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3HaueHUs HeYeTKHX Kod((UIMEeHTOB perpeccuu A KOMMYHAJIbHO-OBITOBOW HArpy3KH
a = <-1,42292E-07, -7,2213E-07, -1,023E-08> <0,0014, 0,0038, 0,0377y%,= <0,0457,
0,0897, 0,4966>;11s1 mpom3BOACTBEHHOW Harpysku o = <-1,42292E-07; -8,8014E-07,
-1,023E-05>f =<0,0014; 0,0045; 0,0377y,=<0,0457; 0,0993; 0,4966x11 cmemaHHOU C
npeodyiagaHueM MPOU3BOJACTBEHHONW Harpy3ku o = <-1,42292E-07; -1,0179E-06; -1,023E-
05>; B =<0,0014; 0,0050; 0,0377y,=<0,0457; 0,1064; 0,49663)11 cMemaHHOH ¢ MPeoo-
JalaHueM KOMMYHaJIbHO-OBITOBOM Harpysku o = <-1,42292E-07; -8,5473E-07; -1,023E-05>;
B =<0,0014; 0,0043; 0,0377y=<0,0457; 0,0969; 0,4966>.

BeiBoa. Takum 00pa3om, pa3paboTaHHbIE HEYETKHE 3aBUCUMOCTH MO3BOJIIOT PACCYUTATh
MOTEPHU MOITHOCTH B CHJIOBBIX TpaHC(OpMaTopax Ha paHHHUX CTAIMIX MPOCKTUPOBAHUS MPHU
OTCYTCTBUHM KOHKPETHBIX XapaKTEPHCTHUK MOTEPh, MOTYT HCIIOJIb30BATHCA B OOLIUX UIS CETH
ONTUMH3AIMOHHBIX pacyeTax, UCMONb3YIOT U 0000Ia0T pa3paboTaHHbIE paHee JeTePMHUHU-
POBaHHBIE MaTEMAaTHIECKUE MOJICIIH.
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3ABAJIOCTIMKA CUCTEMA IEPEJAYI JIAHUX
JJIA CHJIOBOTI'O TIEPETBOPIOBAYA

3anpononosana xoncmpyxyis nogoco inmepgeticy nepedayi 0aHux, RPU3HAYEHO20 CREYIANbHO Ol iHme2payii' y cunoguil
nepemeopo6a, O10KU AKO20 3HAX00AMbCA HA 8i0CMAaHi 00uH 8i0 00Ho20. Llell sapianm peanizayii kanany 36  A3Ky NOEOHYE Y
€00i npocmomy anapamHo2o ma npocpamnozo 3ade3neuenns inmepgeicy i, 8 mou e uac, 00CMamuii pigeHb 3a8a00cmiti-
Kocmi, wo 3abe3neyye cCmitiky KOMYHIKAYito Midc O10Kamu nepemeoprosaid.

Knrwowuoei cnosa: 3asadocmiiikicmy, nepedaya 0aHux, CUIO8Ull nepemeoprosay.

Ipeonosicena KoOHCMpPYKYyUs HO8020 UHMmMepelica nepedauu OAHHBIX, NPEOHAZHAYEHHO20 CHeYUANbHO OJii UHMeZpayuu 6
Cun08oll npeobpazosamens, O10KU KOMOPO2O HAXOOAMCA HA PACCMOAHUY Opye om Opyea. [lannvlil apuanm peanusayuu KaHaid
€6A3U coyemaem @ cebe npocmomy annapamno2o U nPOSPaMMHO20 obecnedenus unmepgetica u, 6 mo gjice 8pems, 00CMaAmMoH-
HblIl YPOBEHb NOMEXOYCIMOUU80Ccmu, 0becneuugaem YCmouuugyo KOMMYHUKAYUIo Medxcoy O1oKamu npeobpazosameis.

Knrwouegwle cnosa: nomexoycmoiiuugocms, nepedaia 0aHHbIX, CULOBOL Npeodpazoeameis.

The design of a new data communication interfasggded specifically for integration into the poveemverter units, which
are at a distance from each other. This versiothefcommunication channel combines the simpli€itpehardware and software
interface and, at the same time, a sufficient lef/abise immunity, which ensures stable commuaitaetween units converter.

Key words:robustness, data transmission, power converter.

IlocranoBka npoo6saemu. [lix gac poOOTH CHIIOBHX €JIEKTPOHHUX MPHUCTPOIB BAXKIUBUM
MUTAHHSAM € TOYHICTB Nepeadi iHdopMarlii MK CUCTEMOIO KepYBaHHS Ta 00’ €KTOM KepyBaH-
Hi. Benuki cTpym#, 1o mpoOTIKalOTh MO CHIIOBHX €IEMEHTaX CXEMH, CTBOPIOIOTH IOTYKHE
eJIEKTPOMAarHiTHe I0Jie, SKe HEraTUBHO BILIMBA€ Ha poOOTY IHMIMX eleMeHTiB cxeMu. Oco0-
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JUBO HEOE3NMEYHNUMU € €JIEKTPOMArHITHI TOJIsI, [0 BUHUKAIOTH 1] YaCc pOoOOTH 1HIYKTUBHOC-
Teil Ta TpaHCPOPMATOPIB B IMIYJIBCHUX MPUCTPOSAX CHUIIOBOI €NEKTPOHIKH. EnekTpoMarHitHi
3aBajiv, IKUMHU CYIPOBOIKYETHCS KOMYTAIlis HAMiBIPOBITHUKOBUX MPHIIAJIIB, MOXYTh CIIO-
TBOPIOBATH CUTHAIM 3BOPOTHOTO 3B’ 13Ky Ta KEPYBaHHS.

ITpo6Gnema 3aBaj| y CHIOBIH eNEKTPOHIITi TOCiae BaXKIIMBE MicCIIe. IX BIIMB MOske TIOPYILIUTH PO-
60Ty Beiel cuctemu. CHIOBI TIPUCTPOT, OYITyur JHKEpEIoM 3aBal, cCaMi 5K BiJl HUX 1 CTpaXaatoTh [1].

CyvacHu#i piB€Hb PO3BUTKY IPOMHUCIOBOCTI XapaKTEPU3YEThCS MTUPOKUM PI3HOMAHITTAM
3aCTOCYBaHHSI aBTOMaTHYHUX CHCTeM. BHcCOKa 4yTIHMBICTh 3aCO0iB aBTOMATHKH, 3HAYHA BiJl-
CTaHb BiJI TYHKTIB KEpPyBaHHS J0 JaBayiB Ta CHJIOBHX IIEPETBOPIOBAYIB, TEHICHIIIS [0
00’ €THaHHA Ha MIAMPUEMCTBI BCiX MAIIUH 1 00JaJIHAHHS Y CIUIbHY MEpEXy poOUTh mpooiie-
My 3aBaJIOCTiiKOI Iepeaadi JaHuX aKTyaabHOIO Ha ChoroHi [2; 3.

Mera cratTi. ['0/10BHOI0O MeTOI0 i€l poOOTH € TIOKpPAIIECHHS SKOCTI (DYHKI[IOHYBaHHS
MIPUCTPOIB CHUIIOBOI EJIEKTPOHIKHU 32 PaXyHOK BBEJICHHS 3aBaJIOCTIHKOrO iHTEpdeicy nepemadi
AHUX MIXK X OJIOKaMH.

Buxiax ocHoBHOro marepiaay. Y 1iii poOOTi 3amponoHOBaHa KOHCTPYKILiSE CHIIOBOTO
IepeTBOPIOBAYa, B SKOMY BUKOPUCTaHMW HOBHI iHTepdeiic mepenaui gaHux. OnTtumanbHe
pIllIeHHS JUTsl CTBOPEHHS IIbOTO iHTEepdelcy — 3acCTOCYBaHHS ONTHYHOTO BOJIOKHA SIK CEPEJIo-
BUINA JJIs Tiepeaayi iH(opmalii, a Tako)k BUKOPUCTAHHS MMPOTOKOIY OOMiHY JaHWUMU 3 Haii-
MEHIITOI0 30UTKOBICTIO 1 MAKCUMAIFHO MOYKJTMBOIO IIIBUIKICTIO TIEpeIayl.

3acTocyBaHHS ONITUYHOTO BOJIOKHA JI03BOJISE 3BECTH JI0 MIHIMYMY BIUIMB 3aBajl, SIKi MOTJIN
0 HAaBOAMTHUCH Oe3MOcepeTHhO Ha KaHAJ Tiepeadi JaHUX, a TAKOX BIUIMB MApa3UTHHUX Mapamer-
PIB JTiHII MPHU BEIMKHX MIBUIKOCTSX Iepeiadi Ta 3HAYHIA JTOBXKHHI KaOemto (aKTHBHUHN oOIIip,
€MHICTP TomI0). [1i KaHaIOM Tepeaadi JaHUX PO3YMIEMO CYKYITHICTh (Pi3HYHOIO Ta JIOTTYHOTO
iHTepdeiicy nepenaui nanux. [IpoTokon oOMiHY JaHUMH, y CBOIO Yepry, BKIIOYAE B ceOe MiHi-
MaJbHY KUTBKICTH 1H(OpMarlii, HeoOXiaHy came i1 poOOTH CHUIIOBOTO TiepeTBoproBava. B ox-
HOMY HalpsIMKY TepelaloThCsl 1aHi, OTPHMaHi 3 1aBayiB IPUCTPOIO, a B IHIIOMY — CUTHAJIN JJIS
KEPYBaHHS CHJIOBOIO YAaCTHHOIO (KOe(DIIliEHTH 3alOBHCHHS MIHPOTHO-IMITYJIBCHOT MOMYIISIIT
(LIIM) mnst koskHOTO KiTtoua). [lepenada aapec, cepBiCHUX JaHUX, OaiTiB opMaTyBaHHS Kaj-
Py, KOMiB KOMaH I, KOHTPOJBHHUX CyM, CHTHAJIIB IiATBEPKEHHS TOIIO He mepeabdadeHa [4; 5].
[Ipote Bci HeOOXiaHI QYHKINT ISt CTiIKOI KOMYHIKAIiT peasti3oBaHi.

CTpyKTypHa cXema CHJIOBOTO IEpeTBOPIOBaYa 3 HOBUM iHTepdeiicom mepemadl JaHuX 30-
Opaxena Ha puc. 1. AIropuT™M KepyBaHHSI MPUCTPOEM (POPMYETHCS CHCTEMOIO KEepPYBaHHS.
IaTepdeiic mepeTBOprOE BXiAHI i BUXITHI JaH1 B 3pY4YHY IJIs nepeaadi ¢opMy 3TiTHO 3 pO3po-
OnenuM mpoTokonoM. ONTHYHI TpaHCHBEpPHU 3a0€3MEeUyIOTh TBOCTOPOHHIO Tiepenady iHdop-
Marlii o ONTUYHOMY BOJIOKHY. biiok 00poOku iHdopmarii 30upae naHi 3 gaBaviB Ta Kepye
poOOTOIO CHUIIOBOI YaCTUHU NIEPETBOPIOBAYA.

Cwvnosa
Cuctema Brok | uacTuHa
KEPYBaHHSA OnTWUYHE BONOKHO oﬁpoﬁkw
== =X iHpopmayyi
TpaHcusep TpaHcueep
IHTEPMEHC (e RX 1RS —{ IHTEpdhelic

Puc. 1. Cmpyxmypna cxema nepemeopiosaua 3 Hogum inmepgericom
ExoHOMIuHA TIepeBara BUKOPHCTAHHS ONTUYHO-BOJIOKOHHOTO KaHANy CTAa€ TMOMITHOO TIij
Yac MPOEKTYBAHHS JOBIUX JIiHIN, OCKUIBKH Ha CHOTOJIHI CIIOCTEPIraeThcs TEHACHIIIS 10 30i-
JIBIIIEHHS BApTOCTI MiJli B IPOTHUBAry J0 3MEHIIIEHHS BapTOCTI HAIIBIPOBIIHUKOBUX TTPUCTPO-
iB 1 KBapIIEBUX BOJOKOH.
[lin yac mpoeKTyBaHHS CHJIOBOTO HMPHUCTPOIO HE CJIJl HEXTYBAaTH CTaHAAPTHUMH METOJaMU
3MEHIICHHS PIBHS 3aBajl — 3a3eMJICHHS, €KpaHyBaHHS, BUKOPUCTAHHS (UIBTPYBAJIbHUX €JIeMEH-
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TiB, MMPaBWJIbHE TPacyBaHHS JIPYKOBaHMX TUIAT TOmI0. OCOONMBY yBary Ciia MPUIUIATH 3aXUCTY
IHTErpaJIbHOT CXeMH, sIKa 3a0e3Meuye JIOTiKy poOooTH KaHary. BoHa MOBHHHA MaTH CTaOLIbHE KH-
BJICHHS 1 OyTH 3aXHIIEHOIO BiJ] BIUIMBY 3aBajl, SIKI MOXXYTh BAHUKHYTH Y CAMOMY ITIEPETBOPIOBAYI.

VY 1iii cucTemi 3amporoHOBaHO MIPOTOKOJI, 110 € ONMTUMAIBHUM /ISl KEPYBaHHS CUIIOBUM TIe-
PETBOPIOBAYEM ITiJ] YaC BUKOPUCTAHHS ONTUYHOTO BOJIOKHA SIK CEPEIOBHIIA TIepeiadi TaHHX.

BxigHuii makeT AJsl CUCTEMH KepyBaHHs IepeTBOproBaueM (puc. 2, a) MICTUTh CHUTHAI
START Tta N ¢parmenTiB nanux Bix maBadviB, 1e N — KUTBKICTh JTaBadiB y CHCTEMI, 1 JOBKHUHA
KO’KHOT'O TaKOTo (pparMeHTa JOpPiBHIOE po3psiAHOCTI AaBada B O6itax. START —yHikanbHUl cH-
THAJI, IO TEePEAAETHCS B JIHIIO JIMIIE HA MOYaTKy Kaapy. BiH 103BOJISE€ BUALTUTH MEXI1 TTaKeTa,
a TaKOX 1HILIIOE MPUHOM Ka/Ipy NpHiiMaueM. BripoBa/keHHS TaKOTO CUTHAITY /IS Li€T CUCTEMH
€ OuTbII e(EeKTUBHUM, HDK BUKOPHCTAHHS MpeaMOyly Ui MOYaTKy Kaapy y CXOXHX THIIaX
MPOTOKOJIB, OCKUIBKHA TaKHil CHUTHAJT Ma€ MEHINY JOBXHUHY (Tpu OITOBHX IHTEPBAIM) i MOXKE
3yCTpiYaTUCh HiJe, OKPIM MOYATKy Kajapy. BuXigHuil makeT cucteMu KepyBaHHS (puc. 2, 6) mi-
cruth curHan START ta nocmiioBHicTs (parMenTiB kepyBanHs kimodamu Bix SW 0go SW N,
ne N — KiTbKICTh HaIiBIPOBIIHUKOBHX KITIOUIB y cUcTeMi. TakuM YMHOM, 1IeH MPOTOKOJ Mic-
TUTD JIAIIE MiHIMaJIbHO HEOOXiIHY 1H(opMallito A1 pOOOTH CHIIOBOTO TIEPETBOPIOBAYA.

[START]DATAO]DATA 1] - TDATAN] [START[swofswi1] - [SWN]

a o
Puc. 2. @opmam exionoeo kaopy onsa cucmemu kepysanns (@) ma euxiono2o xaopy cucmemu xepyganns (6)
Ha ¢i3nuroMy piBHI y IbOMY MPOEKTI BUKOPUCTOBYETHCS METOJT KOAYBaHHS, SIKUH TI00Y-
nosanuit Ha ocHoBi Manchester llfuc. 3). Bin 103Bosisie 3a0€3MeUnTH CTIHKY CHHXPOHI3AII0
Ta BUKOHATH JIETEKTYBaHHS MOMIIKH Oe3mocepeHbo Ha ¢izuuHomy piBHI. OCHOBHHI HENO-
JIK TaKOro METOTy — 301IbIIIEHHsI YaCTOTHOTO Jiana3oHy BABivi. Lleii crocib mepemayi 10CUTh
JIETKO MOKe OYTH peasi3oBaHUM y CUCTEMax 3 ONTHYHUMU TPAaHCUBEPAMH.

Ljyyuunr vy oy LI

START 0 0 0 0001001100110 START 0

Puc. 3. Cuenan y ninii nio uac nepedayi kaopis

Bincranp Mk mocuikamu He Mae 3Ha4YeHHs (BUOIp amapaTHUX PecypciB IepeTBOproBaya
MOYKHA BBa)KaTH ONTUMAJBHUM, SKIIO BIJICTAHb MIX KaJpaMu MOpiBHIOE HY0). [Tpuiiom ka-
npy iHimiroethest curaaniom START, skuit siBiiste COO00 MOCIIOBHICTH 13 BUCOKOTO Ta HHU3b-
KOT'0 PIBHIB y JIiHI{, TPUBAJIICTh KOXKHOTO 3 SIKMX JOpiBHIOE 1,5 0iTOBHX iHTepBaym. Takum
YHHOM, 3a0e3MeuyeThCsl MiHIMATbHUHN Yac BUAUICHHS TTOYaTKY KaJpy, a TAKOXK TrapaHTis TOTO,
10 MO1i0HA TOCIIIOBHICTh HE 3YCTPIHETHCS B JIiHIT OyIb-KOJIM, OKPIM MTOYATKY ITaKeTa.

CuHXpOHI3allis BUKOHYETHCS MOCTIHHO Ha KOXHOMY OiTi MOCHIJIKH, OCKUJIBKH KOXKEH OIT
nepeadavae 3MiHy JIOTIYHOTO PIBHS HA MPOTUIICKHUHN ycepennHi 6iToBoro inTepBairy. Crociod
BUKOHAHHSI CHHXPOHI3aIlil MOKe BapilOBaTUCh 3aJICKHO BiJ allTOPUTMY poOOTH Aemudparo-
pa. B Takiii cuctemi cTabUIBHICTh YaCTOTH HE € HEOOX1THOI YMOBOIO.

JleTekTyBaHHA TOMWIKHM B KaHall 3I1HCHIOEThCS Oe3mocepesiHbo Ha (Hi3MYHOMY PiBHI.
OckUIbKY TIeH METOJ] KOAyBaHHs Tepeadadae 3MiHY JIOTIYHOTO PiBHS Ha MPOTHUIICKHUHN yce-
penuHi KOXHOTro OITOBOTO IHTEpBajy, TO 3aBMUPAHHS CHTHAJIy Ha OJHOMY 3 PIBHIB Y Mexax
OJIHOTO 1HTEPBAITY MOKHA BBaXKATH 03HAKOIO MTOMUIIKH.

st 0OpoOKH MOMHIIOK BUKOPUCTAHUH alTOPUTM, KU € HAOUIbII ONTHMAIbHUM cCaMe y
CUJIOBOMY IEpETBOPIOBadi. Y pasi MOMUJIKH B KaHaJi MpUiiMad BiTHOBIIIOE MOTEPEAHIN BaTi-
THUHM Kaap. 3amuT Ipo MOBTOPHY Mepenady AaHUX He NependaueHuil, Mo € BUMPABIAHUM B
000X HACTYITHUX BapiaHTaX:
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1. Kanan mparroe mBumie, HiXK OJIOKH BJIACHE CHIJIOBOTO TEpeTBOpIoBava. ICHYye MOXIH-
BICTh TIEpeJaTH, HAPUKIIAJ, OJHY BHOIPKY 3 JaBadiB KibKa pa3iB, OCKIIbKHA KaHAT BUKOHYE
00MiH Oe3nepepBHO. Y pa3i MOMMIIKH BITHOBIIOETHCS OCTAHHE BaJliTHE 3HAYCHHS, a HOBE Ba-
JiHEe TPUUMAETHCS HACTYITHOTO pa3y. B Takomy BUMAAKy alrOpuTM poOOTH CHIIOBOTO Tepe-
TBOPIOBAYa HisIK HE OPYIIYETHCS, SKILO He OpaTH 10 yBaru 3aTpUMKHU B OAMH KaJp, IO € J0-
CHUTh MAJIOIO Y TIOPIBHSHHI 13 HIBHJIKICTIO POOOTH BJIaCHE CHIIOBOTO ITEPETBOPIOBAYA.

2. KaHan He mpailroe mBUIIIE, HIXK OJOKH MEePETBOPIOBAYa, 1 TOMY OJHY BUOIPKY MOYKITH-
BO TEpedaTH JUIIe OJAWH pa3. BUKOHYBaTH 3amUT MPO MOBTOPHY Mepeaady HEIOMyCTHUMO,
OCKUJTBKM HEOOXITHO MPHUHHATH HACTYIHE 3HAYCHHS. TakuM YMHOM, HAWOUIbII e(eKTHBHE
pIlICHHS] — 1€ TPOITHOPYBAaTH HEBANIIHUI Kaap, 3aMIHUBIIHM HOTo TMOMEpeIHIM BalliTHUM, 1
MOTIM OTPUMATH HACTYIMHY BHOIPKY. Y IbOMY BHUMAJKY TaKOX CIOCTEPIraTUMEThCS 3aTpUMKa
Ha OJIUH KaJp, 110 CYTTEBO HE BIUTMHE HA POOOTY MEepeTBOPIOBayYa.

Taka mocCiIOBHICTh CUTHAIIB MOXKEe OyTH OTpUMaHa Ha BUXO/Il TMOPTIB IHTETPAILHOT CXEMHU
SIK TIOCJTIJTOBHICTh JIOTIYHHMX DIiBHIB, a BBEACHHS 1H(pOpMaIlii MOKe BUKOHYBAaTUCh SK JIETEKTY-
BaHHJ JIOT1YHOTO PiBHA. ToMy MUt pearizaiii kKaHainy Ha (i3HYHOMY piBHI Oyze JOCTaTHRO J0-
JIaTH JI0 CUCTEMH ONTUYHMUI TpaHcuBep, 1o kepyerbess TTJI-piBHsamu. s BUpilIeHHS MOCTaB-
JICHOI 3aj1a4i IMIMPOKOTO PO3MOBCIOPKCHHS HAOYIM ONTHYHI 301pKU-TPAHCUBEPH, SIKI MOXKYTh
Oytu iHTerpoBaHi y cucremy. Jlo iX CKiagy BXOAWTH JIa3epHUI BHIIPOMIHIOBaY, MiKpocXema-
NpaiiBep AJsl KepyBaHHS HUM Ta (oTompuiiMay, 110 J03BOJIIE OTPUMATH HA BUXOJI CUTHAIHU
TTJI-piBHiB. Kanan 103Bosisie BUKOHYBAaTH OOMIH JaHUMH Ha BEJIHKIH IIBUAKOCTI, IO € BAXKITHU-
BUM, OCKUIBKH Ha CbOTOHI CIIOCTEPITAEThCS TEHACHIIIS 10 30UIBIIIEHHS YyTIUBOCTI Ta TOYHOCTI
JTaBadiB, a TAKOX JIO 3POCTAHHS YAaCTOT KOMYTaIlii HAIMiBIPOBITHUKOBHUX KITFOUIB.

MogaeoBaHHS BILUIMBY 3aBajA. Y MPOIEC] MOJCTIOBAHHS BUKOHAHO TTOPIBHSIHHS CTIHKO-
CT1 IepeTBOPIOBayYa 710 3aBajl IiJl YaC BUKOPUCTAHHS HOBOT'O PO3pOOJIEHOr0 MPOTOKONY 1 CTa-
HIaPTHOTO MPOTOKOJY, [0 BUKOPHUCTOBYE METOJ KoayBanHs Manchester lljpore He BHKO-
HY€ JIeTeKTYBaHHs TIOMUJIOK, a NMEPiOAMYHO 3UUTY€E PiBHI OTPUMAHOTO CUTHAIY, 00pOOIIsIIOun
HEBaJIITHI KaJIpX TaK caMo, 5K 1 BaJIiIHI.

Mopens BKIIOYaE B ceOe Bl OJJHAKOBI CHCTEMH, PO3pOOJICHI 32 MPUHLUIIAMH, 1110 ONHUCAH1
Butie. Ha oOuBi crctemMu 3 pi3HUME MPOTOKOJIAMH HABOIMJIIUCS OJJHAKOBI CUTHAJIM 3aBajl, CIIEK-
TpU SIKUX 300pakeHi Ha puc. 4. IMmynbcu minibpaHi TakMM YMHOM, 11100, 3 OJJTHOTO OOKY, 3pO0OUTH
HEBAJIIJTHUMH YaCTUHY TAKETIB y KaHaJI, 10 IMITY€ BIUTMB PEaJTbHUX 3aBaJl, K1 MOTJIH O HABOIU-
TUCh Ha KaHAII Tiepe/iadi JaHUX, a 3 1HIIOr0, CUTHAII Ma€ TaKU CIIEKTPAILHUN CKJIaJl, SKUH € Hali-
OUTBII BIPOT1THUAM JIJIS 3aBa/I, 110 BHHUKAIOTh BHACITIIOK KOMYTAIIli HAITIBIPOBITHUKOBHUX KITFOYiB
(Ha¥OLTBII BUpaXKEHI CTIEKTPAJIBHI CKIIAI0BI CITIBIIA/IAIOTh i3 YaCTOTOK POOOTH TIEPETBOPIOBAYA).
Fundamental (5 kHz) = 0.02406, THD = 1986.32% Fundamental (10 kHz) = 0.02815, THD = 1197.72%
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Puc. 4. Cnexmpu cuenanie 3a6a0, uo HABOOUNUCH HA JIHIT KAHALY nepedayi OaHUX: Y JIHIT BUXIOHUX
CUSHANIE cucmemMu Kepyeanns nepemeoplosadem (a); y iHil 6XIOHUX CUSHANIG
07151 cucmemu Kepyganus nepemeopiogavem ()

3 ocuuiiorpaM IpoLeCcy peryiIiOBaHHsS BUXIZHOIO HapaMerpa HepeTrBoproBava (puc. 5)
Jerko 0auuTH, IO MiJ Yac HaBeJIEHOTo PiBHSA 3aBaj poOOTa MepeTBOPIOBAYa 31 CTAaHAAPTHUM
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MPOTOKOJIOM HOPYIIYEThCS, B TOW 4ac, K IEPeTBOPIOBAY i3 3aIPOIOHOBAHUM HPOTOKOJIOM
(bYyHKII10HY€E KOPEKTHO.
RY;

3.0

2.5 &

2.0
1.5
1.0
0.5

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 t ms

Puc. 5. Ilpoyec pezyniosannsi 6UXIOHOI 6eIUMUHU NEPEMBOPIOEAYA: 3 HOBUM PO3pobienum npomokonom (a);
31 cmandapmuum npomokoaom (0)

Coai 3a3Ha4YMTH, [0 TaKWH PiBEHB 3aBaJl € aBapiiHUM PEKUMOM poOOTH crcTeMu (BTpa-
YEHO NOJIOBHHY MAKETIB), 1 MOAIOHI peKUMH POOOTH HA TPAKTHIII TOMYCKATUCh HE MOBUHHI.

ExcniepuMenTaibHi xapakTtepucTuku iHTepdeiicy. /[ mocmimkeHHs] eKcrepuMeHTa-
JBHUX XapaKTEPUCTUK CTBOPEHO JIAOOPAaTOPHHUI MaKeT CHUIIOBOTO IEpPETBOPIOBaYa 3 1HTErPO-
BaHHMM 3aBaJIOCTIMKUM iHTepdercoM mepenadi TaHuX MiXK CHCTEMOIO KEpYBaHHS Ta CHIIOBOIO
yacTuHO. JlabopaTtopHuii MakeT siBiisie coooro noHmwkyBaabHuii DC/DCHieperBoproBay [6;
7] (puc. 6), y sKOMy CHCTeMa KepyBaHHsS Ta CHJIOBA YaCTHHA BUKOHAHI y BUIJISAI OKPEMHX
OJI0KIB, III0 MAIOTh PO3JIUIbHI PKEpesa dKUBJICHHS.

OnTnYHe BONOKHC
HFBR-0538Z

Cucrema kepyBaHHs
2 OCHOE
MiKPOKOHTpoOnepa
ATtiny26

Puc. 6. Domozpagis excnepumenmanvbho2o 3pa3ka CUCmeMmit: Cuioéa yacmuna nepemeopiosaya (a);
Kanan nepedaui danux (0); cucmema kepysanns nepemsoprosauem ()

KomyHikariis MK MU 1BOMa OJIOKaMH 37IHCHIOETHCS 3a JIOTIOMOTO0 PO3POOJICHOTO Y X011
POOOTH ONTUYHOTO KaHAITy Mepeaadi JaHUX 3a OMMCAHUM BUIlle PoToKojiIoM. CrucTeMa KepyBaH-
HS IIMKJTIYHO (OpMYE 1 Tepeae BUXITHUAHN KaJp, 10 MICTUTH 1H(POPMAIIiI0 PO KOSPILiEHT 3aro-
BHeHHs LM, nami odikye Ha BXiAHHUN Kajap. SKIIO Kaap MPUHHITO 0€3 MOMHUIIOK, BUKOHYETHCS
(opMyBaHHSI 3aKOHY pEryJIOBaHHS CHJIOBOTO IEPETBOPIOBaYa, 1 pe3ysbTar Oyne mepeaaHuii y
HACTYIMHOMY IIMKJIl. Y BHIAJAKY MOMWJIKH 3aMICTh OTPUMAHOTO KaJipy MiACTaBIISETHCS 3HAYECHHS
MONEePEIHHOTO BATIHOTO KaJpy 1 BC1 HACTYIHI Onepallii BUKOHYIOTBCS 3 HUM.

CX0xuil aropuT™ JjIsi KOMYHIKaIlil peani3oBaHUi 1 B CUJIOBIH YacTHHI TIEpPETBOPIOBAYA.
ITpote, sikio 070K KepyBaHHS HE OTPUMYE BXITHOTO KaJpy MPOTIrOM MEBHOTO yacy, BiiOy-
BA€THCS TEPE3aBAHTAKEHHS MPHUCTPOIO. BUMKHEHHS HaBaHTaXEeHHs 1 crnpola BiTHOBUTH
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3B’ 130K (TaKMM YMHOM, OJIMH OJI0K YeKa€e BiAMOBii Bix Apyroro). Te sk came BigOyaeThes mpu
MPHUITOMI BETHKOI KUTBKOCTI HEBATITHUX KaJPiB.

JInst moCiPKEHHST eKCTIEPUMEHTATBHUX XapaKTEPUCTHK PEAThHOTO ONTHYHO-BOJIOKOHHOTO
KaHaTy OYJIM 3HATI OCIIMJIOTPAaMH 13 BXOIB Ta BUXO/IiB ONTUYHHUX TpaHcuBepiB (puc. 7, 8).

XapakTep CIOTBOPEHb CHUTHANIIB Ha BUXOJAX JiHIN CBIAYMTH MPO TE, IO Ha KOMYHIKaIIilO
YUHSTH HETAaTUBHUA BIUIMB JIUIIE TaKi (PaKToOpH, sIK 0OMEKeHa MIBUAKOiS ONTUYHUX €JIEMEHTIB
(qac peakirii BUmpoMiHiOBaua Ta (oTONpHiiMada) Ta €MHOCTI B €ICKTPHYHHMX KOJIaX KaHAITy
(3MeHIIIeHa IBUIKICTH 3MiHU CUTHANIB). CIIOTBOPEHB 1HIIIOTO XapaKTepy HE CIIOCTEPIracThesl.

T

Ch1, DC coupling, 1.0E0 V/div, 2.5E-6 [s/div, 2500 points, Sample mode 'Ch1, DC coupling, 1.0E0 V/div, 2.5E-6|s/div, 2500 points, Sample mode

a o

Puc. 7.Bxioni dani 0nst cucmemu Kepygansi: 6xio onmuuno2o mpancmimepa (a); euxio onmuunoz2o pecusepa (0)

I

Ch1, DC coupling, 1.0E0 V/div, 2.5E-6 [s/div, 2500 points, Sample mode Ch1, DC coupling, 1.0E0 V/div, 2.5E-6s/div, 2500 points, Sample mode

a o
Puc. 8. Buxioni dani cucmemu kepysanus. 6xio onmuunoz2o mpancvimepa (a); éuxio onmuunozo pecusepa (0)
Jns ochi/pKeHHsl BIUIMBY Tapa3sUTHUX MapaMeTpiB Kabemto Oyna BHKOHaHa crpoOa
3’eqHATH 00MIBa OJIOKHM TEPETBOpIOBAYA 3a JIOMOMOTO BUTHX map. [licis aHami3zy croTBo-
PEeHb CUTHAJTY B JIiHIT MOHA 3pOOMTH BHCHOBOK, III0 B KaHAJI MMPOSBUBCS BIUIMB IIUX ITapame-
TPiB, TOMIYEHI TEPEXiTHI MPOIECH Ta KOJWBAaHHS, Y KaOeiai BUHUKIM XBHJIBOBI IMPOIECH
(puc. 9). Jlerko 0aunTH HEraTUBHUI BIUIMB JIBOX JIHIN Mepenavi JaHUX OJHA Ha oaHy. [lowmi-
THO 301IbIICHHS PiBHS 3aBaj (IyMYy), sIKi HABOAATHCS Ha KaHaJ 330BHi.
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Ch1, DG coupling, 1.0E0 V/div, 5.0E-6s/div, 2500 points, Semple mode: Ch1, BC coupling, 1.0E0 V/div; 5.0E-6 s/div, 2500 points, Sample mode:
Ch2, AC coupling, 1.0E-1 V/div, 5.0E-g s/div, 2500 points, Sample mode Ch2, AC coupling, 1.0E-1 V/div, 5.0E-§ s/div, 2500 points, Sample mode

a 0

Puc. 9.Bxioni dani () onst cucmemu xepysannst (@ — 6xio Jinii, 6 — 6uxio ninii) ma euxioni dami (0)
cucmemu xepysanns (@ — 6xi0 NiHii, 6 — 6uxio Jinii)

ExcnepumeHTabHi TOCTIHKEHHST CUCTEMH TTITBEPFIIH, 0 HAaHOLIBII BPA3IMBOIO JI0 3aBaj]
YaCTHHOIO MOIOHOTO MEpeTBOPIOBaya € KaHas nepeaadl fanux. [Ipobnema 3aBaj y Mexax 0JHOTO
0710Ky (BIUTHB IIEpEeTBOPIOBaYa Ha iHTEp(EHCHI CIEMEHTH KaHaTy) MOYKe OyTH YCyHEHA KOHCTPYK-
TUBHO T4 CXEMOTEXHIYHO: CTAOUTHHICTH KHUBJICHHS Ta 3aXUCT BiJI 3aBaJ] [0 YKUBJICHHIO MIKPOCXEMHU
JIOTIKH KaHaITy MO)KE 3a0€3MEeUnTH CTadUIi3aTop KUBJICHHS Ta (PUIbTpyBaIbHI KOHIEHCATOPH; Bi-
POTiHICTh 30010 TaKTYBaHHS MO 3MEHIIUTH BUKOPHCTAHHS TPUBUBITHUX €KPAaHOBAaHHUX KBap-
[IEBUX PE30HATOPIB; €KpaHYBaHH Ta 3a3¢MJICHHS YyTJIMBUX JIiHIM 3MEHIIMTH BIUIMB 3aBaj] Bij ca-
MOTr0 NepeTBOPIOBaYa Ha Il JIiHii, MPABUIIbHE TPacyBaHHS Ta PO3MIIICHHS YyTJIHBUX €IEMEHTIB
CXEMH sSIKOMOTa Jajii BiJl CHJIOBHX €JIEMEHTIB TaKOXK 30UIbIIye 3aBao3axuineHicTb. [Ipote cam
KaHaJl [epe/iavi IaHUX 3aIUIIAEThCS HEIOCTATHRO 3aXHIICHUM Bifl 3aBa/I.

VY 1iit poOOTi eKCIIEpUMEHTATLHUM IIIISIXOM JIOBECHO TIepeBard BUKOPUCTAHHS Po3pobIie-
HOTO KaHally Tepefayi JaHWX 3 HOBHM IPOTOKOJIOM Ta ONTHYHO-BOJIOKOHHHUM CEPEIOBHIIEM
nepenavi qanux. Ciix 3a3HaYUTH, 110 [IeH eKCTIEPUMEHTAIBHUI 3pa30oK — IIe JIMIIE OAWH 13 Ba-
plaHTiB KOHCTPYKIIi1, 10 OOMpaBCs JUIA 1i€1 CUCTEMH 13 33J]aHOTO CITiBBIIHOIIECHHS BAPTOCTI Ta
MIBUAKOIT, IPOTE MPUHITUITN TTOOYIOBH MOAIOHUX CHCTEM BiH PO3KPHUBAE IMTOBHOIO MipOIO.

BucHoBkH. Y 11ii1 po6OTi BUpillIeHe aKTyaJIbHe HAyKOBE 3aBJaHHS IMOKpAIIEHHS SKOCTi (yH-
KIIIOHYBaHHS CHJIOBHX TIEPETBOPIOBAUIB 32 PaXyHOK PO3POOKH ONTHMAJIBLHOTO 3aBaj[OCTIKOTO
iHTepdeiicy nepenayi JaHUX MiX CHCTEMOIO KEPyBaHHS 1 CHJIOBOIO YaCTHHOIO IEPETBOPIOBAYA.
Jlyis BupimieHHs1 poOeMH 3alpoIIOHOBAaHO HOBUH 1HTEpdEiC mepenadi JaHuX, 10 Po3paxoBa-
HUH CIIeIlialTbHO JJIsi BUKOPHCTAaHHS Yy CHJIOBUX TMEPETBOPIOBaYax. 3aBafOCTIMKUN Ta MIBUJKIC-
HUI KaHaJI, 1[0 BUKOPUCTOBYE SIK CEPEAOBHILE Mepeaadi TaHUX ONTUYHE BOJOKHO, Ta JOCHTH
3aBa/IOCTIMKUI TIPOTOKOI, SIKMM MPOTE€ Mae€ MEHIIY 30MTKOBICTh, HDK CXOXI CTaHAApTHI THUIIH,
JTaJTA 3MOTY BCTAHOBUTH CTIHKY KOMYHIKAI[IIO MK OJIOKaMH CHIJIOBOTO TIEPETBOPIOBAYA.
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OBJIAIHAHHA JJIA CITAVIIOBAHHSA HU3bKOKAJIOPIMHOI'O ITAJIMBA
Y BUIJIA AL ITAJTY

Posznanymo npoyec cnamosanns meepoozo noopionenoz2o naiusa y nomoyi. Pospobneno mamemamuyny ma 4uciosy
MoOei HeCmayionapHo2o Ougy3iiHo2o 320psHHs NoopibHeno2o meepdoco naausa. IIposedeno eepuikayiio pospobrenoi
YUCI0601 MOOeNi Menyio2iopoOUHAMIYHO20 CIMARY MOPGh’ AHO20 NALHUKA.

Knrouosi cnosa: mop@, noopionene (nunonodibue) nanueo, ChaieHHs y nomoyi, monka-peakmop.

Paccmompen npoyecc corcueanis meepoo2o usMenbyeHH020 Monaued 6 nomoke. Paspabomana mamemamuyeckas u uu-
C1108a51 MOOENU HECMAYUOHAPHO20 OUPDYIUOHHO20 CCOPANUSL USMENbYEHHO20 MEepdo2o monauea. IIposedena sepugpurayus
Ppaspabomantoll Yuca080l Mooenu meni02UOPOOUHAMUYECKO20 COCMOAHUSL MOPQAHOL 20penKu.

Knwoueswie cnosa: mop@, usmenvuennoe (noviieguonoe) moniueo, cocueanue 8 Nonoke, monka-peakmop.

This work shows the process of hard grinded fuehibg. The mathematical and digital models of ntamdard
diffusion burning are developed for this purposel$o depicts the verification of a developed tdignodel of a peat-fueled
burner’'s thermo-hydrodynamic states.

Key words:peat, grinded fuel, burning in the flow, reactoelbox.

Beryn. YkpaiHa HalneKuTh 0 YKCTa JepXKaB CBITY, SKi MAIOTh 3aMacy BCIX BHIIB MaJIUB-
HO-CHEPreTUYHO1 CHPOBUHH (HadTa, IPUPOAHMI Ta3, Byriust, Topd, ypaH Ta iH.), ajle CTYIiHb
3a0€3MeueHOCT] 3arnacam, iX BUJ0OYTOK Ta BUKOPUCTAHHS HEOTHAKOBI i y CYKYITHOCTI BOHU
HE CTBOPIOIOTh HEOOXITHUI PIBEHh EHEPIeTHYHOI HEe3aJIeKHOCTI. ['eonoriyni 3anacu Topdy B
VYkpaini cTaHOBJISATH 0sin3bko 2,17 mapa T [6]. YHIKaIBHOIO BIACTHBICTIO II€1 KOPUCHOT KO-
NaMHK € 3aTHICTh 10 BigHoBiIeHH: [1]. [l{opiuHo Ha TOPPOBUX POMAOBHUINAX, 30EPEIKECHUX Y
NPUPOJHOMY CTaHi, Ta 3a00JI0UEHUX 3EMJIAX YTBOPIOEThCS Oin3bko 1,6 MiaH T TOopdy ado
0,65MIIH T YMOBHOTO TIAJIMBA.

CporosiHi BUKOpUCTaHHS TOp(y CTa€ BCe aKTyaJbHIIIUM Yepe3 3pOCTaHHSA LiH Ha eHepro-
HOCI1, 3aCTOCYBaHHS HOBHX TEXHOJIOTIH MepepoOKH Ta CHairoBaHHs TOpdy, IO T03BOJISIOTH
ABTOMATHU3yBaTH TaKWUW Mpolec. YKpaiHa Mae JOCTATHBO 3araciB TBEPJOTO MaluBa, Mepexia
Ha sKe HaJaB OW MOXJIMBICTH 3yITUHHUTH 3POCTaHHS COOIBapTOCTI TEIJIOBOI €HEeprii KoMyHa-
JTBHOI TETUIOEHEPTETUKHU Ta 3MEHIIIUTH €HEPTeTHYHY 3aJICKHICTD JIePIKaBH.

AHaJi3 pocaimxenb i myosikamiii. Bukopucransas topdy sk manuBa 0OyMOBJICHO HOTO
CKJIaZIOM: BEJIMKAM BMICTOM BYTJICIIO, MAJIUM BMICTOM CIPKH, IIKiJJMBUX HETOPIOYMX 3aJIUIII-
KiB Ta JoMimloK. OCHOBHUMH HEIOMIKaMH I[bOTO BUAY MajKBa €. HEBUCOKA TEIUIOTA 3TOPSHHS
(8,38-10,72M/Ix/kr); OuIbII HHU3bKA, HIXK Yy BYTUUIS €HEPreTHYHA KAJOPIHHICTH 1 TPYIHOIII
CITAJIFOBAHHS 32 BUCOKOTO BMICTy Bojioru (1o 65 %).I1poTe 1eit Bua maauBa Ma€: HU3bKY COOi-
BapTiCTh BHPOOHHIITBA; CKOJIOTTYHY YMCTOTY 3TOPSIHHS (Mally YacTKy CipKH); MOBHE TOPiHHS
(Manuii 3aTMIIOK 30J1H), 10 POOUTH TOPG MEPCIIEKTUBHUM JHKEPEIOM OTPUMAHHS TEIUIOBOT Ta
CJIEKTPUYHOI eHepril, fika € OUIBII JEIIeBOI0, HIXK IiJ] Yac BUKOPUCTAHHS KaM'sHOTO BYTULIA 1
pinkoro maauBa Ta OUTBII eKOIOTiYHO urcToro [5]. He3Baxkarouw Ha 1€, MUTAHHS 100 BUKO-
puctanHsi Topdy SK MaTuBa 3 PO3BUTKOM CYYaCHHX TEXHOJIOTIHM CITaTrOBaHHS 1 3aCTOCYBaHHS
€KOJIOT1YHO YHCTHX TPOLIECIB OJIep>KaHHS €HEPrii € HeIOCTaTHRO BUBYCHUM. [IpoBiHI BUEHI i
(axiBIi OIIHIOIOTh BUKOPHCTaHHS TOP]Y SK MajuBa HAHOLIBII MEPCIEKTHBHUM PO3BUTKOM
E€HEPreTUKY B HACTYITHOMY CTOJITTI.

Haiinmommupenimmm crnoco6oM BHKOPUCTAHHS TOP]Y € CrajeHHs OpUKETOBaHOTO TOphy
JUIsL OTPUMAaHHS TEIJI0BOi eHeprii. ToMy po3po0sieHHS KOMIUIEKCY, SIKUM T03BOJIUTH KOMILIE-
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