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CHUXEHUE PUCKOB U JINKBUJIALIUS
MNOCJIEJCTBUU YPE3BbIYANUHBIX
CUTYAIIUH. OBECIIEYEHUE
BE3OINACHOCTMU IIPU UYC

Hayunas ctatbs
YK 614.8

MOJEJIHPOBAHHUE OBCTAHOBKH B KMJIbIX 30HAX ITOCJIE
BO3JIEUCTBUSA OBbIYHBIX CPEACTB IIOPAXKEHUA

MCennen Baagumup AHatobeBHY;

KomeBasi Enena UBaHnoBHa.

Axagevus I'IC MYC Poccun, MockBa, Poccusi.

CenneB Anarosuii Bragumuposuu.

MockoBckuii rocyiapcTBeHHbIN TexHu4eckuil yausepcurer um. H.J. baymana
(HAUMOHAJILHBIN HCc/Ie0BaTeIbCKMii yHUBepcuTeT), MockBa, Poccust
Hsednev70@yandex.ru

Annomayus. B paHee BBINOJHEHHBIX aBTOpaMHM pPabOTax, B OTIMYUE OT CYILECTBYIOIIMX
Mojiesiel, He YUMTBIBAIOIUX B3aUMOCBS3b JIOKAJIbHBIX Pa3pyLICHUH 31aHusI OT BO3JICHCTBUS OOBIYHBIX
CPE/ACTB TMOPaKEHUs, ObUIO MPEUIOKEHO ONPENeNATh YCIOBUS pa3pyIICHUs 34aHUl METOI0M
aBTOMAaTU3UPOBAHHOIO pPacyeTa HANpsHDKEHHOI'O COCTOSIHUSL MX CTPOMTENBHBIX KOHCTPYKLMM IOCie
IepepacrpesielieHns BHENIHMX HArpy30K B  pe3ysibTaTe YAAJICHWs W3 PacyeTHOM  CXEMBbI
«pa3pyLIEHHBIX» 3JIEMEHTOB. JTO MO3BOJWIO BIEPBBIE OMNPENENATh BUIBI U KOJIMUYECTBO DIIEMEHTOB
HECYIIMX KOHCTPYKUUI 3/1aHMi, pa3pylIeHHe KOTOPbIX MPHUBOAUT K uX oOpyueHuto. Kpome Toro,
CTENEHb pa3pylICHUs 3/1aHUS ONpenessieTcs He BEeIMYMHOW M30BITOYHOIO JaBJiE€HHS BO (pOHTE
BO3IYITHOM yJapHON BOJIHBI, JCHCTBYIOIICH Ha 3/IaHWE, a BEJIUYMHOM SKOHOMHUYECKOTO yiepoa,
UCXOAs M3 IIeeCOO0pPa3sHOCTH €ro BOCCTAHOBJIEHMS, B 3aBUCUMOCTH OT JIOJIM Pa3pyIICHHBIX
B3aMMOCBSI3aHHBIX KOHCTPYKTHBHBIX AJIEMEHTOB 3/1aHHs. DTO BIEPBbIE 00ECIeYMBaET BO3MOKHOCTD
OIIEPaTHUBHOIO IPOTHO3MPOBAHMS KaK CTENEHU pa3pylIE€HHs OTACIBbHBIX 3AaHUM, TaK U MX [Pyl
B ouare nopaxenus. 1103ToMy B craTee NMpeioKeHbl HayYHO-METOANYECKUE TTOIXOAbI ONIEPATUBHOIO
IIPOTHO3UPOBAHMS CTENEHEN pa3pylleHUs XWIbIX 3JaHUN U CTENCHH NOPAXKCHUS JKWIOW 30HBI IPU
BO3JICUCTBUH OOBIYHBIX CPEJICTB MIOPAYKEHUSI, TIO3BOJIAIOIINE MOBBICUTH TOYHOCTH pacueToB Ha 40-50 %
JUIS SKWJIBIX 31aHUM, COKPAaTUTh BpeMs Ha pacueTsl B 10—15 pa3, OBBICUTH TOYHOCTH MPOrHO3UPOBAHUS
00bEMOB aBapHIHO-BOCCTAHOBUTENILHBIX pa00OT MPUMEHUTEIBHO K SKIJIBIM 3[JaHUSIM U 30HaM T'OpPOJIOB
1 00BEKTOB 3KOHOMHUKH.

[IpemyaraeMbiii HayYHO-METOIUYECKUNA TOJXO0JT TO3BOJISIET OOOCHOBATH MpEAIoaraeMbli
00bEM BOCCTAHOBHUTEJIbHBIX padOT, MPEIOKEHUS MO MOBBILIICHUIO YCTONUMBOCTU KUJIBIX 3AaHUMN
K B3PBIBHBIM Harpy3kam, a TakXe 110 00eCle4eHHNI0 3alllIIEeHHOCTH HACEICHUS.

Kniouesvie cnosa: xuinble 31aHus, BO3ACHCTBUE, OOBIUHBIE CPEICTBA MOPAKEHUS, YIIEpO

Jast uutupoBanusi: Cennes B.A., Komresas E.U., Cennes An.B. MozenmpoBanue 00CTaHOBKY B *KIUTBIX 30HAX

TI0CJIe BO3IEHCTBHS OOBIYHBIX cpencTB mopaxenus // Hayu.-anamut. sxypH. «Bectauk C.-ITerep6. yn-ta I'TIC
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Scientific article
SIMULATION OF THE SITUATION IN RESIDENTIAL AREAS AFTER

EXPOSURE TO CONVENTIONAL WEAPONS

™Sednev Vladimir A;

Koshevaya Elena I.

Academy of State fire service of EMERCOM of Russia, Moscow, Russia.

Sednev Anatoly V.

Moscow state technical university them. N.E. Bauman (national research university),
Moscow, Russia

Hsednev70@yandex.ru

Abstract. In the works previously carried out by the authors, in contrast to existing models
that do not take into account the relationship of local destruction of a building from the effects
of conventional weapons, it was proposed to determine the conditions of destruction of buildings
by automated calculation of the stress state of their building structures after the redistribution
of external loads as a result of the removal of «destroyed» elements from the design scheme.
This made it possible for the first time to determine the types and number of elements
of non-existent structures of buildings, the destruction of which leads to their collapse. In addition,
the degree of destruction of a building is determined not by the amount of excess pressure
in the front of the air shock wave acting on the building, but by the amount of economic damage,
based on the expediency of its restoration, depending on the proportion of destroyed interconnected
structural elements of the building. This provides for the first time the possibility of operational
forecasting of both the degree of destruction of individual buildings and their groups in the lesion.
Therefore, the article proposes scientific and methodological approaches for operational forecasting
of the degrees of destruction of residential buildings and the degree of damage to the residential
area under the action of conventional means of destruction, allowing to increase the accuracy
of calculations by 40-50% for residential buildings, reduce the time for calculations
by 10-15 times, increase the accuracy of forecasting the volume of emergency recovery work
in relation to residential buildings and zones of cities and economic objects.

The proposed scientific and methodological approach allows us to substantiate the estimated
amount of restoration work, proposals to increase the stability of residential buildings to explosive
loads, as well as to ensure the protection of the population.

Keywords: residential buildings, impact, conventional weapons, damage

For citation: Sednev V.A., Koshevaya E.I., Sednev An.V. Simulation of the situation in residential areas after
exposure to conventional weapons // Scientific and analytical journal «Vestnik Saint-Petersburg university
of State fire service of EMERCOM of Russia». 2023. Ne 1. P. 1-16.

BBenenue

B uype3BpIuaiiHbIX cHUTyalMsIX BOGHHOI'O BPEMEHM BCJIEICTBHUE BO3IEHCTBHSI COBPEMEHHBIX
cpeAcTB nopaxkeHus [1—7] HAaHOCUTCSA 3HAYMTENBHBIA yIIEpO >KWJIBIM 3JIaHUSIM U 30HaM TOPOIOB
U 00BEKTaM SKOHOMHUKH. YUHTBIBAsI CIOXKHOCTh CKJIAJIBIBAIONICHCS TIPpU 3TOM oOcTtaHOBKH [1-15],
HEeoOX0UMO HUMETh JOCTOBepHYI0 HuHGpopMmaiuioo [8—10] o BO3MOXHBIX 00BEMax aBapUKHO-
BOCCTaHOBUTEJBHBIX PabOT, 4TOOBI 0OECIEUUTh ONEPAaTUBHOCTb, TOYHOCTh M KaYeCTBO NMPUHATHUSA
pemeHnii Mo 060CHOBAaHUIO HEOOXOJUMBIX 3allacOB CPEJCTB JJIs JKU3HEOOECIeUeHUs HaceleHHs
U CKOpEHMIIEro BOCCTAHOBJIEHUS IOCTPaAaBIIMX oOOBEKTOB. Ilpm 3TOM co3pgaHue cHCTEMBI
MOAJEPKKM TPHUHITHUS PELIEHUH, MOAJEP/KUBAIOIIEH IEJOCTHBI IOAXOA B YIpaBJICHUU
IPUMEHUTEIBHO K OJTUM OOBEKTaM, O0ECIeYUT COOTBETCTBYIOLIME OpraHbl yIpPaBICHUS
HE00XOIUMOM ONEepaTUBHON, aHATTUTUYECKON M MTPOrHO3HON HH(POpMaLUeii.
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NuxeHepHasi METOANKA ONIEPATHUBHOIO NPOrHO3UPOBAHMA CTeNeHeill pa3pyLieHus
JKMJIBIX 3JAHUI IPU BO3/1eliCTBHH 00BIYHBIX CPEICTB MOPAKEHHUS

WmxeHepHass METOAMKA BBHIMOJHEHA C MOMOUIBbIO IpadoaHaTUTUYECKHX METO/I0B pacdera
U TIpe/icTaBiieHa B opMe HOMOTpaMMmbl (puc. 1), uMmeroreit yetbipe padounx nojsi: A, b, B, I'.

ITons A u b npennasnaueHs! Ayt onpeieneHus yuepoa 30anuil (MOHOIMTHOTO, KUPITUYHOTO,
MAHEJIbHOr0) TP MPHILETbHOM yraape oOblvHbIX cpencts nopaxkenus (OCII) mo miomaau 3qaHui,
B 3aBUCHMOCTH OT KOJIMUECTBA U THIIA IPUMEHSIEMBIX OOCTIPUIIACOB.

[Tporuosupyemslii ymep0O OT paspyLieHHs 34aHHs B JOJSIX OT €ro HONHOU CTOMMOCTH Gpp
OTpEAEIIAETCS 10 TOPU3OHTAIILHON OCH, B 3aBUCUMOCTU OT KOJMYECTBA OOCMPUITACOB Z (B IITyKax
Ha PaCUETHYIO CEKIUIO 31aHus), OTIIONKEHHOTO 10 BEPTUKAILHON OCH.
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3a pacyeTHbIE CEKIMU 3/IaHUW TPHUHATHl OJIHOTIOABE3AHBIC CEKIWU: KHUPIUYHOE 3/IaHUE
2
mwrommaaso 198 M°; ma"ensHOe mIomanpo 234 M2; MOHOJIUTHOE TuIoIaab0 1440 M-,

Tabmuma 1

MaremMaTH4yecKoe O;KUAaHUe yiiepoa ot paspymenus 3xanmii (G;)

[IprennsHOE GoMOOMeETaHe 50 /KM 100 1/km° 150 1/km°
Tun 3nanus | KoanectBo PAB-250 | mI0THOCTb 3aCTPOHKH | IIIOTHOCTD 3aCTPONKH | IIOTHOCTD 3aCTPOMKH

1,23 |4)|5)02|05(/08/10|02(05|08|10(02|05/08/1,0
Kupnmanoe (0,557/0,754(0,859(0,9250,9640,2150,0910,0570,0470,411/0,1900,118/0,0990,576/0,2700,176/0,150
IManensnoe (0,6430,85400,973)0,987/0,9930,2440,1090,069 0,06 |0,4680,2190,1400,1150,6800,3190,2090,174

MomnonutHoe(0,108/0,1910,2720,352(0,4320,2710,138| 0,08 |0,0610,516/0,2490,151(0,1300,7090,3200,217,0,180

Ha mone A pa3menieHbl TpH KpHBbIE, COOTBETCTBYIOIIME pacyeTHbIM 3HAUCHUSM YyIuepoa
OT pa3pylleHHss MOHOJIUTHOTO, KUPIIUYHOIO U MaHeNabHoro 3aanuil (tadum. 1). Ilone b npennasnadeHo
JUISl KOPPEKTUPOBKU JONM yliepda OT paspylIeHHs 3JaHUi Mpu JAedcTBHM OOernpunacoB ApPYyrux
KaJIMOpOB, OTIMYHBIX OT PACUETHOTO 110 Macce M TUITY B3phIBUATOro BelecTBa. [ npuBeaeHus 3Tux
00€erpunacoB K pacCueTHOMY UCIIOJIb30BaH 3aKOH noxoous [1]:

, 1)

rJie Zj — NPUBEJCHHOE KOJMYECTBO JACUCTBYIOMUX Ooenpumnacos i-ro tuma; C; — 3¢ deKkTuBHas
Macca B3pbIBUATOrO BemlecTBa B Ooenpumnace i-ro tuna; C, — 3¢ deKTUBHAA Macca B3pHIBYATOTO
BEIlleCTBA B pacye€THOM Ooempunace.

3a pacueTHbI OoempuIiac NpUHITAa aBHanMoHHas QyracHas O6omba MK-81 (DAB-250),
nMeromias r¢dexTuBHY0 Maccy B3pbeiBYaToro BemiectBa 70 kr. [To 3aBucumocTu (1) Bcera MOXKHO
OTIPENIeIUTh HKBUBAJIEHTHOE KOJIMYECTBO Z JIIOOBIX JAeHcCTByrommx OoempumnacoB. C Ienbi0
YOpOIIeHUsT pacyeToB Ha mnojle b mocTtpoeHa cepust MNpsIMBIX JIMHHUHA, COOTBETCTBYIOLIUX
MOTPAaBOYHBIM KO PUIIMEHTAaM TSI OCHOBHBIX THUTIOB ()YTaCHBIX aBHAIIMOHHBIX O0OMO.

[Tons Homorpammbl B u I' mpennazHadeHsl ansi ompezeneHus: yuiepOa oT pa3pylLIeHHs
3JTaHUH TIPU TUIOIIAHOM BO3JCHCTBUY 1O JKUIJIOH 30HE (0Yary mopaKeHHs).

Ha mnone B mno paHHBIM pacueToB MOCTPOEHBI KpUBBIE Ui OINpeAeNeHus yiepoa
OT pa3pyIlIeHUs] PACYETHBIX CEKLUI MOHOJIMTHOIO, TAHEIBHOTO U KUPIHYHOTO 31aHuil Gy, B ouare
MOPAKEHHS] C PACUETHOM TUIOTHOCTHIO 3acTpoiiku 20 %. 3HaueHus MIOTHOCTH Bo3aehcTBus N
(T/kM® 3aCTPOCHHO} MIOMIAM OdYara MOPAKEHWs) MPUHUMAIOTCS TAKKE MO BEPTHKAIBHOH OCH,
npuMbIkaome k momto B. Tlockonbky ymep0d OT paspylmieHHs 3JaHMAd TPH  TUIOMATHOM
BO3JICHCTBUHU IO OYary IMOPa)XE€HHUs 3aBHCHUT OT IUIOTHOCTH €ro 3aCTPOMKH, TO AJIS YIPOLICHHS
pacueroB Ha moJie I MOCTpPOeHBl JIMHUU, COOTBETCTBYIOLIUE MOMPABOYHBIM KOAPPUIIMEHTAM IJis
Pa3HbIX 3HAUYEHUH IUIOTHOCTH 3acTpOrKH. CTENEeHb pa3pylleHUs 34aHus IPeIaraeTcsi OnpeaesiTh,
HUCXONIsI W3 BO3MOXKHOCTH BOcCCTaHOBIeHUs [l14]: mpu skoHOMmueckoMm ymepoe 10 30 %
BOCCTAaHOBJICHUE 3/1aHHS BO3MOXXHO CHJIAMH KOMMYHAJIBHOI'O XO3SMCTBa, 3[JaHUE IOJIydacT
CPEIIHIOIO CTeNeHb pas3pyiieHust; 10 50 % — CHIIbHYIO CTENeHb pa3pyLIeHHs] U BOCCTAaHOBJIEHUE €ro
BO3MOKHO CHJIAMH CTPOHUTEIBHBIX OpraHuzainuii; 6onee 50 % — MOJMHYIO CTENEHb pa3pyLICHHUs
1 BOCCTAHOBJICHHE Helenecoo0pa3Ho.

Omnpenesienne creneHeil paspyumenns 31aHU NPU NPUIEJIbHOM BO3/1eiICTBHH

1. Onpenensitorcs UCXoAHbIE AaHHBIE [ 14].
1.1. Tum u xonmu4yecTBO OOCMPUITACOB, BO3ACHCTBYIONINX HA 3[aHHE.
1.2. Konn4ecTBO pacyeTHBIX CEKLIMH 31aHuUs !
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rae S;; — o01mast IIomaab 30aHus, MZ; S, — pacueTHas IIOWAAb OJHON cekuuu 3aaHus (198 M2 — TUTS
KUpHIU4HOTO, 234 M2 — I maHensHoro, 1440 M2 — JUTISI MOHOJIUTHOTO).
1.3. KonnuecTBO OOENpHUITacoB, BO3ICUCTBYIONIMX HAa OJHY CEKIIUIO 3AaHUS:

2. Onpepnensiercs CTeNeHb pas3pylueHus 30aHust Gup.

2.1. Ha mone A HOMOIrpamMMbl HAXOJUTCS TOYKA MEPECCYCHUS TOPU3OHTAIBHON JIMHUM Z
(IIT/CEeK1NIO) ¢ KPUBOM ISl pACCUUTHIBAEMOIO TUIIA 3AAHHUS.

2.2. Or TOYKM IepeceueHusl OIyCKaeTcs BepTHKanbHas JAMHHA 10 ocH Gp, Ha KOTOpOi
OTIpe/ICIIAETCS BEIMUMHA yIep0a ¥ COOTBETCTBYIOMIAS CTEIICHb PA3pYIICHUS 31aHUS.

2.3. B cimyuae Bo3neiicTBus Ooenpunacos Apyroro kanuopa juHus oT ocu Gy, omyckaercs
Ha moisie b 1m0 mepeceueHus ¢ JIMHWEH COOTBETCTBYIONIETO KaimuOpa, a 3aTeM IMPOBOIAUTCS
TOPU30HTANIbHAS JIMHUSA 10 ocu G, Ha KOTOPOH OIpeaesseTcs BeJIMYMHA MPUBEIACHHOTO yiepoa
Y COOTBETCTBYIOIIAs CTENICHb Pa3pyIICHUS 31aHMS.

OnpeneJieHue cTeneHei pa3pymieHus 31aHUi NPHU MJI0IATHOM BO3/1€iiCTBUH

1. OnpenensitoTcs UCXOAHBIC JaHHBIE [ 14].
1.1. Oxxupgaemas INIOTHOCTH Bo3aeicTBus — N, T/kM°.
1.2. IT1OTHOCTP 3aCTPOMKH BO3MOKHOI'O O4ara MOpaKeHUs JUIsl KayKJ0ro TUIA 30aHuM:

TJie pi — TUIOTHOCTh 3aCTPOMKHU O4ara MOPaKEHHs I-M THUIIOM 3JIaHHsI (MOHOJIUTHBIM, KUPITUYHBIM,
2. e .
MaHEBHBIM); Sy — TUTOIIAJIb OYara MmopakeHus, kM*; Sj — oOIas miIomajis 3AaHuH -0 THIIA:

S = iji Sii
=1

rae Sji — mIomans J-ro BHAA 3AaHUH I-ro THINA; Mj — KOJMYECTBO |-TO BUJAA 3JaHUH I-rO THUIIA;
K — KonmruecTBO BHIOB 37aHMi I-r0 THIA (BH/bI 3IaHUI OTIMYAIOTCS CBOCH IIOIABIO).

2. OnpenensieTcst cTeneHb pa3pymenus 30aHus Gy

2.1. Ha mone B HOMOTrpaMMbl HaXxOJMTCS TOYKA IMEpPECeYeHUs] TOPU3OHTAIbHOW JuHUUA N
(T/KMZ) C KPUBOM TSI paCCYNUTHIBAEMOTO TUIIA 3/1aHUS.

2.2. OT TOYKM TepeceUeHHs] ONMyCKAEeTCs BepTHKalbHAsl TUHUSA 10 ocu Gy, Ha KOTOpOM
OmpeeNsieTcss BeJIMYMHA yepda W COOTBETCTBYIOIIAsl CTENEHb pa3pylIeHUs 3JaHus,
COCTOSILIETO U3 OJHOM PACUETHOM CEKIIUH.

2.3. BepTtukanpHas JUHUS TPOJOJDKaeTcss Ha mone [ 1o mepecedeHuss C JIUHHUCH
IJIOTHOCTH 3aCTPOMKH.

24. 13 TOYKM TiepecedeHUs] MPOBOJUTCS TOPHU3OHTAIBbHAS JIMHHS JO IepecedcHus
C BEPTHUKAIBLHON OChi0 G, MO KOTOPOH OMpeAesieTCs BEIMYHMHA yIiepOda W COOTBETCTBYIOMIAS
CTENEeHb pa3pylIeHUs 3JaHUsl.

B kadectBe kputepus 3G(HEKTHBHOCTH TMPEAJIOKCHHON METOIUKH TPOTHO3UPOBAHHUS
CTETNeHH pa3pyIIeHUs 3[aHUN MPH BO3ACHCTBUM OOBIYHBIX CPEICTB MOPAXKEHHS MPUHATA CTENEHb
TIOBBIIICHUS] TOYHOCTH €€ OIpe/esieHNs. BBIMOTHEH CpaBHUTEIBHBIA pacyeT CTEIICHHU pa3pyIICHH
KUpNUYHOro 37aHus (Tabs. 2). [IpuMEeHUTENbHO K TMAHEJbHBIM M MOHOJMTHBIM 3JaHUAM
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CPaBHHUTCIIBHBIC PACUCTHI BBIIIOJIHUTH HCBO3MOXHO, 3TO CBA3aHO C TCM, YTO JAHHBIC IO BCIMYHUHC
H30BITOYHOTO JaBJICHHA BO (l)pOHTe BO3I[anHOI>i yﬂapHoﬁ BOJIHBI AACPHOT'O B3pPbIBa, BBI3LIBAIOIIICTO
CJ'Ia6LIe, CpCAHUC, CUJILHBIC U ITOJIHBIC PA3PYIICHUA KUJIBIX 3I[aHPII>i 9TUX THUIIOB, OTCYTCTBYIOT.

Tabnuua 2
Pe3yabTaThl CPABHUTEIBHBIX PACYETOB CTENEHH MOPAKEHUS 3TAHUI
Crerness paspyiieHus 3naaust, %o

ObbexT CYILECTBYIOLIAs rI[) epiomeHHaﬁﬂ , CTEIECHb

MOPaKeHHUS yi YIOLL pen
METOAUKA METOAUKA MOBBILIEHUS TOUHOCTH

Kupnuunsie

P 100 50 50

[IATUITAXKHBIE 30aHUS

AHanu3 CpaBHUTEIBHBIX PACYETOB MOKA3BIBAET, YTO TOUHOCTH MPUMEHEHHUS pa3pabOTaHHON
METOJIUKH, TI0 CPAaBHCHHIO C CYIIECTBYIOIIMMH, ToBbImaercs Ha 40-50 %. DT1o moBhIIICHHE
O0OBSCHSIETCS CIIETYIOMUMHU (DaKTaMHU.

Bo-niepBbiX, B CyIIECTBYIOLIEH METOJUKE CTENEHb pa3pyLICHHUs 3JaHHUs ONpeesnseTcs
B 3aBUCUMOCTH OT COOTHOUICHHUS BEIMYMHBI H30BITOYHOTO JIaBJICHUS BO (DPOHTE BO3MYLIHON yIapHOU
BOJIHBI SIIGPHOTO B3phIBA M HM30BITOYHOTO JaBIICHHs, KOTOPOE BBI3BIBACT CHUJIBHYIO CTEICHb
paspyuienusi. [Ipu B3pbiBe OOBIUHBIX CPEACTB TMOPAXKEHHS BEIMYUHA W30BITOYHOTO JIaBIICHHS
MPUOIMKECHHO TIPUBOJAUTCS K BEIMYMHE M30BITOYHOTO JABICHHWS TPH  SACPHOM  B3phIBE
110 3aBUcUMoOcCTH [1]:

APocni=1,5-1,7 APgsg,

rae  APocr, APgg  — Wu30BITOYHOE JaBjiCHHE BO (POHTE BO3IYIIHOW YIApHOW BOJIHBI,
COOTBETCTBEHHO, MPU B3PbIBE OOBIYHBIX CPEACTB MOPAKEHUS U SIIEPHOTO B3PHIBA.

Bo-BTOpBIX, B MaTeMaTHUECKOW MOJAETH BO3/ICHCTBUS HA 3[JaHUE BO3YIIHOW yJapHON BOJHBI
SIIEPHOTO B3pPbIBA MPUHSTO, YTO BCE 37]aHUE MOIHOCTHIO MOTPYKAETCS B BOJIHY, AAaBJICHHUE B KOTOPOM
OJIMHAKOBO JIEHCTBYET Ha BCE JJEMEHTHI ()POHTAIBbHOW CTeHbI 3MaHusA. OJHAKO TPU BO3JICHCTBUU
BO3JIyIITHON yJIapHOW BOJIHBI TPH B3PBIBE OOBIYHBIX CPEACTB IMOPAKEHHS pa3pyllaroliee JCHCTBHE
Ha KOHCTPYKIMIO 3[aHHUs OKa3bIBAaeTCs TOJBKO Ha ydacTke JummHOHM He Oomee 0,8R, (R, — pammyc
paspymieans). To eCThb BO3HHMKAIOT TOJBKO JIOKAIBHBIC pa3pylleHHs, YTO W YYUTHIBACTCS
B TIPE/IIOKEHHON MaTeMaTHYECKON MOJICITH pa3pyIICHNUS 3/IaHVS.

B-TpeTbux, mpu IUTOMAJHOM BO3JCHCTBUHM OOBIYHBIX CPEICTB TOPAXKECHUS IO KHJIOH 30HE
OoenpHIacel pacrpeensoTcs caydaiiHbIM 00pa3oM. BeposaTHOCTh pa3pylieHus] KOHCTPYKIMN 3/1aHHS
3aBUCUT KaK OT IUIOLIaU TOPaKEHHs, TaK U OT IUIOTHOCTH BO3JEHCTBUS, YTO M YYUTHIBAETCS
B TIPEIJIOKEHHOW MeTOoJHKe. B cylecTByromeil METoAMKe BEpOATHOCTh MOMAJaHHUsA B IUIOMIAIb
MOpaKEHUS 3aHUs IPUHIUMASTCS PaBHOW €MHUIIE.

Takum o00pa3oM, TOBBIIIEHHE TOYHOCTH pacyeToB IO TpeIaraeMoil MeETOJUKe
00yCIIOBJIIEHO 0oJiee MOJIHBIM COOTBETCTBHUEM IMPUHSATOW MATEMATHYECKOW MOJETH U (PU3UISCKUX
IIPOLIECCOB Pa3pyLIEHUsI KOHCTPYKIUN 31aHUM.

HNHkenepHast METOAMKA ONIEPATHBHOIO NPOrHO3MPOBAHUSA CTEIEHH MOPAKEHHUS
sKMJIOM 30HBI NIpH Bo3AelicTBuM 1o Heit OCII

Metoauka onpeneneHus IIom@aaM pa3pylieHnd 3JaHui, KaK U CTENEHH IMOPaKECHUS >KUIION
30HBI, TPEOYET YTOUHEHUS C YYETOM HE TOJIBKO MOJTHOM CTETIEHH Pa3pyLIEHUs] KPUTUYECKHUX YJIEMEHTOB
3[aHUs, HO M PEANbHOM CTENEHH Pa3pylIeHHUs 37aHusl B 3aBUCHMOCTH OT (DYHKIIMOHAIIBHBIX CBSI3CH
BCEX €ro KOHCTPYKTHUBHBIX 3JIEMEHTOB. B CBSI3M € 3THM B IENAX YTOYHEHUSI BO3MOXKHON OOCTaHOBKU
IIpearaeTcsl yTOYHEHHas NHKEHEPHAasl METOMKA [TPOTrHO3UPOBAHUS CTEIIEHH MOPAXKEHUS JKUIION
30HBI. PacdeTel Mo 3TONM MeTOoAMKE MpeanaraeTcss NPOBOIUTH IpaOaHATUTHUECKUM METOJOM
C NPUMEHEHUEM pa3pabOTaHHBIX HOMOTpaMM (puc. 2—4) ais ONpelesieHHs J0JIM Pa3pyLICHHbBIX
3IaHMM KaXJ0r0 THUIIA: MOHOJIMTHBIX, KHPIIUYHBIX, [IAHEJIbHBIX.
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Homorpammbel umeror uetbipe paboumx mons: A, b, B, I'. Pabouume mnoms A, b
NpeAHa3HauYEeHbl ISl ONpPEACIICHHUS] CTENEHU MOPAKEHUs KUJIOW 30HbI B O4are MOpPa)KEHUs MpHU
BozaeictBuu OCII no miomaau *unoi 30Hbl, a noist B u I' — npu npunensHoM Bo3aeiicTBUM
mo 3naHusM. PaGodee mone A mpeaHa3sHau€HO Ui OMpEeNIeHUs KOJIWYEeCTBa 3/aHUN B odyare
MOPAXEHHUSI B 3aBUCUMOCTH OT €ro IUIOIIAJIH, TUMA 3[IaHUM W IUIOTHOCTH 3acTpouiku. [Ipu s3tom
pacuer Benmerca Ha 1 KM® IUIOIIaAM ouara MOPaXEHUsI, a KOJUYECTBO 3JaHUM NIPEACTABICHO
KOJIMYECTBOM PACUETHBIX CEKIIMH pacCMaTpUBAaEeMbIX THUIIOB 3/1aHui. C y4eTOM 3TOTO Ha BCEX TPEX
HOMOTpaMMax Ha FOPU3OHTAIBHBIX M BEPTUKAJIBHOW OCH CIIPaBa IIOKAa3aHO PACUYETHOE KOJIMYECTBO
cekuit (N, i) Ha 1 KM WO 30HBL:

rae S,;i — pacyeTHas IUIOINAAb OJHOW CEKIMU 3AaHus I-ro Tuna (Syex=1440 MZ, Sup=198 Mz,
Suan=234 M°).

Ha BepTukanpHON OCH clpaBa OTJIOKEHAa BEIUYUHA S,p IUIOMIATN Ouara MOPAKCHUS
(ot mHyns mo 1 KM2). Ha mone A pacmonaraercsi cepuss HpPSMBIX JHUHHH, COOTBETCTBYIOIIHX
3HAYEHUIO TUIOTHOCTHU 3aCTPOMKH OUYara mopakeHusl:

_zs

on

Pi

rac ZS' — O6IJ_I3.5I ILUIOIIAb 3JaHUMN I-ro THUIIA, Pa3MCHICHHOI'O Ha IUIOHIAAW OYara IOpPaXCHUS,;

Son — MIIOIIA/Ib 0Yara NopaskKeHus.

Ha mone b pacnonoxena cepuss mnpsameix JWHUH G, COOTBETCTBYIOIIUX CTCIICHH
paspymenus 3nanuil aeiicteueM OCII npu miomagHoM BO3AEHCTBUM, a HA none B — BennuuHe
creneHu paspymeHuss G,, B ouare HmopakeHHs IpH IpulledbHOM BozaeiicTBuH. ITo ocu Ny
OTIpPENIeNIIeTCS MaTeMaTUYeCKOe OXKUIAHWE JIOJM pa3pylICHHBIX 3JaHWi 1-TO THUMA Kak TpU
IJTONIAHOM, TaK M MPH NPHUIETLHOM BO3AEHCTBUU:

Nanp,i = Nay, i Gi,

rae Gj — creneHs paspymenus 3nanuid i-ro tuna (G, — npu mwiomaaaom, Gy, — MPU IPHIETEHOM
BO3JICHCTBHM).

Ha mone I' pacnonoxkena cepusi mpsIMbIX JIMHUN, COOTBETCTBYIOIIAS JIOJIM 3/1aHUN B oyare
MOpaXCHUs, MO KOTOPBIM BO3MOXHO IMPUICIIBHOC BO3I[€I71CTBH€:

S .
p, i 5
X (2)

ﬂizz

rae Syp, i — IJIONIAb 30aHUM, 10 KOTOPBIM BO3MOXHO IPHILIEILHOE BO3JIEHCTBHUE.
Jlonst 371aHuid I-rO THIA B OodYare MOPaKeHHs IMPH IUIOIIAJHOM crocobe GomOomeTaHus
omnpezensercs no Gopmyie:

a; = —. (3)
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OnpenesieHue 101 pa3pylleHHbIX 31aHUI B oUare NopakeHus

1. OnpenensitoTcs UCXOAHBIC JaHHBIC [ 14].
1.1. ITnomane ouara nopaxeHus, KMZ.

. . 2
1.2. OOmmas miomaak 34aHui I-ro TUmIa, z S, M".

1.3. TIIOTHOCTB 3aCTPOWKH JKHJION 30HBI B 0Yare MOpaXKeHuUs 31aHUH I-ro TUTIa, pi.
1.4. Bennuuna ymiep0a ot paspyuienus 3nanuit: Gy, Gyp (puc. 5).

1.5. Jlonst 3maHmii I-ro THIa B o4are MOpPaKeHUsI B 3aBUCHMOCTH OT CIOc00a GoMOOMeTaHHs
OTpeeNseTcs:

_ Nzn.i
— MIPH IJIOIIATHOM: a; = N ;
o6
_ Snp,i
— IIPU TIPULICTBHOM: B, = Z S
[

N06m: NMOH+ NKI/Ip+ NH&H) miT.

2. Omnpenensiercs I0Jsl pa3pyLIEHHBIX 3AaHUN TPH TUIOMIAJHOM BO3ACHCTBUHU (pacuer
MPOBOAMTCS MO COOTBETCTBYIOMLIEH HOMOTrpamme (puc. 2, 3).

21.B mome A OT BEpTHKAIBHOW OCH S,; TMPOBOAUTCS TOPHU3OHTAIBHAS JIMHUS
JI0 NIEPECCUYCHMs C JIMHUEH IUIOTHOCTH 3aCTPOMKH p, 3aTEM M3 TOYKU IIEPECEUYEHUs OIlyCKAECTCs
BEpPTHUKAIbHAS JIMHUS JO MEPECeUeHUsi ¢ rOpU30HTAIBbHON 0Chbi0 Ny, 1O KOTOpOH ompenensiercs
ux ol11ee pacyeTHOE KOJIMYECTBO B OUare MopaskeHusl.

2.2. BeprukanbHas JIMHHS TPOJODKAaeTcss B moie b 10 mepecedeHWss ¢ JIMHUEH,
COOTBETCTBYIOLIEH BEJIMYMHE CTENeHU paspylieHus 31aHuil Gp,, a 3aTeM W3 TOUKH IepecedeHHs
HPOBOANTCS TOPU3OHTAIIbHAS JMHMSA 0 HIKHEH BEpTUKAIBHOH OcU N, HA KOTOPOW ONpenensercs
JI0JIs1 pa3pyLICHHBIX 3aHUN B O4are MopakeHusl.

3. Ompenensiercst  JIONIsl  pa3pylIeHHBIX — 37@HUH  MPH  TPHICIBHOM  BO3JCHCTBHH
(o cooTBeTCTBYIOIIEH HOMOTpamme (puc. 2, 3).

3.1. BemonHsieTcst myHKT 2.1 as ompeneneHusl pacueTHOrO KOJMYeCTBa 3aHWUN B odare
MIOPAKEHHUS.

3.2. Pe3ynbTar, momydeHHbIH 10 1. 3.1, OTKIIaABIBaeTCS Ha BEPTUKAIBHON och N, U B TOJIe
I" npoBOaUTCSA TOPU3OHTATIBHAS JIMHUS IO TIEPECEUSHHs C JMHUEH, COOTBETCTBYIOIIEH 3HaYeHUIO [
(cM. UCXOJHBIE JAHHBIE).

3.3. I3 Touku mepeceueHHs MPOBOJMUTCS BepTHKAJIbHAS JHHUSA B moje B 1o mepeceuenus
C JIMHHEH, COOTBETCTBYIOLIEH BENIUYMHE CTENEHU pas3pylleHus 3faHuil Gpp, 3aTeM M3 TOUKH
HepeceyeHus! IPOBOIUTCS TOPU3OHTANIbHAS JTMHUS 10 HUKHEH BepTUKaIbHOM ocH N, p, HA KOTOPOi
OIpe/IeIsIeTCs] MaTeMaTHYeCKOe OXKUIAHHWE JIOJMM pPa3pylICHHBIX 37aHWil I-T0 THUMa B odare
MIOPAKEHHUS.
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4. CrenieHb MOpaXEHUs KUJIOW 30HBI (J10JI1 pa3pyLIEHHBIX 3/aHUN B odare MOpPa)KEHHs)
OTIpeJIeNIIeTCs B 3aBUCUMOCTH OT c11ocoba 6oMOOMeTaHus:

m N
50..p.1
— IIPH TJIOIIAHOM = ZJ% ;
i=1 Ns()
. g Nsd.,p,i
— IIPU IPHLETEHOM:! = Z_ B
i=1 N3d

rae Ni,pi — MaTeMaTHYeCKoe OXHAAHUE JOIM Pa3pyLICHHBIX 3MAHUH I-T0 THIIA B O4are MOPaKCHUS;
@i — OIS 3@HUI I-T0 TUIMA B ovare nopaxenus (3); fi — IOJs 30aHUi I-T0 TUMA B 0Yare MOpaKeHUsl
M0 KOTOPBIM BO3MOKHO TPHLIETBHOE BO3CHCTBHE (2); 71 — KOTMYECTBO TUIIOB 3/IaHUH B )KUIION 30HE.

WNnxenepnas Meronuka mno3oiasier B 10—15 pa3 cokpatuTe BpemMsi Ha pacueTsl
[0 IPOTHO3UPOBAHUIO CTENEHEH pa3pylleHUsl JHOObIX KUPIUYHBIX, MAHEIbHBIX U MOHOJUTHBIX
3MAaHWI TIpH PAa3IMYHBIX BapHaHTaX Kak IMPHIEITBHOTO, TaK MW IUIOMAJHOTO BO3JCHCTBUS
6oenpunacamu Jiro00ro Kaauopa.

3aki0yenne

BbInonHEHa OLIEHKA CTENEHU JOCTHKEHUS IOCTABJIEHHOW LEJIN — IOBBIIIEHHE TOYHOCTH
IIPOrHO3UPOBAHUS 00BEMOB aBAPUITHO-BOCCTAHOBUTEIbHBIX PadoT B pesynbrate Bo3aeiicteus OCII
[0 XKWJIBIM 30HaM TOPOAOB M OOBEKTOB SKOHOMHKH. Mcmosb3oBaHMe pa3paOOTaHHBIX Hay4HO-
METOJUYECKUX IOJXOJ0B IO3BOJISIET OOOCHOBBIBATH PELIEHHUS IO TOBBILEHUIO YCTONYMBOCTH
(YHKIMOHUPOBaHUS KUPIUYHBIX, MAHEJIbHBIX M MOHOJUTHBIX 3/1aHUM B YCJIOBHUSX BO3JEHCTBUSA
OCII 1 1o coBEPIIEHCTBOBAHUIO X KOHCTPYKLIUH.
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BE3OITACHOCTDb KPUTUYECKU BAKHbBIX
N HOTEHIHUAJIBHO OITACHBIX OB BEKTOB
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AJI'OPUTM HHO®OPMAIIMOHHOI'O BBAHMOl[uEﬁCIBHH
PYKOBOAUTEJIEN TUKBUJANIUN YPE3BBIYAUHOU CUTYALIUHN
N KOHTPTEPPOPUCTHYECKOHU OIIEPAIIU

“MeTebKOB Anexcanap HukosnaeBu4.
Cankr-IlerepOyprekmii yausepeurer I'TIC MYUC Poccun, Cankr-IlerepOypr, Poccust
“metelkov5178@mail.ru

Annomayus. B 2022 1. B yCIOBHAX OOOCTPEHHUS MEXTyHAPOAHOM OOCTAHOBKH OCOOYIO
aKTyaJIbHOCTh IIPE/ICTABISIET MpoliieMa CKOOPIMHUPOBAHHOTO CHCTEMHOT'O PearupoBaHUs HA SICPHbIC
U uHble yrpo3bl. B pabore BrHepBble aBTOPOM IIOCTaBIEH M HCCIETYEeTCsl CIOXKHBIA BOIPOC
B3aMMOJICHCTBUSL ~ JIByX  TOCYJapCTBEHHBIX  CHCTEM — €JMHOM  TOCYHAapCTBEHHOH  CHCTEMBI
MIPEAYNPEXICHUST U JIMKBUJAIMU 4Ype3BbIYaiHbIX cuTyauuii u  OOIIerocyjapcTBEHHON CHCTEMBI
IIPOTUBOJIEHCTBUS TeppopusMy B Poccuiickoit deneparyy Mpy MPECEYEHUH aKTa sJIEPHOIO Teppopru3Ma
U JIMKBUJIAIMY, BO3HUKLIEH B PE3yJbTaTe €ro COBEPLICHUs], YPE3BbIUAMHON CUTYyallMU PaanalliOHHOIO
XapakTepa. ABTOPOM Ha OCHOBE IPAaBOBOM MOJEIM AEHCTBUI JTOJDKHOCTHBIX JIML, HMPHUHUMAFOLIMX
pELIeHus 110 NPOBECHHIO KOHTPTEPPOPUCTUUECKOMN ONEpaliy U JIMKBUIAIMH YpEe3BbIYaHON CUTYALHH,
MpeIIoKEH AITOPUTM UH(GOPMAIIMOHHOTO B3aUMOJICHCTBUS PYKOBOAUTENEH JTMKBUAAIMN YpE3BbIYaiHOM
CHUTYallUM U KOHTPTEPPOPUCTUYECKON orepaluu. B cTaThe ¢ MCMoNb30BaHNEM CUTYAIIMOHHOTO aHaIHM3a
1 MOJIETIMPOBAHUS Pa3BUTHUSI KPU3UCHBIX SIBJICHWI BblAENEHAa OOIIas OCHOBA B3aMMOJEWCTBUS TAKUX
cHCcTeM, Oa3upyroIasics Ha OOBEKTUBHON CTOPOHE TEPPOPUCTHUCCKON JESTEITEHOCTH, KOTOpast OOBIYHO
NIPOSIBIISIETCS BO B3PBIBAX, MOXKapax M HHOM MPOTUBOIPABHOM JAESTEIILHOCTH.

Kniouesvie cnosa: TeppopucTHuecKuid  akT, B3pBIB, MOXap, paJdallMOHHAs  aBapws,
pallMoaKkTUBHOE 3apakKeHUe, IOCIEACTBUS, 4Ype3BblYalfHAs CHUTYalllsl, 4Ype3BbIUaiiHOE TMOJIOKEHHE,
JIMKBUJIAIHS, AITOPUTM

Josi murupoBanusi: MerenskoB A.H. AnroputM uH(GOPMaLMOHHOIO B3aMMOIEHCTBUS PYKOBOJHUTENEH
JMKBUJIAIIMM YpPE3BbIUAHOW CHTyalldM M KOHTPTEPPOpHUCTHYECKOH omepauun // Hayd.-aHanuT. KypH.
«Becrauk C.-Ilerep6. yu-ta I'TIC MUC Poccumy. 2023. Ne 1. C. 17-28.

Scientific article

THE ALGORITHM OF INFORMATION INTERACTION BETWEEN

THE HEADS OF EMERGENCY RESPONSE AND COUNTER-TERRORISM
OPERATIONS

™MMetel'kov Alexander N.
Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
“metelkov5178@mail.ru

Abstract. In the context of the aggravation of the international situation in 2022, the problem
of a coordinated systemic response to nuclear and other threats is of particular relevance. In this paper,
for the first time, the author poses and examines the complex issue of interaction between two state
systems — the unified state system for the prevention and liquidation of emergency situations
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and the National system for countering terrorism in the Russian Federation in the suppression of an act
of nuclear terrorism and the elimination of a radiation emergency that arose as a result of it. Based
on the legal model of the actions of officials who make decisions on conducting a counter-terrorist
operation and liquidating an emergency, the author proposes an algorithm for information interaction
between the leaders of emergency situations and counter-terrorist operation. Based on modeling and
situational analysis, the article highlights the general basis for the interaction of such systems, based
on the objective side of terrorist activity, which usually manifests itself in explosions, fires and other
illegal activities.

Keywords: terrorist act, explosion, fire, radiation accident, radioactive contamination,
consequences, emergency situation, emergency situation, liquidation, algorithm

For citation: Metel'kov A.N. The algorithm of information interaction between the heads of emergency
response and counter-terrorism operations // Scientific and analytical journal «Vestnik Saint-Petersburg
university of State fire service of EMERCOM of Russia». 2023. Ne 1. P. 17-28.

BBeaenue

B Crparernn nHanumonanbHOW Oe3omacHocTu Poccuiickoli ®enepanuu OTMEYEHO, 4YTO
KPUTHYECKOE COCTOSIHHE (PU3UYECKON COXPAaHHOCTH OINMACHBIX OOBEKTOB M MaTEpHUajoB, 0COOEHHO
B TIOCyJapcTBaX C HECTAOMJIBHOM BHYTPHUIIOJIMTUYECKOM CHUTyalued, HEKOHTPOJIHUpYyeMoe
pacnpoCTpaHEHUE SIIEPHOTO BOOPYKEHUS YBEIMUYMBAIOT BEPOSITHOCTh MONAJAAHUS PaAHMOAaKTHBHBIX
MaTEpHAIOB U SACPHOIO OpPYXHs B PYKHM TEPPOPUCTOB. fIIEpPHYIO OMACHOCTH [UIsl MHUPOBOIO
cooOmiecTBa MOTYT MPEACTABIATH 3IOHAMEPEHHBIE JICHCTBUS TEPPOPUCTUUECKUX TPYII. B nmepByto
ouepelb pedb UAET O «IIPEACTaBUTEISAX (PAHATUUHBIX PETUTHO3HBIX CEKT WJIM SKCTPEMHUCTCKHX
OpraHu3aIyii..., CyMEBIIUX 3aXBaTHTh sIEPHbIE OOENMpHUIAchl B TeX CTpaHaX, HA TEPPUTOPUHU
KOTOPBIX pa3mMemaercs sijaepHoe opyxue» [1, €. 30]. Teopust karactpod u aBapuii mpezamnoaract
CYILLIECTBOBaHHE COOEB B CIIOKHBIX TEXHMUYECKHUX CHUCTEMAX, B KOTOPBIX NPUMEHSIOTCS OMNACHbIE
texHosoruu. K QusnueckoMy paspylieHuo 000pynoBaHMs IPHUBEIN KOMIBIOTEPHbIE aTaku
Ha MH()OPMALMOHHBIE CHUCTEMbI YIPaBJICHUS SACPHBIMH U PAIHALMOHHO OMACHBIMH OOBEKTaMH,
KaK TIOKa3bIBAIOT PE3yJbTaThl BO3JEHCTBHUS KOMIIBIOTEPHOTO BUpyca StuXnet Ha JIOKaJbHYIO CETh
sepHoro oobekra B r. Hatansze B 2009 r., 11 anpens 2021 r. BHEIIHUMU A€CTPYKTUBHBIMU CHUIIAMU
MHUIMKMPOBaHa aBapus Ha siiepHOM o0bekTe MpaHa, KoTopas OlleHeHa pyKOBOJICTBOM IoCy/1apcTBa
B KauecTBEe akUuu sjepHoro teppopusma. B 2022 r. oOcrtpensl KkpynHeinmeil B EBpone
3anopoxkckoit ADC yKpauHCKMMH BOOPYKEHHBIMU (DOPMUPOBAHUSIMU M TOJPHIB YKPAUHCKUMU
JUBEPCAHTAMU OIOp BBICOKOBOJIBTHBIX JIMHUN 3nekTpornepenad Kypckoit ADC mnonutuku
U CIEeIUaTUCThl He 0e3 OCHOBaHMH OTHOCAT K akTaM SAE€pHOro TeppopusMma. B ycrioBusx
BO3PACTaHMUs PUCKOB TEXHOTCHHBIX KaTacTpo] M COXpaHEHHS BOEHHBIX OMACHOCTEW TEHICHIUS
yCyryonaeHus BO3JEMCTBUS B3aUMOCBA3aHHBIX MpoOieM TpedyeT MpopabOTKH MHOTOBapHUaHTHBIX
MOCTICICTBUIM Ui BBIPAOOTKM PEKOMEHIAIMA 10 «COBEPIICHCTBOBAHUIO T'OCYAapCTBEHHON
CUCTEMBbl TPOTHUBOJCHCTBHS, OpPUEHTHUPOBAHHOW Ha CMSATYEHHE W/WIM TPEOJI0JIEHuE Yyrpo3
BO3HUKHOBEHHUS MPOTHO3UPYEMBIX UPE3BbIUAHBIX U KPU3UCHBIX CUTYALUH..., TEPPOPUCTUUECKUX
aKTOB NpU OTPabOTKE CTpaTeruvyecKux pemeHuit» [2, C. 85]. [loaTroMy C ydeToM COBpEMEHHBIX
yrpo3 B O0ECIEYeHWH HAlMOHAJIHHOM O€30MacHOCTH OYEBHMJHA AKTyaJIbHOCTh W 3HAYMMOCTb
HE TOJBKO TMPEJOTBpAIICHUS MPOSABIECHUN SAEPHOrO TeppopusMa, HO M MHUHHUMHU3ALMU
X BO3MOJKHBIX MOCIEACTBHM. Mojenp, aJropuTM M Hporpamma OIpPEAEISIOT HAayKOEMKOCTb
COBPEMEHHBIX HH(OPMALIMOHHBIX TEXHOJOTHM, OOECHeunBaOMIUX aHTUTEPPOPUCTUUYECKYIO
JesTeIbHOCTh M paldoTy MO JMKBHIAIMM 4pe3BbuaiiHbiX cutyauuid (YC). Aaropurmusanus
mpouecca TMOAACPKKH TNPUHATUS  COOTBETCTBYIOIUMMH  JOJDKHOCTHBIMHM  JIMLAMHU  Ba)KHBIX
OpPraHMU3allMOHHO-TIPABOBBIX  YIIPABJICHYECKUX pPEIIEHMH B MHUHUMHU3ALMM W JIMKBUJALUU
BO3MOJKHBIX IOCJIEICTBUI aKTOB SIIEPHOTO TEPPOpPU3Ma MOXKET CIIOCOOCTBOBAThH IOBBILICHUIO
CJIO’KHOM KOJUICKTUBHOM JIEATEIBHOCTU B YCJIOBHUSIX HEOIPENEICHHOCTH TUHAMHYHONW OOCTaHOBKU
c HCIIOJIb30BAaHUEM MIPaBOBBIX PEKUMOB YPE3BBIYANHOTO MOJIOKEHUS (417),
koHTpTeppopuctuyeckoi onepanuu (KTO) u pexxuma UC.
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MeToabl HccIeT0OBAHNSA

JUid TNpenoTBpallleHUus] W MUHUMHM3ALUU IOCIEACTBUHA aKTOB SIEPHOrO TEppOpU3Ma
B Poccum cymiecTByloT U MOTyT ObITh MPUMEHEHBI CIIELHAIbHBIE MPABOBbIE PEKUMbBI BOCHHOI'O
nosnoxkeHusd, YII m KTO, a rtaxke pexum UYC. B ycnoBusx BBENEHHS TakKUX pEXKHMOB
U BO3MOYKHOCTH (DYHKUHOHHPOBAHUS JIBYX U Oo0jee TroCyAapCTBEHHBIX CHCTEM YCIIOXKHSIOTCA
nporecchl ynpasineHus. s ux 3(QeKTHBHOro HCMoab30BaHUA B OBICTPO H3MEHSIOLIECHCS
00CTaHOBKE MCIOIb30BaH METO/ aHAIN3a B3aUMO/IEUCTBUS CIOXKHBIX CUCTEM.

[Mudposas TpaHchopmanus 3arparuBaeT chepy HHPOPMALMOHHOTO B3aUMOICHCTBUS
CyObeKkTOB ¥  MH(POPMAIMOHHBIX  CHCTEM U  aNIapaTHO-NIPOTPaMMHBIX  KOMILUIEKCOB
OOwerocy1apcTBEHHOW CUCTEMbI MPOTHUBOJAEHCTBHs TeppopusMy B Poccuiickoit ®enepauun
(OI'CIIT) u equHOM cHCTEMBI NIPEAYNPEXKACHNS U JIMKBUAALUU Yype3Bbluaiinbix curyauuii (PCHC)
10 3a/la4aM, CBSI3aHHBIM C MMUHHMMU3aLMed U (WIK) JUKBUJALMEN NOCIEICTBUM TEPAKTOB M MHBIX
IIpOsABJIEHUI Teppopu3Ma. Jlins opraHus3alMy Takoro B3aUMOJECHCTBUSL MOTYT HCIOJIB30BaThCs
METO/Ibl «OMHMCAaHUs MpPeAMETHONH 00JIacTH, CO3AaHUS U BeleHUs 0a3 JaHHBIX, BEIEHUs Auayora
u pa3zpaboTku uHTepdeiica B3aMMOACHCTBHS, O0y4YeHHs, Pa3pabOTKH aJrOpUTMOB M CTpaTerui
BBIBOJIA MHTETPAIIMU SKCIEPTHBIX CUCTEM CO CMEKHBIMU cucTtemMaMm» [3, C. 75]. B crarbe B nemsx
pemieHust 3amad, OOIMMX JUIS PAacCMAaTPUBAEMBIX JBYX CJIOXHBIX CHCTEM, HH(OpMaMOHHOE
B3aUMO/ICIICTBHE HAa OCHOBE JAHHBIX O paJUallMOHHOM OOCTAHOBKE C HCIOJIb30BAaHMEM METOJa
JICKOMITO3UIIMY MTPOTHO3UPYEMOM CUTYAIlMH M aHAIN3a PaAHallMOHHOTO PUCKAa MOHUTOPHHTA OyAeT
CIOCOOCTBOBATh YJYUIIEHUIO (DYHKIIMOHUPOBAHUS KaKIOH CUCTEMOM «IIpU OOBEAMHEHUM CHII
U CPEACTB B enuHoe 1emnoey» [4, C. 71]. B ycnoBusix HeonpeneneHHOCTH ONepaTuBHONW 0OCTaHOBKH,
CKJIaIBIBAIOLIECHICS IIPU YIPO3€ COBEPILUECHUS WM IIPU COBEPLICHMH aKTa SICPHOTO TEPPOPU3MA,
METOJbl  KOMITBIOTEPHOTO  MOJEIMPOBAHUS M  BU3yaJlM3allUM JUHAMUYHOH  OOCTAaHOBKH,
MEXMalIMHHOrO OOMeHa 3HauuMoM MHpopManued U MOAEIMPOBAHUSA Ipolecca NPUHATUA
IIPaBOBBIX YNPABIEHUYECKUX PEIIEHUN Ha OCHOBE OIPENEICHHOIO aJlfOPUTMAa MO3BOJIAIOT OpraHaM
ynpaBieHuss KTO wu nukBumanmern YC 3¢¢dekTuBHEE HCMOIB30BaTh OTPAaHUYCHHBIC CHITBI
U CPEJICTBA, PEAIN30BbIBATh IIPEyCMOTPEHHBIE 3aKOHOJATEIECTBOM MEPHI.

AJNropuTM ynpaBJieHUs JUKBUIALMEH MOCJIeICTBUI PAIHAIIMOHHON aBapuu
BCJICJICTBHE aKTa SIICPHOI0 TEPPOPU3MA

35 ner Hazaj KpymHOMacmiTaOHas aBapus Ha YepHOOBLILCKOW aTOMHOM 3JIEKTPOCTAHIIUU
(UADC) mpuBena K BBINAJACHUIO paauoHykIuaoB Ha EBpomeiickoit wactu CCCP u BbIcBeTHIIA
CepbEe3HbIE U3BSHBI B PEIICHUH OpraHU3alMOHHBIX MTPOo0sieM 0becreyeHusl TOTOBHOCTH roCy1apCcTBa
K pearpoBaHHIO Ha KPYMHOMACIITAOHBIE KPU3UCHBIE CHUTYyallMH paJHallMOHHOTO XapakTepa
BO BCEX OCHOBHBIX 3BE€HbSX yIpaBieHusa. OJHON U3 IJIaBHBIX MPUYHUH CTAJIO MPAKTUYECKU MOITHOE
OTCYTCTBHE €IWHOM U 3apaHee OTpPabOTAaHHON TOCYJAapCTBEHHON CHCTEMBI JIeHCTBUMI
M0 OCYUIECTBJICHUIO TMPOTUBOABAPHMHBIX MEP W MEPONPHUSATHA pa3IU4YHBIX CIyXKO B paHHEU
Y IPOMEXYTOUHOM (pazax aBapuu.

B mHayuHolf mnmMTepaType BBIACTSIOT KPUTEPUM, OMNPEACISAIOUINE CIOXKHOCTb TPHHATHS
yIpaBJIeHYECKOro penieHus. K HUM, B YaCTHOCTH, OTHOCST BPEMsI Ha NPUHATHE PELICHHS, YPOBEHb
KOMIIETEHTHOCTH JIMI, NMPUHUMAIONIMX pEIICHHe, HAIWYME aJbTEPHATUBHBIX PEIICHUH, a Takke
«JIOCTaTOYHOCTh, aKTyaJIbHOCTh U JIOCTOBEPHOCTh IMOCTYNHBINEH nHpopMarmm» [3, ¢. 71]. B yciaoBusx
COBEpLICHUS AaKTOB TEPpPOpPHU3Ma C BO3MOYKHBIMH paJUallMOHHBIMU TIOCJEICTBUSMHU TOSBIISETCS
KPUTEpUN YETKOCTU OPraHU3allMOHHO-TIPABOBBIX YCIIOBUM Ui BBEIEHHUS OJIHOTO W3 IIPABOBBIX
PEKUMOB, HallpaBJIEHHbBIX HA PEIIEHHUE 33/1a4 IPOTUBOACHCTBIS Teppopu3My U ukBuaanuu UC.

SnepHblii TeppopH3M Kak COIMAJIbHO-TIOJMTUYECKOE SIBICHHE | HauOosiee OmacHas
Pa3sHOBUIHOCTh  TEXHOJOTMYECKOTO  Teppopu3Ma  MpPEACTaBISeT  yrpo3y  HAIMOHAIbHOM
6e3omacHocTi [5]. B HayuyHOW nuTepaType HCCIIEAOBATENM TMO-PA3HOMY OMNKCHIBAIOT SACPHBIM
U paJualoHHbIN (paguonoruueckuil) Teppopusm [6, 7]. B wactHocty, I1.B. KomapoBeiM ynensercs
BHUMAaHUE pa3rPaHUYCHHUIO SACPHOTO M PAJUAIMOHHOTO  «(PaaHOJIOTUYECKOr0) TeppopHu3Ma
U IpeAJIaraeTcs 1o MEXaHU3My M UCTOYHUKY MPUYMHEHUS Bpesa, 0 MaclTady U XapakTepy BpeIHbIX
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MOCNEACTBUN, TIO MepaM TMPOTHBOACUCTBUS, IO CTENIEHH BO3MOXKHOCTH  (pEajbHOCTH)
coBepieHus» [8, C. 12].

Poct yrpo3sl akTOB S€PHOTO TEppoOpH3Ma OOYCIOBICH OOOCTPEHHEM MEXITyHApOIHON
00CTaHOBKHM, JOCTYMHOCThIO HH(OpPMAIMK O SACPHONW TEXHOJOTHH, YBEIMYECHUEM YHCIa
CTIEIMATIUCTOB C OMBITOM pabOTHl B SIICPHON SHEPIreTHKE, «HAKOIUIEHHEM B PAa3BUTHIX CTpaHax
PaCHICTUIAIONIMXCS MaTePUAIOB, MPUTOIHBIX JJIS UCIIOIB30BaHUS B aTOMHBIX OomOax» [9, C. 35].
CoznaBaeMble akTaMU SIZIEPHOTO TEPPOPH3Ma PUCKH CBSI3aHBI C SAEPHBIM OpPYKHEM, PaIUallMOHHO
OMACHBIMH OOBEKTAMH M «TPS3HBIMH OomOamm». B Ccully HEIOCTaTOYHON OXpaHbl WU
€CTECTBEHHBIX TPEIINOCHUIOK OTACIbHBIC SJIEPHBIC DHEPTETUUYECKHUE PEAKTOPHI YS3BUMBI IS
TPYNIOBBIX TeppopucTUdecKkuX HamajaeHuil. B 2016 r. Gembruiickue cnenciykObl mpu yueOHOU
0TpaboOTKEe MOJIEIUPYEMBbIX clieHapueB ataku TeppopuctoB Ha ADC «Tuanx» MoATBEpAUIN 3TO
npennonoxenune. Hamanenne vHa ADC «Tuamx» paHee TOTOBUJIIOCH CMEPTHUKAMH — OpaTbsIMH
bakpayw, COBEpIIMBIINMHI CaMOIIOIPBIB B METPO U asporopty bproccens [10, c. 38].

AKT SiIEpHOTO TEPpOpU3Ma — ITO COOBITHE, IPU KOTOPOM TEPPOPUCTUYECKAST OpTaHHU3AIMS
WU WHBIE CYOBEKTHI TEPPOPHU3Ma HCTOIB3YIOT SAECPHYI0 O0MOY WM paauOaKTUBHBIC MaTEPHAIIbI
JUISL MacCOBBIX yOHWICTB M paspymeHuid. Kpome Toro, Takas ¢opma TeppopusMa BKIHOYAET
MPUMEHEHHUE OpPYXKHUS WM Yrpo3dy €ro TNPUMEHEHHS Ha OCHOBE [ICJICHUS PaJHMOaKTHUBHBIX
MarepuaioB, a Takxke HanajeHuss Ha ADC ¢ Lenpl0 HAaHECEHHS OIPOMHOIO M HEMNONPAaBUMOTO
ymiep0a okpykaromiei cpene. B ciayuae namanenuss Ha ADC TeppOpPUCTHYECKON OpraHU3alUH
He TpeOyercs paszpaboTka wiu oOnagaHue saepHod OomOo#, KoTopas Moryia Obl MPUYMHUTH
00JBIION Bped M CcaMUM 3J0yMBIIUIEHHHMKaM. JlJig peanu3aluy 3aMbicilia TEPPOPUCTBI MOTYT
MPUMEHHUTH OOBIYHOE OPY)KHE MPOTUB OJHOTO M3 MHOTOYMCICHHBIX SIZICPHBIX PEAKTOPOB B MUDE,
CEepPhE3HO TOBPEIUTH €ro Uil BBIOpOCAa PATUOAKTUBHBIX BEIIECTB B aTMocdepy, UTOOBI
MOJIBEPTHYTh OMACHOCTH OoJbioe KommuecTBo mroaeit [11, €. 491]. Ilo MHeHHUIO psiia SKCIEPTOB,
XOpOIIO TOATOTOBJICHHAsI Tpymma OOEBUKOB MOXKET NMPOHUKHYTH JIaK€ B XPAHWIHUIIE SACPHBIX
MatepuanoB u Ooe3apsnoB. [loaTBepkaeHHEM JTOMY CIY>KaT MPOHUKHOBEHHS TOXUTUTENEH
Ha oxpaHsieMble saepHbie 00bekThl B [Tenmuugade (FOAP, 2008 r.) u B r. Mypmancke (1993 r.).

Bepcus tepakrta kak mpuyMHa KpymHeHIel 3a BCIO HCTOPUIO aTOMHOM SHEPreTUKU aBapuu
Ha YADC mpopabareiBasiack riyooko. PykoBonuBmmii onepatuBHoi rpynmnoil KI'b CCCP
M0 BOWCKAM 4YEepHOOBUIbCKOM 30HBI A. TKadyyk OTMETHJI, YTO BCE BEPCHUU B3phIBa pEaKTOpa
AQHAIM3UPOBAINCH  pa3HbIMM  CHELUAJINCTAMHM, M3ydyalach BCSI HCTOpUS  CTPOUTENILCTBA
u skcruryaraiuu ADC. Tlocne paccienoBaHusi TPUYMHON aBapuy Ha3Balu «JICUCTBHUS IMEepcoHala
YETBEPTOr0 SHEProOs0Ka, YEIOBEUECKUH (aKTOp, KOTOPBIM 3aBesl peakTop B COCTOSHUE, KOI/a
B3pbIB  Ob1  HewszOexxen» [12]. IlocmemctBusi  karacTpodbl, BBI3BaHHBIE IIOTAJaHUEM
PaAMOAKTHBHBIX BELIECTB B OKPY KAIOILYIO CPEy, IPOJOKAIOT HAIIOMUHATh O ce0€ U CEro/IHS.

Poccuiickue ADC, xak momguepkHyd 9 ¢eBpans 2021 r. Ha OTKPHITOM YacTH 3aceaHUs
HanmonaneHoro antuteppopuctuueckoro komuteta (HAK) ero mpencenmarens, HanexHo
3alMIICHBI OT MOCATATeNbCTB TePPOPHUCTOB. s 3TOro ObUT MPUHAT IENbIH KOMILIEKC MEp: BCe
00BEKThl OCHACTHIIM MH)XCHEPHO-TEXHUUYECKUMHU CPEJCTBAMH, MOBBIIIEHA U CTENEHb TOTOBHOCTU
CHJI OBICTPOTO pearupoBaHUsl B cllydyae Yrpo3bl TepakTa. B Iensx HeIOomylIeHUs TakuX yrpo3
IIOCTOSIHHO ~COBEpPILEHCTBYeTCs cuctema 3amurbl. CocTositHME paboThl IO  OOECHEUEHUIO
AHTUTEPPOPUCTUYECKON 3aIMUIIEHHOCTH 3TUX OOBEKTOB U MEPHI MO MOBBIIIEHUIO 3((HEKTUBHOCTH
peryisipHo paccmaTpuBaroTcs Ha 3acefaHusax HAK, mockonbKy cocpeoTOUeHHOCTh YCTPEMIIEHUM
TEPPOPUCTOB HA SANEPHBIX 0O0BEKTax OOYCIOBJIEHA TEM, YTO BMEUIATENLCTBO B MX JAESITEIHLHOCTH
MOXET MPUBECTH K THOENIN OOJIBIIIOTO KOJIUYECTBA JIFOACH, HAHECTH 3HAYUTEIbHBIA SKOHOMUYECKUMA
Y DKOJIOTUYECKUH yiepo.

Bmecte ¢ Tem B auTeparype BBICKA3BIBAIOTCS W TOYKH 3PEHHUS O TOM, YTO CHCTEMa
yOpaBlIeHUs MPH PaJAMAlMOHHBIX aBapUSAX, HECMOTPS Ha 3HAUMUTEIbHYIO PabOTy, MPOJEIaHHYIO
[0 €€ COBEPILIECHCTBOBAHUIO, €II€ OCTAETCSd OTHOCUTENBHO CIa0bIM 3BEHOM B 0oOwIe cucrteMme
OpraHM3alliy CclacaTelbHbIX padoT, a JAeHCTBYIOMIAs CUCTEMa OIMOBEIICHUS U MH()OPMHUPOBAHUS
HaceJieHusT 00 OMAacHOCTH PaJMallMOHHBIX aBapHil (3a uckimroueHueM ADC U HEKOTOPBIX JAPYTHX
00BEKTOB) elle He 00ecIeYBaeT CBOEBPEMEHHOTO JOBEICHUS 3TON HH(POPMAIUH 10 HACETICHHS.
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Cpeny WCTOYHHKOB OMACHOCTH JJSl COLHMAIBHO-SKOHOMHYECKMX CHCTEM HAMOOJBIIYIO
HAaCTOPOKEHHOCTb W TPEBOTY BBI3BIBAIOT SIIEPHBIE M PaJUAIlMOHHBIC aBapuu, OCOOEHHO aBapuu
Ha ADC (Hambonee KpymHble B AHIJIMM — Ha SIEPHOM PEAKTOPE MO MPOU3BOJCTBY ILTYTOHHS
B YuHnnackeitne, 1957 r.; xpanwmme ©Ha IOxuaom VYpane, 1957 r.; B CIHIA — Tpu-Maiin-
Ainenn, 1979 r.; 8 CCCP — r. YepHoObutb, 1986 r.; Ha CHOMpCKOM XUMHYECKON KOMOHMHATE
B 1993 r) [13, c. 16]. Ha mnpeomonenue mocnenctBuii YepHOOBUIBCKON —KaTacTpOdbI
©XEeroJHo 3aTpaunBaercs okoio 20 % Oromkera benopyccun, 1o 12 % — Ykpaussl, okono 1 % —
Poccun [14, c. 309]. ABapus Ha UYADC mnokaszana, 4To SACpPHbIE TEXHOIEHHBIE KaTacTPOQBbI
B pe3yNibTaTe PaJHOaKTHBHOTO 3arpsi3HEHUs] OKpY’Karomieil cpefbl HEM30eKHO BeAyT K TI00albHBIM
TIOCTIEICTBUSIM IS DKOJIOTMH TUTAHETHI. BBICKAa3bIBAIOTCS MPEATIONIOKEHHS], YTO «JIMKBUAALNS BCEX
ee MOCNeACTBUI HEeBO3MOXKHA, 100 OHU BeuHbI» [ 1, C. 78, 79]. OngHako cieayeT npu 3TOM MOAYEPKHYTh,
YTO «C SIZIEPHOM U PaJMALIMOHHON aBapUEN TaKOW CTENEHU CIOXKHOCTH, C TAKUMU BBICOKMMH YPOBHSIMH
palMallMOHHON OIMACHOCTH M C TaKUMH OTPOMHBIMHM MaclITadaMu paJMOaKTUBHBIX 3arps3HEHUI
YeJI0BEYECTBO B CBOCH HMCTOPHH ellle He cTankuBamoch» [15, ¢. 37]. Bo3MOXHOCTH HCIIOIB30BAHUS
SIIEPHOT0 Marepuaiga MpU €ro MonajJiaHuu BO BIIAJICHUE TEPPOPUCTOB MPEJICTABIISIOT «OIPOMHYIO
ornacHocTh st rocyaapctB» [16, c. 887]. Ilpu smepnom B3peiBe u aBapusix Ha ADC, a Takke
B IIpoIlecCe JIPYyTUX SACPHBIX MpeBpalleHuil oOpa3yeTcs OOJbIIoe KOIUYECTBO PaAMOAKTUBHBIX
BEIIIECTB.

Ob6ecneuenue > dexkruBHOro QpyHknuonupoBanus u pa3sutus PCUC mo npenoTBpaiieHuto
Y JUKBUAAIMHN PAJAANMOHHBIX aBapHil JTETEPMUHHUPYETCS COOTBETCTBHEM CTPYKTYPHI CHUCTEMBI
pelaeMbIX 3a/1a4, YPOBHEM TOTOBHOCTH M 3(P(GEKTUBHOCTH JACATEIHLHOCTH €€ TEePPUTOPHUATBHBIX
1 (QYHKIMOHAIBHBIX MOJACUCTEM. BaxHbIM (DaKTOPOM MUHHUMU3ANNUUA U JTUKBUIAIUH TIOCICICTBUN
TEPPOPUCTUYECKUX TMPOSBICHUN sBIsETCS oOOecreYeHne TOTOBHOCTH OINEPATUBHBIX IITab0B
B cyOwektax Poccuiickoit ®epepanmu, nyHkroB ympasineHus PCUC, neHTpoB ymnpaBieHHs
B KPU3HCHBIX CUTYallUAX K pPeardupoBaHUIO HA pa3iuuHble cuieHapuu pa3Butus UC, BbI3BaHHBIE,
B TOM 4YHCJIe, aKTaMH SIJIEPHOTO TeppopU3Ma.

CocTaBHOW YaCThIO YIpaBJICHUS PATUAIMOHHON 0€30MacHOCTHI0 HA OCHOBE MOHUTOPHHTA
paaraMOHHONW OOCTAaHOBKHU SIBIISIETCS aHAIM3 PaTUAIlMOHHOTO pucka. OCHOBHBIC 33/1a4d TaKOTO
aHalii3a 3aKIoYarTcsa B npencraBieHuu pykoBogutensM KTO u mukBupanuu nocnenctsuid YC
pagualMoOHHOTO XapakTepa:

— 00beKTUBHOM uWHGOpMAUU 00 YpPOBHSAX pPaJUAIMOHHOTO pHUCKA, OOYCIOBIEHHOTO
PaIMOAKTUBHBIM 3arpsI3HEHUEM OKPYKAIOIIEH CpeIbl;

— CBEJICHUI 0 HanboJiee 3HAUMMBbIX My TSIX PaJUalliOHHOTO BO3CHCTBHS;

— QpPTYMEHTHUPOBAHHBIX TMPEIIOKEHUH 00 ONTUMHU3ANUK PETJIAMEHTOB MOHUTOPWHTA
paAvallMOHHONW OOCTAHOBKM [UIsl OLIGHKH TMPUEMIIEMOCTH WJIA HEOOXOJWMOCTH YMEHBIICHHUS
paauamoOHHOTO PUCKa.

PesynbpTarhl aHanuza pagualMOHHOTO pPHCKA MO3BOJIAIOT HAECHTU(GUIMPOBATH (PAKTOPHI
paauaMOHHOTO BO3JICUCTBUS, MPOU3BECTH UX PAHKUPOBAHUE 1O YPOBHSM PAJIUAIIMOHHOTO PUCKA,
OpPraHM30BaTh MOHUTOPUHT PAJUAIMOHHON OOCTAaHOBKM B paiiOHE PACIONOXKEHHS paJdalliOHHO
omacHoro OOBEKTa, Ha PAJAMOAKTHUBHO 3arpsi3HEHHON TEPPUTOPHUM, HA TEPPUTOPUHU MPOBEICHUS
KTO, B 30ne UC. Kpome Toro, oOecrednBaeTcss BO3MOKHOCTh JIOCTOBEPHOM OIICHKH TOCIICICTBHMA
paaualMOHHBIX aBapuil M TPUHATHE aJCKBATHBIX  CKJIAJIBIBAIONICHCS OOCTAaHOBKE Mep
M0 TPEOAOJCHUIO WX HEraTHUBHOTO BIIMSHUSA Ha HACEJIGHHE M OKPYXKAWIIYyI0 Cpeay, a Takke
ONTUMU3UPYIOTCS 3aIIUTHBIE MEPHI MO0 0OECIIEYEHUIO MPUEMIIEMOT0 YPOBHS PaIUallMOHHOTO PUCKa
Ha paccMaTpUBAEMbIX TEPPUTOPHUSIX.

[ToBeimenno 3G(HEKTUBHOCTH WH(POPMAITMOHHOTO B3aMMOJICHCTBHSI C YYETOM BCETO
CIEKTpa AakTOB SJIEPHOTO TEeppopHU3Ma M UHBIX YIPO3 CIOCOOCTBYET pa3BUTHE CHUCTEMBI
MOHUTOPUHTA, J1aOOPAaTOPHOTO KOHTPOJsi W mporHo3upoBaHus YC paavalimoOHHOTO XapakTepa
MyTeM YIY4YIIEHUS €€ OpraHu3allid, METOJOJIOTMH, TeXHHYECKOTO OCHAIIECHHUS, aBTOMAaTH3alluu
coopa, oOpaboTkuM M mepenayn WHOOPMAIMK, MOHUTOPUHTA COCTOSIHUS KPUTHUYECKH BaXKHBIX
Y TIOTEHIIMATBHO OMACHBIX 00BEKTOB, MECT MACCOBOT'O MPEOBIBAHMUS JTFOICH.
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[Inan  B3auMopeicTBUs  aBapHilHO-CIacaTelbHBIX O00pa30BaHUU MpU  JHMKBUIALMH
paauanMoOHHON aBapuM NpPEIyCMaTpPUBAET OPraHU3allMI0 COBMECTHBIX ACHCTBUU CHJ U CPEACTB
Muno6oponsr Poccun, MUC Poccun, Muntpanc Poccun, ®CBb Poccumn, Poctexnamzopa,
lNockopriopaun  «Pocatom», Ipyrux MHUHHUCTEPCTB M BEIOMCTB, OPraHOB TOCYAapCTBEHHOM
HCTIOJIHUTENIBHOM BIACTH, «[IpaBUTENBCTBEHHON KOMUCCUH 10 YPE3BbIYAHBIM CUTYalUsAM, a TAKKE
aBapuiHOTO OO0BEKTa paJAMALMOHHOW ONACHOCTH,  aBAPHIHO-CIIACaTEIbHBIX (OPMUPOBAHUN
¢ pobororexunueckumu cpeactsamu MUC Poccun, Muno6oponst Poccun, 'K «Pocatom», ®Ch
Poccun 1 Munrpanc Poccun» [17, €. 299].

Opranu3oBaHHBIN TEPEBOI TEPPUTOPHATBHOM U (HyHKIMOHAIBHBIX mojicucTeM PCUC B peximM
UYC B yclioBUSIX BO3HUKHOBEHHS YIPO3bl PaIMAlIMIOHHON aBapvU BCIIEICTBUE TEPPOPUCTUUECKOTO aKTa,
a TJIABHOE — TapaHTHsI CBOCBPEMEHHOCTH U TOJTHOTHI BBHIMTOJIHEHUST BCEX HEOOXOIUMBIX MEPOTIPHSTHH,
COIIACOBAHHBIX C JEUCTBUSIMU CHJI M CPEJICTB, BBIACICHHBIX [Vl PECEUCHUSI TEPPOPUCTUUECKOTO aKTa
B pamkax nepoouepennbix Meponpustuii 1 KTO, nocrurarorcs 3a0naroBpeMeHHOM pa3paboTKOi
ITOPUTMOB JICHCTBUI PYKOBOAWTENCH OpPraHOB yIpaBJICHHS B YCIOBHUSX BO3HMKHOBEHHUS Haubosee
BEPOATHBIX TEPPOPUCTUUECKUX TocsATraTenbeTB U UC i HEMmOCPEeICTBEHHOTO PaIMalJiOHHO ONACHOTO
U MHOTO 00BEKTa. AJTOPUTM MPENCTABISAET COOOM MPOIEeaypy, OCHOBAHHYIO HA BBIMOJHEHUU psda
CIeNyIOUMX JpYyr 3a JApyroM MmaroB. BpipaboTka TakuX aJropuTMOB CKOOPAMHUPOBAHHBIX
COBMECTHBIX JICHCTBMI SIBJISIETCS aKTyaJIbHOM 3amadei, oOecreurBaroleil B3anMMOICHCTBUE
MHGOPMAITMOHHBIX CUCTEM M MEKMAITUHHBIA 0OMEH 3HAYUMOM JIJIs1 CTOPOH MH(OpMAITUE HAa OCHOBE
HMHTETPUPOBAHHON WJIH paclpeielieHHON 0a3 TaHHBIX.

Panuannonnas  aBapust ~ XapakTepuszyercs — MOTepedl  yNpaBlieHUS  MCTOYHUKOM
MOHHM3UPYIOLIETO H3JIy4eHus. Henp3ss UCKI0YaTh, YTO Takas MOTEps MOXKET ObITh BbI3BaHA
TEPPOPUCTUUECKUMHU MPOSBICHUSAMU WIM UHBIMU NpudrHaMu. CleCTBUEM MPUBEIECHHBIX TPUYUH
MOXET OBITh 00JTydEeHHE CrlacaTesei, MOKapHBIX, IPYTUX YYACTHUKOB MUHUMU3AINH MTOCIIEICTBUI
TEPPOPUCTUUECKUX aKTOB U JUKBUAAUMU YC BpIlIE€ yCTAHOBIEHHBIX HOPM WM K PaJMOAKTUBHOMY
3arpsi3HEHUI0 OKpy:karomel cpensl. [lpu aBapum 3arpsi3HeHHE OOYCJIOBIMBAETCS BBIJICICHUEM
B Ipoliecce SACPHON peaKIMu HENpOpearupoBaBLIMX AJIEMEHTOB U MPOAYKTOB JCJICHHS, a TaKKeE
o0pa3oBaHHEM pa3INYHbIX PaJHOAKTUBHBIX MAaTEPUAJIOB U MPEIMETOB B PE3yJIbTAaTe UX 00yUEHUS.
JlydeBas 60J€3Hb pa3BUBACTCS OJ1 BIMSHAEM alib(a-, 6eTa- ¥ raMMa- HOHU3UPYIOIIUX H3ITy9IeHUH.
OnacHoCTh BO3JEHCTBHUS pagualiy Ha 4YeJOBEKa CBS3aHAa C HapyLICHHEM >KU3HEHHBIX (PyHKUIUN
OpraHOB KPOBETBOPEHMS, HEPBHOW CUCTEMBI, )KEJIyJOUYHO-KAIIEYHOTO TPAKTA.

PannannonHoe BO3JEHCTBHE M 3arpsi3HEHHE SBISIIOTCS JOMUHUPYIOIIMMH MOPaXaroUUMHU
(hakTopaMH paTUAIMOHHBIX aBapHii, KOTOPbIE MOTYT COIMPOBOXKAATHCS B3PHIBAMH U TOXApaMHU.
B3peiBel M mOXapbl SBISIOTCS OOBEKTUBHBIMH MPOSIBICHUSIMH TEPPOPUCTHUECKUX AKTOB,
a TEepPOPUCTHYECKHME AaKThl MOTYT HMETh IOCIEACTBUS B (OpME paJUallMOHHBIX aBapHi.
TeppopucTrueckuil akT omnpenensercs cornacHo cr. 205 VYromoBHoro koaekca Poccuiickoit
Oenepaunn 1 dDenepanbHoMy 3akoHy OoT 6 Mapta 2006 1. Ne 35-@3 «O mnpoTHBOIECUCTBUU
teppopusmy» (Ne 35-®@3). KTO mpexacraBnseT coO0i KOMILJIEKC MEPOINPUSTHI, B TOM 4YHUCIIE
«1mo obecrieueHuto0 Oe30macHOCTH (U3UYECKUX JIMI[, OpPraHM3alMi W YUYPEKACHHN, a TakKe
110 MMHUMHM3AlMY MTOCIIEACTBUI TeppopucTudeckoro akra» [18].

OOmHOCTh TOCHEACTBUN aKTOB siiepHOro Teppopusma ¢ apyrumu UC paananimoHHOTO
Xapaktepa TMpeAonpe/ensieT WHTErPUPOBAaHHBIM TOCYNAapCTBEHHBIM MOAXOJ K pearupoBaHUIO
Ha pgaHHble sBieHus. Camu YC TEXHOT€HHOTO XapakTepa, 4Ype3BbIYailHbIE HSKOJOTHYECKHE
CUTyallid, BO3HUKIIKE B pe3ylbTaTe paJHallMOHHBIX aBapuil M KaTacTpod B COOTBETCTBUU
¢ @enepanbHbIM KOHCTUTYIMOHHBIM 3aKOHOM OT 30 masti 2001 r. Ne 3-®K3 «O uype3BbryaitHoMm
nonoxenun» (OK3 No 3-OK3), moryr OBITh OTHECEHBI K OOCTOSTEIHCTBAM BBEICHUS
YpE3BBIYAITHOTO MOJOKECHHUS.

JIrobast 3amada MoXeT ObITh ChoOpMyTUpoBaHa Kak (YHKIHS TPeoOpa3oBaHUS HCXOIHBIX
JAHHBIX B BBIXO/IHBIE JAHHbBIE:

f (X, E)=Y.
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[IpyarMasi BO BHUMaHHE, YTO B CHCTEME pEarrupoBaHHs HCIOIHUTEIbHBIM MEXaHU3M
BKJIIOYAET HE TOJIBKO YEJIOBEKa, HO M B3aWMOJCHCTBYIOMNE WH(OPMAIIMOHHBIE CHCTEMBI, 3aIHCh
MOJIHOCTHIO (POPMATH30BATH MPAKTUIECKH HEBO3MOXKHO.

Jlnst obecniedeHust ICHOCTH M HATJISITHOCTH aBTOPOM MOXKET OBITh MCIIOJIb30BaHA CIIOBECHAS
dhopmyna 3amucu 1 0000IIEHHAS CXEMa ATOPUTMA.

Hlar anropuT™ma, CBA3aHHBIA C MPUCBOCHHEM HOBOI'O 3HAUYEHHUS HEKOTOPOW MepeMEeHHON
(X — 4uCIIO XEepTB, y — YCIOBHs paJUallMOHHON OOCTaHOBKM), MpeoOpa3oBaHHE HEKOTOPOIO
3HAYEHHUS C LIEJBIO MOJyUYeHHs IPyTroro 3HAUYSCHHUs N300pakaeTcsi CHMBOJIOM «Iiporece» E.

Bri0op HampaBiieHUs BBIIOJHEHUS AITOPUTMA B 3aBUCUMOCTH OT HEKOTOPBIX MEPEMEHHBIX
yCIIOBUHM (peanbHOM Yrpo3bl paguallMOHHON aBapuu, rulenu naTu U Oojee YelnoBeK W JIp.)
MpeIoNpeaeNseTcs HaJIu4ueM IPaBOBBIX OCHOBAHWUN Ui MPHUHATHS TOTO WJIM WHOTO PEIHICHUS
COOTBETCTBYIOIIMM YTIOJIHOMOUYEHHBIM CyOBEKTOM pEarupoBaHHs B OTHOIICHWU pearupoBaHUS
HAa IOCJIEACTBUS TEPPOPUCTUUECKOIO aKTa U PaJUALMOHHYIO aBapHIo.

3anumeM B (QopMe alroputrMa OAMH M3 IOAXOJO0B K PEHICHUIO 33Ja4ll OpraHu3aluf
IIPECEUEHUS TEPPOPUCTUUECKOTO aKTa U JUKBUAALuu nocieactsuil YC, ciokuBIIECs BCIEACTBUE
OCYIIECTBIICHUSI TEPPOPUCTAMU B3pPbIBA, MOHKOra WIM HUHBIX NEUCTBUM. Takue NEWCTBUS MOTYT
HOCHUTh YCTpAIIAIOIIUNA HacelleHUE XapakTep C LEeJbl0 JecTa0WIn3aluu ACSTeNIbHOCTH OpPraHoOB
BJIACTH WJIM MEXyHAPOJIHBIX OpPraHU3allui, BO3AEHCTBUS HA IPUHATHE UMHU petieHUid. OHU MOTYT
CO3/1aBaTh OMACHOCTb I'MOEeNM YeloBeKa, MPUYMHEHUS 3HAUYUTEIBHOTO MMYIECTBEHHOro yiuepoa
A100 HACTYIUICHUS MHBIX TSXKKUX MOCIIEICTBUI.

KittoueBbIM 0JIX0JOM B aJTOPUTMU3ALMH SIBISIETCS CBEACHME 33U K [0/13a/1a4aM MyTeM
peoOpa3oBaHus OJHOIO LIara B [OCJIE0BATEIbHOCTD A1eMeHTapHbIX 1maros. UC u ee TUKBUAALNS
paccMatpuBaroTcs ¢ nosunuii deaepanpHoro 3akoHa ot 21 gexadpst 1994 r. Ne 68-D3 «O 3amure
HACEJICHUs U TEPPUTOPUN OT YPE3BBIYAWHBIX CUTyalMi NPUPOAHOIO U TEXHOIECHHOI'O XapaKTepa
(D3 Ne 68-D3), a mpeceueHue akta sIepHOro Teppopusma uepes npusmy O3 Ne 35-03. YactHpIM
3a/a4aM JUKBHAuu nocienctsuil YC paananmoHHOro XapakTepa U IPEeCceUeHHUIO akTa siIEpHOTo
TEpPpOpPU3Ma COOTBETCTBYIOT MPOCThIe maru. MIX COBOKYITHOE BBINOJIHEHHE MPUBOJIUT K PEIICHUIO
BOKHOW MCXOJHOW 3a7aud — OOECNeYeHHI0 Oe30MacCHOCTH TOCYJapCTBa, JUYHOCTA U OOIIECTBA,
3alUThl HACEeNEeHUsI U Tepputopuil. [I[puHuMas BoO BHUMaHUE, YTO UCIIOJIHUTENEM OyIeT HE TOJIBKO
YeoBeK, HO M MH(POPMALMOHHAS CHUCTEMa, 3alUCh IOJHOCTHIO (OPMATU30BaTh MPAKTUUYECKU
HEBO3MOXHO. [y obecreyeHus: sICHOCTH M HArJsiIHOCTH MOXKET OBITh HMCIIOJIb30BaHa CJIIOBECHAs
dbopmya 3anucu U 0000mEHHAs cxema anroputma (puc.). Cxema — 3T0 a0CTpaKIHs KaKOT0-TM00
mpolecca WIM CUCTEMBI, HarjsgHO OToOpaxatoiias HauOoyiee 3HayuMble 4acTH. biok-cxema
Mpe/ICTaBIseT COOOM COBOKYMHOCTh CHMBOJIOB, COOTBETCTBYIOLIMX 3TamaMm paboThl aaropurMa
Y COCTUHSIONINX UX JTUHHM.

B nmemsx opraHuM3anMM CUCTEMHOIO pPEarMpoOBaHUS HAa KPU3HUCHYIO CHUTYyalMI0 aBTOPOM
pa3zpaboTtana oOmias cxema anroputMa BzaumojeicTsus AByx cuctem: OI'CIIT u PCUC. Ilpu stom
30Ha YC (Tepputopusi, Ha koTopoi cinoxuiaack YC, n tepputopus nposeneHuss KTO) moxeT kak
COBIAaJIaTh, TAK U HE COBMA/IaTh.

[ar 1. Hauano paGoTs anropurma.

Har 2. [TocTynnenne NEpBUYHOM M YTOYHEHHON UWHGOpMalMd O MPOUCIHIECTBUH,
JIOBEJICHUE €€ 10 KOMIIETEHTHBIX I'OCYJapCTBEHHBIX OPIaHOB.

[ar 3. O6o0meHne W aHaIM3 TOCTYMUBIIMX CBEACHHNA O paJWalMOHHONW OOCTaHOBKE.
Onenka nocTtynuBlIed HMHGOpPMALMKM HAa TPEAMET HAJIM4yus pealbHOM yrpo3bl BO3HUKHOBEHUS
paauaMOHHON aBapUH.

[ar 4. Ecnu  BBISIBICHBI CYIIECTBEHHbIE M3MEHEHHs B paJMallMOHHOW OOCTaHOBKE,
noJATBepXkAaone (akT pagHoaKTUBHOIO BBIOpOca W 3apakeHHs OOBEKTOB U TEPPUTOPHIA,
TO nepexoauM Kk mary 5. Eciu HeT, To k mary 8.

[Tar 5. ConocTaBieHre BbISIBICHHBIX PU3HAKOB Pa3BUTHS CUTYalLlMU C IPAaBOBOW MOJEIBIO
«4upe3BbluaiiHas cuTyauus». Eciu BeIsBIEHBI NpU3HaKU BO3HUKHOBeHUs YC, TO mepexouM K 1ary
6, ecJIM HET, TO BO3BpaIllaemcs K mary 3.
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Iar 6. Beenenne pexuma YC, ycranoBimenue 30Hb6I YC, mpoBeAeHHWE aBapHUKHHO-
criacaTeIbHBIX PaboT.

[ITar 7. Peanu3anus oNTUMaJIbHOTO BapUaHTa JACUCTBHUI C MUCMOJb30BAHUEM BO3MOXHOCTEH
pexumoB nukBuaauuu YC, KTO u UIl.

[ar 8. AHanM3 MOCTYNMUBIIMX CBEACHUH O JEsHUAX CYyOBEKTOB M BBIJACIICHUE IIesei
ux jaeictBui. K Takum AestHUSIM MOTYT OBITb OTHECEHBI B3pBIB, MOJKOT WJIU JAPYTHE JICUCTBUS,
KOTOpBbIE YCTpallalOT HacelleHue M CO3/al0T OMNAacHOCTh TIHOenM ueloBeKa, NPUYUHEHUs
3HAYUTEIBHOTO UMYIIECTBEHHOI' 0 ylepOa MO0 HaCTYIUICHHsI MHBIX TSDKKUX nociencTBuil. CuHTes
MOJEIM IPOBEACHUS IEPBOOYEPEIHBIX MEp M  CICLHMAIBHOM Ollepallud U  I[PUHATHE
COOTBETCTBYIOIIMX peIIeHUH. AHanu3 Mojenud. MozaenupoBaHHE paJuallMOHHONH OOCTaHOBKH.
Pacuer BpeMeHM HaXOXACHUSA B CPEICTBAX PAaJUMALMOHHON 3aIIMTHI Ha 3aPAKCHHOU TEPPUTOPHUU
U B IOMELICHUSX.

Har 9. [Monyuyenue nHpopmMauy O HATUYUU LEIH JA€CTa0MIN3AlNU 1eATEIbHOCTH OPraHOB
BJIACTU WJIM MEXJIYHapOAHbIX OpraHu3anuii 1100 BO3ACHCTBUS HA NPUHATHE UMM DPELICHUH,
a Takke 00 yrpo3e «COBEpILEHHs B3pbIBa, IO/PKOTa WM MHBIX JEHCTBHH, YCTpAIIaroLINX
HaceleHHEe M CO3JAIOIIMX ONAaCHOCTh THOeNu 4YelnoBeKa, MNPUUYMHEHHS 3HAUYUTEIBHOIO
MMYIIECTBEHHOT 0 yIiiepOa a0 HACTYIUICHHUS WHBIX TSDKKUX MOCIEACTBUIA B TeX ke meisx» [18].
Ecnu BbIsIBIIEHBI IPU3HAKY, YKA3bIBAIOIIKE HA L€ AECTA0MIN3AINH I€ATEIbHOCTH TAKUX OPraHOB
U OpraHu3anuil 6o BO3IEHUCTBUS HA NPUHATHE UMHU PELIEHUI, CONOCTaBIEHBI LEIH MPECCUECHUs
TEPPOPUCTUYECKOIO aKTa C€ BO3MOXHOCTBIO OrPAaHMYEHHMS OTHEIbHBIX IIPaB  4YEJIOBEKa
U TpaXkJlaHWHa, TO nepexoauM Ha war 10 anropurMma, MHaue BO3BpalaeMcs K mary 3.

[ar 10. ITouck anbTepHaTUB OTBETHBIX AEHCTBUI U BBIJECICHUE KPUTEPUEB NMPEATIOYTCHUN
B BbIOOpE (POPMBI pearupoBaHus Ha TEPPOPUCTUUECKHIH aKT.

[ar 11. Bapuanusi ucXoAHBIX JaHHBIX O YWCJE >KEPTB, aHAJIU3 BapUAHTOB COOCTBEHHOM
TaKTUKU JAeWcTBuil. Eciam ormeuaercs Haimuuue OOCTOATENBCTB, KOTOpbIE IPEACTaBIISIOT
HETNOCPECTBEHHYIO YIpO3y JKU3HU M 0O€30MacHOCTH Tpa)JaH WIM KOHCTHUTYLIMOHHOMY CTPOIO
Poccuiickoit denepanuu U ycTpaHEHHE KOTOPBIX HEBO3MOXHO 0€3 MPUMEHEHHUs Ype3BbIYailHbIX
Mep, TO MEPEXOANM K 1mary 12, B mnpoTUBHOM cilydae K mary 13.

[ar 12. Beenenue  4Ype3BBIYAMHOTO  TIOJOXKEHHS B COOTBETCTBUHM C  TOPSIKOM
yctaHoBieHHBIM @DK3 Ne 3-OKC npu Hanmuuuu o0OCTOATENBCTB (B HMX YHCIO BKIIOYEHBI
U TEepPOPUCTUYECKHUE aKThlI), KOTOPbIE MPEJCTABISAIOT COOON HENMOCPEICTBEHHYIO YIpo3y >KM3HU
1 0€30MacCHOCTH TPaKAaH WM KOHCTUTYLMOHHOMY CTpo0. be3 mpuMeHeHus upe3BbIYaliHBIX Mep
yCTpaHEHHUE TaKUX 00CTOATENbCTB HEBO3ZMOXKHO.

[ar 13. Peanu3aumst onepauuy, Me€p M MEPONPUATUN IO IMPECEUEHUIO aKTa SIEPHOrO
Teppopu3Ma B Heobxomumoit popme. Ilepexon k mary 7.

[ar 14. Konern aaropurma.
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OcHoBHBIE pe3yJIbTAThI

[IpyHrMasi BO BHUMaHHE OIPAaHUYEHHOCTb BPEMEHU ISl NMPUHATHS PELICHUH B YCIOBHSIX
HEONPENEICHHOCTH NPOrHO3a Pa3BUTHS CUTYAllMM, CIOXHBIA  yIOPaBICHYECKUH IPOLECC
B OCHOBHBIX TOYKax Ou(ypKauu MOXKET OBITh aNTOPUTMH3UPOBAH MU ucHoib3oBaH B AUWC
Y annapaTHO-IPOrPAMMHBIX KOMIUIEKCAX JUIsl MOAJEPKKUA NPUHIATHS YIPABICHUYECKUX PEIICHHM
o BBejeHuM npasoBoro pexuma KTO wu(unum) pexuma UC. B pesynbrare npoBEAEHHOTO
HCClIeIoBaHus, Ha OCHOBE HOpPM, ycTaHOBJIEHHBIX B DKC No 3-OKC, @3 No 35-D3, @3 Ne 68-D3
U JpYyTHX HOPMAaTUBHBIX NPaBOBBIX akTOB Poccuiickonn ®Penepanuu, IPEIOKEH aITOPUTM
BO3MOJKHBIX JI€WCTBUI JODKHOCTHBIX JIML, NPUHHAMAKOIMIMX PEHIEHUS O BBEJIECHUHM IPAaBOBOIO
pexuma KTO wu pexuma UYC BeaenctBue TEPPOPUCTHUUECKOIO aKTa M MPECTYIICHUM
TEPPOPUCTUYECKON HAIPaBICHHOCTH Ha oOmpeaeaeHHon tepputopun Poccuiickoit denepainuu,
a TaKke BO3HUKHOBEHHMS OOCTAHOBKH, CJIOXHBILEHCS B pe3yJjbTaTe aBapuu, KaracTpodsl win
OelICTBUSA, KOTOpbIE MOTYT IIOBJE€Yb WJIM TOBIEKIM 3a COOON uelIoBEYECKHE >KEPTBBI, yLIEpO
3JI0pOBBIO JIIOJIEN WJIM OKpYXKarolled cpese, 3HaUUTEIbHbIE MaTepHalbHbIE MOTEPU U HapyIIEHUE
YCJIOBHM KU3HEACATEIBHOCTHA HACEICHUS.

3akjao4yeHue

Opranuzaius B3auMOACHCTBHUS WH(DOPMAIIMOHHONW MHOPACTPYKTYPHI, HYHKIIMOHUPYIOIIEH
Ha TEPPUTOPUAIBHOM YpOBHE B pamkax AByx rocynapcrBeHHbix cucreM OI'CIIT u PCUC,
¢ coOmogeHneM TpeOOBaHUI 3alIMTHl MHPOPMAIIMK MOXET ObITh peann3oBaHa Ha 0a3ze 0OIIero
OOHOBJISIEMOTO B pEaJlbHOM MaciiTade BpeMEHH HH(OPMALMOHHOTO MOAYJS 00 H3MEHEHHUSIX
OTepaTUBHONW OOCTAaHOBKM C MAaHAATHBIM JOCTYIIOM K OMNpeAeNeHHbIM WH(GOPMAIMOHHBIM
MaccuBaM. WHpopmannonHoe B3aumoneiictBue pykosoguteneit naukugauun YC u KTO Oyger
CrocoOCTBOBAaTh NPUHATHIO 0OJiee BBIBEPEHHBIX OPraHU3alMOHHO-TIPABOBBIX YIPaBICHUYECKHUX
pemeHuit B cdepe TPOTUBOJACHCTBHUS TEPPOPU3MY IO peaTU3alid  Mep, YCTAaHOBJICHHBIX
POCCHUICKHM 3aKOHOJATeNhCTBOM. Pa3paboTaHHBIN 0OMUI aNrOpuTM CHCTEMBI MOAIEPKKH
MIPUHATHS PEIICHUN I o0ecrieueHus: B3auMoieicTBust pykoBoautenedt nuksugaruu YC u KTO
MOXET HCIOIb30BaThCS ISl pealiM3allid Mep N0 MUHHMM3AUMU M JUKBUAALMH TOCIEICTBUMA
MIPOSIBJICHUH Teppopu3Ma B CI0KHON 00CTaHOBKE.
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Annomayus. IIpoBenieH aHan3 0COOEHHOCTEH Pa3BUTHS MOKAPOB aBTOMOOMIIEH, M TIOKAa3aHbI
BO3MOKHOCTH HCIIOJIB30BAHUS PA3IMYHBIX MHCTPYMEHTAJIbHBIX METOAOB. Il0Ka3zaHO, 4TO B OCHOBE
IIPUMEHEHHS] COBPEMEHHBIX CPEICTB U3MEPEHUS Ha MECTE I0Kapa JIEXKUT CPaBHUTEIIbHBIN aHaIu3
pe3ysbTaToB, MOJIYYEHHBIX B COCEAHMX TOYKax. J[sl MOBBIMIEHUS JOCTOBEPHOCTH BBIBOJOB
00 ompeesieHnu 30H IOJBEP)KEHHBIX OOJbIIEMY TEMIEpaTypHOMY BO3JIEHCTBUIO B padoTe
IIpeaIaraeTcsi IMpPOBOJUTH OLICHKY IIOJYyYEHHBIX MACCHBOB JIaHHBIX C IIOMOLIBIO JBYX
CTaTHUCTUYECKUX KpUTepueB: Kpurepus Dumiepa, KOTOpPbI NOATBEPKIAET BO3MOKHOCTh
MIPOBEJICHUS] CPAaBHUTEIBHOTO aHaiu3a, U kpurepus CThIOJIEHTa, C MOMOUILIO pacueTa KOTOPOro
MOKHO BBIIEIMTh HauOoJiee 3HAYMMBIC PA3IMUYUs B Pe3yJbTaTaxX MOIYYEHHBIX H3MEpPEHHH.
D¢ heKkTUBHOCTH JAHHOTO MOJX0/1a MOJITBEPHKACHA C MMOMOIIBIO UCCIIEIOBAHUS KAallOTa CrOPEBILETro
aBTOMOOWJII MarHUTHBIM METOAOM. Busyanusaius pe3ynbTaroB pacdera Kputepus CTbrojeHTa
M03BOJIMJIA OJJHO3HAYHO BBIIBUTH (DAKTUYECKUI ouar moxapa.

Knrouesvie cnosa: TpaHCIIOPTHBIE CPEACTBA, OYar 10>Kapa, NOJEBbIE METObI UCCIIEN0BAHUS,
MarHUTHBIN METOJ, CTATUCTUYECKHUE KPUTEPUN

Jna nurupoBanus: Peioun O.A., bopzynosa H.FO. OcobGeHHOCTH ompefenieHHsl odara Iokapa JISTKOBOTO
aBromoOwts // Hayu.-ananut. )xypH. «Bectauk C.-ITetep6. yH-ta I'TIC MUC Poccumy». 2023. Ne 1. C. 29-37.

Scientific article
FEATURES OF DETERMINING THE FIRE SOURCE
OF A PASSENGER CAR
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Borzunova Natalia Yu.
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Abstract. The article analyzes the features of the development of car fires and shows
the possibilities of using various instrumental methods. It is shown that the application of modern
measuring instruments at the fire site is based on a comparative analysis of the results obtained
at neighboring points. In order to increase the reliability of conclusions about the determination
of zones exposed to greater temperature effects, the paper proposes to evaluate the obtained data
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arrays using two statistical criteria: the Fisher criterion, which confirms the possibility
of comparative analysis, and the Student's criterion, with the help of which the most significant
differences in the results of the measurements obtained can be identified. The effectiveness of this
approach was confirmed by examining the hood of a burnt-out for using the magnetic method.
Visualization of the results of the Student's criterion calculation made it possible to unambiguously
identify the actual source of the fire.

Keywords: vehicles, fire source, field research methods, magnetic method, statistical criteria

For citation: Rybin O.A., Borzunova N.Yu. Features of determining the fire source of a passenger car //
Scientific and analytical journal «Vestnik Saint-Petersburg university of State fire service of EMERCOM
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BBenenue

Ha nauvano 2021 r. B Poccun 3apeructpupoBaHo okosio 60 MIIH TPaHCIOPTHBIX CPEACTB.
Haubonpiiee konmdecTBo, a MMEHHO 45 MIIH, TPHUXOAWTCS Ha JIETKOBBIE aBTOMOOWIIH, YTO
coctaBisgeT 76 % oT obmero konuuectBa. Ha maccaxxupckue KOMMEpPUECKHE MHKpPOABTOOYCHI
1 MaJIOTOHHA)KHbIE TPY30Bble aBTOMOOWIM MPUXOAUTCst 7 %, 4TO cOcTaBisieT NpuMepHO 4,2 MIIH
€IMHUL] TEXHUKHU. TpeTbuM MO BETUUUHE SBJISIETCS CETMEHT I'PY30BbIX aBTOMOOMIIEH U MPULIETIOB —
6 %, uto cocraBisieT 3,8 u 3,4 MJIH €IMHHI] COOTBETCTBEHHO, MOTOTEXHMYECKHX TPAHCTIOPTHBIX
cpeacts okoso 2,4 muH eaunul (4 %). Ilopsnka 1 % mapka B cTpaHe COCTaBJSIFOT aBTOOYCHI,
UX HacyUThIBaeTCs NpuMepHO 410 ThIcSY eqUHULL.

3a nocnegaue 10 ner, ¢ 2011 mo 2021 rr., KOJIMYECTBO TPAHCIOPTHBIX CPEACTB
yBenuumiock Ha 31 %. Ilapk nmerxkoBeix aBromoOwmier ypemuuuics Ha 36 %, Ha 25 % — nerkuit
KOMMEpYECKUH TpaHCIOPT, aBTOOYCHBIM Napk W Tpy3oBble aBTOoMoOWnIM Ha 8,5 %, u 7,7 %
COOTBETCTBEHHO. HecMOTpsi Ha COMUAHBINA MPUPOCT TPAHCIIOPTHBIX CPEACTB, UX CPEIHHI BO3pacT
coctaBisger 15,2 ner. CpemHuii BO3pacT HSKCIUTyaTallMM JIETKOBBIX aBTOMOOMJIEH cocTaBiseT
13,9 seT, y OCTaJIbHBIX KaTETOPHUU ATOT IMOKA3aTellb 3HAYUTEILHO BhIme. Toabko 40 % JIerKoBBIX
aBToMOOWIeH B Hamieil crtpane monoxke 10 net. «JIbBunHas mons» (96 %) mapka B JaHHOM
cerMeHTe odopmieHa Ha (QU3MYECKUX JIML, COOTBETCTBEHHO Bcero 4 % 3aperucTpupoBaHO
Ha opraHuzamuu [1].

ABTOMOOMIIM € OOJBIIMM CPOKOM SKCIUTyaTalldd CKJIOHHBI K IOJIOMKaM, KOTOPbIE MOTYT
NPUBOANTH K BO3TOpPaHMUAM Jaxe 0e3 JOpOKHO-TPAHCIOPTHBIX MpouciiecTBuil. KomuuecTBo
M0’KapoB HA TPAHCHIOPTE 3a MOCJIENHUN ToJ] yBenuuuioch. [1o JaHHBIM CTaTHCTUYECKOTO y4éTa
noxxapoB MYUC Poccum B 2021 r. TpancmopTHble cpeiactBa ropenu 17 249 pas, 4ro cOCTaBUIIO
4,41 % ot obmiero Koau4ecTBa MoxkapoB. B mpeapiaymem roay aBromoommm ropemu 17 063 pa3
(3,88 %) [2].

CoBpeMeHHBIN aBTOMOOMIIb — 3TO CJIO’KHAs TEXHHUYECKas CHCTeMa, COCTOSIIAas U3 y3JIOB,
arperaroB, JA€Tajeil U MEXaHU3MOB, B KOTOPOW HMEETCS MHOYKECTBO BO3MOYKHBIX HCTOYHHKOB
3QKUTaHMS, a TaKXKe 3HAUUTENbHBIH O0BEM TOpPIOYMX MaTepHajioB, B TOM YHUCIE TOpHOYHE
U JIETKOBOCIJIAMEHSFOLIUECS JKUKOCTH.

[lo Meronuke wuccienoBaHUus O0BEKTa IIOCIIE TOXKapa, NpPEXKIe BCEro, HEOOXOIUMO
YCTAaHOBUTb MECTO Hayajla TOPEHHUs WM odYar IoxXapa, 3aTeéM MOJKHO IPHCTyNaTb K IOHUCKY
MIPUYMHBI TIO)Kapa B 3Tol 30He. [louck ouara HaunHaeTcs ¢ PUKCAUU TEPMUUECKUX MOBPEXKACHUN
HauboJiee JIETKOIUIABKUX MOKPHITHMA U u3nenuid. K HUM OTHOCHTCS: JaKOKpAaCOYHOE IOKPHITHE
MMOBEPXHOCTH BCETO aBTOMOOWIISI; IUIACTUKOBBIE JeTanu ¢ap, npuOopHas TMaHedb, IeTaIH
MOTOPHOTO OTCEKa, OTJeJIKAa CAJIOHa M Oara)XHWKa, M3O0JAIMS MPOBOJOB MO BCEMY aBTOMOOHIIIO;
MaTepHabl HANOIHEHHA M OTIENKM CUICHWM;, NOKpBILKM Konec. [loxap pacmpocTtpansercs
C MOMOIIBI0 TPEX (PU3MUYECKUX TMPOLECCOB: KOHBEKLMH, M3Iy4YeHUS W KOHAyKuuu. IIporekanue
9TUX MPOIECCOB XAPaKTEpPHO M INpU TopeHuu aBToMoOwns. Ha HavanmpHOW cTaaumm moskapa
KOHBEKTHBHBIE IIOTOKHU [TOJHUMAIOT FOPSYMM BO3/1yX BBEPX M pa30rpeBalOT MaTepHallbl HaJl O4aroM
II0’Kapa, OJHOBPEMEHHO BO BCE CTOPOHBI JKAp PACIPOCTPAHSECTCA C IMOMOIIBIO U3IIyYEHUs, CIIyCTs
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HEKOTOPOE BpEMS, pa3orpeBalOTCs MaTepPHabl C BBICOKOW TEIUIONMPOBOJHOCTBIO M TOHKUTAIOT
COMPHUKACAIOIIYIOCS ¢ HUIMHU FOPIOUYIo Harpysky [3, 4].

JlerkoBoii aBTOMOOHIb MOYKHO YCJIOBHO pa3JC/uTh HAa TPU 30HBI: MOTOPHBIN OTCEK, CalOH
u GarakHoe oTxaeseHue. B ciyuae Hayanma mokapa B MOTOPHOM OTCEKE BBITOPAIOT, PEXKIE BCETO,
[IUTAHTH, U30JISIIHS SJIEKTPOIPOBOIOB, BEPXHSS YacTh IIMH, IMPUMBIKAIONIMX K MOTOPHOMY OTCEKY
M JIAKOKPaCOYHOE IMOKPHITHE Ha IMOBEPXHOCTH Kamota. Eciam mokap Hadajcs B CaJiOHE,
TO B 3aBHCHMOCTH OT PACIOJIOKEHHUS odara ro)kapa ropeTb HauWHACT MPHOOpHAs MaHeNb JH00
Nepe/iHue WM 3aJHUE CUCHUs. Jlanee ropeHre KOHBEKTHBHBIMU MOTOKAMHU PACIPOCTPAHSICTCS
Ha OOMBKY BEpPXHEH 4YacTH CaJloHa, 3aTeM BBITOPACT JIAKOKPACOYHOE IOKPBITHE KPBIIIK
aBToMoOwis. [lpolecc W3My4eHUs NMpU TOPEHUH AaBTOMOOWIIS WMIPacT MEHEEe BaKHYH) pOJIb.
B cnyyae Havanma moxapa B OaraxHWKe, MNpPEXKIE BCEro, BBITOPAET €ro OTHCIKa, 3aTeM
JIAKOKPACOYHOE TMOKPHITHE KPBIIIKK M CIHMHKA 33HETO0 CHUACHHUSA. 3aTeM TEIUIO IMOXKapa JIOXOIUT
70 BEPXHEH YacTH MOKPHIIMIEK 3aJHUX KOJEC CO CTOPOHBI OarakHHMKa M 3aaHuX (ap u Oaka
¢ ToruuBoM [5, 6].

[Ipu omepaTHBHOM TYIICHHH AaBTOTPAHCIIOPTHOTO CPEACTBA BCE BBIIIC MEPCUNCIICHHBIC
MPU3HAKH TEPMHUCCKUX TOBPESKICHUN JIETKO YHTAIOTCS M BBIBOA 00 ouare mo)kapa cjaejarb
He ciokHo. Koryma aBroMoOuib He yaaéTcsi MOTYIIUTh, W BBITOPAIOT BCE CroOpaeMbie MaTepHAIIBI,
30HY HaMOOJIBIIETO TEPMUYECKOTO MOBPEKIACHUS MOXKHO OIPEICIUTh TOJBKO C IIOMOIIBIO ITOJIEBBIX
METOJIOB HCCIIe0BaHus. VICroap30BaHWE MOPTATUBHBIX CPEJICTB M3MEPEHHUS HA MECTE IOKapa
OCHOBAHO HE HAa KOJIMYECTBEHHOM OIPECIICHUH M3MEPSEMBIX MapaMeTPOB, a HA CPAaBHUTECIHLHOM
aHau3e Pe3yJbTaTOB MOJAYYaeMbIX B Pa3HBIX TOYKaX. METOIWKH IPEIIOoJararT MPOBEIACHUE
HE MEHEE IATH HW3MEPCHUH B KaXKIOW M3 TOUEK, PacyeT CPEAHUX 3HAUCHUH M HAHECCHHE
HX Ha CXEMy CropeBIIero oObekTa. Busyanusanust MONTy4eHHBIX JAHHBIX MO3BOJISET OTIMYHTH
00J1aCTH, OTJIMYAOLIHECS 10 TIOKA3aTEIIsIM, 3aBUCSIIIAM OT TEMIIEpaTypbl HArpeBa, HAPUMEP, CHIIbI
TOKA pa3MarHUYWBaHWs, TOJIIUHBI CJI0S OKAJIMHBI WM TBEPAOCTH. [IpH 3TOM HE OLECHHBACTCS
PaBHOMEPHOCTh TIOJIy4aeMbIX BBIOOPOK W 3HAYMMOCTh OTJIMYUN PE3yJIbTATOB, IOJYYCHHBIX
B Pa3HBIX TOYKAX H3MEPEHHs, BO3MOXKHO, BCE MOJYYCHHBIC pa3IMuus HAXOIATCS B TMpejaeaax
CPEIHEKBAIPATUYHOTO OTKJIOHCHHS. B 3TOH CBS3UM MpEACTABIACTCS aKTYalbHBIM H3yUYCHHE
MPUMEHEHHS B paMKaX METOJMK HCCIICOBaHUS aBTOMOOWIICH MOCJe TMoKapa CTaTHCTHYCCKUX
KPHUTEPHUEB, MOJATBEPIKAAOIINX MPABUILHOCTD MOTy4aeMbIX JaHHbIX [7, 8].

[{enbt0 JAHHOTO WCCICAOBAHHS SIBJIISCTCS HM3YyYCHHE BO3MOKHOCTH HCIIOJIB30BaHUS
CTaTHCTHYECKUX KPUTEPHEB MIPU 00pabOTKe pe3yIbTaTOB M3MEPEHUS CBOMCTB CTABHBIX 3JICMEHTOB
ABTOMOOWJIS TS BBISIBJICHHSI OYaroBOW 30HBI.

MeTtoanl Mccae10BaHusA

Jis  OATOTOBKM OOBEKTOB WCCIIENOBAHUS OBLI TPOBEJICH HATYPHBIA OSKCIIEPUMEHT
M0 TMO/PKOTY U TIOJHOMY BBITOPAHUIO JI0 CAMOCTOSITEIBHOTO MPEKpaIleHUs] TOPEeHUsT aBTOMOOUIIS
NK-2126-030. TlomKor OCYIIECTBISJICS C TIOMOINBID aBTOMOOWMIBLHOTO O€H3HMHA, KOTOPBIN
B 00ObeMe [BYyX JHUTPOB BIHMBAJCS B MPOCTPAHCTBO MEXIy JOOOBBIM CTEKJIOM U KamoTOM
CO CTOPOHBI MECTa BOIAUTEIIS.

CoxokeHHBIM aBTOMOOWIIL ObUT MepeBe3eH B KPBITHIN aHrap, rie MpOBOIUIOCH W3YUYEHHE
OCTaBIIUXCSI METAJUIMYECKUX DJIEMEHTOB ¢ MOMOIIbI0 KodpuutumeTpa KNMM-2M. Bribop manHOTO
MeTojZla HCCIeoBaHUsl OOYCIIOBJIEH TE€M, YTO MAarHUTHBIE CBOMCTBA HaWOOJIE€ YYBCTBUTEIHHBI
K CTPYKTYPHBIM U3MEHEHUSM CTaJied, IPOUCXOIAIINM IO BO3JEHCTBHE BHICOKUX TEMIIEPATYP.

MarsuTHBIN METOJT TaBHO 3aPEKOMEHIOBAN CeOsI B MOKAPHO-TEXHUYECKON IKCIIEPTU3E, PU
WCCIICIOBAaHNM OOTOPEBIINX OCTOBOB aBTOMOOWIEH OH HCIOJNB3YeTCs 4Yalle BCero. 3ajada
HCCTIEIOBAaHUS 3aKIIOYAINCh B BbIOOpEe crmocoba oO0paboTKM moiydaemMord WH(OpManuu Jist
MOBBIIICHUS] TOYHOCTH OIPEACIICHHUS] MeCTa MePBOHAYAIBLHOTO BO3HUKHOBEHUS TopeHust. s aTux
ueneil B pabore ObUTM BBIOPAaHBI CTATUCTUYECKHWE KPUTEPHH, MO3BOJISAIONIME PEIIUTh Cpasy JIBe
3amauyn. llepBas 3akimouyanach B aHaIW3€ IMIOJIy4aeMbIX BBIOOPOK JAHHBIX Ha MPEAMET
OJTHOPOJHOCTH, YTO HEOOXOIUMO IJIs MOATBEPKIACHHUSI BOZMOKHOCTH COIOCTAaBJICHUS TOTYyUYEHHBIX
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pesynbraroB. s 3THX menei B pabore Obu1 mpuMeH€H F-kputepumii. Bropas 3amada coctosiia
B CPaBHEHUM IOJY4YaeMbIX JAHHBIX MU3MEPEHUS B COCEAHMX TOUKAX C LEJIBIO OLEHKH 3HAYUMOCTH
HaOmoqaeMbIx oTiaruuid. C 3TOH 1enbto B padote npuMeHsuics t-kpurepuii [9].

Pe3yabTaThl HCC/Ie10BAHUSA U UX 00CYKIEHUE

[Tpu ipoBeCHUH IKCTIEPUMEHTA TOPIOYYIO KUAKOCTh PA3IIA Ha JIOOOBOE CTEKIIO U KaIloT,
MO3TOMY IPH U3YUYEHUH BO3MOXKHOCTH MIPUMEHEHHUS PACUETHBIX METOAOB K 00pa0dOTKEe MOIYIEHHBIX
pe3yJIbTaTOB M3MEPCHHsI B TIEPBYIO OdYepe]b ObLT PAcCMOTPEH WMEHHO KamoT. Jlns aHammsa
BBIOpAaHHBIC D3JEMEHTHl aBTOMOOWIS OBUIM TIOJENEHBl Ha CEKTOpa, B TpaHHUIAX KOTOPBIX
KOIPIIUTUMETPOM ONPEISISUIA 3HAYCHUE CHJIBI TOKA pa3MarHUYHMBAHHS TI0 MISCTH MapauIeIbHBIM
u3Mepenusm (puc. 1).
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Puc. 1. Cxema To4ek 3aMmepa CHJIBI TOKA pa3MarHH4YMBaHHUs

Jlisg BU3yanu3allMd pe3yJbTaTOB MU3MEpPEeHHs] ObUIM pAcCUMTaHbl CpEAHHE 3HAYEHHUS
pe3ynbpTaToB U3MepeHuii (Tabm. 1) u mocTpoeHa MoBEpXHOCTHAs Auarpamma (puc. 2).

Kak BHIHO, YeTKHMX TpaHWI] M3MEHEHHWS CBOWCTB MAarHUTHBIX XapaKTEPUCTHK Ha HEH
HE TpocMaTpuBaeTcs. MOXHO BHU3yaldbHO OTMETUTh TPU 30HBI, TJE€ CTENEHb IOBPEKICHUS
CTAJIBPHOTO KarmoTa HauOoublas (OTMEYeHa Ha JAuarpaMMe KpacHbIM mBeToMm). Cpenu HHX 30HA,
B KOTOPYIO TMPH TOJHKOTe aBTOMOOWIIS HAIMBAJIM aBTOMOOWIBHBIN OCH3UH, HO BBLICTUTH JAHHYIO
00J1aCTh OJTHO3HAYHO TI0 MOJYYCHHBIM JaHHBIM HEIb3s (puc. 2).
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Tabmuma 1

Pe3yJII>TaTbI HCCJIeI0BAHUSI MATHUTHBIX CBOMCTB Ha MOBEPXHOCTH KammoTa aBTOMOOMJIA

Touka Cuna Toka pasMaraudusanus l,, MA Cpennee CKO,
3HaYEHUE,
3amepa 1 2 3 4 5 6 VA MA

1.1. 0,058 0,056 0,055 0,059 0,055 0,056 0,057 0,0014
1.2. 0,048 0,056 0,053 0,048 0,055 0,052 0,052 0,0034
1.3. 0,056 0,061 0,058 0,057 0,060 0,058 0,058 0,0020
1.4. 0,055 0,058 0,052 0,056 0,057 0,055 0,055 0,0021
1.5. 0,039 0,037 0,04 0,039 0,037 0,039 0,038 0,0013
1.6. 0,048 0,06 0,058 0,048 0,059 0,055 0,055 0,0054
1.7. 0,058 0,059 0,06 0,059 0,058 0,059 0,059 0,0007
2.1, 0,062 0,058 0,062 0,063 0,057 0,061 0,060 0,0022
2.2. 0,059 0,062 0,053 0,060 0,061 0,058 0,059 0,0032
2.3. 0,048 0,057 0,053 0,048 0,056 0,053 0,053 0,0038
2.4. 0,049 0,057 0,053 0,049 0,056 0,053 0,053 0,0033
2.5. 0,041 0,053 0,047 0,041 0,052 0,047 0,047 0,0052
2.6. 0,047 0,058 0,057 0,047 0,057 0,054 0,053 0,0050
2.7. 0,051 0,052 0,055 0,052 0,051 0,053 0,052 0,0014
3.1 0,058 0,057 0,053 0,059 0,056 0,056 0,057 0,0020
3.2. 0,043 0,047 0,043 0,043 0,047 0,044 0,045 0,0018
3.3. 0,055 0,053 0,057 0,056 0,052 0,055 0,055 0,0017
3.4. 0,058 0,059 0,053 0,059 0,058 0,057 0,057 0,0022
3.5. 0,054 0,057 0,053 0,055 0,056 0,055 0,055 0,0015
3.6. 0,043 0,053 0,053 0,043 0,052 0,050 0,049 0,0047
3.7. 0,057 0,056 0,051 0,058 0,055 0,055 0,055 0,0023
4.1, 0,056 0,053 0,057 0,057 0,052 0,055 0,055 0,0019
4.2. 0,046 0,058 0,051 0,046 0,057 0,052 0,052 0,0052
4.3. 0,048 0,047 0,051 0,048 0,047 0,049 0,048 0,0016
4.4, 0,039 0,043 0,047 0,039 0,043 0,043 0,042 0,0029
4.5. 0,048 0,053 0,051 0,048 0,052 0,051 0,051 0,0020
4.6. 0,045 0,047 0,053 0,045 0,047 0,048 0,048 0,0029
4.7. 0,053 0,052 0,058 0,054 0,051 0,051 0,053 0,0026

m 0,06-0,065

m 0,055-0,06

0,05-0,055

m 0,045-0,05

m 0,04-0,045

Puc. 2. Pacnipenesnienue 3Ha4eHHid CHJIbI TOKA PA3MATHUYUBAHMS 110 MOBEPXHOCTHU Kanora (MA)

33

HoxcapHa;I TaKTHKa, (I)PI?;I/IKO-XHMI/I‘IGCKI/IC OCHOBBI IPOLECCOB IT'OPCHUA U TYLICHUSA



Ne 1-2023. Vestnik S.-Petersh. un-ty of State fire service of EMERCOM of Russia http://vestnik.igps

Jns 6onee uetkoit auddepeHumann Tpedyercs TOMoNHUTeNbHas 00paboTKa MosTydYeHHON
uHbopMalMKd pacyeTHbIMM MeTogamu. Jlig 3TuX wesnedl ObUIM NPUMEHEHbI BbIOpPAHHBIE
CTaTUCTHYECKHE KpuTepHH (Tadi. 2).

3Hauenus  F-xputepus,  ompeaensieMoro  Ha  OCHOBE  CpPaBHEHMsA  3HA4YEHUH
CPEIHEKBAIPaTUYHOTO OTKJIOHEHMSI, MOKa3aJIyd, YTO JJIsl MOJyYEHHBIX MAacCHBOB pe3yJIbTAaTOB
u3Mmepenus |lp, maHHBIN KpuTepuil Bappupyercs B mpeaenax 0,86—1,83, 4ro HMKE KPUTHUECKOTO
snauenus F(P, f1,f,)=2,97. MoHO cka3arh, 4TO BCE 3HAYEHMS CPEAHEKBAAPATUIHOIO OTKIOHEHMS,
MIOJIyYeHHbIE 10 pe3yibTaTaM MapajulebHBIX M3MEPEHHH, MOXHO paccMaTpuBaTh KakK OLICHKY
OJTHOM U TOMH K€ TUCIEePCUH T'eHEepaibHOM COBOKYIIHOCTH ¢ HOPMaJIbHBIM pacupeeneHrueM. Takum
00pa3oM, Bce MOyYEHHbIE 3HAUCHHUSI SIBIISIFOTCSI OJJHOPOJIHOM BBIOOPKOM, UTO MO3BOJISIET IPOBOIUTH
UX CpaBHEHUE MEXy COOOM.

MecTa J10KaJIbHOTO TEPMHUYECKOIO IMOPAKEHUS JOJKHBI OTIMYATBCS OT COCEIHUX TOYEK
CYLIECTBEHHO, OTOMY JIJIsl YTOUYHEHMS TAaKUX O0JIacTel 11e1eco00pa3HO MPUMEHHTH t-KpUTEpH.
JlaHHBIA KpUTEpUN HCHOJB3YETCS B TEX CIIydasx, KOTAa MOJIy4YEHHBIE CpeIHUE 3HAUYCHHUS JBYX
BbIOOPOK HE3aBUCHUMBIX BEJIMYMH Ppa3IMyaroTCs, U TpeOyeTcs MpPOBEPUTh, OOBACHSETCA JHU 3TO
pasnuuue TOJIbKO citydaiiHoM ommOkoil. Kputnueckoe 3HaueHnue ans kputepus CTbrofeHTa IS
BBIOOPOK JaHHOTO pa3mepa 2,44. Pe3ynpTaThl pacyera CTaTUCTUYECKHX KPUTEPUEB IMPHUBEICHBI
B Ta0I. 2.

Ta0mmia 2
Pe3yabTaThl pacuera CTATHCTHYECKHUX KPUTEPUEB
Touka 3amepa Cpemnee ;}quHHe lp CKO, MA F-kpurepuii t-xkpuTepuit
1.1 0,057 0,0014 1,083 5,27
1.2. 0,052 0,0034 0,894 3,16
1.3. 0,058 0,0020 1,052 2,49
1.4. 0,055 0,0021 1,443 13,84
1.5. 0,038 0,0013 0,701 21,12
1.6. 0,055 0,0054 0,933 1,27
1.7. 0,059 0,0007 0,973 4,08
2.1. 0,060 0,0022 1,028 1,26
2.2. 0,059 0,0032 1,118 3,35
2.3. 0,053 0,0038 0,993 0,18
2.4. 0,053 0,0033 1,128 3,10
2.5. 0,047 0,0052 0,878 2,18
2.6. 0,053 0,0050 1,023 0,41
2.7. 0,052 0,0014 0,925 5,05
3.1. 0,057 0,0020 1,268 10,52
3.2. 0,045 0,0018 0,815 9,78
3.3. 0,055 0,0017 0,954 2,69
3.4. 0,057 0,0022 1,043 1,80
3.5. 0,055 0,0015 1,119 6,71
3.6. 0,049 0,0047 0,888 2,27
3.7. 0,055 0,0023 1,004 0,16
4.1 0,055 0,0019 1,064 3,02
4.2. 0,052 0,0052 1,072 1,17
4.3. 0,048 0,0016 1,141 6,55
4.4. 0,042 0,0029 0,836 4,91
4.5. 0,051 0,0020 1,064 2,60
4.6. 0,048 0,0029 0,895 3,30
4.7. 0,053 0,0026 1,824 0,33
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[Tonyuennbie 3HaUeHUS t-KpUTEPHS MMOKA3AIH, YTO PA3IMYUE B U3BMEPEHHBIX 3HAUYCHUSAX IS
JBYyX COCEJHUX TOYEK HE BCErJa MOXKET CuUduTartbcs 3HauuMbIM. [lpm 3TOM ecTh TOUKW,
B KOTOPBIX pacCUMTaHHbIC 3HAYCHHS {-KpUTEpHUs CyIIECTBEHHO MPEBBIIIAIOT KPUTHYECKOE, UTO
TOBOPUT O CYLIECTBEHHOM pa3HULIE.

JUIs HArIsOHOCTH pe3yibTaT ObLI MPEACTABICH B BHUJAC IOBEPXHOCTHOW TUArpaMMBI
(puc. 3). Kak BumgHOo, Hamboyiee 3HAUMMBIC Pa3IUUUS MEXIYy HW3MEHEHUSMHU, IOTYYCHHBIMU
B COCEJTHUX TOUYKaX, PUKCHUPYIOTCS B O0JIACTH, B KOTOPYIO IIPH MPOBEJCHUN SKCIIEPUMEHTA U OBLIO
BHECEHO IMO/KUTAOIIee BEIIECTBO M B KOTOPOl HaOmroganoch Haumbosee UIMTEIhbHOE TOpeHHe

(o603HaueHa oBajioM Ha puc. 4) [10, 11].
h 1

m 20,040-25,040
m 15,040-20,040

2 210,040-15,040
5,040-10,040
= 0,040-5,040
3
4

Puc. 3. Pe3yabTaTel pacuera t-kpurepust

Puc. 4. PazBuTHe ropeHnsi BHyTPpH aBTOMOOHJISI
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3akjiao4eHue

HOHy‘-IeHHLIG JAaHHBIC TTO3BOJIAIOT CACIATh BBIBOM, YTO PACUCT CTATUCTUUYCCKUX KPUTCPHUCB
MO3BOJIsIET OoJiee JeTadbHO pa300paTh HAOMIOAAEMYIO0 KapTHHY TEPMHUYECKHUX TOPKCHHUMN
U TIOJIy4UTh Pe3yJIbTaThl, HauboJee MPUOIMKEHHBIE K PEaJIbHBIM.

YeTkoe OHUMaHHE MPOILIECCOB BOSHUKHOBEHHS M PA3BUTHS I0KAPOB HA aBTOMOOMILHOM
TPAHCHIOPTE MO3BOJSET JOCTOBEPHO W OJHO3HAYHO OIPEENATh oyar mnoxkapa. YTto, B CBOIO
ouepelb, SBISACTCS BAXHEHITNM IIaArOM HA IYTH yCTAHOBJICHHS TEXHHUYECKOW NMPUYHMHBI MOXKapa,
HBJI?IIOHlCﬁCSI OCHOBHBIM BOIIPOCOM, BBIHOCHUMBIM HOO3HABATCJIEM IIPpHU HA3HAYCHUU CYI[G6HOI71
MOYKapPHO-TEXHUYECKON 3KCIepTH3bl. [IpaBMIIBHO YCTaHOBJICHHAS TEXHHYECKas MPUYMHA IOKapa
SBIISICTCS 3aJI0TOM BBIHECEHHSI BEPHOTO IMPOIECCYaIbHOTO PEHICHUs O BO30YXKICHHM WIIM OTKa3e
B BO30YXJICHUH YTroJOBHOTrO Jnena. Kpome Toro, HakorsieHHass nHGopMalus O MpHYUHAX MoXKapa
MOXKET OBITh IIOJIOKEHA B OCHOBY JUIs (POPMHUPOBAHUS HOPMATHUBHBIX AaKTOB M IPOBEICHHUS
NpoWIAKTUYECKHX  MEPONPHUATHHA,  HANpaBICHHBIX  HAa  NPEJAOTBPALICHHE  I0XKapOB
Ha aBTOTPAHCIIOPTE.
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MATEMATHYECKOE MOAEJINPOBAHMUE,
KOMIIBIOTEPHBIE TEXHOJIOI'HA B TEOPUH
YIHHPABJIEHUA CJOOKHBIMHU ITPOUECCAMU

Hayynas cratbs
YJIK 614.84

OBOCHOBAHME HEOBXOJIUMOCTH UCIIOJIb30OBAHUSI
WHXKEHEPHOMH CJIYKBbI B COCTABE CHEIIMAJIU3UPOBAHHBIX
MOKAPHO-CIIACATEJIBHBIX YACTEM B CYBBEKTAX
POCCHUHCKOMH ®EJIEPAIINUA

Ynasuosa Esnena IOpbeBna;

boOpuneB EBrennii BacuibeBuy;

Konpamos Anapeil AjleKcaHIpOBHY.

Bcepoccuiicknii opaena «3nak Iouera» HayuHo-ucciie1oBaTe IbCKUil HHCTUTYT
nporuBonoxapHoii 3amutel MUC Poccun, r. banammuxa, Poccus
Eotdel_1_3@mail.ru

Annomayus. C IpUMEHEHHEM TEOPUH HEYETKHMX MHOXECTB pa3paboTaHa MaTeMaTHUYECKas
MOJICNIb i1 OOOCHOBaHHUS HEOOXOIUMOCTH HCIIOJIb30BAaHUS HWH)XCHEPHOH CIy>)KObI B COCTaBe
CIeIMATU3UPOBAHHBIX MOXKAPHO-CIACATENIbHBIX YacTel (enepaibHON MPOTUBOMOKAPHOM CITY>KOBI
["'ocynapcTBeHHONW TPOTHUBOIIOXKAPHOUW CITY»KOBI. MoOJIeTh YUYUTBHIBAET MPHUPOTHO-KIUMATHUECKUE
U reorpapuUecKkue OCOOEHHOCTH CYOBEKTOB, TIOKAa3aTeNIM COLNUATBHOTO W  TEXHHKO-
SKOHOMHUYECKOTO PAa3BUTHUS U PUCKU BO3HUKHOBEHHS UPE3BBIYAWHBIX CUTYAIMi U TIOKapOB. Takxke
YUUTBIBACTCSI HAJIMYME CUJ M CPelCTB EMWHON TOCYyAapCTBEHHOW CHUCTEMBI MPEAYNPEKIACHUS
W JIMKBUJAIIMK YpE3BBIYAHHBIX CHTyallmid B cyObekTax Poccuiickoit denepammm. J[ns oreHku
CTETICHH BIIUSHUS KaXJIOTO MOKAa3aTelsl Ha HeOOXOUMOCTh MCIOJIb30BAHUS WHKCHEPHOU CITYKOBI
WCIIONb30BaH METOJ] TIONAPHOTO CpPaBHEHUS HA OCHOBE JIMHTBUCTUYECKOW IIIKAJIbl OICHOK.
Brerurcnena wWHTErpanbHash OICGHKA HEOOXOJWMOCTH HCIIOJIB30BAHHUS HWHKEHEPHOU  CITYKOBI
B COCTaBe CIHCIUAIM3UPOBAHHBIX TOKAPHO-CTACATENBHBIX YacTeld IS KakJIoro cyObekTa
Poccuiickoit denepaunu. C HCHONb30BaHUEM pPa3paOOTaHHOM MOJENHU ONpPENENEeHbl CyOBEKTHI,
B KOTOPBIX IMOTPEOHOCTh B WHXXCHEPHOH CIIy)0€ B COCTaBe CIEIMaTU3MPOBAHHBIX IMOKapHO-
cracaTeNbHBIX YacTell Hanboee BEICOKas.

Knrouesvle cnosa: HEUETKOE MHOMKECTBO, CIICIIHAIM3UPOBAHHBIC IMOYKAPHO-CIIAcaTeIbHbIE
YacTH, Ype3BbIUYAWHBIE CUTYAIINH, TTOXKap, PUCK, MHKEHEPHAs CITy»K0a

Jast nutupoBanusi: Ynasnosa E.1O., boopunes E.B., Kongamos A.A. O0ocHOBaHWE HEOOXOIMMOCTH
HCTIONIb30BaHMsl MHXCHEPHOH CIYXObl B COCTaBe CHEHUAIM3UPOBAHHBIX MOKapHO-CHAacaTeNbHBIX YacTed
B cyObekrax Poccuiickoit ®eneparuu // Hayu.-amamut. xypH. «BectHuk C.-Ilerep6. yn-ta I'TIC MUC
Poccumy». 2023. Ne 1. C. 38-47.
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Scientific article

JUSTIFICATION OF THE NEED TO USE AN ENGINEERING SERVICE
AS PART OF SPECIALIZED FIRE AND RESCUE UNITS

IN THE SUBJECTS OF THE RUSSIAN FEDERATION

™Udavtsova Elena Yu.;

Bobrinev Evgeny V.,

Kondashov Andrey A.

All-Russian order of the «Badge of Honor» Research institute of fire defense
of EMERCOM of Russia, Balashikha, Russia

Eotdel_1_3@mail.ru

Abstract. Using the theory of fuzzy sets, a mathematical model has been developed to justify
the need to use an engineering service as part of specialized fire and rescue units of the federal fire
service of the State fire service. The model takes into account the climatic and geographical features
of the subjects, indicators of social and technical and economic development, and the risks
of emergencies and fires. The availability of forces and means of a Unified state warning system is also
taken into account and liquidation of emergency situations in the subjects of the Russian Federation.
To assess the degree of influence of each indicator on the need to use an engineering service, a pairwise
comparison method based on a linguistic scale of assessments was used. An integral assessment
of the need to use an engineering service as part of specialized fire and rescue units for each subject
of the Russian Federation is calculated. Using the developed model, the subjects in which the need for
an engineering service as part of specialized fire and rescue units is the highest are identified.

Keywords: fuzzy set, specialized fire and rescue units, emergencies, fire, risk, engineering
service

For citation: Udartseva E.Yu., Bobrenev E.V., Kondrashov A.A. Justification of the need to use an engineering
service as part of specialized fire and rescue units in the subjects of the Russian Federation // Scientific
and analytical journal «Vestnik Saint-Petersburg university of State fire service of EMERCOM of Russia». 2023.
Ne 1. P. 38-47.

BBenenue

Ha crnenumanusupoBaHHble moxapHO-cnacatenbHeie dactu  (CIICYH) denepanbHOU
MIPOTHUBOIOKAPHON CIyk0b1 ['ocymapcTBeHHOM mpoTtuBomoxapHoi ciyx0b1 (PIIC TITIC)
B TEPpPUTOPHAIBHBIX TapHU30HAX TOKAPHOM OXpaHbl BO3JAralOTCs 3ajJayd IO TYIICHHUIO
KpYIIHBIX I0XKapOB B HACEJIEHHBIX NYHKTaX M Ha O0BEKTaX, IO IPOBEJEHUIO aBAPUIHO-
cracaTesIbHbIX, BOJ0JIa3HBIX M UHBIX CIIEIIMAIbHBIX HH)KEHEPHO-TEXHUYECKUX padOT, CBA3aHHBIX
C JUKBHJALMEW TOXXKapoB, MO JHUKBHIALMMU TOCIHEJACTBUNA TEXHOTEHHBIX U TPUPOTHBIX
ypesBbiuaitubix curyanuii (UC) [1, 2].

CornacHo TUIMOBOMY mTaTHOMY pacriucanuio (mpukaz MUC Poccum ot 21 mapra 2014 r.
Ne 129 «O BHecenmm m3meHennid B mpukaz3 MUC Poccum ot 30 mekabps 2005 r. Ne 1027
U NpU3HAHUM yTpaTuBlIuMU cuity npukazoB MYUYC Poccum u OTAENbHBIX MOJIOKEHUH NPUKA30B
MYC Poccumn») B cocraB CIICY MOryT BXOJUTD CIEAYIOLINE CITYyKObI U TPYIIIBL:

— BOJI0JIa3Has CiIyk0a;

— MEIMIIMHCKAs cIy>k0a;

— ci1yk0a TeIeKOMMYHHKAIUH U CBS3H;

— UH)KEHEpHasi ciy:k0a;

— ciryx0a paMalmOHHON W XUMUYECKON 3alTUTHI;

— cIy>k0a TyIIeHHs I0XKapOB U MPOBEICHUS aBapUITHO-CIIacaTeIbHBIX padoT;

— KAHOJIOTUYECKas TPYMIa;

— TpyIIa MUPOTEXHUYECKUX paboT;

— TpyIIa TEXHUYECKOTO 00ecreueHust u 00CTy )KUBaHUS;

— Ipymnna poOOTOTEXHUYECKUX CPE/ICTB U OECTIUIOTHBIX aBUAIIMOHHBIX CUCTEM.
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Nmxenepnas cmyx6a CIICYH cozmaercs B IeNsIX MPOBEICHUS aBapHITHO-CIIACATENbHBIX,
MIPOTUBOMOKAPHBIX, HEOTI0KHO-BOCCTAHOBUTEIBHBIX M IPYTHX CHEIHANbHBIX Pa0OT, CBA3aHHBIX
C PHUCKOM IS >KW3HH JIMYHOTO CcOCTaBa. MHXEHEPHO-TEXHUYECKUN COCTaB CIIY>KObl y4acTBYET
B nukBujganuu nocneactsuii YC B cocraBe omeparuBHoi rpynmsl CIICY, obecneunBas
TEXHUYECKOE COMPOBOXKACHUE cracaTeiabHbix pabor kak CIICY, Ttak u Jpyrux aBapuiHO-
cnacatenbHbIX popmupoBanuit MUC Poccun.

B nacrosimee Bpemsi 0osbllioe BHUMaHUE yaelseTcsl nepcrnekTuBHoMy pasButuio CIICY
¢ yueToM puckoB BosHukHOBeHUs YC B cyObekTax Poccuiickoii @eneparui.

MeToanbl Hcciie10BaHUA

B craree mpezacraBieHa maremaTudeckash MoOJIENb, pa3paOoTaHHas ¢ NPUMEHEHHEM TEOpPHU
HEYETKUX MHOXECTB [3—5], i 000CHOBaHMS HEOOXOAUMOCTH UCIIOJIb30BAHUS MHKEHEPHOU CITYKOBI
CIICYH s obecrieueHus1 MOXKapHOH Oe3omacHOCTH M 3ammThl Teppuropuii or YC B cyObekTax
Poccuiickoit ®enepanyn.

CdhopmupoBan mepedeHb MOKa3aTelei, KOTOpble XapaKTepu3ylOT HEOOXOIUMOCTh
ucnonb3oBanus CIICY u otaensubix cayx0 (rpynmn) CIICY B cybrektax Poccuiickoit deneparyu.
Bcero oroOpano 34 nokazatens. U3 aTux mokasareneil BbIIEIEHBI T€, KOTOPbIE XapaKTEPU3YIOT
HEO0XO0IMMOCTH UCIIOJIb30BAaHMs HHKEHEPHOH ¢y )Obl. Bee mokaszarenu pa3ouThl Ha TPU TPYTIIIHL

[TepBass rpynma. IlpuponHo-knumarndyeckue M reorpaduyeckre OCOOCHHOCTH CyObeKTa
XapaKTEepU3yIOT CIEAYIOIINE IOKa3aTENIN:

— IUIOIIAb TEPPUTOPHH;

— IUIOIIAJIb JIECOB;

— CPEIHET00BOE KOJINYECTBO OCAKOB;

— celicMHYecKas OacHOCTD;

— HaJINYME TOPHBIX MaCCHBOB.

Bropas rpynmna. CounanbHble ¥ TEXHUKO-?)KOHOMHUYECKUE (PaKTOPbI BKIIOYAIOT CIEIYIOIINe
ITOKa3aTeNHN:

— YUCJICHHOCTb HACEJICHNUS,

— YPOBEHB BAJIOBOT'O PETMOHAIIBHOIO IPOAYKTA HA AyLIy HACEJICHUS;

— J10J1s1 TOPOJICKOTO HACEJICHMUS;

— JIOJIs1 IPOMBIIIJIEHHOTO MTPOM3BO/ICTBA B 00IIEM 00BEME;

— YJIeNbHBIN BEC BETXOTO M aBApUHHOTO JKUIIbS;

— CTENEeHb U3HOCA OCHOBHBIX ITPOU3BO/ICTBEHHBIX (DOH/IOB;

— KOJINYECTBO B3PHIBOMOKAPOOIACHBIX O0BEKTOB;

— KOJIMYECTBO TMPOAUHAMHYECKUX OMACHBIX OOBEKTOB.

B Ttperpro rpynmny BXOAAT pUCKH BO3HMKHOBEHMs YC M mOXkapoB, a TakkKe IMOKa3aTelw,
XapaKTEPU3YIOLNEe HAIMYNE CUII U CpelcTB ENMHOM rocy1TapCTBEHHON CUCTEMBI MIPEAYIIPEKACHUS
W JHMKBHJANUU 4dpe3BblyaiiHbix cutyarmid (PCUC) B paccMaTprBaeMOM U COCEIHUX CYOBEKTax
Poccuiickoit ®enepanuu:

— cpeanee paccrosiuue a0 ommwkaiiment CIICY, B koTOopoit ecTh HHKEHEpHAs CITyk0a;

— cpemHee paccTostHMe 10 Omkaiimero mnogmpasaeneHuss cun PCUC, B KOTOpOM ecTh
WH)KEHEpHas CITy:k0a;

— Hanuuue uHxeHepHol cmyxObl B CIICYU B paccmarpuBaemMoM cyObekre Poccuiickoit
®enepanuy;

— puck UC, cBsi3aHHBIX C IPUPOIHBIMU IOKAPAMH;

— puck UC, cBs3aHHBIX C BBICOKUM YPOBHEM BOJ, CEIISIMU;

— puck YC, CBA3aHHBIX CO CXOJIOM JIABUH M OMOJI3HEW HA TPAHCHIOPTE;

— puck UC Ha TpaHCHOpTE;

— PUCK BO3HMKHOBEHHMSI KPYIIHBIX [10KAPOB;

— puck YC, cBs3aHHBIX CO B3phIBAaMH, OOPYIICHUSIMH.
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Jlnst kaxaoro rnokasaresnsi onpeeneHa GyHKIH KelaTeIbHOCTH, 3HaYeHHsI KOTOPO JiexaT
B uHTepBasie oT 0 mo 1. DyHKIMS >KenaTeNbHOCTH IOKa3bIBaeT, KaKUe 3HAYCHMS IMOKa3aTens
ABJIAKOTCSA HaI/IGOﬂee OpUCMIICMBIMHA C TOYKU 3PCHUA H€06XOI[I/IMOCTI/I HNCITOJIB30BaHUA HH)KGHGpHOfI
ciyx0n1 B CIICY. Bun ¢yHKINMM KeNaTeaTbHOCTH IS MOKa3aTeseH, 3HAYCHHSI KOTOPBIX MEHSIOTCS
HEMpephIBHO, IPECTaBJICH B Ta0I. 1.

DOyukiys (U, (x) HUCHOMB3yeTCss Ui TOKa3aTenel, C YBEIMYCHHEM 3HAYCHHS KOTOPBIX
BOCTPEOOBAHHOCTh HHKCHEPHON CyKObI Bo3pacract. DyHKiuUs U, (X) TpUMEHSETCS IS
MoKasaresieil, Oonbliee 3HAYCHHWE KOTOPHIX COOTBETCTBYET MEHbIEH BOCTPEOOBAHHOCTU
WHXCHEPHOU CITy)KObl. ['paHMYHBIC 3HAUEHUS X; U X, JUISI KaXJOTrO IMOKAa3aTess OMPEeIeIIIOTCS
IyTeM aHaJIu3a CTATUCTUYECKUX JaHHbIX.

Tab6muua 1

BI/IIL (l)yHKIIHI/I JKEJATCJIBHOCTHA AJIA noxasaTeﬂeﬁ, 3HAYCHUS KOTOPbLIX MCHAKTCH HECIIPEPBIBHO

DyHKIUS KENATEIbHOCTH
3HaueHue X
Uy (%) pa(x)
x < x4 0 1
X1 SX=S X (x = x1)/(x; = x1) (. = %)/ (xz — %)
x> x, 1 0

Jns dopmanuzanuu nokazaTenel, 3aJaBa€MbIX Ha Kaue€CTBEHHOM YpPOBHE, MCIIOJIb3YHOTCS
JMHTBUCTUYECKUE OLIEHKHM CTENEHU BBIPAXKEHHOCTH MOKa3aTensd. DyHKIMs KeIaTeIbHOCTH I
TaKUX [MOKA3aTeJIEeN IPUHUMAET TUCKPETHBIC 3HAUYCHHUS.

JUis kax10i u3 Tpex rpymi nokasaTeneil [y kaxaoro cyonsekra Poccuiickoit denepanuu
orpeaensercss 0000IIeHHAs OIIeHKa TT0 (hopMyIie:

Nm

W = Z Apem i (Xk),

k=1

rae N,, — KOJMYECTBO MOKa3aTeNeid B M TPYNIe; Ay, — BECOBOW MHOXHTENb JUIsl K-ro moka3aTesst
B M rpynre; W, — QyHKIMS KeaaTeIbHOCTH IS K-ro mokasares; X), — 3HaueHue K-ro mokasaresns
i cyobekta Poccuiickoil @eneparuu.

HHTerpanbHas OIlEHKa HEOOXOJAMMOCTH HWCIIOJIB30BaHKUS WHXXeHepHOU cimyx0b1 CIICY
B cyobekTe Poccuiickoit @enepanuu onpenensercs no hopmyre:

3
W= z BmWm,
m=1

rne f5;, — BECOBOW MHOXHTENb U M-I TPYTITBI TOKa3aTelNei.

s onpeneneHuss BECOBBIX MHOMKHTEINEH Ul KaXIOW TPYIIIBI TOKa3aTeIed MCIOIb3yeTCs
METO/I IONapHBIX CPAaBHEHUH HA OCHOBE JIMHTBUCTHYECKOM MIKaJIbI OIIeHOK [6]. [Ipu cpaBHeHUH i-T0
¥ J-ro mokasareneil CTaBUTCs OLEHKA @;j B 3aBUCHMOCTH OT CTENEHU Ba)KHOCTH 3TUX MOKasaTesiei
C TOYKHM 3PEHHUS HEOOXOIUMOCTH HCIOJIb30BaHMUs HHxeHepHOH ciyx0bl B CIICU ot 1 (ecim
MmoKa3aTead OAMHAKOBO 3HAYMMBI) 10 9 (ecnu I-il mokasaresb CTPOro MPEANOYTHTEIbHEH |-T0).
Onuenka cpaBHEHHU J-TO MOKa3aTeNs C i-bIM UMeeT 00paTHOE 3HaYeHue 1/a;;.

HckoMmble 3HaYEHMsI BECOBBIX MHOXKHUTEIEH A1, A2, ..., AN VIS KAKIOW TPYIIIBI TOKa3aTeneu
SIBJISIFOTCS PELIEHUEM ONTUMHU3AaLMOHHOM 3a/1a4u:

N N N
S = ZZ(auaj — al-)2 - min; z a; =1,

i=1j=1 i=1

KOTOpPO€ HaXxOIUTCS METOAOM HEolpeaeNeHHbIX MHOXUTeNel Jlarpanxa [7, 8].
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B tabn. 2 nmpuBeneHs! BUA (PYHKIIUH JKEIATEIBHOCTH U €€ TapaMeTphl, pacueTHbIC 3HAUCHUS
BECOBBIX MHOXUTEIECH Oy, UL NIOKA3ATENCH, BXOMAIIMX B KaXAYIO I'PYIILYy, a TaKKe BECOBBIC
MHOXUTENH [5,,, IS KOXKI0W U3 TPEX TPy MoKazaTeseH.

Ta0muma 2

IMapaMeTpbl PYHKIIUM KeJIATEJIbHOCTH U BeCOBble MHOKHMTEH ISl OKa3aTeJei,
XapaKkTepu3yHIHUX HE00X0IMMOCTH UCNI0JIL30BAHNS UHAKEeHEePHOIi cyx0b1 CIICY

Becosoit
Ne 3HaueHue | 3HaUCHUE
Ha3panue nokasarest OyHKIUSA MHOKHTEIIb
/11 X1 X2
Akm
[MpupoHO-KIMMaTHYeCKHe U reorpaduueckue xapakrepuctuku (f; = 0,127)
1 |IInomans TeppPUTOPHH, THIC. KM Uy (x) 20 200 0,494
2 |IInomans ecos, THIC. KM Uy (%) 10 100 0,171
3 CpemHerojoBoe KOJIM4YeCTBO OCA/IKOB, 1 (%) 400 800 0,061
MM B I'OJI
4 |CeiicMuyecKast OaCHOCTh Us(x) — — 0,179
5 |Hamuume rOpHBIX MacCHBOB Uy (X) — — 0,095
CounasbHble M TEXHUKO-DKOHOMUYECKHE XapakTepucTuku (f, = 0,222)
1 |YucieHHOCTH HACEIECHMS, THIC. Y€l Uy (x) 500 3000 0,493
9 YpoBeHb BaOBOr0 PErHOHAIBLHOTO IPOAYKTA 1, () 300 600 0,039
Ha TNy HAaCeJeHHs, ThIC. py0./dem.
3 |Jous ropojackoro HaceaeHus, % Uy (%) 60 80 0,075
JloJ1st TPOMBIIIIIEHHOTO MPOU3BOICTBA
4 B 001memM oobeme, % #2 (%) 20 50 0,106
Y nenbHbINA BEC BETXOT0 U aBApUUHOIO
5 Kb, % Uy (%) 2 5 0,034
CreneHb H3HOCA OCHOBHBIX
6 MTPOU3BOICTBEHHBIX (JOHIOB, %o (%) 40 60 0,096
7 KonnuecTBO B3pBIBOIIOKAPOOITACHBIX 1 (%) 50 150 0,081
00BEKTOB, €]I.
8 KonnuecTBo TuapoAMHAMUYECKUX OMACHBIX 14, () 5 15 0,076
00BEKTOB, €]I.
Pucku Boznuknoenus YC u moxkapos (3 = 0,651
1 PaCCToerer no ommxaimero CIICY, 1y () 50 500 0,060
B KOTOPOW €CTh MH)KCHEPHAs CiTyk0a, KM
Paccrosiauie 10 GrvbKalIiero mopasaeacHus
2 |PCUC, B KOTOPOM €CTh HHKEHEPHAS 1 (x) 50 500 0,060
ciyx0a, KM
3 |Hanmuwme urmkenepHoit ciyx0st B CIICY Us (x) — 0,573
4 Puck 4C, CBﬁ3a_11{HLIX C IIPUPOJHBIMH o) 0 0.2 0,038
MO’KapaMu, TOJ1
5 Puck UC, cBsI3aHHBIX B 1, () 0 05 0,033
C BBICOKUM YPOBHEM BOJI, CEIISIMHU, TOJ]
6 Puck UC, CBA3RHHEIX CO CXO,[[OM_lJ'IaBI/IH 1y () 0 01 0,032
1 OIOJI3HEH Ha TPAHCIIOPTE, rOJl
7 [Puck YC na Tpancmopte, rog Uy (x) 0,5 2 0,054
8 fsl;lf BO3HUKHOBECHHS KPYITHBIX TIOXKApPOB, 1y () 0.3 15 0,086
9 Puck UC, CBsI3aHHLI_)1< CO B3pBIBaMH, 1y () 0 0.4 0,065
0o0pyUICHUSIMH, TOJ
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Pe3yabTaThl HccJIeA0BAHUA M UX 00CYK/IeHHE

Paspaborannass MaTemaTHueckas MoOJeNb Oblla TOpPUMEHEHA JUId  ONpeleICHUS
HEOOXOIMMOCTH HCTONb30BaHUs MHKeHepHoU ciyxkObl B CIICY mis obecnedeHus: moxapHOU
Oe3omacHocTr M 3amuThl Teppuropuii or UC B cyOwnekrax Poccuiickoit Denepanuu. 3HaueHUs
MoKazarejae COIMalbHO-3KOHOMHUYECKOIO pa3BUTHSL CYOBEKTOB OINpEeNieHbl 10 JIAHHBIM
denepanbHON  CITy)Obl TOCyaapcTBeHHOW crtaTtuctuku [9]. KonmdecTBo omacHBIX OOBEKTOB
B CyOBEKTax OMpeJeeHO ¢ MCIOJb30BaHUEM JNaHHbIX B padore [10]. Pucku Bo3HukHOBeHUs1 UC
OnpeJieJIeHbl HA OCHOBAaHMHU aHAJIW3a JAaHHBIX M0 BUJAaM MCTOYHMKOB BO3HMKHOBEHHUS U XapakTepa
YC B cyonexTax Poccuiickoit deneparmu 3a nepuon 2010-2021 rr.

OnpeneneHue HEOOXOTUMOCTH  HCHOJB30BAHUS HMHXKEHEpHOW cmyk061 B CIICYH
MIPOBOMIIOCH B TPH 3Talla.

Ha mepBom srtame Obutn ompeneneHbl cyObekThl Poccuiickoit denepariiu, B KOTOPBIX
HEOO0XOMMO HCIONB30BaTh HHXKEHepHylo ciyx0y CIICH 1-ro paspsga. dns sToro Obuin
paccuntana uHTerpanpHas onenka W neooxomumoctu CIICY B KaXaOM CyOBEKTE M OIpEIeICHBI
ee muHuManbHOe W,,;,, W MakcumansHoe W,,,, 3HaueHus. B Tex cyOwekrax Poccuiickoii
®denepanun, 1is1 KOTOPBIX BBIITOJIHEHO YCIOBHE:

— 2Vl/max + Wmin

w > W, T—

npejuiaraeres ucnons3oBars CIICH 1-ro paspsina (rpannynoe 3Hadenue W, moiyuyeHoO paBHbBIM
0,650).

Ilo pesynbraTtam pacueroB CIICY 1-ro paspsiaa mpeasiaraeTcsi MCIOIb30BaTh B IIECTH
cyorektax Poccuiickoit ®enepamuu: B MockoBckoid, CBepioBckoil u PocToBckoil 00macTsX,
B Kpacnospckom u Ilpumopckom kpasix u B r. Cankr-lIlerepOypre. B CIICYH 1-ro paspsaa
co3/1aeTcs MH)XEeHepHas ciryk0a 1-ro paspsna.

Ha BTOpOM sTame A ocTaibHBIX cyOBbekTOB Poccuiickoit Denepaiiuu ObLIN ONpeaeeHbI
3HAYEHM ToKa3aTens «cpennee paccrostaue a0 ommpkaimen CIICY» ¢ yaerom CIICY 1-ro paspsiga
Y BBIYHUCICHBI 3HAYCHHS] WHTETPAIBHON OIICHKHM HEOOXOJUMOCTH HWCIIONIH30BAHUS WHKEHEPHOM
ciyx6n1 B CIICYH W,

WNnxenepuyro cioyk0y 2-ro paspsga mnpeanaraercs wucnonb3oBath B CIICY, ecnm
BBITIOJTHEHO yCIIOBUE!

ZVVnH;K.max + Wm-mc.min
3 )

M/PIH)K 2 M/PIH)K.I‘p = (1)
r71€ Woemin 1 Wae max — MUHAMAJIbHOE U MaKCUMaJIbHOE 3HAYEHHS MHTETPAIbHON OLEHKH Wiy
cpeau cyowexktoB Poccuiickoit ®denepannu, B kortopbix Her CIICY 1-ro paspspa (rpaHundHoe
3HA9EHHUE Wy rp TTONyIEHO paBHBIM 0,738).

Ha tpetsem sTane 1t ocraBmuxcs cyobektoB Poceuiickoit @enepanuu ObU10 onpeaeaceHo
3HA4YEeHHUE TOKa3aTels «cpeaHee pacctossHue a0 ommwkaitmei CIICY» ¢ yuerom CIICY, B koTopoi
UCHOJb3YETCsl MHXKEHepHast ciyxk0a 1-ro miam 2-ro paspsjaoB. s KaXkAoro Takoro cyObekTa
BBIYMCIUIMCH 3HAYEHUS HHTETpaibHOW oneHku W, WHxeHepHyio cinyx0y 3-To paspsaa
npeiaraercs ucnosb3oBaTh B CIICY B Tex cyObeKTax, st KOTOPBIX BBIOIHEHO ycioBue (1), mpu
5ToM 3HauCHUSA Wi min 1 Wi max OTpeaesstoTcs no TeM cyobektam Poccuiickoit denepanuu,
B KOTOPBIX HE HCIIONB3YeTCS MH)KEHEpHas ciy’k0a 1-ro mnu 2-ro pas3psaoB (paHU4YHOE 3HAYCHHE
Wi rp U151 TAKMX CyOBEKTOB MOJTYY€HO paBHbIM 0,642).

[TomyuyeHHble 3HAYEHUS  HMHTErPAJIbHOW  OLIEHKM HEOOXOJMMOCTH  HUCIIOJIb30BaHUS
nmwkenepHoit ciyx6s1 B CIICH B cyOwekrax Poccuiickoit ®enepanuu W, TpuBEencHBI
Ha pucyHke. MHxeHepHyto city:x0y 1-ro pa3psaa npeangaraeTcs UCIoJIb30BaTh B MECTH CyObEKTax
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Poccuiickoit @enepanun (BbIIENCHBl KPAacHBIM IIBETOM Ha PHCYHKE), HHXXEHEPHYIO CITyKOy
2-ro paspsia — B 16 cyObekTax (BbIIENIEHBI JKEITHIM LIBETOM), 3-T0 pa3psaga — B 18 cyObekTax
(BeImENICHBI 3elIeHBIM 1BeToM). B 45 cyObekTax Poccuiickoit ®enmepammuu HEOOXOIUMOCTh
HCIOJIb30BAHUS MHKEHEPHOH CITy>KObI OTCYTCTBYET (Ha pUCYHKE IIOKAa3aHbl CHHUM LIBETOM).

KpacHospckuii kpait
CB%panoscxaﬂ oQnacTh
OCTOBCKast 0QJ1aCTh
TIpumopckun kpan
MocKkoBcKasg 00J1acTh
r. Cankr-IletepOypr
I/[pKﬁTCKaﬂ 0QJiacTy !
€PMCKHUH Kpau !
Pecny6nka bamkoprtoctan !
Kpacuomapckuy kpan ’
Hoocubupckas 0Qiactp ’
CtaBpOnoJILCKUY Kpay !
ANTaNCKUY Kpan !
Ca%aTOBCKaﬂ 00J1aCcTh g
a0apOBCKHUHU Kpai ’
Hwxeropo/ickast 001acTh ’
amapckas 003acTh !
Xantel-Mancurickuit AO !
ecryOunika Jlarecran '
YensionHCKas 00J1aCTh !
Boarorpajickas 00acth '
Pecniyonuka bypsitug !
a0aWKAIbCKWY Kpau
KemepoBckast 0011aCTh
MCKast 00J1aCTh
OpeHOyprckas 00J1acTh
ABX&HFCJ‘ILCKaﬂ 0011aCcTh
OPQHEIKCKas 00JIACTh
PecryOmika Komu
Kupogckas 06acth
Pecny6inka Caxa (SkyTus)
IOMEHCKas 00J1acTh
Pecn)k@n/ma Tartapcray
aMYaTCKUU Kpan
AMypckas 00J1acTh
Yeuencras PecryQimka
Pecny6nuka TriBa

r. MockBa
Pecnﬁ@m}ca Kprim
Smano-Henenkuit AO

Bouorgickas Qoaacth
Pecr;ly JTIKA K%pem/m
OMCKast 00J1aCTh
My%Mchxaﬂ 00J1aCTh
BepCKast 00J1acTh
YnmypTckas Pecriyonnka
@HUHTpaJIcKas 00J1acTh
araJlaHCKasi 00J1acTh
CaxajmHcKasi 00J1acTh
sI3aHCKAs 00J1aCTh
bpsinckas oQuactb
Spocnapckas 003acTh
Uykorckuit AO
Kypckas o0nacts
Brangumitpckast 00J1acTh
Yygsarickas PecnyOnuka
KypraHckas 60J1acTh
TamoOoBCcKast 001aCTh
Benropopckas o0jactp
ecryOarka Antan
VYibsHOBCKas 00JacTh
CH3CHCKasl 00J1acTh
Kocrpomckast 001acTb
ACTgaXaHCKaﬂ 00J1acTh
Kaoapauno-bankapus
CHEeL[KUH
MBaHoOBCKas 001acTh
Jlunierikast 00s1acth
CMoJIeHCKas 00J1acTh
Pecr%@mka MopnoBus
YIIbCKasl 00J1aCTh
OpigBcKasi Q0J1aCTh
PecryOmika Xakacust
[ckoBckast 00nmacTh
CeepHag OceTust
EBperickas AO
PecniyOnuka Kamvbikust
OBI'OPOJICKasl 00JIACTH
ecryOska Mapuit Oi
apauaeBo-YUepkecus
r. CeBacTonons
Kanysxckast 001acthb
Kajuauurpaackas 0071acTb
Pe01'19/6m/n<a Wurymeruns
ecryOrKa Apires

o

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

WHTerpanbHblil IOKa3aTeNb

Puc. Pacnpenenenue cyobexToB Poccuiickoii ®@eaepanum mno BeJHYMHE HHTErPAJILHON OLeHKHU
HEe00X0AUMOCTH MCI0Ib30BAHMA MHKeHEePHOH cyx0b1 B CIICY
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[TpoBeneHo cpaBHEHHE PE3YIBTATOB PACUYETOB 10 MATEMATHIECKON MOAETH C (PaKTHUECKUM
HanuyueM uHxeHepHoi ciryx0bl B CIICY B cyobekrax Poccuiickoit @enepannu.

N3 cyOBekToB, BOLIEINX B KPACHYIO TPYIITy, HH)KEHEpHas cityx0a cozaana Bo Bcex CIICY.

N3 cyObekToB, BOLIEAIIMX B JKEJNTYIO TIpymiy, uHxkeHepHas ciyx0a B CIICU co3nana
B 7 cyObeKTax u3 16, elie naTh CyObEeKTOB 3asBUIIM O HEOOXOIUMOCTH CO3AaHUsI MH)KEHEPHOM CITyKOBI.

N3 cyObekToB, BOIIEAIIMX B 3€JICHYIO TIpymily, uHKeHepHas ciyx6a B CIICU ectb
B 8 cyOBekTax u3 18, eme Tpu cyOBheKTa 3asBUIN O HEOOXOAMMOCTH CO3/IaHUSI MHKEHEPHOM CITY>KOBI.

N3 cyObeKkTOB, BOIIEAIIMX B CHHIOI TpYyIILy, MH)KEHepHas ciyxOa aelictByer B CIICYH
13 cyonekToB u3 45. B Bochbmu cyObekTtax Poccuiickoit denepaunu, B KOTOPBIX OTCYTCTBYET
CIICY, 3asBuiM 0 HE0OXOAUMOCTHU CO3JaHUs MHXKEHEpHOM ciryxkO0bl B coctaBe CIICY.

bbina BbINoHEHa MpoBepKa CyIIECTBOBAHHS CTATUCTUUECKOM B3aMOCBS3M MEXKIY Pe3yJIbTaTaMu
pacyeToB MO MaTeMaTUYeCKOM MOZAENU U (DAKTUUECKUM HaIMYMEeM HHKeHepHoW ciyxOel B CIICH
B cyobekTax Poccuiickoit denepanuy ¢ UCIOIb30BaHUE Xz kpurepust [Tupcona [11, 12]. TTomy4yennsle
Pe3yJIbTaThl MOYKHO OTOOPA3UTh B BHIE TAOIUIIBI COMPSKEHHOCTH (Ta0I. 3).

Tabmuna 3

Tabauua conpsaKeHHOCTH AJIsl MPOBEPKU B3aMMOCBSI3H MEXKAY pe3yabTaTaMH PacyeToB
Mo MaTeMaTH4ecKoil Mmojaeau U GaKTHYeCKUM HATUYHEM WM 3asiBJEHHON MoTpedOHOCTH
B uH:KeHepHO# cayx0e B CIICY B cyobekTax Poccuiickoii @egepanun

KonmuecTtBo cyonexToB Poccuiickoii deneparum,
B KOTOPRIX Oo1iee KOTMYECTBO
OTCYTCTBYET L
I'pynna co31aHa MH)KCHEepHas cyonexToB Poccuiickoit
WH)XCHEpHas
ciryx06a CIICY nnm ecth ®Oenepannn
ciryx0a mim Het
MOTPEeOHOCTH
MOTPEOHOCTH
Kpachas rpymma 6 0 6
Kenrad rpynna 12 4 16
3eneHas rpymnmna 11 7 18
Cunsis rpymnma 19 26 45
Bcero 48 37 85

3HaveHMe XZ — CTaTHCTUKH JUIsl IBYXMOJbHON Tabmn. 3 paBHo 7,90. Kputnueckoe 3HaueHue
KpUTEpHst y° s OJHOH CTemeHH CBOGOABI MpH ypoBHe 3HaumMocTd 0,05 cocraBser 3,84.
PacueTHOEe 3HaueHHE MpEBBIMIAET KPUTHUECKOE, CIIEA0BATEIbHO, MOKHO TOBOPUTH O B3aUMOCBSI3U
MEXJy pe3ylpTaTaMd pacyeToB [0 MaTeMaTHYecKo Mojaenu U (aKTHYeCKUM HaludueM
nnxeHepHoit ciayx6s1 B CIICU B cyOwekrax Poccuiickoit ®@enepauuun. IIpu 3TOoM coBnajeHue
MIPOTHO3HBIX 3HAYEHUH MO MaTeMaTHYeCKOW MOAENH ¢ (PaKTUYECKUM HaJIMYUeM HWHXKEHEpHOU
cy6n1 B CIICY B cyObekTax Poccuiickoit deneparuu coctasiset 65 %.

3akjao4eHue

[IpencraBieHo 000CHOBaHUE MCIOJB30BaHUs UHKEHEPHOH ciyk0bl B coctaBe CIIC wacTeit
@IIC I'TIC ¢ npumMeHEHHEM MaTEMAaTUYECKOM MOJENIHM HAa OCHOBE TEOPHMM HEUETKUX MHOKECTB.
[IpennoxxeHo JeleHWe HMHXKEHEPHOM CIyKObl Ha TpH pas3psia B 3aBUCUMOCTH OT MPUPOIHO-
KIIMMaTUYEeCKNX, Teorpauueckux, COUUATbHBIX U TEXHHUKO-d)KOHOMHYECKUX OCOOCHHOCTEH
cyonsekToB Poccuiickoit denepanun, a Takke puckoB BosHukHOBeHHS YC u mokapoB. Ha ocHoBe
pazpaboTaHHOW MOJAENTH TPOBEACHBI pPACUEThl HHTETPATHHONW OIEHKU i  00OOCHOBAaHHS
HEOOXOIUMOCTH HCIIONb30BaHUsS WHXeHepHoW ciayxk0b1 B CIICU g kaxmoro cyObekTa
Poccwuiickoit denepanuu ¢ y4eToM pa3psaHocTH. MHKEHEPHYIO cIy)0y 1-ro paspsaa mpeniokeHo
WCIIONh30BaTh B mecTu cyobekTax Poccuiickoit deneparnn, MHKEHEPHYIO CIIy)O0y 2-T0 paspsaa —
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B 16 cybObekrax, 3-ro paspsga — B 18 cyOwekrtax. B 45 cyObexrax Poccuiickoit ®deneparmn
HE00XO0AMMOCTh B MCIIOJIb30BAaHUM MH)XEHEPHOM CITyKObl OTCYTCTBYET.

Pa3paboranHas Mojenb MOXKET ObITh MpPUMEHEHAa i1 OOOCHOBAaHHSA HEOOXOAMMOCTH
UCIOJIb30BAHUSA APYTHX ciyk0 (rpymim) B coctae CIICY.
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OIIEPATOPHBIN SI3bIK CO3JAHUSA CIIEHAPUEB
YIIPABJEHUSA HECTAIIUOHAPHBIMMU ITPOHECCAMHA
PEMOHTHO-MIPO®UTIAKTUUYECKHUX PABOT CJOXKXHOM
TEXHUYECKOM AIIMMAPATYPbBI

CkarkoB AJiekcanap BiaagumupoBuy.

CeBacTonoJIbCKuUii rocy1apcTBeHHbIN YHUBepcuTeT, I. CeBacTononb, Poccust.

™ Toponuna Exarepuna Bopucosna.

HayuHo-o0pa3oBaTe/1bHBIN EHTP BO3AYIIHO-KOCMHUYECKO 000POHBI «AJIMa3-AHTeN»

um. akagemuka B.I1. E¢ppemona, r. CeBacTonoJin, Poccusi
Adoka0605@yandex.ru

Aunomayus. Ilpemyaraercs MoAX0A K  PEHICHUIO 337add  YIPABJIECHUS PEMOHTHO-
npo(HUIaKTUYECKUMHU U aBapUIHO-BOCCTAHOBUTEIBHBIMHU pabOTaMH Kak (hOPMaTU30BaHHOTO CLIEHAPHS
B paMKaX OIEpAllMOHHOW TEOPUM OIMCAHUSA HECTALMOHAPHBIX IPOLIECCOB HA OCHOBE CIIELMAIBHOIO
c(OpMyYIMPOBAHHOTO OMNEPATOPHOIO  S3blKA, KOTOPHIM OOJEryuT pa3pabOTKy aHAIUTHYECKUX
Y UMUTAUMOHHBIX Mozenel. [IpeioskeHbl YeThlpe CLEHapusi U MOCTPOCHbI MMHUTALMIOHHbBIE MOEIH
JUId aHauu3a M [POTHO3UPOBAHUS IApaMETPOB  TEXHOJIOTMUECKMX IPOLIECCOB  PEMOHTHO-
NpOo(UIAKTUYECKUX U aBapUIHO-BOCCTAHOBHUTENBHBIX PA0OOT CIIOKHOW armaparypbl, YTO I1O3BOJIUT
YTOYHUTH IOCTAHOBKY 3a/a4 roucka 3¢dexTuBHbIX perieHuii B cMbicie [lapero.

Kntouesvie cnoea: cnoxxHas TEXHUYECKas amlmaparypa, TEXHHUECKOEe OOCITyKMBaHHME, PEMOHT,
PEMOHTHO-TIPO(PUIAKTUUECKUE PAOOThl, aBapUHHO-BOCCTAHOBUTEIbHBIE pPA0OTHI, IUIAHUPOBAHUE
TEXHUYECKOTO 00CITYKUBaHHUS, UMUTALIOHHOE MOJICTUPOBAHNE

Jass murupoBanmus: CkatkoB A.B., Jloponuna E.b. OneparopHblii s3bIK cO3MaHUSI CLCHAPHEB YIIPABICHHS
HECTAIMOHAPHBIMA MIPOIIECCAMH  PEMOHTHO-TIPOQUIAKTHYECKHX paboT CIOKHON TeXHWYecKoi ammapatypbl /]

Hayu.-ananur. sxypH. «Becthuk C.-Iletep6. yu-ta ['TIC MUC Poccun». 2023. Ne 1. C. 48-61.

Scientific article

OPERATOR LANGUAGE FOR CREATING CONTROL SCRIPTS
NON-STATIONARY PROCESSES OF REPAIR AND PREVENTIVE
MAINTENANCE OF COMPLEX TECHNICAL EQUIPMENT

Skatkov Aleksandr V.

Sevastopol state university, Sevastopol, Russia.

™Doronina Ekaterina B.

Scientific and educational center of aerospace defense «Almaz-Antey» named after academician
V.P. Efremov, Sevastopol, Russia

&doka0605@yandex.ru

Abstract. An approach is proposed to solving the problem of managing maintenance
and emergency recovery operations as a formalized scenario within the framework of the operational
theory of describing non-stationary processes based on a special formulated operator language that will
facilitate the development of analytical and simulation models. Four scenarios are proposed
and simulation models are constructed for analyzing and predicting the parameters of technological
processes of maintenance and emergency recovery operations of complex equipment, which will clarify
the formulation of the tasks of finding effective solutions in the sense of Pareto.

Keywords: complex technical equipment, maintenance, repair, maintenance and preventive
maintenance, emergency recovery work, maintenance planning, simulation modeling
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BBenenue

[Iponieccrl pemoHTHO-TIpodmnakTudeckux padot (PIIP) cioxxHO# TeXHHUUECKOH ammapaTypbl
(CTA) moryT OBITh KaK pErIaMEHTHBIMH, CTAllMOHAPHBIMHM, TaK W HECTAIlMOHAPHBIMHU, YTO
NPUBHOCHUT B aHAJN3, IJIAHUPOBAHUE M yIPABICHUE HEOMPEICICHHOCTH Pa3IMYHbIX THIOB [1—4].
KpoMe HE0O0XOIMMOCTH BBINOJHEHHUS KOMIUIEKCA DETJIAMEHTHBIX TEXHOJOTMYECKUX OIeparui
Y OpraHM3allOHHBIX ACHCTBHH MO MOAAEPKAHUIO PAOOTOCIIOCOOHOCTH WM BOCCTAHOBIICHHUIO
HCIIPAaBHOCTU IIpU UCHOJB30BaHMM 10 HazHaueHutro CTA, mnpu peanusauuu yIpaBieHUs
npoueccamu PIIP CTA Ha HeperyispHOW OCHOBE, HampuMep, MpH ONEPATUBHOM PEMOHTE WIIU
aBapUIIHO-BOCCTAHOBUTENIbHBIX padOTaX, BO3HUKAET HEONPEACIEHHOCTh B  PaCHpe]esICHUN
PECYPCOB WIIM OMNPEEICHUH BPEMEHHBIX paMoK rpouecca. Mictounukamu HeonpezaenenHoctu PIIP,
KpoMe OOIIEU3BECTHBIX, SBIIIOTCS: COCTABHOW XapakTep OIepalyii, BapraOelbHOCTh yCIOBHN
U Cpell peaau3aluuu OoO0CITyXKUBaHUS, BUIbI aBapUHHO-BOCCTAHOBUTEIBHBIX PabOT, BBIXOJ U3 CTPOS
KOMIIOHEHTOB  3JIEKTpOOOOpYyAOBaHMSA,  UYTO  HPUBOAUT K  MOTEpPE  MEPBOHAYAILHOU
MIPOU3BOJUTENBHOCTH, TiepebosiM B  TMOJade JJIEKTPUYECTBA, CEPHE3HBIM  MEXaHHYECKUM
MOBPEXJICHUSIM WIM HApyIIEHUI0 pabOTOCMOCOOHOCTH TOAKIIOUEHHBIX — AJIEKTPOIPUOOPOB.
PeMOHTHO-BOCCTAHOBUTENBHBIE WM aBAPUHHO-BOCCTAHOBUTEIbHBIE PAa0OTHI HEOOXOIMMBI IS
OIEPaTUBHOTO YCTPAHEHUS IOJOMOK, BBISIBICHHS W YCTPaHEHHsS IPUYMH HEUCIPABHOCTEM,
BBITIOJTHEHHSI 3aIUIAHMPOBAHHOTO TEXHHUYECKOT0 00CTyKkuBanus [5—8].

B ucrounukax [9, 10] paccMOTpeHbl MOZENU TUIAHMPOBAHUS HAa OCHOBE KiaccH(puKanuu
PEMOHTOB Ha IUIAHOBbIE M HEIUIAHOBBIC, YYUTBHIBAECTCSA, YTO OJJIEMEHTHI CHCTEMBI CBSI3H
U PaJMOTEXHUYECKOr0 OOECIeUeHHUsl MOJIETOB OTHOCATCS K KJAacCy 3JIEMEHTOB C BO3pacTarolen
(yHKIIMEH WHTEHCMBHOCTH OTKA30B, AaNMpPOKCUMHUPYIOIICHCS JWHEWHOH (QyHKIMEH BpEMEHH
U KOd(pUIMEHTa, ONpPEIeSIONIeT0 HHTEHCHBHOCTh CTAapeHHs 3JIeMEHTOB. [IpemnoKeHHBIH
B paboTe MeToJa MO3BOJISIET IUJIAHMPOBATh MHTEHCUBHOCTH PEMOHTOB, HO HE YYHUTHIBAET PSAJ
ONMCAaHHBIX BBIIIE HEONPEICICHHOCTEH, CBA3aHHBIX C M3MEHEHHEM 3ajJjad B XO0/€ OOCITyKUBaHUS
CTA. B psne UCTOYHMKOB paccMaTpUBaeTCsl NpUMEHeHHe TIpado-aHaTUTHYECKOrO IOAX0/a
K TUTAHUPOBAaHMIO, B TOM uucie omeparuii PIIP, mpencraBmsrommx coboi oOmupHy 0071acTh
WCCIeIOBaHNi B Teopuu rpadoB ¢ BO3MOKHOCTHIO MIOCTAHOBKHU M PEHICHUS 3a/1a4 TUIaHUPOBAHUSA,
HarpuMep, ONpe/ICIICHUs ONITUMAJIBHBIX BIIOXKECHU Ha ydacTkax paboyero mporuecca u T.i. [11].

Takum oOpa3oMm, He0OXOIUMOCTh pa3pabOTKM 3aJad B PaA3IUYHBIX [MOCTAaHOBKAX
manupoBanus PIIP, Hectanmmonapubeii xapakrep nponecca PIIP, a Ttakke pacmpocTpaHeHHOE
MpUMEHEeHHEe TrpaoaHaATUTUYECKOTO MOIX0a K PEHICHUIO MPUBOJAT K HEOOXOAUMOCTH CO3/IaHuUs
HOBOT'O OIIEPATOPHOIO sI3bIKa Ha rpadax padO4YMX MPOLECCOB C LIEIbI0 ONMUCAHUS ONEpPALMOHHBIX
npoueccoB PIIP u nanpHe#e nocTaHOBKY 3a/1ad ONITUMHU3aLMU, B TOM 4Hcie Ha ocHoBe [lapeTo
MI0/IX0/1a, UTO U COCTABIISET COJAEPKaHUE HACTOSIIEH CTaThU.

Ieanb craTbn

Jlnsa mpencraBinenust mporiecca ynpasierus PIIP CTA kak (opmaan3oBaHHOTO CIieHapHs
B paMKaX OINEpallIOHHON TEOpPUU OMUCAHUS HECTALMOHAPHBIX MPOLIECCOB MPEITIOKUTh CIIEIUATbHBIN
OIEPATOPHBINA S3BIK, YTO MO3BOJMUT OCYIIECTBUTH MMOCTAHOBKY 3aJad aHaln3a, ONTHUMHU3ALMHU, B TOM
qucIie movcka 3(pdexTuBHBIX pemenuii B cMbicie [apero.

49

MareMmaTtudeckoe MOJACIMPOBAHUEC, KOMIIBIOTCPHBIC TCXHOJIOTMU B TCOPUHN YIIPABJICHUS CJIOKHBIMU ITpOLECCaMU



Ne 1-2023. Vestnik S.-Petersh. un-ty of State fire service of EMERCOM of Russia http://vestnik.igps

®opmyIHpoBKa 062a30BBIX MOJI0KEHNH ONEPATOPHOI0 MAKPOSI3bIKA

B npeanonoxenun o Tom, yto npouecc PIIP nmeer quckpeTHyr0 NpUpOAy, TO €CTh YETKO
pa3nuYMMble COCTOSHHS, IPH ONMCAHUU 3TOT0 Ipolecca MNPUMEHUM TIpado-aHATUTHUECKHUM
noxxon. Takoe omucanume mporieccoB B PIIP mo3BomseTr chopmyiampoBaTe psii IMOJIOKEHHH,
KaCaloIIMXCsl PEKUMOB PabOThl M OMHUCAHUS albTEPHATUBHBIX BapUaHTOB PEXHMOB Ha OCHOBE
myTel Ha rpade npoiecca.

Cxembl mpoueccoB u mnoanpoueccoB PIIP CTA, cdopmynupoBaHHble 0COOEHHOCTH
noctpoenust uHpopmanuronHoro obOecnedenuss PIIP snextponnbix monyneit CTA orpaxkaror
CIIOKHBIA MEpapXUYECKUI XapaKTep TaKUX CTPYKTyp. s ynopsaodeHus npouecca MOCTPOEHUS
texHosoruueckoro nporecca (TII) PITP CTA u cokparieHusi pa3HooOpa3usi IPUEMOB M METOIMK
peanu3ali CXEMbl, MpPEUIOKEH omnepaTopHbli s3blk  onucanuss (OS0) TeXHOIOrHYECKOro
npouecca PIIP CTA, xoTopblii OCHOBaH Ha aHAJOTUSAX ONMCAHUN aJTOPUTMOB IPOrPAMMHBIX
CHUCTEM.

Chopmynupyem psig Heooxoaumbix noustuii OSA0 TII PITP:

— Omepanust (Om) COAEPKHUT ONHO WM HECKOJBKO HENENUMBIX JEHCTBUI M3 COCTaBa
pernamenTa PIIP CTA (MunumanbHas onepaunonHas eqununa PIIP CTA).

— Makpoonepanuss (MOn) — 3Tto Habop omepanuii ¢ BO3MOXKHOCTbIO (HOPMHUPOBAHHUS
anprepHatuB  noxmpouecca PIIP CTA, To ectb ¢ BO3MOXKHOCTBIO  ONEPALMOHHOIO
pexonpurypuposanus PIIP CTA.

MOn moxeT ObITh Omucana cieayronmM obpasom: MOm {cnucox uaeHTHPHUKATOPOB
(Ne, HaumeHoBaHue, IH)P); pecypcoeMKOCTh (TpedyeMble pecypchl), HH(POPMAaTUBHOCTH (YPOBEHb
MCXOJIHOM 1 BBIXOJHON SHTPOIUH AIEKTPOHHBIX MoyJieid CTA), KOJM4eCTBO oreparuii}.

MOmn ananoruyHa Makpocy, To €CTh Ha0Opy KOMaH]l U MHCTPYKLUH, IPyIIHUPYEMbIX BMECTE
B BUJE €IMHOM KOMaH/bl JJii aBTOMATUYECKOTO BBIMOJIHEHUS 3aJaud WIM MaKpOKOMaHle —
MIPOrpaMMHOMY aJITOpUTMYy JelcTBui [12].

— OnepanuonHnas 3arnymika (O3) — orpanudenue aoctyna kK onpeneneHHbiM OII ¢ ogHOIM
WU HECKOJBKMMH TesiMu: cokpamieHue jmrenbHoctd PIIP CTA; pekondurypupoBanue
noxanporecca PITP CTA; otnnanka nporecca PITP CTA 6e3 ero noixHoi 0CTaHOBKH U JIp.

[Ipunsaroe ob6o3znauenne O3 HCMOIB3YyETCS IO aHAJIOTHU ¢ (DYHKIMH, BO3Bpamiaromen
IyCTOM pe3yJbTaT WIM BXOAHBIE JaHHbIE B HEU3MEHHOM BHJIE, KOTOpas HMCIOJb3yeTcs s
HarJsiIHOCTH IPU NPOEKTHPOBAHUHU CTPYKTYpPhl KIIACCOB MPUIIOKEHHUS, YacTh (QYHKUUH MOXKET
OBITh «3ariylieHa» Uil OTJIAAKH IpYTuX (YHKIUH, Ui OTpaHUYEHHUs JOCTyla K HEKOTOPBIM
TIOJISIM KJ1acca (Hampumep, K KopHIo epesa) [13].

Ha ocnoBe Teopun rpadoB u ¢ yderom MHOkecTBa O3 MOXKET OBITH OMUCAH MPUHITUTI
COOTHOIIIEHUS TOTHOTO Tpada, cooTBeTcTBYIOMmEro nojsnomy texmporieccy PITP CTA, u moarpada,
COOTBETCTBYIOILIETO MOIMHOXKECTBY 0a30BbIx onepauuid TII PITP CTA.

— OmepanmonHas runepccbuika (OI'c) — ompenenenue Touku mepexona Ha On maum MOm
Ha ApyroM uepapxuyeckom ypoBHe TII ¢ 1enpio 0003HaUYUTh BO3MOKHOCTb aJIbTEPHATUBHOIO My TH
npu peanuzanuu PITP CTA.

Omnepamst Ol'c mpemiokeHa mo aHanorud ¢ runepccbuikamu rumneprekcra (hyperlink),
KOTOpBIE ONPENENAIOTCS KaK 4YacTh TMIIEPTEKCTOBOIO JOKYMEHTA, CCBUIAIOIIMECS Ha JJIEMEHT
B OTOM [JOKyMEHTE€ WM Ha Jpyrod o0beKkT ((pailnm (IOKyMEHT), Karajor, HpPUIOKEHHE),
PacIoJIOKEHHBIH Ha JIOKAJBHOM JIMCKE WM B KOMIIBIOTEPHOH ceTH, OO Ha 3JEMEHThI 3TOro
oObekra [14].

Ha ocHOBe BBEIEHHBIX JIEMEHTOB OINEPATOPHOIO SA3bIKA, TeXHOJOrm4eckuii npouecc PIIP
CTA moeT ObITh NMPEACTABIEH KaK yHOPSAAOUYEHHAs] COBOKYITHOCTh OIEpaIii 1 MakpoOIepalui.
AnbTepHaTUBHBIE JIONyCTUMbIE TexHoJoruueckue mporeccel PIIP  dopmupyrorcs 3a cuer
JNeKoMIOo3uIMi 0a30BeIX TexmpoueccoB PIIP B ciaywasx HecTanuMoHapHOW IUHAMHMKHU 3ajad
pemonta Ha ocHoBe O3 u OlI'c, uro mno3BonuT Haumboznee >PPeKTUBHO (HOPMHUPOBATH
albTEpHATUBHBIE TEXHOJOTHYECKHE MPOLECCHl U pealn30BaTh HCCIECJOBAHME MX XapaKTEPUCTHUK
Ha OCHOBE CpEACTB HMUTALMOHHOTO MOZEINpoBaHMsA. [l pacmMpeHuss BO3MOKHOCTEH
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MOJIETUPOBaHUs NpU TNpUMEHEHHH npeioxkeHHoro OS50, paccMOTpUM MPUHLMIBI U METObI
pECTpyKTypHU3aluu cocTaBa Makpoonepauui texnpouecca PIIP CTA.

Pectpykrypu3anusi cocraa makpoonepauuii TII PITP CTA
HA OCHOBE BBE/IEHHBIX 0II€PATOPOB MAKPOSI3bIKA

OnepauvOHHBIN SI3BIK TPEACTaBISET COOONH COBOKYHHOCTH OINEPATOPOB M ONEPaHIOB,
a TaKkKe MHOXXECTBO HoTauuil ero peanuszauuu. Omnepannsl OSO mpeacraBieHbl ClIEAYIOMIUM
Habopom omumcanmii: {On, MOm, O3, OI'c} u HaGopoMm omepaTopoB HpeoOpa3zoBaHui oprpada
texmpouecca PIIP. Paccmorpum ux moapoOHee.

1. Onepatop coueTaHus MpeaUIeCTBYIOIIEr0 WK MOCIEAYIOIIEro 3TanoB texmnporecca PITP
OUij peanu3yeTcsi Ha OCHOBE clietuieHus ero onepanuit Oi u Oy

rae i, ] — uaaexcsl HoMmepos onepauuii Oi u Oj, |,i € N— MHOoxecTBO Beex stanos TII PITP.

DTOT omepaHj MO3BOJIIET CPOPMUPOBATHL HOBBIN ATanm TexHoJoruueckoro mporecca PIIP,
KOTOPBIA COJAEPKUT 3aa4ul MPEeAbIIyIINX WIA NOCAEAYIMMX 3TanoB B Buae onepauuit Oi u 0j,
HO TpeOyeT MeHbInee BpeMs peanuzanuu. CHIDKCHHE IITUTEIHPHOCTH HOBOTO JTama OUij MOKET

OBITh OCYIIECTBICHO 332 CYET BO3MOXHOT'O OTCYTCTBUS JJIUTEIBHOCTH May3bl MEKIY ONEPALUSIMU;
PECTPYKTYpHU3aIMU CaMUX 3TAIOB, yYaCTBYIOIIMX B ONEPALIMH CIETUICHHS U T.II.
2. Oneparop coyeTaHHsl He MPEIIIECTBYIOLIETO U HE MOCIEAYIONIero (HECMEXHBIX) ITANOB

TITPIIP OUy;, j#i+1 peannsyeres Ha ocnose cuemienns onepauuit Oi n Of:

[Ipumepsr OUiJ— JUIsL HEKOTOPOTO yCTpOiicTBa, 0003HAaYeHHOT0 YciaoBHO T1: COBOKymHOCTH

orepaiyii HOpMOKOHTPOJISI U ONUCAHUS, KOTOPhIE pa3HECEHbl BO BPEMEHHU U MOTYT HE SIBISTHCS
MOCJIeI0BATENIbHBIMU dTallaMu, HO B ONPEACIICHHBIX CUTYaIUSIX — PEATU3YIOTCSI COBMECTHO.
3. Oneparop MOTJIOUICHUS (crusiHus) MIPEbIAYIIETO WIH MOCTIEAYIOIIETO

TexHoJiornueckoro mpouecca PITP OPij peanu3yeTrcss Ha OCHOBE peCcTpyKTypu3auuu omnepauuid Oi

u Oy
OP, =0i >0j, j=i+1, @3)

TJIe CHMBOJI «— 03Ha4aeT CIHSHUE | ¥ | B ONepalui |.

310T oneparop no3BoJsieT chopmuposaTh HOBbIHN 3Tan TIT PIIP, koTopblil 4acTUYHO COAEPKUT
3a7aud MpeApliyniero u nociedyromero stanoB Oi m Oj, mubo ¢dopMupyercs Ha OCHOBE
PEUHXUHUPUHTA (TIOJIHOM peCTPYKTYpU3allMU COCEAHUX 3TaloB), IPU 3TOM TpeOyeT MeHblee Bpems

peanu3arun. CHIKEHHE JJTUTEITLHOCTH HOBOTO ATara OPij MOJKET OBITh OCYIIIECTBJICHO 3a CUET MOJTHON

WM YaCTUYHON PECTPYKTYPHU3ALMK CAMMX HTAIOB MPU WX MOIJIOIEHUH (CIUSHUM) U T.I1.
4. Onepatop mnorjomeHuss (causiHuA) HecMexHbIx dTanoB TII PIIP OPij NEI

peann3yercsl Ha OCHOBE pecTpyKTypu3auuu onepauuii Oi u Oy

OB, =0i > 0j, j#i+l. (4)

51

MareMmaTtudeckoe MOJACIMPOBAHUEC, KOMIIBIOTCPHBIC TCXHOJIOTMU B TCOPUHN YIIPABJICHUS CJIOKHBIMU ITpOLECCaMU



Ne 1-2023. Vestnik S.-Petersh. un-ty of State fire service of EMERCOM of Russia http://vestnik.igps

Ipumep OF; s pacemarpusaemoro yerpoiicta T1: peannsanust HEKOTOpOro 3ampoca

K 0a3e JaHHBIX TECTOB, CO3JAHHBIX JUii 3Toro Tl Ha OCHOBE OJHOM OMNEpalH PeNsSIUOHHON
ayireOpbl M COCTAaBHOTO 3aIpoca U3 JBYX M0/3aIPOCOB.

OmnepaTopsl ¢ IpeABapUTEIbHBIM BBIICICHUEM Ba)XKHBIX paOOT, y4aCTBYIOIIMX B CHIDKEHUU
HEOIPEENIEHHOCTH, SBIAIOTCS TMOPUIHBIMH, TO €CTh MHOTOMECTHBIMM, OCTaJIbHBIE OIEPATOPHI,
COOTBETCTBEHHO, OJIHOMECTHbIE. OnepaTopHasi CTPYKTypa TEXHOJIOTUYECKOTr0 Mpoliecca MIPUHUMAET
CIOXHBIM BHUJ, U JJI1 AJCKBAaTHOCTH OIMCAHUS IIPEJIAracTCsi MCIOJb30BaTh MHOIOMECTHBIC
OIIEPATOPBL.

['ubpunnelil onepatop ykpynHeHust stanos TII PITP OGij peam3yeTcs Ha OCHOBE ABYX
niu 0oJiee ONKCAaHHBIX paHee ONepaToOpoOB pecTpyKTypuzauuu onepauuit Oi u Oj:
OUij =0ix0j, j=i+1
_Oi R
0G, OU;; C_)leJ_, j-;t |__l_ (5)
' |OR;=0i—0j, j=i+1
OPij =0i—>0j,J#1£1

Hcxons u3 BBEIGHHBIX OIUCAHUI, CPOPMYITHUPYEM ONpeieieHHe ClIeHapHUs TEXHOJIOTMYECKOTo
nporiecca peMoHTHO-TpodmiakTiuaeckux pador CTA.

ITon cuenapuem TII PITP CTA Oynmem mnoHuUMaTh YIHOPSAOYEHHOE MHOXKECTBO OIEepalydi
Oi < (&, IIpA YCIIOBUH, YTO 3 Op, peP, Ob,b eB, Ow, w € Q u3 noagmMHoxkecTB MOII, a Takke

onpezenenst O3 u Ol'c. Taknum 06pa3oM, OIpenenM CLeHapHii Kak Hekotopsrii wian PIIP I1; :

CJ :ﬁNJ =< X11'01’ X -0,

e X -0, >; 0, €{0,,0,,0,},0, < ®. (6)

C,=<% -0, [0, SO > X=<X;, Xpeey X; >

Cnenyer ormeTuts, uto s 11, B (6) C ; n e Beerna cupasesmso O, WO, O, B O.

OTO yCIOBHE OTpa)kaeT BO3MOXKHYIO OIEPAllMOHHYIO HEMOJHOTY CLEHAapueB, Halpumep,
B ciydae onepatuBHOTO PIIP ¢ cokpaiieHneM HEKOTOPBIX omepaluii st o0ecrieueHus 3aJaHHOTO
BPEMEHH BBITIOJIHEHHS (COKpaIleHUE 3a CYET JOMOJHUTEIBHBIX WM W30BITOYHBIX OTEpariuii):

Op, peP, O, weQ Bpavkax Texymei 3anaun Z; {2}, j =||J|| ).

CrpykTtypa cuenapus st rpada texHonorudeckoro mnporecca PIIP CTA umeer Bu:

C, <G;,E; >=C, <G;(a,b),w,(0,,1,) >,

rie G J.(a,b) — CTpyKTypa oprpada; a — BepiuHsl, cootserctBytomue OIl umu MOn (O, € ©);
b — myru storo oprpada; Ej — mapaMeTpsl Tpada, B JaHHOM CIIydae Beca IyT, COOTBETCTBYIOIIHE

BpeMeHaM BBITIOJIHEHHS ONepaluii 1 TpeGyeMbIM pecypcaM Ha 3Ty oneparuio E =W, (0,,1.).

Kaxnpiii cuieHapuii MokeT ObITh OTOOpa)k€H B KPUTEPUATBHOM NPOCTPAHCTBE KaK BEKTOP
C IIOMOIIBIO HEKOTOPOM MOJIENH.

Takum 00pa3oM, Ha OCHOBE MPHUBEICHHBIX (HOPMATBHBIX OMUCAHUN OMEpaIuii U ONepaTOpPOB
OS50 nonyueHo onpeneneHue CLeHapueB TexHoiornyeckoro npouecca PIIP, yto nmo3Bonmiio cy3utsb
MHOXKECTBO KBa3MA(P(EKTUBHBIX peIlleHUH (MOMyYeHHBIX HAa OCHOBE HECTAIMOHAPHOTO (pOHTA
[lapero) B 3a7aue MHOTOKPUTEPHAIBHOM ONTUMH3AIMKU 3Toro mpouecca. CdopMmynupoBaHHbIE
pELIECHUsT TOJIOKEHbl B OCHOBY CHCTEMBI MOJIEPKKHA TPHUHATHAS PEIICHUH [0 TOBBILIEHUIO
addextuBHOCTH peMOHTOB CTA.
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3agaya onpeaeneHus aJbTepPHATHBHBIX npoueccos mianos PIIP CTA

B kauectBe npumepa peasmmszanuu PIIP paccmorpuM rereporeHHoe, MyJbTUKOMIIOHEHTHOE
cnoxHoe TexHuueckoe ycrpoiictBo (CTY) u ero snement T1, mpumem mHoxkecTBo On {O} (kak
stanioB PIIP), koTopoe B 00mIeM citydae peanu3yercs CIeAyIoMmeH Mociea0BaTeIbHOCTRI0 padoT:
Ol1<Ilpuem u uaentudukamus T1, Bxomsmero B coctaB CTY>; O2<I[Ipuem u uneHTHUPUKALUSA
sanementa T1, Bxomsmero B cocraB ycrporictBa CTY >; O3<OmpeneneHue nepedyHs THUIOBBIX
anemeHToB 3ameHbl (Tn), Bxomsmux B yctpoiictBo CTY, Ha KOTOphIX peanuzoBan PIIP>;
O4<Anamm3 cymectBytomero (comyrctBytomiero) T3 wa PIIP mmst ycrpoiictBa CTY wmimu ero
aneMeHToB Tn>; O5S<M3yueHue TexHMUeCcKOM NoKyMeHTauuu Ha T1 mid onpeneneHus ypoBHs
JOpabOTOK, TPHUHATUS PEHICHUS O BHECEHHH 10paboTok™>; Q6<OmpenerneHne TEXHUYECKUX
BO3MOKHOCTEH PEMOHTHO-AMAarHOCTUYECKON ammapaTypbl OCYILECTBIISATh HEOOXOAUMBIE NEHCTBUS
st kaxnporo Tn>; O7<Pacnpepenenne Tn 1O  KOHCTPYKTMBHOMY MCIIOJIHEHHIO MEKIY
pa3sIMYHBIMM ~ TUIIAMH  PEMOHTHO-IMArHOCTUYECKOU anmapatypel B COOTBETCTBUU
co crneuudpukanuein ycrpoiictea CTY >; O8<VYtBepxknenue cnucka Tn g paszpaboTku
Ha OINPEIEIIEHHOM BHUJE amlapaTypbl COrJacHo creuuanusauun™>; Q9<M3yueHue TEXHHYECKOU
nokyMmenrtanuu Ha snemeHT T1 ycrpoiictBa CTY >; O10<IlonroroBka OMOIMOTEKH 3JIE€MEHTOB,
ucnonb3yeMelx B T1>; Ol11<Pasmerka cxeMHON nokymeHtauuu Ha T1>; O12<Omnpenenenue
cnocoba mnoxakmoueHuss T1 K peMOHTHO-IMarHocTHueckod ammaparype. OTpaboTka CXembl
anantepa. OtTpaOoTKa KOHCTPYKTOPCKOM JOKyMeHTanuu Ha ajgantep>; O13<Usrorosienue
anantepa>; 014<Co3paHue  anropuTMOB  INPOBEPKH, HACTpOMKM U pemoHTra T1>;
O15<Ilonkmouenne Tl Kk peMOHTHO-AMArHOCTUYECKOM ammaparype ¢ IIOMOIIBIO aJanTepa
U OTJajJKa alNrOpuTMOB MPOBEpPKH, HacTpoiiku u pemoHtra T1>; 016<OtpaboTka
BCIIOMOTaTEJIbHOTO MaTepuana Uil JMarHocTuku M pemoHtra T1>; O17<]lokymeHTanbHOE
opopmienue PIIP (uHCTpykuMs mpoBEepKH, CXeMHas JOKyMEeHTauus U T.J), IpOBEpKa
ee B HOpMOoKoHTposie>; O18<Cpaua PIIP 3aka3uuky. YTBepxkaeHue aokyMeHntanun>; 019<Cnaua
YTBEPKACHHOM JOKyMeHTauuun B apxuB>; 20<TexHuueckoe conpoBoxkjaeHue yctpoiictBa T
B IIPOLIECCE IKCILTyaTallun>.

Texnonornueckuii nponecc PIIP CTY konkperHoro T1 cocrout u3 Habopa omnepauui,
3aJJaHHbIX JUIOM, IpuHuMaromuM pemenue (JIIIP), ¢ yuerom permamenta. BeimonHeHne sTux
paboT MOXeT ObITh OTOOPaXEHO MHOKECTBOM pa3IMYHBIX MyTei Ha rpade. Mmeercs HekoTopas
00OCHOBaHHasl perjaMeHTOM cB00Oojaa BbIOOpa BapuaHTa HyTH. K JBYM OCHOBHBIM BapuaHTaM
OTHOCATCS: JTUPEKTUBHO-33J[aHHBIM HaOoOp omepanuid W HaO0Op, OOYCIOBICHHBIH OIBITOM
UCTIOJHUTENS (CHEeHUaIN3UPOBaHHBINA HA0OP Omeparuii).

Ha puc. 1 npencraBnena nonHas cxema padort (Bun cxemsl TII) PIIP ans mpuBeneHHOTO
MHOXeCTBa orepaiuid Oi. ¢ ONMCaHUEeM MaKpOOTEepalvii — yKpYMHEHHBIX rpymm onepanuid (YI'O).
Otmerum, 4To cTpykTypa u coctaB OSIO BBIOpaHBI TakKUM 00pa3oM, 4TOOBI OOJETYUTH MEPEXO0.
K TIOCTPOCHHIO UIMUTAIIHOHHBIX MOJIeleil Ha 0a3e nHcTpyMeHTtapus AnyLogic.

Ocobennoctamu cxemsl TII PIIP, npuBeneHHoil Ha puc. 1, SBASIOTCA: CIHOXHBIN
MHOTOKOMIIOHEHTHBIM €OCTaB, M30BITOYHOCTh ONEpaliii Kak KOMIIEHCAllUs HEOIpPeNesIeHHOCTH,
CBS3aHHAsE CO CJOKHOCTBbIO OOOpYy/JOBaHUS U BO3MOXHBIX HEMNOJaJ0K B ero pabote. Jlus
OpPraHU3allMOHHO-TEXHOJOTUYECKUX  IpoleccoB, K  KoTtopbiM  otHocutca  TII  PIIP
paccmatpuBaeMoro CTY, BO3MOXXHO MpPOBECTU YKPYIMHEHHE IIyTEM KOMIIO3MIIMHM HEKOTOPBIX
9TaroB ¢ IPUMEHEHNEM OIMCAHHBIX BBILIE ONEPATOPOB.
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Puc. 1. Cxema moaesan TII B pamkax perjiaMeHTHBIX onepaunii Oi
s pacemarpuaemoro CTA

@ [ 2 | E

Ha cxeme puc. 1 Bezenenst Hekotopsle YI'O TII ucxons u3 cneuuukanuy orepanuit
B BuJie Makpoornepanuii: 1) O1-O9 — noaAroToBUTEIbHBIC O, peP; 2) O10-015 — 6a3ossie PIIP,

O,,b e B; 3) O15-020 —obecneunsaromue PIIP O, e Q2.
[Tonueiit PIIP ompepensercs Ha ABYX YpOBHSIX: Ha HIDKEM — KaKk OOBEIMHEHHE BCEX
N
BO3MOXKHBIX ornepauuii PIIP (o periamenrty): UOi ; HA BEPXHEM YpOBHE — KaK OOBbEIMHEHHE TPEX
i=1
MOm: ®=0,U0,U0, , rne O,,peP, O,,beB, O,,weQ — NOAMHOXKECTBA MAKPOOICPALHH

u3 muoxectBa © PIIP. O6o3Haunm Z, — Kak 3ajady, SBJIOLLYIOCS HMCTOYHUKOM TpeOOBaHUiA
BBIIIOJTHEHUSI OMNEpalUid U3 TOAMHOXECTB Op,O ,O, ; Z — MHOXKECTBO BCEX BO3MOXKHBIX 3a]ay

obciyxuBanusi CTY B pamkax PITP. Cunraem, 4To MHOXKECTBO O gemsercs (YHKIMOHAIIBHO TOJIHBIM,
ecI BHITIONHsETC yenopue: mobas sanaua Z; €{Z}, j =||J|| mosxer Gerre pemena Ha ocHoBe

HekoToporo O, € ®: Vz; €{Z} 30, €0O.

B kaxmoif Makpoorepalyii CyIecTBYeT BbIOOp ajJbTepHATUBHBIX BAapUAHTOB BBIMOJTHEHUS
WIA UTHOPUPOBAHUS OIpPEEIEHHBIX paboT B 33/JlaHHBIX OpraHU3allMOHHBIX yClIOBHsIX. Ha ocHOBe
BBIOpAaHHBIX omepanuii B Kaxaoi MOmn moryt ObITh chopMuUpOBaHBI clieHapuu peanu3anuu 111
PIIP, cBs3aHHbIE ¢ KOHKpPETHBbIM THUNOM opraHuszauuu PIIP (Hampumep, onepaTHBHBIH PEMOHT,
MOJHBIA PEMOHT W JWArHOCTHKa, TpoBepka, 3amanHas JI[IP). B ycmoBusx, CBSI3aHHBIX
C ONepaTHBHBIM pEUICHHEM 3ajad Wi peanusytonmx pemenust JIIIP, Tounsli permameHT pabot
HE BO BCEX CIy4asX MOXKET OBbITh OCYIIECTBICH, YTO TMOPOXKIAET HEOMpPeAeNeHHOCTD,
BAapUAaTHUBHOCTh M, KaK CIIEJCTBHE, HEOOXOTUMOCTh NPHUHATHA PEIICHHH 10 BBIOOPY BapHaHTa
COBOKYITHOCTH OIlE€panui.

B cBa3u ¢ tem, uro texmpouecc PIIP CTA, npuBeneHHslii Ha puc. 1, UMEET CIOKHBIN
MHOTOKOMIIOHEHTHBI COCTaB, OOJaJaloluii BBHICOKMM YPOBHEM H30BITOUHOCTH, BO3MOXHO
IIPOBECTU €r0 YKPYIHEHHME IIyTeM KOMIIO3ULMU HEKOTOpBhIX 3TanoB. lIpuMeHeHue NpUHIMIIOB
ykpynHenuss stamoB  TII  PIIP, onmcannoe omepatopamu (1-5), M03BOIsAET MOIYYHTH
pectpykrypupoBanHbiii TII PIIP ¢ cokpanieHnemM BpeMEHH Ha NEPEKIIIOYEHNE MEKY ONEpalusIMHU
U M3MEHEHHEM WX JUIUTSIBHOCTH B CBs3M ¢ peutkuHupunHrom. C yduerom omeparopoB (1-5)
noctpoeH ykpynHenHslii Bua TII PIIP.

Hns paccmarpuBaemoro CTA MHOXecTBO BapuaHTOB peanuzanuu PIIP mpexacrtaBieHo
B BuJie 0CHOBHBIX clieHapueB (C1-C4), npuBeneHHbIX B Ta0m. 1.
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Tabnumna 1

Onucanne AJbTCPHATHBHBIX CHCHAPUEB p€AJTU3aAlUU TEXHOJOTUIECCKUX MMPOLIECCOB PIIP CTA

Ne | Coenapuii | Oprpad Onrcanre TEXHOJIOTHIECKOTO TpoIfecca

OnepaTuBHBIN PeMOHT ycTpoiicTBa T1, BBIOOP 0a30BBIX 33134

1 Cl Gl N
(MUHUMAJTBHBII HA0OP 3a/1a4)
2 C2 G2 OnTuManpHasi IMarHocTuka ycrpoiictsa T1
[Tonnas npoBepka ycrpoiicta T1, monHas peanu3zanus 3a1a4y
3 C3 G3 .
(MakcUMaTBHBIN HA0Op 3a/1a4)
4 C4 G4 3amauu, npegoxenusie JIITP

st cuenapust C1, cOOTBETCTBYIOIIET0 MUHUMaIbHOMY Habopy onepanwii, Bekrop TIT PITP
OIpeZIeTIeH Kak:

Cl:x=<0,,045,0;,059,0,0,011,051315:014: 0171819, Onp >-

s cuenapue C2, C3, C4 xapakrepHa BO3MOKHOCTb OJIHOTUIIHOTO YKPYIIHEHUS OIEpalvi,
YTO CBA3aHO C y4eTOM HH(OPMATUBHOCTH M pecypcoB B mepByto ouepenb. [lns cuenapus Cl,
CBSI3aHHOTO ¢ TpeboBaHWeM onepatuBHOCcTH peanusamu TII PIIP, u, crmepoBatensHO, ydera
JUINTENbHOCTU  ONEpaluii, YKPYIMHEHHE NPOU3BOAUTCS OCOOBIM CIIOCOOOM (B COOTBETCTBUM
¢ TpedoBanusimu JITTP).

s cienapust C2 — ontuMaiibHasi TuarHoctuka (pemoHt) ycrporictBa T1, Bekrop TIT PITP
OIpE/IENICHbI KaK:

C2:x=<03,0,5,059,010,011,0121315: 014, O1g.17: 1519, O >

Jns cuenapus C3 — mosiHast npoBepka T1, peanusanus Bcex oneparuii, Bekrop TII PITP
ONpEJIEICH KaK:

C3:x=<0,,,05,045,057,059: 010,011, O12.13, 014, 015, Op6.17: O1.19: Oz >

st cuenapust C4 — Texymias npoepka 11, BeIOOp 3tanoB no tpedoanuto JIIIP, BexTop
TII PIIP onpenerens! Kak:

C4:x=<0,,05,0,5,044,0,0,011,0151315:014, 01517 >-

C yuetoM psiia 0COOCHHOCTEH TOCTPOCHHSI IMUTAIMOHHBIX Mojiesieil B cpene AnyLogic, cxema
MMUTAIMOHHOM MOJieNu JiIsl cleHapus 1: onepaTuBHBINA peMoHT ycrpoiicta T1, BbiOop 0a30BbIX 3a/1a4
(MUHUMAJTHHBI HEOOXOAMMBIN HA0Op 331a4) B cpene AnyLogic — mpuBeeHa Ha puc. 2.

Ha puc. 3 m 4 mnpuBeaeHsl cXeMbl MOjJCNCH, pealnu30BaHHBIX B cpenae AnyLogic
no cueHapusiM C3 u C4 COOTBETCTBEHHO, OTIMYAIOIIMXCS OT MPHUBEICHHONM Ha pUC. 2 CXEMBI
C Y4YeTOM BO3MOYKHOCTH TOYEYHOTO HM3MEHEHHUs NOpsJKa CJEJA0BaHUS OIEpaluid, COrJIacHO
onepatuBHbIM pemieHusM JIIP.
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W3yUeHWE_TEXHUUECKOW_10KyMEHTaLMW_
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, OTNPaEKa_33ABKU_B_Z
A3 _,u,o»(yM/_EE '
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oxmngaHune_F
i 3adaum_F_
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Puc. 2. Cxema monesan ais cuenapust C1 PITIP CTA

NoacvcTema NPesBapHTENSHON MAEHTIMKALENM
VCXOQHLIX AaHHLD: HHPOPMaUMA 00 anemesite CTA,
W, aanam PP
£ R e e
3 MoacHcTema naeHTDIKaLMM 3303 1 1
=y . -3nemeHTa CTA 1 OleHKa HaMMYNA :
" | HEOBXOMMMONO TEGTa -
: I 1 NoackcTema QOPMUPOBAHUS TECTOR :
;3 : m\‘f) : Ana anementoa CTA . MoacucTema oueH KavecTsa 1
; N ' queved TECTHPOBAHIA INEMEHTOR CIONHOND :
b © B ! - TEXBMECKOI0 0OLEXTA i
s ' Ourdurts 1
1
@ ‘] cetafd : 1
0 1
~ |
s O " :
N 3
o @ 27 :
a 1
|
P, 10 9 '
by, 1D ety i
g (] 1
! x : '
e © M | :
|
1 |
JsBectOwgas [y i
~ : '
2 S i
[t 1
1 1
,,,,,,,,,,,, ' 1
' |
1
Buibop recton Ans

Puc. 3. Cxema mopesn mosiHoro PITP CTA no cuenapuio C3 ¢ BeTB/IeHUEM,
COOTBETCTBYIOLIMM M3MeHEHUI0 nopsaka onepauuii JIIP
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MNogcucTema npeaBapuTENBHOR MOEHTUUKaLMK
VCXOOHbIX AaHHbIX: MHhopmauma ob anemerTe CTA,

napameTpe! 3agasu PMNpP T MoacKcTema oLeHKN KadecTea
sourcet MofcHcTeMa thopMMPOBAHIA TECTOR TECTMPOBAHWA 3NEMEHTOR GRIOKHOMO
ans anemenTos CTA __TexHw4eckaro obkekTa
i delay5 selectOutput? qupued i delay14 !
o ~ i g ~ queus10  seledtOutputt

"50.0225 003= : ? 'S&Dg = |
delay? ; 50,02 0025002 5,088
: 24, B[l roToBbIX TECTOB
i -

ueuel12  delay16 queuelt
0 0

que:lsm sink

0
N
50,027 50,027 50,027 50,02 8

queue153 EDiO

i N
56027
‘,/L——:ﬁﬂ" de‘a{]‘s 0N A

MoAcucTeMa aHanMaa W NpoBEpPKM TecTa

GUCTEMBI ONPEeneHHoro KNacea;

Mopcuctema MaeHTUDOMKaLMN 3anaqh TeCcTUPOBaHNE BNEMEHTE; YYET OTKIOHEHWI BXOAHBIX

v anemenTa CTA U oleHKa Hanu4mus | W BbIXOOHLIX NAPaMETPOB GHCTEMBI

HeoBXomUMoro TecTa L e ]
BbIGOp TECTOR ArA aNeMeHTa onpegerneHHoro Tuna

Puc. 4. Cxema moaesan PIIP CTA B ciiyuae TpeGoBaHus KpaiiHell 0epaTUBHOCTH M BeTBJIEHUEM,
COOTBETCTBYIOIIMM M3MeHeHHI0 mopsaka onepamuii JIIIP (cuenapuii C4)

C y4eTom BBEJICHHBIX TIPEOJIOKEHUI U TOCTPOCHHBIX paHee cxeM ciieHapues C1, C3, C4,
nocTpoeHa mozeiab B cpeae AnyLogic mis cuenapus C2: BbIOOp HEOOXOAMMBIX 3a7ad B paMKax
pectpykrypupoBanroro TIT PIIP (puc. 5).

delay3 selectOutput selectOutputl
queue queue5 delay11 delay14 selectOutput2 delay17

queue’

delays delay7 queueb

e)e] e)e)

el

sink3 .}s?/
* timeMeasureEnd2 .

* timeMeasureEnd 1 @/ sink >
imeMeasureEnd3
sourge

sink4

@ selectOutput? _

e sink1
'(a End

Puc. 5. Cxema mogesn cuenapus C2 PIIP CTA

Oco0OeHHOCTBI0O MOJENH, NPUBEACHHOW Ha pHUC. S5, SABISETCS BO3MOXHOCTb HACTPONKHU
oToOpaskeHHOTro B Mojenu nporecca PIIP B 3aBucumoctu ot pemenus 3agaun MKO 1nipu 3a1aHHBIX
JITIP ycnoBusx, 4TO OTpakeHO HamuuueM 0110koB SelectOutput (BeiOopa) u ux mapameTpHu3aiue.

Taxum o6pazom, npumenerue OS50 no3onuio noctpouts yetsipe cuenapus TIT PITP CTA
C OpUEHTallMel Ha MMUTALMOHHbBIE MOJIEIM B BEPOSATHOCTHOM MOcTaHOBKE. B mpoTuBHOM cityuae,
MPUMEHEHHE KJIACCUYECKOro Ipad)oBOro MoaxoAa MPUBENO Obl K HEOOXOJUMOCTH MPEICTaBICHHUS,
pa3MeTKH, JCKOMIIO3MIMKA W  QopMmynmupoBku 3amaund  ympasinenus TII  PIIP  CTA
B JIECTEPMUHUPOBAHHOM BapHaHTe C npuBiieueHueM skcnepra JIIIP.
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B Tabmn. 2 1 Ha puc. 6 npuBeAEHbI pe3yIbTaThl MOAETUPOBAHUS AIUTEILHOCTH peann3anuu PITP
nnst Hekotoporo CTA mo cuenaputo C3 (monHblii HaOop omnepanuii) ¥ CpaBHEHHE C pe3yJbTaTaMH
HaTypHBIX 3aMepoB (3kcriepumMenToB) 1o cieHapusm Cl u C3.

Tab6nuua 2

CpaBHeHHe pe3yJbTaTOB MOJeTUPOBAHUS JJIUTeJIbHOCTH peanuzauuu PIIP
aJs Hexkotoporo CTA no cuenapuro C3

Cymmaphoe
1011 )12 |13 ) 14|15 16|17 |18 |19]| 20| Bpems Ha
PIIP

Homep onepanmm TII PIIP CTA:( 1

(=]
L]
E =9
h
(=)
-1
=]
L=]

Cpe s ITHTEAHOCTS OTICPALIHH
o C3 pesyapTaTy HATYPHBIX 15115151030 10| 15| 15| 20| 35]25/20|30|30|50|45(45|35[30(10 500
HAOMIOAEHMI, Jac.

PesympTaTsl MOACTHPOBAHHA

ITHTEIbHOCTH OIEPALTHiT o Sl10]10)15|34| 8 |11 1814223020 22]|31]|55|40]40]40|30]12 470
cueHapmio C3. gac.
Cpexmaa LITHTEIbHOCTD ONEPAIlHH
o C1 pesyapTaTy HATYpPHBIX 15115151030 O | 15| 15| 0 |35]25]20|30|30|50]l 045|000 350

HAa0II0JeHHIH, dac.

600
400

350
200

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
=== P3ybTaTbl HaTyPHOrO 3KcnepmMmeHTa no C1

e Pe3y/1bTaTbl HATYPHOTO 3KCMEPMMEHTA MO C3

e e = Pe3ybTaTbl MOAENMPOBaHUA No C3

Puc. 6. CpaBHeHuHe pe3yibTATOB MOAEJIMPOBAHUS AJIUTEIBLHOCTH peanu3anuu onepauunii PITP
st HekoToporo CTA mo cuenapuro C3 (mosiHblii HaGop omepanmii)
¢ HAKOIUIECHHEeM BpPeMeHHU H pe3yJIbTATOB HATYPHBIX 3aMepoB (IKcNepuMeHTOB) no cuenapusim C1, C3

[IpuBenenHble pe3ynbTaThl B Tabia. 2 W Ha puC. 6 MMHUTAIMOHHOTO MOJEIMPOBAHUS
no mnojHoMmy cueHapuio C3 U cpaBHEHHE C JUIMTEIbHOCTSAMU 3KCIEPUMEHTAIbHBIX 3aMEPOB
no cueHapusaMm Cl u C3 oTpakaroT HaKOIUIEHHE pacXoxXkIeHus BpeMmeH, HauuHas ¢ OIl O8-O15
U 3HauuTenbHOro pacxoxiaenus ¢ OIl O17, uro moarBep:kaaeTcss Coaep KaTeIbHbBIM ONMHCAHUEM
CLIEHApUEB U WIIIIOCTPUPYET MPUMEHUMOCTD MOJTYUYEHHBIX MOJIEJIEH Ha MPAKTHKE.

Jakiouenue

JInst penienust 3a1a4u MOCTPOCHUS U ONITUMM3ALMU TexHonorudeckoro npouecca PITP CTA
npeaioxkeH OO, KOTOpbI OCHOBaH Ha aHAJIOTUSIX OMUCAHUN alTOPUTMOB MPOTPAMMHBIX CUCTEM,
9TO TMO3BONWIO (OPMaIM30BaTh CIOXKHBIE KOHCTPYKIMU OpPraHU3alMOHHO-aHAIUTHIECKOTO
npeactasieHus: PIIP. ®opmynupoBka omepaTopoB MakpoOs3blKa IO3BOJIMIA CGHOPMYIUPOBATH
CLIEHAPHBIM MOJX0J, HA OCHOBE KOTOPOTO MPEIJIOKEH PsAJl KOHKPETHBIX PEHICHUN ONTHUMHU3ALUU
PITP CTA u mocTpoeHbl CXeMBbl MOJENIECH M0 KaKIOMY M3 CIICHApHUEB, OMKMCAHBI MX OCOOCHHOCTH
Y MIPUHIUIIBI TApaMETPU3aIii B BEPOSITHOCTHOM MTOCTAHOBKE 3a/1a4d UCCIIEI0BAHMUS.
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Ha ocHOBe pe3ynbTaTOB MOIEIMPOBAHUS MO IOCTPOCHHBIM CXEMaM HWMHUTAIMOHHBIX
Mozenei B cpeae AnyLogic MOXKHO clienaTh BBIBOJ O TOM, YTO IMPEIJIOKESHHBIN MOIXO0J OTpaKaeT
Pa3BUTHE UCXOAHON MOJEIH U MO3BOJISICT MPUHUMATh PEHICHHUS TI0 ONITUMHU3AINH HECTAIMOHAPHBIX
TexHonoruueckux npoieccos PITP nanbonee 3ppexkTuBHBIM 00pazom.
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Annomayus. IpeacraBieHsl pe3ybTaTbl IO 000CHOBAHUIO BbIOOpA BHUJIOB MEPEAadyM U KIacCOB
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Abstract. The results of substantiating the choice of types of transmission and classes of radiation
for the organization of decameter communication in the networks of EMERCOM of Russia are presented.
The possibilities of means and complexes of radio communication, which are at the allowance
of the regional divisions of EMERCOM of Russia, are considered. An analysis was made of known
approaches and technologies for signal generation, including those used in the ALE 2G and ALE 3G
standards. The possibilities of synthesizing amplitude modulation signals based on the quadrature
approach are investigated. A method for generating single-sideband modulation signals with a controlled
level of the carrier wave is proposed. The evaluation of the noise immunity of reception of single-sideband
transmissions was carried out. Directions for further research are determined.

Keywords: single-sideband modulation, controlled pilot signal level, quadrature modulator,
radio communication of the EMERCOM of Russia, decameter communication channels

For citation: Chudakov A.M., Rusin A.A., Zheglov K.D., Dvornikov S.V., Dvornikov S.S. Justification
and selection of the type of transmission for decameter radio communication lines of EMERCOM
of Russia// Scientific and analytical journal «Vestnik Saint-Petersburg university of State fire service
of EMERCOM of Russia». 2023. Ne 1. P. 62-74.

BBenenue

Pabora mnogpaznenennit MUC Poccum npu JUKBUAALMU YpE3BbIUANHBIX CHUTyalUil
JIOCTaTOYHO 4YacTO MPOUCXOAUT Ha BeChbMa YJAJICHHBIX TEPPUTOPUSAX OT MECT IOCTOSHHOU
mucnokarmu  [1-3]. B Takmx cuTyanmusx s TOJJEpXKAHUS  CBSI3M  OPraHH3YIOTCA
paaAvoHaNpaBlIeHUs! TTOCPEICTBOM PAAHOCTAHIMI CpeHEeW MOIIHOCTH AEKaMETPOBOrO Juana3zoHa
[4-6]. [dns »tux menei, cormacHo oTuery Bcepoccuiickoro opaeHa «3Hak [louera» HaydHO-
HCCIIeIOBATEeNIbCKOIO0 MHCTUTYTa MPOTHBOIOXKApHOM 000poHbl MuHnucrtepcrBa Poccuiickoit
@denepaiuy MO JenaM TPaKIaHCKOH OOOPOHBI, YpEe3BBIYAWHBIM CUTYyallUsIM M JIMKBUJALUU
MOCJIEACTBUI  CTHUXMUHBIX  OencTBUi  [2], aKTUBHO MNPHUMEHSIOTCS  PAJMOCTAHIUH  Kak
OTEYECTBEHHOI'0, TaK U MMIIOPTHOTO NMPOU3BOACTBA. TaKOBBIMHU SIBIISIOTCS paauoctanimu P-140,
P-161 A2M, P-130, Baiikan-12, Baiikan-18, a Takxxe Keuyn TK-80 u Aiikom 1C-78 [7].

Ha gpampHOCTSX cBsizu  cBbimie 200 KM HCHOJB30BaHME HMOHOC(HEPHOro KaHala
pacrpocTpaHEeHUsT  PaJMOBOJIH HAKJIaJIbIBAET CBOM OCOOCHHOCTH Ha BBIOOP PEXKHMOB pPadOTHI
u BuJOB riepenad [8, 9]. Ilpu 3ToM B KadecTBe KIACCOB M3IIyYCHUH, PEKOMEHAYEMBIX Ul paOOThI
noHochepHsIM KaHasom, ['maBaeiM ynpasieanem MUC Poccun 060cHOBaHO ucmonb3oBanne AlA,
J3E, B8E, F1B, F7B [10]. Yka3auHbIil BEIOOp OINpEIeNeH HEe TOJIBKO Pe3yJbTaTaMH MHOTOJIETHETO
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ONbITa IO OpraHW3alMd CBA3M Ha JaIbHOCTAX cBbiie 200 KM, HO W OKCIUTyaTallMOHHBIMU
BO3MOKHOCTSIMU UMEIOLIUXCS CpeAcTB [2].

Crnenyer yuuThIBaTh, yTo paauoctanuus P-161 A2M paspabateiBanack B Havane 80-X TT.
npouuioro Beka [11], mosTomy U peann3oBaHHbIC B HEil TEXHMYESCKUE PELICHHS OTHOCSTCS K AIIOXE
aHAJIOTOBBIX TEXHOJIOTHH. BMecTe ¢ Tem pa3BuTHe HU(QPOBBIX TEXHOJOTHI 00YCIOBUIO MEPEXO]
K METOJIaM KBaJpaTypHOTO CHHTe3a U 00paboTKu curHaioB [12—14], KOTOpble OTKPHIBAIOT HOBHIC
BO3MOKHOCTH IO peaji3allid W3BECTHHIX KJIACCOB M3IYUYCHH, B TOM YHCJIE C OIHONOJIOCHOU
monynsiueir (OM). C yuyetom 3TOro, B CTaTbe IPEICTABICHBI PE3YJIbTaThl CPABHUTEIHLHOIO
aHaJIM3a IOMEXOYCTOMYMBOCTH CHUTHAJIOB aMIUIMTyAHOW Mmonyisiuuun (AM) u OM, a Ttakxke
IpeUIoKeHUs 110 popMUpoBaHUto curHanoB OM ¢ peryaupyeMbIM ypOBHEM MIJIOT-CUTHAIA.

Oco0eHHOCTH nepeaavyv CUrHaJioB IO JJUHUAM PAaAHOCBA3ZH JEKAMETPOBOI'0O JUAaIIa30Ha

Opranu3anusi paJHoCBsI3U MOCPEACTBOM HCIIONB30BaHUS MOHOC(HEPHOT0 KaHalla CBs3aHa
C OTIpeNIeIeHHBIMU TPYAHOCTSAMHU, 00YCIOBICHHBIMH KaK HECTAOMIBHOCTBIO CAMOT0 MOHOC(EpPHOTo
obpazoBanust [15, 16], Tak W BBICOKHM YypOBHEM KaHaJdbHbIX MmIyMOB [17]. VYka3zaHHbIe
00CTOATENILCTBA HAKJIAABIBAIOT OIpEJICIEHHbIE OTPAHNYEHUSI HAa NPUMEHEHHE KJIACCOB U3JIy4YECHUIH
U YacTOTHOTO pecypca, BBHIOOP YACTOTHBIX TPaHUI] KOTOPOTO 3aBUCUT OT AMCTAHLUU CBS3H,
BpPEMEHH T'0J1a, CyTOK, COJTHEYHOW aKTMBHOCTH U Ipyrux ¢axropos [15, 18].

C ydeTroM yKa3aHHBIX AOMYIICHUH W OTPAHMYCHHU MPAKTHYECKOE NMPUMEHEHHUE IOy HIIH
aHaJOTOBBIE, a B TIIOCIEAHEE BpeMs U UUPPOBbIE BUABI Ilepeaad, CKOPOCTh KOTOPBIX
orpannumBaetcs 200 box/c [10, 19]. Oaun u3 dakTopoB, 00yCIaBIMBAIOLIMX BHIOOP yKa3aHHOTO
3HA4YEeHHUsI CKOPOCTH, CBA3aH C MHOT'OJIy4€BOCTHIO HOHOC(EPHOTO KaHaja.

Ha npakTuke npu opranusanuu JeKaMeTpOBOM paauoCBsI3U MPEUMYIIIECTBEHHO UCIIONIb3YIOT
TeneoHHbIH pekum padotel ¢ OM [20, 21], curHanbl KOTOPOH MMEIOT YACTUYHO IOJABJICHHBIH
nunot-curHan (knacc wusnydenmit: A3-Al, Bl; A3A-Al, Bl; A3H-Al,Bl) u ammiutyanyio
tenerpaduro (kmacc nznyuenus: Al) [2].

WHorna ju1st noBbIIeHUsT 00beMa nepeiaBaeMoi HH(GOpMAIMK HCTIONB3YIOT AM, B KaXKa0i
M3 TIOJIOC KOTOPOW TMepefaroT He3aBHCHMBbIE cooOmieHus (kinacc u3inydeHus:: A3B paznuuHbIX
Moaudukamnmii). Kpome Toro, B aexkaMeTpoBOM pajMOCBSA3M HIMPOKO HCIOJIB3YIOT TOHAJbHBIE
mogembl STANAG 5066 nnu MIL-STD-188-110B crannapta ALE 2G [22] u MIL-STD-188-141B
cranmapra ALE 3G [23].

B ocnoBe cranmapra ALE 2G ucnonb3yercss BOCbMHUTOHAIbHAS YaCTOTHAS MAHMITYJISIIIHS
0e3 paspbeiBa (assl, nonyuuBmas HasBanue 8FSK [10, 22]. [Ipu »TOoM mepemaya BenaeTcs OMSTh
ke metomom OM B momoce 0,75-2,5kl'm ¢ obmieit ckopocthto 375 OWT/C TpW CHMBOJBHOM
ckopoctu 125 bo.

Cranmaptr ALE 3G peann3oBaH Ha OCHOBE TEXHOJOTMH OPTOTOHAJIBHOTO YacTOTHOTO
MyJbTUILIeKcHpoBanus kanaita (OFDM) [24]. [Ins ycroitunBoil paboThl 000pyAOBaHUS CTaHIApTA
ALE 3G Ttpebyercss »ecTKas CHHXPOHHM3aIlMsi Ha OCHOBE WCIIOIB30BAaHUS HABUTAIIMOHHOTO
00opyT0BaHHUS.

Crnenyer oTMETHUTh, HECMOTpPS Ha TO, uTo cTaHaapT ALE paspaboran 6onee 20 jeT Hazan,
HIXPOKOTO pacpoCTpaHeHusl Ha Tepputopun Poccuiickoii deepannu oH He moayqmi [2, 23].

ITostomy g1 MUC  Poccum — akTyaslbHBIMH  SIBJSIFOTCS  BONPOCHI  pa3pabOTKU
Y COBEPIICHCTBOBAHMS KJIACCOB M3ITy4eHH Ha ocHoBe OM.

KBaaparypublii cuaTe3 curianos AM u OM

ITockonbky curHaisl OM sBISIOTCS pa3HOBUAHOCTBIO CUTHAJIOB AM, TO mpeaBapUTEIbHO
paccMOTpUM 0COOEHHOCTH (POPMHUPOBAHUS TOCTETHHX.

Tak, B oOmem caydae curHan AM MoxeT ObITh 3amKMcaH B BHUAE CIEIYIOLIETO
aHAJTMTHYCCKOTO BeIpaskeHus [25, 26]:

Sa(t)
" Isa® lnax |

(1)

Sam(t) =Sp(t) | 1+mpy
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rne So(t) — Hecyiee konedanue; So(t) — Momynupytoriee Kojedanue; May — HHACKC AM.

VY 1006CcTBO MpeacTaBieHus: curHanoB AM mocpencTBoM BbipaxkeHust (1) 00yCIIOBICHO TeM,
YTO OHO PACKPBIBACT CYIIIHOCTh MEXaHU3Ma ero (POPMHPOBAHHSI.

Tak, B coorBercTBUU ¢ dopmyioi (1), HOpMUPOBAHHE MOIYJIHPYIOUMIETO KoJeOaHUs
MIO3BOJISIET OCYILLECTBIISATH PETYIMPOBaHUE MITyOMHBI MOAYJISILIMU ITyTEM U3MEHEHHS TapaMeTpa Mam
B IIpCACIAX:

B mpocreiiiiem ciaydae mpu MOAYNSAIUH Hecyiiero konebanus AoC0S(2ntfot) rapmonmkoi
AqC0S(2nfot) momyuum ciaenyrolee BeIpaXKeHHE:

sam (D) =4 {1+ Mam %} cos(2nfyt) . (2)

CornacHo BeIpaxkeHHIO (2) pesyibTHpyrommid AM curHan OyaeT NpeAcTaBlIsATh COOOU
CYMMY TpeX KOJICOaHHIA:

s (1) = Ay COS(27eF o) +A°L2AMcos(2n( £+ fo)t) +A°L2AMcos(2n( f—ft.  (3)

BusyanbHblii ananu3 BeipaxeHus (3) MOKa3bIBAET, YTO aMIUIUTY/Ja COCTABIISIONIUX CHTHAJIA
AM, conepxamux HHPOPMALMOHHYIO 4YacTh, JaXe B JIydllleM ciy4ae OyaeT paBHa IOJIOBHHE
aMIUTUTYAbl Hecyleil. 3aMeTuM, 4To MH(OPMAIIMOHHOE HAIMOJHEHHE BTOPOrO M TPETHEro 4iIeHa
BeipakeHus (3) oamHakoBo. IIpu 3TOM MOIHOCTH, MPUXOJSAIIASCS HA HHOOPMALMOHHYIO YacTh
KaXI0TO 13 WH(POPMAIMOHHBIX WICHOB, KAK MHHAUMYM B YeThIpe pa3a OyJeT MEHBIIIe MOITHOCTH,
BBIZICISIEMOM Ha HECYIIIEM KOJIeOaHHH, KOTOPOE HE HeceT B ce0e nH(pOpMaIInio.

B kauectBe npumMepa Ha puc. 1 nokasan curHasi AM, a Ha puc. 2 ero CuexTp.

SAM (t)

—J
|

Puc. 1. BpemenHoe npeacraBieHne curiaia AM
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| S ()]

Puc. 2. CnekTpajbHOe npeacTaBjieHHe curHaia AM

B xommnekcax P-140 u P-161 A2M curnans! kiiaccoB uznyuenuii A3-Al, Bl; A3A-Al, BI;
A3H-A1, Bl dopmupyroT myTeM MONOTHUTEIBLHON (QHIBTpPAMHA CHEKTPAIBHBIX COCTaBIISIONIUX
nepBuYHO chopmupoBaHHOro curHana AM [27]. DrTo [10CTaToyHO TEXHHYECKH CIIOXKHAS
MpoLeaypa, MOCKOJIbKY MpeoiaraeT Haluurue Ka4eCTBEHHbBIX (PUIBTPOB BHICOKOTO MOPSIKA.

Bwmecre ¢ Tem 1iudpoBbie TEXHOJIOTUN OTKPBIBAIOT BOZMOXKHOCTH IEPEX0/ia K KBaJApaTypHOM
oOpaboTke curHanoB. C TakuxX MO3ULUN aHAIUTUYECKOE BBIPAXKEHUE JJIS KBAaJIPaTypHOI'O CHHTE3a
curiaigoB AM npeJcTaBuM B CIIEIYIOIIEM aHAIUTUYECKOM BHJIE!

SAM(t):% 1+mAMﬁ cos(anot)+% 1+mAMﬁ sin@nfgt).  (4)

VY 100cTBO HMCHONB30BaHUs BbIpaKeHUs (4) B TOM, YTO OHO IO3BOJISIET OCYIIECTBISATH CUHTE3
curHaioB AM Ha OCHOBE CTaHAAPTHOTO KBaJpaTypHOro moxyisitopa [28], ecmu mpensaputensHO
MOJU(PUIMPOBATh MOTYIMPYIOLIMI CUTHAT IMyTEM €ro aJUIMTUBHOTO CYMMHPOBAHUS C HAIPsSHKEHUEM
€IMHUYHOTO YPOBHSL.

Bbosnee Toro, Ha ocHOBe BbIpa)keHUs (4) BO3MOXKEH U KBaJpaTypHbII cuHTe3 curHanos OM:

SOM (t) = % 1+ mOM SQ—(t) COS(ZTEfot) i% 1+ mOM *s;}& Sln(ZTCfot) ) (5)

2 |5 (t) Imax |5 (t) Imax

rae * — 3HaK KOMIUIEKCHOTO comnpsbkeHus o [ unsoepry.

B ¢opmyne (5) 3HaK TUIOC MCTONB3yeTcs Mpu cuHTe3e curHanoB OM c HUKHeN O0KOBOMU
MOJIOCOM, a 3HaK MUHYC — C BEpXHEH.

I'maBabiM oTnmume cunHTe3a curHaia OC or AM Ha OCHOBE KBaJpaTypHOTO MOIYJISITOpa
B TOM, 4TO pu OM HE00X0AMMO MOYJIUPY IO I CHUTHAI MPUBECTHU
K aHaJIMTUYECKOMY BUJLY:

sa(t) =so (1) + jso (1),

rJie ] — MHAMAs CIMHUIIA.
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B kauectBe npumepa Ha puc. 3 nokasad curaan OM, a Ha puc. 4 IpeJCTaBICH €ro CIeKTp.

_[‘, Som () R

A\ AN \
WA A \t]
|WAR| | WAA) \J
VAR v !,
VI \
v v '
) |

Puc. 3. BpemenHoe npeacTraBienue curiaja OM

F1Sou ()]

———— ——

Puc. 4. CnexTpajbHoe npeacTaBijienne curiaia OM

KBagpaTypHblii CHHTE3 COXpaHseT BCe OCOOEHHOCTH CBOicTBeHHBbIe curHanamM AM u OM,
(dhopMUpYEeMBIX OOBIYHBIM CTIOCOOOM.

CrnenyeT OTMETHUTD, UTO (HOPMUPYEMBII coraacHO Gopmyiie (5) CUTHAT UMEET MOCTOSHHYIO
HECYIIYIO, BBIMOJHSIONIYIO POJIb MUJIOT-CUTHAJAa B TpakTax 0OpabOTKH NpU €ro JEeMOJYJISIIHH.
Hpyroit ocobeHHOCThIO curHana OM ¢ HecyIiei COCTOUT B TOM, YTO aHAJIOTHYHBIN CHHTE3 CHTHAJIA
06e3 Hecymlel He BeIeT K YBEIHMYEHUIO MOIIHOCTH OOKOBOM IOJIOCHI, COJEprKalien
nHpopmanoHHoe HamonHeHue. [Ipu 3ToM MomHOCTh 60KOBOM Mmonockl curHana OM B 1Ba paza

Oompiie MomHOCTH curHaina AM. Tak Ha puc. 2 u 4 criekTpbl curHaaoB AM u OM npeacTaBieHbI
B OJJMHAKOBBIX KOOPJMHATAX.

ITomexoycroiiyuBocTh OM

B uHTepecax OLEHKM BBIMIPHIIIA B TOMEXOYCTONYMBOCTH, 0OECIIEYNBAEMOrO B Pe3yJIbTare
nepexoaa or AM k OM, nepenuiiieM Beipaskenue (5) B criemyromem Bue [28, 29]:
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Som (1) = M (t) Ay cos(2nft + (1)),

rae M(t) — mapamerp, oToOpaxarouii CTENICHb M XapaKTep U3MEHEHUsI aMILTUTY bl Ao curHana OM
B mpotiecce MoryJsiun; fo — Hecymas gactora; @(t) — dhasa konebanusl.

YuuteiBas, uto ¢pyakimuu M(t) u @(t) 10cTaTOYHO MEIJICHHO W3MEHSIOTCS 10 OTHOIICHHUIO
K 9acTOTe HECYIIEro KOJIeGaHus fo, TO yCPEAHEHHE KBAIPATa 3HAYCHHS Som-(t) JaeT HAM CPEIHIOK
MOIIIHOCTh Ha BXO/JI€ IPUEMHHUKa IIpU Harpy3ke 1 Om:

2 A2
St =12 =P, ©

3meck BenmanHa M, XapakTepusyeT cpeaHee 3HaueHne aMiumTy a6l OM curnana.

VuuTeiBas CIy4alHbIi XapakTep W3MeHeHus mapamerpa M(t), 3aBucsmmii OT MOBEICHUS
MOJIyJIUPYIOIIETO CHTHajia, mepeisieM B dopmyne (6) or nmokaszarenst Mg, K 3HAYCHHIO €rO IHK-
daxropa I1° [30].

Tak, cpemusist MoriHoCTh curHasa OM Ha BBIXOJE TpakTa 00paOOTKH C y4ETOM BEITUYMHBI
NHK-(aKTopa MOKET OBITh MPECTaBIIeHa KakK:

p=th ™
IT

[Ipudyem cooTHomeHue (7) coxpaHseTcs Kak Ha BXOJE AEMOYJISITOPA, TAK M HAa €ro BBIXOJIE.
CrnenoBarenbHO, TOKa3aTelb OOOOIIEHHOTO JHEPreTUYECKOTO BBIMTpHIMIA isi curHana OM,
XapaKTEepU3YyIOLIETo ero MOMeX0yCTOMUNBOCT J10 U MOCIIE AEMOIYJISTOPA, MOXKHO 3alHUCaTh!

1 4 AR,
— DZ /AFBBIX HZ _ DZ _ AFBLIX D(Z)
1 4 AR, v* AF

BX
2

Ug /AI:Bx F Vg

EOM

rae AFg,x — Moj0ca 4acToT, 3aHMMaeMasi CUTHAJIOM 1ocie aeMmoaynsaropa; AFg, — momoca dacror,
3aHMMaeMas CUTHAJIOM JI0 IEMOJYJIATOpa,; 1)02 — YPOBEHb LIYMOB 0 AEMOAYIATOPA; V2 — YPOBEHD
ITyMOB IOCJIE€ JEMOTYJISATOPA.

YuurteiBas, uto npu obpabotke curaanoB OM 3aHMMaeMasi UMH T0JIOCA YACTOT JIO0 U TOCIe
JIEMOJTYJISITOpA HE U3MEHSIETCSI, TO IPU T'ayCCOBOM XapakTepe IIyma, KOoraa v = 1)02, 0000IICHHBIN
SHEPreTUYECKH BRIUTPHIII OyIET paBeH eIUHUIIE, TO €CTh JOCTUTHET MAaKCHMAILHOTO 3HAYCHUSI.

Jns  TOHMMaHWS ~ CYNIHOCTH TIOJYYEHHOTO pe3yJibTaTa pPacCMOTPUM  OOOOIIECHHBIN
SHEPreTHUECKH BRIUTPHIII E Ay, 0OecnieurBaemblii ipu 00paboTke curnaaos AM.

[TockonbKy cpemHsisi MOIITHOCTH JJII CUTHAJIOB AM omnpenensieTcs: BeMuuuHo koddduimenta
aMILTHTYJHOM MOIYJISIIUY CIIeAyIomuM oopazom [29]:

2
P=i 1+i2 )
2 IT

TO OTHOIICHHUE MOIIHOCTH CHITHala K MOINHOCTH IIOMEXHM Ha BXOAC ACMOAYJIATOpa I AM
COCTaBMUT.

B _ A (L+1T17)
M2ITP0AF,,
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B pesynbraTe nuHeHHOro npeodpazoBaHus B IEMOLYJIATOPE, OTHOLIEHUE MOLUIHOCTH CUIHAJIA
K MOIIHOCTH [TOMEXH Ha €ro BBIXO/IC MPUEMHHKA H3MEHHUTCS M Oy/IeT OnpeaensaThes Kak [29]:

2
B = 2/;0 :
2[1°v°AF

BbIX

CrnenoBarenbHO, 0000UIEHHBIN SHEPreTUYECKUN BRIMTPbILI 1151 AM cocTaBUT:

BBIX 21712 2
_~“AM _ 2A0H AF;ZBIXU

B, 2[1°0AAF, (1+11%)

AM

A ¢ ydyeTroM Toro, 4to aisi AM curHana crpaBeIuBO paBEHCTBO V2= 1)02 XN, a ARy = AFgx XN,
TO 0000I1IEHHBIN SHEpreTHUecKuii OyJIeT paBeH:

1
E..=——— .
AM T (1+11?)

CornacHO BbIpaKeHUIO, BedMYMHa Eay 3aBUCHT OT 3HaueHust nuk-¢axropa. [lockonbky ams
ronocoBelx  coobmenmii  11°~3,3 [31], To s3Hauenme Eay~0,085. Ilomyuaercs, d4To
10 TOMeXO0yCTOHUMBOCTH nepenaun AM 6Gornee yem B 12 pa3 ycrynatot nepesauam OM. Dto cBsi3aHO
C TeM, 4TO mpu (GOPMHUPOBAHUU CUTHATIOB AM OCHOBHAS YacTh MOIIHOCTH PAacXOMyeTCsl Ha HecyIee
KoJyiebaHue, KOTOpOE HE yUacTBYeT B Iepeiaue Mojae3HoN HHpOpMaluH.

Jlaxe mpu MCIIONB30BAaHUM B KAa4€CTBE MOAYJIUPYIOIIMX COOOIMICHW KOJeOaHW TOHATBHON
9acTOTHI, MHK-PAKTOp KOTOphIX coctaBmsier I1°~ 1,41, smauennme Eay Gomee yem B TpH pasa
ycTynaer BenmarHe Eop.

Crnemyer OTMETUTb, YTO TONMYYEHHBIE DE3YyJIbTaThl COOTBETCTBYIOT cTporo curHaiam OM,
Yy KOTOPBIX OTCYTCTBYET IMAJIOT-CHTHAI. Ho mepenaya Takux CHTHAJIOB B KaHaaxX ¢ (pIyKTyar[MOHHBIMU
IIyMaMH CBS3aHa C CYILECTBEHHBIMH CIOXHOCTSAMHU. [l03TOMy Ha TpakTHKE HCIIOIB3YIOT KJIAcChI
M3JTy4eHHH, B KOTOPBIX COXpaHsercs mutoT-curaain Ha ypoae 10 % u 50 % [2, 32]. Ho B sToM ciydae
0000111eHHBII 3HepreTHYecKuid BRIMTphI 111 OM OyieT MeHsblIle eMHuUIIbL, cooTBeTcTBeHHO 0,9 1 0,5.

OpnHako HCIIOJIb30BAHME MWJIOT-CUTHANA C MOCTOSHHBIM YpPOBHEM (JIOCTAaTOYHO BBICOKHM)
OTIpaB/IaHO TOJBKO Ha HadajdbHOM dTame. [locie yCTaHOBIIEHUS] CHHXPOHHU3AIMH HEOOXOAUMOCTh
B HCIOJH30BAHUN MHJIOT-CUTHAJ OTIIAJaeT. YUNUTHIBas yKa3aHHBIE OOCTOSTENBCTBA, MPEIaracTcs
peryJIMpoBaTh €ro YPOBEHb B XOJIe CeaHca CBs3H. [l 3TOro J0CTaTOYHO BBECTH B BBIpaxkeHUe (D)
KOA(QGHUIHMEHT yIpaBICHUS THIOT-CUTHAIOM Myic:

Som(t) = % Mpc + Moum _ S0 cos(2nfyt) £ —=| Mpc + Moy _ S sin(2nft) .

Ao
1562 (t) Imax V2 |56y (1) Imax

B pe3yabTaTe OTKPBIBACTCSA BO3MOKHOCTH IMYTEM PETyJIMPOBAHUA Myc OT HYJIS A0 CIWHUILIBI
nepepacupeacyisiTb MOIIHOCTD IMAJIOT-CUT'HAJIA Ha 60KOBy10 COCTaBJIAOIIYHO B XOZ€ C€aHCa CBA3U.

JakiouyeHnue

[TomydeHHble pe3yabTaThl TO3BOJNSIOT CHeNaTh CleAyloliee 3akmodeHue. HecmoTps
Ha AaKTUBHOE BHEJIPEHHE TEXHOJOTHMH OPTOTOHAJIBHOTO YaCTOTHOTO MYJIbTHIICKCHPOBAHUS
KaHanoB, ompexaensiemoe crangaprom ALE 3G, ee addekTuBHOE MpakTHYECKOE HCIOJIB30BAHUE
ONpaBJaHO JIMIIb TPU BO3MOXKHOCTH OOECIIEYCHHS BBICOKO CTAOMIBHOM CHHXPOHH3AIHNU
MIOCPEJICTBOM ~ OpraHM3allMU  JONOJHMUTENBHOTO HaBUrallMOHHOro KaHaia. [Ilostomy OM
MO-TIPEKHEMY SIBJIIETCS] HANOO0JIee TPEATNIOYTUTEIFHBIM BUIOM ME€peIauu sl IeKaMeTPOBBIX JTMHUN
panuocBsi3u, opranuzyembix B uHTepecax MUC Poccun.
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PazpabGorannbiii crmocod cuHTe3a curHaioB OM ¢ ympaBisieMbIM MHJIOT-CUTHAIOM
OTKpPBHIBAE€T HOBBIE BO3MOXXHOCTH II0 YIPABICHHIO DHEPreTUYECKUM IMOTCHINAIOM DPaIHOIUHUAN
B YCIIOBHAX (DITYKTYaI[MOHHBIX [ITYMOB.

HampaBnenwe  mampHEHIIMX  WCCIEAOBAaHWI  aBTOPHI  CBS3BIBAIOT C  MOBBIIICHHUEM
MOMEXOYCTOMYMBOCTH ~ PAJMONMHUKA 32 CYET MPUMEHEHHS METOAOB pA3HECEHHOro TpHeMa
Y COBMECTHOI 4aCTOTHO-BPEMEHHOM 00paboTKH curHaios [33, 34].
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Abstract. The results of the study of the possibility of increasing the efficiency of the functioning
of radio communication lines in the decameter range by introducing reflectors into the antenna system
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are presented. The conditions for organizing radio communication with remote subdivisions
of EMERCOM of Russia in the shortwave frequency range are considered. The research method based
on modeling is determined. The results characterizing the directional properties of antenna systems with
a linear and flat reflector are presented. Numerical calculations of the value of the directivity coefficient
and attenuation of radiation in the back lobe and side lobes are given. Proposals for the practical use
of the results are formulated and directions for further research are identified.

Keywords: decameter radio communication lines, linear and flat reflectors, directional properties
of antennas, radio communication of EMERCOM of Russia

For citation: Vlasenko V.l., Okov I.N., Dvornikov S.S., Dvornikov S.V. Improving the efficiency
of decameter radio communication lines // Scientific and analytical journal «Vestnik Saint-Petersburg university
of State fire service of EMERCOM of Russia». 2023. Ne 1. P. 75-84.

BBenenue

[upokuii criexktp 3amay, Bo3nokeHHbIXx Ha MUYC Poccum, npeamomaraer paboty ero
MOJPA3EICHNI HAa 3HAYNUTENBHBIX yIAIEHUAX OT MECT X IIOCTOSTHHOM auciokaiui [1-3]. YkazaHHble
oOcrosiTenbeTBa CTUMYJHPYIOT pykoBoacTBO MUC Poccun Kk MOMCKY NpUEMIIEMbIX pEIIeHUH JUIs
OpraHHM3aly YCTOWYMBOTO YIPaBJICHUS yIaJIeHHBIMH TOIpa3IeNICHIsMHE criacareneii [4—6].

O4eBHIHO, UYTO B TaKUX CUTyallUsX HaumOosee HPQPEKTUBHBIM PpPEUICHHUEM BHUIAUTCS
IIPUMEHEHUE CHUCTEM CIyTHHKOBOM CBA3M [7-9]. OpHako BBICOKas CTOMMOCTb U CJIOYKHOCTb
OpraHMu3aly TaKo! CBA3M B APKTHYECKOM PETHOHE CYIIECTBEHHO OIPAaHMYMBAIOT €€ IPAKTUUYECKOe
IIPUMEHEHHE Ul yIpaBieHus yJaneHHbIMU noapasaeneHussMu MUC Poccun. AnbTepHaTUBHBIM
pelIeHreM Takoil MpoOieMbl SIBISIETCS NPUMEHEHHE CHCTEM pPaJuOCBSI3U KOPOTKOBOJIHOBOTO
muanazona dactor [10, 11]. CucreMbl AekaMeTpOBOM pPaaUOCBSI3M IMIMPOKO HCIIOJIB3YIOTCS
B noapazaeneHussx MUC Bo mHorux pernonax Poccun [12]. [Ipexnae Bcero, 3To CBA3aHO € TEM, YTO
OpraHu3aly JIEKaMETPOBOW paJuoOCBA3M HE TpeOyeT BBICOKOTO YPOBHS TEXHOJIOTHYECKOTIO
OCHAIIIEHUS] TEPPUTOPHI U KECTKOM MPUBA3KU K CUCTEMaM HaBUTAIIMOHHOTO obecnieuenus [13, 14].
Ho mpu sToM crnexyer yduTeIBaTh, YTO BBICOKMI YPOBEHb KaHAJbHBIX LIYMOB CYLIECTBEHHO
orpaHnyuBaeT 3QGEeKTUBHOCTH IEKAMETPOBBIX paauoiIuHuii [15, 16].

[TosToMy axTyanbHOW MPOOJIEMOI SBISETCS MOMCK TEXHHUUYECKUX PEIIeHUH, HamnpaBiIeHHBIX
Ha ToBbIIIeHHE 3(D(HEKTUBHOCTU CBSI3M KOPOTKOBOJIHOBOTO Juarna3zoHa. OJHO U3 TaKUX HalpaBJIEHUM
CBSI3aHO C COBEPILECHCTBOBAHWEM AHTEHHBIX CHCTEM JEKAMETPOBBIX CUCTEM paauocBsA3u. [laHHBIN
aCTMeKT YK€ pacCMaTpUBAJICS Ha CTpaHUIAX MaHHOTO wu3fmanus [17]. B Hactosmied craThe
NIPE/ICTAaBJIEHbl PE3YJIbTAaThl 10 MOBBIIIEHHIO 3(P(PEKTUBHOCTH pajMONIMHUN 3a CUET MPHUMEHEHHS
AHTEHHBIX PE(IIEKTOPOB.

AHaJju3 npod/emMbl U HejieBasi yCTAHOBKA

Teopuss u mpakThKa OpraHu3aldy JAEKaMETPOBOM paJHOCBA3M TOKAa3bIBAIOT, 4YTO
s dexTuBHas paboTa pPaJUOIMHUU CYIIECTBEHHO 3aBHCUT OT BO3MOXKHOCTEH NPUMEHSIEMBIX
aHTeHHbIX cucTeM [18]. Bmecte ¢ TeM Hanbosee IpOCTO MOBBICUTh TEXHUUECKHE XapaKTEPUCTUKU
aHTeHH BO3MOXHO ¢ TnoMoInbio peduexropa [19, 20]. D10 00BACHAETCS BO3MOKHOCTBHIO
MOCPEICTBOM MTPUMEHEHHUS peduiekTopa (popMUpPOBaTH HANIPABIEHHbIE TUAarpaMMbl AaHTEHH.

HmenHo 3a cuer mnpuMeHeHHs pediekropa oOecrieunBaeTcs MOBBIIIEHHE KOHIIEHTPAILH
ANIEKTPOMArHUTHOTO 1ojst (OM-1osist) B 3aJaHHOM HAaIlpaBJIEHUU ¢ MUHUMAJIbHBIM YPOBHEM OOKOBBIX
JICTIECTKOB M MAaKCUMAITLHBIM 3Ha4eHHeM ko3 duimenTa HanpapnenHoro aeicteus (KHJI) [21].

IlepBoHauanbHO B AHTEHHAX NPUMEHSUIM pe(IEKTOPbl B BUJAE JUHEWHBIX NPOBOJHUKOB.
Takue peaeKTOpbl UCMOIB3YIOTCA M B HACTOSIEE BPEMsI B MHOTO3JIEMEHTHBIX aHTEHHAaX OCEBOTO
n3nyueHus [22].

B o0mem cnyuyae peduekTop MOKeT OBITh KaK aKTHBHBIM, Tak U maccuBHBIM. Ho B 1r060om
cllydae ero pa3MemarT B OnxHed 001acTu ¢ APYTUMH U3TydaTeIsiIMH, B YaCTHOCTH BUOpaTOpaMHu.
C Takux nmo3uimi pedaekTop MOXKHO paccMaTpUBaTh KaK CBA3aHHBINA BUOpaTop. B pexxume nepenaun
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B3aUMOJICHCTBHE pedIieKTopa W BHOpaTropa MPOSBISLCTCS B BUAC HABOJUMBIX DM-TIONEH, mo3ToMy
HEMpUeMJIeMO TOHATHE OTpaxkeHHss OM-BoiH oT pedrekropa [23]. AHAJOIMYHO MOXKHO
paccMaTpuBaTh B3aUMOICHCTBUS BHOPATOPOB C TIPOCTPAHCTBEHHBIMU pe(PIEeKTOPaMH, BHIITOTHEHHBIMU
B BUJE JIIOOOW IMOBEPXHOCTH, HAXOJSIIEHCs B ONMMKHEH 0ONacTH, TO €CTh Ha MaJioM PacCTOSHHUU
OT OCHOBHOTI'O M3JTyYatesis 10 CPAaBHEHUIO C JUIMHOM BOJHBI (I < ) [24].

3ameruM, uto uHTepdepeHuuss DM-Toseil OCHOBHOIO W3Nydaresst U pedreKkropa MpOUCXOIUT
B JlajibHEH o0nacTH (r >>A), a B MPOCTPAHCTBE — B Mpeeax quarpaMmbl HanpasieHHocTd ([{H) anrenHoi
cucteMbl. B To Bpemss B pexume mpueMa uHTepdepeHus OM-BOJH, OTpaXEHHBIX OT peduiekTopa
Y HaBEJICHHOTO T10JIs1, HA OCHOBHOM H3JTy4aresie MPOUCXONT Ha BXOJIe TIpreMHuKa [25, 26].

B BBICOKOYACTOTHBIX JAMANa3OHaX, IJ€ MOXHO BBIIOJHUTH YCIOBHE I > A, NPABOMEPHO
TOBOPHUTH 00 OTpakeHMH DM-BOJIH OT pedieKTopa B COOTBETCTBUM C 3aKOHOM CHesunyca 1 JIy4eBou
TpakToBKO DM-BoiH [27].

Takum 00pa3oM, akTyaabHBIM BUANUTCS pa3pabOTKa MpaKTUYECKUX PEKOMEHJALUH 10 BbIOOpY
¢dopMbl  pedieKTopa, YIOBIETBOPSIOIIET0 TpeOOBaHMAM BOEHHOW CHUCTEMBI CBS3U IIpH paboTe
B Pa3IMYHbIX YACTOTHBIX JTUANa30Hax.

Metoa ncciie1oBaHus:
YciaoBusi ONTUMAIBHOTO PACIIOJIOKEHUS pe(pieKTOPa OTHOCUTEILHO BUOpaTopa

B mHacTosmiee BpeMs s JAMANa3oHOB  JIEKAMETPOBBIX, METPOBBIX M YaCTHYHO
JEIMMETPOBBIX BOJH PEe(IECKTOPHI BBITIOJHSIIOT B BUJE JMHEHHBIX BHOPATOPOB WA TIJIOCKUX
noBepxHocTel [28]. Takue pedrekTopbl MOTYT YBEIHMYUTh HAMIPSDKEHHOCTh DM-TI0JIs1 BO30Y IUTENS
1o nByXx pa3, a KHJ[ yny4ymuts He Oosee 4yem B ueThipe pas3a. JlaHHoe 3akitoueHne MOATBEPKIAET
TEOpHsl CBA3aHHBIX BUOPATOPOB U TaK HA3bIBAEMBIH METO]] 3€pPKAIbHBIX U300paxeHuit [29].

C 1enpl0 TMPOBEPKH TAKOTO YTBEPXKACHUS BOCIOJIB3YEMCS KOMITBIOTEPHBIMH METOJIaMHU
MoJienupoBaHus [29], B UHTepecax ONTUMH3AIUH (POPMBI M pacroNokeHus pediextopa. Pe3ynbrars
pacuera mpuBeneHbl Ha puc. 1, 2. B wactHoctu, Ha puc. 1 mpencrasiena JIH mnomyBoiHOBOTO
BUOpaTopa B BEPTHKAIBHON IUIOCKOCTH 0e3 pediiekTopa, a Ha pUC. 2 — MpPU HAIWYUU JIMHEHMHOTO
pedurekTopa, pacronoKeHHOro B Harpasierny 180 .

Puc. 1. IH B njiockocTn Puc. 2. IH B niiockocTn
IOJIYBOJIHOBOT0 BUOpaTopa 0e3 pedJiekTopa MOJIYBOJIHOBOI0 BUOpaTopa
¢ JJMHEHHBIM peduieKTopoM

PesynbraTel MOJeTMpOBaHUS, IPEICTABICHHBIE HA pHC. |, 2, TPOBOIMIINCH TIPU CIETYIOLIHX
UCXOIHBIX JaHHBIX: yacToTa 10 MI11.

Cnenyer oTmMeTuTh, uTO e€ciu y oObiuHOro BubGparopa KHJI cocraBuio 1,64, To mnpu
HIMYUKU pediiekTopa ero 3HaueHHe JOCTUIJIO BeIMYUHBI, paBHOW 4. To ecTh HampaBieHHBIE
CBOICTBa yIy4IIWIKCh OoJiee ueM B 2,4 pasa.
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3aMeTUM, YTO HANpPaBJIEHHOCTh AHTEHHOM CHCTEMBI, COCTOSILEH M3 JIByX CBS3aHHBIX
BUOpaTOpoB, OyJeT 3aBUCETh OT MeCTa YCTaHOBKM pediekTopa M ero pasmepoB. [Ipu sTom
3apucumocts KH/I u BxomHOTO compoTtuBieHus win koddduuuenra crosuerr Bousl (KCB) nmeror
MIPOTHBOMOJIOXKHBIA XapakTep H3MEHeHHsA. To eCTh IpH YMEHBIIEHHH PACCTOSIHUSA MEXIY
BuOparopamu noseimaercss KH/I, HO mpu 3TOM yMeHbIIAETCsI CONPOTUBICHUE U3IIYUEHUS], U PACTET
BennunHa KCB.

[IpoBeneHHbI aHaNU3 MOKa3aJl, YTO ONTHMAIbHOE yJaleHue pedekropa TOKHO ObITh
B npezaenax (0,2...0,25) A, a ero pasmepbl MOXXKHO YBEIMYUTh He Oosiee yeM Ha 5 % oOT pazmepa
aKTHBHOI'0 BUOpaTopa, K KOTOPOMY HOAKIIIOUYEH Quep.

Pe3yHbTaTbI HCCJICI0BaAHUA

VYuyurtbiBas, 4TO B JMAala30oHEe KOPOTKUX BOJIH MPHU PAaTUOCBI3U MOHOC(HEPHBIMU BOJIHAMU
INPUMEHSIOT IUIOCKHE amnepuofuyYecKue pediaeKTOpbl B BHJE TOPU3OHTAIBHBIX IMPOBOOB
napajuiesIbHbIX BUOpaTopaM, TO MMEHHO UX PACCMOTPHUM B XO/JI€ AAJIbHEHIIIEro NCCIeI0BaHUS.

Tak, npu B3auMOAEHCTBUN BHOPATOPOB M IIOCKOTO pedIeKTOpa yalle BCEro MCIOJIb3YIOT
METOJ] 3€pKAIbHBIX U300pakeHnid [29]. BubOpatopsl u I1UIOCKHI peQIeKTOp pacroiaraioT
B OmmkHel 30He, modTOoMy cymiecTBeHHoe yBenuueHuss KHJ[ B aTom cityyae paxke TeOpeTH4ecKu
HEBO3MOXXHO. [lo3TOMy npumMeHeHHe MIIOCKUX BUOPATOpPOB CIIEyeT paccCMaTpUBATh TOJIBKO Kak
palOHAaIbHOE PELLICHUE.

Ha puc. 3 mpexacraBineHa aHTeHHass CCTEMa Ha OCHOBE IUIOCKOro BuOparopa, a Ha puc. 4
n3zobpaxkeHa ero J[H B a3uMyTanbHOM MIIOCKOCTH.

=7 Uaciora 10MIu
Lo T KHL = 4 ing 606

YactoTta 10MIy

Puc. 3. Moaejb aHTeHHOI CHCTEeMbI, COCTOSIIII el Puc. 4. IH aHTeHHOH CHCTEMBbI, COCTOSIIIEH
U3 BUOpaTopa ¢ mI10CKUM pediieKkTopom u3 BUOpaTOpa ¢ MJI0CKUM pedieKTOpoM

JluarpaMma HampaBJIGHHOCTH, H300pakeHHas Ha puc. 4, MoilydyeHa TpU YCJIOBHH
pacroyioskeHus: BUOpaTopa rnepesi INOCKUM pedIeKTopoM Ha yaaineHuu 7,5 M.

AHanmmu3 pe3ysbTaToB, IPEICTABICHHBIX Ha PUC. 2, 4, TIOKA3bIBAET, UTO MEPEXO OT JHUHEHHOTO
pedriekTopa K TIockoMy pedIieKTopy, GakTHIecKd He JaeT HU Kakoro Bemrphima. U 3aadenne KHJI
ocraercs B mpenenax 6 ab. CrpaBeanMBOCTH paiy CIEAyeT OTMETUTh, YTO NMPUMEHEHHE IJIOCKOTO
peduiekTopa TO3BOJSIET HECKOJIBKO CHU3WTH YpOBeHb 3aaHero Jsenectka JIH, B mpenemax 3 nb
10 OTHOIICHUIO K aHTEHHON CUCTEME C IMHEUHBIM PEPIICKTOPOM.

3aMeTuM, 4YTO TMEepexo] OT peduiekTopa IUIOCKOTO THIMA K YTOJKOBOMY peduieKTopy
MPUBOJIUT JIMIIb K He3HauuTenbHoMy moBbimieHHI0O KHJ| u cHmkeHuio ypoBHS 0OpaTHOTO
n3nydeHus. [Ipu 5TOM 3HAUMTENBHO YXYAIIAeTCS COTTIAaCOBAaHKUE C (PUIECPOM.

Takum o0pa3zom, Hpu pacmoJOKEHUH JI0O0ro peduiekTopa B OmmkHEH 30HEe DM-mons
mnyvatens ero KHJ[ moxno yBenmuuuth B 3...4 paza. [Jus nmanpHeimero ysenudeHust KHJL
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OCHOBHOW M3ITydaTesih HEOOXOIMMO pacrojarate B BOJHOBOW oOnactu DM-tonis pediiekropa wim
MIPUMEHSITh CUH(a3HbIE aHTEHHBIE PEIIETKH C MIIOCKUM PEPICKTOPOM.

B xavecTBe mpmMepa Ha pHC. 5 TpeICcTaBlieHa AaHTEHHAs CHUCTEMa, COCTOSINAs W3 ABYX
MOJTyBOJIHOBBIX BHOpATOpOB | Iiockoro peduiektopa. Ha puc. 6 uzoOpakeHna dhopmupyemas 3Toit
anTeHHou cucrtemoit JIH B miiockoctu Bexktopa H.

""YacroTta 10 MIy
~<3 . KHA.= 6,6 nb

Puc. 5. Moaeab aHTEHHOH CHCTEMBI, Puc. 6. IH aHTeHHO# cucTeMBI, COCTOSIIIE
cocTosiulei U3 AByX BUOPATOPOB € MJIOCKUM U3 IBYX BUOPATOPOB € IUIOCKUM pediexkTopom
pediekTopom

CornacHO NOTy4eHHBIM pe3ysibTaTaM, UCIIOIb30BaHUE JOMOIHUTENILHOIO BUOpAaTOpa MPUBOIUT
K He3HauutenbHoMy mnosbiienuto KH/[ (wa 0,6 n1b). Ho mpu 3TOM mpoMCXOOUT CYIIECTBEHHOE
CHIDKEHHE M3JIy4eHHs O 3a7HeMy JernecTky (mopsinka 11 nb), uyTo BemeT K yiydlleHUIO YCIOBHM
3JIEKTPOMArHUTHOU COBMECTUMOCTH.

3akjiaouyeHue

[losydyeHHbIE pe3ysbTaThl MO3BOJSAIOT CAENATh cleayrolee 3akiatodeHue. lloBblmeHue
3¢ dexTuBHOCTH (QYHKUMOHUPOBAHUS JIMHUNA JI€KaMETPOBOM pPaJMOCBS3M BO3MOXKHO 3a CYET
npUMeHeHHs pe(dIEKTOPOB B aHTEHHBIX cucTeMax. Ho, y4HTbhIBas CIOXXHOCTb M TI'POMO3JKOCTH
aHTEHH B KOPOTKOBOJIHOBOM JIMAaIla30HE YacTOT, MPAKTUUECKUIA HHTEPEC MOTYT MPEACTABIATH JIUIIb
JTUHEHHBIE pe(IIeKTOPbI, PACIIONOKEHHBIE B TPOTHUBOIIOIOKHOM HAMpaBIEHUN OT KOPPECTIOHICHTA.

Takoe TexHU4eCKOe pPEelIeHNE MMO3BOJIMT ITOBBICUTH HAIIPABIEHHBIE CBOMCTBA B 2,4 pa3a, Ipu
3Hauenun KHJ/I mopsinka 6 nb. B manpHeimeM aBTOpbI INIAHUPYIOT UCCIEN0BaTh BO3MOYKHOCTHU
noBbIIEHUS 3(()EKTUBHOCTH IMpHEMa Ha OCHOBE peajln3aldd METOJI0B YacTOTHO-BPEMEHHOM
obpabotku curHaios [30-32].
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Hayunas crates
YJIK 614.84

OIIMCATEJIBHASA CTATUCTHUKA OLHEHOK JEATEJIBHOCTH
TEPPUTOPHUAJIBHBIX OPI'TAHOB M4YC POCCHHU 11O BOITPOCAM
OCYHECTBJIEHUA ®EAEPAJIBHOI'O 'OCYIJAPCTBEHHOI'O
HOXKXAPHOTI'O HA/I30PA

HUckamnn Bukrop Hocudosuy;

CopoxuH Biaagumup AjlekcaHapoOBUY;

™Ty3 Haraabs Biaaagumuposua.

Bceepoccuiickuii opaena «3nak [lodera» Hay4HO-HCCIE0BATEIbCKHUA HHCTHTYT
npoTuBonoxkapHoii 06opoust MUC Poccun, r. basammuxa, MockoBckasi 00.1., Poccus
Entuz@yandex.ru

Aunomayus. llpencTaBiaeHbl ONUCATENIBHBIE CTaTUCTUKU PpE3yJbTaTOB pacueTa OLEHOK
JeATebHOCTH TeppUTOpHaibHbIX opranoB MUC Poccuu mo Borpocam ocyIecTBiIeHus (eepaabHOro
rOCyJIJapCTBEHHOI'O  IIOKapHOTO  HAJI30pa,  OCYLIECTBJICHWS  JIO3HAHMS,  JIMLIEH3UPOBAHUS
U TIPEeJOCTABICHUSI TOCYJApCTBEHHBIX YCIYyr B O0JlacTH MoOKapHOW Oe3omacHocTU. Pacuersl
BBHIMIOJIHEHBI B COOTBETCTBUM C METOJUKOW, pa3padOTaHHOW B paMkax pedOopMHPOBAHUS
3aKOHO/IATEeNbCTBA B JaHHOW oOnacTH. VICTOUHMKAMM HCXOIHBIX JAHHBIX Ui pacdeTa SIBISIOTCA
BEJOMCTBEHHbIE (POPMBI CTAaTUCTUUECKONW OTYETHOCTH, a Takke MH(POPMALMOHHBIE CHCTEMBI,
ucnonezyemble  MUC  Poccum. [lokazarenmu  chopmMupoBaHbl 1O  TMPHHIUIY  OTPAKEHHS
pe3ybTaTUBHOCTH, KauyecTBa U 3((EeKTUBHOCTH pabOThl TEPPUTOPHAIBHBIX OpraHoB. OHH
pacripeiesieHbl Ha HEIEPEeceKarolUecss IPYIIbl, BBINOIHIETCS OTPAXXEHUE UX 3HAYEHUH Ha IKalTy
JKEJaTeIbHOCTH U arpernpoBaHUE C yYETOM BECOB. PacyeT OIIEHOK OCYIIECTBIISIETCS Ha YPOBHE KaX10M
TPYNIbI, COBOKYMHOCTh IIOJYYEHHBIX OLIEHOK (DOPMHUpPYET MTOTOBYIO OLIEHKY. Pacuer oreHok
OCYUIECTBIISIETCA B KaXKJI0M TepputopraiisioMm oprane MUC Poccun. Ha ocHOBE HTOTOBOM OLIEHKHU IS
Kaxxaoro TeppuropuaiibHoro oprana MUC Poccuu paccunThiBaeTCsl UX PEUTUHT U MeCTO. BBIsSBICHBI
KoyieOaHus 3HaYeHUI UTOTOBOM OLIEHKH 110 TPYTIIaM CIIETYIOIMM 00pa3oM: JMO0 BO BTOPOM KBapTaje
B CTOpOHY CHW)KEHUS, a 3aTeM — yBEIUuYeHHs, JIMOO CHM)KeHHE 0e3 yBelW4eHUs, 00 U3MEHEHUE
OLIEHOK OTCYTCTBYET. OTH KojeOaHHs OKa3blBAalOT BJMSHUE Ha W3MEHEHHE pelTHHTa U MecTa
TepputopranbHeix opranoB MUC Poccuu. Jlnst HarmsimHOro 0ToOpa)KeHns: U3MEHEHUH UCTIONB3YIOTCS
TUCTOTPAMMBI, JUArpaMMbl € ycaMd M JUarpaMMa paccesHus. MeToauka NpuMeHsieTcs s
ONEpPaTHUBHOIO pearupoBaHUsl Ha M3MEHeHHe (opM U MeTOAOB pPabOThl, CBOEBPEMEHHOMN
WX KOPPEKTUPOBKH B IIEJISIX MOBBIIICHUS KAYECTBA MPUHUMAEMBIX OPTaHU3AIMOHHO-YTIPaBICHYECKUX
pelIeHuii B 001aCTH MoXKapHOU 0€30MacHOCTH.

Kniouesvie cnosa: TpynmnoBble W UTOTOBBIE OLEHKU NESTENbHOCTH, (PyHKIMA XappHUHITOHA,
arperupoBaHHe MMoKa3aTese, peHTHHT, BBIOPOCHI

Jna wmmrupoBanmsi: UVckanmua B.M., Copoxun B.A., Ty3 H.B. OmnucatenpHas cTaTUCTHKa OIEHOK
JesITeNbHOCTH TeppuTopuanbieix opranoB MUYC Poccun mo Bompocam ocymiecTBieHus (eaepanbHOro
roCyIapCTBEHHOTO NokapHoro Hajazopa // Hayd.-anamur. xypH. «Bectauk C.-Iletep6. yu-ta I'TIC MUC
Poccum». 2023. Ne 1. C. 85-97.
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Scientific article

DESCRIPTIVE STATISTICS OF ASSESSMENTS OF THE ACTIVITIES
OF THE TERRITORIAL BODIES OF EMERCOM OF RUSSIA ON THE
IMPLEMENTATION OF FEDERAL STATE FIRE SUPERVISION

Iskalin Viktor I.;

Sorokin Vladimir A.;

™Tuz Natalia V.

All-Russian order «Badge of Honor» research institute of fire defense of EMERCOM
of Russia, Balashikha, Moscow region, Russia

Entuz@yandex.ru

Abstract. The article presents descriptive statistics of the results of calculating estimates
of the activities of the territorial bodies of EMERCOM of Russia on the implementation of federal state
fire supervision, inquiry, licensing and provision of public services in the field of fire safety.
The calculations were carried out in accordance with the methodology developed as part of the reform
of legislation in this area. The sources of the initial data for the calculation are departmental forms
of statistical reporting, as well as information systems used by EMERCOM of Russia. The indicators
are formed according to the principle of reflecting the effectiveness, quality and efficiency of the work
of territorial bodies. They are divided into disjoint groups, their values are reflected on the desirability
scale and aggregated taking into account weights. The estimates are calculated at the level of each
group, the totality of the obtained estimates forms the final assessment. Estimates are calculated in each
territorial body of EMERCOM of Russia. Based on the final assessment for each territorial body
of EMERCOM of Russia, their rating and place are calculated. Fluctuations in the values of the final
assessment by groups were revealed as follows: either in the second quarter downward, and then —
an increase, or a decrease without an increase, or there is no change in estimates. These fluctuations
have an impact on the change in the rating and location of the territorial bodies of EMERCOM
of Russia. Histograms, diagrams with whiskers and a scattering diagram are used to visually display
the changes. The methodology is used for rapid response to changes in forms and methods of work,
their timely adjustment in order to improve the quality of organizational and managerial decisions
in the field of fire safety.

Keywords: group and final performance evaluations, Harrington function, aggregation
of indicators, rating, emissions

For citation: Iskalin V.I., Sorokin V.A., Tuz N.V. Descriptive statistics of assessments of the activities
of territorial bodies of EMERCOM of Russia on the implementation of federal state fire supervision //
Scientific and analytical journal «Vestnik Saint-Petersburg university of State fire service of EMERCOM
of Russia». 2023. Ne 1. P. 85-97.

BBenenue

B pamMkax coBpeMEHHOTo pe@OpMHUpPOBAaHUS KOHTPOJIbHO-HAJA30PHON NEATENBHOCTH ObUIM
BHECEHBl U3MEHEHUS B HOPMAaTHBHBIE IPABOBBIE JOKYMEHTHI, PETJIAMEHTHPYIOIINAE OPraHHU3ALNI0
U OCYILIECTBICHHE TOCYJapCTBEHHOIO I0KapHOIO0 KOHTPOJSA. OTO BBI3BAJIO HEOOXOJUMOCTh
B COBEPUICHCTBOBAHHWH IOAXOJOB K OCYLIECTBJICHUIO OLICHKH NEATEIbHOCTH TEPPUTOPHAIBHBIX
opranoB MYC Poccum mo BompocaM OpraHu3aliid W OCYIIECTBIICHUS HAI30PHON ACATEIHHOCTH
U IpOopHUIAKTUUECKON paboThl, 103HAHUS, JTULEH3UPOBAHHS U MPEJOCTABIECHUS TOCYIapCTBEHHBIX
yclIyr B o0jacTH mMo)kapHOW Oe3zomacHOCTH. BceiiencTBue naHHBIX MeponpuaTuil paspaboTaHa
u ytBepxaeHa npukazom MYUYC Poccun ot 9 mapta 2022 r. Ne 168 «O06 yrBepxaeHun Metonuku
OIICHKU JIESITENIbHOCTU TeppuTopuanbHbix opraHoB MUYC Poccun mo Bompocam OCYIECTBICHUS
(denepaqpHOrO  rOCYJAapCTBEHHOIO  MOXApHOTO  Haj30pa,  OCYLIECTBICHHUS  JO3HAHUA,
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JULEH3UPOBAHUS W  NPEJOCTABIECHUS TOCYJAapCTBEHHBIX YCIyr B 00JacTH MOKapHOU
6e3onacHocTn» [1] MeTtoauka, mo3BossoNasl OUEHUTh JESTeIbHOCTh TEPPUTOPHATIBHBIX OPraHOB
MUC Poccun ¢ HCHONB30BaHHEM HAyYHO-OOOCHOBAHHBIX CHCTEM IIOKa3aTelned W KPHUTEPHEB
OLIEHKH, c(hOPMUPOBAHHBIX C YUETOM aKTyaJbHOH HOPMAaTUBHO-IIPABOBOM 0a3bl.

B coorBercTBUM C NaHHBIM MpHKa3oM [1] Mpou3BOIMTCS pacyeT OLEHOK JEeSTEIbHOCTH
TeppuTopuanbielx opranoB  MYC Poccunm 1o Bompocam OCyIIECTBIEHHs —(eaeparbHOro
rOCYy/JapCTBEHHOTO  IMOXApHOTO  HA/A30pa, OCYIIECTBIEHUS  JO3HAHMS,  JIMLIEH3UPOBAHUSA
U TpPEeJOCTaBICHUS TOCYIAapCTBEHHBIX YCIyr B 00JacTH MoXKapHOW Oe30macHOCTH (OLIEHKa
NeSITeNIbHOCTH TeppuTopuanbHbix opranoB MUC Poccun).

dopmupoBaHuE IOKa3aTeled, MCIOIb3YyeMbIX B MeETOauKe, OCHOBAaHO Ha aHaIu3e
CTaTHUCTUYECKUX JIaHHBIX MO0 pacCMaTpUBAEMbIM HalpaBICHUSM, IEATEIbHOCTH TEPPUTOPHATIBHBIX
opranoB  MUC Poccun, npu 3TOM yUWUTBHIBAETCS NPHUHLHUII TNPUMEHEHMsS] IOKa3aTelew,
OpPUEHTHUPOBAHHBIX Ha PE3yJbTaT, KAYECTBO U 3PPEKTUBHOCTH PaOOTHI.

Ilepeuenp nokazarenel, UCHOIL3yEMBIX B MeETOAMKE, COCTOUT M3 25 OTHOCUTENIBHBIX
IoKazareseu, pacrnpeaeneHHbIX Mo NATH rpymnmnam [1]:

— JIeATeNILHOCTh 110 YIy4IIeHHI0 00cTaHOBKHU ¢ noxxapami («1 TToxxapsi»);

— OpTraHu3alys U OCYUIECTBICHUE HA30PHON AESITEIbHOCTU U MPOPUIAKTHUECKON pabOoThI
(«2 Hamzop»);

— OpraHu3alys U OCYLIECTBIIEHUE JI03HAHUS 110 JesiaM o noxapax («3 Hamzop»);

— OpraHu3alys U OCYLIECTBIICHUE JIMLEH3UPOBAHUS U IIPEIOCTABICHUS I'OCYNapCTBEHHBIX
yeyr («4 JluneH3upoBaHue»);

— KOppyHNUHOHHbIE MposiBieHus («5 Koppymus»).

WcTounukaMu JaHHBIX, HEOOXOIUMBIX JIJISl ONIpEIEIeHUs] HAy4YHO 00OCHOBAHHBIX KPUTEPUEB
OLICHKM U pacueTra 3Hau€HUM I10Ka3aTeseil, IBISAI0TCS CBEIEHUS, CONEPIKALUECS B BEJOMCTBEHHBIX
(opMax CTaTUCTHUECKOH OTYETHOCTH, (OPMUPYEMBIX OpPraHaMU T'OCYJIapCTBEHHOI'O MOXapHOTO
Hajz3opa (I'TIH), a Taxke B MHPOPMALIMOHHBIX CUCTEMAX, SKCIuTyaTupyeMbix opranamu I'TIH MUC
Poccun.

B nanHON mnyOnukanuM NpPUBOJIUTCS ONHUCATENbHAs CTATUCTHKA pE3yJlbTaTOB pacyeTa
3a mepuoy 1-3 kBapransl 2022 1.

Teopernyeckne 0OCHOBBI H METO/IbI pacyeTa

OcHoBy wMetoamku [1] cocraBisier Hay4HO OOOCHOBaHHas CHCTEMa IIOKa3aTenei
1 KPUTEPHUEB OIICHKH [2], MTOCTpOEHHAss B COOTBETCTBUU C TpeOOBaHMsIMHU pabOTHI [3]: moka3aTenn
3aBUCST OT JEATEIBHOCTH TeppUTOopHainbHbIX opraHoB MUC Poccum; cOBOKYNHOCTh MOKa3aTesen
COCTaBIISIET CHCTEMY; BBINOJHEHHE (YHKIUN HCIOTHUTEISIMU HE TOJIbKO YIy4IlaeT OTYETHOCTb,
HO M HE YXyJIIaeT pealbHOE TIOJOXKEHUE [eN; ONIpEe/elIeHne TIoKa3aTeleld o0ecreunBaeT
OJIHO3HAYHOCTh MHTEPIpPETAlMU KaK CIEHUATNCTaMU, TaK U KOHEYHBIMHU MOTPEOUTENSIMU YCIYT;
OTYETHBIE JAHHbIE KaK OCHOBA NOKa3aTeJIel MOCTYNAal0T CO CTPOroM NEPUOIUYHOCTHIO.

CxeMa B3aMMOCBS3M OLICHOK M MOKa3aTeed IpeIcTaBlIeHa Ha puc. 1.

[Tokazarenu pacnpeeseHbl Ha HENepeCceKaroIuecs rpymibl.

OneHka HaUMHAETCS HA YPOBHE TPYNI U 3aBeplIaeTcsl Ha ypoBHE «lToroBas oneHkay.
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Puc. 1. CxeMa B3anMOCBSI3H NOKAa3aTeIed H OLIEHOK

MareMaTuueckuil MOJX0/1 MO PACUETy OLIEHKU ACSATEIbHOCTH TEPPUTOPUATIBLHBIX OPraHoB
MUC Poccun, ucnonb3yemblid B pamMkax MeTOauKH, OCHOBaH Ha (DYHKIMH XappUHITOHA (IIKaje
xenarenbHOCTH) [4]. OCHOBHBIM pacueTHBIM 3JEMEHTOM (GYHKIUH XappUHITOHA SIBISIETCA
peoOpa3oBaHNe 3HAUEHUN PAa3HOPOJHBIX W Pa3HOHAINPABJICHHBIX MOKa3aTesiell OLIEHKU B €AUHYIO
mkaity ot 0 o 1.

Ha ypoBHe rpynm BBINOJHSETCS OTpa)K€HHE IIOKa3aTesled Ha LIKaldy >KeJaTelIbHOCTH
Y arperupoBaHUE C YUYETOM BECOB MoOKazaresnei mo ¢popmyse [1]:

n; ng

Di = Zai’j * di,j ,Z ai,j = 1,

rae D; rpynnoBas ouerka, { = 1,2,..,5; d; ; — 3Ha4eHHeE -TO TOKa3aress B [ -i TPyIIE 110 IKane
Xappunrrona, j = 1,2,...,n;; n; — 4MCIIO MOKasaTene B i-i rpymre; a; j — OTHOCUTENbHBIE Beca
IIOKAa3aTeNIeH.

Ha ocHOBaHMM HMTOrOBOM OLIEHKHM, MOJYYEHHOW IJIsl KaXIOro W3 85 TeppUTOpHATbHBIX
opranoB MYC Poccuu, paccUuThIBAlOTCS HX PEUTHHTU U PACIPEAEIAIOTCS MecTa B CIHCKE
TEPPUTOPUAIIBHBIX OPTaHOB.

W peilTuHru, U MecTa pacCUMTHIBAIOTCS HAa OCHOBE MTOTOBBIX OILEHOK. OCOOEHHOCTHIO
pENTHHra SIBISETCS OJUWHAKOBAas HAIPABIECHHOCTb C OLCHKAMHU IO IIKAJE JKEIATEIIBHOCTH: «4EM
Oosblie, TeM Jdy4iney. B cirydae mect, HA000pOT: «4eM MEHBIIIE, TEM JIyUIIey.

Pacuer olleHOK Ha BCeX YpOBHSX CXEMBbl B3aUMOCBS3U (pHC. 1) MOXKET OBITh OCYIECTBIIEH
Kak B KaxoM TeppuropuansHoMm oprane MUC Poccun, Tak u B eniom no Poccuiickoit @enepanuu.

Pacnipenenenue mect B 001meM peidTunre TeppuTopralibHbIX opranoB MUC Poccun B mienom
no Poccuiickoii ®enepanuu BO3MOXXHO TOJIBKO IIPM CPaBHEHHWHM MWTOTOBBIX OIIEHOK BCEX
TEPPUTOPUAIBHBIX OPTaHOB MEXy COOOM.

Pe3ynbTarhl pacuera OLIEHKH JIEATEIBHOCTH MPEAOCTABISIIOTCS TEPPUTOPUATIBLHBIM OpraHaM
MYC Poccun 1o 3aBeplIeHHMM OLEHUBAEMOTrO MEPHOJIA, IS NOBBIIICHHUS KaueCcTBa MIPUHUMAEMBIX
OpPraHM3allMOHHO-YIIPABJICHYECKUX pEIIeHUH TeppuTopuaibHbiMu opranaMu MYC Poccun
B PaMKax IIPEIOCTABJICHHBIX TOJHOMOYHH.

[Ipennonaraercs, 4YTO TOCIAE TMOJYYEHUS pPE3yJIbTaTOB OLIEHKH, YIOJIHOMOYEHHBIE
JOJDKHOCTHBIE JIMLa TeppuTopuanbHbelx opraHoB MUYC Poccum MoryT oOpaTuTh BHUMaHHE
Ha IO0Ka3aTely, M0 KOTOPBIM IOJy4Y€Hbl HU3KHE 3HAYEHMsI, C LEIbI0 YIYyYIIEHUS HMX 3HAUYECHUU
B CJIEYIOIIEM OTYETHOM MEPHOJE.
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Pe3yabTaThl HccJIeA0BAHUA M UX 00CYK/IeHHE

B Tabm. 1-3 MpEaACTaBJIICHLI OIMUCATCIIBHBIC CTATHUCTUKU MTOI'OBBIX W T'PYIIIOBBIX OILCHOK,
a TaKXKC peﬁTHHFOB, paCCUUTAHHBIX 11O UTOT'OBBIM OLICHKAM [5]

Tab6muia 1

OnucarenbHbIE CTATHCTHKHU OLIEHOK W PeliTHHIOB B 1 kBapTaje 2022 r.

Ctatuctuka |UTtor |PeunTtuHr |1 Moxkapsbl (2 Hagzop (3 o3HaHue |4 JlnueH3smnpoBaHue |5 Koppynuua
count 85 85 85 85 85 85 85
mean 0,5695 43,00 0,1421 0,1193 0,1151 0,0738 0,1192
std 0,0386 24,68 0,0231 0,0170 0,0153 0,0093 0,0000
min 0,4812 1,00 0,0777 0,0779 0,0595 0,0528 0,1192
25% 0,5456 22,00 0,1285 0,1110 0,1046 0,0673 0,1192
50% 0,5721 43,00 0,1418 0,1231 0,1171 0,0763 0,1192
75% 0,5946 64,00 0,1615 0,1277 0,1265 0,0801 0,1192
max 0,6778 85,00 0,1838 0,1570 0,1424 0,0902 0,1192
Tabnuua 2

OnucarenbHble CTATHCTHKHU OLIEHOK M PeliTHHIOB BO 2 kBapTaje 2022 r.

Cratuctuka |Utor |PeutuHr |1 Moxkapbl (2 Hapzop |3 Ao3HaHue |4 JlnueH3npoBaHue |5 Koppynuuvsa
count 85 85 85 85 85 85 85
mean 0,5422 43,00 0,1285 0,1168 0,1096 0,0708 0,1164
std 0,0399 24,68 0,0245 0,0161 0,0156 0,0101 0,0182
min 0,3668 1,00 0,0629 0,0732 0,0591 0,0154 0,0000
25% 0,5273 22,00 0,1189 0,1036 0,1018 0,0647 0,1192
50% 0,5466 43,00 0,1267 0,1193 0,1115 0,0725 0,1192
75% 0,5714 64,00 0,1459 0,1299 0,1209 0,0778 0,1192
max 0,6176 85,00 0,1762 0,1477 0,1388 0,0883 0,1192
Tabnmma 3

OnucarenbHbIe CTATHCTHKH OLIEHOK M PeTHHIOB B 3 kBapTaje 2022 r.

Ctatuctuka |UTtor |PenTtuHr |1 Moxkapsbl (2 Hagzop (3 o3HaHue |4 JlnueH3mnpoBaHue |5 Koppynuua

count 85 85 85 85 85 85 85
mean 0,5593 43,00 0,1231 0,1265 0,1200 0,0706 0,1192
std 0,0337 24,68 0,0235 0,0163 0,0126 0,0075 0,0000
min 0,4635 1,00 0,0373 0,0807 0,0914 0,0536 0,1192
25% 0,5406 22,00 0,1114 0,1159 0,1120 0,0648 0,1192
50% 0,5605 43,00 0,1250 0,1299 0,1191 0,0719 0,1192
75% 0,5813 64,00 0,1405 0,1362 0,1290 0,0765 0,1192
max 0,6313 85,00 0,1616 0,1560 0,1506 0,0867 0,1192

IMpumeuanue: count — oobeM BHIOOPKH; Mean — cpeanee 3HaueHue; Std — cTraHmapTHOE OTKIOHEHME; MiNn —
MUHHMaJIbHOE 3HaueHue;, 25 % — 25-ii mpouentwib;, 50 % — 50-i mponeHTHIL (MeauaHa);
75 % — 75-# mpoleHTHIh; MaX — MaKCUMaJILHOE 3HAYCHUC

W3 cpaBHEHNs cpeHUX 3HAUYEHUH OLIEHOK CIIEAYET, YTO cpeaHsis utorosas oueHka (0,5695;
0,5422; 0,5593) HeckoabKO MOHU3WIACH BO BTOPOM KBapTaje U Jajiee CHOBA CJIErKa MOBBICHIIACH.
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[Toxokue koneOaHus HAOIOMAIOTCS U B Clydae TPYIMIIOBBIX OICHOK. MearaHa UTOTOBBIX OIICHOK
MIPAKTUYECKH HE OTIUYaeTcs oT cpeanux 3Hauenuii (0,5721; 0,5466; 0,5605).

Ha puc. 24 mupencraBieHbl THCTOrpaMMbl [6—8] pacmpelnencHHsT HTOTOBBIX OIICHOK
C HAJIOKEHHOW KPUBOH TUIOTHOCTU pacmpeneneHus. V3 cpaBHEHUsS PUCYHKOB CIIEAYET, YTO MOIbI
pacnpeeneHnil (3HaYeHHS ¢ HauOOJIBIIIEH 9acTOTOMN ) TaKKe TOIBEPKCHBI KOJICOaHHSIM.

2022 1 kBapTan

Yactora

50

2.5

0.0
0.475 0.500 0.525 0.550 0.575 0.600 0.625 0.650 0.675
Ouerka UTor

Puc. 2. Pacnipenesienue UTOroBbIX oeHOK B 1 kBapTase 2022 r.
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Puc. 3. Pacnpenenenue HTOroBbIX OlIeHOK BO 2 KBapTaJe 2022 r.

2022 3 kBapTan
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Puc. 4. Pacnpenesnenue NTOroBbIX oieHOK B 3 kBapTase 2022 r.
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Takum 00pazoMm, OXHIAEMOTO MOHOTOHHOTO BO3pDACTaHUSI OIIGHOK, KakK CIIEJCTBUE
ylydnieHus: paboTsl TeppuTropuanbHeix opranoB MUYC Poccum, He Habmogaercsi, 4Tto, B CBOIO
ouepelib, MOXKET ObITh CBSI3aHO C OCOOEHHOCTSMHU MOJATOTOBKU MCXOJHBIX JTaHHBIX. OCOOEHHOCTHIO
ABIISICTCSL OTOOP CBEAEHUH, XapaKTepU3YIOLIUX NESATeIbHOCTh TEPPUTOpUANBbHBIX opranoB MYC
Poccunn, ocHoBanHBINM Ha npuHnune «Hapacratomero nroray.

Ha puc. 5 npeacrasnena onucaTesbHas CTaTUCTHKA UTOIOBBIX OLEHOK B BUJE JUarpaMMBbI
pasmaxa (box plot) [7, 9].

Box plot («amarpamma ¢ ycammu») — 3TO MOJie3HAs BU3yalu3als JaHHBIX, KOTOpas
WUTIOCTPUPYET MSITh Pa3IMUHbIX CBOJHBIX CTATUCTUK:

— MMHHMMAJIBHOE 3HAYEHHUE;

— TMepBbIi KBapTHIb (25-1 MPOLIEHTUIIB);

— MEJIMaHa;

— TpeTuil KBapTuib (75-i NPOLEHTHIIb);

— MaKCUMAaJIbHOE 3HA4YCHHUE.

Kpowme Toro, nuarpamMmma otobpaxaet BIOPOCHI, KOTOPbHIE CYLIECTBYIOT B JaHHBIX. BHIOpOCH
OOBIYHO ~KJIACCU(PHULHMPYIOTCS KaK 3HAYEHHUsS, NPEBBIIIAIOIINE MEXKKBApPTUIbHBIM HHTEpBal
B 1,5 paza (HaGmrogaroTcs 3a mpeiesiaMu «yCoBy).
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Puc. 5. IllokBapTajibHOE CpABHEHUE UTOTOBBIX OL[EHOK

JlaHHBIE pHC. 5 MOATBEP)KAAIOT, YTO MOHOTOHHOTO BO3PAaCTaHMS OLIEHOK He HaOIro/maeTcs.
Habumroarotes BHIOPOCH! BO BCEX CIIyHasIX:

— B 1 kBapTane — B CTOpOHY OOJIBIINX OICHOK;

— BO 2—3 KBapTajax — B CTOPOHY MEHBIINX OLIEHOK.

Ha puc. 6-10 mpencraBieHsl KopoOUaTble AMAarpaMMbl B3BEIICHHBIX T'PYIIIOBBIX OIEHOK,
U3 KOTOPBIX (POPMHUPYETCSl HTOTOBast orieHka [7, 9].
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Puc. 6. [TokBapTanbHoe cpaBHeHUe B3BellIeHHBIX 01leHOK rpynnsbl «1 [Moxapbi»

W3 nannbIx puc. 6 ciemyert, uTo oueHku rpynmsl «1 [loxkapeny MoHOTOHHO cHUXatoTcs. [Ipu
9TOM HaOJII0/1al0TCs BEIOPOCH B CTOPOHY HU3KUX OIEHOK.
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Puc. 7. [lokBapTaibHoe cpaBHeHUe B3BEIIEHHBIX 01IeHOK rpynmnsbl «2 Haazop»

[To ganHBIM puc. 7 HaOMIOMAaEeTCs HEOOJBINOE MOBBIIICHUE OICHOK Tpynmbl «2 Hamzopy.
B 1 u 3 kBapTanax HaOdr0mal0TCs BHIOPOCHI, ITpuyeM B 1 KBapTasie UMEIOT MECTO BHIOPOCHI B 00€
CTOPOHBI, B 3 KBapTajie — TOJIHKO B MEHBIIYIO CTOPOHY.
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Puc. 8. IlokBapTajibHOE cCpaBHEHUE B3BELIEHHBIX OLIEHOK rpynnbl «3 /lo3nanue»

[To manueiM puc. 8 B rpymme «3 [lo3Hanue» HaOMIONAeTCs CHayala CHIKEHHE, TTOTOM
MOBBIIIICHUE OIICHOK, a TaKXKe BEIOPOCH B 1 U 2 KBapTaiax B MEHBIIIYIO CTOPOHY.
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Puc. 9. [lokBapTanbHoe cpaBHeHUe B3BENIEHHBIX OIIeHOK rpynmnsbl «4 JIuneH3upoBaHue

ITo mansbM puc. 9 B rpynne «4 JIuneH3upoBaHHE» HAOIIONACTCS HEKOTOPOE CHUKEHHE
OLIEHOK. BBIOpOC B MEHBIIIYIO0 CTOPOHY TOJIBKO BO 2 KBapTale.
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Puc. 10. CpaBHeHuHe B3BelIeHHBIX OlleHOK rpynnbl «5 Koppymuus»

[To nanupiM puc. 10 B rpynne «5 Koppynuus» u3MEHEHHs OLEHOK HET, Haliromaercs
BbIOpPOC BO 2 KBapTasie. YKa3aHHBIN BHIOPOC CBsI3aH C yCJIOBHMAMHU pacueTa nmokasarens 5.1 (pacuer
MIPOU3BOJUTCS MO MOJYTOAUSIM).
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Puc. 11. 3aBucUMOCTb peiTUHIa OT MTOrOBOI OLIEHKH

Ha puc. 11 npeacraBieHa 3aBUCHMOCTb PEHTHHIAa OT HTOTOBOM OLIEHKH B BUJE AUArpaMMbl
paccesnus [7, 10].

ITo nanHbIM, peCTaBICHHBIM Ha puc. 11, Habmogaercs:

— B 1 xkBaprane 2022 r. KpuBasi CMEIICHA B CTOPOHY 00Jiee BBICOKHX OILIEHOK;

— BO 2 kBapTtaje 2022 r. KpuBas «CMECTHJIACh» B CTOPOHY HU3KHUX OLIEHOK;

— B 3 kBaprazie 2022 1. KpuBas 3aHsUIa MPOMEKYTOYHOE TIOJOKECHUE MEXKITY TPEIbIIYIIHMU
KPUBBIMHU.
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CornacHo wH(popmanwm, npeacraBieHHOW B Tabn. 1-3 m Ha puc. 11, B OONbIIMHCTBE
Clly4aeB 3HAUYMUTEIbHOE M3MEHEHUE pedTHHra TeppuTopuaibHbix opranoB MYC Poccum cBsizaHo
CO CHIDKEHHEM (pocToM) 3HaueHUil mokazateneid rpymmbl Ne 1 «JlesTensHOCTh MO YIyYIIEHUIO
00CTaHOBKHU C MOXKapaMm.

Taxke K BaXKHBIM (haKTOpaM, BIUSIOIIMM Ha M3MEHEHHUS MECT TEPPUTOPUATBHBIX OPTaHOB
MUYC Poccuu B 00111eM pelTUHIe, OTHOCSATCS:

1) 3HauMTEeNbHBIC CHWKEHHsS (POCT) 3HAYCHHWH IOKa3aresiedl, MMEIOIUX HAMOOJBIIHIA
BecoBOU koa(duimenT. K yka3zaHHBIM MoKaszarensiMm oTHocATcs mokazatenu Ne 1.1, 1.2, 2.3, 2.4,
3.3, 5.1. CHmxenue (pocT) yKa3aHHBIX MOKa3aTelel CyIECTBEHHBIM 00pa3oM BIUSET Ha HTOTOBYIO
OIIEHKY JIeSITEIbHOCTH TeppuTopuanbHoro oprana MUC Poccuu;

2) oOmiasi ~ TEHJCHIMS  CHWDKCHHMS  WTOTOBBIX  3HAYCHHWH  OICHKUA  JCSITEIbHOCTH
no tepputopuaibHbiM opranam MUC Poccum Bo 2 kBaprase 2022 r., KOTOpas CBsi3aHa
C OCOOCHHOCTSIMU pacueTa OTJIeIbHbIX MoKa3aTesiel. YKa3aHHbIE 0COOCHHOCTH PETIaMEHTUPOBAHbI
noyiokeHusmu pasnaena 1 «O6mmue nonoxenus. MicxogHas cuctema gaHHbIx» Metoauku [1].

3akiaouyeHue

Bapuanus pe3ynpTaToB OLEHKU JESATEIBHOCTH TeppuropuaibHbelx opranoB MUC Poccuu
3a nepuox 1-3 kBapransl 2022 r., B TOM YHCIIE U PACIIPEAEIECHUE PE3YIbTATOB IPYIIIOBBIX OLIEHOK,
CBUJIETENILCTBYET 00 3(h(hEeKTUBHOCTU PUMEHAEMOTO MOIX0AA.

Hcnonpzyemas HayyHO-OOOCHOBAaHHas CHCTEMa I[IOKa3aTelieil W KPUTEPHEB OLIEHKU
JEATENIBHOCTH TeppuTopuanbHbix opranoB MUC Poccun B nosHOM Mepe XapaKTepu3yeT YpPOBEHb
JOCTHKEHUS] NPUOPUTETHBIX HANPABICHUH TOCYJapCTBEHHOW IOJIUTHUKM B OOJIACTH IOXAapHOH
0€30MacCHOCTH, a TAK)KE CIIOCOOCTBYET ONEPATUBHOMY pEarMpOBaHUIO0 TEPPUTOPUAIBHBIX OPraHOB
MUYC Poccun Ha BbIOOp 3 (HEKTUBHBIX MEXaHH3MOB OCYIIECTBJICHUS HAJ30PHON AEATEIbHOCTH
U OpopHUIAKTUYECKOH paboThl, JO3HaHMA IO JelNaM O [OoXKapax, JIMIEH3HUpPOBAaHUs
Y TIPEIOCTABIIEHUIO YCIYT B 00J1aCTH MOKapHON O€30MaCHOCTH.

CnuCOK HCTOYHHMKOB

1. O6 yrtBepxkaeHun METOOUKN OIIEHKH IESTeNIbHOCTH TePPUTOpUaTIbHBIX opraHoB MUC
Poccun mo Bompocam ocymiecTBieHHsS (enepatbHOTO TOCYAAPCTBEHHOTO IT0KapHOTO HA/A30pa,
OCYILECTBJICHUsI JO3HAHUS, JIMLUEH3UPOBAHUS M TMPEJOCTABICHUS TOCYJapCTBEHHBIX YCIyT
B oOjactu moxapHou Oe3zonacHocTH: npukaz3 MUYC Poccum ot 9 mapra 2022 r. Ne 168. Jloctym
13 crpas.-1paBoBol cucteMbl « KoncynpTanTI Imrocy.

2. Pa3paboTka Hay4yHO OOOCHOBAaHHBIX KPUTEPUEB M METOJIUKH OLEHKH JAEATeIhbHOCTH
TeppuTopuanbHbix opranoB MUC Poccun o Bompocam ocyIliecTBIEHUS HAA30PHOM AeSITENbHOCTH
U MpoQUIAKTUYECKON paboThl, OCYIIECTBICHUS IO3HAHMS, JIMLIEH3UPOBAHUS M MPEICTaBICHUS
rocymaapcTBeHHBIX yeiayr: Otuer o HUP. bamamuxa: ®I'6Y BHUUITO MUC Poccun, 2022.

3. HarumoBa A.M. D¢ heKTHBHOCTD 1€ATEIbHOCTH TOCYIapCTBEHHBIX OPTaHOB YIIPABICHUS
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Hayynas craTtbs

VJIK 338.48

PASPABOTKA MOJEJIN TPOUECCA BbIBOPA MECTOIIOJIO’KEHU
SJIEMEHTOB I'PYIIIMPOBKH CWJ1 JIMKBUJALIUN NOCJIEACTBUA
YPE3BbBIYAUHbBIX CUTYALIUHU

MBenoycko Opumii Ajlekcanaposuy.

I'naBuoe ynpasiaenue MUC Poccuu no Pecnydsimke Mopaosus (1o 3ammure, MOHUTOPUHTY
U MIPOrHO3MPOBAHMIO YPe3BbIYAHHBIX CUTYalUii) — yIpaBJ/IeHHe I'PAKIAHCKON 3aIUThI,
r.o. Capanck, Poccust

Ebelousko.y@inbox.ru

Annomayus. B COBpEeMEHHBIX  ABTOMATH3MPOBAHHBIX  CHUCTEMax  OpPraHU3al[MOHHO-
TEXHOJIOTHYECKOTO yIIPaBJICHHUS, THITAYHBIM NPEJICTaBUTEIIEM KOTOPBIX SIBJISTFOTCSI
ABTOMAaTH3UPOBAHHBIE CUCTEMBI YIIPABJICHUsI, HAWBBICIIUM YPOBHEM IPEICTABICHUS TAHHBIX SIBIISICTCS
uudposas kaprorpaduyeckas uHdopmanus. B cratbe mnpeanaraercss Mojenb Impolecca BblOopa
MECTOTIOJIOKEHUST CHJT JIMKBUJIAIIMK TIOCIIEICTBUN UYpPE3BBIYAHON CHUTYaIMU Ul MPHHATHS BEPHOTO
u HauOojee OBICTPOro YMNPaBICHYECKOIO pPELIeHUs O OpraHu3allid JICMCTBUS CHI U CPEICTB.
OOocHoBbIBaeTcst  ucnonb3oBanue Qopmara SXF U3 MHOXKECTBAa CYHIECTBYIOIIMX OOMEHHBIX
(dbopMaToB, KOTOpBIH TIO3BOJISIET ¢ Oombiiel  A(PGEKTUBHOCTBIO PEIIUTh 3aJa4d  BBIOOpA
MECTOIIOJIOKEHHS AIIEMEHTOB T'PYIITAPOBKH JIMKBHUIAIIMH TIOCIIEICTBUI YPE3BbIYAHBIX CUTYaIIHH.

Kntouesvie cnosa: BHIOOP MECTONOJIOKEHUS, YIPABICHYECKOE peIIeHne, o0padoTKa
uHdopmanun, popmar SXF

s murupoBanmsi: benoycko FO.A. PaspaboTka monenu mpouecca BRIOOpa MECTOIOJIOKEHHUS IEMEHTOB
TPYIIHUPOBKH CUJI JIMKBUIALUK MOCIEACTBUN Ype3BblYaiiHbiX cutyanuid // Hayd.-anamut. xxypH. «BecTHHK
C.-Tlerep0. yu-Ta I'TIC MUC Poccuny». 2023. Ne 1. C. 98-108.

Scientific article

DEVELOPMENT OF A MODEL FOR SELECTING THE LOCATION
OF ELEMENTS OF A GROUP OF EMERGENCY RESPONSE FORCES
TO MAKE THE MOST EFFECTIVE MANAGEMENT DECISION

™Belousko Yuri A.

Main directorate of EMERCOM of Russia in the Republic of Mordovia (for protection,
monitoring and forecasting of emergency situations) — civil protection department,
Saransk, Russia

Ebelousko.y@inbox.ru

Abstract. In modern automated systems of organizational and technological management,
a typical representative of which are automated control systems, the highest level of data
representation is the digital cartographic information. The article offers a model of the process
of choosing the location of emergency forces to make the right and most rapid managerial decision
on the organization of the forces and resources. Use of format SXF, from set of existing exchange
formats which allows to solve a problem of a choice of a site of elements of group liquidation
of consequences of emergencies with greater efficiency is proved.

Keywords: location selection, management decision, information processing, SXF format

For citation: Belousko Yu.A. Development of a model for selecting the location of elements of a group

of emergency response forces to make the most effective management decision // Scientific and analytical journal
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BBenenune

CymecTByromiee B HACTOSIIEE BpeMs TECOMH(POPMAIMOHHOE OOeCIieYeHue 3aaad BhIOOpa
palioHOB Ul pa3MEIlEHHs IEMEHTOB TI'PYHIUPOBKU JIMKBUIALMM TOCIEACTBUNA YpE3BBIYANHBIX
curyauuit (UC) sBnsiercss GeccucteMHbIM, ci1a00 aBTOMAaTU3UPOBAHHBIM, C OOJIBIIEN Ol PYyYHOrO
TpyJa JOJDKHOCTHBIX JIMIl opraHoB ympasieHuss UC u He OTBEYaeT COBPEMEHHBIM TPEOOBAHUSIM
10 ONEPATUBHOCTU JOCTYyNa K MHPOPMAIMU U OOecreueHHI0 TpeOyeMoro ypoBHsI HH(GOPMALMOHHBIX
NOTpeOHOCTEH.

[IpobGriema coBepIIeHCTBOBaHUSI T€OMH(OPMAIIMIOHHOTO O0ECIICYEeHHs 3a/1a4 BhIOOpa PaiioHOB
JUI1  pasMelleHus 2eMeHTOB TIpynnupoBkn YC crouT oOueHb OCTpO, YTO  IPOSBISAETCS
B HE3()(hEeKTUBHOCTH IUIAHUPOBAHUS aBapUHHO-CIIACATENILHBIX PA0OT.

VYuuTeiBas 4aCTUUHYIO MPOPAOOTKY AAaHHOM MpoOiembl, Ui e€ NaJbHEHIIero pa3perieHus
TpeOyercss pa3BUTHE MOJENW HpeAcTaBieHus UUdpoBol Kaprorpaduyeckoid HHPOpMaLUU
U METOJMKHU OIIEHKH CBOWCTB YYaCTKOB MECTHOCTH I T€OMH(OPMALMOHHOIO OOECHeYeHUs 3ajad
BbIOOpa PalilOHOB Pa3MEIIEHUS AIEMEHTOB IPYNIUPOBKY JIMKBUAAMH nocneacTeuit YC.

MeToabl Hcciie10BaHUA

B coBpeMeHHBIX aBTOMAaTH3MPOBAHHBIX CUCTEMaX OPraHU3ALMOHHO-TEXHOJIOTHYECKOI0
yOpaBJICHUS,, TUIUYHBIM IPEJCTABUTEIEM KOTOPBIX SBJISIOTCS aBTOMATU3UPOBAHHBIE CUCTEMBI
yIpaBieHUs, HAUBBICIIMM YPOBHEM IIPEJICTABICHUS JaHHBIX B TEXHOJOTUU UCIIOJIb30BaHUS JAHHBIX
O TOBEPXHOCTH 3€MJIM, TO €CTh B TI'€OMH(OPMALMOHHBIX TEXHOJOTHUSX, SBIsAETCA LU(ppoBas
kaprorpaduueckas mHpopmarnusa (LIKM). UKW npencraBiser coboit koMOMHANMIO IU(POBOM
kapTel MecTHOCTH (LIKM) u nmononHutensHOM HMH(OpMauu, KoTopas MOXeT ObIThb HaHECEeHa
[I0JIb30BAaTE]IEM Ha TONOrpapuyecKylo KapTy IpH pelIeHUud MNpUKIaAHbIX 3a1ad. B cdepax
OpPTraHMU3AIMOHHOTO YIIPABIICHUS TaKOH OMOJIHUTENbHOW WH(pOpMaNUel SBISIOTCS pa3lIudHbIC
CHUMBOJIBI WJTH 3HaKorpaduveckas napopmanus [1, ¢. 28, 29].

bazoserit hopmaT oomena SXF Obut pa3zpabotan u yTBepkaeH mis xpaneHnus: [IKM, oomena
JAHHBIMH MEXIY pa3nuuHbiMU TeorHpopmarmonusiMu cuctemamu (I'MC), co3manust nundpoBbIx
U DJEKTPOHHBIX KapT U peHIeHHs NPUKIATHBIX 3aJad B HHTEpecax MpaBOOXPAaHUTEIbHBIX
MUHHCTEPCTB U BEIOMCTB. DTOT OTKPBITHINA (hopMaT MO3BOJISIET pemaTh PyHKIMOHAIBHbIE 3a/1aun
¢ 6osee BBICOKOH 3((EeKTUBHOCTHIO, TaK KaK OH HaJieJIeH KauyeCTBaMH, MO3BOJISIONIMMH pa3MeliaTh
Ha €ro OCHOBE apXHBbI AJIEKTPOHHBIX KapT C UCIOJIb30BAHUEM DPA3IMYHBIX TEXHUYECKUX CPEACTB.
Taxoke s oOMeHa mpocTpaHCTBEHHBIME qaHHbIME Meskay [ YC [2, c. 114, 115].

KM — 310 Komusi Tonorpadudeckoil kKapTel (hopMaTa JOCTABKH, XPAHAIIASICS B CPEICTBAX
aBTOMaTH3aIMK B opMaTax MPUIOKEHUH (TMpe3eHTaruii). Ita 1BOWCTBEHHOCTh ¢opmaroB [[KM
00yCIIOBJIEHA CIIETYIOIIHNM.

KM B (hopmaTe mocTaBKy peACTaBIsieT coO00M HAOOp JaHHBIX CIIOKHOU CTPYKTYpPbI. Kaskapiit
U3 HUX COOTBETCTBYET OJHOMY JIUCTYy Tomorpaduueckoil kaptel U umeer o0wvem ot 0,5 no 6 Mb
U CIIOKHYI0 MHOTOCJIONHYIO CTPYKTYpy. B cBsizu ¢ 3TUM HemocpencTBeHHOe ucmnonb3oBanue [IKM
u3-3a  OonmpmIMX  OOBEMOB  JAQHHBIX W BBICOKOM  CIIOKHOCTH  QJITOPUTMOB  JIOCTyHa
K JaHHBIM TMPUBOIUT K 3HAYMTEIHHOMY YBEIMYEHHUIO MPOAOJDKUTEIBHOCTH DPEHICHUsS] MPUKIIATHBIX
3aJ1a4 B aBTOMaTU3UPOBAHHBIX CHCTEeMax yrpasiieHus ¢ ucnonb3oBanuem ['MC [3, c. 41].

[loatomy ¢ 1enpto mMOBbIIEHUS OS(PPEKTUBHOCTH pEHICeHHUS MPUKIAAHBIX —3a7ad
B aBTOMAaTH3UPOBAHHBIX CUCTEMAaX yNPaBICHUS U MPU HAJIMUUU KECTKUX OTpaHUYEHUN Ha 00BEM
oOpabateiBaeMol KapTorpaduyeckoil nHpopMaluu I1e1ecoo0pa3HO MPOBECTH IMPEABAPUTEIBHOE
npeobpazoBanne Gopmara goctaBku [[IKM B dopMar mpencraBieHUs, CHIKAOINUNA CI0KHOCTh
anropuT™Ma AO0CTyNa K JaHHBIM. OJTO MpeoOpa3oBaHue BHIMONHSAETCS myTeM yceuenus [IKM
0 TpeOyeMoil CTermeHW TONHOTHl W JeTajHu3allid, Iepecdyera TreorpapuuecKux KOOpIHHAT
00BeKTOB U3 cucteMbl KoopauHat [IKM B reogesndeckue KOOpAWHATHL, (POPMUPOBAHHS MATPHUIIHI
BBICOT ¥ TUIIOB MECTHOCTH U BBITIOJIHEHHS Psia APYTHX onepauuii [4, c. 46, 47].
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B cootBercTBUM ¢ MH(OPMAIIMOHHBIME TOTPEOHOCTSIMU PELICHUS] MHOTHX IOTIOTHHTEITHHBIX
3aJa4y B ABTOMAaTU3UPOBAHHBIX CHCTEMAax YIPABICHHs PALMOHAIBHO MCIOIb30BaTh TAKUE THIIBI
IIPEJICTABIICHUS LIEHTPAIBHOM CUCTEMBI YIIPABJICHHUS, KaK JIMHEMHOE, IUIOIIAIHOE, CETEBOE, KOHTYPHOE.

JluneiHbIf, ceTeBOM W KOHTYpHbIH ¢opMmatel mnpexactaBineHus LKW xpanar ganHbie
0 TIOJIO)KEHWH Ha MECTHOCTH KapTorpad)MiecKux OOBEKTOB HEMOCPEICTBEHHO B BHJIE OTCUETOB
koopauHat. IlonoxeHue miuom@aaHeIx KapTorpaduueckux OoOBEKTOB B ¢opmare MHpeAcTaBICHUS
3a/1aeTCsl KOOpAMHATAMU Y3JI0B anmpoKcuMupytomen somanon auauu (AJUT) [5].

Pe3y.]'[]>TaTbI HCCJICA0BAHUA U UX 06cymeﬂne

B THUC cymectByloT Takue TIJIaBHbIE BUABl KOOpPAMHAT, KaK TOYKa, HE3aMKHYyTas
U 3aMKHyTas JMHMM W NOJUroH. JIaHHBIX O KOOpAMHATax OyJeT HEeJOCTaTOYHO YTOOBI
OXapakTepu3oBaTh  Kaprorpapuyeckyro 00  CIOXKHYIO  rpaduyeckyro  HH(OpMALHUU.
Kaprorpadguueckue 0OBEKTH, KpOME METPUYECKOH, HaJeJeHbl ONpEAETICHHON oOmMucaTelbHON
nH(popmMalye, HanpuMep, MOJIUTUYECKUX €IUHHUIL, TOPOJOB, PEK U T.J. XapaKTEPUCTUKH OOBEKTOB,
KOTOpbIE BXOJAT B COCTaB 3TOW MH(OpMAaLMU, Ha3bIBAIOTCS aTpuOyTaMu. ATpuOyThl U300paxkaroT
TEMaTUYECKHE U BPEMEHHbIE XapaKTepucTUKU. biarogaps atpubyTraM MOXHO BBIIOJIHATH AHATIU3
00bekToB. MHpopManus 06 arpulOyTax HaxoIuTcs B 6a3ax JaHHbBIX, C IPUMEHEHHEM CTAaHAApPTHBIX
(hopM 3arpocoB U pa3HbIX (PUIBTPOB U BRIPAXKEHUIH MaTeMaTHUECKOM JIOTUKH [6, c. 11].

Omnucanue arpulyTa SBISETCS JOMNOJHEHHEM K ONMCAaHUIO KoOopauHaT. Bmecre oHu
onucekiBatoT [MIC-monenu B KpynHOM MacmTaOe M pelaroT MpoOJIeMbl THIM3AIMM HMCXOJHBIX
naHHbIX. Bce 3T0 ympomjaer mnpouecchl KinaccupuKanuu U 00paboTKM KapTorpaduueckon
nH(pOpMAaLINH.

Kak noxa3spiBaer aHanus, Bbiiie ynomsHyTsle ¢popmarsl UKW B crannapthoii popme SXF,
C OJIHOM CTOPOHBI, BECbMa M30BITOYHBI, & C APYTrOll — HEJIOCTATOUHbI. B CBSA3M C 3TUM CTPYKTYpy
¢opmaroB LIKM B acmekre pemieHus 3agaun BbIOOpa MECTOMOJIOXKEHHS JIEMEHTOB I'PYNITUPOBKU
mukBuaanun - nocnenctsuii  YC  pannoHanbHO TOABEPrHYTH MojepHu3anmuu. O06oOmeHHas
cTpykTypa ¢opmaroB mnpexacraBienus LIKM ¢ ywyerom mnpejiaraeMbIX H3MEHEHUH INpHUBEAEHA
Ha pucyHke [7].

@opmater [TKI

Puc. O606mennas ctpykrypa (popmatoB npeacrasienns LIIKU
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dopmanbHO Monenh npenactarienus [[KUM, HeoOXxoaumon Ui penieHus 3a1ad 1Mo BRIOOpY
MECTOIOJIOKEHUSI 3JEMEHTOB TPYNIUPOBKM JMKBUauuu nocieactsuil YC, 3anucwiBaeTcs
B CIEQYIOLIEM BUJE:!

M=(11,Z),

rae [T — COBOKYITHOCTb MACIIOPTHBIX JaHHBIX (IIACTIOPT JIMCTA KapThl); Z = {Zi } — Habop 3anmcei
JTAHHBIX.

[TaciopTHBIE TaHHBIE TPEAHA3HAYEHBI 7151 OTOOPaKEHHsI CBEICHHM, XapaKTepHBIX JJIS BCEX
3anuced Habopa gaHHbIX [8, €. 14].

Kak mpaBuiio, 3TUMM CBEICHUSMHU OIPEIENIAIOTCS T'PaHMIBI JIUCTa KApThl M MOIIHOCTH
(xonuyecTBo 3anuceit) Habopa AaHHbIX. [lacopTHBIE JaHHBIE UMEIOT CIEAYIOLIUN BU:

H:<K E_ N

npen ' —u3Mm ! 3an> '

rie K — MpEeAebHbIE KOOPIUHATHI; E o — COMHHIBI U3MEPEHHUH KOOPIMHAT; Nm — KOJIMYECTBO

npen
3anMceil B Habope JaHHBIX.
Jlnst TMHEHHOT0, KOHTYPHOTO M ceTeBOro (hopmMaToB HAOOPHI 3amMcell JaHHBIX UMEIOT STUHYIO

h5 ¢

dbopmy npencrasnenus. Jlug 3tux GopMaToB OTIENIbHAS 3aIUCh Z; UMEET CIIeTyIOIMH BUL:
z, =(Id, Type,,Met;,Sem, ),

rae |di — wuneHtupukarop (KinaccuPUKAIMOHHBIA KOa) I-r0  KapTorpaguyeckoro oOBEKTa
B Habope; TYPE, — Tun 06beKTa (TOUCUHbIH, TMHEHH DI, IomanHoit); Met, — MuoxecTBO MeTpHK

00BEeKTa; Semi — MHO>KECTBO JJIEMEHTOB CEMaHTUKHU 00BEKTA.
Metpuka 00beKTa UMEET CIeAYIOMMNA hopMaT MpeCTaBICHUS:

Met, ={K;},

I

rie Kij — J-1i KOOPIUHATHBIN OTCYET I-T0 0OBEKTA.

DIIEMEHT CEMAHTHKH OOBEKTA UMEET CIEAYIOIMH (JOPMAT IPEACTABIECHHUS:
Sem, = {< Name; ,C; >} ,

rre Nameij — HAMMCHOBAHUE |-1 XapaKTEPHCTHUKH I-TO 00BEKTa, Cij — 3HAYCHUE |-i XapaKTEePUCTHKU

I-T0 00BbEKTA.

3a OCHOBY CTpPYKTypbl JHHEWHOro Qopmara mnpuHATa CTpykKTypa (opmara SXF
C HEKOTOPbIMM HW3MEHEHUSMHU M JIONOJHEHUsSMU. B wyacTHOocTM, JaHHBIE KOOpJAMHAT
KapTorpapuueckux 0ObEKTOB XPaHATCS B ONTUMH3MPOBAHHOM BEKTOPHOM reorpagudeckoit popme.
WNudopmanus B macOpTHOM 3aIIMCH XPAHUTCS B CHMBOJIBHOM M IBOWYHOH (hopMe, B 3aBUCHMOCTH
OT mouid 3anucd. [IBoWYHbIE MOJS CcoJeprkaT Iefible 4Yucia JUIMHOM JBa WM 4eTbipe Oaifra.
HexkoTtopbie mosst MOTYT co/iepkaTh TaHHBIE, yMHO)KEHHBIE Ha MacIITaOHbIH KO3 PHUIIUEHT.

Knaccudukanmonssiii ko kaprorpaduueckoro oObeKTa B KauecTBE OJHOM M3 dYacTei
3aroJIOBKa 3aIiCH JAHHBIX ONPEENsieT TUIT 00bEKTa U3 TaOIHIIBI TpeOyeMbIX Kateropuii [9, c. 1461].

Tabnuua HymepyeTcss B MacmopTHOM (hailie B COOTBETCTBUU C Pa3MepOM IEPBHYHOIO
MaTtepuasa, HallMOHAJIbHOM KapTorpadu4eckoil CUCTEMON U APYTUMU YCIOBUSIMH.
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MeTtpuka 00beKTa — 3TO KOOPAMHATHI TOUEK KOHTypa OOBEKTa, pa3MEIEHHBIX MOATAIHO,
WIM KOOPJAWHATHI TOYKU TMPUBS3KU IS OOBEKTOB, HE HUMEIOUIMX OLU(POBAHHOTO KOHTYpA.
Mertpuka oonekta [IKM pacnonoskeHa B cucteMe KOOpAMHAT YCTPOMCTBA, HA KOTOPOM OHa ObLia
nonydeHa. [l moiydyeHHs MpaBHIIBHBIX KOOPAMHAT OOBEKTa HCIONb3YIOTCS HaHHbIE W3 (Qaiina
nacropra.

Cdepa naHHBIX CEMAHTUKU BKJIOYaeT B ceOsl OJOKM JaHHBIX NEepeMeHHOH uHbl. Jls
CUMBOJIBHOTO TIOJIA JUIMHA XAPaKTEPUCTHKM HE IIpPeBbIMAeT 255 CHMBOJOB B cTpoke. [l
U(POBOTro 1ETOYUCICHHOI0O M0JIs CTENEHb YHCia PaBHA JECSATH, MACIITaOHBIH KOAPPUIMEHT JUIs
3aMMcy Yucel ¢ IpoOHOM YacThio Uiy 0oJbImKX yuces. MacmtaOHblii K03 GUIIMEHT MOXKET UMETh
3HaueHue ot -127 po +127. KonudectBo OIOKOB JaHHBIX COBHAJaeT C KOJIMYECTBOM
CEMaHTHUYECKUX XapaKTEPUCTUK JUIsl JaHHOTO 0OBEKTA.

Kak noka3spiBaeT aHanu3 HHGOPMALMOHHBIX TOTPEOHOCTEH 3a/1a4 BHIOOPAa MECTONOI0KEHUS
JJIEMEHTOB TpynnupoBkH pearupoBaHuss Ha YC, B KayecTBe XapaKTEPUCTHK 3JIEMEHTApHOIrO
penbeda JOCTATOUHO MMETh a0CONIOTHYIO BBICOTY MECTHOCTH, OTHOCHTEJIbHYIO BBICOTY MECTHBIX
o0bekTOB U TUN noBepxHocTH (DOYM). DOtu mnorpeOHOCTH 3agady  yJIOBJIETBOPSIFOTCS
C UCIIOJIb30BaHUEM MaTpuuHoro opmata npeacrasiaerus LK.

W3 nepeuncieHHbIX moyiel JaHHBIX MaTpuyHoro gopmarta OYM ocoboe BHUMAHUE ClEAyeT
YIEIUTh THUITy TOBEPXHOCTH, KOTODPBIM BKJIOYaeT B ceOsd BOCEMb OOBEKTOB, MPUYEM OOBEKTHI
HE3aBHCHMbl U MOTYT IPUHMMATh 3HA4Y€HHUs B 000N kKoMOuHaumu («1» — Hamuuue oObekTa,
«0» — orcyrtctBue) [10, c. 29].

[lone «Tum mMOBEPXHOCTH» MOXKET BKIIOYATh TAaKUE TMPU3HAKU: HAJIM4YUE JIAaHHBIX
00 yuJacTKe, HACEJICHHBIN MyHKT, JIeC, KyCTapHUK, BOAHAs MIOBEPXHOCTH (MOpE, 03€po, peKa U T.1.),
OTKpBITasi IOBEPXHOCTH (I10JI€, MOJISIHA B JIECy, U T.J.), TPYJAHONPOXOAUMAsl MECTHOCTb, JOPOXKHAsS
JOCTYITHOCTh (BO3MOYKHOCTb JIOCTHIKEHHUS IAHHOI'O Yy4YacTKa C HCIIOJIB30BAHMEM TpaHCIOPTa
[0 aBTOMOOWJIBHBIM JOpOraM WM BHE JIOpOT), 3alpelieHHas 30Ha MJi1 Pa3BEpTbIBAHUS WU
MEepEeMEIICHUs] CHJI W CPEACTB TPYNIUPOBKH JMKBUAanuu mociencteuii YC (Hampumep, 30Ha
3apa’KeHUsl, COJIOHYAKH).

B wmarpuunom ¢opmare IIKM nns obecrnieueHuss TOYHOCTH JAHHBIX BBIOOp ImIara
PEryJISIpHOM CETKM KOOpJAWMHAT HMMEET OIpeeisioniee 3HadeHHe. MaKCHUMallbHyl0 TOYHOCTb
naHHbIX MatpuuHod I[KM, oueBHMIHO, MOXXHO TIOJY4YWTh, BBIOpPAB IIAr CETKH, pPaBHBIMA
norpemrHocT ucxogHor LIKM ¢opmara SXF. K npumepy, npu ¢popmupoBanun Matpuaroit [IKM
dbopmata SXF macmraba 1:100 000 mar cetku koopAauHAT NMpuHHMarT paBHeIM 50 M. Torma
TpebyeTcst 00veM manubix [IKM mo 12 800 Gaiit na km? [11, ¢. 39].

ITpu pemiennn 3amay BbIOOpa MECTa pacHoJIOKEHUS AIEMEHTOB TPYNIHUPOBKYU JIMKBUAALMU
nocneacTBuii YC yacTo BO3HUKAET HEOOXOIMMOCTh HCIIOIb30BaHUS JAHHBIX JIOPOKHOTO KajJacTpa.
OTH BO3MOXHOCTH oOecreunBaroTcs ceTeBbiM GopmaToM naHHBIX [[KU, mockonbky oH obiamaer
CBOICTBaMH, HEOOXOUMBIMHU ISl YAOBIETBOPEHUS MOTPEOHOCTEM ATUX 3a1a4.

B 3agauax BbIOOpa MECTOIOJIOKEHHUS JIEMEHTOB IPYNIIUPOBKHU JMKBUIAIMM TOCIEACTBUN
YC, 4yaCTHBIM PELIEHUEM KOTOPBIX SIBISIETCS OMpeelieHne MECTOIOIOKEeHNs 00beKTa B mpeenax
3aJlaHHOM TEPpPUTOPUM B BUJE HPOU3BOJIBHOIO MHOIOYTOJIbHMKA, HEOOXOAMMO HCII0JIb30BATh
koHTYpHBIHA popmaT LIKU nnst ynosneTBopeHust morpedHOCTEH B JaHHBIX [12, ¢. 118].

IMpu cozmanmu [IKM ¢opmara SXF B kauecTBe MCXOMHOTO KapTorpaguyeckoro marepuania
WCTOJIB3YIOTCS B OCHOBHOM CTaHIAPTHBIE TOMOrpadrueckre KapThl, IMEIOIIHE MOTPEIIHOCTh He Ooree
0,5 MM B MacItabe KapThl, a pa3peliarolias cnocooHoCTh nprbopa coctasisieT 0,04 mm [13, ¢. 26, 27].

Jis Toro d4roObl ONTHMMHM3UPOBAaTH TOYHOCTH Treorpaduueckux koopauHat LIKM,
MIPEJCTABISAETCA 11€71€CO00pa3HbIM BBECTH CIEUAIbHbIE €IUHHUIIBI U3MEPEHHSI IUPOTHI U TOJITOTHI.
B kauecTBe equHMIIBI M3MEPEHUS BBEIEM 3HAUEHHUE, COOTBETCTBYIOIIEE OOIICH MOrpelrHOCTH
HKM. Ilorpemnocts LIKM, BblpaxkeHHass B paJuaHax IO IIUPOTE U AONroTe, OyneT pa3HOM.
Eaunnna u3mepeHus mupoThl HEMHOTO M3MEHUTCS, KOTJla OHAa M3MEHHUTCS MU3-3a HeC(HEepUUIHOCTH
3emnu. Enununia qoaroTel OyIeT yBEIWYUBATHCS C YBEIWYCHHEM IIUPOTHI MO0 MEPE YMEHBIICHUS
JUTMHBI Tapasuiend [ 14, c. 4].
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EnuHuel m3MepeHust MUpOTHl W JIONTOTBI MOTYT OBITH PAacCUMTaHbl ISl JIFOOOTO JIHCTa
¢opmata [IIKM SXF Ha OCHOBE JaHHBIX, XpaHALIMXCSA B MaclopTre KapThl. BKIIOYMB eAMHMIIBI
M3MEpPEeHHs] LIIMPOThl M JIONTOTHl B MAcHOPT AAHHBIX M BbIPa3MB KOOPAMHATHI KapTOrpaduuecKux
OOBEKTOB B BHJE LEJNBIX YHCEI B COOTBETCTBYIOIIMX €IMHMIAX, MOXHO mnomyuuts LIKM
B reorpadMueckux KOOpAMHATaX C OOBEMOM JaHHBIX, HEMHOro TpeBbimaonmM o0beM L[[KM
B ¢opmate SXF. Ilocne ynaneHust KOOpUHAT JTUHEWHBIX U IUIOMIAIHBIX KapTorpaduueckux 00beKTOB,
COBIIAJIAOIINX B PE3YJIbTATE OKPYTJICHHS, TAK)KE BO3MOKHO YMEHBIIUTH HX 00beM 10 10 % [15].

JanpHedmuii ananu3 3HadyeHudd koopauHat [IKM B reorpaduueckoit ¢opme cBszaH
C BBISIBJICHHEM TEHJCHLUN W3MEHEHUS KOOpAMHAT JUHEMHBIX U IJIOLIAJHBIX KapTorpapuuecKux
o0bekToB. Kak mokaspiBaer mnpakTuka paborel ¢ LIKM pa3nuuHbIX MacmTaboB, HW3MEHEHHE
3HAYEHUH IUPOTHI U JTOJTOTHI OT 3TAJIOHA K 3TAJOHY B JIMHEWHBIX U IUIOMIAIHBIX 00beKTax Ooiee
yeM B 95 % cinyuyaeB HaxonuTcs B quanaszoHe ot -127 no +127. Ecnu Bbl coxpaHsere abcoyIt0THbIE
KOOpJMHAThl Ha4aJIbHOM TOYKU JIMHEHHOro 00beKTa WIM KOHTypa ImomagHoro oobekta B LIKM,
a JUIsl OCTAJIbHBIX TOYEK COXPAHSIETE H3MEHEHUE HX KOOpAUHAT OTHOCUTENIBHO IPEIBbIAYIIEH,
TO KOOpAMHATBl BCEX TOYEK MOXKHO 3amucaTh B JiBa Oaifta (o oxHoMmy OailTy Ha MIMPOTY
U J0Nroty). AHAJOTMYHBIA CcHoco0 3amucu KOOpAMHAT mpeaycMoTpeH B ¢opmare SXF,
HO HCITIOJIb3YETCSl PEIKO U HA3bIBACTCsI «BEKTOPHOM (opMmoit». Mcnonb3oBaHre BEKTOPHON (OPMBI
MO3BOJISIET yMEeHbIIUTH 00heM [ITKM no 25 % [14, c. 14].

[Ipn ananmuze BeKTOpHOW (QOPMBI KOOpAMHAT BUAHO, 4YTO, KaK IPaBWUIO, OHA Jajieka
OT ONTUMaJIbHOW, NockoybKy B LIKM Taxke ecTh IUIOIIagHble 00BEKThI, KOTOPbIE UMEIOT JOCTYII
K pamke Jnucta KapTel. Kaprorpaduueckue OOBEKTHI TAKOro JHMCTa MMEIOT B COCTaBE CBOMX
KOHTYpPOB [UIMHHBIE OTPE3KH, IPOXOSIINE YEPe3 paMKy JIMCTA, 3HAYEHUS KOOPAMHAT KOTOPBIX
ocjIe BCEeX MpeoOpa3oBaHMil BHIXOAAT 3a MPEeIbl ONTUMAIBHOTO auamasoHa (ot -127 mo +127).
IIpu mepeBojge KOOpAMHAT ATUX OOBEKTOB B BEKTOPHYIO (hOpMy BBIOMpaeTCs HpeCcTaBICHUE
3HA4YCHHI B BUJE 1esoro tuma Integer (nBa Oaitta Ha koopauHaTy). C ydyeToMm 00I1Iero Koiam4ecTra
CErMEHTOB B KOHTYpaX M30BITOYHOCTh JAHHBIX B KOOPJMHATaX TAaKUX OOBEKTOB MOXKET COCTABIIATh
6onee 98 %. Takas cutyanus, HanpuMmep, HaOMoKaeTcs B qata-1eHTpe popmara SXF nmpakTudecku
Ul BCeX KapTorpaguueckux OOBEKTOB THIA <«JIECHOH MaccuB». OTO 0OCTOSATEIBCTBO
00OCHOBBIBAaET BBICOKYIO aKTYyaJbHOCTh DELIECHUS 3aJauMd OIpeleeHHs] TpeOyeMoil TOYHOCTH
npeacTaBieHus HUGPOBBIX KapTorpapuiyeckux oobexkro [IKM.

[IpuBeneM 1OCTaHOBKY 3aJauu OIpeneiaeHus TpeOyeMol TOYHOCTH MpeACTaBICHUS
u(ppoBBIX KapTOrpapuIecKux 0ObEKTOB.

Hano:

Pi:{Xi,Yi}, i =1,...,n — orcuer koopaunHaT B ¢Qopmare SXF, rme X, :X(Pi)
uy, =Y (PI) — 3HAYEHHs KOOPAWHAT TOYKU B €IMHHIAX MPHOOpa; N — KOJMUYECTBO OTCUCTOB
KOOpAMHAT JMHEHHOTO WIn IUIOILAIHOTO KapTorpadhuIeCcKoro 00BEKTA;
K ={Pl, P,..P.., Pn} — MHOKECTBO KOOPJAMHAT JMHEMHOrO HJIM IUIOMIAJHOTO OOBEKTa

B ¢opmare SXF, 1<i<n; G = {Bi, L|} — OTCYeT KOOpAMHAT B QopMare NpUMEHEHHUs, T/e
B, = B(Gi) — npomrota; L = L(Gi) — mmpora Toukn G,, BBIpaKeHHAs B OTHOCHTENBHBIX

emuannax; C = {Gl, G,,....G,..., Gn} — MHOKECTBO KOOPIMHAT 00BEKTa B (JOpMATe IPUMEHEHHS.

Mertpuky muckperusanuu i-ro otpe3ka AJIJI oovexTa K B popmare SXF 3agaaum B BuzE:
8, (K)=max{abs| X (P,;) - X(R)], abs[ Y (P,,)-Y(R)]}, 1<i<n.

Mertpuka ITuCKpeTnu3aun KoopauHat oobekta B popmate SXF Torna Oyaer onpenaensiThes
BBIPAKCHUEM

A(K)=max| 5,(K)].
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OmnpenenyuM aHAJOTMYHO METPHKY TUCKperu3anuu I-ro otpe3ska AJIJT obOwsekta C
B (popMarte NpUMECHCHUS:

3,(C)=max{abs[ B(G;)~B(G,,)], abs[ L(G;)-L(G,) ]}.
Torz[a MCTPHUKA JUCKPECTU3ANN KOOPAUHAT 00BEKTa B (I)OpMaTC IPUMCHCHUA 6}/I[6T HUMETh BU:
A(C)=max|35,(C)].

OO0beM J[aHHBIX OTcueTa KOOpAuMHAT B (opmare NpuUMEHEHHs B OuTaX, IMOJY4YECHHBII
BCJICJICTBUE BEKTOpU3AIMH, OYIET ONPEACIISATHCS BEIPAKEHUEM:

w(C)=2{int[Ig,A(C)]+1}.
O0beM aHHBIX KOOpAUHAT 00BeKTa B (hopMaTe MPUMEHEHUS:

W(C)=(n—-1)w(C)+W,,

TIe W0 — 00BeM JTaHHBIX KOOPJAMHAT HAYAJbHOW TOUKH 00BEKTa (SBISETCS KOHCTAHTOM).
Tpebyemcs nocmpoums:
f (F’I) P — G, — dynkiuio nepecuera orcyera koopauHat u3 cuctembl SXF B cuctemy

¢dopmara npumMeHeHus (BUI (QyHKIMHM MOXKET ObITh PA3JIMYHBIM M ONpEIENAeTCs] KaK IMpOeKIHen
kapTorpaguueckoro uctouanka [IKM, tak u TpebGyemMoii TOUHOCTHIO IIepecueTa KOOPAHHAT);

F ( K) : K —> C - dyskuuro nepecuera koopauHaTr o0bekTa u3 cucreMbl SXF B cucremy
dopmara mpumenenns, Takyto, uro Vi,1<i<n, G, = f (PI) .

OnpenenuM ONepanui0 HM3MeHeHHs (yMEHBIIEHHS) METPHKH JUCKPETU3AlMU OOBEKTa
dm( K) CHEYIOMIUM 00pa3oM: ceperHy Kaxaoro orpeska AJIJI o0beKTa, Uit KOTOPOro METPHKA

JUCKPETH3AlMU OTCYETa KOOPAMHAT KOHEYHOW TOYKM PaBHAa METPHMKE JHMCKPETH3AllMH OOBEKTa,
BKJIFOYMM B KA4ECTBE HOBOI BEPLIMHBI IOMAHON MKy BEPIIMHAMHU Hayajla ¥ KOHIIA OTPE3Ka.
Tak Kak BO BCeX OCHOBHbIX mpoekmmsx kapr f(P) moworomma, omepamms dm(K)

HarpaBJieHa Ha YMEHBIIICHUE KaK A( K ), TaK u A(C). [ToaTomy B 00111eM citydae crpaBenInBO

A{F[dm(K) ]} <A[F(K)].

PaBeHCTBO B JaHHOM BBIPAYKEHHHU BO3MOKHO TOJBKO B CIIydae, KOTaa AI: F ( K):| =1. 910

O3HAayaeT, YTO TOYHOCTh KapTOrpauuecKux JaHHBIX JOCTHIVIA MHHHUMAJIBHOTO 3HA4YEHUs
U ee JaJbHEUIIasi ONTUMH3ALMS HE pealu3yema.

U3 onpeneneHus ONepanyu dm(K) CJIe/lyeT, BO-NEPBBIX, YTO dm(K) YBEITMYUBAET

KOJIMYCCTBO OTCUCTOB KOOpAWHAT 00BeKTa N, BO-BTOPBIX, NOBBIIACT TOYHOCTh JAHHBIX B (bopMaTe
NPUMCHCHUSA:

w{F[dm(K) ]} =w[F(K)]-2.

Ilycte omnepauus dm(K) yBEJIMYMJIa KOJIMYECTBO BEPUIMH Ha M, TOTAa CIPaBEUINBO

BBIpaKCHUE!
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W {F[dm(K)]}=(n+m-1){w[ F(K)]-1} +W,.

[ToBbIlIIEeHUE TOYHOCTH KapTOrpaUUECKUX TAHHBIX BO3MOXKHO, €CJIH BBIMOIHSIETCS XOTS
OBI OTHO W3 HIJKE NMPUBEICHHBIX YCIOBUM:

W {F[dm(K)]} <W[F(K)]. (1)
(n+m—1){w[ F(K)]-2}+W, <(n-1)w[ F (K) ]+W,. ®)
nw| F(K) J+mw| F(K)]-w[F(K)]-2n-2m+2<nw| F(K) |-w[ F(K)]. ()

mw| F(K)]-2n-2m+2<0

(4)
m(w[ F(K)]-2)<2n-2. (5)
m<2— -1 (6)
w| F(K)]-2
Ilycte 2 (C) — (QyHKUMs, BpMHUCHAIOMIAA KoynyecTBO oTpe3koB AJIJI B dopmare

OPUMEHEHHs, JUIA KOTOPBIX Si(C)zA(C). Torma, OCHOBHas HIEsd METOAA OIpPEAEIECHHs

TpeOyeMoll TOYHOCTH IMpejacTaBiIeHHUs LUPPOBOM Kaprorpaduueckoid HHGOPMALKUU CBOAUTCA
K CIELYOLIEMY.

Ecmm 7 [ F ( K )] >2 W[ Fr(] }z;] — TO TpeOyeMol TOYHOCTHIO TIPEACTaBICHUS IU(PPOBOI

kaprorpadudeckoil uHGOPMAIUU  SBIISCTCS F(K). B nmnpotuBHOM ciy4yae BBINOJHSAETCS

npeoOpazoBanne K = dm( K) ¥ TOBTOpsieTCa mpoBepka ycinosuit (1-6). Takas mpouemypa
MIPOIOIDKAETCS 10 HAPYIIEHUS XOTsI ObI OJHOTO U3 ycioBuii (1-6).

Ilo omnpenenenuro Z[F(K)]Sn. Ho Tak kak mpu KaxaoM MpeoOpa3oBaHUU

K= dm( K ) YMEHBIIIAETCS 3HAYCHHUE W[ F ( K )] , TO 9Ta TpoIeaypa 00JIagaeT CBOWCTBOM

6e3ycioBHOM cxonumoctu [17, c. 14].

N3 anmammza ycnoBui (1-6) MOXKHO cHaenaTh BBIBOJ, YTO HAWMOOJBIITUN BBIMTPHIIIT
M0 TOYHOCTH TPEACTaBICHUsI KapTorpadpuueckoil nHpopMmarmu OyJaeT y TexX KapTorpadpuyecKux
00BEKTOB, Y KOTOPBIX JOCTaTOYHO BEIMKO 3HAYEHHWE METPUKH JUCKPETH3alMH, HO J0JS OTPE3KOB
AJIJT o0bekTa, UMEIONIMX MaKCUMAaJIbHOE 3HAUCHHE METPUKHU TUCKpeTH3anuu, Mana [ 18, C. 46].

JakiouyeHnue

Takum  oOpazoMm, TpUMEHEHUE NpEUIOKEHHOM Monenu  mpexacraBieHus LKW
0 MECTOINOJIOKEHUH DJIEMEHTOB IPYIIIUPOBKY JUKBUAanuu nociaeactsuii YC npu MCnosib30BaHAN
¢dopmara SXF mo3Bossier ¢ Gonbuiei 3((EeKTUBHOCTHIO pelIaTh MPUKIaIHbIe (QYHKIMOHAIbHBIE
3amaun [MIC, ©He cHmwxkas TtouHoctu npencrtasinenus LKW, Ilpemmoxennsie  ¢opmatsl
npencrasiaeHuss IKM  1o3BONISIIOT 3HAUMTENBHO IOBBICUTH OINEPATUBHOCTH IPEICTaBICHUS
u 00paboTKM TEeOMH(POPMAIIMM W CYIIECTBEHHO CHHU3UTH pAJ TPEeOOBAaHUH K TEXHUYECKUM

105

MareMmaTtudeckoe MOJACIMPOBAHUEC, KOMIIBIOTCPHBIC TCXHOJIOTMU B TCOPUHN YIIPABJICHUS CJIOKHBIMU ITpOLECCaMU



Ne 1-2023. Vestnik S.-Petersh. un-ty of State fire service of EMERCOM of Russia http://vestnik.igps

XapaKTepUCTHKaM CpeJICTB aBTomaTu3auuu, oroOpaxaromux [IKM Ha pabounx Mecrax
aBTOMAaTH3MPOBAHHBIX CUCTEM YIPABJICHUS.

Beibop u wucnonbp3oBanune ¢opmara SXF U3 MHOXECTBa CyMIECTBYIOUIMX OOMEHHBIX
¢dbopmaroB, oOmanaroimiero TpeOyeMbIMH CBOHCTBAMH, MO3BOJSET ¢ Oombineil 3PEeKTHBHOCTHIO
PEIuTh 321241 BEIOOpA MECTOIIOJIOKEHHS SJIEMEHTOB TPYIIITMPOBKY JIMKBHIAIMH TTocencTBuil UC,
HE CHUXasl [IPU ATOM TOUYHOCTHU MpeACTaBICHUs KapTorpaduyeckoit HHPpOpMaIUK.
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AHAJIM3 CYIIECTBYIOIIUX ITOAXO/10B ITOJIYYEHHS
1 OBPABOTKH JAHHBIX M3 COLIMAJILHBIX CETEM

2Bocrpbix Asekceii BaagumMuposuy;

Camapun MakcuM AJleKCaHPOBHY;

MaxkcumoB AJjiekcanap BukropoBuu.
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&a.vostrykh@list.ru

Annomayus. TlpoBen€H CpaBHUTENBHBI aHATN3 CYLIECTBYIOIIMX METOJOB U MOJXOJOB
1o 00paboTKe HHPOPMALIMU U3 COLMATIBHBIX CETeH, KOTOPBIN MoKa3all UX HU3KYIO 3PPEKTUBHOCTD,
3aKJIIOYAIOIIYIOCS B BBICOKOM KOJIMUECTBE HEJOCTATKOB, a TaKXke Ciladylo (QyHKIMOHAIBHYIO
OCHAIIIEHHOCTh B acmnekrax pemeHus 3amady MUYC Poccun. Bc€ 310 nenaer HEBO3MOXKHBIM
NPUMEHEHHE KaK B OTJACIBHOCTH PACCMOTPEHHBIX METOJIOB, TAK M UX COBMECTHOE HCIIOJIb30BaHHE
JUI pemeHuss OOeBBIX 3aJay COTPYJHUKAMHU IMPOTUBOIMOXKAPHOTO BEIOMCTBA. B CBs3M ¢ 3TUM
NPE/ICTaBICHHBIE B HACTOALICH CTaThe KPUTEPHU U TPeOOBAaHMS CTAHYT OCHOBOH JUIA pa3paboTKu
HOBOT'O IOJXOJAa MOJYYEHUS M OOpaOOTKM NAHHBIX M3 COLMAIBHBIX CETEH, KOTOPBIA MO3BOJUT
CBOEBPEMEHHO pearupoBaTh Ha Ype3BbIUAiHBIE cUTyanuu U Oosee >(PQPEKTUBHO BBHITOIHATH
MIPEBEHTUBHBIC MEPONPUATHS I MHUHUMH3ALUU PUCKOB BO3HUKHOBEHHUS TMAHUKU U PA3BUTHUSA
MPOUCIIECTBHHI B 00JI€€ KPYITHBIE MACIITAOBL.

Kniouesvie cnosa: couumanpHasi ceTh, NMPOTHO3UPOBAHUE IPOUCIIECTBHHA, MOJIH30BATENb,
aHaJIM3 JaHHBIX

Jass nurupoBanusi: Boctpeix A.B., Camapun M.A., MakcumoB A.B. AHaiM3 CyIIECTBYIONIUX TOIXOJOB
Mony4eHus ¥ 00pa0dOTKK JaHHBIX BH3 COIMAIBHBIX cerell / Hayd.-anamurt. xypH. «Bectauk C.-Iletep6. yH-Ta
I'TIC MYC Poccumy». 2023. Ne 1. C. 109-120.

Review article
ANALYSIS OF EXISTING APPROACHES TO OBTAINING
AND PROCESSING DATA FROM SOCIAL NETWORKS

™MVostrykh Aleksei V.;

Samarin Maxim A;

Maximov Alexander V.

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

Abstract. The article presents a comparative analysis of existing methods and approaches
for processing information from social networks, which showed their low efficiency, consisting
in a high number of shortcomings, as well as weak functional equipment in aspects of solving
the tasks of the Ministry of Emergency Situations of Russia. All this makes it impossible to apply
both the methods considered separately and their joint use for solving combat tasks by employees
of the fire department. In this regard, the criteria and requirements presented in this article will become
the basis for the development of a new approach to obtaining and processing data from social networks,
which will allow timely response to emergencies and more effectively carry out preventive measures
to minimize the risks of panic and the development of incidents on a larger scale.

Keywords: social network, accident prediction, user, data analysis
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BBenenune

Ceromasi B MUpe MUQPPOBBIX TEXHOJIOTHIA, OOMIECTBO BCE Yallle MCIOJIb3YET HOBBIEC KaHAIbI
cBa3u il komMmyHukaruu [1-3]. Tlocnmemnee necsATuiaeTHE aKTMBHOM Cpemoil it oOMeHa
nH(pOpManen SBISIFOTCS COIMAIBHBIC CETH, B KOTOPBIX JIFOJIM Pa3HBIX BO3PACTHBIX U COIMAIBHBIX
KaTeropuil JeNsATCs CBOMMM B3IVISIAaMHM, SMOLMSAMU M KU3HEHHBIMH cuTyanusMu. CorjiacHo
MOCJIEIHUM CTAaTUCTUYECKUM AaHHBIM 65 % HaceneHus Poccuum exeqHeBHO 3aXOJsAT B MHTEPHET,
U3 HUX OKoJIO 93 % HMMEIT akKayHTbl B COLMANIbHBIX ceTsx. [lo cpencrBaM ceTel €XeaHEBHO
TeHEPUPYETCS. OTPOMHBIN O0BEM TeTeporeHHOW WHQOpPMAIMK, AaHAIU3 KOTOPOH MOXKET OBITh
MOJIE3eH U1l TPOTHO3UPOBAHMSI OOIIECTBEHHBIX BOJHEHUN, COLMANBHOM HECTaOMIBHOCTH,
peanu3aiui MOJEIUPOBAHKUS IKOHOMHYECKUX M TOJUTUYECKHX IPOIECCOB, MPOrHO3UPOBAHUS
MIPOMCIICCTBHI PAa3IMYHOrO Xapakrepa u T.1. [1-3].

B crarbe mnpoBeneH CpaBHUTENBHBIM aHANW3 CYILIECTBYIOIIMX TIOJXOJI0OB MOJIYYEHUS
U 00pabOTKM JAaHHBIX U3 COLHUANbHBIX CETEH, BBIABICHB UX IPEUMYIIECTBA M HEJAOCTaBKU
B aclekTax npumeHeHus ans ueneit u 3agau MUC Poccun, a Takxke paccMOTPEHbI NEPCIEKTUBbI
CO3/1aHHS aBTOPCKOTO METO/a aHajnu3a TEeKCTOBOW MH(OpMAIMKU O MPOUCIIECTBUSX U BBISIBICHUE
3aKOHOMEPHOCTeH B WH(POPMAIMOHHBIX TOTOKAaX COIHMAIBHBIX CETEH, KOTOPBIA C IMOMOIIBIO
HOBOCTHBIX  JAaHHBIX M3 COLMAJIbHBIX CETEH IO3BOJUT CBOEBPEMEHHO  pEarupoBaTh
Ha 4Ype3BbIUANHBIC CUTyallu U 0ojee d3PGEKTUBHO BHINOIHATH MPEBCHTUBHBIE MEPOTIPUSTHS IS
MUHUMU3ALUNA PUCKOB BO3HUKHOBEHUS MAHUKW W Pa3BUTUS MPOUCHIECTBHI B Oosiee KpyIHbIE
MacIITa0BbI.

MeTtoabl ucciie10BaHUA

OO630p 3apyOeXHBIX W OTEUYECTBEHHBIX HAy4HbIX MAaTE€pHaOB IO3BOJMJ BBISIBUTH
CIIEAyIOUIME TMOAXOJbl W CHOCOOBI TOJIy4eHUs] M aHaju3a JaHHBIX M3 HCTOYHHUKOB
MH(OPMALIMOHHBIX COI[MANIBHBIX CETeH:

B paGote [4] aBTOpaMu MpeUIOKEH MOJAXOA IO AaHAIM3Y OTHENBHBIX I0JIb30BaTeNeit
[0 BBIJCJICHHBIM KpUTepusM. HecMOTpss Ha HOBHM3HY B3IUISII0B IOAXOJAa, B HEM IIPEACTABIICH
CKYJIHBIA CIIEKTp XapaKTEpUCTHK II0JIb30BaTeNe, W He MpuBeneHa UX (opManusanus, 4YTO
HCKJTIOYAET OCYIIECTBICHUE KaKNX-TH0O0 BHIYMCICHUH.

B HayuHoii cTaTbe [5] mpeiokeH MoaX0/1 «TeHepalui COIUAIBHBIX TpadoBy» MOCPEICTBOM
aHaiM3a cdep BIUSHUS OTIENbHBIX IOJb30BaTeNel, CHOCOOHBIN: MOJEIMPOBATh COLHUAIbHbBIE
CTPYKTYpPbI; HMIEHTH(GULIMPOBATH TPYIIBl [OJIb30BaTEeH; MOAEIMPOBATh PACIPOCTPAHEHUE
COLIMAJIbHBIX BJIMSHHUM; MPOBOAUTH IMOMCK COIMANBHBIX OOBEKTOB. JlaHHBIN NOJIXOJ OCHOBaH
Ha CaMOOpraHM3YIOIIMXCS ceTAX KoXOHEHa, KOTOpbIE aHAIU3UPYIOT TEKCTOBYIO U BU3YAJIbHYIO
nH(poOpMalMI0  TOJb30BaTeNel, QOpMUpPYS  CIEKTp HUX  HUHTEPECOB  JJS  IOJy4YEHUS
NICUXOJIOTUYECKOro I1aldioHa denoBeka. Jlagee NpOBOAUTCS KJacTEpU3alUsl  BBIBICHHBIX
mabaoHOB JUIsi (DOPMHMPOBAHMSI OCHOBHBIX KIJIACCOB IOJIb30BaTeNel coluanbHbIX cered. Jlng
aHaJIM3a W BBIACIICHUS KaTErOpui MHCIIONIB3YIOTCA CIEAYIOIIME JaHHBbIE: I0J, JaTa pPOXKICHHUS,
nuvHas nHopmarus, HoMep TenedoHa (CTaTyC ero MoJABEPKEHHOCTH ), aipec dIECKTPOHHOM MOUTHI
(ceMaHTHUECKHUI aHANM3 ajjpeca), AaTa CO3JaHMs CTPAaHUIIbI, KOJHMUYECTBO APY3ei, CeMaHTUUECKUI
aHaJIW3 MyOJIMKalMi, TPyNIbl, B KOTOPBIX COCTOUT MOJIb30BaTEIb WK €r0 JIPY3bsl, MOJTUTHYECKHE
B3rsAAbl U T.A. OCHOBBIBAasACh Ha BBIJCICHHBIX KPUTEPUAX U Kiaccax I0JIb30BaTeNel, JaHHBIN
MOAXO0JT MPHUMEHSIETCS JUIsl OLEHKH KPEeIUTOCIIOCOOHOCTH 3aE€MILIUKOB, UCIOJIb30BAaHUE €ro s
pemenusa 3agadu MUC Poccum HEBO3MOXXHO, IO IpUYMHAM TOrO, YTO BO MHOTHX Clydasx
nepcoHanbHasi HHQOpMAIMs, pa3MelleHHas MOJb30BaTesIMM Ha HMX CTPAHULAX, HE SIBISETCA
noctoBepHOi. UneHTuUIMpoBaTh JaHHYI0 HH(POPMAIIHMIO KpailHe CII0KHO U PECypco3aTpaTHO.

B nay4HoIi cTaThe [6] mpeAcTaBiIeH MOAXO ] PEIICHHS 3a1a4i OOHAPYKCHHS TPECTYTHUKOB
B COLIMAJBHBIX CeTsAX. Maes moaxona cOCTOMT B MACHTHU(HUKAIMU T0103PEBAEMOTr0 MOJIb30BATEIS
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B pa3JMUYHBIX COLMAIbHBIX CETAX IOCPEICTBAM METOJA «pa3pellieHUue CYILIHOCTEI», KOTOPBIN
3aKJII0YaeTcsl B UACHTU(DUKAIIMY TaHHBIX U3 0a3, MpUHAIJIeKAIIUX ONpeaeTeHHON TuuHoCcTh. Jliis
MIPOBEJICHUS BBIYMCICHUN METOJ UCTIOIB3YET CIAEAYIOLINE TaHHbIE:

— wuHopManuss W3 JUYHOTO MPOMIS CTPAHUUKH, Takas Kak: CeMeWHOe TMOJIO0XKEHHE,
o0Opa3oBaHmue, TOJDKHOCTD, YBieueHus, penurus, @.1N.0. u 1.1.;

— CCBUIKM Ha Y4acTue B pa3IMYHbIX COOOIIECTBaX;

— CCBUIKM M HMH(OpMalMs O JUYHBIX CTPAaHWYKAX B JPYIHX COLICETSAX, a TAKKe Ha Kpyre
o01eHus.

[Ipn npumMeHeHUM NOAXOAAa BO3HHUKAIOT CIEIYIOIIME TPYIHOCTH, OCJIOXKHSIOIIUE IOUCK,
cbop u 06061IeHNEe UHPOPMALIUY:

— pacnpezesIeHHOCTb JaHHbBIX 110 BCEIl CETH UHTEPHET;

— neuuuT uHpOpMAaIH, CBI3aHHBIN C aHOHUMHOCTBIO 110JIb30BaTeNeH.

BoisiBnenHsle npo0saemMbl MOTYT ObITh HUBEIMPOBAHBI C MOMOIIbIO IMOUCKA COLUAIBHOIO
cXo/cTBa (CBA3M B IIpeleNax aHaJIM3MPYyeMOro cepBHca). PaccMOTpeHHBIH MOIXOA CIOXKHO
MIPUMEHUM JUIsI pELICHUS 3a/1a4 HACTOSIIEr0 UCCIIEI0OBAaHUS M0 CIEIYIOIIUM IPUUUHAM:

— MOTPeOHOCTh B YINpPa3JAHEHUH MOJEIM CpPAaBHEHHUS TEKCTOBBIX aTPUOYTOB YUYETHBIX
3aImnceit;

— CJIOKHOCTh 00pabOTKM TaHHBIX YUETHBIX 3alIUCEH;

— BBIUMCJIEHUE CXOKECTH COLMATIbHBIX CBSI3€H BBIIOJIHAETCS B MIPOMOPLHUAX OJIUH K OJHOMY,
TO €CTh OIPEJEJICHHOMY IIOJb30BATENI0 BBIOPAHHOIO Ui AHAJlW3a CepBHCAa CTaBUTCA
B COOTBETCTBHE EJAMHCTBEHHBIN IO0Jb30BaTeNlb W3 JPYroro cepBUca, YTO JEJIaeT pPEe3yJIbTaThl
BBIYHUCIICHUI OTHOCUTEIIbHBIMHU.

B nayuHoil ctatbe [7] mpeacTaBieH moaxoa Mo oOpabOTKe MyJIbTUMOIAJIBHBIX JIaHHBIX
U3 MHOXECTBA COLUAIbHBIX CETEH, MO3BOJLAIOIIMNA  OCYIIECTBIATh  IICHXOJOTHYECKOE
npodunupoBaHue  mojp3oBareneil. B moaxode  MCMONB3YHOTCS  CIEAYIOIIME — JaHHbIE:
TEMIIOPAIBHOCT, JAHHBIE O INEPEMELIEHUM I0JIb30BATENEH, TEKCTOBBIE JAHHBIE, MEIUAJaHHBIE.
PaccmarpuBaeMblii MOIX0J OCHOBHOM ymop mpu oOpaOOTKE JaHHBIX JENlaeT Ha TI'eOJOKAILHUI0
U CMBICIOBYIO Harpy3Ky TekcTa. JlaHHBI MOJXOA CIO0XHO TNPUMEHUM Ui pelIeHHs 3aaad
HACTOSILEr0 UCCIIEJOBAHMS 110 CIAEAYIOLIUM IPUYNHAM:

— UIEHTU(UKAIUS aKKayHTOB IOJb30BaTeNel (CIOKHOCTh COIOCTABJICHUS BCEro MaccHuBa
AKKayHTOB OIpPEACIICHHON JTMYHOCTHU IO BCEH CETH UHTEPHET);

—mnonHota wuH(opManuu (OTCyTcTBHE Tpoduied aHAIM3HPYEeMBIX  MOJIb30BaTesei
OJIHOBPEMEHHO BO BCEX COLICETSX);

— HCIMOJb30BaHUE TEMIIOPaJIbHOCTH JAHHBIX (SBJISETCS OTHOCHUTEIBHO HOBOW 001acThbiO,
c1abo mpopaboTaHHON B HAYYHOU CpEIe).

AHanoramMu TNpeACTaBIEHHOTO BBIIIE MOAXOAA TaKKe SIBISIOTCA METOMBI: MpeICKa3aHUs
nemMorpaduueckux XapakTepucTuK [8]; mpeackazaHus ceMeHHOro moiiokeHus [9]; mpeackazaHus
Beca II0JIb30BaTENsl OCHOBBIBASICh HA €ro akTHUBHOCTU B corceTsx [10]; mporHo3mpoBaHue
KaphepHOTO pOCTa C TIOMOIIBIO aHalW3a JJaHHBIX wu3 corceredt [11]; mpodumupoBanue
MOJIb30BaTeel M MPOTHO3UPOBAHHWE UX TIICUXOTUIIA, OCHOBBIBASCh Ha OOpabOTKE JaHHBIX
(3MOLIMOHAIbHAS U CMBICIIOBAsl Harpy3ka COOOIEHUI) PEeKYPPEHTHBIMM HEMPOHHBIMU ceTsiMu [12];
npencka3aHuss ypoBHS dSMoIMoHanbHOCTH [13]. OCHOBHBIM HEJOCTATKOM PAacCMOTPEHHBIX
MTOJIXOJIOB SIBJISIETCS X OMUCATENbHBIN XapakTep 0e3 Kakoi-mn0o hopMamu3aiuu.

B nayuHo#i cratee [14] paccMOTpeHO YeThIpe 00JIaCTH aHaM3a: CTPYKTYPHOE, PECYPCHOE,
HOpMaTHBHOE W JuHamudeckoe. [lanHas wmH(opManus ObUIa TOJTy4YeHAa M3 CIEKTpa HAay4HBIX
cTarei, MOCBSAIIECHHBIX aHATU3Y COIMAIbHBIX ceTei [14-19].

CrtpykrypHoe HampaBienue [14] mpencraBimseTcss B Buae aOcTpakTHOro rpada, rae
MOJIb30BAaTEIN — 3TO €ro BEPIIMHBI, a CBA3M MEXAy HuUMU — pebpa. Ilpu oOpaboTke HaHHBIX
HCIIOJIb3YIOTCS METOJbl CTAaTUCTUYECKOTO aHajau3a, Kiaccudukamus, KilacTepusalus, MOJBepras
aHaIM3Yy TakWe TOoKa3aTeNH, KaK TPAaH3UTUBHOCTH JIEHCTBUH; reomeTpuyeckas (opma COIICETH;
Pacrojio’)KeHUE BEPLIMH B 3aBUCHUMOCTH JIpYT OT ApPYyTa; LEHTPaJbHOCTh W T.A. JlaHHBII moaxon
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CIIOXKHO TNpuMeHUM mis pemeHus 3agad MUYC Poccum mo npuyMHaM OrpaHUYEHHOCTH €ro
BO3MOYKHOCTEHN M Y3KOHAIIPaBIECHHOCTH.

Pecypcunoe nampapnenue [15] aHanm3upyeT coaepskaHHE COLMAIBHBIX CETEH, a TakKke
paccMaTpuBaeT  BO3MOXHOCTH  IOJIb30BaTElI€d MO  MPUBICYEHUIO  WHIUBUYaIbHBIX
(aBTOPUTETHOCTb, COLIMAIBHBIA CIIOH, HAlIMOHAIBHOCTDb, T€HJEPHAs NPUHAJUIEKHOCTb) U CETEBBIX
(BusiHME, cTaTyc, 00BEM M XapakTep MH(pOpPMAalMU) PecypcoB s AOCTHKEHHS OMNpeAeTIeHHbIX
ueneu, auddepeHuupys YYaCTHMKOB, HAXOASIIUXCS B HACHTUYHBIX CTPYKTYPHBIX HO3MUIIHMIX
COLIMAJbHONW ceTH Mo ux pecypcaM. OCHOBONOJAralIMM IapaMETPOM HaIIpaBJICHUS SBIISETCS
«cujla CTPYKTYPHOM MO3UILMK» I0JIb30BATeNeH, KOTOpas ONpeleNseT pa3iuyusi B pecypcax
Y4aCTHUKOB ceTu. [ MpoBeNeHUs] BBIYUCICHUM HMCIONb3YETCs CIEAYIOIUE MOAXOIbl: METOIBI
ClIly4alHbIX ~ OJIyXJaHuW; aJIrOpUTM CChUIOYHOro pamxupoBaHus PageRank; cencopublit
U TIOTOKOBBIM aHAJIW3; METOJbl MHTETPALMM JAHHBIX; aHAJINW3 MYJbTUMEAMA; aHAJIU3 TEKCTOBOU
nHpopmanuuu. JlaHHBIM MOAXOJ CIIOXKHO mHpuMeHuM s pemenuss 3agady MUC  Poccun
10 MPUYMHAM OTPAaHUYEHHOCTH €r0 BO3MOKHOCTEN U y3KOHAIPABIECHHOCTH.

HopmaruBHoe Hampapiienue [16] KOHLIEHTpUpPYET BHUMaHUE Ha aHAJIMU3€ YPOBHS JTOBEpUS
MEXJy I0JIb30BaTeNsIMH, OSTOMY CIIOCOOCTBYET M3Y4YEHHE HOPM M MpaBWIa, BIHSIOLIMX
Ha MOBEJCHHE YYaCTHUKOB B COI[MAJIbHON CETH M MPOLECChl MX B3aUMOJCHCTBUIl, Hampumep,
COLMAJIbHBIE POJIM, TaKHE KaK: OTHOILEHHs HayalbHUKA U COTPYJHHKA; APY>KOAa MEXAY JIOAbMU:
cemeiiHble y3bl U T.0. OZHUM M3 TOMYJSIPHBIX METOJIOB, MPUMEHSEMBIX JUIsl aHau3a, SBISETCS
ontumuzanoHHbiil noaxox ACO (ot anrn. Ant Colony Optimization). JlaHHBIH TOIXOA CIO0XKHO
npuMeHuM Juis peienus 3agady MUYC Poccuun nmo npuyrHaM OrpaHUYEHHOCTH €r0 BO3MOXKHOCTEH
U Y3KOHaIpaBJIEHHOCTH.

Juunamuueckoe Hampapienue [17] w3ydaer NOsIBJICHHE HOBBIX MpoQuieH, yaaleHue
npoduiieii, NosiBICHUE U yAaJeHUE CBSI3eH MEXIy NpOPUISMH U COOOIIECTBAMH, OTHOCHUTEIHHO
ONpECIEHHOT0 BPEMEHHOTO UHTepBaja. JlaHHOe HampaBieHUE CTPEMUTCS ONPEAENIUTh
BEPOSATHOCTH (POPMHUPOBAHUS CBSI3EH B COLICETAX, aHAINUZUPYS UX CTPYKTYPY U JIaHHBIE O BEpIIMHAX
rpada cetu. OCHOBHOM 3a/aueill HaNpaBlICHUs SABISIETCS ONpeeieHne, OyIyT JIU ABe KOHKPETHBIC
BEPIINHBI COEIMHEHBI JIPYT C APYIOM Yepe3 HEKOTOPBIN MPOMEKYTOK BPEMEHHU, KOTOpask peraercs
IIpY [IOMOIIY NPUMEHEHHS] MOJAEIUPOBAHUS, OCHOBAaHHOI'O HAa TaKMX XapaKTEPUCTUKAX CETH, Kak
KOJMYECTBO OOMIMX coceleld paccMaTpuBaeMO  BEpIIUHBI, T€0JE3UYECKOE PACCTOSHHUE;
BJIMSTEIBHOCTh BEPIIMHBI; MOMEHT IIEPBOTO MONA/IaHUs B COLIMAJIbHYIO CETh U T.A. JlaHHBIN OIX0]
CIOXHO mpuMeHuM g pemeHus 3anad MUC Poccun 1mo mnmpuyvHam OrpaHUYEHHOCTH €Tro
BO3MO>KHOCTEH U y3KOHAIPABJIEHHOCTH.

B pabote [18] mnpemnoxkeHa BO3MOKHOCTH OOpaOOTKM JaHHBIX COIMAIBHBIX CeTel
C MIOMOIIBIO TPEX BHUJIOB Ipad)OBBIX MOEIEH: CTOXaCTHYECKHE OJIOKOBBIE MOJIEIIH, BEPOSTHOCTHBIC
rpadoBbie MojnenH, oObuHBIe TpadoBbie MoAenu. [lepBelii BuA Mojeneil 3agaeTcs ¢ MOMOUIBIO
MaTpuibl A pazmepa NxN, rae N — uucio rpynn yyacTHUKOB. DnemeHT aij€[0,1] nemoHcTpupyer
IUIOTHOCTh CBsI3ell MEXIy YYacTHHUKaMM CETH, NpUHAUIKAIMUMU K TpynmaMm vi, U Vj.
PaccmarpuBaemblii  Bua TpadoB  HE  COJEPKUT  JOIMOJHUTENbHBIX pedep U  BEpIIMH,
COOTBETCTBYIOIIUX CBSA35IM YYaCTHUKOB BHYTPH OJHOM rpymiiel. Bropoit Bua rpadoBsix Moaeneit
3agaercst marpurieir A pasmepa NXN, rae N — 4KciI0 yd4acTHHKOB ceT. JjemeHT aij€[0,1]
JI€MOHCTPUPYET BEPOSATHOCTh B3aUMOJCHCTBHS YYAaCTHUKOB Vi M V] B TEUYEHHUH 33JaHHOTO
MHTEpBajla BpeMeHu. YTo KacaeTcsi MOCJIEJHEro BHUJA, TO OH 33/JaeTCs MaTpUIell CBA3HOCTH A
pazmepa NXN. JlanHble TpadoBble MOJEIN AHATU3UPYIOTCA C MOMOUIBIO CIEIYIOIUX METPHK:
kod(ppurmeHT TIOTHOCTH (OTHOIIEHUE 4YHCiIa pedep B aHanmm3upyemoMm rpade K uduciay pedep
B NOJHOM rpade); uucio myTed (MocieaoBaTeNbHOCTEH BEPIIMH, CBA3aHHBIX MEXAy c000il)
3a/IaHHON JUTMHBI, MUHUMAJILHOE YnCiI0 pedep (ynaneHue KOTOphIX pa30uBaeT rpad Ha HECKOJIBKO
yacTeil); LEHTPaIbHOCTh [0 CTENEHH; IEHTPAJIbHOCTh IO OMM30CcTH (MOKa3aTeslb CKOPOCTU
pacripoctpaHsercss uHGOpMaIus B CETH); IEHTPATBLHOCTH IO IMOCPEIHHYECTBY (XapaKkTepU3yeT
aBTOPUTETHOCTh  IIOJIb30BATENsl TNPU  PAaCHpPOCTPaHEHUH  HMH(OpMAIUM);  HEHTPAIbHOCTh
10 cCOOCTBEHHOMY BEKTOpY W T.A. JlaHHBIN MOAX0M CIOKHO MPUMEHUM s pemreHus 3agad MUC
Poccun no npryrHaM OrpaHU4EHHOCTH €0 BO3MOKHOCTEHN M y3KOHAIIPABIEHHOCTH.
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B cratee [20] aBTOpamMu ommcaH METOJ aHajdu3a COIMAIBHBIX CETEH IMOJ Ha3BaHUE
«ponesbie anreOpsr». C MOMOIIBIO TaHHOTO MOAXOAa CTAHOBHUTCS BO3MOXXHBIM BBISIBUTH JIOTHKHU
B3aMMOJICHCTBUI  TOJIb30BaTEICi B  OJOKOBBIX MOJENSAX W  aHAJIU3UPOBATH  IPUHITUIIBI
B3aMMOOTHOIICHUN YYaCTHUKOB B Pa3lWYHBIX COIHUAIBHBIX ceTsaX. Kak oamH u3 cmocoOoB
dbopManm3auu  MOAXO0Ma, TMPUMEHSIOTCS MATPUIBI CHUMIATHA ¥ aHTUIATHHA, KOTOpPHBIE
MEPEMHOXKAIOTCS JJIsl MOJyYeHUs pe3ysbrara. JJaHHbIA MOIX0 CIO0KHO MPUMEHHUM JUISl PEIICHUS
3anady MUC Poccuu o npuurHaM orpaHMYE€HHOCTH €r0 BO3MOKHOCTEN U Y3KOHAIPABICHHOCTH.

B cratee [21] aBTOpaMM IpensioKeH METOJ aHalIM3a COLUAIbHBIX CeTell «AHanu3 auaj
U Tpuaa». B merome moa Awamod MOHMMAIOTCS JIBa TOJIB30BATENsl CBSI3AHHBIE MEXKIAY COOOiM
CIEIYIOIIMMU BO3MOXXHBIMU KOMOWHAIIUSIMU: OTCYTCTBUE CBS3€H, HaMpaBlIeHHAas CBA3b OT MEPBOTO
MOJIK30BaTENsl KO BTOPOMY, HAaIIPaBJICHHAS CBSA3b OT BTOPOTO K MIEPBOMY, O0OIOHAS ABYXCTOPOHHSIS
cBsA3b. JlMaabl pu aHaIu3€ MO3BOJIAIOT ONPEIEIUTh BEPOSITHOCTh HAIMUHUS CBS3€HM Yy COCETHUX Tap,
OTIpeJIeJICHUE YCIOBUHN mepenadyu WHPOPMAIMK MEXIY I0JIh30BaTEISIMUA, 3aBUCUMOCTH CBSI3EH
OT CBOICTB MOJB30BaTeNeH, ONpe/IeJeHHe yCIOBUI HampaBlIeHUN nepenayd MHPOpMAIMH U T.J.
[Ipu paccMoTpeHUU TpeX MOJIb30BaTENCH (TPHaM) BHITIOTHSIIOTCS T€ e JEHCTBHSI 32 UCKIIIOYCHUEM
MPOBEPKU TPAH3UTUBHOCTH, KOTOpPAsi CTAHOBUTCS JIOCTYHMHOW B 3TOM ciyyae. JlaHHbIH 1moaxon
CIOXKHO mpuMeHuM I pemeHus 3amad MUYC Poccun mo mpudymHaM HEBO3MOXKHOCTH €O
MIPUMEHEHHUS K pa3peKEHHBIM CETSAM.

B cratee [22] aBTOpamMu oOmMcaH METOJ] aHajdW3a COIICETEH C TOMOIIBIO OHTOJOTHH,
KOTOPBIN MO3BOJISET OLEHUTh TaKUE MOKA3aTeNH, KaK: CpeaHssl JUIMHA MyTH UH()OpPMAIMKA B CETH;
JTUaMEeTp CETH; TMHAMHKA U3MEHEHUS KOJIMYECTBA MOJIb30BaTENCH. BBIYMCIIEHHS] TPOUCXOIST B JIBE
ctaauu. BHauane aHaiu3y MoABEPrarOTCs COCTABISIOIIME COLMAIBHOW CETH, Jajnee MPUMEHSETCS
onrosiorust FOAF (ot anri. friend of a friend) unentudunupyromias yyacTHUKOB COLIMAIbHON CETU
1 uHGOPMAIINIO, KOTOPYIO OHU BOCHIPOU3BOIST U pacipocTpaHstoT. OHTOJIOTHUS TTO3BOJISET OMKUCAThH
MOJIH30BaTENICH, CTENEHh WX AKTHBHOCTH, CBS3M C JAPYTUMHU IOJIH30BATEISIMU. Takke BO3MOXKEH
JIOTIOJTHUTEIBHBIN aHaIU3 TErOB, YTO JTA€T BO3MOXHOCTH NMPOBOAUTH CEMAHTUUYECKUIN aHAIU3 CETH,
BBIUMCIISISL TaKUE TIapaMeTphl, Kak: CBS3U (CEMbs, OTHOINCHUS, APYkK0a) M THUIT B3aUMOJICHCTBUI
(KOMMEHTHpPYET, co3AaeT U T.A.). JlaHHBIN MOAXO/ CIOKHO NMPUMEHUM JJis pereHus 3agad MUC
Poccuu o npuurHaM HEBO3MOXKHOCTH €r0 MPUMEHEHHUS K Pa3peKEHHBIM CETSM.

B mnayunoit pabGote [23] aBTOpamMm pa3zpaboTaHa CTOXACTHYECKas MOJCNIb JTUHAMHKH
W3MEHEHUs HACTPOSHUH MOJIb30BATENIEH B COIIMAIBHBIX CETSAX, OCHOBAHHAS HA TEOPUU MEPKOJISAIUH.
JlanHast Mojenp MO3BOJWJIA aBTOpaM pa3paboTaTh MOAXOA IO aHAIM3y COCTOSHUS O0IIecTBa
U TPOTHO3UPOBATH BEPOSTHOCTH BO3HUKHOBEHUS M BPEMS peaiM3alldd HETaTUBHBIX JIEUCTBUI.
Takke JaHHBIN aIrOPUTM MO3BOJISIET MPOTHO3UPOBATh MOBEACHUE JIOJEH, BOSBHUKHOBEHUE HOBBIX
3apocoB W TMOTPEOHOCTEH, a TakKe OpPraHW30BHIBATH IPEBEHTHUBHBIC  MEPOTPUSATHUS
M0 TPEJOTBPAIICHUIO HETAaTUBHBIX HACTpOeHHUI. B Mozmenn o0IiecTBO OMHUCHIBAETCS KaK CHUCTEMA,
COCTOSIHME KOTOpOM B JIO0OM MOMEHT BPEMEHHM MOXET OBITh O0XAapaKTEPHU30BAHO CIIEKTPOM
rapaMeTpoB, TaKMX Kak: JOJS JIIOAEH, HEraTUBHO HACTPOEHHBIX IO OTHOLICHHUIO K BIIACTH
OT OOIIEro uucia TpaxaaH CTPaHbI; JOJS JIIOACH, UMEIONIMX SKCTPEMUCTCKUE B3TJSIABI U T.J.
[IpennoxxeHHasi aBTopamMu MOJeNb Oojiee MHOTOTpaHHA, YeM OOJIBIIUHCTBO CYNIECTBYIOIIMX, YTO
MO3BOJISIET OMUCHIBATH C OOJIBbIIEH TOYHOCTBIO, MPOUCXOJSAIINE COUUOAMHAMUYECKUE TPOIIECCHI.
B wacTHOCTH, Npu HAJIWYUM COLMOJOTMYECKHUX JAHHBIX O CPEIHEM YHCIIE COLMAIBHBIX CBS3EH
OJIHOTO 4YeJIOBEKa B OOMIECTBE MOXKET OBITh HAWJEHO 3HAYCHHE MOpOora MEPKOJSIIHH Tepexoja
oOmiecTBa B HEraTUBHOE COCTOSIHME, a 3aT€M CIPOTHO3MPOBAHO BpeMsl pealn3allid HeraTMBHON
cutyaruu. K npeumyiiiectBaMm JTaHHOW MOJEIA MOKHO OTHECTH BO3MOXKHOCTh CPABHHBATh MEXKITY
co00il MO KOJUYECTBEHHBIM XapaKTEPUCTUKaM OJHOTUIHBIE ceTH. OCHOBHBIMH HEJOCTAaTKaMU
MOJICJIA SIBJISIETCSI HEBO3MOXKHOCTh CO3/IaHMS HOBBIX, 0oJiee MHPOPMATUBHBIX MOJEJICH Ha OCHOBE
paspaboTtanHoi aBTopamMu. Taxke BpeMsi aHanM3a OONBIIUX CTPYKTYP MOXKET OBITh HEMPHEMIIEMO
OOJIBIITNM.

B nayuno#i cratee [24] pa3paboTaHa MoJelb CMEIIAHHOTO YJICHCTBA B CTOXACTHYECKHU
dbopMupyromuxcst rpynnax. JlaHHas MoOJeNb OCHOBaHA HA aHAJIMW3E IMOMAPHBIX HM3MEPECHUN
W TPOTHO3UPOBAHMM HUX M3MEHEHUW, YTO TIO3BOJIAET BBIYUCIWUTHL JHUHAMUKY H3MEHEHUS
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YHCJICHHOCTH WJICHOB B (DOPMUPYIOMIMXCS TPYMIax U MPOBECTH UX KJIACTEPU3AIMIO 110 33JaHHBIM
TpeOoBaHUsIM. (OCHOBHBIM HEIOCTATKOM TPEUIOKEHHOW MOJENU SIBJISETCS 3HAYUTENbHBIC
BpPEMEHHBIE 3aTPAThI HA aHAIHU3 OONBIINUX CTPYKTYD.

B mayuno#i crarbe [25] pazpaborana Mojaenb BbIOOpa W BIMSHHUS B COITMATBHBIX CETSX.
Monenbs uMeeT JMHAMUYECKUN TUIT BU/1a COBOKYITHOCTHU Y3JI0B M TOTIOJIOTMM CETH, NU3MEHSIOIUXCS
c TeueHueM BpemeHHM. K HemocTaTkamM JaHHOTO IOJIXOJAa MOYKHO OTHECTH BBICOKYHO CJIOXKHOCTh
U BpPEMEHHBIE 3aTpaThl HA pacueT H3MEHEHUsS YNCICHHOCTH II0JIb30BAaTElIE B pa3IM4HbIX
cooOuiecTBax, MpU aHAIMU3€ CBA3€M MeX1y BCEMM MapaMu y3i0B. Takke B MOJENIU HE YUYTEH TOT
(dakT, YTO peasbHbIE COLHUAIbHBIE CETH 4Yalle BCEro SBJSIOTCS pa3peKEeHHbIMU (HE BCe
I10JIb30BATEIN UMEIOT MapHbIE CBS3H, YUCIO KOTOPBIX SBJISETCS CIIy4allHON BETMYMHON).

B pabGore [26] pa3paboTrana MeTOAMKA aHAJIM3a MHOTOMOJIAJBHBIX COIIMAJIBHBIX CETEH.
OCHOBHOH Hzeell METOAUKHU SIBISIETCS MHOTOKPATHOCTh OTHOLIEHWI B MHTEPAKTHBHBIX COLICETSIX
(monp3oBaTenu, no0aBiAs APYr JApyra B JApy3bs 00pa3yloT HesiBHble mojaceTH). llpumenenue
JAHHOTO IOAXO0Ja IOKAa3ajo, YTO CYIECTBYET BPEMEHHAs OHJIAH PETYJIIPHOCTb B COLMAJIBHBIX
B3auMozeicTBusx moaeil. Kpome toro, ObUIM 0OHApyXEHBI KOPPETSIUU MEXKAY BEPOSTHOCTHIO
BO3HUKHOBEHHUS JPY>KObl MEXIY YYaCTHUKAMHM M IapaMeTpamMH HACTPOMKH COIMAIbHOM CETH.
[Monxox He NMPUMEHMM K LEISIM HACTOSAMIEW pabOoThl MO NMPUYMHE OTCYTCTBHS (OopMaIu3amuu
IIPUBE/ICHHBIX B CTaThe MEXaHU3MOB.

B paGore [27] npeasioskeH MeTo1 6J0YHON ONTUMH3ALMHY, TTO3BOJISIIOIIUI BBLACTATH IPYIIIbI
CO00I11eCTB, KOMMYHUKALIMOHHBIE CBSI3U B CETAX, & TAK)XKE UX HEPAPXUUYECKYIO CTPYKTYpy, UTO
MO3BOJISIET CETMEHTUPOBATh COOOILECTBA Ha CJIOU, YAOOHBIE JUIsl aHaln3a. MeTosa HCIosb30Balics
aBTOpaMU B CETH MOOWJIBHOM TeIe(pOHHON CBSI3U IS OTOXAECTBIEHUS S3BIKOBBIX COOOILECTB
c momoulbio aHanm3a BeO-rpada. s peanusanuu MeTona aBTOPHI CHHTE3UPOBAIN: AITOPHTM
OoOHapy’KeHHs] MEXOOIIMHHBIX CCBUIOK; PEKYPCHUBHBIA alrOpUTM CIUSHHUS aHAJIOTUYHBIX Y3JI0B
co0O0LIeCTB; METOAbI ONTUMHU3ALMU, OCHOBAaHHbIE HA MaKCHUMHU3alUH LieneBol GpyHkuun. KayectBo
MOJIyYE€HHBIX Pe3yJbTaTOB B Ipoliecce pabdOoThl aIrOPUTMOB HU3MEPSJIOCH C MOMOIILI0 OJIOYHOCTH
paznenenusa. OCHOBHBIM HEIOCTaTKOM JaHHOT'O METO/ia SIBJISIETCS] OrpaHUYeHHEe 00beMa MaMsITH.

Ucxonsa u3 cniemuduku crosmux nepex MUC Poccnn neneld n 3aad, METOA WIIH TTOAXO/T
noiydyeHuss W OOpaOOTKM JaHHBIX W3 COLMANBHBIX CeTed JODKEH O00J1aaTh CIEAYIOUMMA
BO3MOXKHOCTSIMU:

— aHANM3UPOBAaTh  MEpPCOHANbHBIE  JaHHbIE  MOJb3oBaTeNned  (HeoOXxomaumo IS
MOATBEPKICHUS JOCTOBEPHOCTH ITyOIUKyeMoii HH(GOpMaIIUN);

— aHaJU3MPOBATh TEOJIOKAIMIO TOJIb30BaTeIel (HEoOX0aUMO JjIsi CBEPKH HH(OPMAIIHH,
myOIMKyeMOH TI0JIh30BaTENIEM, H MECTOM €T0 PACIIONOKEHHSI OTHOCHTEIBHO MPOUCIIECTBUS);

— aHaJM3 TEeMIIOPATbHOCTU (TIO3BOJISIET MPOBOJUTH MOHHTOPUHI COCTOSIHMS OOIIecTBa
Y IPOTHO3MPOBATH IMHAMUKY PAa3BUTHUS MPOUCIIECTBUN);

— aHaJM3 cooOIIecTB (TO3BOJSET BHICTPAUBATh PEUTHHT TOBEPHS K COOOIIECTBY IO CIIEKTPY
KpUTEPUEB);

— aHaAJINW3 CBS3KM I0Jb30BATENb-TI0Jb30BaTENb (IIO3BOJISIET IPOBEPUTH JOCTOBEPHOCTH
nH(popMaun);

— aHaJIM3 CBS3KMU I0JIb30BATEIb-COOOIIECTBO (TIO3BOJISIET MPOBEPUTH JIOCTOBEPHOCTH
nH(popmanun);

— aHaJU3 CBA3KU COOOIIECTBO-COOOIIECTBO (TTIO3BOISET MIPOBEPUTH JIOCTOBEPHOCTh
nH(popMalun);

— CeMaHTHKa IyOnuKanui (IIO3BOJIIET MPOTHO3UPOBATh  OOLIECTBEHHBIE BOJIHEHUS,
BCIUIECKH COIMAIbHOM HECTaOWJIBHOCTH M BEPOSTHOCTh BO3HMKHOBEHHS MPOMCIIECTBUN
Pa3IUYHOIO XapaKkTepa);

— TOHAJbHOCTHh TEKcTa (MO3BOJIIET MPOTHO3UPOBATH BpEMS pealu3allid HETaTHBHBIX
CUTyaIum);

— MOHUCK IO HECKOJIBKMM COICETIM (MPOTHO3UPOBATh IOBEJIEHUE JIIOJIeH B OOIIECTBE,
MOJITBEPXKICHUE TOCTOBEPHOCTH UH(OPMAIIHH);

— aHaJIU3 TEroB (II03BOJISET ONUCHIBATh COLMOMHAMUYECKHE ITPOLIECCHI);

— aHaNMU3 N300paKeHM (MTO3BOJISET BBISBISIThH U MOATBEPKIATh MPOUCIIIECTBHUSA).
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Pe3yabTaThl HccJIeA0BAHUA M UX 00CYK/IeHHE

B Ttabn. 1 mpencraBieH CpaBHUTENBHBIH aHamn3 (YHKIMOHAJIBHBIX BO3MOXKHOCTEH
CHocO0O0B M MOAXOJO0B MOJy4YeHUs] 1 00pabOTKU JAHHBIX U3 COLMAIBHBIX CETeH Ha BO3MOXKHOCTh
ux npuMmeHeHwus i pemenus 3anad MUC Poccun.

Tabmuma 1

CpaBHHTeJIbeIﬁ aHaJIn3 (l)YHK]II/IOHa.leHI)lX BO3MOKHOCTeI nmoaxoaoBn

B03MOKHOCTH [TOJIXO/I0B 110 aHATHU3Y KPHUTEPHEB
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AHanu3 oTIeIbHbBIX
a3 OTHeE + | B N B B B NP
nosnb3oBaTenei [4]
I'enepanus cou. rpados [5] + -] -] + + + - |- = | =|+1|5
Paspemenue cymnocrei [6] + -] -] - + + - S R T P
AHanu3 MyJIbTHM BHBIX
a3 MyJl ofan N I I B B B ol o]
JIAHHBIX [7]
CrpykTypHbIil ananus [14] - -1 -1 - + - - - + | =|=13
Pecypcabrii ananms [15] + | - | = + + + + + | — + + | —-109
HopmartusHsiii anayms [16] o e + + + - -] = |1 =1-=15
Hunamuueckuit ananus [17] -1 =-1-1 + + + + — -] = |=]1=-15
Kommnekce rpadoBeix momeneii [18] | + | — | — + + + + N + N I
Ponesrie anredpst [20] e S A + + + + |- = | =]=1686
Ananu3 nquan u tpuan [21] - = - - + — - -] = | =]1=12
Meronpl Ha ocHOBe oHTONOTMH [22] | — | — | — | — + - - — |- = |+ =13
Meron niepkossiuu [23] — | = | + + + + + + | + + + | —109
Mopens cMemanHoro unencrsa [24] | — | — | — | + + + + - -] = |1 =1=165
Mozens BbiOOpa B cowceTsix [25] s + + + = = | =|l=15
Amnan3 MHOTOMOJANbHBIX ceTei [26] | — | — | — | — + - - =] = | =]1=12
Meroz 6iouHol ontuMusanu [27] e — - -] = | =]1=12
Bamnner kputepuen 61|21 10| 15 10 9 411 5 |3]2

[IpoBeneHHBI aHANM3 TOKa3ayu, 4To Oonbine Bcero s pemeHus 3amad MUYC Poccun
MOAXOJIAT METOJIBI: PECYpPCHOTO aHanu3a AaHHbIX (9 u3 12) u nepkomnsuuu (9 uz 12). Menbiie Bcero
TpeOyeMbIX BO3MOXKHOCTEH CONEPKUTCS B METOJaX OJOYHOW ONTUMHU3ALMU; AaHAIU3a
MHOTOMOJIAJIBHBIX CETEH; aHajm3a quaa U TpHaj ¢ OaJUTbHBIM COOTHOIIEHUEM 3 u3 12.
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Taxke MPOBENEHHBIN aHAN3 MOKa3al, YTO CpeAu Tpedyemoro (pyHKIHMOHANA pexke BCETo
B PAaCCMOTPEHHBIX IOJIX0/IaX BCTPEYAIOTCS: BO3MOXXHOCTh aHAIHM3a T'€0JIOKALUH, TEMIIOPATLHOCTH
(1 u3 17); ananus nzodpaxenuit (2 uz 17) u ananus reros (3 u3 17). B cBoto ouepenp, yalie Bcero
B ()YHKIIMOHAJ BKIIFOUEHA OIS aHaM3a CBA3EH MeX Iy nosb3oBarermsimu (15 u3 17).

Ka)KI[I)H\/JI N3 PAaCCMOTPCHHBIX METOAOB M IMOAXOJ0B 06J'IaI[aeT KaK IpCeuMylieCTBaMu, Tak
U HEJ0CTaTKaMH, B TabJ. 2 IpeAcTaBiIeHbl Pe3yIbTaThl CPABHUTEIBHOIO aHAIN3a UX HEJOCTATKOB,
C IeNBIO ompeeneHus: Hanbosee 3 PEeKTUBHOTO METOA.

TaoOmnwura 2

CpaBHMTEJbHBIN AaHATU3 HEAOCTATKOB CIIOCOO0B U MOAX0A0B MOJYy4YeHHS U 00paboTKu uHpopMannu
U3 COLUATBHBIX ceTel

HepnoctaTku npoaHanu3upoBaHHBIX IOJX0/I0B
3 3 =
S = ) S o =
S| 2| al| g x| 5] 225 8| =5
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2| 2| 5| &38| 68F|S 8| o8| E|EE|3
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=l 8| S| > S5 5| EE| 3 = |28
@) S &) g E |2 mZ | E 8
E E m O é O /m
an) S Q
[aa) an)
AHanu3 OTAEIbHBIX
OTACIE - - |+ + + + - + - - 5
nojb3oBateneit [4]
I"enepanust cou. rpagos [5] + ] + |+ + + - + - + 7
Pazpemnienue cymHocTel [6] + | + — + + + - + - + 7
AHanu3 MyIbTUMOJAIbHBIX
3 MY, e + + + — + + — + — + 7
JIaHHBIX [7]
CrpykrypHsbIil ananmms [14] — | + — + + - + + - + 6
Pecypcuprit anamms [15] + + + + + - + + — + 8
Hopmarussslil ananus [16] - | - | - + + + + _ + 5
Junamuueckuii ananus [17] + | + + + + — + - - + 7
Kommuiekc rpadosbix Mojeneii [18] - - | - + + — — - - + 3
PosneBble anredpst [20] - | - | - + + - - _ - _ 2
Amnanus quan u tpuan [21] — — - + — + _ + _ + 4
Merto/1bl HA OCHOBE OHTOJIOIU [22] - | - - + + + + - - - 4
Metox nepkossiiun [23] + | + + — + - + - + _ 6
Mogenp cMEIIaHHOTO WIEHCTBA [24] + | + + - + - + - + - 6
Mouens BEIOOpa B coticeTsx [25] + + + + + + + + — + 9
AHajiu3 MHOTOMOJIAJIBHBIX ceTei [26] | — | — — + + + — + - + 5
Mertoa 610uHOM onTumu3anuu [27] + | + + + + — + - - _ 6
bamel kputepres 91109 14 16 8 9 9 2 11

N3 Taba. 2 BUAHO, YTO HAHOOJIBIIMM YHCIOM HEJOCTATKOB 00JIaJar0T IMOJIXOJbI: MOJEIb
BbIOOpa B comcersax (9 w3 10) u pecypcusii anamuz (8 uz 10). Haubonee addexkTuBHBIMU
10 BBIJICJICHHOMY CIIEKTPY MapaMeTPOB SBISIETCS METO/ poieBoil anredpsl (2 u3 10).

Taxxe MOXHO OTMETHUTh, 4YTO HaWOOJEE€ YACTHIM HEIOCTATKOM IOAXOJO0B SIBJIAETCS
UX 3aBUCUMOCTb OT JOCTOBEPHOCTH NMEPCOHAIBHBIX AaHHBIX (16 u3 17).

IlonBonss WTOr NPOBEICHHOMY CpPaBHUTEIBHOMY aHalU3y CYLIECTBYIOIIMX IOIXOA0B
1o 00paboTke HH(DOPMAIIMK U3 COIMATLHBIX CETEH MOXKHO CIeTaTh CIEAYIONIUE BBIBOIBL:
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— B HACTOSIIEe BpPEMS OTCYTCTBYET €IWHBIH METOM, yYUTHIBAIOIIMKA BCE HEOOXOIUMBIE
TpeOOBaHUS;

— Oompire Beero i pemenns 3agad MUC Poccun moaxomsT: METOJ] peCypcHOTO aHalln3a
JAHHBIX ¥ METO]I IEPKOJILIUH, KOTOpbIE MOKPBIBAIOT 9 13 12 TpebyembIx kpuTepueB. B Toxxe Bpems
METOJ] PECYPCHOT'O aHaliM3a JIaHHBIX UMEET BBICOKOE KOJIMYECTBO HemocTaTkoB (8 mu3 10), a meron
nepkosiuuu — cpeanee (6 u3 10), 4yTo nenmaer MX HENPUMEHMMBIMM B PabOTE COTPYAHHMKOB
MIPOTHBOIOKAPHOTO BEJIOMCTBA,;

— HeoOxoauMa pa3paboTka HOBOTO MOAXO[A, MO3BOJISIOIIEIO YUUTHIBATh BCe TpeOOBAaHUS
C MUHUMAJIBHBIM KOJINYECTBOM HETOCTATKOB.

3akjao4yeHue

IIpoBencHHBIM  CPAaBHUTENBHBIA  AHAIU3  CyLIECTBYIOUIMX METOJOB M IIOJXOJOB
1o o6paboTke nH(pOpPMAIUK U3 COIMAIBHBIX CETeH MOKa3al X HU3KYIO 3(DPEKTUBHOCTH (BBICOKOE
KOJIMYECTBO HEIOCTATKOB), a Takke ciadyro (YyHKIMOHAIBHYIO OCHAIIEHHOCTh (B acmeKTax
pemenus 3agady MUYC Poccum), uyto TpeOyeT pa3paOOTKM HOBOTO IMOAXO0Jd, YUUTHIBAIOIIETO
BBISIBIICHHBIC 3aMeUaHMsI U TPEOOBAHMUSL.
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NH®OJOI'NMYECKASA MOJIEJIb U KPUTEPUU KAYECTBA
PEINEHWH IO MTOCTPOEHUIO BEJJOMCTBEHHBIX
OPTAHU3AIIMOHHO-TEXHUYECKHUX CUCTEM KJACCA
«KHBEPIIOJIMT"OH»

XCunemyk Makcum IOpbesny;

lecrakoB Astekcanap BukropoBuy;

T'aBkaiawok boraan BacuibeBu4.

Cankr-IlerepOyprekmii yausepeurer I'TIC MYUC Pocceun, Cankr-IlerepOypr, Poccus
Hsmaxim@igps.ru

Annomayus. CraThsi TOCBSIIEHA MCCIIEIOBAaHUIO IPOOIEMHBIX BOIPOCOB (POPMHUPOBAHUS
MHQPOJIOTUYECKUX  MOJIeJIell  BEJOMCTBEHHBIX  OpPraHU3allMOHHO-TEXHMYECKUX CHUCTEM  Kjacca
«KHOEPIIOJIUIOHOBY», BbIOOpAa U OOOCHOBAHUS KPUTEPHEB KAyeCTBAa PEILICHUI MO MOCTPOSHHIO TAKUX
CHCTEM Ha OCHOBE BEJIOMCTBEHHBIX OOpa30BaTENIbHBIX PECYPCOB M CEPBUCOB, a Takke OOIaYHbIX
cepBUCOB  (yCIyr), MpEIOCTaBIsieMbIX IIpoBaiiiepaMu  (OmepaTopamu) CEpBUCOB  (YCIyT).
PaccmatpuBatoTcss HOBblE TOAXOAbl K (OPMUPOBAHHUIO HMH(OJOTMYECKON MOJIEIH, KOTOpbIE
3aKJIIOYAIOTCS. B y4€TE MHOIOYPOBHEBOCTH KOMIIOHEHTHOI'O IIOCTPOCHHS BEAOMCTBEHHBIX CHUCTEM
Kjlacca  «KUOEpHoJWroH» M JAMHAMMKM MX  [IOJTAllHOTO  pa3BUTHS, COBEPILICHCTBOBAHMS
(MonepHu3aluu). MccnenyroTcs HOBbIE acleKThl NMPU BbIOOpE W OOOCHOBAaHMM KPUTEPUEB KauyecTBa
PELIEHUH 0 NOCTPOSHUIO TaKUX CUCTEM, KOTOPBIE 3AKJIFOYAOTCS B MCIIOJIB30BAHUM MHOTOBEKTOPHBIX
IPYNI KpPUTEPUEB KayecTBa B CHEHU(PHUYECKUX YCIOBHAX BEJOMCTBEHHOIO TEPPUTOPUAIBHO-
pacrpeneIeHHOr0  NPUMEHEHHsS  «KHOEpIOJIUIOHOB» KaKk  MHOTOLEJEBBIX  OpPraHU3allMOHHO-
TEXHUYECKUX CUCTEM. [IpUBOIATCS pe3ysbTaThl CPABHUTEIBLHOM OLCHKH YPOBHS TEXHUKU Ha IpUMEpE
MIPOTOTUITUPOBAHHBIX PELICHUH 10 TOCTPOCHUIO KHUOEPIIOIUMTOHOB, KOTOpPBIE 3aperuCTPUPOBAHBI
B Poccuiickoii deneparium kak 00bEKThI IPOMBIIIIEHHON M HHTEIUIEKTYaJIbHOW COOCTBEHHOCTH.

Kniouesvie cnosa: undonorndeckas MoJieslb, KHOEPIOIUTOH, KAUE€CTBO CHCTEM

Jna unurupoBanus: Cunemyk M.IO., Ilecrako A.B., I'aBkamox b.B. HWudonormdeckas wmomenb
U KPUTEpUM KayecTBa pEIICHHH MO MOCTPOCHUIO BEJOMCTBEHHBIX OpPTaHW3AIIMOHHO-TEXHUYECKUX CHUCTEM
Knacca «kubepnonuron» // Hayu.-anamur. xypH. «Bectauk C.-Iletep6. yn-ta [TIC MYC Poccum». 2023. Ne 1.
C. 121-137.

Scientific article

INFOLOGICAL MODEL AND CRITERIA FOR THE QUALITY
OF SOLUTIONS FOR THE CREATION OF DEPARTMENTAL
ORGANIZATIONAL AND TECHNICAL SYSTEMS

OF THE «CYBERPOLYGON» CLASS

™Sineshchuk Maxim Yu.;

Shestakov Alexander V.;

Gavkalyuk Bogdan V.

Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
Esmaxim@igps.ru

Abstract. The article is devoted to the study of problematic issues of the formation
of infological models of departmental organizational and technical systems of the «cyberpolygony
class, the selection and justification of quality criteria for the construction of such systems based
on departmental educational resources and services, as well as cloud services provided by service
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providers (operators). New approaches to the formation of an infological model are considered,
which consist in taking into account the multilevel component construction of departmental systems
of the «cyberpolygon» class and the dynamics of their gradual development, improvement
(modernization). New aspects are investigated in the selection and justification of quality criteria for
solutions for the construction of such systems, which consist in the use of multi-vector groups
of quality criteria in the specific conditions of departmental geographically distributed application
of «cyber polygons» as multi-purpose organizational and technical systems. The results
of a comparative assessment of the state of the art on the example of prototyped solutions for
the construction of cyber polygons, which are registered in the Russian Federation as objects
of industrial and intellectual property, are presented.
Keywords: infological model, cyberpolygon, system quality

For citation: Sineshchuk M.Yu., Shestakov A.V., Gavkalyuk B.V. Infological model and quality criteria
of solutions for the creation of departmental organizational and technical systems of the «cyberpolygon» class //
Scientific and analytical journal «Vestnik Saint-Petersburg university of State fire service of EMERCOM
of Russia». 2023. Ne 1. P. 121-137.

BBenenue

[losiBiieHHEe HOBOTO KJlacca OpraHM3alMOHHO-TEXHUYECKUX CHCTEM KaK «KHOEpIIOJIUTOHbBI)
ABIISICTCS OOBEKTHBHBIM CIIEICTBUEM COBPEMEHHOI'O MHPOBOTO TEXHOJIOTMYECKOI'O pa3BUTHS,
PEIbHOCTBIO BHEAPEHUS MHPOPMAIMOHHBIX U CKBO3HBIX IIU(PPOBBIX TEXHOJIOTUHA BO Bce chepsl
KHU3HEJEATeNbHOCTH O00IecTBa, LU(POBU3ALUN SKOHOMUK CTPaH M BO3HHUKHOBEHHEM HOBOTO
CHEKTpa yrpo3 U JAECTPYKTUBHBIX BO3JCHCTBUII B KHOEpHpPOCTPAaHCTBE (POCTOM KOMIIBIOTEPHOMN
IIPECTYIIHOCTH).

l'ocynapctBeHHass monuThKa B Hamed cTpaHe s 3(G(EKTUBHOIO IMPOTUBOCTOSHUS
JeCTPYKTUBHBIM BbI30BaM B HH(pochepe peanusyeTcss uepe3 HalUMOHAIbHbIE IPOrPaMMbI
1 HalMoHaNIbHBIE ((penepanbHbIC) MPOEKTHI, HAMpPaBIEHHbIE Ha o0OecleueHne KUuOepyCTONIMBOCTH
MHGOPMAIIMOHHON MH(QPACTPYKTyphl, B YAaCTHOCTH HAaIMOHAIbHYIO mporpammy «lludposas
skoHOMUKa Poccuiickoit @eneparun» u denepanbubiii mpoekT «HpopMamonHast 6€30nacHOCTh.
[Macnopt ¢enepanbHoro mnpoekra «MHpOpManmoHHas 0G€30MaCHOCTEY COJACPKHUT MEPOIPHUITUS
n0 2024 T. Mo CO3/aHUI0 KHOEPIIOJIMTOHOB, BBEACHHUIO MX B JKCIUTyaTallMI0 U OOECICYEHUIO
¢ynkunonupoBanusi (myHKT 1.48). PernmameHTHpoBaHHOE OIpeNeNeHue «KUOEPIOTUTOH»
chopMyJIMpPOBAHO dYepe3 LieJeBoe MpeAHa3HaueHue WHQPACTPYKTYphl HOBOTO Kiacca «Kak s
o0yuyeHHsl, TPEHUPOBKH, TaK W JUId TECTUpOBaHWs» B pa3l. 2 u 3 IlpaBun mnpenocraBieHUs
cybcunuii w3 denaepaqbHOrO OFOJDKETa, YTBEPXKIEHHBIX TMOcTaHOBIeHHEeM [IpaButenbcTBa
Poccniickoit ®eneparun ot 12 oxTsops 2019 r. Ne 1320".

Kubepnonuron, ¢ TOYKM 3peHHs TMpolecca CO3JaHHMsl CHCTEM HOBOIO Kjacca,
1esnecoobpa3Ho  paccMaTpuBaTh, B IIMPOKOM CMBICIE, B BHJE CEPBUC-OPUEHTHPOBAHHOTO
UH(PPaCTPYKTYyPHOTO MPOEKTA pa3BUBAIOIIEHCS MHOTOIIEJIEBOM o0pa3oBaTenbHOMH,
UCCIIEZIOBATENIbCKOM W MCIBITATeNIbHOW  MH(POPMALMOHHO-TEIEKOMMYHUKAITUOHHOW — CHCTEMBI
Ha OCHOBE HMH(POPMAIMOHHBIX TEXHOJOTMM U TEXHOJOrui obecriedeHus: HH(POPMAIMOHHOM
0€30MacCHOCTH.

[Ipoekt, B oOTAMYME OT U3BECTHBIX, JIOMOJHUTEIBHO COAEPXKHUT, B 3aBUCUMOCTH
OT TpeAHa3HAYeHUs CHCTEMbl, KOMIIOHEHTBI-IIPOOOpa3bl JEeHCTBYIOMUX HHGPOPMAIIMOHHBIX
MH(PACTPYKTYp OpPraHOB I'OCY/IapCTBEHHOI'O YIIPABJICHUS, MUHUCTEPCTB M BEJOMCTB, OPraHU3alui
U YUpEeXJIEHUH peaJbHOro CEKTopa 3KOHOMUKH (puc. 1).

! Onpenenenne TepMHHA «KHOEPIIONUTOH»: HMH(PACTPYKTYpa Juis OTPAOOTKH IPAKTHYCCKHX HABBIKOB
CHENHANINCTOB, OJKCIEPTOB pa3HOTO mNpodwis, pykoBoguTeraed B oOmactd WHGOPMAIMOHHON Oe30macHOCTH
1 MHGOPMAIMOHHBIX TEXHOJOTHI, a TaKXkKe JJIsi TECTUPOBaHHS MPOrPAMMHOIO M alMapaTHOTO OOECIHeueHUsl IIyTeM
MOJICTTMPOBAHUSI KOMIIBIOTEPHBIX aTaK U OTpabOTKM peakuuii Ha HuX. OrnpezeneHue «KUOepIONIUTOH» JaHO B PEAAaKIUH
1. 2 mocranosneHus [IpaButensctBa Poccuiickoit @eneparuu ot 27 depans 2021 r. Ne 288.
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Puc. 1. YcaoBus popmupoBanus kudepnoaurona aisa MUC Pocenn
(HUO — may4yHO-HCCIe0BATEIBCKAS OPraHU3ALNSA)

B Buxy 3HauMTENbHBIX OCOOEGHHOCTEH pealu3aluyd peajbHbIX HMH(POPMAIMOHHBIX
uHppacTpykTyp (GOpPMUPOBAHHE IIOJHOTO IMEpeYHss KOMIOHEHT-IIpooOpa3oB MpoOIeMaTHUHO,
a co3laHue, BHEJApeHHWe U  (QYHKUMOHUPOBAHUE YHU(PHUIHMPOBAHHBIX  KHOEPIOJIUTOHOB
B JUMHAMHUYECKHX YCIIOBUSX JEHUCTBYIOIIMX HWHQPACTPYKTYp, B TOM 4YHCIE BEJOMCTBEHHBIX,
HSKOHOMHMUYECKH HE LEeIeco00pa3Ho, 4TO OOYCIOBIMBAET AaKTyalbHOCTb HPUKIAJHBIX HAay4HBIX
WCCIIEIOBaHUM 110 MOCTPOEHUIO KHOEPIIOIUTIOHOB BEJOMCTBEHHOMN MPUHAIJIEAKHOCTH.

CoBpeMeHHbII 00pa30oBaTeNbHBIA, HAyYHBIH, METOAWYECKHA U MaTepHaIbHO-TEXHUUYECKUI
YPOBEHb PECYpPCHOTO pa3BUTHsI BEJOMCTBEHHBIX OO0pa30BaTEIbHBIX OpraHHU3aliii, Hampumep,
B MUC Poccun, Kak MoKa3pIBaeT aHAIN3 HX PE3yJIbTaTOB, IPECTaBICHHBIN B psijie myOmuikarmit [ 1-3],
MO3BOJISIET paccMaTpuBaTh MX B CTaTyce TOJOBHOIO IO/ABEAOMCTBEHHOTO HCIIOMHUTEIST PaboT
M0 CO3JaHUIO, BBOJY B OJKCIUTyaTalldl0O U 00ecrne4eHHI0 (PyHKIMOHMPOBAHUS BEJOMCTBEHHBIX
KHOEPIIOIMIOHOB C TEPPUTOPHATBLHO-PACTIPEICTICHHOW HHPPACTPYKTYPOii (puc. 2).

O

MonHomacluTabHbIN
KnOepnonuroH

Puc. 2. TeppuTopuanbHo-pacnpeneieHHOe pa3BUTHE KHOEPIIOJINTOHA

BaxHo ompenenuTh, Kak TOJOBHOM WCIIONHHUTENbh JIOJDKEH YYHTBHIBATH TpeOOBaHMS
rOCYJApCTBEHHBIX ITPOrPAMMHBIX MEPONPHUATUN U PE3yJIbTaThl padOT CUCTEMBI IIPOrPAMMHO-1IETIEBOTO
Pa3BUTHS CTpaHbl Ha OJDKAWIIMN TIEPHOJ W JATGHEUIIYIO MEPCHEKTUBY B MPUKIIAJIHONW TEMaTHKe
KHOEPIIOIUTOHOB ¥ MH(POPMAITHOHHOW O€30MTaCHOCTH.

HaydHoe compoBoXIIeHHE CO3/IaHUsI BEIOMCTBEHHOTO KHOEPIIOINUTOHA JIOJDKHO 0a3MpOBaThCs
Ha HayLIHO-O6OCHOBaHHBIX HHq)OJ'IOFPI‘-IGCKHX MOJCIIAX, KOTOPBIC II0 OTHOIICHUIO K H3BCCTHLIM,
Hampumep, B paboTax [4, 5], TOCBSAIIEHHBIM KOHKPETHOW TPHUKIAIHOW OOJACTH, JOJDKHBI
COOTBETCTBOBAThL U OBITH aJICKBAaTHBIMU BCIOMCTBCHHBIM 3aJaydyaM, (bYHKHI/ISIM, BUJgaM JIC€ATCIIbHOCTH,
OPraHU3alMOHHOMY U PECYPCHOMY O00ECTICUCHHIO.
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Kpureprn kauecTBa pelieHHH 1O TOCTPOCHHIO COBPEMEHHBIX KHOEpIOIMIOHOB, HAIpUMED,
Uchonb3yeMblx B pabotax [6, 7] mmst oTpacieBbIXx WM 00Opa3oBaTeNbHBIX LEJCH, TO €CTh
MHOTOLICJIEBOTO TIPHMEHEHHST HOBBIX OPraHW3aIllMOHHO-TEXHHYECKUX CHCTEM B CIEIM(UUECKUX
YCIOBUAX HX MHTErpalliM M KOHBEPI€HLIMH C JEWUCTBYIOLIEH BEJOMCTBEHHOM MH(OPMAIMOHHOM
MH(PACTPYKTYPOii, HE B TIOJTHOM Mepe YUUTHIBAIOT MHOTOBEKTOPHOCTH IPYIIIT KPUTEPHUEB KayecTsa [8].

[IpeamMer HACTOSIIETO MCCIIENOBAaHHUS — MOAENBHBIN U KpUTEpUATIbHBINA anmapat 000CHOBAaHUS
OpPraHU3aLMOHHBIX M CUCTEMOTEXHUUYECKHX DEIICHUI 10 MOCTPOEHHIO KHUOEpIIOJMIOHOB HAa OCHOBE
00pa30BaTelIbHBIX PECYPCOB Pa3BUBAIOIIMXCS BEIOMCTBEHHBIX OPraHU3allMOHHO-TEXHUYECKUX CHCTEM
B IMHAMUYECKUX OTIEPATUBHBIX YCIOBUSAX U BO3AECUCTBYIOIIUX SKOHOMUYECKUX (PaKTOPOB.

HccnenoBarenbckass paboTa MO OTHOIICHHWIO K HMEIOIIMMCA MPEIbIIYLIMM  pe3yJibTaTaM
MCCIICIOBAHUI BEIOMCTBEHHOW TpoOiemMaTuku B padorax [9—11] cdokycupoBaHa Ha OMpeACICHUH
TEKYILEro COCTOSIHUSI METOJIOJOTMUECKUX MOAXOAOB K CO3JaHUIO BEIOMCTBEHHBIX KHOEpIIOIMTOHOB
C ydyeToM HuX OCOOCHHOCTEH, N0 MarepuaiaMm, OMyOJMKOBAaHHBIM B OTKPBITHIX 3apyOe’KHbBIX
U OTEYECTBEHHBIX UCTOYHUKAX.

[lepen uccnenopatensiMu ObUTH TOCTaBIIEHBI CIIETYIOLIHE BOIIPOCHI:

1. B yeMm 3akitodaroTcsi BEZJOMCTBEHHbIE OCOOCHHOCTH OPraHU3aLMOHHO-TEXHUYECKUX CHCTEM
KJ1acca «KUOSPITOJTUTOHOBY?

2. Kakue uHponormyeckue Moneau KHOSpHOJUMIoHOB IMPEANOYTUTENbHBI IS (OpMaIbHOTO
IIPEACTaBICHHsI BEJIOMCTBEHHOM NpolieMaTuku?

3. Kakue noaxo/ipl UCIIONB3YIOTCS I KOMILIEKCHPOBaHNSI MHOTOBEKTOPHBIX I'PYIII KPUTEPHEB
KayecTBa pELICHWH 10 CO3/1aHHI0 BEJAOMCTBEHHBIX KHOEPIIOJUIOHOB Ui  IOCIIEIYHOIIETo
MHOT'OLICJIEBOIO MPUMEHEHHs KHOEPIIOJIMIOHOB B CHELM(PUYECKHX YCIOBUSX HX MHTErpaluu
Y KOHBEPI'€HITUH C JICUCTBYIOIIEH BEIOMCTBEHHOW MH(POPMAIIMOHHON MHDPACTPYKTYpOii?

Oco0eHHOCTH BeJOMCTBEHHbIX OPraHU3allHOHHO-TEXHHYECKHUX CHCTEeM KJIacca
«KHOEPIOJIUTOH»

BenomcTBeHHbIE KHOEPIIONUTOHBI AOKHBI 00ECIIeUnBaTh OCHOBHBIE ChEpPhI ASSITENbHOCTU
BEJJIOMCTB (MUHHUCTEPCTB, areHTCTB), 3aKpPEIUICHHbIE B HOPMAaTHUBHO-NPABOBBIX JOKYMEHTaX.
Hanpumep, MUYC Poccun, cormacHo Ykasy Ilpesunentra Poccuiickoit ®enepanuu ot 11 wurons
2004 1. Ne 868, k cdepe meATeTHHOCTH OTHECEHBI Tpa)IaHCKas OOOpOHA, 3aluTa HaCEIICHUS
U TEeppUTOpUN OT Upe3BbIUAWHBIX CHUTyallMii, oOecredyeHrne TMOoXapHOW Oe30MacHOCTH.
B nanmonansHoOi mporpamme «lludpoBas s3xoHomuka Poccuiickoil ®enepanumny MHUHHCTEPCTBO
y4acTBYET COMCIIOIHUTENEM MEPONPUATHI:

— 10 NOJIKJIFOYEHHIO TI0/IBEJOMCTBEHHBIX 00BEKTOB K BEBICOKOCKOPOCTHBIM CETSIM CBSI3H;

— UMIIOPTO3aMeIleHHs, TIepexojia Ha OTEUEeCTBEHHbIE MPOTrPaMMHbBIE CPEJCTBA, a B aCIEKTe
MH(OPMaLIMOHHOK 0€30MaCHOCTH — MOJArOTOBKU KaJpOB U BHEAPEHUS COOTBETCTBYIOLIEH CHCTEMBI
B Enunyto nHGopMannonnyo cuctemy 1udpoBoro rocyaapcrsennoro ynpasienus (EMC LI'Y) 2,

BexomcTBeHHBIH acleKT KHOEPIOJMIOHOB JOJKEH YUUTHIBATHCS:

a) B 0COOEHHOCTSAX HCIOJIb30BaHUs (B TOM uucie 00eBOro MPUMEHEHMsI) pa3BUBAIOIIEHCS
pecypcoeMKoi HHPPaCTPYKTYpBL:

— B HUHTEpecax BEJOMCTBEHHOTO IOCTPOCHMSI CHCTEM TOJACPKKU MPUHITHS pPELIeHUI
[0 HEUTpaau3aluy KOMIIBIOTEPHBIX aTaK M IPEBEHTUBHBIX MEP IO HMX MNPEAYNPEXKICHUIO
Ha o0bekTax nHpopmaruzaunu MUC Poccuy;

— B 00pa3zoBaTebHOM IIpOIECCe MO/IBEJOMCTBEHHBIX BY30B C YYETOM CHEIHM(UKH cOCTaBa
o0y4JaeMbIX, HalpaBlIeHUI MOJrOTOBKM M OCHAIIEHHOCTH Y4eOHOM TeXHU4ecKkoi 06a3oil, ¢ yuerom
JIOBEPEHHBIX MpoTrpaMMHOro obecrieueHus [12];

? Tlepeuncienne 5 mynkra 1 Ortdera o peammsarmm IlyGnmunoil meknmapammn ueneil u 3agad MUC Poccuu

Ha 2021 T., ogo6penHoro Ha 3acenannu ObuecTBenHoro copera mpu MUC Poccuu (potokon ot 23 mrons 2021 1. Ne 5).
URL: https://mchs.gov.ru/dokumenty/6394.
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0) B YHUBEpCAIbHOCTH  (YHKIIMOHAJIBHO-TEXHUYECKUX  XAPAaKTEPUCTHK  TPEKOB
KHOepnoJINuroHa B €JMHOM KOHTYpE CHUCTEMBI YIPaBJICHHUS W HHPOPMAIIMOHHON OE30MacHOCTH
KHOEepHnoIuroHa:

— Oopranu3anuu u obecreyeHus onepatuBHOM moarotoBku cui MYUYC Poccun, B Tom uuncie
CIEIMAIMCTOB, OTBEYAIOMIMX 3a oOecnedeHne wuHpopmamuoHHOW OezomacHoctn WT-pecypcos
(B popme kubepTpeHakeil, KHOEPTPEHUPOBOK, KUOEPYyUEHHH U T.11.);

— 00yuyeHusi U NEepernoAroTOBKH CTYJEHTOB, IpernojaBaTeliedl U CHeUUaJINCTOB B 00JacTH
nHGOpPMAIMOHHON  0e30macHOCTM M 3allUThl  MHPOpPMalLWMu, B TOM 4YHCIE IEHTPOB
kubepoezonacHoct MUYC Poccun (ouHOM 1 3a0uHON opM 00yueHus, IUIaTHBIX 00pa30BaTEIbHbIX
yCIYT B paMKax JONOJIHUTEIBHOTO MPOo(hecCHOHAIbHOTO 00pa30BaHus);

—anpo0alMi M TECTUPOBAHMS HOBBIX CPEACTB 3alIUThl MH(DOpPMAIMH, KOMIBIOTEPHO-
MOJICIUPYIOLINX CPEACTB OOHAPYIKEHHMsI, aHATIN3a M YCTPAHEHUs TIOCIECTBUIA KOMIIBIOTEPHBIX aTaK
JUis 00y4eHHUs, IOJrOTOBKY U IPUMEHEHUs BO BHEILLIHEM, BHYTPEHHEM IEpUMETpE U BeO-pecypcax
opranmzanuii (yupexaenui) MUC Poccun, mnpeaocTaBICHHBIX KOMIAHHUSIMH pPa3pabOTYNKOB
(BeHmoOpamm).

OpauM M3 BaXHEWIUX HAIMpPaBICHUN MPHUKIAJHBIX HAYYHBIX HCCIEIOBAaHHA B oOiacTu
nHpopmanmnonnoit 6ezomacHocty MUC Poccum sBisieTCss MCCIENOBAHHE CHUCTEMOTEXHUYECKUX
peLIeHH MO0 MOCTPOSHUIO U Pa3BUTHIO BEJOMCTBEHHOI'O KHOEPIOIUIOHA, OCHOBHBIE HOJCHCTEMBI
KOTOPOTO TPE/ICTaBJICHHI B 00IIeM BUIE Ha puC. 3.
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Puc. 3. OcHoBHBIE MOACHCTEMBI KHOEPIOJTUTOHA
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JlekoMno3unys ~ OpraHM3allMOHHO-TEXHUYECKOHM  CHUCTEMBl B BHJAE  IOJCHCTEM
KUOEpIIOJUIroHa B IIE€JIOM OTpakaeT OCOOEHHOCTH IOAXOJO0B, MPHUHATBIX NPU JACKOMIO3HLIUU
AaBTOMATH3MPOBAHHBIX CHCTEM CIICHAILHOTO Ha3zHadeHus |[8], MHKeHepHOW HWHQPPACTPYKTYpPHI
LEHTPOB 00pabOTKH JTAHHBIX", IPOTPaMMHBIX M3/ETIHH Kilacca «KUOEpIOoIUToHy .

Kuo6epnoauron njss MUC Poceun 10/1xeH ObITh OpraHU3allMOHHO-TEXHUYECKOW OCHOBOI:

— IPUBJICYEHHU K TIOBCEIHEBHOM JeATeNbHOCTH opraHoB ymnpasieHus MYC Poccun
KypCaHTOB U CIyllaTesied IMOJBEIOMCTBEHHBIX BY30B, KOTOpblE B Oirkaiiiiem Oyayiiem OyayT
3aMellaTh JOJDKHOCTH B LIEHTPAX yNPaBICHHUS B KPU3UCHBIX CUTYalUsAX Pa3IMYHbIX YPOBHEH ITyTEM
IIPOBEJICHUS] TPEHUPOBOK (YU€HUI) U MPAKTUUECKUX 3aHATUHN JJIs1 HOBBILICHUS MPOPECCHOHATBHOIO
YPOBHS CIELMAIMCTOB ONIEPATUBHBIX JEKYPHBIX CMEH;

— €IMHCTBA METOJOJOTHYECKMX M TEXHOJOTMYECKHX pEeUIeHUM Mpu OpraHu3aluu
0o0pa3oBaTeNbHOIO Tpolecca Uil TMOJNYy4YEeHUS IPAKTHUKO-OPUEHTUPOBAHHBIX  KOMIIETEHIIMH
CHEIMAJIMCTOB B 00J1aCTH MHPOPMAIIMOHHOM 0€3011acCHOCTH M UH(POPMAIIMOHHBIX TEXHOJIOTU;

— UH(OPMAIIMOHHO-aHATTUTUYECKOTO, CIIPABOYHO-METOJUUECKOr0 OOECIeUeHHUs IIEHTPOB
yIOpaBiIeHUs B KPU3UCHBIX CUTYaLUsAX PA3JIMYHBIX YpOBHEH M 00pa30BaTEIbHOIO Ipoliecca By30B
10 EPCIEKTUBHBIM TEXHOJIOTUSAM 3aIUTHI HHPOPMALIUU U IPOTHUBOCHCTBUS KHOEPYTpo3aMm;

— HCCIIEZIOBATEIbCKUX  CIIELMAJIbHBIX TpeHUpoBoK Ha ©Oaze Cankr-IlerepOyprckoro
yausepcurera ['TIC MUYC Poccun ¢ 1enbio BBISBIEHUS MPOOJIEMHBIX BOIPOCOB M HEJOCTATKOB,
a Taxke BbIPAOOTKH IMPENJIOKEHUH 110 COBEPIIEHCTBOBAHUIO OPraHU3allMi HECEHUS] ONIEPATUBHOIO
JIeKypCcTBA U OCHAIIEHUS  aBTOMATHU3MPOBAaHHBIX  paboumx  MECT  aJMHHHUCTPATOPOB
nH(OPMALIMOHHONW O€30MacCHOCTH U LIEHTPOB YMPABIEHUS B KPU3HCHBIX CUTYALUAX Pa3IUYHBIX
YPOBHEW;

— NPUKIAAHBIX HAy4YHBIX MCCIEIOBAHUNM 10 TmpodiemMe oOecreyeHus J1OBEPEHHBIMU
npoctpaHcTBeHHbIMM  gaHHbiIMM  MUC Poccun. B mepByro ouepenb 3TO  OTHOCHUTCS
K MEXBEJIOMCTBEHHOMY M MEXYpPOBHEBOMY B3aummojencTsuro ¢ Pocrugpomerom u PI'BY
«BHUNUT' MHU-MIT]».

Kubepnonuros siBnsiercs mpoodpa3om Tosbko Toi nHppacTpykrypst MUC Poccun, kotopas
obecrieunBaeT (pyHKLIHOHUPOBAaHHE OHU3HEC-TIPOLIECCOB BEIOMCTBA, €0 TEPPUTOPHUAIBHBIX OPraHOB
yOpaBleHus,  MNOApa3AeNeHudl W 4YacTed, HUMEUMX  HHPOTEIEeKOMMYHHUKANOHHYIO
COCTaBIIAIOLLYIO.

Tpex kuOepy4yeHH BEJIOMCTBEHHOTO0 KHOEpIOJUIOHA IIeecO00pa3HO pealn30BaTh
Ha IUIOIIAJSX MO/IBEJOMCTBEHHBIX 00pa3oBaTeIbHbIX OopraHu3anuii. JlokaabHas I peruoHalIbHO-
pacnpeeneHHas CTpyKTypa KUOepIIoJIMroHa 3aBUCHT OT:

— 1eJIed ¥ 3a7ja4 MEPOIIPUATHI ONEPATUBHOM NOJTOTOBKU U TPEHUPOBOK JTOJKHOCTHBIX JIMI
(cmennanucTOB) BEOMCTBA, OPraHU3alMi 00pa30BaTEIBHOIO IPOIIECCa;

— obecreyeHus: B3aUMOJICHCTBUS ¢ 3aMHTEPECOBAHHBIMU OPraHU3aLUsAMU IPU MPOBEIACHUN
HCCIIEIOBAaHUM W TECTUPOBAHMU MPOTPaMMHBIX U allapaTHO-IPOrPaMMHBIX (IIPOrpaMMHO-
anmapaTHbIX) CPeJICTB U KOMILJIEKCOB;

— CUCTEMOTEXHUYECKUX  PEIIEHUH 1O  PAlMOHAIBHOMY  pa3MEUICHHIO  CpEJACTB
KUOEpIIOJUIroHa, IOJCUCTEMBbI JOCTyla M  IOJCHCTEMBbl YIpAaBJIEHUs, 3aJeHCTBOBaHHBIX
B 00€ecre4eHN! Tpeka KubepyueHui.

Kareropuu g0/KHOCTHBIX JIUI] M CIIELUAIMCTOB — NOJIb30BaTeNel KMOSPIOIUTroHa B 001eM
cllydae JOJIKHBI OXBAaTbIBaTh BCE YPOBHHU JOJDKHOCTHBIX JIMI[I PYKOBOAMTEJEH, TEXHHUUECKHUX
PYKOBOAUTENEH, CIIEUATUCTOB B 001acTH MH(MOPMALIMOHHONW 0€30MacHOCTH U MH(OPMAIIMOHHBIX
TEXHOJIOTHH, JKCIUTyaTallMOHHBIA TEPCOHAT OOBEKTOB HMH(POPMALMOHHONW HHPPACTPYKTYPHI
BEJIOMCTBA, a UX IepeueHb JOJDKEH OBITh OINpENeNIeH U 3aKpEeIUIeH yCTaHOBJIEHHBIM B BEJJOMCTBE
MOPSAIKOM.

OO0pa3oBaTe/IbHBIIl TpPeK BEIOMCTBEHHOI'O KHOEpPIIOJMIOHA JOJDKEH Ppealn30BbIBATHCS
CHJIaMU H  pecypcaMH TOABEAOMCTBEHHOW  00pa3oBaTeNbHOW  opraHu3anuu. Pecypcsr

> TOCT P 58812-2020. Ilentpsl 06paboTkn naHHbIX. MkeHepHas HH(pacTpykTypa. OIepaldoHHas MOICIb
skcrutyaranuy. Crienudukars.
* Cyber Polygon. URL: https://cyberpolygon.com/ru/ (zata o6pamenns: 02.01.2023).
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o0pa3oBaTeNbHOW  OpraHW3allii  JIOJDKHBI  00€CIeYrBaTh BO3MOXHOCTh  OJHOBPEMEHHOTO
MIPOBEACHUS Pa3IMYHBIX THUIIOB 3aHATUH (aHaJIM3 3aLIUIEHHOCTH BeO-pecypcoB, 0a3 JaHHBIX,
BHYTPEHHETO M  BHEIIHETO  TIEpUMETpa;  MPOBEJACHWE  PACCICAOBAaHUH  WHIMICHTOB
nHpOpMaIMOHHOH Oe3omacHocTH U T.11.). Opranu3aTopsl 3aHATHH (IpenoaBaTen) J0JKHbBI UMETh
BO3MOKHOCTB (hOPMHUPOBAHHS MAOJIOHOB HHPPACTPYKTYP U CIICHAPHEB aTakK, BAPbUPOBAHUE LIEIEH
U 337124 NPaKTHYECKUX 3aHATHH U T.[.

Tpek ucciaenoBanuii ¥ TeCTHPOBAHMS BEJOMCTBEHHOTO KHOEPIIOIMTOHA JOJKEH MMETh
BO3MOKHOCTh CUTYallMOHHO ()OPMHUPOBATh COOTBETCTBYIOLIYIO MCIBITATENbHYIO M Harpy304YHYIO
cpely W amanTupoBaTh MHGPACTPYKTYPy BEIOMCTBEHHOW 0Opa30oBaTEIbHOM CpelIbl K CpPeACTBaM
3alUThl MH(OPMAIMK, MOCTaBISIEMbIM 3aMHTEPECOBAHHBIMU pPa3pabOTUMKaMU M BEHJOpPaMH,
Hampumep, Juist coopa U aHanu3a uH@opmanuu o coObiTuax OezonmacHoctu Tuna SIEM (Security
Information and Event Management, ynpaBienue coObITUAMU U UHpOpMaLuel o 6€30MacHOCTH),
ckaHepoB ys3BuMocTeil (Vulnerability Scanner), nudpoBoil KpUMHUHAIMCTUKM W pearupoBaHUs
Ha uHmaeHTsl (Digital Forensics and Incident Response) u psna apyrux.

HNudosiornyeckue Mogeu Ku6epnoauroHoB st GopMaabHOIo MpeacTaBJIeHUus:
BeIOMCTBEHHOM NPO0JIeMaTHKH

Nudonornueckue MOJIEIH BEJIOMCTBEHHOTO KHOepIioIMrona 1enecoo0pa3Ho
paccMaTpuBaTh € y4eTOM  OCOOEHHOCTeH  (OpMaabHOro  OMMCaHUS  OM3HEC-TPOLIECCOB,
peann3yeMbIX UCXOAs U3 MpUMEHEHHsI (00€BOro MpUMEHEHUs) KUOEPIOIUTOHOB, B YACTHOCTH IS
MYC Poccuu:

— UH(QOPMALIMOHHO-MO/IEJIUPYIOIIMX TPOLIECCOB KUOEPIIOIUIOHA IS CUCTEM MOJIEPKKU
MpHUHITHS perieHuid B chepe mHGOPMAIMOHHONH OE30MACHOCTH, K MPOTOTUIAM KOTOPBIX MOXHO
OTHECTH MO/JICITU LIEHTPOB 00Pa0OTKU JIaHHBIX CO CIICIIMATN3UPOBAHHBIMU cepBUcaMu (puc. 4);

— OM3HEC-TIPOIIECCOB MOCTABIIMKa CEPBUCOB TpeKa KMOepyUeHH, 00pa3oBaTeIbHOTO TPEKa,
TPEKa UCCIEA0BAaHUN U TECTUPOBAHNUS,

— IUHAMUYECKUX CTPYKTYpPHO-TIApaMETPUUYECKUX IMPOLIECCOB BOIIOIMOHHON apXUTEKTYpPhI
KHOEpHnoIuroHa, K MpoTOTUIIAM KOTOPOH 1enecoo0pa3HO OTHECTH MOJENHU IMOATAIHOIO Pa3BUTHSA
CJIOKHBIX TEPPUTOPUATHHO-PACTIPEACTIEHHBIX CHCTEM.

Wudonornueckue  MOAETH  BEJOMCTBEHHOTO  KHOEPIONMIOHA B COBOKYITHOCTH
MPEJICTABISAIOT COO0OM TeMaTH4ecKHe MOJENbHbIE CIOU, KOTOphle HMEIOT anmpoOHpOBaHHBIC
U PpErIaMEHTUPOBAHHBIE PEIIEHUS C JOCTAaTOYHBIM YPOBHEM JEKOMIO3MIMM CYIIHOCTEH JUIs
MIPUKIIAIHBIX 3a]1a4.

TemaTuyeckoi MoJeNbHBINA €JI0I KMOEPNOJUMIOHA HA OCHOBE ONEPALMOHHOW MOIeIHN
IKCILIyaTAlMH LEHTPOB 00padoTku AaHHbIX. CJoil SBISETCS MOJEIBIO OW3HEC-TIPOIIECCOB
nocraBmumka U T-ycinyr u onepaTopa BBIYMCIMTENBHBIX PECYPCOB M HH(DOPMAITMOHHBIX CEPBUCOB.
Mognenbs comepKHUT TPHU MPOLECCHBIX YPOBHS: YIpPaBIEHUS M B3aUMOJCHCTBUS, OOCITY>KHWBaHUA,
o0ecrne4nBarouX MPOIECCOB.

TemaTuueckuii MoeIbHBIH c10i Kudepmoaurona na ocuose eTOM (enhanced Telecom
Operational Map) npencraBiser coboii MojeIb OW3HEC-TPOIIECCOB MOCTABIIUKA TEIEKOM-YCIIyT
(puc. 5). Croit  sBAsETCSs HWHTETPUPOBAHHON MOJENBIO OHM3HEC-TIPOIIECCOB  MPOBAKIEPOB
U OTIepaTopoB MH(OTETEKOMMYHHKAIIMOHHOHN HH(pacTpyKTypbl. Monens eTOM conepKuT ueTsipe
YpOBHS: KOHIENTyanbHbI (1 ypoBeHB); NeTalU3UpPOBAaHHBIA KOHIENTyalbHBIH — 2 YpPOBEHb
(mporieccHble 00JaCTH, BEPTUKAIbHBIE W TOPU3OHTAJIBHBIE TPYMIBI TpoleccoB); 3—4 ypOBEHb
CTaHIApPTHBIX 3JEeMEeHTOB mporeccoB. Monens €TOM neTaan3upoBaHHOTO KOHIIETITYaJIbHOTO
YPOBHSI COJEPKUT TpPHU IMPOLECCHBIX OO0JacTU: YyIpaBJIEHHWE CTpaTeruei, uHEQpacTpyKTypoiu
u npoayktamu (SIP — Strategy, Infrastructure, Product); ynpasnenue onepanmoHHBIME TPOIECCaMU
(OPS); ympasnenue mnpeanpustaem (EM). B nentpe BHumanus aokymeHta €TOM Haxomsarcs
OHM3HEC-TIPOIIECCHl CepBUC-TIPOBANCPOB, OMEPATOPOB MHAPACTPYKTYpP U PECypCcoB, MPEANpUATHN
JIOTUCTUKH | TOJb30BaTENEN yCIIyT (CEPBUCOB).
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YnpaeneHue MapkeTHHIoM 1 NpeanoXeHuem

npoaykta (M&OM) YnpasneHue B3aMMOOTHOWEHUAMK C knueHTamn (CRM)

Paapaborka u ynpaanenue ycnyramu (SD&M) Ynpaenexue u akcnnyataumus ycnyr (SM&O)

Paapabotka v ynpasnenme pecypcamu (RD&M)
(NPMNOXEHME, BLIMMCNUTENLHAR TEXHUKE W CETL
CBA3N)

Paapabortxa w ynpasnenue ueno4kamu nocTasok Ynpasnenme B3anMOOTHOLWEHWAMM C NOCTABLLMKAMW/ NEpTHEPaMI
(SCD&M) (S/PRM)

Ynpaenenue u akcnnyarauus pecypcos (RM&O)
(Npunoxexne, BbIYMCNUTENbHAR TEXHNKA W CEThb CBR3N)

Ynpagsnexwe Ynpagnexue aHasnsMu
ahheKTHBHOCTBIO OpraHn3aummn
oprakuaaum W UCCNeaOoBaHNAMK

[nanwposanwe
CTpaTervn u passuTus
opraHuaaunm

YnpaeneHue
PUCKEMM OPraHn3aLum

YNpasneHue OTHOLWEHUAMK
C 3aMHTEPECOBaHHLIMH CTOPOHAMM
¥ BHELUHMMM CBAIAMM

Ynpasneue
(PUHAHCAMW ¥ BKTHBAMK

Ynpaeneuue
NepCoHanom

Puc. 5. TemaTueckuii MoaebHbIi c/10¥i KMOepnoMrona Ha ocnose eTOM
(ucrounnk: TOCT P 53633.0°)

TemaTn4yeckoili MOJEJIbHBIH C€JI0H KHOCPIOJMIOHA HA OCHOBE MOJEJHM IOITAIHOIO
HHQPACTPYKTYpHOro mnpoekrta (puc. 6). Cioil sABHIsSeTcs MOJENbI0 IPOrpaMMHO-IIEIEBOIO
CO3aHUA U pa3BUTHUA CIIOKHBIX TCPPUTOPHUATIBHO-PACTIPCACIICHHBIX OPraHU3allMOHHO-TCXHUYCCKUX
CHCTEM KJlacca «KHOEepIoJUTroHb»). MoJelb COAEpKUT JeTaIu3MpOBAHHBIE MPOLEAYPHl ITAaloB
’KM3HEHHOTO IMKJIA CJIOXKHBIX CHCTEM, TaKHe KaK «HCCIEIOBaHUE) — «pa3paboTKa» — «IOCTAHOBKA
Ha IPOU3BOJCTBO» — «OIBITHOE IPOU3BOJCTBO» — «CEPUUHOE MPOU3BOACTBO» — «IIPOCKTUPOBAHUEY
— «HOATOTOBKA CIyKOBI IKCILTyaTallUH» — «pa3pabOTKa YCTABHBIX JIOKYMEHTOB» — «IIOCTAaBKa» —
«pa3BEpPTHIBAHUE» — «OIBITHAS SKCIITyaTalUs» — «BBOJ B IITATHYIO 3KCILTyaTaLHION.

> TOCT P 53633.0. Wudopmannonnsie TexHonoruu. CeThb yIpaBieHHs 3JIeKTPocBs3blo. Pacimpennas cxema
JeTeNIbHOCTH opranu3anuu cBsizu (eTOM). Obuias cTpykTypa Onu3Hec-poIeccoB.
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MporpammHeIe MeponpuaTuA
co30aHWA BeAOMCTBeHHOro knbepnonmroHa

Paspa6oTka (MoaepHU3aL usa) Crtpatermueckoe nnaHupoBauue KM

PaapaboTka HOpMaTUBHO-

YHUGUUMPOBaHHBIX NNaTdh o0pMeHHBbIX W TeKylllee NMaHUpoBaHWe hparMeHTa rexHnueckoi Gaspi KN
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. J T
| | - 1
n OBy4yeHue nepcoHana
Banuaauus v Bepudpukauua YMNP ana KN OAroToOEKAa Npou3BoACTEA skonnyaTauum KN PassepTblBaHne
tpparmeHTa
| | W 3KCnnyarauyua
kubepnonuroHa
HcnbiraHna YNP NcnbiTaHua YNP OnbiTHo @ CepuitHoe
MakeTa Ha NONUroHe

NPoOKU3IBOACTBO npoM3BoaACTBO

Bepudvkaumsa v Banmaauus
CUCTEMOTEXHUYE CKUX PEeLL eHUNIA
PparMeHTa KMbe prnonuroHa

Ucneiranus YNP
cTeHOa

Puc. 6. TemaTuueckuii MoAeJbHBIN /101 KNOEPIOJIMIOHA HA 0CHOBE HH(PACTPYKTYPHOro npoekTa [8]
KII — xkubepnonuron; C3U B/l — cpeacTa 3ammuTsl nHGopManuu 0a3 JaHHBIX;
YIIP — yanpunupoBannbie npoekTHbie pemienns; TKC — TeJlekOMMYHIKAIIHOHHBIE CPEICTBA;
HT/ — HopMaTHBHO-TeXHUYeCKAsl JOKYMeHTALUS

prl’ll’lbl KPUTEPUEB KAYECTBA MHOTOICJICBOI0 IPUMECHCHUSA KI/IﬁepHOJ'[I/IFOHa

COBOKYMHOCTh ~TE€MaTHYECKHX MOJEJBHBIX CJOEB KHOEproJuroHa oO0yCIOBIMBAET
HEOPJAMHAPHOCTh IOJAXOJ0B B OIPEACICHUU KPUTEPHUS KadyeCTBa MHOIOLIEJIEBOIO IPUMEHEHHUs
KHOEpHoJIUroHa, KOTOPBIA, OYEBUAHO, JTOJDKEH pPacCMaTPUBATHCS OTHOCUTENIBHO STHUX MOJENei.
IIpu sToM HEOOXOAMMO 0OecHeunTh KOMIUIEKCHYIO OLEHKY 3HAueHHWH MOKaszaTesneld KauyecTBa,
OTIpe/IeNIIEMbIX B COOTBETCTBUU C TPHUHATBIMU MOJEISIMH IO OOOOIIEHHBIM HOPMHUPOBAHHBIM
3HAYEHUSIM TIOKa3aTeleld XapaKTepUCTUK CYIIECTBEHHBIX CBOWCTB KHOEPIOJIMIOHA, HAIpUMED,
C UCIOJIb30BaHUEM MYJIbTUIIIMKATUBHBIX WIN aJIUTUBHBIX CBEPTOK.

CdopmupoBaHHas COBOKYIHOCTh KPUTEPHEB KauecTBa MOKET ObITh IpUMEHEHa JJIsl BBIOOpa
panroHAIBHOTO BapraHTa moctpoeHus kudepnonaurona aiast MUC Poccun.

OnpeneneHne W OLEHKAa BO3MOYKHOCTEH IPOrPaMMHBIX, IPOrPaMMHO-aIapaTHBIX
U anmnapaTHO-NPOTrPAMMHBIX CPEeACTB (M3JENHii) IPU KUCIOJIb30BaHUU B kuOepnoaurone ains MUC
Poccun MoryT OBITH IPOBE/IEHBI HA OCHOBE:

a) CUCTEMHOM MO/ieNTn KUOEPIIOIMIOHOB IOCYIapCTBEHHOIO 3aKa3uuKa, B KOTOPOH MepedeHb
OLIEHUBAaeMbIX TOKa3aTeleld OCHOBAH HA COCTaBe IMOKa3aTelNeil TeXHUYeCKoro 3a1anust MuHungps
Poccun Ha cozmaHue KUOEpIIOJIMIOHOB MO HAalMOHAJIBbHOMY TMpoekTy «MHdpopmanmonHas
0e30macHOCTb» HalMoOHaNbHON mporpammbl «L{udpoBas sxonommka Poccuiickoit deneparum»,
B YaCTHOCTH:

— (yHKUMOHANbHbIE, TEXHUYECKOH HWHQPACTPYKTYphl U BBIYUCIUTEIBHBIX PECYpPCOB,
PEXUMOB (PYyHKIIMOHUPOBAHMS, HAJIC)KHOCTHBIE, 3pTOHOMUYCKHUE U TEXHUYECKON 3CTETHUKH;

— B3aUMOJEHCTBUS ¢ OAHKOM JaHHBIX yrpo3 6e3onacHoctu uHpopmanuu OCTIK Poccun
U IpYTMMH BHEIIHUMH CUCTEMaMU;

— TOKYMEHTAJIbHOT'O 00ECTIeYeHHUsI, B TOM YHCIIE METOIMUYECKON U METOI0JIOTHYECKOM 0a3bl;
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— Pa3BUTHS U MOJCPHU3ALINH.

IIpumep  pe3ysibTaToB  OLEHKM  NPOTOTUIMPOBAHHBIX  PELICHUH IO  IOCTPOEHMIO
KUOEpIOJINIOHOB Ha OCHOBE CHUCTEMHOM MOJENM JIEMOHCTPUPYIOT —BbINOJIHEHHbIE CaHKT-
IerepOyprckum ynusepcureroM ITIC MUC Poccum cpaBHUTENBHBIE OLIEHKM YPOBHSI TEXHUKH,
KOTOpbIe  3aperucTpupoBaHbl B Poccuiickoit @Denmepanmu  Kak  OOBEKTHI  MPOMBIILICHHON
U UHTEIUIEKTYyaJlbHOW COOCTBEHHOCTH IO TeMmaTHke kuOeproiurons! [13]. Beibopka u3 uersipex
IIPOTUINHMPOBAHHBIX PEIICHUN NPOAHAIU3UPOBAHA II0 TIEPEUHIO II0KA3aTeNied, NPEeACTaBICHHBIX
B CTPYKType TexHmdeckoro 3aganus (T3) Ha co3manue kubeproiaurona, paspadoTaHHoro MuHIUQpPEL
Poccun, 3Ha4ueHMs1 4acTHBIX IOKa3aTeled XapaKTEPUCTUK CYIIECTBEHHBIX CBOMCTB OTHOPMHMPOBAHBI
U TOCPEICTBOM aJIUTUBHOM CBEPTKU C OJMHAKOBBIM BKJIAJIOM, CBEIEHBI B OOOOIIEHHBII MOKa3aTelb
KauecTBa pelieHus1 — 00beKTa TEXHHUKH (pUC. 7);

0,72 0,72

ERE

Puc. 7. OnieHka ypoBHSI TEXHHUKH HAa OCHOBE CHCTEMHOM MOJe/ I KHOEePIOoJMIoHA

000000000
O-NWLBVONOO™

0) opraHM3alMOHHO-(PYHKIIMOHAIBHOM MOJeNu KHUOEpIOJUrOHOB BEHJOpa, IepeueHb
OILICHMBAEMBbIX IOKa3aTelel, B KOTOPOil OyJIyT COOTBETCTBOBATh COCTaBY IOKa3aTeNell 4yeKk-IucTa
KOMITaHUHU-Pa3pabOTYHKa, HAIPUMED:

— cepa AeITEIBHOCTH IS 3a7a4 KHOSPIIOIUTOHA;

— XapaKTEePUCTUKH U TTOKA3aTeNH M0 TpeKaM KuOepydeHHi 1 00pa3oBaTeIbHOMY;

— MOKa3aTeNli KaCTOMH3AIMH Ia0JIOHOB, ClIeHapUeB, HHYPACTPYKTYPHI;

— XapaKTEePUCTUKH U TTOKA3aTeIH CPE/ICTB 3aIUThl HH(GOPMAIIUU U JIPYTHE;

B) JMJAKTUYECKOM MOJENIM BEIOMCTBEHHOM 00pa3oBaTenbHOM cpeabl (psi TOJIXO0JIOB,
YUUTBIBAIOIIMX 00pa3oBaHKe, MOTyUYeHHbIe HaBbIKH [14], komneTenuu [15, 16], crax padotsr [17],
crieranbHOCTh [18, 19] u Apyrue xapakTeprCTHKH, NpecTaBicH B padoTax [14-19]), B koTopoii
MepeueHb OIIEHWBAEMbIX TOKa3aTele aJanTHpoBaH K COCTaBy IOKaszareneil QenepanbHbIX
rOCy/apCTBEHHBIX 00pa30BaTENIbHBIX CTAHJAPTOB BBICHIETO 00pa30BaHUS [0 HAIPaBJICHUIO
noarotoBku «HpopMmamonHas 6€30MacHOCTh, HAPUMED:

— MOKa3aTeNld TEPMHUHOJIOTUHU TPEAMETHON 00JIacTH;

— MOKa3aTelu AUIaKTUYECKOT0 MaTepuaa;

— MOKa3aTeNn JIOKyMEHTAJIbHOTO 00ecTieYeHHs KUOePIOIUTOHA;

— TMoKa3zaTenu rpadudecKoro mnojib30BaTeIbCKOTo HHTEpderica;

— XapaKTEepUCTUKH U NIOKA3aTENN PEKUMOB pabOThI;

— 3aBEPILIEHHOCTh TPAH3aKIUN, HHTEIUIEKTYaIbHOU MOAIEPKKU U y100CTBa UCTIOIB30BaHUSI.

[TpoBepka 1enecoo0Opa3HOCTH HCIIONB30BAaHMS MPOTPAMMHBIX, MPOTPAMMHO-ANIAPATHBIX
W anmapaTHO-MPOTPAMMHBIX CpencTB (M3Aenuil) mpu  BBIOOpE pPAlMOHAIBHOTO BapHaHTa
noctpoeHust kuoepronurona ast MUC Poccnn mienecoobpa3Ho oCymIeCTBUTh HA OCHOBE MOJIEIEH
KauecTBa CHUCTEM U MPOrPaMMHOTO OOeCTeueHus], periaMeHTUPOBAHHBIX Cepuel MEXTyHapOIHbIX
U TapMOHM3UPOBAHHBIX OTEUECTBEHHBIX CTAHJIAPTOB CUCTEMHOW M MPOrPaMMHON HH)KEHEPHUU
('OCT P UICO/MDBK 25xxx).
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3akjiao4eHue

Bkmagom B pa3sBUTHE MOJAENBHOTO UM KPUTEPHAIBHOTO — ammapara OOOCHOBaHHMS
OpraHM3allMOHHBIX U CHUCTEMOTEXHHUYECKHUX PELICHHH MO MOCTPOCHUIO0 KUOEpHOJIMIOHOB Ha OCHOBE
00pa30BaTeNIbHBIX PECYPCOB Pa3BUBAIOIIMXCS BEIOMCTBEHHBIX OPraHU3allMOHHO-TEXHUYECKUX CHCTEM
B JMHAMHYECKHX OIEPAaTHBHBIX YCIOBUSX U BO3JACHCTBYIOUIMX 3KOHOMHUYECKMX (hakTopoB [8]
SIBJISIIOTCSI CTPATU(GUIMPOBaHHBIE (TTOCTIOHHO) MH(POIOTHUECKUE MOJETH U IPYIIIBI KPUTEPUEB KAaueCTB,
UCTIOJIb3yeMble U1l (POPMHUPOBAHUS NEPBUYHOrO (hparMeHTa BEJOMCTBEHHOI'O KHMOEpPIOJIMIOHA, Kak
Hapall¥BaeMas UCIbITaTenbHasi HHPPacTpyKTypa Ha Oa3e 00pa3oBaTeIbHBIX BEOMCTBEHHbBIX PECYPCOB
Y BBEJICHHE B HEE HOBBIX CPEZCTB 3aIIUTHI HHPOPMALIUH.

PaccmoTtpenHble  Bbllle  MH(OJOTMYECKME MOJENM U TIPYHIbl KPUTEPHEB KadyecTBa
MIPOTOTUITUPOBAHHBIX PEILICHUI JOJKHBI HCIIOJB30BATHCSI METOJOJOTMYECKONM U  METOANYECKOu
OCHOBOM B Mpouenypax CTPYKTypHO-IIApaMETPUUECKOr0 CHHTE3a B  3aJadye O0OOCHOBaHMS
PaLMOHATIBHOIO BapuUaHTa MOCTPOCHHUS BEJAOMCTBEHHOro KuOepnosiurosna, B ToM uucie it MUC
Poccun.

C yyeroM BBIIIEU3TIOKEHHOTO, OCHOBHBIMH JJIEMEHTAMHU MOJETHd OOOCHOBaHUS
CHUCTEMOTEXHUYECKHX pelIeHUI KHOepIoiuroHa /i BeJOMCTBA SBIISIOTCS:

—Mojenb  KuOepronuroHa  (mepBUYHas — IMOJYHATypHas) B BWjae  ¢parMeHra
MIOJIHOMACIITAaOHON apXUTEKTYpPhl BEIOMCTBEHHOI'O KHOEPIIOIUTOHA;

— MIPOrpaMMbl UCTIBITAHUN CUCTEMOTEXHUYECKUX pereHui kubepnoaurona (I1);

— KOMIUIEKC METOJIOB KOHTpOJII U OLIEHKH XapaKTepUCTHUK, HCIBITYEMBIX 00pa3loB
CUCTEMOTEXHUYECKUX pEeIIeHUN KUOepIoIuroHa.

OnemeHT Mozenu ucnbltTaHuil — «I[IporpaMMa ucnpITaHUN» MOXHO ONMCAaTh C ITOMOILBIO
omnepatopa I, yctanaBIuBaroLero cBsA3b MEXAY MHOKECTBAMU:

11, ={E,F,B}:
1, ={U,G,L}:

MmuoxecTtBo II; ompenenser BCHO COBOKYIHOCTb HMCXOJHBIX JaHHBIX Ui OpPraHH3aluu
W TIPOBEIEHHUsS] HCIBITAaHUA (TpeOOBaHUS Ha NPOCKTHPYyEeMylo cucteMy ((pyHKIHMOHAIBHO-
TEeXHUYECKHE TpeOOBaHUsS, TPEOOBAHUS TEXHUYECKUX 3aJaHUN, B TOM YHCIIE MHTEIPHUPOBAHHBIX
uHdonornueckux onucanuii cuctembl [20]) — E; BapuaHTBl OpraHU3alMOHHO-TEXHHYECKOTO
MOCTPOEHHST  MPOEKTUPYEMOTO  KHOEpPIOIUIOHa, HANpUMEp C YYETOM  paclpeleleHHON
apxutekTypsl [21] — F; ycnoBus skcrtyaranuu Kubepnoiaurona — B), onpenenstonux nporpammy
WCIBITAHUHN U CTIOCOOBI pean3aliy €€ OTAENbHBIX MPOLEIY]P.

MmuoxectBo Il ompenensieT yclnoBusI HCHBITAaHWH, COBOKYIHOCTh ONepanuii U pador,
COJIEp’)KaHUE U TOCJIEN0BAaTEIIbHOCTh BBINOJIHEHHMSI KOTOPBIX YCTAHABIMBAETCS IPOTrPAMMOMN
MPOBEACHUS UCTIBITAHUI.

Dnement storo MHoxkectBa U ={D,S, X,C,Z} onpenenser ycioBus IMpoBeICHHs
WCTIBITAHU:

—WU3MEHEHUsT B  CTPYKType M  Xapakrepe (YHKUHMOHHUPOBAHUS  KHOEPHOIMIOHA
D={d,,...,d, }, KoTOpbIE 00YCIIOBJIEHBI YCIOBUAMU U LEISIMHU €€ UCIOIb30BAHNUS;

— cTpykTypHble u3MeHeHus S ={S;,...,S,}, KoTopble 00YCIOBIEHb! BIMAHHEM BHENIHEi

Cpenpl, B TOM YHCJIE CPEICTBAMH MPEIHAMEPEHHOTO BO3ICHCTBUS, YTO BEACT K JIC30pTaHHU3ALUU
KHOEPIIOTUTrOHa U U3MEHEHUIO TIOKa3aTenel (yHKIIMOHUPOBAHUS;
— (pyHkumoHanbHple U3MeHeHUusT X ={X,...,X,}, OOyCIOBJIECHHbIE U3MEHEHHEM XapaKkTepa

Y UHTCHCUBHOCTH TpaduKa pa3INyHOrO BUAA U UX MEpepactpeieiCeHHeM U3-3a MPeAHaMEPEHHOTO
JECTPYKTUBHOTO BO3ICHCTBHS;
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—TpeboBanus K (QOPMUPYEMBIM CEpPBMCAM M  HPEIOCTABISIEMBIM  II0JIL30BATENSAM
C ={c,,...,C,}, YIOBIETBOpEHHE KaXIOr0 M3 KOTOPBIX OOYCIOBIHMBACT 3a/ICHCTBOBAHKE pecypca
KUOEPIIOIMIOHA, @ OKOHYAHUE — €0 OCBOOOKICHUE;

—nocrynaromas  Harpyska Z(t) = o{D, X,t}, onpenensemas koamdecTBOM 3amay
U UX UHTEHCHBHOCTHIO.

Onemenr G ={R, A /Pl} wmnuoxecrsa II, omnpexmenser CcoOBOKymHOCTH pador — R
0 TMOATOTOBKE  (pparMeHTa  KHOEPIOAWIOHa K  WCOBITAHWSM,  airOPUTMBI  — A
U [I0CJIEI0BATEIBHOCTD UCTIBITAHUI — Pl.

Onement L ={MK, MO, PO,PR}ompenenser: Meroasl KoHTpoimst — MK; wmetonsl

oueHku — MO; mocnenoBaTenbHOCTh OLIEHKH — PO XapakTepUCTHK MCHBITYeMOTo (parMeHra
KHOEpIIONINTroHa; Mporeaypsl mepeHoca — PR pe3ynbratoB wucmblTaHWd HAa XapaKTEPUCTUKH
MIPOEKTUPYEMOT0 KMOEPIIOJIUTOHa.

K BHyTpeHHHM (akTOpaMm, BIUSIOUIMM Ha (PYHKIHOHHUPOBAHUE KUOEPIIOJUIOHA, MOXKHO
OTHECTH U3MEHEHUE TEXHUYECKOI'O COCTOSHHSI JIEMEHTOB KHMOEPIIOJIMIOHOB, TaK KaK TEXHUYECKUE
OTKa3bl €€ JIEMEHTOB BEAYT K CHIDKEHHUIO pecypca JUlsl peanu3aluy TpeOyeMoro rnepeyuHs 3aaad.

Jlis opraHuzaluy M TpPOBEJIEHUs BepuU(UKAIUM M BAIUAALUU CHUCTEMOTEXHUYECKHX
pelieHui  c mpuMeHeHHeM (parMeHTa KUOEpHOJUIroHa KpoMe IOJIyHaTYpHOW — MOJenu
BEJIOMCTBEHHOTO KHMOEPIIOJIMTOHA U IPOTPAMM UCIIBITAHUS HEOOXOUMO UMETh!

— Ha0Op METOJI0OB KOHTPOJISI U OLIEHKH XapaKTEPUCTUK BEAOMCTBEHHOI0 KMOEPIIOIUTOHA;

— KOMIUIEKT METOJMK U MpOLeayp, KOTOpble O00eCHeuuBalOT MPOBEACHUE OLIEHKU
pe3yNbTaTOB HCHBITAHUM U MEPEeHOC MX Ha XapaKTEpPUCTUKH pa3BHUBarolIelcs HHOPACTPYKTYphI
KHOEpIOJIUroHa.

MeToapl KOHTPOJISI U OLEHKU XapaKTEpUCTUK KUOEpIIOJIMIOHAa B 3aBUCUMOCTH OT THIMA
MOJIyyaeMoil B poliecce UCIbITaHUi nHpopMalUU (BEpOSITHOCTHON U JE€TEPMUHUPOBAHHOI) MOTYT
OBITh CTATUCTUYECKUMU WU AETEPMUHUPOBAHHBIMU.

MeToapl KOHTPOJI XapaKTEPUCTUK UCIBITYEMOIO CPEACTBa (M3AENNs) UCIOJIB3YIOTCA IpU
poBepKe (Bepu(HUKaIn) COOTBETCTBUS XapaKTEPUCTUK TPeOOBAHUSM, a OIICHKHA XapaKTEPUCTHUK —
OpU  ompenieieHud (BalUJaluU) BO3MOXKHOCTEH MCHBITYeMbIX CpPeACTB (m3nenuil) Juis
WCTIOIB30BaHUSI B KHOEPTIOIUTOHE.

O1eHKa TOYHOCTH OTPENIEICHUsI XapaKTePUCTUK HCTIBITYEMbIX CPEJICTB (M3/eIMid) JOJKHA
MIPOBOAUTHCSI B COOTBETCTBHM C alpOOMPOBAHHBIMM METOJMKAMH MCIBITAHUNA BEIOMCTBEHHOI'O
KHOEpIOJIUrOHA.

AHanu3 COCTOSIHUSI M PE3yJIbTaTOB padOT MO MOCTPOCHUIO KHOEPIIOJIUIOHOB MOKA3bIBAET,
YTO MPHU CO3JAHUU BEJIOMCTBEHHBIX KHOEPIIOJIMIOHOB MMEET MECTO Psl MPOOJIIEMHBIX ACHEKTOB,
pa3pelieHrue KOTOPBIX SIBISAETCS 3a/1a4eil NaTbHENIINX UCCIEA0BAHUIA:

— OTCYTCTBHME CUCTEMHON B3aUMOYBS3KH LI€JIel 1 PECYPCOB;

— MpeBaIMPOBAHUE METOOB POO U OMIMOOK;

— OTCYTCTBUE CHCTEMHON MPOPAOOTKU BIUSHHS 3BOJIOLMOHHOTO Pa3BUTUS HA CUCTEMHBIE
XapaKTePUCTHKH KHOEPITOIUTOHOB;

— HECOBEPIIEHCTBO METOJI0OB OOOCHOBAHUS CUCTEMOTEXHHUUECKUX PEIICHUH MO MOCTPOEHUIO
Y Pa3BUTHIO  KHOEPIOJWTOHOB  C MPUMEHEHHEM  0a30BOro  (¢parMeHra  BEJIOMCTBEHHOTO
KHOEPIIOIUTOHA;

— HECOBEPIICHCTBO METO/I0B 00pabOTKM SKCIEPUMEHTAIBHBIX JAaHHBIX, MOJYYEHHBIX
C IpUMEHEHNEM (hPparMeHTOB BeIOMCTBEHHBIX KMOEPIIOJIUTOHOB;

— HECOBEPILIEHCTBO METO/I0B MHOI'OBEKTOPHOM OLIEHKH ONEPAaTUBHO-TEXHUYECKOI'O YPOBHS
BEJIOMCTBEHHBIX KHOEPIIOJIUTOHOB.

Cmamwvsi nooecomoeniena 8 pamkax evinoanenus 6 2023 2. NPUKIAOHBIX HAYYHLIX
uccnedosanuii Canxm-Ilemepbypeckozo ynusepcumema I'TIC MYC Poccuu no 3axkazy MYC
Poccuu (pecucmpayuonnvii nomep ETUCY HUOKTP Ne 1022052000002-2-2.2.6;2.11.2).
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CIHEHAPUU NHTEPAKTHUBHBIX PEZKUMOB OBHAPY KEHUA
YA3BUMOCTEN MHTEP®ENCOB CJIOKHBIX TEXHUUYECKHUX
CUCTEM HA OCHOBE KOJIVIABOPAIIMOHHOTI'O ITOAXOJA

B UHTEJUIEKTYAJIBHBIX CETSX 5G

CkarkoB AJiekcanap BiaagumupoBuy;

BproxoBenkuii Ajsiekceil AjekceeBuY;

™ Toponuna KOaus BajsienTHOBHA.

CeBacTOnoJILCKHII TOCYy1apCTBEHHBbIN YHUBepPcHUTET, I. CeBacTonouab, Poccust
EapkSev@yandex.ru

Annomayus. llpeanoxxeH KOMIIOHEHTHO-MOIYJBHBIH MOJAXOA K pa3paboTKe ClieHapHueB
MHTEPAKTUBHBIX PEKUMOB OOHAPYKECHUS BTOPKCHMH Ha NpUMEpe Mojeield COBMECTHOTO
B3aMMO/ICHCTBHUS YCTPONCTB B COCTaBe KOJUTaOdoparuii B MHTEIUICKTYalnbHBIX ceTsax 5SG. [pomecc
OPUHATHS PEHICHUH MOKET OBITh YCOBEPIICHCTBOBAH C IIOMOINBIO (DOPMAJIbHOM JIeTaIH3aluu
C TPpUBJICYCHHEM JIMIA, NPUHUMAIOIIETO pEIICHHE B KAadecTBE OKCIEPTa, WHTEPAKTHBHOE
B3aMMO/ICHCTBHE KOTOPOTO MO3BOJISIET KOMIICHCUPOBATH HEJOCTAOLIYIO allPHOPHYI0 HHPOPMALIHIO.
[oBbiienue >PQPEKTUBHOCTH (OPMATBHOTO MPUMEHEHHS CIIEHAPHOTO MOJXO0/a OMHCHIBACTCS
[UKJINYECKH TIOBTOPSIOIIMMCSI TIPOLECCOM W HpEAIojiaraeT WHTEPAKTUBHOE YIIPABICHHE
mporeccaMu IUIAaHUPOBAHUS IKCIIEPUMEHTOB M HPUHATHS PEIICHUH Ha OCHOBE HCIOJIB30BAHUS
THIIOBOM TIOCIIEIOBATEIFHOCTH CTPYKTYpHOH oOpraHu3aimuu 3agad. OTMEueHbl JOCTOWHCTBA
CIICHapHEB WHTEPAKTHBHBIX PEKUMOB, Oa3MPYIONIMXCS HAa KOMIIOHEHTHO-MOJYJIBHOM MOJXO0/€
MOCTPOCHUSI CUCTEM.

Kntouesvie cnosa: cuenapun, UHTEPAKTUBHBIE PEKHUMbI, KOMIIOHEHTHO-MOYJIbHBINA TIOAXO/,
oOHapy)KeHHe BTOPKEHNH, KOJUTabopariu

Joa nutupoBanms: CkatkoB A.B., bproxosenxuit A.A., Jloponuna 10.B. Crienapun HHTEpaKTUBHBIX PEXMMOB
OOHapyXeHMsl YSI3BUMOCTEH HHTEp(EHCOB CIIOKHBIX TEXHHYECKHMX CHUCTEM Ha OCHOBE KOJIIa0OPaLIOHHOIO
MOAX0/1a B MHTEIUIEKTyanbHBIX ceTsix 5G // Hayu.-ananut. xypH. «Bectauk C.-Iletep6. yn-ta I'TIC MUC
Poccumy». 2023. Ne 1. C. 138-148.

Scientific article

INTERACTIVE SCENARIOS FOR DETECTING INTERFACES

UMV VULNERABILITIES BASED ON A COLLABORATIVE APPROACH
IN INTELLIGENT 5G NETWORKS

Skatkov Aleksandr V.;

Bryukhovetskiy Aleksey A.;

™Doronina Yulia V.

Sevastopol state university, Sevastopol, Russia
EapkSev@yandex.ru

Abstract. A component-modular approach to the development of scenarios for interactive
intrusion detection modes is proposed using the example of models of joint interaction of devices as part
of collaborations in intelligent 5G networks. The decision-making process can be improved with
the help of formal detailing with the involvement of the decision maker as an expert, whose interactive
interaction makes it possible to compensate for the missing a priori information. Increasing
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the efficiency of the formal application of the scenario approach is described repeating process and
involves interactive control of the processes of planning experiments and decision-making based
on the use of a typical sequence of structural organization of tasks. The advantages of scenarios
of interactive modes based on a component-modular approach to building systems are noted.

Keywords: scenarios, interactive modes, component-modular approach, intrusion detection,
collaborations

For citation: Skatkov A.V., Bryukhovetskiy A.A., Doronina Yu.V. Interactive scenarios for detecting
interfaces umv vulnerabilities based on a collaborative approach in intelligent 5G networks // Scientific and
analytical journal «Vestnik Saint-Petersburg university of State fire service of EMERCOM of Russia». 2023.
No 1.P.138-148.

BBenenue

HanGosnpimas c10XKHOCTh TP BBINOJHEHHH TNPHUKIATHBIX 3a/ad 00ecredeHHs 0e30MacHOCTH
KU3HEJCATEIIbHOCTH BO3HMKAET HA ATalle NPHUHATHA PELICHUM, ITOCKOJIBKY 3TOT IPOLECC B IOJIHOM
Mepe He (GopMalM30BaH M HE MMEET KOHKPETHOIO aJTOPUTMHYECKOTO PEIICHUS Ul Pa3InYHBIX
cuTyalui 00pabOTKM KPUTHYECKH BaXKHBIX JTaHHBIX. B 3TOM cityyae BBIOOp TOrO MM MHOTO CLIEHApHs
peanu3anyu padoT MO JMKBUAAIMU TOCIEACTBUNA upe3BbdaiiHbIX cutyanuii (UC) u mMeponpuaTHix
10 UX NPEOTBPAILEHUIO OCTAaeTCA 3a JIMLOM, NpuHuMaromuM pemenue (JIITP). IToatomy Ha mpakTuke
IIpeJIaraeTcsl MoAXo ] K pa3padOTKe CLIEHAPUEB MHTEPAKTUBHBIX PEKUMOB Ha OCHOBE KOMIIOHEHTHO-
MOJIyJIbHOTO TpPHHIMIIA TOCTPOEHHMS CUCTEM B pasHbIX OOJIAaCcTAX, KOorja MpouLeaypa HpUHATHA
pemenuii 6asupyercst Ha (opmanbHON Aeramm3aimu ¢ npusnedenueM JIIIP B kauectBe skcmepra,
OCYUIECTBJISIIOLIET0 MHTEPAKTUBHOE B3aMMOEHCTBUE C LIEJIbI0 KOMIIEHCAMU Je(ULUTa alpuOpHON
urpopmanmu [1-3].

3ajaya OOHapy’KEHUs YSI3BUMOCTEH M HENOCPEICTBEHHO BTOPYKEHUM 3JI0YMBIIIJIEHHUKOB MU
COBMECTHOM B3aUMOJICHICTBUU YCTPOICTB B COCTaBe KOJUIAOOpAIMii B MHTEIUIEKTYaJIbHBIX ceTsax 5G
B HACTOSILEE BpeMs SBISETCS KpailHe BOCTPeOOBaHHOM B CBSI3M C Pa3BUTHEM HH(POPMAlMOHHO-
TEJIEKOMMYHUKAIIMOHHBIX B3aUMOJEUCTBUIA. B TOM umcie 310 OTHOCHTCS K IpoleccaM JIMKBUAALMH
nocnencteuii UC M MOHUTOpMHra IPEIKPUTHUECKMX CHUTyallMd B CHCTEMAax OTBETCTBEHHOI'O
MIPUMEHEHUS TIPH Tiepeiade JaHHbIX 110 MH(HOPMAIIMOHHO-TEIIEKOMMYHHUKAIIMOHHBIM KaHaJIaM.

Lenb cTaThy: MpeIoKUTh HOBBI KOMIIOHEHTHO-MO/TYJIbHBIN MOJIXO0JT K pa3paboTKe CLiEHapueB
WHTEPAKTUBHBIX PEXHMOB OOHApY)KEHHs BTOPKCHHMH Ha TpUMEpe MoJejeld COBMECTHOTO
B3aUMOJIEUCTBHS YCTPOUCTB B COCTaBE KoJtabopaluii B MHTEIIEKTyallbHbIX ceTsaX SG ¢ KoMIeHcaluei
HEJIOCTAOMISH anpruopHOI HHPOPMAITHH.

Onpenesienne 6a30BbIX MOHATHI B METOAAX U MOJIEJISIX MCCJIEIOBAHUS

Onpeoenenue cyenapus. Ilon cuenaprem Ci OyeM MOHUMATh TOCIEIOBATEIBHOCTD EUCTBUHA,
OIMCBHIBAIOIIMX YCJIOBUS U BIUSHUE psifa (pakTopoB Ha 3HAUEHHE IeNeBOM (QyHKIMH Moaenu. OmHon
13 TJIAaBHBIX OCOOCHHOCTEH peayin3alii ClIeHAPHEB SIBIISIETCS HHTepakTuBHOE yuactue JIITP-skcnepra,
KOTOPBI YIIpaBisieT U BHOCUT HEOOXOAUMBbIE KOPPEKTHUBHI ITPU BHITIOJTHEHUH CIIEHAPUSI.

Onpeoenenue ceemenma cyenapus. IlocnenoBarenbHOCTb 1€HCTBUI, BBINOIHSAEMas B CLIEHApUU
MEX[Y AByMsI COCETHUMU MHTepakTUBHbIMU ToukaMu UT(j-1) u UT(j), HazoBeM cerMeHTOM.

Jlns onucanus cueHapueB B rpadudeckoil popMe ¢ yueToM CEerMEHTAIMH HCIOJIb3YIOTCS
CJIEIYIOIINE THUTIOBBIE 3JIEMEHTHI (OJIOKH):

1. MurepakTuBHbIE TOUKHM — npeanoaratoT yyactue JIIIP B kauecTBe akcnepra.

2. BBon/BeIBOM: BBIOOpAa HACTpaMBAaEMBIX IapaMETPOB BapHAHTHOTO HaOOpa BXOIHBIX
JTAaHHBIX; BEIOOP HACTPAMBAEMBIX MAPAMETPOB BBIBOJIA; BEIOOP (DOPMBI BBIBOJIA Pe3yiIbTaTa; 3a1aHNe
00J1acTH BBOJIa 3HAYCHUH TTapaMeTPOB: 00JIaCTH 3HAYCHUN TPUHATHUS PECIICHUM.

3. OyHKIHMOHAIBHEIE: BRIYUCIICHNE 3HAYCHH 11eleBhIX QPyHKIHH (L[D).

4. Jlornueckwue: mepexoa Ha OCHOBE JIOTHYECKOH OIepaIuu.
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5. IlpenukatHbple: TepexoJy Ha OCHOBE IpeAuKaTa «eclu-To-uHaue» (IpoBepka
KOPPEKTHOCTH [JaHHBIX, aHanu3 3HaueHui [[D, aHanm3 pe3ysbTaToB KiIacTepU3alUH, IIPOBEpKa
YpOBHEH JIOCTOBEPHOCTH MOJIEPKKU MPOLECCOB MPHUHATHS PpELICHHWH, OLIEHKa YpPOBHSA
JIOCTOBEPHOCTH KOHTPOJIUpYyeMbIX apameTpos JITIP-sxcnepTom).

[NoBeimenne >pQekTuBHOCTH (POPMATHHOTO TPUMEHEHHSI CIICHAPHOTO ITOIXO0/Ia OMHUCHIBACTCS
LUKJIAYECKU TOBTOPSIOLIMMCS IIPOLECCOM [4], BKIIOYAIOLIUM CIIEAYIOIINE OCHOBHBIE ATaIlbI:

— IJTAaHUPOBaHKE: BHIOOp HAOOpa MapaMeTpoB ISl MOJEIUPOBAHMUS, ONPE/IEICHHE AUANa30HOB
W3MEHEHUS! 3HAUYEHMH, OLCHOK MOJYyYCHHBIX pEe3yJbTaToB; BBHIOOp KpUTEpUEB s aHAIW3a,
UHTEPIPETAllMd W MPOTHO3UPOBAHUS COCTOSHHUSI OOBEKTa KOHTPOJISL; ONpENEIeHHE BPEMEHHbBIX
HHTEPBAJIOB MEXK1y NHTEpaKTUBHBbIMU U T-TOUuKamy,;

— 3aJJaHKe 3HaUY€HUM BXOJHBIX JJAHHBIX U MPOBEpKa KOPPEKTHOCTH UX BBOJA;

— BBINIOJIHEHKE BblunciaeHu! LD no onpeneneHHoN METOUKE;

— aHaJIu3 Pe3yJIbTaTOB MOJECIIMPOBAHUS C IPUMEHEHUEM BbIOPAaHHBIX KPUTEPHEB,;

— IPUHATHE PELIEHUH 110 OLIEHKE YPOBHS JOCTOBEPHOCTH MOJIyYEHHBIX PE3YJIbTAaTOB.

[Ipy >TOM THUNOBBIMHM 3aJa4aMM, KOTOpPbHIE pEIIAOTCd C MPUMEHEHHEM TEXHOJOTUM
CLICHApUEB UHTEPAKTUBHBIX PEXKUMOB, SIBJISIOTCS:

— JeTanu3anus cutyaluu nmyteMm (ukcauuu yciaouil Bbrumcienus L{d: onmcanue BXona,
yCIIOBUH, GOPM IIPEACTABICHUS JaHHBIX, BHIBOJIA,

— 3a/laHy€ OTrpaHMYEeHUH Ha O0O0JAacTH M3MEHEHHs] W THUIIBl BXOJHBIX HAOOPOB JAHHBIX:
3aKOHBI pacipeseneHusi, 00beM BbIOOPKH, MOMEHTHI BpEMEHU MOJIYUYEeHHUs PE3yIbTaTOB H3MEPEHNUH;

— aHaJIU3 MOJIyYEHHBIX PE3yJIbTaTOB,;

— OLICHMBAHUE MMOJYYCHHbIX 3HaueHHH M ux BiusHue Ha I[P ¢ ydyerom ommOOK mepBoro
1 BTOPOTO poJia;

— pelLIeHHE 3a/1a4 TUIA «ECIH ... TO ...»,

— uHTepakTuBHOE 00yueHus JI[IP-skcnepra ¢ yueToMm nmpruoOpETEHHOrO OIBITA.

B omimuue 0T anropUTMHUYECKOro, CLIEHApPHBIA MOIXOJ NPEANOoJaraeT HWHTEPAKTHUBHOE
yIOpaBieHUE MpOLEcCCaMU IUIAaHUPOBAHMUS SKCIEPUMEHTOB M IPUHATHS PEUIEHUH Ha OCHOBE
HCIIOJIb30BAaHUSl TUIIOBOM IIOCIENOBATENIbHOCTH CTPYKTYPHOM OpraHM3alud 3ahad. Y Ka3aHHBIA
MIO/IX0J, OTMEUYEHHBIN aBTOpaMHU B MpEeAbIAYIINX padoTax [5, 6], uMeeT psii 0COOEHHOCTEH:

— TPUHATHE PEIIEHUH HAa OCHOBE MWCIIOJIb30BaHMS THUIIOBOW IIOCJIEN0BATEIBHOCTH
CTPYKTYpHOM OpraHM3aiiy 3ajad MOXET ObITh peaJli30BaHO HAa OCHOBE IPHUOOPETEHHOIO OIBITA,
MOJyYEHHOTO METOJI0M P00 U OMHNOOK;

— TIOJydyeHHUE CIeHapusi KaK THUIM3UPOBAHHOrO Habopa omepauuil JO0HKHO ONUPAaThCs
Ha npaBuiia, GOpMyJIMPOBKA KOTOPBIX IPEACTaBIsIeT cOO0H HETPUBHAIIBHYIO 33/1a4y;

— cpean copMyIMPOBAaHHBIX MPAaBHJI MOTYT OBITh HEIOCTATOYHO A(PPEKTHUBHBIE WU
JIOKaJbHO ONTUMAJIbHBIE, UCXO/ U3 Yero TpeOyeTcsl aHaJIn3 KOPPEKTHOCTH CLIEHApHsl, KaK ¢ TOUKU
3peHus CTPYKTYPBbI, TaK U C TOUKHU 3pEHUSI ONEpalliii U UX MOCIIEI0BaTEIbHOCTH;

— BCSKUH CLEHapHii, peaqu3yercs Ha OCHOBE HMH(OPMAIMOHHBIX TEXHOJOIMH, TO €CTh
COBOKYITHOCTH IPOIpPaMMHBIX M amMapaTHBIX PEUIeHHH, 4TO TpedyeT aJropuTMU3UPOBAHHOIO
MOIX0/1a;

— Hajauuue (opMaNbHOIO NMPEACTABIEHUS CLIEHAPHs MO3BOJINT ONTUMHU3HUPOBATH, a TaKXKe,
BO3MO’KHO, aBTOMaTHU3UPOBATh NHTEPIIPETALMIO ITOIYYEHHBIX PE3YJIBTATOB.

TakuM 00pa3oM, OCHOBHBIMU JIOCTOMHCTBAMHU CILIEHAPUEB HHTEPAKTHUBHBIX PEXKHUMOB,
0a3upyOIMXCs HA KOMIOHEHTHO-MO/IYJIBHOM MOJIX0/1€ IOCTPOEHUS CUCTEM SIBIISIFOTCS:

— KOMIIEHCAllUs allpMOPHO HeloCTarole nHpopManuy,

— rudKast CTpyKTypa NPUHATHUS PEIIeHUI Ha KaXI0M Li1are;

— BU3yaJIM3alysl IPOLIECCOB IMPUHATHUS PELLEHUI,

—yuer onbita M 3HaHWid JI[IP-3kcriepra mo (pyHKUMOHMPOBAHMIO MOJENH, 3HAIOIIETO
0COOCHHOCTH MPEIMETHON 00JIaCTH B TIETIOM.

s wimocTpaMu pacCMOTPUM KOMIIOHEHTHO-MOJYJIBHBIN MOAXOJ MOCTPOEHUSI CHCTEMBI
OoOHapy>XeHHsI BTOPKCHHH (CHCTEMBI 3almMThl WHpOpPMANMK) HA TPUMEpPE  CIEHApHO-
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opueHTpoBaHHbIX Mojenet (COMOJ]) oOHapyxkeHHs YSI3BUMOCTEM HHTEp(EiCcCOB YCTpPONCTB
B ycioBusx cetei 5G. B cocTaB cucTeMbl BXOJAT YEThIPEe MOJIEIH:

— COMOJ-1 — xomrabopaloHHbIE CTpaTeTuy OOHApPYKEHUS YsI3BUMOCTEH MHTEpQEiicoB
YCTPOMCTB Ipu TexHoJIOorusax 5G;

— COMOJI-2 - xommabopamun OOHapyXeHHS YS3BUMOCTel HHTEp(EicoB yCTpOICcTB
B YCJIOBUSIX IPOTHUBOJICUCTBUS aTaKaM;

— COMO/-3 — pacripeneneHue 3aiUTHBIX PECYpPCOB ISl CMSTYEHHSI OTKAa30B YCTPOHCTBHA
OCHOBE METO/Ia BEKTOpA CIa/ia B yCIOBUAX JEHCTBUS aTakK;

— COMO[-4 - OanaHcupoBKa Harpy3KM CE€TH C pacIpelieIeHHEM TECTHPOBIINKOB
U TECTUPYEMBIX MO KJacTepaM C LIeJbI0 MOBBIIIECHHS JOCTOBEPHOCTH OOHAPYKEHUs YSI3BUMOCTEH
UHTEp(ENCcOB yCTPOMCTB MPU OIrPAaHUUYECHUSX Ha BBIJCIIEHHBIE PECYPCHI.

PaccmoTtpuMm Mozenu kosutabopauuii oOHapyXeHUs YSI3BUMOCTEH MHTEp(EiCOB CIIOKHBIX
CUCTEM MOHMTOPHMHIA KpUTHYECKH BaKHBIX 00bekTOB (CCM KO) B ycnoBusX HNpOTHBOJEHCTBUS
aTakaM B MHTEJUIEKTYaJIbHBIX ceTsx 5G.

CuenapHo-opueHTupoBantas mojaeab COMO/I-1 kak ocHOBa K0/1J1a00pallHOHHBIX
cTpareruii 00HApyKeHHs1 YA3BUMOCTEeH HHTeP(PeiicoB CI0KHBIX CHCTEM NPH TexHoaorusax 5SG

Haznauenne — mnpuHsATHE peuieHHH 10 OOHApPYKEHUIO0 YSI3BUMOCTEM HHTEpdeiicoB
YCTPONCTB Ha OCHOBE MOJENHM, Oa3upyroleiics Ha MOHATHM KOJUIabopaluu — COBMECTHOTO
B3aMMO/ICHCTBUS Y3JI0B B COCTaBE KJIACTEPHOM BUPTYAJIbHOM apXUTEKTYpPbl TONIOJIOTUH CETH [6].

L1® — BepositHOCcTH P(p, K, n) cCOBMECTHOTr0/0AMHOYHOTO OOHAPYKEHHS YSA3BUMOCTH Ha k-M
TECTE MPH 3HAYCHHSAX P, K, N ¥ XapaKTepUCTHYECKOE OTHOILICHHUE:

P(p(k)) = p(1-p)k-1;
P(p,k,n) =Ckn pk(1-p)n-k; (1)
KK=P(p,k,n)/P(k),

IJIe P — BEPOSTHOCTh OOHAPYKEHUS KAKIBIM YCTPONCTBOM IPU OJWHOYHOM TECTUPOBAHHH;
K — 49KcI0 yCTpOWCTB, BBIMOIHSIOIIMX B3aUMHOE TECTHPOBAHKE, N — YHUCIIO YCTPOWCTB B IPYIIIE;
0<p<l,1<k<n

Hwxe nipecraBineHsl onucanus clieHapues, moauepxuBaemMpie COMO/I-1.

Cyenapuu 1. Peanu3yeT NOCTpO€HHE MHMHUMAIBHBIX MHOXXECTB TOKphITHH C rpada
G(E,R,W), rne E — cBs3u; R — panru; W — Beca nyr (yY4HUTBIBAIOTCS TOJIBKO paHrd Ri — gmcio
cBszert |e(i,j)| Mexmy ysmamu Xi m Yj) W BKIOYaeT Tpu mara. Bum rpada G, comepikaiiero
BepummHbl X,Y, R€E [1;|e[]] (C1.1), mpuBenen na puc. 1.

X X
X1 ¥1
X5 Y2
X3 y3
X4 ¥4
S ¥s
X6

Puc. 1. OpuentupoBaHHblii rpad, 0Tpa:Ka0IMIl B3aNMOCBI3M MexKAy y3aamu Xi u Yj
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[ar (C1.2): ¢popmupoBanue matpuipbl cMmexHoctd M(X,Y,R). Tabn. 1 u mar (C1.2):
MIOCTPOEHHE MHOXKECTBa MUHMMAJIbHBIX TOKPBITUI (10 ynciy 3nemMeHToB) Ci rpada.

Tabmuna 1
Martpuna cmexnoctu M(X,Y,R)
YL|Y2|...[Y]]|..|Ym
X1] 1 1 1...]1
Xi O I e !
Xn | 1 1
Cyenapuii 2. ®opmupoBaHue Koiabopauuii ¢ yderom Beca ayr — w(i,j),

XapaKTEepU3yIOUIMX CBOMCTBA y3710B. COJEPKUT OCHOBHBIE 3Tallbl: MHTETPALMS XapaKTEPUCTUK
y3m0B (C2.1); mosydeHue CTAaTUCTUYECKHX XapakrepucTtuk V)l mis xaxkmoro yszna (C2.2);
¢dopmupoBanue oueHok panroB RwCi,v (C2.3); ¢opmupoBaHue CTPYKTYpHl Uil OLEHKH YPOBHS
noepust DCi (C2.4). CTpykTypa MHHUMAJIbHBIX MHOXECTB M KOHTPOJHUPYEMBIX CBOWCTB Y3JIOB
CETH ONUCHIBaeTCs TabI. 2.

Ta0mmra 2

CTpyKTypa MUHIMAJBHBIX MHOKECTB M KOHTPOJIMPYEeMBIX CBOWCTB Y3JI0B CeTH

Cl Cr
V1 | Rwll | ..... | Rwlr
V2 | Rw21 | ..... | Rw2r
VI Rwil | ..... | Rwilr
DCi | DC1 DCr

Ha ocnHoBHOM mrare dopmupyercs HMHTerpayibHas oleHka ypoBHs noBepusi DCi (C2.5),
KoTtopasi Berymcisercss kak: DCi=Rwij / Z§'=1 RYij. Tlpu 5TOM ypOBEHb JOBEPHS KaKIOTO
noamHOkecTBa CKi oIeHMBaeTCsl MHTErpajIbHO MO 3aJIaHHBIM CBOHCTBAM Vj C HCIOJIb30BaHUEM
mkansl [0; al; a2; 1]: 0 < DCi < al — mauskuit; al < DCi < 02 — sHomuHanpHbH; 02 < DCi < 1 —
BBICOKHIA.

Crneayronum marom ocymecTBisercs Beioop koymadopanuii CKi, mist koropeix DCi =max
(C2.6). U na mare (C2.7) mpoucxoauT HazHaueHUe y370B KoopauHatopoB KC. Y3isl MHOkecTBa
Ci, ans xotopeix DCi=max, 6yayT BxmoueHsl B kosadopanuio CKi u Xi € CKi OyayT HazHaueHbl
B KauecTBe koopanHaTtopoB KC.

Cyenapuii 3. OrmpeneneHre BEpOSTHOCTH OOHapy)KEHHsI YS3BUMOCTH IIPU  OJUHOYHOM
tectupoBanuu — P(p(K)), Ha OCHOBE COBMECTHOIO B3aUMOJICHCTBHSI B cocTaBe Kosutaboparuii — P(p,K,n)
u onienke KK= P(p,k,n)/ P(p(k)) npu 3HaueHnsix oqHOKpaTHOrO oOHapy>kenus p: (p =>0,5) u (p <0,5).

B Tabm. 3 mpWBOIUTCS KOHKPETHU3AIMS OCHOBHBIX CTPYKTYPHBIX JJICMEHTOB Ha YPOBHE
CETMEHTOB B paMKax (opMaibHOU CTpyKTypHO-morudeckoir cxembl COMO/-1 ans cuenapus-3,
KOTOpasi BKIIFOYAET YEThIPE OCHOBHBIX CETMEHTA.
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W3-3a orpanmueHHOro o0beMa cTaThdl (opManbHOe omucanue moxeneii COMO/] 2, 3,4
MPEJCTaBICHO B COKpaIlleHHOW (opMe B BHIC TaOJMIl, B KOTOPBIX YKa3aHbI MOJICPKUBAEMbIC
CLCHApHH U TapaMeTphl BIUAHUSA Ha 3HaueHue [[D.

Tabmnmma 3
CtpykrypHo-jorudeckas cxema moaeaun COMO/-1 (cuenapuii 3)
CerMeHTHl,
IO IIEPHKH- Bri6op HacTpanBaeMbIX MapaMeTpoB, I'paduyeckoe
BaeMbIe BIIMSAIOIIMX Ha oueHKy LD o0o3HaUeHne
comMoj-1

Br10op HacTpanBaeMbIX apaMeTpOB BApUAHTHOTO
HaOopa BXOAHBIX JAHHBIX

- : :
OO0JracTr BBOJIa 3HAYCHHI MMapaMeTpoOB
‘ WUT-3.11MP3 ’

[IpoBepka KOpPEKTHOCTH BBOAA

Br160op HacTpanBaeMBbIX MapaMeTPOB BHIBOJIA

pk) P(p.k,n) KK
Brruucnenue 3nauennii [{D
-VIT—3.21'II'IP3 . -
p(K)(1-p(k)“* Chp'(L-p)"™ P(p,c.n)/P(k)

Amnanu3 3HaueHuii L{D

Bri6op LI® 115 o1ieHKH pe3yabTaTOB U MPHHSTHI PEIICHUH
p(k) P(p.kn) KK

OO0nacTvi 3HAYCHUH 0 TPUHATHS PEIICHUH:
oo < P < 0y — BepOSITHOCTH HU3KAS,

o1 < P < 0y — BEpOSTHOCTh HOMUHAJIbHAS;
0, <P < 03— BEpOSITHOCTh BBICOKAS

NT-3.3/1NP3

Kiracrepu3zanus 3aauenunii P

Amnanus PE3YyIbTATOB KJIACTCPU3ALIUN

Bri0op gopMel BEIBOsIa pe3yJibTaTa
TaOJIUIIBI | rpaduku | JMarpaMMbl
[IpoBepka ypoBHEH JOCTOBEPHOCTH MOJICPIKKA
MPOLECCOB MPUHSTUS PELICHUIN

nT-3.41NP3

o/l 0 |0 R0 U |0 |0

CueHapHo-opueHTHpoBaHHasa moaeab COMO/I-2

Monens mpencTaBiasier co0oi (hopMaTu3aIuo Koutabopaluu 00OHApYKEeHUS YSI3BUMOCTEH
UHTEepECOB YCTPOICTB (CIOKHBIX CUCTEM) B YCIOBHUIX MPOTUBOAECHCTBHS aTakaM.

Ha3nauenme — MeToAsl OOHapyXeHHS YA3BHUMOCTEH HMHTEp(EWCcOB  yCTPOUCTB,
MO3BOJISIOIINE OLEHUTh BIMSHHME THIA, MHTEHCUBHOCTH U MPOJOJKMTEIBHOCTH ACUCTBUS aTaku
C Y4eTOM OOJIBIIMHCTBA y3JI0B, YYaCTBYIOIIHUX B TECTUPOBAHUU IIPU IPUHITHH PEIICHUS.

I[I® — BeposTHOCTH OOHapykeHMs ys3BuUMocTH uHTepdeiicoe CCM KO B coctase
KOJU1a0opanuil B yCIOBUAX NPOTUBOJAEHCTBHUS aTaKaMm.

PEA(®)ptkn)= (1- Ti% p(AD * p(oT|AD) ) (T Ci P'OL-P'®)), )
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rae p(oTk|Ai) = YTEM pai(t), pAi(t) =f (TAi ,t,a,b)mpun e = k2, ecnm k — wetnoe,
1 k/2 [, eciu kK — HeueTHoe,

rme T — Tum arakk, 3aKOH pacmpeieleHHs; &, D — mapaMeTpsl 3aKOHa pPACIIpE/IeIICHHS,
XapaKTepHU3yIoIie HHTEeHCUBHOCTD atakh; t € [0;T"”"] — MOMeHT BpeMeHH NeiCTBUS aTaKu.

Tumel aTak OMMCBHIBAIOTCS CICAYIOMIMMH CAyYaiHbIME (DYHKIUSAMH: JTHHEHHOW BHIA
p’(t) = at + b; skcnonenumansHoit Buma: — p(t) = 1-aexp(-bt) u moxasarensuoii pi(t) = (1-at)’;
Na — uuncio aTax.

B Tabi. 4 nmokasaHbl MOJIEPKUBAEMbIC CIIEHAPHH U MAPAaMETPhI, BIUSIONIME HA 3HAYCHHS
H® B COMO/I-2, npunsitoe 0003HaueHHe Valr — HaCTpauBaeMbIil TapaMeTp.

Tabnuna 4
Moanep:xxuBaembie cienapuu mogen COMO/I-2
Cuenapun, moanepKuBacMble [TapameTpbl BIMsAHKA HA 3HAYECHUE LeJeBOH QyHKImu P
comMona-2 _
N, ™ a; b; p k n
C1 — uccnenoBaHue BIUSHUA
HMHTCHCHUBHOCTH aTakKk var var var var
C2 — uccnenoBaHue BIUSHUS P var
C3 — uccnenosanue BIusAHAA K var
C4 — uccnegoBaHue BIUSHUSA N var

CuenapHo-opuenTupoBantas moaea» COMO/-3

Monens mpeactaBisieT coboi (Gopmanuzaluio pachpeesieHns 3allUTHBIX PEeCypcoB s
CMSTYCHHSI OTKA30B y3JIOB HA OCHOBE METOJIa BEKTOPA CIa/ia B YCIOBUAX JIEHCTBHSA aTak B ceTsaxX 5G
CCM KO.

Hasnauenne — pacmpeneneHue 3allUTHBIX PECYpPCOB MpU OOHAPYKEHUU YS3BUMOCTEH
nHTepdeiicoB OECHMIOTHBIX TPAHCIOPTHBIX CPEJICTB B YCIOBHUSX JEHCTBUS aTak C LEJbIO
MUHUMU3ALMN BEPOATHOCTH OTKa3a y3i1o0B, LId umeer Bua:

pP= Z?Izjl Na p(Ai) * pj(oTk|AD) = min, @A)

rae Nj — 4ncino ycTpoiicTs, mis KOTOPBIX TpeOyeTcest 00ecIieunTh PecypeHyIo 3auTy; Na — qucio atak;
THIIBI aTak T': OIHCHIBAIOTCS CICAYFOLMMHE CiydaiibiMu GyHKumsmyr: Jlnneiinas — pi(X)=1 — (ax+b),
sKcroHeHImanbHas — pr(X)=aexp(-bx), noxasaremsuas — p"(x)=(1-ax)’, rae X=Rj/Rjmax; Rj — 00peM
3aIUTHOTO pecypca J-To yCTpOHCTBA; Rjmax — MaKCHMaTbHO BO3MOXHBIH PECYpC, BBIIEISEMBIH J-My
YCTPOWCTBY.

OrpaHuYeHHs: 0 <Rj<Rjmax,j=1,2,....Nj, 2?21 Rj < Rc,

rae RC — 00beM 3alIUTHBIX PECYPCOB, BhIIEISEMBIN 1JI BCEX Y3II0B.
IIpennonaraercsi, 4To pecypc 3allUThl, BbLIEICHHBIA N KpuTHYecKMM y3nam, paBeH RC,

Nj .
acymma )2, Rj,max = Rc .
B Tabn. 5 mokazansl momnepxkuBaeMbie ciieHapun B COMO/I-3, u yka3zaHbl mapameTphl,
BITUSIFOIIUE HA 3HAYCHUS TICJIEBBIX (DYHKIIHH.
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Tabmnuma 5

Honnep:xuBaemblie cueHapuu mogean COMO/-3

Cuenapuu, NoAepKUBaCMbIC _ IMapamerpsl BiusHus Ha 3Hauenue 1@ P

COMO/I-3 N, | TV | & b; Ni | Rimex Rc

C1 — uccnemoBaHe BIUSHAS YHClIa

3aIATHEIX Y3JI0B

C2 — ucciaenoBaHue BIUIHUAS

MHTEHCUBHOCTH aTaK

C3 — uccaenoBaHue BIMSHUSA 00beMa

3alIUTHBIX pecypcoB R,

C4 — uccnenoBaHue BIUSIHAS 00beEMA

3aIUTHBIX PECYPCOB Rjmax OTAEIBHBIX var

Y3II0B

var

var | var var var

var

CuenapHo-opuenTupoBannas moaear COMO/-4

Mogens  npexacraBnser  coboil  popmanmzanuio  OaJaHCMPOBKM — Harpy3kd — CETH
C paclpeleseHHEM TECTUPOBIIMKOB U TECTHPYEMBIX 110 KJacTepaM C LEJbl0 IOBBIILICHUS
JIOCTOBEPHOCTH  OOHapyxeHus ys3Bumocteil wuHTepdericoe CCM KO npu orpaHnueHHsx
Ha BbIJIEJIEHHbIE PECYPCBHI.

Haznauenne — pacnpejesieHue TECTHPOBIIMKOB M TECTUPYEMBIX Y3J0B IO KiacTepam
C 1IeNbI0 00ECTeYeHUsT MUHUMAIIBHO JIOITyCTUMOW BEPOSATHOCTH OOHapyX eHUs ysi3BUMOcCTEel PCmin
B K&KJIOM J-M KJacTepe HpH KOJUIA0OPALMOHHOW CTPATETMH COBMECTHOI'O TECTUPOBAHHS Y3JIOB
B cocTaBe KiacTepoB Pj > PCyin. LI® umeroT BuA:

P(p(t) k.ne) =Che pE(O)L-P ()™,
fi = Apil AR = max, @

rae AR; =(1/ Remax ) Z?’zl rki 2= min; Api =(1/ PCnin) Z?’:l P;i (p(t).kj , nj) = max, mpu orpaHIYeHUSX:
0 <Rj<Rcmax ,j=12,..N, ¥, Rj <R, (5)

rae R — oOmuit 06beM 3alUTHBIX PECYPCOB, BBIAENAEMBIH Ul BCeX y310B; Rj — Tekymuil o6bem
3aITHOTO pecypca j-ro Kiactepa, BBIISISEMBIH B IPOIECCEe PACIpeAeieHHs pecypcoB; Remax —
MaKCHUMAaJIbHO BO3MOXKHBIH OOBEM 3alIUTHOTO pecypca, BBLACISEMBIN Js Kiactepa; I — o0beM
3aIUTHOTO pecypca, BBLACIACMbIH HAa OJHO TECTUPOBAHHE OJHOMY TECTHPOBINUKY; ARj — moins
3aIUTHOTO pecypca, HUCIoNb3yemas j-M KiacTepoM; Apj — d3(QeKTHBHOCTh OOHapYXEHUS
yS3BUMOCTEH B |-M KJ1acTepe.

OcHOBHblE  (PYHKIMH: MaKCHUMaJbHOE  KOJIMYECTBO  TECTUPOBIIMKOB B  KJacTepe:
Kmax =[( Remax / 1) ]; mnsumansroe uncro kmactepos: N =] R / Remax [ ; arcio y3inos B nepebie (N — 1)
kiactepsl: Ne = [ N/ (N-1)] ; uucio y3noB Ny B nocieaneM kinactepe ¢ Homepom N : ny = n—ne(N — 1);
YHUCIIO Y37I0B N4, KOTOpOE MOXET OBITh J00aBICHO B IMOCIEAHUA KJIAacTep C APYTUX KIIACTEpPOB:
Ns+ = n¢c— Ny. @opmuposanue Oyeana [7].

B 1abn. 4 npuBeneHbl MOEPKUBAEMbBIC CIICHAPUHU U MTApaMETPhI, BIUSIOMINE HA 3HAYCHHS
IIEICBBIX (PYHKITHH.
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Tabmnuma 6
Honnep:xxuBaembie cuenapuu moaean COMO/I-4
ITapamertps! Biusiavs Ha 3Hadenne 1D fi
Cuenapun, noaaepxxknusaeMmeie COMO/I-4
HCHAPHH, TIO/IEp a r R | Remax | PCoin | N k n
C1 — uccnenoBaHue BIUSIHAS 00beMa
var var var
pecypcea r
C2 — uccnemoBaHue BIUSHAS 00beEMa
var var var
pecypca R
C3 — uccnenoBaHue BIUSIHAS 00beMa
var var var
pecypca Remax
C4 — uccnemoBanue BIUSIHAS PCpin var var var
C5 — nccnenoBaHue BIMSHAS YUCIIa
var var var
KJIACTEPOB

Ha ocHoBe pa3paboTaHHBIX CLEHapHO-OpHUEeHTUpOBaHHbIX  Moxened (COMO/I)
oOHapyXeHHS Ys3BUMOCTEH HMHTEP(EHCOB YCTPOUCTB B ycioBHAX cereid SG ObUTH peaan30oBaHbBI
CEepHH HKCIIEPHUMEHTOB 110 UCCIICIOBAaHHIO BIUSIHUS napameTpoB Ha 3HaueHus LlD (1-4). [Iposenen
aHAJIU3 MOJTYYEHHBIX PE3YJIbTaTOB IO OLIEHKE BEPOSITHOCTH OOHApy>KEHUs ySI3BUMOCTEH B cOCTaBe
KoJmabopanuii, BEpOSTHOCTH OTKAa30B YCTPOWCTB B YCJIOBUSX IPOTHUBOJCHCTBUS aTakam,
BEPOSITHOCTH OTKA30B YCTPOWCTB B 3aBUCUMOCTH OT 00beMa BBIJCJIEHHBIX PECYpPCOB, MUHUMAaJIbHO
JIOMyCTUMON BEPOSITHOCTH OTKas3a NMpHU OalaHCUPOBKE KPUTUYECKHX PECYpPCOB U pacHpeieseHUU
YHCIIa TECTUPOBIIMKOB KilacTepaM. HekoTopbie U3 3TUX pe3ysibTaToB MpeCTaBleHbI B padote [6].

Ha mnpakTuke peanuzanusi clieHapueB MMEET CBOM OCOOEHHOCTH, KOTOpPbIE HEOO0XOAUMO
YUYUTBIBATh TPU HCCICIOBAaHMM BIHMSHUS mnapamerpoB Ha 3Hauyenus LD [8]. Kak mpasuio,
MPOrHO3UPOBaTh 3((HEKTUBHOCTh MPUMEHEHHS CIHEHApHUs C IMOMOIIbI0 (POpPMaIbHBIX METOIOB
KpaiiHe 3aTpyaHutenbHo. [loaToMy, mepBoHayaibHO BBIOOp ocymiecTBisiercs JIIIPD Ha ocHoBe
UMeIoIIeicss anpuopHOW HHGpOpMAIMK, KOTOpas IO Mepe TMPOBEJACHUS OSKCIIEPUMEHTOB
HaKalJuBaeTCsl U B JajbHEHIIeM MOXET ObITh HCIONb30BaHa JUIsl MOCTPOCHUS U JIeTalIHU3aluU
(opMasIbHBIX MPOLEAYP C aJanTaluel Mo aBTOMaTU3aI[MK BEIOOpA CIIEHAPHEB.

JakiouyeHnue

IIpennaraeMblii KOMIIOHEHTHO-MOAYJIBHBIM TOAXOJ IIOCTPOEHUS CLEHAPUEB WHTEPAKTUBHOIO
peknMa OoOHApYy>KEHHUSI BTOP)KEHHM, B TOM 4ucle Js cereil 5SG, HanmpuMmep, B CIOXKHBIX CHCTEMax
MOHUTOPUHIa KPUTUYECKHX OOBEKTOB IO3BOJISET MOBBICUTH JIOCTOBEPHOCTH MPOLIECCOB MPUHATHS
pemwiennit u mosBossier JIIIPD BeIOMpaTh oNTUMAaNbHBIN CLEHApH aHalu3a JaHHBIX C Y4YETOM
JIOIyCTUMBIX OIIMOOK MEpBOrO0 M BTOpOro pojaa. OCHOBHBIMM JOCTOMHCTBAMM WHTEPAKTHBHBIX
CIIeHapueB, 0a3UPYIOLIMXCS Ha KOMIIOHEHTHO-MOJYJIBHOM MOAXOJE TMOCTPOCHUSI CHUCTEM SIBIISIOTCS:
KOMIICHCAIlUsl aNpHOPHO HelocTaroleld uHpopMaluy, TrHOKas CTPYyKTypa HPHHATHS peLIeHUH
Ha KaJIOM IIare, BU3yalM3alWs IPOLECCOB NMPUHATHS PELICHWM, y4YeT OmNblTa W 3HAHUM JUIa —
JKCIIEPTA, IPUHUMAIOLIETO PEILCHMS.

Takum 00pa3oM, B CIOXKHBIX CIy4asX BBHICOKOW HEONPEAEIeHHOCTH alpUOPHOM MHGbOpMaLun
IIpY TIOJTyYEHUH JaHHBIX B HH(POPMALMOHHBIX CETSIX 00E€CIEeYUBAECTCS BBIOOP ONTUMAIIBHOIO CLIEHAPHS
aHaJIN3a JAHHBIX C YUYETOM JOITyCTHMBIX OIIHOOK MEPBOTO U BTOPOTO POAA, YTO MO3BOIHT 3(PpHeKTHBHO
pelIaTh 3aa4l HUBEJIMPOBAHUS MOCIIEICTBIN Upe3BbIYaliHbIX cuTyauuii. [loBblmenne a¢dpekTuBHOCTH
(OpMaILHOTO TPUMEHEHHUS CHEHApHOTO TMOAXOAa OIMMCHIBACTCS NWKINYECKH TOBTOPSIOIIAMCS
IIPOLIECCOM U NIPEAIIONIAracT UHTEPAKTUBHOE YIIPABICHUE IIPOLIECCAMU TUIAHUPOBAHUSI SKCIIEPUMEHTOB
U TPUHATHS DPEIICHUM Ha OCHOBE HCIIOJIB30BaHMS THUIIOBOM IOCIENOBATEIBHOCTH CTPYKTYPHOM
OpraHu3aLyy 3a1ad.
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B COEPE CIIOPTA BbICHINX TOCTUKEHUU

MAranoB Cepreii CaMmyHnJIoBHY.

Cankr-IlerepOyprekmii yausepeurer I'TIC MYUC Poccun, Cankr-Ilerep0ypr, Poccus.
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Cesepo-3anagnsbiii nacTuTyT Yupasiennss PAHXul'C, Cankr-IlerepOypr, Poccus.

Ibinaes Cepreii MuxaiijioBuy.

I'ocynapcTBeHHBI YHMBEPCHTET MOPCKOI0 M pe4Horo ¢guiora uM. agmupaja C.O. Makaposa,
Cankr-IlerepOypr, Poccus
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Annomayus. 1lenpio 1aHHON pabOTHI SIBUJIOCH UCCIEOBaHHE (PAKTOPOB KOHKYPEHTHOW CpE[Ibl,
BIMSIONMX Ha o0ecrieueHne HHGOPMALMOHHON Oe3omacHocTH B cdepe cmoprta. Ompenemsis
OCHOBOIOJIATAIOII1e KOMIIOHEHTHI 10 UMEIOLIEMYCSI MaTepHaly, KOTOPbIiI OTHOCUTCSI K CIIOPTHUBHBIM
JMCLMIUIMHAM, a TAKKe UX yTPaTy, ObUIM ONPOILEHbI CIIEIUATUCTBI B 001aCTH (PU3MUECKON KYJIBTYphI
u criopta. biarogapst ueMy ObUTH yCTaHOBIIEHBI (PAKTOPHI, BIUSIOMINE HA 3(PPEKTUBHOCTD 0OeCTIeueHHs
nH(pOPMALMOHHON 6e30MacHOCTH B chepe cropTa BEICIINX JOCTHXKEeHUH. B nccnenoBannu onpeneneHa
CTpYKTypa HWH(QOPMAIMOHHBIX OOBEKTOB, BKIIOUEHHBIX B cQepy oOMeHa JaHHBIMH, OLEHKa
e¢ MOTEHLMAla, BBIABICHA pPAHIOBas CTPYKTypa (aKTOPOB KOHKYPEHTHOW Cpeabl, BIMSIOIIUX
Ha oOecrieyeHre HHPOPMAIMOHHOM 6e30macHOCTH B chepe cropTa.

Kniouesvie cnosa: uadopmanonHas 6€301macHOCTh, chepa cropTa, 3aimuTa HHGOpMaIu

Jons murupoanusi: Aranos C.C., [Touumacos O.E., [Temace C.M. ®akrops! obecriedeHust ”HPOPMAIIMOHHOH
Oe3omacHOCTH B cdepe cropta Beicimx goctmwkennit // Hayu.-anamur. xypH. «Bectauk C.-Iletep6. yH-Ta
I'TIC MUC Poccumy». 2023. Ne 1. C. 149-156.

FACTORS OF ENSURING INFORMATION SECURITY IN THE FIELD
OF SPORTS OF THE HIGHEST ACHIEVEMENTS
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Abstract. The purpose of this work was to study the factors of the competitive environment that
affect the provision of information security in the field of sports. Determining the fundamental
components of the available material that relates to sports disciplines, as well as their loss, experts
in the field of physical culture and sports were interviewed. Due to this, factors were established that
affect the effectiveness of information security in the field of elite sports. The study defines the structure
of information objects included in the sphere of data exchange, assesses its potential, reveals the rank
structure of competitive environment factors that affect information security in the field of sports.

Keywords: information security, sports, information security

© Cankrt-IlerepOyprekmii yausepcuret I'TIC MUC Poccun, 2023

149

MaremaTtudeckoe MOZCIMPOBAHUE, KOMIIBIOTEPHBIC TEXHOJIOTUHU B TECOPUH YIIPABJICHUS CJIOKHBIMH IIpOLIECCaMn


mailto:aganov.s@igps.ru
mailto:aganov.s@igps.ru

Ne 1-2023. Vestnik S.-Petersh. un-ty of State fire service of EMERCOM of Russia http://vestnik.igps

For citation: Aganov S.S., Ponimasov O.E., Pylaev S.M. Factors of ensuring information security in the field
of sports of higher achievements // Scientific and analytical journal «Vestnik Saint-Petersburg university of State
fire service of EMERCOM of Russia». 2023. Ne 1. P. 149-156.

BBenenue

['moGanu3anust NPOMCXOSIIMX IPOLECCOB COBPEMEHHOTO OOIECTBa OCTPO CTaBUT
npobiemy oOecriedeHuss HHMOPMAIMOHHON O€30MacHOCTH BO BCEX OTPACHAX YeJIOBEYECKOU
JESITETbHOCTH. DKCIIOHEHTHBI POCT WHHOBAIIMOHHBIX TEXHOJOTMYECKHX CPENICTB, CIIOCOOOB
Y METOJIOB MEKAYHAPOIHBIX KOMMYHHUKAIMI 3aITyCKaeT BO3MOKHOCTH U MEXaHU3MbI HE3aKOHHOTO
WCIIOJIb30BAaHUs JIOCTHXKEHUH BO BceX cepax MPOMBILUIEHHOTO IMPOU3BOJCTBA U COLMAIBHOU
ctepe, B ToM uncie u B obmactu criopta [1, 2].

[TpuurHHAs 0OYCIOBICHHOCTh COONIOJCHUS WH(POPMAIIMOHHON O€30macHOCTH CBs3aHa
C BHEUIHMMHU (paKTOpaMM KOHKYPEHLIMU B CIIOPTUBHOW JEATENBHOCTH, KOTOpas HECOU3MEPHMO
BO3poOcia B MocienHee aecaruietre. MeTogonorndeckuii 6a3uc pemeHus mpooieMbl COXpaHeHus
IpaB BIAACTBIECB M Pa3pabOTUYMKOB TEXHOJOTHH IOATOTOBKM CIHOPTCMEHOB KaK PECypCHOTO
(GyHKIIMOHANIA TOCTHXKEHUS BBICOKUX CIIOPTUBHBIX PE3YyJbTATOB JIEKUT B H3YYCHHHM BHEIIHHX
U BHYTPEHHUX CBSi3ed CIOpTa, OOOCHOBAaHMU MPUOPUTETOB U MPHUHIMUIIOB TOCYIapCTBEHHOIO
peTyJIMpOBaHHS CIIOPTUBHOU NeATENbHOCTH. DyHKIIMOHATEHOCTH HHPOPMAIIMOHHON 0€3011acHOCTH
obecrieunBaeTcss 0allaHCOM COJEPKATEIbHBIX MEpONPHUIATUH ¢ y4E€TOM (DaKTOPOB, BIIHSIOLIMX
Ha YCTOMYMBOE Pa3BUTHE POCCHUIICKOro criopra [3, 4].

Cdepa cnopra BKIIOYAET pPa3BUTYI0 CETb HMHQPPACTPYKTYpbl KaJpoB, YYacCTBYIOIIHUX
B pa3paboTKe, TMpoBepke, Tmepenade, mnpuéme, o0OpabOTKe ¥ BHEAPEHHH HH(POpMAIHH
B TPEHUPOBOYHBIH mporiecc cnopTcMeHoB. CyObeKTaMi U HOCUTENSIMU CIIOPTUBHON MH(OpMAIHH,
3aWHTEPECOBAHHBIMU B KOH(UICHIMAIBHOCTH METOANYECKHX, (PapMaKOIOTHYECKUX, TEXHHYECKIX
pa3paboTOK, BBICTYMAIOT KOMIIAHUHU 10 MPOSKTHPOBAHUIO U BHEIPEHHUIO CIIOPTHBHO-TPEHAKEPHOTO
obopynoBanusi, (enepalii M OOBEIUHEHHUS, CHOPTHBHBIE AaCCOIMALIMU, OTHENIbHBIE TPEHEPHI
U CTIIOPTCMEHHI [5, 6].

Hoctmxenne Oe3omacHocTH WMH(poOpManuu B chepe cropra 0OYCIOBIEHO BO3JCHCTBHEM
TPEX IPYIII YCIOBUIA:

— o0ecrnievyeHre JJIETUTUMHOCTH TOJIb30BaTeNiel HHPOPMAIMOHHBIM KOHTEHTOM;

— IOCTH)KCHWE  HWHTETPATHBHOCTH W TPENyNPEeXICHHE BO3MOXHOCTH  HCKaKCHHUS
Y HECaHKIIMOHMUPOBAHHOH TpaHchopMariy nH(HOPMAIIMOHHBIX MaCCHBOB;

—o0ecnieyeHne TapaHTUPOBAHHON  BO3MOXXKHOCTH  paboThl ¢  MHPOPMAIMOHHBIMHU
MaTepHallaMH 3aKOHHBIM TI0JIh30BATEIISIM.

Peanuzanus ycinoBuit obecrieueHus 3amuThl HHPOpMALUU TpeOyeT aIeKBaTHBIX CYMMapHBIX
WHBECTUIIMOHHBIX 3aTpar, O0O0eCleYNBAIONINX KyMYJSTHBHBIA dS((EKT NpeanpuHATHIX Mep
W OpraHU3allMOHHBIX JCWCTBUI OTBETCTBEHHBIX COTPYJHHKOB. BIIO)KEHHBIE CpeACTBa MOTYT
MPEBBINIATh BENUYMHY TNpeQepeHnnii, MOIy4aeMbIX OT MPOBOIMMBIX MEPONPHUSTHIA IO 3alluTe
nH(OpPMAIIMOHHOTO KamuTana. [IpeamochuikamMu pemieHus 3aJad  BBICTYMAeT MCCIEOBaHUE
9K30T€HHBIX (DAKTOPOB HHTPONMHMHM U TIIOOAIM3AINY, BIHUAIOMKUX Ha A(PQPEKTUBHOCTH 3aIlUTHI
nHpopmanuu B chepe criopra 7, 8].

Lenb paGoTsl — uccienoBanue (HakTOpoB KOHKYPEHTHOH Cpesbl, BIUSIOMMX Ha oOecreyeHue
nH(GOPMAITMOHHON 0€30MacCHOCTH B cepe criopTa.

Opranu3anus ¥ MeToAbl UCCJIeI0BAHUS

BrisiBnenue ¢gpakTopoB, 00yCIOBIMBAIOIIMX CTUMYJIbl U QITOPUTMBI 3allUThl UH(DOpMAaLIHH,
CONPSKEHHBIX C TIOBBIIICHHEM KOHKYPEHTOCTIOCOOHOCTH POCCHUHCKOTO CIIOPTa, TPOBEIACHO
Ha OCHOBC MCTa-aHalin3a JIUTCPATYPhI, IMPOLUCCCOB U COHHUAIBHO-TCXHOJIOTHYCCKUX MCXAaHU3MOB
pa3BuUTHS CHUCTeMBbl HWH(POPMAIMOHHOW O€30MacHOCTH CHOPTUBHOW oOTpaciu. B 3amaum
WCCIICZIOBAHMSI BXOJIWJIO OIPENENeHUEe CTPYKTYphl HH(OPMAIMOHHBIX OOBEKTOB, BKIIIOYEHHBIX
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B cepy oOMEHA JaHHBIMH, OIIEHKa €€ TOTEHIMANa, BBISBICHUE PAHTOBOW CTPYKTYpHI (aKTOPOB
KOHKYPEHTHOM cpenbl, BIUSIOIMX Ha oOecrieueHHe WH(GOpPMAIMOHHON Oe3omacHOCcTH B cdepe
criopra.

JUis TMarHOCTHpPOBAaHUS OCHOBHBIX (DAaKTOpOB MO 3ammre WHPOpManuu B cdepe cropra,
a TaKkKe KaHaJOB YTEUKHU IPOBEJCHO AHKETHPOBAHHWE KOMIIETEHTHBIX 3KCIIEPTOB B 00JacTu
¢u3n4eckoil KyJbTypbl W CIOpTa — MEHEKEPOB, MAapKETOJOrOB, OPraHU3aTOpOB, MeEIHa-
CIIEIMATICTOB, ()YHKIIMOHEPOB, TPEHEPOB M COPEBHYIOIINXCS ATJIETOB. 3a MEPHOJ] MCCIEIOBAHUS
M3y4eHO MHEHUE 56 PecoOHAEHTOB B Bo3pacTe oT 25 10 56 ser. MccnenoBanue IIMIOCh B TEUEHNE
IIECTH MECSLIEB.

Jnst popMuUpOBaHUS CUCTEMHOTO MPEACTABICHHUS O AMHAMHUKE TMPOXOXKICHUS HH(OpMALUH
OT TPAHCIIATOPA K MOTPEOUTEITO UCTIONH30BaH MEKIMCIUIUIMHAPHBINA TIOIXOI.

Pe3y.]'l]>TaTLI H UX 06cym}1e}me

B xonme wuccinenoBaHuss ObuUIM  pacCMOTPEHBl  BO3MOXKHBIE — CBEJIEHUS, HMEIOIINE
HEMOCPECTBEHHOE OTHOILIEHHE K CIIOPTUBHOM TPEHHPOBKE, HapylleHHE O€30MaCHOCTU KOTOPBIX
MOXKET MPUHECTH yIIepO MOATOTOBICHHOCTH U COCTOSIHUIO 3/10pOBbs CHOPTCMEHA, MPOXOSIIETO
MIOJITOTOBKY K OTBETCTBEHHBIM COCTSI3aHUSIM.

VYCTaHOBIIEHO, YTO KOH(HUIEHIMAIbHYIO HH(OPMAIMIO MOTYT COCTaBJIATH CIEIYIOLIUE
JIAHHBIE:

—ToKa3aTend  (PU3NYSCKOW, TEXHUYECKOW ¢ TICUXOJIOTMYECKOH MMOATOTOBICHHOCTH,
(U3MYECKOro 3710pPOBbS U IICUXOJIOT0-3MOLIMOHATIBHOTO COCTOSTHUSI CIOPTCMEHA;

— aBTOPCKHME TPEHUPOBOUYHBIE IPOTrPAMMBI, COJEpKaIlUe METOAUYECKYI0 HH(POpMaIHUIO,
TEXHOJIOIMYECKHE HHHOBAIMH, 00BEM U crienr(pUKaIMI0 TPEHUPOBOUYHOMN HATrPY3KH;

— JIOKYMEHTalUsl Ha TPEHAKEPHBIE YCTPONCTBA U CPEJCTBA, UCIIOIb3YEMbIE B TPEHUPOBOYHOM
Ipolecce U UMEIOIIHE MATEHThI Ha UX U300peTeHHe, a TaKkKe CIOCOObI MPUMEHEHMS,

—0a3pl  TEKyIIero, MPOMEXKYTOUYHOTO U  MPEICOPEBHOBATENBHOIO  TECTHUPOBAHUS
(YHKIIMOHATTLHOTO COCTOSIHUSL M (PU3MUYECKOW TOTOBHOCTH CIOPTCMEHA IO 3TalaM MHOTOJIETHEH
CIIOPTUBHOW TPEHUPOBKH;

— apXUBBI AJIEKTPOHHBIX CIIOPTUBHBIX U OOIIECTBEHHBIX OPraHU3ALINT;

— JIOKYMEHTBl TEKYLIEro, OIEpPaTMBHOIO W MHOIOJETHETO IUIAHUPOBAHUS IOATOTOBKH
CIIOPTCMEHA;

— pe3yJIbTaThl HAy4YHBIX HCCIIEJI0BaHMM, pPACKpPbIBAIOIIUX aKTyajbHbIE (PU3MOJIOTHYECKUE
3aKOHOMEPHOCTH CTAHOBJICHUS U Pa3BUTHUS CIIOPTUBHON (HhOPMBI;

— ¢uHaHCcOBass MH(pOpPMAIMS U AaHAIUTHKA, PACKPBIBAIOIIAs 3aTpPaThl, LIEJIEBbIE BIOXKECHUS
U CTPYKTYpYy (pMHAHCHPOBAHHUS CIIOPTUBHBIX KJIIyOOB M KOMaHI;

— pa3pabOTKH CIOPTUBHOM MEAMIIMHBI, HAIpaBJICHHbIE Ha MOOMIIM3ALMIO PE3EPBHBIX
BO3MOXHOCTEH M A(PPEKTUBHOE MPOTEKAHHE BOCCTAHOBUTENBHBIX W aJalTallMOHHBIX PEAKIIUN
B OpraHU3Me.

Hcxons m3 mepedHs BO3MOXKHBIX KOH(HUIEHIMAIBHBIX CBEICHHUN MO acHeKTaM CHOPTUBHOM
TPEHUPOBKHM U OPraHU3alUM TPEHUPOBOYHOIO MPOIIECCA, MPOBEAECHO aHKETHMPOBAHHME CIELMAINCTOB
B 00J1aCTH CHOpTa 1O MCCIIEIOBAHUIO PAHTOBOM CTPYKTYpBI (PaKTOPOB, BAMUSIOMIMX Ha 3(P(HEeKTUBHOCTD
obecrieueHusi HHPOPMAIMOHHON Oe30MacHOCTH B cepe Cropra BBICIIUX JAOCTHKEHUH, Pe3ysbTaThl
KOTOpPOTO IPE/ICTABJICHBI B TAOJIUIIE.
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Tabnuma

Panrosasi ctpykrypa ¢pakTopoB, BAMSIOIIMX HA 3PPeKTUBHOCTH
obecnieuennsi HHGPOpPMaMOHHO# Ge30nMacHOCTH B chepe cOpPTA BhICHIMX JOcTHKeHU (N=56)

Panrosoe Panrossiii
MECTO daxTopsl [OKa3aTelb
(3HAYMMOCTB) (%)
1 Pa3paboTka ¥ BHeApeHHE CHUCTEMBI MEPONPHUATHH IO O00ECTIeYeHUIO 277
rH(OPMAITMOHHOM 0€30MaCHOCTH B chepe cropra '
PasneneHuss KOHTEHTa TIONYYEHHS TPEHUPOBOYHOW WH(pOpMAINH
2 B paMKaxX CIy»XeOHBIX IIOJITHOMOYHMH TpeHepa, Bpada, IICHXOJIOTa, 22,3
MeHepKepa KOMaH Ibl
3 CucreMaTHyecKOe M KOMIUIEKCHOE COOJIOACHUE MEp 3allUThl JUIHOU 166
rH(MOpMAIUH Ha BCEX ATAIax MOATOTOBKH CIIOPTCMEHA '
4 [IportuBoneiicTBHe ciydasM yIOTPEOJIEHUS JOMUHTOBBIX CpPEJICTB 134
B TPEHHPOBOYHOM MpoIecce ’
5 BrimonHeHne  3aKOHOAATENBHBIX — MOJOKEHUH,  OTrpaHHYHBAIOIINX 114
pasrialieHye nokas3aresieii TOTOBHOCTH CIIOPTCMEHOB '
6 Coznanmne MOMOKUTENLHOTO HPABCTBEHHO-TICHXONIOTHYECKOTO KIHMATa 86
B CIIOPTHBHOM KOMaHJIe

B kauyectBe rUaBHbIX (DaKTOpPOB, BIUAOIUX Ha A(PEKTUBHOCT, oOOecrneueHus
nH(GOPMALMOHHOI 0e30macHOCTH B cepe cropTa BHICIIUX JOCTHKEHUH, PECIOHCHThI OTMETHIIN
pa3paboOTKy W BHEJIPEHHE CHCTEMbl MEPOIPHUATHM 10 obecneueHu0 HHPOPMaIMOHHOM
6e30macHOCTH B cepe CropTa; pas3jeieHue KOHTEHTa MOJIy4YEeHUs TPEHHUPOBOYHOM MHopManuu
B paMKax CIIy»EeOHbIX IOJHOMOYUN TPEHEPOM, BpPayOM, ICHUXOJOIOM, MEHEKEPOM KOMAaHJBbI.
OcHOBHBIMHU (haKTOpaMH SIBISIFOTCS: CUCTEMAaTHUYECKOE M KOMIUIEKCHOE COOJIOZICHHE MEp 3allUTh
JMYHOM WHpOpMalMU Ha BCEX JTalax IMOATOTOBKHM CIIOPTCMEHA, MPOTHUBOAECHCTBHE CIIydasM
ynoTpeOsieHs] JONMHIOBBIX CPEACTB B TPEHHUPOBOYHOM TIpoliecce. BakHO yuuTBHIBaTh U TaKHe
(akTopbl, KaK BBINOJIHEHHUE 3aKOHOAATENbHBIX MOJIOXKEHUN [9], OrpaHMYMBAIOIIMX pa3TialleHue
IIOKa3aTejae  TOTOBHOCTH  CIOPTCMEHOB,  CO3JaHUE  IOJIOKHUTEIBHOTO  HPABCTBEHHO-
MICUXOJOTMYECKOro KJiMMaTa B CIIOPTUBHON KOMaHIE.

[TpuoputeTHOCTH OOECTIeUueHHs 0€30MaCHOCTH 00YCIIOBIEHA OJHOBPEMEHHBIM YUETOM BCETO
KOMIUIEKCa COLMOKYJIBTYPHBIX U TEXHOJOTHYECKUX (DAKTOPOB, MOTHBHPYIOUIMX HMHKIIO3HIO BCEX
KaTeropuil CHelUaINCTOB B PEATH3alMI0 TEXHUYECKUX M OPTaHMU3ALMOHHBIX MEp COOIOJCHHUS
OCHOBHBIX IPU3HAKOB 3aIIUTHI HHPOPMALINH.

@aktop pa3pabOTKM U  BHEJAPEHHE CHUCTEMbl MEpPONPUATHH 1O  O00eCleYeHu o
nH(OPMAIIMOHHON 0E€30MaCHOCTH B chepe CropTa yUUTHIBACTCS KaK:

— HeJIOIyIIEHHE IPOHUKHOBEHHS Ha CIIOPTUBHBIE OOBEKTHI MOCTOPOHHUX JIUILI, X HAOIIOICHUS
U Tony4eHus (OTO ¥ BUAEOMATEpUaiOB HHAWBUIYILHOTO TPEHUPOBOYHOTO MPOIIECCa CIIOPTCMEHOB
Y KOMaH/IHBIX B3aMMOJICUCTBUI IIPH 0TPAOOTKE TAKTUYECKUX CXEM UTDBI;

—opranuzanms  paboTbl, MMOMOOpP M pPAcCTaHOBKAa OOECIEYMBAIOIIETO  IIEpCOHANA
(TeXHUYECKMX paOOTHUKOB, MEIUIIUHCKUX COTPYAHUKOB, CEKpeTapei u aIMUHUCTPATOPOB);

— opraHu3anus paboThl C NPOTOKOJIAMHU COPEBHOBAHHWM, TEKYyIIMMH U TEPCHEKTUBHBIMU
IUIaHAaMU  TIOATOTOBKM CIHOPTCMEHOB, BKJIIOYas OpraHU3alyio pa3pabOTKU M HCHOJIb30BAHUS
TPEHUPOBOYHBIX MPOTpamMM, IJIAHOB U CTPATErMil METOIUYECKOTO XapaKTepa;

— IPUMEHEHUE TEXHUUYECKUX CPEJICTB s TMOJy4YEHHUs, CHCTEMaTH3allud U XpaHEHUs
TPEHUPOBOYHOW HMHPOpMaNMK MO 00BEMY, HANPABICHHOCTH U COJEP)KAHHUIO TPEHUPOBOUHBIX
Harpy3ok;

— OCYIIECTBJIEHUE KOHTPOJS pabOThl TPEHEPCKOro IepcoHajia ¢ TPEHUPOBOUHBIMU
JAHHBIMH, TJIAHOB U CTPATEruii HOJrOTOBKU CIIOPTCMEHOB.

[To3utuBHBIE TEHIACHIIUN OpraHU3alMOHHBIX MEPOIPHUATHI MIPOCMATPUBAIOTCS
B crienM(UYecKUX Ui JaHHOTO BUJA CIOPTa U YPOBHS MOATOTOBJICHHOCTH CIIOPTCMEHA M KOMAaH[bI
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dbopMBI U COJepIKaHWs, HampaBlieHHbIE Ha oOecrieueHue HH()OPMAIMOHHONW OE30MacHOCTH HOBOU
KOH(UTYpaLuy MOATOTOBKH CIIOPTCMEHA.

YcTaHOBIEHUE pPAa3TPaHUYCHHUsT [OCTyNa K WHPOPMALMOHHBIM pecypcaM B paMKax
MOJTHOMOYMH, HEOOXOMUMBIX JJIsl BBIMOJIHEHHs CIIy>)KEOHBIX OOsI3aHHOCTEH TPEHEPOM, BpauoM,
MICUXO0JIOrOM, MEHEPKEPOM KOMAH/Ibl, 3aKII0YAETCS B COCTABICHUM KOHTPAKTA C YIIOJTHOMOYEHHBIM
AMLIOM (aAMUHHUCTPATOpPOM KOMAaH/bl WJIM areHTOM CIIOPTCMEHA), CYIIECTBEHHBIM YCIOBHEM
KOTOpPOro SIBJISIETCS O00S3aHHOCTh YIOJHOMOYEHHOI'O JiMIa o00ecrneyuTh KOH(UACHINAIbHOCTD
u 0e30MacHOCTh MEPCOHAIBHBIX JaHHBIX cHOpTcMeHa. CHCTeMaTHYeCKoe M KOMIUIEKCHOE
coOnrofieHue Mep 3alluThl JMYHOM HH(OpPMalMKW Ha BCEX H3Tanax IOATOTOBKH CIOPTCMEHa
0 JaHHbIX 00BEMa, HATPY3KH, NMEPEYHs] TPEHUPOBOUHBIX CPEACTB, (PU3MOJOTUUYECKUX IOKa3aTesel
JIOCTUTAETCS IMyTeM MCKIIIOUEHUS HECAaHKIMOHUPOBAHHOIO, B TOM 4YHCIIE€ CIIy4aillHOro, JOCTyIa
K IIEpCOHAJIBHBIM JAHHBIM, PE3YJbTaTOM KOTOPOIO MOXKET CTaTh YHUYTO)XXEHHE, HU3MEHEHMHE,
0JIOKMpOBaHKE, KOMMPOBAHUE U PACIPOCTPAHEHHE MIEPCOHATBHBIX TAHHBIX.

BbInosHeHNE 3aKOHOIAaTENbHbBIX MOJI0KEHUH, ONPaHNYMBAIOLINX pa3IlalllcHUe IoKa3aTesen
UMHTErpaJlbHOM TOTOBHOCTM HA BCEX OTamax IOATOTOBKM  CIOPTCMEHA  3aKJIH04aeTcs
B NPENOTBPAILIEHUN HECAaHKLIMOHUPOBAHHOI'O JOCTyIla KO BCEM BHUAAM IOJATOTOBKM CIOPTCMEHA,
BKJItOUasi (apMaKoJOTHYECKYIO COCTABJISIONIYI0 BOCCTAHOBJICHUS M peabMiInTanuu (pU3n4ecKoro,
MICUXUYECKOT0 M (PYHKIIMOHAJIBHOTO COCTOSHUS CLIOPTCMEHA; MpeaAynpexIeHre (PaKToB OralieHus
MEPCOHAIbHBIX JAHHBIX, B TOM YHUCJIE M CO CTOPOHBI OOJIENBIIMKOB M 3aHMHTEPECOBAHHBIX JIULL;
INPEMSTCTBUM JIEHCTBUAM Pa3pyLIMTEIBHOIO XapaKTepa, MPUBOIALIMM K IOpYE U IOBPEXKIACHUIO
CHOPTUBHBIX CHapsI0B, TPEHAKEPOB, B pe3yJibTaTe KOTOPOIO MOXET ObITh HapylIEHO
uX (YHKIIMOHMPOBAHUE; CBOEBPEMEHHOM BOCCTAHOBJIEHUM IEPCOHAJBHBIX JAHHBIX, H3MEHEHHBIX
WIN yTPAYEHHBIX BCJIEACTBHE HECAHKIIMOHUPOBAHHOTO JIOCTYIIA.

[IpotuBozeiicTBIE CllydasM yHOTpPeOJCHHUS IOMMHIOBBIX CPEJICTB B MOArOTOBKE CIIOPTCMEHOB
BKJIIOYAET B CE0s1 PsiJi MEPOIPUSTHIA:

— IIPOBEJICHUE JOMHT-KOHTPOJIS;

— YCTaHOBJIEHHE OTBETCTBEHHOCTH CIIOPTCMEHOB, TPEHEPOB, MHBIX CIIELIUAIUCTOB B 00JIaCTU
(¢u3n4ecKkoil KyabTypbl U CIIOPTa 3a HAPYLIEHUE aHTUAOIMHIOBBIX IPABUII,

— TMpEeaynpekJeHHEe NPUMEHEHHUS 3alpelleHHbIX CyOCTaHUMH M (WIM) 3ampelieHHBIX
METOJIOB;

— TOBBIIIICHHE KBATH(PHUKAINN CTIEIUAINCTOB, TPOBOSIINX JOMUHT-KOHTPOJIb;

— BKJIIOUEHHE B JIONOJHUTENIbHBIE O00pa3oBaTelIbHbIE MPOrpaMMbl 00pa30BATENbHBIX
OpraHu3aIif, OCYIIECTBISIONINX NEATEILHOCTh B 00MacTH (pU3MUECKOW KyIbTYphl M CIOpTa,
pa3zfenoB 00 aHTHUIONMHIOBBIX MPABMIIAX, O IOCIEACTBUSAX JOMMHIA B CHOPTE IS 370POBbS
CIIOPTCMEHOB, 00 OTBETCTBEHHOCTH 3a HapyILIEHUE aHTHUIOTIMHIOBBIX ITPaBUI;

— MPOBEJICHNE aHTUIONIMHIOBOM IpOMaraH/ibl B CPeCTBAX MacCOBOM MH(oOpMaIuy;

— IPOBEJICHHE HAYYHBIX MCCJIEJI0BAaHUM, HANpPABJICHHBIX HAa MPEIOTBpPALICHHE JOMUHIA
B CIIopTe U 60pb0y C HHUM;

— MIPOBEJICHUE HAYUYHBIX UCCIIEJOBAHUM 110 pa3pabOTKE CPEICTB U METOJI0B BOCCTAHOBJICHHUS
paboTOCIIOCOOHOCTH CIIOPTCMEHOB;

— OKa3aHue (eqepalbHBIM OPraHOM HWCHOJIHUTENBHOW BIIACTH B 001acTé (hU3MdYecKoi
KyJbTypbl M CIIOpTa, OOIIEPOCCUIICKON aHTHUAONMHIOBOM OpraHM3alued COAEHCTBHS OpraHaM
HCIIOJIHUTENIBHON BiacTu cyObekToB Poccuiickoit denepanuy B aHTUAOINMHIOBOM O0O€CIIEUEHHH
CIIOPTUBHBIX COOPHBIX KOMaH T CyObeKTOB Poccuiickoit deaepanum;

— YCTaHOBJIEHHE OTBETCTBEHHOCTH (PU3KYJIBTYpHO-CIIOPTHBHBIX OpraHU3allUi 3a HapyIICHHE
YCIOBUH TPOBEICHUS JONMHI-KOHTPOJIS, MPETyCMOTPEHHBIX MOPSAKOM MPOBEAEHHS JIONUHI-
KOHTpOJIS,

— OCYILECTBIIEHHE MEXIyHAPOJIHOI'O COTPYAHUYECTBA B 00JaCTH NPEAOTBPALICHUS JOIIMHIa
B CHIOpPTE ¥ OOPBHOBI C HUM.

Bbicokasi creneHb MHTErpanuu KOHCTPYKTa MH(POPMALMOHHOM O€30MacHOCTH B CUCTEMY
Mep, OrpPaHWYMBAIOUIMX paslVallleHUEe I[0Ka3aTele TOTOBHOCTH CHOPTCMEHOB, IIOBBIIIAET
LIEHHOCTHYIO0 3HAaYMMOCTb IOCTOSIHHOIO KOHTpOJIA 3a OOECIEYEHMEM YpPOBHS 3allMIIEHHOCTH
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MEPCOHAIBHBIX JIAHHBIX CIIOPTCMEHOB U CHOPTUBHBIX KOMaH/. /{15 pa3paboTKu U OCYIIECTBICHUS
MEpOIPUATHI TI0 obecrneueHnio 0e30MacHOCTH MEepPCOHATIbHBIX JAHHBIX MpU HUX 00paboTke
B HH(OPMAITMOHHBIX CUCTEMaX ONEPATOPOM MOKET HA3HAYATHhCS CTPYKTYPHOE TIOpa3IeiIeHUE WIN
JOJKHOCTHOE JIMIIO, OTBETCTBEHHOE 3a 0OecreueHre 0€30MacHOCTH MePCOHANBHBIX JaHHBIX.

3akaouyeHue

WNndopmanmonnas 0e30macHOCTb B cdepe CHopTa BBICHIMX JOCTHIKEHMH XapaKTepHU3yeTcs
HaJM4uMeM  OOBEKTUBHO  JIEHCTBYIOIIMX  (PAKTOPOB  KOHKYPEHTHOW  Cpenbl,  BIIUSIOIIUX
Ha 3(QQEKTUBHOCTh 3alUThl MHpOpMalMu B cdepe cnopra. B KoHTekcTe aHanmm3a MNPUYUHHOM
00yCIIOBJICHHOCTH HWH(POPMAIIMOHHON OE30MaCHOCTH HCCIIEAOBATEILCKAN BEKTOP COCPEIOTOUYCH
Ha U3y4eHUH (DAKTOPHBIX IPU3HAKOB, OOYCIOBIMBAIOLUIMX CTUMYJIBI M aJITOPUTMbI  3aIUTHI
nH(pOpMAaIUH, KacaloIIEeHCs CUCTEMBI TIOTOTOBKH CIIOPTCMEHOB, pa3pabOTOK CHOPTHBHOW MEITUIIVHEI,
TpeHaXEPHBIX YCTPOHCTB U CPEJICTB MOBBILIEHHUS PAOOTOCIIOCOOHOCTH B CHIOPTE.

®dakropamu, BIUAOUMMU Ha 3ddexkTuBHOCT oOecriedeHus: HHHOPMAIMOHHONW Oe30IacHOCTH
B cdepe CHOpTa BBICIIMX JOCTIDKCHHUH, SBISIOTCS: BHEAPEHHE CHCTEMBbl MEPONPHATHIA
110 obecreyeHnto HHPOPMaIIMOHHOM Oe30MacHOCTH B cepe CropTa; pas3jesieHue KOHTEHTa MOTyYeHHs
TPEHUPOBOYHON MH(OPMAIMK B paMKax CIy>KEOHBIX MMOJHOMOYHMHA TPEHEPOM, BPadoOM, MCHXOJIOTOM,
MCHC/DKCPOM KOMAaHABI; CHUCTEMATHYCCKOC W KOMILUICKCHOC CO6J'IIOI[€HI/IC MCp 3allrTbl JIMIHON
uH(pOpMaLlMM Ha BCEX ATalax MOJArOTOBKU CIIOPTCMEHA; MPOTUBOACHUCTBUE CIIydyasM YNOTPeOICHUs
JOIMMHT'OBBIX CPCIACTB B TPECHHUPOBOYHOM IPOLECCCE; BBINMOJHCHNUC 3aKOHOMATCIIbHBIX HOJIO)K@HHI;'I,
OIpaHMYMBAIOLIMX pa3JIallieHue MoKa3aTeel TOTOBHOCTU CIIOPTCMEHOB; CO3/1aHHE MOJIOKHUTETBHOTO
HPaBCTBCHHO-TICUXOJIOTMYECKOI'O KJIMMaTa B CHOpTI/IBHOﬁ KOMaHEC.
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9KOHOMUKA, CUCTEMbI YITPABJIEHUSA
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OIIEHKA D®®EKTUBHOCTHU MEPOIPUSTUI IO OBECIEYEHUIO
BE3OINTACHOCTHU NTIPUMEHEHUSA BECIITMJIOTHBIX JIETATEJIBHBIX
AIIITAPATOB

Xlermannes Aaekceii FOpbeBuy.

MockoBCKMl ABUALMOHHBIA MHCTUTYT (HALMOHAJbHBIN HCCIEeI0BATEIbLCKUI YHUBEPCUTET),
¢puanan «B3ner», r. Axtyounck, Poccust

Etomamens @mail.ru

Annomayus. PaccMOTpEHBI aCMeKThl, BIUSIONIME Ha YPOBEHb HA/ICKHOCTH HOBBIX Pa3paboOTOK
B 00JacTH OECHMJIOTHOW aBHWAIlMH, TIOKAa3aHA POJIb CIIOKHBIX MHOTO3TAIHBIX HCIIBITAHUH, KOTOPHIC
CYIIIECTBEHHO TOBBIMIAIOT OE30MAaCHOCTh JKCIUTyaTalii OECHIJIOTHBIX JICTATEJIbHBIX —amrapaToB.
OOGOCHOBBIBAETCS, YTO MaJICHINAsl HEOUCIIBITAHHOCTD OMBITHBIX 00Pa3IioB OECIMIIOTHBIX JIETATEIbHBIX
anmapaToB OTPHIIATEIILHO OTPaKaeTCsl Ha BCEH CEpUM IMPH UX MAaCCOBOM MPOM3BOJICTBE, MOJBEprast
HEOOOCHOBAaHHOMY PHUCKY JIOAel, 00beKThl HH(MPACTPYKTYpHI, MPOMBIIUICHHBIE OOBEKTHI U CaMH
OCCIMIIOTHBIE JICTATEIbHBIC allaparhl C IIEJIEBOM Harpy3kou. IIpuBefeH aHaM3 COCTaBIISIFOIIMX
OKOHOMHUYECKOH A(PPEKTUBHOCTH MEPOINPHUIATUN 10 00ECTICUeHUI0 OE30MaCHOCTH  NMPUMEHEHUS
OCCIIMIIOTHBIX JIETATENLHBIX aIllapaTOB W PaCcCMOTPEHBI OCOOEHHOCTH OIICHKH HSKOHOMHYECKOTO
ahdexTa W 3arpaT Ha HMX WCIOJIH30BAaHHUE HA MpUMEpe OCCHIIOTHBIX JICTATeNILHBIX allapaToB
CaMOJISTHOTO THIIA, a TAKKE TNPEAIOKECHb TyTH TIOBBIICHUS AS(PPEKTUBHOCTH YKa3aHHBIX
MeponpuaTuil. (st moaTBep KIeHUs] BEPHOCTH PACCMOTPEHHBIX MOAXO0/I0B MPUBEACHBI aHATUTHUECKUE
3aBHCHMOCTH, W BBITIOJJHEH TPUMEPHBIA pacdeT 3((HEKTHUBHOCTH MEPOIPHATHH IO 00eCTICUSHHUIO
0€3011acHOTO MPUMEHEHHUST OCCITUIIOTHBIX JIETaTeIILHBIX aIllapaToB.

Knrouesvie cnosa: GecniniaoTHBIM JeTaTelbHBIA amnmapaT, 6€30macHOCTh, 3()(PEKTUBHOCTS,
3aTpathl, CTPYKTypa 3aTPaT MO CTAThIM KaJIbKYJISIIUI

Jasi mutupoBanusi: [etmanneB A.}O. OneHka 3(QQGEKTUBHOCTH MEPONPUATHA IO 00€CICUYCHHUIO
0€30MacHOCTH MPUMEHEHHUSI OCCIHMIOTHBIX JIeTaTeabHbIX ammapatoB // Hayud.-anamut. kypH. «BecTHuK
C.-Ilerep6. yu-ta I'TIC MUC Poccumn». 2023. Ne 1. C. 157-170.

Scientific article
EVALUATION OF THE EFFECTIVENESS OF MEASURES TO ENSURE
THE SAFETY OF THE USE OF UNMANNED AERIAL VEHICLES

XMGetmantsev Alexey Yu.
Moscow aviation institute (national research university), branch «Vzlet», Akhtubinsk, Russia
Etomamens@mail.ru

Abstract. Aspects affecting the level of reliability of new developments in the field of unmanned
aviation are considered, the role of complex multi-stage tests that significantly increase the safety
of operation of unmanned aerial vehicles is shown. It is proved that the slightest lack of testing
of prototypes of unmanned aerial vehicles negatively affects the entire series during their mass
production, exposing people, infrastructure facilities, industrial facilities and unmanned aerial vehicles
themselves to unreasonable risk with a target load. The analysis of the components of the economic
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efficiency of measures to ensure the safety of the use of unmanned aerial vehicles is given
and the features of assessing the economic effect and costs of their use are considered on the example
of unmanned aerial vehicles of the aircraft type, as well as ways to increase the effectiveness of these
measures are proposed. To confirm the correctness of the considered approaches, analytical
dependencies are given and an approximate calculation of the effectiveness of measures to ensure
the safe use of unmanned aerial vehicles is performed.

Keywords: unmanned aerial vehicle, safety, efficiency, costs, cost structure by calculation items

For citation: Getmantsev A.Yu. Evaluation of the effectiveness of measures to ensure the safety of the use
of unmanned aerial vehicles // Scientific and analytical journal «Vestnik Saint-Petersburg university of State fire
service of EMERCOM of Russia». 2023. Ne 1. P. 157-170.

BBenenue

Pa3BuTHe aBuanuy UAET OJHOBPEMEHHO CTPEMUTEIBHO U HE3AMETHO. DTU IPOTUBOPEUUBBIE
XapaKTePUCTHUKH, C OJHON CTOPOHBI, OIPEEIISIOTCS BBICOKOM KOHKYPEHIIMEH cpeid pa3paboTYNKOB
AaBUAIIMOHHBIX KOMIUIEKCOB W JIETATENbHBIX anmapaToB, a C Jpyroil — OOJBUIMMHU CpPOKAMHU
HX SKCIUTyaTaluu.

[TorpeGHOCTS B BBICOKOH PEHTAO0ENBHOCTH JIOCTATOYHO PUCKOBAHHBIX M JOPOTOCTOSIIMX
MIPOEKTOB [0 BHEAPEHUIO B pa3inyHble chepbl MPOU3BOJCTBEHHOM NEATEIbHOCTH OECIMIOTHBIX
nerarenbHbIx ammapatoB (BJIA, apoHoB) [1] TpeOyeT mX BBICOKON HAIEKHOCTH MPHU OOJBIION
WHTEHCUBHOCTH I10JIETOB. JTO JIOCTUIAETCS KAUECTBEHHOW MPOBEPKOM KaK OTIEIbHBIX COCTAaBHBIX
YacTei, TaKk M OMBITHBIX OOpa3lOB B IEJIOM B XOJI¢ WX HA3EMHBIX M JIETHBIX HCIBITAHUN
u nocnenytomei cepruduxanyu [2]. Kaxxapliil 1eHb NOSBIAIOTCS HOBbIE BAPUAHTHI MPAKTHUYECKOTO
npumerernss BJIA — 310 MoHImMKE OKOH HEOOCKpeOOB, MATPYJbHBIE CPEICTBA MOHUTOPUHTA
M0’KapoonacHoOW OOCTaHOBKHM B JIECOMApKOBOM 30HE TOpPOJAOB, JIETAIOUIME MAcTyXH OTap OBell
U OXOTHHKM 3a BOJKaMU OJIHOBPEMEHHO, OECHMJIOTHBIE IOJHOCTHIO aBTOMAaTHYECKHE CPEICTBA
BU3YaJIbHOTO, HHPPAKPACHOTO U YIHTPa3ByKOBOTO KOHTPOJS LIETOCTHOCTH OOJBIIMX CaMOJIETOB,
BBICOKOMAHEBPEHHBIE CPEJICTBA IOKAPOTYLIEHUS B MHOTOSIPYCHBIX CKJIQACKHX ITOMEIICHUX,
JeTalre ByJIKaHoJIory U T.1. OaHako, MOMUMO cyry6o mupHoro npuMmenenus bJIA, Heo6xoaumo
YIOMSIHYTh O PUCKaX M HHIUICHTAX, CBSA3aHHBIX C MX KPHUMHHAIBHBIM HCIOJb30BaHueM [3]:
KOHTpaOaHAa 3allpelléHHBIX BEIIECTB U MPEIMETOB, CO3/IaHUE MOMEX BO3AYIIHOMY IBH)KEHHUIO,
TEPPOPU3M Ha SJACPHBIX OOBEKTaX, MIMHOHAX; BTOPKCHHE B YACTHYIO XHU3Hb, YTO SIBISICTCS
HEJIOMYCTUMBIM U MPECEKaeTCs 3aKOHOAaTeNIbHO [4-9].

HenocpeacrBenHo mnpouecc ouneHkn kadectBa bBJIA pacnagaercs Ha TpU OCHOBHBIE
COCTAaBIISIIOLIME — 3TO MPOBEpPKA XapaKTEPUCTHUK IIEJEBOr0 000pYyIOBaHMS, MpPOBEpPKa JIETHO-
TEXHUUYECKUX XapakTepucTuk BJIA u KOMIUJIEKCHAash OIICHKAa BBIMOJHEHUS BCEX TpeOOBaHHIA
10 HAa3HAYEHUIO B pEAJbHBIX YCIOBUAX INPUMEHEHMs. Takoe JeJeHHWe MO3BOJISIET ONEPATHBHO
MEHSATh pelIaeMble 3a7a4il U 1ieJeBoe 000py10BaHHE C BBEJACHHUEM €r0 B HKCIUTyaTallllo B CHKaThble
CpoKU. BrpIicokas HaleXHOCTh HOBBIX pa3pabOTOK, MOATBEpXkKAaeMas B XOJ€ HCIBITAHUH,
CYIIECTBEHHO TMOBKINMIAET Oe30macHOCTh dKcmuryatanuu bJIA, a maneiimas HETOUCIBITAHHOCTD,
pacThpakupoBaHHas MPU CEPUUHOM HU3roTOBICHUU BJIA, moaBepraetr pucky HaxOASUIUXCS B 30HE
aBapwuitHoro magenust BJIA mionelt, 0o0beKThl MHOPACTPYKTYPHI, MPOMBIILIEHHOE 000PYI0BaHHE,
TPO3UT MOJHBIM YHUYTOKEHUEM camoro bJIA, 3a4acTyio UMEIOIKUM BMECTE C LIEJIE€BOM HArpy3Kou
OUYEHb BBICOKYIO CTOUMOCTb.

BJIA, oTHOCsIIMECS K aBUALIH IIECTOTO MOKOJIEHUS, YIIPABIISIFOTCS IUCTAaHIIMOHHO OMEPaToOpoM
WM COBEPILIAIOT MOJIETHI MOJIHOCTHIO B aBTOMAaTHUECKOM PEXUME, OHAKO BO BPEMsI TIOJIETOB JIOJKHBI
MOJTHOCTBI0  coOmonaThess DenepanbHble aBUALIMOHHBIE IMPaBWJIa W YCTAHOBJIEHHBIH MOPSIOK
ucnonb3oBanus BJIA [10]. Ilo BemonnsembM 3amayaM BJIA 3HauMTENbHO PACIIUPUIN 0OJACTH
MIPAKTUYECKOTO MPUMEHEHUS aBUALIMU U UCKITIOYMIN PabOTy YeIoBEKa B OMACHBIX YCIOBUSX (BBICOTA,
SIIOBUTHIE XUMHUUYECKUE HCIIAPEHUs, TEMHOE BPEMsl CYTOK, MHTEHCUBHOE JOPOXKHOE WM BO3IYLIHOE
IBIKeHHe U T.4.). OJHAKO HOBBIE BO3MOMKHOCTH CO3[Al0OT U HOBBIE, JIOMOJIHUTEIbHBIE PHCKU
0€30MacHOCTH, SHTPOMNUS (CTENEeHb HEN3BECTHOCTH) MH(POPMAIIMU O KOTOPBIX MOXKET OBbITh MOHMKEHA
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B XOJIE WMCIBITAHUNA W B TPOIECCE OMBITHOM HSKcIutyaranuu. [lo OonbpiiomMy cyery, COBpeMEHHbBIE
MUWIOTUPYEMbIE CaMOJIeThl OOJBIIYI0 YacTh IOJIETOB BBIMOIHSIOT TOJHOCTHIO B aBTOMATUYECKOM
peXMME — Ha aBTONWIOTE, YTO YaCTMYHO CTHPAET YETKYI0 TIpaHb MEXKIy NWIOTUPYEeMOi
U OECIIMIIOTHON aBUAIMEMH,

OTnenbHO ClIEIyeT pacCMOTPETh OCOOEHHOCTH PUCKOB Oe3omacHocTtu mpuMeHeHUs BJIA
CaMOJIETHOTO THUIIA, KOTOPbIE BO MHOIOM IpeBOCXOAAT bJIA MynpTHKONTEpHOro THUIA: PUMEPHO
B 6—10 pa3 Oosblias rpy30N0JbEMHOCTh IPU COMOCTAaBUMBIX pa3Mepax U Macce, MPUMEpPHO
BO CTOJIBKO K€ pa3 Ooblias CKOPOCThb, JANBHOCTb U MPOAOIDKUTEIBHOCTH MosieTa. Bo MHOrmx
crpanax (Kurait, U3pamns, CIIIA, Poccus, Upan, Typuus) [11] pazpaborano u neraer 6oJbIIioe
konndyectBo BJIA camoneTHoro tuma cpegHero um OOJBIIOTO Kilacca, HAXOISAIIMXCS B BO3AyXe
OT HECKOJIbKMX YacOB JI0 HECKOJIbKMX CyTOK (Hampumep, poccuiickuii BJIA «Anbtyc-M» nmeer
nanbHOCTH mosiera 6onee 10 000 KM ¥ MIPOJOIKUTENBLHOCTD ToNieTa OoJee BYyX CyToK). [Ipu sTom
CYLLECTBEHHBIMU HeJocTaTkaMu 3TUX BJIA cTaHOBSITCS MeHbIlIass MAaHEBPEHHOCTh, HEBO3MOKHOCTh
HENOJBI)KHO 3aBHUCAaTh HaJ OOBEKTOM, HEOOXOJMMOCTb B3JIETHO-IIOCAIOYHBIX IOJIOC WU
YCTPOWCTB KaTamyiabTHpoBaHus W mocaakd. CamosetHbiii tun BJIA BBHIY KOHCTPYKTHBHBIX
U a3pOJIMHAMUYECKUX PEIIEHUN MMEET acIEeKThl ONIACHOCTH, HE CBOMCTBEHHBIE MYJIbTUKONTEPHBIM
WM BEPTOJIETHBIM CXEMaM:

— OoJbIasi MHEPIMOHHOCTh BCJIEACTBUE BBICOKOW CKOPOCTH M MeEHbLIEH MaHEBPEHHOCTU
HE MO3BOJISIET PE3KO MEHATH KyPC WJIM BBICOTY U1l 00X0/ja BHE3AITHO BO3HUKAIOLIUX MPETSTCTBUIA;

— BO3MOKHOCTb ~ BBIIIOJIHEHUS  JUIMTEIBHOIO  YCTOMYMBOILO TOPHU3OHTAIBHOIO  WIIH
IUIAHUPYIOMIETO TOJeTa MPU OTKa3e CUCTEMbl YIPABIECHUS U JaXe IMPH U3PacXOJ0BaHUU BCETO
TOIUINBA;

—npuMenenue Oonbmmx bBJIA Ui nepeBO3KM Ipy30B HAa 3HAYUTENBHBIE PACCTOSHUS
CO3/Ia€T CYIIECTBEHHBbIE PUCKH YHUYTOXKEHHS WIM MOpPaKEHUs OOBEKTOB YeJIOBEYECKOU
KU3HEESITEIbHOCTU B HACEJIEHHBIX MyHKTax B ciaydyae aBapuu BJIA, B Tom umcie camum BJIA,
MEPEBO3UMBIM TPY30M MJIM UMEIoIMMCs Ha 60pTy BJIA TOKCHYHBIM TOTTUBOM.

OTnenbHO clielyeT OTMETUTh PUCKH, CBSI3aHHBIE C TOTepeil yrpasieHus 1006 tunom BIIA
MIpU TOMaJaHUU B 00JIACTh AJIEKTPOMArHUTHOTO MPOTUBOJCHUCTBHS APOHAM MO0 B HEOIArompUsTHHIE
TIOTO/THBIE YCIIOBUSL.

Takum 00pa3oMm, BBICOKME pPHCKM Ha pa3IM4YHBIX CTagusX >KU3HEHHOro mwmkia bBJIA
U HEOOXOIUMMOCTb TIPOBEICHUS  JOCTATOYHO  3aTPAaTHBIX MEPONPUSATUN IO MOJIEP’KAHUIO
0€30MacHOCTH, OCOOEHHO MpPU HCIBITAHUSAX HOBBIX 00pa3noB BJIA cpemnero m Gosbiioro kiacca,
TpeOyIoT pa3pabOTKH METOUKH 10 OLIEHKE 3(D(HEKTUBHOCTH TaKHX MEPOTIPHUSITHI.

[enbto UccaenoBaHus SIBISETCS OINpeaeneHrne YKoHOMUYeckux (akTopoB (3ddexra, 3aTpar
1 3(p(DHEKTHBHOCTH), OTPAXKAIONINX IOJJEP)KaHNE B O€30IMaCHOM COCTOSHUU TEPCICKTHBHOU
obnactu ucnonb3oBanusi bJIA pa3nuyHOro QpyHKIMOHATHHOTO HAa3HAYEHUS Ui MOJIETOB CpelHen
1 00JIBIION 1aJTbHOCTH.

B nponecce uccnenoBanys BBINOIHEHBI 3aa4H:

— TMPOBEJICH aHAJIN3 OMACHBIX (PAKTOPOB M PUCKOB puMeHeHus bJIA;

— BBITIOJIHEH aHATU3 yCIIOBUH O6e30MmacHoro npoBeaeHus ucnbiTanuii bJIA, KoTopbie TOJBKO-
TOJIBKO «CTAHOBSITCSI HA KPbUIO» U IIO3TOMY SIBJISIIOTCSI HAaOO0JIee OMACHBIMU;

—pa3paboTaHa 4dacTHas MeETOJWKAa W TpUBEIEH TNpuUMep OUEHKH 3(P(HEKTUBHOCTU
MEpONpUATHIA o oOecrieueHmo Ge3omacHocTH npuMeneHus BJIA B nporiecce nx nCIBITaHU;

— IPEeAJIOKEH MOJXO0J K CHMXKEHHIO PUCKOB IPHU HUCIHONb30BaHUU BJIA U K MOBBILICHHUIO
3¢ GEKTUBHOCTH MEPONPHUSATHA MO TOBBIIMICHUIO O€30MAaCHOCTH WX MCIBITAHUM W TOCIIEAYIOUIeH
3KCIUTyaTalUu.

TeopeanecRHe OCHOBBI 1 METOJbI pacduera
B pa60Te HUCIIOJIB30BAJIMCh KIIACCHYCCKHE MCTOAblI 3KOHOMHKO-CTATHCTHYCCKOI'O aHaJIn34,

HKCHEPTHBIX OLIEHOK M MAaTeMaTH4YeCKOro MonenupoBaHusi. OOBEKTOM HCCIEIOBAHUS SBISIOTCS
pHUCKH, CBs3aHHble ¢ Oe3onmacHbIM mnpuMmeHeHneM bJIA Oonbmoit nansHocTH. Kpome Toro,
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WCCIIEAYIOTCSI METOABI M CHOCOOBI MOBBIIICHUS d()()EKTUBHOCTH MEPONPHUSATHIA 10 00ECIICYCHUIO
0€30IaCHOCTH MCIIBITAaHUHM ONBITHBIX 00pa3noB BJIA (mpeamecTByromMx 3Tamy cepTUPHUKALMN)
U CHIKCHHMIO pa3JMYHBIX BHJIOB 3aTpaT Ha MUX MPOBEACHHE, a TaKXK€ Ha IOCIEIYIOIIYIO
JKCIUTyaTaluio. B mepByto ouepenp — Ha CHIKEHHE NPSIMOro U KOCBEHHOI'O yliepOa B pe3yJbTare
aBUAIIMOHHOM KaTtacTpods! wim aBapuu BJIA, 4aTo peanmusyercs 3a c4eT 3HAUUTEIBHOTO YBEINICHUS
MHGOPMATUBHOCTU NPU OOECIEUEHUU JONOJHUTEIbHBIMU CPEICTBAMHU W3MEPEHUH M KOHTPOJIS
0€30MacCHOCTH, a TAaKXKe B HEPEPHIBHOM OIIPEICJICHUH 30HbI HA3€MHON OMACHOCTH U BBIHYKJCHHON
nukBUgauuu aBapuiiebix BJIA B ciiydae peanbHON yrpos3el. I3-3a pe3Koro IOBBIIICHMS
MHTEHCUBHOCTHU II0JIETOB aBHALIMOHHBIE KaTacTPO(bl CTAIM IMPOUCXOAMUTH BCE Halle. Tak, TOJIBKO
B 2022 r. u3 14 aBmakaractpod B Poccum ¢ NUIOTHPYEMBIMH CaMoOJI€TaMH BOCEMb NPHUBEIU
K THOEIH SKHUTIaKka WK JIroAeH Ha 3emuie [12]:

— 24 ¢depans — AH-26 ynan nox r. Boponexem, Noru0iu mecTh YICHOB SKUIMAXKA;

— 21 utons — Cy-25 pyxHya 65113 rpaHuLibl ¢ Y KpauHOM, TUJIOT MOTrHO;

— 21 utons — B T. SIkyTcke ynan AH-2, U3 TpeX 4eJIOBEK IKUIaKa JBa MOTUOIIH.

— 24 u10Hs — SKCTpEHHas! BhIHYKJIeHHas nocajka Min-76, nocne yero oH 3aropescs, Noruoam
IIATh YWICHOB SKUIIAXKA;

— 8 aBrycra — B Komu ynan camonet Cessna, morudiy Tpu 4eI0BeKa;

— 10 oxTs6ps — kpymenue Cy-25 B PoctoBckoii 001actu, NuiioT noruo;

— 17 oxtsa0ps — B T. Eiicke Cy-34 Bpe3aicst B )KWIOH JOM, SKUITX YCIIEN KaTamyIbTHPOBATHCS,
OJTHAaKO Ha 3emJie nmorudio 15 ven.;

— 23 okTs0ps — B . Upkytcke Cy-30 ynain Ha jkujible J0Ma, SKUIax Moruo.

MOXHO mNpeAnoaokuTh, YTO IPU YPAaBHUBAHUU C TEUEHUEM BPEMEHM KOJUYECTBA
MUIOTUPYEMBIX U OECHUIOTHBIX CaMOJIETOB OOJIBLIOTO M CPEIHEro Kjiacca KOJIMYECTBO aBapuid
¢ BJIA Oyner mpeoGmanarh, BBUIY OTCYTCTBHS IIOJIHOTO BHM3YaJbHOTO KOHTaKTa oOIEpaTropa
C OKpyKarollel 00CTaHOBKOM, 3HAUUTEIbHBIM 3alllyMJICHUEM KaHAJIOB PaUOYIIPABIICHNUS, BHICOKON
BEPOSATHOCTH CTOJIKHOBEHHMsSI OECHHJIOTHBIX U HWJIOTHPYEMBIX JIeTaTeJbHBIX alllapaTos,
OTCYTCTBHEM IMPSMOM CBA3M JUCHETYEpa YIPABIEHUS BO3AYLIHBIM JIBHJKEHHEM C BHEIIHUM
muiotoM BJIA, KOTOPBI MOXKET HAXOAUTHCS B J1000# Touke mupa [2]. ITo 3Tol mpuunHe BMecTe
C OTBETCTBEHHOCTHIO 3a HAJICKHOCTh M HCIBITAHHOCTh HOBeWmux oOpas3noB bJIA Bo3pacraer
00bEM KalMTaIOBIOKEHUI B Pa3jInYHbIE COCTABISAIOLINE CUCTEMbI 0O€CeueHHs UX 0Oe3011acHOro
MIPUMEHEHMUS.

Pe3yabTarsl Mcc/ieIOBaHUA U UX 00CYKIeHUE

Jnst  BBIABIEHMS  TEXHMKO-JKOHOMMUYECKHMX  CBsi3e  HM3ydaeMoro BoIlpoca jajee
paccMaTpuBalOTCA pe3yJbTaThl UCCIIEOBAHMM, COCTUHSIONIMX BOSAMHO Pa3IUYHbIE TEXHUYECKHE
aCTMeKThl o0ecTieueHus 0€30MacHOCTH, BO3HUKAIOIINE MPU WCIBITAHUSAX W IKCIUTYyaTalldd HOBBIX
TunoB bJIA, ¢ 5KOHOMUYECKHMH COCTABISIOIIUMH.

OkoHOMUYecKas APPEKTHBHOCTh CUCTEMBI Oe3omacHoCTH mpuMeHeHus BJIA ompenensercs
JOCTHKUMOCTBI0O HeoO0xoaumoro 3¢ @dexkTa W CTEeNeHbI0 YIPaBIIEMOCTH 3aTpaTaMH B YCIOBHUSX
3HAUUTEJIbHON OTPaHMYEHHOCTH MAaTEPUATbHBIX, JIIOJCKUX U BPEMEHHBIX pecypcoB. TeXxHHUKO-
sKoHOMHYecKasi 3P(HEKTUBHOCTh OOBIYHO OMPEAEINSETCS C MCIMOJIB30BaHWEM 3aTPAaTHOTO MOAXO0Ma
KaK OTHOIIIEHUE MOoTy4YeHHoro ¢ dekra k 3arpatam [13]:

2
3 =2, (1)

3

rae D — TMOydYeHHBIH S(P(EeKT WM MONe3HbI pe3ynbTarT (HAMPUMEpP, MOATBEPIKICHHE TAKTHKO-
TEXHUYIECKHX XapaKTEPHCTHK OMbITHOro obpasia BJIA); 3 — 3arparsl ((hakTHIECKH HU3PACXOT0BaHHbIC
MaTepuabHbIe, (PUHAHCOBBIC M TPYIOBBIE PECYPCHl B CTOMMOCTHOM BBIPAKEHHUN).

Ilepeunn »9eMEHTOB, OTBEUAIOMIMX 32 OKOHOMUYECKMH dGGEeKT U 3a 3aTpaTHYIo
COCTaBISIONIYI0 A(h(EKTUBHOCTH BBHIMOJIHEHUS MEPONPUATHI TI0 00eCredeHnIo 0e30MMacHOCTH,

160
Economics, management systems


http://vestnik.igps/

Ne 1-2023. Becthuk CII6 yu-ta ['TIC MYC Poccun http://vestnik.igps

(OpPMHPYIOTCST TAPATUICIIEHO. JJIEMEHTHI PACCUMTBHIBAIOTCSI B BHJIE TPOU3BEICHUS aOCOIIOTHOM
CTOMMOCTH COCTABJISIOIICH W BEPOSITHOCTH €€ BOSHUKHOBEHUS [ 14].

HeoOxomumo otmeruts, uTo B cioy4yae Bbixona bBJIA 3a mpenensl 30HBI 0€30MaCHOCTH
Y BBICOKOTO pHCKa THMOENU WM paHeHHs JIOACH 3a MpelelaMy pa3pelieHHON 30HBI MOJIETOB MOYKET
OBITh BBIZAaHA KOMaH/a HAa YHHYTOXKEHHE JTOTO JIETAaTEIBHOrO armapara (KOMaHAa «PyJd B 3EMITEO»
WIM KOMaHJa Ha pa3beIWHEHHWE B BO3AyXe cocTaBHBIX uacteil BJIA, mpuBomsmas K ero
HEe3aMeUIUTEIbHOMY MaJICHUIO).

[Tpsimoii 3¢ (eKT yuuThIBaeT ciaraeMele:

1) BepositHOoCcTh HenukBHpanuu ucrnpaBHOro BJIA (Pycpp), YMHOXEHHass Ha CTOMMOCTb
camoro BJIA (Cgja);

2) TOBBIIIICHUE  KauecTBA  OCCHMJIOTHBIX  ABMAI[MOHHBIX  CHCTEM B CTOMMOCTHOM
BoIpakeHuH (Cyay ), YMHOXKEHHOE Ha COOTBETCTBYIOIINE BEPOITHOCTH (Pyay):

Inp = Pucne * Cpna + Pray * Ckay. (2)

DKOHOMUYECKas] OICHKa OE30MaCHOCTH WCIBITAHUA M DKCIUTyaTallid TaK e JOJDKHA
YUUTBIBATh CIICIYIOIINE KOCBEHHBIE (aKTOPbI, HOpMUPYIOIIHE KOCBEHHBIH d3PPEKT Iyocp:

1) BausiHue OE30MAaCHOCTH HMCIBITAHUN Ha BPEMs BBINOJHEHHS OMBITHO-KOHCTPYKTOPCKOM
pabotel 1o co3manuto bBJIA 3a cueT NPUMEHEHUsS paIMOHATBHOW CXEeMbl O00ecreYeHUs
0€30MacCHOCTH UCIIBITAHUN, 0€3 BBIHYK/IEHHBIX MEPEePHIBOB, IPUBEICHHOE HA OJIHY JIETHYIO CMEHY
(3ep);

2) BnusiHAE O€30MacHOCTH Ha HCIPABHOCTh CPEACTB a’3pOAPOMOB U 30HBI IOJICTOB,
MPUBEICHHOE HA OJIHY JIETHYIO cMeHY (J3j11);

3) BiusiHME 0E30MAaCHOCTH MCIBITAHMHA HAa TIOJHOTY BBINOJHCHUS IUIAHA HCIIBITAHUM
U CepTU(HKAIMU JICTATCIBHBIX allapaToB B HMCIBITATEIBHONW OpraHU3allvK, NMPUBEICHHOE HA OJHY
7eTHy 0 cMeHyY (3ian);

4) BnusiHUEe OE30MaCHOCTH WCIBITAHWHA Ha TMOBBINICHUE MX WHTEHCHUBHOCTH, MPHBEICHHOE
Ha OJHY JIETHYIO CMEHY (IyyTEH)"

3K0CB = 3EilF’ + 33J’IH + 3Hﬂ)’lH + 3IfIHTEH' (3)

Takum oOpazoM, Tipu oreHKe A(H(PEKTUBHOCTH MOBBIMICHHUS O€30MaCHOCTH MCTIBITAHUA WA
AKCIUTyaTalluu MPU CUCTEMHOM TIOJIXOI€ TOJKHBI YUUTHIBATHCS MPSMOM U KOCBEHHBIH 3 (HEeKTHI:

9 = Anp + Ikoce. (4)

[TpsiMble 3aTpaThbl HA MPOBEICHHE OE30MIACHOT0 TOoJIeTa M0 IPOrpaMMe JIETHBIX UCTIbITAaHUH WK
B TIpOIleCCe OSKCIUTyaTallid, a TaKXe Ha CO3JaHWe M OJKCIUTyaTallMi0 CHUCTEMbI 0€30MacHOCTH
BKJTIOUaroT [ 14]:

1) BeposSTHOCTh  BBINOJIHEHMS  IIeJed  TojeTa Tpu  COOJNIOJNEHMHM  TpeOOBaHHIA
6e3onacHocTh (Pgyy), YMHOXKEHHAs! HA CTOUMOCTH nipoBeaeHus noneta (Cronpra);

2) COBOKYITHOCTh 3aTpaT Ha MPOEKTUPOBAHUE, U3TOTOBJICHHUE, JOCTABKY, ITYCKO-HAIA0YHbIC
paboThl, OKCIUTyaTalMi0 MW TMOJACpP)KaHWE B HCIPABHOM COCTOSSHUHM CHUCTEM  KOHTPOJIS
Oe3omacHOCTH (35E3);

3) pacxoipl Ha OIUIATYy TpyJda IEepPCOHAa, KOHTPOJIUPYIOMIETO0 OTCYTCTBHE OOBEKTOB
OTACHOCTH B XOJ€ IOJIeTa, a TaKXKe IMPOU3BOMISIIIETO MOUCK M JEaKTHBALMIO OMACHBIX YacTel
ynaBmmx aBapuidHbIX BJIA (3pgpe);

4) 3aTpaThl Ha MEPONIPHUATHS obecrieueHus 0e3omacuoctu mo Moaenu [0/ (mpodunakTrka,
OLIeHKa, NedeKThl), chopmynupoBanHoii A. Delirendaymom [15]:
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— 3aTpathl Ha MpoduIakTuky (3p);
— 3aTpathl Ha onieHUBaHue (3¢);
— 3aTpaThl Ha ycTpaHeHue aepekToB (3):

(5)
PaCXOI[BI Ha l'IpO(bI/IJ'IaKTI/IKy MO>XXHO OLICHUTH I10 (bopMyne:
3 =20GC;,
n E I (6)
rae Ci — pacxoAasl Ha pealnu3alui0 MEPOIPHATHUA II0 ITOBBIIICHUIO 0€e30I1aCHOCTH (3aMeHa

TEXHUYECKUX CPEACTB Ha OoJee Oe30macHbIe, MOBHIIICHHE KBATM(UKAIIMY [TEPCOHANA).

Pacxonpl Ha OIEHKY HEOOXOAMMBIX MEPONPHUATHNA 1O oOecreueHnto 0e30MMacHOCTH,
CBSI3aHHON C HEOOXOIMMOCTBHIO MPOTHO3UPOBAHMSI PHCKOB BO3HUKHOBEHHUS aBAapPUMHBIX CUTyallui
C IEPCTIEKTUBHBIMHU U CylIecTBYIOIMMHU BJIA, MOXXHO TIpeAcTaBUTh cienyromen GpopmyIioi:

3, =36+23-, (7)

rne 3.— pacxonbl, CBA3aHHbIE C BEIEHUEM CTaTUCTUKU B cdepe Oe30MacHOCTU HCHbITAHUM
U TIOCIIETYIOIIEH SKCILTyaTalut; 3; — PAaCX0/Ibl Ha JTOTIOIHUTENBHYIO OLEHKY O€30IIaCHOCTH OTEIBHBIX
(akTOpOB, BIUAIOLIMX HAa 0€30M1aCHOCTh UCIIBITAHUHN U TOCIIETYIOIEH IKCILTyaTalluu.

[Tpu pacuerax 3aTpar Ha ycTpaHeHUe 1e()EeKTOB JOJDKHBI yUUTHIBATHCS:

1) ymepd oT yTpaThl W TOBpexIcHUs JApyrux bJIA, NUIOTHPYEMBIX JIETaTelbHBIX
anmapaTroB Ha a’poApOME UJIHM B BO3JYyXe, IPYIMX OOBEKTOB HCIBITATEIbHOTO KOMILIEKCa (CpeACTB
W3MEpeHUul M 37aHHi, B KOTOPbIX OHHM pAaCIOJIaraloTCs), C YYE€TOM BEPOSTHOCTU 3TOTO
coobrtus (Pyr;):

Savr = XPyri Mg L, 8)

TIIe Nyg; — KOJINYIECTBO OOBEKTOB I-TO BHJA (JIETATENBHBIX allapaToB, 00bEKTOB UCIBITATEIBHOTO
a’poapoma M T.J.), TOCTpaJaBIINX B pe3ynsTare aBapuu bJIA, en.; Ll;; — cTomMocTh 3aMeHBI WIH
BOCCTAHOBJICHHSI COOTBETCTBYIOLIETO OOBEKTA C yUETOM 3aTpaT Ha JOCTaBKY, MOHTaX WJIM PEMOHT,
MMOBTOPHBIN BBOJI B AKCILTyaTaInio, pyo.;

2) CTOMMOCTh PEMOHTHO-BOCCTAHOBHUTENBHBIX pabOT MpU TMOJHOM WM YaCTUYHOM
YHUYTOXEHUU OOBEKTOB B HACEJIEHHBIX IYHKTaX UM 00BEKTOB MHPPACTPYKTYpPHI (JOPOTH, JTUHUH
ANIEKTpoIepeaay, TpyOOIpoBO/Ibl) B IPEICax U 3a MpelieliaMu pa3penieHHo 30HbI oeToB (Cgoc),
YMHOKCHHAs Ha BEPOSTHOCTh MX YHHUYTOXEHHS (Pyy):

3;{3{1{ = Pyy * Cgoc- 9)

BeposTHOCTHBI MOAXOA TNPUMEHSAETCS W JJII  PacyeTOB KOCBEHHOM 3aTpaTHOM
COCTaBIISIOIIEH, pacIIUPSIONIei 00IacTh 3aTpaT HA YCTpaHEHHE JeEKTOB:

1) croumocTs pabOT MO BO3MEHICHHIO yiiepba OKpy»Karolled cpeae, B TOM  YHCIE
Ha PEKyJIbTUBAIIHIO 3eMellb, B CITy4ae HETATUBHOTO BO3JCHCTBHSI aBUAIIMOHHOTO TOTUIMBA, XMMUYECKUX
sHepreTuueckux sMeMeHToB U T.J. (Csg), YMHOXKEHHass Ha BEPOSTHOCTh BO3HHKHOBEHHS TaKOTO
coObITHs (Pyi). YiepO GopMHpyeTcs 3a CHeT HEeIOCPESICTBEHHOTO 3arpsi3HEHUST aTMOC(hEpHI, TOYBBI
Y BOJIbI TIpH aBapusax win B3pbiBax bJIA mpu aBapuitHom yHruTOoxeHHH BJIA B BO3myXe viH Ha 3eMIie.
Bropuunsie Bo3aecTByroIME (HaKTOPHl — 3TO BOZHHUKAIOIIME TOXKAPHI, YAapHas BOJHA, 3arps3HEHUE
MECTHBIX BOJOEMOB W T.J. OKOHOMHYECKash OIICHKa HAaHECEHHOT0 SKOJOTHYECKOro yiepoa
(mpuBenEHHAsT K OJHOW JIETHOM CMEHE) MOXKET OBbITh BBINOJHEHA IyTEM pacyeTa CTOMMOCTU paldoT
10 OYHMCTKE OKPY>KaIOIIeH MPUPOTHOM Cpebl:
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[Eti'(nilci—i_ki'cmi)—i_zmi] (10)
Cox = ’
nCM
rae t; — HeoOXoaumasi JIMTEIbHOCTh paboT I-ro BHIOA; N; — KOJIUYECTBO 3a/€HCTBOBAHHOTO
NEepCOHANA; C; — CTOMMOCTH BBINOJHEHHS Pa0bOT 3a EAMHHIYY BpeMeHH; k; — KOIHYECTBO

3aJICICTBOBAHHBIX €UHUL] TEXHUKH; C,ppj — 3ATPATHI HA IPUMEHEHUE TEXHUKH 3a €IMHULY BPEMEHU;
m; — CTOMMOCTbh MaT€pHUajioB, HEOOXOAUMBIX JJIsi MPOBEACHUS palboT; N, — KOJIUYECTBO JIETHBIX
CMEH 32 HOPMUPYEMBIU IIEPUOJ BPEMEHH;

2) CTOUMOCTh TOBTOpHOTO MpoBeaeHus moseta (Cropr) € YYETOM YCIOBHOH BEpOSITHOCTH
uX BO3HUKHOBEHUS (Popt)-

Kpome Toro, ymep0 B Xome mnpoBeneHusl JeTHbIX ucnbiTaHui bBJIA wim Bo Bpems
MOCJIEAYIOIEN AKCIUTyaTauu OyAeT BO3HMKAaThb M3-32 COKpAIlEHUS KOJIMYECTBA U CHU)KCHUS
KayecTBa HCIOJIb3YEMBIX TEXHMUYECKMX CPEICTB B CIIy4ac UX YHUYTOKCHHs WM IOBPEXKICHMUS.
B pesynbrate BO3HMKAaeT MOTPEOHOCTh B JONMOJHHUTEIBHBIX TOCTaBKax 0OOpYAOBaHUS,
CTPOUTENHCTBE 00BEKTOB HHPPACTPYKTYphI. Jledunut paccuntsiBaetcs no popmyiie:

LT _Ffb

NTC:::Z(TCE ¢TC£).N£, (11)
Frei

rne Frid; u FT(iéi — TIaHoBas M (pakTHUYecKass BeIMYMHA MPOM3BOAUTEIBHOCTH TEXHUYECKHX CPEICTB

i-i KaT€ropuu, Ni — KOJIMYCCTBO TEXHHUYCCKHUX CPCIACTB MCIBITATCIIBHOI'O KOMIIICKCA i-i1 KaTeropuu
B OKCILUTyaTaluu, CA.
HOTp€6HOCTI) B JOIIOJIHUTCIIBHBIX 3aTpaTax Ha IIOBTOPHOC NPOBCACHUC I10JICTA:

Cropr = Z 0 - Nec;, (12)

rae Ll; — cTouMOoCTh €IMHUIIBI TEXHUUECKHX CPEICTB I-if KaTeropHu;

3) notepu BJIA B CTOMMOCTHOM BBIPQKEHHH OIPEACISIOTCS BEPOSTHOCTHIO OMIMOOYHOM
nmukBuganuu ucrpaBHoro i-ro BJIA (Pyuxgi = 1 — Pycrip), YMHOXXEHHOH Ha CTOMMOCTH CaMoOro
BJIA (Cppai ):

13
Mg s :ZPJ'[HI-(BE' Cenais ( )

4) emunHa 3atpar [lgpy Ha yrwmsammioo HeucnpaBHOTO BJIA  (Cygpycpp), YMaBIIero
3a MpejiesiaMi Pa3pelieHHOM 30HbI, yMHO)KEHHAST Ha YCJIOBHYIO BEPOSITHOCTH TakKoro COOBITHS (Pygucr)
3a OJIHYy CMEHY:

Moy = Z Pyguen * Cugwen (14)

5) motepu, cBs3aHHbIe ¢ paHeHreM Wi rudenbio Joaei ([lygy). [pemiaraeres oleHUBaTH
ymep0 Kak OTHOIIEHHWE CTOMMOCTH KOHEYHBIX TOBApOB M YCIYT, MPOM3BEJCHHBIX B HAIIeH CTpaHe
3a roa (BBII) k uncieHHOCTH YKOHOMUYECKH aKTUBHOTO HacesneHus B cTpane (U), yMHOKEHHOE Ha
KoJM4ecTBO TocTpanaBmuX (Nye,;) ¥ BpPEMEHH, HEOOXOAMMOTO Ha JICUCHHE M PEaOUIUTAIHIO
nocrpagasBmux (T;). Bemnuunna BBII, xoTtopyro TepseT rocyaapcTBo B TE€YEHHME OIHOIO roja
B pe3yJbTaTe TUOCTH WM PaHEHHUs JIIOICH, ONPEIeIseTCs BEIPAKCHUEM:

BBII YT,
H‘—IEJ’I = T 36; " WNyeni - (15)

163
9KOHOMI/IKa, CUCTCMBbI YIIPABJICHUSA



Ne 1-2023. Vestnik S.-Petersh. un-ty of State fire service of EMERCOM of Russia http://vestnik.igps

[IpsiMble 1 KOCBEHHBIE 3aTpaThl B CYMME JAAyT CIACAYIOIINMI pe3ybTaT:

3 = Pgpin * Criosiera + 3E3 + 3nepc + 30+ 30 + 35y + 35y + (16)
+Psk - Cok + Priogr * Criogr + Hpaa + Moty + Hyg.

JlocToBepHast KaJbKyJISIIKS CTOMMOCTH 3aTpaT U TOUHOE orpejiesieHne d3PpQeKra oT peatn3aniu
MEpOTPHSTUI TT0 00ecTieueHHI0 Oe30IaCHOCTH UCTBITAHUM U MOCTEIYIOMEeH IKCILTyaTalul 00pasiioB
OCCIMIOTHBIX ABHALMOHHBIX CHCTEM BO3MOXKHBI NPH TIIATEIBHOM Yy4YeTe TPEX OCHOBHBIX TPYIII
U3JIEPIKEK — MaTepUAIbHBIX, TPYAOBBIX U HAKJIaHbIX.

Ocobo crnemyer OTMETUTb, YTO T[JIaBHBIA (hakTop, pe3ko yBenuyuBarouwii 3ddext
U CYILECTBEHHO CHIDKAIOIIMM 3aTpaThl HA MEPOIPUATUS 1O 00ECTICUeHNI0 0€30MaCHOCTH UCIIBITAHUH
BJTA GonblIoii 1anbHOCTH — 3TO 3HAUUTEIBHOE COKpAILEHUE Pa3MEPOB 30HBI MCIIBITAHUMN, B KOTOPOM
HanOosnee BeposiTHO HaxoxaeHue bJIA (koTopblii 10 KOHLIA MCIBITAHUNA HMMEET BBICOKYIO
MOTEHIMAIBHYIO OIIACHOCTh), YTO MOATBEP)KAAETCS pe3yIbTaTaMi MaTEMaTHUECKOIO MOJEIUPOBAHUSL.
3oHa HazeMHoW omacHocTH A BJIA ¢ moTeHumanbHOM ManbHOCTBIO ToJieTa R,,,, ¥ pasiera ero
(bparmMeHTOB (OCKOJIKOB) B CITy4ae BO3AYITHOTO WM HA3€MHOTO B3PhIBa HAXOJISIIETOCS B HEM TOILIMBA
Ryc 0e3 yuera mHpOpMAaLUMM O HAJIMYMM CUCTEMbl NPUHYAUTENBHON JIHMKBUAAIMH, 0€3 KOHTPOIIS
BHEIITHETPACKTOPHBIMHU U PaIOTEIEMETPUIECKIMH CPEACTBAMH, O€3 yueTa JaHHbIX O rmoBeaeHnu bJIA
Ha Pa3JIMYHBIX PEKUMaX I0JE€Ta COOTBETCTBYET IUIOLIA N KPYTra paanycoM R, qy + Rock:

Smax =T (Rmax + Rocx)z- (17)

Kak mnokaspiBaeT mpakTHMKa, B Ciydyae aBapUHHBIX OTKA30B allllapaTypbl CUCTEMBbI
yIpaBieHus: OECUIOTHBIX WIH MUJIOTUPYEMBIX JIETATEIbHBIX allapaToB CaMOJIETHOTO TUIA, MOJIET
O0OBIYHO 3aBepIIACTCS MPSAMOJUHEHHBIM TUIAHUPYIOMUM CHUKEHHUEM JI0 CTOJIKHOBEHHUS C 3eMIICH
WJTU PACTIONIOKEHHBIMUA Ha He 0ObEKTaMHU.

[TosTOMy, B ciydae BBINOJIHEHUSI aBApUUHOIO CHUkKeHUs HeucnpaBHoro BJIA, c¢ yderom
MAaKCHUMAaJIbHO JOCTHXKUMON MPSMOJIMHEUHON NadbHOCTH C IMOJHOCTBIO MCIPABHBIMHU CpPEICTBAMHU
KOHTPOJIE M CHUCTeMOW JNuKBUAauuu aBapuitHoro BJIA mmomaas 30HBI Ha3€MHOM OMACHOCTH
3HAYUTEIBbHO COKPAIAETC:

(a+R,.)" (b+R
MO =mn: 2

OCH)

S + Ry - @ (18)

I1€ a@ — MOJYyOCh JJUIMIICA PAaCCEMBAHMUS KOOpAMHAT ToueKk mnaaeHus bJIA, nepnenaukyisipHas
HaMpaBJICHUIO €T0 MoJIeTa; b — BTOpas MOIyOoCh AJUIMIICA PACCEUBAHUS.

AHaJOrMYHO ONpeaeNseTcs IUIOMAAb 30HbI OMACHOCTH W B Cily4ae KPUBOJMHEHHOTO
nosieta. TpaekTopusi CHWKeHUs HeucrpaBHOro bJIA B mporecce MCHBITAHUN MM DKCILTyaTallun
JIOJDKHA HETPEPBIBHO YTOUHATHCS C MOCIEAYIOIIMM IIEPECYETOM B PEXKUME PEaJTbHOTO BPEMEHHU
BO3MOXHOM 30HBI majgeHus. Koadduiument, moka3pBalOmuii BO CKOJBKO pa3 YMEHBIIWIACH
IUIOINA/b IIPH UCIIOIB30BAHNUHU CPEACTB O€30IaCHOCTH, ONPEAEIIAETCS:

S
K= m“"f/sm- (19)

Takum oOpazom, utoroBasi 3pPeKTUBHOCTb UMEET BU:

' 3
3 =K-7. (20)

Hwxe mokazan mnpumep BbauciaeHus 1o ¢opmynam  (1-20) addekra, 3arpar
1 3(pPEeKTUBHOCTH MEPONPUATHIA 10 MOBBIICHUIO 0€30IACHOCTU UCTBITAHUHN U AKCIuTyaTanuu bJIA
OOJIBIIION JaTbHOCTU W3 pacyera Ha OJHY JIETHYI cMeHy [16—18]. OpreHTHpOBOYHBIC 3HAUCHHMS

MOKa3aTeseil MOy4YeHbl METOAOM 3KCIIEPTHBIX OLIEHOK [19].
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BepositHoCTh HEJIMKBHU AU HCTIPABHOTO BJIA Pycnp = 0,98; CTOMMOCTD
skcnepuMeHTanbHoro BJIA Gombmol paneHOCTH Cppp = 35 MiIH pyO.; MOBBIIEHHWE KayecTBa
ABHAIMOHHBIX KOMIUIEKCOB B CTOMMOCTHOM BbIpaXXeHUH Cygay = 120 MiH py0.; BepoSTHOCTH
JIoCTHXReHH 3TOT0 3 dekra Pypy = 0,997.

Benuunna npsimoro s¢dekra:

anp = PI/ICHP ) CBf[A + PKA‘{ ) CKAL[ = 0,98 -354+120- 0,997 = 153,94 MJIH pY6

D¢ ekt oT moBkImIeHHUs 0€30MaCHOCTH:

— Ha OTBITHO-KOHCTPYKTOPCKO# pabote: Agp =1,2 mitH pyo0.;

— Ha UCIPABHOCTh CPE/ICTB 30HBI M10JIETOB WJIM JIETHBIX UCHIBITaHUM: I3y =0,9 MiIH pyo.;

—Ha TIOJHOTY BBINOJHEHUS IUIaHA TIOJETOB WM HCHBITaHUH (cepTUdUKALUM):
Inan =1,4 mun pyo.;

— 3a CYET YBEJIMYCHHS MHTCHCUBHOCTH TOJIETOB WM UCHBITAHUH: Jyyrey = 0,6 MiH pyo.

KocBennslii 3¢ ¢pexr:

Ixkocs = Ipp + 3m + Inan + uuren = 4,1 muH pyo.

IMomHaEIH 3(b(beKT, HpHBeI[CHHBIfI Ha OAHY JIECTHYIO CMEHY, COCTABJIACT:
J= anp + 3KOCB = 153,94 + 4,1 = 158,04 MJIH pY6

[IpsiMbie 3aTpaThl Ha BBHITIOJHEHHUE OE30TACHOTO IOJIETAa: BEPOSTHOCTH BBITIOJIHCHHS LeeH
noJieta mpu coOiroeHnn TpeboBanuii 6e3omacHoctu Pgpp = 0,995, a ero croumocts Crgjpra =
10,8 muH pyo.

[Tpsimbie 3aTpaThl HA CO3JJaHUE U IKCILTYaTaI[UI0 CUCTEMBI O€30MaCHOCTH:

— 3aTpaThl Ha CO3J]aHKUE U AKCIUTyaTanuio cucteMm 3ggz = 0,4 MiH pyo.;

— pacxo[ibl Ha OIIaTy Tpyada nmepconana: 3pgpc = 0,18 muH pyo.;

— CyMMapHbIe 3aTpaThl Ha npoduiaktuky: 3g = 0,6 MuH pyo.;

— 3aTpaThl Ha ONIEHKY Oe3omacHocTH: 3o = 3, + X 3; = 0,04 mH pyo6.;

— KOJIMYECTBO OOBEKTOB, IOCTPAJABIINX B pe3ysibrare aBapuu BJIA, n g; = 1

— CTOMMOCTbH 3aMEHBI O0BEKTA C yUeTOM 3aTpat Ha AocTaBky Ll;;=28,4 miH pyo.;

— BEPOSITHOCTh YTpaThl M TMOBPEKICHHS IPYTHX JIeTATENbHBIX amnmapaToB U OOBEKTOB
PYTi = 0,015,

— ymep0 ot moBpexAeHus U yTpaThl JIA u qpyrux o0bEKTOB:

SZ[YT = ZPYTi n;- ]_l3i = 0,015 -1 28,4 = 0,426 MJIH py6

CTOMMOCTh PEMOHTHO-BOCCTAHOBUTENBHBIX paboT Cpoc = 35,7 MiH py0.; BEpOATHOCTh
yauutoxkenus Pyy =0,00001;

3Z[YH = PyH ) CBOC = 0,00001 ) 35,7 = 0,000357 MIJIH pY6

BeposiTHOCT BO3HHMKHOBEHUs yiiepOa okpyxaromei cpene Pyx = 0,006; nnmurenbHOCTH
pabot t;=12 nHel; KONMUYeCTBO 3aJCHCTBOBAHHOTO MEPCOHAJA ;=5 Yell.; CTOMMOCTh BBITTOJHEHHS
pabot 3a nenb ¢; = 0,01 MiH py0.; KOTMYECTBO 3a/1eHICTBOBAaHHBIX €IUHHII TEXHUKH K;=3; 3aTpaThbl
Ha TIPUMEHEHHE TeXHHUKH 3a JeHb C,;= 0,06 MitH py0.; CTOMMOCTh MaTepHAJIOB IS IPOBEICHUS
pabot m;=1,4 MiH py0.; KOJIMYECTBO JICTHBIX CMEH 3a repuoj (oxuH ron) n.,= 200; ctroumocTs
paboT 1Mo BO3MEIICHUIO YIIlepOa OKpy Karoliei cpee:

[Zti '(Tll' " C; +kl 'Cmi) +Zml] _ 12 - (50,01+ 30,06) + 1,4
New B 200

Cyk = = 0,0208 muH py6.
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CpenHee KOIMYECTBO TEXHUYECKHX CPEACTB AKCIEPUMEHTAIbHO-UCIBITATEIbHON 0a3bl,
Tpebyemoe aist moBTopa nosera N; =11; cpeaHss CTOMMOCTB 3KCIUTyaTalluy €AMHUIBI TEXHUUECKUX
CPEICTB C YyYE€TOM YyBEIMYCHHOTO BPEMEHHM OXHUAaHHS Hu3-3a ux aedunura L; =1,1 muH pyo.;
BEPOSITHOCTh MOBTOPHOIO MpoBeAeHus monera Ppopy = 0,01; 1nomonHUTENbHBIE 3aTpPaThl
Ha TIOBTOPHOE MPOBEACHUE MOJIeTa!

Crogr = 2 1; * Ny¢; =1,1- 11 = 12,1 man pyo6.

CTouMOCTh TOBTOPHOTO MPOBEACHUS IOJIETa BbIIIE CTOMMOCTH IIE€PBOrO IOJIETAa M3-3a
BHEIIAaHOBOTO AedunmTa TexHudeckux cpeactB Cropt > CroseTa-

BepositHocTs ommbouyHOM mukBuaanuu uctpaBHoro bBJIA: Phyyxg = 1 — Pycpp = 0,02;
notepu bJIA B cTOMMOCTHOM BBIpa)KE€HUU:

HEHA = ZP]H/]KBL' . CB]]AL' = 0,02 -35 = 0,7 MJIH pY6

3aTpaThl Ha JukBHAauio0 oaHoro BJIA 3a mpenenamu paspenieHHOM 30HBI MOJIETOB WU
ucnbitaduil Cygyen = 0,07 mtH  py06.; ycnoBHas BeposaTHOCTh maneHuss BJIA 3a mpenemamu
pa3pelieHHoM 30HbI MOJETOB Uiu UucbITaHul Pygycn = 0,001; BenuunHa 3aTpaT HA YHUYTOXKEHUE
HencnpasHoro bJIA:

HOT‘{ = CHEI/ICH ) PHEI/ICH = 0,07 - 0,001 = 0,00007 MIJIH pY6

CTOMMOCTh ~ KOHEYHBIX TOBApOB M  YCIYr, T[POM3BEACHHBIX B CTpaHE 3a IO
BBII = 130,8 TpsiH py6. =130 800 000 miH py0.; YUCICHHOCTh SKOHOMUYECKH aKTHBHOTO HACEJICHHS
B crpaHe Y = 71,9 MJIH 4yeJl.; KOMUYECTBO MOCTpaAaBIIUX Ny.,; =2, BpeMs Ha HUX JICYCHHUE

T; = 20 nneii; moTepu, CBsI3aHHBIE C PAHCHHUEM JIFOICH:

_ BBI YT, _130.800.000 20

Mygy = on. 2Ty =
HEJ y 365 & uenl 71,9 365

+2=200111 py6.~ 0,200 miuH py0.

HpSIMBIe 1 KOCBCHHBIC 3aTpPaThI:

3 = Pgpin * Ca + 33 + 3ngpc + 30+ 30 + 3qyr + 3qyu + Pox - Cag +
+Progr " Cniopr + Ip1a + Moty + Mygy =
=0995-10,8+0,4+ 0,18+ 0,6 + 0,04 + 0,426 + 0,000357 +
+0,006-0,0208 + 0,01-12,1 + 0,7 + 0,00007 + 0,2 = 13,41 muH pyoO.

[Ipenenvnas mansHOCTH mojieta BJIA R,,,;, = 30 kM; ganbHOCTH pasiieTa OCKOIKOB bJIA
pH B3pbIBe ToruBa R, =0,2 kM.

[Tnomans 30HBI Ha3eMHOM omacHOCTH Ut BJIA Ge3 mpuMeHeHHs BBICOKOTOYHBIX CPENICTB
KOHTPOJISI U yIPaBIIEHUSI:

Smax = T * (Rmax + Roc)? = 3,14 (Rpax + Rock)® = 2863,81 km2.

[TepBast moyock auwrca paccenBanus a =20 kM, a Bropasi — b = 3 kM.
[Tomane 30HBI HA3eMHON ONTACHOCTH

. (a+Rock) (b+Rock)

Swop =T > + Ry, a = 3,14 - 201023402

+30-20 = 701,48 kxm?.

Koodduuumenr, moxaspBaOmuii  BO  CKOJIBKO  pa3  yMEHBIIMJIACh  IJIOHIAh
B CJIyyae aKTUBHOT'O MPUMEHEHHsI CPEJCTB KOHTPOJIs O€30MaCHOCTH:

286381 _

S
K = “max =—" " =408
Swon 701,48
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Texauko-a3koHOMHYECKass 3G(HEKTUBHOCT, UCHBITAHWK H OKCIUTyaTaluu 0e3 yuera
Kod((UleHTa YMEHBIIICHHS TIIOIA/IH:
5 _ 158,04
Ip=-=——= 118.

3 13,41
Htorosas 3 pexTuBHOCTH ¢ yueToM Kod(pduirenta OyaeT Bo MHOTO pa3 Oosblie:

3 158,04
I = K-3=408" 541

= 48,14.

[TosrydyeHHbIe pe3ybTaThl MOATBEPKAAIOT KAK BBHICOKYIO SKOHOMUYECKYIO 3()(PEeKTUBHOCTH
npuMeHeHus BJIA, Tak ¥ BO3MOXXHOCTb JaJIbHEHILIEro COBEPIIEHCTBOBAHUS CUCTEMbI O0ECTIeUeHHUS
0€30MacHOCTH CepTU(UKALMOHHBIX U APYTUX BUJOB UCIBITAHUN U MOCIEIYIOMIEH 3KCIUTyaTalllu.
be3ycnoBHO, MaTemMaTH4ecKas MOJIelb, OJOXKEHHAs: B OCHOBY METOJIUKU OLEHKH 3(PPEKTUBHOCTH,
MOXKET OBbITh JIONOJIHEHA M YTOYHEHA. [[J1sl mosydyeHus: TOCTOBEPHBIX KOJMYECTBEHHBIX 3HAUEHUN
5(G(GEKTUBHOCTH NPUHUMAEMbIX TEXHUYECKMX pEIIEHHUH, HalpaBICHHbBIX Ha IOBBILICHHUE
0e30MacHOCTH, TpeOyeTcsi TOUHBIA M HENPEPHIBHBIM yUeT 3JEMEHTOB, OTPaXKAIOUIMX 3aTPaTHYIO
1 3((PeKTHYI0 CTOPOHBI UCCIEAYEeMOro Inpolecca. B ciyyae HakomieHus AOCTATOYHO OOJBLIOrO
ONbITa NpPU TNPOBEACHUM JIETHBIX MWCIBITAHUM M 3Kciuryatauuun bBJIA Moxer npumeHsAThCS
U aJIbTEPHATUBHBIN (CPaBHUTENIBHBIN) MOAXO0 onpeaeiaeHus 3pHEeKTUBHOCTH, KOIJIa YUYUTHIBACTCS
COOTBETCTBUE PACCUMTHIBAEMOTO BapuaHTa Bcell uMmeromieics HWHPopMaMKM 10 paHee
IIPOBEJICHHBIM JIETHBIM MCIBITAHUSM M KCIUTyaTauuu BJIA ¢ yuyeToM IOJIydeHHBIX pe3ysibTaToB
1 Hanbosee CyIeCTBEHHBIX (PaKTOPOB, MOBIUSIBIIMX HA HUX.

3akiao4yeHue

[Tonersl OecIMIOTHBIX M MUIOTHPYEMBIX JIETATENbHBIX aIlllapaTOB BCEr/a MPOUCXOIAT
B YCIIOBUSAX pHUCKA U HEONpEeNeNeHHOCTH. [IpuHsTHE pelieHnst o MoiaHONW 3aMeHEe aBMAllMOHHBIX
CUCTEM MCKIIOYHUTENIbHO Ha OECHMIOTHBIE BapUaHThl TpeOyeT 3a0JaroBpeMeHHON NpopadoTKU
BOIIPOCOB o0ecrneueHusi MakcHUMaibHOW Oe3omacHoctu. Hambonee octpo mpoGiema CTOUT
c Oes3omacHOCTbIO B Tpolecce HUCHBITaHMM U dKcmryatanuun BJIA  camoneTHoro Tuma,
oOnanaronmx OOJBIION MAaccoi M CKOPOCTBIO, JOCTUTAIOMIMX OOJBIIUX BBICOT M JAATBHOCTH
MI0JIETA, 3aMpPaBIE€HHBIX TOKCUYHBIM aBHAIIMOHHBIM TOIJIMBOM U MEPEBO3SIIMX ONACHbBIE TPY3BI.
ABunanuoHHas kaTtacTpoda J000r0 M3 HHUX MOXET MPUBECTH K OOJBIIMM pa3pylICHUSIM
u oxkeprBaM Ha 3emie. [loaTomMy mnpuMeHEHHE  HOBBIX  TEXHHUKO-3KOHOMHYECKHX
1 UHPOPMAIIMOHHO-TEXHOJOTHUYECKUX peIIeHnid B BHIE pa3pabOTaHHONM METOIMKH OLIEHKH
s pekTUBHOCTH MepompHusATHH 10 obecmedeHnto Oe3omacHOCTH T1ojeToB BJIA  mo3BomuT
B HEKOTOPOW CTENEeHH MHUHUMH3UPOBATh HEOJIArompusTHBIE MOCIEACTBUS OT YpPE3BBIYAHBIX
cutyauuii ¢ BJIA. TIpobiema mnoBsimeHUss 3P(GHEKTUBHOCTH PEMICHUH JOJKHOCTHBIX JUI MpHU
oOecrnieyeHnn 0€30MaCHOCTH Ha Tanax MCIBITAHUN U IKCITyaTallui O€CIUIOTHBIX aBUAIIMOHHBIX
CHUCTEM HMMEET BBICOKYIO CTEIEHb MPAaKTUYECKON 3HaUuMMOCTH. JlanbHeilue ucciieoBaHus MOTYT
ObITh HampaBlieHbl Ha pa3pabOTKy METOJOB M CHOCOOOB KakK IMOBBIIICHHUS O€30MacHOCTH
UCIBITAaHUI M JKCIUTyaTallMd, TaK U Ha COBEPIICHCTBOBAaHHE MOJENEeH OIEHKH TEXHOTEHHBIX
puckoB npuMeHeHus bIIA.

CnucoK HCTOYHUKOB

1. Chepor MIPUMEHEHUS OECTIMIIOTHBIX JICTaTEIIbHBIX anmaparos. URL:
https://docs.geoscan.aero/ru/master/database/base-module/sphere/sphere.html ~ (mara  oOparieHus:
03.11.2022).

2. babunnie I'. be3omacHOCTh TONETOB OECHWIOTHBIX BO3AYLIHBIX CYIOB: JIECATH
HeomnokHbix  3amad.  URL:  https://www.tbforum.ru/blog/bezopasnost-poletov-bespilotnykh-
vozdushnykh-sudovdesyat-neotlozhnykh-zadach (nata oopamenus: 03.11.2022).

167
OKOHOMHMKA, CUCTEMBI YIIPaBICHUS



Ne 1-2023. Vestnik S.-Petersh. un-ty of State fire service of EMERCOM of Russia http://vestnik.igps

3. AHTHIPOHBI: Pa3padOTINKHU U MPOJIABIEI 3aMUTHI OT OectoTHHKOB B 2021 romy. URL:
https://habr.com/ru/post/576002 (nata obparmenus: 03.11.2022).

4. De la BAUME, Maia Unidentified Drones Are Seen Above French Nuclear Plants. The New
York Times (2014, 3 Novemb.). URL: www.nytimes.com/2014/11/04/world/europe/unidentified-
drones-are-spotted-above-french-nuclear-plants.ntml?_r=0 (nara o6pamenus: 03.11.2022).

5. UNSOLVED MYSTERIES (2020, JAN. 11). Who’s Behind Those Mystery Drone
Swarms? An Investigation // URL: https/nymag.com/intelligencer/ 2020/01/whos-behind-those-
mystery-drone-swarms-an-investigation.html (mara o6pamenus: 03.11.2022).

6. After Drone Hits Plane in Canada, New Fears About Air Safety/ The New York Times
(2017, Oct. 17). URL: www.nytimes.com/2017/10/17/ world/canada/canada-drone-plane.html (nata
obpamenus: 03.11.2022).

7. John Goglia. NTSB Finds Drone Pilot At Fault For Midair Collision With Army
Helicopter (2017, Dec. 14). URL: https/www.forbes.com/sites/johngoglia/2017/12/14/ntsb-finds-
drone-pilot-at-fault-for-midair-collision-with-army-helicopter/#22b9b11f7b3f (mata oGpamieHus:
03.11.2022).

8. A drone collided with power lines in West Hollywood, causing a power cut to 700
Southern California Edison customers (2015, Dec. 5). URL: https/www.buffalonews.com/city-
region/lockport/man-charged-after-flying-drone-near-lockport-chemical-plant-20151205 (mata
obpamenus: 03.11.2022).

9. Confirmation of the DfT's view of the Incursion dates for the alleged Gatwick drones —
a Freedom of Information request to Department for Transport // Department for Transport (2021,
18 February). URL: https://www.whatdotheyknow.com/request/confirmation_of the dfts view_of
(mara obparmmenus: 03.11.2022).

10. ITopsinok MCTONIb30BaHMsI BO3LYIIHOTO NMpocTpaHcTBa P GecnuioTHRIMU BO3AYIIHBIMU
cynamu (BBC, BIIJIA, 6ecniunotHuku, ApoHsl) // denepanbHoe areHTCTBO BO3AYLIHOIO TPaHCIIOPTa
(PocaBmanus) MunucrepctBa Tpancrnopra Poc. ®@eneparmu. URL: https://favt.gov.ru/poryadok-
ispolzovaniya-bespilotnyh-vozdychnih-sudov (nara oopamenus: 03.11.2022).

11. Epmavyenko A. Ataka IpOHOB. becnmuioTHBIC JieTaTeIbHBIC almapaThl — OE30MaCHOCTh
wm  yrpo3a? URL: https://www.arms-expo.ru/articles/production/ataka-dronov-bespilotnye-
letatelnye-apparaty-bezopasnost-ili-ugroza (mara oopamenus: 03.11.2022).

12. Manenuns CaMoJIETOB B Poccun (2022). URL:
http://neolurk.org/wiki/Ilanenus _camoneroB B Poccum (2022) (nata obpamenus: 03.11.2022).

13. ®earoxun B.K. Ynpasnenue kagectBoM nporieccos. CII6.: ITutep, 2004. 208 c.

14. Tosbimenue 3(1)(1)CKTI/IBHOCTI/I CHUCTEMBI HCITBITAHUH aBHaHHOHHOﬁ TEXHHUKHN BOCHHOI'O
Ha3HAYCHHUS Ha OCHOBE pecypcocoOeperaronux texHojorui / mon pen. M.C. Muponenko // Tpymsr
HayuHno-Texundeckoit koH(pepeHuu BorickoBoii yactu 15650. Axtyounck, 2005. Y. 2. 296 c.

15. ®eiirendaym A.B. KoHnTpois kauecTBa npoayKuuu: nep. ¢ anria. M.: OxoHomuka, 1986.
471 c.

16. AxtyanpHple  TIpoOieMBl  MH(POPMAIMOHHOTO  METOJMYECKOTO M SKOHOMHUYECKOTO
oOecIieueHusT UCIBITAHUI aBHaHHOHHOﬁ TEXHUKHM W TIOATOTOBKU CHCIIUAIHNCTOB. MaTCpHralibl
VIl MexsenomctB. Hayu.-ipakt. koH(. AXTyOuHCK — Bonrorpan: M3n-so Bonl'Y, 2014. 314 c.

17. TexHonoruueckoe Pa3BUTHC aBUACTPOCHHA: ria00albHbIE TCHACHIMNW N HAIIMOHAJBHBIC
unrepecsl Poccun — 2021 / mox odur. pen. Jyrosa A.B., llankuna B.C., Knoukosa B.B. // Tpyasr
| Hayun.-tipakt. koHd. M.: HUL] «acTUTYT M. H.E. XXykoBckoroy», 2021. 316 c.

18. Yopanenue HAy4YHO-TEXHOJIOTMIECKUM pa3BUTHEM BBICOKOTEXHOJIOTHYHOU
MIPOMBIIUICHHOCTH: TIPOOJIeMBbI U perieHus: MoHorpadus / mox obmr. pexn. yrora A.B., Kioukosa B.B.
M.: HUL] «MucTrTyT M. H.E. JKykoBckoroy, 2019. 248 c.

19. bemenes C./1., I'ypsuu I'.®. DxcneprHble oneHku. M.: Hayka, 1973. 162 c.

168
Economics, management systems


http://vestnik.igps/

Ne 1-2023. Becthuk CII6 yu-ta ['TIC MYC Poccun http://vestnik.igps

References

1. Sfery primeneniya bespilotnyh letatel'nyh apparatov. URL:
https://docs.geoscan.aero/ru/master/database/base-module/sphere/sphere.hntml  (data  obrashcheniya:
03.11.2022).

2. Babincev G. Bezopasnost' poletov bespilotnyh vozdushnyh sudov: desyat' neotlozhnyh
zadach. URL.: https://ww.tbforum.ru/blog/bezopasnost-poletov-bespilotnykh-vozdushnykh-
sudovdesyat-neotlozhnykh-zadach (data obrashcheniya: 03.11.2022).

3. Antidrony: razrabotchiki i prodavcy zashchity ot bespilotnikov v 2021 godu. URL:
https://habr.com/ru/post/576002 (data obrashcheniya: 03.11.2022).

4. De la BAUME, Maia Unidentified Drones Are Seen Above French Nuclear Plants. The New
York Times (2014, 3 Novemb.). URL: www.nytimes.com/2014/11/04/world/europe/unidentified-
drones-are-spotted-above-french-nuclear-plants.html?_r=0 (data obrashcheniya: 03.11.2022).

5. UNSOLVED MYSTERIES (2020, JAN. 11). Who’s Behind Those Mystery Drone Swarms?
An Investigation // URL: https/nymag.com/intelligencer/ 2020/01/whos-behind-those-mystery-drone-
swarms-an-investigation.html (data obrashcheniya: 03.11.2022).

6. After Drone Hits Plane in Canada, New Fears About Air Safety/ The New York Times (2017,
Oct. 17). URL: www.nytimes.com/2017/10/17/ world/canada/canada-drone-plane.html  (data
obrashcheniya: 03.11.2022).

7. John Goglia. NTSB Finds Drone Pilot At Fault For Midair Collision With Army Helicopter
(2017, Dec. 14). URL: https/www.forbes.com/sites/johngoglia/2017/12/14/ntsb-finds-drone-pilot-at-
fault-for-midair-collision-with-army-helicopter/#22b9b11f7b3f (data obrashcheniya: 03.11.2022).

8. A drone collided with power lines in West Hollywood, causing a power cut to 700 Southern
California Edison customers (2015, Dec. 5). URL.: https/www.buffalonews.com/city-region/lockport/man-
charged-after-flying-drone-near-lockport-chemical-plant-20151205 (data obrashcheniya: 03.11.2022).

9. Confirmation of the DfT's view of the Incursion dates for the alleged Gatwick drones —
a Freedom of Information request to Department for Transport // Department for Transport (2021,
18 February). URL: https://www.whatdotheyknow.com/request/confirmation_of the_dfts_view_of
(data obrashcheniya: 03.11.2022).

10. Poryadok ispol'zovaniya vozdushnogo prostranstva RF bespilotnymi vozdushnymi sudami
(BVS, BPLA, bespilotniki, drony) // Federal'noe agentstvo vozdushnogo transporta (Rosaviaciya)
Ministerstva transporta Ros. Federacii. URL.: https://favt.gov.ru/poryadok-ispolzovaniya-bespilotnyh-
vozdychnih-sudov (data obrashcheniya: 03.11.2022).

11. Ermachenko A. Ataka dronov. Bespilotnye letatel'nye apparaty — bezopasnost' ili ugroza?

URL.: https://www.arms-expo.ru/articles/production/ataka-dronov-bespilotnye-letatelnye-apparaty-
bezopasnost-ili-ugroza (data obrashcheniya: 03.11.2022).
12. Padeniya samoletov v Rossii (2022). URL.:

http://neolurk.org/wiki/Padeniya_samoletov_v_Rossii_(2022) (data obrashcheniya: 03.11.2022).

13. Fedyukin V.K. Upravlenie kachestvom processov. SPb.: Piter, 2004. 208 s.

14. Povyshenie effektivnosti sistemy ispytanij aviacionnoj tekhniki voennogo naznacheniya
na osnove resursosberegayushchih tekhnologij / pod red. I1.S. Mironenko // Trudy Nauchno-
tekhnicheskoj konferencii vojskovoj chasti 15650. Ahtubinsk, 2005. Ch. 2. 296 s.

15. Fejgenbaum A.V. Kontrol' kachestva produkcii: per. s angl. M.: Ekonomika, 1986. 471 s.

16. Aktual'nye problemy informacionnogo metodicheskogo i ekonomicheskogo obespecheniya
ispytanij aviacionnoj tekhniki i podgotovki specialistov: materialy VII1 Mezhvedomstv. Nauch.-prakt.
konf. Ahtubinsk — Volgograd: 1zd-vo VolGU, 2014. 314 s.

17. Tekhnologicheskoe razvitie aviastroeniya: global'nye tendencii i nacional'nye interesy
Rossii — 2021 / pod obshch. red. Dutova A.V., Shapkina V.S., Klochkova V.V. // Trudy | Nauchn.-
prakt. konf. M.: NIC «Institut im. N.E. Zhukovskogo», 2021. 316 s.

18. Upravlenie nauchno-tekhnologicheskim razvitiem vysokotekhnologichnoj promyshlennosti:
problemy i resheniya: monografiya / pod obshch. red. Dutova A.V., Klochkova V.V. M.: NIC «Institut
im. N.E. Zhukovskogo», 2019. 248 s.

19. Beshelev S.D., Gurvich G.F. Ekspertnye ocenki. M.: Nauka, 1973. 162 s.

169
9KOHOMI/IKa, CUCTCMBbI YIIPABJICHUSA



Ne 1-2023. Vestnik S.-Petersh. un-ty of State fire service of EMERCOM of Russia http://vestnik.igps

HNudopmanus o cratbe:
Cratbs noctynmia B pemakiuio: 29.12.2022; omobpena nocne penenzuposanust: 20.01.2023;
npuHaTa K myomukanuu: 23.01.2023

The information about article:
The article was submitted to the editorial office: 29.12.2022; approved after review: 20.01.2023;
accepted for publication: 23.01.2023

HUnghopmayus 06 asmopax:

IermanueB Anekceii FOpbeBuy, noneHt kadeaps! Gunmaina «B3aer» MockoBCKOro aBHallMOHHOTO WHCTUTYTA
(HaIMOHANFHOTO ~ HMCCIIeIOBaTeNbCcKOTO  yHUBepcutera) (416501, Acrtpaxanckas o0m., T. AXTyOWHCK,
yi1. JIobpoimo6oBa, 1. 5), KaHAuAAT TEXHUIECKHUX HayK, Jo1eHT, e-mail: tomamens@mail.ru

Information about the authors:

Getmantsev Alexey Yu., associate professor of the department of the «Take-off» branch of the Moscow
aviation institute (national research university) (416501, Astrakhan region, Akhtubinsk, Dobrolyubova
str., 5), candidate of technical sciences, associate professor, e-mail: tomamens@mail.ru

170
Economics, management systems


http://vestnik.igps/

Ne 1-2023. Bectruk CII6 ya-Ta ['TIC MYC Poccun http://vestnik.igps

Hayynas craTtes
YK 338.24.01(371.3)

TEOPETUYECKHUE OCHOBBI YIIPABJIEHUS IIU®POBOM
OBPA30OBATEJBHOU CPEAOU B YHUBEPCUTETE
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Anunomayus. IlpencraBieH 3KCIpecc-aHAIU3 OTHENbHBIX JOCTMXKEHHUH — 3apyOeskKHBIX
U OTE€YECTBEHHBIX KOJUIET, HAYYHO OCMBICIICHHBIX U 3a(MKCHUPOBAHHBIX B HAYUYHBIX ITyOJIMKAIMIX
B BHUJE TEOPETUYECKUX IMOJAXOAOB K YINPABICHUIO Y4€OHBIM IPOLECCOM B YacTU pa3paboTKu
y4eOHBIX KYPCOB, BAPMAHTOB KOHILEMIUI M MOCTPOSHUH Pa3HbIX MOJAEIEH MPOEKTHOTO MOJIXO0AA.
PackpbITbl OCHOBBI YNpaBiICHHS] 3TUM IPOLIECCOM KaK OPUEHTHPOBAHHOIO Ha 3(pQexTuBHOE
JOCTIDKEHHE  00pa30BaTENIbHOTO  pe3yjibTaTa  €AMHCTBA  COJAEp)KaHMs  Kypca,  CTHIIA
U TI0CJIEI0OBATEIbHOCTH M3JIOXKEHUS MaTepuaa, a Takke CIIOCO00B €ro NpeCTaBICHUs U YCBOCHUS
B JEATENbHOCTH 4Yepe3 JIIEKTPOHHYI0  00pa3oBaTelbHYI0 Cpely C  HCIOJb30BaHUEM
COOTBETCTBYIOIIUX HMHCTPYMEHTOB. CQOpMynHpoBaHbl OCHOBHbIE TpeOOBaHUS K JIU3AMHY
00pa30BaTeNbHBIX OHJIAHH-IIPOrPaMM.

[TokazaHo, 4TO HaIM4YUE TPYIHOCTEH B poccHiiCKO# mudpoBoil 0Opa3oBaTeNbHON CHUCTEME
JNE€TEPMUHUPOBAHO JA€(PULIUTOM YIIPABICHUYECKUX MEXaHU3MOB U HMHCTPYMEHTOB, a TaKXe
CIICIUAJIMCTOB, TAKUX KaK ThHOTOPLI, MOACPATOPBI, HACTABHUKH, MCHTOPHLI.

PackpbITO  OCHOBHOE  COJIep’KaHME€ COBPEMEHHOW TeHMUpHUKAIMM KaK  OJHOTO
W3 HMHCTPYMEHTOB IPOEKTHOrO TMOoAXoja. AHanu3 3apyOekXHbIX ITyONUKalMid BBIABUI oOIIee
U O0COOCHHOE B NOHMMAaHMU MEJArorn4eckoil MHQPACTPYKTYphbl KaK TEXHOJIOTMU WU CTPYKTYpBhI
yTpaBJICHUs, a TAKXKe B yIpaBIeHUU HU(POBOIT 00pa3oBaTeIbHOM Cpeoi ¢ uConbp30BaHueM (popm
U IPUEMOB IPOEKTHOTO MOAXO0/IA.

Kniouegvle cnosa: ynpaBiieHHE, KOMIUIEKCHBIM IOAXOJ, NPOEKTHBIM MeTox, IudpoBoe
o0yueHue, MoZielb, 1abopaTopHus, IU(PPOBOE peAAKTUPOBAHUE, IEArOTMUECKUI TU3aiiH

Jasi mutupoBanusi: Mycuenko T.B., MateeeB A.B., ApramonoB B.C. Teoperudyeckue OCHOBBI

ynpasienus: nudpoBoii obpasoBarenbHOl cpenoil B yHuBepcutere // Hayd.-ananut. xypH. «BecTHHK
C.-Ilerep6. yu-ta I'TIC MUC Poccumn». 2023. Ne 1. C. 171-180.

Scientific article
THE ORETICAL FOUNDATIONS FOR MANAGING THE DIGITAL
EDUCATIONAL ENVIRONMENT IN THE UNIVERSITY
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Abstract. The article presents a brief analysis of individual achievements of foreign and
domestic colleagues, scientifically meaningful and recorded in scientific publications in the form
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of theoretical approaches to the management of the educational process in terms of the development
of training courses, variants of concepts and the construction of different models of the project
approach. The basis of the management of this process is revealed as the unity of the course content,
style and sequence of presentation of the material, as well as the ways of its presentation and
assimilation in the activities in the electronic educational environment with the use of appropriate tools
aimed at the effective achievement of an educational result. The basic requirements for the design
of online educational programs are formulated.

It is shown that the presence of difficulties in the Russian digital educational system
is determined by the lack of managerial mechanisms and tools, as well as specialists, such as tutors,
moderators, mentors.

The main content of modern gamification as one of the tools of the project approach
is disclosed. The analysis of foreign publications revealed the common and special features
in the understanding of the pedagogical infrastructure as a technology or management structure, as well
as the general and special in the management of the digital educational environment using the forms and
techniques of the project approach.

Keywords: management, integrated approach, project method, digital learning, model,
laboratory, digital editing, pedagogical design

For citation: Musienko T.V., Matveev A.V., Artamonov V.S. The oretical foundations for managing
the digital educational environment in the university // Scientific and analytical journal «Vestnik Saint-
Petersburg university of State fire service of EMERCOM of Russia». 2023. Ne 1. P. 171-180.

BBenenue

Ilepoie pecsatmetust XX| B. akTyanu3upoBajau NpoOIeMbl yIpaBICHUS U MOJCPHU3ALUU
00pa30BaTeNbHOr0 IMpOIEcca, BBI3BAHHBIE CTPEMUTENBbHON IMdpoBU3alMel 00pa3oBaTeIbHON
cpensl. HoBble peanuu motpeboBaiii BHEAPEHHS HOBBIX (POpMaToB (OPMHUPOBAHUS MPOESKTHBIX
HAaBBIKOB KaK y MPo¢eCcCOPCKO-TNPENOIaBaTENbCKOTO COCTaBa, TaK U 'y 00ydaeMbIX.

OcBoeHHe CTyA€HTAaMH HOBBIX MNPO(ECCHOHATBHBIX KOMIIETEHIIMA W  HAaBBIKOB,
MO3BOJISIIOIIUX KM PEAIN30BBIBATh KOMIUIEKCHBIE TPOEKThl W HWHHUIMATHUBBI, MOTpeOOBaIN
OT PYKOBOJICTBA BY30B, METOJI0JIOTOB, TPOHECCOPCKO-TIPENOaBaTEIbCKOIO COCTaBa HOBBIX 3HAHUN
U YMEHUIl B OpraHU3alid MPOEKTHOTro oOydeHus. BO3HMK KOMIUIEKC TpYyAHOCTEH, Tak Kak BCs
poccuiickasi oOpa3oBareibHass CHCTEMa HCIBITHIBACT JACOUIUT YHPABICHYECKHX MEXaHH3MOB
U HWHCTPYMEHTOB, CIOCOOHBIX MAacIITaOHO WHTETPUPOBATH COBPEMEHHBIE (HOpMAaThl MPOEKTHOM
JESTEIIbHOCTH B YYE€OHBIN MTPOIIECC.

Cutyanusi ocIoXKHsIach U ASPUIIMTOM CIEIUAINCTOB, TAKUX KaK THIOTOPBI, MOAEPATOPHI,
HACTaBHUKH, MEHTOPHI U IPYTHX, CIIOCOOHBIX 00ECIIEYNBATH PAa3BUTHE MPOEKTHBIX TEXHOIOTHH.

KoMruiekcHbli MOAX0J K IMOCTPOSHHIO O0pa3oBaTeNbHOM cpelbl M Yy4eOHOro mpolecca,
MO3BOJISIIOIIMNA  pa3paboTaTh M yOpPaBisATh, TMOKO HM3MEHATh W aJalTHPOBATH I10J 3alpOChl
yyYalmxcs €AMHYI0 CHUCTeMY M3 00pa3oBaTelbHBIX Pe3yJbTaTOB, yueOHOro MaTepuana, CriocoOoB
B3aMMOJEHCTBHSI C YYallUMHCA, MEJarorMyeckKux TEXHOJOTUH M MHCTPYMEHTOB Ha OCHOBE
00pa3oBaTeNbHbIX JAHHBIX — 3TO U COCTABIIAET CYIIECTBO MEAArornyeckoro anu3aiHa.

bazoBeie cocraisromue Mu(ppoBoro o0ydeHus: JUarHOCTHKa, HU(POBOM cien, mudpoBoit
npoduk, aBTOMaTU3UPOBAHHOE TIOCTPOEHUE PyOPUKATOPOB 00Pa30BATENBHBIX PE3YIIbTATOB.

[Mudposass oOpas3oBarenbHas cpena mnoTrpedoBajia HWCIHOIB30BAHUS HOBBIX  MOJeNei
oOy4YeHus, 1 OHH CTaJId pa3padaThiBaThCA B paMKax MeJaroruuyeckoro Au3aifHa: Takue, Harpumep,
kak ADDIE — Ananuzupyii-ITpoextupyii-PaspabarsiBaii-Bue apsii-Onenusaii.

B 3anmagHoM Mupe K pemieHdio mpoOjaeM TPUCTYNHIM paHbllle, YeM B HaIllel cTpaHe,
U T[O3TOMY HaM BaXEH HapaOOTaHHBIM 3apyOeXHbIMU CHEUUAIMCTaMU ONbIT. ['pymnma
yueHblXx u3 @panuuu u JlrokcemOypra naxe MOAHANA TEMYy «YCTOWYUBOCTH» B ITU(PPOBBIX
uccnenoBanusx [1]. Ho B mociennee necaruinerne u B Poccun cramu OoJibllie BHUMAHUS YICNATh
9TON mpobieMe. YueHble HCCIEAYIOT ChenuduKy H YypOBHU OpraHU3allUd U YIPaBIICHUS
COBpEeMEHHBIM [HU(POBBIM OOydeHHEM [2—4]; BBIICISIOT BU3YAIBHBIH JHU3alH KaK HWHCTPYMEHT
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MOBBILIEHUST KauecTBa ydeOHoro mpouecca [5]; 0003HayaroT MpoOieMbl MOATOTOBKH KaJIpoOB
B YCIOBUSX IU(POBOK IKOHOMUKH [6].

Llenp wuccnemoBaHust — 000OIIEHWE OMBITa OpPTaHU3AIMKM  yIpaBICHUS 1H(POBOI
o0pa3oBaTeNbHON cpeloil B 3apyOeKHOW M OTEUECTBEHHOH cHcTeMax BBICIIEro 00pa3oBaHus,
a OCHOBHOH 3aJayeil SIBIIETCS OCYIIECTBICHHE SKCIIPECC-aHajn3a MHPOBOTO M OTEYECTBEHHOTO
OTIbITA MPUMEHEHHs IPOEKTHOTO MOX0/1a IIPU OpraHu3aluu 00pa3oBaTeIbHOIO Kypca Ha Ipumepe
IeJarornyecKkoro au3aiga.

MeToabl Hcciie10BaHUA

B xonme uccnenoBaHus ObUIM NMPUMEHEHBl CUCTEMHBINH, MCTOPUYECKHM, KOMIIApaTUBHBIN
METOJIBI.

B o0OpasoBarenpbHON MUPOBOM M OTEYECTBEHHON NMPAKTHKE CYIIECTBYIOT Pa3HbIC BapUAHTHI
OTIpeIeJICHUSI TeIarOTUYECKOr0 Ju3aifHa. ABTOPBI OCTAHOBUJIMCH Ha (OPMYJIHPOBKE, JTaHHOM
BO BBEACHHH HacTOAMIEH craThi. OHA BKIIOYAET B CE0S CIEAYIONIME OCHOBHBIC 3JIEMEHTHI: BHIOOD
9JIEMEHTOB B3aWMOJICHCTBUS W METOJIOB BOBJICUCHHsI B 0Opa30BaTENIbHBIA MPOIECC 00yYaeMBbIX,
a TaKXke CIOoCO0OB, METOJOB, HMHCTPYMEHTOB TIOJa4d Y4YeOHOTO MarepHuala; OInpeaciieHue
00pa3oBaTeNbHBIX PE3YJIbTATOB U UX Pa3METKH; aHAJIN3 IICJICBOM ayJUTOPUU HA OCHOBE BHIOPAHHBIX
(hakTOpoB aHaNM3a; COAEpIKaHUE Kypca, ONMpPENEICHHE CTETICHH CIIOXHOCTH Y4eOHOro Marepuala
W TOCJEAOBATeIbBHOCTH €ro Tmojaaud; ¢GOpMHPOBAHHME HABUTAIMM B paMKax IU(POBOM
00pa3oBaTeNbHONW Cpebl, TO €CTh IMOHATHBIX Ui O0y4YaeMbIX pa3MEUeHHBIX KapT, IJIaHOB;
pa3MeTKka Ha pyOpuUKaTopax; HACTPOHKAa CHCTEMBl OIICHOK, B3aMMOOIICHOK, KOHTPOJIbHO-
I/I3MepI/ITeJIBHBIX MaTepI/Ia.HOB B ILCJIIOM; O(i)OpMJIeHI/Ie JCTAJIbHBIX ©W ITOHSATHBIX I/IHCprKI_[I/If/'I
MOJIL30BATEIISIM C ITOCTAHOBKOM 3a1ad.

Bce 310 Takke mpencraBiseT co0oi peaabHbIC ATy M0 YIPABICHUIO YYEOHBIM TIPOIECCOM
B AJICKTPOHHOW 00pa30BaTeIIbHON CPE/ie C UCIIOIB30BAaHUEM MYJIbTHMEINA.

B mpakTuke ymnpaBieHus yepe3 MPOCKTHBI METOJl aipoOMpPOBAHBI OCHOBHBIE TPEOOBaHUS
K Jau3aiiHy 00pa3oBaTeNbHBIX OHJIAWH-TIPOTPaAMM: JH3aiiH  00pa30BaTEeIbHOW IMPOTPAMMBI,
o0pa3oBarelibHbIE PE3YIbTaThl, AESITEIILHOCTHBIE MPAKTUKUM KAaK OCHOBAa OOYYEHUSI U OCBOCHHUS
HaBBIKOB; MOJIETTUPOBAHHUE TPACKTOPUHN OO0YYArOMIETOCS 150301 rpynn B MIPUBSI3KE
K 00pa3oBaTeNbHBIM pe3yJbTaTaM; pa3MeTKa BCETO COJEePKaHUsS MPOTPaMMBbI 0 00pa30BaTEIbLHBIM
pesynbratam; coop, xpanenue mudposoro crnema (LIC), mpuBsizka B mpodune MOIB30BATENS
1Mo 00pa3oBaTeNbHBIM pE3yJIbTaTaM; aHajdu3 COOpPaHHOTO Cjeda OTHOCHUTEIBHO JTaJOHHBIX
MoKasareiae Uis TOJITBEPKICHUS JIOCTIDKEHHUS O00pa30BaTeNbHBIX pE3yNbTaTOB; HAIWYHE
CTIEIUAJIUCTOB 0 MOJENHpPOBaHNI0, cOopy u aHanmm3y L[C, oOydeHHBIX Ha CTOpOHE 3aKa34HKa;
HAJIMYUE UHCTPYMEHTOB I€1arOrM4ECKOro JU3aiiHa.

[IpumepHO Takoi ke Kpyr BOIIPOCOB HCCIEAYETCSl YUEHBIMU U IKCIIEPTaMHU KaK 3a pyOekoM,
Tak u B Poccun.

Pe3y.111>TaT1>1 HCCJICA0BAHUA U UX oﬁcyme}me

IIpuctynas K B3KCIpecc-aHalIM3y pe3yJbTaTOB MCCIEJOBAaHUN MpoOJIeM ympaBiIeHUs
B 00JacTM Tenarormyeckoro Ju3aifHa, peKOMEHIyeM, TMPEX A€ BCEro, IO3HAKOMHUTHCS
¢ nmyOnukamuer rpymmbl aBTopoB B coctaBe A.C. JIm, I1. UnapaBonrce, Ix. ['ynau u A. 3coma
B xkypHase «Digital Humanities Quarterly», B KOTOpo#i TIpeCTaBICHBI Pe3yIbTaThl HCCIICTOBAHUI
POJM KPUTUYECKOTO MBIIUIEHUS B MH(PACTPYKType T'YMaHUTAPHBIX HAYK. YUEHbIE aHATU3UPYIOT
TaK Ha3bIBaEMYI0 «KOHIICMIUIO TpyOompoBoga» c¢ wuccienoBanueM HaToRI (Hansard Topic
Relevance Identifier), xotopas cTpyKTypupyeT TOTOK HH(POpPMAIMA B  DJICKTPOHHOMN
MH(OPMALIMOHHOW  cpee C  KOMIUIEKCHOM  HaydyHOH  UMHQPACTPYKTYpOH  NPUIIOKEHHH,
IIPOrpaMMHOT0  OOecreueHus: U MCCIelOBaTeIbCKUX IMOPTATOB M KOJIWYECTBO  YYEHBIX,
3aHUMAIOIINXCS CBOMMH HCCIEJIOBAaHMSAMHU B OIOXy BeO-mccienoBanuid. Takas HaydHas
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nH(ppacTpyKTypa BKJIIOYAeT 3HAYUTENbHYI0 YacTh «CaWTOB», M BbIOOp Ju3aiiHa 3TOU
UH(PACTPYKTYPhI UMEET MPSIMOE BIUSIHUE HA UCCIIEA0BaHUS [7].

K sromy psgy otHOcuTcs myOnukamus A. Kuib, 000CHOBBIBAIOIIAS «IIPHBIEKATEILHOCTh
CTPYKTYPAJMCTCKOTO JABMKEHMsI JJs1 COBPEMEHHOM MporpaMMbl MCCIEIOBaHUH B 00JacTu
IU(PPOBBIX TYMaHUTAPHBIX HAyK Oyarofapsi CBOMM CIEIU(PUUECKUM HHCTUTYIIHOHAIEHBIM
1 UH(PaACTPYKTYPHBIM OCOOEHHOCTSAM.

I'ymanuTapHas naboparopus, 0 MHEHHIO YYEHOT0, 3TO «OCOOBIH CIIOCOO MO3HAHMSI U YTO
OHA HE JIOJDKHA CIIYXKHUTb IMPOCTON UMHUTALMEeH Hay4yHOU JabopaTopuu (HECMOTPS HA €€ OUEBUIHYIO
CMEXHOCTh € d3TOH obnacteio)». Kunb A. mpennosnaraer clenyromue «JIeTepPMUHAHTHL,
MOMOTAOIIHME MOHATh CHEHU(PHUKY 3TOro MeToja: 1) SKCepuMEHTHpPOBaHHE, 2) COTPYAHUYECTBO,
3) 3HAYUMOCTb HCCIIEIOBATEILCKOW UHPPACTPYKTYpPhI, 4) OTKPBITOCTh (JIMYHAS, AUCIMIUIMHAPHAS
U WHCTUTYLHMOHAJbHAs), 5) naOWibHas TO3UIHMS HCCIeAoBaTels (TEKydyecTh TPaHHIl MEXITy
BHYTPEHHEH U BHEIIHEH CTOPOHOW J1abopaTOpUHM U BBITEKAIOLIEH W3 ATOr0 MpPOOJIEeMBbl Y4acTHs
rymaHucra)y [8].

I'pynma uccnenoBateneit Yuuepcutera FOTh ompenenser nudpoByo 1a00paTopuio Kak
cooOuiecTBO B aKTUBHOM 0Opa3oBaTesibHOM MpocTpaHcTBe. [lomuepkuBaeTcss NpPUOPHUTET
IIepCOHaIa U OIbITa HAJl TEXHOJOTUSMHU U JeKopoM. Pabora nabopaTtopuu MOKET OBITh yCIEIIHA
IPU HAJUYUU MPOYHBIX OTHOIICHUH C «HOAJAEp)KUBaroeld agMuHHUCTpauuei». I[lo MHeHuio
YUEHBIX, MUCCHSI TAOOPaTOpUH JOJIKHA ONPEENISIThCS KOHKPETHBIMU OTPEOHOCTIMHU.

OOyuenue BapbHpPYETCS OT CEMUHApPOB IO OOCYKICHHUIO MHCTPYMEHTOB, (POPMUPYEMBIX
HaBBIKOB U MEPEIOBBIX METOIOB IS MPEToiaBaTesieii 10 CEMECTPOBBIX KYPCOB JUIs CTyAeHTOB [9].

Vcnonb30BaHue «IETHEH LIKOJIBDY MO IU(PPOBOMY PEJAKTHPOBAHUIO JUIsl U3yUEHHs Kypca
oOydeHuss LU(POBBIM T'yMaHUTApHBIM HayKaM packpbiBaercs B nyOmukanuu M. Owusa [10].
Ilo pasueiM Bugam Jsaboparopuil mo uudppoBomy oOyueHuro wiau DH, xak 3To mpuHATO €ro
COKpallaTh B AaHIVIOA3BIYHBIX pPa3pabOTKax, IMOCBALICH WENbI psia MyOnuKanuif, B KOTOPBIX
NpeACTaBIICHBI Pe3YJIbTaThl UCCIETOBAHUI pa3HbIX KomnoHeHToB DH [11-13].

Bepresu [x. u Pubec /I. onpenenunu HHPPACTPYKTYpy KaK TEXHOJOTHIO HIIU CTPYKTYPY
yIpaBJIeHUs], OTIIMYAIOILYIOCS TPOJTyMaHHBIM IU3aifHOM, MacIITaboM, CHOCOOHOCTBIO JOCTaBIIATh
UH(OPMAIIHIO ¥ 3a4aCTYI0 CBOCH HEBUIUMOCTBIO [14].

Tpeiicu [.I'., Xoum D.M. u3yyanu npoeKTHBINA MOJIX0/, peau3yeMblil B X0A€ MOCTPOCHUS
U UTPHl B y4eOHOM TIpoliecce, ONSHWIH ero 3(P(EeKTUBHOCTh M PEKOMEHOBAIHM HCIIOIb30BaHHE
TaKOBOT'O B TEMAaTHUYECKUX Kypcax, 0COOEHHO B X0/1€ IOBTOPEHMSI MTpoiiieHHOro MaTtepuana [15].

OOmuMu  BOIIPOCAMHU  YIIPABJICHUS TMPOCKTAMH B IHQPPOBON 00pa3oBaTeNbHON Ccpene
3agaBaincs [1. Kyxnaser [16].

B wMexmyHapogHoOW 0a3e maHHBIX SCOPUS TpencTaBlIeHBl Pe3yJbTAaThl HCCIEIOBAHUI
OTe4eCTBEHHbIX y4eHbIX. Tak, M.A. CunaHTbeBa COMOCTaBUJIA OIBIT UCIOIB30BAHUSA MPOEKTHOIO
METOJla B CHCTEME CpeIHEro M Bbicuiero oopazoBaHus [17]. IIpoekTHBIH MOAXOJ B MHXKEHEPUU
uccienoBaii M. Makuenko u A. [lanamapena [18].

IIpu mnepexone K pe3yibTaTaM HCCIIEIOBAaHUI OTEUYECTBEHHBIX YYEHBIX U DKCIEPTOB
HEBO3MOXkHO He ynoMsHyTs I".I1. IllenpoBuiikoro, 01HOro U3 OCHOBOIMOJIOKHUKOB, pa3pab0TaBLINX
OCHOBBI TPOEKTHOTO TOJIX0/1a, MEJaroruyeckoro jau3ailHa B HameM rocyaapctBe [19] u ero
enuHoMbiivieHHUkoB IILA. IlleBapeBa u B.B. J[laBeigoBa [20, 21]. leapoBunkuii I'.I1.
paspabaTbIBal UACI0 METO/I0JIOTMH KaK OOIIEH KaHBbI BCEH MBICIIEAEATEIBHOCTH, KaTeropralibHbIe
U OIepalloHaJIbHbIE CPEICTBA OHTOJIOTMYECKON CXEMbI MBICIIEAEATEIbHOCTH. BomomennemM 3Tux
pa3paboTok craja HOBas (opMa OpraHH3alMd MBIIUICHUS U JEATEIHOCTH — OPraHM3allOHHO-
JeSITeIbHOCTHBIE UTPBI.

CoBpeMmeHHas redMupHUKAIHI-UTpoUKaIus, TO €CTh UCIOJIH30BAHNE UTPOBOM aTPUOYTHUKU
U  WIPOBBIX D3JEMEHTOB [UIl MOBBIIIEHUS BOBJICUEHHOCTH B HEUTPOBYIO JEATEIbHOCTB!
HCIIOJIb3YIOTCS, HAIPUMED, pa3indHble UTpoBble MexaHUKU «IlepeBepHyTOro kiacca», «JlecTHHUIIBI
ymo3zakimoueHuit Kpuca Aprupucay; IIMPOKO H3BECTHbIE W TaKME€ WHTEPAKTHBHBIE CPEIbl, Kak
ClassCraft, Spatial chat, Mozilla Hubs u np. Ouu nampaBnenbl Ha GopMHpPOBaHHE MOTHBAIIUU
00y4YeHMs M BKJIIOYAIOT ABTOMAaTU3UPOBAHHYIO TUArHOCTUKY B UTPE, PA3BUTHE «MATKUX HABBIKOBY,
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HaBbIKOB cOOpa JaHHBIX, IPUCBOEHUS 3HAHUI, pa3BUTHE MOHUMAaHUS, MPOKUBAHUSA HOBBIX CpEZ.
Jlns  BBIABICHMS TNOBeJNEHUECKHX cTuiaed wucnons3yercss Yarbor. CdopmupoBaHbl pasHble
TUIIOJIOTUU UTPOKOB, Hanpumep, Tunoiorus Puuapna baprna, Anmxes MapueBcku, mkons Unona
Macka u nip.

OTteuecTBEHHBIE HCCIEA0BATEIN aKTUBHO PAa3BUBAIOT U BHEAPSIOT MEJArOrMuecKUil 1nU3aiiH,
UCHOJNb3Yys JJIi 3TOT0 OpPUTMHAIbHBIE W anpoOMpOBaHHbIE 3a pPyOexkoM (GOpMBI M METOJbI
MIPOEKTHOTr 0 noaxoza. B aTom npouecce ects 00111ee 1 0COOEHHOE.

Tak, B HaunoHallbHOM HCCIEN0BAaTENBCKOM YHMBEPCUTETE BpICHIEH IIKOJIBI 3KOHOMHUKHU
HAKOIUIEH YK€ OTEYECTBEHHBIM ONBIT MPOEKTHOIO MOJX0Ja K OpraHu3auuu HuppoBoro o0ydeHus
c mnomouibio (GOpMHUPOBAaHUS TNPOEKTHO-yueOHBIX Jsabopartopuil. B mpouecce ynpaBieHus
OCYIIECTBJISIETCS MOCTOSTHHAsT MOJEpHU3AIMsl 00pa30BaTEeIbHOW MOJENIU, UHTErpalus MPOEKTHON
paboTbl B OOy4YeHHE BCEX CTYAEHTOB. OJTO OOBEKTHMBHO NPUBOIUT K HMHCTUTYLHOHAIBHBIM
W3MEHEHUSAM: IPOEKTHBIM MOAX0J MHOTPeOOBal HOBBIX CTPYKTYPHBIX E€IUHHI], DPEATU3YIOLINX
MIPOEKTHBIE (POPMATHI.

dopmupoBaHUE HOBBIX KaHAJIOB MH(GOpPMaLMK, IPOEKTHBIX OPTAJIOB U IUIOMIA/I0K BbI3BAJIN
U KOMMYHUKAI[MOHHbIE U3MEHEHUS, MOJICPHU3ALIUIO BCEl TEXHUUECKON COCTaBIAIOIIEH IU(PPOBOro
oOyuenus. [loBeimienne  kBanudukanuu, oOyueHue U  rnepeodyuyeHue Mpodeccopcko-
[IPEIoIaBaTeIbCKOr0 W aJIMUHUCTPATUBHOIO COCTaBa, BBEJIEHHE HOBBIX 00pa30BaTEIbHBIX
(GOpMAaTOB M 3aYETHBIX SAMHHUII IPUBEITU K N3MEHEHUSIM eIarOTUUECKUX TeXHoIorui [22].

B o2rom ke HampaBleHMHM pa3BUBAE€T IIPOEKTHOE YNpaBieHHME M MOCKOBCKHN
nonutexuuueckuid ynusepcurer (MIIN). Kpome uHCTHTYyIMOHAIBHBIX M3MEHEHUH IOCIENOBaa
MOJICPHU3ALUS NeIarOrMYeCKUX TEXHOJOTHH; KaJpOBble U3MEHEHUSI — MPUBJICYEHUE K 00YUECHUIO
B UU(ppPOBON cpele MNPaKTUKOB, HKCIEPTOB, CHELMAIUCTOB, MpenoAaBaTesiell APYTrux BY30B;
YIPaBIEHYECKUE U3MEHEHMsI — CO3JAHME OTAEIBHBIX IOIAPA3ACIEHUIN, KypUPYIOIUX MPOEKTHYIO
JeSTeNIbHOCTD [23].

B JlanbHeBOCTOYHOM (eliepadbHOM YHHUBEPCUTETE TPOEKTHBIM MOIXOA peaan3yercs
[{eHTpOM TIPOEKTHOM NesaTenbHOCTH. MoaepHu3anus nudpoBoro 00pa3oBaTEIbHOTO MPOCTPAHCTBA
OXBaThIBAeT BCE OOJblIE HampaBieHUH. 31ech aKLEHT CllellaH Ha YIpaBlIeHYECKHUEe H3MEHEHH,
nojo6ukie B MITU [24].

B Hwmwxkeropoackom rocymapcTBeHHOM yHuBepcutere uMenn H.M. Jlo6adeBckoro
MPOEKTHOE 00yueHne ocymiecTrisiercs B popmare Beepoccuiickoit mikonel « TexHomorun+buznecy.
B »TOM By3€¢ BHMMaHHE aKLUEHTHPYIOT Ha YNPABICHUYECKUX U3MEHEHHAX. DTO JIOTUYHO, MIOCKOJIBKY
0e3 COOTBETCTBYLIMX KaJpOB peaJl30BaTh IPOEKTHBIM MOAXOA  OKa3blBae€TCs BECbMa
3aTpyAHHATENBHO [25].

B IOxHOM (benepasibHOM yHHBEPCHTETE IIOJyYalOT MPUOPUTETHOE pAa3BUTHE TaKas
opraHuzanys y4eOHOro TMpolecca, KaK BHEIPEHHE MPOEKTHOro oOyuyeHHs Ha OTHENbHBIX
CHEIMAJIBHOCTSX, a TaKK€ KOMMYHHUKAlIMOHHBbIE H3MeHeHus [26]. Iloxoxkue mnpouecchl uAyT
1 B YpanbsckoM (enepanibHOM yHUBepcuTete [27, 28].

B poccuiickoM 5371€KTpOHHOM 00pa30BaTEIbHOM MPOCTPAHCTBE NPEANPUHUMAIOTCS
yIpaBJIeHYECKHE YCUJIUS 1O MOJATOTOBKE CIELHAIUCTOB JJIs paboThl C 3JEKTPOHHBIMU OHJIAIH-
MHCTPYMEHTaMH, U OHM HE OCTaroTcs 0e3 BHUMaHUS uccieaoBarenei [29].

K mpomeccam wu3ydeHUss M OCMBICICHHMS IPOEKTHOTO TOAXOAA MOAKIIOUUINCH YKe
u ctyaeHtsl [30].

JakiouyeHnue

Takum 00pa3oMm, MPOEKTHBIA METOJ B IEJarorduyeckoM Ju3aifHe NpeacTaBisieT coOoi
KOMIUICKCHBIA TTOAXOJ K TOCTPOCHHUIO 00pa30BaTEeIbHON Cpeabl M Y4eOHOro MpoIecca, KOTOPHIi
BKJTIIOYAET B CE0S psiJ] CJIOKHBIX JIEMEHTOB.

bazoBbie coctaBnstomue 1mudpoBoro odyueHus: aumarnoctuka, L[C, mudpoBoit mpodub,
aBTOMATH3MPOBAHHOE IOCTPOCHUE PYOPUKATOPOB 0Opa30BATENbHBIX PE3YJIbTATOB PEATH3YIOTCS
B IU(PpOBOH 00pa30BaATEILHON CPeJie C MTOMOIIBIO OHJIAWH-UHCTPYMEHTOB.
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BoisiBneH neuuut ynpaBieHUECKUX MEXaHU3MOB U MHCTPYMEHTOB, CIIOCOOHBIX MacIITaOHO
WHTETPUPOBATH COBpEMEHHBIE (DOPMATHI MPOSKTHOU AESATEILHOCTH B yU€OHBIN MPOIIECC.

[lemarormueckuii Au3aiiH 00pa30BaTENBHBIX OHJIANH-TIPOTPAMM JIOJDKEH COOTBETCTBOBATH
oTpeieIeHHBIM TPpeOOBaHUAM, 0€3 KOTOPBHIX HEBO3MOXKHO yIpaBIeHHUE MO pean3alui MPOEKTHOTO
MeToJla B IU(POBOI 00pa3oBaTEIBHOMN Cpee.

OKcnpecc-aHanu3  pe3ysbTaTOB  HUCCIENOBaHMS IPOEKTHOTO METOJAa HHOCTPaHHBIMU
YYEHBIMH BbISIBUJI TEHIECHLUIO POCTa TAaKUX MCCIIEIOBAHUM IO OCHOBHBIM HAIPABJICHUSM Pa3BUTHS
MeIarOrMYEeCcKOro Au3aifHa B yIIPaBICHUU IPOSKTHBIM 00yUEeHUEM.

OCHOBHYIO POJIb B XOJ€ pean3allid MPOEKTHOTO METoAa B U(PPOBOM 00pa3oBaTEILHOM
IIPOCTPAHCTBE B HACTOSIIIEE BpEMs UTPaIOT LIU(PpOBbIE TaOOPATOPHH O] Pa3HBIMU Ha3BAaHUSIMHU.

B Poccuiickoii ®enepanuu yKpeIusieTcss TPEHJ Ha BHEAPEHHE IPOEKTHOIO METO0Ja,
KOTOPBIN YK€ UCIIOJIb3YETCS B psAJIEe BEAYLIUX BY30B.

HudpoBuzamus oOpazoBaTenbHOM cdephbl BbI3BAJIa MOJCPHU3AIMUIO MOJEIeH 00ydeHUs
B CHUCTeME€ BbIcHIero o00pa3oBaHMs IO BCEM OCHOBHBIM  HalpaBlIEHUSM, HauyMHas
OT OPraHU3aLMOHHOTO YIIPaBJIEHYECKOTO /10 TEXHOJIOTUYECKOTO.
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TPYAbI MOJIOABIX YYEHDBIX

Hayunas ctates
YJIK 614.8

®YHKIIUOHAJIbHASI MOJEJIb YIIPABJIEHUA PUCKAMHU
YPE3BBIYAUHBIX CUTYAIIUU HA THAPOTEXHUYECKHNX
OBBEKTAX

MCmonsikoBa Anacracus CepreeBna;

Hlerka Baagumup ®@exopoBuy.

Cankr-IlerepOyprekmii yausepeurer I'TIC MYUC Poccun, Cankr-IlerepOypr, Poccust
Xan.ser76@ya.ru

Annomayus. Poccuiickas denepanus odyeHb Oorata BOJHBIMH pecypcaMu. BBumy 3toro
Ha TEPPUTOPUU CTPAHBI pacrioyaraercs O0NbIIOE KOJIUYECTBO THIPOTEXHUUECKUX COOPYKEHUH Kak
OCHOBHOI HCTOYHUK MO A0OBIYE SHEPTruU. 3HAUUTEIbHAS YacTh TMAPOTEXHHUUYECKUX COOPY>KEHUMN
SKCIUTyaTupyeTcs 0e3 peKoHCTpyKIuu Oosee 50 JeT, ¥ BEpOSTHOCTh BO3HMKHOBEHHS Ha HHX
aBapUHBIX CUTyalluii oueHb BhICOKA. OOBEKTHBHO CYIIECTBYET MpoOiieMa, XapaKTepU3yIoIascs
TEM, YTO TEKYIEEe COCTOSHHE OE30MMACHOCTH 3HAYUTEIILHON YacTH OOBEKTOB U TpeOyeMble HOPMBbI
obecnieueHurs 0€30MaCHOCTH HE COOTBETCTBYIOT JIPYT APYTY, BO3MOXKHBIE UpE3BbIYaliHbIE CUTYAIlUU
Ha TUAPOTEXHUYECKHX OOBEKTaX MOTYT MPHBOJUTH K OYEHb CYHIECTBEHHBIM MaTepHAIbHBIM
U3JIepKKaM. B CBA3M ¢ ITHM aKTyaJbHBIMH SIBJISIFOTCSL BOIIPOCHI  OIICHKH 0€30MacHOCTH
TUIPOTEXHUYECKUX 00BbeKTOB. B maHHON paboTe mpeiaraercsi MOJEIb YIPABICHUS PUCKaMU
Ype3BBIYAMHBIX CUTyallMd Ha TUAPOTEXHUYECKHMX OO0BEeKTaX, pa3paboTaHHAas Ha OCHOBE
MeToAoIoruY QyHKIHOHAIBHOTO MoaenupoBanust IDEF0. @yHkuroHampHast MOJIENb MPEICTABIISET
co0oif HekoTophld HabOp nuarpamMM. Mojenb MO3BOJSET MNPOBECTH aHAIW3 MPaBUIBHOCTH
U KOPPEKTHOCTH IIPOBEJCHUS MPOLEAYypbl YIpaBJIEHUS pPHUCKAMH YpE3BbIUAWHBIX CHUTYyalUul
Ha TUAPOTEXHUYECKHX OOBEKTaX, a TaKKe NpU HEOOXOTUMOCTH BHECTH COOTBETCTBYIOIINE
KOPPEKTUBBI B IIPOIIECC.

Kniouesvie cnosea: mopenb, PUCK, NPOTHO3UPOBAHWE, YPE3BbIUANHAS CUTyallUs, aBapHs,
TUJPOTEXHUYECKUN 00BEKT

Jas mutupoBanmsa: CwmonsaxoBa A.C., Uletka B.®. ®yHkuuoHanbHas MOENb YHPABICHHS pPHCKaMH
Ype3BBIYAMHBIX CUTYallUi Ha THAPOTEXHUUECKUX 00bekTax // Hayd.-aHamuT. xypH. «Becthuk C.-Iletep0.
ya-Ta ['TIC MYUC Poccumy». 2023. Ne 1. C. 181-1809.

Scientific article
FUNCTIONAL MODEL OF EMERGENCY RISK MANAGEMENT
AT HYDRAULIC ENGINEERING FACILITIES

MSmolyakova Anastasia S.;

Shchetka Vladimir F.

Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
Han.ser76@ya.ru

Abstract. The Russian Federation is very rich in water resources. In view of this, a significant
number of hydraulic structures are located on the territory of the country, as one of the main sources
of energy production. A significant part of hydraulic structures have been operated without
reconstruction for more than 50 years and the probability of emergency situations occurring on them

© Cankr-Ilerepoyprcxuii yauepeuteT ['TIC MUC Pocceunn, 2023

181
Tpyasl MONOABIX Y4EHBIX



Ne 1-2023. Vestnik S.-Petersh. un-ty of State fire service of EMERCOM of Russia http://vestnik.igps

is very high. Objectively, there is a problem characterized by the fact that the current state
of safety of a significant part of the facilities and the required safety standards do not correspond to each
other, possible emergencies at hydraulic engineering facilities can lead to very significant material costs.
In this regard, the issues of assessing the safety of hydraulic engineering facilities and predicting the
possibility of various emergencies on them are relevant. In this paper, a model of emergency risk
management at hydraulic engineering facilities is proposed, developed on the basis of the IDEFO
functional modeling methodology. A functional model is a set of diagrams. The model makes it possible
to analyze the correctness and correctness of the emergency risk management procedure at hydraulic
engineering facilities, as well as, if necessary, make appropriate adjustments to the process.
Keywords: model, risk, forecasting, emergency, accident, hydraulic engineering facility

For citation: Smolyakova A.S., Shchetka V.F. Functional model of emergency risk management
at hydraulic engineering facilities // Scientific and analytical journal «Vestnik Saint-Petersburg university
of State fire service of EMERCOM of Russia». 2023. Ne 1. P. 181-189.

BBeaenue

B cootrBerctBuu ¢ CII 58.13330.2012 pacueTrHble CpPOKM CIyk OBl OCHOBHBIX
ruaporexHuueckux coopyxenuil (I'TC) cocrasmstot: mia coopyxkenuit | u |l xnaccos — 100 ner;
s coopyxkenuit Il u IV kmaccos — 50 ner [1]. Ha tepputopun crpaHsl Ha AaHHBIH MOMEHT
neiicreyet 741 I'TC, 3HaunTeabHAs YacTh KOTOPHIX BhIpaboTasia pacueTHBIN CpOK ciaykObl. 13 Hux
HauOOJBIIYI0 OMAacHOCTh MpeacTaBisioT 108 muto3oB, 93 miotuHbl, 11 rugpo’NeKTpocTaHIUi
u 115 gam6. Tak, Hanpumep, B Yensionnckoi 0611, Ha p. bonbimas CaTka pacronoxena [Topoxckas
THIPOSJICKTPOCTAHIIMS, KoTopasi mpopaborana 112 ner, u tonbko B 2017 r. Obula BBIHYXIEHA
NPEeKPaTHTh CBOIO pPabdOTy, BBUAY OTCYTCTBUS (puHaHCHpoBaHUsA. I[IpoBeINeHHBIM aHaAU3
nokasbiBaeT [2], uyto OompmuHcTBO ['TC B Poccum paboTaroT CBbIINIE PacYETHOTO CpPOKa
9KCIUTyaTallid, BCJIEJICTBUE YEro BO3HUKAaeT OOBEKTHBHAsI MOTPEOHOCTh B IOBBIIICHUU
0€30MacCHOCTH JaHHBIX OOBEKTOB.

Ha ceroansimiauii AeHb 10 TaHHOW 00JIACTU MCCIIEOBAHUS B OTKPBITHIX HCTOYHUKAX MOYKHO
HAaWTH CpaBHUTEILHO HEOOJNBIIOE KOJWYECTBO HAy4yHBIX TpyaoB. Hecmorps Ha TO, dTO
ype3Bbyaiiaple cutyauuu (YC) Ha THIPOTEXHMYECKHX OOBEKTax B OOJBIIMHCTBE CIy4yaeB
MPEJICTABISIOT YIpo3y IS KU3HH JIOJEH, HaXOISAIIUXCS B 30HE MOpPaXKeHHs, JaHHas 00IacTh
ocTaeTcsi HeaocTaTouyHO wu3yueHHoW. Ilpm paspabotke ™Moxaenu ympasineHuss puckamu YC
Ha TUJIPOTEXHUUYECKUX OOBEKTaX Mmpeobiagaroriee OONBITUHCTBO HCCIENOBaTeNel UCTOIb30BaIH
JIOTUKO-BEPOSTHOCTHBIN MOX0[ ¢ hopMann3anueil «iepesa Leneily, «IepeBa 0TKa30B» U «IepeBa
coObITuii» [3—5]. Mogens ynpasinenus puckamu YC Ha rHAPOTEXHUUECKUX O00BEKTaX MOXKET ObITh
MpeJICTaBJICHA B Pa3IMYHBIX BUIAX, TAKMX KaK: MaTeMaTU4ecKasi, CTpyKTypHas, (pyHKIIHMOHAIbHAS,
MMUTALMOHHAsA, aHAJUTHYeCKas Mojeiab U T.I. Kaxkablii moaxo] K MOAETMPOBAHHUIO UMEET CBOU
BO3MOXXHOCTH, JOCTOMHCTBA M HEIOCTaTKH, MOXET OBITh WCIONB30BaH B 3aBUCHUMOCTHU
OT CYILIECTBYIOIIMX IIeJIel U YCIOBUH.

B nanHol cTtatbe pa3pabarbhiBaeTcs (DYHKIIMOHAbHAs MOJEb, MOCTPOCHHAs Ha OCHOBE
merononorun IDEFO, kotopas mpencraBiser co00i YEeTKUN TOPSAIOK OMpeNeNEHHBIX JTEUCTBU,
HEOOXOIUMBIX JJIsi TIPOTHO3UPOBAHMS PUCKA, M MPH HEOOXOIMMOCTH JallbHEHIIIeT0 BO3AEHCTBUS
¢ nenpto mnpexynpexacHus Bo3HukHOBeHUsT UC na I'TC. ®dyHkimoHanbHas MOJAENb SIBISETCA
YHUBEPCATbHON, TaK KaK TIO3BOJSET YYeCTh OCOOCHHOCTH BCEX THUIIOB THUIPOTEXHUYECKUX
00BbeKTOB. BbICTymas kak OJMH W3 BApUAHTOB PEUICHHS aKTyaJlbHOM MpoOJeMbl MO BOIPOCY
0€30MaCHOCTH THAPOTEXHUYECKUX OOBEKTOB, MOJENb UMEET MPEUMYIIECTBO, TaK KaKk HE TpeOyeT
JIOTIOJTHUTENBHBIX JICHE)KHBIX BIIOKEHMM, a €€ IMOJIHOTa OMMCAHUS TO3BOJSET IeTaTM3HUPOBAHHO
npoananu3upoBath pabory ['TC, BBIBUTH MOTCHIMAIBHBIE OMACHOCTH U  ONPEACIUTH
HEO0OXOMMBIC MEPOTIPHUATHS 110 MUHUMU3AIHH pruckoB UC.
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Mojaeab 1 MeTOABI HCCJIe0BAHUS

B kauecTBe MHCTpyMeHTa uccienoBaHus Obuia BeiOpana merononorusi IDEF0, Ha ocHoBe
KOTOPOM MocTpoeHa (pyHKIMOHAIbHAs MOAedb. MoJienb TaHHOTO Kiacca BbIOpaHa ¢ y4eToM TOro,
4TO OHA O0JIaZaeT pPSIOM TPEHMYIIECTB, IO3BOJIIONIMNX aJEKBATHO OTOOpA3uTh TpoIece
ynpasinenuss puckamu YC. B gacTHOCTH, B JaHHOM MOJAEIM MMEIOTCA CPEICTBA, MO3BOJIAIOLIME
oTtoOpaXkaTh, KaK YIpPaBJISAIOIINE BO3JCHCTBUA, TaK M 0OpaTHBIEC CBS3M, a TaKKe WH(POPMAIMOHHbIE
B3aUMOCBsI3U. Vcronb30BaHME HAHHBIX CPEACTB IO3BOJIAET JOCTUTHYTh TpeOyeMoil MOIHOTHI
ornucaHus mnpouecca. Mojenb 0671a1aeT CBOWCTBOM HATTIIAHOCTH M OTHOCHUTENBHON MPOCTOTHI, YTO
MO3BOJIUT MCIIOJIb30BaTh €€ JIOJDKHOCTHBIMM JIMIAMM, HE O0O0JaJalolMMU  CHEelHaIbHON
MOJITOTOBKOM M HaBbIKamMu ee ucnoyib3oBanus [6—10]. Monenps pazpaborana ¢ yueToM TpeOoOBaHMMA
corinacHo ['OCT P 58771-2019 «MenemxkMeHT prucka. TeXHOIOTHU OLICHKH PUCKay.

Pe3yabTaThl M HX 00CyKIeHHE

PaccmoTtpum mponiece ynpasieHus puckom UC Ha ruapoTexHHMUecKoM oObekTe. Ha puc. 1
n300pa’keH OCHOBHOMW OJIOK WJIM KaK €ro eIlle Ha3hbIBAaIOT — KOHTEKCTHAs Auarpamma «YIpaBleHHE
puckamu YUC Ha ruipoTeXHUYECKOM 00bekTe». B3anmopelcTBue ¢ BHEUIHEH cpenoi 0003HaueHO
Ha cxeMme BXoJsmel crpenkoil «CBeneHuss o0 0OBEKTE», B JAaHHOM Ciy4ae 3TO HH(oOpMarus
00 o0BekTe ¢ moTeHuuanbHbIM puckoMm YC. B kauecTBe ynpasieHHs B JAHHOM Cllyyae BBICTYNAIOT
«[Tacmopt Tteppuropun», «llacnopt o6bvekra», «I'OCTr», «MeToauueckue pEeKOMEHAALNN
u «HopmaruBHo-npaBoBbele akTb» (HITA). B poan «MexaHu3MOB» BBICTYNAIOT aHAJIUTHUKH,
MPOBOJIAIINE aHAIW3 BCeW HMMeromielicss nHpopmanuud. BbIXOIOM M3 JaHHOW auarpamMmsl OyayT
aBisATbcsl  «Meponpustuss 1o MuHummzanuu pucka YC nHa I'TC», wumenHo Onaromaps
pa3pabaTblBaéMbIM ~ MEPOIPHATUSAM M PEKOMEHJAIMSM  OCYIIECTBIISICTCS  JAOCTHDKEHHE
nocraBieHHOW Lenu. B pabote paccMmarpuBaeTcsl JAEKOMIO3MLUS BCeX OJIOKOB IEPBOTO YPOBHS
(puc. 3-6), cONpOBOXKIAETCS ONMCAHWEM TOJIBKO KOHTEKCTHAs JAMarpaMma, Juarpamma
JEKOMIIO3ULIMH [IEPBOTO YPOBHSI.
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7| UC Ha runpoTeXHUYECKOM 00BEKTE

A0

\4

AHanmuTHK

Puc. 1. KonrexkcTHast ntmarpamma A0

KonrekctHas amarpamma AQ He HaérT MOJHOrO MpeiacTaBieHHs mpouecca. [lig Toro
4yTOObl YBUJIETh TOJHYIO KapTUHY BBIOJHEHHUS TIpolecca, HEoOXOIUMO JIEKOMIO3HpPOBAThH
MPE/ICTAaBJICHHYIO BBIIIE JUarpaMMy, TO €CTh JaTh OoJyiee JeTaTu3UpPOBAHHOE ONMCAHUE
npouecca [11]. JlnarpaMMa 1eKOMITIO3ULIMK IEPBOIO YPOBHS MPEACTABIEHA HA pUC. 2.
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JlaHHast MOZIETTb BKJIIOUAET B ce0sl 4eThIpe OCHOBHBIX JTara:

1. Cbop cBenenuii 06 oObEKTE.

2. Anamm3 nauasix o UC.

3. O1eHKa pucKa.

4. YupaBlieHUEe pUCKaMH.

PaccMoTpuM JeKOMIIO3MIIMIO TEPBOTO ypoBHS Oojee aeranbHo. llenpio mepBoro srama
IDEFO-monenupoBanus (0mok Al «COop cBeneHuii 00 0O0BEKTe») SBISETCS MOJIyUYCHUE
uHpopmanun 00 wuctoynuke Bo3HMKHOBeHHs YC. [l 3TOro HMCHONB3YeTCsl MOCTYHAroIias
uH(popManUsg O THAPOTEXHHUYECKOM 00BekTe, Ha kotopoM mpom3omia UYC. Bo Bpems cbopa
CBEJICHUI aHAIUTHUK PYKOBOJCTBYETCS MACIOPTOM TEPPUTOPHUH, NMACIIOPTOM OOBEKTA, KPUTEPUIMU
oe3onacHoctu I'TC, mHCcTpykimed 00 skcruryaranuu ['TC u mocranoieHueMm IlpaBurenbcTa
Poccuiickoit ®enepani ot 5 okTa6ps 2020 r. Ne 1607 «OO6 yTBEepKICHUH KPHUTEPUCB
KJ1acCU()UKALUU THAPOTEXHUIECKUX COOPYKECHUI.

BropeiM 3TanoMm MonenupoBaHus sBisieTcs aHanu3 AaHHbIX 0 YC (6mok A2). Ha nanHOM
JTare aHaJUTHK MPOBOJUT OIpe/eeHHe TUlla 00bEKTa, aHAIU3UPYET OCHOBHBIE XapaKTEPUCTHKU
00BEKTa U MECTa €ro pacHoJiOKEHUs, B 3aKJIIOYCHUH BBISIBISIETCS MUCTOUYHUK BO3HUKHOBeHUs UC.
PykoBoacTByeTCSl aHAIMTHK TAacliopToM 00BbeKTa, nekiaparueii 6esonacHoctu I'TC, nHCTpyKIMEH
06 oskcmryarauuu ['TC, 'OCTom P 51901.23-2012 «MenemxkMmeHT pucka. Peectp pucka»
u I'OCTom P HMCO/M3K 31010-2011 «MeHemxMeHT pucka. MeTOAbl OIEHKH PHUCKa.
Pesynbrarom ananuza qaHHbIX BbIcTynaeT HHPopmaus o YC Ha 00beKTe KOHKPETHOIO THIIA.

Janee, Ha TpeTbeM 3Tane MoaenupoBanus (010K A3 «O1eHKa pUCKay) aHAJTUTHK MTPOBOIUT
aHau3:

— aBapuii Ha 00BEKTaX JAHHOTO TUIIA;

— TCHJICHIIUH ¥ 3aKOHOMEPHOCTEH COOBITHH, ClTOCOOHBIX BbI3BaTh UC;

— JIOCTOBEPHOCTH JTaHHBIX U HH(popmaruu o UC;

— CTETIeHU HEeOoNpeAeNIeHHOCTH JaHHbIX U uHpopmarmu o YC.

B nmpomecce ananuza aHANMUTHUK PYKOBOACTByeTcss ['OoCcymapCTBEHHBIM —JIOKIAJA0M
«O cocTosHMU 3alMTHl HaceJeHus U TeppuTopuil Poccuiickoit denepanuu oT Ype3BBIYANHBIX
CUTYyallull IPUPOJHOIO U TEXHOI'C€HHOI'O XapakTepay, aekiapauuei 0esonacHoctu ['TC, rogossim
otueToM 0 cocrostHum KoHKpeTHoro I'TC, TOCTom P 51901.23-2012 u TOCTom P NCO/MDK
31010-2011. Pe3ynpTaTom mpolecca aHau3a pUCKa SBJISIOTCS TTOKA3aTeIH PUCKA.

Ha 3axmountensHOM 3Tane MozenupoBanus (010k A4 «YrpaBieHue puckammu») aHaJTUTHK
CpPaBHMBAET IIOKAa3aTEIM pHUCKA, IIOJyYEHHBIE Ha MPEAbIAYIIEM JTale MOJEIMPOBaHUS,
C JONYCTHUMBIMHM 3HAUE€HUSIMHM PUCKA, YKa3aHHBIMM B macropre oObekTa. Jlajmee, oT pe3ysbTara
CpaBHEHHUS 3aBHCHT, KaKKe TUIIOBBIE clieHapuu pa3Butust YC cienyer pazpaboTaTh U BIIOCIEICTBUU
MPUMEHMTD, JJI KaKIOr0o CIEHapus OTIEIbHO pa3padaThIBAOTCS MEPOINPHUSATHS O MUHUMH3ALUU
pucka YC ma I'TC, B 3aBucumoctd OT BuAa Bo3Moxuoi UYC wu cocrtosHus oObekra [12].
VYnpasiieHue puckamMy POBOJUTCS COTJIACHO IIJIaHy AEMCTBUM 110 MPEAYNPEXKIECHUIO U JINKBUAALNN
YC, MeToanYEeCKMM PEKOMEHIAIUAM O MOPSAKE OCYILECTBIECHUs peryaspHbix oocnenoBanuii ['TC
u aexnapanuu 6ezonacHoctu I'TC.

TakuM 00pa3oMm, MOXHO CKa3aTh, 4YTO JaHHas MOJENb CHCTEMaTU3MpPYeT HMeEIuecs
nansusle o I'TC, yauduuupys npouecc npunatus pemienus npu BosHukHoBeHuu YC Ha I'TC. [lns
aHAJIMTHKA, UMEIOILETO TOJILKO CBEJEHUS 00 HcCaeyeMOM O0BEKTe, CTAHOBUTCS BO3ZMOKHBIM:

— npu JekoMmno3unuu Onoka 1 npumarpammbel Al ompenenuTs TUII OObEKTa, OCHOBHBIE
XapaKTepUCTUKH OOBEKTa W €ro MECTOHAXOXKICHMs, a TakXKe ONpeNeIuTh HCTOYHHUK
Bo3HHUKHOBeHHS UC;

— IpU JEKOMMO3UIMU Osioka 2 nuarpamMmbl Al omnpenenuTh Kakue aHaJIOTMYHbIE aBapHU
ciyyanuck Ha ['TC gaHHOro THMNA, a TaKKe MPOCIeIUTh TEHACHIIUIO U 3aKOHOMEPHOCTH IIpU paboTe
I'TC, cnocoOHbIE MPUBECTH K aBapuUH;

— MpHU JIeKOMIo3uIuK Onoka 3 auarpammbsl Al uaeHTHPHUIMPOBATh ONACHOCTH, MPUCYIIIHE
nanHoMy tuny ['TC, onpenenuts GpakTopsl pUCKa, a TAKKE pacCUUTATh TOKA3aTENIN PUCKA;

— IpH JeKoMIo3uuu 6soka 4 nuarpaMMbl Al MO TEKyIIMM MOKa3aTensiM pUCKa BbHIOpATh
TUTOBOM cueHapuii pa3Butus YC 1 MeponpHsITHs [0 YIPABIECHUIO PUCKAMHU.
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T'OCT P 51901.23-2012,

I'OCT P 22.2.09-2015;

T'OCT P UICO/MDBK
NHCcTpyKuws 31010M—2011 T'OCT P 22.2.06—2016; N .
TMacnopt 110 DKCTUTyaTaLHH = FOCT P 587712019 Inan neficTBuii
nocraHopicHue T¢PPHUTOPHH I'TC Hexnapauus T10 TIPEeYNPEXACHUIO
Ipasurenscrea K Ge30macHoCTH CTO 7023424.27. F'OCTP  u nukpupanun YC
prTepHH I'TC 22.3.17-2020
or 5 okt. 2020 1. 6e30MaCHOCTH 140.026—2009 -9 L
o IMacnopr
e 1607 I'TC 00BbeKTa
Caenenust Y Y
06 06BeKTe C6op cBeneHuit
_— 00 00BbeKTe
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Y A 4
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naHHbIX 0 YC
Nudopmanms
00 HCTOYHHKE A2
Bo3HHKHOBeHUst HC 1 A 2 4 \ 4
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0 YUC na oobexre 'y A3
3aJaHHOTO TUITA
« v v Meponpustus
Vipasreme | MO MAHHMH3ALMK
u prcka UC na I'TC
TMokaszarenu puckamMu
pucka Ad
T
AHaIMTHK
Puc. 2. luarpamma Al — nekomno3unus auarpaMmmbt AQ
TIOCTAHOBJICHHE IMacnopt WHCTpyKIMS 110 Kputepun TMacnopt
IpapurenscTaa o0beKTa skcruryaraimu ['TC  6e3onacaoctn I'TC  Tepputopun
ot 5 okr. 2020 1.
Ne 1607
v
Nudopmarus
OmnpeneneHue
00 oOBexTe
TUNa 00bEeKTa
All I i
h
Amnanus
OCHOBHBIX
XapaKTEePHCTHK
NHbopmanus obbexTa
0 KOHKPETHOM Al2
THIIE 0OBEKTA 4
v
Amnanus
XapaKTEePHCTHK
TEPPUTOPHU
Nudopmarus Al3
0 XapaKTepHUCTHKAX 0‘ . Hndopmarus
obbexTa TPEACICHUE | 5 1 cTounmke
HUCTOYHHKA
Bo3HHKHOBeHUs UC
i BO3HUKOBEHUS] |—————————
Hpopmanus qc
0 PacIoIOKEHUH
obbeKTa T Al4
AHaJIUTUK

Puc. 3. JImarpamma A2 — nekommno3unusi 6J10ka 1 guarpammnl Al
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TocynapcTBeHHBIH JOKIaz
«O COCTOSIHUHM 3aIUTHI HACEJICHIS
u Teppuropuit Poccniickoit denepanuu

OT {pe3BBMAHEIX CHTYALH TPHPOIOTO élemapaunﬂ T'omoBbIE OTYETHI TOCT P TOCT P UCO/
p y: PHp COMACHOCTH 4 coctosmm I'TC 51901.23-2012 MDK 31010-2011
1 TEXHOT€HHOT'O XapaKkTepa» I'TC
WHupopmarmst
00 UCTOYHHKE Ananus aBapuit
Bo3HuKHOBEHUS YC|  pa oGpexTax
e ————
JIAHHOI'O THIa
A21
AHanm3 TeHACHIMI
M 3aKOHOMEPHOCTE!
COOBITHH,
CMOCOGHBIX BBI3BATH
HWndopmarus e
00 aHATOTHYHBIX
apapusix Ha ['TC c A22 v
AHanu3 J0CTOBEPHOCTH
JTQHHBIX ¥ HHpOpMAIn
Wnupopmarms otcC
0 BO3MOKHBIX A23
npuunnax YC 4
WHupopmanmst v
KOPPEKTHOCTH AHanus crenenu ngéOPMaIéHﬂ
M JIOCTOBEPHOCTH HEOTPEICTICHHOCTH 0 1L Ha obbeKTe
JaHHbIx 0 YC JIaHHBIX ¥ HHPOpMALUN 38JaHHOTO THMA
-
o4cC
A24
AHaniTuk

Puc. 4. Jlmarpamma A3 — nexommno3unus 6;10ka 2 guarpammbl Al

IMacropt Jlexmapams ~ MeTtouueckue peKoMeH1auun
TePPUTOPHI 6€30MacHOCTH 110 OLIEHKE PUCKA TroCTP FOCTP  rOCTP
CTO 70238424. Iacriopt I'TC aBapuii 'TC 22.2.09-2015 22.2.06-2016 58771-2019
27.140.026-2009 obbekTa
Hudopmanus o YC l |
Ha 00BeKTax
3aJIaHHOTO THIIA Unenrudurars
—_—¥ OMacHOCTH
A3l
k.
Ompenenenne (axTopoB
Hndopmarys pucka
0 THIE A32
ONACHOCTH
A,
AHaju3 nocIe/ICTBHi,
T —— BEPOATHOCTH M PHCKA
0 BO3MOKHBIX A33
(axTopax prcka
Pesynbrar
aHanmm3a 3
Bri6op MeTozia ¢ mocneyromeit
OIIEHKO# pHCKa
A34
Iokasarenu Tlokasarenn
pHcka Awnanus B3anMocesseit pricka
1 B3aUMO octeii
A35

AHauTHK

Puc. 5. Ilmarpamma A4 — nexommno3uuus 0;10ka 3 guarpammsl Al
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Ilan neficTuit Meroandeckne pekoMeH AN
Jlexnapanus 110 1Ipey ek IeHHI0 0 MOPSIIKE OCYIIECTBICHHS
Oesonackoctn I'TC ¥ mKBHanuH YC peryJspHbIX 00CIe0BaHHIH
TUIPOTEXHUYECKUX COOPYKEHHIT
CpaBHeHHe IOKa3aTenei
Tloxazaremn pricka PHCKa C JIOMyCTUMBIMU
3HaueHnsMu pucka YC
A4l
Pesynbrar
CpaBHEHHS v
ToKasareneii
Pa3paboTka THIIOBEIX
creHapues paspuTus YC
A42
/'y
Tunossie
CLICHApUH A4 Meponpustis
Pa3paboTka MeponpusiTrii | 10 MUHAMH3ALAN

10 cHikermio prcka mpu | pucka UC na I'TC
——»
HE0OX0IMMOCTH

|

A43

AHanuTuk

Puc. 6. /lmarpamma A5 — nexommno3unusi 6;10ka 4 quarpammbl Al

3akjao4eHue

Ha cerogusmnuii nenp ans kaxjaoro Buaa I'TC pa3paboTaHa cOOTBETCTBYIOLIAash MOJENb
yrnpasinenusi puckamu YC Ha o0ObekTe. C 1enplo YHHU(PHUKAIMKA U yI0OCTBA HMCIIOJIB30BAHUS IS
CIEeLUMANINCTOB Obula pa3paboTaHa yHUBeEpcaldbHas Mojedb ympasieHuss puckamu UYC
Ha THUIPOTEXHUYECKOM oOObekTe. JlaHHas MojJenb IMO3BOJSET IO MMEIOIIMMCSA CBEICHUSAM
O KOHKPETHOM THJPOTEXHMYECKOM OOBEKTE OINpPENeNIUTh TUI OOBEKTa, MpHUCYyLIUe eMy (haKTOpHI
OIIACHOCTH, HamboJjee BEpOSTHbIE aBapvM, a Takxke Mokaszarenu pucka YC M COOTBETCTBYIOLIME
UM paszpaboTaHHbIE 3apaHee TUIIOBble cueHapuu paszsutus UYC ¢ meponpuaTusMu
[0 MUHMMH3ALMU pUCKa ONpeneiEHHOro Buaa aBapuil. Takum oOpa3oM, NMpeasokeHHas MOEb
BBICTYIIa€T B KauecTBE HAuaJbHOIO JTala pEleHUs 3aJauyu obecreueHuss Oe30MacHOCTU
Ha TUAPOTEXHUYECKUX O0BEKTaX.
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MOJIEJIb IPUHATHSI PEIIEHA ITPU PEATUPOBAHUN
HA YPE3BBIYAUHBIE CUTYALIMU B YCJIOBUAX
HEOIIPEAEJIEHHOCTHA

“Illodees Tumyp 'epmanoBuy.
Cankr-Ilerepoyprckuii ynusepceuter I'ITIC MUC Poccnu, Cankr-Ilerepoypr, Poccus
ong.live.timbas@yandex.ru

Annomayus. 1lpobiema NpUHATHS YNIPAaBIEHUYECKUX PELLEHUM, HApaBJICHHBIX HA CHHYKCHUE
BO3MOYKHOTO COLIMAIBHOIO M 3KOHOMUYECKOro yuiep0a, NpHU pearnpoBaHUM Ha upe3BblYaiiHbIe
CUTYyalluH OCJIOKHSETCSI BBICOKOW CTEMEHBIO HEONpeeNieHHOCTH wuHpopManmu. B ycrmoBusix
HEONPEIEICHHOCTH MMPOKOE NPUMEHEHNUE HAUUIM METOIbl TEOPUU WIP, B OCHOBE KOTOPBIX JICKUT
TE3UC O PpalUOHAIBHOCTU JAEHUCTBUM JMIa, IpUHUMarouiero pemeHus. OJHAKO pa3iuyHbIe
UCCIICNOBAaHMs TIOKa3bIBAIOT, YTO JIMIA, NPUHAMAIOIIME pEIICHHs, B YCIOBHMAX YPE3BbIYANHBIX
CUTyaluil 00JaJaloT OrpaHUYEHHOM palMOHANbHOCTBIO. PelieHuss UM NPUXOAWUTCS MPUHUMATH
B YCIIOBHSIX 3HAYMTEIILHOIO PUCKA M HEOIPENEICHHOCTH, CYLECTBYET NOTEHIMAIbHAS BO3MOKHOCTD
MIOJTYYUTh HEOIAronpusATHBIC PE3yJIbTAaThl B BUJE 3HAYUTEIBHOTO pa3Mepa ymepOa. Jlanubie (axTops
OKa3bIBalOT CYILIECTBEHHOE BIIMSHME HA BBIOOP ONTHMAIbHBIX pelleHud. B naHHON crarbe
IIPEAJIAracTCsl pacIIUpUTh BO3MOYKHOCTH IPUMEHEHUS METOJOB TEOPUM WUIP IIPU PELICHUU 3a/1ad
pearupoBaHMs Ha Ype3BbIYANHBIE CUTYAl[MM, OOBEAMHUB UX C NOTEHUUAIbHBIMH IMPEUMYLIECTBAMU
TEOPUU NEPCIEKTHUB, YUUTHIBAIOIIEH OTPAHUYEHHYIO PAllMOHATIBHOCTD JIULL, IPUHUMAOLIUX PELLICHMUS.

Knrouesvle cnoea: IpUHATHE PELICHUN, pearnpoBaHUE HA YPE3BbIYANHBIE CUTYALlUU, TEOPHUS
UI'p, TEOPHS MIEPCIEKTUB, ONITUMAIBHOE PELICHUE

Jas uurupoBanusa: [lodees T.I'. Mogens mpuHATHA peEIIeHHH TPU pPEarupOBaHUM Ha YpE3BBHIYalHBIC
CUTYyalluu B YCIOBUsIX HeompeneneHHocTH // Hayd.-ananut. xxypH. «Becthuk C.-Ilerep6. yu-ta I'TIC MUC
Poccumy». 2023. Ne 1. C. 190-203.

Scientific article
DECISION-MAKING MODEL FOR EMERGENCY RESPONSE UNDER
UNCERTAINTY

XShofeev Timur G.
Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
Hlong.live.timbas@yandex.ru

Abstract. The problem of making management decisions aimed at reducing the possible
social and economic damage when responding to emergencies is complicated by a high degree
of information uncertainty. In conditions of uncertainty, game theory methods have been widely
used, based on the thesis of the rationality of the decisionmaker's actions. However, various studies
show that decision makers in emergency situations have limited rationality. They have to make
decisions under conditions of significant risk and uncertainty, and there is a potential for adverse
outcomes in the form of a significant amount of damage. These factors have a significant impact
on the choice of optimal solutions. This paper proposes extending the application of game theory
methods to emergency response problems by combining them with the potential advantages
of prospect theory, which takes into account the limited rationality of decision makers.

Keywords: decision making, emergency response, game theory, perspective theory, optimal
decision
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BBenenne

[IpoGnema TpHUHATHS aJeKBAaTHBIX YIPABICHYECKUX PEIICHUH Ha JTame pearupoBaHUS
Ha uypesBbruaiiibie cutyaruu (UC) pa3nmuyHOro xapakTepa OCTaeTCs B HACTOSIICE BpEeMs Ba)KHOM
u akTyanbHOM. Tak, Ha OCHOBE MOJYYEHHBIX JaHHBIX U3 MexayHapoAHON 0a3bl MO CTUXUHHBIM
6encteusiMm (EM-DAT) 3a 2022 r. Bo BceM Mupe 0b110 3apeructpupoBano 432 xpynHsix UC, 4to
3HAYUTENBHO BbIlIE cpeaHero nokaszarens B 357 UC 3a 2001-2021 rr. [1]. [Ipomsomenmme HYC
npusenu K 10 492 norubmum, 101,8 MIH TpaBMHUPOBAHHBIX C OOIIMM 3KOHOMHYECKUM YLIEpOOM
okozo 252,1 mapxa nomt. CILIA. B Poccuiickoit @enepannn Taxke HaOIOAAECTCS pOCT JUHAMUKU
UC B 2022 1. (+16,6 %) u xak pe3yabTaT MOBBIIICHHE TIOKa3aTeneld KonuyecTBa xeptTs (+39,1 %),
TpaBMHUpOBaHHBIX (+78,5 %) u MmarepuanpHoro yuiep6a (+12,8 %) [2].

C yueToMm cloKUBLIEICS HEraTUBHOW TEHACHLIMY POCTA YKCia IPOUCLIECTBU, BO3IEHCTBUS
UX Ha 0€30MacHOCTh HACENEHUsl U COLMATbHO-DKOHOMUYECKYIO cpepy rocyaapcrsa, CTOUT 3ajada
000CHOBaHHUS IMyTe CHIXKEHUS BO3MOXKHOTO yiepOa U BO3JIEHCTBUS Ha OKPYIKAIOIIYIO CPENy, UTo,
HECOMHEHHO, TpeOyeT Hay4yHOro MOoJXOJa M IPOBEACHHUS COOTBETCTBYIOLIUX HCCIIEIOBaHUI.
Bo MHorom pnanHas 3ajaya pelaercs 3a CYET NMPUHATHUS NMPABWIBHBIX ONEPATUBHBIX PEIICHUI
Ha JTale pearnpoBaHus Ha Pa3IuYHOro pojaa MPOUCIIECTBUS.

[Ipobnema TpPUHATHS YNPaBICHYECKUX PEUICHWH, HANpPaBICHHBIX Ha CHW)KCHHUE
BO3MO’KHOT'O COIIMAJILHOTO M 3KOHOMHYECKOro yiiepoa, mpu pearupoBanur Ha YC ocnmoxHseTcs
BBICOKOM CTENEHBIO HEOMpeAeNeHHOCTH WH(OpManMu pa3audHoil mpuponsl. Eciam B ycrmoBusix
TIOJTHOW OMPEIEIIEHHOCTH JII000€ JIelicTBHE JIUIoM, NTpuHuMaromumM pemenue (JIITP), omnoznauno
MIPUBOJUT K OIPEIEICHHOMY KOHEUHOMY pE3YyJIbTaTy, TO B YCIOBUSAX HEONPEAEIEHHOCTU KaXkKI0€
neiicteue (ctpaterus) JIIIP mMoxker mpuBecTH K MHOKECTBY BO3MOXKHBIX pe3yibTaTtoB. [Ipu sTom
naHHas TpoOjeMa uMeeT OONBIIyI0 COIUaibHYH 3HauuMocTh, W oT JI[IP B ycroBusx
HEOIpeICIEHHOCTH TpeOyeTcsi BRIOpaTh ONTHUMAJIBHYIO AIbTEPHATHBY ACUCTBUI MPH pearupoBaHUN
Ha YC B uHTepecax MHUHUMHU3ALMU YHUCIA TMOCTPAJABIIMX U CTAOWIM3AIMU CKIIAbIBAIOIICHCS
00CTaHOBKHM Ha TEPPUTOPHH.

[Tpu pemieHuu 3aaa4y NPUHATHUS YIIPABIECHYECKUX PEILICHUHN B YCIOBUSAX HEONPEECIEHHOCTH
LIMPOKOE NMPUMEHEHHME HAIIN METOAbI TeOpUH Urp. Ho B OCHOBE JaHHBIX MOAXOOB JIEKHUT TE3UC
0 pauroHasnbHOCTH nevictBuil JIIIP. Paznuunbie uccineqoBanus nokassiBarot, 4yto JIIIP B ycmoBusx
YC obmagaer OrpaHMYEHHOM pPAallMOHAIBHOCTBIO, TaK KAaK TMPUXOAUTCS YNPABIATh CIOKHBIMU
JUHAMHUYECKMMHM CHUCTEMAMHM B YCJIOBHUAX 3HAQUUTEIBHOIO pPUCKA U  HEONPEIEIECHHOCTH,
00yCIIOBIMBAIOIIMMHA BO3MOXKHOCTh TOJYYHTh HEOIAroMpUSATHBIE PE3yNbTaThl, YTO OKAa3bIBAET
CYILLIECTBEHHOE BIIMSHHE Ha BBIOOp NMPUHUMAEMbIX PELICHUN W MOBEACHUS B LieJoM. B nanHoM
HCCIIEIOBAaHUM TIPEIaraeTcsl pacliupuTh BO3MOKHOCTH IPHUMEHEHUS METOAOB TEOPUHU WIP IpPH
pemiennn 3amaud pearupoBanus Ha UYC, o0bEIMHUB HX C TMOTEHIUAIBHBIMHU MPEHUMYIIECTBAMHU
TEOPHUU MEPCIEKTUB, YYUTHIBAIOIEH OrpaHUYEHHYIO parmoHaibHOCTh JITTP.

MeToanl ncciie10BaHNH

Urposble Moaenu npuHATHS perieHni B ycaoBusax YC OTHOCATCS K KIacCy UIp ¢ IPUPOAOH.
Hecomuenno, metoapl Teopuu urp [3] SBIASIOTCS TOJE3HBIM HHCTPYMEHTOM JUJIsI OOCCTICUCHHS
MaTeMaTHYeCKOTO OOOCHOBAHMsI IpOIlecca BBIOOpA ONMTUMAIBHOW CTPATETHH U OJHOTO UTPOKa
110 OTHOUIEHHIO KO BCEM BO3MOXKHBIM CTpAaTETUsM JAPYTUX UIPOKOB Ha MPOTSKEHUM BCEU UIPHI.
To ecth Teopus urp B menoM MoxeT nomoub JIIIP BeiOpaTe Hamiexamme Mepbl sl PEIIeHUS
pPa3IUyYHBIX CHUTyaluii, KOTOpblé MOTYT BO3HMKHYTh B xoje peanbHbix UC [4, 5]. IIpoGnema
npunsatus pemenuit B UC mpexacraBisier co0OW THUMWYHYIO AHTAarOHUCTHUYECKYIO WIPY, €CIH
MBI paccMaTpUBaeM BHEIIHIOW cpeay (MPpUpOAY), TEHEPUPYIOUIYI0 MOTEHIMAIbHbIE OMAaCHOCTH,
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u JIIIP kak urpokoB, B koTopoi pazsutue YC u mpoliiecc pearupoBaHus MOTYT paccMaTpPUBATHCS
B KauecTBE HEKHUX cleHapueB HMrpokoB. Ho HeoOXOOMMO OTMETHTb, YTO METOMAbI MPUHATHS
pemienuii B YC, ocHOBaHHbBIE Ha KJIACCHUUYECKON TEOpUHU UIp, Ipenmnosiaraior, uro urpox (JIIIP)
o0aaeT B MOJTHOW MEPEe PallMOHATBHOCTBIO [6].

[Ipunsatue pemenuit B yciaoBusix YC tpedbyer ot JIIIP, kak mpaBuiio, HETPUBHAIHHBIX
pemieHuid, Tak Kak xapaktep Jo6oi YC oTiamuaeTcss BBICOKOW JWHAMUKOH, PHCKOM
Y HEONPEIEIeHHOCThIO [7—9]. Hayunbie paboThl B JaHHOW MPEAMETHON 00JaCTH MOKA3bIBAIOT, YTO
JIIIP B ycmoBusax YC oOnamaeT OrpaHUYEHHOW PAIMOHATBLHOCTBIO, TaK KaK HAXOIUTCS IO
OOJBIIUM TCUXOJOTHYECKUM JIaBIICHUEM, KOTOPOE OIMPEAeNseTCsS BO3MOXKHOCTHIO HACTYIJICHHS
OTPOMHOTO COLIMAIIBHOTO HJIM MaTepHaJbHOTO yuiepOa, YTO OKa3bIBAET CYIIECTBEHHOE BIIUSHUE
Ha €ro pelIeHus IpU YIPaBICHUHU B CI0XKHONU oOcTaHOBKE. M, KOHEUHO, AJaHHbBIE (PaKTOPBI XOTEIOChH
Obl YYUTHIBATh B MOJIEJIH MPUHATHUS PELICHU.

HaunbGonpmmii Bkaag B pa3BUTHE KOHLENUUU OTPaHUYEHHOM palMOHAIBHOCTH, KOTOpas
mo3xe TpaHchOpMUPOBATIACh B TEOPUIO TepcrekTuB, BHecnu Tpyasl . Kanemana, A. TBepcku
u K. Cranosuua [10-12].

Teopus urp, Kak OJUH U3 pa3Je]oB MCCIEA0BaHUs ONEpallii, MO3BOJISET MaTEMaTHUECKU
00OCHOBAaTh BBIOOP HAWIyYIIEH CTpAaTerWu MACUCTBUHA I KaKJOW BO3MOXKHOM CHTYyalluH,
CJIOKUBILEHCA MEXIy UIPOKaMHu B Mpouecce Bced Urpbl. [JaHHbIE MOAXOJbl TEOPUH WP BIOJHE
MOTYT UMETh MECTO I 3a/1a4 NpuHATUs pemeHui B ycnoBusax YC, B kotopsix JI[IP nomxken umers
COOTBETCTBYIOIIEE PELICHUE B OTHOLLIEHUH Pa3InuHbIX mpossieHuit YC.

He nHapymas o0mHOCTH pacCyKIeHHH, MPOIECC MPUHITHUS PEIISHUS MOKHO MPEACTaBUThH

B CIIeAyIOIeM Buje, kKak F = {(Si;Vi), i=1 2}, rae Sj ¥ Vi cTpaTreru U BBIMTPBIIIHU I-F0 UTPOKa
(rne 1 — cpenma, 2 — JIIIP). Crparerus S; omnpenensercsa Kak S, :{Siki}, rae Ki — MHOXeCTBO

crpareruii i-ro urpoka. Takum o0pa3om, B pamkax chOpMyIHpOBaHHOM 3aqaun yrpasieHus B UC
s cpensl (mpupoasl) Habop cutyauuid YC mnpumer BuI Sl = {516.,9 =12,..., kl} , ams JIIP

ke Habop pemieHuii (anbTepHAaTHB) MO pearupoBanuto Ha 6 YC Oymer S, :{52 5:0=1 2,...,k2}.

B ciyuae ecim V, (S,)+V, (S,) =0, 10 Takas urpa Gyaer ABIATbCS UIPoii ¢ HyNeBOii CyMMOI.

Ha mpakTtuke Bce UIpBl € MNPUPOJOM JAEIATCA HA JIMHAMMYECKHE U CTAaTHYECKUE.
CraTudeckas XapaKTepuU3yeTcsi TeM, 4YTO B HEH YYAaCTHUKM COBEpUIAIOT OJHOBPEMEHHbIE
U TIOCJeIoBaTeNbHbIE JAEWCTBUS, HE 3Hasg TOYHOM HMH(OpMALMM O AECUCTBUAX IPYrOd CTOPOHBI,
B IPOTUBHOM cilydae urpa Oyzaer nuHamuyeckoid. C 0HOM CTOPOHBI, Ka3ajoch Obl, UTO B 3a7ayax
npuHsatuss  pemwenuii B YC mpupoma  Bcerma  coBepliaeT  IEHMCTBUE  NIEPBOM, IOITOMY
paccMaTpuBaeMbIi IIPOLIECC MOXKET OTHOCUTBCA K THUIy AUHAMU4ecKod urpbl. Ho B peanpHOCTH
u3-32 HETO4YHOM M HemonHOM wuHpopmauuu o YC, orcyrcTBuM HHGOpPMAIMM O CIEHApUU
€€ Pa3sBUTHs PACCMATPUBAEMYIO UIPY JIOTUYHEE PACCMATPUBATh B Ka4eCTBE CTATUYECKOM. JlepeBo
TaKOW UTpHI MIpe/IcTaBIeHO Ha puc. 1.
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Cpena JH.IP
oW/ S

_ )
A AN o3 = )
5 & ek T2 vk

Puc. 1. lepeBo urpol mesxny npupojaoii u JIIP

Tak kak JONMyCTMMO OIMCBHIBATh 3ajJady NpUHATUA pemieHuid B ycnoBuax YC B Buue
CTaTUYECKOM Urpbl, TO IUIATEKHASI MaTPHIlA UTPbI MOXKET OBITH IpecTaBiIcHa B Bue Tadm. 1.

Tabmuma 1

IInare:xxHasi MaTpUIa UrPbI

CPEJA
S, . S, Sy,

Sy (Vl(sll1SZl)’V2(811’821)) - (Vl(SlH’521)1V2(Sle’821)) (Vl(slkl’SZl)’VZ(Slkl'SZl))

==

Sus (V1(S11’825)!V2(811’825)) (V1(819’825)!V2(Sw’sza)) (Vl(slkl’SZ&)’VZ(Slkl’SZ(S))

Sai) (V1 (811’ Szkz ) Vs (8111 SZk2 )) (V1 (Swv Szkz )1V2 (Sw’ 82k2 )) (Vl (Slk1 +Sak, ) Vs (Slk1 +Sa, ))

B obmem Buzje cxema MrpoBOro Ipolecca Mexay cpeaol, reHepupytomein UC, u JIITP
NpeJCTaBlIeHa Ha pPUC. 2, MPH ITOM IMPEINOoJaraeTcs, YTO CpeAa BBIOMPAET CBOIO CTPATETHUIO
CIIy4aiiHbIM 00pa3oM.
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PearupoBanune na UC

Onrumaibioe
BO3MOJICHbBLE pemenne BO3MOJICHbLE
cyenapuu T cmpamezuu
Cpena / Cuenapwii 1 L, Crparerns 1 JITIP
| ] - - -
Pt Cuenapwmii 2 ———» <«— Crparerus 2 ?
~ AN _ ‘ &
- Hrpa -
’i Ke B, 3 ? ‘*
Cuenapuii k; V(8. 5:) | 73 (S-5:5) Crparerus k;

Puc. 2. Cxema urpsi mexay cpenoii u JIITP

Kak ykaspiBasioch BbIlIe, Mncuxosjoruyeckoe cocrosHue JIIIP, Haxomsgmerocs nox
JaBJIEHUEM, SIBJII€TCSI KIIOYEBBIM U BaXXHbIM (DAKTOPOM B IpPOLECCe NPUHATHS peLIeHUH
B ycioBusix YC. Ho Takoil BakHBIM BOIIPOC UTHOPUPYETCSI B TEOPUH WP, MOITOMY ISl PELLEHUS
JAHHOM mpoOJeMbl MpejaraeTcss MNPUMEHUTbh METOJbl TEOPHUM HEPCHEKTHB, MO3BOJISAIOIINE
B HEKOTOPOM CMBICIIE CHSTh JaHHOE OTpaHUYEHUE.

Teopuss mepcrnekTuB BHepBble Oblia mpeacTaBieHa B uccienoBanusax JI. Kanemana
u A. TBepcku M mozxe UMH OblIa IepeorpenesieHa KaK TEOopHs SKOHOMHUYECKOTO IOBEJCHMUS.
ABTOpamMH JaHHOW Teopuu OBLIT OMPEAETICH METOX ISl OMMCAHUS MCUXOJOTHYECKOTO MOBEICHHS
JIIIP ¢ npumeHeHneM (YHKLIMU LEHHOCTH, 0a3UCHBIX TOYEK (CPEIHEro OXMJAHHs OTHOCUTEIHHO
OIIpEe/ICNIEHHON BBITO/Ibl WJIM MOTEPH), BHIMIPHIIIEH U BO3MOXKHBIX 1TOTeph. [IpocToTa BhIYMCICHUS
U 4YeTKas JIOTMKA JaHHOW TEOpUH IO3BOJSIIOT TOBOPUTH 00 0O0JACTH NPUMEHEHUS HE TOJIbKO
B 3a/1a4ax, CBS3aHHBIX C NPHUHITHEM PEIICHWH B 3KOHOMHKE, HO M B IEJIIOM, IIe HEOOXOIMMO
YUUTBIBaTh Icuxosiornyeckoe noseneHue JIIIP, uro B mosHONW Mepe COOTBETCTBYET Ipobiieme
npusstus pemenuit JITIP npu pearnpoBanuu va YC [13, 14].

B o0miem Buze B mporecce NpUHATHS pellieHH Ha OCHOBE MPUMEHEHUS TEOPUU NEPCIEKTHB
paccMaTtpuBaroTcs cienytomue stamns ($hassr) [10]:

1. Oran penaktupoBaHus, Ha kotopoM JI[IP B cooTBeTCTBUM C OmpeAereHHO 3apaHee
0asucHOW TOYKOW ompenensier aias ce0s MOTEHUMAJbHbIE BBIUIPHILK U TMOTEPU  JJId
paccMaTpUBAEMbIX MEPCIIEKTUB (aIbTEPHATHUB).

2.Jtan OueHKH. Ha 1maHHOM ATOM »JTame MPOXOAWT OICHKA 3HAYEHWH OTHEIhHBIX
NEPCHEKTUB Ha OCHOBE (DYHKIMH LIEHHOCTH, 3aTe€M O0IUe 3HAUCHHsI albTEPHATUB PACCUNTHIBAIOTCS
Ha OCHOBE 3HAYEHU MEPCTIEKTUB U (PYHKIIUK BECOB.

3. Oran BbIOOpa, /i€ aJbTEPHATHBHBIM BapHaHT ¢ HAMOOJBIIMM 3HauE€HHEM IOKa3aTes
LIEHHOCTH OyJeT BbIOpaH KaK HAaWIy4yIIMd B paMKax pelIeHUs MpOoOJIEeMbl MPUHATUS PELICHUS
B YCJIOBHUSIX CKJIA/IbIBAIOIIEHCS] 0OCTAaHOBKH.

CornacHo Teopuu nepcnektuB, JI[IP oObruHO Oosiee UYyBCTBUTENBHBI K IOTEPSIM, YEM
K BBIMIPBIIIAM, M UX TICUXOJIOTMYECKOE TOBEIEHUE NEMOHCTPUPYET CTPEMIIEHHE K PHUCKY pagu
NOTeph M HENpUATHE pUCKAa paiau BbMrpeima [15, 16], 4yTO COBEpIIEHHO HE YYHUTHIBAETCS
B KJIACCUYECKUX MOJAXOJaX MPHU UCIOJIb30BAaHUN UIPOBBIX MOJENEH B IPUHATHN pemieHuid. [Ipuuem
s JIIIP Bo3MOXHBIE NOTEPH KaXKyTCsl HAMHOTO CEphe3HEe, YeM MOTEHIUAIbHbIE BBIUTPHIIIH.
JlaHHble paccykIeHHus (OPMUPYIOT COOTBETCTBYIOIIMI BUA (DYHKIUM IIEHHOCTH, KOTOpas
OTIpEe/IeISIeTCSl C YYETOM OTKJIOHEHUH OT Oa3MCHOM TOYKHM, MMEET BBINYKIYI0 (GopMy B obnactu
NoTepb U BOTHYTYIO (OopMy B 0OJAaCTH BBIMIPHILICH, a Takke MMeeT Hambosiee KPyTOH HaKIOH
B Oa3zucHoi Touke (puc. 3) [11]. OyHKIMSI HEHHOCTH B TEOPHM MEPCHEKTUB CBsi3aHa ¢ 0a3MCHOMN
TOYKOH U BhIpa)kaeTcs CTENEeHHOW S-00pa3Hoi ¢pyHKLuel B BUE:
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(X) X*, x>0
VI IX)=
—ﬂ(—x)ﬁ , Xx<0
rIe « — TapameTp, OTHOCSIIMNCS K BBIMIpBILAM; [ — Tapamerp, CBS3aHHBIA C IOTEPSIMH;
0<ea, F<1, x>0 - obozHayaer Bpmrpeiim, X<0 — morepu, A — oOO3HAYaeT mMapameTp

HenpusTHs pucka, A>1. 3HaueHus mnapametpoB o, [ U A ONPEICIAIOTCS C IOMOIIBIO
AKCIEPUMEHTOB.

L{EeHHOCTb
A

, ' > BbINMPLILLIN
rnorepu | 0 Xo X

!

!

Puc. 3. ®yHkuus HeHHOCTH B TEOPHH MEPCIEKTUB

B nensx pemenust 3ajauv OpUHSTHUS pelieHUil npu pearupoBaHuun Ha YC HeoOXoaumo
YUUTHIBaTh BBINIEONUCAHHbIE TNcuxoyorudyeckue ocodenHoctu JIIIP, a 3Ha4yMT, mepcrneKTHBHBIM
NpeJCTaBIseTCs Npolecc O0bEIUHEHUS MPEUMYIIECTB TEOPUM UTP M TEOPHM IMEPCHEKTUB s
MOJIy4EHUsl X cuHeprerudeckoro 3ddexra. OOmias cxema npuHATUA pemeHuil B ycnosusx YC npu
UCIIOJIb30BAaHUN TEOPUM UTP U TEOPUHU INEPCIEKTHB IpPEICTaBlIcHa Ha puc. 4. B meiaoMm ee MOXHO
IIPEACTABUTD B BUJIE TPEX OCHOBHBIX JTaIlOB:

1. ®opmanuzanusa 3anauv NPUHATHS pewmeHUd npu pearupoBaHuu Ha YC, BXOAHBIX
U BBIXO/IHBIX [TAPAMETPOB MOJEIHU, KPUTEPUEB BBIOOpA ONTUMAIbHBIX PEIICHUM.

2. Boruncienne oOIMX 3HaYeHUH LIEHHOCTH MEPCIEKTUB: B ATOM 4acTH (YHKLUS LIEHHOCTH
OyJeT UCHONB30BaThCA JJs BBIYUCIEHHS OOMIMX 3HAYEHMH NEpCleKTUB B COOTBETCTBUU
C IOTEHIIMAILHBIMA BBIUTPHILIAMH U TIOTEPSIMH.

3. Onpenenenue ONTUMAJIbHOU aJbTCPHATHUBBI (cTparerun) pearupoBaHus
Ha cooTBercTBytomyto YC Ha OCHOBE aHaiM3a IUIATeKHONM MaTpullbl WUIPbl C Y4ETOM
ncuxosiornueckoro mosenenust JIIIP, QopMann3oBaHHOrO ¢ TOMOIIBIO TOJIXO0/a TEOPUH
[IEPCIEKTHB.
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basucHeie
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TOYKH
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A

A 4

A

Bumrpeimm n DyHKLHS
NMOTEPH HEHHOCTH
Oman

PeoaKmuposantis

Dman oyerku

Puc. 4. Odmasi cxema npuHATUSA pemienuii B ycaousax YC
NPH MCIOJIb30BAHNU TEOPUH UIP M TEOPHHU NePCHEKTUB

Pe3y.]'IbTaTI>I HCCJICA0BAHUA U UX 06cy>1czle}me

Kak mnpasuio,

Dopmanuzayus 3a0aqu

OCOOCHHO Ha HAYaJbHOM JTarne BO3HMKHOBeHMs U paszButus YC,

nocrynaromiasi UHGOpMaIKs MOXKET ObITh MPOTUBOPEYUBON U HEMOJIHOM, a TakXKe MOXKET
nuHaMuuecku MeHsThesa. B cBsizum ¢ atum JIIIP pocratouno cioxkno omucath YC, HCHONB3yS
TOYHBIE OIEHKHA BXOJHBIX TMapaMeTpoB. [loaTomMy uis OIEHKH BO3MOXKHOTO yiiepOa M TOTepb
ot YC OyayT HCHONB30BaThCSl MHTEPBAJIbHBIC 3HAUCHUS, & TOUCUHBIE — JIJII CTOUMOCTH Ka)O0To
U3 MHOXECTBa albTepHATHBHBIX pemieHuil [17]. B pamkax ¢opmanuzanuu pemaemMon 3aaadu

BBCICHEI CIICAYIOIIHNC 0003HAYCHMUST:

S, :{Sw} — MHOXECTBO BO3MOXHBIX CHUTyallui, Bo3HUKamomux npu YC, reHepupyemsbix

cpenoit, rie =1, 2,..., k.

= — MHOXECTBO CT aTel‘I/II\/'I AJIBTCPHATUBHBIX HeﬁCTBHﬁ IIPU pecarupoBaHUUu
S, =15y JITIP

HaUC, e 0 =1, 2,..., k,.

X :{Xm} — MHOJKECTBO KpUTEpHEB (HAampuUMeEp, KOJUYECTBO MOrMOIINX, MOCTPAIaBIINX,

pasMep MaTepHaibHOro yiepoa, yiuepod okpy»xaromieii cpene u ap.), rme m=1 2,..., M .
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W, :(a)xl,..., Wy ) — BEKTOp BECOB KpuTepues, rae W, mpeicraBiseT coboil Bec M-ro
M
KpUTEPHUS, Za)x =1, oy e[O, 1], m=1 2,..., M.
=1

C, — DKOHOMHYECKAs OLICHKAa CTOMMOCTH NPHHSITHS O -JACHCTBUS TIPH pPearupoOBaHUH
Ha UC, rne 0 =1 2,..., Kk,.

Rom = [RHLm, R;m], Rl >R, — BepxHME ¥ HIDKHHE 3HAYeHHs OAa3UCHBIX TOUYCK,
omnpenenasiempie  JIIIP  mns kaxkmoro mM-ro kpurepus B O-ii curyauun (m=1 2,..., M,
0=1 2,..., K ), KOTOpble ONPECISAIOT IICUXOIOrHYeckue opueHTupbl s JITIP.

L H H L L
Esm =[E5m, Eém], E;n > Es, — HMHTEpBal NIPOrHO3MpyeMOro ymepba, B kotopom Eg
u E; mpexcraBisitor coboil HuKHEe U BepxHee 3HaueHue yuiepba ot UC npu peanmsaiuu O -ro
BapUaHTa pEIIEHHUs OTHOCHTENbHO M-ro kpurepus. Ej, 00bYHO ompenenseTcs onepaTHBHBIM

mrabom Ha mecte UC, m=1, 2,..., M, 6=1 2,..., k,.

Oyenka sviucpviuieli u nomepsb npu 8bloope arvmepHamunvix cmpamezuil JIIIP

B ycnoBusax BosHukiied YC M ee BO3MOXKHBIX CUTyaluMil uist npuHsATus peweHus JIITP
HE00X0IMMO cOOpaTh COOTBETCTBYIONIYIO WH(OPMAIIMIO O BO3MOXKHBIX PUCKAX M TEPCIEKTHBAX
pPa3BUTHUSI HETAaTUBHO CKJIAJBIBAIOUICHCS OOCTaHOBKM, IIOTEHIHMAIBHBIX moTepsx. CorimacHo

coOpanHoil unpopmanuu, JIIIP Gopmupyer cooTBeTcTByIOIIYI0 0a3ucHYI0 TO4Yky R, —am1s m-ro
kputepust X, B @-i curyauuu S,,. BEIMrphIM ¥ noTepu MOTYT OBITH ONpPE/IEICHBI HA OCHOBE
0asuCHBIX TOUeK R, ¥ HpenBapHTENLHO ONPEAETIEHHOTO0 MHTEpBala IMPOTHO3UPYEMOTro yiepoa
E,,, UIf pa3IM4HbIX aJbTEPHATUBHBIX BapuaHTOB neiictaust JIIIP.

HOCKOHLKy Kak OasHCHEIE TOYKH, TaK M 3apaHCC HpOFHO3preMBII>’I ymep6 BbIPA’KCHBI
B BUAC HHTCPBAJIBbHBIX 3H3‘I€HHI>1, TO JOJI?KHO OBITH MMPpOaHAJIU3UPOBAHO B3aMMOPACIIOJIOKCHUC

uHTepBanoB R, u E; B MHTEepecax OLEHKH NMOTEHIMAIBHBIX BHIMIPBILICH U MOTEPD B MIATEKHON
MaTpULE UTPbI IIPHU NIPUHATHHA COOTBETCTBYIOIIMX AercTBHi JITIP.

Bce BO3MOXKHBIE BapHaHTBI pacnojoxeHHs uHTepBanoB R, u E; oTHocuTenbHO Apyr
Apyra MpecTaBIeHbI B Ta0I. 2.

Tabmuma 2

BapI/IaHTI)I BO3MO’KHBIX pacnonomeﬂnifl HHTEPBAJBHBIX 3HAYEHUH R&m H E§m

I'padmyeckoe n300paskeHUE B3aMMOPACIIONIOKECHUS
BapuaHT B3aMMOpacoNoKeHUs
HMHTEPBAJIOB
l Eb‘m l l R()m l
H L )
1 E: <R L H L H
om om Eﬁm Eém RBm RHm
| Rgm | E(Sm
H L L H C ] >
2 RHm < E(Ym Rem Ré)m Eém E§m
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BapHaHT B3aiMODACIOIOKEHIS I'padmueckoe n300pakeHUE B3aMMOPACIIONIOKECHUS
i P WHTEPBAJIOB
Rem
E
L L H H sm
3 E,., <R, <Ej, <Ry, ]
EL Rt EH RH >
om om sm om
R E&m
L L H [ [ . ‘? W
4 Rom < Esm < Rom < Esn R
L L H H
R9m Egm RBm Eb‘m
E&m
S E. <R, <R/ <E[ Rom
om Om om Sm goeeeesihees
: : >
L L H H
E&m Rﬂm RHm E5m
Rem
6 R <E- <E? <RM Esm
om Sm om om I_l
'
L L H H
Rgm E&m E(Sm R&m

Ecin 3Havenune mporHozupyemoro yuiep0a IpH ONpEAETIeHHOW ajJbTePHATHUBE OKA3bIBACTCS
BBIIIIE 33/1aHHON 0a3MCHOM TOYKH, TO 4acTh IMPEBBIILICHNS MOXKET pacCMaTpUBATLCS B KaUeCTBE NOTEPU
JITTIP. B ciydae ecim pa3mep yiepOa albTepHATHBBI HUKE OA3UCHOM TOYKH, TO OCTABINASICS YaCTh
MOXET paccMaTpuBarhes Kak BbiMrpsi mist JIIIP. B tabn. 3, 4 mpeacrasnensl ¢opMysbl pacyera
3HaueHui Bbmrpsiuei (Gy,) u morepb (Ly,) A1 BceX BO3MOMKHBIX BAPUAHTOB PACIIOIOKECHUS

untepBanos R, u E; oTHOcuTenbHO npyr apyra.

Tabnuma 3

®opmybl pacuera 3Havennii G, u Ly, JIIIP oTHOCHTE/IbHO KPHTEPHS IIOTEPH»

Bapuant B3auMopacnonoxeHus Bemrpsimn Gy, [otepu Ly,
1 EN <Rb RS, —0.5(Ej, +EN) 0
2 R <EL 0 Ryy —0.5(E5, +Ex)
3 EL <R. <EN <RM 0.5(R}, —Ej, ) 0
4 R <EL <R <EN 0 0.5(Rp, —Ef)
5 EL <RL <RI <EN 0.5(R}, —Ej,) 0.5(Rjy, —Ef)
6 Ry, < Esn <Egn <R 0 0
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Tabnuma 4

®opmybl pacuera 3Hauennii G u Ly, JIIIP oTHOCHTE/IbHO KPHTEPHSI «BHIMTPHILD

BapuaHT B3auMOpPaCIIONOKEH s Berurpsimn Gy, Hotepu Ly,
1 EN <RL 0 0.5(Ey, +Efn ) - R,
2 R <EL 0.5(Ej, +Egm )~ Rim 0
3 EL <R. <EM <RM 0 0.5(Ej;, —Ri)
4 RL <EL <R" <EM 0.5(E);m - R;m) 0
5 EL <R. <RI <EN 0.5(Ef, —Ri) 0.5(Ey, —Rpy )
6 RL <EL <EN <R 0 0

Ha ocHOBe BBIYMCIICHHBIX 3HAUYEHUI BBIMTPHIIEH U TIOTEPb, MPEACTaBICHHBIX B Tab1. 3, 4,
MO>KeT ObITh copMupoBaHa MaTpula Beurpeimeir GM, u matpuna noreps LM, . [l MaTpuiist

GM, ontumansHbiM pemieHueM JIIIP Oyner HamOosblliee 3HAUEHUE BBIMIPBIINA, JUIL MAaTPUIBI

LM, — HauMeHblIEE 3HAUCHHE TTOTEPb.

Janee o0mue 3Ha4YEHHsS] NEPCHEKTUB MOTYT OBbITh PAaCCUUTaHbl C IOMOIIbIO (PYHKIIMU
[ICHHOCTU Ha OCHOBE IOCTPOCHHOM Marpulbl mpudbuiedd u yoeitkoB GM,, LM,. Marpumy

BBIMTPBILIEHR B 6 -1 cuTyanun o6o3naunm GM , =(G a matpuny noreps LM, =(L
p Y 0 o5m puiy p 6 g5m

oxm?’ )5><m .
JI1st OLICHKH 3HAYCHHI TIEPCIICKTUB CTPOSITCS MATPHIIBI ICHHOCTEH B KaX oW 6 -if cuTyanuu
VM, = (Vgsm ) 5.0 » THE:

Vam =Gun” +| A(~Ln) | 0= 20 K, 5=1 2k m=1 2, M L (1)

B HaHHOM BBIPAKCHHUU Vi, O03HAYACT 3HAYCHUC IICPCIICKTUBLI SZ s B CHUTyallliu SlH

[0 OTHOIICHHUIO K KpUTEpuio Xm. Perrenue mpoOiembl BbIOOpa 3HAYEHHI mapaMeTpoB o, [ u A
onucanbl B padore [11]. YpaBHenue (1) Oyaer MCHONB30BaThCS Ul OLEHKU CTENEHHM BBIUTPBILIEH
U 11oTepb. UeM BBIIIE 3HAUEHUE V,;, , TEM B OOJIbLIEH CTENEHNU peleHre Oyaer ynosuaersopsts JIIIP.
IIo mpuuymHe TOro, YTO IPU OLEHKE PELICHUS MCIOIb3YETCd HECKOIbKO KpPUTEPHUEB,
UMEIOIIUX pa3Hble eIMHUIIBI U3MepeHHsl, a TpedyeTcss GOopMUPOBaHUE UHTETPATbHOTO IOKa3aTels
ounekn nepcnektuB JIIIP, To HeoOXomUMO V,;, NPUBECTH K OJAHUM M TEM K€ EIAMHHUIAM

HU3MCPCHHUA. I[O6I/ITLCH 9TOIr0 MOJXHO 3a CHET HOpMAJIM3alun ManHI.IefI LIEHHOCTEH I10 KaxxA0OMYy

nu3 KpI/ITepI/ICB. TaKI/IM 06pa30M, HOpMHpOBaHHaH ManI/IHa HeHHOCTeﬁ VMH =(V€5m) MOXKET
oxm

OBITH MOJTyYEHA CIEIYIOLUM 00pa3oM:

‘_/95m=‘/25m ’ 0=la 2;-"1 kl’ 5:11 2!‘“1 k2! m::L 21---1 Ma (2)

Vogs

Tae Vg5 = Tgﬂx|‘/ea‘m|-

Ha ocHoBe HOpManm30BaHHOI MaTpHIilel ieHHOCcTe VM, n BekTopa BecoB kputepueB W,

UHTETPAIbHBIC OIIEHKH IEPCIIEKTHB KaXJIOH aJbTepHATHBBI S,; MOTYT OBITh pacCUYUTaHBI

C MOMOMIBIO CBEPTKHU OLCHOK I10 KAXKAOMY KPUTCPUIO:

vanWy , 0=1,2,..., k, 5=1 2., k, m=1 2., M. ©)

M=

0.95 =

1

3
I
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Bbl60p ONMUMAIbHOU cmpanmecuu Ha OCHoee aHajiusa ebluepbzweﬁ

Bomrpeimn cpeast u JIIIP OynyT ompenensTsCsi Ha OCHOBE WHTETPATBHBIX OIEHOK
nepcrektuB O, MOIy4eHHBIX ¢ MOMOIIBIO BhipaskeHus (3). Ha ocHoBe Bbmrpsimeii cpenst u JIIP

MOJKHO BBIOPATh ONTHMAILHOE aThTEPHATUBHOE PEIICHUE.

Kak Obu10 0OTMEYEeHO BbIIlIe, pacCMaTpUBaeMasi UTPa OTHOCUTCS K UTPEe C HYJIEBOW CyMMOM
MEXIy pa3yMHbIM HWIPOKOM M MPUPOAOH, MOITOMY JOCTAaTOYHO paCCMaTpPUBATh OIEHKY
Boiurpeiiieit JINIP nis npusstus pemenuii no pearupoBannto Ha UC.

[Tockoubky Kaxaoe anbrepHaTuBHOE pemieHue JIIIP nMmeer CBOKO AKOHOMHYECKYIO OLIEHKY

CTOUMOCTH 3aTpaTr Ha €ro pcajain3anuro C5 , TO IIpe€ajrara€Tcsa pacCMarpuBaTb 3HAYCHHUA y,I[eJII)HOI;'I
CTOUMOCTHU Ka)I(,I[Oﬁ AJIbTCPHATUBBI:

PZ(SZ):f(O%,CJ)z%, 0=1 2. k,5=1 2., k. @)

5

Bri6op ontumanbsHOW crpateruu JIIIP npumenutenbHOo kK KaxkaoMmy creHapuio YC
OCYILIECTBIISIETCS CAEAYIOIUM 00pa3oM:

Pz(Sw'S;&):maX Pz(swlszé)' (5)

ek,

B TepMmuHaxX TEOpUM HIP COBOKYIMHOCTH CTpPATETrHid (SM,S;) O3HA4YaeT, 4TO €clid cpena

CTeHepUpOBaJla CUTYalHI0 S;, B Ka4eCTBE CBOEH CTpaTeruu, To ONTUMalIbHbIM pemenueM amis JITP

Oyner crpaterus S,; .

B nenom anroputm pemienus 3agauu BeiOopa pemenust JIIIP npu pearmpoBannn Ha UC
OyZIeT COCTOATh U3 CIEIYIOIUX OCIEeI0BATENbHBIX I11AaTr0B!

1. Ha ocHOBe HCXOIHBIX [aHHBIX 00 HHTEPBAJIBHBIX 3HAUYEHHMSX Oa3UCHBIX TOouek R,
U TIPOTHO3UPYEeMOTo ymiepba Ej, oleHuBaroTCs NOTEHIMAIbHBIE BEIUTPHIIIN U HOTEPHU C TIOMOIIBIO
yYpaBHEHH, TMpPEICTaBICHHBIX B Ta0m. 3,4. PaccunTaHHble TOTEHIMANBHBIE BBIUTPHIIIN
U 1oTep GOPMHUPYIOT MaTPHUIIBI BEIMTpBIIIeH 1 noteps GM,, LM,,.

2. ®opmupyrotcs Matpunbl neHHoctd VM, ¢ nmomomero BelpakeHus (1), mocne uero

HPOMCXOMT Ipoliecc ux HopMaim3auuu VM, , ¢ ncrosb3oBaHneM BbIpaXeHuUs (2).

3. Crpoutrcst wunterpanbHas oneHka Oy crpaternit JIIIP 3a cuer CBepTKM OLIEHOK

0 KKJOMY KPUTEPHIO C TIOMOIIBIO ypaBHEHHUS (3).
4. C ydyeTroM (pUHAHCOBBIX PECYPCOB, TPeOYEMBIX Ha peaiu3allii0 KaXIOW U3 CTpaTeruit

JIITP C, onleHMBAIOTCS 3HAUYCHUS UX YJEIbHBIX CTOMMOCTEH C IOMOLIBIO BEIpaKeHus (4).

5. Beibop ontumansHOW crpaterun JI[IP npuMeHuTenbHO K KakIOMYy CLIEHapHIO
U3 MHOXeCTBa BO3MOXKHBIX UC B COOTBETCTBUH C BhIpaxeHHEM (5).

3akjaouyeHue

[Ipoucxoasiumme B mocineaHue roabl paznuuyHbie YC OKa3bIBAIOT KpailHE HETraTHUBHOE
BO3JICUCTBHE Ha COLMAIbHO-PKOHOMUYECKOE pa3BUTHUE PETUOHOB, CTpaH. B cBsi3u ¢ 3TUM
aKTyaTM3upyeTcsl MpobiieMa TPHHSATHS PA3IMYHBIX YIIPABICHUECKUX PEIICHU, HarpaBiICHHBIX
Ha KOHTPOIIb CHUTYAaIlMH, CHUXEHHE BO3MOXHOTO COILMAIBLHOTO W 3KOHOMHYECKOro yiepoa.
Baxnoii 3agaueit npu ynpasienuu B YC sBisieTcs BoIpoc 00 onepaTuBHOCTH U 3((HEKTUBHOCTH
pearupoBanus [18, 19], a Takxke BbIOOpEe ONTUMAIBHOTO PEIICHHS M3 MHOXKECTBAa albTEPHATUB
Ha Oosee panneit craaun YUC.
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CymiecTByroniye MoaxoAbl K PEIIEHUIO 3aJjaul NPUHATUS YIPABICHYECKUX PEIIECHUHN Npu
pearupoBanny Ha YC B OCHOBHOM KacaroTcsi TpodieM 00pabOTKH MPOTUBOPEUYNBON MITM HETIOTHOU
nH(OpMAaIUY WK K BEIOOPY aJbTEPHATUB B YCIOBHAX IMOJTHOHN ONpeeneHHOCTH. MHOTHEe MOAX 051
UCIOJb3YIOT JMO0 METOABI TEOPUU UTD, TUOO0 MOJEIN MAaTEMaTHUYECKOro nporpaMmMmupoBanus [20].
Onnako OOJBIIMHCTBO JAaHHBIX HCCIENIOBAaHMNA HE YYUTBHIBAIOT (DAKTOPBHI ICHUXOJIOTHYECKOTO
noseneHusa JIIIP, BO3MOXHOCTM ydeTa JUHAMHYECKMX MEHSIOIIUXCS XAPAKTEPUCTHK DPAa3BUTHS
YC u ux BnusiHuE Ha BbIOOp perienus JIIIP B ycioBusX prcka U HEONPEAEICHHOCTH.

C ydeToMm 3TOro B AaHHOH paboOTe MPEUIOKEHO UCIIOIb30BaTh MOIXO/bl TEOPHU MEPCIEKTUB,
peanm3yronye KOHIETIHI0 orpaHundeHHor parmonansHocTH JIIIP, paspaborannyro /. Kanemanom
u A. TBepcku, COBMECTHO € KJIACCHUECKUMM METOAAMM TEOPHM MIp NpU PELICHUM 33/1aud BbIOOpa
anpTepHaTUBHBIX perenun JIIIP npu pearupoBannu Ha UC.

IIo cpaBHEHMIO € U3BECTHBIMM IIOAXOJAMH TEOPUU IIEPCHEKTUB M C Y4YETOM
MPOTHBOPEYMBONW M HETOJHOW MH(POPMALUU OTHOCHTENBHO XapakTepuctuk YC, mpeamaraeMblid
B CTarbe  IOJAXOJ  3aJaeT  HEYeTKoe  3HadeHue  Oa3MCHOM  TOYKM B BHJE
€e HMHTEpBAJbHOTO 3Ha4yeHUsA. TakuMm 00pa3oM, OKa3bIBaeTCs BO3MOXKHBIM  YUUTHIBAThH
nuHamuueckune ocooernnoctr YC, a taxke ncuxonorudeckoe noseaenue JIIP B ycaopusax UC.

JanpHenniee pa3BUTHE JTaHHOIO MOJAX0Ja BO3MOKHO B PACHIMPEHUH BO3MOYKHOCTEM ydera
pa3nuyHbIX BUAOB mpexacraBieHus uHopmamuun o YC, B YAaCTHOCTM B BHUJAE HEUYETKOIO
IpeiCTaBiIeHUs HMHPOpMAalMKM, 4YTO B 3HAYUTEIBHOM CTENEHU OCJOXKHSAET IpPOLEAypY
000CHOBAHHOT'O BBIOOpPA MPUHATHS TOTO WJIM MHOTO PEIIECHUS.
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