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ABSTRACT

Oleksandr Lizanets "Insulation control and protection of operational direct
current networks"”. Master's qualification work in specialty 141 - Electric power
engineering, electrical engineering and electromechanics. Vinnytsia: VNTU. 2023.
9 c.

In Ukrainian. Bibliography: 18 titles; Figures: 45; Table 9.

The master's qualification work investigated the issue of insulation control
methods and means of protection of operational direct current networks.

The first chapter discusses the causes of damage to operational DC networks,
analyzes the methods and means of monitoring the insulation resistance of operational
DC networks.

In the second chapter of the master's thesis, the regularities of changes in pole
resistance relative to the ground are investigated. The analytical dependencies of the
probabilities of resistance reduction on the controlled parameters are determined.

The third chapter analyzes the means of controlling the insulation of operational
substation networks and their software.

In the economic part, the main technical and economic indicators of the
application of the insulation control device for the operating grids at the Dniester HPP
are determined.

Keywords: direct current networks, insulation resistance, damage, insulation

control.
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BCTYII

CkiasHi YMOBHM €KCIUTyaTallli eJIeKTPOSHEPTeTUYHUX CUCTEM OOYMOBIIOIOTh
BUHUKHEHHSI aBapii, sIK1 4aCTO CTalOTh MPUYUHOIO HE TUIbKM €KOHOMIYHUX BTpAT, ajie i
JIFOJICBKHX JKEPTB.

Mepexi ONepaTHBHOTO IMOCTIHHOTO CTPyMY € BaXKJIIMBOIO CKJIQIOBOIO CHCTEM
CJICKTPONIOCTAYaHHS, 30KpeMa  TIAPOENEKTPOCTaHIId, BOHU  MPU3HAYEHI  JUIS
0e3mepeO1ifHOrO >KUBIICHHS ITPUCTPOIB PEIEUHOT0 3aXKUCTY, CUTHAII3AIIIT T aBTOMATHKH,
BIJIMOBITAJILHUX MEXaHI3MIB BJIACHUX TIOTpeO, aBapifHOTO OCBITJIICHHS, MPUBOJIIB
BUCOKOBOJIbTHUX BHMHKauiB 1 T. M. BaXJIMBICTh TakuX CIIOKMBAadiB BHUCYBAa€ BUCOKI
BUMOTH JI0 HAAIMHOCTI Mepex onepatuHoro [1C.

IcHye OGaraTto MpUCTPOIB BHU3HAUEHHS MOMIKOKeHOI kadenbHOi JiiHii MOIIC,
onHak crnemudika 00’€KTa KOHTPOIIO TOTpeOye: 3OUIBIIEHHS JOCTOBIPHOCTI
NPaBUJILHOTO BU3HAUEHHS TMOSIBU HEOE3MEYHOr0 3HMKEHHS OINOpY 130JIA1llT Ha paHHIH
CTajil; BU3HAUYCHHS ITOIIKOPKEHOr0 Ka0ero Ta 3a0e31eUeHHS IIIBUIKOTO 3HAXOHKEHHS
MICIISl 3aMUKaHHS TIPY 3HIDKEHHI aKTUBHOTO OTIOPY 130JIA111i IOJIF0Ca BITHOCHO 3€MJTL JI0
20-0 kOm 6e3 10/1aTKOBUX TIEpeMHUKaHb B MEPEK1; IPOCTOTH 1 HAIIHHOCTI B €KCILTyaTaIlli,
0e3mepepBHOTO KOHTPOJIIO 3HAYCHHSI OMOPY 130JIS1111; CIpallbOBYBaHHS HA CUTHAI, HE
MIOTIPIIICHHS TTapaMeTpiB Mepeski (CUMETpii HAMPYT MOJIOCIB BIIHOCHO 3€MJIi, 3HAYCHHS
OTIOPIB 130JIA1111, KoedillieHTa MmyJibcalliil Hanpyry Ha mmHax Ab Ta iH.). Tak, Hanpuknan,
Biomo [1], 1m0 mim3apsaHa aKyMyJsSTOpHa YCTaHOBKA IIOBHHHA 3a0e3ledyBaTH
cTabiizaliito Hanpyry Ha IMHaX Ab 3 BIIXWICHHSIMH, SIK1 HE IEPEBUIIYIOTh BCTAHOBJICH1
3aB0JIOM-BUpoOHNKOM ADB, ane He Oinbiie 2 % HoMmiHambHOT HanpyTu (4,6 B). Onnak,
3HaYHA YaCTHHA BIJOMHUX MPHUCTPOIB MepeadavaroTh HaKIaJaHHS HAa KOHTPOJILOBAHY
MEpEeKy TecTOBOro curraiy Harmpyramu 45 B, 7 ta 20 B , 60 B, 70 B (EDS470 dipmu
BENDER). BukopucraHni B X HIPHUCTPOSX JKEpeaa TECTOBUX CUTHAIIB 3MEHIIYIOTh
OMip TOJIOca BIAHOCHO 3emui, Hampukian: — 240 Om. IligkmroueHHs reHepaTopa
TECTOBOTO CUTHANy TUIbKU 10 oaHoro noimtoca MOIIC nmpusBomuTh 10 Garatopa3oBoi

3MIHA CHMETPIi MEpexki 1 Mepepo3mnoiry 3apsay €MHOCTI TOJIOCIB MEpPEeXi BiTHOCHO



«GeMJI» Ta JI0 MPOTIKAHHS PO3PSATHOIO CTPYMYy LMX €MHOCTEH B KOJAX PEJICHHOIrO
saxucty (P3A), mio moripimye HaaidHicTh npuctpoiB P3A  [2]. BukopucTtanHs
MIEPEHOCHUX CEHCOPIB OOMEXKYEThCS MEpeKaMu, MPUIATHUMU IS T4 €IHAHHS LUX
CEHCOPIB, 10 HE 3aBXIM MOXJIMBO B yMOBax eKcrutyatamii. OTxke, OTXKe MiJBUILECHHS
BUMOT T10 HaJIMHOCTI pOOOTH MPUCTPOIB KOHTPOITIO 130JIA1IlT Mepex oreparuBHoro [1C
CIPUYMHUIIA TIOCTAHOBKY 1 IPOBEIEHHS JIOCIIIKEHB, & OT)KE TEMA € AKTYAJIbHOIO.

MeTo10 poOOTH € BJIOCKOHAJICHHS KOHTPOJIO 130Js1ii Ta 3ac00iB 3aXUCTY
MEpPEK OMEepPaTHBHOIO MOCTIHHOTO.

3r1IHO MOCTaBJICHOI METH B pOOOTI BUPIIICHO HACTYHI 3a/1a4i:

- BUKOHATH aHaJ13 ICHYIOUMX METO/11B KOHTPOJIIO 130JIA1111 MEpPEkK ONEPATUBHOTO
I1C;

- TIOCHIJUTHU 3aKOHOMIPHOCTI 3MIHU OMOPY MOIIOCIB BIJIHOCHO 3€MIIi;

- TOCTIUTH 3acO0M KOHTPOJIIO 13011111 Mepex onepaTtuBHoro I1C:

- BUKOHAHO PO3paxyHOK €KOHOMIYHOi €)eKTUBHOCTI 3aCTOCYBaHHS MPUCTPOIB
BU3HAYEHHS CTaHy 130151111 Mepex onepatusHoro [1C.

006’exTOM T0CJIIZKEHHS € TIPOLIEC 3MIHU CTaHY 130JIA111 1T Yac eKCIuTyaTariii
KaOeJIbHUX JIIHIM ONEepaTUBHOTO MOCTIMHOTO CTPYMY TiAPOEIEKTPOCTAHIIIM.

I[IpeameTrom aociaimKeHb € METOAM Ta 3acO0M KOHTPOIIO 130JAIi Ta
BHU3HAYEHHS MOUIKOHKEHHS Mepesk oneparuBHoro [1C.

Metonu gociikeHb. Teopist €NEKTPUYHUX KUI, ONEpPaTOPHUN METOJ
PO3paxyHKy MEpeXiTHUX MPOIECiB sl TOOYyA0BH MaTEMaTUYHOI MOJENI MPOIECiB
3MIHU CTPYMIB B KaOEJISIX Ta MOLIKOKEHHS Ka0eIbHOT 13011111 MEpeX ONEPATUBHOTO
[1C npu 3aMHKaHHI MTOJIOCA HA «3EMITIO».

HoBu3zna orpumanmux pe3yibtatiB. OTpuMaB MOJAIBIINNA PO3BUTOK METOJ
PO3paxyHKy 3MiHM OIOpY 1301511l Mepex onepatuBHoro [1C.

IpakTU4He 3HAYEHHS TIOJIATAE Y PE3YJIbTaTaX PO3PAXYHKIB, IO MOXKYTh OyTH
BUKOPHUCTaHI JUIsl ONTUMI3alli MPOLeCy BU3HAYEHHS MICIb MOIIKOJKEHb B Mepexax
OTIEPaTHUBHOTO MOCTIHOTO CTPyMYy.

OcoOuctuii BHECOK 37100yBayva. Y i pe3ysibTaTH, siKi CKIa1al0Th OCHOBHUH 3MICT

MaricTepcbkoi poOOTH, OTpUMaH1 aBTOPOM CaMOCTIHHO.



PesynbraTtu marictepcbkoi KBami(ikaliiiHoi poOoTH onmyOJiKoBaH1 y 301pHUKY
MmatepianiB KoHpepeHIli «CydacHl acneKkTd MOJEpHI3allli HAyKd: CTaH, MpoOsieMH,

TEHJICHIII1 PO3BUTKY», 2023.



1 AHAJIT3 ICHYIOYUX METO/IB TA 3ACOBIB KOHTPOJIIO MEPEXK
OINEPATUBHOI'O NOCTIMHOI'O CTPYMY

1.1 Oco01uBOCTI 00’ €KTA KOHTPOJIIO

Cucrema OMEpPaTUBHOTO CTPYMy €JEKTPUYHMX CTAHIN 1 MiJACTAHINH
CKJIaJIa€TbCSl 3 JOKEpEN OSKUBJEHHS, KaOeNbHMX JIHIN, IIWH, KOMYTAIIMHOTO
oOjasHaHHS, MPHUCTPOIB CHUTHAMI3aIlii 1 IHIIUX EJIEMEHTIB OmepaTUBHUX Kin [3].
Ha enextpuuHux craHIisgx YKpaiHH 3aCTOCOBYETHhCSI HOBE, BapTiCHE 00JIaJHaHHS
(puc. 1.1), ogHak e(eKTUBHICTh, HAAIMHICTH 1 Oe3meka Horo ekcrulyarailii, cepen

IHIIINX YUHHUKIB, 3aJICKUTH Bl HAAIHHOCTI Mepex onepaTtuHoro [1C [1-.3].

Pucynok 1.1 — KPYE-330 kB Jlaictporcrkoi 'TAEC 13 enerazoBuMu BUMHKadYaMu

Oco0MMBICTIO CMOXKMBAYIB, KI OTPUMYIOTh KHUBJICHHS 32 JOIOMOIOI0 MEPEkK
OTNIEPaTUBHOIO MOCTIMHOTO CTPyMy, a came: PEJICHHOT0 3aXUCTY, TEXHOJIOTIYHOT

aBTOMATHUKH, TEJIEMEXaHIKH, IPOTHAaBapiiiHOI aBTOMATUKH, ariapaTypy AUCTAHILIIITHOTO



KepyBaHHs, aBapiiHOI 1 MOMEpPe/KYBAJIbHOI CUTHAJI3allli, aBapiiiHOrO OCBITJICHHS,
CJICKTPOJABUTYHIB MAcJIOHACOCIB, € T€, III0 BTpaTa XUBJICHHS UX 1 MOAIOHUX 10 HUX
CIOXKMBAa4iB MOXE TPHU3BECTH JIO0 aBapiid, [0 TOMIKOJKEHHS BapTICHOTO
eJIEKTPOCHEPTETUYHOTO 00JIaTHAHHS.

3amexHO BiJT OCOOTMBOCTEH CIOKHMBAYiB OMEPaTUBHOTO CTPyMy Ha
€JIEKTPOCTAHIIAX 1 MIACTAHIIISX 3aCTOCOBYIOTHCS TaKi CHCTEMHU ONEPATUBHOTO CTPYMY:

1) mocTiiiHu# onepaTUBHUI CTPYM — CUCTEMA JKUBJICHHS ONIEPATUBHUX KU1, IPU
SIKIH SIK JDKepena )KUBIICHHS 3aCTOCOBYEThCSI aKyMYJIATOpHA Oatapes;

2) 3MIHHUI ONEPATUBHUI CTPYM — CUCTEMA YKUBIIEHHS ONEPATHUBHUX KU1, MPU
SAKIH K OCHOBHI JpKepena JKUBJICHHS BHUKOPUCTOBYIOTHCS  BHUMIPIOBAJIbHI
TpaHchOpMATOpPH  CTPyMy  TMpPUETHAHB, IO  3aXUINAIOTHCS, BUMIPIOBAJIbHI
Tpancopmaropu Hampyru, TpaHCcHOpMaTOpu BIACHUX MOTped, a SK J0JaTKOBI
JpKepenia JKUBJICHHSI IMITYJIBCHOT [1i BUKOPUCTOBYIOTHCS 3a3falieTib 3apsiKeHi
KOH/ICHCATOPH;

3) BUIIPAMJIEHUI ONEPATUBHUN CTPYM — CUCTEMA >KMBJICHHS ONIEPATHUBHUX KL,
B AKId 3MIHHUW CTPYM MEpPETBOPIOETHCA Yy BUIPSAMIICHUN 3a JOMOMOTOI0 OJIOKIB
KUBJICHHS 1 BUIIPIMHUX CHUJIOBUX MPUCTPOIB;

4) 3MilaHa cucTeMa ONEPATUBHOIO CTPYMY — CUCTEMA JKHUBJICHHS OTIEpaTUBHUX
KUI, IPU SIKI BUKOPUCTOBYIOTHCS Pi3HI CUCTEMHU ONEPATUBHOTO CTPYyMY (TOCTIHHUH 1
BUIIPSIMJICHUH, 3MIHHUH 1 BAIPSIMIICHUH ).

OCHOBHMMH JKepelaMH IOCTIMHOTO OMEpaTUBHOTO CTPYMYy € SIK 3acTapiii
akyMyJsITopHi Oatapei 3 akymynsitopamu tuny CK (puc. 1.2), Tak 1 HOBI (ipMOBI
akyMyssiTopHi Oarapei (puc. 1.3) 3 akymynsatopamu, Hanpukiaa, VARTA, ta 6arato
POKIB BiioMi 3apsiaHO-Tiia3apsaHi arperatu tuny BA3II (puc. 1.4), abo HOBI 3apsiaHi-

migzapsaHi arperatu (puc. 1.5).
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Pucynok 1.2 — AkymynsaropHa Pucynoxk 1.3— CyvacHa akymyJIsiTOpHA

6arapes tury CK Oarapes

Pucynok 1.4 — Bunpsamuuii 3apsaaHo- Pucynok 1.5 — BunpssMmuuii 3apsiiHo-
ninzapsauauit arperat BA3I1-380/260-  ninzapsannuit arperar BENNING D400
40/80 G216/200

O3Hako (GIpMOBUX aKyMYJISTOpHHX Oatapeid Ta 3apsIHO-TIA3apsIAHUX
arperariB € OUTBIII )KOPCTKI BUMOTH JI0 ITyJIbcalliil Harpyru B Mepex oneparuBHoro [1C (He
oinbire 0,5% [4]), 10 YHEMOKIIMBIIIOE BUKOPUCTaHHS 0aratb0X METOJIB Ta 3ac00iB
KOHTPOJIO 130511l Mepex omeparuBHoro [IC, ski mepenbavyaroTh HakIaJaHHS Ha

Mepex onepaTuBHOro [1C cTOpOHHBOTO TECTOBOT'O CUTHAILY.
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[IpoGiiema yCKIIQMHIOETHCA TPU BUKOPUCTAHHI CTaHAAPTHUX 3HAYCHb
HOMIHAJIbHUX HaMNpyT MOCTIMHOTO ONEPAaTHBHOTO CTPpyMy, siki MeHImi 3a 220 B (a came,
24, 48, 110 B). IIpu nanpyrax menmie 220 B Hanpyra TecTOBOro CUrHally Ma€ OyTH
3MEHIIICHA, 00 HE MEPEBUIIUTH MaKCUMaIbHY IOMyCTUMY HANpyTy IyJbCcalliid B
mepex onepatusroro [1C [5].

CnoxuBayamu OIIC Ha eneKTpUYHMX CTaHLISAX 1 MIACTAHIISAX € MPUBOIU
BuMHKauiB (puc. 1.1), onepaTuBHI KoJjia 3aXUCTy, IPUCTPOi aBTOMATUKH, araparypa
JUCTAaHIIMHOTO KEpyBaHHs, aBapiiiHa 1 TMomepeaKyBajibHa curHamizamis. [lpu
NOPYUIEHHSX  HOpPMaJlbHOI ~ poOoTH  riapoenekTpoctanuin  mkepena  OIIC
BUKOPUCTOBYIOTHCSA JIJISl aBAPIMHOTO OCBITJICHHS 1 U €JIEKTPONOCTauYaHHS 0COOJIUBO
BIJIMOBIAAIBHUX MEXaH13MiB BJIACHUX MOTPEO.

Bin mxepen onepaTUBHOTO CTPyMy MOTPeOY€ETHCS MiIBUILIEHA HAIHHICTD, TOMY
reHepOBaHa HUMU HaIIpyTa MOBUHHA OYTH BUCOKOCTAO1TLHOTO, 130J15111si TOBUHHA Oy TH
BHCOKOOMHOIO, JIKEpena OMNEpaTUBHOIO CTPYMy TOBHHHI OYyTH pe3epBOBaHi.
Oco061BO1 yBaru 3aciyroByrOTh Takl BUJIM HaBaHTaXXEHHs Mepex onepatuBHoro [1C,
SK Cy4acH1 MIKpOMIPOIIECOPHI MPUCTPOT 3aXUCTy, HAMPUKIIA], OCHOBHUM 3aXUCT JIHIT
Jcl'’EC L-90GE KPVYE-330xB [uictpoBcskoi 'AEC (HAcI’AEC), nudepenuiitamii
3axuct muH KPYE-330xB [Ic’AEC, kommiekt pe3epBuux 3axuctiB 330xkB JlanTEC
Siemens 7SA522 KPYE-330kB JIc[’AEC Ta i1, y sKAX OMip BXiTHUX KiJT HE MEHIIIC
1 MOwm 1 Tomy 3MeHIIeHHs onopy noitociB Mepexi OIIC BiTHOCHO «3eMilD» CIpHsiE
MOSIBI HAMpyTW HAa IMX BXOJaX 1, SK HACHIJOK, MMOMUIKOBOMY CIPaIlbOBYBaHHIO
3axucty. BimnmoBigHo a0 [1-3] s MOTY)KHUX €JICKTPOCTAHINHM, M0 BXOAATH B
CHEProCUCTEMY, aKyMYJISITOpPHI OaTapei MaroTh 3a0€3MEUUTH >KUBJICHHS CIIOKMBAYiB
OIIC mpotsarom He mentie 30 XB, a /11 130JIbOBAHUX B1Jl EHEPTOCUCTEMH €IIEKTPUUHUX
CTaHII TpOoTAroM He MeHIie 1 roauHu. BpaxoByrouu BaJIHBY pOJib CIIOXKHBAYiB
OIIC, ocobnuBO B aBapiiHUX Ta MICISaBaAPIMHUX PEKUMaX, 3 METOIO ITiIBUIICHHS
HajiHocTi MOIIC cekiiony€eTbest Ha psii IUISTHOK, SIKI MAlOTh CAMOCTIMHE KUBJICHHS

Bij 30ipHMX 1mWH OaTapei (puc. 1.6).
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Pucynox 1.6 — ®parmenT cxemu Mepex ornepatuBHoro [1C

Haiibinpmn BiAMOBigaIbHUMU € KOJa KepyBaHHS. BoHM mpuenanyoTbes A0
okpemux muH kepyBanas (LK) ta po3nineni Ha cekiii pyOmibHuKaMu. Ha kokHuM
BUMMKAY JKHUBJICHHS TOJAEThCS 4Yepe3 OKpeMl AaBTOMATHYHI BHMHKaydl abo
3ano0iKHUKA. OKpeMl I[IMHKU [epefdadaroTbCsl I JKUBIECHHA KOTYIIOK
€JICKTPOMArHiTiB YBIMKHEHHSI MACJITHUX BUMHKAYiB, IK1 CIIOKUBAIOTh BEJIUKI CTPYMHU
(puc.1.7). 3aBasku BeMUKINH KiIBKOCTI KaOeIbHUX JIIHIM CyMapHa €MHICTh IOJ0ca
MOIIC BigHOCHO 3eMuti 3pocTae 1 Moxe gocsarTa 40 Mx®d, a eMHICTh OHIET JTiHIT — 10
4 mx®. B excrutyaTaniii 3HaX0oAsAThCs Ka0esl 3 MarnepoBoro, MOJIIBIHUIXJIOPUIHOIO Ta
ryMOBOIO i3ossriero (puc. 1.8) 3 MimauMm abo amOMIHIEBUMH TMPOBITHUKAMH,
Hanpukiaaa: KBBI'-2,5, ABBI-1,5 i iami [6. 7], sxi B iporieci ekcruTyaTarii MOXYTh

INOIIKO/’KYBATHUCD.
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Pucynok 1.7 — ®@parMeHT cXeMU )KUBJICHHS CUCTEMH YIIPABIIIHHS IUTaMU BIACHUX

notped 6/0,4 kB

Pucynox 1.8 — Ka6emni 3 : a) [IBX i30ms111€10; 6) TyMOBOIO 130JI5111€10, 3 HAJIITOIO Ha

Hero [IBX tpyOkoro; B) 3 manepoBoro 130JISII1EI0

1.2 Anaai3 nmomkoa:kenb B mepe:xax OIIC

Ha pnesxkux enekTpWYHHMX CTaHINAX 1 MIACTaHIISX Taki KaOedabHI JIiHIT
eKcIuTyatyroThes Bxke moHan 40 pokiB. Hamifinicte 3actapinux miHidn MOIIC
3MEHIIYEThCA. TOMYy aKTyaldbHOI € 3ajladya JOCJIJKEHHS MOIIKOJKYBaHOCTI B

cucremax OIIC. By mpoBenenuii anami3 mnomkomkeHb B MOIIC JIHicTpoBCHKO1
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I'AEC, InictpoBchkoi 'EC-1 Ta /InictpoBeskoi 'EC-2 3a nepion 3 2017 poky mo 2020
pik. JlochmipkeHHsI CBiUaTh MPO Te, 0 HAWOIIBII YaCTUMHU IOIIKO/KEHHIMU €
3MEHIIEHHS OTIOpY 130JIs111T 0/1HOTO 3 1oTt0ciB MOIIC BiTHOCHO «3eMJTi» 10 3HAUYCHHS,
sike He epeBuiiye 20 kOM (ycTaBKa cipalibOByBaHHS Ha CUTHAJI IPUCTPOIO KOHTPOJIIO
13051111 ipu Harpy3i MOIIC — 220 B), npu HOpMOBaHOMY 3HAY€HHI OMOPY 13071111

He merme 1 MOw (puc. 1.9).

5 6
3% 2%

Pucynok 1.9 — Po3nojin nomkomkeHs B Mepekax OIIC

Ha puc. 1.9. BBeneno HactymnHi no3HadeHHs: 1 — KopoTke 3aMuKaHHS OJTHOTO
MIOJTFOCA Ha «3eMITIoy, 2 — KOpoTKe 3aMuKaHHS TBOX MOJTFOCIB Ha «3eMiTioy, 3 —KopoTke
3aMHKaHHS JBOX TOJIIOCIB MK c00010, 4 — Buxiz 3 najmy eneMeHTIB akyMyJISITOPHUX
Oatapeit, 5 — Buxin 3 nany enementis BA3II, 6 —Buxiz 3 n1aay HIINX €IEMEHTIB

Haituactimum Buaom mnomkomxkeHb B cuctemi OIIC € 3aMukaHHS OJHOTO
MOJII0OCa Ha <«3eMITioy». SIKII0 Horo BYACHO HE YCYHYTH, TO NPHU 3HUKEHHI OMOpPY
130715111  1HIIOrO TOJIFOCa MOXKE CTaTUCA MOMMIIKOoBa pobOoTa P3A, BigKIIOUEHHS
BiAMOBiAAIbHUX criokuBadiB Mepex OIIC.

Bukonanuss poOIiT miJ Hampyrow, 3a TaKUX YMOB, B I Mepexi He
JOITYCKA€ETHCS, 38 BUHATKOM pOOIT 3 MOLIYKY MICIS 3aMHKaHHS.

He ycynena npotsirom 8 roaus «3emiisp» B Mepexk OIIC rigpoenexkTpocTaHiiiit
BBa)KA€THCS B1JIMOBOIO B pOOOTI IPYroro cTymneHs [3], ToMy 110 3HaYHO I1JIBUIIYE€ThCS
PU3UK MIXKIIOTIOCHUX 3aMHKaHb Ta MOMMIIKOBUX CIPAllbOBYBaHb pelie, BUKIUKAHUX
IIYHTYBaJIbHUMU 3B’ SI3KaMHU.

3a TakuX YMOB ITIOMUJIKOBA po0OOTa pesie BiIOyBaEThCs 1 BHACIIOK Mepe3apsiLy
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yepe3 iX KOTYIIKY CyMapHOi BJIAaCHOI €MHOCTI MOJIFOCIB MEPEXi MPU 3aMUKaHHI Ha
«3EMITIO» MK KOTYIIKOIO pejie 1 KOHTAKTOM, SIKUM MO/Ia€ HAMPYTy Ha 10 KOTYIIIKY.

IcHyroua B Ham yac METOJMKa BU3HAYEHHSI IMOIIKO/XKEHOI NUISTHKH MEpexi i
MOTITYKY MICIIS 3aMUKAaHHS TIepe1davac MovYeproBe BiKIIOUCHHS KaOeiB, 10 3HUKYE
HafgilHICTE poOoT P3A, a 3a mNEeBHUX YMOB CHOPUYUHSAE 1X TIOMHJIKOBE
CIpalbOBYBaHHS.

Tomy nocute 3HauHa yBara B Mepexax OIIC npuauisieTbest NPUCTPOSAM
KOHTpOJt0 onopy i3osmii mepexx OIIC 1 mpucTposM curHamizauii mpo 3HadHe

3MEHIIEHHS 1ILOTO OTOopY.

1.3 MeToau Ta 3ac00M KOHTPOJIIO ONOPY i30/MLii Mepex oOnepaTUBHOIO
IC
HalinommpeHniii MeToau KOHTPOJIO 130JIAMI11 SIK BCIE€T MEPEXi ONMEepaTHBHOTO

NOCTIIHOTO CTPyMY, TaK 1 okpeMux (iziepiB, nogano Ha puc. 1.10.

| Merogs xosTpommo Lzomamil Mepex OIIC |

| 1

IAraTEHOMEPEEEE] | | CENEKTHEHI

Merozs erzHagerna nomkomEernro] KJI mepea OIIC

BH3HATEHHA NOMEOTHEHOT O

Ka0emo METoToM
NONOEEHHOTO JLTEHHT MEpeK
OIIC

BH3HATEHHA MOMKOHREHOTO
EKademo MeTOZoM MOCTiJOBHEK
BIKTIO9EHE

BHzHI9EHET DOMEOTEERET
MET0J0M MOPIEEIHHA
NOIAPHOCTEH IMITYIECIE
Mmepesapany eMHOCTEH 1300l
KT 12 JogaTkoBHX
KOHIEHCATOPIE EEIHEOT
EMHOCTL, TE1 MiKTHTEH] MUK
TIOMEOCAMH 1 +3EMIISI0N

EHZHAYEHHA NOMKOTKEHHT
Kademo 33 JomoMoT Ok
TEHEPATOpa TECTOEOTO

caraany 200 I'm =u 400 I'm 1a

30HIY

Pucynok 1.10 — Metoau xkontpodto 13o5smii OIIC

Binomi mpuctpoi kontpoito izoisauii MOIIC [4-7] moxHa NOAUTMTH 3a
IPUHITMIIOM [ii Ha: MPHUCTPOI, IO PearyioTh Ha PI3HUIIO 3HAYEHBb OIMOPIB 1307111

MIOJTFOCIB, YTBOPIOIOUH IIJIeYl BUMIPIOBAIBHOTO MOCTA, B JlaroHaib SKOTO BKIIFOYCHO
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pearytouuid opran (MOCTOBI CXE€MH); HNPUCTPOi KOHTPOJIO 3MIHM HAKJIAJEHOTO Ha
MOIIC cTpyMy T€CTOBOTO 3MIHHOTO CUTHAIIY P13HOI (POPMU 1 YACTOTH; IPUCTPOT, SKI
pearyoTh Ha CTPYyM IMEpexXiAHOro Mpolecy MpH 3aMUKaHHI MOJI0Ca Ha 3eMIIIO;

MPUCTPOI, 0 BUKOPUCTOBYIOTH KOMOIHOBaHI MPUHITUTIH [8].

1.4 Tlpuctpoi 3 HAKJIAJAaHHAM HA KOHTPOJbLOBAHY MepekKy 3MIHHOIO
CUTHAJLY

[li mpucTpoi YMOBHO MOXHA PpO3JIIIUTH Ha TPHUCTPOi 3 HaAKIAJACHHIM
nigsuineHoi yactotu (400 I'u, 125 I'n, 100 I'r), npomucioBoi yactotu (50 ') [9,10],
HU3bKO1 yactotu (25 T'y, 12,5 T, 1-2 T'i) [11]. Ix, B cBOIO uepry MoKHA PO3ALIUTH Ha
IPUCTPOi: 3 BUIIJICHHSM aKTUBHOI CKJIQJ0BOi CTPyMYy 3aMHUKaHHS, 3 KOMIIEHCAIII€l0
€MHICHOT CKJIaJIOBOI CTPYMY 3aMHKAaHHS CIELIaJIbHO BKJIIOYEHOKO 1HYKTHUBHICTIO, 3
HAKJIQJICHHSIM CUTHAJy TPUKYTHOI (OpMHU, MPSIMOKYTHOTO, 3HAKO3MIHHOTO CHUTHAIY,
aMIUTITY THO-MOJyJTbOBAaHOTO CHTHATY. 3a CITIOCOOOM HAKJIaJIeHHS Ha KOHTPOJIbOBAHY
MEpeXy 3MIHHOTO CHTHANy iX MOKHA PO3IIIUTH HA MPHUCTPOI: 3 IIYHTYBAHHSIM
1307151111 HU3BKOOMHHMM  PE3UCTOPOM; 3  NEPIOJUYHUM  3apSI0M-pPO3PSAOM
KOHJ/ICHCATOpa, 10 JOAATKOBO MiAKIIOYAETHCS; & TAKOXK MPHUCTPOI, y SKUX JHKEPETIo
3MIHHOTO CHUTHAJIy MIiAKIIOYCHE MK 3E€MJICI0 1 MEpPEKEro, IO KOHTPOIIOETHCS 3a
JIOTIOMOT 010 TpaHcopmaTopa 1 po3aIILHUX (32 MOCTIHHUM CTPYMOM) KOHIACHCATOPIB.

JUis Takux npuiaAiB XapakTepHUM € Te, 10 UMM OUIbIlIa 4YacTOTa reHepaTopa,
TAM OUThIIUM OyJIe BIUIMB €MHOCTI KaOemiB BITHOCHO «3emii» Ha cTpyM |. CymapHa
€MHICTh MEpEXi ONEPATHBHOTO TOCTIHHOTO CTPYMY Ha CIIEKTPOCTAHIIIAX MOXKE
nocsrati 40 Mx®, a eMHicTh onHOrOo difepa — 4 Mx® Ha monroc [12]. Skmo mis
3araJbHOMEPEIKHUX MPUCTPOIB KOHTPOJIIO OMOPY 1301111 KOJTUBAHHS EMHOCTI MEPEXKI
BHOCSITh MOXHOKY Yy BHUMIPIOBAaHHS 3HA4YEHHS OMOpY 130Js1ii, TO AJis MPUCTPOIB
CEJICKTUBHOTO KOHTPOJIIO 1 TMOMIYKY MICIS 3aMUKaHHS II€ MOXE MPHU3BECTH [0
HEpOOOTO3/IaTHOCTI.

[Ipu 3ammkanHl nomoca depe3 20 kOM akTUBHMI CTpyM 3HA4HO MEHIIUH
€MHICHOTO U151 yacToTH HakJageHoro curHany 400-50 I'u. Tomy Oyiio 3anmpornoHoBaHO

3HU3UTH YacToty 10 25 I'm; 12, 5 T 1-2 T'u. Ilpu 1iboMy BUHUKIM TPYIHOIII 3
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HaKJIaJICHHSM CHTHATy Ha MEpExXy, IO KOHTPOJIOEThCS. Benmka dyacTuHa curHamy
BTpayajacs Ha BHUXIZHOMY TpaHchopMaTopi reHeparopa 3MIHHOI'O CHUTHAjy 1 Ha
€MHICHOMY OIOpP1 KOHJIeHCAaTOPiB (PiIbTpa NpueHaHHSA. 3HUKEHHS YaCTOTH CUTHAIY,
10 HAKJIAAETHCA, MPU3BEIIO 0 3HAYHOTO 3MEHINIEHHS YyTJIMBOCTI TaTYUKIB CTPyMY,
K1 JIO3BOJISIIOTh BH3HAUYATH IOIIKOPKEHUN Kabenb 1 Miciie 3aMHKaHHS. Tomy Oyio
3alpONIOHOBAHO 30UIBIIMTH aMIUNITYAy HakiajaeHoro curhHainy no 45 B, 35 B a6o
NepIOANYHO IIYHTYBATH omip 130Jisiiii nontoca Mepexi. lllyHTyBanHs 13054l
BUKIIUKAE TIepe3apsi]i €MHOCTEH TOJIOCIB MEPEXi, CTBOPIOE JIOJATKOBUU IIIISX
MPOTIKAHHIO CTPYMY IMPHU 3aMHUKaHHI Ha «3€MJIIO» MIXK KEpyBaJbHUM KOHTAKTOM 1
00MOTKOIO pere.

J1Jis1 aBTOMaTUYHOTO YCYHEHHS BIUTUBY 3MIHM €MHOCTI KOHTPOJILOBAHOT MEpexki
1 CHOpONICHHS MPHUCTPOI0 KOHTPOJIIO, miaBuiieHHs HaxidHocTi B. C. J[3100an 1
B. I1. KoHOHEHKO 3aIlipOoITOHyBaJId IPUCTPiii aBTOMATUIHOTO KOHTPOITO i30Jmsii (Ris)
Mepex nocriitHoro crpymy (YAKIII) [11].

UyTtnusuii opran BukoHaHwit y Burisgi L-C—remeparopa (C.) 1 apocens 3
PEryJIbOBAaHOIO 1HAYKTUBHICTIO L, AKMIT Mae OOMOTKY yHpaBJliHHS, 10 BKJIFOUEHA Ha
Buxiyy L-C-reHeparopa, a mapajieiabHO BHUIPSAMHOMY MOCTY  HIIAKIIOYEHO
KOMITEHCYBAJIbHE JPKEpEIIo noctidHoro crpymy (E). Rex — omip ceHcopa cTpymy.

Jlpocenb aBTOMaTUYHO HACTPOIOETHCS Tak, 1100 3abe3mnedyBaniacsi PiBHICThH

(1.3):

oL =——) (1.3)

TOOTO PE30HAHC CTPYMIB.

[Ipu upomy ctpym yepes pene (1.4) Oyne akTUBHUM

e (14
[0
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Ski1o HeXTyBaTH ISl IPOCTOTH PO3paxyHKIB BTpaTamu B Apoceni Jp 1
OTIOPOM OOMOTKHM BUKOHABYOI'O pefie 1 KOHJAeHCATOPIB (DUIBTPIB IPUETHAHHS

(Cy >> C¢), TO cTpyM uepes pene Oyxae popiBHioBaTH (1.5):

| —E L (o, -ty -E (1.5)
== 5\R oL, R

i3 i3

OpHaK iICTOTHUM HEJOJIKOM IIOTO MPHUCTPOIO € HEMOXKIIMBICTh 3aCTOCYBaHHS
H0T0 7151 CENIEKTUBHOT'O KOHTPOJTIO 130711111 1 BU3HAYSHHS MICIISl 3AMUKAHHS, OCKIJTBKH
B KOXXHOMY KaOenl, Ipy TakoMy BKJIIOYEHHI1, Oyje MPOTIKaTH €MHICHUN CTPyM Ha
«BEMITIO», IKMI Oyie BHOCUTH MOXHOKY Y BUMIPIOBAHHS.

VY [10] omucano merox Ta MOOYyJOBaHWN 3a HUM MpWad 3 HAKIAJaHHIM
TECTOBUX CUTHAJIB JIBOX PI3HUX YACTOT, IO A€ MOXKJIMBICTh KOMIIEHCYBaTH BILIWB
€MHOCTI MepeX1 Ha BUMIPIOBAaHHS Ta BU3HAYUTH aKTUBHUH OIIp 130JIA1111 BCi€T Mepexi,
a OT)Ke, pearyBaTH Ha ii 3M1HH, TIPOTE JIAHUU MPUCTPi He 3a0e3neuye CeIeKTUBHOCTI
KOHTPOJIIO 1 MONIYKY MOIIKO/KEHOTO MTPUETHAHHS.

3 MmeToro 3abe3nmedeHHs] CeNEKTUBHOCTI il MPUCTPOI0 KOHTPOJIIO 13071111 B
Mepexax ONepaTUBHOTO MOCTIHOTO CTPYMY 3 BEJIMKOIO PO3IOAICHOI0 EMHICTIO OyIIH
3allpOMIOHOBAHI MPUCTPOI 3 YACTOTOI OMEPATUBHOTO CUTHATy HipK4or 3a 50 I'm.
CuHycoinanbHUi curHai 4actoToro 25 ['1 BUKopucToBY€eThCS B pucTpoi «Candip»
[10]. Ilpuctpiit 3a gomoMoror TpaHcPOpPMATOPIB CTPyMy, BCTAHOBJICHHUX Ha
KOHTPOJBOBAHUX KaOeax 1 CTpYMOIPOBIAHUX KiieMax npuiany BAD-86, pearye Ha
3HAYEHHS 3MIHHOTO CTpyMmy. PuibTp BuaUILe dYactory 25 [, a mMOTIM CHUTHANT
MOCUJTIOETHCS, 3 HHOTO BUJIIISIETHCS aKTHUBHA CKJIaJI0Ba BCHOTO 8-4% BiJ OTPUMAHOIO
curnainy. O4yeBuiHO, 110 Tipu omnopi 130l 20 kOm, Hanpyra reHeparopa J0piBHIOE
45 B, 3Ha4eHHS KOPUCHOTO CUTHATY Ty’K€ MaJie, BEJIMKI BTPATH CUTHAITY B CEHCOPI
CTPYMY.

JIy1st 3MEHIIICHHS BIUIMBY PO3MOJIUICHOI EMHOCTI MEpeki Ha poOOTY MPUCTPOIO

MOIIYKY MOIIKOKEHOT AUTHHUII 1 MICIIS 3aMHUKaHHA 1HKeHepamu bopyxmanom B. A.
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1 Kyngukinum A. |. 0yB po3poOnenuit npunan II11-1 [8, 12]. 3a nonomMororo 1mporo
puiaay Hampyra MiXK MOJIOCOM KOHTPOJIbOBAHOI MEPEXkKI 1 «3eMJICI0» 3MIHIOIOTH 3
gactotor 1,25 I'u. Ammunityaa konvBanb — 35 B.

[Tpuctpiii mpamtoe Takum umHOM: TeHeparop II1I-1 BcraHoBieHWN Ha HIUTI
MOCTIMHOTO CTPYMY 1 B HOPMAIILHOMY PEKHMMI BIJIKIIFOUSHHI BIJl MEPEKi 1 BIJT JKepena
*uBJIeHHS. [Ipy BUHUKHEHH] 3aMUKaHHS Ha 3eMJII0 KitoueM K BIH MIKIIIOYA€ThCs 10
KOHTPOJILOBAHOT MEPEXKI 1 JpKepena kuBJIeHH. [Ipy bOMy BIJIKIIFOUA€THCSA PUCTPIN
Oe3MepepBHOrO0 KOHTPOJIIO 130Js1ii. ['eHeparop MOBHMHEH MIAKIIOYATUCA 0
HETaTUBHOTIO TMOJI0Ca MEPEXKi, 10 3a0e3euye 3HMKEHHSI MOTEHIIaTy I[[bOTO MOJII0ca
BIIHOCHO 3eMJji. DopMyBau TPHUKYTHOI HAMNpyru sBis€ coOor macuBHuM R-C—
YOTHUPUIIOIIOCHUK, MapaMeTpu SIKOr0 BHOpaHi TaKMMH, 110 MPU POOOTI Ha MEPEKY
NOCTITHOTO CTPYMY 3 BEJIMKOIO €MHICTIO BIAHOCHO «3€MJID» BUXIJIHA Hampyra moro
Ma€ CHUMETPUYHY TPUKYTHY ¢GopMy. AMIUTITYa BUXIAHOI Hampyru — 35 BOJBT.
Buxignuii omip reneparopa — He meHuie 3a 20 kOM. biok koMmyTanii nepioanyHo
MIJKJII0YAaE 1 BIAKIIOYA€E OJIOK >KUBJICHHS 4Yepe3 BUIPSAMIAY 10 (opMyBallbHUKA
TpukyTHOi Hanpyru (®TH). Ilixi6pasiu yac 3apsypkanas emHocti ®TH 1 mepexi,
napameTpy MacUBHOTO YOTHUPHUIIOIIOCHUKA (€EMHICTD 1 OMIp) 1 3HAYEHHS! HANPYTH Ha
BUXOJIl BUNIPSIMJISTYA BIJMOBIHO IO MapaMeTpiB KOHTPOJIbOBAHOI MEpexkl (€EMHOCTI 1
omopy 13011111, SKI BHU3HAYAIOTHCS OMOPOM 3aMHUKaHHS) B ITAKIIOUYEHOMY CTaHi
BUINPAMIISIYA HANIPyTa 3MIIIEHHS Ha BUXO/Il T€HEpaTOpa, a 3HAYUTh 1 MOJTKOCHU MEPEXI
BIJTHOCHO «3€MJIi», 3MIHIOIOTh 3TITHO 3 JIHIMHUM y Yaci 3aKOHOM. Binkirodaroun
KOHTAaKT OJIOKY KOMYTalIlii, 3a0€3Meuy0Th PO3psij] PO3IOIA1IJIEHOT EMHOCTI MEPEXkKi Uepe3
omip 1i 130J411ii.

Jlami HakiaagaloTh CTPYMOBHMIPIOBAJIbHI KIIIII ITOYEProBO Ha MPOBOIU
JTUTBHUIE MEPEeXKi, IO BIIXOASITh BiJ] 3arajbHOI ITUHU TOJIFOCA MEPEXKI 13 3HIKEHOIO
13071s111i€10, SIKWM OyB 3a3dalierilb BU3HAYCHUN 3a JOTIOMOTOI) BUMIPIOBAIBHOI
YaCTUHU TpucTporo Oe3nepepBHOro koHTposiro 3ossi YKI-1. 3a nalGuibmmm
MOKAa30M BHUMIPIOBAIBHOTO 0JIOKa, 110 OI[IHIOE CEPEeAHE 3a Teploj] 3HAUYCHHS
a0COIOTHOTO 3HAYCHHS MEPINOi a00 MOAANBIINX MOXITHUX CTPYMIB, 1110 MPOTIKAIOThH

10 JIJBHHIISAX, BU3HAYAIOTE JTUIBHHUIO 13 3HIKEHOO 130JISIIIIETO.
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Ctpym, 110 HaKJIaAa€Thes, Ma€ HU3bKY YacToTy 1,25 T’ 1 mane 3Hauenns (1,7 MA
npu 3amukanHi udepe3 20 kOwm). TpancpopmyBaTu Takuii CTpyM 3a JOIOMOTOIO
CTpYMOBHUX KIiIIB npuiany "BA®-85" Baxko. PiBeHb mepemnikoa Ha BUXO1 KIIIIIIB
MOJKE Ha JIBa-TPU MOPSIKH MEPEBUIIYBATH KOPUCHHUIA CUTHAI. ToMy B TIEpEHOCHOMY
npuiiMadi 3aCTOCOBaH1 (PUIBTPH 1 MiJICHITIOBAYI.

VY [7] onucano npuCTpIid, B IKOMY BUKOPUCTOBYETHCS JJIs1 TECTYBAaHHS 130JISILI1T
MEpeXi aMIUTITyTHO-MOAYJIbOBAHUN CHTHAJ, YyTJIUBHH OpraH JaHOTO MPHUCTPOIO
pearye npu 3aMUKaHHI Ha 301TBIICHHS] CTPYMY HH3bKOi YaCTOTH.

Jlo mepeBar Takux MPUCTPOIB CIIJ BIIHECTH MOXJIMBICTh CEJIEKTUBHOTO
KOHTPOJIO 130JIS11ii, TPOTE€ IX BUKOPUCTAHHS CYIMPOBOKYETHCS TPYIHOIIAMU
HAKJIQJaHHS 1 YJIOBJICHHS TECTOBOT'O CHUTHANY (IJIs1 CXEM 13 3aCTyBaHHSM HHM3bKHX
4acTOT) Ta KOMIIEHcalll BIUIMBY €MHOCTI MEpeXl HpU  3aCTOCYBaHHI
BHCOKOYACTOTHOTO CUTHAITY.

PosrnssHeMo Mojens Mepeki 3 TMPUCTPOEM KOHTPOIIO, SKUH BUKOPHUCTOBYE
3MIHHUN T€CTOBUI CUTHAI.

CrhporieHa cxeMa MPUCTPOIO KOHTPOJIIO 13011111 31 CTOPOHHIM JIKEpPEIoM
3MIHHOT'O CUTHAJIy HaBejieHa Ha puc. 1.14.

Ha cxemi puc. 1.11 mkepeno 3MIHHOTO CHTHAIy BKIIOYCHE MiX ITOIIOCAMH
KOHTPOJIbOBAHOI MEpPEXK1 Yepe3 po3aAuIoBl KoHaeHcaTopu ¢uibTpa Cy, 1 3eMIIEI0 Yepes
BXIJHUHN omip pearyBaibHoro oprany (PO). Omip kepena MHOCTIMHOIO CTpymy
(axkyMymsITOpHOI 6atapei) 1 HaBaHTAXXEHHS MEpeXi MOCTIHHOTO CTpyMy IyKe Mai
MOPIBHSAHO 3 omopamu i30Jismii. ToMy HUMU MOXHa 3HEXTyBaTH. TOi CIpOICHA
pO3paxyHKOBa CXeMa Ma€ BUTJIS, TogaHuid Ha puc. 1.12, Ha skiit U — giroue 3HaYCHHS
HANpyTH JpKepena 3minaoro curHany, U = 10 B; w — kyroBa yactota, o = 2zf, ne f —
gacToTa CUTHaNY; Rex — omip ceHcopa ctpymy, Rex= 1 kOM, C — cymapHa €MHICTh
noJirociB Mepexki BigHOCHO 3emii, C = 50 Mx®; Cy — eMHICTH po3aiIbHOTO G1IbTpa, Cy
=200 Mx®; Iy — cymapHuii aktuBHU onip nosrocis Mepexi OIIC npu Hebe3neuHomy
3HWKEHH1 omnopy i3omsauli ry = 20 kOM. Kpim TOoro OuIpmIiCTh TaKMX HPUCTPOIB
BUKOPUCTOBYIOTh BY3bKOCMYTOB1 (DUIBTPH 71l BUALICHHS CUTHAITY TECTOBOT YaCTOTH

3 iHpopMallii, SIKy Ja€ CEHCOP CTPYMY BHUTOKY, TOMY IMpU PO3pOOIl 1 aHami31 IuX
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MaTEeMaTUYHUX MOJENEH CIiJ BBaXKaTH, 110 B CXEMI MPOTIKAIOTh CHUHYCOIAAJIbHI

CTPYMHU OAHIET YaCTOTH.

f 5107

PO

— ANNANANNNNNNNNNNNNNNANN

Pucynok 1.11 — Cxema Mepexi 3 MIIKIIOUYEHUM PUCTPOEM KOHTPOJTIO 130JIsLI11

Pucynok 1.12 — Po3paxyHkoBa cxema JijIsl BU3BHAUCHHS CTPYyMY 4Yepe3 pearyBajibHU

OpraH Npy HaKJIaJaHHI 3MIHHOTO TECTOBOI'O CUTHAITY

Monens mepexi OIIC 3a Takolo cXeMOI0 3py4HO OyayBaTH 3a KOMIUIEKCHUM
METOJIOM PO3PaxXyHKYy KUI 3MIHHOTO CTpyMy. 3a IIUM METOJIOM BH3HAYa€MO J1I0YE

3HAY€HHS MOBHOTO onopy cxemi (1.6):

2
cr,

1+ w’c’r?)

Z=|| R, +r.(0’c’r’ +1)*+ L,

o, ) (1.6)

TOJ1 J[if04€ 3HAYEHHS CTPYMY y BUMIPIOBAJIbHOMY KOJII CXEMHU KOHTPOJIIO 130JIALIi],
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TOOTO CTPyM, 1110 NPOXOJUTh YEPE3 pearyBajlbHUI OpraH, BUBHAYAETHCA 32 BUPA30M

(1.7):

| = J . (1.7)

2
wCr,

1+ o’c’r?)

1
R, +r (@’ +1)* + +
@G,

XapakTepuCTUKU MEpexi, pO3paxoBaHi 3a IIEI0 MOJEIUII0, HaBEJEHI Ha pUC.
1.13. TyT noka3aHo BiTHOIIEHHS CTPYyMY, IO MPOTIKA€ Yepe3 aKTUBHUIA OTIp 130711
IpY BUHUKHEHHI HEOE3MEYHOT0 3HIKCHHS OIMOpY, A0 CTPYMY, IO MPOTIKAE Yepes

pearyBaJIbHHUI Opras.

0,7

ot |
0,3 \
0,2

0,1 |

1,%
A
vd

0 50 100 150 200 250 300 350 400

Pucynox 1.13 — BigHomeHHs CTpyMiB, 110 IPOTIKAIOTh Yepe3 pearyBajibHUI OpraH B

MICIII ITOIIKOKEHHS

Jlana mMaTteMaTH4Ha MOJENb MPUAATHA 1 JUIs aHalli3y OocoOJHMBOCTEH poOOoTU
PUIAJIIB, IKI BUKOPUCTOBYIOTh NEPIOJUYHUIN TECTOBHUI CUTHAJ CKIAAHOI (popMu pu
PO3KJIaJJaHH1 KPUBOi TECTOBOIO CUTHAITy Ha rapMOHIKU psay Dyp’e.

He3pakaroun Ha CKJIaJHY 3aJI€KHICTh CTPYMY depe3 pearyBaJlbHUN OopraH Bij

KOHTPOJBOBAHUX MapaMeTpiB MEpexKi BUIHO, 110 YUM OLIbIlIa 4acTOTa FeHepaTopa,
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TUM OUIbIIE MMO3HAYAETHCS BIUIMB €MHOCTI KaO€JiB BIJIHOCHO «3€MJli» Ha CTpyM l.
CymMmapHa €eMHICTh MEpEeXKi ONEPATUBHOTO MOCTIHHOTO CTPYMY Ha MIJICTAHIIAX MOXKE
nocsiratu 40 Mx®, a emHicTh omHoro dgimepa — 4 mMxk® Ha momroc. Skmo ams
3araJbHOMEPEKHUX MPUCTPOIB KOHTPOJIIO OMOPY 130JIAII11 KOJTUBAHHS EMHOCTI MEPEXKi
BHOCSITh TMOXHOKY Yy BHUMIPIOBAHHS 3HA4YEHHS OMOpPY 130JIii, TO JJIA MPUCTPOIB
CEJICKTUBHOTO KOHTPOJIIO 1 TOMIYKY MICIS 3aMUKaHHS II€ MOXE MPHU3BECTH [0

HEpPOOOTO3/IaTHOCTI.

BucHoBku 10 po3ainy 1

Icnye ©Oarato mpUCTPOIB KOHTPOIIO MEPEX IMOCTIMHOTO CTPyMy, OIHAK
cneuudika 00’€KkTa KOHTPOJIO MOTpeldye 301IbIIEHHS WMOBIPHOCTI MPABUIBHOIO
BU3HAYECHHS TMOSIBU HEOE3MEYHOTO 3HWKEHHS 130Jswii Ta 3a0e3leuyeHHs
CEJICKTUBHOTO BU3HAYEHHSI MICIISl TIOIIKO[KEHHSI.

OCKUTBKH KOKEH 3 pO3IIISTHY TUX 3aC001B KOHTPOJTIO 130JIS1111 Ma€ CBOI epeBaru
1 HEJOJIIKH, TO MEPCHEKTHUBHUM € 3aCTOCYBaHHS KOMOIHOBaHUX NPUHLUIIB MpPHU
po3po0IIi HOBHX, a TaKOX MOJEpHi3alii ICHYIOUMX METOMIB Ta MPHUCTPOIB
CEJIEKTUBHOTO KOHTPOJIIO 1 MOMIYKY Homko[xkeHb B Mepexax OIIC, mpore Takuii
HUISAX TPU3BOAUTD JI0 YCKIIATHEHHS CXeM MPUCTPOIO KOHTPOIIIO.

3acTocyBaHHS MIKPOKOHTPOJIEPIB MPU pO3POOII MPUCTPOIB KOHTPOIIIO 1301111
mepex OIIC mo3BoMTH THYYKO pearyBaTH Ha 3MiHY MapaMeTpiB Mepexi (IIITXOM
nigoopy HaWOUIbII 1HPOPMATUBHOTO X CHiBBIJHOIICHHS) Ta 00OpOOKY 1HGOpMaIIii,
sKa HaJIXOJUTh Bif ceHcopiB KoHTposto mapameTpiB MOIIC, 30kpema akTUBHOTO
OTIOPY TOJIFOCIB MEPEXKI BITHOCHO «3EMIJTIY.

BukopucTaHHsI MOCTOBUX CX€M NOTpeOy€ JOBOJII TOUHOTO PO3PAXYHKY CTPYMIB
NepexiAHOTO MPOoLECy JJIsl BA3HAUCHHS HEOAIaHCY Y BUMIPIOBAJIBHIN JlaroHaIl CXeMHU
Ta HaJAMTyBaHHS pearyBaJbHOTO opraHa. OCKUTbKM Taki MpWIagd HE MOXYTb
3IACHIOBATU CEJIEKTUBHUN KOHTPOJIb MEPEeXi, TO 1i pO3MOIICHI MapaMeTpH B TaKUX
MOJENSIX  BiAOOpaXarThCid 30CEPEKEHUMH. BaXIMBUM  €JIEMEHTOM CXEMH

3aMIIIEHHS € OMip pearyBajlbHOTO IPUIAIY.
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2 TOCJIIIKEHHSA 3AKOHOMIPHOCTEWM 3MIHH OIIOPY IOJIIOCIB
BIIHOCHO 3EMJII

2.1 daKTopH, SIKi BIVIMBAKOTH HA BEeJIMUMHY ONOPY i30isiumii

st naBanTaxkeHHst 15A - 20A B mepexax OIIC 3acTOCOBYIOTHCS JBOKHIIBbHI
kabenal 3 ManepoBO-MACiIHOK  130JIsL1€10, a Uil MEHIIUX CTPyMIiB - 3
NOJIIBIHUIXJIOPUIHOT, 3 &JIFOMIHIEBUM 200 MIIHUM NpoBoAoM. Ha 130511110 moJociB y
cuctemi OIIC, 1o 3HaxomsThCs i POOOYOI HANMPYrol0, BIUIMBAIOTH MEXaHIYHI,
eNeKTpuuHi U atmocdepHi BmiuBd. OcobmmuBo cuwibHO Ha i3oismiro  MOIIC
BITMBAIOTH aTMOC(EPHI Onaju: A0, poca 1 TYMaH.

Kpim armocdepHux omnajiiB Ha 130JIS11i10 KIEMHHUKIB, KOMYTalllifHOI araparypu
BIUIMBAIOTh TAKOX TBEPAl, PIAKI 1 Tra3omofiOHI YacTKM pI3HUX pPEYOBHUH, UIO
3HAXOAATHCS B TIOBITPil. BOHU OCa/KyIOThCSI HA TTOBEPXHI 13011111 i YTBOPIOIOTH TIPH
3BOJIO’KEHH1 aTMOC(EpHOI0 BOJIOTOKO (poca) MPOBITHUN Iap, 110 ICTOTHO 3HMKYE
CJICKTPUYHY MIIHICTh 1301111,

[Tpu BIIMBI Ha 130JISA11iF0 POOOUYOT HANIPYTHU B CIIOJYUYCHHI 3 3a0pYJIHEHHSIM 1
3BOJIOKEHHSIM MOBEPXHI, SIK IPABUIIO, MOPYIIYETHCS CUMETPIs 130JIAL11 TOJTFOCIB 010
3eMJIi, IO 3HIKYE eNEeKTPOOE3NeKy 1 MOXKEe MPU3BECTH J0 3MIHM YCTAaBOK MPHUCTPOIB
peneHHOro 3aXuCcTy, CUTHaI3aIli i aBTOMaTUKW. BUHUKae IMOBIPHICTh MEPEKPUTTS
130515111i. IMOBIpHICTH 30Iry TOTO, IO HA 130JISLII0 BIUIMBAE podOYa HAMPYTH 1 TOTO,
110 ICHYIOTh HECTIPUSATINBAMH METEOPOJOTIYHUMHU YMOBH JTy’KE BETUKA.

VY Takuit croci0 Ha €JIEKTPUYHY 130JIA111I0 JiF0Th MOCTIMHI 3MiHHI 1 BUTIQJIKOB1
HaBaHTAKEHHSI.

3 wMeTor 3'SiICyBaHHS 3aKOHOMIPHOCTI 3MIHM OMNOpYy 130Jslii, 310paHi
CTaTUCTUYHI JaHl MPO BEIWYUHY Iboro omopy. s 1mporo Ha mincranmii BPY-
110/330xB JnictpoBcbkoi I'EC-1 Oynu BCTaHOBIEHI /1Ba peecTpyroui OJIOKU THILY
ILW200 (dbipmu SE), 13 BHyTpimiHbOMY omnopom He meHiie 1000 kOm. i npunaau
PSV1 1 PSV2 nmigkmoueHi Mixk moTr0caMu KOHTPOIOBaHOT Mepexi 1 3emuiero. [lepen
IIPOBEJICHHSIM BUMIPIB MpUiagu Oyiau MpoKaniOpoBaH! HMUIAXOM MIIKIIOUYEHHS MIX

MO3UTHUBHUM 1 HETaTUBHUM IOJFOCOM MEPEXkKI 1 36MJICIO OIOPY 3a3JaJIeTi/ib BIIOMOT
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BEJIMYMHU. TaK0X 4EpProBui nepcoHani 3a aonomororo npuctpor YKI-1 oqun pa3y 3
T'OJIMHU BUMIPIOBAB OMIp MOJIIOCIB MEPEXK1 BITHOCHO 3€MJIL.

Otpumani B 2019-2022 pokax maHi cBig4aTh MpO Te, IO HAa CTaH 130JIAIi{
BITUBA€ BOJIOTICTh CEPEJOBUINA, y SKOMY BIiIOYBA€ThCS €KCIUTyartamis. Bona
NpUCKOpIOE mporec crapinHs 13omsmii. Cepen  (axTopiB, IO BIUIMBAIOTh Ha
MIJBUIIICHHS BOJIOTM B 3a0pyAHEHIA 130Jis1Iii W y caMOMy JIEJIEKTPUKY MOXKHA
BUJIIJTUTH JIOI, pOCY, TyMaH, ITaMoOpO3b.

Ha puc. 2.1 nokaszana 3ajexHICTh OIOPY 130JIAIil BiJI TPUBAJIOCTI JOILY.
OTpuMaHa 3aJIeKHICTh MMOKA3YE, 110 MPU TPUBATOCTI J01LY 10 30 XBUJIMH OMIp 130141111
1ICTOTHO HE 3MIHIOETHCS. Y HACTYMHOI 3-4 TOJAMHM OMip MOBUIBHO 3HIXKY€EThCS 10 100-
80 kOM, micias 4oro BiI0YyBA€ETHCS 3aMUKaHHS OJIIOCa Ha 3eMutio uepes orip 0-3 kOwM,

BUKJIMKaHE KOMYTallIiHUMU NIEpPEeHANPyTaMy, MOBEPXHEBUMHU JYTOBUMHU PO3PSATAMH.
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Pucynox 2.1 — 3anexxHicTh OMOPY OJTHOTO IMOJIOCAa MEPEXk1 BIAHOCHO 3eMJI1 BiJ

TPUBAJIOCTI JOIILY

Ha puc. 2.1 noka3anuii pparMeHT CTPIUKU CAMOIIKCIIS, HA IKOMY 3a(iKCOBaHUMN

HaWOLIBII XapaKTepHUM IS JOIIY PO3BUTOK 3aMHMKAHHS IMOJIOCa KOHTPOJIbOBAHOT
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MEpexi Ha 3EMITIO.
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Pucynok 2.2 — PO3BUTOK 3aMHMKaHHS MOJIIOCA HAa 3€MJIKO MiJ 4Yac JOLLy

(dbparmMeHT CTPIYKHA CAMOTIHCIIS)

He3axuieni 130741i€10  CTPyMOBEAyYl TOBEpPXHI KaOeniB, KIEMMHHUKIB

3HAXOAATHCS B MPUMIIICHHI a00 3aXHUIlEHl BiJl MPSIMOro BIYYEHHs JOIIy Inadamu,
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TyHEJSIMH, JJoTKaMmH. 1117 yac goury Beauki Kpari pyHHyOTbes 00 CTIHKM mwadu i y
BU/I1 3HAYHO OLIBII IPIOHUX, Yepe3 MIIJIMHA ¥ OTBOPH, MOMAAAI0Th YCepeIUHy madu,
YTBOPIOIOYH HA TTOBEPXHI1 13011111 MPOBITHUM 11ap. Y mpolieci eKCIuTyaTallii moBepXHs
mad KepyBaHHS JAehOPMYEThCS, 3aXMCHI MPOKIAAKUA PyHHYIOThCA. [lomiueHo, 1o
4acTo M/l Yac JIONIy BOJIa HAKOMHMYYETHCS Ha MOBEPXHI madu KEPyBaHHS, a TOTIM,
CTIKalouu, MO ae B yCepeANHY, BUKIMKAIOUN 3aMUKaHHs TIOJIf0ca Ha 3emitio. Yepes
TpuBally eKciuryatamito (Oumbm 20 pokiB) 1301 KaOemiB 1 SKICTh 3aXHUIIEHOCTI
KaOenbHUX TYHeNB noripmmiaucs. [Ipotsrom 3-4 roaud gomy (KUIBKICTh OMaAiB, 110
Bunaiu, 8-10 Mmm). Bonora notparuisie B kabenbHUN TOHEIb, BUKIMKAIOYH 3BOJIOKECHHS
13071511111 kabenmo. Sk 6adunMo, Yepe3 3aXUIIEHICTh 130JiA1ii 00'€KTa KOHTPOJIO Bij
IpsIMOTO BJIYYEHHS Kpamelb JOIly, HE KOXXEH HaBiTh CHJIbHMM JIOII BUKIUKAE
3HWKEHHS onopy 130:1s111i MeH 100 kOwm.

AHami3 3amMuKaHb, mo BimOymucsa mnpotsrom 2019-2022 pokiB Ha mmijgcTaHIil
BPVY-110/330xkB  dnictpoBcbkoi I'EC-1, no3BonuB mnoOyayBaTH —ricrorpamy,

IpeICcTaBlIeHy Ha puc. 2.3.
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Pucynox 2.3 — T'icrorpama po3noauTy WMOBIPHOCTEH BUHUKHEHHS 3aMUKaHHS

Ha 3emJ1to yepe3 omip Bia 0 10 30 kOM npu pi3HUX BUJAX aTMOC(EPHUX OMaIIB.

3 mi€i ricrorpaMy BHAHO, IO B CEPeIHbOMY, 3 KOXKHUX 10 1OIIIB IT'ATh

MIPU3BOWIIN JIO 3HMKEHHS 130711111 Ttostroca MeHIn 100 kOm.
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KoHnpaeHncanis BOAsSHOT mapu, 10 YyTPUMYETbCA B IMOBITPl, MOXKE BIJIOYTHCS B
MaIllMHHOMY 3ajil TEIUIOBOI €JEKTPOCTaHIli MiJ 4yac mycKy Oioky. Ha moBepxHi
1300141111 1 MeTajeBuX Imad KpaneabKu PoCH 3BUYAWHO 3JMBAIOTHCS B OUIBIN BEJHKI
Kparuii, SKi, CTIKalO4Yd, MOXYTh 3alIyHTYBaTH I130JISIII0 MOJIOCA IOJ0 3EMIIL.
VIMOBIpHiCTH TOTO, IO POCA BHKIMKA€E MOTipIICHHS BIACTHBOCTEH i3omsiii (omip -
Hkdye 100 kOM) 1ie OUTbIN HU3BKA, YUM OpH JOIIl. KO0 MPOTATOM JIECSITH JHIB
BUMagana poca (puc.2.3), To 3a ABa-TPpH AHI omip 13o0Js1ii Mir 3uu3utucsa 10 100 kOm
1 MEHIIIE.

OpHak, HaBITh 1 TaKe 3HUKEHHS ONOPY 130JAL1T Ay>KE PIIKO TPU3BOAUTH 110 ii
pyiiHyBaHHs ab0 3HWKeHHa omopy MeHm 20 kOwm. Yacto el mpoiiec MOBLIBHO
3MIHIOETBCS B 4aci 1 sIBJIsi€ COOO0I0 HE JIOKaJIbHE MOPYIICHHS 130711111, a MOTipIIeHHS
1304141111 Oararbox kabdeniB Mepexi 10 onopy 700-1200 kOm.

JlocnipkeHHsT MoKa3anu, 1o 3HWwkKeHHs omopy 1m0 500 kOwm mim miero pocu
B110yBa€ThCs MPOTATOM 3-4 roAWH IIOAHS, KOJU poca Bumnagae. Hezabapom Bosiora
BUIIAPOBYETHCS YEPE3 BEJIUKY MMOBEPXHIO I 1301511151 BITHOBIIOETHCA.

Ha Teputopii nocaimxyBanoi nifacraniii B 2019 poi 7 pa3iB 0yB TymaH. Tyman
CTab1IbHO BUKIIUKAB 3HIKEHHS onopy 130111 10 200-300 kOwm. I1poriec 3Bo10KeHHS
130711111 1111 BIUTMBOM TyMaHy MOBIUIRHUHN y Yaci.

[Ticns 3HUKHEHHS TyMaHa 1301111 BiAHOBIIOBaacs mpotsaroM 1-2 roaux. Lle
CBIJTYMTH IIPO T€, 10 TYMaH MPOHMUKAB y Tl Miclg Ha TepuTopii BPY, ne po3ramoani
OTOJICH1 YaCTUHU KabeliB, M0 3HaXOAThCS MiA poOouoro Hampyroro. [lpu npomy, y
0araTb0X MICLSIX BIIOYBAETHCS HE3HAYHE MOTIPIICHHS 130JIA1111, 10 Pa30M BUKJIUKAE
3HWKEHHS 130511111 noJiroca 10 200 kOM. Akiio mig yac aii goiry ado pocH KUIbKICTh
OJIHOTIOJIFOCHUX 3aMUKaHb 3HAYHO MEPEBUIIYE ABOXITOIIOCHI, TO MPU TyMaHi 130751115
MOTIPIIYETHCS Makike cuMeTpuuHo. [Ipu mamopo3i omip 130JIA111T MOTI0CAa HUKYE
500 kOM He 3HM)KYBaBCH.

VY 3uMOBH Yac KUIbKICTh 3aMUKaHb Ha 3eMJTI0 Pi3KO ckopoTuiiacs. OTpuMadi 3a
JOTIOMOIOK0  CAMONUCHIB KOJMBAaHHSA BEJIMYUHHU ONOPY 130J511i 103BOJISIOTH
noOyayBaT rpadiku HaWOUIBIIMX TOOOBUX 3MIH aKTUBHOTO OIOPY 130JISI111 TIOJIt0ca

Mepexi BIIHOCHO 3€MJI, SIK1 He TIpU3BeH J10 aBapiiHoro (20 kOM 1 HWKYe) 3HUKCHHS
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onopy i3omsuii (puc. 2.4). Ha pucynky mnokazani: 1 - 3miHa omopy 13071l Jjist
BECHSHOTO W OCIHHBOT'O CE€30HiB; 2 - JTHKOTO 1 3 - 3umMoBoro. Ha puc. 2.3 nokasani
rpadiku 1000BUX 3MIH TeMIEpaTypH 1 BIIHOCHOI BOJIOTOCTI 32 JaHUMH METEOCTaHIII1
"Binaumeka", po3ramosaHoi Ha BiAcTadl =~ 10 KM BiJ JOCTIIKyBaHOI MiACTAHIII B
OJIHIM KITiMaTuyHiM 30H1. Ha puc. 2.5 3minu temnepatypu T °C Ta BiIHOCHOT BOJIOTOCTI
V % npotsarom 1060u nokaszani 1 1 2 - 15 BECHSIHOTO 1 OCIHHBOT'O CE30HIB, 3 1 4 -

JTHROTO1 51 6 - 3UMOBOTO.

kOm

12001
1000+
800 +
600 +
400

)

200

Pucynok 2.4 —J[000Bi 3MiHU aKTUBHOTO OTOPY 130J1s1111: 1-BecHa, OCiHb; 2-T1TO;

3-3uMa

V.%| T,°C
3
+20 +
40 + +15
50 + +10 4
1
60 + +5 —+
2
70 + 0 + v
80 + -5 o 6
S mp——
90 + -10 F——
t, roavH
f f ' i f i i f >
6 12 18 24

Pucynox 2.5 — JIo60Bi 3minu Temmiepatypu T °C 1 BigHOCHOI BojorocTi V %

Pi3ki1 KonMBaHHS piBHA ONOPY B HWXKHIKA YacTHHI rpadiky 1 Ha puc. 2.3 1 Ha puc.
2.5 BUKJIMKaHI MOSIBOIO JYTOBUX MOBEPXHEBUX PO3PAIIB, II0 BUHUKAIOTH BHACIHIIOK

BIJIUBY KOMYTalIHHUX MEPEHANPYT, IPU HU3bKUX PIBHAX aKTUBHOTO OMOPY 130JIALI1].
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Ha puc. 2.3 nokazaHuil po3BUTOK MOMIKOMKEHHS IMiJ Yac JOIIY A0 BIIKIIOYCHHS

IMOMKO/KCHHA OIICPATHUBHUM IICPCOHAIIOM a00 3aXUCTOM.

2.2 Pe3yabTaTl €KCNEPUMEHTAJbHUX JOCTIIKeHb BEJHMYMHU AKTHBHOIO
OIOPY B MicCIli 3aMMKAHHS

3 MeTOI0 OOTPYHTYBaHHS YCTaBKH CIIPAIlbOBYBAaHHS MPUCTPOIO Oe3mepepBHOTO
KOHTPOJIIO 130JiAMii OyJIM TpoaHami3oBaHi pe3yiabTaTH (Tadmuis 2.1) TpupiyHUX
criocTepekeHb 3a ornopowm 13051l mijgcraniii BPY-110/330xB /InictpoBcrkoi ['EC-1
y 2019-2022 pokax. B tabmumto 2.1 3amucaHi mapameTpud 3aMUKaHb, SKi
IPOJIOBKYBAIKCS JTOBIIE 1 XBUIMHU (B OUIBIIOCTI BUTAAKIB OuIbie 10 XBUIMH).

32019 no 2022 pik yci 3HWKeHHs onopy 1307111l 10 30 kOM 1 HI>KYe HOCUIIH
panToBuil xapakrep. Bix 1 MOm g0 200 kOwm onip 13075111 YacTille 3HUKYBAIOC
IUIaBHO.

3HMKEHHS 1307151111 MOKe OyTH BUKJIMKAHO HIYHTYBAaHHSAM 130JIS111 B OJTHOMY
MICLI 1 TOSIBOKO O€3J114l NIYHTYIOUMX 3B'A3KIB MMOJKOCA 3 3€MJICIO Ha PI3HUX JIUISHKaX
CHUCTEMH $5IK1, Oy Ayud piBHOOTKHUMH 3'€THAHHSAMU 1 BOJIOA1I0YN BUCOKHM ortopom 700-
1200 kOm, y KinbKa pa3iB 3MEHIIYIOTh Omip 130Jimii. O4eBUAHO, IO B MEPUIOMY
BUMAAKY 3HIDKEHHS 1301111 MOXE MIBUAKO IMEPEHTH y KOPOTKE 3aMHUKaHHS, a B
JIPYroMy BUMAJKy 130JIAI1isl MPAKTUYHO 3aBXJM  BIJHOBIIOETHCA, BOJIOTa
BUITAPOBYETHCS, OMIP 13011111 301IbIIY€ThCS (pUC. 2.6).

OTxe, mpuCTpiii 6e3nepepBHOT0 KOHTPOIIIO OMOPY 1301111, BUPIIIYIOUH 3a/1ady
JIarHOCTYBaHHS CTaHy 130JIAllli, MOBUHEH CUTHAII3yBaTH JIMLIE MPO T1 3HHKECHHS
Omnopy 130J501i, O 3 BEJIMKAM CTYIIEHEM IMOBIPHOCTI MOXYTh IPHU3BECTH 0
KOPOTKHUX 3aMUKAHb.

Hani, HaBeneni B Tabmuii 2.1 cBiguate npo Te, mo B 2019-22 pokax Ha
niactanmii BPY-110/330kB uictpoBchkoi ['EC-1 BimOymocst 80 cmpanibOByBaHb
npucTporo KoHTpoto 130wl YKI-1 (skum nepeayBanu TpuBadii, Ouiblie 1 XBUIMHM,
3MEHILIECHHS ONOpYy IMOJICa BIJHOCHO 3€MJl), BUKIMKAHUX 3aMUKaHHSIM MOJIOCA
Mepexi Ha 3emutro yepes orip Bif 0 10 20 kOm.

Xoya BeJIMKa YaCTUHA ITUX 3aMUKaHb 1ICHYBaja He OUIbII OJHIET TOIUHU - 1€
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HeOe3MeyHui 3 NOrJsay HaAlMHOCTI eKcIuTyaramii pexuM. 20 3aMUKaHb y J1ana3oHl
Bimx 20 mo 30 xOM Hamami mpuBENH A0 OLIBIT TIUOOKOTO 3HIKCHHS 130JIA1I1d,
BukiMkaBiu crpaiboByBaHHs YKI-1. KibkicTh KOpOTKHX 3aMUKaHb a00 OIM3bKUX
710 HUX Jy>Ke MaJo.

3nauHo Ounbiie 3amMukanb Oyno yepe3 omip 10-30 kOM. 3amukaHHsIM Yepes
ornopu 1-5 kOM, Ik TpaBUII0, MEPEIyBAIO TIaBHE 3HUMKEHHS 1301111 10 80-200 kOwMm,

a MOTIM BUIUIMBAJO 3aMuKaHHs yepe3 10-20 kOm.

Tabmuua 2.1 — Kinbkicte 3amukans (3a 2019- 2022 p.p.) Ha n/ct BPVY-
110/330xB dnictpoBcbkoi I'EC-1 y mepexax OIIC

Ormip 13051

IIOJIFOCA 10 R
3aMHKaHHS, o o lo | o =
kOM QB |¥ |8 |8 |8 |8 |] |8 |T |5
o Sl o o S S & b =) =) S ©
mip I 1) < o S o S S = pa
B MicIIl =

3aMHKaHHS,

kKOMm

0-5 20| 12 1 1 - 2 36 3 - 1 3
5-10 2 7 - - 1 1 11 | 11 - 2 1
10-15 - 1 - - - 1 2 13 1 2 1
15-20 - - - - - - - 9 3 3 1
20-25 - - - - 1 1 2 8 3 2 1
25-30 - - - - - 1 - 6 1 1 -
30-35 - - - - - - 1 3 - 1 1
35-40 - - - - - - - 1 1 - 1
40-45 - - - - - - - - - 1 1
45-50 - - - - - - - - - 1 -
50-75 - - - - - - - - - - -
75-100 - - - - - - - - - - 3
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8 roauH 50 xBunuH

Pucynox 2.6 — 3MiHa aKTUBHOTO OTIOPY 130JIAIII1 i/l BIUIMBOM POCH

P,

f(x)
O.e.

0,3

0,2

0,1

AN

i S

10 20 30 40 50 60 70 80 90

32

R 3am
kOm

Pucynok 2.7 —T'icrorpama po3nojiiny ornopy 3aMUKaHHs 1 KpUBa OKa3HUKOBOTO

po3noaity
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P, A P, A
f(R) f(R)
0.e. 0.e.
0.2 0,2
0,1 0,1
\
ﬁ R 3am TF R 3am
10 20 30 40 KkOw 10 20 30 40  KOw

Pucynok 2.8 —T'ictrorpamu i KpuBi pO3MOALTY ONOPY 3aMHUKAHHS MPU YCTaBIl

cripaiboByBaHHs: a) - 20 kKOM, 0) - 30 KOwMm.

VIMoBipHicTb 3HMKeHHS 130111 10 30-80 KOM i 3aMHUKaHHS, IPU TAKOMY PiBHI
130J11111, Ty Ke Maya, ToMy 110 3HKeHHs 13051111 B 1000 1o 30 kOM B fiana3oHi Bif
500 mo 80 kOM CympOBOIKYETHCS 3HAYHO BEITUKOK KUIBKICTIO 3aMHKaHb depes (-
30 kOM, mo 3HMXKYye omip 13oamii g0 BenuuuHU MeHm 30 kO, 3MEeHIIyHYu
IMOBIpHICTb BiTydeHHs B iHTepBas 30-80 kOm.

Posnonin 142 3HaueHb BENIMYMHU OMOPY B MICI 3aMHKAHHS ISl CHUCTEMH
JOCIIKYBAaHOI MEpeXl ONEepaTUBHOTO IMOCTIMHOIO CTPYMY BapTO MPEACTaBUTH Y
BUTJISI/II TICTOTPaMU, TIOKA3aHOoi Ha puc. 2.7.

3 puc. 2.7 BUIUIMBAE, 1O 3aJIekKHICTh P = f(R) Haragye KpuUBYy MOKa3HUKOBOTO
3aKOHY po3noauly. ExcrioneHuiiiHa perpecia (HaOnMMkeHHS (QYHKLII MO METOIY
HallMEHIIMX  KBaJApaTiB)  3abe3medye  oAepkaHHS  mapameTpiB  (QyHKIii

f(R)=Db, exp(b, - R),3a popmynamu:

N N N

DR Iny,=N> RiIny,
b, = i-1 :1 | 2.1)

[ZRijz—Nng

i=1
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b, =exp %{iln Y, —boiRi] (2.2)

[HI11bHICTH IMOBIPHOCTI MOKA30BOT0 3aKOHY 3aIUCYETHCS 3aJI€KHICTIO [9]
f(R)=1-exp(-1R), (2.3)

7€ A - TyCTHHA a00 IHTEHCUBHICTD (CEPEAHE YUCIIO0) MO Ha OJUHUITIO OTIOPY.
VY MOKa3HMKOBOMY 3aKOHI TyCTHMHA € BEJIMYMHOIO 3BOPOTHHOIO MAaTeMAaTHUYHOMY

OY1KyBaHHIO

1
FS IR &9

BupiBHIOEMO TOKa30BUM 3aKOHOM OTPUMAHUU 3a JaHUMH BUMIPIB PO3MOJILIT
AKTUBHOTO OTOPY 3aMHKaHHA. Sk 0adynMo, aHaJIITUYHA KpPWUBAa JOCUTH TOYHO
BIJIMOBIAA€ TAHUM CTaTHUCTHYHHUX PO3PaXyHKIB.

3 Tabnumi 2.1 BUIIMBaE, M0 BEIUKA YaCTHHA 3aMUKaHb BIJOYBA€THCS Yepe3
omip 0-15 kOwm. Ile € HeOe3neUHUM 3a YMOBH €JIEKTPOOE3NEKH 1 HaAIHHOI poOOTH

P31 ITA pexumom.

Opnak, cepel] LMX 3aMUKaHb YUMAaJIO TaKUX, KOTP1 OyJIM PO3BUTKOM MOMEPETHIX
3HWKEHb 130i1s01i 10 20-30 kOm. Tak, Benuka 4acTHMHA 3HMXKEHb OMNOpPY 130JIsLIL
nomoca Big 20 go 30 kOm mpotsirom 1-3 roawH mpusBenu A0 3aMuKaHb Bix 0 10
10 xOm.

k1o po3po6ieHi TPUCTPOi KOHTPOJO 130JISII1T 1 TMOMIYKY MICIl 3aMUKaHHS
JOTIOMOXKYTh €KCIUTyaTalliHOMY MEepCOHANOB1 YCYHYTH 3aMUKaHHs npoTsirom 15-20
XBWJIMH 3a pPaxyHOK AaBTOMATHMYHOIO BHU3HAYEHHS YIIKOKEHOI JUISIHKU 1
3aCTOCYBaHHsI NPHUCTPOIO MOILIYKY MICHSA 3aMHUKaHHS, TO MOXHA MPUIYCTUTH, IO
KUTBKICTh 3amMukaHb uepe3 0-15 kOM CKOpPOTUTBCS TpU 3MiHI  YCTaBKU

cuparnpoByBaHHs Bif 20 kOm 1o 30 a6o 40 kOwm.



35

st omiHkM e€PEeKTUBHOCTI Aii TPUCTPOIB KOHTPOJIO 130JAIIi 1 TOIIYKY
3aMUKaHHS 32 JaHUMHU TaOJIHUIll MOOYAyEMO TICTOTpaMH PO3MOJLITY OMOPIB Y MicCIl
3aMHUKaHHS IPH PI3HUX yCTaBKax crpaiboByBaHHs (puc. 2.8). Ha Biqminy Bijg puc. 2.7,
TYyT HE BPaxOBYBAJUCS 3aMHUKaHHS, 10 BUHUKJIM MPU CHPALIOBAHHI MPUCTPOIO
KOHTPOJTIO, TOMY 1110 TIepeA0avaeThCs, 110 BOHU OYyTh YCYHYTI. 3 puc. 2.8 BUIHO, 110
3 40 kOM 1o 30 kOM IMOBIPHICTH 3aMUKaHb Iy>K€ Maja, TOMY IpU MOOYJ0BI
ricrorpamu 2.8 BpaxoByBanucs jiumie 3amMmukanus 0-40 kOm.

[TobymoBanuii 3a MaHWUMH BHUMIPIB PO3MOJLUI OMOPIB 3aMukaHHs (puc. 2.8a)
BUPIBHIOEMO TIOKAa30BMM 3aKOHOM, a IMpejAcTaBieHe Ha puc 3.80 sorapudmidHo
HOPMAJIbHUM 3aKOHOM.

Bigomo [9, 10] , mo po3momin BennyuHH Oyae HOpMalbHUM, SKI0 Y =InX

PO3MOAUIAETHCS 10 HOPMATILHOMY 3aKOHY

exp{_( ;;za)z }

o (23)

f(y)=

7€ a 1 0, BIANOBIAHO OPIBHIOIOTH MAaTEMAaTUYHOMY OYIKYBaHHIO 1 gucmepcii
HOPMAaJIbHOT'O 3aKOHY PO3MOJILIY.
['yctuHa sorapu(MIYHOTO HOPMAJIBHOTO PO3MOAUTY ONOpPY 3aMUKaHHS

BU3HAYA€CTLCA BUPA3OM

2

exp ('nR—za) (2.4)
20
2021

[TapameTpu a 1 0 MOXHA 3HAWUTH MIPH PIIICHHI CUCTEMH PIBHIHb

f(R)=

(2.5)
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ne m = 21,59 kOm 1 Dr = 12,26 xOm CTaTUCTUYHI OLUIHKH OTPUMAHOIO

JOCIIITHUM IUISIXOM PO3MOJILTY aKTUBHOTO omnopy 13o0s1ii R (puc. 2.9 6).

Bupinlyioun cucTeMy, ofepKy€eMo a i 62

2 2
m D, +m
a=In—F—, o’ ﬂn%. (2.6)
2
Dr + Mg mg

I'padixm 3anexHOCTI HMOBIPHOCTEW 1 OTpUMaHI PO3PAXyHKOBUM IUISIXOM
3HAYEHHS IIIJILHOCTEH CBIIYATh MPO 3CYB CIEKTPY OMOPIB 3aMUKAHb BIIAMOBIAHO JI0
MaKCUMaJILHOTO 3HAYE€HHS UMOBIPHOCTI 1XHBOT HIIJIBHOCT1 PO3MOJILTY 3 JAlana3oHy
0-5 xOm (Haiibinpim HeOe3neuHui Aiamason) y mianmazoH 10-15 xkOwm, mpu 3MmiHi
YCTaBKH CIIpallbOBYBaHHs TMpucTporo KoHTpomto Bix 20 mo 30 xkOm. VYcraBka
ciparpoByBaHHs 20 kKOM 3MeHIye IMOBiIpHICTh 3aMukaHHs yepe3 0,5 kOwm 3 0,31 go
0,21, are 1ie cekTp onopiB He 3Milrye. MakcUMyM HIUTBHOCTI PO3MOILTY MPHU YCTaBII
B121 30 10 40 kOM nexuTh y Jiana3oHi onopis 3aMukanb Bij 10 10 16 kOwm.

Ha mimcraBi manmx TaOauIll MOXKHA OOYMCIHMTH BIPOTITHICTH ITOIIAIAHHS
3aMHKaHb B OOYMOBJICHUW YCTaHOBKOIO CIPAallbOBYBAHHS MPHUCTPOIO KOHTPOIIIO
130J141111 1HTEpBaAJ OMOPIB 3aMHUKaHb. L[ BennunHa BU3HAYa€ IMOBIPHICTH TOTO, IO
IPUCTPINA CHpaLOe MPU 33aJaHIid yCTaBIll CIIPAlbOBYBAHHS 1 3aMUKAHHAX, HABEICHUX Y
Ta0mum 2.1.

JI71s1 1IbOTO BU3HAYAEMO cepeiHe apu(METHIHE 3HAUCHHS OMOPY 3aMUKaHHS
_ R, -
R=>—=15¢l . (2.7)
n

CepenHe KBagpaTHUHE BIIXUICHHS

(2.8)

3Har04u, 10 AJI1 IPUCTPOIO KOHTPOJIIO 13011111 MOJIe IOMYCKY 3 OJHIET CTOPOHU
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oOmexxeHo 3HaueHHsM O kOwm, a 3 I1HIIOro OOKYy - YCTaBKOIO CIpalbOBYBAaHHS,

BU3HAYA€EMO JOBIpYl BIJICTaHI 10 MEK CMYTH JOMYCKY Y BITHOCHUX OJIUHUIISIX

(R-A). (A -R) (2.9)

s yctaBku:
— 20kOMm—py; =1,88  p,=0,625;
— 30kOm— py=1,88 p;=1,88,;
— 40xOm— py=1,88 p;=3,125.
ITo rpadikax puc. 3.8 3HaX0AMMO 3HAYEHHS JOBIPYUX PIBHIB MpU 3aJaHIN
KUIBKOCTI crioctepexens v, =0,96, v, =0,55; v, =0,96, v, =0,96; v, =0,96, v, =0,99.
BiporignicTs nonaganus B 3amaanuid intepai D(1)=0,5(v, + v,) Ui yCTaBKH

crpanpoByBanus 20 kOm - D =0,765;

30 kxOm - D=0,96;
40 kOm -D =0,975.
Sk 6aurmo, IMOBIPHICTbh IPH yCTaBli cupanboByBaHHs 30 KOM JOCUTH BeIMKa

1 30utbmIeHHs 1i Ha 0,015 - HecyTTEBO.

P,
oe. %4

0,32 +
0,31

016 +

| | | . R yct

20 30 40 kOM

Pucynok 2.9 — 3anexHicTh IMOBIPHOCTI TIOSIBU TIOBTOPHOTO 3aMUKAHHS Ha 3€MJTIO
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3 wmeTor 3'acyBaHHS €QEKTHBHOCTI BUKOPUCTAHHS MPHUCTPOIO KOHTPOIIO
noOy/ioBaHa 3aJCKHICTh IMOBIPHOCTI TOSBHM TMOBTOPHHMX 3aMHUKaHb, IICIA
CIpalbOBYBaHHS 1[OTO MPUCTPOIO MPHU PI3HUX yCTaBKaxX CIpalboByBaHHA. 3 puc. 2.9
BUILJIMBAE, IO IMOBIPHICTh TOSBM TOBTOPHUX 3aMHKaHb BEJMKa TIPHU YCTaBIIi
crpauboByBaHHA 20 KOM.

3aJIe)KHICTh IMOBIPHOCTI TOSIBU TOBTOPHOIO 3aMHMKaHHS Ha 3€MJIIO MICHS
CIIpallbOBYBaHHS MPUCTPOIO KOHTPOJIIO BiJl YCTaBKHU crpaiiboByBaHHs - 1€ 0,16 Bix
3arajbHOI KUIBKOCTI 3aMHKaHb, HaBeAeHUX y Tabmuui 2.1, To6To 22 3amukanss. [Ipu
yctaBii 30 kOm - 0,31, To6T0 42 3amukanHsa, a npu 40 kOm - 43 3amMuKaHHS.
3po3ymino, mo 30iabieHHs yeTaBku B 30 kKOm 10 40 kKOM He T0UUTBHO. 301TbIITSHHS
yctaBku 3 20 kOMm g0 30 kOm Oyzae edexTuBHE, SKIIO MPUCTPIA KOHTPOIIO 1301111
JI03BOJISIE AaBTOMAaTUYHO BU3HAYUTH TOMIKO/DKEHHUM Kabenb, y KOpoTkuil uac (15-
420 XBWJIMH) 3HAWTH MiCIle 3aMHKaHb 1 YCYHYTH WHOro. 3O0UIBIICHHS YCTaBKU
cupanpboByBaHHs 10 100-200 kOM He BumpaBaaHo, ToMy 1o Outbll 64,7 % Takux
3HIKEHbB 13011111 Yepe3 pocy, JONLY 1 T.I. 3aKIHYMIIUCA CAMOCTIMHUM B1JHOBJICHHSAM
130J1A1111 1 HE TIPU3BENH 10 OLIBIIT HU3BKOTO 3HWKECHHS OTIOpY.

Ha puc.2.10 moka3zaHi rictorpaMu po3MoAiTy OMOpIB 130JIAII11, SIKI TepeayBaIu
3aMHKaHHIO TIOJII0Ca Ha 3€MITI0. 3 IMX TiCTOTpaM BUAHO, IO HailO1/IbIIa HMOBIPHICTH
3aMUKaHHS BIANOBIA€E TONEPEIHROMY 3MEHIICHHIO OIOpPY 1301l mostoca Big 100
10 200 kOwm.

Tomy 110 mikana camonucist HeliHiiHa, a nianazoH Big 500 kOM 1o oo 3aiiMae 2
MM, TO Bcl 3aMukanHs BiJ1 500 kOm 1 Bule Takox nomiieHi (y Tadmui 2.1) y aiana3oH
400-500 kOwm.

AHani3 IpUYMH 3aMUKaHb JTO3BOJISIE IPUITYCTUTH, 110 IMOBIPHICTh 3aMUKaHb,
npu omnopi 3oysnii 6k 300 kOm mana 1 gopiBHioe 0,09. B ocHOBHOMY - 1Ie
BUIIAJIKOB1 3aMUKAaHHS, HAMPUKIIAJ, TOMIJIKOBI Jii €KCIUTyaTalliiHOTO TEPCOHATY.
Axmo omip 3MeHmuBcsa a0 100-200 kOM, TO B 1bOMY JAlana3oHi OMOPIB 130JISI1T
IMOBIPHICTh 3aMHUKaHb Ouabllie. 3aMUKaHHA B IUX BHUMaAKax OYyJIM BUKJIMKaHI
MNEPEKPUTTSIM  JIOMIOBOIO BOJIOI0 a00 pOCOI0 TOBEPXHI 130JIAIi1 KJIEMHHKIB,

BHHUKHCHHAM IIOBCPXHCBOI'O OYIrOBOr'o po3piaay, IIpu 3BOJIOKCHHI  CHJIBHO
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3a0pyIHEHO1 OBEPXHI 130JIs1L111, MEXaHIYHUM PYWHYBaHHSM.

Maiixe yepe3 yci Micisl 31 3pyHHOBaHOI, CUJILHO 3a0pyaHEHOI, 3BOJIOKEHOIO
130J1A111€10 B1I0YBAETHCS 3aMUKaHHS MOJII0CA HAa 3€MJTIO TIPH 3HIDKEHH1 OTIOPY 130JIA1I11
no 100 xOm. Bix 40 kOM i HmKue 3pOCTae KibKiCTh MOBTOPHUX 3aMUKaHb. IXHs
iMOBipHICTh focsirae 0,36. 3acTocyBaHHSI MPUCTPOIB KOHTPOIIIO 130JIAI11T MOKIMKAHO
BUKJIFOYMTH MMOBTOPHI 3aMUKaHHS MICIsS IXHBOTO CIpalboByBaHHs. Tojl (ITyHKTUpHA
JiHisE HA puc. 2.1) IMOBIpHICTh 3aMuKaHb y Aiana3oHi 0-100 kOM noBMHHA 3MEHIIUTHCS

Bix 0,36 1o 0,07, a B giana3oni 0-30 kOwm - Bixg 0,3 o 0.

P, A P, A
0.e. 0,38 0.e.
0.4 10,36
0,3
0,2 0,2
0,1 0,09
0,1 0,06 0,1
Ru3 [ Rw
100 200 300 400 500 KOw 20 40 60 80 100 OM

Pucynok 2.10 —TI'icrorpamu po3nojaiaiB omopy 13011l mepes; 3aMUKaHHIM

ITOJIFOCAa Ha 3EMIIIO

2.2.1 JlocaimzkeHHSI KOPOTKOYACHUX 3MiH OMOPY MOJIIOCIB BiTHOCHO 3eMUTi

3 MEeTOI0 3aBYaCHOTO MPOTHO3YBaHHS 3MEHIIEHb OMOPY 130JISIil 10 YCTaBKU
crparboByBaHHS npucTporo kKoHTpouto 3ol YKI-1 (to6to 10 20 kOM) motpiGHO
JOCIIIUTH CTATUCTUKY TOMEPEIHIX 3MIH OOpY.

Tomy Oysu mpoaHasni30BaHi 3MIHH OMOPY MOJIFOCIB, K1 TPUBAIX 10 1 XBUIMHH,
1 IUISIXOM OOpOOKHU CTaTUCTUYHUX JAHUX OYyJIM BU3HAUCHI:

- KUIBKOCTI KOPOTKOYACHMX 3MEHIIEHb OMOpPY IOJIOCIB Ha MPOTA31 POKY B
3QJIEKHOCTI BiJl BEJIMYMHHU 3MEHIIIEHHS oropy R1,,, , ki B MaiiOyTHbOMY MPUBEIH 10
TPUBAJIOr0 3MEHIIeHHsT onopy 10 20 kOM 1 MeHIIIe;

- KUIBKOCTI KOPOTKOYaCHUX 3MEHLIEHb OMNOpPY MOJIOCIB, SIKI B MailOyTHROMY
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IPUBENIH 10 TPUBAJIOrO 3MEHIIEHHd omnopy 10 20 kOM 1 MeHIle, B 3aJIeKHOCTI BiJl
npoMikKy 4acy 7, 3a skuii Oyja mopaxoBaHa IiSi KUIBKICTH IMITYyJIbCIB, Ta B B
3JIEKHOCTI Bl BEIMYMHU 3MEHIIIeHHs onopy R1,,,;

- KUTBKOCTI KOPOTKOYAaCHUX 3MEHIIIEHb OTOPY MOJIOCIB, SIKI B MailOyTHROMY
MPUBENH JI0 TPUBAJIOTO 3MEHIIeHHs omopy 10 20 kOM 1 MeHIle, B 3aJIeKHOCTI Bijl
KIJTbKOCTI K KOpPOTKOYaCHHX 3MEHIICHb OMOPY MOJIOCIB 32 BU3HAYEHUI MPOMIKOK
4yacy CIOCTEpPEKEHb, 3a KWW Oyjla MOopaxoBaHA LS KUIBKICTh IMIYJbCIB, Ta B B
3JIEKHOCTI BiJ] BEIMYMHU 3MEHIIIeHHs onopy R1,,;.

Pe3ynbTaTty CTaTUCTUYHKMX JOCIIKEHb HaBeIeHI B Ta0uIIi 2.2

Tabmuis 2.2 — Pe3ynbpraTi CTATUCTUYHUX JOCIIIKECHb

R1,0: | kinekicme | T | kinekicms | K | kinokicms | R2,, | Kinbkicme
30 21 1 1 2 1 30 3)
40 6 1 1 2 1 40 18
80 15| 1 2 2 2 80 52

100 22| 1 2 2 1 100 83
200 20 1 0 2 0 200 216
300 11 1 0 2 0 300 348
30 2| 2 1 4 1 30 3)
40 6| 2 3 4 3 40 18
80 15| 2 4 4 4 80 52
100 22| 2 3 4 1 100 83
200 2 2 0 4 0 200 216
300 1] 2 0 4 0 300 348
30 2| 4 0 5 0 30 5
40 6| 4 2 5 2 40 18
80 15| 4 6 5 6 80 52




41

MPOIOBXKEHHS Ta0uIl 2.2

R1,0: | kinekicme | T | kinbkicms | K | kinokicme | R2,,, | Kitbkicme
100 22| 4 3 5 13 100 83
200 2| 4 1 5 1 200 216
300 1| 4 0 5 0 300 348

30 2| 8 0 7 0 30 5
40 6| 8 3 7 3 40 18
80 15| 8 4 7 4 80 52
100 22| 8 1 7 1 100 83
200 2| 8 0 7 0 200 216
300 1| 8 0 7 0 300 348
30 2|24 0 8 0 30 3)
40 6|24 0 8 0 40 18
80 15|24 8 8 3 80 52
100 22 | 24 0 8 0 100 83
200 2|24 0 8 0 200 216

3 METOI0 BU3HAUYECHHS HAWOUIbII 1HHOPMATUBHUX (3 TOUYKHU 30PY JOCTOBIPHOCTI
MPOTHO3YBaHHS TPUBAJIOTO 3MEHILIEHHST Onopy motociB 10 20 kOM 1 MeHIlIe) BETUYUH
KOHTPOJbOBAHUX IMapaMeTpiB, MOPAXyeEMO IMOBIPHICTh BHHUKHEHHS TPUBAJIOTO
3MEHIIIEHHS omnopy noitociB 10 20 kOM 1 MeHIIIe )1l pI3HUX BEJIMYMH CYKYITHOCTEH
KOHTPOJbOBAHUX MApPAMETPIB.

Pe3ynbpTaTn po3paxyHkiB HaBeeH1 B Tabnuii 2.3. B Tabauin 2.3 mokasaHi:

- imoBipHOCTI (P/) TpUBAJIOT0 3MEHIIIEHHS OMOpYy MOIFOCiB 10 20 KOM 1 MeHTIe
B 3aJIC)KHOCTI BiJ BETWYMHM 3MeHIIeHHs omnopy R1,,, . Bona Bu3Hauamace, sk
BIJIHOIIEHHS] KUIBKOCTI 3MEHIIEHb ONOpYy IMoJytoca (MpU MNEBHIA BEIUYHMHI LIBOTO
OTOpYy), SIK1 B MOAAJIBIIOMY MPHU3BEIH IO TPUBAJIOTO 3MEHIIECHHS OMOPY IMOJIOCIB 10
20 kOM 1 MeHIIIe, 710 3arajibHO1 KUIBKOCT1 TPUBAJIMX 3MEHIIEHb OMOPY MOdt0ciB 10 20

kOM 1 MEHIIIE;
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- iMoBipHOCTI (P2) TpUBaIOT0 3MEHIICHHS OMmopy MorociB 10 20 kOM 1 MeHTIIe
B 3aJICKHOCTI BiJl BEJIMUYMHU Yacy CIIOCTEpeKeHb. BOHM BU3HAYANIKCH, SIK BIHOIIEHHS
KUIBKOCTI 3MEHILICHb OMOpy Toyroca (MpU 3a MEBHUN Yac CIIOCTEPEk,EHb), SKI B
NOJIATBIIIOMY MPUBEIH A0 TPUBAIOT0 3MEHIIEHHS O1opy mnoutociB 10 20 kOM 1 MeH1iIe,
JI0 3arajibHO1 KUTBKOCTI TPUBAJIUX 3MEHIIIEHB OMOpy MotociB 10 20 kOM 1 MeHIIIe;

- iIMOBIpHOCTI (P3) TpUBaAJIOro 3MEHIIEHHS ONopy NoJitociB 10 20 kOM 1 MeHiIie
B 3aJICKHOCTI BiJI KUTBKOCTI (K) KOPOTKOYACHUX 3MEHIIIEHB OTIOpY 3a MEeBHUIT Yac. BoHn
BU3HAYAJIUCh, SK BIAHOLIEHHS KUIBKOCTI 3MEHIIEHb ONopy mosoca (Ipu TEeBHIN
KUIBKOCTI 3MEHUIEHb OMOpYy MOJIOCIB 3a MEBHUI 4Yac 10 MEBHOTO OMNOpY), [Kl B
MOIANTLIIIOMY MPUBEIIH 10 TPUBAJIOTO 3MEHIIIEHHS onopy norociB A0 20 kOwM 1 meHte,
JI0 3arajibHO1 KUTBKOCTI TPUBAJIUX 3MEHIIEHB OMopy MotociB 10 20 kOM 1 MeHIIIe;

- IMOBIpHOCTI (P4) TpUBAJIOr0o 3MEHIIEHHS ONopy noiitociB 10 20 kOM 1 MeHIle
B 3aJICKHOCTI BIJ] BEJIMYMHU 3MEHINEHHS omnopy R2,,, . BoHum Bu3Havamuch, sk
BIJIHOIIEHHS] KUIBKOCTI 3MEHIIEHb OMOpYy IMoJyitoca (MpU MEBHIA BEIMYMHI LBOTO
OTOpY), SIK1 B MOJIAJILIIOMY TIPUBEU A0 TPUBAJIOTO 3MEHIIIEHHS OMOPY MOJt0CiB 10 20
kKOM 1 MeHI1Ie, 10 3arajibHOi KUIBKOCTI KOPOTKOYaCHUX 3MEHIIEHb OMOpPY MOJI0Ca i€l
K BEJIMYMHHU Omopy (TOOTO O CyMapHOi KUIBKOCTI TaKuUX 3MEHIIEHb OIOopy, fKi
NPU3BOIWIIM B MalOyTHhOMY 70 3MeHIIeHb 20 kOM 1 MeHIe, pa3oM 3 KUIBKICTIO

3MEHIIIEHb OTIOPY, SIK1 He TPU3BOIWIN B MailOyTHbOMY 710 3MeHIIeHb 20 KOM 1 MeHIIIe)

Tabnuusg 2.3 — Pe3yabTaTi po3paxyHKiB IMOBIPHOCTEMN

Rl | P(RLuor) | T | P(T) k | P(K) R2101 | P(R210)
30 0042 1 0,52 05| 30 0,4
40| 0,125| 1|0,166667 | 2|0,166667 | 40 0,33
80| 0,313| 1|0,133333| 2|0,133333| 80 0,288
100 0,46 | 1/0,090909 | 2 |0,045455| 100 0,265
200 0,042 1 0|2 0| 200 0,01
300 002| 1 0|2 0| 300 0,0028
30| 0,042 2 054 05| 30 0,4




MPOJIOBXKEHHS Tadmuii 2.3.

Rlu: | PRLw:) | T | P(T) k | P(K) R2,0: | P(R2401)
40 0,125 | 2 05 4 05| 40 0,33
80 0,313 | 20,266667 | 4 | 0,266667 | 80 0,288
100 0,46 | 2|0,136364 | 4 | 0,045455 | 100 0,265
200 0,042 | 2 0|4 0| 200 0,01
300 0,02| 2 04 0| 300 0,0028
30 0,042 | 4 0|5 0| 30 0,4
40 0,125| 4|0,333333 | 5|0,333333| 40 0,33
80 0,313 | 4 045 04| 80 0,288
100 0,46 | 40,227273| 5|0,590909 | 100 0,265
200 0,042 | 4 055 0,5 200 0,01
300 002 4 1|5 1| 300 0,0028
30 0,042 | 8 0|7 0| 30 0,4
40 0,125| 8 0|7 0| 40 0,33
80 0,313 | 8 027 02| 80 0,288
100 0,46 | 8/0,181818| 7|0,181818 | 100 0,265
200 0,042 | 8 057 0,5 200 0,01
300 0,02| 8 0|7 0| 300 0,0028
30 0,042 | 24 0|8 0 30 0,4
40 0,125 | 24 0|8 0| 40 0,33
80 0,313 | 24 0|8 0| 80 0,288
100 0,46 | 24 | 0,363636 | 8 | 0,136364 | 100 0,265
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2.3 Bu3HaveHHs aHAJTITHYHUX 3aJIeKHOCTell iMoOBipHOCTeli 3MeHIIEeHb

OMOPiB Bil KOHTPOJILOBAHUX MApaMeTPiB

[lin yac o0OpoOKM pe3yJbTaTIB EKCHEPUMEHTAIbHUX JIOCHIKEHb YacTO

ONHUCYIOTh OTPUMAaHI

(EKCTIEpUMEHTAIBHUM  IIJISAXOM, HUISIXOM CIIOCTEPEIKEHbD )

TaOJIMYHI pe3yJIbTaTH, PIBHSAHHSAM. B OLIBIIIOCTI BHUIAIKIB Take PIBHSIHHS 3TJIAKYE
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eKCIIEpUMEHTaJIbHI JAaHl, TOOTO anmpoKcHUMYe iX. Tomy Jis MOOYI0BH JOCIIIKYBaHUX
3aKOHOMIPHOCTEH BHUKOPHCTAEMO MaTeMaTH4HI METOAM arpoKCUMallli TabIuYHUX
JAHUX, OTPUMAHUX €KCIEPUMEHTAIBHUM HUIsIXOM. OCHOBHE 3aBAaHHS anpoKCUMAIlil
— mobOynoBa HaOmMmWKeHO! (M0 ampokcuMmye) QYHKINT, sKa HAHOUIBII OJU3BKO
MIPOXOJIUTH HABKOJIO 33JJaHUX TOYOK a0b0 O 3a7aHO01 HeTepepBHO1 (HyHKIIIT
Arnpokcumaliist — npouec niadopy eMnipuiHoi PyHKIIi §(x) 11 BCTaHOBJIEHHS
3 CIOCTepeXeHb (YHKIIOHATBHOT 3ajexHocTi Y= Q(x). Emmipuuni dopmynu
BUKOPHUCTOBYIOTh JUIsl aHATITHYHOTO 300pa)XCHHsI TOCHITHUX JaHUX. Y MPOCTOMY
BUTIAAKY 3aBJIaHHS allPOKCUMAIlii eKCIEPUMEHTATBHHUX JaHUX BUTJISIA€ TAKUM YHHOM.
Hexait € nmesxi mani, oTpuMaHi TMPAKTUYHUM IHUISIXOM (B XOJlI €KCIIEPUMEHTY alo
CIIOCTEPEKEHHS ), SIK1 MO’KHA TIPEICTABUTH NTapamu uuced (X,Y). 3aJIeKHICTh M1 HUMU

BimoOpaxae Tabmurs 2.4.

Tabmuusg 2.4 — Jlani, oTpuMaHi €KCIIEpUMEHTAIbHUM HUISIXOM

Xi Xo X1 X2 . Xn
Yi Yo Y1 y2 : Yn

Ha ocHOBI 1ux naHuX moTpiOHO MifiOpaTy QyHKIi0 Y=(¢(X), Ska HaHKpaImum
YUHOM 3IJIaJKyBajla © eKCIepUMEHTAIbHY 3aJeKHICTh MK 3MIHHUMH 1 TIO
MOXJIMBOCTI TOYHO BiJoOpaxkana 3arajbHy TEHACHIIIO 3aJeKHOCTI MDK X 1 ),
BUKJIIOUAIOYM TOXUOKM BUMIPIOBaHb 1 BHUMAAKOBI BigxwieHHs. lle o3Haudae, 1o
BigxuiaeHHs Yi-g(Xi) Oynu 6 HAMEHIIUMHU.

3a3Bryail 3aBIaHHs AMPOKCUMAIIIT PO3KIAIa€ThCA HA JIB1 YACTUHMU:

1. CroyaTky BCTaHOBIIOIOTH BHJ 3ajexxHoCcTi Y=f(X) 1, BiAMOBIIHO BHI
eMIipU4HOi (QopMysH, TOOTO BHUPINIYIOTh, YA € BOHA JIIHIMHOI, KBaJIpPaTHYHOIO,
J0rapu(PMIYHOIO a00 AKO-HEOY b 1HIIOKO.

2. Ilicns upOro BH3HAYAIOTHCS YMCENbHI 3HAYEHHS HEBIJIOMUX MapameTpiB
BUOpaHOi eMmmipuyHoi (QopMysu, s SKUX HAOMKEHHS 10 3aJaHoi (QyHKIIT

BUABJIIACTHCA HaﬁKpaIHHM.
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Ichye 1 1HIIMIA MIAX1 10 pIICHHS 3ajadl anpokcuMarlii. SKiio Hemae sIKux-
HeOyb TEOPETUYHUX MIPKYBaHb I MaA00py Buay GopMyiu, 3a3BUYail BUOUPAIOTh
GyHKITIOHATBHY 3aJI€KHICTh 3 YHUCJIa HAMOUIBII MPOCTUX, MOPIBHIOKYH iX rpadiku 3
rpadikom 3amanoi GyHkmii [13. 14].

[Ticns BuOopy Buay (opmynu BuU3Ha4yaroTh i mapametpu. s Halkpamioro
BUOOPY MapaMeTpiB 3aJal0Th MIpy OJIU3BKOCTI ampOKCHUMAIll €KCIEPUMEHTAIbHUX
naHuX. Y Oaratbox BHIaJKax, ocoonuBo skmo ¢yHkiis f(X) 3amana rpadikom abo
Tabnuiero (Ha AUCKPETHIA MHOXMHI TOYOK), JIJIsi OLIHKK CTYINEHS HaOJIMKEHHS
po3risaaroTh pisHui f(X;)-g(Xi) 11 TOUOK Xo, X1 ..., Xn,

3BUYaifHE BHU3HAYEHHS TMapamMeTpiB TpPH BIAOMOMY BHJII  3aJI€KHOCTI
3MIHCHIOIOTH IO METOIy HalMEHIIHMX KBaapatiB. [Ipu 1iboMy dyHKIIist §(X) BBaXKA€ETHCS
HalikpamuM HaOmxkeHHsIM 110 f(X), sSKIo /i Hei cyma KBajapaTiB HeB's30k &=Ff(X;)-
g(xi) abo BimxmieHb ‘“‘TeopeTHUHUX~’ 3Ha4YeHb ((Xi), 3HAWIECHUX IO EMITIPUIHIN
dbopmyiti, BiJ BIANOBIIHUX JOCHIJIHMX 3HA4Y€Hb Yi, Ma€ HallMeHIe 3HA4YCHHS B

NOPIBHSHHI 3 IHIIUMHU (DYHKI[ISIMHU, 3 YUCHIA IKUX BUOMPAETHCA IIyKaHE HAOIM>KEHHS.
: 2
o= |f(x)-e(x) —>min, (2.10)
i=0

BuxopucroBytoun metonu AudepeHIliaibHOT0 YUCICHHS, METOJ HalMEHIIINX
KBaJIpaTiB (HOPMYJIIOE aHATITUYHI YMOBHU JIOCATHEHHSI CYMOIO KBAJpaTiB BIIXUJICHBb
(2.10) cBoro HaitMeHIIOr0 3HaYeHHsA. Tak, aKio GyHKiis §(X) MiJIKOM BU3HAYAETHCS
CBOIMHU MapaMeTpamu a, b, ¢ , TO Kpalll 3Ha4€HHS IUX MapaMeTpiB 3HAXOMAATHCS 3
BUPIILIECHHS CUCTEMH PiBHSHb.

Hanpukian, B mpocToMy BUMNAAKY, Ko (QyHKIS ¢(X) mpeactaBieHa JiHIHHUM

piBHSHHSIM Y=aX+D, cucrema Mae BUTIIS:
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a-Zn:xf +b-Zn:xi =Zn:xi -y,
|:1 i=1 i i=1 . (211)

a- Y x +b-n=>y,

i=1 i=1

3'scyBaTtul BUA QPYHKIIIT MOkHa a00 3 TEOPETUYHUX MIpKYBaHb, 400 aHANI3yIOUU
po3TamryBaHHS TOYOK (Xi, Yi) Ha KOOpAWHATHIN muomuHi. Hampukman, Hexad TOYKH
pO3TaIoBaHi Tak, sk mokasaHo Ha puc. 2.10.

BpaxoByroun Te, 10 MpakTUYHI JaHI OTPUMaHiI 3 JEAKOK TOXUOKOIO,
00yMOBJIEHOIO HETOYHICTIO BUMIPIOBaHb, HEOOXIAHICTIO OKPYTJEHHS PE3YJbTATIB 1
TaK Jajli, MOXKHA MPUITYCTHTH, 110 TYT Ma€ MICIe JIiHiiHa 3aexHicTh y=ax+b. 1106
(GYHKIS TpUHHSIA KOHKPETHUH BUTIISA, HEOOX1IHO MIEBHUM YHHOM OOYMCIHTH a 1 D.

Jliis 1bOro MOXHa po3B’si3atu cuctemy (2.11).

+*

X

Pucynox 2.10 — [lepmmmii BapiaHT po3TantyBaHHs €KCIIEPUMEHTAIbHUX TOYOK

PosramryBaHHS €KCHEPUMEHTAILHUX TOYOK y BUTJIAAI KpuBOi Ha puc. 2.11
TIOKAa3ye, 110 3aJICKHICTh 00EpHEHO MpornopiiliHa i pyHKIito §(X) moTpiOHO miadoupaTu
y Burisai y=a+b/x. Tyt Takok He0OXiTHO OOUYMCIUTH MapaMeTpH a i b.

TakuM 4yuHOM, PO3TAllyBaHHS €KCIEPUMEHTAIBHUX TOUOK MOKE MATH PI3HHM
BUTJISIT, 1 KOXKHOMY BijnoBifgae KoHKpeTHHi Tun ¢yHkii. [loOGymoBa emmipuyHOi
byHKII{ 3BOAUTHCS O OOYMCICHHS BXIJHUX B HEi mapameTpiB, Tak mob 31 BCiX
GyHKIIIH TaKOTO BUTIISIY BUOpPATH Ty, SIKa Kpalle 3a 1HIIUX OMUCYE 3aJICKHICTh MIXK

BEJIMYMHAMH, 10 BUBYAIOTHCS. TOOTO cyma KBajpaTiB PI3HULI MK TaOJIUYHUMU


http://www.tobgpi.ru/info/education/faculties/ffi/ito/programm/aproksimazia/1.2.files/image004.gif
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3HAYEHHSAMM (QYHKUII B AESKUX TOYKaX 1 3HAYEHHSAMHU, OOUUCIEHHUMH 32 OTPUMAHOIO

dbopmyIior0, MOBUHHA OyTH MiHIMaJIbHA.

25
24 #
15 1
-
1 1 *
.
05 1 *
0 . . : i MR
] 2 4 B 8 10 12

Pucynok 2.11 — Jlpyruii BapiaHT po3TaulyBaHHs €KCIIEPUMEHTAIbHUX TOYOK

3 MeTow aBTOMaTH3allii MPOIECy PO3PaxyHKIB BUKOPHUCTOBYIOTh PI3HI
nporpamui 3acoou, Hanpukiaaa, MathCad, MS Excel Ta inmii.

Y MS Excel anmpokcumariist eKCIEpUMEHTATBHUX JAHUX 3/IIHCHIOETHCS MUISIXOM
o0y 10BH iX rpadika (X — ysiBHI BEIMUYWHH ) 400 TOUYKOBOTO Ipadika (X — Ma€ KOHKPETH1
3HAYeHHs) 3 MOJAJIBIINM MiA00POM BIAMOBIAHOT ampokcuMyrouoi (yHkmii (JiHii
TpeHmaa). MoxJmiBl HAcTymHI BapiaHTd (yHkmii. JliHiiHa QyHKISE — y=ax+b.
3a3BU4ail 3aCTOCOBYETHCS B MPOCTUX BUIAJKaX, KOJMU EKCIEPUMEHTAIbHI JaHl
3pocTaloTh abo0 yOyBalOTh 3 MOCTIMHONW MmBHAKICTIO. [lomiHOMIiampHa —
y:ao+a1x+a2x2+.+anx”, JIe 10 IIOCTOr'0 MOPSAKY BKIIFOYHO (n §6), di— KOHCTAaHTH.
BukopucTtoByeThCs ISl ONUCY EKCIIEPUMEHTAIbHUX JAHUX, IO MOMNEPEMIHHO
3pocTatoTh 1 yOyBaroTh. CTymiHb MOJIHOMAa BU3HAYAETHCA KITBKICTIO €KCTPEMYMIB
(MakcuMyMiB a00 MiHIMyMiB) KpuBoi. [lomiHOM Apyroro crymneHs MOXXKHA OINUCATH
TIJIbKH OJJHUM MaKCUMyMOM a00 MIHIMYMOM, MTOJIIHOM TPETHOT'O CTYNEHS MOKE MaTH
OJIUH a0 JIBa €KCTPEMYMH, YETBEPTOTO CTYIICHS — HE OUIBIIE TPHOX EKCTPEMYMIB i
tak gani. Jlorapudmiuna 3anexHicte — y=a-ln(x)+b, ne a i b — xoncranTu, In —
¢GyHKLIsT HaTypanbHOro Jsorapu@ma. @DYHKIIA 3aCTOCOBYETbCA JUISI  OMHUCY
EKCIIEPUMEHTAIbHUX JaHUX, K1 CIOYATKY MIBUIKO 3pOCTAI0Th 400 YOyBalOTh, a MOTIM

IOCTYINOBO cTabOumizytorbes. CremeneBa — y=bwxa, A¢ a 1 D — KOHCTaHTH.
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ATpoKcHUMallisi CTENEHEBOIO (YHKITIEI0 BUKOPUCTOBYETHCS AJIsI €KCIIEPUMEHTATBHUX
JAHUX 3 MIBUJKICTIO POCTY, IO MOCTIMHO 30uIbIIyeThCs (b0 mo yOyBae). [laHi He
MOBMHHI MaTH HYJbOBHX a00 BiJl’€MHHX 3Ha4eHb. ExcrioHeHmansHa — y=b-e¢®, aib —
KOHCTaHTH, € — OCHOBa HATYpaJbHOTO Jiorapudma. 3acCTOCOBYETbCA Ui OMHCY
EKCIIEPUMEHTAIbHUX JIAHUX, SIK1 IMIBUIKO POCTYTh a00 yOYBarOTh, a MOTIM IMOCTYTIOBO
cTabuM3y0ThesA. YacTo 11 BUKOPUCTAHHS BUTIKAE 3 TEOPETUYHUX MIPKYBaHb.

Cryniap OMU3BKOCTI ampoKCHMallii E€KCIePUMEHTAIbHUX JaHUX BUOPaHOIO
(ynkuiero oniHeThea KoedinienTom aerepminanii (R?).

TakuM YMHOM, SIKILIO € JeKUIbKa BIANOBIAHUX BaplaHTIB TUIIIB allPOKCUMYIOUUX
dbyHKIii, MOXHa BHOpaTH (QYHKIIO 3 BEJIUKUM KOEQIIEHTOM JeTepMiHaIlii
(mpsimyrouum 110 1).

AmHanizyroun nani Tabnuii 2.3 6a4nmMo, 10 IMOBIPHICTH BIPHOT'O IPOTHO3YBAHHS
3MeHIIeHHs ornopy moioca A0 20 kOM B 3aJ€XHOCTI BiJ] BETUYUHU MOMEPETHHOTO
KOPOTKOYAaCHOTO 3MEHIICHHs I[bOTO OIMOpY Haraaye KpUBY HOPMAJIbHOTO 3aKOHY
pO3MoIiTy, TOMY BUKOpHCTaHHsS 3aco0iB MS Excel He mo3Boiise sIKiCHO BU3HAYUTH
AQHAJIITUYHUHA OMUC alPOKCUMYIOYOI 3aIeKHOCTI. 151 OUIBIT SAKICHOTO aHAIITHYHOTO

ornucy ckopuctaeMoch MoxkiauBocTsmu MathCad. otpumano piBasiaHS (2.12)

P1=-4.378e-3+8.233e-5-R1+2.649e-5-R12+7.003e-7-R13+2.143e-9 R1*-
-8.607e-11 R1° -4.431e-13 R1°+5.522¢-15R1’ . (2.12)

Ile piBHSHHS AO3BOJISIE BU3HAYUTH IMOBIpHICTH (P/) TpUBaJIOro 3MEHIICHHS
oropy moociB 10 20 kOM 1 MeHIIe B 3aJIKHOCTI BiJ] BEIMYMHU 3MEHIIECHHS OMOpPY
R1,,, . Bonu BU3HayanuCh, K BiIHOIICHHS KUIHLKOCTI 3MEHILIEHb OTIOPY MOJtoca (Mpu
MEBHIM BEIWYMHI IHOTO OIMOpPY), SAKIi B TMOAAIBIIOMY TPHBEIH JI0 TPHBAIOTO
3MEHIIEHHsI onopy mnojtociB 10 20 kOM 1 MeHIle, 10 3arajibHOi1 KUIBKOCTI TPUBAJIUX
3MEHILEeHb onopy noftociB A0 20 kKOM 1 MeH1e.

Amnani3 nanux 1a6:1.2.3, Bupasy 2.12 103BoSI0Th 3p0OUTH BUCHOBOK ITPO T€, 110
SKIIIO MaJId MICIIe TIONepeHI KOPOTKOYACHI 3MEHIIEHHS ONOPY MOI0ca OJIU3bKO 10

100 kOM, TO iIMOBIpHICTP BUHUKHEHHS B HAaHOMMKYIOMY MalOyTHbOMY TPHBAJIOTO
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3MEHIIICHHS onopy Toitoca 10 20 kOM € HalHO1IBIIIOK0 1 cTaHOBUTH 46%0.
AHanizytouu nani Tadimiii 2.3 6a4umMo, 110 IMOBIPHICTb BIPHOTO MMPOTHO3yBaHHS
3MeHIIeHHs omopy mnomoca a0 20 kOM B 3al€XKHOCTI BiJ TPUBAJIOCTI Yacy
cnoctepekerb (7) A BETUYUHU MONEPEIHHOT0 KOPOTKOYACHOTO 3MEHILIEHHS OTIOPY
nosroca 100 kOM Haragye KpuBY Jorapu@migHOTo 3aK0HYy po3noairy (puc.2.13).
Tomy Bukopucranus 3aco6iB MS Excel mo3Bomsie 3 cepeaHbOKBaIPATUIHOO
NOXUOKOI0, SKa HE MepeBuInye 3,67% BU3HAYUTH aHATITHYHUN OMUC aIPOKCUMYIOYOT

3aJIeKHOCTI 2.13

P2(T) 100 con = 0,092Ln(T) + 0,0927. (2.13)

0,45 - P2(T) = 0,092Ln(T) + 0,0927
0,4 R? = 0,9633
0,35
0,3 -
0,25
0,2 -
0,15
0,1 -
0,05
0 . . . . . .
0 5 10 15 20 25 30

T (roanH)

L

P2 (B.0.)

PucyHnok 2.12 — 3anexHicTh IMOBIPHOCTI BIDHOTO IIPOrHO3YBaHHS 3MEHILICHHS

ornopy nosttoca 0 20 kOM Bij TpUBAJIOCTI Yacy crioctepekersb (rpu R1=100 kOm)

Sk GaunMo 1A 3aJEXKHICTh € 3pocTtatouoro. Ha puc. 2.12 cuHiM mokaszaHa
eKCIIEpUMEHTAJIbHA 3aJICKHICTh, & YEPBOHMM alpOKCHMOBaHa KpWBA, OTpUMaHa 3a

BHpas3om 2.13.
[ToniGHUM nuIIXOM OYJIM OTpUMaHI1 3aJIeKHOCTI (puc.2.13) mis iHmMX onopis.,

Hanpukian st R/=30 kOm (Bupas 2.14):
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P2(T)30 con=--0.004395161+0.22459041861-7+0.18216471196 -7°>—
-0.06227893364-7°-0.056302320397*+0.00692750398 -7° -0.0004232207 -T°-
-0.00047277457-77+0.00001626184 -78+0.0000199899-7° . (2.14)

Ha puc. 2.14 mo3HadeHi IMOBIpHICTh BIPHOTO MPOTHO3YBAHHS 3MEHIICHHS
onopy noitoca 10 20 kOM: P2, ik Z — 1Sl eKCTIEpUMEHTATBHUX JTAaHUX (IIyHKTHpPHA
HiHisA), P20 , Ak Y1 - ans po3paxyHKOBUX JaHHX (CyILiIbHA YepBOHA JIiHIA), a
BEJIMYMHU Yacy croctepexens T, sk X1 ta X2 Bianosigno mist Z(X1) ta y1(X2).

Anamizyroun gaHi TaOnumi 2.3 Oaunmo, 1o imoBipHicTE (P3) BipHOTrO
IIPOTHO3YBAHHS TPUBAJIOTO 3MEHIIIEHHS omopy moiiroca 10 20 KOM B 3a1€KHOCTI BiJT
KibKocTi (K) KOpOTKOYaCHHMX 3MEHIICHb OMOpPY 3a NMEBHUH 4Yac Haraaye KpHUBY
HOPMAaJILHOT'O 3aKOHY PO3IO/IiTy, TOMY BUKOpHCcTaHHs 3aco0iB MS Excel He no3Bossie

SIKICHO BU3HAUUTH AaHATITUYHUN OMUC allPOKCUMYIOYO1 3aJI€KHOCTI.

04

n4r

1 1 1
=T —10 o 10 20
®1,%1

Pucynok 2.14 — 3anexHicTh IMOBIPHOCTI BIpHOT'O NMPOTHO3yBaHHS 3MEHILICHHS
onopy noitoca 10 20 kOM BiJl TpUBANOCTI Yacy crnocrepexensb (mpu R1=30 kOm)
Tomy ckopuctaemoch moxiauBoctssMu MathCad. B pesynbrari anmpokcumartii

OTpUMaHO PiBHAHHSA 2.15

P3(K) 100 xon =12.502-12.62248333333 k+4.232725 k*-0.06227893364 k*—
0.57181666667k*+0.026975 K°. (2.15)
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Sk 6a4MMO 1151 3aJICXKHICTh Ma€ MakcUMallbHe 3Ha4YeHHs ipu K=5, R/=100 kOm,
T=4 roauun.

Anamizyroun gaHi TaOnumi 2.3 Oaynmo, o iMoBipHICTE (P4) BipHOTO
IPOrHO3YBaHHS TPUBAJIOr0 3MEHIICHHs onopy mnoiroca 10 20 kOM B 3a1eXHOCTI Bij
BEJIMYMHU 3MCHIIICHHS onopy R2,,, criamae npu 3poctanti R2,,,. [Tpuaomy P4(R2,,,)
BU3HAYAJIACh, SIK BIJHOLIEHHSA KUIBKOCTI 3MEHILIEHb OINOpY IMoJitoca (Mpu MNEBHIN
BEJTUYHHI I[HOTO OTIOPY ), K1 B MOJATBIIIOMY TIPUBEIH JI0 TPUBAJIOTO 3MEHIIICHHS OTIOPY
nostociB A0 20 kOM 1 MeHile, 0 3arajibHOi KUTBKOCTI KOPOTKOYACHUX 3MEHIIICHb
OMopy MoJitoca A0 L€l )X BEIMYMHH OMOpPY (TOOTO 10 CyMapHOi KIIbKOCTI TaKUX
3MEHIIIEHb OTOpY, SIKI MPU3BOIWIN B MallOyTHhOMY 110 3MeHIIeHb 20 KOM 1 MeHile,
pa3oM 3 KUIBKICTIO 3MEHIIEHb OMNOpYy, SKI HE MPHU3BOIWIM B MallOyTHbOMY 10
3MmeHIeHb 20 kOM 1 MeHiue). L kpuBa Harajye KpuBy, siKa OIHUCYE MOJTIHOMIHAJIbHE
PiBHSHHS 1 TOMy BUKOopucTaemo 3acoom MS Excel mis Bu3HaueHHS aHaTITHYHOTO

OMKCY alPOKCUMYIOUOi 3aJ1€KHOCTI. B pe3ynbTati anpokcumariii OTpUuMaHoO PIBHSAHHS

2.16.

P4(R2,,,)=0,4873-0,0032 R2,0,+5E-06 R2,,.2. (2.16)

Ak GaunMo 1A 3aJIeKHICTh € cmagarouoro. Ha puc. 2.14 cuHiM mokaszaHa
eKCIIEpUMEHTaIbHA 3aJIEKHICTh, @ YEPBOHUM allPOKCHMOBaHAa KpWBa, OTpUMaHa 3a
BUpazom 2.12.

Matrour IMOBIPHOCTI MNPOTHO3YBaHHS 3MEHILIEHHSA ONOpYy 130JI1li MOJIIOCIB
BIJIHOCHO 3€MJI1 B 3aJIEKHOCTI B1Jl 3MIHU IO KO’)KHOMY 3 KOHTPOJIbOBaHHUX ITapaAMETPIB,
BU3HAYAEMO 3arajibHy BIPOTIIHICTh O€3MOMMJIKOBOIO TIPOTHO3yBaHHA Ps B

3aJIE)KHOCTI B1J] OJTHOYACHOTO BIUIUBY BCiX mapameTpiB (2.17)

P5(RLuoss Ty K, R20:)=P1(RLy0z) P2(T) - P3(K) P4(R2,0.). (2.17)
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0,45 -
04 y = SE-06x" - 0,0032x +0 4873
035 R? = 09569
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Pucynok 2.14 — 3anexHicTb IMOBIPHOCTI BIPHOT'O NMPOTHO3YBAHHS 3MEHIICHHS
onopy noroca 10 20 kKOM Bijl BEIMYWHU MOTIEPETHHOTO KOPOTKOYACHOTO 3MEHIIIEHHS

IILOTO OTIOPY

Pesynmbratt  po3paxyHKIB  3arajJibHOi  BIPOTIMHOCTI TPOTHO3YBaHHSI Yy
BIIMOBIAHOCTI 10 Tabmui 2.3 ta Bupasy (2.17) HaBeneHi B Tabuuii 2.5.

AHani3 gaHux Tabmnuui 2.5 CBIAYMTH IPO Te€, IO HASBHITH 5 KOPOTKOYACHUX
3MEHIIIEHb OTOPY IOJIOCIB BIIHOCHO 3eMJi, BenuurHOK 10 100 1 menme kOwM, sKi
3a¢iKCOBaH1 Ha MPOTS31 5 TOJUH, B MaOyTHbOMY MPU3BEAE 0 3MEHIIEHHS OIOpY
nosiroca 110 20 kOM 1 MeHIIe.

3 wMmeToro Bu3HaueHHS aHamTHYHOI 3amexHOCTi Ps=f(R1l,.,, T, K, RZ2..,)
ampOKCUMYEMO JaHi Tabmuil 2.5 KpUBOK, SIKa BIJIMOBIJA€ TOJIHOMIHATEHOMY

piBHSHHIO Ipyroi cremneHi (2.18)

=
3

Pe=2 N ]| X" (2.18)

ne N — koeditienTy nepes oaaTkaMu, N — KIIBKICTh 10AaTKIB, X1 =R1,,,, X2
=T, X3 =K, X4 =R2,,;,, M — KIbKicTh aprymeHnTiB (M=4), B — MoKa3HKK CTEIEHI KOXKHOI'O

apryMeHTy B KO)KHOMY JOJATKY.
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Jlst Bu3HaUeHHs KuibkocTi N, BenuuuH N ta B ckopucraemock mporpamoro, sika
npaiitoe B cepenonuin MathCad.

3 ypaxyBaHHSM JIaHMX, sIKI HaBeJeH1 B Tabmuii 3.6, Bupas 3.18 zanummmo y
Bursiai 2.19

P>=(-0.0000000371-R1,,,R2,0:) + 0.0000004926 T R2,,, +
+(-0.000000574 k R2,,,)++ (-0.0000000371R2,,,) + 0.0000102602R2,,, +
+(-0.000000574 R1,,.K) --0.0009760619-T k + (-0.0004285026 k?) + 0.0058791808 k
+ .0000004926 R1,,, T+ (-0.0000203018-T?) + 0.0028419419-T +
+ (-0.0051634684 1)+ 0.0000102602 R1,,, + (-0.0000000371 R1,,.%) (2.19)

Ta6muis 2.5 — Pe3ynbpTaTi po3paxyHKiB 3arajibHOi IMOBIPHOCTI MPOTHO3YBaHHS

R1,0:, kOMm T, 2c00un K, wmyx R2,01, KOM Ps, s.0.
30 1 2 30 0,0042
40 1 2 40 0,001157
80 1 2 80 0,001523
100 1 2 100 0,000499
200 1 2 200 0
300 1 2 300 0
30 2 4 30 0,0042
40 2 4 40 0,010313
80 2 4 80 0,004687
100 2 4 100 0,000762
200 2 4 200 0
300 2 4 300 0
30 4 5 30 0
40 4 5 40 0,004492
80 4 5 80 0,009141




MPOJAOBXKEHHS 2.5

54

R1,01, kOm T, co0un K, wmyx R2,01, kOm Ps, s.0.
100 4 5 100 0,016326
200 4 5 200 0,000105
300 4 5 300 0,000056
30 8 7 30 0
40 8 7 40 0
80 8 7 80 0,00649
100 8 7 100 0,007055
200 8 7 200 0,000105
300 8 7 300 0
30 24 8 30 0
40 24 8 40 0
80 24 8 80 0
100 24 8 100 0,006035
200 24 8 200 0
300 24 8 300 0

Pesynbrati po3paxyHky koedimieHTiB piBHSIHHS (2.18) Ta MOKa3HUKIB CTETICHI

KOXHOTO apryMEHTY B KO’)KHOMY JIOAATKy — HaBeJIeH1 B Ta0nuili 2.6.

Tabmuis 2.6 — Pe3ynbpraTi po3paxyHKy mapameTpiB piBHsIHHS (2.18)

No [Toxa3HUKH CTEIEHI MPU apTryMeHTaxX Koeditientu
JOJTATKy R1,.0x T k R2,... nepes 101aTkaMu

1 1 0 0 1 -0.0000000371

2 0 1 0 1 0.0000004926

3 0 0 1 1 -0.000000574

4 0 0 0 2 -0.0000000371
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3) 0 0 0 1 0.0000102602
IIPOJIOBXKEHHS Ta0J1.2.6
No [Toka3HMKHU cTeNeH1 Tpu apryMeHTax Koeditientu
JIOJTATKy R1,.x T k R2,.. nepes J101aTKaMu
6 1 0 1 0 -0.000000574
7 0 1 1 0 -0.0009760619
8 0 0 2 0 -0.0004285026
9 0 0 1 0 0.0058791808
10 1 1 0 0 0.0000004926
11 0 2 0 0 -0.0000203018
12 0 1 0 0 0.0028419419
13 0 0 0 0 -0.0051634684
14 1 0 0 0 0.0000102602
15 2 0 0 0 -0.0000000371

3H&XOI[>KCHHH OIITUMAJIBHUX HapaMeTpiB KOHTPOJIIO ITIOKAa3aHO B JOAATKY B.

BucHoBku no posuiny 2

TpuBasiMM 3MEHIIEHHSIM OIOPY 13011 MOJ0Ca MEpeXi ONepaTUBHOIO

MOCTIHOTO CTPYyMY MEPEayIOTh KOPOTKOYACHI 3MEHIIICHHS IIbOTO OTOpPY.

KopoTkouacHi 3MeHIIeHHs 0nopy HoJitoca BiHOCHO 3eMJi 10 100 kOM 1 meHIe

MOXYTh OYTH O3HAKOI CTIMKOrO0 3MEHIIEHHS 1boro onopy a0 20 kOM 1 mMeHuIe B

MaiiOyTHbOMY.

SIKIIIO KITBKICTh KOPOTKOYACHUX (MEHIIIEe | XBWJIMHM) 3MEHIIIEHb OMOPY MOJI0ca

BimtHOCHO 3emuti 10 100 kOm 1 meHmie Oyie He MeHIe 3 pa3iB Ha MPOTA31 HE OLIbIIE 6

TOJIMH, TO IMOBIPHICTh MMPOTHO3YBAHHSI CTIMKOTO 3MEHILIEHH LIbOro onopy 10 20 kOm

1 MeHIlIe B MallOyTHROMY (Ha paHHil cTajii po3BUTKY AedekTy) Oyje HalO1IbII00
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3 3ACOBHU KOHTPOJIIO I30JIALII MEPEK OIIEPATUBHOI'O IIC

3.1 CrpykrypHa cXeMHM MPHCTPOI0 3arajbHOMEpPEeKEeBOr0 KOHTPOJIIO
i3oaamii

PesynbraTtu qociikeHb MPOBEACHUX B PO3JAUIL 2 CBiIYaTh MPO HEOOXIAHICTh
CTBOPEHHS IIPUCTPOIO 3aralbHOMEPEKEBOT0 KOHTPOJIIO 130JIA111T MEpEeXk OTepaTUBHOTO
MOCTIHHOTO CTPYMY €JIEKTPUYHUX CTaHIIIH 1 MiICTaHIIN 3 METOI0 (piKcallli 3aMKHEHb
MOJTFOCIB IIMX MEPEeX Ha 3eMJII0 (a B MOJAJBIIOMY 1 BUSBIECHHS MICI[h 3 TOT1PIISHOIO
130JIA111€10) HA PaHHIN CTalii pO3BUTKY JIePEKTY.

Po3po0OmtoBanuii mpucTpiii 3arajgbHOMepexeBoro kKoHTposo i3ossmii (ITKI-2)
Ma€ 3iMCHIOBATH Oe3NepepBHUN MOHITOPHUHI CTaHy 130JIA1ii TIOJIOCIB MeEpexi
onepaTuBHOro mnoctiiHoro crpymy. IIKI-2 He 3amiHIOE, a JOMOBHIOE B1AOMUI
npuctpiii  YKI-1. Ha Biaminy Bin icHyrodoro, IIKI-2 go3Bomsie BusBisTH
KOPOTKOYACHI, TPUBAIICTIO HE OuIblle | XBUIMHU, 3MEHILIEHHS OMOPY MO3UTHUBHOIO,
a6o HeratuBHOTrO nojtociB OIIC, npucTporo 3araJabHOMEPEKEBOT0 KOHTPOJIIO 130JIALI1].

[Mpuctpiii ITIKI-2 mnpuennyerbes no wepexi OIIC wanpyrowo 220 B
(MO3UTHUBHOTO 1 HETAaTUBHOTO TIOIOCIB, a Takoxk 110 Mepexi 220 B, 50 I't 3miHHOTO
CTPyMY, Ma€ MPUETHAHHSA 0 IPUCTPOIO 3a3EMIICHHS).

Onip Bxigaux BumiptoBanbHux Kim [IKI-2 (Mixk KOXHUM 3 BXIJIHUX
BHUMIPIOBAJIbHUX KaHAMIB 1 3eMJjiet0) — He MeHie 1| MOwm.

Omip Bxigaux BuMiproBanbHUX Kia [IKI-2 (MDX BXiZTHUMH BUMIpIOBaJILHUMU
KaHasaMu) — He MeHie 1 MOwm.

Onip 1305111 BxigHuX BuMiproBanbHuX Kij OIIC — He menme 1 MOwm.

Omip 13ossmii ki xxusierHs 220B, 50 I'n — ve menmme 1 MOw.

[lpunan npusHadeHuil [y poOOTH B  3aKPUTUX MPUMILMICHHSAX MPU
temriepatypax Big -5°C g0 + -50 °C 1 Bonorocti He Oinbiie 85%.

[TpucTpiii moBuHEH MaTH BOYTI0BaHWH €IEKTPOHHUHN TOTMHHHUK PEATHHOTO Yacy.

[Ipunazg pearye Ha KOPOTKOYACH1 3MEHIIIEHHS OIMOPY MOJIF0CA BIAHOCHO 3eMJI1 JI0

100 kOM 1 MeHI1IEe Ta 3anaM’ITOBY€ JIaTy 1 4aCc TaKUX 3MEHILEHb.
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SIKI110 KUIBKICTh KOPOTKOYACHUX (MEHIIIE | XBUIMHU) 3MEHILIEHb OMOPY MOJII0Ca
BimHOCHO 3eMui 70 100 kOm 1 MeHIne Oyjae He MeHIne 3 pa3iB Ha MPOTA31 HE
O1sbIIe 6 TOAWH, TO B MPUJIAAl 3aCBITUTHCS CBITJIO J10J] Ta 3aMKHYThCS KOHTaKTH
BUXIJTHOTO peJie, AKi 3a/isHI B KOJaX 3ByKOBOT CHTHAJII3aIli1 OMepaTUBHOTO TIEPCOHATY
CICKTPUYHUX CTAHIIIHA Ta IMICTAHITIH.

[Ipunan 103BOJSIE OTPUMATH PETPOCIEKTUBHY 1H(OpPMALII0 NPO BHIBICHHI
paHilie BUNAJAKU 3MEHIIEeHHd onopy nogrociB mepexi OIIC BigHocHO 3emun. Taka
iHpopmarliss MOTpiOHA ONEpaTUBHOMY TIEPCOHANY €JIEKTPUYHUX CTaHUIA Ta
M1JICTaHIII}.

Po3poOka mpHUCTPOIB KOHTPOIIO, PEJICHHOT0 3aXHCTy Ta aBTOMATHUKHU
MOYUHAETHCA 3 PO3POOKH IX CTPYKTYPHUX CXEM.

Ha cTpykTypHuX cxemax NOKa3ylThCsl 300pa’k€HHS 3arajibHOI CTPYKTYpH
npUCTpOiB 0€3 BUIJICHHS OKPEMHUX €JEMEHTIB Ta IHIMMUX arapaTiB. Bonu He 3a
JIOTIOMOTOI0 YITKO BU3HAYEHUX YMOBHUX IMO3HA4Y€Hb, a Y BUIJISII LIJIUX BY3JiB a00
OpraHiB MPUCTPOIO Ta B3AEMHUX 3B’SI3KIB MK HUMH. By3nu 1 opranu, 3a3Buyap,
MOKAa3YyIOThCSl MPAMOKYTHHKAMHU, B SIKHX PO3TAlIOBYIOTHCS HAAMUCH a00 YMOBHI
1HJIEKCH, SIK1 MOSCHIOIOTH MPU3HAYEHHS JAHOTO By3ia abo oprana. s 300paxeHHs
CTPYKTYPHUX CXE€M BUKOPHUCTOBYIOTh TAKO YMOBHI ITO3HAYEHHS JIOTIYHUX E€JIEMEHTIB
[15].

CrpyxkrypHa cxema [IKI-2 noka3ana Ha puc.3.1.

O3HaKOI0 CHOTO/ICHHS € T€, 0 OUTBIIICTD (PipM BUPOOHUKIB YCTATKYBAHHS JIS
KOHTPOJIFO  MMapaMeTpiB  BIANOBIAAIBHOTO  €JIEKTpUYHOro obnagHanHsa P3A
OPUNUHSIOTh BHUIYCK €JIEKTPOMEXAHIYHMX BHUMIPIOBAIbHUX MPWIAIB, peie 1
IPHUCTPOIB 1 MEPEXOAATh Ha IU(PPOBY eleMeHTHY 0a3y [15].

[Tepexin HAa HOBY €JIEeMEHTHY 0a3y HE IPU3BOJAUTH JI0 3MIHU MPUHIUIIB PoOOTH
IPWIAIIB KOHTPOJIIO, PEICHHOr0 3aXHWCTy 1 CJIEKTPUYHOI aBTOMATHUKH, a TUIbKH
pO3MMPIOE iX (YHKIIOHATBbHI MOXJIMBOCTI, CHOPOUIY€E EKCIUTyaTalilo 1 3HUXKYE Il
BapTicTh. CaMe 3 IUX NPUYMH MIKPOIPOLIECOPHI MPUCTPOI AyXKe IMIBUAKO 3aiiMaroTh
MICII€ 3aCTapIIuX EJNEeKTPOMEXAHIYHUX 1 MIKPOEJIEKTPOHHUX MPHIIAJIB KOHTPOIIIO,

peine i aBTromatuku [16].
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OCHOBHI XapaKTEpPUCTHUKU MIKPONPOLUECOPHUX MPHUCTPOIB KOHTPOJIO BHILI, HIK Y
MIKPOEJICKTPOHHUX, @ TUM O1JIbIIIe eJIeKTpOMeXaHIdHuX. Tak, MOTY>KHICTh, CIIO’KUBaHa
B1Jl BUMIPIOBAJILHUX TpaHC(POPMATOPIB CTPYMY 1 HAIIPYTH, 3HAXOIUTHCS Ha piBHI 0,1—
0,5 BA, amapatHa mnoxmbka — B wMexax 2—5%, KoOe]iIlieHT TOBEpHEHHS
BUMIPIOBAJIBHUX OpPraHiB peyielHoro 3axucty ckiamgae 0,96—0,97. bigbmricts dipm
BUPOOHMKIB YCTAaTKyBaHHS KOHTPOJIIO TPHUIHUHSIIOTH BHUITYCK EJICKTPOMEXaHIYHUX

MIPUCTPOIB 1 TEPEXOATh HA ITU(PPOBY €IIEMEHTHY 0a3y.

Tomy crBOproBaHUM mpUCTpil Oyne MIKPONPOLUECOPHUM HPUCTPOEM.

[TpormoHyeMO CTPYKTYpHY CXeMy MPHUCTPOIO, sKa Moka3aHa Ha puc. 3.1.

3.2 Po3poOka eJeKTPUYHUX NPHHUMIIOBHX CXeM MOAYJIB IPHUCTPOIO
3arajibHOMepeKeBOro KOHTPOJIIO 130/ il

Bubupaemo mikpo kontponep tumy AVR. IlikaBo, mo cucrema KomaHj i
BHYTpilIHs noOyaosa yiniB AVR po3pobisnucs cnisbHo 3 dipmoro IAR Systems -
BUPOOHMKOM KOMITUIATOPiB MOB IiporpamyBaHHs C/C++, mo 3a0e3ne4mniio yHIKaJlbHi
XapaKTePUCTUKHU IIUX MIKPOKOHTpojepiB. B pesynbrati angs AVR crano MOXKIMBUM
OJIepKyBaTH BUCOKY IIUIBHICTh KOJy MPH BUKOPUCTAHHI MOB BHCOKOI'O piBHS,
NPAKTUYHO HE BTPAayalOud B MPOAYKTUBHOCTI B TOPIBHSHHI 3 TIPOrpaMamH,
HANMCaHWMU Ha HU3bKO piBHEBIN MOB1 AcemOnepa.

Mixkpokontponepu AVR pospobiieni pipmoro Atmel i MaroTh HacTyITHI OCHOBHI
XapaKTePUCTHUKU:
- nayxe mBuaka rapBapicbka RISC-apxitexktypa 3aBaHTaXKeHHS 1 BHKOHAHHS
OUIBIIOCT] THCTPYKIIM MNPOTATOM OJHOTO LMKy TaKTOBOro reHeparopa. Ilpu npomy
JOCSTAEThCSA MBHUAKICTh poOoTH mpubau3Ho 1 MIPS na 1 MI'. Yactora TakTOBOTO
reHeparopa 6ararbox THUMIB MikpokoHTpojepiB AVR moxe pocsratu 10... 16 MI'g
(10... 16 MIPS) (MIPS - Millions Instructions per Second - MiibiioHIB oreparliii B
CeKyHIy). BincyTHe BHyTpilIHE IUIEHHS 4YacTOTH, $IK, HalpuKIal, B

MikpokoHTposiepax PIC. Takum 4YHMHOM, SKIIO BUKOPUCTOBYETHCS KBApLIOBUUI
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pe3oHaTop 3 yactororo 16 MI'n, To MikpoKOHTpoJiep Mpaltoe 31 MBUAKOAIEI MalixKe
16 MIPS;

Tomy Bubupaemo AVR mikpokontponep Ty ATMEGASS15 dipmu Atmel.

EnexkTpryHa NpUHIMIIOBA cXeMa IMIIKIIOYSHHS IIHOI0 MIKPOKOHTpOJIEpa IMOKa3aHa Ha

pUCyHKY 3.2.
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Pucynok 3.1 — CtpykrypHa cxema npuctpoto I11KI-2 3araasHomepeskeBoro

KOHTpOJIt0 1305151111 Mepex OI1C

JIst po3aUIeHHsT yHIBEpCAIBHOI MIMHM aIpec 1 JaHUX Ha MIWHY JaHUX 1 ITUHY
azpec BUKOpUCTOBYeMO perictp 3amiinky 74HC273. Cxema MiIKIIOYEHHS pericTpa

samrinku 74HC273 noka3zana Ha puc. 3.3.
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Pucynok 3.2 — Cxema miakmoueHHss AVR  MikpokoHTpoJsiepa THUIY
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Pucynoxk 3.3 — Cxema miakmrodeHHs perictpa 3amniinku /4HC273

[Ipu yBimkHeHi npuctpoto [1KI-2 nounnae npairoBaTu nporpaMma MOHITOPUHTY
cknagoBux enemeHtiB [IKI-2 Ta BximHux mnoprtiB. BoHa 3amucana B perictpax
MIKpOCXEeMH TiepenporpamoByBaHoro mpuctporo nam’sari EEPROM HIN232CB.

Cxema miakmoueHHs HIN232CB nokasana Ha puc.3.4.
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Pucynok 3.4 — Cxema miaxirodeHHst Mmikpocxemu nam’siti EEPROM

HIN232CB

[Tix gvac pobotn oTpumaHna iHopMaIlis Mpo AaTy 1 Yac 3aMUKaHb TOJI0Ca Ha

3eMUITIO 30€pIraeThCs B pericTpax MiKpOCXEeMH €HeProHe3aJIeyKHOI ImaM’SITi 3 TOBUIBHUM

noctynom M48T35AV (NVRAM — Non Volable Random Acces Memory). Cxema

nigkmoueHas M48T35AV noxkasana Ha puc.3.5.
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Pucynok 3.5 — Cxema miakmtoueHHst mikpocxemu mnam’sti NVRAM

M48T35AV

JIJisi yHUKHEHHSI TOMUJIKOBUX cripaiiboByBanb [1KI-2 B pasi BTpatu >kuBICHHS
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BUKOPUCTOBYEMO MIKPOCXEMY CYIIEpPBI30pa JKUBJICHHA, SIKa BUPOOJSE CUTHAI
MIKPOKOHTpPOJIEPY Uisi OJOKYBaHHS HOro pobotu. CxeMa MiJIKJII0UeHHSI MIKPOCXEMU

cynepsizopa xxupieHHss ADM705 nokaszana Ha puc. 3.6.
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fstD *}wp1| = [wooy—*
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Pucynok 3.6 — Cxema niAKII0YEHHS! MIKPOCXEMH CYIIEPBI30pa KUBICHHS

ADM?705

Jlnist y3romkeHHs piBHiB BXigaux Hanpyr [1KI-2 3 MakcuMaibHOO JOMTYyCTHMOIO
HATPYTOI0 aHAIOTO-IIM(POBOTO MEPETBOPIOBaYa MIKPOKOHTPOJIEpa BUKOPHUCTOBYEMO
Mikpocxemy  kommapatopiB  LM393M. Cxema mOiAKIIOYEHHS  MIKPOCXEMH
KOMIIapaTopa peryisTopa piBHs BxiaHoi Hanpyru B kanaii ALIT (LM393M) nokazana

Ha puc. 3.7.
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Pucynox 3.7 — Cxema miakimrodeHHs: Mikpocxemu kommnaparopa LM393M

s 3axucty mikpocxem I[IKI-2 Bij mMOBUIBHUX 1 KOPOTKOYACHUX KOJUBAaHb
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HAIpPYT >KUBJIEHHS BUKOPUCTOBYEMO €MHICHI Ta 1HAYKTUBHO-€EMHICHI (Q1IbTpHU. CXeMH

GITBTPIB B KOJIAX KUBJICHHS pi3HUX MikpocxeM npuiany [1KI-2 mokasani Ha puc. 3.8.
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Pucynok 3.8 — Cxemu (pi1bTpiB B KOJIaX KUBJICHHS PI3HUX MIKPOCXEM MPHIIA Ty

[1KI-2
3aranpHa enekTpuvHa nmpuHIUnoBa cxema npuiaay [1KI-2 nokazana Ha puc. 3.9.
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Pucynok 3.9 — 3aranpHa enexkTpuuHa npuHIKOBa cxema npunaay [1KI-2
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7 1

3unTyBaHHSA gaTtu i 4acy
3 rOOUHHKKA pearnbHOoro Yyacy

BuKkOHaHHA kOMaHOW CkaHyBaHHS
nopTiB BBEAEHHS/BMBEAEHHS
B

Mepenava pesynbTaTie oo EOM

Pucynok 3.10 — biok-cxema anroputMmy mporpaMmu MiKpOKOHTpoJiepa

3.3 Ilporpamue 3a6e3neuenHs npucrtpoio IKI-2

Po3pobnenuit npuctpiii [IKI-2 mnpamtoe y BIANOBIAHOCTI A0 aJITOPUTMY
nmporpamu, 0J0K-cXema SKOro, nmokasana Ha puc.3.10.

[Iporpama, ska BIANOBIAA€ I[bOMY aJIrOPUTMYy HalMCaHAa Ha MOBI
nporpamyBaHHs AcemoOiuep Ui MikpokoHTposiepa Atmel 8515. Llg mporpama mae
HACTYITHUU TEKCT.

Jis 3uutyBanHs ganux 3 [IKI-2 nmpo yac i KUIBKICTh CpallbOBYBaHb I[LOTO
IPUCTPOIO, TIepeI0aueH0 BUKOPUCTAHHS repeHocHoro komm ' rorepa (Notebook). [Tns
BOro po3po0iieHa mporpama, sika Ipalloe B CEPENOBUILl OINEpaliiiHoOi cucTeMu
Windows XP (Bukonysanwuii daitn DCIsoCtrl.exe). [TocainoBHIiCTh niii, ipu poOOTI 3

3 Mporpamoro Mmoka3ana Ha puc. 3.11 — 3.17.
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Pucynok 3.12 — ['onoBHa cTopiHKa nporpamu
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Pucynox 3.13 — Biakputts paniiie 30epexxeHoro Qaitny
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L2 iacyTHi 35
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BHKOHEATE HACTYMHI A

1, BHMEHITE *#HENEHHA NPHANaAa,

Z. NepeEipTe s'€aHYEanEHHA Kabens,
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E I_lpDLIHTaTM PESYNETATH 4, JauekanTe 5 CceKyHA,

5. MOETORITE HEEHKOHAHY KOMaHAY.
{..I} CHHXPOHIZYESTH
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Pucynox 3.14 — [lomuika 3unTyBaHHS JaHUX NMPU BUMKHEHOMY >KHBIICHHI
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Pucynok 3.15 — HanamryBanus mapametpiB mnepemadi ganux Big [IKI-2 no
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Pucynok 3.16 — Innukanis ganux, 3anmucanux B NVRAM TIKI-2, Ha ekpani

‘ A1.0510727:10:18

EOM
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3HI cpakn
KRMTH chakin

Pucynok 3.17 — 3akiH4eHHs poOOTH 3 TPOrPaMOI0
Ha ocHoBi po3po6ienoi enektpuunoi npunmumnoBoi cxemu [1KI-2 6yB

PO3p00JICHU 30BHINIHIN BUTJISA 1IbOTO npuiiany (puc.3.18).

BucHoBku 10 po3ainy 3

Po3pobnena Ha MoBi AcemOiiepa mporpama JUisi  MIKPOKOHTpoJiepa
ATMEGA®8515 3a6e3neuye pyHkuionyBanHs npuctpoto [1KI-2.

Po3po6rnena nmporpama PROGRAM 3a6e3neuye 3untyBands ganux 3 [IKI-2 B

nam’s1Te [IEOM 1t moganbeimoro ix aHamisy.

HNara f yvac nomii: SaKpeITE
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4 OXOPOHA MPAIII TA BE3IIEKA B HAJI3BUYAHHUX
CUTYALIAX

4.1 3agaui po3ainy

BpaxoByrouu Te, 1110 JUIsl MiHIMI3allls pU3UKY TPO(eCciiiHOro 3aXBOPIOBAHHS Ta
TpaBMaTU3My TPAIIBHUKIB 10 3alMarOThCd NUTAHHSAMHU EKCIUTyaTaiii Mepex
OTIEPAaTUBHOTO TIOCTIHHOTO CTPYMY BHMAara€ BHPIIIEHHS ITLJIOT0 KOMILJICKCY MUTAaHb 3
OXOPOHHM TIparlli, ToMy c(hOpMyJIFOEMO OCHOBHI 3a/1adi OXOpOHH Iparii 3a TeMoro MKP:

1. IlpoBectu aHami3 ymoOB Tpalll MNP BHUKOHaHHI poOIT, MOB’SA3aHUX 3
TIarHOCTUKOIO ~ cucteM  omepatuBHoro IIC, ski  mpamoroTh y  ckiaal
€JIEKTPOCHEPTETUYHOI CUCTEMH Y KpaiHU

2. Po3pobutu oprasizamiiiHO-TEXHIYHI PIIIEHHS 3 OXOPOHU TMpall IpHu
eKCIUTyaTallli pejieHOro 3axucTy MmijcTaHuii postramoBaHomy Ha BPII 330 xB.
Po3paxyBaTu mapameTpu 3a3eMITI0040TO IPUCTpOro Jytst migctaniii 330 kB.

3. Busnauutu obnacti mparne3aatHocti enektpuuHoi mifacradmii 330 kB B
yMoBax Jii 3arpo3inuBux unHHUKIB HC.

Koxna moguHa B YKpaiHi Mae mpaBo Ha OXOpOHY mparil. ['apaHTii mpaB Ha
OXOpPOHY TIpaIli MOYMHAOTHCS BXKE 3 MOMEHTY OOTOBOPEHHS Ta yKJIaJAaHHS TPYAOBOi
YIOJ, OCKUIbKK 3rigHO cT. 5 3akoHy «IIpo oxopoHy mpari» yMOBH TpPYAOBOTO
JIOTOBOPY HE MOXYTb MICTUTH TOJIOXEHb, IO CylepedyaTb 3aKOHAM Ta 1HIIUM
HITAOII. TIlig wyac ykJIamaHHsS TPYAOBOrO JOTOBOPY poOOTOAaBellb IOBHUHEH
npoiHGOopMyBaTH TMpaIliBHUKA i PO3MHUCKY MPO YMOBH Mpalli Ta MPO HASBHICTH HA
roro poboyomy Mmiclii HeOE3MEeUHUX 1 IIKIJIMBUX BUPOOHUUUX (DAKTOPIB, SK1 IIe HE
YCYHYTO, MOXJIMBI HACJIIJIKM iX BIUIMBY Na 370pOB'S Ta MpO MpaBa IMpaliBHUKA Ha
NJIBIY 1 KOMIIEHCali 32 poO0Ty B TAKMX YMOBaX.

[IpamiBHUKY HE MOXKE TPOITOHYBATHCS Po0OOTa, sIKa 32 MEIUYHUM BHCHOBKOM
NPOTUIIOKAa3aHa HWOMYy 3a cTaHoM 3710poB's. Jlo BUKOHaHHS poOU MMiABUIIEHOT
HeOe3MeKH Ta THX, 110 MOTpeOyoTh mpodeciitHoro 1060py, NOMyCKalOThcsi 0co0u 3a

HAsIBHOCTI BUCHOBKY MCHXO0(1310JI0TTYHOI €KCIIEPTU3H.
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B npumimenni € HeOe3meuyHl 1 MIKiAAWBI BUpoOHWY1 (akTtopu. BimHocHO
HACTYMHUX 3 HUX B MTPOEKTI MependadyeHi pIleHHs 3 OXOPOHH Mpalli:

®di3uuHi:

-HeOe3MeYHN PIBEHb HANPYTH B €JIEKTPUYHIN Mepexi, 3aMUKaHHS SKOi MOXKe
MPOUTH Yepe3 TIO JII0IUHM;

-migBUIIeHa a00 3HIKEHA BITHOCHA BOJIOTICTh MOBITPS,

-M1IBUIIIEHA a00 3HMKEHA TeMIIeparypa MoBiTpsi poO0Yoi 30HH;

- IBUIIIEHA a00 3HUKEHA IMBUAKICTh PYXY IMOBITPA.

- ABUIIIEHA 3aIUJICHICTh TIOBITPS B poOOUiii 30Hi;

-HEJIOCTaTHS OCBITJIEHICTh pOO0YOI 30HHU;

-HeJ0cTavya MPUPOIHOTO CBITIIA,

[Tcuxodizionoriuni:

-cTaTU4H1 (PO3yMOBE HaIPY>KEHHs, NIepeHanpyra aHajii3aTopiB, MOHOTOHHICTb

mparii, EeMOIIIHI IEepEeBaHTAXKCHHS ).

4.2 TexHiuHi pimeHHsi 3 6e3MeYHOI eKkcIyaTailii 00’ ekTa

Excrutyarariisi eekTpudHOTO 00JaJHAHHS BUCYBA€E PsiJl CICU(PIIHUX BUMOT 3
OXOPOHH Tpalli sIK Ipu podoTi 3 HuM [17].

Jlnst po3poOKH pilIeHs 3 OXOPOHU Mpalll MPU €IEKTPUUYHOMY MOHTaX1 CUCETM
OTIEPAaTUBHHOT'O TOCTIHHOTO CTpyMy OyJiM mpoaHajizoBaHi JlepaBH1 CTaHIapTH
peleiiHOrO 3axHMcTy Ta aBTOMaTHMKU Ykpainum (tadm. 4.1). Ta TamyseBi kepiBHI
JOKYMEHTH:

I'’IK 34.20.507 — 2003 TexHiuHa eKCIUTyaTarlis eJICKTPUYHUX CTAHIIIN 1 MEpEeXK.
[IpaBuna: OO’eqHaHHS €HEpreTUYHUX MmiAnNpueMcTB "l'amy3eBuil  pe3epBHO-
IHBECTULIIMHUM QOH]T PO3BUTKY €HEPIreTUKH"

AHamni3 HOPMAaTHBHO-TEXHIYHOI JIITEpaTypu JIO3BOJUB BUAUIUTH  PAJl

OJIHOTUIIHUX omepaliii mpu excruryaraiii mepex OIIC.
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Tabmuusa 4.1 — JlepaBHi cTaHIapTH YKpaiHU 3 PENEeHHOT0 3axXUCTy Ta
ABTOMAaTHUKHU
1 | AHAOIT 1.1.10-1.1.01.97 | [IpaBuna 0e3ne4Hol eKcCIUTyaTalli | YUHHUM
CJIICKTPOYCTAHOBOK

2 | AHAOII 1.1.10-1.07-01 | [IpaBuna ekcruryartamii €JIEKTPO3aXUCHHUX 3acO0iB | YNHHHUN
3aTBep/KeHI Haka3oM MiHicTepcTBa mpami Ta
COLIIaJIbHOI MOJIITUKKA Y KpaiHU

3 | AHAOII 1.1.10-1.04-01 | [TpaBuna Ge3neyHoi POOOTH 3 IHCTPYMEHTOM Ta | YNHHUH
IPUCTPOSIMH
4 | ICTYIEC CJOBHUK €JIeKTPOTEXHIYHUX TEPMiHIB YHMHHUN
60050-604:2004

[TinroroB4i poOOTH BKIIFOUAIOTh B c€0€ BU3HAUEHHS KIIIMAaTUYHUX YMOB Ha MiCITi
NpoOBEeJeHHS poOIT, MIATOTOBKY poOOYOi IUIOMIAAKU, TEPEeBIPKY CHPABHOCTI
1HCTPYMEHTIB Ta PUCTOCYBaHb, IEPEBIPSANUTE OMOPHI KOHCTPYKIIi, HEPEBIPKY 13051111
CUCTEMH, MIAMOMHHUX MEXaHI3MIB I[0 BUKOPHCTOBYETHCS, Ta OKPEMHUX EJIEMEHTIB,
IHCTPYKTaX Ta MEPEBIPKY 3HAHb 3 O€3MEKH Mparli IePCOHAITY.

KniMatnaHi yMOBM BH3HAYAIOTHCS IIUIIXOM BUMIPIOBAHHS TEMIIEpaTypH,
BIJIHOCHOI BOJIOTOCTI Ta IIBHJKOCTI PyXy mMOBiTps. BiamoBimHo g0 BHUMOT, IIi
MTOKa3HUKY HE TTIOBUHHI BUXOJUTH 32 MEX1 YCTAaHOBJICHUX JIOMYCTUMHX 3HAYCHbD:

- TeMIepaTypa MOBITPA B TEIUTy MOPY POKy He Oinbiie mitoc 28 °C;

- mBUaKICTh BiTpy 0,2- 0,6 M/c;

- BIJTHOCHA BOJIOTICTD He OuIbIIe 75 %.

Po6Gora 13 monTaxkem npuctpoiB P3A ciix mpoBoauTH B CBITIIMI 4ac a00W,
3HAUYEHHS OCBITJICHOCTI Ha poOOYOMY MICIlI MOHTaKHHWKA TTOBUHHO OYTH HE MEHIIIE
200 k.

[TinroroBka poOOYOI MIOMAKH MTOJISATAE B PO3UUIIICHH] MICIIS, 1€ PO3CTHIIAIOThH
Ope3eHT, Ha SIKUA B NEBHOMY NOPSAIKY pPO3KIANAIOTh MNPUIaAAs 1 1HCTPYMEHT.
PerenbHo mepeBipsrOTH X HUTICHICTD 1 BIICYTHICTh A€(QEKTIB, TEPMIHU BUIIPOOYBAHHS
1 MPUJATHICTH 130JIF0OBaJIbHUX 3ac00iB. [lepeBipsitoTh 1 OJSITalOTh KOMILIEKT OJIATY.
OpsraroTh 3aXMCHI KaCKu 1 3al001KHI MOSICH.

3a 0e3neKor0 BUKOHAHHS BCIX TEXHOJIOTIYHUX OTMEpaIliil CTEXHUTh KEPIBHUK
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po06iT. B mporieci poOiIT 31HCHIOETHCS IOCTIMHUN HATJISA/ 32 BCIMA YJIeHaMH OpUTrajiy.
KepiBHuk poOiT HE MOke Oe3nmocepeIHO OpaTh y4acTh B poOOTax.
B mporieci ycTaHOBKHU peletHOr0 3axXMCTy OJOKYy TeHepaTop-TpaHchopMaTop

JUIsL  MiHIMI3alli PU3MKY TpaBMaTU3My HEOOXITHO JAOTPUMYBATHCS HACTYIHHUX
OpraHizaliifHO-TeXHIYHUX BUMOT TEXHIKM O€3MEKH Ta BUPOOHUYOI CaHITapii:

- BUKOHAHHS €JIEKTPOMOHTAXKHUX POOIT 103BOJSETHCS 0CO0aM, IO MPOUIILITN
MEJUYHUM OIJISIA 1 CTielialibHe HABYAHHS JUIsl pOOOTH Ha €JeKTPOYCTaHOBKAX;

- OCHOBHI OTIepaIlii yCTaHOBJICHHS TeHEpAaTOpa MOBUHHI MPOBOJIUTUCS HA PiBHI
3EMITI;

- IIpU NPOBEACHHI pOOIT HA BUCOTI OBUHHI BCTAHOBIIIOBATUCS OOTrOpOIKYBaHHS
1 IO3HAYATHUCS B YCTAHOBIEHOMY MOPSAKY MEX1 HEOE3MEUHHUX JUISTHOK;

- TPHU HEMOKJIMBOCTI 00JIaIlITYyBaHHS 0OTOpPO)KYyBaHb MOHTaKH1 pOOOTH ITOBUHHI
BUKOHYBATHCS 13 3aCTOCYBaHHSM 3al001KHOTO Tosica 1 CTpaxyBaJIbHOI'O KaHaTa;

- ENEKTPUYHI 3’€JJHAHHS MOBHUHHI MPOBOAMUTHCS 3a PO3POOJIECHOI0 MOHTAXXKHOIO
CXEMOIO CUCTEMH.

- MPOTATOM  BCTAaHOBJIEHHS  pEJIEMHOro  3axucTy  OJIOKy  TeHepaTop-
TpaHchOpMaTOp Y MiICII€ BCTAHOBIIEHHS Ma€ OyTH B1JI’€JTHAHE )KUBJICHHS,

- 3a00pOHSIETHCS HAOIMXKATHUCS 10 PYXOMUX MPUJIAJIIB HA HeOE3MeYHy BiJICTaHb,
KOJIM BOHU 3HAXOJISITHCS B pOOOTI,

- HE CJiJ MOEAHYBATU NMPHU KOHTAKTHUX EJEKTPUYHUX 3’ €IHAHHSIX Pa3oM pi3Hi
MeTalu (HalpuKIIa, Mib 1 aTIOMIHIN);

- BCl €NeKTpUYHI Kabeli eIeKTPOKUBICHHS MTOBUHHI MaTH HAJIIMHY 130JISIII0 Ta
BIIIIOBIIATH TEXHOJIOTIYHUM BUMOTaM:

- JUIS 3aXUCTy JIOJCH BiJ ypaK€HHS EJIEKTPUYHHM CTPYMOM IOBHHHO OYyTH

BHUKOHAHO 3a3CMJICHH:I.
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4.3 TexHivHi pilleHHs 3 ririeHu npami Ta BAPOOHMYOI caHiTapii

4.3.1 Mikpoxkaimar

OCHOBHUMH HOPMATHBHUMH JOKYMEHTAMH, IO PETJIAMEHTYIOTHh IapaMeTpH
MIKpOKJIIMAaTy BHUpoOHMuUMX mpumimeHs, € JICH 3.3.6.042-99. Mikpoxkiimar
CHEproMiIPUEMCTBA XapaKTEPU3y€ETbC HACTYMTHUMHU YUHHHUKAMHU: TEMIEPATypOIO
MOBITPS, BITHOCHOIO BOJIOTICTIO TOBITPS, MIBUJKICTIO PYXY IOBITPS, IHTEHCHUBHICTIO
TEIUIOBOTO BUIPOMiHIOBaHHSA. POOOTH 1O 0OCIyTOBYBaHHIO €IEKTPOTEXHOJIOTIYHOTO
o0J1aTHaHHS BITHOCATHCS J10 KaTteropii 16 mo BaxkocTi npatii. EHeproBuTpaTu 3a 11i€1o
KaTeropi€ro CTaHOBIATH - 10 140-174Br.

Ckman moBiTps poO04Yoi 30HM 3a0pyAHEHHS TOBITPS PoOOUYOi 30HH
perinaMeHTyeThesi rpannuHononyctumumu Kouuentpamismu (1K) B mr/m3 . Ha
€HEProo0’€KTax BUJUIAETHCS MU HETOKCHMYHHM. [Ipu poOOTI cucTemMu BEHTWUIIALII,
MPOBITPIOBAHHI Y MIPUMIIIICHH]I MOK€E TOMaAaTH MU Ta 1HII IKIJIMBl PEUYOBUHM, SIKi
BUJIUIAIOTBCS TIPH  TEXHOJOTIYHMX IIporecax B I1I€Xy 1 3HAXOIAThCS IOBITPi
HABKOJIMIIIHLOTO cepepoBuiia. Biamosigno go [18].

Jliist 3a0e3meueHHs CKIIay MOBIiTPsl po004oi 30HH BianoBiaHO 10 [18] mpoekTom
nepen0adeHi HACTYIMHI PINIEHHS: - 3aCTOCYBaHHS MUJIOBIJICMOKTYIOUMX arperaTiB 3
pYKaBHMUMH (LUIBTpaMH , SIKI BCTAHOBJIEHHI O€3MOCEpEeHbO HAa JUIBHULAX OIS
oOnagHaHHS 13 SIKUX OYMIIEHE MOBITPS MOCTyNAa€e y BUPOOHWYE MPUMILIEHHS; -
HEOOX1THO MPOBOAUTH KOHTPpoib 3a ['JIK mkigmuBuX pedoBUH y TPHUMIIICHHI; -
3aCTOCOBYBATH MPUPOAHY BEHTHIIALIIIO: OPTraHI30BaHy 1 HEOPTaHI30BaHY.

He3Baxarouu Ha HETOKCUYHICTH I€0JIITY, BHKOPUCTOBYBAHOTO MPU 3alIOBHEHHI1
GiTbTpIB BUMHUKAYa, HASBHICTh MIITY IICOJITY B IMOBITPI MOXKE BUKJIMKATH €PO3il0
HOCOIIOTKH. [lonmycTrMa KOHIIEHTpaLlisl Iy LEOJITY B MOBITP1 NPUMIILIEHHS - 2 MT /
M. PoGoTu 1m0/10 3amoBHeHHs PiIbTPIB a00 X CIOPOKHEHHS MOBHWHHI MPOBOJIUTUCS
NepcoHaJIOM B CIeNojs3l 1 pecrnipatopax (a0o B BUTSKHINA madi) B cHemiaibHO

o0nagHaHOMY TIPUMIIIICHHI.
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4.3.2 Ckaaja noBiTpst po60o4oi 30H1

3a0pyIHEHHs TOBITpS  poOOYOi  30HU  PEIVIAMEHTYEThCS  T'PAHUYHO-
nomyctumumu koHreHTparisimu (I'IK) B mr/m3.

Ha eneproo0’extax BuIAUISA€ThCA NU HeTokcnyHuM. Ilpu poboti cucremu
BEHTUJIAILI, TIPOBITPIOBAHHI Y NPHUMIIICHH] MOXE MONajgaTH MUl Ta 1HOI MIKIJIKMBI
PEYOBHMHHM, SIKI BUIAULSIIOTHCA MPU TEXHOJIOTTYHHMX MpoIecax B IEXY 1 3HAXOIATHCS
MOBITPI HABKOJIMIIIHBOTO CEPEIOBUIIIA. Ix I'’IK BignoBimHo g0 [18] maBeaeHo B

tabmumi 4.2.

Tabmums 4.2 — I'paHuuHO JOMycTMMa KOHIEHTpAIlis LIKIJIMBUX PEUOBUH B

HOBITP1 poOOYOI 30HU

Bemuuuna I'JIK,
3
HasBa peuoBuHH mel m Krac
HeOe3neku
Makcumane | CepeaHboa0
HO pa3oBa O6oBa
[Tnn HeTOKCUYHUT 0,5 0,15 4
Eneras 1 0,08 2

PoGotu 3  oOciyroByBaHHS  MaciasHUX  TpaHcopMaropiB  Ha
TpaHcHOPMATOPHUX MIACTAHIIISAX MPOBOIATHCS 32 PO3MOPSHKEHHSIM a00 B MOPSAKY
MIOTOYHOI €KCIUTyaTallii He MEHIIIE Hi’K IBOMA TpaIliBHUKAMH, OJIUH 3 SIKUX Ma€ TPYyIy
3 eniekTpoOe3neku He Huxkde [V, iHmmui - He Huxye 1.

J1o poOiT 3 eKkcruTyaTallli MacJIsTHUX TpaHCcHOpPMaTOPIB AOMYCKAIOTLC 0COOU HE
Moo 18 pokiB, AKi MPOUIILITN MEUYHE OOCTEKEHHS, IHCTPYKTAX Ta HABYaHHS Ha
pobodoMy MicIi, TEepeBipKy 3HaHb MPABWJI 3 OXOPOHM TMpalll BIAMOBIAHO O
[Tono>xeHHS PO MOPSAIOK HABYAHHS Ta MEPEBIPKU 3HAHB 3 OXOPOHH TpaIli KePiBHUKIB,

CHEIIaIICTIB Ta POOITHUKIB MIIPUEMCTB, YCTAHOB Ta OpraHi3allii 3B'13Ky.



76

KoxxeH mnpaimiBHUK TOBUHEH OYTH 3a0e3MedYeHuil CIeliaIbHUM OJSITOM Ta
3aco0amMy 1HAMBIAYaAJIbHOTO 3aXUCTy BIJMOBIIHO M0 THUIOBUX Taly3eBUX HOPM
0€3KOIITOBHOI BHAAUl CIELIAIbHOTO OAATY, CHELIaJbHOTO B3YTTA Ta 1HIIMX 3ac001B
1HIUB1TyaJIbHOTO 3aXUCTY.

[Ipu oOciyroByBaHHI MacisSHUX TpaHCHOPMATOPIB MOXIHMBI Al HACTYITHUX
HeOe3MeYHNX Ta MIKIIJTMBUX BUPOOHNYINX (PaKTOPIB:

- HeOE3MeYHO1 HaPYTH B CJICKTPUYHOMY JIAHITI031, 3aMUKaHHS SKOTO MOYKE
CTaTHUCS Yepe3 TUIO JIIOIUHH;
- HeOe3MeK BUHUKHEHHS TTOXKEeX1

[IpaniBHuKH, sIKi 00CTYTOBYIOTH MaclsiHI TpaHchopmaTopu, 3000B's13aHI:
- BukonyBaTu npaBuiia BHYTPIIITHEOTO TPYAOBOTO PO3IOPSIIKY;
- JloTpuMyBaTHCh IHCTPYKITIT MO0 3aXO0/I1B TOKEKHOT O€3IeKH;
- BuxonyBaTtu po60TH TIJIBKHA B TOMY 00CS31 Ta B Tiil TEXHOJIOTTYHIH
MOCJTIJOBHOCTI, 1110 NepeadadeHa iHCTPYKIIEO 3 TEXHIYHOI eKCILTyaTalli j1s JaHOTO
TUITY TpaHc(opMaTopis;
- BwmiTu HagaBaTu nepiry MeIMYHY JIOMOMOTY MOCTPaXXAaJTUM BiJl €1€KTPUYHOTO
CTPYMY Ta 3a 1HIIUX HEU[ACHUX BUIAJIKIB
- VY pasi TpaBMyBaHHs a00 HE3/yKaHHS CIIOBICTUTH CBOr'O 0€3MOCepeIHLOTO
KEepIBHUKA,;
- [Ipo kokeH HelacHUM BUIA0K MOCTPAXKIAINA a00 OYEBUIECIH HETAITHO
MOBIJIOMJIsIE OE3MOCEPEIHHOTO KePIBHUKA.
Bumoru 6e3mneku mij yac poOOTH.
3a00pOHSIETHCS:
- BuxonyBaTtu po6oTu Ta mepeMuKaHHs Ha TpaHCHOPMATOPl, BKIIFOUCHOMY B
Mepexy xoua 0 3 0JTHOTO OOKY.
- 3anumaTy nepeMuKay y npoMi>KHOMY MOJIOKEHH1 0e3 ¢ikcarlii.
- ExcrnmyaryBaTtu TpanchopmaTop 6e3 oJiii abo mpu 3HMKEHH1 PiBHS Ol y
PO3LIMPIOBAYl HUKYE TEMITEPATyPHOI TO3HAYKHU.
- ExcrmyatyBaTtu TpancopmaTop 3a HEBIAMOBITHOCTI BiIIOpaHOTO Macia

HOpPMaM SIKOCTI 3a pe3yJibTaTaMu (Pi3UKO-XIMIYHOTO aHAI3y.
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- ExkcmutyatyBaTtu TpancdopmaTop 13 NOMIKOIKEHUMH BBOJAAMH (TPIIIUHH,
CKOJIH).
- Bwmukartu tpanchopmarop 6e3 3a3eMIiIeHHS 0JI0KY.
- [Tig yac poOOTH T03BONSIETHCA KOPUCTYBATHUCS TIEPEHOCHOIO JIAMIIO0
Harpyrow He Buie 12 B.
- JlonmuBaHHS Maciia MPOBOIUTHCS 3a JIOMOMOTOI0 ITUPOKOT JIHKH Ta
CIeHiaJIbHOK TTOCYAMHOI0 €EMHICTIO J0 3-X JIITPIB.
- [Ipu BUKOpUCTaHH] TAMKOBUX KJTFOYIB iX CIIIJT MJOMPATH 32 pO3MipaMu
railok. BUKkpyTuTH raiiku Kiro4aMu BETUKOTO PO3MIPY 3 MPOKIIAIKOI0 METaIEeBUX
IUTACTHH MK TpaHsAMU TaKu 1 KJIt04Ya, 0I0BKYBAaTH TAKOBI KIIFOUl JPYTUM KIIFOUEM
a00 Tpy0010 3a00POHSAETHCA.
- [Ipu 06cmyroByBaHH1 MaciassHUX TpaHC(HOpMATOPIB 3a00POHIETHCS
3aCTOCYBaHHS METaJE€BUX JAPaOuH 1 ApaOuH.

[Tepm Hixk po3noyaTu poOOTY Ha CX0AaX, HEOOX1THO 3a0€3MeUUTH 11 CTIUKICTb.
3a00poHETHCS eKCIUTyaTallis TpaHchopMaTopPiB MPH BUSBJICHHI:
- CuiibHOTO HEPIBHOMIPHOTO IIIyMY Ta MOTPICKyBaHHS TpaHchopmaTopa.
- HenopManbHOTr0 Ta MOCTIMHOTO 3pOCTAaOYOro HarpiBaHHs TpaHcpopmaTopa
IPY HOPMAJTbHUX HABAaHTAKECHHSIX Ta OXOJIOKCHHI.

- Buxkuny onii 3 po3immproBaya.

4.4 Po3paxyHok nmapamMeTtpiB 3a3eMiII0I040ro npuctporo niacranmii 330 kB

3a3emiitoBad XapaKTEpPHU3Y€eThCS OMOPOM, IO HABKOJMILIHSA 3eMJsl POOUTH
CTIKaI04OMY 3 HOTO CTPyMY.

['pyHT MiHepanbHOro a00 OpPraHIYHOrO MOXOJKEHHS, y SIKOMY BIJIOYBA€THCS
pO3TIKaHHS CTpyMy 3 3a3emJiloBaya, Ma€ B CyYXOMYy CTaHl HE3HAuHYy
€JIEKTPOIPOBIAHICTh TBEPAOi OCHOBU. OHAK PI3HI COJI 1 KUCIIOT, U0 YTPUMYIOThHCS B
3eMJIi, MPU HASBHOCTI BOJIOTHM CTBOPIOIOTH E€IEKTPOJITH, IO 1 BHU3HAYAIOTHh B
OCHOBHOMY €JIEKTPOIPOBIIHICTh 3eMill. UMM MEHIIe pOo3Mipyd YacTOK TPYHTY, TUM

Ounbllle HOro BOJIOTOEMHICTH. [licOK Mae MOpPUCTY CTPYKTypy 1 Mae AyKe Maiy
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BOJIOTOEMHICTh, TJIMHA 1 TMEperHii MaroTh KOJOinHYy OyJOBYy 4YacTOK, 3HAYHY

BOJIOTOEMHICTb.

I
|
Id
l:l mp

e

{
[ ——
R —
R ——

Pucynok 4.1 — Cxema 3a3eMJ1I0I040T0 MPUCTPOIO

HabnmxeH1 3HaueHHs MUTOMOTO ONOPY ACSIKUX FPYHTIB HaBeAeHi B Ta0u. 4.3.

BuzHauaemo mnwutomuii omip TPYHTY Puue:, SKAA PEKOMEHIOBAHO IS
po3paxyHkiB, Om-cm (tadm. 4.3).

Busnavaemo miaBuiryBaiibHI  Koe(diIlieHTH Il TpyO  BEPTHUKAIBHHUX
sasemmoBauis K ;7 Ta mms 3’ennyBansHoi monocu K ¢, sKi BpaxoByIOTh 3MiHY

OTIOpY TPYHTY B Pi3HI IOPH POKY 3QJIEKHO BiJ HASBHOCTI OIIAJIiB.

Tabmuis 4.3 — BuxinHi gani 11t po3paxyHKy 3a3€MIICHHS

Bup 3azemimroBaua CTPHU>KHEBUU
JloBxuHa 3a3emmioBaya, |, , , cm 500
Hiametp 3a3emmioBaua, d,, , cMm 4
['mubuna 3aHypeHHs BUMuKada, h,, cm 80
[[IupuHa 3’€qHYBAIIBHOT CMYTH, bc , CM 5
I'pynT TJIMHA
Knimatuyna 30Ha II

HaGnuxeHi 3HaYeHHS MUTOMOTO OTOPY JACSKUX IPYHTIB HaBeaAeHi B Ta0. 4.3.
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Busnayaemo mnuromMuii omip TPYHTY Puusy, SKUH PEKOMEHIOBAHO IS

po3paxyHkiB, Om-cm (Taou. 4.3).

Tabnuusg 4.4 — IIpuOnu3Hi 3HAYEHHS] TUTOMHX OTMOPIB TPYHTIB

3HaYCHHS, SKI PEKOMEHIYIOTHCS IS
['pyHT .
po3paxyHK1B, Om-cm

[Ticok 70000
Cymicoxk 30000
CyrauHok 10000
['muna 4000
YopHozem 2000

Buznagaemo miaBUIIyBalbHI KOE(IIIEHTH UISI TPYO BEPTHKATHHUX

sazemmoBauis K7 7 ta st 3’€IHYBAJIBHOI MOJIOCH K, ., sxi BpPaxOBYIOTh 3MIHY

OTOpY TPYHTY B Pi3HI MOPU POKY 3aJICKHO BiJ HASIBHOCTI OMA/IIB.

Tabmuusa 4.5 — 3HayeHHs MiJBUILYBAJbHUX KOE(DIIIEHTIB 3a KIIMATUYHUMHU

30HaMU
Tun 3a3emirroBava
I'opu30HTAIBHO CTpuxHEBI BEpTUKAIBHO
Kaimariina 30Ha MPOKJIAJCHI 3a3eMIII0OBaYI, BCTaHOBJICHI
K, 3a3emmoBaui, K, ,
I 4,5-7 1,8-2

II 3,5-4,5 1,6-1,8

I 2,5-4 1,4-1,6

v 1,5-2 1,2-1,4
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3HaXOAMMO TIMTOMHUN PO3PaXyHKOBHH OMIp TPYHTY I BEPTUKAIBHUX
CJICKTPO/IIB 3 ypaxyBaHHS HECHPUSTIMBUX YMOB 3a JOMOMOTOIO MiJABUIIYBAJILHOTO

KoedirieHTa:

=4000-K,,, ,Om-cm. (4.1)

p po3p.m

=4000-1,7 = 6800(Om - cm).

P posp.m

BusnagaemMo muTOMHI PO3paxXyHKOBUU OIIp TPYHTY IS TOPU3OHTAIHLHOTO

3a3eMJIIoBava (3’ €IHyBaJIbHOI CMYTH):
pposp.n = pma@w ) KH.C ' OM " CM. (42)

Po3paxoByeMo BijiCTaHb BiJI MOBEPXHI 3eMJIl JO CEPEIMHU BEPTHUKAIHLHOTO

3a3€MIIroBayva:

Im
t:h3+7p,cm. (4.3)

t=80+ izo =330(cm).

ne h,- rmbuna 3armubnenns tpy6, cM; |mp - JIOB)KMHA BEPTUKAIBHOTO

3a3eMIII0Bayva.
3HAXOAMMO OTip PO3TIKAHHS CTPYMY JJISI OAMHOYHOTO BEPTUKAIHLHOTO

3a3cMJIroBayda, SIKUM pOSTaIHOBaHI/Iﬁ HWKYC BiI[ HOBCpXHi 3eMJII:

Yo, 2| 1. 4t+l
R, r=0366—2=lg—~+=lg—=% |, (Om);
posp.T I g d 2 g 4t—| ( M) (44)

mp mp
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R T:O,366@ l|92-500+1|g4-330+500 _0,862(0n).
e 500 \ 2 4 2 ~4-330-500

Busnadyaemo BijcTaHb MDK BEpPTUKAJILHUMH 3a3eMIIIOBAYaMU hcm 13

. . —_— cm . .
CIIIBB1IIHOIIICHHA C_I . I[J'I?I cTalloOHapHuX 3arjJnOJIeHNX 3a3eMJIIOBAYIB 11§

mp

CHiBBIAHOILIEHHS OepeTbes TakuM C = 1.

L =1 _-c, ow (4.5)

cm mp

Po3paxoByeMo HEOOXIJHY KUIBKICTh BEpPTUKAJbHUX 3a3eMJIIOBadiB  0Oe3

ypaxyBaHHs KoedirieHTa ekpaHyBaHHs. Y BianoBinHOCTI 10 BuMor [IYE Bu3zHauaemo

JOIYCTHMHUI OIIp PO3TIKAHHS CTPyMy B 3aseMieHHi: Rs= 0,5 OM (I Mepex 3

Hanpyroro 330 kB).
R
n. =—22L  yum.
TR (4.6)
n, = 068’22 ~ 2(wum).

Pe3ynbTar po3paxyHKy OKpYTIIOEMO JIsl HAUOIMKYIOTO MIJIOTO YHCTa.
3HaxoauMoO KOe(QILUIEHT €eKpaHyBaHHS TpyO0 Ng,mpu wyuciai Tpyo N;.
Buznauaemo HEOOXiHY KUIBKICTh BEPTUKAJIBHHX 3a3€MJIIOBAYiB 3 YpaxyBaHHIM

Koedirienta ekpanyBanns (nmpu N, =2, N, =0,85):

Npp == wm. 4.7)
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I 0,862
%0,5.0,85

=2(00.).
Pe3ynbTar po3paxyHKy OKpYIJIFOEMO JUIsl HAHOIMKYIOrO LIJI0r0 YHUCIIA.
3HaXoAMMO pO3PaxXyHKOBHI OIIp PO3TIKAHHSA CTPYyMy HIOpPH B3ATOMY YHUCII

BCPTUKAJIBHUX 3a3eMJTFOBAYIB:

R
:Lﬂv OM1 (48)
Nre Mer

Po3p-nre

n 0862
pore 20,85

= 0,507(0m).

3HaXOAUMO JIOBXKHUHY 3’ €IHYBAJIHOI CMYTH:
y y y

L,.=105L (1-n,,), o (4.9)

L, . =1,05-500(1—0,85) = 78, 75(cm).

Busnauaemo omip po3TikaHHS CTpyMY B 3’ €HYBaJbHII cMy3i:

2
R; . =0,366 Ppope g 2L , Om. (4.10)
3.C h3 'bc

2
0,507, 2:78.75° _  0ai0m).

R, =0,366
- 7875 ° 805

Ile h3 - IIMOMHA 3arau0IeHHS BEPTUKATbHUX 3a3€MIIIOBAYIB, CM;

bc - [IMPHUHA 3’ €IHYBAJIBHOI CMYTH, CM.
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Busnagaemo po3paxyHKOBUHM OMIp AJIS PO3TIKAHHS €JIEKTPUYHOTO CTPYMY B

3’€JHYBaJIbHII CMY31 3 ypaxXyBaHHAM KO€(II€HTA €eKpaHyBaHHS:

R3 C
e =—E ., Om 1
posp.C Npe 7Ty s ( )
0,004
posp.C = m = O, OOS(OM)

ne Nge - nopisHroe 1.
3HaxXoAMMO 3arajibHUN PO3PAXyHKOBUWM TEOPETUUHMI OMIp PO3TIKAHHS CTPyMY

BiJl BEPTUKAJILHUX 3a3€MJIFOBAYiB Ta 3’ €HYBAIbHOI CMYTH:

1
aepor — ] T Ow (4.12)
+
posp.T Rpogp,C
J— 1 —
saz.posp 1 1 = 0, 0049(OM)
+
0,862 0,005

OTtpuMaHuii pe3ynbTaT MOPIBHIOEMO 13 JOMyCTUMUM 3a Bumoramu I[IVE
3HaYEHHSIM OIOPY PO3TIKAHHIO CTPYMY B 3a3€MJICHHI.

besneka mincranimii B ymoBax HC npuBenena B qonatky I

BucHoBku o posuiny 4

Takox B 1TaHOMY po3/1iJ11 0yJIO OI[IHEHO CTIMKICTh POOOTH €JIEKTPUUHOT MEPEexKi
BHaciiok HC mereoposioriyHoro xapakrepy, a came criiikicte podotu IIC 330 xB
pu 10HI3yr04oMy BuripoMiHtoBaHHi Ta aii EMI. [[ns 3aXucTy ejgeMeHTIB pesieiiHOTro
3aXMCcTy Ta aBToMaTuku BiA na1i EMI HeoOXinHe BCTaHOBIIEHHS 3aXMCHOTO €KpaHy

TOBIIUHOIO CTIHOK 0,177 (cm).
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5 EKOHOMIYHA YACTHHA

BusnayeHHs1 €KOHOMIYHOI €(pEeKTUBHOCTI BiJl 3aCTOCYBaHHS HOBHUX MPUCTPOIB
KOHTPOJTIO 130JISII11T 1 MpOTUABapiiHOT aBTOMATUKH, MPU3HAYEHUX JJIs1 3a0€31eUeHHS
0e3nmevyHoi eKCIUTyartallii eJeKTPOyCTaHOBOK, JyXe CKJIajHe dYepe3 IMOBIPHICHUMN
XapakTep MOYAaTKOBUX 3HAa4eHb, TOOTO pO3pPaxXyHOK OyJe TOYHUH Jis BEJIUKOI
KUIBKOCTI BHUIAKIB POOOTH 32 YMOBH TPUBAJIOl €KCILTyaTallii mpucTpoiB. Po3paxyHok
K€ EKOHOMIYHOT €(EKTHUBHOCTI ISl JAHUX PIAKO TPAIOIOYMX, a TUM HOBIIIHX,
MIPUCTPOIB, Ma€ OOMEKEHY TOUHICTb.

[{uMu >x MpUYUHAMU TIOSICHIOETHCSI HEOOXIAHICTh BU3HAYCHHS PO3PAXyHKOBOT
€KOHOMIYHOI €(DEKTUBHOCTI MPH MPOEKTYBAHHI HOBHX MPUCTPOIB KOHTPOJTIO 130JIA1I1T 1
ABTOMATUKU 3 TOJAIBIIUM PO3PAXYHKOM (DAKTHYHOTO E€KOHOMIYHOTO e(eKTy, IO
M1JIPaXxOBY€ETHCS 10 KiHIS MEBHOTO MPOMDKKY 4acy (3a3BHYail POKY), B KOHKPETHIiM
1dpi Ha KOKHOMY KOHKPETHOMY MiAIPUEMCTBI, IKUH MPH T11ICYMOBYBaHH1 BU3HAYAE
CKOHOMIUHUI e(DeKT I HapOTHOTO TOCTIOAapCTBa B oMy [12].

EdexT Big 3acToCyBaHHS MPUCTPOIO MOJIATAE B MIABUIICHH] HAAIMHOCTI poOOTH
npuctpoiB P3A, B 3MeHIlIEHHI TOMHJIKOBUX BKJIFOUYEHb 1 BIAKIIOYEHb BUMHUKAUIB, B
CKOPOYEHHI Yacy Mnouryky ta ycynenHi 3amukanast MOIIC Ha «3emiio».

Mepesxi onepaTuBHOTO MOCTIHHOTO CTPYMY AYKE pO3TalyKeHl 1 3aK1IbI[bOBaHI.
BpaxoByroun BenMKy NpPOTSKHICTh Ta YMOBHM €KCILTyarTailii KaOemiB OnepaTHBHOIO
noctiiHoro ctpymy Ha ['EC MOBHICTIO YHMKHYTH 3aMHKaHb TOJIOCAa HAa «3EMIIIOY
HEMOXXJIMBO. [CHyr0O4Ya HHHI METOJMKa TOIIYKY MICIS 3aMUKaHHsS TPHUITYCKAE
MOYEeproBe BIAKIIOUEHHS KaOeliB 10 TUX Iip, MOKUM He OyJe BHIBIECHO MIiCIE
3amMuKaHHd. [Ipy Benukiil KUIBKOCTI TakMX [EPEMHKaHb 3pOCTAa€ MMOBIPHICTb
MOMWJIKOBUX il TIepcoHaTy, MOXIJIMBA HEMpaBuibHa poOoTa mpuctpoiB P3A uepes
nepe3apsiy BJIACHUX €MKOCTEW MEpexi MiJl 4ac MepeMUKaHb MPU 3HUKEHIN 13075111
HOJIIOCA.

3a manumu excrutyatanii B 2020p. cranocst 4 3aMUKaHHS B MEPEX1 MOCTIHOTO
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ctpymy HduictpoBebkoi [TAEC a yac nomryky 1 yCyHEHHSI OTHOTO 3aMUKaHHSI CKJIaB, B
CepeIHbOMY, 7 TOAVH.

BunpoOysanns, nposeneni Ha JHictpoBcrkiit TAEC mokasanu, mo npuctpii
JI03BOJISIE CKOPOTUTH Yac MONIYKY MicIisl 3aMUKaHHs 10 | ronuan. IcHyroya MeTouka
MOIIYKY TPHUIYCKA€ yYacTh OJIHOTO EJIEKTpOMOHTepa V po3psay Ta OJHOTO
enektpoMonTepa Il po3psiay mimpHUI BIACHUX TOTPED.

Po3paxyHOK €KOHOMIYHOI €(EKTHBHOCTI MPOBOAMMO IILIIXOM PO3PAXyHKY
pi3HHII BUTpat Ha nomryk nomkopkeHHss MOIIC 3a 7 ronun 13a 1 roguny.

B nHam yac Ha OCHOBI JIIOYMX HOPMATHBHHUX JOKYMEHTIB € TPU BapiaHTH
(dbopMyBaHHS KOIITOPUCIB, aKTIB BUKOHAHMX POOIT HA PEMOHT €JIEKTPOOOIa HAHHS
CHJIaMHU CITy’KOH PEMOHTIB.

[To-miepiiie, Ha OCHOBI BIIOMYHUX YKPYIMHEHUX PO3I[IHOK HA PEMOHT 1 TEXHIYHE
00CIIyrOByBaHHsI €JIEKTPUUYHUX MEpex 1 eHeprood’enHanb. [lo-mpyre, Ha OCHOBI
IpecKypaHTa 3 ypaxyBaHHSM JOBIHUKA CTPYKTYPHHUX MOKa3HUKIB. TpeTiil BapiaHT
dbopMyeTbCS Ha OCHOBI KaTaJOTy YKPYIMHEHUX OJMHMYHUX PO3IIHOK, SIKI
PO3paxoBYIOTHCS 32 BIIOMYMMHU YKPYIMHEHUMHU OJAWHWUYHUMH PO3IIHKAM, HOpMaMHu
yacy 1 BUTpaTaM MarepiaiaiB Ha PEMOHT OOJIaHAHHS 1, SIK MPABUIIO, 3aTBEPIKY€EThCS
TOJIOBHUM 1HKEHEPOM i AMPUEMCTBA

B Toi1 ke 4yac depe3 NOBUIbHE 3POCTAHHS OCHOBHMX BapTICHUX MOKa3HUKIB
OIUTaTH TIpalli, IiIH Ha JOMOMDKHI Marepiajid, HakJIaJHUX BUTPAT, BUKOPUCTAHHS
JOBIJIKOBUX 1 JIUPEKTUBHHUX JIOKYMEHTIB, II0 BUKOPHUCTOBYBAJIMCH paHille, CTa€
npoOieMHuM. ToMy BHUIpaBIaHO 3aCTOCYBaHHS yHIBEPCATHHOI CIPOIIEHOT METOIUKH
OIlIHEHHsSI BApTICHUX TIOKAa3HUKIB 3 PEMOHTY 1 MOHTaXy €JICKTPOTEXHIYHOTO
oOnagHaHHs. Po3paxoBaHi 3a LI€I0 METOAUKOK LIHU MOXYTb OyTH 0a3010 is
BU3HAYEHHS 1 Y3TOJDKEHHS JOTOBIPHMX I[lH Ha BHUKOHAaHHS pPOOIT 3 PEMOHTY
oOJyiaTHaHHS.

3arajpbHa KOIITOPUCHA BApTICTh 3 PEMOHTY 1 MOHTaXY E€JIEKTPOTEXHIYHOTO
oOnaHaHHS BU3HAYAETHCA K CyMa MPSMUX BUTPAT, HAKJIQJHUX BUTPAT 1 MPpUOYTKIB.

Ilpami eumpamu BKIIIOYAIOTh B c€0€ OCHOBHY 3apOOITHY IUIaTy BUPOOHUYMX
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pOOITHUKIB, 3aTpaTd Ha BUKOPHUCTaHHS MAallMH 1 MeXaHI3MIB, Ha NpUIO0aHHS
MaTepianiiB 1 BUpOOIB.
Haxnaoni eumpamu po3paxoBYIOThCS B MPOIIEHTAX BiJl OCHOBHOI 3apO0OITHOI
IUIATH 1 CTPYKTYPHO CKJIAAAOTHCS 3:
® JIONOMDKHOI 3apOOITHOI IJIaTU POOITHUKIB;
e BiIpaxyBaHb Ha COIlaJIbHE CTPaXxyBaHHs, B (POH] 3alHATOCTI 1 T. 1.
® BHUTpAT HA YTPUMAHHS 1 KCIUTyaTaIlil0 eIeKTpOooOIa HAHHS;
® [IEXOBHX BUTpAT (BUTpAT MiIMPUEMCTBA);
® [UJIaTH 32 3€MJIIO 1 T. 1.
[IpuOyTOK HapaxoOBYIOTh, BUXOASUH 3 PEHTA0EIBHOCTI MiANPUEMCTBA.
Yxkpynuena eapmicmo pemonmuux pooim eiekmpomexHiuHo20 00J1a0OHAHHS.
VYKpynHeHa BapTiCTh BUKOHAHOT POOOTH 3aJI€KUTh Bl TAKUX CKJIAJIOBUX:
e OCHOBHA 3ap00iTHA IJ1aTa BUPOOHUYUX POOITHUKIB (Os/p);
® BapTICTh MPOi3ay Opuramu 10 micis podoTH i Hazan (Cy);
® BapTICTh eKCIUIyarallii MamwuH i MexaHi3MiB (Cy), IEPErOHy MEeXaHi3MiB
10 Micirt poootu 1 Hazam (Cry);
® BapTICTh MaTePIaAJIiB 1 3aIaCHUX YACTHH 3 TPAHCIIOPTHO-3aroTiBEIbHUMU
BUTpaTaMi (Cspq+Chyar).

[Ipsimi BUTpaTH 3 BUKOHAHHS pOOIT MOKHA BU3HAYUTH TAKUM YHHOM:

Cus=(Osmk1+Cy) ko' k3 ka* ks+(Cy+Cry) * ko' k3* ka* ke+(CspatChar)  (5.1),

ne ki — morpaBKkoBHiA KOSIIIEHT, KMl BPAXOBYE MPEMiajibHi i 1HIII BUIUIATH
CTUMYJIIOBAJILHOTO 1 KOMIIEHCYKaIbHOTO XapakTepy (y Bunaaky Juictpocebkoi TAEC
(k1:1,3);
ko — monpaBkoBuUit KOeDIIlIEHT, IKUI BpaXOBY€ BUKOHAHHS PEMOHTHHUX POOIT
B EKpaHyIOUMX KOCTIOMaxX B 30HI BIUIUBY €JIEKTPOMArHITHOTO IOJS HAMPYKEHICTIO
oureine 5 kB/m (ko=1);

K3 — mompaBkoBHii KOe(DIlli€HT, SIKMI BPaXxOBYE€ BUKOHAHHS POOIT B 3UMOBHUX
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yMOBax Ha Biakpuromy moBitpi (ks=1,13);

ks — monpaBkoBuii KoeQillieHT, SIKUH BpaxoOBYe€ BHKOHaHHS pOOIT B
obmexennx ymoBax (kKa=1,1);

ks — monpaBkoBuii KoeQillieHT, SKU BpaxOBYe€ BHKOHaHHS pOOIT B
cramionapaux ymosax (ks=0,9);

ke — TepuTOpianbHUI OMPaBKOBUN KOS(IIIEHT i3 3aTpaT Ha €KCILTyaTalliio
MaiiuH 1 Mmexani3miB (Ks=0,98).

OcHoBHa 3apo0iTHa TIaTa POOITHUKIB 32 BUKOHAHHS PEMOHTY 1 MOHTaXy
€JIEKTPOTEXHIYHOTO OOJaJIHAHHS BHU3HAYAETHCS HA OCHOBI MOTOJUHHUX 1 MICSYHHX
TapuU(HUX CTABOK, K1 CKJIAJIUCh HA PEMOHTHOMY IIIITPUEMCTBI Ha JaHU MOMEHT Ha
OCHOBI BIATIOBIAHUX JOKYMEHTIB.

OcHoeHy 3apobimuy niamy MOKHA BUSHAYUTH 32 (POpMYJI0I0:

On=T,T, (cpn), (5.2),

ne T, — Tpyao3aTpaTd Ha BUKOHAHHS POOOTH, (40J/TON);
T — cepenHs moroguHHa TapudHa CTaBKa OJHOTO POOITHMKA PEMOHTHOI
JIAaHKH (TPH/YOIL.).

IIpn nboMy 3HaueHHS 7, BU3HAYAETHCS TAKUM BUPA30M:
T,=tn, (5.3
ne t — ygac, axuii moTpiOHO 3aTpaTUTU OpUraal Ha BUKOHAHHS poO0TH, (TO);

1 — KUTBKICTh YOJIOBIK, 3aHITUX BUKOHAHHAM po0O0TH, (40i1.). [Ipn nbomy

n MOYXHa 1€ 3allMCaTU B TAKOMY BI/IFJI}I,Z[il

(5.4)
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1€ n; — KUTbKICTh POOITHHKIB i-TO PO3PSIY;
K}, — KUIBKICTB pO3PSAIB.
3 ypaxyBaHHsM BupasiB (5.3, 5.4) 3nauenns 7 3 (5.2) ocHOBHOi 3apoOiTHOI
TUTaTH:
K,
2T,
_ =1

T=- ,
n (5.5)

ne T; — noroguHHa TapudHa cTaBKa pod0YOro i-ro po3psuy.

2. Bapmicms npoi30y bpueadu 1o Miciisi poOOTH 1 Ha3aj y BUTIAJKy BUKOHAHHSI
po0OOTH cHIIaMH MPaliBHUKIB CTAHIIIT HA TEPUTOPIi CTaHIIli CTAHOBUTS 0.

3. Bapmicmov mamepianieé i 3anacnhux uacmux. BuUTpaTM Ha BUKOPHCTaHI
MaTepiaim, 3amacHi YacTUHU 1 BUPOOU BPAXOBYIOTHCS MO (DaKTUYHIN HA MOMEHT
CKJIQJIaHHS KOIITOPHUCY BAPTOCTI X MpU10aHHS HA OCHOBI HOMEHKJIATYPHOTO TIEPEITIKY
HEOOX1IHUX MaTepianiB 1 3amyactuH. [Ipu ckiagaHHI KOIITOPUCY MependavyaeThes
MO>JIMBICTh BHUKOPUCTAaHHS ICHYIOYMX I[IHHUKIB 1 NPEUCKYpPaHTIB 3 HACTYIIHUM
MHOYXEHHSIM Ha BIJIMOBIIHI MiBUIIYBAJIbHI KOS(IIIEHTH.

VY BuUNagKy yCYHEHHsI 3HWKEHHS DPIBHS 13071l B MEpPEXi ONEPATHBHOTO
MOCTIMHOTO cTpyMy BUkopucToByeThes ctpiuka tuny JIETCAP Tta ctpiuka tumy [1BX
B cepenHboMy 1o 0,25 xr Ha onHe nowKokeHHs. BapTticts crpiuku tuny JIETCAP
CTaHOBUTHL Ha TpyAcHb 2023p. (3a ganuMu ToproBO-MIPOMHCIOBOT NaNaTH YKpaiHM)
900 rpu/kr, IIBX — 350 rpn/kr.

Toni npsmi BUTpATH 13 BUKOHAHHS POOIT MO YCYHEHHIO OJIHOTO MOUIKOIKEHHS

MOYKHA BU3HAYUTH 3a BupazoM (5.1) i3 BpaxyBautsm (5.2) Ta (5.3):

Cn377ro;[:( Os/anp03p'k1+03/n7HIp03p'k1+Cn) ko 'k3 ks 'k5+( CM+C1'IM) ko 'k3 kg %
xhe+(CoratCoa)=(7 - 1 - 94 - 13+7 - 1-82-13+0)-1-1,13-1,1 -09 +
+900-0,25 + 350 - 0,25 =2106,5 rpH,
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CH3_1ro/1:(03/H_Vp03p'k1+03/H_IIIp03p'k1+Cu) 'k2 'k3 'k4 'k5+(CM+CHM) 'k2 'kS 'k4><
Xks+(CatCoa)= (1 - 1 -94 - 13 +1 -1 -8 -13)-1-1,13 - 1,1 -0,9 +
+900 - 0,25 + 350 - 0,25 = 568,7 rpH.

Toni ekoHOMIYHUM €EeKT 13 CKOPOUEHHS Yacy poOIT Ha 6 TO/I. CTAHOBUTH:

Cs = Cus_7ron = Cus_tron = 2106,5 —568,7 = 1537,3 rpH.

B3zarauti, 3a pik 3MeHIIIEHO BUTPATH KOIITIB HA 3apIUIaTy pOOITHUKAM 32 PaXyHOK

3MEHIICHHS Yacy 00CIyroByBaHHS 00J1aJHAHHS:

CZJ)iK = Cz N =1537,3-3=4612 T'PH,

ne N — KUIbKICTh 3aMHUKaHb 32 PiK.

3rigHo 3 BuMoramu «IIpaBui TeXHIUHOT eKCIUTyaTallli eeKTPOYCTaHOBOKY TIPH
3aMUKaHHI Ha «3eMIo» ojHoro 3 moirociB Mepexi OIIC ugepes omip Big 20 kOM 1
Hux4ae (s 220 kB) matoTe OyTu npunuHeH1 yci poooTu B koiax P3A 1 HeraitHO BXKHUTI
3axoau 13 ycyHeHHs 3amukanns. [[nictpoBchka TAEC mpairioe B MiKOBOMY peXumi,
BIJIOYBAETHCS MYCK Ta 3yIUHEHHS T€HEepaTopiB NPOTAroM AHs. HasBHICTh 3aMHUKaHHS
B Mepexi OIIC, a Takox 4YacTi MepeMUKaHHS IPHU MOLIYKY 3aMUKaHHS 3HUKYIOTb
HaJ1HHICTh poOoTH P3A mija yac mycky reHepaTopis.

3rinHo 3 IloctanoBoro HarioHanpHOT KOMICIi, IO 3IIHCHIOE Jep>KaBHE
peryioBaHHs y cdepl CEHEepreTMKH Ha Bignmyck enekTpuuHoi eHeprii IIAT
«YKPTiJIpOCHEProy:
- CTaBKa IUIaTH 3a enekTpuuHy eHeprito Ha 2019 p. cranosuts 41,3 kom 3a
1 kBtTox (6e3 I1/IB);
- craBka matu I'’AEC 3a pob6ouy notyxHicTh (cepeans) 51 442,25 rpu 3a 1 MBt
(6e3 I1/1B) 3a oiuH MicsIIb.

Sk 3a3Ha4eHO, 3a 3BITHUI 1epioj 0yJI0 CKOPOUYEHO 3a JOTIOMOT'0I0 pO3pO0JIEHOTO
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MPUCTPOIO HE JIMIIIE Yac IMOITYKY MICIl IMOIIKOKEHHS, a 1 Yac MPOCTOI0 arperary Ha
HuictpoBebkiii TAEC 13 7 rogun g0 1 roaunu, To0to Ha 6 roaud. CtaBka pobouoi
HOTY>KHOCTI 32 4ac MOILIYKY MiCIisl 3HAXOAUTHCS 3 BUpasy:

Sk 3a3HaueHo, 3a 3BITHUM Tiepioyy OyJI0 CKOPOYEHO 3a JIONOMOIOKO
PO3pO0ICHOTO MPUCTPOIO HE JIMIIIE YaC IMONTYKY MICIIS TONMTKOHKEHHS, a 1 9ac TMPOCTOI0
arperary Ha J[HicTpoBcekiii 'TAEC 13 7 roaun 0 1 rogunu, To6T0 Ha 6 roanH. CTaBKa

po00YO0i MOTYKHOCTI 32 Yac MOLIYKY MICIS 3HAXOJAUTHCS 3 BUPA3y:

Cp = Cu/ (DH) Tpos-Pren=51442,25 / (30-24) -6-:320 = 137 178,6 rpn,  (5.6)

ne Cv — cTaBKa po0OOUOi MOTYKHOCTI 32 MICSIIb,
D — kinbKicTh AHIB B Micsti (30 ouis),
H — kimbKicTh TOAMH B 1001 (24 200),
Tpos — BMEHILIEHHS Yacy MPOCTOIO arperary (6 2oo),
Pres — TOTYXHICTh arperatry JlaictpoBchkoi 'TAEC B renepaTopHOMY
pexumi (320 MBm).
3a 3BiTHUH mepiof (OAMH PIK) CTaBKa poOOUYOI MOTY>XKHOCTI Ha TMOMIYK MiCIIs

3aMHKaHHs Ha 3emiIto ogHoro noiaroca MOIIC ctaHOBUTE:
Cpix = Cp'N =137 178,6-3=411 535,8 rpH. (5.7)
Otxe, eKOHOMIYHUH e(eKT BiJ BIPOBAHKCHHS IMPUCTPOIO KOHTPOJIO OIOPY

130J141111 1 TIOIIYKY MICISl 3aMHUKaHHS B MEPEXKi ONEepPaTUBHOTO IMOCTIHHOTO CTPyMY

CTaHOBHUTHUMC:

C = Cpix + Cs pix — Prpus. = 411 5358 + 4 612 — 8 500 = 407 647 rpu. ~ (5.8)

ne Prpur. — BapTicTs npuiiagy (8 500 rpw).
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BucHoBoKk mo posainy 5

Xoya MPUCTPOI KOHTPOJIO 130JIAIl 1 NPOTHABApIMHOI aBTOMATHKU caMi
Oe3nmocepeTHh0 HE CTBOPIOIOTH EKOHOMII, aje 0e3 HHuX, 3a yMOBaMH O€3MeKH,
CKCILTyaTaIlis eJICKTPOyCTaHOBOK HEMOJKJIUBA.

3BaXkalouyu Ha 1, EKOHOMIA BiJ] 3aCTOCYBaHHS BKa3aHUX MPUCTPOIB MPAKTUYHO
€ YacTMHOI 3arajlbHoi e(QEeKTHMBHOCTI B BIOPOBAHPKCHHS B CHEPreTHII
BHCOKOS(EKTUBHHUX CJIIEKTPOYCTAaHOBOK BEIMKOT OJITMHUYHOT MOTY KHOCTI.

BnpoBamkeHHsT TPUCTPOIB CEIEKTHBHOTO KOHTPOJIO 130JISIiI B MEpexi
MOCTITHOTO OMEPATHBHOTO CTPYMY JO3BOJIUTH CKOPOTUTH Yac HA YCYHEHHS

3aMHMKaHHS B L1 MEpexKI.
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BUCHOBKH

VY MaricrepchKii KBamiikamiiHiil poOO0Ti pO3TISHYTO MUTAHHS BIOCKOHAICHHS
KOHTPOJIIO 130JIAL11 Ta 3aC001B 3aXUCTY MEPEX ONEPATUBHOTO MOCTIMHOTO.

3acTocyBaHHS MIKPOKOHTPOJIEPIB MPU PO3POOLI MPUCTPOIB KOHTPOIIO 130JISII1T
mepexx OIIC 103BONHMTH THYUYKO pearyBaTH Ha 3MIHY MapaMeTpiB Mepexi (ILISXoM
ni00py HalOIbII 1IHPOPMATUBHOTO 1X CIIBBIAHOLIEHHS ) Ta 00pOOKy 1HpOopMallii, sika
HAJXOIUTH BiJ ceHCOpiB KOHTpoto nmapamerpiB MOIIC, 30kpeMa akKTUBHOTO OTIOPY
TIOJTFOCIB MEPEXK1 BIJTHOCHO «3E€MIIIY.

TpuBaniMM 3MEHILIEHHSIM OMNOPY 13011 MOJIKCa MEpeXi ONEepPaTHBHOIO
MOCTIHHOTO CTPYMY NEPEAYIOTh KOPOTKOYACHI 3MEHIIIEHHS [[HOTO OTOpY.

KopoTkouacHi 3MeHITIeHHs 0nopy noJiroca BigHOCHO 3eMJi 10 100 kOM 1 meHIie
MOXYTh OYTH O3HAKOIO CTIMKOro 3MEHIIEHHS boro onopy a0 20 kOM i meHIie B
MaiOyTHHOMY.

SIK110 KUTBKICTh KOPOTKOYACHUX (MeHIIe | XBUIIMHM) 3MEHIIEHb OIIOPY MOJ0Cca
BimHOCHO 3emuti 1o 100 kOwm 1 MeHie Oyne He MeHIne 3 pasiB Ha MPOTsA31 He OuTbIIe 6
TOJIMH, TO IMOBIPHICTh MPOTHO3YBAHHSI CTIMKOTO 3MEHIIIEHHS 1IbOT0 omopy 10 20 kOm

1 MEHIIIe B MallOyTHLOMY (Ha paHHii cTafil po3BUTKY AedekTy) Oyae HalO1IbIIOLO.
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JTOJATOK A

I[MPOTOKOJI
ITEPEBIPKH KBAJII®IKALIIMHOI POBOTHU
HA HAABHICTb TEKCTOBUX
3AITO31YEHD

Ha3Ba po6Gotu:_KoHTpoab 13014111l Ta 3aXHCT MEpek ONEepaTHBHOrO MOCTIHHOTO
CTPYyMy

Tun pobotu: Marictepcbka kBatidikailiiina podora
(BJIP, MKP)

[Tinpo3ain kadenpa eIeKTPUIHUX CTaHIN Ta cUCTeM, DaKYIbTET CICKTPOCHEPTETUKHU
Ta eJIEKTPOMEXAHIKUA

(xadenpa, paxymbrer)

IMoka3nuku 3BiTy moxionocti Unicheck

OpuriHajabHICTh 81.4% CxoXICTh 18,6%

AHaui3 3BITy MOJAIOHOCTI (BIIMITUTH TTOTPiOHE):

1 1. 3amo3uueHHs, BUSBIICHI Y POOOTi, 0(hOpPMIICHI KOPEKTHO 1 HE MICTATh O3HAK
mariary.

] 2. BusiBnieHi y po0OTi 3alI03MYEHHS HE MAlOTh O3HAK IUIAriaty, aje ix HaJMipHa
KUTBKICTh BUKJIMKAE CYMHIBH IIOJI0 IIHHOCTI POOOTH 1 BiZICYTHOCTI
CaMOCTIMHOCTI 11 BUKOHaHHA aBTOpOM. POOOTY HampaBUTH Ha O3S
eKCIIepTHOI KOMICIi Kadeapu.

[ 3. BusBieHi y poOo0Ti 3a1103M4CHHS € HEA0OPOCOBICHUMH 1 MaIOTh O3HAKHU
mariaty Ta/abo B Hili MICTSThCS HABMUCHI CIOTBOPEHHS TEKCTY, 110 BKa3YIOTh
Ha CIIpoOu MPUXOBYBAHHS HEJJOOPOCOBICHUX 3aI03UYEHb.

Oco0a, BiANOBIaTIbHA 32 IEPEBIPKY Bumnescbkuii C. 5.

(mizgmmc) (mpi3BuIe, iHimiaMM)

O3HailoMJIeH1 3 TOBHUM 3BITOM MOJI0HOCTI, SIKMi OyB 3reHEpOBaHUI CHCTEMOIO
Unicheck mono po6otu.

ABTOp poboTH Jlizanens O.B.
(miamuc) (mpi3BuLe, iHimIaMN)
KepiBauk pobotu Py6anenko O.0.

(miammc) (mpi3BuILe, iHimiaMN)
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JIOJATOK B

Texniune 3asnanng MKP

MiHicTepCTBO OCBITH 1 HAYKH YKpaiHu
BinHubkuil HaIlOHATLHUM TEXHIYHUN YHIBEPCUTET
DaKyJIbTET CICKTPOSHEPTETUKH Ta €JIEKTPOMEXaHIKH

Kadenpa enexTpuyHux CTaHIIiM 1 cUCTEM

3ATBEP/IXXVYIO
3aBixyBau kadenpu ECC
1.T.H., npodecop Komap B. O.

(HayK. CT., BY. 3B., iHIIl. Ta TPi3B.)

(migmuc)

" " 2023 p.

TEXHIYHE 3ABJIAHHS
Ha BUKOHAHHSI MaricTepchkoi kBasiikaiiiHoi podoTu
Ha temy: KOHTPOJIb I30JIALIIL TA 3AXUCT MEPEX OIIEPATUBHOI'O
[IOCTIMHOI'O CTPYMY
08-21.MKP.010.00.95 T3

HaykoBuii kepiBHUK: 1I.T.H., JOII.,
npodecop kadpeapu ECC

Py6anenko O.0.

Marictp rpynu 1ECM-22m

Jlizanens O.B.

Biaaug 2023 p.
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MMigcraBa a1 BHUKOHAHHS MaricTtepcbkoi KpajidikauniiHoi podoTu
(MKP)

a) Mepexi OINEepPaTUBHOTO TOCTIMHOTO CTPYMY €JICKTPUYHUX CTaHINKN 1
NIJCTAHIIA MpU3HAYEH] Ui JKUBJIEHHS TPUCTPOIB PEIEMHOro 3axucTty 1
aBTOMATHUKH, CUCTEM CHUTHaJIi3allli, BIJIMOBIAJIBHUX MEXaHI3MIB BJIACHUX MOTpPEO,
aBapifHOTO OCBITJICHHS, KOTYIIOK YBIMKHEHHS Ta BUMKHEHHS BUCOKOBOJIbTHHX
BUMUKAUIB IJBUIIEHHS BHUMOT 1O HAJIHHOCTI POOOTH MNPUCTPOIB KOHTPOJIO
130m11ii Mepex  omepatuBHOro [IC crpuymHMIA TOCTAaHOBKY 1 MPOBEICHHS
JOCIIJIKEHB, & OTKE TEMa € AKTYAJbHOIO.

6) naka3 pexropa BHTY Ne 247 Big 18 Bepecus 2023 p. nmpo 3aTBEpIKEHHS
TEMU MaricTepchkoi KkBamidikamiiHoi poOoTH.

2. Mera i npusnayenuss MKP

a) MeTa — BJIOCKOHAJIEHHSI KOHTPOJIIO 130JsL1i Ta 3ac001B 3aXUCTy MEpEx
OTIEPAaTUBHOTO MOCTIHHOTO.

0) Tmpu3HAYCHHS PO3POOKHM — BUKOHAHHS MariCTEpPChKOi KBaidikaliiHOl
poOOTH.

3. JIxepesia po3poOxu
CrnucoK BUKOPUCTAHUX JHKEPENT PO3POOKH:

1. XKyk I. A. KoHTposb 1301111 Mepexi ONepaTUBHOIO MOCTIMHOIO CTPYyMY
rigpoenektpocranmii / 1. A. XKyk, O. €. Pyb6anenko, B. II. JmyxoBckwuii //
I'inpoenepreruka Ykpainu. - 2018. - Ne 3-4. - C. 33-38;

2. O. Rubanenko, O. Rubanenko and L. Gevorkov, "The Method of Monitoring
of the State of Insulation for Operational DC Grids in Power Plants and Substations,"
2019 SEEM, Kardla, Estonia, 2019, pp. 1-4.

3. I. A. Zhuk, "Implementation of the Method of Control of the Insulation of
Operational Direct Currect Networks", Naukovi Pratsi Donetsky National Technical
Technical University, pp. 103-106, 2013, ISSN 2074-2630.

4. TlpaBwna ynamTyBaHHS €JNEKTPOYCTaHOBOK. - Bumanus odimiiine.

MineneproByrimiga Ykpainu. - X. : Bugnamunrao «®opt*, 2017. - 760 c.
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JlaH1 10 CHpaoBaHHIO NPUCTPOIO0 KOHTpouro 13o0isiuii Ha BPY-110/330xB

HuictpoBebkoi 'EC-1 y mepion 3 2019 mo 2022 pik. Ha miacranmii Bigdymnocs 80

CIpalbOByBaHb MPUCTPOI0 KOHTpoito 130 YKI (skum mepemyBanu TpuBali,

Outblie 1 XBWUJIMHHM, 3MEHIIEHHS OINOpPY IOJIIOCa BIAHOCHO 3€MIIl), BHKJIMKAHUX

3aMHKaHHSAM IOJII0ca Mepexi Ha 3emitto yepes orip Big 0 10 20 kOwm.

5. ExoHoMi4uHI MOKA3HUKH

BusHaunTH OCHOBHI TEXHIKO-€KOHOMIYHI ITOKa3HMKH BiJl 3aCTOCYBaHHS

MPUCTPOIO KOHTPOJIO 130JIA111 MEPEX OINEepPaTUBHOIO CTpymy Ha JIHICTPOBCHKIN

I'AEC.

6. ETannu MKP Ta ouikyBaHi pe3yjbTaTn

HazsBa eramis

TepMiH BUKOHAHHS

Ne MaricTepchbkoi KBamidikaiitHo1 IIOYaToOK KiHEeIlb OricyBa
3/m pe3yIIBTaT!
po0OoTu
1 2 3 4 5
1 | Po3po6yieHHS TEXHIYHOTO dbopmyBaHHS
3aBJIaHHS 18.09.23 20.09.23 TEXHIYHOTO
3aBJIAHHS
2 | Anami3 icCHyIOYMX METOJIIB Ta AHAJITUYHUN
3ac001B KOHTPOJIIO MEPEK OTJIsA]T
OTIEPAaTUBHOTO MTOCTIHHOTO 91.09.23 02.10.23 | “iTeparyprux
CTpyMy JDKeped, 3aaadi
JIOCJIIJKEHD,
poszain 1 113
3 | docmmkeHHS
3aKOHOMIPHOCTEH 3MiHH OTIOPY 03.10.23 10.10.23 po3in 2
TIOJIFOCIB BIJIHOCHO 3€MJTI
4 | 3acobu KOHTPOJIIOIO 130JIALI11 11.10.23 24.10.23 posain 3
Mepex onepatusHoro [1C
S | Oxopoma npaui Ta besnexa B 2511.23 | 01.11.23 |  posnin 4
HaJ3BUYAHUX CUTYaIlisX
6 | ExoHoMidHa yacTHHA 02.11.23 | 16.11.23 po3ain 5
7 | OdopmIleHHS MOSCHIOBAIBHOT 17.11.23 971123 | MOACHIOBAIbHA
3aMMCKU 3aImcKa
8 | Buxomanma rpagiunoi vactummt | o6 15 53 | 301123 | ppesenranis

Ta 0()OPMJICHHS MPE3ECHTALlll
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1 2 3 4 3)

9 | [leperipka MKP nHa murariar. PesynbTar
ITonepenniii 3axuct MKP 01.12.23 07.12.23 | HEPEBIpKH Ha
miariaT, BIATYK

KEepIBHHKA
10 | OnonyBanns MKP 08.12.23 10.12.23 Biaryx
OTIOHEHTA
3axuct MKP TIT fiexaza rpy s (3a I['onom'm., Ta
: BiJIMTOBI/II HA
rpadikom)

3alIMTaHHA

7. OuikyBaHl pe3ynbTaTh B pe3ynbTaTi BHUKOHAHHS  MaricTepchbKoi
KBaTI(PIKaLiIItHOT pOOOTH OUIKY€EThCS OEpP>KaHHA OOIPYHTOBAHUX PEKOMEHJaLIi Ta
MPOIO3HUIIIH, SKI MOXKYTh OyTH BHUKOPHUCTaHI 3 METOI0 MiABUIICHHS €(PEeKTUBHOCTI
3aCTOCYBaHHS JIOCIIIJKYBAHOTO 00’ €KTa Ta MOKPAILIEHHS €HEProeeKTUBHOCTI.

8. Marepianu, mo nogatotecs 10 3axucty MKP IloschioBanbha 3anucka MKP
(mamepoBUl €K3eMIUISp), UTIOCTPATUBHI Martepiaju, BIATYK HAyKOBOTO KEpPIBHHUKA,
BIJITYK ONOHeHTa, aHoTalil 10 MKP ykpaiHCbKOIO Ta 1HO3€MHOIO MOBaMH, MPOTOKOJI
nepeBipku MKP Ha HasiBHICTh TEKCTOBHUX 3all03UYEHb.

9. Tlopsaok KoHTpoJO BUKOHaHHS Ta 3axucty MKP BukoHnanHs etamiB
po3paxyHkoBoi jgokymeHTaiii MKP KOHTpoIO€ThCS HAyKOBUM KEPIBHUKOM Ta
3aBimyBaueM kKadeapum ECC 3rigHO 31 BcTaHOBICHMMH TepMiHamu. 3axuct MKP
B110yBa€ThCS Ha 3acijaHHI €K3aMeHaIlIHOT KOMICii, 3aTBEPIPKEHOI HaKa30M PEKTOpaA.

10. Bumoru no odopmiennss MKP Bumoru BukianeHi B «llonoxeHHi mpo
kBamidikamiitHi poboTH Ha ApyroMy (Marictepchbkomy) piBHI BuUIoi ocBitu. CY S
BHTYVY-03.02.02-11.001.01:2, 2021 p.

11. Bumoru moao TexHiyHoro 3axucty iH@opmauii B MKP 3 oOmexeHum

nocTynom BincyTHi
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JIOJATOK B

3HaXO0IKeHHS] ONTUMAJIbLHUX NMapaMeTPiB KOHTPOJIIO

3HaiiieMo 3a IKuX Beln4duH mapameTpiB R1,,, T, K, R2,,, mapameTp Ps MaThMe
MaKCHMaJIbHE 3HAYCHHS.

[To6ynyemo moBepxHi pimeHs (puc.B.1) nnas BuOOpy MOXKIMBHX BapiaHTIB
HOIIYKY ONTHUMaIbHOTO pimieHHs. CkopructaeMoch MosinBocTssMu akety MathCad.

CepeaHbOKBaIpaTUYHA MOXMOKA PO3PAXYHKIB MOPIBHSIHO 31 CTATUCTUYHUMU

nanumu (ta6n.B.1) ve nmepeBumrye 0.017 B.o.

Pucynox B.1 — 3anexwnicts PsBin R1 ,,, Ta T 3a pe3yibratamMmu po3paxyHKy 3a

Bupasom B.1 mnsa R1,,,€30..300 kOm, T'el..24 2coounu, K=5 wmyx, R2,,,=100 xOm.

Pucynok B.2 — 3anexHicts PxBix R1 ,,, Ta K 32 pe3yiibratamu po3paxyHKy JUIs

R1,0,€30..300 kOm, k €1..5 3mentrens onopy, 7=4 coounu, R2,,,=100 kOm.
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Pucynox B.3 - 3anexnicts Ps Big T Ta K 3a pe3yiabTaraMu po3paxyHKy s

T€l..24 200unu, k €1..5 3menmiens onopy, R1,,, =4 2oounu, R2,,,=100 kOm

Pucynok B.4 — 3anexwnicts Px Bix K Ta R2 3a pesyibpTaramMu po3paxyHKy s
T=4 200unu, k €1..5 3menmens omopy, R2,,, = 30 €300 kOm, R1,,,=100 xOm.

AHaJti3 KpuBUX MoKazaHuX Ha pucyHkax B.1 — B.4 cBiquuTsk 1po e, 110:

- 3aj1ekHICcTh B.1 HemiiHa Ta 3pocTatoua;

- 3aJIeXKHICTh, SIKa TIOKa3aHa Ha pUCYHKY B.1 HelmiHiliHa, CIIOYaTKy 3pocTaroya, a
MOTIM Clajiaroya (Ma€e EeKCTPEMYM);

- 3asrexxHocTi B.2, B.3 HemiliHi Ta cagaroyi (puc.B.3).

3a TakMX YMOB BU3HAYUTH MaKCHMalibHe 3Ha4eHHs IMOBIpHOCTI P ( R1,,., T, K,
R2,,;) BaXKO, TOMY CKOPHCTAEMOCH TPAIHUI[IHHAM METOJIOM IIOIIYKY EKCTPEMYyMY

OararonapaMeTpuyuHOi QYHKITIT.
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Jlst 1iboro ckianemMo cuctemy piBHsSHb (B.1), sika yTBOpeHa 3 epIIMX MOXiIHUX
HO Rl}’lOﬂJ 7’1 kl R2n0/l .

[Mepni nmoxigai 1o R1,,,,, T, K, R2,:

ﬁ P, =-7.42e-8-Rl,, +4.926e-7-0-5.74e-7-k-3.71e-8-R2;, +0.000102602
, % P, =4.926e-7-R1, -0.0000406 -T +0.0009761-k +4.926e-7-R2,, +0.002842,

ﬁ P, =-5.74e-7-R1, +0.0009761-T -0.000857 -k -5.74e-7-R2,, +0.0058791 ,

d(RLZHE) P, =-3.71e-8-R1,, +4.926e-7-T -5.74e-7-k+-7.42e-8-R2,, +0.00001026
.Tomy

-7.42¢-8-R1,, +4.926e-7-0-5.74e-7 -k-3.71e-8-R2,, +0.000102602 =0

4.926e-7-R1, -0.0000406-T +0.0009761-k +4.926e-7-R2,, +0.002842 =0

e Bl
-5.74e-7-R1;, +-0.0009761-T -0.000857 -k -5.74e-7-R2,, +0.0058791=0 ( )

e

-3.71e-8-R1,, +4.926e-7-T -5.74e-7 -k +-7.42e-8-R2,, +0.00001026 =0

e

3a nomomororo MathCad 3Haxoaumo pitieHHS -
R1,0,=1746 kOm, T=3 2o0unu, K=3 pazu, R2,,,=743 kOm. (B.2)
Ie pimeHHs HEe 3a/I0BOJIBHSE TOYATKOBUM yMoOBaM (Taomwuis 3.2)
30 <R1,,, <300 kOm, 1<T<24 200un , 2<k<8 wmyka, 30<R2,,<300 xOm.
3HaXOAMMO PIIICHHS, CKOPETOBaH1 MOYaTKOBUMHU YMOBAMHU:
R1,,,=300 kOm, T=3 200unu , K=3 pazu, R2,,,=300 xOm.
Sk 6aunmo ymoBH 1o 3HaueHHS 1o R1,,, Ta mo R2,,, He ontumaneHi. OgHAK
3HAQ4YEHHS LUJIbOBOI PYKIIii 32 OTPUMAHUX PillleHb Oy ie:
P>=0.002246 s.0.
Onnak npu BBeneHi B mporpamy aius MathCad Bcix oomexxens, MathCad

pIIIICHHST HE 3HAXO/IUTb.

Tomy BuKOpUCTaEMO METOJ KpiTepianbHOro 6araronapamerpudnoro [10] mpor-

paMyBaHHS.
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DYHKITII0 MOKHA MPEACTABUTH Y BUTIISII

m n a.i
Y(X)=Yb]]x ",
=1 j=1
ne bi, ¢ji — crami koedimientu, Xji — 3minHI napamerph, Y(X)=Px(R1..., 7, K,
R2,01), X €(X1,X2,X3,X4), X1=R1,10, Xo=T, X3=K, Xa=R2,0,.
JInst mopiBHAHHS MOTOYHOTrO BapiaHTy Y(X) 3 ONTHMAJIbHUM BBEACMO BEIUYHMHH
Yonm 1 XJ onm +

[To3Haunmo
Y(X):Y *'Yonm y XJ :XJ* 'XJ onm

e Y=Y (AMY oum, Xjx =Xi/Xj onm — BITHOCHI 3HAYCHHS TTApAMETIB.

[TizcTaBUBIIM OTPUMAEMO

moonoan o
i XYoo :ZbiHXj* "X 7io
-1 -1

e M=15 — KiIBKICTh WICHIB PIBHSIHHSA, N=2 — KUJIbKICTh MHOXHHKIB B YJCHAX
PIBHSIHHS, Qji —TIOKa3HUK CTEIEHI TP MHOKHHUKAX YJIEHIB PIBHAHHS.
3pOoOMBIIIM TOTOXHE TEPETBOPEHHS 1 BBIBIIM 3MIHHY Yy BUIJISII KPHUTEPIIO

Mo 110HOCTI
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Jlns  ontumanbHOoro BapiaHTy, Ko Y(X)=Y,., KpuUTepialbHE pPIBHIHHSI
BIJINIOBIJJA€ YMOBI HOPMYBAHHS 1 Ma€ BUTJIAL:

1=m+mt+..+m,

1€ 701, 702,703,704, ...~ KPUTEPIi MOAI0HOCTI (32 METOZ0M IHTerpalbHUX aHaioris [11,
12]) momaHKIiB piBHSHHS IUILOBOT (DYHKIIIT 3araibHOrO (TIOTOYHOTO HA0OPY BEIMYHH
KOHTPOJIbOBAaHUX MapaMeTPiB MEPEXk1 ONEePaTUBHOIO MOCTIMHOIO CTPyMY) JIOJaHKaM
ONTUMAJIBHOTO MOTOYHOI'O HAa0OpY BEJIMYMH KOHTPOJIBOBAHUX HapaMETpIB MEPExi
OMEpPaTUBHOIO TMOCTIHHOrO CTpyMy. BpaxoByrouw Te, IO OMNOpPH IOJIOCIB, 4Yac
CIIOCTEPEIKEHHS, KUIBKICTh ~KOPOTKOYACHUX 3MEHIICHb OIMOpy TOJIOCIB  3a
KOHTPOJIbOBAHUI MPOMDKOK 4acy 3aBkau Oubimi 3a Hysb (X>0), a Takox Te, 10
¢yukmis Y(X) Bumykia i nudepeHiiiioBana Ha 3aJaHOMY IHTepBali 3HaUYe€Hb 3MIHHIX
BEJIMYUH Xj, TO PIIIEHHS 3a/1ayl 3HAXOJIUTHCS 3a YMOBU NPUPIBHIOBAHHA N0 HYJIA
NEePIIUX MOXITHUX LUIbOBOI (DYHKIIII MO apryMeHTaM (X1, X2), a OPSIKOBUI HOMED

apryMEHTYy MMO3HAYUMO, SIK S:

a”_ _
q00) z Hx 0, npu s=1,n.

Xs j1

[TpuBenemo n0 kputepiaabHOi Gopmu. s HOrO MOMHOXKUMO HOTO JIBY 1

npaBy 4yacTUHU HA Xs/Y oum. TOMI OTpUMAEMO:

Zas, Hx 0, mpu s=1,n.

IIO J=1

B namomMy BuUnaaKy mij OoNTUMaaIbHUM 3HAYSHHSM IUIOBOIT QYHKITIT pO3yMi€EMO
MaKCHMaJIbHE 3HAYEHHS, TOOTO MAaKCUMAaJIbHY BIPOTIIHICTh NPUUHATTS BIPHOTO
pILIEHHS MPO 3MEHIIEHHs (B MailOyTHbOMY) OMOpY MOJIIOCA MEPEXI OMEPATUBHOIO

nocTiiHOro cTpymy A0 20 kOM 1 MeHIe.
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3 ypaxyBaHHSM 3alMIIEMO Y BIAMOBIJHOCTI O YMOBH OPTOrO-HAJIBHOCTI B

KpUTEpianbHii popMi:

m
ZaSi'ﬂ-i onm:O, Ipu S=1,_n.

1=1

Takum umHOM aisi S=] ymMoBa MakcumyMmy ¢yHKmii Y(X) 3 ypaxyBaHHIM

3aIlIMIICTHCA TakK:

m
zajl “Tionm = 0’ J = 1’n

7. =1

lonm

BpaxoByrouu Te, 0 A0AATKIB B PIBHSAHHI 15 mTYK, TO KpiTepiiB MOA10HOCTI
Oynme — 15. OnHak 3MiHHUX Xj, @ came R1,,,=200 xOm, T=56 cooun , K=20 wmyx,
R2,0,=37 kOm, nume 4. Tomy cucrema piBHAIHb Mae 15 HeBimoMux, a came 15
kputepiiB momioHocTi 7 (me j€l..15) creminb ckiagHocti t=4-15-1<0 1 3amaua
OJTHO3HAYHOTO PIIIICHHS HE MaE.

Opnnak anami3 xoedimientiB (-0.0000000371, 0.0000004926, -0.000000574, -
0.0000000371, 0.0000102602, -0.000000574, -0.0009860619, -0.0004285026,
0.0058791808, 0.0000004926, -0.0000203018, 0.0028419419, -0.0051634684,
0.0000102602, -0.0000000371) piBHSHHS CBIIYUTH MPO T€, 1110 BOHU BIAPI3HAIOTHCS B
outbiie Hixk 1000 paziB. Tomy mOTpiOHO JOCTIUTH YYTIAUBICTh KOXKHOTO 3 J0JIaTKiB
ITbOBOT (PYHKITIT 10 3HAYEHHSI UIBOBOI (DYHKITII.

KoedirieHT 4yTamMBOCTI 11 OKpeMO Il KOXKHOTO HabOpy KOHTPOJbOBAHUX
mapaMeTpiB Ta OKPEMO JUIsl KOKHOTO () TOMATKy IITh0BO1 (DYHKIIIT BUSHAUAETHCS 32

BHUPA30M:



107

Bub6upaemo HaifOiIbII BILTHBOBI TOAATKH. X BHABHIOCH II’ATh, a came: 7, 8, 9,
11, 12, ogHaK B IbOMY BapiaHTi HE po3risaaeThcsi R2,,, (TOOTO B MOJANBIIOMY Ti4).
Jlnis pileHHsl CUCTEeMH PIBHSIHb MOTPIOHO, 1100 MaTpuls Koe(ilieHTiB @ji He Oyia
BUPOJKEHOI0, TOOTO 1i BUBHAYHUK HE JIOPIBHIOBAB HYJO. bynu po3risHyTi Oarato
BapiaHTIB CyKyITHOCTI JJOJATKIB I[IbBOT (PYHKIIIT 1 HA’KaJb B OUTBIIOCTI 3 HUX MaTPULIS
MOKAa3HUKIB @i BUSBUIIACH BUPOHKEHOI0. TOMY B MOJANBIIOMY OYJIEeMO PO3TISAATH
JOJIATKU MOJIIHOMY IIIL0BOI QyHKII: 7, 9, 12 3 1BOMa 0OMEKEHIMU:

R1,0:- K<2400 ma R1,,,-R2,0,<900 a6o R1,,,- k - 2400<0 ma R1,,,-R2,,, -
900<0, abo

R1,0.:- k —2400=0 ma R1,,,"R2,,,— 900=0.

Sxuro B HIbOBIM (DYHKIIIT KUIBKICTh TOAATKIB IOPIBHIOE M, TO 3 ypaxyBaHHSIM
KiJbKOCTi oOMexeHb K €1..p (B HamoMy BUMaaKy p=2, TOOTO y HaC JiBa OOMEKEHHS),
a TaKOXK 3 ypaxyBaHHSIM KUIBKOCTI Ik WICHIB MOJiHOMY (101aTKiB) B GyHKIT Jk (B
HAIIOMY BUTIAJIKY TaKUX JOJATKIB 1O JBa B KO)KHOMY 3 JBOX OOMEKEHb), SIKa OTHCYE

00MeKEeHHS, MOYKHA 3aITMCaTH 111 OOMEXKEHHS B 3araJIbHOMY BUTJISIII

Yk n
Aji
gy = Z biI |Xj] <Gy,
i=pa+l j=1

TOOTO
9 <G,
7€ ¥ - MYWIBHUK KUTBKOCTI YIEHIB IIJIbOBO1 (PYHKIIT pa3oM 3 wieHaMu (PyHKIIH
BCIX 0OOMEXKEHb, TaK
=M,

K=Y
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Tomy nns Hamroi 3aa4i KUIBKICTh JOJIATKIB B IIJIbOBIM (yHKIIT JuaemMmo m=3
(e 7, 9, 12 momatku 3aMicTh M=15), KiIbKiCTh 3MIHUX N=4 — TI0 YOTUPH (X1, X2, X3, X4)
B KOXKHOMY JTOJIATKY, }=3.

Jliist ieprioro oOMexXeHHs: Homep oOMexeHHs K=1, KUTbKICTh JT0aTKIB (WICHIB
byHKIii oOMexeHb) 1=2, TOPSAKOBUI HOMEP OCTAaHHBOTO WICHA IUTHOBOI (PYHKITIT
0e3 00MeXKEHb H-1= =3, TOPSAKOBI HOMEPHU UJICHIB MEPIIOro OOMEKEHHS B I[IJILOBIM
byHKIT | €(M-1+1).. %, TOUMHAIOYH 3 IEPIIOTO [=.1 +1 Ta 3aKIHYYIOYH OCTAHHIM JIJIs

NEePIIOro OOMEKEHHS 1=y
K=n =n1 =)0 +r1=3+2=5,

1€(3+1), (3+2), ToOTO i CKITaaeThCs 3 2 YICHIB, SIKi JOPIBHIOIOTH 4 Ta 5,

3+2
Zb H X“J i b4 . Xflm X§2,4 X33 4 XZA 44 b X% 5 X;lz,s X;”s,s ij,s ’
i=3+1  j=1

g, =1 X;X9x:xg +(—2400)- X2 XoXgX; = R1-k —2400.

JInst 1pyroro OOMEKEHHS: TMOPSIKOBHA HOMEp IpPyroro oOMexeHHs K=2,
KUIBKICTh WICHIB APYTroro 0OMEKeHHS =2, KUTBKICTh YIEHIB IJIbOBOT (DYHKITIT pa3om
3 YJIeHaMH MePLIOro OOMEXEHHS #-1=)1=5, KUIbKICTh YWIEHIB L[IJIbOBOI (PYHKIIT pa3om

3 WIEHAMHM MEePUIOro 1 Ipyroro oOMexKeHb

K =We1 H= )0 +1=5+2=7,
L e(M1tl).. 4, 1€(ppa+1)..0n, i= (i+1)..u= (5+1)..(5+2), ToOTO i CKIamAETHCS

JIVIIE 3 2 YJICHIB, SIKi JJOPIBHIOKOTH 6, 7

5+2 4
Zb HXaJl_b Xa16X226X336X0’46 +b7 X0517X227X337Xa47’
i=5+1 j=1



g, =1- X XIXIX, +(—900)- X XoXoXs = X; - X; —900 = R1,,

e

-R2;, —900.
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[TokazHMKHK CTeIeHl NMpH apryMeHTax Iib0BOi (PYHKINT Ta KOE(IIEHTH TIPH

JoIaTKax II50B0i (PyHKINIT HaBeaeH1 B Tabauii B.1.

Ta6mus B.1 — IMapamerpu 111160801 PyHKIIIT

Ne

[Toxa3HUKHM CTENEH1 apryMEHTIB

nmomatka | R1,,, T k R2,.0x Koedinienr
1 1 0 0 1 -0.0000000371
2 0 1 0 1 0.00000049263
3 0 0 1 1 -0.00000057397
4 0 0 0 2 -0.0000000371
5 0 0 0 1 0.00001026021
6 1 0 1 0 -0.00000057397
7 0 1 1 0 -0.00098606186
8 0 0 2 0 -0.0004285026
9 0 0 1 0 0.00587918076
10 1 1 0 0 0.00000049263
11 0 2 0 0 -0.00002030175
12 0 1 0 0 0.00284194189
13 0 0 0 0 -0.00516346838
14 1 0 0 0 0.00001026021
15 2 0 0 0 -0.0000000371
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JOJATOK T

Hocaigxenns ctiiikocTi podoTun ejekTpuuHoi miacranmii 330 kB B ymoBax

Ail 3arpo3,1MBUX YNHHHMKIB HAA3BUYANHOI CUTYyaIl

[Mincranmis 330 kB Moxe mianaraTd BIUIMBY HaJI3BUYalHUX CHTYaIlii
TEXHOT€HHOTO, MPHUPOJHOIO, BIMCHKOBOTO TOXO/DKEHHS, SIKUX B KpaiHl MOXe
BUHUKHYTH Oarato. BoHM HaHOCATH HEMOINpPaBHY MIKOAY 00’ €KTaM €HEPreTUYHOTO
rocogapctBa. Cepen Haa3BHYAWHUX CHUTYyallli MOXKHA BHUIUIATA HaWOUIBII
HeOe3IeyHl: HasgBHICTh y JAOBKULN MIKMBUX pedoBuH mnoHan ['JIK, asapii i3
3arpo3or0 Bukuay XHP 1 Oiomoriunmx HeOe3meyHnx 3aco0iB, pagiOaKTUBHE
3a0pyaHeHHs, BiuiuB EMI.

['omoBHy HeOe3mneKky sl MiJICTaHIlli CTaHOBUThH 3eMIIETpyC, OypeBii, yaapHa
XBWJIS,, BTOPMHHI Bpaxaroui (akTopu 1 paJiloakTUBHE 3apa’keHHs MiciieBocTi. [IpoTe
1HO/I1 JOBOJIUTHCSA BPAaXOBYBATH 1 BIUIMB MPOHUKAIOYO1 pajialli Ta eJeKTPOMarHiTHOro
IMITYJIBCY .

[Ipuitmauamu EMI € npenMeru, 1o MpPOBOIATH €IEKTPUUYHHUI CTpyM: JiHIT
eJIEKTponepeaad, KOHJEHCATOpHI OaTapei, KaOenbH1 JiHII, CHUCTEMHU PEJICUHOro
3axXMCTy. Amaparypa, sfKa HE OCHAIEHa CIelIaIbHUM 3aXHCTOM MOXe OyTH
[MOIIKOKeHa BHacitok EMI.

Bracmimok TpOXOMKEHHS TaMMa — BHUIPOMIHIOBAHHS 4Yepe3 eJIEMEHTH
CJICKTPOHHOT amaparypH, depe3 IMEepeMIleHHs] BUTbHUX 3apsjiB MOXE BUHUKHYTU
IMITYJIbC SIKMI MO€ MPU3BECTH J0 MOMUIKOBOIO CITpaIlfOBaHHs 00JiaiHaHHs. Takox
OJIHUM 13 HACJIJIKIB TaKOro ONPOMIHEHHS € MIABUIIEHHS MPOBIAHOCTI MaTepialiB,
30UTBLIEHHS MPOTIKAHHS CTPYMY Ta 3MEHILEHHS OINOpY, B Ta30pO3psAIHUX MpUiagax
3MEHIIY€TbCA Hampyra 3anajieHHs. IcHye akTyanpHa mnpoOiieMa po3paxyHKy 1
MIJBHUINEHHS CTIMKOCTI €JIEKTPUYHUX MiAcTaHIii. /[ 1iporo Ha 00’€KTi 3aBYACHO,

KEepYIOUUCh PO3paxyHKaMmH, IUIAHYIOTh 1 MPOBOMAATH BIAMOBIIHI OpraHizaliiiHi Ta



peanizyBaTH Taki pillleHHs, 1110 3a0e3Meuarh CTIMKICTh MiMPUEMCTRA.
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IH)KeHepHO — TexHIuHI 3axoau. CydacHUW piBEHb HAayKH Ta TEXHIKH JO3BOJISIOTH

I'.1 Ouninka crifikocti pod6oTn enexkrpu4Hoi miacranuii 330 kB B ymoBax il

iOHI3yI0UMX BUIIPOMiHIOBAHb

Busnauaemo excrno3uliiiHi 103u TIpu SKUX B eneMmeHTaXx PEA MoxyTh

BUHUKHYTH HE3BOPOTHI 3MiHU. JaHi 3aHOCUMO B TAOJIHIIIO

Cammii ypaznusuii enemeHT PEA — doTtonmioan 610Ky ymnpaBiiHHS pEIeHOTO

saxucty i aBromaruku, [, = 10° P.

Busnauaemo MOXIUBY 103y ONPOMIHEHHS:

M

_ 2P1(\ﬁ—ﬁ)
K )

nocu

ne Kuoen — KOeimienT nocnadienss, 1

T, — 4ac moyaTky onpomiHeHHsl, 1 ron

T« — MakcuMallbHa TPUBAIITH poO60TH, 20 POKIB
P1 — piBenb pamiamnii Ha 1 rox micis aBapii

L 73(\/175200 — /1)
M 1

= 4950(P).

Busnauaemo nonmyctumuii yac po6otu PEA:

2
t [ﬂap ‘K)1()C/7+2‘Pl\E]

don 2 Pl

_[103 1+2-4,73\1
oon

2
=11386(200).
2-4,73

[TopiBHSIEMO OTpHUMaHI JaHi:

T = 108 < T = 4950.

(T.1)

(r.2)



Taomung I'.1 —Excrio3urtiiiai no3u
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102

Enementn
Ne | ITlizcucremu €JIEKTPUYHOI YaCTUHH | Hrpu i, (P) Hop. (P)
I'EC
Hpocenb ®POC- 107
1000/0,5Y3
Koutpoep SP 0,5 10
LED
Jion J1 123-250-20 | 10°
1 | Cucrema KuBIICHHS Tliox MG 150M2YK1 | 10°
IIeperBOproBay 103
ctpymy MC44603P
IaBeprop UKC SSK 10
ITyckau ITMJI-1210 10°
Tym6aep ASW-29D | 107
Tpansucropu SS8050 10
2 Cucrema KepyBaHHS TO92 NPN
Konnencarop K73-16- 106
8,2 Mx® 250B
Pesucropu  CR-2W- 10
130, 0,25W-36 103
Mikpocxema 11
perynsatop  ctpymy | 10°
Mikporponecopa BTA41-800b
3 bnox 0OMEKEeHHS 6
cucreMa ctpymy K342EH8b 10
Taxorenepatop TJI- 105

Omxe, Tak sk [, = 10° < JIy = 4150 , 10 115 3a6e3ne4eHHs CTIMKOCTI poOoTH

Kioen moTpi6HO 30ubIMTH B 4 pasu. Pobora PEA Oyne criiikoro mpotsrom 11386

T'OJUH.

I'.2 Ouinka criiikocri esiektpuynoi yactunu I1C 330 kB B ymoBax aii EMI

[Ipu 3nailicHenH1 oriHoBaHHS BIUIMBY EMI Ha cTpyMOmnpoBiiHI €JIeMEHTH

HeoOX1JHO BpaxyBatu, mo EMI maioTh ropH3oHTalIbHY Ta BEPTUKAJIbHY CKIA/IOBI

HaHp}I)KCHOCTi CJIICKTPUYIHOI'O II0JIA 1 TOMY IOBMHHI BU3HAYaTHCS 3HAYCHHIMH
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HaIlpyTH Ha BEPTUKAIBHUX Ta TOPU3OHTAIBHUX NUISHKAX JIHIL. [ oiHku Oe3neku
poOOTH B yMoOBax [ii €JIEKTPOMArHITHUX BHUIIPOMIHIOBaHb, HEOOXIJHO BHU3HAUYMTH
3HAYEHHS] BEPTUKAIBHOI CKJIaJ0BOI HANPY>KEHOCTI €JIEKTPOMArHiTHOrO MOJisi, HpU
koedimienti 6e3nexku K =40 nb.
Ha 00’exTi mijicTanuii po3noAuIAIOTECS Ha Pi3HI OJIOKU:
1. Cucrema xuUBJICHHS
2. Cucrema KepyBaHHS
3. MikporpoiecopHa cuctema
Ha xoxHIH AiNSHIN BHU3HAYAEMO MAaKCHMAJIbHY JOBKHHY BEPTHKAJIbHOI Ta
TOPU30HTAIBHOI CTPYMOIPOBIAHOT YaCTHHU: Lgyi=5 M, Lypx=4,5M, Liz=5,2 ™M, L1 =4,7
M, Lo=4,3M, Li3=5,1 m.
Hamnpyry HaBoJIKM BEpTHKAJIbHOI CTPYMOIPOBIJHOI YAaCTUHM BU3HAYAEMO 3a

dbopmyIioro:

Koy = 201g —=- U Yoo > 40(0F).

(6,2) (r3)
ITicis MaTeMaTUYHUX NEPETBOPEHD, OTPHMMAEMO HACTYITHI 3HAUECHHS:

U,=E -L,U =E,-L.
E =E, 107 (kB m). (I.4)

Bu3HauaeMo JOMYCTUMI KOJMBAHHS HAIIPYTH KUBJICHHS:
Ipu Uonr = 12(B), Ugen = 12,6(B);
Mp#t Usono = 380(B), Uonz = 399(B):
Mt Uoms = 127(B), U o = 132(B).

Pe3ynbTaTi po3paxyHky 3aHOCUMO B Tabmuiio I'.2



Ta6muis I'.2 — Pe3ynbrat po3paxyHKiB

114

No Enement cucremu | Ly(m) | Li(m) |Ux(B) |U(B) | Kew(ab) | Ker)(ab)

1 Cucrema 3) 4,7 59,4 55836 |-13,892 |-72,931
YKUBJICHHS

2 Cucrema 4,5 4,3 53,46 51084 |17,035 |-42,146
KEepyBaHHS

3 MikpormporiecopHa | 5,2 51 61,776 | 60588 | 6,26 -53,236
cucrema

AHnanmizytoun Taomuiio [.5 MokHa 3poOWUTH BHCHOBOK NPO HEOOXIIHICTh

eKpaHyBaHHSI.

I'.3 po3pobOka 3axoaiB 10 MiIABHINEHI0 CTIMKOCTI pPo0OTH eJIEeKTPUYHOI

yactuHu 'EC y Haa3BHYaHUX CUTYyallisIX

Jl1st 3a0e3nedeH s SKoMOTa MIBUIIIIOTO BiTHOBJIEHHS BUPOOHHUIITBA HA BUTIA0K
BUXOJY 3 JIaJly OCHOBHHX JDKEpPeJl CHEPTrOKUBJICHHS TIOBUHEH OYTH CTBOPEHHI pe3epB
JDKEepes eHepro- 1 BOAONOCTayaHHs (MIEPEHOCH1 €JIEKTPOCTaHIIIi Ta HACOCHI arperaru 3
ABTOHOMHHUMHU JBUTYHAMH).

CTIHKICTh CHCTEM EJIEKTPOIIOCTa4aHHs 00’ €KTa MIABUIIYIOTh, MiTKII0YA0YN
HOTO 710 IEKITBKOX JKEPE )KUBJICHHS, BIIAJICHUX OHE BiJI OJJHOTO Ha BiJCTaHb, 110
BUKJTFOYA€ MOMUIMBICTD X OJJHOYACHOTO MOIIKOKEHHS OJHUM SACPHUM BHOYXOM.

JIns1 3a0e3neueHHs HalIMHOTO yIPaBIiHHA AISUTBHICTIO 00’ €KTa Y HaI3BUYAHUX
CUTYaIlisIX MHPHOTIO Ta BOEHHOI'O 4Yacy B OJTHOMY 13 CXOBHIL OOJAIHY€ETHCS IMyHKT
ynpaBiiHHA. J(McrmeTdyepehKi MyHKTH 1 PaiioBYy3JId PO3MINIYIOTh MO MOXKIIHUBOCTI Y
HaWMIIHIIAX cHopyAaxX 1 MiaBadbHUX NpuMilieHHsX. [loBiTpsHI miHIT 3B’S3Ky 10
HAalBAXJIMBIIIUX BHPOOHMYMX JUISHOK MEPEBOASATh HAa MIJ36MHO — KaOEeIbHI.
CriiikicTh 3ac001B 3B’S3Ky MOXHA HIJBULIUTH MPOKIAJAHHAM €HEPronocrajyaibHUX

binepiB Ha aBTomaTuyHy TenedoHHy craHiito (ATC) ta pamioBy3on 00’€kTa,
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1JITOTOBKOIO MIEPECYBHUX €NEKTPOCTAHIIIH 15 3apsipkaHHs akyMyisiTopiB ATM 1 s
YKUBJICHHS PaJli0OBY3Jia MPU BiIKIIFOUCHHI OCHOBHUX JDKepen efleKTpornocTtadants. [Ipu
PO3MIMPEHHI MEPeXki MiA3eMHUX KaOeIbHUX JIIHI HEOOX1THO IMPOKJIAIaTH ABOAPOTOBI,
3axuIIeH1 ekpaHaMu Bij BBy EMI.

JIisi bOTO TPOBEIEMO PO3PaXYHOK TOBIIMHU CTIiHKH €KpaHy, IS IhOTO
BU3HAYMMO TIepeXijiHe 3aTyXaHHs B ekpaHi. Bubupaemo cranpuuii expan K. = 5,2.

Cucrema XKUBJICHHS

.

K,-f
- —72,931-40
5,2 - /15000
Cucrema KkepyBaHHS:
{ = —42,146 — 40
5,2 - /15000
MikponporecopHa cucrema:
~ —53,236-40

h= 5,2 - 15000

TakuM 4YMHOM Ipu eraHyBaHHi CUCTCMHU JKUBJICHHA 3 BUKOPUCTAHHAM CKpaHy

=0,177(cm).

=0,129(cm).

=0,146(cm).

toBurHOw 0,177 cMm 13 cTani, cuctema aBToOMaTUKH Oye CTiiikoro B ymoBax il EMI.
IIpu expaHyBaHHI CXE€M pPEJIEHHOrO 3aXMCTy 3 BUKOPHCTAHHSM €KpaHy TOBIIMHOIO
0,129 cm 13 crani, cXxeMH MOCTIHHOro cTpymMy OyyTh cTiikuMu B ymoBax EMI. Jlns

CXEM IMOCTIMHOTO CTpyMy MOTpiOeH ekpaH ToBIIMHOO 0,146 cM.
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JIOJIATOK JT
LUTIOCTPATUBHA YACTHUHA

KOHTPOJIb I30JIALIT TA 3AXUCT MEPEX OITEPATUBHOI'O
[MIOCTIMHOI'O CTPYMVY

Crynent

(miagnuc )  ( 1HIDIQJIXA Ta MPI3BUIIE )

KepiBauk podoTtu

(mamuc )  ( 1HIIIATW Ta MPI3BUIIIE)



MinicrepcrBo ocBiTH i HayKn Ykpainu
BinHHOBKHIT HANIOHATBHUI TeXHIYHUI YHiBepcHTeT
DaKyIbTeT eJIeKTPOCHEPTeTHKH TA eJIEKTPOMeXaHiKu
Kadenpa enekTpuuHuX cTaHuiii i cucrem

KoHTpoJ1b i30J1511ii T2 3aXHCT MepeK ONePaTHBHOIO

NOCTIiHHOI0 CTPYM

Buxonas: ct. rp 1IECM-22m Jizaneysb Onexcanop
KepiBHuK: K.T.H., npodecop kad. ECC Pybanenxo 0.0.
2023 p.

AKTYyanbHiCcTb 2

CKNaZiHi YyMOBM eKcnayaTalii eleKTpoeHepreTMYHMUX CUCTEeM 06YMOB/IOOTb BUHUKHEHHA
aBapiit, AKi 4aCTO CTalOTb NPUUMHOIO He TiINIbKM EKOHOMIYHUX BTPAT, ane i NI0ACHKUX KepTB.

Mepexi onepaTtMBHOrO MOCTIMHOTO CTPYMy € Ba)K/IMBOK CKNAZ0OBOKO  CUCTEM
€/1eKTPONOoCTaYaHHA, 30Kpema ripoeNneKTpoCTaHLi, BOHWU Npu3HadeHi gnsa 6esnepebiliHoro
JKMBNIEHHA NPUCTPOIB pPenerHOro 3axucTy, CUrHanisauii Ta aBTOMAaTWUKKM, BiANOBIAANbHUX
MexXaHi3MiB BNaCHMX NOTpeb, aBapilHOro OCBITNEHHA, MPUBOAIB BUCOKOBOILTHUX BUMMKAYIB i
T. N. BawnuBiCTb TaKMX CMOMMBAYiB BUCYBAE BUCOKI BUMOTMM [0 HaAiMHOCTI Mepex
onepatusHoro C.

IcHye 6arato nNpUCTPOiB  BM3HAYEHHA MOLWKOAMKEHOI KabenbHoi NiHii  mepex
OnepaTMBHOrO MOCTIMHOTO CTPyMy , OAHaK creuudika 06’ekTa KOHTponlo noTpebye:
36i/IblIEHHA AOCTOBIPHOCTI MPaBMALHOMO BU3HAYEHHS MOABM Hebe3NeYHOro 3HUXKEHHA
onopy i30nALii Ha paHHIA CTajji; BU3HAYEHHA MNOLIKOAXKeHOro Kabento Ta 3abesneveHHn
LWBMAKOIO 3HAXOAKEHHA MiCLA 3aMUKaHHA NPU 3HUXKEHHI aKTUBHOrO onopy i3onAuii nontoca
BigHOCHO 3emni Ao 20-0 KOM 6e3 f0AaTKOBUX NEPEMUKAHb B MEPEXKi; MPOCTOTH i HagilHoCTi
B eKcnyaTauii, 6e3nepepBHOro KOHTPO/O 3HAYEHHA OMOpY i30MAL; cCNpaLboBYBaHHA Ha
CWUTHaN; He MNoripleHHA napameTpiB mMepexi (cMmeTpii Hanpyru NoatociB BiAHOCHO 3emii,
3Ha4eHHA onopis i3onAuii, KoediljieHTa NyabcaLiit Hanpyrn Ha wuHax Ab Ta iH.).

MidsuweHHA sumoez no HadiliHocmi pobomu npucmpoie KOHMponto i301ayii Mepexrc
onepamueHozo [1C cnpu4uHUAG NOCMAHOBKY | nposedeHHA A0CiOHeHb, a omxe mema €
aKmyaneHolo.

MeTta Ta 3agavi gocnigxeHHA 3

Metoio poBoTM € BAOCKOHANEHHA KOHTPOAO i3onAuji Ta 3acobie 3axucty mepex
OnepaTUBHOrO NOCTIAHOTO.

3rifAHO NocTaBneHoi MeTu B po6OTi BUPILLEHO HACTYNHI 3a4a4i:

- BUKOHATM aHaNi3 iCHYIOUYMX METOZAIB KOHTPOAIO i3onauii mepex onepatusHoro NC;

- AOCNIAUTM 3aKOHOMIPHOCTI 3MiHK ONOpPY NOAIOCIB BIAHOCHO 3eMni;

- AOCNIAMUTM 3ac0bM KOHTPOAIO i30nALji Mepex onepaTtusHoro MNC:

- BWUKOHAHO PO3PaxyHOK eKOHOMIYHOI ePEeKTUBHOCTI 3aCTOCYBaHHA NPUCTPOIB

BU3HAYEHHA CTaHy i3onauii mepex onepaTtueHoro NC

06'eKTOM A0CNIAKEHHA € NPOLEC 3MIHK CTaHY i30MALI NiA Yac ekcnayaTawii KabenbHUX NiHii
onepaTUBHOrO NOCTIHOTO CTPYMY FiAPOENEKTPOCTAHLINA.

Mpeametom AocnigkeHe € MeToaM Ta 3acobu  KOHTpoA i30nauii Ta BU3HAYEHHA
NOLUKOZKEHHA Mepex onepaTtusHoro MC.
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Ocob6nuBsocTi 06’eKTa KOHTpONIO 4

Cuctema OMEepaTUBHOTO CTPYMY ENEeKTPUYHWMX CTaHLiiM i MiACTaHUiM CKNajaeTbea 3
[KEpen KUBNEHHA, KabenbHUX NiHii, LWWH, KOoMyTauiiHoro o6nagHaHHA, NPUCTPOIB
i i IHLUMX eneMeHTiB OnepaTUBHUX Kin.

CnoxuBayamm ONC Ha  eNeKTPUYHUX

CTaHUjax | niagcTaHuiax € npuBoAM
BMMMKayiB, oOMepaTuBHi Ko/Ma 3axucTy,
npucTpoi ABTOMATUKM, anapatypa

OMCTaHUIMHOTO  KepyBaHHA, aBapilHa i
nonepea)KysasbHa  CUrHanisauia.  lMpu
NOPYLUEHHAX HOPManbHOT poboTu
ri4pOEeNeKTPOCTaHLLi Axepena onc
BMKOPUCTOBYHOTbCA ANnA aBsapiliHoro
OCBITIEHHA | [ANA  eNeKTPonocTayaHHA
0cobMBO  BIANOBIAANbHUX  MeXaHi3miB
B/IaCHUX NoTpeb.
g amnimt r——— g g Bi0 _ Owepen _onepamusHoz2o __cmpymy
nompebyemeca _nidsuuieHa HadiliHicme,
PucyHOK 1 — ®parmeHT cxemu Mepex onepatusHoro  [110MY 26HEPO6AHA HUMU Harpyed NO8UHHA
nocTiiAHoro cTpymy bymu 8UCOKOCMABiNIbHOKW, isonauis
M08UHHA bymu 8UCOKOOMHOI, Oxcepena
0M1epamueHo20 _cmpymy nosuHHi__6ymu
pe3epeosai.

AHani3s nowkoaxeHb B mepexax OMNC | 5

Ha AeAKUX eneKTPUYHMX CTaHLiAX i MiACTaHLIAX Taki KabesnbHi NiHil eKcnayaTyloTbeA BKe
noHag, 40 pokis. HagiiHicTb 3acTtapinux niHii MOMC 3meHwWwyeTbcA. TOMy aKTyasbHOW €
334a4a AOCNIAXEHHA MOLIKOAXKYBaHOCTI B cuctemax OMC. By npoBeaeHui aHanis
nowkoakeHb B MOTMC AHictposcbKoi FAEC, [iHicTpoBcbKoi TEC-1 Ta [iHicTpoBcbKoi MEC-2.

1 — KopoTke 3aMWKaHHA OAHOro NOtOCa Ha «3eMAto»,
2 — KopoTKe 3aMMKaHHA ABYX NOAIOCIB Ha «3emItoY,

3 —KopoTKe 3amM1KaHHA ABYX NONIOCIB Mix coboto,

4 - Buxif 3 n1agy eNeMeHTIB akyMynAaTopHux batapei,
5 —Buxia 3 nagy enemeHnTis BA3I,

6 —Buxig 3 nagy iHWKUX enemeHTiB

PUCYHOK 2 — PO3N0AIN NOWKOAXKEHb B Mepexax onepaTMBHOrO MOCTIHHOMO CTpyMy

Halvactiwwvm BMAOM molKomKeHb B cuctemi OMC € 3aMMKaHHA OAHOTO MOAOCa Ha
«3eMm. ».

AKWO Oro BYaCHO He YCYHYTWU, TO MpPW 3HUXKEHHi omopy i3oaALji iHWOro Mmosoca Moxe
cTaTucA momuakosa pobota P3A, BiAKNOYEHHA BiANOBIAANbHUX CNOXKMBaYiB mepex OMC.

He ycyHeHa npotarom 8 roguH «3emss» B MOMC rigpoenekTpocTaHLiii BBaXaeTbea
BiAAMOBOIO B Po6OTi APYroro CTyneHa, TOMY WO 3HAYHO NiABMUUIYETLCA PUIUK MiXKNONIOCHUX
3aMMKaHb Ta NOMUNKOBMUX CNPALbOBYBaHb Pene, BUKNAUKAHUX LIYHTYBANIbHAMM 3B'A3KaMMU.

®akTopu, fKi BNNMBaIOTL Ha BENUYUHY | ¢

onopy isonsy

Ha i3onaujto nontocis y cuctemi ONC, o 3HaXOAATCA NiA POBOYOID HAMPYrot, BN/AMBAOTL MEXaHIYHI,
eNeKTPUYHI 11 aTmocdepHi Bnavsu. OcobanBO CUABbHO Ha 301110 Mepex onepaTtueHoro MNC BnanBaloTL
atmocdepHi onaau: Aou, poca i TymaH.

Kpim atmochepHMx onaais Ha i30AALi10 KNEMHWKIB, KOMYTaLiMHOT anapaTypy BNAVBAOTb TAKOXK TBEPAI,
PiAKi i ra3onoAibHi 4acTKM Pi3HUX PEHOBUH, WO 3HAXOAATLCA B NOBITPI. BOHW OCAAKYIOTLCA HA NOBEPXHi
i30/1AUji 1 YTBOPIOOTb NPU 3BONONKEHHI aTMOChEPHOIO BONOrOO (poca) NPOBIAHMIA Wap, WO iCTOTHO
3HUXKYE eNeKTPUYHY MILHICTb i3onALi.

Mpw BNAKBI Ha i30nALit0 PO6OYOT Hanpyrv B cnony i 3 3a6pyal i 38010 noBepxHi, AK
npaBu/Io, NOPYLIYETLCA CUMETPIA i30/ALi NONIOCIB LWOAO 3eMAi, WO 3HUKYE enekTpobesneky i moxe

npu3BeCTM A0 3MiHM YCTAaBOK NPUCTPOIB PeNerMHOro 3axucTy, curHanisaujii i aBTomaTuKW. BuHMKae
iMOBIpHiCTb NepeKkpUTTA izonauji.

"

Orpumani B 2019-2022 pokax naHi 800 I
CBiYaTh Mpo Te, IO Ha CTaH i3omsii 700 I‘
BIUTMBAE BOJIOTICTH CEPEJOBHING, Y 500 [

SAKOMY BiZIOyBa€ThCs EKCILTyaTallis.
Y, ! y:

BoHa mpuckopioe Tpouec CTapiHHs il ‘I‘ TV
Bomsii.  Cepen  dhakropis, 1m0 i A
BILTHBAIOTH Ha MiIBUIICHHS BOJIOTH B 0 " /
3a0pynHeniii i3omauii # y camomy 200

JUENIEKTPHKY MOKHA BHJIUIMTH JIOMI, 00

POCY, TYMaH, 1aMOpO3b.

PYICYHOK 3 — 3a/IEXHICTb ONIOPY OAHOTO MOAIOCA Mepexi
BIAAHOCHO 3eM/1i Bi/L TPMBaOCT] AoLLy
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PUCYHOK 4 — PO3BUTOK 3aMUKaHHA NO/IKOCA Ha 3EMAIO MiA, 4ac AOLLY (ParmenT cTpiukm camonmcus)

Ha pucyHKy noKasaHuit GpparmeHT CTpiYKM camonucus, Ha AKomy 3adikcoBaHUM HaWbinbLu
XapaKTepHUI A1A AOLLY PO3BUTOK 3aMUKaHHA MOOCAa KOHTPONbOBAHOI MepeXki Ha 3emto.
HesaxuuwieHi i3onAujel0 cTpymoBeaydi NoBepxHi KabeniB, KNEMMHUKIB 3HaxoAATbCA B
nNpUMiLLeHHi abo 3axuLUeHi Bif NPAMOro BAyYeHHA Aouly wadamu, TyHensmu, notkamu. Nig
Yac fouy BeNMKi Kpanai pyiHyoTbea 06 CTiHKM wadm i y BUAI 3Ha4HO 6inbl Api6HUX, Yepes
WiAMHW 1 OTBOpM, NOMajaloTb ycepeauHy wWadu, YTBOPIOYM Ha MOBEpPXHi i3o/aujii
NpoBiAHWIA Wap. Y npoueci ekcnayaTtalii noBepxHaA wad KepyBaHHA AepOPMYETbCA, 3aXUCHI
NPOKNAAKN pylhHytoTbcA. MOMiYeHO, WO YacTo nig, Yac Aouly BoAa HaAKOMWUYYETbCA HA
nosepxHi Wwadu KepyBaHHA, a MOTIM, CTiKaloyW, MoONajac B YycepeauHy, BUK/IMKaOUW
3aMMUKaHHA NOAOCa Ha 3eM/I0.

Pesynkratu gocnigxeHb 8

3 MeTol 0BrPYHTYBAHHA YCTABKM CMpaLboBYBaHHA NPUCTPOIO Ge3nepepBHOro KOHTPOAIO i3onsuji 6ynu
npoaHani3oBaHi pesynbtaTi TPUPIYHUX CMOCTEPEKEHb 3a ONOPOM i3onsAuji niactaHuji BPY-110/330kB
AHicTposcbKoi MEC-1 y 2019-2022 pokax. 3 2019 no 2022 piK yci 3HUXeHHA onopy i3onauii 4o 30 KOm i
HUYKYe HOCW/IM PanToBMiM XxapakTep. Big 1 MOm A0 200 KOm onip i30AALji YacTiLle 3HWKYBANOCA NAABHO.
Tabnuua 1 — KinbkicTb 3amuKaHb (3a 2019- 2022 p.p.)
Ha n/ct BPY-110/330kB [Hictposcbkoi FEC-1y mepexax
onepatusHoro MNC

Omip izomamii N
nomoca 70 " o
SaMEKAHES, < s|g|g |8 - L
¥Ou sl2 2|8 (8/8|8 |8 |8 |% 5 I
omp 2|5 |2 || |2|s |5 |88 |2 1 pyrerrp—
Bicmi =3 R
KR, bt
xOu
05 (|11 36| 5 N .
510 (7 - -1 ]tT]|un|n 71 8 o 4 xoure *
10-15 I - -] -T2 [B]t[z]1 "
o
1520 9 3 3 1 p [ECE
2025 - - - - 1 1 2 8 3 2 1 4= — )
Brome SO s
2530 -1 -1-1-11 R
3035 -1 -1-1-1 113 T 1 .
3540 T]1 T R =]
[=H -1 -1-1-1-1-1-]-1T1]t X
4550 B B - B - - - - - 1 ] & roqum 5O xewm
5075
PUCYHOK 5 — 3MiHa aKTUBHOFO Onopy isoAAji
N R nigy BNAMBOM pock

PesynbTaTtn gocnigxeHob 9

JocnifXeHHA KOPOTKOYACHMX 3MiH OMOPY MOAOCIB BiHOCHO 3eMAi

3 MmeTol 3aBYacCHOro NPOrHO3yBaHHA 3MEeHLWeHb
onopy i30/ALi 40 YCTaBKM CNPaLybOBYBaHHA NPUCTPOIO
KoHTpoAto i3onauii YKI-1 (to61o Ao 20 KOm) notpi6HO
AOCAIAUTIA CTaTUCTMKY MONEPeAHX 3MiH OMopy.

Tabanua 1 — Kinbkictb 3amukaHb (3a 2019- 2022 p.p.)
Ha n/ct BPY-110/330kB [HictpoBcbKoi MEC-1y mepesax
onepatusHoro MNC

Tomy 6ynu npoaHanisosaHi 3MiHM onopy Nontocis, AKi B Triwsiom [T T
TpuBanu J0 1 XBMAMHM, | WwaAXOM :; J 2 : =
CTaTUCTUYHMX AaHNX 6ynu BU3HAYeHi: W EE I
- KiIbKOCTi KOPOTKOUACHMX 3MEHLEHb Onopy Montocis 10 T |
Ha NpoTA3i POKY B 3aNEKHOCTI  Big = k| - .
3MeHWeHHA onopy R1,, , AKi B MaiibyTHbOMY % T T £

B0 TP onopy Ao 20 KOm il 4 3 - ]
i MeHwe; :: ; : =
- KiIbKOCTi KOPOTKOYACHWX 3MEHLUEHb OMOpy NoAiocis, W i
AKi B MaibyTHbOMY npuBennM A0  TPUBANOroO 3:: : :
3MeHLWeHHA onopy A0 20 KOM i meHLwe, B 3aN1eXHOCTi = ( T
BiA, NpoMixKKy 4acy T, 3a AKkui Gyna nopaxosaHa us 6 B 0
KiNbKiCTb imnynbeiB, Ta i Big ': B T
3MeHLWeHHA onopy R1,,.; o 5
- KiNIbKOCTi KOPOTKOYACHUX 3MeHLLIEeHb ONopy NoAtocis, ) T
AKi B MaWByTHbOMY NpWBEAM OO0 TPUBANOTO ':
3MeHLWeHHA onopy A0 20 KOM i MeHLue, B 3aN1eHOCTI ) T
Bif, KiNbKOCTI k  KOPOTKOYACHWX 3MeHLeEHb Onopy 0 v
NoMOCIB 33 BM3HAUEHWI  MPOMIKOK  yacy = - oJ L
crocTepeeHb, 3a AKKIA Gyna NopaxoBaHa LA KibKICTb w 5 7 W u
iMNyNbCiB, Ta B3aN€XKHOCTI Bif L = J I

0 i o W[

0onopy Rl % - L
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PesynkTaTn pocnigaxeHb 10

Bu3HaveHHs aHaniTMYHUX 3anexHocTen iIMOBIpHOCTEN 3MeHLLEeHb OMnopiB Bif
KOHTPONbOBAHMX NapaMeTpiB

IMOBIpHicTb BipHOrO NPOrHO3yBaHHA 3MeHLeHHA onopy nostoca A0 20 KOM B 3aN1€XHOCTI Big, BENUYUHU
nonepeAHbOro KOPOTKOYACHOTO 3MEHLUEHHsA LbOTO OMOPy Harafye KPWBY HOPMANbHOTO 3aKOHY
po3noajiny, ToMy BUKOPUCTaHHA 3acobis MS Excel He A03BONAE AKICHO BU3HAUMTW aHANITUYHMIA OnNKUC
aNPOKCUMYHOHOI 3aNeKHOCTI. [NA 6inbll AKICHOTO aHaNITUYHOMO OMUCY CKOPUCTAEMOCH MOMK/IMBOCTAMM
MathCad, otpumaHo pisHsHHA (1)

P1=-4.378¢-3+8.233e-5 R1+2.649¢-5 R1°+7.003e-7RI*+2.143e-9-R1*--8.607e-11 R1° -4.431e-13-R1°+5.522e-15RI" (1)

PHCYHOK 6 — 3anexHICTb

sl eamzommim-nms
i ax R onmm imosipHocri sipHoro
PiBHaHHA (1)  f#o3BONAE  BM3HAUNTU o8 Ay
imoBipHicTb  (P1) TpWBanOro 3mMeHLEHHs E""% 3MeHWeHHA onopy.
onopy nontocis go 20 KOM i meHwe B e W i 29"02" sia
5 X o TpMBanoCTi yacy
3a/1IeKHOCTI  Bif, BENNMMHN  3MEHLIEHHA o e
onopy Rlnon . s m @ = e R1=100 KOM)

BOHM BM3HAYaNuChb, AK BifHOLWEHHA KiNbKOCTI

3MeHWeHb onopy mnontoca (npu  nesHii

BEJIMYMHI LbOro onopy), Aki B NoAanbLomy ok PucyHoK 7 = 3anesxHicTb
NPUBENU /10 TPMBANOTO 3MEHILIEHHA ONOPY i”‘::ifr:”:a‘;:ais::r°
nontocis Ao 20 KOm i meHwWe, A0 3aranbHOI

R 3MEHLUEHHA onopy
KINbKOCTI  TPMBAZMX  3MeHWeHb  onopy === nonioca A0 20 KOM Bia,
nontocis 4o 20 KOM | MeHLwe. i BT Qe PE AR EOTC

KOPOTKOYacHoro
3MeHLIEHHS LibOro onopy

3acobu KoHTpOIIo i3onauil Mepex onepaTuaHorom

nc

O3HaKOI CbOTOAEHHA € Te, WO GibIiCTb GipM BUPOBHMKIB YCTaTKYBaHHA A8 KOHTPOAIO NapameTpis BiANOBiAanbHOMO
eneKTpUYHOro obnagHaHHA P3A NPUNUHAIOTE BUNYCK it BUMIpI npunaais, pene i NpUcTpois i
nepexoAaTb Ha uMpposy enemeHTHy 6a3y. Mepexia Ha HOBY enemeHTHy 6asy He MPU3BOAWTL A0 3MiHWM NPUHLMNIB
po60TU NPUNAAIB KOHTPOIO, PENEMHOr0 3aXUCTy | €NeKTPUYHOT aBTOMATUKKM, a TiIbKK PO3LIMPIOE iX (YHKLIOHANbHI
MOX/IMBOCTI, CNPOLLYE eKCryaTauito i 3HUKYE ii BapTicTb. Came 3 LiMX NPUYMH MIKPOMPOLLECOPHi NPUCTPOT AyKe WBUAKO
3aiiMaloTb MiCLe 3acTapiNnx eNekTpo it i Mil TPOHHUX iB KOHTPOJIIO, pene i aBTOMaTUKU.

MpwcTpiii KoHTPoAIo i30/1ALiT Mepex MC cTBOpeHO Ha MiKpoNpouecopHii 6asi. CTPyKTypHa cxema NpucTpoto, NokasaHa

Ha puc. 8
2208) fmapara. Cpmepmacp|
ﬂ s T e

[, S—

Misponpeyscop ATMEGABS1S.

PicyHOK 8 — C cxema MKI-2 isonALji mepex OMC

B npucTpoi BcTaHOBAEHO MiKpOKOHTponep Tuny AVR Tuny ATMEGA8515 dipmu Atmel.

MporpamHe 3a6e3ne4eHHA npuctpoto MNKI-2 12

Mporpama, Ha MmoBi NporpamysaHHA Acembniep Ana MikpokoHTponepa Atmel 8515.

(=)
— -

& Heroangessa 0 By 3 evmasaed e
Bmmsice
[ 5
3 Yot o aen
Tpoanrampesynram pif e
| 5T ey K.
= Cusporisyanri

A\ dacnwom

oAy

DNara / yac noniA:

31.05.10/21:10:18
| | Hoeua qasin ‘
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BucHoBku 13

Y marictepcbkiit KBanidikauiiHiin poboTi po3rAHYTO NUTAHHA BAOCKOHANEHHSA KOHTPOIO
i301ALii Ta 3ac06iB 3aXMCTy Mepex onepaTMBHOrO NOCTINHOrO.

3acTocyBaHHA MIKPOKOHTPO/IEPiB Mpu po3pobui NpucTpoiB KOHTpotO i3onauii mepexx OMC
[03BOAUTL THYYKO pearyBaTM Ha 3MiHy napameTtpiB mepexi (wnsxom nigbopy HanbinbL
iHpopmaTMBHOTO X CNiBBiAHOWEHHA) Ta 06PO6KY iHPopMaLlii, AKa HAAXOAUTb Bif, CEHCOpiB
KoHTpo/to napametpis MOIC, 30kpema akTMBHOTO ONOPY MOJOCIB MepeXXi BiflHOCHO «3eMAi».

TpuBaAUM 3MEHLLEHHAM OMopy i30AALIi NONOCa Mepeki onepaTMBHOrO MOCTIMHOrO CTPYMy
nepeAyloTb KOPOTKOYACH] 3MEHLLEHHS LibOTO OMopy.

KopoTKovacHi 3meHLLeHHA onopy nostoca BiAHOCHO 3emAi 4o 100 KOM i MeHLIe MOXYTb ByTH
03HaKOI0 CTINKOro 3MEHLLEHHA Lboro onopy Ao 20 KOM i MeHLwe B MalibyTHboMYy.

AIKLLO KiNbKICTb KOPOTKOYACHMUX (MeHLLe 1 XBUAKMHM) 3MEHLLEHb ONOPY NOAKOCA BIAHOCHO 3emi
A0 100 KOm i meHwe Byae He meHwe 3 pasiB Ha NPOTA3i He Binble 6 roguH, To IMOBIPHICTb
NPOrHO3yBaHHA CTIMKOTO 3MEHLeHH: Lboro onopy Ao 20 KOM i meHwe B MalbyTHboMy (Ha
paHHiii cTagii po3suTky aedekty) byae Haibinbwoto.
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JTOJATOK K

3axucT Mepex ONepaTUBHOIO MOCTIHHOTO CTPYMY

Mepexi  omepaTUBHOIO  MOCTIMHOro  cTpymy  Hampyroroo 220 B
BUKOPUCTOBYIOTHCSl HAa €JIEKTPUYHHUX CTaHIlS mijcTaHmisx Hampyroro 110-150 xB
JUIsL JKUBJICHHS BIANOBIJAJbHUX CIOXHUBAa4yiB TaKUX $K. peleHUIl 3axucT Ta
aBTOMAaTHKa, aBapiiiHe OcCBITIIEHHS Ta iH. Lli Mepexi OTpUMYIOTb KUBIICHHS BIJ
aKyMyJISITOPHUX OaTepei Ta 3apsIHO-IA3apsSIHUX arperaTiB 3 BUKOPUCTAHHIM Tad)

nocTiHoro cTpymy (puc. XK.1).

i
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Pucynok K.1 — [Ilada onepatuBHOTro MOCTIMHOTO CTPYMY

OCHOBHUMU BHIaMH TIOIIKOHKeHBb Mepex [1C € 0THOMOMIOCHI Ta MiXK MOTIOCHI
3aMKHEHHS. BpaxoByroum BignoBiganpHicTh omeparuBHoro [IC  mim wac
OJIHOIIOJIOCHUX 3aMKHEHb HE PEKOMEHIYEThCS aBTOMATUYHO BIJKJIKOYATH JIIHIT Ta
cnoxkuauiB [IC tomy 3axuctu I[IC B Takux BUMaakax Mpaiiol0Th Ha CUTHAJ BOHU
MOTIepe/HKAIOTh  CKCIUTYaTylOUUd TMEepCOHaJ PO BUHUKHEHHS OJHOIOIIOCHUX
3aMKHEeHb. Takoxk (pyHKIIiI0 CUTHAII3a1lii BUKOHYE pesie HanpyTu npuctporo PH — 52
npuctporo koHTpois i3omsmii [IKI-1. Ilicns orpumanHs cCUTHaNly BiJ MPUCTPOIO
[IKI-1 omepaTuBHUI MEepCcOHAN Ma€ Ha MTPOTA31 8 TOAMH 3HAWTH 1 JIKBIAyBaTH

3aMKHEHHS 1HAKIIE aBapiiiHa CHUTYyallis NPHUPIBHIOETHCS OO BIAMOBU JPYTOro
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ctynens. Po6ora mepex onepatuBHoro I1C B pexxumi OJHOMOIIOCHOTO 3aMKHEHHS
3HUKYE HAAIMHICTh PENEeWHOro 3axuCTy, BHUKJIMKAIOUM HOro MOMUIIKOBI
CIpalbOBYBaHHS, Ta EJCKTPUYHOI MijAcTaHIii B nuioMy. OIHaK BiOMO IO HE
YCYHEHH1 OJHOIOJIOCHI KOPOTKI 3aMKHEHHS TMPU3BOJATH JO MIDKIIOJIIOCHUX
3aMKHEHb.

JIist 3aXHUCTy BiJl MIKIIOJIOCHUX 3aMKHEHb BUKOPUCTOBYIOTHCS aBTOMATHUYHI
3an00DKHUKY Ta aBTOMAaTH4YHI BUMUKadl Ha Hanpyry 220B nocrtiiiHoro ctpymy. Li
aBTOMaTH4YHI BHUMHKaudi OyBalOTh JBOX THUIIB oOAHOMOMOCHI (puc. XK.2) Ta
neonontocHi (puc. XK.3). BoHu MaroTh SK €JIEKTPOMArHiTHUM pPO3YEILIIOBAaY 3
MIHIMaJIbHOK BUTPUMKOIO Yacy CIpallbOBYBaHHS Ta TEIUIOBUI po3ueruitoBad. Tomy
B 3QJIE’KHOCTI B1JI 3a/1a4 BUMHMKa4l Peali3yloTh HE3aJIEKHY 3aXUCHY XapaKTEpUCTHKY,
3BOPOTHIO  CTPYMO-3aJICKHY  XapaKTEPUCTUKY Ta  KOMOIHOBaHy  3aXHCHY

XapaKTEPUCTHUKY .

Pucynok JK.2 — JIBonoJirocH1 aBTOMaTU4H1 BUMHKa4l MOCTIHHOTO CTPyMy

Ta6nuus JK.1 — [TapameTpu 1BOMOJIOCHOTO BUMHUKa4a

ITapamerpu
Cepisi: ETIMAT 10 DC
Bukonanusa: MonynbHuUi
PozuimmoBau: TennmoBuii, EnekrpomaraiTHuit
Tun npuctporo: ABTOMaTHYHAN BUMHKAY
[Tinknrouenns: 1 — daza
Kis1bKiCTh MOJIIOCIB: 2
Xapakrepuctuka BiakiaoueHus: C
Howminansauit ctpym, A: 63
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npoaoBxkeHHs Tabmui K. 1

MakcuMaabHHI CTPYM KOPOTKOTO 3aMUKaHHs: 6 KA
Tun montaxy: DIN-peiika

Tun po6ouoi Hanpyru: DC (nmoctiliHu# CTpym)
Po6oua Hanpyra, V: 440

Mo>kJTMBICTh BUKOPUCTAHHS CIIOJNYYHOI IMHU: Tak
Tun cymicHoi 3'eqayBanbHOi muHu: FORK (Buka)
MOKIHBICTh MOHTQXY JIOJATKOBOTO Mprutaas: Tak
Komnnekryroui: ABromar

Po3wmip Ha din-pefiti: 2 moyns
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Pucynok XK.3 — OgHOno0CHI aBTOMaTUYH1 BUMHUKAUl MOCTIHHOTO CTPyMY

Ta6muus JK.2 — [lapameTpu 0JTHONIOIOCHOTO BUMHKAaUa

[Tapamerpn
* Tlpomosumis: Standart, Professional, Industry
* Cepis: ETIMAT 10 DC
* Buxonanus: MonyibHHN
* PozuimumoBau: TermoBuit, EnexrpomaraitHuit
* Tun npuctporo: ABTOMaTUYHHUI BUMUKAY
* Iligxmouennsi: 1 — daza
* KiunbkicTh nostocis: 1
* Xapakrepuctuka BigkiatoueHus: C



https://electrica-shop.com.ua/soedinitelnaya-shina-dlya-avtomaticheskih-vyklyuchateley-tip-fork

