB,
sKa € HaUOUIbII €EeKTUBHOIO Ta HAHMKUOI0 €HEProBUTPATaMM JJIi BCTAHOBJICHHS
Mepexi Zighee. By3nmn 3MOXyTh npHeTHATHCS 110 IMie€i Mepexi Zighee. OcHoBHEM
HarnpsMKoM JisibHOCTI KoopnuHaropa € oTpumanHst qaHux Bij Bysna ta nmepenava
nannx Ha cepep depe3 GPRS. Otpumyroun nani, BiH 3uutye HOomMep ACK i
MEPEKOHAETHCS, IO LIEeH MAKET KIACTEPIB JaHUX € HOBUM, MOPIBHABIIN 3 TIONEPETHIM
3HaueHHAM. fkimio nani HoB1, Koopaunatop Hancunae naket ACK, 110 MicTUTh HOMEP
ACK 3 maketa KJ1acTepiB JaHux, 10 BiAnoBiaHoro Bysina. ITicis uporo BiH nepeBipsie
3HAYCHHS, 11100 BU3HAUUTHU YU CEPEAOBHUIIE NepedyBae B MOMEPEIKyBaILHOMY CTaHi.
Sxmo 3HAYCHHS BUXOIUTH 3a PaMKH JO3BOJICHHX MeX, KoopawmHaTop BUKOHYE
HaJCWIaHHs SMS-NOBIIOMJIEHb, MOBIAOMIIIIOYM KOPHCTYBadiB PO  BYAaCHE
BUIIPABJICHHS 3aXO/iB, MO0 YHUKHYTH BTpaT, ko Taki €. He nuBisguuch Ha
nonepepKeHHsT 4Yd Hi, JaHl Takox HajcuiaTeess 10 CepBepa. Koopaunartop
nepeBiputh Moayib GSM / GPRS rta cripoOye BctanoButu GPRS-3'ennanus. [pu
MIJKIIOYEHHI BIH 3/IIMCHIOE Tepefavy JaHUX 1 TOBEPTAEThCS B CTaH, 10 YEKAa€E Ha
noxii. Tum 3'eqnanns Mixk Koopaunatopom ta Cepsepom - 11e TCP / 1P, 1o 3a6e3neuye
BIJICYTHICTh BTpAau€HUX JaHUX M1 yac nepenayi. Akuro npouec HanamrtyBaHHs GPRS-
3'enHaHb He Oyxae ycmimHuM, Koopaunarop 3aiiicHioBatuMe 30epiraHHsA AaHUX Y
BOymoBaniit mam’sti CC2530. Ilicnst Toro, sk BiH ycminmHo miakmtoduThes 10 GPRS,
BIH BHBYHMTH 30C€peKEeHI JlaHI 1 TMepenacTb BCHO 30epekeHy iH(opwMarito, o

30epiraeThces, Ha cepsep [17].

ApK.

ML.[1M4104.0000.713

3wmH. | Apk. Ne dokym. Midnuc |dama




Crapt

¥

|HiLianizauis
CHCTEMM

v

|HiLianizadiA
ZigBes mepesi

¥

- MogiA

O4IKVBIHHA

v

npyilom JaHux Big

¥

YPEENIHHA MEHH

v

NpHIAoM JaHux Big

Byana Cepeepa
Tak BignpaenTk
Mominka? > CMC oo
KODUCTYBEYA
- y
Hi
Tak ¥
MigkTHYEHHA
GFRS [DEHTHUYHICTE |
npouec
Hi
BCTaHOBWMTH
GPRS
38'A30K
Tax
YeniwHo? >
Hi
¥
- HAOCKMNAHHA OaHMx
30epiraHHR gaHWx
P a Ha cepesp
- ™ h J
- -

Pucynok 2.2 — Anroput™ (pyHKITIOHYBaHHS KoopAuHaTopa MoHiTopuHry HB

3MH.

ApK.

Ne dokym.

Mionuc |dama

ML.[1M4104.0000.713

ApK.

35




Crapt

v

iHTepdeAc STM32 =
OaTYHKaMK

v

3arpyanTh Kog B
Arduino Ta zuMTaTH
NaHi 3 ceHoopie

pH == 7.30

>

A

KWCAOTHICTE BOOKW
BUCOHE

MepeeipHTiA
ZHaYeHHA pH

=5.90

pH==6.9

&8 pH=T_3

Bo0a SeanedHa

=40

)

MNepeeipuT
ZHAYEHHA
TeMnepaTypu

A

BOOa KMCNa

t=<15

v

TeMmnepaTypa soaM
BMCOKS

v t== 40 8&t== 15

TeMnepaTypa soam
HOpMAanNLHA

m=1

)

MepeeipyTh
ZHEYEHHA
MYTHOCT

\

'

TeMnNepaTypa BoaM
HW3bKS

m=0.3

v

MYTHICTE BOOM
BMCOKE

M ==023

E&m==1

MYTHICTE BOJM
HOpPMATNEHA

p=800

)

MepeeipuTh
ZHEYEHHA
npoBigHOCTI

\

'

MYTHICTE BOSM
HW3EKA

p=300

v

NpoBIOHICTE BOOM
BMCOKE

W == 800 && p == 300

NpoBIOHICTE BOOM
HOpMaNEHE

'

NpOBIOHICTE BOOM
HW3EKE

h

Hapgicnarmu gadi json
g Cloud

OaTUMKIE < nopir

EPEEIPUTH, 3HAYEHHR

Taxk

Hi

Cton

)

Hagicnatk CMC

Pucynok 2.3 — briok-cxema nporiecy 300py 1aHux
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2.3. llporpamyBaHHA

Ko Hanmcanuii y iHTerpoBaHOMY cepeIoBHII po3poOku i apxitektypu (IDE).
JIxepeno Hanucano MoBoro C. CrmodaTtKky moTpiOHO MPOTECTYBATH YOTHUPH JATIUKH
KOKEH OKpeMo, MOTIM 1HTerpyBaTtu Bcio cuctemy. Ha puc. 2.3 mokazanuii mpoiiec
300py MaHUX BiJ JaT4uKiB. JlaTuumku moB's3aHl Mk coboro miatoro STM32. Tlotim
nigkmogaemo STM32F103 gepe3 kabenb usb 1o mopty usb Ta 3aBaHTaXXye€MO KOJI.

Buxou BinoOpakaroThes B ociigoBHoMy MoHiTopi IDE [18].
2.4. Po3po6Kka Ta MpoBeeHHsI KOMIT I0TEPHOT0 eKCIIEPUMEHTY

Tabmug 2. Bxigai napamerpu

IMapamerpu baoxk HigcnnoBau | Cucrema YyrauBuit
KePYBaHHS OYHILEHHS eJIeMEHT
T pH T pH BOJIU AT. | Jd.pH
k 0,1 0,5 3 3) 1 2 0,01
T 1 — — 05 | 22,3

PosrisHeMO cTpyKTypHY cXeMy, sika moKa3aHa Ha puc.2.4.

7)( @ /7 5K 0B '

/7 %

Puc. 2.4 — CtpykTypHa cxema KOHTPOJIIO TTapaMeTpiB BOJIU
[lepenarouna ¢yHIis miacUIIOBada Oyie
Wi s(p) =k, (2.1)
ne k — koediuieHT miacuiaeHHs; T — mocTiiiHa yacy.

[Mepenarouna pyukiis ayimuBoro eaementa (1.T.) W, (p) 3a popmysioro

k
Walp) =17 (2.2)
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[epenatouna QyHiiist 6;10ka kepyBanHs BianosinHo W, (p) , 3a popmyiioro

W,(p) = <

Tp+1'

(2.3)

[lepenarouna GyHKiis Kamepu mwiasiaenus Ws(p) gopisaroe 1.
[TincTaBumo 3Ha4yeHHs, y popMyiy 1 1 oTpuMaeMy nepeaaTouny QyHKIIIO s
MJICHJIIOBAY1B
Wis(p) =3,
Amnaioriubo y popmynu 2.2 1 2.3 1 orpumyemo nepeaaTouni ¢pynkiii YE 1 BK

BIIIIOBITHO
W, (p) = 0.5
2P = o 1
0.1
Ws(p) = Y

Po3paxyemMo 3aranbHy nepeaTouHy (PyHKIIIFO0 CUCTEMHU

W (p) = W1 (p)W- (p)W3(p)
3ar. 1+ Wi (@W,(@)W;s (@)W, (p)Ws(p)
0,5 1.5
3+ 2p+1° 1 2p+1
Wear,(p) = 01 05 = 0.45
14+3%——%5—o2x1%3 ( ' +1>
p+1 2p+1 Cp+1D(p+1)
_ 15(p+1)  15p+15
~ 2p%2+3p+145 2p?+3p+ 145
_ 1.5p+1.5

3a nonomoroto cepenosuina MatLab Simulink moGyayemo ctpykTypHy cxemy

KOHTPOJIIO TEMIIEpaTypu Ta MOOYyEMO XapaKTEePUCTUKH.
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Scope

Puc. 2.5 — CtpykTypHa cxema KOHTPOJIIO TeMIieparypu B cepenonuiii Matlab

OTpumMyeMO TiepexiIHy XapaKTEPUCTHKY Ha BUXOJi cucteMu (puc. 2.6).

06 [ T T T

104

os i
L/
L/

Ready

12 14 16 18 20

Offset=0 T=20.000

Puc. 2.6. Curnan Ha BUX0/i cucteMu (TiepexiHa XapaKTepUCTHKA)
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Pucynok 2.7 — IMnyibcHa XapakTepUCTHKA
Bode Diagram
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Bode Diagram
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Pucynok 2.9 — ®UX
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IIpoBenemMo ekcrniepuMeHT /Jisi KOHTPOJII0O napamerpa PH Boam.
[lepenarouna ¢yHIis miacuIoBada Oyae

Wi s(p) =k, (2.4)
ne k — xoedimient miacuneHHs; T — mocTiiiHa 4acy.

[epenatouna Gyukiis uyrinuBoro enementa (1.T.) W, (p) 3a popmyioro

K
Wap) = (2.5)
Ilepenarouna ¢yHilis 610ka kepyBanus Biamosigao W, (p) , 3a hopmMyitoro
k
Wa(p) = (2.6)
[epenatouna QpyHkiis kamepu iasienss Wi (p) nopishioe 1.
[TincTaBUMO 3HauYeHHs, y popMyity 1 1 oTpumaemy nepeaaToyHy QyHKIIO s
MMJICHJIIOBAY1B
W14(p) =5,
Amnanoriuno y dopmyinu 2.51 2.6 1 orpumyemo nepegatouni pyukiii YE 1 BK
BIJIITOBIJTHO
W, (p) = 0.01
2P =0 3p+ 1
0.5
Ws(p) = 7
Po3paxyemo 3aranbHy nepeaTouHy (PyHKIIIFO CUCTEMHU
W () = Wi (p)W, (p)W5(p)
r 1+ W, (p)W, (p)W; (p) W, (p)Ws (p)’
0,1
> * p+1 *1
I/Vsar.(p) = =
145 x 0,5 ,_ 001 £1%5
p+1 223p+1
_ 0.5 B
N 0.125 B
@+~ ((22-329 DG+ 1)
0.5
_ 22.3p?+233p+1.125 _ 11.15p + 0.5 .
B 22.3p+1 ~ 22.3p% +23.3p + 1.125°
_ 11.15p+0.5
Orxe, War. (p) = 22.3p2+23.3p+1.125
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3a monomororo cepenosuiia MatLab moOyayemMo CTpyKTypHY CXeMy KOHTPOJTIO

pH Ta moOyayemo XxapakKTepUCTHKH.

I 05 o 1 Lx ol [
s+ 1
Stepl Amplifairt Control Unit1 clear water system’ Scope?
AmplifairOb1
pH sensor
0.01
22 3s+1

Pucynok 2.11 — CtpykTypHa cxema koHtposro pH B MatLab

Step Response

Amplitude
S

Time (seconds)

Pucynok 2.12 — I[epexiiHa XxapakTEepUCTUKA
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Amplitude

Impulse Response
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Pucynok 2.13 — ImmynbpcHa XapaKTepUCTHKA

Bode Diagram

0.5 T
.II
0.4 b =
Rl S -
\R -
0 | N E— ! 1 1 1
45 T T T T T T T T T
7|
o !
e iR _
90 I —— : } | | | |
10 20 30 40 50 60 70 80 90 100
Frequency (rad/s)
Pucynoxk 2.14 — AUX 1 dUX
ApK.
M/].[1M4104.0000.713 44
3wmH. | Apk. Ne dokym. Midnuc |dama




Nyquist Diagram
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nocmimkennas B cepeposumni Matlab Simulink B xomi sikoro mobynoBano rpadiusi
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3. IOCJUKEHHSI CTPYKTYPU MEPETBOPIOBAUIB KOHTPOJIIO
YHUCTOTHU BOJONMMUIII

3.1. JaTyuk pH

PH po3unny Bka3ye, HACKUTBKU BiH KUCIUi a0o myxHuil. Tepmin pH nepeBoautsb
3HAYCHHS KOHIICHTpAIlil 10HIB BOHIO, 5IK1 3a3BUYall KOJUBAIOTHCS MPUOIU3HO BiJ 1 10
101 rpam-exBiBanenTiB Ha JiTp - Ha yncna Big 0 1o 14. Ha mxami pH aysxe KucnoTHuiA
po34MH Mae HU3bKe 3HadeHHs pH, Hampukiam, 0, 1 abo 2 (o BigmoBigae BETUKIM
KOHIIeHTparlii 10HiB BojHIO; 10 x 0, 10 X -1, a6o 10 x -2 rpam-eKBIBAJICHTH Ha JITP,
TOMI K JyXe JTy>KHUM PO3YMH Ma€ BUCOKe 3HaueHHs pH, manpukiman 12, 13 a6o 14,
0 BI/AMOBia€ HEeBENWKiN KiTbKocTi i0oHIB BoaHo (10 x -12, 10 X -13 a6o 10 x -14
rpaM-eKBIBaJIEHTIB Ha JiTp). He#TpanbHuii po3umH, Takud sK Boma, mae pH
npu6sm3Ho 7. L{ukin BumiproBanHs pH cknanaerbes 3 TpbOX KOMIIOHEHTIB, 1aTYMKa
pH, skuil BKIIOYAae BUMIPIOBAJIBHUN EJIEKTPOJ, €JIEKTPOJ BIIJIIKY, 1 JaT4UK
TeMIIepaTypu; IEPEAITiICHIIIOBaY; 1 aHai3aTop abo nepeaanay [19].

[nelid BumiproBanHd pH 1o CcyTi € akyMyJISITOpOM, 1€ O3UTUBHUM KIHLEM €
BUMIPIOBAJILHUN €NEKTPOJ, a HEraTUBHUN — €JIEKTpOJ BiAJiKy. BumiproBaibHuMiA
€JICKTPO/, YYTIMBUM JI0 10HA BOJHIO, PO3BUBAE MOTEHIIAN (HApyry), 6€3mocepeaHbo
MOB's3aHy 3 KOHIICHTPAIII€I0 10HY BOAHIO B po3uMHi. EiekTpos Biajiky 3abesneuye

MOTEHITIal, 3 SIKUM MOJKHA TIOPIBHATH BUMIpIOBaIbHUM enekTpos [19].

Pucynok 3.1 — pH cencop
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Bucokotounuii pH-Sensor BukopuctoByeTbesl Ak AaTuuk pH, skuil mMae BUXiAHY
Hanpyry Big -412mV no 412mV. Teopetnunuii Buxia pH-Senor craHoBUTH TPUOIM3HO
59,16 mB / pH mpu 25 ° C, ToOTO 17151 KAUCIOTHOI BUXITHOI HANIPYTH € TMO3UTHBHUM,
JUIs HEUTPaAIbHOTO - HYJBLOBUM, a JUIsi OCHOB BiH CTa€ HeraTuBHUM Ipu 59 mMB Ha
onuuuio pH, mounnatoun 3 Hynd. Ha 110 BUXiJIHY Hampyry BIUIMBAa€E TeMIlepaTypa
HAaBKOJMIIIHBOTO  CEPENOBHUINA, TOMY MOTPIOHO KOMIEHCYBAaTH  KOE(QIIIEHT
temnepatypu. [loTpiOHO opraHizyBaTH KOMIIEHCAIIII0 TeMIIepaTypHOro e(ekTy, sK
nmokaszaHo Ha puc. 3.2. Buxin matdymka mepeTBOproeThes B miama3oH Big 0 mo 2,5 B,
KU MPSAMYE Ha IpoIecop s 0opooku [19].

pH Bu3HayaeThCs SK HEraTMBHUM Jorapu(™M KOHIEHTpAIlii 10HIB BOJHIO 1
MaTEeMaTHYHO 3a/1a€ThCs piBHAHHAM [19]:

pH = —log (H+)

[IpobGa pH abo gaTuWk, M0 BUKOPUCTOBYETHCS ISl BUMIPIOBaHHS 3HaueHHs pH,
CTBOPIOE PI3HHUILIIO MOTEHII1ATIIB MK HOTO OMOPHUM €JIEKTPOJOM 1 BUMIPIOBAIILHUM
esiekTposioM. Lle 3HaueHHs HanpyTu Oyze mponopLiiHUM BiANOBITHOMY pH B MOMEHT
BUMIpIOBaHHA. BuxigHa Hampyra, 1o BUpOOJsieTbesl natdyukoM pH, BHU3HadaeTbes
piBHsHHSM HepHcTa 1 3a1a€ThCsl 3HAYEHHSIM

E=E,—k.T.pH

Tyt Eo - nocrifinuii norenmian, K - koncranra boabsimana, T - Temneparypa B °C.

Tomy mipu Temneparypi 25°C Buxig Oynae
E=E,—0.592.pH
Hagenene piBHsHHS, piBHAHHS (3) nae Hanpyry, BUpoOiieHy Ha oauHHI0 pH, sx

0,592 B a60 59,2 MB (npu6nuszno 60 mB).
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Pucynok 3.2 — IlpuHuunoBa cxema noeiHaHHA gatyuka pH
3.2. JlaTYHMK TeMIepaTypu

Ha puHKy ICHYIOTH pIi3HI THUIIHM JATYUKIB TEMIIEpaTypu ISl 30HIyBaHHS
TeMIiepaTypu OyJib-IKOro 00'€KTa 4u OTOYEHHS. 3a 1HQOpPMAII€I0 EKCIEPTIB ICHYE
ONUHAMIATHL THUIMIB JIaTUYMKIB TEMIEpaTypH, sKi OXOIUIIOIOTh BCIO 00JacTh
pOOOTOTEXHIKH Ta aBTOMATUKH. L1 1aTunKu BIAPI3HIAIOTHCS 32 EMHICTIO AaT4HKa. Tox
BUOIP KOHKPETHOI TeMIlepaTypu i KOHKPETHOTO MPOEKTY 3ajJeXHUTh BiJ HOro
3acrocyBanHs [9]. Lle pi3Hi THUIH, SK MPaBHIIO, TEPMOIAPH, PEECTPATOP JETEKTOpPA
TeMIIepaTypH, TEPMICTOpH, iIHPpauepBOH1 HAIIBIPOBITHUKHN 200 TepMOMETpH. JlaTunk
TEeMIIepaTypH, SIKU BUKOPUCTOBY€EThCS B 1Ml cuctemi, Bl DF Robot. Byno Bubpano
DS18B20 cencop ans Hamoro pocmipkeHHs. Lle nemeBwii 1udpoBuil JaTUMK
TEeMIIepaTypH, sIKUA Mae OAWH MpoBiAHUI iHTepdeiic. Lle o3Hauae, 1o ist 3B’ 53Ky 3
MIKpPOKOHTPOJIEPOM MOTPIOEH JuIle KOHTakT (miH). BiH 0coOMMBO MiAXOAUTH IS
[[bOTO MPOEKTY, OCKUIbKM BiH BOJOHETPOHUKHMI. 3aBAsKM U(PPOBOMY BUXONY BiH

TOYHO BuUMiproe Temneparypy [9]. Ha puc. 3.3 mokaszano 3pa3ok ceHcopa.
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3anexHo

BIJ

Pucynok 3.3 — Jlatuuk Temnepatypu DS18B20

3aCTOCYBaHHS

temrniepatypu omip PT-100

3MIHIOETHCS

HpOl’IOpIIifIHO, oo gae nonam;mi 3MIHHU BI/IXiIIHOI Hallpyru MOCTOBOI'O JIaHIIIOI'a IIPH

0°C, micT Oyne B 30aJlaHCOBaHOMY CTaHI, ajie Tak gk Temneparypa PT-100 3miH0€eThCs

3da PAXYHOK 3aCTOCYBAHH:A I[GHKI/Iﬁ BXiI[ TCMIICPpATypH, TO CXCMa MOCTa CTa€

HeBpiBHOBakeHOtO [9]. el aucOamaHc NpU3BOAMTD 10 HEBEIMKOI AUQepeHINiaabHOT

HaIpyry Ha MOCTy. MakcuMmalibHa nudepeHiiaibHa Hanpyra cTaHoBUTUME Bij 20 10

40mB. lls mana Hampyra mojaeTbcs Ha audepeHIlladbHUN MIICUIIOBAY 3 METOIO

nocuieHHsa. KoedimieHT mnocuneHHs Moxe crtaHoBuTd Big 150 go 300 ms

peryiroBaHHs moBHoMacmTabHoro o / 1. Ilorim Buxigauéi audepeHIiaTbHUN

nigcuiroBayd nogaetbes Ha AL kortposepa [9].

3MH.

ApK.

Ne dokym.

lionuc

[Jlama

ML.T1M4104.0000.713

ApK.

49




Vee

é 56k R15

0PEI?+ 3 RTI0K 22K VCC
4
I s =
TO CHO OF ADC - { R14 PTI00

BRIDGE

Pucynok 3.4 — IIpuHuunoBa cxema o€ IHaHHA JaTYMKa TEMIIepaTypu

3.3. JaT4yuK NOMYTHiHHS

JlaTuMK MOMYTHIHHS BU3HA4Ya€ YUCTOTA BOAM, BUMIPIOIOYM PIBEHb MOMYTHIHHS.
BiH BHKOpHCTOBYE CBITIIO JUIsl BHSIBICHHS 3BaXEHUX YACTHHOK Y BOJI IIIIXOM
BUMIPIOBAHHS MPOMYCKaHHS CBITJa Ta IIBUIKOCTI PO3CIIOBAHHS, SIKa 3MIHIOETHCA
KUJIBKICTIO 3arajibHOi CycreH10BaHo1 TBepoi peuoBruHu (CTP) y Boal. 3 migBUILIEHHAM
piBast CTP piBeHb NOMYTHIHHS PIAMHU 30UIbIIYETHCS. JaTYUKU TMOMYTHIHHS
BUKOPUCTOBYIOTBCS JUIsl BUMIPDIOBaHHS UHUCTOTH BOJM B pIUKax 1 TMOTOKax,
BUMIPIOBaHHS CTIYHMX BOJI Ta CTOKiB, KOHTPOJIBHUX NPWIAMAIB JJISI O0Caay BOJOIM,
JOCITIIKEHb 0CaJ0BOI'0 TPAHCIIOPTY Ta JIabopaTopHUX BuMiproBanb [20].

[eit naTunk 3a0e3neuye aHAIOrOBUM Ta HIU(PPOBUN PEKUMU BUXOJLy CUTHAITY.

Ha puc. 3.5 mokazaHo me 1aTyuk.

Pucynok 3.5 — JlaTyuk MyTHOCTI
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Pucynok 3.6 — [IpuHIunoBa cxema rmoeiHaHHS JaTYMKa PiBHSI MyTHOCTI

[IpoBiHICTE - I1Ie 37aTHICTh PO3YMHIB MEpPeHOCUTH cTpyMm. lleli mapametp

BUKOPUCTOBYETHCS JIJII BU3HAYEHHS BMICTY cOJi Y BOji. BukopuctoByeThcs miis

BUMIPIOBAaHHS MPOBIAHOCTI BOAM. BIH CcKiIamaeTrbcss 3 JBOX €JEKTPOJIIB, KOJIU

MOMIIIAETHCS Y BOAY, YTBOPIOETHCS TMOTEHINaN, MPONMOPIIAHUN TpoBIHOCTI. Bin

BUMIPIOETHCS B ceiiMax Ha cM. [IpuiHATHUHN Alana30H MPOBIIHOCTI CTaHOBHUTH Bij 300

1o 800 MM Ha cMm [21].

Pucynox 3.7 — Jlaruuk npoBigHOCTI pipmu Amazon
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3.5. Moayas ZigBee

Yun pagiovactoTrHoro 3B's3ky Ta BianpaBku CC2420 O6yB BuOpaHUN B SKOCTI
yuma moayisa ZigBee. CC2420 - 1e 4iTke MOBIIOMIICHHS Ta Iepeaada paaioqacToTy
IPOMHUCIIOBOTO  Kiacy, po3pooHuk Chipcon. 3aBmsku  BenuwKid  KUTBKOCTI
nepudepiitHuX KOMIIOHEHTIB 1IEW YUIT MOYKE HaJIITHO OTPUMATH 1 BIJINPABUTH JIaH1 B
6e3apoToBoMy miamazoHi podounx wactoT Big 2400 [T mo 2,4835 I'Tn. IaTepdetic
CC2420 sximouae B ceoe SFD, FIFO, FIFOP, CCA Tta SPI (CSn, SI, SO i SCLK).
VYupapiso cocrosauem BuBogy FIFO i FIFOP, s moxy Hactpoitu perictp TX /
Rxtegoti; BeranoBuBmu cran BuBiok CCA, MU MOIJIM OYMCTUTH KaHal, a CTaHIll
BCTaHOBUTU cTaH SFD, 1106 Mu MOTrJiM KOHTPOJIIOBATH 1H(pOpMAIIi0 PO Yac 1 vac.
Uepes mmuny SPlI CC2430 wmoke HalamTyBaTH pEXUM pPOOOTH MIKPOCXEM,
JO3BOJISIIOYM  3allMCyBaTH Ta 3alucyBaTH JaHl mpo Oydepu Ta KepyBaHHS

perionansHuMH cTanaMu [23]. Cxema mozysist ZigBee nmoka3ana Ha puc. 3.8.

MSP430F1611 CC2420

P2.6 <«— FIFO
P2.5 4 FIFOP
P23 44— SFD
P2.4 4——— CCA

P27 |———— CSn
MOSI —p| SI
MISO <@— SO
UCLK —— | SCLK

Pucynok 3.8 — Cxema momyns ZigBee

3.6. GSM moayab

Monynbs nepeaadi iHpopmariii - e Moaysib GSM. Moayinbe GSM BUKOPHUCTOBYE
SIMENS TC35. Moayns GSM B 0CHOBHOMY CKJIQIAETHCS 3 TIpoiiecopa 0a30B0Oi CMyTH
GSM, GSM RF, xxuBnenHs, cnanaxy, aHTeH Ta aHTEHHOTO THi31a. Moy b 3a0e3mneuye
cTaHaapTHui 1HTepdeiic komana AT s KopucTyBayiB, a WOro poboya Hampyra

CTaHOBUTH BiJ 3,3 10 5,5 B, a crioxuBaHHS eleKTpoeHeprii Hux4Ye. binpie Toro, BiH
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Moske 0e3MeyHo Ta MIBUAKO MepeaaBaTH JaHl Ta rojoc Ha cMys3i yactotr 900 MI'n ta
1800 MTI't1. Icuye tpu pexxumu SMS, ski miarpumye GSM: pexxum OokyBaHHs Text
Mode 1 pexxum PDU. TekcToBuii pexxum miaTpuMmye uncia Ta cuMBoin. Crucrema B
OCHOBHOMY Tiepeae udpoBl MOBIJOMIICHHS, TOMY TEKCTOBHI pexxuM oOpaHuM aJis
3actocyBaHHs. Monyins GSM BukopucTtoBye crannapTHi komanau AT 1 ciiJIKyeTbes 3
curHaiapHuM gimom UART [22].

[e#t moaynb moxe npuiiMmatu SIM-kapTy Oyab-sikoro ornepatopa mepexi GSM.
[lepeBaroro BUKOPUCTAHHS LILOTO MOJYJIS € T€, 10 MH MOXXEMO BHKOPHCTOBYBATU

nopt RS232 nns cninkyBanug. Moayins GSM BukopuctoBye ctanaaptHi komauau AT.

Pucynok 3.9 — GSM monynb

3.7. MikpokourpoJsep STM32

Mikpokontpoaep STM32F103 [23], mae BucokoedekTrBHe siupo Cortex-M3 i
npairoe B pobouiid yacrori 72 MI'm, pobdoua nampyra 2,0-3,6 B, —40°C nmo 85°C
pobOodoi Temmeparypu, 3a0e3mneueHuil BOYMIOBAHOK IIBUAKICHOIO —Iam’sSITTIO.

OnHOUIMOBUN MIKPOKOHTPOJIEP Ma€ HU3bKE €HEPrOCIOKUBAHHSA, HU3bKY HAIPyTy Ta

HIMpOKe 3acTocyBaHHs. Lle sapo Bciei cuctemMu, 10 BUKOPUCTOBYETHCA ISl 300Dy
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naHux, nepetBopeHHs A / D HaOyTuX CHUTHaNIB Ta KOHTPOJIO HAJIEXKHOI podOoTH

enemMeHTiB. Moro cxema ympasiiHHs nokazaHa Ha puc. 3.11.
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Pucynok 3.11 — Cxema STM32F103
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Tabnung 2. Xapakrepuctuku Mikpokontpoaepa STM32F103

Peripheral STM32F103Tx | STM32F103Cx | STM32F103Rx | STM32F103Vx
Flash - Kbytes G4 128 64 128 G4 128 64 128
SRAM - Kbytes 20 20 20 20
o General-purpose 3 3 3 3
o€
E
= [ Advanced-control 1 1 1 1
SPI 1 2 2 2
s
£ |FFc 1 2 2 2
=
S |USART 2 3 3 3
E
5 use 1 1 1 1
CAN 1 1 1 1
GPIOs 26 ar &1 B0
12-bit synchronized ADC 2 2 2 2
Number of channels 10 channels 10 channels 16 channels!! 16 channels
CPU freguency T2 MHz
Operating voltage 20036V
Operating tomperatures Ambient temperatures: -40 to +85 *C / -40 to +105 “C (see Table &)
g Junction temperature: -40 to + 125 °C (see Table 9)
LQFF100,
LOFF48, LOFPG4,
Packages VFQFPMN36 LFEGA100,
UFQFPM48 TFBEGAG4 UFBGA100

BucHoBkm 10 po3aiay 3

OTxe, B po3/iai Oys10 BUOpAHO Ta ONTUCAHO XapaKTEPUCTUKU MEPETBOPIOBAYIB,

€JIEMEHTIB KOHCTPYKI[ii CUCTEMHU.
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4. PO3POBKA CTPYKTYPU CHUCTEMU KOHTPOJIIO YUCTOTH
HEBEJMKHX BOJTOWMUILL

Puc. 4.1 imocTpye oauH 13 BY3JIB KOHTpodto uynctotd HB, sKi ckinagaroThbes 3
psany naruukiB (pH, TOMyTHIHHS, TeMmIepaTypH, MPOBIIHOCTI), MEPETBOPIOBaYA
CUTHaJIy, MIKpOKOHTpoJepa Ta ZigBee moayins. JlaHi, oTpuMaHi JaTYuKaMmu, OYIyTh
nepeIani 4epe3 MepeTBOPIOBadl CHUTHAIY 3 METOI MAaHIMYJIIOBAaHHS aHAJIOTOBUM
CUTHAJIOM TaKUM YHWHOM, 00 BiH BIANOBIZaB BUMOTaM HACTYITHOTO €Tamy IS
noganbinoi o0pooku. Toxi 111 1ani OyayTh nepeaaHi MiKpokoHTposiepy. BOynoBanuit
AILII nepeTBOpHUTH aHAJIOTOBU CUTHAIT Y HU(DPOBUI CUTHAIT JAJI TOAAIBIIOI 00pOOKH
[24]. 3a monmomororo ZigBee momyns mepeTBOpeHi AaHi OyayTh HAJICHIATHCh Ha

0a30By CTaHIIIIO, SIK TIOKa3aHO Ha puc. 4.2.

Xubrerwg
!

Jamyux fegambomwbiay

mermEnamLpL cueHIb /_\
e \ ¢ N
Epembombay S

Jamuk pff A S ZioBee

Hamuk [Epembopeias| | Z%j MG/

MUYITIHOCTTE cueHaml ﬁL

Jamuw fepambomelay

APoG eI CUeHIG

Pucynok 4.1 — CtpykTypa cUCTEMU KOHTPOJIIO napameTpiB Boau HB

enTpajbHa cTaHUiA 0a3M JaHUX
JlaH1 3 ycix By37iB 30MparoOThCsl Ha 0a30Bil CTaHIIIl JaHUX, SK MOKAa3aHO Ha PHC.
4.2. JlaHl 3 KOXXHOTO BYy3Jia 30MparOThCs OJMH 32 OJHUM, TOOTO, BUKOPHUCTOBYIOUU
yacoBe MyJIbTHILICKCYBaHH. OTpuMaHi gaHi Binoopaxkarorses Ha LCD-nucmei. Kpim

TOTO, 1Ii JIaHl MEepeNalTbCsd Ha CTaHIIIO0 BIAJAJICHOIO MOHITOPHHTY uYepe3 MOJYJIb

GSMI/3G [24].

ApK.

ML.[1M4104.0000.713

3wmH. | Apk. Ne dokym. Midnuc |dama

56




2

Zigbee
MO

guctoTd HB.

BucnoBku 10 po3ainy 4

=\ [[[] ducrined

GPRS/ 36
MO

My paxaHmpongs

Puc. 4.2 — CtpykTypa 1leHTpajbHO1 cTaHIli (6a3a JaHuX)

OT1xe, B IboMy po3/1i 0yJi0 po3pobieHo cTpykTypy BCM KIC konTposto
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5.PO3POBKA  BE3MNPOBIJHOI HENEPEPUBHOI CHUCTEMHU
KOHTPOJIIO 3ABPYJJHEHHSI HEBEJIUKUX BOJOMMMII]

MOHITOPUHT YUCTOTH BOJAW AMCTAHI[IIHOTO 30HAYyBaHHS BHYTPIIIHIX BOJHUX
00'ekTiB 0a3yeTbCcs Ha JIOCBiAl, CTAaTUCTMYHOMY aHami3li abo CHEeKTpaJIbHUX
XapaKTepUCTHKAX MapaMeTpiB AKOCTI BOJH, MiA00pI JaHUX Aiana30Hy AUCTAHIIHOTO
30HIyBaHHA Ta JaHUX BHMIPIOBAaHUX IapaMETPiB YHUCTOTH TIPYHTOBOI BOJU JUIS
MaTEeMaTHYHOTO aHaji3y Ta BCTAHOBJICHHI aIrOPUTMIB 1HBEPCIl MapaMeTpiB YUCTOTH

Bou [24].
5.1. be3npoBiaHi NPOTOKOJIU Nepeaayi TaHNUX

ZigBee

[Iporpamu ZigBee nan IEEE802.15.4 B OCHOBHOMY 30CEpEIKEHI Ha:
IIPOMHUCIIOBOMY K€pyBaHHI, 0€3IpOTOBOMY JETEKTYBaHHI JAaTYUKIB, IEPCOHATBLHOMY
MOHITOPUHTOBOMY oOnagHaHHI, 0€37pOTOBOMY METUYHOMY MIPUCTPOI,
eJIEKTpOMEpeXK1, O€3APOTOBUX CIOKUBUMX IMPUCTPOSAX Ta KEPYyBaHHI OCBITICHHSIM
TOIIO. BUKOPUCTOBYETHCS B CHCTEMI CTEXKEHHS, YIPABIIHHS JIOTICTHUKOLO,
IHTEJIEKTyalbHUM  OCBITJIGHHAM,  JUCTAHI[IWHUM  KEpPyBaHHSAM,  MEIAUYHUM
00CJTyrOBYBaHHSM Ta CHCTEMOIO 3YMTYBaHHS JTIUMIbHUKA JUCTAHIIHHO [25].

IEEE 802.15.4 [25] BusHnauae HeoOOB's3k0Buii MAC-aapec i3 CymepKaapoBOiO
CTPYKTYpOIO, IO BKIIOYA€ JABI YACTUHU: AaKTHBHY Ta HEAaKTUBHY. Y HEaKTHUBHIN
YaCTUHI MPUCTPIA MOXHA BCTAHOBUTU B PEXKUMI HU3BKOI MOTYKHOCTI (CTaH CHY). 3
1HIIOTO OOKY, aKTHBHY YaCTHHY MOKHA TAaKOX PO3JUIMTH Ha TEPioJ] KOHKYPEHIli Ta
no3a KoHkyneHuiew. Ilepion KoHKypeHiii mnepeadadae A0CTyn A0 0OOJaTHAHHS
CSMA-CA [25]. Ilepioa mo3a KOHKYPCHIIE CKIAJAETHCS 3 IEKIIBKOX YaCOBHX
IHTEpBAJIIB 3aXKCTY, 1 BIH IOCTYITHHUM JJI ICSIKAX MTPUCTPOIB, SIKUM TOTPIOHO 30eperTu
MEeBHY MPOIYCKHY 31aTHICTh daHux [26]. CtpykTypa cymnepkaapy BijoOpaxae
¢yukuito Hu3bkoi noryxHocti B IEEE 802.15.4. 3actocyBaHHs HEaKTUBHOTO MEPIOAY

0oOMeKy€e TOAMHU pOOOTH TpaHCUBEPA MK JIBOMA MPUCTPOSIMH, 1 11€ pOOUTH MPUCTPOI
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B PEKUMI CIIOKOIO, KOJIM HEMae mepeadl JaHuX. TakuM YuHOM, 1€ OYEBUIHO 3HUKYE
CIIO’KUBAHHS €JIEKTPOEHEPTii.

[Mpuctpoi Zigbee [26] MOXyTh NOMMPIOBATHCS Ha MOBHOQYHKIIIOHAIBHI
MPUCTPOI Ta MpHUCTPOi crporieHoi ¢yHkii. Ha BiaMiHy Big mOBHO(YHKIIIOHATEHUX
MPUCTPOIB, MPUCTPOi CHPOIICHOI (DYHKIT MarOTh MPOCTIMIMM CTEK MPOTOKOIIB Ta
MEHIIy TMaM’ATh, 1 BIH MOXXE B3aEMOISATH JHUIIE 3 MOBHO(YHKIIOHATBHUMHU
MPUCTPOSIMU. X0Ya MOBHO(PYHKITIOHAJIbHI IPUCTPOi MaroTh MOBHUM mpoToko IEEE
802.15.4, BOHH MOXYTbh B3a€EMOJIATH 3 OyAb-SIKUM BY3JIOM Y MeXax mepezadi. /[Ba
IMPUCTPOI MOKHA MOEAHYBATH OJMH 3 OJHUM, 1 BOHU YTBOPIOIOThH CITYACTY MEPEKY,

Mepexy 3ipok abo aepeBoBUIHY [26].

Wi-Fi

Wi-Fi (Wireless Fidelity) - omuH i3 ramy3eBUX CTaHIApTIB OE3IpOTOBOTO
MmepexeBoro 3B's13ky (IEEE 802.11x), Bin Bu3Hauae piBeHb MAC Ta (i3u4HMil pIBEHb.
®i3uyHui piBEHb BU3HAYAE JIBA PEKUMH MOMIYJIAIIL O€3pOTOBOT YACTOTH Ta OJUH
pekuM iH(GpaYepBOHOI TMepenadi, ski mpaioTs B mianazoni ICM 2,4 TTr [26].
3B's130k Mo Wi-Fi Mi>k 1BOMa MpUCTpOsSIMU BiJIOYBAETHCS HA OCHOBI CAMOOPTaHi3y04oi
mepexi (AdHoc), 1 BiH Takok MOKe 3JIMCHIOBATHUCS MiJ KOOPJWHAIIE 0a30BOi
cTaHIii a0o Touku noctymy. Haiibuipia iforo nepeBara noJyiirae B TOMy, 10 BUCOKA
MIBUJIKICTh Tiepeaadi Moxke gocsaratu 11 MOiT / ¢, kpiM Toro, ii eekTuBHA BiJICTaHb
JIOBra, 1 BOHa MOK€ OyTH CyMICHOK 3 pi3HOMaHITHICTIO npucTpoiB DSSS (Direct
Sequence Spread Spectrum) 802.11 [26].

Hesxi bynkmii Wireless Fidelity taki k, sk 1 Bluetooth, oOuBi BoHM Halle)KaTh
710 TEXHOJIOT11 6€3APOTOBOTO 3B’ A3KY KOPOTKOTO Jiala3oHy, SKa BUKOPHUCTOBYETHCS B
odici Ta Oyauaky. Texnomoris Wi-Fi Mae cBoi mocToiHcTBa, TOMy BOHA IITMPOKO
BukopucroByethesi. Wireless Fidelity BukopucroBye cmyry uacror 2,4 I'Tu. Bin
dopmyeThest B pi3Hi BapianTH, Taki sk [EEE 802.11a/b/ g/ n [26].

Crnemudikamis 6e3aporooi mepexi IEEE 802.11b € BapianToM crienudikartii
IEEE mepexi 802.11. [Tpotokon 802.11b, B 0cHOBHOMY, MpaIlto€ HA PiBHI (PI3UIHOTO

piBHs Ta kananmy nepefaydi nanux OSI (Open System Interconnect Reference Model), 1
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BiH BUKOpucTOBYE DSSS my1st Mmomysiiiii Ta meMoaysiiii, mo6 MmoMnImMTH MIBUIKICTh
nepenavyi Ta MOKJIMBICTH 3amoOiraHHs 3aKJIMHEHHIO. MakcuMaibHa MpOITyCKHA
3paTHICTB - 11 MOiT / ¢ [26], Konu curnan cnabkuit abo mepemkopkae, mpomycKHa
3IaTHICTB perynroeThes st 5,5 MOit / ¢, 2 M6it / ¢ 1 1 M6it / ¢ [26], aBTomaTH4yHe
peryJIroBaHHS MPOMYCKHOI 3JaTHOCTI €()eKTUBHO rapaHTye CTa0lIbHICTh 1 HAIIMHICTD
mepexi. OcaoBanmu xapakrepuctukamu [EEE 802.11b €: Bucoka mBuaKiCTh, BUCOKA
HaJIiHICTh. BiacTtanps 3B's3ky 10 305 MeTpiB y BIAKPUTHX MPOCTOpaxX, HaBIIaKH,
BIJICTaHb 3B'SI3Ky CTAHOBHUTH BiZ 76 M 10 122 M y 3akpuTHX mpocTopax [26], 3pydHo
IHTEerpyBaTUCh Yy iCHYr0Yl MpoBiaHI Ethernet, a BapTicTh Mepex CTAaHOBUTHh HUKHIH.
802.11b maroTh MNPOBIHY €KBIBAICHTHY KOH(IISHIINHICTG I 3a0e3nedeHHs

0€3IMEeKH MEPEeKI.
WiIMAX

WIMAX (Worldwide Interoperability for Microwave Access) 0a3yerbcs Ha
cranaapti [EEE 802.16, WIMAX niaTpumye MHUPOKOCMYTOBUN 0€31POTOBUI TOCTYII
B yMOBax HENIHIMHOTO 30py TOIIMPEHHSA, a TaKOX HaJa€ HHU3bKY 3aTPUMKY,
BUCOKOsIKICHUH VoIP 1 mociayrm mepepadi naHux Juisi O€37pOTOBOI Mepexi
PexomennoBannii nianmazod IEEE 802.16d cranoButs 2-11 I'T1y [26]. Bin BpaxoBye
3aIIOBHEHHS Pa/lOYaCTOTHOTO CIEKTPY Ta KOMYHIKallliHI NOTpeOM MOOUIBHOIO Ta
HEJTIHIHHOTO TONIMPEHHS y BChOMY CBITI. JlIs mATPpUMKH  MOOIIBHOCTI
pexoMeHoBaHui Aiana3zoH yactoT 802.16e € nHwkue 6 ['Tu. Cranmapt IEEE 802.16
MO3K€e MIATPUMYBATH IMOTOKH BIZEO Ta ay/I10 JAHUX B OJHOMY KaHaJl, B TOH e Yac BiH
TaKOX MiITPUMYE PaNTOBY MIBUAKY nepeaady nanux. Anroputm MAC npusHadaeTbes
pecypcam OJHOTO KIHIIEBOTO KOPUCTYBaua, 1 BiH 3HAXOJUTHCS BiJI OJTHOTO CJIOTa J0
BCHOTO KaJIpy, Tak IO BIAMOBiAHO 10 BuUMOr, WiIMAX 3a0e3neuye MpOMyCKHY
3ATHICTh IIUPOKOT0 TUHAMIYHOTO Jlana3oHy AJisi KOHKPETHOTO KOpUCTyBaya B Oy1b-

SIKAU 4Jac.
UWwWB

UWB (Ultra Wide Band, ynprpammpokuii miana3oH) — CKaXiMO TakK, HOBa

MIBUIKICHA TEXHOJIOT1S 3B'SI3KY Ta 3 KOPOTKOIO JAJIBHICTIO, SIKa MA€ BEJIHUKY IepeBary
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Ha KOPOTKHX BifCTaHAX (MeHie 13 M), MakcuMaibHa MBUIKICTH epeaadi - g0 1 ['6it
/ ¢ [25]. TpaguiiitHa By3bKOCMYTOBa TEXHOJIOT1s BUKOPUCTOBYETLCS B Iepeaadi Ha
BEIIUMKIM BiJICTaHI 3 HU3BKOIO MBHUAKICTIO. Jliama3oH cmekTtpa, oxomjeHoro UWB,
ctanoButh Bia 3,1 I'T'p mo 10,6 ', criekTpaibHUI J1amma30H qyKe HIUPOKUM, aie
MOTYKHICTB Tiepeaadi Huszbka [3]. UWB moBHICTIO BIANOBIIa€ BUMOTaM JTIOAATKIB JJIsI
JIOMAaIllHIX po3Bar, 1 BIH MOXE TNepeJaBaTd MIMPOKOCMYTOBUU  BiJI€OMOTIK
0e3nocepennno [26].

Texnonoris Ultra Wide Band mae crinpai pucu i3 ZigBee Ta Bluetooth, Borm
BUKOPHUCTOBYIOThCS B MEPCOHAJIbHIN JIoKanbHIM Mepexki (PAN), 1 BC1 BOHU HAJIEKATh
JI0 TEXHOJorii mepenaul kKopotkoro mianmasony. UWB - 1e Taka coG1 TexHoJsoris
0€31pOTOBOr0 CUTHAILy, II0 BUKOPUCTOBYE BY3bKE IMITYJIbCHE BHUIIPOMIHIOBaHHS, 1
BOHA 17€aJlbHO TMIIXOJIUTh JJIi BHUCOKOIIBHAKICHOTO, O€3JpOTOBOTO OCOOHMCTOrO
3B’s13Ky. CIIIA FCC Bcranosmoe npaBwia UWB: mix wactoramu yactoT 3,1 I'Tx 1
10,6 I'Tr [25], UWB 3aitmae cmyry noran S00 MI . TexHosoris 3B's13Ky 6€3 Bi30BOTO
3B's13Ky BuUkopuctoByetbcss UWB, 1 UWB Butpauae Garato eHeprii mpu mnepegadi
Oe3mepepBHOro0 HOCIS, 3a3BUYail CHOKMBaHHS eHeprii 6e3nporoBoro 3B'a3ky UWB
CTAaHOBUTH JIMILIE OJUH BIJICOTOK BiJI 3arajbHOi O€3pOTOBOI 3B'S3KY, MPHUCTPOI 3
aKyMYyJISTOPOM JOCTYITHI MMPOTATOM JCKIJIbKOX MicsAIliB mpu BukopuctanHi UWB [25].
OcCKUIbKM MOAYJISALISA HECY4YOl CUTHANY Ta AeMoayJiauis He noTpioni B UWB, BoHa
€KOHOMUTH BEJIMKY KUJIBKICTh CKJIQJHUX KOMIIOHEHTIB, B TOW € 4Yac BOHA JIETIie
iHTerpyetbes B cxemu CMOS. UWB Mae noTykHy 31aTHICTh NPOTH 0araToLUISXOBUX
MEPEIKO]I, 0COOJIMBO /I BUCOKOIIBUIKICHOI TIepeiadil B CKJIATHUX MPUMIIIEHHSX, 1
[[e MOXE TapaHTyBaTH HAJAaHHSI KOPUCTYyBayaM BHUCOKOHAIIWHOTO CepeoBHINA
0e3/IpOoTOBOI Mepeaaui.

Oynkiii UWB Ta ZigBee 3 HHU3bKOIO MOTYXKHICTIO Ta HU3BKOIO IIBHKICTIO
nependayaroTh, 0 BOHU MOXKYTh CTBOPUTH JOJATKOBY Mepexy 3 Wi-Fi Ta iHImmMu
oe3aporoBuMu TexHomorisMu. Kpim toro, ckiannicts npuctpoiB UWB ta ZigBee
HU3bKA, 1 ISl TOTO, 00 TOCATTH HEAOPOTUX, TYKE THYUYKHX MEPEKEBHUX JOCTYITY, 1X
MOJKHA MIAKITFOYUTH J0 ICHY0U0T MOOLIBHOT MEPEeXKi Ta IHIIUX Mepek 3B'13Ky [26].

B 1a6:1. 3 HaBeneHa MOPIBHUIbHA XapaKTEPUCTHKA IMTPOTOKOJIB Mepeaadi JaHuX.
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Tabnuns 3. [lopiBuanna Zigbee, Bluetooth, WiFi, UWB
Zigbee Bluetooth WiFi UWB
3.1GHz-
Yacrora 2.4GHz 2.4GHz 2.4GHz 10 6GHz
Bincrans 30m-1.6xkM 6M-62M 20M-200Mm 0.2m-40m
HIBuakicTs nepegayi i 53-
AHHX 250 kbps 1 Mbps 11-54 Mbps 430Mbps
EneprocnoxxuBaHus Husbke Cepenne Bucoke Husbke
M st/ IDOTOK DSSS, FHSS DSSS/CCK, | M-CSMA/
OLYBIBUIIPOTOROT | coma/cA OFDM OFDM
beneka Cepenns Bucoka Hwuzpka Bucoxka
Tun 31p1<a,. nepeBo, | 3ipka (max Sipka
CiTKa 8 By311iB)
Marcnmabimit 132 359 4096
po3Mmip nakera (0aiT)
Po3mip cTeka 8-60KB >100KB >100KB
IEEE
IEEE 802.11b IEEE
Cranpapr IEEE 802.15.4 80215 1X |EEE 802 15 3
802.11g
[Ipomucnosa ta Tenedonn, Hoctyn no | omamiHi
OcHoBHe MEIMYHA KTIK [HTepHeTY, po3Bary,
3aCTOCYBAHHS Mepexa . JIOKaJIbHE 3ByKOBa
: rapHiTypa \
JNATYUKIB TOLIO 3'eIHAHHS cucrema
BucHosok

[Ticnst mOpiBHAHHS TIEpeBar Ta HEJOJIKIB MEPEKEBUX MPOTOKOJIB Y CePEOBHIII

HEBEJIMKUX BOJOMMHUII, Kpalle 3aCTOCOBYBAaTH MPOTOKOJ Zigbee Ha BHYTPILIHIN

ouncHii craniii Ta mpotokoia GSM / GPRS niis 3B's3Ky 3 KOHTPOJIBHUM IIEHTPOM.
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5.2. TonoJioris mepexi

End Device ‘ End Device End Device

Pucynok 5.1 — Tonosnoris «aepeBo»

End Device

End Device
End Device

Pucynok 5.2 — Tonosnoris «3ipka»

VY BeaukoMy MICTi MOTPIOHO BUOMPATH MEPEXKY «JIEPEBO», K TOMOJOTIIO IS
KoHTpoJito unctotd HB. Mepexi «i1epeBo» BUKOPHUCTOBYIOTH TOJOBHHM BY30J SIK
OCHOBHUI WEHTp 3B's3Ky. LIeHTp Takox MOXe pO3IisIaTucs sK KOOPAUHATOP
cuctemu. [Ipyruii map - 1ie MapuipyTiu3arop B iepapxii. Lle HeBenuka Mepeka 31poK Ha
HIDKHbOMY 11api. MOKHa CKa3aTH, 1110 MEpeka «JIepeBO» MOB'A3Y€ TOMOJIOTIIO «31pKa»
3 Mepexero Peer to Peer [26]. Ha mpoMy puc. 5.1 MapmipyTusatop - «roJiloBHa HaCOCHA
CTaHIIIs», a KIHIEBUH IPUCTPIH - «ITACTAHITIS.

Y MasieHbKOMY MICTI UM CeJli, OCKIJIbKHA MEHIIIE HACOCHUX CTAHI[IN Ta MPOCTIIIOTO
CIOJIyYEHHSI, Mepeka «3ipKa» - HalKpamuid BHOIp TomoJiorii. Mepexi «3ipka»
YTBOPEHI OJHUM IIEHTPAII30BAaHUM BY3JIOM Ta KIJTbKOMa KIHIIEBUMU TMPUCTPOSIMH

(Homamm). LleHTp Mae Kpailli MOXKJIMBOCTI OOpOOKM JTaHMX, O€3IPOTOBOI Mepesadl,
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300py Ta 30epiraHHs AaHWX, HiXK iHII By3nu [26]. KoxkeH KiHIIEBUI By30J1 HE MOXKE
0e3nocepeHbO CHUIKYBATUCS 3 OyAb-SKHUM I1HIIMM BY3JI0M, TOMY BCl JlaHI TTOBHHHI

nepe1aBaTUCs Yepe3 LIEHTPAJIbHUM By301.
5.3. CTpykrypa 0e3npoBigHoi Mepeski KoHTpoJI10 3a0pyaHenHst HB

3anponoHOBaHA CHCTEMA MOHITOPHUHTY, HpOLTIOCTpoBaHa Ha puc. 5.3. Ii MoxHa
PO3AUINTH HA TPU YACTUHU: BY3JIM MOHITOPUHTY JIaHUX, CTAHI[IS 0a3u JaHUX Ta LIEHTP
BiJIZIAJICHOTO MOHITOPHUHTY [ 26].

Benuka KiJbKICTh BY3J1iB MOHITOPUHTY JaHHUX, PO3MOIIICHUX Y BOJSHIN 30H1, 1110
BU3HAUYAETHCS, TUHAMIYHO CKJIAJAI0Th MEPEXKY MOHITOPUHIY, B SIKIH KOJKEH BY30II
30upae Juuie Taki napamerpu, sik pH, MyTHICTb, IPOBIIHOCTh Ta TEMIEPATYPY, 301p
JaHuX, 310paHuil mapaMeTp 3anam'sTOByBaHHS Ta MapIIpyTH3allii 10 0a3u JaHKX; TaHl
3 BY3J11B MOHITOPUHTY TIEPEHOCSATHCS 10 BIIIAJICHOTO IIEHTPY MOHITOPUHTY (cepBepa)
0a30Bo10 craHuiero yepe3 Mepexxy GPRS; neHTp MoHITOpHUHTY aHami3ye Ta 00po0JIsie
napaMeTpy YUCTOTU BOJH, MOJA€ TPUBOTY I HAA3BUYAMHMX CHUTYalllll, TAaKUX SIK
3a0pyIHEHHSI BOJM, KpIM Oyab-SIKHX PANTOBHX 3MIH SIKOCTI BOAM Ta 3a0e3leuye
HIATPUMKY TPUMHSTTS PillleHb 100 3aMo0iraHHs Ta YCYHEHHS 3a0pyAHEHHS BOJM.
Besa  cucrema  MOHITOPUMHTY  BOJHOTO — CEpEIOBMINA  IPEICTaBIsE  KOPUCHI
XapaKTEPUCTHKHU, TakKl SK BEJIMKA €MHICTh MEpPEXi, THy4YKa [HUCIO3MIIS,, HU3bKE

CHCPI'OCIIOKMBAHHA, HU3bKa BapTiCTI;- Ta HE3HAYHMU BILUIMB Ha IIPpUPOAHC CCPCAOBHUIIIC

[25].

Bt Kosmoovms Suamomy focl
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Pucynok 5.3 — Crpykrypa BCM kouTpo:mto unctoty Boau HB
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5.4. HanilinicTh mepeaavi 1aHnux 0e3npoBiAHOI Mepexi

Y BCM [25, 27] naaiiina nepegava 1aHUX MOYKE OYTH JOCATHYTA IIPH ITi IBUILICHI
HagMipHocTi. Hanpuknan, aBromarnunuii moBTopHuit 3anut (AIl3) mepenae makeTu
JaHUX [UTSIXOM MTOBTOPHOI nepeAadl, nonepease Bumnpasnenus nomuiok (I1BIT) nonae
HAJIJTMIITKOB1 TIaKeTH JI0 BHUXIJHOTO By3Ja, a 0araTornmoTOKOBUW METOJA Iepeae
HAJUTMIIKOBI TIAKETH Yepe3 ACKibKa NMUIAXiB. biibmie Toro, Ha HaAIMHICTL TIepeaadi
nmannx BCM jerko BIUIMBae SKiCTh MDKHapomHOi KomyHikamii. OpuH 3
HaWIMOMIMPEHIIINX CIOCOOIB MIABUINCHHS HAIIMHOCTI TIepedadl JaHUX IOJsIrae y
3MCHIIICHHI IBHUJKOCTI BTpaT KaHay 3a JIOMOMOTO HAJIUINTKOBHX IMAKETiB.
Haiinpocrima tomonoris BCM - 1e Mepexka «3ipka», a MOACIb HaAIHHOCTI OJHIET
Mepexi BIIPI3HAETHCA 3a pi3HUX BUMOT (puc. 5.3).

Sxmo MeTrogumKka MEpPEeKEBOTO KOMYBAaHHS BHKOPHUCTOBYETBCS — OKPEMO,
HEMOXKJIMBO YHUKHYTH e(eKTy BTpaTH KaHaly. 3pemToro, ePeKT Takuil caMuid, 4u
BTpavae By30J MUUKH JIUIIE OJWH MakeT abo BCl MAaKeTH OJHOYACHO. TakuM 4HHOM,
TEXHIKY MEPEKEBOTO KOYBAHHS CJIiJ] TOETHYBATH 3 HAJIMIIIKOBOIO TEXHOJIOTIEIO JIsI
IiABUIIEHHS HAAIMHOCTI Tepeayi gaHux [27].

[TonynsipHi crnocoOu 301IBIICHHS HAAMIPHOCTI BKJIOYAIOTh OAaraToOIUIIXOBY
nepeaayvy, KoJyBaHHs MOBTOPHOI Mepeavl MakeTiB TaHuX Ta 301IbIICHHS HAAMIPHHUX
nakeTiB. [IBI] kogyeTbes TUIbKHM y BY3J11 JKEPENa 1 AEKOAYETHCS Y BY3J11 IPU3HAYEHHS.
OpHak y MepekeBOMY KOJYyBaHHI IMPOMIKHI BY3JIM MOXYTh OyTH NepekojoBaHi. Y
nopiBHsiHH1 3 [IBII MepexeBe KomyBaHHS BIJIPI3HIETHCS KPANIOK THYUYKICTIO Ta
CTIMKICTIO 10 BiIMOB. Hanpuknan, npumnyctumo, mo 3 HeoOpoOIeHNX NaKeTH JaHUX
NepeIal0ThCsl TAKUM YHHOM, 1110 BY30J1 OCTAaHHBOT'O TIEPEXOy By3Jia IIOTOKY OTPUMYE
KOJIOBaH1 MaKeTH JaHUX X1, X2, X3 Ta X4, Oe X1 TITHIHHO KOPEJIOE 3 BEKTOPOM KOJTyBaHHS
X, Ta MaKeTH JaHUX JIHIAHO He3anexHi [27].

SAxmo IIBII mpuitastuii, By301 OyAe NepecuiaTd MakeTh Oe3NoCcCepeHbO.
[TpunycTumo, 1o MakeT X3 BTpavyaeThbes MiCis Mmepeaadi, By30J 3aHyPEHHS HE 3MOXKe
JIEKOJIyBaTH MAKETU JaHUX X1, X2 Ma X4, OCKUIBKA MaTpUIIs KoedilieHTa KOTyBaHHS HE
€ TIOBHOIO MIpOI0. SIKIII0 BUKOPUCTOBYETHCSI MEPEKEBE KOyBaHHS, BY30J1 oTpuMac 4

HOBI IIJISIXU KOJyBaHHSI MMAKETIB JaHUX 1 MATPUIl KOEPIIIEHTIB OYIb-SIKUX TPhOX IIUX
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MAKeTIB € TOBHUM paHroM. HaBiTh SKIIIO MakeT BTpauyeHO, BY30J 300py JaHUX MOXKE
Horo nerko po3mudpyBarH.

[ITo6 po3kpuTH TIepeBary MEpeKHOT0 KOyBaHHS, HAAIMHICTh TIepeiadi TaHuX Ta
CIIO’KMBaHHS €HEPrii KOJyBaHHS Mepexki, 00XOAMINCH PI3HUMHU NUTsIXxaMu. HaaiiHIiCTh
nepeavi JaHUX MO3HAYAEThCs K R 1 BU3HAYAETHCS K HIMOBIPHICTH TOTO, IO BY30J1
MOTOIUICHHS yCIIIIHO OTPUMAa€E MOYATKOBHUI MAaKeT JaHUX MICIs OAHI€T mepeaayi.

Busnauenns 1: Cepenne criokuBaHHs eHeprii E o3Hauae cepemHio €Hepriio,

CHIOKUTY YCITIITHO TIepelaHuM MakeToM. [{e MokHa BUPA3UTH SIK:

3arasibHa BUTpa4deHa eHepris

Ecep = (5.1)

KinbKicTb OTpUMaHUX MaKeTiB '
BusnaueHHst 2: BigHOIIEHHS CEpPEeIHBbOTO €HEPrOCHOXUBAHHSA B MEPEKEBOMY

KOJIyBaHHI1 II0JI0 CTIOKUBAHHS €HEPTii B TPAAULIIMHOMY PEKHUMI MOKHA BUPA3UTH SIK:

= 2o (5.2)

~ Edp
OnHomnoJiocHA nepexayva
Y BCM 3 gekinbkomMa CKaukaMy MaKeTH NEePelaroThCsl NaTYMKAMH BY3IIB 3a
JIOTIOMOT'010 0araTonpoOMEHEBOI MapIIpyTHU3allii, SKICTh IHTEPMOJIATLHOI KOMYHIKaIIii
CIOPHUMHATINBA O KaHAJIbHUX €(EKTiB, a 3001 3B'A3KY HE 3aJ1€XaTh OJUH B1J OAHOTO.
VY pasi BiAMOBHM 3B'I3Ky BY3JIM JaT4MKa HE BUXOAATH 3 Jady. [lo3HauMMo MIBUIKICTD
BTpaTH KaHAY SIK €, €HEprio, sSIKy CIIOKUBAE BY30J1, 100 HAJICIATH MaKeT 5K €. Yepes
CKa4OK N yacy, IMOBIPHICTh TOTO, 1110 TTAKET J0CSTa€ P BY3JiB, CTAHOBUTD:
p=>0-e (5.3)
SKmo nmpuUMmyCcTUTH, IO BUXIOHUN By30d Hajcuiae K makeriB, HMOBIPHICTb
YCHIIIHOTO OTPUMAHHS LUX MAKETIB €:
P =(1-e)", (5.4)
Jie UMOBIpHICTh P ekBiBaJIeHTHA HaJIMHOCTI R, BU3HauUeHIN y onepeaIHboMy pO3Aii.
Enepris, sika BUTpauaeThCs HA BIANPABICHHS TTAKETa Y BY30J1 300py TaHUX yepe3
N cTpuOKIB Yacy, OOYUCIIOETHCS HACTYMHUM YMHOM. OCKIJIBKHM MaKeT BTPAYAETHCS
micisl MEBHOTO CTpUOKa, 3arajbHa €Hepris, BUTpaueHa Ha BiANpaBiieHHS K MakKeTiB,
MOJKe OyTH OTpHMaHa iHayKIiew [27].

E.=Kne(1—e)" + Y, eiK(1 —e) e, (5.5)

ApK.

ML.[1M4104.0000.713

3wmH. | Apk. Ne dokym. Midnuc |dama




OuikyeTbCsl, IO KUIBKICTh MAaKeTiB, OTPUMAaHMX BY3JOM 300py JaHUX,
CTaHOBUTH Kp, MpH LIbOMY CEpPE/IHE CTIOKUBAHHS €HEPTii CTAHOBUTD:

v _ B _ Kne(1-e)"+Y1, siK(1—e)i " le
P kp K(1—-e)n

=ne+ Y, ci(1—e)"1 e, (5.6)

CepenHiil KoedIIIEHT CIIOKUBAHHS €HEPrii:

—_— Eccep — (7’1+1)M + 1 (5 7)

- Elep [ne+¥, ei(1—e)i=1 e (K+m)(1—e)™

3a popmymnoro (5.7) aizHaeEmMoch, mo 1 > 1. YV mpoMy AOCTIHKCHHI BUTIAAKOBE

JiHIAHE KOJyBaHHSI BUKOPUCTOBYETHCS JJIsl TPOCTOrO OOUUCIECHHS BY3JIiB.

bararonosiocHa nepegaua

[Ipunyctumo, icHye L HenepeciyHuX KOHTYPIB, 1110 MAIOTh OJJHAKOBY JIOBXKHUHY 1,

1 BUX1IHUH By30J nocuiae K makeTiB OJIHOYACHO 4epe3 JEKIIbKa NUISIXIB JI0 By3Jja

300py nanux. Toai KMOBIPHICTH TOTO, IO OYIb-SIKWH MaKET MOKE YCITIIITHO JIICTAaTUCh

JI0 I[bOTO BY3J1a MICJIs OJHI€T epeaadi, CTaHOBHTD [27]:

p=1-[1-Q1-e"]" (5.8)

Takum ynHOM, UMOBIpPHICTH ycmimHoro npuiiomy K maketiB Bysna Kp, To6to

HaTIWHICTE R €,

P =p*“={1-[1-(1-e""¥, (5.9)

S0 makeTH HaJCUIalThCA MO L-KOHTypax, 3arajibHe CIIO>KMBAHHSI €HEprii

CTAHOBUTE.
E! = LE,, (5.11)

Cepennst BUTpadueHa €HEpris JAJiA BIANPABKU MAKETIB MO MUIIXaX:

E! = L[Kne(1 —e)* + X, eiK(1 —e)"te + [(n — 1)L + 2], (5.12)

OuikyeThCs, IO KUTBKICTh TTAKETIB, OTPUMAHUX BY3JIOM MOTOKY, Oy/ie:

LK(1 - e)", (5.13)

Tomy cepenHe CrIOKUBaHHS €HEPT1i CTAHOBUT:

Ec

c ' —
Ecp = ko (5.14)
Cepenniit koediI€HT CIIOKUBAHHS SHEPTII:
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r _ Ecep! _ Ec [(n-1)L+2]e

" ElL,’ Er  3000LK[1+n(1-e)™+l+(ne-n-1)(1-e)"]

n +1.  (5.15)

5.5. Anauqi3 pesyasbrtariB HagiiiHocTi BCM

Monenb, HaBe/IeHa B MTONIEPETHHOMY PO3/ILIII, OyJia 3MO/IeIhbOBaHA B CEPEOBHIII
MATLAB.

OaHomnoJiocHa nepexaya

[Ipunyctumo, 10 JAOBXXKHWHA NUISXY MOPIBHIOE 5, a BY30J JKEpesia ToCHiIae 3
NMaKeTH Ha BY30J MUWKU TAaKMM YHMHOM, IO BY30Jl MOTOKY OTPUMYE 5 KOJOBaHHUX
MakeTiB JaHuX. Tojl HagIHHICTP MEPEKHOTO KOJYBaHHS Ta TPAAMIIHHUA METON
MOJICITIOBAIMCH TIPH PI3HUX MIBUAKOCTSIX BTPAT KaHAIY.

Sk mokazaHo Ha pucC. 5.4, MepexKeBe KOTYBaHHS JJOCSTIIO Kpaloi HaIIHHOCTI, HIkK
TpaOUIIMHUN MeTol. Y IbOMY JOKYMEHTI pO3IVISIAAIOTHCS JIMIIE HaJIUIIKOBI
KOJIOBaH1 NAaKeTH y BUXIAHOMY By3Jil. HaflliHICTh BOX METOIB BCE 1€ 3HUKYBaJIaCs
13 BTPATOIO KaHAITY.

B onaHomonocHoMy MapmipyTi MEpeKeBe KOAYyBaHHS MOKpPAIIWIO HAAINHICTb
OUIBIIIOI0 MIPOIO, HIXK TPAJAUIIITHII METO TPU BUCOKIHM MIBUIKOCTI BTPATH KaHAITY BiJl
NepeHanpyXeHHsI JaHUX Ta 3 HEBEJIUMKUMH TaKeTaMU KOJyBaHHS MEpEeXkl; OJHaK
pe3yiibTatu Bce lie Oynu HeOaxkaHuMU. (11 mogasibIIoro MOKpaileHHs HaI1HOCTI
nepeaayi JaHuX KOyBaHHS MEPEXi, BIAMOBIIHO HAJIUIIKOBI TAKETH JAHWUX MMOBUHHI
OyTH nomaHi 10 By3miB [27].

Ha puc. 5.5 npejicraBieHo cepeiHe CIIBBIAHOIICHHS CITOKHBaHHS eHeprii [27]
JUIsL IBOX PI3HUX CMOCOOIB mepemadi. BumgHo, mo m 30uibinyetses 3 e. OpHak,
HE3aJIe)KHO BiJl pO3MIpY €, EHEpris, sKa CIOKUBAETHCS OJHOIOJIIOCHOIO TIEpeIavueio B
MOEIHAHHI 3 MEPEKHUM KOJIYyBAaHHSM, 3aBXKIU TIEPEBUIIYE EHEPril0, CIIOXKHUTY
CHepri€ro, MOETHAHY 3 TPaAULIIHHUM MeToZoM. Lle o3Hauae, o MepekeBe KOAyBaHHS
MOK€ MIABUIIUTH HAIIMHICTh JTAHUX TMEpeaadl B MepexXi 3a paxyHOK HEBEJUKOi

KUIBKOCTI €HEeprii.
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HanifigicTs
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Pucynok 5.4 — HagiliHicTh 1BOX METO/IIB

Koe(illieHT CIIOKHBAHHS eHepril
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Pucynox 5.5 — CepeHe CIiBBITHOIICHHS €HEPTOCIIOKUBAHHS JIBOX METO/IIB
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bararonosiocHa nepeaava

AHaJOTIYHO PUITYCTUMO, IO 5 TTAKeTiB HAJCHIIAIOThCS 3 BUXITHOTO By3Ja 10 3
IUISAXH, KOKEH 3 AKX Ma€ 5 3aBAOBXKKH. 1o/l HamIiHICTh MEPEKHOTO KOAYBaHHS Ta
TPaJAMIIITHUN METOT MOACITIOBAIKCH TIPU PI3HUX MIBUAKOCTSIX BTPAT KaHAIY.

Sx BUIHO 3 puC. 5.6, METO MEPEKHOTO KOJyBaHHS BUIIEPE/HKAB TPAIUIIIHHHANA
METOJl TIPU OJHAKOBIM HaaMIpHOCTI. 31 30UIBIICHHAM IIBUIKOCTI BTPaTH KaHATy
oOuaBa criocoOu TmepeaaBaiyd MEHIE HAUTMITKOBUX JAaHUX, IO BKa3y€ Ha Te, IO
MOJTIMIIICHHS TIepe/1ayl He BJIaJIOCs KOMIIEHCYBATH BUXIJI 3 JaAy 1 TPU3BOAUTH JO OUIBIII
TPUBAIMX ILIAXIB [27].

Puc. 5.7 imocTpye KOe]illleHT CEpeHbOTO CIOKHUBAHHS €HEprii MiX JBOMa
pi3HuMH MeTodamu. lle mokasye, 10 MepekeBe KOIyBaHHS MOKE MIABUIIUTH

HaJ1iHICTh nepeaadl Janux y bCM 3a paxyHOK HEBEJIMKOI KUIBKOCTI €HEprii.
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Pucynox 5.6 — HaniifHiCTh 1BOX METO/IIB
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KoedinieHT cnoKHBAHEA eHeprii
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Pucynok 5.7 — CepenHe CIIBBIIHOIIEHHS €HEPTrOCIIOKUBAHHS JBOX METO/IIB
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6. PO3POBKA CTAPTAII TIPOEKTY

6.1. Onuc igei mpoexkTy (TOBapy, MOCJIYI'H, TEXHOJIOTII)

PosrnsHyBIIM B MomnepeaHix po3/aijax cTaH Ta MpoOiaeMu 3a0pyaHeHHs, O0yJio
pPO3pO0JIEHO KOMIT IOTEPHO 1HTErPOBAHY CHUCTEMY KOHTPOJIIO YUCTOTH HEBEIMKUX
BojoMMuIIL. B boMy po3aiii Oyae mpoBeaeHO aHalli3 CTapTal MPOEKTY SIKUM Mae Ha
METI BU3HAUUTH YM 3MOKE Hall MPOAYKT BUHUTM HA PHUHOK 1 KOHKYpYBaTH 3
MPOYKTaMH sIK1 BXKE 3aHSIIN HA HhOMY CBOE MICIIC.

bi3Hec-17es: 3acTOCYBaHHS KOMIT IOTEPHO-IHTETPOBAHOI CUCTEMH JIJIsi KOHTPOJIIO
YUCTOTU HEBEJIMKUX BOJOMMMIII, TAKUX SIK, CTABKH, HEBEJIMKI 03€pa, PIUKH.
MeToro cTapTamy € BOPOBaPKEHHS KOMIT IOTEPHO-IHTETPOBAHOI CHCTEMHU IS
KOHTPOJII0 YUCTOTH BOJIU BiJl PI3HUX 3a0pYIHEHb.
Bu3HayeHHs OCHOBHHMX (DYHKIIIi:
— Jlonyctume 3nauenns pH (7)
— Jlonyctume 3HaYCHHS TIPOBITHOCTI (3)
— Jlommyctrme 3HaueHHs: MyTHOCTI (0-1)
— IlpuiinstHa Temneparypa Bojau B Mexax 0 — 25°C
— besneka nepenayi JaHUX MO MPOTOKOITY Tepeaadi
— IlpuiiHaTHa 1iHA CUCTEMH
— MiHimanbHa 3aTpara eeKTpoeHeprii
— Benukuii Tepmin pobotu
[ToO6ynyeMo MopdoJioriuHy KapTy, Ha SIK1i MOKaXKEeMO MOYKJIMBI BapiaHTH PIllICHb
— 3aco01B peaizalii KoxkHO1 GyHKIII1 (Tadu. 6.1).

6.1. Mopdosoriuna kaprta

OcHoBHI [TpomixHI pilIeHHS
1apaMeTpu 1-me 2-111€ 3-m1e 4-me 5-mre
3a paxyHOK 3a paxyHOK
paxy 3a paxyHOK paxy
CUCTEMU CUCTEMH
CUCTEMH
[Tapamerp pH OYHIICHHS OYUILICHHS .
OYHUILICHHS . I
BOJIH METOI0M ) . ¢bizuko-
010JIOTIYHHAM o
3BOPOTHOTO XIMIYHAM
METO0OM
0CMOCY METOJOM
ApK.
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3a paxyHOK 3a paxyHOK
CHUCTEMHU CHUCTEMHU
ITapamerp .
[IpupoauimMu OUHUILIEHHS OYHUILIEHHS .
TeMiepaTypu . [Hmm
BOH yMOBaMu METOJ0M ¢bi3uKo-
3BOPOTHOTO XIMIYHUM
0CMOCY METOI0M
3a paxyHOK 3a paxyHOK
paxy 3a paxyHOK paxy
CUCTEMU CHUCTEMHU
[TapameTtp CHUCTEMU
. OYHUILEHHS OYMUILICHHS .
MYTHOCTI OYHUILEHHS . IH1m
METOIO0M ) . (hi3uko-
BOJIU 010JI0TTYHUM .
3BOPOTHOTO XIMIYHUM
METOJ0M
0CMOCY METOI0M
3a paxyHOK 3a paxyHOK
paxy 3a paxyHOK paxy 3a paxyHOK
CUCTEMU CHUCTEMHU
[TapameTtp CHUCTEMU CUCTEMU
. . OYHUILECHHS OYHUILIEHHS .
IIPOBIJHOCTI OYHUILEHHS . OYHUILEHHS [H1m
METOI0M ) . (hi3uko- ..
BOJIU 010JI0TTYHUM s XIMIYHUM
3BOPOTHOTO XIMIYHUM
METOJ0M METOA0M
0CMOCY METOI0M
AES sk
. 3a JJ0TIOMOT' 010
Kpunrorpadiune CLLCKIB 3acToCyBaHHS €JIEKTPOHHA
besneka mmdpyBaHHs T — CUMETpUYHUX | cneuudikamis | [Hom
JAHUX KJIIOYiB mupyBaHHs
nocrynom ACL py
JAHUX
CencopHa . . . .
P IIpoBinna besnposigna KomOinoBana Iamm1
Mepeka
xepeno 3BUYaiiH1 CoHsuHi JliTieB1 .
N .. Enexrpuka Iam
eHeprii Oarapeiiku Oarapei AKyMYJISITOpU
3a paxyHOK
paxy 3a paxyHOK
3a paxyHOK BUKOPHUCTAHHS o .
_ . . . HAIHHOCTI .
JIOBTrOBIUHICTH | SIKOCTI MOAYJIIB | BUCOKOSIKICHUX R [H1m
. CEHCOPHOI
CUCTEMU eJIEMETIB .
Mepexi
CHUCTEMHU

VY tabnuii 6.2 onucaHo 3MICT 171€1 Ta MOKJIMB1 0a30B1 MOTEHI[IHI PUHKH, B MEXKaX

SAKUX MOTPIOHO ITyKaTH TPYNH MOTEHIIMHUX KITIE€HTIB.

Ta0murg 6.2.

Omnuc 1ae1 cTapTar IpoeKTy

3mMmicT imel

Hal'lpﬂMKI/I 3aCTOCYBAHHSA

Buroau ajs kopucryBaua

Po3poOka koM’ toTepHo-
IHTErpoOBaHOI CUCTEMHU ISt
KOHTPOJIIO YUCTOTH BOAU

Aynut po6ounx Miclb

[TpuckopeHHs po3paxyHKiB

KoHTponb unctoru Boau B
aBTOHOMHOMY PE&XHMi B
PI3HUX MICIISIX

BuxopucTtanHs BUATEISIMH Ha
J1a00paTOpHUX POOOTaX

CropolieHHs po3paxyHKIB Ta
3MEHIICHHSI TMOXHOOK TpH iX
NPOBEIECHHI1

Otxe,

CUCTCMaAa HCCTaHdapTHA THM, IO I KOHTPOJIIO YHMCTOTH BOJIH

BUKOPUCTOBYETHCS MOJYJb, IKUM CKJIAAa€Thcs 3 psiay AaruukiB (pH, momyTHiHHS,

3MH.
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TEeMIEepaTypu, IPOBITHOCTI), IEPETBOPIOBaYa CUTHATY, MIKpOKOHTpoJiepa Ta ZigBee
MOAYJISl. 3a IOMOMOTOI0 I[bOTO MOJYJII aBTOMAaTUYHO KOHTPOJIIOETHCS AKICTh BOJU B
PEXUMI PEaIbHOTO Yacy 3a JOTIOMOTOI0 OE3MPOBITHOI CEHCOPHOT MEPEKi.

Jan mpoBoAMMO aHaMI3 MOTEHIIHHUX TEXHIKO-€KOHOMIYHUX TepeBar ijei
HOPIBHSHO 13 IPOIO3UIISIMU KOHKYpEHTIB [28]:

— BHU3HAYAEMO MEPeNiK TEXHIKO-€KOHOMIYHHUX BJIACTUBOCTEH Ta XapaKTEPUCTUK
171€e1;

— BHU3HAYa€EMO TMOMEPEIHE KOJO KOHKYPEHTIB (MPOEKTIB-KOHKYPEHTIB) abo
TOBapiB-3aMiHHUKIB UM TOBApPiB-aHAJIOTIB, 1[0 BXKE ICHYIOTh Ha PUHKY, Ta POBOAUMO
301p iH(OopMaIlii MO0 3HaUYeHb TEXHIKO-€KOHOMIYHUX MOKA3HUKIB IS 171ei BIIACHOTO
MPOEKTY Ta MPOEKTIB-KOHKYPEHTIB BiAMOBIIHO A0 BU3HAYEHOI'O BUILIE MEPETIKY;

— TPOBOJMMO TMOPIBHAJIBHUN aHATI3 MOKA3HUKIB: JIJISl BJIACHOI 171e1 BUBHAYEHO
MOKA3HUKH, 1110 MalOTh a) Tipiri 3HaueHHs (W, cnadki); 0) ananoriuni (N, HeHTpasibHi)

3HA4YEeHHS; B) Kpallli 3HaueHHs (S, cuibH1) (Tadu. 6.3).

Tabmuug 6.3. Bu3HaueHHS CUIbHUX, CIA0KUX Ta HEUTPATbHUX XapaKTEPUCTHK

171e1 IPOEKTy

(moTeHLiH1) TOBapH/KOHLIENIiT KOHKYPEHTIB W N S
o o | Wil | 09 | (o
n/ e & | HydraCla | DEPOLU | cropon a
XapaxKTepuc- ty . JIbHA
1| . Tierna m X a) CTOPOH
THUKH 1]1€1 Company N CTOPOH 2)
a
1 | Bapmicre 5000 | 6000 | 5500 9000 . : +
CHCTEMHU
g, | MHlpmmcr 8 10 6 15 : + :
BCTaHOBJICHHS
Bapricts
3. | obciyroByBaH 600 800 1200 700 - - +
Hsl
4. | Bincorox 5 12 20 25 : : +
Opaky
5. 3arpatu Ha Bucoxi Cepen Huseki Huseki + - -
BUPOOHUIITBO HI
Bignocunu 3
6. Oprafami lemg Ho6pi | Ilorani [Torani - - +
JepKaBHOT no0pi
BJIaTH
ApK.
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Toprosa
Mapka

Hemace

[TopiBHSABIIM CBiM MPOEKT 3 KOHKypeHTaMU OyB BHU3HAUCHHUH TEpesik CIIaOKuXx,

CHJIbHUX Ta HEUTPATbHUX XapaKTEPUCTHK Ta BIACTUBOCTEH 11€1 MOTEHIIIHHOTO TOBapy

10 € MATPYHTSAM JUTIsi OPMYBaHHS HOTO KOHKYPEHTOCITPOMOKHOCTI.

6.2. TexHos10riYHuMil ayauT ifei npoexTy

B wMexax pmaHoro

1IPO3LITY

IMpOBOAHUMO

ayJauT  TEXHOJOTIi

(MOBH

porpamMyBaHHs), 3a JIOMOMOTOIO0 SIKO1 MOYKHA pealli3yBaTH 1/1€10 CTBOPEHHS MPOCKTY.

BusHaueHHs TEXHOJOTIYHOI 3J1MCHEHHOCTI 17Iei MpOeKTy mnepeadadae aHaii3

CKJIQJIOBUX fIK1 BKa3aHl B Ta0auIl 6.4.

Tabmuug 6.4. TexHoNorYHa 31MCHEHHICTD 1]1€1 TPOEKTY

Ne Ines mpoek- TexHomorii ii . .. | JHocrymHicTh TEXHO-

S HasBHICTB TE€XHONOTr1HI .\

/0 Ty peasariii JIOT1i
Po3pobka Harnncanns Moga mnporpamyBaHnHs | /JlaHa MOBa 1OCTyITHA
KOMII FOTEPHOI | KOMIT IOTEPHOI BXe po3pobiieHa 1 € B
MporpaMu JijIsl | IpOrpaMyd  Ha  MOBI | HASIBHOCTI
po3paxyHKy nporpamyBaHHs C++
KOHUEeHTpauii | Hanmcanus Moga nporpamyBaHnHs | /JlaHa MOBa JOCTyITHA
ALY KOMIT FOTE€PHOI BXe po3pobiieHa 1 € B

1. IporpaMd Ha MOBI | HaIBHOCTI
nporpaMmyBaHHs C#
Harnmcanns Moga mnporpamyBaHHs | JlaHa MOBa HEAOCTyIIHA
KOMII FOTEPHOT BXe po3pobiieHa 1 € B
mporpaMd  Ha  MOBI | HASIBHOCTI
IIporpaMyBaHHs
Python

nporpamyBaHHs C#

OOpana TexHojoris peanizauii iaei MpoexTy:

Hanucanus xoMI’toTepHOi mporpamMu Ha MOBI

[IpoananizyBaBIM TaOIUIIO MOKHA 3pOOUTH BUCHOBOK ITI0 HAIII TPOEKT MOXKHA

peanizyBaTu Oy/b SIKOI0O MOBOIO TPOrPAMYBAHHS sIKa JOCTYITHA HA JAHUM MOMEHT, aje

cepell JOCTYMHUX HaM MU oOupaeMo MoBy C# Ta OyaeMO BUKOPUCTOBYBATH ii AJist

peaiizalii Haioi 1/ei.
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6.3. AHaJ1i3 pUHKOBHX MOKJIHBOCTEN 3aIlyCKYy CTapTal MPOEKTYy

Bu3zHaunMo pUHKOBI MOXJIMBOCTI, K1 MOXHA BHKOPUCTATH 1] 4aC PUHKOBOTO
BIIPOBA/DKCHHSI TPOEKTY, Ta PUHKOBI 3arpo3u, SKI MOXYTh MEPEHIKOJAUTH HOT0
peamizariii [28].

Ile mo3Bos€ CIUTaHYBATH HANPSMU PO3BUTKY MPOEKTY 13 ypaxyBaHHSIM CTaHy
PHUHKOBOT'O CEPEJIOBHINA, MOTPeO MOTEHIIMHUX KJIIE€HTIB Ta MPOIO3UIINA MPOEKTIB-
KOHKYPEHTIB.

CroyaTky MpoBEAEMO aHaji3 MOMUTY: HASBHICTh IOMUTY, OOCST, JMHAMIKA
PO3BUTKY pUHKY (Tabmuiis 6.5).

Tabmuug 6.5. [lonepenHsa xapakTepUCTHKA NOTEHIITHOTO pUHKY cTapTan-

MIPOEKTY

No

i [Toxa3Huku cTany pUHKY (HaliMEHYBaHHS) XapakTepucTUKa

1 KinbKicTh TOJIOBHUX TPaBIIiB, O 3

2 3aranbHUM 00CST TPOAaXK, TPH/YM.0 60000 rpH.

3 JluHamika puHKY (SIKiCHa OIlIHKA) 3pocrae

4 HasiBHicTh 0OMeXeHB A5t BXOAY (BKa3aTh XapakTep [TaTeHTyBaHHS IPOAYKTY,

0OMEKEHBD ) cepenHsl KOHKYPEeHLIis,

BHCOKHH MOKA3HUK SKOCTI
00CITyroByBaHHS.

5 CrneuniuHi BUMOTH A0 CTaHIapTHU3aIlil Ta cepTudikarii TY V 24.1-47868795-

002:2016
6 CepenHs HopMa peHTa0esIbHOCTI B Taimy3i (a0o 1mo puHKY), % | 78%

Tak sik pyHOK Ma€ 3pOCTalOUy TUHAMIKY 1 XOPOIIHH MOMUT Ha 3aIPOIOHOBaHUI
HaMHU TPOIYKT POOMMO BUCHOBOK IO PHUHOK € MPHUBAOIMBUM ISl BXOJUKCHHS 32
MONepPEAHIM OIIHFOBAHHSIM.
Hanani BuU3HayaeMO TMOTEHIIMHI TPyNmu KIIEHTIB, iX XapakTEPUCTHKH, Ta
bopMy€eMO OpIEHTOBHUH NEPEIIIK BUMOT JI0 TOBAPY ISl KOKHOI rpynu (Tadu. 6.6).

Tabmuns 6.6. XapakTepucTHKa MOTSHIIIWHUX KITIEHTIB CTAPTAM-TIPOEKTY

) ) BigmiaHOCTI Y
[linboBa ayauTopist o Bumoru
Ne ITotpeba, o . . MOBE/IIHIII PI3HUX .
(ITHOB1 CETMEHTH i . CIIOKMBAYIB J10
/T dbopmye pUHOK MOTEHI[INHUX HUIBOBUX
PHHKY) . TOBapy
TPYII KJII€HTIB

ApK.
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CaporieHns ta
MPUCKOPEHHS

PO3paxyHKy

KOHIICHTpALii Iy

Hesenuxi
BOJIOMMMHIIIA B TKUX
npobiemMa
3a0pyIHEHOCTI BOIH
B ceJlax/MicTax

TexHiuHI CTaHAAPTH
SIK1 BCTAaHOBITIOIOTHCS
Ha MiPUEMCTBAX.
[Ticns xymiBii Hamoi
IpOTpaMHu KIIIEHT MOXKe
KOPHUCTYBATHUCS HEFO
IpU PO3paxyHKax Ha

- IO POy KIIii
3po3ymine
yIpaBIiHHS
POrPaMoro.
JIOBTOBIUHICTb.

Po0Oora 0e3 300iB.

- 10 KOMIIaHii-

IPOTS31 BKa3aHOTO nocTavyaibHUKA
nepioay Micyst 4Yoro CBoeuacHa
HOMY J10BEJEThCA JOCTaBKa
MIPO/IOBKUTH JIOTOBIP 3 | IPOIYKTY.
MIPO/IaBIIEM. MoxJuBiCTh
TEeXHIYHOT
MiATPUMKH TIPU
BUHUKHEHHI
pooJIEeM.

B naniii Tabiuili MU BUSHAYUIIM CETMEHTH PUHKY Ha IKOMY OYyJ1IeMO MPOINOHYBAaTH

Halll MPOAYKT, BU3HAYWIN (PAKTOpU MPOAYKTY, sIKI (POPMYIOTH MOBEIIHKY KIIIEHTIB

BIJIHOCHO HAILIOTO MPOJIYKTY Ta iXHI OCHOBHI BUMOTH JI0 POAYKTY.

[Ipu 3acTocyBaHHI JaHOI TEXHOJOT1T ICHYIOTh MEBHI1 3arpo3u. J{Jis mornepemKkeHHs

TaKUX CHUTYyallli HEOOX1THO sKiCHE OOJagHaHHS, a TAaKOX IpaIlfoBaTH 3 TaKUMH

nporpaMamMu IMOBHHHI BHCOKOKBaii(ikoBaHi (axiBii. Tako, MOBHHHO CBOEYACHE

TEeXHIYHE 00CTYTrOBYBaHHS JAHOTO MPOAYKTY (Tadmuils 6.7).

Tabnuis 6.7. @akTopu 3arpo3

Ne . .

i dakrop 3MICT 3arpo3u MoxJnBa peakiiis KoMIaHii

1. | KonkypeHuis MosxauBuil BUX1J Ha JlocaigkeHHsl IPOAYKTY KOHKYpEHTa
PUHOK 1HO3EMHUX Ta BJIOCKOHAJIEHHS CBOT'O
KOMIIaH1l KOHKYPEHTIB

2. | Indnsmis 3MiHa KypcCy I'pUBHI, 3a Peanizanis npoayKkTy B G111
PaxyHOK 4OTO MOXKYThb cTaO1IbpHIN (1HO3EMHIH) BaIIOTI Ta
3MEHIIUTHUCS MPOJaXi MOHITOPUHI €KOHOMIYHOI CUTYaIlil B

KpaiHi
3. | HagBHicTh lokanbHOr0 | Moske BIUIMHYTH Ha Koo | [lomryk HOBUX KITIEHTIB Ha
KOH(JIIKTY Ha CXOl MOTEHLIMHUX MOKYIIIIB MDKHapOAHOMY PUHKY

4. | IlocTauaHHs [Tpobnema 3 pipmamu 3MiHa MOJITUKU PO3MOBCIOJKEHHS
ocTavyaIbHUKAMHA MPOAYKTY

5. | Texuiunuit 3001 B mporpami B 3B’s13Ky | CIpOIIEHHS aNropuTMiB
3 HETPAaBUJIBHUM HaJIAIITyBaHHS 200 BIPOBAKCHHS
HaJIAIITyBaHHAM MOCTIHHOT MIATPUMKH

KBaJTi(piKOBAaHMX TEXHIKIB
ApK.
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B taGnuui 6.7 Mu BU3HaUMIM (AaKTOPHU 3arpo3 sIKi MEePEIIKOKAIOTh PUHKOBOMY
BITPOBAKCHHIO HAIIIOTO MPOEKTY, a TAKOXK MOMJIMBY PEaKIlito Ha GakTop mob 3BecTu
710 MIHIMyMY HOTO BILIUB.

AJte mopsiJ 13 KOJIOM 3arpo3 1ICHYIOTH 1 IEBHI MOXJIMBOCTI (Ta0biuIs 6.8).

Tabmui 6.8. @akTOpU MOKIIMBOCTEH

Ne . . .

i daxkrtop 3MICT MOKJIMBOCTI MosxiBa peakiiss KOMIIaHi1

1. | HaykoBo-TexHiuHi 3MIHUTBHCS TEXHOJIOTIA BripoBaguTh TEXHOJOTIIO 1 3MIHUTH
BUT'OTOBJICHHSI TOBapy BapTICTh TOBapy

2. | Ilonwur Xoporri TeMnu 301IbIICHHS TPOAAXKIB 1 OTKE
3pOCTaHHS PUHKY NpUOYTKIB KOMITaHi1

3. | ExonomiuHi [Momituka [TigBUIIICHHS/TIOHMKEHHSI IIIHA Ha
MIPOTEKIIOHI3MY; IPOIYKT;

MiTPUMKA 3MEHIICHHS TTOAATKOBOTO THCKY
IHHOBAIII{HOT'O
BUPOOHUIITBA.

4. | [lomituko mpaBoBi Moske BIUIMHYTH Ha 3MiHa HaMPsIMKIB IMIIOPTY
KYHIBJIIO/TIPOJIAK TOBApY.

5. | Exomnoris [TigBumeHHs Peknama cBO€i mpoayKItist sika
3aliKaBJICHOCTI JItoIeH JoTIoMarae BUSIBUTH HIANPUEMCTBA
€KOJIOTIYHUMHU SIK1 BUKUJAI0Th 0araTo nuity
npobaeMaMu

B tabnuui 6.8 Mu Bu3HaumiIM (pakTopu MOMIIUBOCTEH SIKI CHPUSIIOTH PUHKOBOMY
BIIPOBAP)KEHHIO HAILIOTO MPOEKTY, @ BUTOAM SIKI KOMITaHisl MO>KE€ OTPUMATH BIIIOBITHO
BiJI peaxiiii Ha TOM uu 1HIuH HakTop.

Tabmuusg 6.9. CryneneBuil aHalli3 KOHKYPEHIIT Ha pUHKY

BrumiB Ha OisUTBHICTE

Oco6MBOCTI KOHKYPEHTHOTO B womy nposiBisieThCs 1aHa HiAnpreMcTBa (MOXJIINBI Aii
CepeoBHILA XapaKTepUCTHKA KOMIaHii, 11100 6yTH
KOHKYPEHTOCIIPOMO3KHOIO)
1. Tun KOHKYypeHIIii Omironois MOXIUBICTH JOMOBJIEHOCTI X

IHIITUMH OJITOIIONICTAaMM IS
OTPUMAaHHS B3a€EMHOI BUTO/IA

2. PiBeHb KOHKYPEHTHOI HamnionansHuit BriockoHasieHHS IPOJYKTY 1
60poTHON MOIIYK MOKJIMBOCTI BUXOTY
Ha MDKHApOJHUN PUHOK
3. 3a ray1y3eBOI0 03HAKOIO Mixraiy3eBa PozmmpenHs puHKy 3a
PaxyHOK 301TbIIICHHS TIOMUTY
4. KoHKypeH1isd 32 BUIOM TosapHO-BH0Ba BrockonanenHs Ta pexiama
TOBapiB U1 TIOKa3y IepeBar
5.3a xapaktepom KOHKypeHTHUX | HerinoBa BnockoHaneHHs cBOro
nepesar MPOAYKTY 1 IPU IIbOMY
ApK.
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HEBEJINKE 3MEHIIIEHHS 1[1H
BiTHOCHO KOHKYPEHTIB

6. 32 IHTEHCUBHICTIO

He mapouna

Po3pobxka 6penmy i itoro
aKTHUBHA peKJiaMa

B naniit Tabmuii MU mpoaHaNli3yBadd PUHOK 30yTy HAIIOTO TPOAYKTY 1

BU3HAYMIIM 3arajbHl PUCH KOHKYPEHIIIT Ha HbOMY.

[Ticas amamizy KOHKYpEHIIl MpoBeaeMO OUIbII AETalbHUN aHali3 yMOB

KOHKYPEHIIIi B Tamy3i.

Tabmui 6.10. AHani3 KoHKypeHiIrii B rainy3i 3a M. [loprepom

[psimi o .
P IloTenmiiini ) ToBapu-
KOHKYPEHTHU [TocrauanbHUKU Knientn :
) KOHKYPCHTH 3aMiIHHUKHU
B TalTy3i
ITocTauanbHUKAMHU
[ToreHuiiiauM € ITHTEpHET
u Mara3uHHU sKi Kommanis
. . OcHOBHUMHU :
Ha nanwmii KOHKYPECHTaMU 3aliMarOThCS i BOJIOJIIE
) . KIIIEHTaMH € .
Cknan | MOMEHT Ha € 1HO3eMHI PO3MOBCIOIKEHHSIM . JOBOJTI
. . 1 ITPUEMCTBA
OBI PUHKY KOMIIaHii sKi MIPOrPaMHOTO . CUJIbHOIO
. . JIeTKO1 )
aHali3 | TPHCYTHI 3 3r0JIOM 3a0e3MeYCHHS IS . TIPOTIO3UIIIEI0
: . MIPOMHUCIIOBOCTI. .
y npsimi MOXYTh BUITH KOHTPOJTIO : i , QHAJIOT'1B
. Po3mip 3akymiBeins. "
KOHKYPCHTH | HA Halll pUHOK. | TIapaMeTpiB BOJIH. C SKif Tpr
: . ucrema )
SIK1 HAJIat0Th [TarenTn Ha Hudepentiaiist inopmaui 30epexeHH1
o Hpopmarrii. .
noaioH1 MIPOTYKTH. BUTpAT. n g SIKOCTI
. . UOYTKH.
MOCITyTH 3aKoHOaBYI Konmnenrpartist PHoY . MPAKTUIHO
i KouTpos sikocri.
0OMEXEeHHS. MOCTaYaIbHHKIB. HEMae
Iayuki minu. | 3HaYEHHS PO3MIpPY
MTOCTaBOK
Bucu | [IpoBogutu Bucoknii Tak sK Jlns1 KITiEHTIB BCe [TinTpumyBat
OBKH: | aHami3 PHU3HK BXOAY KOHIICHTpaLlis BaroMilum € U XOpoui
KOHKYPEHTHHU | HOBUX I'PaBIIiB, | IOCTaYaJIbHUKIB MUTaHHS LIHH, MO3uLiT Ha
X aJpKe BX1JIHI JTIOBOJII BUCOKA BOHH XOYYTh PUHKY Ta
MpOMO3uIlii, | Oap’epu € HE BOHU HE TUKTYIOTh | TJIATUTH MEHIIIE. KOHKYPEHTHY
MparroBaTh JTyKe yMoBU poOoTu Ha | [l 3a10BOJIEHHsT | TiepeBary,
HaJ BHcOkUMHU. Ha | puHKy. ix moTped po3po0lroBa
3HIOKEHHSIM | JaHUH MOMEHT noTpiOHO Y HOB1 BUJIU
co01BapTOCTI. | MOTEHLIMHUX pOo3po0IIATH HOBI1 TOBapiB
KOHKYPEHTIB MIPOIO3HULii 1
HEMae MiATPUMYBaTH
SKICTb TIPOJTYKTY.

[IpoananizyBaBimu Tabmuiro 6.10 poOMMO BHCHOBOK IO 3 OIVISAY Ha

KOHKYPEHTHY CHUTYallll0 Ha PUHKY MOXJIMBICTH POOOTH HA PUHKY MPUCYTHS. Takox

3wmH. | Apk.
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MU BU3HAYWIN SIKI XapaKTEPUCTUKU MOBHHEH MATH MPOEKT 1 sKi il Mae MpOBOAUTH

KOMITaHis 11100 OyTH KOHKYPEHTOCIIPOMOXHOIO Ha PUHKY.

[Ticas Bcix aHami3iB BHU3HAUYAETHCS Ta OOTPYHTOBYeTECS MepertiK (akTopiB

KOHKypeHTOCHPOMO}KHOCTi. IToxn IMPOCKT HC BIIPOBA’KCHO B KHUTTA, IC BAXKKO

3pO6I/ITI/I TOYHO, MOKHA A4TH JINMIIC ITOIICPCIHIO OHiHKy KOHKypeHTOCHpOMO)KHOCTi.

Tabmuusg 6.11. O6rpyHTyBaHHS (haKTOPIB KOHKYPEHTOCTIPOMOKHOCTI

No o OOrpyHTYBaHHS (HaBEACHHS YNHHHKIB, IO POOIISATH

0 /;1 KOHKypeHT(?;(If;(I))MO)KHOCTi (dhakTOop AJI MOPIBHAHHS KOHKYPEHTHHUX IMPOCKTIB

3HAUYILIHM)

1 HasBHiCTh IaTEHTIB HasBHicTh y HaIIOro NpoayKTy MaTEHTY, 11e A€
CIOKMBavy yIEeBHEHICTh B TOMY IO BiH KyIy€
cepTU(IKOBaHUN TPOTYKT

2 Benuka KiJIbKICTB CBoevacHa J0CTaBKa MPOAYKTY B HE3aJE€KHOCTI BiJl

MOCTa4aJIbHUKIB CUTYallli Ha PUHKY ITOCTa4allbHUKIB

3 Bucoka sxicTp Bucoka sKicTh IPOAYKTY SIKa JI03BOJISIE KITIEHTY OyTH
BIIEBHEHUM B CBO1 pe3y/bTaTax JOCIiIKEeHb

4 TexHiuHA MATPUMKA TexHiYHA MATPUMKA PO3POOIICHOTO TIPOTPAMHOTO
3a0e3neueHHs Py BUHUKHEHH] 3001B Ta MOCTiiHe
BJIOCKOHAJICHHS MPOAYKTY

5. | Lina OmnparroBaHHs BiITYKiB KIII€HTIB, BAOCKOHAJICHHS
BIJIMTOBIHO 0 iX MPOIIO3HUIIIK Ta 32 MOMXJIMBOCTI 3HUKCHHS
L[IHU Ha MPOAYKT.

B tabmuii 6.11 Ha ocHOBI aHaNI3y MpoBeaeHOro B Tabuill 6.10 BU3HAUMIN Ta

oOrpyHTYyBasi (PaKTOPU KOHKYPEHTOCIIPOMOKHOCTI HAIIOTO MPOEKTY.

Tabmuus 6.12. IlopiBHAIBHUI aHAII3 CUIIBHUX Ta CIA0KUX CTOPIH

«WaterQuality Company»

No Bam PCI\/'I‘TI/IHF TgBapiB-KOHKypeHTiB y

- ®DakTop KOHKYPEHTOCTIPOMOKHOCTI nopiBHsaHHI 3 METER Kompany
n/m 1-20

3| -2 -1 0 +1 | +2 | +3

1 HasBHICTE IaTEHTIB 16 +
2 Benuka KigbKICTh ITOCTAaYaIbHHUKIB 15 +
3 Bucoxka skicTb 17 +
4 TexHiuHA MATPUMKA 19 +
5. | Lina 14 +

3 Tabmuib 6.11 Ta 6.12 6aunmo, 1m0 GakTopu KOHKYPEHTOCIPOMOXKHOCTI CYTT€EBI

Ta MarTh BEIUKHUA TMO3UTHUBHUN BHECOK MPU BIPOBAKEHHI HOBOI KOIT FOTEPHO-
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IHTErPOBAHOI CUCTEMU KOHTPOJIIO YUCTOTH BOAM. OCHOBHOIO MEPEBAroro Ta rOJI0BHUM

JOCATHCHHAM € BHUCOKa SIKICTB IMPOAYKTY Ta TEXHIYHA Hi,Z[TpI/IMKa Ha HpOT}ISi BCHOI'O

TEPMiHYy HOTO BUKOPUCTAHHSI CIIOKUBAUEM.

Tabmuus 6.13. SWOT- anani3 crapran-npoekty

CWIIbHI CTOPOHH:

3a HasBHOCTI IMAaTEHTIB CIIO’KWBAY BIICBHCHHI B
SIKOCTI OTPUMAHOTO MPOYKTY.

3a paxyHOK XOpOIIOi MiATPUMKH MU
3aKPITUIIEMO CBOI MO3UIIIT HA PUHKY.

3aBISIKHA BUCOKIH SAKOCTI MPOAYKTY
MPUBAOITIOIOTHCS HOBI KITIEHTH.

CnabKi CTOPOHU:

Tak sik Ha pUHKY 0araro 1mocra4ajbHHKIB, Y
KJIIEHTIB OaraTuii BUOip MPOIYyKTY, KOMIaHii
HEOOXiTHO TIPOBOJIUTH PEKIaMy CBOTO
MPOJIYKTY 1 301BIITYBATH KIJIBKICTh HOTO
MOCTAYaIIbHUKIB.

3a paxyHOK BHCOKOI I[iHU KJIIEHTH OOUPaIOTh
OLTBIII ACTIEBHIA MPOAYKT, IO IPU3BOJIHUTH 0
BTpATH MOTCHIIITHOTO 3apO0iTKY.

MOXIMBOCTI:

HayxoBo-TexHiuH1

ITonut

ExonomiuHi

[ToniTko paBoBi

Exomnoris

1. BnockoHaneHHs MPOIYKTY yepes
BIIPOBAKEHHS HOBUX TEXHOJIOTIH;

2. 301IbIIEHHS TPOAAK;

3. OTpuMaHHA Jep)KaBHUX 3aMOBJICHb Ha
OTPUMAaHHS MOCIYT;

4. Po3mupeHHs pUHKY 32 paXyHOK 1HO3EMHHX
3aMOBHHKIB;

5. 3MeHIIeHHs MOJAaTKOBOTO TUCKY, OTPUMAaHHS
TEHJIEpIB Ha NOCIYTH.

3arpo3u:

1. LliHoBa KOHKYpEHIIisl B 3B S3KY 3 MOSBOIO
HOBUX T'PaBIliB HA PUHKY.

2. Pi3ka 3MiHa Kypcy TpUBHI MO€ IIPUBECTU
JI0 3MEHILIEHHS TIOMUTY, OCOOJIUBO 3 OOKY
Maux Qipm.

3. [ToniTH4HI Ta EKOHOMIYHI PU3HKHU BEJICHHS
0i3Hecy;

4. Brpara moTeHIIHHUX KII€HTIB Yepes3
HEJOCTaTHIO TEXHIYHY MIATPUMKY;

5. 3MeHIIeHHS MPOIaXiB Yepe3 HeCBOEUaACHE
BUKOHAHHS 3aMOBJICHb.

B Tabmumi 6.13 nmpoBoAMMO MEpPENIK CUIBHUX Ta CIA0KUX CTOPIH MPOEKT. A

TaKOXX PUHKOBHUX 3arpo3 Ta PUHKOBUX MOMJIMBOCTEH SIKHI CKJIalaEMO Ha OCHOBI

(dakTopiB 3arpo3 1 MOKJIMBOCTEH KU MM CKJIadaiud paHimie. PUHKOBI 3arpo3u Ta

MO>KJIMBOCTI Ha BIAMIHY BiJ (PaKTOPIB LIE HE € peai30BaHUMHU Ha PUHKY Ta MalOTh

MEeBHY WMOBIPHICTD 3/1IICHEHHSI.

Ha ocnoBi SWOT-ananizy po3po0sisieMo albTepHATUBU PUHKOBOI MMOBEIIHKU JJIsI

BUBEJICHHSI CTAPTAI-TIPOCKTY HA PUHOK Ta OPIEHTOBHUI ONITUMAJILHUM Yac IX pUHKOBOI

peaitizailii 3 Oy Ha MOTEHIIHHI MPOEKTH KOHKYPEHTIB, 110 MOKYTh OyTH BUBE/IEHI

Ha pUHOK [28].
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BusHaueH1 anbTepHaTHUBU aHATI3YIOTbCA 3 TOUKH 30PY CTPOKIB Ta WMOBIPHOCTI

OTPUMAaHHS PECYPCIB.

Tabnuusg 6.14. AnbTepHaTUBH PUHKOBOTO BIPOBAKEHHS CTAPTAI-TIPOEKTY

AJbTepHaTHUBA
No (Opi€eHTOBHUI KOMITJIEKC VIMOBipHiCTh OTpUMaHHS R
: B . Crpoxku peanizanii
/i 3aX0/1iB) PUHKOBOT pecypciB
[IOBEIIHKHA
1 Crpareris HerTpami3aiii
PUHKOBHX 3arp03 CUIbHUMH Bucoka 1,5 poxu
CTOpPOHAMH CTapTaITy
2 Crpareris koMmeHcarii
CITA0KUX CTOPIH cTapTaIy Bucoka I pix
HAsIBHUMH PUHKOBUMHU
MOKITUBOCTSIMH
3 Crpareris BUXOIY 3 PUHKY Husbka
[IpoBoguMo  aHami3  po3poOJEHUX  HAMU  QJIBTEPHATUB  PUHKOBOIO

BIIPOBA/DKCHHS 1 3 3a3HAYEHUX aJIbTEPHATUB OOMPAEMO Ty sIKa Ma€ HaWOLIbIIY

WMOBIPHICTh OTPUMAHHS PECYpCiB, a TaKOX € HaWIIBHUIIIOK B peamizaimii. OTxe

0o0MpaEMO CTpaTeriro KOMIIEHcalli cTa0KUX CTOPIH CTapTaly HasBHUMH PUHKOBUMU

MOXXKJIMBOCTSIMMU.

6.4. Po3po0JieHHsI pMHKOBOI cTpaTerii MPoeKTy

Po3po06iieHHsT pUHKOBOI CTpaTerii MmepuMM KpoKoM Tmependadae BU3HAYCHHS

CTpaTerii OXOIUJIEHHS! pUHKY: OMUC UITbOBUX IPYIl MOTEHIIMHUX CIIOXKUBAYIB.

Tabmuns 6.15. BuGip miiboBUX TPy NOTCHIIMHUX CITOKHBAYIB

Ornuc npodisro I'oToBHICTH OpienTOBHUHT .
. i . IHTEeHCUBHICTD IIpocrora
Neo | minmpoBoi rpynu CIIOJKMBAYiB MIOITUT B ME&Xax
i N ) . KOHKYPEHIIii B BXONY Y
I/ | TOTCHILIMHUX CIPUIHATH LUUIBOBOI TPyNu .
.. CETMCHTI CETMCHT
KJIIEHTIB MIPOJTYKT (cermeHTy)
[Tpomuciiosi Cepenns Cepenni
p 3a3HaBaTHUMEThHCS 3anexarume pel P , a
KOMITaHii . . Oap’epu BXOIy
TOTOBHICTIO BiJI piBHSI Ta
. . : Ha PUHOK
N — MIITPUEMCTB TITH B1/I TEMITY C C g
MIIaHii IKi . HS Hi
Ou Ha JOJaTKOBI PO3BUTKY cpen 5 cp ,en
HMaroThbCs . . ap’epu  BXO
3aNMaIOTBC BHUTPATH TOB’ s13aH1 €KOHOMIKH P €p oy
Ha PUHOK
ApK.
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ayJIuTOM 3 BIIPOBAKEHHs | B3araji i ramysi

poOOoUUX MicIb HOBUX JaTYUKIB CIIO’KMBaya

[ncTuTYyTH, KOHTPOJIIO 30KpeMa Cepenns Cepenni

BYCHI SIK1 rapameTpiB BOJH. Oap’epu  BXOaY
IPOBOJISITH Ha PUHOK
OCIIIKEHHSI

KOHIICHTpaLii

117010%

Ski miIboBI rpynu 0O6paHo:
ITig yac aHamizy MOTEHLUIHHUX TPYII CIIOXKHUBAYiB OyJIO MPUIHATO PIlLICHHS 10 KOMITaHis Oyxae
IPAIIOBATH i3 TPOMHUCIOBUMH KOMITAHISIMU.

3a pesynbTaTaMu aHali3y MOTEHIIWHUX TPYI CHOXKHUBA4iB MU OOpaiu IIbOBI
rpynu, s sSKuX OyJeMO TPONOHYBaTH CBOIO MpoOrpamy [Uisi PO3PaAXyHKY
KOHIIEHTpAIli MWIy Ta BHU3HAUYWIM CTPATEril0 OXOIUICHHS PHUHKY: CTpaTerito
T epeHI1HOBaHOTO MAPKETUHTY, TOMY LIO MPAIOEMO 13 KOHKPETHHUM CETMEHTOM,
PO3pOoOIISII0UH ATt HHOTO MPOrpaMy PUHKOBOTO BILIHBY.

Jlnst pobotu B oOpaHOMY CErMEHTI PUHKY HEOOXITHO cdopMyBaTh 0a3oBY
CTpaTerito pO3BUTKY.

Tabmuusg 6.16. BusHauennst 6a30Boi cTpaTerii po3BUTKY

Kitrouosi
O6pana . . .
No Crpareris KOHKYPEHTOCTIPOMOXH1 ba3zoBa cTpareris
aJbTECPHATHBA e . . «
/o OXOIUICHHSI PUHKY | TIO3HIIii BIAMOBIAHO JI0 PO3BUTKY
PO3BUTKY MPOEKTY ..
o0paHoi anbTepHATUBU
. ndepenmiioBanu | JKiCHUI IPOAYKT, 10 Crpareris
[TincuneHHs CUIIBHUX {1 bep poly L p N
) 1 MapKeTHUHT SIKOTO TIPUXUJIbHI nudepenttianii
CTOpIH CTapTaIny 3a . e o
CITIOKMBAaYi, MOCTIHHUMN
PaxyHOK pPUHKOBUX o
. 3BOPOTHIM 3B'A30K 3
MOKJINBOCTEH .
KJIIEHTaMHU.

B tabnuii 6.16 B 3a1exKHOCTI Bii 00paHOTO HAMU CETMEHTY PUHKY OOMpaeMo
CTpATETii0 PO3BUTKY HAIIIOTO MPOEKTY HA PUHKY.
HactynHum kpokom € BUOIp cTpaTerii KOHKYpEeHTHOT MoBeAiHKH (Tadu. 6.16).

Tabnuus 6.17. BusHaueHHst 0a30BOi cTpaTerii KOHKYPEHTHOI TOBEIHKH

Yu O6yzae komnaHis Yu Oyne koMnaHis
No Uu € npoext IIyKaTH HOBUX KOITIIOBaTH OCHOBHI Crpareris
W | «repuonpoxiauem» CTIOKHBAYIB, abo XapaKTePUCTUKH KOHKyp'eHTHO'l'
Ha PUHKY? 3a0MpaTH iICHYIOUMX | TOBapy KOHKYpPEHTa, MOBEIHKU*
y KOHKYPEHTIB? 1 s1Ki?
ApK.
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Hi

[TepenbavaeThes
PO3BHUTOK PUHKY

Hi, ne Oyne. byne
YTBOPEHO YHIKAJIbHY
MPOYKITIO

3aiHATTS
KOHKYPEHTHOI HIIITl

B Tabmumi 6.17 mpoBogmmo aHami3

TOr0 sSIK OyaeMo MOBOAUTH cede B

KOHKYPEHTHI OOpoThO1 1 B 3aJCKHOCTI BIJ NPUHUHATHUX HaMH pIIICHb OOHUPAEMO

CTpATET110 KOHKYPEHTHO1 OBEAIHKH.

Ha ocHOBiI BHUMOI CHOXHBadiB 3 OOpaHOTO CETMEHTY [0 MOCTavyajbHUKa 1

MPOJYKTY, @ TAKOXK B 3aJIEKHOCTI BiJ] CTpATerii pO3BUTKY Ta CTpATErii KOHKYPEHTHOI

MOBEIIHKH PO3pPOOIISIEMO CTPATETIIO MO3UIIIOBAHHS SIKA BUSHAYAETHCS Y (POPMyBaHHSA

PUHKOBOI TTO3UIII1, 32 SKUM CITO)KHBAYl MAIOTh 17IEHTU(IKYBATH MPOEKT.

Tabnuus 6.18. BusHaueHHs cTpaTerii HO3UIIOHYBaHHS

Bumoru no Kurouosi ) C e
bazoBa ) Bubip acorriarii, ki MarOTh
Ne TOBapy ) KOHKYPEHTOCIIPOMOXKH1 )
) . cTpareris chopMyBaTH KOMIUICKCHY TIO3HIIIIO
/1 L1IBOBOI MO3HIIIT BIACHOTO
PO3BUTKY BJIACHOT'O MIPOEKTY (TPH KIIFOUOBHUX)
ayuTopii CTapTar-IpoeKTy
Bnockonanenn | Ctpareris Bucoka skicts SIKICTB.
S IPOAYKTY mudepeHira | mpoayKTy. [lixa.
BpPaxoBYIOUH i ®dopmyBaHHS 3BOPOTHI 3B'SI130K 13 BAPOOHHKOM.
moOaka”HHs JIOSJIBHOCTI 1 TexHiyHa MiATPUMKA.
CTHOXXHBAYiB MPUXMIBHOCTI
CITOKHBAYiB,

MiATPUMKA BX1THUX
Oap’epiB.

B naniii Tabnuii GopmMyeMO KOMILIEKC acolialliii 3a SKUMU CIOXKUBaul OyAyTh

171eHTU(IKYBaTH HAIll TOPT1BEIbHUM MTPOCKT.

Pe3ynbpTaTomM gaHOTO MIAPO3ILTY € CUCTEMA PIIIEHB 100 PUHKOBOT MOBEIHKU

KOMIIaHii, BOHa BU3HAYA€E B SIKOMY HampsiMi OyJie MpaitoBaTH KOMIaH1sg Ha PUHKY

6.5. Po3po0/ieHHsI MapKETHHIOBOI IPOIrPaAMHM CTAPTAN-NIPOCKTY

[lix gac po3poOJieHHs] MapKETUHIOBOI MPOrpamMu MEPIIUM KPOKOM € pOo3poOKa

MapKETUHTOBOi KOHIICTIII TOBapy, SKUH OTpUMae croxkuBad. Y Tabmuii 6.19

H1JCYMOBY€EMO pe3yJbTaTH aHaNI3y KOHKYPEHTOCIPOMOKHOCTI TOBapy.
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Tabmuis 6.19. BusHaueHHsI KIIOYOBHUX MepeBar KOHIEMIIi MOTEHITIHHOTO

Ha cMapT(hoH

Ha [IK

KOpucTtyBada 4u

TOBapy
Ne Motpeta Buropa, sxy KirouoBi nepeBaru nepesn KOHKypeHTaMHU
n/m MIPOTIOHYE TOBAp (icayroui abo Takxi, 10 MOTPIOHO CTBOPHUTH)
[ToTpeba B Konrposnto [TocriifHa TeXHIYHA TIATPUMKA Ta OHOBJICHHS.
0e3mpoBinHii napameTpiB BOJIU B BrockoHaneHHs alropuTMy repenadi JaHuX.
CEHCOpPHIiI PEXHUMI pealbHOTO BrockoHnaneHHsi mporpaMy MUISIXOM J0JIaBaHHS
MepexKi st 4acy 1 MPUCKOPECHHS HOBUX MOXKITUBOCTEH 1 METOIIB TIepeiadi TaHuX .
CIIPOIIECHHS OTpUMaHHS 3aMiHa MOTPiIOHMUX JATYHKIB.
nepeaadi JaHuX | pe3yJIbTaTiB

Pe3ynbrarom aHamizy JaHoi TaONMI € MEpeNtiK KIIYOBHX IEepeBar Halioro

TOBapy Iepes KOHKYPEHTaMHU, a TAKOXK MEepeBaru ki NOTPiOHO 111e CTBOPUTH.

Tabnuns 6.20. Onuc TprOX PIBHIB MOJIEN TOBAPY

PiBHi TOBapy

CyTHICTb Ta CKJIa/10B1

I. ToBap 3a
3alyMOM

KoM’ roTepHO-1HTerpoBaHa CHCTEMa OYHIIICHHSI HEBEITUKUX BOJIOMMMIIL
Mo>Ha BUIUIMTH HACTYITHI BUTOJIU BUKOPUCTAHHS:

POIICHHS TIPOLIECY PO3PaXyHKIB;

[BUIIICHHSI IIBUIKOCTI PO3PAXYHKIB;

EHIIIEHHS [TOXUOOK.

II. ToBap y
peasibHOMY
BUKOHAHHI

BrnactuBocti/xapakTepuCTHKH M/Hwm Bp/Tx /Tn/E/Op

1.J10BroBi4HICTh (HEMAE CTPOKY Tx
JTABHOCTI)

2. l'apanTiitHuil TepMiH (1OBruii
TEPMiH rapaHTIHHOTO
00CITyrOByBaHHS)

3.JlockoHaicTh BUPOOHUYOTO
BUKOHaHHA (JlockoHanuil nu3aiin)
4.Baprtictb o0cinyroByBanHs (Huzbka
BapTiCTh HEOOX1AHOTO MPOrPAMHOTO
3a0e3meueHHs Ta 00CITyroByBaHHS)

E

Tx

Hwm Bp

Sxicth: Bignosinae Hopmam JICTY2499:2017

[TaxyBanus: KopoOka 3 ractuky.

Mapxka: WaterQuality Company, na3sa ToBapy QUALITY_METER

II1. ToBap i3

I[O Mpoaaxy CIOKHUBAY Ma€ MOKJIUBICTh MMPpOTCCTYBATHU JaHy CUCTCMY

H1IKPITUIEHHSM 3a0e3MeYeHHs] MPOTITOM OJAHOIO THKHSI 0€3KOIITOBHO.
[Ticns mponaxy crnoxuBady OyAyTh HaJIXOJUTH aBTOMAaTH4HI OHOBJIEHHS
IIPOrpaMu, a TaKOXk MOXJIUBICTh CTBOPEHHS HOBUX Ta MOJU(IKAIll ICHYIOUUX
CEHCOPIB.
ApK.
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3a paxyHOK 4Oro MOTEHIiIfHUIA ToBap Oy/e 3aXUIIEHO BiJ] KOMioBaHHS: Big komitoBaHHs ToBap Oyxe
3aXUIICHO MUISXOM MAaTCHTYBAHHS CUCTEMH (OTpUMaHHS cepTU(diIKaTy PO IHTEIEKTyaIbHY
BJIACHICTB) Ta HAJAHHS KOXHIN IPOJaHIN KOO 1HIUBIIyaTbHOT JIIIEH31HOT CUCTEMH, sIKa
HeoOX1aHa 11 11 akTUBaIlil.

B Tabmumi 6.20 MU CTBOPIOEMO TPHOXPIBHEBY MOJIEIbh HAIIOTO TOBApY IO
BKJIIOUYA€E 3a7yM TOBapy Ta MOTO BHUTOJIM, OCHOBI XapaKTEPHCTUKH T'OTOBOTO TOBApY,
croci6 Moro makyBaHHS Ta 3aXMCTY BiJ KOMIIOBAHHS Ta IUIariaTy.

HacTymHuM KpOKOM € BH3HAYCHHS [IHOBUX MEX, IKUMH HEOOXiTHO KepyBaTHCS
IIpY BCTAHOBJICHHI I[IHM Ha MOTEHIIMHUN TOBap, 1e Nepeadadae aHami3 1iH TOBapiB
KOHKYPEHTIB, Ta JIOXO/IIB CTIOKUBAYiB MPOIYKTY (Tabdm. 6.21).

Po3paxyHOK 11iHH 32 OCHOBHUMH METOJIaMH 1[1HOYTBOPEHHS:

1. Meton, OopieHTOBaHMI HA BUTPATH (BUTPATHUIA METOJ):
__¢ + C-0,001% _ 238 572+ 9382572 -0,0001
U=11a0 PR T 1140 ’

=8019,3 +9382.6 =17 401.9 rpH/1IT
2. ArperatHuii METOJ] — 3aCTOCOBYETHCS JI0 TOBAPIB 13 CKJIAJIOBUX €JIEMEHTIB:
=101+ U2+ ..+ Li=
= 700 + 1500 + 3000 + 220+ 200 + 300 + 230 = 6 150 rpH/wT
3. I[MapamerpuuHHii METO — BPaXOBY€ BaroMiCTh SIKICHUX MapaMeTpiB TOBapy 1

OLIHKY LIMX MapaMeTpPiB CIOKUBAUEM:

baJsioBa oLjiHKa HOBOI MoeJIi

uHOBo'l' Mojesi = u6asoBo'1'Mo,qu1i . - - -
basioBa OILI1HKa ©6a30Boi Mo/JeJil

5
= 7000 i 8 750 rpH/1uT

Tabmuus 6.21. BusHaueHHsS MeX BCTAaHOBJIEHHS I(1HA

. . . . PiBenb 1oxomiB BepxHst Ta HUXKHS MeX1
No PiBens 111H Ha PiBens 111H Ha . .. }
. LJILOBOI Ipynu BCTAHOBJICHHS I[1HU Ha
/Tl | TOBAapU-3aMiIHHHUKHU TOBapH-aHAJIOTH .
CIIOKHBaYiB TOBap/TOCIYTY
5500-9000 rpH. 5500-9000 rpH. 15000-20000 rpH. 4500-6000 rpH.

B Tabnuii mpoaHanizoBaHO PUHKOBI I[IHM HA TOBApU aHAJIOTH Ta 3aMIHHHUKH, a
TaKOX CEpeIHIN pIBEHb JOXOMIB CIOXKHMBAYiB. 3a OTPUMAaHUMH JaHUMH Oyje

BCTAHOBJICHA BCPXHA Ta HUIKHA MCIKa Ha Hallly CUCTCMY KOHTPOJIHO.
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Tabmuis 6.22. opmyBaHHs cUCTeMH 30y Ty

n/a

Crnenudika 3aKymiBeTbHOL
[MOBEIIHKHU L1JIbOBUX
KJIIEHTIB

Oyuk1ii 30yTy, SKi Mae
BHKOHYBAaTH
MOCTaYaIbHUK TOBAPY

I'mubuna
KaHay 30yTy

OnrumanbHa
cucrtema 30yTy

HEOOXiIHOCTI.

[Tokymnka TOBapy OJMH pa3
3 [1I0YOIO0 JIICH3IEI0 HA
BCTaHOBJICHUH TEPMiH,
MIPOJIOBXKEHHS JIIEeH311
micost 11 3aKiHYeHHS B pasi

JloctaBka ToBapy
MOKYTI0, HOTO
BCTAHOBJICHHS Ta
HaJalITyBaHHS.

Kanai 30yTy
HYJIBOBOTO
piBHs

Mepexa
IHTEepHeT

Byso po3po6iieHo KOHIIETITiI0 MapKETUHTOBUX KOMYHIKAIlI MK CITOKHBAYaMHU

Ta BUpOOHMKaMu. B Hamomy Bumagky e poOoTa HampsMy 3 BUPOOHUKOM Ta

peaizalii MpoAyKTY Yepe3 MEPEKY 1HTEPHET.

Tabmuus 6.23. Konneniiis MapKeTUHTOBUX KOMYHIKaIlii

) Kananu .
Crenudika oL Kittouosi .
. KOMYHIKaIIiu, . 3aBraHHS Konnemnmis
Ne MOBEIIHKU no3utlii, oopani
s SIKUMH PEKJIAaMHOTO PEKIaMHOTO
/1 LIJIBOBHUX JUIST .
. KOPUCTYIOTBCS ; TIOB1IOMJICHHS 3BEpHEHHS
KJIIEHTIB . 7 MO3UIIIOHYBaHHS
I[1JIbOB1 KJIIEHTH
OpienTaris Ha Mepexa CreniamizoBani | [npopmyBanns | Tu moci
peryspHi IHTEpHET, BHCTaBKH CIIO)KMBAYIB; BiJT4yBa€l, 110
MOCTaBKU BHCTaBKH, Po3BuTok Kynaeuicst y
ceMiHapu, MOTUTY; OpynHiii Boi,
JIpyKOBaHa CTUMyIOBaHHS | XOYeII I1e
MIPOAYKIs. IIPOJAXKY; NEepeBIpUTH
[Tomryk 3BOHU J10 HaCc,
BUT1IHUX MU HaJJaMO
MapTHEPIB; HEOOX1IHY
iHpopMallio

Pe3ynbraTom naHOTO MIAMYHKTY € PUHKOBA MPOTrpaMa sika BKIIFOYA€E KOHIIEIIIO

30yTy, IPOCYBaHHs, aHaII3 IHOYTBOPEHHS, BOHA 3aJIEKUTh BiJ LIIHHOCTEW Ta MOTped

NOTEHIITHUX KIIIEHTIB, MEepeBaru 1ei, CTaH PUHKY Ha KoMy Oyze BIPOBAIHKEHO

IPOEKT Ha JaHUM MOMEHT Ta HOoro IMHaAMIKy, Ta BIANOBIIHY OOpaHy albTepHATHUBY

MOBEAIHKUA Ha PUHKY.
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BucHOBKH 10 po31iiy CTapTANI-IIPOEKTY

VY3aranpHI0I04YM IPOBEACHUM aHAII3 CTAPTAI-IIPOECKTY MOKHA 3pOOUTH BUCHOBOK
M0 y JaHOTO TPOEKTy Ha JaHUH MOMEHT € XOpolla MOJIHUBICTh PUHKOBOT
KoMepIianizaiii. Y 3B’53Ky 3 XOpOIIIO0 TUHAMIKOK PUHKY Ha pO3pO0OJIEHUN MPOTYKT
OyJie XOPOIIM MOIMUT y CIIOXKHBAYIB, 1 3 TOYKH 30Py PEHTAOEIBHOCTI MPOEKT 00iIIs€e
OyTH Ayxe mpuOyTKOBHM. 3 OTJISAy Ha MOTEHIIMHI TPYMU KIIE€HTIB MEPCIEKTHBU
BIIPOBAKCHHSI IPOEKTY € AY>KE€ BUCOKUMHU. AJI€ 32 paXyHOK TOTO, 10 Ha PUHKY BXKE €
IPUCYTHI aHAJIOTU TPOAYKTY SIKUH pO3poOisieTbes Oap’ep BXOKEHHS HA PHUHOK €
JIOCUTh BUCOKMM. TOMy Al yCHIIIHOTO BUXOAY Ha HBOTO Tpeba HaJaTH HaIIoMy
IPOAYKTY BJIACTUBOCTEN sIKI OyayTh BUAUIATH Horo cepen KOHKypeHTiB. Ha nanuit
MOMEHT MPOAYKT € KOHKYPEHTOCIPOMOXKHUM aye JUis MiJBUIICHHS JOBIpU
CIO’KMBauviB 1 (opMyBaHHS CBO€i 0a3u KJIIE€HTIB HEOOX1aHO: BockoHanmuTH
TEXHOJIOTII0 pO3paxyHKIB, MPOBECTH PEKIaMHY KOMIIaHIIO, JUI MOYaTKy HaaaTu
CHOKMBa4yaM MpOOHI Bepcii s O3HAMOMIICHHS, MPAaLIOBaTH HaJ IOKpPALIEHHSAM
IPOAYKTY 1 IPUCITYXOBYBAaTUCH 10 TOTPEO CIOKMBAYIiB.

SIx anmpTEepHATHBHUU BapiaHT BOPOBAPKCHHS HAIIOTO CTpapTam MPOEKTY s
PUHKOBOI peatizallii MpoeKTy AOLIILHO 00paTH MOYaTOK MPOIaX HALIOTO MPOIYKTY B
MepeXi IHTEPHET 1 JUIS SIKOTOCh OJTHOTO CETMEHTY PUHKY, a TUIBKH T1CIIsl 3aKPITUICHHS
Ha PUHKY B)K€ MOYMHATH LIIYKATH KIIEHTIB B IHIIMX CErMEHTaX 1 MPOMOHYBATH M Halll
npoAyKT. Takok MOXkHa 3pOOMTH BUCHOBOK IO Ui PO3MIMPEHHS PUHKY MOJajibllia

IMIUIEMEHTAIIis POEKTY € AYKE OLIBHOIO.
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BUCHOBKHA

B nmaniii  marictepcekiii  nuceprarii  Oyia  po3poOJjieHa KOMIT FOTEpHO-
1HTErpOBaHa CUCTEMa KOHTPOJIIO YUCTOTH HEBEITUKUX BOJOMMMILI.

B mepmomy posaini Oyino HajgaHO aHam3 BIJIOMHX PIIIEHh CTOCOBHO TEMHU
nucepTariii. OnrMcano ctaH 3a0pyAHEHHS HEBEJIMKUX BOJOMMHUII, MPOBEACHO aHAaI3
CTaHy MpoOJeMu MOHITOPUHTY urctoTh HB, HaBemeHo MeTomu OYMIEHHS BOJM.
Takox mpoaHanizoBaHO MeToau 3a0pyaHeHHs 1ux HB ta Hagano neski npunaau ta
CEHCOPH, IO BXKE 3aCTOCOBYIOTHCS JIJIsl BUPIIICHHS MPOOIeMu 3a0pyTHEHHS.

B ocHOBHII MpOBEeACHO MPOEKTYBaHHS Mpuiany. BuOpaHo OCHOBHI €JIeMEHTH
KOHCTPYKIlli, HaBeleHO iX Xapakepuctuku. Po3pobneno KIC koHTpost0 yucToTH
HEBEJIMKUX BOJONMMIIL, a caMe CUCTEMY KOHTPOJIIO MapaMeTpiB BOAM, 110 3aCHOBaHA
Ha Oe3MpOoBITHINA CEHCOPHIN Mepexki, CTBOPEHO CTPYKTYypy L€l cuctemu. L cucrema
MO>K€ aBTOMaTUYHO KOHTpoJtoBaTh yuctory HB. Takox BUOpaHO AaTUMKK KOHTPOJIIIO
TeMmnparypu, PH, mpoBiAHOCTI Ta MYTHOCTI BOJM Ta OMHCAHI iX XapaKTEPUCTUKH.
[IpoBeneno anamiz HamiiiHocti BCM cuctemu, 1mo OpUBENO 0 MO3UTUBHOIO
pe3yIbTaTy.

B ocranHboMy po3aini  OOTPYHTOBAHO OCHOBHI AacHEKTH E€KOHOMIYHOI

notinbHOCTI 3acTocyBanHs KIIT konTposto unctorn HB y Burisiai crapram nmpoekTy.
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