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AHHOTaums

BekTopHasi KOHLENUMS MPU aHAAM3E IAEKTPUHECKUX CUTHAAOB CEPALIA HA4aAd MPUMEHSITLCS HA 3ape Pa3BUTUSI IAEKTPOKAPAMOAOT UK. B TeueHne
HECKOAbKMX AECSTUAETUI BEKTOPKApPAMOrpadusi pasBMBaAACh MAPAAAEABHO C IAEKTpoKapauorpadmen; AocTuraa pacusera B 1960-e roabl u
NMOCAE MEPUOAA OXADKAEHUS BHOBb MCMbITaAQ BO3POXAEHWUE C HadaAa 1990-X roaoB, KOraa nosiBUAACh BO3MOXHOCTb MaTeEMATUHECKU CUHTE3U-
poBatb BekTopkapanorpammbl (BKI) 13 umdpoBbix arekTpokapanorpamm B 12 otBeaeHumsix. BKI oTpaxaer Te e siBAeHMsi, UTO M IAEKTpOKap-
AMorpadousi, HO MO3BOASIET BbIMMCAUTL U HATASIAHO MPEACTaBUTL PSIA TPEXMEPHBIX XapaKTEPUCTUK IAEKTPUUECKMX CUMIHAAOB cepala. B cratbe
onucaHbl OCHOBHble Bexu pa3suTus BKI, CTOpuMs MEXAYHAPOAHOTO COTPYAHMUECTBA B 3TOM OOAACTM, BKAAA OTEYECTBEHHbIX YUYEHbIX B AAHHYIO
chepy Hayku. KpaTtko oTpaxeHbl COBPEMEHHbIE MEPCMNEKTUBHbLIE HAMPABAEHMSI MCCAEAOBAHUIA, CBS3aHHbBIE C BEKTOPHOM KOHLIEMNUMENR aHaAM3a
IAEKTPUUECKUX CUTHAAOB CEpALLa.
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On the history of vectorcardiography: past, present, future
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Abstract

The vector concept in the analysis of the electrical signals of the heart began to be used at the dawn of the development of electrocardiology.
For several decades, vectorcardiography has developed in parallel with electrocardiography; reached its peak in the 60s, and after a period of
cooling experienced a resurgence since the early 90s, when it became possible to mathematically synthesize vectorcardiograms (VCG) from
digital electrocardiograms in 12 leads. VCG reflects the same phenomena as electrocardiography, but allows you to calculate and visualize a
number of three-dimensional characteristics of the electrical signals of the heart. The article describes the main milestones in the development
of the VCG, the history of international cooperation in this area, the contribution of domestic scientists to this field of science. Modern promising

areas of research related to the vector concept of the analysis of the electrical signals of the heart are briefly reflected.
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BexkropHasa KOHLENIMA IPU aHAMN3€ 37EKTPUYECKMX CUT-
HAaJIOB Cepflia BIIepBble IpMMeHeHa B. DIHTXOBEHOM M COaBT.
B myOmuKanuy 1913 1., KOrfa oHy 13006pasuii «CPeSHIO JIeK-
TpUYECKYI0 0Cb Komitekca QRS» B Bupe crpenku [1]. B 1920 .
X. MaHH BBeJl KOHLIEIIIVIO «IIET/IV» /1 IPENCTaB/IeHNA Hellpe-
PBIBHOI Cepuy BEKTOPOB [ENOAPU3ALMN ¥ PEeIoIApu3alm,
KOTOPYIO Ha3Ba/l <MOHOKapamnorpaMmoii» [2]. TepMmuH «BeKTOp-
Kappuorpadusa» npennoxun B 1938 . ®.H. Yuncos [3].

Ba)kHBIM IIaroM B PasBUTUM BeKTOpKappuorpaduu cra-
JIO VICIIO/Ib30BAHIE 9IeKTPOHHO-Ty4eBOro ocuyuiorpada ams
aBTOMaTM4ecKoit 3amucy Bekropkapauorpamm (BKT') B 1936 u
1937 r. [4]. B TeyeHMe IOC/IEAYOUINX AECATUICTHUI BBIACHEHDI
Kak n3MeHeHusa BKI mpu pasmmuHbIX cepfieyHO-COCYIMCTHIX
3a00JIeBaHMsAX, TaK ¥ BapuaHThl HOpMbI. [lInpokoe ncnonp3o-
BaHle BeKTOpKappyorpaduy orpaHMYMBaNIi HEOOXOOMMOCTbD
CIlelinaaIbHOr0 060PYHROBAHNA, TPYAOEMKOCTb IOTYYEeHNS 3a-
MCell ¥ OTCYTCTBUE OOIeIIPU3HAHHON CICTEMBI OTBEEHNIL.

BospoxzeHne BeKTOpKapamorpaduy Hadaaoch B 1987-
1990 rr., KOrma BBIIIENT PAJ, ny6}11/11<au1/[171 0 MaTeMaTU4YeCKOM

cunrese BKI n3 anmextpoxappuorpammsl (9KI') B 12 orBene-
Husx [5]. Tlo mueHuto HexoTOpbIx mccmenosareneii, BKI gaer
HOCTYI K MH(OPMALUY, KOTOPAs OCTACTCS HEM3YIEHHON IIpK
o6brunOM aHanuse JKI [6].

KoAAOKBMYMBI MO BekTOpKapAHorpadmm

IlepBr1t MEXXTyHAPOIHDII CUMIIO3MYM 110 BEKTOPKAPAMOrpa-
¢uu opranusosas B 1959 r. Bo Bporytase (ITonbura) X. Koapyku-
koM 11 3. KoBapyxmkoBoit. Ha Hem npucyTcTBOBamm 42 yyacTHMKA
u3 [Tonbiy, 13 crpan EBpomner, CIIA n Mekcnku [7]. Cunraercs,
4TO Mfesl 9TOM KOH(epeHIM BO3HMKIA BO BpeMs becer; MeXIy
ITvepom Puitnmantom n 3odmeit Kopapsxukosoit Ha BcemmuproM
KOHTpecce KapAinornoros B bproccene B 1958 1.

IToCKONBbKY CHMITO3MYM VMen GOnbLIOi ycIeX, mpodeccop
KoBapMK IpeyIoxKua OpraHusoBaTh B crepymoueM ropy «Ilep-
BBIIl KOJUIOKBUYM II0 BeKTOpKappuorpadum». Ha Hem cobpanuch
Bcero 9 yuactHukoB us Ilonbim, Yexocnosakum, bonrapym u ITIP.

OTU MepONpUATUA TONYIAPUSUPOBAIN UIEI0 BEKTOPKap-
muorpaduy Kak OCHOBBI UL MEXAVNCLMIUIVHAPHOTO U3YYeHUS
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Puc. 1. 3.3. Aopocpeesa (cnpasa) u U.®. UrHatbeBa (cAeBa).
Fig. 1. Z.Z. Dorofeeva (right) and I.F. Ignatieva (left).

3JIEKTPUYECKOTO 1I0JIA CepAilia, OTKPbIBas IIyTh K TECHOMY Hay4-
HOMY COTPYAHUYECTBY Bpadeil, pU3N0I0roB, GM3NKOB U MaTe-
MaTMKOB.

Ha saxmounrenbHoM sacefmanuy IlepBoro Kommoksmyma
pelIn peryisapHO NPOBOAUTH TaKue BCTPeYM B COCETHNX
cTpaHax. IlepBble 7 KOITIOKBIYMOB OPIaHM30BAHBI ITONIepeMeH-
Ho B [Tonmbre (1960, 1962 r.), Yexocnoakum (1961, 1963, 1964,
1966 r.) m ITTP (1965 r.). V. PyTkaii-Heperjkuit BOCIIonp3oBancs
BO3MOXXHOCTBIO IIpUB/IeYb OO/bIle YYACTHUKOB, OPraHN30BaB
7-it xomnokBuyM (1966 r.) B CMO/IEHUIIKOM 3aMKe, PacIoyno-
’KEHHOM Hefla/ieKo oT bpaTucnasbl 1 BeHbl, ¥ IpUypoOYNB €ro
110 BpeMeHM Ko BcemmpHOMy 61odumsndeckomy KoHrpeccy [8].

B 1967 I. KO/UIOKBUYM II0 BeKTOpPKapAuorpaduu BrepBble
npouten B 3amagHoit EBporne — B BeHe; 310 monmoxxmno Hava-
JI0O HOBOJ TpajuIuy BCTpey, NMPOBOAVMBIX IOIIEPEMEHHO B
Bocrounoii n 3anagnoit Espomne. B 1968 r. yyacTHUKM KOJIIOK-
BUyMa IO BeKTOpKappuorpadum BcTpedanmuch B Mockse, a
B 1970 r. - B Hbio-Vlopke. B 1973 . mpodeccop 3. Jonabuan
IIPEIOXKI M3SMEHNUTD HadBaHue KoHepeHIny Ha «MexxpyHa-
POIHBII KOHTPECC IO 3/IEKTPOKAPIOIOT L.

ITpep PuitmaHT ocTaBanca «IBIDKYIIUM TYXOM» KOHTpec-
COB, a TaKKe MYZAPBIM, IPEaHHbIM Jely U JUIIOMAaTUYHBIM
JUZIEPOM BIIOTH [0 cBoeil cMepty B 1983 1. Ilocime cmeptn
I1. PuitlaHTa IporpaMMHBIl KOMUTET IIpeobpasoBaH B Mex-
IOYHapOMHBIl COBEeT IO 37eKTpoKapamonoruu. IlepBbM ero
npesupentom cran V. Pyrtkaii-Hepmenxmii, a mocTOAHHBIM
cexperapeM — ILY. Makdapnaiis.

Yuactauku 20-ro MexxiyHapojHOro KOHIpecca 110 3/1EKTPO-
kapamornoruu 1993 r. s Kanage yupenymn MexayHaponHoe ob1iec-
TBO I10 37IEKTPOKAPAMOTIOTNY, TIPU3HAHHOE 6/IaTOTBOPUTENIBHOM
opraHu3sanyei, gerictyromnieii o sakonam lllotmangym. Ileppim
npesugentoM O6mmecrsa n3dpan PX. Craprr Censecrep [8].

B Cosetckom Corosze npoxogwin 6-it (1979, fnra) n 12-it
(1985, MuHCK) MexryHapOofiHbIe KOHIPECCHI 110 3TeKTPOKap-
puonmorny; 26-it kourpecc (1999, CeiktoeiBKap) u 35-11 (2008,
Cankr-Ilerep6ypr) opranmsosansl npodeccopom M.II. Po-
IIeBCKYM.

BriocnencTBuy JOCTUTHYTO coIIalieHne ¢ MexXayHapogHbIM
00111eCTBOM XO/ITEPOBCKOTO MOHUTOPUPOBAHISI 1 HEMHBA3UBHO
3NeKTPOKAPAMONOTUY O IIPOBEIEHMI COBMECTHBIX €XKeTONHBIX
MepornpuATHUil. MeMOpaHyM O B3a/IMOIIOHMMAHUM TIOJINJICAH B
2017 r. na CoBmectHoi1 BcTpede B [Toprienge, CIIA [9].

Ormamy  MeXIyHapOAHBIX BEKTOPKapaMorpapuiecknx
KO/UIOKBUYMOB ¥ KOHTPECCOB IIO 9/1eKTPOKapAMONIOTUM CTa-
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m Tpu pusuonora — X. KoBapxkuk (1906-1985) u3 ITombiy,
B. JTayd6eprep (1890-1986) us Yexocnosakuu u II. Puitnant
(1902-1983) us Benvruu [10]. Bce Tpoe sBISIINCH BBIFAIOLIN-
MICS Y9EHBIMY U BHEC/IV BOXKHBII BK/IaJl B Pas/MIHbIe 00/1acTn
¢usMonornn. Y 4aCTHMKM HePBBIX KO/UIOKBYYMOB MHOTHE TOJIbI
CITYCTsI BCIIOMMHA/IM 4e/loBedecKoe 0OasiHMe UX OTLIOB-OCHO-
BaTeJIell U IPUTATaTe/IbHYI0 aTMOCcepy Tex BCTped.

OrteyecTBeHHas BeKTOpKapAuorpadgus

bornbuiori Bk1aji B pasBUTIE OTE€UECTBEHHO BEKTOPKAPLMO-
rpa¢uu BHec VBaH TumodeeBnu Axymuudes (1915-2000) -
Bpay U y4eHblil, PaJIMIOKOHCTPYKTOP, OffMH U3 OCHOBOIIOIOX-
HIKOB KOCMIYECKON MeIUIHbI [11].

B mauane 1950-x MI.T. AKynIMHNYEB CKOHCTPYUPOBAJI BEK-
TOPKapAMOCKOIl U TPENIOKNU OPUTMHANbHBIA METOJ, peruc-
tpanuyu BKI. B 1960 r. Bpimia B cBeT ero KHmra «lIpakTm-
YecKie BOIIPOCHI BEKTOPKapAnockonmm» [12].

HecMmoTpsi Ha 3HaUMTeNbHBIE CIIOKHOCTM, BEKTOPKApAMO-
rpadysA IIMPOKO MCIIONB30BANACh B KIIVHUYECKOI IPAKTHKe.
Ony6nvkoBan psin MoHorpadmit [13-17]. DnaBbl, mOCBsilieH-
Hble IIPMMEHEHMIO BeKTOPHBIX IIPMHINIIOB, IPUCYTCTBOBA/IN BO
MHOTMIX PyKOBOJICTBAX II0 9/IeKTpokappuorpagdumn. Tak, B MOHO-
rpacdun L[A. Oextsaps (1966 r.) [18] mogpo6HO OMUCHIBAIOTCS He
TOJIbKO HMOHATHE O XKETyJOYKOBOM TI'pajiiieHTe, HO U IPUMephI
€ro IPYMEHEHM: B C/IOKHBIX JUArHOCTUYECKUX caydasax. VIH-
TEPECHO OTMETUTDb, YTO M3BECTHBIN aMEPUKAHCKUI KapAMOIOr
k. V. Xepcr B crarbe 2005 1. mmcan: «KoHuenumsa YuicoHa,
HO3Ke HasBaHHAsl XKeTyOYKOBBIM IPA/iIeHTOM, ObUIa IIOHSITA
JIMIIb HEMHOTVMMU MCCTIEIOBATEIAMM U €llje MEHBIIUM 4MC/IOM
KJIMHULCTOBY [19].

Hemano cunm u3y4eHMIO KIMHUMYECKUX ACIEKTOB BEKTOP-
kapmyorpaduu otnan Bragumup ViBanoBra Makonkus (1931-
2012). Eme B 1950-e rompt um ommcausl BKI' spopoBbix i,
607bHBIX ¢ MH(APKTOM MUOKapAa. BolpocaM IpyMeHeHNUs Bek-
TopKapauorpaduy B IUarHOCTVKe TIOPOKOB Cepflia MOCBSIICHDI
ero kaHauparckas (1960 r.) u gokTopckas (1967 r.) guccepraummy,
MOHorpadus «IeKTpoKapanorpadus u BeKTopkapauorpadus B
IVarHOCTMKeE TIOPOKOB cepana» (1973 r.) [20]. Bragumup ViBaHo-
BIY BO3BPALLAJICS K «MIJIOJ €T0 CepALly BeKTOpKapamorpadum»
u B 6oree mospHme rogsl [21, 22]. B Hagane 2000-x Ha kadenpe
(aKy/IpTeTCKOI Tepanuy BHepeHa CUCTeMa PeTUCTPALMY M aHa-
mm3a mudpossix BKT, 4to oTpaxkeHo B psife crareit [23].

PasButue BekTopKapayorpadum B VIHCTUTyTe Tepammu
AMH CCCP (BmocnepctBuy VIHCTUTYT KapAMONOTHM UM.
AJI. MsacHukoBa) casaHo ¢ uMeHamu 3.3. Jopodeesoit u
.®. VrnatbeBoit (puc. 1).

3051 3axaposHa [lopodeesa (1918-2008) — goub ofHOrO 13
OCHOBOITOJIOKHVKOB COBPEMEHHOM MOKIIAHCKOV JIMTEPaTypPhI
3axapa ®egoposuua [Jopodeesa. [Toce OKOHYAHUA MEFULINH-
CKOTO MHCTUTYTa B mione 1941 r. Bcrynuna B psaabl KpacHoit
apmuu. Harpaxxuena menanpio «3a 060poHy MOCKBbI», opfie-
nHamu Kpacnoii 3espibl 1 OTedecTBEHHOI BOIHEL ITocie OKOH-
YaHV BOVHBI IpUIIIA PaboTaTh B VIHCTUTYT Tepamuin.

Vipuna @enopoBHa VruareeBa (1923-2015) ponmnack B ce-
Mbe Bpaua, elle B IOHOCTH YB/IeK/IaCh 3/IEKTPOKaPMOIOTr1el IO,
B/IMAHMEM JIPyTa CeMbM, M3BecTHOro TepanenTa M.H. Tymanos-
CKOTO.

B xonue 1950-x — Hagane 1960-x ropos 3.3. Jopodeepoit u
W.®. VIrnatbeBoil aKTUBHO M3YYa/luCh BOSMOXXHOCTM BEKTOD-
kappuorpagpudeckoit cucrems! V.T. Axymunudesa [24]. ok-
topckas pucceptanyst 3.3. [Jopodeesoit (1970 r.) mocssiieHa
«OOLIMM 3aKOHOMEPHOCTSIM VM3MEHEHWIl 9/IeKTPOKapAVOrpam-
mbl 1 BKT npy runeproHmdeckoii 60me3Hy, KOPOHapPHOM ate-
POCK/IEpO3€e U UX COYETAHMM B ACHEKTE KIMHUYECKON CTanuii-
HOCTY pa3BuTHA 3ab0meBaHmil». Ee Hay4HbIe pa3pabOTKM TaKKe
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oTpaxkeHsl B MoHorpaduu «/HpapkT Mnokapga» (1971 r.) [25].
V.®. VirHaTbeBoii IpMHAIEKUT I/1IaBa IO BEKTOPKApAMOIpa-
¢dun B MmoHorpadun «Jlerounoe ceppue» (1973 r.) [26].

B 1970-e roppl Hay4HOe BHMMaHue KomtekTnBa 3.3. [lopode-
€BOII IpuBIeKam npodneMsl gy depeHIanbHOl AMarHoCTH-
KU COYeTaHHbIX (POPM IIOpaKkeHMs MUOKapza [27, 28]. B 1978 r.
O], ee PYKOBOJCTBOM HadaThl PabOTBI 11O IPUMEHEHMIO KOM-
nbotepoB Wit anamsa BKT [29]. Buenpenne udpoBoit Bek-
TOpKapAuorpaguyl OTKPbUIO HOBbIE BO3MOXKHOCTH IpefiCepa-
Hoit BKT [30]. KommbroTepusit ananus BKI' npumeneH u npu
usydyeHun ¢asbl peroApU3aLVIN XKeTyOuKoB cepaua [31].

B magane 1990-x rogos B KnmHu4ecKyo npaktuxky HUN
kappuonoruu uM. A.JI. MACHUKOBa BHEIPEH aITOPUTM aBTO-
marusupoBanHoi BKI-guarnoctuku [32], a 8 2011 . — cuHTe-
supoBanHas BKI [33, 34].

CoBpeMeHHOCTb

B HacTosiilee BpeMsi B HEKOTOPBIX HayYHBIX LIEHTPaXx, pas-
OpOCaHHBIX [0 BCEMY MMPY, IPOJO/DKAET IPUMEHSITHCS Tpa-
OVILVOHHBII  3/IEKTPO-BeKTOpPKapayorpaduieckmii  mOfXof,
npu koropom BKI' ucnonesyercs Ha II, 6ornee yraybneHHOM
arane a"Hanusa cnoxabix KT [35].

PaspabarsiBaroTcs u HOBble KonyecTBenHble BKT - moka-
3arenu — «mwromanb QRS» [36]; Mopdonorus npocTpaHcTBeH-
Hott et QRS [37]; mokasareny «I7106anbHOI 3/1EKTPUIECKOIt
reTepOreHHOCTY MMOKapaar» [38, 39].

B KoHTekcTe BeKTOpKapamorpaduy 3apomwics psij HO-
BBIX HAIIPABJIEHMIT MCC/IEOBAHNIT: IEPUORMYIECKas AUHAMMKA
peronspusanuu [40, 41]; cuaTes BKT u3 ogHOro orseneHmus
SKT [42]; mpuBsska BKI k cTpykTypam cepflia Ha OCHOBe Ia-
LMeHT-crenuuiecknx Mopernei [43].

CyuiecTByeT ¥ ellle OZMH BaXKHbIN acrekT. IIo MHeHMIO
Psifia 9KCIIepTOB B 00/1acTy /IeKTpoKapauonoruu [35, 44, 45],
BeKTOpKappnorpadusi MMeeT MHOTO IPEMMYIeCTB KaK OC-
HOBa 00yd4eHus anekrpokappuorpadpum. IIpocTpaHcTBEHHAS

BU3Ya/IM3alUsA SMEKTPUUECKOil aKTMBHOCTH Cep/ilia obmerdaer
MOHMMAaHUe ¥ IOMOTAeT BBIPAbOTATh Y y4aIuxcs 6ojee 0co3-
HaHHBIN 1TOfIX07, K TpakToBKe 3MeHeHui JKI.

Ceituac, B XXI B., BeKTOpKapayorpadusi, MMeLas 3a Iie-
YaMy C/IABHYIO CTOJIETHIOK0 UCTOPUIO, IPOJO/IKAET OCTaBaThCsA
aKTyaJIbHOM ¥ IIOCTENleHHO IIpeBpalllaeTcAd B OJMH 13 Oosee
yrnybneHHBIX crioco6oB aHammsa umdposoit IKI. Xouercs
HaJIeAThCA, YTO OHA U B JajbHENIIEM COXPaHMUT BCe ydllee,
YTO JOCTUTHYTO 32 IPOLIEAIINE TOAbI, M OCTAHETCS CUMBOJIOM
BIYMYMBOTO, OCMbBICIEHHOTO TTOZIX0fIa K MHTEPIPeTaIL /eK-
TPOKapAMOrpaduueckux JaHHBIX M CTUMYIOM K IIVPOKOMY
MEXIMUCIMUIUIMHAPHOMY U MEXIYHAPOJHOMY COTPYIHUYECTBY.

PackpbiTiie MHTepeCcOB. ABTODBI HEKIAPUPYIOT OTCYT-
CTBJ€ SIBHBIX J1 TOTEHI[MA/TbHBIX KOHQIMKTOB MHTEPECOB, CBSI-
3aHHBIX C Hy6m/u<aume17[ HACTOSIIEN CTaThI.
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