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IEPAPXIYHA CUCTEMA MOHITOPHUHI'Y IIOTOYHOI'O CTAHY
BUCOKOBOJIbTHUX 'EHEPATOPIB IMIIYJIbCHHUX CTPYMIB

ITpoBeneHo aHami3 3aad KOHTPOIIIO IIPOLECIB B PO3PSITHOMY KOHTYPI FeHepaTopa iMITyIbCHUX CTPYMiB
JUISL PO3PAIHOIMITYJILCHUX TEXHOJIOTiH. OOIpyHTOBaHO CTBOPEHHS CHCTEMH MOHITOPHMHIY IOTOYHOTO
CTaHy reHepaTopa Ha MPUHIMIAX MOIYJIBHOCTI, iEpapXiYHOCTI, BAKOPHCTAHHS KOJIEKTHUBHHX PECYpCiB i
MIOTY>KHOI OOYHCITIOBAILHOI CHCTEMHU PealbHOro dacy. Po3pobieHo cxeMHy peai3allilo CHCTeMH MOHi-
TOPUHTY Ha 0a3i po3po0JIEHOr0 MPOMUCIOBOTO KOHTPOJIEPa i MPOBEAEHO ii BUIIPOOYBAaHHS Ha €KCIEepU-
MEHTaJIbHIH YCTAHOBLI IS PO3PSIHOIMITYIbCHOT TEXHOJIOTI] BUTOTOBJIEHHS OypOHAOMBHHX CBAii.

KuiouoBi ci10Ba: iepapxidHa cucTeMa MOHITOPUHTY, TeHEPaTOp IMITyJIbCHUX CTPYMiB, PO3PSIIHO-
IMITyJIbCHI T€XHOJIOTII.

OCHOBHUM €JIEMEHTOM DPO3PSIIHOIMITYJTBCHUX TEXHOJIOTIYHUX YCTaHOBOK €
reaeparop immynbcHEX cTpyMiB (I'IC). B pospsare xono I'IC BMuKaeThCS TEXHO-
JIOTiYHE HABaHTAXEHHS, SKE 3a3BHUail sABIsIE cOO0I0 KaHAI po3psady, mo Ghopmy-
€TBCSl Y CYLILHOMY KOHIEHCOBAaHOMY cepeloBuIli (Boxi). Po3psanuii kaHam BU-
KOPUCTOBYETBCS SIK JDKEPENIO IMIYJIBCHOTO THCKY Ha 00’€kT 00poOku. Edextus-
HICTh PO3PSAHOIMITYJIBCHUX TEXHOJIOTIH y 3HAa4HIN Mipl 3aJISKUTh BiJ] XapakTepy
po3psily Hakonmu4yBaua €Heprii, Ta aMIUIITYAW PO3PSAHOTO CTpyMy. Xapakrep
3MIHHM CTPyMy B IIpoIeci po3psay Hece iHdopMaito mpo nepeodir enekTpoBuoyxo-
BOT'0 TEXHOJIOTIYHOTO MPOLIECY, HAPHUKIIAJ, JO3BOJISIE BUSBIISITH aBapiiiHi cuTyanii
(KOpoTKe 3aMHKaHHs) a00 BUITAAKH PO3PALY KOHAEHCATOPA 3 MAJIUMHU CTPyMaMH,
TIPY SIKMX BCSI €HEPTisl BTpavdaeThes (X0JocTi po3psian). ToMy paspsmaHuil CTpyM €
KoopauHaTolo BekTopy cTany I'IC, a XapakTepHUCTHKH pO3psiIHOTO cTpyMy (¢op-
My, aMILTTyy, TPUBAJICTh, ICKPEMEHT 3aTyXaHHs) MOXKHA BHKOPUCTOBYBATHU SIK
iHpopManiiiHi BeauduHU (iHPOpMalliliHI KOOPANHATH BHUXIJHOTO BEKTOpa 00'€KTa
CIIOCTepE)KEHHS), 10 BUKJIHMKAE IIiJBUIICHHS BHMOT JO CHCTEMH BHMIipIOBaHHSI
PO3psiiHOTO CTPyMy AJisl 3a0€3IeUYeHHS 3a/1aHOTO CTYyIeHst TOYHOCTi. JloCBia BHKO-
pHCTaHHS aMIUTITYIU PO3PSAHOTO CTPYyMY B sIKOCTI iH(opMaliiiHoi koopauHaty [ 1,
2, 3] B cuctemax KepyBaHHSI PO3PSIHOIMITYJILCHUX YCTaHOBOK IMiATBEPKYE Ha-
JUIHICTH IIBOTO METOAY KOHTPOIIIO TEXHOJIOTIYHOTO MPOIeCy. 3 iHIMIOro OOKY po3-
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BUTOK allapaTHUX 1 NPOrpaMHUX 3aco0iB J03BOJISIE CTBOPIOBATH CKJIaIHI iH(opma-
LIfHO-KEpYyIOUl CUCTEMH IS KepyBaHHs TEXHOJIOTTYHUMH MpolecaMu. Alie BIPO-
Ba/DKEHHS TAKUX CHUCTEM JUIS PO3PAIHOIMITYIIBCHUX TEXHOJIOTIH CTPUMYETBCS Ta-
KUMH (DaKTOpaMH SIK BEJIUKI IMITYJIbCHI CTPYMH B €JIEKTPUYHHUX KOJaX yCTAaHOBOK
Ta HaBEJICHI CJICKTPOMArHiTHI 1MOJIS 3 BEIMKOIO T'YCTHHOIO €HEprii.

MeTo10 HOCIHIIKEHb € OOTPYHTYBAHHS MPUHIUIIIB CTBOPEHHS 1 po3podKa ie-
papxiuyHoi CHUCTEMH MOHITOPHHIY HOTOYHOIO CTaHy T'€HEpaToOpiB iMITYIIECHUX
CTPYMiB 7151 KOHTPOJIIO TEXHOJOTIYHOTO IMPOIIECY 1 3aXHCTy eNeKTPOOOIa HAHHSI
BiJl aBapiifHUX PEXUMIB.

Martepianm gociimkenHs. Pe3yabratu monepeaHix I0CIikeHs [4] o0rpyH-
TOBYIOTh MOXJIMBICTh ITiJIBUIIEHHS €HEProe()eKTUBHOCTI PO3PSIHOIMITYIbCHUX
TEXHOJIOTIH MPH 3aCTOCYBaHHI ONTUMAJILHOI CHCTEMH KEePYyBaHHsI, IOOYI0BaHOI 3a
KputepieM MiHiMizamii ¢yskuii Brpar. [Ipm npomy iHpopMamiliHa KoOpauHATa
BekTOpy moroyHoro craHy [IC MIicTUTh MakcuMmaibHE 3HAYEHHS PO3PSIHOTO
CTPYMY iy

Jnst BU3HAYCHHS TUIIOBHX 3HAYCHBb PO3PSAHUX CTPYMIB 1 IIBUIKOCTI iX 3MiHU
npoanamizopaHo mapamerpu [IC nns psiny pO3pSOHOIMITYJIbCHHX TEXHOJOTIN
(tabn. 1). Hakommuysau eneprii I'IC mae miama3oH poOoumx Hampyr Bim 5 10
50 xB ta emuocteit C Big 0,01 mo 5600 Mx®. /Iy KOXKHOT TEXHOJIOTIYHOI yCTaHO-
BKH TaKO)X MOXXHA OIIIHUTH 1 BUMIPATH 1HIYKTHBHICTH po3psagHoro koHTypy ['IC,
sKa 3a3BUYAil JOPIBHIOE OJUHUIISIM MIKPOTEHPI, ajie MoXe OyTH MEHIIow abo Oi-
JIBILIOKO.

Tabmuns 1 — [apamerpu I'lC s psay po3psAHOIMITYIIBCHUX TEXHOJIOTIH

HasBa texnosnorii U,xB | C,mMx® | L, Mx['n Tnag_mas Lriser MKC Wonar
KA kJx

3anpecoBka Tpyo [1] 30-50 8-16 6-8 81 15 10
Enexrporiapasniuna <50 0,25-4 2-4 70 4.5 1,5
00poOka po3IUIaBiB Me-
taiiB [5]
O0pobka CBEP/VIOBHH 30 2.5 4-5 24 5 1,1
(Boza) [6]
O06pobxka CBEP/JTIOBUH 30 2,1 0,7 33 3,5 1,2
(adra) [7]
[IItamnoska [8, 9] 10-50 10-42 3,5-15 170 19 52
EnexrporigpaBniuna <50 2-4 10-20 32 10 2,5-5
ourcTKa BUIMBKIB [10]
PyiinyBanHs rpaHiTHUX | 5-25 5600 7-14 141 311 70
HerabapuTis [11]

MakcuManbHUH CTPYM Y HABaHTa)XCHHI BH3HAYAETHCS KOJMBAJIBHUM, a0o
anepioJUYHUM XapaKTepOM PO3PSALY 1 AMILTITYI00 CTPYMY Iyqq
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U, [ow
Ly === (1)
¢ JL/C L

ne U, — Hampyra Ha KOHIIeHcaTopi; W — eHepris HakonudyBada, L — iHTyKTHBHICTh
PO3PAAHOTO KOHTYPY.

XapakTepHuH 4ac HapoCTaHHs CTpyMmy Bia 0 10 MakCMMajbHOTO 3HAYCHHS
(IpH KONMBAJIBHOMY PEXHMMI PO3Psy) MOKHA OLIIHUTH 32 (POPMYJIIOI0

< VLC

N 2
rise 2 ( )

3HaueHHS MaKCHMaJbHOI aMIUTITYAX CTPyMY 1 BIATIOBIZHOTO HOMY Hacy Ha-
POCTaHHSA CTPYMY, 5Ki po3paxoBadi 3a (1), (2) 1 HaBeneHi B Tabn. 1, 00yMOBITIOIOTH
BUGIp JaT4MKa CTPYMY, JUIS SKOTO Jiala3oH CTPYMiB Mae mopsuok Bix 10° xo 10°
amrep, Ta Jac 3poctaHss Bix 1 Mkc 1o 1 Mc.

B3arani icHye nekijgbka METOJIB BUMIPIOBaHHS CTPyMy, a came: 3a JOMOMO-
rOI0 PE3MCTHUBHOIO NIyHTA, TpaHc(opMmaTopa CTpyMy, JAaT4MKa HA OCHOBI eeKTy
XoJuta, MarHiTOPE3UCTUBHOTO JaTYMKA, MarHITOONTHYHOrO Jarduka, rnosica Po-
roBcbkoro. [losic (koTymrka) PoroBcbkoro Mae HacTyIHI IepeBaru: HeBeJIHKa Bap-
TICTh, HEMa€ OOMEKEHb 110 HACHUCHOCTI, HEBEJINKA CIIOKMBAaHA MOTYXXHICTb, TyXe
HU3bKa TEMIIEpPAaTYpHA 3aJICKHICTh, HECTIPUHHATIMBICT 10 3MILIEHHS IO IOCTiH-
HOMY CTpPYMY, aJie X € i JIesKi HeIOJIKH, a caMe: BUXiTHHIA CHTHAN MOTpedye BH-
KOPHCTaHHA allapaTHOTO IHTErpaTopa Ta HAasBHICTh YyTIMBOCTI 0 30BHINIHIX Mar-
HITHUX TOXiB. [JI1 CTPyMiB MOPSAAKY AECATKIB - COTCHb KiJIoaMIiep, 3 HalpyraMu
Ha TUISHKaxX po3psaHoro kona 1o 50 kB i HasBHICTIO HaBEACHUX B OaraTOKaHAJb-
Hifl pO3PATHOIMITYIIECHII CHCTEMI €NEKTPOMArHITHUX TOMIB 3 BEIUKOIO T'YCTHHOIO
eHeprii HalOUTBII TOUITPHUM € BUKOPUCTAHHS aTYMKIB CTPYMy Ha OCHOBI Tosica
Poroscekoro.

Hampyra Ha Buxoai nosica Poroecekoro mnponopliiiiHa noxigHiit ctpymy, To-
MYy JUIS OTPUMAaHHSI PO3PSAHOIO CTPYMY JI0 BUXOJY IOsICAa MPUETHYIOTh aKTUBHUN
abo macuBHMH iHTerparop. /s iHTErpyBaHHS Ha HU3BKHX YacTOTax (IECSITKU —
coTHi repir) Ta Heenukux cTpyMis (107 — 10° A) BHKOPHUCTOBYIOTECS aKTHBHI iH-
TErpaTopy Ha OCHOBI ONEpalifHUX MiJCHIIIOBAaYiB, PO3PaXyHOK SIKHX OIHCAHO,
Hanpukian, B [12].

t

3agaui MoHiTopuHIy moTouHoro crany I'IC. 3a Be1HunHOIO CTPYMy MOXKHA
BHABHTH Xapaktep paspsaHoro mporecy ['IC Ta um 3amoBONBHSE IeW XapakTep
TEXHOJIOT11, YU € aBapiifHIM a0 XOJIOCTUM.

Oco0MBICTIO PO3PAIHUX eNeKTpuYHUX Xapakrepuctik ['IC 3 MikenekTpos-
HUM HPOMDKKOM, 3alIOBHEHUM BOJIOIO (aii - TEXHOJOTIYHE HaBaHTaXEHHs), € 1X
BUITJIKOBUI1 XapaKkTep, 3yMOBIICHUI BUIAJAKOBUMH poliecaMy popMyBaHHS KaHa-
ny pospsiny. Tomy st anHanisy crany ['IC BUKOpPHUCTOBYIOTh HMOBIpHICHI BEJTMYH-
HU: CepeIHE 3HAUCHHSI MaKCHUMAJILHOTO PO3PSIHOTO CTPYMY i,[n] 1 cepeaHboKBa-
paTHYHE BiXWICHHS G;, BU3HAYCHI HAa KUTBKOCTI BUIIAJIKIB .
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Jlyist enekTpopo3psIHUX TEXHOJIOTI MOXKHA BUAUIMTH TPU PEXKHUMH POOOTH
I'c:

— HOMIHAJIBHUI PEXUM, SIKHH CYTIPOBOIXKYETHCS EIEKTPOBUOYXOBUM (OpPMY-
BaHHSAM KaHairy po3psny. Llei pexuM XxapakTepu3yeThCsi CTPYMOM B Jliaria3oHi

imr[n] - kci < img imr‘[n]+k5i9 (3)

ne i,,[n] — cepeaHe 3Ha4EHHS! HOMIHAIFHOTO MaKCUMAJIBHOT'O PO3PSIHOTO CTPYMY;
k — MHOXHUK, 3HAUEHHS SIKOTO BUOMPAIOTH 13 iHTepBairy Bix 1 10 3 B 3aiexHOCTI
BiJl 00paHOTO PiBHA JOCTOBIPHOCTI;

— PEXHUM KOPOTKOTO 3aMUKAHHS, IIPH SIKOMY CTpyM OyJe MpOTiKaTu B po3psi-
naomy koni I'IC, ane MuHe TexHOJNOTIYHE HaBaHTaKeHH:. Llell pexnM xapakTepu-
3Y€ETBCSI CTPYMOM

. —-2R\L/C UO —2R\L/C
buse = dingg€ = e H (4)
¢ JL/C

ne U, — Harpyra Ha emHicHOMY HakonmayBadi ['IC 3 emnictio C; L, R — iHIyKTHB-
HICTb 1 aKTUBHUM ONIP PO3PAAHOTO KOHTYPY; lyqe — AMILIITYZA BiANOBIJHOIO KO-
JIMBAJIBHOTO PO3PSY;

— PEXHUM XOJIOCTHUX PO3PSAIB, IIPU SIKOMY HE BUKOHYEThCS KOpPHCHA poOoTa i
BCsl eHepris eMHicHoro HakonndyBauya ['IC mepexomuts y Butparu. Ilpu mpomy
€MHICHUH HaKONHMYYBad PO3PSPKAETHCS Yepe3 TEXHOJIOTIYHE HAaBaHTa)KEHHS, aie
XapaKTepu3yeThCsl 3HAYHO MEHIIMM MaKCHMaJIbHUM 3HAYEHHSIM PO3PSIHOTO CTpPY-
My

imoc[”] - kGi < lmS imoc>[n]+k6ia (5)
1€ imoc 1] — cepenHe 3HAUCHHS MaKCUMAIBHOTO PO3PSIAHOTO CTPYMY XOJOCTHX PO3-
pAmiB.

BimnoBigHo 1o [2] mis pi3HUX MapaMeTpiB TEXHOJOTIYHOTO HaBaHTa)KEHHS
CTPYM i,,[n] 3HaxoauThea B AianaszoHi Bix 0,47, 10 0,714, @ iyoc[n] — B Aianazoni
Bist 0,174 110 0,37,,44.

JIJist TEXHOIOT1H, B SIKUX BUKOPHCTOBYETHCS (DIKCOBAaHMH MIKENEKTPOAHUI
HNPOMIXKOK, PEKUM KOPOTKOTO 3aMUKaHHS € aBapiiHUM, a JIs TEXHOJIOTIH i3 pyXxo-
MHM €JIEKTPOJOM — HebakaHMM poOounM. ToOTO B mepIIOMYy BHUIAIKy CHCTEMa
KepyBaHHs noBuHHa Bigkiounty ['1C, a B iHIIOMY — JisITH BiIIOBIAHO 10 0OpaHo-
T'O 3aKOHY KepyBaHHSI.

[MpakTHYHO AJIsT BCIX TEXHOJIOTIH PEXHUM XOJIOCTHX PO3psiB € HeOaKaHUM,
TOMY IIPH XOJIOCTHX pO3psiax CUCTeMa KepyBaHHsS NMOBHHHA BUKOHATH BHU3HA4YCHI
MIPOLIEAYPH, a SKIIO BOHM HE MPHU3BELYTh A0 OKAHOTO PE3yJbTaTy, TO BiAKIIOUH-
n I'IC.

Kpim Toro, mms OipIIocTi TEXHOJOTIH PO3PSAHOIMITYIIECHA 00poOKa MOBHU-
HHa Oytn GaraTokpartHoio [1, 5, 10]. Tomy HE0OXiTHO BUKOHYBAaTH KOHTPOJb KiJlb-
KOCT1 IMITYJIBCIB 13 HOMiHAIBHUM PO3PSIHUM CTPYMOM 1 KUTBKOCTI XOJOCTHX PO3-
pAmdiB.

BiAmoBigHO 10 BHUINECKA3aHOTO 3aJadyi MOHITOPHHIY MOTOYHOro crany ['1C
JUTS PO3PSTHOIMIYIBCHUX TEXHOJIOTH MOXKYTh BIAPI3HATHUCS, ajie I BCIX TEXHO-
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JIOTiHl MOYKHA BHIUITMTH THITH 3a11a4, 10 € 3arajJbHUMHU. JI0 HUX BIIHOCATHCS BUMi-
PIOBaHHSI MaKCUMaJIbHOTO 3HAYEHHS PO3PSITHOTO CTPYMY, BU3HAUCHHS CEPETHHOTO
3HAYEHHS 3 BHUKOPUCTaHHAM aJanTuBHOro iHdopmauiiinoro ¢instpy [13], ToOTO,
00poOka iHpopMalii 3a adropuTMaMu PIi3HOI CKJIAIHOCTI, BH3HAYCHHS PEKHMY
pospsny T'IC, 306epiranns icropii craniB I'IC i ix aHami3, ¢popMyBaHHsS CHIHANIB
KepyBaHH 1 inanKanii notoynoro crany ['IC.

Po3pobka cTpyKTyp cHcTeM /sl THIOBHX 3a/71a4 NMPoOIeCy MOHITOPUHTY
crany I'IC. Cnpomiennii anropuT™ KOHTPOIIO PO3PSAHOTO CTPYMY MOYKHA OIIHCA-
TH HACTYIHHM 4riHOM. [IpOBiBIIHN MONEpenHiid aHai3 PO3PSAHOIMITYIBCHOTO TIPO-
Liecy, BU3HA4YAI0Th CTPYM KOPOTKOIO 3aMHKaHHS 1 Jiarna3oH 3HaYeHb CTPyMY, IIPH
SKOMY BiIOyBa€eThcs Mpo0iil MiXKeJIeKTPOIHOTO IPOMIXKKY, TOOTO HOMIHAIIbHE 3Ha-
YeHHsSI CTPyMy, HEOOXiZHOTO Jisi KOHKpeTHoi TexHousoril. L{i 3HaueHHs cTpymy
3aMUCYIOTHCS B TIPUCTPild 0OPOOKH, MICIISt YOTO HEi CTPYM MOPIBHIOETHCS 3 OTPH-
MaHHM IIOTOYHHMM 3HA4YCHHSIM CTPYMY, SIK€ HaJXOAWTh 3 CHCTEMU BHMIpIOBaHHS i
HOPMYETBCS 32 JOTIOMOTOI0 aJanTUBHOTO iH(opmaniiiHoro ¢inetpy. [oTtim cur-
HaJl IEPETBOPIOETHCS B IU(POBUIA KO 1 BBOJUTHCS B HUPPOBUIT 00UHCITIOBATEHUN
MIPHUCTPiid, B IKOMY BUKOHYEThCS HAKOIMYCHHS, 30epekeHHs Ta 00poOKa iHpopma-
uii. Ha ocHOBI pe3ysbTaTy MOpIBHSHHS POOUTHCS BUCHOBOK IIPO IIOTOYHWH CTaH
I'IC, To6T0 1po peskumM poOOTH reHepaTopa.

3 MeTotro 3HWKeHHS BUMoOr a0 mBuakoxaii ALl B cucremy HOIINEHO BBECTH
MIPHUCTPiH maM’ATi 3 KaHAIOM i1 BiTHOBJIECHHA. Takox moTpidHO, mob cucrema mic-
THIa OJIOK 00poOKM Ta HakomuueHHs iH(opMarlrii, 070k iHauKamii. Tomy Momyb
JUIsl BUMIPIOBaHHS MTapaMeTPiB IMITYJIbCIB CTPYMY TIOBUHHEH MaTH CTPYKTYpY, I0-
Ka3aHy 3a JOIIOMOT 010 OJIOK-CXeMH Ha pHuc. 1.

Mosc | |[Ananoroeun| | Mpuctpit | | Axanoroso- Bnok 06pobku Ta Bnok
Poroeckkoro | —| interpaTop [—{aHanoroeoil { wuudposui HaKOMUYEHHS! iHaikawii
nam'saTi nepeTBopioBay DaHnx
BigHoBnexHs

Pucynok 1 — Biiok-cxema cucTeMy BUMipIOBaHHS ITapaMeTpiB iMITyJIbCIB CTPYMY

KinmpKicTh IMITYIJIBCIB € BaXKITMBHM MapameTpoM. BiH HeoOXigHUH y BUMIAAKAX,
KOJIM KUTBKICTh PO3PSIIB Billirpae BaXKJIMBY pouib. JIIUMIIBHUK MOBUHEH MiIPaxoBy-
BaTH JIMLIE Ti PO3PS/IU, CTPYM SKHX € HOMIHAJIBHUM JUIs JJaHOT TeXHOJOri1. 3a UM
MOKa3HMKOM MOYXHa BHUSIBUTH KUIBKICTh NMPOAYKTUBHHUX PO3PSIIB i BU3HAUUTH SIKY
KIUJIBKICTh PO3pPSIIiB HEOOXiZHO BMKOHATH JJOAATKOBO Ha JaHOMY eTari OOpOOKH.
Takox wactora ciigyBaHHSI IMIYJIBCIB € TTOKa3HUKOM IUJTICHOCTI €leKTpooOIa-
Hanns I'IC. 3a nonomororo 1aHux 3 JYMWIBHUKA IMITYJIBCIB MICIIS AKX EPETBO-
peHb MOXXKHa OTPUMATH YacTOTy, a00 Ha 0a3i JYMIFHUKA IMITYJbCIB OOy IyBaTH
4acTOTOMIp.

OCKIUTBKH MTOKa3HUKOM HOPMAJIBHOTO PEKUMY POOOTH € CTPyM, TO JOLLIBHO
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BUKOPHCTOBYBATH IS TOOYZOBH JIYMIBLHUAKA IMITYJIbCIB IATUHK CTPYMY.

Ha ocHOB1 BUKOpUCTaHHs aTYMKa CTPYMY 3allPOIIOHOBAHO CTPYKTYPY MOAY-
NS IS peecTpamii KibKOCTI IMITYJIBCIB CTPyMy, SIKY ITOKa3aHO 3a JOIIOMOTOIO
OJ0K-CXeMH Ha puc. 2.

Mosc | _|Awanorosuin| | Moaynb Brok 06pobku Ta Briok
Poroecbkkoro [—| iHTerpaTop | HMUnbHuKa HaKOMMUYEHHs [ iHaiKaLii
iMnynbcis AaHnX

Pucynok 2 — Briok-cxema cucTeMH MiIpaXyHKy KUTBKOCTI IPOXYKTUBHUX IMITYJIbCIB

O00B'A3KOBOIO (PYHKIIIEI0 CHCTEMH MOHITOPHHTY € 3aXHCHA, sKa 3a0e3mnedye
BiIKITIOUeHHs enekTpoobnanHants ['IC y pa3i HOCSITHEHHS PO3PSIHHM CTPYMOM
3HAYCHHsSI KOPOTKOro 3amukanHs. Ha puc. 3 300paxkeHa OJOK-CXeMa CHCTEMH
CTPYMOBOTO 3aXHCTY.

Bukonasuunn
ndpposuin Briok o6pobku — ;
e - 1o vommanus (| TiAcinioBau | uexarisu
—/ /| MOTYy>XHOCTi —
cTpymMy AaHux KOHTPOTIO

Pucynok 3 — Biiok-cxema cucteMu CTpyMOBOT'O 3aXUCTY

TakuM 4MHOM, CHCTEMa MOHITOPHHIY NOBHHA CKJIAJATUCS IIOHAMMEHILE 3
TPHOX AaBTOMATHYHHX CHCTEM: MOIYJISI IJIi BHEMIPIOBAaHHA HapaMeTPiB iMITyJIbCIB
CTpyMY, MOIYJISl IIYMIIbHUKA IMITYJIBCIB Ta CHCTEMH CTPYMOBOTO 3aXHCTy. B po3-
TJSIHYTUX CUCTEMax BUKOPHUCTOBYIOThCS OJHAKOBI JAaTYMKH, MPHUCYTHI OJOKU 00-
POOKH 1 HAKOITMYEHHS JaHHUX, aHAIOrO-IU(POBI 1 HUPPO-aHAIOTOBI MEPETBOPIOBA-
4i, BUKOPUCTOBY€EThCS U(ppoBa 00poOka iHpopmarii. Cucremu MOKHA peaiizyBa-
TH Y BHJi aHAJIOTOBUX NPHCTPOiB, 200 KOMOIHOBaHMX — aHAJIOTO-IH(POBUX TPH-
CTPOIB Ha MiKpocXeMax JHCKpeTHOI Joriku. HemomikoM Takoi peanizauii € 3aB1an-
HS1 IOTPUMaHHS JKOPCTKOI JIOTiKM poboTu cuctemu. [lnist yHidikamii cucteMu MOHi-
TOpUHTY moTo4yHOTo crany ['IC HouinbHO KOPUCTYBATUCS IPUHIUIIAMH MOIYJIBHO-
CTi, 1€EpapXivHOCTI i BUKOPHCTAaHHS KOJCKTHBHUX pECypciB Ha 0a3i MOTYXHOI 00-
YHCITIOBAJIBHOI CHCTEMH DPEAIbHOIO 4Yacy, iHaKIle chucrteMa Oyne TIpOMI3IKOIO,
CKJIaJaTHCS 3 BEJIMKOT KUTBKOCTI OKPEMUX MIICUCTEM 1 TOMY HEHAIIHHOIO.

Ha ocHOBI mepepaxoBaHWX MPHUHIUIIB 3aIIPOTIOHOBAHO CTPYKTYpY i€papxid-
HOI cucTeMu MOHiTOpuHTY oTouHoro crany I'IC (puc. 4).

CkiaziHa CTPYKTypa CHCTEMH MOHITOPHHIY MOXe OyTH peaizoBaHa Ha 0asi
NporpamMoBaHoOro MikpokoHTposiepa. [TlepeBaramu takoi peanizarii €:

— BIZJTHOCHO HEBEJIMKI Maco-rabapuTHI MOKa3HHUKH;

— BHCOKA HaJiHHICTb;

— MO>KJIMBICTH 3MiHIOBAaTH NapaMeTpH BUMIPIOBaHHS 1 KOHTPOJIO HE BTpydYa-
IOYHChH B allapaTHy YAaCTHHY CHCTEMH, a 3MiHIOFOUH JIUIIE IIPOTPAMHHIA KOJ;

— BeJIMKa 00YHCIFOBANbHA MOTYKHICTh CY9aCHHX MiKpPOKOHTPOJIEPIB Aa€ MO-
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JKITUBICTB peajizallii IeKUIbKOX CUCTEM Ha O/IHII MiKpoCcXeMi.
OO0uHcIOBaNbHI MOXIJIMBOCTI Cy4aCHUX MIKPOKOHTPOJIEPIB HACTINBKU BEIH-
Ki, 10 BUKOPUCTAHHS OKPEMOT'0 KOHTpOJIepa sl KOXKHOI CUCTEMH CTa€ HEHOLIIb-

HuUM. ToMy Ha 6a3i OTHOTO KOHTPOJIEpa MOKIHBO PO3POOUTH CUCTEMY Y IILJIOMY.

Cynepgaiizep cucTeMH MOHITOPTHHTY. JluceTdepebKUi piBeHb

g

1T

i

Cuctema Cucrema Cucrema
BUMipIOBaHHS HipaxyHKy CTPYMOBOTO
napameTpiB KITLKOCTI 3aXUCTY
IMITYJIBCLB CTPYMY MPOAYKTUBHHX
IMITYJIbCIB

1t

1T

1T

Tunnnit inTepdeiic

11

1T

1L

Jatunk crpymy, | [ITizcrmnoBadi MOTyKHOCTI Inpuxatopu i Aiciuied fis
1 HOpMYIOUHH BHKOHABUMX MEXAaHI3MiB || BHBOAY HOTOYHOI iHpOpMAITI 1
MepeTBOPIOBaY MOTIePeTHLOTO HAJNAIITYBAHHS

Pucynok 4 — CtpykTypa iepapXiqHoi CHCTEMH MOHITOpUHTY moToyHOTro cTany ['1C

CxemHi pimenns iepapxiunoi cucremu monitopunry crany I'IC. Iepapxi-
YHY CHCTEMY MOHITOPHHTY moTouHoro crany ['IC po3poGiieHo y B mporpamo-
BaHOTO MPOMHMCIIOBOTO KOHTpoJepa (pHc. 5) 3 IPUCTPOSIMU BBOAY aHAJIOTOBOI iH-
(opmarii i IPUCTPOSIMHA BUBOYy KEPYIOUHX CUTHAJIB 33/1aHOI MOTY>KHOCTI.

Mikpokonponnep STM8S105
Mosic AnapatHuii MpucTpin VO Port —  Piaxopicraniunmi
Poroscbkord | iHTerpaTop a“::n;{;‘;?"' AUn ° ekpaH

Cirnanizaujn asapifnoro pexumy

MNincuwniosay
O Port WO Port [ nompsonn G
BukoHasui
Moayne Nincwniosay | |mexanismu
IniyunbHUKa 1/0 Port IfO Port noTyXHOCTI [ | cuctemu
iMNYIIbCIB KOHTPOMIO

Pucynok 5 — Anapatna peasnizanisi CHCTEMH MOHITOPHHTY moTo4Horo crany ['IC

Jliist 3a0e3neueHHs] BAMOT KOYKHOT 3 PO3IIIIHYTHX CHCTEM 00paHO MiKpOKOHT-

ponep STM8S105.
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MikpokoHTposiep ocHameHud 16 MI't cyuachum siapom STMS8 T"apBapach-
KOT apxiTekTypu Ta 3x-cTyneHeBuM KoHBeepoM, mae 32 Kb Flashnam’sti nporpam,
ta 2 Kb oneparuBHoi mam’siTi. MiKpOKOHTpOJEpP Ma€ Jialla3oH >KUBJICHHS BiX
2,95 B 1o 5,5 B. Y xoHTpoepi peantizoBaHO YOTHPH JPKepelia TAKTOBOTO CUTHAITY:
HU3BKO TOTY)XHUH PE30HAHCHUH T'€HepaTop, MOJKIIMBICTH IiJKIIOYEHHS 30BHIII-
HBOTO TeHepaTopa 4acToTH, BHyTpimHii 16 MHz RC reneparop Ta BOymoBaHHI
manonotyxuanii 128 kHz RC reneparop. BOynoBanmii KOHTpoJjiep BHYTpIIIHIX
nepepuBaHb Ha 32 mepepuBaHHs, Ta 37 30BHILIHIX NEpepuBaHb Ha 6 BEKTOpIB. 3
6oky nepudepii koHTponep ocHamieHuil inrepdeiicom UART (BukopucTOBY€ETHCS
IUTA CHHXPOHI3aLll JeKiTbKOX HpmianiB Ta mepexadl ganux), [rDA, LIN, SPI (31
mBuaKicTio 10 8 Mb/c) ta IC (mBmaxicTs 10 400 Kb/c). Takox KOHTpoIep OCHa-
menuid necarubitoBum AIIT ta 38 mopramu BBOAY-BHBOLY. B Mikpocxemi peai-
30BaHO JIIYMJIBHUK 30BHILIHIX MepepUBaHb, Ha 0a3i sKoro OyB po3poOieHui JTiuu-
JIHUK IMITYJIBCIB.

[Tpu po3pobui cXeMHUX pillleHb CUCTEMH MOHITOPUHTY TIOTo4HOTO crany ['1C
ypaxoBaHO TaKi 0COOJIMBOCTI PO3PSAHOIMITYIECHUX TEXHOJIOTIH SIK BEJIMKI IMITYJTb-
CHI CTPYMH B €JICKTPUYHUX KOJIaX YCTAHOBOK Ta HaBEZEHI eEKTPOMArHiTHI IoJis 3
BEJIMKOIO TYCTHHOIO eHeprii. Po3pobieHo cxeMHi pillleHHs, M0 JO3BOJSIOTH rapa-
HTYBaTH HaJiiHY poOOTy CHCTEMH KOHTPOJIO PO3PAIHOTO CTPYMY 1 pearyBaHHS Ha
aBapiifHi cutyanii. MonemoBaans podotu I'IC Ha pi3HOIMITe[aHCHE HAaBaHTaKCH-
HS TIOKa3ye 30ir 3Ha4eHb PO3PSIHOTO CTPYMY i CHTHaJy Ha BHXOJi iHTerparopa 3
TOYHICTIO 10 2 %.

— MikpokonTponep STM8S105 : —
Mosc Mpucrpiit POKOHTPONED Pl.qKOKpM(;Tanl:mmu
—{ IHTerparop — ananorosol AL Kan.1 IO Port rpaciuHmii
Poroecbkoro AT nicnned
192x32 nike.
/tﬁinmm:mz_ 1O Port S
aosoro vanoron 10 Pt/ norymioct
1 InTerpatop |— i
POrOBCHKOO patop aHanorosol ALM Kan.2
nam'ati
y fBiEHmew 10 Por 0 Port Migcuniosay

NOTYXHOCTI
Mosic MpucTpint
+— IHTerpaTop — awanorosol AL Kan.3

1
1
1
1
1
1
1
1
J@
1
1
:
1
PoroecsKoro namsiTi /o Por Miacuniosay ‘
MOTYXHOCTi |1
1
1
1
1
—I®

1
1
1
1

BigHoBneHHA /0 Port

MpucTpir Miacuniosay

Mosc

CwrHanisauis asapifiHOro pexumy

|| Iuterpatop |—| i 4 IO Port i

POFOBCHKOIO patop aHanolropm ALMN Kan, NOTYXHOCTI
namaTi

BigHoBneHHs Migcuniosay

10 Port IO Port A X

NOTYXHOCTI

Pucynok 6 — biok-cxema npucTpoIo CTpyMOBOTO 3aXUCTy YOTHphoXxkaHansHOTO ['IC
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Ha puc. 6 HaBeneHO OJOK-CXEMY CHCTEMH MOHITOPUHTY YOTHPhOXKaHAJIBHO-
ro ['IC Big KopoTkoro 3aMHKaHHS B Oyib-IKOMY KaHauli. B iHpopMmaiiiHii cucremi
BHBOJMUTHCS Ha JMCIUICH 1 HAKOIMMYYEThCs iHPOpMAlis PO KUIBKICTH PO3psIiB 3
HOMiHaJIbBHUM CTPYMOM 1 CTPYMOM 3 BEJIMYHHOIO MEHILOIO HIX JOITyCKA€ThCS JUIs
texHouorii. L{e 103Bossie BIAKOPUTYBATH PEKUM OOPOOKH ISl TOCSITHEHHS Oarka-
HOTO TEXHOJIOTIYHOTO E(EKTY.

Po3pobneno cucremy MoOHITOpUHrY dotuphoxkaHanpHoro I'IC, mo mictuth
cucteMy 300py, HAKOITMUEHHS Ta 0OpoOKH iH(opMaIIil mpo po3psiaHi CTpyMH, IO
MPOTIKAIOTh OJTHOYACHO ab0 3 YaCOBHM PO30IroM y KOKHOMY PO3PSITHOMY KaHalll,
1 aBTOMAaTHYHY CUCTEMY 3aXHCTy T'eHepaTopa BiJl peKHMY KOPOTKOT'O 3aMUKaHHS y
HaBaHTaxeHHi (puc. 7). IlpucTpiit mpoimioB BUNMpoOyBaHHS HA E€KCIEPUMEHTANb-
Hil yCTaHOBIII JIs PO3PSAHOIMITYJIbCHOT TEXHOJIOT1T OypOHAOUBHHX CBaii.

4+

a 9]

PucyHnok 7 — 30BHIIHIA BUTIISLI IPUCTPOIO CUCTEMH MOHITOPUHTY 1TOTOYHOTO cTany ['1C:
a — cucTeMa MOHITOPHHTY 13 QyHKII€I0 CTPYMOBOTO 3aXUCTY; 6 — pe3yIbTaTH BUMIPIOBAHHS
PO3PSAAHOTO CTPYMY 1 KITBKOCTI 3apaxoBaHUX IMITYJIbCIB B KO)KHOMY 3 YOTHPHOX KaHAIIB
PO3psdy NpU BUIPOOYBAHHAX HPHCTPOIO

BucHoBkn. [IpoBeaeHo aHaii3 3a1a4 KOHTPOJIIO MPOLIECIB B PO3PAIHOMY KO-
Hrypi ['IC nnst po3psAHOIMITYIBCHUX TEXHOJIOTIH 3 BUKOPUCTAHHIM Y SIKOCTI iH-
(bopMariifHuX KOOpAWHAT MapaMeTPiB IMIYIIBCIB PO3PSITHOTO CTPYMY. 3a pe3yiib-
TaTamMH aHanizy c(opMyJIbOBAaHO NPUHLMUIINA CTBOPEHHS CHUCTEMH MOHITOPUHTY
noroyHoro crany ['IC: MOIyIbHOCTI, i€papXiYHOCTI 1| BUKOPUCTAHHS KOJICKTHBHUX
pecypciB Ha 6a3i TOTY>KHOI 00YHCIIOBANBEHOI CHCTEMH PeaabHOTo dacy. Po3pobie-
Ha CHUCTEeMa i3 3aIlPOIIOHOBAHOIO CTPYKTYPOIO JIO3BOJISIE B PEXXUMI PEABHOTO 4acy
pearyBaTty Ha KOPOTKE 3aMHKaHHS B HaBaHTAXKCHHI 1 KOHTPOJIOBATH TEXHOJIOTIU-
Hull poriec. BunpoOyBaHHS CHCTEMH Ha €KCIIEPUMEHTANBHIN YCTaHOBII AJIS PO3-
PAAHOIMITYJILCHOT TE€XHOJIOTIi OypoHAOMBHMX CBail MinTBepAwd 11 HamiitHy pobo-
Ty. Po3pobnena cucrema MoHiTOpuHTY noTo4HOro crany ['IC Moxe BUKOPHCTOBY-
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BaTHCh B CHCTEMaX KepyBaHHS PO3PSAHOIMITYJIBCHUX TEXHOJIOTIH B yMOBaX BEJH-
KUX IMITyJIbCHUX CTPYMIB B €JIEKTPUYHHX KOJIaX YCTAHOBOK, T HABEJCHUX EJIEKT-
POMarHiTHUX IIOJISIX 3 BEJIMKOIO T'YCTHHOIO €HEprii.
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TEHEPATOP JIJIS1 UCTIBITAHA BOCITIPUMMYUBOCTH BAO
K IIEPEXO/JIHBIM ITPOLIECCAM, BbI3BAHHBIX MOJITHUEN
«UT'JIA-MKY-4» («<MHOI'OKPATHBIE YIAPBD» ®OPMA 4)

OmnucaHa KOHCTPYKLHS H PE3yJIbTAaThl aTTECTALMM TEHepaTopa, NMPEeJHAa3HAYCHHOTO I MCIIBITaHHI
6OpPTOBOr0 aBHAIIMOHHOTO O0OPYAOBaHUS HAa BOCIPHUMYHMBOCTH K HEPEXOAHBIM IIPOLECCaM, BHI3BAH-
HBIM MOJIHHEH «MHOTOKpaTHBIE yHapb» (opMa 4, B COOTBETCTBHU ¢ TPEOOBAHHUSAMHU MEXKIYHAPOIHOTO
cranaapra DO-160 (paznen 22). ['eHepaTop BOCHIPOHM3BOAUT IMKIOTPAMMBI MMITYJIBCOB HANpPsHKEHHUS
(opMsI 4 110 5-TH YpOBHSM UCIIBITAaHUH. VICTIBITAaHUS IPOBOASATCS. METOIOM «KAOSIBHOI MHKEKIUM.

KuroueBble ciioBa: HCIBITaHHE, GOPTOBOE 00OPYAOBaHNE, HEBOCIPHUMIHBOCTD, MOJIHHUS, Iepe-
XOJIHBIE MPOLIECCHI, TEHEPATOP, ATTECTALIHSL.

Beenenne. B HacTosiee BpeMsi 00s13aTeNbHBIM BUIOM HCHBITaHHI OOPTOBO-
IO aBHAIlMOHHOTO 3JIEKTPOTEXHHMUYECKOTO M 3NeKTpoHHOTro obopynoBanus (BAO)
JIeTaTeNBHBIX ANApaTOB SBISIOTCS MCIBITAaHUS HA BOCIPHAMYHBOCTD K IIEPEXO-
HBIM TIpOLIECCaM, BBI3BAHHBIM MOJIHHEH. DTH MPOIECCH BO3HHUKAIOT IPH IIPIMOM
yaape MOJIHHM B KOPITYC JIETAaTEJIFHOTO anmapaTa M IMOCIEeOYIOIeM pacTeKaHHU
TOKOB MOJIHMH IO Pa3IMYHBIM METAUIMYECKHM y3JIaM 3THX alllapaToB, B YaCTHO-
CTH, 110 MEKOJIOYHBIM JIMHUSM cBsi3u (MJIC).

Bricokas nopaxatomas 3p(peKTUBHOCTb TOKOB PACTEKaHUs O0BSICHSIETCS TEM,
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VK 621.763+537.527

IepapxiuHa cucTeMa MOHITOPHMHIY NMOTOYHOIO CTaHY BHCOKOBOJILTHHX reHepaTopiB immy-
ascHux crpymis / H. C. Hazaposa, /I. B. Binunuenxo, 1. JI. Binnuyenko, 0. O. Anamuyk // Bic-
Huk HTY «XTIIl». Cepist: Texnika ta exexrpodizuka Bucokux Hanpyr. — X.: HTY «XIIl», 2015. — Ne 20
(1129). — C. 82-92. — bi6miorp.: 13 Ha3B. — ISSN 2079-0740.

IIpoBeneHo aHami3 3a7a4 KOHTPOJIIO TPOLECIB B PO3PSAIHOMY KOHTYpi T€HepaTopa iMImyIbCHHX
CTPYMIB JUISL PO3PSIIHOIMITYJIBCHHX TeXHOJIOTiH. OOrpyHTOBaHO CTBOPEHHSI CHCTEMH MOHITOPUHTY IO-
TOYHOTO CTaHy IeHepaTopa Ha NPHHIHUIIAX MOIYJIBHOCTI, i€papXidHOCTi, BUKOPHCTAHHS KOJEKTHBHUX
pecypciB i MOTYXKHOI 00YUCIIOBAIBHOI CUCTEMH peabHOTo Yacy. Po3po0ieHo cxeMHy peanizaliiio cuc-
TEMH MOHITOPHUHTY Ha 0a3i po3p00JICHOTO IPOMHCIIOBOTO KOHTPOJIEPY i IPOBEIeHO ii BUIPoOyBaHHS Ha
EKCIIepHMEHTAbHIH YCTaHOBLI JUI PO3PSIHOIMITYJIECHOI TEXHOJOTil BHIOTOBICHHS OypoHaOHBHHX
cBail.

KurodoBsi ciroBa: iepapxiuHa cCTEMa MOHITOPHHTY, TE€HEPATOP IMITyJIbCHHX CTPYMIB, PO3PSIHO-
IMITYJIBCHI TEXHOJOT1i.

YK 621.763+537.527

Hepapxuyeckasi cHCTeMa MOHHTOPHMHIA TEKYIIEr0 COCTOSIHHSI BBICOKOBOJIBTHBIX reHepa-
TopoB MMmyJbcHbIX TokoB / H. C. Hazapoma, /I. B. Bununyenko, 1. JI. Bunnuuenko, 10. O.
Apamuyk // Bicauk HTY «XIIl». Cepis: Texuika Ta enexrpodisuka Bucokux Hampyr. — X.: HTY
«XTIIl», 2015. — Ne 20 (1129). — C.82-92. — bibmiorp.: 13 nHa3s. — ISSN 2079-0740.

IpoBeneH aHaau3 3a1a4 KOHTPOJIS IPOLIECCOB B Pa3psJHOM KOHTYpE reHepaTopa HMITYJIbCHBIX
TOKOB JUISL Pa3psiAHOMMITYJIbCHHUX TeXHOJ0rnit. OG0CHOBAaHO CO3AHNE CHCTEMBI MOHUTOPHHIA TEKYIIe-
IO COCTOSIHHS TeHepaTopa Ha MPUHIIUIIAX MOIYJIbHOCTH, HEPAPXUIHOCTH, HCIIOIb30BaHUS Pa3IeIIeMbIX
PECypCcoB M MOIIHOH BBIYMCIMTENIBHOW CHCTEMBI pealbHOro BpeMeHH. Po3paboTana cxeMHas peain3a-
LM CUCTEMbl MOHUTOPHHIA Ha 0a3e pa3pabOTAHHOrO MPOMBILIICHHOIO KOHTPOJIEPA U MPOBEICHBI ee
HCIBITAHUS HA DKCIICPUMCHTAIBHONW YCTAaHOBKE ULl PaspsAHOMMITYJIBCHOM TEXHOIOTHH H3TOTOBIICHUS
OypOHAOUBHBIX CBaii.

KiroueBble ciioBa: Mepapxuyeckas CHCTEMa MOHHUTOPUHIA, FEHEPATOp UMITYJIbCHBIX TOKOB, pa3-
PSAHOMMITYJIbCHBIE TEXHOJIOTHH.

Hierarchical system condition monitoring of high-voltage generators of pulsed currents /
N. S. Nazarova D. V. Vinnychenko, D. V. Vinnychenko, Yu. O. Adamchuk // Bulletin of NTU
"KhPI". Series: Technique and electrophysics of high voltage. — Kharkiv: NTU "KhPI", 2015. — Ne 20
(1129). — C.82-92. — Bibliogr.: 13. — ISSN 2079-0740.

The authors conducted the analysis of process' control tasks in the discharge circuit of the pulse
currents generator for discharge-pulse technologies. They analyzed the ways of controlling mode of op-
eration of the generator based on the usage of the discharge current pulse's parameters as informational
coordinates. The creation of the generator's current state monitoring system based on the principles of
modularity, hierarchy, and usage of the shared resources and powerful real-time computing systems was
proved. The authors developed a circuit implementation for the monitoring system based on the de-
signed industrial controller. They also conducted its testing in a pilot appliance for the discharge-pulse
technology of bored piles production. Designed monitoring system can be used in control systems for
discharge-pulse technologies in the conditions of large pulsed currents in the appliances' electrical cir-
cuits.

Keywords: hierarchical monitoring system, pulse currents generator, discharge-pulse technology.
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