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CLINICO-PHYSIOLOGIC SIGNIFICANCE OF HEART RATE

VARIABILITY IN CHRONIC ISCHEMIC HEART DISEASE

D. Zemaityte
Institute Psychophysiology & Rehabilitation c¢/o Kaunas University of Medicine, Palanga, Lithuania

SUMMARY

The paper represents of the results of analysis of heart rate variability (HRV) in patients with chronic ischemic
heart disease (IHD) in the context of search for informative characteristics for prognoses of IHD development and
its end-points based on data of 297 healthy subjects and 4561 IHD patients (pts) (range of age was 20-84yr’s).
HRV was analyzed by means of calculation of HR power spectrum, HR responses to complex of tests (active or-
thostatic test, bicycle ergometry, night sleep), non-linear dynamics analysis methodology and baroreflex sensitivi-
ty. There was shown, that the pattern of HRV depend on level of development of IHD and its complications or
leading pathology, having an impact to HR parameters due changes of mechanism and particular point of influence
to HR autonomic control. The level of impact depends of the changes in cardiovascular functional state, particular-
ly of development of congestive heart failure. HRV changes were dependent on increase of an impact of humoral-
metabolic HR control due to depression of nervous reflex control, particularly parasympathetic one. Because of
that, changes of HRV in IHD pts enable to follow the tendencies of development and treatment efficacy. As it was
shown for myocardial infarction, in chronic IHD pts, there were possibility to use HRV characteristics, reflecting
parasympathetic control, for cardiac death prognoses.

KEY WORDS: of heart rate variability, ischemic heart disease, cardiac death, prognoses, informative parame-
ters
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RESPIRATORY SINUS ARRHYTHMIA (RSA): NONINVASIVE
MEASURE OF PARASYMPATHETIC CARDIAC CONTROL IN NEWLY
DIAGNOSED HYPERTENSIVES AND THE INFLUENCE OF
ABDOMINAL BREATHING

J. Srinivasa, M. Ramesh Bha., M.R. Prabha Adhikari
Department of Physiology, Kasturba medical college, India

SUMMARY

Introduction: Respiratory sinus arrhythmia is a valuable tool for determining autonomic nervous system con-
trol of cardiovascular function and an important index of autonomic nervous system pathology

Objectives: The present study was conducted to compare the amplitude of respiratory sinus arrhythmia (ex-
pressed as Heart rate variability) in normotensive individuals and freshly diagnosed hypertensive subjects and to
detect any influence of abdominal breathing in freshly diagnosed hypertensives

Materials and Methods: 50 Normotensive and 50 age matched hypertensive subjects were selected for the
study.The subjects were instructed to breathe normally for first minute then during the second minute , subjects
were requested to do conventional deep breathing using chest muscles (Intercostals chiefly). The subjects then
performed abdominal breathing during the third minute, while electrocardiogram(ECG)in limb lead was being
recorded and changes in heart rate was manually measured.

Results: The mean heart rate variability of newly diagnosed hypertensives was 6.30x1.11 for normal breath-
ing, 12.48+1.64 for conventional deep breathing and 15.56%2.54 for abdominal breathing and mean heart rate
variability of normotensive subjects was 8.10+2.25 (P<0.0001) for normal breathing,18.08+5.12 (P<0.0001)
for deep breathing using chest muscles and 20.68+6.28 (P<0.0001) for abdominal breathing.

Discussion and Conclusion: The newly diagnosed hypertensive subjects had significantly reduced heart rate
variability ( amplitude of RSA) compared to age matched controls, which improved with abdominal breathing
Thus the deleterious effect of reduced HRV can be revered to an extent through proper abdominal breathing in
the hypertensive subjects as well as in controls as shown in our study.

KEY WORDS: heart rate variability, newly diagnosed hypertension, respiratory sinus arrhythmia, abdominal
breathing
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INTRODUCTION

In normal subjects the heart rate constantly al-
ter from moment to moment. The most obvious
variation in the rate is associated with breathing
and appropriately named respiratory sinus ar-
rhythmia with increase during inspiration and
decrease during expiration. Wheeler and Watkins
first suggested that the difference between maxi-
mum and minimum heart rate with deep breathing
might serve as a clinical measure of cardiac vagal
autonomic function [1]. Katona and Jih who in
1975 measured the heart period and respiratory
sinus arrhythmia of anesthetized dogs while con-
trolling vagal nerve activity by cooling and re-
warming the cervical vagus nerve confirmed this
observation. The authors demonstrated a linear
relationship between parasympathetic control and
the variation in heart period, thus supporting the
use of magnitude of respiratory sinus arrhythmia
as a non-invasive measure of parasympathetic
cardiac control. This linear relationship was un
changed by modifying vagal tone with alterations
in blood pressure or by changes in cardiac sympa-
thetic function induced by beta—adrenoreceptor

blockade [2]. In an era of sophisticated tests of
the autonomic system like Holter monitoring
with an elaborate analytic system, including
computerized power spectral analysis of heart
rate variability, the purpose of this study was to
evaluate a simple autonomic test (originally
used to determine diabetic autonomic neuropa-
thy) that compares the amplitude of respiratory
sinus arrhythmia [Heart rate variability (HRV)]
in normotensive and newly diagnosed hyperten-
sive subjects. The present study in addition ad-
dress to see whether the abdominal breathing
brings any change in respiratory sinus arrhyth-
mia.

MATERIALS AND METHODS

50 normotensive and 50 age matched hyper-
tensive subjects (attending to K.M.C. Hospital,
Attavar, Mangalore) aged 40-60 years were se-
lected for the study.

Hypertensive Subjects (n=50):

Inclusion criteria: newly diagnosed hyper-
tensive subjects
Exclusion criteria:

1) Diabetes mellitus

2) Congestive cardiac failure

3) Symptomatic coronary artery disease

4) Atrial fibrillation

5) Frequent ectopic beats
Normotensive Subjects:

50 healthy age matched normotensive control
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who fulfilled the following criteria were chosen
as control subjects:

1) No signs of cardiac, vascular or neuro-
logical involvement.

2) No history of diabetes mellitus, hyper-
tension.

3) No history of drug treatment.

4) No history of systemic illness.

In these subjects fasting blood sugar was in-
vestigated and conventional 12 lead ECG was
taken.

Methods: For the purpose of this newly diag-
nosed hypertension (stage-1) was defined as sys-
tolic B.P of 140-159 mm of Hg and diastolic B.P
of 90-99 mm of Hg or when systolic and diastol-
ic pressure fell into different categories, the
higher category being selected to classify the
individual’s blood pressure [5]. All subjects
were clinically examined and detailed history
was taken with reference to family history, per-
sonal history like smoking, alcoholic etc, previ-
ous drug history. Physical examination was
done. Blood pressure was recorded in supine
position. Three reading was taken and average
of second and third was used for the study. BP
was recorded after standing for two minutes to
see for postural changes. Pulse rate, rhythm and
character was also assessed. A clinical examina-
tion to exclude peripheral neuropathy was done.
The following laboratory investigations were
performed in all the hypertensive subjects i.e.,
fasting blood sugar, blood urea, serum creati-

nine, ECG in conventional twelve leads.
Method of test of heart rate variability: The

key parameter in this study were heart rate varia-
bility (HRV) expressed by respiratory sinus ar-
rhythmia based on the method described by origi-
nally Wheeler and Watkins (1973) and subse-
quently by Benett et.al. [3] and Mackay J D et.a.l

[4]. The test was conducted with the subjects in
supine position connected to the limb lead of a
standard ECG. Subjects had to be in stabilized
condition. This test was performed in the morn-
ing after the subjects had been in supine position
for ten minutes. In the first minute, the subjects
were instructed to do normal breathing to see the
amplitude of respiratory sinus arrthymia then
before beginning the conventional deep breath-
ing test subjects were taught to breath at a rate
of 6 respiration cycles/minute: 5 seconds for
each inhalation and 5 seconds for each exhala-
tion. A single examiner who raised his hand to
signal the start of each inhalation and lowered it
to signal the start of each exhalation performed
the test. In the second minute the subjects were
instructed to do conventional deep breathing
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using chest muscles (intercostals chiefly) to see
the maximum amplitude of RSA and then in
third minute the subjects were instructed to do
abdominal breathing where in the abdomen is
pushed out during inspiration and drawn in dur-
ing expiration, with diaphragm being the main
muscle in action.ECG in lead two was then rec-
orded continuously at a speed of 25 mm/second
for three minutes, while the subject breathed as
instructed. The R-R interval was measured man-
ually with a scaled caliper. R-R intervals adja-
cent premature ventricular contractions were
excluded from the analysis. The change in heart
rate was calculated as the difference between the
shortest and the largest R-R interval.

HRV = [1500 / Shortest R-R Interval (mm) —

1500 / Longest R-R Interval (mm)]

measured in beats/minute.

The 1 minute deep breathing heart rate varia-
bility test was chosen as a short bed side test
based on the experience achieved in testing au-
tonomic nervous control of the heart in patients

with diabetes mellitus. On the basis of this study
a test result was pre-specified normal if there
was a difference of 8 beats or more per minute
between shortest and the fastest heart for normal
breathing. On the basis of the previous study ,
deep breathing test was pre-specified as normal
if there was a difference of 15 beats or more per
minute between shortest and the fastest heart
4).

Statistics: Student ‘t” test was used to com-
pare the data of hypertensive and normotensive
subjects. Mann-Whitney test was analyzed the
heart rate variability(HRV) because ‘F” test
showed significant difference between standard
deviation. P value <0.05 was considered sta-
tistical significant.

RESULTS AND DISCUSSION

The systolic and diastolic blood pressure was
higher among hypertensive subjects than normo-
tensive subjects (table 1).

Table 1

Shows Age, BMI (Body mass index), Systolic blood pressure,
Diastolic blood pressure of hypertensive and normotensive subjects

Normotensive Hypertensive P value
subjects(n=50) subjects(n=50)
Age(yrs) 51.6£95 51.6£9.7 0.188(N.S)
BMI(Kg/M?) 226%1.1 223%1.17 0.284(N.S)
Sex (No)
male 26(52%) 22(44%) N.S
female 24(48%) 28(56%) N.S
Blood pressure
Systolic (mm of Hg) 120.86+8.34 146.19+12.22 <(0.0001
Diastolic(mmof Hg) 82.054.73 93 3348.66 <0.0001
Values are mean+SD
The mean values of HRV (amplitude of res- (table 2).

piratory sinus arrhythmia) during normal breath-
ing and conventional deep breathing using chiefly
chest muscles were significantly lower in hyper-
tensive subjects than in normotensive subjects

The mean HRV during abdominal breathing
was significantly lower in hypertensive subjects
compared to controls (table 3).

Table 2
Shows mean HRYV in hypertensive and normotensive subjects
Normotensive subjects | Hypertensive subjects P value
MeanHRYV in normal breathing 8.10£2.25 6.30£1.11 <0.0001
Mean HRV during deep breathing 18.08+£5.12 12.48+1.64 <0.0001
Values are mean+SD
Table 3
Shows the mean HRV during abdominal breathing in hypertensive and normotensive subjects
Normotensive subjects | Hypertensive subjects P value
Mean HRV 20.68+6.28 15. 5642.54 <0.0001

The difference between the HRV (amplitude
of respiratory sinus arrthymia) during normal,
conventional deep and abdominal breathing was
calculated for each member in the cases and con-
trols. The HRV was significantly higher in con-
ventional deep breathing and abdominal breathing
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compared to normal breathing in both cases and
controls and the significance of HRV was higher
in the abdominal breathing. There was significant
difference in HRV between conventional deep
breathing and abdominal breathing in hyperten-
sive and normotensive subjects (table 4).




Cepia «Meouyunay. Bun. 3

Table 4

Shows the difference between HRV (expressed as amplitude of RSA) during normal, conventional
deep and abdominal breathing in newly diagnosed hypertensive and normotensive subjects

Normotensive subjects Hypertensive subjects P value
Deepbreathing- normal breathing 5.94+4 .42 3.36+2.26 <0.001
Abdominal breathing-normal breathing 9.584+5.68 6.08+2.79 <0.0001
Abdominal breathing-deep breathing 1.8043.07 3.11£1.32 <0.05

Cardiac function is regulated by various in-
trinsic and extrinsic mechanisms. Heart rate is
regulated mainly by the autonomic nervous sys-
tem. Sympathetic nervous activity increases
heart rate, whereas parasympathetic (vagal) ac-
tivity decreases heart rate. When both systems
are active, the vagal effects usually dominate.
The following reflexes regulate heart rate: baro-
receptor, chemoreceptor, pulmonary inflation,
atrial receptor (Bainbridge) and ventricular re-
ceptor reflexes. The principal intrinsic mecha-
nisms that regulate myocardial contraction are
the Frank-Starling mechanism and rate-induced
regulation [6].

Previous studies have shown that cardiovas-
cular autonomic regulation is impaired in un-
treated or poorly controlled systemic hyperten-
sion but there has been limited information on
HRYV in systemic hypertension with abnormali-
ties of autonomic regulation of heart rate [7,8].
To our knowledge, this is the first study that
compares the heart rate variability(expressed as
amplitude of RSA) during normal and conven-
tional deep breathing between normotensive and
hypertensive subjects. The maximum HR-
minimum HR was used as a index in this study
to measure RSA and hence parasympathetic car-

diac control.
A) Our study clearly shows that hypertensives

definitely have blunted parasympathetic cardiac
control (expressed as RSA) compared to controls.
Documented studies using RSA as an index of
parasympathetic cardiac control for comparison
of controls and hypertensives are few.

Drummond P.D studied the amplitude of RSA
while breathing quietly in 32 normotensive con-
trols and 28-hypertensive group. The amplitude of
RSA in the hypertensive group was smaller [9].

Allicardine studied 13 un treated hyperten-
sives and 10 normotensives. Average variation of
heart rate period was used as an index of para-
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JANXAJIBHA APUTMIA: HEIHBA3IBHUI IHOKA3HUK
IHAPACUMITATUYHHUX BIUVINBIB HA CEPLHE VY INAHICHTIB 3
YIHEPIIE BUABJIEHOIKO APTEPIAJIBHOIO TIINEPTEH3ICIO,

BIIVINB AB/TOMIHAJIBHOI'O MOANXY ITUXAHHA

Aosc. Hlpinieaza, M. Pamew Bxam, M.P.IIpabxa Aoxixapi
Oizionoriunmii dakynpreT, MemunuHcehbknil korepx Kactypba, [Hmis

PE3IOME

BBenenns: /luxanbHa apuTMIs — Iie IIHHAR IHCTPYMEHT JUIS BU3HAYCHHS BILTHBY, IO POOUTECS BeTeTaTHBHOIO
HEepBOBOIO CHCTEMOIO Ha CepIieBO — CYJUHHY CHCTEMY, a TaKOX BaskKJIMBHH 1H/EKC, MO BiAO0WBae MAaTONOTIIO BeTe-
TaTUBHOI HEPBOBOI CUCTEMMU.

imp poGotm: TlopiBHATH aMIUTITY Ay IUXaTbHOI apuTMil (BUpaskeHOi B OJMHHITIX BapraOeIbHOCTI CePIIeBOTO
PHUTMY) Y JIO it 3 HopMaJlbHIM apTepladbHAM THCKOM 1 JIoJelt 13 yIepIe BHSBICHOIO apTeplalbHOIO TiIepTeH-
31€10 U BESIBJIEHHS BIUIUBY a00MIHAIBHOTO MOMUXY Y JIO el 13 yIepIne BUSBICHOIO TIePTEeH3IEI0.

Martepianu 1 Mmetoau: Y JocIiKeHHI Opanu yuacTh 50 310poBuX mojei 1 50 3 yIepIIe BHIBICHOIO TilepTeH-
31€10, TPYIH MajH 1IeHTHIHUN BIKOBHH 1 cTaTeBuit ckmaf. 11ix gac mepImoi XBUIMHK JOCTIIKEHHS YUaCHUKA TH-
Xalli BUIBHO, IIiJ Yac JAPyroi XBUIMHU HOJHX OYB TPYAHMUM, Hif Uac TPETHOI XBUJTHHH — abpominansHEM. [IpoTs-
TOM YCBOTO HocHikeHHI pobmeesa samme OKI' 1 po3paXyHOK HMOKa3HHKIB BapHaOelbHOCTHI CepIieBOTO PUTMY
(BCP).

Pesympratm: Cepemus BCP y moge#t 13 ymepine BHABICHOIO apTeplalbHOIO TINlEpTeH3IEI0 CKIajana
6,30+1,64 mpu BimbHOMY mOAUXY, 12.48+1.64 mpu rpyaHOMY Hoauxy 1 15.5612.54 mpu abnoMiHaTPHOMY HOAHU-
Xy, cepeanst BCP v moje#t 3 HopMaTbHUM apTepialbHuM THCKOM ckiafana 8.1042.25(P<0.0001) mpr BiThHOMY
mo Xy, 18.0845.12 (P<0.0001) nmpm rmubokomy Tpy aHOMY Hoanxy 120.68+6.28 (P<0.0001) npu abaoMiHaIbLHO-
MY HOJIHUXY.

OO6roBOopeHHs 1 BUCHOBKH: Y TAIl€HTIB 13 yIepIle BUSBICHOIO apTepialbHOIO TIEPTEH31EI0 CIOCTePIracTh-
cs 3HauHe 3HmkeHHS BCP (aMIDNTy M AuXaibHOI apUTMii) V MOPIBHSHHI 3 TpyHolo KoHTpowo. JlaHi po3xo-
JUKCHHA SMEHITYIOTCS B yMOBAX a0 IOMIHAIEHOTO 10 IUXY 060Te>1<yBaHI/IX TaxumM umHOM, HeraTuBHHUH edekT
sHmkeHoi BCP vy mozeit 13 yneplre BUSBICHOIO apTeplalbHOIO TiepTeH31€10 MoXe OYTH 3MEHIIeHHH MIIIXOM
BHKOPHUCTaHHS a0{OMIHAIBHOTO IO JUXY.

K/TFOY0BI C/IOBA: BapnalbeIbHICTh CepIIeBOTO PUTMY, VIIEpIlle BISIBICHA apTeplalbHa TiIepTeHsis, Iuxa-
JIbHA apuT™Mis, aboMIHATHHUM 10 TIX

JBIXATEJIBHASL APUTMUSI: HEHWHBA3UBHBLIN ITOKA3ATEJIb
IMMAPACUMIIATUYECKHUX BJIMSIHUMA HA CEPALE VY JUIl C
BIEPBBLIE BBISIBJJEHHOUWU APTEPUAJILHOW TUNEPTEH3UEMN,

BJIUAHUE ABTIOMHUHAJIBHOI'O ABIXAHUSA

Ao . Hlpunusasza., M. Pamewt Bxam, M. P. IIpatxa Aoxuxapu
Ousnonoruaeckuit hakyapreT, Meaunmuckuii komtemx Kactypba, Muamst

PE3IOME

BBeZ[eHI/IeZ I[BIXaTeJ'IBHaH apuTMus — 5TO L[eHHBIfI HUHCTPYMCHT UI OIIPEJCIICHUSI BIIMSTHIL, OKa3bIBaeMOT'O Be-
reraTuBHOMH HepBHOfI cucTeMoi Ha CECPACTHO—COCY IUCTYIO CUCTEMY, a TaKKe BaKHBIN HHJICKC, O’I‘pa)KaIOH_[I/Iﬁ I1a-
TOJIOTHIO BereTaTUBHOMH HepBHOfI CHCTEMEI.
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Iens paGoTel: CpaBHUTE aMIDIUTYJLY JBIXATEIbHOW apUTMUU (BBIpa)KEHHON B €JIMHAIAX BapHaOEIbHOCTH
CEpCYHOrO PUTMAa) Y JIAI] ¢ HOPMAIBHBIM apTEPUAbHBIM JaBICHUEM U Y JIHI ¢ BIEPBHIC BEIABICHHON apTe-
pHalIBHON runepreHsuelf 1 oOHAPYIKEHUA BIUSAHAA aOMOMWHAIBLHOTO ABIXAHWS Y JIUI] C BIIEPBBIC BHIABICH-
HOH runepreHsuei.

Marepuansl u METOABL: B HccneoBaHnU NprHUMaIH yaacTue 50 3710poBbIX JUIll U 50 JHIl ¢ BIEPBHIE BHI-
SIBIICHHOM TUIIepTeH3HeH, IPYIIIEl IMEIH WJICHTHYHBIA BO3pacTHO—IIONOBOU cocTaB. Bo BpeMs nepBoid MUHY-
THl UCCIEIOBAHUS YYACTHUKHA JBIIIAIA CBOOOJHO, BO BpeMsI BTOPOM MHHYTHI JBIXaHHE OBLIO T'PYIHEIM, BO
BpeMsl TpeThel MUHYTHl — a0IOMHAHAIILHBIM. B TeueHHne BCETO HCCIENOBaHMA IPOU3BOAMIACE 3anuch OKI u
pacuer nokaszarenelf BapualbelbHOCTH cepiieunoro purma (BCP).

Pesynprarer: Cpennsast BCP y snIl ¢ BIepBHE BBIABICHHOH apTepHalbHONM THIEpTeH3Hel cocTaBisla
6,30£1,64 npu cBoGoHOM Jbixanny, 12.48+1.64 npu rpyJHOM Jbixanuu U 15.56+2.54 npu aGJOMAHAIBLHOM
Jblxanuy, cpefuss BCP y auI ¢ HopMalIbHBIM apTepHAIBHEIM JaBIeHHEM cocTarisbia 8.10+2.25(P<0.0001)
mpu cBobofHOoM JbixaHmH, 18.08+5.12 (P<0.0001) mpm mirybokoM rpynHOM JblxaHHH H 20.68+6.28
(P<0.0001) mpu abO0MHUHAILHOM JIBIXaHUH.

OOcy:kJeHre W BEIBOAEL: Y JHIl ¢ BIEPBBIE BEIABICHHON apTepHalbHON THIEpTeH3Wel Hablromaercs
3HaYUTeNbHOE CHIDKeHHE BCP (aMIUIATY B ABIXAaTENBHON apUTMUM) II0 CPaBHEHUIO ¢ IPYNIIOH KOHTPOJIL
JlaHHBIE pa3IUYUsA YMEHBIIAIOTCS B YCIOBHUAX aOJOMHHAIBHOTO JBIXaHUA OOCIeNyeMEIX. TakuM obpasoM,
HeTaTUBHLIN ekt cHmkenHo# BCP y num ¢ BuepBEIe BLISIBICHHOH apTepHaibHOl THIEpTEH3HEH MOKET
OBITH YMEHBIIIEH IIyTEM HCIIONb30BaHUA a0JOMUHATIBHOTO JIBIXaHUS.

KITHOYEBBIE C/IOBA: BapnabenbHOCTE CEPACTHOTO PUTMA, BIEPBLIC BEISBICHHAS apTepUalbHAsI TH-
HIEPTEH3MsL, IbIXaTeIbHAs apUTMUS, a0JJOMIHATBLHOE JIFIXaHAC

VIK: 612.014:612.015.3

COCTOSIHUE HEHPOI'YMOPAJIBHOWM PEI'YJISAIIUU )KUBOTHBIX

TP SKCTPEMAJIBHBIX BO3JIENCTBUSAX

H.H. A6ayuanckuir’, H.H. 3unxosuy’, H.A. Xpunauenxo’
XapbkoBCcKUHU HanmoHaILHBIN yHUBepeuteT uM. B.H. Kapaszuna
JloHerkuif rocy/1apcTBEHHBIN MeAUTMHCKUH YHUBEpeHTET UM, M. ['opbkoro

PE3IOME

C HCTONIBL30BaHUEM TEXHOJOTHH CIIEKTPATbHOTO aHalIn3a BapHaOEIbHOCTH CEPJICTHOTO PUTMa BHIIIOTHEH
COIIOCTABUTENLHBIM aHATH3 COCTOSHUS HefiporyMopanbHOit peryisnui B nepBeie 20 MUHYT MOCIE BBEACHIS
SKCTpEMAITbHEIX 103 (6 MI/KT) m3aapuHa v 11 BEDKHBMIMX W 7 mOTHOMAX KporukoB. [lokasaHo, uTo s mo-
IHOIHMX XapaKTepHa HCXOHO 0oliee BLICOKAs MOIMHOCTE M Ooliee 3HAYMMEI €€ pOCT B NEpBHIC 5 MUHYT HO-
cie BosetcTBus. Peaknus co CTOPOHBI MapacHMIIaTHIECKOTO JIOMEHA Y OTHX )KUBOTHHIX, HAIIPOTUB, XapaKTe-
PH3YETCSI CHIDKCHHEM €TI0 MOIMHOCTH. Besl peryisiusi y MOTHOIMNX KUBOTHBEIX KaK Obl KOHIIEHTPHUPYETCS B
ryMopanbHOM 3BeHe. COCTOSHHE HEHpOoryMOpaabHOM Peryisinui Y BBIKUBINNX KHBOTHLIX HOPMAaJIN3YETCS B
TEYCHHE MIEPBLIX CYTOK IIOCIE BO3ICHCTBHSL

KITIOYEBBIE CIIOBA: BapuabelbHOCTh CEPJCIHOTO PUTMA, U3aJIPHH, DKCTPEMAIIbHBIE BO3JICHCTBI

BBEJAEHHNE

C COCTOSIHUEM PETYIISLAN CBI3BIBAOT TIOHS-
THS aJanTaldH, Pe3epPBOB 3J0POBbS, CIOCOO-
HOCTH MPOTHUBOCTOATE OOJIC3HIM U IAHCH YME-
petsb [4, 14]. BHeapenne Bo BpaueOHYIO Mpak-
THKY KOMIBIOTCPHBIX TCXHOJOTHH KOHTPOSI
PETVSATOPHBIX CHUCTCM, OCHOBAHHBIX HA CIICK-
TPaJbHOM AHATH3C BApHAOCIBHOCTH CEPACYHO-
ro purma (CA BCP), co3nano peanbHbic npea-
TIOCBIIKH A1 WX MPAKTHUCCKUX MPUIOKCHUHA B
OLIEHKE YCTOWYHMBOCTHU OPraHu3Ma K JACUCTBHIO
IKCTPEMATbHBIX (DAKTOPOB PA3TUYHON MPHUPO-
ael [3, 5,10, 11, 15]. Hacrosimee uccnenoBanue
peImaso 3a1ady OLEHKH COCTOSHHA HEHMPOTyMO-
Pa’dbHOM PEryysiuU B OCTPOM IMEPUOAE MOCHIE
3KCTPEMAIIBHOT'O BO3ACHCTBUA.
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OnbiTel  mOcTaBACHB Ha 18  Kpoaukax-
cammax mopogsl Illuamunia mMacco Tema ot
2,2 1o 2,8 Xr, COACPKABIIUXCS B CTAHAAPTHBIX
yCcnoBuAX BuBapus. B xadecTse 3KCTpeMaIbHO-
rO BO3ACHCTBHA HWCIIOIB30BANH HArpy3Ky [-
CHMIIATOMHMETHKOM  H33JAPHHOM:  OJHOTIPO-
LICHTHBIH PacTBOpP TOAKOXKHO OJHOKPAaTHO B
o3¢ 6 mr/kr maccel Tena. [lo pesympraTam sxc-
MEPUMEHTOB HOrnomo 7 xuBoTHbIX. CMepTh
HacTymama B Tmepeeie 12-27 MuHYT mocie
Harpy3ku H33aJPUHOM. Hcronb3oBannas
Harpy3ka KPHTHYECKUMM J03aMH H3aJpHHA —
€CTECTBEHHAsd MOJEJIb pa3pEIICHHAS Hpe3Mep-
HBIX BIUAHUN caMOM pasHOM NpUpPOABI U MOTO-
MY VIOBJISTBOPSACT PEIICHHIO TIOCTABICHHOM
3a,a4H.



