AnHHoTtauusi: Hactosmee wu3oOpeTeHre B 1EJIOM OTHOCUTCS K o0Oiactu
JJIEKTPOXMMHUYECKMX CUCTEM OYMCTKM BOJBI M B YacCTHOCTH K CHCTEMam
JJIEKTPOXMMHUYECKOM OYMCTKM BOJBI COJAEPKAIIMM PETYJISATOP MOLIHOCTH JJIs
YCTPOMCTBA OYMCTKM BOJBI C DJIEKTPUYECKUM IIPUBOJAOM. bIIOK ymnpaBieHus
MOIIIHOCTBIO BKJIIOYAET B CeOsl TJIaBHBIM OJIOK MUTaHUS, 10 MUMO YIPAaBISIONIETO
0JI0Ka MMeeTCsl MOJAYMHEHHBIH OJIOK MUTaHus UMeroIui ynpasisomuil Bxos, [TJIK
MMEIOIIMK BXOAbl OT JaT4MKa TOKAa M JaTyMKa HANpPsOKEHUS M BBIXOJBI A
YIOMSHYTBIX TJIaBHOTO U MOJYMHEHHOTO OJIOKOB MUTAHUS. YKa3aHHBIN JaTYMK TOKA
aaNTUPOBAH U1 U3MEPEHUS DJIEKTPUYECKOI0 TOKA, IMPOTEKAIOLIEr0 4epe3 SYCUKU
OYHUCTHOI'O YCTPOWCTBA, YKA3aHHbIA JaTYMK HANOpPsDKEHUS aJanTUPOBaH IS
VU3MEPEHNsI HANPSDKEHUs, IPUI0KEHHOIO K SYeMKaM OYMCTHOTO YCTPOWCTBA, W
ykazanubii  PLC  3amporpamMmmupoBaH  Tak, 4TOOBl HMETb  BO3MOXKHOCTD
MaKCHUMHU3UPOBATh JJIEKTPUUECKYIO MOIIHOCTb, II0JaBaeMyl0 Ha sdeiiku 0e3

neperpesa.



JHeprocHadxkeHue JJIsl pereHepamun CTOYHbIX BO/I
YIIPABJIEHME MOIIIHOCTBIO SJIEKTPUYECKUX

AIIITAPATATOB JJIA OYUCTKHU BOJIbI

Kparkoe onncanue pucyHKoB
Puc.1l —cxemarnueckoe n300pakeHUe IBHKCHHS TTIOTOKOB HEUUCTON BOIBI
1 NX CHHXpOHU3ALUA.

Puc.2  mpencraBiaser  coboifi  cxeMaTWyecKMil  BHJ B paspese

AIIEKTPOXUMHUYECKOTO peakTopa W2W Teno HacTosAero n300peTeHus.
Puc.2 *npencrasnser coboit HeOombITyIO IEpepadboTky Puc. 2.

Puc.3 mpencramisier coboii cxeMaTWUeCKWW BHII B TIEPCTICKTUBE B paspese

ANEKTPOXUMHUYECKON ycTaHOBKM W2W KOopmyc peakTopa HaCTOSIIETO U300peTeHUsI.
Puc.3 ‘npencrapisieT co0oit HeOObITyIO TIepepadoTky Puc. 3.

Puc.4 npencrapiseT co00#t BU B IEPCIIEKTUBE YJEKTPOXUMHUUYECKOTO peakTopa

W2W ¢ JABYM: KaCC€TaMU DJICKTPOAHBIX AYCCK U COOTBETCTBYIOIIUC DJICKTPOIBI.

Puc.5 mnpencraBiaser co00i TMOKOMIOHEHTHBIM BHJ OJHOTO BapuaHTa
OCYIIECTBJIECHHUSI KAaCCEThl DJIEKTPOJAHBIX SYEEK WU aCCOUMHUPOBAHHBIE DJIECKTPOBI

HACTOSIIIETO N300PETEHUSI.

Ha Puc.6 nmoka3ana CaMOYIUIOTHAOMIAACA KOHCTPYKIOUSA SJICKTPOIAHBIX SYCCK

HACTOSAIIETO N300PETEHUS B IBYX BUAX MOTIEPEUYHOTO CCUCHMUSI.
Puc.7 —»>10 ocHOBHAA cxemMa mOTOKa BOAbLI B cucteme W2W.

Puc.8 —at10 00mas cxema 0HOTO BapuaHTa OCYIIECTBICHUS cucTeMbl W2W

HACTOSIEr0 N300pETEHUS.



Puc.9 npexacraBnsier co0oil cxeMaTHUYeCKUi BUJ B pa3pe3e OJHOI0 BapHUaHTa

peanuzan W2W 371eKTpOXUMHUYECKHUM peakTOp HACTOSILEr0 H300pEeTEeHNS.

Ha Puc.10 nmoka3zana kaccera 3JIEKTPOJAHBIX SYEEK U CBA3aHHAs C HEM Mapa
IPOTUBOMOJIOKHBIX 3aps’KEHHBIX JIEKTPOJIOB IO HACTOSILEMY M300pPETEHHIO B TPEX

Pa3HbIX IIPOCKIHAX.

Puc.11 mpeacraBnsier co0oil BUI B MEPCIEKTHBE ABYX KAaCCET AJIEKTPOTHBIX
SYEEK M UX CBSI3aHHAsI M1apa MPOTUBOIOJIOKHO 3aPSKEHHBIX 3JIEKTPOJIOB HACTOSILIETO

U300peTeHMS.
Puc.12 —emie oauH BU B MEPCIEKTUBE IBYX KACCET IEKTPOJHBIX STUEEK U UX

CBA3aHHAA IIapa MTPOTHUBOIIOJJIOKHO 3apsiKCHHBIX JJICKTPOAOB HACTOSIICTO

U300peTeHMUS.
Puc.13 —cxemaTuyeckas 1uarpaMMa, IMoKa3bIBaroIas, Kak BoJia TeUYET yepes
AJIEKTPOJIBI HACTOSIIIETO N300PETCHHUS.

Ha Puc.14 npencrasiena o01as cxema 0JJHOr0 U3 BapruaHTOB cucteMbl W2W ¢

ABTOMATHYCCKU PETYJIUPYCMbBIMH UCTOUYHUKAMU IMTUTAHUA.

Ha Puc.15 npencraBieHa mNpUHIUINHKAIbHAS CXE€Ma  aBTOMATUYECKHU

peryimpyeMbiX HICTOYHUKOB NuTaHus Ha Puc. 14.

Ha Puc.16 npexncraBineHa NpUHOMOHAIbHAS CXE€Ma IOCIIEIOBATEIbHO

MOAKIIOUYCHHBIX HCTOYHUKOB IMMTAaHUA U nX noaxiouenuii k 11JIK.

Puc.17 eme ongHa mpuUHIMIUAIBHAS CXeMa I1OCIEI0BATEIbHO COCIMHEHHBIX

HCTOYHHNKOB ITUTAaHHA.

Ha Pwuc.18 npencraBineHa nOpuHIMIIMAIBHAS CXE€Ma HWCTOYHUKOB THTAHMUS,

MOJKJIFOUCHHBIX MAapaAJIeNIbHO, U UX nojakiaoueHus k [TJIK.

Puc.19 CIIC OJlHa MPHHIOUIIMAJIbHAAg CXCEMa IIapalyICJIbHO MOAKIIOYCHHBIX

HCTOYHHUKOB IIUTAHUA.



Ha Puc.20 mnpencraBineHa NpUHUUIIKAAIBHAS CXEMa HCTOYHHUKOB IHTAaHUS,

MOAKIFOUEHHBIX TICEBIONAPAIENbHO, U UX noAkmoueHus k [1JIK.

Puc.21 cxemaruueckas auarpamMma uHTepdelica TIaThl  yIpaBJICHUS

HACTOSAIIETO N300pETCHUS.

Puc.22 cxemarnueckass auarpamma cucrembl W2W coriacHo HacTosimemy

U300PETEHHUIO.

Puc.23 mpencraBisier coboit cxemaTHUecKylo auarpammy cuctembl W2W ¢
IUIaHOM 0TOOpa MpoO BOABI, B KOTOPOil A 0003Ha4yaeT TOUKy OTOOpa JJisi MPOBEPKU

BOJIbl, BKJIFOUEHHOM B cucteMy W2W,

B oTHOCHTCS K TOYKe OTOOpa JUIsl IPOBEPKH BOJIBI, BBIXOJSIIEH M3 peakTopa
(xatonuT), C OTHOCUTCS K TOUKE 0TOOpA JJ1s MPOBEPKH BOJIBI, BBIXOSIIEH U3 peaKkTopa
(aHomuT), a D OTHOCHTCS K TOYKE OTOOpa IS MPOBEPKH MOCTYIAOMIEH BOJBI. U3 —

cucrema W2W.

Puc.24 mnpencrapnsier coboil cxeMaTH4eCKyro auarpammy cucteMbl W2W ¢
YKa3aHHUEM ITyTH MOTOKA BOABL, IJIe 1 OTHOCUTCSA K IEKTPOXUMUUECKOMY PEAKTOpY, 2
OTHOCHUTCS K KOHTEHHEpaM JIJIsi OTCTauBaHUsl, 3 OTHOCUTCA K OydepHOMY pe3epByapy

1 4 OTHOCHUTCS K MPEBAPUTEILHOMY Pe3epByapy.

Puc.25 mpencraBisier coboii cxemaTHUecKyro auarpammy cucreMbl W2W ¢
JIPYTUM IUTAaHOM OTOOpa mpoO BOBI, B KOTOPOM A OTHOCHUTCSA K TOYKE OTOOpa AJis
IIPOBEPKU BObI, BKIIOUEHHON B cucteMy W2W, B OTHOCHUTCSI K TOUKE IPUTUPKH JJISI
IPOBEPKHU BOJIbI, BKIIOUEHHOU B peakTop Cl oTHOCHTCS K TOUKe 0TOOpa /A1 MPOBEPKU
BOJBI, BBIXOJALIEH M3 peakrtopa (karonuta), C2 OTHOCHTCS K TOUKEe OTOOpa s
IPOBEPKU BOJBI, BbIXOAsmied u3 3 ¢uiabTpoB B 50 MUKPOHHBIX KOHTEHHEpax u
KOHTeMHepax Juisi oTcTauBanusi, D1 oTHOCUTCS K TOuke 0TOOpa JJisi MPOBEPKHU BOBI,
BBIXOJSIIEN U3 peakropa (aHonmuT), D2 oTHOocuTCA K TOuke OTOOpa ISl IPOBEPKHU
BOJBI, BBIXOSIIEH M3 peakTopa (aHOJMT) HA BXOJE B MPOMEKYTOUHBINH KOHTEHHED

nocine uiapTpa yepes 50 mukpoH, E o6o3HavaeT Touky oTOopa A IPOBEPKU BOIBI,



MPOTEKAIOIIECH Yepe3 KOJOHKH ¢ MOHOOOMEHHOH cMoyoi, a F oTHOCHTCS K TOUYKe

ot0opa Ui MpoBepKa BOJbI, BHIXOAIIECH U3 cucteMbl W2W.

Ha puc.26 npexncraBieHa NpUHUUNHAIBHAS CXEMa 3JIEKTPOXUMHUYECKOTO
peaktopa W2W u ero coelMHEHMN C HWCTOYHMKAMM MUTAHUS U MEXaHUYECKUM

(1)I/IJII>Tp0M, riae VS o3HauvaeT gJaTyuk HaIIps’KCHUA, a CS o3HayvaeT JaTYUK TOKa.

Puc.27 cxemaTuyeckass auarpaMma, IOKa3bIBaloIlas HMCTOYHUKH TMUTAHUS,

IMOAKIIOYCHHLBIC MapaJICJIbHO WU ITapaljICIbHO ITOAKIIOYCHHBIC DJICKTPOALI.

Puc.28 cxemaruueckas auarpamMma, IIOKasbIBaromiasd HWCTOYHUKHU IIAUTAHUA,

IMOAKIIOYCHHBIC IMapaJICJIbHO WU 3JICKTPOAbI, ITOJAKIIIOYCHHBIC ITOCJICOBATCIIBLHO.

Puc.29 cxemarndeckas auarpaMma, ITOKa3bIBarollas HCTOYHUKH MUTaHMUS,

IMOJAKIKOYCHHBIC ITOCICA0BATCIIbHO, 1 3JICKTPOJAbI, ITOAKIIFIOUCHHBIC ITAPAJIJICIIBHO.

Puc.30 cxemaTtuyeckass auarpaMma, IIOKa3bIBarollass HCTOUYHUKH TUTaHMUS,

MOAKIIOYCHHBIC IMOCIACA0BATCIIbHO, Y DJICKTPOAbI, IOAKIIOYCHHEBIC ITOCICA0BATCIILHO.

Puc.31 cxemarnueckas pamarpaMMa OJHOIO BapHaHTa OCYILECTBICHUS

HaNPsDKEHUs JaT4uK / crabunusaTtop u ero nogkiaodenue k [JIK.

Puc.32 cxemarmyeckas nuarpamma OJHOTO U3 BAPUAHTOB OCYILIECTBICHHS TOKA

JnaT4yuK / ctabuiausaTop u ero noakiarodeHue k [JIK.

IHoapoOHoe onucanue n300peTeHnst

PackpeiTe u ommcaHue JeicTByromlel B Hactosimee Bpems Mey Rechevam
PCT mexnynapoanas nmarentHas 3asska PCT Ne PCT / 1L02 / 00911, nonanHas 14
HOs10pst 2002 1., o3arnaBnenHas: «CUCTEMA OBPABOTKM CTOYHBIX BOy,
UMEIOIIUA TIpUopUTeT NpenBaputenbHor 3asBku Ha mateHT CIIIA Ne 60/387,585,
noganHou 12 uroHsa 2002 r., BKIIIOYEH B HACTOSIIIEE OMMCAHUE B KaUeCTBE CCBHIIKH. B
nutupyemoii 3asiske Ha nateHT PCT Mey Rechavam nonpoOno onuckiBaeTcst 1u3aiiH,

KOHCTPYKIHA " pcam3anusia QJICKTPOXUMHUUCCKOTO pcaKTopa, INOJACUCTEM



MIpeIBapUTENbHON 00pabOTKM M MOACHCTEM MOcieayrouieil 00paboTku 6e3 Kakoro-
au00 TPSIMOTO WM KOCBEHHOTO ONHMCAHUS CHHXPOHHBIX M / WIM CHHEPTETUYECKHUX
IPOEKTOB, KOHCTPYKIMA WM / WM TEXHUKH SKCIUTYyaTallUH SJIEKTPOXUMHYECKOTO
peakTopa sl OOecledeHHs CTAOMIBHOTO W CHHXPOHHOTO DJIEKTPOXHUMHUYECKOTO

nmponecca, u riApoANHAMHUYCCKOI'O IOTOKaA.

Hacrosiee packpoiTue u onucanue nzooperenust Mey Rechavam (W2W ™) g
JTadbHEeHIIeM Takke uMeHyeMoro u3ooperenrneM Mey Rechavam (W2W), unu kak
anekTpoxuMmudeckuit peaktop Mey Rechavam (W2W), unu kak cucrema W2W, unu
kak Mey Rechavam (W2W) BomomoaroroBka / ouuctka / pereHepanus cucrema
COCTOMT M3 YEThIPEX OCHOBHBIX yacTeil. YacTh 1 mpeacTaBiseT coboit oO1iee BBEICHNUE
U noJjiHoe onucanue cuctemMbl W2W. Hacts 2 npencranisieT co00i WITIOCTPATUBHOE
noApOOHOE OMUCAHUE CTPYKTYPHhI, DYHKIIMU U pabOThl OCHOBHBIX U aJIbTEPHATUBHBIX
BAPUAHTOB OCYIIECTBJICHUS W UX KOMIOHEHTOB cucrteMbl W2W. Yacte 3
MpeCTaBIsIET cOO00M TMOAPOOHOE OINHUCAaHWE MPUMEPHON «pealbHON» MPAKTUKU U
MIPUJIOKEHU I, a TAK)KE aHAJIM3 PE3YJIbTATOB, MOJYYEHHBIX OT cucTeMbl W2W. Yacts 4
IpeACTABISIET CO0O0M MOAPOOHOE OMKUCAaHUE TOTO, KAK PETYJISTOP MOLUTHOCTH COTJIACHO
HACTOSIIIIEMY 1300peTEHUIO CUHXPOHU3UPYET nojavyy MUTAHUS K

3JIEKTPOXUMHUECKOMY peakTopy W2W.

KpaTtkoe onncanue npoaykra

CoOcTBeHHBIE ~ MHTETPUPOBAHHBIE, MAacIITaOMpyemble, aJanTHUBHbIE U
MOJIETTUPYEMBIE, CUCTEMBI U 00OPYIOBAHHE, M YCIYTU €r0 TEXHUYECKON MO ACPKKU
st o0paOOTKM / OYHCTKH / pereHepanuy KOMMEPUYECKHX THUIOB U 00BbEeMOB
3arpsI3HEHHOM ITPOTOYHOU BOABL. Ha OCHOBE OTHENICeHUS U yAaleHUs HEOPTaHUYECKUX
Y / WIIK OPTaHUYECKUX IPUMECEH (HarmpuMep, METalioB, Cynb(haToB, hochaTos, Macen
U CMa30K) U3 IPOTEKArUIe HEUNCTON BOJBI U B3aUMOJCHCTBUS C pa3MEUICHHBIMU B
HHUX DJJEKTPOJaMM, MO KpauHEW Mepe, JBE OJJIEKTPOAHBIE SYEHKH, CHEHHAIBHO

pa3paboTaHHBIE ¥ CKOHCTPYHPOBAHHBIC JUIsi OOECTICUYCHHE CTaOWIBHOTO U



CUHXPOHHOTO 3JIEKTPOXUMHUYECKOT0 Mpoliecca, U TUAPOIUHAMHUYECKHX PEXKHMOB
TeueHus. O¢P(eKTHUBHAsT W HKOHOMHUYHAS KOHCTPYKIUS U paboTa MeXaHU3Ma
UCTOYHUKA DHEPIrHM, BKIIOYAIOUIETO B ce0s Mapy CHUHXPOHHO COEAMHEHHBIX U
JNEUCTBYIOMUX OJIOKOB MUTAHUS, 11 CHHXPOHHOTO MUTAHUS 3JIEKTPOJOB, KOTOPHIE
OKHUCJISIIOT U BOCCTaHABJIMBAIOT KOMIIOHEHTHl B KOHTAaKTUPYIOIIEH MPOTOYHOU BOJE.
O06pa3oBaBiirecs OKUCIEHHBIE / BOCCTAHOBJIEHHbIE KOMIIOHEHTHI BOJbI IPEACTABIISIIOT
co00l KOMIUIEKC TIpUMeceld B TIPOTOYHOW BOJIE IOCPEACTBOM MEXaHU3MOB,
BKJIIOUAIOLIUX KOAryJsIUI0 M OCAaXKJIEHUE, TEeM caMbiM o00pa3ys HIpHUMECHbIE
KOMIUIEKCHI, yJajisieMble, HalpuMep, IYyTeM OCaXJACHHs W3 MPOTOYHON BOJIBI
ABTOMAaTH3UPOBAHHBIE W  KOMIIBIOTEPU3UPOBAHHBbIE, BKJIOYas 00OpYyAOBaHUE,
OpoueAypbl W TPOrpaMMHOE OOecredeHue i aBTOMATUYECKOTO YIpaBiICHUS

npoleccaMu 1 00paTHO CBS3bIO.

Yacts 1 —OO01I1€E BBEAeHNE U 0011[ee ONMUCAHue

Hwuxe npuBonuTtcs obuiee BBeaeHue u oo1iee onucanue Mey Rechavam (W2W)

Cucrema 00pabOTKH / OUUCTKH / pereHepaliu BOJIbI.

Nzo6perenne Mey Rechavam (W2W) otHocuTCs K 00111e#i 0651acTt 00padoTKH
/ OYUCTKY / pereHepaly BOAbI M, B YaCTHOCTH, K CIIOCO0Y, YCTPOUCTBY U CHCTEME IS
00paboTKM / OYUCTKM / pereHepaluu MPOMBIIUICHHBIX THUIIOB W KOJUYECTB

3arpsI3HEHHOM TEKy4YeU BOJIBI.

Nzo6petenue W2W oTinuyaercs MHOXKECTBOM CHHXPOHU3UPOBAHHBIX U
CHHEPTreTUYECKU B3aUMOCBS3aHHBIX SJEKTPOXUMHUYECKUX U THAPOIMHAMUYECKHUX
CBOWMCTB, XapaKTEPUCTUK, TOBEICHHUS M SBIECHUW, KOTOPHIC SBISIIOTCS HOBBIMU
(HepeIBUICHHBIMM) M  HW300pEeTaTeNIbCKUMHU (SIBHO HE  BBITEKAIOIIUMHU  U3)
U300pETEHUSAMU TPEIIICCTBYIOIET0 YPOBHS TEXHUKH B 00JaCTH OYMCTKUA BOJBI /

OUYHCTKA / pereHepausi.

CtpykTypa u padota nzooperenuss W2W u ero KOMIHOHEHTOB CITIPOEKTUPOBAHBI,

CKOHCTPYHPOBAHbBI M PpCalnu30BaHbl C MCIIOJb30BAHUCM OOBIYHBIX HHXXCHCPHBIX
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TGXHOHOFHﬁ, O60pyI[OBaHI/I$I U MATCPUAJIOB HaAa OCHOBC XOpPOHOIO H3BCCTHBIX

YCTAaHOBJICHHBIX q)I/IBI/I‘IeCKI/IX, XUMHWYCCKHUX U CBA3aHHBIX C HUMH

MaTeMaThka, TEOpPUHU, 3aKOHbI U cooOpaxkenus. M3obperenne W2W
COOTBETCTBYET HOBOM M YHUKAJIbHOW CUHXPOHU3UPOBAHHOM U CUHEPreTUYECKOU
MOJENN HEIUHEWHOW CUCTEMBI, Ha KOTOPYIO BIIMSIOT IMOCTOSHHO IPOUCXOMASIINE
KOoJeOaHusl MapaMeTpoB TNEPBUYHOM CHUCTEMBI, OTHOCSIIMECS K oOpabaTbhiBaeMoi
MIPOTOYHOW BOJI€, TO €CTh KOHILIEHTPAUMH XUMHYECKHMX KOMIIOHEHTOB B MPOTOYHOU

BOJC U ITPOBOJAUMOCTD l'[pOTO‘—IHOﬁ BO/JbI.

BBuny toro dakrta, uro mzobOperenne W2W sl O4YMCTKH, 3arpsi3HEHHOM
NPOTOYHOW BOJABI JOKHO paboTaTh B HM3MEHYMBBIX YCJIOBHUAX, OHO BKIIIOYAET
NOJIOKEHUSI Il CMSTYEHUsl «CEJIEKTHUBHOM HECTAOWJIBHOCTHY», XapaKTEpPHOM s

OOJIBIITMHCTBA YKOJIOTMUECKUX TEXHOJIOTHI.

DTO JIOCTUraeTrcsi ¢ IOMOIIBI0 MEXAaHU3MOB  «OPTraHUYECKOro» WU
«ECTECTBEHHOTO» TIOpAJIKA, KOTOPhIE KaK 4YacTh OMHCAHHOTO HW300pETeHUS IS
pereHepamnuy HeYUCTOM TeKyUei BOIbl 00ECTICUNBAIOT BO3MOXHOCTh CHHXPOHU3AINHT
Y CUHEPreTUYECKOTO B3aUMOJICUCTBUS SJIEKTPOXUMUYECKUX U TUAPOJIMHAMHYECKUX

CBOMCTB, XapAKTEPUCTHUK, IIOBEICHUS U SIBIICHUM.

Baxnas nenp nzooperenuss W2W ocHoOBaHa Ha BCEOOBEMIIIOIIMX U XOPOIIO
00OCHOBAHHBIX TIPUHIIMIIAX CUHXPOHU3AIIUM M CHUHEPTreTUKU MPUMEHUTEIBHO K
TEXHOJIOTUM KOMIUIEKCHOM 0OpaOOTKM HEYHMCTOW MPOTOYHOM BOJBL. M300peTeHue
W2W  pemaer 3amady co3maHus 3PEGEKTHUBHOTO, MOOWUIJIBHOTO, aJalTUBHOTO,
CaMOJIOCTaTOYHOTO  YCTPOUCTBA  (DJIIEKTPOXUMUUYECKUM U  THUAPOJMHAMHYECCKU
CTaOUJIBHBIA PEaKTOp) KaK 4acThb 0ojiee KPYMHOM 0OIIeil CUCTeMbI JIsl pereHepalu

HEYUCTOU MPOTOYHOM BOABL. DPHEKTUBHOCTD MpEIaraeMblX TEXHUUECKUX
pELICHNH CBsA3aHa C:

—Hwu3kuM ypoBHEM 3HEpro3aTpar, HEOOXOIMMBIX JJIf Mpoliecca.



—Hwn3kum  ypoBHEM ~ HENPOM3BOAUTENBHBIX  IOTEPh  JHEPIUM B

TCXHOJIOTMYCCKOM IHUKIJIIC ITPOLECCCOB.

—BO03MOXXHOCTBIO ~ O0BEAMHEHUSI W OJIHOBPEMEHHOM  CHUHXPOHHU3AIUU
HEKOTOPBIX HHEPro3aTPAaTHBIX ABTOHOMHBIX TEXHOJOTUYECKHX 3aJad, TaKUX Kak
ANEKTPUYECKOE PACTBOPEHUE aHoJa (PJIEKTPOKOATYJHMPYIOIIEro JJIEMEHTa) U
OJTHOBPEMEHHO  (OpMHUPOBaHHE  TPOCTPAHCTBA  BBICOKOKOHIICHTPUPOBAHHBIX

OKUCJIUTEIIEN.

—CoKkpalleHueM  TPOJOJDKUTEIBRHOCTH — Mpollecca 3a  CYeT  TOYHOM
CUHXPOHHM3AI[UU BPEMCHH IMKJIA C B3aMMOJCHCTBHEM MEXIY TCXHOJIOTHYCCKUMU

oTalmaMu mmpouccca.

—Crabunu3anyei ¥ CUHXpOHM3AIME CKOPOCTEH MPo1eccOB, KOHIICHTPALUH,

HHEPro3aTpar U BPEMEHHBbIMU (PaKTOPaMH.
—BBbICOK0#1 BOCTIPOU3BOAUMOCTBIO U TEXHUYECKAs CTaHAapTHU3aIlUs ITpoliecca.
MoOUIBEHOCTD MPEATIAraeMoOro PEIICHUs 00YCIOBIEHA CIEAYIOUIUM:
—MWUHUMUZUPOBAHHBIM CTPOUTEITHCTBOM.

—MOJIYHBHOﬁ KOHCTpYKHHCﬁ C IIOJIHOCTBIO CUHXPOHU3UPOBAHHBIMU

MOTYJISIMH.
—I'nOKO cXeMO# B3aMMOICHCTBUS MOYJICH, BO3MOKHOCTBIO

CUHXPOHM3UPOBAHO CMEH JOIMOJHUTEIbHON 00pabOTKH, MO3BOJIAIONICE

paboTtaTh 00BEKTaM BO BpeMsl IEpexo/aa.
[Ipemaraemoe TeXHHUECKOE pElICHUE aIalTHPYEMO TEeM, YTO:

—CHHXpPOHHBIM aBTOMAaTUYECKUM U3MEHEHUEM MapaMeTPOB SHEPrOCHA0KEHUS
pouecca Npy U3MEHEHUH YCIOBUM M HAYAJIBHBIX XapaKTEPUCTHK MPOLIECCa, TAKUX KaK

HN3MCHCHUC 3JICKTPOIIPOBOAHOCTH BOJHOT'O paCTBOPA.



—MonynbHOM  aBTOHOMHOM  CHCTEMOM, COCTOSIIEHW M3  HUIACHTUYHBIX
npeoOpa3oBarenieil SHEPTUU M SHEPTOMPOU3BOIAIIUMH YCTAHOBKAMH, PAOOTAIOIIUMHU

CUHXPOHHO sl 00eCIieueHust SHEPTHEH mpoliecca.

—CucreMa aTYUKOB OOPATHOW CBSI3U, MOJAIOUIMX CUTHAJIBI, HCIOJIb3yeMble

JJIA CTa6I/IJ'II/ISaHI/II/I U CHHXPOHHU3AIHUH IIapaMCTPOB IIporeccca.
CaMOI[OCTaTO‘-IHOCTB npeairaracMoro peumcHusa COCTOUT B TOM, UYTO €CTh:

—ITonubeIi UKJI TEXHOJIOTHYECKUX onepanumn u IEPEXO0B,
CUHXPOHU3UPOBAHHBIX MEXKIY CO00H 10 BCEM MapaMeTpaM, 00ecTieurBasi TEM CaMbIM

HEO0OXOIMMOE PeryInpOBaHUE.

—IlonHOCTBIO aBTOHOMHAs cUCTeMa i OOpabOTKH pa3IMYHBIX THUIIOB

HCTOYHHUKOB U 3aI1aCOB HEUHUCTOU HpOTO‘—IHOﬁ BO/JBbI.

—CHHXpOHHOE O0BCIMHCHHUE PA3IMYHBIX Omepanuil B 00paboTke / ouuctke /

pereucpannuu HEUHMCTOM HpOTOqHOﬁ BOJBI JJIA MOJTYYCHHUA HAMJIYUIICTO pE3yjbTaTa.

—HOHY‘ICHI/IC OT IIponecca OTACIbHBIX TPAJUIMOHHBIX PC3YJIbTATOB, TAKUX KAaK

pH ucnpasienus.

OcHoBHbIe TpeuMyiecTBa u3o0pereHuss W2W jans  oOpaGotku / ounctku /
pereHepanuy HEYUMCTOW MPOTOYHOM BOJBI OOYCJIOBIEHBI peanu3alieil pazaIudHbIX
(dyHIaMEHTATbHBIX  XapaKTepUCTUK  u3o00pereHus W2W u  cleayomuMu

KOHCTPYKTUBHBIMHU U TCXHOJIOTUICCKUMU NOCTUIKCHUSMU

—D3ddeKkTuBHOE CTUMYITHPOBAHNE COBMECTHOTO OCAXKIEHUS (MHOKECTBEHHOTO
OCAXKJICHMsI), KOIJla HEYUCTas BOJAA COACPNKUT METAUIbl U APYrHe MaTepualbl,

MO3BOJIAA UX OCAXKACHUC B IPUHIUIIMAIBHO APYT'UX YCIOBHUAX.

—3ddexkTruBHAS CTUMYJISAINS COBMECTHOTO OCaXIEHUsA 0€3 3HAYNUTEIHLHOTO

U3MCHCHUS KUCIOTHOCTHU HMJIN IICJIOYHOCTHU BOABI.

—IIpoBeneHre OJHOBPEMEHHO THMJIPOOKUCIEHUS U 3JIEKTPOKOATYISIUU 0e3

3aTpatr YHEPTUU U BPEMEHH.
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—3ddexTuBHAA TIepepaboTKa 3a cueT 0O0pabOTKM / OYMCTKU / pereHeparuu
3arpsi3HEHHBIX MPOTOYHBIX MCTOYHUKOB BOJBI 32 KOPOTKHUM MPOMEKYTOK BPEMEHH,

MO3BOJIAIONIAS. YCKOPUTH pabOTy aBTOMAaTUUYECKUX NMPOU3BOICTBEHHbBIX JIMHUM.

—TIlonyyeHue KOCBEHHBIX JaHHBIX 00 HM3MEHEHHH JIETKO OIpeIelsieMbIX
napaMeTpoB pPabOTHI JIEMEHTOB CUCTEMBbI IIPU 00pabOTKe / OUMCTKE / pereHeparuu
3arpsA3HEHHBIX IPOTOYHBIX HCTOYHUKOB BOJIBI C UCITOJIB30BAaHUEM 00PATHOM CBSI3H IS

cOopa nHpOpMaIIUK O Ka4YeCTBE OYUIIIEHHOM / OUUIIICHHOM / pereHepUpOBaHHOMN BOJIBI.
— Y CKOpEHHUE CHCTEM aBTOMATHYE€CKOTO YIPABICHUS.

—yCKOpeHI/Ie pa6OTI>I THOKHX ABTOMATU3NPOBAHHBIX TCEXHOJIOTHUYCCKUX

MOJIYJIEd U KOMIIJIEKCOB.

—ApnanTaius kK 00paboTke / OYUCTKE / pereHepanyi HEYUCTOM MPOTOYHON

BO/JIbI C OUYE€Hb HU3KOH MPOBOJIMMOCTBIO, Hanpumep, 1-5 Mukpo-CumeHc.

—JlocTKeHre ABYKPATHOTO YBEIMYCHHS MapaMETPOB AICKTPUUYCCKOTO TOKA
WIM HampshKeHUs 0e3 JOMOJMHUTEIBHBIX 3aTpaT JHEPTUHM 3a CYET OOJIervYeHHS
AIEKTPOXUMHUECKON 00pabOTKH B CHCTEME ITyTEM U3MEHEHUS OJHOTO TapaMeTpa 0e3

M3MEHEHUS IPyroro napamerpa.

—/IMCTaHIIMOHHOE YIIPABIICHUE CUCTEMOMW, HapsALy ¢ KOHTPOJIEM IIApaMeTpPOB
npolecca U yCTpaHeHHeM JaucOanaHca 3JeKTPOXUMUYECKUX U THAPOJUHAMUYECKUX

apaMeTpOB CUCTEMBI.

—ABTOMAaTHYECKOE JIOKAIBHOE OTKIIOYEHHUE CHCTEMbl W JIUCTAHIMOHHOE
yhpaBiieHue, 0e3 BKIIOYEHUsT 00pabOTKH / OYMCTKU / pereHepaluu yKe OUMILEeHHON /

pereHepHpOBaHHoﬁ HpOTO‘IHOﬁ BOJIbI IJIs1 3aMKHYTOI'O IUKJIa PCHUPKYJISIHHAA BOABI.

—OmnepaTUBHOE HM3MEHEHUE TEXHOJIOTHUYECKOTO pPEKUMa pabOThl CUCTEMBI,
ABTOMAaTUYECKH  CHHXPOHHU3HpYyIoliee  paboTy  HMCTOYHUKOB  TOCTOSHHOTO
JJIEKTPUYECKOTO0 TOKAa W TUAPOJAMHAMHYECKOM YaCTU CHCTEMBI C IPOU3BOJIBHBIM
U3MEHEHHEM KOHPUTypalluM ¥ TIO0 XapakTepy B3aMMOJCUCTBUS KOMIIOHEHTOB

CHCTCMBI.
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—MWurerpanusa uzobperenuss W2W B Goree KpyIHbIE CUCTEMBI U MPOIIECCHI,

HanpUMep, CUCTEMbI OOPaTHOIO OCMOCA, CUCTEMBI yabTpadunbrpanuu u T. 1.

ConyTcTByIOIIME  MPEUMYIIECTBA  JIOCTHUTAIOTCS  Oyaromapss  0COOBIM
pacIIMPEeHHBIM XapaKTepucTukaM dacte cuctembl W2W mist 06paboTku / 0ounuCcTKH /

percucpan HEYUCTBIX TCKYYUX CPC] BOIbI:

—YyKa3aHHE€ Ha HaJIM4YUME KAaK MHMHUMYM JIByX CHHXPOHHO JEHCTBYIOLINX

HCTOYHHKOB ITOCTOSAHHOI'O TOKA.

—IlocnenoBarenpbHOE MOAKIIOUEHNUE U YJIBOCHUE HAIPSIKEHUSI OTHOCUTEIIBHO
MaKCUMaJIbHOTO 3HAaY€HHs, HEOOXOIUMOTO IS JTaHHOW MPOBOJAMMOCTH HEUYHUCTOM
npoToyHo Boabl. CIIEICTBUEM 3TOro SIBISIETCS YBEJIMYEHUE KOHIICHTpAlUU
OKHCJIUTEJIC M BOCCTAaHOBHTECICH Ha BBIXOJC M, KaK CIICACTBHE, 0O0JICEe BBICOKHI
IPOLEHT TUIPOKCHUIOB B BHIXOSIIEH OUUIIIEHHOHN / OUUILEHHOW / pereHepupOBaHHOMN

BOJIC.

— HapaJ'IJ'ICJII)HOG BKJIFOUCHHUC n YABOCHHC TOKa OTHOCHUTCIIbHO
MAaKCUMYMAJIbHBIX TOKOB, HGO6XOJII/IMI>IX JJIs1 HaHHOﬁ IMPOBOANMOCTHU HEYHCTOM
HpOTO‘—IHOﬁ BOoJbl. B PE3YIBTATC IIOBBIMIACTCA KOHLCHTPALIUA OKHUCIUTEIIEH U
BOCCTaHOBHUTEJICH Ha BBIXOJC, UTO IMMPUBOAUT K 0oxee BBICOKOMY Ka4YCCTBY OCAXKIACHUA

TUJPOKCUCOCIMHEHNUH B OUMIIICHHOM / pereHepupOBaHHOM BOJIE.

—IIpu napaminenbHOM MOAKIIOYCHUH JOCTUTaeTCs 2P PEKTUBHAS KOATyISALUS B
pEXHME BBICOKOTO TOKAa —/10 IUIOTHOCTH TOKa OKOJO 4 A / nIM2, 4TO MO3BOJIAET
PacTBOPUTH ATIOMHUHHUEBBIN SJEKTPOJ M JOCTHKCHHUS YABOCHHOW >(PEeKTUBHOU
CKOPOCTH  pEaKIMM TI0 CPaBHEHUIO CO CKOPOCTBIO  peakuuu  OOBIYHOU

ANEKTPOKOATYISIHH. (TUIOTHOCTH TOKA MIPUMEPHO OT 1 10 2 A / am).

—IIpu napaninenbHOM BKIFOYEHUH HACTPOEHA ANEKTPOIUTUYECKAST SKCTPAKIIUS
0JIarOpOJHBIX METAJIJIOB M3 HEYUCTOM MPOTOYHOM BOJIBI HA CTAIUU CTAOWIU3AINH
TUAPOJIMHAMUYECKUX TMapaMeTpoB, KOT/a BOAA MPOXOJIUT MEXKIY 3JIEKTPOJaMHu B

ANEKTPOAHBIX STUEHKAX AIEKTPOXUMHUUYECKOTO PEaKTopa.

12



—MW3o0perenne W2W npumeHumMo asis 00paboTKH / OUMCTKH MOPCKOM BOJIBI.
—EcTh BO3MOXHOCTB On-line MouuTOpHHTa. Bo BpeMs curHaia

[Ipn HapylieHnH CHHXPOHHOTO PEXUMa IMOSBISIETCS aBTOMAaTUYECKUNA CUTHAJL,
CUTHAJIM3UPYIOLINNA O HEUCIIPABHOCTH CHCTEMBI, C MOCIEAYIOIIUM aBTOMATHYECKUM
BO3BPaTOM B CHHXPOHHBIA pEXHM, a TakKe€ AaBTOMAaTUYECKUWA  CHUTHAJI,

MH(OPMUPYIOIIHMIA 0 BO3BpATe B HOPMAJIBHBIN Pa00OUUd PEKUM.
—Ilogaepxanue kauecTBa 00pabOTKH / OUUCTKHU / pereHepaluu

BBIXOJHAsA MOIDHOCTBL IIpOoHeEcCCa IMpU ABYKPATHOM CHWKCHHUHW MOIIHOCTHU II0
CPaBHCHHIO C HCIOJIBb30BAHUCM OIJHOI'O HWCTOYHHUKA ODHCPIUMU, 06ecnqu/IBa}0mer0

OO0JIBIIYIO0 MOIIIHOCTH 3JIEKTPOJIOB AJIEKTPOXUMUYECKOTO PEAKTOPA.

—MWunukanuss Hamuyusg OOIIMX KAaTOAHBIX M aHOJHBIX YYacTKOB B

MCKIOJICKTPOJAHBIX IIPOCTPAHCTBAX BHYTPH SJICKTPOJAHBIX AYCCK.

—bosee BbICOKas HaANpsKCHHOCTDL JJICKTPHUYCCKOTO ITOJIAI B MCIKIJICKTPOJIHBIX

MIPOCTPAHCTBAX.

—IloHnKeHHOE CONPOTUBIIEHUE BOJIE, MPOTEKAIOIIEH Yepe3 MEXKIIIEKTPOIHbIE

IPOCTPAHCTBA.

—bonee BbicOkas  KOHLEHTpauusi  00pa3yloLIUXCs  OKUCIMTEIeH U

BOCCTAaHOBUTEJIEH.
—IIpenoTBpaiienre OChlaHus UIIN BBIACICHUS COJIEU C KaTOAA.
—IIpenorBpalenue yaepxanusi aHOJAHOW OKAJIMHBI B aHOJIHOM YaCcTU
3JIEKTPOXUMHUYECKOTO peakTopa.
—QOO0Ier4eHHOE MCTIOIb30BAHUS XaPAKTEPUCTUK CUCTEMBI.

—IIoBbIlIEHHBIN pecypc 3JIEKTPOJOB B YACTHOCTH U AJIEKTPOIAHBIX SAYEEK B

LIEJIOM.
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—CHMXEHHUE IMOTCPb DJICKTPOOHCPIHUU 3a CUCT YMCHBIIICHUS COIIPOTHUBIICHUS B

MEKIJIEKTPOIHOM IIPOCTPAHCTBE.
—AcHUMMeTpUYHAasE KOHPUTypalusi pabounx MOBEPXHOCTEHN 3JIEKTPOIOB.

—Hcnonp30BaHne 3JIEKTPOJAOB Pa3IMYHON TONIIMHBI, YTO BaXXHO IS

YBEJIMYEHUS TOJIIMHBI aHOJIOB, TEM CaMbIM YBEJIHMYHUBAs CPOK CIYXKOBI DJIEKTPOIOB.
—IIpoBenenue 3IeKTPOKOAryJIIiiui OJJHOBPEMEHHO C BBIITOJIHEHHUEM
ANEKTPOOKUCIIEHUS U / WM PEaKLUs 3J€KTPOBOCCTAHOBIICHUS.

—CuHXpOHHOE N3MEeHEeHHE (P PEKTUBHOIN aKTUBHON MOBEPXHOCTH AJIEKTPOIOB

1 B OJJMHAKOBOM CTEIICHM KaK Ha KaToJie, TaK U HA aHOJIC.

—becnpensarcTBeHHOE pa3eneHne Ha ABE PABHBIC YACTU BOJBI, TOCTYIIAKOLICH

B MEXKJJIEKTPOJHOE IIPOCTPAHCTBO MIIN U3 HETO.

—CHWXKEHNWE THUJIPABINYECKOTO COINPOTHUBJICHUS TPOTOYHOW BOJAE IS
MIpOBEICHUs Mpoliecca 0€3 HeOOXOIUMOCTH CO3AaHUs JOTIOJHUTEIHLHOTO JABJICHHUS B

MCIKIJICKTPOAHOM ITPOCTPAHCTBC.

—YBenu4eHne IO MOMEePEeYHOr0 CEYCHUS MEXAY KaKJIOH Mmapoil ABYX
ANEKTPOJOB, TEM CaMbIM YBEIUYHBAs CKOPOCTh BOJbI, MPOTEKAIOMICH MEXIY
MEXIIEKTPOTHBIM IIPOCTPAHCTBOM, 4TO MPUBOIUT K  YBEJIMYCHUIO
MIPOU3BOJUTEIBHOCTH JJICKTPOJHBIX SUEEK U, CIIEOBATEIBHO, SJICKTPOXUMUIECKOTO

peakTopa.

—YBenuyeHne IUIOMAN IOMNEPEeYHOT0 CEYEeHHUs (TEOPETUUYECKUN BBOJ)
ANEKTPOJHBIX SUYEEK, MO3BOJSIONIEE YBEJIMYNUTH 10Ja4y BOJbI, MPOTEKAOLIEH Yepes3

JJIEKTPOJHBIE TYECUKU U YEPEe3 MIEKTPOXUMHUUECKUN PEAKTOP.
—IloBhIlIeHHAS! IPOIMTYCKHASI CIOCOOHOCTH AJIEKTPOIHBIX AYEEK U

ANEKTPOXUMHUECKU peakTop. CorimacHO pesynbraraM SKCIEPUMEHTATBHBIX
UCCJICIOBAaHUI CHUCTEMBI, BEChbMa CYIIECTBEHHBIM MPEUMYIIECTBOM H300PETCHHUS

W2W sBnsiercs ABYKpaTHOE CHUIKEHHUE MOJaBaeMOW MOIIHOCTH. K 3JIEKTpOAaM, IO
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CPaBHEHHMIO C BEPCHUAMH PHEProcOEpekeHUs MPEIIIECTBYIOIEIO YPOBHS TEXHHKH.

Bcnencrsue 3TOro BO3HUKAIOT:

—IIpenorBpanienre oOpa3oBaHus TBEPAbIX COJIEH MM HAKUIIM HA TOBEPXHOCTHU

KaTozaa.

—IIpenoTBparieHne NacCUBAIMK WIW ACAKTUBAIIUH JICKTPOJIOB (aHOIa U / WITH

KaTo/1a).

—Henonymienue MoJHOTO WM MOJHOTO pa3pyLIeHHs AJIEKTPoAOB (aHoxa u /

WJIU KaToJ1a).
—IIpenoTBpalienue neperpesa 3MeKTPoA0B (aHOA U / WM KaToa).

—VYMeHbllIeHHE PasMCpoOB UCTOYHUKOB MUTAHUA 3JICKTPOIAOB (aHoz(a U/ uaun

KaTo).

—CHmxenue YCTaHOBHCHHOﬁ MOIIHOCTH HCTOYHHUKOB IHUTAHHUA W CHHIKXCHHUC

opora 3JIeKTpoOE30MacCHOCTH.

N3o6petenue W2W 1t pereHepaniid BOJHBIX PacTBOPOB pa3pabOTaHO H
peajn30BaHO C  HWCHOJB30BAaHUEM  MPUHIMIIA  JUHAMHYECKONM  CHUMMETPHH.
JlunaMuueckasi CHMMETPHS OIPEACISIETCS] KaK «KOOPAMHAIIUS BCEX HECTAIMOHAPHBIX
COCTOSIHMI CHUCTEMBI M CTA0MJITU3AIIMS BCEX MEPEX0I0B MEXKITY COCTOSIHUSIMU CUCTEMBI,
00J1aJaloUMHK Pa3HBIMH SHEPTUSAMUY, KaK YKa3aHO B SHIIUKJIONCANHN (GU3HMKH, C. 683,

n3nano B bonemoin Poccuiickon DHuukinoneauei, Mocksa, 1999.

B menom TepMUHBI «CHHXPOHHBIN» WU «CHHXPOHHU3ALMS) ONPEACIAIOTCS U
OTHOCSITCSL K JEUCTBUSAM, yCTPOMCTBAM, CHCTEMaM U / WM TpoIeccam, UMEIOIINM
MECTO WJIM MPOUCXOSIINE, IBUKYIIHECS U / WU pa0OoTaoIIKe B OJTHO U TO K€ BpeMs
U / WK C OJMHAKOBOM CKOPOCTHIO, HAIPUMED, C MICHTUYHBIMU NIEPUOAAMH U / UITU
dazamu. bonee TOoro, TepMUH «CHUHXPOHU3UPOBATHY» OINPEACIAETCS M OTHOCHTCS K
OOYKICHUIO JIEHCTBHM, YCTPONCTB, CUCTEM U / MITH TIPOIICCCOB MPOUCXOAUTH B OJHO
U TO K€ BpeMs U / WIN C TOH K€ CKOPOCTHIO; OBITh OJTHOBPEMEHHBIM; JIBUTATHCS U /

WIN JCHCTBOBATh B YHUCOH. 3/1€Ch, B OTHOIIICHUH HACTOSIIEr0 N300peTeHus, ocodas
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dbopma ucmonb3yeTcsi cuHXpoHU3amusa. Kak ompeneneHo B TOW e DHIMKIIONCINH
¢usuku, crp. 687 M Kak 3TO ONpelneneHo U onucaHo B «CHHXpPOHH3AIUU
nuHamuyeckux cucrem» M.W. brnexman, M., 1968, B 4aCTHOCTH, NIPUMEHUTEIBHO K
AJIEKTPOHHBIM TPUIIOKEHUSIM, CHHXPOHHU3AIIHUSI OTHOCUTCS K 0COOOH CHUTyaIuu, Koraa
«paboune mapaMeTphbl ABYX HCTOYHUKOB IMOCTOSHHOTO TOKA TAaKOBBI, YTO OJHWH M3
HUCTOYHHUKOB (BEmyIlee YCTPOWCTBO CHHXPOHHU3AIMHU) JCHCTBYET Ha JAPYroro
(CMHXpPOHU3UPOBAHHOTO BEJOMOI'O YCTPOWCTBA) IOCPEJICTBOM PETrYJIUPOBAHUS C

00paTHO CBA3BION.

Jl1st HacTosiero n3o0peTeHus padoumii peskuM Mpu JUHAMUYECKOU CUMMETPUU
COCTOSIHMM JJIsl CHCTEMBI COCTOUT M3 JIBYX HCTOUHHKOB MOCTOSIHHOTO TOKA, IIPU ATOM
BCE IMapaMeTpbl CHHXPOHHU3AIMM CUMUTAIOTCS COOTBETCTBYIOIIMMH B pPEAJbHOM
BPEMEHU TapameTpaM BEAYUIEro HMCTOYHMKA CUHXpOHU3AIuHu. [l HacTosIIero
U300peTeHus, HampuMmep, Kak Toka3zaHo Ha Puc. 16-20 pexum paboThl TpH
JTUHAMUYECKOW CHUMMETPHUHM COCTOSHHM (YCJIOBUM) JUIsl CUCTEMBI BOJOIOATOTOBKH
onpenensieTcs Kak MUHUMYM JIBYMsl MCTOYHUKAMH IOCTOSIHHOTO TOKa (OJIokamu
NUTaHUs), TPU YTOM BCE CUHXPOHU3HUPYIOIINE NapaMeTpbl IPUHUMAIOTCS B PeaIbHOM
BPEMEHU COOTBETCTBYIONIMMHU IMapaMeTpaM TJIaBHBIA HMCTOYHUK CHHXPOHHU3AIIMH.
N3o6perenne W2W BkItouaeT MHTETpUPOBAHHBIE, MAaCIITAOUpyeMbIe, alalTUBHBIE U
MOJYJbHBIE CUCTEMBI U OOOpPYAOBAHUE YPOBHS HUXKE IJisi 00pabOTKH / OYMCTKU /
pereHepany KOMMEPYECKUX THUIIOB M KOJMYECTBA HEYUCTOM MPOTOYHOWU BOJIBI.
OcHoBHOM acniekT u3o0pereHuss W2W OCHOBaH Ha OTIEJICHUUM U YAAJICHUH
HEOPTraHWYECKUX U / WU OPraHUYeCKUX NpuMecei (HarpuMep, METaJIJIOB, CylIb(haToB,
dbocdaToB, Macen U KUPOB) U3 MPOTEKAIOIIESH HEUUCTOU BOJBI U B3aMMOJCHCTBUU C
AJIEKTPOJIaMH, Pa3MEIICHHbIMU IO KpailHel Mepe B JIBYX DSJIEKTPOJHBIC SYEHKU
AIEKTPOXUMHUECKOTO peakrtopa, CIEIUATIBHO CIIPOEKTUPOBAHHBIE u
CKOHCTPYMpPOBaHHbIE  JJIi  oOecrnedyeHus:  CTaOMJIIBHOTO M CHHXPOHHOTO
ANEKTPOXMMHUYECKOTO Tpolecca M YCIOBUM  THUAPOJUHAMUYECKOIO  MOTOKA.
N3o6perenue W2W otnunuaercss 3pPekTUBHON M peHTA0EIbHONM KOHCTPYKIUEH U

pa6OTOfI MCXaHHU3Ma moJga4u SHCPIruur, BKIIFOUAOIICTO IMTapy CUHXPOHHO COCINHCHHBIX
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U JEHCTBYIOMMX OJOKOB MUTAHMS, AJIi CHHXPOHHOM MOJayu SHEPTUU Ha 3JIEKTPOJIbI,
KOTOPBIE OKMCIISIFOT M BOCCTaHABIMBAKOT KOMIIOHEHTBI B KOHTaKTUPYIOLIEU
npoTouHoil Boje. OOpa3oBaBIIMECS OKHCJIEHHbIE / BOCCTAHOBJICHHBIE KOMIIOHEHTHI
BOJIbI MPEJCTABIAIOT CO0OM KOMIUIEKC MPUMECE B MPOTOYHON BOJAE MOCPEICTBOM
MEXaHHU3MOB, BKIIIOUAIOIIMX KOAryJAlHMIO U OCaXJACHHE, TeM CcaMbiM 00pasys
KOMIUIEKCHI IIPUMECEH, yAalsieMble, HAPUMEp, IyTEM OCAXKICHHUS U3 NPOTOYHOMU

BOJIBI.

Cucrema W2W [OJHOCTBIO aBTOMAaTU3UpPOBAHA WU KOMIBIOTEPU3HPOBAHA,
BKJIIOYAst aBTOMATUYECKOE yIpaBlIeHHE IIPOLIECCOM, yIpaBlIEHUE C
POTHO3UPOBAHUEM M YITpaBJEHUE ¢ 00paTHOM CBsA3BIO, 000PYI0BAHMS, IPOLIETYPHI U

nporpaMMHOe oOecredeHue.

PaGora CHEIHAIbHO pa3paboTaHHOTO u CKOHCTPYHPOBAHHOTO
ANEKTPOXMUMHUYECKOTO  peakTopa  3amycKkaeTcss W OOCIyKHBaeTcsl  IByMs
B3aMMOCBSI3aHHBIMU HCTOYHUKAMU SHEPrUuu (Fr€HEepaTOpaMHu), KOTOPHIE CYIIECTBEHHO
pa3inyaroTcs MO MOIIHOCTA. OTO CBA3aHO C TEM, YTO NEPBOE PETYIUPOBAHUE
(kamuOpoBKa) HAMpPSHKCHHs] BBITIOJNIHSAETCS HAa TEPBOM HCTOYHUKE (BEAyIEeM
YCTPOMCTBE  CUHXPOHHU3AIMU), B TEYEHUE KOTOPOrO BTOPOM  HMCTOYHHK
(CHHXpOHU3MPOBAHHOE BEJOMOE YCTPOMCTBO) OCTAETCS B PEXKUME OKUJAHUA
(HayasibHAsg m@ays3a). OTO O3HA4YaeT, YTO MIHOBEHHAs MOIIHOCTh IE€PBOTO
KamuOpyeMoro UCTOYHUKA Ha MTHOBEHHE MPEBBICUT MOIHOCTh BTOPOTO UCTOYHHUKA.
[TonpoOHoe HayuyHOE OOBSICHEHNE CHHXPOHHU3AIMH JABYX CBSA3aHHBIX CUCTEM JaeTCs B
BBIIICYIIOMSHYTON [IUTUpYEeMOW DHIMKIoneauu ®usuku, crp. 687. B 3Tol cuTyanuun
MEPBbIII UCTOYHUK, UMEIOIIMI MTHOBEHHO BBICOKYHO BBIXOJHYIO MOLIHOCTb, UTPAET
POJIb CHHXPOHU3UPYIOIIETO BEAYLIEr0, B TO BPEMs KaK BTOPOIl HICTOYHUK, KOTOPbIM Ha
MrHOBEeHHE Ooisiee cnaObli, UTPAET PoJib CHUHXPOHU3WpOBaHHOTO Bemomoro. [locre
Hayala KaJuOpOBKH HANpsDKEHUS T[EePBOrO HMCTOYHMKA B 3aBUCUMOCTH  OT
MPOBOAMMOCTH MPOTOYHOM BOJBI BO BpeMs KaTUOPOBKHU BTOPOIl MCTOYHUK HAUMHAET
paboTtaTh B uaeHTUYHOM pexume. [lockonbky 006a MCTOYHMKA pabOTAIOT B PEKUME

«CTaOMIM3UPOBAHHOTO HAMPSKEHUS», BO BpeMsi paboTel m3obpereHuss W2W mpu
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M3MEHEHHH TpoBoAuMocTH. Ecnu mpoTouyHas Bojxa oOpabatbkiBaeTcst / ouunmiaercs /
pereHepupyeTcsi, IaBHbIH HMCTOYHUK CHMIKAET BBIXOJHOE HAMpsyKEHUE, a BTOPOU
WCTOYHUK YBEJIMYMBAECT CBO€ HampspkeHue. [IpuMmeHeHne OMMCaHHOrO 3/ecCh U
ONMMCAHHOTO MPUHLHWIIA CHUHXPOHM3AIMU TMPUBOAUT K HEIMHEHMHOW CHCTEME C
HEMPEPHIBHO MPOUCXOJALIIUMHU KOJCOAHUSIMU OCHOBHBIX IapaMETPOB CHUCTEMBI.
OTHOCSIIMECS K 00pabaThiBaeMO / OUYMILIAaeMOil / pereHepupyemMoil Bojie, TO €CTh K
KOHIEHTPALIUA XUMUYECKUX KOMIIOHEHTOB B BOJI€ M TMPOBOJUMOCTH BOJIBI, B
YCTOMYMBOM MH)KEHEPHOM peXHUME, U 00eCreunBaeT CTaOMIbHYI0 paboTy MpU Bcex
SHEPreTUUECKUX YCIOBHUAX U OOIINIA SHEpreTUYeCKuii 6ananc cucreMa it 00paboTKH

/ OUMCTKY / pereHepaluu 3arps3HEHHOTO HCTOYHUKA BOJIBI.

Yacts 2 Crpykrypa, yHKkuuu u padora

Huxe mnpuBonuTcs WITIOCTPAaTUBHOE MOAPOOHOE OMHCAHME KOHCTPYKIIUH,
(GyHKIUI 1 pabOThl OCHOBHBIX U aJIbTEPHATUBHBIX BapHUAHTOB OCYIIECTBICHUS U UX

KOMITOHEHTOB CHCTEMbI 00pabOTKH / OUUCTKH / pereHepanuu Boasl Mey Rechavam

(W2W).
['eTepoxoarynsmnus

YcTaHoBKa B BOJOMOATOTOBKY / OUMCTKY / pEreHEPaINIO AIEKTPOXUMHUYECKOTO
peakTopa JJEKTPOIAHBIX SYEEK C aHOJAAMHM W3 ATIOMUHUS WM YHUCTOTO >Kene3a
npuBOIUT K P PEKTy, MpH KOTOPOM OCHOBHOM MpoIiecc 00pa30BaHUs OKUCIUTENEH U
BOCCTAHOBUTEJIEH B MOTOKE BOJBI JIOMOJHSAETCS AaHOJHBIM MYCOPOM, KOTOPBIH
ABIIAETCA KOAryJIsHTOM. JTO OOJerdaer MpoIecC, CBSI3aHHBIM C HEOOXOIUMBIMH
OTJICTICHUSIMU BEIIECTB IUCIIEPCHON (Pa3bl OT AUCTIEPTUPYIOUIEH Cpeabl. ITOT «IOPOT
KOATyJISIIUI TOBOJBHO OBICTPO MOBBIIMAeTCsA. B O0nbIIMHCTBE cydaeB MPOTOYHAS
HEYMCTas BOJA COJEPIKHUT Pa3NUYHBbIC COJHM TOJUBAJICHTHBIX METAJJIOB, KOTOPHIC
THAPOIU3YIOTCA € 00pa3oBaHHMEM KOJUIOMIHBIX THAPOKCHUAOB. OTO CTUMYIUPYET
npolecc TeTepoKoaryIsiuu, a dYacto U 0a3oByl Koarymsauuio. I[Ipu rerepo-

KOAryJIsiAX pa3jnyHbIC TUCIIEPCHBIE CUCTEMBI B3aUMHO KOAryJIMPYIOT APYT C IPYTOM,
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B pE3YJIbTATE YEr0 YaCTUIIBI OTHON TUCTIEPCHOM (pa3bl MPUIUTIAIOT K YaCTUIIAM APYTron
¢a3bl. ['eTepokoarymsiius yCHIMBAETCS IPU B3aUMHOM CMENIMBAHUH Pa3AeIsIONINX
COJIEM C pAa3IUMYHbIMU HArpy>XEHHBIMM IIOBEPXHOCTAMH YAaCTUL], ITOCKOJIbKY
JJIEKTPOCTATUYECKUE CUJIBI MOHHOI'O THUIIA MEXAYy HUMM IPUBOIAT K B3aAUMHOMY
OPUTSDKEHUIO, a HE OTTAJKUBAaHUIO 4YacTull. KuHeTnka OpOYHOBCKOTO JIBUXKEHUS
KOAryJisIUM  KOJUIOMJHBIX CHCTEM OIpeaesieT HeoOXOAMMOe BpeMsi KOHTaKTa
IIPOTOYHOM BOJBI, KOHTAKTUPYIOIIEH C NIEKTPOAAMHU, U IIOTOK Yepe3 SYEUKH B
MEKDJIEKTPOJHOM IPOCTPAHCTBE, TaK YTO KOJMYECTBO HECBA3AHHBIX €IUHUIIL
YMEHBIIAETCS BJBOE, 4YTO IPUBOAUT K BO3HUKHOBEHHIO «IIOPOTa KOATYJISILIUW»
BPEMEHHM KOHTAaKTa, BBIPAXXEHHOTO B cliefymomeid ¢opme, kak onucaHo B «Teopuu
Cwmonyxosckoro» B Chemical Encyclopedia, vol. 2, ctp. 817, uznano CoBerckoit

sHIMKJIoneauei, Mockaa, 1990:
t=3r|/[4kTnoa],

rmet = BpEM:, B TCUCHUC KOTOPOIro KOJHMYCCTBO HE3aBHCHUMbBIX HCCBA3AHHBIX

€UHUI] YMEHBIIIAETCS BJIBOEC;
Ti) = BA3KOCTH CPEIIbI;
k = mocrostHHas boabpiMaHa;
T = abcomoTtHas Temnepatypa (° K);
NO = HadaJIbHasl KOHIIEHTPAIMs YaCTHIL;

a = Tak Ha3blBaeMblil Kod(PUIMEHT 3aMelsieHusi cBepThiBaHus. [lpu
OTCYTCTBHH Oapbepa C SHEPIrueil, TO €CTh MPU BHICOKUX IIIOTHOCTAX TOKA, KOTOPAst JJIst
HACTOSIIIETO N300PETEHHS COCTABIIAECT 0KOIO0 4 A / M2, ipy 3TOM a = |; Ipu HATUYHUH

sHepreTuyeckoro 6aprepa a <l.

BpeMst Haxoxk1eHUs B SIEKTPOAHOM STYEMKE B MEXKIIEKTPOJHOM ITPOCTPAHCTBE
B CHUCTEME C MPOIYCKHOU crmocoOHOCTRIO 1 M3 / "ac coctaBisieT okoio 3 cexyHa. B
TEYEHHE OJTOr0 TepHoJa BPEMEHHM BECh O0BEM BOJBI, MpPOTEKAIOIIEH uepe3

JJIEKTPOJHYIO SUEHKY, ITOABEPracTCs ACUCTBUIO MPOCTPAHCTBEHHO-KOATYJIUPYIOIIEH
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cetd. Jlns mpoOBl BOIBI, MPOXOASIIEH Yepe3 INEKTPOAHYIO SUEHKy B TEUEHHE
npumepHo 0,2 —0,6 ceKyH[bl, TOCIIE BbIXOJA U3 MEKAJIEKTPOIHOIO MPOCTPAHCTBA,
Oyab TO C aHOJa WJIM C Karojaa, oObeMHas Macca MpoObl BOABI XapaKTepU3YeT
HA4aJIbHYI0 MYTHOCTbB, TO €CTh CErPETUPOBAHHYIO TUCIIEPCHYIO cpeny (ocanok). Paza
HECTPYKTYPUPOBAHHOTO OCAJIKa, OTIOXKUBIIAsicA B TeueHue 20 MUHYT Mexay | u 2

MUHYyTaMH, NIEPEXOIUT B CTPYKTYPUPOBAHHBINA OCAOK.
(aza u ci0i KOHCOIUAUPOBAHHOTO OCAIKA.
KannensOpe! (B yacTHOCTH, MEHOPBI) TIO (hopme JTaOupHUHTA WITH

PopMa IEKTPOXMMHUUYECKOTO PEaKTOpa, HCIOJIb3yeMoro B cuctemMe W2W,
o0OecrieynBaeT  CHHXPOHU3UPOBAHHYIO  JJEKTPOXUMHUYECKHM  AKTUBHYIO U
TUAPOIMHAMUYECKH CTAaOWIBHYIO Cpedy AJisi OTIEJNECHUS NMPUMECEH OT MPOTOYHOU
BOABL. JIJ1s1 HOJTy4eHUs] ONTUMAJIbHBIX YCIOBUI THAPOAMHAMUYECKON CHHXPOHU3ALUU
BCEX MapaJUICJIbHBIX ITOTOKOB IIPOTEKAIOIIEH BOJBI KOPIYC DJIEKTPOXUMHUYECKOTO

peakTopa JIEKTPOTHOMN STYSHKH 3aTI0JTHEH JJAOMPUHTOM B BUJE «MEHOPBD».
OTa CTpyKTypa JesiaeT BO3MOKHBIM CJIeIyIOIIee:

—Pacnonoxenue QJICKTPOXUMHUUYCCKOI'0 pC€aKTOpa KaK IOPHU30OHTAJIbHO, TaK U

BCPTUKAJIBHO.

—CTa6I/IHI/ISaHI/IH JUMHAMHYCCKOI'0 IMMOTOKa BCEX IMTOTOKOB oe3 JOITOJIHUTCIIbHBIX

3aTpaT SHCPIHH.

—CI/IHXpOHI/ISaIII/IH BCEX BXOIAINIUX IIOTOKOB JIs1 Ka)KIIOﬁ N3 3JICKTPOAHBIX

SAYCCK.

—CuHHXpOHM3aLUs JBUKEHUS MapalIeIbHbIX MOTOKOB B MEXAJIEKTPOJHOM
MPOCTpPaHCTBE. J[BUKEHNE TOTOKOB HEYMCTOM BOJbI M UX CHHXPOHU3ALMS CXEMATUYHO
MOKAa3aHO Ha pHC. 1, a TaOUPHUHT B BUJE «MEHOPBI» CXEMATUYHO MOKa3aH Ha puc. 2.
Tekymiast Bojia HanpaBJseTCs B IBA PABHBIX MapaJUICIBHBIX MOTOKa iN1 1 in2 (Pucynok
1). Hotoku inl wm in2 ympaBnstoTcs AaBieHWeM B auanasone 1,2—1,5 Oap. Kak

nokaszano Ha Puc. 2, B anexktpoxumuueckom peaktope 20 kaHanbl | u 2 cHaOXeHBI
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oTBepcTusiMU 3 1 4, oOpallleHHbIME K paboueii kamepe 5, a oTBepcTrs 6 u 7 0OpalieHbl
K paboueii kamepe 8. Pabouas kamepa 5 u pabouas kamepa 8 COeJTUHEHBI MKy COOOM.
KaHaJIbl, CMeXKHBIE ¢ KaHajaMu | u 2 cooTBeTcTBeHHO. KaHanbl 1ByX pabodynx kamep

COEJIMHEHBI MeXk 1y co00i oTBepcTHEM 9.

[TockonbKy pabota Kamep 5 u 8§ MPOUCXOIUT aOCOTOTHO UACHTUYHO, TO €CTh
CUHXPOHHO, MOKHO YYUTBHIBATh THJIPOJMHAMUYECKUN OalaHC TOJBKO JJIsi OJHOM W3
Hux. [loTok B kaHane 1 BBIXOAUT yepe3 OTBEPCTHE 4 B COCEAHEM KaHAJIE U JOCTUTAET
ypoBHsi AH, npu 3TOM M3-3a HaIU4UMsl OTBEPCTUUA 3 U 4 3TOT ypPOBEHb OJIMHAKOB B
o0oux KaHallax U MpojoJKaeTcs BBepX. Brixoa 15 uepes kaHanbl B paboune Kamepbl
5 u 8. Pazunnia AH qy1s 1ByX KaHajloB OJIMHAKOBA U MOJAJIEPKUBAETCS B CUHXPOHHOM
pexuMe, MpU 3TOM OTBEPCTHE 3 CTAOWJIM3UPYET ATOT PEXHUM, MO3BOJISAS BO3AYXY
BBIXOJINTh M3 000MX KaHaIOB. B anekTpoxumuueckom peaktope 20 mocTUraeTcs
abcoJioTHast paboyasi CUMMETpPHSI MEXJy KaHajiaMud | U 2 U COCeTHUMM KaHalamu
(Puc. 2). U3-3a Hanuuus orBepctus 20 9 1 AH cummeTpudHbI 111 000MX KaHAJIOB,
CKOpPOCTb MOTOKa B JIBYX MJECHTHUYHBIX YACTIX OJMHAKOBA U CUMMETPHUYHA JJISI BCEX
KaHAJIOB, MPUMBIKAIOIIUX K OJTHOM U3 paboumnx kamep S u 8. I1a cuMMETPHS MTO3BOJISIET
CUHXPOHU3UPOBATh CKOPOCTh IIOTOKAa Ha BCEX CTYNEHSAX. JBWKEHHS BOJBbI,
npoTeKarolmed 1Mo JIAOUPUHTY, UTO IMO3BOJSIET CHHXPOHHU3UPOBATH  BpeMs
IPOXOXKJIEHUS]  COOTBETCTBYIOIIMX CUMMETPUYHBIX dYacted (puc. 1). Oto
00CTOSATENBCTBO MO3BOJISAET DJIEKTPOXUMUYECKOMY PEAKTOPY CIEAYET pacCMaTpUBaTh
KaK CUHXPOHU3UPOBAaHHYI) TaHAEMHYIO DJJEKTPOAHYIO S4YEHWKY, BHYTPEHHE
NOAKIIOYEHHYI0  JJIi  oOecnedyeHus:  TUAPOJUHAMUYECKOW  CHHXPOHHU3ALUU
AJEKTPOJIHBIX siY€eK. DTO TaKXKe IMO3BOJSIET MOTPEOATh 3JIEKTPOIHEPTUIO OT JABYX

CUHXPOHU3UPOBAHHBIX UICTOYHUKOB SHEPTUH.
Puc.3 —cxemaTnyeckas Auarpamma, WITIOCTPUPYIOIIAsi BU B IEPCIIEKTUBRE

Menopa-30 mnoxoka Ha JaOMPUHTHYIO KOHGUTypanui wid (Hopmy
ANEKTPOXUMHUYECKOro peakTopa 20, ucronszyeMoro B cucreme W2W, nnoka3aHHOUN Ha

Puc. 2. Puc. 4 npeacrasisieT cob0i cXeMaTHUYECKYIO0 THarpaMMy, WILUTFOCTPHP YIOITYIO
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BU/ B MEPCIICKTUBC QJICKTPOAHBIX AYCCK KakK qaCTH HCIIOJIB3YyCMOT'O

ANEKTPOXUMHUYECKOro peaktopa 20 B cucreme W2W.
OcHOBHbBIE KOHCTPYKTUBHBIE XapaKTEPUCTUKU JIEKTPOXUMHUECKOIO PEAKTOpA.

—KoHncTpynpoBanue nabupuHTa KOpIyca 3JIEKTPOXUMHUYECKOTO peakTopa B

BUJIE «MEHOPBI», KaK MOKa3aHo Ha puc. 2 u 4.
—I'uapaBaudeckas CBs3b MEXIY COCETHUMHU KaHAIAMH JIAOUPHUHTA.

—FCOMeTpI/I‘-ICCKa}I U TUAPABIXYCCKAA CHUMMCTPHUA MCKIAY TOMOJOTHUYHBIMU

SJICMCHTaAMHU JIa6I/IpI/IHTa KOpITyCa 3JICKTPOXUMHUYICCKOI'O pCaKTOopa.

—HOI[FOTOBKE[ B KOpIyCC OJCKTPOXUMHUUYCCKOI'O pPCAKTOpa A JBYX
QJICKTPOAOB HWACHTHYHBLIX II0 BCEM KOHCTPYKTHUBHBIM H  TCXHOJOTHUYCCKUM

rapameTpam STUYCUKH.

—TpancuuCBNaAHOC IIOIICPCUYHOC CCUCHHUC OJJICKTPOJHBIX AYCCK B CJIydac 10
IIOCKOITapaJICJIbHBIX JJICKTPOA0B (KaK BapI/IaHT) C InapaiCIbHbBIMH AKTHBHBIMU

pabounMu MOBEPXHOCTSAMHU, HAIIPUMED, KaK IMOKa3aHO Ha pHUC.

-CaMOYIUIOTHAIOIIAACA KOHCTPYKLUS DJIEKTPOAHBIX SYEEK, HAIpPHUMEp, Kak

nokazaHno Ha Puc. 6.
—KoMmno3utHseIl KOpIyC 3AEKTPOXUMHUYECKOTO PEAKTOPA.
—/JIpyroe npocTpaHCTBEHHOE MOJI0KEHHE Tella (KaK BApUAHT).
—/JIpyras ¢opma rnmonepeyHoro ceUeHus EKTPoa (Kak BapUaHT).
—Koaxkcuanbabie TpyOUaThie 3IEKTPOIbI (KaK BapUAHT).

—I[Ba HCE3aBUCUMBIX HICHTHUYHBIX HCTOYHHKA IMOCTOAHHOI'O JJICKTPUUICCKOI'O

TOKa, CHHXPOHU3HWPOBAHHBIX 110 BCCM OCHOBHBLIM ITapaMCTpaM.

—CuMMeTpUYHOE  TOJOXKeHHe (Kak  BapuaHT) aKTUBHBIX  pabodyux

IIOBEPXHOCTEU B AJIEKTPOJHBIX SUYECHKAX.
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—AaCUMMETPUYHOE  TOJOKeHWEe (KaK BapuaHT) AaKTHBHBIX  paboumx

IIOBEPXHOCTEHU B JJIEKTPOAHBIX YEUKAX.

—Ppa3JInIHOC COUYCTaHUuC IIOTICPpEYHOT O CCUCHMUA MCIKIJICKTPOIHOTO

POCTPAHCTBA.

—COBMCIICHHOC KaToJHOC u AHOJHOC IPOCTPaHCTBO B IIOJIOCTH

MEXDJIEKTPOTHOTO 00BEMA DNEKTPOIHBIX TueeK (KaK BapUaHT).

—KOMMYHI/IKa]_[I/IOHHBIC 30HbI, COCAMHCHHBLIC CMCKHBIMHU CHUMMCTPUYHBIMU

KaHaJaMH B JIJAOUPHUHTE KOPITyCa AJIEKTPOXUMHUUYECKOTO PEaKTopa.

—OMIUpUYecKasl 3aBUCUMOCTh MEXIY IUJIOMIAbI0 COOOIIAONINXCS 30H U

IJIomaabo IMOIICPECHYHOTI'O CCUCHUA MCIKIJICKTPOIHOTO IIPOCTPAHCTBA:

Sc.z. = Sies.

rme  Sc.z. —Iuiomaab  CcooOmarIMXcs 30H, a Si.e.s. —IUIoNaab

MEX3JIEKTPOIHOTO MPOCTPAHCTBA. DMIIUPUUYECKUE TTapAMETPBI

[Tnomanae MEX3JIEKTPOAHOTO mMpocTpaHcTBa mopsiaka 600 mm2. Illupuna
aKTUBHOM paboueil MOBEPXHOCTH 73ieKTpoaoB mopsaka 100 mm. Ilnomans
nonepeyHoro cedeHuss oauekrtpoaa mnopsaka 200 wmm. [IpennmoyrurenbHbIMU
MaTepuallaMu JJEKTPOJa 5 SBIAIOTCA HEpKaBErOLas CTajlb, TUTAH, AJTOMHUHUU,
xKenezo Wik yriiepoa-yriepoa. OCHOBHBIE TEXHOJOTMYECKHE XapaKTePUCTUKHU

ANEKTPOXUMHUYECKOTO PeaKTopa:

—Crabunuzanys 1 paBHOMEPHOE pacipeiesIieHue MPOTOYHOM BOABI HA BXOJE B

JJIEKTPOXUMHUYECKAMN PEAKTOP.

—I'paBuTaniioHHasi cTaOWIM3aIUs W CHUHXPOHM3ALMS TIOTOKOB BOJHOTO

pacTBopa Ha BXOJE B MEXKIJIEKTPOJHOE MPOCTPAHCTBO B JIEKTPOIHBIX SUCHKAX.

—CUHXpOHHOE  TPOXOXKICHHE TMOTOKOB  BOJHOTO  pacTBopa  4epes

MCIKIJICKTPOAHOC TIPOCTPAHCTBO IIpU TNCPCCCUHCHHUHN MATIHUTHBIX CHIIOBBIX JIMHUMN
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OJICKTPUYCCKOTO TIIOJII BBICOKOI'O HANPSXKCHUA MCKIAY aAKTHBHBIMU pa60‘H/IMI/I

IMOBCPXHOCTAMHU DJICKTPOJ0B.

—Ilomaua Toka oT ABYX CUHXPOHHNU3UPOBAHHBIX, SKBUBAJICHTHBIX, HJACHTUIHBIX
HNCTOYHHUKOB IMOCTOAHHOI'O J3JICKTPUYICCKOTO TOKA, ¢ YABOCHUCM OJHOI'O BBIXOJHOI'O
mapamMeTpa, TOKa WM  HAIPSIKCHHUA, IMMOCPECACTBOM HX CHHXPOHH3aOUKU B
MMOoCJICAOBATCIIBHOM HWJIM  ITApAJUICJIBbHOM  COCAMHCHUU C FI/I}II)OIIHH&MI/I‘-IGCKOﬁ

cTabuan3aIyen BoIbl, MPOTEKAIOIIEH Yepe3 AJIEKTPOIHbIC SUCHKHU.

—QOIHOBpEMEHHOE  TapajulebHOE  JCHCTBHE C  TIOMOIIBIO  TEXHHUKHU
TCHEPUPOBAHMS OKHCIIUTENIEH W BOCCTAHOBHTENCH M TEXHOJIOTMH PACTBOPEHUS C
MOMOIIBIO0  JJICKTpUYECTBA  (HACHIIICHHE OO0OBEMOB HMOHOB  KOAryJsiHTa) C
UCIIOJIb30BAHUEM €IMHOTO MEXaHW3Ma TI0JIadyd DHEPTUH, padOTaIIero C JIBYMs
CUHXPOHU3UPOBAHHBIMH HMCTOYHHUKAMHU MHTAHUSA. -Pa3nenpHBIN BBIXOJ KaTOJWTa M

aHonuTa (KaK BapuaHT).

-CeiMMeHTaLIMs B OTCTOMHUKAX C UCTOJIb30BaHUEM THIPOPOOHBIX yCUTTUTENEH
U TUAPOPOOHBIX HUTEH CETMMEHTAIH C LEIbI0 YBETUUYECHUSI CKOPOCTH OCAXKICHUSI B

3aBHUCUMOCTHU OT BPCMCHHU.

Onwucanue padortel cucreMbl W2W

Cuctema W2W 111 BOJIONIOATOTOBKY / OUUCTKY / pETeHEPAIINH
PUMEHUMO K IMPOMBIIIJICHHBIM CTOYHBIM BOJIaM, a Tak)Ke K CTOYHBIM Bojam. B

OUMIIICHHAs / OUUIIEHHAs / pereHepUPOBaHHAs BO/Ia UMEET KaueCTBO, MMO3BOJISIOIIEE
MOBTOPHO HCIIOJB30BaTh €€ B TEXHOJOTHMYeckue mukibl. OOpaboTka / ouucTtka /
perenepausi BOAbI BBIIIOJHACTCA C MUCTOIB30BAHUEM DJICKTPOXHUMHYECKOTO METO/a,
MPU KOTOPOM TOCTOSIHHOE HAIPsHKEHHE MPHUKIIAABIBACTCS K COCEIHUM JIIEKTPOJIaM,
YTO MIPUBOJUT K 00pa30BaHUIO IeI04eH (Ha aHoe) U KUCIIOT (Ha kKaToe). [Tockoabky
BOJIa COZCP)KUT Pa3IMUHbIC 3arPSI3HUTENIN U MPUMECH, OHU BCTYMAIOT B XUMHUYECKYO
pEaKkuui0 C DJJIEKTPOXMMHYECKH OOpa3yIOIMMHUCA MIENOYaMH M KUCJIOTaMHU.

XWMHUYECKUE PEAKLUHU, MPOUCXOJAIINE B IMPOTOYHOM BOJE B HENOCPEICTBEHHOU
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OJM30CTH  OT  DJIEKTPOAOB, CYHUTAIOTCS  OKHUCIUTEIHbHO-BOCCTAHOBUTEIHHBIMHU
peakmusMu. TakuM 00Opa3oM, dJIEKTPOJIM3 COCTOUT U3 PEAKIIMH BOCCTAHOBJICHUS Ha
KaToJIe W PEaKIMM OKUCJICHUS Ha aHoJe. MeTauImuecKuil aHoj MOXKET ObITh (a) He
PaCTBOPSIIOMIUMCS 1 IEUCTBOBATH TOJIBKO KaK MECTO MEPEHOCA JIEKTPOHOB BO BpeMs
anekTponnsa, uiau (b) pacTBopstomMMCs (aKTUBHBIM), B pe3yJabTaTe dYero OH
OKHUCJISIETCS TIPH AJIEKTpoJin3e. PenoKc-aKTUBHOCTh AJIEKTPUIECKOTO TOKa BO MHOTHX

ClIydasaX YCUJINBACT XUMHWYCCKHUC PCAaKINH OKHCJICHUA 1 BOCCTAHOBJICHUA.

MSY‘—IGHI/IG Ta6J'II/III CTaHAAPTHBIX JJICKTPOAHBIX MCTAJJIOB IMOKA3bIBACT

CJICAYOHICC:

1. Karuonsl meramios, Hanpumep Cu + 2, Hg + 2, Ag +, Pt + 2 ,. u Pt + 4,
uMmeroluit Ha 10 cTaHAapTHBIX SJIEKTPOIHBIX TOTEHIIMAIOB O0JIbIIIE, YeM Y BOAOPO/IA,
BO BPEMs 3JICKTPOJIM3a MOJHOCTHIO PAaCTBOPSIIOTCS MO0 Ha aHOJE, TM00 Ha aHOJE, U

OCXJIAOTCSl B METAJUTMYECKON (hopMe Ha KaToJe.
2. Katuons! metamios, Hanpumep Li, Na +, K +. u NT * "2, prutots 10 Al + 3,

HUMEA CTaHHapTHBIﬁ C—)JICKTpO,Z[HI:Jﬁ [IoTcCHI A, MeHBHIPIfI, 4cM y Boaopoaa, BO
BpPCMs BJICKTPOJINM3a OCTAKOTCA IMPUKPCINVICHHBIMU K aHOAY, HC pAaCIIpCACIIAsCh CPpCAn

MOJIEKYJT BOJIBI.
3. Katuonsl MeTaiuioB, Hanpumep Mn, Zn, Cr u Fe, umeroiue ctanaapt

IMOTCHOMAJ 3JICKTpOAa MCHBIIIC, YEM Y BOAOPOJa, U 6OJ'IBIHG, 4YCM y aJItOMUHMUA,
BO BpCMA DJICKTPOJIH3a OCAKAACTCA HA KATOAC N PACCPEAOTOUINBACTCA CPCAN MOJICKYJI

BOJIBI.

KaTtnonnt TaKHuXx BCIICCTB JICTKO pacCCUuBarOTCA BOKpYT KaTozaa,
MMpCaACTaBIATOIICTO BBICOKUI MOJIOKUTEIbHBIN IIOTCHI M AJI. PeaKIII/IPI, MMPOTCKAIOIINC
Ha aHOAC, 3aBUCAT OT (I)I/ISI/ILICCKI/IX U XUMHUYCCKUX XAPAKTCPHUCTUK IBJICKTPOJIUTA, a
TAKXKXC OT Marcpuajia aHoOIaA. HpOI[YKTBI, OTACIMUBHINCCA OT JJICKTPOAOB, MOI'YT

BCTYIIaThb B XUMHWYCCKUC PCAKIIUU MCIKAY CcOOOM. HpI/I QJICKTPOJIHN3C KOJINYCCTBCHHBIC
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OTHOHICHHA MCKIAY TPAaHCIIOPTHUPYCMBIM BCIICCTBOM H TOKOM, HPOXOIAIIHMM 4YCPC3

JJIEKTPOIUT, BeIpaxkarorcs llepsbim n Bropsim 3axonamu dapanes:

[lepBbIit 3aKOH —KOJIUYECTBO BEIIECTBA, OTOPBABIIETOCS OT JIEKTPOJIa, IPSIMO
MPOTMOPIIMOHAIBHO JJIEKTPUUECKOMY 3apsily, IEPEHOCUMOMY MEXKIY dSJIEKTPOJaMHu.
BTtopoii 3ak0H —KOJIMYEeCTBO BEIIECTBA, OTOPBABILIETOCS OT 3JIEKTPO/Ia MPHU MEpeHOCce
OJTHOM €IMHUIIBI AICKTPUUYECKOTO 3apsija, MPsMO MPOMOPIHOHATHHO XHMHUECKOMY

OKBHUBAJICHTY BCHICCTBA.

U3 3axonoB Dapazes crnemayer, 4To A oTaeneHust Macchl G BelecTBa, paBHOM
1 »kBuBanenty E, tpeOyercs mepeHoc uepe3 »daektpoabsl 96 487 KyaoHOB
ANEKTPUUYECKOTO 3apsiaa. JTa MOCTOSTHHAS M3BeCTHA Kak noctossHHast Dapanes. Takum
obpaszom, G = EIT /96487, rne | —cuna Toka, T —mpoaomKUTEIbHOCTD AICKTPOJIN3A.
OOBIYHO ANEKTPOXUMHUYECKHI PEAKTOP CUCTEMBI 00paOOTKH / OUHCTKH / pereHepauu
Boabl W2W wmoker oOpabaTbiBaTh 3arps3HEHHYIO BOJy, KOTOpas TOJaeTcs B
ANEKTPOXUMHUYECKUM  peakTop, WMEIIIYI0 cleAyomue (HU3HUKO-XUMHUYECKHe

CBOMCTBA, XapaKTEPUCTUKHU U COCTaB:
1. pH ot npumepHo 4 1o npumepHo 10.
2. Conepxanue conu nmpumepHo 10 2000 mr / 1.

3. O6mmii BIIK (Ouonorudeckast moTpeOHOCTH B KUCIOPOie) MpuMepHo 10 150

Mmr / JI.

4. B3BemieHHbIE YacTHIIBI pazMepoM He Oosiee (0,7 MM B KOHIIEHTpaluu He Oojiee

2% ot o0beMa 3arpsiI3HEHHOM BOIbI, MT0/1aBAEMOM B ANEKTPOXUMUUECKUNA PEaKTOop.
5. OOBIYHO 1O UCTOYHUKY, HAIIPUMEP, METATNINYECKOE TIOKPHITHE

B 3arpssHenHol Bojae, KOTOpas J0JDKHA ObITh oOpaboraHa cucremord W2W,
peo0IIaatoT 3arpsI3HAIONINE YACTHUIIB U3 HOHOB METAIIJIOB, HAIPUMED, HOHBI MEJIU B
BOJI€, BBIXOJSILIEH M3 Mpolecca MEAHEHUs. DJIEKTPOXUMHUYECKUN PEAKTOpP CUCTEMBI
W2W moxeT 06pabaThiBaTh MaKCUMAaIbHYIO KOHIIEHTpALUIo 10 npumepro 2000 mr/mn

JOMHMHHUPYIOIICTO BCIICCTBA. HpI/IMCCB MCTAIIIMYCCKHUX MOHOB B BOJC, HOI[aBaeMOfI B
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JJIEKTPOXMMHUYECKUM peakTop. B ciyyasx, Korjga mEeCTUBAICHTHBIM XPOM SIBJISIETCS
JOMUHMPYIOIIUM  3arpA3HUTENIEM METAIIMYECKUX HOHOB, JJIEKTPOXUMUYECKUU
peakTop MOXeT 00padaTbiBaTh MaKCHUMAaJbHYIO KOHIEHTPALMIO IIECTUBAJICHTHOIO

XpoMa BO BXOjs1IeH Bojae 1o mpumepHo 100 mr / 1.

6. OToenbHO OT 3arps3HEHHOM BOJbI WM B JONOJHEHHWE K HEHM, BKIIOYAS
JTOMUHHPYIOIIUN 3arpsi3HUTENb METAUIMYECKUMU HOHAMH, 3JIEKTPOXUMUYECKUN
peakrop cuctembl W2W wMoxkeT o00palaThiBaTh BOAY, COAEPIKAIIYIO «OOIIYIO»
KOHIIEHTpaluo 10 mpumepHo 100 Mr / 1 MIOHOB IIBETHBIX METAJIOB, HATPUMED, IIMHKA,
MEIIU, HUKEIS, KaJAMHS, TPEXBAJEHTHOIO XpOMa. A0 T€X MOp, MOKAa KOHUEHTPALMs
J1000T0 M3 TAaKMX MOHOB I[BETHBIX METAJIOB HE MpeBbiaeT npumepHo 30 mr / 1. B
cily4ae, eciii 00IIasi KOHLUEHTpaIusl COJAEpP KaHUsI MOHOB IIBETHBIX METAJIJIOB B BOJE,
M0/IaBa€MOI B 3JIEKTPOXMMHUYECKUIM peakTop, mpeBbimaeT npumepno 100 mr / i,
CyLIECTBYeT NOTPEOHOCTh B  CHI)KCHUM  OOHIEH  KOHUEHTpAaIMu  MyTeM
npeaBapuTesIbHOM 00pabOTKH BXOIAIIEH BOJABL. (BKIIOYEH KaK 4YacTh OOIeu
KoH(uryparuu  cucteMbl W2W) nmepen  momadedl  BXoAsumied  BOABI B
JJIEKTPOXMMHYECKUM peakTop. KOHKpeTHBII THI mpolecca NpeaBapUTEIbHON
00paboOTKH BBIOMPAETCS] YACTMYHO B COOTBETCTBUM C (PAKTUUECKUMHU THUIMAMHU H
YPOBHSIMM 3arpsi3HSAIOLIMX BEIIECTB B BXOASALIEH Boje. B cioydasx, korga Bxoasmias
BOJa BKJIIOYAET HEPACTBOPUMBIE COEAUHEHMS, HANPUMEP, TUAPOKCUCOEIUHEHUS
COJIEH, CYHIECTBYET MOTPEOHOCTh B YMEHBIIEHUM OOIIEeH KOHLEHTpAalUM TaKUX
HEpPACTBOPUMBIX COEJUWHEHHH, HACKOJBKO 3TO BO3MOXHO, HapuMep, C MOMOIIbIO
OJIHOTO WJIM HECKOJIbKMX TPOIIECCOB MPEABAPUTEIILHON 00paboTKK (BKIJIFOYAs 4acTh
KoHurypanuu cuctembl  W2W), mepen mogaded  BXOAsSIIEH  BOJBI B

AJEKTPOXUMHUUECKUMN PEAKTOP.

7. Jlroboi mpolecc mpeaBapUTeNbHON 00paOOTKH, BKIIOYEHHBIH KaK 4YacTb
obOmeli koHpuUTrypanuu cucteMbl W2W, HCHOIB3YEeMBIH ISl yKAa3aHHOW BBIIIIC
MPEIBAPUTENHHON OYUCTKHU WM MPEABAPUTENBHON 00paOOTKM BXOAIIEH BOIBI IEPET
nojavyel B AIEKTPOXMMHYECKUN PEAKTOP, BBIIOIHAETCS C HUCHOJIb30BAHHEM

pearcHToB, COBMCCTHMBIX C TIOCICAYIOIIUM OJJIICKTPOXUMHUYCCKHM IIPOICCCOM.
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3aHMMasi MECTO BHYTPH DJJIEKTPOIHBIX SYEEK DIIEKTPOXUMHUYECKOIO peakTopa.
Hanpumep, peareHtbl, HUCHOJb3yeMble TMpU JIOOOW Takoll MpenBapuTeIbHON
o0paboTke mporecca HE JOJKHBI BIMATH (yBEIMUMBAasE WJIM  yMEHbIas)
pacTBOPUMOCTb B BOJAE DJEKTPOJOB, HANPHUMEDP ATFOMHUHUEBBIX WA KEJIE3HBIX
AIEKTPOJIOB, AEHCTBYIOIIUX B dJIEKTPOIHBIX STYEUKAX DJIEKTPOXUMHUYECKOTIO PEAKTOPA.
[Ipouecc 006pabOTKM / OYMCTKM / pereHepanuu BOJbl HE TpeOyeT CreluaibHbIX
pEareHTOB M PETYJIUPYETCs NPOCTO H3MEHEHHEM JIJIEKTPHUYECKUX MapameTpoB

QJICKTPOXUMHUUCCKOI'O PCAKTOPA.

DneKkTpocHa0KeHue 00bEKTa MPEANOYTUTENHHO COCTOUT U3 JIBYX UCTOUYHUKOB.
B cnydae, ecnu MCTOYHMK 3arps3HEHHOW BOJbI MMEET BBICOKYIO MPOBOJAUMOCTb,
UCTOYHMKM TMUTaHUsI OyAyT TMOJKIIOUEHbl MapalielbHO, a B Cly4ae HHU3KOU
IPOBOJMMOCTA OHU OYIyT MOAKIIOUEHBI MOcaeAoBaTeibHO. KakIblii HMCTOYHUK
NUTaHUs padOTAET B pEKUME CTAOMIM3ALMU HAITPSHKEHUS, UCTIOJIb3YS OTPUILIATEIbHYIO
00paTHYIO CBSI3b M0 HANPSDKEHUIO. DTO HAIOMUHAET aHAJOTUYHYIO OOPAaTHYIO CBSI3b
npu padote ¢ uneHTudHbIM uctounukom noj [JIK (IlporpamMmupyeMblil J0rHYECKUit
KoHTpoJuiep). llpenMyiecTBeHHBIM  PE3ylbTaTOM 3TOTO  PEIICHHS  SBIISETCS
OTCYTCTBHE JKcOallaHCca Ha BbIXOJE UCTOYHUKOB MUTAHMS, TOCKOJIBKY BBIXOJIHON TOK

N HAIIPAKCHUC OCTAOTCA HACHTUYHBIMU.

OcHoBHasi cxema CUCTeMBbl 00paOOTKU / OYHCTKH / pereHepauuu Boasl W2W
NPOWJUIIOCTPUPOBAHA HA pUC. 7/ BMECT€ CO CCBUIKOM Ha IPUMEPHBIN
MPEANOYTUTEIbHBI BAPUAHT OCYIIECTBICHUS, MOKa3aHHbIM Ha puc. 8. Heuucras
MPOTOYHAs BOJAA MOCTYyNAeT U3 pe3epByapa nojayu | mocpencTBoM IyTH KiamaHa 2,
CIYCKAIOIIHMICS 1O TPyOOIIPOBOIY CUCTEMBI Uuepe3 MeXaHudeckuid GuibTp 3, 4TOObI
JOCTUYB ANIEKTpoxuMuueckoro peakropa 20. [Ipomycknast cmocoOHOCTH onpeaenseTcs
C MOMOIIBI PEryJUPYIOUIEr0 BBIXOJHOIO KianaHa 4, Ha KOTOPOM YCTaHOBJIEH
pOoTaMeTp S MOKa3bIBAIOIIETO BBIXO/1A. B 2JIEKTPOXUMUYECKOM pEeaKTOpe MPOUCXOIUT
ANEKTPOXUMHUYECKUX MPOILIECCOB, KOTOPHIE MPUBOAAT K 0OPA30BAHUIO OTIPEICICHHBIX
TUAPOKCUCOCIMHEHUI METajulOB, a TakXKe COJIeld, KOTOpbIE BBIXOIAT U3

ANEKTPOXUMHUECKOTr0o peakTopa 20 B Buae HEOONbIIUX (DIOKYI MOCHE ABYX LHUKIOB
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KaTaJIiTa W OJHOI0 LUWKJIA aHajJuTa. OTU IUKIbl XapaKTepU3YIOTCS pPEAKLUUSIMH,
NPOTEKAIOIMIMMHU B 3JEKTPOXUMHYECKOM peakTope 20 M B BBIXOAHBIX Oakax 7 u 8

ANEKTPOXUMHUYECKOTO PEAKTOPa, BHYTPU KOTOPBIX HAKAIUTUBAIOTCS (DIIOKYJIBI.

N3 BbIXOIHBIX 0aKOB 7 W 8 3JIEKTPOXMMUUECKOTO peaKkTopa TeKyllas BoJa

HAMpPAaBIIACTCA B TPETHIO (ha3y BEPTUKAIHHOW TOHKOCTEHHON OTCTOMHON KOJOHHHI 9.

N3 ceaumeHTaMOHHOM KOJIOHHBI 9 oOcCBeTJIeHHass BOJA MPOXOIUT 4Yepe3
pesepByap 10 ypoBHs perynsaTropa B pe3epBHbIid pezepByap 11. M3 atoro pezepByapa
BOJSTHOM KJjianaH 12 1mo3BoJisieT NpOMycKaTh BHITEKAIONIYIO BOAY YEPE3 MEXaHUUECKUE
cetuatele QuibTpel 13 Kk MOHOOOMEHHBIM (unbTpam 16. IIponM3BOAUTENHHOCTD Ha
MOHOOOMEHHBIX (unpTpax 16 ompexaensieTcss BBIXOJHBIM KianmaHoM 14 u

0TOOpaxkaeTcsi ¢ MOMOIIbIO poTamerpa 17.

B nononnenue k mpeaplIynieMy OMUMCAHUIO 3JIEKTPOXUMHUYECKOTro peakTopa 20,
Kak TmokazaHo Ha Puc. 2, 3mech mnpeacTaBieHbl JIOMOJHHUTENbHBIE JETalH
aneKkTpoxuMudeckoro peakropa 6 (Puc. 8) co ccpuikoil Ha Puc. 9, cxemarndeckyro
auarpaMMmy, — HWUIIOCTPUPYIOLIYIO  MPUMEPHBIM  NPEANOYTHUTENbHBIA  BapUaHT
aJeKTpoxuMuueckoro peaktopa 20. [nsg eauHO0Opasusi U SCHOCTH KOMITIOHEHTBI
AJIEKTPOXUMHYECKOT'0 peaKkTopa U CChUIKHU, TOKa3aHHbIE HAa Puc.9, Takue xe, Kak v Ha
Puc.2. Kak nokazano Ha Puc.9, snexkrpoxumuueckuil peaktop 20 BKIIOYAeT JBE
paboumne kamepbl 5 W 8§, Kaxkaas CO CBOMMHU KOHKPETHBIMU KacCeTaMU C ABYMS
3JIEKTPOHBIMU STYEHKAMU U CBS3aHHBIMU C HUMH T1apa MPOTUBOTIOJIOKHO 3aPsKEHHBIX
3JIEKTPOJOB, KaK paHee MpPOWUIIOCTPUPOBAHO HaA pUCYHKax 4, 5 uw 6 wu
MPOMJUTIOCTPUPOBAHO 371ech, HA Puc. 10, 11 u 12, uzrorornennsie u3 oguoro wiu 20

Pa3HbIX MaTCPHUAJIOB.

Jlis onTUMHU3alMU pekuMa paboThl AIEKTPOXUMHUYECKOro peakTtopa 20
KOHCTPYKLHUS, IIpeAcTaBieHHas Ha Puc.9, cnenuansHo pa3zpaboTaHa U pealn3oBaHa
Ui OIIEHKU 3(P(EKTUBHOCTH PaOOTHI KACCET U AIIEKTPOIUTUYECKUX IPOILIECCOB B

COOTBETCTBUHU C DJIEKTPUUECKMMM IapaMeTpaMu, KOTOPBIE MIPAOT POJIb OCHOBHAs
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94acThb B KOHTPOJIHUPYET PEKUM paOOTHI B MEKAIEKTPOIHOM IPOMEKYTKE U B KPBIIIKaX
kaccer. IIpumepHsle pasMepsl u1eKTpoaoB cocTaBmsaoT 100 mm x 320 MM, a
MEXAJIEKTPOIHBIN 3a30p MEXAY HUMU cocTaBisieT 6 MM. COOTBETCTBEHHO, IIJIOIIAIb
NONEPEYHOT0 CEYEHHUs, Yepe3 KOTOPYIO MpoTekaeT Boaa, cocrasisier 100 x 6 = 600

MM2.
YTOoOBI OIIEHUTH XapaKTep TEUEHHUs, CASIaeM CIeyIONIne HAOIIOAeHUS:
a. Temnepatypa moToka BOJAbI Uepe3 3a30p MOCTOSTHHA B HAMPABJICHUHU MMOTOKA.
6. CKOpOCTh BBIJICTICHUS Ta3a U3 KUIKOCTH HE3HAYUTEIIbHA.

c. BHyTpeHHsIs1 TOBEpXHOCTH 3JIEKTPO/Ia UMEET HE3HAYUTEIbHBIN K0P HUIIMEHT

IIEPOXOBATOCTH.
d. B mporiecce skcrutyataniuu Bojia He KOHIACHCUPYETCS.
Jlns onpeneneHus XxapakTepa T€YEHUs )KUJIKOCTH TPUMEHUM
kputepuii uncna Pelinonbaca (Re), onpenensiemslii no popmyie:
Re=[p V D]/n, (1) rne p —IUIOTHOCTb KUAKOCTH, V —CKOPOCTH

noroka, D —amamerp kaHama, a N —aWHaMU4ecKas (= KHUHETHYECKas)
BA3KOCTh. /J[71 KOHKpPETHOro ciydas 3[eCh, KOTJa IIONEPEYHOE CEYECHHE, 4Yepes3
KOTOPOE TEYEeT JKUJKOCTh, MPEACTABISAET COO0M MPSIMOYTOIbHBIN KaHaI, OJJHO TUIEYO
KOTOPOro JUIMHHEE pyroro B 16,5 pa3, Tekyias Bojia pacCMaTpuBaeTCs Kak TeKyIas

YKUJKOCTB Yepe3 y3Kas TpemuHa. B atoMm ciydae uncno PeliHonbaca onpenensercs no
dbopmyre:
Re =[V L]/ n, (2) rne L —xapakrepHsbiii pa3mep kaHaia. B ganHom ciydae

muypuHa 3a3zopa = 6,00 mMm. Kak nmokaszano Ha puc.13, 11 moToka BOJbI Yepe3 KacceTy

AJIEKTPOJIOB:
p=1000 xr /M3 un=20,01 x 10'68.

DAeKTpOXUMHUYECKUI peakTop u cucteMa W2W paboTaroT mpu pacxoie YuCTou

Boasl Q = ot 1,0 go 3,0 M3 / gwac. 3Has, 4TO TUIOMIAAL MOMEPEUYHOTO CEUYCHHS S
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cocramger 0,100 x 0,006 M2, ¥ KOJIMYECTBO DIEKTPOJHBIX KacceT B

ANEKTPOXUMHUYECKOM PEAKTOpE, CKOPOCTh MOTOKA V ompesensercs no Gpopmyie:
V=Q/S36000,006=0,116 Q M3/ cex (3)

@opmyinbl (2) 1 (3) ucnonb3yrOTCA A ydyeTa 3HaueHus: uucia PeliHonbaca u

CKOpPOCTH NOTOKA V TP Pa3INYHbIX 3HAYEHUIX

pacxoa Boasl Q cieayromum o0pa3om:

Qm3/s0.5 1.0 15 2.0 2.5 3.0
Vs 0.116 0.174 0.232 0.290 0.348
Re 773 1160 1546 1933 2320

Ecimu uucno PenHOnbaca HE MPEBBIIACT OMPEACICHHOIO KPUTHYECKOTO
3HAYEHMUs, TO IIOBEJECHHUE IIOTOKAa BOJBI SBIAETCS JamMUHApHbIM. Ecim 4wmcio
PeliHonpaca mpeBbIIaeT KPUTHIECKOE 3HAYEHHE, ITOBEICHHUE ITOTOKA CTAHOBUTCS
TypOyJeHTHBIM. {7151 Tagkux TpyO M HEBSI3KUX JKUAKOCTEH KPUTUYECKOE YMCIIO
Peiinonbaca cocraBiser okonmo 2300. B gpyrux ciyyasix, ONHMCAHHBIX B
JUTEpAType, TNEPEXOJHbIE YCIOBHS BO3HUKAIOT IPU KPUTHYECKOM YHUCIIE
Peiinonbaca okono 1700. CienyeT OTMETHUTh, 4YTO HAYaJbHBIA TPaAUEHT
TEMIIEPATYPhI HA YPOBHE JIEKTPOA KaCCEThI U BBIIECIICHUE T'a3a B IIPOLIECCE MOTOKA
MEXy JJIEKTPOAAMH B IEKTPOXUMHUUYECKOM PEAKTOPE 3HAYUTEIBHO TMOHUKAIOT
KpUTHYeckoe uucio PeiiHonbaca, BiMss Ha BO3HUKHOBEHUE TYpOYJIEHTHOIO

IIOTOKaA.

B ciyuae, xorzma ocymiecTBISIETCS 3HAUUTENbHBIA KOHTPOJIb PACXOAa BOABL,
clelyeT MOTYEPKHYTh, YTO IPHU BBIXOAE OYHUIIEHHON BOJbI CO CKOPOCTHIO IO
MeHbIe mepe 2,0 H} / 4ac MOTOK Yepe3 MEXAIIEKTPOIHBIN 3a30p MOXKET CTaTh
TypOyJneHTHBIM. [[JIs1 HOpPMajbHBIX AIEKTPOXMMHUYECKUX PEAKIUNA B YCIOBHUSIX

yIyYIIEHHON AUPPY31H HOHOB C TOMOIIIBIO AIEKTPUUECKOTO OIS,

OOBIYHO JJaMUHAPHBIA PEXXUM OOTEKAHHUS SIBIIIETCSI CKOPEE MPABUIIOM, YEM
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UCKITIOUEHHEM. ABTOMAaTHYECKOE YIPABICHHE C MPSMON CBS3bI0O U OOpaTHOU
cBsa3bto cucremMbl W2W. [ onucanus aBTOMaTHYECKOTO YIIPABIEHUS € MPSIMON
CBsI3bI0 M 00OpatHOM cBsa3bio cuctembl W2W crenana ccbuika Ha puc. 14 u 15.
ABTomaTudeckoe ympasierue cucremon W2W mo3Bomsier o0OpadaThiBaTh
HEUMCTYI0O BOJIy 0€3 BMeIIaTeNbCTBA MPH 3aJaHHON TMPOU3BOAUTEIBHOCTH.
3arpsi3HeHHas BOJa, OBEPraroascs o0padoTke, MPOXOIUT CIEAYIONINE CTaANN:
npeaBaputenbHas punbTpanus 40, anekrpoxumuueckas o0padorka 31, ocaxkaenue
41 u 42, toueunas ¢uibTpauus 43 u noHHBIH 00MeH 44. [loTok BobI Yepe3 Bce
CTaIuM OYMCTKA HAXOIMUTCSA IMOJ MOCTOSHHBIM aBTOMATHUYECKUM KOHTPOJIEM,
oOecrieueHHs MOJIHOW M MPaBUIIBHOM pabOThl BCEX 4acTeil rHIpOAMHAMUYECKOTO
IIMKJIAa C €IUHCTBEHHOM 1ENbIO - 00eCTIeUeHHS HATIEKAIIECH TPOU3BOAUTEIHLHOCTH

N NCKIFOYCHUA CI/ITyaI_[I/Iﬁ «BBIXOJIa U3-T1I0J KOHTPOJIA» UIN KIIPOTCUCK>.

ABTOMaTHYeCKOe  ympaBiieHue cuctemod  W2W  ocymiecTBisieTcs
IpOrpaMMHUPYEMBIM 3JIEKTPOHHBIM KOHTposuiepoM. Heobxonmmo mcmonb3oBaTh
3allOpHYI0 KOH(UTYpalMi0 THAPOAMHAMUYECKON cuctembl. ba3oBas Bepcus
CHUCTEMBl paboTaeT cieaylomuM o0pa3oM: oOpabaTbiBaeMas BoOjJa CHayala
noctymnaet B 0ydepnsiit pesepByap 30 cucTembl, B KOTOPOM OIIPEIEIISETCS YPOBEHb
BoJibl. [lepBriii OydepHbiii pezepyap 30 HEOOXOAUM IS PEryIUPOBAHUS TOTOKA
BOJIbI M3 pe3epByapa MOTpeOICHHS U PEryJIMPOBaHuUs €ro 10 TpedyeMoro pacxosa
yepe3 pe3epByap CUCTEMbL. Y POBEHb BOIbI ONPEACIIAECTCS C IOMOIIBIO TaTuyuKa 24
YPOBHSI, KOTOPBI YCTaHABIMBAET HAIWYHE JIIOOOTO M3 TPEX 3HAYMMBIX YPOBHEM
BOAbl B pe3epByape. Camblil HM3KUH ypOBEHb YKa3bIBAET HA CAMbIM HMXKHHI

,Z[OHYCTI/IMI:Jﬁ YPOBCHBL BOALI B 0aKe 1 MUHHUMAJIBHO A0IIYCTUMOC KOJTMYCCTBO.

Kontpomnep ucrounvka nuranus 1 (Puc. 15) npunumaet nanasie 06 ypoBHe
BO/JIbI B KAUECTBE CUTHAJIA, YKAa3bIBAIOILIETO, SIBIISCTCS JIU IepBas OypepHas eMKOCTb
30 mycToit 1 ee HEOOXOAMMO TOMOJHUTH. BTOpoil ypoBEeHb HAXOIUTCS MEXKIY
HIDKHUAM U BEpXHUM YPOBHAMHU. B 3T0#t 00mactu koHTposiep 1 BhIgaeT KOMaHay

Ha BBIITOJIHCHUC OJHOI'O N3 IBYX BO3MOKHLIX IIPOLICCCOB, JIM00 MOIOJIHUTH HCpBLIfI
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Oydepublii pezepByap 30, OTKpBIB KJamnaH 26, WK ONOPOXKHUTD NEPBbIN OyhepHbIi
pesepByap 30 yepe3 CIMBHOM KiamaH. TpeTil ypoBEHb yKa3bIBa€T HA BEPXHUM
ypOBEeHb BOJbI B Oake wiu Bbilie Hero. Kontposuiep 1 mMHTEpHpeTHpyeT 3TOT
Cllydail, BbIJaBasi CUTHAN «0aK MOJIOH», TPEOYIOMNN 3aKPhITHS HATOJTHUTEILHOTO

KJ1ariaHa.

Knaman 26 pesepByapa ot mepBoro OygepHoro pesepByapa 3.0 sBusercs
NEepBbIM KJIamaHoM B 0a30BOM BepcUM CHUCTEMBL. Takke wHMeeTcs BTOPOU
BBIITYCKHOM KianaH 28 i BToporo 0ydepHoro pesepByapat27. Bona nmoctymaer
BO BTOpoOu OydepHbIii pe3epByap 27 depe3 IMEKTPOXUMHYECKU peaktop 31 u
orcroiiHuKU 41 u 42. Dnekrpoxumuyeckuil peaktop 31 mosiydaer mutaHue OT
UCTOYHMKA MUTaHUS U OJIOKa ympaBieHus 29, HO TONBKO KOT/Ia BOJA MOMAIaeT B
AEKTPOXUMHUYECKUI peakTop 3 1. MUHUMAIBHO JOCTaTOYHBII TOTOK BOJIBI Yepe3
ANEKTPOXUMHUYECKH peakTop 31, KOTOpBIA OyneT NpUBOIUTH B JIEHCTBHE
UCTOYHHUK SHEPruu U OJI0K 29 ynmpaBieHHs 3allyCKaeMblid JaTYMKOM MOTOKa 32.
JlaTunk 32 MOTOKa yCTaHOBJIEH HAa BXOJE B AJIEKTPOXUMUYECKUI PEAKTOP, /1€ OH
orpeieNigeT MOCTYMaIlyo Boay. Jpyrumu (QyHKUMSMU AaTyuka MoToKa 32
SIBIIIFOTCSL JOTIOJIHUTENBHOE YIIPABICHUE THIPOAMHAMUYECKON LIETIbI0, HAYUHAS C

niepBoro 0ydepHoro pezepByapa 30 10 TOUKH, TJE YCTAHOBIIEH PaCX0IOMED.

KoHTposb JaHHBIX OCYILIECTBISETCS CleAyouuM oopazom. Eciu Beiaercs
KOMaH/1a Ha OTKPBITHE NIEPBOro KaanaHa 26, NOTOK BOJIbI TEYET BHU3 YEPE3 MEPBBIi
KJanaH 26, U €CJM 3TOT IMOTOK OKAa3bIBAETCS HENPABUWIBHBIM, TO €CTh BO3HUKAET
npoOjemMa B BepXHEW YacTH THIPOAMHAMUYECKON LIEMHU, U CHUCTEME YrpoKaeT
NOTEHIIMAIBFHO HEYHOPSIOUYEHHas] WM HECTaOWIIbHAs CHUTyallus, TOTJa BTOPOM
OydepHblii pe3epByap 27 CIYXKHUT Ui PEryJIUpPOBAaHUS MOTOKA BOJBI TOCIE
ocaxxaeHuss 41 u 42, u peryaupyer 3TOT MOTOK IIOCIIE NMPOXOXKIECHUS Yepe3

paznuyHble GUIBTPHI 43 ¥ HOHOOOMEHHBIE KOJIOHHBI 44.

CnyvaiiHoe  mepemonHeHue  BTopod  OydepHoit  emxoctn 27

IpcaoTBpaAacTCs HCCKOJIBKMMH MCpPaMH. O,Z[HI/IM nu3 HHX SABIISACTCA
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npeABapuTeNibHAs WHAMKALMSA TOTOKAa BOJbBI, IOCTYMAIOUIETO BO BTOPYIO
OypepHyio eMKocTh 27 ¥ BBIXOASIIErO W3 Hee. DTO YKa3aHWE BBI3bIBAET
HEOOXOIMMOCTh MPUHATHS CHELMATIBHBIX MEP JAJISI PEryJIUPOBAHUS TOTOKA BOJIBI.
Kontponb pacxoma Boabl OCYHIECTBISIETCA MO IOKa3aHUSM pacxogomepa 45.
[IpenBapurenbHoe TOKa3aHME BOABI pacxoJ HMEET MecTo, KOorja BoJa,
MOCTYTIAIOMIast BO BTOPYIO OydepHyto eMKkocTh 27, Ha 5-10% MeHbIle, ueM pacxon
BOJIbI U3 BTOPOI1 OydepHoii emkocTu 27. Bropas Oydepnas emxocts 27 cHaO)KeHa
JATYNKOM YPOBHSI 25, KOTOPBIA CIY’KWT JJIsi KOHTPOJS BTOPOro KiamaH 28 u
yIpaBIIseT BTOPHIM KJIallaHOM B CITydae MepernoHeH s BTOPoi 0ydepHOoi eMKOCTH
27. Takoe mnepenosHeHHEe MOXKET MPOM30UTH M3-3a OIMIMOOYHOIO HAYaJIHHOIO
MOKa3aHMUs pacxofa BOABI B TOTOKE pErylsiTopa WM H3-3a HEUCTIPaBHOCTH,
BBI3BIBAIOIIEH MOTOK BOJBI U3 THAPOAMHAMUYECKON YacTH BO BTOPOMl OydepHbIi
pe3epByap 27. CrnenoBaTeinbHO, OTCYTCTBUE KOHTPOJSI YPOBHSI BOABI BO BTOPOM
OydepHOM pesepByape 27 MO CpaBHEHHUIO C KOHTPOJIEM YPOBHS BOJIIBI B IEPBOM
oydeproM pezepByape 30 MOKET IPUBECTHU K TIEPEITOIHEHHUIO , U, B CBOIO OUEPE/Ib,
K 3aKpBITHIO TEepBOro kimamana 26. OTMeHa OJIOKMPOBKM MEPBOro KiamaHa 26
NPUBOJIUT, €CIIM YPOBEHBb BOJBI BO BTOpoM OydepHOM pe3epByape 27 IOCTUTAET
CpPEIHEr0 YpOBHS, K KOHTPOJBHOM WHIMKALMU, AHAJOTHYHOW JOCTH)KEHUIO
BBICOKOTO ypOBHs B mepBbiii OydepHnblii pezepyap 30. Takum oOpas3om, korna
YPOBEHb BOZbI BO BTOPOM Oy(depHOM pe3epByape 27 AOCTUraeT MPOMEKYTOUHOTO
3HaYeHUs, BTOpOM KiamaH 28 oTkpeiBaeTcs. Korga ypoBeHb BOJBI BO BTOPOM
OydbepHoM pesepByap 27 aOCTHTaeT HHU3KOTO YPOBHS, BTOpPOM KiamaH 28
3akpbiBaeTcs. [laBieHnue Bobl B HOHOOOMEHHBIX KOJIOHHAX 44 orpanuyeHo 1 Gap.
Ecnu naBnenue mpeBpIIaeT 3T0 3HAUYCHHUE, TO MOXKET IPUBECTH K MOBPEKICHUIO
KOMITOHEHTOB CUCTeMbI. MaHoMeTp 45 yCTaHOBJICH JUIsl pETHCTPALUY JaBICHUS B

THIPOIMHAMUYIECCKON TIEMOYKE PSAOM C HOHOOOMEHHBIMH KOJIOHHaMH 44,

BBoJ MOIIIHOCTH B DJIEKTPOXUMHUYECKUIN DEAKTOD

[IpoTekatomass HeuucTass Boja 0OpabaTHIBAETCSI B AIEKTPOXUMHUYECKOM
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peaktope (Ha Puc. 2, 3, 4, 8 u 9; 31 na Puc. 14). B 3aBucumoct OT HaYaJIbHON
KOHIIEHTPAaMM HOHOB MPOTEKAIOIasi HEYHUCTash BOJA MOXKET HMMETh CHJIBHO
Pa3INYAOIIYIOCS TPOBOAUMOCTD. D (HEKTUBHOE PA3I0KEHHUE 3arPS3HEHHON BOJIBI
TpeOyeT HaWTy4IlEero NCIIOIb30BAHUS BXOIHOM JIEKTPHUUECKON MOLTHOCTH, YTOOBI
ABTOMATHUYECKU yIpaBiIsIeMbli HCTOUYHUK muTanus (29 nHa Puc. 14 u 15)
ANEKTPOXUMHUYECKOTO peaKkTopa MOT paboTaTh C MAaKCUMAIIbHOM 3(h(heKTUBHOCTHIO.
[TockonpKy IpOBOAMMOCTE NPOTOYHOM HEYMCTOW BOJBI BAPBUPYETCA B IIMPOKOM
JMarna3oHe, A3TO HENpocTas 3a/Jada, IOCKOJIbKY MAaKCHMajbHasi MOIIHOCTD,
nepeaBaeMasi HCTOUHMKOM MUTaHus Ha Harpy3ky, Wmax = Umax x Imax, ctporo
orpannueHo, rae Umax —MaKCHMajbHOE HANpsSKEHUE WCTOYHWKA NUTAHUS, a
ImaxiS —MakCHUMaJIbHBIF TOK, KOTOPBI MOXET T0/aBaTh 3TOT HCTOYHHK.
MaxkcumarnbHoe HanpsiKeHUE U TOK MOTYT OBITh TMOJY4€HBI OTHOBPEMEHHO TOJIBKO
JUTSL CTPOT'O OTIPEICIICHHOM YIETbHOM MTPOBOIMMOCTH 3arpsi3HEHHOU BOABI, Sbest =
KRImax / Umax, rae Kr —koadduiment, onpenensemsiii cooTHomeHneM Kr = Sw
Rr, rtne Sw —yzaenbHas NOpoOBOAMMOCTh BOABL. HEYUCTOW BOAbL, Rr —
ANEKTPUYECKOE COMPOTUBIIEHUE IEKTPOXUMHUYECKOIO peakTopa npu Sw, a Kr —
BEJIMYMHA, 3aBUCSALIAS HA BBIXOJE JEKTPOXUMHUYECKOrO PEAKTOpa MpU 3aJaHHOU
TEeMIepaType ¢ TMPOMYCKHOM CIIOCOOHOCTH BOJBI, TMPOTEKAIOIIEH dYepes
JIEKTPOXUMHUYECKUN PEAKTOP, TO €CTh ONPEAEISETCS KOHKPETHOU CTPYKTYPHOM
KOH(Uryparpen 3JeKTPOXUMUIECKOTO PEaKTopa. ITO 03HAYAET, YTO JOJDKEH OBITh
o0ecreueH 3amac MOIHOCTH, Ha3biBaeMbIi 31ech AW. COOTBETCTBEHHO, €ClTU SW

HE paBHO Sbest, TO €CTh MOIITHOCTH, TI0JITaBa€Masi UCTOUHUKOM TTUTAHUS, MCHBIIIC

4YeM HOMHHAJIbHAsA MOmHOCTE W ... mpu 3toM Wn <Wmax, TO 3amac

morrHoctTd AW = Wmax —Wn.

Hagaiite onpenenum AW otHocuTenbHO Wmax, B ciydae, €clid Sw
u3MeHsiercs B 2 pasa, To ectb Kg = Smax / Xmin = 2. 3nauenue Ks = 2 gBisercs
OOBIYHBIM Ha TIPAKTHKE U HE MTPEBBIIIACTCS 10 TEX TIOP, TTOKA OCTACTCS Ta KE caMast

3arps;3HEHHAS BOJIa. 00pabOTaHHBIN. DTO 03HAYAET, YTO KOT1a, HAIpUMED,
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ILnst = Umax, Tok MOXeT u3MeHAThes OoT t 10 Imax, rae Imax = Ksln, u,
coorBeTcTBeHHO, AW —Wmax «Wn Umax Imax» Umax Imax / Ks ~ Umax | max
(1 "1/KS). OrHocurensnsiii 3atac pPOWCT Oyner rorna Kw = AW / Wmax:KW =
AW /Wmax = Umax Imax (1 —1/KS)/Umax Amax=1—1/K.=1-—-1/2 =
50%.

DTO MOKa3bIBAET, YTO JAJISI U3MEHEHUs! MpoBOAUMOCTH, Koraa Kg = Smax /
Smin = 2, TpeOyemblii 3amac MoImHOCTUA cocTaBiseT 50%, 4To Ha camMoM Jene
HEMHOTO TpeBbIIaeT TpeOyeMmyro MOoUIHOCTh. [loaTomy pabouuii HCTOUHUK
NUTAaHUS CHA0XKEH IUJIaBHBIM OrpaHHuuTeNleM Toka (6 Ha puc. 15), yToOBI

MOJI/IEPKUBATH HOMUHAJIBHYIO MOIIHOCTH B inarna3zone ot 10 go 1,5 kBrT.

10 2xkBT npu HM3MEHEHMM NPOBOAMMOCTH B 2 pasa I KaXIOro
AIIEKTPOXUMHUYECKOTO peakTopa. MakcuMalibHasi MOIHOCTb, [T0/1aBa€Mast KayKIbIM
HCTOYHHMKOM, cocTaBiiieT Wnax = 2 kBT1. Takoi UCTOYHHK NMUTaHUS MOIIHOCTBHIO
He Hke 1,5 kBT nogaer Tok 1 HanpsbKeHUe, M3MEHsouecs B npeaenax li = 32A,
Ui=48Vul2=49 A,U2=32V.3nece Ks=R1/R2=U1/11/U2/12=Uil2/
U2li =48V X 48A / 32V x 32A = 2,25. OrpaHuueHre ToKa MPUMEHSIETCS, KOr/a
TOK gocturaer 42 A u HanpsbkeHue gocturaer 48 B, mpu yciioBUM MaKCUMaJIbHOM
MorHocTH Wmax = 2 kBT, HO npeBbIlIeHre MOITHOCTH He npeBbIaet Kw <25%,
npu 3ToM Ks He MeHee 2, TOCKOJIbKY JUIMTENbHOE YMEHBIICHUE CONPOTHBICHHUS
Harpy3kyd HPUBOJUT K ABTOMATHUECKOMY MAJCHUIO HAIPSDKEHMs, a 3aTeM K

YBCIMYCHUIO TOKA.

Eme omHo TpeboBaHWe K YHUBEPCATLHOMY WCTOYHHKY TTHUTAHWSI,
MPUMEHUMOMY K DJIEKTPOXUMHUYECKOMY peakTopy cucreMbl W2W  nomkeH
BBITIOJIHATH ~cienyromee. HauvanbHass nOpoOBOAMMOCTE HEUHMCTOW BOJBI, Kak
YKa3bIBJIOCH BBIIIE, MOKET U3MEHATHCSA B 2 pa3a, HO TOJIBKO B TOM Clly4ae, €CIu
ouMIllaeMasl 3arpsi3HEHHas BOJA WMEET ONPEICIICHHBIM YETKO OIPEACICHHbBIN
VMOHHBIN COCTaB. /{11 IpyruX KOHUECHTPALMK MOHOB JOIOJHUTEIbHBIA UCTOYHUK

IMUTAaHUA TOAKIIOYACTCA IIOCJICAOBATCIIbHO, KOIrJa Ha4dYajlbHasd IIPOBOAMMOCTD
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HEYUCTOW BOJIBI HAMHOI'O HMXKE, WM HWCTOYHUKUA THUTAHUS HMEIOT JApyrue
Mana3oHbl TOKa W HampsbkeHus. Ha mnpakTuke BHOJIHE YIOBIETBOPUTEIHLHO
WCIIOJIb30BaTh UCTOYHUKHU MUTAHUS, IMEIOIINE OJUH U3 CICAYIOMIMNX AUAITa30HOB

TOKa 1 HAIIPS>KCHUA

(@) Wmax = 42A x 48V, u (b) Wmax = 24A x 84V.

AHanm3 mokas3bIBaeT, 4yTo OoJiee 1eJIecO00pa3HO HCIONIb30BaTh UCTOYHUK
SHEPIrUU MEXaHW3M OTIMYAIONIMICA CUHXPOHU3MPOBAHHOW KOMOWHAIMEW IBYX
VCTOYHHUKOB IIUTAHUs, HE MO3BOJIIOLIIMNA OJHOMY MCTOYHHUKY ITUTAHUA MOJABATh
SHEPIHIO B MIEKTPOXUMUYECKUN peakTop. llocnenosarenbHoe ninm napamuieasHoe
HOAKITIOYEHUE UCTOYHUKOB MUTAHUS SBISETCS MPAKTUUECKUM CIIOCOOOM pPEIICHHUS
npoOjeMbl  Juarna3oHa MPOBOJMMOCTH  3arpA3HEHHBIX HCTOYHMKOB  BOJIBI,
o0pabaTbIBaEMbIX B OJIHOM D3JIEKTpOXMMHYECKOM peakTope. [locnemoBaTtensHoe
COECIMHEHUE UCTOYHMKOB IIMTAHUSA MTO3BOJISAET YABOUTH HAIPSDKEHUE UCTOYHUKA, 4
[apaJlJIeIIbHOE COCIMHEHME ITO3BOJISAET YABOUTH TOK MCTOYHMKA. Mcmone3ys nBa
VUCTOYHUKA IUTAHMS, KAKIABIA K3 KOTOPBIX HMEET MAaKCUMAaJbHBIA TOK H
Hanpspkenrne Im u Um, cOOTBETCTBEHHO, MOKHO TOJYYHUTh M3 3TOW KOMOMHALIUN
NpH TIOCTIEAOBATEILHOM coemnHeHnH MoimHocTh Ws = (2Um) xIm, wmm, mns
napaensHoro coeauHenuss Wp = Um x (21m). YToObI MOTYyYUTh TaKOW THANIa30H
TOKa W HANPsDKEHUs OT OJHOIO MCTOYHMKA IUTAHUA, 3TOT MCTOYHHUK JIOJDKEH
obecnieunBaTh MOIIHOCTh, W = (2Um) x (21m), tak yto Wu / Wp = WUWS = 2,
TO €CTh JIBa —KpPaTHBIA 3aI1aC MOIIIHOCTH, YTO HA MPAKTHUKE O3HAYACT YABOCHUE

CTOMMOCTH U yJIBOCHHE Pa3MEPOB OOBEKTA.

CI/IHXDOHI/ISI/IDOBaHHaH pa60Ta HCTOYHHUKOB JHCPIruM JBJICKTPOXMMHUYCCKUX

PEAKTOPOB  TIOCICAOBATSILHO WJIM  HapajieIbHO € BICKTPOAHBIMM _ sTYeMKaMU

SJIICKTPOXMMHUYCCKOI'O pCaKTOpA.

AJ'II‘OpI/ITM YHIpaBJICHUA UCTOYHUKAMU IMUTAHUA OCHOBAH Ha CPIHXpOHHOfI nmoaayde

MOIITHOCTH Ha 3JIEKTPOJIbI JIEKTPOXUMHUYECKOTO peakTopa B auamasone Wnto Wmax,
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rae Wn —HoMHHaIbHas MOIIHOCTh, Wmax —MaKCcUMalibHasi MOIIIHOCTh. DJIEKTPO/IbI B
AIEKTPOIHBIX STYEUKAX JECKTPOXUMHUIESCKOTO PEaKTOpa COSAUHEHBI TAKMM 00pa3oMm, 4To
HamMpsOKEHWE HA  JJIEKTPOAAaxX TIOIy4aeTcss CHHXPOHHO JHOO C  IOMOIIBIO

MMOCJICAOBATCIIbHOI'O MJIN MapaJICIIbHOI0 COCAMHCHNA HCTOYHUKOB ITUTAHUA.

IlocaenoBaTenbHOE COCIMHEHUE

Ccbiika cnenmana Ha Puc. 16 m 17. Ilpu mocienoBaTtelbHOM COEAMHEHUU
ucrounukoB nutanus (PS1 u PS2) perynupyemoe HampsikeHHe Ha 3JIEKTPOAAX sUeeK
ANEKTPO/Ia DJIEKTPOXUMHUYECKOIO PEaKTopa JEHCTBYET HA pPACIOJIOKEHHBIE PAIOM
ANIEKTPO/Ibl OJMHAKOBOM TMOJIPHOCTH, B PE3YJbTaT€ 4YEro BCE IOJOKUTEIbHBIE
ANIEKTPO/IBI NEKTPOAHBIX SYEEK B DJIEKTPOXUMUYECKOM PEAKTOPE COECIUHEHBI MEXIY
co0O0M, 1 BCe OTpULIATENIbHBIE AIEKTPOIbI TAKXKE CBA3aHBI MEXKAY COOOM [Tl CHHXPOHHOM

paGOTI)I QJICKTPOAHBIX AYCCK B DJICKTPOXUMHUUYCCKOM PCAKTOPC.

ITapanaenbHOe COSAUHEHHUE

Cwm. Puc. 18 u 19. IIpu mapamnenbHOM coeTMHEHUU UCTOYHUKOB nuTanus (PS1 u
PS2) Toxu ncrounnkos cknaapiBatorcs. OaHaxo, nockosbky IIJIK (mporpammupyemsiii
JOTMYECKH  KOHTpOJUIEp)  JOMYCKAeT  BO3MOXHOCTb  IICEBIOMAPAILIEIBLHOIO
HOJK/IIOUYEHUS, MO3BOJISS IMOJHOCTBIO BBICBOOOAUTH MOIIHOCTH JJIsI JIOOOTO U3
ANIEKTPOAOB D3JIEKTPOJHBIX SUEEK B AIIEKTPOXMMUYECKOM pEaKTOpe, 3TO YIPOUIaeT

YIIPaBJICHHUE KAXKI0M JIEKTPOAHOU STYEMKOU B DJIEKTPOXUMUYECKOM PEAKTOPE.

IIceBponapajiyieIbHOE COSAMHEHUE

Ccpuika cnenana Ha puc. 20. Kaxnprit ucrounuk nutanus (PS1 u PS2) nmomaercs
Ha HA3HAYECHHBIN 2JIEKTPOAHBIA 3JIEMEHT B JIEKTPOXUMHUYECKOM PEAKTOPE, IPU ITOM
pEryJIMpyeMoe HANpsDKEHUE Ha DJIEKTPOAHBIX JJIEMEHTAaX 3aBUCUT OT 33JaHHOIO
HanpspkeHus, ynpasisiemoro IIJIK, Tak 4TO MOIIHOCTH ISl KaXKIOW SJIEKTPOIHOU

SYeKH HEe MOXeT ObiTh MeHblie Wn. Ha »ToM ypoBHE MOIIHOCTH OJM30CTh
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HaIIPSDKEHUM Ha DJIEKTPOAHBIX JIEMEHTAX IPYr K APYTY ONPEHEISAETCS TOYHOCTBIO

ynpasnenus [IJIK ncrounnkamu nuranus.

HMcTouyHuKM NUTAHMSA BKIHOYAIOTCS W BBIKIIOYAIOTCS CHUHXPOHHO, KaK JJI
MMOCJICAOBATCIIbHOIO, TaK W A TMAapaJlJICJIbHOTO ITOAKIIOYCHUSA, a TaKKC JJIA
MCEBAOIAPAIIICIIBHOI'O ITOAKIFOYCHMA. HpI/I BKIIFOUCHHMHN HCTOYHUKOB IIMTAHUA HUX

HaNpsHKEHUs: CHHXPOHHO MOBBIIIAIOTCS 0 HEOOX0IMMOro 3HaueHus: MmeHee uem 3a 0,5

CEKYH/IBL.

Hurepdeiic miatel yiipaBiIeHHUS UICTOYHUKOM IMUTAHUS

Cwm. Puc. 21. Ha puc. 21 unrtepdeiic muaThl yrnpaBiIeHUs] HICTOUHUKOM MHATaHUS
BKJIIOYAET B ce0s1 CIIeIYIOIINE OCHOBHbBIE KOMIIOHEHTHI: PYYHON KOHTPOJUIEP BBIXOIHOTO
HanpsKEeHUs 1, JIOTHKY YIpaBleHHs 2, IIUPOTHO-UMITYJIbCHBIA MOAYJSATOP 3, JTaTUUK
TOKa. 4, yCWIWTENb HaINpsDKEHUs 5, MpeoOpa3oBaTeNlb HAIMPsDKEHUS B 4acTOTy O,

KOMIIapaTop 3aIUTHI IO TOKY 7, ONTOU30JSATOP 8.

VY3en ympaBrneHHs] UCTOYHMKOM MUTaHUS WIM UHTEp(ENc MiaThl yHpaBiICHUS
(Tak’Ke YaCTUYHO ONMMCAHHBIN BBILIE U MPOWIITIOCTPUPOBAHHBIN Ha Puc. 15) BeImoaHseT

crenyromue QyHKINN:

—I[I/ICTaHHI/IOHHOC BKIIFOYCHUE U BBIKJIFOUCHHUEC NCTOYHHKA ITUTAHUA CUCTCMBI.

—KOHTpOJ'H) " CHHXPOHM3alWA BbIXOJHOI'O HAIIPAXKCHUS 110 JaHHBIM.

—orpaHuyeHue Toka (6 Ha puc. 15).

—TemmoBas 3amura.

—3aImuTa OT KpaTKOBPEMEHHBIX KOJIEOaHW CETEBOTO HAIIPSIKEHUSL.

—Ilomaua curnana roroaoctu Ha Bxoje PLC (Programmable Logic Controller).
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—IIpenocraBnenre MMITYJIbCOB C YacCTOTOM, MPOIOPLMOHAIBHOM BBIXOJHOMY

HanpspbkeHnto Ha Bxoge TTJIK.

—QO0ecneyeHrue UMMYJIbCOB YaCTOTHI, IIPOIMOPIIMOHAIBHOM BBIXOJITHOMY TOKY Ha
Bxone [IJIK.

—MHcnonp3oBanue mupoTHO-UMITYIIbcHOM Monyisinuu (IINUM) (1 nHa puc. 15)
JUIS YIIPABJICHUS HATIPSKECHUEM.

—PGFYJII/IpOBaHI/IC BBIXOIHOT'O HAITPSIPKCHUA NCTOYHHUKA [T TAHU.

—I anpBaHnYecKas pa3BA3Ka BCCX BHYTPCHHUX KOMAHJ VYIIPABICHUS OT
BHY’I’peHHeﬁ IDUHBI ICPCAaYIN TaHHBIX.

1. MicToYHMK NUTaHMS MOKHO BKJIFOYATh M BBIKJIKOYATh OJHUM W3 CIEAYIOIIMX
JIBYX PEKUMOB:

a. obecrieueHne HanpspkeHust 24B Ha onToOM30IATOP.
0. 3aMbIKaHHE HOPMAJILHO Pa30MKHYTOI0 KOHTAaKTOPHOT'O peJie.

2. BbIX0JIHOE HANPSHKEHUE MOXKET PErYJIMPOBATHCSA OJHUM U3 CIEAYIOIIUX JABYX
PEXKUMOB:

da. C IOTCHIHUOMCTPOM.

0. mojgaBas Ha ONTOM3OJSATOP MOJOXKHUTEIbHbIE UMITYJbChl 24B paznuuyHon
JUIATEIBHOCTH.

3. OrpaHuueHHe TOKAa OCYIIECTBISIETCS IMOJAYEN MMITYJIBCOB JJIMTEIBHOCTHIO
S500HCcexk Ha TOoKoOTrpanmumBatonii Bxon LIIMM-konTpomiepa. DTO MNPUBOIUT K
CHWKEHUIO UMITYJIbCOB Ha BbIxoA IIIMM, nmonmxas HanpsiKeHue MCTOYHHMKA NTATAHUS U

TCM CAMBIM BBI3bIBAS OTPAaHNYCHHUC BHIXOAHOT'O TOKA HCTOYHHKA ITUTAHMA.

4. TemoBas 3amuTa cpabaThIBA€T, €CIU TeMIepaTypa paauaTtopa JAOCTUTAET
60°C. D10 BBI3BIBACT OTKJIFOUCHHUE BBIXOHOTO HANIPSHKCHUS UCTOYHUKA TTUTAHMSL.
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5. 3ammTa OT KpaTKOBPEMEHHBIX KOJICOAHHI CETEeBOr0 HAIPSIKEHUS cpabaThIBaeT
OpHU BKJIIOYEHUHU JOCTUTAETCS MPEJea TOKa Harpy3KH, 4TO MPUBOJIUT K OTKIFOYEHHIO

BBIXOJHOI'O HAITPSAKCHUA.

6. Hasimume curnana roroBHoctr Ha Bxoze IIJIK yka3piBaeT Ha TO, 4TO HCTOUYHUK

NUTaHus paboTaeT HOPMAJILHO.

7. llepegaya naHHBIX O BBIXOJAHOM TOKE MCTOYHMKA nuTaHus Ha Bxon [IJIK
OCYIIECTBIISIETCS MPEOOPA30BAHUEM HANPSHKEHUST B 4YacTOTY, HpPH 3TOM 4YacToTa
MPONOPLIMOHAIIBHO TOKY Harpy3ku. JTa 4acToTa BapbHpyeTcss B auamnazoHe or 0 1o
10xI', mocneHee 3HaU€HUE COOTBETCTBYET MAaKCUMAIBHOMY TOKY Harpy3Ku.

8. Ilepemava naHHBIX O BBIXOJHOM HAMpPSHKEHHMH MCTOYHMKA MHUTAHUS HA BXOJ
[JIK Tak:xe oCylecTBIseTCs MyTeM NpeoOpa30BaHus HAMIPSHKEHUS B YaCTOTY, IPU 3TOM
9YacTOTa TMPOIMOPIIMOHANBHA BBIXOJHOMY HANpPsOKEHUIO HMCTOYHMKA TMHTaHUS. OJTa
yactoTta MeHsieTcs B nuana3oHe ot 0 1o 10 kI'1, mpu sTom yactora 10 k't cooTBETCTBYET

MAaKCUMaJIbHOMY BBIXOJHOMY HAIIPSXKCHUIO NICTOYHHUKA IMUTAaHUA.

9. TIJIK MokeT peryidpoBaTh BBIXOJHOE HANPSXKEHUE WCTOYHHKA MUTAHUS,
u3nyyas UMIyiabcbl ¢ yactoroil 1 k' m mmpunoi ot 0 go 100%, npu srom 100%

COOTBCTCTBYCT MaKCHUMAJIbHOMY BBIXOAHOMY HAIIPAKCHUIO NCTOYHUKA ITUTAHUA.

10. PCI‘YJ'H/IpOBKa BBIXOJJHOT'O HAIIPSAXKCHUA NCTOUYHHKA IMMUTAaHWA OCYIICCTBIIACTCA

MO/IA4€1 BBIXOIHOTO HAIIPSKEHUS] UCTOYHUKA MUTAaHUs Ha BX0J KoHTpoJuiepa [IM.

11. Bece coenunennsa c¢ IIJIK umeroT ragpBaHMYECKYHO pa3BA3KY C ITOMOILIBIO
OITOM30JIATOPOB, KOTOPBIE M30JIMPYIOT HanpsbkeHue a0 1,5 kB (cpenHekBagpaTuyHOE

3H3.‘-ICHI/IG) Ha BBIXOJC MCTOYHHKA ITMTAHWUSA OT IIHWHBI YIIPABJICHUA nepeﬂaqeﬁ JaHHBIX

TJIK.

MeTtoa SKCIIyaTalluM M VIPABJICHUS 3JCKTPOXMMHYSCKHUM PEaKTOPOM —

CHUHXPOHU3AIUA JICKTPOXUMHUYCCKNUX U THAPOANHAMHNYCCKUX MEXAHU3MOB

Pabora snextpoxummyeckoro peaktopa kountponupyercs PLC (Programmable
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Logic Controller). B IIJIK mnoctynatoT pgaHHble O OPOU3BOAUTEIBHOCTH
AJEKTPOXUMHUYECKOTO  PEAKTOpa, TOKAa W  HanpsokeHus.  [Ipon3BOIMTENBHOCTH
AIEKTPOXUMHUUYECKOTO PEAKTOpa PETHCTPUPYETCS pacxomoMepoM. Ecim mpomyckHas
CrocoOHOCTh cnuimkoM Bbicoka, [IJIK Bbmaer koMaHAy CHHXPOHH3WPOBAHHBIM
HMCTOYHHMKAM TMUTaHUA. DJIEKTPOXUMUYECKUN PEAKTOP MOJAETCS TOJIBKO B TOM CIyyae,
€CIIM TIPOM3BOJUTEIIPHOCTh HE HIDKE 3aJaHHOTO IMOpora. JTO TO3BOJISIET H30€XKaTh
AIEKTPOXUMHUYECKOTO MEPErPEBa PEAKTOPOB MPH HEJOCTATOYHOM IMPOTEKAHUU YEpE3
HUX. TOK DJJIEKTPOXUMHUYECKOTO PEaKTopa IIPU IMOCIEAOBATEIIBHOM COEAUHECHUU
VMCTOYHUKOB MUTAHUS ONPEACIIAECTCS BRIXOAHBIM TOKOM UCTOYHUKA nUTaHus: Ips = 2IR,
rae [ps —BBIXOAHOM TOK UICTOYHUKA TUTaHHus, a IR —TOK ka0 U3 IBYX AJIEKTPOIHBIX

SAYCCK.

HamnpsokeHne Ha 3JIEKTpOAHBIX SYEHMKAX IEKTPOXUMHUUYECKOro peakropa VR =
VpSi + VpS2, rae Vpsi u VpS2 —HanpsmkeHus] IEPBOTO W BTOPOTO MCTOYHHKOB
nutanus PS1 u PS2 coorBerctBenno. Takum o6pazom, [TJIK momyuyaeT ganHsie 0 TOke U
HaNpsSHKCHUHU UICTOYHUKOB MUTAHUS U CHHXPOHU3UPOBAHHON MOIITHOCTH, MI0/1aBaeMOil Ha
ANIEKTPOJIHBIE SYEWKH DJIEKTPOXMMHUYECKOrO peakTopa. B cilydae mnapaiienbHOro
noaxirouenus Ipsi = Iri, [pS2 = Ir2, rae Ipsi u [pS2 —toxu ucrounnkoB nuranus, a Iri
u Ir2 —Ttoku snexktpoaHol stueiiku. Vpsi = Vri, Vps2 = Vr2, rne Vpsi u VpS2 —
HaNpsSOKeHUs HWCTOYHMKOB MUTaHMA, a Vri U VI2 —HanpsoKeHUs Ha AJIEKTPOIAHBIX
suerikax. [1JIK BeipaBHMBaeT HanpsKEHUS HA IEKTPOJAHBIX SYEHKAaX U MOAACT HA HUX
OJIMHAKOBOE 3aJjaHHOE HampsbkeHue V, Tak uto V = Vpsi = VpS2 = Vri = Vr2. Takum
0o0pa3oM, HampsDKEHUS Ha AJIEKTPOJHBIX SUEHKAX CHUHXPOHM3HMPYIOTCS B Ciydae

napaajICJIbHOTO COCIUHCHM.

Yacrb 3 ~ [IpumepHasi «pakTHIecKas» NMPAKTHKA U MPUJI0KEHUS,

4 TAK/KEC aHAJIU3 IMOJYIYCHHBIX HA UX OCHOBE PE3YyJIbTAaTOB.
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Hroke mpuUBOIUTCS TOAPOOHOE ONMMCAHUE HECKOJIbKUX MPUMEPHBIX «PEaTbHBIX)
NPAKTHK W MPUMEHCHHH, a TAKXKe aHaJIW3 Pe3yJIbTaTOB, MOJYYCHHBIX Ha WX OCHOBE,
cucTeMbl 00paboTKy / ouncTku / pereHepanuu Boabl Mey Rechavam (W2W).

Ornenka 3¢ (heKTUBHOCTH UCTIONH30BaHMS BOIEI W2W

Cucrtema OYUCTKH / OYUCTKH / pereHepaly BOJIbl, COAEpKallel ONpeesieHHOe
KOJINYECTBO PA3INYHBIX METAJIOB

1. CoctaB 3arpy>k€HHOI BO/bI YTOOBI TPOBEPUTH BO3ZMOKHOCTU cUCTEMBI W2W,
CHelMaTbHOE KOJIMYECTBO BOJABI OBLJIO MPUTOTOBICHO IBYMS OJUHAKOBBIMH MOPIUSIMH
1o 200 MTpoB, KOTOPBIE MOUIEKAIN MApAILIEIbBHOMY TeCTUpoBaHHI0. Kaxkaas nopuus
COCTOSUIa TOJBKO U3 BOAOIPOBOJHOM BOABI M BOAHOTO PACTBOPA CIEIYIOIINX METAJIIOB!

—200 mut pactBopa, conepxariero Cu (140 000 yacTeit Ha MUJUTHOH ).

—200 mu1 pactBopa, coaepxarniero Ni (30 000 yacteil Ha MUJUTHOH).

—200 mut pacTBopa, coaepxariero Mn (30 000 yacteli Ha MUJUTHOH).

—200 mut pactBOpa, conepxarniero Zn (30 000 yacteit Ha MIIJTMOH).
—200 M1 pactBOpa, cogepxariero Cr (1.000 yacteit Ha MUIITHOH).

B KQ)XKJIOW U3 ATUX YacTel KOHIICHTPAIIMU METAJLIOB OBLIIH CJICTYFOIINMHU:
-Cu: o1 90 10 105 mr / 11 (1 / moH).

-Ni: 25 mr/ o (M.11.).

—Mn: ot 20 10 25 mr / 1 (9acTei Ha MAJITHOH ).

-Zn: ot 25 1o 35 Mr / 11 (4acTeil Ha MUAJUTHOH).

-Cr: ot 15 10 20 Mr / 11 (4acTeit Ha MIJIJTUOH).

2. Texuuueckue xapakrepucTiku cucteMbl W2W (3aBojckoii Ne 3-0015)
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O6m1as cxema ucnoJibdyemoit cucteMbl W2W nokazana Ha Puc.22. Kak mokazaHo
Ha Puc.22, cucrema W2W BkitodaeT B ce0si CIEAYIOIIME OCHOBHBIE KOMIIOHEHTHI:
BXOHOM 06ak X BXOAHOM pacxoaoMep 2 BOJIbI, JEKTPOXUMHUECKUHN PeakTop 3, BKIIIOUast
JIBE 2JIEKTPOJIHBIC AYCHKHU, COETMHEHHBIE MEKIY COOOM. apaslieNbHO, OTCTOMHUKA 4 U
POMEKYTOUHBIN pe3epByap 1JIsl XpaHEeHuUs / MepeKauyku 5 Ha BBIXOJ/I€ U3 PEaKTopa.

2.1 DaeKTpOXUMUYECKUI peakTop 3 COIEp KUT 4 KacceThl AMEKTPOAOB (1Mo 2 B
Ka)KI0U SJIEKTPOTHOM sueiike). AHOIBI U3 aIFOMUHUS, KaTOJIbl U3 HEP>KAaBEIOIIEH CTaJIH.

Kaccetsl 6e3 MemOpaHbI.

2.2 O6pa31bl 17151 UCTIBITAaHUN BKITIOYaH 3 moprmd 1o 80 tutpoB kaxkaast. O0mumit
o0Bem coctaBmil 240 uTpoB. Boy B Kaxmyro MOPITUIO BITyCKAIK U 3a0Mpai OTJEIBHO,
TO €CTh NapauieabHo. Ha BXoze KaxXIyto MOpIMIO MPOITYCKAIH Yepe3 TKaHble (GUIIbTPhI
¢ pazMepoM siueek SO MUKPOH.

2.3 3apesepBupoBanHHas 4acTh: 200 JUTPOB BOABI OBUIO COXpPAaHEHO TIOCHE
oCaxJieHUs 25 (KaToluT), a TAKKE HETOCPEACTBEHHO U3 JIEKTPOHBIX siYe€eK (aHOJIUT).
BOJy TakXke (PUIbTpOBaU uepe3 ceTKy 50 MUKpPOH.

24 MWcrtounuk numtanus. B cucteme W2W ObUlM  yCTaHOBJIECHBI JBa
CUHXPOHU3UPOBAHHBIX UICTOYHHUKA MUTAHUS, KAkl U3 KOTOPBIX 0OecrneyuBaeT ToK S0
A npu 60 B.

3. Mecto otbGopa mpod BOABI.

30 Ot60p npod MpoTOUHOM BOABI MpoBOAMIICA MO cucteMe W2W 1uian otOopa
npo0 Boabl Moka3aH Ha puc. 23. Touku otOopa mMpoO, TakkKe Ha3bIBaGMbIC TOUYKAMU
otOopa npo0, ObIIIM BEIOPAHBI TAKUM 00pPa30M, YTOOBI MOXKHO OBLIO TOXYYHUTh OIEHKY
3(pPEKTUBHOCTH AIIEKTPOXUMHUYECKON PEaKIUM, a TaKXKe MPOIIECCOB OCAXKIACHUS H

bubTpanuu.

4. 3meputenbHble TPUOOPHI.
4.1. Coneprkanue METAJIJIOB B Bozie onpenersum ¢potomerpom [1D-11.

HaOOp HAOOPOB I aHAJIM3a MEeTauIoB prpMbl Br3okoop:
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2N,
—Tecrosriit Habop Cu mist onpenenerns meau, 0,1-3,0 mr / 1 Cu.
—Habop na onpenenenust Hukens, 0,2-10 mr/ 1 Ni2 +.

—TecToBbIit HA00p Mn A1 KOJTOPUMETPUUYECKOTO OIIPEIEIICHUS MapraHiia B JUara3oHe
0,1—4,0mr/1 Mn.

—7n UCTILITATEIBHBIN HAOOP /I onpeAeneHus uHka 0,25-3 mr /1 Zn.
—Cr ucnbITaTenbHbIN HAOOP U1 onpenenenus xpoma ot 0,1 7o 2 mr / 1 C104 2+.

4.2. DnexTponpoBOAHOCTh U3MEPSIIN C MOMOIILI0 KOHIYKTOMeTpa mojenu CD-
4301.

4,3 pH u3mepsinu ¢ nomouisto pH-mMerpa AD 10.

4.4 DHeprusi, paccenBaeMasi B KacceTax, M3Mepsuiach ¢ MOMOIIBI0 aMIIepMeTpa
(Fc-8 Op) u BombTMeTpa (Dixsen DE-80).

4.5. Pacxon BOAbl B DIIEKTPOJHOMN SUEHUKE SICKTPOXMUMHUYECKOTO pPeakTopa
u3Mepsu ¢ nomotibio pacxonomepa George Fischer SR20.

5. Pe3ynbTaTel UCIIBITAHUN

Pe3ynbTarhl ucnibITaHU NpeACTaBICHBI B Ta0bMnax 1 u 2.

6. AHaJIN3 PE3yJbTATOB TECTUPOBAHUA.

Ha ocHoBaHWM pe3ysbTaTOB WCHBITAHWH, MPEACTABICHHBIX B TaOiumax 1 u 2,
aHaNMM3upyeTca padoTa 3JIEKTPOXUMHUYECKOro peaktopa (6.1) u TUMbI OTIOKEHUH Ha
buibpTpax ¢ pazmMepom siueek S0 MUKpPOH, a Takke Ha TakKuX (QUIBTpaxX W3 aHOJIUTA B
PE3EPBHOM KOJIMYECTBE NIEPEUHUCIIEHBI

6.1 PaboTa »1eKTpOXUMHUYECKOT0 peaKkTopa

O} PEeKTUBHOCTH OUNCTKU BOJIBI OT METAJIIOB MTOKa3aHa B Tabnurie 4. 1715 o1ieHKn
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3¢ PeKTHBHOCTU OBUTH PACCUUTAHBI CPEAHUE 3HAUCHHMS 10 JAHHBIM, TTOJTYYEHHBIM B JIBYX
uctbITaHusax (Tadmuip! 1 1 2), cormacHo aHaIu3y BOABI IMOCTYIAOIICH W BEIXOSIICH U3

HUX B JICKTPOAHBIC SUCUKU (OTACIBHO JUIsl KATOJIUTA U AHOJIUTA).

Tabmuua 4

Meraiut Cu | Ni Mn | Zn Cr

DddextuBHOCTh OuncTku Ha 80 | 96 80 |61 |42

BXOJI€ —AaHOJIUT,%
DddexkTuBHOCT, oOuucTKH Ha| 87 | 95 9% |73 35

BXOJI€ —KaTOJIUT, %o

O¢ddextuBHAsT pabOTa AIEKTPOAHBIX SUYEEK DIIEKTPOXUMUYECKOTO PEaKTopa
00ycCIIOBJIEHa HU3KOW CKOpPOCThIO moToka, 0,06 M / ¢, BOJbI, MpOTEKAloleH depes
3JIEKTPOJIHbIE KACCEThl, U 3HAYUTEJIbHO OOJIBIIMM BPEMEHEM MPOXOKIAEHUs, SCEK,
BOJbI, IPOTEKAIOIIEW MEXAYy 3JeKTponbl. lIpu Takol CKOpOCTM IOTOKA 4YHCIIO
Peitnonbaca Re, panee onpenenennoe ypaBHeHusiMu (1) u (2) U onucaHHOE BBIIIE,
Menbiie 500, wu, cremoBaTeNbHO, TEKyIIas BOJA SBIAETCA JIAMHUHAPHOM.

JlaMHHApHOCTH CITOCOOCTBYET MOJIHOMY Pa3pyLIEHUIO MOCTYNAIONIEH BOIBI.

XUMUYECKUE pEaKINH, TMPOUCXOASIIME B BOJHBIX pacTBOpax psOM C
AJEKTPOJAMH, MOKHO pPacCMaTpuBaTh KaK OKHCIUTEIbHO-BOCCTAHOBUTEIIHHBIC
peakmuu. TakuM 00pa3om, SJIEKTPOJIM3 COCTOWT W3 PEAKIIMH BOCCTAHOBIICHHS HaA
KaToJie W OKHWCIEHUS Ha aHome. MeTaluIM4ecKuid aHoj MOXeT ObITh (a) He
PacTBOPSIOIIUMCS M JIEUCTBOBATH TOJIbKO KaK MECTO MIEPEHOCA JIEKTPOHOB BO BpeMsI
AMeKTpoNn3a, Wiau (0) pacTBOpSIONIUMCS (aKTUBHBIM), B pE3ylbTaTe 4YEro OH
OKHUCIISIETCSL TIPU AJIEKTpoJin3e. PeIOKC-aKTUBHOCTD 3JIEKTPUUYECKOTO TOKAa BO MHOTHUX
Cy4yasiX YCUJIMBAET XUMUYECKUE PEAKIMM OKHUCIICHUSI U BOCCTaHOBJIEHUA. M3yueHue

Ta6J'II/II_I CTAaHAAPTHBIX SJICKTPOAHBIX MCTAJIJIOB IMTOKA3bIBACT CICAYIOIICC:
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a. Katnonsr metamnos, Hanpumep Cu+ 2, Hg+ 2, Ag+,Pt+2,.... ., u Pt + 4,

MMEIOIINI

CraHIapTHBIN AJIEKTPOJHBINA MOTEHIMAN OO0JbIIe, YeM Y BOJIOPOJa, BO BpPEeMs
3JIEKTPOJIM3a TIOJHOCTBIO PACTBOPSAIOTCS JMOO Ha aHojae, MO0 Ha aHoAe, H

OCaXIAIOTCS B METAIINYECKOH (hopMe Ha KaToIe.
0. Katronsl meramios, Hanpumep Li A, Na+, K +. 1 Ni1°2, Brutots 10 Al + 3,

CO CTaHAAPTHBIM JJIEKTPOIHBIM ITOTEHIIMATIOM, MEHBIINM, Y€M Y BOJAOPOAA, BO
BpEMsI DJIEKTPOJIM3a OCTAKOTCA IPUKPEIUIEHHBIMU K aHOAY, HE PACIIPEACIISIACH MEKIY

MOJICKYJIaMH BOJBI.

c. Karuonsl metamnos, Hanpumep Mn, Zn, Cr u Fe, umeroniue cranaapTHbIA
AJIEKTPOJIHBIN MOTEHIIUAJI MEHbIIIE, YEM Y BOJOPOa, U OOJIbIIe, YEM Y aTFOMUHHUS, BO

BpPEMA SJICKTPOJIN3a OCAKAAOTCA HAa KATOJAC U JUCIICPTUPYIOTCA CPpCAN MOJICKYJI BOABI.

Ecnmm oOmass xoHIeHTparus kaTuoHa Mertamuia mpesbimaer 200 mr / o (200
yacTell Ha MUJUIMOH), TO KOHIIEHTpAIlUsi MOHOB OTHOCUTEIBHO BhICOKA. B pe3ynbrarte
ATOTO BO3HHUKAET CBOETO POJia MPOMEKYTOUHBIM BTOPHUUHBIN (D(PEKT, Ipu KOTOPOM
KQXIbIH HMOH B TOM WIM HWHOM CTENEHW BIMSET HA HM3MEPEHHE C TTOMOIIBIO

crieKTpodOTOMETpa 00IIeH HOHHON KOHIICHTPAIINH

TeKylas Boaa. YTo kacaercst paCTBOPOB C CHIIbHBIMU HOHAMU, HA ITPUBEICHHBIE
BBIILIC PE3YJIbTATHl AHAJIN3a MOXET B HEKOTOPOM CTEIEHH BIIHATH MPUCOCIUHEHUE
MOHOB K Apyrum metauiaM. CorjiacHO pe3yJibTaTaM UCHBITAHUMN, TOJTYYEHHBIM 3/€Ch,
HaOMrogaeTcsl o0mas TeHACHIUS K MOCTOSHHOMY TOBEACHUIO, HO KOJWYECTBEHHBIC

OTHOLIEHUS MOT'YT BapbUPOBATHCS.

6.1 D dexTuBHOCTH ceAMMEeHTaNNH (TTOKa3aHHas GUIBTPaMU) TOATBEPKAACTCS
pe3ynbTaTaMyd aHajdu3a BOJBI TOCIE MPOXOXKIACHHUS dYepe3 JIEKTPOXUMUUYECKUN

peakTop (KaToauT) U Ha BXojie. Pe3ynbTaThl mpejcTaBieHsl B Tabnuie SA.
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Tabauma SA

Merasn Cu | Ni Mn | Zn Cr
DddexTuBHOE pa3mencHUE B 64 |30 |50 (8 |72
KaTOJIMTOBOM JTUHUA —

ocaxnenne%o

N3  pe3yabTaTOB JKCHEPHUMEHTOB  CIEAyeT, YTO TUIAPOAMHAMHYECKAs
3(heKTUBHOCTL  (CKOPOCTh  OC@XKJACHUS  THAPOKCUCOCIMHEHUM  METAJLJIOB)
pasznuuaercsa. [ MAPOKCHCOCTMHEHUS ITMHKA, XpOMa M MEAHM JOCTATOYHO XOPOIIO
KOAryJIMpyIOT M OCaXIAIOTCSI, B OTIMYHE OT HHUKEIS M Mapranmna. Hammuaue
THJIPOKCUCOCIMHEHUN HHKEs W MapraHila B 3arps3HEHHOW BOJE CIIEIOBATEIIBLHO,
MOXET CHU3UTh J(OPEKTUBHOCTH pabOThl AIEKTPOXUMHUYECKOIO pEeaKkTopa, WX
OC@XKJICHHE MOJKET 3aHSTh OOJIbIlIE BPEMEHHU, MOTpeOyeTcsl mepepadoTaTh OOBIIHIA

00beM WM MTPOU3BOJUTEIHLHOCTH OYJIET HUXKE.

6. 3. DdOdEeKTUBHOCTh  yJIAaBIMBaHUS  HWOHOB  METANIOB W HUX
THAPOKCUCOCIMHCHUH Ha (QUIBTPE C pa3MepoM siueek 50 MHUKPOH Ha BXOJIC aHOJIUTA

nokasana B Ta0Omure 5B.

Tabnuua 5B

Merasn Cu | Ni Mn |[Zn |Cr

OddexkruBHocth 1o  smHuM 67 |29 |25 |98 |0

AHOJINTAa —pe3epB%

Pesynbratel, mnokazanHeie B Tabmumie 5B, mMOKa3pBalOT — XOPOIIYIO
yIEPKUBAIOIIYI0 CIIOCOOHOCTh OTHOCHTENIBHO KOAaryJIMpOBaHHBIX OTJIOKEHUU

THUIPOKCUCOECIMHEHUN LMHKAa W MEIU, YMEPEHHYI0 CIOCOOHOCTb YAEep>KHUBATh
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TUIPOKCUCOETMHEHUS HUKEIIS U MapraHiia v MOJHYI0 HEIPUTOJHOCTh 3TOTO (GUIBTpa

I YACPKUBAHUS 9aCTUL THAPOKCH-KOAryJisinnuu Xpoma.

B 1ienmoM, 3KCHepUMEHTaIbHOE HCIBITAHHE CIIOCOOHOCTH OYHMCTKH / OYHCTKH
BOJIBI C HCIIOJIb30BAHMEM BOJIbI, COJEPKAIEH pa3IMYHBIE KOMIUIEKCHI METaJlIOB,
noka3zasno 3pdextuBHy0 padboty cucreMbl W2W B OTHOIIICHHWU CEIUMEHTAIIMOHHOMN
CHOCOOHOCTH, (UIBTpAIMA € PabOTHI ANEKTPOXMMHUYECKOTO peaktopa. OOmias
3¢ hekTuBHOCTL 00pabOTKHU / OYMCTKHM BOJBI TIpejcTaBiieHa B Tabmuie 6, BMecTe co

ccpuikoil Ha Puc.20.

Tabnuua 6
Meramn Cu [Ni |Mn |Zn |Cr
aHOJIUT, % ynanstercss) 95 |98 |85 |99 | 50
OCaKICHUEM

KaToJInT,% ynajaeH ocaxaenuem | 96 |97 |98 |97 | 82.5

Kak moka3bIBalOT MpUBEJICHHbIE BBINIE pe3ysbTarhl, cuctema W2W oueHb
s dexTuBHA 1711 0OpaOOTKM / OUMCTKHU BOJIBI, COJIEpIKAIICH KOMIUIEKCH MeTaioB. B
ciaydae xpoma d(PpdexTtuBHOCTh cHukaercs Ha 50%, MOCKOJBKY HCMHOJIb3yeMbId
ceTyatbli QuiIbTp HEe A(P(PEKTUBHO 3aJEPKUBACT MPOIYKTHI T'HJIPOKCU-KOATYJISILINU
xpoma. s Bcex Apyrux MeTauioB 3((PEeKTUBHOCTH COCTaBisieT He MeHee 85%
(HEeCKOIBKO HU3Kas IJi1 Maprasiia) u okojo 95% s Bcex Ipyrux MEeTalioB (Meu,

HUKEJS U [IUHKA).

[IpoBepka 3ppexkTUBHOCTH PadOTHI AMEKTPOXUMHUUECKOro peakTopa W2W u
cuctemMbl DP(HEeKTUBHOCTD pabOTHI NMEKTPOXUMHUUYECKOTO PEaKkTOpa OlEHUBAIACh Ha
cepuifHO Tpou3BoguMoON cucteme W2W B HOpMalbHBIX YCIOBHUAX Ha 3aBoje Mei
Rechavam. B kadecTBe 3arpy>keHHOI1 BOJIbI JIJIs1 HCTIBITAHUS MCIIOIh30BaTaCh MECTHAS
BOJIOTIPOBOJHAST BOJa, K KoTopod Obl1  moOaBiaeH CuS04 B KoJIUYeCTBe,

O6CCH€‘II/IBaIOI]_I€M KOHIOCHTPAIWIO MCIW Ha BXOJAC B BHGKTpOXI/IMI/ILIGCKI/Iﬁ PEaKTop
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npumepHo ot 50 go 100 mr / n (ppm). OCHOBHBIMHU 3aJjadyaMH 3TOTO TecTa ObLIN

CIICITYIOIIHE:

1. OueHka BIusSHHUS TPOU3BOAUTEIIBHOCTH IEKTPOXUMUYECKOIO PEAKTOpa HA

3(pEeKTUBHOCTh CHMYKEHHS KOHIIEHTPAIIMM HOHOB METAJIJIOB.

2. OueHKa BIMSHHUS MaTepHayia dJIEKTPOJ0B Ha 3(PPEKTUBHOCTH CHIKEHUS

KOHOCHTPAaIN HOHOB MCTAJIJIOB.

3. Ouenka BIusHHUA MeMOpaHHBIX BCTaBOK B KacceTax Ha 3((EeKTUBHOCTH

CHWI)KCHHMA KOHOCHTPAIIMU HOHOB MCTAJIJIOB.

Kpome Toro, Heo6xoaumo ObUIO OLIEHUTH 11€J1€CO00Pa3HOCTh MCIIOIb30BAHUS
JBYX CUHXPOHU3MPOBAHHBIX UCTOYHUKOB MUTAHUS, COCAMHEHHBIX MapaluieIbHO WIH
nociyenoBareabHo. [IpoObl BOJbl OTOMpanuch Kak Ha BXOJE, TaK M Ha BBIXOJE U3
IIEKTPOXUMHUYECKOTO PeakTopa (KaK M3 JIMHUU aHOJIUTA, TAK U M3 JTUHHH KaTOJIUTA).
HcnonszyeMmoe usmepuTesbHOe 000pyI0BaHNE YKe ObLIO ONMKMCAHO BhIMIe. McnbiTanus
MPOBOAMWINCH C IBYMs TuUMamMu HcTouHuKoB mutanus: S0A / 60B u 30A / 100B.
Pesynbrarthl ucCHIbITAHUNM TMpeACTaBleHbl B Tabinuuax 1. AHamu3 pe3ysibTaToB

UCIIBITAHUI TTOKA3bIBAET CJIEAYIONIEE:

1. Bo Bcex ciryuasix Ha aHOJ/I€ COOMPAETCS MEHBIIIE ME/IH, YeM Ha KaTo e (TakKe
nocne GunpTpanun). ITO yKa3blBaeT Ha TO, YTO MEIb B BBIXOJSIICH BOJE
npucytcTBoBaia B Buge CUSO4. O0Tekanue 31eKTPOAOB BOJOM MPUBOINIIO
k gucconmanuu CuSQt Ha monsl Cu2 + u SO /. Monsl meau apeiidonanu (B
OTCYTCTBHE MeMOpaHbl) Ha KaToA, TA€ OHH JuO0 00pa30oBBIBAIU
rugpokcucoenuHenus, tTakue kak Cu (OH) 2, koTopblii HEpacTBOPUM U
BBIMA/Ia€T B OCA/I0K, OCeasi B OTCTOMHUKAX U Ha QUIBTPaX, MO0 OCENACT B
BHJIC YKCTas MEIb Ha MIOBEPXHOCTH KaToja 5. M3-3a apeiida nonos Cu2 + ot
aHoJa K Karoay AaHOJMUT COJepKall MEHbIIE HOHOB MO W
TUIPOKCUCOETUHEHUH.

2. Korpa Tox yBenmu4HMBaJICS, YBEIMUMBAACH HA ANEKTpoAax ¢ 55 A mo 96 A,

Bq)(l)eKTI/IBHOCTB CHUXXCHUA KOHICHTPAaIun TAaKXE YBCINYHBAJIACh.
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Hanpuwmep, 17151 anoa ¥ KaTo1a, UCTIONb3yEeMbIX JIs TECTUPOBAHUS, KaXK bl
u3 10 marepuasioB, Hanpumep TBEPAOro ATOMHUHHMS, cocTaBisii 44,6% B
aHosiure u 25% B katoaute 25%.

3. DPheKTUBHOCTh CHUKEHMSI KOHIICHTPAIlMU TakKXK€ 3aBHUCUT OT MaTepuaa
anekTpoaa. B coorBercTBUM € mMOIydeHHON 3 (EKTUBHOCTHIO KETaeMble
ANIEKTPOJbI  KIACCUPHUIMPYIOTCS B cieaywoomeMm nopsake: Al —Al
(amomunanit), T1 —Ti (tutan) u SS —SS (HeprkaBeromas ctans). O4eBHIHO,

YTO HauOOJIbIIIEE BIMSIHUE OKA3bIBAET aHOHHBIfI MarTcpuall.

NuTepecHo mpoBecTH CpaBHEHUE M MPOAHAIM3UPOBATH KCIEPUMEHTATbHBIC
pe3ynbTaThl. Cpenssis 3¢ ()EeKTUBHOCTh CHUYKEHUSI KOHIICHTPAIIMU MEIH, KaK B
aHOJIUTE, TaK U B KaTOJIUTE, OblIa MOJyyeHa 0e3 Haau4yus MeMOpaHbl B KaXK10M
3JIEKTPOAHOM KacceTe, uTo cocrtaBiusieT 56% u 20% coorBercTtBeHHO. C
MeMOpaHoi pe3ynbTaThl cocTaBWM 29% u 9% cooTBeTCTBEHHO. /{11 paboThI
3IEKTPOXUMHUECKOTO PEAKTOPa, UMEIOIIET0 KaCCETy 3JIEKTPOI0B C MEMOpaHOH,
noTpeOIeHUe UK MOTPeOJIeHUE YIHEPTUU OLIEHUBAETCS 110 BXOASAIIEH MOUTHOCTH
KaK MO MEHbILIEH Mepe B JBa pa3a O0JblIe, YEM IPHU UCIOIb30BAHUU KAaCCEThI
3MEeKTpoJIoB 0e3 memOpanbl. Takum 00pa3om, pe3ynbTaThl OKOHYATEIHHO
MOKa3bIBAIOT 00JI€€ BHICOKYIO 3(P(EKTUBHOCTh CHIXKEHUSI KOHIIEHTPAI[M HOHOB
Cu u Oosiee HU3KYIO MOTPEOHOCTb WM MOTPEOJICHHE SHEPruu st pabOThI
KOH(Urypaluu 3JeKTPOXUMUYECKOTO PEaKTOpa C AJIEKTPOJHON KacceTor 0e3
MeMOpaHbl 10 CpPaBHEHHMIO C pabOTOM albTEepPHATHUBHON KOHGMUrypaluu

QJICKTPOXUMHUUYCCKOT'O pCaKTOpa € 3J'ICKTpOI[HOI71 KacceTom. ¢ MCM6paHOﬁ.

Bo Bcex paccMOTpeHHBIX  BBIIIE  CiIy4yasX  MCIOJB30BAIMCH  JIBA
CUHXPOHU3UPOBAHHBIX HCTOYHHMKA IMUTAHWS, BKIKOYEHHBIX MAPAJUIEIBHO HWIIH
MociIenoBaTeNnbHo. Mcenonb30BaHMe JBYX CHHXPOHHU3WPOBAHHBIX HCTOYHHUKOB
IIATAHUS MOXKET TMPUBECTH K pE3yJabTaTaM, JKBUBAJIICHTHBIM peE3yJIbTaTaM,
MOJIYy4YaeMbIM C OJHUM HCTOYHUKOM IIUTAHUSA, HO C ABYMS MCTOYHUKAMHU IMUTAHUS
TpeOyemasi MOIIHOCTH yMEHbBIIAETCS BABOE. TakuM oOpa3oMm, Hampumep,

WCITOTh30BaHME TOKa 96 A, TI0/1aBaeMOT0 Ha YETHIPE AJICKTPOIHBIC KACCETHI, 9TO OoJIee
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3¢ (HEeKTUBHO ISl CHIKEHHS KOHLEHTpAallMK Menu, TpeOyeT Hampsbkenus 26 B B
cllydae JBYX CHHXPOHM3UPOBAHHBIX MCTOYHHUKOB TIHTaHUS, COEJIMHEHHBIX

napajuieNbHoO.

[TogBoaumass MomHOCTh coctaBuia 2,496 kBT. DpdhekTUBHOCTH CHMKEHUS
KoHUeHTpauuu Cu B aHosute coctaBuiia 94%, B katonure —35%. Ha kaxx b1 U3 1Byx
uctounukoB nutanus 5 (PS1 u PS2, puc. 16-19) noxaBanocs 48A u 26V. Ecinu onun
MCTOYHMK BOJIbI OYAET UCIOIB30BATHCS IJIs TOJYYEHHS TOTO K€ TOKa, TO €CTh C TOM
K€ TPOBOJUMOCTBIO BOJBI, TO JIJISl TIOJy4eHHUsS] ToKa 96 A moTpeOyeTcsi yBEIMYUTh
HanpsikeHue ¢ 26 B 1o 52 B, Tem caMbIM YMHOKHUB BBIXOJIHYIO MOIITHOCTh UICTOYHUKA

B 2 pa3a. , 4TOOBI IOCTUYb MOIIHOCTH 4,99 KBT.

Ha ocHoBanuu pabotel cuctembl W2W, a Takke NMPUBEICHHBIX BBIILIE
pe3yibTaTOB M aHajiu3a CHeJIaH CICAYIOIIMI BBIBOJA: [JIs IOJIY4YEHUs Haubosee
3¢ PeKTUBHOTO TOKa Yepe3 AICKTPOIHBIE KacCEThl, B HaIIeM ciydae 96A, Hanbonee
1es1eco00pa3Ho MCTIOIb30BaTh JBA CHHXPOHU3UPOBAHHBIX MCTOYHUKA MUTAHUSA. DTO
CHIKAeT TpeOyeMyIO BBIXOJHYIO MOIIHOCTh B 2 pasa i TakoH ke d(PPEeKTUBHOCTH

PabOTHI AIEKTPOJHBIX AUEEK B ANEKTPOXUMHUUYECKOM PEAKTOPE.

Hcnonb30BaHue cucTeMbl OYUCTKHM / OYHUCTKH / pereHepaunuu

BOALI W2W U1l CHUKEHHU S KECTKOCTH BOJIbI

[Ipobnema CHMKEHUS KECTKOCTH BOJBI, MOJAaBAEMOU B MAPOBBIC KOTIHI U T.II.,
uMeeT OoJbIIoe 3HAYCHHE ISl KOMMEpUecKuXx mpuioxkennid. Ha mpennpustun Mey
Rechavam Ltd. Obuto mpoBeneHO HUCHBITAHWE 7S W3YYCHHsS] BO3MOXKHOCTU U
¢ hexTUBHOCTH UCTIONB30BaHUS cUcTeMbl W2W 6e3 TOMOJHUTENBHBIX CMOJHCTBIX
MOHOOOMEHHBIX KOJOHOK IS CHHKEHHUS JKECTKOCTH BOJBI. DKCIEPUMEHTHI
IPOBOJMIIUCH C UCIIOJIb30BaHUEM cucTeMbl W2W, cxeMaTnyecku MoKa3aHHOW Ha PHC.
24, umerollen pa3InyHbIe CeIMMEHTALIMOHHbIE eMKOCTH, HanpumMep 360 u 420 nutpos,
IIOCTaBIIsIEMbIE U3 IIPeABapUTENBHOrO pe3epByapal. Kak Obulo ckazaHO, B 3TOM

TECTOBOM CJIydae 25 KOJOHKH He OBLIN 3apsyKeHBI HOHOOOMEHHOM cMOJIOi. B kauecTBe
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CBIPOM BOJIBI HCIIOJIB30BAJIaCh OOBIUHAS BOJOMPOBOAHAS BOJAA U3 I0XKHOIO TOpoja
Cnepor, MWzpamnb. [lapa nOpOTHUBOMOJOXKHO 3apsKEHHBIX JJIEKTPOJIOB  Oblia
U3rOTOBJICHA M3 JBYX DPA3JIMYHBIX TUIOB MaTepuana: Hepxaseromeil ctamu (SS) u
amomunus (Al) coorBeTcTBeHHO. Bona Oblia mpoTecTUpOBaHa C HCIOIb30BAHUEM

CJIEIYIOIINX CPEJICTB:

1. O6uias TBEpIOCTh —TECTOBBIN HAOOP ISl ONpeAesIeHUs 001Ieil TBepIOCTH,

mozens H70F, mpousBoacTea Visocolor.
2. DIEKTPONPOBOTHOCTH BOJIBI —C MOMOIIIBIO KOHTykToMeTpa CD-4301.
3. pH —c nmomompsio pH-meTpa AJI-100.

4. Pacxon Boabl B cucteme W2W —c nomorpbio pacxogomepa Georg Fischer

SK2.

Harpy3ky Ha »3yekTpoaHble KacceTbl u3Mepsiin amnepmerpoMm DC-80 u
BosibTMeTpoM Dixsen DE-80, ycTaHOBICHHBIMH Ha DJJIEKTPOHHBIX CTOMKaX.
DIEeKTpO’HEPrUs MOAABaIACh ABYMSI CHHXPOHU3HPOBAHHBIMUA UCTOYHUKAMH MTUTAHHUS,

BKJIFOYEHHBIMU NapajuienbHo, Ha 50 A u 60 B.

OT60p TpoO MPOTOYHOM BOJBI B PA3TUYHBIX TOYKAX OTOOpa OBLIT BHITIOJIHEH B
COOTBETCTBHUU C IJIAaHOM 0TOOpa Mpod Bobl cucteMbl W2W, nokazaHHBIM Ha pHC. 25.
Pe3ynbrarel HCHOBITAHWWA, TOJYYEHHBIE C UCIIOJIB30BaHUEM CcUCTEMBl W2W,
npejcTaBieHsl B Tabnunax 1 u 2. AHanu3 pe3yabTaToB, NEPEUNCICHHBIX B Ta0IHUIIaX

1 u 2, noka3bIBaeT ciaeayrouiee:

1. I[JISI BCCX PCIKUMOB HUCIIBITAHUU 061118,51 KCECTKOCTh BOJAbI Ha BBIXOAC U3

cucTeMsbl coctaBisuia oT 13 1o 14 © d (creneHu )keCTKOCTH IO HEMEIIKOH IIKaJe).

2. Pe3ynbTaThl HCTIBITAHUH MTO3BOJISAIOT CAENATH BBIBOJ O TOM, YTO Ha KOHEYHBII
pe3ynbpTaT CcymecTBeHHO He BiuseT pacxon Boasl (1000, 2000 wmam 3000 mutpos /
MUH), a TaK)Ke THIT MaTepuana 3jaekTpoaa, Al unu SS, au emxocts, 360 u 420 nuTpoB

OTCTOMHUKA.
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OU3HKO-XUMHYECKUE HUCCIEAOBAHUS TOJYUYEHHBIX PE3YJbTATOB ITOKA3bIBAOT
BBICOKYIO 3 ()EKTUBHOCTh PabOTHI 3JIEKTPOXMMHUUYECKOIO0 PEaKTopa M OTCTOMHHKA.
dakTUUECKH, UCTIBITAHNUE T0JJaBa€MOM BO/bI KUIISTYCHUEM U (PUIIbTpaLuell moKasao,
YTO 001Iast )KECTKOCTh BOJIBI cocTaBisuia oT 20 12,5 1o 13 © d (cTeneHu ®KeCTKOCTH 110
HeMenKoi mkaine). TeopeTnuecku U3BECTHO, YTO 00LIas KECTKOCTh CKIIAJAbIBACTCA U3
NOCTOSTHHOM )KECTKOCTH ILTIOC KECTKOCTh, 3aBUCALIAs OT BPEMEHH, U UTO B KMIISTYEHOM
U (QUIBTPOBAHHON BOJI€ OCTAETCS TOJBKO MOCTOSIHHASA KeCTKOCTh. CleaoBaTebHO,
00paboTKa BOJBI C UCIIONIb30BaHUEM cucTeMbl W2W J10JKHA CHU3UTH 3aBUCSIIYIO OT

BPCMCHH KCCTKOCTD.

XKecTtkocTh BeIXOAAIIEH BOABI MMENA OYEHb Ipuemiemoe 3HaueHue ot 0,5 1o
1,5 © d. I3BecTHO, uTO 3aBUCSAIIASA OT BPEMEHU TBEPIOCTD SIBISETCS COCTABHOMN YacCThIO
oO11el TBEpJIOCTH U MPECTABIIAECT COOOM rIaBHbIN (HaKTOp PUCKA B TEXHOJIOTUU. DTO
CBS3aHO C TEM, UTO 3aBUCSAILAsI OT BPEMEHH KECTKOCTh CBsA3aHa C IPUCYTCTBUEM B BOJIE
kapoonatoB kanusi u marHus (CaC03 u MgCCh). Ilpu nHarpeBaHuu BOJBI 3TH
KapOOHaThl OCEHAlOT Ha BHYTPEHHUX ITOBEPXHOCTAX HArpeBaTEIbHBIX COCYJIOB,
BbI3bIBasi OBICTpOE YXYAILICHHWE YCIOBUM TEIJIOOOMEHa, a CIIEJOBAaTEeIbHO, U

HCIIPAaBHOCTH TEIIJIO00OMEHHBIX YCTAaHOBOK U O60py,Z[OBaHHSI.

Ha ocHOBaHMM MOTy4YeHHBIX PE3YIBTATOB MOXKHO YTBEP)KIaTh, 4TO KapOOHATHI
kanpius 1 Marausi, CaCO3 u MgCOa, 3pPeKTUBHO TUCCOLMHUPYIOT B IJIEKTPOTHBIX
SAYEUKaX JEKTPOXUMHUYECKOI0 peaKTopa Ha COOTBETCTBYIoIME HOHBI Ca2 +, M " + 1
CO32 '. IlpyuHuMass BO BHHMMaHHUE MPUCYTCTBUE B BOJE, NPOTEKAIOUIEH MEKIY
anekTpogaMu, ocHoBHOToO noHa (OH) 'u kucnotHoro nona H +, oxxupaercs, 4To 311
MOHBl OyayT cBsi3bIBaTbcs ¢ wuoHamu Ca2 + u Mg2 + ¢ oOpa3oBaHueM
COOTBETCTBYIOLIUX HEPACTBOPUMBIX THJIPOKCUIOB Kaiblus U Maraus. coiu Ca (OH)
2 u Mg (OH) 2 coOTBETCTBEHHO. DTH THAPOKCHUIHBIE COJIM JCUCTBUTEIHHO OBLIH
OTJIO’KEHBI B OTCTOMHUKE U B cOOpHOM pesepByape cucteMbl W2W. Takum oOpazom,
uCIonb30BaHue cucreMbl W2W 0e3 HOHOOOMEHHOW CMOJIBI, I0-BHIUMOMY,
oOecreynBaeT BBICOKOA(P(EKTUBHOE CPEICTBO CHIDKCHMS 3aBUCAIICH OT BpeMEHU

KCCTKOCTHU nonaBaeMoﬁ BOJBI.
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Yacte 4. IloapoOHoe omucaHue TOro, KakK YIpaBJIeHUE
MOIIHOCTHI) COIJIACHO HACTOSIIIEMY H300PEeTEHUI0 CHUHXPOHH3HMPYeET

HCTOYHHUK NMUTAHUSA C JIEKTPOXUMHUYECKUM peakTopoM W2W,

O6mas, oOmas QyHIaMEHTaIbHAs «IATEHTOCTIOCOOHAs» KOHLECMIHUSI U
NPUHLIMI HACTOSIIEr0 M300pETEHHUs 3aKII0YAeTCsd B TOM, UYTO DJIEKTPOXUMUYECKUN
peakTop (3IEKTPOIHBIC PIEMEHTHI M AJIEKTPOJbI B HEM U MX KOPIYC) BMECTE C €ro
MEXaHU3MOM I0Jauu YHEPTUH (COCAMHEHHbIEC OJIOKM MUTAHUS U MPOTPaMMHUPYEMbIN
JIOTUYECKHUM KOHTPOJIEP) ABISIFOTCS MPpeAHa3HAuYeH JUIsl 00pabOTKU MPOTOYHON BOABI

B COOTBETCTBHH CO CTaOWUIILHON U MHTETPUPOBAHHON CHHXPOHU3UPOBAHHOW pabOTOM

ANEKTPOXUMHUYECKOr0,  JJIEKTPOKOATYJSIHMOHHOTO M THUAPOJUHAMHUYECKOIO
MEXaHU3MOB.
OcHoBHOM oOmein LEJIbIO CTaOMJIbHOM u VMHTETPUPOBAHHOU

CUHXPOHM3UPOBAHHON pabOThl SBISETCS MaKCUMalbHOE MHCIIOJNb30BaHUE W,
CJIeI0BATENIbHO, MOBBIIICHHE YPHEKTUBHOCTH YHEPTUU, TEHEPUPYEMON MEXaHU3MOM
NOJA4Yu DHEPIMU W IOJABAEMOM B AJIEKTPOXUMHUYECKUU PEAKTOpP, B YACTHOCTH, B

ANEKTPOJIHBIE JIEMEHTHI U AJICKTPOABI B HEM, JIsl 00paOOTKH TeKyIas Boa.

CunxponusupoBaHHasi pabora smekrpoxumudeckoro peakropa (ECR) u

MexaHu3Ma uctoyHuka s1epruu (ESM)

Onexrpoxumuueckuii peaktop (OXP), pyHkumonupyoommii kak Quanyeckoe
MECTO AJisi 0OpabOTKH MPOTOYHOM BOJbI, BKJIIOYAET B ceOs MO MEHbILEH Mepe JBe,
HOPEINOYTUTENHHO HECKOJIBKO, HACHTUYHO CTPYKTYPUPOBAaHHBIX M HUCIPaBHBIX
ANEKTPOAHBIX SYEEK, NMPU 3TOM Kaxkaas 3JEKTpOAHAs sueilka BKJIOYaeT B cels JiBa
dMeKTpola —Katox W aHoA. Mexanm3sm  ucrouHuka dHeprun  (ESM),
(YHKIIMOHUPYIOMINM KaK HMCTOYHUK HHEPruu Uil pabOThl 3JIEKTPOXUMHUYECKOTO
peaktopa (ECR) cucrembl BoAOIIOATrOTOBKY, BKIIIOUAeT B ce0s 10 KpaifHel mepe 1Ba,
IPEINOYTUTENHHO HECKOJIbKO, UACHTUYHO padotaromux OmoxoB nutanus (PSU) u
nporpammupyembiii  orudeckuit  koHTposuiep (IUUIK). brnoxm mnwuranus (PSU)

COOTBETCTBYIOIIMM OOpa3oM COEIUHEHBI JIPYr C APYroMm, C HpOrpaMMHUPYEMbIM
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noruueckuM KoHTposuiepoMm (PLC) u c anextpoxumuueckum peakropom (ECR) B
COOTBETCTBUU C PAa3IMYHBIMU aJTbTEPHATUBHBIMU KOH(DUTypallUIMH, TAaK YTO UMEETCS
MOJIHASl CHHXPOHMU3AIMSI BBIXOHBIX MMapaMeTpoB (HAMpPsKEHUs], TOK), TeHEpUPYEMBbIi

osokamu ntutanus (bI1) u mogaBaemplii B anekTpoxumudeckuit peaktop (OXP).

Bo Bpems BHEApEHHS CHCTEMBl OYHCTKHA BOJBI, 3JICKTPOXUMHUYCCKUH,
AJICKTPOKOATYJISIIMOHHBIA W TUAPOJMHAMHYCCKUH MEXaHH3MBbI, IPOUCXOSAIINE
BHYTPH 3JICKTpOXHUMHUYECKoro peaktopa (DXP), ' MeXxaHW3M HCTOYHHMKA DHEPTUH
(OCM), reHepHUpYIOMINN SHEPTHUIO, KOTOPAs MOAACTCS B AJICKTPOXUMUYCSCKHI PeaKTop
(OXP), pabortaroT. cuHXpoHHO. CHHXpPOHU3UpPOBAHHAs paboTa MPOUCXOAUT BO
BPEMEHHOH 00JIaCTH, OT OJTHOTO ITUKJIA OYUCTKH BOJBI JIO CIICTYIONIETO ITUKIIA OYUCTKH
BOJBI, B TEUYCHUE TIEpHoJa pPadOThI, MPOJODKAIONIECTOCS B TEUCHHE 3aJaHHOTO
KOJIMYECTBA BPEMECHH WIIH KOJIMYECTBA IIUKJIOB OYMCTKHU BOJIBI, T/I€ ITUKJI OYMCTKH BOJIBI
COOTBETCTBYET OJHOMY LIHMKJI O0pabOTKM WM O00pabOTKM OJHOrO O0ObeMa
AICKTPOXUMHYECKOTO peakTopa MOCTYIIArOIICH MPOTOYHOM BO/IBI

AIEKTPOXUMHUECKUM peakTopoM (D XP).

Bo Bpemsi cuHXpOHM3UpPOBAaHHON PabOTHl MexaHu3ma nojaun sueprun (ESM)
onuHouHblil 010k mutanus (PSU) oOo3HauaeTcsi Kak «riaBHBINY) OJIOK MUTaHUS, B
JaHHOM JTOKyMeHTe, uMeHyembii (m-PSU), paboTaeT u CHHXpOHU3ZHUPYETCS C APYTUM
«OJIOKOM TIUTaHUS» MOAUYMHEHHBIN OJOK Uiy OJIOKM MUTAaHUA, Aajiee UMEHyeMbIe (S-
PSU wunu s-PSU, cooTBETCTBEHHO). DTOT TN CUHXPOHU3UPOBAHHON pabOTHI OJIOKOB
nutanud (PSU) Begymuii-BeJOMbli aBTOMATHUYECKHU YIIPABIISETCS IPOrPaMMUPYEMbIM
noruaeckuM KoHTposuiepoMm (PLC), oTmpaBnsiomuM cUrHaibl OOpaTHOM CBA3M Ha
Beaymuii 6510k nutanus (m-PSU). Curnans oOpaTHOM CBSI3M OCHOBAHBI HAa IAHHBIX U
nH(popManuu, KOTOpPBIE HEMpPephIBHO (0O0BIYHO TpuMepHO Kaxnblie 0,1 cekyHIbI)
OTIIPABJISIOTCS B Mporpammupyemsblii sorudeckuit konTposep (IJIK) muokecTBOM
CTPATETMYECKH  PACHOJIOKEHHBIX  JATYUKOB,  ONPEACISIIOIMX  pa3jJudHbIe
ANEKTPOXUMHYECKUE, THUIPOJUHAMUYECKHE W DIIEKTPUYECKUE NapameTphbl BOJA,

nmpoTekaroas yepes3 anekrpoxumuyeckuili peakrop (ECR), u sHeprus (HanpsokeHue,
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TOK), TeHepupyemas O0iokamu nutanus (PSU) u momaBaemasi B 9J1€KTPOXUMUYECKHUI

peakrtop (ECR).

B mpomecce 00paboTkM TPOTOYHOM BOJBI, B YACTHOCTH, KakK dYacTh
ABTOMATHYECKOW  TMPOM3BOJACTBEHHOM  JIMHMUM  WIM  0oJiee  KOMIUJIEKCHOTO
IPOU3BOACTBEHHOIO MpoIlecca, CHHXPOHU3UPOBaHHAsA padoTa JEKTPOXUMUYECKOTO
peakropa (ECR) um mexanusma ucrounuka sHepruu (ESM) ocymectBisieTcss B
COOTBETCTBUU C «YCTAHOBUBIIUMCS PEKHUMOM». PeXHUM CHUHXpOHU3ALMH, WIH B
COOTBETCTBUU C «HECTAIMOHAPHBIMY WA «IIEPEXOTHBIM» PEKUMOM CUHXPOHU3AINH.
B «ycrtaHoBuBLIEMCS» pPEXKHMME CHHXPOHHM3alMM paOOUYMi JUana3oH 3HAUYCHHM
BBIXOJIHBIX TapamMeTpoB (HAMpPSKEHUs, TOKA) COSIUHEHHBIX MEXIy cOo00W OJIOKOB
nutanus (BIT) ocTaeTcst MOCTOSHHBIM, KaK MPaBUII0, C TOYHOCTHIO OKOJIO (+/ -) 1%, oT
OJTHOTO IMKJA OYUCTKA BOABI K JPYroMy IHKIY OYWUCTKH BOJbI, B TECUCHHUE
YCTaHOBUBILETOCS Mepuoia paboThl, AIAIIETOCsS 3aJaHHOE KOJIUYECTBO BPEMEHU WIIH
KOJIMYECTBO ITUKIIOB OUYMCTKH BOJIBI, B TCUYCHUE KOTOPBIX TJIABHBIN OJOK MUTAaHHS (M-
PSU) paGoTtaeT U CHHXpOHHM3UPYETCS C APYroll «IMOJAUYMHEHHBIN» OJOK WU OJIOKU

nuTaHus IOCTOSAHHO HUJIIN YCTOI;'I‘-II/IBO.

B «uectanmoHapHOM» MU «IEPEXOTHOM» PEKMME CHUHXPOHU3ALUU padounii
JMarna30H 3HaYCHUI BEIXOAHBIX MapaMeTPOB (HAMPSKEHHE, TOK) COSTMHEHHBIX MEKIY
coboii 610koB nutanus (bI1) u3mensercs, kak npaBuio, npumepHo Ha (+/ -) 7-10%
OT YCTAaHOBMBILETOCS JHala3oHa, B TEUYEHHE IMEPEXOJHOT0 TMepuoja padoThl,
JUISIIIIETOCS B TEUYEHHWE OTHOCUTENBHO KOPOTKOTO MPOMEKYTKAa BPEMEHHU, OOBIYHO
MOPAIKa MEHEE OTHOM CEKYH/IbI, B TEYEHHE KOTOPOTO IIaBHBIN 070K nuTaHus (m-PSU
) paboTaeT U CUHXPOHU3UPYETCS C APYTUM «IOJYMHEHHBIM» OJIOKOM WM OJIOKaMu
MUTaHUS B HECTAOMJIBHOM COCTOSHMM WM B TIEPEXOJHOM pEXKHMME, IOKa He

MIPOU30UET OBICTPBII BO3BPAT B YCTAHOBHUBIIHMICS PEKUM CHHXPOHU3AIIHH.

OOblyHO, Hampumep, Mo KpaitHe mepe, okono 90% ot obmiero BpeMeHH
paboTsl, anexkTpoxumudeckuii peaktop (ECR) u Mexanusm ncrounuka sneprun (ESM)
paboTaT B YCTAaHOBUBIIEMCSI PEXHUME, a HE B HECTAIIMOHAPHOM WIJIH TEPEXOTHOM

PEIKUMC. CUHXPOHU3alluA. B pas3iIMIHbIC MITHOBCHHBIC MOMCHTBI BPECMCHU B TCUHCHUC
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OCTaBIIEHCS  4YacTh  OOmero BpeMEeHHM  padoThl, KOHTPOJUPYEMOH WU
HEKOHTPOJINPYEMOM, BO3HHMKAIOT CHTyallMH WIM CIydad, KOIJa IPOUCXOJIUT
CaMONPOU3BOJIBHBIM WM MIHOBEHHBIH NEPEXOJ M3 YCTAHOBUBILETOCS pPEKHMa B
HECTAIIMOHAPHBIA WJIM TEPEXOAHBIH PEXUM CHHXPOHU3UPOBAHHON pabOTHI.

[Ipumepom 3TOro sBJIEHMS SBIIIETCS CHUTyalMs, KOIJa BOJA, IOCTyHaroumas B
anekTpoxumuueckuit peakrop (OXP), BHE3anmHO mepecTaer Teyb HAa OTHOCUTEIBHO
KOPOTKHMHM, HO KOHEYHBIM IIEpUOJ BPEMEHU. /[ONOTHUTEIBHBIMU IIPUMEPAMU ITOTO
SBJICHUS SABISIIOTCA  CUTyallud, KOrJa OJWH WM HECKOJIBKO IapaMeTpoB
(MpOBOIMMOCTh, ~ JIMHEWHAas  CKOPOCTb, OOBEMHBIM  pacxoi, XHUMHUYECKHE
KOHIIEHTpalluK, TeMIeparypa M WX TPagueHTbl) BOJAbL, MpoTeKaroueil u
oOpabaTeiBaeMO#l BHYTPH DJIEKTpOXUMHUYECKoro peakropa (DXP), BHE3alTHO «pPe3Ko
YBEJIMYUBAIOTCS» B (QopMa yBEeNWYeHHS WU yMeHblieHUs. COOTBETCTBEHHO,
anektpoxumuueckuit peakrop (ECR) m mexanusm wucrounuka sHeprun (ESM)
CIOPOEKTUPOBAHBl U JKCIUTYaTHPYIOTCS C LEJbI0 OBICTPOM ajanTaluu Kak K
NOCTOSIHHBIM, TaK M K M3MEHSEMbIM paOO4YMM YCJIOBHUSM, IOCPEICTBOM YEro
CIIOHTaHHBIM WJIM MIHOBEHHBIM MEpEeXoJ M3 CTAallMOHAPHOTO peXHMa B
HECTAllMOHAPHBIM WM NEPEXOHBIN PEKUM M BO3BPAT K YCTAHOBUBILEMYCS PEXKUMY

CUHXPOHHOU paOOThI MPOUCXOUT MEHEE UeM 3a 1 CeKyHIy.
VY cTaHOBUBIIMIICS PEXXUM CUHXPOHHOM pabOThl OJJOKOB MUTAHUS.

(PSU) mexanusma sneprocHadxkenus (ESM), a Takke 371€KTpOXMMHYECKOTO
peaktopa (ECR), ocHOBaHBI Ha TUHAMUYECKOW CUMMETPUU CTPYKTYpPbI, QYHKIUU U
pabotel anekTpoxumuueckoro peakropa (ECR). Hmke mnpuBeneHsl OCHOBHBIC
MapaMeTphl, OMPEICNAIONINe CBOMCTBA, XApAaKTEPUCTUKA M TOBEACHHE JTOU

,Z[HHaMI/IquKOﬁ CUMMCTpPHUN:

CtpykTypHass ¥ (yHKUMOHAJIbHAsg 3KBUBAJIEHTHOCTb, OJHOPOJHOCTb H
CUMMETPHUS BCEX KOMIIOHEHTOB U 3JIEMEHTOB JIEKTPOXUMHUUECKOro peaktopa (OXP),
B YaCTHOCTH, DJIEKTPOJHBIX STYEEK U DJIEKTPOJOB B HEM, a TAKIKE KAHAJIIOB IIOTOKA BOJBI
BHYTPU U CHapYXH 3JIEKTPOJIHBIX ueeK. B uactHOCTH, ITpH 3ajaHHON KOHPUTYypaluu

U CTPYKTYpE AJIEKTpoXuMHUueckoro peaktopa (DXP) kaxmas snekTpojHas sdeiika
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MMeEeT UACHTHUYHYIO CTPYKTYpY M KOoH(urypamnuio. bojree KOHKpeTHO, 4TO Kacaercs
ANEKTPOOB, Takux, yto (1) reomerpuueckas ¢opma win Gopma u paszmepsl, (ii)
MaTepuaj WIM MaTepuaibl KOHCTPYKIUU U (ii1) (QU3MKO-XMMHUYECKHE CBOWCTBA,
XapaKTepUCTUKU U MOBEJICHHUE aHOJla MEPBOT0 aHOJa —Ilapa KaTOJHBIX AJIEKTPOIOB
HACTOJbKO HUJACHTUYHA, HACKOJIBKO 3TO MPAKTUYECKH BO3MOXKHO, IapaM aHOJIOB
KOKIOU APYroM mapsl aHOJA-KaTOJA B OJHOW M TOU K€ JIEKTPOAHOM STYEHKE I BCEX
0€3 UCKIIIOUEHHUS DJIEKTPOIHBIX STYEEK B OJHOM JIEKTPOXUMUYECKOM peakTope (DXP).
To xe camoe OTHOCHUTCS K KaTOAy Ka)KJOM mapbl aHOJ-KAaToOJ B OJHOM M TOM K€
anekTpoxumuueckoM peaktope (OXP). Crnenyer oTMETUTD, UTO NMPUBECHHBIE BBIIIE
xapakrtepuctuku (i), (i1) u (ii1) JAHHOTO KaToja MOTYT, HO HEe 00s3aTe’abHO, OBITh
UJACHTUYHBIMM XapaKTEpUCTUKAM aHoJa mapbl aHoA-kaTod. /[l TumumyHOro
OCYIIECTBIICHUS HACTOSIIETO M300PETCHHS BBIIICYIIOMSIHYTHIE XapaKTEPUCTUKH (1),

(1) u (iil) JTaHHOTO KaToJja OTJIUYAIOTCS OT XapaKTEPUCTUK aHOJIa TTaphl AaHO-KaTO/I.

—0OKBUBAJICHTHAs, pPAaBHOMEPHAasT MW CUMMETpUYHAsi, CTaTU4YecKass U
JUHaMu4eckass paboTa BCEX KOMIIOHEHTOB U JJIEMEHTOB JJIEKTPOXUMHYECKOTO
peaktopa (OXP), B yacTHOCTH, PJEKTPOJHBIX SIYEEK W AJIEKTPOJOB B HEM, a TAKKE

KaHaJIOB ITOTOKA BOJbI BHYTPHU U CHAPYKHU SJICKTPOAHBIX AYCCK.

—OKBUBAJICHTHOE, paBHOMEPHOE u CUMMETPUYHOE JEeUCTBUE
AJIEKTPOXUMHUUECKUX, ANEKTPOKOATYISIIMOHHBIX U TUAPOIMHAMUYECKUX MEXaHU3MOB,
MMEIOIIMX MECTO B JIEKTpoXuMuueckoM peakrope (3 XP). B uacTHOCTH, B OTHOIIIEHUH
AJIEKTPUYECKUX 3apsi0B Ha IMOBEPXHOCTSAX JJIEKTPOJAOB W BJIOJIb HUX, a TaKKE B
OTHOIIEHUH MMapaMeTpoB (MPOBOAMMOCTH, JTHHEHHOW CKOPOCTH, 00BEMHOT0 pacxoa,
XUMUUYECKUX KOHIICHTpaIlMid, TEMIIEpAaTypbl M HUX TPATUCHTOB) TEKyIIEH BOJLI U
KOMIIOHEHTOB B HEW BO BCEM BOJE. MPOTOUYHBIE KaHAJIbl BHYTPU U CHApPYKHU

ANEKTPOJIHBIX SIYEEK, BHYTPH JIEKTPOXUMHUUYECKOro peaktopa (DLIP).

-OKBUBAJICHTHAsl, paBHOMEpHas W CUMMETpUYHas KaiuOpoBKa BceX
KOMIIOHEHTOB U 3JIEMEHTOB 3JIeKTpoxumuueckoro peakropa (DXP), B wacTHOCTH,
AJIEKTPOJIHBIX SYEEK U 3JIEKTPOJIOB B HEM, a TaK)KE€ KaHAJIOB MOTOKA BOJBI BHYTPU U

CHApY’KU DJIEKTPOJAHBIX STUCEK.
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—Ha0op mapaMeTpoB TUHAMUYECKON CUMMETPUU, OTHOCAIIUXCS K Pa3InIHbIM
BO3MOXXHBIM ~ HECTAIl[MOHAPHBIM  MJM  MEPEXOJHbIM  pexumaM  paboThl
JJIEKTPOXUMHUUYECKUX, MIEKTPOKOATYISILHIMOHHBIX U THAPOIUHAMUYECKUX MEXaHU3MOB,
IPOUCXOJAIINX BHYTPH dJEKTpoxumuueckoro peakropa (OXP), To ecTb Takux
COCTOSIHUH, KOTOPbIE HE NMEIOT 3apaHee OMpeIeICHHOT0 UM U3BECTHOTO TpeOOoBaHUs
K DHEPIUH, a CTEIEHb KOTOPOrO OIPEAEIACTCs NEPEMEHHBIM AUANla30HOM 3HAYCHUU
napameTpoB (IIPOBOAUMOCTD, JIMHEHHAs CKOPOCTh, OOBEMHBIN pacxoj, XUMUYECKUE
KOHIIGHTpalluM, TeMIlepaTypa M HUX TPaAUEHThl) BOJA IPOXOJMUT  4Yepe3

anekTpoxumuueckuit peakrop (3XP) u oOpabarbiBaeTCsi BHyTpHU HETO.
['mapoaunamuueckas cuHxponuzanus 10

Puc. 2 'm 3' mpencraBnsitor coboii HeOGonbmue momupuxamuu Puc. 2 u 3

COOTBCTCTBCHHO.

Bo Bpems paGotbl 3iekTpoxumuueckoro peakropa (DXP) ycraHoBka u
NnoJJep)KaHue TUAPOAMHAMMUYECKOM CHHXPOHHU3ALMU CIYXaT IS JOCTUXKEHUS

CJIEIYIOIIETO:

1. PaBHOMEpPHOCTH 1 TOCTOSTHHOE YIIPABJICHUE KAXbIM U3 PA3JIMYHbBIX BXOIHBIX
U BBIXOJHBIX MOTOKOB BOJBI Uepe3 ANEKTpoxuMuueckuii peaktop (3XP) Bo Bpems

KaXXI0ro quKjIa O4YucCTKH BOABI.

2. PaBHOMEpPHOCTP M TIOCTOSHHBIA KOHTPOJIb MHHUMAJIbHOTO YpPOBHS
noTpeOIeHNs] PHEPTHH AIEKTpoxuMudeckuM peaktopoM (ECR) pa3zandnbIx BXOIHBIX
Y BBIXOJHBIX MOTOKOB BOJIbI 4epe3 anekTpoxumudeckuit peakrop (ECR) Bo Bpems

KaXxXJ01ro nuKiIa O4YNuCTKHU BOABI.

3. PaBHOMEpPHOCTh M YCTAaHOBMBIIMMICSA KOHTPOJIb MAaKCHMaJIbHOTO YpPOBHS

SHEPIHH.

notpedaeHue snekrpoxumudeckuM peaktopoM (ECR) pa3nuuHbIX BXOIHBIX U
BBIXOJIHBIX TMOTOKOB BOJBI uepe3 anekTpoxumuyeckuil peakrop (ECR) Bo Bpems

KaXXa01o IUKJIa O4YUCTKHU BOJBI.
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Cpa3zy mocie 3TOro nepeyucieHbl OCHOBHBIE XapaKTepUCTUKHU, OCOOCHHOCTH,
yclnoBusi W paboyue mapaMmeTrphl THUAPOJUHAMUYECKOW CHHXPOHU3AIMU BOJBI,

IPOTEKAIOIIEH U OYUIIIAEMON BHYTPHU AJIEKTPOXUMHUUEcKoro peakropa (OXP).

—HCCKOJIBKO ITapaJZICJIbHBIX HCIIPCPBIBHO BCPTUKAJIBHO BOCXOAANINX ITOTOKOB

BOJHOTO paCTBOpa, OAVMHAKOBBIX II0 BCCM I'COMCTPHUYICCKUM ITapaMCTpaM U pasMCpaM.

—Kaxnp1ii MOTOK HampaBlIeH BEPTUKAIBHO M OTrpaHWYeH (PYHKIIMOHAIHHO
AKTUBHBIMHM TOBEPXHOCTSIMU 3JEKTPOAOB. [IpeAnoyTUTENbHO 3JIEKTPOABl UMEIOT
OpSIMOYTOJIbHYI0, OTHOCUTEJIBHO IUJIOCKYIO M  HapallyielbHYH JpYyr ApYyry

KOH(l)I/IpraI_II/IIO, HO TAaKKC MOT'YT OBITH BBIITOJIHCHBI MUIHMHAPUYCCKUMHU U COOCHBIMHA

JIPYT € JIPYTOM.

—/IBa snekTpona B 000N DJIEKTPOJHOMN sUEHKE MOJHOCTHIO MICHTHUYHBI 110
BCEM TI'€OMETPHUYECKUM IapaMeTpaM MU pa3MepaM, a uX (YyHKIMOHAJIBbHO aKTHUBHBIE

MOBEPXHOCTHU MOT00HBI 3epKATbHBIM OTPAKEHUSIM JIPYT ApYTa.

—DOJICKTPOJAbI IPOHUITACMEI IJISI IIOTOKA BOJHOT'O paCTBOPA HAa BXOJC U BBIXOJC

N3 MCIKIJICKTPOAHOTI'O IIPOCTPAHCTBA.

—XapakKkTep BBaHMOI[efICTBHH Ppa3iIMYHbIX BXOAHBIX W BBIXOAHBIX IIOTOKOB BOAbI
C CI)YHKLII/IOHaJIBHO AKTUBHBIMH TTOBCPXHOCTAMHU OJICKTPOAOB, BKIIIOYasd MCECTHOC
TUAPaBINYCCKOEC COIPOTHUBICHUC, MICHTUYCH JII BCCX T'OMOJIOTHYCCKHUX TOYCK BO

BCECX INIOTOKAax.

—B Kax 101 371EeKTPOAHOM STYEHKE JBA MIOTOKA BOJHOTO pACTBOPA, Pa3ACICHHbIE
HOJIBUYKHBIM MEXIpaHuuHbIM ciioeM (IBi u IB2), mpoxoasT B mpocTpaHCTBE MEXIY

JBYMS DJIEKTPOJIAMHU, KaK IIOKa3aHO Ha puc. 26.

—TonmuHa moaBwxHOTO MexrpanuyHoro cjos (IBi u IB2) 3aBucut or
(U3UKO-XUMHUYECKHX CBOMCTB, XapaKTEPUCTUK M IIOBEJACHUSA TEKyIled Bojbl. B
YaCTHOCTH, BS3KOCTh, TEMIIEPATypa; YPOBEHb KHCJIOTHOCTH WM IIEJIOYHOCTH;
MPUCYTCTBUE HEOPTaHUYECKUX, OPTAaHUUECKUX U / WIIM OUOJOTHUUYECKUX, XUMHUYECKUX

BCIIECTB U / MIA XUMHYECKUX KOMILJIEKCOB (TaKI/IX KaK KOMIIJICKChI MeTaJIJ'IOB);
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HaJIMYMEe XPOMOBBIX BHJIOB METANIOOPTAaHUYECKUX COCAMHEHHH (KOTOpbIE OOBIYHO
O0COOCHHO TPYAHO TMOJJAIOTCS JIEYEHHIO); TBEPAOCTb, U DJIEKTPONPOBOJAHOCTb.
Tonmuua Takke 3aBUCUT OT (U3MKO-XUMHUYECKUX CBOWCTB, XapaKTEPUCTHK,
MOBEJICHUS U KaueCTBa, a TAaKKe T€OMETPpUU (PYHKIIMOHATHHO aKTUBHOW MOBEPXHOCTH

JJIEKTPOOB.
[Ipouune (runpoarHAMUYECKHE) YCIOBUS U NTapaMeTpbl TPOTOYHOM BOJBI U
dusnyeckas OCHOBA 3TUX MMAPAMETPOB IPUBOIUTCS HUKE.

1. JluneitHast cKOpoCTh V BEPTUKAIBHO BOCXOSIIEH BOJBI, TEKYIICH MEXIY

MEXAJICKTPOIHBIM ITPOCTPAHCTBOM, B MM / C:
Vi= V2 = [F, oobemuslii pacxon (mi / cek)] / [AS) (Mm2)], roe AS;

—II0Iaab IIOICPECUYHOro CCUYCHHA MCKIJICKTPOAHOIO IIPOCTpaHCTBA, KakK

MoKa3aHo Ha puc. 26.
2. [Tpo1omKUTENHHOCTD t IIMKJIAa OYMCTKH BOABI B CEKYHIAX:

t=Li/Vi=L1L2/V2, rne L —umuHa QyHKIIMOHATILHO aKTUBHON MOBEPXHOCTHU

JTAHHOTO 2JIEKTPO/1a, KaK MOKa3aHo Ha puc.26.

3. Pa3nuna B BeicoTe AH Mexay MOJArOUMM WM BXOJHBIM KaHAJIaMU U

MPOHUIIAEMOI 30HOMU 3JIEKTPOJIOB B 30HE BbIX01a (pa3psiaa):
H-—AH=hwu H + AH = H, kxak noka3ano Ha Puc. 2 'u 3'.

4. CrerneHb 3alojHEHUsT O0bEMa BCEX KaHaJOB OT BXOJa JIO BBIXOJAA
MEK3JIEKTPOJHOrO  mpocTpaHcTBa.  OCHOBaH  Ha  HCHOJIb30BAHUU
BHYTPEHHETO AaBjieHus, 0003HaueHHoro P. /[ uncro runpoanHaMuveckon
CHUHXPOHHU3AIMU B OHOM 3JIEKTPOXUMHUYECKOM peaktope (DXP), B koTopom
peakTop BKIIIOYAET JiBe (2) mapbl 3JIEKTPOJIOB U YeThIpe (4) mapauieabHbIX
MOTOKa BOJIbI. Toraa B IF0O0M MOMEHT BPEMEHHU U B JIFOOOI rOMOJIOTUYECKON

TOUYKE COOJIIOIAI0TCS CAeAyIomue yciaoBus (puc. 26):

Vi =V2=V3 = V4 (s Bcex 4eThIpeX MOTOKOB B JIF0OOOI TOYKE MOTOKA),
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tj =t2 =t3 = t4 (s Bcex yeThIpeX MOTOKOB B JHO0O0W TOYKE MOTOKA OT TOUKH

BXO0J1a B MEXDAJIEKTPOIHOE MPOCTPAHCTBO),
AHi= AH2 = AH3 = AH4 (111 Bcex 4yeThIpex MOTOKOB) U

Pj=P2 =P3 =P4 (nys1 m1060# UASHTUIHON TOUYKHU B 00BEME JTFOOOTO U3 YETHIPEX

MIOTOKOB).

5. Bce moToKM THApOAMHAMUYECKA CUHXPOHU3UPOBAHbL. [ MapoanHaMUYecKas
CUHXPOHHU3aUs JOCTUIAaeTCs 3a CYET COOTBETCTBYIOMIEH KOHCTPYKIIMH KOPITYCa WIH
Koprmyca anekTpoxumuueckoro peakrtopa (OXP). Kak mokazano nHa Puc. 2 'm 3'
7a0UpUHT B (opmMe MEHOpbl aBTOMATUYECKU pa3leiseT BXOIAIIMM IOTOK CO
CKOpOCThIO F Ha J1Ba paBHBIX MIEHTHYHBIX ITOTOKA cO ckopocTsiMu F1 m F2, koTopeie
nanee pasfenstorcs ¢ nomormipio kaHaioB A, B, C u D, (Puc. 2 ') Ha detsipe

UJCHTUYHBIX TOTOKA co ckopocTsimu Fi 1,11 2, F2 1u F2

DJIEKTPOrUApOAMHAMUYSCKAs CUHXPOHU3AIIMS.

Cpa3zy mocie 3TOro mepeurciIeHbl OCHOBHBIE XapaKTePUCTUKHU, OCOOCHHOCTH,
yCIIOBHSI M pabouue mapaMeTphl SJIEKTPOTHIPOIMHAMHYESCKON CHHXPOHU3AIIUN BO/IbI,

npoTeKaroled u o0padaTbiBa€MOil BHYTPH dJIEKTpOXUMHUYEcKoro peakropa (3XP).

—Kaxnas osnexkTpogHas —sA4yeiika KMMEET OAMHAKOBYIO CTPYKTYpy U
koH(purypamutoo. boiee KOHKpPETHO, UYTO KacaeTrcsl JJIEKTPOIOB, Takux, 49ro (1)
reoMerpuueckas ¢opma win ¢opma U pasMmepsl, (i) mMarepuan WId MaTepUabl
KOHCTpYKIMU H (1i1) PU3MKO-XMMHUYECKHE CBOMCTBA, XapaKTEPUCTHUKU M MOBEICHUE
aHoJla TEpBOro aHojJa —Iapa KaTOAHBIX OJJIEKTPOAOB HACTOJIBKO WACHTUYHA,
HACKOJIBKO 3TO MPAKTUYECKH BO3MOXHO, TTapaM aHOJIOB KaXKJ10il Jpyroi mapbl aHO/-
KaToJ B OJHOM W TOW JK€ DIEKTPOAHON sYeiKe s BceX 0€3 HCKIIOUCHHUS
AJIEKTPOJHBIX SYEEK B OJHOM dJeKTpoxummudeckoM peaktope (DXP). To ke camoe
OTHOCHUTCSI K KaToay KaXIOW Mapbl aHOJ-KAaToJ B OJHOM 3JIEKTPOXMMHUYECKOM
peaktope (OXP). Brimeyxkazannbie xapaktepuctuku 30 (1), (i1) u (iil) JAHHOTO KaToaa
MOTYT, HO HE 00513aTEJIbHO, ObITh UIEHTUYHBIMU XapaKTEPUCTUKAM aHOJ1a TTapbl AaHO-

KaTod. I{J’Iﬂ TUIMUYHOT'O OCYIICCTBJICHUA HACTOAIICTO I/I306pGT€HI/I$I BBINICYITIOMAHYTBIC
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xapakTepucTuku (1), (i) u (iil) JAHHOTO KaToJa OTINYAIOTCS OT XapaKTePUCTHK aHOa

napbl aHO-KaToJl. COOTBETCTBEHHO:
—Bce nmoxoxue 51eKTpoAbl U3TOTOBJIEHBI U3 OJHOTO M TOTO e MaTepuaa (0OB).

—Bce OAMHAKOBLBIC JJICKTPOAbI MMCIOT OAMHAKOBYIO INIOHIAJAb ITOIIECPCUYHOI'O

CCUCHMUA.

—MHWaenTuyHOE paccTOsTHUE MEXIY MapaMy MPOTUBOIIOIOKHBIX JIEKTPOJIOB B
OJTHOM 3JIeKTpoxuMudeckoMm peaktope (DXP), moakimtoueHHbIX K OJIOKaM MUTaHUs

(BIT) mexanu3ma nmogauu 3Hepruu (OCM).
-Y Bcex 3JIeKTPOJIOB OJIMHAKOBOE PACCTOSTHUE MEXK/TY BXOJOM U BBIXOJOM.

—/JInHa TNPOBOJHMKOB, OOPA3yIOMIMX JJIEKTPUUYECKUE COCIUHEHUS WU
KOHTaKTbl Mexay Osiokamu nutanus (bII) u snekrpomamu, oauMHakoBa MJis BCEX

OJIEKTPOAOB MM Map 3JICKTPOAOB.

—Bce OAMHAKOBBIC JJICKTPOABLI MMCIOT OAMHAKOBYIO INIOHIAJb IMOIICPCYHOTO

CCUCHUA U YACIBHOC COIIPOTUBJICHUC.

—OaNHAKOBBIN XapakTep JJIEKTPUYECKUX COCAVMHEHUN WM KOHTAKTOB JUIS

BCEX MOJ00HBIX AJIEKTPOJIOB.

[Ipu coOroeHNN BCeX IEPEUHUCICHHBIX BBIIIE XapaKTEPUCTHK, XapaKTEPHUCTHK,
YCIIOBHM U pabo4YuX MapaMeTpoB M MPU yCJIOBHHM, YTO MTHOBEHHAS JJICKTPUUYCCKAS
MPOBOJMUMOCTh BCEX YETHIPEX TIOTOKOB BOIBI HIACHTHYHA, DSJICKTPOXUMUYCCKHMA
peaktop (ECR) m mexanm3m sneprocHabxenus (ESM) pabGotaroT. mo BCTpOSHHOM

3IEKTPOrUAPOIUHAMUYECKON CUHXPOHU3ALINH.
[Tpumep

Texymuit BogHbIN pacTBOp, coaepxkamuit ~ 57,6 mr /1 Cuu Cu B coctaBe CuSQ
*., umeromuii pH = 6,5.
1 sanextpoxumuueckuii peaktop (OXP) c 1Bymsi KacceTamu, B KaXJI0M Kaccere

MO JIBa AJEKTPoAa C aHOAOM u3 amromMuHusi (Al) TommuHON 2 MM M KaTOJAOM U3
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HEp>KaBEIOIIEH CTAJIM TOIIIMHON 2 MM; PaCcCTOSTHUE MEXY JIEKTPOJIaMH COCTABIISIET

6 MM, a GYHKIIMOHAJIBHO aKTHUBHAs IUIOUIaAb MoBepXHOCTH = 3 dnT.
Heobxoaumas Hopma pacxona: 750 i / yac.
Ha omun smektpon: 187,5 1/ gac.
s ognoro snextpoaa B 1 cex = 0,052 1/ yac.
JI1s1 oHOTO AIEKTpOo/1a oAb monepeuHoro ceueHuss ASi = AS2 (puc. 26) =

3 MM (MOJOBUHA MEXAIEKTPOIHOTO paccTtossHus) X 100 MM (mmprHa Kaxkaoro

anektpozaa) = 300 mm2.

JInHelHass CKOPOCTh BEPTUKAIBHO BOCXOAAIIEH Tekyiei Boasl: V = 52000 mm3

/ cex 300 Mmm2 = 173,3 MM / cek.
[TponomxuTeNbHOCTH IIMKIA BogonoAroToBku: t = 300: 173 = 1,73 cek.

Ot napaMeTpbl CMHXPOHU3HUPOBAHbI AJId BCEX YCTBIPEX JJICKTPOJOB M BCCX

YETBhIPEX MOTOKOB (pHC. 26).
DJIEKTPONPOBOJAHOCTH BBOJAUMOTO BOJIHOTO pactBopa: 1600 yco.
KectkocTh BXOs111eT0 BOIHOTO pacTtBopa ~ 200 mr / 1.

Kak mokasaHo Ha puc. 26, 31eKTpobl 1 Ba 01oka nutanus (m-PSU u s-PSU)
NOJKJIIOYEHBl MapajuienbHo. I[lapamerpel raBHOro Onoka mutanus (m-PSU)
yctanoBieHsl Ha 60 B 1 50 A (makc.). [IpousBoaurensHocTh Hacoca 3 M * / wac. Hacoc
BKJIFOUCH, U pacxoJ1 BoAbl ycTaHoBieH Ha 0,75 M3 / gac. Jlarunk moToka (32) HacTpoeH
Ha HwkHUA npenen 500 i / gac. [lapameTpbl HampspKEHUS W TOKa BEAyIIEro OJioka
nutanus (m-PSU) ycTanaBnuBaroTCs B COOTBETCTBHUU C aBTOMATHYECKOM OOpaTHOM
CBA3bI0 Ha 3HaueHus 46 B u 41 A coorBercTBeHHO. [IporpaMmupyemMsblil Joruyeckuit
koHTpouiep (IIJIK) cuHXpoHU3MpYEeT 3TH mapameTpbl IJIaBHOTO OJIOKa MUTAHUs C
noAuMHeHHbIM OnokoM nutanus (s-PSU). Ilpu napamwienbHOM MNOAKIIOUEHUU
[JIaBHOTO U MOJYMHEHHOTo 0siokoB nutanus (m-PSU u s-PSU) na oaun snextpon

nogaetrcsa 1541 x2 =82 A: 4 =20,5 A, npu orHocTtu Toka 20,5 A Ha 3 1m2 = 6,83
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A/ nm2. ITnoTHOCTE TOKA Ha aHo e 683 A / M2. JInama3oH H3MEHEHHUS TOKa ~ 39 —42

A.

[Iporpammupyemsiit  sorudeckuid  koutposuiep (IIJIK) cunxpoHH3UpYyeT
Beaymuil 1 BegoMblid Oioku mutanus (m-PSU u s-PSU) ¢ stumu mapameTtpamu B
teuenue 0,1 CeKyHIbI, TaK YTO pa3HUIA B TOKE MEXTY BEIYIIIUM U BEJOMBIM OJIOKaMHU

nutanus He npesbimaet 0,1 A.
MOMHOCTh OUUCTKU BOJBI
O6mas momHoCcTh: 82 A x 46 B=3772 Bt
MomHocTh Ha 35iekTpoa: 943 BT npu kOMHaTHOUM TeMIieparype
MomHOCTh Ha 1M IUIOIIAIN TOBEPXHOCTH 3eKTpoaa: 314,3 Br.

EmkocTh Bcex YCTBIPCX DOJICKTPOAOB CHHXPOHM3HMpPOBaHA C JHAIIaA30HOM

u3MeHeHus + 7,1% OT ycTaHOBHUBIIMXCS 3HAYEHUH.
Pesynbrar: Broa: 57,5 mr/ 1 Cu. Beixon: katon —0,23 mr/ 1 Cu.

CHUHXpOHU3UPOBAHHAS pabora IPEAOTBpPALIAET BTOpPUYHBIE
ANEKTPOXUMHUYECKUE TPOLECChl BO BpeMs MPOTEKaHUs BOJHOTO pPAcTBOpa B

MCKIOJICKTPOJAHOM IMPOCTPAHCTBE.

Jlis BTOPUYHBIX DJIEKTPOXUMHUYECKUX MPOLIECCOB XapaKTEPHO HWHTEHCHUBHOE
oOpa3oBanue raza (oB). CHHXpOHHM3MpPOBaHHAs paboOTa DIEKTPOXUMHUYECKOTO
peaktopa (OXP) u mexanm3zma momauu sHepruun (OCM) Takke CTaOMIM3HPYET
JUHAMUKY 3JIEMEHTapHBIX JJIEKTPOXUMUYECKUX PEaKIUi, TEM CaMbIM IPEIOTBpaIias
HapylIeHHEe CUMMETPUU MOJIEKYJ B IPOTOYHOM BOJAHOM PacTBOpE, HAIPUMEP Mpoliece

acuMMmeTpu4Hoil auccouuanuu tuna: H20 —»OH + V2H?2 (1).
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I'mapaBiunka kopnyca (Kopnyca) 3JJeKTPOXHMHUYECKOr0

peakTopa (IXP)

Cpa3zy mocise 3TOro nepeyuciieHbl OCHOBHBIE XapaKTEpUCTUKH, OCOOEHHOCTH,
yclioBHsI M pabouMx  mapaMeTpoB  THJAPABIMKM  Kopryca  (Kopmyca)

ajeKTpoxuMHuueckoro peaktopa (3XP) co cchuikoit Ha puc. 26, 2 'u 3.

—I[Be OKBUBAJICHTHBIC CHMMCTPHUYHO MACHTUYHBLIC KaHAJIBbHBIC CHCTCMbI

BEPTUKAJIbHBIX BXOJHBIX (MUTAIOIINX) U BBIXOJIHBIX (HATHETATEIbHbBIX) KaHAJIOB.

—B Toukax, rie CXOAATCA BXOJbl KAHAJIOB TOJIAYd M BBIXOJbl KaHAJIOB
pasrpy3ku, 0COOEHHO 3TO BUAHO Ha Puc. 2 'm 3' —BepTUKaNbHAS «ITPU3MATHIECKAS
KamMepa TIEeOMETPUYECKOM OYHUCTKH BOJBl. JTa KaMmepa BOJONOATOTOBKHU
TUAPABIMYECKH CBsI3aHAa C TMOAAIONIMMU KaHajlaMd B €€ HIDKHEH 4YacTh U C

BBIITYCKHBIMH KaHaJIaMHU B BerHeﬁ qacCTH.

—Bce xaHaib! nmoJady UMCHOT OJJNMHAKOBYIO INIOIIAaAb ITOIICPCUHOTO CCUCHUS B

T'OMOJIOTHYECKHUX TOYKAaX.

—Bce paspAaAHbIC KaHallbl HWMCIOT OJHWHAKOBYIO IIIOIIAAL ITOIICPECUYHOI'O

CC€UYCHHA B TOMOJOI'M4YC€CKHUX TOYKAaX.

—B kaxngon cucreMe KaHalIOB ITOJAIOIIME KaHAJbl PACIIOJNIOKEHBI C OJHOMN
CTOPOHBI BEPTUKAJIbHOW KaMepbl BOJAOMNOITOTOBKH, KaHAJIbI TPUMBIKAIOT JPYT K IPYTY
U UMEIOT OOIIyI0 MEPEropojKy C OTBEPCTHSMHU B HUXHEH W BEpXHEH 4YacCTsX,
COOONIAIONIMMHUCS C KaHallaMd. B HIDKHEH YacTu KOpIyca SJIEKTPOXUMHUYECKOTO
peakTopa JBE CUCTEMbI KAHAJIOB Pa3/IeJIeHbl BJOJIb OCU CUMMETPUM CTEHKOM, TaK YTO
CTEHKA UMEET CTAOUIIM3UPYIOIIEE U BHIPABHUBAIOIIIEE OTBEPCTHE, KOTOPOE COSTUHSIET
CHUCTEMBbl KaHAJIOB, a JUMAMETP OTBEPCTUSI 3HAYUTEIBHO MEHBIIE. YEM CEUYCHHE

MMUTAOIMUX KaHAJIOB.
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IToapoOHoe onmucanue IeKTPOruAPOAUHAMMYECKOH CUHXPOHU3 AU

Bo Bpemst HOpMabHO# paObOoTHI KaxkAbI U3 pab0YNX MapamMeTpoB (HaNpsHKEHHE,
TOK MU MOIIHOCTh), TEHEPUPYEMBIX MeXaHU3MOM sHeprocHabxenus (ESM) u
nojaBaeMbeiX B anekTpoxumuueckuii peaktop (ECR), um3mensiercss kak mpsiMoe
ciesicTBUE 00pabOTKH BOJIBI IOCPEACTBOM 3JIEKTPOXUMUUECKUX PEaKLIUi pa3MECTUTD
BHYTpPH pPabO4YuX KaMmep dJIeKTpoxumudeckoro peakrtopa (DXP). OOmieit 1emnbio
cuaxpoHuzupoBaHHo pabotel ESM —ECR sBnsercs obecrnieuenne u mojijiepkanue
CTaOUIIbHO BBICOKOI'O KAUECTBA OUMILIEHHOW BOJIbI HA BBIXOJIE U3 DJIEKTPOXUMUYECKOT O
peaktopa (ECR). D10 nocturaercs 3a cueT TOUYHOTO YHpPaBIECHUS U PErYIHPOBAHUS
CUHXPOHM3UPOBAHHBIM 00PA30M MEKTPUUECKUX padOUYUX MMapaMeTpOB HAIPSLKEHUS,
TOKAa W MOIIHOCTH, a TaKXe UX H3MEHEHUN, T€HEpUPYEMbIX MEXaHU3MOM
sHeprocHabxenus (ESM) u mogaBaembix B anektpoxumuueckuii peaktop (ECR) Bo

BPCMs IMUKJI OYUCTKU BOJIBI.

Puc. 27-30 mpencraBnsitoT co0oil cxeMaTHUECKHE AMarpaMMbl, Kaxxaas W3
KOTOPBIX WUTIOCTPUPYET Pa3IUYHBIE MPUMEPHBIE MPEANOUYTUTEIBHBIE BapUaHTHI

KoH(pHUTyparuu (mapauieIbHOW WU TIOCIS0BATEIIFHON ) AIEKTPUICCKUX COCTMHCHUM
omoxoB nmutanus (PSUs: master power supply unit (m-PSU) u slave power
osok nutanus (bI1)) mexanusma sueprocuadxkenust (CM), OTHOCUTEIBHO IPYTOTO

NPUMEPHBI  KOHKPETHBIM  TPENNOYTUTEIbHBIM  BapuaHT  KoHpurypamuu

(mapamnenbHas uiu 10 mociegoBaTeaIbHAS)

OJICKTPUYICCKOC COCAMHCHHUC IBYX JJICKTPOJOB B KaXJAOM DJJICKTPOAHOM KapTPpUIKE

nu staeiike (Cl) n
(C2), pacmoyioxeHHbIN B COOTBETCTBYIOIIEH paboueit kamepe 8 u 5, COOTBETCTBEHHO,

anekTpoxumuueckuit peakrop (DXP), HeOOXOAUMBIN 111 CHHXPOHHOU PabOTHI.
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Ha xaxmoit m3 Puc. 27 —30 tepmunnr «FVF», «SVF», «FCF» u «SCF»
OTHOCSITCS K OBICTpON 0OpaTHOM CBSI3U MO HAIPSHKEHUIO, MEIJICHHOW 00paTHOW CBA3HU
10 HANIPSDKEHUI0, OBICTPOM 0OPAaTHOM CBSI3U MO TOKY M MEJUIEHHON 00paTHOM CBS3U 110
TOKY COOTBETCTBEHHO. KakIblil U3 3TUX TEPMHHOB HaJUIEkKAIIMM 0Opa3oM OINHCaH
HUKE TPU JajJbHEHIIEeM OMHCAHUM CTPYKTYpPbI (SJIEKTPUUECKON KOH(UTrypanun),
(GYHKIMM ¥ CHHXPOHMU3MPOBAHHON pPa0OThl MexaHu3Ma moxauu sHepruu (ESM).
Kpome Toro, na xaxmoi u3z Puc. 27-30 OykBa «Ww» CO CTpENKOW YyKa3bIBaeT
HaIpaBJIEHUE BOJIbI, IPOTEKAIOIIEH Yepe3 MEKINEKTPOIHOE MPOCTPAHCTBO B KaXKAOU
paboueil kamepe 8 W 5 wWiIHM uYepe3 MEXIIEKTPOJHOE MPOCTPAHCTBO SUYCHKU

anekTpoxumuueckoro peakropa (ILIP). .

Puc. 31 u 32 saBistorcst cxeMaTUHYECKUMU JUarpaMMamMu, WUIKOCTPUPYIOIIUMHU
OPUMEPHBIA MPEINOYTUTENIBHBIA BapUaHT OCYIIECTBICHUS JaT4hKa HaIPsKEHUs
(VS), B nanpHeleM Ha3bIBAEMOTr0 IATYUKOM / cTabmiu3aTopoM HampsikeHus (VS), u
naturka Toka (CS), B manpHEHIIeM Ha3bIBA€MOro JATUYMKOM TOKa. / cTabuin3aTop
(CS), cooTBeTCTBEHHO, W «(YHKIIMOHAIBHOE» OTHOIICHHE KaXKJIOr0 U3 HUX K
IpPOrpaMMHUPyEMOMY JIOTUYECKOMY KOHTPOJIJIEPY (PLC) MexaHu3Ma

sHeprocHabxenusi (ESM) na Puc. 27-30.

Ha xaxxmom m3 Puc. 27-30 mpeactaBisitoT co00i ypaBHEHHUS, CBSI3BIBAIOIIUE
HanpspkeHue V (vs), U3MEPEHHOE TaTYuKoM / ctabmnnzatopoM Hanpsbkenus (VS), ¢

Hanpspkenusmu, V (psl), V (ps2), V (cl),

u V (c2) 6mokoB nuranus (PSU: rmaBueiii 010k nutanus (m-PSU wmum psl) u
NOMYMHEHHBIN 070K nutaHus (s-PSU mim ps2), COOTBETCTBEHHO) MEXaHU3Ma MOJauH
seprun  (ESM), wu osnexktpomgnsix sueek ((C1) um (C2) COOTBETCTBEHHO)
AIEKTPOXUMHUYECKOTO peakTopa (GLP) COOTBETCTBEHHO BO BpeMsi
CUHXPOHM3UPOBAHHOM paboThl. Takke Ha kaxaoM u3 Puc. 27-30 nmpencraBisior codoi
ypaBHEHUS, CBA3BIBatOINE TOK I (CS), U3MEPEHHBIN TaTYNKOM / CTAOUITU3aTOPOM TOKA
(CS), c Tokom I (psl), I (ps2), I (cl) u I (c2 ), 6;mokoB nutanust (PSU: rnaBHBINA 610K
nutanusg (m-PSU wnmu psl) u nmomumuensasii Onmox mwutanus (s-PSU wumu ps2),

COOTBETCTBEHHO) MeXaHu3Ma nogaun suepruu (ESM), a Takyke 3J1eKTPOIHBIX sYEEK
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((C1) m (C2) CcOOTBEeTCTBEHHO) DIIEKTpOXUMHUUYEcKoro peakropa (D1IP),

COOTBETCTBEHHO, BO BpeMsI CHHXPOHU3UPOBAHHOMN pabOTHI.

Mexanusm nomauu sHeprun (ESM) uepes3 mporpammupyeMbiii JTOTUYECKUMN
xoutposutep (ITJIK) aBromaTruecku yrnpasisieT BeayuM 010koM nuTtanus (m-PSU)
11t pabOTHI M CUHXPOHM3AIMH C BEAOMBIM 0JIOKOM nuTaHus win 0aokamu (s-PSU nm
S-PSU, cooTBeTCTBEHHO), pabOTaeT B COOTBETCTBUU C TPEMSI CUHXPOHU3UPYEMBIMHU
KPUTEPUSIMHU, CBSI3aHHBIMH C PabOTOM 3JeKTpoxuMuueckoro peakrtopa (OXP), mis
YCTAaHOBJIEHUS, NOIJEPKAaHUS U, IPU HEOOXOAMMOCTH, JJIsi BOCCTAHOBIICHHUS

YCTAaHOBHUBHICTOCA PCIKHUMaA CHHXpOHHSHpOBaHHOﬁ pa6OTI>IZ

. MakcumanbHbld HAKOIUIGHHBIM 3apsini  (MOTEHLMAI) HAa aKTUBHOM
(GYHKIIMOHATFHOW MOBEPXHOCTH KAXkJIOTO AJIEKTPO/AA MO OTHOIICHHUIO K MTHOBEHHOM
IIPOBOJAUMOCTH BO/IBI, MPOTEKAIOIIEN u o0OpabaTbIiBaeMOif BHYTpHU

ANEKTPOXUMHUYECKOro peaktopa (D XP).

2. MakcumanbHasg IUIOTHOCTh TOKa Ha AaKTHUBHOW (PYHKIMOHAJIBHON
IIOBEPXHOCTU KaKJIOI'0 3JIEKTPOJa B 3aBUCHUMOCTH OT MIHOBEHHOW IIPOBOAUMOCTH
BOJIbI, MpOTEKaloUeil U 00pabdaThiBA€MON BHYTPU AIJIEKTPOXUMUUYECKOIO pPEAKTOpa

(DXP).

3. MakcumManbHOE HCIOJb30BAHUE IUIOMIAM AKTUBHOM (DYHKIIMOHAIBHOM
MOBEPXHOCTU KAXKJOTO DJIEKTPOJa MpU COXPAHEHUM MAKCUMAJIbHBIX 3HAUYCHHUU

IIJIOTHOCTH TOKaA.

CnenoBarenbHO, OCHOBHOM II€NIbI0  CTa0WJIBHOW W WHTETPUPOBAHHOM
CUHXPOHM3UPOBAHHON pabOThl SBISETCS MaKCUMAIbHOE HCIONb30BAaHUE W,
CJIeIOBATENIbHO, TOBBIIICHHE d()(PEKTUBHOCTH SHEPTUU, TCHEPUPYEMOM MEXaHU3MOM
sHeprocHabxenusi (ESM) u nonmaBaemoit B anextpoxumuueckuii peaktop (ECR), B
YaCTHOCTH, B JJIEKTPOAHBIC SUCHKHU. U AJIEKTPOABI B HEM JIsl 00paOOTKH MPOTOYHOU
BOJbI. DTO JOCTUTAETCS 33 CUET MAKCUMAJIBHOT'O UCIIOIb30BAHMS aKTUBHON MOLITHOCTHU
Bcex 0s10koB nuTanus (PSU), npu 3TOM NOCTOSIHHO MEHSFOTCS 3HAUECHHS TapaMeTPOB

(MpOBOIMMOCTh, ~ JIMHEWHAss  CKOPOCTh, OOBEMHBIM  pacxoil, XUMHUYECKHE
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KOHIEHTPAllUM, TEMIlepaTypa M WX TPAIAUCHTH) BOJAa MPOXOAUT  uepe3
anekTpoxumuueckuit peaktop (OXP) u oOpabarbiBaetcsi BHYTpu Hero. llpu
JOCTHKEHUH ATOTO TOCIIE MUHUMAJILHOTO BPEMEHU MPEObIBaHMUS BOJIbI, TPOTEKAIOIIEH
yepe3 onekrpoxumuueckuit peaktop (ECR) u oOpabarbiBaemoil BHYTpH Hee,
JIOCTUTAIOTCS MaKCUMajbHble KOHIEHTPALMU OKUCIUTENEeH U KOaryJisHTOB B

OUYHMIIEHHON MPOTOYHOM BOJIE, BRIXOAIIEH U3 3neKTpoxumuieckoro peakropa (ECR).

Jlns peanu3zaliiyd  BBIIIEONMUMCAHHOTO YCTAHOBUBIIETOCS pEXUMa, a TaKKe
HECTAIMOHAPHOTO WJIU MEPEXOTHOTO PEKUMA CUHXPOHU3AINY IJIABHBIN OJIOK TUTAHUS
(m-PSU) paboTtaer Kak 4acTh KOHTypa 0OpaTHOM CBs3M, Kak Mmoka3aHo Ha Puc. 27-30,
NOJTyYeHWE  WHCTPYKIHMHA, BO3BPANIAEMBIX  MPOTPAMMHUPYEMBIM  JIOTHUECKHM
koHtposuiepom (IIJIK). PesynmbraTomM 3TOro mporiecca OOpaTHOM CBSI3U SIBISETCS
JTOCTHXKEHHE padouMX YCIOBHH, XapaKTepU3YIOMIMXCSl CTAOMIbHBIM HAIPSKEHUEM U
CTaOUITLHBIM TOKOM, T€HEPUPYEMBIM KaK BEIYIIUM, TaK U BEIOMBIM OJIOKaMU MATAHUS
(m-PSU u s-PSU) u nogaBaembiM B asiekrpoxumudeckuii peakrop (ECR), B To Bpems
KaK BOJIa MPOXOAMT 4epe3 dJieKTpoxumudeckuilt peakrop (OXP) u obpabarbiBaercs

BHYTPH HETO.

UYepes wuH(popManuio o0OpaTHOW CBS3H, HENPEPHIBHO MOCTYMAIOIIYIO OT
nporpamMmMmupyemoro sorundeckoro kontposuiepa (I1JIK), rmaBubiii 610k nutanus (m-
PSU) MmrauoBeHnHo pearupyeT Ha U3MEHEHHUs OOIIETO AJIEKTPUUECKOTO COMTPOTUBIICHUS,
OTIpeIeNIIEMOr0 KOMOUHAIMEH (1) AJIIEKTPUYECKOTO COMPOTUBICHUS IIEKTPUUECKUX
npoBOJOB, coemuHstomux  Omoxku  mutanmms  (PSU)  k  smektpomam B
anektpoxumuaeckom peaktope (ECR), (i1) »smekrpuueckoe COMpPOTHUBIICHHE
ANEKTPOAOB B anekTpoxumuueckoMm peakrtope (ECR) wu (ill) anexTpuueckoe
COTpOTUBIICHHE B (OpMe MPOBOJAMMOCTH BOJA, MPOTEKaroIIas U oOpadaThiBacMast

BHYTPH AJIEKTPOXUMUYECKOTO peakTopa (DXP).

Co ccpuikoit Ha Puc. 27-32, rnaBusiii 010k nutanus (m-PSU) pearupyer 15 Ha
CIIOHTAHHOE WJIM MTHOBEHHOE W3MEHEHHE DJEKTPUYECKOTO  COMPOTHUBIICHHUS
(TpOBOAMMOCTH ) BOJIBI, poTeKaromen u oOpabaTbIBaeMOit BHYTpH

anekTpoxummudeckoro peaktopa (ECR), B 1Ba aTama. Ha mepBoM 3Tare BBITIOIHIETCS
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MpoBepKa (IIyTeM CpaBHEHMsI BBIXOAHOTO U BxoaHoro HanpsikeHui (I1JIK) ¢ momortrsio
JJieMeHTa JaTuuka / crabunmszatopa HampsbkeHus (VS)) u, mpu HE0OXOAMMOCTH,
U3MEHEHUS (C TMOMOIIBI0 JIEMEeHTa JaTdyuka / ctabmimm3atopa HampspkeHus (VS)),
MaKCHUMaJIbHOE 3HAUYEHUE HANPSKEHUS B COOTBETCTBUH C YCTAHOBUBILIUMCS PEXKUMOM
WJIH, HECTALIMOHAPHBIM MJIU MEPEXOIHBIM PEKUMOM, CHHXPOHU3UPOBAHHOMN paboTHI (B
COOTBETCTBUU C MOPSAKOM BEJIMYUHBI CIIOHTAHHOTO WJIM MTHOBEHHOTO M3MEHEHHUS (B
npeaenax npuMmepHo (+ / -) 1% OT yCTaHOBHMBIIErOCsS IWama3oHa WJIA B Mpeaenax
npumepHo (+ / -) 7-10% oOT ycCTaHOBHBIIErOCS JHMANa3oHa, COOTBETCTBEHHO)
ANEKTPUYECKOTO  CONPOTUBJICHUS (IPOBOAMMOCTH) BOJABI, MpPOTEKAOIEH U
oOpabaTtbiBaeMOi BHYTpH AekTpoxumuueckoro peakropa ( ECR)) ¢ nogunHeHHbIMU
o6moxkamu nutanus (s-PSU) dyepe3 mnporpammupyemblii JOTHYECKUI KOHTPOJIIED
(PLC). IlpoBepka M M3MEHEHHE BBIMOJHSIOTCS O TeX IMOpP, MOKa MaKCHUMAaJIbHO
BO3MOXKHOE HampsiKeHue He OyJeT nmojaHo MexaHusmMom mnojaauu sueprun (ESM) na

aeKTpo bl B AeKTpoaHbix siuerikax ((Cl) u (C2)) B 2IEKTpOXUMHUECKOM PEaKTOpe

(ECR).

Cpasy nociie epBoro sramna riaBHbi 010k muTanus (m-PSU) aBTomaTuuecku
NEPEKITIOUaeTCss Ha BTOPOW 3Tal MPOBEPKH W BO3MOXKHOTO M3MeHeHusi. Ha BTopom
JTare BBIMIOJHACTCS MpoBepka (ITyTeM CpaBHEHHUs BBIXOAHOTO W BXOJHOTO TOKOB
(ITUIK) uepe3 anemeHT aatunka / ctabunuzaropa Toka (CS)) u, mpu HE0OOXOAUMOCTH,
U3MEHEeHHE (uepe3 dJeMEHT naruuka / crabunuzatopa Toka (CS)), MakcumaibHOE
3HaYEHHUE TOKA B COOTBETCTBUU C YCTAHOBUBIIUMCS PEKUMOM HIIM, HECTAIIMOHAPHBIM
WIH TIEPEXOIHBIM PEXUMOM, CHUHXPOHU3MPOBAHHOW pabOThI (B COOTBETCTBUH C
MOPSIKOM BEITUYHMHBI CIIOHTAHHOTO WJIM MTHOBEHHOTO W3MEHEHHUs (B Tperenax
npumepHo (+/ -) 1 % oT ycTaHOBUBILIETOCS Mana3oHa WK B Mpeeiax npumMepHo (+
[ -) 7-10% OT yCTaHOBMBIIETOCS JHMAINa30Ha, COOTBETCTBEHHO) 3JICKTPUYECCKOTO
COMPOTHUBIICHUS (TIPOBOJAMMOCTH) BOBI, TIPOTEKaIOIIE U 00pabdaThiBaeMOW BHYTpHU
ANIEKTPOXUMHUECKOTO peaktopa (DXP) ) mogunHeHHBIME O0kamu nutaHus (s-PSU)

yepe3 nmporpaMmmupyembiid Joruyeckuii koutposuiep (PLC).
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[IpoBepka W M3MEHEHHUE BBIMIOJIHAIOTCA /10 TE€X MOp, MOKAa MEXaHW3M IOJa4u
sHeprun (ESM) He mnomact MakcHMMalabHO BO3MOXKHBIM TOK Ha JJIEKTPOJbI B

anekTponubix staeiikax ((Cl) u (C2)) B anexktpoxumudeckoMm peakrope (ECR).

Bo Bpems HopmanbHON paboThl 3nekTpoxumuueckoro peakropa (ECR) u

MexaHu3Ma sHeprocHabdxkenust (ESM) atu n1Be ctaiuu npoBEpPKU U BO3MOKHbBIE

U3MEHEHHE pabodero HampsokeHuss u / uiau pabodyero TOKa BMECTE C
3aBEPIICHUEM YCTAHOBUBLIETOCS PEKUMA WM, HECTAIMOHAPHOI'O WM MEPEXOAHOTO
pexuMa, CHHXpOHHOM pabOThI TJIABHOTO M MO JYMHEHHOTO 0JI0KOB muTanus (m-PSU u
S—bII), OBICTPO BBHINOJHAKOTCA B TEUYEHUE OTHOCUTEIBHO KOPOTKOrO MEpHoa
BPEMEHHU, TMOpsJKa MeHee OJHOW ceKyHabl. Kaxaoe wu3MeHeHue o0011ero
AIEKTPUUYECKOTO COMPOTUBIICHHS BhI3bIBAET HEMEIJICHHYIO PEAKIMIO BEIYLIEro 0J10Ka
nutanug (m-PSU), Hapsay ¢ MrHOBEHHBIM YCTAaHOBUBLIMMCS PEXUMOM WIIH,
HECTAIIMOHAPHBIM WJIM TEPEXOAHBIM PEKUMOM, CHHXPOHU3MPOBAHHON pPabOTHI
Beaymiero 6ioka nutanus. (m-PSU) ¢ kakabIM MOTYMHEHHBIM OJIOKOM MUTaHHS (S-
PSU). Bo Bpemsi pabotel anekTpoxumuyeckoro peakropa (DXP) smexrpuueckoe
CONPOTHUBIIEHUE COEIUHUTEIBHBIX MPOBOJOB M AJIEKTPOJOB OCTAETCA MPAKTUYECKH
NOCTOSTHHBIM. J[t000€ W3MEHEeHHe OOIIero SJIEeKTPUYECKOr0 COMPOTHUBICHHS IO
CYILIECTBY ONPEJEIAETCI U3BMEHEHUEM JUHAMUYECKUX XapaKTEPUCTUK C TOYKH 3PEHUS
napaMeTpoB (IPOBOAMMOCTH, JIMHEHHON CKOPOCTH, 00BEMHOTO Pacxo/1a, XUMUYECKUX
KOHIICHTpAllM{, TeMIlepaTypbl M WX TPAJUEHTOB) BOJABI, MPOTEKAOMIEH U
oOpabatbiBaeMoil BHYTpH 3iiekTpoxumuueckuii peaktop (OXP). CooTBeTCTBEHHO,
BBIIICYITOMSHYTHIE JIBa ATana 25 NpoBEpKH U BO3MOKHOIO U3MEHEHHSI MAKCUMAJIbHBIX
3HAYEHUU HAIpPSHKCHHUs] U TOKA, HAPSAY C 3aBEpPUICHHMEM YCTAHOBUBILIETOCS PEKUMaA
WIH, HECTAIMOHAPHOTO WM TEPEeXOJHOTO PEXKHUMA, CUHXPOHU3UPOBAHHOW pabOTHI
BEIYIIETO YCTPOMCTBA M KakaAoro BemoMmbiid 0ok murtanus (m-PSU m s-PSU), B
pe3ynbpTaTe HMCHOJb3YEeTCS MAKCUMAJIBbHO BO3MOXHAs MOIIHOCTH 3JIEKTPOJIOB IS
00pabOTKM TPOTOYHOM BOABL. ITO 00ECIEeYMBACT YCIOBUSA MJIA yBEIUYCHUS

OIMpCACIICHHBIX KOHI_IGHTpaI_II/Iﬁ OKHUCIIMTEJICH U KOaryJjIsiHTOB, 4TO, B CBOIO OUCpPCAb,
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MPUBOJIUT K YBEJIMUYEHHUIO 00mIe 3((HEKTUBHOCTU 3JIEKTPOXUMHUYECKOTO peakTopa

(OXP) mst 06pabOTKH IPOTOYHON BOJIBI.

CuoBa oOpamascey k Puc. 27-30, Bo BpeMsi CHHXpOHHON paOOThl ME€XaHH3Ma
nogaun sHeprun (ESM) wum snexrpoxummdeckoro peakropa (ECR) nmarumk /
crabunuzaTop HanpspbkeHus (VS) u gatuuk / ctabunuzatop Toka (CS) onpenenstor u
PEruCTpUPYIOT pabodee HAMPSHKEHUE U TOK AJIEKTPOJIbI B AJIEKTPOAHBIX ssueiikax ((Cl)
u (C2), cooTBeTCTBEHHO) aekTpoxuMudeckoro peakropa (ECR). 3arem patumk /
crabunuzaTop HanpsbkeHus (VS) u gatuuk / crabmimzarop Toka (CS) oTHOBpeMEHHO
OTIIPABJISAIOT COOTBETCTBYIOIIMM OOpPa30M CHHXPOHU3MPOBAHHBIC CUTHAJBI OBICTPOI
obparnoii cBsizu, FVF u FCF, coorBeTcTBeHHO, Ha 010kM nutanust 5 (PSU: rnaBHbIi
onok mutanus (m-PSU wmm psl) u Bemombiii Osoxk mwuranust (s-PSU wim ps2)

COOTBETCTBEHHO).

Curnain ObIcTpoit 00paTHOM cBsi3u To Hampsbkenuto, FVF, u curnan OeicTpoit
obOpatHoit cBs3u mo Toky, FCF, BemomHstor nBe Baxuble ¢yHKiuu: (1) mas
MpEeNIOTBpAIllEHUsI  HeXenarenbHo Oombmmx  (Hampumep, ©Oomee 7-10%) w
MOTEHIIMATFHO TIOBPEXKAAIOIINX CUCTEMY M3MEHEHUU B HampspkeHuu 10 u TOk, H,
CJIeIOBATENbHO, JJIA MPEAOTBPAIICHUS HEKEIaTeNbHO OOJBIINX W TMOTCHIIHAIBHO
MOBPEKIAIONINX CUCTEMY HW3MEHEHHH MOITHOCTH, TepeJaBaeMbIX OT MeEXaHH3Ma
nogaun sHeprun (ESM) B anektpoxumuueckuit peaktop (ECR), u (2) nua
cTabunu3anuu nepenayd padouux MapamMeTpoB HAMPSDHKEHUS, TOKA , U MUTAHUE TIO0
Bcelt anekTponHoil cxeme (ESM) —(ECR). Otum 00bsacHAETCA CTaOUIU3UPYIOMINIA
addext nam GyHKIMS matuyuka / crabunusartopa Hampspkerws (VS) m matumka /

crabmnmm3aropa Toka (CS).

Cpa3y mocne 3aBepiieHusi Ipolecca ObICTpoil oOpaTHOW CBSI3W JaT4uK /
crabunuzarop HanpsbkeHus (VS) u gatuuk / crabunmszatop Toka (CS) oTmpapisior
COOTBETCTBEHHO CHHXPOHU3UPOBAHHBIC MEIJICHHBIE CUTHAJIBI 00paTHOM cBsi3u, SVF 1
SCF, na nporpammupyemsiii norudeckuii kontposuiep (IIJIK). B coorBercTBUU CO
3HaueHusIMU curnaigoB oopatHoit cBa3u SVF u SCF, nporpammupyemslil TOruueckuii

koutposiep (IIJIK) 3atem  BBIMONHSAET CHHXPOHU3UPOBAHHYIO pPabOTy W
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perynupoBanue 0siokoB nutanus (PSU: rmaBubril 610k nmutanus (m-PSU wmm psl) u
MOTYMHEHHBINA 010K mutanus 070K (s-PSU miu ps2) COOTBETCTBEHHO), KaK OMUCAHO

BBIIIIC.

Curnansl ObicTpoit oOpatHO# cBsizu, FVF u FCF, ornpaBnstorcs B O10ku
nutanus (PSU) npumepHo 3a nonosuny (1/2) BpeMeHu, B Te4eHUE KOTOPOTO CUTHAJIBI
meieHHo obpatHoi cBa3u, SVF u SCF, ornpaBnsitorcs Ha mporpaMMupyeMbliid
nornueckuii  koHTposuiep (PLC). DOnektponnas cxema (ESM) cnenmansHO
CIIPOCKTHUpOBaHa M CKOHCTPYMpOBaHAa TakKUM o00pa3oM, 4TOOBl [JJIMHA TyTeH
MPOXOXKJEHUsI CUTHAJIa OT JlaTurka / crabunuzaropa HanpspbkeHus (VS) u matuuka /
crabmmzaropa Toka (CS) mo 61okoB nutanus (PSU) Obl1a CyiecTBEHHO KOpoUe, YeM
y JUIMHBI ITyTH CUTHAJIA K POrpaMMupyeMoMmy Jiorudeckomy kouTposuiepy (ITJIK) as
BBITIOJIHCHHUS JIBYX (DYHKIMH, YKa3aHHBIX BBIIIC, TEM CaMbIM IPEIOTBpaIas
HEXXEJIaTeIbHBIE M TIOTCHIMAJIBHO JOPOTOCTOSIINE «IPOCTOM» BO BPEMS BCETO

nponecca OYUCTKU BOJBI.

ChHoBa cpaenaeMm ccwhuiky Ha Puc. 31 um 32, cxemaruueckue guarpaMmbl,
WUIIOCTPUPYIOIIUE MPUMEPHBIA MPEANOYTUTENIbHBIA BapHaHT OCYIIECTBICHHUS
naT4yrka / crabunmsaropa Hanpsokerus (VS) m matumka / crabunmmsatopa Toka (CS),
COOTBETCTBEHHO, M «(PYHKIIMOHAIBHOE» OTHOIIEHHWE KaXIOr0 U3 HUX K
nporpamMmmupyemMomy  Jiormdeckomy  kontposiepy  (PLC).  ,  mexanuzma
sHeprocHabxenus (ICM) Ha puc. 27 —30. Kak nmokazano Ha Puc. 31 u 32, kaxapii
natyuk / crabmnmm3atop HampspkeHus (VS) m gatumk / crabunmsartop Toka (CS),
COOTBETCTBEHHO, BKJIIOYAET B ce0sl paboune COeTUHEHUSI BXOJHOTO BRIMpsAMUTENS 1 ',
BBICOKOYACTOTHOTO MpeoOpazoBaTesisi 2', BBIXOIHOTO BBHIIPSIMHUTENS 3 "M KOMITapaTopa
4 \ Comparator 4' OonepaTuBHO MOAKIIOYEHBI K MPOTPAMMHUPYEMOMY JIOTHYECKOMY
koHTposuepy (IIJIK). Ha puc. 32 R cOOTBETCTBYET CONPOTUBICHUIO WM HArpy3Ke B

IOCIIN.

Kaxnpiit qatuamk / crabunmzarop Hanpspkerus (VS) u matuuk / crabunmusaTtop

Toka (CS), COOTBETCTBEHHO, T'€HEPUPYET M IepedaeT oOpaTHO paHee ONMHCAHHbIE
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MeJJIeHHbIe curHaimel obpatHoi cBs3u, SVF u SCF, cooTBeTcTBeHHO, Ha

nporpaMMupyemslil toruyeckuii koutposuiep (PLC). .

Bo Bpemst pabothl natuuka / ctabuimnzaropa Hanpspkenus (VS), Kak moka3zaHo
Ha pucyHke 31, omepaTop CHUCTEMBI BOJOIOJATOTOBKM BBIOMpAET WJIM Ha3HAYaeT
HazHaueHHoe  Hampspkenue — Uassigned — mporpamMmupyeMoMy — JIOTHYECKOMY

kouTposuiepy (PLC). Pabouee nanpsiokeHue,

Uoper, sBrsieTcs pyHKIIMeH Ha3HaYeHHOTO HanpspkeHus Uassigned. Berxomaoe
Hanpsokenne Uout  aBnsercs ¢yHkuuen pabodero Hampsokenuss Uoper W,
CJIeIOBATeNIbHO, BBHIXOAHOTO HampspkeHusa. Uout sBisercs (yHKIUMEH HA3HAYEHHOTO
Hanpsokenus Uassigned. KommapaTtop 4 cpaBHuBaeT pabouee Hampsbkenue Uoper ¢

BBIXOJIHBIM HanpsbkeHueM Uout.

Bo Bpemsi paGotsl gatumka / crabunmsatopa Toka (CS), Kak moka3aHO Ha
pucynke 32, omepaTtop CHUCTEMbl OUYHCTKA BOJAbl BHIOMpAET WM Ha3HAYAET
Ha3Ha4YeHHbIN TOK, lassigned, mporpammupyemomy norndeckomy kourpoiepy (PLC).
PaGouee nanpsbxkenume Uoper (Takoe ke, Kak B LIENU JaTyuka / cTabuimzaropa

HanpsoxeHust (VS) Ha puc.31) paBHO

dbyHKIMS TOKa cpaBHeHMs Icomparison, KoTopas, B CBOIO O4YEpe.b,
onpeesieTcs pa3HULIe MeXy Ha3HaAa4eHHBIM TOKOM lassigned U BBIXOJHBIM TOKOM
Iout. Beixonnoit Tok lout sBisieTcs QyHKIMeld Ha3HaueHHOTO Toka lassigned.
dakTuueckue paboyue XapaKTEePUCTHUKUA M JIOMYCKU ISl KaXKJOTO W3 OTIEIbHBIX
KOMITOHEHTOB, BXO/IHOTO BBIIPsIMUTENS 1 °, BBICOKOYACTOTHOrO IipeoOpasoBaress 2 ',
BBIXOJTHOTO BBIIpSIMUTENS 3', komIiaparopa 4 'm conpotuBiienue wiu 10ad R kaxaoro
natyuka / crabunuzaropa HanpsbkeHus (VS) u natuuka / crabunuzaropa Toka (CS),
COOTBETCTBEHHO, MOKa3aHHbIX Ha Puc. 31 u 32, BeiOMparoTcs B MEpPBYIO Oouepeib B
COOTBETCTBUHU C BBIXOJHBIM TOKOM, lout, U, BO BTOPYIO O4Yepe/b, B COOTBETCTBUU C
BBIXOJIHBIM HampsbkeHneMm, Uout, MOCKOIBKY IJIOTHOCTh TOKa BJOJIb ITOBEPXHOCTH
3JEKTPOJIOB  SABJISIETCS  YNPABIAIONIMM  [ApaMeTpoOM  BO  BpeMs  paboOThl

anekTpoxuMmuueckoro peaktopa (DXP) mist o6pabotka Boasl. bosee Toro, HecMoTps
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Ha TO, YTO K&XIbIM U3 3TUX OTAENbHBIX KOMIIOHEHTOB JaT4yMka / cTaOuiau3aTopa
HanpsokeHust (VS) m pmatumka / crabmnmszatopa Toka (CS) XOpomio M3BECTEH H
UCIIOJIb3YETCS B IPEIUIECTBYIOIIEM YPOBHE TEXHUKH U JIETKO JOCTYIEH Ha PhIHKE, UX
KOMOHMHAIMSI MOXET ObITh MHIWBHUIYAIN3UPOBAHA. JJII KOHKPETHOTO BBINIOJIHEHUS,
OMMCAHHOTO BbIIIE 30HAUPOBAHUSA, QYHKIMU CTAOMIM3AIMN U OOpaTHOM CBA3M Kak

4acTh MexaHu3Ma 3HeprocHabxenus (ESM).

[IporpamMmmupyemblit JIOTUYECKUI KOMITOHEHT (TJIK) MEXaHU3Ma
sHeprocHabGxenust (ESM) —»5T0 joruueckuii KOMIIOHEHT, KOTOPBIH HMeEeT
BCTPOCHHYIO 3apaHee pa3padOTaHHYIO JOTUKY, KOTOpas paboTaeT WiIu BBITIOJIHSET 5 B
COOTBETCTBUM C KOHKPETHBIMU AJITOPUTMUYECKUMH BXOAHBIMU IapaMeTpaMu,
BBIXOJJHBIMHU TTapaMEeTpaMH M KOMaHAaMU JJIsl 3TOU 1eNu. paboThl U peryJnpoBaHuUs
Bceit ienu (ESM) —(ECR), nanipumep, Ha ocHOBE pabo4yuX apaMeTpoB HAIIPSKEHUS,
TOKAa W MOIIHOCTH, & TAaKK€ BPEMEHHM PEAKIMM HA M3MEHEHHUs 3TUX IapaMETpPOB.
[Tporpammupyemsbiii goruueckuii komnoHeHT (IIJIK) —aT0 xopormio u3BeCTHBIN U
UCIIOJIb3YyEMbIN 3JIEKTPOHHBIA KOMIIOHEHT, KOTOPBIA JIEFKO JOCTYIEH Ha PBIHKE.
[locne  nomywyenuss mnporpammupyembiii  jgoruuyeckuii  kommoneHT  (I1JIK)
IPOrpaMMHUPYETCS B COOTBETCTBUU C KOHKPETHBIMU TPEOOBAHUSIMU MOJIH30BATEIIS WU
oreparopa, HalpuMmep, B JaHHOM ciyyae, Mg 00ecreYeHUs CUHXPOHU3UPOBAHHOM

pabotel cxembl (ESM) —(ECR) kak uacth 60Jiee o01upHas CUCTEMa OYUCTKU BOJIbI.

CrnenyeT moHMMAaTh, YTO M300pETEHUE OMpPEIENIeTca Cleayroei Gopmynoin
M300peTeHnsT M HE OrPAaHUYUBACTCS JCTANSIMU WUTIOCTPATUBHBIX BapHUaHTOB

OCYIIIECTBIICHUS.
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Taémuna 1: Pe3yabTarbl CPAaBHUTEJbHBIX HCIBITAHHA Pa3JIHYHBIX

Kaccer
Ycrod| Cpgsp|Kaccersbiii |[PAX0| Tex| Han| Cuna| pH ITpos Cu Har
HHK THII A | ymr| psoke oM mg/1 a
BOIBL  yii | Hue 0CTh
AN } h| ALV KW/ Bx| An| Ka| BX0| Anon| Karo| BX0nm | Anol Karo
on| om| ton A a o I
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Taéauua 3: Pe3yabTaThbl HCIBITATEIHBHOTO CTEH/IA

Kaccernprit Morox  [TexymmHanpsoxe| Cuma| pH TTposo Cu Jat
Thi Bomel A [HHEC JIAMOCT mg/1 a
lh A \ KW/| Bx| Amo | Kar| Bxon| Am | Kar| Bxox | Amo| Karo
on| It on on | on I I

AHopg Al 2000 36 120 432 19 | 9 95 | 1819 181| 175 | 75* 67.5| 67.5| 5.02
KaTtop Al ' ' '
C membpaHoi 375* 20 | 375
AHopg Al 2000 52 85 442 19|85 |9 1520 156| 143 | 675 | 375/ 50 | 4.02
KaTtop Al ' ' '
C membpaHoit 25 25 | 20
AHog Al 2000 52 85 442 19 | 9 95 | 1795 180| 174 | 75 67.5| 67.5| 5.02
KaTtog Al ' ' '
C membpaHoit 375 | 30 | 30
AHopg Al 2000 50 85 42519 | 9 95 | 1780 181| 176 | 75 50 | 50 | 5.02
KaTtop Al ' ' '
C membpaHoit 30 20 | 25

* —0o0m1as KOHIEHTPALUS MEIH

*
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Iperensuu
51 yrBepxnaro:

1. brok ympaBieHHsT MOIIHOCTBIO MJiIsi YCTPOMCTBA JjIsi 0OpabOTKH BOIBI C
AJIEKTPUUECKUM IIPUBOJIOM, UMEIOLIETO JIEKTPOIHBIEC SUYEHKHU, COAEPKALLINM: TTIABHBIN
0JIOK MUTaHUSI, UMEIOIINI YIPABISIONINI BXO/I; BEIOMBIN OJIOK MUTaHUs, UMEIOIIHMA
YOPABISIIONIANA  BXOJ; JaTYMK TOKa, MPHUCIOCOOJEHHBIN ISl  WU3MEPEHHS

AJEKTPUYECKOTO TOKA, MPOTEKAIOIIETO Yepe3 SUCHKN yCTPOUCTBA ISl OUUCTKHU BOJIBI;

JAaTYUK  HANpsDKEHUs,  MPUCIOCOOJEHHBIA  JUIsI  W3MEPEHHUsS  HaIpsDKEHHS,
MPUIIOKEHHOTO K JIEMEHTaM YCTPOMCTBA JIJisl OUUCTKU BOJbl, PLC, nmeromuii BXO bl
OT YIOMSIHYTOT'O IaTYMKA TOKA U YIOMSIHYTOTO JAaTYMKA HAMPSIKECHUS U BBIXOIbI JJIs
YIOMSHYTBIX TJIaBHOTO W TIOJYWHEHHOTO OJIOKOB IMUTAHMS; TIPH 3TOM YIIOMSHYTBIN
PLC 3anporpamMmMupoBaH Tak, 4YTOObI HMMETh BO3MOXKHOCTh MAaKCHUMHU3UPOBATH

QJICKTPUYCCKYIO MOITHOCTD, ITOAaBACMYIO Ha H‘IeﬁKI/I, 0e3 neperpena.

2. PerynupoBKa MOIIHOCTH IO 1.1, B KOTOPOH SIYEUKHU MPUBOIATCS B JICHCTBUE

TOCJIICA0OBATCIIBPHO CXEMC.

3. PerynupoBka MOIIHOCTH 1O II.1, B KOTOpOH 3JE€MEHTHI YIIPABISAIOTCS I10

IapaJuIeJIbHOM CXEME.

4. VYcTpoHCTBO YIpaBJ€HUS MOIIHOCThIO MO M.l1, B KOTOPOM 3JIEMEHTHI
YIOPABJISIIOTCA 1O TICEBIO-TAPAUICIbHOW CXeMe, B KOTOPOH 3JIEMEHTHI COEIUHEHbI
MOCJIE0BATEbHO, a TOK PETYyJIUpyeTCs TakuM o00pa3oM, 4YTOObl HUMUTHUPOBATH

napajuieNbHyI0 padoTy.
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Cceblikn, uHpoOpMaNUs 0 MATEHTAX M JULEH3USAX
[Tpunoxenue 1
MMarent CHIA 5,658,450

Tamapkun 19 aBrycra 1997 r.

Cnoco6 1 ycTpoMCTBO JI1 OYUCTKU MPOMBIIIEHHBIX CTOYHBIX BOJI.

Kpatkoe usioxenune

CrouHbIE BOABI OUNIIAKOTCS, TPOXOAS YEPES COCYL, B KOTOPOM MEJIKHE YaCTHLIbI
HEpPACTBOPUMBIX KAaTOJAOB B3aMMOJCHCTBYIOT C aHOAaMH C 0Opa3oBaHUEM
rajipBaHM4eckux nap. Bo BpeMs 3rToro mpomecca NPOUCXOAUT XUMHYECKOE
BOCCTAHOBJICHUE HOHOB TSDKEIBIX METAJUIOB B BOJAC HMOHAMU M THIPOKCUAAMHU,
00pa3ylonMMHCS TpPU BICKTPOXUMHUUYECKOM PpACTBOPEHUU aHOMOB. [HMIpOKCHIbBI
SIBJISAIOTCS ITPEKPACHBIM KOATyJIUPYIOIIMM areHTOM, KOTOPBIA IOTJIOIIAET IPUMECH,
comepxamuecs B Bojae. (Cxarblii BO3QyX MOMKET HACBIATh CTOYHBIE BOJIBI
OJTHOBPEMEHHO C MPOXOXKJIEHHEM 4Yepe3 COCyJd C aHOJaMH, 4YTOObI IMPOU3BECTH
TEXHOJIOTHYECKYI0 (PIOTallMI0 C HCIOJNB30BAaHMEM THUAPOKCUIOB B KAdeCTBE
KoaryjasHTa. ‘TemmepaTypa CTOYHBIX BOJ MOXET OBITb yBEJIWYEHA JJIs

MHTEHCU(PUKALIUN ITPOLIECCA OUUCTKHU.
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[Ipunoxenue 2
Marent CIHIA 7,553,418

XyaeHKo 30 urons 2009 r.

Cnoco0 ¢uiabTparuy BoIbl

KpaTtkoe usioxenue

D710 cnocod GpuIbTpauK KUIAKOCTH, BKIIOYAIOIINN ATaIlbI MMOCIEA0BATEIHHOM
GUIbTpalKY yKa3aHHOM JKUJIKOCTH Yepe3, TI0 MEHBIIEH Mepe, OJIHY Cpeay TIyOOKOTO
CJI0S C TIOJTYY€HHEM, 110 MEHBIIIEH Mepe, OJTHOTO NEPBOTO (UIIbTpaTa ¢ MOCIEAYIONIEH,
0 MEHbBIIIEH Mepe, OJHON (uiIbTpanueli MeMOpaHHON Cpelbl C TMOJyYeHUEM, IIO0
MEHBIIIEH Mepe, OJTHOTO BTOPOro (hUiIbTpaTa, Mpu 3TOM yKazaHHasi MeMOpaHHas cpeia
0 MEHBIIEH Mepe MEePUOJUYECKA HAXOJIUTCA B Tpelesiax YKa3aHHOM Cpejbl
rryookoro cios. OOnacTb TNPUMEHEHHS KOHTAKTHOTO OCBETIICHHS  (TIPSIMOM
buabTpai) MOXKET OBITh paclIupeHa B CTOPOHY OOJIbIIEH KOHIICHTPAIIMH TBEPIbIX
BEIIECTB. YPOIIAETCs dKCIUTyaTalys U oOpaTHasi MPOMBIBKA, CTAHOBUTCSI BO3MOKHOM
HernpepbiBHAs QuiibTpanus. Boma MoxeT ObITh BOJAOW U3 MPUPOJHBIX UCTOYHUKOB,
TEXHOJIOTHYECKOM BOJOW, CTOYHBIMH BOJaMH, BOJHBIMA WJIM HEBOJHBIMHU
CYCIIEH3USIMU, OMYJIbCUSAMH, pacTBopamu. (OOpaboTka MOXKET  BKIIOYATH
MEXaHUYCCKUU IMepeXBaT B3BCIICHHBIX YaCTHIl, XAMHUYCCKHUE, (PU3MKO —XUMHYECKUE,
3JICKTPOXUMHUCCKUE ¥ OHOIOrndYecKue mporecchl. [Ipu 00paboTke BOJIbI U CTOYHBIX
BOJI KOHTpoib B3BemeHHbIX BemiecTB, BIIK, XIIK, coenunenunii azota u docdopa,
OakTepuil ¥ BUPYCOB, TSHKEIBIX METAJIOB, KPACUTEIICH U APYTHX KOMIIOHEHTOB MOXKET
OBITh 3HAYMUTEIBHO YJYUIIEH 110 CPABHCHHIO C OOBIYHBIMHU ITpOIlecCaMU. ITOT METOJ
MOXKET OBITh MPUMEHEH B HOBBIX W MOJIU(DUIIMPOBAHHBIX CYIIESCTBYIOIIMX CHCTEMaXx

O4YHCTKU.
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[Ipunoxenne 3
Marent CIHIA 10,745,300

XeiJ u aAp. 18 aBrycra 2020 r.

Konduryparwus st 31eKTpOXUMUYECKON OUHCTKH BO/IbI

Kparkoe usiioxxenue

YeTpoiicTBO ISl DIIEKTPOXMMHUYECKOH OO0paOOTKM BOJIBI BKJIIOYAET KaMepy
00paboTKu, 0O0pa30BaHHYIO IO MEHBIIEH Mepe OJHOM CTEHKOH M HMEIOIIYIO
oTBepcTHE, CHOPMUPOBAHHOE BIOJIL CTOPOHBI, MO CYIIECTBY, MO JJUHE KaMephl
00paboTKH, C YCTAaHOBOYHOM IUIACTUHOMW, MPHUKPEIUIEHHONW K oTBepcTuio. Habop
KaTOJ0OB M aHOJIOB YCTAHOBJICH HAa MOHTa)XHOM TUIACTUHE U PACIOJIOKEH BHYTPH
KaMepbl, MpUYEM KaXIbli M3 aHOJOB HMMEET I0 MEHBIIEH Mepe OJMH KaToJ,
pACIOJIOKEHHBI Ha KaXJIOW H3 JIByX CTOPOH COOTBETCTBYIOIIETO aHOJA.
[IpenycMmoTpeHsbl, 10 MEHBIIEH Mepe, IBe aHOJHBIC ITUHBI U JIBE KaTOJHbIE IIWHBI,
KaXJ1ast U3 KOTOPBIX MOXKET OBITh MOJKIIOYeHA K HICTOYHUKY IMUTAHUS U MOAKIIOUCHA
K COOTBETCTBYIOIIIUM AJIEKTPOJIaM PSIOM C COOTBETCTBYIOIIUM KOHIIOM 3JIEKTPOIOB.
Bnycknoil amantep MMeeT MEHBIIYIO IUIONIA[b MOMEPEYHOTO CEUCHMs] Ha TEPBOM
KOHIIE, COeIMHEHHOM C BITYCKHBIM KOHIIOM Kamepbl 00paOOTKH, U OOJIBIIYIO IJIOIIA b
MOTIEPEYHOTO CEYEHHUsI HA MPOTHUBOIOJIOKHOM KOHIIE, COEAMHEHHOM C HMCTOYHHUKOM
BOJIBI, TMOjJIeXkaliei oOpaboTke. BwIxomHol amanTep WMEET MEHBIIYIO ILIOMIATh
MOTIEPEYHOI0 CEYEHHUsI Ha TMEPBOM KOHIIE, COCJMHEHHOM C BBIMYCKHBIM KOHIIOM
KaMmepbl 00pabOTKH, U OOJIBIIYIO TUIOHIAAb MOMEPEYHOr0 CEUCHHsI Ha BTOPOM KOHIIE,

COCAMHCHHOM C MCCTOM HA3HAYCHUA TJIA O‘-IHIIICHHOﬁ BOJBbI.
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[Tpunoxenue 4
Marent CIHIA 9,868,659

Ban u ap. 16 sinBaps 2018 r.

Croco0 OYMCTKH MOA3EMHBIX BOI

KpaTtkoe usinoxenue

[Ipennaraercs croco0 MPOU3BOACTBA OUMIIICHHONW BOJBI B MOA3EMHOMU cpelie, B
KOTOPOM BOJIa M3 OKPYXAIOIIEro TMOJ36MHOTO MCTOYHHMKA BBOJUTCS B OJUH WJIU
HECKOJIBKO YJIbTPa(MIBTPAIMOHHBIX MEMOPAHHBIX YCTPOMCTB CUCTEMBI MOJ3EMHOM
OYMCTKU BOJBI M Ye€pe3 HUX, MPOU3BOJsA, TaKUM 00pa3oM, yibTpaduibTpar, MO
CYILIECTBY HE COJEPKAIINM TBEPIbIX YACTHI], UMEIOITUN HAMOOIBIINHN pa3mep O0JIbIie
0,1 MKM. DIEKTpOXUMHUUECKUH OJIOK, COOOIIAIOIIMIICS 110 TeKyUYel cpefie, 10 MEHbIIIEH
Mepe, ¢ OJHUM MeMOpaHHBIM OJIOKOM ISl YbTpadWIbTpaIiuu, 00eCieqYuBaeT PacTBOP
npoTuB oOpactanusa. JKuakocTh it oOpaTHOW TPOMBIBKH, OOOTralieHHas
yIbTpauIbTpaToM, W IO MEHBIIEH Mepe YacTh pacTBOpa HPOTUB OOpacTaHUs
MOJAIOTCS IO MEHbIIEH Mepe B OJWH HENPOM3BOIALIMNA MeMOpaHHBIN OJIOK
yibTpauiibTpalud BO BpeMsl IHMKJIa oOpaTHOM mpoMmbIBKUA. IIOTOK wHCXOAHOM
KUIKOCTU 4Yepe3 KaKIbId U3 MEMOpaHHBIX OJIOKOB YIbTpadUIbTpallMd MEHEe
TPUALIATH FAJUIOHOB Ha KBAJAPATHBINA (YT B ICHb OTPAHUYMUBAET MOTPEOHOCTD B IIUKJIAX
0o0paTHON TPOMBIBKU. YMEHBIICHHE KOJWYECTBA IMKIOB OOpAaTHOM MPOMBIBKH
YBEJIUYMBAET aBTOHOMHOCTb CHCTEMBI M CPOK €€ CIY>KOBbI, a TakXe OTpaHUYMBACT
HEOOXOJMMOCTh BMENIATENILCTBA JIJII TEXHUYECKOTO OOCIYKMBAaHHUSI M 3aMEHBI

KOMIIOHCHTOB.
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[Ipunoxenue 5
IMaTtent CIHA 8,114,260

YuiakuHc u ap. 14 deBpans 2012 r.

Cucrema u cnocod OYMCTKHU BOJIbI
Kparkoe usioxenue

CucreMa OYMCTKH BOJBI OOECIIEUMBACT MOJA4y OYUIICHHOW WU yMSTYEHHOU
BOJBI K MECTY HCIOJIb30BAHMSI IYyTE€M YJAJICHHUs YacTH JIOOBIX BbI3bIBAIOIIUX
YKECTKOCTh BEILIECTB, COJAEPKAIIMXCA B BOAE, M3 TOYKM BXOJA, MOCTYNAIOLIECH W3
HMCTOYHHMKA BOJBI, TAKOI'O KaK FOPOJICKas BOJA, KOJIOJE3Has BOJIa, COJIOHOBATasl BOAA U
BOJA, cojepykamias 3arpssHsionue BemiectBa. CucTeMa OYUCTKH BOJABI OOBIYHO
o0pabaTbIBaeT BOJy, COAEPKAIILYIO, [0 MEHBIIEH Mepe, HEKOTOPbIE HEeXXeNaTeIbHbIE
BEILIECTBA, MEpe] AOCTAaBKOM OUYMIIEHHOM BOABI K MECTY HCIOIb30BaHMsA. Crucrema
OYHCTKH BOJbI UMEET KOHTPOJUIEP AJISI PETYIUPOBKHU WIIN PETYIUPOBAHUS ITO MEHBIIIEH
Mepe OJHOro pabouero mapamerpa CUCTEMbl OYMCTKH MM KOMIIOHEHTa CHCTEMBbI
OYUCTKUA BOJABI JUIsI ONTUMHU3ALKK PAOOThl U TMPOU3BOJIUTEIHHOCTU CUCTEMBI WIIU
KOMIIOHEHTOB CUCTEMBI. PETysTOp MOTOKA perympyer MOTOK CTOYHBIX BOJ B IPEHAXK
U MOXeT paboTaTh ISl PEUUPKYIALUM SKUJIKOCTH 4Yepe3 DIEKTPOJIHBIE WU
KOHILICHTPUPYIOIUE OTCEKH DIIEKTPOXMMHUYECKOTO YCTPOMCTBA, a TAKXKE MOXKET
OTKPBIBAThCS U 3aKPBIBATHCS € MIEPEPHIBAMU B COOTBETCTBUH C 3aPAaHEE ONPEAECICHHBIM
rpauKoM MM Ha OCHOBE pabouero mapaMmerpa CUCTEMbl OUMCTKH BOBL. Perymsartop
MOTOKA TaKXe€ MOXET OBbITh 3apsKeH, TaK YTO B OKPYXKAIOUIEH >KUIKOCTH MOTYT
00pa30BBIBATHCSI MOHHBIE YAaCTHUIBl, YTO, B CBOIO Oue€penb, MOXET CHU3UTh pH

OKPYXKAIOLIEH KUIKOCTH.

86



[Ipunoxenue 6
IMaTtent CIHA 8,377,279

Jha wu np. 19 ¢peBpans 2013 r.

Cucrema 1 cmioco0 OYMCTKHA BOJIBI

KpaTtkoe usinoxenue

Cucrema OYHMCTKH 0OECIEUMBAET MOAA4y OYMIICHHOW WM YMSITYEHHOW BOJIbI
0 TOYKHM MCIOJIb30BaHUSA MyTEeM YJaJleHUs IO KpalHel Mepe 4acTh JoObIX
HEXEJATebHbIX YacTHUll, COAEpKalMXCS B BOJAE, U3 MCTOYHHUKA BOJbl. Cuctemy
00pabOTKN MOYKHO MCIIOJIB30BATh JJISI CHUKEHUSI BEPOATHOCTU 00pa30BaHUs HAKUIIH,
KOTOpasi MOXET o00pa3oBaThCsl MPU HOPMAIBHOM paldoTe 3JIEKTPOXUMHUYECKOTO
ycTpoiicTBa. OOpa3oBaHuE HAKUIU B CUCTEME 00pabOTKH, BKIIIOYAsi €€ CMauylBaeMbIe
KOMITIOHEHTBI, MOXXHO MPEJOTBPATUTh MyTeM OOpalleHUsi WM 3aMEHbl TEKYIeH
KUIKOCTH, COJIEpXkKAIIeil BEIIECTBA, BBI3bIBAIOIINE TBEPAOCTh, APYrOoi >KUIKOCTHIO,
UMEIONICH HU3KYI0 CKIIOHHOCTh K 00pa30BaHUIO HAKUIH, TAKOW KakK BOJA C HU3KUM
3nauenueM LSI. Pa3znuuHble KOMIOHOBKH KOMIIOHEHTOB B cucTeMe 00pabOTKH MOTYT
OBITH TPOMBITHI ITyTEM HAIpaBJICHUS KIAMAHOB U HACOCOB CUCTEMBI JIJIsl BHITCCHEHHMSI
AKUIKOCTH, COJAEpPIKALIEH BEIEeCTBA, BhI3bIBAIOIINE TBEPIOCTh, KUIKOCTHIO, KOTOpas

UMeeT HeOOIbLIYI0 TEHAEHIIMIO K 00pa30BaHUIO HAKUIIU MJIM BOOOIIE HE UMEET €e.
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[Tpunoxenue 7
Marent CIHIA 8,585,882

®peiiguHa u ap. 19 Honops 2013 r.

CucremMsl 1 METOJAbI OYHMCTKH BOJbBI

Kparkoe usiioxxenue

PackpbIThl 37EKTPOXMMHUYECKHE YCTPOMCTBA W CIHOCOOBI OYWUCTKUA BOJBI.
VYerpoiictBo s anekrpouonuzanuu (100) MoXeT BKIIFOYATh OJHO WIJIM HECKOJIBKO
otcekoB (110), cogepxaniux HOHOCEIECKTUBHYIO CPEeAy, TaKyI0 Kak OOpOCeIeKTUBHAS
cmomna (170). Huxnuyeckas aacopOuus LEJEBbIX MOHOB U pereHepanus cpeibl Ha
MECTE UCIIOJIB3YIOTCA 11 00paObOTKH TEXHOJIOTHYECKON BOJIBI U MOTYT OBITh BBI3BaHbI

Pa3IMYHBIMU yCIOBUSMU pH B 3JEKTPOXMMHUYECKOM YCTPOMCTBE.

[Tpunoxenue 8
IMatent CLHIA 8,868,043

YuiakuHc u ap. 25 ¢eBpans 2014 r.

Cucrema 1 crtoco0 OYUCTKU BOJIBI
Kparkoe usioxenue

Cucrema BOJIONOJATOTOBKU 00€CIIEUMBAET MOJa4y OUYHMIIEHHON BOJbI 10 TOUKH
UCIIOJIb30BaHUsA, YISl 10 KpaiHeW Mepe 4acTh JIFOOBIX BBI3BIBAIOLIUX KECTKOCTh

BCIICCTB, COACPKAIINXCA B BOJAC, N3 UCTOYHMUKA BOJbI, TAKOTO KaK IrOpoOACKasa BOJa,
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KOJIOZI€3HAs BOJA, COJIOHOBATas BOJA M BOJA, COEPIKAILAS 3arPA3HAIOIINE BEIECTBA.
CucremMa 0YMCTKH BOABI OOBIYHO MOJIY4YaeT BOAY U3 UCTOUHMKA BOJIBI UM TOUKHU BXO/1a
U OYMIIACT BOJY, COJNEPIKAILYI0, 10 MEHBLIEH MEpPE, HEKOTOPBIE HEXKEIATEIbHbIE
YaCTHULbI, NIEPE] JOCTABKOM OYMIIEHHON BOJBI B TOUYKY MCHOJIb30BaHuA. Cucrema
BOJOIIOATOTOBKM MMEET CHUCTEMY PE3EPBYapOB IOJ JABJICHUEM B COOTBETCTBUU C
DJIEKTPOXUMUYECKUM YCTPOUCTBOM, TaKUM KakK YCTPOUCTBO T
anekTpoaenonn3anuu. CucreMa OYHMCTKM BOJBI MOYKET UMETh KOHTPOJUIEp JUIs
PETYJIUPOBKU WIH PETYIUPOBAHMS MO MEHBIIEH Mepe OJHOTro paboyero mapamerpa
CUCTEMBI OYMCTKHA WJIM KOMIIOHEHTA CHCTEMbI OYMCTKH BOJBI. DIEKTPOXUMHUUYECKOE
YCTPOMCTBO MOXKET paboTaTh MPU HU3KOM TOKE U HU3KOIM CKOPOCTH MOTOKA, YTOOBI
MHUHMMU3UPOBATh PACUICIUICHUE WM NOJSIPU3ALMUIO BOABI, YTO MHHUMH3HUPYET

o0pa3oBaHNE HAKUITH.

[Tpunoxenue 9
ITatent CIIA 8,999,173

IIBapueab u ap. 7 anpeas 2015r.

Y CTpOoNCTBO 11 OYUCTKH BOJBI, B KOTOPOM HMCHOJIB3YIOTCSI MaTEPUAJIbI-IIPEKYPCOPHI
U YyIbTPa3BYK I CO3JaHUS HACTPAMBAEMBIX XUMHUYECKHX CpEIl OKHCIUTEIBHO-
BOCCTaHOBUTEIHHBIX PEAr€HTOB B AMEKTPOXUMHUUECKHX sTYeUKaX U / MIH aHATOTHYHBIX

YCTPOMCTBAX
KpaTtkoe n3ioxenue

DIEKTPOXJIIOPUPOBAHUE U DJIEKTPOXUMHUYECKAs] CUCTEMa JIJIsi IPOU3BOJACTBA U
00paboTKK MyHHUITUTIAIIBHOTO BOJAOCHA0KEHUS U IPYTUX PE3epBYapOB BOJBI HA MECTE
C UCIIOJIB30BAaHUEM CIEHUAIBHON CUCTEMBI IIPOU3BOICTBA CMEIAHHOIO OKUCIUTENS U
CMEIIAHHOTO BOCCTAHOBUTEJS ISl YIYUYIIEHHOTO Pa3pyllI€HUs NEPEHOCUMBIX BOJOU

3arpA3HAIOMIMX BEIICCTB 3a CUET CO3JaHHA HACTPAaWMBACMOI'O OKHCIUMTCIBbHO-
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BOCCTAaHOBUTEJIBHOI'O PEAarcHTa. XMMHM C MOHHUTOPHMHIOM B pPEAJbHOM BpPEMEHHU.
[Ipennaraercs psAx XMMUYECKUX MPEALIECTBEHHUKOB, KOTOPBIE MPU BO3IEUCTBUHU Ha
HUX B DJIEKTPOXUMHUECKOHN STUEHKE CO3/1a10T JINOO YCHIIEHHYIO OKUCIUTENbHYIO, TH00
BOCCTAaHOBUTEIBHYIO CPEAY Ul Pa3pyLICHHS WU KOHTPOJIA 3arpsI3HSIOIINX BEIIECTB.
XWMHUYECKHE BEIIECTBA, KOTOPBIE MOKHO HCIIOJIB30BaTh Ui YIPABJICHUSA
CTaHJAapTHBIMU MMapaMeTpaMH KayecTBa BOJbl, TAKUMH KakK oOI1ast )KeCTKOCThb, 00111as
IeNI04YHOCTh, pH, oOIee KOIMYeCcTBO PacTBOPEHHBIX TBEPAbIX BemecTs u T. /.,
BBOJIATCS 4€PE3 MOJACUCTEMY BBOJIa XUMHUUECKHUX IIPEKYPCOPOB HEYACTO UIIU B PEKUME
peaIbHOr0 BPEMEHU Ha OCHOBE BXOJHBIX CUTHAJIOB JAaTYMKOB U 33JaHHBIX 3HAYECHHUI

KOHTpoOJLIepa.

[Tpunoxenne 10
IIatent CIIA 9,090,493

HiobGepr u ap. 28 urons 2015 r.

DNeKTpoXuMHUIeCcKasi FOHOOOMEHHas 00padoTKa KUIKOCTEH

Kparkoe usioxenue

YcerpoiictBo s 00pabOTKH  KUIKOCTH  COACPKUT AIEKTPOXUMHUYECKYIO
SYEHKY, UMEIOUIYI0 OTBEpPCTUS ISl KUAKOCTH, YTOOBI MPHUHUMATH BXOSIIYIO
YKUJKOCTB U BBIIIYCKaTh BBIXOJAIIYIO )KUJIKOCTb, IPUYEM BXOASAIIAS )KUIKOCTh UMEET
NIEPBBIA YPOBEHb MHMKpOOpraHu3Ma. [IepBeIll W BTOPOM 3IJIEKTPOABI IPEACTABIISIOT
co00if BOIOPA3ACIUTEIBHYI0 MEMOpPaHy B JJICKTPOXUMHUYECKOW sueiike. Kiraman
pEeryJnpyeT MOTOK XUJIKOCTH 4epe3 OTBEPCTHUSA IS JKUAKOCTU DIJIEKTPOXMUMHUYECKOU
A4YeUKH. VICTOUHMK NMUTaHMUA MOJAET TOK HA NEPBBIM U BTOPOM ANIEKTPoAbl. Monyib
YIPaBICHUS COAEPKUT NMPOrPAaMMHBIA KOJ Ul IPUBEACHUS B IEMCTBUE KIIaaHa JJis

MOJayM  BXOMAIIEHM TEKydYed Cpeasl B OTBEPCTHE I TEKy4deHh Cpezsl
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ANEKTPOXUMHUECKON STYEHKU U oOecrieueHnsi BpeMeHU NpeObIBaHUS TEKydel cpesibl B
auerike He MeHee 0,05 MUHYT, OTHOBPEMEHHO YIIPABJIsisl UCTOUHUKOM IMHUTAaHUS IS
II0Ja4M B NEPBBIM U BTOPBIE BJIEKTPOIABl —TOK, MMEKIIMK IUIOTHOCTh TOKa OT

npumepHo 0,01 go mpumepno 20 MA / cm 2.

[Tpunoxenue 11
IIatent CIIA 9,221,696

Jlu u np. 29 nexadps 2015r.

[Tpouiecc OYMCTKM CTOYHBIX BOJ AJIEKTPOXUMUUYECKUM alapaToM
KpaTtkoe n3ioxenue

[Tporiecc OUMCTKHM CTOYHBIX BOJI C TOMOIIIBIO AJIEKTPOXUMHUUYECKOTO YCTPOUCTBA,
Py ATOM YyKa3aHHOE YCTPOMCTBO HMMEET IO MEHBIIEH Mepe AJIECKTPOXUMUUYECKUN
anektpos; (30) u yKa3aHHBIA 3JEKTpOXUMUUYECKUN 3ekTpoa (30) ¢ moaxoasuuMu
3JIEKTPOJHBIMU TUIACTUHAMHU, BKJIIOYAET CIEAYIOLIME ATAIlbl: MPOIMYCKAHUE CTOYHBIX
BOJl C BBICOKOW KOHIIEHTpAILIMEH, COJIep)KallUX HeXeJaTeIbHbIe PACcTBOPEHHBIC
BEILIECTBA, IO MEHBIIEH Mepe uepe3 OJIUH AJIEKTpoxuMuueckuit snexkrtpon. (30) k
KOTOPOMY TMPHUKIAABIBAIOT 3JIEKTPUUECKUM TOK MOCTOSTHHOT'O TOKA ISl pa3pylIeHUs
HEeXKeJaTeJIbHBIX PACTBOPEHHBIX BEIIECTB B BOJ103a00pe, 4TOOBI BBIBOJUTH BOAY C
Oojlee  HHM3KOW  KOHIICHTpAIlMEH  HEKeNaTeIbHBIX PACTBOPEHHBIX  BEIICCTB;
MOCTOSTHHBIN TOK, MPUJIOKEHHBIN K 3JIEKTPOXUMHUYECKOMY 3J1eKTpoy (30), BKIIrOYaeT,
M0 MEHBIIIEH Mepe, CTaJAUI0 MOCTOSHHOM Pa3sHOCTH MOTEHIMAIOB, MPUJIOKEHHYIO K
000MM KOHLIaM 3JIEKTpOXUMHUYECKOTo 3ekTpoaa (30), 3a KOTOpoil cienyer craaus

MOCTOSTHHOT'O TOKa Yepe3 dJieKTpoxumudeckuit 3uektpo/ (30).
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[Mpunoxenune 12
Marent CIHIA 9,440,866

JleraguHsbl u Ap. 13 centsaopsa 2016 r.

OddexTuBHAS OYUCTKA CTOYHBIX BOJ] C TTOMOIIBIO JIEKTPOXUMHUYECKON YUK

Kpatkoe usinoxenue

PackpbiThl 3¢ PexTuBHBIN cIOCOO U cUCTEMA AIEKTPOXUMUUECKON 00paboTKu
CTOYHBIX BOJ, COJIEpXAIIUX OPraHUYECKHe W / WIM HEOPTraHUYECKHUE 3arps3HUTEINH.
Cucrema BKIIIOYAET 3JIEKTPOJIUTHUYECKYIO SUEHKY, COAEPIKAILYI0 TBEPIbIN MOJIUMeEp,
NEKTPOJIAT € TMPOTOHOOOMEHHOM MeMOpaHOW, paboraromuii 0e3 KaToauTa WIH
JPYToro MojAJIep>KUBAIOIIETO 3JIEKTPOJInTa. BeiOpaHHas KOHCTPYKILMSL 3JIEKTPOIn3epa

1 paboune ycnoBusi 00eCIeYnBaOT 3HAYUTEIHHO OOJBINYI0 3()PEKTUBHOCTH PAOOTHI.

[Tpunoxenue 13
ITarent CIIA 9,754,277

Jhau np. 21 ¢eBpans 2017 r.

GHCKTpOXI/IMI/ILIeCKaH CUCTCMaA YMSATYCHHA BOIAbBI

Kpatkoe usioxenune

HpI/IBCJICHI)I CUCTEMBI U MCTOAbI OYHNCTKHU BOJBI. B cucremax u criocodbax MOKeT

UCIIOJIb30BAThCSL YCTPONUCTBO AJIEKTPOXMMHUYECKOH 0O0pabOTKM BOJBI, COnEpiKaliee
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MOHOOOMEHHbIE MeMOpaHbl. B HEKOTOPBIX cucTeMax U crocobax MOTOK KOHIIGHTpaTa
U MOTOK pa30aBiieHUsI MOTYT COOOHIaThCsl MO TeKy4yed cpelae ¢ MOHOOOMEHHBIMU
memOpanamu. HMoHooOMeHHble MeMOpaHbl MOTYT OBITh CKOH(QUI'YPHUpPOBAHBI Tak,
yTOOBl OOecmeunBaTh cooTHomeHue pH mnoroka koHuentpara u pH mnoroka
pa3baBienus menee npumepHo 1,0. B HexoTtopsix ciayuasx LSI moToka koHueHTparta
MOXeT ObITb MeHblle Wik okojgo 1,0. B HeEKoTOpbIX ciy4asix yCTpPOWCTBO

ANEKTPOXUMHUYECKON 00pabOoTKH BOABI HE TpeOyeT LKKIIa 00paTHON MOJIIPHOCTH.

[Tpunoxenue 14
ITIatent CIIA 9,963,363

Kum u 1p. 8 mas 2018 .

Cucrema HCTIPCPBIBHBIX IPOTOYHBLIX OJSJICKTPOJOB, a TaKIKEC CIoco0 HAaKOIUIEHHS

OHCPIruv 1 OYUCTKH BOJBI OOJIBIIION EMKOCTH C HCIIOJIL30BAHUEM TOT'O JKE

Kparkoe usioxenune

Hactosimee wu300peTeHre UCHONB3YeT MNPUHIUIBI  DIEKTPOXUMUYECKOM
abcopOrmu (3apsaku) W aecopOnum (pas3psiga) MOHOB M OTHOCHTCS K CHCTEME
MPOTOYHOT'O 3JEKTPOAA C HENPEPBIBHBIM MOTOKOM, CHUCTEME HAKOIUIEHUS SHEPTUU
OOJBIION €MKOCTH M CIOCOOY OYHMCTKH BOJIBI C MX HCIIONb30BAaHHWEM, B KOTOPOM
BBICOKAasl -€MKOCTbh: 3JIEKTPUYECKAsl SHEPIrUsl HAKaIJIMBAECTCS B BHJIE AJIEKTPOJIHBIX
MaTEpHUaIOB CYCHEH3WOHHOW (ha3bl, M DIEKTPOJUTHl OJHOBPEMEHHO MPOTEKAIOT
MOCJIEZIOBATEIbHBIM 00pa30M B TOHKOW KaHaJIbHOM CTPYKTYpe, CHOPMHUPOBAHHON Ha
anekTpoae. boree KOHKpPETHO, HACTOAIIEEe H300pETEHHE OTHOCHUTCS K CHCTEME
HEIMPEPBIBHBIX MPOTOYHBIX JIIEKTPOJOB, CUCTEME AKKyMYJIUPOBAHUS SHEPIUU H
cnoco0y o0O0pabOTKM BOABI, B KOTOPBIX AaKTHUBHBIE MaTepHalbl 3JIEKTPOJIOB

moCJICA0BATCIbHO TCKYT B CYCIICH3MOHHOM COCTOAHHH, ITOCPCACTBOM 4YCTO JICTKO
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JOCTUIacTCA BBICOKAsA €MKOCTb 0e3 YBCIIMYCHUSA WJIN YKIIAJAKH DJICKTPOJOB APy Ha

apyra.

[Tpunoxenue 15
IIatent CIHIA 9,963,790

CuiibBep U 1p. 8 mas 2018 r.

BHO-BHGKTPOXHMH‘I@CKI/IG CHCTCMBI

Kparkoe usioxenue

Hacrosimee wn3o0pereHune obOecrneuynBaeT OHMOANIEKTPOXMMHUYECKHE CHCTEMBI,
UMEIOIINE Pa3IUNYHbIe KOH(UTYpaIHH, st 00pabOTKH BOJBI, CTOYHBIX BOJ, T'a30B U
Apyrux OmopasiaraeMbIX BEIIeCTB. B omHOM acmekTe m300peTeHue oOecreunuBacT
OMODIIEKTPOXUMHYECKUE CHUCTEMBI, CKOHPHUTYPUPOBAHHBIC IS OYUCTKU CTOUHBIX BOJT
C OJHOBPEMCHHBIM T'€HEPUPOBAHWEM HECKOJIBKHX BBIXOJOB. B apyrom acmekre
n3o0peTeHne o0ecreynBaeT OMOAIEKTPOXUMHUYECKHE CUCTEMBI,
CKOH(HUTYpUPOBAHHBIE /LIS TOBBIIICHUS YPPEKTUBHOCTH AIIEKTPOIUATUZHBIX CUCTEM
yaaneHusl. B ele OJTHOM aCTIeKTe n300peTeHne o0ecrieunBaeT
OMODIIEKTPOXUMHYCCKUE CHCTEMBI, CKOH()DHTYpHpPOBaHHBIC I HCIIOIB30BAaHUS B

OaHKax v OaccelHax.
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[Ipunoxenue 16
Marent CIHIA 10,604,428

Tomac 31 maprta 2020 r.

O4YUCTKHU CTOYHBIX BOJ
Kparkoe usioxenue

AmnmnapaTr Jjsi OYMCTKH CTOYHBIX BOJ| C MPUMEHEHUEM HIEKTPOXUMHUUYECKOU
TEXHOJIOTUH. DIEKTPOXUMUUYECKAsi OUYMCTKA CTOYHBIX BOJI OCHOBAHA HA MPUJIOKEHUU
BJIEKTPUUYECKOTO TOJS MEXIY aHOJIOM M KaTOJAOM K CTOYHOM BOJE. Y CTPOWCTBO JIs
OYKMCTKH CTOYHBIX BOJI COAECPKUT KaHaJl, MPOXOASIIUNA Yepe3 KOPITYC MEXKIY BXOJI0M
M BBIXOJIOM, W 30HY OOpaOOTKH BOIBI MEXIY BXOJOM U BBIXOJIOM. YCTPOMCTBO
JIOTIOJIHUTEIBHO COJIEPKUT NIEPBBIA U BTOPOU pa3HECEHHBIE JPYT OT APYra JIEKTPObI,
MMEIOIIHEe padovre KOHIBI MJII OYHUCTKH CTOYHOW BOJBI B 30HE OOpabOTKH, H
YCTPOMCTBO MOJIa4u JIEKTPOAOB JIJIsl TOAA4H [IEPBOTO U BTOPOTO 3JIEKTPOJIOB K KaHATY
JUTSL PETYJIUPOBAHUS PACCTOSHUSA MEXKIy pabOdYnMMH KOHIIAMH TEPBOTO W BTOPOTO

JJIEKTPOJBI.
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[Mpunoxenune 17
IMaTtent CIHA 10,815,134

Caca0e u 1p. 27 oxTs16ps 2020 r.

YCTPOKUCTBO A1 OUYMCTKH BOJIbI

Kparkoe usiioxxenue

Y cTpolcTBO 1711 OUMCTKH BOJIBI COTJIACHO HACTOSIILEMY PACKPBITUIO BKIFOYAET
B ce0si: DJIEKTPOXUMHMYECKYIO  SYEHKY, HUMEIOIIYI0 D3JEKTPOIbl, BKJIOYas
MOJIOKHUTENBHBIM 3JIEKTPOJI U OTPULATENbHBIN 3JIEKTPOA, U OUTIOISPHYIO MEMOpPaHY;
0ak; UICTOYHUK MUTAHMS, CKOH(OUTYPUPOBAHHBIN JIJISl TOAAYM MUTAHUS HA HJIEKTPOIbI;
KaHal JUId LHUPKYJAIMUA BOJbBI, HUMEKIIUN, 1O MEHbIIEH Mepe, pe3epByap H
3JIEKTPOXUMHYECKHM 3JIEMEHT, IO KOTOPOMY LHUPKYJIHUPYET BOJA; HUPKYISLHUOHHOE
YCTPOMCTBO, CKOHQUTYPUPOBAHHOE JJIs1 LIUPKYJISLIMHU BOJbI B yTH IIUPKYJISILIUU BOJIbI;
KaHaJl [OJa4d HEOYMIIEHHOW BOJABI, CKOH(MUIYpUPOBAHHBIA I  MOJA4YU
HEOYMIIEHHOM BOJBlI B KaHAJl LUPKYJALMU BOJBI, U YCTPOMCTBO ympasiieHus. [lpu
BBIMIOJTHEHUN 00pabOTKH AJIsi CMSTYSHHS BOABI B DJIIEKTPOXUMUUYECKON sueike, KOoraa
Ha 3JIEKTPOJIbI TOJAETCS MUTAHUE JJIS1 YAAJIECHHUSI HOHOB U3 ChIPOM BOJBI U NIOJIyUYECHUS
MATKOM BOJBI, YCTPOMCTBO YIPAaBJICHUS NPUBOAUT B JIEMCTBUE LUPKYJIALMOHHOE
YCTPOMCTBO, YTOOBI O0OOECHEYUTh LHUPKYJSALHMI BOABI B MIPOTOYHOM KaHaie

HUPKYJISIUN BOJIBIL.
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[Tpunoxenne 18
IMarent CIIHA 10,604,427

MapTtukaiiHeH u ap. 31 mapta 2020 r.

DNEKTPOXUMHUYECKUM PEaKTOp, YCTPONUCTBO M CUCTEMA JIJIsl OUMCTKHU BOJABI U CIIOCO0

YIPABJICHUS YCTPONUCTBOM ISl OUUCTKU BOJBI.

KpaTtkoe uszinoxenue

YerpoiicTBo it 00paOOTKH BOJIBI BKIIFOYAET JJICKTPOXUMUUYECKUN PEakTop,
BKITFOYAIONTUH B CeOS KOPITYCHYIO KOHCTPYKIIMIO M OTIOPHYIO KOHCTPYKITHIO IS
NOAJACPKKA KOPIYCHOM KOHCTPYKIIMM Ha OCHOBaHUM. OmopHas KOHCTPYKIIUS
BKJIFOYAET B ceO0s, 10 MCHBIICH Mepe, OAWH OMOPHBIN 3JIEMEHT, MOJISP KHUBAIOIINN
000J109Ky CO CTOPOHBI ycTyma. YacTh MOMEIICHHS /IS TOJIOBBI BKIIOUaeT B ceOsl BO
BHYTPEHHEM MPOCTPAHCTBE KOPIYCHON KOHCTPYKIMHU MO MEHBIIECH MEPE OJIHY MOIKY
JJIS TIpYE€Ma M MOIIEP>KKH 110 MEHBIIEH MEpE OJJHOM YAaCTH BBICTYIIA IO MEHBIIIEH MEpe
OJHOM DSJIEKTPOJHOW IUIACTUHBI IS MOABEIIMBAHUA JJIEKTPOAHOM TIIACTUHBL. Bo
BpeMsl MCIIOJIb30BaHUS MOJIKA JOJDKHA OBITh PACIOIOKeHa HEMOCPEICTBEHHO HaJl

BBICTYTIOM.

[Tpunoxxenue 19
MMarent CHIA 10,507,429

Caca0e u ap. 17 nexadps 2019r.
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DNEeKTpOXUMHUYECKas S4eiika, yCTPOUCTBO AJIsi OUUCTKU BOJbI, CHAOKEHHOE €10, U

croco0 paboThl YCTPOMCTBA JIsl OYUCTKH BOJIBI

Kparkoe usioxenune

DNEeKTpOXUMHUYECKAsT sYeiKa B COOTBETCTBUM C HACTOSIIMM PACKPBITHEM
BKJIIOYAeT B ceOsl KOPITYC, CHA0KCHHBIH BXOJHBIM IMOPTOM U BBIXOJHBIM IOPTOM,
JTAaMUHHPOBAHHBIM KOPITyC ¢ OumoisipHod mMeMmOpaHOii, B KOTOPOM JIB€ HIIM Ooiiee
OUMOJISPHBIX MEMOpaHbl JTAMHUHUPOBAHBI TaK, YTOOBI OBITH HANPOTHUB, IJIEKTPOIBI,
PacroJI0KEHHBIE TaK, YTOOBI MEXy OUIOJIIPHON MEMOpPaHON HAXOIUINCH CIOHABHY.
MHOTOCJIONHBINA KOPIYC U MEePBbI U] PY3NOHHBIIN SJIEMEHT, PACTIONOKEHHBIM MEXKITY
BXOJIHBIM OTBEPCTUEM M MHOTOCJIOWHBIM KOPIYCOM C OUMOJISIPHONW MeMOpaHOil u
CHAOXEHHBIM CKBO3HBIMH OTBEPCTUSIMH, COOOIIAIOIIMMUCA MEXIY BXOJHBIM
OTBEPCTUEM M MHOTOCIOMHBIM KOpPIycoM ¢ OwunoispHoit memOpaHoi. IlepBbrit
U y3nOHHBIA 3JIEMEHT C(OPMHUPOBAH TaK, YTO KAXKJI0€ M3 CKBO3HBIX OTBEPCTHUH,
MPEIyCMOTPEHHBIX B TNepupepuitHON KpaeBOW YacTH, UMEET OOJbIIYIO ILIOIIAIb
OTBEPCTHS, Y€M IUIOLIAJb OTBEPCTHSl CKBO3HBIX OTBEPCTHM, MPEIYCMOTPEHHBIX B
LHEHTPAJIBHOM YacTU. DTO MOXKET MPUBECTH K PABHOMEPHOMY IOTOKY BOJbI, TAK YTO

OYHCTKA BOJBI MOXKET OBITH BBITTOTHEHA 3 (DEKTHUBHO.

[Tpunoxenne 20
ITIatent CIHIA 10,329,173

CaJjiokaHenb H ap. 25 uronsa 2019r.

CucremMa OYHCTKU BOJBI

Kpatkoe usioxenne
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CucreMa OUMCTKH BOJBI BKIIIOUAET YCTAHOBKY AJEKTPOXUMHUUECKOW 00pabOTKH
BOJbI, MMEIOLIYI0 IEPBYI0 CaMOHECYLIYI0 OCHOBY, OIPAHMYMBAIOLIYIO IIEPBOE
BHYTPEHHEE MPOCTPAHCTBO. DIEKTPOXUMHUYECKUN PEAKTOP PACHOJIOKEH B MEPBOM
BHYTPEHHEM IIPOCTPAHCTBE BEPTUKAJIBHO II0J IEPBBIM OTBEPCTUEM HA BEpPXHEU
CTOPOHE YCTAaHOBKH JJIEKTPOXUMHUECKOM 00paboTKH BOIbI. CHcTeMa BKITFOYAET B ceOsI
0JI0K 00CITy>KMBAaHUS, UMEIOIIMNA BTOPON CaMOHECYIIMH KapKac, OrpaHUYMBAIOLINI
BTOpPOE BHYTPEHHEE MPOCTPAHCTBO. biOK 00CTyKMBaHUS UMEET BTOPOE OTBEPCTUE B
HIDKHEW yacTu. biok o0ciy)kKUBaHUS pacroyioKeH HajJ OJIOKOM 3JIEKTPOXUMHUYECKOU
00paboOTKK BOJBI, TaK YTO IEPBOE OTBEPCTHE M BTOPOE OTBEPCTUE COBMEIICHBHI.
[lonbeMHUK YCTaHOBIIEH C BO3MOKHOCTBK IIEPEMEIIECHUSI BJOJIb PEIBCOBOU

KOHCTPYKIIMU B BEpXHEH yacTu OJ10Ka 00CITyKUBAHUS.

[Mpunoxenne 21
[arent CIIA 10,287,181

MaprukaiineH u ap. 14 mas 2019r.

DNEKTPOXUMHUUECKUIN PeaKTOp JJIs AIEKTPOXUMUYECKON 00pabOTKH BOJIBI,
YCTPOMCTBO JUI1 OYMCTKHU BOJBI M UCIIOIB30BAHNE TAKOTO YKa3aHHOTO

QJICKTPOXUMHUUCCKOI'0 PCAKTOpPa

Kpatkoe usioxenne

DNEKTPOXUMHUUECKUN PEaKTOp ISl AJIEKTPOXUMHUUYECKOH 0OpabOTKH BOJBI,
BKJIIOUass 000JOYKYy, OMpPENeNsIoNlyl0 BHYTpeHHee mpocTpaHcTBO. OOonodeuHas
KOHCTPYKLHS JONOJHUTEIBHO BKJIIOYAECT BIYCKHYK0 YacThb, MMEIOLIYI0 BITyCKHOE
OTBEPCTHE IS HANPABJIEHUS IIOTOKA BOABI BO BHYTPEHHEE ITPOCTPAHCTBO, U KaMEPy
pEaKTopa, COCAMHEHHYIO II0 MOTOKY C BIIYyCKHOM YacCTbK0 M IPEAINOYTHUTEIBHO C

BBIITYCKHOM 4YacTbhlO. BIIyCKHOE OTBEPCTHME YCTPOEHO TAaK, YTO IIOTOK BOJBI BO
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BHYTPEHHEE MPOCTPAHCTBO HAIpaBiI€H OT KaMepbl peakTopa, uTOObI BBI3BATh
CMEIIMBAHUE IIOTOKA BOJBI, 3aCTaBJIsAs MOTOK BOJBI U3MEHATH HAIIPABJIICHUE IEPE]
BXOJIOM B KaMepy peakTopa. Taxxke pacKpbIThl YCTPOMCTBO [jisi 0OpabOTKU BOJBI,

HMCIOIICC TaKoOH PEaKTOP, U UCITOJIB30BAHHUC TAKOT'O PCaKTOpA.

[Tpunoxxenue 22
ITatent CIIA 10,266,429

Jler3guusl u ap. 23 anpeas 2019r.

OddexTuBHAS 0OYUCTKA CTOYHBIX BOJ] C TTOMOIIBIO JIEKTPOXUMUUECKOU STUCHKHU

Kparkoe usioxenue

PackpeiTsl 3¢ hexTHBHBIN c1Oco0 U cucTeMa AIEKTPOXUMHYECKONH 00paboTKH
CTOYHBIX BOJ, COJAEPKAIINX OpPraHWYEeCKUEe W / WIM HEOPTaHUYECKUE 3arps3HUTEIH.
Cucrema BKJIIOYAET, 1O MEHbBIIEH Mepe, TEpBYIO U BTOpylo OaTapeu
ANEKTPOJIUTUYECKUX SUYEEK C TBEPJAbIM MOJUMEPHBIM JJIEKTPOJIIUTOM, B KOTOPBIX
KaXJas siuelika COJEPIKUT TBEPAbIH MOJIUMEP, DJIEKTPOJIUT C MPOTOHOOOMEHHOMU
MeMOpaHO#, paboTaommii 0e3 KaTroauTa WKW JAPYroro MOISPKUBAIOIICTO
anekTponuta. [lepBast u BTopas CTONKHU pa3IuYaroTCs M0 KOHCTPYKIUU I YCIOBUSAM
skciryatanuu. KoHcTpykumst Oioka siieek u  BeIOpaHHBbIE pabouyue yClIOBUS

o0ecrneynBaroT 3HaYUTENbHO O0bIYI0 3 (HEKTUBHOCTH PAOOTHI.

100



[Tpunoxenne 23
Marent CIHIA 9,701,548

Mexmu u ap. 11 uroas 2017 r.

DIEKTPOXUMHUYECKAS] CUCTEMA YMSITUEHHUSI BOJIbI
Kparkoe usioxenue

[IpuBeaeHbI cUCTEMBI U METO/IbI OUUCTKH BOJIBL. B crcteMax u ciocob6ax MoxkeT
HCIIOJIb30BAThCS YCTPONUCTBO DJIEKTPOXUMUYECKON 0O0pabOTKM BOABI, CoOJEprKallee
MOHOOOMEHHbIE MEMOpaHbl. B HEKOTOPBIX cucTeMax U cmocobax MOTOK KOHIICHTpaTa
U TIOTOK pa30aBlIeHHs MOTYT COOOHIaThCs MO TeKydel cpele ¢ MOHOOOMEHHBIMU
MeMOpanamu. MoHooOMeHHbIE MeMOpaHbl MOTYT OBITh CKOH(UTI'YPHUPOBaHBI Tak,
yTO0OBl OOecmeunBaTh cooTHomeHne pH moroka kouuentpara u pH moroka
pazbasienus menee npumepHo 1,0. B HexoTtopsix ciayyasx LSI moToka koHueHTpaTa
MOXeT ObITh MeHblle win okono 1,0. B HekoTopeiX ciydasx yCTpOMCTBO

ANEKTPOXUMHUYECKON 00pabOTKU BOABI HE TpeOyeT LKKIIa 00paTHON MOJISPHOCTH.
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