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Annomauus. IIpeonoxena UHHOBAUUOHHAS MEXHOL02US,00eCHeUUBAIOWAT CINAOUNU3AUUI KITUHUMECKU 3HAYUMDIX NApa-
Mempos umMnynvca 0na ueneti Oepubpunnauuu u kapouosepcuu. O60CHO8AHA B03MONHOCb NPAKMULECKO20 UCHOTIb30OBAHUS KIUHUYe-
CKU nepchekmueHoll 60cxo0suelt hopmuvt UMnynbCa.

Mamepuanvt u memodvt, pesynomamot. Paccmompena mexHono2us ynpassieHus sHepeueli paspaoa npu Gopmuposanuu um-
nynvca 0euOPUNNTYUL C UCHONLIOBAHUEM NEPEKTIIOUAEMO20 EMKOCHIHO20 HAKONUmMens sHepeuu. TexHonozus no3eonsen MUHUMUIUPO-
8amb HAKONIEHHYI0 IHEP2UI0 U CHOPMUPOBAIDL UMNYIILE MPebyemoti POPMbL C 803MONHOCHIDIO OUHAMUHECKOTL KOPPEKMUPOBKU CKOPO-
cmu paspsaoa 6 10601 MOMEHMN 6PeMeHU, OIS Hez0 MHOZOKPAMHO HEePeKIOam KOHOEHCAmOopbl HAKONUMensa IHepeUuU 6 Xxo0e pa3paoa
U3 NApanenvHoz0 coeduHeHUs 6 nocnedosamenvHoe coedurerue u Haobopom. Pesynomam — noeviuterue sdexmusHocmu u besonac-
Hocmu Oepubpunnayuu.

3axmwouenue. IJocmueHymo cyusecteenHoe CHUMNEHUE NOMPeOHOCMI 8 HAKONIEHHOU dHepeuu 018 OepuOpUnAUULY, a max
JHe B03MONCHOCHD OUHAMUHECKOU CIAOUNUSAUUY KIUHUYECKY 3HAYUMbIX NAPAMEMPOS UMNYIbCA 8 X00e 8030elicmeus Ha nauu-
enma.Bredperie npednazaemoti MexHOL02UL MONEN CYU4ECIBEHHO CHUSUMD 3A6UCUMOCIID MEOULUHCKUX yUPesOeH Uil om npoussoou-
mesieil UMnOPMHOLL MexXHUKU.

Kmiouesbre cnoBa: nedubpwuranms, Kapanosepcust, 3QpQexTMBHOCTD 1 6e3011aCHOCTD AehUOPIUIALINMN, YIIpaBICHIE IHEP-
THelt pa3psAna eMKOCTHOTO HakomuTerts, GopMupoBanme nMITyIbca s AeuOpUUIALMY, BBICOKOBOBTHBIN MOXY/D A7 Aedubpn-
sy, popma umIyibea i gepuopuuLImm.

Abstract. An innovative technology is proposed to stabilize the clinically significant impulse parameters for defibrillation and
cardioversion purposes. The possibility of practical use of a clinically promising ascending ramp biphasic waveform has been substantiated.

Materials and methods, results. The technology of control of the discharge energy during the formation of a defibrillation pulse
using a switched capacitive energy storage is considered. The technology allows minimizing the accumulated energy and forming a pulse
of the required shape with the possibility of dynamically adjusting the discharge rate at any time. Why repeatedly switch the capacitors of
the energy storage device during the discharge from a parallel connection to a serial connection and vice versa. The result is improved
efficacy and safety defibrillation.

Conclusion. A significant reduction in the need for stored energy for defibrillation has been achieved, as well as the possibility
of dynamically stabilizing clinically significant impulse parameters during exposure to a patient. The introduction of the proposed tech-
nology can significantly reduce the dependence of medical institutions on manufacturers of imported equipment.

Key words: defibrillation, cardioversion, efficacy and safety of defibrillation, control of the discharge energy of a capacitive
drive, formation of a pulse for defibrillation, a high-voltage module for defibrillation, a form of pulse for defibrillation.

Beemenne. MHOXeCTBO 4e/OBEYECKMX >KM3HEI IIPEPHIBAETCA OT BHE3AMHbIX (GUOPWILALMIL XKeTyJo4KOB
cepyLia MM TIpefiCepAiuii, BBI3bIBAIOILIX OCTAHOBKY KpOBOOOpallleH!sA. B 60/IbIIMHCTBE CITy4aeB BOCCTAHOBUTb CUHYCO-
BBIIl PUTM CepJiLia MOXKHO TOJIKO € TIoMoIIbI0 AehubpusaTopa. TexHomorns ynpasaeHns paspsagom geubpunnaropa
IpudpOpMUPOBAHNM UMITY/IbCA ABIACTCA BaKHBIM 3BEHOM B L[ETIOYKEe MEPOIIPUATHIA, ONPeNe/AIOMIX ycreX Aedubpu-
nAUUUK Kapauosepcuu. Bo BTopoit monosuHe nportoro Beka B CCCP 6bI1 ocyliecTBIEH IPOPHIB B PeaHNMATOTOTHN
3a cu€T co3gaHusA TexHonornu AepubpuUIALMM 6upasHBIM aCCUMETPUYHBIM KBa3UCHHYCOUNAIBHBIM VMILY/IbCOM, M3-
BECTHBIM Kak MMIynbc ['ypBuda-BennHa. 3a BrIaoIecs KTMHIYIECKMe TOCTIDKEHNU KOMIEKTUB pa3paboTunkos B 1970

Bbinyck #2, 2019



COBPEMEHHAA HAYKA W MHHOBALIWK

rofy 6b11 ynocroer ocymapcrsennoit mpemuy CCCPB o6/macTu TeXHUKY 3a MPeAIoKeHNe, pa3paboTKy M BHEAPEHUE B
MEIVLMHCKYI0 MPAKTUKY 3€KTPOMMITY/IbCHOI Tepamlmu CepfieYHBIX apuTMmil. TIiaTelbHO BhIBepeHHas dopma UM-
nynabca 6blIa BHECEHA B OTPac/ieBolt cTaHnapT MuHuctepcrBa Mepuumackoit npomsiiteHHoct CCCP (em. OCT64-1-
116-74. Depubpumnaropsr. Obume Texundeckue yenosus). Jebpubpunnsaropst ¢ mmiynscom ['ypsuda-Bennnanponsso-
mynuch He Tombko B CCCP, Ho u B fpyrux crpanax CIB. Takue gedubpmiiatops! npekpaiany GpuOpmuIALmio xemny-
TOYKOB CepAilla HaMMEHBIIMMI 3HaYeHUAMY TOKA, UTO MO3BOJIA/IO CHU3UTh HETATMBHbIC MOCTEACTBYA /I MallMeHTa.
ObecneunBamach 6/m3kasn k 100% s dexkTMBHOCTD fedUOPIILIALIMY C OTAaBaeMoit sHeprueil He 6osee 200 IcormacHo
maHHBIM yOaukanmm [1].

Tonbko ciycrsa gecatunetv, cosganHas B CCCP 6mdasHasn TeXHONOrNA, Hadana BHEAPATHCS 10 BCEMY MUPY,
HOPOIt B MCKaXXEHHOM Bupe. IIpy 3TOM cTasla JOMUHMPOBATh TEHACHUMACHIDKEHNA MacChl epUOPUUIATOPOB, AL 4eT0
KOHCTPYKTOPBI OBUIN BHIHY)XIEHBI MTOVTU Ha KOMITPOMICC MeXIY KITMHUYIECKOIT 3 PeKTUBHOCTBIO 1 Maccoit fedpubpu-
naropa. s sTOro MpMMeHIIUIOBOIBHO IPOCTO Cr1ocob GpopMMUpoBaHMA MMIY/Ibca. VI3 ecTeCTBEHHOTO paspsAna KOH-
HeHcaTopa ObLI MoTydeH OudasHbIN TpaleleMIaIbHbI MMIY/IbC CO CHafaoILeil aMmmTynoit. HemocTaTok Takoro pe-
IIeHNs OYeBUIEH — 3aBUCUMOCTb (POPMBI M aMIUTUTY/bI MMITY/IbCa OT IIapaMeTpoB naiyeHTa. Ho 1 mpy Takux KoMIpo-
MMCCax COBpeMeHHbIE TPaHCTOPaKaIbHbIe AehMOPU/IIATOPHI ABIAIOTCA JOCTATOYHO TAKETBIMUM TPOMO3IKIMMU YCTPOIt-
CTBaMIL

Hecmorps Ha pocT mpousBoauTeneit nepuOpuaIaATOpos o BCeMY MUPY, BOT e MHOTO JIET OTCYTCTBYIOT IPO-
PBIBBI B MHXXECHEPHBIX TEXHOTOTHAX YIPABICHUA Pa3psfioM C LieNbio GopMUPOBAHMAKIMHNYECKN ONITHMATbHON (POPMBI
TepuOpumIMpyomux UMITynIbcoB.CIoXUICA cBOeoOpasHbIii KOHCEHCYC B TOM, YTO,C OJHOI CTOPOHBI, COBPEMEHHbIE
6udasubie epuOpUIIATOPH MOTYT OBITH 3¢ (EKTUBHBL, HO 0ameKo He 60 6cexknunuueckux cumyauusx. C Ipyroii cro-
POHBI, HECTIO>)KHO MOOUTBCA COOTBETCTBUA TaKUX epUOPUUIATOPOB COBPEMEHHBIM CTaHAAPTaM, B KOTOPBIX OTCYT-
CTBYIOT TpeboBaHMA K popMe MMITy/Ibca st fepuOpmuiaLum.

O6DBEMBI TPOU3BOACTBA M MPUOBIIN PN PUATUI-USTOTOBUTENEN NepUOPUIIATOPOBC KaXKBIM FOIOM PacTyT.
OHM caMOCTOATENBHO CO3MIAI0T MHXKeHepHblepelleHnA A fAedpubpumnatopo.IIpy sToM BOIIPOCH ONTUMU3ALUYA KOH-
KPETHBIX BUIOB MEULIMHCKOI TEXHUKN MPEAIPUATUA-M3TOTOBUTE/M PEILAIOT MCXOAA 13 OLIEHKU S5KOHOMUYECKOIT Iie-
necoobpasHOCTH, MOPOIT B yiliepb MHTepecaM MalMeHTOB.

CrocobsiynpaBneHus paspsafoM feubpumiiiaropa ajis obecrnedeHns ahpeKTUBHOCT U 6e30IacHOCTH Aedu-
OpWIIALMM U METOAUKM OIpele/ieHNA 3asABJIeHHbIX IapaMeTPOB MMITY/IbCHOTO BO3[IEVICTBYA MPUMCIBITAHUAX Hedu-
OpUIIATOPOB, C y4€TOM BO3MOYKHOTO MHOTOOOPa3ys KIMHNIECKIX CUTYALMIl, KaK ITPaBIU/IO,He IPOXOAAT METPOJIOTHYE-
CKYIO 9KCIIepTH3Y.

B nacrosmee Bpems B Poccuiickyio @epepaunio gedubpumnaropsivaccoBo BBosstcsa us CIIA, l'epmannu u
apyrux cTpaH. [Ipu sToM, fake MydIlne MMIOPTUPYeMble MOfienN fepUOPUIIATOPOB 06€CIeUNBAIOT YCIOBHOE COXpa-
HeHMe GOPMBI UMITy/IbCa A/ HepuOpuIIALM TPV U3MEHEHUM TPAHCTOPAKAIbHOTO CONPOTUBIICHN MAlMeHTA.

Metopns! u MatepuansL. TpeGoBaHNA MEKXYHAPORHBIX CTAHAAPTOB, PEKOMEHIANNNPE3Y/TbTATHI KIIIHITYe-
CKUX uccnegoBanniimo sdpdexrnsuocTn fepnépunnaTopos. JedpuOpuisaTopsl ABIAOTCA ClIACATELHBIMY PeaHMA-
LIMOHHBIMMU YCTPOVICTBAMM, HE BBAB/ICHHbIE 0COOEHHOCTY KOTOPBIX MOTYT IIPUBECTH K CMEPTH MALMEeHTa BO BpeMs IIpo-
BefleHMsA peaHMMauuy. B crydae ycnemHoit aeu6puisnmy BO3MOXKHBI HM3KME MOKa3aTelu MOCIeyolell BEDKIBae-
MOCTY MALMEHTOB WM MOBPEXICHNA CepALa, TPebyolIMe [UIMTETbHOTO M JOPOTOCTOSAIIETO TeUeHN.

VH>XeHepHBIM MTOAXOOMIIOBbILICHNA 3P PeKTUBHOCTY AepUO pUIALMK ABACTCA COBEPLUICHCTBOBAHME TEXHO-
JIOTMY YTIPaBJICHUs paspARoM Ipu GOPMUPOBAHMMUIIAPAMETPOB MMITY/IbCa, HAIIPABJICHHOI Ha ycTpaHeHMe ubpums-
LM M BOCCTAHOBJ/ICHUE CHHYCOBOTO PUTMa CEpAlia NPV MEHbIIei SHEPIUN paspsAna, 6e3 CHIDKEHUs COKPaTUTETbHOI
GYHKLMM M 9/TeKTPUYECKON cTabunbHOCTM MMOKapha [1-4]. B coBpeMeHHBIX medubpmIATOpax MMITY/IbC ANd Aedu-
OpumnALy GopMMUpyeTCcs MCXOAA U3 MPEABAPUTENbHO HAKOIICHHON SHEpTMM Ha KOHJieHcaTope (KOHAeHCaTopax), Ipu
3TOM TEXHOJIOTMA YIIPABICHUA Pas3pANOM JO/DKHA Peal30BaTh MEXaHU3M IO MOJfiep>KaHnio GOPMBI MMITY/IbCa C JTU-
TENbHOCTDBIO, COOTBETCTBYIOILEI ONITUMATbHOMY BpeMEHM BO3JECTBUA Ha CepyLie.

Bnpunarom HegaBHOCTaHAapTe [5] JaHHBIE MOMIPEAIOYTUTEIbHOI OPMe UMITY/IbCAOTCYTCTBYIOT. B cTanmapre-
yKasaHo, 4T0 3 QeKTUBHOCTh Pa3HbIX (opM MMIynbca pasnndHa; oTMedeHa 6onbiuas a¢¢deKTUBHOCTD Bebubpus-
1yuc 61dasHBIMU UMITYTIbCAMMU TI0 CPaBHEeHMIO ¢ MOHO(asHbIMU. OffHaKO, He Bce 6udasHbIe HOPMBI UMITY/IbCA IPEBOC-
xonaT 1o apdexTuBHOCTN OfHODA3HbIe. B mybnukanym [3] HOATBEP>KAEHO,49TO /I HOCTIKEHUATIONOXXKUTENBHOTO 3¢-
¢exta 6udasHoit HedudpUIIALMM aMIUIUTYAA BTOPOIT (assl JODKHA COCTaBIATh 50-60% OT aMIUIUTY/BI IePBOIT Bassl.
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Ha sT0 cooTHOLIEHME HE HO/DKHO BIUATH M3MEHEHME TPAHCTOPAKATbHOTO COIPOTUB/ICHNSA MallMeHTa. BribpanHas ome-
paTopoM 3Hepruu JoJ/DKHA 3ajjaBaThcs B JKOYNAX Ha conpoTusieHny Harpysku 50 Om. MakcuManbHOe 3HaYeHME BbI-
OpaHHOIT SHepTMM He NO/DKHO MpeBbiath 360 k. OTgaBaeMas sHeprus NpU APYTUX COMPOTUBICHUAX HArpysku: 25,
75, 100, 125. 150, 175 OM MO>eT OTIMYaThbCsA OT BBIOPAHHOTO 3HAYEHs, HO 3HaYeHNe e€ O/DKHO OBITh HOPMIPOBAHO
IJ151 K&KJIOTO M3 3HAYEHMI CONPOTUB/IEHNs HATPy3Ku. 3HaYeHMA OT/JaBaeMoll SHEPTUM Ha APYTUX COIPOTUBIEHUAX, BXO-
oAmMX B MHTepBaa oT 25 go 175 Om, a Taxke BUJ KpUBONM M3MEHEHUA 3HEPTUM IPU U3MEHEHMM COMPOTUBICHUA
HarpysKyu He HOpMUPYIOTCS.

MHoro4McIeHHBIE UCCTIENOBAHNA TTOKa3a/IM, YTO HAHOCHMMBIE MOBPEXX/EHN MALMEHTy B Ipolecce nedpubpu-
TALUM3ABUCAT OT HOPMBI UMITY/IbCOB U MX sHepryu. Hanbonmpumii Bpeq MalyeHTy HaHOCAT UMITY/IbChI C SHEPTUsAMHU 60-
nee 200 Ix [9].

B pykoBopcTBax AMepUKaHCKON KapAMOIOTMY€eCKON acCoLMalluM 110 CEPAeYHO-/IETOYHO peaHUMal iy 1 HEOT-
JIOXKHOIT cepiedHo-cocynuctoit nomomu (CM. 4acTb 6. DMeKTpudecKas Tepanys: aBTOMaTHYecK1e BHEIIHMe Aeuopu-
JATOPSL, AepUOPUILIALMA, KAPAUOBEPCUA M CTUMY/IALIUSA) OTMEYAETCA,YTO NPU AeUOPUIIALMN HOPMUPYETC SHEPIUA
UMIIY/IbCA, a JECTBYIOIMMY TapaMeTPaMUABIAIOTCA TOK U J/IMTENbHOCTD €ro Bo3fielicTBuA.VIcronb3yeMble METOOVKI
HepuOpUIIALNY JOMKHBI He IPOCTO JOCTUTATh OXKuAaeMoro addexrta, HO 1 obecrednBaTh BBKMBAEMOCTb MAL[IEHTOB
HoCTIe ee TIpoBefeHus. IIMKOBbIe aMIIUTYIBI TOKA, €T0 CpefHee3HaueH e, J/IUTENbHOCTD (ha3 MMITY/IbCa ¥ COOTHOILEHNEe
TOKOB TI0 (pa3aM HO/DKHBI PacCMAaTpPUBATHCA KaK OCHOBHbIE TTApaMeTpHl, onpefersoue 3¢GeKTMBHOCTb Repudpums-
. MakcuMmanbHoe3HadeHMe ToKa Wi gedu6 puusanuy, no suaumomy 30-40 A, yctaHaBnuBaercsa 6e3 MPUBA3KM K CO-
MPOTHUB/ICHUIO MALMeHTa. B TO Jke BpeMs, KIMHIYecKoe 3HaueH1e (POPMBI IMITY/IbCa OCTAETCs HeolpeielleHHbIM (YPOBHM
nmokasaTenbcTia Kinace IIb, LOE C).

B cranpapre [5]ykasaHo, 4TO COMpOTHUB/ICHNE MAL[ICHTa MEHACTCSA, @ BBICOKME BBIXOJHbIE TOKU MOTYT BbI3BATh
HeoOpaTyMble U3MEHEHMA MMOKapJia, TO UX CIydYalfHOe MCIONIb30BaHMe HO/DKHO OBITh MpefoTpamieHo. [IpenenbHbIit
ypOBEHb TOKa CTAHAAPTOM He YCTAaHOBJIEH. TeM He MeHee, TpeOOBaHMA OJHO3HAUYHO 00A3bIBAIOT IPOU3BOAUTENEN edu-
OpUIIATOPOB UCIIONb30BaTh TEXHOIOTMM OTPaHMYEHNA TOKA Ha YPOBHE, YKa3aHHOM B JOKYMEHTALIMM Ha KOHKPETHYIO
Mopenb gedpubpumiATopa. IIpy 3ToM UCHBITAHUAMM FO/DKHO OBITH TOATBEPKACHO, YTO MPU YBETNYEHUN OMEPaTOpPOM
BBIOPaHHOI 9HEPTUY, OCTAB/IAeMAas MALMECHTY SHEPTH JO/DKHA TaK JKe YBeIMIMBaThCA.

OrpaHudeHe TOKa BO3MOXKHO 03 JMHAMIYeCKOll KOPPEKTUPOBKY (OPMbI MMITY/IbCa B XOfie paspsfia, KOraa
CONPOTUBJIEHME MALIMEHTA IPOTHO3MUPYETCA 10 MOMEHTA Havyasa 3apsAja HakonuTend sHepruu. Ha ocHoBaHMM nomy4eH-
HOTO IIPOTHO3a HAKOMMTEIb SHEPTUM 3aPsKAETCA [0 COOTBETCTBYIOIIETO 3a/laHHON 3HepTuy HanpsikeHusa. Orpanude-
HME TOKa BO3MOXKHO3a CUET JUHAMUYECKON KOPPEKTHPOBKM (HOPMBI MMITY/IbCa B XOZ€ paspsAfa IpU KOHTPOJIE TOKA B
Leny MalMeHTa.

[IpennoYTUTENbHBIMY ABIAIOTCA TEXHOIOTMH C IUHAMUYECKOI KOPPEKTUPOBKOI (POPMBI MMITY/IbCA B XOJE Pas-
psAfa mpu Hem3aMeHHOI (ONTUMATBHOI) ITUTETbHOCTY epuOpUINPYIOIIETO UMITY/IbCa, TaK KaK Kome6aHMs COMPOTHB-
JIEHNs B LeNM NalMeHTa npesbimaoT 20%, a JaHHbIE [0 PaspAJHOTo MPOrHO3a MOTYT NMOTEPATh aKTya/IbHOCTb, HAllpU-
Mep, BCIEACTBYUE JbIXaHNA MAallMEHTa, CABUIA 37IEKTPOIOB MM M3MEHEHUA YCWINA UX MPIDKMMA K TPy MalyeHTa 1
npo4nx (HaKTOpoOB.

BudasHasn TeXHOMOTHA UCIIOb3yeT MEHbIIIE SHEPTUY, Y4eM MOHO(Da3HAs Y TO3BOJIAET JOCTUYD OobIeit addek-
TuBHOCTH Hedubpumnauun.Hanbonpias fonA yCHeUHBIX PUMeHeHNIT AedU6pUIIATOPOB, COITTACHO MHOTOYMCIIEH-
HBIM MCCTIeOBAHNAM, IPUXOAUTCA Ha IIUTEIbHOCTD TEPBOIf a3kl OKOIO 5 MC /IS MMITY/TbCOB TPAAMUILVIOHHBIX GOPM.
CpenHee 3HaYeHMEe CONIPOTUBIIEHNA B3pocnoro nanueHTa 70-80 OM, a BO3SMOYKHBIN MHTEpBal CONPOTUBIEHUAOT 16 10
200 Om. VingyBuUAyambHbIe 0OCOOCHHOCTM TALMEeHTa, HeMMHEITHOe M3MEHEHNEETO CONPOTUBICHNUA NIPK paspsfie Hpen-
CTaB/IAIOT NPOOIEMBI /1A ONTUMM3ALVY AeUOPU/LUTMPYIOIIEro MMITY/Ibca B COBPEMEHHBIX KOMITAaKTHBIX JiepuO puIs-
ropax.IIpo6meMa onTUMM3aLMY UMITYIIbCA OCTIOXKHSAETCA TEM, YTO KaXKABIN Caydail neubpumnanum nMeeT cBoit Habop
0COOEHHOCTEl, CBA3aHHBIX C AMHAMMKOI M3MEeHEeHMUs VHAMBUIYATbHOTO COCTOSHMA MAllMeHTa,KOTOPOE TIOBTOPHOBOC-
MpPOU3BECTUHEBO3MOXKHO.B CBA3M € 3TUM, MPEANIOYTUTENbHBIM METOIOM OTpefieNieHusA 3(PEeKTUBHOCTY UMITY/TbCOB AB-
JIAIOTCS PE3YIbTAThl KIMHUIECKUX UCCTIEJOBAHNIT TIOBMMAHNIO (POPMBI MMITY/IbCA Ha TOPOT AeUOPUIIALNYI U YPOBEHb
MOBPEXIEHNIT HAHOCUMBIX ITALIMEHTY.

SddexTuBHOCTS MMITYIbCA A TepUOPUIIALMM MOKHO 00eCTIednTh 3a CY€T QYHKUMM SUHAMMUIECKOTO PEry-
nuposaHusA ero GpopmbL.IIpy aTOM napaMerpsl, CBA3aHHbIE C TOKOM B LI€TIM MAIMEHTA,JO/DKHBI KOHTPOJIMPOBAThCSA B XOfe
paspsa ¢ BO3MO>KHOCTBIO [MHAMIYECKOIT KOPPEKTUPOBKY (POPMBI MMITy/Ibca. B coBpeMeHHBIX medpuOpumiaTopax, nMe-
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IOIIX MaKCHMaIbHOE HAIpsDKeHMe éMKOCTHOTOHAKOIMTEILS 9HEPTUH OKO/IO 2 KB, MCIOIb3yeTcs TeXHOMOTNA yBede-
HVA JJINTE/IbHOCTY MMITY/IbCA CBEPX ONTUMAIBHOrO 3HaueHNs. Takoil MOXO/,HallpaB/IeHHBIHA JOCTIDKEHNE YPOBHSA
THOI/IOLIAEMOIT OPTaHM3MOM MALMEeHTa SHEPIUH 4O 3aIaHHbIX B JOKYMEHTALMY 3HAYeHNIL, He FaéT xemaeMoit addexTus-
HOCTM VMMITY/IbCa, XOTA (hOpManbHas CTOpPOHA fiefa cobmofeHa. IIpremmeMslit 1 RepuOPHWIIALMM TOK /I «BBICOKO-
OMHBIX» ALMEHTOB MOXXHO 00€eCIIeYnTh TONBKO 60/Iee BHICOKMM HANPSDKEHNEM 3apsfia HAKOTIMTE I SHEPIUM.

YBenuueHne HalpsHKEHUA HAKOMIUTE/IS SHEPIMU I TomydeHnsa 6onblueil addexTuHOCTN Hedubpumiaropa
HPUBOMUT K Pe3KOMY CKa4Ky ero ce6eCTOMMOCTH, YTO He BHITOAHO Mponssoputensim.Ha MexpyHapogHOM phIHKe fedu-
OpWUIATOPOB IPYUCYTCTBYETMHOXKECTBO MOJIe/Ielt C pasIM4HbIMY (popmamyt 1BYX(asHbIX CUTHAIOB AT Kepubpmwuiaim
U pa3/IMIHBIMI SHEPTUAMU MMITY/Ibca.B pexmaMHbIX MaTepuaaax Ha fenOPMIIATOPSI, KaK IPaBUiIo, IOAPOGHO pac-
KpPBIBAIOTCSA JIMIIb [OMOIHUTE/IbHbIE (PYHKIMM, HAPYUMEP, OTPAXKAMOIIVe KOMMYHUKALIMOHHbBIE BO3MOXKHOCTH U BO3-
MO>XXHOCTY KOHTPOJIA (PUSMOTOrMYeCKUX IIApaMeTpOB IALMEeHTa, HO HeJOCTATOYHO NpecTaBIeHa nH(OpMAaLus o mapa-
MeTpax MMITy/Ibca i feMOpMIIALNY, a TAKXKEO TEXHOMTOTUM, 00ecIedNBaIOLIEl 3aAB/IeHHbIE TAPAMETPBI YIIPABICHUA
paspAmoM.

[TosBnenue 6udasHol KepUOPUIIALUM BOBIEK/IO B PHIHOK OTPOMHOE 4MC/IO TIPOM3BOAMTENEN MEIULHCKON
TEXHUKM, TaK KaK eé MPeMMyIecTBO [0 OTHOLIEHNI0 KMOHO(pasHOI Aedpubpuuanuy 65010 opULHaTbHO IPU3HAHO.
KoMMyHMKaLMOHHbBIE BOSMOXXHOCTH 16O PUIIATOPOB HEIIPEPbIBHO COBEPIIEHCTBYIOTCS, TIOAB/IAIOTCA MOZIE/N, IIPENy-
CMaTpMBAIOLINe B3aUMOJIENCTBIE C ONIePaTOPOM MOCPEACTBOM FOMOCOBBIX COOOLIEHMIT, CTaTO 06A3aTeIbHbIM HaIM4ue
(byHKUMY aBTOMATUIECKOTO PAaclio3HaBaHUsA PUTMOB cepaLa. HeManoBaXHbIM SAB/Is€TCA BBIIOTHEHIE TpebOBaHMIT 110
MUHUMM3ALUY MacChl ¥ TabapyuTOB [/I1 COBPEeMEHHBIX Mofeelt feyOpuusTopos.

Omnupasch Ha CBOM MAapKeTHHIOBbIE BO3MO)KHOCTH U KaHa/IbI COBITA, KPYIIHBIE IPOM3BOANTEMN AeUOPHIATO-
POB, KaK IIPaBUIIO, YAE/IAI0T BHUMAHIE JIMIIb BCIIOMOTAaTeNbHBIM (PYHKLMAM 1ehuOpUIIATOPOB, Ha KOTOpBIE U 06pa-
IAIOT BHIMaHIe MOTEeHIMa/IbHble IOKyIaTenn. B To e Bpems, popma, ImMTeIbHOCTD MMITY/IbCa, MaKCUMa/IbHAs aMIUIN-
Ty TOKa ¥ €T0 CPeHee 3HaUeHMe /IS TTALMEHTOB C BBICOKMM CONPOTUBIIEHNEM OKa3bIBAIOT CYILeCTBEHHOE B/IVAHME Ha
pesynbTaT KepuOpUIIALIMN ¥ YPOBEHb HAHOCKMBIX 37IEKTPUIECKUMIU BO3[EMCTBUAMY MALMEHTY IOBPeXAeHNIT. AHAIN3
Ha 6MOXMMMYeCKMe MapKephl paspyLieHNs KIeTOK MIOKap/ia IOATBepIKAaeT Haldue IOBPeXKAEHMIT KIETOK Cep/La I0-
cre paspsga gepubpunasaTopa ¢ sHeprueit 6oee 150 Ik 11 MMITY/IbCOB TPaguLMOHHBIX opm [3, 4, 7]. Knnanveckn
HOATBEPXKAEHO, YTO MALMEHTHI, KOTOPBIE IIOTYIMIn 60/ee BBICOKOIHEPIeTUYECKIUIT paspsi OT AepuOpuUIsTOpa, UMEI0T
60rtee [INTENbHBII TIEPUOJ, BOCCTAHOB/ICHN COKPATUTEIBHON (QYHKIMY CEepALa U KMBYT MEHbIIIe, YeM ITALMEHTHI, T10-
Jly4uBIIVe MEHBINYIO SHepruio paspsaza [9, 10]. K coxxanenuo, cnabbie gedpubpuwumpyolive paspsibl ¢ TpaguLMOH-
HbeIMM pOpMaMM MMITY/IbCa He Bcerna obecrneunBaioT a¢ ekt gepubpuianmum, a ecnu 1 06eCrnednBaoT, TO y HalMeHTa
MOYXeT BO3HUKHYTb IIOTPeOHOCTD B TOBTOPHOAeMOpysiium [9].

AHaus cOBpeMeHHBIX UCCIef0BaHMIl B 06macTu 3hHeKTMBHOCTI MMITY/IbCOB A1 RepUOPM/UIALIM U pEKOMEH-
HaLuit TOKasbIBaeT, YTO pe3ynpTarsl mpoBenéHubix B CCCPuccieoBaHmii 1 MpeiosKeHHble TIPYHLNIIEL JedyOpuis-
LMY TI0-IIPeXXHEMY OCTAIOTCA BeCbMa aKTyanbHbiMu [11].

ITo pesynpraTaM MHOTOETHMX MCCIIeROBaHMiA [1-4, 6-10]MOXKHO Cfie/IaTh BBIBOJ, YTO A/ MALMEHTOB JKeIaTeIbHO
obecrreunts s dexTuBHyOIeHMOPUITALIMIO C SHeprieit uMiIy/bca go 200 k. IIpu 9ToM MakCMMaIbHOE HATIPSDKEHNME B LIETN
TALIEHTA C BBICOKMM 3Ha4eHMeM TPAHCTOPAKTbHOTO COPOTUB/IEHNS IO/DKHO ObITh He MeHee 2500 B.

Pesynbrarsi. Tekymiee COCTOSIHNME TEXHOTOTMN YIPABICHNS SHEPrueil paspsAana eMKOCTHOIO HAKONMNITEIS
sHeprum. OCHOBHBIMU TEXHUYECKMMMU HE[OCTATKAMU COBPEMEHHBIX TPAHCTOPAKATIbHBIX AeuOpIIIATOPOB AB/IAETCA
TO, YTO €eMKOCTHOJ HAKOIINTE/Ib SHEPTUM AUl pUUILITOpa MEET CyLeCTBEHHbIE Pa3MepBI, a Ha €r0 3apsz yXOAUT MHOTO
BpeMEHM U PacxXomyeTcs 3HadMTe/IbHasA sHeprus 6atapen muraHus. OFHOBPEMEHHO CYIIeCTBYeT MOTPEOHOCTD yIydlle-
HYsA (OPMBI MMITY/IbCA B IIpefieax ONTUMAIbHOM A/t feyOpIULSLNI J/INTE/IBHOCTH, A1 Y€r0 MOoTpe6yeTcs JOIOTHN-
Te/IbHAsA HAKOIUIeHHas 9Heprus. KiMHM4eckn sHaYMMBble apaMeTpbl MMITY/IbCOB AeuOpIWUISLINY SO HACTOSIILETO Bpe-
MeHU OBUIH pe3y/IbTaTaMi KOMITpoMImcca Mexay 3¢ ¢eKTHBHOCTBIO fednOpM/UIATOpPa M MAaCCOIt, BeTMYMHOI OTpebIs-
€eMOi1 9HepINH, a TAKKe ero CTOMMOCTbI0.IIpu aToM Macca BeuOpUIIATOpa MMeeT 3HaYeHNE /ISt BLDKMBAHMA [MALMEHTa,
TaK KaK CYMTAETCS, YTO €€ YMEeHbIIIeHMe YCKOpseT BpeMsi JOCTaBKM feuOpUIIATOpa K MALMEHTy B CUTYALMAX, KOTa
3aep)KKa B ZeCATKU CeKYH[ MOXKeT CTOUTb >KM3HI. O630p TeXHOIOINIA YIIpaB/IeHNUs PaspsfoM éMKOCTHOTO HAKOIIUTeIs
9Hepruu NpuBeAEH B pabote [14]. BO3MOXKHOCTbYBeMMUEeH IS HATIPSDKEHNA MMITY/IbCa J/Ist RepuOpwIIaLy B Lienu ma-
LMeHTa C BBICOKUM COIIPOTVBI/ICHIEM OTpaHMYeHa CTOMMOCTBIO BEICOKOBOJIBTHBIX KOMIUIEKTYIOIIMX, IO3TOMY B 60/Ib-
IIMHCTBE Moferel AepuOpU/IIATOPOB IPUXOAUTCSA JOBOIbCTBOBATHCS MAKCUMAIBHON BeIMYMHON HAIIPSDKeHNUs 10 2 KB.
OTO O3HAYAeT, YTO IALMEHTHI C MOBBIIIEHHBIM COMPOTUBIEHNEM MMEIOT MEHbIIe IIaHCOB Ha ycIex AeduOpuuianmm.
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[ToaToMy cyliecTBYeT HOTPeOHOCTb CHATD 3aBMCHMOCTD ycIexa AeuOpU/IIALNY OT 3HaYEHUS TPAHCTOPAKAIbHOTO CO-
HpOTUB/IEHMA MalyenTa. [JambHeiiee moBbimeHne 9)GeKTUBHOCTHU AeUOPUIIATOPOB C UCIOIb30BAHNEM CYLIECTBY-
IOIIMX MHXKEHEPHBIX TEXHOMIOTUI TEXHUYECKN BO3MOYXKHO, HO JI/IA 9TOTO NMOTPebYeTCs CYIIeCTBEHHOE YBeTMIeHIe SHep-
TUM, 3aI1acaeMoil B EMKOCTHOM HaKoIuTese AeuOpuIsaTopa, yCIo)KHeHe KOHCTPYKLMH, POCT CTOMMOCTH, Macchl U €T0
rabapuTos.

ITepcniexruBHbie GOpMbI UMIYIbCOB LA AedpubpumnaTopos. HanMeHbliMe MOBpeXXgeHNs HalMEHTy HAHO-
cAT 6udasHble UMIYIbCH Bocxopsieit popmer (ascendin grampbiphasic wave form) mo cpaBHeHMIO ¢ UMITyIbCaMU TeX
e sHepruii, Ho Apyrux ¢opm. TeopeTndeckue MpenckasaHUA U KIMHIYECKME MCCIEHOBAHNA MOKA3bIBAIOT, YTO VM-
My/IbChl BOCXOZsAMLIE (GOPMBI MMEIOT TaK)Ke MUHUMAaJIbHBIE OPOrK AepUOpPIIIALMY. DKCIEPUMEHTHI C BOCXOAAILEI
¢dopmoit uMIyIbca onmcaHbl B mybaukanusax [6, 7, 11]. ViconpaoBanue Takoit opmbl MMITy/ibca obecrednBaet 6omee
Ijafsllee BO3AeICTBIE Ha HEPBHO-MbILICYHYIO CUCTEMY MALMEeHTa.

B dopme ummynbca 'ypeuya-BennHa Bocxomammii y4acToK mepBoii a3kl MMITY/IbCa COCTABIIAN IPUMEPHO 2 MC.
B monorpadun [11] H. JI. I'ypsud nokasa, 4To yBeIudeHNe UINTETbHOCTH HepefHero GpoHTa UMITy/Ibca IepBoil (asbl
y TIPsAMOYTOZIbHOTO MMITYJIbCa MOBBIIIAET ero 9((eKTUBHOCTD, IIPU STOM PACIIMPAETCS JUAIa30H IOJIE3HOTO BpeMeHM
pasmpaXkeHMA ceppLa.

[TonmydyeHHBIE paHee pe3yNTbTaThl UCCIENOBAHMI 110 TIOBBILICHNUIO KIMHNYECKON 3 PeKTUBHOCTI MMITY/IbCa s
BepuOpMIIALMUITPEAIIONATalOT TMEePCIeKTUBHON pPaspabOTKy TEeXHONOTHII Ha OCHOBE MMITY/IbCOB BOCXOJAIIEI
¢OpMBL,BOCTIPOMU3BOAMOIL B AMANA30HE COMPOTUB/ICHNI ManyeHTa 25-175 Om. He peméHHble MHXeHepHbIe TPOOIeMbl
g 6ymymmx nedpubpuIIATOPOB ¢ BOCXOAAIell (OPMOIT MMITY/IbCa CYIIECTBEHHO CKa3hIBAIOTCS Ha aKTyaTbHOCTY MC-
crnepoBanuit ee appexktuBHOCTH. [TomOOHBIE MCCTIENOBaHMA MOIIU OBl MPOJODKUTD SKCIIEPUMEHTHI TIPOIIOTO BeKa C
MeJJIEHHO HapacTaloIMMI UMITy/IbcaMy, onycanHbleB MoHorpaduu H. JI. Typsuga[11].

[l coBepIlIeHCTBOBAHMA TEXHOIOTHI AepMOPU/IIALIMY HOBBIE UCCTIEJ0BAHNUA HEOOXOAMMBI, B YaCTHOCTH, UC-
CIeflOBaHUSA TI0 BAMAHUIO CKOPOCTM HapacTaHMA MMITy/Ibca TOKA Ha IOPOT AepuOPWIIALMK U TOBPEXAEHUEKIETOK
ceppua.B HacTosmIee BpeMs 65UT0 651 HEKOPPEKTHBIM COMOCTABMATS 110 3¢ dekTnBHOCTU 61dasHbie fedUOPUIATOPEI C
MOHO(]a3HbBIMI Ha OCHOBE MMITy/Ibca JaMapKa.

OmnicaHie HOBOII TEXHOTOTMN YIIPABIEHNA SHEPIeil paspana Aisa AepuOpmUIALIN 1 KapAuoBepcnu

PasButne pedpmOpmaiaTopoB ¢ OmdasHbIM MMIYIBCOM IIEPCIEKTHBHONM Bocxopsaiieit ¢opmsl (ascendin
grampbiphasicwaveform) Bo3MO>KHO, /1A Yero MpeAIaraeTcsi MHHOBALMOHHAS TEXHOTOTUAYIPABICHNA Pa3pAaoM M-
KOCTHOTO HaKOIIMTE/II SHEPIUICOCHIDKEHNEM YPOBHA HaKOIUIeHHOM 9Heprunu (cM. puc. 1). IIpu aToM MOXKHO 3ajaThb
CpefHMIT TOK B ITpefie/iax ONTHMA/IbHO [UIMTeTbHOCTI MIMITY/IbCa, KaK y Ty4IINX COBPEMEHHBIX 1epuOpumiiaTopoBc M-
My/IbCaMy TPAAULMOHHBIX popM. I/ BHepeHNA HOBOI TEXHOMOTUY HEOOXOMMBI TIOJTHOLICHHbIE KTMHIIECKIe JaHHbIe
0 CTaTMCTHYECKM 3HAYMMOM IPEBOCXOACTBE BOCXOAAIIeil (GopMbl MMMIynbca At mepubpuwmnaumn. TeopeTudeckue
HpefcKasaHuA U KIMHIYeCKMe UCCIEOBAHNUA 110 3TOMY BOIIPOCY IyOIUKYIOTCS CO BTOPOJ MOTOBUHBI MPOLIIOTO BEKa.
[TpennaraemasTexHomorusa appeKTUBHA U [UIA TPAOULMOHHBIX (POPM UMITYIbCOB; IPU 3TOM MO>KHO IIOJTYYUTh 3HaUCHNUE
MaKCUMa/IbHOI HaKOIUIEHHOIT 9Hepruu Ha 30% MeHbllle, YeM Y M3BECTHBIX MOZIe/Iell COBPEMEHHBIX NepuOpUIIATOPOB.

Tok, A
30

20

Puc. 1. IIpumep 6mudasnoro nmirynbca Bocxopsmest GopMsl chopMupOBaHHOTO
Ha MaKeTe BEICOKOBOTBLTHOTO MOJY/IA Ha Harpyske 100 Om

IIpepnaraeMas TeXHONOTMA C KpaifHe HM3KMMU TIOTEPAMMU SHEPTMM, U3B/IEKAEMONNM3 eMKOCTHOTO HAKOIMTENA
SHEPIMY, ANANTUPYETTOK paspsAfa K MOTPeOHOCTH MalLMeHTa B TF000i MOMEHT BpeMeHM GOpMUPOBaHus e 6 pUmImpyo-
1ero MMmysnbca. HanpskeHne Ha HaKOIMTeIe SHEPTUN PETYIMPYIOT B COOTBETCTBUM C IIPEAyCTaHOB/IEHHON IPOTPaMMOit,
peanusyroleil AITOPUTMBIYTIPABICHNS KOMMYTALMAMY KOH/ICHCATOPOB HAKOIIUTE/IA SHEPIMH B TIpoliecce GOpMUPOBaHMA
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umnynbca. [Ipu nomydenun naGopManmy o He JOMYCTUMOM YIS MIALIEHTa YPOBHE TOKA, IPOrPaMMa UCIIONb3YeT LOTIOT-
HUTE/IbHbIE BO3MOXKHOCTH /ISl BO3BpAaTa B ONTUMA/IbHBLI PEXXUM pas3psifa.3a CUeT pasjieleHust HalpsDKeHUsl Ha EPEKIo-
YaeMbIX KOHEHCATOPHBIX TPYIIax06ecrednBaeTCsi BOSMOXKXHOCTD IIOBBIILEHNS HAIIPSKEHNS B LieNN [IALEHTa 1O HE06XO0-
IMIMBIX 3Ha4eHMA 6€3 MOBBIIIEHNsI CTOMMOCTY BEICOKOBOJIBTHBIX y3/10B ieuOpuuiaTopa. TeXHOMOIMS UCTIONb3YEeT TEXHN-
YecKue pelieHus, samyniénnsie matentamy PO [12-14] u EBpasuiickoii 3asBKoit Ha usobpetenue [15].

[Ipu mpoBefeHNY 9KCIEPUMEHTOB CO CXEMaMU IIEPEK/IIOYEHUs] KOH/IEHCATOPOB, UCIIOIb3yeMBIX B KauyeCTBe
HAKOIUTE/Isl SHEPIMU s JepUOPUWUIATOPA, 0GHAPYXKEHO, YTO BO3MOXKHO HEpreTIecky 3P PeKTUBHO perymmpoBaTh
aAMIUIMTYZY TOKa pa3psiga éMKOCTHOTO HAKOIUTEsl SHEPIUY, BKIIOYAIOIETO B CBOEM COCTABE OJHY M/IM HECKOJIBKO KOH-
meHcaTOpHbIX rpymil. PopMyIMpoBKa «KOHAEHCATOPHASA IPYIIa» O3HAYaeT ABYXIIOMIOCHNUK, 06pa3soBaHHbII ABYMs OT-
Ie/IbHBIMM KOHIEHCATOpaMi (CM.pHC. 2) C BO3MO>KHOCTHIO IIEPEKITIOUEHN LieTleil pa3psija KOHLEHCATOPOB B TI06011 MO-
MEHT BPEMEHM U3 [TAPAUIENIBHOTO COENUHEH NS LIeTIell Paspsifa B [IOCTIEf0BaTeNbHOE CoeyHeHe U Hao6oport. CBojicTBa
KOH/IEHCATOPHO IPYIIIbI (TPYILIL) HAKOIIMTE A SHEPTUM OCHOBAHBI Ha M3BECTHBIX [IO/IOXKEHUSAX TEOPUY JIMHENHBIX 3/IEK-
TPUYECKUX LIETIeit.

+

HV o

C1| 4
/N vp2
VT MOAYNAUMA
% |
[
N vp1

c2 |4

ov

O

Puc. 2. Hakonmrenb 3HepIruy Ha JBYX NE€PEKIIOYAEMBIX KOHIEHCATOPaxX

CxeMma coeflMHEHNSA KOHJEHCATOPOB U, COOTBETCTBEHHO, IEKTPUYECKME XapaKTePUCTUKN KOHIEHCATOPHOM
TPYNIbIM3MEHAIOTCA B 3aBUCHMOCTH OT COCTOSHMA KIo4da Ha Tpansuctope VT1 (cm. puc. 2). Konpencaropnas rpynna
MO>KET OBITBIIPE/ICTABICHA B BUE SKBMBAJICHTHOTO (PaBHO3HAYHOIO) KOHAEHCATOPA C IBYMA 3HAUCHUSAMUEMKOCTU U
Hamp:sKeHMA. MHOXXeCTBO KOH/IEHCATOPHBIX TPYII TaK)Ke MOXKHO IPefCTaBUTh KaK 3KBUBAJECHTHBIN KOH/EHCATOP
CMHOYKECTBOM TIepeK/TII0YaeMbIX 3HaUeHMII eMKOCTeil M HaIpsDKeHU. DKBUBaIeHTHBIIKOHAEHCATOP OJHOM KOHJIeHca-
TOPHOVI TPYIIIBI MOXKeT 00Pa3oBbIBATh OTACTbHBIIIKOHICHCATOP [/ISA APYTOil KOHAEHCATOPHO TPYIIIIHL.

TexHomorua ynpapneHns paspAnoM €MKOCTHOTO HAKOIMTENA SHEPTUY 3aK/II0YAaeTCs B TOM, YTO TOK paspAfa
IpU M3MEHEHUM CONPOTMBIEHMA LieNN TAIMeHTa3ajaloT MOCPefCTBOMIIPOTPaMMBI, YIIPaB/AOLLel MepeKTodeHIAMN
KOHJICHCATOPOB HAKOMMTeNA dHepruu. TakuM o6pa3oM, 3afaloT KemaeMyo (GOpMY MMITY/IbCa IPYU €r0 ONTHUMAIbHOI
IIUTETBHOCTY MCTAOMIM3UPYIOT KIMHINYECKM 3HaYMMble TTapaMeTphbl MMITy/Ibca (BpeMsa HapacTaHWs M Cllafa TOKa, aM-
IUIUTY/bI TOKa (pas MMITy/IbCa M MX COOTHOIIeHNe). [I/IA yBenuueHNs CpeHero 3HaueHNs ToKa (a3 Ha BBICOKMX COIIPO-
TUBJICHUAXB LICMNM MAllMeHTa LenecooOpasHoO MPefycMOTPeTh CHIDKEHNME BpeMEHM HapacTaHuA U Clafa QPOHTOB MM-
my/bca. VIcnonb3ysa MHAYKTUBHBI HAKOIIMTE/Ib SHEPTUM B LIeIMITIALMeHTa,MO>KHO MOTy4UTh TpebyeMble 3HAUECHUA TOKa
OT YPOBH:, COOTBETCTBYIOILETO ApA/IeNILHON cXeMe paspsia KOH/IEHCATOPOB, 710 YPOBHA, COOTBETCTBYIOILETO IOCIeN0-
BaTe/NbHOI CXeMe paspsfia KOHfleHcaTopoB. CxeMa, IpefcTaB/IeHHasA Ha PUC. 2, MOXET OBITh IPYMeHEHa B JPYTUX Bapu-
aHTaX JPYTMUX CXeM, KOTOPbIe MOTYT 06eCIIeYNTD Te M/IM MHBIE BO3MOXKHOCTH TI0 PEry/TMpPOBAHMUIO ONIEPALIMOHHOTO HAMpsI-
JKeHM:A Ha eMKOCTHOM HaKoIuTese SHeprun. Tak, B MU3BECTHBIX CXeMax 3apA/a IepeKIoyaeMbIX KOHIeHCATOPOB /1A UC-
TOYHMKa IIMTAHNA Ta3epoB [16] onmcaHbl TeXHIMYECKME PeIleHNs, TO3BOAIINE U3MEHATD OllepPallIOHHOE HaMpsKeHNe
B [IBa, TPY WM YeThIpe pasa.
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Puc. 3. Hakonmrenb 3HepIuy ¢ MOCTENOBATE/IbHBIM COEIMTHEHNEM TPEX IBYXCTYIEHYAThIX CXEM
Ha TPEX K/II0YaX ¥ MeCTy KOHIEeHCaTopax

Ha puc. 3 TIpuBEACHA CXEMaA ITOC/IEA0BATE/IbPHOTO COEAMHEHUA TpéX ABYXCTYIIEHYATBIX CXEM, O6CCHC‘{I/IBaIOI.LIaH
MN3MEHECHME HAIIpsPKEHMA B IBa pasa. HporpaMMa AJ1 YIIpaB/ICHUA TaKUM HaKOIMTE/NEM SHEPIUM JO/DKHA YIYUThIBATh
MN3MEHECHME OTIEPAMOHHOTO HAalIPAXKEHMA Ha KOHAEHCATOpax C1-C6 1 usMeHeHMe TOKA paspAna 3TUX KOHAECHCATOPOB B
3aBUCUMOCTHU OT CXEMbI COCI[I/IHCHI/If;I UX LeTnen paspAapa.
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Puc. 4. YeTpIp€XcTyIeHUATHIN HAKOIIMTEb SHEPTUM Ha TPEX K/II0UAX M YEeTHIPEX KOHEHCATOpaxX

Ha puc. 4 npeacraBacHa ‘leTpréXCTyTIeH‘{aTaH CXeMa HaKOIINUTEA SQHEPTUM Ha TpéX KTro4aX, KOTOpas MMO3BOJIAET
IOTYYUTDh YBEIMYCHUE HANPAXKEHUA OO ‘{eTpréX pas. HporpaMMa AJIs1 YIIpABJIEHMA TaKMM HAKOIMUTEIEM 3HEPTUU
AO/DKHa OOIOTTHUTE/IDPHO YIUTHIBATD MOTEHUMAJTbHYI0O BO3MOJXHOCTb NPEBBIMICHNA MAKCUMa/IbHOTO HANPps>KEHUA Ha
kmoyax VT1- VT3 npun Ol'[pe,[[e}IéHHbIX KOMMYTallMOHHBIX OII€paliyAX 1 HE MUCITIO/Ib30BaTh UX,IT0KA KOHAEHCATOPbI HAKO-
TIINTEA SHEPTUN HE paspAOATCA A0 6€30macHOTO OIIEPalilMOHHOTI'O HANIPAXKEHMA.

Ha puc. 5 nmpeacTaBaeHa 610K cXeMa BbICOKOBOIBTHOTO MOAyid, NpEAHA3HAYEHHOTO I IPUMMEHEHNA B HapYy»K-

HBIX 1epUOPUUIATOPAX MACCOBBIX CEPUIT BBIITYCKA PAs/IMYHON crienuannsanyiu (IpodecCUOHaNbHbIX, 00I1eNOCTYIHbIX,
HOCUMBIX).

MOI[yTIb COIEPKUT ClIeAyrome OCHOBHbIC Y3/Ibl:

— Iipeo6pasoBaTeb I/ IPOrPaMMHO- PETYIMPYEeMOTro CKOPOCTHOTO 3apsi/ja KOHAEHCATOPOB HAKOIMTE/A SHep-
TUM C IMTaHVEM OT BHEILIIHETO MCTOYHMKA HU3KOBOIbTHOTO Hanpsiyxkerus (IIIVIM), KoTopblil B 3aBUCHMOCTH OT YCTaHOB-

JICHHOJI OTIepaTopOM sHepruM AeMOPUITMPYIOLIETO UMITYIbCa 3apsKaeT KOHIEHCATOPHI 10 TPeOYeMOTO HalPsKeHN;
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- usonupyrommii npeobpasosarens Hanpskenus (DC-DC) ps nutaHus M30MMPOBAHHBIX Y3/I0B MOAYIA OT
BHEIIHEro UCTOYHMKA HU3KOBONbTHOTO HAIIPSXKEHU;

— HaKomuTesnb sHeprun 1o 250 [, BbIMOTHEHHbIN B BuAe 0/10Ka IepeKII0YacMbIX KOH/IEHCATOPOB C BBICOKO-
BONbTHBIMM Kimtodamy VT'1-VT3,1a komMyTanmy KOHEEHCATOpoB (1o cxeMaM, IPUBefeHHBIM Ha puc. 3 uin 4).
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Puc. 5. BbICOKOBOBTHBIN MOAY/Ib iepubpmaTopa

[ToMMMO 3TOTO MOAY/Ib COBEPKNUT HAOOP BHICOKOBOIBTHBIX K/TIOUEH [/I BBIMOTHEHUS] KOMMYTaLMOHHBIX OIIe-
paumit mpu popmuposaHun a3 UMIY/Ibca, KOMMYTALMU TOKA, €T0 OTPAaHMYEHN C UCIOMTb30BAaHMEM BBICOKOBOTBTHBIX
tpansucropos VIT4-VT6 u tupucropaoro H-mocra. IIpegycMoTpen paspsj sHepruy HaKOMTENLA,MUHYS Lielb Maly-
€HTa, Yepe3ba/IacTHI pesucToputupuctop VS7. BkmoyeHne Tupucropa VS7 MponcxoguT nocnie sapepuieHnsa popmu-
pOBaHMA MMITY/IbCA, @ TAK)Ke B C/IyYadx, KOIZjla KOMaH/a Ha BBITIONHEHME paspsAfjaHe IMOCTYINWIa B TeUYeHUe 3aJaHHOTO
MHTepBajia BpeMeH) WM IIPU OTK/II0UeHUM IUTAaHNA TPy 3apA>KeHHOM HaKoINTese 3Hepruu. IIpy BHIK/IIOYeHHOM TpaH-
sucrope VT4u BxitouéHHoM Tpansucrope VT6, 6anmacTHEI pesucTOpP OTpaHMYMBAET TOK B LT MALMEeHTa, HallpuMep,
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HpY TepeKTIoYeHN N TIed TupucropuoroH-mocra, uro obecreunsaer 6€30MaCHOCTb BHIMIOTHEHMA KOMMYTAlMOHHBIX
omeparuit mpu cMeHe (a3 UMITyIbca.

KoHTponep BEICOKOBOIBTHBIX KIIIOUEH COIEPKUT CUCTEMY M30OMPYIOIIUX APaiiBepOB BbICOKOBOIBTHBIX KITIO-
Yeli 1 MMKPOIIPOLIeccop, K BX0/IaM KOTOPOTO MOAK/IIOYEHBI JATYMKM TOKA M HATIPsKEHNUA LieN MalMeHTa M MOJY/Ib aHa-
JIOTOBOIT 06pabOTKM CUTHAIOB C MPOTPAMMHO YIIpaBisieMbIM (OpMUpOBATENeM OMOPHBIX HampsyKeHuit.Konrpomnep
BBICOKOBOJIbTHBIX K/TIOU€l OIIpefieiAeT MOIMOIEHHYI0 SHEPTUIO U IMHAMIYECKOe COTIPOTHUB/ICHNE TAllMeHTa Ha 3aflaH-
HOIT CTYIIeHU VIMIY/Ibca U obecrednBaer ynpasaeHne GopMOil UMIYIbca ¢ Y4ETOM TPeOyeMOTOCOOTHOIIECHN aMIIIN-
TYIbI TOKOB €ro (a3 Ipy U3MeHEeHUM COMPOTUB/ICHNA MalieHTa. TakK e KOHTPOJIep TOAAeP>KIBAET CBA3b Yepe3 U30-
nmuposanHblil KaHam UART 1A o6MeHa JaHHBIMY C BHEITHUM YITPaB/IAIIIM MOAy/IeM AedrOpUIIATOpa IO 3aJaHHOMY
npotokosy. PopMy MMITy/IbCa B IIpefienax 3a/JaHHOI ONTUMANIbHON ANMUTENbHOCTY UMITY/IbCa KOHTPOJIIEP, IOCPEACTBOM
kmovert VT1- VT3,perynmupyer cnepyromum cioco6om. Ha BpeMeHHBIX MHTepBanax, TpeOYIOMIX yBeTMICHNA TOKA, CTa-
OMIM3aLM €T0 YPOBHSA WM CHIDKEHUA €r0 CKOPOCTH CIajia, KOHTPOJUIEPYBEIMIMBACT YUCTIO TTOCIEIOBATEIbHO BKITIO-
4EHHBIX KOHAECHCATOPOB, 1, HA06OPOT, /1A CHIDKEHN TOKA, CTAOMIN3ALMM €T0 YPOBHA WM YBETUYEHNS €T0 CKOPOCTU
crajia, KOHTPOJIEPYBeIMUYMBAET YMC/IO MApa//Ie/IbHO BKIIOYEHHBIX KOHIEHCATOpoB. C yBenMdeHNeM COIpPOTUBICHUA
Harpysku B xofie JOPMUPOBAHNUSA MMIIY/IbCa YBETMIMBACTCA BpeMs MPeObIBaHUA KOH/IEHCATOPOB B MOC/IEIOBATETbBHOM
COCAMHEHNUM, a TIPY YMEHBIIEHNM — BpeMsdA NpeObIBaHUA KOHICHCATOPOB B MapajlIe/ibHOM coefinHeHMn. [l aKcepu-

MEHTAa UCIIO/Ib30BaHa CX€Ma IEPEKTI0YCHN KOHACHCATOPOB, IIPpEACTaB/ICHHAaA Ha pUC. 3.
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Puc. 6. CuHTe3VMpOBaHHbIE IIEPEKTIOYAEMBIM HAKOIMTETIEM SHEPIHH (POPMBIONIIONAPHOTO NMITY/Ibca
CO CTYIIEHYATHIM PETYIMPOBAHMEM ¥ (PUKCHPOBAHHOM AIMUTENBHOCTBIO IPK BeIOpaHHOI aHepruy 200 [k
B JIANIa30HE CONMPOTHUBIICHMI Harpy3kn 25...175 Om

MaxkcumanbHas IHEPTUA 3apAda KOHACHCATOPOB IIEPEKTI0IAE€MOTO HAKOIIUTEA AT YCTaHaB)II/IBaeMOI?I IHEPTUN

210 Il cocrasua 250 k. ©opMbl OUIIONAPHOTO MMIIY/IbCA CO CTYIIEHYAThIM PeryaupoBaHueM 1 (pUKCUPOBAHHOM /1N -
TEeJIBHOCTBIO TIpy BhIOpaHHOM 3Hepruu 200 K B [uanasoHe cONpOTUBIeHMIT Harpysku 25...175 OM npencraBneHbIHa
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pucytke6. IIpu hopmMypoBaHMUCTYIIEHYATOTO 611(ha3HOTO MMITY/IbCA 110 TUITY UMITy/Ibca ['ypBuda-BeHnna nomydeHo pe-
KOPJHO BBICOKOE 3HaueHue K03 uIieHTa MCIIONb30BaHNUA HAKOTIUTE/S SHepruu 85%, YTO MO3BOJIAET 00ECTIeYNTD HU3-
KOe 3Ha4eHNe HAKOIUIEHHO 3Hepruy, SKOHOMUIO dHeprun Gatapen neuOpMIIATOpa UCKOPOCTHYIO 3aps/IKy HAKOIIM-
Tens aHeprun (mpumepHo 2-3 c). IIpy 3TOM MaccaBBICOKOBOIIBTHOTO MOAY/IS JO/DKHA COCTAaB/IATH He 6omee 1,2-1,5 kr
IpY IPUMEHEHNN KOMIUIEKTYIOLIMX O0IeJOCTYITHOTO MOTPeOUTENbCKOTO PhIHKA.

I[Ipy peanusaryy MHHOBALMOHHONTEXHOIOTUH, IIPEAIIOIATAIOLIel CHIDKEHME PICKa OPaXKeHNs CepLa, Ipef-
CTaB/IeTCSI BO3MOXKHBIM CO3[IaTh MHOXKECTBO HOBBIX MOJe/Ie/aBTOMAaTHYeCKUX HAPYXHbBIX [1ehuOpUIIATOpOB
(AH).©yukuyo AH]] ncnionp3yior B gedubpunisaTopax-MOHUTOPAX, RebubpuIIaTopax [if 06IeCTBEHHOTO JOCTYIIA
¥ B HOCUMBIX IIOPTATUBHBIX MOfienAx fedubpunnsaropos.Llens mupokoro Buegpenuns AH]I - nposeneHne 60siee paHHei
BebubpuUIIALMY, CHOCOOCTBYIONIEN CHIUKEHNIO KOTMYeCTBa OCTOXKHeHMiI [17].

Kpowme toro, 1ienrecoo6pasHo mpuMeHeHe IIpeiaraeMoll TEXHOTOTUH B OT/[e/IbHBIX CIIELIMATU3UPOBAHHBIX MO-
IYJ/SIX MAccoi 0 1,5 KT M OTHOCUTE/IBHO HU3KOJ CTOMMOCTY /I IpoBefeHns aedubpuwuisunn. Takye MORYIN MOXKXHO
HOJK/TIOYaTh K MOHITOpPaM IAlMeHTa /I COBMECTHOI pabOTHI € 11e/IbI0 CO3AAHMA KOMIIAKTHOTO KOMIUTeKca «gedpubpui-
JIATOP-MOHUTOP» 9KCIIEPTHOTO YPOBHS.

I[TepcHeKTMBHBIM HPENCTABIAETCA CO3[jaHNMe KOMIUIEKCOB A fepMOPWUIALINY C UCIO/Ib30BAHMEM BBIITyCKae-
MBIX [l HOTPeOUTEIbCKOTO PHIHKA KOMIIBIOTEPOB, JOIIOTHUTENBHO OCHAIIEHHBIX BBICOKOBOTBTHBIM MOJY/IEM 1 00b-
eIMHEHHBIX B MOHOG/I0K. TaKoil KOMIUIEKT HEJOPOroro 060pyROBaHNs JO/DKEH 06eCIIedBaTh aHAIN3 COCTOAHMA Maly-
€HTa 1 BO3[EIICTBIE Ha HETO afalTHPyeMoro nedpubpumpyolero paspsza.

3axmodenne. TeXHUUECKMM ZOCTIDKEHMEM MIPe//TaraeMoll TeXHOIOTUY SIB/IAETCA CYIeCTBEHHOE CHIDKEHMe T10-
TpeOGHOCTU B HAKOIUIEHHOM SHEPTUHM /ISt Bepuopmusunnnpu GopMIUpoBaHN KaK TPAFULMOHHBIX (POPM MMIIY/IbCOB,
TaK ¥ KIMHNYECKH NEePCIeKTUBHBIX. [JOCTUTHYTa BO3MOXHOCTb AMHAMIYECKON CTAOVM/IN3alMy KIMHNIeCKN 3HAYMMbIX
HapaMeTpoOB MMIIY/Ibca B XOJe BO3[IEIICTBUSA Ha MalieHTa. [[/IA1 peanusaliy TEXHOTOTMI BO3MOXHO UCIO/Ib30BaHME HO-
CTYIIHBIX KOMIUIEKTYIOLMX M3[E/IUil HUSKOJ CTOMMOCTH, MpeJHAa3HaYeHHBIXIIA MAaCCOBOTO MOTPEOUTENBCKOTO PHIHKA.
B Hacrosiee BpeMs He CyLeCTBYeT OOIePU3HAHHBIX KIMHIYECKIX JaHHBIX, KOTOPbIe OBl IPOeMOHCTPUPOBAIN Pas-
HMIIY B BBDKMBAEMOCTH [IALMEHTOB B 3aBYCUMOCTH OT HOPMBI MMITY/IbCOB U OT TEXHOIOTVY YIIPAB/IeHUs Pa3psaoM fe-
¢$ubpunsaTOpa. B TO >ke BpeMs KIMHUYIECKU TOATBEPXKACHO, YTO 3¢ HeKTUBHOCTD RebUOPMIIALINY 3aBUCUT OT (POPMBI
umiynbca. I1o cpaBHeHMIO ¢ BepUOPIIIATOPOM € 3aTYXAIOLMM MMITY/IbCOM [IepPeMEHHO [UIMTEIbHOCTY U HAaryOHOIt 3a-
BICHMOCTBIO ycIexa iepOpMIIALMM OT Be/IMYMHBI COTPOTHUB/ICHS MALMEHTA, UCII0Ib30BaHMe RepudpUUIsATOpa C [1-
HaMMIeCKM CTabMIN3MPOBAHHBIMY [apaMeTpaMy MMITY/Ibca Ha OCHOBE MHHOBALIOHHOI T€XHO/IOTUH YIIPaB/IeHNUs pas-
PAIOM, YYUTHIBAIOLIEH KIMHMYeCKMe peKoMeHaauu B 061actut 3¢pheKTMBHOCTH 1 6e301acHOCTH Aedpu6pU/UIMpPyYIOIEero
MMITy/IbCa, AT GOIbllle IIAHCOB Ha CIIACEHNME MAL[eHTOB.

BHefpeHMe mpeyaraeMoit TEXHOIOTHI MOYKET CYLIeCTBEHHO CHU3UTD 3aBUCUMOCTb MEULIMHCKUX YIPeXKAeHNI
OT IIPOM3BOAUTEIEI UMIIOPTHOI TEXHUKM,  CTOUMOCTD AebuOpmIIATOPOB, NX 3¢deKTUBHOCTD, Macca U rabapuTsl Mo-
TYT CTAaTh IPUBJIEKATEIBHBIMH I/ BCEX YYACTHUKOB PHIHKA MEJTEXHUKIL.
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