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AHHOTAIIUA

IJenp. M3yyenue BHYTPHMHUOKAPAUAIBHOTO cTpecca JieBoro xemyzouka (JIXK) y jun, mojBepramouxcs Bo3ein-
CTBHIO TPOU3BOICTBEHHOM BUOpAIUU U OOJIbHBIX BUOpAIMOHHOM 60s1e3Hb10 (BB).

MaTepuasnbl u MeTobl. O6cIe[0BaHO 15 Uesl., KOHTAKTHPYIOIINX ¢ BUOparuei, 44 den. ¢ BB 1-ii crenenu (ct.),
10 ueJ1. ¢ BB 2-ii c1. 'pyIny KOHTPOJIsI COCTABIIIM 20 JInIl 6€3 CepeuHO-COCYIUCTON MMATOJIOTUH, HE TTO/IBEPTaBIIIUECS BO3-
JIEHACTBUIO TPO(ECCUOHATBHO-BPEAHBIX (hakTOpoB. OCHOBHBIMH IPOU3BOZCTBEHHBIMHU HEOIATOIPUATHBIME (haKTOPAMHU
y a1y ¢ BB siByisircs BubGpanus, mym, busndeckoe HalpspKeHHe.

IIpoBoAmIIOCH YIBTPa3ByKOBOE UCCIIEI0BaHUE CepALa ¢ onpezesenueM obiero obvema JIK (Vg ); o6bema ero muo-
kapza (V. ); macesl Muokapaa (MMJIXK); uagexca Mmaces! Muokapga (MMMJIXK); cucTonueckoro BHYTPHKeTy0UKOBOTO
JIaBJIEHUsI; THTEHCUBHOCTU QDYHKIIMOHUPOBAHUA cTPYKTYp JIK; BHYTpUMHOKApAUAIBFHOTO IUPKYJIAPHOTO (KOJIBIIEBOTO)
Y MEPH/IMOHAIBHOTO [IHACTOINYECKOTO B CHCTOIMIECKOTO CTPECCOB (O, , O, U O, , O, COOTBETCTBEHHO); BHYTPUMHOKAP-
JMaJIbHOTO HAIPSKEHHUA B KOJIBIEBOM U MEPUIMOHAILHOM HalpaBJieHuu B cucrosy u guacrony (T, T, u T T,, coot-
BETCTBEHHO).

PesynbpTaTsl. Y JUI, UMEOIUX KOHTAaKT ¢ BHOpamued, IO CPaBHEHUIO C JIMIAMHU, He MMEBIIMMHU KOHTaKTa C
IIPOM3BO/ICTBEHHO-BPE/IHBIMHA (paKTOPaMH, OTMEYAETCsl Bo3pacTanue o, B 2.5 pasa (p < 0.05) n o, B 2.8 pasa (p < 0.05).
HanpsixeHue [OBbIIIAeTCs B CHCTOJTY U /IUaCTOIly Kak B KosblesoM (T, Ha 17.35 %, p < 0.05; T, B 2.74 pasa, p < 0.05), Tak
u B MepuanoHansHoM (T, Ha 14.59 %, p < 0.05; T, B2.76pasa,p < 0.05) HampaBJieHusAX. Y suil ¢ BB 1-ii ct. HabomaeTcs
YBEJIMYEHNE B AMACTOJY KaK O, B 2.2 pasa (p < 0.05), o,, B 2.4 pasa (p < 0.05), Tak 1 T, (p<o0.05)u T, B 2.5 pasa
(p < 0.05).

¥ 6onpHBIX BB 2-ii cT., B oTsiume oT 601bHBIX BB 1-1i CT. U JINII, KOHTAKTUPYIOIINX ¢ BUOpAIel, TPOUCXOIUT U3MeHe-
Hue yeioBuit pabotel JIK. IIpu Takux ke 3HAUEHHSIX Voow Vi MMJDK 1 UMMJIIK, KaK B OIIICBIBAEMBIX TPYIIIAX, Y 6071~
HbIX BB 2-11 cT. OTMeuaeTcsl CHHJKEHHE CHCTOJIMYECKOTO BHYTPIDKEIIYZ0UKOBOTO IaBIeHus Ha 12.3 % (p < 0.05) Ha doHe
BO3pacTaHus 0, Ha 14.7 % (p < 0.05), T, Ha13.6 % (p < 0.05), aTaxke 0, B2.25pasa(p < 0.05)u T, B1.97 pasa (p < 0.05).

3akJUYeHUeE. B rpyme KOHTAaKTUPYIOIIUX ¢ BUOpanuen u 60bHBIX BB 1-i CT., B OTJINYME OT JIUII, HE TI0/[BEPTa0-
ITUXCS BO3ZIEMCTBHUIO IIPOU3BO/CTBEHHO-BPEAHBIX (AKTOPOB, IPOUCXOAUT BO3PACTAHME CTpecca U HANPSDKEHUs IIpekie
BCETro B KOJIbIIEBOM HAIIPABJIEHUH B IMACTOJLY, UTO TOBOPUT 00 AKTHBAINH reTePOMETPUIECKOT0 THUIIA aBTOPETYJIALUY Cep-
JIeYHOH JieAaTesIbHOCTU. Y 00sIbHBIX BB 2-I1 ¢T. cTpecc u HanpsoKeHMe MOBBIIIAIOTCA B MEPHANOHAIBHOM HAIIPaBJIeHUU B
CHCTOJIy, UTO CBUZIETEIbCTBYET O HUBeIMpoBaHUM runepdykuuu JIXK 1o u30ToHIYeCKOMY THITY.

Karoueeswvle c108a: BHyTPUMHUOKAPIUATIBHBINA CTPECC, BHYTPUMHUOKAPAUATBHOE HATIPSYKEHNE, BUOPAIs, BHOPAITHOH-
Has 00JIe3Hb, TeMOMHAMHKA.
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ABSTRACT

Aim. Study of intramyocardial stress of the left ventricle (LV) in persons exposed to occupational vibration and pa-
tients with hand-arm vibration syndrome (HAVS).

Materials and methods. We examined 15 individuals exposed to vibration, 44 individuals with grade 1 HAVS,
10 individuals with grade 2. The control group consisted of 20 persons without cardiovascular pathology, who had not been
exposed to hazardous occupational factors. The main occupational hazards in persons with HAVS were vibration, noise,
physical exertion.

Echocardiography was carried out to determine the total volume of LV (V,_, ); the volume of myocardium (V ); myocar-
dial mass (LVMM); myocardial mass index (LVMMI); systolic intraventricular pressure; the intensity of the functioning of
the LV structures; LV circumferential and meridional diastolic and systolic stresses (o, 0, and o_,, 0 _respectively); LV
tension in the circumferential and meridional direction during systole and diastole (T, T, and T , T , respectively).

Results. In persons exposed to vibration, in comparison with those who have not been exposed to occupational haz-
ards, there is an increase in o, by 2.5 times (p < 0.05) and o, by 2.8 times (p < 0.05). The tension increases during sys-
tole and diastole both in the circumferential (T'_ by 17.35%, p < 0.05; T, by 2.74 times, p < 0.05) and in the meridional (T,
by 14.59%, p < 0.05; T, by 2.76 times, p < 0.05) directions. In persons with grade 1 HAVS, there is an increase during di-
astole o_, by 2.2 times (p < 0.05), 0, by 2.4 times (p < 0.05),and T, , (p < 0.05) and T, _by 2.5 times (p < 0.05).

In patients with grade 2 HAVS, in contrast to those with grade 1 and persons exposed to vibration, there is a change in the
working conditions of LV. With the same values of V,_ , V., LVMM and LVMM]I, as in the described groups, in patients with
grade 2 HAVS, there is a decrease by 12.3% (p < 0.05) in systolic intraventicular pressure against the background of an increase
ino_,by14.7% (p < 0.05), T, by 13.6% (p < 0.05), as well as 6, _by 2.25 times (p < 0.05) and T, by 1.97 times (p < 0.05).

Conclusion. In the group of persons exposed to vibration and patients with grade 1 HAVS, in contrast to those who
are not exposed to occupational hazards, there is an increase in stress and tension, primarily in the circumferential direction
during diastole, which indicates the activation of the heterometric type of autoregulation of activity of the heart. In patients
with grade 2 HAVS, stress and tension increase in the meridional direction during systole, which indicates the levelling of LV
hyperfunction by isotonic type.

Keywords:intramyocardial stress, intramyocardial tension, vibration, hand-arm vibration syndrome, hemodynamics.

BBEJAEHUE

Muoxkapauanssiii crpece (MC) xapakrepusyer
CIWJIy HATSKEHUS BOJIOKOH MHMOKAap/la Ha €IUHUILY
IIOIIEPEYHOr0 CEYEHUsI CTEHKU JIEBOTO JKEeJyZ0uKa
(JIXK) u sBJAeTcA KOJUYECTBEHHBIM OTpaKEHUEM
BeJINUMHBI Opef- 1 noctHarpysku JIXK. B xonne nu-
aCTOJIbI OH BBIPAXKAET IIPEIHATPY3KY, B KOHIIE CHCTO-
J1BI — mocTHArpysky [1]. Ilo MHeHUIO psAsa aBTOPOB
noseiieHne MC MOXeT pacleHHBAaThCA Kak IIPo-
rHOCTHYeCKUH daktop runeprpodun JIK, kotopas,
B CBOIO OUYepe/ib, SIBJISAETCS BAXKHBIM 3BEHOM B IIPO-
ecce pemozenupoBanus cepana [2]. [TokazaHo, 4To
KJIIOUEBYIO POJIb B PEryJIUPOBAHUU MHOKAPAHATIb-
HOTO OTBeTa Ha OMOMEXaHUYECKYIO IEPErpy3Ky B
pubpobiactax U KapJHUOMHOIIUTAX WUTpPaeT OeoK
ST2, KOTOPBIN SABJISETCS YIEHOM CEMEWCTBA Peller-
TOPOB MHTEpPJIeHKNHA-1 U YIacTByeT B QYHKIIMOHU-
PpOBaHUU KapAMONPOTEKTUBHON CUTHAJILHON CHUCTe-
MBI B MUOKap/ie, KOHTPOJIUPYs runeprpoduio u ¢pu-
6po3 [3—5]. HecMoTpss Ha pa3juvusa B STHOJIOTUU U
maTtoreHe3e KapAUAJIbHBIX 3a00JI€EBAHUIN, HEKOTO-
pble MOJIEKYISIpHbIE, OMOXUMUYECKHUE U MeXaHUJe-
CKUe IIPOIlecchl, IPHUBOAIINE K BBIPAa’KeHHBIM Ha-
PpYyLIEeHUAM CTPYKTYPHI U (GYHKIIUU cep/ilia, BO MHO-
roM cxoxku [6]. B xiimHMKe mpodeccnoHaIbHbBIX 60-
JIe3HEH CyIeCcTByeT Hacyl[Has HEOOXOAUMOCTh BbI-

INTRODUCTION

Myocardial stress (MS) characterizes the tension
force of the myocardial fibers per unit cross-section
of the left ventricle (LV) wall and is a quantitative re-
flection of the magnitude of LV pre- and afterload. At
the end of diastole, it expresses preload, at the end of
systole — afterload [1]. According to several authors,
an increase in MS can be regarded as a predictor of
LV hypertrophy, which, in turn, is an important link
in the process of remodelling of the heart [2]. It has
been shown that the key role in regulating the myo-
cardial response to biomechanical overload in fibro-
blasts and cardiomyocytes is played by the ST2 pro-
tein which is a member of the interleukin-1 receptor
family and is involved in the functioning of the car-
dioprotective signalling system in the myocardium,
controlling hypertrophy and fibrosis [3—5]. Despite
the differences in the etiology and pathogenesis of
cardiac diseases, some molecular, biochemical, and
mechanical processes that lead to pronounced struc-
tural and functional heart disorders are largely simi-
lar [6]. For management patients with occupational
diseases, there is an urgent need to identify predic-
tors of possible unfavourable cardiovascular devel-
opments under the action of occupational hazards, in
particular, vibration [7].
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SIBJIEHUS TIPEUKTOPOB BO3MOKHOI'0 HEG IAarOIIPHAT-
HOT'O Pa3BUTHsA COOBITHI, B TOM YMCJIE CO CTOPOHBI
CEP/IEYHO-COCY/IUCTON CHUCTEMBI, TIPH JIEHCTBUH
[IPOU3BO/ICTBEHHO-BPEIHBIX (PAKTOPOB, B YaCTHO-
ctu, Bubpanuu [7].

IOEJIb NCCJIEJOBAHUA

V3yueHre MUOKapAHAJIBHOTO CTpecca JIeBOTO
JKeJIyZIOUKa Y JIUI, TIOJBEPTAIOIINXCS BO3EHCTBUIO
IIPOU3BOJICTBEHHON BUOpAIuu, U OOJIBHBIX BHOpa-
UOoHHOH 60s1e3HbI0 (BB).

MATEPUAJIBI 1 METO/IbI

O06cse1oBaHO 15 Yesl., KOHTAKTUPYIOIIUX ¢ BUOpa-
nuel (cpemHUU BO3pacT 50.4 + 3.6 rojia, cpeaHui
cTak paboTHI ¢ BUOpaIuen 25.4 + 2.8 roza), 54 60J1b-
HBIX BUOpPAIMOHHON 00JIe3HBIO (CpeaHUH BO3paCT
66.6 + 2.3 TOja, CpEeTHUH OOIUH CTaXK 36 JIET, CTAXK
BO BPENHBIX YCJIOBUAX TpyZa 17.8 rojaa, JAJIUTETb-
HOCTbH MTOCJIEKOHTAKTHOTO Tepuoja 11.3 roja). B 3a-
BHCHUMOCTH OT CTelleHU TsxkecTd BB rpyniia pasaene-
Ha Ha JiBe IOATrpymbl. [IepByio cocTaBuiu OOIbHbBIE
BB 1-i1 cremenu (cT.) (44 4en., cpemHUN BO3pacT
51.4 + 3.1 TOJ]a, CPEJTHUH CTaX pabOTHI ¢ BUOpaIuen
23.8 + 4.4 roma); BTOpyio — 6GosbHBIE BB 2-#1 cT.
(10 yer., cpeAHUE BO3pACT 54.0 + 3.5 T0O/1a, CPETHUN
cTak paboThI ¢ BUOparuen 24.3 + 2.6 roga). I'pymmy
KOHTPOJIsSI COCTaBIJIU JinIa 6€3 cepieuHO-COCYAUCTOM
MMaTOJIOTUHM, He TIO/IBEPraBIIHECS BO3/IEWCTBUIO
podecCHOHATIPHO-BPETHBIX  (HaKTOpoB (20 uer.,
CpeIHUM BO3PACT 43.4 + 3.2 T0/1a).

OCHOBHBIMH ITPOU3BO/ICTBEHHBIMH HE0JIarompH-
SATHBIMU (PAaKTOPAMU Y JIUI] ¢ BUOPAITUOHHOU 60J1e3-
HBIO SIBJISTUCH BUOpaIus, ryMm, GusndecKkoe Hampsi-
JKEeHUe.

BubpanuoHHble TapaMeTpPbl OCHOBHBIX ITHEB-
MOHWHCTPYMEHTOB XapaKTEPHU3YIOTCA IMPEBBIIIEHH-
€M CaHUTapHBIX HOPM Ha 2—15 1B B OKTaBHBIX I10-
JI0CaX CO CpPeTHETEOMETPUUYECKUMH YacTOTaMu 16,
63, 125 u 250 I'it. Haubosiee BbICOKME YPOBHU BHU-
OPOCKOPOCTH, IPEBBIIIAIOIINE IPEAETbHO JIOMYy-
CTUMble 3HaUeHUs N0 14 1B, oTMeuYeHbl IpU BBI-
MOJITHEHUU TEXHOJOTHYECKUX OIlepaluid 1o «3a-
YHCTKE CBAPOYHBIX MIBOB». JlOMOJHUTETHHBIMHU
HeOJIaronpusATHBIMU (QakTOpaMu y pabodux ObLIH
[IyM, IPEBBIMIAIONUN TIPENEIbHO JOIyCTUMBIE
VPOBHU TIpu paboTe ITHEBMOUHCTPYMEHTOB Ha
5—20 1B B 3aBHCHUMOCTH OT XapakKTepa OIleparui,
MeCTa UX BBITIOJIHEHUA U HU3UIECKOE TIepeHanpsi-
JKEHHE MBIIIEYHO-CYCTABHOTO allmapaTta BepXHUX
KOHEYHOCTEU.

Bepudukanusa auarsosa BUGparoHHON 00J1e3-
HHU OCYIIECTBJIS/IACh HA OCHOBE KANHJLISIPOCKOIIUH
suMba, HOTTEBOTO JIOXKa, peoBasorpaduu, JoIUie-

AIM OF THE RESEARCH

Study of myocardial stress of the left ventricle in
persons exposed to occupational vibration and in
patients with hand-arm vibration syndrome
(HAVS).

MATERIALS AND METHODS

We examined 15 individuals exposed to vibration
(average age was 50.4 + 3.6 years, average work ex-
perience with vibration was 25.4 + 2.8 years), 54 pa-
tients with HAVS (average age was 66.6 + 2.3 years,
the average total experience was 36 years, experience
in hazardous working conditions was 17.8 years, the
duration of the post-exposure period was 11.3 years).
Depending on the severity of HAVS, the group is di-
vided into two subgroups. The first subgroup con-
sisted of patients with grade 1 HAVS (44 individuals,
average age was 51.4 + 3.1 years, average work expe-
rience with vibration was 23.8 + 4.4 years); the sec-
ond subgroup included patients with grade 2 HAVS
(10 individuals, average age was 54.0 + 3.5 years, av-
erage work experience with vibration was 24.3 + 2.6
years). The control group consisted of persons with-
out cardiovascular pathology, who were not exposed
to hazardous occupational factors (20 individuals,
average age 43.4 + 3.2 years).

The main occupational hazards in persons with
HAVS were vibration, noise, physical exertion.

The vibration parameters of the main pneumatic
tools are characterized by an excess of sanitary stan-
dards by 2—15 dB in octave bands with geometric
mean frequencies of 16, 63, 125 and 250 Hz. The
highest level of vibration velocity, exceeding the
maximum permissible values of up to 14 dB, was not-
ed when performing technological operations for
“cleaning welded seams”. Additional unfavourable
factors among workers were noise exceeding the
maximum permissible levels during the operation of
pneumatic tools by 5—20 dB, depending on the na-
ture of operations, the place of their performance,
and physical overexertion of the muscles and joints
of the upper extremities.

The diagnosis of hand-arm vibration syndrome
was verified based on capillaroscopy of the limbus,
nail bed, rheovasography, Doppler ultrasonography
and electromyography of the upper and lower ex-
tremities, assessment of pain and vibration sensitiv-
ity, dynamometry, and thermometry of the upper
extremities. In the clinical picture of the disease, pe-
ripheral angiodystonic syndrome and vegetative-
sensory polyneuropathy syndrome of the upper ex-
tremities were noted.
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panruorpadum U dJjeKTpoMuorpaduy BEPXHUX U
HIDKHUX KOHEUYHOCTEH, MCCIefoBaHUA O0JIEBOH U
BUOPAIMOHHOM UyBCTBUTEIBHOCTH, JUHAMOMETPUH
U TEPMOMETPHH BEPXHUX KOHEUHOCTeN. B KinHmUe-
CKOU KapTuHe 3a00JIeBaHUsA OTMEYaJIUCh nepude-
pUYECKUH aHTHOAMCTOHUYECKUH CUHAPOM U CHH-
JIPOM  BETeTaTUBHO-CEHCOPHOU IOJTMHEHPOTaTHU
BEPXHUX KOHEYHOCTEH.

B ucceoBanme He BKIIOYAIKUCH JIUIA C THIIEP-
TOHUYECKOH 0O0JIE3HBIO, BTOPUYHOU apTepUATHbHON
TUIIEPTOHUEN, C BPOXKIEHHBIMU U TPHOOPETEHHBIMHU
MMOPOKaMHU Cep/ilia, UIIEMHYECKOH 6OJIE3HBIO Ccep/-
113, TOpakeHEeM TrelaToOINapHOU CUCTEMBI, SH/I0-
KPHUHOJIOTMYECKUMHU 3200 I€eBAHUSIMH.

IIpoBoOAMIOCH YJIBTPA3BYKOBOE HCCAETOBAHHE
cepana. Ompenessiyinch KOHEYHO-CHCTOJTUYECKUH
(KCO, mn), xoneuno-auacronnueckui (K10, M) u
yaapublii (YO, Ms1) 00bEMBI JIEBOTO KeTyI0ouKa. -
1oJ1b3ys MeToguky Troy B Mmogudukanuu 10.H. be-
JIeHKoBa [8], onpenessyin o61mui 06HEM JIEBOTO Ke-
JIyI0YUKa (Voﬁm, mi1), oobeM ero muokapaa (V,, mi),
maccy muokapaa (MMJDK, 1), uHJIEKC Macchl MUO-
kapga (MMMJDK, r/m?). Cucrosimyeckoe BHYTPH-
skenynoukoBoe gapienue (CBXK], aun/cMm?) pac-
cuuTthiBaau 1o M. Quinones et al. [9]. 9ToT mokasza-
TeJIb UCIOJIb30BAJICA /I pacuera WHTEHCUBHOCTHU
dyuxuonuposanus ctpyktyp (MOC) meBoro xemy-
JIOUKA. BHYyTpUMUOKApIUIBHBIN ITUPKYJISIPHBIN
(KOJIBIIEBOH) AMACTOTMUYECKUN (om) U CHCTOJINYEe-
ckuii (0, ) CTpecchl pacCUUTHIBAIM IO METOAY
H. Sandler [10] u H. Dodge [11] B Mmogudukaiuu
R.A. Ratshin et al. [12]. Pacuer BHyTpUMHOKAPAK-
aJIbHOTO MEPUIMOHAIBHOTO CHCTO/InYecKoro (o, ) u
AAUACTONIMYECKOrO (0, ) CTPECCOB NPOU3BOAUIIM IO
dbopmysie G. Marsh et al. [13]. Onpeznensnocs BHy-
TPUMHUOKapUaIbHOE HATIPSIPKEHHE B DKBATOPHUATIb-
HOM (KOJIBIIEBOM) U MEPHUHUOHAILHOM HAaIlpaBJe-
nuax B cucrony (T u T, ) u qiuacrony (T«u u TMH) o
meroay H. Sandler [10] u H. Dodge [11]. ITpu aToM B
KauyecTBe MMOKa3aTesisl IPeHATPY3KU JIEBOTO JKeJy-
JTOUKA UCIIO0JIb30BAIN KOHEYHO-TUACTOTNIECKOE HK-
BaTOpHAJIbHOE CTEHOUHOE HampshkeHue. s ompe-
JleJIEHUsT TIOCTHATPY3KH, corstacHo K.M. Borow et al.
[14], mpuMeHsIM MaKCHMaJIbHOE CHUCTOJUYECKOE
CTEHOUYHOE HaNpsUKeHUe B KOHIle ¢has3bl U30METPU-
YEeCKOTO COKpareHus [12].

[ToyuenHbI 1TUGPOBON MaTepuaa ObLT 06pabo-
TaH C TOMOIIBIO BAPUATIMOHHO-CTATUCTUYECKUX Me-
TOZIOB IIyTEM pacuera cpeaHed apudMeTHdyecKon
(M), cpemHeKkBaJIpaTHYHOTO OTKJIOHeHHA (o). Pas-
JIMYHe TToKazaTesell pacCUNThIBAIOCH METOIOM Pas-
HOCTHOHW CTAaTHCTHKH IO KpuTepuio CThIOIEHTa U
CYUTAJIOCh CTATUCTUYECKU 3HAYMMBIM IIPHU P < 0.05
(mpu 5% ypoBHE 3HAUUMOCTH).

The study did not include persons with hyperten-
sion, secondary arterial hypertension, congenital
and acquired heart defects, coronary heart disease,
damage of the hepatobiliary system, endocrinologi-
cal diseases.

Echocardiography was performed. The end-sys-
tolic (ESV, ml), end-diastolic (EDV, ml) and stroke
(SV, ml) volumes of the left ventricle were deter-
mined. Using the Troy technique modified by Yu.N.
Belenkov [8], the total volume of the left ventricle
(V,,.., mb), the volume of its myocardium (V_, ml),
myocardial mass (LVMM, g), and myocardial mass
index (LVMMI, g/m?) were determined. Systolic in-
traventricular pressure (SIVP, dyne/cm?) was calcu-
lated according to M. Quinones et al. [9]. This indica-
tor was used to calculate the intensity of functioning
of structures (IFS) of the left ventricle. Intramyocar-
dial circumferential diastolic (c,,) and systolic (c,)
stresses were calculated using the method of H.
Sandler [10] and H. Dodge [11] modified by R.A. Rat-
shin et al. [12]. To calculate intramyocardial meridi-
onal systolic (o) and diastolic (o, ,) stresses, we
used the formula of G. Marsh et al. [13]. The intra-
myocardial tension was determined in the circum-
ferential and meridional directions during systole
(T,wu T, ) and diastole (T, u T, ,) by the method of
H. Sandler [10] and H. Dodge [11]. In this case, end-
diastolic circumferential wall tension was used as an
indicator of left ventricular preload. To determine
the afterload, according to K.M. Borow et al. [14]
maximum systolic wall tension at the end of isomet-
ric contraction was applied [12].

The qualitative data obtained were processed us-
ing variational statistical methods by calculating the
arithmetic mean (M), standard deviation (o). The
difference in indicators was calculated by the method
of difference statistics according to the Student’s test
and was considered statistically significant at
p < 0.05 (at 5% significance level).

RESULTS AND DISCUSSION

In persons exposed to vibration, there is a moder-
ate increase in the total volume of the left ventricle by
1.23 times (p < 0.05), which is associated with an in-
crease in the volume of the left ventricular myocardi-
um (by 17.75%, p < 0.05), as well as an increase in
both the mass of the left ventricular myocardium by
17.70% (p < 0.05) and its index by 11.57% (p < 0.05).
Ahigh correlation ( = +0.9) between the values of the
total volume of the left ventricle and the mass of its
myocardium was revealed. An increase in o_; by 2.5
times (p < 0.05) and o_; by 2.8 times (p < 0.05) is
noted. In this case, there is an increase in the tension
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PE3YJIBTATBI 1 OBCY2KJITEHUE

Y siu11, IMEIOUX KOHTAKT ¢ BUOpaIliuei, otmeva-
eTCsl YMepeHHOe yBeJInueHne 0011ero oobeMa JieBo-
TO KeJIy/louKa B 1.23 pasa (p < 0.05), YTO CBSI3aHO C
poctoM ob6beMa MHOKapZa JIEBOTO JKelymouka (Ha
17.75 %, p < 0.05), a TAKKe MOBBIIIIEHNEM KaK MaCChl
MHOKap/Ia JIEBOTO JKeJIyJ0UKa Ha 17.70 % (p < 0.05),
TaK M ero uHjAeKca Ha 11.57 % (p < 0.05). BoisgBieHa
BBICOKAsI KOPPEJSAIUOHHAsA B3aUMOCBsI3H (1" = +0.9)
3HAUYEeHUH 00Iero obbeMa JIEBOTO KeJIy/louKa H
Macchbl ero Muokap/a. OTMevaercs: BO3pacTaHue o,
B 2.5pasa (p < 0.05)uo, B2.8pasa(p<o0.05). [Ipu
9TOM HAOJIIO/IAETCS YBEeIMUEHNE HAIPSIKEHUs CTEH-
KU JIEBOTO JKEJIyJIOUKA, KOTOPOEe IIPE/ICTABJISIET CO-
00M cuiTy, IEWCTBYIOIIYIO HA €UHUILY JJIUHBI U CBSI-
3aHHYIO C IpUMeHeHueM crpecca [11]. HanpsioxeHue
MIOBBIIIAETCS B CHCTOJIy M TUACTOJIy KaK B KOJIbIlE-
Bom (T Ha 17.35 %, p < 0.05; T, B 2.74 pa3a,
P < 0.05), Tak u B MepuaroHanbHoM (T, Ha 14.59 %,
p <0.05; T, B 276 pasa, p < 0.05) HAPABJIEHUSX,
T.e. YKOPOUYEHHE ITUPKYJISIPHBIX MBIIIIEYHBIX BOJIO-
KOH ITPOUMCXOUT XOTA U IPAKTUYECKH C TOH JKe CKO-
POCThIO, HO IIPH OOJIBIINX HANPsIKEHUAX (Tab. 1).

of the left ventricular wall, which is a force acting per
unit length and associated with the application of
stress [11]. The tension increases during systole and
diastole both in the circumferential (T by 17.35%,
p < 0.05; T, by 2.74 times, p < 0.05) and in the me-
ridional (T by 14.59%, p < 0.05; T, by 2.76 times,
p < 0.05) directions, i.e., contraction of circular mus-
cle fibres occurs, although at practically the same rate,
but at high stresses (Table 1).

In the studied individuals, the observed increase
in the mass of the myocardium is aimed at reducing
the tension of its wall, which leads to a decrease in the
intensity functioning of the heart structures in com-
parison with the control group by 1.2 times (p < 0.05)
due to the removal of a part of the load per unit of
heart mass and, accordingly, to a decrease in oxygen
consumption per unit mass of the myocardium. In
this case, the stroke volume of the left ventricle in-
creases due to an increase in its end-diastolic volume
(see Table 1), which indicates Frank-Starling mecha-
nism triggering. The Frank-Starling phenomenon is
based on a molecular mechanism, the essence of
which is that the degree of overlap of thick myosin

Ta6umura 1. BHyTpuMUOKap{UaIbHBIN CTPECC, HATIPSIPKEHVE ¥ HEKOTOPBIE MOKA3aTEeIM COKPATUTEIFHON (DYHKITUU
JIEBOTO KeJIyI0UKa y JIUI], KOHTAKTUPYIOIUX ¢ BubOpanueit (M + o)
Table 1. Intramyocardial stress, tension and some indicators of the contractile function of the left ventricle in persons

exposed to vibration (M + o)

Jluiia 6e3 cep/IeuHO-COCYINUCTOM ATOIOTHH,

He ImoABeprasBmuneca BOSﬂeﬁCTBHm

KonTakt ¢ Bubparuei

o et e oty vho XU o vibrtion
have not been exposed to occupational hazards
(n =20)

YO, mu1 / SV, ml 67.65 + 19.66 88.50 + 21.95 <0.05
K0, w1 / EDV, ml 97.05 + 22.17 118.00 + 23.61 <0.05
KCO, m / ESV, ml 30.40 + 6.52 30.50 + 6.04 >0.05
Vg MIT / Vo Ml 207.08 £+ 30.07 254.67 + 31.09 <0.05
V,mn/V , ml 102.48 + 15.91 124.59 + 17.37 <0.05
MMJIXK, r / LVMM, g 107.66 + 16.63 130.82 + 18.24 <0.05
NMMJIXK, r/m? | LVMMI, g/m? 67.61 + 10.86 76.46 + 8.87 <0.05
CBX], nuu/cm? | SIVP, dyn/cm?  109.15 + 14.39 113.01 + 19.28 >0.05
0, AUH/CM | O, dyn/cm? 47.16 £ 5.37 118.61 + 23.07 <0.05
O, muH/cm? | o, dyn/cm? 91.24 + 11.98 253.59 + 41.78 <0.05
o ,aua/cm? | o, dyn/cm? 38.76 + 4.47 40.17 + 5.37 >0.05
o, oauH/cm? | o, dyn/cm? 105.15 + 8.72 108.06 £ 9.03 >0.05
T ,man/em? | T, dyn/cm? 139.83 + 18.16 169.19 + 38.70 <0.05
T ,muu/em? | T, dyn/em? 90.25 £ 9.71 247.11 £ 21.79 <0.05
T, ,mus/em? | T, dyn/cm? 51.28 £ 5.54 60.04 + 0.25 >0.05
T, ,maa/em? | T, dyn/cm? 41.81 + 4.66 115.23 £ 11.95 <0.05
NoC /IFS 69.55 + 14.01 59.47 + 7.64 >0.05
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VY wusydyaeMbIxX JIUI[ HAOJI0Ja€MO€e IOBBIIIEHUE
Macchl MUOKap/a HalpaBIeHO Ha YMEHbIIIEHNe Ha-
MIPSIKEHUS €70 CTEHKH, YTO MPUBOAUT K CHUKEHUIO
WHTEHCUBHOCTH  (YHKIMOHUPOBAHUS  CTPYKTYP
cep/illa 0 CPaBHEHUIO C T'PYIIOA KOHTPOJISA B 1.2
paza (p < 0.05) 3a CUET CHATUSA YACTU HArPy3KU Ha
€ZITUHUILY MacChl CEPAIAa K COOTBETCTBEHHO K YMEHb-
MIeHUI0 MOTPebJIeHNsT KUCIOPOo/ia Ha eIUHHUITYy Mac-
cpl MuOKapza. IIpu sTom ynmapHBIH 00bEM JIEBOTO
JKeJIyIOUKa YBEJIMYUBAETCS B CBSA3U C POCTOM €r0
KOHEUYHO-IMACTOJInYecKoro oorema (cm. Tabs. 1),
YTO CBHUJETEIBCTBYET O BKJIIYEHWH MeXaHU3Ma
®panka — Crapsunra. B ocHoBe ¢penomena ®@pan-
ka — CTapJIMHTa JIEXKUT MOJIEKYJIIPHBIA MEXaHU3M,
CYyTh KOTOPOTO COCTOUT B TOM, YTO OT HAYaJIbHOH
JUTMHBI MBIIIIIBI 3ABUCUT CTEIIEHD IIEPEKPBHITUS TOJI-
CTBIX MHO3UHOBBIX UM TOHKHUX AKTHHOBBIX HUTEH.
JTa CTeleHb IMEePEKPBHITUA OINPEeJEesseT IOTEHITU-
aJIbHO BO3MOJKHOe (IIpU JAHHOU KOHIIEHTPAIIMH
KaJIbI[US B CapKOILIa3Me) YKCJIO 3aMKHYTBIX TOTIe-
PEYHBIX MOCTHKOB [15]. YBesuuyeHHE KOHEYHO-
JINACTOJIMYECKOTO 00beMa JKeIy/I0uKa BeleT K 60-
Jiee MOIITHOMY €r0 COKpAIlleHHI0, a HapacTaHue pas-
Mepa ero IoJIOCTH ITO3BOJISIET BhIOpAchIBaTh OOJIb-
mui 06bpeM KpoBu [16]. PopMupyeTCs: H30TOHUYE-
ckasa runepyHkiusa. M3BeCTHO, UTO IMPEUMyIIe-
CTBEHHO H30TOHHMYECKas TUMepPYHKIUSA XapaKTe-
pusyeTcs yBeJMYEHHEM YIAAPHOTO W MUHYTHOTO
00'BEMOB cep/IIia IPU HEU3MEHHOM JIAaBJIEHUH B JKe-
sgynouke [17]. JlJimHA MHOKapHajbHOTO BOJIOKHA
MOZKET YBEJTUYHUBATHCS IPY MTOBBIIIIEHUHY BEHO3HOTO
BO3BpaTa KpOBH K cepaily [18], T.e. mpeaHarpysKu.
IIpy sTOM BO3pacraer KOHEUHO-JTHACTOJIHYECKOE
9KBATOPHAJIbHOE CTeHOUHOE HanpsukeHue (0, ). Ta-
KuM 006pas3oM, B TPYIIE JIUI], KOHTAKTUPYIOIIUX C
BUOpanueii, HaOII0AI0TCA aIaNTallIOHHO-TIPUCITIO-
cobUTENbHBIE PEAKITUY, 3aTPATUBAIOIIHE BCIO TEMO-
JIUHAMUYECKyIo cucremy. OUeBHUIHO, M3MEHEHWUS,
Pa3BUBAIOIIHUECS IIPU I0JITOBPEMEHHOH aJlalTalluu,
HE MOTYT OBITh OTPaHUYEHbI pAMKAMU JlasKe CaMOU
IIUPOKOU (PYHKIIMOHAIBHON CHCTEMBI, OHU B TOH
WIM WHOU Mepe OXBAThIBAIOT BeCh OpraHusM. Pas-
BUTHE aalTallU¥ MPOUCXOAUT KakK Ipoiecc hop-
MHPOBAaHUS CHCTEMHOTO CTPYKTyPHOTO CJIe/ia, a
aJlanTalMoOHHAs MEPECTPOUKA cepria — HeoOX0u-
MO€ 3BEHO 3Tou cucreMbl [19]. IlosyueHHBIE /TaH-
HbI€ CBU/IETEJILCTBYIOT O DOPMUPOBAHUU T€TEPOME-
TPUYECKOTO MeXaHU3Ma aBTOPETYJIAIUU CEPAEUHON
JIeSITEJIbHOCTH.

PesynbraThl u3yueHHsA GYHKIHOHAIBHOIO CO-
CTOSTHUSI CepAlla y Ipymibl jul ¢ BB 1-# cT. Takxke
JIEMOHCTPUPYIOT aKTHUBAIIUIO TeTEPOMETPHUYECKOTO

and thin actin filaments depends on the initial length
of the muscle. This degree of overlap determines the
potentially possible (at a given calcium concentration
in the sarcoplasm) number of closed transverse bridg-
es [15]. An increase in the end-diastolic volume of the
ventricle leads to a more powerful contraction, and an
increase in the size of its cavity allows a larger volume
of blood to be ejected [16]. Isotonic hyperfunction is
formed. It is known that predominantly isotonic hy-
perfunction is characterized by an increase in stroke
and cardiac output at a constant pressure in the ven-
tricle [17]. The length of the myocardial fiber can in-
crease with an increase in venous return of blood to
the heart [18], i.e., preload. In this case, the end-dia-
stolic circumferential wall tension (o,,) increases.
Thus, in the group exposed to vibration, adaptive re-
actions affect the entire hemodynamic system. Obvi-
ously, the changes that develop during long-term ad-
aptation cannot be limited by the framework of even
the broadest functional system, they in one way or an-
other cover the entire body. The adaptations occur as
a process of forming a systemic structural trace, and
the adaptive restructuring of the heart is a necessary
link in this system [19]. The data obtained indicate the
formation of a heterometric mechanism of autoregu-
lation of cardiac activity.

The results of the study of the heart functional
state in persons with grade 1 HAVS also demonstrate
activation of the heterometric mechanism of autoreg-
ulation of cardiac activity, expressed in an increase
during diastole as o_, by 2.2 times (p < 0.05), 0, 2.4
times (p < 0.05), and T _, (p < 0.05) and T by 2.5
times (p < 0.05). This resulted in an increase in EDV
by 10.2% (p < 0.05), which contributed to an increase
in SV by 7.2%. An increase in V,_ by 13.4% (p < 0.05)
is associated not only with an increase in EDV but
also V_ by 18.3% (p < 0.05). This was reflected in an
increase in LVMM by 17.2% (p < 0.05), LVMMI by
11.8% (p < 0.05) and SIVP by 12.99% (p < 0.05), and
a decrease in IFC by 13.8% (p < 0.05) (Table 2).

In patients with grade 2 HAVS, in contrast to pa-
tients with grade 1 and persons exposed to vibration,
there is a change in the working conditions of the left
ventricle. With the same values of V__, V_, LVMM
and LVMMI, as in the described groups, in patients
with 2 grade HAVS there is a 12.3% decrease in SIVP
(p < 0.05) against the background of an increase in
o, by 14.7% (p < 0.05), T, by 13.6% (p < 0.05), as
well as o__ by 2.25 times (p < 0.05) and T __ by 1.97
times (p < 0.05). The latter indicates an increase in
afterload for the left ventricle, which led to an increase
in ESV by 14.5% (p < 0.05). This indicates more pro-
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MeXaHH3Ma aBTOPETYJ/IAIUU CEPAEUHOH JiesATeTbHO-
CTH, BBIPAYKATIOIIYIOCS B YBEJIMYEHUH B TUACTOJTY KaK
o,, B 2.2 pasa (p < 0.05), o, B 2.4 paza (p < 0.05),
taku T, (p <0.05)uT, B2.5pasa(p < 0.05). IT0
noJieksio mosbienre KJIO Ha 10.2 % (p < 0.05),
uTo crrocobcTBoBaso pocry YO JDK Ha 7.2 %. YBenu-
uenve V. Ha13.4 % (p < 0.05) cBsA3aHO HE TOJIBKO C
ysesnndenne KJIO, noun V, Ha 18.3 % (p < 0.05). 310
HAIIJIO CBOe OTpakeHue B Bospacranuu MMJIK Ha
17.2 % (p < 0.05), UMMJIXK =Ha 11.8% (p < 0.05) u
CBXK/I Ha 12.99 % (p < 0.05) u camkenun UOC Ha
13.8 % (p < 0.05) (Tabsn. 2).

Y 6ospHBIX BB 2-1 ¢T., B oT/tiuKe OT 00J1bHBIX BB
1-# CT. ¥ JINI], KOHTAKTUPYIOIIUX ¢ BUOpanueu, mpo-
HCXOJIUT U3MEHEHHE YCIOBU PabOTHI JIEBOTO KEJTY-
nouxa. ITpu takux sxe sHaveHuaAx Vg, , V., MMJDK u
NMMJTK, kak B ONUCBIBAEMBIX IPYIIAX, Y O0JIBHBIX
BB 2-ii c1. otmMeuaercsa cumxkenue CBXK/I Ha 12.3 %
(p < 0.05) Ha ¢oHe BospacraHus 0, Ha 14.7 %
(p < 0.05), T, Ha13.6 % (p < 0.05), a Takxe 0B
2.25pasa (p <0.05)u T, B1.97pasa(p < 0.05). ITo-
cyleiHee CBHUIETENIbCTBYET 00 yBeJIMUEHUU IOCTHA-

nounced changes in the geometry of the left ventricle
(Table 3) when the process of transition to a more
spherical shape is stimulated. A limitation of the im-
plementation of the Frank-Starling mechanism oc-
curs and the heterometric mechanism of autoregula-
tion of cardiac activity is limited.

CONCLUSION

The study of intramyocardial stresses and left
ventricular stresses in the circumferential and me-
ridional directions in persons exposed to occupa-
tional vibration showed that in the group of individ-
uals that had been exposed to vibration and patients
with grade 1 HAVS, in contrast to those who had not
been exposed to occupational hazards, there is an
increase in stress and tension, primarily in the cir-
cumferential direction during diastole, which indi-
cates an increase in blood flow to the left sections,
the start of the Frank-Starling mechanism, i.e.,
about the activation of the heterometric type of au-
toregulation of cardiac activity. In patients with
grade 2 HAVS, there is an increase in stress and ten-

Taﬁnnua 2. BHyTpHMPIOKapﬂHaJ’IbHLIfI CTpeCC, HAIIPpAXKEHHNE U HEKOTOPBIE ITOKa3aTe/In COKPaTHTeJ’IbHOﬁ (l)yHKI_II/II/I

JIEBOTO KeJyAouKa y 60bHbIX ¢ BB 1-1 crenenu (M + 0)

Table 2. Intramyocardial stress, tension and some indicators of the contractile function of the left ventricle in patients

with grade 1 HAVS (M + o)

Jlura 6e3 Cep/IeYHO-COCY/IMCTOM MATOTIOTHH, BonbHsie ¢ BB

He IIoABepraBuInecsa BO3AeUCTBUI0 o

1-U CTEIIEeHU
ITokazatesb podeccuoHATFHO-BPETHBIX (DAKTOPOB . .
. : Patients with grade1 p

Parameter Persons without cardiovascular pathology who HAVS

have not been exposed occupational hazards (1 = 44)

(n =20) =44
YO, mu1 / SV, ml 67.65 + 19.66 73.67 + 16.67 >0.05
K0, w1 / EDV, ml 97.05 + 22.17 108.00 + 25.10 <0.05
KCO, ma / ESV, ml 30.40 + 6.52 35.20 + 13.17 <0.05
Vo MIT / Vo Ml 207.08 + 30.07 238.86 + 31.94 <0.05
V,mn/V ,ml 102.48 + 15.91 125.33 + 14.94 <0.05
MMJIXK, r / LVMM, g 107.66 + 16.63 131.59 + 15.69 <0.05
NMMJIXK, r/m? | LVMMI, g/m? 67.61 + 10.86 76.59 + 7.97 <0.05
CBX]I, nus/cm? | SIVP, dyn/cm? 109.15 + 14.39 125.45+23.06 <0.05
0, AUH/CM | O, dyn/cm? 47.16 £ 5.37 103.04 + 15.47 <0.05
O, muH/cm? | o, dyn/cm? 91.24 + 11.98 217.92 + 44.79 <0.05
o, aua/cv? | o, dyn/cm? 38.76 + 4.47 37.64 + 6.93 >0.05
o, auH/cm? | o, dyn/cm? 105.15 + 8.72 106.63 + 11.95 >0.05
T ,man/cm? | T, dyn/cm? 139.83 + 18.16 172.10 + 17.11 <0.05
T mun/cm? | T, dyn/cm? 90.25 + 9.71 221.15 + 46.87 <0.05
T, ,mua/em? | T, dyn/cm? 51.28 + 5.54 60.18 £ 7.67 >0.05
T, aun/em? | T, dyn/cm? 41.81 £ 4.66 104.19 + 14.39 <0.05
NoC /IFS 69.55 + 14.01 59.98 + 12.60 >0.05
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Taoauna 3. BHyTpIMUOKapANAIbHBIN CTpece, HAPsIKeHNe U HEKOTOPbIe II0KA3aTesl COKPATUTEIbHOU QYHKIUN

JIEBOTO KesTy/iouka y 60bHbIX BB 2-if crenenu (M + 0)

Table 3. Intramyocardial stress, tension and some indicators of the contractile function of the left ventricle in patients

with grade 2 HAVS (M + o)

IMokazaTess BOJ?I)HLIe c BB 1-1 crenneHu Bom;HbIe ¢ BB 2-ii crenneHn

Parameter Patients with grade 1 HAVS Patients with grade 2 HAVS p

(n=44) (n=10)

YO, mu1 / SV, ml 73.67 £ 16.67 67.83 £ 17.74 >0.05
K0, v / EDV, ml 108.00 + 25.10 108.00 + 17.52 >0.05
KCO, mn / ESV, ml 35.20 + 13.17 41.16 £ 7.25 <0.05
V e MIL / Vo Ml 238.86 + 31.94 237.94 + 18.14 <0.05
V,mn/V ,ml 125.33 + 14.94 123.61 + 8.45 <0.05
MMJIXK, r / LVMM, g 131.59 + 15.69 129.79 + 8.88 <0.05
NMMJIXK, r/m? | LVMMI, g/m? 76.59 + 7.97 78.69 + 6.41 <0.05
CBXK/, nutu/cm? | SIVP, dyn/cm? 125.45 + 23.06 110.06 + 4.20 >0.05
0, nuH/cm? | o, dyn/cm? 103.04 + 15.47 120.74 + 26.68 <0.05
0, AuH/cM? | 0 4, dyn/cm? 217.92 + 44.79 230.41 + 35.57 <0.05
o, ,aud/em? | o, dyn/cm? 37.64 + 6.93 84.85 + 5.89 <0.05
o, tuH/cm? | o, dyn/cm? 106.63 + 11.95 113.82 + 13.08 <0.05
T ,man/em? | T, dyn/cm? 172.10 £+ 17.11 162.39 + 11.79 <0.05
T mus/cm? | T, dyn/cm? 221.15 + 46.87 227.80 + 24.64 <0.05
T ,man/em? | T, dyn/cm? 60.18 £ 7.67 118.69 + 7.03 <0.05
T, nua/cem? | T, dyn/cm? 104.19 + 14.39 120.59 + 31.71 <0.05
NoC /IFS 59.98 £ 12.60 60.53 + 11.48 >0.05

TPY3KU IS JIEBOTO 2KEJIYZ0UYKa, YTO MPUBEJIO K PO-
cty KCO JIXK Ha 14.5 % (p < 0.05). 9TO TOBOPHUT O
0oJiee BhIpaKEHHBIX U3MEHEHUSIX B T€OMETPHUU Jie-
BOro Keaymouka (tabi. 3), KOrma CTHUMYIUPYETCS
mporecc nepexosia k 6osee chepuueckoit ero dop-
Me. ITpoucXoAuT OrpaHUUEHNe pean3aluu MeXa-
HuszMma ®panka — CrapsuHra, reTepoMeTPpUIecKHil
MeXaHU3M aBTOPETYJIAIUU CEePAEUYHON JleATeIbHO-
CTH OTPAHUYNBAETCS.

3AK/IIOYEHUE

N3yuyeHre BHYTPUMUOKAPIUAIBHBIX CTPECCOB U
HaTPsIKEHUH JIEBOTO JKEJIY0UKa B KOJIBIIEBOM U Me-
PUINOHAJIPHOM HAIpaBJIEHUSIX y JIUII, TTOJBEpraio-
IMUXCSA BO3JEUCTBHUIO ITPOU3BOACTBEHHOU BUOpa-
WU, TIOKA3aJI0, YTO B TPYIIIIEe KOHTAKTHUPYIOIIUX C
BuOparuen u 601bHBIX BB 1-1 CT., B OT/IMYHeE OT JINIJ,
He IIOBEPTAIOIIUXCsA  BO3AEHCTBUIO IIPOU3BOJICT-
BEHHO-BPEHBIX (haKTOPOB, MPOUCXOIAUT BO3pacTa-
HUE CTpecca U HaIPsIKEHUS IPeK/Ie BCETO B KOJIbIlE-
BOM HaIlpaBJIeHUU B JIUACTOJIY, UYTO TOBOPUT 00 yBe-
JIMYEHUH TPUTOKA KPOBH K JIEBBIM OT/IeJIaM, 3ally-
cke Mexanuzma ®panka — CrapJinHra, T.e. 00 aKTH-
BallU{ TeTEPOMETPUUYECKOrO THIIA aBTOPErYJIAINHU
cepAevyHon AeAaTessbHOCTH. Y 6obHBIX BB 2-ii cT.

sion in the meridional direction during systole,
which indicates an increase in afterload for the left
ventricle and, in the context of other hemodynamic
parameters of this heart chamber, levelling of left
ventricular hyperfunction by isotonic type, which is
associated, in particular, with a longer post-expo-
sure period in persons of this group.
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IIPOUCXOJUT BO3pacTaHue cTpecca U HaIPsKeHUs B
MepUIMOHAJIBHOM HAIpaBJIeHUH B CHUCTOIY, YTO
CBUJIETEIBCTBYET O POCTe IIOCTHATPY3KHU JJIs JIEBOTO
JKeJIyZlouKa U, B KOHTEKCTe JIpyTHUX reMoiuHaMuye-
CKUX ITapaMeTPOB 3TON KaMepbl cepia, O HUBEJIU-
poBaHUU TUNEPDYKIIUU JIEBOTO KeJIy/I0UKa 110 U30-
TOHUYECKOMY THILY, YTO CBSI3aHO, B YACTHOCTH, ¢ 60-
Jiee TIPO/IOJIKUTEIBHBIM IOCTKOHTAKTHBIM IIEPHO-
JIOM Y JIUI] 3TOU TPYIIIIBL.

Kon@uuKkT nHTEepecoB. ABTOPbI 3aBJIAIOT
00 OTCYyTCTBUU KOH(JINKTA UHTEPECOB.
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