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APPLYING NEURAL NETWORK FOR PREDICTING
CARDIOVASCULAR DISEASE RISK

Abstract. This article concerns the problem of the prevalence of cardiovascular disease in economically
developed countries. The purpose of this article is to create a neural network to determine the risk of cardiovascular
disease based on the individual characteristics of the patient. In order to predict the risk of cardiovascular disease a
neural network has been developed. The model was built in the Python programming language using the open-source
library for building neural networks Keras. Data containing patient information for model building were taken from
Kaggle.com. The accuracy of the neural network is 82%. With the help of neural network it will be possible to
analyze the changes and the development of diseases in the future by changing the patient's input parameters, for
instance, age, increase in blood pressure and etc. Also it would be possible to change the predictive diagnosis for the
better if follow the parameters such as refusal from addictions, regular sleep, a healthy lifestyle and proper nutrition.

Key worlds: Neural network, cardiovascular system diseases, predicting models, supervised learning, activation
function, Keras.

Introduction. Cardiovascular system diseases, in particular chronic heart failure, cardiac ischemia
and arterial hypertension are a public health problem in economically developed countries. One of the
obvious and main reasons is the complexity of the initial diagnosis and the reluctance of people to visit
clinics and hospitals when the first symptoms appear. A fast pace of life, poor nutrition, a sedentary
lifestyle, addictions, and a lack of proper sleep all negatively affect the cardiovascular system. According
to World Health Organization in 2016, more than 17.9 million people died from coronary heart disease,
which amounted to 31% of all deaths!"). Given the prevalence of cardiovascular diseases in developed
countries, there is an urgent need to create a tool for the diagnosis of cardiovascular disease in the early
stages of development. A neural network can be one of solutions to the problem due to its accessibility
and ease of use.

The first attempts to create diagnostic neural networks date back to the 40-50s of the XX century,
after the publication of the fundamental works of W. McCallock, W. Pitts and F. Rosenblatt, who laid the
theoretical foundations of neural networks'?,

The list of medical spheres where neural networks have begun to be applied for diagnosing diseases
are very long, and it is increasing from year to year. The accessibility of the neural networks courses,
electronic patient records, a large number of articles about implementing of neural networks, the ability to
create neural networks on ordinary laptops contributes to the development and application of neural
networks not only in medicine, but also in other areas of human activities'™.
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Neural networks largely borrow their structure and principles of work from the cerebral cortex. Like
the brain, they learn from life examples, extract and encode this knowledge in the form of synoptic neural
connections. After training and testing, neural networks become mathematical models. This means that
you can experiment with them, solve practical problems, predict behavior in the subject area (predicting
the development of the disease), and diagnose the state of the subject areal*!.

The selection of input parameters with high information value, in other words parameters that affect
the result of the model, is of great importance. The choice of parameters that have significant impact on
the diagnosis of cardiovascular disease is not obvious. Therefore, as the input parameters for the neural
network, all provided parameters should be selected that characterize the patient and are able to influence
the result. On the other hand, in order to create a neural network accessible for mass use, the most
accessible data were used, which did not require complex analyzes in hospitals.

Neural network. A neural network is a mathematical model and its software embodiment, which
operates on the principle of a biological neural network, where each neuron is connected to another neuron
from the previous layer. Each neuron receives and sends signals to other neurons, which provides a
connection between them by synapses.
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Figure 1 — General structure of neural network

A neuron is a computing unit that receives information, performs simple calculations on it, and passes
the changed information on. Neurons are mainly divided into 3 groups: input, hidden and output as shown
in Figure 1. There is also a displacement neuron and a contextual neuron. In the case when the number of
neurons is large, the term layer is used. Each neuron has input and output data. In the case of an input
neuron, income data is equivalent to output. In other cases, the income data is a summary of data from all
previous layers. Further, this input information is normalized using the activation function, usually written
f(x). Neurons operate with numbers in the range of [0,1] or [-1,1]. Therefore, it is necessary to carry out
the normalization process.

A synapse is a connection between two neurons that has a weight, usually denoted by w. Due to this
weight, the input information changes during transmission from one neuron to another. The higher the
weight of one neuron, the more significant the information transmitted to the next neuron will be. Thanks
to these scales, the input information is processed and turned into a result. During the initialization of the
neural network, weights are randomly distributed.

The activation function is a way to normalize input data, in other words, if you have a large number at
the input, going through the activation function, this number will be reduced in the required range. The
most commonly used activation functions are: linear, sigmoid (logistic) and hyperbolic tangent. The linear
function (1) is used in cases where it is necessary to transmit information without changes or to test a
neural network. The sigmoid (2), also called the logistic function, takes values in the range [0,1] and is the
most common activation function. It makes sense to use hyperbolic tangent (3) when the values can be
negative and positive. It has a range of [-1.1]. Using hyperbolic tangent, when the values are only positive,
will adversely affect the accuracy of the neural network.
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Neural network training is divided into two large clusters: supervised learning and unsupervised
learning. Supervised learning is a method of building a neural network, in which the results of
observations from dataset, which is used for training the model, are already known initially and the neural
network learns to correctly determine the future results using examples. Supervised learning is used for
problems such as regression and classification. In unsupervised learning, the result of observation in the
dataset is not initially known. Most often, this approach is used when it is necessary to group data by
certain parameters or to create a recommendation system.

Model building. For building any predicting model. As the dataset on which the neural network was
built, the file heart.csv’®! was used. The file contains information about 303 patients and 14 significant
variables, among which:

1) age;

2) sex;

3) cp: chest pain type (value 1: typical angina, value 2: atypical angina, value 3: non-anginal pain,
value 4: asymptomatic);

4) trestbps: resting blood pressure (in mm Hg on admission to the hospital);

5) chol: serum cholestoral (in mg/dl);

6) fbs: fasting blood sugar > 120 mg/dl (1 = true; 0 = false);

7) restecg: resting electrocardiographic result (value 0: normal, value 1: having ST-T wave
abnormality [T wave inversions and/or ST elevation or depression of > 0.05 mV], value 2: showing
probable or definite left ventricular hypertrophy by Estes' criteria);

8) thalach: maximum heart rate achieved;

9) exang: exercise induced angina (1 = yes; 0 = no);

10) oldpeak = ST depression induced by exercise relative to rest;

11) slope: the slope of the peak exercise ST segment (value 1: upsloping, value 2: flat, value 3:
downsloping);

12) ca: number of major vessels (0-3) colored by fluoroscopy;

13) thal: 3 = normal; 6 = fixed defect; 7 = reversible defect;

14) num: diagnosis of heart disease or angiographic disease status (value 0: < 50% diameter
narrowing, value 1: > 50% diameter narrowing).

In [3]: data.head(10)

37
U age sex cp trestbps chol fbs restecyg thalach exang oldpeak slope ca thal target
0 B3 1 ) 145 233 1 0 150 0 23 o0 0 1 1
137 1 2 130 250 O 1 187 0 35 0 2 1
2 M 0 1 130 204 0 0 172 0 14 2 0 2 1
3 56 1 1 120 236 0 1 178 0 08 2 0 2 1
4 57 0 0 120 354 0 1 163 1 06 2 0 2 1
5 57 1.0 140 192 0 1 148 0 0.4 1 0 1 1
6 56 0 1 140 294 0 0 153 0 1.3 1 0 2 1
7 44 1 1 120 263 0 1 173 0 0.0 2 0 3 1
8 52 1 2 172 199 1 1 162 0 05 2 0 3 1
9 57 1 2 150 168 0 1 174 0 16 2 0 2 1

Figure 2 — Dataset for predicting cardiovascular disease risk
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In [5]: data.corr()

out[5]:
age sex cp trestbps chol fhs restecg thalach exang ocldpeak slope ca thal target

age 1.000000 -0.098447 -0.068653 0279351 0.213678 0121308 -0.116211 -0.398522 0.096801 0.210013 -0.168814 0276326 0068001 -0.225439
sex -0.098447 1.000000 -0.049353 -0056769 -0.197912 0045032 -0.058196 -0.044020 0.141664 0.096093 -0.030711 0.118261 0210041 -0.280937

cp -0.068653 -0.049353 1.000000 0047608 -0.076904 0.094444 0044421 0295762 -0.394280 -0.149230 0.119717 -0.181053 -0.161736 0.433798
trestbps  0.279351 -0.056769 0.047608 1.000000 0.123174 0177531 -0.114103 -0.048698 0.067616 0.193216 -0.121475 0101389 00862210 -0.144931
chol 0213678 -0.197912 -0.076904 0.123174 1.000000 0013294 -0.151040 -0.009940 0.067023 0.053952 -0.004038 0.070511 0.098803 -0.085239

fos  0.121308 0.045032 0.094444 0177531 0.013294 1.000000 -0.084189 -0.008567 0.0256685 0.005747 -0.059894 0137979 -0.032019 -0.028046
restecg -0.116211 -0.058196 0.044421 -0.114103 -0.151040 -0.084189 1.000000 0.044123 -0.070733 -0.058770 0.093045 -0.072042 -0.011981 0.137230
thalach -0.398522 -0.044020 0.295762 -0.046698 -0.009940 -0.008567 0.044123 1000000 -0.378812 -0.344187 0386784 -0213177 -0.096439 0421741
exang 0.096801 0.141664 -0.394280 0067616 0.067023 0025665 -0.070733 -0.378812 1.000000 0.288223 -0.257748 0.115739 0206754 -0.436757
oldpeak 0210013 0096093 -0.149230 0.193216 0.053952 0.005747 -0.058770 -0344187 0.288223 1.000000 -0.577537 0.222682 0210244 -0.430696
slope -0.168814 -0.030711 0.119717 -0.121475 -0.004038 -0.059894 0093045 0386784 -0.257748 -0.577537 1.000000 -0.080155 -0.104764 0.345877
ca 0276326 0118261 -0.181053 0101389 0070511 0137979 -0072042 -0213177 0115739 0222682 -0.080155 1.000000 0.151832 -0.391724

thal 0.068001 0.210041 -0.161736 0062210 0.098803 -0.032019 -0.011981 -0.096439 0206754 0210244 -0.104764 0.1561832 1.000000 -0.344029

target -0.225439 -0280937 0433798 -0.144931 -0.085239 -0.028046 0.137230 0421741 -0.436757 -0.430696 0345877 -0.391724 -0.344029 1.000000

Figure 3 — Correlation matrix of the dataset

The model was built with open-source neural network library Keras written in Python!®. Keras is
designed for building deep neural networks. It is user-friendly and modular library, which includes blocks
such as layers, optimizers, activation functions, objectives and host of tools to work with image and text
data. Keras supports standard, convolutional and recurrent neural networks.

Results. The neural network, after training and optimization, was tested on data that was not involved
in the learning process of the model. As a result, the neural network has an accuracy of 82% and a
standard deviation of 0.026. The most valuable variables were chest pain type, maximum heart rate
achieved, exercise induced angina, ST depression induced by exercise relative to rest and number of major
vessels (0-3) colored by fluoroscopy.

vdridarce = geouracles.swug )

r TOZ7 102 T =TUSTIOUS/ S TEP =105 ST YT Z4TZ =" dCCUrdry T U TEYoT .
Epoch 9992/10000
162/162 [====== ] - @s 56us/step - loss: ©.2394 - accuracy: ©.8889
Epoch 9993/16000
162/162 [====== ] - s 43us/step - loss: ©.2358 - accuracy: 0.8889
Epoch 9994/1600
162/162 [====== ] - @s 56us/step - loss: ©.2457 - accuracy: ©.8764

Epoch 9995/1000
162/162 [====== ] - @s 49us/step - loss: ©.2373 - accuracy: 0.8827
Epoch 9996/10000
162/162 [====== ] - s 43us/step - loss: ©.2423 - accuracy: 0.8827
Epoch 9997/10000
162/162 [====== ] - @s 49us/step - loss: ©.2463 - accuracy: ©.9912
Epoch 9998/1000
162/162 [====== ] - @s 43us/step - loss: ©.2510 - accuracy: 8.9012

Epoch 9999/1600

162/162 [====== ] - @s 49us/step - loss: ©.2430 - accuracy: 0.8764
Epoch 10000/10000

162/162 [= ] - @s 8bus/step - loss: ©.2369 - accuracy: 8.8765

208/80 [

] - @s 313us/step
In [8]: print(“Accuracy mean: "+ str(mean))

print("Accuracy variance: "+ str(variance))

Accuracy mean: ©.8221707940101624

Accuracy variance: 0.826507396106117874

Figure 4 — Results of the neural network model and part of training algorithm

Conclusion. A neural network has been developed to predict the risk of cardiovascular disease. The
standard deviation was 0.026, which allows us to state that the model is stable and can be used to identify
patterns in this area of medicine, including those pattern that are not explicit. Such patterns can be
revealed by experiments. By changing the patient's input parameters, for example, age, increase in blood
pressure, it will be possible to analyze changes and the development of diseases in the future. You can try
to improve the predictive diagnosis of the patient by changing the input parameters. Refusal from
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addictions, a healthy lifestyle, proper nutrition, physical activity - all these parameters can change the
predictive diagnosis for the better. By observing changes in input parameters and predicted results, it is
possible to identify the dependence, on the basis of which you can develop an individual patient treatment
plan.

Although the neural network has high predictive power, it is still the primary diagnosis of
cardiovascular disease. And more accurate and complete analysis requires visiting the hospital.

Mapar Hypracl, 2K.JI. Baiimemupos >, B. Ilaii !,
M. Tacranos !, K. ’Kanadexos !

X anplkapanbIK aKIapaTThIK TEXHOIOTHAIAp YHUBEPCHTETI, AnmaTel, KazakcTaw,
2A6aii ateiaars! Kazak WITTHIK TIeIarOTHKAJIBIK YHUBEPCHTETi, AnMaTel, KazakcTaH,
3 AKIIapaTTHIK KOHE €CENTEYill TEXHONOTHAIAP MHCTUTYTHL, AnMaThl, KazakcTan

KYPEK-KAH TAMBIPJIAPBI AYPYJIAPBIHBIH KAYIIIH BOJIZKAY YIIIH
HEWPOHABIK KEJIHI TAUJAJTAHY

AnHoTanus. by Makanaza S5KOHOMHKAJBIK JaMBIFaH eNAepe KypeK-KaH TaMbIpiIaphl aypyIapbIHbIH Tapalysl
Typansl aiiTeutaael. Ocbl MakalaHbIH MakcaThl INAIMEHTTIH JXEKe epeKIIeTIKTepiHe Heri3geireH, >KYpeK-KaH
TaMbIpJIapbl aypyJapblHbIH KayIiH aHbIKTay YLIIH HEWPOHIBIK kel Kypy Oosbin TaObuiagsl. Mozaens Python-pa
xa3purraH Keras HEWpOHIBIK KEJUIIK KiTalxaHaHbIH KOMeriMeH »acanabl. Kepac TepeH HEHpPOHABIK Kemijepii
Kypyfa apHairaH. byn maiijanaHyiibifa BIHFAaWJIBI JKOHE MOJIYJBII KiTalxaHa, OHBIH KypamblHa KaOatrrap,
ONTHUMHU3ATOPJIAP, aKTUBTEHAIPY (DYHKLMsIIAphl, MaKcaTTap, KECKIHAEPMEH >KOHE MOTIHIIK JEpPEeKTEPMEH >KYMBIC
icTeyre apHaJIFaH Kypaijgap >KHBIHTBIFBI Kipeni. Kepac craHmapTThl, YHIPTKiJI OHE PEKypeHTTI HEHpOHABIK
JKeITIep Al Konmanapl. YNriHI Kypy YIIIH KaXeT HalueHTTep Typaibl MaiiMertep Kaggle.com calThIHaH ajlbIH/IBL
Heiiporpik xemninig qonmiri 82% Kypausl.

JKypek-kaHTaMBIp KYHECiHIH aypylapsl, aTam aifiTKaHaa CO3bUTMAITBI KYPEK JKETICIEeYIILIiTi, KYPEeK HIIEeMHUASCHI
’KOHE apTepHsUIBbIK TMIIEPTEH3Ms, SKOHOMUKAJIBIK JaMBIFaH eliepae KOFaMIbIK JIEHCAyJIbIK CaKTay Maceneci GoJbI
TabbuTazbl. Byt skarmaiabiH 0acThl )KOHE aHBIKTAIFAaH ceOenTepiHiy Oipi - alFaliKbl JMArHO3IBIH KYPICIUIIr KoHe
JIe alFaliKel Oenriep naiina OoJraH Ke3/e ajamaap/blH eMXaHaiap MeH aypyXaHajiapra 6aprbiChl Kenmeyi. OMipaiH
KBUIaM KapKbIHBI, TYPbIC TaMaKTaHOAy, OTBIPBIKIIBI OMIP CAJIThL, XKaMaH 9JETTeP KHE JYPBIC YHKBIHBIH 00JIMaybl
KYpEK-KaHTaMbIp >KYHeciHe Kepi ocepiH THri3eni.

JyHuexy3inik IeHcaysblK CakTay YHBIMBIHBIH MojiMerTepi OolibiHIIa, 2016 >KbUIBI JKYPEKTIH HIIEMHSIBIK
aypybiHaH 17,9 MIJUIMOHHAH acTaM ajiaM KaWTbIc 001kl Oyt Oapiislk enimMHiH 31% kypans! [1]. lamerran engepne
JKYPEK-KaHTaMbIp aypyJapblHbIH KEH TapalyblH €CKepe OTBIPHIN, JaMy[blH AaJFallKbl Ke3eHIEPIiHIE >XYpEK-
KaHTaMBbIp aypyJIapbIHbIH JWArHO3bIH aHBIKTAHTHIH Kypall KakeT. ©O3iHiH KOJ JKeTIMALIIrT MEH KOJJIaHBUTYBIHBIH
KaparmaibIMIbUIBIFBIHA OaIaHBICTHI HEMPOHIBIK JKEIli OCHI MOCEJIeHI MmenryiH Oip »oJbl 00xysl MyMKiH. JKypek-
KaHTaMbIp aypyJapblHBIH KayliH OoinkKayFa apHaIFaH HEWPOHABIK Kemi o3ipieHmi. JKenmiHiH cTaHIapTTHl ayBITKYbI
0.026 Kypanel, Oyl MOHENBIIH TYPAKTBUIBIFBIH JKOHE MEOUIIMHAHBIH OCBHI CallaChIHAAFBI, OHBIH IMIHIE
AHBIKTAJIMaNUTBIH MOJIENbACP/l aHBIKTAY YLIIH MaifanaHbulybl MYMKIH €KeHJIIrH naibiMaayra MYMKIHIIK Oepeni.
MyHaail 3aHIBUIBIKTApAbl TOHKipuOenep apKbpUIbl aHbIKTayFa Oosansl. OKBITY MEH OHTalUIaHIBIpYAaH KeWiH
HEWPOH/BIK JKelll MOJAENBIIK OKBITYy IPOLECIHE KAThICHAWTHIH MOJIMETTEp Herisinae Ttekcepuiai. EH KyHIbI
aybICajbUIapFa KeyAeeri aybIPChIHY TYpJiepi, MAaKCHUMAJIIbI )KYPEK COFYBI, (PU3UKAIBIK OCJICCHIUTIKTEH TYbIHIaFaH
CTEHOKapIUsl, JeMajbIClIeH CallbICThIpFaHia (u3MKanblK OEJCEHIUTIKTIH HOTWXKeciHne mnaiina Oosran ST
JIETIPECCHSICHI )KoHE (MIII0OOPOCKONUSIMEH OOsiIFaH ipi TaMbIpiapabiH canbl (0-3) Kipai.

[anmeHTTiH €Hri3y mapaMmeTpliepiH, MBICAJIbl, KaChlH, KaH KBICHIMBIHBIH JKOFapbUIAybIH €3repTy, OoJamakra
aypyJapJpbIH e3repyl MeH JaMybIH TajlayFa MyMKIHAIK Oepeni. [laneHTTiH eHri3y mapameTpiiepid e3repTy apKbUIbl
OHBIH 0OJKaMJIBI TUATHO3BIH JKaKcapTyFa MyMKiH OOJaIb.

Kaman omerTepmeH Oac TapTy, camayaTTBl eMip CalThl, AYPHIC TaMaKTaHy, (PH3UKAIBIK OCICEHIUTIK CHUSKTHI
mapamMeTpiep OOoJDKaMABl TUArHO3IBI JKAaKCHl JKaKKa esrepTe amansl. EHTi3y mapaMmeTplepiHiH e3repyiH JKoHe
OomkaMIpl HOTHOKeNepl Oaiikay apKbUIbl TOYENAUTIKTI aHbIKTayFa OONajibl, COHbIH HETi3iHAe MAalMEHTTIH >KeKe
eMJey KOCIapbIH jkacayra 00aibl.

Tyiiin ce3mep: HEHPOH/BIK XKelli, )KYPEK-TaMbIp JKyiecl aypyJiapbl, 00JDKay MoJelbepi, OaKblJIaHATBIH OKBITY,
aktuBanys ¢pyHkuuscel, Keras.
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Mapar Hyprac!, 2K.JI. Baiimemupos >3, B. Ilaii !,
M. Tacranos !, K. ’Kanadexos !

"MexmyHapoHbIA YHUBEPCUTET HHPOPMAIIMOHHBIX TEXHOIOTHH, Anmatsl, Kazaxcram;
?Ka3axCKuli HAMOHAIBHBIN EIArorMIECKUi YHUBEPCUTET HMeHH AGast, Anvartel, Kazaxcram;
SUHCTHTYT HHGOPMAIMOHHEBIX U BEMUCIATENRHBIX TexHonoruii KH MOH PK, Anmvartsr, Kazaxcran

NPUMEHEHUE HEVMPOHHOM CETH JJIS1 IPOTHO3UPOBAHMSI PUCKA
CEPJIEYHO-COCYJAUCTBIX 3ABOJIEBAHUI

AHHoTanusl. JlaHHas CTaThs KacaeTcs MpPOOJIEMBbl PACIPOCTPAHEHHS CEPACYHO-COCYAMCTHIX 3a00JieBaHUi B
9KOHOMHMYECKH PA3BUTHIX cTpaHax. Leab 3ToH cTaThy 3aKII0YAETCs B CO3/aHUU HEUPOHHOM CETH ISl ONPENEIICHUS
pHCKa CeplieuHO-COCYAUCTHIX 3a001eBaHNi Ha OCHOBE MHIMBUAYAJIbHBIX XapaKTEPHCTHK narueHTa. Monens Obuia
MOCTPOEHA C OTKPBITHIM UCXOJHBIM KOJIOM HEHpOHHOI cereBoil Oubnmorexu Keras, Hanncannod Ha Python. Keras
paspaboTaH I IIOCTPOEHHUSI TJIyOOKMX HEMpOHHBIX ceTeil. DTo yaoOHas /jsi I0JIb30BaTeNsl M MOAYJIbHAs
OubsMoTeKa, KOTOpasl BKIIOYAET Takue OJIOKM, KaK CJIOHM, ONTUMU3ATOPbI, (PYHKIMHM aKTHUBAlMHU, LIeIX U HAOOp
WHCTPYMEHTOB Ui paboThl C M300pak€HHEM M TEKCTOBBIMH JaHHBIMH. Keras MoOiJepKuUBaeT CTaHIapTHBIC,
CBEPTOYHBIC U PEKYPPEHTHbIE HEHPOHHBIE ceTu. JlaHHbIe, coaeprkalue HHHOPMALIUIO O MALUEHTE Al HOCTPOSHHUS
MoJenH, OblH B3sTH ¢ caiita Kaggle.com. TouHocTh HelipoHHOI ceTn cocrasisieT 82%.

3aboseBaHusl CEpIAEYHO-COCYIUCTOW CHCTEMBI, B YaCTHOCTHM XPOHHYECKas CepledHas Hell0CTaTOYHOCTb,
UOIEMHUsT CepIlla W apTepuaibHas TUICPTOHHUS SBISIOTCS MPOOIEMOI OONISCTBEHHOI'O 3/PaBOOXPAHCHHS B
9KOHOMHYECKH Pa3BUTBHIX cCTpaHaXx. OmHOW M3 OUYEBHIHBIX M OCHOBHBIX NPUYUH SIBIAETCA CIIOKHOCTh
MIEPBOHAYAIIFHOTO IMAarHO3a M HEXKEJaHWE JIIOAEH ITOCemaTh KIMHUKKA M OOJNBHUIBI, KOT/a MOSBIISIOTCS IEpBbIC
CHUMITTOMBI. BBICTpBIN TeMIT JXH3HHM, IJIOXO€ IHTAHWE, CHISYMA 00pa3 XKW3HHW, BPEIHBIC NMPHUBBIUKHA U OTCYTCTBHE
HaJUIEXKAIIEero CHa HEraTHBHO BIIMSIOT Ha CEP/ICYHO-COCYANCTYIO CUCTEMY .

[To nannbiM BcemupHoll opranuzauum 3z1paBooxpanenusi B 2016 rony, oT uiieMudeckoil 0ojie3HM cepaula
ymepiio 6osee 17,9 MuuimoHa denoBek, 4to coctaBuiio 31% ot Bcex cMepreii [1]. YuuThiBas pacpoCTpaHEHHOCTh
CEPAEYHO-COCYANUCTBIX 3a00sieBaHMII B pPa3BUTHIX CTpaHaX, CYIIECTBYET OCTpasi HEOOXOAMMOCTb B CO3JaHHU
WHCTPYMEHTA ISl IMAarHOCTHKH CEPACYHO-COCYUCTHIX 3a00I€BaHNI Ha paHHUX dTanax pa3BuTsi. HelipoHHas ceTh
MOXeET OBITh OHUM W3 PEIICHUH MPOOJIEMBI W3-3a €€ JOCTYIHOCTH M MPOCTOTHI MCIOIb30BaHus. HeifpoHHas ceTsb
Obuta paspaboraHa /I IPOTHO3MPOBAHMS PUCKA CEPIEYHO-COCYAUCTHIX 3a0oneBaHni. CTaHIapTHOE OTKIOHEHHE
cocrapwio 0,026, 4To MO3BONISIET HaM YTBEPKIaTh, YTO MOJCIb CTAOMIbHA M MOXET OBITh HCIIOJIB30BaHA IS
l/IZleHTI/l(l)l/IKaLIl/II/I SaKOHOMepHOCTeﬁ B OTOM 06J'IaCTI/l MEANIUHBI, BKJIFOYasA TC, KOTOPbIC HC ABJIAIOTCA ABHBIMU. Takue
3aKOHOMEPHOCTH MOTYT OBITh BBISIBICHBI B X0JI€ 9KCIIepruMeHTOB. HelipoHHas ceTh mocie o0y4eHus! 1 ONTUMU3AUN
Obuta IIPOTECTHPOBaHA HAa OCHOBE JAaHHBIX, KOTOPbIE HE OBUIM 3alI€HCTBOBAHBI B IIpoIiecce OOYUYEHHS MOMEIH.
Hanbonee 1ieHHBIMH NEPEMEHHBIME OBUIM THUIIBI OOJM B TPYAH, MakCHMalbHAs 4aCTOTAa CEPACYHBIX COKPAIICHUMH,
CTEHOKapIus, BbI3BaHHas (M3MUecKOl Harpyskoil, amenpeccust ST, BbI3BaHHAs (U3MUYECKOH HArpy3koi, IO
CPaBHEHUIO C OT/BIXOM, U KOJIMYECTBO KPYMHBIX cocy1oB (0-3), OKpalIeHHbIX ¢ HOMOIIBIO (IIF0OPOCKOIHH.

HN3menenune BXOJHBIX IMapaMETPOB NMallM€HTa, HAIIPUMEP, BO3PACT, MMOBLIICHUC KPOBAHOTO JaBJICHHUS, ITIO3BOJIUT
aHAJIM3MPOBaTh M3MEHEHWSA U Pa3BUTHE 3abosieBaHmil B OyxymieM. MOXHO HONBITAThCA YMYUIINTh HPOTHO3HYIO
JMAarHOCTUKY AIlMEHTa, N3MEHHUB BXO/IHBIE TAPaMETPBI.

OTKa3 OT BpeAHBIX NMPUBBIYEK, 310POBBIH 00pa3 XKHU3HH, MPABIILHOE MUTAaHKUE, (Pru3ndecKas akTHBHOCTh — BCE
9TH HapaMeTpbl MOTYT W3MEHUTh NPOTHO3UPYIOIINIT AUArHO3 B JIy4LIyI0 CTOpOoHY. Habimronas n3MeHeHHs BXOHBIX
MapaMeTpoB M MPOTHO3HPYEMBIX PE3yJIbTATOB, MOXHO OIpPENEIMTh 3aBUCUMOCTb, Ha OCHOBE KOTOPOIl MOXHO
pa3paboTaTh WHAUBUIYATbHBIN TUIAH JICUCHUS MMAI[UCHTA.

KnroueBble cnoBa: HEHpOHHas ceTh, 3a00€BaHMS CEPAEYHO-COCYAUCTOM CHCTEMBI, MOJAEIN IPOTHO3HPO-
BaHMs, KOHTpOIUpyeMoe o0ydeHne, GpyHKus aktuBanud, Keras.
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