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PenaknmoHHBIN COBET

IIpeacenarenb — TOKTOp XMMHUYECKHX HayK, nmpodeccop, paypeat npemun [IpaBurenbcrBa
Poccuiickoit @enepannn B o6iactu Hayku W TexHUKH UBaxHiok I'puropuii KoncTtanTuHoBHY,
3aBefyouii kadeapoil HMHKEHEpHOW 3amMThl OKpyxkaromiei cpensl Cankrt-IleTepOyprekoro
roCy/1apCTBEHHOI'0 TEXHOJIOTMYECKOr0 HHCTUTYTA (TEXHUYECKOTO YHUBEPCUTETA).

3amecTuTeJb NpeAcegaTeNsi — JOKTOp TEXHMUYECKHUX HayK, AoueHT 3pi0umHa Oubra
AJIeKCaHPOBHA, 3aMECTUTENh HauaIbHUKA YHUBEPCUTETA IO HAy4HO pabore.

3amecTuTeIb MpeaceaaTesi (OTBETCTBEHHBIN 3a BBIITYCK KypHalla) — KAaHIUAAT TEXHUYECKUX
HayK, nomeHT MarBeeB Aulekcanap BiagumupoBu4, 3aBenyrommid Kapenpod MPHKIATHON
MaTeMaTuKy ¥ HHPOPMAIIHOHHBIX TEXHOJIOTHH.

YiieHbl peJaKIHOHHOIO COBETA:

JIOKTOp TexHWYeckux Hayk, npodeccop Munkun Jenuc FOpwbeBuu, aupexkrop CaHKT-
[erepOyprckoro I'VII «I opanekTpoTpaHcy;

JIOKTOp TexHuuecknx Hayk, npodeccop Illapamo Cepreii BiaagmMupoBuY, TuUpEeKTOp
Cankr-IlerepOypreckoro IloxkapHo-criacaTeIbHOTO KOJUIEKA;

KaHIUAAT IOPUINYECKUX HayK, JOKTOp MeNarorudyeckux Hayk, rmpodeccop, 3aciy>KeHHBIH
paboTHuK BhIcIIeH mIKoibl Poccuiickoit @enepanuu I'pemtHbIX AHTOHMHA A01b(OBHA, JeKaH
(dakynbpTeTa MOATOTOBKM KaapoB Bbiciiel kBanudukauuu Caskt-IleTepOyprckoro yHuBepcuTeTa
I'TIC MYC Poccuu;

JIOKTOp TEXHWYECKUX HayK, mpodeccop, 3acihyKeHHbIH JesTelab Hayku Poccuiickoi
@enepanun [oasikoB Anexkcanap CrenanoBu4, npodeccop kadeapsl GPU3NKO-TEXHUIECKHX OCHOB
obecrieueHus noxkapHoi 6e3omnacHoctr Cankt-IlerepOyprekoro yausepcutera I'TIC MUC Poccuu;

JOKTOpP TEXHUYECKUX HayK, Mpodeccop, MOYETHHI paOOTHUK HAyKu U TexHUKU Bapoun
Hukonaii MuxaiioBu4, BEIyIIMH Hay4YHBIM COTpygHUK Ypanbckoro uHctutyta ['TIC MUC
Poccun, nupekrop HaydHo-mccinenoBaTenbcKoro MHCTUTYTA (U3UKO-XMMHYECKHX MpoliIeM
1 TexHocepHoit 6e3onmacHocTH ['0Cy1apCTBEHHOTO arpapHOro YHUBEPCUTETA;

JOKTOp TEXHMYECKHX HayK, Mpodeccop, 3aciyXKeHHbI Jesrens Hayku Poccuiickoit
®enepanuy, Jaypear ['ocynapcrBennoit npemun Poccuiickoit @eaepanuu u npemun [IpaButenbcTBa
Poccwuiickoit denepanun B obnactu Hayku U TexHuku [loranoB AHatosmii UBaHOBWY, 3aBETyOMIHIA
kaenpoit «[IpubOpHl KOHTPOJII M CHUCTEM 3KoJormueckor OezomacHocTn» CeBepo-3amaaHoro
rOCY/IapCTBEHHOI'0 320YHOI'0 TEXHUUECKOTO YHUBEPCUTETA;

KaHauAaT (GU3UKO-MAaTeMaTUYeCKUX HayK, JOKTOp TEXHWYECKMX HayK, mpodeccop,
3aciykeHHbIM nearens Hayku Poccuiickoit ®enepaunn CuabHukoB Muxauma Baagmmuposuy,
npodeccop Kadenpbl MNEpernoAroTOBKM U TOBBINIEHUS KBaIM(UKAIMK crnendaiuctoB CaHKT-
[TerepOyprckoro yausepcurera [ TIC MUC Poccuu;



KaHIUAAT TeNarorudeckux Hayk, noueHT Kuwii Bajepuii BaapmmupoBuu, mpodeccop
Kadenpsl OpraHu3aluy MOXKAPOTYIIEHHUs] M MPOBEIEHUS aBapHilHO-cracaTelbHbIX padoT CaHKT-
[Terepbyprckoro ynusepcurera ['TIC MUC Poccun.

Cexperaphb coBeTa:

Maiop BHyTpeHHeH ciaykObl JloMHuueBa AHactacusi BsiueciiaBoBHA, cTapimiuii peIakTop
OTACIICHUA HpC,Z[HC‘I&THOfI MMOATOTOBKHU PCHAAKIIMOHHOIO OTACJIa LCHTpPa OpraHu3alvi HAY4YHO-
HCCIIEIOBATENILCKOW U PETaKIIMOHHON JIEITEIHLHOCTH.

PeI[aKIlI/IOHHaﬂ ROJLJIETUA

IIpeacenarens — KaHAMIAT TEXHUYECKUX HAYK, JOLIEHT MOJIKOBHUK BHYTPEHHEH CIIy»KObI
OnoB Butanuii AjlekCaHAPOBHY, HauyaJlbHUK LIEHTPa OpraHU3alMM HAyYHO-UCCIIEI0BATENbCKON
U PEJAKIHOHHOU ACATEIbHOCTH.

3amecTuTe b mpeacenaTessi — Maiop BHyTpeHHed ciuyxObl JMuTpueBa HWpuna
BiagumMupoBHA, HayaJbHMK  PENAKLMOHHOIO  OTAENA LEHTPAa  OpPraHM3alMM  Hay4dHO-
HCCIIEA0BATENIBCKON U PEJAKIIMOHHOMN JESATEIbHOCTH.

YiieHbl peJaKIHOHHON KOJIIerun:

JIOKTOp TEXHUYECKUX HayK, mpodeccop, 3acihyKeHHbIH JesTelab Hayku Poccuiickoi
@enepann MlepdaxkoB OJier BsiyecaaBoBu4, npodeccop kadenpsl MPUKIATHON MaTeMaTHKU
1 “HGOPMAITMOHHBIX TEXHOJIOTHIA;

JOKTOp TEXHMYECKHX HayK, Hpodeccop, 3aciayXKEeHHbIH paOOTHUK BBICIICH IIKOJBI
Poccuiickoit @enepannn TapanueB Ajnekcanap AJiekceeBHd, mpodeccop Kadenpsl opraHu3amu
MOKapOTYIIEHUS U IPOBE/ICHUS aBapUITHO-CIIacaTeIbHBIX padoT;

KaHIUAAT TEXHUYECKUX HayK, Mpodeccop, 3acilyKeHHbIH pPAOOTHHUK BBICHICH IIKOJIBI
Poccuiickoit denepanin AHTIOX0B Basnepuii UBanoBuy, npodeccop kadeapsl CHCTEMHOTO aHAH3a
Y QaHTUKPU3UCHOTO YIIPABJICHHUS;

KaH/IUJaT TEXHUYECKUX Hayk, JoneHT PomanoB Hukonaii HukosaeBud, norneHT kadenps
(PM3HUKO-TEXHUYECKHX OCHOB 00eCTIeueHHsI TOXKapHO# 0€301MacHOCTH;

KaHIMJIAT TEXHUYECKHX HayK, JoueHT BuHorpagoB Buaagumup HukosaeBu4, HHKEHED
OTJIeNa IJTAHUPOBAHWS, OPraHU3alui U KOOPJAUHAIIMY HAYYHBIX UCCIIEJOBAHUM LIEHTPAa OpraHUu3alnu
Hay4HO-UCCIIEN0BATEIbCKON U PEJAKIIMOHHOMN ACSITEIbHOCTH.

Cexkperapp KoJUIeTHU:

Maiiop BHYTpeHHeW ciyxObl bogoroa IlosuHa  AJjiekcaHAPOBHA, PEIAKTOP
PECAAKIIUOHHOTI'O OTACIICHUA PECAAKIUOHHOI'O oTAcIa HOCHTpa opraHu3alnuun Hay4YHO-
HCCIIEIOBATENILCKOU U PETaKIIMOHHON JIEITEIHbHOCTH.
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MOHHUTOPHUHI' 1 ITPOI'HO3NPOBAHHUE
HPUPOJHbLIX U TEXHOI'EHHbBIX PUCKOB

O BJIMSITHUA KOMMEPIIUAJIN3AIIMA 3HAHUM HA KAYECTBO,
HPUBBIJIBHOCTbD 1 OKOJOI'MYECKYIO KYJIBTYPY

B HOBOI ITPOU3BOJCTBEHHOK KOMIIAHUN

HE®TSIHOU ITPOMBIIILJIEHHOCTH

“Moxammaja Peza Mopaau.
Hcnamcknii ynusepeurer Asan, Kopaecran, Upan
Emr.moradi4d@yahoo.com

Annomayus. «3eleHoe» TPOU3BOACTBO — 3TO CTpaTerusi, BRIOpaHHAA IJisi YCTOHYMBOTO Pa3BHTHUS
OKpy»Karomeil cpensl. Ee rimaBHast 1enb — MOBBICHTH MPOM3BOAUTENBHOCTh M COLMATBHO-IKOHOMUYECKOE
pa3BUTHE TakuM oO0Opa3oM, dYTOOBI OOECIEYUTh 3aIuTy MW O€30MMacCHOCTh OKPYIKAIOMmEeH Cpembl.
Craructuueckas 06a3a HACTOALIETO MCCIENOBAaHUs BKJIIOYAET COTPYAHUKOB HAuMHAOLIEH IPOMBIIUICHHOM
kommanun  Mehran Oil Industries. [ns cOopa cratuctuueckoil mHpopmalu ObUT MCIIONB30BaH METOJ
aHKeTHpoBaHMA. [Ipy oLleHMBaHUM YPOBHS KOMMEpLHMAIM3ALMU 3HAHUI B KOMIAHMU OB HCIIOJIb30BaH
anketHbIi onpoc Kheirandish u np. (2017), 11s1 olleHUBAaHUS «3€JIEHOT0» MPOU3BOJCTBA AHKETHBINA OIPOC
Gandhi u ap. (2016). UtoObI OLIEHUTH COTJIACOBAHHOCTH M HAJEKHOCTh OIPOCHUKA PACCUUTHIBAJIACH €TI0
BaJMJHOCTh C YUE€TOM MHEHMH 3KcnepToB U anbda-korpunmuent Kpondaxa (0,91). Pezynbrarsel nokazanm,
9TO KOMMEPITMAIHM3AIUs 3HAHWNA OKa3bIBAaeT IOJIOXKUTENbHOe U 3HaumrenbHoe Biusaue (0,89)
Ha JKOJOTMYECKOe TPOU3BOJCTBO B KOMNaHWu. KoMmepruanuzanus 3HaHHH OKa3bIBaET MOJIOKUTEIHHOE
U 3HAYUTENbHOE BIMSHHE HAa TEHACHLUHUIO K COXPaHEHHUIO OKpyxatomed cpensl (0,93), ympasnenue
cokparieareM otxozoB (0,96), ynpaeinenue odopymoBanueM u cbipbeM (0,87), kauecTBo U npuobLIb (0,89),
«3enenyo» Kynptypy (0,69) B komnanuu.

Kniouesvie  cnosa:  KoMMepLManW3alusl 3HAHUH, «3€JICHOE»  MPOMU3BOACTBO, HeTIHAS
MPOMBIIITICHHOCTh Mexpana

Jass uurupoBanmsi: Moxamman Peza Mopaau. O BIMSHMM KOMMEpLUAIM3AalUUM 3HAHUNA HA KayecTBO,
MPUOBTBHOCTh W DKOJIOTHYECKYIO KYJIBTYpy B HOBOH  TPOHM3BOJCTBEHHOM KOMIIAHUHM  He(TSIHOH
MPOMBIIIUICHHOCTH // TIpUpOHbIE U TEXHOTCHHBIC PUCKH ((PU3UKO-MATEMATHUYECKUE U MPUKIIAIHbIC ACIICKTHI).
2022. Ne 3 (43). C. 4-11.

ON THE IMPACT OF KNOWLEDGE COMMERCIALIZATION
ON QUALITY, PROFITABILITY AND GREEN CULTURE IN OIL
INDUSTRY STARTUP AND EXPLOITATION COMPANY

*Mohammad Reza Moradi.
Islamic Azad university, Kordestan, Iran
Emr.moradi4d@yahoo.com

Abstract. Green productivity is a strategy chosen for the sustainable development
of the environment. Its main goal is to increase productivity and socio-economic development in a way that
leads to protection and safety in the environment. The statistical population of the present research includes
the employees of Mehran Oil Industries Start-up and Operation Company. We used simple random sampling
method for sampling. On research variables, standard questionnaire was our way to collect information.
We used the Kheirandish et al. (2017) questionnaire to measure the knowledge commercialization variable
and the Gandhi et al. (2016) questionnaire to measure green productivity. To evaluate the validity
of the questionnaire, we benefited from content validity through the opinion of experts and from Cronbach's
alpha coefficient (0.91) to evaluate the reliability of the questionnaire. The results showed that knowledge
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commercialization has a positive and significant effect (0.89) on green productivity in the company.
Knowledge commercialization has a positive and significant effect on the tendency to preserve
the environment (0.93), waste reduction management (0.96), equipment and raw materials management
(0.87), quality and profit (0.89), green culture (0.69) in the company.

Keywords: knowledge commercialization, green productivity, Mehran oil industries

For citation: Mohammad Reza Moradi. On the impact of knowledge commercialization on quality,
profitability and green culture in oil industry startup and exploitation company // Prirodnye i tekhnogennye
riski (fiziko-matematicheskie i prikladnye aspekty) = Natural and man-made risks (physico-mathematical
and applied aspects). 2022. Ne 3 (43). P. 4-11.

Introduction

Nowadays, knowledge is one of the main factors in creating wealth, ability and knowledge
of countries and is a powerful tool in national development. Knowledge and skills are the main
sources of value added in the modern economy. The knowledge commercialization and the creation
of fundamental reforms has become inevitable in the mission, structure, process and culture
of organizations in order to institutionalize it as a topic of interest for developing and developed
countries (Alnata et al., 2015). Knowledge commercialization maintains the organization's capital
and increases the ability to use new technologies (Soltani, 2018).

In today's competitive age, the success of organizations depends on their productivity.
Productivity is the highest goal and the most valuable destination of managers. Increasing
productivity is the most serious challenge that management faces at the beginning of the twenty-
first century (Abtahi, 2016). One of its different types in organizations is green productivity, which
has recently attracted the attention of many organizations. Due to its mission and the social
responsibility of organizations towards the environment, green productivity is one of the most
important indicators of organizational health and success of organizations (Yabin et al., 2015).
Green productivity in industry does not emphasize only the change of technology, but focuses
on efficient and optimal use of raw materials, energy and water in order to reduce waste production,
attends to the environment in all stages of production or product life, and changes attitudes at all
levels of the management (Fallah et al., 2015).

Theoretical foundations of research

Knowledge commercialization.

Every organization has the knowledge through which it provides services and products.
It is organizational knowledge that keeps the competitive characteristic of the organization
in the market and ensures its survival. Since every organization is made up of individuals,
organizational knowledge owes its constitution to personal knowledge. Knowledge as «personal
knowledge» can be individual. As «group knowledge», we can find it in processes, rules, and work
systems (Ismailpour et al., 2016). Organizational knowledge has the following characteristics
(Harald et al., 2015):

Green productivity.

Green productivity is the use of appropriate technologies and proper management
techniques in order to produce environmentally friendly goods and services and to increase
productivity and profitability. In this regard, green productivity is constituted of the two principles
of productivity and the environment. The principle of environmental accountability has created
responsibility so that the responsibility for repairing the environmental damage is on the polluter.

Green productivity recognizes the importance of the principle that economic activity,
whatever it may be, must be sustainable and profitable.
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Pic. 1. Conceptual model of research (Khairandish et al. (2017) and Muharramnejad
and Azarkamd (2009)

Research Methods

The present research is an applied research in terms of the purpose. In terms of the nature
of the method, it is a descriptive survey. The statistical population of the present research consists
of the employees of Mehran Oil Industries Start-Up and Exploitation Company, whose number
is equal to 460 people. We selected 210 people for the sample according to Morgan table. Simple
random sampling was our sampling method. We used the standard questionnaire to collect
information.

Findings

In the present research, we analyzed the data using structured equation technique
and LISREL software. The normality of the data was confirmed by Kolmogorov-Smirnov test.
In order to determine the sample adequacy, we used sampling adequacy index (Kaiser-Meyer-Olkin
(KMO) and Bartlett test. The sampling adequacy of the present research is in good condition.

Table 1. Correlation matrix between independent and dependent variables

Variable 1 2 3 4 5 6
1. Tendency
to preserve * 0.73 0.75 0.45 0.66 0.78
the environment
2. Waste reduction * * 0.86 0.72 0.76 0.72
management
3. Management
of equipment * * * 0.81 0.89 0.84
and raw materials
4. Quality
and profitability i i i i 0.80 0.76
5. Green culture * * * * * 0.81
6. Commercialization " " " % % %
of knowledge
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We give the model of the main hypothesis, in which the hypothesis is accepted or rejected
according to the significance numbers.

TAM 0,76
0.67 - v.2
0.65 = v.3 ZRY 0. 89
0.61 = v.4

TAJ 0,43

EEY =0.38

0.55#+  v.8 Chi-Square=76.33, df=f4, E-value=0.00000, EMSEA=0.031

Pic. 2. Structural model of the research main hypothesis in standard estimation mode

10.33%  w.1

TAM  |=10.88
10,744 v.2
10.66%  v.3 ZAY  |w10.68
10.52%  v.4

TAT |9.26
9.31 % ¥.3

KEY [=£.76
10.22%  v.6
10.17% .7 FAR |=9.17
10.20%  v.8 Chi-Square=76.93, df=64, P-value=0,00000, RMSEA=0.031

Pic. 3. Structural model of the research main hypothesis in the case of significance coefficients
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Pic. 5. Structural model of research sub-hypotheses in the case of significance coefficients

To assess the fitting of the model, we used special indicators. Tab. 2 provides the calculated
amount of these indicators in comparison with the allowable value. The results indicate the optimal
fitting of the model.
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Table 2. Comparison of model goodness of fitting indices with allowable amount

Calculated coefficients
Indices Allowable amount of the research main Result
model
GFI Higher that 0.9 0.93 goodness of fit
AGFI Higher that 0.9 0.99 goodness of fit
RMR 0.03 goodness of fit
NFI Higher that 0.9 0.90 goodness of fit
IFI Higher that 0.9 0.92 goodness of fit
Chi squared to degree Below 3 1.20 goodness of fit
of freedom

RMSEA Lower than 0.08 0.031 goodness of fit

If the calculated coefficients are outside the allowable range, it means that the index
is of poor fitting.

Main Hypothesis: Knowledge commercialization has a significant effect on green
productivity in Mehran Oil Industries Start-up and Exploitation Company.

HO = Commercialization of knowledge has no significant effect on green productivity
in Mehran Oil Industries Start-up and Exploitation Company.

H1 = Knowledge commercialization has a significant effect on green productivity
in Mehran Oil Industries Start-up and Exploitation Company.

Tab. 3. Results of structural equation model analysis (research main hypothesis)

Standgrd T-value Indep.endent Depe?ndent Test result
coefficient variable variable
0.89 7.61 Knowledge Green HO rejected
commercialization productivity

According to tab. 3, the standard coefficient between the two variables of knowledge
commercialization and green productivity is equal to 0.89. According to the obtained t (7.61),
it is greater than 1.96. So HO is rejected and H1 is confirmed.

First sub-hypothesis: Commercialization of knowledge has a significant effect
on the tendency to preserve the environment in the Mehran Oil Industries Start-Up and Exploitation
Company.

HO = Commercialization of knowledge has no significant effect on the tendency to preserve
the environment in the Mehran Oil Industries Start-Up and Exploitation Company.

H1 = Commercialization of knowledge has a significant effect on the tendency to preserve
the environment in the Mehran Oil Industries Start-Up and Exploitation Company.

Tab. 4. Results of structural equation model analysis (first sub-hypothesis of the research)

Standgrd T-value Indep'endent Depgndent Test result
coefficient variable variable
Tendency to
0.93 8.58 Knowlnge . preserve HO rejected
commercialization .
environment

According to tab. 4, the standard coefficient between the two variables of knowledge
commercialization and the tendency to preserve the environment is equal to 0.93. Therefore, we can
conclude that the commercialization of knowledge has a direct, positive and significant effect
on the tendency to preserve the environment in the Mehran Oil Industries Start-up and Exploitation
Company.



[Ipupoanbie ¥ TEXHOTEHHBIE PUCKH ((PU3HKO-MaTeMaTHIECKHE U TIPHUKIaTHBIe actieKThl). Ne 3 (43)-2022

Second sub-hypothesis: Commercialization of knowledge has a significant effect on waste
reduction management in Mehran Oil Industries Start-up and Exploitation Company.

HO = Commercialization of knowledge has no significant effect on waste reduction
management in Mehran Oil Industries Start-up and Exploitation Company.

H1 = Knowledge commercialization has a significant effect on waste reduction
management in Mehran Oil Industries Start-up and Exploitation Company.

Table 5. Results of structural equation model analysis (second sub-hypothesis of the research)

Standgrd T-value Indep'endent Dep;ndent Test result
coefficient variable variable
0.96 13.13 Knowledge = | Management of |y oo iog
commercialization | waste reduction

According to tab. 5, the standard coefficient between the two variables of knowledge
commercialization and waste reduction management is equal to 0.96. According to the obtained t (13.13),
it is greater than 1.96,

Third sub-hypothesis: Commercialization of knowledge has a significant effect
on the management of equipment and raw materials in Mehran QOil Industries Start-up and
Exploitation Company.

HO = Commercialization of knowledge has no significant effect on the management
of equipment and raw materials in Mehran Oil Industries Start-up and Exploitation Company.

H1 = Commercialization of knowledge has a significant effect on the management
of equipment and raw materials in Mehran Oil Industries Start-up and Exploitation Company.

Tab. 6. Results of structural equation model analysis (third sub-hypothesis of the research)

Standgrd T-value Indep'endent Dep;ndent Test result
coefficient variable variable
Management of
0.87 11.29 Knowledge . equipment & raw HO rejected
commercialization .
materials

According to tab. 6, the standard coefficient between the two variables of knowledge
commercialization and management of equipment and raw materials is equal to 0.87. According
to the obtained t (11.29), it is greater than 1.96.

First sub-hypothesis

The coefficient between the two variables of knowledge commercialization and tendency
to preserve the environment is equal to (8.58) and greater than 1.96 and the coefficient of impact
of knowledge commercialization on the tendency to preserve the environment is equal to 0.93.
Accordingly, the knowledge commercialization has a direct, positive and significant effect
on the tendency to preserve the environment in the Mehran Oil Industries Start-up and Exploitation
Company.

Second sub-hypothesis

The coefficient between the two variables of knowledge commercialization and waste
reduction management is equal to (13.13) and greater than 1.96, and the coefficient of impact
of knowledge commercialization on waste reduction management is equal to 0.96. Accordingly,
knowledge commercialization has a direct, positive and significant effect on waste management
in Mehran Oil Industries Start-up and Exploitation Company.

Third sub-hypothesis

The coefficient between the two variables of knowledge commercialization and green
culture is equal to (9.00) and greater than 1.96 and the coefficient of impact of knowledge
commercialization on green culture is equal to 0.69. Accordingly, knowledge commercialization
has a direct, positive and significant effect on green culture in Mehran Oil Industries Start-up
and Exploitation Company.
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Therefore, if the company take decisive steps to create green productivity, the efficiency
and organizational productivity will potentially increase. Managers and employees must strive
to build trust in the workplace because trust building actually is a route of access
to the improvement and development of knowledge commercialization, and ultimately
to the promotion of organizational agility and productivity. Increasing the level of people's
participation helps improve green productivity. We recommend effective R&D to increase output
by providing inputs without polluting the environment and producing waste and making better use
of resources
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OIIEHKA NOTEHLUAJBHOI'O PUCKA JJIsI ABAPUI, CBA3AHHBIX
C OBPA3BOBAHUEM JIPEH®YIOIINUX B3PBIBOIIOKAPOOIIACHBIX
IHAPOI'A30BbIX OBJAKOB JUISI CAHKT-IETEPBYPI'A

MTarbsna Cepreesna JKXuTHnkosa;

AnTOoH IIpokonsesny BbI30B.

Cankr-llerepOyprekuii noaurexuuyeckuii ynusepcuret [lerpa Besmkoro,
Cankr-IlerepOypr, Poccust

&z hitnikova_ts@spbstu.ru

Annomayus. llenpl0o JaHHOM CTaTbU  SIBIETCS.  COBEPIICHCTBOBAHME METOJIUKH  OLICHKH
MOTEHIIMANBHOTO PHUCKA JJIS aBapuil C ydYacTHEM B3PBIBOIIOXKAPOOTACHBIX MapOTa3oBbIX Apei(yrommx
00JJaKOB C Y4YeTOM Ipoliecca M3MEHEHHS B3PBIBOOIIACHOW YacTW OOJaKa TOILTMBOBO3IYIIHOW cMmecH. st
JNOCTIDKEHHSI LIeJM HCCIIeIoBaHUs B paboTe ObUIM HMCHOJIBb30BaHBl METOIBI: aHANM3, CPaBHEHHUE, CHHTES,
KOHKpeTu3anus, oOoOmeHne, ¢opManuzanus, aHaJOTHs, MOJCIUPOBAHKUE, IIOCTPOCHUE THUIOTE3bI
W HW3ydeHHe IUTEepaTyphl, NOKYMEHTOB WM pPe3yJbTaTOB MAESITEeIbHOCTH. Pe3ymbprarom paboThl SBIsETCA
YCOBEPIICHCTBOBAaHHAS METOAMKA OLEHKH IMOTEHIIMAIBHOTO PUCKa JJIsl aBapui, CBA3aHHBIX C 00pa30BaHUEM
Ipeidyommx B3pHIBONOKAPOONACHBIX Mapora3oBbIX OO0JAKOB, C YYE€TOM HM3MEHEHHUs Macchl o0iaka
TOIJIMBHO-BO3AYIIHOW CMECH TIpU ero Jpeidde mnpu pacderax 3HAYCHHS [OTEHIMATBHOTO PHCKA
Ha KOHKpETHOW Tepputopuu. [lomydeHHbIe pe3yibTaThl MOXKHO NMPHUMEHATH HPU OLEHKE MOTEHIHAaIbLHOTO
pHucKa Aisi 0OBEKTOB, HA KOTOPBIX MOTYT NMPOHM30MTH aBapuH, CBsI3aHHbIE C 00Opa3oBaHHEM Iper(yrommx
B3PBIBOIIOKAPOOIIACHBIX MTAPOTa30BbIX 00JIAKOB.

Kntouegvle cnosa: puck aBapuid, B3phIBOIIOKAapOOIACHBIE TApOTa30oBble 00J1aKka, METOAMKA OLIEHKH,
MIPOU3BOJCTBEHHBIN OOBEKT

Jas nutupoBanusi: KurnukoBa T.C., beoB A.Il. OneHka NOTEHIHMAILHOTO pPHCKA JUISI aBapwHid,
CBSI3aHHBIX C 00pa3zoBaHHEM IpeH(YIONINX B3PHIBONOXKAPOOMACHBIX MAaporasoBbix 007akoB ansi CaHKT-
[lerepOypra // IlpupoaHple W TeXHOTeHHBIE PUCKU ((hM3MKO-MATEeMaTUYECKHE W TPHUKIAIHBIC ACTIEKTHI).
2022. Ne 3 (43). C. 12-20.

ASSESSMENT OF THE POTENTIAL RISK FOR ACCIDENTS ASSOCIATED
WITH THE FORMATION OF DRIFTING EXPLOSIVE VAPOR-GAS CLOUDS
FOR SAINT-PETERSBURG

Tatiana S. Zhitnikova;

Anton P. Byzov.

Peter the Great Saint-Petersburg polytechnic university, Saint-Petersburg, Russia
&z hitnikova_ts@spbstu.ru

Abstract. The purpose of this article is to improve the methodology for assessing the potential risk
for accidents involving explosive vapor-gas drifting clouds, taking into account the process of changing
the explosive part of the fuel-air mixture cloud. To achieve the research goal, the following methods were
used in the work: analysis, comparison, synthesis, concretization, generalization, formalization, analogy,
modeling, hypothesis building and the study of literature, documents and results of activities. The obtained
results of the work are an improved methodology for assessing the potential risk for accidents associated
with the formation of drifting explosive vapor-gas clouds, taking into account the change in the mass
of the fuel-air mixture cloud during its drift when calculating the value of the potential risk in a specific area.
The results obtained can be applied in assessing the potential risk for objects where accidents may occur
associated with the formation of drifting explosive vapor-gas clouds.

Keywords: accident risk, explosion- and fire-hazardous vapor-gas clouds, assessment methodology,
production facility

© Cankrt-IletepOyprekuii yausepcuret I TIC MUC Poccuw, 2022
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For citation: Zhitnikova T.S., Byzov A.P. Assessment of the potential risk for accidents associated
with the formation of drifting explosive vapor-gas clouds for Saint-Petersburg // Prirodnye i tekhnogennye
riski (fiziko-matematicheskie i prikladnye aspekty) = Natural and man-made risks (physico-mathematical
and applied aspects). 2022. Ne 3 (43). P. 12-20.

Ha cerogusmnuit nens B Pocculickorn denepanuu B CBA3U C JEUCTBYIOIIECH IOJUTUKOU
B YaCTH aHaJIM3a PUCKA aBapHil B 00JacTU MPOMBILIUIEHHONW 0€30MacHOCTH Bce 0OJblliee BHUMAHHE
YAENSETCSl BOIPOCAaM COBEPIIEHCTBOBAHMS METOJOJIOTMU aHAJIM3a pUCKa M €€ BHEIPEHUs BO BCE
CYLIECTBYIOIIME MPOIECCHl KU3HEHHOTO IIMKJIa OMAacHBIX MPOU3BOACTBEHHBIX 00BEKTOB. B uactu
Hay4YHO-UCCJIEIOBATEIbCKON  JEATEeIbHOCTH HaOmrojaeTcss oOmmpHas pabora B oOmactu
COBEPILICHCTBOBAHMS YK€ CYIIECTBYIOIIMX METOJUK OLIEHKH PUCKAa M OOOCHOBAaHUS KPUTEPUEB
npuemsieMoro pucka. OgHONW U3 OCHOBHBIX XapaKTEPUCTHK aHalIM3a PUCKA aBapui, BBIPAKEHHOU
B KOJINYECTBEHHON XapaKTEPUCTHUKE, ABISETCS TEPPUTOPUAIbHBIA MOTEHIMAIbHBIM puck. C ero
MOMOUIbI0O MOXXHO OILICHUTh BEpPOSTHOCTh MOPAXEHUS JIIOJIeH, MaTepualbHbIX OOBEKTOB
U TEPPUTOPUHN, YTO MO3BOJISIET MPEAMNOJIOKUTH BO3MOXKHBIN yiIepO, KOTOPBI MOXKET HaHECTH
Ta WY UHAs aBapuiiHas CUTYyalusl.

C xaxnaepiM romom B Poccuiickoir denepanuu yBEIWYMBAETCS KOJUYECTBO ONACHBIX
MIPOU3BOJICTBEHHBIX OOBEKTOB. JIaHHYIO TEHIEHIIMIO MOXHO MPOCIEAUTh [0 CTAaTHUCTHUKE
«Exeromnoro otdyera o gearenbHOCTH  DenmepanbHOM  CIYyKObBI MO AKOJOTHYECKOMY,
TEXHOJIOTMYECKOMY U aTOMHOMY Ha130py» 3a 2016-2020 rr.

Ecnim  paccmarpuBath  cratuctuky @DefepanbHOW  CIYXOBI MO 9KOJIOTHYECKOMY,
TEXHOJIOTHYECKOMY U aTOMHOMY HaJ30py 3a nepuoa ¢ 2010 mo 2020 r., TO MOKHO clieJaTh BBIBOJL
0 COXpPaHEHHH BBICOKOTO YPOBHS aBapuiHOCTH (pHcC. 1).

OuHamuka asapuiHocTi 8 2010 - 2020 rogax no onacHbIM NPOU3BOACTBEHHbBIM 06beKTam

60

e O G bEKTHI HEGTEra30406bIBaIOLLLH
NPOMbILLAEHHOCTH

50

O6beKTbl HehDTEXMMHUYECKON W
HedTerazonepepabaTbiBalolleit
NPOMBILAEHHOCTH M 06 BbEKTDI
HedTenpoaykToobecneueHua

40

OBbeKTbI MarUCTPANbHOTO
TpyGONpPOBOAHOrO TRAHCNOPTa U
NO/A3EMHOIO XPaHeHWA rasa

30

KoanuecTeo agapuid, wr.

OGbeKTbl rasopacnpeseneHua u
rasonotpebaeHnA

20

TN |
- A

1D OW3BOLCTBA U 0B BEKTBI XMMWYECKOTO
KOMNNeKca

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
O6bexTsl HedTerazofo6bisaloULei NPOMBILINEHHOCTU 15 14 18 18 18 16 8 16 9 7 10

O6bekTol HedTexumMyeckoi 1 HedTerasonepepabaroizatowei

16 20 18 14 19 19 18 19 12 18 9
MPOMBbILLNEHHOCT M 0B beKTbI HedTenpoayKTOOBecneyeHHA

O6beKTbl MarucTpanbHoro Tpy6oNpoBoAHOIO TpaHCNopTa u
N0/A3eMHOTO XPaHeHUA rasa

12 17 21 12 8 13 11 6 11 7 11

O6bekTbl razopacnpe/ieNIeHna U rasonoTpebaeHnAa 51 36 47 40 21 33 21 43 23 20 14

Mpon3B0ACTBA M OGBEKTLI XMMMYECKOTO KOMNIEKCa 12 8 6 2 3 11 5 8 7 2 8

Puc. 1. JlunamMuka aBapuiiHOCTH 10 ONTACHBIM NPOM3BOACTBEHHBIM 00beKTaM
¢ 2010 mo 2020 r.

Cornacno ananu3y aanHbix 3a 2019-2021 rr., npenocraBneHHbix denepanbHoi ciryx060i
10 KOJIOTMYECKOMY, TEXHOJIOTMYECKOMY U aTOMHOMY HaJI30py B pasjiene «YpOKH, U3BJICUECHHBIE
U3 aBapuii», aBapusl, MPOXOJsIas MO CLEHAPUIO B3pbIBAa TOIJIMBHO-BO3AYIIHOW CMECH, — Kaxas
yeTBepras. B OCHOBHOM aBapuu €O B3pBIBOM TOIUIMBHO-BO3AYIIHOW CMECH IPOUCXOAST
Ha 00BEKTaxX, KOTOPbIE XPAHAT WU TPAHCIOPTUPYIOT XUMHUYECKHE U HEPTEXMMUYECKHIE BEIECTBa,
BCJIEJICTBHE YACTUYHOTO WJIH MOJTHOTO Pa3pylIeHus 000pyI0BaHUSI.
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OreHKa NOTEHIMAIBHOTO PUCKa JUTs aBapuil ¢ 00pa3oBaHHEM O0JIAKOB TOIUTMBHO-BO3IYLIHBIX
CMeceil MPOBOAUTCA C HCIOJIb30BaHUEM «METOIMKH OLEHKU IOCIIECACTBUN aBapHUHBIX B3PHIBOB
TOIUIMBHO-BO3IYIIHOM CMECH», KOTOpas IO3BOJIIET YUWUTBIBaThb IIPU pacydeTe 3HEPreTUUYECKHUeE
XapaKTEpUCTUKN Ta30MapOBO3AYIIHBIX cMmeced, M «METOAUKN MOAETMPOBAaHUs PaCHpOCTPAHEHUS
aBapuUIHBIX BBHIOPOCOB OINACHBIX BEIIECTB», PEKOMEHIOBAHHOM JUIi pacyeToB 30H AaBapUHHOIO
pacmpocTpaHeHHsT OMAacHBIX BEIIECTB B arMocepe MpH OIEHKE pHUCKa aBaphili Ha OMACHBIX
MPOU3BOJICTBEHHBIX OOBEKTaX, HA KOTOPBHIX BO3MOKHBI YTEUKH I'a3000pa3HBIX WIIM JKUJIKUX OIMACHBIX
BemecTB. OJHAaKO HA JTAHHBIM MOMEHT HE CYILECTBYET €IMHON METOAMKH, TTO3BOJIAIONICH MPU pacyeTe
MOTEHIMAIILHOTO PUCKA YUUTHIBATh BCe (DAaKTOPHI, BIMSIONINE Ha Apeld obnaka.

[IpoBeneHHBI aHaNM3 METOAUMKH OLEHKH NOTEHIHMAJIBHOIO PHUCKA IOKa3aj, 4YTO Takas
OLIEHKA TOTCHIMAIBHOTO pHUCKa IS aBapuid, CBSI3aHHBIX C 0Opa3oBaHMEM OO0JIAKOB TOIUIMBHO-
BO3JYIIHBIX CMECEH, YUUTHIBAET TOJIbKO CMeIlleHne 00Jlaka OT MecTa aBapuH U BhIOpOCa ONMAcHOIO
BemiecTBa. Macca o0maka CYMTaeTcss TIOCTOSHHOM W HEW3MEHHOW BHE 3aBUCHMOCTH
OT MPONUJEHHOTO 00JIAKOM PACCTOSHUS.

bouta BeIIBMHYTAa THUIOTE3a O TOM, YTO paclpeAei]eHUE MOTEHLHAIbHOIO pHUCKa
CYLIECTBEHHBIM O0Pa30M 3aBHCHUT OT MpOIecCa PACCESHUS B3PHIBOMOKAPOOIMACHBIX MMapOra30BbIX
00J1aKoB B mpoliecce ux apemda.

Jl1s ee mpoBepku ObUIH MPOBEIEHBI PACUYEThI C UCIOIb30BaHUEM IIPOrPaMMHOTO KOMILIEKCA
TOXI+Risk 5. B pesynbrare Obula moiydeHa cepusi TpaMKOB M3MEHEHHUS MacChl TOIUTUBHO-
BO3JyIIHOM CMECH B 3aBUCHMOCTH OT paccTosHusA. PacueTsl ObUIM MpOBEAEHHI Ui IponaHa MpH
ckopocTH BeTpa 1 M/c, ¢ koaddunuentom Hamonaenus 0,8, ¢ pa3HBIM 00BEMOM BeIlIeCTBA. AHAIH3
MOJIYYEHHBIX TpaUKOB IMOKa3aj, YTO C M3MEHEHHWEM pAacCTOSIHMS Macca o0jaka yMEHbIIalach
10 OIIPEJIETICHHBIM MaTEMAaTHYECKUM 3aBUCUMOCTSIM.

Jlnst onpenienieHys TaHHBIX MaTeMaTHYECKUX 3aBUCHMOCTEH ObLia MpoBeeHa allpoKCUMaIIs,
pE3yNbTaThl KOTOPOM MOYHO BBIPa3UTh B MaTEMaTHYECKOM BH/IE, BBIIEIMB YETHIPE yUacTKa U 3arucas
MaTeMaTUYecKyro 3aBUCUMOCTb Ka)KJIOr0 yJacTKa B BHJIE ypaBHEHuUH (puc. 2):
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Puc. 2. Yuactkn annpoxkcumanuu rpaguka u3MeHeHHsl MacChl MPONaHa

14



MOHHUTOPHHT B IPOTHO3UPOBAHUE IPUPOTHBIX U TEXHOTEHHBIX PHCKOB

Jns puc. 2 mepBble TpH ydacTKa rpaduka MOXHO anmpoOKCUMHUpPOBAaTh B BUIE MPSMOI,
YETBEPThI — SKCIIOHEHIIUAIBHOM 3aBUCUMOCTBIO.

MaremaTtrueckass 3aBUCUMOCTh MAacCChl TPOMAHAa OT BPEMEHHU IPU OO0BEME OIMACHOTO
Benrectsa 100 M KaXJ0T0 y4acTKa MOKHO BBIPA3UTh B BU/IE:

Mt=621-t+287,3; 0t <50

Mt=05-t+3394,9; 50 «< t << 250
Mt =54-t+ 16750;250 < t < 300 ~

Mt = e&l—D.DDi?-r: 300 << ¢t

M(t) =

[TonydeHHbIE JaHHBICE B BHJE MaTEMAaTHYECKOH 3aBHCHMOCTH ITOKA3bIBAIOT 3aBHCHUMOCTh
MaccChl OMACHOTO BEIECTBA B O0JIaKe TOIUTMBHO-BO3IYIITHOW cMeCH OT BpeMeHU. Bpems ¢ Hagana
BBIOpOCa Apeiida ob61aka MOKHO BBIPA3UTh B 3aBUCHIMOCTH PACCTOSIHUS OT CKOPOCTH BETpa B BUJIE:

M.(t) = M, (L{}—W) ,

rie L w — paccTosiHME€ OT LEeHTpa o0jlaka TOIUTMBHO-BO3AYIIHOW CMECH TpPH €ro B3phIBE,
PacCUUTHIBAEMBIE 110 HMEIOIMMCS METOUKAM; [J_ — CKOPOCTb BETPA.

Panee pacuer ¢(yHkiuu maBieHHs BO (PpOHTE BO3AYIIHOW yAAapHOW BOJIHBI 3aBHCEI
OT Macchl, TENEeph pacyeT B YACTHOM Cllydae KOHKPETHOTO CIeHapHs Apeiida olnaka TOIUIMBHO-
BO3JIYIITHOM CMeCH cTall (QYHKIIMEH, 3aBUCSINEH OT JaIbHOCTH Apeida obaka.

Ha puc. 3 nmpuBeneHa cxema pa3BuTHs aBapHiHON cuTyaluu, CBsI3aHHOM ¢ peiidom obnaka
TOIUTUBHO-BO3TYIITHOM CMECH.

»
'

Puc. 3. Cxema pa3BuTHsi aBapuiiHOIi CUTyallnMu, CBSI3aHHO¥ ¢ apeiidom ob1aka
TOILUIMBHO-BO3AYIIHOI cMecH

OyHKIUYU JaBIEHUS BO (pOHTE BO3IYLIHON YAApHOW BOJHBI U MMITYJIbCA BOJIHBI JaBJICHUS

c yderoM Jpeida obsaka B 3aBUCUMOCTH OT MECTa BO3HMKHOBEHHMS MCTOYHHMKA 3a)KUTAHUS
U HalpaBJIeHUs BeTpa OyAyT UMETh BHI:

APs (1,0, Lw,a) = AP¢[R(r,¢,L.w,a)] ;

Lo(r,@,L.w,a) =I[R(r,¢,L_w,a)]’

R(r,@,Lw,a) =r*+Lw2—2-r-Lw-cos(@— a) ’

r7ie 7,¢ — MOJIApHble KOOpAMHATHI TOUKU O, B KOTOPOW OMpeesnseTcss BeIMYnHA MOpakarollero
napameTpa; L w — 3Ha4e€HHE PacCTOSIHUA OT TOYKH BBIOpOCA MO TOYKM BOCIUIAMEHEHHs OO0JIaKa;

0. — 3HAYEHHE YIVIa MEXKJY HalpaBICHUEM Ha BOCTOK U  HAIpaBICHUEM  BETPa;
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AP(R), I(R) — 3Ha4eHHs 3aBUCUMOCTH BEJIMUMHBI JaBI€HHs BO (GPOHTE BO3/YIIHOH yJapHON BOIHBI
U HMMIYJbCa BOJHBI JABJIEHUS OT PAcCTOSIHUS OT LEHTpa MUIPHPYIOLIEro o0iaka TOIUIMBHO-
BO3JYLLIHOM CMECH IIPU €r0 B3PbIBE.

Broipaxenus s npoour-pynkuun Pr(r,¢, L_W,) paspeiBa GapaGaHHBIX IIEPEOHOK
y JIFO/ICH OT YpOBHS Teperajia JaBICHUs B BO3AYIIHOW BOJHE U BEPOSITHOCTH MOPAKEHUS YEIOBEKa
BO3IYIITHOW yIapHOI BOHOU P(7, ¢, L w, Q) UMEIOT BHI:

Pr(r,@,Lw,a) =—12,6+ 1,524 In(AP;,(r, @, L w,)),

Prir.p.L_w.al-5

1 -t
P(r,o,L_w,a) =E f e 2 dt

[InoTHOCTH pacnpeneneHus BEPOSITHOCTU B y3llaX IpadiKa COCTABIISCT:

P

Pacuer ¢yHKIMM MJIOTHOCTH paclpeieieHUss BEPOSTHOCTH IOBTOPSEMOCTH HAIPaBICHUN
BETpPa MOKHO BBIPA3UThH:

i+%(a—ai] OpH G <@ <a;,, gmai=1..n—1
JOEE.II:C!') = e ! 21— Pn
Pn+ (¢ —a,) Ipua, <a < 21

2T —

n

I'padux QyHkIMU pacnpenencHuss YCIOBHOW BEPOSTHOCTH BOCIIAaMEHEHHUs o0jaka
B 3aBUCHUMOCTHU OT pacCTOdHHA OT HUCTOYHHUKA BBIGpOCﬁ 06na1<a TOHHI/IBHO-BO3I[YHIHOI>'I cMeEcHu
IIPUBE/IEH Ha puUcC. 4:
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Puc. 4. I'padguk pyHkuuu pacnpeneseHust yCJIOBHOM BePOSITHOCTH BOCIJIaMeHeHHsI 00J1aKa
HA MyTH MUTPAIUH

OnpenenuTbs BEPOSATHOCTh BO3MOXKHOTO COOBITHS MOXKHO 1O (hopMyJie, KOTopasi M03BOJISIET

paccunTaTh QYHKIMIO paclpeaesieHus] YCIOBHOM BEPOSITHOCTH BOCIUIAaMEHEHHUs obJaka ¢ apeihom
110 TOYKHU L:
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Pﬂo(szp(E<L) ’

rje [ — ciay4yaiiHble 3HaYeHUS pacCTOSIHUSI OT TOUKH BBIOpOCaA /10 TOYKM BOCINIAaMEHEHHsI 00JIaka.

[TpoBens anmpokcumaruio rpaduka Ha puc. 4 MOXKHO HOMYYUTh (PYHKIMIO pacipeaeeHus
B nuamnaszone ot 30 g0 1 200 3aBUCHUMOCTD, BRIPAKEHHYIO (POPMYIION:

76-102mpu0<L < 30
0,2
pou(L) = Tan30<L<1200

1,7-10* mpu 1200 < L < 1400
0 ompu L > 1400

B PE3YIBbTATC 3TOr0 UTOTrOBAasA BCIMYMHA MOTCHUOUAJIBHOI'O PUCKAa B TOYKC C MOJAPHBIMU
KoOpaAuHaTamH (7,¢) ipu ydete aperida obmaka OyaeT UMeTh BHI:
2m 1000

R @) = | [ By P01, 0 o) prulwdL il

Jlis  OIEHKHM JOCTOBEPHOCTH TOJYYCHHBIX 3HAUE€HUH OBUIM MPOBEIEHBI PACUETHI
IIOTEHLIMAJIBHOTO PUCKA B TPEX CIydasx:

1. Pacuer moTeHIMAIBLHOTO PUCKA IIPU CTATUYHOM B3pPbIBE TOTIMBHO-BO3AYIITHON CMeECH;

2. Pacder moTeHIMAIBLHOTO PHUCKA MpHU Apeiide obiaka TOIIMBHO-BO3IYIIHONW cMecH 0e3
HM3MEHEHHS MacChl 00J1aKa;

3. Pacuer moTeHIMANbHOTO pHUCKa MpH Apeiide oOnaka TOIIMBHO-BO3AYLIHONH CMECH
C U3MEHEHHEM MaccChl 00JIaka C YUeTOM €ro paccesHusl.

Ha ocHOBe nosTy4eHHBIX 3HaUE€HUI MOYKHO CJI€JIaTh BBIBOJ O TOM, UTO IPU YUETE U3MEHEHUS
Macchl TOIJTMBHO-BO3JYIIHOM CMeCH TpU YBEIMYEHUU paccTosiHHs apedida obnaka OT mecrta
aBapuu U3MEHWIOCH PACIOI0KCHUE U30JIMHUI MMOTEHIIMAILHOTO pUcKa (puc. 5, 6):

120° 60°

45°

150°

180"

315°

240° 300°

6es U3meHeHMA maccol C U3MEHEHWEM MacCbi

6e3 gpeida

Puc. 5. M3ommuus noteHuunaabHoro pucka 10 npu aBapuiinoii cutyauuu, cBsi3aHHoi
¢ BO3HUKHOBEHHEM BO31YLIHOH y1apHOii BOJHBI NPH B3PbIBe TOILIMBHO-BO3AYIIHOI cMecH
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90°

120° 1000 60°

135° ) Il el TN 45°

150°

180°

210° / 330"

225° g | == 315°

270°

''''' c maccbl 61 maccol = == cyu4eTom apeiida

Puc. 6. M30/1Muust moTeHnnaabHoro pucka 107 npu aBapuiiHoii cuTyauuu, cBsI3aHHO
¢ BO3HMKHOBEHHEM BO3IYIIHOH yIapHOil BOJIHBI P B3PbIBe TOIIMBHO-BO3AYLIHOI cMecH

AHanmM3 MoJTy4YeHHbIX 3HAYEHUI TMOKa3bIBAET, YTO METOJ OIEHKU MOTEHIMAIBHOIO pHUcKa 0e3
yueta jpeiia maporazoBbIX OOJIAKOB IO CPAaBHEHUIO C MPEIJIOKEHHBIM YCOBEPILIECHCTBOBAHHBIM
METO/IOM B CBOIO HMTOTOBYIO OLIEHKY IMOTEHIMAIbHOTO PHCKA 3aKJIaJbIBaeT OoJblie Oe30MacHOro
pacCTOSIHUS.

N3 sTOoro MOXxHO cpaenarbh BBIBOJA, UYTO MPEAJIOKEHHBIE YCOBEPUICHCTBOBAHMS OICHKU
MOTCHIIMATBFHOTO  pHUCKa IS aBapuid, CBS3aHHBIX C  oOpa3oBaHueM  apeldyronmx
B3pPBIBOMOXKAPOOIACHBIX  Mapora3oBbIX OOJAKOB, TO3BOJSIOT  paccuuTaTh MPHUOIMKEHHOE
K BO3MO)XHOMY 3Ha4yeHHE MOTEHIIMAJbHOTO PHUCKa HAa TEPPUTOPUU OIMACHOTO MPOU3BOJICTBEHHOTO
oObekTa. PacmonoxeHue W30IMHUNA NOTEHUUANIBHOIO pHUCKA Ha TEPPUTOPUHM  OMACHOTO
MPOM3BOJICTBEHHOTO  O0BEKTa  HAmpsIMyl0  BIUSIET HAa  BO3MOXXHOE  TEPPUTOPHAIIbHOE
MIPOEKTUPOBAHKE OMACHOTO MPOU3BOACTBEHHOTO 00BEKTa, a TaK)Ke HA 00OCHOBAaHUE OE30MACHOCTH,
9TO TO3BOJISIET HA CTAIUU MPOSKTUPOBAHUS OMACHBIX MPOU3BOJACTBEHHBIX OOBEKTOB HCIIOIH30BAThH
0oJbIlIee KOMTMYECTBO TEXHUUECKHUX PEIICHUH, a TAK)Ke YBEITUYUBAET KOIUYSCTBO BOSMOXKHOTO ISt
UCroNib30BaHus oOopynoBanus. IlepeuucnenHble (akTOpsl MOTYT BIUATH HAa CTOUMOCTD
CTPOMTENLCTBA ONACHOTO TPOU3BOACTBEHHOTO OOBEKTa, a TaKKe Ha OLEHKY BO3MOXKHOTO
HSKOHOMMYECKOTO yuiepOa OT aBapuH, YTO TMO3BOJSET YMEHBUIUTh 3KOHOMHUYECKHE 3aTpaThl
Y YBEJIMYUTh UHBECTUIIMOHHYIO IPUBJIEKATEILHOCTD MTPOEKTA.
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Abstract. A key aspect in improving the efficiency of the reacting units and units of the operational
duty plan is a qualitative approach to assessing the processes of operational duty. Thus, in this article,
the primary stage of improving the efficiency of the functioning of a complex organizational and technical
system will be disclosed — this is a system analysis.
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AHTUKPU3HUCHOE YIIPaBJIeHUE SBISETCS OCHOBOU 3(h(hEKTUBHOTO MPUMEHEHHSI CUJT U CPEZCTB
MpY JIMKBUAAIIMA YPE3BBIYAWHBIX CHTYaIlMi MPHUPOJHOTO M TEXHOTCHHOTO XapakTepa. Bmecrte
C TEM CYIIECTBYIOIIEEe IOJIOKECHHE JeN B BOMPOCaX OLEHKH JPGEKTUBHOCTH ACSITEILHOCTU
JOJKHOCTHBIX JIML[ OTIEPAaTUBHO-IEKYPHONH CMEHBI LIEHTPOB YIPABICHUSI B KPU3UCHBIX CUTYAIUSIX
HY)XJAIOTCS B Ka4eCTBEHHON MPOpabOTKe U JIETAIbHOM aHaJU3e.

AKTyalTbHOW 3a7adeid sIBJISETCS MPOBEACHUE CHCTEMHOIO aHAIW3a MUCCIEAYEMbIX OOBEKTOB
U TPOIECCOB C IENbi0 BO3MOXKHOCTH BBISIBICHUS TIPOOJEMATHKU MPEAMETHON obmactu
1 GOPMUPOBAHUS HANPABICHUN pEIICHHUs] MPOOJIEMHBIX BOMPOCOB. B 3TOM MOXeT MHOMOYb
METOJIOJIOTHUST CUCTEMHOTO HccienoBanus [1], ocHOBaHHAas Ha MPUHIMIAX CHUCTEMHOTO aHaIU3a
1 0o0IIel TeopuH CUCTEM M CBOASIIASACA K MPOXOXKJIEHUIO BCEX ITANOB TEXHOJOTUYECKOW CXEMBI
CHUCTEMHOTO aHanuza, upeminoxkenHo B.C. AndunatoBeim [2]. Ilpu momomu 31eMEHTOB
JEKOMIIO3UIINH, aHAIN3a, CHHTE3a U IPYTrUX MPUHIIUIIOB CHCTEMHOTO aHalli3a BO3MOXKHO PAaCKPBITh
NPUHIMIBI U MEXaHW3Mbl (PYHKIIMOHUPOBAHUS CHUCTEMBI IMOATOTOBKH H pPabOTBHI C KaJapamu
B HaumonansHoM nentpe ynpasieHus B KpusucHbelx cutyauusax (HI[YKC). Ilpexne Bcero,
HE00XO0IMMO, UCXO/Is U3 OOBEKTA U IEJIH MCCIEIOBAHUS, OTPECIIUTh COOTBETCTBYIOIIYIO CUCTEMY.
Bruta onpenenena cuctemMa COBEpIIEHCTBOBAHMS MOATOTOBKU B padoThI ¢ kaapamu B HITYKC (puc. 1).

[enb

HCCIICOOBaHUA

HccnenoBarens

CoBepllIeHCTBOBaHUE
aJIropUT™Ma
TIO/IJIC PIKKH

NPUHSTUS
YIIPaBJICHYECKOTO
| peruneHus B cepe
| MOATOTOBKH U

/| paboThI C Kazpamu

|

v (N
‘\i CUCTEMA ) I L_____________ J
\
| I
|

CHUCTEMA
*I COBEPIICHCTBOBAHMS
|
|
|
|
|
|

OOBEKT
HCCJIEIOBAHUS

TIOJITOTOBKH H
paboThI C KaJipaMH B
HIIYKC

Puc. 1. BoisiBJIeHHMe HCCiIeAyeMOil CHCTEMbI

Ha cnenyromem stane HEOOXOAWMO OIPENCIUTh OCHOBHBIE (DYHKIIMHU CHUCTEMbI (puc. 2)
U TPOBECTH MX JeKOMIO3uLMi0 (puc. 3). DTO MO3BOJUT B JaJIbHEHUIIEM COCPEIOTOUYUTHCS
Ha BBISBICHUU OCHOBHBIX CBOMCTB M IMOKa3aTeleil, BIMSIOMUX Ha OLEHKY 3((EKTUBHOCTH 3THX

JMOJDKHOCTHBIX JIHIL.
JluHaMHuueckoe OmMHCaHWEe CHCTEMBbI NaéT WMCCIIENAOBATEN0 MPEJACTAaBICHUE O JBIKCHUH

I/IH(bOpMaI_[I/IOHHBIX IIOTOKOB B KOHTYPC CHCTCMblI OLCHKH ACATCIBHOCTH OHepaTHBHOﬁ HeX(ypHOﬁ
cmenbl HIYC (puc. 4).
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CUCTEMA
COBEPILLICHCTBOBAHUS
MOJITOTOBKH M PabOTHI C
kagpamu B HITYKC
F F, R,
Ananu3 He0OX 0IMMOCTH
Onenka ypoBHs
COBEPLICHCTBOBAHMUS [ToaroroBka nMuHOTO
MOATOTOBJIEHHOCTH
ITOATOTOBKH JINYHOT O cocrasa
JIMYHOT'O COCTaBa
cocTraBa
Oynkus 1 OyHKuuA 2 OyHkuus 3
Puc. 2. BoiiBieHue pyHKIUI cHCTeMBbI
Oynkuus 1 OyHKWA 2

Puc. 3. lekomno3unus GpyHKIMHA cuCTEMbI
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AHan3 HeoOX OUMOCTH

OYHKIHUHN CUCTEMBI

COBEPIICHCTBOBAHUSA ITOAIOTOBKH
JIMYHOI'0 COCTaBa

TloaroroBka JIMYHOTO COCTaBa

OreHka YPOBHS ITOATOTOBJICHHOCTH
JIMYHOI'0 COCTaBa

OrpaHUYeHUs 110

OrpaHUYeHHs 110

] BpeMeHH cpencTBaMm o0y deHusI
— oo I R ————
i 7 — I
ffffffff — l'IPOI_lECCH P H }r********
BXO. — 1 | I BbIXOjJ | | TPOLECC | IIPOLECC BBIXO/I
2 | | AHanus ! | L i H PesymnbraThr
Texyluee coCTOsIHUE | [TI0ATOTOBIEHHOCTH! } Pesynsratsr | | Hoxroroska H OreHKa ypoBHS H PO (heCCHOHATBHOH
} | MTYHOrO CocTaBa i } aHaJIn3a i } JIMYHOI'O COCTaBa H IOATOTOBKH H IOArOTOBKH JIMYHOI'O
i \ ! | BXOJ | 1 ! | cocTaBa
A —t | ——— _ _ ___] i
11— — — - C,,,,,,,,,,::E\t:i::i:::J7[7777777777777i 77777777777777 |
OueHka ypoBHs
MOATOTOBJIEHHOCTH
JAUHAMMNYECKOE

OIMMCAHUE®YHKIIUUA CUCTEMbI

Puc. 4. JlImnamu4eckoe onucanne (PyHKIUA CHCTeMBbI

Omnpenenenue CTpyKTypbl BXOJa CHCTEMBI.

Bxon cucteMbl IpenMyIIECTBEHHO OYJET MPEICTaBIsATh OO0 TeKyllee COCTOSHUE YPOBHS
nmoarorosieHHocTy guuHoro cocraa HI[YKC [3].

Brixomom cucteMbl OyayT SIBISATBCA Pe3yNbTaThl aHANM3a MOJATOTOBIEHHOCTH JHMYHOTO
cocTaBa U pe3yiabTaThl NpodecCHOHaIbHON MOATOTOBKU JMYHOTO COCTaBA.

B xadecTBe mporecca NpeMMyLIECTBEHHO MPEACTABISAETCS HEMOCPEACTBEHHO CaM IIPOLECC
MOATOTOBKH JIMYHOTO COCTaBa (puc. 5).

B kauectBe 00paTHOIl CBA3M MOXHO TPEICTaBUTh MEPONPUSTHS, CBSI3aHHBIE
C YCTaHOBJICHHMEM YpOBHsS mNoArotoBieHHocTu JnyHOTro coctaBa HI[YKC mnocne mpoBeneHHoOM
npodeccroHaNBbHOM MOATOTOBKH.

B kadecTBe OrpaHMuYeHUl MOXKHO MPEACTABUTH OrPAaHUYEHMS] MO CpeACTBaM OOydeHHUS
(HanMuue aBTOMATHU3MPOBAHHBIX pabOYMX MECT, Ha KOTOPBIX YCTAHOBJIEHO CIEI[HAIbHOE
MporpaMMHOe 00ecredeHHe AJisi OCYUIECTBIICHUS MPOGECCHOHATBHON MOATOTOBKH), OIpaHUYECHUS
MIPOBEACHUS OATOTOBKH U T.J.

Cpenoli peacTaBisieTcss MHOKECTBO 3JIEMEHTOB, BIMSIOLUIMX Ha caMy cucteMy (puc. 6, 7),
HO HaxoAdIIuXcs BHE 3ToM cuctembl. K mpumepy: AedTeIbHOCTh MHUHUCTEPCTBA IO padoTe
C KaJpaMmH, HOPUHIUNBI pabOThl C KaJpamMH, KOTOpbIE OKAa3bIBAIOT BIMSHHE HAa CUCTEMY
npodeccuonanbHoi noarorosku kaapos HI{IYKC B nemom.

Omnpenenenue pexxuMoB HYHKITHOHUPOBAHHUS:

1. IlepBuunas npodeccuonanbHas noaroroska kagpos HIIYKC;

2. Bropuunas npodeccuonanbnas moaroroska kaapos HIIYKC;

3. BaermuranoBas npodeccronansHas nmoaroroska kaapos HITYKC.
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[Toctpoenue anroputma GyHKIIMOHUPOBAHUS CHCTEMBI.

HAYAIJIO

YpoBeHs npodheccHoHATBHO I
noaroToBku kaapos HITYKC

T

AHanm3 He0OX OZIMMOCTH
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>
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PaspaboTka nporpamm
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Be16op mokazarens kauecTBa

Ananm3 pe3yibTaToB
TECTHPOBAHUS

Pa3paboTka aBTOMAaTH3UPOBAHHBIX
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po eccHoHANbHAs
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MOJTOTOBKH

VYcraHoBeHHE TpeOyeMbIX
3HAYEHUH MOKa3aTelell KagecTBa

Na

TecTupoBaHue cUCTEM

YcTaHOBIIEHHE CYIECTBYIOIINX
3HAYCHHH TOKa3aTeiei KauecTa

BBon B nieiicTBue, SKcIuTyaTarys

IpodeccrnonanbHas HOATOTOBKA

TIpodeccronanbHas
[IOJITOTOBKA 3aBEpILICHA

Her

CpaBHeHue TpeOyeMBbIX 1
CYILECTBYIOLINX 3HAYCHHIT
MoKa3areJiel KauecTna

CDOpMP[pOBaHHC BBIBOJOB I10
YPOBHIO ITIOATOTOBJICHHOCTHU

POBEHb MOTOTOBIEHHOCTH
COOTBETCTBYET TpedyeMoMy
3HAYEHHIO

v

PesynbraTsl
PO (hecCHOHATBHOM
noarotoBku kaznpos HI[YKC

KOHEIL

Puc. 5. HimocTpanus 010K-cXeMbl aJJrOPpUTMa (PyHKIMOHNPOBAHUSA CHCTEMbI

Co3nanne

Pazpymenne

PazButne

DyHKIMOHUPOBaHHE

Co BCPIICHCTBOBAHUEC

Puc. 6. CTagum :KH3HEHHOI0 IMKJIA CHCTEMBI
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IlocTpoeHue iepeBa CBOMCTB CUCTEMBI.

CUCTEMA
COBEPILECHCTBOBAHMS
MOATOTOBKH M pabOTBI C
kazapamu B HITYKC

CBOEBPEMEHHOCTD Hapex#octs I'mbxocTh YcToiunBocTh

CBOEBpPEMEHHOCTh Hanexuocts I'ubKoCTh YcToiuruBOCTh

BepositTHOCTh O€30TKa3HOU
PaboTHI IPH BHELHUX
BO3JICUTBUSAX

Cpok npoBeIeHUs BeposiTHOC T

o Bpemst paboThI ccTeMBI
MOJITOTOBKH 0e30TKa3HO# pabOTHI

Puc. 7. lepeBo CBOiiCTB CHCTEMbI

TpeboBanusi k cucreme GOPMHUPYIOTCS Ha OCHOBE aHaiau3a TpeOyeMbIX 3HAauYeHUUH
TokKasarteneit kauecTna [4].

TpeOyemble 3HAUCHUS TMOKA3aTelIe KauecTBa CHCTEMBI MOTYT CTaBUTHCS B COOTBETCTBHUHU
¢ TpeboBaHUSAMU JenapTamMenTa KaapoBoi monutuku MUC Poccuu o COOTBETCTBUU 3aHUMAeMOM
JomKHOCTH JomkHOCTHRIME Junamu HITYKC [5].

OneHka KayecTBa CYIIECTBYIOLIEH CHCTEMBI OCYILIECTBISETCSI Ha OCHOBE pE3yJbTaToB,
MOKa3bIBa€MBIX CHCTEMOM, KOJIMYecTBa COOEB CHCTEMBI, BO3MOXXHOCTHIO BHOCHUTH KOPPEKTHUBBI
B cucreMy [6].

Omnpenenenne (HakTHUECKUX 3HAYCHUN OCYIIECTBISICTCS HA OCHOBE TECTHPOBAHUS JIMYHOTO
coctraBa HIJTYKC mo cooTBeTcTBHM NPEIbABIIEMBIM K HUM TPEOOBAHUSM.

CpaBHeHue TpeOyeMbIX U (aKTUYECKUX 3HAUCHUI MO3BOJISET YCTAaHOBHUTH CYIIECTBOBAHUE
npoOiieMbl B IIMPOKOM CMbIcie. B Hacrosiiee Bpemsi BO3MOXHO PAacXOXKICHHE IO CBOMCTBY
«HanexxHocTh» — mokazaTenb «BeposTHOCTh 6€30TKa3HOM paboTh» [7].

[TpuumHBl MOTYT OBITH CBSI3aHBI CO ¢1a00i MPOohecCHOHATBEHON MOATOTOBKOM JT0JKHOCTHBIX
i HITYKC.

[TocTpoeHue MMHMI TPEH 1A MOKET MO3BOJIUTH MPOTHO3UPOBATH Pa3BUTHE MPOOIEMBI.

3aKOHOMEPHOCTH MOKHO OIPEAEUTh Ha OCHOBE KOPPENALMOHHOTO U PETrpecCHOHHOTO
aHayu3a.

CymectBytomiasi cuctema npodeccuonanbHoit moarotroBku kaapos HIIYKC e mosBomnser
B MOJIHON Mepe OCYIIECTBIISITh MOBHINICHUE KBATH(DHUKAIINK JTOJDKHOCTHBIX JTUI. JTO MOXKET OBITh
CBSI3aHO C BBICOKOH Harpy3KoOi, BO3JI0O)KEHHOW Ha JOJHKHOCTHBIX JIMI], U OTCYTCTBHEM CBOOOTHOTO
BPEMEHHU Ha OCYIIECTBIICHHE MPO(ECCHOHATBHOM MOATOTOBKH [8].

[IpoGnema akTyanbHa, MOCKOJIBKY OT TpodeccuoHanbHOW moarotoBku kaapos HI[YKC
HaIpsIMyI0 3aBUCUT A(PPEKTUBHOCTH BBHITIOJIHEHHS UMM CBOUX (DYHKIIMOHAIBHBIX OOS3aHHOCTEH,
YTO HEMOCPEACTBEHHO CBS3aHO C OCYILECTBICHHEM OIEPATUBHOTO YIIPABJICHUSI MPOLIECCAMU
nukBugauu YC U NpOMCIIECTBUI Ha BCEX YPOBHSX PEAarMpOBAHMS CHUCTEMbl AHTUKPHU3UCHOTO
ynpasneHus [9].

[ToryueHHble pe3ynbTaThl MOXKHO HCIOJB30BaTh MJiA MOCIEAYIOlel aBTOMAaTHU3aluU
1 TIOBBIICHHS d(PPEeKTUBHOCTH (PYHKITMOHUPOBAHUS IEATEILHOCTH ONEPATUBHO-ACKYPHBIX CITYXKO
Pa3IMYHOTO YpOBHS, BKiItouas U @eaepanbHbiii [10].
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YK 004.45 _
O MIPUMEHNUMOCTHU HEYETKOMHU JIOI' KA
B PEHIEHUUA 3ATAY OIITUMU3ALIUN

™M Anexcanap IOpsesuy JlaGunckuii.
Cankr-IlerepOyprexuii yausepeurer I'TIC MYUC Poccun, Cankr-IlerepOypr, Poccnst
Elabynsciy@yandex.ru

Annomayus. PaccMOTpEHBI BO3MOXXHOCTH MPUMEHHMMOCTH HEUETKOM JIOTUKH JJIs pEUIeHUs 3aaad
ONTUMHU3AIMU. B 11eHTpe BHUMaHUs CTaTbU HAXOJAUTCA MPUHIUIT ONTUMU3AINK, TOMOT AN MPOU3BOIUTH
MOJCIIMPOBAaHUE OOBEKTa C 3aJaHHOH TOYHOCTHIO W JOCTOBEPHOCTHIO IIPH MHHHMAJIBHBIX 3aTpaTax
Ha pa3pabOTKy MOJCIH.

ITonpo6HO paccMOTPEHBI METOABI OE3YCIIOBHON ONTHUMH3alMKA (PYHKIIMH MHOTHX IEPEMEHHBIX
HYJICBOTO, IIEPBOTO M BTOPOTO TOPSAKOB, BKIIIOYAs METOMBI MPOOHBIX MIaroB, T'PagUCHTHOTO CITYCKa,
HrroToHa 1 uTEpallMOHHBIN METO.

PaccMoTpeHO coBpeMeHHOE COCTOSIHHE TeOpHH HedeTKuX (yHKIwmid. Jlana knaccudukaryst HeYeTKIX
dbyaknwmii. [IpuBeneH MOAX0M K PEMICHUIO 3371a9 ONTUMHU3AINH ¢ TIOMOIIIHIO CHCTEMBI HEYETKOTO BRIBOJIA KAK
C YETKUMH, TaK W C HEUCTKUMH (YHKIMSIMH TPUHAIIEKHOCTH. PaccMOTpeHa KOMIBIOTEpHAs MOMAEIh
HEYETKOHW ONTHMHM3AIIHH.

MoaenupoBaHue mnpolecca HEUETKOM ONTUMU3ALKUU MPOU3BOAMIOCH C UCIIOJIB30BAHUEM CHCTEMBI
HEYETKOTO BHIBOJIA, PCATM30BAHHON B BUJIE TIPOTpaMMEI it DBM.

Pe3ynbTatel MOAENHUPOBAHUS MpOLIECCA HEYETKOM ONTHMM3alUU IOKA3ald, YTO B pE3yJbTare
ONTHUMU3AIMH MOXKET OBITh IOJYYCH AMana30H BO3MOXKHBIX 3HAUCHUM HEUETKOH IeeBOH (QyHKIIUU
B 3aBUCHMOCTH OT CPEIHUX 3HAUCHHUN U3yJaeMBbIX MTapaMeTpPOB.

Knouegvle crosa: MuHuMuU3anusl QyHKIIUNA HECKOJBKUAX TEPEMEHHBIX, IlefieBast (yHKIHS, HedeTKas
(yHKIMS, HEYeTKas JIOTHMKAa, CHCTEMa HEYETKOro BBIBOJA, KOMITBIOTEPHAS MOJIENb, KOMIIbIOTEpHAs
mporpamma

Js murupoBanus: Jlabunckuii A.JO. O npuMEHMMOCTH HEYETKOM JIOTMKM B pEIIEHUH 3ajgad
ontumuzanun // TlpuponHble U TEXHOT€HHbIE PUCKH ((PHU3MKO-MaTEeMAaTHUYECKUE W TPHUKIAJAHBIC ACTICKTBI).
2022. Ne 3 (43). C. 29-37.

APPLICABILITY OF FUZZY LOGIC IN SOLUTION THE OPTIMIZATION TASK

*Alexander Yu. Labinskiy.
Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
Elabynsciy@yandex.ru

Abstract. The article considers possibilities of application of fuzzy logic for solving problems
of optimization. The article focuses on the principle of optimization, which helps to make the object
modeling with a given accuracy and reliability at a minimum cost for the development of the model.

The methods of unconditional optimization of the functions of many variables of zero, first
and second order, including methods of trial steps, gradient descent, Newton and iterative method,
are considered in detail.

The current state of the theory of fuzzy functions is considered. The classification of fuzzy functions
is given. The article provides an approach to solving problems of optimization with the help of fuzzy output
system with both clear and fuzzy accessory functions. The article considers a computer model of fuzzy
optimization.

The fuzzy optimization process was simulated using a fuzzy output system implemented
as a computer program.

The results of the fuzzy optimization process simulation showed that the optimization can result
in a range of possible values of fuzzy target function depending on the mean values of studied parameters.

Keywords: minimization of function of several variables, target function, fuzzy function, fuzzy logic,
fuzzy output system, computer model, computer program
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Beenenune

HearenbHocTh opranoB ympasieHus MUC Poccun 4Yacto MNpPOUCXOAUT B YCIOBHUSIX
MOJIBEP’KEHHOCTH BO3JICHCTBUIO pa3IMYHBIX (PAKTOPOB TeXHOTreHHOro Xapaktepa [1]. CoBpemenHoe
HampaBJICHWE pa3BUTHUS METOJOB aHajM3a CIOXKHBIX SBJICHUM W TMPOIECCOB OCHOBBIBACTCA
Ha IIOCTPOEHUHU U NPAKTHUUECKOHN peann3aluy pa3InyHON CTENEHH CI0KHOCTH Mozenel [1]. Onaum
13 BOXHEUIINX METOA0JOIMYECKUX MPHUHIUIIOB MOJEIUPOBAHUS CIOXKHBIX SBJICHUM M MPOIECCOB
SABISICTCA MPUHLIMI onTUMHU3anuu [2]. JlaHHBIA MPUHLIMI TIOMOTaeT pa3padoTaTh TaKOe ONKCAHHE
UCCIIETyeMOro SIBJICHUS, KOTOpoe obecrneunBaio Obl 3aJlaHHYI0 TOYHOCTh M JIOCTOBEPHOCTH
MOJICIIMPOBAHUS P MUHUMAJIbHBIX 3aTpaTax Ha pa3paboTKy Mozenu [2].

Metoapl 6e3ycnoBHONW ONTUMU3ALMU (YHKIUH MHOTHX TIEPEMEHHBIX B 3aBUCHMOCTHU
OT KoiuyecTBa WHGPOpMAUU O IeJIeBOH (YHKIMM JENATCS Ha METOJbl HYJIEBOTO, IEPBOTO
U BTOporo mnopsnka [3—5]. Meroasl HyNIEBOro MOpsAKa MPUMEHSIOTCS B TOM Cilydae, Korjaa
u3BecTHa MHGOpPMAIMS TOJBKO O 3HAYCHUAX LeJIeBOM (YHKUMH. MeToIbl MEpBOTrO MOpPSIKa
MPUMEHSIOTCS B TOM Ciy4ae, Korja u3BecTHa HMH(oOpmanus o 1eneBoil (yHKIUU U YaCTHBIX
MIPOU3BOJIHBIX II€JIeBON (YHKIMU HEPBOTO MOpPAAKa. MeToasl BTOPOrO MOpSAKA MPUMEHSIOTCS
B TOM ciy4yae, Korja H3BecTHa HHopManus O LeleBOW (YHKIMH M YaCTHBIX MPOM3BOAHBIX
1eJIeBOM (DYHKIIMH MIEPBOTO U BTOPOTO MOPSAKOB.

3amauyy O€3yCIIOBHOTO TIOWCKa ONTUMyMa (HampuMmep, MUHHMyMa) (YHKIIMM MHOTHX
MEPEMEHHBIX MOKHO C(OPMYIUPOBATH CIEAYIOMINUM 00pazom [6, 7].

Nmeercsa neneBas dynkmus {(X) = f(x;, Xz,....,Xn) HA MHOXKECTBE JOMYCTUMBIX 3HAYECHUUN
X = (X1, X2,....,Xn). HaxoaeHue JOKAIbHOTO MHHHMYMa IMPOUCXOIUT IYTEM MCIIOIb30BAHHS
UTEPALMOHHOT0 MeTo/1a o hopmyie:

X = xF + Ax*VE,
rae k — HoOMep HTepamuy; X" — TeKyllee 3HAYCHHE apryMeHTa LeIeBoll GYHKIMH; AX — 3HAUCHHE
BETMUMHBI LIara; v° — BEIMYMHA BEKTOPA, ONPENCISIONIETO HANPABICHHE IOMCKA MUHHMyMa
1eneBoi QyHKIIUH.

K Meromam HyneBoro mopsiika OTHOCATCS, HAlpUMeEp, METOJ MPOOHBIX IIIaroB, METOJ
KOHQHUTypaluii ¥ CUMIUICKCHBIA MeToJ. MeToabl TEepBOTO MOpsAKAa SBISIOTCS Pa3TUYHBIMUA
Pa3HOBUAHOCTSMH TPATUESHTHOTO METOA, IIPU KOTOPOM HAIPaBJICHHUE MOMCKA MHHIUMYMA IIeTIEBOM
(YyHKIIMM COBMAJaeT C HAMpaBlICHUEM aHTHTpaAueHTa IeneBo ¢yHkuuu. Hambomee wyacto
UCIOJIB3YIOTCS: METOJ TPAJUEHTHOTO CIyCKAa C TOCTOSHHBIM IIAroM, METOJ] HAMCKOpEHIIero
TPaJIMEHTHOTO CITyCKa, METOJ MOKOOPIMHATHOTO CITyCKa W METOJ| COIPSDKEHHBIX HalpaBJICHUH.
MeToasl BTOPOTO TOpPSAKA — UCHONB3YIOT WHGOPMAIUMI0O O YACTHBIX MPOU3BOJHBIX IIETIEBOM
(GYHKIIMK TIEPBOTO W BTOPOTO MOpsinkoB. Hambomee wacto mcmonbiyercs meron HeloToHa M ero
MoauUKaIIH.

HaxoxaeHne JTOKaThbHOTO MUHUMYMa B METOJax TIEPBOTO MOPSAKA MPOUCXOAUT IyTEM
WCIOJIb30BAaHUS UTEPALIMOHHOTO METO/Ia IO (hopMmyIie:

XK =xk o+ Ax*Vf(Xk),

rae k — Homep utepauuy; X — TeKylllee 3HauUeHHE apryMeHTa LeJaeBoi (yHKIMH; AX — 3HaUYEHHUE
BEJIMYMHBI 111ara; Vf(Xk) — TpajiueHT 1ieNeBON (PYHKIMH, KOTOPBIA MOKHO 3alMCaTh CIEAYIOLIINM
obpa3zom:

VEXY) = [of(X¥)/0x,, Of(X5)/oxs. ... Of(X5)/0x,].
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Jlis  ompeneneHusl TpajAMCHTa LEICBOW (PYHKIMHM HCIOJNB3YeTCS METOJ KOHEUHBIX
pa3HOCTEM:

IRXN)oxi ~ [(x"1, x5, X5TAX, xS 0) — (x5, X2y X5, xS 0)] / AXN .

B kauecTtBe yclioBUSI OKOHYaHHS IMOMCKAa MHHMMYyMa LeJIeBOM (YHKIUU HCIONb3yeTCs
yCIIOBHE OJIM30CTH K HYJIIO HOPMBI IPaIEHTA!

IVAXSY| <E,

rae E — 3aganHas TOYHOCTh IONCKA MUHAMYMA.
HaxoxneHue JIOKQIBHOIO MHUHUMyMa B METOJAx BTOPOrO IOpsIKa IPOUCXOAUT IIyTEM
UCIOJIb30BAaHUS UTEPALIMOHHOTO METOa 10 (popmyie:

k+1 k, k
X =X +*v,

k " k
rae k — Homep uTepanmu; X — TEKyllee 3HAUY€HUE apryMeHTa LeNeBOi (yHKUIUHU; V' — BEIUYHHA
BEKTOpA, ONPEACIAIOIIEro HalpaBIeHUe IOMCKa MUHUMYMa LIE€JIeBON (PYHKLIUU.
Bekrtop HanpaBieHus: TOMCKAa MUHUMYMa OIpeeIsaeTcs o GpopmyIie:

Ve = — VES/HEY).

Jlns ompeneneHHs BEKTOpa HAMpaBiIeHHMsS IOMCKAa HYXHO BbluuMciuTh Matpuny H(X),
3JIEMEHTBI KOTOPOW PABHBI:

hy; = O*f(x)/( Dxi*0x;).

B kadecTBe ycnoBHS OKOHYAaHHs IOMCKAa MHUHMMYyMa IIeJIeBOW (DYHKIHMU HCIOIB3YETCS
yclI0BHE OJIM30CTH K HYJIFO HOPMBI IPaJMeHTa!

IVE )| =V[Zie"(0f(x)/6x:)"] < E,

rac E- 3aJaHHasI TOYHOCTH ITOUCKa MI/IHI/IMYMa.

3ajaua  KJIaCCHUYECKOM YETKOW OITHUMH3ALMA MOKET OBITh OTHECEHAa K HEYETKOU
ONITUMU3AIIMHU, €CITU TIeNieBast PYHKLUS WIK MapaMeTp 3TOH (GYHKINHU SBISIOTCS HEONPEAEICHHBIMU
(aeuerkumu) (puc. 1) [8].

HeueTkne hyHKLMN

1. YeTkasa dyHKUMA 2. HeueTkaa pyHKUMA 3. HeueTkan yHKUMA
HEeYeTKOro aprymeHTa YeTKOro aprymeHTa HEYETKOro aprymeHTa

Apubmetnyeckan
HeyeTkan (YHKLWA

Puc. 1. Knaccudpukanust HeueTKUX (PyHKIMA
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Kak BuIHO W3 TNpHUBENEHHOH BbIIIE KiIacCU(UKALMU, CYLIECTBYET TpPH BHJA (Kjacca)
HEYeTKUX (PYHKIMH, OTIMYAIOIIUXCS MO JBYM IPU3HAKAM:

— 110 BUJ1y OTOOpakeHus;

— 10 BUJly apryMeHTa (IepeMeHHOI1) 0TOOpaskeHUs.

B Hacrosmee Bpemsi TeopHs HEUETKHMX (YHKIMH HAXOOUTCS Ha CTaJAUUd Pa3BUTHSL.
OTCyTCTBYIOT TOHATHSA <«3JIEMEHTapHas HedeTkas (yHKIUSI», «HEueTKas ImepBooOpasHasy,
«HEUETKUHA MHTErpall», «HEe4YeTKas MpPOM3BOJAHAS», HE pa3paboranbsl auddepeHnaibHoe
Y MHTETPAIbHOE UCYUCIICHUS HeUeTKNX QyHKIui [9].

Chopmynupyem mocTaHOBKY 3amaud. HyXHO MUHUMH3MpPOBATh (DYHKIHUIO Tpex
nepemeHHbix Y = f(X1, X2, X3). Tema cTatbu akTyajgbHa, TaKk Kak pa3paboTka MaTeMaTHYECKHX
MOJIENIEN ONTUMHU3ALMH TAPAMETPOB CIOKHBIX MPOLIECCOB U CUCTEM CHUYKAET TEXHOT€HHBIE PUCKH.
OOBeKT wucclneoBaHUS — TMPOLECC HEYETKOM oOoNnTUMHU3alMu. MeToJa HCCIeOBaHUS —
BBIYUCIIUTENIFHBIE SKCIIEPUMEHTHl Ha pPa3pa0OO0TaHHON KOMMBIOTEPHONW MOJAETH, pPeaTn30BaHHON
B BU/JIE Iporpammsl 111 DOBM.

Mojaesab HedeTKOH ONTHMHU3AI U

B nmaHHO# cTaThbe MOJEIL HEUETKON ONTHUMHU3AIMN UCTIONB3YETCS ISl PELICHUS CIICTYIOIIEH
3a/1auu: HEOOXOIUMO OTPEACIUTh MUHIUMYM II€JIeBON (DYHKITUU TPEX MEPEMEHHBIX

F(x1, X2, X3) = exp(x; + X2 + X3)/( xl*xzz*xf).

Knaccuueckuit 4eTkuii METOJ, MUHUMHU3AILMU [IEPBOTO MOPSIIKA MOKOOPIMHATHOIO CITyCKa
JUISL HAYaJlbHBIX YETKUX 3HAYEHUN apryMeHToB X; = Xp = X3 = 0,5 MO3BOJMI MOJYYUTH
ONTUMAaJIbHbIE YETKHE 3HaYeHus rnapameTpoB X; = 1,0, X, = 2,0, x3 = 3.0 npu MUHUMaILHOM YETKOM
3HaueHuH neneBoit pyakumu F(X|, X2, X3)min= 3,73.

Lenpro HEUETKON ONTUMHU3ALNHU SBJISIOCH KAYECTBEHHOE OMUCAHUE MPpoIlecca ONMTUMHU3ALNU
(YHKIIUM HECKOJIBKUX TMEepeMEHHBIX. MoJenupoBaHue Mpolecca ONTUMHU3ALNUN MPOU3BOIUIOCH
C HCIIOJIb30BAaHUEM CHUCTEMbl HEUETKOro BbIBOJA, omucaHHoi B [10]. Bo3moxHblil uHTEpdeEiic
MpOorpaMMbl HEUETKOTO BBIBOJIA MPEACTABJICH Ha pUcC. 2:

- [MpackoTp Norsem pafoTe cHeTeMel neyeTHaro AxEoaa foaka X1 maw ane X1, X2 sxoamwe ne pese nawe |
TFyHELES NPHHB RE O TS
TuiangleFb{x.ab,c] ®i- PFM[z.a b.c.d] 2= laycca GFMixab) LR
1.2 1,23] 1.2
TripFM BFM

0, ’/\ 0, / \ 0,8 /- \'
1,5 f \ 0, 6 X \ 0,8 /
ARNEEE RV N N N4
/I A/

T N B N8

Tiaab W Cospasiie. | Duwworwme . PFM Conpaivi, | Duworwre. | GFM Cospassite  Dwscrume

6l Ing202 | Qe | St Tuth o w7 LBl VD) o)

MPOCMOTF NOMHEW PARDTh CHCTEME HEYETKOMD BHB0LA A
Mopngor pafiars ¢ Aporpassiok |
) Bisiiipiaree 2 PC1Y) sita 3 P01 2] i @ ains 5 winsn "3 i s
2] BoeguTe A 3 KROnKD BeecT.
3] Nocrpodne rpasuss -» kmonks Tpadsws',
4n TETRM LONHGE B HEETRRE-} EHONES " osandes o,
L HETSETEME ROHME 1 VTE M-} RO
5] Bl i %60 G S A B ST W ST B8
i 1 AT S EHONKY TR acks DEALe AR’
IeirusHHe PEIYALTATS Lepas s suE eaDF
ONPEBARETER USHTLOM TAXSOTH BERSASHHOND MHOXBCTES,

7] MocTposssis 3anucssocTi =F E = = FKIY
] ) HII’IM‘T :uu—w:\'-rg-: :::‘r-:gi{.
F . BED L M0 AHGEE JAHHEX

Puc. 2. UaTepdeiic mporpaMMbl He4eTKOT0 BHIBO/AA

Ha puc. 2 npencraBieH pexuM  pabOTHl  MPOrpaMMbl  HEYETKOTO  BBIBOJA,
JEMOHCTPHPYIOIINUNA KOH(MUTYpAIMIO PAa3UYHBIX (YHKIHWA MPUHAIICKHOCTH (TPEyroyibHas,
[T-o6pasnas u ¢dyakuus ["aycca), BRIOpaHHBIX U3 MEHIO TPOrpaMMbl «OYHKIIUN TPUHAICKHOCTH.

32



MOHHUTOPHHT U IPOTHO3UPOBAHUE MTPUPOIHBIX M TEXHOI'€HHBIX PUCKOB

Pexxum paboThl TIporpaMMbl HEYETKOTO BBIBOJA, JEMOHCTPHPYIOMHMA Tpaduku (HYyHKIUH
MPUHAJJICKHOCTH BXOAHOU mepeMeHHor X1, BbIXxomHOM mepemMeHHol Y u 3aBucuMocTh Y = f(X)
(B HIDKHEM TIPaBOM OKHE), TIPEJICTABJICH Ha puC. 3:

"™ [lpocmatp o1 is (ABOTsl CKETE M HENE 010 BiB0aa [3ana X1 kik Ase X1, X2 nM0Anue 02 pemenise ]

Brafipatis SynKus: Xi= M0 Britipasn sumgin 2= Bratipatss SqHKsA: =3}

¥ 14 exbarhn Nepdmetsian N Hoxdahn nepaMeHa
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Puc. 3. Ilepemennbie X1, Y u 3aBucumocts Y = f(X)

Pexxum paboThl TPOrpaMMbl HEUETKOTO BBIBOJIA, IEMOHCTPUPYIONINI B HUKHEM JIEBOM OKHE
WCTUHHOCTh BBICKAa3bIBAaHMN BXOJHOM TIEPEMEHHOW W B HIDKHEM IIpaBOM OKHE 0a3y
MPOAYKIIMOHHBIX MPABUJI, TPEACTABIICH HA PUC. 4:

8 MpocsoTp A0r ke paBaTH CHETEMB HE S8 THOTD ARBoaA (aaKa X1 ks pee X1, X7 monsme ne peme inse |

’ x1-0H " ®1-0O7 " ¥[E1 X2 lood
1 1 1
~

YANEPZAN AN AN Ja N / f\
yER N /TN /0

X 7 VWARWY/E
0, 4] 0,4 0,4 —F T
bl LA N A \‘ 5. N KA i /

A ~ K

s 2 3 4 5 8 7. 8 7 N B v s 1 | OF 12 18 23 330 4% a8 59|
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Puc. 4. baza NPOAYKIHOHHBIX NMPaBUJI HEYE€TKOI'0 BbIBOAAa

CxeMaTHU4YHO JIOTMKa pa6OTBI CHUCTCMbI HCUYCTKOI'O BbIBOJA MPCACTABIICHA HA PUC. 5:

o bk | | ArperupoeaHmne = Ted b
(deTknil = HedeTKHII) > ARTHEHIANNA > 5 ks
= - i T ARKYMYyIAIHA N (HedeTRNIT Q-IETKHH}
v
BeoJ 4eTRHX JaHHBIX BriEOJ 9eTHHX JAHHBIX

Puc. 5. Cxema jgoruku paﬁDTbl CUCTEMbI HCUETKOI'O BbIBO1a
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Wcxomubie qanHbIe A pacdyeTa MpeIcTaBiIeHbl B Ta0m. 1.

Tabmuna 1
HHTePBaJ} JIMHrBHCTHYCCKAS HHTepBan 3Ha4€HHI TEPEMEHHBIX
3HAYCHHI
2 (x) MPUHAIICKHOCTh X, X, X,
0+1 Huszkwuit Z-o6paznas (0+1) Z-o6paznas (0+2) Z-o6paznas (0+3)
0=+1 Cpennuit laycca (0+4) l"aycca (0+5) l"aycca (0+5)
0+1 Bricokuit S-o6pasnas (1+5) S-obpasnas (2+5) S-ob6pasnas (3+5)
Yerkue GyHKINN TPUHAUICKHOCTH MPEICTaBICHBI Ha pHcC. 6 U 7.
N N Y
X1 X2 X3
FM: [1-Red,2-Ble, 3-Green A-Bladk, >-Agua,&-Vellgw M |1-Red, 2-Ble, 3-Green #-Bladk, 5-Agqua,6-Vellgw Fivl; [1-Red, 2-Blie, 3-Green,d-Bladk, 5-Aqua,&-Yellaw
1 L 1 / 1
o Vil My AM e M Vi M ‘/ s w\.‘ Vi \
ix3 \ \ 1 ’/ 6 \ \ /| d s \ \\
L N\~ N AV 4 N/ AN
L2 \ M[(‘% 2 f/ \‘ /] \‘ 2 N\ VAR
b \ _4—-"‘"” \“"‘“--__ " \_ _4#/ \'“-. 3 o] - \M < d
] [ 1 ji3 23 1 4 45 R i L1 1 15 5 5 4 45 B J [ 1 LY 2] o 4 45 Y

Puc. 6. YeTkne pyHKIMH NPHUHALIEKHOCTH BXOJHBIX NepeMeHHBIX

CooTBeTcTBHE MHTEpBajla 3HAUYE€HUN BBIXOAHOM INepeMeHHON F(X) mHTepBanmy 3HaueHHH
GyHKIMHM TPUHATISKHOCTH [U(X) MPEJCTaBICHO B Ta0M. 2:

Tabmuma 2
HNuTepBan JIuHrBUCTHYECKAs NuTtepBan 3HaueHUN BHIXOIHOM
3Ha4YEeHHUH U(X) MIPUHAJIEKHOCTh nepemeHHo# F(X)
0+1 Beicoknii S-o6paznas (8+10)
0+1 Huskwuit, cpenanii l"aycca (0+8)
0+1 Bricoknit S-o6paznast (8+10)
' F(X]

FM: [1-Red, 2-Bllie, 3-Green, #-Blagk, 5-Aqua,g-vellaw

Puc. 7. Uerkas pyHKIMSA NPUHAIJIEKHOCTH BbIXOHOI epeMeHHOH

[IpoBepka anexkBaTHOCTH pa3pabOTaHHOW MOJIENH IOCTABJICHHOW 3ajadye MPOW3BOAMIACH
MyTEM OIICHKU BIIUSIHUSI OMTHUMHU3HPYEMBIX MapaMETPOB X, Xp, X3 HA 3HAYEHUS LIEJIEBON (DYHKIIMH
F(x1, X2, X3). 3aBucuMOCTH, TpeAcTaBleHHbIe Ha puc. 8§—10, MOKA3BIBAIOT, YTO HEUYETKAs MOJIENb
MPaBUJILHO OTpPakaeT BIHSHHUE IApaMETPOB — MHUHUMAJIBHOE 3HA4YeHUE IIeJIeBOM (DYHKIIMHU
JOCTUTAETCs BOIHM3U YeTKUX ONTUMAIBHBIX 3HaUeHui X; = 1,0, X, = 2,0, x3= 3,0 u npuOiIu3uTensHo
PaBHO MUHUMAJIbHOMY YE€TKOMY 3HAUCHHUIO 1esieBoi PyHKIuu F(X1, X2, X3)min-
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Puc. 10. HeueTkne ¢pyHKIMU NPUHAIJIEKHOCTH BXOAHOI U BHIXOJHOH NMepeMeHHbIX

B pesynbraTe MOAENMpOBAHUS IMOJIyYE€HBl 3aBUCHUMOCTH 3HAUYECHUS LEJNEeBOM (YHKIIMU
OT HEUETKHX [MapaMEeTPOB B BUJE AHaNa30Ha BO3MOXKHBIX 3HAUEHU, MTpeACTaBIeHHbIC Ha puc. 11.

FOO=FAX1 FOO=F(X2 FOO=AX3
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Puc. 11. 3aBucuMocTH 3Ha4YeHUIl HesleBOH GYHKIMH OT HeYeTKUX ONNTUMH3HPYeMbIX NApaMeTPOB
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BriBoa

CoBpeMEHHOE COCTOSIHME HEYETKOTO MOAX0AA K PEILICHHIO 3a1a4 ONITUMU3ALAN [TOKA3bIBACT,
YTO OCHOBHBIC IIOHATHS U MaTEMATHUYECKUE CPEICTBA, UCIIOIB3YEMBIE B PEIICHUHN 3a/1a4 HEYETKOU
ONTHMH3ALMH, HY)KIAKOTCS B Pa3BUTHH.

Pesynbrarel MOAEIMpOBaHMA IpoLlEcCa HEYETKOM ONTUMHU3ALMM  IOKAa3ajad, 4YTO
B pe3yJIbTaTe ONTHUMH3AIMH MOXKET OBITh IOJIyUYeH IHara3oH BO3MOXKHBIX 3HAYCHMH HEUETKOU
1eJIeBOM (DYHKIIMH B 3aBUCUMOCTH OT CPEIHUX 3HAUEHUH M3ydaeMbIX ITapaMeTpOB.

Hayunast HOBM3HA MCCIENOBAaHMA, OTPAKAIOWAss JMYHBIM BKJIAJ aBTOPA, 3aKIHOYACTCS
B CO3/JaHMM aBTOPOM KOMIIBIOTEPHOM MOJEIM HEUYETKOro IIOMCKAa ONTHUMYMa, PEAJM30BAaHHOMN
B BU/JIE Iporpammsl 111 DOBM.
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VK 614.849 _
KOMIVIEKCHBIN AHAJIW3 ITPUYUH BOBHUKHOBEHU 1
YPE3BBIYAUHBIX CUTYAIIUU HA TPAHCIIOPTE

™ Imurpuii Anexceesny Kosepos;

AntoH Uropesuu Iloranos;

Outer BanepbeBu4 Y TKHH.

Cankr-IlerepOyprexuii yausepeurer I'TIC MYC Poccun, Cankr-IlerepOypr, Poccunst
Edimal Irus@inbox.ru

Annomayus. IlpoBenéH aHaTM3 CTATUCTHYCCKUX JAHHBIX YPE3BBIYAMHBIX CHTyaruii B Poccum
3a JECATIICTHUN MEPUO Ha Pa3IMYHbIX BUAAX TPAHCIIOPTA, MPOBEACHA OLICHKA PUCKA YPE3BbIUAHBIX CUTYaIUN
Ha TpaHcTiopTe. BrifieneHbl OCHOBHBIE MPUYHHBI M (PAKTOPHI, BIHSIOIIAE HA X BOZHHKHOBeHHe. O0OCHOBaHa
HEO0OXOUMOCTh pa3pabOTKH M BHEIPEHUS CPEICTB aBTOMATH3AINH CO3MAHHUS WHTEIUIEKTYaIbHON CHCTEMBI
MOAEPKKY MIPUHITHUS PEUICHUIN NPY TUKBUIALUN YPE3BBIYANHBIX CUTYaIIMN HA TPAHCIIOPTE.

Kntouegvie cnosa: momnepkka TPHHSATHS YHPABICHUYECKHMX PpEIICHWH, Ype3BbIUaifHas CHUTYyaIlusl,
0e301acHOCTh Ha TPAHCIIOPTE, AOPOKHO-TPAHCTIOPTHBIE MPOUCIICCTBHS

s murnpoBanusi: Konepos JI.A., IToranoB A.U., YTkun O.B. KommnekcHslil aHanu3 NpUIUH BOZHUKHOBEHUS
Ype3BhIYAMHBIX CUTyaluii Ha TpaHcmopte // IlpupomHble W TEXHOTEHHBIC PHUCKU ((PH3HKO-MaTeMaTHIeCKUe
Y MIpUKJIaJIHbIC acniekThl). 2022, Ne 3 (43). C. 38-46.

COMPREHENSIVE ANALYSIS OF THE CAUSES OF TRANSPORT EMERGENCIES

“Dmitriy A. Kolerov;

Anton 1. Potapov;

Oleg V. Utkin.

Saint-Petersbur g university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
Mdimal Irus@inbox.ru

Abstract. The analysis of statistical data of emergencies in Russia for a ten-year period of years on various
modes of transport has been carried out, and an assessment of the risk of emergencies in transport has been carried
out. The main causes and factors influencing their occurrence are identified. The necessity of development
and implementation of automation tools for the creation of an intelligent decision support system in the liquidation
of emergency situations in transport is substantiated.

Keywords: management decision support, emergency situation, transport safety, traffic accidents

For citation: Kolerov D.A., Potapov A.L, Utkin O.V. Comprehensive analysis of the causes of transport
emergencies // Prirodnye i tekhnogennye riski (fiziko-matematicheskie i prikladnye aspekty) = Natural
and man-made risks (physico-mathematical and applied aspects). 2022. Ne 3 (43). P. 38-46.

BBenenue

CornacHO naHHBIM O(HIMATBHBIX HCTOYHMKOB B Poccum 3a 2012-2021 r1r. exeromHo
B CpeaHeM Ha TpaHcnopte mnpoucxomut Oonee 140 upesBpruaitapix curyarmii (UC) paznudaHOro
xapaktepa [1], U3 KOTOpPBIX MOMABIISIOICEe OONBIIMHCTBO COCTABISIOT JIOPOKHO-TPAHCIIOPTHEIC
npouctnectBust (JITIT) — 6onee 90 % (puc. 1). Cromb Bbicokoe 3Hauenue noiu JTII oOycioBieHO
B IIEPBYIO OYepe/lb TEHICHIMEH YBEINYEHUs KOJMYECTBAa aBTOTPAHCIIOPTa Ha AOpOrax, BO3pacTaHUEM
CpeHEel IUIOTHOCTH aBTOMOOWJIBHBIX IIOTOKOB, a Takke uenoBedeckuM (aktopom. B 2019 r.
3aukcupoBan muk kommuectsa [ITII B ctpane, 4To, 10 BCel BUAMMOCTH, ObLIO BBI3BAHO MAHACMHUCH
KOpOHaBUpYyca, MPHUBEIIICH K YBEIWYECHHUIO JOJM HCIOIb30BaHMUS JIMYHOTO, a HE OOIIECTBEHHOTO
TpaHcropTa. B manpHeHIeM Takke HE MCKIIOYEHO BOSHUKHOBEHHE MOAOOHBIX MUKOB [2]. Pacrymas
muHamuka JITIT MoxkeT, Kak clecTBre, TPUBOIUTD U K YBETMICHHUIO COIIUANBHOTO yiepoa [3].

© Cankrt-IletepOyprekuii yausepcuret I TIC MUC Poccuw, 2022
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Puc. 1. Ilmnamuka YC Ha Tpancnopre 3a 20122021 rr.

B mnacrosimee Bpemsi pOCCHUUCKMMH M 3apyO€KHBIMH YYEHBIMU TPOBEACHO JOCTATOYHO
MHOT'O MCCJIEIOBAaHUH, HAPABICHHBIX HA CO3JaHUE MOJICNICH U aJTOPUTMOB MOANEPKKU MPUHITHS
ynpaBieHueckux pemeHudd B UC. OpHako OOJBIIMHCTBO — CYIIECTBYIONIUX  pEIICHUH
npeqHasHaueHbl JUIsl  JACATENbHOCTH JIMI B OOJACTHM TMOKapHOW OE30MacHOCTH, OYEHb
HE3HAYUTENIbHO YJEJIEHO BHHUMaHUE MOAJEP)KKE MPUHATUS pelIeHUH B 00JacTH OE30MacHOCTH
Ha TpaHcropre. Bricokuii ypoBeHb pucka UC Ha TpaHcnopre oOyciaBIMBaeT HEOOXOIMMOCTb
MPOBEJCHUSI HCCIEIOBAaHUM, HANpaBIEHHBIX HAa €ro CHWXeHWe, Ha mpenynpexaeHue YC
Ha TPAHCIOpPTE, Ha MOBbIIICHUE () (HEKTUBHOCTH CATEIBHOCTD CIIACaTeIbHbIX MOIpa3IeiIeHUui Ipu
OTEepaTUBHOM pearupoBaHMHU B CIydae UX peaan3aliu.

Heo06xomuMo oOTMETUTH, YTO YeM BBIIIE YPOBEHb AaBTOMATH3allMU JAEATEIbHOCTU
cracaTeNbHBIX TMOJpa3feiicHnii, TeM »3ddekTuBHE OyAeT ACSATENBHOCTh CcracaTelied TNpH
MIPOBE/ICHUU aBapUIHO-CIIacaTeNbHBIX M JAPYIHMX HEoTIoXHbIX pador (AC/IHP), B Tom uucre
Ha TpaHcnopte [4]. ABTOMaru3aus JEATEIBHOCTH CIAacaTeNIbHBIX IOJpa3JeicHuil OyaeT
MOBBIIATH YPHEKTUBHOCTh WX (YHKIIMOHUPOBAHHS B YCIOBHUSX PUCKA M HEOMPENCIEHHOCTH MPH
Benenun ACJIHP nHa TpaHcmopre 3a CuY€T COKpAlIeHHWs] BPEMEHH TPUHATHS PEHICHUIN
Y MUHUMU3AIMU YeJI0BeUecKoro dakropa [5].

Pe3yabTaThl HCCIeI0OBAHUS M UX 00CYKIeHHE
Hecmotpss Ha TO 4TO B 1ENOM B MOCIEAHEE T'OJbl Ha TEPPUTOPUHU CTPaHbl CYIIECTBYET
TEHJICHIIMS CHYDKEHHSI WHIUBUAYyaTbHOTO prcka Hacenenus B UC (puc. 2), 9TOT MOKaszareiab BCE

pPaBHO OCTAaETCsl JOCTATOYHO BBICOKUM (pHC. 3), MO KpalHEW Mepe MO CPaBHEHUIO CO MHOTHUMU
JIPYTMMH pa3BUTHIMH rocyaapcrsamu [6].
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O000mEHHBII HHIUBHAYAJIbHBIN PHCK (oTHOcHTeIbHO 2004 r.)

1,50
y = 1,006¢-0,065x
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Puc. 2. UaauBuayaabHblii puck HaceaeHus: B UC
06006ImEHHBIM HHAUBHU/AYaJbHBIN PHCK
Mo Poccur MGG 1,95E-(4
JanbHeBocTOYHBIH PO # 1,54E-04
Cuupcxnii GO IENEG—1,18E-04
Ypanbcxuii 00 ESEG_—1,30E-04
[IpuBomxckuii PO H 5,82E-05
Cepepo-Kaskazckuit PO _ 3,¢8E-05
Omubii OO IENSSE 6 53F-05
CeBepo-3anaanbiin PO _ 2,48E-04
LenTpanbHbiid PO # 7,53E-05
0,00E+005,00E-05 1,00E-04 1,50E-04 2,00E-04 2,50E-04 3,00E-04

Puc. 3. Cpeansisi BeJITMUMHA MHAMBUIYAJIBHOI0 0000111eHHOT0 prcka ruden no MegepaaibHbIM OKpPYram

B Poccun npakTudecku BO BCEX pPEerHOHAX COXPaHSETCS JOCTATOYHO BHICOKAsl BEPOSITHOCTh
Bo3HUKHOBeHHMsT UC Ha pa3nuyHbIX BuAax TpaHcmoprta (puc. 4-7) [1], uro TpeOyeTr MmoCTOSTHHOM
paboThI B JTAaHHOM HAINPaBIICHUH.

Puc. 4. BepositHOcTh Bo3HUKHOBeHus1 UC, Puc. 5. BeposiTHOCTH BO3HMKHOBeHus1 UC,
CBSI3AHHBIX € ABAPUSMH HA KeJIe3HOA0POKHOM CBSI3aHHBIX C ABAPHSIMH HA 7KeJIE3HOAOPOKHOM
TpaHcHopTe B oceHHe-3UMHMIA mepuoa 2021-2022 rr.  TpaHcmopTe B BeceHHe-JieTHUI mepuon 2022 r.
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Puc. 6. BeposiTHOocTh Bo3HUKHOBeHus1 UC, Puc. 7. BeposiTHOCTh Bo3HUKHOBeHus1 UC,
CBSI3aHHBIX € 3aTPYAHEHHEM IBHKEHHUs CBSI3aHHBIX € 3aTPYAHEHHEM [BHKEHHUS
Ha aBTOJOporax B 3uMumii nepuon 2021-2022 rr. HAa aBTOJ0pPOrax B BeceHHe-J1eTHUi nepuox 2022 r.

[IpoBenem aHanu3 npuyrH U (AKTOPOB, OKA3BIBAIOIIMX BIUSHUE HA BBHICOKHE MOKA3aTEIN
pucka UC Ha TpaHcnopre.

Hayuno-mexnuueckuiit  npozpecc. EXXErogHO  MOSBISAIOTCA  HOBBIE  TEXHOJIOTHH,
COBEpIICHCTBYETCS TpPAHCHOpPTHAs MHQPPACTPYKTypa, UYTO B LEJIOM BEAET K YBEJIMUYEHHUIO
KOJIMYECTBA TPAHCIIOPTa B MUpPE. BBOAATCS B AKCIUTyaTAaIlMI0 HOBBIE BHUJBI BHICOKOCKOPOCTHOTO
Tpancropta. OgHaKo A3TO B eme OOJbIIeH CTENMEeHU aKTyaIu3UpPyeT BOMPOCH OOECICUCHUS
0€30MacHOCTH Ha TPAHCIOPTE, SIBISSICH €Ie OJHUM JOTOJHUTEIBHBIM (PAKTOPOM, MPUBOISIIAM
K YBEJIMYEHHIO KOJIMYECTBA MOCTPAAABIIUX JIoAei B ciydae Bo3HMKHOBeHUs UC Ha TpaHcmoprTe.
Poccuiickass @eneparusi 3aHMMAaeT IMSITOE MECTO B MHPE MO MPOTSHKEHHOCTH aBTOMOOMIBHBIX
JIOpOT, TPEThEe — IO MPOTSHKEHHOCTH KEJIE3HBIX JOPOT U MEpPBOE — MO MPOTSKEHHOCTH MOPCKOM
TPaHUIIbI, YTO 00YCIIaBIUBAET AKTUBHOE PA3BUTHE U UCIIOJIL30BAHUE PA3IMYHBIX BUIOB TPAHCIIOPTA
U, KaK ciencreue, yBenundeHue pucka YC (puc. 8).
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Puc. 8. KosimuecTBO MOrudIux, NoCTPagaBIINX U cnaceHHBIX Jiojeil B YC Ha TpaHcnopTe
3a 2012-2021 rr. B Poccuiickoii ®enepanun

Onepamuenocms npuodvimusn cnacamenvuvlx cayyucoé k mecmy YC. 3agactyio UYC
Ha TpPAHCIOPTE CIY4YalOTCSs B TPYAHOMOCTYNMHBIX M YHANEHHBIX MeECTaX, 4YTO 3aTpPyIHSET
CBOEBpPEMEHHOE TMPHUOBITHE TMOXapHO-cracaTtenbHoro moapasaeneHus (IICIT) k mecry UYC.
Hampumep, 3a mnepByto mnonoBuny 2022 r. Ha Tepputropuu Poccum mnpousonuio 691 [TII,
Ha KOTOpBIE OCYIIECTBIISUIM pearupoBaHue cnacarenbhble noapasaencHus MUC Poccun. Ananus
pe3ynbratoB (puc. 9) nokassiBaet, 4to B 30 % Bcex Bble370B BpeMs MpHUObITH npeBblmaeT 10 MuH.
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(MakcuManbHOE JoryctuMoe Bpems mpuObiTus k Mecty UC B ropoxackoit 3ome mns TICII).
N3-3a HecBoeBpemeHHoctn mnpuObiTH [ICII x mecty UC ymyckaercs AparoneHHOE BpeMs,
M BO3pPAcCTaeT KaK BO3MOXKHBIM MaTepualbHBIA yiiepO, Tak U yenoBeueckue norepu. Kpome toro,
CyIIecTByeT yrpo3a yBenuueHusi Mmacmrabos UC [7]. Panee Obuia BBHISBICHA B3aUMOCBSI3b MEKIY
BPEMEHEM pearupoBaHusi crnacaTelbHbIXx noapaszaeneHniit MUC Poccum u  mokasarensmu
cmeptHOocTH nipu JITII u UC nHa Tpancnopre [8, 9].
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Puc. 9. PacnipeaeneHue BpeMeHH NPUOBITUSA cHiacaTeJbHBIX moapa3aeaenuii k mecty A TII
B nepBoii nmonosuHe 2022 r. Ha Tepputopun Poccuiickoii ®egepanun

3ayactyro Bpems JukBuaanuu asapuii npu JATII mcuncnsercs HECKOJbKMMHU 4YacaMu, 4YTO
o0ycioBieHo cioxkHocThlo mpoBenerns ACJIHP mpu nmaHHOM Buae NPOWCIIECTBHA, WHOT/AA
YeJI0BEYECKHM (DAaKTOpOM, MPOSBISIOMIMMCS B HEIOCTATOYHOM ombITe JuyHOoro coctasa [ICII,
a TaKXke JAPYrMMH COmyTcTByrommmu ¢akropamu. Ha puc. 10 mpencraBieHO pacmpeneseHue
BPEMEHH 3aHATOCTH CHAcaTeNIbHBIX MOApa3AeeHnid npy auksuaanuu nociuencrsuii A TII B nepsoit
nosioBuHe 2022 r. Ha Tepputopun Poccuiickoii @enepanui.
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Puc. 10. Pacnipenesienne BpeMeHH 3aHATOCTH CHAcCATEJbHBIX MOAPa3AeJeHNi MPH JUKBHIAUA
nociaencreuii ITII B nepBoii monoBune 2022 r. Ha Tepputopun Poccuiickoii ®egepanun

42



MOHHUTOPHHT B IPOTHO3UPOBAHUE IPUPOTHBIX U TEXHOTEHHBIX PHCKOB

Coyuanvno-sxonomuueckoe pazsumue. ColHanbHO-3KOHOMUYECKOE pa3BUTHE IOCYapcTBa
MpeoiaraeT pocT MacIITaboB MPOU3BOJICTBA, PA3BUTHE JIOTHCTUYECKUX [EMOYEK, TPAHCIOPTHOM
UHOPACTPYKTYphl. JlaHHBI Mpolecc aKTyaqu3upyer MpoOieMy TOBBILEHUS 0e301acHOCTH
Ha TPAHCIIOPTE, a 3HAYUT, U IMOBBIIIEHUS YPOBHS TOTOBHOCTH CIIACATEIBHBIX MOJAPA3IEICHUN IS
pearupoBanus Ha TpaHcnoptHele UC wu apyrue mnpoucmectBus. TpeOyercss oOecrneueHue
MHUHHMMH3allUd BO3MOJKHBIX HEraTHUBHBIX IOCIENCTBHI OT Takoro poaa YC, cHkeHHe yucna
norubmmx wu mnocrpamaBmux B JTII ¢ menpio mpenoTBpamieHHs BO3MOXKHOM COIMAIbHON
HalpsDKEHHOCTH B oOmiectBe. HamomHuM, 4YTO mojaBisiomas dYacTh TpaHCHOPTHBIX YC
npuxogurcs Ha JTIT [10]. Takum oOpa3om, mnoBbleHHE 3(PPEKTUBHOCTH YIPABICHUS
criacaTebHBIMH TOJpa3AeieHusIMU ipu pearupoBanun Ha YC Ha Tpancnopte (B ToM umcie JTII)
HE00XO0AMMO CUUTATh OJHOM U3 MEPBOOYEPEIHBIX 33/1a4.

Kynemypa  o6e3onacnocmu  xncuznedeamensnocmu. B Poccuiickoit  denepanuu
MO-TIPE)KHEMY COXPAHSIFOTCS BBICOKME IIOKAa3aTeNM JIWHAMUKHM HapyLIEHWs NpaBWI CpEeau
HACEJICHHUS, KaK JOPOXKHOIO JBMKEHUS (HapylIeHHe CKOPOCTHOTO PeKuMa, MPaBUII MepeaBHKECHUS
[0 oporaM OOIIero MoJIb30BaHUS M 1p.), TaK U AKCIUTyaTallid Pa3jIMYHbIX BUJOB TPAHCHOPTHBIX
CPEICTB C HEYJOBJIETBOPUTEIHHBIM TEXHUUECKUM cOCcTOsTHUEM. JlaHHBIN (PakT 00yClIOBIEH HU3KOU
JUCLUUIUIMHOW YYaCTHUKOB JIOPOXKHOTO JIBMDKEHHUS, HE3HAYUTEIbHBIMH INTpadaMu B cCiIydae
HapyLIEeHNs] MU IPABUIL.

Kpome TOro, cioxuBmascs B CTpaHE€ CHUTyallUsl  XapaKTEpU3yeTcsd  HHU3KOU
OCBEJIOMJIEHHOCTBIO TpaxJaH 00 OCOOEHHOCTSX OJKCIUTyaTallUM TEXHUKH, 00 HN3MEHYHBOCTHU
norogHblx ycinoBuil. B Poccum cozmana u ¢yHkumonupyer OOmiepoccuiickas KOMIUIEKCHAs
cuctema uHpopmupoBanuss u omnosenieHus HaceneHuss (OKCHOH), cucrtema 3ammuter ot UC
OPUPOJHOTO M TEXHOICHHOTO XapakTepa, HH()OPMUPOBAaHHS M OMNOBEIICHUS HACeJICHHUs
Ha TpaHcnopte (C3UOHT), ogqHako oHM MO3BOJISIOT 0XBATHIBATh MOKa 0K0JI0 60 % HaceneHUs mpu
OTIOBEIIEHHH O BO3MOKHBIX YXYAUICHUSAX IMOTOAHBIX YCIOBUH n/nin Bo3HuKHOBeHnu YC [11].

Owuoku pyxosooumeneii auxkeudayuu YC. llpuHATHE NOPABUIBLHOTO  PEIICHUS
pykoBonuteneM nukBuganuu YC 3aTpyaHEHO MHOXKECTBOM (akTOpOB. Bo-NepBbIX, JIMKBHIAIMS
UC nHa TpaHCIIOpPTE XapakTEepU3yeTcs: OOIBIINM PUCKOM W BBICOKOW CTETIEHBIO HEONPEICICHHOCTH,
BO-BTOPBIX, pEIICHUS NPUHUMAIOTCS B YCIOBHUSX JXECTKOro aeduuurta Bpemenu. Kpome Toro,
JOCTATOYHO YacTO PYKOBOAMUTENIAMM JUKBUAAUUMU YC CTaHOBATCS €lle AOCTaTOYHO MOJIOJBIE
CTELUAINCTHI, HE UMEIOLIHE OrpOMHOro ombiTa nukBuganuu YC, 4ro Biedér 3a coboil mpuHsTHE
OIMMUOOYHBIX PEIICHUN U YBEJIMUUBACT BEPOATHOCTD yBennueHus macirados YC [12].

3anaua s¢pdexruBHoro mposeaenus ACJAHP npu nukBumanmm YC Ha TpaHcmopre
MHOTOKpHUTepUaibHa W TpeOyeT WHOTJa HECTaHJapTHOTO Moaxofa kK e€ pemieHuto. Pemenue
JaHHOM 3aJa4yM JIGKHUT B TEPBYIO odepenb B cdepe aBTOMATH3AIMH M TOIJNEPXKKU Ipolecca
MIPUHATHS YIPABICHYECKUX pEUNICHUH Kak Ha JTane IUIaHUPOBAHWS JCHCTBUU CHacaTelIbHBIX
noApazzaenenui [ 13], Tak 1 Ha Tane HemocpeACcTBeHHO pearupoBanus [ 14] Ha UC Ha TpaHcmopre.

CoBepHICHCTBOBAHHE W aBTOMAaTH3alMsl MOJENEW W aJITOPUTMOB HOJJEPKKHA TPHUHATHS
pELICHHIA TO3BOJUT MOBBICUTH CTENIEHh 0OOCHOBAHHOCTH M aJIEKBaTHOCTH NMPHUHSTHIX PELICHUH, YTO
B pe3ysbTaTe MO3BOJIMT CHU3UTh BO3MOXKHBIH yiep0 u nocieacteust YC Ha TpaHCIIOpTe.

Peanuzanus cucteMbl NOANEPKKM MPUHATHS pelleHud 1o pearupoBaHuto Ha YC
Ha TPAHCIIOPTE MOYKET OKa3bIBaTh IMOMOIIb JHI[AM, TPUHUMAIOIIMM PELIEHUs, IPOBOJUTH OLICHKY
BO3MOXHBIX IUTaHOB geiictBuif B UC, BbIOMpaTh MOAXOJIAIIEE pEIIeHHE W3 MHOXECTBa
ANbTEPHATUBHBIX C YYETOM HMMEIOIIMXCS Pa3HOPOJIHBIX JAHHBIX O NPOUCHIECTBUAX, a TaKXKE
UMEIOIIMXCS 3HAaHUH 00 aBapHifHO-CIIacaTeNbHBIX OMepalysxX, MMEBIIUX MECTO B IPOILIOM,
MMEIOILIUXCS pecypcax, 0COOEHHOCTSIX MEXBEIOMCTBEHHOTO B3aUMOIEHCTBUSI.

Kpome Toro, momoOHast cucremMa TOMJEPKKHA TPUHATHS pPEUICHUH MOXET OBITh
HCIIOJIb30BaHa B KayecTBE TPEHUPOBOUHOTO MHCTPYMEHTA JJi BBISBICHHS CUIBHBIX M CIAOBIX
CTOPOH IIpH pearnpoBanuu Ha YC Ha TpaHcHopTe, MOATOTOBKE JIUL, IPUHUMAIOIINX PELICHUS.
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3aKjao4eHue

[Ipunsarue pemenuss pykoBoautenem nukBuganuu YC MpoHCXOAUT B YCIOBHSX PHUCKA
u HeomnpeaeneHHocTu. Kpome Toro, 3a4acTyio Ha MPUHATHE ONTHUMAIbHOIO PELICHUS OKa3bIBaeT
BIUsiHUE dYenoBedeckuil ¢akrop. [Ipm »>ToM HEOOXOAMMO BBIMOJHUTH BAKHEWIIWE 3aqaud —
MUHUMU3HpOBaTh mocieacTBusi or YC u wu30exaTh KEepTB 3a CYET NPUMEHEHHUS HOBBIX
OpPraHMU3aIlMOHHO-TEXHUYECKUX U MH(POPMAIIMOHHO-TEXHOJOTHYECKUX pemeHuil. Takum obpazom,
npobiema moBbIIEHUS A(G(EKTUBHOCTH YIpaBlieHYeCKUX pemieHud npu jukBuaauuun YC
Ha TPaHCIOPTE UMEET BBHICOKYIO CTENEHb MPAKTUUECKOW 3HAUMMOCTH.

OmHMM W3 YaCTHUYHBIX pa3pelieHUi aHHOW MPOOIEMBI SIBISETCS CO3/IaHUE CHUCTEMBI
NOJJEPKKH TPUHATHUS pelieHud npu JukBuaanuu YC Ha TpaHCHOpTE, MCMOJB3YIOLIEH MOJEIH,
METOAMKA U QJITOPUTMBI YIOpaBieHUs crnacaTenbHbiMM mnoapazaeneHusmu  MUC  Poccum.
JlanbHele uccleA0BaHus JTOJDKHBI OBITh HAMpaBJICHBl HA CO3JAHHE COBPEMEHHBIX MOJIEICH
MOAJEPKKH TPUHATUS PEIICHUH, HCIOJIB3YIOUUX BO3MOKHOCTH HMHTEJUIEKTYalIbHOIO aHajlu3a
JaHHBIX [ 15—17], HEUeTKOM JTOTUKH U Jp.
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WmxenepHoe 1 nHOOpMAIIOHHOE obecrieueHne 0e30MacHOCTH MIPH YPE3BBIYAHBIX CUTYaIHIX

NHXEHEPHOE U UHOOPMAILINOHHOE
OBECIIEYEHHUE BE3SOITACHOCTH
IIPU YPE3BBIYAUHbBIX CUTYALIUAX

IKOHOMMWYHOE PACIIPEJAEJIEHUE HATI'PY3KH B QJIEKTPOCETAX,
BKJ/IIOYASA BETPAHBIE JIEKTPOCTAHIMH, C TOYKU 3PEHUSA
HOBBIIIEHUA HAJJEZXKHOCTH

“Baxun Hacupuan.
Yuusepcurer llaxuna bexemru, Terepan, Upan
Eyvahidpowerelec@gmail.com

Annomayus. B HacTosIIeM WCCIEIOBAHWN HW3YyYaeTCsl 3KOHOMHYHOE paclpeiiefieHHe Harpy3KH
B DJIEKTPUYECKUX CETSAX, BKIKOYAs BETPSIHBIC HJIEKTPOCTAHIIMM, C TOYKH 3PEHHUS IMOBBIIICHHS HAJASKHOCTU
UIs  o0ecrieueHus] HaWIydIlero KadecTBa DJJIEKTPUYECKOW DHEPTUHM C TOYKM 3PEHUs CTaOMIbHOCTU
Y HEMPEpPHIBHOCTH TEpeadyd SHEPTrUM KOHEYHBIM MOJb30BaTeNsiM. Jlia mocTmkeHus 3TON Lenn Obuia
KCIIOJIb30BaHA HEYETKash CUCTEMAa C KOHKPETHBIMH BXOJHBIMHM JTAHHBIMU U TPABUIIAMHU, PETYIUPYIOLIUMU
B3aUMOJICHCTBUE MEXy HUMHU. Pacnipenenenre SJKOHOMUYECKON HArPY3KU OMPEIEISIETCS C UCTIOIb30BaHUEM
HEYETKOHN JIOTUKH U HEYETKUX BXOJHBIX JAHHBIX, a ¢ ucnoiab3oBanueM mojnenun SIMULINK u anroputma
ontumuzanuu TLBO HeueTkas 4acThb ONTUMHU3UPYETCA IJIS MOBBIICHUS HAACKHOCTH cUCTeMbl. Hayunoit
HOBH3HOM SIBIIIETCS NCIIOJIB30BaHME ABYX KOHTpoiuiepoB MVR, a Takxe anropurma TLBO s ynyumenus
HEYETKOW CEKIIUHU, KOTOPHIN HAIIPABIICH Ha MOBBINICHUE CTA0MILHOCTH U HAJICKHOCTH CHCTEMBI. Pe3yibraThl
MOKA3bIBAIOT, YTO OH HMEET JKOHOMHUYHYIO 3arpy3Ky, OTIpaBKa ObUIa BBIMOJIHEHA 0 MHUHHMAJIbHOTO
3Ha4YeHHs], CHCTeMa Oblla CTa0MIM3MPOBaHA, a €€ HaJeKHOCTh TOBbIMeHa. HakoHer, nccienoBanne ObIIO
BaJIMIMPOBAHO C TIOMOIIBIO TIpOrpaMMHOT0 obectieueHuss GAMS, 1 pe3yabTaThl ObUIA TTOATBEPKIACHBI.

Kntouegvle cnosa: BO300HOBISieMass DJHEPreTWKa, OSKOHOMHYHOE paclpeiesieHHe Harpy3KH,
BETPOTYypOMHA, HEUETKAs CHCTEMA, HaJIe)KHOCTh YHEPTOCUCTEM

Jna nurupoBanusa: Hacupman Baxun OKoHOMHYHOE pacrpesefieHHe Harpy3Kd B SJIEKTPOCETSIX, BKIFOUAs
BETPSHBIC 3JIEKTPOCTAHLIMM, C TOYKM 3PEHHS MOBBIICHUS HaleKHOCTH // [IpupoaHble U TeXHOTEHHBIE PUCKU
(pu3mnko-MaTemaTuueckue u MpUKIaaHbIe acnekTsl). 2022, Ne 3 (43). C. 47-57.

ECONOMIC LOAD DISPATCH IN POWER GRIDS INCLUING WIND FARMS
FROM A RELIABILITY UPGRADING PERSPECTIVE

™Vahid Nasirian.
Shahid Beheshti university,Tehran,Iran
Eyvahidpowerelec@gmail.com

Abstract. The present research studies the economic load dispatch in power grids including wind
farms from a reliability upgrading perspective to deliver the best quality electrical energy in terms
of steadiness and continuity in energy transfer to subscribers. A fuzzy system with specific inputs
and the rules governing between them has been used to achieve this goal. Economic load dispatch is detected
using fuzzy logic and fuzzy inputs and using the SIMULINK model and TLBO optimization algorithm,
the fuzzy part is optimized to upgrade the reliability of the system. The innovation used two MVR
controllers as well as the TLBO algorithm for improvement of the fuzzy section, which aims to increase
the stability and reliability of the system. The results indicate that it has an economic load dispatch was done
up to a minimum value and the system was stabilized and its reliability has been increased. Finally,
the research was validated using GAMS software and the results were confirmed.

Keywords: renewable energy, economic load dispatch, wind turbine, fuzzy system, reliability of power
systems

© Cankrt-IletepOyprekuii yausepcuret I TIC MUC Poccuw, 2022
47



[Ipupoanble ¥ TEXHOTEHHBIE PpUCKH ((hPU3HKO-MaTeMaTHUECKHe U IPHUKIaTHBIe actieKThl). Ne 3 (43)-2022

For citation: Nasirian Vahid. Economic load dispatch in power grids incluing wind farms from a reliability
upgrading perspective // Prirodnye i tekhnogennye riski (fiziko-matematicheskie i prikladnye aspekty) =
Natural and man-made risks (physico-mathematical and applied aspects). 2022. Ne 3 (43). P. 47-57.

Introduction

The use of wind power as a source of renewable energy that is free of environmental
pollution is increasing because of the depletion of fossil fuels and their adverse effects. Therefore,
a lot of research has been done on the amount of capacity that can be installed in wind power plants
alongside conventional thermal power plants. Research has also been done in this area.
In [1], Seyed Shenava et al. (2015) provided methods for finding the voltage stability zone, both
in permanent and transient states, and power generation by wind power plants for power systems.
Due to the lack of change in stability and approaching the voltage breaking point, they also
provided the desired active and reactive injectable load and power to the network. In [2] Monsef
et al. (2010) proposed a method for modeling wind power. This method, which is a combination
of simulation and analytical methods, initially the mechanical behavior of each wind farm turbine
is modeled by the Monte Carlo method sequentially and according to the wind speed of the region,
the Markov model is used to model the final output power of the wind farm. In reference [3],
Ahmadi et al. (2011) calculated reliability indices using MATLAB software in the presence
and absence of wind power plant and compared the results. Also, using these indicators,
the economic analysis of this project was performed. In reference [4] Ramezani et al. (2012),
modeled and analyzed the effect of wind power plants on the interchangeability between regions.
For this purpose, Monte Carlo simulation and optimal load dispatch method were used to model
and evaluate the probability of interchangeability. In the proposed method, the constraints related
to the production resources, the thermal limit of the lines, and the allowable voltage of the buses
have been considered in evaluating the exchangeability. In reference, Elyasi et al. (2014) proposed a
new method based on minimum discontinuity sets for modeling reliability, reliability assessment,
and reliability-based analyses in combined power systems with Bayesian networks,
and the proposed method was launched in the RBTS network.

In Reference [5], Jabbari et al. (2014) showed that a fixed-speed wind turbine converter
is more reliable than a wind turbine converter with a dual-feed induction generator, and in this
regard, a wind turbine with a dual-feed induction generator is superior to a wind turbine with full-
capacity frequency converter. In reference [6], Akbari (2013) presented a study entitled «Optimal
resolution of the economic load dispatch issue with the presence of wind power plant using genetic
algorithmy. In reference [7], Ghasemi et al. (2012) presented a study entitled «Economic load
dispatch based on the improved ABC method with nonlinear constraints». The results obtained
from the proposed algorithm were compared with other algorithms and showed the efficiency,
accuracy, and speed of this algorithm in solving the problem of economic load dispatch.
In the present study, economic load dispatch using fuzzy logic and TLBO optimization algorithm,
which optimizes the fuzzy section, has been used for wind power plant reliability.

Research modeling

In this research, a new approach of economic load dispatch has been studied to minimize
the cost of generating electricity in wind turbines. Due to the uncertainty in such systems, fuzzy
logic is considered as an efficient system and in general, combining the fuzzy logic system
with Mamdani inference with the TLBO algorithm can solve the problems in economic load
dispatch in power systems and renewable energies such as wind turbines. The simulation
is performed in the coding and Simulink environment of MATLAB.
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Due to its unpredictable and variable wind energy characteristics, its integration into
production systems will cause the operator to worry about system security. Inputs include parameter
control current (PCC), fitting variance for the TLBO algorithm (FitVal), and wind speed (WS).
The output is also the for economic load dispatch parameter control (LDPC). In general, Mamdani
fuzzy inference system is as shown in pic. 1.

- Fuzzy Logic Designer: Untitled = =
File Edit View

-
-
Heme
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| FIS Name: Untitled FIS Type: mamdani |

And method Current Variable

Or method e

T
implication R

Range
Aggregation
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5 5
MR

Opening Membership Function Editor |

Pic. 1. Mamdani fuzzy inference system in this research

The fuzzy level, which represents the output of the fuzzy problem, is shown in pic. 2.
The utput of this fuzzy section is sent to Simulink and in the case of economic load dispatch
in the wind turbine is sent in its block diagram in Simulink, and also the output of this section
is sent to the TLBO algorithm for optimization.

Fitval LA PCC

Pic. 2. Fuzzy surface

At the beginning of creating the wind turbine structure and economic load dispatch model,
general settings for simulation should be provided. The wind turbine needs adjustments. This data
is embedded in an Excel file and entered into existing codes and Simulink. This data is related
to the general adjustments of a wind turbine, and datasets of Turkey and northwestern regions
of Iran as well as Miller & Keith datasets have been used to extract the data.

Then the wind turbine block diagram should be modeled for optimal economic load dispatch
in the Simulink environment. Wind turbines should also be designed for this purpose. This design
is done in Simulink, and the main and completed model is in the form of pic. 3.
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Pic. 3. Simulink model of wind turbine for optimal economic load dispatch

The main components of this model are created by two fuzzy variable controllers called
MVR. The upper MVR is for the fuzzy part and the lower MVR is for sending the output port
to the command line and then using the TLBO algorithm, which together provides a Fuzzy-TLBO
structure and receives their commands from the command line when executing the available codes.
There are subsystems in this Simulink. The subsystem, which has two parts, once receives
the complete information of the wind turbine and once receives it as a fuzzy part with uncertainty.
There is also a part called UPQC, which is one of the control blocks in Simulink in MATLAB,
which is a Distributed generation (DG) part on which control loops in the system are applied.

The fuzzy controller is shown in Figure (4) and shows the complete structure of the fuzzy
output section and sending to the command line as input of TLBO algorithm is as shown in pic. 5.
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Pic. 4. Fuzzy controller

Pic. 5. View of the complete fuzzy output structure and sending to the command line
as input to the TLBO algorithm with full settings
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The data entered for the connection of nodes in the wind turbine can be shown in pic. 6.
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Pic. 6. Node connections in the wind turbine microgrid

Also, the errors in the wind turbine in terms of percentage during the optimal transfer
and distribution of loads on the wind turbine surface are as shown in pic. 7. This output can
consider the reliability of a wind turbine system in economically optimal load dispatch.

120 140

103 Error in Percentage

i

a 80

—_—

Pic. 7. Errors in wind turbines in percentage during optimal transmission and distribution times

The system errors are small and its maximum is 1.6 and the system works with 98.4 %
accuracy. At the end of the work, the dispatch of economic load starts from a certain amount
and is done up to a minimum amount.

Total Losses : 95.1758 kW
———————— PHASE VOLTAGES ——— oo

NODE VD (pua) VAN (deg) VBn (pu) VEBn (deg) VCn (pu) VCn (deg)

N1 0.88972 < —-0D.6606 1.0075 < —-120.3300 1.0009 < 119.&6149
Nz . 1.0073 < -120.3344 .

N3 0.9993 <« 11%.5827
N4 0.8%858 <« 119.5724
NS 0.8%980 < 119.5575
e 0.85974 < 119.5447
N7 0.9877 < -1.145%9 1.0057 < -120.5938 0.9951 <« 11%5.3604
Ng 0.9816 < —-1.4680 1.0045 < -120.7692 0.9912 <« 11%.1856
na 0.9801 < -1.45%73%

N10 0.8781 < -1.5387

N1l 0.8778 <« —-1.5445%5 .

Niz2 . 1.0042 <« -120.7749 .

N13 0.9734 < -1.9153 1.0023 < -121.0158 0.9854 < 118.89&65

Pic. 8. Optimal economical load dispatch analysis in wind turbines using fuzzy system
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The results indicate that the optimal economic load dispatch in the wind turbine using
the fuzzy system has been done to a minimum.

Total Losses : 97.3858 kW
———————— PHASE VOLTAGES —————mm oo

HCODE VAN (pu) WVan (dedg) WBn (pu) WBn (deg) VCn (pu) VCn (deg)

N1 0.5971 <« -0.6474 1.0074 <« —-120.3275 1.000% <« 115%.6171
e . 1.0072 < —=120.331% -

W3 0.9993 < 112.5851
H4 0.9988 <« 112.5748
M5 0.59980 < 119.5601
He 0.9974 < 119.5473
N7 0.9876 < —1.1228 1.0056 < —120.5896 0.9951 < 119.3643
H3 0.981494 <« —-1.4381 1.0043 < —-120.7637 0.9812 < 112.1905
gl 0.59799 < —1.4875

HN10 0.9779 <« —-1.5070

N1l 0.9776 < —-1.5133

i e . 1.0040 < —-120.7694 -

N13 0.8731 <« -1.875¢6 1.0020 « —-121.0084 0.5854 <« 118.%030

Pic. 9. Optimal economical load dispatch analysis in wind turbines using a combination of fuzzy
system and TLBO algorithm

The results show that the optimal economic load dispatch in the wind turbine has been done
to a minimum by using a combination of the fuzzy system and TLBO algorithm, and the reliability
of the system has increased compared to the case where only the fuzzy system has been used.
The system has become more stable and its reliability has increased.

The work is compared with a sample of work done, which shows that the convergence
in the two works has been done from a value to a minimum. Pic. 10 is an example
of a combined study of economic load dispatch and reliability assessment with the PSO-SIF
algorithm.
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Pic. 10. Convergence characteristic of the experimental system with the PSO-SIF algorithm [10]

Then another simulation is performed in the GAMS environment. In this research, CPLEX
has been used, which allows the combination of advanced and optimal modeling for statistical
analysis. CPLEX optimizer is for solving difficult problems with minimum runtime to show
the best result. Execution time is as shown in pic. 11.
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COMPILATICH TIME 75 0.000 SECCHDS 3 MB 24.1.2 r40%79 WEX-WEI

GAMS 24.1.2 r40979 Released Jun 16, 20123 WEX-WEI x86 6&4/MS5 Windows 11/01/18 16:42:29 Page 2
JETE T o R T - N Al g eb.rai-cC Modeling bt T B R |

Equation Listing SOLVE MINCOST Using LP From line 45

Pic. 11. Run time

A, B, C, and D are the four main parameters of the program. The cost calculation formula
is as shown in pic. 12.

———— COST =E= TOTAL COST
COST.. - 2*P(A) - 17*B(B}) - 20%P(C} - 28*P(D) - S*R(C) - T*R(D} + Z =E= 0 ;
(LHS = 0)
Pic. 12. Cost calculation formula

The maximum capacity at the time of optimal economic load dispatch in the wind turbine
is as shown in pic. 13. The maximum energy capacity is 250 for A, 230 for B, and 240 for C.

-——— MAXC =L= MLXTMUM CAPACTTY

MAXC({A).. P{A) + R{A) =L= 250 ; (LHS = 0)
MAXC(B).. P(B) + R(B) =L= 230 ; (LHS = 0)
MAXC(C).. PB{C) + R{C) =L= 240 ; (LHS = 0)

REMATNING ENTRY SEIFPFPED

Pic. 13. Maximum capacity during optimal economic load dispatch in wind turbine

The maximum capacity to hold energy can be seen in pic. 14. The maximum capacity
to hold energy is zero for A, 160 for B, and 190 for C.

—-——— MAXRER =L= HMaAX ERESERVE

MAXRR(A).. R(a) =I= 0 ; (LHS = 0)
MAXRR (B).. R(B) =L= 160 ; (LHS = 0)
MAXRR (C).. R(C) =L= 190 ; (LHS = 0)

REMATINTNG ENTRY SEIFFED

Pic. 14. Maximum capacity to hold energy

Determining the cost probabilities for the 4 inputs is as shown in pic. 15.
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-—— P
B (&)
(..o, .L, .UP, .M = 0, 0, +INF, O)
-2 COST
A MAXC (B)
1 BALANCE
B(B)
(..o, .L, .UP, .M = 0, 0, +INF, O)
-17 COST
51 MAXC (B)
2 BALANCE
B(C)
({.Lo, .L, .UP, .M = 0, 0, +INF, O)
-20 COST
a1 MBXC (C)
1 BALANCE

Pic. 15. Determining cost probabilities for 4 inputs

Determining the actual cost for the 4 inputs are as shown in pic. 16.

—— R
R (4)
(..o, .L, .UB, .M = 0, 0, +INF, 0)
1 MAEXC (B)
1 MAXRE (1)
1 MINRESERVE
R(E)
{ L0 L OB iMo=205-00+INF:0)
1 MAEXC (B)
1 MAXRR (B)
1 MINRESERVE
R(C)
(.Lo, .L, .UP, .M = 0, 0, +INF, 0)
-5 COST
1 MAXC (C)
1 MAXRE (C)
1 MINRESERVE

Pic. 16. Determining the actual cost for 4 inputs

Pic. 16 shows the loops used in the program. So that, a «for» or «while» loop is used.
The number of blocks of equations for the statistics of the proposed model is equal to 5, the number
of blocks of variables is equal to 3, the number of non-zero elements is equal to 27, the single
equations are equal to 11 and the individual variables are equal to 9. Production and execution
were done immediately.
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LOOPS FOR/WHILE b

MODEL STATISTICS

BLOCKS OF EQUATICHS 5 SINGLE EQUATICNS mla

BLOCKS OF VARIABLES 3 SINGLE VARIABLES 9

NON ZERO ELEMENTS 27

GENERATION TIME = 0.000 SECONDS 4 ME 24.1.2 r403979% WEX-WEI

EXECUTICH TIME = 0.000 SECONDS 4 ME 24.1.2 r403979 WEX-WEI
LOOPS FOR/WHILE 1

Pic. 17. Program specifications in terms of equations

Pic. 17 shows a summary of the solution using CPLEX. There are restrictions on the use
of resources and the iteration counter.

SOLVE SUMMARY
MCDEL MIHCOST CBEJECTIVE Z
TYPE LP DIRECTION MINIMIZE
SOLVER CFPLEX FRCHM LINE 45
*&%% SOLVER STATUS 1 Hormal Completion
*#%% MODEL STATUS 1 Optimal
*##%% OBJECTIVE VALUE 1800.0000
RESQURCE USAGE, LIMIT 0.500 1000.000
ITERATION COUNT, LIMIT 2 2000000000

Pic. 18. Summary of the solution

Pic. 18 shows the economical distribution costs of optimal load dispatch in a wind turbine,
which has 4 modes including Lower, Level, Upper, and Marginal for 4 inputs including A, B, C,
and D.

LCWER LEVEL UPFPER MBRGINAL
-——— EQU COS5T i i 3 1.000
COST TOTAL COST

--—- EQU MAXC MAEXTMUM CAPACITY

LOWER LEVEL UFPPER MARGINAL
B -INF 250.000 250.000 -15.000
B -INF 210.000 230.000
C -INF 890.000 240.000
D -INF . 250.000

Pic. 19. Economic distribution costs of optimal economic load dispatch in wind turbines
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Pic. 19 shows the maximum reserved costs of economical distribution of the optimal
economic load dispatch in a wind turbine in 4 modes including Lower, Level, Upper, and Marginal
for 4 inputs including A, B, C, and D.

—-——— EQU MAXRR MAX RESERVE

LCWER LEVEL UFPPER MARGINAL
B -INF ' ' '
B -INF 160.000 160.000 -5.000
C —-INF 90.000 190.000
D —-INF . 150.000
LOWER LEVEL UFPPER MALRGINAL
—-——-— EQU BALANCE 300.000 300.000 300.000 17.000
—-——- EQU MINRESEEVE 250.000 250.000 250.000 3.000

Pic. 20. Maximum reserved costs of economic distribution of optimal economic load dispatch
in wind turbines

The results obtained with GAMS software confirm the accuracy of the results of the work
done with Simulink.
Conclusion

The purpose of this study is the economic load dispatch in power grids including wind farms
from a reliability upgrading perspective. By running the Simulink model of wind turbine
for optimal economic load dispatch, first, the fuzzy part is executed and then it is sent
to the Simulink model. The TLBO algorithm gives a high MVR optimization based on the fuzzy
system and, when executed, shows the various outputs of the system, indicating that the system
is working almost intermittently and that the optimization has taken place, which is the argument
for optimization. Economic load dispatch at the end of the research has been determined to be done
after optimization to a minimum value. In this research, economic load dispatch is done
to a minimum value at the end and the system error is low (about 1.6) and to reduce error from this
value to lower values, other methods can be tried for future work.
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Kniouesvie  cnosa:  MoOunbHOE  TPWIIOKEHWE, Ype3BbIYaiiHAs  CUTyauus, TrpadUuecKuil
MOJIL30BATENILCKUI HHTEPEHC, PEKUM, MOJENb IIOBEICHHS, PUCK

Jna uutupoBanmsa: Boctpeix A.B., Marsees A.B., Mensenesa A.A., llommeuak W.U. TpeGoanus
K pa3paboTke wuHTEpdeiica MOOWIHHOTO TPWIOKCHUS U1 B3aUMOJICHCTBHS C OKCTPCHHBIMH CITy>KOaMuU
B YCIOBHSIX Upe3BbIYaliHON curyanuu // [IpupomHble W TEXHOTCHHbIE PUCKU ((PH3UKO-MATEMATUYECKHE
Y TIPUKJIaIHbIC acniekThl). 2022, Ne 3 (43). C. 58-67.

REQUIREMENTS FOR THE DEVELOPMENT OF A MOBILE APPLICATION
INTERFACE FOR INTERACTION WITH EMERGENCY SERVICES IN THE
CONDITIONS OF EMERGENCY SITUATION

“Alexey V. Vostrykh;

Alexander V. Matveev;

Anna A. Medvedeva;

Ivan L. Popivchak.

Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
Ha.vostrykh@list.ru

Abstract. Based on the models of people's behavior in extreme situations, the article proposes
the introduction of a four-mode graphical user interface into specialized mobile applications, which will
simplify the process of interaction between users who find themselves in an emergency situation
with emergency services. Also the capabilities of different modes can increase the detail of incident reports,
as well as make it possible to predict the quantitative composition of forces and means necessary
for the successful elimination of an incident. The developed modes and their functionality are based
on research conducted in the field of psychology and behaviorism.

Keywords: mobile application, emergency, graphical user interface, mode, behavior model, risk

For citation: Vostrikh A.V., Matveev A.V., Medvedeva A.A., Popivchak LI. Requirements for the development
of a mobile application interface for interaction with emergency services in the conditions of emergency
situation // Prirodnye 1 tekhnogennye riski (fiziko-matematicheskie i prikladnye aspekty) = Natural and man-made
risks (physico-mathematical and applied aspects). 2022. Ne 3 (43). P. 58-67.

© Cankrt-IletepOyprekuii yausepcuret I TIC MUC Poccuw, 2022
58



WmxenepHoe 1 nHOOPMAIIOHHOE 0becriedueHne 0e30MacHOCTH IPH YPE3BBIYAHBIX CUTYaIHIX

Beenenune

B coBpeMeHHOM MHUpeE PUCK 0Ka3aTbCs B 3KCTPEMAIIbHON CUTyallMM IIOCTOSIHHO BO3PACTaeT.
JUiss MUHMMH3ALUU TIOCIEACTBUA M COXPAaHEHHWs] JKU3HU U 370POBbS HACENCHHs YYEHBIC
U HCCIEAOBAaTENM IIOCTOSHHO HAXOJATCS B IIOMCKaX HOBBIX pemieHuid. Tak, B CBA3M
CO CTPEMUTEIbHBIM pa3BUTHEM IU(POBHIX TEXHOJOTHMM B MacCOBOE HCIIOJIIb30BaHHME BCE dallle
BHEIPSIIOTCSL  CIEHUANIU3UPOBAHHBIE  MOOWIbHBIE  MPWIOKEHUS, MpeJHa3HAYCHHbIE  JUIA
WCIOJIb30BAaHUs JIMI[AMH TPaKJAHCKOTO HAaceNeHUs, a TaKKe COTPYIHHUKAMH SKCTPEHHBIX CIIyXO
Ha 3Tare pearupoBaHus Ha upesBbluaiinble cutyannu (UYC) u apyrue npoucmectsus [1, 2].

C mnomouplo Ccrenuanu3upoBaHHBIX IPUIOKEHUN YIPOILIAETCSI M YCKOpPSIETCS IpoLEece
BBI30Ba HKCTPEHHBIX CIYXKO IpakJaHaMHU, OKa3aBIIUMUCS B SKCTPEMANIbHBIX JJIs )KU3HU U 37I0POBbS
CUTyalusiX, a TaKKe IOBBIINIAeTCS MH(POPMATUBHOCTh COOOIIEHHUN O TMPOUCIIECTBUSAX 3a CUET
AKTHUBHOTO y4YacCTHsI OYEBHUIIEB U MYJbTUMEIUMHBIX BO3MOXHOCTEH cMapTdonoB [3-5].

HecmoTpss Ha Bce JOOCTOMHCTBA MCIOJNB3YEMOIO B HACTOSLIEE BpEMS IPOrPaMMHOIO
o0ecrieyeHus, CyIIEeCTBYeT OOBEKTHBHAS HEOOXOJMMOCTh MOBBIMIEHUS €ro 3()QEeKTUBHOCTH.
[Ipobneme OLEHKM KayecTBa MOOWJIBHBIX HPWIOKEHUH JUIS B3aUMOJECHUCTBUS C SKCTPEHHBIMU
ciy>)k0aMu OBLITM TIOCBSIILIEHBl MHOTOYKCIICHHBIE HCCIIEIOBaHUS, PE3ylbTaThl KOTOPBIX MOKa3alH,
YTO HanOoJiee yA3BUMON YacThIO TAHHBIX MPUIOKEHUHN SBIISETCSA TpaduuecKuil moab30BaTeIbCKUI
unrepdeiic (I'TIN) [1, 2, 6-8]. Cpear OCHOBHBIX HEIOCTAaTKOB BBIIEISIOT: Pa3aPaKAIONIYIO
[[BETOBYIO CXEMYy, HEUWTaeMblii MIPUPT, HPPALHUOHATIBHOE pAaCIOJIOKEHHE WHPOPMALUOHHO-
(YHKIMOHATBHBIX JJIEMEHTOB, MHOTO3HAYHbIC WKOHKH, HETOHSATHAs JIOTWKAa B3aUMOJCHCTBHUS
C mpuiIoXeHuem u ap. [1, 2].

MeToanbl HccJie10BaHUA

B HacTosmel craThe OCHOBHOC BHUMAHUE aKIIEHTUPYETCSl Ha TOBBIIICHHH (()EKTUBHOCTH
I'TIN npunokeHWit B acleKTe JIOTUKH B3aUMOJCUCTBHS IMOJb30Barenell ¢ narepdericamu. Hoswie
I['TIN npunmoxeHuil mnpenjaraeTca MNPOCKTUPOBATh HAa OCHOBE MCCIEIOBAHMM, MPOBEICHHBIX
B oOmactu OuxeBuopusMa. [laHHBIE, MOJIYYCHHBIE B pe3yibTare HAOMIOACHHWIA 3a IMOBEICHHEM
TMOJEH, OKa3aBIIMXCA B DJKCTPEMAalbHBIX CHUTYallUsX, CBHUACTEIBCTBYIOT O HEOOXOIUMOCTH
BHenpeHusd B ['TIM mHoropexxnuMHoi# koHuenuuu [3, 4].

[Ipy NOBEpXHOCTHOM aHalu3€ MPOOJIEMATHKH MOKET CIOXKHUTHCS JIOXKHOE BIEUaTICHUE
O TMOBEACHUU JoJe B ycioBusax mnpoucmiectBuidi 1 YC. ABTOpbl MHOTHX HCCIE€IOBaHUN
paccmarpuBaoT npu YC denmoBeka B YCIOBHUSAX TMAHUKH, NPHUHUMAIONIETO MO OOJbIICH YacTh
MppalMoHANIbHBIC pelieHus. J[BIKeHHEe K MyTSIM dBaKyallil XapaKTepU3YIOT Kak OecropsaouyHOoe
U HempeJcKazyemMoe. ITO MPUBOAUT K HEJIOCTOBEPHBIM BHIBOJIAM O MOTPEOHOCTSAX, TPeOOBAHUSIX
Y BO3MOKHOCTSIX MOTEHIUANBHBIX MOJIb30BaTENEH ClICUATU3UPOBAHHBIX MPUIIOKEHUMN.

Ha camoM pene mnpoBeleHHBbIE HCCIEAOBaHMS IIOKa3alld, 4YTO T[OBEJCHHE 4YeIOBeKa
B ycnoBusix UC MoxeT ObITh CMOJEIMPOBAHO JOCTATOYHO TOYHO. PaccMOTpUM MpuUMeEp THUIIOBOTO
MPOUCIIECTBHSI, KOTOPO€ JEMOHCTPHPYET TMOTPEOHOCTH TOTEHIIMANBHBIX  IOJIb30BaTEIICH
B OMNpeneln¢HHBIX (QYHKIUSIX ¥ BO3MOXKHOCTSX CICUUATU3UPOBAHHBIX MOOWIIBHBIX MPUIOKCHHM,
a TaK)Ke HEeJOCTAaTKU CYIIECTBYIOIIUX CIIOCOO0OB BBI30BA SKCTPEHHBIX CITYKO.

JlommycTrM, TPOU30IIEN MMOXKAp HAa MEPONPUATHHM C MACCOBBIM MpeOBIBAaHWEM ITIOJICH.
[lepBble OuYeBHIIBI HAYMHAIOT 3BOHUTH B MPOTHUBOMNOXKAPHYIO CIYKOy, CTapasch ONHUCATh
MIPOMCIIECTBHE U CBOE MECTONOJIOKEHNE. Tak Kak MeCTO MPOUCHIECTBUS OYEBUALIAM MOXKET OBITh
HE 3HaKOMO, UM OyAET JOCTaTOYHO CJIOKHO TOYHO OIMHKCATh MECTO O4ara moskapa U ero macmrao.
Taxke OHM MOMNBITAIOTCA H3JIOKUTH JETadd OKpY’Kalolleld OOCTaHOBKH, CTENEHb M XapaKTep
pasBuTus npoucmectBus. Oneparop cuctembl-112 uau aucneTdep NpOTUBOIIOKAPHON CITYKOBI TPH
MOJyYeHUH BBI30Ba OYyIET CTPEeMUTHCS MONYYUTh KakK MOXHO Oosblie uHGpOpMaIU
O TIPOUCHICCTBHM, TIOMOTasi IMOTEPIEBIINM OTBETUTh HAa BOMPOCHL, YTOOBI HAMPABUTH
COOTBETCTBYIOIIME CIY)XKObI B HEOOXOJUMOM KOJHYECTBE K MeECTy BbI3oBa. Ha MoOMeEHT
MOCTYIUICHUS TIEPBBIX COOOIIEHWH O Tmoxkape uHPOpMAIUs O €ro XapakTepe U MecTe
BO3HUKHOBEHHMS MOXKET OKa3aTbcs He TOUHOU. C TeueHHeM BPEMEHU YUCIIO BHI30BOB B 3KCTPEHHYIO
CIy)0y pe3KO BO3pacTeT, €CIM MaciiTad TMoxapa OyIeT yBeIW4HBaThCA, W BCE Ooubliee
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KOJMYECTBO JtoJIel OyIyT CTaHOBHUTbCS OdeBHALAMU. TakuM oOpa3oMm, CyIeCTBEHHas 4YacTb
nocrpagaBmInx C€ TCUCHUECM BpPCMCHU HCE CMOXCT HOO3BOHUTLCA W IMOJNYYUTH H€O6XO,Z[I/IMYIO
uHpOpMAIIMIO, YTO TMpHBENET K IOBBIIICHHIO UX CcTpecca. B To ke Bpemsl IOKa IepBbIe
criacaTeNbHble MOJpPAa3JeNIieHusl J00epyTcsi 0 MecTa IMPOMCHIECTBUS W MPOBEAYT pPas3BEKY,
3a,Z[eI>'ICTBOBaHHOFO KOJNMYCCTBA CHII U CPCACTB YIKC MOKCT 6I>ITB HEAOCTAaTOYHO JId JIOKaJIU3allun
U JIMKBUAAOWU TII0’Kapa, 4YTO HOTpGGyeT MNPUBJICYCHUA OOMOJHUTCIBbHBIX CHUII U CPCACTB
Mo panuocBsizu. JlaHHble (aKkTOpbl MOTEHLHUAIBLHO MOTYT NMPUBECTH K YBEIMUYEHHUIO MAaclITaboB
OencTBus. TakxKe COMYTCTBYIOIIMMHU MPOOJIEMaMU 3KCTPEHHBIX CIY)XO B TaKUX CUTyalUsIX MOTYT
OBITh:

— Tmeperpy3ka JMHHUHA CBSI3U, YTO HE TIO3BOJUT OECHpPENATCTBEHHO JeNaTh BBI3OBHI
B OKCTPEHHYIO CHY)KOy M TONy4daTh TOJHYIO, Oojee moapoOHyr HWHOOpMAIMI0 OYEeBHUIIAM
" IOCTpadaBUINM;

— 3aJiep’KKa B OIPENCICHHH TOYHOTO MECTOIOJIOKECHHSI TPOUCIIECTBUS, YTO CIIOCOOCTBYET
Pa3BUTHIO MOXKAPA M OCIOKHSIET MOCICTYIOIIYIO €r0 JIMKBUIAIHIO;

— OTCYTCTBUC MIOJIHOU I/IH(bOpMaL[I/II/I 0 IOCTpaJJaBIINX, UX KOJIUYCCTBC U MCCTOIIOJIOKCHUU.

CYH_IGCTBYIOH_II/IG CIICUAJIM3UPOBAHHBIC MOGI/I.HBHBIG MNPpUIIOKCHUA OTYACTH PCIIANOT
BBISIBJICHHBIE TMPOOJEMBI, HO HUMEIOT PAJl CEPbE3HBIX HEJOCTATKOB, KOTOPHIE MOTYT CTaTh
yCcyryosirorumM (GpakTopoM B MPOLIECCE CaMOCIIaceHus UX MoJib3oBaTeneid. OQHUM U3 HUX SIBISIETCS
Huszkas dddexrusHocts ['TIM mpunoxxkenuit B acmekte yaoOcTBa wucmoiab3oBaHus. [locnmemnue
pa3paboTKy MPUIIOKEHUN HAMETHIIN TEHICHIIUIO B MOJO0KUTEIBHOM HAIPaBICHUN HEUTpanu3aiuu
3TOTO HemocTaTka. Tak, B pabore [7] aBTOpHI MpeyiaraloT HCIOIb30BaTh B MPHIIOKEHUSX TPH
pexrmMa B3auMOJEHCTBUS:

— «B OJIHO KacaHUe;

— «MHTEPAKTUBHOEY;

— «gary.

B Hacrosmen crarbe IMpemaraeTcsi pacllupUTh 3Ty KOHLENLUIO BHEIAPEHUEM 4YE€TBEPTOIO
PEeXHUMa, OCYILECTBISIONUIETO B3aUMOJICHCTBUE C IPUIIOKEHUEM TTOCPEICTBOM 3BYKOBBIX CHUTHAJIOB,
a uMeHHo peun. [IpeanoceiIkaMu K MPeaoKeHHOMY YCOBEPUICHCTBOBAHUIO CTAJIM MCCIIEAOBAHNUS,
MPOBEJICHHbIE B OOJACTH aHalIM3a MOBEACHHUS JIIOJIEH B AKCTPEMAJbHBIX CUTYalUAX, KOTOpHIE
MO3BOJIMIIM OO0JIee JIeTAIbHO MOHSTH BO3MOXKHOCTU YeJIOBEKO-KOMITBIOTEPHOTO B3aUMOICHCTBHUS
B YCIIOBUSIX MIPOUCIIECTBUI M CTPECCOBBIX CUTYAIIUH.

Pe3yabTaThl cciie1oBaHUS U UX 00CYKIeHHe

B cBoux Hayunbix uccinenoBanusx O.JI. Kapanrtenmu [3] m JIx. Hpypu [4] npuiim
K BBIBOJZlY, 4TO JioAu B ycioBusx YC Moryt Bectu ceOs allbTPYMCTUYHO, CIIOKOMHO M 3a4acTyIO
CIOCOOHBI 3aIUTUTH ceOst M cBOMX Onm3kux. OQHAKO B 3HAYUTEIBHON CTENCHH MPOIECC PUHSATHUS
pelieHuil 3aBUCUT OT HMX OKpyXeHus. Haxonsch B Toisme, J0AM 4Yalle NEpeKiIaJblBalOT
OTBETCTBEHHOCTh B TPUHSATUU pEIICHUH Ha OKPYKAIOIIMX, B OXUIAAHUM TOrO, Kak Te OyayT
JIENCTBOBATE.

B cBoeit qucceprannn «KoMnproTEpHOE MOAECIUPOBAHNE UHANBUAYAIBHOTO U COLUUAIIBHOTO
noBeaeHus mnpu sBakyauun» [8] K. [lan mnpeminoxkun wMoaenu TMOBEICHUS JIIOACH MpH
BO3HUKHOBEHHUH IOKapa Ha 00BbEKTaX ¢ MAacCCOBBIM U KPYIJIIOCYTOYHBIM MpeObIBAHUEM (HAIIPUMED
HOYHOHM KIIyO, TOPrOBBbIi LIEHTp, OONBHUIIA W T.A.). BBUIM BBIJACICHBI CIEAYIONIUE BapUAHTHI
NEUCTBUSL JIOJIed B Mpollecce HBaKyalldd: OPraHu30BaHHOE IEpEeMENICHUE K BBIXOIY;
«COTIepHUYECTBO» B OOphOe 3a (hu3mueckoe MPOCTPAHCTBO B TOJIE; CIEAOBAHUE 3a JIMIEPOM;
ANbTPYUCTUUYECKOE TIOBEACHUE; CTAAHOE MOBE/ICHNUE.

Bapuantsl A€MCTBUM  HampsMYyI0 CBS3aHBl C  IPOLECCOM  IPUHATUS  PELICHUN
B JKCTpeMalIbHbIX cUTyauusx. K OCHOBHBIM (akTopaM, BIMSIOIIMM Ha 3TOT MPOLECC, MOMXKHO
OTHECTH:

— (hU3MYECKUe XapaKTEPUCTHKHU YeJIOBeKa (BO3pacT, MMOJ, pa3Mep Teja, BEC U T.11.);

— XapaKTepUCTHKU OKpYXaromliel cpeabl (reoMeTpUUYeCKHe XapaKTEpUCTHKU IMOMEILEeHUH,
(YHKIIMOHMPOBAHHUE CUCTEMBI OTIOBELICHUS U YIPABICHUS IBaKyaluei);

— IICUXOJIOTHYECKHE W COIMAIbHBIE  XapPaKTEePUCTUKH  (MCUXO(PHU3UOIOTUIESCKUE
0COOCHHOCTH JTI0JIeH, HATMYHE COIMANIBHBIX CBSI3eH MEXY JIt01bMu) [9].
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BoNbIIMHCTBO CyIIECTBYIOUIUX MMOAXO0/I0B K MOAECTMPOBAHUIO CIIACEHUS U 9BAaKyalluu JIIOAEH
u3 30861 YC UTHOPUPYIOT KOTHUTHBHBIE BO3MOXKHOCTH YeNIOBEKA, peasn3yroTcs (akTuiecku 0Oe3
ydyeTra aHaiu3a IOBEJCHUS JIOACH, a TakKe 3aBUCUMOCTU BIMSHHUS HW3MEHEHUS COCTOSHUS
OKpY’Kalolllel cpe/ibl M COLUAIbHOIO MOBEACHUS Ha pe3yibTaT NpUuHITHs peuieHui. B cratbe [10]
II. TantT 1 P. I'anTT ycTpaHAIOT 3TOT HENOCTATOK IIyTEM BHEAPEHUS I10KA3aTEIC KOTHUTUBHBIX
BO3MOXXHOCTEH Jronedl B anroputmsl noseneHuss npu YC. Takke aBTOpPBl yTBEPKAAIOT, YTO
COLIMAJIbHBIE CBSA3M MEXY JIOJbMU, OKa3aBIIMMUCA BMecTe B cuTyaunu YC, yKperuisitoTcss 1 MOTyT
Jla’ke Co3aBaThCsl 3aHOBO.

B cBoeit crarbe P. Ileppm u M. I'pun [11] onuchiBaroT mporecc NPUHSATHS PEIICHUS
JIOObMH, OKazaBmmmucs B ycioBusix UYC, xapakTepus3ys €ro Kak «HECTaHAapTHOe»,
MPOSIBIISIIOIIEECS] B OTBET HAa M3MEHEHHUsI OKpYy)Karouiend cpenpl. JIIoau, CTaakuBasCh C yrpo3ou
KHU3HHU, MEHSAIOT CBOE MOBEICHUE U aJalTUPYIOTCS MOl U3MEHSIONIUECS BHEIIHUE YCIOBUS, YTOOBI
3alUTUTH ce0s 1 MUHUMHU3UPOBATh BO3MOXKHBIE HETaTHBHBIC TociencTBus. [Iporecc aganramum
MOBEJCHHSI COCTOMT U3 TpeX (ha3: uACHTU(UKAIMS PUCKA; OIICHKA PUCKA; CHIDKEHUE PHCKa.

B cBoeit pabore [12] /x. JIuu genmaer BBIBOX, YTO B CIy4ae M3MEHEHHH OKpyXKarolei
00CTaHOBKM JI0/HU, oka3zaBiuuecs B YC, moaco3HaTeIbHO BOCIPUHUMAIOT JAHHYIO CHTYalUI0 Kak
yrpo3y W TOPUHUMAIOT ONpEJENICHHbIE 3allluTHble Mepbl. llporiecc mNpUHATUS peuIeHHH
OCYIIECTBIsIETCSI B paboueit mamsatu venoBeka [13] 3a cder mpeoOpa3oBaHUsT BOCTIPUATHS YTPO3BI
B COOTBETCTBYIOLIUE AeCTBUS pu 00paboTke nHpopManru. B cTaHIapTHBIX YCIOBUSIX ISl ATOTO
TpeOyeTcsi MUHUMYM BOCEMb-JECSTh I11aroB, HO 3TO YKCJIO MOKET YBEIUYMBATHCS B 3aBUCHMOCTHU
OT CJIOXHOCTU CJIOKMBILIEHCS OOCTAaHOBKM WJIM KOJMYECTBA M 3HAYMMOCTH BO3JEHCTBYIOIIMX
BHeIHUX (akTopoB. OOpaborka mHpopmanmu o YC yacTo MPUBOAUT K «3aTOPMaKUBAHUION,
BO3HHUKAIOIIEMY Y JIIOZIEH cpa3y MOcie OCO3HaHUs yrpo3bl. B o0mieM Buie Bcex JtoJeiH Mo TUIY
noBeaeHus B ycinoBusax YC MOXKHO pa3ienuTh Ha TPU TPYIIIIbL:

— nepBas rpynna (10-15 %) Oyzner coxpaHsATh CIIOKOWCTBUE, OBICTPO AyMaTh U a/J€KBATHO
pearupoBaTh Ha CIOXKHUBILIYIOCS 0OCTaHOBKY;

— Bropast rpynmna (okoio 75 %) OyaeT HaxXxOAUTbCA B COCTOSHUU IIOKA W NPUHUMATh
UppalMOHATIbHBIEC PEILICHUS;

— Tpeths rpynmna (10-15 %) 6yner HaxoAUThCS B 3aMelIaTeNbCTBE U maHuke [14].

[Tpodeccop xamubopuwmiickoro yauBepcutera M.E. Kemenm B cBoeir pabote [15]
NPEeIIOKUI ~ UHTETPUPOBAHHYIO  MOJIENb  CTpecca, KOTOpas  ONHUCHIBAET  KOMIUIEKCHYIO
NCUXO(HU3HOJIOTMYECKYI0 PEAKLNI0, COCTOSIIYI0 M3 SMOLWN, MOTHBAUUN M (U3UOJOTHUECKUX
pediiekcoB, HampaBICHHYIO Ha 3allUTHBIC JEHCTBHA 4YelloBeKa B OTBET Ha yrpo3y. Mojenb
OOBSICHACT KaK PEryJIMpYyeTcsl YpOBEHb CTpecca 3a CUYET COOCTBEHHOW MOTHMBALMU M Pa3IMYHBIX
(U3NOTOTHYECKUX PeaKIUil MpU CTOJIKHOBEHUH C Yrpo30i. DTO MO3BOJSET SKOHOMUTH YEJIOBEKY
HEOO0XOMMBIE Pecypchl (BpEeMEHHbIE, (PU3NOJOTHUECKUE, KOTHUTUBHBIC U T.J.) Ul a/JI€KBaTHOTO
pearupoBaHUsl Ha IPOSBISIONIUECS YIPO3bI.

ITcuxonmor M.A. Craan B cBoel cTarbe [16] nccienoBai BIMIHUE CTpecca HAa KOTHUTUBHbBIE
CIIOCOOHOCTH M pabOTOCIOCOOHOCTh YEJIOBEKa B YCIOBHSIX MPOHUCHIECTBUA. B pesymbrate OBLIO
OOHapyKEHO, YTO MPOSBISAIONINECS YrpO3bl CHUXKAIOT BO3MOXHOCTHM KOTHUTHBHBIX (DYHKUINN
YesioBeKa, COCOOCTBYSl YMEHBIIEHUIO MMPOU3BOIUTEIBHOCTH €r0 ONEPaTUBHON MaMSITH, OCOOEHHO
B YCJIOBHUSIX OCO3HAHHMS HEBO3MOYKHOCTH IIPENOTBPALICHUS YIpo3bl. Takke pecypcbl, JOCTYIHBIE
Ui pabouell MmaMsaTH, MOTYT COKpallaTbCs OPraHWU3MOM B CBSI3U C  (DU3HOJOTHYECKUMH
M3MEHEHMSIMA TP COCTOSIHUM MOOWIM3AalMU Ui TpeNoTBpalleHus yrpo3sl (peHomen
«Oeti nim 6erny) [17, 18].

Ha ocHOoBe ananu3a NMpOBENECHHBIX HCCIECIOBAHUN NPEIUIOKEHA MOJENIb PEaKUUU JIOIEH
Ha YC, kortopas mpeACTaBiIsieT CO0OH YINPOIICHHYIO CHCTEMY B3aWMOCBS3aHHBIX pEaKIHit
(KOMITIOHEHTOR), MPOUCXOAIINX B OPraHU3Me YesoBeka (puc. 1):

— a@deKTUBHBIN KOMIIOHEHT (OMHUCHIBAET SMOIMHU U UYBCTBA, KOTOPbHIE JIIOJU UCIBITHIBAIOT
Bo Bpems YC);

— TIOBEJCHYECKUH KOMIOHEHT (MpeJCTaBisieT BapHaHTHl IOBEACHMSI YEJOBEKa IpHU
BO3HUKHOBEHUHU IIPOUCIIECTBUI);

— KOTHUTHBHBIH KOMITIOHEHT (JIEMOHCTPUPYET TPOIECC NPUHATUS PEIICHUN IIOIbMU
Bo Bpems YC).
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Puc. 1. Mogens peaxuuu Jrogeit Ha YC

Ha npakTuke 3TH KOMIIOHEHTHI TPYIHOPA3IWYUMbl MO MPUYUHE BHYTPEHHETO EIMHCTBA
JUYHOCTH U YHUKAJIBHOCTU KaXXJIOTO OTAeNbHOro mHauBuiaa [19]. OgHako AeKOMIO3ULIUS 3TOTO
€IMHCTBA HA TPU B3aMMOCBS3aHHBIX KOMIIOHEHTA MO3BOJISIET aHAJU3UPOBATh BO3MOXKHBIE pEaKLUn
yenoBeka B YC ¢ pa3HbIX TOYEK 3pEHUS U BBIXOAUTH 32 PAMKH KJIACCUYECKOTO MOJIX0/1a, B KOTOPOM
MOBE/ICHNUE XapaKTePU3yeTCs €AMHCTBEHHBIM KPUTEPUEM.

KorHUTHBHBI KOMIIOHEHT MPEACTaBIseT COOON Mpolecc MPUHATUS PEUICHUH JOIbMHU
B OKCTPEMaJIbHOW CHUTYyallMH, peaju3yeMblii B pabodeil mamsaTu denoBeka. [Ipu mosrydeHumn
BHEIITHETO CUTHANIA 00 yrpo3e JIOH OICHUBAIOT PEAIbHOCTh U YPOBEHB 3TOTO pucka. Dakropamu,
BIUSIOIIMMH Ha TMPHUHATOE pElIeHHEe, SBIAIOTCS: JOCTOBEPHOCTh HWCTOYHUKA HH(OpMAINH
(aBTOpUTET UCTOYHUKA CUTHAJIA), CUTHAJIBI OKPY>KAIOIIEH CPeJbl U PEAKIUs COUUAIBLHON TPYIIIBI.
B chnenapusix coOBITHIA, MPOUCXOIANIMX C MAcCOBBIM YYacTHEM JIIOACH, wuHoOpMaIus,
noctynaromiasi or OQUIMATBHBIX JIMI (HAIpUMEpP OT COTPYAHHKOB TOJNUIUU WJIH CIY>KOBI
0€301acHOCTH), WHTEPIPETUPYETCS Kak Oojiee JOCTOBEpPHAas, 4YeM BO3MOXKHAas HH(POpMAIUS
oT oKkpyxawomux. CUrHaibl, MOCTYNAOIIUE U3 OKPYXKAIOIIEH Cpenbl, SBISIOTCS CTUMYJIOM IS
cbopa JoMOMHUTENbHOM HH(pOpMaLMK U BEIOOpA MOAXOIALIEH peakliuy U3 MHOKECTBA BOZMOXKHBIX.
Hanpumep, npu nojiydeHr CUTHANIA MOXKAPHOU TPEBOTH JIFOJU CKJIIOHHBI MCKATh MPU3HAKH MOXKapa
(3amax rapu, HOsIBJIEHUE JIbIMA U T.J.) WIN APYTrue CUTHAJIbI OITACHOCTH.

Tpetnii akTop — conmanbHasi KOMMyHUKanus. JI0 1 3a4acTyio HIYT MOATBEPXKICHUE (DAaKTOB
HaJIM4Uusl yrpo3bl, HaOMIO[as 3a MOBEJCHUEM JPYIuX JIoAeH, Haxoasmmxcs mnoomusoctu. Ecim
OKPY’KaIOIHe KaKUM-JTH00 00pa3oM UACHTUDUITMPOBAIIN YTPO3Y B OTPEarupoBaIf COOTBETCTBYIOITIM
o0pa3zoM, 3T0, 0€3yCIOBHO, MOBBICUT YBEPEHHOCTb HMHIMBHIyyMa B CEpPbE3HOCTH U OIACHOCTU
cnoxwuBIIeiics cutyauuu. Hanpumep, B ciryuae cpaGaTbiBaHHs MOXKApHON CUTHAIM3AIMU Ha pabodyeM
MecTe COTPYAHUKHU OyIyT HAOII0IAaTh 32 PEaKIMe CBOUX KOJIIET — HA4alld JI OHH MPOIIECC dBAKyaIH
B 0O€30MAaCHYI0 30HY WJIM 3TO JIOKHAasi TpeBora. Eciu MMEroTCs MpOTHBOpEUHs MEXIy (aKTopamu
MIPUHATHS PELICHUs], JIIOJU CTAHOBATCS HEYBEPEHHBIMH M MOTYT OCTaBaThCsl B JAHHOM COCTOSHHU
JI0 Te€X Top, TIOKa MpOoTHUBOpedns He OymyT ycrpaneHsl [20]. B 3ToM COCTOSHUM HEOIpeneIeHHOCTH
JIFO/IM CKJIOHHBI CJIEI0BaTh 3a IPYTUMH JI0 TEX MOp, MOKA CaMH HE CMOTYT OMNpEeNUTh, CYIIECTBYET
JIM yrpo3a Ha CaMOM JeJI€.
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Ecnu denoBek oco3Haer, 4TO yrpo3a peaidbHa, TO OH HAyMHAET OILICHUBATh CBOMU
WHIVUBUAYAIBHBI PUCK HAa OCHOBE aHain3a WHPOPMAIMOHHOTO COJEPIKAHUS MPEAyIpPekKACHUS
O CIIyYMBIIIEMCSI TIPOMCIIECTBUH, MPOILIOrO OINbITa U COOCTBEHHBIX 3HaHUU 00 yrpose. [losTomy
nH(OpPMHUpOBaHHE JIIOJIEH O MPOUCIIECTBUU JOJKHO COAEpkKaThb HH(POPMAIMI0 O BEPOSTHOCTU
OCJIO)KHEHUSI OOCTAaHOBKH, PACIOJIOKEHUU SIUIIEHTPA MPOUCHIECTBUS M O MPOTHO3UPOBAHUU €0
pa3BUTHSA.

Taxke Ha WHIMBUAYAJIbHYIO OLEHKY pHUCKA BIMSET MPONUIbIA ONBIT CTOJKHOBEHUS
WHIUBUAYYMa C TOJOOHOTO pOja MPOUCIHICCTBUSMU, MPHUYEM BIHUSET KaK IMOJIOKUTEIHHBIN, TaK
Y OTpULATENbHBIN onbIT. Harpumep, 11011, KOTOpbIE YaCTO CTATKUBAINUCH C JIOKHBIMU TPEBOTaMH,
OUYEBUHO, MEHEE Cepbe3HO OyIyT OTHOCHUTHCS K MOCTYIAIONIIMM CUTHalaM. B To ke Bpewms, eciu
YeJIOBEK XOPOUIO MOArOTOBIIEH K TOMY, YTOOBI ONEPAaTUBHO MOKUHYTH 3/1aHUE B CIy4ae MOXKapHOM
TPEBOTH, 3HAET O HAJIWYUHM PECYpCOB, UCIOIb3YEMBIX MpPH pearipoBaHUU Ha IOXKap, BIaJeeT
HaBbIKAMU HX NPUMEHEHHUS, TO OH OLEHHUT CHUTYallMI0 KaK MEHEE CEPhE3HYI0 IO CPaBHEHUIO
C JIOJIbMU, KOTOPBIC JAaHHOU MH(pOpPMAIUEH U HaBBIKAMU HE BIIAJICIOT.

OcHoBbBIBasiCb Ha MHAMBHIYaJIbHON OIIEHKE YpPOBHSI pHCKa Ui ceOs, JIOIU OMPENeNsioT
CBOM BO3MOXXHOCTH 3((HEKTUBHOTO pearnpoBaHusl Ha yrpo3y TeM WM UHBIM 00pa3oM, 00 yMbIBast
BO3MOJKHBIE CIICHAPUH JCUCTBUH, YTOOBI CHU3UTH CBOM JIMUHBIA PHUCK WJIM CBECTH K MUHUMYMY
BO3JICUCTBUE OMACHOCTH, MPUHUMAIOT pEIICHHE O IJlaHe cBouXx JAeiicTBui. Kak Toibko miiaH
JEUCTBHUI BBIOpAH, BOZMOXKHOCTh €T0 BBIMOJHEHUS PACCMATPHUBACTCS C YY€TOM TaKux (pakTopos,
KaK JOCTYITHOE BpeMs, GU3MUECKUE CUIIBI U T.J., IIOCJIE YeT0 YK€ HETOCPEICTBEHHO (hOpMUPYyETCs
OTBETHAs peakius (TUI TOBEJACHUS ) YeTIOBEKA.

KomnoneHT moBeieHuss B NpeacTaBieHHOW Ha puc. 1 moxmenu peakumu mdoaer Ha YC
OMHCBHIBACT HMX BO3MOXKHBIC JIEUCTBHS BO BpeMs MpouciiecTBUA. B Tabm. 1 mnpencraBieHBI
TUMHWYHbIE BapuaHThI noseneHus B YC.

Tabnuma 1. Bapuantel noBenenns jioaeii npu YC

Tunsl noBeneHus Onucanne

Jltoau HCTIBITHIBAIOT CTPAX, YyBCTBO OMACHOCTH ¥ 3aMELIATENbCTBA, BEAYT ceOs
IleccumuctnyHoe | 6e3paccyqHO, amaTUYHO, PAKTHUECKH HE WITYT BBIXOJIA U3 CIOKUBIIETOCS
TIOJIO’KEHUS], TEM CaMbIM YBEIHMUYUBAIOT CBOW PHCK, 3aMEJISAS MTPOIECC IBAKYaINH
Jlroau caMOOpraHU3yrOTCS B YIIOPSIIOYCHHBIN TTOTOK, IBUTAsICh B HAITPABICHUN
0€301MacHO 30HBI, TOBHIIIAS TEM CaMbIM 3 (EKTHUBHOCTh IBAKyalluu

Jlroau TopomsITCs, MPUHUMAIOT HEOOTyMaHHBIC PEIICHUSI, IBAKYHPYIOTCS

13 TIOMEIIEHYSI, OTKIIOHSSCH OT IJIaHa ABaKyalllH, Yepe3 OJJUH BBIXO,

Cragnoe B TO BpeMsl KaK JAPYTHE BBIXOABI MOT'YT HCIIOB30BATHCS HE MMOJTHOCTHIO.

OTO TUITUYHOE TOBEACHNE JII0IeH, KOTOPBIE HE YBEPEHBI B CBOMX JEHCTBHUAX

Y PENIaloT CJIEJIOBATh 3a TOJINON

Jlronu ¢ JTaHHBIM THITOM TIOBEICHUS (POPMUPYIOT TAHUYIECKYIO TOIY,
KonkypenTtHOE «COTIEpHUYAIOT» B 00pb0e 3a (pr3udecKoe MPOCTPAHCTBO B TOJIIIE, HAPYIIAIOT
JIUYHOE MMPOCTPAHCTBO JPYTHUX

Jltoau ¢ HU3KUM ypOBHEM YYBCTBA CAMOCOXPAHEHUS TI0 MEPe MPUOIIMKCHHS
JIroGombITCTBO YTPO3bI HE MPEANPUHUMAIOT KaKUX-JTM0O0 3allIUTHBIX AeHCTBUH, poTorpadupyror
1 00CYXIAKT CUTYAIUIO C IPYTUMH

Jltou MOMOTar0T OKPYXKAIOIIUM B TIPOIIECCE IBAKYAIUH, CISAYIOT COIUATBHBIM
AnBTpyHCTHYECKOE | HOpMaM, CITIOCOOHBI B KPUTHYCCKHI MOMEHT BO3TJIABUTH PACTEPSBIIMXCS JIFOCH
Y HANpaBUTh UX JCHCTBHS HA CIIACEHHE

CrnenoBanue JIronmu GOpPMUPYIOT TOJITY MPH SBAKYAIHH, CICAYIONIYIO U TTIOTYHHSIONTYIOCS

3a TUAEPOM TUaEpy

OpFaHI/IBOBaHHOC

AddexTuBHBII KOMIOHEHT B Mojaenu peakiuu oaeil Ha YC OTHOCUTCS K 4eIIOBEYECKUM
YyBCTBAM U MX MPOSBICHUIO, TO €CTh K IMOLIMIM, BOZHUKAIOIIUM BO BPEMs IPOUCIIECTBUSL B OTBET
Ha (puszmonornyeckue U KOTHUTHBHBIE (akTophl. B pabore [21] ommceiBaeTcst BOCEMb OCHOBHBIX
BHUJIOB YEJIOBEUECKUX SMOIUMN, COCTOSAIIUX M3 YETHIPEX MPOTUBOIOJOKHBIX Map Pa3HON CTENeHU
MHTEHCUBHOCTH. HeratuBHbIe SMOIIMOHAIBHBIE COCTOSIHUSL TECHO CBSI3aHBI CO CTPECCOM B YCIOBHSIX
YUC. Takue uyyBcTBa, KaK CTpax, TPEBOra, pa3ApakKUTEIbHOCTh, CMYIIEHUE, IEMPECCHs,
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0ECTIIOMOIITHOCTh, d2W(opHUs, pa3oyapoBaHWE | BPAKICOHOCTH HaAMOOJEe PaCIPOCTPAHEHBI
B DKCTPEHHBIX CUTyalusax. HekoTopble M3 3THX UyBCTB CBSI3aHbI C ONPEJCIICHHBIM IOBEICHHUEM,
HO MPSAMYIO KOPPEJSILIUI0 MEXAY KOHKPETHBIMU YYBCTBAMHM U IMOBEJECHUEM BBISIBUTH JOCTATOYHO
CJIO’KHO, KaK U OCYIIECTBUTH MpoLiecc (popMann3ammy.

OMOIIMU  SIBJISIIOTCS.  OJJHUMHM U3 CaMbIX 3aMETHBIX AaCHEKTOB YEJIOBEYECKHX PEaKIHil.
YenoBeueckas peakiyst B YC 4acTo OmMChIBAaeTCsl C TOYKM 3peHMst addekra, Tak Kak HMOINUH,
NepeKMBaeMble U HaOII0aeMbIe B TOJIIIE, SIBJISIOTCS] BaKHBIM CTUMYJIOM JJIS1 JIFOAEH MPH ONpeieieHIH
TOro, Kak OTHOCHTbCA K cHUTyalMd. Jlake Korza y 4YejnoBeKa pa3BHIIACh OIPEIECIICHHAs pPEeaKuus
Ha MPOMCHIECTBHE, OHA MOXET OBbITh U3MEHEHA, TaK KaK KOTHUTUBHOE MPHUHATHE PELICHUI — mpoliecc
HEMpPePBIBHBIN U CIIOCOOHBIH OBICTPO aAANITUPOBATHCS MO BHEIIHUE YCIIOBHSL.

Ctpecc sBasieTCsl OAHUM U3 KIIOYEBBIX (DAaKTOPOB, BIUAIOMIUX Ha peakuuio yenoneka B YC.
UYeM BBbIlIE CTENEHb YTPO3bl, TEM BBHIIIE OYJET YpOBEHb cTpecca. Takxke cpas3y MOcCie BOCTIPUSITHS
Yrpo3bl YPOBEHb cTpecca OyIeT MOBBIIIATHCS B 3aBUCUMOCTH OT COCTOSIHUS YEJIOBEKA.

AHanmM3 TpPENCTaBICHHBIX BBIIIE PE3YJIbTATOB MCCIEIOBAHUM TOBEIEHUS JIIOJCH,
OKa3aBIIUXCS B JKCTPEMAIIbHBIX CHTYaIMSAX, MPOBEICHHBIM yYeHBIMH B OOJACTH TICHXOJIOTHH,
CBHJIETENILCTBYET O HeoOxomumoctd peanu3amun B [TIM MOOWIBHBIX TNPHIOKEHUH is
B3aUMOJICHCTBUS C OSKCTPEHHBIMH CIY)KOAaMHW MHOTOPSKMMHOW KOHIENIMH. JlaHHBIN IMOIX01
HalpaBJI€H Ha BO3MOXHOCTb YYUTBHIBaTh  pa3jM4YHble BapUaHThl IOBEJCHMS  JIOJEH,
OKa3bIBAIOUINXCA B AKCTPEMAaJbHBIX CUTYalUSIX, U MHOTOTPAHHOCTh MX MCUXO(U3MOIOTHUECKUX
peaKkuuid.

[Ipenmaraercss B TpwiIoXkeHUsx paspabateiBaTth [TIM, wumeromuii yeTeipe pexuma
(«peueBoil»; «B OJIHO KaCAaHUE»; «MHTEPAKTUBHBIIN» U «4aT»), aKTUBUPYIOLIUECS MOCIIEI0BATEIBHO,
B 3aBUCUMOCTH OT Pa3BUTHsI CUTYAIMH, TOTPEOHOCTEH U BO3MOKHOCTEH TOJIb30BATENCH.

IlepBbIil («peueBoii» PEeXHUM) AKTUBUPYET aBTOMATHUECKUIH BBI30B JKCTPEHHBIX CIIYXO
MOCPEACTBAM JIBYKPATHOTO MOBTOPEHUs (IJI1 UCKIFOUEHUS JOXKHOTO CcpabaThIBAaHUS) KIFOYEBOTO
CJIOBa, HAIIPUMED «I10Kap». B cBOIO ouepep, B SKCTPEHHOM Ci1yX0€ NP MOCTYIUIEHUH 3BOHKA YKe
uMeeTcsl nHopmanus 0 BUAe MPOUCHIECTBUSI, TaKXKe NEPeJaloTCsl TaHHbIE O MECTE PaCIOJIOKEHUS
CZEJIaBIIETO BBI30B YEJIOBEKA. B ciaydae MOCTYIUIEHHsS HECKOJbKMX 3BOHKOB 3a ONPEIEIEHHBIN
MIPOMEXYTOK BPEMEHH C OJIMHAKOBBIM KJIIOYEBBIM CJIOBOM U OJIM3JIEKAIIUM MECTOM PACIIOJIOKECHHUS
COOTBETCTBYIOIIIEE MOAPA3JACICHUE ABTOMATHYECKU MOJy4aeT CUTHAl Ha Bble3l. PeueBoil pexnm
YIPOIIAET B3aUMOJEHCTBUE TMOJIb30BATEIEH B ACMEKT€ KOTHUTUBHOW M MOTOPHOM HAarpy3Ku, 4TO
COOTBETCTBYET NMPHUBEIACHHBIM BBIIE UccienoBaHusM [15, 16]. Takxke, Omarogaps ympouieHHON
CXEM€ BBI30Ba CIIAacaTeIbHBIX CIYXKO0, HCIIOIb30BaHUE MTPUIIOKEHHS ITO3BOJIUT CHU3UTH BEPOSITHOCTD
BO3HUKHOBEHHUSI IIIOKOBOT'O COCTOSIHMSI, COTJIACHO UcciaeaoBanuio [12].

Bropoii pexum («B OJHO KacaHME») MEHEE SKOHOMEH I10 OTHOLIEHHI0 K KOTHUTHUBHBIM
Y MOTOPHBIM pecypcaM 4YelioBeKa, HO OH 0oJiee TOUSH U HalpaBJIeH Ha aKTHBAITUIO BHI30BA IKCTPEHHBIX
CIy’k0O HakaTHEM Ha OIpeneNéHHyro oOmacte auciuies, kotopas B [TIM oTBercTBeHHa
3a onpenenéHHoe npouciiectsue. O0a pexrMMa OCHOBaHbI Ha MPEHMYILECTBEHHOM aBTOMAaTHYECKOM
coope wuHpOpMaMM, UYepe3 MNATYMKU CMapTHOHOB MOXKET AaHAJIM3UPOBATHCS MECTOIOJIOKEHHE
BJIAJIeNIbIIa, OKpYXKAlolllasi TeMIIepaTypa, BIaXKHOCTb, (PU3MOJIOrMYECKOE COCTOSIHHME dYeJloBeKa (eciu
MOJKITFOYEHBI CMAapT-4achl); MOTYT OTIPABIATHCS COOOIIEHUS] Ha TOATBEPXKIIEHHE BIaJebliaM
TIPUIIOXKEHHSI, HAXOISAIIMMCS BOJIM3H, ISl YTOUHEHHS MH(DOpMAIUHY U T.11.

Tpertuii pexuM («MHTEPAKTUBHBIN») SIBISETCA HEKOTOPHIM PpaCUIMPEHUEM BTOPOTO,
C IOTIOTHUTENbHBIME (DYHKIUSIMH, KOTOPBIC TIO3BOJISIOT MOJIB30BATENSIM, UCIBITHIBAIONINM CTPECC,
OTBETUTh HA HABOJSIIME BOIPOCHI C IIENIbI0 YTOYHEHUsS MH(OpMAMH O MpOUCHIeCTBUH. Takxke
B JAHHOM pEXHME JIOJDKHA OBITh JOCTYIHA ClpaBouYHas WH(OpMamus, KOTOpas IO3BOJIHT
MOJTH30BaTENIsIM, B COOTBETCTBUHU C HUccleAoBaHUsAMH [3, 4], OoJiee yCIenHo MPUHUMATh PEIICHUS
3a cYE€T COBETOB I10 MOBEICHUIO B TOM WJIM MHOM CUTyalluH, Aenas ux 0ojiee caMOCTOSITENbHBIMH.
Takke, OoCHOBBIBasicb Ha wucciemoBanuu [11], cmpaBounas wHQOpMaIUs TO3BOJUT YCKOPUTH
npouecc afantauuud B (a3ax HIEHTU(GUKALWUA U OLUEHKHU PUCKA, YTO MOXKET YCIIOKOUTH JIOZEH
Y TI03BOJIUTH IPUHUMATH O0Jiee pallioHaIbHbIE PEICHUS.

UeTBepThlid pekUM («UaT») CIYXKHUT JJIsl MOJB30BATENEH, HAXOASIIMXCS B OTHOCUTEIBHO
0e30macHoOl 30He M He MCIIBITHIBAIOIIMX CUIIBHBIN cTpecc. B 1aHHOM pekuMe Mojib30BaTesld MOTYT
BBICTYIIATh B POJIM OYEBHUIIECB M MPEIOCTABIATH JOMOIHUTEIBHYI0 HHPOPMAIUIO CHacaTeIbHbIM
ciry>k0aM B BUJIE€ TEKCTa, ()OTO U BUIECO MATEPUATIOB.
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BriBoabI

Takum o0pazom, mpeanaraeMblii YeTBIPEXPEKUMHBIN HHTEpdeiic crenuaaTn3upoBaHHOTO
MOOWJIBHOTO TIPUJIOKEHHUS TTO3BOJIUT YIIPOCTUTDH MPOIIECC B3aUMOJICUCTBUS TPAXKIaH, OKA3ABIITHXCS
B UYC, co cmacarenbHBIMH CiyxOamu. Peanuzanus JaHHOTO TIOAXOJa MOXET TPHUBECTH
K CJICAYIOIIUM MPAKTUYECKUM PE3YyJIbTaTaM:

— YCKOPHTCSI MPOIIECC BBI30BA SKCTPEHHBIX CITYXKO;

— yCKOpHTCs mpotiecc coopa nHpOpMaIiK O MPOUCIIECTBUY;

— IOBBICUTCS IIOJIOJKUTEJILHOE IICMXOJOTMUEeCKOe BO3JCHCTBHME HA IOJb30BaTelcH, 4YTO
CHU3UT BEPOATHOCTh BOSHUKHOBEHUSI TAHUKHU;

— TOBBICUTCS 3((HEKTUBHOCTH IBAKYaIlUH JIFOJICH, TIOTIABIINX B 30HY OMTACHOCTH.
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NHOOPMALIMUOHHASA CITPABKA

Crapetimee yueOHOE 3aBelieHHE MOKapHO-TeXHHUeckoro mpoduis Poccum obOpazoBaHo
18 oxTs16pst 1906 r., korna Ha ocHoBanuu pemieHusi ['opoackoit ymsr Cankt-IletepOypra Obuin
oTKpbIThl Kypchl mokapHbIX TeXHUKOB. Hapsnay ¢ MOATOTOBKOW MOMKapHBIX CIELHUAIUCTOB,
y4eOHOMY 3aBEJICHUIO BMEHSJIOCh B O0S3aHHOCTh 3aHUMAThLCS OOOOIICHHEM M CUCTeMAaTHU3allhel
MOKapHO-TEXHUYECKUX 3HAHUH, OPOPMIICHHEM HMX B OTJENbHbIE yueOHbIC NTUCHUIUIMHBL. MeHHO
3/1eCh OBUTH CO3/IaHbl MEPBbIE OTEUECTBEHHBIC YUEOHHKH, 110 KOTOPhIM OOydYalaHuch BCE MOXKapHBIE
CHEIHAIUCThI CTPAHBI.

B nocnenyromenm yueGHOe 3aBeieHHE TPEOOPa30BHIBATIOCH M MEHSUIIO CBOE Ha3BaHHME.

25 ampens 2022 r. B coorBerctBUUM ¢ Yka3zoM lIpesunenta Poccuiickoit ®@enepanuu
B.B. Ilyruna Cankt-IlerepOyprckomy ynuepcutery ['TIC MYC Poccum mpucBoeHO MOYETHOE
HanMeHoBaHue «uMeHH ['epost Poccuiickoit denepanuu renepana apmuu E.H. 3unnuenay.

Y4eOHBIM 3aBEJCHHEM 33 BEKOBYIO HCTOPHUIO IMOJATOTOBJICHO HECKOJBKO JECATKOB THICSY
CHEIHAIMCTOB, KOTOPBIX BCErJa OTIMYAId HE TOJBKO BBICOKHE MNpodecCHOHaNIbHbIE 3HAHMUS,
HO M OecripenesbHas MPEeJaHHOCTh MPOQECcCuu MOKAPHOTO U BEPHOCTH Ipucsire. CBUAETENHCTBO
TOMY — UENbIA Psifi COTPYIHUKOB M BBIMYCKHHKOB BYy3a, HarpaXJCHHBIX BBICHIMMHU Harpajgamu
CTpaHbl, cpeau HUX: KaBayiepbl ['eoprueBckoro kpecra, yerbipe ['eposi Coerckoro Coroza u ['epoii
Poccun. Jlaneko He ciyyaeH TOT (hakT, YTO CPEAH PYKOBOMSIIETO COCTaBa IMOXKAPHOM OXpaHbI
CTpaHbl Bceria ObLI0 MHOTO BBITYCKHUKOB YyU€OHOTO 3aBE/ICHHUS.

Cerognst (¢enepalbHOE TOCYAAPCTBEHHOE OIOJHKETHOE O0pa30BaTeNbHOE —YUPEKICHHE
BhIciiero oopa3oBanus «CaHkT-IlerepOyprckuii yHuBepcuTeT I'ocy1apcTBEHHON MPOTHUBOIIOKAPHOMN
ciyx0b1 Munncrepcra Poccuiickoit @enepannu 1o enaM rpaxJaHCKOi 000pOHBI, Ype3BbIYaHBIM
CUTyallUsIM W JIMKBUJIAIIMKA TIOCJIEJICTBUN CTUXHUHBIX OenctBuii mMeHnu ['epost Poccwuiickoit
®enepaunu reHepana apmun E.H. 3unnueBa» — coBpeMeHHBII Hay4YHO-00pa30BaTEIbHbIN KOMILIEKC,
WHTETPUPOBAHHBIM B POCCHUHCKOE W MHUPOBOE HAyYHO-O00Pa30BATEIHLHOE MPOCTPAHCTBO. YUCOHBIM
npouecc ocymectsigercss no 891 mucuumnnmuHe Ha 27 Kadenpax. YHHUBEPCHUTET OCYILECTBISET
MOATOTOBKY TO pa3HbIM ¢GopMaM OOYYEHHUS: OYHOH, 3a0YHOM M 3a0YHOW C TNPUMEHEHUEM
JMCTAHIIMOHHBIX TEXHOJOTWH [0 MpOrpaMMaM CPEIHEro, BBICHIETO OO0pa3oBaHUs, a TaKXKe
MOJITOTOBKY CIELUAIKCTOB BhICIIEH KBAIM(UKALIMY, MEPENnoAroTOBKY U MOBBIIICHHE KBATU(PHUKAIIUH
cneruanuctoB MYC Poccun.

HavanpHuk yHUBEpcHUTETa — TeHEpaI-JICHTEHAHT BHYTPEHHEH CIIy>)KObl KaHIUIAT
TEXHUYECKUX HayK, noueHT ['aBkamok borgan Bacunsesuu.

[ToaroToBka peasmsyercs mo 21 oOpa3oBaTeNbHON MporpaMMe BBICIIETO 00pa30BaHUs, YTO
SBIIICTCS HAMOONBIIUM KOJMYECTBOM pEalM3yeMbIX TMPOTpaMM Cpeau  00pa3oBaTEIbHBIX
opranuzanuii Beicmiero ooOpazoBanuss MUC Poccum, m 83 mporpammam JOMOTHUTEIBHOTO
po¢eCCHOHATFHOTO 00pa30BaHMs U POPECCHOHATBHOTO 00YUEHUSI.

[To mporpamMMaM crnenuaguTeTa B YHMBEPCHUTETE MOXHO MHPONUTH OOY4YeHHE MO TaKUM
HampaBlIEHUsIM TOATOTOBKU, Kak: «lloxkapnas Oe3zomacHocTh», «l'opHoe nemno», «llcuxonorus
CIIYy)KEOHOW  NIeATeNbHOCTHY», «JKOHOMHYecKass Oe3omacHOCTh», «lIpaBoBoe obecrieueHue
HaIMOHANBHOUW Oe3zomacHocTh», «CymeOHas skcmepru3ay. [lo mporpammam OakanaBpuata —
«Texnochepnass Oe3omacHOCTh», «CHUCTEMHBIN aHanu3 W ynpaBieHue», «llcuxomorusy,
«YmpapneHue  mepcoHamom»,  «l'ocymapcTBeHHOE WM MYHULMNOAIBHOE  YIpaBJICHUEY,
«Opucnpynennus». I[lo mnporpammam wmaructparypsl — «TexHocdepHas Oe€30MacHOCTHY,
«CuCTeMHBIN aHanu3 W yhpaBleHue», «l'oCylnapCTBEHHOE M MYHUIMNAIBHOE YIpaBJICHUEY,
«fOpucnpyneHmus».

[IlupoTa Hay4HBIX HMHTEPECOB, BBICOKHH MpOQpecCHOHATN3M, OONBLIIOW OMBIT HAYyYHO-
MeJarornyecko JesiTeIbHOCTH, BJIAaJICHHE COBPEMEHHBIMH METOJaMH Hay4YHBIX HCCIIEOBaHUM
MO3BOJISIIOT KOJUIGKTUBY YHUBEPCUTETa MPEYMHOXATh HAyYHBIM W Hay4yHO-NEIaroruuecKuil
MOTEHIIMAJ By3a, 00ecreyrBaTh HEMPEPHIBHOCTh U TPEEMCTBEHHOCTh 00pa30BaTEIbHOIO MpolLecca.
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YKOMIUIEKTOBAaHHOCTh HAyYHO-IIEIArOTMYECKUM COCTABOM, HMMEIOIIUM YUYEHBIE CTEIEHU
1 3BaHus, cocTaBisieT 6osee 70 %, 4TO MO3BONISIET YHUBEPCUTETY 3aHUMATh JIMIUPYIOLTUE TTO3UIINH
cpean yuyeOHBIX 3aBeneHuit MunucrepctBa Poccuiickoit ®denepanuu mo jaenaMm TpakIaHCKON
00OpOHBI, YPE3BBIYANHBIM CHTYAIUSIM M JTUKBUAALNN OCIEACTBHIA CTUXHIHBIX OencTBuii. CeromHs
B YHUBEPCUTETE CBOW 3HAHUS U OTPOMHBIN OIBIT MEPENAIOT: 55 JOKTOPOB HayK, 268 KaHIWaTOB
Hayk, 46 npodeccopos, 150 noreHTOB.

B cocrase yHuBepcurera:

— 28 xadenp;

— WNHcTtutyT 6€30nmacHOCTH KU3HEACSITETbHOCTH;

— VIHCTUTYT 32049HOTO U AMCTAHIIMOHHOTO O0YYEHUS;

— MHCTUTYT HPaBCTBEHHO-NATPUOTUYECKOIO U ICTETUYECKOTO PA3BUTHS;

— MuctutyT npodeccrnoHanbHOM MOATOTOBKH;

— MHctutyT passutus;

— HayuHo-nccnenoBarenbCckuii MHCTUTYT NEPCIEKTUBHBIX HCCIENOBAaHUM W MHHOBAIIMOHHBIX
TEXHOJIOTHI B 00J1aCTH O€30ITaCHOCTH JKM3HEIEITEIbHOCTH;

— JlanbHeBOCTOUHAS MOXKAapHO-cIIacaTebHas akagemus — punuan yausepcutera ([IBIICA);

—maTh  (aKyapTeTOB: (aKyabTeT HWH)XKEHEPHO-TEXHUYECKUH, (aKyIbTeT HKOHOMHKH
U TmpaBa, (axkyabTeT NOJATOTOBKM KaJpoB BbICHIeH KBanudukauuu, (GakylIbTeT M0XKapHOU
6e3onacuoctu (nogpaznenenue JIBIICA), ¢dakynbTeT IOMONTHUTENBHOTO MPO(EecCHOHATBEHOTO
obpazoBanus (nmoapazaenenue JIBIICA).

WuCTUTYT  0€30macHOCTH  JKU3HENESATENIbHOCTH  OCYIIECTBISIET  00pa30BaTENIbHYIO
NeSTeNIbHOCTh IO MpOorpaMMaM BBICHIETO 00pa3oBaHUs IO JOroBOpaM 00 OKa3aHUM IJIaTHBIX
00pa3oBaTEeNbHBIX YCIYT.

[IpuoputeTHbIM HampaBieHHeM B pabore HWHcTUTyTa 3a04HOTO W JAUCTAHLIMOHHOTO
oOyueHusi SBJISIETCS MOATOTOBKA KaJpoB HAYalbCTBYIOLIETO COCTaBa JUIsl  3aMelleHUus
COOTBETCTBYIOIIMX JOJDKHOCTEH B moapazaeneHusx MUC Poccumn. Hapacraromas cinoXHOCTb
U KOMIUIEKCHOCTh COBPEMEHHBIX 3a/ad 3aMETHO TIOBBIIAIOT TpeOOBaHMA K OpraHU3aluu
oOpazoBarenpHOro rmpouecca. CeronHs YHUBEPCUTET peaju3yeT MporpaMmbl  OOydeHUs
C IPUMEHEHUEM TEXHOJIOTHI TUCTaHIIMOHHOTO O0YYEHHS.

WHcTuTyT pasBUTHS  peanu3yeT JIOTMOJHUTENbHBIE TNPO()EeCcCHOHAIBHBIE MPOrpaMMbl
[0 TOBBINICHUIO KBaIU(UKAIMK U MPO(EeCCHOHATBFHOM MEepernoAroToBKE B PaMKaxX BBIMOTHEHUS
rocynapcrBeHHoro 3akaza MYUC Poccun 11 COBEpIIIEHCTBOBAaHUS U Pa3BUTHS CUCTEMBI KaJIpOBOIO
o0ecrieyeHus1, a TaKXKe Ha JIOTOBOPHOI OCHOBE.

Hay4Ho-uccnenoBarenbCKuii HHCTUTYT MEPCHEKTUBHBIX MCCIECJOBAaHUN M MHHOBALMOHHBIX
TEXHOJOTUH B oOjacTu O€30MacHOCTH KU3HEAEATEIbHOCTH OCYIIECTBISET peaTu3aluio
roCy/lapCTBEHHOH HAyYHO-TEXHHYECKON IOJIUTHKH, U3YyYEHHE U PELIEHUE HayYHO-TEXHHYECKUX
npo6sieM, HHPOPMAITMOHHOTO U METOAMYECKOTO 00ecTIieueHUs B 00JIaCTH MOXKApHOU 0€30MMacHOCTH.
OCHOBHBIE HAIPABIICHUS JEATEIBHOCTH HAYYHO-HCCIIEOBATEILCKOIO MHCTUTYTA: OPraHU3ALMOHHOE
U HayYyHO-METOAWYECKOE PYKOBOJCTBO CYACOHO-IKCHEPTHBIMHU YUPEKACHUSMH (eaeparbHON
npoTtuBonoxapHoii ciyx6s1 MUC Poccum; ceprudukamuss NpoaykKuud B 00JacTH MOXKapHOU
0€30MMacHOCTH; MPOBEACHNE UCIIBITAHUN U pa3paboTKa HayYHO-TEXHUUECKON MPOAYKIIMU B 00IacTu
MOXKapHOU 0€30MacHOCTH; MPOBEACHNE PACUETOB MOKAPHOTO PUCKA U PACYETOB JUHAMUKHU MOXKaApa
C MCII0JIb30BaHUEM KOMITBIOTEPHBIX IIPOIPaMM.

WHCTUTYT aKTUBHO y4acTBYET B pa3pabOTKe HOBBIX U COBEPLICHCTBOBAHUU CYILIECTBYIOIINX
WHCTPYMEHTAIBHBIX METOJAOB M TEXHMYECKUX CPEICTB MCCIEAOBAaHUS M SKCHEPTU3bl IMOKAPOB,
MIPOU3BOJICTBE CYJACOHBIX MOKAPHO-TEXHUYECKUX OKCHEPTHU3 U MCCIEJOBAaHUSAX B 00JacTu
AKCIIEPTU3BI MOXKAPOB, BHIMOJIHEHUN MMOMCKOBBIX HAyYHO-MCCIEIOBATENbCKUX PabOT MPUKIIATHOTO
XapakTepa, BbBIIOJHEHUH TOMCKOBBIX HAy4YHO-HCCIIENOBATENbCKUX pPAa0OT MO 0OecreueHuto
0e30macHOCTM B ApPKTHYECKOM pPETHOHE M MPOBEACHUU CEePTU(UKAIMOHHBIX HCIBITAaHHM,
anpoOupoBaHuu MeToauk 1o crangaptam ISO, EN u pezomonusm IMO.
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YHUBEpPCUTET MMEET MPEICTaBUTENbCTBA B ropojax: Beibopr (JIeHuHrpanckas o61acTh),
Breiterpa, Topsumit Kmiou (KpacHomapckumii kpaii), Mypmanck, Ilerpo3aBoack, Ilaruropck,
CeBactrononb, CtpexeBoi, ChIkThIBKap, TioMeHb, Yda; mNpeacTaBUTEIbCTBA YHHBEPCHUTETA
3a pyoexxom: T. Anma-Ata (Pecnmyb6nmka Kaszaxcran), r. baky (AsepOaitmkanckas PecmyOmnmka),
r. Hum (Cep6Ous).

Ha 06a3ze Cankt-IlerepOyprckoro yHuBepcuteTra [ OCymapCTBEHHOW MPOTHBOIOKAPHON
cy:k661 MUC Poccun 1 wmrons 2013 1. otkpeiT Kanmerckuil moxapHo-criacaTeNnbHBIA KOPITYyC.
OH ocymiecTBIIsET MOATOTOBKY KaJeT Mo o0meo0pa3oBaTeabHbIM MpOrpaMMaM CpeIHEro oOIero
00pa30BaHMs C YY4ETOM JIOTOJHUTENIBHBIX 00pa30BaTeNbHBIX MporpamMM. OCHOBHBIE OCOOCHHOCTHU
NeSITeIbHOCTH KOpIyca — UHTEJUIEKTYallbHOE, KYJIbTypHOE, (hU3MUeCKOe U TyXOBHO-HPABCTBEHHOE
pa3BUTHE KaJeT, MX aJanTanus K >KU3HH B OOIIECTBE, CO3JaHHE OCHOBBI IJISi TMOATOTOBKH
HECOBEPIICHHOJETHUX TpaxkgaH K ciyxeHuto OTedecTBy Ha MONPHUILE TOCYJapCTBEHHOMN
rpakJaHCKOH, BOGHHOH, MPAaBOOXPAHUTEIILHOW U MYHHIIMIIATBHOM CITYKOBI.

OOmee KOMMYECTBO OOy4aloOUIMXCs B YHUBEPCUTETE 10 BCEM CHEIHAIBHOCTSIM,
HaNpaBJICHUSAM IOATOTOBKH, CpeHEeMY o00memMy oOpa3zoBaHHio cocrtaBisger Oonee 7 000 yenoBex.
Exeromusiii Beimyck cocrapiset 6osee 1 100 crienmanucTos.

B yHuBepcureTe AEMCTBYET JBa NHMCCEPTALMOHHBIX COBETA M0 3alUTE AUCCEPTALUI
Ha COMCKaHME YYEHOW CTENEHHU JOKTOpa M KaHIU1aTa HAYK 10 TEXHUYECKUM U SKOHOMUYECKUM HayKaM.

YHuBepcUTeT W3MaeT 7 HAYYHBIX OKYpHAJOB, MYyONUKYIOTCS MaTepuaibl psaa
MEXIYHApOAHBIX M BCEPOCCUHCKUX HAYYHBIX MEPONpPUATUH, COOpPHUKHM HAy4YHBIX TPYIOB
poeccopCKO-TPENoAaBaTeIbCKOr0  COCTaBa  yHUBepcuTeTa.  M3maHus — yHUBepcuTeTa
COOTBETCTBYIOT TpeOOBaHUSIM 3aKOoHOJaTenbcTBAa Poccuiickoit denmepanmuu W BKIIOYCHBI
B 2JICKTPOHHYIO 06a3y HayuHoil anekTpoHHON OMbIMoTekn ais onpeaeneHus Poccuiickoro nHaekca
HAay49HOTO IIUTUPOBAHUSA, a Takke UMEIT MexayHapoaueii wuHaekc (ISSN). Hayuno-
aHamUTHYeCKUi JxypHan «[IpoGiemMbl ympaBieHHs pHCKaMH B TEXHOC(Epe» U 3IEKTPOHHBIN
«Hayuno-ananmutnueckuii xxypHan «Bectauk Cankt-Ilerepoyprckoro ynupepcutera ['TIC MUC
Poccun» BKIIIOYEHBI B yTBEPKIACHHBIN pelieHueM Bricuien arrecranimoHHON komuccuu «llepedens
PELEeH3UPYEMBIX HAYYHBIX KYPHAJIOB, B KOTOPBIX MYOJUKYIOTCS OCHOBHBIE HAYUHBIE PE3YJIbTAThI
JUCCepPTAllMil Ha COMCKAaHUE YYEHOM CTEIEHHM KaHIuJaTa HAayK, Ha COMCKAHME YYECHOU CTEIICHU
JIOKTOPA HAYK».

E>xeromHo YHUBEPCHUTET MPOBOJUT HAYYHO-TIPAKTHYECKHE KOH(EpEHINH pPa3InIHOrO
ypoBHs: Beepoccuiickyro HaydHO-TIpakTHUYECKyI0 KoHbepeHimio «CepBuc 6e3omacHocT B Poccuu:
OTBIT, TPOOJIEMbI W TEPCHEKTUBB», MEKIYHAPOIHYIO HAYyYHO-TIPAKTUYECKYIO KOH(DEpeHIHo
«IloaroroBka KaapoB B CHUCTEME NPEAYNPEKACHUS W JTUKBUAALMU IMOCIECICTBUM 4Ype3BbIYANHBIX
CUTYaLHI».

YHUBEPCUTET €KETOAHO MPUHUMAET y4acTUEe B BbICTaBKax, oprann3oBaHHbIX MUC Poccun
U JIPYTMMH BEIOMCTBAMHU W OpraHU3alMsSIMU. TpPagullMOHHO OOJBIIMM HHTEPECOM IOJIb3YeTCs
BBICTAaBOYHAsI HKCIIO3UIMS YHHBEpcUTETa Ha MeXAyHapoAHOM CajlOHE CpEeACTB OOecHedeHHUs
6e3onacHoctu «KomruiekcHas Ge3omnacHOCThY, IleTepOypreckoM MexXIyHapOIHOM 3KOHOMHYECKOM
dbopyme, MexayHapoaHoM popyme «APKTHKA: HACTOSIIICE U OyAyIIee.

MexnyHapoaHasi JI€AT€bHOCTh By3a HAINpaBlIieHAa HA BCECTOPOHHIO MHTETPAIUIO
YHUBEPCUTETAa B MEXAYHApOIHOE 00pa30BaTeIbHOE MPOCTPAHCTBO. YHHUBEPCUTET, OCYIIECTBIISAS
00pa3oBaTeNbHYI0 ACSITENLHOCTh, 00aaeT MUPOKOHM JoKamu3alueld Ha TeppuTopun Poccuiickoit
®enepanun, rocynapctB-ydacTHUKoB ConpysxkectBa HezaBucumbix ['ocyiapcTB u Apyrux cTpaH.

Bonpmolt uHTEpec K 00y4EHHIO B YHUBEPCUTETE MPOSIBISETCS CO CTOPOHBI MHOCTPAHHBIX
rpaxnaad. B yHuBepcureTre 00y4aloTCs HWHOCTpaHHbIE KypCaHThl W3 YHCIA COTPYAHUKOB
locynapcrBennoit mpotuBomnoxkapHoi cimyx0s1 MUC Keipreickoit Pecriyonuku u Komwurera
1o upe3BbYaitHbiM cutyanusm MBI Pecriyonuku Kazaxcran. Tonbpko B mepuos ¢ 2016 mo 2021 r.
B YHHMBEPCHTETE NPONIUIM OO0Yy4YeHHE IO MpOorpaMmaM JIOTOJHUTEIBHOTO MPO(HEeCCHOHAIBHOTO
oOpa3zoBanus 712 WHOCTpaHHBIX TPaXKIaH, 3aBEPIIMIM OOyYeHHE IO MPOrpaMMaM BBICIIETO
o0pa3zoBaHus 468 MHOCTPAHHBIX TPaXKIaH.
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B cooTBeTcTBUU C IBYCTOPOHHMMH COTJIAIICHUSMH YHHUBEPCHTET OCYILECTBIISICT 00ydeHUE
[0 MporpaMMaM MOBBIIICHUS KBanupUKauu. PerynsipHo mpoxonsT oOydyeHHe B YHHUBEPCHUTETE
crenuanucTel Poccuiicko-cepOCKOro TYMaHUTapHOTO IIEHTpa, PoccHCKO-apMSHCKOTO IIEHTpa
T'YMaHUTApPHOTO pearupoBanusi, MeXIyHaApOIHOW OPraHU3alUN IPAKIaHCKOM 0OOPOHBI.

B yHuBepcuTeTe MMEIOTCS BO3MOYKHOCTH JJIs MOBBIINIEHUS YPOBHSI 3HAHMS AHIJIUICKOTO
sa3pika. OpraHu3oBaHo OOy4eHHE IO MPOrpaMMe JIOMOJHUTEIHLHOr0 MpPOo(hecCHOHATHLHOTO
obpazoBanus «llepeBoguuk B cdepe npodheccHoHabHON KOMMYHHUKAIIUWY» CTYJCHTOB, KYpCaHTOB,
aABIOHKTOB U COTPYIHHUKOB.

B ynuBepcurere Oonpinoe BHUMaHue yaensiercss cnopry. KomaHnel, cocrosiime
13 MPEnoIaBaTeNel, KypcaHTOB U CIIyIIATENeH, — MOCTOSHHBIE YYACTHUKHU Pa3JIMYHBIX CIIOPTHUBHBIX
TYpPHUPOB, MIPOBOJMMBIX Kak B Poccum, Tak u 3a pydexom. CiymiaTteny U KypcaHThl YHUBEPCHTETa
SIBIITIOTCS WieHaMu cOopHBIX kKomana MYUC Poccuu mo pa3mmyHbIM BUIaM CTIOPTA.

JlesTenbHOCTh KOMAaHIbl YHUBEPCUTETAa IO ToXapHo-crmacarenbHoMy crnopty (ITICC)
BKJIIOUaeT B ceOs ydyacTtue B yemnuoHarax Poccuu cpenu By30B (3UMHUUN U JIETHUI), B 30HAJIBHBIX
COpPEBHOBAHMIX M uyeMmmuoHate Poccum, a Takke mpoBeleHHE Oecell U KOHCYJIbTAIMi, OKa3zaHHe
MIPAKTUYECKOW MOMOIIY FOHBIM IMOXAapHBIM KaJeTaM M CIlacaTesiM IpH MPOBEACHUN TPEHUPOBOK
o [ICC.

B yHuBepcuteTe co3maH CHOPTUBHBIA KiIyO0 «HeBckue JIbBBI», B COCTaB KOTOPOTO BXOZST
KoMaHJIbl 110 18 Buaam criopta. B cocTaBe cOOpHBIX KOMaH] YHUBEPCUTETA — YEMITMOHBI U ITPHU3EPHI
MHPOBBIX [IEPBEHCTB U MEKIYHAPOIHBIX TYPHUPOB.

Kypcantsl u ciymarenu HMEIOT HNPEKPACHBIE BO3MOKHOCTH JUISl IOBBIIMIEHHUSI CBOETO
KYJIbTYPHOTO YPOBHSI, pPa3BUTHS TBOPUYECKHUX CIOCOOHOCTEH B CO3JaHHOM B YHHUBEpPCHUTETE
HNHcTuTyTE HPABCTBEHHO-NIATPUOTHUYECKOTO U 3CTETHYECKOrO Pa3BUTHUSA. TBOPUECKUN KOJIJIEKTHUB
YHUBEPCUTETA NPUHUMAECT aKTUBHOE Y4YacCTHE B BEIOMCTBEHHBIX, TOPOJACKHX M YHUBEPCUTETCKHUX
MEPOIPUATHUIX, HAIPABICHHBIX HA A3CTETHUECKOE M IATPUOTHYECKOE BOCHUTAHUE MOJIOJEKH,
a TaK)Xe 3aHMMAET MPU30BbIE MECTa B KOHKYpCax, MPOBOJAUMBIX Ha YPOBHE YHHBEPCHUTETA, TOPOJIA
u MUC Poccun. Ha xaxxoMm Kypce opraHu3zoBaHa padoTa MO CO3JaHUIO M Pa3BUTHIO TBOPUYECKHX
O0OBEIMHEHUN IO Pa3IMYHBIM HAMpaBICHHUSAM: CTYIus BOKaja, CTYIUS TaHIEB, KIyO BECEBIX
Y HaXOM4MBBIX. /ISl KypCcaHTOB U CTYAEHTOB JIEHCTBYET CTYAMSI OPaTOPCKOr0 UCKYCCTBA, KOMaH/a
TEXHUYECKOro o0ecnedeHus, JyXOBOi OpKecTp.

K 75-netuto co Jlus ITo6ennr B Benmukoii OteuectBennoi BoiHe u 30-metrio MUC Poccun
Ha TEPPUTOPUU YUEOHOTO 3aBeJeHUs ObUI OTKPHIT My3ed ucropuu Cankt-IleTepOyprckoro
yausepcurera ['TIC MUC Poccun, B KoTOpoM 00y4aromuecsi, COTpYAHUKH, TOCTH YHHUBEPCUTETA
MOTYT TIO3HAKOMHUTBCSI CO BCEMH JTallaMH CTaHOBJIEHHUS Yy4eOHOro 3aBeJeHUS — OT KypCOB
MOKaPHBIX TEXHUKOB J0 BBICIIETO y4eOHOTO 3aBECHUS.

B ¢denepamsHOoM rocygapcTBEHHOM OIOJDKETHOM OOpa30BATEILHOM YYPEKICHUU BBICIIETO
obpazoBanus «Cankt-IletepOyprckuii yHuBepcuteT ['ocynapCTBEHHONW MPOTHBOMOXKAPHOU CIYKOBI
MunuctepcrBa Poccuiickoit ®enmepanu 1Mo JefaM  Tpa)IaHCKOW OOOPOHBI, Ype3BbIYAHBIM
CUTyallUssM W JIMKBUJALMU TIOCIEACTBUN CTUXHUUHBIX OenctBuii mmeHu [epost Poccuiickoit
Oepnepanrn reHepana apmuu  E.H. 3uHMuYeBa» co3mMaHbl BCE YCJIOBUA [JIs  MOJATOTOBKH
BbICOKOKBanupumpoBanHbix cnenuanucros MUC Poccun.
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ABTOPAM KYPHAJIA
«[IPABO. BE3OHACHOCTb.
YPE3BBIYAUHBIE CUTYALIUN

K nyOnukauuy OpUHUMAIOTCS OpPUTHMHAIBHBIE — HCCIIEeNOBaTeNIbcKMe U 0030pHBIE
AQHAJIMTUYECKUE CTaThH, OTBEYAIONIME MPOPIII0 IKypHAIA, TNPEIACTABISIONINE pPE3yIbTaThl
3aBEpUICHHOT0 HAyYHOTO MCCIEAOBAHUS, BBIIOJHEHHOIO Ha aKTyallbHYyI0 TeMmy, 00Jajaroline
HAayYHOH HOBU3HOM, HUMEIOIIME TMPAKTUUYECKOE 3HAYEHHE U TEOpeTHYecKoe OO0OCHOBaHHE,
o(OopMIIEHHBIE B COOTBETCTBUH C TPEOOBAHUSMH.

Crathss HEe JODKHA OBITH paHee ONMyOJMKOBAHHOW W HE TOJAHHOW HJIS PacCMOTPEHHUS
B Jpyrue xKypHaibl. Bce craTbu mpoXoasaT MPOBEPKY B CUCTEME «AHTHUILIArHAT».

Cratbu 00y4arOImMXcsi MAaruCTPATYPbl, KYPCAHTOB M CTYJI€HTOB MPUHUMAIOTCS TOJBKO
B COABTOPCTBE ¢ HAYYHbIM PYKOBOJAUTEJIEM.

1. Martepuajbl JUisi MyONUKAIMKU TPEACTABISIOTCS B PEAAKIUIO KypHAJA JHYHO WIN
Ha AJICKTPOHHYIO MOYTY: pravobchs@igps.ru. MaTtepuan 10JKeH COTPOBOKIATHCS

a) CTaTbhs acMpaHTa (aIBIOHKTA) WK COUCKATEIS OM3bl860M HAYUHO20 PYKOBOOUMEIA.

0) a1exkmpoHHOll 8epcueli CTaThU, TIPEACTaBICHHOW B (popmaTte pepakTopa Microsoft Word
(Bepcus He HIke 2003). Ha3zBanue ¢aitna 10KHO OBITH CIIEAYIOIINM:

Astopl, ABTop2 — IlepBrie Tpu cioBa HazBaHus craTbu.doc, Hanpumep: UBaHOB — AHaIN3
CyLIeCTBYOIIEeH npakTuku.doc;

B) niama ¢ albIOHKTOB U aCMHUPAHTOB 3a MyOJIMKAIMIO PYKOTIHCEN HE B3UMAETCSl.

W3nanne ocyliecTBIsSET PELEH3UPOBAHNUE BCEX IMOCTYHAKOUIMX B PEJAKLUIO MaTEpHUajIoB
C LIETBI0 UX JKCIEepTHOM oueHkU. CTaThbu peleH3UpyloTcs B 00s3aTENbHOM MOPSIKE YWiIEHAMU
peIaKMOHHON KOJUIETHH KypHasia. OCHOBHAs 1€Ib PELIEH3UPOBAHUS — MPEIOCTABUTh PEAAKIUU
apryMEeHTHPOBAHHYIO HH(GOPMALIUIO ISl IPUHATHS pelIeHus 00 onyOIMKOBaHUM MaTepHarna.

2. CtaTbM, BKIIOYAsT PUCYHKU W TOJIUCH K HHUM, CIHCOK JHTEPATYphl, TOJDKHBI UMETh
o0bemM ot 8 1o 15 crpanwui. Ilo cormacoBaHuio ¢ pyKOBOJACTBOM >KypHaja CTaThbH MOTYT OBIThH
MPUHATHI U 00JIBIIEr0 00bEeMa.

3. OpuruHaIBEHOCTH CTaTeH M0KHA ObITH He MeHee 70 Y.

4. TekcT cTaThbH J0JAKeH OBITH 00513aTeJIbHO CTPYKTYPHPOBaH 10 pa3jesiam:

BBenenune

B pazmene «BBeneHue» TPOBOAWTCS aHAM3 COCTOSIHUSL HCCIEAYEMOH  MPOOJIEeMbI
Mo MyONuKalUsM OTEYECTBEHHBIX M 3apyOeKHBIX MCTOYHHMKOB, HA OCHOBAaHHM KOTOPOTO
00OCHOBBIBACTCS AKTYAJIbHOCTh UCCIIE0BAHUS, (OPMYITUPYIOTCS LEb U 3aa41 UCCIISIOBAHMSI.

MeTtoanl uccaen0BaHus

B pazgene onuceBatoTCs mMpUMeHseMble B padoTe METOABI HCCIEIOBaHHS, MPHUBOIATCS
cBeieHUsT 00 OOBEeKTaxX HUCCIEOBAHUS, U3MEPUTEILHOM O0OPYAOBAHUU, OMUCHIBAIOTCS YCIOBUS
HKCHEPUMEHTOB U T.1. BO3MOXHO yKa3aHue cChUIOK Ha paboThI ¢ OoJiee MOAPOOHBIM HU3II0KEHHEM
METOJIOB, OJHAKO MPUBOJAMMOIO ONHMCAHUSA JOHKHO OBITH JOCTATOYHO Ui TMOHUMAaHHS XO0ja
UCCIIEIOBaHUS.

[Tpu Mcronb30BaHMN CTaHIAPTHBIX (MJIM U3BECTHBIX) METO/IOB M MPOLEAYp JIydlle CAeNaTh
CCBUIKM HAa COOTBETCTBYIOIIME HCTOYHHMKH, HE 3a0bIBas OMUCATh MOAU(PHUKAINK CTaHIAPTHBIX
METOJIOB, €CJIM TaKOBbIE UMENNCh. Eciu jke Mcmonb3yeTcsi COOCTBEHHBI HOBBIA METOJI, ONMUCAHHE
KOTOPOTO HUTJE paHee He OblI0 ONmyOJIMKOBAaHO, BXKHO MIPUBECTH BCe HeoOXoaumble Aetanu. Eciu
paHee omucaHHE MeToJa ObLUIO OMYOJIMKOBAHO B H3BECTHOM >KypHaje, MOXKHO OTrPaHUYHUTHCA
CCBUIKOM.

JlomyckaeTcss ¥ HMHOE Ha3BaHHE pasjena, OOyCIOBIEHHOE CHEIU(UKON HCCIeT0BaHU
Y TOJrOTOBJIEHHON Ha €ro OCHOBE CTaThd, Hampumep «MaTepuanbl U METOAbl UCCIEIOBaAHUSY,
«Mopenu 1 METO/IBI UCCIIEOBAHUAY, « TeopeTnueckre OCHOBBI M METO/IBI PacyeTay.
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Pe3yabTaThl Hcc/ieIOBaHUSA U MX 00CYKIeHUE

B pazgene B joruueckoi mocieoBaTENbHOCTH M3JAaraloTcs pe3yiabTaThl HCCIETOBaHMUS,
KOTOpBIE MOATBEPKAAIOTCS Tabmuiamu, rpadukaMu, pUCYHKaMH. 31€Ch K€ MPOBOIUTCS aHAIIU3
W UMHTEpPHpeTanus TMONyYEeHHBIX pEe3YylIbTaTOB, OIMCHIBAIOTCS BBISABICHHBIE 3aKOHOMEPHOCTH,
MOATBEPHKIAETCS  JIOCTOBEPHOCTh  pPE3YyJIbTaTOB, IMPOBOJIUTCS COIMOCTABIEHUE COOCTBEHHBIX
PE3YNTATOB C JAaHHBIMU APYTUX HCCIEIOBATEICH.

3akiloueHue

B pasnene wuznaraiorcs OCHOBHBIE BBIBOJBI, MOJIBOAMTCS HTOI MPOAETAHHOW padoThI,
00OCHOBBIBAEeTCSl HAy4Hasi HOBU3HA MOJIYY€HHBIX PE3yJIbTaTOB, IPUBOISATCS HAYYHO 0OOCHOBaHHbBIE
PEKOMEHIAlMK [0 WX HCIOJIb30BAHUIO, OMPEIENSIOTCS OCHOBHBIC HAIPABJICHUS aTbHEUIINX
HUCCIIEIOBAHUI B TaHHOU 00JIACTH.

3aKiIoueHre COIEPKUT TJIaBHbIE UJIEM OCHOBHOTO TEKCTa CTaThbH, HO HE JIOJKHO MOBTOPSATH
(hOpMyIIMPOBOK, MTPUBEACHHBIX B MPEABIIYIINUX pa3ieax.

Criucok nurepaTypbl AOJDKEH colepkaTh He MeHee 10 MCTOYHHMKOB (U3 KOTOPBIX He MeHee
30 % 3apyobescnbix).

Juas OB30PHBIX anannTu4yecKux crarel 10MyCKaeTCsl MHAsL CTPYKTYpa CTAaThU:

1. Brenenue.

2. AHaIMTHYECKAsl YacTh.

3. 3akioueHue.

B pasmene «AHanmuTHuUecKas 4YacTh» JOJDKEH OBITh TPEACTaBIICH KPUTHUYSCKUN aHAH3
U KpUTHYECKOe OO0OOIIeHNE aKTyaJbHOM HCCIEeNOBaTEIbCKOM MpoOiIeMbl MO OTEYECTBEHHBIM
1 3apyOeXHbIM Hay4yHbIM HCTOYHHMKAM (He menee 25 ucmounukos, U3 KOTOPbIX He meHee 50 %
3apydexcHbIX) C OICHKOM WX HAyYHOW HOBH3HBI M OPHUTHHAIBHOCTH. Pe3ynbTaTbl KPUTHYECKOTO
aHaM3a M 00OOIIEHUST JOJDKHBI OBITh TOJATBEPKACHBI CPaBHHUTEIBHBIMH TaOIUIIAMH, TpaduKaMHu,
pucyHkamu. B crarbe Taxoke J0JDKHBI OBITh OTPAKEHBI JUCKYCCHOHHBIE (MPOOIeMaTHYHBIE) BOITPOCHIL.

Jomyckaetcst pazbueHue paszuenoB «MeTobl uccieoBaHusm», «Pe3ynbTaThl UCCIIeTOBAHUS
1 UX 00CyXIeHUE», «AHATUTUIECKAs YaCTh» HAa HECKOJBKO JIOTHUECKU CBS3aHHBIX MMOAPA3/IEIIOB.

5. OgopmiieHune Tekera:

a) TeKCT MaTepuaia JUIsl MyOJIMKAIMK JOJKEH OBITh TIATETLHO OTPEAAKTUPOBAH aBTOPOM;

0) TeKCT Ha 0/IHOM cTopoHe JHcTa opmata A4 Habupaercs Ha KoMmblorepe (pudt Times
New Roman 14, unmepean 1,5, 6e3 epeHOCOB, B OJHY KOJIOHKY, 6ce HOJA NO 2 cm, HyMEpalus
CTpaHULl BHU3Y MOCPENHE);

B) HA TIEpBOM CTpaHUIIE AaBTOPCKOTO MaTepuasia JOJDKHBI ObITh Hamewatansl: YK
(yHuUBepcalibHasl JIeCATUYHAsI KiIacCHU(HUKaIusi), HA PYCCKOM M AHIJIMHCKOM SI3bIKAX Ha3BaHUE
(mporncHBIMU OyKBaMH, MOTYKUPHBIM mpudTOM, 0e3 moguepkuBanus); PO aBTOPOB MOIHOCTHIO
(He 6on1ee mpex); MecTo padOTHI (Ha3BaHUE YUPEIKICHUS ), FJCKTPOHHBIN aapec aBTOpoB (6e3 cioBa
e-mail), aHHOTaIKs, KJIIFOUYEBBIC CIOBA.

Tpebosanuss k anHomayuu. AHHOTAIMS JOJKHA OBITH KpaTKOW, WH(OPMATUBHOM,
CoNiepKaTh IIeNib pabOThl, METOJBI HCCICIOBAHUS, OCHOBHBIC TMIOJIOKEHUS U PE3yJIbTaTh
WCCIICIOBaHMS (M3JIaralOTCs OCHOBHBIC PE3YNbTAaThl TEOPETUUYCCKUX W/MIU IKCIEPUMEHTATBHBIX
UCCIeI0BaHMM, (hakTHUeCKue AaHHbIE, OOHAPY>KEHHBIE B3aMOCBSA3U U 3aKOHOMEPHOCTH ), BBIBOIBI
¢ 00OCHOBaHMEM HAYYHOW HOBH3HBI PE3YJIbTaTOB. AHHOTAIMS MOXET BKIIOYATh H APYTYIO
nH(OPMAIIHIO, YMECTHYIO C TOYKH 3PEHHUS aBTOPOB, HAPUMEpP, PEKOMEHIAIUU TI0 TMPUMEHEHHUIO
MOTYYeHHBIX pe3ynbTaTtoB. [IpuMepHsbIil 00beM anHoTaruu 100-250 ciios.

6. Ogopmiienue popmyJ1 B TEKCTE:

a) (hopMyIIbl JOJKHBI OBITH HAOpaHbl HA KOMIIBIOTEpPE B peaakTope Gopmyn Microsoft Word
(Equation), pazmep mpudra sxBuBasienteH 14 (Times New Roman);

0) B hopmysiax peKOMEHIYEeTCsl UCIIOIb30BaTh OYKBBI JJATHHCKOTO M TPEUECKOro an(aBUTOB
(kypcuBoMm);

B) (OpMYJIBI TIEYATAIOTCS MO IEHTPY, HOMEpP — Yy MPaBOrO TOJISI CTPAHHIBI (HyMEpOBaTh
CJIeIyeT TOJIBKO (POPMYIIBI, YITOMHUHAEMBIE B TEKCTE).
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7. OopMiIeHHEe PUCYHKOB M TA0JIMI:

a) pUCYHKH HEOOXOAMMO BBIACIATH OTACIBbHBIM OJIOKOM Il yA0OCTBa TMEpeHOca B TEKCTE WIIH
BCTaBJIATH U3 (haiina, BBHIIIOJIHEHHOTO B JIFOOOM M3 OOLIECHIPUHATHIX TpadUUECKUX PEJaKTOPOB, MO
pUCYHKOM cTaBHUTCs: Puc. 2. u nanee cleayroT MOsSICHEHNUS;

0) ecu B TEKCTE HE OJIHA TaOJIMIIA, TO UX CIEAyeT MPOHYMEpoBaTh (CHavaia nummercs: Tabnwuia 2,
Ha TOM K€ CTPOKE Ha3BaHUE TaOJIHUIIBI TIOTYKUPHO, U J1ajiee CIIEIyeT cama TabunIia);

B) €CJIM B TEKCTE OJIHA Ta0JIMIA UK OJMH PUCYHOK, TO UX HYMEPOBATh HE CIIEYET;

T') TaOJIULBI TOJKHBI UMETh «BEPTHKAIBHOE)» MOCTPOCHHE;

1) B TEKCTE CCBHUIKHM Ha TAOJMIBI M PUCYHKHU JETAIOTCS CIICAYIONUM 00pa3oM: puc. 2, Tabi. 4,
€CJIM BCEro OJIMH PHUCYHOK WJIM OJJHA TabJIMIIa, TO CIOBO MHIIETCS IEIMKOM: TabIuIa, pUCYHOK.

8. O¢gopmienue OndIHOrpaduu (CNUCKa JUTEPATYPbI):

Choucok nuTepaTypsl JODKEH colaepkarb He MeHee 10 HMCTOYHMKOB, Uil 0030pHbIX
AQHAJTUTUYECKUX CTaTeil He MeHee 25 NCTOYHHUKOB.

[Ipu 3TOM KOJIMYECTBO CCHUIOK HA CTaThbU U3 MHOCTPAHHBIX HAYYHBIX JKYPHAJIOB M JPYTUe
MHOCTpPaHHbIE MCTOYHHUKH JOHKHO ObITh He MeHee 30 % oT o0Iiero KojiudyecTBa CChUIOK, AJIS
0030pHBIX aHaTUTHUECKUX ctaTtel He MeHee 50 % .

B cnucke nurtepaTypbl JOKHO ObITH He Oosnee 30 % HMCTOYHHMKOB, aBTOPOM JHOO COABTOPOM
KOTOPBIX SIBJISIETCS] aBTOP CTaThU.

IIpasuna opopmnenus cnucka aumepamypol:

a) B TEKCTE CCBUIKM HA LUTHPYEMYIO JIUTEpaTypy OOO3HAYAIOTCs MOPSIKOBON LUPOit
B KBAJIPAaTHBIX CKOOKAX;

0) CHMCOK JIOJDKEH COJIep)KaTh LUTUPYEMYIO JIMUTEpaTypy, HIPOHYMEpPOBaHHYI0O B TMOpSIKE
ee YIIOMUHAHUS B TEKCTE.

IIpucrareiinbie o6ubmuorpaduueckue CIIUCKU JOJKHBI COOTBETCTBOBATH
I'OCT P 7.0.5-2008.

IIpumepyol oghopmnenus cnucka UCMOYHUKOB:

Cnucoxk MCTOYHUKOB

1. KponaueBa A.B. O HEKOTOPBIX BOIIpOCax MPOLEAYpPhl BBEACHHUS PEKUMA YPE3BBIYAITHOTO
nonoxenus B Poccuiickoit ®denepannu // Bectnuk Yausepcurera um. O.E. Kyrapuna (MI'TOA).
2016. Ne 5. C. 196-201.

2. Manbsko A.B. CTuMynbl 1 OTpaHUYEHHUS B MIPaBe: TEOPETHUKO-UH(POPMALIMOHHBIN acTIeKT.
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