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CPABHEHUE HA BbICOKOOMHbIX MOAENAX SKCMNEPUMEHTAJIbHbIX X)KUBOTHbIX
APDEKTUBHOCTU BUNONAPHbLIX UMNYJIbCOB AEPUBPUNTITIALIUN:
TPANELEENOATNBbHbIX, MPAMONMMHEAHOIO U KBASUCUHYCOUOAIILHOIO

MMNYJIbCA IN'YPBUYA-BEHUHA

AHHOTAUMA

B SKCIICPUMECHTAJIBHOM HCCIICAOBAHHMU Ha JOMAIIHUX CBUHBSX IIO KPUTECPUIO HOpOFOBOfI OHEPIHUu, yCTpaHHBIJ.[CfI

20-cexyHIHYIO (PUOPUILTALUIO, OlleHUBATIH 3((HEeKTUBHOCTD 4 OUMONISPHBIX UMITYJIBCOB C Pa3IMyHON popMoii U 1iu-
TenpHOCTBI0. DOopMa H/UIN IIUTENBHOCTD TOCIETHUX COOTBETCTBOBAJIA CONMPOTHBIICHNIO Harpy3ku 100 OM He3aBU-
CHMO OT COIPOTHBIICHHSI TPYAHON KIIETKH KCIIEPUMEHTAIBHBIX KHUBOTHBIX (MOETh BHICOKOOMHBIX XKHMBOTHBIX). Pe-
3yIbTAThl UCCIEAOBAHMS TIOKA3alli, YTO MPHU UCTIOIb30BAHUU UMMyibca ['ypBuya-BeHnHa noporosas sHeprus, ycr-
pansBuas 20-ceKyHIHYIO0 GUOPHWUIALNIO, ObUIA CTATUCTUYECKH 3HAUYMMO MEHBIIE, YeM y IBYX TpalelerIalbHbIX
VMMITYJIbCOB, U XapaKTEepHU30BaIach TEHIACHIMEH K YMEHBIICHHUIO MPHU CPABHEHUU C MPSIMOJIWHEHHBIM HMITYJIHCOM.
HNwmnynsc ['ypBuua-Bennna popMupoBany ¢ moOMOIIBIO 3KCIEPUMEHTATIBHOTO NehuOpIIIsTOpa ¢ HUGPOBBIM CUT-
HAJBHBIM INpolieccopoM. JlaHHAs TEXHOJIOTHS (GOPMUPOBAHUS UMITYJIbCA PEaM30BaHA B HOBBIX aBTOMATHYECKHUX

HapyXHBIX nepudpuiisitopax «imPulse» u «imPulse PRO».

ITon pykoBoacrsom H.JI. I'ypBHuua BriepBbie B MUpPE
OBLT CKOHCTPYHPOBAH UMITYJIBCHEIN AepuOpmmisaTop ¢
MOHOTIOJISIPHBIM UMITYJTECOM, KOTOPBIN CTaJIM BBIITYC-
katb B CCCP B 1952 1. [1]. 3aTtem H.JI. I'ypBuu npesio-
KU1 ounonspHyto ¢hopmy uMmirynbca [2], [3]. B 1968 1.
M.B. BenuH ¢ coaBTOopaMu MpemyioKUil 3JEKTPOHHYIO
cxeMy (pOpMUPOBAHUSI OUIIOTSIPHOTO KBA3UCHHYCOU-
JATBHOTO UMITYJIbCA C 3aJaHHBIM COOTHOIIIEHHEM aMII-
TUTYA TiepBoii 1 BTOopoi (a3 [4]. HauambHbI BapuaHT
KOHIIETIIIUN OUIOJIIpHOTO UMITysibca ['ypBrUYa mpemy-
cMaTpuBai ABYyX(ha3HbIM UMITYJIbC C OJITMHAKOBOM aMIl-
TUTyI0M o0enx (as, KOTOPHIM okazajcs MeHee 3(pdek-
TUBHBIM, Y€M MOHOIOJSIPHBIA uMIyibc. KommekTus
coTpynHuKoB MHCTUTYyTa OOIIel peaHUMMAaTOJOTHH
AMH CCCP (Mocksa) nox pykosoactsom H.JL. I'yp-
BUYa M Bcecolo3HOro Hay4YHO-HMCCIIEOBATEIBCKOTO U
KOHCTPYKTOPCKOTO MHCTUTYTA PaIUOICKTPOHHON Me-

JUIIMHCKOK anmapatypsl (JIbBOB) 1Mo pPyKOBOJCTBOM
N.B. BenuHa skcriepuMeHTAJIbHO YCTAHOBUIIM, UTO
YMEHBIIIEHNE aMIUTUTYIbI 2-i ¢da3bl 1o ~ 65 % ot mep-
BOH a3kl CyIIECTBEHHO, B 1,5...2 pa3a, CHWXKaeT BeJH-
yuHy nehudpuiuiupymolei suepruu [5]. Aty dopmy
OUIIONIIPHOTO UMITYJIbCA IMPUHITO HA3BIBATH UMITYJIBC
I'ypBuua-Benuna. B 1970 r. 8 CCCP 6bu10 HayaTO IIpo-
n3BoAcTBO aepudbpumasitopo AMN-03 (puc. 1) n
JAKHN-01, KoTOpble reHepupOBaIN YKa3aHHbIA HUMITYJIbC.
IIpaxTUdecku IByXKpaTHOE YMEHBITIeHNE 3(D(HEKTUBHOM
SHepruu g umnynibca ['ypBuua-Bennna npu ycrpaHe-
HUM PUOPUIIIAIINN Yy OOJIBHBIX C BHE3AITHOM OCTAHOB-
KO cepaua ObUTO MOATBEPXKICHO PE3yIbTATaMM KIIH-
HUYECKHX MCCIIEIOBAHMM, BBIITOIHEHHBIX O] PyKOBOJ-
ctBoM B.A. Bocrpukosa [6]-[8].

OpHa 13 TPYAHBIX 33724 MPH MPOBEAeHNN 1edud-
PUWLIAIIHN — obecriedeHrne 3GGHeKTHBHOTO aehuOpHII-
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JMUPYIOUIETO pa3psaa y OOIBHBIX C BBICOKHM COIPO-
TUBJICHHEM T'PYIHON KIETKU. B cBSI3M ¢ 3TMM coBpe-
MEHHOE TIOKOJIEHHE HAPYXHBIX AepuOpHIssTOpOB pe-
TYIMPYeT BETMYUHY SHEPTHH C TOMOIIBIO N3MEPEHHs
CONPOTHUBJICHUSI (MMIIEJAHCA) TPYIHOMN KIETKH JO Ha-
HeceHus paspsna. JaHHas MeToauKa Moayduia Ha3Ba-
HHUE «KOMIIeHcaluss wumnenanca» (impedance
compensation). [Ipu ucrmonp3oBaHnK 3TOTO Criocoba
SHEPTHS pas3psaa Moa0UpaeTcs aBTOMATHYECKH, O
M3MEPEHHOMY UMIIEIAHCY, 32 CYET N3MEHEHUS T TENb-
HOCTU UMITYJIbCa, aMILTUTYAbI TOKA MPU (UKCUPOBAH-
HOM JUIMTENBHOCTH U/viu GOopMbI UMITyJIbca. B HacTo-
sIIee BpeMsi B MUPOBOH IPAaKTUKE MCIOJIB3YIOTCS Jie-
(UOPIWILIATOPHI C pa3MUYHBIMU (GOPMaMH UMITYIIbCA U
crocobaMu KoMIleHcainu uMmienanca. CymiecTByeT
JIBa Pa3IUYHBIX Crlocoba KOMITEHCAIIMHM MMIIeaHca
CPYIHOM KJIETKU: IEPBbI OCHOBAH HA U3BMEHEHUU JJIM-
TEJIBHOCTU MMIIYJIbCa, BTOPOH — HA M3MEHEHHH TOKa
IIpY MOCTOSIHHOM NJIUTEIbHOCTH uMityibca [9]. Opu-
TUHAJbHBIE JeQUOPWIIATOPHI C UMITyIhcoM [ ypBHUa-
Bennna obecnieunBaOT CTAaOMIN3AINIO ITUTETHHOCTH
HMMITYJIbCa B PeaJIbHOM TUATa30He IMITeaHCa TPYAHON
KJICTKH 32 CYET COJIEpIKaIIerocs B HUX pa3psiaHoro LC-
koHTypa [10]. Takum 06pa3om, MOKHO 3aKITIOUYUTh, UTO
B JAHHBIX IepUOPUILIATOPAX UMIIEIAHC TPYAHON KIIeT-
KM KOMITEHCHPYETCS 32 CUeT M3MEHEHHs aMIUTUTYIbI
TOKa MpH (PUKCHPOBAHHON JITUTENTEHOCTH MMITYJIBCA.

B swaninssre a1

Puc. 1. Oedpnbpunnatop AN-03

B nanHO# cTaTthe mpencTaBieHbl pe3yJbTaThl IKC-
MIEPUMEHTATFHOTO MCCIIEIOBAHUS CPAaBHUTEIIBHOM (-
(heKTUBHOCTH IITUPOKO HUCIIOIB3YEMbIX B MEAUIIUHCKOM
MPaKTUKE OUIOISIPHBIX TpalelenaaJIbHbIX UMITYTECOB
C U3MEHSIOMIEHCS JTUTETbHOCTHIO, PSIMOJIUHEHHOTO
UMITyJIbCa U KBa3UCUHYCOUIAIBLHOTO UMIylbca ['yp-
Buua-Benuna.

MaTtepuan n Mmetogbl
dopmuposaHne mmnynbca Fypemnya-BeHuHa

DyHKIMOHAIbHAS CXeMa MOAYJIS (GOPMHUPOBAHUS
nepubpumpytommero umimynsca ['ypBrua-Bennna Ha
6ase mudposoro curHanpHOro mporeccopa (LICIT), nc-
MOJIb30BAHHOI'O B JIAHHOW paboTe, MpencTaBiicHa Ha
puc. 2. Moayb COIEPIKUT HECKOIIBKO MOCIIEIOBATENTEHO
COETMHEHHBIX HE3aBHCHUMO YITPABIISIEMBIX CHJIOBBIX SUe-
€K C TIePEKITIOUYCHHEM TMOJIIPHOCTH, 00ECIeUNBAIOIINX
MaKCUMaJIbHOE BhIXO/IHOE Hanpspkenue a0 3600 B. at-
YMKH TOKA ¥ HAIIPSDKEHUST U3MEPSIIOT TOK, TPOTEKAOIIHI
Yyepe3 3KCIIEPUMEHTAIBHOE KUBOTHOE, U HAIPSDKEHUE
MEXITy 3JIEKTPOJAMU, Yepe3 KOTOpbIe HAHOCUTCS Pa3psijl.
CriaxxuBaroliasi UHIyKTUBHOCTD TIPEOTBpAIlaeT ObIC-
TpOe U3MEHEHHE TOKA B TIPOlIecce peryarpoBanus. biok

ynpasienus, cogepxkamuii LICII, mo 3aganHomy anro-
PUTMY YNPABJISET SJIEKTPOHHBIMU KIIFOYAMU CHUIIOBBIX
siueek. B oTiMumre OT nmpeaiecTBYIOMMX TEXHOIOT W BCe
oTIepaIiy TI0 YIIPABICHUIO (hOPMUPOBAHNEM UMITYITHCA

OCYHICCTBIIAAIOTCA B ]_II/I(I)pOBOM BHUIC.
Crnaxueaowas WHAYKTUBHOCTb
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Puc. 2. ®dyHkunoHanbHasa cxema moayns GopMmnpoBaHns
umnyneca 'ypsnya-BeHnHa ¢ ncnonssosaHnem
uMdpoBOro curHanbHoro npoueccopa (LCIM)

B mporiecce opMupoBaHUS UMITYJIBCA OJIOK YITPAB-
JIEHUSI HEMIPEPHIBHO BBIMOJHAET aHAIOTO-IIH(PPOBOE
npeoOpa3oBaHKE CUTHAJIOB C JATYMKOB TOKA U HATIPSI-
xenust. L{CIT BeruucnseT pasHuily Mexay npeodpaso-
BaHHBIMU B IIU(PPOBYIO HOPMY TEKYIIUMHU 3HAUCHHSI-
MH CHUTHAJIOB JATYMKOB TOKA M HAIPSKCHHS M TEKY-
IIUMA 00Pa3IOBEIMU 3HAYEHUSIMH (hOPMBI IMITYIhCA
U B COOTBETCTBUU C 3aJaHHBIM aJITOPUTMOM OCYIIe-
CTBIISIET ACHCTBUS MO YIPABJICHUIO 3JEKTPOHHBIMU
KIJIFOUaMU CUJIOBBIX siueek. B maHHOM cityyae ObLT pea-
JIU30BaH BAPUAHT YIIPABIICHUS 110 POPME TOKA HMITYIIb-
ca. Takum oOpa3om OblTa JOCTUTHYTA HE3aBUCUMOCTh
dopMmbl Toka nMmitynibea ['ypBuua-BeHnHa oT m3MeHe-
HUU UMIIeTaHCca HATPY3KU, B TOM YHCIIE B B IIPOIIecce
(hbopMHUPOBaHMS MMITYJIbCA.

CpaBHenue Gopmbl umnyibca ['ypeuya-BennHna c
MPSIMOJIMHEHHOMN OUITONSIpHOM (hopMoii uMITyibca (cIo-
€00 KOMITEHCAIVH UMITETaHCa N3MEHEHUEM TOKA IMITYJTh-
ca) M TparenenaaIbHON OUoIsIpHON (POPMON NMITYIIh-
ca (crmoco® KOMITEHCAITIH MMITETaHCa N3MEHEHHUEM JTJIH-
TEJILHOCTH MIMITYJIbCA) TIPEJICTABIICHO Ha puc. 3.

ABTOMAaTU3NPOBaAHHbIA KOMIUIEKC AOJ1S
uccsiegoBaHuii, NPOBOAUMbBIX Ha
SKCIrepUMeHTalsIbHbIX XXUBOTHbIX

ABTOMAaTH3UPOBAHHBIN KOMIUIEKC JIJTsT IKCTIEPIMEH-
TaJIbHBIX MCCIIeOBaHUM 3(p(PEeKTUBHOCTH HAPYIKHBIX
neuOpUILISITOPOB/KAPIUOBEPTEPOB C PA3TUIHBIMH
dbopmamu u mapamerpamMu AepUOPHUILTUPYIOIINX M-
TyJTLCOB, M3MEPSIIONININ B PEXKIIME pEaTbHOTO BPEMEHHU
3HAYEHUS TOKA U HAMPSDKEHUS Ha 3JIEKTPOJNAxX, depes
KOTOpPBIE OCYINECTBIISICTCS NeUOPUIIISIINS, TIPEACTAB-
JieH Ha puc. 4. OH COAEPKUT MOAYJIHU JUTsl BBI3bIBAHUS
bubpumIALIMY, perucrpauu Gopmsl aehuOpuIIUpy-
FOLIETO UMITYJIbCA, KOHTPOJIS (PH3HOIOTHUECKUX apa-
METPOB XKUBOTHOTO. MOTyITh KOHTPOJIS (PU3UOIOTHIEC-
KHUX TIapaMeTPOB KUBOTHOTO BKITFOUAET B CeOST MOHH-
TOpP, OTOOPAKAIONIHNI (PU3NOIOTUUECKUE TTapaMeETPHI,
WHBA3UBHBIC TaTYNKU apTEPUATIBHOTO JaBJICHUS, AaT-
yuKH anekTpokapauorpammsel (OKI'), MHOrokaHasb-
HBII YHHUBEpPCAJIbHBIA aHAIIOrO-IIU(pPOBOI Mpeodpaso-
BaTeNh, IEPCOHATBHBIN KOMITBIOTEP U HCTOYHUK Oecrie-
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Puc. 3. CpaBHeHne nmnyneca 'ypsuya-BeHuHa ¢
NPSMOJIMHENHBIM U TpaneuenganbHbiM GUNONSPHBIMU
MMMNYyNbCaMn NPU PasfinyHbIX CONPOTUBIIEHNSX HArpy3Ku:
a) — 50 Om, 6) — 100 Om, B) — 150 Om

peboitHOTO MTUTaHMs. JlaHHBIN KOMITIIEKC ITPOIIIEN IMpe-
BapUTEIbHbIE UCIIBITAHNS U UCIIONIb3YeTCs B JabopaTo-
pun OuotexHuueckux cucreM denepasbHOTO HAYYHO-
ro LEHTpa TPAHCIUIAHTOJIOTUN U NCKYCCTBEHHBIX Opra-
HOB uM. akaja. B.M. lllymakosa.

lMoaroTtoBka >XMBOTHbIX K 3KCMNEPUMEHTY

HccnenoBanue BBIMOTHEHO HA 25 OMAIIHUX CBU-
HbsIX Maccoi Tena 33...62 kr. OnbITHl IPOBOAMIU B
YCIIOBHSIX CelallM U aHecTe3nu: penaHuyM 0,5 mMr/kr
u kcwta3ud 2 % 2,0...3,0 MI/KT BHYTPUMBIIIEYHO; TH-
onenran Hatpus 2,5 % 10...15 Mr/kr/4 BHyTPUBEHHO.
HMudy3noHHas Tepanus BKIIIoUaia B ce0st pU3n0I0ru-
yecKui pacTBop uim aucoiib. Kaxaeie 30...60 MuH
OTIPENENISTA TAa30BBIM COCTAB apTEePHATHLHON KPOBU U
3IEKTPOJIUTHI, KOTOPBIEC MOMICPKUBAIH B IIpeIeax
HOPMBI. Bcex JKMBOTHBIX MHTYOUPOBAIIM U IPOBOJIU-
JIX UCKYCCTBEHHYIO BEHTWISIUIO JIETKUX KOMHATHBIM
BO3IyXOM C JobapieHneM kuciaopoaa. dedbubpumim-
pyIOIIKe pa3psiabl HAHOCHIN Yepe3 OJHOPA30BbIe Ha-
KJIEUBaeMBbIe 3JICKTPOIbI, KOTOPHIE pa3MeIaan B Ie-
penHebokoBoi mo3unuu. [lepen HaIOKEHUEM JJTEKT-
POIOB MOBEPXHOCTh TPYIHON KJIETKU TIIATEIIHEHO BBI-

OpuBanu. BepxHuii kpaif mpaBoro 3JIeKTPoOaa Pacio-
Jlarajii IpIMEpPHO BO 2-M Mexpedephe (TUToImaas To-
KOIPOBOSIIEN TOBEPXHOCTH OKOJIO 50 cM?2); IIEHT Jie-
BOr'O — B 00JIACTH BEPXYIIKHU cepAla (IIoiaas TOKO-
MPOBOJIAILEN TTOBEPXHOCTH 0K0JI0 100 cMm?).

B

Puc. 4. O6wuin BMAO, aBTOMaTM3MPOBAHHOIO KOMMJIeKca

0N 9KCNEPUMEHTaNbHbIX NCCNEeA0BaHNM Ha XUBOTHbIX
OnpepeneHne noporoBov 3Heprum
aebubpunnaymn

s cpaBHUTENbHON OLEHKH 3(PPEKTUBHOCTU UM-
MyJIbCOB MCIOJIb30BAJIM MUHUMAJIbHbIE (IOPOTOBEIE)
3HAYEHUS SHEPTUH, BBIJENIEMOM Ha 9KCIIEpUMEHTATb-
HOM >XUBOTHOM, KOTOpas ycTrpaHsuia 20-cCeKyHIHYIO
GUOPHWLIALUIO KeITyI0YKOB. Pa3psiibl HAHOCHIIU 110
Metonuke step-up-down: mo 100 Ik mar cocrabiisii
He 6ouee 5 JIx, Boimre 100 JIx —5...10 Ix [11]. B xax-
JIOM OTIBITE MOPOTOBYIO JHEPTHIO NeubPIILIAINN
oTpeAensii He MeHee 3 pa3. PUOPUILTALINIO XKEITy109-
KOB BBI3BIBAJIN BO3ACHCTBHEM IIEPEMEHHOTO TOKa OC-
BeTutenbHON cetu (HampsbxkenueM 30...40 B mpubnu-
3UTENBHO B TEUEHHUE 2 C) uepe3 rpyaHbIe HAKIIEUBae-
Mble nepuOpUIIALNOHHBIE 3IIEKTPOAbl. IHTepBabl
MEeXIy dMU301aMu GUOPHIIAIUS — AeUOPUILISITUS
KETYAOYKOB COCTaBIISUIH OT 3 10 8 MUH. Y 7 HAPKOTH-
3MpPOBAaHHBIX CBUHEN Maccoll Terma 35...62 kr (1 rpyn-
Ma ONBITOB) IMOPOTOBYIO 3HEPTUIO ACPUOPUILISIUN
(IT9) ompenensiau mpu UCIOIb30BAHUHU UMITYJIbCA
OUMOSIPHON KBa3uCHHycouaabHON (opmbl (BKD —
nMmmyise ['ypBrua-Bennna), reHepupyeMoro 3KCIepu-
MEHTAJIBHBIM IepUOPHUILIATOPOM, pa3pabOTaHHBIM Ha
kadeape OMOMEIUIIMHCKUX cHcTeM MOCKOBCKOTO TO-
Cy[IapCTBEHHOTO MHCTUTYTA IIEKTPOHHON TEXHUKHU.
OmnoBpemenno [13]] onpenensiiy aas ABYX UMITYIIb-
cOB OumonsipHOi Tparnelenaanbuoit hopmsel (BTD),
reHepupyemMsix Aepudpmmsaropamu «Physio-Control
LIFEPAK 12» (bT®1) u «Philips HeartStart MRx»
(BT®2). Bo 2-ii rpynme ombiToB (1 = 18, Macca Tema
33...60 xr) I3/ onpenensnu s ummyiabca ['ypBu-
ya-BeHMHa ¥ OUITOJISPHOTO UMITYJIbCA MPSIMOTUHEH-
Holl ¢popmbl nepubpmwmisatopa «ZOLL E Series»
(BII®). dopma U IIUTETHBHOCTD HCCIEAYEMBIX UM-
ITyJIbCOB COOTBETCTBOBAJIA CONIPOTUBIICHUIO HATPY3KH
100 OM He3aBHUCUMO OT CONPOTHUBIIEHUS IPYAHOM KIIET-
KM 3KCIIEPUMEHTAIBHBIX )KUBOTHBIX (MOJETH BBICOKO-
OMHBIX )XMBOTHBIX). Y BCEX XUBOTHBIX MOHUTOPHUPO-
BajJu U PETUCTPUPOBATIU apTEpUATHLHOE NaBJIICHUE,
OKT B 3-X OTBeJIeHUSX, YACTOTY CEPIICUHBIX COKpallle-
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HUIf; BO BpeMs paspsna nedhudpuisiTopa U3Mepsiu
cpezHee 3HAYEHHE CONPOTUBIICHHS TPYIHOMN KIIETKU.
Cmamucmuueckuili anaiu3 TAaHHBIX TPOBEIEH C HC-
MTOJIb30BaHNEM MTAPAMETPUYECKIX M HellapaMeTpudec-
KHX KPUTEPHEB TS IBYX CBA3aHHBIX TPYIIIL: t-KpUTEpUs
CrploneHTa, Kputepus Bunkokcona u ap. Pazmumuns
CYUTAIU CTATUCTUYECKU 3HAYMMBIMU IIPU YPOBHE
p < 0,05 1 TeHaeHUMEN K Pa3IdYUIO IIPU YPOBHE OT
0,05 < p < 0,1. Pe3ynbratsl Mpe/ICTABIEHbI B BUIE CPEI-
Helt BermunHbl (M), ctagmapTHoro otkioneHus (CO) u
pa3bpoca usyuaemoro napamerpa. s craTucTuuecko-
r'o aHaJIM3a JaHHBIX MCIIOJIb30BAJIM MAKET MIPUKIIATHBIX
nporpamm Statistica v 6.0 pupmsbr «StatSoft Inc» [0].

Pe3ynbTathl UccnenoBaHuvs

B maba. 1 mpencraBieHbl 3HAUYCHUS TOPOTOBOM
sHepruu nepudbpumnsuun (II1911), ycrpansiomei
20-cekyHIHYI0 (PUOPUITIALIMIO XKEJTyT0UYKOB Y 7 CBUHEH,
u conportusnenus rpygHoit kierku (CI'K) mis aByx
TparerienIaTbHBIX UMITYJIbCOB, TCHEPHUPYEMBIX edu0-
pwutstopamu «Physio-Control LIFEPAK 12» (BT®1)
u «Philips HeartStart MRx» (bT®2), u kBazucuunycon-
nanpHoro umnyibkca I'ypeuua-Bennna (BK®D). Kax Bua-
HO U3 maba. 1, Ipyu CpaBHEHUU HA BHICOKOOMHOM MOJIe-
JIA KUBOTHBIX TPEX PA3IUYHBIX MO JIUTEIBHOCTU U
opme ummynbcoB cpemuue 3HaueHus [13]] cratuctu-

Tabnuya 1

N340 v CrK npv ycrpaHeHuu bubpunnaumv
Yy 7 pOMalHUX CBUHEi OUNONAPHBLIMMU
KBa3uCUHycoupganbHbiM U ABYMS
TpaneueuaasbHbLIMM UMIMYJIbCaMU

Bug, umnynsca* (Alzlg'lﬂalsg'r;(m;6gsmﬁ) CrK, Om
oo | i | e
5701 0126 (5..52)
T2 o 120) (347

* dopma 1 ANnUTEeNbHOCTb UMMY/ILCOB COOTBETCTBYET COMPO-
TBNEeHuio Harpyskn 100 Om.

** Pasnuuna mexay KBasncuHycouganbHbiM 1 2 TpaneLle-
noanbHbIM1 uMmnynscamm, p < 0,02.

Tabnuya 2

N34 v CIrK npv ycrpaHeHuv ¢oubpunnaumv
y 18 pomaliHux cBuHeW GuNoNApHLIMU
KBa3nCUHyCcOMAANIbHBIM U NPAMOJIMHEAHbIM

MMHynbcaMM
nag, ox,
Bug vimnynbca* M= CO CrK, Om
(onanasoH konebdaHuit)

83,0 + 16,0 59,0 £ 8,9

BK® (64...120) (44...77)

89,0 + 16,0 57.0+838

BNo (60...122) (43...73)

* dopma MMMyNIbCOB COOTBETCTBYET COMPOTUBIEHUIO
Harpy3kn 100 Owm.

YEeCKU 3HAUYUMO OBLTHA MEHBIIIEC Y KBA3UCUHYCOUTATBHO-
ro umnyibca: BT®1 — (109,7 £ 12,1) Ix; BTD2 -
(104,1 £14,5) Jx u BK® — (77,6 £ 15,1) 1x (p < 0,02).

B ma6a. 2 npencrasnens! 3Havenus [19/] u CI'K,
3aperucTpUpPOBaHHbIC Y 18 CBUHEH, UMITyIbca MPSIMO-
nuHeiHo# hopMmbl nepudbpumaTopa «ZOLL E Series»
(BIT®D) n kBazucuHycougaabHoro ummyiabca (BK®D).
Kak BumHO 13 maoa. 2, mpy CpaBHEHUH IBYX pa3ind-
HBIX TI0 (pOpME U OJIMHAKOBBIX IO UTUTEILHOCTH OH-
MOJSPHBIX UMIYJIbCOB cpeaHue 3HaueHus 119/ cra-
TUCTUYECKHM 3HAYUMO He pasinuuarorcs (p = 0,053),
HMMEETCsl JIUIIb TEHACHLIMS K UX MEHBLIUM 3HAUCHUSIM
y uMmiyisca BKO.

OOGcyxpeHune

Comnporusnenue rpyaaon kiretku (CI'K) okasbiBa-
eT BIIUSHME KaK Ha (GOpMY M JUIUTEIILHOCTh OUIIONSp-
HBIX UMIIYJIbCOB, TaK U HA UX MMOPOTOBBIC 3HAUCHUS JIe-
(ubpWLIMpYIOIIEro Toka U 3Hepruu. M3BectHO, 4TO
CT'K B3pocCibIX OOIBHBIX HAXOAUTCS B OYE€HD IIIMPOKOM
nuanaszoHe: oT 33 mo He menee 170 OM co cpegHUMU
3HaueHHsIMU 86...103 Owm [19]-[21]. B cBs13u ¢ aTHM co-
BpeMEHHbIe JepUOPMILIATOPH IPU KPAaHHUX 3HAYCHU-
sx CI'K momkHbl 00ecrieunBaTh Moaep:KaHie OCHOB-
HBIX IapaMeTpoB U (OPMBI UMITYJIbCA B Ipeaeax, He
CHIXarommx ero 3pQekTuBHOCTL N 0e30macHOCTh. B
HACTOSIIEM HCCIeIOBAHUNA HAa MOJIEIM BHICOKOOMHOM
CBUHBH (COMPOTHUBIICHNE HATpy3KH neduOpuiuisITopa
100 Om) 6bUTO TPOBEACHO CPaBHEHHE IIOPOTOBOM 3HEP-
run nepudpwurinuu (I130) y 4-x nedudpuiuiaropos ¢
Pa3IUYHBIMU 110 (OopMe OUITIONSIPHBIMH UMITYThCAMHU.
DTO MO3BOJIMIIO OLIEHUTH BIIMSHIE CIIOCO0a KOMITEHCa-
mun Beicokoro CI'K u popmsr mmmtysisea Ha [13/1, yer-
panustrornyto 20-cekyHmnayro Gubprmuismio. Kak moka-
3aJIM pe3yJbTaThl IPOBEACHHOTO HAMM HCCIIEAOBAHUS
(1 rpymma oneITOB, maba. 1), HAMOOIBITUMU 3HAYCHUS
II3/[0 okazamuce y ABYX AeUOPHWILIATOPOB C Tparele-
npanbHeIMu MITyIbcaMu (BT®1 u BTd2), y koTopsIx
MMITETAHC KOMIICHCUPYETCS 3a CUeT yBETUYCHUS UTH-
TEJIPHOCTH UMITYJIbCOB. CyIIeCTBEHHO MEHBIIHE 3HAUE-
Hust [1D]] ObUTH OTY4eHBI TTPH UCHOIB30BaHUU Jehr0-
PUWLISITOPA, TEHEPUPYIOLIETO KBA3UCHHYCOUTATbHBIN
umiysibe (BK®) co cTtabunbHOM MIMTETBHOCTHIO, T. €.
00ecreunBaroIero KOMIICHCAITNIO UMITETaHCa TIPEUMY-
IIIECTBEHHO 3a CYET M3MEHEHMS aMIUTUTYIbI Toka. [1o-
JTy4eHHBIC HAMH PE3YIbTAThI COTIIACYIOTCS C JAHHBIMH,
onyokoBaHHbIMH B [9]. I1pu cpaBHeHNN IBYX edHrO-
PWLISTOPOB, 00ECIIEUNBAIOIINX KOMIICHCALIMIO UMIIe-
JTaHCa MPEUMYIIIECTBEHHO 34 CUET U3MEHEHUS AMILIUTY-
1l Toka (nMityabesl BK® u BII®D, maon. 2), mexmy
3HaueHusMU [19]/] He OBLIO MOTYYEHO CTATHCTUICCKU
3HAYMMBIX Pa3INudii, OTMEYIaCh JIUIIb TEHICHITIS K
HUX MEHBIIUM 3HaueHusM y umnyibca BK®. Takue xe
TEHJCHIIMKM HAOII0JaIuCh B paboTe [22].

3aknuyeHve

Taxum 06pa3oM, Ha BBICOKOOMHBIX MOJIETISIX KCIIe-
PUMEHTATBHBIX XUBOTHBIX METOMKA KOMITCHCAITIH M-
neJiaHca )KUBOTHOTO, OCHOBaHHAs HA M3MEHEHUU aMIl-
JIUTYIBI TOKA, Ooee 3ddekTuBHa o kputepuro [13]1,

** p=0,053. YeM METOAWKA KOMIICHCAIIMM HMMIICJaHca )KUBOTHOTO,
OCHOBaHHAas Ha WM3MCHECHHUH JJTMTEIILHOCTH UMITYJIbCA.
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I{udpoBoii CUTHAIBbHBINA MPOIIECCOP, UCTIOIb3Ye-
MBI B JAHHOM HCCJIEIOBAHUH, MPUMEHUM B MPUIIO-
KEHMSIX GOPMHUPOBAHUS MOUIHBIX MMITYJIbCOB 3aJ[aH-
HO¥ (OPMBI ¢ UCMONIB30BAHNEM OOpPATHOMN CBSI3U TIO
TOKY M HAIIPSDKEHUIO Ha Harpyske. JlaHHasi TeXHOO-
TSl pealn30BaHa B aBTOMAaTHUYECKHX HAPYXHBIX ie-
dbubpumtsropax «imPulse» (puc. 5) u «imPulse PRO»
(puc. 6), pazpaboTaHHBIX Ha Kadenpe OHMOMETUITUHC-
KHX CHCTeM MOCKOBCKOTO T'OCYIapCTBEHHOTO WHCTU-
TyTa 3JEKTPOHHON TEXHUKH.

Puc. 5. ABToMaTU4eCKnin HapyxHbI 0ebndpunnsatop
«imPulse» onsg nybnnyHbIX NPUMEHEeHW

Puc. 6. ABTOMaTU4eCKNin HapyXHbIA 0edndpunnsatop
«imPulse PRO» ana npodeccnoHanbHbIX NPUMEHEHUIA (C
LUBETHbIM rpadn4eCKUM ANCNNEEM,
NnoJslyaBTOMaTtn4eCKNUM, PYYHbIMU CUHXPOHHBLIM U
ACMHXPOHHBIM PEXMMaMn N PEXUMOM MOHUTOPA)

Cnucok numepamypoi:

1. I'ypeuu H.JI. BoccTaHOBJIGHUE )KHU3HEHHBIX (DYHKIMNA
OpraHM3Ma TMOCJIe CMEePTEIbHON 3JIEKTPOTPABMBI /
[MaTodusnonorus u Tepanusi TEPMHUHAIBHBIX COCTOS-
HUI B KIIMHUKE U IIPAKTHUKE CKOPOH ToMONTH. Te3uch
mokiranoB koHpepeHuu. — M.: U3marensctBo AMH
CCCP, 1952. C. 23-24.

2. Ussenko L, Tsarev A, Leschenko Y. Naum L. Gurvich:
A pioneer of defibrillation // Resuscitation. 2006.
Ne 70. PP. 170-172.

3. Efimov I. Naum Lazarevich Gurvich (1905-1981) and
his contribution to the history of defibrillation //
Cardiology J. 2009. Ne 16. PP. 190-193.

4. Benun U.B., I'ypeuu H.JL, Omgpep b.M., Ilacuunux T.B.,
Casemes B.H., Cudopos B.H., L[ykepman b.M., LLlepmarn A.M.
Hedubpmmursarop / A. c. CCCP Ne 258526. 1970.

S. T'ypeuu H.JL, Tabak B.A., boeywesuu M.C., Benun U.B.,
Maxapviues B.A. lednbpmwusiims cepana aByxdas-
HBIM MMITYJILCOM B KCIIEpUMEHTe U kimHuke // Kap-
muonorus. 1971. T. XI. Ne 8. C. 126-130.

6. Vostrikov V.A., Holin P.V., Razumov K. V. Efficiency
of biphasic waveforms in transthoracic ventricular
defibrillation of man // American Heart Journal. 1994.

Vol. 128. Issue 3 / Proceedings of a Symposium Eighth
Purdue Conference on Cardiac Defibrillation.
Symposium abstract: V biphasic defibrillation. P. 638.

7. Vostrikov V.A., Razumov K.V., Holin P.V.
Transthoracic ventricular defibrillation of humans:
Efficiency of biphasic waveform // Clinical Intensive
Care. 1995. Vol. 6. Suppl. 2. P. 84.

8. Vostrikov V., Kholin P., Razumov K. Effectiveness of
quasi-sinusoidal biphasic waveform in transthoracic
ventricular defibrillation of humans / 4th Congress of
the European Resuscitation Council, ERC //
Resuscitation. 1998. Vol. 37. Ne 2. S42.

9. Li Y, Ristagno G, Yu T, Bisera J, Weil M, Tang W. A
comparison of defibrillation efficacy between different
impedance compensation techniques in high
impedance porcine model // Resuscitation. 2009.
Ne 80. PP. 1312-1317.

10. Bernun U.B., I'onononvckuii O.JI., Cmepodos A.A. Viccne-
JIOBaHUE PA3PsSIAHOTO KOHTypa Aedubprisaropa // Ho-
BOCTU MeOUIIMHCKOM TeXHUKH. 1982. Brm. 6. C. 28-32.

11. Kidwai B., McIntyre A., Anderson J. et al. Optimization
of transthoracic ventricular defibrillation biphasic and
triphasic shocks, waveform rounding, and
synchronized shock delivery // J. Electrocardiology.
2002. Vol. 35(2). PP. 235-244.

12. Pebposa O.FO. CTaTUCTHYECKUH aHATINU3 MEIHUITIMHC-
KUX DaHHBIX. [IprMeHeHNe makeTa MPUKIaAHBIX MPO-
rpamm Statistica. — M.: Meaua Cdepa, 2006. 305 c.

13. Antropov A., Gorbunov B., Gusev A., Mamekin K., Nesteren-
ko I, Selishchev S. Automatic external defibrillator with
defibrillation pulse-shaping unit by digital signal processor
/ Proc 5th RBC BME Munich, 2009. PP. 205-206.

14. European resuscitation council guidelines for
resuscitation 2005 // Resuscitation. 2005. 67S1.
PP. S25-S37: S31.

15. Schonegg M, Bolz A. There is more than biphasic
truncated exponential in defibrillation / Proc. IFMBE.
2008. Ne 22. PP. 2524-2527.

16. Poole J.E., White R.D., Kanz K-G. et al. Low-energy
impedance-compencating biphasic waveform
terminate ventricular fibrillation at high rates in victims
of out-of-hospital cardiac arrest // J. Cardovasc.
Electrophysiol. 1997. Ne 8. PP. 1373-1385.

17. Morison L., Dorian P., Long J. et al. Out-of-hospital
cardiac arrest rectilinear biphasic to monophasic
damped sine defibrillation waveforms with advanced
life-support interventional trial (ORBIT) //
Resuscitation. 2005. Ne 66. PP. 149-157.

18. Li Y., Ristagno G., Yu T. et al. A comparison of
defibrillation efficacy between different impedance
compensation techniques in high impedance porcine
model // Resuscitation. 2009. Ne 80. PP. 1312-1317.

19. Poole J.E., White R.D., Kanz K-G. et al. Low-energy
impedance-compencating biphasic waveform
terminate ventricular fibrillation at high rates in victims
of out-of-hospital cardiac arrest // J. Cardovasc.
Electrophysiol. 1997. Ne 8. PP. 1373-1385.

20. Gliner B.E., Jorgenson D.J., Poole J. et al. Treatment
of out-of-hospital cardiac arrest with a low-energy
impedance-compensating biphasic waveform automatic
external defibrillator // Biomedical Instrumentation &
Technology. 1998. Ne 32. PP. 631-644.

21. Morison L., Dorian P., Long J. et al. Out-of-hospital
cardiac arrest rectilinear biphasic to monophasic
damped sine defibrillation waveforms with advanced

MEAWNLMHCKAS TEXHUKA. 2010. Ne 6 (264)



Teopusa u koncmpyuposeanue

life-support interventional trial (ORBIT) //
Resuscitation. 2005. Ne 66. PP. 149-157.

22. Qu F., Nikolski V.P., Wollenzier B.R., Efimov I.R.
Comparison of three biphasic waveforms: Gurvich
waveform is more efficient / Proc. of the Second Joint
EMBS/BMES Conference. Houston, TX, USA.
October 23-26, 2002. PP. 1439-1440.

Bsiuecnas Anexcandposuy Bocmpukos,

0-p MeO. HAYK, 6e0yW. HAYYHbIL COMPYOHUK,
Ilepsviii Mocko8cKuti 20¢y0apcmeeHHblll
meouyunckuil ynugepcumem um. .M. Ceuenoasa,
2. Mocksa,

bopuc Bopucosuy I'opbynos,

8eOYUUTT UHIICEHEP-INEKMPOHUK,

Anexceit Huxonaesuu I'yces,

8e0YUULT UHIICEHEP-INEKMPOHUK,

Jmumpuii Braoumuposuu I'yces,
UHDHCEHEP-DTIeKMPOHUK,

Mocxosckuti 2ocyoapcmeenHbiti UHCIMUNYm
9NeKMPOHHOU MEXHUKU

(mexHuyeckuil ynueepcumem),

2. 3enenoepao,

Teopeuii [lunkycoeuu Umxun,

0-p buonoe. HaykK, 3ae. rabopamopueti,
Enena I'ennaovesna Kowuvnuesa,

KaHo. buonoe. HayK, Mi. HAYYHIL COMPYOHUK,
Dedepanviblil HAYYHBIN YeHMP MPAHCHAAHMOTIO2UU
U UCKYCCMBEHHBIX OP2aHO8

um. akao. B.U. Illymarxosa,

2. Mockea,

Kupunn Anopeesuu Mamexun,

8eOYUULT UHIICEHEP-INEKMPOHUK,

Hzopv Banepvesuu Hecmepenxo,

8e0YUULT UHIICEHEP-INEKMPOHUK,

Cepeeii Bacunvesuu Cenuwyes,

0-p Qus.-mam. nayx, npogeccop,

3a6. Kapeopoii OUOMEOUYUHCKUX CUCTNEM,
JImumpuii Bukmopoesuu Tenviuies,
uHICEHED,

Mockoeckuti 20cydapcmeeHtblii UHCHUmMym
INEKMPOHHOL MEeXHUKU

(mexHuyeckuil yHueepcumem),

2. 3enenoepao,

e-mail: vostricov.v@mtu-net.ru

A.B. AnackuH, K.H. o3opos, A.H. CtuueHko, N.A. @unartos, E.I. KoHbilueBa, A.H. 'yces

PA3PABOTKA BJIOKA YTNPABJIEHUA U CUCTEMbI MATAHUA UMNTNTAHTUPYEMbIM
HACOCOM CUCTEMbI BCINMOMOIATEJIbHOIO KPOBOOBPALLUEHUA

AHHOTANMSA

B nmanHOI cTaThe pacCMOTPEHBI PE3YIbTAThI UCCIEAOBAHNN 1O CO3AHUIO OJIOKA YIPABICHUS! UMITIAHTHPYEMOTO
Hacoca JIEBOTO XKelynouka cepaua, pazpadbarsiBaemoro copMectHo @I'Y ®HLITHUO um. B.U. Lllymakosa, MUIT n
000 «bOCODT-M». KoHeuHoll Lienbio pa3pabOTKH SBIISETCS CO3AaHUE TOPTATUBHOMN, 0€30MacHOI U aBTOHOM-
Hoi cucremsl MJIDKC, oTBedaroreil caMbIM BBICOKMM TPEOOBAHUSM K IIPOU3BOJICTBY M IKCITIYATAI[TH HOCUMBIX CHC-
TeM BcrioMoraTenbHOro kpoBoobparieHus (CBK). OcBemensl BONIPOCH CTPYKTYPHOU, CXeMOTEXHHYECKOH U ITPO-
IPAMMHOH pean3allii CUCTeMBI yIIpaBJeHusl UMILUTaHTUpyeMoro oceBoro Hacoca (MOH) CBK uckyccTBeHHOTO J1€e-

Boro xenynouka cepaua (MJIXKC).

Pa3paboTku 1o cO31aHUIO NCKYCCTBEHHBIX OPTaHOB
(MO) 1 cucteMbl BCIIOMOTATEIIFHOTO KpOBoOOparie-
Hust (CBK) oTHOCSTCS K IPUOPUTETHOMY HaIlpaBiie-
HUIO pa3BUTUA COBPEMEHHOMN TPaHCIUIAHTOJIOTUU. Be-
IyLIUe CTPAaHbl MUpPA MPOBOAAT IIMPOKKUE HAYUHBIE U
71a00paTOPHBIE UCCIEIOBAHUS 10 BHEAPEHUIO B MEAU-
nmHckyto npaktuky CBK [1], obecnieunBaromux BbI-
COKUI ypOBEHb KauecTBa >KU3HU MALlMEHTOB I1OCIIE
uMiuiantaiuu MO, 9To mocTuraercs 3a cyeT mpume-
HeHUs1 OMOCOBMECTUMBIX MaTepUAIOB, COBEPIIIEHCTBO-
BaHMs KOHCTPYKIMHU, BHeIApeHUS 3PPEKTUBHBIX
CPENCTB U MeTOJIOB yrpasienus: noacucremamu CBK
[2].

Pactymas nmotpebnocts B CBK BbI3BaHa ocTpoit
HEXBATKOU JOHOPCKUX OPraHOB M PACHPOCTPAHEHHO-
CTBIO TSDKENbIX (JOPM CepIIEUHO-COCYAUCTHIX 3a00JIe-
BaHui. YacTHUHas UM TOJTHAS 3aMeHA HACOCHOH (yH-

kuuu Muokapaa cpeacrsamu CBK kpaline akTyanbHa

B HEHPOXHUPYPIUH, peaHUMAINH U peabTuTALNH IS

MAaIlMEHTOB C OCTPBHIMU (POPMaMH CepPACUHBIX MATOJIO-

ruit [3]. Tak, Toapko nmotpedbHOCTh CIIIA B CBK co-

crasinseT okoJio 100 Teic. mpUOOPOB B oM. YUUTHIBAS

HeOIArOMPUATHBIM TPOTHO3 POCTA YNUCIEHHOCTH Kap-

TUOXUPYpTHUecKuX O00nbHBIX, nepunnt CBK Oyzner

TOJIBKO YBEIIMYMBATHCS.

PaznoBugnoctrio CBK, monyunBmieil mupokoe
pa3BUTHE B MUPOBON KIMHUYECKOW MPAKTHUKE, SBIIS-
IOTCS MUCKYCCTBEHHBIC JIEBBIC JKEIYIOUYKH Cepala
(MJIXKC), mpeqna3HadeHHbBIC IS PEIICHUS CIEMYIO-
VX 3a/1a4:

* 3aMEHbI HACOCHOU (PYHKIINU Cep/Iia y TSHKEI000IIb-
HBIX MALIMEHTOB B MEPHOJ OXKHUIAHUS TOHOPCKOTO
opraHa M MOJATOTOBKHU MallMeHTa K TpPaHCIUIAaHTa-
LMK
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