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IOPEKTUBHAA CXEMA B ITPEOBPA3OBAHHUHU NMITYJIBCHOI'O
IJIEKTPUYECKOI'O PA3PAIA

INHEPEKPECTHAS CCBUUIKA HA POACTBEHHYIO 3ASIBKY
[0001] Hacrosimas  3asBKa  MCOpAlIMBAET  NPUOPUTET  OTHOCHUTEIIBHO
npeasaputenbHol  3asBku Ha mareHT CIIIA Ne 62/660 694, na3zBaHHOU
«EFFICIENT CIRCUIT IN PULSED ELECTRICAL DISCHARGE
PROCESSING», nogannoit 20 anpens 2018 r. ¥ mOTHOCTHIO BKIIIOUCHHOUW B

HaCTOﬂH_II/Iﬁ AOKYMCHT ITOCPCACTBOM CCBLIIKH.

OBJIACTb TEXHUKH
[0002] Hacrosiiasi TeXHOJIOTHS B IIEJIOM OTHOCHTCS K JJIEKTPUUYECKOH CXeMe
HCKPOBOTO pa3psAna ¢ BHICOKAM Koddummentom nonesnoro aeiicteus (KI1JI) ms
WCIOJTb30BAHMSA B TIPOMBINIIJICHHOH 1epepadOTKe TKEIBIX JKUIKUX YTIICBOIOPOIOB

B OoJiee JIeTKue IPOAYKTHI.

YPOBEHb TEXHUKU
[0003] Hedraayro u ra3oBy0 TPOMBIIUICHHOCTh MOKHO pa3CIuTh HA TPH
XPOHOJIOTHUECKUX CeKTopa: HedTerazono0sua, MTPOMEKY TOUHBI "
mociaeaoBareabHas nepepadorka. Cekrop HedTerazomoObuu BKIIIOYAET B cels
CEKTOp pa3Benku U 100bun. OH 0OXBATHIBAET MOUCK, TOOBIUY U U3BJICUCHHUE CHIPOH
He(pTH W/WIIM MPUPOTHOTO Ta3a W3 MOJ3EMHBIX WA TTOABOIHBIX MECTOPOXKICHHMA.
OH Take 0XBaThIBACT MPOLleCC OYyPEHUs W HKCIUTyaTallud CKBAXKHH, C MOMOIIbIO
KOTOPOTO WM3BJICKAIOT W BBIBOJAAT CHIPYIO HE(PTh W CHIPOW ra3 Ha MOBEPXHOCTE.
PasBenka BrmoyaeT B ceOsi MPOBEACHUE TEOJIOTHUECCKUX W TeO(HU3UUECCKUX
UCCIACOBAHNM, TOWCK  TOTCHIMAIBHBIX  TMOJM3EMHBIX WM  TIOJBOJTHBIX
MECTOPOKIACHUH CHIPOH HEPTH ¥ PUPOTHOTO Ta3a, MOJYyUCHHUE TOTOBOPOB apEH/IBI
Y paspelleHuil Ha OypeHue, U BECh MPOLIECC OypPEHUs..
[0004] ITpomeskyTOUHBIH CEKTOP BKITIOUACT B CeOs1 TPAHCMIOPTAPOBKY CHIPOH HEPTH

WM He(PTEMPOYKTOB, OOBIYHO TIOCPEACTBOM TPYOOTIPOBOIOB, HE(PTIHBIX TAHKEPOB,



Oap>k, TPY30BUKOB WJIM MO eJie3Hou mopore. KOHEUHBIM MyHKTOM Ha3HAYCHUS
ABJSIIOTCA ~ HeremepepabaTpiBatOME  3aBOJABI, KOTOPHIE 3aT€M HAYWMHAIOT
MOCJIEIOBATEIbHYIO TepepaboTKy. [IpoMeKyTOUHBIM CEKTOpP TaKke BKIIOYACT B
ceOs1 XpaHEHHWE HTHX MPOAYKTOB, a TaKXKEe JIOObIE ONTOBBHIC MAPKETHHTOBHIE
Meponpuatus. [[poMexyTOUHBIN CEKTOP MOKET TAK)KE BKITIOUATH B CE0S 2JIEMEHTHI
Hererazoqo0bpu W MOCTAEAOBATENIbHON TepepabOTKH  BCIEACTBHUE CBOETO
MPOMEXKYTOUHOTO TIOJIOKEeHMs. Hampumep, NPOMEKYTOUHBIH CEKTOP MOKET
BKJIIOYATh 3aBOJBI TIO TMepepadoTKe MPHPOJHOTO Tas3a, KOTOPHIE OUHMIIAIOT
HEOUMINICHHBIN MPUPOIHBIN Ta3, a TaKXKe YIAIAIOT U TPOU3BOAAT HJIEMEHTAPHYIO
cepy U CxMXEeHHbIH mpupoaubiid ra3 (CII7) B kauecTBe KOHEUHBIX MPOIYKTOB.

[0005] B mocneaHee Bpems, M3-3a pPOCTa IIEH HAa CHIPYIO HEPTh, YMEHbBIICHUS
3a1macoB CpeAHEH U JIETKON ChIpoid He(pTH 1 OOMITHS HETPAIUITMOHHBIX BUIOB CHIPOH
HedTH, pa3paboTka 3amacoB TsHKENION ChIpoi HeTH M OMTyMa CTajla 3HAYUTEITHHO
Oonee mpemnoutuTeabHOM. OmHAKO TsDKenas ceipas HepTh W OMTYM OO0JadaroT
MHOXECTBOM HEIOCTATKOB, KOTOPbIE HEOOXOANUMO YCTPAHUTh KaK MPU UX JOObIUE,
TaK W TPWH TPAHCIIOPTHPOBKE Ha  HedremepepabaThIBAIONIE  3aBO/IBI.
TparcnopTpoBKa TsHKEIOM ChIpoi HeTH 0 TPyOOTIPOBOY 3aTPyIHEHA M3-3a €€
BBICOKOW TUIOTHOCTH H BszkoctH (> 1000 cIl) m HW3KOW TOABMXKHOCTH TIpH
TeMmrieparype Iwiacta. Kpome TOro, Takwe 3arpsa3HUTENH, KaK OTJIOKCHHS
ac(hagbTEHOB, TSKEIBIC METAUIBI, Cepa W MUHEPAIBHBIA PACTBOP WM COJIb,
3aTPYAHSIOT TPAHCIIOPTHPOBKY W OUYHUCTKY C MCIOJIb30BAHHUEM TPATUIIMOHHBIX
croco0oB HedTenepepaboTku. Hamwume MHUHEpaTbHOTO pacTBOpa WM COJIA B
TSOKETTI0W He(TH MPUBOIUT K KOPPO3UH TPyOOTIpOoBOIa. B HEKOTOPHIX Ciydasx 3To
MOXET MPUBECTH K 00pa30BaHUIO SMYJILCHH, TAKOH KaK cMeCh HETH C BOAOH, UTO
3aTpyAHSAET TPAHCTOPTUPOBKY. M3-3a GONBIION MOJEKYIAPHOM MAcChl U BBICOKOM
BSI3KOCTH TsDKEIOW HepTH oxumaeTcss OOJBINON Tepenaj AaBJICHHUS BIOJb
TpyOONPOBOA, UTO CHAETAET €r0 JOPOTOCTOAIMNM U 3HeproeMkuM. Kpome Toro,
OTJIOXEeHUS achanbTCHOB 3a0WBAIOT CTEHKH, YMEHBIIAS IUIONIAAb IMOTIEPEUYHOTO

CCUCHU, IPUTI'OAHYIO JJIA ITOTOKA HerTI/I.



[0006] CnenoBarenbHO, 115 pEIICHUS STUX TPOOJIEM U TPAHCTIOPTHPOBKH TSHKEIION
He(TH MOTYT BBITIOJTHATHCS TOMOJTHATENTbHBIE Tporiecchl. OHM BKITIOYAOT:

(1) CaHmxeHue BSI3KOCTH, HANpUMEP MPEABAPUTEIIbHBIA HArpeB THKEIOM
ceipoii HepTH W OMTYyMa M TOCICAYIOIIHMH HaArpeB TPyOOMpPOBOJA,
CMEIMBaHWe W pa30aBieHUE JIETKUMHU YIJICBOJAOPOJAMU  WJIH
pacTBopHTENieM. BS3KOCTh  CMEIIAaHHOW CMECH  OmpenesseTcs
no0aBieHHBIM pa3baBuTeneM U ero nponopuuei. [ns pazbaBiieHus
Tspkenol HedTr Tpebyercs nBa TpyOOmpoBOAa, OJWH ajid HeTH, a
JPYTO# Ajig pa30aBUTENICH, UTO TOTIOJHUTEIHHO YBEIMUMUBACT 3aTPATHI.

(2) DmynbsrupoBaHue 3a cueT o0pa3oBaHus “HedTh B BoJE .

(3) Camxenue JJ0O0BOTO COMPOTHBIICHUS/CONPOTUBIICHAS TPEHUS (HanpuMep,
cMaska TpyOompoBOAa 3a CUET MCHOJIb30BAHUS KOJBIEBOIO MOTOKA,
MPUCATKHU, CHIKAIOIIEH COMPOTUBIICHUE).

(4) Yactuunoe obnaropaxuBaHue TSHKEIIOW HEPTH HA MECTE [UTS TIOJTYUCHUS
CHHTETHYECKOM CHIPOH HE(TH ¢ YIyUIEHHOHN BA3KOCTHIO, ITIOTHOCTHIO
B rpamgycax API (American Petroleum Institute, AmepukaHckuit
WHCTUTYT HE(PTH) ¥ CBEICHHE K MUHUMYMY COJCpKaHUS ac(abTEHOB,
CEPBI U TSHKEITBIX METAJIIIOB.

[0007] YacTrnuHoe obmaropaxuBaHuEe TSKEIIOH HE(PTH BKIFOYACT MPeoOpPasOBaHUE
TOJIPKO YaCTH BAaKyyYMHOT'O OCTaTKa W TOJIyYCHHE CHHTCTHUECKOW CHIpoW HedTH
(CCH), comepxameii 5-25 % ocratka. Ix MoxkHO pa3paborars 3a TOJIOBHHY
CTOMMOCTH TIOJIHOTO OOJaropakuBaHWsA, HO OHH HE OCYIIECTBIIAIOTCS B
MPOMBITIUICHHOM ~ MaciTabe W3-3a OTCYTCTBUSA TEXHOJIOTHH, HEIOCTAaTKOB,
CBSI3aHHBIX CO CTAOMIBHOCTHIO U SKOHOMHYeckuMH napamerpamu CCH. Ognako B
TaKMX CTpaHax, kak KaHama, W3-3a OTPOMHBIX 3aMacoB TSKEIOW CHIpON HedTH
YaCTUIHOE 00JIAarOPAKUBAHUE CTAHOBUTCA KOHKYPEHTOCTIOCOOHBIM BAPHAHTOM.

[0008] CexTop mocnenoBarenbHON epepabOTKH MPEACTaBAeT COOOH MOCIeAHUN
stan HedrerazoBoi orpacim. OH BKITIOYAET mMepepabOTKy ChIpod HEPTH W
nepepaboTKy, U OUMUCTKY ChIPOro mpupogHoro ra3za. CObIT U pacnpeneseHue

MPOIYKTOB, TTOJIYYCHHBIX U3 CHIPOH He(PTH M MPHUPOJHOTO Ta3a, TAKKE SBIISIOTCS



YacThI0 3TOTO cekTopa. [IpomayKThl, MOCTaBasieMble OOBIYHBIM TIOTPEOUTEISIM,
BKJTFOYAIOT TA30JMH WM OCH3WH, KEPOCWH, PEAKTUBHOE TOIUIMBO, IWU3EIHHOC
TOTUIMBO, TOMOYHBIA Ma3yT, Ma3yT, CMa304YHbIC MaTepualibl, mapadus, achanbT,
NPUPOAHBIA Ta3 W CxkWkeHHbIH HedTsanoit raz3 (CHI), a Takke waccy
HE(PTEXUMHUUIECKHUX TTPOTYKTOB.

[0009] B cranmapTHOM miporiecce nepepaboTku HeTH CHIPYIO HePTh 00€CCONMBAIOT
¥ TOJBEPraloT arMoc(epHOil TEeperoHke, MpU KOTOPOH OHa pasaenseTcss Ha
(dbpakimu B 3aBUCUMOCTH OT JAMAINA30HA TOUYEK KUTIEHUA. TemMreparypa OTCEUYKH
atmocdepHoro octatka (AQO) cocrasnser npubdbauzutensuo 350-360 °C. Opakiuun
HWKE STUX 3HAYCHWH WCMApSAIOTCS W OTICNAIOTCA, TOrJa KAk OCTaTOK OT
aTMOoCc(epHOM MEPEeroHKH, COACpXKaIMi Oojee UIMHHBIE YTJEPOJHBIE MU,
TpeOyeT mnanbHEHIeld TeperoHK MPU TOHM)KCHHOM JIABJICHUHW W BBICOKOM
TeMrieparype. B cBs3u ¢ 3TUM, IPOBOAT MPOLECC BAKYYMHOW NEPETOHKH, KOTOPBIH
BOKEH IS JAJTBHEUIETO O0O0JIaropakMBaHUs CHIPOM HE(MTH M HKCTPAKITMOHHBIX
macen. Temmepatypa oTceukn BakyymHoro ocrarka (BO) cocrabmser
npubnusutenbHo 565 °C.

[0010] Omnako, HecmoTps Ha obOpabotkm AO m BO, nedrenepepabarbiBarotme
3aBOJIbI, KOTOPBIE MepepadaThIBAIOT 00JIee TSHKEITYIO He(Th, BCE paBHO Oy Iy T HUMETh
3HAUUTEIBFHYIO JIOJIO MOCTyMaoIieit HedTr B BHAe ocTaTka (HampuMmep, OCTaToK
JUIOWIMHAHCTEPCKON cMecu coctapisier npuOmmsutenbHo 50 % mpu 460 °C).
CrnenmoBaTenbHO, Ui KpEeKWHTa TsDKenmod Hedtm Tpelyercs eme HECKOIbKO
npoieccoB. B HacTodIee BpeMsi TOCTYITHO HECKOJIBKO CITOCOO0B KPEKHUHTA CHIPOH
Heptn. M3 HEX TepMUUeCKHWi KPEKWHT cuuTaeTcsa Hambonee >(DPEKTUBHBIM WU
IMTUPOKO HMCTONIB3YETCA IS TTpeoOpa3oBaHUs TSOKENBIX YTIEBOAOPOAOB C Oolee
BBHICOKAM MOJICKYJSIPHBIM BecOM B Oosiee jerkue ¢pakmmm ¢ 0ojiee HU3KAM
MOJICKYJISPHBIM BECOM.

[0011] Hawubonee 4acTo HCMOOJNB3YEMBIMU CIOCOOAMU KPEKUHTA SBJISIFOTCA
TUAPOKPEKUHAT, KATATMTHUECKWH KPEKWUHT C TICEBJOOKIDKEHHBIM CIIOEM U
yCTaHOBKA 3aMEUTICHHOTO KOKCOBaHMS. XOTs BCE 3TH MPOIECCH KPEKUHTA CBI3aHBI

C HCKOTOPBIMH IIPCHUMYIICCTBAMH, OHHU TAKKC HMCIOT CYIICCTBCHHBIC HCAOCTATKH.



OO0mnme mpenMyIIecTBa BKIIFOYAIOT BO3MOXXHOCTH MPOU3BO/ICTBA PA3IMYHBIX BHIOB
TOTUIMBA OT JIETKOTO aBUAITMOHHOTO KEPOCHHA JI0 TSKEJIOTO >KHJIKOTO TOTUIMBA B
OOJIBIINX KOJMYECTBAX.

[0012] OnHako CylleCTBEHHBIM HEAOCTATKOM MPUMEHSIEMBIX B HACTOSIIEE BPEMS
croco0oB cHuHTE3a 00Jiee JICTKUX TOIUIUB M3 CHIPOM HE(DTH SBJISIOTCS BBICOKHE
(vHaHCOBBIE 3aTpaThl, CBA3AHHBIC ¢ peanu3anueit crnocoba. /s stux crnocoOos
0OBIYHO BHICOKH M KaNUTaJIbHBIC, U IKCILTyaTallMOHHBIE pacxoasl. Kpome Toro, u3-
32 YKOHOMHH OT MOBBIIICHHS MaciTaba MPoru3BOACTBA BCS TepMHUUEcKas 00padboTka
Hanbosee 3¢deKTUBHA TOJBKO MPH OOJBIIOM O00BEME W TUIOMIAIH MOBEPXHOCTH.
[Toncuwnrano, 4TO MUHUMaIbHBIH 3¢ peKTUBHBIHI maciTab JUTS
HedTenepepadaThIBAIONIETO 3aBO/IA MOJHOTO ITUKJIA COCTABIISICT MPUOIU3UTEIIHHO
200 teicsta Gappeneii B cyTku (mille barrels per day, MBD) emkocTu ceipoit HedTH.
[0013] B wyacTHOCTH, CYIIECTBYIOIIMNA CMOCOO pean3yercs NpPH BBICOKUX
TEMIIepaTypax M JAABJIICHUAX pabouel cpelpl U MO3TOMY TPeOyeT crenuaibHbIX
MaTE€pPUAJIOB ISl U3TOTOBJICHUS! XUMUUYECKUX PEAKTOPOB M JIPYroro CrerruaibHOro
obopynosanusa. Hampumep, peakTopsl 0OOBIYHO W3rOTABIMBAIOT M3 JICTHPOBAHHBIX
CTaJIeH CIIeMaTbHBIX COPTOB. Erie oqHUM (hakTOPOM, YBEITHUHUBAIOIITAM OTPOMHEIE
3aTparhl Ha ATH TIPOIECCHI, SABJISAETCS BOJOPOAHOE OXPYyNMUMBAHWUE W KOHTPOJIb
KadecTBa. BogopoaHOe OXpymuuBaHUE MPEACTABIIAET COOOM MPOITECC, MPH KOTOPOM
MeTajuTbl, 00pa3ylonue THAPUI, TaKue KaK THTaH, BaHAAWKA, IUPKOHUHN, TaHTAI U
HUOOWI, CTAHOBATCS XPYITKUMHU U Pa3PYIIAIOTCA W3-3a BHEAPCHHS U TTOCIICAYIOMIEH
muddys3um BomOpoOIa B METaIL.

[0014] PabGouue ycnmoBus il OJHOCTYNEHYATOM YCTAHOBKH TUIPOKPEKHHTA
coctapysitoT 348-427 °C (660-800 °F) ¢ ypenuuennem Ha npubmmsutensHo 0,05-
0,1 °C (0,1-0,2 °F) B nenb, 4ToOB KOMIIEHCHPOBATh MOTEPI0 AKTUBHOCTH
KaTajM3aTopa v JaBjieHue B auama3one ot 8724 mol13790 «lla (1200-2000 ¢ynTOB
Ha KB. JTIOWM). Y cTaHOBKA JUTsi KOKCOBaHMs TotumBa padotaet mpu 487-500 °C (910-
930 °F) ¢ tunmunaeim aasieHuem 1034 xlla (15 ¢dynToB Ha kB. mroiim). s
YCTAHOBKH KaTAJIUTHUECKOTO KPEKWHTA C TICEBIAOOKIKCHHBIM CIIOEM PEAKTOp H

PErCHCPaTOP CYUTAKOTCA OCHOBHBIMHA KOMIIOHCHTAMH YCTAHOBKH KATAJIUTHUYCCKOTO



KPEKUHIa C TCEBAOOXKUKEHHBIM CJIoeM. PeakTop HaXoauTcs MmpU TeMIepaTrype
npubmmsutTenbio 535 °C wm mon nmaBnenuem mpubnmsutensHo 1724 xIIA (25
(yHTOB Ha KB.JTIOWM), B TO BpeMsI KaK pEreHepaTop I Karajauzaropa paboTaer npu
temrneparype npubmmsuteabHo 715 °C (1320 °F) m naBnenun mpuOIM3UTENHHO
2413 klla (35 ¢dynroB Ha kB.moiM). [lognepxanue Takux paboumMx YCIOBUN
00XOAUTCSE OUEHDb JAOPOTO.

[0015] Kpome ToTo, KanmuTaabHbIEC 3aTPAThl HA YCTAHOBKY PU(OPMHHTA, TAKYIO KaK
YCTAaHOBKA TUIPOKPEKHHIa, OYeHb BeNuku. [loacumTaHo, dYTO ycTaHOBKA
TUAPOKPEKUHra TpeOyeT B MATh pa3 OOJNbIIMX KaNUTaJIbHBIX 3aTpar, YeM
atmocdepHas neperoHka. Hampumep, ecim ycTaHOBKA MEPETOHKU ChIpOH HedTH
npousBoautenbHocThi0O 100 000 Gappeneit B nenbp crout mnpubnusurtensHo 90
MWJUTMOHOB JIOJUTAPOB, TO UIA YCTAaHOBKHA THJAPOKPEKHHTa ¢ Kod(hduimeHToM
cioxHOoCTH S motpedyercs 450 MAJIITMOHOB TOJUTAPOB s IEpepadboTKu HePTH TOTO
xKe o0beMma.

[0016] Kpome Toro, karaau3aTopbl, HCIOJIB3yeMbie B TMporeccax QIIrouI-
karanutrnueckoro kpekmnra (PKK), Becbma YyBCTBUTENIBHBI K COJEPIKAHHUIO
PasIIMYHBIX MPUMECEH B ChIpOi HeTH. B yacTHOCTH, MPUCYTCTBHE CEPHI B CHIPOM
HeTH IPUBOIUT K OBICTPOM AeTpadaliii KaTaTUTHUCCKAX CBOHCTB KaTajau3aTopa.
Takum oOpazom, HeoOxoamMa mpeaBapuTeNbHas 00padoTka (obeccepuBaHUe)
CBIPbS, UTO YBEJIMUMBAET BECOMOCTH 3aTpar. Kpome Toro, HuKenb, BaHaIuH, JKeJe30,
MEJb U JAPYTUE 3arpsA3HUTEIN, MPUCYTCTBYIOIIHE B UCXOIHOM Chipbe st OKK,
OKa3bIBAIOT BPEIHOE BO3ACUCTBUE HA aKTUBHOCTD M MPOAYKTUBHOCTh KaTajanu3aTopa.
Oco0eHHO HeOMarompusATHbI HUKENb W BaHaauil. KpoMe TOro, ynajgeHue 4actu
IUPKYJUPYIOIIETO KaTaJlu3aropa B KadecTBE OTPAOOTAHHOTO KaTajiu3aropa H
3aMEHA €€ CBEKHMM KaTaju3aToOpoOM Uil MOJJCP>KAHUS JKEJIAEMOro YPOBHA
akTuBHOCTH Aia TexHosioruu OKK yBennmumBaeT >KCIUTyaTallMOHHBIE PACXOIbI
cnoco0a.

[0017] IInazmoxumuyeckue  cnocoObl  KCMOJB3YIOT  PA3JIMUHbIC  THUIIbI
AJICKTPUUECKUX PA3PAIOB Ul CO3/aHMS IUIa3Mbl. Takue CrnocoObl KPEKUHra H

pudopmuHTa HEPTH OMKMCAHBI B PA3IMYHBIX MAaTeHTAX U myOnmkanusax. Hampumep,



B myOnukaru marenta CIIA Ne 2005/0121366 packpsiT crmoco® 1 yCTpOKWCTBO s
pudopmuara  HedTH  MyTEM  MPOMYCKAHUA  DJIEKTPUUYECKOTO  pas3psanaa
HEMOCPECTBEHHO Yepe3 KUIKOCTh. HemgocTaTkoM HaHHOTO crocoba sBJseTcA
MaJIbli PECypC AJIEKTPOJOB U CBSI3aHHAS C 3TUM BBICOKAsI BEPOSATHOCTh HAPYLICHHUA
MCKPBI 3KUTAHUA MEXAY STUMH 3JIEKTpoJaMu. M3-3a BBICOKOTO 3JIEKTPHUUECKOTO
COTIPOTUBJICHUS HE(PTH, paACCTOSHUE MEKIY OSJIEKTPOJAMHU JOJDKHO OBITh
MUHAMAJIbHBIM. HanpuMep, paccTosiHUE MOXKET COCTABJIATh MPUOTH3UTENHHO 1 MM.
OnHAaKo MEXIIEKTPOAHOE PACCTOSTHUE OBICTPO YBEIMUYMBAECTCS M3-3a SPO3UHU
AJIEKTPOJIOB, YTO MPUBOAUT K MPEKPAIIEHUIO PAabOThl W/WIU TMOJOMKE CHUCTEMBI.
Kpome TOro, wucnosib30BaHWE TaKuX HEOONBIIMX MPOMEXYTKOB MEXKIY
AJIEKTPOJIaMH  TO3BOJIsAET 00pabaThiBaTh TOJBKO OUYECHb HEOONBIIOW 00beM
MCXOJIHOTO MaTepualia B 1000 MOMEHT BPEMEHH.

[0018] B matenTe CILIA Ne 5626726 onmcan cnioco0 KpekuHTa HE(TH, B KOTOPOM
WCMONB3YETCS TETEPOr€HHAsl CMECh JKUJKHX YIVIEBOAOPOAHBIX MATEPHATIOB C
Pa3IMUHBIMKM Ta3aMu, Hampumep o0padoTka TuUTa3MOM yroBOro paspsaa. ITOT
Croco0 UMeEET Te YK€ HEeJIOCTATKH, YTO U OMUCAHHBIN BhIIIE HEOOJBIION pa3paaHbIA
MPOMEXYTOK, M TPeOyeT CHEUUAbHOTO YCTPOWCTBA JJIi CMEIIMBAHUA Trasza ¢
XKUJKOCTBIO, a TakXKe IMO0JyuaeMou TeTeporeHHo cycneHsuu. Harpe cmecu
HETIPEPHIBHBIM TyTOBBIM Pa3PsIOM MPUBOIUT K 3HAUUTEITLHBIM MTOTEPSIM SHEPTHH,
MOBBIIIICHHOMY Ca)keoOpa30BaHUIO W HU3KOH A(h(HEKTHBHOCTH.

[0019] B matenTte Poccuu Ne 2452763 onucan crnoco0, B KOTOPOM UCKPOBO#M paspsia
MPOUCXOJNUT B BOJIC, @ BO3JCUCTBUE pa3psAia MEePeaacTcsi Ha reTEPOTCHHYIO CMECh
rasa ¥ KHJKOTO yTieBoJopoAa Wi HepTH uepe3 MemOpaHy. DTO YBEIMUUBACT
Pa3pAIHBIN TPOMEKYTOK MEKIY SJIEKTPOAAMH, UTO YBEIHMUHBAET CPOK CITYKOBI
AJIEKTPOJIa, HO CHWXACT 3(PPEKTHBHOCTH BO3MCHCTBHS WCKPOBOTO pas3psia Ha
YTIEBOAOPOA WA HEPTH. ITO TPOUCXOAUT TTOTOMY, UTO OOJIBIIIECH YaCTHIO TIPSIMOMA
KOHTAKT MJIa3MEHHOTO pa3psja ¢ YIiIeBOJOPOaHOM cpenoi uckimoueH. Kpome toro,
u 0e3 TOro CJIOKHAsg KOHCTPYKIUS C HCMOJIb30BAHUEM T€HEPATOpa HMMITYJIbCOB

BBICOKOI'O HAIMPAXKCHUA AOIMOJHUTCIIBHO YCIIOKHACTCA HM3-3a HCIIOJIb30BAHHMA



YCTPOMCTBA JJ1s IPUTOTOBJIEHUA TETEPOrCHHOU CMECH M YCTPOUCTBA U1 OTICTICHUSA
o0OpabaTtbiBaeMoii cpeibl OT BOAbI, B KOTOPOH CO3/1at0T UCKPOBOM pa3psia.

[0020] B marente CIIIA Ne 7931785 onucanbl crocoObl, UMEIOIIUE BBICOKYIO
a(pdexTBHOCTE MpeoOpazoBaHUs TsDKEIIOH HE(PTH B JIETKHE YTIICBOJIOPOIHBIC
dpakmmu. B s1tx cmocobax rereporeHHas HedTerasoBas cpela MOABEPraeTcs
BO3ACHCTBHUIO 3JIEKTPOHHOTO MyYKa M MOJHOCTHIO HECAMOIIOIACPKUBAOIIECTOCA
3JEKTPUUYECKOTO pazpsaa. OJHAKO MPAKTHUECKOE UCTIOb30BAHUE MPEAJIOKEHHOTO
crocoba sBisAETCA MNPOOJIEMAaTUYHBIM, TAaK KAaK TOMHUMO CJIOKHOW CHCTEMBI
MIPUTOTOBJICHUSI TE€TEPOr€HHOW CMECH TpeOyeTcsa YCKOPUTENb SJEKTPOHOB C
YCTPOHCTBOM BBIBOJA SJIEKTPOHHOTO Myyka BAaKyyMHOW KaMepbl YCKOPHTENA B
ra3oKUJIKOCTHOM CMECH  BBICOKOTO  JABJIEHUA. YCKOPHUTENb 3JEKTPOHOB
npeACTaBIsieT cOO0M CI0KHOE TEXHUUECKOE YCTPOMCTBO, KOTOPOE 3HAYUTEIHHO
YBEIMYMBACT KaK KalUTAJIbHbIE, TAK U SKCIUTyaTallMOHHbIE pacxoasl. Kpome Toro,
1000€ UCTOJIb30BAHUE MyYKA OBICTPHIX JIEKTPOHOB COMPOBOXKIAETCS TOPMO3HBIM
PEHTTEHOBCKUM M3JlyueHueM. Takum o00pa3oMm, BCE YCTPOMCTBO TpelyeT
COOTBETCTBYIOIIEH OWOJIOTMUECKON 3allMThl, UYTO €IIe¢ OOJIbIIe YBEIMUNBAET
3aTparThl.

[0021] TInazsMoxuMHUUYECKHE PEaKTOPhl MOTYT OBITh J0OOABJIEHBI B KauyeCTBE
croco00B oOaropaxuBaHus Ha HedTermepepadaThIBAIOIIEM 3aBOJIC IJII BCEX BHJIOB
ChIpbs. BHenpeHue TakWx peakTOpoB B Tpolecc Ha HedTenepepadaThBAIOIIEM
3aBOJIC, @ HE B TIPOIIECC HA MECTOPOXKACHHUH THKEIOW HepTH Mpetaraet mpocTou U
MOATANHbIN TJIaH pa3padOTKU MO CPABHEHUIO C pean3alieil Ha MECTOPOKICHUH.
DTO B OCHOBHOM CBSI3aHO C TE€M, UTO HE(Th, KOTOPas JOJDKHA TIPOXOIUTh Yepe3 3TH
peakTopsl Ha HedTenepepadaTHBAIONNX 3aBOAAX, YK€ TMOJABEPraiach psIy
MPEBAPUTENIbHBIX 00pabOTOK, TaKMX Kak OO€3BOKMBAHUE, OOECCOJUBAHHUE H
atMocdepras neperonka. CiienoBarenbHo, 00mas odpadoTka OyAeT 3HAYUTEIIHHO
MpoIIe o CPaBHEHHUIO C peanuzaiuei Ha MECTOPOXKACHUU.
HedrenepepabaTriBaroriuii 3aB0 MOKET TOCTABJISITh CETEBOE HAMPSIKEHNE U Ta3bI-
HOCUTENM 0€3 JOMOJHUTENIbHOW MOTPEOHOCTH B MX BKJIIIOUCHUH B MPOILECC

obnaropaxusanus. KpoMe TOro, 3Tu peaktopbl He JOJIKHBI Oy YT COOTBETCTBOBATh



cTporuM TpeOOBaHUSIM K TPyOOMpPOBOAAM MO BA3KOCTH, TJIOTHOCTH, COJCPKAHHUIO
0JIc()HHOB U CTAOMIBHOCTH He()TH, HCOOXOAMMBIM B MOJICBBIX YCI0BUAX. C TOUKH
speHust  HedremepepadaTHIBAOIIETO 3aBOAAa B JAHHBIX  YCIOBHAX Oyner
YBEJIMYMBATHCS MPOU3BOACTBO HEOOXOIUMBIX JUCTUJIIATOB M CHHXKATHCS HAarpy3ka
Ha YCTAHOBKH JJ1s1 KOKCOBAHMS M TUAPOKPEKUHTA, YCTPAHSA, TAKUM 00pa3oM, y3KHE

MECTa B TEXHOJOTMUYECKOH LIEIIOUKE.

PACKPBITUE U30bPETEHUSA

[0022] B ogHOM acmniekTe mpeacTaBiieHo d(PPEKTHBHOE IEKTPHUECKOE YCTPOUCTBO
JUIST TE€HEpalMu TMEePUOJUYECKUX HMCKPOBBIX Pa3psaloB Uil  XUMHUYECKOTO
MpeoOpa3oBaHKs YIJIEBOAOPOAOB WA APYroro MCXOJHOIO MATepualia;, MpU 3TOM
YCTPOHCTBO COCTOMT W3 YINPABIAEMOW TOKOM CXEMbI, KOTOpPass BBIMPAMIIACT
CTAaHAAPTHBIM JIMHEWHBIA BXOJ (BKJIIOYAs, HO He orpaHuumBaich, 120 B
nepemenHoro Toka 60 I'u, 240 B nepemennoro toka 60 ') B BBICOKOBOJIbTHBIN
BBIXOJT MMOCTOSTHHOTO ToKa (Hampumep, 50 kB). Beixoa moCTOSHHOTO TOKa MOXKET
nmpuiaratbesi K JBYM WM Oojiee BJIEKTpoAaM, HaXOAIIUXCS B Mpeaenax
nByX((ha3HOI CMECH B peakTope 00padOTKH.

[0023] B apyrom acmekre yCTPOHCTBO BKIIIOUAET peakTop oOpaboTku HeDTH IS
npuemMa aByxda3HoW cMecH Taza W OKUAKOCTH. (CMeCh MOXKET BKITIOUYATh
YTIIEBOOPOA, KOTOPHIM HYKHO MPeoOpa3oBaTh. YCTPOHCTBO MOXKET BKIIIOYATH
MHOTORJICKTPOJHYIO ~ CXEMYy  HMCKPOBOrO  paspana Ui  npeoOpa3oBaHUA
YIJIEBOJAOPOJOB, MPUUYEM B CXEME MCKPOBOTO Paspsaa 3JIEKTPOAbl MOABEPraroTCs
BO3JICHCTBHIO ABYX(ha3HOM cMecH B peaktope 1t o0padoTku Hedrr. [To MmeHbmEH
Mepe OJIHA CXEMa BBICOKOBOJIFTHOTO BBITIPAMUTENIS MOXKET OBITh (DYHKIIMOHATHHO
CBSI3aHA CO CXEMOM MCKPOBOTO pa3psja. ¥ CTPOMCTBO MOXKET ObITh BHITIOJIHEHO I
MOJQUM PETYJUPYEMOTO TIO MOIIHOCTA BXOJHOTO CHTHAJIA B CXEMY HCKPOBOTO
paspsaa AJid reHepalii UCKPOBBIX Pa3ps0B Ha 3JIEKTPOAAX.

[0024] B pa3nnuHbIX BapyuaHTax BOTUIOLIECHUS U300PETEHUA, CXEMA BBIPAMUTENIA
MOXET OBITh BBHITIOJIHEHA JUTSI TEHEPAITUH BBICOKOTO TOCTOSTHHOTO HATIPSHKCHHS U3

HU3KOBOJIBTHOT'O BXO4d IICPCMCHHOI'O TOKA.
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[0025] B HekoTOphIX BapyaHTaX BOMJIOLIEHUS U300PETEHUS, CXEMA BBIMPAMUTENA
MOXET BKJTIOUATh 1O MEHbIIeH Mepe oauH reHeparop Kokpodra-Yonrona (CWG).
[0026] B pa3nuuHbiX BapyuaHTax BOTUIOLIECHUS U300PETEHUA, CXEMA BBIPAMHUTENA
MOXeET padoTaTh MapauIeIbHO TOBBIIIAOIEMY TpaHcdopmaropy. [loBsimarommii
Tpancdopmarop MOXKET ObITh MOAKIIOUCH K OJAHO(DAZHOMY JUHEHHOMY BXOY.
JIvHeiHbI BXOA MOXET ObITh MO MEHbIIEH Mepe oaHuMm u3 Bxoma 120 B
nepemenHoro Toka 60 ' u Bxona 240 B nepemenHoro Toka 60 ['m.

[0027] B HekOTOpPbBIX BapuaHTax BOIUIOLICHHUS W300PETEHUS, OJUH MOBBIIAIOIIANA
TpaHc(opMaTop MUTAET MHOKECTBO UCKPOBBIX PA3PATHUKOB MAPAUICTBHO.

[0028] B HekoTOpBIX BapraHTax BOIUIOLICHHS W300PETEHUSA, YCTPOMCTBO MOXKET
UMETh MHOXECTBO TPaHC(HOPMATOPOB M MHOYKECTBO HCKPOBBIX PA3PSIAHUKOB, C
OIHUM TPaHCHOPMATOPOM Il KaKIOTO HCKPOBOTO PA3PAIHHKA W C TTOJTHBIM
AJIEKTPUUYECKUM PA3ICIICHUEM KaKI0H CXEMbl HCKPOBOTO Pa3psAHUKA.

[0029] B HekoTOpBIX BapuaHTaX BOIUJIOLIEHUSA W300PETEHHS, CXEMA BHIMPSIMUTEIS
Bkmoyaer CWG.

[0030] B HexkoTOpBhIX BapuMaHTax BOIUIOIIEHUS HW300PETEHUS, TMOBBIIIAIOIINMA
TpaHchopmMaTop MOXKET OBITh MOAKIIOYEH K MHOTO(A3HOMY JTHHEHHOMY BXOIY,
yTOOBI pa3feiaTh pa3HO(]a3HbIC BXOIHBIC HANPSHKCHHS TMEPEMEHHOTO TOKA H
MPUCOSTUHATh OJHY WM 0oJiee MOJIHBIX YCTaHOBOK TpaHcdopmaropa CWG k
KaXJ0MY BXOJY.

[0031] B HekoTOphIX BapraHTaX BOIUIOLIEHUS U300PETEHUS, CXEMa BBITPAMUTEIIA
BKJIIOYAET IMOJYyBOJIHOBOM oHOKacKaaHbii CWG.

[0032] B HekoTOphIX BapraHTaX BOMJIOLIEHUS U300PETEHUS, CXEMA BBITPAMUTEIIA
BKJIIOUaeT MHorokackaaueiit CWG.

[0033] B HekoTOphIX BapyaHTaX BOMJIOIIECHUS U300PETEHUS, CXEMA BBIPAMUTENA
BKJIIOYAET ABYyXMnojaynepuoaubii CWG.

[0034] B HEeKOTOPBIX BapraHTaX BOIUIOIICHUS U300PETEHHUS, EMKOCTh IO MEHbIIICH
MEpe OJIHOTO W3 KOHJCHCATOPOB B CXEME BBIMPSIMUTENA BJIMSAET HA SHEPTUIO B

HWMITYJIbCE JIJIA UCKPOBBIX PA3PAI0B.
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[0035] B HekoTOphIX BapyaHTaX BOMJIOLIEHUS U300PETEHUS, CXEMA BBIPAMUTENA
paboTaeT mapajyiebHO C MEPBHIM UCTOYHUKOM MHUTAHUA U BTOPBIM HCTOYHUKOM
nuTanug, paboTalomuM BMECTE C TIEPBBIM HCTOYHWKOM mHTaHus. [lepBwiid
UCTOYHWK TUTAHWUA MOXKET MPeoOpa3oBbIBATh CTAHMAPTHBIM JIMHEWHBINA BXOJ
MEPEMEHHOr0 TOKA B BBIXOJ IMOCTOSHHOIO TOKA HU3KOTO HANpshkeHWsA. Bropoit
MCTOYHUK MUTAHUS MOYKET MPeoOpa30OBbIBATh BXOAHOE HAMPSIKEHUE MOCTOSHHOTO
TOKA HU3KOTO HAMPSKEHHS B BBIXOJAHOE HAMPSIKEHUE IEPEMEHHOTO TOKA BBICOKOTO
HaNps>KeHUs JTF0O0H 4aCTOTHI.

[0036] B HekOTOPHIX BapraHTax BOTUIOIICHUS H300pETEHUA, KOH(UTYpaLIAS CXEMBI
BBITIPAMUTEIS 3a/1aHa TaK, YTOOBI UMETh BBIXOJIHYIO €eMKOCTh B Auarna3oHe ot 1 nd
a0 1 #H®, mOTEeHIMAIbHO MCMOJIB3YS JIOOYI0 MPHUCYIIYI0 CXEME IMapa3uTHYIO
€MKOCTb. B  pa3nuuHbIX BapWaHTax BOIUIOIMICHUS H300pETEHUsA, CcXema
BBITTPSAMUTENSI MOKET UMETh BBIXOJIHYIO €MKOCTh B Ananazone oT 10 n® go 50 nd.
B HEKOTOPBIX BEPCHUAX CXEMA BHIMPSIMUTENS MOXKET UMETh BBIXOJAHYIO €MKOCTh OT
5 n® go 200 n®. B ngpyrux BapuaHTax BOIUIOMIEHUS H300pPETEHUs, cXema
BBITIPAMUTENSI MOKET UMETh BBIXOJHYIO eMKOCTh MeHee |1 n® unu Gonee 1 HO.
[0037] B HekoTOphIX BapuaHTax BOIUIOIICHHUS W300PETEHUA, YCTPOHUCTBO
BBITIOJTHEHO JJI CO3JaHUs HampsbkeHuss B auanazone ot 3 kB go 50 kB. B
Pa3JIMUHBIX BApUAHTAX BOIUIOIIEHUS W300PETEHUSA, YCTPOUCTBO MOXKET OBITh
BBITIOJTHEHO JJiA TeHepaluu HanpsbkeHus B auarnazone oT 30 kB nmo 40 xB. B
HEKOTOPBIX BEPCUSAX YCTPOMCTBO MOJKET OBbITh BBIMIOJIHEHO JJId TE€HEpalUu
HanpsokeHuss oT 20 kB mo 60 xB. B HekoTopblx BapuaHTaxX BOIUIOLIEHUA
M300pETECHUS, YCTPOUCTBO MOXKET ObITh BHITIOJIHEHO /1J1 T€HEPALIMU HAIPSKCHUS B
muanasone ot 10 kB no 100 xB. B npyrux BapuaHTax BOIUIOLICHHS U300pETEHMUS,
YCTPOMCTBO MOXKET ObITh BBIMOJIHEHO ISl TCHEPALIMKM HaNpsiKeHust MeHee 3 kB win
6onee 100 kB.

[0038] B apyrom acriekte MoJellb yCTPOHCTBA BKIIOUAECT PeakTop 00pabOTKH s
npueMa oOpabaTeiBa€MON CMeCH. Y CTPOHCTBO MOXKET BKJIKOUATh MO MEHBILICH Mepe
OJIHY MHOTO3JIEKTPOJHYIO CXE€MY HMCKPOBOTO paspsia, MPUUEM MO MEHBIIEH Mepe

OJlHA CXEMa WCKPOBOTO pa3pslia pPeaiu3yeTcss B pPEaKTope OOpabOTKH MyTeM
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BO3JCHCTBHS JIBYX S3JIEKTPOJOB MCKPOBOIO MPOMEXKYTKA HA CMECh. Y CTPOHCTBO
TAKXE€ MOKET BKJIFOUATh MO MEHBIIIEH MEepE OJIUH T€HEPATOP BHICOKOTO HANTPSKEHHUS,
(byHKIIMOHAIBFHO CBSA3AHHBIA IO MEHBINEH MeEpe C OJHOW CXEMOW HCKPOBOTO
paspsaa. ['eHepaTtop MOXKET OBITH YCTPOEH Ui MOJAYU BXOJA PETYIUPYEMOM
MOIIHOCTH IO MEHBILIEH MEpe B OJIHY LEMb MCKPOBOTO pa3pAna Ijisi T€HEpaluu
MCKPOBBIX Pa3psIOB HA SJIEKTPOJIAX.

[0039] B HekoTOpbIX BapuMaHTax BOIUIOMICHUS W300PETEHUs, TE€HEPATOp
npeactasisier coboi renepatop Koxpodra-Yonrona (CWG), sddextuBHO
CBSI3aHHBIM €O cxeMoM HCKpoBoro paspsana. CWG mMoxer ObITh BBIIIOJHEH s
pabOThI MOCTIEAOBATENHHO ¢ TOBBIMIAIOIIMM TPAHCHOPMATOPOM.

[0040] B HekoTOpbIX BapHaHTAX BOIUIOMICHUS H300PETEHUA, YCTPOMCTBO
BBIMIOJIHEHO 11 00€33apa’kKMBaHMs IO MEHbIIEH MEpe OJHOTO H3: MPOAYKTOB
MMATAHUS WU BOJBI.

[0041] B npyrom acmekre YCTPOMCTBO Ajid MpeoOpa3oBaHUs YTIEBOJOPOAOB
COJICPKUT PA3PSIHYI0 KaMepy, B KOTOPOH HAXOAUTCA MHOXECTBO 3JIEKTPOJOB,
Pa3ACICHHBIX MPOMEKYTKOM. YCTPOMCTBO MOXET BKJIIOUATh B C€OS pa3pAIHYIO
[T, BHITIOJHEHHYIO JJIA CO3JaHUs pa3paaa MEXIy JIEKTpoAaMu. Y CTPONCTBO
TaKXKE€ MOXKET BKIIOYATh BIYCKHOE OTBEPCTHE JJIsi  TPAHCIOPTUPOBKH
YIJICBOJAOPOAHOTO MaTepuaja B Pa3psAHYIO KaMepy TakuM o0pa3oMm, uTOOBI
YIJICBOJAOPOAHBIM MaTepuasl JOCTUTaJl MPOMEXYTKAa MEXAY OJJIEKTPOJAaMH, H
BBIITYCKHOE OTBEPCTHE Il TPAHCIIOPTUPOBKH YTJICBOAOPOAHOW (pakmuu u3
pa3pAIHON KaMephl, TPUYEM YTIIEBOIOPOaHAsS (hpakiys 00pa3yeTcs mocje pa3psiaa
MEXY SJICKTPOJAMH, B TO BpPEMs KaK YTJICBOJOPOJHBIA MaTephall HAXOIAUTCS B
MPOMEKYTKE. Y MHOKUTEITb HAMPSKEHUS MOXKET ObITh BHITMIOJIHEH C BO3MOYXHOCTBIO
obecrieunBaTh YMOpPaBIsSEMbI TOKOM BXOJ B Pa3pAIHYIO LieNb MpU MOAAUe
3JICKTPUUECKUX UMITYJILCOB HA YTJIEBOIOPOIHBIA MAaTepUAIl YEPE3 AIEKTPO/IBI.
[0042] B HekOTOpbIX BapUAHTAX BOIUIONICHUA W300PETCHUSA, YMHOXKHUTEIb
HanpsoKeHUS TpeAcTaBiieT coboit reaepaTop Kokpodra-Yonrona.

[0043] B HekoTOpHIX BapraHTaX BOILIOMICHHS H300peTeHus, TeHepaTop Kokpodra-

Yonrona npeacraBisieT coboi oHOKacKaaHbI renepaTop Kokpodra-Yontona.
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[0044] B HekoTOpHIX BapHaHTaX BOILIOMICHUS H300peTeHus, TeHepaTop Kokpodra-
YonrTona npeacrasiaseT codoi MHOTOKacKaaHbIN reHepaTop Kokpodra-Yonrona.
[0045] B HekoTOpBIX BapraHTaX BOILIOMICHUS H300peTeHus, TeHepaTop Kokpodra-
VYonToHa sSBIgeTCs MOJyBOJHOBBIM TeHepaTopoM Kokpodra-YonroHa.

[0043] B HekoTOpHIX BapraHTaX BOILIOMICHUS H300peTeHus, reHepaTop Kokpodra-
Yontona mnpencrtasiasier coboit aByxmonyrnepuoansiii reneparop Koxpodra-
YonToHa.

[0047] B HekoTOpBIX BapraHTaxX BOILIOIIEHUS H300peTeHus, reHepaTop Kokpodra-
YonToHa BBIIOTHEH C BO3MOXHOCTBIO TE€HEPHPOBAHUS  BBICOKOBOJIBTHBIX
MMIYJIbCOB pa3psaa KOHAEHCATOPa AJisl MpeoOpa3oBaHus yIiI€BOI0POIOB.

[0048] B HekoTOpbIX BapHaHTAX BOIUIOMICHUS H300PETEHUA, YCTPOMCTBO
JOTIOJTHATEIHHO BKITIOUAET B CeOs MOBBIMIAOIIHA TpaHCHOPMATOP.

[0049] B HekoTOphIX BapuaHTaX BOILUIOMICHHUS W300PETEHUS, YCTPOUCTBO MUTACTCA
OT UCTOYHHKA MEPEMEHHOT0 TOKA BBICOKOTO HANIPSKEHUS.

[0044] B HekoTOpHIX BapHWaHTaX BOIUIOIICHUA W300PETCHUS, YMHOXKHUTEIb
HaMpsOKCHUST  SBJISETCA TIEPBBIM  YMHOXHUTEJIEM HAMNPSKEHUA, U YCTPOHCTBO
JOTIOJITHUTEJIPHO BKITIOYAET B CEOs1 BTOPOM YMHOXXHUTEb HAMPSHKEHUS, YCTPOCHHBIH
JU1sl paOOTHI APAUIENILHO ¢ MEPBBIM YMHOXKUTEIEM HAMPSIHKEHUA.

[0045] B HekoTOpbIX BapuaHTax BOIUIOIICHUS W300PETEHUA, YCTPOHUCTBO
JOTIOJTHUTEIPHO BKJIIOYACT TOBHIIAONTNN  TpaHcdopmaTop, (YHKIIMOHATHHO
CBSI3aHHBIM KaK C TIEPBBIM YMHOXKUTEJIEM HAMpsOKEHUS, TaK U CO BTOPHIM
YMHOXUTeNIeM HanpsikeHusa. [IepBblii 1 BTOPOH YMHOKUTENNA HAMPSIKEHUA MOTYT
ObITh (QYHKIIMOHAJIBFHO CBSA3AHBI C OJTHAM TTOBBIIIAOITAM TpaHCchopMaTopoMm.
[0046] B HekoTOpBIX BapuaHTaX BOIUIONIEHUSA U300pPETECHUS, MUTAHUE YCTPONUCTBA
OCYILECTBJISETCA C MOMOIIBIO PSIMOTO BBOJAA MUTAHUS OT CETH.

[0047] B npyrom acnekTe yCTpOHCTBO ISl MPpeoOpa30BaHUs YII€BOJOPOI0OB MOKET
COAEpKaTh PA3PATHYIO KaMmMepy, BIIYCKHOE€ OTBEPCTHE ISl TPAHCHOPTHPOBKHU
YIJICBOJAOPOJAHOTO Marepualia B Pa3psAIHYI0 KaMEPYy U BBIMTYCKHOE OTBEPCTHE i
TPAHCTIOPTUPOBKH YTJIEBOIOPOIHON (hpakimu U3 pa3psIHON KaMephl. Y CTPOMCTBO

MOJKET BKJIIOYATh PsAJ MapajuieIbHO PaldOTaIONUX YMHOXXHTEICH HampsKEHHUS.
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YMHOXKHUTEIN HANTPSYKEHUSI MOTYT OBbITh BBIMIOJIHEHBI C BO3MOKHOCTHIO HAJIOKEHHUA
3JIEKTPUUECKUX UMIMYJIbCOB HA YIJICBOJAOPOAHBIM MaTrepuall B pa3psAIHON KaMmepe
I TipeoOpa3oBaHMs  YIJIEBOJAOPOJAOB. DJICKTPUUECKUE HMMITYJIbCHI  MOTYT
MOJABATHCS YEPE3 PA3PAAHYIO LENb C YIPABISAEMbIM TOKOM BXOJOM.

[0048] B HekoTOpBIX BapuaHTaX BOIUIOLIECHUS W300PETEHUA, P YMHOKHUTEIICH
HaNpsOKEHUS TIPEACTABILIIOT coboi reneparopsl Kokpodra-Yonrona.

[0049] B HekoTOpBIX BapuaHTaX BOIUIOLIECHUA W300PETEHUA, P YMHOKHUTEIICH
HarnpsHKEHUsA paboTaOT MapaJUIETFHO OT OJTHOTO MOBBIMIAIONIIETO TpaHcdopmaTopa.
[0050] B apyrom acnekre cmnoco0 mpeoOpa3oBaHUs YTIEBOJOPOJIOB BKIIOYAECT
TPAHCOOPTUPOBKY YTIJIEBOJAOPOAHOTO MaTepuaia 4depe3 BIYCKHOEC OTBEPCTHE B
paspanHyo kamepy. Croco0 MOXKET TakKe BKIIFOUATh UCTIOb30BAHUE OJHOTO WK
O6onee renepatopoB Kokpodra-YonTtona i mogauMm  BHICOKOBOJIBTHBIX
AJIEKTPUUYECKUX UMITYJIbCOB Pa3psaaa KOHAECHCATOPA Ha YIJIEBOJAOPOAHBIA MaTepHal
B pa3psAIHON Kamepe mia mpeoOpa3oBaHUs YTIEBOAOPOAOB. MmIynbchl MOryT
MOAABaThCA Yepe3 ABYXUIEKTPOJHYIO CXEMY HCKPOBOTO paspsia, CHAOKEHHYIO
yOpaBIAeMbIM TOKOM BX0J0M. Cnoco® MOXKET MAOMOJHUTEILHO BKJIIOYAThH
TPAHCIIOPTHPOBKY YEPE3 BBHIMYCKHOE OTBEPCTHE YTICBOAOPOAHOW (hpakimu U3
Pa3pAAHON KaMEPHI.

[0051] B HexkoTOpbIX BapuaHTax BOIUIOIMICHUS HW300PETEHUs, HCIOJIb30BAHUE
omHoro wim 6Oosee reHeparopoB Kokpodra-YonroHa BKIIOYAET HCIOIB30BAHUE
COOTBETCTBYIOIIErO KOJIMUECTBA TMApaUICNIbHO PpalOoTaIoMUX YMHOXKUTEIEH
HaNpsKEHUS.

[0058] B HekoTOpbhIX BapuaHTax BOIUIOIICHHUS W300PETCHUSA, TEHEPATOPHI
KokpodTa-Yonrona sABIAIOTCS UYACThIO YCTPOHCTBA, KOTOPOE THTAETCS OT
MOBBIIAIOIIETO TpaHC(hOPMATOPa, UCTIOB3YIOMIETO MPSIMOM BBO] IMUTAHUS OT CETH.
[0052] B apyrom acmekTe cucTtemMa COACPKUT OJHOKACKAJHBIA TMOJYBOJIHOBOM
redeparop Kokpodra-YonTona, uCmonbp3yemMblid UIsi T€HEPAITHH BHICOKOBOJIBTHBIX
UMIMYJIbCOB pa3psiia KOHACHCATOpA U1 MpeoOpa3oBaHus yIi€BOI0POI0B, KOTOPBIH
MATAETCA OT TOBBIMIAIOMIETO TpaHChOpMaTOpa ¢ UCMOIH30BAHUEM TIPSIMOTO BBOJA

IMHUTAaHUA OT CCTH.
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[0053] B napyroMm acnekre cuCTEMa COAEPXKUT HA0Op OJHOKACKAIHBIX
ITOJIYBOJIHOBBIX TeHepatopoB Kokpodra-Yonrona, paboTaromux napauiebHO OT
OJIMHOYHOTO TOBKINIAIONIETO TpaHchopMaTopa ¢ UCIOJIb30BAaHUEM TMPSAMOTO BBOJA
MATAHUS OT CETH AJI UCIOJIb30BAHMS B KOHBEPCUU YTII€BOIOPOIOB.

[0054] B  gpyrom  acmekTe ~— CHCTEMA  BKJIKOYAET  OJHOKACKAIAHBIN
IByXTMOJynepuoaubii  renepatop Kokpodra-YonTona, UCHONb3yeMbId s
IFE€HEpAlMd  BBICOKOBOJIBTHBIX ~ MMITYJIbCOB  pa3psla KOHJAEHcaropa A
npeoOpa3oBaHus  YIJIEBOAOPOAOB, KOTOPBIM MHUTAETCS OT  MOBBIMIAOIIETO
TpaHcdopmaTopa ¢ UCTIOJIb30BAaHUEM TIPSIMOTO BBOJA MUTAHUS OT CETH.

[0055] B npyrom acmekre cucTeMa COACPXKHUT HAOOpP OJHOKACKATHBIX
JIBYXTIOJTYTIEPHUO THBIX re€HEepPaToOpPOB Koxkpodra-Yonrona, paboTaroIux
NapayuIeIbHO OT OJUHOYHOTO MOBBIMIAIOIIETO TpaHC(HOPMATOpa C HCIOJIb30BAHUEM
MPSAMOTO BBOJA MUTAHMS OT CETH JJIA MPUMEHEHUS B KOHBEPCHH YIJIEBOAOPOIOB.
[0056] B npyrom acrekTe cucTeMa COJASPKUT MHOTOKACKATHBIN TMOJIYBOJIHOBOM
reaepatop Kokpodra-YonTona, ucrmonbp3yemblit 1jisi TeHEepauyd BEICOKOBOJIBTHBIX
MMIYJIbCOB paspsiia KOHACHcATOpa sl MpeoOpa3oBaHus yTi€BOI0POI0B, KOTOPHIH
MATAETCA OT TOBBIMIAIONIETO TpaHChOopMaTOpa ¢ UCIOJIH30BAHUEM TIPSIMOTO BBOJA
MUTAHUS OT CETH.

[0057] B napyrom acmekte cuUCTeMa COACPKUAT HA0Op MHOTOKACKAIHbIX
ITOJIYBOJIHOBBIX TeHepatopoB Kokpodra-Yonarona, padoTaromux napajuiebHO OT
OJTHOTO TIOBBIMIAIOMIETO TpaHchopMaTopa C HCIOIB30BAHUEM TPSIMOTO BBOJA
MATAHUS OT CETH JJIsI NPUMEHEHUS B KOHBEPCHUH YTJIEBO0POIOB.

[0058] B npyrom acnekTe cCUCTEMA COJACPNKUT MHOTOKACKATHBIN IMOJITYBOJIHOBOM
redeparop Kokpodra-YonTona, HCmonmbp3yeMblid UIsi T€HEPAITHH BRICOKOBOJIBTHBIX
UMMYJIbCOB pa3psiia KOHACHCATOpa U1 MpeoOpa3oBaHus yIi€BOI0POI0B, KOTOPBIH
MATAETCA OT TOBBIMAIONIETO TpaHCcopMaTopa ¢ HWCIOIH30BAHUEM HMCTOYHHKA
MEPEMEHHOTO TOKA BbICOKOTO HAIPSYKECHUS.

[0059] B napyrom acmekTte cHCTEMA BKJIOYAET HAO0Op MHOTOKACKAIHbIX
ITOJIYBOJIHOBBIX TeHepatopoB Kokpodra-Yonarona, paboTaromux napauiebHO OT

OJHOTO TMOBBIIIAOIIETO TpaHchOpMaTOpa, HCIONB3YIOMIETO BHICOKOBOJIBTHBIN
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HCTOYHUK IIMTAHHUA MNCPCMCHHOIO TOKa 4 IIPHMCHCHHA B KOHBCPCHH

YIJIEBOJAOPOOB.

KPATKOE OITUCAHHUE YEPTEXEN
[0060] Ha ¢ur. 1A-1D npeacTaBiaeHsl 4YepTEXU MOJECICH I PA3IMUHbBIX BEPCUN
CXEeMbl HMCKpPOBOTro paspsaa pesuctop-koHaeHcarop (RC) ¢ ucnonb3oBaHuem
WCTOYHWKA TUTAaHUA C perynupyembiM Hanpspkeauem (¢dur. 1A, 1C) wm
perynupyembim TokoM (¢ur. 1B, 1D), koTopsiit asisiercs uneanbubsiM (1A, 1B) nnn
HeuneanbubiM (1C, 1D). Ilynktupnas nuaus Ha cxemax ¢ur. 1C u ¢ur. 1D
YKa3bIBAIOT HA BHYTPEHHUE KOMIMOHEHTHI HEUACATHOTO NCTOUHHUKA TTUTAHUS.
[0061] Ha ¢ur. 2A u 2B mnpeacrasieHbl nmpumMepbl 3PPEKTUBHOCTH CXEMBI Kak
¢yHKImu  BHyTpeHHeW emkocTH C; HCTOYHMKA TUTAaHUS ©  OaJIaCTHOTO
COTIPOTHBIICHUS Ry, 7151 HEMACATBHBIX CITyYaeB ¢ PEryJIMPyEMBbIM HaNpsDKEHHEM (2A)
1 TokoM (2B).
[0062] Ha ¢ur. 3A-3H npencrasiaeHsl MPUMEPH CPAaBHEHUSI BPEMEHH OTKIIMKA TIPH
noctossHHoM Hamnpsbkennn (3A-3D) u mocrostaaoM Toke (1E-1H) mist RC-cxem.
[0063] Ha ¢ur. 4A u 4B npencraBiensr npumepbl 3DPEKTHUBHOCTH TIpH
MOCTOSAHHOM HanpsbkeHnu (4A) m moctossHHOM Toke (4B), a Takxke 9acTOThI
umMnyJibcoB g RC-cxem.
[0064] Ha ¢wur. 5 mpencrasieHa penpe3eHTaTuBHAA Y3(Q(HEKTHBHOCTH B 3aBUCHMOCTH
OT 3HAUYCHWH TOABOAMMON MomHOCTH it RC-cxeM MOCTOSHHOTO TOKa W

MOCTOSIHHOTO HampspkeHUA. J(PPEeKTUBHOCTD 3apsAna cxeMsl (7 =P, /P, ) moKa3aHa

out

Kak (PyHKIHAS CPEAHEH MO IBOANMOM MOTITHOCTH Tt RC-cXemMbl HCKPOBOTO pa3psiaa
C WCIOJb30BAHUEM BAPHUAHTOB C PETYJIHUPYEMBIM HANPSHKCHUEM ( 77 Constanty) VUIIH
TOKOM (77 constant1). (Ce=200 m®, R=10 MQ u /=20 xB.)

[0065] Ha ¢ur.6A u 6B mipeacTasieHbl IpuMepPHl 3aBUCUMOCTH Y()(PEKTUBHOCTH OT
COTIPOTHBJICHUS TIPU TOCTOSHHOW moaBogumon MomHocTH ama RC-cxem ¢

MOCTOSIHHBIM HanpspkeHueM (1A) u moctosaabsiM ToKOM (1B).
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[0066] Ha ¢ur. 7 mpencraBieHa penpe3eHTATHBHAs CXeMa TpUMepa
JIBYXKACKAQHOTO TOJYBOJHOBOTO reHepatopa Kokpodra-Yonrona ¢ Beixogom
MEPEMEHHOr0 TOKa V; M BBIXOJIOM MOCTOSIHHOTO TOKa V.

[0067] Ha ¢ur 8 mnpencraBieH peNpe3eHTATUBHBIA OOMIMA YEPTEkK CXEMBI
obopynoBanua T+H4CWG  nana  nOWATaHUS  4YETHIPEX  PA3PSAAHUKOB €
COOTBETCTBYIOIIUMHU JTMATHOCTUYECKUMHU 3JIEMEHTAMHU, MPUCOCIUHEHHBIMH K
KpaliHeMy  TpaBoOMy  paspsAgHuKky. Jlmd  SKCIEpUMEHTAJbHBIX  JTAaHHBIX,
npeacraByieHHbIX B 3ToM onucannu: Cy = 110 n®, Cqo = 0,57 Mm® u R =22,3 MQ.
[0068] Ha ¢ur. 9A-9D mnpencrasiensl npumMepbl rpadukoB pazdpoca SHEPTUH
UMITyJIbca Kak (DyHKUIUHA TPOOOMHOTO HAMPSKEHHUS UIS KaXJAOr0 W3 YEThIPEeX
HMCKPOBBIX Pa3psAIHUKOB, padoTaromux napauiesbHo (cM. [Ipumep 1), npu cpennem
PACCTOSTHUU MEXAY Pa3psAAHUKAMH 5 MM.

[0069] Ha ¢ur. 10 npencraBieHsl npuMepsl KPUBBIX HaNpspkeHUs i Vg i Vo (Kak
ompeaeneHo Ha ¢ur. 7), WCIONB3YEMBIX IS pacueTa SHEPTHH OTICIIbHBIX
UMITYJIbCOB KaK Epuse = V2:Co:AVq: Vp.

[0070] Ha ¢wur. 11 mpencraBiaeH mpumep rpaduka 3aBUCUMOCTH MOIIHOCTH HA
CTEHKE OT KOJIMUeCTBA MapajyieiabHbiX YCcTaHOBOK CWG, COOTBETCTBYIOIIUX
Habopam JaHHBIX, MOAPOOHO OMUCAHHBIM B TabuIIe 3.

[0071] Ha ¢wur. 12A-12D npencraBriensl oToOpaHHble rpaduku, CO3AaHHBIC HA
OCHOBE TaOJMYHBIX JAHHBIX B TaOIHUIE 3.

[0072] Ha ¢wur. 13 mpencrasnen npumep rpaduka OOMICH MONE3HON BBIXOTHOM
MOIITHOCTH (PourtPprobeitPro) Kak pyHKIMM MOIIIHOCTH HA CTEHKE [T CXEMBbI Ha (ur.
8. HaknoH nuHelHOo# anmpoKCUMUPYIONIEH JIMHAH OTpaxkaeT aughepeHITnaTbHYIO
3(pPeKTUBHOCTD BCEH CXEMBI.

[0073] Ha dur. 14 mpencTaBieH mpuMep depTexa CXeMBbI IS IBYXITOTYTIEPHOTHOTO
oJHOKackagHoro reHeparopa Kokpodra-YonroHa.

[0074] Ha ¢wur. 15A u 15B npeacrasnens! rpaduku pazdpoca SHEPTUNA UMITYJIbCA
KaKk (PYHKIIUH MPOOOWHOTO HAMPSIKEHUS JUIA CXEMbI, n300paxxeHHoW Ha ¢ur. 14,

MUATAIONIAE TPOMEXYTOK mpuOmm3uTeabHo 5 MM (15A) w  mpoMekyTok
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npubnuzutensHo 1 MM (15B) (em. Ilpumep 2). Cpasnure ¢ ur. 9. C, =70 n®, Cq
=0,57 MO u Rg =223 MQ.

[0075] Ha ¢wur. 16 mpencrasinen npumep rpaduka oOMICH MOJIE3HON BBIXOTHOM
MOIIHOCTH (PoutPprobe1tPrg) Kak (pyHKIMM MOIIHOCTH Ha CTEHKE I CXEMBI,
nokazanHoi Ha ¢ur. 8. Hakmon nuHEHHOW anmpoOKCUMUPYIOMICH JIMHUN OTPaskaeT
muddepennmnansuyo 3hPexTuBHOCT Beeh cxembl. CpasHuTe ¢ ur. 13.

[0076] Ha ¢ur. 17 mpeactaBieH 4epTesk CXEMbI Ui MPUMEPa IMOJYBOJHOBOTO
JIByXKackaaHoro reneparopa Kokpodra-Yonrona.

[0077] Ha ¢wur. 18 npeacrasien mpumep uepTeka CXEMbl IBYX IBYXKACKAIHBIX
renepatopoB Kokpodra-Yonrona, pabGoTaiommx mapamieNbHO OT OJHOTO
MOBBIIIAIOIIETO TpaHchopMaropa.

[0078] Ha ¢wur. 19A u 19B mnpencrarien oOmmii mpuMep TOro, Kak JroOas
BO3MOJKHAsA CX€Ma UCKPOBOTO pa3psiaa MOXKET ObITh peajiu30BaHa B PEAKTOPE AJIs
obpabotku Hedtu (19A), HapsAy ¢ BApUAHTOM TAaKOTO BOIUIOMICHHS, B KOTOPOM
ucrnosb3yercs ogHokackaaubii CWG B mape ¢ MICTOUHUKOM MUTAHKS MIEPEMEHHOTO

TOKa JJ11 CHaOKeHUs SHEPTruei nckposoro pazpsaa (19B).

IHOJAPOBHOE OIIMCAHUE
[0079] Hacrosias TeXHOJOTHUA OTHOCUTCA K 00JIacTH MepepadOTKU KUIKOCTEH,
COJIEpIKAIINX MOJIEKYJIBI TSDKEITBIX YTJIEBOIOPOIOB, B O0JIee JICTKUE KUAKUES W/ AT
razoo0pa3Hbie pakiuu. HacTosimas TeXHOIOTH MOXKET OBITh UCIIOIb30BaHa IS
KPEKHHTa JKHIKOHN TsOKea0d HeTH B OoJiee JIETKHE YIIIEBOAOPOAHBIEC (DPAKIHU C
HCIIOJIb30BAHWEM TIOTOKA Ta3a-HOCHUTENISA, BBOJAUMOTO B JKUIKYIO TSOKENYyIO HE(DThH
Ui 00pa3oBaHUs CMECU C TMOCIEAYIONIEH HOHM3ALUEH CMECH 3JIEKTPUUECCKUM
paspsiaoM. JlaHHAsh TEXHOJOTHUA MOXET ObITh YCHEIIHO WCHOJIb30BaHA Jid
nocTmwkeHust 3PPEKTUBHOM TTepepabOTKA THKEI0H HePTH.
[0080] B oHOM acriekTe MpeanokeH cnocod KPEKUHTa KUJKUX YIIIEBOJOPOIHbIX
MaTE€pPHAJIOB B JIETKHE YTJIEBOJOPOJHBIC (DPAKIMK C WCTIOJIB30BAHUEM HCKPOBOTO
pazpsaa. Crnoco0d BKIIKOYAET MPOMYCKAHUE KUAKOTO YIJIEBOJAOPOAHOTO MaTepuaia

yepe3 paspAmHYIO KaMepy B MEKIJIEKTPOAHBIA MPOMEXYTOK BHYTPH Pa3psaaHOU
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KaMephl, T/I€ MEXKAJIEKTPOAHBIN MPOMEKYTOK 00pa3yeTcs Mexay ABYyMs Wi Ooee
AJNIEKTPOAAMH, OTCTOALUIMMH APYr OT japyra. Crnoco0 AOMOJHUTENBHO BKIIOYAET
HarHeTaHWE Ta3a-HOCHUTENA B JKHJIKHH YTJICBOJOPOAHBIN MaTepwall, KOrja OH
BXOJUT B MEXAJIEKTPOJHBIM TPOMEXKYTOK, B pe3yJbTare dYero oOpasyercs
ra30’kKUIKOCTHAS YTJIEBOJOPOIHASA CMECh. DJIEKTPOAbI BKJIIOUAIOT OJUH WK OoJiee
MOJIOXKUTETBHBIX 3JIEKTPOJOB M OJIMH WJIA 00Jiee OTPULIATENBHBIX HJIEKTPOAOB, IPH
ATOM OTpHULATENbHBIE AJIEKTPOJbl MOAKIIOUEHBI K KOHAeHcaropy. KonaeHcarop
3apshKaeTcsl A0 HANpsDKEHWs, PAaBHOTO WJIM  TPEBBIIAIOIIETO MpoOOiHOE
HanpsLKEHUE ra3a-HOCUTENSI B MEXKAJIEKTPOIHOM pa3psiiHoM npomexyTke. Koraa
oOpa3yercd Tra30XKHAKOCTHAs yIJIEBOJOPOJHAs CMECh, OHa IMOJABEpraercs
BO3JICHCTBUIO TOKAa MEXKIY SJEKTPOJAAMH C HANPSXKEHUEM, TOCTAaTOYHBIM s
BO3HUKHOBEHUA MCKPOBOro paspsazna. Crnoco® Takke BKIIOYAECT W3BIICUEHHE
dbpakumii Jerkux yrieBoJOPOJOB, OOPa3yIOMIMXCS B Pe3yJibTaTe BO3ACHCTBUA
UMITYJIbCHOTO MCKPOBOTO pa3psja Ha ra30kKuIKOCTHYIO YIJIE€BOJOPOAHYIO CMECH.

[0081] B HeKoTOpHIX BapraHTaX BOIUIOIIEHUS H300PETEHUS, TIJIA3MEHHBIE Pa3PsIbl
MOTYT WCIOJIb30BAThCA JJIA YaCTUYHOTO OOJaropakuBaHusl ChIpod HePTH mepen
nepepaboTKoii Ha HedTenmepepadaThIBarOIIeM 3aBoie. [ 11a3sMeHHbIE pa3psabl MOTYT
TCHEPUPOBATHCA B YCTPOUCTBE, KOTOPOE UMEET cxemy pesuctop-konaeHcarop (RC)
C HCKPOBBIM Pa3PsAHUKOM, MApaUICIbHBIM KOHJEHCATOpPY. B pasHBIX BepcHsx
HCIIOJIB3YEMBIi UCTOUYHHUK MHATAHUS MOXKET OBITH MO0 MCTOYHMKOM HAIPSDIKECHUS
(¢ur. 1a), nubo ucrounmkom Toka (¢ur. 1b). Cucrema ycaoBHbIX 0003HAUCHUIH,
UCIONIb3yeMasi B 3THUX CXEMax, MpeAcCTaBlieHa HIbke B Tabnuie 1, a ypaBHeHUA
CXEMBI, MPUMEHUMBIC K CIICHAPHSIM ITOCTOSTHHOTO HAMTPSHKEHUS W TTIOCTOSTHHOT'O TOKA,
MpeACTaBJICHB HIKe B Tabmuie 2. B koHTEKCTEe MAaHHOTO MOKyMEHTa, TEPMUH
«TIOCTOSTHHBIN TOK» OTHOCHTCS K YTPABIIIEMbIM YPOBHSM TOKA, BCIICICTBHE YETO,
TOK TIOJJEPKUBACTCS, TJIABHBIM 00pa3oM, HA TMOCTOSHHOM YPOBHE WA HWHBIM
00pa3oM OTHOCUTENIBHO OTPAHUYEH B CBOCH M3MEHYMBOCTH OJIarogaps OTHOMY WA

0oJiee IIeMEHTAM CXEMBI.

TABJIMIIA 1
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3HaueHue CumBoa
ConpoTuBjeHHE pe3ncTopa R
EMKocTh KOHIEHCATOpa C
Hanpsixenne nutanus V

TOK NCTOYHMKA MUTAHUA I
MoOIHOCTh UCTOYHHUKA MUTAHUS P=IV
[TpoOuBHOE HANPSHKEHUE UCKPOBOTO MPOMEXKYTKA Vi
OddexTrBHOCTH CxeMbl (MpeoOpazoBanue sueprun B | H
HCKPY)

DHEPrusi Ha UMITYJIbC UCKPOBOTO MPOMEXKYTKA Eper pulse
YacToTa UMITyJIbCOB UCKPOBOTO POMEXKYTKA fomlses

TABJIALA 2

[TocTositHHOE HANPSKEHUE [TocTosiHHBINA TOK
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N v £ R 2 S 2
Bxmouenne C Boo= v ffR-’ (1 —e IReteT/nC pe =17t/ A
LA 5 ...ir{. ~
Toxk J o= VI(R & ‘RE i
0082 s 1elield OOCYXKAEHHS,  COOTBETCTBYIOIIUX HT. 3-5,
y Y

MPEAMOIATaeTCs, YTO SJIEMEHTHI CXEMBbI TIOIIEP KUBAIOTCA TIOCTOSAHHBIMU, @ UMEHHO,
yto C=200 n®, R = 10 MQ u Vi, = 20 kB (ycTaHOBICHHBIA POMEXYTOK H T. 1.).
Kpome Ttoro, Oyaer cuuTaTbCs, UYTO CPEAHAS MOIIHOCTh YCTAHOBJIEHA IO
BO3MOXHOCTH paBHOH (TO ecTh, koraa V u | He U3MEHAI0TCA). DTO YCIOBHE TaKXKe
JieJlaeT 4acTOTY HMITYJIbCOB PaBHOW Uil OOEMX CXEeM, MOCKOJIbKY SHEpPTrus Ha
UMITYJIbC OAMHAKOBA A1 00€uX CXeM (Pavg = Eper puise fpuises)-

[0083] PernpesenTarrBHBIC BPEMEHHBIC XapPAKTEPUCTHKH TS cXeM Ha ¢ur. 1
MOKa3aHbl Ha UT. 3 A4 IBYX UMITYJIbCOB. B 3THX mpuMepax cxema MOoCTOSTHHOTO
HaNpsDKEHU UMEET YKCIOHEHLMAIbHOE MOBEACHUE, IPU KOTOPOM TOK MaJaeT Mo
Mepe 3apsKEHUsA KOHJAEHcaropa. B 1enu MmocTOSSHHOrO TOKa €CTh JIMHEHHO
BO3paCTalOIIee HAMPSHKCHHE, KaK TS KOHACHCATOPA, TAaK M AJ11 UCTOUHWKA TTMTAaHUA,
CMEIIEHHBIX TO OTHOIICHHWIO JPYyr K JPYry U3-3a ITOCTOSHHOTO TaJCHUS
HaMpPsHKEHUA Ha pe3rucTope. MrHOBEHHAs MOIIHOCTh KaKJOTO 3JIEMEHTA MOKa3aHa
Ha ¢ur. 3d u 3h, rae HabmomaeTcs pa3psiB BO BpeMs paspsaaa. B cxeme mocTosHHOTO
HaIpPsHKEHUS HA PE3UCTOPE YMEHBIAETCA MOIITHOCTD, B TO BPEMs KaK KOHJIEHCATOP
uMeeT OoJiee CIOXKHOE TIOBEIECHUE. MOITHOCTh CHAuUajia YBEIMUMBACTCA, a 3aTeM
yMmeHblmaerca. (Cxema MOCTOAHHOTO TOKA HWMEET TMOCTOAHHYI) MTHOBEHHYIO
MOIIHOCTh Ha PE3UCTOPE M3-3a MOCTOAHHOTO TOKA ¥ IMHEHHOTO MACHHS MOIITHOCTH
Ha KOHJEHCATOpe.

[0084] DddekTHBHOCTh pENPE3CHTATHBHBIX CXEM MOXXHO YBHIETh Ha dur. 4 u 5,
rae MakcuManibHas A(P@OEKTUBHOCTh JUISI CXEMBI TOCTOSHHOTO HAIPSHKEHUS
noka3aHa kak 50%. 3T0 NpoucxXoauT, KOrJa HaMpsH>KeHUE YCTAaHABIUBACTCS TOYHO
Ha mpoOoitHOe HampsHKeHHE. JTO O3HAuYaeT, YTO 3HAUMTENbHAS YacTh SHEPIHH,
noctynamomie B cucremy (T.e. 50% wmmm Goree), OymeT COXKEHA PE3UCTOPOM.

OI[HaKO MaKCUMaJIbHas 3CbeeKTI/IBHOCTI> JJIA CXCMbI IIOCTOAHHOI'O TOKA, KadK
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nokazaHo, coctasysieT 100%, koraa Tok cTpemMuTcs K Hy 0. Takas 3pdpekTuBHOCTD
MOXET ObITh JOCTUTHYTA TOJBKO TOT/A, KOT/Ia Ma/ICHAE HATIPSKEHUS HA PE3UCTOPE
CBEICHO K MHUHUMYMY TIPAKTHUYECKA 10 HYJIA (Takke AOCTHXRUMO Tpu R
crpemsmemcs k 0).

[0085] Kak BugHO Ha ¢hur. 5, 9acTOTa UMIYJIHCOB MPOMOPITHOHAIBHA TTOIBOUMOM
MOIHOCTHU. [10CKOIbKY TOK M MOABOAMMAS MOIITHOCTh MPOTIOPITMOHAIBHBI B CXEME
MOCTOSIHHOTO TOKA, YBEJIMUEHHUE TOKA BBI3BIBACT MPOMOPIIMOHATIBHOE YBEIIMUCHUE
MOIIIHOCTH. B cXeMe MOCTOSHHOrO HAMpsKEHUA 3TO MOBEACHHE HE JMHEHHOE, a
cKopee JorapupmMuIecKoe.

[0086] Kak kommeHTapuii Kk ¢ur. 6, CONMPOTUBIICHUE U3MEHSIETCS MPU COXPAHCHHUH
MOCTOSIHHBIMM JIPYTUX 3JIEMEHTOB cXxeMbl, a UMeHHO: C = 200 n®, Vi, = 20 kB u
Pavg = 12,43 Bt1. Ot1a cpenHsas noABOAUMAs MOIIHOCTB, [T01aBaeMasi 0T HCTOUHHKA
MUTAHUSA, ABJIACTCSA TOW K€ CPEOHEH MOABOAMMON MOIMHOCTHIO, YTO W Tpadukw,
3aBHCSIMKE OT BpeMeHu (cM. ¢ur. 3), urto maet yactoty umnyiabcos 310,7 ' ms
obOenx cxeM. B pe3ynbpTare M3MEHSETCS U HAMPSKEHUE UCTOUHUKA MUTAHUS, YTOOBI
MOAICPKUBATH TTOCTOSHHYIO TIOJBOJUMYIO MOIIMHOCTh. [l0 Mepe yMmeHbIeHus
conpoTuBjicHUsA 3(P(EKTUBHOCTh MPUOIMIKACTCA K MaKCHMAIBbHOMY 3HAUYCHHIO,
KoTOpoe coctaBiisieT Becero 50% B cxeMe MOCTOSTHHOTO HAIIPSIKEHUS, HO COCTABIIACT
100% B cxeMe MOCTOSAHHOTO TOKA.

[0087] BHemHue mapameTpsl (HarpuMep, COOOPaKeHUS 0 XUMHUYECKHUX MPOIeccax
B HCKPOBOM pa3psiie, AMHAMHKA MY3BIPHKOB W T.A.) BIMSIOT Ha ONTHMAJIBHYIO
SHEPTHIO B UMITYJIbCE, MPOOOWHOE HAMPSIKEHUE W YaCTOTY UMITYJILCOB. DTO CBSI3aHO
C TEM, YTO B ATHX MPEACTABJICHHUSIX SHEPTHs B HMITYJIbCE 3aBUCHT TOJIBKO OT
E€MKOCTH ¥ MPOOOWHOTO HANPSsDKCHHS, KOTOPHIC BIUSIOT HA MPHUPOAY pa3psaa H,
CJIEIOBATENIFHO, HA XWMHYECKHWA cocTaB HedTH. YacToTa HMMyIhCOB MOXKET
YaCTUYHO 3aBUCETh OT CKOPOCTH MOTOKA HETH, a TAK)KE OT JUHAMHUKH ITy3bIPHKOB
U Apyrux (PaKkTopoB, 9TOOK MOXKHO OBLIO JOCTHYH OOJIEe pABHOMEPHOUW 00paboTKH
Hedtn. Kak mpaBuiio, ecy 4acTtoTa CIUIIKOM HH3Kas, MOKET ObITh 00paboTaHo
MEHbIIIe HE(TH, B TO BPEMS KaK Ype3MEPHAs YacTOTa MOXXET 03HA4YaTh, 4TO HEPTH

MOJKET MOJABEPraThCs Upe3MEpPHON 00pabOTKE U TIJI0XO MEPEMEIUBATHCS.
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[0088] Korna mpoboliHoe HanpsiKEHUE, EMKOCTh U YaCTOTa 33/1al0TCA BHEITHUMH
MapaMeTpaMMu, MOXKHO OMNPEACUTh CPEIHIOK MOIIHOCTh, KOTOpas OMNpEaesaeT
HaIpsHKEHUE WM TOK, HEOOXOAMMBIC I MCTOYHHMKA mUTaHud. Takum oOpazom,
COTIPOTHUBJICHUE OCTACTCS B KQUECTBE MapaMeTpa sl BEIOOpa CXeMbl. B THITHYHBIX
CcXeMaxX TMOCTOSHHOTO HAMPSKEHUS BBHIOOP COTMPOTHUBJICHUS 3aBUCHUT OT BHIOOpaA
HaIpsHKEHUA UCTOUYHUKA MATAHUA, KaK BUIHO U3 3aBUCKMOCTH YaCTOThI UMITYJILCOB
OT 3HAUEHUA COMPOTHUBJICHUS (CM., Hapumep, pur. 6), OHAKO B TUIMMHUYHON CXEME
MOCTOSIHHOTO TOKA COTPOTHUBJICHUE BJIUSET TOJBKO HA 3((HEKTHBHOCTH, MOAITOMY
BBIOOD COMPOTHUBJICHWA HE 3aBUCHT OT MOIIHOCTH, MOJAABAEMOW HA HWCKPOBOM
Pa3psSAHUK.

[0089] PeanpHbie MCTOUHWKM TWUTAHUS HE WICATBHBI, MOCKOJIBKY Y HHUX €CTh
BHYTPEHHEE COIMPOTHUBJICHUE W BBIXOJHAA €MKOCThb. OJHAKO, B Pa3IMYHBIX
BApUAHTAX BOIUIOIICHUA M300pETEHUS, OJHAXK/bl CIPOSKTUPOBAHHAA CUCTEMA HE
OyJET UMETh U3MEHAIOIIYIOCS MOIIHOCTh, U, CJEA0BATEIbHO, KOHCTPYKIUA MOKET
OBITh C/EJIaHa TaK, YTOObI 33/1aBaTh ONTUMAJIbHBIC YCIIOBHS, KOTOPbIE Oy IyT HE TaK
CHJIBHO OTJIMYATHCS OT MACaTbHOM cXeMbl. Kpome Toro, B pa3jMuYHBIX BapHaHTaX
BOIJIOMICHUS HM300pPETEHUsA, HCTOYHMK TOKa MOXET OBITh TIOJYyYeH ¢
WCITOJIh30BAHUEM MCTOYHHMKA HAIPSDKEHUS C OUCHb HU3KOW BBIXOJHON €MKOCTEHIO,
KOTOPBIH BeneT cebs 00JbIle Kak UCTOUHUK TOKA.

[0090] B paznuunbIx BapraHTaxX BOIUIOMICHUSA H300PETEHU A, KaK ObLIO MPEASIONKEHO
BBIIICTIPUBEACHHBIM QHATM30M, TPEATIOUTUTEIHPHBIM BBHIOOPOM CXEMBI OBbLT OBl
UCTOYHMK THUTAaHUSA TOCTOSHHOTO TOKA, HE3aBHUCHUMO OT TMapaMeTPOB YCIOBUN
miaasMbl. B Takux BapWaHTax BOTUIOIICHHWS HW300PETEHWA, BHIOOP HMCTOYHHKA
MOCTOSIHHOTO TOKAa MOXET O0CCIeunTh HAWBBHICIIYIO 3(()EKTHBHOCTH W3 JBYX
PACCMOTPEHHBIX 3/1€Ch BAPUAHTOB. TO €CTh, B TO BPEMS KaK CUCTEMA MOCTOSHHOTO
HamMpsODKEHUSA WMEET TEOPETHUECKYI0 MakCHuMalibHylo s(ddexkrusHocth 50% B
MIPUBEJCHHBIX BBIIIE MPEACTABICHHUIX, CHCTEMBI TTOCTOSTHHOTO TOKA MOTYT UMETh
ropazao 6osnee BBHICOKYIO 3(P(PEKTHBHOCTh, TCOPETHUCCKH IMPHONMMKAIONMIYIOCT K
100%. OnpeneneHHbIA aHAIA3 UICAUTM3UPOBAHHBIX CXEM ISl ICTOUYHMKA MUTAHUA

MOXET HEMHOT'O CHU3HUTH 3()(PEKTUBHOCTH, HO HICTOYHUK MTOCTOSTHHOTO TOKA C OoJiee
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BBICOKOW TeopeTndecKkod >(PPEeKTUBHOCTHIO MOKET OBITh TPEANOUTHTEIHHEE.
CrienoBarenibHO, B Pa3JIMUHBIX BAPUAHTAX BOTUIOLICHHUS M300PETECHUS, BO3MOXKHBI
BoicOKkHe ajekTpuueckue KIIJI npu pabore cxeMbl HCKpPOBOro paspsaa
BBICOKOBOJIBTHOTO 3apsiTHOTO KOHJEHCATOpPAa B PEKUME MOCTOAHHOTO TOKAa MO
CPaBHECHUIO C PEKUMOM PA0OTHI C MOCTOSHHBIM HAMPSHKEHUEM.

[009]1] B HekoTOpBIX BapuaHTax BOIUIOUICHUA H300pETEHUs, BBICOKOBOJIbTHBIN
MJIAa3MEHHBIA T'€HepaTop, KOTOpPbIA paboTaeT OT CTaHAAPTHOM JOCTYIHOM
MoIHOCTA Ha JuHuu (Hanpumep, 60 I, ot 120 no 480 B mepemennoro toka),
MOXeT gocturath dpdexrtuBaoctu, Hanpumep, 70% unu Gonbine. Kak o6cyxnaercs
HWKE, B PA3JIMYHBIX BAPUAHTAX BOIUIOLIECHUS W300pPETECHHS, B YACTHOCTU, MOYKET
ucrnosb3oBarbesa renepatop Kokpodra-YonTona, muTaemblii OT TOBBIIIAKOIIETO
Tpanchopmaropa.

[0092] RC 3apsigHbie cxembl ¢ OayUIaCTHBIM PE3UCTOPOM M KOHACHCATOPOM,
BKJIIOUEHHBIMH MOCIIEIOBATENIBHO, W WCKPOBBIM Pa3pSAHUKOM, BKIIOUYECHHBIM
napajyieIbHO KOHJIEHCATOPY, MOTYT HCIOJb30BAaThCA JIA CO3/IaHUS HCKPOBBIX
pazpsiaoB. Ilo yka3aHHBIM BbIIIE TPUYMHAM TakKas CXeMa MOXET ObITh Oosiee
apdexTrBHON TpH padoTe B pekMME MOCTOSHHOTO Toka. OmgHAKo OaIacTHBIM
PE3UCTOP B ATOM CXE€ME MOXKET OBITh PACCEHBAIOIIUM 3JIEMEHTOM C TMOTEPSAMH

MOIITHOCTH, PABHBIMH P, =I’R . H3-3a 3TOTO B HCKOTOPBIX BAPHAHTAaX BOILIOIICHHA

U300pPETeHHS, SIMHCTBEHHBIM CITOCOOOM TOBBICUTH 3(D(PEKTUBHOCTH ATOW CXEMBI
06e3 yMEHbIIICHHA OalJTACTHOTO COMPOTHBIICHHUS (HEOOXOAMMOTO JUTS 3alllUTHI
WCTOYHHKA MATAHUSA ) SIBJISETCS MO ICPIKKA 3apsATHOTO TOKA | (TIPOTOPITHOHAIBHOTO
YacTOTe WMITYJIbCOB) HAa OUEHb HU3KOM ypoBHe. Kpome Toro, mmerommecs B
MpoAaXe MCTOUHUKU MUTAHUS C HACTPOWMKOM MOCTOSAHHOTO TOKA HE MOTYT OBbITh
ONTUMU3UPOBAHBI HA moBbIeHne KII/1.

[0093] Jlnsa pemieHusi Takux OpoOieM, B HEKOTOPHIX BAapUAHTAX BOIUIOIICHUSA
U300peTeHns, MOXKET HCToJb3oBarhesi reHeparop Kokpodra-Yonrona (CWG) B
KayeCTBE AJIbTEPHATUBHON BBICOKOBOJIBTHOM MCKPOBOM LENMHU MOCTOSHHOIO TOKA.
O6pamasice k ¢ur. 7, B 3TOH CXEME HCIOJb3YeTCs KOMOWHAIMS JTUOAOB M

KOHACHCATOPOB AJIA BRIIIPAMIICHHUA IICPCMCHHOI'O TOKA Ha BXOAC B MOCTOSIHHBIA TOK
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Ha BBIXO/IE TIPYA BBICOKUX HAMPSKEHUAX, HEOOXOMUMBIX TS iepepadboTku HedtH (~
30 kB). B HexoTOpBIX BEpCHsAX OJHOKACKAIHBIE cxeMbl 3Toro Thna (1 xackan = 2
KOHJIEHCATOpa W 2 I10/a) MOTYT OBITh COOpaHBl MOCEAOBATEILHO B BHIE OoJiee
KpynHoi MHorokackagHoit CWG i JTUHEHHOrO YBEJIMUECHHUS BBIXOJIHOTO

HANPsKEHUSA B COOTBETCTBUM C YPaBHEHHMEM V, =N, .V . TOA€ V, NPEACTABIACT

co0OM ABOMHYIO aMIUIMTYJly BXOJHOTO HAMPSKEHUS MEPEMEHHOTO TOKa, N

stages

NPEACTABISAET COOOM KOIMYECTBO KAaCKaAOB, V, MPEACTABISIET COOOM BBIXOJHOE

nocTtosiHHOe HanpsbkeHue. [lockonbky CWG He IMEET TUCCUTIaTUBHBIX AJIEMEHTOB,
oH MoxeT ObiTh BecbMma s¢dextuBHbiM (B uaeane 100%). OcHoBHBIE TOTEpH
MOIIIHOCTH MOTYT OBbITh BbI3BAHbI JICKTPUUECKUM HArPEBOM HEUACATbHBIX THOOB.
B HekoTOphIX BapMaHTax BOIUIOIIEHUA W300PETEHHS, AJi BXOJHOTO BBICOKOTO
HaIpsKEHUsA TEPEMEHHOTO TOKa, HEOOXOJMMOrO JUisi THUTAHHWS TaKOW CXEMBbI,
MOXXHO  WCIIOJIb30BATh  MOBBIMAIONMKA  TpaHcHOPMATOP,  TOAKITIOUCHHBIN
HETOCPECTBEHHO K MOIIHOCTH Ha JIMHUM, KOTOPBIA TaK)Xe HE HUMeEET
JMCCUTIATUBHBIX 3JIEMEHTOB U B IIEJIOM Takke BechMa d((PEeKTHBEH.

[0094] B pasnuuHBIX BapHaHTaX BOILIOIIEHHS M300PETEHUS, TAKHE CXEMBI MOTYT
ObITh MOMU(MUIIMPOBAHBI IS TAPALICIBHOTO THUTAHUS MHOMKECTBA HCKPOBBIX
pa3psAIHUKOB. Takwe BapUAHTHI BOIUIOMICHUS W300PETEHUS, MOTYT OBITH TTOJIC3HBI
JUTSL TIPWJIOKEHWM, KOTOPBIE MAOJDKHBI OBITh pacmmpeHHbIMHU. [lomkmodeHne
MHOXECTBA TIApPAIJIETbHBIX UCKPOBBIX Pa3psATHUKOB K OJTHOMY BBICOKOBOJIBTHOMY
BBIXOJIy TTOCTOSIHHOTO TOKAa MOKET HE TPHUBECTH K Heobxomammon pabdoTe B
OTIPENICTICHHBIX ~ CHUTYyaIlUsAX, TOTOMY 9YTO BBIXOAHAS MOIIHOCTh  MOJKET
HEPAaBHOMEPHO  PACHPEACNATHCS  MEXKAY  MHOXECTBOM  MPOMEKYTKOB,
MOTSHITHATBHO MUCKPAa MOXKET BO3HHKATh MCKITIOUHUTEITHFHO B OJHOM ITPOMEKYTKE.
OnmHako, B HEKOTOPBIX BAPUAHTAX BOILIOMICHUS M300PETHUA, CXEMa, BKIFOYAIOIIAs
MHOXeCTBO mojicxem Kokpodra-Yonrona, nuraemMsix, HAmpUMep, OT OJTHOTO BX0/1a
MEePEMEHHOTO TOKa (Kak TOKa3aHO Ha ¢ur. §), MOXKET HWCIONb30BATHCA IS

paclMpeHus A0 MHOXKECTBA HCKPOBBIX pa3pAAHUKOB ¢ mutanuemM oT CWG, ¢
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MOBBIIIAOIIMM  TpaHC(HOPMATOPOM, HACTPOCHHBIM HA TMOAAQYy JOCTAaTOYHOU
MOIIHOCTH.

[0095] Temeps Oyner mnpenctaBiaeH aHamu3 S(PPEKTUBHOCTH TIO YETHIPEM
MapaJuIeJIbHBIM OJTHOKACKAIHBIM MCKPOBBIM paspsaHukaM ¢ nutanuem ot CWG,
yTOOBl TPOUJUTIOCTPUPOBATh TOTECHIMAIIBHOE TOBBIMICHUE 3>(PdexTruBHOCTH. B
yacTtHOCTH, dnekTpuueckuii KIIJ[ cxembl, m3oOpaxkenHo#t Ha ¢wur. §, ¢ oaHUM
tpancdopmaropom 120 B — 12 kB mepemeHHOTO TOKA, MUTAIOIIAM YETHIPE
OTACNIbHBIC TOJACXEMBI MCKPOBOrO paspsaHuka reHeparopa Kokxpodra-YonroHa
(T+4CWGQG). Xora mpuBeAeHHBIH HUKe aHaIU3 S(PPEKTUBHOCTH TPUMEHUM K
BBIXOJly TUTA3MEHHOM MOIIHOCTH B Cpeay JIOOOro THIA, SKCIEPUMEHTHI ObLIA
MPOBEIEHBl C MCHOJIb30BAHMEM MCKPOBBIX PA3pSAHUKOB B  BO3JIyXe C
MPEAnoiaracMbIM MMPUMEHEHHEM HCKPOBBIX Pa3psIIHAKOB B CMECH HE(TH W rasa.
CrnenoBatenbHO, Mapbl HAKOHEYHHWKOB CTpenok (= €) Ha ¢ur. §, 14, 17 u 19
CJIEyeT paccMarpuBaTh Kak oOOWMH  cioydaid: WCKPOBOW  pa3psAaHUK B
HeomnpeneneHHol  cpene. OCHOBHOW  HE3aBUCMMOW  TIEPEMEHHOW  JJiA
AKCIIEPUMEHTAJIbHBIX JAAHHBIX, MPEICTABJICHHBIX B 3TOM pasjeiie, OblI MHTEPBAI
HUCKPOBOTrO TpoMexyTka. Kakapli HCKpPOBOM MNPOMEXKYTOK PEryJIMpOBaJICA
BPYUYHYIO C WCIIOJIb30BaHHEM (DU3UUYECKOTO Pa3IeUTENs, TaKk 4TOOBI BCE UETHIPE
MPOMEXKYTKA OBLIIM HACKOJIBKO BO3MOKHO OJIMHAKOBBIMU TIEpe ] u3MepeHueM. boiu
UCIBITaHBl TpoMexyTku 2.7; 3.2; 46 u 5,0 mm. Ha ¢ur. 8, kpaiinas npasas
noacxema CWG  BijIOuaeT JOMOJIHUTENBHYIHO CXEMY BOKPYT HMCKPOBOIO
MPOMEXKYTKA. ITO 3apsSAHO-UMITYJIbCHOE YCTPOUCTBO, pa3paboTaHHOE Jils pacuera
SHEPrUU HAa UMITYJILC U CPEAHEH BBIXOJHOW MOIIHOCTH. DTO YCTPONCTBO OBLIO
MEPEMEIIICHO B KaXIbIH W3 TPEX JIPYTUX MCKPOBBIX MPOMEKYTKOB MEXKIY
WU3MEPEHUAMU, YTO TPUBEJIO K MOJTYUYEHHUIO YETHIPEX aHATIOTUYHBIX HA0OPOB JAHHBIX
3a ceaHc. [TockoJIbKY AJ1 UeThIpEX MapajUICIbHBIX UCKPOBBIX Pa3pAIHUKOB ObLIH
MPOTECTUPOBAHBI YETHIPE PA3JIMUHBIX MPOMEKYTKA MEXAY Pa3pAAHUKAMH, ObLIO
cobpaHo W TMPOAHATM3UPOBAHO IIECTHAAIATH TMOJHBIX HAOOPOB MAHHBIX (CM.

Tabnuiy 3).
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[0096] Cmoco6 pacuera d>(PGEKTHBHOCTH 3aBUCAT OT KOJWUYECTBEHHOTO
OTIpENICTICHUST CPEIHEH SPHEPTUH, BBIACIAEMON B TUTa3Me BO BpeMs paspsana. s
3Toro ObLT pa3paboTaH CcHOCO0 AIEKTPUUECCKOW AMArHOCTUKU JJid W3MEPEHUS
00I1Iero KOJIMYECTBA 3apsiaa, MEPEMENIaeMOoTo 3a UCKPY, TTOKA3aHHOTO KaK MOICXEMa,
MPUCOCIUHECHHAS K KpalHEMY MPaBOMY HMCKpOBOMY mpomexyTky Ha ¢wur. 8. Ilo
3apAay B UMITYJIbCE PACCUMTHIBACTCS PHEPTHS B UMIyJIbCce. DTa Mporeaypa s
BBIUMCIICHUS SHEPTUU B UMITYJIbCE pabOTaET MyTEM PETUCTpaLK 3HaYeHU Vg (Kak
onpeneneHo Ha Gur. 7) HEMOCPEACTBEHHO JI0 ¥ CPa3y MOCJI€ BOSHUKHOBEHUS UCKPHI:
AVg = Vounocie— Vouo. DHEPrus B UMIYJIbCE 3aT€M MOKET ObITh PaCCUMTAHA Kak
Enyme = 72°Co'AVqVy, Tne V, u3MepseTca myTeM B3sATHS 3HaueHus V, (Kak
ompezaeneHo Ha ¢ur.7) go mpobosi. DTa mpoiemypa MOBTOPSIACH I KAXKIOTO
UCKpOOOpa3oBaHMS B TEYEHUE OJHOCEKYHIHOTO WHTEpBaja W3MEPEHUA, U
BBIYHUCIIAIOCH cpeiHee 3HaueHue Enyne. Ha dur. 9 npeacrasnenst rpaduku Epyise
kak pyHKImu Vy, i ogHOT0 HabOopa NaHHBIX, KOTOPBIA OYEHD XOPOIIO COTJIaCyeTCs
¢ kBaapatuuHoit pyHkmen Enyme = 2 Co, -Vi? (¢ ucnonb3oBanneM Co, B KAUECTBE
mapaMeTpa anmpoKCHMMallid  METOJAOM  HAaWMMEHBINMX  KBaapaTtoB). bBbiIo
00HapykeHO, UTO Cequiv UMeET cpeanee 3HaueHue 240 nd no Bcem Habopam JaHHBIX
B ATOM SKCIIEPUMEHTE, UTO CPAaBHUMO CO CiIydaeM, Korjaa asa konaencaropa Cl B
oanoM CWG npucoe1nHA0TCS MapauiesbHO TS OAHOT0 UCKpooOpa3zoBaHus, Cequiy
~ Cy + C; =220 n®. 3areM MOXHO PacCUUTATh CPEJIHIOK BBIXOJHYIO MOIIHOCTh
ma3Mbl Poy Kak Poy = Epuise: fave, A€ favg IpeacTaBnseT cobol CpeaHIO 4acTOTy
MOBTOPECHUSI PATMOUMITYJIBCOB HMCKPOBOTO TEHEpPATOpa B TEUCHHWE WHTEPBANa
U3MEPCHHS.

[0097] Cpennue 3HayeHust Py, Ppover 1 Pro Takke ObLIM M3MEpPEHBI BMECTE C
BBIYMCIICHHBIM BBIIIE W3MepeHUueM Py s ompenenenus 3¢GQGekTHBHOCTH. Py
WU3MEPSUTA BPYYHYIO C TIOMOIIBIO HacTeHHOTO m3Meputens mommaoctr Kill-A-Watt,
a Pprobe1 ¥ Prg onpenensmy ¢ nomompto Pr = «VZ/R». Tlepen nmoaydeHHeM JaHHbIX
HaIpPsDKEHUA, UCMOJIb3YyEeMbIX JJIA aHaJ3a PHEPTHH B WUMITYJIbCE, CHAuYaja ObIIO
u3MepeHo Py m1a pasmudaHbIX HArpy30K (MyTeM M3MEHEHWS KOJWYECTBA MOICXEM

CWG, paboratomux mapamienbHo, Newg), kKak mokazano Ha ¢ur. 10. U3 sroro
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rpadmka BuaHO, 9to PyHKIMA Py = f(Newe) sIBAsSETCS CTPOTO IMHEHHON B KaXA0M
ciydae co cpenaum otpe3koM Py = f(Newg=0) = ~19,0 BT u cpenanM HaKiIoHOM
dPw/dNcwe = ~2,5 Bt / #. Eciii npeamnoaoXuTh, 9TO 3TO COOTHOIICHUE OCTACTCS
JuHEHHbIM, TpaHcdopmarop craHer paborate Oonee APdexkTHBHO TIpH
MapajuieIbHOM MATAaHUU 00JIbIIEro Koaudectsa yctaHoBOK CWG. XoTs 370 MOKET
ObITh HEAIKOHOMHWYHBIM TIPH HCIOJIb30BAHUM C HU3KAM HHEPTromoTpeOICHHEM
(manpumep, Py menbiie 50 Bt), mpumepsl BOTUTOIIEHUS H300PETEHUA 3TOH CXEMBbI
MOTYT OBITh OU€Hb TOJIE3HBI Il PACIIMPEHHBIX BEPCHI peakTopa ¢ OOIbIION
MOIHOCTHIO (Hampumep, Pw mpubmusutrensno 900 Bt). Beimeynomsinytoe
MPEANOJIOKECHUE TAKXKE MOAPA3yMEBAET, uTO Kaxkaas yctanopka CWG nosydaer ot
TpaHchopMaTopa CPEIHIO TOABOAMMYIO MOIMHOCTh, paBHYIO dPyw/dNcwg,
PaCCUMTAHHYIO TTOCPEICTBOM JIMHEHHON PErpecCHy JaHHBIX, TIOKa3aHHBIX Ha (UT.
I1.

[0098] Hcrnonms3yss ~ BHIIEYMOMAHYTHIE  JaHHBIE,  auddepeHnmaIbHas
3(HEeKTHBHOCTH BCEH YCTAaHOBKH MOXKET OBITH OTIPeIe/ICHA M BEIUUCIICHA KAK Niotal diff
= (PouttPprobe1 )/(dPw/dNcwe), kak mokazano B Tabmuie 3 u Ha ¢ur. 12. B obmiem,
CWG wmoxer ObITh OYeHb AS(PPEKTUBHBIM, TEPsisi MOITHOCTh TOJIBKO W3-3a
COTIPOTHBJICHUS HEUACATbHBIX AWOMOB. OOCYXXKTaeMBbIii 371eCh AKCIIEPUMEHT
MIPOIEMOHCTPUPOBAJI, UTO Miotalditf = ~08%, TIpu 3TOM 3(HEKTUBHOCTH HEMHOTO
CHWKAETCs 11 00JIee BRICOKHX MPOOOWHBIX HAMpPsDKEHUH (OONbIIAE TIPOMEKY TKH
MEKIy 3apsATHAKAMHE ) U3-32 YBEIIMUCHUS YTEUKH TOKA Yepe3 KOPOHHBIC Pa3psIbl B
OKpPY Kalomui BO3AYX (YUTO MOXHO PEIIUThH, HANPUMEP, TEPMETHU3AMMECH CXEMBI,
CBEII K MUHIMYMY HE3AIMUAIEHHBIA METAIIT U T. 11.).

[0099]  AnbrepHaTWBHBIA  €MOCOO ~ KOJIMUECTBEHHOM  OIEHKM  OOIIeH
middepennmanpsaoit  A3(PEKTUBHOCTH  JAaHHOW YCTAaHOBKH — 3aKJIIOYACTCS B
noctpoeHnn rpaduka ob6med BbixoAHONH MOMIHOCTH (Pour + Ppober + Pro) Kak
(yHKIMY TIOABOIMMOI MOITHOCTA HAa CTEHKE, Kak TMoka3zaHo Ha ¢wur. 13. OToT
rpaduK, KaK ¥ CICAOBAIO OKHJIATh, CTPOro JUHEHHBIN. HakITOH pe3yIbTHpYIOMeH
JuHUA COOTBETCTBUSA, APoy 1o/ Py paBen muddepentmanbaoi 3G hekTHBHOCTH BCeH

yCTaHOBKH M cocTaBigeT 64,9%. DT1o 3HaueHHE XOPOIIIO COTIacyeTcs C OOIIUMH
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3HaueHUsIMU TuddepeHmanbHoi 3PGEKTUBHOCTHA, YCTAHOBICHHBIMH ¢ TIOMOIITHIO
(PourtPprobe1)/(dPyw/Newe), mokazaHHeIMU B Tabnuie 3 HUKe (KOTOpas MPeACTaBiseT

TaOIMYHbBIE PE3YJIbTAThl SKCIIEPUMEHTOB) 1 Ha ur. 13.

TABJIMIIA 3

Ham | [Jdara Orpa (dPuw/N | Viavg Vi max Eputse,avg favg Pout Pprobet Pro Neotarditt = (Pout
M. HI4e cwG) [xB] [xB] [Mx] [T'u] [Br] [Br] [MBT] +Pprober)
npo Hue [Br] H(dPw/Newe)
MEK npoM
yTKa e-

JKYTK

a

[Mm]
A 4 mapra 2,7 2,09 10,6 13,5 15,6 87,6 1,37 | 0,116 L4 71,1%
B 4 mapra 2,7 2,09 10,8 14,9 12,6 92,2 1,26 | 0,113 1,3 65,8%
C 4 mapra 2,7 2,09 10,1 12,1 12,5 105,7 1,32 | 0,092 1,7 67,8%
D 4 mapra 2,7 2,09 10,9 15,5 18,6 71,8 1,34 | 0,106 1,3 68,9%
4 mapra Cpen. 2,7 2,09 10,9 14,0 14,8 89,3 1,32 | 0,107 14 68,4%
A 5 mapTa 3,2 2,25 11,9 17,7 16,5 89,0 1,47 | 0,134 14 71,3%
B 5 mapTa 3,2 2,25 13,2 17,7 20,0 75,9 1,52 | 0,171 1,3 75,2%
C 5 mapTa 32 2,25 12,0 16,1 16,0 94,4 1,51 0,133 L6 73,1%
D 5 mapTta 3,2 2,25 12,6 16,1 20,6 79,0 1,63 0,138 1,7 78,4%
S mapra Cpen. 32 2,25 12,4 16,9 18,3 84,6 1,53 | 0,144 1,5 74,5%
A 6 mapra 4,6 2,86 15,5 20,5 20,5 522 1,65 0,240 1,2 66,1%
B 6 mapra 4.6 2,86 16,5 20,6 20,6 53,7 1,72 | 0,229 1,2 68,2%
C 6 mapra 4.6 2,86 14,9 18,9 18,9 60,2 141 0,262 1,0 58,5%
D 6 mapra 4,6 2,86 16,3 19,8 19,8 453 1,54 | 0,252 1,1 62,8%
6 mapra Cpen. 4,6 2,86 15,8 20,0 30,3 52,8 1,58 | 0,246 1,1 63,9%
A 7 mapra 5,0 2,61 15,6 21,2 21,2 481 1,49 | 0,277 1,0 67,6%
B 7 mapra 5,0 2,61 17,2 21,3 21,3 40,9 1,35 0,324 0,8 64,2%
C 7 Mapra 5,0 2,61 17,3 220 220 39,3 1,37 | 0,329 0,8 65,0%
D 7 Mapta 5,0 2,61 17,0 20,2 20,2 393 1,48 | 0,292 1,0 68,0%
7 mapta Cpen. 5,0 2,61 16,8 21,2 34,1 41,9 1,42 | 0,306 0,9 66,2%

[0100] Temepr Oymer mnpencraBieH mpumep aHamm3a 3PPEKTUBHOCTH IS
JIBYXTIOJIYTIEPHUOIHOTO HCKPOBOTO pa3psaHuka ¢ nutanueM oT CWG. AHajoruusbie
U3MEPEHUA MOIIHOCTH W SHEPIrUM HA UMIYJbC OBbIJIM  BBIMOJHEHB C
MCIOJIb30BAHMEM JIBYXIIOJIYTIEPUOAHOTO OAHOKAcKaaHOTO reHeparopa Kokpodra-
Yonrona (cMm. ur. 14) mis onpenenenus sppextnBHOCTH. [laHHAs THTHYHAS CXEMa
BKJTFOYACT JBE MOAKIIOUEHHBIE TojacxemMbl KokpodTa-YonroHa, muUTaembie OT

BXOJIOB IPOTHBOIOJIOKHOM IMOJISPHOCTH OT OJHOIO M TOrO K€ TpaHchopmaTopa,
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YTO TIO3BOJISAET HMCIOIH30BATh TOJHBINA MHKJI TEPEMEHHOTO TOKA A 3apsAIKH
KOHJIeHcaTopa. Oth pesyibTarhl (ur. 15 wm 16) Hampsmyr COTOCTaBUMBI ¢
pe3yabTaTaMu IS IOJTyBOJTHOBOM CXEMBI, ITOKa3aHHBIMH Ha ¢ur. 9 1 13, moka3biBas,
yTO pasHuia B auddepennuanbHoi 3PPEKTHBHOCTH MEXKTY IBYXTOIYTIEPHUOTHOM
cxemoii (ur. 14) u moayBOTHOBOM cxeMol HesHauuTenbHa (<5%).

[0101] B TUMWUHBIX KOHCTPYKITUAX, ATbTCPHATUBHBIX MPEACTABICHHBIM HA (ur. §
u 14, packpbiThie METOABl TEHEPAIMH HMITYJIbCOB BBICOKOTO HAMPSKCHUS s
WCIIOJIb30BAHUA B KOHBEPCHH YTJIEBOJOPOJIOB OXBATHIBAIOT BCE BAPUAHTHI CXEMBI
T+CWG, Takue kak nzodpaxennbie Ha ¢ur. 17 u 18. OcHOBHbIE KOHCTPYKTHUBHBIE
napamMeTpsl BKITOUalOT: (1) KOMMYECTBO MCKPOBBIX PA3pPATHUKOB ¢ MTUTAHUEM OT
CWG, pabotaromux napauiebHO OT OAHOro TpaHchopmaropa; (2) KOJIMYECTBO

kackanos (2 komaeHcaropa + 2 muona) B kaxaom CWG (V,.=N,.V,); 1 (3)

JIBYXTIOJYTEPUOIHBIC WU MOTYBOJTHOBBIE KOHCTPYKIMH. B pasnuuHbiX BapraHTax
BOILIOIICHUA HW300PETEHUS, MOXET WCIOJIb30BaThCA J0Oas KOMOMHAUUS U
W3MEHEHHE BBIIICYKA3aHHBIX MAPAMETPOB.

[0102] Jnsa co3manus peHTaOeIbHOr0 Mpollecca KOHBEPCHH YIJIEBOJIOPOAOB
KenarellbHO WMeTh A(PQPEKTHBHYIO JICKTPHUECKYIO cxemy. Takas cxema
MPEAMOYTHTENBHO TEPSIET MUHUMAITBHYIO 9acTh MTOABOAMMON SHEPTHH B BUJIC TETUIA
(IMCcUMaTHBHBIC TMOTEPH) WIIM HEXKENATeNIbHON YTeUKH 3apsaa (MMOTEpH MepeHoca
3apsana), nmepenaaBas OOJBIIYIO YacTh CBOSH SHEPTHH HA MaTEPHAT MEXKIY ABYMS
Pa3pAIHBIMH DJIEKTPOJAAMH TIOCPEACTBOM XHWMHUYECKHX TMpormeccoB. B crmydae
KOHBEPCHH YTJIEBOIOPOIOB, HAPUMED, STOT MAaTEPHUAT MOXKET MPEACTABIIATH COOOH
nByx(a3Hyl0 ~ KOMOWHAIMIO  TSOKENBIX  YIJIEBOJOPOJOB M BHIOPAHHOTO
razoobpasHoro goHopa Bojmoponaa (Hampumep, Hy, CHy). B pasnuunsix BapmanTax
BOIJIONICHUSA Il HANCIWBAHUS KOHKPETHBIX XUMHUYECKHX PEAKIMA, KOTOPHIC
MPUBEAYT K JKEJTaeMOW KOHBEPCHH C MHHHMAJIBHBIM OOpa30BaHWEM CaXH,
U CIIONTB3YIOTCSI OTHOCUTEHHO HEOOIBITNE SHEPTHH UMTTYJTbca (MpuOIu3nuTeTsHO 30
M/ nau Menblne). B pa3snuuHbIX BapuaHTaxX BOTUIOMICHHUS H300pPETEHUA, cCXeMa
TaK)K€ MOXKET OBITh OTHOCHUTEIHBHO KOMIIAKTHOW, YTOOBI YIIPOCTHTH BHEIPECHHUE B

MOJHYID PEAKTOPHYKD CHCTEMY, U MOXKET HUMETh CAMOPETPAHCISALUOHHYIO
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KOHCTPYKIIMIO /Ji1 MOMOIIM B PACUIMPEHUU CHUCTEMBI peaktopa. Uto kacaercd
3(PeKTHBHOCTH, B HEKOTOPHIX BAPHWAHTAX BOIUIOMICHUS HW300PETECHUS, MOMXHO
oxkunarh dpdexra yMEHBIICHUS OTAAYM MpU yiaydmieHnn 3jekrpudeckoro KITJ|
cxembl. Hanmpumep, yBenmuuenune sdpdextuBaocTr ¢ 30% m0 50% MOXKeT BHECTH
ropa3ao OOJIBIINNA BKJIAA B PEHTA0EIbHOCTh MPOLlecCa KOHBEPCUH YIJIEBOJAOPOAOB,
yeM yBenuueHue ¢ 70% no 90%. Jlns HeKOTOpbIX 00CYKAaEMBIX 3/1€Ch BAPUAHTOB
BOIUIOIICHUA U300PETEHMS, MOYKHO TIPEANOI0KUTh, uTO moaxoasaimM KITJ[ cxembi
Oy aet npubam3uTeabHo 60% WK BhILIE.

[0103] Bosspamasich k ¢ur. 1, OCHOBHBIM TPHUMEPOM CXEMBbI, KOTOpas MOXET
MCIOB30BaThCA ISl ATOTO MPWIOKEHUS, ABNAeTCs npoctasd RC-cxema, B KOTOpoi
UCIIOJIb3YETCSI UCTOUYHUK TMOCTOSTHHOTO TOKAa C PEryJIUPYEMbIM HampspDKeHHEM ()
WUJW  peryaupyeMbiM TOkoM (0) Ui 3apsAaKd  OJAHOTO  BBICOKOBOJBTHOTO
KOHJIEHCATOPA, MOKa HAMPSKEHUE KOHJIEHCATOPA HE IPEBBICUT TEKYIIIee MPOOOiHOe
HANps)KEHUE HCKPOBOrO MPOMEKYTKAa M B 3TOT MOMEHT BO3HHUKAeT HWCKpa, H
KOHJIEHCATOp BBIPABHMBAETCA. balmacTHBIA pe3ucTOp OOBIYHO BKJIHOUYAETCSA
MOCJIEOBATEIbHO C KMCTOUYHMKOM TIOCTOSIHHOTO TOKa Uil  YMEHBIIEHUA
MOBPEXKACHUM, BBI3BAHHBIX MCKPOW. BblUMCIMTENbHASA MOJEIb 3TOH CXEMBI
MoKa3ajla, YTO TMPU MCHOJH30BAHUM MCTOUHHUKA TMHUTAHUA, YIPABJISEMOro
HaIpsHDKEHUEM, MaKCHMAJIbHO BO3MOJKHAsA SHEPTOA( EKTUBHOCTD, JTOCTHIKUMAS
npu usmeHeHnun RC-cxembl, coctraBiser 50% paxe B mpeaenax HEOOJBIIOTO
0aIacTHOTO COMPOTUBIICHUS M MUHUMAJIbHOTO TiepeHANPSKEHUS (Vovervorage = Vs —
Vy, the V, mnpeactaBiseT coOOW MOCTOSHHOE HaMpsHKEHHWE THTAHUA, V)
npeacTasisier codoit mpoboitHoe Hanpspkerne). OMHAKO, B Pa3IMUHBIX BapHaHTAX
BOIUIOIIEHUA U300PETCHUS, UCTIONIB3YIOIINX UCTOYHUK MUTAHUS C PETYJIUPYEMbIM
TOKOM, MOKHO ocTHYb 100% sHEproaddhekTHBHOCTH B TIpeaeiaXx Kak HeOOIbIIIOTO
3apAMHOTO TOKa (WM MaJioll TOMBOJUMON MOIMHOCTH), TaK W HEOOIBIIIOTO
OaIacCTHOTO COMPOTHUBJICHUSA (CM. PuTr. 5). DTOT pe3ynbTar CHOpaBeUTUB U IS
HenaeanbHo RC-cxembr nckpoBoro paspsna (¢wur. 2).

[0104] B HekoTopbhix BapuaHTax BoOIMJIONICHHUS u300peTeHus, RC-cxema,

P a6OTaIOH_[a$I C OTHMH npcacJbHbIMHU mapamcTpamMmmu I AOCTHIXKCHHUA



32

MakcUManbHOW  3(dexTuBHOCTH, HemenecooOpa3Ha Ui MPEANOIaracMoro

INPUMCHCHHA, ITIOCKOJIBKY YaCTOTA UMITYJIbCOB IIPOIIOPHOHOHAJIbHA 3apAAHOMY TOKY

1 o o o
(cornacHo f = Sf/ , The I, MpencTapyisieT co00M yCTaHOBJICHHBIN 3apsiAHBIA TOK,
1" b

C, IpeCTaBIIAET COO0M 3apsAIHYIO EMKOCTh). Kpome Toro, UMEromuecs B mpoaaxe

MCTOYHUKHU MUTAHUS BBICOKOTO HAMPSKEHUS C PETYJIUPYEMBIM TOKOM OOBIUHO HE
onTUMHU3UPOBaHbl 1O 3hdexTuBHOCTH. TeM HE MeHee, 3TOT Pe3yJbTar UMEET
BAYKHOE 3HAUYECHHUE VISl BCEX BO3MOXKHBIX cXeM ¢ BhicOkuM KIIJI, koTopbie paboTaroT
3a CYET pa3psaa SHEPrUH, HAKOTUIEHHOM B KOHIeHcaTopax. B 1enom, moTeHunaibHO
CIIO’)KHBIE CXE€MBl HMCKPOBOIO pas3psaa MOXHO paccMaTpUBaTh KakK HMEIOLINE
HEKOTOPYIO HKBUBAJICHTHYIO €MKOCThb, KOTOpas OOECMeYMBAET DSHEPTHIO s
Ka)KJIOr0 UCKpOOOpa30BaHMs, a TAK)KE HEKOTOPOE SKBUBAJICHTHOE COMPOTUBIICHUE,
KOTOPOE MPUBOJIUT K AUCCUMATUBHBIM MOTEpsM. Ce0BaTeIbHO, OCHOBBIBASICh HA
pe3ysibTaTaxX BBIIICYTOMSHYTON BBIYMCIUTEIBHON MOJIETH, BEPCHS JIFOOOH CXEMBI
HMCKPOBOTO pa3psila C YNpaBIsieMbIM TOKOM OyJeT Mo CBOeW cyTu Oolee
adexTuBHON, YeM ee aHalor C YNOpPaBIIIEeMBIM HANpPsHDKCHHEM. OTO TakkKe
OTHOCHUTCS K CX€MaM ¢ OrPaHMYEHUEM MOIIHOCTH, KOTOPBIE MOUYTH OIPAaHUYEHBI TIO
TOKY, KOTJIa CXeMa, yrpasjsieMas HalpsXKEHUEM, TIOCTUTAET TIpeesia MOIIHOCTH.

[0105] ITpumepom kKoH(HUTYpamuK| CXEMBI, KOTOPas COOTBETCTBYET TPEOOBAHUAM
Pa3IMYHBIX TPUJIOKEHUM, sABIseTca oOcyxaaembiii Boiie CWG. Ota cxema
BBHITIPAMJISIET BXOJHOM TIEPEMEHHBIH TOK € TOMOIIBIO <JIECTHHUIBI» U3
BBICOKOBOJIBTHBIX ~ JIMOJIOB M  KOHJICHCATOPOB MJiA TOJIyUYEHUS BBICOKOTO
HAMps>KEHUsI TTOCTOSTHHOTO TOKA HA BBIXOJAE, KOTOPOE MOXKET ObITh MOJKITIOUEHO
HETIOCPEICTBEHHO K WCKPOBOMY pa3psiaauky (dur. 7). B Takom cioydae

KOHACHCATOPEI B STOU BBIprIMHTGJ'IBHOfI CXEME COCTABJIAIOT NOJHYHK €MKOCTh C

equiv 2

pPa3psHKEHHYIO BO BpPeMs HCKPOBOTO BBIOpOCA PHEPTHHU E B COOTBETCTBUHU C

spark >

E

1
spark E

C

equiv

v}, toe Vp mpencrtaBiseT coOoil mpoOoiiHOe HampsukeHHe (paBHOE

HaIIPpsAKCHUIO, HAaKOILUICHHOMY BO BCCH BBIprIMHTGJ'IBHOfI IIOoACXCMC

HETIOCPEICTBEHHO Tiepea MCKpooOpaszoBaHueM). B waeambHOM ciiydae AWOIBI W
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KOHJICHCATOPHl B 3TOH CXEME& HWMEIOT HYJICBBIC JUCCHIIATHBHBIC TOTEPH (M3-32
AJICKTPOHATPEBA) U, CIAEA0BATENIbHO, MOTYT npuOmmkarhes k 100% s¢gdextuBHOCTH.
Kpome toro, B paznuunabix npunoxkeHusax it CWG MakcHMMambHO BO3MOJKHAS
YacTOTa MMIYJIbCOB PaBHA YacTOTE BO30YKICHHS BXOJHOTO MEPEMEHHOTO TOKA
(manpumep, 60 I'm mpw wWcmonb30BaHMM JNHWHEWHOTO BXOoAa). Korma B 1enu

MPOMCXOJIUT HCKPOOOpa30BaHME HA ATOM YACTOTE, CO CpPEIHEH HHeprueidl Ha

1
UMITYJIBC F :ECequ,.va , €€ CpelIHss BBIXOJHAS MOIIHOCTh OTPAHUYMBACTCS B

COOTBETCTBUU C P

> = E e/ - Cnenosarenso, cxema CWG M3BJIEKaeT BBITOIY U3
BBIIIICYTIOMAHYTHIX TMPEUMYIIECTB CXEM HMCKPOBOTO pa3psifa C PEryJupyeMbIM
TOKOM W OrPaHUYCHHEM MOIMHOCTH. OKCIEPUMEHTAIbHBIE I0Ka3aTeNbCTBA,
MPEACTABJICHHBIE B ’TOM OMUCAHUH, TIOATBEPKAAIOT 3TO YTBEPKACHUE, TTOKA3bIBAsA,
gyto muddepennnanbHas 3PpPeKTHBHOCTD TaKko# cxembl HCKpoBOTO pazpsaga CWG
npesbiinaetT 50%, 4yTo HEBO3MOXKHO B CHUCTEME, YMPABJIAEMONW HampsskeHueMm. B
HEKOTOPHIX BapHaHTaX BOIUIOMICHUS H300PETEHUSA, HECKOJBKO OIHOKACKATHBIX
CWG wmoryt ObITh OOBEIMHEHBI TAPAICIBHO JUIS JAJIbHEHIIETO YBEIIMUCHUS
KOHEUHOTO BBIXOJHOTO HAIPSDKEHHUS IMOCTOSHHOTO TOKa V,y,; pe3yabTHPYIOMEH

MHOFOKaCKaI[HOﬁ CXEMbI JICCTHHYHOI'O THIIA B COOTBCTCTBHH C COOTHOIICHUCM

V =N,V rae N

out stages” pp,in 2 stages

NPECTAaBIsSET COOOM  KOIMYECTBO CTyNEHEH U V,

MPECTaBIIACT COOOM pa3Max HANPSKEHUA BXOAHOTO MEPEMEHHOro Toka. Hanpumep,
ueanbHbli AByxKkackaaHbeii CWG, pabortatoniuii npu BXoaHOM HanpspkeHuu 10 kB
nepeMeHHoro Toka (pasmax 20 kB), OyaeT mpou3BOaUTh BEIX0MHOE HanpsikeHue 40
KB MOCTOSHHOTO TOKA.

[0106] XoTs, B HEKOTOPBHIX BapUAHTAX BOIUIOIICHUS W300pPETCHUS, CXeMa
nectauuHoro tuma Kokpodra-YonroHa NOTEHNHWATFHO MOXKET THUTAThCA OT
CTaHAapTHOTO ToAKIIoUeHUs (Hampumep, 120 B mepemMenHoro Toka), KOJIM4eCcTBO
kackanoB CWG, HeoOXOMUMBIX Ui BBIIPSAMJICHHS 3TOTO0 BXOJA A0 BBICOKHX
HaMps>)KEHU  MOCTOSHHOTO  TOKAa, HEOOXOAMMBIX  JJia  mpeoOpa3oBaHuUA
yraeogopoaos (~ 30 kB), Oymer orHocutenbHO OosbmuMm. Hampumep, s

npeoOpazosanus 120 B nepemennoro Toka B 30 kB mocToaHHOTO TOKa MOTpedyeTcs
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125 kackanos (N, =V,

ages = Vout ! Vip.n ) O3 yHETA MOTEPD UM KPATKOBPEMEHHOTO TIaIEHHUS
HanpskeHus. J[s perenns 3Toi npoOyieMbl, B pa3IMUHBIX BAPUAHTAX BOIUIOLICHUA
U300pETEHM S, MOYKET HCTIOIB30BATHCS MOBBIMIAIOIINNA TPaHCPOPMATOP HATIPSIKEHNUA.
Kak mpaBmio, oT mepeMEeHHOr0 TOKa HAa BXOJE TMOBBIMIAIOIMNN TpaHchopMaTop
MOXKET TEHEepHpoBaTh 0oJiee BBICOKOE HampspkeHue (MOTeHUHMAIbHO KB)
NEePEeMEHHOT0 Toka Ha Bbixoge ¢ BbeicokuM KIIJ[ (Takke wH3-3a OTCYTCTBUA
AJIEMEHTOB, KOTOPbIE MPOSBJSAIOT 3JIEKTpOHArpeB). Mcmome3ys 3TO BBIXOIHOE
HarnpsbkeHue B KB mepeMeHHoro Toka oT TpancopmaTopa B KaueCcTBE BXOJA A
cxembl iectHruHoro tuna CWG (T+CWG), MoxkHO mocTrub mpubau3uTenbio 30
KB MOCTOSIHHOrO TOKA, MCMOIb3Yys 3HAYUTEIbHO MEHBIEE KOJIMYECTBO KACKAIOB
CWG, yem npu npsMOM JIMHEHHOM BXOJe, Npu coxpaHeHun Bbeicokoro KIIJ[. Ora
KOHLIENIMA  MNOAPAa3yMEBAEeT  MPOCTPAHCTBO  MNApaMETPOB  BO3MOXKHBIX
koHpurypammii  T+CWG ¢ pasnmuuabiMu  kodddunmentamu  moBopora
tpancopmaropa m HoMmepamm KackagoB CWG. Takke CTOMT OTMETHTH
AIbTEPHATHBHYIO JBYXIOJYTIEPUOAHYIO KOHurypaumoo reHeparopa Kokpodra-
Yonrona (¢wur.14), koTopas MOXET HUCIIOIb30BAThCS TAKUM 00pPa30M, UTO TTHKH KaK
MOJIOKUTEIIPHOM, TaK W OTPHIATENHHON MOJISIPHOCTH CIOCOOCTBYIOT IEPEHOCY
3apsga, HO TpedyeTcs TpaHnchopMaTop ¢ ABOMHBIMH BBIXOAAMHU IIPOTHBOIIOI0KHOM
MOJISPHOCTH.

[0107] B paznuuHbIX BapwaHTax BOILIOMICHHS W300peTCHUS, KOH(PUTYpAITUs
T+CWG, cocrosiias U3 0JHOTO MOBHIIIAOIIETO TpaHChOpPMaTOpa U OJHOW CXEMBI
aectauudoro tuna CWG, nurtaoomeil oJuH  paspsAHUK, Tpeanosaraet
BO3MOYHOCTh PACIIMPEHUA C UCTIOJIb30BaHUEM o0HOM cxembl T+CWG s nuTanus
HECKOJIbKUX HCKPOBBIX Pa3paaHUKOB. OJHAKO MPOCTOE MOAKIIOUEHHUE OJIHOTO
CWG k HECKOJBKMM HCKPOBBIM pa3psAJHMKaM He OyaeT paboTarh JOJKHBIM
00pa3oM B pa3IUUHBIX MPUJIOKEHUAX; TaKask CUCTEMA MOrJia Obl BbI3BaTh UCKPY B
HUCKPOBOM TMPOMEXKYTKE NPH CaMOM HHU3KOM MpPOOOWHOM HampspkeHuu. B
HEKOTOPHIX BApHAHTAX BOIUIOMIEHHUS n300peTeHus, kouduryparms cxemsl THCWG,
KOTOpasg pemaer 3Ty MnpolieMy, COCTOUT W3 OJHOrO  MOBBIIIAOIIETO

TpaHcdopmaTopa, TUTAIOIIETO HECKOIBKO cxeM iecTaraHoro THa CWG (1 cxema
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aectauuHoro tunma CWG Ha uckpoBoit mpomexyTok). Kaxasiik CWG B 3TOM
koHpurypammu (T+NCWG) obecrieunBaeT He3aBUCHMBI BBICOKOBOJIBTHBIN BBIXO/T
MOCTOSIHHOTO TOKa, HE TpeOysi COOCTBEHHOTO BBIICJCHHOTO TpaHcdopMmaropa, u
MOKET TUTaTh OAWH Pa3pSAHUK, HE TMOABEPrasCh BJIUAHUIO NPOOUBHBIX
HaNps)KCHUM JPYruX Ppa3psAAHUKOB B TOW e Henu. B 1enoM, moBbIIIarONINE
Tpancopmaropsl padoTaror Oosiee 3hPEeKTUBHO, TMPUONHMIKAACH K MPEACIbHOM
MOIIIHOCTH, TO3TOMY OTHOCHUTEIBHO MOIIHBIN TpaHchopmarop (Hampumep,
npubnu3uTenbHo 1 kBT) NOTEHIMANbHO MOXET 3alWTaTh HECKOJIBKO COTEH
UCKpOBbIX pazpsanukos CWG  omHoBpeMeHHO (mpuOnusutenbHo 2 BT Ha
Pa3pAIHUK) OT MPSAMOTo BBOAA MUTAHUS OT ceTH. KpomMe TOro, B pa3IMuHbIX BEPCUIX
Tpexda3Hbiii JTMHEHHBIH BXOJA TAKXXE MOXET HCIOJIB30BAThCA IS MUATAHHUSA ATOM
cxeMbl (Tpempiaymue OOCYXIeHUs ObUTM COCPENOTOYCHBI Ha OAHO(Ma3HOM
auHeHOM BX0oze). Mcmonb3ys Tpexda3Hbiii BXOI, MOKHO CO3/IaTh CUCTEMY C TPEeMs
TpaHcopMaTOpaMu C HKCIIOIH30BAHHEM BBIIICYTIOMSIHYTONH CXEMBI, C OIHHM
TpaHchOpMaTOPOM, MOAKITIOUEHHBIM K KOXAOH M3 Tpex (a3 BXoma, B pe3ysabTare
yero Tpu cxeMbl T+NCWG paboTaroT 0 THOBPEMEHHO ¢ 3aICPKKO#H 1Mo (aze B OqHY
TPETh OAHOTO IMKJa. Kpome TOro, B HEKOTOPHIX BApHAHTAX BOIUIOMICHUS, M3-3a
OTHOCHUTEILHOW MPOCTOTHI M KOMMIAKTHOCTH cXeMbl JiecTHuuHOTOo THa CWG (2
KOHJICHCATOpa M 2 11uojAa, KOTOPhIE MOXKHO YMECTUTh B OTPAaHUUYHUBAIOIIEM 00BEME
1,5x2,5x0,5 mo#ima), MOXHO JIETKO peaJM30BaTh TNOJHYK CXEMy B IIOJHOU
PEAKTOPHOM CHCTEME | JIETKO PacMPHTh (01HA cxema jgecTHuaHoro Tuna CWG Ha
HUCKPOBOI TIPOMEKYTOK).

[0108] Cxema T+HNCWG npenocrapisieT pa3idyHbie BO3MOXKHBIE BapHAHTHI
BOIUIOIIEHUA CXEMbl MCKPOBOIO pa3psAa, KOTOpas XOpOIIO MOAXOAUT JJid
pPasIMYHBIX TPUMEHECHHWH B TpeoOpa3oBaHWM YTIAEBOAOPOAOB (3((EKTHBHOCTS,
KOMMAKTHOCTb, MPOCTOTA PACIIMPEHUS, HHU3KAs SHEPryus HMITYJIbCA, BBIXOJAHOE
Hanpspbkenue O6omee 30 kB moctosHHOTO TOKa, ympamisiemas TOkoM). OgHako B
Pa3JIMUHbIX AJIbTEPHATUBHBIX BAPUAHTAX BOIUIOLIEHUS W300pPETEHUsA, MOTYT

HCIIOJBb30BAaThCA APYIUC CXCMBEI, KdK PACKPBITO B HACTOAIICM JOKYMCHTC.
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[0109] Cneayer OTMETHTh, UTO HHM3Kas BBIXOJHAS €MKOCTb ABJISETCA BAXKHOM
XapaKTEPUCTUKOW BAPUAHTOB BOIUIOLICHUS PACKPBITOTO MOAX0Aa. TUNUYHBIC
BbICOKOBOJIBTHBIC UCTOUYHUKHN MUTAHUSI UMEIOT OTHOCUTENIBHO BBICOKYIO BBIXOIHYIO
€MKOCTh (HampuMmep, Tpubmm3uTenbHo 1 HD), yTOOBI YMEHBITUTH KOJICOAHUS.
OnHako BBIXOJHBIE EMKOCTH B HaHO(apanax MOTYT ObITh CIIMIIIKOM BBICOKHMH JIJIs
Pa3JIMUHBIX BAPUAHTOB BOIUIOIIEHU S XUMUYECKOU 00pabOTKH, KOTOPBIE MOTYT OBITh
HEUYBCTBUTEIbHBI K KOJ€0aHUAM B cXeMe€. B KOHKDETHBIX NPUMEHECHHSIX
00pabOTKH C MCHOJB30BAHUEM HMMIMYJBCHBIX 3JIEKTPUUECKUX Pa3psAaoB OO0JbIIOE
3HAYEHUE UMEET €MKOCTh. EMKOCTh TMHEHHO BIMSAET HA SHEPTHIO B UMITYJIbCE, A
HU3KAas SHEPTUs B UMITYJIBCE MPU BBICOKOM HAIPSKEHUU ABJISAETCA PEUMYIIIECTBOM
UL TIIA3MOXMMHUYECKOro mporecca. CriemoBaTenbHO, OO0Ias €MKOCTh CXEMbI
(koTOpast 3aBUCUT OT OOIIEH BBHIXOJHOW €MKOCTH WMCTOYHWKA MUTAHUSA) JOJDKHA
ObITh MUHUMHU3MPOBAHA B HEKOTOPBIX BapHaHTax peanusanuu. Hampumep,
MCKPOBOH pa3ps/l, TeHEpUPYEMbIi 11eTbi0 eMKOCThI0 100 nd yepe3 mpoMexyTOoK ¢
npoOoiiHbiM HanpsbkeHneM 20 kB, Oyaet umets sHepruto ummyibsca 20 m k. s
HEKOTOPBIX MPUJIOKEHUH 3TOTO MOKET OBITh IOCTATOYHO, HO TEOPETUUECKU MOYKHO
ere OOJbIIE CHU3UTh SHEPTUIO B UMITYJIbCE 3a CUET YMEHBIIIEHUSI eMKOCTH. OOBIYHO
3TO JieJaeTcss IyTeM BbIOOpA UMEIONIUMXCS B MPOJAXKE BBICOKOBOJIBTHBIX
KOHJICHCATOPOB C MEHBIIEH €MKOCThIO, HO TAaKXX€ MOXHO CO3JaTh BapHaHTHI
BoriomeHus 1o cxembl (CWG wnm  fpyrue), B KOTOPBIX HCTOIB3YETCS
Mapa3uTHasE EMKOCTh, KOTOPask OOBIYHO COCTABJISIET MOPSAKA ICCATKOB MAKOdapa
JUTSL CXEM TaKOTro pa3Mepa.

[0110] B npumepHBIX BEPCHUSAX CXEMbI, PACCMOTPEHHbBIE BBIIIEC, MOTYT
WCIIOJIh30BAaThCA B MMIYJIBCHBIX TUTA3MEHHBIX CHCTeMax (HarpuMmep, WCKPOBBIC
paspsAIbl HAHOCEKYHIHOW JUTMTEIIBHOCTH) ia o0paboTkm chipoit HedTu. Cxema
3apsKaeT KOHJCHCATOp, a 3aTeM Pa3pskKaeT HAKOIUIEHHYIO SJIEKTPUYECKYIO
SHEPTHIO YePE3 WMCKPOBOH pas3psAIHUK B CHIPYIO He(Th, B KOTOPOH 0Opa3yroTCs
nmy3bIpbkr Taza. Vckpa paspeiBaeT OTAEIbHBIC CBSI3M B CHIpOM HedTH, Aenas
HEKOTOPbIE NJIMHHBIE YIVIEPOJHbIE LIEMU Kopode. PaCKphIThIA MOAX0 MOKET ObITh

HUCIIOJIB30BaH KaK 4YaCTHYHO YCOBepLHeHCTBOBaHHBIi;I JUIA TIOBBIMICHHUA Ka4uCCTBa
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ChIpoit He(TH (T.€. €ro MOXKHO HMCIIOTH30BATh ISl Hauaja mpoiecca nepepadboTku
CBhIpOit He(pTH M TIPEBPAIICHUS €€ B IPYTHE MOJIC3HBIC TPOTYKTHI, TAKAE KaK OCH3WH).
Y CTpOoHCTBO MOXKET, HAITPUMEDP, WUCIIOH30BATHCA ISl CHUIKEHUS BSI3KOCTH CHIPOU
Hetn, uyto obOneruaer ee TeueHue. B pe3ynmpTare HYXHO OyaeT MEHbINEE
KOJIMYECTBO pa30aBUTEIIS WK, BO3MOXKHO, HE MOTPEOyETCS HUKAKOTO pa30aBUTENA
it HeTH, KoTopas OyAeT MOMeIIeHa B TPyOOMPOBO U OTIPYKEHA, UTO CHU3UT
CTOMMOCTb ChIpOW HeDTH.

[0111] XoTa m3o6pereHne choKycHpoBaHO Ha KOHBEPCHH YTJIEBOJOPOJOB M HX
CMeECEeH, paCKpBITHIN MOIX0/1 TAK)KEe TPUMEHUM K 00pabOTKe IpyTrux cCoeAMHEHUH. B
Pa3IMYHBIX BAPUAHTAX BOILIOMICHUS N300PETEHUA, PACKPHITHIE CHCTEMBI M CIIOCOOBI
MOTYT MPUMEHATHCA AJ11 00pabOTKH IPYTUX CMECEH U COCTMHEHUHN, HApUMeEp, s
o0e33apaKuBaHMUs BOIbBI H/WJIH TTUIIEBBIX MMPOTYKTOB.

[0112] TepMuH «yT7I€BOAOPOAHBINA MaTEpUa HIIH CMECh, TTOISKAIIHE 00paboTKe,
MOXET OTHOCHUTHCS K TEM YTJIEBOJAOPOHBIM COCIUHEHUSAM U UX CMECSM, KOTOPBIE
ABIIAIOTCS ~ TEKYYMMH  cpedamMu B arMocdepHbIX  ycioBusax. JKuakwe
YTIIEBOJOPOAHBIC MAaTEPHAIBI MOTYT OBITh JKHJIKOCTAMH, KOTOPBIE HEOOSI3aTEIHHO
cojJeprkaT B3BEHICHHBIC B HHUX TBEPIAbIC YacTHIBL. JKHIKHE YTIEBOIOPOIHBIE
MaTepHaibl MOTYT COJAEpXaTh APyTHe OOBIUHBIC MOOABKH, BKJIIOYAs, MOMHMO
MPOYEro, YJIYUIIATETH TEKYUYECTH, AHTUCTATHUCCKHUE arcHThl, aHTHOKCHIAHTHI,
napaduHOBBIE TTPOTUBOOCAAOYHBIC areHThI, HHTHOUTOPHI KOPPO3UH, O€330JIbHBIC
JNETEPreHThl, AHTHACTOHAIMOHHBIC areHThI, YJYUIIATEIM  BOCIJIAMEHEHWS,
JIera3aTopbl, PEOJAOPAHTHI, CHUXKAIOIIUE COMPOTUBIICHUE TPYOONPOBO/IA BEIIECTBA,
CMa3bIBAIONINE  BEIIECTBA, YJIYUIIAOIIME IETAHOBOE  YHUCIO  MPHUCAIKH,
BCIIOMOTATEIIbHBIC BEIIECTBA JIJIi HCKPOOOPA30BaHHUS, COCTABbI JJIs 3AIUTHI CEAEI
KJIAMaHOB, JKUJIKOCTH-HOCUTENIM HAa CHHTCTHYECKHUX WJIA MUHEPAIBHBIX MAacjaax u
neHoracureny.  MumocTpaTuBHBIE  KHAKHE  YIJICBOJOPOIHBIE  MATEPHAJIBI
BKJTFOYAIOT, 0€3 OrpaHWYEHUs, MUHEPATbHOE MAaclio; HE(TEMPOAyKThI, TAaKHE KaK
ceipas He(pTh, OEH3UH, KEPOCHH W Ma3yT; MapadUHOBHIC YTIICBOIOPOBI C IPSIMOH 1

Pa3BETBJIICHHOW TIEMbIO;, IUKIOMAPaPUHOBBIC YTIIEBOIOPOIBI, MOHOOJIC(HHUHOBBIC
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YTIIEBOIOPOABI, JUOJIS(PUHOBBIE YTJIEBOJOPOBI, AJKEHOBHIE YTJIEBOIOPOIBI;
apOMaTUYECKUE YTIIEBOIOPO/IbI, TAKUE KaK OCH30J1, TOIYOJ U KCHJIOM.

[0113] Ecnu xuakuii yriieBOJOPOJHBIM MaTeprajl BKITIOYAET CHIPYIO HE(Th, ChIpas
He(pTh MOXKET COAEPKATh YIJICBOJOPOJBI IMHUPOKOTO IUANA30HA MOJIEKYJSIPHOTO
Beca u (opm. Hampumep, yrieBomopoasl MOTyT BKIIOYATh, O€3 OrpaHHUYCHUSA,
napaduHbl, apOMATHUECKHE COCAUHCHMS, HA(TEHBI, IUKIIOAIKAHBI, AJIKEHBI,
nosiepuHBI U aJTIKUHBL. Y TJIEBOIOPOBI MOTYT XapaKTEPHU30BATHCS OOIITUM YUCIIOM
atomoB yrieposa (C) u/unm kommyectsom oauHapHbix (C-C), neoiiubix (C = C) unun
tpoitHbix (C = C) cBa3edt Mexay aromamu yriepojaa. bmarogapsa paznooGpaszuio
COCIMHECHHM, TPUCYTCTBYIOIIMUX B ChIPOi HE(THU, 3TO CHIPHE XOPOIIO MOAXOIUT IS
OMHUCAHHOTO Tpouecca. Ero MOXHO HCHOJB30BaTh AJiA OBICTPOTO MOJYUYEHUS
Jerkux (pakiuii, TakuX Kak OCH3WH W KEPOCHH, WM 0oJiee THKENBIX (hpaKIui,
TaKMX Kak JM3e/IbHOE TOIMBO © Ma3yT. COTHM Pa3NMUHBIX MOJIEKYI
YTJAEBOJOPOAOB B CHIPOW He(TH MOXKHO KOHBEPTHPOBATh C HCIIOJIH30BAHHEM
MPOLIECCOB  HACTOSIIEH TEXHOJOTMH B  KOMIOHEHTHI, KOTOpPbIE MOTYT
HCIIOJIb30BAThCA B KAUE€CTBE TOTUIMBA, CMA30UHBIX MATEPUAJIOB U B KAYECTBE CHIPhHA
B IPYTUX HEPTEXUMHUUECKHUX MPOIIECCaXx.

[0114] He orpanuuuBasch Teopueii, B IOOOM M3 BHIIIECYKAa3aHHBIX MPOIIECCOB WIIH
BAPUAHTOB BOIUIOIICHHUS W300PETEHUA, KUJKHUE YIJIEBOJOPOIHBIE MaTEpHaibl C
BBICOKMM COJEPKaHUEM yTJIepoJa MOTYT ObITh PACIICIVICHBI HA MOJIEKYJIbI ¢ OoJiee
HHU3KHM COJICPKAaHUEM YIJIEpoJa ¢ 0O0pa30BaHHMEM YIVIEBOAOPOIHBIX (hpakiuii B
cpeaHeM OoJiee JIeTKUX (Kak TIO MOJICKYJISIPHOM Macce, TaK W MO TeMIIepaType
KUTICHMS), deM OoJiee TSHKENbIE KUAKUAE YTIIEBOJOPOIHBIC MaTepHajibl B CHIPHE.
OnaTh ke, HE OTPAHUYMBASCh TCOPUEH, CUMTAETCA, YTO PACIICTUICHUE TAMKEIBIX
MOJIEKYJT IPOUCX0oauT 3a cueT paspbia C-C cBsazeit. g 3TUX MOJEKYJT SHEpPrus,
HeoOxoaumas ana paspeiBa C-C cBszm, cocrapisier npuOmausuteabHo 2619
kJ[>k/MOTb. DTO KOJIMYECTBO HHEPTUHM 3HAYUTEIHPHO MEHBINE, YEeM SHEPTHA,
HeoOxoaumast ayia paspsisa csizu C-H (364,5 k/[x/monb).

[0115] CBobOonHbie paguKaibl YIJI€BOAOPOJAOB MPUTATHBAIOT aTOMbI BOJOPOJA.

Takum 00pa3oM, B MPOILIECCE MOKET ObITh UCMOJIB30BAH T'a3-HOCUTENb, CIIyKalUH
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HMCTOYHUKOM aTtoMa Bojopoja. [loaxoadinue ra3pl-HOCUTEIN MOTYT BKJIFOYATh, HO
HE OrPAHUYMBAIOTCA UMHU, Ta3bl, COJIEPKAIIUE aTOMBI BoAopoaa. MimocTpaTuBHbIe
ra3bl-HOCUTEIN MOTYT BKJIKOUATh, HO HE OTPAHUUYMBAIOTCS UMH, BOJOPOMI, METaH,
NPUPOAHBIA Ta3 W JApyrue razoo0pasHbie yrieBoaopoabl. B mobom  u3
BBILIEYNOMAHYTHIX BAPUAHTOB BOMJIOLEHUSI MOXKET MCIOJIb30BAThCSA CMECh TAKUX
WUTFOCTPATUBHBIX Ta30B-HOCUTEIIEH.

[0116] Ecnu nmpouecc H0MKEH BBIMOIHATHCS HEMPEPBIBHO, PA3JIMYHBIE CTAIUN WIH
11arv MpoLecca MOTyT MPOUCXOIUTh OJTHOBPEMEHHO UJIM MOCIEA0BATENBHO, TaK UTO
KUJKUH YIIIEBOAOPOAHBIM MaTeprall HENPEPBHIBHO MOJAETCA B Pa3psAIHYIO KaMeEpPy
10 MEPE TOTO, KaK YIJIEBOAOPOAHBIEC (PPAKIINHN MPOIYKTA BBIXOAAT U3 KAMEPHI.
[0117] Kak u3noxeHo BhIllIie, TUTIOBBIE MPOILECCH MOTYT BKJIFOUYATh B C€051 CO31aHNE
MJa3Mbl MCKPOBOTO paspsAa B CTPYyE rasa B MEXIICKTPOJAHOM Pa3psAIHOM
npoMexyTke. [IpoOoliHoe HanpshKeHHe ra3a-HOCUTENS OyET MEHbIIE MPOOOHHOTO
HANPAKEHUS )KUIKOCTH, COOTBETCTBEHHO, UCIIOJIB30BAHUE CTPYHU I'a3a MPHU TOM K€
YPOBHE HAMpsLKEHUS MOJKET HCIOJIb30BAaThCA U1 CO3JaHusl Oojiee JUIMHHOTO
Pa3psiAHOTO  MPOMEXKYTKA.  YBEIWUYEHHUE  MEXKDJICKTPOJHOTO  Pa3psAHOTO
MPOMEXYTKA TPU OJHOBPEMEHHOM CHWIKCHHH KOPPO3MOHHOT'O BO3ACUCTBUA
mpolecca Ha JJISKTPOAbl YBEJIMUMBACT IUIOMIA[b MPAMOTO KOHTAKTa MEXITY
MJA3MEHHBIM ~ pa3psoM W 00pabaThIBAEMBIM  KUJKUM  YTJIEBOJIOPOIHBIM
MarepuasioM. He orpannunBasch KakoH-1M00 KOHKPETHOM TEOPUEH, CUUTAETCS, UYTO
MPU KOHTAKTE PA3psAAHON MIa3Mbl C >KHAKAM YTJECBOJOPOJHBIM MATEPHUAJIOM B
MEXIJIEKTPOTHOM Pa3PSIAHOM TPOMEXKYTKE KUJKHUU YTJE€BOIOPOIHBIA MaTepuat
MOKET ObICTPO HAarpeBaThCs U UCHIAPATHCS ¢ oOpa3oBaHueM napa. Takum oOpaszom,
MOJIEKYJIbl KUJKOTO YIJICBOJOPOJHOTO MaTepuajia MOTYT CMEIIMBATHCA C
MOJIEKYJIJaMHA Ta3a-HOCUTENIA M 4YacTHUIlAMU I[UIa3Mbl, OOpAa30BAaHHOW B HUX.
OJIEKTPOHBI MJIa3Mbl MOTYT CTAJKHBATbCS C MOJIEKYJAMH YTJIEBOJOPOJOB, TEM
caMbIM pa30OuBas ux Ha 00JIee MEJTKHE MOJIEKYJIbl, UMEIOIINE OJTHY HEHACHIIIICHHYIO
CBSI3b M SABJIAIOIIMECS MO CYILIECTBY CBOOOJHBIMH paJuKajiaMu, TO €CTh
(parMeHTaMH MOJICKYJ, HMEIOIMX CBOOOJHYIO CBi3b. CBOOOAHBIC paJHKAJIBI

TaKXK€ MOTyT BO3HUKATh B peE3yJbTaTe MpPsAMOrO0 B3aUMOJECHUCTBUSA OBICTPO
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JBHXKYIIUXCA BJEKTPOHOB C JKUAKAMH CTEHKaMH, OOpPa30BAaHHBIMH BOKPYT
MJIA3MEHHOTO KaHaJIa, YCTAHOBJIEHHOTO MEXK/Ty 3JICKTPOJAAMH.

[0118] Kak oTMeuanoch BbIlIE, PA3IMUHbIE Ta3bl-HOCUTEIN, U3BECTHBIE B JAHHOM
00JIaCTH TEXHUKH, MOTYT UCIOJIb30BAThCA B MPOLIECCAX M YCTPOUCTBAX HACTOALIEH
TexHoJoruu. [[puMepsl ra30B-HOCUTENEH BKIIIOUAIOT, HO HE OTPAHUYUBAIOTCSA UMH,
reNivii, HeOH, aproH, KceHOoH u Bomopon (H»), cpenn apyrux razos. B HexoTophix
BapHaHTaX BOIUIOUIEHUS, FTa3-HOCUTEIIb MPECTABISET COOON BOAOPOACOACP KALINMA
ra3, TakOil Kak, HO HE OTPAaHUYMBASACH 3TUM, BOJQ, Map, YUCTbIA BOJOPOJI, METAH,
MPUPOAHBIA Ta3 WM APyrue razool0paszHbie yrieBoaopoabl. CMecH JIIOOBIX ABYX
uan 0oJiee TaKuX BOJOPOACOEPIKAIIUX Ta30B MOTYT MCIOJIb30BAThCS B JIIOOOM U3
OTIMCAHHBIX BAPUAHTOB BOILIONMICHUA. KpoMe Toro, ra3el, He coaep kaliune BoOAOPO,
TaKUe KaK TeJIui, HEOH, aprOH M KCEHOH, MOTYT MCIOJIb30BaThCA JIMOO B KAUECTBE
razoB-paz0aBureniel i JII000T0 U3 BOJOPOICOASPIKAIIMX Ta30B, JUO0 OHU MOTYT
MCIMONB30BaThCA C KUJIKHUMHU YIJIEBOAOPOAHBIMU MaTepHAIAMHU, YTO MO3BOJIAET
CBOOOAHBIM PaJMKaJiaM 3aKaHYMBATHCS APYT C IPYTOM BMECTO aToMa BOAOpOIA U3
raza-Hocurtenss. C TOYKM 3peHHs 3aTparT HHEPruM Ha 0O0pa30BaHHWE OJIHOTO
cBOOOAHOrO aroMa BOJAOPO/A, UTOOBI BEIOPATh MOAXOAIINN ra3-HOCUTEIb, MOKHO
CPaBHUTh  JHEPTUIO  JUCCOIMALMM  PA3JMYHBIX  Ta30B-HOCHUTENICH WK
BOJIOPOICOJIEpKAIIMX Ta30B. Tak, Hanpumep, s pa3pbiBa CBI3U MEKIY aTOMaMHU
BOJIOpoaa B Mosiekyie Hy Moxker morpeboBarbes mpuOau3nTelbHO 432 K J[5K/MOJIb.
JIJist BOASTHOTO Tapa SHEprus, HeoOXxoaumast 11 BbICBOOOKIEHUS aTOMa BOJAOPO/A,
cocTapiiieT npuOIm3uTenbHO 495 k/[)K/MOJIb, TOrma Kak JJid yJajleHHsS aroMma
BOJIOPOJIa U3 MOJIEKYJIbl YIJEBOJIOPO/IA, TAKON KaK METAH, MOXKET MOTPEOOBATHCA
npubmm3uTenbao 364,5 kJ>k/MOTh.

[0119] CormacHo HEKOTOPHIM BapHaHTaM BOIUIOIICHHUA, T'a3-HOCUTEb SBJIACTCS
MeTaHOM. Mcronb30BaHME METaHA WIM MNPUPOJHOIO ra3a BHITOJHO HE TOJBKO C
TOYKH 3PECHHUS SHEPTUM, HEOOXOAMMOM i pa3pbiBa CBI3€H, HO M H3-3a €r0
OTHOCUTEJIbHO HHU3KON CTOMMOCTH. Mcronp30BaHME METaHA TApAHTUPYET, 4UTO
cesa3u C-H pasopBanbl ¢ 00pa3oBaHWEM BOJAOPOAHOTO pajyKajia U METUIOBOTO

paduKkaa, K&)I(I[I)Iﬁ N3 KOTOPBIX MOIKCT O6’I>CI[I/IHHTBC$I ¢ Ooree KPpYIIHBIMH



41

YIJIEBOJIOPOAHBIMA paJuKaJlaMy HA CTAJMU 3aBEPIICHHS. B HEKOTOPBIX BapHaHTaxX
BOIUIOIIEHUA, Ta3-HOCUTEIb MPEACTABISAET cOOOM METaH WM CMECh METaHa ¢
WHEPTHBIM ra30M, TAKUM KakK T€JINil, aprOH, HEOH UJIM KCEHOH.

[0120] JIns co3nanud mia3Mbl B Ta30BOM CTPYE MOTYT MCMOJIb30BAThCS Pa3TUUHBIE
THIIBI JICKTPUUYECKUX PA3PAA0B. DTH Pa3psiaibl MOTYT ObITh KaK B HEIPEPBIBHOM, TaK
U B UMIYJIbCHOM pexume. Hanmpumep, B HEKOTOPBIX BAPHAHTAX BOIUIOLIEHUS
nuzoopetenusi, 3(hEGEKTUBHO WCIOIB30BAHUE HEMPEPBHIBHBIX PAa3PsA0B, TAKAX Kak
OYyrOBOW paspsa wid Tieroummi paspan. OIHAKO HMCHONb30BAHUE HTOTO THUIIA
paspsaa Uil KPEKUHIa TAXKEIbIX YII€BOJOPOJIOB MOXKET OBbITh OTPAHUYEHO TEM
(hakTOM, YTO HarpeB ra3oBON CpeAbl MOCTOSHHBIM TOKOM MOXET TMPUBECTH K
HEKEJIATEIIbHOMY ITOBBILICHUIO TEMIIEPATYPbl BHYTPU Pa3pAIHON Kamepsl. Takoe
MOBBILICHUE TEMIEPATyPbl MOXET IPUBECTU K YBEJIMYEHUIO KOKCOBAHUA H
oOpaszoBanus caxku. Kpome TOro, mpu HCHOJIB30BAHUM HEMPEPHIBHOIO paspsia
IPOAYKTHl  YTJIEBOAOPOAHOW  (pakuMd MOTYT TIOCTOSSHHO — TIOJIBEPraThCs
BO3JICUCTBUIO pa3psAaa A0 TEX MOp, MOKA OHU HE BRIMAYT M3 IJia3Mbl. HampoTus,
WCIOJBb30BAHUE HWMITYJIBCHOTO pa3psifa, OCOOCHHO WMMIYJIbCHOTO HCKPOBOIO
paspsza, MOXKET OBITh JKEJIaTEIbHBIM C IEJTBIO MPOW3BOJCTBA (DPAKIMH JIETKUX
YTIIEBOAOPOAOB M3 (pakiuii TsoKeNoW HEPTH, MOCKOJIBKY HMHTEPBAT MEKITY
UMIMYJIbCAMU MOKET MTO3BOJIUTH MPEKPATUTh 00pa3oBaHUE CBOOOHBIX PAIMKAJIOB U
JIaTh BPEMS U BBIXOJA MPOAYKTA JIETKUX YIJIEBOAOPOJOB U3 TIA3MBI.

[0121] B apyroMm acnekTe NpeyioKEHO YCTPOMCTBO IJIsi MPEBPAIICHUS KUJIKOH
YTIIEBOOPOAHOM CPEIBI B IPOIYKT YTIICBOAOPOAHBIX (Ppakiivid. Y CTPOHCTBO MOXKET
BKJIIOUaTh B ce0s pa3psaHyl0 Kamepy Ui Ppa3MEIICHHUs  BJIEMEHTOB,
0o0eCIeunBaloOIX HMCKPOBOM pa3ps, BBI3BIBAIONIIMN KOHBEpCHIO. PaspsgHas
Kamepa U, CJIeI0BaTeNIbHO, YCTPONCTBO MOTYT BKIIFOUYATh B C€05 BXOIHOE OTBEPCTHE,
YCTPOEHHOE Ui TPAHCIIOPTUPOBKU >KUAKOTO YIJIEBOJAOPOJHOTO Marepuasna B
Pa3pAOHYIO KaMEpPy, BBIXOAHOE OTBEPCTHUE, YCTPOEHHOE I TPAHCHOPTUPOBKH
MPOAYKTa YIJICBOAOPOIHBIX (paKkIHMi M3 Pa3psaHON KaMepbl, OTPUIATEIIbHBIM
AJICKTPO/I, UMEIOIIN I TTEPBBIA KOHEIl U BTOPOX KOHEIL, U OJIOKUTEIIBHBIN 3JIEKTPO/I,

WMMEIOIIMI MEPBBIA KOHEI U BTOPOM KOHEU. B pa3psamHoi kamepe nmepBbId KOHEI]
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OTPUTIATEIIFHOTO 3JICKTPO/Ia MOKET OBITh PACIIOJIOKEH HA PACCTOSHHUH OT TIEPBOTO
KOHIIA TIOJIOKUTEIBHOTO  JJIEKTPOAQ, TPH 3TOM PACCTOSHHE OMPEACIIACT
MEX3JIEKTPOJHbIA  pa3psAaHbii  mpoMexyTok. UYUtoObl olOecneunTh Ccrnocod
CMEITUBAHUA JKUIKOTO YIJIEBOJOPOJHOTO MaTepHalia C Ta30M-HOCHUTENEM, Kak
OTMCAHO BBINIE, pa3psAaHad KaMepa MOXKET TaKXKe BKIIOYATh TA30BYIO CTPYIO,
YCTPOEHHYIO JJI1 BBOJIA Ta3a-HOCUTENA BOJIM3HU PA3PAIHOTO MPOMEXKYTKA. J[pyrumu
CJIOBAMH, Ta3-HOCUTEJIb MOXXHO BIPBICKMBATh B JKAJKHHA YTJIE€BOAOPOIHbIN
MaTepuay BO BPEMs WM HEMOCPEACTBEHHO TEPEA BMIPHICKOM B Pa3psaHBINA
MPOMEXKYTOK. BTOpOW KOHEL OTPULIATENBPHOrO JJIEKTPOJA WU BTOPOM KOHEL
MOJIOKHUTEBHOTO AJIEKTPOJA MOTYT OBITh MOJAKIIOUYEHBI K KOHACHCATOPY, U MOXKET
OBITh MPEyCMOTPEH UCTOYHUK MUTAHUS, HACTPOCHHBIH HA T€HEPAIIMIO UCKPOBOTO
paspsAza B MEXKAICKTPOTHOM Pa3PsTHOM IPOMEKYTKE.

[0122] B paspsanmHoii kKamepe WCKPOBOHM paspsa MOXKeT (OpMHUPOBATHCS B
MEKAJIEKTPOTHOM Pa3pAIHOM MTPOMEKYTKE, Koraa HanpspkeHue (V), IpriioKeHHOe
K OJIGKTPOJaM, PaBHO WM TMpeBbIIaeT mpoOoitHoe HanpsbkeHue (Vp)
MEKAJIEKTPOTHOTO TPOMEXKYTKA. VICkpoBOo#t paspsa MokeT ObITh MHHIIMHPOBAH
CBOOOJHBIMH 3JICKTPOHAMH, KOTOPBIE OOBIYHO MOSBIIIOTCS HA TOJOKHTEIIHHOM
AJIEKTPOJIC B Pe3yJIbTaTe aBTOYJICKTPOHHOW SMHUCCHH WA JPYTHUX IPOIECCOB
SMUCCHU  SJIEKTPOHOB. (CBOOOJHBIE SJEKTPOHBI MOTYT OBITh YCKOPEHBI B
ANIEKTPUYECKOM TI0JI€, OXBATHIBAIOIIEM MPOMEXKYTOK, M MOXET OBITh CO3/aH
WCKPOBOH TUIa3MEHHBIM KaHaJl, KOTJa ra3 B MPOMEXYTKe HOoHU3upyercs. [locrme
dopMupoBaHHs KaHaja HUCKPOBOTO paspsia pPaspsAaHbIA TOK MOXKET MPOTEKaTh
yepes miasMy. HanpsokeHue BHyTpH mi1a3MeHHOTO0 KaHasa (Vq) MOXKeT ObITh HUXKE,
yeM mpoOoitHoe HampsikeHue (Vy). JlyroBoi pa3psia MOXKET BO3SHUKHYTH, €CITH
WCTOYHHWK THATAHWUS AOCTATOYHBIA MJI TOTO, YTOOBI TOK B Pa3pATHOM KaHAJC
MPOTEKaJ B HEMIPEPHIBHOM pexxuMme. Harpes mia3Mbl Takke MOKET MPOUCXOIUTH B
HUCKPOBOM paspsne. OHAKO PeryMpoBaTh TEMIIEPATYPy MOKHO HE TOJBKO MyTEeM
pEryJIupOBaHWS  CHJIBI  TOKAa  paspsAga, HO W TyTeM  YIPaBICHUS

MMPpOAOJIKHUTCIIBHOCTBIO  pa3psaaa. B HCKOTOPBIX BapHaHTax BOIUIOIICHUA, B
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pe3yabTare 00pa3oBaHMs MJIA3MEHHOTO KaHaja B rase, TeMIeparypa ra3a MOKeT
JOCTUTaTh HECKOJIBKUX ThicaY °C.

[0123] B kauecTBe ajabTEpHATHUBHI, JAJISI TE€HEPAIMM HCKPOBOTO pa3psaa MOXKET
WCIIOJIb30BAThCA APYyTasl CXeMa MHUTAaHWs. B HEKOTOPHIX BapuaHTaX BOILJIOMICHUA,
JUISL  3QKUTAHUA UCKPOBBIX pa3psoB MOXET MCHOJIb30BAThCS HEKOTOPOE
KOJIMYECTBO  PA3/IMYHBIX TE€HEPATOPOB  MMIYJbCOB. Hampumep, MOXKeT
UCMOJB30BAaThCA  CXE€Ma,  pa3psKalollas  HAKONMUTEIbHBIA  KOHACHCATOP
MPEeABAPUTENILHOTO 3apsi/ia Mo Harpy3Koi. [lapaMeTpsl UMITYJIbCHOTO HAMIPSIKEHUS
HA HArpy3ke OMNpeAeAoTCA €MKOCThIO HAKOMUTENS, a TAKKe MapaMeTpaMu BCeH
paspsanHoit cxembl. [loTepu sHEprum OyayT 3aBUCETh OT XaPaKTEPUCTUK PA3PSATHON
CXEMBI, B YaCTHOCTH, IOTEPh B MEPEKITIOYATEIIE.

[0124] B HekoTOpBIX BapuaHTaX BOIUIOIICHHUS HACTOSIIEH TEXHOJIOTHMH MCKPOBOM
BBIKJIFOUATETh MOYKET UCITOJIb30BAThCA HEMOCPEACTBEHHO B KQUECTBE HArPY3KH, TO
€CTh IJIA3MEHHOTO PEAKTOPa, TEM CaMbIM CHHUXAs MOTEPH SHEPTHH B Pa3psAHON
nend. Kpome TOro, HakONUTEIbHBIA KOHJIEHCATOP MOXET OBITh MOJKIIOUEH
MapauieIbHO HCKPOBOMY Pa3psIHUKY B IIEMHA ¢ MUHAMAJIBHONW WHIYKTHBHOCTBIO.
[Tpo6oii mpoMeKyTKa MOKET IPOUCXOIUTh, KOT/Ia HAMPSDKCHUE Ha HAKOTTUTEIIBHOM
KOHJICHCATOpE JOCTUraeT MPOOOWHOr0 HAMpPSKCHUS, a TMOJABOJA JHEPrUM B
MJA3MEHHYI0 HCKPY MOJXKET MPOUCXOAWTh BO BpeMsA paspsaa KOHACHCATOpa.
CrnienoBarenibHO, MOTEPU SHEPTUH B LIETIA HU3KHE.

[0125] CornacHo pa3auyHBIM BapuUaHTaM BOIUIOIICHUS, TOJIOKUTEIIbHBIA H
OTPUTIATEITHHBIA AJIEKTPOABI MOTYT MMETh (DOPMY IIOCKHX AIIEKTPOJOB, OO B
BHJIC JIMCTA, JIe3BUA, JUOO TUIOCKOTO BHIBOAA, W/umu Qopmy TpyOkm (T.€.
KAHIOJTMPOBAHHBIX). KaHIOMUPOBaHHBIA SJEKTPOA TMPEACTABISAET COOOW TOJBIN
AJIEKTPOJI, Yepe3 KOTOPBHIM Ta3-HOCHTEIh MOXKET OBITh BBEICH B IKUIKAN
VIJICBOJAOPOAHBIM MaTepuaa B MEXAIJIEKTPOAHOM 3a3ope. Takum oOpaszom,
KAHIOJIUPOBAHHBIA AJICKTPOA MOXKET CIYXUTh KaHAJIOM JJiA ra3a-Hocutens. Ecnu
OTPUTIATEIIFHBIA AJICKTPOJT KAHIOJIUPOBAHHBINA, MPOXOJ KAHIONH MOXXET HMETh
paanyc KpUBHU3HBI B OTBEPCTHH TPYOKH. BricoTa v juytmHA pa3psgHOTo 3EKTPOoaa

OOBIYHO HU3MCPACTCA OT OCHOBAHHA, KOTOPOC ABJIACTCA TOYKOM KPCILVICHUA, 10
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BEPITMHBI. B HEKOTOPHIX BapuaHTaxX BOIUIOMIECHUS, OTHOIICHUE PAanyca KPUBH3HBI
K BBICOTE WJIM JJIMHE KaToAa MOXKET ObITh O0JbIle MpUuOIu3uTebHo 10.

[0126] Kak oTMeuanoch BbIlE, MEXAJICKTPOAHBINA pa3psAAHbIN MPOMEKYTOK, TO €CTh
pPacCTOSTHUE MEXAY OJJICKTPOJaMu, BIUsAeT Ha AS()PEKTUBHOCTH TpoIriecca.
MeX3/IeKTPOIHBIA  pa3psAdHbIA MPOMEXKYTOK — 3TO AE€Tajlb, KOTOPYKD MOXHO
ONTUMHU3UPOBATh, HANPUMEP, HA OCHOBE KOHKPETHOTO YIJIEBOJOPOJHOTO
MaTtepuaia, MOJaBAEMOro B Pa3pSAAHYIO KaMepy, BBEAEHHOI'O Ta3a-HOCUTENSA H
MPWIOKEHHOTO HAMpsHKeHWsT W/uiau Toka. OJHAaKO MOTYT ObITh YCTAHOBJICHBI
HEKOTOpbIE AWANa30Hbl JUISl  MEKAJIEKTPOAHOTO Pa3psAIHOrO MPOMEXKYTKA.
Hanpumep, B 000M W3  BBIMICYNOMSHYTHIX BAPUAHTOB  BOIUIOIICHHMS,
MEKAJIEKTPOIHBIN Pa3psAaHbIA MPOMEKYTOK MOKET COCTABIIATH OT MPUOIU3UTETHHO
1-3  no npubmusurensno 100 wmwuuMerpoB. 3TO  MOXKET  BKIIOYATH
MEKAJICKTPOJIHBIN  pa3psAAHbBIA  MPOMEXKYTOK OT MNPUOJMU3UTENBHO 3 [0
npuOIM3UTENBHO 20 MIITUMETPOB, TIPU UCTIOJIb30BAaHUH pabouero HanmpsixkeHus 30-
50 kB onTumanbHas uiMHA MPOMEXyTka Oyaer or 8 mo 12 MHIIITUMETPOB.
OTpunatenbHbld 3JIEKTPOJI W TMOJOXKHUTEIbHBINA 3JEKTPOA MOTYT BBICTYIIATh B
Pa3pSAHYIO KaMepy.

[0127] Kak oTMeuasioch, HAKOMUTEIbHbBINH KOHACHCATOP MOXKET OBbITh 3apsiKeH 0
HaMps>KeHWsl, PABHOTO WJIM TMPEBBIMIAOIIETO MPOOOWHOE HAMpsKEHUE rasa-
HOCUTENIA, TaK 4YTO BO3HUKACT MCKPOBOW pa3psa. B HEKOTOpbIX BapHaHTaX
BOIUIOIIEHUA, Pa3psA/l BOSHUKAET MEXIY MOJOXKHUTEIbHBIM 3JICKTPOJOM MU Ta30M-
HOCUTEJIEM BOJIM3M MEPBOTO KOHIA MOJIOXKHUTEIBHOTO 3JIEKTPOoAa. B HEKOTOphIX
BApUaHTaxX BOTUIOIICHHMS, Pa3psA SABISICTCA HEMPEPBHIBHBIM. B nmpyrux BapmanTax
BOIUIOIIEHUA, Pa3pad ABJISETCA HUMMYJbCHbIM. B HEKOTOpBIX BapHaHTaX
BOIUIOIIEHUA, CKOPOCTbh JJIEKTPUUYECKOTO paspsaa Peryaupyercss BEJIUUUMHOM
CONPOTUBJICHUSA B 3apPSAHON CXEME HAKOMUTEIBHOTO KOHICHCATOPA.

[0128] UcTouHMK nOUTaHUA MOXKET ObITh MOJKJIKOYEH KO BCEH cHUCTEME i
obecriedyeHus TMOJBOJA SHEPruM s BO30YXKACHUsA paspana. B  HekoTopsix
BApUAHTAX BOIUIONICHUSA, B OMUCAHHOM 37E€Ch YCTPOWUCTBE, MOXHO HCMOJIb30BATh

HMCTOYHUK TMOCTOSIHHOTO TOKa ¢ pabouuM HampsikeHueM 15-25 kB. Hcrounuk
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MATAHUST MOJKET 3aBUCETh OT KOJMYECTBA MPOMEXYTKOB i 0O0pabOTKH
YIJICBOJAOPOAHON JKHUJKOCTH, OT WX JUIMHBI, YAaCTOThI CJEJOBAHUS HMMITYJIbCOB,
pacxojia )KHJIKOCTH Ye€pe3 PEAKTOP, PACX0/1a ra3a uepe3 KaKAbli IPOMEKYTOK H T. .
[Tpumep ycTpoiCTBA, B KOTOPOM MUCHOJIB3YETCA 12 MPOMEKYTKOB, MOXKET BKJIKOUATh
pEaKTOp, B KOTOPOM HCIOJIB3YIOTCS Pa3pAAHbIE MPOMEXKYTKH UIMHOW 3.5 MM,
KoHaeHcaTopbl emkocThio 100 nd, pabouee Hanpspkenue 18 kB um wacrora
cienoBanua wummyabcoB S5 ['m. IloTpeGisieMblii MCTOYHUK TIUTAHUS MOMKET
cocTaByiATh OT 1 10 2 BT, B TO Bpems Kak 1uia3Ma MOXET MOTJIONIAaTh MOIIHOCTh
npubnmsutensHo 0,97 Bt HemocpeAcTBeHHO B paszpsae. OcTaBLIAsCs >HEPrus
MOYKET PACCEUBATHCA B KOHAEHCATOPAX 3apsAAHON CUCTEMBI.

[0129] BapraHTsl BOILJIOIIEHHS yCTPOMCTB U MPOLIECCOB, B LIEJIOM ONMHACAHHBIX BHILIIE,
MOTYT OBITh JIy4Illle TOHSATHI CO CCBHUIKOW Ha CJICAYIOUIME MPUMEPHI, KOTOPHIC
HUKOMM 00pa30M He MPeAHA3HAYEHBI /TS OTPAHUYEHUS YCTPONCTB WIIH MTPOLIECCOB,

OITMCAHHBIX BBIIIC.

ITPUMEPDBI

[0130] TIpumep 1: T+HACWG Tlosbrmmarommii TpanchopMarop (Pmax = 900 Br),
nutatonmii yeteipe (4) momyBomHOBEIX CWG mapamtensHo depe3 uetoipe (4)
Pa3pAIHBIX TPOMEXKYTKA ¢ OAMHAKOBBIM TIPOOOWHBIM HAITPSHKEHUEM.

[0131] UToObI MpOAEMOHCTPUPOBAThH BHIIICYTIOMSHYTYIO BO3MOXHOCTh YCTAHOBKH
T+CWG st 5¢pdeKTHBHOTO THTAHWS HECKOJIBKHUX Pa3pATHUKOB OT OJHOTO
JUHEWHOrO BXOJa, CXeMa, IMoKa3aHHas Ha ¢ur. 8, Oblja BBHINOJHEHA W OICHEHA C
HCIIOJIb30BAHUEM JTMAarHOCTHUYECKOTO CIOC00a M3MEPEHUS YHEPTUN UMITYJIbCA IS
pacueta 3¢pdextuBHOCTH. [lyTeM KONMMUECTBEHHON OIICHKH 3apsi/ia, EPEHECEHHOTO
BO BpPEMs OJTHOTO MCKPOOOpPA30BaHMS, ¢ UCIIOJIB30BAHUEM TTOJICXEMBI, TIOKA3aHHON
Ha YETBEPTOM HCKPOBOM TPOMEXYTKE Ha (ur. §, MOXKHO OICHUTH SHEPTHIO
UMIyJbca JUIsi  OTAEIAbHBIX  CIy4aeB HMCKpooOpa3oBaHUA. OITOT  CHocod
HCIIOJTH30BAJICS IS TOJYUCHHsI CTATUCTHKH SHEPTHH W YaCTOTHI UMITyJibca ((wr.
12), Ha ocHOBaHWM KOTOPHIX OBLT paCCUMTaH CPEIHUHN BHIXOM 3HEprUu. [IpuHnMas

BO BHHMAHHUC PAaCuYCTbl MOIODHOCTH A AUArHOCTHYCCKOIO O60pYI[OBaHI/I$I
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(BBICOKOBOJIBTHBIM ~ 30HJ, TMOJACXEMa HW3MEPEHHWS  3apsaga), a  Takke

dP
middepeHnnaTbHYI0 MOIITHOCTh HA BBIXOJE W3 TpaHcgopmaTopa » (tme P,
CWG

IPEACTaBIsAeT OO0 MOABOAMMYIO MOIIHOCTb HAa CTEHKE, a N, NPEACTABJIACT

coO0l KOJMMYECTBO cxeM MCKpoBoro paspana CWG, paboTaomux mapaienbHo),

3HaueHue auddepeHuanbHoN 3pHEKTHBHOCTH CXeMBbI Ha (DUT. 5 OBIIIO OTIPEAEIICHO

-P,.,.—P Ve V.=
KaK 7, = out probe RQ rne P =E ot P &P g P =—2_  ITH
A out pulse,avgJ avg > probe > RQ
(dPW /dNCWG) Rprobe Rprobe

pe3yabTaThl CBEACHBI B TAONMIY 3 ¥ peAcTaBiieHbl Ha ¢ur. 12. CpeaHee 3HaUCHHE

middepenumnansuoit  sdpdextuBHoctn  n, =  68,3%. ANbTEepHATUBHBIM

onpeaenearemM auddepeHunanbHOR d3HPEKTUBHOCTH I STOW CXEMBI SBIISICTCS

_d, +1,

out probe

dP,

+PRQ)

Ny , UTO MPCACTABJIACT IMOCTCIICHHOC YBCIIMYCHUC MOJIC3HOM

BBIXOJHOW MOIIHOCTH ISl MOCTENEHHOTO YBEIMYEHHS IMOJBOJAUMONM MOIIHOCTH.
BrimeynomMsHy ThIX TaHHBIX (TOAPOOHO NPEICTABICHHBIX B TaOIHUIIE 3) JOCTaTOYHO

JUISI IOCTpOoeHus rpaduka P, + P,

out probe

+ P, B 3aBUCUMOCTH OT £, , KaK MOKa3aHO Ha
¢dwur. 13. BToT TpaduK ABIAETCS CTPOTO JUHEHHBIM H 77, MOXKET OBITh PACCUMUTAH

IMyTCM HAXO0XACHHA CPCAHCTO HAKJIOHA JTHUX MJaHHBIX C ITOMOIIBIO JIMHECHHOHU

perpeccur. 3TO MPUBOIUT K 3HAUCHUIO auddhepeHnanbHon 3(hPEKTUBHOCTH 77, =
64,9%, 4TO XOPOIIIO COIIACYeTCsl ¢ PacueToOM 77, MPHU yUETE HKCIEPUMEHTAIBLHON

HeonpeneaeHHOCTH. OCHOBBIBAsACh Ha 3TUX pacdeTax 3((PEKTUBHOCTH, MOXKHO
CAeNnaTh BBIBOJA, UYTO HACTOAIIAS CXEMa YJIOBJICTBOPSACT BBIMICYTOMSIHYTHIM
TpeOOBaHUAM U €€ OYAET AOCTATOYHO, €CJIM OHA Oy AET MPUMEHSTHCA 1J11 KOHBEPCUH
BOJIOPO/1a YKA3aHHBIM BBIIIIE CIIOCOOOM.

[0132] [Tpumep 2: T+HCWG(FW): [Toseimaronuii TpancgopmMarop (Pmax = 900 B),
nuTaroImi Apyxnoaynepruoaabii CWG depe3 HCKpOBOM MPOMEXKYTOK.

[0133] TTomoOHO skcnepumeHTy, noApoOHO omnucaHHoMy B Ilpumepe 1, Obin
MPOBEACH aHAN3 d(PPEKTUBHOCTH TSI CHCTEMBI C OJHUAM JBYXTOJIYTIEPHOTHBIM

nuckpoBbIM paspsagaukoM CWG B Bozayxe, aTo0bl CpaBHATH 3(H(PEKTHUBHOCTH MEKTY
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AByxnosynepuoaHoit u mnoaysosiHoBo T+CWG cxemamu. Pe3ynbtarsl 3TOr0
anamm3a (pur. 15 w 16) HanpsAMyIO COMOCTaBUMBI C pe3yjbTaTaMu s
MOJIYBOJTHOBOM CXEMbI, TOKa3aHHbIMH Ha ¢ur. 9 m 13 ¢ wucnonp3oBaHHEM

AL, + P, + )

out probe

dpP ’

w

onpeneneHus auddepeHmanbHo  d3hPeKTUBHOCTH 77, =

muddepennmanvras 3¢ dexruBHocTh 7, = 70,9% Oblna paccumtaHa i ciaydas

asyxnonaynepuogaoro T+CWG. DTor pesynbTar moKa3biBaeT, 4TO pa3HULA B
muddepentnanbaoit 3PPEKTUBHOCTH MEXKITY ABYXMOTYNEPUOTHON cXeMoi (wur.
14) u momyBOJIHOBOM cxeMoii He3HaunTeNbHa (<5%).

[0134] H300peTeHne OOMOJHUTENBHO OMPEACIAETCA CICAYIOIIUMHA BapUaHTaMH
BOILTOIIEHUS:

[0135] Bapuant Bomutomenus A.  YCTpOWCTBO, coaepkalliee. pPeakTop s
oOpabotkn HedTH I mpueMa ABYx(}a3HOW CMECH rasa M KHIKOCTH, B KOTOPOU
CMECh BKJIIOUAET YTJIEBOJAOPO/, MOJIEIKANANA TPEBPALLEHUAIO; MHOTO3JIEKTPOIHYIO
CXeMy HMCKpPOBOTO paspsja Uil MpeoOpa3oBaHHs YIJIEBOJOPOAOB, NMPHUUYEM IIEMb
HMCKPOBOTO pa3psiga UMEET JBa UM 00Jiee 3JIEKTPOIOB C HCKPOBBIM Pa3PSIIHUKOM,
KOHTaKTHPYIOIMUX ¢ ABYX(a3HOW CMEChI0 B peakTope 00paboTkh HedTH, W TIO
MEHBIIIEH MEpPe OJHY CXEMY BBICOKOBOJBTHOTO BBIIPAMHUTENSA, (DYHKIIMOHAIHHO
CBSI3aHHYIO CO CXE€MOW HCKpPOBOTO pa3psja, IMpA OSTOM  YCTPOUCTBO
CKOH(HUTYPHUPOBAHO IS TOJAYMA BXOJHOTO CHTHAJIA PETYJIUPYEMOW MOIIHOCTH B
CXEMY MCKPOBOIO pa3psija AJis FTeHepallui KCKPOBBIX Pa3ps0B HA AJIEKTPOAAX.
[0136] Bapuant BomiomieHus B. YcTpolcTBO 1o BapuaHTy BOIUIOLIEHUS A, B
KOTOPOM CXeMa BBIMPAMUTENA CKOH(HUTypHpoBaHA IS TEHEPUPOBAHUA OoJiee
BBICOKOTO HAMPSHKEHUA MOCTOSTHHOTO TOKA U3 BXOJAHOTO MEPEMEHHOI0 ToKa 0oJiee
HU3ZKOTO HANPSIKCHUS.

[0137] BapuanT Borionienus C. YCTpoMCTBO MO BapuaHTy BOIUIONIEHUS A win B,
B KOTOPOM CXE€Ma BBHITIPSIMHUTEISI BKIIOUAST MO MEHBINEH Mepe OJWH TEHEPaTop

Koxkpodra-Yonrona (CWG).



48

[0138] Bapuant Bomomenus D. VYcrpolctBo mno Jawo00OMy W3 BapUaHTOB
BomiomeHua A-C, B KOTOPOM cxXeMa BBINIPAMHUTENS padoTaeT mapajuieabHO OT
MTOBHIIIAIOINIETO TpaHchopMarTopa.

[0139] Bapuant BommomeHusa E. VYcrpolictBo mo J000My U3 BapUAHTOB
BoIUIOMICHUA A-D, B KOTOPOM JIMHEHHBIN BXOJT ABJIAETCS 1O MEHBIIIEH MEPE OJTHUM
n3 BxoaHoro 120 B nepemennoro Toka, 60 ' 1 Bxoanoro 240 B mepemMeHHOro TOKa,
60 I'm.

[0140] Bapumant BommomeHus F. VYcrpolictBo mno J1000OMy W3 BapUaHTOB
BoriomeHua A-E, B KOTOPOM OJWH TMOBBIMIAKOMKANA TpaHCHOPMATOP MHUTAET
MHOKECTBO HCKPOBBIX Pa3psAHUKOB MAPAIJIETBHO.

[0141] Bapuantr ommomenus G. YcTpoicTBO Mo JI000MY W3 BapHAHTOB
Bortomenns A-F, wuMeromee MHOXECTBO TpaHC(POPMATOPOB H  MHOMKECTBO
Pa3pAAHUKOB, C OJHUM TPaHCHOPMATOPOM IS KAXKIOTO Pa3psAHHUKA U C TTOTHBIM
AJIEKTPUUYECKUM PA3/ICIICHUEM KaKI0OM CXEMBI pa3psIHUKa.

[0142] Bapumant Bomomenus H. VYcrpolictBo mo g000oMy W3 BapHaHTOB
BortoreHusa A-G, B KOTOpoM cxema BoinpamuTess Briaouaer CWG, u B KoTopoM
MTOBBIIAOIIHKA TpaHC(OpMaTOP MOAKITIOUEH K MHOTO(a3HOMY JTUHEHHOMY BXOY,
yTOOBI pa3feiaTh pa3HO(]a3HbIC BXOIHBIC HANPSHKCHHS TMEPEMEHHOTO TOKA H
MPUCOCIUHATh OAHO WiH Oojiee monHBIX ycrpoiicte CWG TpancdopmaTopa ms
KaXJ0ro BX0/a.

[0143] Bapuantr BomomieHnus [. VYcrpolictBo mo Jo00My HW3 BapUaHTOB
BomoneHus A-H, B KOTOpOM cXxeMma BBIIPAMUTENSI BKIIOYAET B celd
MOJIYBOJIHOBOM ojiHOKackaaHbii CWG.

[0144] Bapuantr BomjoimieHuss J. YcrpolcrBo mno J0O0OMYy W3 BapUAHTOB
BOIJIONIEHUA A-I, B KOTOpOM cXeMa BBINIPAMUTENS BKIOYAET B celd
MHorokackaaubii CWG.

[0145] Bapuant Bomomenus K. VYcrpolictBo mno ja000OMy U3 BapUaHTOB
BOIUIONIEHUA A-J, B KOTOPOM CXe€Ma BBIIPSIMUTENA BKIOYAET B ce0d

nsyxnosynepuoaabii CWG.
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[0146] Bapuant BommomeHusa L. VYcTpolictBo mno JI0OOMYy U3 BapUaHTOB
BomiomeHuas A-K, B KOTOpOM €MKOCTh MO MEHbIIEH MeEpe OJHOr0 U3
KOHJICHCATOPOB B CXEME BBIIPSAMHUTEIIS BIMACT HA SHEPIHIO0 B HMMITYJIbCE M4
MCKPOBBIX Pa3pAIOB.

[0147] Bapuant BomiowmeHuss M. VYcrpolcTBo mo JiroOOMy W3 BapUAHTOB
BOIUIOIIEHUA A-L, B KOTOpPOM cXeMmMa BBIIPSAMUTENS PadOTAeT MApaUIeIbHO C
MEPBBIM MCTOYHUKOM TMHTAHUA W BTOPHIM HMCTOYHHUKOM MUTAHUS, PaOOTAOIIUM
BMECTE C TMEPBHIM MCTOYHWUKOM TMUTAHUSA, TIPU 3TOM TEPBBIH MCTOYHUK MUTAHUSA
npeoOpa3yeT CTaHJAPTHBINA JTMHEHHBIN BXOJI IEPEMEHHOTO TOKA B HU3KOBOJIbTHBIN
MOCTOSIHHBIA TOK Ha BBIXOJE, M TIPH 3TOM BTOPOI MCTOUHUK MUTAHUA MPeodpazyeT
BXOJl TMOCTOSHHOTO TOKA HHU3KOTO HAMPSHDKEHUsA B BBIXOJ MEPEMEHHOI0 TOKa
BBICOKOTO HAIMPSKEHUS JTFOOOH YaCTOTHI.

[0148] Bapuantr sommomenuss N. YcrpoiicTBO mo a000My W3 BapHaHTOB
BOIUIOIICHHUS A-M, B KOTOPOM CXeMa BBHIIPAMHTENS CKOH(UTYPUPOBAHA TaK, YTOOBI
MMETh BBIXOJHYIO €MKOCTh B auamnazoHe oT 1 m® go 1 HD, noreHumMaibHO
HCTIOJIB3YA JIIOOYIO TPUCYIIIYIO CXEME TTAPa3UTHYIO EMKOCTb.

[0149] Bapuant Bomomenus O. YcrpodcTBo Mo Jo0OMy W3 BapUaHTOB
BOIIomeEeHns A-N, TpudeM yCTPOHCTBO CKOH(UTYPHUPOBAHO JJII TCHEPHUPOBAHUS
HanpsokeHus B auana3one ot 3 kB mo 50 kB.

[0150] Bapuant Bomnomenus P. YcrpolcTBo, coaepikaiiee: peaktop oO0padboTKu
JUIs IpruemMa o0pabaTbiBaeMOi CMECH; M0 MEHbIIIEH MEPE OJIHY MHOT'03JICKTPOIHYIO
CXEMY HCKPOBOTO pa3psja, MPUUYEM MO MEHbBIIEH Mepe OJIHa CXeMa HCKPOBOTO
pazpsjia peaanu3yercsa B peakTope 00padOoTKH MyTeM BO3AEHCTBHUS ABYX JIEKTPOAOB
HMCKPOBOTO pa3psiHMKA HA CMECH; U 10 MEHbIIIEH MEPE OJMH T€HEPATOP BHICOKOTO
HamnpsHKEHUA, QYHKIMOHAIBHO COSAMHEHHBIM 1O MEHBINEH Mepe C OJHON CXeMOW
HMCKPOBOTO pa3psAja, MPUYEM TE€HEPATOpP BBIMOJHEH C BO3MOXKHOCTHIO TMOAAUH
YIOPaBJIAEMOTO TOKOM BXOJIa IO MEHbIIIEH MEepe B OJIHY CXEMY MCKPOBOTO pa3psia
JUIsl TEHEPAIMU UCKPOBBIX PA3pAI0B HA JIEKTPOIAX.

[0151] Bapuant omiomenuss Q. YCTpOHCTBO MO BapuaHTy BoIjiomieHua P, B

KOTOPOM TeHeparop npeacTasiseT coboit reHeparop Kokpodra-Yonrona (CWG),
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(byHKITMOHATIBHO CBSI3aHHBIM CO CXEMOW HMCKpoBOro paspsma, npuuem CWG
BBITIOJTHEH JJ1s1 pa0OTHI TTApAJLIETHHO OT MOBBIIIAIOIIETO TpaHchopmarTopa.

[0152] BapuanT BormiomieHusa R. YerpolicTBo no Bapuanty BorionieHus P unu Q,
BBITIOJTHEHHOE Il 00€33apakMBAaHUs TIO MEHBIEH MEPE OJHOT0 3. MPOAYKTOB
MATAHUS WA BOJBI.

[0153] BapuanT BormtonieHus S. Y cTpoiicTBO A npeoOpa3oBaHus yIriieBOAOPOIOB,
coJepiKallee: paspAdHYIO KaMepy, HUMEIOLIYI0 JABa WM 0ojee 3IeKTPOJOB,
Pa3EICHHBIX TMPOMEXYTKOM, Pa3psAaHYyI0 CXeMy, CKOH(UTYPUPOBAHHYIO I
CO3/IaHMA pa3psna MEXKAy OdJIEKTPOAaMHU; BXOJHOE OTBEPCTHE MJi MOJAUYu
VIJICBOJAOPOAHOTO MaTrepuaja B Pa3pANHYI0 KaMepy, TaK 4TO YIVIEBOAOPOIHBIN
MaTepruall AOCTUraeT NPOMEXKYTKA MEKAY SJIEKTPOIAMH;, BBIITYCKHOE OTBEPCTUE IJIA
TPAHCTIOPTHPOBKH YTJICBOAOPOIHOW (Dpakiuu W3 PpaspsAAHON KaMephl, MPUUYESM
yrieBoaopoaHas ¢ppakuus 06pa3yercs nocie pa3psaaa uepes 3JAEKTPOIbL, B TO BPEMs
Kak YIJIEBOAOPOAHBIM Marepuana HaxXOAWTCA B NPOMEXKYTKE, U YMHOXKHUTEIb
HAMpPSDKCHUA, CKOH(HUTYPUPOBAHHBINA 11 OOECTICUEHHUsT YIPABJISIEMOTO TOKOM
BXOJla B Pa3pIAHYIO CXEMY TIPH MPUIIOKEHUU HJICKTPUUECKUX HMITYJIbCOB K
YTJIEBOJOPOAHOMY MaTEpHaIly Yepes3 3JEKTPOIbI.

[0154] Bapuant Bomutomenus T. YCTpoWCTBO MO BapuaHTy BOIUIOIICHHUS S, B
KOTOPOM YMHOXHTEITh HAINpPsDKEHUS MpeAcTaBisieT coboit rerneparop Koxpodra-
YonroHna.

[0155] BapuanT Bomiomenust U. Y cTpoHcTBO MO BapuaHTy BomiomeHus S win T,
B KoTOopoM reHepatop Kokpodra-Yonrona npenacrasiser co0oil 0THOKACKATHBINA
redeparop Kokpodra-Yonrona.

[0156] Bapuant BomomeHuss V. YcTpoHcTBO Mo J0OOMY U3 BapUaHTOB
Bormyiomennsa  S-U, B xotopom renepatop Kokpodra-Yonrona smasercs
MHOTOKacKaJHbIM reHepaTopoM Kokpodra-YonTona.

[0157] Bapuant BommomieHua W. YcCTpolcTBO Mo Jr0oOOMYy W3 BapUAHTOB
Boryiomenna  S-V, B kotopom Trenepatop Kokpodra-Yonrona smasercs

ITOJIYBOJIHOBBIM reneparopom Kokpodra-Yonrona.
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[0158] Bapuant BomomieHuss X. YCTpOHCTBO MO JOOOMY U3 BapUAHTOB
BoryiomeHua  S-W, B koropom TreHepatop Koxkpodra-Yontona sBasercs
JIBYXTIOJIYIIEpHOIHBIM TeHepaTopoM Kokpodra-Yonrona.

[0159] Bapuant BomomeHuss Y. YCTpoHCTBO MO JOOOMY U3 BapUAHTOB
BortommeHus S-X, B kKotopom reHeparop Kokpodra-YonToHa BBIIOIHEH ¢
BO3MOXHOCTBIO  T€HEPUPOBATb  BBICOKOBOJIBTHBIE  WMIYJIbCBI  PA3PSAAKH
KOHJICHCATOpa 151 MPe0oOpa30BaHUS YTIIEBOIOPOIOB.

[0160] Bapuwant BomiomeHusa Z. YCTPOWCTBO MO JIOOOMY U3 BapUaHTOB
BOIUTIOIIEHUA S-Y, [OMOJHUTENBHO BKJIIOUAKOIIEE B C€e0A MOBBIIAIOIIUN
TpaHchopMarop.

[0161] Bapuantr omnomenus AA. YcTpoiicTBO mo Jar000My U3 BapHUAHTOB
BOIUIOIIEHUA S-7Z, B KOTOPOM THMTaHWE YCTPOWCTBA OCYIIECTBIIACTCS C
MCIMOJB30BAHUEM UCTOUYHHKA MEPEMEHHOTO TOKA BBICOKOTO HAIIPSYKEHUS.

[0162] Bapumant Bommomenus BB. VYcrpoiictBo mo m00oMy U3 BapHaHTOB
BOIUTOIIEHUA S-AA, B KOTOPOM YMHOXHUTEIb HAINPSOKCHUS SBIISIETCS TEPBHIM
YMHOKUTEJIEM HaIpPsDKEHUS, U IPU 3TOM YCTPOUCTBO JOTIOJIHUTENIBHO BKITIOYAET B
ce0s BTOPO YMHOXHUTEb HANIPSHKEHUS, BHITIOJTHEHHBIN AJ1s1 pa00Thl MapajliesIbHO
C TIEPBBIM YMHOXHUTEJIEM HAMPSKCHUS.

[0163] Bapuant Bommomenus CC. YcrpoiicTBo 1o a1000My U3 BapUAHTOB
BOILTOIICHU S-BB, M0NoTHATEIEHO BKIIFOYAIOIIEE IMMOBBIIAOIIHI TpaHC(hOpMAaTOop,
(hyHKIIMOHAIFHO CBSI3aHHBIN KaK C MEPBBIM YMHOKHTEIEM HANPSKCHUS, TaK H CO
BTOPHIM YMHOXHUTEJIEM HAMpPSKCHUS, TP 3TOM MEPBBIA U BTOPOM YMHOKHUTEIIH
HanpsHKEHUA QYHKITHOHAIBHO CBA3AHBI C OJTHAM MOBBIIIAIOIIAM TPAHC(HOPMATOPOM.
[0164] Bapuant Bomiomenuss DD. VYcrpolictBo mo oO60My W3 BapUAHTOB
Bomomenusa S-CC, B KOTOpPOM TIMTaHWE YCTPOMCTBA OCYIIECTBISAETCS C
KCITOJBb30BAHUEM MPAMOUN JIMHEHHOWU NMOABOAUMON MOIIHOCTH.

[0165] Bapuant Bomnomenusa EE. YcTpoicTBO Aji1 KOHBEPCHUH YIJIEBOJIOPOIOB,
cojepikalniee. a) paspAmHyr0 KaMmepy, ©O) BXOJHOE OTBEPCTHE I MOAAUA
YTIIEBOOPOAHOTO MaTepHajia B Pa3pPAMHYIO0 KaMepy, C) BBIXOJHOE OTBEPCTHE IS

TPAHCTIOPTHPOBKH YTJICBOJAOPOIHON (PpaKiuu W3 pas3psAIHON KaMepbl, W 1) PsA
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YMHOXKUTENICH HAMNpspKeHUs, padoTaloluX MNapajUyiebHO, TOpU  3TOM  Psj
YMHOKUTEJICH HANPAKCHUS HACTPOEH HAa MOJAUy 3JICKTPUUYECKUX HMMIYJIbCOB HA
VIJICBOJAOPOAHBIM Marepuand B pa3psaaHON kamepe i  mpeoOpa3oBaHUA
YIJIEBOJAOPOAOB, MPU 3TOM ICKTPUUECKUE UMIYJIbChI MPUJIAratOTCs MOCPEICTBOM
pPa3psIAHON CXeMbl, CHA0OKEHHOW YIPaBJIAEMbIM BXOJIHBIM TOKOM.

[0166] Bapuant Bomnowmenus FF. YcrpolictBo no Bapuanty BoriomieHus EE, B
KOTOPOM MHOJKECTBO YMHOMUTENEH HANpsHKEHUsA SBIAIOTCA TE€HEparopaMu
Koxkpodra-Yonrona.

[0167] Bapuant Bomowenns GG. YcrpoiicTBo o BapuaHTy Bomiomenus EE wim
FF, B KOTOpOM MHOKECTBO YMHOXHUTENICH HATPSKEHUS pad0TaOT MapajijIeIbHO OT
OJIHOTO MOBBIIIAOIIEr0 TpaHcopmaropa.

[0168] Bapuantr Bommomenus HH. Cnoco0 «oHBepcuM yrieBOJOPOAOB,
BKJTIOYAIOINWIA: a) Mo1auy Yepe3 BIYCKHOE OTBEPCTHE YTIIEBOJOPOJHOTO MaTepraa
B pPa3pAmHYIO Kamepy, O) HCIOJIb30BAaHME OJHOTO WM 0o0Jiee TEeHEpaTopoB
Kokpodra-Yonrona s mogaud BBICOKOBOJBTHBIX AJIEKTPUUCCKUX HMITYJIHCOB
paspsAzia KOHASHCATOPOB HA YIJIEBOJOPOAHBIA MaTeprall B pa3psAaHONA Kamepe JJis
npeoOpa3oBaHMs  YIJIEBOJAOPOJOB, NPH 3TOM HMIIYJIbChl TMOJAKOTCS UYEpe3
JBYXAJICKTPOJAHYIO CXEMY MCKPOBOTO pa3psaa, CHAOKEHHYIO YIPABIISIEMbIM TOKOM
BXOJOM; M B) BBIXOJ U€pPe3 BBHIMYCKHOE OTBEPCTHE YTJIEBOJOPOIHON (hpakmum U3
PaspAaHON KaMEPHI.

[0169] BapuanT Bomiomienus [1. Cioco6 no BapuanTy Boruiomienuss HH, B koropom
UCIONIb30BaHME OAHOTO mMiu Oomee reneparopo Kokpodra-Yontona Bkmrogaer
UCIMOJBb30BAHUE  MHOXECTBA  YMHOXKHUTEJICH  HAmpshDKEHUs,  pabOTaroIIMX
MapajyIeIbHO.

[0170] Bapuant Bomomenus JJ. Cnoco6 no Bapuanty somioiennss HH unu 11, B
koTopoMm reHeparopsl Kokpodra-YonToHa SBAsAIOTCS 4acThIO yCTPOMCTBA, KOTOPOE
MATAETCA OT TOBBIMIAIONIETO TpaHChOpMaTOpa ¢ UCIOIH30BAHUEM TIPSIMOTO BBOJA
MATAHUSA OT CETH.

[0171] Bapuant Bomomenus KK. Cucrema, BrIoYaromas OJHOKACKAIHBIN

MOIyBOJIHOBOM TeHepaTop Kokpodra-YonroHa, ucmoab3yeMsblii uisi T€HEpaIluH
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BBICOKOBOJIbTHBIX HMITYJIbCOB pa3psAjaa KOHJCHcAaTtopa i IpeoOpa3oBaHUs
YyIJIEBOJAOPOAOB, € THTAaHHWEM OT IMOBBIMAIOIIET0  TpaHcdopmaropa ¢
HCTOJIb30BAaHUEM TIPSAMOTO BBOJA TUTAHUA OT CETH.

[0172] BapuanT Bomomenus LL. Cuctema, BKItOUaroiias HadOp OTHOKACKAIHBIX
MTOJIYBOJIHOBBIX TeHepatopoB Kokpodra-Yonrona, paboTaromux napauiebHO OT
OJMHOYHOTO TMOBBIIIAIOIIET0 TpaHchOpMaTOopa ¢ MCIOJIH30BAHMEM TPSIMOTO BBOJIA
MUTAHUS OT CETH ISl UCTIOJIb30BAHHUS B KOHBEPCHUH YTJI€BOAOPO/IOB.

[0173] Bapumantr Bomnomenuas MM. Cuctema, BKIIOUAKOIIAs OJHOKACKAHBIN
aByxmojynepuoAanbii  renepatop Kokpodra-Yontona, UCHONb3yeMbIH s
rE€HEepallii BBICOKOBOJIBTHBIX MMITYJIbCOB pa3psAaa KOHAEHCATOpa JJid KOHBEPCHH
yIJIEBOJAOPOAOB,  MHUTAEMOro  OT  TOBBIIAOMEro  TpaHcdopmaropa ¢
KCTOJIb30BAaHUEM MIPSAMOTO BBOJA MMUTAHUA OT CETH.

[0174] BapuanT Borutomenuss NN. Cuctema, BKIIFOUaroIas Habop 0HOKACKATHbBIX
JBYXIOJIYTTEPUOIHBIX r€HEPaTOpPOB Kokpodra-Yonrona, paboTaroIUX
MapayuieIbHO OT OJUHOYHOTO MOBBIIIAIOIIETO TPaHCHOpMAaTOpa ¢ MPSIMBIM BBOJAOM
MUTAHUS OT CETH ISl UCTIOJIb30BaHUS B IPpe0Opa3s0oBaHUM YTJI€BOOPOIOB.

[0175] Bapmant Bomnomenus OO. Cucrema, BKIFOYAKOMIAs MHOTOKACKaIHBIN
OJYBOJIHOBOM TeHepaTop Kokpodra-YonroHa, MCIoab3yeMblil Ui TeHEpaIUH
BBICOKOBOJIFTHBIX HMITYJIbCOB pa3psAjaa KOHJCHcAaTopa id IpeoOpa3oBaHUs
yIJIEBOJAOPOAOB,  MHTAEMOr0  OT  MOBHIIAOMIEro  Tpancdopmaropa ¢
HCTIOJIb30BaHUEM IIPSMOTO BBOJA IUTAHUA OT CETH.

[0176] Bapuant Boruiomienus PP. Cuctema, Bitouaroinas Ha0op MHOTOKACKATHbIX
ITOJIYBOJIHOBBIX TeHepatopoB Kokpodra-Yonarona, padoTarmux napajuieabHO OT
OJMHOYHOT0 MOBBIMIAIOIIETO TpaHc(opMaTopa ¢ MPSIMbIM BBOJIOM IHUTAaHUS OT CETH
JUIS UCTIOJIb30BaHUs B MPeoOpa30BaHUH YTIIEBOI0POIOB.

[0177] Bapmant ommomenus QQ. Cucrema, BKIIOUAIONMIAs MHOTOKACKa HbBIN
MOIyBOJIHOBOM TeHepaTop Kokpodra-YonroHa, ucmoab3yemslil uisi T€HEpaIldH
BBICOKOBOJIFTHBIX HMITYJIbCOB pa3psAaa KOHJACHcAaTtopa i IpeoOpa3oBaHUs
yIJICBOJAOPOAOB, MHTAEMOIr0  OT  TOBHIIAOImeEro  Tpadncdopmaropa ¢

HCIIOJB30BAHUCM UCTOYHHKA IICPCMCHHOI'O TOKA BBICOKOT'O HAIIPAKCHUA .
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[0178] BapuanTt Bomnomienuss RR. Cuctema, BKirouaroias Habop MHOTOKACKaIHBIX
ITOJIYBOJIHOBBIX TeHepatopoB Kokpodra-Yonrona, paboTaromux napauiebHO OT
OJIMHOYHOTO TTOBBITIAIOIIETO TpaHC(HOPMATOPA, UCTIOTH3YIOIIETO BEHICOKOBOJIBTHBIT
MCTOYHUK MUTAHUA MEPEMEHHOTO TOKa Uil MCHOJIb30BAaHHWS B MPEeoOpa30BaHUH
YIJIEBOJAOPOAOB.

[0179] B pamkax HacTosero M300peTEHUS U, €CJIM HE YKAa3aHO HMHOE, «OIUH»
O3HAUYaeT «OAUH WK 00Iee).

[0180] B kOHTEKCTE€ MAHHOTO OOKYMEHTA, TEPMHUH «IPUONU3UTEIIBHO» OyAeT
MOHATEH CHELHAJINCTaM B JAHHOW OOJIACTH TEXHUKU WU OyJEeT BapbUpPOBATH B
HEKOTOPOH CTEMEHU B 3aBUCHUMOCTH OT KOHTEKCTA, B KOTOPOM OHO MCHOJIb3YETCA.
Ecmu cymecTBylOT BapHaHThl HMCIOJIB30BAHUS MPEIETOB, KOTOPBIE HE SICHBI
CHeluaaInucTaM B JaHHOW OOJIAaCTH TEXHHMKH, YUUTHIBAS KOHTEKCT, B KOTOPOM OH
UCIIONIb3YETCS, «MPUONM3UTEBHO» OyAeT 03HauaTh A0 TWIoC Wi Munyc 10% ot
KOHKPETHOTO 3HAYEHUS.

[0181] Bce myOnukaruu, MaTeHTHbIC 3asABKH, BBIJIAHHBIC MATEHTHI W JPYTHE
JOKYMEHTBI, YIIOMSHYTBIE B JAHHOM OMUCAHWH, BKJIFOUEHBI B HACTOSIIEE OTIMCAHUE
MOCPEJCTBOM CCHIIKM, KaK €Ciu Obl Kakaas OTAebHAas MyONuKaius, maTeHTHAs
3asBKa, BBIJAHHBIA TMATEHT WM JPYrod AOKYMEHT ObIM CHEHHATBHO H
WHIUBUIYAJIbHO YKA3aHbI KaK BKJIIOUEHHbBIE MOCPEICTBOM CChUIKH BO BCEH MOJIHOTE.
Onpenenenus, KOTOPbIE COAEPKATCSA B TEKCTE, BKIIFOUCHHOM MOCPEICTBOM CChUITKH,
HCKJIIOYAIOTCS B TOW CTEMEHHU, B KOTOPOW OHHM MPOTHUBOPEYAT OMPEICICHUSAM B
JAHHOM JIOKYMEHTE.

[0182] BapuaHTbhl BOIUIONIEHUS, WIIIOCTPATUBHO ONKHCAHHBIE B HACTOAIICM
JOKYMEHTE, MOTYT COOTBETCTBYIOIIUM 00pPa3oM MPUMEHATHCS HA MPAKTUKE MPH
OTCYTCTBMM KaKOTO-JIMOO 3JIEMEHTA WM SJICMEHTOB, OTPAHUUYCHHUS WJIU
OTPAHUYCHUH, KOHKPETHO HE PACKPBITHIX B JAHHOM AOKyMeHTe. Takum oOpasom,
HAIPUMEP, TEPMUHBI «COAEPIKAIMNAY, «BKIIOYAKOIIHANY, «BMEIIAOIIAN» U T. I.
CJEQyeT TOJIKOBATh IIUPOKO W 0e3 orpaHumueHuid. KpoMe TOro, ucnosib3yeMoie B
JAHHOM JOKYMEHTE TEPMUHbI U BBIPAXKEHHUSI, UCTIOIb30BAIMCh KAK OMUCATENIbHbBIC,

d HC OIrpaHHYHMBAOIIKC, W IIPHU UCIIOJIb30BAHHMHY TAKUX TCPMHUHOB U BI)Ipa)KeHI/Iﬁ HECT
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HAMEPEHUSI MCKJIIOUaTh KAaKHUE-IMOO SKBUBAJICHTHl MOKA3aHHBIX W OMHCAHHBIX
(yHKIMIA WM WX YacTel, HO TMPU3HAHO, YTO B PaMKax 3asBJICHHON TEXHOJIOTHH
BO3MOJKHBI paznuuHbie Momuukamuu. Kpome Ttoro, ¢pasy «cocrosmmii 1o
CYILIECTBY HW3» CJIEAyeT MOHUMAaTh, KaK BKIIIOYAIOLIYID T€ 3JIEMEHTHI, KOTOPHIC
KOHKPETHO MEPEUHCIISIIOTCSI, WU T€, JOMOJHUTEIIbHBIE 3JIEMEHTHI, KOTOPbHIC
CYIIECTBEHHO HE BJIMAIOT HA OCHOBHBIE M HOBBIC XAPAKTCPUCTHKU 3asBJICHHOU
TexHojoruu. dOpaza «COCTOALMNA U3» UCKITIOYAET TOO0H HEYKa3aHHBIA SJIEMEHT.
[0183] Hacrtosiee mzoOpereHrne HE AOKHO OBITh OTPAaHUUCHO KOHKPETHBIMU
BapHaHTaMU BOIUIOIICHUS, OMMCAHHBIMU B 3TOM 3asABKE, KOTOPbIE MPEAHA3ZHAYEHBI
JUTSl WIUTIOCTPALIMKA PA3JIMUHBIX acnekToB. MHorue mMoauduKalvv ¥ Bapyalldd
MOTYT OBITh BBIMOJTHEHBI 0€3 OTKJIOHEHHs OT €ro CyTu W o0bema, 4to Oyjaer
OUEBHMJHO CHEUMAIMCTAM B JaHHOW o00sacTh TexHUKH. DOYHKIIMOHAIBHO
SKBUBAJICHTHBIC CTPYKTYPhI, YCTPOWCTBA M TMPOILIECCHI, BXOIAIIME B 00BEM
M300peTeHNs, B JOTIOJHEHUE K TIEPEUMCICHHBIM B JAHHOM JOKYMEHTE, OyayT
OUEBM/IHBI CHEIUAINCTAaM B JAaHHOW 00JIACTH TEXHUKH W3 MPEIIIECTBYIOLIETO
onucanus. [Ipeamonaraercs, 4To Takue MOAU(PHKAIMA W BapHAIMK MTOMATAIOT B
obbeM mpuiaraemoir opmyiel uzoOperenus. Hacrosimee n3o0peTeHue A0HKHO
OBITh O'PAHUYEHO TOJIBKO YCIOBUSAMH MPUiIaracMoi (hopMyITbl H300PETECHUS BMECTE
C TIONHBIM OOBEMOM SKBUBAJICHTHBIX CXEM, Ha KOTOphie Takas dopmyra
n3obpereHuss wumeer mnpaso. Creayer NOHUMATh, YTO HTO ONHUCAHUE HE
OTPAHUUYMBAETCA KOHKPETHBIMHU MPOIECCAMU, PeareHTaMu, COCTaBaMH COCIMHEHU N
WM OUOJIOTHYECKUMU CUCTEMaMU, KOTOPBIE, KOHEUHO, MOTYT BapbUpoBaTh. Takske
CleayeT TMOHMMAaTh, UTO UCIOJIb3yeMasi 37eCh TEPMHUHOJIOTHS TMPEIHA3HAYEHA
TOJBKO JUIsl OMMCAHUA KOHKPETHBIX BAPUAHTOB BOILIOIICHUS U HE MPEAHA3HAUCHA
JUISl UX OTPAHUYEHUS.

[0184] Kpome Toro, ecinu TNpU3HAKA WIIM aCMEKThl W300pPETCHHA OMHCAaHbl B
TepMHUHAX Tpynn Mapky1ia, CeiuaiucTbl B JAHHON 00J1aCTH TEXHUKHA TOUMYT, 4TO
M300pETECHHE, CJICIOBATENIBHO, TAKXKE OMUCAHO B TEPMHUHAX JIHOOOr0 OTIAEIBHOTO

YJICHA WIN TOATrPYIIBI YICHOB Ipymnibsl Mapkymia.
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[0185] Kak OyaeT mMOHATHO CHEHUAIMCTY B JAHHOW 00JaCTH TEXHUKH, JJIS TFOOBIX
W BCEX Ilejiel, B YaCTHOCTHU, C TOYKH 3PEHUS MPEAOCTABJICHUS MUCbMEHHOTO
OTIMCAHKA, BCE UAMA30HbBI, PACKPHITHIC B JAHHOM JOKYMEHTE, TaK)KE€ OXBAThIBAIOT
Jro0ble W BCE BO3MOXKHBIE MOJIMAIIQ30HBI W WX KomOwmHamuu. JIroOoi
MEPEUNCICHHBIM  JAMana3oH MOXKHO JIETKO pacrmo3HaTh Kak  JOCTAaTOYHO
OTIMCHIBAIOIIMI W TIO3BOJIAIONINI pa30MTh OJUH M TOT K€ JWAMA30H MO MEHBIICH
MEpE Ha paBHBIE TIOJIOBUHBI, TPETH, YETBEPTH, IIATHIEC, ACCAThIC U T. . B kauecTBe
HEOTPAHMUMBAIOIIETO TPUMEpPa KaKIbI 00CY’KIaeMblii 3€Ch AUAMa30H MOXKET
OBITH JIETKO Pa30MT HA HUXKHIOIO TPETh, CPEAHIOID TPETh U BEPXHIOK TPETh U T. 1.
Kak Oy et Taxoke MOHATHO CIEUAIMCTY B TJAHHOW 00J1aCTH TEXHUKH, BCE TEPMHUHBI,
TaKUE KaK «JI0», K110 MEHBIIIEH MePe»,«O0JIbIIe YeM» ,«MEHBIIIE YeM» U MOJI00HBIE,
BKJIIOYAIOT YKA3aHHOE YMCJIO U OTHOCATCA K JHANa3oHaM, KOTOPbIE BIOCICACTBUN
MOTYT ObITh Pa30WTHI HA MOAMAINA30HbI, KaK onmucaHo Bhiie. Hakoner, kak Oyaer
MOHATHO CIEIMANMCTY B JaHHOMW 00JaCTH TEXHUKH, AUAMA30H BKIIOUACT KaXIbIH
OTACJIbHBIN AJICMEHT.

[0186] XoTs ObLIM TPOWLTIOCTPUPOBAHBI M OMUCAHBI ONPEICICHHBIC BAPUAHTHI
BOILIOIICHUSA, CJIEAYET IMMOHMMATh, YTO B HUX MOTYT OBITh BHECEHBI M3MEHCHHUSA U
MOIU(HKALIMK, BBINOJHICMbIC OOBIUHBIMM CIICIIUAJIMCTAMH B JAHHOW OOJIACTH
TEXHUKH, 0€3 OTKJIOHEHHS OT TEXHOJIOTHH B €€ 0oJiee IIHUPOKUX acTeKTaX, Kak

OMpeeNICHO B CICAYyIONIeH Gopmysie H300peTeHUS.
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®OPMYJIA U3OBPETEHUA
1. Y CTpoiicTBO, coieprKaIiee:
peakTop mia o6paborku HedTH I TOydeHUs ABYX(a3sHOM CMECH Ta3a |
KUJKOCTH, B KOTOPOH CMECh BKJIFOYAET YTJIEBOAOPOJ, MOMAJIEKAIIUN
KOHBEPTUPOBAHHUIO,
MHOTO3JICKTPOJHYIO CXEMYy MCKPOBOrO paspsaa i npeoOpa3oBaHus
YIJICBOJAOPOAOB, MPUYEM CXEMa HMCKPOBOTO paspsia UMEET IBA WIH
0oJiee 3JIEKTPOJIOB C MCKPOBBIM Pa3psAHUKOM, KOHTAKTHPYIOIIHUX C
nByXx(hazHo# cMeChiO B peakTope 00paboTku HePTH, a TaKKe
M0 MEHBIICH Mepe OJHY CXE€MY BBICOKOBOJIBTHOTO  BBIIPAMMTENA,
(byHKIIMOHAJIBLHO CBSA3aHHYIO CO CXEMOW MCKPOBOTO Pa3psa;
MPA HTOM YCTPOMCTBO BBHIMOJHEHO IS TOJAYd  BXOAHOTO CHUTHAja
PEryJmpyeMOi MOIIIHOCTH B CXEMY HCKPOBOT'O Pa3psAaa JJisi TEHEPaLuH
Pa3psIHBIX UCKP HA JIEKTPOIAX.
2. VYerpoiictBo mo 1.1, oTiMuaromieecs TEM, UYTO CXeMa BBIIPAMUTENS
BBIMOJIHEHA JJIsI TEHEPHUPOBAHUS 00JI€e BBICOKOTO HAMPSDKEHUS IMOCTOSHHOTO TOKa
13 BXOJHOTO MEPEMEHHOI0 TOKa C 00J1€€ HU3KUM HaANPSKEHUEM.
3. YerpoiicTBO 10 1.2, OTJIMYAKONIEeCss TE€M, UTO BBINIPAMHUTENbHASA CXeMa
BKJIFOYAET 1O MEHbIeH Mepe oauH reaeparop Kokpodra-Yonrona (CWG).
4. YerpoiicTBO 1O 1.2, OTJIMYAKONICECs TEM, UTO BBINIPAMUTENIbHAA CXeMa
paboTaeT mapauieIbHO OT MOBBIMIAOIIETO TpaHchopMaTopa.
5. YerpoiicTBo 1o 1.4, oTiIMJaroImeecs TeM, 4TO IMOBBIIAIOIIHHN TpaHcdopMaTop
MOAKITIOYEH K 0THO(DA3HOMY JIMHEHHOMY BXOY.
6. YCTpolcTBO MO 1. 5, OTIIMYAIOIIEECs TEM, UTO JIMHECHHBIH BXO/ ABIACTCS MO
MeHbIIIeH Mepe oauuM u3 Bxoda 120 B mepemennoro Ttoka 60 I'it u Bxoaa 240 B
nepemMeHHoro Toka 60 I'.
7. YerpoiictBo 1o m.4, OTAMYAIOIIEecss TEM, YTO OJWH ITOBBIIIAOIIHHA
TpaHc(opMaTop MUTAET MHOKECTBO UCKPOBBIX PA3PATHUKOB MAPAJUICITBHO.
8. YerpoiictBo mo m.4, oTIMUaroIieecs TEM, YTO OHO HMEET MHOXKECTBO

TpaHc(OpPMaTOPOB M MHOXKECTBO PA3PATHUKOB, C OJHAM TPaHCHOPMATOPOM IS
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KaXJ0r0 Pa3psAHUKA U C TOJIHBIM 3JICKTPUUYECKUM PA3ACIICHUEM KAXIOW LENH
pa3psIAHKKA.

9. VYerpoiicTBo no 1.4, OTIMYAOIIEECA TEM, UTO CXEMA BBIIPSIMUTENS BKIIFOUAECT
CWG, 1 B KOTOPOM TMOBBITIAOIINH TpaHCHOPMATOP MOAKIIOYEH K MHOTO(Da3HOMY
JUHEHHOMY BXOMy, 4YTOOBI pa3fensaTh pa3sHo(da3HbIE BXOAHBIC HAMPSKCHUAS
MEPEMEHHOr0 TOKAa W MOAKIKOYATh OJHY WIA  0Oo0Jie€ TMOJHBIX HACTPOEK
tpancdopmaropa CWG aia kaxaoro Bxoja.

10.  VYcrpoiicteo mo m.l, oTnmyaromieecs TeM, UYTO BBIIPSAMHUTEIbHASA CXema
BKJIIOYAET OJHOMONYNEPUOaHbINA oqHOoKackaaHbii CWG.

I1.  VYcrpoiicTBo 1o 1.1, OTIMYAKOIIEECs TEM, YTO CXE€Ma BBIITPAMUTEIIS BKITIOUAET
B ce0s1 MHOTOKackaausii CWG.

12.  VYcrpoiictBo 1o 1.1, OTIMYAIOIIEECS TEM, UTO CXEMA BHINPAMUTENSA BKIIIOUAET
B ce0s nByxmnonynepuoaabii CWG.

13.  VYecrpoiictBo mo 1.1, oTnuyaromeecs Te€M, YTO €MKOCTh MO MEHbIIEH Mepe
OJIHOTO U3 KOHJEHCATOPOB B CXEME BBIMIPSMUTES BIUAET HA SHEPTHUIO B UMITYJIbCE
JUTISl UCKPOBBIX Pa3psAI0B.

14.  VYcrpoiicTBo 10 1. 1, OTaHYaroIeecs: TeM, 4TO CXeMa BBITIPAMUTENS padoTaeT
MapajuleIbHO ¢ TIEPBBIM UCTOUHUKOM MUTAHHWS W BTOPHIM MCTOUHMKOM IUTAHUS,
paboTAaIOIIUM BMECTE C MEPBHIM UCTOYHUKOM MUTAHMUS, TIPU 3TOM MEPBBIN HCTOYHUK
MUTAHUS TIPeoOpa3yeT CTaHIAPTHBIN JIMHEHHBIN BXOJI MEPEMEHHOTO TOKA B BBIXOJ
HU3KOBOJIBTHOTO TOCTOAHHOTO TOKA, W TMPHU 3TOM BTOPOM HCTOYHUK MUTAHUA
npeoOpa3yeT BXO/1 MOCTOSHHOIO TOKA HU3KOTO HANIPSKEHUS B BBIXOJ] MIEPEMEHHOTO
TOKA BBICOKOT'O HAMPAXKEHUS 000N YaCTOTHI.

15. VYcrpoiicteo mo mn.l, oThuyaromieecs TEM, 4YTO CXEMa BBIIPAMUTENA
BBITIOJTHEHA TaK, YTOOBI UMETh BHIXOJAHYIO €MKOCTh B Auamnazone ot 1 n® go 1 HD,
MOTEHIHAIBHO UCTOJIb3YS JIFOOYIO MPUCYIILYIO CXEME MAPAZUTHYIO EMKOCTb.

16. YcrpoicTBo 1o m.1, OTIMYAKOIIEECS TEM, YTO BBIMOJHEHO C BO3MOXXHOCTBIO
T€HEPUPOBAHUS HaNpsikeHus B Auanaszone ot 3 kB g0 50 kB.

17.  YcTpoicTBO, coaepxKaliee:

peakTop 00pabOTKHU JiJid MpUeMa CMECH, Mo AJieKalreit oopaboTke;
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M0 MEHBIIIEH MEPEe OJHY MHOTOZJIEKTPOAHYIO IIENMb HCKPOBOTO pa3psfa,
IPUYEM IO MEHBITIEH Mepe O/THA TIETTh UCKPOBOTO pa3psA/ia peaan3oBaHa
B peakTope oOpabOTKU MyTEM BO3JICHCTBUS CMECH HA JIBA JIEKTPOJA
HCKPOBOTO MTPOMEKYTKA; a TAKKE
10 MEHBIICH Mepe OJWH BBHICOKOBOJBTHBIM T'eHEepaTop, (PYHKIIMOHAJIBLHO
COCIMHEHHBIN MO MEHBIIIEH MEPE C OJHOU CXEMOU UCKPOBOTO pa3psa,
OpUYeM  TEHEpPaTop  BBHIMOJHEH C  BO3MOXHOCTHIO  TOJAYH
yOPaBJISIEMOTO TOKOM BXOJHOTO CHUTHAJIa TI0O MEHBIIIEH MEpe B OJHY
IeMb MCKPOBOTO pa3psAna JJid TeHEpPallud HMCKPOBBIX pPa3psaoB Ha
AJIEKTPOJIAX.
18.  VYcrpoiicteo mo m.17, oTnuugaromieecss TeM, UTO T€HEPATOp IMPEACTaBIIACT
coboit reneparop Kokpodra-Yonrona (CWG), pyHKIMOHAIBHO CBSI3aHHBIA CO
CXeMO# UCKpOBOTOo paszpana, npuueM CWG BbINOIHEH 15 pa0OoThl MapauIebHO OT
MOBBIIIIAIOIIETO TpaHchopmaropa.
19.  Vcrpoiicteo no m.17, oTaugaromieecss TEM, YTO BBIMIOJIHEHO JJIA
o6e33apakuBaHUA 110 MEHBITICH Mepe OAHOTO U3 TMPOAYKTOB MUTAHKS W BOJIBI.
20.  YcTpoMCTBO I KOHBEPCHH YTIIEBOAOPOJIOB, COIEpIKaIIee:
paspsATHYIO KaMmepy ¢ ABYMS WM 0ojiee AJICKTPOJAMH, Pa3aeICHHBIMH
IPOMEKYTKOM;
Pa3pAMHYIO CXEMY, BBIMIOJHEHHYIO JUIA CO3JaHUSA paspsga  MEXIy
AIEKTPOIAMU,
BXOJ/JIHO€ OTBEPCTHE TSI TIOIaYH YTIIEBOJOPOTHOTO MaTepralia B Pa3psiAHYIO
KaMepy, TaK 94TO YTJICBOJOPOJHBIA MaTepHaNl JOCTHTACT TPOMEKYTKA
MEXIY SICKTPOIaMH,
BBITTYCKHOE OTBEPCTHUE I BBIXO/A YTJICBOIOPOJHON (DPAKIIMH U3 Pa3PATHOM
KaMephl, TpuYeM YrieBoaopoaHas (Qpakmusi obpasyeTcs Toche
MPOXOXKACHUA paspsiga dYepe3 JJIeKTPOJAbl, B TO BpeMs Kak

YIJIEBOOPOJAHBIN MAaTepHal HAXOAUTCA B MPOMEKYTKE, A TAKIKE
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YMHOKUTEJb HAMPSKECHUS, BBIMOJHECHHBIN UIs1 00ECTICUCHUS YIPABJISIEMOT0O
TOKOM BXOJa B pPa3PAAHYID CXEMY MpH MOAAYe AJIEKTPUUECKHUX
MMITYJIbCOB HA YIJIEBOJOPOIHBIN MaTE€pUai uepe3 AEKTPOIbI.

21.  VYcrpoiictBo nmo n.20, OTIHYAKOIIEECA TEM, YTO YMHOXKHUTENIb HAMPSIKEHUA
npeacrapisieT coboit reneparop Kokpodra-Yonrona.
22.  VYcrpoiicteo mo m.21, ornmuaromieecs TeMm, uro reHeparop Kokpodra-
YonrTona npeacrasisieT coboi oqHOKackaaHbIi reHepaTop Kokpodra-Yonrona.
23.  VYcrpoiicteo mo m.21, ornuuaromieecs Tem, uto TreHeparop Kokpodra-
VYontoHa ABgeTCA MHOTOKacKaaHbiM TeHeparopom Kokpodra-Yontona.
24.  VYecrpoiictBo mo m.21, ornumuaromieecs TeM, uto reHeparop Koxpodra-
YontoHa ABIgeTCA MOJyBOJTHOBBIM reHeparopoM Kokpodra-YonToHa.
25.  VYerpoiictBo mo m.21, ornmuaromeecss TeM, uto reHeparop Koxpodra-
Yontona mpencrasisger cobol  aByxmonynepuoanbsii reHepatop Kokpodra-
YontoHna.
26. VYcrpoiictBo mo m.21, ormiamuaromeecss TeM, uto reHeparop Koxpodra-
YonToHa BBINIOTHEH C BO3MOXXHOCTHIO TE€HEPUPOBAHMS  BBICOKOBOJIBTHBIX
UMIYJIbCOB pa3psiga KOHJAEHcAaToOpa Al MpeoOpa3oBaHus yTJIEBOI0POIOB.
27. VYcrpoictBo no m.20, OTIIMYAIOIIEECAs TEM, UYTO JOMOJHUTEIIBHO COACPIKUT
MTOBBIIAIOIIHHI TpaHChHOPMATOP.
28.  VYcrpoiictBo mo n.27, oTAMYaroiieecss TEM, 4YTO TMUTAHUE YCTPOMCTBA
OCYILECTBIISETCA OT UCTOUHUKA MEPEMEHHOTO TOKA BHICOKOTO HAMPSHKCHUS.
29.  VYcrpoiicto no n.20, oTIMYAKOIIEECAs TEM, YTO YMHOXXHUTENIb HAMPSIKEHUS
ABJISICTCSI TIEPBBIM YMHOXKHUTEJIEM HAMNpPsDKEHWs, W TPU HSTOM YCTPOWCTBO
JOTIOJIHUTEJIbHO  BKJIIOYAET B ce€0S BTOPOM  YMHOXUTEIb  HANPSKEHUS,
BBITIOJTHEHHBIN 77151 paO0ThI MApPaJUICIbHO C TIEPBBIM YMHOKUTEIEM HAMPSIHKEHUA.
30. VYcrpolictBo no m.29, oTIHYAOIIEECAs TEM, YTO JOTOJHUTEIBHO BKJIHOUYACT
MOBBIIAOIHK  TpaHchopMaTop, (YHKITMOHAIBHO CBSI3aHHBIA Kak C TEPBBIM
YMHOKUTEJIEM HAMPSKECHUS, TAK U CO BTOPHIM YMHOXKHUTEJIEM HAMPSXKCHUS, IPUUEM
MEPBBI W BTOPOW YMHOXKWTETH HAMpPsDKEHUS (PYHKIIMOHAITHHO CBS3AHBI C OJTHAM

MTOBHIIAIOIIAM TPAHC(HOPMATOPOM.
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31. VYcrpoiictBo mo m.29, oTiMyaromieecs TeM, YTO NUTAHHE YCTPOMCTBA
OCYIIECTBIISIETCS C UCIOJIb30BAHUEM MPSIMOTO BBOJIa MUTAHUS OT CETH.
32.  YCTpOWCTBO /Ui KOHBEPCHH YTIIEBOAOPOJIOB, COIEpIKaIIICe:

a. Pa3pSAHYIO KaMepy;

0. BIIYCKHOE OTBEPCTHE ISl TOJAUM YTJIEBOJOPOJAHOTO Marepuana B
Pa3pSAHYIO KaMepy;
B. BBIITYCKHOE OTBEPCTHE Il BBIXOJA YTJIEBOAOPOAHON (hpakiuu w3

PaspAIHON KaMEPHI; a TAKXKE
r. PAI YMHOKUATENIEH HAMPSHKEHU A, paOO0TAIOIINX MAPAIUIETBHO, TP 3TOM

PAI YMHOXKHUTEIEH HAMPSKEHUS HACTPOSHBI HA MOIa4y SJIEKTPUUYECKHUX
UMITYJIbCOB Ha YTJIEBOJOPOJHBIN MaTepHall B pa3psAHON Kamepe Ui
npeoOpa3oBaHus  YIVIEBOJOPOAOB, W TMPU 3TOM AJIEKTPUUECKHUE
UMITYJIbCHl ~ TPWIArarOTCs  MOCPEACTBOM  Pa3psSAHOW  CXEMBbI,
CHA0’KEHHOMW yNpPaBJIIEMbIM BXOJAHBIM TOKOM.

33.  VcrpodictBo mno n.32, omIMUAKOIIEECs TEM, UYTO PAX YMHOXHUTEIEH

HaIpsDKEHUS SABIIIOTCS TeHepatopamu Kokpodra-Yonrona

34,  VcrpoiictBo mno n.32, oOTIMYAKOIIEECs TEM, UYTO PAA YMHOXUTEIEH

HaMpsHKeHUA padoTaloT MapaJJIeIbHO OT OJTHOTO MOBKIMIAIOIIETO TpaHchopMaropa.

35. Cnocob KOHBEPCHH YTJIEBOJAOPOAOB, BKIIOUAFOIIIHIA:

a. 1oJa4yy 4epe3 BIYCKHOE OTBEPCTHE YIVIEBOAOPOJHOTO MaTepuaia B
paspsAHYIO KaMepy,
0. UCIOJIb30BAHUE OJHOTO WM Oojiee reHeparopoB Kokpodra-Yonrona

JUIS TIOAA4YW BBICOKOBOJIBTHBIX AJICKTPUUYECKUX HMMITYJIbCOB pa3psja
KOHAEHCATOpA Ha YIJEBOJAOPOJHBIA MAaTepHall B Pa3psAHON KaMmepe
JU1sl KOHBEPCHUH YTJIEBOAOPOAOB, MPU 3TOM UMITYJIbChI MOJAIOTCS Yepe3
JNBYXAJICKTPOJAHYIO  CXEMY  HMCKPOBOTO  paspsAna, CHAO0XKEHHYIO
YIOPaBIAEMbIM TOKOM BXOJ0M; a TAK¥KE

B. BBIXOJ] Y€pe3 BBIMYCKHOE OTBEPCTHE YTJICBOJMOPOAHONW (ppakimu w3

PpaspAIHON KaMEPHI.



62

36. Cnoco0 mo 1m.35, OTIHYaIoIUICS TEM, YTO HCIIOJIb30BaHUE OJHOTO HJI 00JIce
reHeparopos Kokpodra-YonTona BKIIIOUAET HCIONTB30BAHUE COOTBETCTBYIOIIETO
KOJTUYECTBA YMHOKHUTENCH HANPSIKEHUA, pabOTAIOMNAX MapaIeIIbHO.

37.  Cnoco6 no n.35, ornmuyaromuiicsa TeM, uto reaeparopsl Kokpodra-Yonrona
ABJISIFOTCA ~ YaCThIO  yYCTPOWMCTBA, KOTOPOE TMHTAETCI OT  TOBBIMIAIOIICTO
TpaHcdopmaTopa ¢ HCTO30BAHUEM MPAMOUN MTOAAUN MTUTAHUA OT CETH.

38. Cucrema, cojepkamas OJHOKACKAJHBbIA  TMOJyBOJIHOBOM  T€HEpaTop
KoxkpodTta-Yonrona, ucronb3yembiii i1 TCHEPALIMKA BHICOKOBOJIBTHBIX UMITYJIbCOB
paspsAna KOHAEHcAaTopa Ajis MpeoOpa3oBaHUs YriIeBOAOPOI0B, KOTOPBIA MUTACTCA
OT MOBBIIIAIOIIErO TpaHchOpMaTOpa C UCHOJb30BAHUEM MPSAMOTO BBOJA MUTAHUSA
OT CETH.

39.  Cucrema, coneprxaias Ha0Op OJJHOKACKAIHBIX TOJYBOJHOBBIX T€HEPATOPOB
KokpodTta-Yonrona, paboTaromux napauiebHO OT OJUHOYHOTO TOBBIMIAOIIETO
TparncdopMaTopa ¢ HCIONH30BAHUEM MPSAMOTO BBOAAQ THUTAHWS OT CETH JUIA
MCIIOJIb30BAHUA B KOHBEPCHH YTJIEBOJOPOIOB.

40. Cucrema, coaepkaiiasi OJHOKACKATHBIN JIBYXMOJYIIEPUOJHBIN T'e€HEPATOP
KoxkpodTta-YonroHa, ucroib3yemslii I TCHEPAUKA BHICOKOBOJIBTHBIX UMITYJIECOB
paspsma KOHAEHCAaTopa JJII KOHBEPCHH YTJEBOAOPOAOB, KOTOPBIA MHUTACTCSA OT
MOBBIIIAIONMIETO TpaHChOPMATOpa ¢ MCIIOIH30BAHMEM MPSAMOTO BBOJA MATAHHS OT
CETH.

41. Cucrema, coaepxamas HAO0Op OJHOKACKAIHBIX JIBYXIOJIYIIEPHUOTHBIX
reHeparopoB Kokpodra-Yonrona, paboTarommx MmapauiebHO OT OJAHOYHOTO
MOBBINIAIOMIETO TpaHChOpPMaATOpa ¢ UCIIOIH30BAHAEM MPAMOTO BBOJA MATAHHS OT
CETH JJIS UCITOJIb30BAHUA B KOHBEPCHH YTIIEBOIOPOIOB.

42. Cucrema, cojepxalias MHOTOKACKaJHbIH TMOJYBOJIHOBOM T'€HEpaTop
KoxkpodTta-Yonrona, ucronb3yemsliii IjIs TEHEPAIUHA BHICOKOBOJIBTHBIX UMITYJIECOB
paspsAna KOHAEHcATopa s MpeoOpa3oBaHUs YIiIEBOAOPOIOB, KOTOPHIHA MATACTCS
OT TOBBITIAIOIIETO TpaHChOpMaTOpa C UCTOJIB30BAHUEM TPSMOTO BBOJA TMTUTAHUS

OT CCTH.
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43. Cucrema, cojaepxamias HaOOp  MHOTOKAaCKaJHBIX  TOJYBOJHOBBIX
reHeparopos  Kokpodra-YonTona, paboTaromux mapauiebHO OT  OJHOTO
MOBBIIAIOIIETO TpaHChOpMaATOpa ¢ UCIIOIH30BAHMEM MPAMOTO BBOJA MATAHHS OT
CETH JJIA UCTIOJIb30BAHUA B KOHBEPCHH YTIIEBOIOPOIOB.

44, Cucrema, cojepxamas MHOTOKACKaJHBIM TMOJYBOJIHOBOM T'€HEpaTop
KoxkpodTta-Yonrona, ucronb3yembiii 1 TCHEPALIMXA BHICOKOBOJIBTHBIX UMITYJIbCOB
paspsAna KOHAEHcaTopa Ui mpeoOpa3oBaHUs YTIIEBOAOPOIOB, MUTAEMOTO OT
MOBBIIIAIOIIETO TpaHChOpMaTOopa C HKCIMOJIH30BAHUEM HCTOUHHUKA TMEPEMEHHOTO
TOKA BBICOKOTO HANPSHKEHUS.

45. Cucrema, cojaepxam@as HaOOp  MHOTOKACKaJHBIX  TOJYBOJIHOBBIX
reHeparopoB Kokpodra-YonaTona, paboTaromux MapauielbHO OT  OJHOTO
MOBBIIIAIOMIETO TPaHC(HOPMATOPa, KCIOIB3YIOMETO BBICOKOBOJIBTHBIM HWCTOUYHHK

IMATaHWs IMICPEMCHHOTO TOKA AJIA UCIIOJIb30BaHKWA B KOHBCPCHUHM YIJICBOAOPOJ0B.
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