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(54) CNOCOBb ®OPMUPOBAHNA KAPOWOAEPUBEPUNMNALIMOHHOIO NMMYJIbCA U CPEACTBO

OnA Ero OCYLWECTBNEHNA

(57) Pecbepar:

MN306peTeHus oTHocsTc Kk obnactn MeauLmHbl 1
MOryT 6bITb UCMOMb30BaHbI AN YCTPAHEHUS ABMEHNS
ubpunnaumm cepgua naymeHta. Cnocob BkrovaeT
onepauuv co3faHua TepaneBTUYECKOW Lenu nytem
3aKpenneHns Ha Tene nauuveHTa, No MeHbLue mepe,
OBYX  paboumx  TepaneBTUYECKMX  SMEKTPOAOB,
M3MepeHus WM aHanu3  nauMeHT-3aBUCUMbIX
3MNeKTpoM3NYeCKMX NapaMeTpoB, 3apsih €MKOCTHOrO
HakonuTens 3Heprumn " nocrneayoLwmn
KOHTpPONUpyeMmbIi  GrioKOM  ynpaBreHus paspsg
€MKOCTHOrO HakonuTensi 3Heprum Ha pabouve
TepaneBTuYeckne anekTpodbl. B npouecce paspsga
nogayvyy wmMmnyneca gepubpunnsayun  3agaHHOro
KONMMYyecTBa 3HEPrMn OCYLLEeCTBAAIOT A03UMPOBaHHO,
cHavana nepsoi 4vacTtbto W4 3agaHHOro KonmyecTtsa
3Hepruu c aKkyMynvpoBaHuem BTOPOW
yactu W, 3agaHHOro KomuyecTBa SHeprum Ha
MHOYKTUBHOM Hakonutene 3Heprum aedubpunnaropa,
a 3aTem BTOpon vactbto W, 3ajaHHOro Komuyectsa
3Hepruu, npuyem COOTHOLLEHME nepson
yactm W4 3agaHHOro KOnMyecTBa 3HEPrUv MMMynbca
aembpunnauyun ko BTopon 4vactu W o 3agaHHoOro
KONMM4ecTBa 9SHeprMM wMnynbca pecdpubpunnaumum
BbIGMPalOT paBHbIM OAHOMY W3 3HAYEHWU AuanasoHa
0,01-150, a BEMNUYUHY TOKa umnyrnsca
0ednbpunnaumMn KOHTPONUPYOT TOMLKO MpW nopade
nepsort yactm W4 3agaHHOro KonuyecTtBa 3HEpruu.

KapanonedunbpunnaumoHHbii UMNynbC UMeeT Bug
AByxnonspHoro wumnynbca [ypBuya, npu 3STOM
3aJaHHOe KONMUYECTBO 3JHEpruvM [Ans  3apsgkq
€MKOCTHOro Hakonutens aHeprun aedpumbpunnaTopa
BblGMpaloT paBHbIM OAHOMY W3 3HAYEeHWW AuanasoHa
4-500 I, BeNUYNHY TOoKa mMnynbca
aedunbpunnaumMn - paBHbIM OJHOMY W3 3HAYEHUN
aunanasoHa 0,005-175 A, a BENUUMHY HanpskeHust -
paBHbIM O4HOMY W3 3HayeHul AnanasoHa 3-30000 B.
CpeactBo ans dopmMnpoBaHnst
KapanoaedubpunNaLMOHHOro MMMynbca COOEPXUT
MCTOYHMK NMUTaHUSA, CHAaBXEHHBIA CPEACTBOM KOHTPONS
YPOBHS1 3apsifiky €MKOCTHOTO HaKOMUTEMNs 3Hepruu,
6nok  dopmupoBaHus  4edpMBpPUNIALNOHHBIX
MMMYrbCOB, KOMMYyTaTophl, obpasoBaHHbIe
ynpaBnsieMbiMy Krlo4amu, No MeHblue mepe, ABa
pabounx TepaneBTMYECKMX IneKkTpoda, a Takke
WYHTUPYIOLWMX  yrNpaBnsiemMble  KMOYWM  AMOAOOB,
pPe3NCTMBHbIA  daTyMKk  TOKa, aHanoro-uMdpoBon
npeobpasosatens (ALUIM) wn 6nok ynpaBneHus,
CHabXeHHbI COOTBETCTBYHLUMMN (PYHKLNOHANBbHBIMU
cBasamm ¢ ALIM n ynpaBngembiMu Knovamu, npuyem
PE3NCTUBHBIA AaT4YMK TOKa MOMELLEH B TOKOBOW LUMHE
NUTaHWs, MMeKLWel HavMeHblUMIA  noTeHuman
OTHOCUTENBHO  MCMOMb3yEMOr0  U3MEPUTENBHOMO
yCTpoOWcTBa, BKMYawwero B cBov coctas AL
Cnocob n ycTpolicTBo obecneunsatoT 6e3onacHoe ans
naymeHTa BO3aelcTBMe n BbICOKYIO ero
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(54) METHOD AND MEANS FOR BUILDING CARDIODEFIBRILLATION IMPULSE

(57) Abstract:

FIELD: medicine.

SUBSTANCE: method involves creating
therapeutic circuit fixed on patient body, at

least two working therapeutic electrodes,
measuring and analyzing patient-dependent
electrophysical parameters, charging capacitive

storage and its later discharging to the working
therapeutic  electrodes controlled with  control
unit. Transmitting defibrillation impulse of
given power in discharging is carried out in
dosed manner first with the first portion W4 of given
power dose with the second portion W, being
accumulated on inductive  defibrillation  power
accumulator and then with the second portion W, of
given power dose. Ratio of the first portion W; of
given power dose to the second portion W, of given
power dose of defibrillation impulse is selected
from the range of 0.01 to 150. Defibrillation
impulse current intensity is selected only when
emitting the first portion W4 of given power dose.
Cardiodefibrillation impulse is built as bipolar
Gurvich impulse. The given power quantity usable
for charging the capacitive defibrillator storage
is selected to be equal to a value from the range
of 4-500 J, defibrillation impulse current
intensity being selected from the range of 0.005

to 175 A and voltage equal to a value from 3 to
30000 V. Means has power supply source having

unit for  controling charge level of the
capacitive storage, unit for building
defibrillation  pulses, switchboards formed by

controlled keys, at least two working therapeutic
electrodes and diodes bypassing the controlled
keys, resistive current transducer, analog-to-
digital ~ converter and control unit  having
required functional communications to the analog-
to-digital converter and controlled keys. The
resistive  current  transducer is in  current

feeding bus having minimum potential relative to
measuring unit under operation having analog-to-
digital converter in its structure.

EFFECT: enhanced effectiveness of usage; high
safety of patient treatment procedure.
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N306peTeHne oTHOCUTCA K 06NacTn MeanUMHCKOM TEXHUKK, a Bonee TOYHO K KapAMonorum un
npegHasHavyeHo Anst ycrpaHeHus onbpunnayum cepgua nytem npyuMeHeHUs BOCNpOU3BOAMMOro
cnocoba BbIpaboTKM BHELLHEro kapanoaednbpunnauMoHHOro uMnynbca, a Takke
NCNONb30BaHNs COOTBETCTBYIOLLErO 3TOMY CNOCOby ycTponcTaa Ansa ahekTMBHON U HagexHoWM
TpaHcnauumn BelpaboTaHHOro kapamoaednbpnnnaLuMoHHOro NMMNynbLca B TENO NauueHTa.

Mpegnockbinku n3obpeTteHuns

Bonblias cratuctuyeckasn 6asa MeguUMHCKUX AaHHbIX JOCTOBEPHO CBUAETENLCTBYET O TOM,
4YTO BEPOATHOCTb BbPKMBAHWA NaumeHTa nocrne cepaeyHoro npucTyna npsiMo 3aBucuT ot
WHTEepBana BpeMeHu 4O MOMEHTa Havarna okasaHus naumneHTy crneumanmM3ampoBaHHoON
Kapavornorm4eckon meauumHcKon nomowu. Micxon cepaeyHoro npuctyna B npsimMoe passutue
cepaeyHor apuTMuK, B YacTHOCTM hmBpmnnsaLmio XenyaodkoB cepaua, koraa cepaue tepsiet
CBOK CNOCOBHOCTb OCYLLECTBNATL HarHeTaHue Tpebyemoro o6bema KpoBu, UMEET CBOUM
HeraTMBHbIM pe3yrnbTaToM TshXernenLee NOBpeXaeHne rofiloBHOro Mo3ra 1 noyTu
rapaHTUPOBaHHbIV fNeTanbHbIA UCX0[, eClM CBOEBPEMEHHO - B Npedenax CYMTaHHbIX MUHYT - He
OyaeT BOCCTAHOBMEH M NPOMOHIMPOBaH HOPMarbHbI cepaeyHbI puTM. B HacToswee Bpems
Hanbonee apheKTUBHBIM (U3 YCMELLHO OCBOEHHbIX) CNOCOBOM BOCCTAHOBMNEHUS HOPMaribHOro
CepAeyYHoro puTMa y nayueHTa sBnseTcs nogada B ero Tefo CUNbHOro 3MeKTpUYecKoro
pa3psaa, KoTopbi CNOCOBEH NOYTU He3aMeAMMTEeNbHO NOAABUTL CITYUYMBLLYIOCS apUTMUIIO
cepaua u cnocobeH BOCCTaHOBUTb €ro HopMarsbHYyH0 HarHeTaTenbHyo yHKkumo. PaspaboTka n
pacnpocTpaHeHne OTHOCUTENbHO HEAOPOrMX NOPTATUBHbLIX BHELLIHMX AenbpuUnnaTopos, He
TpebyrLwmnx geaTensHoro NpodeccMoHanbLHOro y4acTns B 4acTn NX NpUMeEHeHUs
BbICOKOKBaANUAULMPOBAHHOIO MEAMLIMHCKOrO NepcoHarna B CUry BbICOKOW anroputmusauum
caMoM npouenypbl TepaneBTUYECKOro Bo3aencTaumsa kKapamoaedundbpunnaumoHHbIM UMNYNbCOM Ha
naumeHTa, UCNbITbIBAKOLEro cepAeyHblii MPUCTYM, CYLLECTBEHHO pacluMpsaeT Kpyr nud,
CMOCOOHbIX OKasaTb NauueHTy adEKTUBHYIO 1 CBOEBPEMEHHYIO MOMOLLb. B cuny ykasaHHbIX
MPUYUH Ha NepBOE MeCTO cpean (hakTopoB, NMUMUTUPYHOLLMX KOHEYHYIO pe3ynbTaTUBHOCTb
TepaneBTUYECKOro NPUMEHEHNS BHELLHNX AemnbpmnnaTopoB Anst NAUUEHTOB, YrHETEHHbIX
Xa0TUYHOM aKTUBHOCTbLIO (hbmbpunnauuen) cepaua, BblaBuraeTca npobnema 6esonacHom
BOCMPOM3BOANMOCTI NapaMeTpoB YNOMSHYTOr0 3NeKTPU4ECKoro paspsaa Ans Becbma
pa3Hoobpa3Hol (Mo 3NEKTPOPUINYECKUM XapaKTEPMUCTMKaM, B HACTHOCTU MO MPOBOANMOCTH)
BbIBOPKM MOTEeHUManbHbIX NaLMeHTOoB.

OuyeBMaHLIM PAKTOM SIBASETCH TO, YTO C MO3MLUIA INEKTPOPUINYECKNX XapaKTEPUCTUK TENo
yenoBeka npeacrasnseT cobow CyLeCTBEHHO HENUHENHYIO ANHAMUYECKYIO CTPYKTYPY (CM.
"OneKTpoHHas annapaTypa Ans CTMMyNsAuMM opraHoB 1 TkaHern", nog pea P.H.YTambiweBa u
ap., M., "OHeproatomusgat”, 1983, ¢.182-245). Cutyaunsa Takke ycyrybnsercsa Tem, 4To
MULLIEHbIO KapamMoTepaneBTUYeCcKOro anekTpouMnynbCHOrO BO3OEeNCTBUSA ABNAETCH He Terno
naumeHTa Kak TakoBoe, a NuLb ero (Tena) CTPYKTypHas coctasnsowas - pubpunnupytowiee
cepaue, KoTopoe Takke ABNAeTCH HeNMHENHbIM AUHaMUYECKNM 06 BbEKTOM B CyLLECTBEHHO
HENMHENHON OUHAMUYECKON CTPYKTYpe (CM. 9KBMBANEHTHYIO 3rieKTpuyeckyto cxemy Ha Fig 5b US
Patent Ne5,968,080 ot 10 oktabps 1999 r., James E. Brewer et al. "Method for
determining the second phase of external defibrillator devices"), B coBokynHocTn
TpebyLWUMKN yyeTa He TONbKO aNeKkTpomanyeckmx napaMmeTpoB MOAenu nNaLmeHTa, HoO 1 yyeTa
0COBEHHOCTEN OTKNUKa cepaua Ha KNeToOYHOM YPOBHE MpU SNEKTPOUMMNYIbCHOM BO3AEWCTBUN Ha
Hero, a Takke MPUHATUE BO BHMMaHME 3MeKTpUYeckon mogenu uenu oopmMmpoBaHms
Kapavogedpunbpunnupyouero nMmnynsca camoro gedoubpunnatopa. CrniegyeTt npuHMMaTh BO
BHMMaHWe 1 To 06CTOATENbCTBO, YTO MOMMMO y4eTa OTKNMKa cepua Ha 3reKTpoMMnynbCHOe
BO3JENCTBUE HA KIETOYHOM YPOBHE (T.€. MUKPOYPOBHE) CyLLeCTByeT HEODXOANMOCTb YYMTbIBATb
N HENWHEWHOCTb ANHAMWKMA 3MEHEHNSI MPOBOAMMOCTY cepAua nauMeHTa Ha MakpoypoBHe (yyeT
reTeporeHHOCTV cepaLa Kak MpoOBOAHMKA TOKa), MOCKOMbKY YCTAHOBMEH M JoKa3aH dakT
NPOCTPaHCTBEHHOW aHU30TPONUKN ero NPOBOANMOCTH, B CUNY Yero pasnuyHble
(MnokapguanbHble) BONTIOKHa CepAeYHON MblLLULbI HEe HAXOAATCS B OQUHAKOBbLIX YCIOBUSX MO
OTHOLLEHMIO K CTUMYNUPYIOLLIEMY UX UNYTTbCHOMY TOKY. [0 MeHbLUel Mepe, B cepaue
CTPYKTYPUPYIOTCA Kak 06nacTb C BbICOKUM 3MEKTPUYECKMM CONPOTUBIIEHNEM (MUOKapa), Tak n
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06nacTb C HA3KNM 3NEKTPUYECKMM CONPOTUBMNEHNEM (KPOBb B NONACTSX XENyA04KOB U
npeacepani), YTo ABNAETCS NPUYMHON BO3HUKHOBEHNS CUTYaUMu, Korga B pesyrnbTate
3NEeKTPOUMNYMbCHOIO TepaneBTUYECKOro BO3AeNCTBMA Ha cepaue B OAHON U3 NOKanbHbIX ero
obracTten He UCKNIOYEHa BO3MOXHOCTb CYLLIECTBEHHOIO NPEBbLILLIEHNS MOPOroBOW NMIIOTHOCTH
TOKa, NpuBoagdLLee K HeobpaTUMOMY AECTPYKTUBHOMY U3MEHEHMIO BMOTKaHEN B yKazaHHON
obnactu (cMm. A.c. CCCP Ne415840 o1 9 Hosbps 1971 r. "Cnocob aneKkTpouMnybCHOro
BO34elcTBUA Ha cepaue”, asTopos b.M.Llykepmana n gp.).

[ononHutenbHoe 06CTOATENBLCTBO, NOBYXXAALWee 1 yeunmearwee HeobxoanMocTb
paccmaTtpuBaTth NaumMeHTa, NoaBepratoLLerocs TepaneBTUYECKOMY 3NIEKTPOMMIMTYNIbCHOMY
BO3JENCTBUIO B KA4YeCTBE HENMUHENHON JUHAMNYECKON CUCTEMbI, 3aKMOYaeTCsa B TOM, YTO NULb
oKkono 4% oT BBeAEHHOM B TeNno naumeHTa 3Heprum snekTpu4eckoro nMnynsca gocturaet
cepaua, T.e. TOMNbKo oKoro 4% 3Heprumn BbINOMHAET COBCTBEHHO TEpaneBTUYECKYHO
(kapguoTepaneBTuyeckyto) dyHkumo. OctaBlumnecs 96% BBegeHHOW B TeNo nNaumeHTa
3NEKTPUYECKON SHEPTUKN NPEACTaBMAT COOON NOTEHUNANbHYO Yrpo3y 3NeKTpoTpaBMbl AN
cepAaua M UHbIX TKaHen opraHmamMa B CUIy BO3MOXHOCTU ANHAMNYECKOTO (HEKOHTPONUPYeMOoro
N3BHe) NepepacnpeneneHns B bnotkaHax, o6ycnoBrneHHOro CBOMCTBaMM Tena naumeHTa Kak
HENMHENHON JUHAMUYECKON cMcTeMbI, obnagatoLLert CnocobHOCTLIO K Budypkaumm (Cm.
"HenuHenHble oMHaMmnyeckme cucteMbl Ha MAOCKOCTU U MX NpunoxeHus”, astop P.U.borgaHos,
M., "BysoBckas kHura", 2003, ctp.76.-86). UMeHHO nocneacTemMem TokoBor udypkaumm B
npotecce nposefeHns npouenypsl 4epmbpunnauumn asnseTca noTeps yCToMYnBocTu
(nepecTpoiika ha3oBOro NopTpeTa) Aaxe Npyu He3HAYUTENbHOM U3MeHeHumn (cMm. "Teopus
katactpod", asTop B.M.ApHonba, M., "Hayka", (naBHas pegakumsi (omsmko-maTeMaTnyeckon
nntepatypsbl, 1990 r., cTp.16-102) Takoro ynpasnsitoLLEro XxapakTepmucTmkaMmm nocbiiaeMoro
KapanoaedunbpunnsaumoHHOro nMnynbca napameTpa, Kak Z (mmnegaHc tTena nauuexTta). B
3aBMCUMOCTU OT JanbHENLero cueHapus xaotnsawuum (B npeacTaBnsioem Ansi Hac 3HavyeHue
crny4ae e ABMsIeTCs NoTepsi TOKOBOW YCTONYMBOCTU KapAMoaedhnbpnnnaLmoHHOro nmnynibca)
NpoMCX0aUT OYeHb CTpemMuTenbHas "Msarkas" (Tak HasbiBaemas "oudypkauums Xonda") n/mnm
"xecTkan" noTeps yCTOMYMBOCTM PaBHOBECUS HENTMHEWHOW ANHAMNYECKON CUCTEMBI
"nepnbpmnnsaTop-nayneHT", NpUBOAsLLAsA K NOMTyYEHNIO NALUEHTOM SNEeKTPOTPaBMbl TKAHEW ero
opraHusma. K coxaneHuio, cosgaHHble Ha JaHHOe BpeMsi cnocodbl U nx annapaTtypHoe
obecneyveHue B YacTu, KacarwLlenca nposeaeHus kapamopeaHmmaum npu BO3HUKHOBEHNU
aputMum (a TouHee punbpunnsaumm) cepgua, abContTHO HE YYUTBIBAKOT SABMEHUSA ANHAMNYECKON
oudypkauymm B cucteme "gecombpunnaTtop-naumeHT", ynpowyast 3Ty npobrnemy Ao UCKYCCTBEHHOMO
YCTaHOBIEHUS MOPOroBbIX BENUYMH HEKOTOPLIX NApaMeTpOoB, B YACTHOCTW SHEpPrum
kapavogedunbpnnnaumoHHoro nmnynsca (cm. US Patent Ne6,041,254 ot 21 mas 200 r., aBTop.
Joseph L. Sullivan et al.), Toka ynomsiHyToro umnynsca (cm. Walcott et al. "Comparison
of monophasic, biphasic and the edmark waveform for external defibrillation", PACE,

15:563, Abstract 218, April 1992., n Kerber et al. "Energy, current and success in
defibrillation and cardioversion: clinical studies using an automated impedance-based
method of energy adjustment"”, CIRCULATION 77(5): 1038, May 1988) n nmnegaHca tena
nauuneHTa (cm. US Patent Ne5,944,742 ot 31 aBrycta 1999 r., aBT.James E.Brewer et al,
"AAMI specification optimized truncated exponential waveform"), mano coBmectTumbIx ¢
peanbHbIMKY 3NeKTPOPU3NYECKUMM XapakTepucTMKkamn UHANBMAYanbHbLIX NpeacTasmuTenen-
naumMeHToB Hapo4oHaceneHus, Npu UCNoNb30BaHNM KOTOPbIX rapaHTUpoBancs Obl
TepaneBTUYECKUI yCrex npouenypsbl kapamopeaHumaumm 6e3 nocrnencteunii B Buae
3NEeKTpoTpaBM TKaHeW ero opraHusmMa.

N3BecTeH cnocob hopmmpoBaHnst TepaneBTUHECKOro nMmnynsca gecdumbpunnatopa [1],
BKIOYaroLwmn hopMmnpoBaHns pabouer anekTpuyeckor Lenn 3a cyeT pasMmeLLeHns Ha Tene
naumeHTa OByX 3NEKTPOAO0B ANEKTPOMMMYbCHOIrO BO3AENCTBUSA, 3apsaaKy Hakonutens
3ANeKTpuyeckor saHeprun Jo Tpebyemoro ypoBHS aHeprnm Ha OCHOBE anropuTMU3MpPoOBaHHOMO
NPUVHATUA peLleHnst O BbIMONTHEHUW npouenypbl 4enbpunnaumm no pesynstaTam npsMoro
N3MepeHNs CEPAEYHOrO puTMa U U3MEPEHHbIM 3HAYEHMAM NaLUEHT-3aBUCUMbIX
anekTpodnanyecknx napameTpos (B HaCTHOCTM MMNegaHca), UsSMeHeHue nNpoBogUMOCTH
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(kOMMyTaLMIO) BbICOKOBOSbTHOrO Kftoya Takum obpasom, 4Tobbl obecneunBanacb BO3MOXHOCTb
NOCbINKM NepBow dasbl ABYXda3Horo kapanoaedundpunnaLMoHHOro UMNynbca, KOHTPOrb
OOHOBPEMEHHO C MOCLIIKON B pabouyyto Luenb dHeprum kapanoaedmbpunnsaumMoHHOro nMnynbca
BeEMNMYUHbI UMNedaHca paboyeli Lenu, ocyLLeCTBNSIEMOE B MHTEpPBane BpeMeHM OT Havyana
MOCBIMKM MMMyrbca A0 AOCTMXEHUS COOTBETCTBYHOLLUMM JAHHOW MOCHINIKE 3NIEKTPUYECKON 3HEPTM
TOKY AednOpUNNALMOHHOIO NMMybca NMKOBOMO 3HAYEHUs, o4epeaHoe N3MEHEHMEe
NpoBOAUMOCTM (KOMMYTaLMI0) BbICOKOBOSBLTHOIO Kritoda B obecneyeHnmn nochbifnku BTOpor dasbl
AByxda3Horo kapamonembpunnsaLMoHHoOro MMnynbca n3bpaHHoW ANUTENbHOCTU, U3MEPEHNE B
npoLiecce nocbIsikn BTopon hasbl AByXdasHOro kapamotTepaneBTUYeCKoro MMnysibca BENUYUHLI
nmnegaHca paboyen uenu, ocyLlecTBnsieMoe B UHTEpBane BpeMeHu OT Hayana nocbIinku
yKasaHHOro umnynbca Ao AOCTUXEHUSA COOTBETCTBYIOLLUMM JAHHOW NOCHINKE 3N1eKTpUYEeCcKon
3Hepruun Toky AembpunnaynMoHHOro UMNynbca NUKOBOMO 3Ha4YeHus1, U nocregytoLlee
npepbiBaHME NPOBOAMMOCTU BbICOKOBOSIbTHOMO Kko4ya Npy NCTEYEHUN 3a4aHHOIO BPEMEHMU
ONUTENbHOCTU BTOPON hasbl AByxda3HOro kapanoaedunopunnsaymoHHOro umMnynbca,
YUYUTBIBAIOLLLEro NPOAOIIKUTENBHOCTU NEpPBON dhasbl ABYXEda3HOro kapanoaedmbpunnaumMoHHOro
nMmnyrnbca.

Hepoctatkom n3BecTHOro cnocoba siBMsieTcs 10, YTO OH HE UCKITHYaeT PUCK NOMy4eHus
nauveHToM 3MNeKTpoTpaBM TKaHel ero opraHMamMa npuv BO3AEMUCTBUN Ha Terno nauneHTa kapamno-
AednbpunnAaLUMOHHBIM MMNYTbCHBIM Pa3psaaoM BCNEeACTBME BO3HUKHOBEHUS Budypkaumm
3ANEKTPUYECKOro ToKa U Kak cneacTBMe HEKOHTPONUPYyeMoro nepepacnpeneneHns aHeprum
TepaneBTUYECKOro UMNYyrbca, 0COGEHHO B MHTEpPBAare BpeMEHUN OT MOMEHTA JOCTMKEHUS 3TUM
TOKaM MMKOBOIO 3HAYEHUS OO UCTEYEHUS BPEMEHU paspeLLeHHON TpaHCnALUM NepBon (BTOPOK)
asbl AByxdasHoro kapanoaedubpunnaLmMoHHOro MMnynbca, NOCKONbKY U3MEpeHne nmnegaHca
Terna nauneHTa B yKasaHHble MPOMEXYTKU BPEMEHU He NPOU3BOANTCA.

M3BecTHOE yCTPOMCTBO ANS peanu3auunm npeacrasreHHoro cnocoba [1] coctouT 13
anekTpuyeckon baTapeu, B3anMogencTByoLLEeNn ABYMS CBOUMU KOHTaKTaMy C BbICOKOBOSMbTHBIM
3apsaHbIM YCTPONCTBOM, KOTOPOE MOABEPXKEHO KOHTPOMO CO CTOPOHLI 61oKa ynpasneHus
(BLINOMHEHHOrO B BUAE MUKPOKOHTpOMepa) NocpeacTBOM CBSA3M MO COOTBETCTBYIOLLEN NUHUK
KOHTPONS 3apsaaku, a Takke BKIYaeT Lenb HaKoMMeHUs 3NeKTPUYeCcKon 3Heprum, ¢ O4HOM
CTOPOHbI, MOOKIIOYEHHYHO K BbICOKOBOIbTHOMY 3apsiAHOMY YCTPOWCTBY, a C APYroi CTOPOHBI,
B3aMMOAENCTBYIOLLYIO C BbICOKOBOSbTHBLIM KINIOYOM (HanpuMep, BbIMNOMHEHHbIM B BUge H-
MOCTOBOW CXEMbl), COAepXKaLlyo B CBOEM COCTaBe EMKOCTHOM HAKONUTENb 3NEKTPUYECKOM
3HEepruun, uamepuTeny Toka n HanpsXKeHns, MHOYKTUBHbLIN HAKONUTENb 3NEKTPUYECKON aHepruu,
BKITHOUYEHHbIN NocnegoBaTenbHO B paboyyto Lienb eMKOCTHOrO HaKONUTENs 3Hepruun, amoaa,
WYHTMPYOLLEro MHAYKTMBHbIA HAaKOMUTENb 3HEpPrumM, HE0OX0AMMblE TOKONPOBOASLLUMNE LLINHBI
CcoeIMHEeHNS 3NeMEeHTOB U WNH obecneyeHns n3mMepuTenbHO-YNPaBnstowmx PYHKLUA.

HepoctaTkoMm M3BECTHOMO YCTPONCTBA ABNAETCH ero Henpeackasyemas cnocobHOCTb
HaHeCceHWs nauneHTy B nNpolecce Tepanuu cepaeyHor apuTMuKn SNeKTPUYecKon TpaBMbl TKaHeEN
opraHmsma, 4To obycrnoBneHo 0COHEHHOCTLIO CXEMOTEXHUYECKOTO NOCTPOEHNSI M3BECTHOIO
YCTPOWCTBA, @ UMEHHO MOMHbLIM HeobecnevyeHnemM NogaBneHnst TOKOBon Brudypkayun
Kapanoaedudpunnmpyrowero umnynbca gaxe B gopme budypkayumn Xonda.

Haunbonee 6nn3kmMM K npeanoxxeHHOMy crnocoby siBnisieTca cnocob phopmmpoBaHus
kKapanoaedundpunnisaumoHHoOro nmnyneca [2], Bknovatowmi 3apsaky eMKOCTHOroO HakonutTens
3Heprum (koHOeHcaTopa) OT UCTOYHUKA NMUTaHUS 40 HanpshkeHus, npesbiwatowero B 1,5-2,0
pasa nsbpaHHoe HanpsXeHue umnynbca gedpudbpunnaumm, nogknioveHne paboumnx anekTpoaoB K
naumeHTy, NPUHATME peLleHus o0 NpoBedeHUM npoueaypbl Aeombpunnauumn B dopme nogaym
KOMaHZbl onepaTtopoM (Bpayom) Ha 3anyck 3aatoLLero reHepartopa, nocrneayoLmi 3anyck
3ajjaloLLero reHepatopa, BbipabaTbIBaKOLLEro HA BbIXO4Ee MacLITabMpoBaHHbIA MMMYIbC
(oTOGpakatoLLMii MOLLHOCTBL), N0 CBOEN hOpMeE UOEHTUYHBIV kKapanoaedmdpmnnsayMoHHOMY
UMNyrbCy, NogaBaeMoMy Ha aMneKTpoabl, 3aKpenreHHble Ha Terne nauneHTa. 3atem
MacwTabnpoBaHHbLIN UMNYILC C BbIXO4a 3aatoLLero reHepatopa TpaHCNNpPYT Ha BXo4,
KoMnapaTopa, KOTopblli Oyay4n npeasapuTernbHO HaCTPOEHHbIM, BOCCTaHaBnmMBaeT
3ANEeKTPUYECKYIo MPOBOANMOCTb KITHo4a, OTCYTCTBME KOTOPOW BHavyane npensaTcrsoBano
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nepemeLLeHNto 3Heprnm KapamoaedundbpmnnaymoHHOro MMnynbca U3 eMKOCTHOrO HaKonuTens
3Hepruu (koHgeHcaTopa) B Teno nauueHTa.

Mpu 3TOM NPOM3BOASAT HENPEPBLIBHBLINA KOHTPOSTb BEMUYUHBI SHEPTUK
kapavooednbpnnnaUMOHHOTO NMMyNbCa MO 3HAYEHWIO BbIMUCIIEHHOW NepeMHOXUTENEM
MOLLHOCTW. B 0avH 13 npeaLuecTsyOWMX MOMEHTOB npouenypbl Aehmbpunnayuu, korga
npoussegeHve Toka Ha HanpsixxeHne npuobpeTaeT 3HayeHne Gonbluee, Yem 3HayYeHne
npeaBapuTENbHO 3a4aHHOro YNpaBndAlLWLEero curHana, nocTynarLunin oT 3afatoLlero reHeparopa
Ha BnoK ynpaBneHunst KNYoMm (PYyHKLMIO KOTOPOro BbINOSIHAET KoMNnapaTop) curHan pasMmblkaeT
kntod. B oguH 13 nocneaylowmx MOMEHTOB npoueaypbl Aecmbpunnauum, korga nponsseneHne
TOKa Ha HanpsbkeHne NpuobpeTaeT 3HaYeHe MeHbluee, YeM 3HayYeHne npeasapuTenbHO
3a4aHHOro ynpaBnsaoLLEero curHana, NocTynarLLmi oT 3afatoLLero reHepaTtopa Ha 6ok
yrnpaBneHns KIno4om (PYHKLMI0 KOTOPOro BbIMOMHAET KOMMIapaTop) CMrHan onsitb 3amblkaeT
Krnto4. B npomexxyTok BpeMeHn Mexxay COCTOSIHUEM, KOrAa KoY pa3oOMKHYT, U MO AOCTUXEHWM
COCTOSIHUSA, KOrAa KoY CHOBA 3aMblkatoT, TOK Aechmbpunnayum Yyepes Teno naymeHTa
noaaepxvBaeTcs 6rnarogapsa otTgave SHepruun, HakoMneHHon B nocregoBaTernibHO
YyCTaHOBEHHOM B paboyen uenu MHAYKTMBHOM HaKoNUTene aNeKkTpUYeCKon SHepruun.
3aBepLUeHne nogayn nmnynbca 3agaroLLero reHepatopa NpMBOANT K OKOHYaHMIO npouenypbl
Aednbpunnaumm ¢ HEKOTOpbIM BPEMEHHbIM CABUIOM, BENMYMHA KOTOPOro obycnosrneHa u
BEMNNYMHOW COMPOTUBMNEHUS UHOYKTUBHOIO HAKONUTENS SHEpruun (gpoccens), 1 umnegaHcom Tena
nauueHTa.

Hepoctatkom Hanbonee 6nmskoro cnocoba (M3bpaHHOro B kKa4ecTBe NpOTOTUNA) ABNAETCS
TO, YTO YCMELUHbIV TepaneBTUYECKUN pe3ynbTaT NPON3BOAUMOIO UM 3MEKTPOUMMYIIbCHOMO
BO34encTBusA Ha noboro naumeHTa 6e3 orpaHnyeHunii, 0bpemMeHeHHOro BHe3arnHom cepaeyHon
apuTMunein, paBHO Kak 1 6e30MnacHOCTb B YacTN HeAOMYLLEHHNS 3NeKTPOTpaBM TKaHen ero
opraHu3amMa, B 3HaYMTENbLHOW Mepe 3aBUCHT OT CBOMCTB 3MeKTPOU3NYECKNX XapaKTepPUCTUK
Tena naumeHTa (BKNOYas Takor napameTp Kak MMMNeaaHc), YTo cnocoboM-npoToTMNOM
COBEpLLEHHO He yunTbiBaeTcs. Kpome Toro, 0606LeHHbIN (ONOCpeacTBOBaAHHbIN) KOHTPOIb
NocbIfNKK KapanoaedudbpunnAaLuMoHHOro MMNyrbca B TeNo nauneHTa Yepes BblYMCNSEMbIi
aHanoroBbIMU MeTo4aMM napameTp obpaTHOM CBSA3M "MOLLHOCTL" CNOCOGCTBYET yBENNYEHUIO
HENUHENHOCTN CUCTEMBI "0ednbpmnnaTop - naumeHT", YTO NPOBOLMPYET BO3HUKHOBEHMWE B HEW,
Nno MeHbLLEN Mepe, ToKoBOW Brudypkauumn Xonda cobCTBEHHO KapanoaedmndpunnsumMoHHOro
UMnynbca.

M3BecTHOE yCTPOKCTBO-NPOTOTUN AN OCYLLECTBNEHM cnocoba-npotoTuna [2] cocTouT u3a
WCTOYHMKA NUTAHUA, CHabXXeHHOro CpeaCcTBOM KOHTPOIS YPOBHS 3apsaky, Npu 9Tom oba BeiBoAa
WCTOYHMKA NUTAHUA MNOLKIIOYEHbI K LIenu nnutaHusl, obpasyemor KoHgeHCaToOpoM (B ponu
€MKOCTHOrO HaKonuTerns aHeprm), NepBbli 1 BTOPOIN BbIBOAbI KOTOPOro CHabXeHbI
COOTBETCTBEHHO MEPBOW 1 BTOPOW TOKOBLIMM LUIMHAMW, TepaneBTUYECKON Lenn, cogepxallen
napy paboumnx anekTpoaoB, KOHTAKTUPYIOLMX C HUMU NEPBON N BTOPOWN TepaneBTUYECKNX LLVH,
avoga, CoOeaMHSIIOLLEro NepBYO N BTOPYHO TepaneBTUYECKUE LLMHBI, YNPaBseMoro Knya, ¢
BXOJOM KOTOPOro B3aUMOLENCTBYET OHA N3 TOKOBbLIX LUMH, @ C BbIXOAOM - Ta U3
TepaneBTUYECKUX LUNH, C KOTOPOW KOHTAKTUPYyeT MUHYCOBOW BbIBOA AMoAa, Apoccens (B ponu
WHOYKTUBHOIO HaKoMUTENs SHEPrun), BBEAEHHOMO B 3Ty XXe TepaneBTUYECKYHO Lernb
nocnegoBaTteribHO, COCTaBHbIX (BKNIOYAIOLWMX NO ABa 3NeMeHTa) pe3NCTUBHbLIX aT4YMKOB TOoKa U
HaNps>KeHUs, B3anMOOEeNCTBYIOLLMX C TepaneBTUYECKUMU LWMHAMM, 1 Brioka ynpaBneHus,
B3aMMOAENCTBYIOLEro co CpeacTBOM KOHTPOIS YPOBHS 3apsadKvM KoHAeHcaTopa, COCTaBHbIMU
PE3NCTUBHBLIMW JAaTUMKaMM TOKa W HaNpsKeHUs U KIMoYoMm, npuyem 6ok ynpaBneHns BbINOMHEH
13 B3aUMOLENCTBYHOLNX Mexay cobor Mo NPoBOAHMKAM 3aJaloLero reHepaTopa, komnaparopa
N NepeMHOXMTENS.

HepoctaTkom yCcTponCTBa-NpoTOTMNA SABMSIETCS TO, YTO OH HE UCKIHOYaEeT B npolecce
NPUMEHEHNA HaHECEHNS NaUMeHTy 3NeKTPOTPaBM TKaHei ero opraHnsma, NocKosbKy
CXEMOTEXHNYECKOE peLleHne, 3aroXXeHHOe B KOHCTPYKLMIO YCTPOUCTBa-NpoToTHNa, He
obecneymBaeT NogaBneHne BO3MOXHOCTU BO3HUKHOBEHNS TOKOBOM BudhypkaLmm
KapavogoednbpnnnauMoHHOro MMNynbCa, a Takke He y4nTbiBaeT NpucyLiue pasHbiM nayneHtTam
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Bapuauun anekTpon3n4ecknx XxapakTepmucTuk (B OCHOBHOM nMnedaHca) ux tena. NMommmo
AaHHOro HegocTaTka POPMUpPYEMbIV YCTPONCTBOM-MPOTOTUNOM KapAnoaebpnnnsaumMoHHbIn
UMNYIbC 0AHOMAa3eH, YTO Takke ABMSAeTCA NPUUYNHON U3BECTHOrO YMEHbLLIEHUS (CM., HanpuMmep,
MateHT P® Ne2153901 ot 08 dhepans 1999 r., kn. A 61 N 1/39, "decdmnbpunnaTtop”, aBT.
Bepewarun A.M. n ap.) adbdeKkTMBHOCTM TEPANEBTUYECKOIo INEKTPONMMYIIbCHOrO BO34ENCTBUSA
Ha nauueHTa.

B ocHoBY n3obpeTteHns nonoxeHa 3agada paspaboTkv Ans nayueHTa u3 npakTu4ecku
HeorpaHM4eHHoON BbIGOPKM peanbHbIX NaumMeHToB 6esonacHoro cnocoba hopmMmpoBaHns
kapavooedmnbpnnnaumoHHOro Mnynbca 1 co3gaHnst CpeacTBa ANst ero HagexXHoro
OCYLLECTBIEHUS.

TexHn4yeckum pesyrnbTaToM HACTOSLLEro N306peTeHnss ABNSETCHA NoBbleHNe 3PDEKTUBHOCTH
1 6e30MacHOCTM TepaneBTUYECKOrO 3NEKTPOMMIYbCHOrO BO3AENCTBUSA Ha nobdoro nauneHTa 6e3
orpaHvyeHunin, obpeMeHeHHOro BHe3anHon cepaeyHor apuTMuen, ConpoBOXKaAOLLNXCS
nogaBneHnemM BO3MOXHOCTVN BO3HUKHOBEHWSI TOKOBOW GudpypkaLmm
kapanoaednbpunnAaLMOHHOro MMNYbCa U CyLLECTBEHHBIM CHUXEHNEM pUCKa NOMyYeHus
AaHHbIM NauneHTOM 3MeKTPOTPaBM TKaHein ero opraHnsma.

YKasaHHbI TEXHUYECKUIA pe3ynbTaT A0CTUraeTcsa Tem, YTo cnocod dopmMmpoBaHms
kapanoaednbpunnAaLUMOHHOro MMNynbca CorfacHo M306peTeHunIo BKNOYaeT co3faHme
TepaneBTUYECKON Lenu NyTeM 3akpenneHns Ha Tene nauueHTa, No MeHbLlen mepe, ABYX
3NeKTpoaoB, U3MepeHUe 1 aHanns3 nauueHT-3aBUCUMbIX 3IEKTPODUINYECKUX NapamMeTpoB,
hopmMupoBaHue Lenu nuTaHus gedpubpnnnaropa nocpeacTBOM 3apsiAku ero eMKOCTHOrO
HakonNUTens 3afaHHbIM KONMMYECTBOM 3Heprnv Aedmbpunnayum n nocneayoLLyo nogady
nmnynbca gedunbpnnnaumMm 3agaHHOro Konu4ecTBa aHeprun B Teno naumneHTa npu KOHTpone
BeNMYUHbLI TOKa UMNynbca aepmbpunnauum nameputensHbIM YCTPONCTBOM, NpU 3TOM nogady
umnynbca gednbpmnnnsaumMm 3agaHHOro KoONMYeCcTBa SHEPrMmn B TENO NaumMeHTa OCyLLeCTBNSOT
0031pPOBaHHO, CHavyana nepeon YacTbio W, 3a4aHHOro KonmMyecTsa aHeprum ¢
aKkKymynvposaHuem BTopor Yyactn W, 3agaHHOro Konmyectsa 3Heprum Ha UHOAYKTUBHOM
HakonuTene aHeprum gepmbpunnartopa, a 3atem BTopow YacTbio W, 3a4aHHOro KonnyecTaa
3Hepruun, NpuyemM CoOoTHOLLEHUe nepBon Yact W4 3a4aHHOro Konu4ecTBa SHEPrUN MMMNynbca
aecmbpunnayum ko BTopor Yactn W4 3agaHHOro konmdecTsa aHeprun gedmbpunnsaumm
BblOMpatoT paBHbIM OOQHOMY U3 3Ha4YeHu ananasoHa 0,01-150, a BenUUMHY ToKa MMnynbca
4embpunnayuumn KOHTPONUPYIOT TOMBKO Npu nogadve nepson Yactn W4 3agaHHOro konmvyecTea
3Hepruu.

Kpome Toro, umeet 3HavyeHue, Ytobbl kapamonedunopunnsauMoHHbIA UMMNYNbLC UMeN BUA
AByxnongpHoro umnyrnbsca N'ypsuya.

XKenatenbHo BenuyMHy Toka umnyneca gepmbpunnsauyun nepson yactn W4 3agaHHoro
KOnmMyecTBa 3HEPrum KOHTPONUMPOBAaTh B LUMHE Lienu NUTaHUs, UMeloLLerd HauMeHbLLINIA
noTeHuuan oTHOCUTENbHO NUCNOMNb3YEMOro U3MepUTENLHOMO YCTPONCTBA.

LlenecoobpasHo 3agaHHOE KONMYEeCTBO dHEpruv Ang 3apsgkm eMKOCTHOMO HaKoNUTens
nedmnbpunnsatopa BbibpaTb paBHLIM OQHOMY 13 3HA4YeHUI ananasoHa 4-500 [Ix.

PekomeHayeTcsa Ha Teno nauueHTa Bo3gencTBoBaTb KapanoaedunbpunnaumoHHbIM
WUMMNYNbCOM C BENMYMHOM TOKa, BbIOMpaeMon paBHOM O4HOMY U3 3HavyeHun auanasoHa 0,005-175
A.

MpeonoyTuTenbHO Ha TeNno nauneHTa BO3AENCTBOBATbL MMMNYIbCOM Aedhnbpunnaumm ¢
BENIMYMHOW HanpsiXeHusi, BbIOMpaeMon paBHOW OQHOMY M3 3Ha4YeHun guanasoHa 3-30000 B.

YKasaHHbIA TEXHUYECKUIA pesyrnbTaT AOCTUraeTcs Takke TeM, YTO CPeACcTBO AN
hopMUpoBaHUSA kapamonenopmunmsLMOHHOIO MMMyNbCa COrnacHoO N300pPETEHNIO COOEPXKUT
WCTOYHUK NUTaHUA, CHabXeHHbIN CpeaCcTBOM KOHTPOIS BbipaboTaHHON SNEKTPUYECKON SHeprum u
nepBoi 1 BTOPOW TOKOBbIMU LUMHAMW, MOAKITHOYEHHYO NapanfiensHo eMy Lenb NuTaHus,
06pa3oBaHHy0 EMKOCTHbLIM HakonuMTernem aHeprin, NepBbIvi BbIBOA KOTOPOro COEAMHEH C NepBOi
TOKOBOW LUMHOW, a BTOPOW BbIBOA COEANHEH CO BTOPON TOKOBOM LLIMHOW, TepaneBTUYECKYIO Lenb,
COCTOSLLYIO, MO MeHbLLEN Mepe, U3 NepBOro N BTOPOro pabounx anekTpoaoB, CHaGXKEHHbIX
nepBoin 1 BTOPO TepaneBTUYECKUMN LUMHAMU COOTBETCTBEHHO, MHAYKTUBHOIO HakonuTens

Ctpanuua: 8



70

15

20

25

30

35

40

45

50

RU 2266 145 C2

3Hepruu, BKIMOYEHHOro nocnegoBaTenbHO B LieNb OAHOM U3 TepaneBTUYECKNX LWKH, a Takke
Avon, NepBblil KoY, Pe3NCTUBHBIN AaT4MK ToKa U BroK ynpaBneHus, CBSA3aHHbIA CO CpeaCcTBOM
KOHTPONS BbIpaboTaHHOW 3NEKTPUYECKON SHEPTMN UCTOYHMKA NMUTAHUSA Y NEPBLIM KITHOYOM, Npur
3TOM OHO AOMOSTHUTENBHO CHABXEHO, MO MeHbLLUEN Mepe, BTOPbIM, TPETbUM 1 YETBEPTLIM
Krnoyamm, 3NeKTPUYECKU CBA3aHHbIMKU C BITOKOM ynpaBneHusl, U, N0 MeHbLLEN Mepe, BTOPbIM,
TpeTbMM U YeTBepPTbIM Anodamu, nNpy 3TOM BbIXOA NEPBOro KMiova coeMHEH C NepBO TOKOBOW
LUMHON, BXO MEePBOro Krya coeguHeEH C BbIXO4OM BTOPOro KIova, BXO4 BTOPOro Knto4a
COeIMHEH C BTOPOM TOKOBOW LLWMHOW, BbIXOA TPETbEero Krnya coeMHeH C NepBoin TOKOBOW
LLUMHON, BXOA TPETLErO KIto4a COeANHEH C BbIXOO4OM YeTBEpPTOro Kn4a, BXon KOTOporo
COefIMHEH CO BTOPOW TOKOBOW LLUWMHOW, MpUYeM NepBbli KIoY WYHTUPOBaH NepBbiM AUOLOM,
BTOPOW KMtoY LUYHTUPOBAH BTOPLIM ANOAO0M, TPETUI KMNtoY LUYHTUPOBAH TPETLUM OUOO0M,
YeTBEPTbIV KIHOY LLYHTUPOBaH YeTBepThbiM ANOAOM, a NepBas TepaneBTU4eCcKas WWHa CBA3aHa ¢
BXOJOM MEPBOro Krya U BbIXOAOM BTOPOro Krtova, BTopasi TepaneBTuyeckas LnMHa cBA3aHa ¢
BXOJOM TPETLEro KMoya 1 BbIXO4OM YEeTBEPTOro Kro4ya, Npu 9TOM Pe3NCTUBHbLIN AAaTYUK TOKa
BKIMIOYEH MocnegoBaTensHO MeXAy BTOPbIM BbIBOAOM €MKOCTHOrO HakonuTensa aHepruv u
BXOZOM YeTBEPTOro Kroya 1 CoeUHEH Yepes aHanoro-umMdpoBow npeobpasoBarternb ¢ 610kom
yrnpaBrneHus.

MpeacTaBrieHHble B HACTOSALLEN 3as8BKe NPU3HaKM HeobXxoaMMbl U OCTaTOYHbI AN Nony4YeHus
YKa3aHHOro Bbllle TEXHNYECKOro pesynbraTa.

[MpoBeaeHHbIN aHann3 CyLecTBYOLEro YPOBHA TEXHUKN HE BbISABUIT TEXHUYECKUX peLleHUH,
coaepXalymx CXo4Hble OTNNYMTENbHbIE NPU3HAKN, KOTOPbIE NO3BONANM Obl 4OBUTBECS NONyYeHUs
3as1BNEHHOrO B HACTOSALLEM NpeamMeTe NpUTA3aHuIi TEXHUYECKOro pesynbTaTa, YTo Nno3sonseT
cAenatb 3aKroyeHne 0 COOTBETCTBUMN NPeanoXeHHbIX 0ObEKTOB U30BpeTEeHUs KpUTEPUAM
"HoBM3HA" 1 "n30bpeTaTenbCKkii ypoBEHL"

CyLLHOCTb M306peTeHnsa UNNKCTPUPYETCH CrneayLnumMm Yeptexxamm, rae:

- Ha dur.1 npeacTaBneHa CTPYKTypHas cxema npegnaraemMoro cpefctsa, OCHaLLEHHOro ABYMS
pabounmmn anekTpogamu;

- Ha ®Our.2 - CTpyKTypHas cxema npeanaraeMoro cpefcrsa, OCHaLLEHHOro TpeMs paboynmm
anekTpogamu;

- Ha ®ur.3 - CTpyKTypHasi cxema npeanaraemoro CpeAcTBa, OCHALLEHHOTO WEeCTbo pabounmm
anekTpogamu;

- Ha ®ur.4 nsobpaxeHa obLasa nocnegoBaTenbHOCTL POPMUPOBaHUS ABYX(asHoro
kapavonednbpnnnaUMOHHOro NMNYnbCa;

- Ha dur.5 cxemaTnyHo nsobpaxeHa nocrnegoBaTenbHOCTb POPMUPOBAHMS NO3UTUBHOM
cocTaBnsoLlen asyxdasHoro kapamonedmnbpunnsaLMOHHOro NMMNYNbCa;

- Ha dur.6 cxemaTnyHo n3obpaxeHa nocrnegoBaTenbHOCTL (HOPMUPOBAHUS HEraTUBHOWN
cocTasnsioLlen asyxdasHoro kapamonednbpunnaUMOHHOro NMMNynbCa;

- Ha Pur.7 cxemaTnyHo M3obpaxkeH BHELLHUI BUA, ABYXda3HOro kapanoaedpmndbpunnsaumoHHoro
UMNynbca B COOTBETCTBUM C U30OpETEHUEM;

- Ha ®ur.8 npeactaesneH parmeHT Bug A NO3MTUBHOW U HEraTUBHOW COCTaBMSAIOLLNX
AByxdasHoro kapamoaembpnnnaymMoHHoro nMmnynsca m3 dur.7;

Ha ®ur.9 nsobpaxeHa BpeMeHHas nocneaoBaTenbHOCTb NoAauYun AByXda3HOro COCTaBHOMO
TepaneBTU4ECKOro UMMNyrbca Ha WecTb paboynx 3neKTpogoB B COOTBETCTBUUN C KOHCTPYKLMEN
cpeacTea ona hopMnpoBaHua kapanoaemdpunnsyMoHHOro MMnynbca, NpeacTaBneHHOro Ha
dur.3.

lMepeyeHb no3nuwmii:

1. ICTOYHMK nuTaHKS.

2. CpefcTBO KOHTPOMS KONU4YeCTBa BbipabOTaHHOW UCTOYHMKOM MUTAHUS SMEKTPUYECKON
3Heprum.

3. KoHgeHcaTtop.

4. lNepBblin BbIBOA, KOHAEHCATOPA.

5. BTopoli BbIBOA KOHOEHcaTopa.

6. NepBasa TokoOBas WMHA.
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7. Bropas TokoBas WuHa.
8. MepBblIi pabounii anekTpoa.
9. BTopoii pabouunii anekTpog.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.

TpeTuin pabounin 3NeKTPoA.

UeTBepThi pabounii aneKkTpoa.

MaTtbii pabounii anekTpos.

LLlecTon pabounin anekTpoa.

MauyneHT.

MepBag TepaneBTU4ECKas LWMHA.

BTopas TepaneBTnyeckas LnHa.

TpeTbsa TepaneBTMYECKas LUNHA.
YUeTBepTasn TepaneBTMYeCKas LUMHA.

MaTaa TepaneBTUYECKas LWMHA.

LecTtasa TepaneBTMyeckas LWNHA.

MepBbIi MHAYKTUBHbIN HAKOMUTENb 3HEPTUN.
BTOpoi MHAYKTUBHBLIN HAKOMUTENb SHEPTUN.
TpeTuin HOYKTUBHLIN HAKOMUTENb SHEPruu.
YeTBepTbln NHOYKTUBHbIN HAKOMUTENb SHEPTUN.
MATLIA MHOYKTUBHBIA HAKONMUTENb 3HEPruu.
LLlecTor MHOYKTUBHBIA HAKONUTENb SHEPTUN.
MepBbIi KOMMYyTaTOP.

BTopon kommyTaTop.

TpeTuin KoMMyTaTOp.

YeTBepTbIN KOMMYyTaTOP

MaTeIi kKOMMyTaTOP.

LLlecTon kommyTaTop.

MepBbin gnoa.

BTopoin guoga.

Tpetun guoga,.

YeTBepTbii gmoa.

MNaten guoa.

LLlecTon anoa.

Cepgbmow guoga.

Bocbmoin amoga.

. deBaTbI amnona

JecaTtbin gnoa.

OauHHaguaTbIn AMoA.

[BeHaguaTbIn AMoa.

MepBbIli ynpaBnsieMbli Krou.
BTopoi ynpaBnsiemblii Kritou.

TpeTuin ynpaenseMblii Koy,
YeTBepThii ynpaBrisemMblii KoY.
MaTbIi ynpaBnsieMbl Koy,

LecTon ynpaBnseMblii KIou.
Cenbmoli ynpaBnsieMbln Koy,
BocbMol ynpaBnsemblin Knrou.
[deBATbIV yipaBnsembli KoY
HdecAaTbln ynpaBnsieMblii KoY.
OpavHHaguaThii ynpaBnseMblii KoY.
[BeHaguaTbIn ynpaBnseMblin KIHou.
Pe3ncTrBHbIVM AaTynK ToKa.
AHanoro-undpoBol npeobpasoBaTensb.
Bnok ynpasneHus.
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60. MosnTnBHas coctaensowasn aByxdasHoro kapanoaednbpunnaymoHHOro MMnynsca
TepaneBTUYEeCKOro paspsaa.

61. HeratuBHas cocrtaenstoLlas AByxdasHoro kapanoaedmopunnsyMoHHOro nMmnynsca
TepaneBTUYECKOro paspsiaa.

62. TepaneBTUYECKMI TOK NEPBOK AONM anekTpuyeckon aveprum W4 nobori (Mo3UTUBHOK MK
HeraTMBHOW) cocTaBnstoLer AByxdasHoro kapanoaedmopunnayMoHHOro MMnynbca.

63. TepaneBTUYECKMIN TOK BTOPOW A0NK anekTpudeckorn aHeprum W, niobon (No3UTUBHOW Unn
HeraTMBHOW) cocTaBnsitoLer AByxdasHoro kapanoaedmopunnayMoHHOro MMnynbca.

64. Tok lg.13 NepBOK YacTu INEKTPUYECKON IHEPTUU NO3UTUBHOW COCTaBnsoLLEen AByxX(a3Horo
kapanoaednbpunnAaLUMOHHOro uMnynbca.

65. Tok lg_1» BTOPOI YacTK 3NEKTPUYECKON IHEPTUM NO3UTUBHOW COCTaBnsoLen AByxdasHoro
kapavonednbpnnnaumMoHHOro nMmnynbca.

66. TokK l1g.14 TPETBEN YACTUN INEKTPUYECKON SHEPTUM MO3NUTUBHOW COCTaBNAOLLEN
AByxdasHoro kapamonednbpnnnaLMoOHHOro nMnynbca.

67. ToK lg.13 NEpBOI YaCTK INEKTPUYECKOW IHEPrMM HEraTUBHOW COCTaBMSOLLEN
AByxda3Horo kapamonembpunnsaLMoHHOro Mnynbca.

68. TokK lg_1o BTOPOW YaCTW INEKTPUYECKON SHEPTNN HEraTUBHOW COCTaBnAoLWen AByxdasHoro
kapanoaednbpunnAaLUMOHHOro uMnynbca.

69. ToK l4g.11 TPETBEN YACTM ANEKTPUYECKON SHEPTMM HEFATMBHON COCTaBNSAOLLIEN
ABYyxda3Horo kapaMonembpunnsaLMoHHOro Mnynbca.

70. O6Lwas onMTenbHOCTbL NO3UTUBHOW COCTaBMAOWEN ABYXda3HOro
kapavonednbpnnnaumMoHHOro nMmnynbca.

71. O6was annTenbHOCTb HEraTUBHOM cocTaBnsoLwen AByxda3Horo
kapanoaednbpunnAaLUMOHHOro UMnynbca.

Cpeactso ans dopmmpoBaHms KapamoaedmnbpunnaumoHHOro MMMnynbca CoaepXXnT NCTOYHUK
nutanusa 1 (dur.1 - dur.3). Llenb MCTOYHMKA NUTaHMSA cHabxeHa cpeacTBOM KOHTpond 2
(Pur.1 - dur.3), koTopoe obecneynsaeT BblpaboTKy MCTOYHUKOM nuTaHusa 1 (dur.1 - dur.3)
Tpebyemoro ons 3apsakm koHgeHcatopa 3 (Pur.1 - dur.3) konmdecTBa SNeEKTPUYECKON
3Hepruu. B kayecTBe cpeactea koHTpons 2 (Pur.1 - dur.3) moxeT BbITb UCNONb30BaH Moboin
n3mMepuTenb HaNpsKEHUs ¢ UMPOBLIM BbIXOAOM, MOCKOMNbKY MPU U3BECTHON €MKOCTH
koHaeHcaTtopa C (napameTp, KOTOpbIi onpeaenseTca KOHCTPYKTUBHBIM UCMOMHEHNEM
ncnonb3yemoro B epmnbpunnstope B kKa4eCcTBe eMKOCTHOrO HakonuTensa kKoHgeHcaTopa) u
nony4yeHuun pesynbtata usmepeHus HanpsxeHma U mexagy nnactuHamu aToro KoHaeHcaTopa,
3Heprusa 3apshxeHHoro koHaeHcaTtopa W onpegenseTcs 3 Bolpaxenus: W=CU?/2 ("CnpaBoyHuK
no dmsnke", X.KyxnuHr, nepesoq ¢ Hemewkoro rnoa pegakumnen E.M.Jlerikuna, Mocksa, "Mwup",
1982 r., c1p.333). KoHgeHcatop 3 (Pur.1 - dur.3) BbINOMHSAET POSfib EMKOCTHOIO HaAKOMUTENS
3Heprun, nepsblii 4 1 BTOpo 5 BbiBOAbI (PuUr.1 - dur.3) KOTOPOro coegmMHEHbI COOTBETCTBEHHO
¢ nepsoii 6 1 BTopon 7 (dur.1 - dur.3) TokoBbIMKU LWIMHaAMKU. B cocTaBe paccmaTpuBaemMoro
cpefcTBa MOryT Takxe NPUCYTCTBOBaTL Kak nepsbiv 8 u BTopou 9, Tak TpeTuin 10, a Takke
yeTBepThI 11, NATLIN 12 1 WecTon 13 anekTpoabl, HaknaabiBaeMble Ha Teno nauueHta 14
(Pur.1 - dur.3). K kaxxgomy 13 ykasaHHbIX padounx anektpogoB 8-13 (dur.1 - dur.3)
npucoeanHeHa cooTBeTCcTBEHHO nepsas 15 (dPur.1 n dur.2), sTopasa 16 (dur.1 n dur.2),
TpeTba 17 (dur.2), yetBepTtas 18, nataa 19 u wectasa 20 (Pur.3) TepaneBTUYECKNE WNHBI. B
Lenb TepaneBTUYeckux WuH 15-20 (dur.3) BXOAAT BKIIOYEHHbIE MOocregoBaTenbHO UM NepBbI
21, BTOpoWn 22, TpeTun 23, 4eTBepThil 24, NATbIN 25 1 wecTon 26 (dPur.3) MHAYKTUBHLIE
HaKoONUTENN 3Hepruum, NOAKNIYEHHbIE COOTBETCTBEHHO K OAHOMY M3 LLECTN KOMMYTaTOpPOB, a
WMEHHO: nepBoMy 27, BTopomy 28, TpeTbeMy 29, yetBeptomMy 30, natomy 31 n wectomy 32
kommyTaTopam (Pur.3). KommyTtaTtopbl 27-32 (dur.3) obpasoBaHbl nepsbiM 33, BTOpbIM 34,
TpeTbnm 35, yeTBepTbiM 36, NAaTbiM 37, wecTbiM 38, ceabMbiM 39, BoCcbMbIM 40, AeBATbIM 41,
aecatbiM 42, oanHHaguaTbim 43 1 ABeHaauatbiM 44 anogamm (dur.3), a Takke nepsbim 45,
BTOpPbIM 46, TpeTbuM 47, YeTBepThiM 48, NsaTbiM 49, wecTbim 50, ceabMbiM 51, BOCbMbIM 52,
neBaATbIM 53, gecaTtbiM 54, oagnHHaguaTbiM 55 1 ABeHaauaTbiM 56 ynpaBnsaemMbiMuy Kiovdamm
(Pur.3), npuyem Kaxkabli U3 YNOMSHYTbIX KOMMyTaTopoB 27-32 (dur.1 - dur.3) cogepxaT no
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ABa nNocnefoBaTenbHO COeAMHEHHbIX Mexay cobor ynpaBnsemMblixX Knoya, Npn 3ToM BXoabl
ynpaBnsgembIX Kroyen BToporo 46, yetsepTtoro 48, wectoro 50, BocbMoro 52, gecatoro 54 u
ABeHaguaToro 56 (dur.3) coeguHeHbl Co BTOPON TOKOBOW LUNHON 7 (Pur.1 - dur.3), a BbIXoAbl
ynpasnsieMbIX Kntoyen nepsoro 45, Tpetbero 47, natoro 49, ceabmoro 51, gessatoro 53 u
oanHHaguartoro 55 (dur.3) coegnHeHbl ¢ NepBoit TOKOBOW WnHOM 6 (dur.1 - dur.3). Bee
ynpaensiemble kroun 45-56, obpasytowme koMmyTaTopbl 27-32, WyHTMpOBaHbl guogamu 33-44
(Pur.3), npuyem y3en coeguHeHus Bbixoda ntoboro U3 ynpasnsieMblX KOYer ¢ BXOA0M
OOMOMHAILLEro ero B KOMMyTaTope yrnpaBngaemMoro Krova SBnaeTcs BbIBOAOM, KOHTAKTUPYHOLLNM
C OQHON U3 TepaneBTMYEeCKUX WKUH 15-20 (Pur.3), B TOM Yncne (kak BapuaHT) 1 Yepes OauvH

N3 HOYKTMBHbIX Hakonutenen 21-26 (dwur.3). Cpencteo Anga opmupoBaHns
kapanoaednbpunnAaLUMOHHOro NMMynbca Takke COAEPXKUT PE3NCTUBHBIN AaTymk Toka 57 (dur.1 -
®ur.3), KOTOpbIN pasMeLLEH B ANEKTPUYECKON Lienn Mexay BTOPbIM BbIBOAOM 5 KOHAeHcaTopa 6
(Pur.1 - dur.3) n BxogoM YeteepToro knoya (eur.1 - dur.3). BoiBogbl pe3MCTUBHOMO

aatyuka Toka 57 (dur.1 - dur.3) coeamHeHbl ¢ BXoA0M aHanoro-undgposoro npeobpasosaTens
58 (Pur.1 - dur.3), BbiIxoq KOTOPOro B CBOK O4Yepedb COeQMHEH C BXOAOM Grioka ynpasreHus

59 (dur.1 - dur.3), KOTopbIA KOHCTPYKTUBHO MOXET ObiTb BLINOSIHEH B BUAE MUKPOMpOLIECcopa.
Kpowme Toro, 6nok ynpasnenus 59 (dur.1 - dur.3) anekTpuyeckm cBs3aH B 4acTu peanuaayum
OYyHKLMM yNpaBreHnss Co CPeaCcTBOM KOHTPONS KonmdecTBa BblpaboTaHHONM aHeprun 2 (Pur.1 -
®ur.3) n Bcemn ynpasnsembiMu Kntodamm 45-56 (dur.1 - dur.3), a Takke CoaepX1T B CBOEM
COCTaBe aHanusaTop nauMeHT-3aBUCUMbIX NapaMeTpoB (He NnokasaH), B Hanbonee NpocTom
crny4ae TEXHUYECKM peanuayemblin Kak U3MepuTenb umnegaHca.

CpeactBo ans dopmMmpoBaHus 4emnbpunnsLMoHHOro uMmnynbca paboTaeT cnegyowmum
obpasom:

Mpumep 1.

Mepsbii paboumnin anekTpog 8 (Pur.1) n BTopor pabouunii anektpog 9 (dur.1) 3akpennstoT Ha
Tene naynenTa 14 (dur.1) B obnactu rpyaHon kneTku. MNocne aToro Npon3BoaaT BKIOYEHNE
nctovHuka nutaHug 1 (dur.1) n yctaHaBNMBaOT PyYHOM UMM aBTOMATMUYECKUIA PEXUM
ynpasneHuns ero paboton. bnok ynpasneHus 59 (dur.1) npomMsBoguT aHanM3 COCTOSHUSA
naumMeHTa unu aHanuns KomaHzg orneparopa (B TOM criydae, ecrivm BblopaH pyyHON pexum paboTbl).
Mpu ycTaHOBNEHNN HEOOXOAMMOCTU TEPANEBTUYECKOrO INEKTPOUMMYSIbCHOrO BO3AENCTBUSA Ha
nauuneHTa (Bbixo4 "aa" 6noka "Heobxoamm umMnynbc" Ha dur.4) nponssoanTCca 3apsaaka
koHaeHcatopa 3 (Pur.1) 4o AOCTUXKEHMS NpeaBapUTENBHOMO BbIBPAHHOrO Ha OCHOBE M3MEPEHUS
naumMeHT-3aBUCUMbIX NapameTpoB (cepaeyvHoro putMa 1 nmnegaHca tena nayneHta) 6nokom
ynpasnenus 59 (dwur.1) saHaveHuns aHeprumn, Hanpumep 200 Ox. KOHTponb 3apsaKkM eMKOCTHOTO
HaKONUTENs 3HEPrMM NPON3BOAAT NOA yNpaBleHNeM cpeacTBa KOHTPONS KonmyecTea
BblpaboTaHHOW NCTOYHMKOM NUTaHUS anekTpudeckon aHeprium 2 (dur.1). Mo okoHYaHUK 3apsaga
KoHaeHcatopa 3 (Pur.1) oo npenBapuTenbHO BblIOpaHHOro 3HayveHus, pasHoro 5000 B,
HacTynaeT aTan (oOpMUPOBaAHUS NO3UTUBHOIO UMNynbea t,q; (Pur.4). No komaHae 13 Groka
ynpasneHus 59 (dur.1) nponssoamTcsa 3aMmblkaHue (BknoveHune) krova 45 u knova 48 (dur.1 n
®ur 5), yto obecneunBaeT POpPMUPOBAHNE 3aMKHYTON INEKTPUYECKON LieNn: NEepPBbIN BbIBOA
KoHaeHcaTopa 4 (Pur.1), nepas TokoBas WKHa 6 (Pur.1), NnepBbIn ynpaenseMblii koY 45
(Pur.1), NnepBbln MHAYKTUBHBLIN HakonuTenb aHeprumn 21 (dur.1), nepsas TepaneBTUYeCKas
wuHa 15 (dur.1), nepsbin pabounin anektpog 8 (Pur.1), nayneHt 14 (dwur.1), BTOpOW
pabouun anektpog 9 (dur.1), BTopasa TepanesTnyeckas wunHa 16 (dur.1), yeTBepThin
ynpaBnaemblin kKntod 48 (dur.1), pesncTmuBHbIn gaTymk Toka 57 (Pur.1), BTopas TokoBas LWMHa
7 (Pur.1), BTOpOM BbIBOA KOHAEHCaTopa 5 (Pur.1). Bo3HMKLLINI B pe3ynbTaTe KOMMyTauuu
TepaneBTUYECKUIA TOK NepBON J0NK anekTpudeckon aHeprum W4 62 (dur.8) no3utmeHom
cocTasnsioLlen aAByxdasHoro kapanoaepmndpmnnsaLMoHHOro nMnynbca TepaneBTUYeCKOro
paspsiga 60 (dwur.7) cosgaeT Ha pe3nCcTMBHOM AaTtymke Toka 57 (dwur.1) nponopumoHanbHoe
€ro 3HayeHuo NageHne HanpsbkeHus, npeobpasyemoe aHanoro-undpoBbIM NpeobpasoBaTenemM
58 (dur.1) B uMdpoBOI yNpaBnsitoWKUA curHan, nogasaembli Ha 6nok ynpasneHus 59 (dur.1).
Takum 0bpa3om NpPonCcxoanT n3amepeHue Cuibl TOKa B JAHHOW Lienu, npy 3Tom 610K ynpasneHus
59 (®ur.1) kKOHTpONMpPyeT BbINOMHEHWE YCIOBUS:

Crpanuua: 12
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[TOK TEKF‘LT.IHfI] > [TOK HOSHTPIEIHHﬁ] (Tur.5) {1}

Mpw HacTynneHnn ycnosus {1} (TekyLwunii TOK 4OCTUraeT 3HadYeHus, Hanpumep, 80 A)
nocpeacTBOM YNpaBnsaioLLero curHana n3 6noka ynpasnexums 59 (dur.1) npomcxognT paspbis
CO30aHHOWN 9NEKTPUYECKONM Lienn 3a CYET BbIKITIOYEHMS] YETBEPTOro ynpaBnsemMoro krtova 48
(Pur.1 n dur.5). OgHako BbIKMOYEHME YETBEPTOro ynpasndemoro knioda 48 (dwur.1) He
NpMBOOUT K NpeKpaLleHnio NpoTeKaHUsA Toka NO3UTMBHOW COCTaBnsAoLWen AByxdasHoro
kapavogoednbpnnnaumoHHOro nMmnynbca TepanesTnyeckoro paspsaga 60 (dur.7) yepes nayneHTa
14 (dwur.1), Tak Kak B COOTBETCTBUN C U3BECTHLIMU 3aKOHAMK 3MNEKTPOTEXHUKUN anekTpuyeckas
3Heprus, HakonneHHasi B NepBoM MHAYKTUBHOM HakonuTtene aHeprumn 21 (dur.1), ctpemutes
nogaepXartb BENMUYUHY 3TOro TepaneBTUYECKOro Toka, T.e. TepaneBTUYeCKNiA TOK BTOPOMN J0MK
anekTpudeckon aHeprumn W, (Hanpumep, 20 k) 63 (Pur.8) no3nTMBHOM COCTaBMAIOLLEN
AByxdasHoro kapamonedmnbpnnnaumoHHOro nMnynbca TepanesTuyeckoro paspsga 60 (dur.7)
npoTeKaeT Mo cnefyoLen anekTpudeckon uenn: nepsblid MHAYKTUBHBLIA HaKonNuTernb aHeprum 21
(dur.1), nepsbii pabouunii anektpog 8 (Pur.1), nayneHTt 14 (dur.1), BTopon pabouni
anekTtpog 9 (dur.1), BTopas TepaneBTnyeckas WwnHa 16 (dwur.1), Tpetun guog 35 (dwr.1),
ANEeKTPUYECKoe coegmHeHNE NepBoro 27 n BToporo 28 kommytaTtopoB (Pur.1), 3aMKHYThIN
nepBbI ynpasnsembli knod 45 (dur.1). O6pasoBaHHasa TakuMm 06pa3om anekTpuyeckas Lenb
UCKNIOYaeT n3amepeHue npoTeKatoLLero Yepes Hee TepaneBTUYECKOro Toka BTOPOW A4onu
anekTpudeckon aHeprumn W, (dur.8) Toka no3nMTUBHON cocTasndoLen AByxda3Horo
kapavonedmnbpnnnsauMoHHOro nMnynbca TepaneBTnyeckoro paspsiga 60 (dur.7), Ho
[031MpoBaHMe 3a4aHHOro KONMYeCcTBa ANeKTpuYeckon aHeprim sTopon gonn W, B aTom cnyyae
npousBoanTCcA NyTem pacyeTa ty, (Pur.5) BpemeHn BhIKMOYEHNST YeTBEPTOro yrnpaBnsiemMoro
kntoya 48 (dur.1), no npoecTsmnm koToporo 6riokom ynpaenenus 59 (dur.1) cHoBa nogaeTcs
CUrHan Ha BKIOYEHME YeTBEPTOro ynpasndemoro kntoda 48 (dwur.1 n dur.5). MNpoueaypa
BKIMIOYEHMS U BbIKNIOYEHWS] YETBEPTOro ynpasnsemoro krtoya 48 (dur.1 n dur.5) npomcxogut Ao
Tex Nnop, Noka He 3aKOHYMTCA NpeaBapuUTENbHO 3aJaHHOe B pesynbTaTte pacyeTa Griokom
ynpasneHus 59 (dwur.1) Bpemsi NpoxoxXaeHns No3MTUBHOM COCTaBNALLEN ABYX(a3HOro
kapavonedmnbpnnnaumMoHHOro nMmnynbca TepaneBTnyeckoro paspsiga 60 (Pur.7), nocrne yero
nepBbI ynpasnsembli Koy 45 (dur.1) BeiknodaeTcs, a BTOpor 46 n Tpetuin 47 ynpaBnsiemMble
kroun (dur.1 n dur.4) Brniovatotces, obecneymsas TeM cambiM MOCLINKY nauneHTty 14 (dur.1)
HeraTMBHOW cocTaBnsiloLlen AByXdasHOro kKapamoaedubpunnaLumMoHHOro UMNynbca
TepaneBTU4eckoro paspsga 61 (dwr.7), npudyem Bpems nay3sbl (Pur.4 n dur.7) mexagy odonumm
ykasaHHbIMK cocTaBnsitowmnmm 60 n 61 (dur.7) gyxdasHoro kapanoaedndpunnayumoHHoOro
TepaneBTUYECKOro paspsaa onpeaenseTcsl TONbKO NepexogHbIMU MPoLeccaMm B ANEKTPUYECKMX
uensix cpeacrtea aAnsg opMmMpoBaH1sa KapanoaedubpunnaumoHHoOro MMnynbca u Beloopom
anemMeHTHou 6a3on NepBoro M BTOPOro KOMMYTaTOPOB, KOTOPOE AOIMKHO ObITb Kak MOXHO
MeHbLLUe (B ngeanbHOM crnyvae CTPEMUTCS K HYIH0).

Mocne Toro, kKak No koMaHae u3 6noka ynpaenerHusi 59 (dur.1) Npon3oLLno 3ambikaHue
(BkntoveHwue) kntova 46 u knoya 47 (dur.1 n dur 6), npomcxoant HGopMMpoBaHNE 3aMKHYTOM
3NEeKTPUYECKON Lienn: Nepsbli BbIBOA, KoHAeHcaTopa 4 (dur.1), nepeasi TokoBas LMHa 6
(Pur.1), TpeTuri ynpaesnsembli knod 47 (dur.1), BTopas TepanesTuyeckas wmuHa 16 (dur.1),
BTOpOV pabounii anektpog 9 (Pur.1), nayneHT 14 (dur.1). nepsbii pabounii anekTpop 8
(Pwur.1), nepeasa TepaneBTMyeckas wWnHa 15 (dwur.1), nepsBbli MHOYKTUBHBIA HAKONUTESb
3Heprum 21 (dur.1), BTopor ynpasnsembli krtod 46 (dur.1), pe3ancTnBHbIA AaTymk Toka 57
(Pwur.1), BTOpasa TokoBas WnHa 7 (dwur.1), BTOpon BbIBOA KOHAEHcaTopa 5 (dur.1).

BO3HUKLLMI TepaneBTUYECKNIA TOK NEPBON J0OMN anekTpuyeckon aHeprum W, (pasHon 20 [x)
62 (dur.8) HeraTUBHOK cocTaBnsoLLEn AByxdasHoro kapanoaepmndpmnnsLMoHHOro nMnynsca
TepaneBTU4eCKoro paspsaga 61 (Pur.7) cosgaet Ha pe3nCTUBHOM aTuuke Toka 57 (Pur.1)
nponopuuoHarnbHoe NageHue HanpsikeHus ero 3HadeHuto, npeobpasyemoe aHanoro-ungpoBbiM
npeobpasoBatenem 58 (dwur.1) B uMdpoBOI curHan, nogaBsaemMbiin Ha 6ok ynpaenexHus 59
(Pur.1). NponcxognT n3amMepeHne BENNYMHBLI TOKA B 3TOW 3IIEKTPUYECKON Lienn n 610K
ynpasneHus 59 (dwur.1) KOHTponNupyeT BbINONHEHME CreayoLLero yCnoBus:
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[TOK TEKF‘LT.IHfI] > [TOK HEFaTHBHHﬁ] (P &) {2}

Mpw HacTynneHnn BbINOMHEHUS YNIOMSAHYTOro ycrnosus {2} (B YaCTHOCTU, TEKYLLUIA TOK
pocturaet 3HayeHnsa 80 A) nocpeacTBOM BbipaboTKM ynpasnsoLwero curHana u3 6noka
ynpasneHus 59 (dwur.1) npomcxoaut paspbiB ONUCAHHOW BbILLE 3MIEKTPUYECKON Lenu 3a cyeT
BbIKITIOYEHUSA TPETbEro ynpasnaemoro knoya 47 (dvr.1 n dur.6.)

Ho kak n go aToro (npu nockinke B Teno nayueHTa 14 (dur.1) No3nTUBHOK COCTaBNAIOLLEN
AByxdasHoro kapamooedmnbpnnnaumoHHOro nMnynbca TepanesTuyeckoro paspsga 60 (dur.7)),
BbIKIIOYEHME TPETLErO ynpasnsemMoro krtoda 47 (dur.1 n dur.6) He NPMBOANT K NMpeKpaLLEeHNto
npoTekaHnsi Toka kapanoaedmbpunnaumoHHOro TepaneBTUYECKoOro MMnynbca Yepes naumeHTa
14 (®Pur.1), Tak Kak anekTpmyeckas aHeprus, HakonreHHas B NepBOM MHAYKTUBHOM
HakonuTene aHeprum 21 (dur.1), cTpemnTca nogaepxatb TepaneBTUYECKUI TOK BTOPOW 0NN
anekTpudeckon aHeprun W, (B gaHHOM npumepe pasHor 20 [x) 63 (Pur.8) HeraTnBHOM
cocTaBnsioLLen aAByxdasHoro kapanoaepmndpmnnsLMoHHOro nMnynbca TepaneBTUYECKOro
paspsga 61 (dwr.7) no cneayoLlert aNeKTPUYECKon Lenn: Nepsbli MHOYKTUBHBLIN HAKONUTErb
3Heprumn 21 (Pur.1), nepsbit paboymnnt anektpog 8 (Pur.1), nauneHTt 14 (dur.1), BTOpON
pabouunn anektpod 9 (Pur.1), BTopas TepaneBTnyeckasi wnHa 16 (dwur.1), yeteepThbit Anoa 36
(dur.1), anekTpryeckoe coeamHeHne nepsoro 27 u BToporo 28 kommyTtaTtopos (dur.1),
3aMKHYTbI BTOPOW yrnpaensiembl krtod 46 (Pur.1). ObpasoBaHHas Takum obpasom
anekTpu4eckas Lenb UCKNIYaeT n3aMepeHne nNpoTeKatoLLEro Yepes Hee ANeKTPUYEeCcKoro Toka
HeraTMBHOW COCTaBnsoLLen AByxdasHoro kapanoaednbpunnaumoHHOro umnynsca
TepaneBTU4eckoro paspsga 61 (dwr.7) B yact ero BTOpoK SONK anekTpuyeckon aveprum W, 63
(Pwr.8), HO go3upoBaHMe 3a4aHHOrO KONMYecTBa aneKTpuyeckor aHeprum sTopon gonu W, 63
(Pur.8) (cocTtaBnstoLee B COOTBETCTBMM C NpumepoM 3HadveHue 20 [1k) n B 3ToMm cny4yae
npousBoanTca nNytem pacyeta (Pur.6) BpeMeHn OTKIYeHUs ty, TPeTbero ynpasnaemoro Krioda
47 (dwur.1), no npollecTBUN KOTOporo 6nokomM ynpaenenusi 59 (dur.1) cHoBa nogaeTcs curHan
Ha BKIHOYEeHMe TpeTbero ynpasnsemoro kntoya 47 (dur.1 n dur.6). MNpouenypa BKAOYEHUS U
BbIKINIOYEHUSA TPETLErO ynpasngemoro kntova 47 (dur.1 n dur.6) nponcxogmt go Tex nop, noka
He 3aKOH4YMTCA NpeaBapuTenbHO 3agaHHoe 6nokom ynpasneHus 59 (Pur.1) Bpemsa npoxoxaeHus
HeraTMBHOW cocTaBnsoLen AByxdasHoOro kKapamoaedubpunnaLumMoHHOro UMnNynbca
TepaneBTUYeCKOro paspsaga 61 (dur.7), nocne yero BTopow ynpasnsemblii krtod 46 (dur.1)
BbIKNIOYaETCs, TeM caMblM NMpekpaLlyas nepsyto nogadvy Ha nayneHta 14 (dwur.1) gyxdasHoro
KapavonedmnbpnnnaumMoHHoro TepaneBsTmudeckoro umnynsca (dwur.4) c aHepruen 200 Ix.

Mpumep 2

MepBbIi pabounii anekTpog 8 (dur.2), BTopoin pabdounii anektpog 9 (dur.2) n Tpetun
pabouun anektpoa 10 (dur.2) 3akpennsaoT Ha Tene naumeHTa 14 (dur.2) B obnactu rpygHomn
KNeTKM Tak, 4Tobbl BTOpon 9 u Tpetuii 10 paboure anektTpoabl 66Ny pacnonoxeHbl ONMO3UTHO
nepsomy paboudemy anektpogy 8 (dwur.2). NMocne 3Toro BKNOYAT UCTOYHUK NUTaHUA 1 (Pur.2)

N yCTaHaBNMBAIOT PYYHOW MMM aBTOMATUYECKUI PEXMM ynpaBneHus ero paboTton. brok
ynpasneHus 59 (dwur.2) npomssBoanT aHanM3 COCTOSHUA NaLmeHTa NOCPeaCTBOM U3MEPEHUS U
aHanusa nayMeHT-3aBUCUMbIX MapaMeTpoB (HanpuMmep, U3MepeHns umnegaHca Tena naymeHTa u
puTMa paboTbl ero cepAaua) Unm ocyLLEeCTBNSAET aHanM3 KoMaHg oneparopa (B criyvyae Bbibopa
onepaTtopoM pyyHoro pexuma pabotsl). lNMpu ycTaHOBREHUN HEOBXOAUMOCTU TepaneBTUYECKOro
3NEeKTPOMMMNYNLCHOMO BO3AENCTBUSA Ha nauneHTa ("aa" bnoka "Heobxoamm nmnynbc" Ha dur.4)
3anyckaeTcs npouecc 3apagku koHgeHcatopa 3 (Pur.2) 4o 4OCTMKEHUS, Hanpumep,
Bbl6paHHoro 6nokom ynpasneHus 59 (Pur.2) sHavyeHms 30000 B. 3apsagka koHgeHcaTopa 3
(Pur.2) nponssoguTCcs NoA ynpasneHnemM cpeacTBOM KOHTPOMS KONMYecTBa BblipaboTaHHOM
WUCTOYHMKOM NUTaHMS anekTpuyeckon aHeprum 2 (dur.2). Mo okoHYaHUM 3apaaku koHgeHcaTopa
3 (dwur.2) oo 3apaHee yCTaHOBMNEHHOIO 3HaYeHUs (cocTasnstoLlero, Hanpumep, 500 Ox)
HacTynaeT aTtan (hopMupoBaHUsa NO3UTUBHOIO nMmnynbeca tnos (dPur.4 n dur.7). Ero
OCYLLIECTBIIAOT 3a CYET creaytouiero nopsigka paboTsl nepsoro 27, BTOporo 28 v TpeTbero 29
kommyTaTopoB (Pur.2). NMogobHo nocnegoBaTenbHOCTU paboThl KNOYEN B NpeablayLem
npymMmepe 1 Bpems BKIHOYEHMS (3aMblkaHMsA) NepBoro 45 n BToporo 46 ynpaensembIxX Knoven
(Pwur.2) nepsoro kommyTaTopa 27 (dur.2) 3agaet AnuTenbHOCTb No3nTMBHOMK 60 (Pur.7) n
Ctpanuua: 14
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COOTBETCTBEHHO HeraTuBHom 61 (Pur.7) coctasnstowmx aByxdasHoro
kapanoaednbpunnAaLMOHHOro NMMMNybCOB TepaneBTUYECKOro pa3psaa (Tok paspsga cocTaBnser,
Hanpumep, 175 A), npu 3TOM O4HOBPEMEHHOE BKITHOYEHUE (3aMblkaHMe) YeTBepTOro 48 u
wectoro 50 ynpaensembix kntovern (dur.2) sToporo 28 u Tpetbero 29 kommyTaTtopos (Pur.2)

Ha BpeMs tg, (Pur.8) 3agaeT 4NMTENLHOCTE TepaneBTUYECKOro Toka Nepeov 4onm
anekTpuveckon aHeprin W, 62 (dur.8), a oqgHOBpeEMEHHOE UX BbIKMOYEHNE Ha

BpeMs gy (PWr.8) 3agaeT oNMTENBLHOCTL TepaneBTUYECcKOro Toka BTOpow gonm (npu ee
3HayYeHun B JaHHOM npumepe 1,656 [x) anektpuyeckon aHeprum W, 63 (Pur.8) asyxdasHoro
KapavogedunbpnnnaumnoHoro umMnynbca.

AHanoruyHo npegcraBneHHOMy Bbllwe popMUpoBaHMe TepaneBTUYECKUX TOKOB NepBOM U
BTOpOW Jonei anektpunyeckor aHeprum W, 62 (dur.8) n W, 63 (dur.8) HeraTtmsHoM
cocTaBnsioLLen aAByxdasHoro kapanoaepmndpmnnsLMoHHOro nMnynbca TepaneBTUYECKOro
paspsiga 61 (dur.7) npomMcxoanT 3a cHeT NEPUOJUYECKON KOMMYTaUUKN TpeTbero 47 n NAToro
49 ynpaBnseMbix Krnoyen BToporo 28 n Tpetbero 29 kommytatopos (Pur.2). A aHeprus,
3anaceHHas B NepBOM MHOYKTUBHOM HaKonuUTene anektTpuyeckon aHeprum 21 (dwur.2)
3NeKTpUYECKon aHeprun, obecrneynBaeT BOZHMKHOBEHUE TepaneBTUYECKOro Toka BTOPOM 40U
anekTpudeckon aHeprumn W, (pasHor 1,656 [x) HeraTuBHOM cocTaBnstoLLel AByX(da3Horo
kapavogedmnbpnnnaumnoHHoro nmnynsca 63 (Pur.8). MHOYKTUBHBIN HAKONUTENb SNEKTPUYECKON
9HEPrnM MoOXeT ObITb KOHCTPYKTUBHO BbIMOMHEH pacnpeaeneHHbIM U No3TOMy MOXeT ObiTb
pa3MeLLEH B KaXXOO0M M3 TpeX TepaneBTUYECKUX WKH 15, 16 n 17 (dur.2), obecneunBas B
utore cymmapHoe HakonneHue aHeprum W, paBHO B J@aHHOM KOHKPETHOM Npumepe BenuYnHe
1,656 0.

Mpumep 3

Mepebii 8, BTOpOK 9, TpeTuii 10, YeTBepThIn 11, NaTbii 12 1 wecTol 13 paboyne anekTpoabl
(dur.3) paBHOyganeHHO OTHOCUTENBHO ApYr Apyra 3akpennsoT Ha Tene nauveHTa 14 (dur.3)

B obnacTtu ero rpyagHon knetku. lNocne 3Toro Nnpon3BOAAT BKMOYEHMNE UCTOYHMKA NUTaHMA 1
(Pwur.3) n ycrtaHasnmearoT, Hanpumep, aBTOMaTUYECKUIN pexnm ero paboTsl. bnok ynpasneHus
59 (®ur.3) npomssBoauT aHann3 CoCTosIHUSA naumeHTa (M3MepeHne 1 aHanns nauneHT-3aBUCUMbIX
napameTpoB, B YaCTHOCTU M3MepeHUe nmnegaHca Tena nayneHTa, a Takke CHATME
anekTpokapanorpamMmmel cepgua nayueHta). MNpu onpegenexHun ssneHns oubpunnauum cepgua
nayueHTa n B cuny aToro pakta Heo6XoaUMOCTH TepaneBTUYECKOro MeKTPOUMMYIbCHOrO
BO3OENCTBUA Ha AaHHoro nauueHta 14 ("ga" 6noka "Heobxoanm nmnynbc" Ha dur.4)
aBTOMaTUYEeCKM NMPon3BOAMTCS 3apsaaka koHaeHcaTopa 3 (Pur.3) 4o 3HaYeHNs1 YPOBHSA aHeprum

4 [1x, npeasapuTenbHO 3agaHHoro 6nokom ynpasnennst 59 (dwur.3). KoHTponb ypoBHS 3apsaku
KoHAeHcaTopa o 3 B npom3BoasaT nog ynpaBneHMeM CpeacTBa KOHTPOIS KonnyecTsa
BblpaboTaHHOW UCTOYHMKOM NUTaHKSA anekTpudeckon sHeprum 2 (dur.3). Mo oOKoHYaHUK 3apsiaku
KoHaeHcaTtopa 3 (Pur.3), T.e. Npy OOCTMXKEHUM HAKONIEHUs KoHaeHcaTopom 3 (Pur.3)
YCTaHOBIIEHHOrO 3Ha4YeHUs AHEPINN, PaBHOWN B HAcTOsILLEM NpuMepe 3HaveHuto 4 [k, HacTynaeT
aTan opMUpPOBaHMS COCTABHOIO NO3UTMBHOIO uMnyneca tnos (dur.4 n dur.9) B cooTHOLLEHNN
3Heprumn mexay umnynbcamu 2k, 1 Ik n 1 [ cooTBeTCTBEHHO. [1ns 3TOro B NnepsomM
KommyTaTope 27 (Pur.3) BkntovaroT (3aMblKatoT) NepBbliii yIpaBnsieMblii KoY 45, a B LLECTOM
kommyTaTope 32 (dur.3) BknoyaloT (3amblkaloT) ABeHaauaTthln ynpasnsemMblin knod 56 (dur.3). B
obpasoBaBLuelica 6rnarogapst 9TOMy 3aMKHYTON SNEKTPUYECKON LIenun: NepBbIA BbIBOL,
koHaeHcaTtopa 4 (Pur.3), nepeas TokoBas WnHa 6 (Pur.3), Nnepsblin ynpaBnsembli Koy 45
(Pur.3), nepBbln NHOYKTUBHbIN HakonuTenb aHeprun 21 (dur.3), nepsas TepaneBTUYeCKas

wuHa 15 (dwur.3), nepsbli pabounii anektpoq 8 (dur.3), naumeHT 14 (Pur.3), wecTon

pabouunn anektpog 13 (Pwur.3), WecTon MHAYKTUBHBIN HakonuTenb aHeprumn 26 (dur.3),
ABeHaguaTbI ynpasnsiembln krtod 56 (dur.3), BTopas TokoBad wnHa 7 (Pur.3), pe3ancTnsHbIN
Aatyuk Toka 57 (Pur.3), BTOpor BbIBOA KoHAeHcaTopa 5 (dwur.3), koHaeHcaTop 3 ($ur.3)
BO3HMKAET TOK lg_13 (paBHbI 51073 A) NepBoii YacTW 3NEKTPUHECKON SHEPrUU MO3UTUBHOM
cocTaensioLern AByxdasHoro kapgnoaedmopunnsaymoHHoro umnynsca 64 (dwur.9). Yactb
3ANeKTpuYeckor aHepruun (Hanpumep, npu cootHowenun W4 k W, pasHom 1:100) npwm
NPOXOXAeHUN ToKa lg_13 64 (Pur.9) sanacaeTcsa B nepBom 21 1 LIECTOM 26 NHOYKTUBHbBIX
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HakonuTensax aHeprum (Pur.3) (B oanHakoBbIX 4ondax). BenmyunHa aTtoro npoxosLlero Toka lg.
1364 (Pur.9) pasHa 5[ 073 A 1 JOCTYNHa N3MEPEHMIO B aHANOTOBOM BUAE PE3VUCTUBHBLIM

Aatynkom Toka 57 (Pur.3), npy 3TOM U3MEepPeHHOe 3HaYeHUe NageHus HanpsHkeHUa Ha HeM
nocne npeobpasoBaHus B aHanoro-uMdposomM npeobpasosatene 58 (dur.3) BBOAMTCS B
uncpposom Buae B 6nok ynpasneHusa 59 (dur.3) ansa nocneaytoler o6paboTku
MUKPONPOLEeCCOpoM. AnNUTenbHOCTb TOKa ig.13 64 (PUr.9) coctaBnaeT pasHuLy Mexay
BENMYNHOW BpeMeHn t1, 1 ty4 1 3apaHee paccunTeiBaeTcs B 6rioke ynpasneHusa 59 (dwur.3),
ncxoasa u3 NpocToro YCnoBus, YTO CyMMapHas AnUTENbHOCTb TOKoB 64, 65 n 66 (dur.9)
cocTaBnsieT obLy0 ANUTENbHOCTb NO3UTUBHOW COCTaBNSAOLWEN ABYXda3HOro
kapavogedunbpunnaumoHHoro nmnynsca 70 (dur.9), a cymmapHasa 4nuTensHOCTb TOKOB 67, 68 n
69 (Pur.9) He NpeBLICUT OOLLYIO ONTMTENBHOCTL HEFATMBHOW COCTaBAIOLEN ABYX(dasHoro
kapavogedunbpnnnaumoHHoro nmnynesca 71 (dur.9). B npegenax uHtepeana BpemMeHu

oT t44 00 t45 ¢ yyeTom 3agaHHoro cootHowweHua W4/W, (paBHoro B gaHHom npumepe 0,01)
npon3BoadaT (Kak ObINo yxke NosiCHEHO Bbille No aHanorun ¢ MNMpumepom 1) nepuoanyeckoe
(obecneunBatoLLee nepenavy 0gHOM AECATUTLICAYHON OONN SNEKTPUYECKON dHeprum ot
BENMUYMHbI COBCTBEHHO KapanoaedOpUNNALMOHHOIO MMMYbCca) BbIKMIOYEHNE U BKIIOYEHNE
ABeHaguaToro ynpasnsemoro kntoya 56 (dur.3), u CUHXPOHU3NPOBAHHOE C HUM, HO
NPOTMBOMOMOXHOE N0 AENCTBUIO, BKIMIOYEHNE U BbIKMOYEHNEe OAMHHAALATOro ynpaBnisiemMoro
kntoda 55 (dur.3). Npudem npu BbIKMOYEHUW ABEHAALATOro ynpasngaemoro kno4va 56 (dur.3) u
OJHOBPEMEHHOM C 3TUM AENCTBMEM BKITOYEHWE OAMHHAALATOro yrnpasnaemoro knova 55
(Pur.3) TepaneBTndeckuii Tok 64 (Pur.9) yepes naumeHta 14 (dur.3) He npepbiBaETCA
BCNeacTBmMe OTAauu HaKoMNNEeHHOW 3NEKTPUYECKON SHEPIrU B BUAE NpOTEKatoLLEero Toka nepBbIM
21 1 wecTbiM 26 MHOYKTUBHLIMU HAKONUTENAMW dneKTpuydeckon aHeprum (dur.3) no
o6pa3oBaBLUENCS SMIEKTPUYECKON LIEMW: NEPBLIN UHOYKTUBHbIN Hakonutenb aHeprim 21 (dur.3),
nepeas TepaneBTuyeckas WwnHa 15 (dwur.3), nepsbli pabounii anektpog 8 (dwr.3), nauneHTt 14
(Pur.3), wecton pabounin anektpog 13 (dwur.3), wecrtasa TepanesTnyeckas wnHa 20 (dur.3),
LLIECTOW MHOYKTUBHBIN Hakonutenb aHeprun 26 (dur.3), ognHHaguaTtbii ynpaBnsembli Koy 55
(Pwur.3), BepxHee (COEANHEHHOE C NEPBON TOKOBOM LLUMHOWM 6) MexXcoeaumHeHue wectoro 32
(Pwur.3), natoro 31 (dur.3), yetseptoro 30 (Pur.3), TpeTtbero 29 (dur.3), BToporo 28

(®ur.3) n nepsoro 27 (Pur.3) KOMMyTaTopOB, Nepsbln anog 33 (Pur.3).

Mo poctmxeHnn moMmeHTa BpeMeHu tyo (Pur.9) nepsbln ynpasnaemsbii Koy 45 (dur.3) u
no6oM N3 HAXOASALLMXCS B COCTOSAHUM BKITOYEHUS yripaBnsemblx knoven 55 nnmn 56 (dur.3) B
cocTaBe LecToro kommyTtatopa 32 (Pur.3) BbIKMYaKTCH, HO OAHOBPEMEHHO C 3TUM BKITHOMaEeTCs
TpeTuii ynpasnsiembln koY 47 (Pur.3) n gecatblii ynpasnsemblii koY 54 (dur.3), T.e.
HauyMHaeTcH nocklnka Yepes BTopon 9 1 naTeii 12 paboune anektpoabl (Pur.3) Toka ig.qo BTOPON
4yacTu aneKkTpnyeckor aHeprim (pasa Il) nosmTruBHOM cocTaenstoLeln AByxdasHoOro
kapavogednbpnnnaumoHHoro nMmnynsca 65 (dur.9) bnarogapsa pabote ynpaBndembix Knoyemn
BTOporo 28 n natoro 31 kommyTtatopos (Pur.3). o AOCTUXKEHMM MOMEHTa BpeMeHu ty, Bce
Kntoum kommyTtaTtopoB 28 1 31 (Pur.3) BeIKOYAOTCA, U HAYUHAKOT CUHXPOHHO
B3aMMOAENCTBOBAThL ynpasnsieMble Knouun TpeTbero 29 n yetseptoro 30 kommyTtaTopos (dur.3),
co3faaBasi TOK lyg.q1 TPETbEN COCTABHOM YacTun anekTpuieckon aHeprumn (dasa Ill) nosmtmusHom
cocTaBnsoLern AByxdasHoro kapanoaedmopunnsaymMoHHoro nMmnyneca 66 (dur.3), npnyem
BKIOYEHME NMATOro yrnpaensemoro krnoda 49 (dur.3) no3sonset chopmMmpoBaTb NO3UTUBHYIO
cocTaBnsaoLLyo AByxdasHoro kapavogednbpnnnaumoHHoro nmnynsca 60 (dur.7), a BknoyeHne
B paboTy wecToro ynpaensemoro kntoya 50 (dur.3) obecneumsaeTt nogady B TepaneBTU4eckme
uenn 17 n 18 (dwur.3) HeraTMBHOW coCTaBnAOLEN ABYXdasHoro kapanonedpmnépmnnsLuMoHHOro
nmnyrnbca TepaneBTuyeckoro paspsaga 61 (dur.7). NooyepenHasi paboTa ynpaensemblx KoYen
51 n 52 (dur.3) obecnevmBaeT BO3MOXHOCTb CHOPMUPOBaTL TepaneBTUYECKNE TOKU
nepson W, 62 (dur.8) n sropon W, 63 (dur.8) coctaBnaowmx asyxdgasHoro
kapavooednbpnnnauMoHHOro nMnynbca.

Mo gocTmxeHn MoMeHTa BpeMeHu tz, (Pur.9) dasa lll 3aBepLuaeTca n Bce KIoum
kommyTaTopoB 29 1 30 (Pur.3) BbIKMHOYAKTCS, NOCE Yero BKMoYaeTcs BTOPON ynpaBnsemMbli
koY 46 (Pur.3) kommyTaTopa 27 (Pur.3) 1 noodepeHO BKIOYAETCA W BbIKNIOYaeTCs Koy 55
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(Pwr.3) wectoro kommyTtaTopa 32 (Pur.3), 4To NO3BONAET CHOPMUPOBATL B INEKTPUYECKON
Lenn ToK lg_q3 MepBOI YacTn ANEKTPUYECKOM SHEPTUN HErATUBHOW COCTaBnstoLen AByxdasHoro
kapavonednbpnnnaumMoHHoro nmnynbca 67 (Pur.9). AHanorM4yHo BbiLeNpuBegeHHOMY
kommyTaTopamu 28 n 31 (dur.3) bopMupyroT ToK lg.4o UMNynbca 68 (Pur.9), a kommyTaTopamu
29 1 30 (Pur.3) popmMUpyIT TOK l4g.14 MNynbca 69 (Pur.9).

B MOMeHT BpeMeHMU tg,, KOrga NonHOCTbIO UCTEKaeT 3apaHee 3afjaHHasa ANnTenbHOCTb
ABYyxdasHoro kapamoaedmnbpnnnaumoHHOro TepaneBTMYECKOro MMMynbeca, BCe ynpaBnsemble
KoUK BCeX LEeCTU KOMMYTaTOPOB BLIKMOYaTCA U cpeacTBO Ansd hopMmMpoBaHus
kapavonednbpnnnaumMoHHOro nMnynbca BHOBb roToBo (Pur.4) ona aHanmsa coCTosiHMS
nayueHTa 14 (dwur.3) (T.e. NAUUEHT-3aBUCUMbIX NAPaMeTPOB, B HAaCTHOCTM UMMNeSaHca ero
Tena v putma paboTbl ero cepaua) unum kKomaHz onepaTopa.

[MprnBeaeHHbIV NpyMep NO3BONAET NONYYNTL 3asBIEHHbLIN TEXHUYECKUN pe3ynbTaTt B TOM
yncne u B ycriosusix 100% BRaxXHOCTM OKpYXatoLLen ra3oBon cpefbl, YTO HEAOCTUXUMO Npu
NPYMEHEHUN KaK U3BECTHbLIX CNOCOOO0B, Tak U CPeACTB UX TEXHUYECKON peanunsaLumu.

NCTOYHNKN MHOOPMALNW:

1. US Patents 6,405,081, Int. C17. A 61 N 1/39, Jun.11.2002, Thomas D. Lyster et al.
"Damped bipolar energy delivery circuit for a defib-rillator".

2. A.C. CCCP Ne1470299, kn. A 61 N 1/39, ot 31.03.86 r., "[edpmnbpunnsartop”, aBTop
B.A.CpeguHckuii (npoTtoTun).

dopmyna n3obpeTteHus

1. Cnocob popmmpoBaHus kapanoaedmbpunnsaynoHHOro MMNynbca, BKAYatoLwmi co3gaHue
TepaneBTUYECKON Lenu NyTeM 3akpenneHns Ha Tene nauueHTa, No MeHbLlen mepe, ABYX
3NEeKTPoaOoB, U3MEPEHUE U aHaNN3 NauUeHT-3aBUCUMbIX ANEKTPOPUINYECKUX NapaMeTpoB,
hopMupoBaHue Lenu nuTaHus gedubpnnnaropa nocpeacTBOM 3apsiAku ero eMKOCTHOMO
HakonNuTens 3agaHHbIM KONMMYECTBOM 3Hepruv Aedunbpunnayum n NnocneayoLLyo nogady
umnynbca gednbpnnnsaumm 3agaHHOro KoNMYecTBa SHeprMmn B TENO NaumeHTa npu KOHTporne
BENMUYMHbI TOKa UMNynbca Aednbpunnaumm nameputenbHbIM YCTPOWCTBOM, OTIIMYAIOLLMIACA TEM,
4yTO Nogadvy umnynbca gedunbpunnsaumm 3agaHHOro KONUMYecTea dHeprum B Teno naumeHTa
OCYLLECTBIAT A03MPOBAHHO, CHavyana nepsown YacTtbio W4 3a4aHHOro KonmyecTsa aHeprum ¢
aKkKymynvposaHmem BTopor yactn W, 3agaHHOro Konmyectea 3Heprum Ha UHOYKTUBHOM
HakonuTene aHeprum gepmbpunnartopa, a 3atem BTOpow YacTbio W, 3a4aHHOro kKonnyecTaa
3Hepruu, npuyemM CooTHoLLEeHUe nepsoi Yactn W4 3a4aHHOro KonuyecTsa SHepPrun nMmnyrnsca
aecmbpunnayum ko BTopor Yactn W, 3agaHHOro konmdecTea aHeprun gedmbpunnsaumm
BblOMpatoT paBHbIM OAHOMY U3 3Ha4YeHui ananasoHa 0,01-150, a BenuumHy ToKa nMnynsca
Aednbpunnaumm KOHTPONMPYHOT TONbKO Npu nogadve nepsow Yactn W, 3agaHHOro Konmyectsa
3Hepruu.

2. Cnocob no n.1, oTnnyarLWmiics TeM, YTO kKapanogednopmnnisLMOHHbIA UMMYNbC UMEET BUS,
AByxnongpHoro umnyrnbca N'ypsuya.

3. Cnoco® no n.1, oTnMyaroLwmiics Tem, YTO BENUYMHY TOKa MMMynbca gedmbpunnauyumn
nepsoin Yactn W, 3a4aHHOro KonmyecTsa 3HEPrUN KOHTPONUPYIOT B LUMHE LIENU NUTaHUS,
UMeloLLer HaMMEHbLLNI NoTEeHUUan OTHOCUTENBbHO UCNOMNb3YEMOro M3MEPUTENBHOMO YCTPONCTBA.

4. Cnoco6 no n.1, oTnMyaloLwmics Tem, YTO 3agaHHOE KONUMYECTBO SHEPrMN ANS 3apsaKku
€MKOCTHOro Hakonutens gedpunbpunnstopa BelOupatoT paBHbIM OQHOMY U3 3HAYEHU gnanasoHa
4-500 Ox.

5. Cnoco® no n.1, oTnMyaroLwmiicst Tem, YTO Ha Teno NauMeHTa BO3L4ENCTBYHOT
kapavooedunbpnnnaLMOHHbBIM UMMNYNLCOM C BEMMYNHONM TOKa BbiGUpaemon paBHbIM OQHOMY U3
3Ha4vyeHun gnanasoHa 0,005-175 A.

6. Cnocob no n.1, oTnMyaroLwmincs Tem, YTO Ha Teno nauMeHTa BO34ENCTBYIOT UMMYIbCOM
Aedndpunnaumm ¢ BENMYNHON HanpsikeHnsi BbiGupaemMon paBHbIM OOHOMY 13 3HAYEHWN
ananasoHa 3-30000 Br.

7. CpeactBo Anst opmMupoBaHus kapamonedmnbpunnsaumMoHHOro nMnynbca, cogepxatliee
NCTOYHMK NUTaHWSA, CHAOXXEHHBIN CPeACTBOM KOHTPOIS BbIpaboTaHHOW 3NEKTPUYECKON SHEpPruun,
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N NepBOM N BTOPOKM TOKOBbIMU LUMHAMM, MOAKMAOYEHHYIO NapanfienbHo eMy Lenb NUTaHus,
06pa3oBaHHY0 EMKOCTHBIM HaKOMUTENEM 3HEPTM, NEPBLIN BbIBOA KOTOPOrO COEAUHEH C MEPBOWA
TOKOBOW LUMHOW, a BTOPOW BbIBO, COEANHEH CO BTOPON TOKOBOM LLMHOW, TepaneBTUYECKYO Lenb,
COCTOSILLLYI0, MO MEHbLUEN Mepe, U3 NEPBOro U BTOPOro paboumx aneKkTpoaoB, CHAabXEHHbIX
nepBoW N BTOPOK TepaneBTU4YECKUMUN LUIMHAMM COOTBETCTBEHHO, MHAYKTUBHOIO HaKONUTEnNs
3HEeprum, BKNIOYEHHOIo nocneaoBaTesibHO B LieMNb OAHOM N3 TepaneBTUYECKNX LLUWH, a Takxke
avon, nNepBbln KoY, Pe3aUCTUBHbIA AaTYMK TOKa U BNOK ynpaBneHusl, CBA3aHHbIA CO CPeaCTBOM
KOHTPOSS BbipabOTaHHOWM 3NEKTPUYECKON SHEPIUM UCTOYHMKA NMUTAHUS U NEPBLIM KIHOYOM,
oTnMyarLleecsl TeM, YTO OHO AOMNONHUTENBHO CHAGXeHO, MO MeHbLUen Mepe, BTOPbLIM, TPETbUM U
YeTBEPTLIM KMoYaMU, SMEKTPUYECKN CBA3AHHBbIMK C BITOKOM ynpaBrieHus 1, Mo MeHbLLEN Mepe,
BTOPbIM, TPETbMM N YETBEPTLIM ANOAaMu, NMPU 3TOM BbIXOL, NEPBOro KNoYa COeAnHEH C NepBOm
TOKOBOW LLUMHOW, BXO4 NEPBOro Kro4va COeANHEH C BbIXOAOM BTOPOro Krto4va, BXo4 BTOPOro
Kntova coeiMHEH C BTOPOM TOKOBOW LUMHOW, BbIXOA TPETHEro KItoya COeAMHEH C NepBOil TOKOBOM
LLIMHOW, BXO4 TPETLErO Krtova CoOeauHEH C BbIXOAOM YETBEPTOro Kro4a, BXOA4 KOTOPOro
COENHEH CO BTOPOW TOKOBOW LLUMHOW, NPUYEM NEPBbIN KoY LLYHTUPOBAH NepBbIM UOA0M,
BTOPOW KItoY LUYHTUPOBaH BTOPbIM AMOAOM, TPETUIN KoY LLYHTUPOBAH TPETbUM ANOOO0M,
YeTBEpPTbIN KoY WWYHTMPOBaAH YeTBEPTLIM ANOOO0OM, a NepBasi TepaneBTUYeCcKas LUMHA CBsi3aHa C
BXOZOM MepPBOro Kroya 1 BbIXOAOM BTOPOro Krto4a, BTopas TepaneBTUYeckas LUnMHa cBA3aHa C
BXOLOM TPETLErO KIkoya U BbIXOLOM HYETBEPTOro Knko4a, npy 3TOM pPe3UCTUBHbBI 4aTYMK TOKa
BKIOYEH MocnefoBaTesibHO MeEXAy BTOPbIM BbIBOAOM €MKOCTHOMO HaKOMUTENS! 3HEPTUN U
BXOLOM YEeTBEPTOro Kniova 1 coeanHeH Yepe3 aHanoro-umdpoBon npeobpasoBaTtenb ¢ Gr10KOM
ynpaBrneHus.
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