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Annomayus. B COOTBETCTBUU C MEXKIYHAPOIHBIMU coramieHusMu Poccuiickas denepanus
aKTUBHO Yy4YacTBYeT B pa3pabOTKe NEPCHEKTHUBHBIX IPOEKTOB IO MEPEeBOAY 3KOHOMMKH
Ha HCIIOJIb30BaHNWE BO30OHOBISEMBIX SKOJOIMYECKH YHUCTBIX HCTOYHUKOB HHepruu. OnHako
MIOJTHOCTBIO OTKa3aTbCs OT YIJIEBOJOPOAHOrO ChIpbs 10 KOHIA XXI| B. B COBPEMEHHBIX COLIUAIBHO-
SKOHOMHMYECKUX M  TEONOJIUTUYECKUX  YCIOBUSAX  HE  IPEACTABISETCS  BO3MOKHBIM.
OT0 00CTOATENBCTBO IMPEAINONaraeT JajibHEWIIee pPa3BUTUE U YBEIUYEHHE KOJIMYECTBA
HOPEANpUATH M ONAacHBIX IPOM3BOJACTBEHHBIX OOBEKTOB HE(PTEra3oBOoro KOMIUIEKCA CTPaHBI.
Vka3aHHble OOBEKTHl O0JIAJAIOT BBICOKUM TOXAPHBIM PUCKOM U OTHOCSTCS K KaTeropuu
B3pBIBOIIOKAPOONACHbIX. Bce 3T0 nenaer HEOOXOOUMBIM TOMCK M pa3pabOTKy HOBBIX
BBICOKO9()(DEKTUBHBIX METOJOB CHIDKCHHS B3PBIBOIIOXKAPHOH OMACHOCTH MPOMBIIIICHHBIX
00BEKTOB He(TerazoBoro Komiuiekca. OHUM U3 U3BECTHBIX M Hanbosee 3((HEeKTUBHBIX METO/I0B
CHIDKEHHUS TOYKapHOH OMacHOCTH He(Tera3oBbIX IMPOU3BOJCTBEHHBIX OOBEKTOB SBIISETCS: PaHHEE
oOHapyKeHHE BO3TOpaHUM, aKTHUBAlUs BCEX CUCTEM OOBEKTOBOM IMMOKapHOM aBTOMAaTHUKHU
u obecrnieyeHHWe HUX 1eneBOoro (yHKIUOHUPOBAHMUS B TEUEHUE BPEMEHH, HEOOXOJUMOro s
Oe3omacHOll 9BakyalMu TIepcoHaja OOBEKTOB M pelIeHHs 3aJad IOXKAPOTYLICHUsS CHIIAMH
MO’KapHO-CIacaTeIbHBIX MOoApa3JeNeHuid. [l ychmemHoro pemieHus 3THX 3aJad  CHUCTEMbI
MOXKapHOM  aBTOMAaTUKKW  He(TEera3oBbIX  OOBEKTOB  CTPOSITCS HAa  OCHOBE  B3pBIBO-
U TO0XapO3alIUILEHHOT0 OKOHEYHOro oO0OopynoBaHus (MOKApHBIE H3BELIATENd, OINOBEILIATENH,
YCTPOICTBA CUCTEM ABIMOYATICHHUS U TOANOpPA BO3AyXa U T.II.), KOTOPOE MOXKET JJIUTEIbHOE BpeMs
(YHKIIMOHUPOBATh B YCIOBHSX BO3/AEWUCTBUS BBICOKUX TEMIIEpATyp M JPYTMX OMAacHbIX (PaKTOPOB
MHTEHCUBHOro TmoXxapa. OJHaKo KOMIUIEKCHOe M 3¢ (eKTUBHOE (YHKIHOHUPOBAHUE CUCTEM
MO’KapHOW aBTOMATHKHM B YCJIOBHSX IO)Kapa HEBO3MOXXHO 0€3 CBOEBPEMEHHOW M JTOCTOBEPHOM
nepeaayd MHGOPMALMOHHBIX U YIPaBIAIOLMX CUTHAJIOB MEXAY BCEMH KOMIIOHEHTaMHU CHUCTEM
1o KabeIbHBIM HH(OPMALIMOHHBIM JIMHUSIM CBSI3U U 3JIEKTPOIIPOBOIAM.

B craree aHanu3upyroTcs M IpeniaratoTcsi METO/bI TOBBIIEHUS IEJOCTHOCTH U HAJIEKHOCTH
(GYHKIIMOHUPOBAHMS JIMHUHN Teperadl MHGOPMAIMOHHBIX U YIPABISIOIMIUX CUTHAJIOB B YCIOBUAX
MHTEHCUBHOTO  IOXKapa M 3alllUThl  JIEKTPONPOBOAKM IPU  OpraHU3alluy  IEJIEBOTO
(GYHKIIMOHUPOBAHMSI BCEX KOMIIOHEHTOB CHCTEM II0KapHOM aBTOMATHUKHM, YTO B LEJIOM Oyner
CYIIECTBEHHO CIIOCOOCTBOBaTh IOBBIIMICHUIO KOMIUIEKCHOH 3((EKTUBHOCTH HUX IEJIEBOTO
MIPUMEHEHHUS U O0IIeMY CHIXKEHHUIO MT0KapHOW OMacHOCTH 0OBbEKTOB He(hTEera3oBoro KOMILIEKCa.

© Cankrt-IlerepOyprckuii yausepcutet ['TIC MUYC Poccun, 2022
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IMPROVING THE EFFECTIVENESS OF REDUCING THE RISKS
OF EMERGENCIES AT HAZARDOUS PRODUCTION FACILITIES
OF THE OIL AND GAS COMPLEX

Yuri E. Akterskiy®;

Alexey S. Smirnov.

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

Abstract. In accordance with international agreements, the Russian Federation actively
participates in the development of promising projects for the transition of the economy to the use
of renewable environmentally friendly energy sources. However, it is not possible to completely
abandon hydrocarbon raw materials until the end of the XXI century in modern socio-economic and
geopolitical conditions. This circumstance presupposes further development and an increase
in the number of enterprises and hazardous production facilities of the country's oil and gas
complex. These objects have a high fire risk and belong to the category of explosive and flammable.
All this makes it necessary to search and develop new highly effective methods to reduce
the explosion and fire hazard of industrial facilities of the oil and gas complex. One of the well-
known and most effective methods of reducing the fire hazard of oil and gas production facilities
is the early detection of fires, activation of all systems of object fire automation and ensuring their
targeted functioning during the time necessary for the safe evacuation of personnel of facilities
and solving fire extinguishing tasks by fire and rescue units. To successfully solve these problems,
fire automation systems of oil and gas facilities are built on the basis of explosion- and fire-
protected terminal equipment (fire detectors, annunciators, devices of smoke extraction and air
backup systems, etc.), which can function for a long time under the influence of high temperatures
and other dangerous factors of intense fire. However complex and effective functioning of fire
automation systems in fire conditions is impossible without timely and reliable transmission
of information and control signals between all system components via cable information
communication lines and electrical wires.

The article analyzes and suggests methods for improving the integrity and reliability
of the transmission lines of information and control signals in conditions of intense fire
and protection of electrical wiring in the organization of the targeted functioning of all components
of fire automation systems, which in general will significantly contribute to improving
the integrated efficiency of their targeted use and overall reduction of fire hazard of oil and gas
facilities.

Keywords: objects of the oil and gas complex, fire automation, explosion-proof terminal
devices, fire-resistant cable lines and systems, fire resistance of metal and reinforced concrete
structures

For citation: Aktersky Yu.E., Smirnov A.S. Improving the effectiveness of reducing the risks of emergencies
at hazardous production facilities of the oil and gas complex // Nauch.-analit. jour. «Vestnik Saint-Petersburg
university of State fire Service of EMERCOM of Russia». 2022. Ne 1. P. 1-10.
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Beenenne

Hecmotps Ha rioGanbHble MIIaHBl NEepexoia MHUPOBOW SKOHOMHUKH Ha HCIOJIb30BAHUE
9KOJIOTUYECKH YUCTON BOJOPOJHOM SHEPreTUKH, POJIb U 3HAYMMOCTh YIJIEBOJOPOJIHOTO CHIPbS
B XXI| B. MaloBEpOSITHO CYILIECTBEHHO IOTEPAIOT CBOIO aKTyalbHOCTh. Mcxons u3 3Toro,
B HACTOsIIEe BpeMs B Halled CcTpaHe HaONIogaeTcs OcCTpas HEOOXOTUMOCTh PacCHIMpPEHUS
MacIITabOB pa3BEAKH HOBBIX MECTOPOXKACHUH HedTH U Trasza, MOBbIIEHUA 3()(PEeKTUBHOCTU
WCIIONB30BAaHUSI  CYHIECTBYIOIIMX W  MEPCHEKTHUBHBIX MECTOPOXKJICHUW M  TPAHCIOPTHBIX
Maructpajied  yrieBOJOPOJAHOIO  ChIPhS, CTPOUTENBCTBA HOBBIX COBPEMEHHBIX  HedTe-
U Ta3zornepepadaThBAIONUX MPEANPUATHI U KOMIUICKCOB. Peanu3anus 3THX IUIAHOB MPE/Ioiaraet
rIIyOOKYI0 MOJEPHHU3AIUIO CYHIECTBYIOIIUX M CTPOUTEIBCTBO OONBIIOTO KOJIWYECTBA HOBBIX
00BbekTOB HeprerazoBoro komruiekca [1, 2].

B cootBercTBUU ¢ DeaepanbHbiM 3akoHOM OT 22 utojist 2008 r. Ne 123-D3 «TexHu4eckuit
periaMeHT o TpeOoBaHUAX MokapHoit 6e3omacHocTHY (D3 Ne 123-D3) Takre 00BEKTHI OTHOCATCS
K KaTeropuu OINACHBIX IMPOU3BOJACTBEHHBIX OOBEKTOB M XapaKTEPU3YIOTCS BBICOKUM YPOBHEM
B3pbIBONIOKApHOM onacHocTu. [lo naHHbiM PoctexHangzopa B MOCHEOHHUE TOAbl B CBSA3HU
C YBEJIMYEHUEM KOJIUYECTBA M DSHEPrOBOOPYKEHHOCTH OOBEKTOB HE(PTEra3oBOro KOMILIEKCA,
YCIIOKHEHHEM  TEXHOJIOTHYECKUX  IPOIECCOB  €XKETrOJAHO OTMEYAeTCsl POCT  KOJUYECTBa
ype3BbryaiiHbix cutyanuii (YC) Ha Hux 6onee yem Ha 20 %, B TOM 4ucie CBSI3aHHBIX C MOXKapamu
u B3pbIBami (puc. 1, 2).

[lenp paboThl — TMOHWCK, OOOCHOBaHHE U pa3pabOTKa MPAKTUYECKHX PEKOMEHIAIHi
110 BHEJIPCHHUIO HOBBIX OoJiee 3PEKTUBHBIX CPEIICTB U METOJOB CHIDKEHUS MOKAPHOW OIMACHOCTH
00BEKTOB HEPTETa30BOT0 KOMILIEKCA.

Martepuajbl 1 MeTOIbI HCCJIEIOBAHMS

MHOrOUYHCIICHHBIC UCCIICIOBAHUS MOATBEPIKIAIOT, YTO OAHUM M3 Hamboiee 3(PEKTHBHBIX
HAIPaBJICHUH CHIDKCHUSI MOXKapHOW OIAaCHOCTH OOBEKTOB HE(TErazoBOro KOMILUICKCA SIBIISICTCS
paHHee OOHApY)KCHHUE MMPU3HAKOB M CAaMOI'0 BO3TOPAHUSI C TIOMOIIBIO PA3IMYHBIX CHCTEM HOXKapHOU
aBproMaTukd. COBpEMEHHBIC CHCTEMBbI MOXKAPHOW aBTOMATHUKHU TPAKTUYECKH B PEATBHOM MaciiTade
BPEMEHH TI03BOJISIIOT OOHApyXXHMBaTh IOSBICHHE ONACHBIX (aKTOPOB, IepenaBaTh HH(OpPMAIHIO
0 HUX Ha aBTOMAaTHYECKUE WM aBTOMATU3UPOBAHHBIC MYJIbTHI YIIPABJICHHS, aKTHBUPOBATH CHCTEMbI
OTIOBEIICHUS ¥ YNPABICHUS OJBaKyalllell MepcoHana OOBEKTOB, CHUCTEMBI MOXKaPOTYLICHHS,
NPOTUBOJBIMHOM 3amuThl W Jp. KOMIUIEKCHOE MPUMEHEHHE pa3JIMYHBbIX CHUCTEM TOKapHOM
aBTOMAaTUKM Ha OOBEKTaX He(PTErazoBoro KomIuiekca Npu Bo3HHMKHOBeHMH YC B 1menom
00yCIIOBIIMBAET COKpAIleHHEe MaTepUallbHOrO ymiepda OT I0XKapoB, ITO3BOJSIET OPraHU30BaTh
U TIPOBECTH CBOEBPEMEHHYIO ABAKYAIMIO MEPCOHANA M CIIOCOOCTBYET MOBBIMIECHUIO Y(PPEKTUBHOCTH
TYIICHHS CUJIAMH TIOKapHbBIX TMoapaszaeneHui [3].

= SeNE UMM

Puc. 1. Ilo:xxap na Komcomosabckom Puc. 2. Moxap na Kupumickom
HedTenepepadaTLIBAIOIIEM 3aBO/IE HedTenepepadaTLIBAIOIIEM 3aBOJIE
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TUMOBBIMU CTPYKTYPHBIMH 3JIEMEHTAMU CUCTEM IMOKAPHONU aBTOMATUKH SIBIISIIOTCS:

— aBTOMAaTHU3WPOBaHHBIC paboyme MecTa JeKYpPHOro TMepcoHansa Ha ocHoBe [IDBM
Y CHEIHAILHOTO MPOTPAMMHOT0 00eCIICUCHNUS,

— W3BEUIaTeNu IOXKapHbIe, peardpyroliie Ha pa3Iu4Hble omacHble (aKTOpbl MOXKapa
(TemioBbIe, IHIMOBBIE, INIAMEHU, PyYHbIE, KOMOMHUPOBAHHBIC U T.I1.);

— IpuOOPBI MPUEMHO-KOHTPOJIbHBIE TTOKAPHBIE;

— IpuOOpPHI YIIPABICHUS TTOXKAPHEIC,

— TEXHUYECKHE CPEJCTBA OIMOBCIICHHS M YIPABJICHUS 3BaKyaluei jrojned (3ByKOBbIE,
peueBbie, CBETOBbIC, KOMOMHUPOBAHHbBIC, MYJIbTHMEIUNHBIC);

— npubopbl, 00OpynOBaHME, MPOBOJHBIE U OECHPOBOAHBIC JMHUM CBSI3U M IEperadu
W3BEUIEHUN O MOXKape;

— puOOpHI U 000PYIOBAHKE MPOTUBOIBIMHOM 3aIIUTHI;

— puOOpsl U O0OPYNOBAHHE CHCTEM IOXKAPOTYyIIeHHsI (BOASHOTO, MEHHOTO, Ta30BOrO,
MTOPOIIIKOBOTO).

Pe3yabTaThl McciieIoBaHUS U MX 00CY KIeHUe

K ocHoBHBIM mOKa3zarensiM 3((GEKTUBHOCTH M Ka4yecTBa CHCTEM IOKAPHOW aBTOMATHKU
Y OTJICNIbHBIX UX DJIEMEHTOB MO>KHO OTHECTH TaKUE KaK: BpeMsi OOHapyKEHHsI BO3TOPaHUsl HITH M0XKapa,
OIOBEIICHUS U YIpaBJICHUs 3BaKyalleil mepcoHaia B O€30IacHbIE 30HBI, CKOPOCTh JIbIMOYAAJIEHHUS,
BpeMsl TYIIEHHS IM0XKapa, BEPOSTHOCTh JIOKHOTO CpadaThIBaHUs, HAIEKHOCTh U T.M. OCHOBHBIE
KOMIIOHEHTbl M THUIIOBasi CTPYKTypa CHCTEM II0KapHOW aBTOMAaTUKU ONACHBIX MPOU3BOJICTBEHHBIX
00BEKTOB HE(PTEra3oBoro KOMIUIEKCa MpuBeAeHbl Ha puc. 3. C yueToM BBICOKOM B3PBIBONOKAPHOU
OMAaCHOCTM OOBEKTOB 3alLUTHl IIOXKAPHBIE M3BEILIATENM, OIOBEUIATEd U JpPYrHe OKOHEYHBIE
YCTPOICTBA TAaKUX CHCTEM OOBIYHO BBIMOJHSIOTCA B CIEIHMATBHBIX B3PBIBOMOXKAPO3AUIUIECHHBIX
KOpITycax, 4TO MO3BOJISIET CYIIECTBEHHO YBEIIMUHUTH BPEMsI HX IIEI€BOTO (DYHKIIMOHUPOBAHHS B CaMbIX
CJIO’KHBIX YCJIOBUSAX pa3nnyHbix YC.

Puc. 3. OcHOBHBIE KOMIIOHEHTBI U TUIIOBAsl CTPYKTYPA CHCTeMBbI MI0KAPHOI aBTOMATHKH

OpHako (yHKIMOHATBHBIE BO3MOXHOCTH U 3()()EKTUBHOCTh CUCTEM MOXKAPHOM aBTOMATUKU
OIIPENENIAIOTCS HE TOJBKO TEXHUUYECKUMHM M HAJEKHOCTHBIMHU XapaKTEPUCTUKAMH MX OKOHEYHOI'O
000py/I0BaHusI, HO U CIIOCOOHOCTHIO CBOEBPEMEHHO, 0€3 UCKAKEHUM U C BBICOKOW JIOCTOBEPHOCTHIO
nepenaBarb HMH(GOPMALMOHHBIE 3JEKTPUYECKUE CHUTHAIBl MEXIY BCEMH B3aHMOJIEHCTBYIOUIMMU
KOMIOHEHTaMu. J[J1s1 mepeiaun TakuX CUTHAJIOB U AJIEKTPOITUTAHUS BCEro 000OpYIOBAaHUS B CUCTEMAX
MOXKapHOH aBTOMATHKMU HCIIOJB3YIOTCSl CIlelMalbHble HMH()OpMAIMOHHbIE KaOelbHbIE JIMHUU
W DJJeKTpuueckne mpoBoma. B coorBerctBum ¢ TpeboBaHmsamMu D3 Ne 123-D3  ycroifumBoe
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(YHKIMOHUPOBAHUE TAaKUX KaOENbHBIX JIMHUM W 3JEKTPONPOBOAKH B YCIOBHUSAX MOXapa JOJDKHO
COXPAHSTHCS B TEUYeHUe 3aJIaHHOTO BpPEMEHH, HENOCPEICTBEHHO CBSI3aHHOTO
c KiaccoM (YHKIMOHATLHOW TOXKApHOW OMAcCHOCTH OOBEKTa 3allUThl U OCOOECHHOCTSIMU
pealin3yeMbIX TEXHOJIOTHYECKUX MPOLIECCOB.

CormacHo cr. 82 @3 Ne 123-®3 mnpu NPOSKTUPOBAHUM U CTPOMUTEIHCTBE OMACHBIX
MIPOU3BO/ICTBEHHBIX OOBEKTOB HE(TEra3oBOro KOMIUIEKCa OSTH TpeOOBaHUsSI PACHpPOCTPAHSIOTCS
Ha KaOeJbHbIE JIMHUU U 3JIEKTPOIPOBOJKY CHCTEM IMPOTUBOMOMXAPHOM 3aIlIUTHI, CPEACTB 0OecTIeueHHsI
NEATeNTbHOCTU TOJIPA3IelIeHUi TMOXAPHOM OXpaHbl, CHUCTEM OOHApYXEHHUS I0XKapa, OIOBEIICHHS
U YOpaBJICHHWs 3BaKyallUe Jrofell Npu NoXape, aBapuHHOIO OCBELICHUs HAa IYTAX SBaKyallWu,
aBapUIHON BEHTWISALMU U IPOTUBOIBIMHOM 3allUThl, ABTOMAaTUYECKOIO TI0KAPOTYILEHNS, BHYTPEHHETO
MPOTHBOIIOXKAPHOTO BOJIOMPOBO/A, TH(TOB Il TPAHCHOPTUPOBKH MOPA3ACICHUIN MOKAPHOH OXpPaHbI
B 3/IaHUSAX M COOPYXEHUsX. [IpomormkuTensHOCTh (DYHKIIMOHHUPOBAHUS WH(DOPMAIMOHHBIX JIMHUH
U 9JIEKTPUYECKHX TIPOBOJOB B YCIOBHSX IOXKapa J000W HMHTEHCHUBHOCTH JOJDKHA OO0ECHeYrBaTh
pealu3alyio LENeBOro IPUMEHEHHs BCEX CHUCTEM IIOKapHOM aBTOMATUKU OOBEKTa 3allUThI
Y CBOEBPEMEHHYIO IBAKYAIIMIO IIEPCOHANIA B OE30MAaCHYIO 30HY.

JlanHple TpeOOBAaHUS TAKXKE HANUTH OTPAXKCHHWE B M. 6.2. HOBOW pemaklMu CBOJA TPABUI
CI16.13130.2021 «CucremMbl IPOTUBOMOMXKAPHOM 3alUTHI. DJIEKTPOYCTAHOBKH HU3KOBOJIBTHBIE.
TpeboBanus nokapHoil 0€30MaCHOCTH», B KOTOPOM TI'OBOPHUTCS, YTO 3JIEKTPONPOBOJIKH CHUCTEM
MIPOTUBOMOXKAPHON 3aIUThl, B TOM YHUCII€ JUHUU CIA00TOYHBIX CHCTEM, TOJIKHBI BBITOIHSATHCS
OTHECTOWKHMH, HE PACIPOCTPAHSIONIUMU FOpeHHe Kabeas M.

B ob0mem cinydae mox orHecroiikumu kaOenbHbiMH JmHUAMH (OKJI) cormacHo
I'OCT 53316-2021 noHuMaroTcsi MPOBOAHBIC JIMHUU (JIMHUM CBSI3U, DJEKTPOIPOBOKA), CIIOCOOHBIE
COXpaHATh PAbOTOCIOCOOHOCTH (TIepeiaBaTh AIEKTPOIHEPTUIO, ANEKTPUUECKUE CUTHAIIBI U UMITYJIbCHI,
OINTHYECKHUE CUTHAIbI) TIPY BO3/IEHCTBUY 110’Kapa B TEUEHHE 33/1aHHOTO NIEPUO/Ia BPEMEHH.

OKJI cucrem noxapHoi aBTOMaTHKH 00bEKTOB He(hTETa30BOr0 KOMILIEKCA MOT'YT BKJIFOYATh
B ce0sl OrHecToiikue Kabenu, OTHEeCTOWKNe KabeneHecyIe CUCTEMbl, KOMMYTAallMOHHbIE U3/IENNs,
cucrembl kpenexa. [Ipoxiaaka OKJI Ha oObeKkTax 3alluThl JOJDKHA BBINOJIHATHCS B CTPOTOM
COOTBETCTBUHM C KJIaccoM (PYHKIIMOHAIBHON MOXKapHOW OMacHOCTU O0BEKTa, OCOOCHHOCTSIMHU
00BEMHO-TUIAHUPOBOYHBIX PELICHUH M peanu3yeMbIX TEXHOJIOTMYECKUX IporeccoB. Bribop
OTHECTOMKOIro Kabelys JOJKEH BBIMOIHATHCS COTJIACHO JEHCTBYIOIIMX TpeOOBaHMUN MOXKapHOMN
oe3omacHoctu u oonactu npumenenus (I'OCT 31565-2012).

Ornecroiikue KaOeleHecylue CUCTEMbl — 3TO MeTaUIMYEeCKHue KaOellbHble KOHCTPYKLIMH,
cocroslre U3 NepHOpHpOBaHHBIX U HEMep(OPHUPOBAHHBIX JIOTKOB-KOPOOOB, MPOBOJOYHBIX JIOTKOB,
HACTEHHBIX U MOTOJIOYHBIX IO/IBECOB, KOHCOJBHBIX KPOHIITEHHOB, MOHTaXHBIX MpOdUIIeH, HImuieK,
aHKEPOB, KPENEKHBIX U3/IENINH, a TAKKE MOJTHOM raMMbl aKCECCYapOoB KO BCEM IIEPEUMCIIEHHBIM BUAM
MIPOIYKIIMU C HOPMUPOBAHHBIM MPE/IETIOM OTHECTOMKOCTH.

Jlis 000CHOBaHMST CTPYKTYPHBIX MapaMeTpoB U xapakrepuctuk OKJI, crmocoOHbIX 00ecTieunTh
TpeOyemoe BpeMs IeJeBOro (hyHKIMOHMPOBAHUS CHUCTEM IIOXKapHOW aBTOMATHUKHM Ha OOBEKTax
He(Tera3oBoro KOMILIeKca B Cllydae BOSHUKHOBEHUs MoXKapa, IpoaHainu3upyeM coctaB 1 Mapku OKJI
Ha IIpIMepe OTEUYECTBEHHBIX chcTeM noxkapHoit 6ezonacHoctu Tuna «OCTEK-DOkoTexnoJlaitn».

OKJI naHHOTO THIIA COCTOSAT U3:

1) ornecroiikux kaOeneil Ha HOMUHAJIbHOE HampspkeHue 10 | kB, a Takke OrHECTOMKUX
OIITUYECKUX Ka0emneit;

2) orHecTOMKHX KaOeNIeHECYyIIMX CHCTEM C aKcecCyapaMH W OTHECTOMKUMH KpPEereKHBIMU
AIIEMEHTaMU;

3) TpyO rubkux roppupOBaHHBIX U3 ANEKTPOU3OIALIMOHHOTO MaTepHaa JUIsl SJIEKTPOMOHTaKHBIX
paoor;

4) Tpy0 MIACTUKOBBIX TNIAJKUX U3 3JIEKTPOU3OIALMOHHOIO MaTepraa Juisl SJIEKTPOMOHTKHBIX
pador;
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5) xaOeNbHBIX KaHAIOB /I 3JIEKTPOMOHTAXHBIX padoT U3 camo3atyxaromiero [1BX mactukara;
6) OTHECTOMKHUX KPETIeKHBIX JIEMEHTOB;

7) KOpOoOOK pacrpeeTUTeIbHbIX OTHECTOMKHX.

Mapku OKIJI, B 3aBHCHMOCTH OT BHJa BXOJSIICH B COCTaB KaOCJIICHECYIEH CHCTEMBI,

OTKPBITON WJIM 3aKPBITON MPOKIIAAKU Kabess, mpuBeieHbl B Ta0. 1.

Tab6muma 1. Mapku OKJI

No HanmenoBanne OKJI Mapka OKJI
1 OKJI Ha 0CHOBE JTOTKOB METAITHYECKUX JIECTHUIHBIX «OCTEK-OxoTexnoJlaitn
o TV 3449-001-63774458-2015 OKIJI-1 E*»
2 OKIJI Ha OCHOBE JIOTKOB ¥ JIOTKOB-KOPOOOB METAJTMICCKIX «OCTEK-2xoTexnoJlaitn
nepdopupopannbix mo TY 3449-001-63774458-2015 OKIJI-2 E*»
3 OKJI Ha OCHOBE JIOTKOB U JIOTKOB-KOPOOOB METAITMYECKUX «OCTEK-OxoTexnoJlaitn
Henepdopuposannbix o TY 3449-001-63774458-2015 OKIJI-3 E*»
4 OKIJI Ha OCHOBE JIOTKOB METAITMICCKUX IMPOBOJIOTHBIX «OCTEK-2xoTexnoJlaitn
o TV 3449-001-63774458-2015 OKIJI-4 E*»
5 OKJI ¢ oTkpbITOM NPOKIaIKOi KaOess Ha oJiBecax, Kperexax, «OCTEK-DxkoTexunoJlaiin
CK0O0ax M XOMyTax OKIJI-5 E*»
6 OKUI ¢ 3akphITO# MPOKITaIKOM KaOest Ha TIOABeCax, Kperexax,
ckobax M XoMyTax
6.1 B Tpy6ax U3 37eKTpOU30IISIIMOHHOTO MaTepraa «OCTEK-OxoTexnoJlaitn
) mo TY 3464-001-56625002-2001, TY 3464-004-56625002-2004 OKJI-6 E*»
6.2 B xabenpHBIX KaHaNMax U3 camozatyxaroriero [I1BX
' iactukara mo TY 3464-002-56625002-2002

E* — unnexcet E60, E90 B 0003HaueHNM MapoK yKa3bIBalOT Ha nipeielt oruecroiikoctr OKJI (Bpems coxpaneHus
pabotocniocodnocTr OKJI mpu ucnbiranusx B coorBerctBuu ¢ [OCT P 53316)

3HaueHus BpeMEeHHU coxpaHeHusi pabdorocnocobHoctu kabeneit B coctae OKIJI (mpenernsl
ornecroiikocti OKJI) mpuBenens! B Tabdi. 2.

Beioop OKJI  cucteM  moXapHOM ~ aBTOMATMKM — NPOEKTUPYEMBIX,  CTPOSIILMXCS
U PEKOHCTPYUPYEMBIX 00BEKTOB HE(TEra30BOro KOMILJIEKCA CIEAYET OCYUIECTBIIATh Ha OCHOBAHUU
JAHHBIX pacyeTa BpeMEeHH, HEOOXOJUMOro Ul TOJIHOM 3BaKyalluy JI0/Ied B cilyyae moxkapa U JUls
1eneBoro  (yHKIUOHMPOBAHMSI ~ CUCTEM  OIOBELIEHUS M YyIpaBICHUS  HBaKyalluew,
MPOTUBOMOXKAPHOM 3alUThI, OOHAPYKEHHS ITOKapa U IPYTUX CUCTEM MOKapHOM aBTOMATHKH.

Opnako Ha o0my0 3(p(GEeKTUBHOCTh CHCTEM IIOXKApHOH AaBTOMAaTUKU CYLIECTBEHHOE
BIMSIHUE OKAa3bIBAIOT HE TOJIBKO I1apaMETPbl OTHECTOMKOCTHM M HAJEKHOCTH HMX OKOHEYHOI'O
o0opynoBaHusi (MOXKapHbIE M3BELIATENM, OINOBELIATENN, MPUOOPHl YIpaBIEHUS U  T.IL.),
MHPOPMALIMOHHBIX  CBSI3HBIX JIMHUM W DJEKTPONPOBOAKH, HO TakXke U  IapameTpsl,
XapaKTEepPU3YIOIINE OTHECTOMKOCTh CTPOUTENBHBIX KOHCTPYKIUI W KOHCTPYKTUBHBIX AJIEMEHTOB
OOBEKTOB 3alUTHI, K KOTOPHIM OHHU Kpemsarca. OObBIYHO B KayecTBE TaKUX KOHCTPYKIUIM
U KOHCTPYKTHBHBIX 3JIEMEHTOB BBICTYMAIOT Ha OOBEKTaX He(TErasoBoro KOMIUIEKCA CTalbHbIE
U JK€J1€300€TOHHbIE KOHCTPYKIINU.

B xo7e npoBeieHHBIX UCCIIEI0BaHUN YCTAHOBJICHO, YTO obecneueHne TpeOyeMbIX Mpe/iesioB
OTHECTOMKOCTH CTaJIbHBIX U K€JI€300€TOHHBIX KOHCTPYKIMH aHaIU3UPYEMbIX OOBEKTOB 3allUTHI
MO3KET OBITh Hanbosee 3PPEeKTUBHO peaTr30BaHO Ha OCHOBE IPUMEHEHHUS OTHE3alllUTHOTO COCTaBa
«F62 SPRAY».

Orne3amutHbiii coctaB «F62 SPRAY» mpeacraBnseT coOOH CyXyH CTPOUTENBHYIO
HITYKaTypHYIO CMECh 3aBOJICKOIO H3TOTOBJIEHHS, BBIMYCKAEMYI0 Ha THIICOBOM BSDKYIIEM
¢ MoIuPUIUPYIOMUMHA T0OaBKaMH, 3alOJHUTEISIMUA W HATOJHUTEISIMU (BEPMUKYIIUT, TEPIIUT).
TexHnueckue xapakTepUCTHKHN COCTaBa MPUBEAEHBI B Ta0I. 3.
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Tab6muma 2. [Ipexesn ornecroiikoctn OKJI

Mapxka OKJI
Haznauenue OKJI OKJI-1 |OKT-2| OKJI-3 | OKJI-4 | OKJI-5 | OKJI-6
[Ipenen oraecroitkoctu OKJI, MuH
1 2 3 4 5 6 7
Kabenu ornecTolikne ais cucTeM HOXapHOU
Y OXPaHHOW CHUTHAJIN3AINH, CUCTEM OTIOBEIICHHUS
P . - 93 | o1 | 91 | 95 | 93 | @
Y YIIpaBIIEHUS dBaKyalliel u repeaadn JaHHBIX,
He pacIpocTpaHsowmye ropenne, Ha nanpsoxerne | (E90) [ (E90) | (E90) [ (E90) | (E90) | (E90)
10 300 B
Kabenn naaycTpraibHble MOHTaKHBIE,
HE pacIpoCTpaHSIONINe TOPEHNEe, OTHECTOMKHE,
Ha pabouee nepeMeHHOe HalpspkeHue u3 psiaa 90 B,
300 B, 500 B, npennazHaueHHbIC 7151 COCTUHEHUS 92 91 91 91 92 92
MpHOOPOB M CUCTEM YIPABICHHS, UCTIOIB3YIOIINX
M(POBEIE W AHAIOTOBBIE CUTHAIBI JIJIS TIepe1adn (E90) | (E90) | (E90) | (E90) | (E90) | (E90)
JTAaHHBIX, B TOM YHCJIC B CUCTEMax
MIPOTHBONOKAPHOH 3alIUTHI, 0€30ITaCHOCTH
Y )KM3HEO0CCIICUCHHMS
Kabenu cuMMeTpuHbIC TAPHOM CKPYTKH,
HE pacIpoCTpaHsIoLINe TOpeHre, OTHECTOMKHeE,
MpeIHa3HaYeHHbIE TS MTepeaaqn UG pPOBhIX
Y aHAJIOTOBBIX CHTHAJIOB B CUCTEMax _ 61 68 _ 63 63
IIPOTHUBOIIOKAPHOM 3aLIUTHI, IIPOMBIIIIIIEHHOU (E60) | (E60) (E60) | (E60)
0e30MacHOCTH M aBTOMATU3AINH, Ha HANPsDKEHHE
1o 300 B
Tabmuima 3. TexHHYecKHe XapaKTePUCTUKH OTHE3aIMTHOTO COCTaBa
No HanmMenoBanue napamerpa PeasnzyeMbie BeJTMUMHBI
1 OruecTolKoCTh R/REI 30 ~ R/REI 240
2 I'oprouects HI" (meroprounii)
3 HaceimmHas ioTHOCTS (Cyxasi CMech) 300+15 kr/m°
4 [110THOCTH TOTOBOr0 OrHE3aUTHOTO MOKPBITHS 400415 xr/m°
5) TermtonpoBoIHOCTH 0,045 Bt/(MK)
6 Koaddunment conporusnenus muddysnn 3,5+4,0
7 Anresus > 0,022 H/mm®
8 Teopetuueckunii pacxo (Cyxast CMECh) 3 xr/M° ipu TomIMHeE ciiosi 10 Mm
9 CpOK 3KCIITyaTaluy NOKPBITH 1o 50 ner

OruesanutHeiii coctaB «F62 SPRAY» nipeHasHaueH A5 OrHe3anuThl (puc. 4):

— CTAbHBIX KOHCTPYKITUH Pa3TUIHOTO CEUCHUS,

— OETOHHBIX U KEJIe300€TOHHBIX KOHCTPYKITUA;

— DJIEMEHTOB M3 KEPaM3UTOOCTOHHBIX TUIUT, MOJTHOTEIIOTO U MyCTOTEIOr0 KUPITNYa;

- HpO(bI/IJ'II/IpOBaHHBIX CTAJIbHBIX JIMCTOB,

— BO3/IyXOBO/JIOB M3 YEPHOU M OLIMHKOBAHHOM CTaJu;
— KOHCTPYKUMWA U3 APEBECUHBI U MAaTEPUAJIOB HA €€ OCHOBE.
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Puc. 4. Ilpumenenue orue3ammuTHOro coctaBa «F62 SPRAY»

Taxke BbICOKas 3((EKTUBHOCTh JAHHOI'O OTHE3ALIUTHOIO COCTaBa ObLla HCCIEJOBaHA
U JI0Ka3aHa Mp1 IPUMEHEHUH IS

— OT/ICJIKY ITyTeW IBaKyaluu 0ObEKTOB 3aIUTHI;

— YCTPOWCTBA OTHECTOMKUX KaOeNbHBIX MPOXOJ0K U IPOXOI0K IIMHOIIPOBO/IOB;

— CO3JJaHMS HETOPIOYMX AuadparM JUIst 3ar0JIHEHHS TyCTOT B TOPIOYMX KOHCTPYKLIHUSAX;

— YCTPOWCTBA OrHENPErPaUTEIbHbIX MOSICOB;

— 3AII0JIHEHUS TEXHOJIOTHYECKUX IPOEMOB B CTPOUTEIBHBIX KOHCTPYKIUAX C HOPMUPYEMBIM
IIPEJeSIOM OTHECTOMKOCTH;

— 3aII0JIHEHUS TPOTUBOIOKAPHBIX JABEPEN (JIFOKOB, BOPOT), IEPETOPOJIOK, CTEH, IYCTOTHBIX
NEPEeKPBITUI Ha BCEX 00BEKTAX IPa)1aHCKOTO, IPOMBIIIIEHHOTO U TPAHCIIOPTHOTO CTPOUTENIbCTBA.

3aBUCUMOCTD Tpe/iesia OTHECTOMKOCTHU MO NoTepe Hecylel crnocodHocTH (R) oT TonmuHb
OTHE3aIUTHOIO MOKPBITHS Ul CTAJIbHBIX KOHCTPYKIMH NpUBeeHa B Ta0I. 4.

Tabmuiia 4. 3aBHCUMOCTD MpeAea OTHECTOIHKOCTH OT TOJIUIHHBI MOKPBITHS

IIpuBeneHHas TonumHa TonmmHa CJI0g OTHE3AIMUTHOTO OKPBITUS, MM
MeTania, MM R60 R90 R120 R150 R180 R240
2,0 14,0 24,0 31,0 38,0 42,0 58,0
2,5 12,0 22,9 29,5 36,0 41,8 56,0
3,0 10,0 21,5 27,8 34,0 40,0 54,0
3,4 10,0 18,8 25,4 32,0 38,0 52,0
4,0 10,0 18,0 24,0 30,0 37,0 51,5
45 10,0 17,2 22,6 28,0 36,0 479
5,0 10,0 174 21,2 26,0 34,0 44,6
55 10,0 15,6 19,8 24,0 32,0 41,4
6,0 10,0 14,8 18,5 22,1 30,9 38,0
6,5 10,0 14,0 17,5 21,0 29,4 35,4
7,0 10,0 13,2 16,4 19,5 27,9 33,2
8,0 10,0 12,4 15,0 17,5 26,4 30,5

B xoze mpoBeeHHOro aHaIM3a CTATHCTHYECKUX JAHHBIX U UCCIIEI0BAHMIA OBUIO YCTAaHOBIICHO,
YTO METAUINYECKHE TEXHOJIOIMYECKHE M CTPOUTEIbHBbIE KOHCTPYKIMH, C yKa3aHHbIMH B Tabia. 4
napaMeTpaMi TPUBEICHHOW TOJIIMHBI METalla, IIUPOKO IMPUMEHSIOTCS Ha PA3UYHBIX OOBEKTaxX
He(Tera3oBoro KOMILIEKCa, B TOM YHCIIE U B YCIOBHSX APKTHYECKO# 30HbI [3-5].

C yueroM (yHKIMOHAIBHBIX U TEXHOJOTMYECKHX OCOOCHHOCTEH MPHMEHEHHs KOHCTPYKIIUH,
00BEMHO-TIJIAHUPOBOYHBIX ~pEIICHU O00BEKTOB 3ammThl (HedTe- U  rasomnepepadaThIBaOLINe
KOMIUTEKCHI, XPaHIIHIIA YIIEBOJOPOJAHOTO CHIPhS, MOPCKHE He(Terazoo0bIBaloNIMe ILIaTGOpPMBI,
KpynHOTOHHaXHbIe TaHkepbl TUnma AFRAMAX M TaI.) U CIOXHBIX KIAMAaTHYECKUX YCIIOBHMA
OONBIIMHCTBA WX HAXOXKICHUS HauOoliee IeNecoo0pa3HbIM, TII0 KPUTEPUI0 MHHUMH3AIHA
MarepraiIbHOrO yiiepda U yiiepOa 370pOBbIO M JKU3HH MEpcoHaja, ABIseTcs oOecrieueHue mnpeaena
OTHECTOMKOCTH KOHCTPYKIIMI U KOHCTPYKTHBHBIX JieMeHTOB B tuana3one RE90-RE120 [6, 7].
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Takum o0pa3zoM, MO pe3ylbTaraM TMPOBEACHHBIX HCCIEAOBAaHUNA MOKHO YTBEP)KAATh,
4TO, HECMOTpS Ha TIJI00AIbHBIE IUIAHBI MEpexXofa MHPOBOW HKOHOMHKHM HAa HCHOJIB30BaHHE
BO30OHOBIISIEMBIX MCTOYHHKOB SHEPIHU, POJb M 3HAYMMOCTH YIJIEBOAOPOJIHOTO CHIPhSI BO BTOPOM
nonoBuHe XX| B. HE MOTEPSIOT CBOKIO aKTYyalbHOCTb. JTO MOTPeOyeT IIyOOKOH MOIEpHU3ALUU
CYIIECTBYIOIIUX U CTPOUTEIHCTBA OOJIBILIOTO KOJMYECTBAa HOBBIX OOBEKTOB HE(TErazoBoro KOMILIEKCa.
JlanHble OOBEKTHI OONANAIOT TIOBBIIICHHOW IMOKapHOW OMacHOCThI0. Hawmbonee SKOHOMHYECKH
00OCHOBaHHBIM CIIOCOOOM CHIKEHUS MOYKAPHOTO PHCKA HA TaKMX OOBEKTaX SIBIISETCS MCIIOIb30BaHHUE
CHCTEM TIOKapHOM aBTOMATHKH, S(PQPEKTUBHOCTH LIEIECBOTO MPUMEHEHUS KOTOPBIX OIPEAEIeTCs
HE TOJBKO YCTOMUYMBOCTBIO K BO3JCHCTBHIO OMACHBIX (DaKTOPOB IMOKapa UX OKOHEUHBIX YCTPOWCTB,
HO M OTHECTOMKOCTBIO MH()OPMAIIMOHHBIX JIMHUM M Kabened SIIEKTPONPOBOIKH, KOTOPHIC, B CBOIO
ouepesb, JOJDKHBl KPENUTbCA K CTPOMTEIbHBIM KOHCTPYKLMSIM M KOHCTPYKTHBHBIM 3JIEMEHTaM
O00BEKTa 3alMThl C TpeOyeMBbIMH IOKA3aTeNIIMH MPENESIOB OTHECTOMKOCTH MO IOTepe HeCyen
CIIOCOOHOCTH M LEJIOCTHOCTH, JIOCTH)KEHHE KOTOPBIX MOKET OBbITh pPEaln30BaHO Ha OCHOBE
IIPYBE/ICHHBIX BBIIIE PEKOMEHIALIH.
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BE3OITACHOCTDb KPUTUYECKHN BAKHBIX
N MMOTEHIHUAJIBHO OITACHBIX OBBEKTOB

VJIK 620.193.4

AHAJIN3 HOMEHKJIATYPbI U PEKOMEHJIALINN

MO NCHOJIB30BAHUIO KOPPO3UOHHO-CTOUKHUX
KOHCTPYKIIMOHHBIX MATEPUAJIOB B HE®TEI'A30BOM OTPACJIA

Cepreii I'puropresuy UBaxniok™.
Cankr-IlerepOyprekmii yausepeurer I'TIC MYUC Poccun, Cankr-IlerepOypr, Poccust
“sgi78@mail.ru

Annomayus. Onpenenensl NepcneKTUBHbIE s He(pTera3oBoi 0Tpacin XUMUYECKH CTONKHE
METAJIMYECKHE M HEMETANIMYECKUE MaTepuaybl. AKUEHTUPOBAHO BHUMaHHE HA HEraTMBHOM
BIIUSIHUM aHUOHOB TaJOr€HOB, IMOCTYMAIOIIUX B IMPOMBIIUICHHbIE cMecH He(Teil ¢ OypoBBHIMU
pactBopamu.  IlokazaHo, 4YTO  BHEApEHHWE  KOMIIO3ULMOHHO-BOJIOKHHUCTBIX  MaTepHUajoB
B TMPOU3BOJICTBO TPYOOIIPOBOJOB TMO3BOJSET CYHIECTBEHHO CHMXKATh HX Maccy IO CPaBHEHHUIO
C MeTaJUIMYeCKUMM aHajmoramu. IIpemnoxeHsl Juisi 3aJeliKM  TpEeUMH B TpyOOIIpoBOAax,
repMeTH3aluu pe3bOOBBIX U (HIAHIIEBBIX COCIUHEHUN CTOMKHE K BO3IEHCTBUIO HEPTEHPOAYKTOB
COBPEMEHHBIE KJIEEBbIE U F€PMETU3UPYIOIINE COCTABHI.

Knrouesvie cnosa: KOpPpO3MOHHO-CTOMKHE MaTepHaibl, KOMIIO3UIIMOHHO-BOJIOKHUCTHIC
MaTepuaibl, KOPPO3UOHHO-AKTUBHAS Cpea, KOPpo3us TPyOOIIpOBOIOB

Jas uutupoBanusi: Meaxurok C.I. AHanmu3 HOMEHKIATYphl W PEKOMEHIAIMH IO HCIIOIB30BAHUIO
KOPPO3HOHHO-CTOMKMX KOHCTPYKIIMOHHBIX MaTepHalioB B He(TerazoBoil orpaciu // Hayd.-aHanuT. *KypH.
«Bectruk C.-Tletep6. ya-ta I'TIC MUC Poccumy». 2022. Ne 1. C. 11-21.

SELECTION AND REASONING OF CORROSION-RESISTANT
STRUCTURAL MATERIALS FOR THE PRODUCTION NEEDS
OF THE OIL AND GAS COMPLEX

Sergey G. lvakhnyuk™.
Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
“sgi78@mail.ru

Abstract. Promising for oil and gas industry chemically resistant metallic and nonmetallic
materials have been determined. Attention is focused on the negative impact of halogen anions
entering the industrial mixtures of oils with drilling fluids. It is shown that the introduction
of composite-fiber materials in the production of pipelines can significantly reduce the weight
of these pipelines compared with metal structures. Adhesive and sealing compositions resistant
to the influence of oil products have been offered for the purpose of sealing cracks in pipelines,
sealing threaded and flange joints.

Keywords: corrosion-resistant materials, composite-fiber materials, corrosive environment,
oil pipeline corrosion

For citation: Ivakhnyuk S.G. Analysis of nomenclature and recommendations on the use of corrosion-

resistant structural materials in the oil and gas industry // Nauch.-analit. jour. «Vestnik Saint-Petersburg
university of State fire Service of EMERCOM of Russia». 2022. Ne 1. P. 11-21.
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BBeneHne u cocrosinme BoIIpoca

ABapun Ha TpyOompoBomax (HII), wucmomp3yembix s TpaHCIOPTHUPOBKU HeDTH
u HedrenponaykToB, u HedremepepadarpBatomux 3aBoaax (HII3) HaHOCIT KoOJIOCCANBHBIMA
SKOHOMMYECKUU yliepd M 4pe3BbIYaiHO omacHbl i chOpMHUpOBaBILErocs OHWOIeHO3a. AHaU3
pe3yabTaTOB paccleOBaHUN MPUYMH aBapui, mpousomuieamux B Poccuiickoit @eaepannu B 2020 r.
Ha HII, nmokassiBaeT, 4TO UX MPUYUHAMU B OOJBIIMHCTBE SBUJIMCH BHYTPEHHHE OMACHBIE (PaKTOPHI,
CBSI3aHHBIE C pasrepMeTH3aledl M pa3pylIeHHMEM TEXHUYECKHX YCTpOWCTB (ceMb aBapuit) [1].
B BO3HHMKHOBEHMM STHUX aBapuil OONbIIyIO, a HHOTJA U TJaBHYIO pOJIb WUrPaeT KOppo3us
METAIINYECKUX KOHCTPYKLIMOHHBIX MaTEPHAIIOB.

Hecmotpss Ha TO, 4TO Ha TPyOONpPOBOAHBIX cHcTeMax 3amajaHoil EBpombl TakcoHOMUs
aBapuil HeCKOJIbKO MHas [2], koppo3us B 2010-2019 rr. u Tam 3aHUMaET «IIOYETHOE» BTOPOE MECTO
cpenu npuyuH aBapui MaructpaibHbix HII: 3a mocnennue necsates et — 26,63 % citydyaeB, ycTyNuB
JI0JIM TIPOLICHTA JIMIh BHEITHUM Bo3eiicTBusM — 27,17 % cinydaes (puc).

B HapyweHua npu
obcnyKuBaHuK

1,63%

B [MoABWMKM TPYHTA
B [ledeKTbl KOHCTPY KUMKW
B [Mpouue n

HEeYCTAaHOB/IEHHbIE

B Kopposua

B BHellHee BMelLlaTeNbCTBO

Puc. Cratucruka apapuii Ha HeprennpoBogax Esponsr B 2010-2019 rr.

Hecmotpst Ha TO, 4TO Ha TpPyOONMPOBOIHBIX cHUcTeMax 3amagHoil EBpombl TakcoHOMUS
aBapuil HECKOJIbKO MHas [2], koppo3us B 2010-2019 rr. u Tam 3aHUMaET «IIOYETHOE» BTOPOE MECTO
cpenu nmpuuuH aBapuii MaructpanbHbix HII: 3a mocnennue necsate et — 26,63 % ciiydaeB, yCTYIUB
JIOJIY TIPOIICHTA JIMIIb BHEITHUM BO3JIeHCTBUSIM — 27,17 % ciydaeB (cM. puc.).

[To cocrostnuto Ha 2015 1. U3HOC BHYTPUIIPOMBICIOBBIX TpyOompoBoaoB Poccuu pocturan
80 %, a yacToTa UX MOBPEXAECHUI HA /1B MOPSJIKA BBIIIE, YEM Ha MAaruCTPaJIbHBIX TPYOONPOBOIAX,
u cocrapisieT 1,5-2,0 uamuaenta va 1 km [3].

OCHOBHOI NPUYMHON KOPPO3MOHHO-MEXAHUYECKOTO PpACTPECKMBAHMS METAIa CTEHOK
TpYOOIIPOBOIOB SIBIISIETCA KaK MHAWBHUIYaJIbHOE, TaK U COYETAHHOE JIEWCTBUE YEThIPEX (PaKTOPOB:

1. Huzkoe craleriaBUIbHOC KauecTBO MeTalla M 3aBOJACKHE Je(ekTsl TpyO (Oombiime
OCTaTOYHbIE HANpsHKEHUS, MUKPOTPEIIMHBI W MHUKpPOPACCIOEHUS MeTajuia mocie (OpMOBKU
TpyOHOH 3aroTOBKH, TO(PPHI, PUCKH, paCKaTHBIE TPUTAPHI, HECTUTABIICHUS CBAPHOTO IIIBA H T.II.).

2. JlocTyTn KOppO3HOHHO-aKTHBHOM CpeJlbl K MOBEPXHOCTH METalIa.

3. MHOrouukioBas ycTajloCThb M pa3pylIeHHEe MeTajyla OT MyJbCalluidi BHYTPUTPYOHBIX
pabouux AaBieHUN U THAPOYIAPOB.

4. MukponeekTbl CBapHbIX IIBOB  BCIEACTBHE MX PE3KOT0  OXJAXACHUS IpH
AJIEKTPOTa30CBAPOYHBIX paboTax.
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B wactu packpbiTus myHKTa 2 CTOMT 0OpaTUTh 0COOO€ BHUMAaHHME Ha TO, YTO OCHOBHBIMHU
NoOyIUTESIMH  KOPPO3UHM CIEAYEeT CUMUTATh 3HAYUTENBHYIO OOBOJHEHHOCTH MPOMBIIIICHHBIX
cMmecell He(Tel B COUETaHUM C BBICOKMM COJIEp)KaHUEM B HEW cepbl U €€ COEAMHEHUH, a TakxkKe
raJIOr€H-aHUOHOB, IOCTYNAKIIUX C IIUPOKO IPUMEHSEMBIMU Ha IIPAKTHKE I IIOBBILICHUS
He(TeOT1auM I1aCTOB OYPOBBIMU PACTBOPAMH.

JI1s1 yMEHBIIEHHsT METAJUIONOTEPh OT KOPPO3UOHHOTO BO3JAEHCTBUS IPOMBILIIICHHON CMECH
He(Tel MOKET OBITh MPEATIOKEHO HECKOJIBKO ITyTEH:

— ynaneHue Haubosee KOPPO3MOHHO-aKTHBHBIX BELIECTB;

— IIPOBEACHUE KOMIUIEKCA AHTUKOPPO3UUHBIX MEPONPUATHN, BKIIOYas IPUMEHEHUE
MHTUOUTOPOB KOPPO3UH U AIIEKTPOPUZNIECKUX CIIOCOOOB 3aIIUTHI;

— COBEpPLIEHCTBOBAHUE TEXHOJIOIMH JIEKTPOra30CcBapku Tpyo;

—3aMeHa TNPUMEHSEMBIX B HACTOSIEE BpeMs METAJUIMYECKHX MaTepuaioB Ha Ooiee
KOPPO3UOHHO-CTOMKHE METAININYECKUE U HEMETAIUIMYECKUE KOHCTPYKLIIMOHHBIE MaTEpHAIbI.

[lepBoe HampaBieHUE, MO-BHIMMOMY, HE OCYIIECTBUMO B CHIIy 3HAYHTEIBHOTO OOBeMa
obpanieHuss HepTH U HEPTENPOAYKTOB; BTOPOE — AOCTATOUYHO TPAAMLMOHHO U IOKa, IO BCEM
MMEIOIIMMCS JaHHBIM, HE CYJIMT KApJAWHAJIBHBIX YIY4YLICHUN CHUTyallud; TPETbe — B HACTOSALICE
BpeMs IIPEIMET UCCIIE0BAaHM CIICLUATUCTOB B MHBIX 00JIACTSAX 3HAHUM.

TakuM 00pa3oM, LENbI0 HACTOSILNETO MCCIEAOBAaHMS SIBISICTCS HAydHOE OOOCHOBaHHE
BO3MOXXHOCTH IIPUMEHEHHUS HOBBIX METAUIMYECKMX M HEMETANIMYECKUX KOHCTPYKLIMOHHBIX
MaTepHalioB, CIIOCOOHBIX  CYIIECTBEHHO IMOBBICHTH  Oe30macHOCTh  dKcruryaTanuud — HII
u obopynoBanus HII3, a takxke obecneunTh CHU)KEHHE PUCKOB BO3HUKHOBEHHUS Ype3BbIYAMHBIX
CUTYyalluil BCJIEJICTBUE aBapUMHBIX pa3repMeTu3aluii 1 MUHUMHU3UPOBBATh IKOJIOTUYECKUN yHIepO
OT Pa3IUBOB HE(PTH U HEPTEPOIYKTOB.

HccaenoBareanbcKkas 4acTh

B Hacrosiiee BpeMsi cTaliu SBISIFOTCS OCHOBHBIMH KOHCTPYKIIMOHHBIMU Matepuaiamu uist HIL
Tak, wampumep, Ha VYpPMaHCKOM HE(TSIHOM MECTOPOXKICHUU JJIsi TPYOOIPOBOJOB OCHOBHOE
MPUMEHEHUE HaXOsT cTanu Mapku 20.

B kadecTBe TEpPCINEKTHBHBIX METAUIMYCCKUX MATEPHAJIOB MOXHO PEKOMEH]IOBAThH
HEKOTOpBIE HOBBIE UYTYHBI, IETUPOBAHHBIE CTAJIH, TUTAH U €T0 CIUIABBI, XapaKTEPUCTUKU KOTOPHIX
CBEJICHBI B TAOHITY.

Tabnuua. IlepcneKTHBHBIE MeTAJNIMYeCKHEe KOHCTPYKIMOHHbIE MATEPUAJIbI

Marepuain | XapakTepUuCTUKN | CaolicTBa, 00J1aCTh MPUMEHEHUS
Bvicokonpounvie uyaynoi
TpyO6omnposoast n3 BULI ycnienno OmnbIT 3KCIUTyaTalMy TPyOOIPOBOIOB
AKCILTYaTUPYIOTCSI B KAUYECTBE n3 BULI Ha HedTenmpoMbiciax mokasan,
TpyOOIPOBOIOB MEPBOTO cOOpa YTO IJIaBHBINA OIEHOYHBIN
MIPY TPAHCTIOPTHPOBKE CaMoii 9KCIUTyaTallMOHHBINA IIOKa3aTeNb —
BricokonpouHbIit 3ara3oBaHHOM M arpecCUBHOM Cpelbl, KOPPO3HMOHHAsI CTOWKOCTh B CPABHEHUH
yyryn BUIIT KOTOPOH SIBJISIFOTCS IIPOLYKTHI co cTanbHBIMH TpyOamu B 4—10 pa3 Bbiie,
CKBaKUHBI (KOHTJIOMepaT a B COYETAHUH C 3aIIUTHBIMHU MOKPBITUAMHU
13 HeTENPOLYKTOB, IUTACTOBBIX BOJ, (BBICOKOTIIMHO3EMHCTHIN LIEMEHT,
CEpOBOIOPO/IA, YIIIEKHUCIIOTO Ta3a, MOJIMMEP) 3TOT MOKA3aTeNlb MOXKET OBITh
napaduHa u TBEPABIX yactu) [4] yBEIIMYEH Ha MOPSJIOK
Xpomocodeparcawue cmanu
PynonHsI pokaT NOBBIIIEHHON
KOPPO3UOHHOW CTOMKOCTH MapKu st M3roToBIEHUS PSIMOIIIOBHBIX
Manoyrnepoaucras .
ctans 07XHIL «CeBepKop» U3 HU3KOJIETHPOBAHHON | BIEKTPOCBAPHBIX TPYO, IKCILTYyaTHPYEMBIX
ctanu. Kateropus npouynoctu B YCJIOBUSIX HE(PTEPOMBICIIOB
K52 [5]
13
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Marepuan XapaKTepUCTUKHI CBoiicTBa, 00J1aCTh TPUMCHECHIS
Crtporoe orpaHu4eHHE COACPKAHU
yTIepo/ia Mo3BOJISET 00eCIIeYNBAaTh

ONTUMAJIBHYI0 MUKPOCTPYKT
Cucrema JerupoBaHus Ha OCHOBE o POCTPYKTYDY,
rapaHTHPYIOIIYIO BBICOKYIO CTOMKOCTh
Huskoyraepoaucras Maprasiia u xpoma. B kauectBe
K KOPPO3UOHHOMY PacTPECKUBAaHUIO
ctanp 05XI'b MHKPOJIETUPYIOLIErO dJIEMEHTA B CEPOBOOPOACONEPIKALIIX CPEIaX
BbIOpaH HHOOUH P p p p '

IToxa3zaTenu X1aI0CTOHKOCTH CTaIH
OTKPBIBAIOT MOTEHIIMAT JIJISl €€
PUMEHEHHUS B apKTHYECKO# 30HE [6]

Bvicokoxpomucmole cmanu

IIpu moBBILIIEHUH COAEPKAHUS XpoMa
CIIOCOOHOCTB CTalId IACCUBHPOBATHCS
ycunubaetcsi. Haxogsmuiics B

IlepcriekTHBHBIN MaTEpU
Crama: 12X13 TBEPJIOM PACTBOPE XpOM JIsT I/I3l"OeTIZ)(i3J'IeeHI/I${ obca, :Ilblf(pT aﬂ6 HIT
(1X13), 30X13, CIOCOOCTBYET BO3HUKHOBEHHUIO HIHI/I6C HLIX 3ACIOHOK ;[eHTHH;)g H’T o ’
20X13, 40X13 COXPaHEHUIO TACCUBHOM IJICHKU P ’ o)
[Ipu conepkanun xpoma 6omnee 12 % takue
(4X13), 12X17 B OKHCITUTEIIBHBIX CPE/Iax. CTAITH VCTONIMBLL 0 OTHOLICHIIO
(X17), 12X18 (X18), | Ilpucagku 01aropoaHBIX METAJUIOB, < cey0130 ODOLHOMN KODDO3HI
15X28 (X28), HaIpUMep MMaJuIaus, TUIaTHHBL, " a(f)T eCi[(I/IIl)BaiI/IIO a Ifaljmque
15X25 (X25) CIOCOOCTBYIOT ITEPEXOTy CTaen pacIpee ’
" ap 15X25. 15X28 B nacedBHOe MapTEHCUTHON CTPYKTYpPhI 00€CIIeYMBACT
’ COCTOﬂHHé B HCl u pas6asienHoii BBICOKYIO ITPOYHOCTh U UBHOCOCTOUKOCTD
H,S0, maxe mpu OBBIIEHHBIX
TeMIIepaTypax

Xpomonukenesvie aycmerHummule Cmaiu
Conepxar 17-20 % Cr u 8-11 % Ni. . .
. | JlerupoBanue yrieponuctoit cramu Ni u Cr

OTH CTalu TIOCIIE 3aKAJKA C BHICOKOH

MOBBIIIAET MPOYHOCTHEIE XaPaKTEPHUCTUKU
TeMIIepaTypbl UMEIOT
TpyO (TIpenen MpOYHOCTH, IPEaeT
AyCTCHUTHYIO CTPYKTYPY.
o TEKY4eCTH), YBEIIMUMBACT UX
Bricokast KOppO3HOHHAsI CTOHKOCTD L
Cranp Tuna 18-8 KOPPO3HOHHYIO CTOMKOCTb, CHUXKAs B PsI/ie
XPOMOHHKEJIEBBIX ayCTEHUTHBIX
U ee MOIU(pUKaIIN . CITy4aeB METaNIOEMKOCTh MarCTPaIbHBIX
crajieit 00ycIoBJI€Ha B OCHOBHOM
ra3o-HeTenpoBO/IOB, MOBHIIIAS TEM
XpoMoM. BBesieHre HUKeNsT HECKOIBKO
. caMbIM UX 3pekTuBHOCTS [7]. OHM
MIOBBIIIAET KOPPO3HOHHYIO CTOHKOCTD
. XOPOIIIO MOJIAI0TCS CBapKe, 00IagaroT
9THX CTaJIell B HEOKHUCITUTENBHBIX .
BBICOKOH TIACTUYHOCTBIO
1 c1ab00KUCIUTENBHBIX Cpesiax

Banaouiicooepoicawue cmanu

Viydmenue cToMKOCTH POTHB
KOPPO3UOHHOTO PaCTPECKUBAHUS

Y BOJIOPOJHOrO oXpyrmurBanus. CTOHKOCTh
OYpOBBIX IITAHT M OTBETCTBEHHBIX JIeTaIICH

BBICOKOMOIITHBIX YCTaHOBOK,
UCHOJIb3YIOIIUXCS IPH HACOCHOM
Y IITaHTOBOM CIIOCO0ax J00bIYH HETH

Cranu Tuna M a30TOM B COYETAHUU

B pa3bl MPEBHINIAET CTOHKOCTD IITaHT
35X2AD, C HUTPHUI000pa3yONIIMU

W3 HUKEJIbCOJIEpKAIIUX CTaIei
AII40X2AD 3JIEMEHTaMH, pu OypEHUH TOPHBIX ITOPOJT

U MHOTOJIETHEMEP3JIBIX TPYHTOB.
MukpoJierupoBaHue ctaiei mo3BOJIUII0
YBEIMYUTHh MOIITHOCTb JIBUTATENS BJIBOE,
HaJIeKHOCTb U pecypc ero padoThl Ha
40 %, MEXPEMOHTHBIN EPUOJT UX PaOOTHI
Ha 7—12 cyTOK, 9TO 3HAYUTEIHLHO
yBenu4miIo 00beM 100b1uu Hedtu [8]

KomriekcHoe MUKpOJIETUPOBaHNE
XPOMHUCTOM CTany BaHAIHEM

KOMITO3UIIHUA MI/IKpOJ'IeFI/IPOBaHI/IH
N+V+Ti
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Marepuain

| XapaKkTepUCTUKU |

CBoiicTBa, 00J1aCTh TPUMCHECHIS

Tuman u e2o cnaaswvi

TuTaH u ero CraBbl
1enecooopa3Ho
HCIIOTb30BaTh
B armmaparax
U YCTaHOBKax
HedTenepepadoTKH,
paboTarommx
B arpecCUBHBIX
aTMocgepax,
Ba)XKHBIM
KOMITOHCHTOM
KOTOPBIX SIBJIETCS
xiop, HCL, mapst
Cephl U €€ OKCUIOB

B xuMuueckoM MaltuHOCTPOCHHH
B OCHOBHOM MPUMEHSIETCS] TEXHUYECKU
yuCThIi TUTaH Mapok BT1-00, BT1-0,
BT1-2 u TuTanoBkie nehopMUpyEeMbIS
CIUIABBI THITA
OT4-0, OT4-1 u OT4
(c nerupyrommmu 1o0aBKaMu
Maprasia 710 2 % u aTroMUHUS —
1-3,5 %) [9]. KopposuonHas
CTOWKOCTh M (DU3MKO-MEXaHUICCKHE
CBOMCTBA TEXHUYECKOT'O TUTAHA MOTYT
OBITh 3HAYHUTENILHO YBEITHYCHBI ITyTEM
JIETUPOBAHHUS
€ro dJIeMeHTaMH, KOTOpbIe 00pa3yroT
C TUTAHOM TBEPJIbIC PACTBOPHI JIBYX
VT MHOTOKOMITOHEHTHBIX
onHo(a3oBeIX cucteM. Hanboee
3¢ (HEKTUBHBI ISl YBEITUYCHHS
KOPPO3UOHHOM CTOMKOCTH TUTaHA
JI00ABKYU TaKUX DIIEMEHTOB,
kxak Mo, Ta, Nb, Zr, Cu

3TOT MeTall1 abCOJIIOTHO CTOCK
BO BJI&YKHOM XJIOPE ¥ €T0 BOJHBIX
COEIMHEHVISIX, a TAKXKE 110 OTHOIICHHIO
K T1apaMm cepbl U €€ COSIUHEHUSM.
OTir4gaeTcs BRICOKOH KOPPO3NOHHON
CTOMKOCTBIO B MOPCKOM BOJIE
u B atmocgepe. CKOpOCTb KOppO3UU
B MOPCKO#1 Bojie cocTaisieT Bcero 0,02 Mmm
3a 1000 net. TutaHOBBIE CIITABHI
C YCIIEXOM MOT'YT OBITh PEKOMEH IOBaHbI
B KQu€CTBE MEPCIEKTUBHBIX KOPPOZUOHHO-
CTOWKHX MaTepPHAIIOB ISl I3TOTOBJICHUS
Pa3IMIHOTO POJa IPYKUH B AIIEMEHTaX
OypoBOro 000pyI0BaHUs U HETIHOM
MIPOMBIIIUIEHHOCTH, TIOCKOJIBKY B HIX
BBITOJHO COYETAIOTCS BHICOKASI TPOYHOCTD,
CPaBHUTENBHO HU3KUH MOIYJIb YIIPYTOCTH,
HHU3Kas INIOTHOCTHh, Majiass MarHuTHasA
MIPOHUIIAEMOCTh W BEICOKAst KOPPO3HOHHAS
CTOMKOCTh B OPraHUYECKUX
HeanekTpoaurax [10]

Crout JOIIOJIHUTCIIBbHO O6paTI/ITI> BHHMMAHHEC Ha BaHaz[Hﬁcoz[epn(amHe CTaJIn U IIPOUUTHPOBATDH

M3BECTHOTO CHELIHUAIMCTa [0 CTalsM, KOHCYJIbTaHTa [0 METAJUTYpIrHM aMEPHKAHCKOH (QHUPMBI
«Stratcor» M. KopunHCKOro: «uccienoBanus, IPOBEJCHHBIE B MUPE 110 MUKPOJIETUPOBAHUIO CTAJIEH
BaHA/IMEM, a30TOM M HUTPHUI000Pa30BaTENSIMH, 3TO TOIBKO BEPXYIIKaA aiicOepra, IMIBIBYILEro 0 MOPIO,
1 TI0Ka MBI BUJIM TOJIBKO €r0 KYyCOUYEK», 0003HAYMBILIETO, YTO 33 HUMH Oyaymiee [11].

Oco0oro BHMMaHHS B HAaCTOSILEE BpEeMs BaHAAMNCOAEpKALUME CTAIM 3aCIyKUBAIOT
KaK BBICOKO KOPPO3MOHHOCTOMKHME MaTepHualibl Al TPYyOOIPOBOIOB, B KOTOPBIX LUPKYJIUPYIOT
00BOZIHEHHBIC HEPTH, COJIEPIKAIIINE TAIOTCH-aHHOHBI — OCTATKH OYpOBBIX pacTBOpoB [12].

Crnenyer 00s3aTelbHO OTMETHUTh, YTO OOJIBIIMHCTBO W3 NMEPEYUCICHHBIX MEPCIEKTUBHBIX
METAIIMYECKUX KOHCTPYKIIMOHHBIX MaTepUajioB B HACTOSIIEE BPEMsl MMEIOT Dsii HEIOCTaTKOB,
KOTOpPBbIE MOTYT OBITh YCTPAaHEHbI Ha JaTbHENIINX dTalax UX YCOBEPILICHCTBOBAHMSL.

Tak, mpu mycke WJIM OCTAaHOBKE IOTOKA JKHUIKUX YIJIEBOJOPOAOB B TpyOax M3 cTalu
15X13H2 Habmiomaercss pe3kuil poOCT WM TMaJeHWe BHYTPEHHErO [aBJIEHUS, YTO MPUBOJIUT
K TOSIBJICHUIO OKPY)KHBIX HamlpsyKEHUH B CTEHKE M (MPU HU3KUX TemIepaTypax) K MpOJI0JIbHOMY
XpyIKoMy paspyiuenuto Tpy6 [13].

HeobOxonnMo oTMETHUTH, YTO JJIS LIEJOrO psjia TeXHoJormueckux ycraHoBok HII3 Bnomne
JOCTaTOYHO OOOWUTHCH BHEJIpEHHEM Oosiee JEIIEeBbIX HEMETAUIMYECKUX KOHCTPYKIIMOHHBIX
MaTepHaloB U IMOKPBITUH.

OnbIT NpUMEHEHUs! MOJMMEPHBIX 3aIUTHBIX TMOKPBITHIA MMOKA3bIBAET, YTO MpoOJeMa HaIeKHOM
3amuThl B BbIcOKoarpeccuBHbIX cpenax (BAC) He Moxer ObITh CBeJEHa TOJBKO K Ipodieme
obecriedeHHsT XMMHUYECKOM CTOMKOCTH TMOJMMEPHOrO MaTepuana. JTo ABIAeTCs HE0OXOIUMbIM
YCIIOBHEM, OJTHAKO JUIsI 0OeCTIeYeHUs JTUTeNbHON dKcIuTyaraimu B BAC Taxke Heo0X0auMo, 9TOObI
MOKPBITHE 00J1aJa7I0 KOMIUIEKCOM AKCIUTYaTallMOHHBIX CBOMCTB M XapaKTEPUCTHK, CPEIU KOTOPBIX
B TIEPBYIO OUY€pe/lb HAJIO BBIACIUTH YPOBEHb IIPOHUIIAEMOCTH ISl arPECCUBHBIX CPEl, MEXaHUYECKYIO U
aJIre3MOHHYIO0 YCTOWYMBOCTD TIOKPBITUS TIPH dKCIUTyaTanuu [14].

BrimonHeHne 3TUX BO MHOTOM MPOTHUBOPEUMBBIX TPeOOBaHU, IPU UCHOIB30BAaHUU OJHOTO
MaTepuaia, KakK IpaBHJIO, HEBO3MOXXHO, BCJIEJACTBHE YEro HEU30ekKHO HCIOIb30BaHHE
JIOTIOJTHUTENBHBIX CJI0€B (TPYHTOBOYHBIX WMJIM KJIEEBBIX), UTO JeNaeT JII000€ MOKPHITHE IO CBOEH
CYTH MHOTOCJIOMHBIM.
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YuuTbiBas BBIILIEU3I0KEHHOE, BCTAET BONPOC O TOM, YTOObI KOHCTPYKLIMS MOKPBITUS ObLia
KaKk MUHUMYM paIlMOHAJIIBHOM, a B Mjeaje — 00ECleUHBAIONICH MOBBIIICHUE 3aIUTHBIX CBOWMCTB
MOJUMEpPHbIX  MOKpeITUH B  BAC 1npu  CHMKEHUHM  ypOBHS  YIEIbHOW  CTOMMOCTH
IIPOTUBOKOPPO3UOHHOM 3alLUTHI.

Hns obecnieuenust >¢ddextuBHOCTH TOKpBITUH 111 BAC HeoOXoauMo pelieHue psaa
npobieM, BaXHEUIIEH U3 KOTOPBIX SBISETCS HCKIIOYEHHUE MepeHoca Mo AeeKTaM U CKBO3HBIM
[IOpaM HEMOCPEACTBEHHO K 3aIUIIAEMOIN TOBEPXHOCTH.

[TomaBnenne xamwuisipHoro ((a3oBoro) mepeHoca BO3MOXKHO JBYMSI OCHOBHBIMH
crocobaMu: CHHKEHHMEM COOCTBEHHOM  JedeKTHOCTHM MaTepuajoB U  HCIHOJIb30BaHUEM
MHOT'OCJIOMHOW KOHCTPYKIIMH 3aIIUTHBIX IIOKPBITUH.

Crpemsienne K pa3paboTke MaTepuajoB C HHM3KOM COOCTBEHHOM Je(EKTHOCTHIO,
0€3yCIIOBHO, SIBJISIETCS MEPBOOYEPETHBIM HAIPABICHUEM, OJHAKO €T0 HEJb3s a0COIIOTH3HPOBATH.
Bo-nepBbIX, CylIecTBYeT NPUHIMIIHAIBLHAS HEBO3MOKHOCTD MOJIY4eHUS MaTepuanoB 6e3 1e(eKToB,
a BO-BTOpBIX, CIEAYET YYWUTHIBaTb, 4YTO IpPU MPAKTUYECKOM HCIOJIb30BAaHUU MaTE€pHaJIOB
CYLIECTBYET MHOXECTBO CHUTYyalluid, Korga JeGeKTHOCTh MOKPHITUS OyIeT CYIIECTBEHHO BBILIE,
YeM IpY HAaHECEHHH B CTAHJAPTHBIX U TeM OoJiee B JaOOPaTOPHBIX YCIOBHSX.

B cBowo ouepenb, HCHONB3yd KOMOMHALIMIO CIIOEB U3 TOJUMEPHBIX MAaTepUaIOB
C Pa3IMYHBIMH aJCOPOIHMOHHO-ITN((Y3HOHHBIMU CBOMCTBAMH, MOXKHO CO3[aBaTh IOKPBITHS
C BechbMa HM3KOH MPOHMIIAEMOCThbIO. BBeneHHe MOMOMHUTEIBHOrO €0s (WM YacTU4YHas 3aMeHa
OJIHOTO MaTepuajia Ha Jpyroi), Hanpumep ToamuHoi Bcero 100-200 MM, MO3BOJISET B ACCATKU
pa3 YMEHBIIUTh TTTyOUHY IPOHUKHOBEHUS, YTO SKBUBAICHTHO YBEIIMYCHHUIO BPEMEHH «I0 MPOOOs»
B COTHH pa3.

CornacHO  MOJYYEHHBIM  pe3yibTaTaM  HUCIbITAHUM  HANpSHKEHHOTO  COCTOSIHUS
MHOT'OCJIOMHBIX MOKPBITUH, MOJATBEPKJIEHHBIM pacue€TaMu C MCIOJb30BaHUEM METOJAa KOHEUHBIX
JJIEMEHTOB U HAaONMIOJCHUSMU 3a pa3pylIeHHEM MOJEIbHBIX W MPOMBIIIJICHHBIX MOKPBITHIA,
Hanbonee 3(pPEeKTUBHBIM ABISETCS UCIOIB30BAHUE MOKPBHITUH C 3JaCTUYHBIM BHYTPEHHHM CIOEM
U C HAPY)KHBIM BBICOKOXHMCTOMKHM CJIOEM Ha OCHOBE I'YCTOCIIMTOrO peakToruiacta [15].

Takass KOHCTPYKLHS IO3BOJISIET, BO-IIEPBBIX, CYLIECTBEHHO CHU3UTH (B JBa—IISATh pa3)
HOpMaJbHbIE M KacaTEebHbIC HAMpPsDKEHHUS B TOKPBITUM 30HBI KpaeBoro nedekra Wiu
MOBEPXHOCTHOTO Je(eKTa, BO3HHKIIErO B TPOILECCe OSKCIUTyaTallid, BO-BTOPBIX, pa3rpy3HTh
aATe3MOHHBIA CIIOW TOKPBITHS M BEPXHUU CIOW IOJJIOKKH; B-TPETBHUX, 3HAYUTEIIBHO IMOBBICUTH
YCTOMYMBOCTh IMOKPBITUN K TMPOPACTaHUIO TPEHIMHBI U3 MOAJOKKH, YTO HMMEET CYIIECTBEHHOE
3Ha4YeHue, HallpuMep MpPHU 3aluTe OETOHHBIX TOBEPXHOCTEH.

Takum 00pazoM, UCIONB30BAHUE PAIMOHATBHOW MHOTOCIOMHOW KOHCTPYKIMH MOJMMEPHBIX
HOKPBITUI  siBIsieTcsl 3(QQEKTUBHBIM CHOCOOOM TOBBINIEHHS MX 3alIUTHBIX CBOilctB B BAC,
9T0 OOYCIIOBJIEHO CHWKEHHEM CKBO3HOW TEXHOJIOTMYECKOW M JKCIUTyaTallMOHHOM J1e(peKTHOCTH,
5Q(eKTUBHBIM CHIKEHHEM (] Y3MOHHOrO MaccolepeHoca U IOBBILICHHEM MEXaHUYECKOM
Y aAr€3UOHHON YCTOMYMBOCTH MOKPBITUI B YCIOBUAX JACUCTBUS BHYTPEHHUX HANPSHKEHUN U BHEIIHUX
Harpys3okx.

B psgy mnonMmepH3anMOHHBIX TIACTMAcC (TOPOIUIACTBHI 3aHHUMAIOT 0CO000e MecTo Onaromapst
YHUKAJIbHOMY COUYETAHWIO TaKUX CBOWCTB, KaK BBICOKHE XWMHYECKas CTOWKOCTb, TEIIOCTOMKOCTB,
MOPO30CTOUKOCTh, TPUOOTEXHHYECKHE, aHTHATe3UOHHBIC, JICKTPOU3OISIIMOHHBIC XapaKTepUCTUKH [16)].
OTO mpenmomnpenenser HX  YCHEIIHOE HCIOJNb30BAHUE B  IPOTUBOKOPPO3MOHHOW — TEXHMKE
B KAQUeCTBE MOKPHITUHI U GYTEPOBOK Pa3INYHOTO Ha3HAYECHUSI.

IlokpbITUST Ha OCHOBE pAaCTBOPUMBIX (DTOPOIUIACTOBBIX JIAKOB O0JaJalOT BBICOKUMHU
MIPOTHBOKOPPO3UOHHBIMU M 3aIIMTHBIMU CBOMCTBaMH, HE HaOyxaroT B Bojie. OHU yCTOWYMBBI K KUCIIBIM
U LIEJIOYHBIM Cpe/iaM, K arpeCCUBHBIM I'a3aM U Mapam, CoJiep KaIiuM (hTOPUCTHIN BOIOPOJ, OKHUCIUTETH
u npoyee. M3 mepcreKTUBHBIX HANpaBIeHUN HCIIOIb30BAHUSI JAKOBBIX (PTOPOIUIACTOBBIX MOKPBITHI
MOXXHO OTMETUTh TPUMEHEHHE JUIi aHTUKOPPO3MOHHOM 3alllUThl CTBIKOB Ta30BBIX TPYO
MarucTpajbHbIX ra3oMpoBOJOB, TPYOOIIPOBOIOB, apMaTyphl, METAIIOKOHCTPYKIIMH, Ha AEHCTBYIOIINX
Y CTPOSILIMXCS TA30BBIX M Ta30KOHICHCATHBIX MPEANPUSTHSX [17].
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[TokpeITHst W3 cycneH3uil (TOPOIUTACTOB M KOMITO3WITMH HA WX OCHOBE HAHOCSTCS BCEMH
METOJ]aMU, TIPUCYLTUMH JIAKOKPACOYHOU TEXHOJIOTUH, U MPUMEHSIOTCS B KQUECTBE aHTUAAT€3MOHHBIX
Y aHTUKOPPO3UOHHBIX MOKPBITHA.

st yBenuueHUsT aAre3MOHHONW TPOYHOCTH HCIONB3YIOTCS MPUHITUIBI MOIU(DUIIUPOBAHUS
MOKPBITUN METAJUIMYECKUMHU MOPOIIKAMH, KOTOPHIE B 3aBUCHUMOCTH OT BEIHMYMHBI CTaHJAPTHOTO
MOTEHI[Mala M0 OTHOUICHUIO K CTajdl 00eCneunBarlOT aHOJHYIO WMJIM KAaTOAHYIO 3amuTy. B ciydae
BBICOKOU KaTOAHOW MOJISPU3ALMU TOK AIEKTPOXUMUYECKOH 3alUThl yMeHbIaercs B 1,52 pasa.

JlomoTHUTEIBHBIC BAPUAHTHI /IS BBIOOpA ONTHMAIBHBIX PEIICHUN aeT MPUMEHEHHEe Ooee
MEPCIIEKTUBHBIX, pecypcocOeperarnmx, 3KOJOTHYeCKH O€30MaCHbIX TEXHOJOTHi, K KOTOPHIM
MOXHO OTHECTH UCIOJIb30BaHUE TPYO, H3rOTOBJIECHHBIX M3 KOMIO3ULIHOHHO-BOJIOKHUCTBIX
MarepuanoB (KBM).

Haubonee pacnpocrtpanenusiM cpequ KBM  sBisieTcst  CTEKJIONIACTUK, COCTOSILIUN
U3 BBICOKONPOYHOTO CTEKJIOBOJIOKHA U CBA3YIOLIEro KOMIOHeHTa — wMarpuusl. [lupoxo
MPUMEHSIEMBI B aBHAapaKeTHO-KOCMUYECKOW TEXHHKE, OH 3apeKOMEHIOBal ceds Kak Hamboiee
3¢ (}EeKTUBHBIAH € SKOHOMHYECKOW M TEXHUYECKOW TOYEK 3pEHHUs Marepuall, KOTOpBId HMeEeT
CJIEYIOIME IPEUMYIIIECTBA:

— BBICOKYIO CTEHEHb KOPPO3MOHHOM CTOMKOCTH  (CJleIOBaTeNIbHO, CPOK  CIIYXObI
CTEKJIOTUTACTUKOBOTO TPYOOIIPOBO/IA B MATh—IIECTh Pa3 BBIIIE, Y€M METAINTUYECKOTO0);

— BBICOKHE (PU3UKO-MEXaHWYECKUE CBOICTBa, HeOOJbIIas Macca HW3JEIHs MPH BBICOKOM
MIPOYHOCTH; B CPEIHEM Macca W3ACIIUA M3 CTEKJIOIJIACTUKA B MATh—AECITh pa3 MEHbBIIE MAaCChI
TaKMX )K€ U3JIeJIHH U3 METaNIOB, IOATOMY MEHbIIIE TPAHCIIOPTHBIE U MOHTAXKHBIE PACXO/IbI;

— MHEPTHOCTh K OTJIOKEHUSM (HE BO3HUKAIOT TapauHOBBIE OTJIOXKECHHS, HAKHUIIb,
He TpeOyroTCsl 3aTpaThl Ha OYHCTKY BHYTPEHHEH MOBEPXHOCTH, OTCYTCTBYIOT IMOTEpU 3a CUET
YMEHBIIIEHUS BHYTPEHHET0 CeYeHUsI TPyOOpOBO/Ia);

— HU3Kasl TEIUIONPOBOAHOCTH (HE TpeOyeTcsl JOMOTHUTEIbHAS TeTION30IISIHA );

— HU3Kasl YyBCTBUTEIHHOCTh K KOHIIEHTPATOPaM HaIPSKEHUH;

— BBICOKMH KO3(PUIIMEHT MaccoBOro coBepiieHCTBAa (KOA(D@PHUIIMEHT HCIIOIb30BaAHUS
MaTepuajia TpUd H3TOTOBJICHHM CTEKJIOIUIACTUKOBBIX wm3aenuii paBen 0,8-0,9 (mo cpaBHEHHIO
¢ 0,5 y MeTaJuioB) ¥ MPOCTOTa TEXHOJIOTUU MPOU3BOICTBA;

— BpEMA MOHTaXa PI3):[CHPII71 M3 CTCKJIIOILUIACTHKA B TPU—YCTHIPE pasa MCHBILIC, YEM U3 MCTAJUIMYCCKUX
U30EIINH,

— CPOK DJKCIUTyaTalliud M3ACIUA U3 CTEKJIOIUIACTHKA, B 3aBUCHUMOCTH OT arpeCcCUBHOCTHU
cpensbl, cocrasiser 25-50 ner.

I'maBuas ocoGenHocTh Bcex KBM, BKIIOYWass M CTEKJIOIUIACTHK, 3aKJIIOYACTCS B TOM,
910 (pOpMHUpPOBAHME HMX COCTaBa U CTPYKTYpPHl TEXHOJOTMYECKH COBMEIIEHO C (HhOpMHpOBAHHEM
KOHQUTYpalui camMoro usaenusi. TakuMm o0pa3oMm, BO3MOXKHO TOJMYYCHHE H3MIENUNA C 3aJaHHBIMHU
(U3UKO-MEXaHUYECKUMH CBOMCTBaMH, UTO TMO3BOJHUT CYIIIECTBEHHO CHU3UTh UX MACCy IO CPAaBHEHHUIO
C METATMYECKUMHU KOHCTPYKITHSIMH.

OguuM #3 BaxHBIX (PAKTOPOB, TMO3BOJSIOUIMX CJeNaTh BbIBOA 00 3ddexTuBHOCTH
(GyHKIIMOHUPOBaHUSI TPyOONPOBOJOB, SIBISETCS HUX NPOMYCKHAas CHOCOOHOCTb. (CHOBHBIM
u Haubonee 3(h(EeKTUBHBIM METOJOM TMOBBIIMIEHUS MPOMYCKHOW CIMOCOOHOCTH TPYyOOMpPOBOIOB
SIBJISIETCSl  YBENMYEHUE pabouero MJaBJiCHUs TpaHCIOPTHpyeMoil cpeasl. OmHaKo W3 TEOPUH
MPOYHOCTH M3BECTHO, YTO ATO MOBBIMIAET TONIIMHY CTEHKH TPYOOIPOBOJA, YTO, B CBOIO OYepeb,
MPUBOAUT K POCTY MacChl, a CJEJ0BAaTEeIbHO, CTOMMOCTH TPyOONpPOBOJA, YBEIHMYCHUIO
TPAHCIIOPTHBIX U MOHTAXHBIX 3aTPaT U K CHIDKEHUIO SKOHOMHUYECKOH 3 PEeKTUBHOCTH.

Hcnonp3zoBanue BoIcCOKOMPOYHBIX KBM 103BOJIUT MOBBICUTE HE TOJBKO pabouee JaBiieHUe,
HO U B 11eJI0M 3P PEeKTUBHOCTH (DYHKIIMOHHPOBAHUS TPYyOOIpOBO/Ia 3a cueT 00Jiee BHICOKUX (PU3UKO-
MEXaHUYECKHX CBOMCTB MaTepHaa.

Kpome TOro, KOMMO3WIIMOHHBIE MaTepuaibl BecbMa A(G(EKTUBHBI MPU PEKOHCTPYKIUU
TpyOOIIPOBOIOB, PAOOTAOIIMX B PEKUMaX MPeAaBapuitHOTO cOCTOsTHUS. [Ipu 3TOM pekoMeHTyeTCs
BHYTPHM METAJUTUYECKOTO TPYOOMpOBOJia MPOKIAIAbIBaTh TPYOOMPOBOA M3 CTEKIOMIACTUKOBBIX
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TpyO — KOHCTpYKIMs «Tpyba B TpyOe». OTO TO3BOJIMT YBEIMYUTh CPOK O3KCILTyaTallUuu
TpyOOIPOBOJHOTO TpaHCIIOpTa W pabouee NaBJICHHE, YTO IMOBBICUT IMPOMYCKHYIO CIIOCOOHOCTB.
Okosiornyeckass 0€30IacHOCTh TAKOro TpyOonpoBoaa OyIeT elle BbILE, €CId [0 BHYTPEHHEMY
CTEKJIOIJIACTUKOBOMY TPYOONPOBOJY TPaHCIOPTHPOBATh HEPTEHPOAYKT, a MO HAPYKHOMY
CTaJIbHOMY — I'a3.

B uactHocTH, mpemaraercst 3G (QEKTUBHBIA CIIOCOO TEePMETHU3ALUU CTEKIOIUIACTHKOBOM
TpyObl — KOHCTPYKLIMS MHOTIOCIOHHOM CTEHKH TpyObl C BJIOXEHHBIM B CTPYKTYpY
CTEKJIOIUIACTUKOBOM CTEHKH T'epMETH3HPYIOIUM ciioeM [ 18].

Taxxe HEOOXOJUMO OTMETUTb, YTO B IOCIEIHEe BpeMs pa3paboTaH LEbId psii HOBBIX
KJIEEBBIX U I€PMETU3UPYIOIINX COCTABOB, PEKOMEHAYEMBIX K IPUMEHEHUIO Ha MaructpaibHbix HII
B YCJOBHUSX MOBBILIEHHOIO PHCKa MOKapa U B3pbIBA, a TAK)KE HEOOXOJIUMOCTH MPOBEACHUS paboT
0e3 IeMOHTaXka 000PyIOBaHHUSL.

OreuecTBeHHbIE pa3pabOTKM B 00JacTM  KJIEEB-KOMIIAYHJIOB  IPEJCTaBISAIOT  CO0Oi
HalOJIHEHHbIE ~ KOMIIO3MLIMM  XOJIOHOTO  OTBEP)KACHUS,  OTIMYAIOLIMECS  KOHCHCTEHLUEH
(OT >KuIKOTEKy4eH 10 MacTo00pa3HOI ), CKOPOCTBIO OTBEPXKICHUS U HAOOpa MaKCUMaJIbHON MPOYHOCTH
(ot 24 no 48 4 npu Temneparype 20 %C). OcroBoit KJIeEB-KOMITAYHJIOB SIBIISTIOTCS. MOAM(HIIMPOBAHHBIE
SMOKCU/HBIE CMOJIbl, OTBEP)KAAEMble AMHHHBIMH COEJUHEHUSMHU C Pa3IMYHOM pPEaKIMOHHON
aKTHBHOCTHIO. JKU3HECTIOCOOHOCTH KiieeB cocTapisieT ot 10 1o 60 MuH, IPOYHOCTH MPH PAaBHOMEPHOM
OTpbIBe TpH Temrieparype 2025 °C cocraBmser 25-35 MIla. Knen-xoMnayHipl UMEIOT BBICOKYIO
aare3d0 K MeTaulaM M cIulaBaM, IUlacTMaccaM, O0JajaloT HEeoOXOAMMOM  TBEPIOCTBIO
U B OTBEP)KICHHOM COCTOSIHMH MOTYT IIOJIBEPraThCsi MEXaHUUECKoi 00paboTke [19].

OauH U3 HOBBIX COCTaBOB, OCHOBOM KOTOpPOrO SIBJISIIOTCS SIOKCUAKPWIIATHBIE aJJIyKThI
c n00aBKaMM YNPOYHSIOIIMX MHHEPAIBHBIX W METAJUIMYECKUX HAIMOJHUTENICH, NpUMEHSETCs
IUIL TePMETHU3alMN MaruCTPAIbHBIX Ta30- M HE()TEIPOBOJOB IMPH SKCIUTyaTallud 0€3 OCTaHOBKU
ux pabotsl [20] 1 maxe mox Bomoii [21].

3akjao4eHue

1. PexoMenioBaHbl NEepCHEKTUBHbIE I He(dTera3oBoil OTpaciu KOPPO3MOHHO-CTOHKHE
METAJINYECKHE U HEMETAJUIMUYECKUE MaTEpUaJIbl.

2. AKIIEHTUPOBAaHO BHUMaHHE Ha HETAaTUBHOM BJIMSTHUM aHHOHOB T'aJIOTEHOB, MOCTYMAIOMINX
B IIPOMBIIIJIEHHBIE cMecH HedTell ¢ OypOBBIMU PacTBOpPaMH.

3. Iloka3zaHo, 4TO JIETMpOBaHKUE CTAIN BaHAJAUEM CHOCOOCTBYET YBEJIMUEHHUIO €€ KOPPO3MOHHOM
CTOMKOCTH B OTHOILIEHUH KOPPO3HMOHHO-aKTUBHBIX COSTMHEHUI HEPTH 1 HEPTENPOTYKTOB.

4. YCTaHOBIEHO W JIOKAa3aHO, YTO (PTOPOIIACTHl MNEPCHEKTHBHBI JJIsi HCIOJIb30BAHUS
B IIPOTUBOKOPPO3MOHHOM TEXHUKE B KaUECTBE MOKPBITUN U (PyTEPOBOK Pa3IMUHOTO Ha3HAUEHUS.

5. PekoMEHZI0BaHO MpH PEKOHCTPYKIMHM METAIMYECKUX TPYOONpPOBOJOB, PabOOTAIOIINX
B MpeaBapUiHOM peXHUME, MPUMEHATh TEXHOJIOTHIO «TpyOa B TpyOe», UCIIONHSSI BHYTPUTPYOHYIO
o0eualiky U3 CTEKJIOIIACTHKA.

6. [IpennoxeHsl Ui TepMETH3aIlMH Pe3bOOBBIX M (IIAHIEBBIX COCAMHEHHH, OTBEPCTUI
aBapuiiHOM  pasrepMeTH3allud  CTOMKHE K  BO3JAEHCTBHIO  HE(TENpPOIYKTOB  KJIEEBbIE
U TEPMETU3UPYIOLINE COCTaBbl, CIOCOOHBIE JINKBUAUPOBATH 1€(DEKTHI MOJ] BOJOMH.
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IHHOKAPHAS TAKTHUKA,
OUBUKO-XUMHNYECKHNE OCHOBBI
IHPOLHECCOB I'OPEHUA U TYHIEHHUA

VIIK 614.842.6

CTAIMOHAPHBIE CUCTEMBI JIUIA TYHIEHUSA PA3JINBOB
ABHUAIIMOHHOI'O TOIIVIMBA BOKPYT ABAPUMHO
MPU3EMJIMBIIETOCS CAMOJIETA

Baagumup {mutpueBuuy 3axmartos;

Mapus Bajgentunosna Ilankparosa™.

Cankr-IlerepOyprexmii yausepceurer I'TIC MUC Poccun, Cankr-IlerepOypr, Poccus
2r masha-oskol@mail.ru

Annomayus. EXeroqHo INPOMCXOIUT MHOXKECTBO aBAPUMHBIX IOCAAOK  CaMOJIETa
¢ nedopmanmeit Kopyca, COIpOBOXKIAIOUINXCS pa3IMBaMH TOIUIMBA U UX Bo3ropanueM. lloxaps
pa3IUTOro aBMATOILIMBA XapaKTEpU3yIOTCsA OOJBLIMMU pa3MepaMu, ObICTPBIM paclpoCTpaHEHHEM
TOPEHUsI 1O BCEH IUIOIIAAM BO3AYIIHOTO CYAHA, BBICOKOW CKOPOTEYHOCTHIO W OOJBIION
Temmeparypoii B 3o0He ropenus (6onee 1 000 °C), mpuBoasiieil K ObICTPOMY IIPOTOPAHUIO OOITUBKH
¢brozenska, Hen30€KHO 3aKaHUYMBAIOUICHCS THOENBIO MTACCAKUPOB M dKUTIaXa. Hepeako aBapuidHbIN
CaMOJET pa3pyllaeTcs M B3PbIBAETCS MPU JBMKCHMM 10 B3JIETHO-IIOCAJOYHOM II0JIOCE.
CoBpeMEHHbIE M0KAPHBIE a’pOJIPOMHBIE aBTOMOOWJIM HE MOTYT TapaHTHpPOBaTh TYILIEHUE
OCTaHOBHUBUIETOCSI CaMOJE€Ta M TOPSILEro pa3iuBa aBHUATOILUIMBAa BOKpPYr Hero. CoBpemMeHHas
MO’KapHasi TEXHUKAa HE MOXET 00eCHeuUuTh TYIIEHHE TrOopsALIMX CaMoJIETOB B JIBM)KEHUU. B craTbe
OIIHMCBHIBAETCSI HOBAsl TEXHOJIOTHS TYLIEHHWS pa3jiMBOB aBHALMOHHOIO TOIUIMBA BOKPYI aBapUKWHO
MPU3EMIIMBILIETOCS CaMOJIETa MMITYJIbCHBIMU Ta30KaleIbHbIMU IIKBaJlaMHM U Ta30MO0POIIKOBBIMU
BUXPSAMH C LIMPOKHUM (POHTOM. DTH BUXPH CO3/AIOTCS TOJBKO MHOTOCTBOJBHBIMH 3aJIOBO-
pacnbUIMTENbHBIME MOIYJIsIMU. OHU CIIOCOOHBI CO3/1aTh 3PPEKTUBHO padoTaroIIKe JUHUU BJIOJIb
BCEH B3JIETHO-TIOCAZOYHON MOJOCHL. J[pyroil BapuaHT — MCIOIb30BaHUE 3aJITI0BO-PACIBUINTENBHBIX
MOJlyJIel Ha I1acCH a3pOJPOMHBIX aBTOMOOWJIEH Ha B3JIETHO-NMIOCAA0YHOMN M0JI0CE, BE3/I€X010B JIs
TYLIEHUs CaMoJI€Ta, BBIKATHBILETOCs 3a MpeAebl MOJOCHhl, U CTaif OECHWJIOTHBIX JIETaTeNbHbIX
anmnapaToB JUIs TYHICHHUS CaMOJIETOB, IPU3EMIIMBIINUXCS BHE TEPPUTOPHUH a3POIOPTa.

Knrouesvie cnosa: aBapuiiHBIN CaMOJET, aBapuUHHOE NPU3EMIICHHUE, B3JIETHO-IIOCAJOUYHAsS
110JI0ca, pa3jivB aBUATOILJIMBA, JIUMUT BPEMEHH TYIICHHS, MHOTOCTBOJIbHBIE MOAYJIH, UMITYJIbCHOE
pacrblUieHHe, OTHETYIIAIINEe COCTAaBbI, OTHETYIIAIUe IKBAJIbI, ITUPOKHHA (HPOHT

Just murupoBanusi: 3axmatos B.JI., IlankparoBa M.B. CramnuonapHsle cUCTEMBI ISl TYLIEHHS pa3iMBOB
ABHAIIMOHHOTO TOIUIMBA BOKPYT aBapuiHO mpu3emiuBiierocsi camonéra // Hayd.-anamut. sxypH. «BecTHHK
C.-Iletep0. yu-ta ['TIC MUC Poccuny». 2022. Ne 1. C. 22-29.

© Cankrt-IlerepOyprckuii yausepcutet ['TIC MUC Poccun, 2022
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STATIONARY SYSTEMS FOR EXTINGUISHING AVIATION FUEL
SPILLS AROUND A CRASH-LANDED AIRCRAFT

Vladimir D. Zakhmatov; Maria V. Pankratova.

Saint-Petersburg university of State fire service of EMERCOM of Russia,
Saint-Petersburg, Russia

&r.masha-oskol@mail.ru

Abstract. Every year there are many emergency landings of the aircraft with deformation
of the hull, accompanied by fuel spills and their ignition. Fires of spilled jet fuel are characterized
by large size, rapid spread of combustion over the entire area of the aircraft, high transience
and high temperature in the burning zone (more than 1000 ° C), leading to rapid burnout
of the fuselage skin, inevitably ending with the death of passengers and crew. Often, an emergency
aircraft is destroyed and explodes while moving along the runway. Modern airfield fire trucks
cannot guarantee the extinguishing of a stopped aircraft and a burning jet fuel spill around it.
Modern firefighting equipment cannot provide extinguishing of burning aircraft in motion.
The article describes a new technology for extinguishing aviation fuel spills around a crash-landed
aircraft with pulsed gas-drop squalls and gas-powder vortices with a wide front. These vortices are
created only by multi-barrel volley-spray modules. They are able to create efficient working lines
along the entire runway. Another option is to use salvo-spray modules on the chassis of airfield
vehicles to extinguish on the runway, all-terrain vehicles to extinguish an aircraft that rolled out
of the runway, and flocks of unmanned aerial vehicles to extinguish aircraft that landed outside
the airport.

Keywords: emergency aircraft, emergency landing, runway, jet fuel spill, extinguishing time
limit, multi-barrel modules, pulse spraying, fire extinguishing compounds, fire extinguishing
squalls, wide front

For citation: Zakhmatov V.D., Pankratova M.V. Stationary systems for extinguishing aviation fuel spills
around a crash-landed aircraft // Nauch.-analit. jour. «Vestnik Saint-Petersburg university of State fire Service
of EMERCOM of Russia». 2022. Ne 1. P, 22-29.

BBenenune

OnHOM uX aKTyaJlbHBIX NMPOOJIEM HACTOSIIETO BPEMEHH SIBJsieTCs MpolieMa rudeniu jonei
IIPY aBapUIUHOM INPU3EMIICHHMH CaMOJIETOB B a’poroprax. HecMoTpst Ha TO, 4TO a’pOJpPOMHBIE
MOKapHble aBTOMOOMJIM YKOMIUIEKTOBAHBI JIOPOTOCTOSIIMM OOOpYJOBAaHMEM M CTOST MOpPsIKa
2,5 MJIH €BpO, UX XapaKTEPUCTHK HE XBaTaeT JIJIsl ONEPaTUBHOIO NMPEAOTBPAILLIEHUS] BOTOPAHUS IIPU
aBapuHOH mocajke Bo3ayurHoro cyaHa (BC). CnoXHOCTb U BBICOKasi CTOUMOCTb THPABIMYECKHX,
[THEBMAaTUYECKMX W ITHEBMO-UMITYJIbCHBIX CHUCTEM HE IO3BOJIIET O0O0OpYAOBAaTh B3JIETHO-
nocajgounyro mosocy (BIIII) nucTaHIMOHHO YIPaBIsIEMbIMA aBTOMATHYECKUMH CHCTEMaMH
nokaporyiueHus. JlanHas nmpo0GyieMa Bce ellle He pelleHa 1o CAeAYIUM IpUuIuHaM:

1) Oombmiol mUIOMIAAM TOpeHUsl pasnuBa aBuabensuna ot 400 mo 2 500 M BOKpYT
OCTaHOBHUBUIETOCS IOCJIE aBAPUIHOTO MIPU3EMIICHHS CaMOJIETA;

2) obicTporo nBmkeHus: camonéra mo BIIII, compoBoXkaaromierocsi yreukoi aBHaOeH3MHA,
ero ObICTPOpPa3BUBAIOLUIMMCS TOPEHUEM, pa3lyBaeMbIM BCTPEUHBIM MOTOKOM Bo3ayxa. [Ipu stom
BBICOKA BEpOSITHOCTh IIepexoja MoXapa BO B3pBIB C THOENbIO MACCAKUPOB M HKUNAXKA MPU
neukeHnu camon€ra Ha BIIII. B Hacrosimiee BpeMs TyHMIMTH CaMOJET B JIBUJKEHUU HE CIIOCOOHBI
JlaXKe camble MOLIHBIE a3POJIPOMHBIE [T0KAPHbIEC MAIIMHBI,

3) BBICOKA OMACHOCTh B3pbIBa MPH TYIICHUH OCTAHOBUBIIIEIOCS CaMOJIETa, OKPYKEHHOTO
«03€pOM» TOpsILero aBuabeH3MHa, U IPOHUKHOBEHHUS TOPEHHUS BHYTPb CaMOJIETa, HalIpUMEp Yepes3
TOHJI0JIBI BBITYIIEHHBIX IIACCH;

4) BpeMsi TyWICHHS OT MOMEHTa OCTAaHOBKM aBapUHHOTIO CaMoJIETa OrPaHUYEHO OIHOW—
JBYMsI MUHYTaMH, Ha MPOTSDKCHUH KOTOPBIX OOPT caMOJIETa MOXKET 3alUTUTh Maccaxupos [1, 2].
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Haubounpme onmacHOCTH, pa3pylaromye KOpnyc caMosiéTa 1 yOuBaroIue naccakxupos:

1) 6picTpoe mporopanue oOmMMUBKU (rO3esKa M MPOHUKHOBEHHE TMOXapa BO BHYTPCHHHE
MOJIOCTH — O3HAYAET OBICTPYIO THOEIH BCEX MACCAKHUPOB;

2) yrpo3a B3pbIBa HEpa3pyIICHHBIX TOILIMBHBIX 0AKOB — O03HAYaeT B3PHIBHOE pa3pyIICHUE
camouiéra ¥ THOEIb TacCaXKHPOB;

3) BOCIUIaMEHEHHWE WIMH MIacCH W 0apabaHOB KOJEC, BBHIMOJHEHHBIX W3 MarHUEBBIX
CIJIAaBOB — OOpYIICHHE CaMOJIETa — B3PBIB M THOEIb MACCAKUPOB;

4) B3pBIB aMOPTU3AIMOHHBIX CTOCK IIACCH, TaK KaK OHM HAaXOIATCS IOJI BBICOKHM
JaBJICHUEM — OOpYIIICHHE caMoIEéTa — B3PbIB U THOEIb accaxupos [3, 4].

MeToabl HCCIeT0BAHNA

[lpu aBapum camonéra TOIUIMBO MOXKET pACTeKaTbCcs HA 3HAYMTENBHYIO IUIOIMIAIb,
HanpuMmep, y bounra-747 niomanb MOXKET JOCTUTATD Spos,=2000 M2, y caMoro Majoro perncoBoro
HaccaXUpckoro camonéra, Hampumep, tuna AH-26 S,q,,=400 M2, Tlnomans pa3iuBa TOILTUBA
3aBHCHUT OT Macchl, JJIMHBI caMmoJeTa, Juamerpa (ro3ersbka, MacChl M pacrpesiesieHusl TOIUIMBA,
MMEIOIIEroCs B TOIUTMBHBIX Oakax camoséra [5].

Pa3znuToe aBHATOIIMBO SBISETCS OJHOM M3 OCHOBHBIX IMpUYUH ObIcTporo Bozropanusi BC,
OHO CIOCOOHO MOJIHUEHOCHO PacpOCTPAHUTHCS Ha OOJBIINE TUIOMIA/IN, YTO MPEICTABISAET YIPO3y
cniaceHus ntoei. Takue moxapbl XapakTepHU3yl0TCs BBICOKOM CKOPOCTHIO, OOJIBIION TeMIlepaTypoit
(6osee 1000 °C) u pacmpocTpaHeHreM IutaMmeHu 1o Beelt wiomanan BC [6]. B xoxe ucnbitanuii
ObUIO YCTAaHOBJIGHO, YTO BO3TOpPAHHE pPA3JIUTOr0 TOIJIMBA 32 CUMUTAaHHBIE MHUHYTHI (2—3 MuH)
CIIOCOOHO TMPHUBECTH K MPOTOpaHUio (pro3enska M pacnpOCTPAaHEHUIO IUIAMEHH BO BCEX YacCTAX
camoJseta. B pe3ynbrare Takoro moxapa MpoOUCXOAUT Pa3joKEHHE U FOPEHHE KOHCTPYKIIMOHHBIX,
CHHTETHYECKUX, OTJICJIOYHBIX MATEPHAJOB C BBIJEICHHEM OOJIBIIOrO KOJIMYECTBA OTPABISIOMIMX
BemectB [7]. Takxke mpu BO3ACHCTBUM HAa TOIUIMBHBIE OakW TOXKap MOXET IPHUBECTH
K UX Pa3pylIeHHIO, YTO CIIOCOOCTBYET YCHUJICHHIO TOPEHHUsS M BO3MOXKHOMY B3pbIBY. Hambounbmryto
OIAaCHOCTb ISl TACCAKUPOB U YJICHOB SKHITaXKa MPECTABISAIOT B3PhIBHI (DIO3EISIKHBIX TOIITMBHBIX
0aKOB, KOTOPBIE MOT'YT COIIPOBOKAATHCS BHIOPOCOM TOTLTUBA BHYTPB MACCAKUPCKUX CATIOHOB.

AdpOoapoMHBIE TMOKAPHBIE MAIIUHBI AK€ MPU MapajUleIbHOM Mojadye BOJbI WA TIEHBI
W3 CHApEHHBIX CTBOJOB HECKOJLKMX MAIIWH HEJOCTATOYHO 3(P(EKTUBHBI JUTS TYIMICHHS TOPSIIIHX
CaMOJIETOB M BEPTOJIETOB M3-3a MAJIOH IUIOMAAM (PpOHTA OTHETYIIAmMX cTpyi. M3-3a BBICOKOTO
panuyca TMOpPaKaromero TETUIOM3IIYYEHHsI OT TOPSIIEro pasiifBa TOIUIMBA MAIIMHBI HE MOTYT
MoABEXaTh JAOCTATOYHO ONMU3KO, YTOOBI MOJaBaTh BOAY W TEHY TOHKOPACIBUIEHHBIMH CTPYSIMHU
c miomanaeio (poHtra TymeHus g0 10 pa3 Oonblie, yeM y KOMHOAakTHBIX cTpyil. Ilogaua
KOMIIAKTHBIMH CTPYSIMH C MaJod IJIom@aaplo (poHTa MNPUBOAUT K YIEIBHBIM pacxoiam
orHerymamux cpeacte (OC) mo  100-1 000 M, JIOJITOMY  TYIIEHUIO, TOBTOPHBIM
BOCIUTAMCHEHHSIM TIOTYIIIEHHOH rtomaau [8].

Pe3y.]'IbTaTbI HCCJICA0BAHUA U UX oﬁcyme}me

ABTOpBI TpEUIaraloT HOBYIO TEXHOJIOTHIO IOXKAPOTYIIEHUsI BO3AYIIHBIX CYAOB IyTEM
IIPUMEHEHHUs] UMITYJIbCHBIX Ta30KallelbHBIX IIKBAJIOB M Ta30IMNOPOIIKOBBIX BUXPEW € LIMPOKUM
¢dponTom Tyrmenus (600—-1 500 MZ/C). OTH BUXPH U HIKBAJIBI CO3JAI0TCSA TOJIBKO MHOTOCTBOJIbHBIMU
3aJIMOBO-PacIbUTUTENbHBIMU MOy IsIMU (MM). Takue Mo ysu criocOOHBI CO3/1aTh JIMHUU TYIICHUS
Bnoiap Bcei BIIII, mpu 5>TOM OHM HE UMEIOT CHCTEM HABEICHUS, MOIIHBIX HACOCOB
u TpyOompoBosoB. BTopoil BapmaHT — 3TO HcCHoOJb30BaHHE MOOMIBHBIX MM, pacmiioXeHHbIX
Ha XOJIOBOM YacTH a’pOJPOMHBIX aBTOMOOWJICH, BE3JE€XO0JI0B, Ha OECHIJIOTHBIX JIETATEIbHBIX
annapatax (bIIJTA), mpenHa3HaueHHBIX A7 TYLIEHUs CaMOJIETOB, pu3eMiauBLmxcs BHe BIIIL

B 1abun. 1 nokazaH Auana3oH BapuaHTOB MHOTOCTBOJIbHBIX Moaynei. Ha puc. 1, 2 moxHO
YBHUJIETh TYyIIEHHE aBUATOILIMBA MpH momou MM, a Ha puc. 3, 4 npencTaBieHbl JUCTAHIIMOHHO
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YHIpaBJIss€MbIC KOMIIBIOTCPOM MM, CMOHTHUPOBAHHLIC HA CTAITUOHAPHBIX OCHOBAHHUAX U CO3JAI0IIUC
3aJIIT U3 ACBATH CTBOJIOB.

Puc. 1. 400 M* ropsiero aBHATONIMBA NOTYIIEHO BUXPEM 32 OHY CeKYHIY ¢ AHCTAHIMHA 60 M
u 3a 1,5 cek. ¢ qucranmuu 100 m

Puc. 2. IllkBaa Ha nuctannuio 120-150 m

Puc. 3. CTal.[I/IOHapHI)Ie ABTOHOMHBIE 9-CTBOJIbHbIE JUCTAHIIMOHHO yrnpaBjasa€eMbl€¢ MOAYJIH
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Puc. 4. HauanbHasi cTaaus 3aJima U3 JeBATH CTBOJIOB, pacnbLisomux 180 kr mopouika Ha JaJbHOCTH
70 150 M ¢ nIomaabpIo TymeHus 10 850 e

Tabmmma. Xapakrepuctukn MM Ha pa3jiMyHBIX IIACCH

[Tnomans
Bec OC B kanaze JanbHOCTD TYyIIEHUS/CEK.
HaumenoBanue | Ywmcino OO0mwuii Bec CTBOJIA/3aJI11 TYLICHUS CTBOJIa/3aJI1
raccu CTBOJIOB MM, kr MaKkc/BceX CTBOJIOB, CTBOJI/3aJIT 10 cTtBONOB/Cepus
KT 10 cTBOJIOB, M 3aJIMOB BCEX
CTBOJIOB, M°
Ha npunene 9 620 15/135 23/75 25/250
9 1450 20/180 28/90 35/540
16 1660 20/160/320 28/100 35/500/1100
Ha nadere 20 1200 18/180/360 32/230 40/900/1800
25 2250 20/240/500 20/100 35/500/1600
30 1850 18/180/540 33/240 40/900/2700
Tank T-62 50 — 25/250/1250 31/120 50/800/4000
KPA3 29 — 15/60/435 25/50-55 30/150/1050
BTP-152 24 — 10/20/240 120/200 30/50/600
[Ilaccu
KostecHbIi Tauk | 80-100 - 30/300/2400 35/210 50/1000/10000
«lanan-Tartpa

CranuoHapHbId MOMIHBIH 9-cTBONBHBIH MM-9 TOMHBIM 3aJTIOM W3 JICBSITH CTBOJIOB
pacobutsier qo 180 kr ornerymamero BemiectBa (OB), co3maBas BUXPh JANbHOCTBIO TYIICHHS
no 150 m ¢ mromaaeio Tymenus go 500-1000 M2, 25-ctBonbHBIIE MM-25 pacrmbuiser 3aimamu
U3 BoCbMU—AEBATH cTBoJOB mo 120-135kr OB ©a nampHOCT, 70 60-70 M ® Tymwur
350-400 m%3amm (B cymme or 1200 M® o 2500 M® OpH CepHH 3aIiOB  3aBHCHMO
ot ux B3aumozeiictaus) [9, 10]. HoBeie MM-9, MM-20 (2 3anma o 10 cTBosIOB €3 mepe3apsiiku),
MM-30 (3 3anma mo 10 cTBoNOB 0€3 mepe3apsiiKu) COCOOHBI TYIIUTh MOIIHBIA MOJCIBHBIA Oodar
noxkapa ¢ quctannuu 100 M 3a 1 ¢ u pacnpoctpansts Buxpb Ha 200 M mpu 1iomaan Bo3AeHCTBUS
70 1 0001 200 m? nipu 3anmie 13 10 cTBONOB, pacHbUIsFONIX cymMMapHo 200 kr OB,

JlaHHast ~ TeXHMKa  YCHEUNIHO THpuUMeHsylack B 30He  YepHoObuibckoir — ADC,
Ha HedTenepepadateBatomux 3aBomax (HII3), apcenamax O6oempunacoB (BIT), xummueckux
3aBOJjaX, TYIIEHUH Ta30BbIX BBHICOKOJEOMTHHIX CKBXKUH W Pa3IMBOB JU3TOIUIMBA, OEH3WHA, B TOM
qHCIIe Ha MOJICJIbHBIX CTAPTOBBIX MYCKOBBIX PAKETHBIX CTAPTAX JJIS TYIMICHHUS MECKOM XUMHUYECKHX
BemiecTB. MokHO co3AaTh 3¢ (EKTUBHBIE CTAlMOHAPHBIE MOIYIU [UIsl aBTOMATH3UPOBAHHBIX
cucteM Baoib BIIII u a’poapoMHbIe TOXKAapHBIE MAITUHBI, OCHAIIEHHBIE MHOTOCTBOJIBHBIMHU
pacHbUIMTENFHBIMA ~ MOJYJISIMH, TapaHTUPYIOIIMMH  CBOEBPEMEHHOE TYIICHHE aBapUWHBIX
camoséroB Ha BIIIT u BepTonE€TOB HA MOCATOYHBIX IUIONIAKAX.
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ITo moroBopy ¢ 3aKa3uMKOM CO3/4A€TCs KOMIUIEKC HOBOM M YHHUKAJIbHON TEXHUKHU, PEATIBHO
CIOCOOHOM TapaHTUPOBATh:

1) TymieHMe BO3rOpaHWIl M TPEJOTBpAICHHE B3pbIBA CaMOJETAa NPU €ro aBapUHHOM
npusemiieHud U akeHnd 1o BIIIT (BO3MOXKHO ¢ 4aCTHYHBIM pa3pyllieHHEM KOpIyca H Pa3iiBOM
aBUATOILIMBA T10 MyTH JBMKEHUs camoniéra Ha BIIIT);

2) TylIeHue pasnuBa aBUATOILINBA BOKpYT OCTaHOBUBIIETOCS camonéra
U IIpefoTBpalieHus B3pbiBa napoB aBuartomuinea Ha BIIII wim 3a €€ nmpenenamMu 10 COXpaHEHHs
KOPITYCOM CaMOJIETA 3aIIUThI TACCAKUPOB U IKUTIAKA;

3) obecrieyeHne criaceHMsl PKUIAXKa U MaCCAKUPOB.

Kommuiekc coctout us:

1) aBTOMaTHYECKON CHCTEMBI, YIPABIIEMONH KOMIIBIOTEPOM M MCHOJIHUTEIBHBIX MOJCHCTEM
u3 craunoHapHeix MM, pacctaBnennbix Baosb BIIII ¢ o6eux cTopoH B maxMaTHOM MOPSAKE Yepe3
OIpeAENEHHYIO TUCTAHIIMIO APYT OT APYTa;

2) a’poAPOMHBIC MOKApHBIE MaIMHbI ¢ MM U1 yCHIIEHHSI TYIICHUS pa3iiBa aBUATOILIMBA
u caMmoJI€Ta mocie ero ocranoBku Ha BIIII;

3) Beszmexoabl ¢ MM st TyiieHust camosnéra, Beikatusiierocs ¢ BIII, u pasiawBa BOKpyr
HEro;

4) BITJTA ¢ MM ropu30HTaIbHOTO PACIbUICHUS TSl TYIICHUS] CaMOJIETa, MPU3EMITUBIIETOCS
3a TeppUTOpUEH a3pONOPTOB.

OpuentupoBoyHasi ctouMocTh ocHamieHus oanoit BIIIT mmunoit 2 500 m: aBTromMaTtuueckas
cucrema u3 50 aBTOHOMHBIX Monyiaed MM-20 ¢ AMCTaHIMOHHBIM MYJIBTOM aBTOMAaTHUYECKOTO
yIpaBJIeHHUS — CTOUMOCTh ofAHOro MoAysst 70.000 eBpo ¢ 3NIEKTPOHHBIM YIPABICHHEM U MOHTaKOM
120.000 eBpo, cTouMocTh cucTteMbl aBTomaTruueckoro ynpasiaeHus 1.900.000 epo + nyckoHanaaka
500.000 eBpo = Bcero cucrema moayneit 120.000 x 50=6.000.000 eBpo, Tpu NmoKapHbIE MAIIUHBI
Ha 1maccu «Jlana-MM-72»=3.600.000 eBpo; Tpu Be3AexoJa Ha TYCEHHMYHOM IIIaCCH
C caMOXOAHOW apTuiiepuiickoii ycraHoBkoir ¢ MM-50=1.500.000-2.000.000 eBpo; kmactep
u3 10 GecnmmorankoB ¢ MM-20 u cucrema ympasineHus =6.000.000 eBpo=17.800.000 eBpo.
Oto 10 % croumoctu YOBITKOB OT TuOenu oaHoro bowHra-747 u BBIIUIATON KOMIIEHCAIIUU
3a rubesnp 300 maccaxupos u 20 wieHoB skumaxa =$ 378.000.000+320x$ 150.000 (MuHMMAIBHAS
Beiutata) wind  (900.000 — cpemHss BbIUIaTa ceMbsiM  moruOmmx)=$ 425.000.000 wam
$ 666.000.000. Croumocts ob6opymoBanust BIIII=42—-66 man eBpo=10 % oT yOBITKOB OmHOM
aBHaKaTacTpodbl U BBHIJIAT ceMbsiM HoruOmmx. To ecTb cuctema okymaeT ce0s mpu CHaceHUU
MacCakKUpOB I0CJIe MEPBON YCIENIHO NpeaoTBpaliéHHol aBapuu. Kpome Toro, cucrema cosgact
a’3poIIopTy pernyTaluio 6€30MacHOro B3JIETa — MOCAIKH, YTO MIPUHECET eMy OOJIbIle MPUObLIH.

3akao4eHue

Takum 06pa30M, B CTaTbC NPCHJIOKCHA U 000CHOBaHA HOBas TEXHOJIOTHS TYHICHUA
pa3siinBOB aBHAlIMOHHOI'O TOIIIMBA BOKPYT aBaprIHO MPU3CMJIMBIICTOCA CaMOJ'IéTa, KOTOpas
npeanojgaract MUCIOJIb30BAHUC CTAIIMOHAPHBIX MHOT'OCTBOJIBHBIX Mo,uyneﬁ, pacCTaBJICHHBIX BIOJIb
BHH, MOXAapHBIX MAIIMH C MHOT'OCTBOJIbBHBIMU MOAYJIAMHU [OJId YCUJIICHUA TYHICHUA pas3jiviBa
AaBHATOILIMBA M CaMOJIETA IIOCJE €ro OCTAaHOBKHU. TakXe B CTaThe OMMCAaH SKOHOMHUYECKHUU B(I)CI)CKT
OT MCIIOJIb30BaHUA JaHHOI'O KOMIIJICKCA.
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MATEMATHYECKOE MOJAEJINPOBAHMUE,
KOMIIBIOTEPHBIE TEXHOJIOI'MU B TEOPUH
YIIPABJIEHUA CJIOKHbBIX ITPOLHECCOB

YJIK 004.94; 004.65; 614.841; 502.36

PYKOBOJICTBO JAHHBIMHU KAK TEPCIHEKTUBHOE HAIIPABJIEHUE
CHUXXEHUS MOKAPHOU U DKOJOTNYECKOM OITACHOCTH

B COEPE OBPAILIIEHUS C OTXOJIAMU

Anppeii 'ennaabeBud Xaaapos.

Cankr-IleTepOyprekuii rocy1apcTBeHHbINH TEXHOJIOTHYECKUI HHCTUTYT
(rexnuveckuii ynusepcurer), Cankr-Ilerepoypr, Poccus.

Muxania Auapeesud Ilangepos.

HauuonanbHbIi nccieqoBaTeibcKuil MOCKOBCKHIT rOCYy1apCTBEHHbIN CTPOUTEIbHbIN
yHuBepcutet, Mocksa, Poccus.

Jrogmuaa Anaroanesna Kopousesa ™.

Cankr-IlerepOyprekmii yausepceurer I'TIC MYUC Poccun, Cankr-IlerepOypr, Pocenst
“ koroieva.l@igps.ru

Annomayus. OOpailieHre C TBEPABIMU KOMMYHAJIBHBIMH OTXOJAMH SIBIISCTCS TJIOOAIBHOU
npobiemoit  coBpemeHHOCTH. [lomuronsl B KpymHbIX roponax Poccuiickoit ®Denepanuu
MEPEIOJTHEHBI, PACTET KOJHMYECTBO M Pa3Mepbl HECAHKIIMOHUPOBAHHBIX CBAJIOK, HA HHUX HEPEIKO
BO3HUKAIOT MoKapbl. HeoOxoauma cyiecTBeHHasi epecTpoiKka CUCTEMbI OOpaIeHHs ¢ OTXOJAaMHU.
[IpoBeneH cpaBHUTENBHBINA aHATIU3 CTPATETH OOpaIllEeHUs C TBEPIBIMU KOMMYHAIBHBIMHU OTXO0IaMH
B Poccuiickoii ®enepanuu, CIIA, BenmukoOputanuu, Anonun, I'epmannn, @pannun. O60cHOBaHA
HE00XO0IMMOCTH COBEPILICHCTBOBAHHS CUCTEMBI COOpa U 00paboTKu HHpopMaIu 06 0TX01ax.

Pa3zpaborano komruiekcHoe WT-permieHue, mo3BOJSIONIEe B PEKUME PEATBHOTO BPEMEHU
OIICHUBATh COCTOSSHUE W MOJEIUPOBATh BECh JKU3HEHHBIM LUK OTXOJOB, OCYLIECTBIISThH
PUCK-OPUEHTUPOBAHHOE IPOTHO3UPOBAHUE DKOJOTMYECKOM M IIOKAPHOM OIACHOCTH IPOLECCOB
oOpamieHusi ¢ TBEpPABIMU KOMMYHaIbHBIMH oOTXonamu. WT-pemieHue comaepUT TPU MOJYIIA.
Moayns «MOHUTOPUHT, BHU3yaldu3alMsli W MPOTHO3UPOBAHUE COCTOSIHUS TOJIUTOHOBY»  JUIS
KpPaTKOCPOYHOTO H JIOJATOCPOYHOTO MPOTHO3UPOBAHUSA IIPOLIECCOB, MPOUCXOMSIUIMX BHYTPHU
MOJINTOHA OTXOJIOB, HA OCHOBE JAHHBIX O COCTOSIHUM TOJHMTOHa, COOpaHHBIX C JaTYMKOB. MoIynb
«IlTonnepkka TPUHATHS YNPABICHYECKUX PEIICHHWI, HANpPaBJICHHBIX HA CHUKEHHE MOKapHOTO
M SKOJOTMYECKOIO PUCKA IMOJUTOHa» MIpeajaraeT NepeuyeHb MEpPONPUSTHI I CHUXKEHHUS pUCKA
BO3HUKHOBEHMSI WM JIMKBUJIAIIMKM OYaroB BO3rOpaHWs BHYTPU Tela MOJHUroHa. Moaynb «YMHBIN
Mycop» AJisi 00pabOTKH M BH3yaldH3alliy MOKa3aTeleil MOHUTOPUHTa MOP(OIOrHUeCcKOro COoCTaBa,
TeMnepaTypbl OTXO0/I0B, YPOBHS HAIIOJIHEHUS MYCOPHBIX KOHTEUHEPOB, TPOTHO3UPOBAHHUS 3HAYCHH I
UX 3aloJIHAEMOCTH, OLEHKH BO3MOKHOCTM BO3HMKHOBEHHMS I0XapOONacHON CHUTyalluw,
dhopmupoBaHus MapuIpyTa cOopa U PUKcauu 0TXO0B, MPUBO3UMBIX Ha TTOJIUTOH.

CoBMECTHOE HCIHOJIb30BAaHUE TMPEUIaraéMbIX MOAYJEH TMO3BOJUT TMOBBICUTH TOYHOCTh
MPOTHO3UPOBAHUSI M ONTUMU3UPOBATH MPOIECC MPHUHATUA PEIICHUH MO YNPABJICHUIO PUCKAMU
Ha BCEM JKU3HEHHOM IIMKJIE TBEPABIX KOMMYHAIBHBIX OTXO/I0B.

Knrouesovle cnosa: TBepible KOMMYHAIBHBIE OTXO/IbI, OOpaIieHne ¢ OTX0IaMH, MOHUTOPHHT,
OospIlie JaHHBIC, PYKOBOJICTBO JAaHHBIMHU, O€30MAaCHOCTh, HH()OPMAIMOHHOE MOICIUPOBAHUE
COOPYXKEHHI

© Cankrt-IletepOypreckuii yausepcuret I'TIC MUC Poccun, 2022
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MEePCTIEKTHBHOE HANPABJICHUE CHIDKCHUS MOXKAPHOW M HKOJOTHYECKOM ONMAacHOCTH B cdepe oOpamieHus
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USING OF DATA MANAGEMENT AS A PROMISING DIRECTION
FOR REDUCING FIRE AND ENVIRONMENTAL HAZARDS IN THE FIELD
OF WASTE MANAGEMENT

Andrey G. Khaydarov. Saint-Petersburg institute of technology (technical university),
Saint-Petersburg, Russia.

Michael A. Panferov. National research moscow state university of civil engineering,
Moscow, Russia.

Ludmila A. Koroleva™. Saint-Petersburg university of State fire service of EMERCOM
of Russia, Saint-Petersburg, Russia

“'koroieva.l@igps.ru

Abstract. Solid municipal waste management is a global problem of our time. Landfills
in large cities of the Russian Federation are overcrowded, the number and size of unauthorized
landfills are growing, fires often occur on them. A significant restructuring of the waste
management system is needed. A comparative analysis of solid municipal waste management
strategies in the Russian Federation, the USA, the UK, Japan, Germany, and France was carried out.
The necessity of improving the system of collecting and processing information about waste
IS substantiated.

A comprehensive IT solution has been developed that allows real-time assessment
of the condition and modeling of the entire life cycle of waste, to carry out risk-oriented forecasting
of environmental and fire hazards of Solid municipal waste management processes. The IT solution
contains three modules. The module «Monitoring, visualization and prediction of landfill
conditions» for short- and long-term forecasting of processes occurring inside the landfill based
on data on the condition of the landfill collected from sensors. The module «Support for managerial
decision-making aimed at reducing the fire and environmental risk of the landfill» offers a list
of measures to reduce the risk of occurrence or elimination of fires inside the landfill body.
The module «Smart garbage» for processing and visualization of indicators of monitoring
the morphological composition, temperature of waste, the level of filling of garbage containers,
forecasting the values of their occupancy, assessing the possibility of a fire-hazardous situation,
forming a route for collecting and fixing waste brought to the landfill.

The joint use of the proposed modules will improve the accuracy of forecasting
and optimize the decision-making process for risk management throughout the life cycle of solid
municipal waste.

Keywords: solid municipal waste, waste management, monitoring, big data, data
governance, security, building information model

For citation: Khaidarov A.G., Panferov M.A., Koroleva L.A. Using of data management as a promising
direction for reducing fire and environmental hazards in the field of waste management // Nauch.-analit. jour.
«Vestnik Saint-Petersburg university of State fire Service of EMERCOM of Russia». 2022. Ne 1. P. 30-40.
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AKTyajJbHble HANIPABJIEHHUs pPellleHHs NPo0/eMbl 00paleHHs ¢ TBEPABIMH KOMMYHAJIbHBIMH
0TX0aMH

OOpamenne ¢ TBepAbIMH KoMMyHalbHBIMH otxofamu (TKO) cramo rioGansHOM
npo0JIeMOH, He PEIICHHOM B TIOJIHOM 00beMe NMPAKTUYEeCKU HU B OAHOM cTpane mupa [1-5]. MoxHo
KOHCTaTUpPOBaTh, YTO Ha CErOJHAIMHMA AcHb B Poccuiickoit denmepamun pedopma B chepe
oOpallleHHsI ¢ OTXOJlaMH «HE TPUHECNIa OKUAAaeMbIX Pe3yJbTaTOB» [4]; cuTyalusi ¢ MOJIMIOHAMHU
«OnM3Ka K KpUTHYEeCKOW» [4], B KPYIHBIX TOpPOJaX OHH IEPEIOJHEHBI, IPH 3TOM pacTeT
KOJIMYECTBO M pa3Mepbl HECAHKIMOHMPOBAHHBIX CBAJIOK, YTO HEraTUBHO CKa3bIBAeTCs
Ha COCTOSIHUU OKpPY>KarolLleH cpesibl U 310poBbe HacesneHus. Kpome Toro, Ha cBajkax M IOJIMTOHAaX
C JOCTaTOYHOW PEryISIpHOCTHIO BO3HUKAIOT IOXKAPHI, KOTOPHIE TPYAHO MOJAAIOTCSA TYIICHHIO
U IIPAKTUYECKU HE IPOrHO3UPYIOTCH.

B Hamelf cTpaHe HeoOXoaMMa CYIIECTBEHHAs IIEPECTPOMKAa CHUCTEMBI OOpaIleHus
c orxogamu. [Ipu 3ToM crexyer ydecTb, YTO B pPsiieé IOCYJapCTB, AOCTUTIINX «MHUHHUMAaJIbHOI'O
3aXOpPOHEHHs», peOpMBI KOCHYIHCh MHOTHUX cdep, BKIOYas 3aKOHOJATEIFHOE PEryIUpOBaHHE
1 GOpMHPOBAHUE KYJIbTYpPbl 0OpaIlEHHsI C OTXOAAMHU.

s pa3paboTku u BHeApeHHs 3(pPeKTUBHBIX W Oe30macHbIX crpareruid ynpasieHuss TKO
B Poccuiickoii ®enepanun HEOOXOIUMBI CUCTEMHBIE HCCIIEOBAaHUs, HAllpaBIEHHbIE HA U3y4CHHE
00beMOB, MOP(OJIOTHIECKOTO COCTaBa MYCOpa, €ro CBOMCTB, NMPOBEACHUE aHAIHM3a W3MEHEHHN
paccMaTpUBaeMbIX IOKa3aTellel ¥ OLEHKU BIMSHUSA Ha HUX Pa3IUYHbIX (akTopoB. Cienyer yuecTb
OTIBIT TIEPEIOBBIX CTPaH U HMCIIOJIL30BaTh COBpeMeHHbIe M T-TeXHOMOTHH, TTO3BOISIONINE B PEKIME
peasbHOro BpeMeHHU MoitydyaTh U 3(h(HeKTUBHO UCMoNb30BaTh HHPopManuio 06 orxonax. [Ipu stom
uMes JIeJ0 ¢ JaHHbIMU Oonbiioro obObema (Big Data), HeoOxomumbl 3¢ ¢eKTHBHBIE (HOPMBI
uX 00pabOTKH, MO3BOJIAIOLINE MOJIYYUTh PA3HOCTOPOHHIOK U MOJHYH0 MH(POPMALMIO, IPUHUMATD
CBOEBpPEMEHHBIC OOOCHOBAHHBIC YIIpaBlIeHUYEeCKHE pemeHus 1o ympasieHuro TKO, Bxirouas
obecrnieueHre 6e30MacCHOCTH.

Llenpto pabOTHI SBISETCS MPOBEICHHE CPAaBHUTEIHLHOTO aHAIM3a CTPATeTHil OOpalieHus
C OTXOJAaMU B pa3lMYHbIX CTpaHax, U mnpemioxenue WUT-pemennii, No3BOISIOMUX B pexXHUME
peasbHOro BpeMeHH MoirydaTh U 3()(GEeKTUBHO HCIONB30BaTh HHPOPMAIMIO 00 OTXO0JaX B paMmKax
peanu3aly KOHUEMNLIMU PYKOBOJCTBA JaHHBIMM M  HMH(OPMAIMOHHOIO  MOJEIMPOBAHMS
coopyxenwuii (Building Information Model (BIM).

CpaBHI/ITeJIbelﬁ AHAJIN3 CTpaTeruﬁ oﬁpamemm C 0TXO0aMHM B Pa3/IMYHbIX CTpaHax

Jlst OlIeHKM BO3JIEHCTBUSI OTXOJOB HA HACEJIEHHE U OKPYKAIOLIYIO CpPely, pacCMOTPEHHS
Mep, MpEeANPUHUMAEMBIX CTpaHaMu 10 cokpaiieHuto konmumuectBa TKO, m3 10 crpan-nuaepos
no BBII Obum BbIOpaHBl TrOCYNapcTBa, IO KOTOPBIM HMEETCs HaumOOblIee KOJIUYECTBO
cratuctiuueckoit mHdopmanuu [6-9]: CIIA, I'epmanus, SAnonus, ®pannus u BenukoOpuranus
U MpoBeleHo cpaBHeHHe ¢ Poccwuiickoit denepanueii [5, 10]. Tlpu ananuse akimeHT ObUT ClaenaH
Ha TEHJICHIIUHU Pa3BUTHI KOXKI0M CTpaHBbl.

N3menenue cutyaruu ¢ odpazoBanueM TKO B paccMaTpuBaeMbIX CTpaHax MpPeICTaBICHO
Ha puc. 1.

OO0mrast Macca OTXOJ0OB yMeHbIaeTcst Toybko B Snonun. B BenukoOpuranuu, ®panuun
u 'epmanun peskoro ckauka oOpazoBanuss TKO B Hacrosiiee Bpemsi HE HaOJIIOJAeTCs, 4TO
oriuyaet 3T crpanbl oT Poccun u CHIA. [Ipuuem B Hamiel cTpaHe HaOMIOAeTCs 3HAYUTEIbHOE
YBEJIMUYEHUE MacChl 00Pa3yIOLIUXCsl OTXO0B.

Haubonpmee xonmuuectBo TKO o6pasyercs B CIIA, uto ompenensercss O0JbIIUM
KOJMYECTBOM HaCeJIeHUs, IIUPOKUM HCIOJIb30BAaHUEM MOJMMEPHBIX MaTepUaioB B MPOU3BOJACTBE
HEI0pOruX OBITOBBIX TOBAPOB, BELICOKUM YPOBHEM ypOaHM3ALMU HACEJIEHUs, POCTOM MOTpeOIeHus,
OJTHOTIOTOYHOM CHCTEMOW cOopa OTXO0J0B (COPTHPOBKOW MycCOpa 3aHUMAIOTCS CHEIHATbHBIC
OpraHM3ally, a HE TPAKIAHE) U IPYTUMU PUYMHAMH.

M3MeHeHne TeXHOJOTrui oOpalleHHsl ¢ OTXOJaMH BO BPEMEHH B MCCIEAYEMBIX CTpaHax
IIPE/ICTABJIECHO Ha puUC. 2.
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Puc. 1. U3MeHeHne MacChl 00Pa3yIONIUXCSl OTXOAOB MO0 CTPAHAM

B Coserckom Corosze Oblla oOpraHuM3OBaHa CTpOMHAsT CUCTEMa NEepepadOTKH Mycopa,
KOTOPYIO CUMTald OAHOM M3 Jydmux B wMupe. [Ipuem crexnoTapsl, cOop MeTamaojaoMa
U MakymaTypel. B ropomax o0pa3oBBIBaJOCH MEHBIE OTXONOB, IUIACTHKA TOYTH HE OBLIO.
[TponarannupoBanace 3ammra JecoB, cOOp M copTupoBka Mycopa. OmnHako yxe k 1995 r.
nepepaboTka Mmycopa B Poccun 3anmmaet Bcero 4 %. Takoe mosioyKeHre COXPaHsSIeTCsl B HACTOSIIee
BpeMs (10 1aHHBIM [4] nepepabaTbiBaeTcs UL 7 % OTXOAOB).

Ha mporsokennn mocnegaux 30 JeT macca OTXOJOB, OTIPABISIEMBIX Ha 3aXOpPOHEHHE
B CIIIA, cucrematnuecku yBenuuuBaiach. OJHAaKO B MPOLEHTHOM COOTHOLICHMM HAOIIOJaeTcs
YBEJTUYECHHUE JI0JM OTXOJI0B, TOCTYIAIIMNX Ha nepepadoTKy. Tak, B 2019 r. 6p110 3axoponeno 50 %
OT 0OlIero KojuuyecTBa Mycopa, yTo mpumepHo Ha 13 % wmenbme, yem B 1995 r. Craenyer
OTMETHTh, YTO PACCMATPUBAEMBII [T0OKA3aTelb B HACTOALIEE BPEMSI OCTAETCS BBICOKHM.

I'epmanuu u SAnonun x 2019 r. ynanock CHM3UTh KOJIMYECTBO OTXOJOB, MOCTYHNAKOLIMX
Ha 3axopoHeHnue, 10 0,2 % u 1 % coorBercTBeHHO. Bo ®pannuu konnyectso TKO, aenonupyembix
Ha TOJMIoHaxX, yMeHbHIHiaochk ¢ 1995 r. Gonee uem B aBa paza u B 2019 r. cocraBuio 20 %.
ITo cpaBHeHMIO ¢ ApyrumMu cTpaHamu, BennkoOpuTanus caenana HaCTOAILIMM IPOPHIB, 3HAYUTEIBHO
YBEJIMYMB MOIIHOCTH MO MepepaboTke oTxomoB. B 1995 r. kxommuecTtBO Mycopa, KOTOpoe
OTIIPaBIISLIOCH HA 3aXOpOHEeHHe, cocTaBisuio 83 %. K 2019 r. atoT nokaszatens cHu3mics 10 14 %.

Takum o0pazoMm, paccMaTpuBaeMble CTpaHbl, 3a HCKIIOUeHHeM Poccum, cMorinm HaWTH
pelleHMs], HallpaBJIEHHbIE HA COKPAILIEHUE MACChl OTXO/I0OB, HAIIPABIIIEMBIX HA 3aXOPOHEHUE.
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[Ipu ananm3e OBLIO YYTEHO, YTO TEPPUTOPHH CTPaH CHIBHO OTJIMYAIOTCS IO IUIOMIAIH.
Hunarpamma (puc. 3) oTpakaeT Maccy OOpa3yrOIIMXCs OTXOJ0B HAa CIUHUILY IUIOMIATN KaXKIOu
13 paccMarpuBaeMbIX cTpad B 1995 u 2018 rr.
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Puc. 2. U3meHeHue BO BpeMeHH Macchl NepepadoTaHHBIX 0TX0/I0B M 0TX0/10B, HANIPaBJIeHHbIX
HA 3aXOPOHEeHHe

PO I
BeMK0 6 pyTaH 11 e
GpaHums  EE——
AinoHy N e, 2018
fepmanvs I, 1005
CIUA E—
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Macca 0TX040B Ha eauHULY NAoWaau cTpaHbl (T/km?)

Puc. 3. Macca 0TX0/10B, NPHXOASNINXCSI HA eIMHUIY ILIOMAAH CTPAHDI (T/KM>)
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M3menenne BO BpEMCHHU MACCbl OTXOAOB, IIPUXOOAININXCA Ha AYUlYy HACCIICHUA
MPEJICTABICHO Ha puC. 4.
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Puc. 4. U3MeHeHns1 BO BpeMeHH 0011leii YHCJIEHHOCTH HACEeJIEHHUsI U CPelHeli MacChl 0TXO0/I0B,
MpUXoasinieiicss Ha 0OHOT0 YeJIOBeKa M0 CTPaHaM

W3ydyenne wu3MeHEHMs KOJIMYECTBA OTXOJOB Ha Jynly HaceleHus B nepuox ¢ 1995
no 2019 rr. nokasaino, uto B Poccun, CIIIA u @paHiumu paccMaTpuBaeMblil MOKa3aTenb pacTer.
[Tpuyem HanbombIIee yBeTUUEHUE HAOIIOMAaETCs B Hallel cTpane (mpuMepHo B 2,3 pasa). SAmnoHun
yJlaloCh CHU3UTh Maccy OTXOJOB Ha aylly HaceneHus B 1,2 pasa, BemukoOpuranuu — B 1,1 pas.
B I'epmannu HaOmro1aeTcs HE3HAUNTENIBHOE CHIPKEHHE PACCMATPUBAEMOT0 MIOKa3aTes.

[To o0memMy KOTMYECTBY 3alaT€HTOBAHHBIX TEXHOJOTHMM, HANpPaBICHHBIX Ha CHUXKEHUE
Bo3zeiictBus TKO Ha okpyxatonryio cpeny, munupyor CHIA u SAnonus (puc. 5). dusa CIIA sto
CBSI3aHO KaK CO CTPEMJICHHEM YMEHBIIUTh HETaTUBHOE BO3/EHCTBHE OTXOJI0OB, TaK U C pa3MepaMu
CTpaHbl M BBICOKOM YHCIIEHHOCTHIO HacelieHUs. 3HAUUTEIbHOE BHHMAHUE HCCIETyEeMbIE CTpPaHbI
YIEISAI0T 3KOJIOTHYECKOMY MOHUTOPHHTY.

35

MaremaTtuueckoe MOACIUPOBAHUEC, KOMIIBIOTEPHBIC TEXHOJIOTUHU B TCOPUU YIIPABJICHUA CJIIOKHBIX NPOLIECCOB



Ne 1-2022 Bectauk CII6 yu-ta I'TIC MYC Poccun http://vestnik.igps

800

LA | 1000
. WhwnB S gy ANOHWA
g 3 11 i1 ‘AR RE .
S g ERENERESER e g -
2 5 300 = 2 3 500
- iE S fmEew, N
sg il 4 s fEREERRLE]
c 2o B
O O 1NN O H ANMmMT N ON ® = -IIIIII...I.
200 §88EEEEEEE8 8 =g 0
Foas! GSRRRESRRERER
400 200
| F’EPMAHUNA o E CDPAHL#I/IFI
5300Il||ll|| £ 3 -.III- B
£ | | | | I I 2 5 100 | | ] |
g 20 -=ill|l=.. EE ==-! | ll!;
© = [ R B
e LRRRRRRRnnnn €8 ahibibnlnin
5 0 OO MO A N®M<ION ©
g 883 9332353 S8 8sssassa8 8o 8
: S8SR8R83R88RE "NRRNNRRRIRR
x Fogp loabl
H DKONOTUYECKUM MOHUTOPUHT
- 150 BE/INKOBPUTAHNA
& PeKy/'IbTMBaLI,Mﬂ no4s
2 100 j & o
:.'j I I ! I u I M YnpaBneHue otxogamu — He KnaccuouumposaHo B Apyrux
o | I | . I I I [ py6puKax
° 50 = R ! I W CXKMraHue 1 pekynepaumsa sHeprum
2 B
=
1%}
2 I I I I I I I I I I I Yp06peHuns U3 oTxon08
s
5 2882 ggzzagns
g 22 g9 2ggdggggg g B Pekynepauus, nepepaboTka U NOBTOPHOE UCMO/Ib30BaHUe
— AN &N &N &N &N &N N &N &N NN maTepuanos
Foabl m CHop TBEPAbIX OTXOA0B

Puc. 5. 3anaTeHTOBaHHBIE TEXHOJIOTHH, HATIPABJIEHHbIE HA CHHKEHUE BPEIHOI0
Bo3jaeiictBust TKO no crpanam

VYuuteiBas npoucxoasimue usMeHeHuss B cdepe obOpamenus ¢ TKO, neoOxomumocThb
6I)ICTpOFO p€arupoBaHvss Ha BO3HUKAIOIIHC qpe3quaI71HHe CUTyalln, pocCT 00BEMOB JaHHBIX,
YCIIO)KHEHHE CHCTEMBI WX OOpaOOTKH, 0O0s3aTeIbHBIM YCIOBHEM JJS  OCYIIECTBIICHUS
3¢ PEeKTUBHOTO YIIpaBICHUS OTXOJaMH SBJISIETCS] COBEPIIIEHCTBOBAHKUE CUCTEMBI cOOpa M 00paboTKH
unpopmanuu. Heobxomumo obecrieueHue BO3MOXKHOCTH TOJYYEHHsS JaHHBIX HE TOJBKO,
HanpuMep, «B CPEJHEM IO TOAaM» WM «B CPETHEM I10 HACEICHHOMY MYHKTY», HO U B PEKHUME
pEaIbHOTO BPEMEHH, UTO SBISIETCS OCOOEHHO BAXKHBIM I PEIICHUS BOIPOCOB, CBS3aHHBIX
c o0ecrieueHneM O€30MacHOCTH.

Peasm3anus KoHUeNnuuM pyKoBOJACTBa JaHHBIMH B cepe oopamenus ¢ TKO

W3 mHoxecTBa mnpuMeHUMBIX K WMT-o6macTy cBOAOB 3HAHWN, aBTOPBI HCIHOJIB30BAIH
DMBOK?2 [11]. /IauHbIii BBIOOp CBSI3aH C NIMPOKUMH BO3MOXKHOCTSIMH TPUMEHEHHUST U3JI0KEHHBIX
B HEM PYKOBOJSANIMX MpuHIMIOB B chepe Big Data. [Ipunsitas cTpykTypa yrnpaBlieHHs TaHHBIMH
NpeJCTaBIeHa Ha puC. 6.
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Puc. 6. @®ynknmu cucTeMbl pyKOBOACTBA JaHHBIMU

IentpanpHoit  (yHKIMEH BbICTymaeT pykoBoacTBo nanHbiMd (Data Governance),
ocTajbHBIC 00JIACTH 3HAHUH (APXUTEKTYpa, MOACITMPOBAHKE, XPAHCHUE TAHHBIX U T.J.) SBISIOTCS
BaXHBIMU COCTAaBJISIOLIMMU YIpaBlIeHUs JaHHBIMH 00 oTxogax. Mcmonb3oBanue Data Governance
MO3BOJIUT O0ECTICUYNUTh JAOCTYITHOCTH, JOCTOBEPHOCTh H HEMPOTUBOPEUMBOCTh JAHHBIX 00 O0TXOJaX,
MPO3PAaYHOCTh UX JKU3HEHHOTO IIMKJA, CO3/aTh <«EOUHYI0 CHCTEeMY Yy4eTa OTXOJOB»
u chopmupoBarh THOKYI0 U 3(P(EKTHBHYIO CTPATETHIO OE30IacHOr0 OOpaIICHHS] C OTXOIaMH.
Jna peanuszauuu W ucnoib3oBaHuss Data Governance B cdepe oOpamenuss ¢ TKO 6bi10
paspaborano komriuiekcHoe WT-pemienne, mo3BoJsiONIee MOACIHPOBATH BECh JKU3HEHHBIN ITHKII
OTXOJIOB U COZIepKaIliee TPYU MOIYJIS.

1) Moaynb «MOHUTOPHMHT, BU3yajHM3alls W MPOTHO3HPOBAHUE COCTOSHUS IOJUTOHOBY
Ha 6aze BIM moaxopa BKIIOYAIOIIYIO TPEXMEPHYIO MOJIEb MOJUTOHA, TaTYUKHU, PACIOIOKEHHBIE
BHYTPH TIOJMTOHA C yKa3aHUEM WX MECTOIOJIOXEHHS, 0a3y JaHHBIX JUIsl XpaHEHUs HH(pOpMaIiu
C JnaT4yukoB, rpaduueckuid uHTepdelc Ansd BBOAA W BbIBOJA HHQPOpPMAIMH, MOAYJIb aHaIH3a
TaHHBIX. Pa3paboTaHHbIE MaTEeMAaTHYECKHUE MOJICIH ITO3BOJISIFOT OCYIIECTBIISTh KPAaTKOCPOYHOE
U JONTOCPOYHOE TMPOTHO3UPOBAHUE IMPOLIECCOB, MPOUCXOMASIIMX BHYTPH IMOJMIOHA OTXOJOB
HAa OCHOBE JAaHHBIX O COCTOSHHM TIOJHWIOHa (TeMmepaType, 3aloiHSIEeMOCTH, OO0beMe
BBIJICIISIOIETOCS Ororasa), COOpaHHbBIX C JaTYMKOB (pHC. 7).

MaremaTHuecKkue MOJICIIA PEaTM30BAHbI C HCIIOJIb30BAHHEM METOI0B KOHEUHBIX 3JICMCHTOB
U METOJIOB HAa OCHOBE HEHPOHHBIX CETeH, pa3BepHYThIX B oOiake. [IpuMeHeHHe mpeanaraeMbix
MOJIeJIell TIO3BOJISIET JaBaTh OICHKY MOXKAapPHOW M HSKOJIOTUYECKOH OMACHOCTH IIOJIMTOHA Kak
00BEKTa MOHUTOPUHTA B YCIOBHUSX HEMOJHBIX U HETOUHBIX JaHHBIX M KOHTPOJIUPOBATH COCTOSHUE
00BEKTa B TCUCHUE BCETO )KU3HEHHOTO ITUKJIA.

Puc. 7. Busyanu3anusi NoJUroHa U 1aTYMKOB ¢ UCHoJib30BaHueM BIM
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BaxusiM npeumymectBoM BIM-TexHOJIOrWil SBISETCS BO3MOKHOCTH KOHTPOJIMPOBATH
COCTOSIHME 00BEKTa B TEYEHHE BCETO KUZHEHHOTO LIHKIIA.

2) Monynp «llognepka TNPUHATHS — YIPABICHUYSCKUX  pEIICHH, HAIlpaBICHHBIX
Ha CHW)KEHHUE TMOKAPHOTI0 M dKOJoruueckoro pucka nonuronay TKO. JlanHas cucrema Ha OCHOBE
MMEIOIIMXCA JAHHBIX IPEUIaraeT CIIMCOK MEPONPUATHNA JJI CHUKEHUS PUCKA BOSHUKHOBEHMS UIIU
JIMKBUJALMU 04aroB BO3rOPaHUs BHYTPH TeJla MOJIUTOHA.

3) Moayab «YMHBIH Mycop» JijIsi 00paOOTKH M BU3yallU3alliH TOKa3aTesied MOHUTOPHHTA
MOp(}OIOrHYecKoro cocraBa, TEMIEpPAaTypbl OTXOJOB, YPOBHS HAMOJIHEHHUS MYCOPHBIX
KOHTEHHEPOB, MPOrHO3UPOBAHUS 3HAYEHUN 3aAIIOJHAEMOCTH KOHTEWHEPOB, OLICHKH BO3MOKHOCTH
BO3HHUKHOBEHHUS MOXKapOOMacHOil cuTyauuu, (OpMUPOBAHHS MapuipyTa cOopa OTXOIOB U €ro
ONTUMH3AIMY IO HAMKpaTJaiIIeMy MyTH, a TaKkKe (PUKcaluu 0TX010B, IPUBO3UMBIX Ha TIOJIHUTOH.

[Ipumepsl BU3yalM3aluy JAHHBIX, MOJTYYEHHBIX MPU PeAIU3alUU MPEIJIaraéMblX CHCTEM,
npuBeaeHbI Ha puc. 8, 9.

VIHASKC NOXAPOONACHOCTH FPYNNHPOSKA NO COCTORHINO NONUIOHA
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Puc. 8. Onpenenenne no:xkapoonacHoctu noauronoB TKO B pe:xxnme peanbHOro BpeMeHH

CuncremMma MOHMUTOPUHIra KoHTeliHepos TKO
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Puc. 9. Onenka cocTosiHusI KOHTeiTHepoB s coopa TKO

CoBMecTHOE UCTOIb30BaHNE U 00BEAMHEHNE TPEX MOJYJIEH MO3BOJUT MOBBICUTH TOYHOCTh
IMPOTrHO3UPOBAHHA W ONTUMH3UPOBATHL IMPOLCCC NPHUHATHA peH.IeHI/Iﬁ o yHnpaBJICHUIO PUCKAMU
Ha BCceM KU3HEHHOM Iukie oopamenus ¢ TKO.

I[J'I}I pcajim3aniuin KOMIIJICKCHOT'O I/IT-peH_IeHI/IH HUCIIOJIB3YCTCA CJIICAYHOIICC IMMPOrpaMMHOC
obecnieuenne: Power Platform (Power BI, Power Apps, Power Automate), Docker, Airflow,
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COMSOL, s3bik mporpammupoBanus u Oubnumoreku Python. Busyamuszauus pesynpTaTtoB
MPOrHO3UPOBAHMS BbINOJIHEHA B Power BI.

3akjaro4yeHue

[IpoBeneHHBIH CpaBHUTENBHBIN aHaIM3 CTpaTeruil oOpalleHus C OTXOJaMHu IOKa3al
3HAUUTENIbHOe oOTcTaBanue Poccuiickoii ®enepanuu oOT mepenaoBbix crpaH. Heobxomumo
pedopmupoBanue chepol odpamenuss ¢ TKO, Bkitouas popMuUpoBaHUE «EIUHOM CHUCTEMbI ydeTa
0oTX070B». Kak nepcrnexkTuBHOE HallpaBIEeHUE ONPEIEICHO COBEPIICHCTBOBAHUE PAOOTHI C JTaHHBIMU
10 OTXOJaM.

[IpencraBieHsbl BO3MOKHOCTH IPUMEHEHUSI PYKOBOJICTBA JaHHBIMU Tipu yrpaieHuu TKO.
Hcnonp3oBanue paszpabotaHHoro KomruiekcHoro HWT-pemieHuss 1MO3BOJSIET  MOJEIUPOBATH
KU3HEHHBIM LMK OTXOJOB M OCYIIECTBISATh PUCK-OPUEHTUPOBAHHOE MPOrHO3UPOBAHUE
IKOJIOTUYECKON W TIO’KapHOM ormacHOCTH mporieccoB oopamenus ¢ TKO.
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YJIK 004.942: 504.4.054 _
COBEPHIEHCTBOBAHHE MATEMATHUYECKOU MOJEJIN .
B3AUMOIENCTBUA HEOTAHOI'O IATHA C MOPCKOMU CPEIOH

Cepreii BasienTunoBuy ManeHko;

Enena AnexkceeBHa Unm:koBa-HoTkuHa.

AO «lHO;xkHUUM®D», r. HoBopoccuiick, Poccusi.

SIna FOpbeBna Bimnosckas >,

JaabpHeBOCTOUYHAS MOKAPHO-cNIacaTelbHasa akajaemus — puiauan Cankr-Ilerepoyprcekoro
yausepcutera I'TIC MYC Poccun, r. Bragusocrok, Poccus

Eblinovskaya@hotmail.com

Annomayus. J{nsg COBPEMEHHOIO 4EJIOBEKA PECYpPCHBIE 3alPOChl IPOJOIIKAIOT OCTaBAThCS
BECbMa aKTyaJIbHbIMU, U CPEAX MHOT000pa3us TaKOBBIX BbleNsAeTC HeQTh. OHa SBIAETCS BaXKHBIM
CTPaTErMYECKUM ChIPbEM, ONPEIEIISIOIIUM 3KOHOMUYECKUE U MOJUTHYECKUE HACTPOEHUS MHOTUX
rocynapctB  Mupa. Ho mnpeneOpexxkeHue BompocamMu 0€30MacCHOCTH IpU ee  J00blue,
TPaHCIIOPTUPOBKE, NEpPepabOTKE M MHBIX MPOU3BOACTBEHHBIX IPOILIECCaX CTaBUT IOJ Yrpo3y
KayecTBO OKpY’KaloIled cpelpl, IMOCKOJIbKY IPH pPa3IuBE BCIEACTBUE MHOTOKOMIIOHEHTHOM
CTPYKTYpbl HEe()Th CYIIECTBEHHO MEHSET CBOM (PHM3MKO-XMMHUYecKHe cBoWcTBa. CyliecTBEHHBIN
OTIIEYaTOK HAaKJIaJbIBa€T U COOCTBEHHO Cpefa, OCOOCHHO XapaKTepU3YIOIIAsACs 3HAYMTEIbHBIMU
JUHAMHYECKUMU MapaMerpamu. Tak, HECMOTps Ha JOCTAaTOYHBIA OMNBIT B 00JIACTH H3Y4YCHUS
MOBEJCHHUsI HEPTU B MOPCKOH cpelie U YCTAaHOBJICHHBIE IPU 3TOM 3aKOHOMEPHOCTH, JI0 CHX IOp
HE CYIIECTBYET JOCTOBEPHON MOJENH, MO3BOJIIOUICH IOJyYUTh OAHO3HAYHbIE KOJIMYECTBEHHBIE
napamMeTpbl, ONpeAessIoIIMe Bce Ipouecchl IpeoOpa3oBaHuss HePTH Ha  aKBAaTOPHU.
MHOro4uciaeHHble HEONPEACICHHOCTH, XapaKTepU3YIOIIUe IOHATHE pHUCKA, OOYyCIaBIUBAIOT
HE00XOAUMOCTh KOPPEKTUPOBKM CYLIECTBYIOIIMX MOJENIeH, IO3BOJSIIOIUX MPOTHO3UPOBATH
MOBEJCHHE HE(PTIHOrO TMSATHA NpPHU pas3iivBe. B COOTBETCTBHMHM C STHM, B HACTOAILICH CTaThe
paccMOTpEeHbI BOIPOCHI COBEPILIEHCTBOBAHUS MAaTEMaTHYECKONH MOJIENU Mpoliecca €CTECTBEHHOIO
IHMCTIEPTUPOBAHMS HE()TSHOTO MATHA, €ro MPOCTPAHCTBEHHOTO NIEPEMEIIEHHSI B MOPCKOH cpejie Mo
JIeWCTBUEM BHEIIHUX CWJI, a TaKKe JApeil(a B3BEIICHHBIX B TOJIIE BOJAbI YACTHUI[ MOJ BIMSHUEM
TUIPOJIMHAMUYECKUX (DAKTOPOB. YUET NaHHBIX OCOOCHHOCTEH MO3BOJIMII MOJIYYUTh 0O0Jie€ TOUHBIE
pe3yabTaThl, MPUOIMKEHHBIE K pEaIbHOCTH, CHOCOOCTBYIoIME Oosiee 3(pPEeKTUBHOMY NPHUHITHIO
pelieHrs Ipu IUIAHUPOBAaHMM MEPOIPHUATHM MO pearupoBaHHIO Ha YPE3BbIYAWHBIE CUTYalUH,
00yCIIOBJIEHHBIE Pa3TUBaMH HE(PTH U HEPTETTPOAYKTOB.

Kniouesvie cnosa: pa3nuB He(TH, MOAEIMPOBAHUE TIOBEIACHHUA HEPTAHOrO IIATHA,
JMCTIepTUpOBaHNe HEPTU B MOPCKOM cpesie, Upe3BbluaiiHas CUTyalus, 3arpsisHeHue

Jdas uutupoBanmus: Manenko C.B., Umxkosa-Hotkuua E.A., bmmuosckas S.FO. CoseprieHCTBOBaHHE
MaTeMaTHYeCKOM MOJICIM B3aUMOJICHCTBHS HE(TSIHOrO TATHA C MOpCKOW cpemoit // Hayd.-aHamur. KypH.
«Bectauk C.-Ilerep6. yn-ta ['TIC MUC Poccun» 2022. Ne 1. C. 41-51.

IMPROVEMENT OF MATHEMATICAL MODEL OF OIL SPOT
INTERACTION WITH MARINE ENVIRONMENT

Sergey V. Matsenko; Elena A. Chizhova-Notkina. JSC «YuzhNIIMF», Novorossiysk, Russia.
Yana. Yu. Blinovskaya®™.

Far Eastern fire and rescue academy — a branch of Saint-Petersburg university of State fire
service of EMERCOM of Russia, Vladivostok, Russia

Eblinovskaya@hotmail.com

Abstract. For modern person the resource requirement continue to be very relevant,
and among the variety of them oil is allocated. It is an important strategic resource that determines

© Cankrt-IlerepOyprekumii yausepcurer ' TIC MUC Poccuun, 2022
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the economic and political sentiment of the many nations in the world. But neglect of safety issues
in its development, transportation, conversion and other production processes jeopardizes
the environment quality, since when spilled due to a multicomponent structure, oil changes
its physicochemical properties significantly. A significant mark is the environment itself, especially
characterized by considerable dynamic parameters. So, despite sufficient experience in the field
of studying the oil behavior in the marine environment and the patterns established by this, there
is still no reliable model that allows to obtain unambiguous quantitative parameters determining
all oil conversion processes in the sea water area. The many uncertainties that characterize the risk
concept make it necessary to adjust existing models to predict the oil spill behavior. In accordance
this in the article the issues of improvement of mathematical model of oil spot natural dispersion
process, its spatial movement in marine environment under action of external forces, as well as drift
of particles suspended in water column under the influence of hydrodynamic factors are considered.
Taking into account these features, more accurate results close to reality are obtained, which
contribute to more effective decision making when planning the respond to emergencies caused
by oil and oil products spills.

Keywords: oil spill, modeling the behavior of the oil spot, dispersion of oil in the marine
environment, emergency, pollution

For citation: Matsenko S.V., Chizhova-Notkina E.A., Blinovskaya Ya.Yu. Improvement of mathematical
model of oil spot interaction with marine environment // Nauch.-analit. jour. «Vestnik Saint-Petersburg
university of State fire Service of EMERCOM of Russia». 2022. Ne 1. P. 41-51.

Beenenune

C0XHO NepeoLeHUTh aKTYaJIbHOCTh IIPOOJIEMbI 3arps3HEHUS OKpYXKaroIled cpeabl HePThIo
1 He(TeNPOIyKTaMH. YUaCTHBIIUECS B MOCIEIHUE TOAbl MHIIMIEHTHI IPUBOIAT K BOSHUKHOBECHHUIO
IIPOTUBOPEYUI: OPraHU3ALMOHHBIX, AaJMUHUCTPATUBHBIX, OSKOJOTMYECKHX, SKOHOMHYECKHX
U TPOYHMX, YTO OOYCIABIMBAET HEOOXOAMMOCTH pa3pabOTKH MPEBEHTUBHBIX MEPONPHUSITHH,
MO3BOJISIIOIIMX ~ HUBEJIMPOBaTh  NOsBIAOLMECS KOHQUIMKTBL. OJHUM W3 HHCTPYMEHTOB,
o0ecTeYnBaOIUX MMOHUMAaHUE TPOILECCOB, NMPOUCXOMAIIMX TPU pa3iuBe HEGTH HA MOPCKOH
aKBaTOPHH, SBJISIETCS MOJAEIMPOBAHNE TIOBEACHUS HEPTH.

B nepuon ¢ 2002 r. mo Hacrosimiee BpeMsl aBTOpaMH HACTOSIIEH CTaTbU NPUMEHSETCS
nporpammuoe obecnieuenue (I10) PISCES II npousBoactea komnanuu 3A0 «Tpanzacy. Onucanue
MareMatuueckux wmojened, npuMmeHEHHbIXx 3A0 «Tpan3zacy nmias MoJIeTUpOBaHUS TPOIECCOB,
MPOUCXOJAIIUX C HE(PTAHBIM MATHOM IPU €ro MOMAAAHUU Ha BOJHYIO MOBEPXHOCTb, MIPUBOAUTCS
B COOTBETCTBYIOIINX PYKOBOJICTBAX.

[TpuninuansHbeIM oTiinYreM ucnonb3yemoit B PISCES |l meroauku ot npyrux pa3zpaboTox
SBJIAETCS BO3MOYKHOCTh MOJIEJTUPOBAHHUS BCEr0 M3BECTHOI'O CIIEKTpa MPOILIECCOB, OTOOPAKAIOIIUX
NoBeJeHNEe He(PTIHOro ciuka Ha Boje. [lJis 3TOro MCHONIB3YIOTCS PAacyETHBIE AITOPUTMBI,
IIOCTPOCHHbIE HA aHalu3e U OO0OOIIEHWH SKCHEPUMEHTAIbHBIX JIaHHBIX, IOJYYEHHBIX
OTEYECTBEHHBIMH U 3apyOEKHBIMU aBTOPAMH.

Opnaxo B xozxe skcrryatanuu [IO PISCES II ero monb3oBaTensiMu, BKJIHOYas aBTOPOB
C.B. Marenko, f.1O. banHoBckyto, ObUT BBISIBIIEH psiJl HECOOTBETCTBUI MaTeMaTHUYeCKOW MOJeNn
(MM) peanbHbIM (U3UKO-XUMHUECKHM TpoleccaM. B 4acTHOCTH, OBUIO ycTaHOBJIEHO, uTo MM
HEKOPPEKTHO HMMHUTHUPYET MpOIEecC ITUCIEepPrupoBaHuss He@TH B MOPCKOW cpele, a HMEHHO
HE YUMTBHIBA€T MPOIECC BO3BpAILEHUS IUCIEPTUPOBABIINX Kareidb HE(TH Ha MOBEPXHOCTh, YTO
NPUBOANUT K CYIIECTBEHHOH ommOKe B MpeAcKa3aHuu Iomand U (opMbl HEe(QTSHOTO IMATHA,
O0COOCHHO TMpU MOJETUPOBAHUU pa3NUBOB HeDTH M HEPTENPOAYKTOB B HEOJIAroNnpUSATHBIX
MOTOTHBIX ycoBHsx [1, 2].

B nensix KoppeKTUPOBKH BhILIEYKa3aHHBIX U psia apyrux HecooTBercTBUM 3A0O «Tpan3zacy
B 2013-2014 rr. Obl1a MHUIIMMPOBaHA ONBITHO-KOHCTpYKTOPCKas pabora (OKP) [3], nanpaBnenHas
B YHCJIE NPOYEr0 Ha COBEPIICHCTBOBaHME HMeronieiics MM u co3aHne HOBOroO MpOIYKTa
PISCES III ¢ HOBBIMHM BO3MOXHOCTSIMHU M ()YHKIIMOHAIBHOCTBIO. B HacTosel cTaTbe MPUBOIUTCS
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omucanue aomnonHeHnd Kk MM, BHec€HHBIX Mo pesynabTatam BeimoiaHeHuss OKP [3] npu nuynom
yuyactun aBTopoB C.B. Manenko, E.A. UmxkoBoii-HoTknHON, B YacTH mpolecca e€CTECTBEHHOIO
JMCTIEPTUPOBAHUS HEPTSIHOTO MATHA.

OO0mme NpUHIMIBI MOAETUPOBAHNSA HepTsaHOrO nATHA, npuHsAThIie B PISCES |,
U NPeJI0KeHH 110 X COBEPIICHCTBOBAHUIO

B panneit Bepcum wMozenmu PISCES |l mpomecc ecTeCTBEHHOTrO JAMCIEPTHPOBAHUS
peann3oBaH TakuM OOpa3oM, YTO Macca KaXAOro CIHHJUIETa 4Yepe3 OIpeles€HHBIE MOJEINbIO
MIPOMEKYTKH BPEMEHH TIEPECUUTHIBACTCS B CTOPOHY yMEHbIeHUs. [Ipu 3TOM nMmeeTcst B BUAY, 4TO
BBIUUTAEMBII O0BEM CIMIUIETA OTPHIBAETCA OT OCHOBHOTO MSTHA M Jajiee JBIDKETCS XaOTHUYHO
B TIIyOMHHBIX CJIOSX MOPCKOHM BOJBI 3a CU€T TypOyneHTHOW muddy3unu. Uem cuibHEee BHEIIHEE
BO3/CHCTBUE, TEM Ha OOJIBIIYIO0 BETMUYUHY YMEHBINAIOTCS 00bEMHO-MACCOBBIE MTOKA3aTEIN KaXK0T0
CIHJUIETA B YACTHOCTHU M, COOTBETCTBEHHO, HE()TSHOTO TISITHA B IICTIOM.

JlucrieprupoBaHHbIE COCTABJIAIONINE CIHJUIETOB, TaKMM OOpa3oM, HaBceraa IMOKUAAIOT
«POIMTEIHCKOE» HE(YTIHOE MSATHO U «MCYC3aI0T» U3 TIOJISl 3pEHUSI MOJICITH, YCIIOBHO «PacTBOPSISCHY»
B OKpyXamwlien cpene. Mx panpHeilnee COCTOSHUE HE YYUTBIBAETCS M HE pPacCMAaTpUBACTCS.
JIaHHBII TOAXO]T CIEYET CYMTATh BEPHBIM JIMIIb OTYACTH, TOJHLKO HA MOMEHT JICHCTBUS BHEUTHHX
ciwi. B neificTBUTENBHOCTH, HWCXOIS M3 3aKOHA COXPAHEHHUS BEIIECTBA, a TAKXKE IO JaHHBIM
pabot [4, 5], xorga BHeIIHee BO3ACUCTBUE MPEKPAIIACTCs, MMOCIE HACTYIUICHHUS OJIaronpusTHOU
MOTOJTBI, OT/EIEHHBIE OT OCHOBHOTO IISITHA W O0JIQAAONINE JOCTATOYHOW TUIABYYECTHIO YaCTHIIBI
HEe(TH BHOBb BO3BPAIAIOTCS HA MOBEPXHOCTh MOpS. B CBsI3M ¢ TeM, 4TO OTACIEHHBIC YaCTHUIIBI
UMEIOT pa3Hyl0 BEJIMYMHY BCIEJACTBHE W3MEHEHHS UX (DU3HKO-XHUMHYECKOH CTPYKTYpHI
W BO3JICHCTBHS BHEIIHUX (AKTOPOB, MECTO HX BBIXOJa HAa IMOBEPXHOCTh MOXET OTIMYAThCS
OT TEKYIIEro MECTONOJOXEHHUS OCHOBHOTO TsITHA. Tak, 4YacTHIIBI MaJoro pa3Mepa MOTyT
OTHOCHUTHCSI TJIyOMHHBIMU TEUYCHUSMH Ha 3HAUUTEIbHBIC PACCTOSIHHS, a oOiajgaromiue OoJbIIeh
IUTABYYeCThIO  OoJiee  KpPYNHBIE YacTUIBl BCIUIBIBAIOT B  HEMOCPEACTBEHHOW  OIU30CTH
K «POJUTEIBLCKOMY» TISITHY HITH JTaXKe BHYTPH HETO.

CoBeplIeHCTBOBaHHE MATEMATHYECKOM MO/IeIH «0OPaTHOI0» IMCIIEPrUPOBAHMS

Ilopsaoox pazpabomku mamemamuydeckoti mooenu. llponecc Bo3BpaTa AMCIEPTrUPOBAHHOM
He()TH Ha MOPCKYIO MOBEPXHOCTH IOCJIE MPEKpalleHus] JEHCTBUS BETpa U BOJIHBI HE ObUI yUTEH
B ucxoauoi Bepcun MM PISCES Il, mostomy B xome BbimonHenus: OKP [3] Gbuta BhIMOTHEHA
KoppekTupoBka MM paboueii rpynmoi moj pykoBojgctBoM C.B. MaieHko npu JHYHOM
yuactun E.A. Umxoson-HoTkuHo#. [[nsi pasrpaHnyeHMsl CyIIECTBYIOLIETO OINMCAHUS Ipolecca
JTUCIEPrUpoBaHUs (IPSIMOTO JTMCHEPTUPOBAaHUsA) U BHECEHHBIX M3MEHEHUI MpolleccCy BO3Bpara
JMCTIEPTUPOBAaHHON He(TH Ha MOPCKYIO MOBEPXHOCTh OBUIO IPHUCBOECHO YCIOBHOE O0O3HAYEHME
«00paTHOE JUCTIEPTUPOBAHUE.

Pa3paboTka Mozenn «oOpaTHOro JUCTIEPTUPOBAHMSY MOJIPa3yMEBaeT MOMCK U 000CHOBAaHUE
MaTEeMaTHYECKOI0 OMUCAHUS CIEAYIOMNX PU3NYECKUX BETUUHH:

— 0o01acTh pacHpoCTpaHEHUsl JUCIIEPTUPOBAHHON HePTH B TIIYOMHHBIX CJIOSIX MOPCKOM
BOJIbI;

— pa3Mepbl 4acTUl[ He(pTH, YYacCTBYIOLIMX B Ipolecce OOpaTHOro AMCIIEPTUPOBaHMS,
U UX pacrpeziesieHue B CIOSIX BOADI;

— CKOPOCTb BEPTHKAIBHOTO TepeMelIeHHs (BCIUIBIBAHMS) YAaCTHUIl C YYETOM ACUCTBUS CHII
IJIaBYYECTH U TypOyneHTHON nuddy3uu;

— CKOpPOCTb TOPHU30HTAJIBHOIO NEPEMENICHMS] YacTHI] C Y4ETOM TEUEHUS U BETPOBOTO
npeiida.

Jlns ompesneneHust TONMHBL Z CJIOS CMEIIEHHs, B KOTOPOM NPOMCXOIMT KOHLEHTpALUs
(parMeHTOB qUCIIEPrHPOBAHHON HEPTH, IPUMEHSIETCS MTOIXO0/1, OIMCaHHKIN B pabore [6]:
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z ~15H, =0,3%% =0,031-? )
g

rae H, — cpennss BbicoTa BOMHBL, KOTOpas OMpe/ENIeTcs CKOPOCTHIO BETPa V,,, M.

OnpenenyM Kakue HMMEHHO pa3Mepbl Kamenlb OYyAyT pachpelelieHbl B CJI0€ CMEIIeHUs
M KAaKoe KOJIMYECTBO Kallelb KaXKJIO0ro pasmepa OyAeT HaxOAUThCS B JUCIEPTUPOBAHHOM
cocrossaud. [lo maHHBIM paboThHI [7], pa3Mmep kamenb HehTH MOXKET mpuHUMAThCA 10 300 MKM,
OJTHAKO TaKWe KpPYMHBIC KAl MMEIOT OONBINYI0 IUIAaBYYeCTh M JOCTaTOuyHO ObICTpo (1-2 ¢)
BO3BpAIIAIOTCSl HA TMOBEPXHOCTb. [Ipu 3TOM BpeMsi <«OKM3HU» MEHEe KPYMHBIX Kareidb MOXET
COCTaBJISITh HECKOJBKO YacOB, a MEJKHUE KaIllId MOTYT HAXOJUTbCS B JUCIEPCHOM COCTOSIHUU
HECKOJIBKO 4acoB U Jlaxe JHEel. DKCcliepuMeHTaIbHbIe UcclieJoBaHus B paboTe [8] moaTBepkaatoT
BO3MOXXHOCTh 00pa3oBaHUs Karenb HedTenpoaykToB pasmepom 300450 MkM B BOIHOW cpee,
BpEMSI «OKU3HU» KOTOPBIX COCTABIISIET HECKOJIBKO CEKYH/I.

Jlst koppekTHO# paboTel MM B KauecTBE MUHHMAILHOTO pa3Mepa Karelb IeIecoo0pa3Ho
MPHUHATH TaKOW, IPU KOTOPOM KaIUIM HE YCIIEBAIOT BCIUIBITH M MPUCOECIUHUTHCS K MATHY 32 OJUH

MoOZIeNbHBIN (pacuéTHblil) mar martemaruyeckoil Momemn Afp . . B pabore [9] u3 (popmyibi
Croxkca norydeHa cienyromas popmyia Iuis OnpeaeieHus pajnyca TaKuX Kareb:

0,5
i 2K, )" 18
min At gAW

e KV ~ 0,005 m%/c — Kod(hduLmeHT TypOyneHTHOU Auddy3un.

B paGorax, MOCBSMIEHHBIX MOJEIUPOBAHUIO JTUCIIEPTUPOBAHHBIX Karlellb, B 4acTHOCTH [5],
HCIIOJIB3YIOTCH pa3jInuHbIC BAapHAHTBI nux pacnpeacicHusd 110 pasMepam, OCHOBAHHBIC
Ha aNmnpoOKCHMAlUK SKCIIEPUMEHTAIBHBIX JaHHbIX. Hambojee pacrnpocTpaHEHHBIM BapHaHT
peuIoKeH B padote [6]:

2
3

N(r)~r 3,

roe I — paanycC Kalljiu, MM, N (r) — KOJIMYCCTBO KalICJIb paJnyca r.

C y4€TOoM BBIIIEU3I0KEHHOTO, B X0JI¢ pa3padOTKH MaTeMaTHYECKOW MOJEIH MPUHSTO, YTO
MHTEpECYIOIINe HAac pa3Mepbl Kameidb He(PTH HaxoisTrcs B auamnasoHe oT 6 mo 500 mxm. s
X CHCTEMATH3allMi W y4€Ta IHUCIEPrHpPOBAHHBIC KAIUTH B PAcUETHOM AHMAIla3oHE pa3OMBArOTCS
Ha 33 kiacca ¢ maroM 15 MkMm. PaccmoTpeHune kamenb ¢ pa3MepaMd BHE YKa3aHHOTO JMana3oHa
HEIeNnecoo0pa3Ho, B CBSI3M C YeM MPHUHATO [ONMYIIEHHWE, YTO OOpa3oBaHMs TaKHX Kamelb
HE MPOUCXOHNT.

Cropocmb ecnivieanus kaneiv oucnepeuposannou Hegpmu. CKOPOCTh JBHKEHHS MEITKUX
gactul, auamerpom a0 0,12 MM, I KOTOPBIX BSI3KOCTHOE COINPOTHUBICHHE TPEBOCXOIAMUT
THIIPOAMHAMHYECKOE, PEKOMEH IYeTCsl ONpeAelsiTh o ¢popmyie CTokca:

gd’A
W, (d) ==—% a11 0,006 <d <0,12 mm, (2)
18v,,
. L o . )
rae d — nuamerp kamm, M; A, = —*——% — OTHOCHTEIbHAs PA3HOCTb [LIOTHOCTEH HE(TH U BOJIBL;
Pw

3. 3.
P, — WIOTHOCTb BOJBI, KI/M"; (0, — IJIOTHOCTb HE(TH, KI/M"; U,, — KMHEMAaTHYeCKas BA3KOCThb
BogbI, cCT.
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CKOpOCTh BCILIBIBAHUS Kalelb CPEJHEr0o pa3Mepa yalle BCeTO OIMpeneisioT mo (opmyre
Annena:
2

Wrefl (d) = 0189d 3 ﬂ A 0,12 <d< 0,8 MM. 3)

w

CKOpOCTbh BCIUIBIBAHMS KPYNHBIX Kamelb, Ui KOTOPBIX MOXKHO IpeHeOpedb CHIIaMU
BSI3KOCTH BOJIbI, MOXKHO OTIpeenuTh 1o ¢popmyine Hetorona-Purtunrepa:

W (d) = gAng win 0,8<d <2,0 mwm. 4

B pa6ore [10] BbIOSHEH CpaBHHUTENbHBIN aHamu3 18 Gopmyn cKOpocTei cBOOOIHOTO
MaJCHMS YaCTHUI] IapooOpa3Ho (cheprueckoii) GopMbI B CIIOE KHJIKOCTH, KOTOPBIC, BCICICTBUE
CXO0XKeCTH (U3NYECKUX MPOIECCOB, NMPUMEHSIOTCS TAKXKE JAJS CIy4yaeB BCIUIBITHUS aHAJIOTHYHBIX
YaCTHI], UMEIOLIUX TOJIOXKHUTEIIbHYIO IJIaBy4ecTh. B pe3ynbpTaTe AAaHHOTO aHain3a YCTAHOBIICHO,
4TO BbIIIeyKazaHHble ¢popmyinbl Ctokca (2), Annena (3) u Purtunrepa (4) UMEIOT camble HU3KHE
KBaJIPAaTHYECKHE OTKJIOHCHHS 10 CPaBHEHHWIO C APYTUMHU OOIICYHNOTPEOUTEIbHBIMUA (OpMYyTIaMu
Oceena, benbct-I'epnu, lllene, Kpes, Coxonosa, Baronepa u ap. Bmecte ¢ Tem, yuuTbiBas
UHTEpecyromMii Hac pasmep uactul (or 6 no 500 mkM), npumeHenue (opmynsl HproTona-
Purtunrepa npencrapisercs HeleIecooOpa3HbIM.

B 3T0i1 cBsI3u NPUHATO pelieHue B X0JIe albHEHIIero uccae10BaHusl MPUMEHSITh popMyTy
Croxkca st onpeaesieHus] CKOPOCTH BCILIBIBAHHS METKUX YacTHIl pazmepom 10 0,12 mm u hopmymy
Annena nns Oonee KpymHbIX dYacTull pasmepoM oT 0,12 MM u Oonee [0 MaKCHMAalbHO
WHTEPECYIOIIero Hac pazmepa. st obecreueHus TUIaBHOTO Mepexo/ia OT OAHON (DYHKIIUU K IPYTroi
B IIPOMEXKYTOYHOM JHMAara3oHe 3HAYCHHH ObLJIO PElIeHO MPUMEHUTh HIDKENPUBEACHHYIO CIUIAiH-
(YHKIUIO CIICITUAIBHOTO BU/Ia, PEKOMEHIOBAaHHYIO JOKTOPOM TexHuueckux Hayk J[.B. KazyHuHbiM
U peanin3oBaHHyo aBTopoM C.B. Manenko.

_O,5-x-|x|

> +0,5
X°+1

fia (X)

Peanuzanust cpammBaHus TMPOU3BOIUTCS IO NPUHIUNY y4u€Ta OONbIIEH OOMM OJHOU
GyHKIMK 10 Hadaia MEepeXOJHOTO Hara3oHa, PaBHOMEPHOE paclpeleleHnue 0N KaKIou
(GYHKIIUN Ha MEePEXOJHOM JHarna3oHe U y4€T OOJbIIel 100U ApYroid QYHKIIMH TOCTe MEPEX0IHOTO
JMarasoHa.

[TpuMmeHuTensHO K ypaBHEHUsM (2, 3) JaHHBIN MPUHIIUI MOXKET ObITh 3aMUCaH CIEAYIOIUM
o0OpazoM:

W, = spline, Wity + spline, - reft(2) 1 )

rae spline1 =— f1t 4 (bl -(d —d cros —Wreft(nl) . ai)) — CIUTalH-(QyHKIMS TepBON IEepeMEHHOM;
Sp|iﬂ€2 = f1t 4(b2 . (d - dcroS —Wreﬂ(nz) . az)) — CrulaiiH-QyHKIMST BTOpPOH  IME€pEeMEHHOMH;
Wreﬁ(nl), Wreﬂ(nz) — OpAMHATHI B TOYKE IEPECEUYEHMs C OChIO OpauHAaT; d;, d, — HacTpoeyHasd

BCJIMYHMHA, OIIpcAcidroniasd AOJK0 CABUIA KaXka0i (I)YHKLII/II/I; bl’ b2 — HaCTpOCYHasA BCJIIMYHHA

IIaBHOCTH mepexosa kaxaoi gymkimm; . — aGemmcca Touky nepeceuenns GyHKIMiL.

Cros
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Bennunzsl Wreﬁ(nl) " Wreft(nz) IIpE3HAa3HA4YCHbl I OINPENECIICHUS XapaKTepa HaKJIOHA

KPHUBBIX 3aBUCHUMOCTEH B TOUYKE Iepexojia. 3aBUCUMOCTh AJIJICHA ABISETCA JTUHEHHOW (PyHKIMEH,

MPOXOJAIIe uepe3 Hayalo KOOpAHHAT, MOITOMY Wreﬂ(nz) =0. Jna maxoxmeHus Wreﬂ(nl)
HEOOXOIMMO OMpeNeNuTh OpauHaTy mnepecedennsi ¢ ocbio W, KacarensHoll k 3aBHCHMMOCTH

Wreft(l) B TOYKE €€ ICPECCUCHUA C IMPIAMOU Wreft(2)' I/ICXOI[H u3 06mero YpaBHCHHA KaCATCIbHOU

K KPHBO# B OTPEICIEHHON TOUKE, YUUTBIBAs PEIICHUE CUCTEMbI YpaBHEHH (2, 3) ISl HAX 0K IACHUSI
TOUYKH [IEpECEUEHUs], HaX0AUM YpaBHEHUs KacaTelbHOU 11 3aBucuMocTy CToKca:

98 [ ogm
reﬂ(l):EMls 2dM13_1 ;

W

2
__94, M.2
reft(nl 1
™ 180,
2
864v )
rie M 1 = —— — BCIIOMOTaTelIbHas pacy€THas BEIMYUHA.

w

Ilo nHaiimeHHBIM MNEPEMCHHBIM OIIPCACICHLI 3HAYCHUS HTOT'OBOM CHJIaI‘/'IH'(I)YHKHI/II/I Wreft

no ¢opmyiie (5). Tak, Ha prcyHKe IpecTaBlicHa rpaduueckas BU3yaln3alus pe3yabTaToB pacuéra
g Hedtu |l rpynmebr.

[Tyrém mnondopa 3Hau€HUH YCTAHOBJEHO, YTO HAWIYyYlUME€ pe3yJbTaThl Iepexoja
JOCTUTAOTCS MPU CIEAYIOINX 3HAYEHUAX HACTPOCUYHBIX BEJINYMH:

- q,=15; a,=0,2;

- b =11; b, =10.

Takum o00pa3oMm, TMONYy4EHO pEIICHHE Ui MPOMEXKYTOYHBIX 3HAYEHUH CKOpOCTEi
BCIUIbIBaHUS HE(PTAHBIX MATEH Hpu nepexone oT Gopmynsl CTokca K Gopmyne AsieHa BO BCEM
Juana3oHe IUIOTHOCTeM HepTH u HedprenpoaykroB rpynn [-IV cormacHo MexayHapoaHOM
KJIacCU(UKALINH.

Mooenv ecnivianusi kaneab oucnepeuposasuieti Heghpmu. MonenupoBaHUE BCIUIBIBAHUS
Kalejab OCYILIECTBISETCS C NPUMEHEHHEM NPHUHATON TEXHOJOTMHU <«3aTOIUIEHHBIX» CIIMIUIETOB,
KOKIbIH MX KOTOPBIX MpeAcTaBisieT co00il COBOKYIHOCTH Kallelb, PaBHOMEPHO (YCIOBHO)
pacnpeneNéHHbIX B ci10e cMeleHus. [Ipu nocTnkeHn oBEpXHOCTH BOJBI 3aTOIUIEHHBIE CITUIUIETHI
N00aBISIOTCS K OCHOBHOMY IISITHY.

Pacuét ogHoOro 1mara no BpeMeHH OCYIIECTBISETCS CIEAYIOIIUM 00pa3oM:

— TeHepalysl 3aTOIJICHHBIX CIIUJUIETOB;

— IIEpEMELICHNE 3aTOIUIEHHBIX CIIMJIETOB HA OJIMH I1Iar 110 BPEMEHH;

— IIPUCOEIMHEHNE K OCHOBHOMY MSITHY BCIUIBIBIIUX CIUJUIETOB.

FeHepauH;I 3aTOINICHHBIX CITUJUJICTOB IMPOU3BOAUTCS C IIAarom AtRCGen , BBI60p KOTOpOro

OTIpEe/ICNIACTCS pa3MepaMHu IISITHA HEPTH, CKOPOCTBIO €ro pacTeKaHUs € JUCTICPTHPOBAHUS
U BpEMEHEM BCIUIbIBaHUS Hanbosiee TIyOOKO AMCIEPTUPOBABIIMUX Karelb (TO €CTh IUIOTHOCTHIO
He()TH U CKOPOCTHIO BeTpa). [Io TeHepupyeMbIM 3aTOIICHHBIM CIUJLIETAM pPACIpPEIesSeTCs] BCS
macca HedTH, TucTieprupoBasiueil 3a unrepsan Bpemenn Alpc.. .

3aTOIUICHHbIE CIMJUIETHl PACHpPENeNSIFOTCS CIyd4allHBIM 00pa3oM MO IUIOIMIAAN pas3liuBa
BHYTPH CJIOSI CMEIIICHHUsI, TOJIIIMHA KOTOporo ompezaensercs mo ¢opmyine (1). Takum obpazom,

B TOJIEC BOJbI (bOpMI/IpyeTC}I HCKOC HOHUCKPETHOC pPaCHpCACICHUC CIIMIIJICTOB, CYMMApPHO
MpEACTABIAIOIINX BCIO MAaCCy JUCIICPTUPOBABIINX KallCIb.
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0,0000 F I | l I | | |

—b
0 002 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0,2 0,22 0,24 0,26 0,28 0,3 0,32 0,34 0,36 0,38 0,4 042 0,44 046 048 055 0,52 0,54 0,56 0,58 0,6

Auvametp Kanenb HedpTH, MM

—&—CToKkC —i—Annen —o— and(CTokc) ~ CnnanH-GyHKuma

Puc. Ckopocth BenibiBanus 9actun Heru jas O, = 850 K%/ls

CMCH_IGHI/IC YacCTHUL, MMPCACTABIAIOMINX BCIUIBIBAOMIUC KallJI, OCYHICCTBIIACTCA HAa KaKAOM
mare MOACJIM U ONpeACIACTCA CIACAYIOIMMU COCTABIAIOIIUMU:

AI - AIW + AtRCGen . Vc + AtRCGen . Vreft y

rae Al, = f (Atgcgen X1 Yepo Nyp) — CMellieHHMe crmmeta BerescTBHE BeTpoBOro jpefida
c yuérom riybmmbl, M; Xy, YN, — cocrapmmomme Bextopa Al - cmemenms crmera
o koopauHatHeM ocsam, M; Ve = f (Alg ., X ysp,hsp,vc) — CMEIIeHHE CITUJLIETa BCIICICTBHIE

nefictBus TeueHMs €O CKOpPocThio V.; Vret = f (Atpes., W) — BEpTHKAIbHOE CMeIIeHHE

BCJICACTBHUC BCILJIBIBAHU .
HpI/I OMpECACIICHNHU 3HAUYCHWA BEPTUKAJIBHOIO0 CMCUICHUA YaCTHUILl BHYTPU KaXXJA0ro CIIUJIJICTa
HCIOJIb3YEM CPEAHIOKO CKOPOCTDH BCIIBIBAHUA KPYIIHBIX U MCJIKUX KallCJIb:

> =0, 5(\Nreft (rmin) +Wreft (rmax))

(W,

reft

Jns yuéra BausiHUS TypOyneHTHON nud@y3un Ha CKOPOCTh BCIUIBIBAHHUS Kallelb BBEIEH
kodpdurment C, ., KOTOPEIH 3aBHCHT OT CKOPOCTH BETPaA:

Wreft = CreftD ) <Wreft>

47

MaremaTtuueckoe MOACINPOBAHUEC, KOMIBIOTEPHBIC TEXHOJIOTMHU B TCOPUU YIIPABJICHUA CJIIOXKHBIX ITPOLECCOB



Ne 1-2022 Bectauk CII6 yu-ta I'TIC MYC Poccun http://vestnik.igps

Pacu€r ckopocTHm cMemlieHUS ~Kameidb BCIEICTBME BETPOBOTO  apeiida  moimkeH
MIPOU3BOJUTECS C Y4ETOM HE TOJBKO MOBEPXHOCTHOTO TEYEHUS, HO M TEUYEHUS BHYTPU CIOA
MOPCKOM BOJbI, COOTBETCTBYIOLIETO OIPEACIEHHOMY BBIIIE CIOK0 cMmeleHus. Pacuér mnons
MOPCKUX TE€UEHUH B ONpeNeIEHHOM palioHe MHpOBOro OKeaHa SBJISIETCS JOCTATOYHO CIIOKHOM
3a/laueil U 3aBUCHT OT MHOXecTBa (DakTOpoB. B 3TOi CBsI3W C TOCTAaTOYHON TOYHOCTHIO MOYKHO
BOCIIOJIb30BaThCsl Teopuei Dkmana [11] ¢ yrounenmsmu Mancena [12], xoTtopas Mmo3BOJSET
MOJIYYUTh TIOJIE TUIYOMHHBIX MOPCKHX TEUEHWH, MCXOJs W3 pslda YHPOIICHUM, HE SBISIONUXCS
KPUTUYECKUMHU JIJIS [TIOCTaBICHHOM 3a7a4uH.

Jns CKOpOCTH CMEILIEHHS OTHOCUTENIBHO TEUYEHUsS MPEIIaracTcs HMCIOJIb30BaTh YaCTHOE
pelieHune, noxyueHHoe B padbote [12] mwis cirydast He3HAYMTEIbHOU TITyOHHBI, KOT/Ia:

Z
— <<,
E

I'’ICe Z — BEpTHUKAJIbHAs1 KOOpAWHATA, OTCYUThIBAEMas OT IIOBEPXHOCTU BOAbI BHU3, M, DE — FJ'IY6I/IHa

cioss OxmaHa (TioyOuMHA TpeHMs), HpU KOTOPOM BEKTOp CKOPOCTH TEUYEHMsI HalpaBlieH
IIPOTHBOIOJIOAKHO BEKTOPY CKOPOCTH HAa OBEPXHOCTH, M.

[To mamsabiM padot [13, 14], SMOMpPHUYECKHII SKBUBAICHT TCOPETHYCCKON (OPMYIIBI LIS
oIpeJieJIeHuUs] IITyOUHBI TPEHUSI UMEET BUL:

7,6
DE ===V

,,/Sin|(p|

rae ¢ — reorpaduueckas MMpOTa MECTa pacuéra, rpai.; V,, — CKOPOCTh BeTpa Ha BeicoTe 10 M

OT YPOBHS MOpsI, M/C.
B oarom ciyyae BenuuuHa JApelida CHOHUICTOB OTHOCHTENBHO OCHOBHOTO —IISITHA
OIPENIeINSETCS CIICTYIOMNM 00pa3oM:

T Z
u'(z)=40,00345-v,,-| —=+z-In| —
(2) 0°| 5 5

E

(6)

vi(z) = —0,00345 v, -| 1154 + In| =
E

rme U -~ KkoMmoHeHTa cKopocTH jpeiiha, TNepIeHAMKYNSpHAs HANPABIEHUIO BETPA;

V' — koMmmoHeHTa CKOpOCTH Jpeiida, CoHalpaBIeHHas ¢ HAllPaBIEHHEM BETPA.
Hpeiidp OTKIIOHSETCS OT HampaBlIeHHs BeTpa BIPaBO B CEBEPHOM IMOJIYIIAPUHU, YEMY

(V) 1
COOTBETCTBYeT 3HaK «+» B mpaBoii wactu dopmynsl mis U'(Z) u BaeBo — B roxkHOM, uemy

COOTBETCTBYET 3HAaK «—». Takum oOpa3om, B mMaTeMaThyeckoll monenu ais Apeida HedTsHOrO
IITHA aJaNTUPOBAH U MIPUMEHEH MaTEMATUUYECKUI annapar, UCIOJIb3YIOIINICSI B OKEAHOJIOTUH IS
ompeneseHusl  Mokazareieil  apeiida Mopckoro  TedeHums. B paspaboraHHON  Mojenun
acuMNTOTHYecKoe peuieHne Majcena (6) Obuto mepepaborano u mpeodpasoBano E.A. UmkoBoii-
Hotkuno# B popMbl, ya1oOHBIE IJIs1 CTIOTH30BaAHUS.

IIpy [OCTMKEHMM TIOBEPXHOCTH BOJABI 3aTOIUIEHHBIE CHWIIETHI IPUCOETUHSIOTCS
K OCHOBHBIM cCHMIIeTaM MsATHA. [Ipu 3TOM mepBble, MpeACTaBISIONIME KPYIHBIE Kaljad HePTH
(pa3mepom Oosee 1 MM), BCIIIBIBAIOT OBICTPO U MPUCOEAMHSIOTCS K CIMIUIETAM «POJUTEIIHCKOTO»
MATHA, @ MEJIKUE KaIUIM MPH BCIUIBIBAaHUH (POPMHUPYIOT TOHKYIO TUIEHKY B CJI€/Ie 3a MSATHOM.
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Takum  oOpa3om, yu€T JaHHBIX OCOOCHHOCTEH  IO3BOJISIET  CKOPPEKTHPOBATH
MaTeMaTUYeCKyl0 MOJIeJIb B3aUMOJACHCTBUSA HE(TSIHOTO MATHA C MOPCKOW CpeIoil, ONpeAe/UTh
e aneKBaTHOCTh M TONYYHUTh OOJee TOYHBIE pPE3yibTaThl, NPUOIMKEHHBIE K PEaJbHOCTH,
criocobcTBytone 0onee 3PpGEeKTUBHOMY MPUHITHIO PEHICHUs MPH IUIAHUPOBAHUU MEPONPUATUI
[0 pPEarupoBaHUIO Ha Ype3BbIUAWHBIC CHUTyallud, OOYCIOBIEHHBIE pa3nuBaMu HedTH
1 He(DTEPOAYKTOB.
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YJIK 004.94

MHOTI'OKPUTEPHUAJIBHASA OIITUMHU3ALIUA
PEMOHTHO-IIPO®UJAKTUYECKHX PABOT CJIO)KHOHN
TEXHUYECKOM ATIIMIAPATYPbI HA OCHOBE HECTAIIUOHAPHOI'O
®POHTA ITAPETO

Exarepuna bopucoBna /loponuna.

HOIIl BKO «Aama3z-Anreii», r. CeBacTonoJb, Poccus.

Anexkcanap BiaagumupoBuyu CxarkoB™.

CeBacTONOJIBLCKHI TOCY1aPCTBEHHBbIN YHUBepcHUTeT, I. CeBacTonojb, Poccust
doka0605@yandex.ru

Annomayus. llpepnmaraeTcs TMOAXOJ K  PEHICHUIO 3aadyd  MHOTOKPUTEPUATBHOM
ONTHUMU3AINKA OOCITY)XMBaHUS (PEMOHTHO-IPOPUIAKTUYECKUX PAOOT) CIOKHOW TEXHHUYECKOM
ammapaTypel Ha OCHOBE TMPUMEHEHHS HecraiuoHapHoro ¢(ponra Ilapero, mnpemnoxeHa
Kiaccu(uKanus 3aa4 MHOTOKPUTEPUAIBHOW ONTUMU3AIMH. ¢ KPUTUYSCKHM BPEMEHEM, C TOYKOU
HEBO3BpaTa, IO CICHAPUIO YIYIIEHHBIX BO3MOXXHOCTEH, YTO JaJI0 BO3MOXKHOCTH TOJYyYUTH
ciieHapuu oOciyxuBanus. [IpUBOISATCS pe3ysbTaThl MOJCIMPOBAHUS, OTPAKAIOIINE BO3MOXKHOCTb
NPUHATHS ~ PENICHWA 10 BBIOOPY KBa3WONTHMAIBHBIX BApUAHTOB COCTaBa PEMOHTHO-
NpOPUIAKTUYECKUX pabOT CIIOKHOW TEXHUYECKOH ammaparypsl. Llenbro paboThl  sBIsETCS
(dbopMyIIMpOBKa TPUHIMUIA PEHICHHS 3a1adyd MHOTOKPHTECPHAILHON ONTHUMH3AIMH PEMOHTHO-
npopWIAKTUYECKUX PA0OT CJIOXHOH TEXHUYECKOW ammaparypbl Ha OCHOBE TMPUMCHEHUS
HecTanroHapHoro ¢ponrta [lapeTo, YTo MO3BOJNHMT YYECTh CIydad 3HAYUTEIHHOTO W3MEHCHUS
YCJIOBUH peajin3alliy mpoiiecca 00CIy)KUBaHUs B TCUCHUE 33IaHHBIX BPEMEHHBIX IPOMEIKYTKOB.

Kniouesvie cnosa: cnoxHas TEXHHYECKas ammaparypa, TEXHHYECKOE OOCTyKHBaHHE
U PEMOHT, PEMOHTHO-NPOMUIAKTUYCCKHE PA0OThI, MNIAHKPOBAHNUE TEXHUYCCKOTO OOCITY)KHUBAHHUS,
HecTanroHapHbId GpoHT [TapeTo

Jas uwrupoBanmsi:  Jloponmna E.b.,, CkatkoB A.B. MHorokpurepuanbHas  ONTUMHU3ALUS
PEMOHTHO-TIPOQHUIAKTHYECKHX pabOT CIIO)KHOW TEXHWYECKOH ammaparypbl Ha OCHOBE HECTAIMOHAPHOTO
¢ponra Ilapero // Hayu.-anamut. xypH. «Bectuuk C.-Iletep6. yu-ta ITTIC MUC Poccum» 2022. Ne 1.
C. 52-64.

MULTI-CRITERIA OPTIMIZATION OF REPAIR AND MAINTENANCE
WORK OF COMPLEX TECHNICAL EQUIPMENT BASED
ON THE UNSTEADY PARETO FRONT

Ekaterina B. Doronina. NOC VKO «Almaz-Antey», Sevastopol, Russia.
Aleksandr V. SkatkovZ. Sevastopol state university, Sevastopol, Russia
Hdoka0605@yandex.ru

Abstract. An approach to solving the problem of multi-criteria optimization of maintenance
(repair and preventive maintenance)is proposed Based on the application of a non-stationary Pareto
front, the classification of multi-criteria optimization problems is proposed: with a critical time,
with a point of no return, according to the scenario of missed opportunities, which made it possible
to obtain service scenarios. The results of modeling are presented, reflecting the possibility
of making decisions on the choice of quasi-optimal variants of the composition of repair
and maintenance work of complex technical equipment. The aim of the work is to formulate
the principle of solving the problem of multi-criteria optimization of the presentation of a complex
of repair and maintenance works of complex technical equipment based on the use of a non-
stationary Pareto front, which will allow taking into account cases of significant changes
in the conditions for the implementation of the service process during specified time intervals.

© Cankrt-IlerepOyprekmii yausepcurer ' TIC MUC Poccun, 2022
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Keywords: complex technical equipment, maintenance and repair, repair and maintenance
work, maintenance planning, non-stationary Pareto front

For citation: Doronina E.B., Skatkov A.V. Multi-criteria optimization of repair and maintenance work
of complex technical equipment based on the unsteady Pareto front // Nauch.-analit. jour. «Vestnik Saint-
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BBeaenue

[lpy nnanMpoBaHUM Tpolecca peMOHTHO-TpodmiakTnyeckux pador (PIIP) cnoxHo#
texuuuyeckor anmapatypsl (CTA) Bo3HUKaeT psig nmpodiem:

— HEOOXOIMMOCTH BBITIOJHEHUSI KOMILJIEKCA PETIaMEHTHBIX TEXHOJOTHUECKUX OIepanui
U OpPraHU3alMOHHBIX JEHCTBUH O MOIJEPKAHUIO PAOOTOCIIOCOOHOCTH WIJIM HCIPABHOCTH IPU
HCI0JIb30BaHNU 110 HA3HAYEHMIO, IIPU OKUAAHUU, XpaHEHUU U TpaHcnopTupoBke CTA,;

— TexHuueckoe oOciyxuBaHue U peMoHT CTA MoryT OBbITh Kak IUIAHOBBIMM, Tak
Y BHEIUIAHOBBIMM, TO €CTh BBIIOIHIEMBIMU HE B COOTBETCTBUHU C PETJIAMEHTOM,

— Heperynupyembiil npouecc oocinyxkuBaHust CTA MoxeT ObITh peau30BaH B YCIOBHAX
nepuuuTa BPEMEHU, PECYpCOB WM CHELMAIbHOW IOCTAaHOBKU 3aJaud OCOOBIX perjaMeHTHbIX
pabor;

— HCTOYHMKaMM HeomnpeneneHHoctn PIIP sBinsroTcs cocTaBHOM XapakTep onepaiui,
BapHabeNbHOCTh YCIIOBUI U cpef peanu3anuu oociyxuBanus CTA.

B >Tux wim nmogoOHBIX ciydasix 1esiecoo0pa3Ho BBIOMpaTh TOJIBKO T€ OINEpaluu, KOTOpbIe
SIBJISIIOTCSL OCHOBHBIMHU, Hanbosee MOAXOAIIMMU B JaHHBIX yclI0BUAX. COBOKYIHOCTh TpeOyeMbIX
ONEpallMi TaKKe MOXKET ONPENEIAThCA IOCIEAOBATEIBHOCTHIO BBIIIOJIHEHUS WIM COCTABOM,
KOTOpPBI B ONpEACIEHHBIX ClydasX IEeperpynnupoBaH WM pacnapajuiesneH. BosHukaer
HEONIPENEIeHHOCTh I1anupoBanus PIIP, mpuyem B psae ciiydaeB 3Ta HEONPEACICHHOCTh 3aBUCHUT
OT Ilepuo/Ja BpeMeHH (HarpuMep, oTHocuTenbHO Havasna PIIP B 0coObIX ycnoBusx).

Takum 00pazoM, IpeACTaBISIETCS BAXXHBIM UMETh pbluaru ynpasienus PIIP B n3menseMbix
YCIOBUAX Ha OCHOBE MHOTIOKPUTEPHAIbHON ONTHMHU3ALMHM, YTO OOYCIOBJIEHO OCOOCHHOCTSIMHU
pelaeMbIX 3a7a4 BOCCTAaHOBJICHUS WM TIPoBepku padboTocnocodnoctu CTA.

O0630p cyniecTBYIOIIMX MCCIEI0BAHUI B 00J1aCTH ONTUMHU3ALMH
PEMOHTHO-NIPOPHIAKTHYECKHX PA0OT CJIOKHOM TEXHHYECCKOH ANIMapaTypbl € y4eTOM
HEeCTALMOHAPHOCTH TPeOOBaHUM

CymecTBytonme uccieoBanusi B obiactu ontuMusanuu 1iaHoB PIIP B ocHoBHOM
ONMpAIOTCA  HA  CETEBbIE  MOJENM M JIETEPMHUHHUPOBAHHBIA  XapakTep  IPOLECCOB
obcnyxuBanus [1-4].

B psne nCTOYHMKOB 4acTO MCHOJIB3YHOTCSI 3dKOHOMUYECKHE U CTaTUCTHUUYECKHUE MOJIENH, T1Ie
KpUTEPUSIMHU ONTUMHU3ALUU SBIAIOTCS MaKCUMU3alUsg (QYHKIMM JOCTYIHOCTH M MUHUMM3ALUSA
BpeMeHH mpocTosi U yaenbHbiX 3atpar PIIP [1, 2—4]. DToT 00BsICHSETCS MPUMEHHUMOCTBIO IS
HENpPEPBIBHBIX  MPOU3BOJCTBEHHBIX IMPOLECCOB MpH JAETEPMUHUpPOBaHHBIX InaHax  PIIP.
Hcnonp3oBaHne Mozened  ONTUMM3ALUM  NPEANOIaraeT OTX0J OT JTOr0  IPHUHIMNIA,
1 uX 3()PEKTUBHOCTH BHIPAXKAETCSI B CHM)KEHUU 3aTpaT Ha CIMSHMS U MOTJIOLIEHUS Ha HECKOJBKO
JeCATKOB TporeHToB [8, 5-11].

B pabote [4] mpuBomutcs npunnun PIIP, npuMeHsieMblii 17151 HEKPUTHYHBIX, HO YaCThIX
cOoeB, pU KOTOPOM OOHApyKEeHHBIH B mporecce KoHTpossa aedextHsiii snement CTA Oynmer
3aMEHEH B ClIy4yae IMPOBEPKH Ha OCHOBE MOJesH /[niioHa.

B HekoTopbix uccnenoBanusax [12, 13] aBTOpHI MOCTYIHUPYIOT UACKO O TOM, YTO TPUHIIUIIBI
CTPOrOro pPETYJMPOBAHUS CTPYKTYPbl M IPOJOJDKATEIBHOCTH PEMOHTHOIO IMKJIA OKA3bIBAIOT
HEraTUBHOE BIUSHHE Ha 3>(PPEKTHUBHOCTb CHCTEMbl TEXHMYECKOTO OOCIY)KMBAaHHS U PEMOHTA,
MPOJOJKUTENFHOCTh PEMOHTHOIO LIMKJIA JIOJDKHA OBITh pa3HOMl Jake B paMKax OJHOM Mojenu
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anemeHToB CTA. B »stoif cBsizu moctpoenue 1uiaHoB PIIP mpobinemarnuno, HO Haumbosee
3¢ dexTruBHO.

B wucrounmkax [5, 8, 14, 15] pekoMeHIOBaHO KOPPEKTHPOBATh CHCTEMY TEXHHUYECKOTO
o0CITyKMBaHUS U PEMOHTA, pa3pad0TaHHYIO MPU IPOSKTUPOBAHUN MAIIMH, BO BpeMs IKCILTyaTalluu
u3-3a HeompeaeneHHocted npu skciuryatauuu CTA u cinyyallHOTO M3MEHEHHUS! MX TEXHHUYECKOTO
COCTOSIHMS, TO ecThb IpH manupoBanuu PIIP nenecoobpazno yuntsiBath (hakTop BpeMEHHU.

B pabote [9] paccMoTpena Mojens TUIAHUPOBAHHUS HA OCHOBE KIACCH(UKAIUKA PEMOHTOB
Ha TUIAHOBBIE U HEIJIAHOBBIC, YUYUTHIBAECTCS, UTO DJIEMEHTBI CUCTEMBI CBSI3M U PAIMOTEXHUUYECKOTO
obecriedeHus: MOJIETOB OTHOCATCS K KJIACCy JIIEMEHTOB € BO3pacTaromieil PyHKIMeH HHTEHCUBHOCTH
OTKa30B, allMPOKCUMUPYIOLIEHCS TUHEHHON (QyHKIIMEH BPEMEHH:

At) = A9 + kt,

rac /10 — HadYaJIbHOC€ 3HA4YCHHUC HHTCHCHBHOCTH OTKa30B 3JJICMCHTOB, k — KOS(l)(bI/II_II/ICHT,
onpeneﬂﬁmmnﬁ HHTCHCUBHOCTL CTAPCHUS 3JICMCHTOB.
I[J'ISI MHUHUMHA3AIUHA CPOKOB PEMOHTOB YUUTBIBAOTCA YACIBHBIC 3aTPaThl C1 BBIPAXKCHU .

Q = Vk(Co + Cp),

rne Co — 3arparhl Ha PEMOHT B ciiydae oTkasza, Cjpy ompenenseT 3arpaThl Ha IUIAHOBBIM PEMOHT.
[IpemiokeHHslii B paboTe MeETOA MO3BOJSET IUIAHUPOBAaTb WHTEHCUBHOCTU PEMOHTOB,
HO HE YYWTBIBAET PsJ ONMHMCAHHBIX BBHIIIE HEONPEACICHHOCTEH, CBA3aHHBIX C M3MEHEHHEM 3a7ad
B xoje obcnyxuBanus CTA.

B pab6ore [10] mpeanoxeH MeTon IJIAHUPOBAHUSI MPHUMEHEHHs NEPCIEKTHBHBIX CPEICTB
TEXHUYECKOro o0cmyxuBanus 1 BoiickoBoro pemonra (TO u BP) BoopykeHHs U BOCHHON TEXHHKH
MIPOTHBOBO3AYIIHOW OOOPOHBI B 30HE OTBETCTBEHHOCTH, TJ€ TOKa3aHO, YTO «pa3padaThIBacMble
B HacTosilee Bpemsi komruiekebl yHubuupoBanueix cpeacts TO u BP (KYCTO u BP) 'onoBhoe
MIPOU3BOJICTBEHHO-TEXHUYECKOe mpeanpusitue «['panur» BomioTuan B cebe TepenoBbIe
TEXHOJIOTUU U JOJDKHBI 3aMEHMTh napk ycrapeBummx cpeacts» [10, ¢. 50]. B 3amaue Tpebyercs
onpenenuts mwian (Y) npumeHenus KYCTO u BP (P), obGecneunBaronime MHUHUMH3AIMIIO
pOCTOEB (Z) BOOPYKEHUS U BOEHHON TEXHHUKH (S) B 30HE OTBETCTBEHHOCTH.

[Tpu cinoxHOM BUE 1eneBOM (GyHKIHMH Z aBTOPHI MpEAIaraloT MPHUOIMKEHHBIH aaTrOpUTM
ontummzaiu tana  Y(P,S), uro orHocuTcs K CcOpMYTHMpPOBAHHOMY BBIIIE BHAY 3a1auH
JIeTePMUHUPOBAHHOTO THIIA.

O0630p uccnenoBanuil B ob6mactu aHanu3a 3pQPeKTUBHOCTH ITUTaHUpOBaHUs mporeccoB PIIP
CTA B OTHENBHBIX CMEXKHBIX O00JIaCTSIX IIO3BOJISIET CIeNIaTh 3aKIIOYEHHE O TOM, 4YTO
HectaimoHapHocTh mnpoueccoB PIIP CTA, o0ycioBiaeHHas B TOM 4YHCIE HEONPEIETEHHOCTHIO
OTAENBHBIX 337a4, He MOXKET OBITh ydTeHa Oe3 BMeIaTelIbCTBA JIMIIA, MPUHUMAIOLIETO PEUICHHUS
(JITTP), Ha HEKOTOpBIX JTamax IMpolecca, YTO TAKKE MPHUBOJUT K HEOOXOJMMOCTH MPHUMEHEHHS
MHTEPAaKTUBHBIX METOJIOB MPUHATHUS pemenuit [11, 16, 17].

C nenplo perieHus 3a/laud HaxXOoXKACHUs 00JIaCTH pelIeHuH, onpenesomux 3pPeKTUBHbIE
nocneaoBarenbHocTy onepanuii PIIP Ha ocHOBE MHOTOKpUTEpUaIbHON ONTUMHU3ALUH HEOOXOIMMO
MOJIy4eHHUE TaK Ha3bIBaeMbIX [lapeTo-onTiuManbHbIX BapuanTtos [16-18].

Pemenuem 3a1aun MHOTOKpUTEpUAIbHON onTUMU3au sBisercs [lapero-mHoxecTBO SCQ
Bcex IlapeTo-onTUManbHBIX JOMYCTUMBIX TOYEK, KOTOPBIE HE JTOMUHUPYIOTCSI HUKAaKUMHU JIPYTUMHU
JTONMYyCTUMBIMH ~ TOYKaMH. [lapero-MHOKecTBy S  cootBerctByeT Ilapeto-dponr P=f(S)
(mpencrasisttonuii codoit 00pa3 [lapero-MHOKeCTBa B IpOCTpaHCTBe LeneBbIX GyHkuuit) [19, 20].

Takum o0Opa3zoMm, B OTJIMYHME OT OJHOKPUTEPHUATHHOW 3a/layd, B KauyeCTBE peEIICHUN
HAXOJUTCS He OJHAa TOYKa, a MHOXECTBO TOYEK, YTO MpeAcTaBiser coboil B obmeM ciydae
Cy)KEHHE MHOXKECTBA JIOMYCTUMbIX perenuit as JITTP [21-23].

Jns 3a1a4, Korja U3MEHEHHUs] MHOXKECTBA TOUYEK NMPHUHATHS PELICHUH B TEUEHUE 3aJJaHHOTO
MIPOMEXYTKAa BPEMEHU 3HAUUTENbHO, NpuHsATue pewmeHuit JIIIP npobremarnyno. B cBs3u ¢ atum
aKTYyaJbHOM ABISETCA UCCIIE0BAaHKE C YUETOM JUHAMUYHOCTH (poHTa [TapeTo.

54

MaremaTtuueckoe MOACIUPOBAHUEC, KOMIIBIOTEPHBIC TEXHOJIOTUHU B TCOPUU YIIPABJICHUA CJIIOKHBIX NPOLIECCOB



Ne 1-2022 Becrauk CII6 yu-ta I'TIC MUC Poccun http://vestnik.igps

Ilens craThu: cGOpPMYIMPOBATh TNPHUHIMII PEIICHUS 3aJaud  MHOTOKPHTEPHAIBHOMN
ONTUMM3ALMKA TPEACTABICHUS KOMIUIEKCA PEMOHTHO-IPOQMIAKTUYECKUX PAOOT  CIOXKHOM
TEXHUYECKOM ammapaTypsl Ha OCHOBE INPUMEHEHHUs HecTanuoHapHoro ¢ponra Ilapero, uTo
IIO3BOJINT  YYECThb ClOy4dal 3HAYUTEIBHOTO MW3MEHEHHUS YCIOBUM pealu3aluu Ipouecca
00CITy>)KUBaHHSI B TEUEHHUE 3a/JaHHBIX BPEMEHHBIX TPOMEKYTKOB.

ITocTanoBKa 3aga4u

[Ton mnmanom PIIP CTA noHuMMaercs COBOKYHNHOCTb JEMCTBMM, HaIpaBJIEHHBIX
Ha OCYILECTBJIEHUE TEXHHYECKOI0 OOCIYy)XKMBAHUSA, PEMOHTa M MNPOQUIAKTUKU CIIOKHOU
TEXHUYECKOH anmaparypsl, TO €CTh IJIaH — 3TO MOCJIEA0BATEILHOCTh ONepalnii, HEOOXOAMMBIX TIPU
00CITy’)KUBAaHUHM CII0KHOM TEXHUYECKOH anmnapaTypsbl:

(Ol, 02, ,OJ), J :1,J .

B cBA3u ¢ TeMm, 4YTO MOCIEAOBATENBHOCTh OlEpalui, WX JIMTEIBHOCTh M BaKHOCTh
B ONpEIENICHHBIX  CIy4dasX MOTYT  OBITh  pa3iW4YHBIMH, (OPMHPYETCSI  MHOMXECTBO
II0CJIeI0BATEILHOCTEH] OIepalyii I OXHOro 00beKTa (MHOXKECTBO BAPHAHTOB I1aHoB), V. €V .

®opMupoBaHUE COBOKYIHOCTH ONEpaluil B IUIAHE peau3yeTcsi Ha OCHOBE OMHApHOTO
BEKTOpa X =< X1, ..., X; >, OCTPOEHHOTO Ha OCHOBE OYJIEBBIX MEPEMEHHBIX, PABHBIX EIMHMIIE,
€CJIM OCYIIECTBIISACTCS j-i BApUAHT BBIMOJHCHHUS OMEPAIMid, U PABHBIX HYJIIO B MPOTUBHOM CIydae.
Hamnpuwmep, 3anuch x =< 10 1 1 > o3HauaeT, 4To AJiA MOCIAEAOBATEILHOCTU U3 YETHIPEX ONepanui
B IJIAaHE X BTOpas onepanus OTCyTCTBYET.

CdopmupoBannsliii B mporecce PIIP mnan kak HekoTopas mocieA0BaTeIbHOCTh ONepaluit

peanu3yeTcst Ha OCHOBE HekoTopoii Texuonornn @, € Q, 0, > @, ,1=11,k =1, K. Muoxecrso

texuojoruii {2 dopmupyercst miast Kaxaoro PIIP u, Hanmpumep, MOXKET OIKCHIBATH Pa3IMUYHbBIE
ciocoObl PIIP: mcnbITatenpHbIe CTEH[BI, MPOTOKOJIBI, PEMOHTHBIE BEJIOMOCTH, 3aMEHa DJIEMEHTA,
MoJIHas 3aMeHa 00opyoBaHUs. PEMOHT cBOMMHM cUIaMH, PEMOHT HOJAPSIAYMKOM H T.11.

3anuiiueM COBOKYIHOCTh BapHAHTOB IUIAHOB KaK MAaTPHUILy TEXHOJIOTHA:

V1 X, @ Xy - @
X =.. X - @ . (1)

vn| X, - o, X, - O,
Hampumep, marpuna (1), 3anonnenHas no Hekotopomy PIIP, xortopsiii chopmupoBan
Ha TpeX BapHaHTax IUIAHOB, IMPUYEM B TIEPBOM IIIAHE OTCYTCTBYET BTOpas OIepanus,

a B TPEThEM BapUAHTE OTCYTCTBYET TPEThS ONEpalnsl, UMEET BU:
Vi | @y 0 W3
Xo =Vy| Oy Wy Oy
Vi@ @, 0
MHorokpurepualibHasi ONTUMH3ALMS TOMCKA KBa3HONTHUMaIbHOrO kKomiuiekca PIIP mist
HEKOTOPBIX TMapaMEeTpOB TpoIlecca pemaeTcss B CIEAYIONEM BBIOPAHHOM KPHUTEPUATBHOM

npocrpasctse: [, 0, R, — CTOUMOCTb, OLIEPATUBHOCTb U PECYPCOEMKOCTH COOTBETCTBEHHO.
O0603HaYMM MHOXECTBO JONMYCTUMbBIX 3HAYEHUH apryMEHTOB KpUTEPHAIbHOW (YHKIHMH

PIIP CTA: DA{l,, O,,R}.

B o6nactu D onpenensiercs moasiexaniasi ONTUMHU3ALUU KpUTEpHaIbHas QYyHKIUSA
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w,<I,0,R, >,

rie VeV — Bapuantel mmaHos PIIP; |, — Merpuka cTOMMOCTH V-TO BapuaHTa ILIaHa;
OV
peanu3zaiuu PIIP CTA 1o vV BapuaHTy 1iaHy.

3HaueHue 1eneBbIX (QyHKIUN mpeacTaBiser coboil cymMMmy 3arpar Ha nposeneHue PITP
CTA, cymmy Bpemen ocymiectBienusi PIIP CTA u cymmapuyto mHpopmaruBHocTh PIIP CTA
COOTBETCTBEHHO C OTPAaHMYEHHUSIMH Ha CpPOKM peanu3aliy Mporecca U TpedyeMoro ypoBHS
pesynbratoB PIIP (0TKIOHEHUH OT 3aIaHHBIX XapaKTEPUCTHK):

Fj(xij) = Zjos cOjon)iss Dj(xij) = Tjoy ty(xijoi)s Sj(xij) = Tjoy hyj(xijooyy),

— METpHKa OIEPATHBHOCTH V BapHaHTa IIJIaHA, R — MCTpHUKa PECYPCOB, H606XO,Z[I/IMBIX JJIsL

IJie C;j — CTOMMOCTb TEXHOJIOTMH | onepauud B | Bapuante mimaxa PIIP: ; eQ), cij>0;

h;j — pecypcoeMKOCTb TEXHOJOTUH | omnepaunuu B i Bapuante mnana PIIP: W; € Q: j — Bpewms,

TpeOyeMoe Ha BHIIOJHEHUE TEXHOJIOTHY | onepanuu B i Bapuante miana PIIP, t;; > 0; i — Homep
BapuanTa, i = 1,1; ] — Homep onepauuu PIIP, x;; €{1,0}.
[lycts cymecTByeT X, Takoe, KOTOpoe oOecrmeynBaeT MHUHUMYM  (YHKIHAM
F}(xij), D; (xl-j), S; (xl-j) TpeOyeTcst HalTu:
]

1 . .

x;; = arg min F;(x;;) = argmin CiiXii

lj = arg min Fj(x;;) gxijex(§ %)
=

x{; = argminy, . .x D (x;) = arggpig{(Zle tijXij), (2)
ij

J

3 . .
x;: = arg min S;(x;;) = argmin h;ix;;
ij gxijeX ]( l]) gxijeX(§ ij U)'
j=1

IIPU YCIIOBUSAX:
Hmin < hij < Hmax' Tmax = tijf Cmax = Cij- (3)

VYcnoust (3) GopMynupyrOT OrpaHMYeHHMs Ha KPUTHUYECKHE 3HAUYEHUS CTOMMOCTH lnin,
onepatuBHOCTH Omin 1 pecypca R mmsa PIIP, BelpaxeHHBIX B BHAE hjj, BpeMeHM peann3anuu
onmepauuii  tj, ¢usnueckoro pecypca Cpax M ONPEIENAIOTCI KOHKPETHBIMH  3aJadyaMiu
u ocobennoctsiMu CTA.

B ciyuae, xorma xj; = xf; = xi3j,
umeeM [lapeTo-ontumansHoe pelieHue.

3aa4a UMCCT CJUHCTBCHHOC PCUICHUEC, B oo1IeM cirydac

[peanonoXuM, 4TO pecypc, TPEOYIOIIUICS AT peanu3alidi | OMepaluy Mo ; eQ) -

1 2
TEXHOJIOTMH MOJKET OBITh ABYX BUOB: CUJ- ,C()J- —3a cueT COOCTBEHHBIX CpCACTB U C IPUBJICYHCHHUEM

AOIOJIHHUTEIBHBIX CPEACTB COOTBETCTBEHHO!

rul =C; (X; - ;)4 (X; - ;)5 I’kf =Gy (X - @)1t (X - @) -

B atom CJIy4a€ UMECM TPACKTOPUIO B KOOPAUHATHOM ITPOCTPAHCTBEC «BPEMA—CTOUMOCTD», PHUC. 1.
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1
‘l — 0 " 0
c; / rp = (x, -0t (x, - o)
R 2 )
Ci S| e = e (g 0y )i 1y (xy - 0)
/
/(;/ /
Oy //
/ ,6
b ¥
> >
0 t, ot

Puc. 1. Cxema npuHATHA pelieHU A5 IBYX THIIOB pecypca

Takum oOpa3zom, MMeeM JABYXSTalHYK 3ajady: 1 — JUCKpeTHas MOCTaHOBKa B (opme
MHO’KECTBA BapUaHTOB pellleHui, MaTpuua (1) u 2 — BBOJ HENPEPHIBHOW COCTABIISIIOIIEH B BHJIE

. 1 2
M3MCHSIOIIMXCS PECYPCOB (HA OCHOBE TEXHOIOTHH (W}, ; ). DTO MO3BOJISIET OCYIIECTBUTD MEPEXO0]T
K pponty Ilapero.

Hns waxoxnaenus ¢ponta Ilapeto mno kputepuansHoi ¢yukmuun W, < 1,0, R, >

INPpUMCHUM IIPUHOUII HAXOXACHUA I'PaHHUIIbI HapeTo, BKJIIOYAIOIIEH B ce0s TOUKH X,
YAOBJICTBOPAIOIIUEC YCIIOBUAM!

PX)={xeX:{x eX:x >x} =0}

[lpu pemenun 3amaum aByxkpurepuanbHoil onrtumusanuu PIIP CTA omnucanme ¢ponra
[Tapero (®II) npu OTHICKAHMH COTJIACOBAHHOIO ONTHMyMa (cwibHOro ontumyma Ilapero)
orupaercs Ha cieayione cooTHorreHus [19]. CropaBemainBo yciaoBHE KacaHHs IMOBEPXHOCTEH
ypoBHs h1(X)=bl, h2(x)=b2, mopoxmaroiiee COOTBETCTBYIONIYIO CHCTEMY JHHEHHBIX ypaBHCHHI
OTHOCHUTEIIFHO MIEPEMEHHBIX A. [ paJeHTHI B TOUKAX CONMPUKOCHOBEHUS 33/1al0TCSl OPMYIIaMu:

grad h, (x) = —Agrad h,(x), 4

U N CKAJISIPHBIC allreOpandeckre ypaBHEHHs, PABHOCHIIbHBIE (2):

N M) 590 0

OX i OX i

()

VYpaBHeHue (5) onpenensier KpPUBYIO B MIPOCTPAHCTBE apamMeTpoB:

X =@ (A),.... X, =6,(4) . Ecim yuacrox osroif kpuBoii, Ha KoTOpoM A>0 IPHHALTEKHT

MHO’KECTBY JIOIYCTUMBIX MapaMeTpoB X, TO OH NmpuHaainexxut u [lapero-mHoxecTBY E. Ha BbIOOD
Hawiyuiiero cueHapuss PIIP Biuser MHOXecTBO (PAKTOpOB, NMpUYEM BpEMEHHBIE AMAINa30HbI
BIIMSIHMS 3HAYUTENBHO ONPEAEISAIOT UX U3MEHYUBOCTD.

Jlnst uHTEpBANOB HAOMIONEHUS tij, ty €T, TpeOyeMmbIx s npuHatus pemenuit JIIIP,
U C y4eTOM BBIpaXeHUs (4), MOJyInM CUCTEMY YpaBHEHUIA:

grad by (xt; ) =—Agrad h, (x.t;),
grad hy (x,t ) = —Agrad by (x,tq)-

[IpencraBuM BBIMYKJIBIH HectanuoHapHblid ¢poHT Ilapero (H®DII) kak ayru OKpyKHOCTH
paamyca I, puc. 2 a.
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B mnpennonoxenun, uro wusmeHeHue paauyca R oxpyxnoctu I[lapeto peanusyercs
a

2sinA’

C yuéToM AMHAMHMKU M3MEHEHMs pajuyca

M0 3aKOHY CHHYcCa, MOJy4YuM: R; = R,

" 2sinB’

OKPY’KHOCTH pelaeTcs 3ajada HaxoxkaeHuss MaxXRnine.

Jns mpsimoyrosibHOro TpeyroiapHuKa paauyca R1 m ZC=90° karer BC paBeH 3HaueHUIO
kperepusi hy, a Touka C (BepmmHa C) COOTETCTBYET 3HA4CHUIO Kputepusi hp B ucciemyemsblit
MOMEHT BpeMmeHHu tl, puc. 2 6. J{nst Belnyki10i 001acTH IPOM3BOJHBIE 110 BPEMEHHU OT PaIUyCOB

dR, dR, _
" dt

0.

dBHbl —— =
P at

A
h,

\4

h,

6)

Puc. 2. IlpeacraBiaenue Bpimykiaoro H®II: a) nyramu okpyxuoctu paauycoB R1 u R2 qis BpeMeHHBIX

AHana3zoHoB tl, t2; 0) Ayroi onucaHHON OKPY’KHOCTH M KacaTeJbHOM K Heill B Touke B, npu pemenun
3aJauul MHOTOKpuTepuaiabuoii ontumuzanuu PITP CTA

Kunaccnpukanusi HeKOTOPBIX 32124 MHOTOKPUTEPHAJIBHON ONTHMHU3ALUHN 00CTYKMBAHUSA
CTA na ocHoe npumeHenuss HOII

1. HOII ¢ xputnyeckum BpeMeHeM. 3aaada GopMyIupyeTcs CIeayIonuM 00pa3oM: HauTH
BpeMs MIPUHATHSI PELIEHUHN TP YCIOBHH, UTO €CTh OTPAHMYEHHE HA 3TO BPEMS, TO €CTh CYIIECTBYET
npenen lime_,¢ 7, rie Z — PEMIEHHE; tya— KPUTHIECKOE BPEMS IPUHATHS PELICHHUSL.

2. HOIT ¢ Toukoii HeBo3Bparta. 3amada (GopMysIupyeTrcs CIeIyIONMM 00pa3oM: HaWTH
00JacTh pemIeHuid MPH YCIOBUU E€IUHCTBEHHOCTH ITOTO PEIICHHUs, TO €CTh CYIIECTBYET Ipeaes
BPEMEHU TPHUHSTHUS PEIICHUS W 3TO pelieHne KPUTUYHO (IO OTHOIICHUIO K 3ajade, mapaMmeTpam
Iy, Oy, Ry).

3. HOIT B crenapum ymymieHHBIX Bo3MoOKHOCTeW. CTaBHTCA 3ajada HAWTH TOYKY
HEBO3BpaTa, Tak Kak Mpu =ty pemenue 3amaun Oyner HeakTyanbHbIM. Ecim Ha xpuBoii [lapero
MMOCTPOUTH TIPOU3BOIHYIO 110 HAMPABICHUIO U TPAJIMEHT, OH OPTOTOHAJIEH K JIMHUSM ypoBHs. Eciau
3Ta MPOU3BOIHAS YMEHBIIAETCSI, TO MOMEHT MPUHSTHUS pelieHus OyIeT yIyIeH.

[Ipennaraemas kimaccudukanusi Mo3BOJISIET CHOPMUPOBATH MHOXKECTBO THIIOBBIX 3ajad,
MIPEJICTABJISAIONINX OMNpeAeTeHHble, HauOolee BakHble ciaydan mpu peanuszauuun PIIP CTA
Y CO3JIaHUs CHUCTEMBI TIOJIIEPKKU TIPUHSTHS PEIICHUA Ha UX OCHOBE.

Pe3yabTaTsl MoaeMpoBaHus pewmieHuil npeacrasieHus komiekca PIIP CTA na ocHose
npumeHenus ¢pponra Ilapero

[Tpenmonoxum, uto 00beKT CTA TpedyeT HECKOIBKUX BHIOB PEMOHTA: JIETKOTO, CPEHETO,
KalUTAJIBHOTO, I KaXJAO0r0 M3 BUJOB PEMOHTA CYIIECTBYET OINPEICICHHBIA CIIEHApUH pPEeMOHTA
u npodunaktuku. CoCTOSSHHSI OOBEKTa HEM3BECTHBI, U B 3aBUCHUMOCTH OT HHUX HUMEETCS CBOU
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npoduns [lapero. ®parMeHT MOAECTUPOBAHUS MHOXKECTBA TOYEK IO IMOCTAHOBKE 3amauu |
(HDII ¢ kpuTH4eCKUM BpeMEHEM ) TIPUBEJICH B TaOIHIIE.

Tabnuua. @parMeHT pe3yJibTATOB MOJIEJIUPOBAHUS PelIeHU
110 MpeCTABJIEHNI0 KOMILIeKca onepanuii oocayxusanus CTA s 3agaun
«C KPMTHYECKUM BpeMeHeM»

Ne 1 2 3 4 5 6 7 8 9 10 11 12 13 14
o1 /013|024 |026| 04 [ 025|032|046 067031053, 08 | 06 |[0,26| 0,7
R1 1054/082|0590,75]|053]0,5 082|044 |061]|038]063)016|042 | 0,35
02 045044026 04 048] 05 ]039]079] 03] 05 ]039]0,55]0,26 0,33
R2 | 06 |057055|074|034|056|052|022|045|037| 06 |036|064|035

Ha puc. 3 npencraiensl pe3ynbratel MoaenupoBanus HII® mo mocranoBke 3amaum |
(H®IT ¢ xpuTuueckuMm BpeMeHEM) IMpH JIETEPMUHUPOBAHHOM IOKazaTelle HH()OPMATHUBHOCTH
u 1Byx crenapusx PIIP: 1 — nerkwuii; 2 — cpeauuii (0€3 MpUBICYEHUS JTOTOJHUTEIBHBIX PECYPCOB).
Cuenapuii 1 npemgycmatpuaer PIIP ¢ Habopom 0a30BBIX omepanuil W MpeaHA3HAYCH IS
MPUMEHEHHUST B YCIOBUSX KpailHero aeuiura BpPEeMEHM; CIEHapUil 2 TpeqHa3HA4yeH Ui
MIPUMCHCHHUS B YCIOBHUSAX KpallHEro AeQUIMTa PECypCOB.
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Puc. 3. Pe3yabTaThl MOAeIMPOBAHUS 3HAYEHUI IeJIeBbIX PYHKIMIT 110 MOCTAHOBKeE 3a1a4u 1:
a) mo cueHapuio 1; 6) mo cuenapuio 2

[IpencraBieHHble  pe3ysnbTaThl  MOAETUPOBAHMSA  3HAYEHUM  LENEeBBIX  (PyHKUIUH
10 TIOCTAHOBKE 3aJauu | OTpa)kalOT 3HAYUTENBbHBIE OTJINYMS B PELICHUSX OTHOCHTEIBHO BPEMEH
t; u t; B pamkax coorBerctByrommx H®II. Ha puc. 3 a MOXXHO BUIIETh, YTO OOIIEE YHCIIO TOYEK,
JeXanmx Ha (parMeHTax OKPYKHOCTEH, MOCTPOCHHBIX A Uy u tp paznudHoO, a, CieloBaTelbHO,
[Tapero-onTuManbHble pelieHust uisl cieHapuss 1 He JaerepMuHupoBaHbl U ¢poHT Ilapeto
«aperdyer».

Pemrenus, npuBeseHHbIe HA pHC. 3 O MO CHEHAPHIO 2 OTPAXAOT CHTYAIHIO, KOTIA IS
HCKOMOTO BpeMeHHU t; MMeeTcst O/IHO peleHue, a Juid t) — y)ke HECKOJIbKO, TO €CTh HpH AeduiuTe
pecypcoB cienyeT yuuTsiBaTh MOMEHT BpeMeHu PIIP CTA. Jlns mogoOHBIX cUTyaluii TPUMEHUMO
ONMCaHWE 3aJayd B BHJE TMATTEPHOB, YTO O3Ha4YaeT (QopMHUpOBaHUE CHEHUPUKALIUI
cuenapues PIIP.

[TosryueHHbIe pe3yabTaThl MOTYT OBITh MCIIOJIB30BAHBI JUIS MOJACPKKU MPUHATUS PELICHUM
1o (OPMHUPOBAHUIO ONTUMATIBHOTO NpeacTaBieHus: komiuiekca PITP anekrpoHHbIX Moaynei (OM)
CTA 1o pa3nuyHBIM CLIEHApHUsM, HalpuMep, B YCIOBUSX JAe(HUIINTa BpEeMEHU WIM PECYpCOB.
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Ha puc. 4 npuBeneHa yKpymHEHHas CXeMa CHUCTeMbl Mojiepkku npuusatus pemeHuit (CIIIIP)
o nipencrapienuto komiuiekca PITP CTA ¢ ydgerom HecranmonapHoro ¢ponra [Tapeto.

3aKas4nk nne nne
Epgﬂ_?mac%mznmaﬂ dopmuposaHve Beopg napameTtpoB
Icqbo MU OBauHMG KpUTEpUansHoOro (rpaHMYHBIX 3HAYEHWIA)
> nn aﬁa %MOHTHO_ > npocTpaHcTBa 415 o | 415 oueHkn cocTosHUAa OM
n od)ungk'rmqecmx onTuMmnsaumm " CTA; onpenenexve
ap60T SMEKTDOHHOMO npeacTaBneHns KPUTNYECKNX MHTEpPBaroB
P Moaynsi FC))TA komnnekca PIMP OM CTA BpeMeHM BbinonHeHus PP
Tun
SM1 MHorokputepuansHas
onTMmMmM3aums dopmuposaHne
T NpeAcTaBneHums komnnekca | | MpefCTaBneHns kommnnekca nnpP
AM2 PP 3M CTA PIP v peanusauus ) 3aKasyuvk
Ha OCHOBE HeCcTaLMOHapHOro obcnyxunsaHna M CTA
: dpoHTa MapeTo
Tun A
OMn o
—> A 4
¢ OueHka kavecTBa
OueHka kavecTBa p| ob6cnyxmeanusa PMP 3M CTA
XF’aH””””{eSM P ONTUMWU3MPOBAHHOTO |4 Ha ocHoBe nne
cneuMQ)g K_I_ekmm <+ npeacTasneHms < ONTMMM3NPOBAHHOTO
komnnekca PMNP OM CTA npencraenenus

Puc. 4. YkpynHeHHasi cxeMa CHCTeMbI MO/1€PKKU MPUHATHS PellieHuii M0 NMpeIcTaBIeHHI0
komiuiekca PIIP CTA Ha ocHoBe npuMeHenns pponra Ilapero

Oco0OeHHOCTSIMU ITpe/ICTaBIeHHOM Ha puc. 4 ykpynHeHHo# cxembl CIITIP sBistores:

— yuér cymiecTByIOIeH HecTanuoHapHocTH (poHTa Ilapeto mpu  OCYIIECTBICHUU
MHOTOKPUTEpHAIIBHOM ONTHMHU3AlMK NpeAcTaBieHus Komiuiekca omnepauuit PIIP OM  CTA,
crienu(UKaluy TUIOB KOTOPBIX HAXOASTCS B CHIEHUATBHOM XPaHUJIMILIE,

— y4€T JBYXYpPOBHEBOTO OLIEHMBAaHMs KauecTBa PELUCHUI: ONTHMHU3ALMM IIPEICTABICHUS
komriekca omepauuii PIIP OM CTA u ocymectBieHus OOCIy)KMBaHHMS Kak pELICHUs 3aJa4yd
3aKa3zyMKa 1o Tekyuemy 3k3eMiursipy OM CTA.

3akao4eHue

[Tpu npuHATHM pereHui B 001aCTH ONTUMAIBHOTO BBIOOPA MOCIIEI0BATENBHOCTH U COCTaBa
oneparii PIIP CTA B U3MEHSAIOIIMXCS YCJIOBMSX H3BECTHBIE CTAllMOHAPHBIE METOMbI
MHOTOKpUTEpHAIbHOW  ONTHMMH3AaLMU HE Bcerga  paldoTaloT, OCOOEHHO B YCIIOBUSX
HeomnpeaeieHHoCTH. Hampumep, mnpu u3MeHunBOCcTH mporecca obcmyxuBanus (PIIP) CTA
1esiecoodpa3Ho NpUMeHeHre HectaloHapHoro ¢ponTa [apero.

B cratee cdopmynupoBaHO oOINKCaHUWE B3TOr0 MOAXOAA U IMpeNoXKeHa KapKacHas
KJ1accu(UKalus OTpaXxarolux 0COOEHHOCTH MOCTaHOBOK 3a1a4 JITIP.

[Tpunuun npumenenuss HOII peanuzyercst B 00J1aCTH HECTAIIMOHAPHBIX EJIEBBIX (PYHKIIHM,
Korja (poHT pemeHuit apeidyer, npuuem 3TOT aperd onpenensercs yCIoBUSIMU OCYIIECTBICHUS
PITP CTA, Bugom PIIP, Tumom DM CTA.

Pe3ynbraThl MOJENUpPOBaHMS, OTPAKAIOT BO3MOXXHOCTH NMPHUHATHUS PELICHUH MO BHIOOPY
KBa3MONTUMAJIbHBIX BAPUAHTOB COCTaBa PEMOHTHO-IPOMUIAKTHUECKHX pabOT  CIOKHOM
TEXHUYECKOM  ammaparypbl.  [lanpHedmme  HCCIEAOBaHUSA  aBTOPOB  IMPEAIIOJIAraroTCs
B (opMynHMpOBKE JApPYrHX CIIyyaeB U CI€HapueB NPUMEHEHHUS MPEIOKEHHOro MO0AX0/a
Y MOJETMPOBAHUU OOJIACTH PELICHUH.
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NEPCHOEKTUBBI IOCTPOEHUA CUCTEM MMOXKAPHOM
CUTHAJIM3AIINU HA ITPUHIIUIIAX UCKYCCTBEHHOI'O UHTEJIVIEKTA
(HA IPUMEPE T'A30BbIX ITO’KAPHBIX U3BEIIATEJIEN)

Anpeii Bukroposuu Anspees™;

Auexkcanap Cepreesud JlopoHuH.

Cankr-Ilerepoyprexkuii mosmurexunyeckuii ynuepcuret Ilerpa Besmkoro,
Cankr-Ilerep0Oypr, Poccus.

Cepreii HuxkonaeBuu Tepexun.

Cankr-IlerepOyprekmii yausepcurer I'TIC MYUC Poccun, Cankr-IlerepOypr, Poccus
Mandreev_av@spbstu.ru

Annomayus. OcBellleHne TeHJEHIMHA COBPEMEHHBIX B3IVIAA0B Ha 0€30aCHOCTh U HAIIPABJICHUIN
pa3BUTHSA cUCTEM OE30IIaCHOCTH B YCJIOBUSX IJIO0QIBHOM aBTOMATH3allMd M UHTETPAllMU B €AUHbIE
KOMIUIEKChI aBTOMAaTH3UPOBAHHOIO yIpaBieHus. O030p MepCcreKTUB MCHONIb30BaHKs HCKYCCTBEHHOIO
UHTEJJIEKTa B CUCTeMax oOecrieyeHusi Oe30MacHOCTH Ul BBISBJIECHUSI CUTYallui, KOTOpbIE TPYIHO
KJIacCU(UIMPOBATh C TOMOIIBIO MPU3HAKOB, IOMYYEHHBIX I10 JaHHBIM MoOHHTOpHHTA. OleHKa
IIEPCIIEKTUB HCIIOJIB30BAHUS CHCTEM IIOKAPHOW CUTHAIM3ALMM HA IPUHLUIIAX HCKYCCTBEHHOI'O
UHTEJUIEKTa Ha Oa3e HEMpOHHBIX ceTel (IIOCTPOeHMs Ha MNPUHLMUIAX KOMOMHATOPHKH METOJIOB
HEHPOHHBIX CeTell M CHUCTeM HEYeTHOW JIOrHKH). [locTpoeHHe MAaTeMaTHYeCKOH MOJIEIH,
OIMCBIBAIOILEH Ipouece (GOPMUPOBAHUSA JOCTOBEPHOIO CUTHAA O IEPEXOJE CUCTEMBI B COCTOSHHE
«10Xap» M OnMcaHue MpoOieMbl KOPPEKTHOM YCTAaHOBKM IIOpora cpabaThlBaHUS CUCTEM
no (OPMHPOBAHHMIO CHUTHAJA, pEUICHWE MpoOJeMbl MHHHMH3AIMKA  KOJMYECTBA  JIOKHBIX
cpa0OaTbIBaHUI ITyTE€M BBEAEHUs JOMOJHUTEIBHOIO KaHaia, MOJyYarolero HCXOAHY0 HH(popMaluio
O COCTOSHMM OOBEKTa B ONTHYECKOM Juana3oHe. lccienoBaHue TOCTOBEPHOCTH 3asiBIEHHBIX
IIPOU3BOJIUTENIEM XAPAKTEPUCTHK Ta30BbIX IOXKAPHBIX M3BELIATENEH C LEIbI0 ONPEACICHUS
BO3MOKHOCTM HCIIOJIb30BaHMSI HMX B KauyeCTBE HCXOJHBIX JJIEMEHTOB CHCTEM II0XKApHOMU
CUTHAJIM3AaLMH, IOCTPOCHHBIX HA IPUHIMIIAX HEMPOHHBIX CETEH.

Kniouegvie cnosa. HEWpPOHHbIE CETH, OOy4YeHHME HEWPOHHBIX CeTell, HCKYCCTBEHHBII
MHTEJUIEKT, BepUUIMPYIONMI KaHaj, HeYeTKas JIOTWKA, CHCTEMBbl MOXAPHOW CHUTHAIM3AIMH,
nopor cpaOaTbIBaHUs, Fa30BbIE MMOXKAPHbIE N3BELIATEIH

Jna wmurupoBanmsi: Annpees A.B., Hoponmn A.C., Tepexun C.H. IlepcrnekTHBBI NOCTPOEHHSI CHUCTEM
MOKAPHOH CHUTHAJIM3AIMU Ha TMPHUHIMIAX HMCKYCCTBEHHOTO WHTEIUIEKTA (Ha MpPUMEpPE Ta30BBIX TOXKAPHBIX
n3Bernarenei) / Hayd.-ananut. xxypH. «Becrauk C.-Iletep6. yu-ta ['TIC MYC Poccuny. 2022. Ne 1. C. 65-74.

FIRE ALARM SYSTEMS CONSTRUCTION ON THE ARTIFICIAL
INTELLIGENCE PRINCIPLES (BASIS ON THE GAS FIRE DETECTORS)

Andrey V. Andreev®; Alexander S. Doronin.

Peter the Great Saint-Petersburg polytechnic university, Saint-Petersburg, Russia.

Sergey N. Terekhin.

Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
HMandreev_av@spbstu.ru

Abstract. Coverage of trends in modern views on security and directions for the development
of security systems in the context of global automation and integration into unified automated control
systems. An overview of the prospects for using artificial intelligence in security systems to identify
situations that are difficult to classify using signs obtained from monitoring data. Assessment
of the prospects for the use of fire alarm systems based on the principles of artificial intelligence based
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on neural networks (building on the principles of combinatorics of methods of neural networks and odd
logic systems). Construction of a mathematical model that describes the process of generating a reliable
formation of a signal about the transition of the system to the «fire» state and a description
of the problem of correctly setting the system response threshold for signal generation, solving
the problem of minimizing the number of false positives by introducing an additional channel that
receives initial information about the state of the object in the optical range. Investigation
of the reliability of the characteristics of gas fire detectors declared by the manufacturer in order
to determine the possibility of using them as initial elements of fire alarm systems built on the principles
of neural networks.

Keywords: neural networks, neural network training, artificial intelligence, verification
channel, fuzzy logic, fire alarm systems, response threshold, gas fire detectors

For citation: Andreev A.V., Doronin A.S., Terekhin S.N. Prospects for building fire alarm systems
based on the principles of artificial intelligence (on the example of gas fire detectors) // Nauch.-analit.
jour. «Vestnik Saint-Petersburg university of State fire service of EMERCOM of Russia». 2022. Ne 1.
P. 65-74.

BBenenune

OnmHrM W3 OCHOBHBIX TPEOOBaHWH, MPEABSIBISEMBIX K CHCTEMaM IO)KapHOW CHTHAIM3ALUU
(CIIC), stBnsietcs «HaaexxuocTh» [1-3]. Tloa HaeKHOCTHIO TOHUMAIOT: JOCTOBEPHOE OOHAPYKEHHE
BO3rOpaHUsl Ha HAaYaJbHOW CTAJAMM PA3BUTHUS MOXKapa, a TaKXKE OTCYTCTBHE JIOXKHBIX TpPEBOT,
KOTOPBIE CHIKAIOT JIOBEPUE AKCIUIYaTUPYIOIIMX JIMII K cHcTeMe Oe3omacHoctd. HamOoubiiee
pacnpoctpanenue nonyudmwin CIIC, pabotra KOTOpoH MOCTpOeHa Ha JIOTHKE HAaXOXKJICHUS JaTYUKOB
CUTHAJIM3AIIMYU B JIBYX COCTOSIHUSIX: KHOpMa» W «moskapy. [lokapHas curHanmsanusi cpabaThiBaerT,
€CIT KOHTPOJHMPYEMBI IMapaMeTp HACTPOCHHOTO JaTYMKa MPEBHINAET MOPOT CpabaThIBAHUS.
Takum 00pa3oM, BOSHHKAET MpodiieMa YCTAaHOBKH KOPPEKTHOTO 3HAYCHHS TTOpOTra cpadaThIBaHMUSL.

TeHneHIMM COBPEMEHHOTO pa3BUTHUS CHUCTEM O€30IacCHOCTH HEPa3phIBHO  CBS3aHBI
C TpoleccaMy IIMPOKOW aBTOMATH3AIlMM W WHTETPAIlUH, KOTOPbIE KACAKOTCS HE TOJBKO CHUCTEM
0e30macHOCTH, HO W BCEX CHCTEM, INpPEAHA3HAYCHHBIX IS aBTOMATH3AalMU  yIPaBICHUS
XKHU3HeoOecreueHueM U (QyHKIIMOHUPOBAHUEM XKHJIOTO 3/1aHus, opuca, IPEANpUATH UIH JIF000ro
apyroro  oObekta. JlorMYeckMM — pa3BHTHEM  TakOW  HMHTETpallMd  SBHJIOCH  CO3JaHUE
MHTETpUpOBaHHBIX  cucteM  OezomacHoctn (MCB) ¢ mmpokumMu  QyHKIMOHAJIBHBIMU
BO3MOYKHOCTSIMH, TIO3BOJISTFOIIUMH aBTOMAaTH3UPOBATH YIPABICHHE HHXEHEPHBIMU CHCTEMaMU
3aanust wik o0bekTa [4]. Bo Bcex crpaHax HOPMATUBHO periameHTUpyrotcst TpeboBanus CIIC,
KOTOpBIE SBISAIOTCA 0O0s3aTeNbHBIM 3JEMEHTOM IpU BBOJAE JIOO0O0ro 3/1aHus (COOpPYKEHHUS)
B 3KcCIUTyararmio [5].

MeToabl McCIeI0BAHMS. MaTeMAaTUICCKHE, IMIITMPUICCKUE U TECOPETUYECCKUEC

OpnuMm 13 Hambosee NEepCHEeKTUBHBIX HANpPaBIE€HUN MPOEKTHUPOBAHUS WHTETPUPOBAHHBIX
K CIIC u ynpaBieHus sBaKyayel sBISETCS UCIOJIB30BaHNE IEMEHTOB UCKYCCTBEHHOTO MHTEIIEKTA
(UN), crposimerocst Ha npuHiunax odydaembix HelpoHHbIX cereil (HC). HC mpencraBmistor coboit
KOMIUIEKCHYIO CHUCTEMY COEAMHEHHBIX M B3aMMOAEHCTBYIOIINX MEXKAY COOOM MPOCTBIX MPOLECCOPOB
(MCKYCCTBEHHBIX HEHpOHOB). KaXkmpiid mporieccop MoA00HON CEeTH MMEET JIeI0 TOJBKO C CHTHAJIAMH,
KOTOpBbIE OH MEPUOAMYECKH IIOMy4aeT M NEPUOAMYECKU TOCBUIAET APYTMM IIPOLIECCOpaM, 4TO
MO3BOJISICT peIiaTh CIIOXKHBIE 3amaud [6]. ABTopamu CTaThbM BBIZBUTACTCS HaydHas THUIIOTE3a
o Bo3MokHOocTH npuMeneHnss HC mist pacriozHaBaHMsi 00pa3oB M pelleHus 3ajay KJIacCUPUKAIU
M0YapOB 10 BU3YaJIbHBIM ITPU3HAKAM.

WU naunbonee MOAXOAUT JUIs BBISBICHUS CUTYaIUil, KOTOpble TPYIHO KJIACCH(PHUIHUPOBATH
C MIOMOIIbIO MPU3HAKOB, MTOJIYYEHHBIX U3 JaHHBIX MOHUTOPUHTA 00BEKTa (TJIEHHE, TOPEHUE U T.II.).
Hanpumep, UM MoxxeT ompenenuts HaOOp CHEUUAIBHBIX XapaKTEPUCTHK WM OCOOEHHOCTH
Pa3IMYHBIX MOXAPHBIX CUTYallMH, UCTIOIb3Yysl COOpaHHbIE JaHHbIE, U IPUMEHUTDH UX JUISl IPUHSITUS
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pelieHuil B pealibHbIX MOXKapHbIX cuTyauusx. OgHuM u3 ocHOBHBIX cBoiictB HC sBisiercs
CIOCOOHOCTh K 00yueHut0. D10 cBoiicTBO mo3Bojsier CIIC, moctpoeHHbIM Ha mpuHIMnax MU,
MOBBICUTh  JIOCTOBEPHOCTh  OLIEHKH  PA3JIMYHBIX  TOXAPHBIX  CHUTYyalUd, ONTUMHU3UPYS
(GyHKIIMOHATBPHBIE Beca M MapameTpbl ainroputMmoB. OOydeHue — 3TO Mpolecc, B KOTOPOM
napamerpsl HC HacTpamBaroTCsi ImyTeM MOJICIUPOBAHUS CpPEIbl, B KOTOPYIO 3Ta CETh BCTPOECHA
(owar moxapa). OgHaKO anrOpUTMbI OOYYEHMs] CJIOXHO aJalTUPOBAaTh K JAUHAMUYECKUM
W3MEHEHUSAM, K KOTOPbIM OTHOCHUTCS TPOLIECC TOPEHHs, IOCKOJIbKY 3HAYEHUs IEePEMEHHBIX
bukcupyroTes mocie mporecca ooydenus [7—10].
Crpykrypras cxema nporecca ooyuaenus HC CIIC npuBenena Ha puc. 1.

Cetb 00y4eHa
PacnipocTpanenue cursaia no HeMpoceTu
Ilomyuenne
uHdopmaLu ¢ >
CIIC {k Omoka
A HeOoJIbIIast
OtBeT ceTn -~ Pacudr
>
OIINOKHU
Omnodka
OosbIas
KoppexrupoBka napameTpon P
<

Puc. 1. Cxema o6yuenns HC

Amnanmu3 Hay4HbIX paboT B 0bmaactu MM nmo3BosnisieT caenars BHIBOJ O TOM, YTO 3TO HAIlPaBJICHUE
rcclieioBaHuil Hanbosee nepcrekTuBHO npu npoektupoBanuu CIIC, Tak kak cpabaThbIBaHUE CUCTEMBI
SIBJISIETCS] BEIMYMHOMN CITyYaifHOM M 3aBUCUT OT 3HAUUTEIHHOTO KOJIMYECTBA CIAOOKOPPEIMPOBAHHBIX
¢akropos [11-13].

®opmanbHo coctostare CIIC npumMeHHTENsHO K OOBEKTY (3MaHHUI0) UMEET 4YeThIpe
BO3MOXKHBIX  COCTOSIHUS,  SIBJISIOIIUXCS ~ CIOydalHbIM  coObiTHeM. (COCTOSIHUE  CHCTEMBI
XapaKTepU3yeTcs YCIOBHBIMU BEPOSITHOCTSIMU, IPUBEACHHBIMU B Ta01. 1.

Ta6nuna 1. Cocrossuus CIIC

IToxap (L) 0 1
CpabatsiBanue (Y)
0 Cucrema B HICXOTHOM IIpomyck
coctogHuu Py P,
1 JloxHoe cpabatpiBanue P HpaBHHBHO;OGHapyX(eHHe
00H

[TomapHO COOBITHSA, XapaKTEPU3YIOIIHE COCTOSIHUE CHCTEMBbI, COCTABIISIIOT MOJIHYIO TPYIILY
COOBITHI, BEPOSTHOCTH:

{Pﬁ +P,.=1
P, +Pu=1
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COOTBGTCTBGHHO, BCPOATHOCTU MPABUIIBHOTO W JIOXKHOTO CpaGaTLIBaHI/ISI MOTYT OBITE
OITMCAaHBbI BBIPAXKCHUAMMU

Posx = P{Y = 1|4 = 1} = Detection.

P, = P{Y = 1|2 = 0} = False

['padmyeckoe TpeNCTaBICHUE PACHPEISICHUN BEPOSTHOCTH COCTOSIHHMA, B KOTOPBIX
naxoautcs CIIC: mpaBuibHOE M JIOKHOE cCpabaThIBaHue, IMpejacTaBieHo Ha puc. 2 [14-16].
W3 rpaduka cienyer, 4TO yBEIWYCHUE 3HAUCHHS Mopora Y BelIeT K YMEHBIICHUIO BEPOSITHOCTU
JIOXKHOW TPEBOTH, OJTHAKO MPHU ITOM YBEIMYMBACTCS BEPOSTHOCTh HecpaOaThIBAaHUSI CUTHATU3AIHH
npu noxkape Ha oobekre. TakuM 00pa3oM, BO3HUKAET MpoOIeMa yCTaHOBKH KOPPEKTHOTO 3HAYCHUS
nopora cpabarbiBanus. OZHUM M3 TIOJXOJOB PEIICHHs JAHHOH MPOOJIEMBI SIBISIETCS CO3JIAHHE
JOMOJTHUTEIBHOTO, BepUDUIIUPYIOIIEro KaHaja KOHTPOJS, YTO TIpaduvecKu TMOsSCHSIETCS
YMEHBIICHUEM JHCIIEPCUU PACIPENCICHUH, XapaKTePU3YIOIMX BEPOSTHOCTH TMPABUIBHOTO
U JIOXKHOTO cpabateiBanus [17, 18].

P {Y=1)=0} P{Y=1p=1}

/
el

00H

P |\
[

\

0 Y 1

v

Puc. 2. I'padmyeckoe mpeacrapjieHne pacnpenaeaeHuil BEPOSTHOCTH COCTOSTHUH

®aktuyecku B CIIC ycraHoBka mopora Y MpOUCXOOUT Ha 3Tane HaCTPONUKH U OCTaeTcs
HEU3MEHHON B IIpolecce OKCIUlyaTauuu. [3MeHeHune mnopora MOXKET NPOBOAUTHCS IpHU
MPOBEJICHUH MEPUOUYECKOT0 TEXHUUYECKOr0 00CIYyKUBAHUS WM TP HEOOXOIUMOCTH.

Taxum ob6pa3zom, ogHON U3 3agau npu oOyuyeHnn HC siBrisieTcst HOCTOSHHAS KOPPEKTUPOBKA
nopora cpa0aTblBaHMsS B 3aBUCHUMOCTH OT OOCTAHOBKM Ha OOBEKTE, YTO TEXHUYECKH CBOJUTCS
K mporenype BepuuKaluM, KOTOpas HalpaBieHAa Ha OIpeNeleHHE MPaBUIBHOCTU HACTPOMKU
000pyZ0BaHUs, OLIEHWBAHHE KOPPEKTHOCTH MOJIYYEHHBIX JaHHBIX M YCTAHOBJICHHME TpeOOBaHMMA
UX BBIIIOJIHEHUS.

Hcxoanblie JaHHBbIE AJIs NMpoBEACHUA IKCIICPUMEHTA

Ha peiHKe mnpeanmaraercs MHOTO —Pa3IMYHBIX Ta30BbIX TOXKApHBIX — U3BeLIaTelNeH,
COOTBETCTBCHHO, BO3HHKAET MPOoOIeMa KOPPEKTHOW OIEHKH WX MapaMeTPOB M BBIOOpA JATYUKOB,
MOAXOIAIINX ISl UcHonb3oBaHusl mpu oOyueHun HC. Hampumep, mist mpomaku mpeniararorcs
cienyromue nataukud cepun MQ: mmpoxoro crekrpa razoB — MQ-2; mapos cnupra — MQ-3;
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npupogHoro raza — MQ-4; roprounx razoB — MQ-5; cxmwkeHHBIX HepTsIHBIX razoB — MQ-6;
yraproro raza — MQ-7; Bogopomna — MQ-8; roprounx u yrapuoro razos — MQ-9 [19]. B craTse
B KauecTBe OKoHe4yHOro yctpoiictBa CIIC paccMmarpuBaroTCs Ta30BbIe MOXApHBIC HM3BEIIATENH,
M3TOTOBJICHHBIC Ha 0a3ze maryuka u3 Auokcuzaa ojora Tuna MQ-2,4,9. B Poccuiickoii deneparum
TpeOOBaHMS K  JAaHHOMY THIy  HM3BEIIATeNeH  SBISIOTCA  HOPMATUBHBIMU  COTJIACHO
I'OCT P 53325-2012 «Texnuka mokapHass. TeXHHMYECKHE CpEACTBa IOKAPHON aBTOMATHKH.
OOu1re TexHu4YecKrue TPeOOBaHMS U METOAbI UCITBITAHHIT.

PaccmoTpeHHast cepusi JaTYMKOB OTHOCHUTCA K MOJTYIPOBOJAHMKOBBIM MPUOOpaM, MPUHIIMII
paboThI KOTOPHIX OCHOBAH HA M3MEHEHUHU COMPOTHUBIICHHUS TOHKOIUIEHOYHOTO CJIOS IMOKCH/IA OJIOBA
SnO, mpu KOHTaKTe C MOJEKYJIaMU ONpenesieMoro rasa. UyBCTBUTENbHBIN 3JI€MEHT AaTdyuKa
COCTOWT M3 KepaMu4ecKod TpyOku ¢ mokpbiTueM Al,O3 M HaHECEHHOTO Ha HEeE€ YyBCTBUTEIHLHOTO
ClI0sl AMOKCHIa 0JioBa. BHYTpH TpyOKH MpPOXOAUT HArpeBaTENbHBIN 3JIEMEHT, KOTOPbIH HarpeBacT
YyBCTBUTEJIBHBIM CJIOW 10 TEMIIepaTypbl, IpPU KOTOPOM OH HA4yuMHAET pearupoBarb
Ha ornpeaensieMblid ra3. UyBCTBUTEIBHOCTh K Pa3HbIM ra3aM JOCTHUTAeTCsl BapbHUPOBAHUEM COCTaBa
npuMeceil B YyBCTBHUTEIBHOM cioe. Jlisi cpaBHEHHS XapaKTEPHCTUK JAaTYMKOB IpeiaraeM
UCIIONIb30BaTh MapaMeTp — KOHIEHTpalMd B MUJUIMOHHOW Joje (COKpalleHHO ppm),
YTO XapaKTEepPHU3yeT COOTHOUICHHUSI OJTHOTO Ta3a K APYroMy.

Pe3yJII>TaTI)I HCCJICI0BaAaHUA

Penienne 3amauM  CpaBHUTEIBLHOW OLIGHKM BBIOPAHHBIX IOKA3aTeNCH IMPOBOAUTHCS
AKCIIEPUMCHTAIBHBIM TIYTEM C IEJIbI0 YTOYHEHHUS KOPPEKTHOCTH 3asBJICHHBIX TEXHUYCCKHX
XapakTepucTHK. JIornka mpoBeNeHHs AKCIEPUMEHTa YCIOBHO pa30WTa Ha HECKOJIBKO OSTarloB:
NEPBBI — TOJKIIOYEHUE JaTYMKa K MPOTPaMMHOMY MHUKPOKOHTPOJUIEPY U €ro IMpOorpeBaHHe
B COOTBETCTBUU C TEXHHYECKHM PETIIAMEHTOM; BTOPOI — 3aIlOJIHEHHE IKCIICPUMEHTAIBHON KaMephl
MPOJIYKTaMH TOpeHUsl (PMKCHPOBAHHOW KOHIICHTPAIIMU, TPETUW — YCTAaHOBKA JaT4MKa B KaMmepy,
UCKJTFOYAIONIYI0 W3MEHEHHE KOHIICHTPALMU MPOAYKTOB TOPCHHUS; YETBEPTHIH — CUYMTHIBAHHE
1 00pabOTKa JAaHHBIX; MATBIA — ChEM JAaTYWKa U (PUKCAIUS BPEMECHH BO3BpAIICHUS B HMCXOIHOC
COCTOSIHUE; WIECTOW — MOCJE KaKIOro 3amepa MpPOM3BOIUTCS BEHTHJISAIMS JBIMOBOH KaMephl.
C 1enplo KOPPEKTHOW CTaTUCTUYECKOW OOpa0OTKH JAHHBIX IIEJIECO00pa3HO MPOBOJIUTH HE MEHEE
10 3aMepoB ISl KQXKIOTO BUA aTYMKOB C MOCIEAYIOIIEH MaTeMaTuueckoil 00paboTKOI JaHHBIX
myTéM YCpeIHEHHUs TIOKa3aHUH.

[IpenBapuTensHO OBUIM M3YyUEHBI 3asBICHHBIC XapaKTEPUCTUKH JaTUYMKOB, YKa3aHHBIC
B CONPOBOJUTEIHHON TEXHHUYECKON JOKYMEHTAIIMM B OTPBITBIX HCTOYHMKAX. B pe3ynbrare
MPOBEJICHHBIX IKCIEPUMEHTOB OBUIM MOJYYEeHBI JaHHBIC, CBEJACHHBIE B TaOMUIly JUIsl CpaBHEHUS
C 3asBJICHHBIMHU (Ta0II. 2).

Ta6m/1ua 2. CpaBHI/lTeﬂbele XaPaKTCPUCTUKHU JATIYUKOB

XapakTepUCTUKU Jlnamnas3oH 4yBCTBHTEIBLHOCTH, PPM
JATYNKOB MQ-2 MQ-04 MQ-9
3asiBlICHHBIC 200-20000 200-10000 20-10000
JKclepuMeHTILHBIE 325-888 99-386 30-330

W3 naHHBIX, TPUBEACHHBIX B Ta0JI. 2, CIEAYIOT BBIBObI, UTO SKCIIEPUMEHTAIbHBIC 3HAUEHUS
OTJIMYAIOTCS OT 3asBJICHHBIX MNpousBoauTeneM. [lonydyeHHble NaHHBIE HAxXOIATCS B TpaHHUIAX
3asBJICHHOTO JMAala30Ha, OJHAKO BEpXHss TpaHMIA [Mana3oHa YyBCTBUTEIBHOCTM HAMHOIO
MeHblIe 3aaBlieHHOW. OCHOBBIBAsICH Ha 3TOM, MOKHO CJI€JIaTh BBIBOJ, YTO HEKOPpPEKTHas paboTta
JaT4YMKa B YCJIOBHSIX JIABUHOOOPA3HOTO HApaCcTaHUsl KOHIIGHTPAIMH JbIMA B PEabHBIX YCIOBHSX
MOkeT moBnuATh Ha dpdextuBHOCTh padoThl CIIC. Takum 00pa3omM, BEpOSTHOCTH KOPPEKTHOTO
cpabareiBanuss CIIC  cHmxkaercs, uro TpeOyeT BBEAEHHs JIOTIOJHUTENBHBIX  KaHAJOB
uaeHTH(UKAIMY sBIeHus oxapa [20-23].
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PesynbraTel SKCIEpHUMEHTa OTOOpaKeHBI B TpapUuUecKOM BHIEC IS  HAIJISAJHOTO
npejacTaBieHusl JaHHbIX. lloimydeHHble B pe3yibTaTe SKCIEpUMEHTa JaHHbIE OTOOPaXKaroT

3aBUCHUMOCTh COINPOTHBICHHS JaT4hka B 4uCTOM Bo3ayxe (Rg), cOmpoTHBiICHHS MaTdyuKa HpU
Haymyuu raza (Rs) B IbIMOBOM Kamepe U Ipe/CTaBICHbBI Ha puc. 3.

2,5 3

In{Rs/RO})
N

0 100 200 300 400 500 600 700 800 900

Bpems, cer

MQ-2 ——MOQ4 MQ-©

Puc. 3. Pe3yabTaThl IKCIIEPUMEHTA

Bun 3aBucHMOCTH WIEHTWYEH Uil PA3lIMYHBIX JIATYMKOB WM XaPaKTEPU3YETCS YCTHIPHMS
YCIOBHBIMH y4acTkamu: 1— kanmuOpoBka natumka; 2 — cpabareiBaHue; 3 — pabodee COCTOSHUE;
4 — BO3BpAT B MCXO/IHOE COCTOSIHHE. BH rpadmueckoil 3aBUCHMOCTH MOXKET OBITh alpOKCUMUPOBAH

MCaHAPOM U OIMUCBIBACTCS cnez[y}omeﬁ MaTEMaTHYECKOM 3aBUCUMOCTHIO.

4 = sin (27(2k — 1 fE)
Feanzp () = 7 Z 2k—1

k=1

[lepBbIii yyacTOK MOYKHO allpOKCUMHUPOBATh MPSIMOM JIMHUEH; BTOPON — (POHT BEPTUKAIIBHBIH
0e3 «3aBajOB», TPETUl — BEpLIMHA — MOXKET OINMCHIBATHCS MNpsAMOHM sumHMeH. s uckimodeHus
(GuoKTyaluuii MOKHO NPUMEHUTh npoueaypy unbrpammu. HambGonpmmii vHTEpec mnpeacTaBisieT
YETBEPTHI YYaCTOK, KOTOPBIA MOYKHO aIlIPOKCUMHUPOBATh OSKCIOHEHIMAIBHOW 3aBUCUMOCTBIO.
KpuBu3Ha 5KCITIOHEHTHI XapaKTepU3yeT BpeMs IMEepexoja JaT4MKa B HCXOAHOE COCTOSIHHME, IPU ITOM
JUIMTENBHOCTB NpoLEcca Mepexoa BiuseT Ha Bpemst HaxoxaeHus CIIC B HeonpeneneHHOM COCTOSHUM
U HE MOXET KOPPEKTHO BBINONHATH (YHKIMOHAIbHBbIE 3a7aud. Hampumep, mokasaHus JaTynka
CBHJIETEJICTBYET O TOM, UTO MOXKap MPOJIOHKAETCs (3HAYSHHUS C AaTUMKA BbIIIE 3HAUEHUS! HIDKHETO
ropora), Ipu 3ToM (akTUYECKH odar mokapa yxe JUKBUIUpoBaH. JlJig OlleHKH BpeMEeHU Iepexoa
B HCXOJHOE COCTOSHHE, MOKHO HCIIOJIb30BaThb MAaTE€MaTHYECKOE OIMCAaHUE HECTAlMOHAPHBIX
IIPOLIECCOB B DJIEKTPUYECKUX LETISX.

3akiaouyenue

Takum 00pa3om, aHaIW3 TOJYYEHHBIX PE3YIHTATOB IIO3BOJISAECT CHAETATh CICIYIOIINE
BbIBOJIBI. C 1IeIbl0 MUHUMH3AIUHU JT0KHOTO cpabareiBanusi CIIC HeoOxomuM BepUPHUIHPYIOMINA
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KaHaJ, MOJYYaIIUi UCXOAHYI0 MH(POPMAIUIO O COCTOSHUM OOBEKTa B ONTHYECKOM JHANa3OHE.
[lo MCHOTHEHNIO OKOHEYHOTO YCTPOWCTBA MPUHIUI pabOThl KaHalla MOXKET OBbITh CIIEAYIOLIUM:
MOCTOSIHHBI MOHHMTOPUHI OIEPaTOpPOM COCTOSIHUSI OOBEKTa 4Yepe3 KaMepbl HaONIOJEHHs JHOO
UCIOJIb30BaHNE TEXHUUECKUX YCTPOUCTB. [lepBblil BapuaHT SBISETCS TPATUIIMOHHO PEaTU3yeMbIM,
OJTHAKO, YUET «YEJIOBEUeCKOro (akTopa» Hpu 00ecreueHUH IOoXapHOW 0e30MacHOCTH SIBISETCS
CIOXXHOMOPMAITU3yeMOH 3a/1auei.

[Ipennaraercss paccCMOTPETb BO3MOXHOCTb MCIIOJNb30BAaHUSI B KAueCTBE OKOHEYHOIO —
TeXHUYEeCKoe ycTpoicTBo, peamm3yromee npuHnunel HC. Iloctpoenune cucrem CIIC
UCKJIIIOYUTENIBHO € HMCIOJB30BaHMEM  Ta30BbIX  IIOKApHBIX  M3BELIATENel  sBIsETCA
HElEeNecoO0pa3HbIM, IOCKOJIBKY — JIOCTOBEPHOCTh  MOJy4aeMod uHopManmuu O Mmoxape
o0ycOBIMBAaeTCS  ClelU(HUKAIMEed JaT4dka ¥ HECTaOWJIBHOCTBIO pa30dpoca  3asBICHHBIX
XapaKTEepPUCTHK.

B Bricmieii mkone texHochepHoit 6e3omacHocTd MHXEHEPHO-CTPOUTEILHOTO WHCTHTYTA
Cankr-IlerepOyprckoro monutexHuueckoro yHuepcurera Ilerpa Bemukoro mnpeaBapuTenbHO
IIPOBOAWIIOCH HCCIIEIOBaHUE IO JaHHOM TeMe. [l 3TOoro mpuBieKalach SKCIIEpUMEHTAIbHAs
yctanoBka OOO «Xonguar I'edect», u pabOThl BBIOJHUINCH C pa3pelieHuss PyKOBOJACTBA
koMmnanuu. [IpeacraBineHHble B cTaThe MaTepHalibl HOCAT NMPEABAPUTEIbHBIN XapakTep U TPeOyroT
JIOTIOJTHUTEIHHOTO UCCIIEIOBAHUS U KOPPEKTHPOBKHU.
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Aunnomayusn.  Wccimenyercs  BONPOC — akTyallbHOCTH M BO3MOXKHOCTEM — CHCTEM
IUCTaHIIMOHHOTO oOyueHus. CHCTeMBl JUCTAaHIMOHHOTO OOydYeHHs TOSBHINCH Ha 0azax
OOJIBIIMHCTBA BBICIIMX Y4E€OHBIX 3aBEJEHUH MHpa, OTKPBUIMCh YaCTHBIE KypChl B CETH, Ipejsaras
caMblif pa3HOOOpa3HbI KOHTEHT, IPOrPaMMbI M METOIUKHA. DEHOMEH MAaCCOBBIX OTKPBITHIX OHJIAIH
KypCOB IIOKa3aJl, KAKOe 3HauYUTEJIbHOE MECTO 3aHHMMAaeT OHJIaliH-00y4eHue B cepe oOpa3zoBaHuUs.
[Tporiecc MOSBICHHUS CUCTEM AMCTAHIIMOHHOTO OOYYeHHs B ceTH OOYCIOBJIECH Pa3sBUTHEM HOBBIX
MH(GOPMALMOHHBIX TEXHOJIOIMH, UX aJlanTaluy sl 00pa3oBaTeNbHbIX 1enei. B ctarbe paccMoTpeH
BOMPOC B3aMMOJCHCTBHSI CHCTEM JUCTAHIMOHHOTO OOYyYeHHS M DJICKTPOHHBIX OHOIHOTEK,
UX AaKTyaJlbHOE€ COCTOSIHME, a TaKXke BO3MOXKHOCTH. IIpo0ineMa COBpEMEHHBIX CHUCTEM
JUCTAHLIMOHHOTO OOY4YeHUS — OTCYTCTBHE METOJUYECKHX pEKOMEHAauuid B (HOpMHUPOBAHUU
00pa30BaTENbHOIO KOHTEHTA. DJIEKTPOHHBIE OMOIMOTEKH Hapsly ¢ 6a3aMM JAHHBIX — BaKHEWIIMHA
MHGOPMALIMOHHBIA Pecypc Al CUCTEM IUCTAaHIMOHHOTO 00y4yeHus. COBpeMEHHBIE SJIEKTPOHHBIC
Ooubnuoreku, cojepxamue B cede HE  TOJbKO  O3JEKTPOHHBIE  KHUTHM, Y4eOHUKH,
HO U MYJIbTUMEIUWHBIN MHTEPAKTUBHBIM KOHTEHT, MO3BOJIAT CAENATh CUCTEMbI JUCTAHIIMOHHOTO
o0yuenus Oosiee r3pdexTuBHbIMU. Ha npumepe 00yueHus: TBOPUECKUM CIIELUATBHOCTSAM, IIOKa3aHa
BO3MOYKHOCTh CO3/IaHUS aBTOMATH3MPOBAHHOM CHCTEMBI PELIEH3UPOBAHUS U OLIEHKU IrpauIeckoro
n300pakeHus st 00y4eHHsI B CUCTEME IUCTaHIIMOHHOTO 00y4eHUsl.

Knrouesvle cnosa: osnexTpoHHas OuONIMOTEKa, 3JICKTPOHHO-OMOJIMOTEUYHBIE CHUCTEMBI,
CHCTEMbl JIUCTAHLIMOHHOIO 0Opa30BaHUs, yuyeOHble MaTepHalibl, JIEKTPOHHAs MH(MOPMALMOHHO-
oOpa3oBaTenbHasl  Cpela, dJIEKTPOHHBIE  KYpChl, MAacCOBBIE€  OTKpPBITBIE  OHJIAWH-KYPCHI,
JIMCTAaHIIMOHHOE 00pa3oBaHKe

st uutupoBanus: Oxra H.M., IlusoBaposa 1.U. Ponb snekTpoHHbIX OMOIMOTEK M 0a3 AaHHBIX B CUCTEME
aucTaHiMoHHoro ooyuenus // Hayd.-ananur. xypH. «Bectauk C.-Ilerep6. yu-ta ['TIC MUC Poccum» 2022.
Ne 1. C. 75-83.

THE ROLE OF ELECTRONIC LIBRARIES AND DATABASES
IN THE DISTANCE LEARNING SYSTEM

Natalia M. Yukhta®. Saint-Petersburg state institute of culture, Saint-Petersburg, Russia.
Inna I. Pivovarova. Saint-Petersburg university of State fire service of EMERCOM of Russia,
Saint-Petersburg, Russia

Nataly-tregybova@yandex.ru

Abstract. The article examines the relevance and capabilities of distance learning systems.
Distance learning systems have appeared on the bases of most higher education institutions
in the world, private courses have opened online, offering a wide variety of content, programs
and techniques. The phenomenon of Massive open online courses has shown what a significant
place online learning occupies in the field of education. The process of the emergence of distance
learning systems in the network is due to the development of new information technologies, their
adaptation for educational purposes. The article considers the issue of interaction between distance
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learning systems and electronic libraries, their current state, as well as opportunities. The problem
of modern distance learning systems is the lack of methodological recommendations
in the formation of educational content. Electronic libraries, along with databases, are the most
important information resource for distance learning systems. Modern electronic libraries
containing not only electronic books, textbooks, but also multimedia interactive content will make
distance learning systems more effective. Using the example of teaching creative specialties,
the possibility of creating an automated system for reviewing and evaluating graphic images
for learning in a distance learning system is shown.

Keywords: electronic library, electronic library systems, distance education systems,
educational materials, electronic information and educational environment, e-courses, mass open
online courses, distance education
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BBenenune

Pa3zputue nucraHumoHHoro ooOpa3oBaHus B Poccum 3a mocienHue rofbsl IPUBHECIIO
HECKOJIBKO BaXHBIX  TPEHJIOB: aBTOMATHU3allMI0  IPOLIECCOB  OHJIAMH o0y4eHus,
OpUMEHEHHE 3JeKTpOoHHbIX Oubmmorek (OB), anekrponHO-OMOMHMOTEUHBIX cucteM (DBC)
u cnenuanuzupoBaHHbiX 0a3 gaHHbIX (CBJl). MHpopmanmoHHO-TeXHOJOrHYecKass MOJAEPHU3ALIMS
0o0pa3oBaHMs SIBJISETCSI MHUPOBOM TEHJEHLMEW €ero pa3BUTUS M HaIpaBieHa Ha CO3JaHue
NPUHIMINATIBHO HOBBIX  CIOoco00B  mpuoOperenust 3Hanui [1, 2]. Hudopmaruzaims
U IOBCEMECTHAs KOMIIBIOTEpU3alusl OOLIeCTBa JajdM BO3MOXHOCTb IOJYYUTh OecrepeOoMHbIX
JOCTyl B HWHTEPHET, 4YTO IMPHUBEJIO K BHIOU3MEHEHUIO I103HABATEIbHONU JIE€ATEIbHOCTH
u oOpa3oBatesibHBIX Iporueccos. [lanaeMus 3a nmocieaHue napy JieT TakkKe BbIABUIA HOBBIA BEKTOP
pa3BUTHA — 3TO BOCIUTAaHUE CAMOCTOSITEIBHOCTH O00y4aeMoro, a TakKe HWHAMBHIyanu3alus
oOyuenusi. Henmbsst He cormacutbest ¢ O.B. IInbikoBo#, oTMeuaromieil, 4to «pa3BuThe HudpoBOi
UHPPACTPYKTYPHI, IEPEX0]] HA CETEBbIC NMPUHIMITEI KOMMYHHKAIMH, TIEPCOHAIN3ANUS HUHTEPHETA
BBICTYNAIOT (DaKTOpaMH, MEHSIOUIMMM STHYECKUE MPUHIMIBI U OCHOBAHUS COLMOKYJIBTYPHOIO
B3auMoieicTBus» [3, ¢. 516], uTo, B CBOIO OUepe/ib, MEHSAET 00pa30BaTEIbHbIC MMAPaIUTMBI.

Ceroanst oco0oii MOMYJISIPHOCTBIO MOJIb3YyeTcsl HarnpaBieHue ooydenus 54.03.01 «/lu3zaitny».
JlaHHOE HaIpaBJIEHHE UMEET CaMble pa3iauyHble Mpoduau: rpapuueckuil 1u3aiH, MPOMBIIUICHHBINH
Iu3aiiH, qu3aiiH uHTepbepa U MHorue Japyrue. Ho k yMcimy caMbIXx BOCTpeOOBaHHBIX CIIEIHATUCTOB
Ha pBIHKE TpyJAa B IOJIHOM Mepe MOKHO OTHECTH au3aiiHepoB-rpadukoB. B Hacrosiee BpeMms
CIELUANNUCTBl B 00JacT rpaduyeckoro au3aifHa HYXHBI OpraHM3alusM J00oro mpoduis —
OoT OuONMOTEKM M IIKOJBl J0 TPOMBIIUIEHHOTOo npeanpustus. ['paduueckuil nuzaitHep
ABIISICTCS BU3YaJM3aTOPOM CaMOr0 Pa3HOOOPA3HOro MPOAYKTa: PEKJIAMHOIO, HMHIKEBOTO,
MHTEPAKTUBHOTO U JP.

BocTtpeOoBaHHOCTh ~ CHEMAINCTOB B 00JAacTH  BHM3YalbHBIX MCKYCCTB  (ZM3aiiH,
JIeKOPAaTUBHO-TIPUKJIAJHbBIE W HM300pa3uTENIbHbIE  HCKYCCTBa)  OMNpEAENseT  aKTyalbHOCTh
UCCIIEIOBAHUI IO CO3[aHHI0 CHCTEM JHCTaHIMOHHOro oOyuenusi (CJO) MMEHHO s 3TOrO
KOHTHUHTE€HTa oOydarmuxcsi. B cBs3W ¢ pacTymuMm cCOpocoM Ha OOy4YyeHHE IO TBOPYECKUM
CMELUANBHOCTAM aKTyalU3upyeTcs M MpolsieMa pacHIMPeHHs BO3MOXKHOCTEH JHCTAHIIMOHHOTO
oOyueHusi B 001aCTU BU3YyaIbHBIX HCKYCCTB.

Ho ecTh crosxHOCTH MO NEpeBOly B IMCTAHLIMOHHBIA (hOpMaT TBOPUECKUX CHEIMATBHOCTEH,
3TO CBA3aHO C PAJIOM (PaKTOPOB.

1. Ina cTyaeHTOB MoOTHMBauuedl B OOy4eHMM 3a4acTyl0 CTaHOBUTCS  SHEPIHs
Y 3HaYMMOCTh TperojaaBaress, a 0€3 IMOLMOHAIBHON HArpy3KH TepsieTCsl MHTEPEC K MpEeIMETY.
Baxuelmmii kpuTepuii, onpenensiomuii ycrnex oOy4yeHHs KaK B TPaJULMOHHOM, TaK M B MHBIX
dbopmax oOyuenus. Cuctema TPaAUIIMOHHOTO O0y4YeHHUsT paboTajia MHOTHE CTOJIETHS U ONMUpaIach
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Ha aBTOPUTET U OTBETCTBEHHOCTh. Jlng ycmemmHoro mpouecca HeoO0XoAWMa cuja BOJIU
U CAMOKOHTPOJIb.

2. Bca nHarpy3ka JIOKUTCS Ha pa3sHOOOpasHBIH MyJIbTHMEIUHHBIA KOHTEHT, KOTOPBIH
IIOCTOSIHHO JIOJDKEH BOBJIEKAaTh I0JIb30BaTelsl B 00ydyeHue. PazpaboTka Takoro KOHTEHTa JOJITUM,
TPYAOEMKHUI U Aoporoil mporecc. Heobxoaumo He TOJIBKO mepepadoTaTh METOJOJIOTHIO MOJa4d
IporpaMMbl JUIsl CaMOCTOATENBHOTO OOy4eHHUs, HO M CO3laTh C HYyJIs BOBJIEKArOILUH
UHTEpaKTUBHBIH KOHTEHT. Ob, CBJl MoOryr 3HAUUTENBHO TMOBBICUTH KAaueCTBO KOHTEHTA.
CoBpeMeHnHble Db — 3TO HE MPOCTO DJICKTPOHHBIM YYEOHHUK, 3TO CaMbIii pa3HOOOpa3HBIN
MYJbTUMEAUMHBI  KOHTEHT, COAEpXKAIIMM IIEPElIOBYI0 HAy4dyHYI0 IEPUOJUKY, a TaKKe
MHTEpaKTUBHbIE (POPMBI HH(OPMALIMH, AYAUO U BUJIEO, TECTHI U JP.

3. Kak mpaBuio, CTYIEHTHI OLIYIIAIOT HEAOCTATOK MPaKTHYECKUX 3aHsATHH. OOydeHue
B CHCTEME OYEHb 4YaCTO OCHOBAaHO HAa TEOPETHMYECKHX MaTepuanax, a HM3y4EHHBI Marepual
HE OoTpabaThIBaeTCs Ha MPaKTUKe. BHeApeHEe MyIbTUMEIUITHBIX CPEJICTB OTYACTH PELIAET JAHHYIO
npobnemy, (GopMmMupys IOcIeNOBaTelbHble OJOKM TEOPUA-TIPAKTUKA, YAEIssl BHUMaHHE
IIPAaKTUYECKUM yIpaKHEHHUsAM. HecMOoTps Ha TO, 4TO TEXHOJIOTMM IO3BOJISIIOT YCIEUIHO pEellaTh
JAHHBIM BONPOC, pa3pabOTYMKHU HE TOTOBBI TPATUTh (PUHAHCHI HA CO3/IaHUE YHUKAJIBHOI'O KOHTEHTA.

4. Baxuedmmii (akTop — cucTeMa KOHTpOJs 3HaHWW. He mMes cucTeMbl OLIEHUBAHHS
IPAKTUYECKUX 3aJjaHUi, CHUCTEMa, IO CYTH, HE COOTBETCTBYET Oa30BbIM HOpMaM OOYy4YEeHHS.
OTCcyTCTBUE KOHTPOJIS HO3BOJISIET CTYAEHTaM IOJy4aThb OOpa30BaHHME C OIPOMHBIMU IpoOEIamMHu.
A cucteMbl, KOTOpble 00€CleYMBalOT KOHTPOJIb H3YYCHHOI'O Marepuaiga, He MOTLYT OTCIIEAMUTH
KOPPEKTHOCTh BBINIOJIHEHUSI HUTOroBbIX 3ajaHui. Co3gaHHE CUCTEMBbl aBTOMATHU3HPOBAHHOTO
pelieH3upoBanus U oreHku rpaduyeckux usodpaxkenuii (CAPI'P) u BJl, koTopas numeer HOCTyI
K 00BbEMHBIM MacCHBaM JaHHBIX M JOCcTyn K Db, Urpaer kitoueByio posib B pa3BUTHUU JaHHOIO
HaIIPaBJICHUS.

Ilenbp manHOrO HccnenoBaHus nokaszarb posib Db, CbJl B popmupoBanun kontenta CJ/10O,
a Takke CAPI'P Ha npumepe HampaBieHus rpapuuecKuii Ju3aiiH.

MeToanbl ncciie10BaHuA

OcHoBHbIM KOMITIOHEHTOM CJIO CTaHOBUTCS MHTEPAKTUBHBIA MYJIbTUMEIUWHBIA KOHTEHT,
MIpeICTaBISIONINN co00i CUHTE3 CpeACTB MYyJIbTUMEAMA, TAKUX Kak: rpaduyeckoe U300paxeHue,
3BYK, aHMMalIUsl, BUJI€0, TUIIEPTEKCT, O3BOJISIIOIUI cO3/1aBaTh aJalTUBHbIE 00yYaroIue CUCTEMBI.
Emunep WN.I'. ormeuaer: «/IMEeHHO OO0beIMHEHHE TIPaMOTHOW METOAMYECKON O0a3zbl € SIPKOH,
IIPUBJIEKATEIBHOM, JCTETUYECKON ayIMOBU3YyaJIbHOM COCTABIIIOLIEH JENIaeT 3TO HaIlpaBJICHHE
4Ype3BbIYaHHO mepcrneKTuBHbIMY» [4, c¢. 36]. Co3manume MeToanmveckoi 0a3bl M MPOTPAMMHOTO
obecrieyenuss a1 CJO TpeOyeT mNpHBIIEUEHHs IIMPOKOTO Kpyra CHELUANIUCTOB M3 Pa3HBIX
oOnacreil. B Hacrosmiee BpeMsi NPUIUIO NOHMMaHUE TOrO, YTO MOMHMMO HpO¢eCcCHOHaTbHON
paboThl MPOTrPaMMHUCTOB, KOTOpPbIE OTBEYAIOT 3a MPOTrPAMMHO-TEXHOJIOTHYECKYIO pEealTn3alluio
CHO, 6a30Boil cocTaBIAOIIEH SBISETCS UMEHHO y4eOHO-METOAMYECKas, KOTopas U ONpeieseT
4epThl Oy Tyleil CUCTEMBI.

Ha peiake oOpa3oBarenbHbIX HH(POPMAIMOHHBIX TEXHOJIOTMM CYIIECTBYET OOLIMPHBII
BbIOOp yHUBepcalbHBIX MmiuaTdopm. Ilpu 3TOM NmpUXOAMTCS KOHCTATHPOBATh, YTO JAJIEKO HE BCE
HaIpaBJI€HUsI W CHEIUAIBHOCTH peanu3oBaHbl s o0yueHus B CJ[O. 3To 00ycioBIE€HO psSaOM
TpyaHocteil. Ho oueBuaHO, 4yTOo HeoOXonumo mpoposkarh myTh pasButus CO B amanTUBHYIO
CUCTEMY HWHIMBUAYAIbHOIO OOY4YeHMS, TaK KaK »3TO O0JIaJaeT MOIIHBIM CTpaTernyecKum
noTeHIuaioM [5, 6].

CoBpeMeHHbIE TEXHOJIOTHH B KOPHE MEHSIOT IpecrasiieHne o Bo3MoxHocTIX CLO. K pany
TEXHOJIOTUH, KOTOpbIe 3HAYMTeNbHO TOBMMsU Ha pasutue CJ1O, moxHO orHectn VR/AR.
VR/AR — TexHONOTHS, TPUMEHEHUE KOTOPOW 3HAYMTENILHO TMOBBIIIACT Y3PPEKTUBHOCTh O0YUCHHS,
CocoOCTBYIOIIass (OPMHUPOBAHUIO MBIIICYHOM MaMATH, a AJIEMEHTHI UIPBI, CONPOBOXKIAIOIINE
o0y4eHue, CIy)aT YCHJICHHIO 3TUX Tpoiieccos [7, 8].

[IpuMeHeHHE CHMYISATOPOB MOKA3bIBAa€T XOPOLIMH pe3ynbTaT B 0OyueHUH. CHUMYISATOPHI
4acTO HCIIOJIb3YIOTCA TpU OOYyYEeHUH BOEHHBIX, JIETYMKOB, IMOXKAPHBIX M JAPYTUX KaTeropuit
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npodeccuil, CONPSHKEHHBIX C TIOBBIIIEHHON omacHocThio. Hampumep, oOyueHHe mMoOKapHO-
TEXHUYECKOMY MHHMMYMY OTKpBITO Ha 0a3e MHOXXeCTBa KypcoB, By30B B Poccum. Ha psiHke
MPEJCTABICHO HECKOJIbKO oOO0yJaromux 3D-cHMyIsTOpOB MOXAPHO-TEXHUYECKOTO MHHHUMYMa
B BUpTyallbHOW peanbHOCTH (VR), mporpamMMHas cpefa cUMyJIsSTOpPOB yHHBepcaibHa. CUMYISATOP
BOCCO3/Ia€T MOJIeNIb CUTYalluX U OL[CHUBAET EHCTBHSI 00y4aeMoro.

B cumynATopax y4uuTHIBArOTCS peajbHble (PU3MUECKHE MPOLECCHl: PaclpoCTpaHEHHE OTHs
U JbIMa, pacxOoJOBaHME BOJAbBI W IIE€HbI, HANpaBICHHWE BeTpa U Jpyrue mnapamerpsl. YacThb
napamMeTpoB (GopMHUpYeTCsl CllydallHbIM 00pa3oM il HPUOIMIKEHUS TPEHHUPOBKU K PEaIbHOCTH.
Hapsiny u ¢ nporpeccuBHbiME TexHonorusimu, Ha 6aze CII6 ymmBepcurera I'TIC MUYC Poccun
IPEJCTaBICHbl HECKOJIBKO HAIpaBICHUN OOY4EHHUs IUCTAHLMOHHO, YTO IO3BOJISIET COTPYIHUKAM
MOBBIIIATH YPOBEHb KBaM(UKAIIUK O€3 OTPhIBA OT MPOU3BOACTBEHHOH EATEILHOCTH.

BaxubeiMm  Bompocom B CJIO ocraercss TeMa NOMCKAa aJIbTEPHATHUBBI IMEAArOTY
B JUCTAaHIMOHHON oOpa3oBatenbHOM cpene. [lpoBeaen psan uccnemoBanuii (M.A. TaryHnosa,
H.JI. CenusanoBa, H.H. Haiigenosa [9] u ap.). OGmiuii BEIBOI TaKMX HCCICIOBAHHIA TaKOB, YTO
MOJMEHHUTH cO00i mejarora He MOXeT Jaxke camas coBepuieHHas CJIO, HO BBICOKHIA MOTEHIIUAI
TaKUX TEXHOJIOTMH, Kak MallMHHOe OO0y4YeHHe, HEWPOHHBIE CETH, OTKPBIBAIOT ILIMPOKHUE
MIEPCIIEKTUBBI B Pa3pabOTKE 3KCHEPTHHIX OLIEHOYHBIX KOMIIOHEHTOB JUCTAHIIMOHHBIX CUCTEM.

I'nbpunnoe odpazosanue (nemaror u CJ10) — «koHIEeNnT 00pa3oBaHust OYIyIIEro, U 3TO yKe
NPU3HAHO MHOTMMH BEIYIIIMMH SKCIIEPTaMu B 00J1acTH 00pa3oBaTenbHbIX HHHOBaImi» [10, c. 13].

CoBpeMeHHble ~ OMONMOTEKM  IIMPOKO  MCHOJIB3YKOT — BJIEMEHTHl  JAMCTAaHIIMOHHOI'O
oOCITy)KMBaHUS, B TOM YUCJIC CUCTEMBI YAaJleHHOrO JocTyrna. OCOOEHHO aKTyalbHBI B HACTOSIIEE
BpeMs — B YCIIOBUSX CaMOM3OJISILMU — aBTOMaTU3MpoBaHHble OuOnMoreunsie cuctemsl (ABUC).
«pbuc» — onHa M3 cambix nomyssgpHeIX B Poccuu. VIMeeT MHOECTBO BCTPOEHHBIX MOAYJIEH,
HE NPUXOTIUBA B TEXHUUYECKUX MoOILHOCTAX. [lo uctune, cumraercs cranaaprom cpeau ABHC.
Cucrema «Merallpo» — aBTOMaTU3MpOBaHHAs WHTEIPUPOBAHHAs OMOIMOTEYHAs CHCTEMaA
J€MOHCTPHUPYET BBICOKMH MOTEHLMAT MCIOJIb30BAHUS CETEBBIX pecypcoB. DYyHKIMOHAI CHCTEMbI
UMEET CTAHJIAPTHBIH HAOOp: TOBCEMECTHBIM, OE3BPEMEHHOW JOCTYI; JOCTYITHOCTh ITOJIHOTO
KaTrajora M €ro MHCTPYMEHTOB; CHHXPOHHM3allMsl M CKBO3HAas KOPPEKLUs COXPaHHOCTU
U LEJIOCTHOCTU JAaHHBIX; MOJYJb SIBISETCS MPOTOTUIIOM HM3BECTHBIX BCEM Opay3epam; CKBO3HOMU
IIOUCK TI0 KaTajory, Nepexo/ Mo FMIEepPCChUIKaM yepe3 aBTOPOB U KIIoueBble ciioBa U Jip. Cucrema
aJlaliTUPOBaHa TOJ, MOOWJIBHBIE YCTPOMCTBA, 4YTO OOecrnedrMBaeT OOJBIIYI0 IOCEIIAeMOCTh
U OT3BIBUMBOCTH HHTepGeiica [11].

Taxxe monmynasipHOCTBIO Mousb3ytoTesa cuctema Pycnan u MAPK-SQL. ®@ynknuonan Bcex
ABUC wumeer poctym K COOCTBEHHBIM D3JEKTPOHHBIM pecypcaM B CeTH M 3JIEKTPOHHO-
oubmmoreunoit cucreme (OBC), OCHOBHbIE MOAYNIM 3alUIIEHBl OT KOMMpOBaHUS. Takas
TEXHOJIOTHYEcKasi CTpyKTypa obecneunBaeT xopoiuee 3aumoperctsue ObC ¢ CJ1O. OueBuaHo,
yro Jobas OBC — BbINONHSS CBOM MPOU3BOJACTBEHHbIE (YHKIMU (KOMIUJIEKTOBaHUE,
KaTaJIoTu3alus M T.I.), pealnu3yeT elle OAHY BaKHEHIyro 3aaauy — nudpoBoe MHGOpMALIMOHHOE
oOecrieuenne oOpaszoBaTenbHOro mporecca onnaitH. B ornuume ot CJ1O, koTopbie sipue BCEro
BOIUTOTHIIUCH B MaccOBble OTKpbIThie OHJaiWH-Kypchl (MOOC) M 0 KOTOpBIX MHOTO HAIlHCaHO,
0 pa3BuTUU U BaxkHOoCcTH DBC B KadyecTBe MOAEPKKU AMCTAHLIMOHHOIO OOYy4EHHUs HCCIeA0BaHUN
3HayuTeNbHO MeHblle. OueBuaHO, yTo CJ1O 1 OBC pa3zBuBaroTcs napauieabHO U UX B3aUMOCBS3b
Mano u3ydeHa. Henb3st He cornacutbes ¢ mHeHueM K.H. Koctiok, utro ObC u CJ1O «B paBHOI
CTENEHH BBI3BAHbI MPUXOAOM IUPPOBON MapagurMbel B 00JACTH OOpa30BaHMA M CIYXKaT IBYMs
BETBSIMU €TUHOTO IpoIlecca — pa3BUTHS (POpM CETEBOTo OHJIaH-00pa3oBanus» [12, c. 18].

Hapsany c¢ Ob, xotopsie ¢dopmupyor uHpopmannonHoe HamonHeHue CJIO, axTHBHO
UCIONIB3YETCSl M TMOAKIIOYEHHME OKCIEpPTHbhIX M crenuanusupoBaHHbix  bJl.  Co3nanue
cnienuanu3upoBanHbelx B/l 1Mo pa3nuyHbIM HampaBieHUsM OOy4eHHMsS OOYCJOBJIEHO CO3JAaHUEM
obmero xparwmima s nojaepxkku CIO.
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Pe3y.]'II>TaTbI HCCJICJ0BAHUA U UX oﬁcyme}me

OcCHOBBIBasiCb Ha aHAIM3€ ONBITA CO3JAHUS DJICKTPOHHBIX MHU(PPOBBIX OUOIMOTEK
u cnenuanusupoBaHHbix b/, comepikammx camblii pazHOOOpa3HBI Meaua KOHTEHT, a TaKkKe
JOCTYIl K OTPOMHOMY MacCHUBY PECYpCOB B CETH, B CTaTh€ MpEIaraeTcs pe3yiabTaT perieHus
3agaun no cosaanuto Mojenau CAPI'P. CtpykTypHble 3JIEMEHTHI JAaHHOW CUCTEMbl BKJIIOYAIOT
B ce0si: cUCTeMy pacmo3HaBaHUsi 00pa3oB, CHUCTEMY pEICH3UpOBaHUS W (opmar omucaHus
naHHbIX. KakIplil seMeHT cucTeMbl paboTaeT Ha OCHOBaHMU oOpamieHus Kk Db, 3KCHepTHHIM
u CB/I.

Hampumep, o0yuenune rpadpuueckomy nuzaitHy B C/IO — 3agaua, kotopas TpeOyeT co3manue
CAPI'P nporpammubiMu cpenctBamu. OCHOBBIBAsICh Ha OTBITE pa3padoTunkoB data science, google
U APYTUX, MOXKHO CO3/1aTh CUCTEMY, KOTOpas CTPYKTYpHO OyZET MpecTaBiIeHa, Kak Ha PUCYHKE.

CHUCTEMBI
ABTOMATU3HUPOBAHHOI'O
PELIEH3HMPOBAHM 1 1 OLIEHKH
TPAOHUYECKHUX PAGOT

%

IToacucrema IToacucrema IToocucrema BbIBOOA
pacno3HaBaHusl aBTOMATHU3WPOBAHHOM 00padoTaHHbIX
oOpasos OLICHKH JaHHBIX
Mawmunnoe
Basa QAHHBIX dopmar onucaHus
oOyueHue JaHHbIX

Puc. O6masn crpykrypa CAPT'P B CJ10

[Toacucrema pacno3naBanusi 00pa3oB sl KOPPEKTHOM pabOTHI AOMKHA OBITH oOecrieueHa
noctynoM K pecypcam Ob. A Taike Heobxonumo cosnath CBJI, k koTopoil Oyner oOpamiarbes
mporpamMMa JUis TIOMCKa W aHallM3a KPUTEPUEB COOTBETCTBUS B TPAPUUECKUX H300PaKCHHUSX.
JlaHHas cUCTeMa CTPOMTCS Ha COOTHECEHWH HCXOJHBIX 3HAYEHUH OINpENENeHHBIX KIacCoB
XapaKTePUCTHK U IPU3HAKOB.

b1, neooxonumas CAPI'P, nomkna 061aaath ciaeayromumM (yHKIIMOHAIOM:

— XpaHeHHUEe JaHHBIX HHPOPMALMOHHBIX PECYPCOB;

— obecnieueHue OecIpepbIBHOTO OCTYIA K IaHHBIM;

— ¢popMupoBaHre HAa0OpPOB JAaHHBIX IO ONPEIEICHHBIM 3HAYEHHUSIM, a TaKxke cOop
U aKTyasn3anus HHGOpMaIUK 10 B3aMMOIEHCTBHUIO B POLIECCE UX UCIOIb30BAHNUS;

— goctyt K Ob;

— JIOCTYII K BCTPOSHHBIM MOJICUCTEMAaM H JIp.

Hns pazpaborunkoB CAPI'P crout 3amaga — co3manne MeTOA0B 00paOOTKH HETEKCTOBBIX
MH(POPMALIMOHHBIX pecypcoB, MpuMeHeHHe b/l kak HaydHOro MOJMIOHA A HCCIEI0BaHHM.
B/l mMmeer CymHOCTH NaHHBIX M METaIaHHBIX, KOTOpbIE OyayT OMHMCHIBATH 00pa30BaTEbHBIN
pecypc. [Ipu 3TOM KOHTEHT METaJlaHHBIX HE OTPAHUYMBAETCS TEKCTOM, 3TO MOTYT OBbITh JaHHBIE
m000T0 poJia: TeKCT, BUIEO, rpaduueckre n300paxeHus, ayiio 1 Jp.

HerexcroBas B/l, coznaBaemasi kak HHCTPYMEHT OLIEHKHM TBOPYECKUX paloT, MpeACTaBiIseT
co00if COBOKYMHOCTh METQJIaHHbIX U CaMbIX pPa3HOOOpPa3HBIX TIpapUUecKUX 3JIEMEHTOB,
CHCTEMaTU3HPOBAHHBIX 10 CIEAYIOIEMY IPUHIHUILY:

1) aTanonHoe rpaduyeckoe N300paxeHNe FIEMEHTA;

2) rpaduueckoe n300pakeHue, coaeprkaliee ook,

3) ycpenHeHHOe 3HaueHne TpapuIecKoro JIeMEHTA.
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Komneioreprast mporpamma CAPI'P cpaBHHBaeT MOAJIEMEHTHO MPOBEPIEMYIO0 paboTy
¢ b/l mpumepoB rpaduuecknx H300paKEHUH, KAKI0E M3 KOTOPBIX BKIIOYACT PSJl KPUTEPHUEB.
DTO OCHOBAHO Ha MpUMEPE pabOTHI MIEKTPOHHBIX OMOIHOTEK M300paKEHUN — CTOKOB. AJITOPUTMBI
CTOKOB OCHOBAHBI Ha pab0Te KJIFOUEBBIX TOUEK U MOMCKA COBIAJCHHMA.

Kputrepusimu OLEHKH ClIy’)KaT KOMIIO3UIIMOHHBIE 3aKOHOMEPHOCTH: KOMITO3UIIMOHHBIN
LIEHTP, PUTM, CHMMETPHSI/aCUMMETpHs, CTaTHKa/AMHaMHKa, mnpomnopuuu u ap. [Iporpamma
pacrmo3HaeT 3HaueHWEe, NPHUCBOCHHBIC KaXKIOMY TIpaHuecKoro H300paKCHHI0 U CPaBHHUBACT
ux ¢ obpasuamu. KommbroTepHas mporpamMmma oOHapyKMBaeT KPUTEPUN U HAUYMHAET CPaBHUBATH
M300paXEHUS U ONPENeNITh XapaKTepucTuku. OumbTpanus 3Ha4eHU, MPUCBOCHHBIX METaJaHHBIX
rpaduyeckoMy U300pakeHHUI0, BBICTYIAET B POJIM KIacCU(UKATOPA, KOTOPBIM U OyIeT onpeaensTh
MPU3HAKK 3HaYCHUH 7151 00bekToB [13].

Yem Ooubllie BEKTOPOB H300paKEHMsI COBIMAJAET, TEM CHCTEMa BEpHEE OMpeesieT
COOTBETCTBHE 00pa3ily W JaeT OICHKY. UTOOBI MOBBIIATH CTENEHh TOYHOTO aHajH3a, MPOBEpKa
COOTBETCTBHS IIPOBOAUTCA 110 MHOKECTBY 00pa3IOB: TaK, CUCTeMa OTOpachIBaeT JUIIHNAE BEKTOPBI,
HE COOTBETCTBYIOIIME Kjactepam (pa3HuIla u300pakeHus). Bce 3TH XapakTepuCTUKH OymyT
HaWJIeHbl ¥ yYTEHBbI TP pereH3upoBaHuu. s koppekTHoi paboTsl bl HE0OX0AMMO MOCTOSHHO
MOTIONHATh €€ CTPYKTYPUPOBAHHBIMH W MAapKUPOBAHHBIMH TpPaUUCCKUMHU TaHHBIMH, a TaKKe
MeTagaHHbIME [14].

3akjaro4eHue

Jannble/uH(popMalysi CTAaHOBATCS LIEHTPAJIbHBIM (PAaKTOPOM TEXHHYECKOTO M COLMAIBLHOI'O
paszButusa. K kpurtepusim ycrexa MH(pOpMAaTU3allUd OTHOCHUTCA OOecreueHue oOlecTBa JoCTyna
K HHpOpMalNH, €€ UCTIOIb30BaHUIO U OOMEHY.

CHO pewator psa o0pa3oBaTENbHBIX 3a/ad — pa3BUTHUSI KPEATUBHOTO, TBOPYECKOIO
Y KPUTHUYECKOTO MBIIIJIEHUS JINYHOCTH 00Yy4aeMoro, MOBBILICHUS! YPOBHS €r0 CaMOCTOATEIBbHOCTH,
dbopmMHUpoBaHHs HaBBIKA pa3padaThiBaTh CTPATETHIO MOWCKAa pEIIeHUWH Kak Y4YeOHBIX, TaK
U npakTuueckux 3agad. Ob u B/l oTBeuaroT 3a HENpephIBHOCTh JAHHBIX B MH(OPMAIMOHHOM
IIPOCTPAHCTBE, €€ PacHpOCTpaHEHUE U coxpaHeHue. OHU CTAHOBATCS BaXKHEHIIMM HCTOYHUKOM
unpopmanuu a1 oOpazoBaTeNbHBIX — pecypcoB, B ocobenHoctn CJO. Uensio B/l
CTaHOBUTCSA (OPMHUPOBAHHUE DIIEKTPOHHBIX JOKYMEHTOB B MOMOUIb Y4€OHO-BOCHUTATEILHOMY
nporeccy [15, 16].

3amaun  rnobasbHOTO  O0pa3oBaHMs: Tepexod K HUPPOBBIM  MPOU3BOJICTBEHHBIM
TEXHOJIOTUSIM, POOOTH3MPOBAHHBIM CHCTEMaM, CHUCTEMaM OOpabOTKU OONbIIMX 00BbEMOB JAHHBIX,
BHEJPEHHE MAIIMHHOIO OOYYEHHS] U MCKYCCTBEHHOI'O MHTEIUIEKTA; KYJIbTYpHOE M T'YMaHUTApHOE
pa3BUTHE HACEIEHUS B KadeCTBE OCHOBBI AKOHOMMYECKOTO IPOLBETAaHUSA, TOCYAAPCTBEHHOTO
CYBEpEHUTETa M IMBWIM3ALMOHHON CcaMOOBITHOCTH CTpaHbl. HauOosiee mMoiHO peanu3oBaTh
BO3MOYKHOCTH ~ JMCTAQHIIMOHHOTO  OOydYeHHs MO3BOJSeT HMH()OPMAIMOHHO-TEXHOJIOTHUECKOE
B3alMO/JICIICTBE MEXAY BCEMH CHCTEMaMM, OOECIeUMBAIOIIMMH HEIPEPhIBHOCTh OOyYeHUs
omaita [17-19].

Coznanue crenuanu3upoBaHHbix b/l pemmT HaszpeBaroulyro mpobiieMy HEKauyeCTBEHHOIO
obpazoBaTtenbHOro kKoHTteHTa B CJIO, MO3BOJNUT MOMHATH JUCTAHIIMOHHOE OOyueHHE Ha HOBBIN
YpOBEHb U paCIIMPUTH BO3MOXKHbIE IpeaMeTHbIe 00JacTh oOyueHusi. CoBpeMeHHbIE TEXHOJOTHUH,
TaKkMe Kak MalllMHHOE 00ydeHHue, MO3BOJISIIOT CIPOTHO3MPOBATH POCT KayecTBa M aBTOMAaTH3allUU
npoueccoB o0ydenus B CL1O.

[IpumeHeHne TOJOOHBIX TEXHOJIOTUH oOOecreYnBaeT HENpephlBHOE CaMOOOydeHue
nporpaMMHoro ooecredenus: cuctembl — C/IO He mpocTo «yyaTcsi», a alropuTMbl IPOrpaMMHO-
TEXHOJIOTHYECKOTO KOMIUIEKCA CHUCTEMbl YCTPOEHBI TaK, 4YTO Jake OIIMOOYHBIE pPEe3yIbTaThl
o0ydaeMbIX COOMpAIOTCS ISl MOCIEYIOIIEro aHajlu3a M XPaHEHUs, YTO IMO3BOJSET MpOorpaMme
CTAaHOBUTCS «YMHEE.

Ucnonw3oBanune bJ] rpaduyeckux wu300pakeHUN C CHUCTEMON KOHTPOJIE MU OLEHKHU
npoeCCUOHATBHBIX KOMIIETEHIIMKA 00Yy4Yaromerocss MO3BOJIMT OPraHU30BaTh BBICOKUN YPOBEHb
o0yuenuss B CJIO mno TBOpueckuM crneuuagbHOCTAM. [IpenmyiecTBo Takoro oOy4YeHHs
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3aKJI049acTCA, BO'HepBBIX, B CHHJKCHUU MaTepI/Ia.HBHBIX 3anaT Ha €ro opraHmaumo u, BO'BTOprX,
B BO3MOKHOCTH BOBJICUCHHS B IPOIECC OOYUYCHHS MAaKCHMAaIbHOTO KOJMYECTBA CaMbIX Pa3HBIX
KaTeI‘OpI/Iﬁ 06y11a101111/1xcs1: CTYI[CHTBI, HCHCI/IOHepBI, Jiuma ¢ OI‘paHI/I‘IeHHBIMI/I BO3MOXKHOCTAMHU
310poBbst U Jp. CHCTEMBI aBTOMATH3HPOBAHHOTO PEIICH3UPOBAHKS TBOPUYECKUX PabOT MOI'YT OBITh
HNCITIOJIb30BAaHLbI HpI/I ITIOBBIIIICHU N KBaJII/I(bI/IKaL[I/II/I CIICHUAJIMCTOB, TaK MM HWHA4YC CBA3aHHBIX
C CO3/aHHEM CETEBBIX MYJIBTUMEIAUNHBIX HH(POPMAIMOHHBIX PECYPCOB, HAMpUMEp, PaOOTHHKOB
OMOIINOTEK.
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Annomayus. Macmitabbl 4Ype3BbIYAWHBIX CHUTYallMil Pa3JIMYHOTO XapakTepa IOCIETHUX
JeCSITHICTHH (HOPMHUPYIOT HEOOXOAMMOCTh MOCTOSHHOW TOTOBHOCTH CWJI M CPEACTB K JICHCTBUSAM
B MHUPHOE BpeMs B KPHU3HCHBIX YCIOBHUSX. B cTaThe paccMOTpeHbl OCOOCHHOCTH CHUCTEMBI
MOHHUTOPHUHIA TEXHOTCHHBIX YPE3BBIUAWHBIX CUTyalldd C TOYKM 3PEHUS PaMKax COBPEMEHHBIX
MOJIXOJIOB K 00€CIeYeHHI0 O€30MaCHOCTH, BbIACIEHBI KIIF0UEBbIe 0OCOOCHHOCTH (PYHKIIMOHUPOBAHUS
CUCTEMBI. BBINTONMHEH aHAIW3 U ONPEACIICHbl OCHOBHBIE 3JIEMEHTBHI CUCTEMBI 3alUThl HACEJICHUS
OT YpE3BbIYAWHBIX CUTyallUd TEXHOIC€HHOTO XapaKTepa, MapaMeTpbl KOTOPBIX MOTYT SIBISATHCS
MOKA3aTeJIsIMA COCTOSIHUS 3alIUIIEHHOCTH YKW3HU W 3J0POBbS JIOJICH, UX HUMYILECTBA U CPEABI
oOuTaHUS 4YeJOBEeKa OT ONAacCHOCTEW MPH TEXHOTCHHBIX YPE3BBbIYAWHBIX cUTyauusx. Ha ocHoBe
CYLIECTBYIOIIMX METOJUK W HMHCTPYMEHTOB AaHAJIM3d, CTAaTUCTHYECKHMX JAHHBIX M JAHHBIX
Mo (QYHKIIMOHUPOBAHHUIO CUCTEMBI COCTABJICH PEECTp PUCKOB, XapaKTEPHBIX AJISl pacCMaTpUBAEMOM
TEPPUTOPUHU, U BBHIMOJHEHAa HX 0a30Bas CKPUHUHTOBAs OIEHKA W TpEABAPUTEIBHBIA aHAIU3
OIMaCHOCTEH.

Kniouesvie cnosa: ynpasieHue, ynpaBieHYECKUE PELIEHUS, B3aUMOJEHCTBUE CHII U CPEACTB,
Yype3BbIUaliHasA CUTYaLHs

s mutupoBanus: Kamag A.B., Maptunosuda H.B., Uepnsix A.K. CoBpeMeHHBIE aCIEeKTHl YIPaBICHUS CUCTEMON
TEPPUTOPHUANBEHOW KOMIUIEKCHOU Oe3omacHocTn // Hayd.-amamur. xypH. «Bectnuk C.-Iletep6. yn-ta ['TIC MUC
Poccumy». 2022. Ne 1. C. 84-94.
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Abstract. The scale of emergencies of various kinds in recent decades form the need
for constant readiness of forces and means to act in peacetime in crisis conditions. The article
discusses the features of the monitoring system of man-made emergencies from the point of view
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of the framework of modern approaches to safety, highlights the key features of the system
functioning. The analysis carried out and the main elements of the system of protection
of the population from fabricated emergencies were determined, the parameters of which can
be indicators of the state of protection of life and health of people, their property and human habitat
from the dangers of fabricated emergencies. Based on existing methods and analysis tools,
statistical data and data on the functioning of the system, a register of risks characteristic
of the territory under consideration compiled and their basic screening assessment and preliminary
hazard analysis were performed.

Keywords: management, management decisions, interaction of forces and means, rescue
military formations, emergency.

For citation: Kalach A.V., Martinovich N.V., Chernykh A.K. Modern aspects of territorial integrated
security system management // Nauch.-analit. jour. «Vestnik Saint-Petersburg university of State fire
Service of EMERCOM of Russia». 2022. Ne 1. P. 84-94.

BBenenune

B nocnennee necsituiierve KOIMYECTBO KPYIMHBIX TEXHOI'€HHBIX KaTacTpod Ha TEPPUTOPUU
Poccuiickoit ®enepanuu exxeroaHo pacret [1]. Bmecre ¢ TeM pucKu TeXHOT€HHBIX Ype3BbIYAHbBIX
curyauuii (YC), BO3HMKalOLIME B MPOLECCE XO3SMCTBEHHON IEATENIBHOCTH WIM B pe3yJibTaTe
KPYIHBIX TEXHOTCHHBIX aBapuil M KaracTpod, HECyT 3HAUMTENbHYIO Yrpo3y JUIsl HAceleHus
U OOBEKTOB HSKOHOMUKH cTpaHbl. OCOOEHHO aKTyajeH BOIpoc oOecreueHus O0e30MmacHOCTH
KU3HEJEATEIbHOCTH HACeleHUs OT YIpo3 TEXHOI€HHOIO XapakTepa IpH peajii3allid HOBBIX
KPYITHBIX 3KOHOMHYECKHUX U MHOPACTPYKTYPHBIX IPOCKTOB [2-5].

B ocHoBe 3ammrbl HaceneHus OT YC TEXHOrEHHOIO XapakTepa JIEKUT MOHUTOPUHT
U IPOTHO3UPOBAHUE PHUCKOB M IPEIBAPUTENILHOE IUIAHWPOBAHME JEHUCTBUN Ha 3allyliaeMoin
TEPPUTOPUH, MO3BOJISIOIIMNA OCYLIECTBIATh KaK (DYHKIMM HPEAYNpexIeHUs, TaKk U oOecredeHus
CBOEBPEMEHHOT'0 3KCTPEHHOI'0 pearnpoBaHMsi HEOOXOAUMBIMH CUJIAMH U CPEACTBAMH ISl CIIACEHUS
monaeit u cHuwkenue nociaenctsuii UC. CoBpeMeHHBbIE YCIIOBUS JAMHAMHYECKOTO Pa3BUTHS
YesloBe4YecTBa 00yCIaBIMBalOT BOZHUKHOBEHHE KAaK HOBBIX MCTOYHHKOB PHUCKOB, TaK U CIOCOOOB,
MeTo0B npeaynpexaeHuss YC, uTo BbI3BIBAET HEOOXOAUMOCTh IMOCTOSHHOT'O COBEPIIEHCTBOBAHUS
CUCTEMbl YIpPAaBJIEHUS €IWHON TOCyAapCTBEHHas cHUCTeMa MPEeAyNpeKIeHUs W JIMKBUAALUU
upe3BbryaiiHbIx cutyanuit (PCUC).

Pocr xommuectBa u macmraboB YUC sBisiercss HeraTMBHBIM (DaKTOPOM, TOPMO3SIIMM pPa3BUTHE
HKOHOMHKH 1 OOILECTBA.

W3ydyeHne mpoOiieM BO3HUKHOBEHUS, pa3BUTUS OINACHBIX CHUTYalMil TEXHOTE€HHOIO
XapakTepa, MOCJIEJICTBUHA, BO3ZHUKAIOIIMX NpU peaju3alMu aBapuil B TexHocdepe, crnocoOoB
MOBBILIEHUS] YCTOMYMBOCTH W oOpraHu3anuu Meponpustuid no mukBuganuu YC u  3ammuThl
HaceJleHus sBIseTcs akTyalnbHOM 3anaueid. CoBpemeHHbIM ypoBeHb 3HaHuil B cdepe UC
TEXHOTEHHOT'O XapakTepa JaeT BO3MOXKHOCTh (OPMUPOBATH CTpaTeruu MpOo(PUIAKTUYECKOM
U ONEepaTHBHOM 3aIIMTHI, TAKTUKY CIIAaCEHHUs W JHMKBUAALMHU aBapuil B MHTEpecax oOecredeHus
0€30MacHOCTH HaceJieHUus U TePPUTOPHM 3a CU€T HCIIOJIb30BAHUS COBPEMEHHBIX TEXHMUYECKUX
CPEICTB, TEXHOJIOTMM M METOJOB KOHTPOJI, IPOTHO3UPOBAHUS WU YIPABICHUS B ONACHBIX
curyanusx [6-10].

AKTyanbHOCTh HCCJEIOBaHUs OOYyCIOBJIEHa TEM, YTO COBPEMEHHOE COCTOSHUE
TEXHOTEHHBIX MPOIIECCOB M CYILECTBYIOIIasi Hay4YHas 0a3za 3HaHUM, KOTOpasi OMHMCHIBAET METOAMKY
U aJrOpUTM JCUCTBUH, U PeXuUM (DYHKIIMOHUPOBAHMUSA CHCTEMBbl >KU3HEOOECIIEUeHUs HACEeICeHUs
B ciy4asx Bo3HUKHOBeHUS UC IuKTyeT HEOOXOJUMOCTh pa3pabaThiBaTh HOBBIE METOAMYECKHE
MOJIXO/bI, aJITOPUTMBI M CUCTEMY MHIMKATUBHOW OLIEHKU I pa3paboTku Oosee 3PPEeKTUBHBIX
yhnpaBieH4Yeckux pemeHuid g cuctemMbl YC ¢ yd4eToM pErHoHaJbHBIX OCOOEHHOCTEH
U crienu(pUIecKuX PUCKOB.

Ilens pabGoTel — pa3paboTka METOAWUKH W QJITOPUTMA TOBBIIMICHUS OOOCHOBAHHOCTH
YIPaBIEHYECKUX PpEHIEHHH Ha OCHOBE aHalIM3a KIIOYEBBIX OTIMYUNA U TEPPUTOPHAIBHBIX
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O0COOCHHOCTE B mapamerpax (QYHKIMOHUPOBAHUS CHUCTEMBI 3amuThl HaceneHwss ot YC
TEXHOT€HHOI'0 XapakTepa.

Pe3ynbTarhbl Hcc/ieIoBaHUs M UX 00CY KIeHHe

Pemenusimu  pykoBojauTenei  ¢efepalbHBIX — OpPraHOB — WCIOJHUTEIBHON  BIIACTH,
I'ocynapcrBennoro xomurera Poccuiickoii ®enepanuu, OpPraHOB MCIOJHUTEIBHOM BJIACTH
cyorekToB Poccuiickoit depepaniu, OpPraHOB MECTHOI'O CaMOYIpPABJICHUS W OpraHu3aIui,
Ha TEPPUTOPUHU KOTOPHIX MOTYT BO3HHUKHYTH HJIM BO3HUKIM YC, m100 K MOJHOMOYHSAM KOTOPBIX
oTHeceHa JmkBuaanua YC, nng cooTBETCTBYHOIIMX opraHoB ympasieHus u cui PCUC moxer
YCTaHABJIMBATHCS OAMH U3 CICAYIONINX PEKUMOB (PYHKIIMOHUPOBAHHUS:

— PE&XUM NOBBIILIEHHON TOTOBHOCTH — IPU yrpo3e BO3HUKHOBeHUs UC;

—pexum UC — npu BO3HUKHOBEHUH U JukBuaauu YC.

Kaxnprii pesxxum (yHKIMOHMPOBAHUS MPEAYCMATPUBAET MPOBEICHUE Psia MEPONPHUSTHIA,
OCYILIECTBIISIEMBIX OPraHaMU YIPaBICHUS CUCTEMBI puc. 1.

PeskHM NOBCEIHEBHOI esTeabHOCTH (|

| Coop, obpaborka 1 oOMeH B
YCTAHOBJIEHHOM 110PAAKE
undopmaunci

| H3yyeHHe COCTOAHWA OKPYKAIIEH CPe/ibl

ll\1mm‘|‘0pum‘ ONACHLIX MPHPOJAHLIX ABJICHHIA | |

[ f\t'lOl[l('I'Oplllll' TEXHOIeHHBLIX NTpOLEeccon ]

ITpornosuposanne YUC, a Takke OUCHKA HX
COUMANLHO-IKOHOMHYECKHX TOCHeICTBHI

'> PeskuM NOBLIIEHHOH TOTOBHOCTH (
— - 1 -
| YCHJIEHUE | HEIPEPBIBHbBIH

Coop, oOpabor1ka u 0OMEH B
YCTaHOBJICHHOM ITOPSIKe
wHpopmanmeii

H3yueHHe COCTOAHNA OKPYHAIOLIEH CPeiLbl

[!\'lomnopum OIACHBIX IIPHPOLHBIX xu.lcuuﬁl

I MOHHTOPHHT TEXHOTEHHBIX TTPOIECCOR |

Ilpornosuposanue UC, a Takke ouenka ux
CONHATBHO-DKOHOMHYECKHX TTOCENCTBHIT

Ny

Peskum ype3BbpIvaiiHON CHTYAIHH k::

HEINPEPHIBHb! HEINPEPBIBHBIN

- Coop, oOpadorka n obmen B
M3yyueHne COCTOAH A OKPYHAIOLLEH CPeibl YCTAHOBICHHOM TOPSIKe
HHpopmanmei

MOHH TOPHHI" OHACHBIX HPHPOLHBIX ABJIEHHUI

MOHHTOPHHI' TEXHOI'EHHBIX [IPOLECCOB

Ipornosuposanne YC, a Takixe oueHKa UX
COIHANBHO-DKOHOMHYECKHX 110C/IE/ICTRHIT

Puc. 1. O0beM KOHTPOJIMPYEMbIX IAPAMETPOB B 3aBUCHMOCTH OT peskuMa GyHKIIMOHUPOBAHUS
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Ha Teppuropun Poccun BO3MOKHO IIPOSIBICHUE 3HAYUTEIIBHOIO KOJMYECTBA OIACHOCTEH,
CBSI3aHHBIX C 3aIIPOEKTHBIM (DYHKIIMOHUPOBAHHEM OOBEKTOB SKOHOMHKH, KPU3UCHBIMU SIBICHUSAMU
UHOPPACTPYKTYPHI U KU3HEOOECTICUCHUS HACEICHUSI.

['maBHOM 1I€NIbI0 MOHUTOpPUHIA T€XHOC(EpH! sABIsAETCA 3a0JaroBpeMeHHas UJIeHTH(UKaus
ornacHocte U yrpo3. KoHTpoib KOJIMYECTBEHHBIX, BPEMEHHBIX, IPOCTPAHCTBEHHBIX U APYTUX
[apaMeTpoB ~ MOHHUTOPHUHIA  IIO3BOJIAET  NPOBECTH  NPOPHIAKTUYECKUE  MEpONPHUTHS,
o0ecreynBaoIUe MTATHOE (YHKIIMOHUPOBAHNUE TEXHUUECKUX CHCTEM.

OmnpezencHre MOHATHS «TEXHOTEHHAs OMacHOCTh» packpeiBaercss B «['OCT 22.0.05-97 /
I'OCT P 22.0.05-94 MexrocynapcTBEHHBIN cTaHAApT. be30nacHOCTh B Upe3BbIYAHBIX CUTYAIUX.
TexHOreHHbIE Ype3BpIYaliHBIE CUTYalUU. TepMUHBI U ONIPEACICHUS.

[Tporno3 mr00bIX COOBITUH, WX TPEABHICHHE — BO3MOXKHOCTH M30€XKaTh HETaTHBHBIX
MOCJIE/ICTBUM, MUHUMHU3UPOBATh MOTEPU U yLIEpO, NPUHATh HEOOXOJUMBIE YIIPEkKAAIOLIUE MEPHI.
B cmydae, korma mporHo3 cBsizaH ¢ TexHuueckumu oObektamu (TO), BO3HHKHOBEHHE
Ype3BbIYaHBIX COOBITHH Ha TO — pe3yabTaT HEOIArompHUATHBIX COYETAHHH YpPOBHEH OOJIBIIIOTO
KonvecTBa (hakTopoB, cBsi3aHHBIX ¢ pyHKHoHpoBanueM TO. [Toatomy s aHAM3a, UMEIOIIETO
CBOEH 1LeJbI0 JIIOObIE IMPOrHO3bI, IEPBOOYEPEIHBIM JACHCTBUEM SBJISETCSA, BO3MOXKHO, IIOJHOE
orpesiesieHue BceX (PakTopoB, CBA3aHHBIX C CyHIECTBOBaHHEM paccMmarpuaemoro TO.

Bce daxTopsl Moryr ObITh c(hOpMHUpOBaHBI B JIB€ HOATIPYIIBL: KOJIWYECTBEHHbIE
1 KayeCTBEHHBIE.

I'maBHBII NpU3HAK  KOJMYECTBEHHBIX (DAKTOPOB — BO3MOXKHOCTb IPEACTaBICHUS
uX (pU3MYECKNX MPU3HAKOB YMCIIOM (TeMIIeparypa, 1aBjeHue, Harpy3Ka, HarpspkeHue u ap.). Takoe
IIPEICTAaBICHUE IIO3BOJIAET CPAaBHMBATh W3MEPEHHBIC BEJIWYMHBL, IMPOU3BOAUTH C HHUMHU
HE00XO/IMMBIC BBIYMCIUTEIBHBIE ONIEPAIIH U TIPEOOPa3OBAHMS.

KayecTBenHnble (akTopsl He 0O0NaJarOT TAaKOM BO3MOXHOCTBIO, XOTS B psje CIy4yaes
U C HUMH MOIYT OBIThb CBSI3aHbl HEKOTOpbIE KOJMYECTBEHHbIE OIeHKU. Hampumep, ecnu
B npoctpaHcTBe TO paccMaTpuBalOT BapUaHThl Pa3MELICHUS TEXHOJOTHYECKOro 000pylOBaHMS,
TO B IMEPBYIO OYEpeIb OICHOYHBIMU KPUTEPUSIMU SIBISIFOTCS IOKa3aTeld ONTHUMaJIbHOCTU
peanu3zanuu TexHonorndeckoro npouecca (TII). B To ke Bpems npu BozHukHoBeHun YC npunsaroe
pa3MelleHre TEXHOJIOTUYECKOro OOOpy/lIOBaHUS MOXET CO3/1aTh TPYJHOCTU IPH HBaKyalllH
NepcoHaja, MEepeMeIleHNH clacaTeldbHbIX CPeACTB U 00opynoBaHus. Jlis omucaHus CUTyaluu
MOKET OBITh MCIIONIB30BaH TAaKOM IMOKa3aTeslb, KaK BpPEeMsl 3BaKyallUM NpU pa3HbIX BapUaHTax
pasMelleHHs] TEXHOJIOTHYECKOro 000pyI0oBaHus (KOIMYECTBEHHBINH mpu3Hak). Ho ogHO3HAaYHOCTH
TaKOM OILIEHKH 3aTPYAHEHA, TaK KaK OHa OyAeT pa3HOH AJis pa3HbIX KaTeropuil pabOTHUKOB U BHI0B
criacaTteiabHbIX CpeAcTB. 1loaToMy B Takux ciydasx NPEANOYUTAIOT NPUMEHATh KadeCTBEHHBIE
OLIEHKH (XOpOIIO — YJOBJIETBOPUTEIBHO — IJIOXO).

Jns Bcex BUAOB (DaKTOPOB, KOTOPbIE MOTYT OBITh HPUBJIEYEHBI S OLEHKH YPOBHS
6e3onacHoct, YC, xapakTepHO TO, YTO BCE OHM UMEIOT Pa3iMuHyI0 (PU3MYECKYIO MPUPOIY, UTO
3aTpyAHSAET BO3MOXKHOCTb MX TPYNIHUPOBaHMSA, OOBEIUHEHUS MPHU MONBITKE CHUHTE3a HEKOTOPOIO
0000mEHHOrO TMOKazaTedss — B JaHHOM Cllyd4ae OILIEHKM YPOBHsS 0€30MacHOCTH Mpu
nporHo3upoBanu UC. B Hacrosiiee BpeMsi cXeMa OpraHM3alud YIPABIECHUS B KOMIUIEKCHOU
CHCTeMe UMeeT BHJI, TPUBE/ICHHBIN Ha pucC. 2.

OpranamMu TOCYAapCTBEHHOH BiacTu cyObekToB Poccuiickoit ®enepauuu M opraHaMu
MECTHOTO CaMOYMpaBJI€HUs TMPOBOIUTCS padoTa IO OpraHU3alUd U COBEPILIEHCTBOBAHUIO
TEPPUTOPUATBHBIX KOMIUIEKCHBIX CHCTEM oO0ecredeHus: 0e30MacHOCTH >KU3HEAESITEIbHOCTH
HACEJIEHUS Ha COOTBETCTBYIOIUX YPOBHSX.

Co3nanue TeppUTOPHATIBLHONM KOMIUIEKCHOM CHUCTeMBbI (peruoHa, pailoHa WM TOpoAa)
MIpeJioJiaraeT peleHue caeayoImx 3a1ay:

— IPOBEJIEHUE JAETAIU3MPOBAHHOIO aHAIM3a XapaKTEPHBIX PUCKOB C YYETOM BCEX
0COOEHHOCTEN TeppUTOpuUil;

— OpraHU3alMOHHO-TEXHUYECKOE OOBEIMHEHUE BCEX HMMEIOIIMXCS 3JIEMEHTOB U PECYpPCOB
B IIOJICHICTEMBI (110 HAIIPABICHUSIM JESITEIbHOCTH B 3aBUCUMOCTH OT XapaKTEPHBIX PUCKOB);
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— o0ecrieueHre  COTJIacOBAaHHOTO  (YHKIIMOHUPOBAHHUS BCEX CHUCTEM MOHUTOPUHTA
1 71a00paTOPHOTO KOHTPOJIS;

— olecrieueHue JEATEIBHOCTH OpPraHOB YIPABJICHHS IyTeM BHEAPEHUS COBPEMEHHBIX
WH(POPMAIIMOHHO-YTIPABISIFOIINX, T'C€OMH(POPMALMOHHBIX, MPOTPaMMHBIX W  aHATUTHYECKUX
KOMIUICKCOB JUIsl TPOTHO3UPOBAHUS M MOJICTTUPOBAHUSI OOCTAHOBKH, a TAK)KE€ KOMIUICKCOB 3aIllUTHI
nHpopManuu;

— OIpeleNIeHuEe COCTaBa TPYNIHUPOBKH CHUJI M CPEACTB (B TOM 4YHCIE C Y4ETOM
(dbopMHUpOBaHUH, CO3/]aBAEMBIX Ha HEIITATHON U JOOPOBOJIBHON OCHOBE);

— CO3/IaHHE U TOMOJIHEHUE 3aIIaCOB MAaTEPUATBHBIX U TEXHUYECKHUX CPEJICTB.

IleHTp YpaBNeHNS B KPH3UCHBIX CHTYaTTHAX

TTyHKT ynpap/ieHHs KOMIUIEKCHOH CHCTeMOii

Topoinckol MOHHTOPHHIOBBIH LEHTP

Hinpopmarimornmnii mentp
OKCHOH (1I¥OH, 1IMOH) Topoackoii meHTp
Hlt-.ll’..‘U}l‘dGU].lU,'J.Cll.Hll

CHCTEMEI AKCTPEHHO CRAH . - - Curyanmonuiii
CryxGa oGpaboTrn HEHTP cyobekTa P
' IKCTPEHHEIX BEI30BOB «l12x%

Clictema FECTPCHHOID Bbl30EE
wl pasmmaHiH — [ Lo

Beaomcreenune
CHTYAITHOHHEIE TIEHTPEI
(I'VBJL, ¥®CE, ¥YdCO)

Tenedonmeie 0 2TEKTPOHILE Henrp
OOPAITEHNA TPAKAH FTPABISHHA JOCTYTION

JlokamkeHLI yaen
CHecTeMEl BHE0HADTIOIEHHA CHCTEM MOHWTOPHHIA 00LEKTOB
(ropojckas 1 BCAOMCTECHLILIC)

CMepaTHEHRE
BEIOMCTRCHHLIC CYATED
Veeld Do, ald2, a3, wlldm,

f wANTITCppOpS )
JoKanbHBIE CHCTEMBL DE301ACHOCTH O0LEKTOR ' .
= IPPORLIE TOTORE
. Crcrems [1oHCKOBBIG CreTeMLT FOITpOnA
CHCTEMET N0 CTYIA
'JK(!']PCH.HUIU BhlS0BA H HARNAT AITHONI LIS
OXPAITIO-TIONGAPTTRIX + - OMCPATHEHAA MEpOpMAIDA
CHIHAIHSALHE LA I:ECHIEE C"CTP:MT_’]'- F"CTEM” ABTOMHEIMYCCRILG
CHTHATH AT CUCHUHIY VCTAHOBKI TIOKAPOTYLICHIA
* - TEMATHEOCKI: TAEHBIC
CHcreMpl KOHTPO.IS H MOHHTOPHHIA COCTUHHEN 00BEKTOB ‘

Puc. 2. Cxema opranu3aumy ynpasJjeHHsl U B3aUMOJelicTBUSI B KOMILIEKCHOI cucTeMe odecneyeHust
0e30MacHOCTH KM3HeAeATeILHOCTH HaceTeHHs
(T'YB/I - rnaBHoe ynpasjenue BuyTpenunx aei; YOCB — ynpasJjienue deaepaabHoii cayk00ii
oesonacnocT; Y®CO — ynpasiieHue peaepajbHoOi cIyKk00ii 0XpaHbI)

K 3amagam KOMIIJIEKCHON CHCTEMBI, PEIIAEMbIM B LENIAX NPEIYyNPEKACHUS paIualliOHHbIX
WHIMJIEHTOB, OTHOCSATCS TPOTHO3MPOBAaHUE paJUAllMOHHONW OOCTaHOBKH; NpEeAyHpexIeHHE
U MUHUMH3ALUS BO3MOXKHBIX IOCJIEICTBUN pagualliOHHBIX WHIIMIEHTOB; 00eCreYeHHe BBICOKON
BEPOSITHOCTH OOHApY)KEHUsI BO3MOXHBIX UCTOYHUKOB MOHU3UPYIOIIEr0 M3JIy4YEHUs 3a OTBEIECHHOE
BpeMsl KOHTPOJISL; oOecriedyeHre TOTOBHOCTH CHUJI M CPEJACTB, MpeIHAa3HAYeHHBIX ISl MPOBEACHUS
KOMILUIEKCAa MEPOIPUATHNA [0 MNPEAYNPEXACHUI0 U JIMKBUJALMU IIOCIECACTBUM pPaJUallMOHHBIX
MHIUACHTOB; 00ecreyeHrne IKCIPECCHOCTH PaJAHallMOHHOTO KOHTPOJIS; MOJAepKaHUE MTOCTOSHHOM
TOTOBHOCTH JIEMEHTOB TIOJICHCTEMBI 00ECTIeYeHHUs paIualnoHHON Oe3omacHocTH (puc. 3).
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Moacucrema [loxcucrema
R MIPHPOIHO-TEXHOTEHHOM Moacucrema
T BeromACHOCTH odecneyenns
BeOMACHOCTH noAkapHOi Oe30macHOCTH
Ve KommiexcHas N
Iloocucrema r-’ CHCTEMA A Moacuerema
MOHUTOPHHTA OOLEKTOR \ GeIONACHOCTH ) obecnieucHHS
T2K u KKX wmcﬂm“ ﬂbmmy oesonacnocti KBO, TIOO
e — _
IMoacucrema MoxcucTeMa IlmlcucTema
Be30MacHOCTH Oe30MacHOCTH

OMOBEIIIEHWA H IPYTHE

OOMMECTBEHHOTO TIOpA/Ka CHCTEMElI MOHHTOPHHIA

Ha TPaHCTIOPTE

Puc. 3. IIpumepHbIii cocTaB MOACHCTEM, BXOASIIUX B TEPPUTOPHAIBHYI0 KOMILJIEKCHYIO CHCTEMY
o0ecneuenns 0e30nMacHOCTH Ku3HeaeaTeJbHOCTH: TOK — TOMIMBHO-9HEPreTHYeCKHil KOCILIEKC;
AKX — KuIMIHO0-KOMMYHaIbHOE X0351iicTBO; KBO — KpuTHYeCKH BasKHbI 00beKT;
IIOO — noTeHUAJBLHO ONACHLIA 00bEeKT

[Toncucrtema obecrieyeHUsl paguallMOHHOW OE30MAaCHOCTH COCTOMT U3  CJIEAYIOIIMX
OCHOBHBIX 3JIEMEHTOB:

— OpraHbl YIIpaBJICHHUS;

— CHCTEMa MOHHUTOPHMHIA  pAJAMALMOHHOW  OOCTAHOBKM  (COBOKYMHOCTb  JaTYMKOB
1 000py/1I0BaHUS ITYHKTOB HAOJII0/IEHUS);

— cucrema cbopa U 06paboTKu HHPOpMaIH;

— KOMIUIEKC ITPOTHO3UPOBAHUS Y MOJIEJIMPOBAHUS paIlalliOHHON 00CTaHOBKH;

— CHJIBI M CpeJICTBa 0OecrieueH s paJualliOHHON 0€30aCHOCTH;

— 3a11achl MaTepUaIbHBIX U TEXHUYECKUX CPEJCTB.

Jlns Oonee pAeTanbHOrO aHalu3a B TNpeAsaraéMoil KOMIUIEKCHOM METOAMKE OLEHKH
IpenrnosiaraeTcs MNPUMEHEHUE MeTo/la «TajCcTyk-O0abouka». OCHOBHbIE MNPUHLMIIBI W IpaBUiIa
noctpoeHuss auarpammel usnoxkensl B [OCT P 51901.23-2012 «MenemxmenT pucka. Peectp
pucka. PyKoBOACTBO O OLIEHKE pUCKa ONACHBIX COOBITUH /JIsl BKIIIOUEHHS B PEECTP PUCKa.

OcHOBHOE BHHMMAaHHE IPH aHAJIW3E PHUCKA YIESUIM HCCIEIOBAaHUIO OapbepoB MEXIY
MPUYMHAMU ¥ ONTACHBIMU COOBITUSIMH; ONTACHBIMU COOBITUSIMU U TIOCTIEACTBUSMHU pHC. 4.

[TpenBapuTenbHbId aHAIM3 PUCKOB U pa3zpaboTaHHOE rpadoaHaTIUTUYECKOE MPEICTaBICHUE
oOmieil cxembl XapaKTepHbIX IJi1 paccMaTpuBaeMblXx TexHOreHHbIXx UC, MO3BOJISET OMpeneNuThb
MIPOAKTUBHBIE Oapbepbl, BIUAIONINE HA KOHKPETHBIA BU U KICTOUHUK TexHOorenHoi YC.

AHAJIOTHYHO PacCMOTPUM TIPABYIO YacTh JUATPAMMBl «TalICTyK-Oabouka» (puc. 4) mis
Ka)KJJOTO NCTOYHUKA PUCKA.

OTO MO3BOJSET BBIJACINUTH PEAKTUBHBIE Oaphepbl (MEPOIIPUATHS 110 KOHTPOJIIO), BIUSAIOIINE
Ha CHIDKCHHUE TTOCIICICTBUI BO3eHCTBHS Kax 10l koHkpeTHoit UC (puc. 5, 6).
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PeaktusHble
dakTopsl MpoakTueHbie Bapbepbl
(MCTOMHUEKN) | Gapvepor | |(Meponpnmu9 no NocneacTeus
| (koHTponM)) | pearwposaruio) |
Hapywexue Tex 1] YCnoBws XuM3HWU 1
npouecca ' ! AESTENLHOCTH
Pazpywenue WL
Rdereivis 300poBLE
(coopyxerns)
TpaHcnopTHoe
NpoucLLECTBUE
I Mmyuiecteo
BHewHsa cpeaa | |
I | Okpyxarwasn
| | | | cpena

Puc. 4. Ilpumep «rajicTyK-0a0049Ka» AJ8 pacCMaTPUBAEMOil CHCTEMbI

MpoakTusHbie Bapbepsb!
(KoHTpONK)

=
4
© 1]
X = & = |
s o % | =]
§o° @© o 2
g_‘ 2 X &; — BF
= . o 3 E 29
T © 8 £ =0
3= B8z 53l T
@ 95 g3 S
s 8 2z g 28
o= =@ 27 ST
o n X h=] o
o 9 - =T Sm S(!:I
S S5 =« £S5
23 i g 63
B 2 g S
= = = =
5 o Fa
=
= o =
% 2 2 = S
= @ > 5 =) o O
] o | x T o) I o X
= w 5 w s = @ o = E
T T 2| | & 74 - g < 2 3 20
3 3 || E g o 3 s 3 . 2 2 E
|3 “El13|le||l8]|]| & = g | B3 o X EE
= 3 S S8l |2 g o | leB g B 2L 2z | B8R
o & = = ) =Q 3 I I = ® o n
s o > =
g||5||8| BE||g||3||8||83 5 = | |53 25| |823
ES = - < © S @ 2 =3 =) 2 —=HQ o 83
= o @ So = @ ] b ) ) ® w
= = =0 ’§ E 3 = o S ZQ‘ §: m§
= @ = = = = O =}
o Sl E @ ‘;D: T <y [=3 P = a‘;b:
£||3 S| |28 3 g £ 8 2 s
o s 2 @ = o =%
52 L x = = =
o B ] = = 2 2 = 8
g E : ! 1| 3
o =
3 x =

Puc. 5. [Ipumep cTpykTyps! npoakTuBHbIX 6apsepoB: [P — npoexT npoussoactea pador; COIIB — cucrema
odecnieyeHus noxapHoii 0esonacHocty; TCM — ToIUIMBOCOACpP:KALLE MATEPHAIBI
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PeakTuBHbie Gapbepbl
(MeponpuaTUA NO pearupoBaHuio)

YCnoBusa XM3HW U
OeATenLHOCTU
HapyweHue Tex.
npouecca
HKu3Hb 1
HewcnpasHoCcTe 3A0poBLE
MHKEHEPHbLIX
cucTem
PaspyweHue MmyuiecTeo
3gaHna
(coopyxeHnus)
Oxkpyxatowasn
BHewHsa cpega cpepa

Puc. 6. [Ipumep 3Tana nocTpoeHue NPOAKTUBHBIX 0apbepoB

OO0umii mokasaresib 10 KOHKPETHOMY HCTOYHUKY TexHOreHHo UC MOXHO NHpeAcTaBUTh
B BU/JIE JIepeBa puc. .

Kaxxnplii n3 ncTouHukoB pucka texHoreHHoW YC, ompenenéHHbIX M1 paccMaTpUBacMoOn
TEPPUTOPHUH, BO3MOXKHO TIPEACTAaBUTh Kak HAOOp COOBITHI C YHUKaJIbHBIMH HPOAKTHBHBIMH
U peaKTUBHBIMHU Oapbepamu.

JleTepMHUHUCTHYECKOE 3HA4YeHHWEe HMCKoMoro mokasatenss (Pyp) MOXHO — BBIPa3HTh
CJIEYIOIUM BBIPAKEHUEM:

P,(up) = A(pa);w; + A(pa),w, + A(pa)s;wsz + A(pa) 4w, +
+A(a)sws + A(a)swe+ A(a); 07 '

r7e a — 3HaueHue MMoKa3aTells; ( — BeC 3HaUeHUs B 00IIEM TOKa3aTele.

3HaueHUe KaxJI0ro paccMaTpuBaeMoro 0apbepa OyaeT onpeaemnsaTcs 3HAYSHUSIMU DJIEMEHTa,
€r0 COCTaBIIAIONIETO, Tak 3HaueHue s Oapeepa Ne 1  «OpraHu3aniOHHO-TEXHHYECKHE
MEPOTPHUATH BO3MOKHO MPEJCTABUTH CIEAYIONIUM BRIpAXKEHHUEM B (hopMyIie:

Ai(pa) = a; 1wy 1 ta;,01, + 333w 3.

HUcxona w3 npunsatod B Poccuiickoit ®enepanini TEPMUHOJIOTHH, MOYKHO BBIICIIUTH
OCHOBHBIE AJIEMEHTBI CUCTEMBbI 3alUThl HaceneHus: oT YC TEeXHOreHHOro xapakTepa, MmapaMeTphbl
Y COCTOSIHUSI KOTOPBIX MOTYT SIBJISITHCS TTIOKA3aTEIEM COCTOSIHUE 3AIUIIEHHOCTH KU3HH H 3J0POBbS
TMOJe, UX WMYIIeCTBa M cpelbl oOWTaHUsS dYenoBeka OT omacHocTedl mpu UC TeXHOTEHHOTO
XapakTepa COTrJIacCHO ompeneneHuto (puc. 8).
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MpoakTueHble Hapbepbl
(koHTPONMK)

Alpa) a13

ad4.2

Puc. 7. /lepeBo noka3arteseil HCTOUHMKA PUCKA

3awwura HaceneHns ot YC TeXHOreHHOro xapakrepa

MpeaenbHoe CHUXeHe
noteps npu YC

MpepoTepallermne YC
TEXHOTEHHOTO XapakTepa

CBoeBpemeHHoe
pearupoBaHue

COCTOSIHIS! UCTOYHUKOB
TexHoreHHon YC

PeaktuBHble Gapbepsb!
(MeponpuaTUA No
pearmpoBaHuio)

A(a)
ab.1

=

Bpemsi npubbiTus
AocTatouHblx CnC

(obnexToB)

NUKBAAALIN

Cwnbl 1 cpeacTea Ang

=N

Konnyectso CuC ans
nukenaaumm YC

Puc. 8. OcHoBHbBIE 3JIeMEHTHI CUCTEMbI 3aIUTHI HaceaeHust oT UC TeXHOreHHOro XapaKTepa
(CuC - cnenuajbHble HHKeHEPHbIE CIIYKObI)
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OCHOBHBIMH 3JIE€MEHTAMHU CHUCTEMEI 3alllUThl HACCJIICHHSA OT YC TeXHOTeHHOIr0 XapaxKkTepa
Oynyt sBisThCs ipeaoTBpamienue YC u npenenpHoe cHKeHune moreps npu UC.

3akarouyenue

PaccMoTpeHbl OCOOCHHOCTH CHCTEMBl MOHUTOpUMHTa TexHOreHHbIXx YC B pamkax
COBPEMEHHBIX TMOJIXOJ0B K OOECIICYCHHIO OC30MAaCHOCTH, BBIJACICHBI KIIOYEBBIE OCOOCHHOCTH
(YHKIIMOHUPOBAHHUS CHUCTEMBI. BBHINIOJNIHEH aHaau3 U ONpPENeeHbl OCHOBHBIE 3JIEMEHTHI CHUCTEMBI
3amuThl HaceneHuss oT YUC TEXHOreHHOro XapakTepa, MapaMeTpbl KOTOPBIX MOTYT SIBJISITHCS
MOKa3aTeISIMU COCTOSTHUS 3alIUIIICHHOCTH XU3HHM W 3J0POBbS JIFOJEH, UX HMYIIECTBA M CPEIbI
OOUTaHUs YeI0BeKa OT OMAaCHOCTe! npu TexHoreHHbx YC.

Ha ocHOBe CyIecTBYOIMX METOAUK U MHCTPYMEHTOB aHAIM3a, CTATHCTHYECKUX JTaHHBIX
U JIaHHBIX TO (YHKIIMOHUPOBAHHUIO CHUCTEMBI COCTaBIIEH PEECTP PUCKOB, XapPaKTEPHBIX IS
paccMaTpuBaeMOW  TEPPUTOPHUH, W  BBINOJIHEHa WX 0Oa30Bas  CKPUHUHIOBAas  OIICHKA
U IIPEABAPUTEIIbHBINA aHAIN3 OIIACHOCTEM.

CnHcoK MCTOYHMKOB

1. AxumoB B.A. OOmas Tteopus O€30MACHOCTH KHUIHEACITEILHOCTH B COBPEMEHHOMN
kaptuHe mupa. M.: ®I'bY BHUU I'OYC (PLI), 2018. 136 c.

2. HapéxHOCTh TEXHMYECKHUX CUCTEM U TeXHOTeHHBIN puck / B.A. AkumoB [u ap.]. M.: 3A0
OUJI «JlenoBoii sxcmpecey, 2002. 368 c.

3. l'ocynapcTBeHHBIE JOKIAIBI O COCTOSIHUU 3aIIUTHl HACENIeHUs U TeppuTopuit Poccuiickoit
@enepanuy  OT  YpEe3BbIYAMHBIX  CUTyallMM IPUPOJHOTO M TEXHOIEHHOIO  XapakTepa
B 2010-2019 romax. M.: MUC Poccun, 2011-2020.

4. The Global Risks Report 2021, 16th Edition, is published by the World Economic Forum.

5. AkumoB B.A., begmino M.B., Cymes C.II. MccnenoBanve 4pe3BbIYAHBIX CHUTYyalIMid
MPUPOJHOTO, TEXHOIE€HHOTO M OMOJIOro-COIMAIBLHOIO XapakTepa COBPEMEHHBIMH HayYHBIMH
Metoaamu: MoHorpadus. M.: ®I'bY BHUUT'OUC, 2021. 179 c.

6. apopManimoHHO-KOMMYHHUKAIIMOHHBIE ~ TEXHOJIOTUM  OOecreyeHus:  0e301macHOCTH
KU3HeaesTensHocTH: MoHorpadus / mox obur. pen. I1.A. Ilomosa. M.: ®I'Y BHUU I'OUC (DLI),
2006. 272 c.

7. O pa3paboTKe MOAETH MOHUTOPHHIA COCTOSIHUSI CUCTEMbI KOMILJIEKCHOM 0€30MacHOCTH
3aKpBITOrO aJIMUHUCTPATUBHO-TEPPUTOPUATILHOTO oOpa3oBanus / A.B. Peibakos [u ap.] // Hayuno-
aHAJTMTUYECKHH KypHan «CHOUpCKUil moskapHO-criacaTeabHbIN BecTHUKY». 2019. Ne 4. C. 65-609.

8. Uynpusa A.Il. Meroanueckue pexomengannu AIIK «be3zomacHslii ropoy MoCTpoeHHE
(pa3BuTHE), BHEIpEHUE U AKcIutyatanus 2-4-87-12-14 ot 22 ¢desp. 2015 r. Joctyn u3 cmpas.-
MpaBoBOro noprana «I apanr.

9. AxkumoB B.A., Munenko C.JI., Ontsn W.}O. Henuneitnas Hayka Juisi McCleIOBaHUs
aBapuii, karactpo¢ u ctuxuitHeix 6eacteuii. M.: ®I'BY BHUU I'OYUC (DLI), 2020. 142 c.

10. IlpoekTnpoBaHue  CHCTEM  TOJJIEPKKM  YIPABICHUS  MPHUPOJHO-TEXHOTCHHOM
0€30MacHOCTBIO TEPPUTOPHI C Hcmosib3oBaHUeM oHtojoruii / A.B. Kamau [u np.] / BectHuk
Boponexckoro rocynapctBeHHoro ynuepcutera. Cep.: CUCTeMHBIN aHAINW3 U MHPOPMAILIMOHHBIE
texHomoruu. 2021. Ne 3. C. 95-105.

References

1. Akimov V.A. Obshchaya teoriya bezopasnosti zhiznedeyatel'nosti v sovremennoj kartine
mira. M.: FGBU VNIl GOCHS (FC), 2018. 136 s.

2. Nadyozhnost' tekhnicheskih sistem i tekhnogennyj risk / V.A. Akimov [i dr.]. M.: ZAO
FID «Delovoj ekspress», 2002. 368 s.

3. Gosudarstvennye doklady o sostoyanii zashchity naseleniya i territorij Rossijskoj
Federacii ot chrezvychajnyh situacij prirodnogo i tekhnogennogo haraktera v 2010-2019 godah.
M.: MCHS Rossii, 2011-2020.

4. The Global Risks Report 2021, 16th Edition, is published by the World Economic Forum.

93

MaremMatuueckoe MOACINPOBAHUEC, KOMIIBIOTCPHBIC TCXHOJIOI'MU B TCOPUHN YIIPABJIICHUS CJIOKHBIX IPOLICCCOB



Ne 1-2022 Bectauk CII6 yu-ta I'TIC MYC Poccuu http://vestnik.igps

5. Akimov V.A., Bedilo M.V., Sushchev S.P. Issledovanie chrezvychajnyh situacij
prirodnogo, tekhnogennogo i biologo-social'nogo haraktera sovremennymi nauchnymi metodami:
monografiya. M.: FGBU VNIIGOCHS, 2021. 179 s.

6. Informacionno-kommunikacionnye tekhnologii obespecheniya bezopasnosti
zhiznedeyatel'nosti: monografiya / pod obshch. red. P.A. Popova. M.: FGU VNII GOCHS (FC),
2006. 272 s.

7. O razrabotke modeli monitoringa sostoyaniya sistemy kompleksnoj bezopasnosti
zakrytogo administrativno-territorial'nogo obrazovaniya / A.V. Rybakov [i dr.] // Nauchno-
analiticheskij zhurnal «Sibirskij pozharno-spasatel'nyj vestnik». 2019. Ne 4. C. 65-69.

8. Chupriyan A.P. Metodicheskie rekomendacii APK «Bezopasnyj gorod» postroenie
(razvitie), vnedrenie i ekspluataciya 2-4-87-12-14 ot 22 fevr. 2015 g. Dostup iz sprav.-pravovogo
portala «Garanty.

9. Akimov V.A., Didenko S.L., Oltyan I.Yu. Nelinejnaya nauka dlya issledovaniya avarij,
katastrof i stihijnyh bedstvij. M.: FGBU VNIl GOCHS (FC), 2020. 142 s.

10. Proektirovanie sistem podderzhki upravleniya prirodno-tekhnogennoj bezopasnost'yu
territorij s ispol'’zovaniem ontologij / A.V. Kalach [i dr] // Vestnik Voronezhskogo
gosudarstvennogo universiteta. Ser.: Sistemnyj analiz i informacionnye tekhnologii. 2021. Ne 3.
S. 95-105.

HNudpopmanus o crarbe:

Craths noctynuia B penakiuio: 17.03.2022; ogobpeHa mocie perienzuposanus: 29.03.2022;
npunsaTa K myommkarmmn: 30.03.2022

Information about the article:

The article was submitted to the editorial office: 17.03.2022; approved after review: 29.03.2022;
accepted for publication: 30.03.2022

HUngpopmayusa 06 asmopax

Anapeii Braguvmuposuu Kanau, Hayanpauk kadeapsr 6e3omacHOCTH WHPOpPMAIMK W 3aIIMTHI CBEICHHI,
COCTABISIIOIIMX TOCYHNapcTBeHHYI0 TaiiHy Boponexckoro wuHctutyta OCHH Poccun (394072,
r. Boponex, yin. Upkyrckas, a. 1-a), JOKTOp XHUMHYECKUX HAyK, MPOQeccop, MOYETHbIH PabOTHUK Chepbl
obpazoBanus Poccuiickoit ®emeparum, e-mail: a_kalach@mail.ru, https://orcid.org/0000-0002-8926-3151
Hukonaii BukropoBuu MapTHHOBMY, HAay4YHBId COTPYIHHUK OTAENa MPUKIAAHBIX HCCIEIOBAHUU
W HMHHOBAaLMOHHBIX TexHoJorui HayuHo-TexHumueckoro neHtpa CHOHMPCKOM MOXXapHO-CHAacaTeIbHON
akanemuu ['TIC MUC Poccun (662972, KpacHosipckuii kpaid, r. Kenesnoropek, yi. Cesephas, . 1); e-mail:
martin-nv@mail.ru, https://orcid.org/0000-0001-6897-853X

Anpapeii KaumentbeBuu YepHblx, npodeccop xadenpel wuHpopmatukd u Matematuku CaHKT-
ITetepOyprckoro BoeHHoro opnaeHa JKykoBa WHCTHUTYTa BOMCK HamumoHanbHOM rBapamu (198206, Camkrt-
Ilerepoypr, yua. Jletumka ITmmrotoBa, a. 1), HOKTOp TEXHMYECKMX  HayK, mpodeccop,
https://orcid.org/0000-0003-1008-2057

Information about authors:

Andrey V. Kalach, head of the department of information security and protection of information
constituting state secrets of Voronezh institute of the Federal penitentiary service of Russia (394072,
Voronezh, st. Irkutskaya, d. 1-a), doctor of chemical sciences, professor, honorary worker of education
of the Russian Federation, e-mail: a_kalach@mail.ru, https://orcid.org/0000-0002-8926-3151

Nikolai V. Martinovich, researcher of department of applied research and innovative technologies
of the scientific and technical center of the Federal state budgetary educational institution of higher education
Siberian fire and rescue academy of State fire service of EMERCOM of Russia (662972, Krasnoyarsk
Territory, Zheleznogorsk, Severnaya St., 1); e-mail: martin-nv@mail.ru, https://orcid.org/0000-0001-6897-
853X

Andrei K. Chernykh, professor of the department of informatics and mathematics of the St. Petersburg
Military Order of Zhukov Institute of the National guard troops (198206, St. Petersburg, Pilyutov St., 1),
doctor of technical sciences, professor, https://orcid.org/0000-0003-1008-2057

94
MaremMatuueckoe MOACINPOBAHUEC, KOMIIBIOTCPHBIC TCXHOJIOI'MU B TCOPUHN YIIPABJIICHUS CJIOKHBIX IPOLICCCOB


mailto:martin-nv@mail.ru
https://orcid.org/0000-0001-6897-853X
https://orcid.org/0000-0001-6897-853X

Ne 1-2022 Bectauk CII6 yu-ta I'TIC MUYC Poccun http://vestnik.igps

VK 614.8
OIIEHKA BJIUSHUA HUPPOBBIX TEXHOJIOIUA HA IIOKAPHYIO
BE3OITACHOCTDb HE®TEI'A30BbIX OBBEKTOB

Nenuc Cepreesuu Koposies™.

BopoHexcknii rocy1apcTBeHHbI TeEXHUYECKUIT YHUBepcHUTeT, I'. Bopone:x, Poccus.
Cepreii Anexcanaposu4 Konuakos.

Axagemus I'lIC MYC Poccuu, MockBa, Poccust

“otrid@rambler.ru

Annomayus. CoOBpeMEHHBIE pEANMU TaKOBBI, YTO MHPOBOE COOOIIECTBO MPU3BIBACT
SHEPreTUYECKUEe JCP)KaBbl TEPEXOJUTh HAa HU3KOYIJIEPOJHYIO SHEPrOCUCTEMY, B YaCTHOCTHU
Ha WCIOJB30BAaHUE BOJOPOJA, a TaKXKe IMOBCEMECTHOE BHEAPEHUE MH(PPOBBIX TEXHOJIOTHI
B Pa3lIMYHBIC OTPACIH MPOMBIIUICHHOCTH. B cTaThe MpoOBENeH aHallu3 CIOKUBIICHCS CHTYAIlWH,
OIICHEHO COBPEMEHHOE COCTOSIHME TOTOBHOCTH MPHHITH COBPEMEHHBIE TpPEHIbL. Pe3ynbprarom
WCCIICIOBAHMS SIBJISUICS ONPOC DKCIEPTOB M AajbHEWIIasi CTATUCTHYECKas: 00paboTKa pe3ylibTaToB.
beii0 ycTaHOBIEHO, YTO COTJIACOBAHHOCTh MHEHHUM mpeBbimaer 50 %, 4To mpencraBiseT coOoi
XOpOoIIHi Mmoka3atesb. Kpome Toro, aBropamu pabOThI MPEJICTaBIICHA YCIOBHAS 1€1eCO00pa3HOCTh
MPUMCHECHHUST HOBBIX IOJIXOJOB M TEXHOJOTHH IO OOECIEYCHHUIO0 IMOKAPHOU Oe30MacHOCTH IS
B3PBIBOOIIACHBIX TEXHOJIIOTUYECKUX MTPOIECCOB.

Kniouesvie cnosa: moxapHas 0e30MacHOCTh, HedTerazoBas OTpacib, IHEPTOCHCTEMA,
UG POBBIC TEXHOJIOTHH, SHEPTOMEPEX 0]

Jas  uutupoBanusi: Kopomes JI.C., KonuakoB C.A. OneHka BIusHUS UUQPPOBBIX TEXHOIOTUH
Ha MoXKapHyIo 0e30macHOCTh HedrerazoBeix 00bekToB // Hayu.-ananut. xxypH. «Bectauk C.-Iletep6. yH-Ta
I'TIC MYC Poccumy». 2022. Ne 1. C. 95-105.

ASSESSMENT OF THE IMPACT OF DIGITAL TECHNOLOGIES
ON THE FIRE SAFETY OF OIL AND GAS FACILITIES

Denis S. Korolev™.

Voronezh state technical university, Voronezh, Russia

Sergey A. Konchakov.

Academy of State fire service of EMERCOM of Russia, Moscow, Russia
“otrid@rambler.ru

Abstract. Modern realities are such that the world community encourages energy powers
to switch to low-carbon power system, in particular, to use hydrogen, as well as the ubiquitous
introduction of digital technologies in various industries. The article analyzed the current situation,
appreciated the current state of readiness to adopt modern trends. The result of the study was
a survey of experts and further statistical processing of results. It was found that the consistency
of opinions exceeds 50 %, which represents a good indicator. In addition, the authors of the work
presents the conditional feasibility of applying new approaches and technologies to ensure fire
safety for explosive technological processes.

Keywords: fire safety, oil and gas industry, power system, digital technologies, power transfers

For citation: Korolev D.S., Konchakov S.A. Assessing the impact of digital technologies for fire safety
of oil and gas facilities // Nauch.-analit. jour. «Vestnik Saint-Petersburg university of State fire Service
of EMERCOM of Russia». 2022. Ne 1. P. 95-105.
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Beenenne

OmHuM W3 3HAUMMBIX COOBITH MPOLUIOTO Toja SBISIETCS TpoBelneHHe BcemupHOro
IKOHOMHYECKoro opyma B T. JlaBoce, nocssieHHoro «The great reset» — «Bemnmkoit nepesarpyske» [1].
MepormpusiTie TPOXOAWIO B PEXHUME «OHJIAMH», YeMy CIOCOOCTBOBaja HOBAs KOPOHABHPYCHAsS
uHpekpa. OOCY)KIaMUCh aKTyaJIbHBIE BOIPOCHI Pa3BUTHS KOHLCMIUM BOCCTAHOBJIECHHS MHPOBOU
skoHOMHUKH Tocse mangemun COVID-19, u npocnexuBaics Npu3biB K JUAEpaM CTPaH-y4aCTHUIL
0 HEOOXOJMMOCTH IEPEOCMBICIICHHS COBPEMEHHOTO KalHUTAIM3Ma M BHEAPEHHS WACH COLMaIbHOTO
U HMYIIECTBEHHOTO DPaBEHCTBA, Pa3BUTUSI MHOTOCTOPOHHHMX OTHOLICHHWH, MAaKCHMaJIbHO HCKIFOYast
3aKpBITOCTh, MPOTEKUHOHM3M M HCKYCCTBEHHBIE Oapbepbl. Oco00 aKIEHTHPOBAIOCH BHUMAHHUE
Ha 3€JICHOH SHEePreTHKe U KIIMMaTHYeCKIX N3MEHEHHSX.

Habuparomass nOmyJsipHOCTH MOJIENb  DHEpPromepexoga K HHU3KOYITIEPOJHOH SHEpreTHke
(aKTUUECKH TOPIEAUPYET POCCHHUCKYIO SHEPrOCHCTEMY, BBI3bIBASI BCE OOJBIIYIO TOMYISPHOCTH
MPOEKTOB 10 MPOU3BOJICTBY U TPAHCIIOPTUPOBKE «UHCTOrO Bojopona» [2]. XapakrepHbIM puMepoM
sBisercst anbsHc OAO «l'a3npom» u psiia eBporneiickuii kommanuii Wintershall Dea, Gasunie, RWE,
Shell, HaunHarommM pabOTy Haa MPOEKTOM COBPEMEHHOTO Ta30MpoBOJa «3EJICHOr0» BOJIOPOJA
n3 CesepHoro mopsi B I'epmanmro. CoBmectHblii mpoekt OAO «"asmpom» u «Pycra3zmoObrdan
10 CTPOMTENILCTBY THTaHTCKOTO KOMIUIEKCa TI0 TIepepadoTKe 3TAaHCOIePIKAILETo Ta3a B 1moc. Y crb-Jlyra
Jlenunrpanckoii 0071. JlaHHBI KiacTep OOBEIMHUT Ta30mepepaboTKy, Ta30XUMHIO U CKMKCHHUE
npupozHoro raza [3]. [ToatoMy HeyaMBHUTEIBHO, YTO PYKOBOJCTBO I'a30BBIX TMIAHTOB IPOJBHIAOT
«r011y0O0H BOJIOPOI», IIPOU3BOAMMBIH M3 TIPUPOTHOTO raza.

CornacHo crarucTrueckuM aanHbIM [4] Poccniickas ®@eneparms obecriedeHa 3amacamMu HeTH
Ha Ommkaimme 59 JieT, Ipy yCIOBUM COXPaHEHHUS HBIHELTHEro YPOBHS JJOOBIYH, a MPUPOIHOTO ra3a —
Ha 103 r. YBenuuuBas 0ObEMbI T€0JI0rOpa3BEKU B TPYAHOJIOCTYIIHBIX MECTaX HEOOBATHOM CTpaHBbI,
BPEMEHHBIE CPOKH CIBHHYTCS B CTOPOHY YBEJIWYEHHsS, YTO MO3BOJHT IMPHUPACTUTH HOBBIC 3alachl
TIOJIE3HBIX MCKOMAEeMBbIX 33 CYET BBICBOOOKACHHS CTAPBIX MECTOPOXKICHUH U MAKCUMAIIBHOW 3arpy3Ku
HOBbIX. Ha pmc. 1 mpencraBieHO COBpEeMEHHOE COCTOSIHUE pa3BEHAHHBIX 3aacoB He(TerasoBbIX
MPOYKTOB.

- e e e e e n
| PA3BEJIAHHOCTb MECTOPOXJIEHUN HEDOTU 11 TA30BOI'O \
L KOHJIEHCATA B POCCHH |
7777777777777777 §%; S S |
) 50% D 46%
- NPOrHO3HLIX — nepcNexTUBHbLIX
pecypcos HedTn g pecypcos HedpTm

CAMOTJIOPCKOE HE®TSHOE MECTOPOXKJAEHHME - xpynneiimee B Poccun. OTHOCHTCS K
3anagHo-CHOHPCKOi TPOBHHIAKE

3anace:
reonoruueckue NOK333HHbIE W U3BJEKaeM
7.1 MNpA TOHH 2.7 Mnpa TOHH

Esponenckne

pernons Poccmm MnorHoCTb HedTH CogepxaHue cepot

# 3anagnoi Cubupn 0.85 r/cm? 0.68-0,86 %

6570% .,
— &
l‘o &

Y L)
e Bocrounan Cubupu
® w Ransuuih Bocrox @ Wensdw uopen
6-8% e 1%
[ | ]

Puc. 1. O611ee mpeacraBienue o 3anacax HeTH M ra30Boro KoHaencara B Poccuun
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DKCHepThl OTMEYAIOT, YTO TaKOW MPOTHO3 OCHOBAH HCKIIOUUTEIBHO HA WHIMKATUBHBIX
MoKa3aresax (pa3BUTHE TEXHOJOTHMH, cTabuiabHOe (UHAHCHMpOBaHMWE, BHYTPEHHEE IOTpeOJIeHHE,
MHPOBOM CIPOC, pa3BUTHE HHQPPACTPYKTYpPHl B TPYAHONOCTYIHBIX MecTax H T.J1.). lloatomy
MIPE/ICTaBIICHHbIE BbIIIE PYOekH OyIyT MOCTOSAHHO MeHsAThes. [Ipu 3Tom mo manHbM LleHTpanbHOrO
JIMCTIETYEPCKOTO YIPaBICHUS TOILTMBHO-3HEPTreTUIECKOro komiuiekca Poceuiickoit denepanmu oobem
MOJTY4YEeHHBIX HEe(TEenpoayKTOB M Ta30BOr0 KOHJAEHcaTa Ha Tepputopuu Poccun cuusmics Ha 9 %
(mo 512, 68 MiH T), B CpaBHEHUU C JIOKOBUJHBIMU OrpaHuueHusiMU [4, 5]. Bbigenstor OCHOBHBIC
MIPUYHHBI CIIOKHUBILICHCS CUTYaINH:

— noroBopeHHocTh ctpad OIIOK 1o cokpareHuro 100b4u;

— MEJICHHOE Pa3BUTHE OTEUECTBEHHBIX TEXHOJIOTHI B He()Tera3oBoii OTpaciiy;

— CaHKLMOHHAS MTOJIUTHKA.

B Toe BpeMs mpakTUYecKu HE 00CYKIAIOTCS IPOOJIEMbI TEXHOJIOTUYECKOTO XPaHEHUSI WU
TPAHCHOPTHPOBKH TOTO K€ BOJOPOJA, XapaKTEPU3YEeMOI'O BBICOKOW B3PBIBOMOKAPOOIACHOCTHIO
Y OTHOCSAIIIETOCA K KaTeropuu B3pbiBoonacHoi cmecu IIC, rpyne B3pbiBoonacHou cmecu T1 [6, 7].
Kunxuii Bomopox MMeEET OTIMYUTENbHYI0 OCOOCHHOCTh HCHApSThCA HE TOJBKO 33 CUET TeIula
OKpy)XallIlled cpenbl, HO W 3a CYeT TeIja OpTo-, IApAaKOHBEPCHM, IMIPEBBIIAS TEIIOTY
napooOpa3oBaHusi. ABTOpel B pabore [8] oOCykmanu mpoOsieMbl SHEPronepexoa U MPHU3BIBAIU
oOpatuth ocoboe BHHMaHHE Ha OOecreueHUe MOXKapHOW O0e30MacHOCTU 3TUX TEXHOJIOTMYECKUX
IIPOLIECCOB.

MeToabl M HiCCIET0BaAHUS

Crnenyer OTMETHTb, 4YTO B HACTOSIIEE BpeMs OTCYTCTBYET KOMIUIEKCHBIH IOJXOJ,
IIPU3BaHHBIM pean30BaTh O00ECIEYeHUE IM0KapHOW OE€30MacHOCTH WHHOBAaLlMOHHOM Cpeibl
U BBICOKOTEXHOJIOTUYHBIX He(TerazoBblx npeanpustuil. IloaTomy BO3HMKaeT HEOOXOAMMOCTb
B Hay4YHBIX HM3BICKAaHUSIX, MO3BOJHMBIIMX aJalTHPOBATh TEOPETUKO-TIPAKTHUYECKUE PEKOMEHIAIHH
B TPOLIECC YIPABJICHUS MMOXKAPHO# Oe30MacHOCThIO HeBTsIHOM oTpacibio Poccuu [9-11].

Hayunoe cooOmiectBo, a Takke PKCHEPTHl B 00JACTH IMOXKApHOW 0€30MacHOCTH JOJDKHBI
IPUHATH HOBYIO pPEaJbHOCTb, OCO3HATh TIJIABHbIE MPOSBICHUS M BbI30BBI, aJalTHUPOBATh
METOAOJIOTHI0 obecnieueHust Oe3zomacHocTH ¢ nudpoBbiME IatGopmamu. Bee crpemuTensHO
MEHSIeTCS: MOJIENIM, METOJIMKHU, aJTOPUTMBbI, B3aUMOOTHOILIEHHS, UPPOBBIE NMPOoUIN U cUcTeMa
KOMMYHHKaIHiA. Bce BhIIeCKa3aHHOE MO3BOJIMIIO YCTAHOBUTH KOHIICTITYAIBHBIE TTOJIOKEHHS:

— TIOBBIILIEHHE YPOBHS TOXapHOW Oe3omacHOCTH HedTera3oBoil oTpaciu ciexyer
paccMaTpuBaTh KaK OJJMH U3 OCHOBHBIX JPAaliBEPOB YIIPABIICHHUS;

— JUId TIOBBIIIEHHWS CHHEPTUM BCEX OJJIEMEHTOB CHUCTEMbl OOecHeueHHUs MOKapHOM
0€30MacHOCTH 11eJIecO00pa3HO CO3/1aBaTh U Pa3BUBATH YIKOCHUCTEMBI ITOKapHOH 0€301MacHOCTH;

— JUI  pa3BUTHS HKOCHUCTEMBbI TOXKapHOM O0e30MacHOCTH HEOOXOAUMbI LH(POBbIE
UHPPACTPYKTYPHI, HTHCTPYMEHTHI M KOMIIETCHIINY;

— B YCIIOBUSIX BHEApPEHHS LU(PPOBBIX SKOCHUCTEM I0KAPHOM O€30MacHOCTH BO3MOXKHO
OecripobeMHOE TPUMEHEHHE COBPEMEHHBIX TEXHOJIOTHH, MOBBIIIAIOIINX YPOBEHb CII0XHOCTH
HedTenepepaboTKH.

[ToaTomMy moa cucTeMoll ymnpaBieHHUs MOKapHOW 0€30MacHOCThIO He(TEera3oBOW OTPACIBIO
MIOHUMAEeTCs:

— aKTHBHOE COTPYIHHYECTBO TOCY/IaPCTBA, AJIbSHCOB U JIP.;

— TpaHchopmarus 1 HuppoBU3aIHs He(PTEra30BbIX 0OBEKTOB;

— o0ecIieueHne TeCHOTO B3aUMOJICHCTBHS B BOTIPOCAX MOKAPHOI 0€301MacHOCTH;

— NMPUMEHEHHE HOBBIX CPEJICTB, CIIOCOOOB, MOIXOJ0OB U METO/I0B TEXHUYECKOTO 00ECIeYeHHs
MTO’KapHOM 0€301MacHOCTH;

— pa3paboTKa KOMIEHCUPYIOIIUX MEPOIIPUATHH;

— pacyer MoKapHBIX PUCKOB U PICKOB BOSHUKHOBEHUS Upe3BbIuaiiHbix cutyarmit (UC) u T.1.

A Mojens ynpaBieHHs MOXKapHOH 0e30MacHOCTBIO MPUMET CIIEAYIOIINUN BU:
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MVIIB = £ (CT, IV, KY,®Y, MY, PY),

rae MYIIF — mMoaenb yrpaBiieHus MOXKapHOH 0e30MacHOCThI0 HE(TEra3oBbIX MPEANpUATUil (puc. 2),
KOTOpasi NIOJDKHA BKIO4aTh B ceOsi: CT — coBpeMeHHble TpeHnabl; [[Y — 1enu ymnpapieHus;
KV — xpurepun ynpasnenus; @Y — dakropsl yrpasienus; MY — MeToas! ynpasieHus; PY — pecypcsl
yIIpaBJICHHUS.

Takoli moaxon nomkeH obecneunTh APGEKTUBHYIO Pa0OTy HE(PTEra3oBBIX NPEANPHITHN
3a CUeT COBEPILEHCTBOBAHUS CUCTEMBI YIIPABJIECHUS MOKapHOM OE30IaCHOCTBIO IYTEM IPUMEHEHHS
COBpeMeHHbIX LU(pOoBbIX TexHomorud. Kpome Toro, 3to Oyaer MONHOCTHIO COOTBETCTBOBATH
KoHUenumu pazButus cucremsl ynpasiaeHuss MUC Poccun no 2030 r., HarpaBiaeHHON Ha NEpexoj
oT cuctembl pearupoBanuss Ha UC k wux mnpenynpexiaeHuro. [IpakTuueckuil OIMBIT MPUMEHEHUS
TEXHOJIOTMH HOBOT'O IOKOJICHUS Y)K€ TOKa3ajl MOJIOKUTEIbHBIE Pe3yNIbTaThl, OCOOCHHO B MPOILIOM
rojly IpU MPOXOXKICHUU TaBOJKAa Ha TeppUTOpuu JlambHEBOCTOUHOrO (henepaabHOro OKpyra, 4ro
TMIO3BOJIMJIO UCKITFOUUTh YETOBEUECKHE KEPTBBI U MUHIMHU3UPOBATH MaTEPUAITBHBIHN YIIEpO.

; My |

; oy

! l_ *  OpraHM3AMHOHEEE

: *  MOTHEHPYROIIHE s nosmmenHe yposas [1b

i cT *  VMEHBIIEHHE MATEPHATEHOTD
: viepba

: & [OERIIEHHE VPOEHT

—— ¢ IBpPOEEIE HHCTPYMEHTEL,

: UeI0BEYeckors PASEHTHA
* UBQPOBAT HEPPACTPYETYPa:
¢ UHPPOBEIE KOMIETEHIIHH * 2:5:3’”*'“‘* IPOHIBORHTENEHOCTH
¢ sHeprostexTHEHOCTE H
SHEpronepexos

MVYIIE — vodeas ynpasiedns ibposoo obechnenenia
ioxcaphoil Gesonackocii Hegmeaio6ux npednpuAmil

P¥
*  (PHHAHCOBEIZ
*  MATEPHATBHEIE
& PeTHYERHA
HHHOBAIHOHHOH i
K¥ SETHEHOCTH
® COPOCTOCYAAPCTEA |y anmapaTHeie # TpOTpAMMHBLE
« HHCaMH HHCTPYMEHTS!
*  UH{POBbIE IECHHHKH *  FEATH)HEAIHNL
*  pPODOTHIALHA [ * PA3BHTHE HHHOBAITHOHHEIX H
i |» Big Data 3 HAYKOeMEHX oTpaciefi
: & HHTEpHET BEIOEH, ® HCCIeIoEAHME B paipaboTEa
; HAHOMATEPHATEL ¢ HHAHCHPOBAHHE
P |e Bnoxyeds
: * MAmEHEA0S 00yVYeHAS
g '

Puc. 2. Ocodennoctn MYIIb (MHC — nckyccTBeHHbIe HEiiPOHHBIE CETH;
WU — ucKycCcTBeHHBI HHTEJIEKT)

Pe3yabTaThl ncciieoBaHus

Bb160p OCHOBHBIX MapaMeTpoB MOJENIU MPOBEACH Ha OCHOBE ()YHKIIMOHAJIBLHOTO aHAIN3a,
a 3aTeM Bepu(UIIMPOBaH Ha OCHOBAHMHU JAHHBIX OIpoca skcnepToB. Ha nmepBoM stare pazpaboranu
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YEK-JTUCT C pacCMaTPUBAEMBIMU IapaMeTpaMH, a Takxke CHOPMHUPOBAIM COCTAB AIKCIEPTHOU
komuccnn. KaxoMy MHEHHUIO ObLT MPUCBOEH PAHTOBBIM HOMEp M COCTaBJICHA PAHTOBasi MaTpPHIlA
(Tabmn. 1), xoTopas Oyxaer nepegopMaTHpOBATHCS B CBSI3U CO CBSI3HBIMU PAHTaMHU.

Tabnuua 1. Panroass matpuua 3HauumMocT GakTopos

No / DxcnepTh 1 2 3 4 5
1 9 7 9 7 6
2 9 9 9 9 9
3 7 9 3 7 9
4 9 6 7 8 8
5 7 8 6 7 5
6 7 5 7 4 5

[TockonpKy B MaTpHile MPUCYTCTBYIOT CBSI3HBIE PAHTH B OLIEHKE MTapaMEeTPOB MEPBOTO IKCIEPTA,
IpoBezieM nepedopmMaTHpOBaHUE MATPULIB

Howmepa mecT B ynopsiioueHHOM Pacmonoxenune ¢pakTopoB HoBbie paHrn
psy 10 OLIEHKE KCIepTa
1 7 2
2 7 2
3 7 2
4 9 5
5 9 5
6 9 5

[TockonbKy B MaTpHlle IPUCYTCTBYIOT CBSI3HBIC PAHTH B OLICHKE IIapaMETPOB BTOPOTO HKCIEPTA,
npoBeJieM rnepeopMaTipoOBaHUE MATPHIIBI

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

[TockosibKy B MaTpHIle IPUCYTCTBYIOT CBSI3HBIC PAHTH B OLICHKE IapaMETPOB TPETHEr0 IKCIIEPTa,
poBeieM nepedopMaTipoOBaHUE MATPHLIBI

1 3 1
2 6 2
3 7 3,5
4 7 3,5
5 9 55
6 9 5,5

ITockonbKy B MaTpHIile IPUCYTCTBYIOT CBSI3HBIE PAHTH B OIICHKE ITapaMeTPOB YETBEPTOIO HKCIEPTa,
poBeieM nepeopMaTipoOBaHUE MATPHLIBI
4

QP IWIN(F-
GIWWI W[

©|oo|~|~|~

(e}

6

HOCKOHBKy B MaTpuue NpruCyTCTBYIOT CBA3HBLIC PAHI'U B OLICHKE MMapaMETPOB IIATOr0 SKCIIEPTa, IPOBCIAEM
nepeopMaTHpOBaHNE MATPHIIHI

1 5 15

2 5 15

3 6 3

4 8 4

5 9 55

6 9 5,5
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Ha ocHOBaHWM TMOJYYCHHBIX 3HAYCHHH COCTaBHM HOBYID MATPHIy PAHTOB SKCIIEPTOB.
ITposenem pacuer 6e3pasmeproro koddduiuenta d mo Gopmyite (1), a mo popmysae (2) onpenenum
MIPABIJIBHOCTH COCTABIICHUSI MATPHUIBI HA OCHOBE KOHTPOJIBHON CyMMBI ncUucieHus. [lonydeHHbie
3HAYCHUS NPEJCTaBUM B TaOII. 2.

X
d:zx“—LZ L=y X, —17.E (1)
n
IJI€ X — pacCMaTpUBaeMblil TapameTp; N — KOJIMYECTBO IKCIIEPTOB.
Tabmuua 2. [IpeaBapuTtesibHbIE Pe3YabTATHI

dakTopsl / 1 5 3 4 5 CymmMma q ¢
OKcnepTsl paHroB

X1 5 3 55 3 3 19,5 2 4

Xo 5 5,5 5,5 6 55 27,5 10 100

X3 2 5,5 1 3 55 17 -0,5 0,25

X4 5 2 3,5 S) 4 19,5 2 4

Xs 2 4 2 3 15 12,5 -5 25

Xs 2 1 3,5 1 15 9 -8,5 72,25

> 21 21 21 21 21 105 205,5

_(@+n)-n_(1+6)-6 _
z Xij - 2 - 2 =21 ' (2)

[lo pesynpTraraM MPOBEACHHOTO pacyeTa, CYMMbl IO OCHOBHBIM CTOJIOIIAaM MAaTpPHIIbI
OKa3alauch Mexay coOOl paBHBI, UTO O3HAYAET €€ MPABHIBHOCTH COCTABICHHS, a 3HAUYUT MOXKHO
pa3mMecTuTh GaKTOPHI 110 3HAYUMOCTH, U PACCUUTATh MIOKA3aTEIN BeCOMOCTH (Tadi. 3):

Sij = Xmax — Xjj |

Tabimmna 3. IToka3aTen BeCOMOCTH

DakTOopbl Cymma paHroB
Xe 9
Xs 12,5
X3 17
X1 19,5
X4 19,5
Xo 27,5
Ne /
SKerepTh 1 2 3 4 5 > Bec A
1 0 2 0 2 3 7 0,1321
2 0 0 0 0 0 0 0
3 2 0 6 2 0 10 0,1887
4 0 3 2 1 1 7 0,1321
5 2 1 3 2 4 12 0,2264
6 2 4 2 5 4 17 0,3208
Hroro 53 1

[TpoBeneM cTaTucTHUYECKYI0 00pabOTKY JaHHBIX, paccuuTaeM KOd((UIIMEHT KOHKOPAALUU
Y OTIPEICITUM CTENIEHb COTIACOBAHHOCTH MHEHUH DKCIIEPTOB:
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S
i~m2-(n3—n)—m-zT ’
12 '

W:

rZie M — 9UCiIo GaKTOPOB; N — YHCIIO FKCIEPTOB; S — CyMMa KBaJIpaTOB OTKJIIOHEHUH CYMMBI PaHTOB
o m ¢akTopam oT ux cpennen apupmernueckoi (205,5).

1 ;
T=E-t) ®)

rae {| — KOMMY4ecTBO AJIEMEHTOB B 1-if CBSI3Ke JJIsl 1-TO JKcrepTa (KOJUYECTBO MOBTOPSIOLIUXCS
AJIEMEHTOB).

T,=[(3%-3)+(3%-3)]/12=4;
To=[(2%-2)]/12=0,5;
Ta=[(23-2)+(23-2)]/12=1;
T=[(3%-3)]/12=2;
Ts=[(23-2)+(23-2)]/12=1;
> Ti=4+0,5+1+2+1=85;

W= 205,5 052

1
~.5.(6°-6)-585
5266

[To pesynbraram pacuera, KodhduIMeHT KOHKopaamuu coctaBui 0,52, 4To oO3HaYaer
CPEIHIOIO CTETEHb COTJIaCOBAHHOCTH MHEHUH SKCIIEPTOB M0 Mpe/iaraeMbiM (hakTopam, BIUSIOIIUM
Ha TIOXapHyl0 Oe3omacHOCTh HedTerazoBoi otpacinu. llosTomy onpeaenuM 3HAYUMOCTh
MOJIy4eHHOTr0 Ko3duurenta npu nomouy kpurepus [upcona:

S 205,5
X' = = =13,01 . 4)

1 1 B
—-mn-(n+)+—>T —-56-(6+)+ ———
12 (n+) n-1 21 12 ©+ (6-1)-85

[Tockonbky pacueTHoe 3HadeHue kputepus [lupcona — 13,01> rabnuynoro (11,07050) npu
crenenn cBoOoabpl K=n-1=6-1=5 wumeer ypoBenb 3Hauumoctu o = 0,05, TO 3HaueHue
koa¢pdunmenta konkopaauuu (0,52) — He ciydaiiHas BEIMUYMHA, KOTOPAas MOKAa3bIBA€T CPEAHIOIO
COTJIACOBAaHHOCTh MHEHHMH OSKCIEPTOB, a 3HAYUT, pe3yabTaThl HMEIT CMBICI H MOTYT
HCIOJIb30BaThCS B AAJIbHEHIINX pacyeTax U MUCCIIeI0BaHUsX.

HayuHoii HOBu3HOW OymeT sBISTbCA pa3pabOTaHHAs MOJENb YIPABICHUS TOXKAPHOM
0€30macHOCThI0  He(TEra3oBOll  OTpaciiblo,  BKJIIOYAIOMIAS ~ COBPEMEHHBIE  TEXHOJOTHH
U MH(POPMAIMOHHBIE PECYPChl, TPHU3BaHHbIE OOECHEYUTh SHEProlnepexoi, MOBBICUTh YpPOBEHb
MOYKapHOU O€30MaCHOCTH.

[Ipu peanuzanmu MOAEIN yNpaBICHUS MOXapHON 0€30MacHOCThIO He(PTETra30BbIX 0OBEKTOB
BO3MOXKHO (OPMHMPOBAHUE CETEBOM CTPYKTYphl B3aUMOOTHOIIEHHH CHCTEMBl I0OXapHOH
0€30MMacHOCTH, HAlOJIHEHUE €€ COBPEMEHHBIMHU PECypCaMu IO CHIKEHUIO pPUCKAa BO3HUKHOBEHUS
YC 1 MUHMMH3ALUU MaTepUalIbHOro yiiepba, a Takke obecrneueHre HayYHO-TEXHOJOTHYECKOTro
pazButuga. B Tabn. 4 mnpeacraBineHo rpadoaHaIUTHUECKOE NPEICTABICHUE HCIIOJIb30BAHUS
pa3paboTaHHON MOJETHN Ha MpUMepPe HECKOIBKUX TEXHOJIOIMYECKHX MPOLIECCOB.
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Tabnuia 4. AHAJIUTHYECKOE NMpeaACTaBJICHUE MOJC/IH

ey = O = e
N = M N 8o — an! = ¥
:'. e =~ o — 8 — < Q= 8 I~
o Q = T He| & 3| 8 5 % | & =
No OcCHOBHBIE HalpaBICHUS 2 g & S S| =E5|ax| 5| & E
2 = o = — =
Moz S |E:| & |25|58 57| 58|28
o Q te) o /q = @ o)
= o & = z | = E Iz
= R S S | &2/ 8¢5 25| T
/M 2| < O % | & a
1 CT
Ob6namanvie HaBBIKAMHU TMPO(ECCHOHATHHOTO PEIICHHUS 3a1ad,
1.1 | HudpoBble HHCTPYMEHTHI
MPUMEHEHne  IUQPOBBIX  PECypcoB,  OOECIICUMBAIOIINX
BBIYMCIIMTEIbHBIE 1 KOMMYHUKALOHHBIE ONEPAlMU B PEKUME
1.2 | lludposas uappacTpykrypa Y A patl p
peaTbHOTO BpEMEHH; OOJauHbIC XPAHWINIA; CEPBHCHI UL
COBMECTHOI paloTbl; mporpamMmbl Al YZAJIEHHOM paboThI
1.3 | ludpoBsie KOMIETEHIIUH p > Tporp YA p
TexHoJoruueckuM npoueccoM; CRM — cuctemsr
2 MY
Crpemienue oOecreduTh [OJDKHBIH YPOBEHb IIOXKapHOM
2.1 | OpranuzanoHHbIC P a P p
Oe3onmacHoCTH
2.2 | MotuBupytomnme WNuauButyanbHbeId NOAX0 K pabOTHUKAM NpenpHUsITHI
3 Iy
3.1 | llosbuuenue yposus I1b Peanuzariust komiriekca MEpONPHUATHI M0 MUHUMU3ALUK PHCKa
32 YMeHblLIeHUE BO3HUKHOBEHHS MOXapoB, B3peIBOB, YC M MaTepHanbHOrO
" | MaTepuanpHOTO yiepoa ymiepba
B ycrnoBusix pa3BUTHS COBPEMEHHBIX TPEHIOB HEOOXOAMMO
[ToBbIIEHHE YPOBHA
3.3 MIOCTOSIHHOE COBEPIICHCTBOBAHME, YTO IIO3BOJIUT JIETKO
YeJIOBEYECKOTO Pa3BUTHUS
MHTETPUPOBATHCS B MEHSIOIINXCS YCIOBHUSIX
IToBbl1IEHME o
3.4 [TocTOSIHHBII KOHTPOITb 1 TIOBBIIICHHASI OTBETCTBEHHOCTh
MPOU3BOJUTEIBHOCTH TPYAa
35 OHeprod3hPpeKTHBHOCTH BaxHbIil aclIeKT B YCIOBUSX MEPEX0/ia K HU3KOYTIIEPOJHOMY
" | m oHEpromepexon MTPOU3BOICTBY, IEKapOOHU3AINH U T.II.
4 Py
[Mpoxaxa HeTEPOIYKTOB, TEXHOJIOT U B3aMEH
4.1 | duHaHCOBBIC Ha MOJICPHU3ALIHIO MIPOU3BOJICTBA C YYETOM CHIDKEHUSI PHCKOB
BO3HUKHOBEHUSI TT0YKAPOOIIACHBIX CUTYaIUH
WuBectunmonHast, GOHIOBAs U CTIOHCOPCKAst TTOIEPIKKa
4.2 | MatepuanbHble Ha pa3pabOTKy W BHEJPCHHE COBPEMEHHOW CHCTEMBI
obecriedeHust ToXKapHOH 0e30MmacHOCTH
BennunHa H”HHOBAIIMOHHOMN
4.3 B 3aBHCHMMOCTH OT TEXHOJIOTHYECKOTO Pa3BHTHS
AKTUBHOCTHU
4.4 | Cropoc rocyaapcrsa Heo0xommmo Jutst 001ecTBeHHOro OJ1ara
5 KY
5.1 | UHC u M [20] MOHUTOPUHT NPOLECCOB, ITyOOKasi aHAIMTHKA U T.JI.
5.2 | ludpossie noitnuku [21] HckmoueHne ommOOK Ha 3Tarie MPOEeKTUPOBAHUS
5.3 | Pobotuzanus [22] ABTOMaTH3aIIMs B3PBIBOOIIACHOTO IIPOM3BOJICTBA
5.4 | Big Data [23] O0paboTKa MaccHBa TaHHBIX
55 WnTtepHer Bewei, [IpuMeHeHne MaTeprUalIOB C HOBBIMH WITH 3aJI0’KEHHBIMU 1101
"~ | nanomarepuaisi [24] TpeOOBaHUsI CBOWCTBAMH MaTEPHAIIOB (BEIICCTB)
5.6 | briokueiin [25] MOHHTOPHHT 3amucel COOBITHIA
5.7 | MammnHHOe 00yueHue [26] OO6ydenne 3a CUET peleHn MHOXKECTBA CXOJHBIX 3a/1a4
6 oY
6.1 Amnmnapatssle u nporpamMmuble | [ToBcemecTHOE BHEApEeHUE TUPPOBHIX TIATHOPM
" | HHCTPYMEHTEI 1 MHOOPMAIIMOHHBIX PECYPCOB
6.2 | Kpanudukarus [TocTosIHHOE MOBBINIEHUE KBATMPHUKAIINT
6.3 Pa3BuTHE MHHOBALIMOHHBIX Pa3zpaboTka HOBBIX TEXHOJOTMH, MHUHHUMHU3UPYIOLIUX PHCK
"~ | ¥ HAYKOEMKHX OTpacieil BO3HMKHOBEHHMS IOKAPHOM OMACHOCTH, U T.JI.
6.4 | UccnenoBanue u pa3pabotka | Anpobaiysi COBpeMEHHBIX ITOIX0JI0B
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3akjao4eHue

Takum o0Opa3oM, aBTOpCKOE TMpEICTaBIEHHE O MOJEIM YIPaBICHUS IOXKAPHOM
0€30MacHOCThI0 HEPTEra3oBOil OTpaciHbi0 BKIIOYAET XapaKTEPUCTUKY WHHOBAIIMOHHOM cCpepbl,
B OCHOBE KOTOPOH JI€KaT B3aMMOCBS3aHHbBIC JJIEMEHTHI: OOIECTBEHHBbIE, TOCYAapCTBEHHBIE,
MIPOU3BOJICTBEHHBIE WHCTUTYThI, HAY4YHO-HCCIIEAOBATEIbCKUE BO3MOXKHOCTH; YEJIOBEKOPECYPCHI,
yIpaBieHUE B KPU3HMCHBIX CUTYalUsIX; IMPOU3BOJICTBEHHBIE CKBO3HBIE U LU(POBBIE TEXHOJIOTHH.
Bce BhimenepeunciieHHoe spisiercst 06a30ii it GopMUPOBaHUS KOMIIETEHIIUI U COBEPIICHCTBOBAHMUS
MEXaHHU3Ma YIPaBJIEHUs [10KapHOM 0€30I1aCHOCTHIO0 pAaCCMaTPUBAEMON OTPACIIH.
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MOJIEJIb OIIMBOK JOJIKHOCTHBIX JULL TPU IPUHATUAU
PEILEHUI MO MPEAYNPEXKIEHUIO Y JINKBUIAIIAA
YPE3BBIYAVHBIX CUTYALIMI PUPOTHOTO M TEXHOTEHHOT O
XAPAKTEPA

Baagumup ®@énoposuy Ilerka;

Iennammii HukosaeBny 3aBoackoB™.

Cankr-IlerepOyprekmii yausepeurer I'TIC MYUC Poccun, Cankr-IlerepOypr, Poccunst
Mncuks73@mail.ru

Annomayus. llpencraBieH NOAXOA K MOIEIMPOBAHHIO IPOLIECCOB MOIJCPIKKU MPHHATHSA
PELLIEHUI 110 NIPEAYIPEKICHUIO U JTMKBUAALNY YPE3BbIYAMHBIX CUTYALMHA IIPUPOJHOIO U TEXHOTEHHOIO
XapakTepa Ha OOBEKTaX BOJHOI'O TPAHCIOPTa, OCHOBAaHHBIA Ha peaaM3allMy OLIMOOYHBIX JAeHcTBUI
JMLA, TPUHUMAIOIIETO pelIeHHs. BbIneneHsl B3auMOCBSI3H MEXy (haKTopamu, KOTOPBIE OIPEACIISIOT
BUJIbl HEONPEJEJICHHOCTH, YYUThIBaEMbIe IIPU aHAIN3€ PUCKOB, a TAKXKE THUIIbI PELICHUH, KOTOpbIE
MOTYT IPUHUMATHCS 10 PE3YJIbTaTaM CPABHUTEIIBHOU OLICHKH PUCKOB.

OmnpezneneHbl BO3MOXKHbBIE TUIIBI OLIMOOK JIMI[A, TPUHUMAIOILETO PELIeHUs, KOTOpble MOT'YT
OBITH BBISBJICHBI CUCTEMOU IpH ¢ (PYHKIMOHUPOBAHUH, A TAK)KE BO3MOXHOCTH YCTPAHEHUS 3THX
omnOok. HoBu3Ha paboThl 3akmrouaercs B pa3padOTKE CXEMbl MOJEIM COBEPLICHHs OLIMOOK
AOJDKHOCTHBIMU JIMIIaMH, KOTOPAasA ONMUCHIBACT IMMOPAAO0K BBIABICHUA OIIINOOK B PA3IMYHBIX PCIKUMAX
pabOThl CUCTEMBl NOJJIEPKKM NPUHATHS pPELIEHHH M 3aBUCUMOCTb BO3MOXHBIX OLIMOOK
OT KOMIIETEHIMH JIUIA, IPUHUMAIOLIETO PELIEHUE, U €ro JMYHOCTHBIX 0coOeHHOCTe. OO0CHOBaHA
HE0O0XOAUMOCTh y4yeTa IOJIOKEHUSI O TOM, YTO IpU HPUHATHM pelieHus OyneT 3aaelcTBOBaH
OHpGZIGHGHHLIﬁ Kpyr AOJDKHOCTHBIX JIMII, Ka)KIIBIfI N3 KOTOPBIX 6YIICT HMETb COOTBCTCTBYIOLIYIO
CIEeLUAIN3aLMI0, YPOBEHb MOJATOTOBKU I10 3TOM ClielMalu3aliy, a peueHue OyaeT NpUHUMATbCS
B TECHOH Koomnepaiur JOJKHOCTHBIX JIMII.

Kntouesvie cnosa: 0e30macHOCTb JOJEd Ha BOJHOM TPAHCIOPTE, ABTOMATHU3MPOBAHHAs
MH()OPMAITMOHHO-YNIPABIISIOIIAST CUCTEMa, OpraH yIPaBICHHS, CHUCTEMa MOJJICPKKA TPUHATHS
peLeHnit

Jna murupoBanus: lllerka B.®., 3aBoackoB [.H. Monens ommoOOK JOMKHOCTHBIX JIMI[ MPU TPUHITHH
pElICHHH T0 TPEAYNPEKACHUI0 W JIMKBUAAIWHN YpPEe3BbIUAHBIX CHUTYalllii TPUPOJHOTO U TEXHOTEHHOTO
xapakrepa // Hayu.-ananur. xxypH. «Bectauk C.-Ilerep6. ya-ta ['TIC MUC Poccumy». 2022. Ne 1. C. 106-118.

THE MODEL OF MISTAKES OF OFFICIALS WHEN MAKING DECISIONS
ON ASSESSING THE RISKS OF NATURAL AND MAN-MADE EMERGENCIES

Vladimir F. Shchetka;

Gennady N. Zavodskov™,

Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
Mncuks73@mail.ru

Abstract. An approach to modeling decision-making support processes for the prevention
and elimination of natural and man-made emergencies at water transport facilities based
on the implementation of erroneous actions of the decision-maker is presented. The interrelations
between the factors that determine the types of uncertainty taken into account in the risk analysis,
as well as the types of decisions that can be made based on the results of a comparative risk
assessment are highlighted.

© Cankrt-IlerepOyprckuii yausepcutet ['TIC MUC Poccun, 2022
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The possible types of errors of the decision-maker that can be detected by the system during
its operation, as well as the possibility of eliminating these errors, are determined. The novelty
of the work lies in the development of a model scheme for making mistakes by officials, which
describes the procedure for detecting errors in various modes of operation of the decision support
system and the dependence of possible errors on the competencies of the decision-maker and his
personal characteristics. The necessity of taking into account the provision that when making
a decision, a certain circle of officials will be involved, each of whom will have the appropriate
specialization, the level of training in this specialization, and the decision will be made in close
cooperation of officials.

Keywords: safety of people on water transport, automated information and control system,
management body, decision support system

For citation: Shchetka V.F., Zavodskov G.N. Model of mistakes of officials when making decisions
on prevention and liquidation of emergency situations of natural and man-made nature // Nauch.-analit.
jour. «Vestnik Saint-Petersburg university of State fire service of EMERCOM of Russia». 2022.
No 1. P. 106-118.

BBenenune

[TpunsiTHe perieHui Mo NpPeAyNpeKICHUIO U JIMKBUAALUUU ype3BbluaiiHblx cutyauuit (HC)
Ha OOBEKTaX BOJHOTO TPAHCIIOPTA OCYIIECTBIACTCA JULIOM, NpuHuMarouuMm pemrenue (JIIIP)
U SBISAIOLIUMCS JOLKHOCTHBIM JuiioM (J1JI) nentpa ynpasnenus B kpuzucHbix cutyanusx (LIYKC)
(cmenuanucToM 1O MPUMEHEHUIO CHII M CPEICTB, 10 MOHHTOPHHTY W mporHodupoBanuio UC,
[0 OINOBCHICHHI0O U HH()OPMHUPOBaHHIO M Jp.). PelieHHe NpPUHUMAETCs HA OCHOBE OLCHKU
o6cTanoBKU. OCHOBOH OLIEHKU OOCTaHOBKHU SIBJIETCS OLleHKa puckoB Bo3HHKHOBeHMs UC. [Iponece
OLICHKH PUCKOB Ha BOJAHOM TPAHCIIOPTE — YaCTHBIN ciiyyail oneHKkH puckoB UC kak TEXHOTE€HHOTIO,
TaKk U IPUPOJHOTO XapakTepa B 30HE OTBETCTBEHHOCTH COOTBETCTBYIOILErO TEPPUTOPHAIBHOTO
oprana MYC Poccuu.

Onenka pucka YC Ha BOAHOM TPAaHCHOPTE CKIAIBIBACTCA M3 MIACHTH(UKALMHU, aHAIN3a
U CpaBHMUTEIbHON OLIGHKM pucka. llenblo uaeHTH(UKALUU pHCKa SBJISETCA OIpeJesIeHue,
pacrno3HaBaHME W OIMCAaHUE PHUCKOB HAa BOAHOM TPAHCIOPTE, NpPH YCIOBUU, YTO OHH MOTYT
MOMEIIaTh CUCTEME JOCTUYb Iiesiell ee (YHKIMOHMPOBAaHMS (MPEAINoyaraeTcs HCIOJIb30BaHKE
aKTyaJIbHOUM Ha JTAaHHBI MOMEHT BPEMEHU MH(POPMAIIHH).

[lenpto anammza pucka, B yacTHOCTH pucka YC Ha BOAHBIX OOBEKTaX, SBISIETCS
ONpElETICHUE XAPAKTEPUCTUK PUCKA, a B psAlE CiIy4acB W ypoBHA pucka. IIpum ananuse pucka
MIPEATOIAracTCs pacCMOTPEHUE BUIOB HEONPEIEICHHOCTEW, XapaKTEpHBIX HCTOYHHUKOB PHCKA,
BO3MOXKHBIX TOCJIEJICTBUM, BEPOSTHOCTH HACTYIJICHUS HEOJArompUSITHBIX COOBITHI, BO3MOMHBIX
creHapueB pa3Butus YC, a Takke METOJIOB YIIPABJIEHUS PUCKOM.

I{enpr0 CpaBHUTEIBHOM OLIEHKHM PHUCKA SIBISETCS COIOCTABIICHHE CYIIECTBYIOIIETO YPOBHS
PHUCKa C YCTAaHOBJIEHHBIMU KPUTEPUSMH.

B xoze unenTugukanuy, aHain3a u CpaBHUTEIHHON OLIEHKU PUCKAa HEOOXOMMO YUYUTHIBATh
BIMsIHUE (DAaKTOPOB HEOIPENECIIEHHOCTH pa3jIMYyHOro Bujaa. s ydera 3TOro BIUSHHS CIETyeT
MPUMEHSTh METO/bI, KOTOPbIE YUUTHIBAIOT BEIMUNHY (AaKTOPOB HEONPEAEIEHHOCTH U B3aUMOCBSI3U
Mexy HUMH. DaKkTOpBI, ONIPEAEIIAIONINE HEOTIPEAEIICHHOCTh IPEACTaBIEHBI HA pUC. 1.

CIOKHOCTh TPOIECCOB HUACHTHU(UKAIIMKM, aHaW3a W CPABHUTEIBHOW OIEHKH pHCKa
C yuyeToM (paKTOpPOB HEONPEAEICHHOCTH U X B3aUMHOT'O BIUSHMSA, a TAKXKE C y4eTOM TpeOOBaHUN
HOPMATHUBHBIX JJOKYMEHTOB [1-3] MOKeT mpUBOAUTH K TOMY, 4TO peuieHue, npunumaemoe JIITP,
OKaXkeTcs OMMOOYHBIM. B maHHOM cilydae moJ OIIMOOYHBIM pEIIeHHUEM MOHUMAETCsl PEelLIeHHUE,
coJieprkaliee OmmoKy.
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B paboTax oTeuecTBEHHBIX M 3apYOEKHBIX aBTOPOB, NMOCBSALICHHBIX BOMPOCAM BBISBICHUS
npuurH aBapuit 1 YC, BhI3BaHHBIX OIMMOKaMH desoBeka [4—6], mokasano, uto 98 % aBapuii u UC
MOTYT OBITh IPEAOTBPATUMBI (pHC. 2).

100%

dakTopbl ¥ B3AUMOCBSI3U
Mexay hakropamu,
y4uTbIBAEMbBIE NPU
naeHTUMKaLmMm pucka

MartepuanbHble
1 HemaTepuarnbHble
VNCTOMHUKM

V3ameHeHVs BHeLLHe
1 BHYTPEHHEN cpeabl

MpuymnHbI 1 coBbITUS

OrpaHU4eHHOCTb 3HaHWUIN
1 JOCTOBEPHOCTU
nHgopmaumu

MHAMKaTopbl BO3HUKAIOLMX
puckoB

Yrpo3bl 1 BO3MOXHOCTN

dakTopbl, CBA3aHHbIE
co BpeMeHeM

XapakTtep 1 cToUMOCTb
aKTUBOB U PECYPCOB

Mpepy6exaeHus,
nonyuienuns n ybexaenns
BOBJIEYEHHbIX 1L}

Y$3BMMOCTM 1 cNOoco6HOCTN

MocnencTeus v ux BNusiHve
Ha uenu

Puc. 1. ®akTopsbl, onpee/siionue Heonpeael1eHHOCTh

90%

80%

70%

60%

50%

50%
40%

30%
20%

10%

=41 14
2

[0

[TosToMy 3aa4a Mo BBISBICHUIO BO3MOXHBIX OIIMOOK, gomyckaembix JIIIP npu npunatun
pemieHnid 1O WAECHTHU(UKANK, aHAIW3y, CPaBHUTEIHFHOW OIEHKE pHUCKAa W TI0 BBIPAOOTKE

HenpepoTepaTimbl

MpaKkTHYeCcKW NPefoTBPATUMbI

MpenoTepaTUMbl

Puc. 2. Apapun u YC, BbI3BaHHbIE OLINOKAMM YeJIOBEKA

MCXAaHU3MOB YCTPaHCHUS BbIABJIICHHBIX OI_HI/I60K, SABIIACTCSA aKTyaHLHOﬁ.

enpro Hacrosimiedt paboThl sBIsiETCS pa3paboTka Mojenu coBepiieHus ormmook JITTP.
JlaHHast MOJIENb OMUCHIBAET MOPSIOK BHISBICHHS OIIMOOK B PA3TUYHBIX PEKUMaX PabOThl CHCTEMBI
MTOAICPKKH TIPUHATHS PEIICHUH U 3aBHCUMOCTh BO3MOXHBIX OIMMOO0K OT kommetenmuii JIITP u ero

JIMYHOCTHBIX 0COOCHHOCTEHA.

Ilpu npunstuum pewmennss JIIIP ocHOBBIBaeTCA Ha pe3yibTaTax aHAIW3a PHCKA.
HebnaronpustHoe coObITHE, SIBISFOIIEECS 0ObEKTOM aHAIHN3a, MOKET MPOUCXOUTH M0 Pa3IHYHbIM

Martepuajibl 1 METOIbI HCCJIEIOBAHNS

IMpUYUHAaM U BBI3BIBATH COOTBETCTBYIOIINEC IMMOCIICACTBHA.
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B psane nopmaruBHbix pokymentoB (I'OCT P MCO 31000-2019, TOCT P NCO/M3K
31010-2011) yka3pIBaeTcsi, YTO «aHATM3 PHUCKA MOXKET TPOBOIUTHCS C PA3IMYHON CTEIEHBIO
JETaM3alid M CIIOKHOCTH, B 3aBUCHMOCTH OT LIEJM aHajiu3a, JOCTYHOCTH M JOCTOBEPHOCTH
uH(pOpMaIIHH, a TAKKe JOCTYITHOCTH pecypcoBy [7, 8].

Ha puc. 3. npexacraBiensl GpakTopbl, KOTOPBIE JOJDKHBI YYUTHIBATHCS MPH OCYIIECTBICHUU
aHaJM3a pPUCKa.

dakTopbl, y4UTbIBAEMBIE MPU
aHanu3e p1ckoB

BeposiTHOCTb CObbITHIA ®dakTopbl, CBA3aHHbIE
1 mocneacTemit CO BPEMeHEM, BONaTUbHOCTb
XapakTtep 1 MacLuTabbl OheKTMBHOCTb CYLLECTBYIOLLMX
nocneacTauit METOL0B YNPaBEHNs PUCKOM
CnoXHOCTb W B3aMOCBSI3b YpOBEHb YyBCTBUTENBHOCTM
C Apyrimu puckamu 11 BOCTOBEPHOCTH
Puc. 3

C yderoM TOro, 4to aHainu3 pUCKOB ocywecTBILIIOT JIJI opraHoB yrpaBieHus, Ha pe3yJbTaThl
aHaJIM3a MOTYT OKa3bIBaTh BIMAHME pa3iuuHble (pakTopbl. K MX umMcily MOKHO OTHECTH: CYIIECTBEHHOE
pacxoxxaeHne MHeHu# JIJI, mpuHMMAarONMX COOTBETCTBYIOILIEE PEIICHUE; BO3MOKHAS NPEAB3SATOCTD,
mmyHoe Bocupusitue JIJI pucka u T.1. HeoOxonumo Takke yuuThIBaTh BIMSIHUE, KOTOPOE OKa3bIBAET
Ha TMPUHATUE pEIIeHUs] KauyecTBO ucnoib3yeMod wuHpopmauuu JIIIP, a Takke BO3MOXHOCTU
(momyIIeHHs U UCKITIOUCHYST), IPHUMEHSIEMbIC B CHCTEMaX MOICPIKKH MPUHATHUS penieHuii [2, 9, 10].

B TO ke Bpems yClOBUS HEONPEIEICHHOCTH, KaK IIPABWJIO, COBCEM HE MOJAAOTCS WIH
IJI0XO TMOJJAIOTCS KOJMYECTBEHHOH oleHKe. J[aHHOe 00CTOSTENbCTBO SIBISIETCS CYIIECTBEHHOM
npoOaeMoil pu aHanM3e pucka. B Takux ciydasx 1enecoo0pa3Ho MPUMEHSATh SKCIIEPTHBIE METOIbI
Y METOJIbl MHTEIJJIEKTYaIbHOTO aHallu3a JJaHHBIX. Pe3ynbTaThl aHaIn3a pucKa MpeACTaBiIsoT cO00M
UCXOJHBIE JTaHHBIE, KOTOPBIE B IOCIEICTBUHM HCIOJB3YIOTCSA AJI OLEHKH PHUCKA, a pPEe3yJIbTaThl
OLIEHKU — JUI NPHUHATHS peIleHUs. YUeT TaKuX pe3yJbTaToB IMO3BOJISET BbIOpaTh HEOOXOIUMYIO
CTPATETHIO YNPABICHHUS PUCKOM M METOBI €€ peaIu3aliy ¢ YU4ETOM pa3IndHbIX THUIIOB U YPOBHEN
pucka [11-13]. CpaBHuTEIbHAS OIICHKA PHCKA SBISICTCS OCHOBOM TMOJCPIKKU MPUHSATHS PEIICHHUS.
[lpu sTOM B pe3ysibTaTe CPaBHUTEIBHOH OICHKM PHCKAa MOTYT OBITh HPUHSATHI pemieHus [7],
IpeJCTaBICHHbIE Ha puC. 4.

TunNbl pelueHWii, KOTOPbIE MOTYT
NPUHWUMATBECA NO Pe3yisTaTam
CPEBHUTENBHOMN OLLEHKHM PUCKOB

He npuHMMaTbL HK HaKKx
mep Nopoep#ueaTs

CYLLECTBYHOLLME METOABI
YNPABASHWA PUCKOM

PaccmoTpeTs BapuaHTbl
06paboTkK pucKa

MepecmoTpeTs Weau

MNMpoBecTM AansHeHIW WA
aHanus, 4tobsl aydie
MOHATL PUCK

Puc. 4. Tunsl penieHui, KOTOpbie MOTYT NPUHUMATHLCA N0 Pe3yJIbTaTaM
CpPaBHUTEJIbHON OLIEHKH PUCKOB
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IIppuHuMaeMble peEIIEHUS [OJDKHBI Y4YUTHIBaTh YpoBeHb mnoarorosku JIIIP B naHHOM
MPEAMETHOM 00JIACTH U €T0 TUIYHOCTHBIE OCOOEHHOCTH.

Jns ydera ypoBHsS moarotoBkd JIIIP u ero JMYHOCTHBIX OCOOCHHOCTEH HEOOXOIMMO
paspaborath Mojenb ommbok JJI, kak coCTaBHYIO YacTh MOJAEIH MOJACP)KKHU IMPUHATHUS PELICHUH,
KOTOpast MO3BOJUT OIeHHBaTh pucku YC MPHUPOJHOTO M TEXHOTEHHOIO XapakTepa Ha OOBEKTax
BOZHOI'O TPAHCIIOPTA.

Pe3ysabTaTsl HcC/IeI0BAHUA U UX 00CYXK/IeHHUE

Jlrobomy JIJI mpu mpUHSATHU pEIICHUN TPHUCYIE CBOHCTBO COBEPINATH OMIMOKH, TO €CTh
BO3MOKHOCTh IIPHHUMATH OIIKMOOYHBIE perrenus [5, 6, 14].

B cBs3u ¢ 3THM mnpennaraeTcs peanu3oBaTh B CUCTEME IMOJICPKKH MPUHATUA PELICHUA
(CIITIP) mogmens coBepiienus ommOok JJI. C menpro dopManu3anud MOACIH HEOOXOIMMO
OMPENICTUTHCS C TOHATHEM «OITUOOYHOE PELICHUEY.

[Ton «ommOOYHBIM perieHreM» OyleM IOHMMAaTh TaKoe MPHHITOE pEeHIeHHe, KOTOpoe
IIPEATOIIaracT OTKJIOHCHHUE pe3yNbTaTOB MBICJIUTEIIEHOTO aKkTa JJI HYKC
OT HEKOTOPOTO0 HMHTErPaTUBHOTO Pe3ylibTaTa, KOTOPBI ObLT chOpMUPOBAH paHee AJsl periaeMoin
B JIAHHBIA MOMEHT 33/1aud HEKUM KOJJIEKTUBOM 3KCIIEpTOB. B JaHHOM ciiyyae uUmeeTcs B BUAY
pelieHue 3aaauu npenynpexaenus i nuksuaanun YC Ha o6bekTax BogHOro Tpancmnopra. Kpome
penieHuii, 3apaHee CHOPMHUPOBAHHBIX SKCIIEPTAMU, BO3MOKHBI TaKXKe CIydad, KOTJa 3ajaaya
SBJIIETCS. HEOJJHOKPATHO IMOBTOpstoLIeics. B TakoM ciiydae HE0OXOIMMO POU3BOIUTH CPAaBHEHHE
npunsroro JIIIP pemeHns ¢ pe3yinbraramu, IMOJY4EHHBIMM IIPU PEIICHHM AHAJIOTMYHOW 3a1a4yu
stum JIIIP panee.

B psane pabot, mocBsIeHHBIX pa3paboTKe Mojeseil MoJA00HOT0 Kjlacca, BBIIETSIOTCS JiBa
KIIFOYEBBIX TPeOOBaHUS K TaKMM Mojeism [4, 15-17]:

1) Mopaenb JOKHA MPEIOCTaBISATh BO3MOXHOCTH OTPaKaTh CTEIEHb BEPOATHOCTH
npussatust JIJI ommbouHoro pemieHuss nmpu pemieHuu 3aaad no npeaynpexaenuro YC Ha BOJHOM
TPAHCIIOPTE M UX JUKBUAAIMH, WCIOIB3YS MPU ITOM HH(GOPMAIMIO O XapaKTEPHBIX CBOMCTBAX
TEMIIEpaMEHTa M CBOWCTBax mncuxuku KoHkpeTHoro JIIIP; cBemenuss o0 ypoBHE KOMIIETEHIIHIA,
3HaHUAX U ymeHusax JIIIP;

2) MoJIeNb JIOJDKHA Takke 00J1a7aTh CIOCOOHOCThIO OoTpakath peakimu J[JI Ha Bo3eicTBuS,
OCYILIECTBIISIONIMECS C TEIbI0 MHTEHCU(HUKAIIMKM TaK Ha3bIBA€MbIX TBOpUYECKHX Bo3MoxkHOcTed JIIIP,
a TarxkKe OMpeAeNsITh BO3MOXKHOE MHOYKECTBO TaKHX BO3AECUCTBUN U IOPSIOK UX (DOPMUPOBAHUSI.

PesynbraTel ananuza psaa uctounukoB [4, 11, 13] mo3BOISIOT caenaTh BHIBOI O TOM, YTO
B 3HAYUTENHLHON Mepe HeoOXOIUMOCTh ydyeTa KakK CKJIOHHOCTH KoHkpeTHoro JIJI x coBepiieHuio
OImUOO0K, TaK U XapaKTepa 3TOM CKIOHHOCTHU, MPEANOIAraeT, YTo OHU 3aBUCIT U OT OCOOCHHOCTEH
CBOMCTB TeMIIEpaMEHTa, U OT OCOOCHHOCTEH HepBHOM cucTembl KoHKpeTHoro JIJI. B To xe camoe
BpEMs ONpPEIEISAIONIEe 3HAYCHHE HMEET YPOBEHb KOMIETCHIIMI KOHKpeTHoro /[[JI B maHHOM
npenMetHoit obnactu (IIpO). YpoBeHb KOMMETEHIIMH B JaHHOM CIlydyae MOXKHO OMPEAENUTh Kak
WHTETPUPOBAHHYIO CYMMY 3HAHH, HABBIKOB U YMEHHH.

W3 sToro cienyer, 4YTO MOHITHE «CKJIOHHOCTH K OmUOKe» st ogHoro u Toro xe JIJI, mpu
pelIeHUU UM pPa3JIMYHBIX 3a7a4 B oOmactu mpenynpexaeHus u jukBupanuun YC Ha oOBekTax
BOJTHOTO TPAHCIOPTA, 3aBUCUT OT YPOBHS €r0 KOMIIETEHLIUU MPU PEIIEHUN KOHKPETHBIX 3a1a4. [1pu
9TOM HEO0OXOJMMO yYHUTBHIBATh, YTO CKJIOHHOCTH 3aBHUCHUT OT THIIa pemiaeMoi 3amauu. Bech kimacc
3anad B [IpO MoxHO pazaenuTh Ha [Ba MojKIIacca: 3anaun npeaynpexaeHus YC (coctaBHas 4acThb
3amad iaHupoBaHusa) u 3amaun  JgukBugarmuu  UC. Tak, omno JIJI moxker ObiTh Oosee
KOMIIETEHTHBIM B pEIICHHH 3a/ad IUIAHUPOBaHUS, W €My OyJeT MNpUCYIl OJIWH YPOBEHb
ckioHHOCTH. B TO ke Bpemsa ecnu 310 JIJI Oynmer pemats 3amaun jukBupanuu UYC, TO ypoBeHb
CKJIOHHOCTH K OIIMOKE MOXET OBITh CYIIECTBEHHO BhIIIe. [103TOMY, MOXKHO clielaTh BBIBOJ, YTO
ompenensomuM (pakTopoM, KOTOpPHIM BiuseT Ha CKIOHHOCTH JIIIP k coBeprieHuio OmmooK,
SIBJISIETCS] €r0 KOMIIETEHTHOCTD B JaHHOU [1pO npu pernieHnn KOHKPETHBIX 3a/1a4.
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[lpn sTomM mis ydera JWYHOCTHBIX ocoOeHnHocteil JIIIP mpennaraercs yduThIBaTH psiX
XapaKTEPHUCTHK, BBIICICHHBIX HCCIICI0BaTEIMHU B paborax [18, 19] u npeacTaBieHHbIX B 0000IIIEHHOM
BUJIC HA PUC. 5.

XapakrepucTuka MIMYHOCTHbLIX oco6eHHocTen JIMP,
yUYuTbIBaeMbIX B MoAaenu

3MouuroHanbHasa BO36yanMocTb — CMOCOOHOCTb MHAMBUAA N3MEHATb
hyHKUMOHanbHbIN YpOBEHb AesATeNbHOCTU B OTBET Ha 6onee cnabble BHyTpeHHUe
1 BHELLHWe BO3byauTenu

A

A

Cwuna amoummn — cnocobHOCTb MHAVBMAA YCUITMBATb CBOIO AEATENbHOCTb
B 3aBVMICUMOCT OT YOOBMETBOPEHUS MU HEYAOBIETBOPEHUSI MOTUBOB

TpeBOXHOCTb — 3MOLMOHaNbHas BO36YAUMOCTb B YrpoXatoLLen cutyaumm

> PeaKkTMBHOCTb HenpPou3BONbHbIX ABWXEHUN (MMNYNIbCUBHOCThL) — cnoco6Ho$\
JIMNP Kk noBbILLIEHNIO aKTUBHOCTU NPUCMNOCOBUTENBHBIX peakUMin K CUTyaumsam
W pasgpaxurenam, AeNCTBYOWUM B AaHHbIA MOMEHT

- AKTUBHOCTL BONEBOW LieneHanpaBrneHHON AeATEeNbHOCTU — CMOCOBHOCTb
JIMNP noBbIcUTb aKTUBHOCTbL NprcnocobnexHns nytem npeobpasoBaHus cutyaLum
B COOTBETCTBMM C NOCTaBMEHHON Lienblo

A

PurngHocTb — NnacTM4HoOCTb - cnocodHocTs JTNP npucnocabnveatbes
K M3MEHSAIOLLMMCS TpeboBaHNSIM OeSTENbHOCTH

! YTomnaemMocTb (pe3MCTeHTHOCTb) — CNOCoBHOCTbL MHAMBMAA CONMpPOTUBIIATLCA
BCEM BHYTPEHHUM U BHELLUHNM YCIOBUAM, ocnabnsawwmm nnm TOPMO3ALLUNM Ha4vaTyro
AOeATeNbHOCTb

> Cyb6bekTuBaumsa — crocobHocTb JIMP B ycuneHun cteneHn onocpeaoBaHust
cy6beKTMBHbIMM 0Bpasamu, NpeacTaBNeEHNAMU U NOHATUAMUA

—»| SKcTpaBepcusl — HanpaBneHHOCTb CyGbekTa Ha BlieYeHne K 06 bekTamM BHYTPEHHErO
UMW BHELLHEro nnaxa

> Cuna Bo36yauTenbHOro npouecca — anHammka cnocobHocTtn JINP nameHsTb

bYHKLMOHAarbHBIN YPOBEHb AEATENbHOCTU

YpaBHOBeLIEHHOCTb MO cuse Bo36yXAeHUs1 U TOPMOXKEHUs! —
AnHamuka cnocobHocTu JIMP nameHaTb PyHKUMOHANbHbIA YPOBEHb AeATENbHOCTH
B OTBET Ha bonee cnabble BHyTPEHHNE N BHELLHME BO3byauTenm

Y

Puc. 5. XapakrepucTHKH JUYHBIX 0coOeHHocTei J1J1

BLII[CJ'ICHHLIC XapakKTCPpUCTUKU OTHCCEM K IICPBOMY YPOBHIO. B kadectBe XapPaKTCPUCTUK
BTOPOIr0 YpPOBH:, OIPCACIIAIONIMX HAIIPABICHHOCTD JIMYHOCTH, MOKHO BBIJICIIUTh TPHU XapaAKTCPHUCTHUKU.
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1. Crpemnenue JIIIP k gocTm>keHHIO yclriexa MpU pEeleHUH 3aaad, Takxke crpemienue JIITP
n30exarh Heynauu. [[Ba aTUX ycTpeMIIeHUs pa3IMdHbl, 110 CyTH, U neictBus JITIP OyayT 3aBuceTh
OT TOr0, KAKOM THUIl OTHOILIEHHUI CYHIECTBYET MEXI1Y ITUMHU CTPEMIICHUSIMHU.

2. Tlokazarenmn o0OOOIIEHHOW, TaK Ha3bIBAEMON CYOBEKTHMBHOM BEPOSITHOCTH ycIexa
1 00001IEHHOH CYOBEKTUBHOM BEPOSTHOCTH HeyAa4u. JlaHHbIE MOKa3aTeN XapaKTepU3yIT CBOMCTBO
obmureit yBepennoctu JIIIP npu npuHATHN UM JTFOOBIX PEIICHUH.

3. CBOWMCTBO LIEHHOCTH, oOmpenensieMoe Kak O00O0OLIeHHas NPUBICKATENBHOCTh —YCIexa
U HEey/1auyH.

B Hacrosiiee Bpems B cpele CHELMAIMCTOB HET €IMHOTO MHEHHS O CTENEHU KOPPENsILUU
BBIJICJICHHBIX CBOWCTB W CTEMEHU NpuHATUS omubouHoro perrenust JI[IP, a MHeHWE OTIENbHBIX
ABTOPOB HAXOJMUTCS B MPSIMOM IPOTUBOpeUrH ¢ octaibHbiMU [4, 11, 18]. D10 roBopUT 00 OTCYTCTBUM
€IMHOTO TIOJIXOa, OJHO3HAYHO OIPEENIONIEro 3aBUCUMOCTh cTerneHu omubounoctu JIIIP
OT CBOMCTB TeMIIEpaMEHTa U HAMpaBIEHHOCTH JIUYHOCTH, YTO HE MPEIOCTaBIAET TBEpIOro Oasuca s
CO3IaHUSI MOJIENTM, OTBEYAIOIIEH MEPEUHCIICHHBIM BBIle TPEOOBAHUSAM, OTPAKAIOIIUM BO3MOYKHOCTU
OIpeesICHNUs IPUYMH COBEPIICHUS OIUOOK.

Jnst pereHusi MOCTaBJICHHOM 3aiavd IpeylaraeTcs HMCHONb30BaTh MOAEb, KOTopas Oyner
ONKCBHIBATh  3aBUCHUMOCTh  BEpPOATHOCTH  ommOouyHoro mpuustus  pemenuss  JJI  [YKC
TEpPPUTOPUATBHOTO OpraHa B mporecce npeaynpexaeHuss YC Ha TpaHclopTe M JIMKBUAALMU HX
MIOCJIEACTBUM OT KOMIETeHTHOCTH [[J1.

Crpykrypa kommerenuuid JUJI, mnpeasmaraemas B Mojenu, MpeanoyiaraeT paszieicHHe
VMHTETPUPOBAHHBIX 3HAHUM, Xapakrepusyrommx komiereHtHocts JIIIP, Ha nBe Kiaccuueckue
COCTaBJLIOIME 3HAHMM KAaK OJIEMEHTAa HMCKYCCTBEHHOI'O HHTEIUIEKTA —  JIEKJIAPATUBHYIO
1 npoueypHyto. CoOTBETCTBEHHO, 3HAHUS MPECTABICHbI Ha ABYX ypoBHsX. [Ipemiaraemas ctpykTypa
3HaHWI MpeJICTaBJIeHa Ha puc. 6.

3uHanus, ucnonszyemble [1J1 as BeImoTHEHHS
v 3 3
Texymed 33191 (Vpenes + V wepescn)

|
|
| IIpucyrcrBytomiue, TpreyTersyromue OTcyTcTBYIOIIHE,
| HO HE peJIeBaHTHbIC HO HEOOXOIMMEIE B
= Heobxoaumsie B [IpO
3 IpO pO
I
o |
o |
?3 | HaBbiku u ymenus, ucnioib3yemsie J1J1 most
x : BBITTOJTHEHUS TEKYILEH 3a1a4n
§ | npeaynpexaeHus u aukBuaaunu YC
o H H
o I (V penes + V Hepenes)
> |
|
| HaBbiku, 00beKTHBHO HEOOXOTUMBIE JISI
I BBITIOJTHEHUS TEKYIIEH 3aauu MPe Iy ek ICHHS
|
| u mukBuganid YC (V" eosxon)
|
e e e
|
|
|
| IIpucyrcrBytomiue, IIpucyrcrBytomme Heob6xoaunmsre,
| HO HE peJIeBaHTHBIE HeoOxoaumere B [IpO HO OTCYTCTBYIOIIHE
s | IIpO 3Hanus 3HAHUS 3HAHUS
b
s |
o |
CI
0
T |
(0]
a |
S 3Hanus1, 00beKTHBHO HeoOxoaumbre JIJT mist
> BBINOJIHEHHS TEKYIIEH 381298 V> eo6x0x
|
|
|
|
|
|
|
1

Puc. 6. Crpykrypa 3nanmuii JIIP
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BepxHuii ypoBeHb XapakTepHu3yeT KOMIETEHIMH Kak crnocoOHocTh JIJI k mpaxkTuueckon
peanuzanuu 3aga4. OH NpeACTaBIsAECTCS MPAKTUUYECKONM COCTABIISIONICH, ONMPAIOIICICS Ha 3HAHUS.
[IpennazHaueHue 1aHHOTO YPOBHS — 3aJJaHUE HaBBIKOB U yMeHUH [IJI, HeoOXOIMMBIX MIPU pelIeHUN
3aj1a4 npenynpexaeHus u aukBunanuu YC Ha o0ObeKTax BOJHOTO TpaHcmopTa. To ecTh Hamudue
OMPENICJICHHOTO YpPOBHSI KOMIIETEHLIMM Tmpeanonaraer crnocooHocts JIIP pemars 3amaum
B IIPEAMETHOM 001aCcTH (HAIMYKE OTPE/IeIICHHBIX HABBIKOB U YMEHUIA).

3amaun, KOTOpBIE peUIaroTcs MpH mpenynpexacHud U gukBuganun YC Ha o0BEeKTax
BOJHOT'O TPAHCIIOPTA, ABISAIOTCA BechMa crienupuyeckumu. JlanHas crneunuduka onpeaensercs Kak
pa3zHooOpa3uemM 00BEKTOB BOJHOIO TpaHCHOpTa (MOPCKUE, PEUHbIE U MAJIOMEPHBIE CyJla, MOPCKHE,
peuHble TOPTHI M T.JA.), TaK ¥ CIOXXHOCTHIO HMX PELICHUS OOYCIOBICHHOW HEOO0XOAMMOCTHIO
B3aumozeiictus JJI IIYKC c¢ opranammu, orBedamommmu 3a O€30MACHOCTh Ha PA3IHMUYHBIX
AJIEMEHTaX BOJHOTO TPAHCIOpPTA. DTO OOCTOSTEIBCTBO TMPEAINOJNIATaeT, YTO HABBIKM M YMEHHS,
KOTOpBIMH JToJ1kHO 00nanate JITIP, nenecooOpa3Ho pa3ienuTh Ha TPU MOJIMHOKECTBA!

1) moamHOKecTBO mpUCYTCTBYIOmMX y JI[IP HaBBIKOB M YMECHHMU, SBJISIOIIAXCS
pEJIeBaHTHBIMU MPEAMETHOM 00sacTu npeaynpexaeHus u suksunanuu YC;

2) MOIMHOXECTBO mpHcyTcTBytommX y JI[IP HaBbIKOB M yMeHHiI HE peleBaHTHBIX
IpeIMETHOM 00sacT npeaynpexaeHus u aukpuganuu YC;

3) OAMHOXKECTBO HEOOXOIMMBIX ISl PEIICHHS 3aa4 IpeaynpexacHus u tukpuaanuu UC,
HO OTCYTCTBYIOUIMX Y AaHHOTO J[JI HaBBIKOB U yMEHUH.

AHaJI0ru4HbIM 00pa3oM, JIeKJIapaTUBHAsI COCTABISAIONIAsS 3HAHUN JTIOJDKHOCTHOTO JIMIIA TOXKE
IIPEATIOJIAraeT AeJICHUE HAa aHAJIOTUYHBIE TPU TIOAMHOKECTBA.

[IpuBeaeHHbIE HAa PUCYHKE 3HAHUS SBJISIOTCS OCHOBOW IpPHU PEIICHUU 3aad MPUHSATHS
pemenuit JIJI B mporecce npenynpexaenus u auksuaanud YC Ha BOJHOM TPaHCTIOPTE.

EcTecTBEHHO, BO3MOXHBI PA3JIMYHbIE OTKJIOHEHHUS OT «IIPAaBUJIBHBIX» PELICHUH, KOTOpbIE
o0yCNaBIMBAETCSI T€M, YTO HMEETCS HEJOCTAaTOYHOE KOJIMYECTBO TpeOyeMbIX 3HaHMid. Takue
OTKJIOHEHHSI Takxke MOoryT Habmonatees, ecnu JIIIP mpucymm kakue-nuO0 KOTHUTHUBHBIC
OTKJIOHEHHS], & TAK)KE Pa3JINYHbIE Pa3HOBUAHOCTH MOTUBALIMOHHBIX OTKJIIOHEHUM.

Bompoc 3akirouaercs B TOM, KaKk ONPEIEINUTD JJaHHbIE OTKIOHEHUA. ONpeaenuTh UX MOKHO
4yepe3 COOTBETCTBYIOIIME IPOSBIEHUS, KOTOPblE MOXHO HaOJII0JaTh IMOCPEICTBOM H3MEHEHHUS
npeanoureHuid JIIIP npu npunsatum pemenuil. CrenoBaTenbHO, HYKHBI KakKHe-TO I10Ka3aTeln
Y XApAKTEPUCTHUKU ITUX NPEANOUYTEHUN, KOTOPbIE MOKHO M3MEPATh. Ba)KHO OTBETUTH HAa BOIIPOC
«I0YE€MY BO3HUKAIOT 3TH W3MEHEHHUs INpeanodteHuil?». [IpoBeneHHBbIN aHaIu3 MOKa3bIBAaeT, UTO
TaKMX IPUYUH MOXET ObITh OY€Hb MHOTO. B KauecTBe OCHOBHBIX MOKHO BBIJIEIIUTD CIIEYIOIINE:

a) HAJIMYMe HEeNoJHOW win HeBepHOU nHpopMaruu o YC, 4To NpUBOIUT K HEMPAaBUILHOMY
IMOHUMAaHUIO cioxusLencsa curyanuu JIIP;

0) HanuuuMe HEemoNHOW WM HeBepHOW HHPopMmammu o YC, 4yTO MPUBOIUT K HEBEPHOU
onenke JIITP Bo3moskHBIX TTocieacTBuii UC;

B) ucnosb3oBanue JIIIP neBepHo copMrpoBaHHOTO MPOTHO3A U T. .

IlepeuncieHHbIE TPUYMHBI MOTYT TPUBOJIUTH K TaK HAa3bIBAEMbIM «MOTHBALIMOHHBIM
cvemieHussM» JIIIP. OHuM He SBIAIOTCS MPSAMBIM CIEACTBUEM HaJIU4Us WIM OTCYTCTBHS
COOTBETCTBYIOIIETO YPOBHSI KoMIeTeHIMH. OHAKO UX HEOOXOJUMO YUUTHIBATh, IOTOMY UTO MPHU
npuHATHH pemieHus Heooxoanmo B CIIIP npexycmarpuBath Bo3MOXKHOCTH Bo3aeiicTBus Ha JIIIP
C TIOMOIIIBIO TOTIOJTHUTENBHBIX CIIEU(PUUECKUX METO/IOB.

[IpoBeeHHBINM BHIIE aHAIU3 TO3BOJSET BBIIECTUTH BO3MOXKHBIE THUIBI omubOok JIIIP,
KoTopble MOryT ObITh BbIABIEeHBI CIIIIP mpu ee QyHKUMOHUMPOBAHMH, a TaKK€ BO3MOKHOCTh
yCcTpaHeHHsl TUX OIHMOOK. THITBI TAKUX OMMOOK MpeACTaBIeHBI HA pUC. 7.

OmmOKy KaXJI0ro TUIA OMPEIENAIOTCS pAaoM NpuuuH. Tak ciaydaifHble OMMUOKA MOTYT
nonyckatbest JIIIP cinyuaiino. OHU HE SIBISIFOTCS CUCTEMAaTHYECKHU IMOBTOPSIEMBIMHU. A BOT B cllydae
BBICOKOTO  cTpecca, OOYCJIOBJIEHHOTO HEOOXOAMMOCTBIO CPOYHOTO TMPUHATUS  PEIICHUs
o ymkBuganuu YC, B yCIIOBHSIX BO3MOXKHOW TuOenu soaei B pesynbTate UC nam BO3MOXKHOM
KPUTUYECKOW BEITMYUHBI yIIep0a, UX MOSBJICHUE MOXET MPUHATH PETYISIPHBINA XapaKTep.

B TO ke BpeMsi KOTHUTHBHBIE OIIMOKH MOTYT MPOSIBIATHCS CO 3HAYUTENBHO OOJiee BBICOKOM
BEPOSATHOCTBIO, YEM CiIy4alHble. MOTHBALMOHHBIE CMEIIECHUS TAK)KE UMEIO TEHICHIUIO K [IOBTOPEHUIO.
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Omunbku Takke MOTryT ObITh JONYIIEHbI BCIEICTBHE OTCYTCTBHS TpeOyeMbIX 3HAHMN WIIH
HAIMYHEM OIMOOK B HUX. OmMUOKHM TaHHOTO YPOBHS MPOUCXOAAT KAaK M3-32 HETMOJIHOTHI 3HAHHM,
TaK ¥ U3-3a OrPAaHUYECHHOCTU PECYPCOB. B Xole mpoBeneHNs UCCIEN0BaHUs PEAIOIAraioch, 4To

Kareropun BO3MOXHBIX OIINOOK
JITTP

{ OmmbKH B paccyXISHUIX )

Ciryuaiinble
omMoKH

Koruuruszsie
OTKJIOHCHHSI

MoTuBalOHHbIE
CMEIIeHHUS

0

( OmnOKH B 3HAHUSIX )

MaMsITH;
BHHMaHHUSI.

JIOCTHKUMOCTH TIPH cOope
(npuoGperenun)
uHPOPMAIHH;
TIPEICTABUMOCTH MIPH
00paboTKe HHpOpMAIHN;
TIOJTBEPKACHUS ITPU
3aj1elicTBOBAaHIN O0OPaTHOI
CBSI3H.

CITy>keOHBIC U OOIIICCTBCHHBIE,
MOTPEOHOCTU «OBITH CBOMMY;
TIOJIyYCHUS BO3HATPAXKICHUSL.

CrydaiiHbie OIIHOKH

/

VYcrapeBanue 1 nopya 3HaHHH

L=

Ilepexom kK HOBOMY
HCIIONB30BAHHUIO (K PENICHH
HOBBIX 3a/1a4)

e

CJI05)KHOCTb HPEMETHOM
obnactu

_/

Puc. 7. Tunsl Bo3MOKHBIX omnook JITIP

JUJI He momycKaroT MpeAHAMEPEHHBIX OITHUOOK.

Mecto monenu cosepuieHus ommOok JI[IP B cTpykType Monenu MOANEP>KKH MPUHSITUS
pemeHuii Uit oneHkd puckoB YC mpHUpPOJHOTO M TEXHOTEHHOTO XapakTepa Ha 00BEKTax BOJHOTO

TpaHCIOPTa MpeIcTaBiIeHa Ha puc. 8.

Mopenb noaAepXKkv NPUHATUA peleHniA ANsA OLeHKKU puckoB YC NPUPOAHOro U TeXHOTEHHOTO XapakTepa Ha 06bekTax

BOJHOro TpaHcnopTa

Mopenu peanusauum npoueayp aHanusa v oueHku peweHuin 11 no npeaynpexaeHuio U NMKBUAauun

YC Ha o6bekTax BOAHOro TpaHcnopTa

Mogenb cosepLieHus ownBoK
nne

Ha JINP

Mopgenb oKkasaHua Bo3aencTeni

Mogenb aganTtaumm Bo3gencTemnin
Ha JINP

A

A

A

\ y
Mopenb npeamMeTHon o6nacTu npeaoTBpalleHUs U nukeuaauum YC Ha o6beKkTax BOAHOro TpaHcnopTa

3HaHWI U AaHHbIX

KoMnoHeHT noaaepku npoL,eccos ¢)0pMVIpoBaHI/IH, Hano/HeHUA n MO,CI,VId)MKaLIMVI «CeTU 3Ta/IOHHbIX pemeHmZ», 6a3

KOMMOHEHT NOAAEPIKKMN «CETU 3TaNOHHbIX PeLleHnit», 6asbl npeueseHToB, 6asbl orpaHnyeHnii MpO, 6asbl NapameTpos
mogzenu /1, 6a3bl 3KCNEPTHbLIX 3HAHWUI 1 BUBANOTERN GYHKLMI aHANN3A U OLLEHKK

KOMNOHEHT OLLeHKM PUCKOB BO3HMKHOBeHMA YC Ha 06beKTax BOAHOrO TpaHcnopTa

Puc. 8. MecTo Moaein coBepuieHusi OIMOOK B CTPYKType MOJIeJIM NMOJAePKKH NPUHATHS pPelleHHil
175 oueHkH puckoB UC NpHpPOIHOTo M TEXHOT€HHOT0 XapaKTepa Ha 00beKTaX BOJHOT0 TPaHCHIOpPTA
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JlanHast Mozenp BXOAWUT B TPYyNIy MOJEIEH peanus3aluu NpOLENyp aHalIW3a U OLEHKU
pemenuit JIJI mo npenynpexaenuto u mukBuganun YC Ha 00beKTax BOJHOTO TPAHCTIOPTA.

[Tpu pa3paboTke MoOJENIHM COBEpIIeHHs OMIMOKHU Mnpeanonaranock, yro JIIIP npu pemenun
3a/1a4 MOXKET paboTaTh B pa3HbIX PEeKUMAax, OlpelesieMbIX CKIablBatoleicss ooctanoBkoi. Eciu
HMMEIOTCS B HAIMYUM OUIMOKH, ONpeesieMble 3HAHUSIMH, TO JaHHBIH PEKUM Ha3bIBAIOT PEXUMOM
paGotbl Ha Oaze 3HaHMid. B ciydyae Hamuums OmMOOK Ha YpOBHE MpaBuil paboThl (OUIMOKH,
BBI3BaHHBIC HEIITATHOW CUTYaIlMel, aHaIora KOTOPOil HeT B 0a3e MpaBuil) — PeKUM paboThI Ha 0ase
paBuJl.

[Tpu pabote JIIIP B miraTHON 3HAKOMOH OOCTAaHOBKE pealiu3yeTcsl peKUM paboThl Ha 0asze
HaBbIKOB. C yd4eToM TOTo, YTO B JaHHOM pexuMme TpeOyercs oOpaboTka Oonbmioro oobema
uHbOpMaMK TIpU 33JCHCTBOBAHMU HABBIKA, YACTh oOlepanuil mo o0paboTke uHoOpManuu
OCYIIECTBISICTC AaBTOMAaTH4eCKW Ha 0Oa3e mcuxomoropHod mamsaru JJI. OmmOku 3716ch MOTYT
MPOSABIISATHCSA B BUJIE OIUIOIIHOCTEH U ymymieHuit. OOHapykeHne OMMOOK OCYIIECTBISIETCS MyTeM
MEepUOJIMYECKUX  MpOBEepOoK  mpaBuibHOcTH  AedictBuil  JIIIP.  Ilpu  BO3HUKHOBEHUHU
He3arutaHupoBaHHbIX cutyaruil JIIIP nmomkHo padotath Ha ypoBHe 0a3bl mpaswi CIIIIP, nckath
aHanoruu (a ommOKu 00ycIaBIMBaIOTCS oMMOKamMu npaBui). [Ipu OTCYTCTBHM aHANIOTHIA TEKYIIeH
CUTyallud OMMUOKU 0OYyCIaBIUBAIOTCS OIMMOKaMu 0a3bl 3HaHWH. CIOKHOCTH 3aKJIFOYACTCSI B TOM,
4yTO KOHKpeTHoe JIJI, xak mpaBuio, jydyile MOATOTOBIEHO JJsl PEIIECHUs 3a/Jad OJHOTO YpPOBHS
neranu3auuu. Hampumep, ypoBeHb €ro KOMIIETEHLMHM MO3BOJSET €My YCIEIIHO pelaTh 3aJadu
npussatus pemenuit npu YC ¢ ManomepHsiMu cynamu. U, cienoBatensHO, B TaHHOW 00JIACTH €ro
MO>HO CUMTATh 3KcepToM. B 1o xe Bpems 3t1o xe [JJI ropazno MeHee KOMIIETEHTHO IIPU PEIICHUU
3ajad, HaIpuMep, Ha 00BEKTax MOPTOBOM MH(GPACTPYKTYPHI. TO €cTh B 3TOM NpeaAMETHON 00acTu
€ro HEeJIb3sl CYUTATh SKCIIEPTOM.

C ydyeToM peKOMEHIAIMi, MPEeICTaBICHHBIX B padoTax [5, 14, 16], mpeamaraetcss MOIeb
coBepmenus omuoku JITIP, cxema koTopoit mpencrasiaeHa Ha puc. 9.
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3akjao4eHue

B mpouecce mpuHATHS perieHui 1Mo mnpeaynpexacHuto u aukBupanuu YC Ha oObekTax
BogHOro Ttpancnopra JIIIP Moryr momyckaTh ommOKku. XapakTep STHUX OIMUOOK 3aBHCUT Kak
ot tumna 3anady, pemaembix JIIIP (¢ yuerom Ttoro, yro mocienctBus YC moryr pacmosiaraThCs
B JMana3oHe OT CYHIECTBEHHBIX 10 KaracTpoduueckux), kommnerenuuii JIIIP, tak u ot ero
MCcUX0(U3HOIOTHUYECKUX 0COOEHHOCTEH.

JlanHast O0COOCHHOCTh OOYCIIaBIMBAae€T HEOOXOJWMOCTh BBISIBJICHHS OJTHX OINHOOK,
KJIacCUPUKALMI0O MX 1O THIIAM M BbIPAOOTKY CHCTEMOIl COOTBETCTBYIOIIMX BO3JCHCTBHIA
Ha J1JI ¢ uenpto ycTpaHeHus: OMHOOK.

[Ipennaraemasi MOJieNib TIO3BOJIIET OOECIIEUUTH BBISBICHHE OMIUOOK B PA3IMYHBIX peKUMax
pabotsr JITIP u BeIpaboTaTh PEKOMEHIAIIMHN IO UX KOMITCHCAIUH.

Komnencanus omuOOK BO3MOXKHA IPU OPraHU3AIMM COOTBETCTBYIOIIETO BO3JEHCTBUS
Ha JI[IP. Otu Bo3aelicTBus MoryT ObITh yutensl B CIIIIP npu peanuzanuu B Hell MOJENTN OKa3aHUS
Bo3aeiicTeuii Ha J1JI.
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YIPABJIEHUE PA3BBUTUEM
HH®OPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTI'A B POCCUMCKOH ®EJEPAIIMU C YYETOM
3AKOHOMEPHOCTEN ® YHKIIMOHUPOBAHUS UT-OTPACJIHN

Hpuna Bacuiasesna Bopoxymxo™,
Cankr-Ilerepoyprckuii ynusepceuter I'IlIC MUC Poccnu, Cankr-Ilerepoypr, Poccus
“bi08@me.com

Annomayus. OCHOBHasi 1IeNIb CTaTbU — aHAJIM3 COBPEMEHHBIX TPEH/IOB M 0XKHMJIAEMBIX
MEPCIIEKTHB PAa3BUTHUSL POCCUKCKOTO PBhIHKA HWH(OPMAlMOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOTUI
Ui pewieHus 3anad ynpasieHuss MT-orpacnbio. B xone uccnenoBaHust 3a METOJI0JIOTHUYECKYIO
OCHOBY OBLIM MPUHATHl KOHIICTITYaJbHBIE MOJIO)KEHUS COBPEMEHHON 3KOHOMHYECKOW TEOpHH,
WCIOJIb30BaHbl MPUHIUIBI CUCTEMHOI'O aHaJIM3a SKOHOMHUYECKUX MPOIECCOB, MPUMEHEHBI METO b
COLIMAJIBHO-3KOHOMUYECKON CTATUCTUKU U SKOHOMETPUYECKOT0 MOJIETUPOBAHUSI.

Cratbs cOEepKUT KOMIUIEKCHYIO XapaKTEPUCTUKY Pa3BUTHS BAXKHEUIINX B3aUMOCBSI3aHHBIX
cocraBisitonux poccuiickoi UT-otpacnu. MccnenoBana nuHaMuKa JA€STEIbHOCTH KPYHHEHIIMX
poccuiickux UT-komnanuii u paspaboTad nporuo3 ux pasputust A0 2026 r. OueHeHa JTWHAMHKA
U BBIMOJHEH MPOTHO3 JKCIOpTa poccuiickoro codra. PaccMoTpeHbl mokazaTenud IUHAMHKU
oreuecTBeHHOro U T-ppiHka u cratyc Poccuu B MEKIyHapOJHBIX pEUTHHIAaX HU(PPOBU3ALINH.

B crathe akieHTHpyeTcs BHHMaHUE Ha ycHexax M HeqopaboTkax B 00JIaCTH pPa3BUTHS
UT-orpacnu. Poccuss  nmocturiia  BBICOKMX — TEMIIOB  pa3BUTHS  oTpaciu.  HaumOGoiee
KOHKYPEHTOCIIOCOOHBIMM Ha MHPOBOM pBIHKE SBISIOTCS POCCHICKHME pPa3pabOTKH B 00JIaCTH
cpenctB obecnieueHus HGOpMaAIMOHHON Oe3omacHOCTU. BaskHOol 3amadeil siBisieTcst obecrieueHne
Oosiee paBHOMEPHOI'0 TeppUTOpHANIbHOTO pasmenieHus WT-koMnaHuii U npeojojieHHe UX Y3KOH
MPEAMETHON CIIeMANIM3aIlii, HapalliBaHue dKCropTHOro noreHnuana UT-orpacou. Pazpaboran
MIPOTHO3 HEKOTOPBIX Nokazareneit UT-orpacnu Ha 2026 T.

B cBs3u ¢ pa3paboTkol MpOrHo3a MOKa3aHbl BO3HUKAIOIIME IPU 3TOM METOAMYECKUE
npobaemMbl M BO3MOXKHBIE NyTH HX pemeHus. HaydyHoil HoBH3HONH o006namaeT moka3aTels,
NPEIIOKEHHBIH B JIOMOJHEHHE K MEXAYHapOAHBIM DPEUTHHIOBBIM  OIIEHKAM  Pa3BUTHS
MH(OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJOTHH MO cTpaHaM Mwupa. JlaHHBIH MOKa3aTenb
MO3BOJISIET OLICHUTDH PeasIbHBIM MaciITad OTCTaBaHUS OT CTPAaH-JIHIEPOB.

Knrwouesvie cnosa: ympapneHue, 3aKOHOMEPHOCTH (YHKIIMOHUPOBaHUA, LUdpoBas
TpaHcopmanus, HUHGOPMALMOHHO-KOMMYHHUKAIIMOHHbIE  TEXHOJOTMHM,  IPOrHO3UPOBAHHE,
UT-otpacns, uHAEKC IU(POBU3ALUHI, MEKITYHAPOIHBIN pEHTUHT

Jns murupoBanmsi: boponymko W.B. Ympaenenuwe pazButHeM WHPOPMAIHOHHO-KOMMYHHKAIIHOHHBIX
TexHooruii B Poccuiickoit ®enepanun ¢ yueToM 3akOHOMepHOcTel (yHkunonupoBanus UT-orpacmu //
Hayu.-ananwur. xypH. «Bectauk C.-Iletep6. yn-Ta I'TIC MUC Poccumn» 2022. Ne 1. C. 119-128.

© Cankr-Ilerepoyprckuii yausepcuteT ['TIC MUC Poccun, 2022
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MANAGEMENT OF THE DEVELOPMENT OF INFORMATION
AND COMMUNICATION TECHNOLOGIES IN THE RUSSIAN
FEDERATION TAKING INTO ACCOUNT THE REGULARITIES
OF THE FUNCTIONING OF THE IT INDUSTRY

Irina V. Borodushko®. Saint-Petersburg university of State fire service of EMERCOM
of Russia, Saint-Petersburg, Russia
2hio8@me.com

Abstract. The main purpose of the article is to analyze current trends and expected prospects
for the development of the Russian market of information and communication technologies to solve
the problems of managing the IT industry. In the course of the study, the conceptual provisions
of modern economic theory were taken as a methodological basis, the principles of a systemic
analysis of economic processes were used, and the methods of socio-economic statistics
and econometric modeling were applied.

The article contains a comprehensive description of the development of the most important
interrelated components of the Russian IT industry. The dynamics of the activities of the largest
Russian IT companies has been studied and a forecast for their development up to 2026 has been
developed. The dynamics was assessed and the export forecast for Russian software was made.
The indicators of the dynamics of the domestic IT market and the status of Russia in international
digitalization ratings are considered.

The article focuses on the successes and shortcomings in the development of the IT industry.
Russia has achieved high rates of development of the industry. The most competitive in the world
market are Russian developments in the field of information security tools. Important tasks
are to ensure a more even territorial distribution of IT companies and overcome their narrow subject
specialization, building up the export potential of the IT industry. A forecast of some indicators
of the IT industry for 2026 has been developed.

In connection with the development of the forecast, the methodological problems that arise
in this case and possible ways to solve them are shown. Scientific novelty is the indicator proposed
in addition to the international rating estimates of the development of information
and communication technologies in the countries of the world. This indicator allows us to assess
the real scale of the lag behind the leading countries.

Keywords: management, patterns of functioning, digital transformation, information
and communication technologies, forecasting, IT industry, digitalization index, international rating

For citation: Borodushko 1V. Management of the development of information and
communication technologies in the russian federation taking into account the regularities of the functioning
of the it industry // Nauch.-analit. jour. «Vestnik Saint-Petersburg university of State fire Service
of EMERCOM of Russia». 2022. Ne 1. P, 119-128.

BBenenne

[ludppoBast  TpanchopMamusi  COUATBHO-DKOHOMMYECKMX  CHUCTEM W pPa3BHUTHE
nH(popMalnoHHO-KOMMYHUKAIIMOHHBIX ~TexHonoruit (MKT) Bce Oonee mnpuoOperaroT poiib
OCHOBHOTO JpaiiBepa pocTa SKOHOMHKH U MPHOPUTETHOTO (hakTopa MpH PEHIeHUH TAaKOW 3amayu
yhOpaBieHus, Kak oOecrnedeHne KOHKYPEHTOCIIOCOOHOCTM  KOMIIAaHMM Ha  BHYTPEHHHX
U MEXIyHapoIHbIX pblHKax. B passutum UKT crnenyer pasnnuath /Ba B3aMMOCBSI3aHHBIX
Hanpasienus: 1) pazsutue UT-kommaHuii, TO €CTh KOMITAHUH, MPEAMETOM JCITEIBHOCTH KOTOPBIX
SBISIFOTCSL pa3pa0OTKa M IMPOM3BOACTBO HMH(MOPMAIMOHHBIX TexHoyoruid; 2) npumenenune WKT
OpraHM3alMsIMH Pa3InYHbIX cep AeSITeTbHOCTH, OpraHaMHU BJIACTH, HaceneHueM. Bzaumoneiictue
npousBoauteneil u norpeduteneit UKT omocpenoBaHo MexaHM3MaMH CHpOca M MPEUIOKEHUS,
oOpasys equnHblii UT-peiHOK. B cTarbe pemaroTcst 3amauM UCCIE0BaHUS COBPEMEHHBIX TPEHJIOB
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1 BO3MOJKHBIX NEPCHEKTUB pa3BUTUsA Ha nepuof 1o 2026 r. poccuiickoro peiaka MKT B nenom
U €r0 CTPYKTYPHBIX COCTaBJISIOLIMX.
Metoabl nccie10BaHusA

Metoponoruyeckoir  0a3oifl  MCCIENOBaHMA SBWINCH KOHLENTYAJIbHBIC  ITOJIOKEHUS
COBPEMEHHOW SKOHOMHUYECKOW TEOPHH, OCHOBBI CUCTEMHOTO aHAJIN3a YKOHOMHYECKHX MPOILIECCOB
B YCJIOBUSX PBIHOYHBIX MEXAHHU3MOB XO3SIICTBOBAaHMS, METOMABl COIMAJIbHO-?KOHOMHYECKON
CTaTHCTHUKH ¥ SKOHOMETPUYECKOTO MOJEIMPOBAHUS KaK HHCTPYMEHTOB OOpaOOTKHM YHMCIIOBOM
uHpopMaLuu.

CrarucTuyeckue MeETOAbl NPUMEHEHBl NpH (HOPMHUPOBAHHMHM M O(QOPMIIEHHH CHCTEM
nokazartenet (tabn. 1, 2), mpu aHanu3e TEHICHUUNA JWHAMHKUA U pa3pabOTKUA MPOTHO30B.
DKOHOMETPUYECKOE MOAEIMPOBAHHE U MaTEeMaTHYECKHE METO/bl OLICHKH KayecTBa MOJIENN OBLIH
MCTIOJIb30BAHBI B IEJISIX MPEACTABICHUS B 0000IIEHHOM BUJIE TPEHIOB BPEMEHHBIX PSIOB.

Pe3yJILTaTLI HCCJICA0OBAHUA U UX 06cymefme

ITepBonauanibHO paccmoTpuM paszButue npousBoguteneid UKT — UT-kommanuit. K Hauainy
2021 r. ux uyucineHHocTh B crpaHe gocturia 14 000 kommanuii. Mubopmamus o coaepkaHuH
u Mmacmrabax gesrensHocTH 100 Hambonee kpymHbIX poccmiickux WT-xommnanmii  (0e3
HHOCTpaHHbIX ), onyoaukoBanHas CNews Analytics, mokaszana B ta6um. 1 [1].

Ta6muia 1. Kpynueitmue 100 UT-komnannii Poccuu B 2020 1.

Bripyuka 3a 2020 r. MiH py0aeit Cpennee uncio
. YUCIIO
OCHOBHO BUI pPabOTHHUKOB
KOMIIa- Ha 1 Ha 1
EATEIBHOCTH N BCETO Ha | KOMIaHuIo,
HHN KOMITAHUIO paboTHHKa yer
1. Muoronpogu:Has 5 | 443136 88627 16,2 6 341
rpyImna KOMIaHUi
2. Pazpabotka I10 19 215566 11346 1292
3. IIpoussoacteo KT 10 75379 7538 16,8 428
4. UT-ycryrm, 66 | 1331109 | 20168 11,6 1785
JUCTPUOYITUS
I[I0 — mnporpamMMmHOe oOecriedeHHe U MPOTPaMMHBIE TPOAYKTHI, HHU(PPOBBIC TEXHOJOTHH;

KT — xoMmiploTepHast TeXHUKa, 000pYAOBaHHE

WNT-koMnanuy ObUIM CrpyNIMPOBaHbBl aBTOPOM IO BHJAM JIEATENBHOCTH WU JJI Kaxaou
IpYIIBl BBIYMCICHBI 00oOIIarole mnokazarenu. IlepBble Tpu Tpymibl KOMIAHUHA BBITOIHSIIOT
HauboJsiee OTBETCTBEHHBIE U CIOXHBIE (PYHKIMHM B 00JaCTH MH(POPMAIMOHHBIX TeXHOJOrud. OHu
3aHATBl CO3JJAHMEM MPOAYKIMM — KOMIBIOTEPHBIX MpOrpamM, IHU(PPOBBIX TEXHOJIOTHH,
KOMITBIOTEPHON TEXHHMKH. DTO MO MacuiTabaMm CBOEH AESITEIbHOCTU JAJEKO HE caMble KpPYIHbIE
opranuzanu (Kpome rpymnn opranuszanuii). Ho ux oTnuunTensHas 0COOEHHOCTh — BBINOJIHEHUE
Haubojee BBICOKOTEXHOJOTUYHBIX OIEpaluii, CO3JaHHe HOBOTO NPOAYKTa. Y HHUX CpeaHss
BbIpyYKa Ha OJHOrO pabOTHHKA MOYTH B MOJTOpa pasza BhIIIE, YeM Yy KOMIIaHUI Haumboisee
MHOTOYHCJICHHOW YEeTBEPTOM TpYNIbl, OKAa3bIBAOIIMX YyCIyrd B cdepe HHDOPMALIMOHHBIX
TEXHOJIOTUH.

CrarucTudeckue JaHHbIE TEMOHCTPUPYIOT KPailHIOK HEOJAHOPOIHOCTh permoHoB Poccum
[0 JOCTUTHYTOMY YypoBHIO pa3BuTus MT-komnanuit. Tak, 3z 100 kpynHeWIIMX KOMIIaHUMN
76 naxoxsrcs B Mockse, 12 — B Cankr-IlerepOypre, 3 — B ExatepunOypre u 9 — B Apyrux KpymHbIX
Hay4YHO-IIPOU3BOJICTBEHHBIX IIEHTpax cTpaHbl. Ha Bce mMpocTpaHCTBO CTpaHbl K BOCTOKY OT Ypaina
B 2020 r. nmpuxomwiuck Toibko 2 w3 100 kpynneimux WT-komnanumit. U3 34 nauboinee
BBICOKOTEXHOJIOTMYHBIX KpynHbIX WMT-komnanuii (nepsbie Tpu rpynnsl) 27 HaxoaaTcss B MOCKBe,
4 — B Cankr-IlerepOypre u 3 — B apyrux roponax. Takum o6pazoMm, MockBa u yacTuuHo CaHKT-
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[leTepOypr COCTaBISIOT OCHOBHYIO 30HY pa3MEIICHHS PpOCCHICKMX Hauboiee pa3BUTHIX
Y BBICOKOTEXHOJIOTNYHBIX W T-KOMITaHu.

B ta6n. 1 npodpumie nesrensHoctr 100 kpynueitmunx UT-komnanuii Poccun npencrasieHn
B IpeaenbHo 0000mmeHHoM Buze. KoHKpeTHBIHN ke nepeueHb (QYHKIUN ATHUX KOMIIAHUN BechMa
pasHooOpa3eH. B HeM mpezcraBieHbl: OusHec-pa3paboTKa CHCTEM TECTHPOBAHUS, KOHCAJITHHT,
WHHOBAIIMOHHBIE Pa3pabOTKH, craprarbl, obecrieueHue KMOepOe30macHOCTH, 00JauHble CEPBUCHI,
MIPOU3BOJICTBO MHUKPOIJIEKTPOHUKHU, yIpaBiisieMble cepBuchl, oOyuenue WT, mnpasaiineps
U(POBBIX CEPBUCOB, CUCTEMHAsi MHTErpallks, YIpaBJIeHUE MPOrpaMMaMy MIPOEKTOB, OpraHu3alus
XpaHWIUIL OONBIIMX JAaHHBIX, CO3JaHHE CETeBOW WMH(pPACTpyKTyphl, BHeapenue MT, co3manue
MOOHJIBHBIX MPHIOKEHWH u MHoroe apyroe [2]. B wumcime kpynueimmx HWT-komnanuii
NpEeJCTaBIICHbI, HapuUMep, PannosnekTponnslii kiactep Pocrexa, kommanus «Jlanuty», obmaunas
matdopma ['pymmer «CoepObank» u nip.

Hesrensnocts 100  Bemymumx WT-xkommanwii, oueHHBaeMas 00bEMOM  BBIPYYKH,
XapaKTEpU3yeTcsl IUTaBHBIM CTaOMIbHBIM pocToM B mepuox 2002-2018 rr. [1]. Ilepuon
2019-2020 rr. ornuyaeTrcs CMEHOW TpEHIa — MEPEeXoJoM Ha 0Oojee BBICOKHE TEMITbI POCTa.
B ycnoBusax manaemun pe3ko Bospoc cripoc Ha KT B cBsi3u ¢ B3pBIBHBIM paclpOCTpaHEHUEM
OCECKOHTaKTHBIX (DOPM y4€OBbI, TPYAOBOH JACITEILHOCTH, PA3IMIHBIX (OPM KOMMYHUKAIHA. MOKHO
MPEINONIOKHUTh, uTo TI0 M T-oTpacnu B 11eJ0M Moka3aTelld pocTa HECKOJIBKO 0oJiee CKpOMHbBIE, YeEM
y 100 koMmaHW-THIEPOB.

Jns nomyyeHus: 00001IeHHON OLIEHKH TpeHAa AuHaMuKH Bbipydku 100 WT-xommnanwii
aBTOpOM ObUI MpPENBAPUTEIILHO HCIOJIb30BAaH NPOCTEMIINN HpPUEM — pacueT CpPEeJHEr0J0BOIO
a0Cco0THOTO Mpupocta 3a nepuoa 2002—2018 rr.:

(Y2018—Y2002): 16=(1287-142): 16=71,56 mupx pyoO.

CnenoBarenbHO, Ha NPOTSDKEHUM JUIMTENBHOTO IE€PUOJAa HMeNla MECTO YCTOoHuuBas
TEHJCHIMSI — CpeIHuN exerogHsli mnpupocT Bblpyukn 100 WT-xkommanuii cocraBisil
71,56 mupa pyo.

DKcTpanonupysi CpenHUl aOCONIOTHBIM NPUPOCT BBIPYYKM HA TIOCIEIYIOUIHE TOJBI,
nojryyaeM nporxHo3 Beipyuku 100 kommanwuii B 2026 r. (mporao3 Ne 1):

v2026=2014+71,56x6=2443 mapn pyo.

bonee npeanodYTUTENbHBIM SIBISIETCS NPOTHO3MPOBAHHWE HAa OCHOBE AKOHOMETPHUECKOIO
MozenupoBanus TpeHaa. B mpepenax nepuona 2002—-2018 rr. mMen MecTo IUIaBHBIM JTMHEHHBIN
pOCT, ClIeZIOBATEIbHO, MOKET OBITh HCIOJIb30BaHAa MapHas JIMHEHHas QYHKIIHS.

Pesynbrat MmogenupoBanus: y=a+bt=41,67+72,55 t.

MopenvpoBaHue TpeHAAa MNPAKTUYECKU MOATBEPAMWIIO YK€ paHee MOJYYEHHBIM pe3yibTar,
HO OOHAPYKUJIO HECKOJIBKO 00Jiee BBICOKHI MOKa3aTeIb CPETHET0I0BOTO MIPUPOCTA BHIPYUKH.

Kak moxkaszan pacuer kpurepus Pumepa (F), momydeHHas MOAenb JOCTATOYHO TOYHO
OMHCHIBACT TPEHJ AUHAMHUKH: (akTuyeckas BenuunmHa F cocrtaBuina 684 npu HOPMATHBHOM
3HaueHUH 5. BpIcokoe KadyecTBO MOENU MOATBEPKAAECT TaKke KOd(P(UIMEHT AeTepMUHAIIUU
(r2=0,9785). CnenoBarenbHO, MOJIEIb MOXET OBITh HCIOJIb30BaHA JMJIi MPOrHO3HPOBAHUS
(mporHo3 Ne 2).

y2026=41,67+72,55x25=1855,42 mnpn pyoO.

Pe3ynbrarthl OBYX MNpPOTHO30B CYIIECTBEHHO pacxoasrci. B mepBoM MporHose ydreH
yCKOpeHHBIH pocT BbIpydykd B 2019-2020 rr., a BO BTOPOM OH HE MPUHAT BO BHUMAaHHUE, YTO
HE BIIOJIHE KOPPEKTHO.

Ecin nmoctpouts Mozaens TpeHaa 3a nepuoxa 2002-2020 rr., To mosydaem ClIeAyrolue
pe3ynbTaThl (mporao3 Ne 3):
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y=a+bt=39,96+84,996 t: F=215; r°=0,93.
y2026—39,96+84,996x25=2164,86 mupx pyo.

B npornoze Ne 3 yurensl Boicokue npupoctsl 2019-2020 rr., Ho Tpena Ha 2021-2026 rr.
B OCHOBHOM BOCIPOHU3BOJUT 3aKOHOMepHOCTh AuHamuku 2002—2018 rr. JlocToBepHOCTh MOJETH
HECKOJIbKO ycTymaer mojenu Ne 2, Tak Kak B HCXOJHBIX JAHHBIX HMEET MECTO HEKOTOPOE
OTKJIOHEHHE OT JIMHEHHOTO TPEH/Ia.

Haxkonen, moctpoum monenbs Ne 4 mo ucxonueiM naHHbIM 3a 2014-2020 rr., nHamnbonee
MPUOIMKEHHBIM K COBPEMEHHOW CHUTYaIlMH, XOTS B ATOM CJIy4ae HECKOJbKO CHIIKACTCS Ka4eCTBO
MO/ICJIN U3-332 HEKOTOPOTO OTKJIOHEHUS UCXOHBIX JaHHBIX OT JIMHEUHOTO TPEHIA.

y=a+bht=670,14+159,25 t; F=29; r’=0,85.
y2026=670,14+159,25x13=2740,39 mnpn pyo.

O060011as1 peICTaBIECHHbBIE BBIIIE MAaTEPHAIIbl, MOXKHO CIIEJIaTh CIEIYIOIUE BBIBOJIBI:

1. IlpuHsATO OOBIYHO CTPOUTH TPU BapHaHTa IMPOrHO3a — BBICOKUH, cpenHui, HU3KUN. Eciaun
JaH TOJIBKO OJMH BapHaHT MPOrHO3a, TO OH COOTBETCTBYET Haulojiee BEPOATHOMY — CPEIHEMY
BapHaHTy. B JaHHOM cilydae ycIIOBHO OyJieM CUMTATh CPEIHUM BapuaHToM rporHo3 Ne 1. Beicokuit
BapuaHT — Ne 4, Huzkuil — Ne 2. YcnoBHOU Takasi HHTEpIIpeTalus SBISETCA NOTOMY, YTO B OCHOBY
IIOCTPOEHUSI IPOrHO30B TIOJIOKEH MPUHIUI SKCTPANOSILUA TPEHJIOB MPEALIECTBYIOMUX JIET
Ha MPOTHO3HBIM Nepuoa. I1o miaBHbI pocT 3a 20022018 rr., uaTeHCcUBHBINA pocT 2019 1. U ero
npopomkerne B 2020 1., ocinokHeHHOE (akTopoM maHAeMuu. llpencraBieHHBIE BapUaHTHI
IIPOTHO3a Pa3InyaloTCs pPa3HbIM COYETAaHHMEM YYTEHHBIX B HUX TpeHAOB. boiee 1ocToBepHBbIM ObLI
Obl TIPOTHO3 Ha OCHOBE y4yeTa BIMSHHUA OCHOBHBIX (DAaKTOpPOB, HO B JOCTYITHBIX HCTOYHHUKAX
OTCYTCTBYET HEOOXOUMast UCXOAHAs HHPOpMaLus.

2. JIocTOBEPHOCTH MPOTHO3a 3aBUCUT OT HAJMYUS M BBIOOpPA MCXOMHBIX YHCIIOBBIX JAHHBIX,
OT NPUMEHSEMBIX aJTOPUTMOB pacyera, OT COCTaBa y4YUThbIBaeMbIX (pakTopoB. Jlaxe Hauboiee
MIPOCThIE MPOTHO3HBIE MOJENIN, OCHOBAaHHBIE HAa DSKCTPANOJSALMU TPEHIOB, HE CBOOOJHBI
OT CcyOBEKTHMBHOrO BbIOOpa wuccienoBarens. CienoBaTenbHO, pPe3yJbTaThl MPOTHO3UPOBAHUS
JOJKHBI UCTIOIB30BATHCS C OCTOPOKHOCTHIO.

[TpoBenenHsblit Bhllle aHanu3 kacaercss Tonbko 100 HambGonee kpynHbIx MT-kommanuii.
Passutne UT — orpacnu B nenom B Poccun XxapakTepusyercs MOJOKUTEIBHOW TUHAMHUKOM, XOTS
U yCTymaeT Mo CBOMM MaclTabaM Haubosiee pa3BUTHIM cTpaHaMm Mupa. Hampumep, ee nons
B BBII Poccun cocrasmsier okono 1 %, a 8 BBII CIIIA — okono 3 %. ['ocynapcTBeHHast MOTUTHKA
Poccun HampasiieHa Ha nojaepxky opranuzanuii UT-oTpaciu, 4To cocoOCTBYET €€ yCHEeIIHOMY
pazButuro. B makere mep nopxepxkku WT-uHAyCcTpUM NpEeACTABICHBI: BCTYNMBUIMN B CHITY
c 1 sauBaps 2021 r. HanoroBelii MaHeBp (JIbFOTHAs CTaBKa Hajora Ha NMpuObUIL B pasmepe 3 %,
MOHMKCHHBIH pa3Mep B3HOCOB Ha (oHJ orutatel Tpyaa — 7,6 %); BbIaeNeHHE TPAaHTOB IS
CTapTaIOB ¥ KOMIIAHHUH C 3peNbIMH PEUICHHSMH [0 HOBBIM mpojayktam (rpantsl g0 20 MIH pyo.
g crapronoB, a0 300 muH pyO. rpaHThl, mpenocraBisemMble (BOHAOM HMHPOPMAILIMOHHBIX
TEXHOJIOTUH); aKcelepalnoHHas mporpaMMa (poHAa pa3BUTHS MHTEPHET-MHULUATUB IJI1 MOJIOJABIX
NT-kommanwmii.

[Mponykust poccuiickux WT-kommanuii BocTpeOOBaHAa HE TOJBKO Ha BHYTPEHHEM,
HO U Ha MEXJYHApoJHOM pblHKax. Ha 3apyOeXHbIX pbIHKax Hanbojiee KOHKYPEHTOCHOCOOHBIMU
ABIISIIOTCSL POCCUMCKHE pa3paboTku B 007acTé MHPOPMAIMOHHOW OE30MacHOCTH. ODKCHOPT
poccuiickoro codra (IIPOrpaMMHOr0 OOECHeueHUss U MPOrpPaMMHBIX MPOAYKTOB, KOMIIbIOTEPHBIX
ycayr) B 2020 r. Bo3poc B cpaBHeHuu ¢ 2010 r. B 2,6 pasa um cocraBun 8,6 mMipa OO
CIOA (mmm 632,2 mupa py6.) [3]. O6mmii o6bem poccuiickoro skcrmopra B 2020 T, M0 JaHHBIM
denepanbpHOl TaMOXKEHHOH ciykO0bl, coctaBmi 338,2 mupa momn. CHIA [4]. B ero crpykrype
Ha gomo codra mpuxomutcs sumb 2,5 % (8,6:338,2x100=2,5). Takum oOpa3om, 3KCHOPT
poccHiickoro codra xapakTepusyeTrcs YCTOHYMBBIM POCTOM, HO MAacCIITAaObl €ro MoKa OCTaroTcs
BECbMa HU3KHMH.
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st 6onee KOHKPETHOW OIEHKHM TEHICHIMU TUHAMHKHU SKCIopTra codTa MpOW3BEICHBI
pacuetsl cpenHero 3a mepuoa 2010-2020 rr. aGCOMIOTHOTO CPETHETOOBOTO MPUPOCTA YPOBHS
MOKa3aTessl ¥ MOCTPOCHA JTMHEHHAST MOJICTb TPEH/Ia MOKa3aTels 32 ATOT MEPUOI.

CpenneromoBoii abcomotHbii  mpupoct: (8,6-3,3):10=0,53 mupa gomn. CIIA. Ecawu
AKCTPAIOJIMPOBATh JIaHHBIM TOKa3zaTeslb Ha 2026 r., TO MOdy4aeM CJCAYIOIUNA pe3ysIbTaT:
8,6+0,53x6=11,78 mupa nomn.

Bonee TouHBIN pe3ynbTaT 1aeT SKOHOMETPUIECKasi MOeIb. VICIoNb3ys MapHy0 THHEHHYIO
(GYHKIUIO TOJTy4aeM ypaBHEHUE:

y=a+bt=2,9586+0,6129t.

Koaddumuent perpeccun b cocraBasier 0,6129, ciaemoBarenbHO, CPEIHHIA €KETOTHBIN
IIPUPOCT BKCIIOPTa B IpeaplaylieM aecatuneTuu paseH 0,6129 mupp 10i11., 4TO HECKOJIBKO BBIILIE
JAHHBIX BBIMOJIHEHHOIO BbIIIE IPUOINKEHHOr0 pacyera. OleHKa CTENeHH TOYHOCTU ITOCTPOSHHOMN
MOJIEITH JTania Ciieyromme pesyabrarsr: F=83 (mopmarueroe 5,11); R?=0,901. Mozerns ocToBepHa.
[Ipornos na 2026 r.:

V¥ 2026=2,9586+0,6129x17=13,37 mapx qo1.

Ob6wvem mpomax poccuiickoro codra Ha BHyTpeHHeMm pbiHKe B 2020 r. cocraBun 9,5
u Ha BHemHeM pbiHKe 8,6 mupa momr. CIIA. ons skcriopra B oOmieM o0beMe POCCHHCKOTO
BHEIIIHEr0 ¥ BHYTPEHHETO phIHKAa codTa BhICOKAa M coctaBisieT 47,5 %. Ho 310 He o3Haudaer, 4To
BHYTPEHHUH CIPOC MOJHOCTBIO  ynoBieTBOpeH. CylecTByeT CTPYKTYpHbIM — JaucOanaHc
Ha POCCUICKOM pbIHKE copTa, Topmozsuit pazsutue UT-orpaciu. OteuectBennbie UT-kommnanun
HE BCErJa HaxoAAT JOCTaTOuHble OOBEMbl MHBECTUIMI BHYTPH CTpaHbl M 4acTh KOMIaHMUH
NEPEXOIAT B 3apyO0CKHYIO IOPUCAUKIMIO. OJTHOBPEMEHHO C ATHUM POCCUMCKHE MHBECTULIMOHHbIE
(GOHIBI, KOTOPHIM HYXHBI IOTOKM HPOEKTOB, 3a4acTyl0 HE HaxXOJIT HX B OTEYECTBEHHBIX
NT-xoMnaHUsIX U BBIHYK/IEHBI IEPEHOCUTH CBOIO JEATEILHOCTD 3a pyOex.

Hecmotpss Ha 310, poccuiickuii UT-pelHOK IeMOHCTpUpYeT ycToiuuBbli pocT. OObeM
oredyecTBeHHOTO WT-pBIHKA, O NAaHHBIM MEXKIYHAapOAHOH HccienoBaTenbckoi kommanuu IDC,
coctaBui: B 2019 r. — 1,608 tpsn py6. (poct k 2018 . Ha 8,8 %); B 2020 r. — 1,833 TpnH pyo.
¢ pocrom k 2019 r. Ha 14,0 % (wmu 24,66 mupn momn. CIIA ¢ pocrom Ha 2 %) [5]. Accormanus
PYCCO®T naer Gonee BBICOKYIO OLEHKY poccuiickoro UT-peinka: 2,46 tpan py0. B 2020 r.
u poct B cpaBHeHun ¢ 2019 1. Ha 20,6 % (wmu 34,1 mapa momutapos CIHA ¢ poctom Ha 7,9 %) [6].

ITo otnenbHbIM cerMeHTaMm poccuiickoro MT-peiHka omyOiaukoBaHbl MPOrHo3bl Ha 2026 T.
Tak, perHok oducHoro I10, cocraBuBmmii B 2020 1. 38,8 mupn py0., 0 OIEHKAaM JKCIIEPTOB,
«Oynet pactu Ha 69 % B roa u k 2026 r. coctaBuT 59 Mipa pyo., 1o 3apyoexHoro I1O cHuzuTes
o 30 % c rexkymwmx 77,5 %» [7]. Ilpennonaraercsi, uto k 2026 rogy MpOIEHT POCCHHCKHX
KoMIaHui, ucnons3zyrommx [IO ¢ OTKpBITBIM KOIOM, BO3pacTeT ¢ HbIHEMHUX 79 % mo 92 %.
OO1IeMUPOBBIM  TPEH/IOM SIBIISIETCS  YCKOpPEHHBIM pocT Takoro cermeHta WMT-peiHka, Kak
obecrieyeHne knbepoe3onacHocTH. OXHIaeTcs, 4To €ro J0js B 00meM 00beMe MUPOBOIO PhIHKA
Bo3pacteT k 2026 1. ¢ HpiHEMHUX 3,6—5,2 % 1o 4,5-6,4 %. Poccuiickuii ppIHOK WH(GOPMAITMOHHON
0€30MacCHOCTH PacTeT BIBOE ObICTpee riiodaabHoro [8].

Haubonee o0Ouryro, wuHTerpanbHyto oneHky passutus HWKT pmaer wmexayHapomaHbiid
nnaukatop — uejekc passutus UKT, no koropomy Poccus B 2017 1. 3anumaina 45-e Mecto cpenu
176 y4yacTBOBaBIIMX B PEUTHHIE CTpaH MUpa. 3HaueHHe uHAekca no Poccum cocrasuino 7,07 mpu
camMoM BbIcOKOM 3HadeHuM 8,98 y Hcmannuu. B umnnekce UMKT wmuTerpupoBano 11 yacTHBIX
WHJIMKATOpOB. B Hacrosmee BpeMs pacmupsieTcss Kpyr 4acTHbBIX HMHIuKaropoB. Ecim B 2008 T.
Poccus 3anumana 49 mecro M ee MHAEKC COCTaBIsAN Jnumb 56,7 % OT ypOBHsI IOKa3aTems
mo crpane auaepy (4,42:7,80x100=56,7 %), to x 2017 r. oTCTaBaHWE pPE3KO COKPATHUIIOCH
(7,07:8,98x100=78,7 %). B Tabn. 2 mokazano mecto Poccuum B KOMIUIEKCE MEKITYHAPOIHBIX
PEUTHHIOB, OIICHUBAIONIMX YpOBeHb mudposusanuu [9, c. 22].
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Tabmwmia 2. Poccusi B MeKITYHAPOAHBIX peiiTHHIaX U (POBU3AMHU

. 3HayeHHEe HHIEKCA
Petituar
MexayHapoIHbIE UHAEKCHI T'on MaKCH- P® x make,
PO PO
MajbHOE %
1. Uunekc pazsutus UKT 2017 45 7,07 8,98 78,7
2. IHaeKC pa3BUTHS SJIEKTPOHHOTO 2018 30 0,7969 0,9150 87.1
[IPaBUTEILCTBA

3. MexmyHapoaHbIi UHJIEKC THHPOBON 2016 37 0,48 0,76 63.2
SKOHOMHMKH H OOILECTBA

4. I'noOanbpHbIN I/II—\I‘HGKC CETEBOI0 2019 a1 49 85 57.6

B3aNMOJICHCTBUSA

5. MHeKC HHKIIIO3MBHOI'O HHTEPHETA 2020 26 79,0 86,0 91,9

6. BcemupHblii nHIeKc nudpoBoi 2019 38 70,406 100 704
KOHKYPEHTOCIIOCOOHOCTH

7. IHneKkc TOTOBHOCTH K ceTeBoMy o0mectBy | 2019 48 54,98 82,65 66,5

8. Muanexc nudpoBoro pa3Butus 2017 39 2,44 3,79 64,4

9. Mupexc snexTporHO# Toprosau B2C 2019 40 77,9 96,4 80,8

10. I'mobGanpHbBIH HHIACKC KnOepOe3onacHoctu | 2018 26 0,836 0,931 89,8

11. I'noGanpHBI HHHOBALIMOHHBINA UHIEKC 2019 46 37,6 67,2 56,0

12. Nunekc sxonomuky 3Hanuii EGPP 2018 17 4,93 6,82 72,3

OueHkd Ha OCHOBE pPEUTUHrOB — Haubosee OOIIEJOCTYIHBI W MOHSATHBIA CrIOco0

CpaBHUTENBHBIX OLEHOK. Ci1ab0ii CTOPOHOW PEHTHHIOB SIBISETCS TO, YTO YUUTBIBAETCS TOJIBKO
II0CJIEI0BATENbHOCTh €UHMIl B psAJax paclpelesieHusl, HO OCTaloTcs 0e3 BHMMaHUS MacluTaObl
pasnuuuii MeXAy HHUMU. bojiee TOUHYIO OIIEHKY JaeT I10Ka3aTelb COOTHOILEHUS HHJEeKca
y KOHKPETHOM €IMHHLBI B CPaBHEHHH C MAaKCHUMAJIbHBIM WM CPEJHUM €ro 3Ha4yeHHEM
no coBokymHOcTH enuHull. CpaBHuMBasg B TaOm. 2 manHble Tpad 2 u 6, MOITydaeM paszIHUHBIC
BbIBOMbI. Eciiu mo peiftunram y Poccun nHambonee BbicOokHil craTtyc mo muaekcam Ne 5. 10, 12,
TO TIO CTETMEHH OJIM30CTU K CTpaHaMm-nuaepam — mo uujaekcam Ne 2, 5, 9, 10, uro siBisiercs Oosee
ToyHOU oneHkod. Co cTporo Hay4yHOM TOYKM 3peHHUs IOKa3aTrenb B rpade 6 ciemoBano
Obl HOPMHPOBATh MO pa3Maxy BapUallMU WJIU, YTO €lle Jydlle, — 1Mo Ko3(pPUIMEeHTy Bapualuu.
Ho otcytcTBYyeT HeoOxoauMmast JUIst TAKOTO pacyeTa JOCTYyIHast HH(OpMaIHsL.

CrnenoBaTenbHO, HanboJee OaronpusiTHas cutyaius B Poccun mo MHAEKCY MHKITIO3UBHOTO
MHTEpHEeTa, Jajee CIeayl0T UHAEKC KMOepOe30macHOCTH, HHAECKC 3JIEKTPOHHOW TOPTOBIIH, UHJEKC
pa3BUTHA 3JIEKTPOHHOTO NpaBuTenscTBA. O BbICOKOM mnoreHuuane Poccum B oOnactu pa3BUTHS
UGPOBU3ALMM  CBHJIETENBCTBYET TOT (DakT, YTO MO Psily OCHOBHBIX HMHJIUKATOPOB MocCkBa
CTaOMJIBHO BXOJWUT B YMCIO TOpPOJOB MHUpa C OYEHb BBICOKMM YPOBHEM OTHX IOKa3aTeseil.
Ee pelTHHr 1o noOKanbHbIM OHJAaWH yciayram coctaBuwi: B 2018 1. 1 (mepBoe wMmecto!);
B 2020 1. — 6. MockBa mocieHIE TPU Toja SBISETCS JUACPOM PEHTHHTA TOPOJIOB IO WHACKCY
UG POBU3ALMH FOPOJICKOT0 X03AHCTBA. DTO MOATBEPKIAET BO3MOXKHOCTH PACIIPOCTPAHEHUS OIbITa
MockBbl Ha JApyrue TEPpPUTOPUM CTpPaHbl M BO3MOMKHOCTH pEaJM3allid BBICOKMX BapHAHTOB
MIPOTHO3a UHJUKATOPOB LU(POBU3ALINY.

JlocTuxkeHre B TNEPCIEKTHBE BBICOKUX pPE3yJabTaTOB LU(GPOBHU3AIMM U OOecredeHune
JOCTOMHOro Mecta Poccun B MEXIyHApOIHBIX PEUTUHIAX B 3HAUUTEIIBHON CTENEHH ONPEAEIAETCS
aKTUBH3allMEeN Hay4YHBIX UCCIIEJOBaHUM B 1aHHOI oOnactu. Bonpocam mudpoBoit Tpanchopmaun
POCCHICKON 3KOHOMMKHM M OOIIECTBAa MOCBSIMIAIOTCS TPYAbl psAfa Beaymux HeHTpoB (CKOJIKOBO,
NCHUD3 HNY BUID, MI'Y, Munuudpst Poccun u ap.) ¥ MHOTHUMH DPOCCHICKMMHU YUYEHBIMHU.
Hanpumep, Bompocam cTpaTeruu pa3BUTHS LU(GPOBOM SKOHOMHUKH IOCBSIEHA MOHOTrpadus Moj
pen. A.B. baokuna [10]. Anamus ponu cextopa UKT B cpenHe- W AOATOCPOYHOM MEPCIIEKTHBE
pa3BuTus 5koHOMHKH Poccun npencrasien B cratbe J[.P. Benoycoa, K.B. Muxaiinenko u ap. [11].
B tpynax E.C. SIlHkoBcko# mpeacTaBiieH KOMIUIEKCHBIA MOAXO0J] K BOIPOCaM TEOPUH U MPAKTHKU
perynupoBaHusi mpoueccoB Imdposoii Tpanchopmanmu [12, 13]. IlpoBomsTcs ucciaenoBaHUS
B oOyiactu HoBeimux HampasieHud pa3zsutus UKT, nanpumep, HelipoceTeBoil TEXHOIOIHUECKON
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peBomtoruu  [14]. IlepcrieKTUBBI HMCHOJB30BAaHMS OCHOBHBIX HH()OPMALMOHHBIX TEXHOJOTHI
paccmoTpensl B ctathe A.H. IlIBemoBa [15]. 3mech ymoMsiHYTHl JIMIIb HEKOTOPBIE MPUMEPHI
13 OOJBIIOr0 MacCUBa HAYYHBIX MYOJIUKAIIMI POCCHICKUX YUEHBIX IO BOPOcaM HU(POBU3ALINY.

3aKiIoueHue

[TonBoast oOwWMI MTOr TMPOBENEHHOTO AaHAIM3a, CIEAYET OTMETHTh: 1) ONTHUMM3ALUA
ynpasieHus: pa3ButueM coBpeMeHHbIX MKT Bce Gosee craHOBUTCA ONpeAesiOIUM (BaKTOPOM
pocta ¥ APQPEKTUBHOCTH Bcex cdep OOIIECTBEHHON JXHU3HM; 2) YCHEIIHOMY YIPaBICHUIO
NT-otpacipio ciocOOCTBYIOT MOHUTOPHUHI €€ COCTOSIHUS M MPOTHO3MPOBAHUE TPEHJIOB pa3BUTHS,
3) emuMHCTBO YyCWIMA B OOJIACTM HAyYHBIX HCCIEAOBAHUN, TMPABOBOrO  OOECIICUCHHS
U rocynapcTBeHHOro yrpaienus pazsutrueM UKT — HeoOxomuMoe ycinoBue ycenHon udpoBoi
TpaHchopMaIi SKOHOMHKH U O0IIECTBa.

B kadecrtBe nojoXKeHHH, OO0JQAAOMUMX HAyYHOH HOBU3HOM, MOXET OBITh OTMEUYEHO
IIPEAJIOKEHUE JIONIOJIHUTh MEKIyHApoAHble pedTHHroBble oueHku paszButuss HMKT mokasarenem
«JUCTaHLMM» MEXIY MapaMeTpoM I10 CTPaHE U €ro MaKCUMaJIbHO JOCTUTHYTBIM YPOBHEM B MHUpE.
Taxoil mokazarenb MO3BOJISIET, KaK [IOKAa3aHO B Ta0J. 2, peajbHO OLIEHUTh MacliTad OTCTaBaHUS
OT JIYUYIIMX MUPOBBIX 00Pa3LIOB.
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Abstract: In this paper, the process of evaluating the effectiveness of the functioning
of hierarchical multi-level systems is considered in detail. The analysis of the solution of the problem
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out on the basis of the formation of a model for the adoption of effective management decisions,
including the formation of homogeneous groups of objects on the example of the structure of higher
educational institutions. The model considered in this paper is presented in the form
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BBenenue

CymrectByeT 00JBbIIOE KOJINYECTBO MOAXO00B K OleHKe 3(h(HeKTUBHOCTH ()yHKIIMOHUPOBAHUS
cucTeM MOAOOHBIX cucteme ympasienus (CY) mepapxuueckux MHOroypoBHeBbIx cucrem (MMC),
HO MHOTHE M3 OTHX TOAXOJOB HE IMO3BOJSAIOT JOCTATOYHO B TIIOJHOM OOBEME OICHHUTH
3¢ (HeKTUBHOCTh (PYHKIIMOHUPOBAHUS 3TUX CUCTeM. {1 pemieHus Takoi mpoOjaemMbl OYEHb YacTo
UCIOJIBL3YIOTCST KO (PUIIMEHTHBIE METOIbI, KOTOPBIE 00J1a/1al0T MPOCTOTOW MCIOIB30BAHUS 32 CUET
yIpoIuIeHus npoleccos, nporekaronmx B CY UMC.

OpHaKo MCIONB30BAHUE TOJIBKO 3THUX METOMOB 0e3 ydéra HMCIOJIb30BAaHHS PECYPCOB ITHUX
CUCTEM, y4yeTa BO3JCHCTBUSI 3JEMEHTOB BHEIIHEW Cpeapl HE IO3BOJSIET B TOJHOM oObeme
aJIeKBaTHO onleHuBath 3 dextuBHOCTh QyHKIMOHUpoBanus CY UMC [1, 2].

B Hacrosiiee Bpemsi cyliecTByeT OOJIbIIOE KOJMYECTBO HAYYHBIX PaOOT, MOCBSIIEHHBIX
orieHKe (pyHKImoHUpoBaHus cucteM, mogooHbpIx CY MMC. OnHako 001Iero mojaxoa K pemeHuto
3TOM MpoOJIEMBbI HE CyIIeCTBYeT. ITO 00ObsicHseTcs TeM (akrtoM, uto CY UMC He MOXKET OBITh
pelieHa nepeBoJoM ee K (hopMaabHBIM CTPYKTYpam, TO €CTh K MEXaHHYECKHM B3aUMOJACHCTBUSIM
WIM BBIOJIHEHUEM TIOCJICIOBATEILHOCTH KoMaHJ [3-5]. B HEKOTOpBIX Hay4HBIX paboTax
OTCYTCTBYeT OOOCHOBaHME TOT0, 4YTO C TOMOINBIO HCCIEIYyEMbIX MapaMeTPOB BO3MOKHO
uccienoBarb 3P¢exkTuBHOCTh ¢QyHKIHOHUpoBaHus CY HMMC, a 3T mapaMeTpbl ONHCHIBAIOT
npyrue acnekTsl pynkunonupoanus CY UMC.

MeToanbl Hcciie10BaHuA

HekoTtopble HayyHble HUCCIIEAOBAHUS NpPEAJaraT pelarb 3Ty npodiieMy ¢ NpUBJIEYCHUEM
MareMatuueckux mojene ¢ynkinuonupoanuss CY MMC Ha ocHOBe aHaiam3a BHYTPEHHUX
Y BHEIIHUX KOH(IIMKTOB, COTPYIHUYECTBA U HEe3aBUCUMOCTH [4, 5]. OHAKO 3TOT MOAXO] K OLIEHKE
(GYHKIMOHMPOBAHUS TO3BOJSET JIMIIb ONPEACTUTh YpPOBEHb KOHQUIMKTa W HE IO3BOJISET
OCYILECTBIATh aHAJIN3 B3aUMOJICHCTBUS €€ AJIEMEHTOB, KOTOPBIH HEOOXOAUM /ISl IPUHATHUS OoJiee
3¢ (HEeKTUBHBIX YIPABIECHYECKUX PEIICHUN.

Takoit anamu3 crpyktypsl CY HMMC He 1no3BoNsSeT OLEHUTh 3PHEKTUBHOCTh
(YHKIIMOHUPOBAHMSI 3TOM CHUCTEMBI B II€JIOM, YTBEp)KIaThb O MPUYMHE, B pE3yJbTaTe 4Yero
3aTpyAHSAETCS JOCTHXKEHHE CHUCTEeMOM CBOMX ILeslel, M Kak, Oasupyschb Ha TpeOOBaHHIX
K BO3MOXXHOCTSIM €€ (DYHKIIMOHUPOBAHHS M IPOTHO3HPYEMOIO BO3AECWCTBUS BHEIIHEW CpEIbl,
BbIpabOTaTh yNpaBJIEHYECKOE pEIIeHUE A KOPPEKTUPOBKH BBISBICHHBIX HEIOCTAaTKOB. Jlpyroii
MOJIXOJ] UCCIIEAOBAHMS 3TOW MpoOIeMbl JEKUT B 00iacTu oueHkd QyHkuuonuposanus CY MMC
Ha OCHOBE: CPaBHEHUS, JICTATN3AlUH, TPYIITUPOBKH | T.]1. [6].

MHoro npobsemM MOSBISIETCS NPU MHOTONapaMeTpUUecKOM aHailu3e (yHKIMOHUPOBAHUS
CY UMC. Tak kak HE0OX0IMMO ONPEAETUTh B (OPMATM30BAHHOM BHUJIE KpUTEPHU 3 (HEKTUBHOCTH
(YHKIIMOHUPOBaHMSI, KOTOPBI HEOOX0oaAuM s Jnua, npuHumaromero pemenue (JIIIP), a taxxke
HE0O0X0IMMOCTb pacnpenensts pecypesl i CY UMC.

Ouenka ¢ynknuonupoanuss CY HWMC nomkHa TpPOU3BOAMUTHCS MO  CIEAYIOIIUM
HaIpaBICHUAM:

— 3¢ (EeKTUBHOCTH paclpeieTICHHsI €€ PECYPCOB;

— onpeJieNieHHs TTIaBHbIX HAalpaBIeHUH (yHKIMOHUPOBAHUS;

— MPOTHO3UPOBAHUE 3aKOHOMEPHOCTEH (DYHKIIMOHUPOBAHHUS U T.]I.

Hcnonb3oBanue kputepust s¢dexktuBHOCTH (yHKunoHnupoBanuss CY HWMC  nomkHO
YUUTHIBATh MHOT'OACIEKTHOCTh €€ (PYHKIMOHUPOBAHHUS Ha OCHOBE HHTErPaIbHOM OLEHKH
¢ynkunonuposanuss UMC nipu ucnoib30BaHUN COBOKYITHOCTH MPOCTHIX KputepueB. MHTerpanbHas
olieHKa 3(pPeKTUBHOCTH (PYHKIIMOHUPOBAHHUS IMO3BOJISIET OCYIIECTBIIATH CPABHUTENBHBIM aHaIN3
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Ha OCHOBE IapaMETPOB PA3JIMYHON pPa3MEPHOCTH M OMPEACTATh KOAPPHUIHUEHTH OTHOCUTEIHHON
BOXHOCTH (DYHKIMOHHUPOBAHMS €€ DSJIEMEHTOB. 3a CYeT TAaKOro OLIEHUBAHUS BO3MOXHO
MPOU3BO/IUTh CPAaBHUTEIbHBIA aHATU3 AS(PGEKTUBHOCTH (PYHKIMOHUPOBAHHS Pa3HOOOPA3HBIX
CY UMC. ScHo, 4TO HWHTErpajgbHas OIEHKAa (YHKIIMOHUPOBAHUS HE MOXET B IOJTHOM OOBEMeE
ornucath ¢ynkuuonupoanusi Bcex CY HMMC u modToMy OIEHKY HEOOXOIMMO COBMEIATh
C IPYTUMH BUJIAMH OLICHKH.

Wurerpansayto onenky ¢ynkunonupoanuss CY MMC ¢ ucmnonb30BaHHEM CHCTEMHOTO
aHaJIM3a HEOOXOMMO MPOU3BOJUTH IO ABYM HAIIPABIICHHSM:

— obecrieunBath NMOMHOM nHpopmarmeit JIIP;

— OCYIIECTBIATh MOCTOSIHHBIN aHAJIU3 AOCTHXeHus ypoBH4 1eneit CY UMC.

Anamuz ¢yHkiponupoBanus npu uHpopmarmonnoMm noxaxoae CY MMC ocymectBisercs
C MHCHOJIb30BAaHMEM CHUCTEMHOIO IIOJXO0Jd, KOTOPbIM IOJpa3yMeBaeT OINpeleieHHe apaMeTpoB
(YHKIIMOHUPOBAHMS U JIOKATbHBIX KPUTEPUEB, a Jaliee 3a/JaHUE MHTETPAITBHOTO KPUTEPUS C ILIENBIO
[pOBEICHHs aHak3a ee (GyHKInoHupoBanus [7, 8].

Jns ompeneneHuss COBOKYITHOCTH TapaMeTpoB TpeOyercst pa3paboTaTh aJrOpUTM, KOTOPBIN
JIOJDKEH YYUTBHIBaTh BCE MHOXKECTBO (DAKTOPOB U, KaK IPaBUJIO, AJITOPUTM OyJEeT MHOIOBapHAHTHBIM.
JIn1s1 yMEHbIIEHUs] MHOTOBapUAHTHOCTH HEOOXOAUMO:

—IIOCTaBUTh B COOTBETCTBUE C 33JayaMM MHOXKECTBO HE3aBUCHMBIX I1apaMeTpOB
¢ynxmmonuposanus CY UMC;

— OIIPEAEIUTD SIMHULIBI N3MEPEHUSI BCEX ITapaMeTPOB U MPOLEAYPY UX U3MEPEHUS;

— UHTETPAIbHBIA KPUTEPUN JOIKEH UMETh €IMHYIO KTy U3MEPEHUN ITapaMeTPOB.

Jlst MHOXKeCTBA HE3aBUCHMBIX ITapaMEeTPOB HEOOXOIUMO MOCTPOUTH JIEPEBO Lieiel Ha OCHOBE
LIEJIEBOTO TPHHLUIA, KOTOPHIM JODKEH Y4YUTHIBATH B3aMMO3aBHCUMOCTH M B3aMMOCBS3aHHOCTH
[apaMeTpoB, IO3BOJIIOIIMX OCYIIECTBUTH OLIEHMBAaHWE (YHKIIMOHUPOBAHMS ATOW  CHCTEMBI
U CTUMYJMPYIONHX ee JesTenbHocTh [9]. Bee 310 mo3BommT chopMupoBaTh CHCTEMY TOKa3aTeseH,
KOTOpBbIe oOecreyar afiekBaTHoe onrcanue GyHkunonuposanus CY UMC.

[1pu onpeneneHn MHOXKECTBA TTAPAMETPOB HEOOXOIMMO OCYILIECTBIISITh CPABHEHUE JIEMEHTOB
¢ynxumonupoanuss CY MMC no MX HIEHTUYHOCTH, JIOJDKHBI HMETh OJMHAKOBBIE €JUHHILIBI
M3MEPEHHS M BECOBBIE KOA(D(HUIIMEHTHI OTHOCHTENBHON BaYKHOCTH JUISl JIOKAJIbHBIX TAPaMETPOB.

Ilenecoobpa3HO MHOTOKpUTEpUANIbHYIO OLIeHKY (pyHKIMoHupoBanus CY MMC npou3BoauTsh,
UCHONb3Ysl TPUHLUIBI TEOPUM AaKTUBHBIX OpPraHU3AlMOHHBIX CHUCTEM, KOTOphle OazupyroTcs
Ha 3a/laHUM OTHOCHUTEIBHON BAKHOCTH PA3IMUYHBIX I1apaMETPOB HHTETPATIBHOIO KPUTEPHS, 4YTO
MIO3BOJISIET MHTETPUPOBATh AJITOPUTMBI aHaIM3a C IJIAHUPOBAHUEM M KO3()(PUIIMEHTHI OTHOCUTEIBHOM
BaxHoCTH (yHKIMoHMpoBanus CY UMC.

Oo0cyxaenne

PaccMoTpuM, Kak TNpOU3BOAMTH OLEHKY A(P(GEKTUBHOCTH MPHHATHIX YHPABISIOMIUX
pemenuit (YP) JITIP npu dynkuuonnpoBanuu CY UMC 3a onpeneneHHbIN MPOMEXYTOK BPEMEHH
U HccienoBath npuuuHbl HedpdektuBHoro ¢ynkunonuposanuss CY UMC. [lns ocymiecTBieHus
pesynbratoB, npuHATHIX YP JIIIP, Heobxomaumo crpymnmnupoBaTh 00bekTel CY MMC B rpynmnsl
(kJ1acchl), COBHAJAIOIIME IO XapaKTEPUCTHKAM, M OLIEHHWBAaTh MX TIPYIIOBBIE XapPaKTEPUCTUKH.
B sTOM cnyyae aHanu3 QyHKIMOHUPOBAHUS MOYKHO OCYIIECTBISATH B ATHX Tpymmax (Kjaccax), 4To
MIO3BOJIMT 3HAYUTENIBHO CHU3UTH Pa3MEPHOCTh pPELIacMOM 3aauu.

AHanu3 3¢ (HeKTUBHOCTH MPUHATHIX YHPABIAIOIIUX BO3ACHCTBUNA MU (HYHKIUOHUPOBAHUU
CY HUMC Heo0X0AMMO OCYIIECTBIATH B TpPU OdTama. lakoi aHamu3 OyJIeM OCYIIECTBIAThH
Ha npumepe yHuBepcurera «MHWPDA — Poccuiickoro TexHomnornueckoro yHuepcurera» (PTY
«MHUPDAY).

1. ®opmupoBaHue Tpymnn 0ObEKTOB MO pe3ynbraraM (QpyHkunoHupoBanuss MUPDOA Gynem
OCYILECTBIATH O 3HaueHusAM napameTpoB CY UMC 3a npenpinymnii nepuos.

DopMUPYIOTCS UCXOAHBIE TaHHbIE, HEOOXOIUMBIE I UCIIOJIb30BAHUS METOIUKH.

Ha ocnose nepsuuHoit uHpopmanuu ¢pynkunonuposanus PTY «MHUPDA» 3a npeapinymuit
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MEepUoJ, NUPKYIUPYIOLICH B CUCTeMe ympaBieHus kadectBom oOydenus (YKO), mpencraBum
B BHJIE MHOXECTBA {Pi i»ALB; }:

Pij — KonM4YecTBEeHHOE 3HAYCHHUE |-OU XapaKTepucTUKH I-ro o0bekra CY UMC (Hanpumep,
OTMETKH, [TOJIy4YeHHbIE Ha 3aHATUH, CpeIHUI Oa 00yd4aeMoro u T.11.);

i =11 — ungexc oobekroB CY MMC, Hocuteneii nepBu4HOi nH(popManmu (Hampumep,

CTYJICHT, yueOHasl rpyIma B By3e, Kypc B By3€ H T.1.);
j=1,J — HMHIOEKC XapaKTepUCTUK OO0BbEeKTOB (Hampumep, usydaembie B PTY «MUPDA»

JTUCITUTLINH | T.11.);
Ai — ueHTH(PHUKAIIMOHHBIC JJAHHBIC I-TO 00BEKTA;
B ] — HanMeHOBaHHUE | XapaKTEPUCTUKU 00BEKTA.
JITTP onpenenser:
T} — HEOOXOIMMYIO TOYHOCTh Pa30MEHUs B IIPOIICHTAX;
K5 — HEoOXoamMOe KOJIMIECTBO KIIACCOB Pa30MCHHS.
B pe3yinbraTe HCIONb30BaHMS MOAX0/1a MOJIYUSHBI CCIYIOIINE PE3yIbTaThI:
K — KonM4ecTBO ONpeIeICHHBIX KJIACCOB;

Pk i~ HCHTPLI TAXKCCTH OIIPCACIICHHBIX KJIIACCOB;

Ki — MHIeKC Ki1acca, K KOTOPOMY TPHHAUICKUT | OOBEKT;

a; — ungexc oovekra CY UMC B cootBercTBHH C Pij.

2. ®opmupoBaHHEe TPYNH OOBEKTOB B COOTBETCTBUH CO 3HAYCHUSMU XapaKTEPHCTHK
3a UCCIEAYEMBII IEPUO.

DopMUpYIOTCS NCXOIHBIE JAHHBIE 32 UCCIIEyEMBbIH MTEPUO/I Te:

Pij — KOJIMYEeCTBEHHOE 3HAUCHHUE | XapaKTepucTHKH I-r0 o0bekta CY UMC;

i =11 — uHgekc oOBEKTOB (HAaNpHUMEp, CTYACHTHI, yueOHas Ipymma B By3e, Kypc B By3e

U T.J.);
j=1J — unpexc xapakrepuctuk o0bekroB CY HMMC (manpumep, m3ydaembie B PTY

«MUPDA» TUCHUTIIIUHBI).
A ,Bj ,Ti Ky — onpenenens! B myHkTe 1.
B pe3ynbrare nomydeHsl CISIYIONINE PE3YIIbTATHI:
K — Konn4ecTBO OnpeIeIeHHBIX KJIaCCOB;

P!

g HOCHTPHBI TAKECTU KJIIACCOB;

kll — HOMEDP KJ1aCcCa, IPpUHAJICKALICTO i-ro O6’beKTa;

ail — uHJAEKC o0bekTa B Pij.

3. UccnenoBanue AByX Tpynn oOy4aronuxcs By3a ¢ pa30MeHUEM Ha KIIACCHI.
B nmynkTe 1 BBISIBICHBI:
K — KOIM4eCcTBO BLIABICHHEIX KJIaCCOB;

P |
ki — HOMep KJ1acca MPHHAIICKHOCTH K | 0OBEKTY;
aj — UHAeKC oObekTa B Pjj.

B nyHkTe 2 BBISBIEHBI:

K — KOoJIM4eCcTBO BBISBIIEHHBIX KJIACCOB;

R

d

— HCHTPHBI TAKCCTHU BbIABJIICHHBIX KJIACCOB;

— LIEHTPBI TSHKECTH BBISBICHHBIX KJIaCCOB;
k' — HOMEp KJTacca IPMHAIEKHOCTH K | 0OBEKTY;

a — unjexc oobekra B Pjj.
3.1. CpaBHeHHE OOBEKTOB IO BBISABIEHHBIM KJaccaM OCYILECTBISETCS MpeoOpa3oBaHUEM

1
LHECHTPOB TAKECTU KJIACCOB ij u Pk i I TOro, yTOOBI BBISIBUTH OLICHKHU J3TUX TI'PyHIl KJIaCCOB

HE3aBUCHUMO OT XapaKTCPUCTUK 00BEKTOB:
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J _
P, ZZWij,j;

=1

PR J -
RE=D WR;

j=1

rae W — koo puIMeHTsl 3HAUMMOCTH | XapaKTePHCTHKH 00beKTa, KoTopsie ompernenser JIIIP;
k =1, K — uHJeKC BBISBJICHHBIX KJIaccoB; | =1,J — MHIEKC XapaKTePUCTHK OOBEKTA.

Onpenenennbie sneMenTsI (8 ki) 1 (ail, k,l) YIOPAI0YMBAIOTCS B COOTBETCTBHH C & M & .
3.2. ITonaraem S=0, i=0, n=0.
3.3.Ecim g, = a; u k; # k{', Torna S onpezensiercs BbIpaKeHUEM:

s=s+(Pe-R )

un=n+1;

3.4.1=i+1.

Ecnm i<1, To mepexon K myHKTY 3.3.

Ecnu i>], To mepexon Kk myHKTY 3.5.

3.5. 5=S/nx100 (1)

3.6. Onenka 5((}HEeKTUBHOCTH NPUHATHIX YIPABISIIOIIUX BO3JCHCTBUN B HCCIIEIYyEMBbIi
MIEPUOJT OCYLIECTBISAETCA CIEAYIOUIMM 00pa3oM:

— ecny noiydeHHoe 3HaueHue B (1)>0, To ympaBisioniMe BO3ACHCTBHS MPHUHUMAIHCH
3¢ pexTUBHBIC;

— nHa4Ye — HePPPEKTUBHEIE.

3akjaueHue

PaccMmoTpeHHbIH cr10co0 OLIEHKHM NPUHATBIX paHee YIPaBISAIOIIMX BO3JEHCTBUN HarpaBiieH
Ha noBbImenue 3¢ pexruBHocTH cuctembl YKO [10, 11].

Hccnenyss pe3yabTaTbl NPHUHATBIX — YOPABISAIOIIUX BO3IACHCTBUM 3a ONpEAEICHHBIN
MIPOMEXYTOK BpeMeHH, (hopMUpyeTcs BbIBOJ 00 UX 3¢ dekTuBHOCTU. Eciin perienns npuHuManuch
Hea(pPeKTUBHBIE, TO, MOIYYUB JAONOIHUTEIbHYIO 00ECIeUnBaOLIyI0 HHPOPMALHIO, HEOOXOIUMO
UCCIIEI0BaTh NMPUYMHBI U CMEHUTh CTPATETUIO NPHUHSTHS YIPABJISIONIMX BO3ACHCTBUM. AHanu3
XapaKTepUCTUK OTJENbHBIX OOBEKTOB 3aMEHSETCS OLEHKOW A(PQPEKTUBHOCTH YIPABIAIOLINX
BO3JICUCTBUIA.

Hcnonp3oBanue pe3ynbTaroB Mo3BossT JIIIP 3HaUMTENBHO CHU3HUTH pPa3MEPHOCTH 3ahad
BBIPa0OTKM MapaMeTpoB YIPABISIIOIIMX BO3JEHCTBUIM, MOBBICUTh HAIJSAHOCTh IapaMETPOB
YIPaBISAIOLIMX BO3JEHCTBUH, O0OJErduTh MHTEPIPETUPYEMOCTh MOJYYEHHBIX pe3yJIbTaToOB
1 YBEIUYUTH 3P (PEKTUBHOCTh NPUHUMAEMBIX YIPABISIOLUINX BO3IEHCTBUI.

Onenka >pQekTUBHOCTH (YHKIIMOHUPOBAHUS CHCTEMaMM YIPaBICHUS OpPraHW3alMOHHBIMU
CTPYKTypaMH SIBJISIETCSI OCHOBHOM JIJIsl CTUMYJIMPOBaHUS PaOOThl COTPYAHHUKOB OPraHU3allMOHHON
CHCTEMBI, KOTOpasi SIBJISIETCSl OCHOBOM €IMHOTO MeXaHHW3Ma (YHKIIMOHMPOBAHUS OpraHU3alHH.
Onenky »3¢ddexkTuBHOCTH (QYHKIIMOHUPOBAHUS CHCTEMaM{ YIPABICHHS OpraHU3alMOHHBIMU
CTPYKTYpaMH HEOOXOAMMO COTJIaCOBBIBATH C IJIAHUPYEMBIMH HOpMaTHBAMU OpPTaHU3AIUH.
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HCUXOJIOT'O-IEJATOI'MYECKHUE OCHOBBI
nHoAroToOBKu COTPYJHUKOB MYC POCCHUHU
K YCJIOBUAM YPE3BBIYANHBIX CUTYALIUHU
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AKTYAJIBHBIE IICUXOJIOT' O-IIEJAT'OI'MYECKHUE ITPOBJIEMbI
HNCITIOJIB30OBAHUSI COBPEMEHHBIX I/IH(I)OPMA]_[I/IOHHIzIX
PECYPCOB B OBPA30OBATEJIBHOM INPOLECCE BBICHIEN IIKOJIbI

Jrogmuaa Bragnumuposna Mensegesa™.
Cankr-IlerepOyprexmii yausepeurer I'TIC MUC Poccun, Cankr-IlerepOypr, Poccus
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Annomayus. PackpblTa HeratuBHas posib MH(GOPMAIMOHHOIO 3arpsi3HEHUS B HUCKaKEHUU
MHUPOBO33PEHHUSI 4YeJIOBEKAa, KOTOPBIH CTAaHOBUTCS OOBEKTOM MAaHHUIYJISALUM, CrHOocOOHbIM 0e3
Bepudukanum wuHbOPMAIMM TPUHUMATH W OJOOPATH HEOOAYMaHHbBIE arpecCUBHBIC PEIICHUS
C TParu4ecKUMHU MOCIeACTBUAMU /17151 OMochephl U YeTI0BEYECTBA.

PackpbiTa nomuHaHTHas poib chepbl 00pa3oBaHUs, KOTOpas BKIIOYAET B ce0sl CUCTEMY
BBICLIIET0 00pa3oBaHMs, B pEHIEHUU MHpoOiaemMbl (OpMUPOBaHHUA HHOOPMAIMOHHON KYyJIbTYpHhI
YeJI0BEKa B AMIOXY HH(OPMAITMOHHOTO B3PHIBA.

ChopmynupoBaHbl HHBapUaHTHbIE PETrYJIATUBHBIE HOPMBI pa3pabOTKU U BHEJIPEHUS
MH(GOPMAIMOHHBIX TEXHOJIOTHI B 00pa30BaTeIbHbIN Mporecce U GyHKIUN HHPOPMALTMOHHONW CPEIbl
y4eOHOM TUCLIUIUIMHBL.

PackpeiTa 3aBUCHMOCTBH pe3yibTaTa JESATEIBHOCTH CyOBEKTa IO3HAHHUA OT KadecTBa
(YHKIIMOHMPOBAHUS €T0 MEPCOHATIBHOI0 aKIENTopa AeHCTBUMA.

CdopmynnpoBaHbl COBPEMEHHBIE METOJUYECKHE 3a/ladl HCIOJIb30BaHHUS KOMIIBIOTEPHBIX
CPEZCTB HE TOJBKO B KAYECTBE CPEJCTB 00eCHeueHUs] yCTOMYNBOI 0OpaTHOM CBSI3U B SpraTU4ecKoil
CUCTEME, HO M B KayeCTBE CPEJCTB PA3BUTHs CYIIHOCTHBIX CHJI YEJIOBEKAa M PA3BUTHS JIMYHOU
CIIOCOOHOCTH pa3pyLIEHUs], CIOKUBLIETOCS B YCIOBHUSX JTOMHHAHTHBIX PENPOAYKTUBHBIX YUEOHBIX
JeNCTBUM cTepeoTUa TOXKIECTBEHHOCTH 3HAHUS U y4eOHON MH(pOpMaIUH.

VYyebHast nH(OpPMAIMS CTAaHOBUTCS 3HAHUEM B IPOILIECCE €€ OCMBICIEHUS B MPAKTHYECKUX
nerctBuax. [Ioq4epkHyTO, YTO MMEHHO 3HAHMS, 4 «HE NEPEKOAUPOBAHHAS HA S3bIKE MO3TOBBIX
CTpykTyp HHpopmanus» (A.A. BepOuukuii) craHOBATCS AN CIELUATUCTa OPHUEHTUPOBOYHOM
OCHOBOIl BCEX €ro MpeIMETHBIX JEHCTBUH M MOCTYIKOB Kak B 00pa30BaTeIbHOM IIpoOliecce, Tak
U B IMYHOM cepe npodeccnoHanbHOM e TeNbHOCTH.

PackppiThl 3HaueHHWE OMEpPaTHBHON OOpaTHOM CBSI3M B YENOBEKO-MAIIMHHOW CHCTEME
1 CrocoObI €¢ OpraHu3alliy B rio0ansHOM Internet-cerw.

Kniouegvie cnosa: MHGOPMAMOHHBIN B3pBIB, KOJBOIIONUSA, (YHKIUM HHPOPMAIIMOHHOM
Cpelpl, 4YEJIOBEKO-MAlllMHHAs CUCTEMA, AaKLENTOp JAEHCTBUSA, IPOAYKTHBHAs JEATEIbHOCTb,
ri00anpHas CeTh

st uuTupoBanusi: Mezasenesa JI.B. AxTyasibHble ICHXO0JIOT0-TIEAAarOrHUecKUe MPpoOIeMbl HCTIOIb30BAHUS
COBpPEMEHHBIX HHPOPMAIIMOHHBIX PECYPCOB B 00pa30BaTeIHLHOM IpoIiecce BhICIIeH MIKob / Hayd.-aHanwur.
xypH. «Bectauk C.-Iletep6. yn-ta I'TIC MYC Poccum». 2022. Ne 1. C. 136-145.
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CURRENT PSYCHOLOGICAL AND PEDAGOGICAL PROBLEMS
OF MODERN INFORMATION RESOURCES USAGE IN THE HIGHER
SCHOOL EDUCATIONAL PROCESS

Ludmila V. Medvedeva®.

Saint-Petersburg university of State fire service of EMERCOM of Russia,
Saint-Petersburg, Russia

Huvimed@mail.ru

Abstract. The negative role of information pollution in distorting of a person worldview who
becomes an object of manipulation, capable accept and approve rash aggressive decisions
with tragic consequences for the biosphere and humanity without verifying information, is revealed.

The dominant role of the education sector, which includes the system of higher education,
in solving the problem of the formation of a person's information culture in the era
of the information explosion is revealed.

The invariant regulatory norms for the development and implementation of information
technologies in the educational process and the functions of the information environment
of the academic discipline are formulated.

The dependence of the subject of cognition activity result on the quality of the of his personal
actions acceptor functioning is revealed.

Modern methodological tasks of computer tools using are formulated. They are not only
means of stable feedback providing in the ergatic system, but also means of developing person
essential powers and developing the personal ability to destroy the stereotype of the identity
of knowledge and educational information that has developed under the conditions of dominant
reproductive educational actions.

Educational information becomes knowledge in the process of its comprehension in practical
actions. It is emphasized that knowledge, but «not information recoded in the language of brain
structures» (A.A. Verbitsky), becomes for a specialist an indicative basis for all his substantive
actions, both in the educational process and in the personal sphere of professional activity.

The significance of operational feedback in a human-machine system and methods of its
organization in the global Internet network are disclosed.

Keywords: information explosion, coevolution, information environment functions, human-
machine system, acceptor of action, productive activity, global network

For citation: Medvedeva L.V. Current psychological and pedagogical problems of modern information
resources usage in the higher school educational process // Nauch.-analit. journ. «Vestnik Saint-Petersburg
university of State fire Service of EMERCOM of Russia». 2022. Ne 1. P. 136-145.

BBenenune

B Hacrosmiee Bpemsi, 110 JTaHHBIM CTaTHCTUYECKUX HCCIICIOBAHMM, €KETOHO B MUPE 00BheM
nudpoBoii mHbopmaruu Bo3pactaeT Ha 30 %, a 3a kaxaple 18 MecsmeB o0beM IUGPOBOMA
nHpopManuy yaBauBaercsa. lIpm 3TOM TeMmmbl OTCTaBaHUS WH(OPMANMOHHOTO TMOTPEOJICHUS
WHIUBUAA OT TEMIIOB HHPOPMAIIMOHHOTO IPOU3BOICTBA YEJIOBEUECTBA 3HAYUTEIILHO BHIIIIE TEMIIOB
OTCTaBaHUs MaTePUATBHOTO IOTPEOJICHUs YeJOBeKa OT MaTepUabHOTO  IPOW3BOJICTBA
YeII0BEUECTBA.

SIBienue naBUHOOOPAa3HOTO HapacTaHus Macchl MHpopmanuu B Mmupe A.J[. Ypcyn B 1975 1.
Ha3Ball «MH(POPMAIIMOHHBIM B3PBIBOMY, KOTOPBIN, M0 MHeHUI0O M.H. DmiiTeiina, 1 dyenoBedecTBa
«TauT B ccOe He MEHBIIYIO OMACHOCTD, YeM JieMorpadudeckuii Kpusuc» [1].

B nepByro ouepens 0macHOCTH AJIsl 4YeTOBEeKa MpeCTaBIsIeT HH()OPMAIIMOHHOE 3arpsi3HEHHE,
B KOTOPOM HEBO3MOXXHO OIICHUTh CTENEHb JIOCTOBEPHOCTH W IIOJIC3HOCTH WH(OPMAIIHH.
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B ycnoBusix nH(pOpManMOHHOTO 3arpsi3HEHUS] HAOTIOAAETCSl CHIIBHOE MCKaKEHHUE MUPOTIOHUMAHUS
1 MHPOBO33PECHHS YEJIOBEKA, KOTOPHIN BCE YaIlle CTAHOBUTCSI OOBEKTOM MaHUTYJISAIHNHA, CTIOCOOHBIM
0e3 Bepudukanuyu uHOOPMAIUU IPUHUMAThL U 0JI00pATh HEOOIyMaHHBIC arpeCCHBHBIC PEIICHUS
C Tparu4eCKMMH TIOCJICJICTBHSIMH, YTO CO3JaeT TJ00albHYI0 yrpo3dy Juisi Ouocdepsl
Y YeJIOBEUECTBA.

Ommreiin M.H., ananu3upysi HeraTUBHBIC MOCIEACTBUS MH(OPMAITMOHHOTO B3PhIBA, 33]1a€T
PUTOPUYECKHIA BOIIPOC: «...XBATHUT JIM YEIOBEKY OMOJIOTUIECKH OTMEPEHHOTO CPOKA KHU3HHU, YUTOOBI
crath yenoBekom?» [2].

Beiparonuiics metomonor H.H. MowceeB, mnoHuMas, 4YTO UYEJOBEK B IMapagurMe
AQHTPOIIOIEHTPU3Ma (YCIIOBEK U €ro yJ00CTBa B IIEHTPE BCETO) MPHOIMIKACTCSI K «UCIOBEUCCKOMY
camootpunianuio» (H. bepasieB), Hagesicss Ha TOP>KECTBO KOJUIEKTMBHOro Pa3zyma denmoBeuecTBa
yxe B XXI| B., KOTOpBIH, 1O MHEHHIO YYEHOTO, JOJDKEH CTaTh 3P0 KOJBOJIOIHMH, TO €CTh
CKOOPJIMHUPOBAHHOM, TapMOHUYHOM SBOJIIOLMHM YeIOoBeKa M Ouocepnl («3pol HAIpaBICHHOIO
pazBuTus»). Ko3Bouomuss 4yenoBeKa W MPUPOABI — ATO HANPaBICHHOCTh B Oymyliee, KOTOpOe
B COBPEMEHHBIX YCJIOBHUSIX TpeOyeT BCECTOPOHHErO0 Pa3BUTHUSl CYIIHOCTHBIX CHJ YeJOBEKa
, TJIaBHOE, TyXOBHOTO IpoTpecca I MpeI0TBPAIICHHS TJI00aIbHON KaTacTpOodbl M UCYE3HOBEHUS
YeJI0BeUYeCTBa Kak Orosorndeckoro suaa [3, 4].

[Touck crocoOOB pemIeHHs MOCTAaBACHHOW MPOOJIEMBbI B 310Xy HH(GOPMAIIMOHHOTO B3pPhIBA
SIBJISICTCSl  YPE3BBIYAMHO BAaXKHBIM HAIIPaBJIECHUEM JEATEIBLHOCTH IS HayK pasHbIX cdep,
JOMUHAHTOM KOTOpBIX sBisieTcs cdepa oOpa3oBaHUS uelIOBEKa, BKIIoUarolas B ce0s CUCTEMY
BhICIIer0 oOpa3oBanus [5-9].

AHaauTH4YecKasl YacTh

B paborax BBIIAIONIMXCS OTEYECTBEHHBIX M 3apyOexHbIX y4deHbIX B.A. M3B0o3umkoBa,
I'K. CeneBko, b.C. I'epmynckoro, I'.C. Anprmymnepa, P.M. I'panosckoii, P.JI. Coco,
I0.H. Kymtorkuna, B.I1. becnanbko, 1.B. Pobept, ®. fAnymkeBuua, K. Maknuna, P. Bunbsmca,
E.W. Mamb6una, JI. Muun, P. J[>koHCTOHA HCCIIeOBaHBI TTPOOIEMBbI, BO3MOKHOCTH M TICHXOJIOTO-
MeIaTOTMYECKUE ACTIEKThl KOMIBIOTEPHOTo 00ydeHus. [Ipu 3TOM 0OBEAMHSIONIMM HAa4YallOM BCEX
HAyYHBIX HCCJIEIOBAaHUI B 00JIACTH KOMIIBIOTEPH3AlMU 00pa30BaTENIbHOTO Mpollecca SBISETCS
MIOCTYJIaT O YPE3BbIUAHON OMAaCHOCTH W HEAOMYCTUMOCTH KakK aOCOIIOTH3alUU KOMIIBIOTEPHBIX
CPeACTB, TaK W KYNUPOBaHMs (EHOMEHA uesloBeKa (€CTECTBEHHOTO HHTEIEKTa) B 4YEJIOBEKO-
MAIIMHHBIX CUCTEMax ¢ THOPUAHBIM HHTeIUIeKTOM [9-13].

Yka3aHHBIE 3aIPEThI, UMEIOIINE B HACTOSIIIEE BPEMS CTATYC MHBAPUAHTHBIX PETYISTUBHBIX
HOpM pa3pa0OTKu U BHeApeHUs MH(GOPMALMOHHBIX TEXHOJOTMH B 00pa3oBaTeNbHBIN Mpoliecc,
TpeOylOT TMOMCKAa CHOCOOOB  pEIICHHs  CIEAYIOUIMX  METOAMYECKMX  B3aMMOCBSI3aHHBIX
3amau [5, 13-16]:

1) npoekTHpOBaHUE YETOBEKO-MAIIMHHON CHCTEMBI C BEAYLICH pOJIBIO €CTECTBEHHOTO
MHTEJJIEKTa C LENbI0 CO3/aHUs 00pa30BaTENbHBIX YCIOBUH JUISl JINYHOTO OCMBICICHUS KaXKIbIM
00y4aromuMcsi MOIIM U OTPaHUYEHHOCTH HMCKYCCTBEHHOI'O MHTEJIEKTa B XO/€ TMOMCKA pEIIeHUs
y4eOHBIX IPOOJIEMHBIX 3aJaHMI;

2) pa3paboTKa TEMAaTHYECKUX TPOOJEMHBIX CPEACTB KOMIBIOTEPHOTO OOYdYCHHS st
TapMOHMYHOTO Ppa3BUTHUS BBICHIMX IICUXMYECKMX MPOLECCOB O0O0yYaromUXcs (BOCHpPHSTHE,
BHUMaHMeE, MaMATh, MBIIIUIEHUE) C YIETOM UX BO3PACTHBIX OCOOCHHOCTEH;

3) cozmanne WHOOPMAIMOHHOW Cpeabl YU4eOHON MUCIUIUINHBI, PEaTH3yIONied B JIOTHKE
HAy4YHOTO IIO3HAHMS TIEpeueHb OINpeNeNeHHBIX (YHKIUM (Tabs.) s obecriedeHus: JHMYHOTO
pa3BUTHA 00YYarOMIMXCS U UHTEHCU(UKALIUN UX UHTEIJICKTYaIbHOU 1eATeIbHOCTH, HallPaBJIEHHOM
Ha pa3BUTHE HABBIKOB M YMEHUU TpaHC(POPMALIMU HAYYHBIX 3HAHUH.

B mpouecce pemieHus yKa3aHHBIX METOJMYECKHX 3a/lad KOMITBIOTEpHBIE CpPEJCTBA
CTaHOBSTCA OOBEKTaMH H3Y4eHHUs, a TakXe CpeACTBaMH pPa3BUTHS U BOCIMTAHUS
B 00pa3oBaTeIbHOM IpOIIecCe.

138

[Icuxomoro-nearorndeckne OCHOBHI MOATOTOBKH coTpyaHUKOB MUC Poccun K ycinoBusAM 4pe3BBIYaliHBIX CHTYaINit



Ne 1-2022 Bectuuk CII6 yu-ta I'TIC MUC Poccun http://vestnik.igps.ru

Bmecte ¢ tem B 3¢ddexTuBHOM HHDOpMAIIMOHHON cpene oOecreunBaeTcs: MHTErpaIis
IPOLECCOB M3yYEHHUs y4yeOHOro Marepuaga U KOHTpPOJ KayecTBa OCBOCHHUS 3HAHUM;
nepcoHnukanus y4eOHO-BOCIIUTATEIBHOIO TMPOIECca, KOTOpas JOCTUTACTCS TMpH JHUYHOM
noOyXAeHUU O0ydarouerocs K HPOAYKTHMBHON MHTEIUIEKTYaJlbHOW JAEATENIBHOCTU B YCIOBMSAX
CIIELUATIBHO CO3/1aHHOM IPOOJIEMHOM CUTYalUH.

B ncuxosornyeckux Mcciae10BaHUAX SMIMPUYECKH JTOKa3aHO, YTO PE3yJIbTaT AeATeIbHOCTH
CyObeKTa MO3HAHMS 3aBHCUT HE TOJBKO OT YPOBHA C(POPMHUPOBAHHOCTH CIIOCOOOB YMCTBEHHOM
NESTeNbHOCTH CyObEeKTa IO3HaHMA, HO W B 3HAUUTEIBHOW CTENEHM OT KadyecTBa
(GYHKIIMOHMPOBAHHS €r0 MEPCOHABLHOTO aKIenTopa aeictsuii [17, 18].

Tabmuua

Hoctyn k nuHbOpMAaInu, KOM(DOPTHBIE YCIOBHS TSI YIOBIETBOPEHHUS

NuadopmarusHas GyHKIMS o
Gbop by WHPOPMALIMOHHBIX TOTPEOHOCTEH

[IpencraBienue nHpOpMALUK B 3HAKOCUMBOJIBHOM (hopMe (TEKCTHI,
KornutuBHas QpyHKIms 3aJaHus, TECThI, HOPMYJIBI U T.1.), rpadudeckas ¥ MyJIbTUIUIMKALMOHHAS
WHTEpIpeTanus yueOHOro Marepuaia

Paspurtne norpeOHOCTEH B TBOPUECTBE, YUCHUH, (POPMHUPOBAHUC

PassuBaromas KIUS o
ast pyHKL WH(POPMAITMOHHON KYJIBTYPHI

[IpenocraBneHne nporpaMMHBIX IPOAYKTOB B KAYECTBE CPEICTB PELICHUS

[MpakTrdeckast QyHKIH MPaKTUYECKUX 3a1a4 (MPaKTHUECKUE PAcUeThl, IEMOHCTPALINH,
MOJICJIH U T.J.)
[IpodeccuonanpHo- [Tpubnkenue CTpyKTyphl YI€HHUS K CTPYKType mpodeccnoHambHON
OpHEHTAIIMOHHAS (PYHKIHS JIeSITeIILHOCTH
[Mpornoctuueckast CoOTBETCTBUE TEXHUUECKOTO OCHAIIIEHNST KOMITBIOTEPHOH 0a3bl By3a
byHKIMS COBPEMEHHOMY YPOBHIO Pa3BUTHs TEXHUKU

Peanm3aris MeXIMCIUTUTMHAPHBIX CBS3EH, MHTETPAIlis HABHIKOB U YMEHHUH

WuterpatuBHas QyHKIHS
VHHOBALMOHHBIX [IOUCKOB

[Tonssitue «akuentop peiictBus» BBeaeHo IILK. AHoXxuHbBIM B Teopuu 0OpaTHOMU
adpdepenranun (oOpatHoit cBs3u). Ilo ompenenenuto II.K. AHoxuHa, akmenTop JeHCTBUSA
«...TMPOU3BOJIUT COTIOCTABIICHHE PE3yNbTAaTOB apepeHTHOTO CHHTE3a, TO €CTh 3aMbIciia JeHCTBUS,
C pe3ynbTaTaMH Mpou3BeieHHOro aeiictBus» [17, €. 304]. Takum o6pazom, (opmHpoBaHUE
B TOJIOBHOM MO3Tre ammapara OICHKH MpPEICTOSIIero JeHCTBHs (akientopa JEHCTBHSA)
IpEeIIeCTBYeT JII000MYy TPYJOBOMY JEHCTBHIO YeJIOBEKa. DTO 3HAYUT, YTO B KaKJbIi MOMEHT
BPEMEHH YEJIOBEK, KOTOPBIN MOydaeT BOZMOKHOCTD CIMUYEHHSI 3aMbICIIa JISHCTBHUS C JJOCTUTHYTHIM
pe3yabTaTOM, MOKET ONEPAaTUBHO BHECTH KOPPEKTHBBI B Ipollecc AeaTeabHOCTH. IMeHHO B 3ToM
BO3MOYKHOCTH CYOBEKTa JeSITEIbHOCTH ONEPATHBHO CKOPPEKTHPOBATH CBOM TPEJIMETHBIE JCHCTBUS
HPOSIBIISICTCS AITOPUTM OCYILECTBICHUsI 00paTHO# cBsi3u (0OpaTHOI addepeHTanum).

D10 o3Haudaer, yto oOpaTHas addepeHTauss B KaXIOoM (U3HOJIOTHUECKOM JIEUCTBUHU
4eJoBeKa HMHGPOPMHUPYET €ro O JOCTUTHYTOM pe3yjbTaTe, YTO MO3BOJSET 4YEJIOBEKY OLEHHUTH
YCIIEITHOCTh COOCTBEHHOW JIEATEIILHOCTH W CBOEBPEMEHHO BHECTH KOPPEKTHBBI B JICHCTBHE
UCTIOJHUTENIBHOTO opraHa. TakuMm o0pa3oM, akIenTop ACHCTBUS MO CYIIECTBY MOXHO CUHMTATh
MEPCOHATBHBIM MPUOOPOM  CIMYEHHUS W TEpPemH(pPOBKH, KOTOPBIH OIICHWBAET CTENEHb
pacxoxzaeHuss TpedyemMoro M (akTHMYECKOro pe3yjbTaTa KakJIoro JeHcTBUS 4YeJoBeKa
(H.A. Bepnureiin).

Crnenyer OCOOEHHO OTMETUTHh TOT (DaKT, YTO HMMEHHO Ledb ACATEIbHOCTH (POPMUPYET
oOpatHyro addepeHTanni0 KOHEYHOTO pe3yjibTaTa JACSITENIBHOCTH. JTO  3HAYUT, YTO
B JMJIAKTUYECKOM M TICHUXOJIOTMYECKOM acCIeKTaX Ype3BbIUaHYI0 3HAYMMOCTb MpHOOpeTaeT
YEeTKOCTh ITOCTAHOBKH IIEJIeH M 3a/1a4 MPOAYKTHBHOHN JEATEIIEHOCTH.

SlcHoe ToOHMMaHUE lLeJed W 3a4ad JeSATEIbHOCTH CYOBEKTOM MO3HAaHUS OOYCIIOBIHMBAET
JUYHOE TOOYXKIEHHEe K pEHICHHI0 TIOCTaBJICHHBIX 3a7ad B MPOOJIEMHOM TIOJN€ U JIMYHOE
OCMBICJICHHE TPEUIOKEHHBIX Il pasperieHus yueOHbix npobsueM. Ilo muennto M.H. Ckarkuna:
«Hamnune oOpaTHON CBsi3M, HOpMaibHOE (GYHKIMOHUPOBAHME AaKILENTopa ACUCTBUN SBISETCS
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HEMPEMEHHbIM ~ ycloBHeM ycmexa B Tpyde. IlociemHee 00CTOATENbCTBO — CHOCOOCTBYET
00pa30BaHMIO ¥ yUaIuxcs mpodeccuoHanbHOM qoMuHaHThI» [18, ¢. 304].

C mo3unwmii BBIMIEU3II0KEHHOTO, 00ECIIeUeHNnEe ONEPaTUBHON OOpaTHON CBSI3U B YEJIOBEKO-
MAaIIMHHON CUCTEME CTAHOBUTCA 00s3aTeIbHBIM YCIIOBUEM IIPH PEIIEHUU 00pa30BaTeIbHON 3aJauu
BOBJICYCHUS CyObEKTa MMO3HAHUS B MIPOAYKTUBHYIO HHTEIUIEKTYAIbHYIO NeSITEIbHOCT. IMEHHO Aiist
peanu3aniy yKa3aHHOI'O JTUAAKTUYECKOIO YCIOBUS HEOOXOAMMBIMU JIUJIAKTUYECKUMHU CPEJICTBAMU
SBIISIIOTCSL KOMITBIOTEPHBIE CPEJCTBA, KOTOPHIE aBTOMATU3UPYIOT MOUCK ONTUMAIBHOTO PEIICHHUS
y4eOHOW mTpoOseMbl B JAOMPHUHTE BO3MOXXHOCTEHM W OCBOOOXKIAIOT CyOBEKTa ITO3HAHMS
OT MHOTOKPATHBIX, MOBTOPSIOIIMXCS MAaTEMAaTUYECKUX BBIYMCICHUH, YTO MO3BOJSET KaXIOMY
o0yyaromemMycss MHOJY4YUTh JONOJHHUTEIbHBIM pe3epB ydyeOHOro BpPEMEHM Ul OCMBICICHMS
npobiemMbpl W MOHMCKAa Hambolee  ONTHMAIBHOTO  BapuMaHTa  pEIICHUS  MOCTaBJICHHOU
3agaun [6, 16-18].

Crnenyer 0cobeHHO MOMYEPKHYTH TOT (DAaKT, YTO KOMIIBIOTEPHBIE CPEACTBa, oOecreuuBast
YCTOMUMBYIO OOpaTHYIO CBSI3b, a, CJIEIOBATENbHO, (YHKIMOHMPOBAHUE AaKLENTOpa JAEeHCTBHUH
CyObeKTa IMO3HAHMs, TO3BOJIAIOT €My JHMYHO OCO3HATh M IOHATh, 4TO y4yeOHas HHGOpMAIHs
U 3HaHHUE HE SABISAIOTCS TOXKAECCTBEHHbIMHM MOHATUAMU. [lo MHeHuio A.A. BepOuikoro, yueOHas
uHbOpMalKsS CTAaHOBHUTCS 3HAHMEM TOJIBKO B TMIPOIECCE €€ OCMBICICHHS B IMPAKTHYECKUX
nevictBusx. [Ipy 3TOM MMEHHO 3HaHUSA, @ «HE MEPEKOJUPOBAHHAS HA SI3bIKE MO3TOBBIX CTPYKTYP
nHpopmanus» (A.A. BepOumkuii) CTaHOBATCS Ui CIEIUAINCTa OPUEHTHPOBOYHON OCHOBOM BCEX
ero MpeiMeTHBIX JeHCTBUN U MOCTYIKOB Kak B 00pa3oBaTeIbHOM MpOLIEcCe, TaK U B JIMYHOM cdepe
npodeccroHa bHOM AesTenbHocTu [19, 20].

Ecnn  yenoBeko-malIMHHAs — cHCTEMa IPOEKTHpPYeTCsl Kak  aJalTUBHAas  CUCTEMa
MH(POPMAIIMOHHOTO B3aMMOJICHCTBUSL C TPUOPUTETHOW PpOJIBI0O E€CTECTBEHHOTO HHTEIICKTA,
TO TOSBJISIETCS BO3MOXKHOCTb HE IO IPUHYXKJEHHUIO, a M0 YOeXKIEHUIO KaXJ0ro oOydaromerocs
MCIOJIB30BaTh BHEYYEOHOE BpeMs IS MPOIODKEHUS TIOMCKa yueOHOU mpobaembl. Takum o0paszom,
CyOBEKTOM IO3HAHUS JIMYHO OCYLIECTBISETCA CYNEPIO3ULMs YYEeOHBIX U CaMOCTOSTEIbHbIX
3aHATHH, KOTOpas O00ecleuYrBaeT IOCTPOCHHE E€IWHOTO Pa3BUBAIONIETO IMPOCTPAHCTBA YUEOHOMH
JUCLUIUIMHBIL,  NpHoOperaromero  (yHJaMEHTalbHblE  CBOMCTBA  CHUMMETPUHU:  CBOMICTBO
«OJTHOPOJIHOCTHY Pa3BUBAIOIICTO MPOCTPAHCTBA U CBOMCTBO «OJHOPOAHOCTHY» BpeMeHu [21-26].

CoBpeMeHHbIe MHPOPMALMOHHBIE TEXHOJIOTUU NPEAOCTABISAIOT BO3MOXKHOCTH YKPEIUICHUS
OoOpaTHOM CBSI3U B CHUCTEME «IIPENoAaBaTeNb-00yyaromuicsa», a riaolaibHas KOMIbIOTEpHas
Internet-cetsb B 3TOM CBA3M CTAHOBUTCS OJAHUM M3 Hanbosee 3PPEKTUBHBIX HHCTPYMEHTOB.

Cnenyer oTMeTuTh, 4TO paboTra B II0OANbHOM ceTH TpeOyeT 3HaHMs ClenUaIbHOU
TEPMUHOJIOTHH, KOTopas ObICTpO H3MeHseTcss U oOHoBuseTcd. OJHAKO B HAcTosllee BpeMs
CYIIECTBEHHBIM IMPEMATCTBUEM I ONTHMH3AIUK HH(OOPMAIIMOHHBIX TMOWCKOB IT0JIb30BaTEINCH
CTaHOBHTCS MPOTUBOPEUHE MEXIY OTHOCUTENbHON CTaOMIBHOCTHIO KOMIIBIOTEPHOTO aHIIIMHCKOTO
S3bIKa OT OJJTHOW BEPCHUHM K JIPYrOol U OTCYTCTBUEM €IMHO00pa3us B €ro pycu(UKaINU.

C uenblo paspelieHus 3TOro MPOTUBOPEUMs 3aciay’XKMBAeT BHUMAaHHE OIBIT Pa3pabOTKU
WUTIOCTPUPOBAHHBIX TOJIKOBBIX CllOBaped aiisl pa3meleHus: B Internet-cetu, KoTopble BKIIOYAIOT
B ce0s. KOMIBIOTEpHYIO TIpaduky (351eMeHThl rpaduyeckoro uHTepdeiica, IBET U I[BETOBbIE
MOJICJIU, BEKTOPHYIO Tpaduky, pacToByl rpaduKy, TEKCT); MYJIbTUMEINA; CHUCTEMY
apromarusupoBanHoro mnpoektupoBanus (CAIIP) (texumueckue cpeactBa CAIIP, BekTopHas
rpaduka, popmatsl QailyioB MpeaCTaBIeHUs TPOEKTHBIX JaHHbIX ); II0occapuil 1 abOpeBHaTypshl.

Crnenyer OTMETUTH, YTO B OTJIMYME OT TPAJUIMOHHBIX HOCHUTENEH ydeOHOM MH(opmanuy,
KOTOpbIe TPeOYIOT Mepeu3faHus BCETO THpaXka, pecypchl, pa3MmelleHHble B Internet-cetu, moryr
OBITH ONepaTUBHO 0OHOBIIEHBI. [Ipy 3TOM /U1 CYOBEKTOB JIEATENBHOCTH CYIIECTBYET BO3ZMOXKHOCTh
CaMOCTOSITEILHOTO  OOHOBJIEHHMS HH(OpPMAlMM O TPOTPAaMMHBIX MPOJYKTaX, J100aBIEHUS
Y U3MEHEHUS CCBUIOK Ha BHEIIIHUE pecypc.

OcHOBOI HOBBIX 00pa30BaTENbHBIX CHCTEM SBISIFOTCS COBPEMEHHBIE KOMIIBIOTEPHBIE
TEXHOJIOTUM XpaHEHUs, o0paboTKM U mepenaud UHPOpMALMU, TOITOMY OpraHU3aLUs
3¢ PeKTUBHOTO JOCTyna TMOJB30BATENI K PACHpPENeICHHONM W TIOCTOSHHO OOHOBJISIOMIEHCS
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uHGOpPMALUK B BBIYMCIMTENBHBIX CETSIX C IEIbI0O MOJACTUPOBAHHUS CTPYKTYpPhl W HAINOJHEHHUS
00pa3oBaTeNbHON Cpe/ibl CTAHOBUTCS aKTYaIbHOM 3aaueid.

3acinykuBaeT BHHMAHHUS OIBIT PAa0OTBl HAJA WHCTPYMEHTOM OOpabOTKH HH(POpPMALUU
B KOMIIBIOTEDHOM CHCTEME, OCHOBAaHHBIM Ha THIIEpMEIHa TEXHOJOTUH, KOTOPBIM Ipeaiaraer
0000IIEHHYI0 HEBCTPAaUBAEMYIO apXUTEKTYPy CHCTEMbl M HMHTEPECHYIO MOJEIbh B3aUMOJCHCTBUS
[OJIb30BaTENsl C YHPABISIEMbIMM MOOMJIBHBIMM HMH(OPMAIMOHHBIMU pecypcamu. TekcroBas
peanu3amys MOJAETH ONpeAessieTCss COCTaBOM W 00BEMOM IepenaBaeMoOi B HEW HMH(OpMAIIHH.
Ha ee ocHoBe peanusyercs MeTo (opMUPOBaHUs 00YYaIOLIEro MaTepyuasa Kak Ha JIOKQJIbHOM, TaK
U yIaJICHHOM YPOBHE B3aUMOJCUCTBUS.

HNHdpopmaninoHHOE HallOJHEHNE MPEACTaBIsIeT COO0N XpaHUIIMILE JTaHHBIX, OPTraHU30BaHHOE
Ha OCHOBe rumepmenua TtexHonoruil. Conepxumoe OMOTMOTEK THIEPTEKCTOBBIX JOKYMEHTOB
00pa3yloT 3a CueT TMIIEPCCHUIOK eIMHOe 00pa3oBarenbHOE HpocTpaHcTBO. [logoOHBIM 06pazom
m000e XpaHWIWIIE MOXKET OBIThb CTaTHYeCKW M JAMHAMUYECKH HMHTETPHUPOBAHO B Cpedy
co3ziaBaeMoro kypca. i 060cHOBaHUS BbIOOpa CpeAcTB 0OpabOTKU U yrpaBieHus nHpopMaiuen
B CHCTEME OIpeaensieTcss 00JacTh NEHCTBUS CUCTEMBI, OPTaHU3YIOMIEH Mpollecc o0ydeHus, Habop
GyHKIMHA CUCTEMBl M HEOOXOOMMBbIE sl MX peaau3alMd HMHCTPYMEHTAJIbHbIE IMPOrpaMMHBIE
CPEICTBA, a TAaKKE CpEJCTBA KOMMYHHUKAllMM MW COOTBETCTBYIOIIMX MM IIPOTOKOJIOB II€peNadu
uHpopmanuu, GopMaT JaHHBIX, KOTOPBIE UCIIOJIB3YIOTCA JUIsl IPEACTaBICHUs Y4eOHOro MaTepuaa
B cpelie 00pa3oBaTeIbHON CHCTEMBI.

B Hacrosimee Bpems peanu3oBaHa IepBas BepcUs IMPOrpaMMbl, KoTopas (opMHUpYyeT
o0Opa3oBaTeNbHBIA Kypc IO 3ampocaM TOJb30BATeNs, B3aUMOJCHCTBHE C XPaHWJIHILEM
uHpopManuu, 6a3aMu JaHHBIX U 3HAHUH, YAAJIEHHBIH JOCTYN (KOMMYTAI[MOHHbIE TEXHOIOTHN).

Cnenyer OTMETHTb, 4YTO pAacClpeAeiCHHbIE JAaHHbIE B  KaueCTBE  JIOKAJIbHBIX
MH(GOPMALIMOHHBIX PECYPCOB SBISIOTCS, MO CYIECTBY, CEpBEpPaMU OOBEKTOB JaHHOW MPEIMETHON
obmactu  pacmpenencHHoi  0aszel  jgaHHbiX  (PB/I). PacnpenenenHble  00BEKTHI  JAaHHBIX
COIIPOBOKAAIOTCS aOCTPAaKTHBIMU ONMCAHUSAMH, KOTOpPbIE BBIPA)KAIOTCS CPEJICTBAMHU MOJEIBHBIX
ypoBHel wuHTerpupoBaHHoro mnpexacrasieHuss PBJI. Crenenp wunterpanuu PBJl onpenenser
BO3MOYKHOCTH ~ aOCTparupoBaHMsl — paclpelielIeHHbIX  JIaHHBIX, BO3MOXXHOCTH  OIpEACICHUS
MIPOTOKOJIOB aOCTPaKIMU PacHpeeNICHHBIX JaHHBIX M, €CTECTBEHHO, BO3MOKHOCTH MX KOHEYHOTO
UCIIOJIb30BaHUS.

C »otux mno3unmii neneBoe mnoctpoeHue U uHTerpanus PBJ] g ynosneTBopeHus
CTpaTEerMuecKoro MHTEpeca NOJb30BaHUsS HH(pOpMalKMel OpPUEHTHPOBAHO HAa JOKYMEHTAJbHOE
MIPEJICTABJICHUE PACIPEJEICHHBIX JIaHHBIX U COOTBETCTBYET CYTH COBPEMEHHOTO0 OOBEKTHO-
OPMEHTUPOBAHHOTO MBIIUIEHUS pa3pabOTYMKOB KOMIIBIOTEPHBIX TeXHosorud. B orianume
OT TIPOM3BOJIBHOM CTpAaTE€rMH IOJIb30BAHUA, CTpaTerus MNpodecCHOHANTBHOIO IOJIb30BaHUS
peasn3yercss IyTEM  IPEAOCTaBICHMS  MHCTPYMEHTAJIBHBIX  CPEIACTB  JTOKYMEHTAJIbHOIO
MIPE/ICTAaBICHUS]  pacHpeleNieHHbIX  JaHHbIX. [Ipm  mpodeccMoHaIbHOM  HCIOJIb30BaHUM
II0JIB30BATENM B cpele HHTerpupoBaHHod PBJl momywaroT nocTynm K MaHMITYJIMPOBAHHIO
COCTaBHBIMM KOMIIOHEHTaMH JIOKQJIbHBIX HH(OPMALIMOHHBIX PECYPCOB U CaMH OINpPEAEISIOT
TpeOyeMblii BUJ MTPECTABICHHS paclipe/leIeHHbIX JTaHHbIX.

Cemantnueckas wuHterpauus PBJl mpenmonaraer mocTpoeHHE — KOHLENTYalbHOIO
U (QyHJZaMEHTaJIbHOTO YpOBHEH uHTerpupoBaHHoro mnpexacraBienuss PBJI.  Iloctpoenue
KOHIIENITYaJIbHOTO YPOBHS CBSI3aHO C CO3/JaHMEM CHUCTEMBI TOJKOBOIO MHTEIPAlMOHHOIO CIIOBaps,
a TOCTpOeHHE (PYHIaMEHTAIBLHOI'O YPOBHS BhIpakaeTcsl B CO3AaHUU (POPMaNN30BAaHHON CHUCTEMBI
3HaHuil PB/] Ha OCHOBE CEeMaHTHYECKON UHTETPALIH.

CoBMECTUMOCTh  PAaCCMOTPEHMSI  BONPOCOB  KOHILENTYaIbHOM U  (yHIaMEHTAIbHOM
naterpanuu  PBJl mpencraBnsercs oOmnpaBIaHHOW B TOM CMBICIE, 4YTO HMMEHHO Ha JTHX
MHTETPALMOHHBIX  YPOBHAX  (OPMUPYETCS CEMAaHTHYECKH OIHOPOJHOE HHTErPUPOBAHHOE
npeacrasienue PB/[: MoIenbHO OJHOPOAHBIE OMHMCAHWS B3aUMOCBSI3aHHBIX KOHUENTYaJIbHOU
U pyHAaMEHTATIbHONW CEMaHTHKH B3aUMHO JIOTIOJIHAIOT APYT IPYyTa.

Undpopmanusa B cpene PBJl mpoxoauT crnoxHbli nyTh omnpeaeneHus. Ha cxemHoMm
MHTETpalMoHHOM ypoBHe uH(popMmarus PBJl onpenensiercs BO3MOKHOCTSIMH JIOKAJIBHBIX PECYPCOB.
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Ha normyeckom ypoBHe MH(GOpPMAIIMOHHBIE BO3MOKHOCTH IMOBBIIIAIOTCS 332 CUET MOCTPOCHHS HaJ
PBJl coBOKymHOCTH JIOTHYECKHUX WHTEpP(HEcoB, 00eCIeUNBAOIINX OTOOPAKEHHS JIOTHUYECKUX
NPEJCTaBICHUN O MpeIMETHOH 00JacTh B CXEMHBIE pecypchl MX peanu3anud. Ha norndeckom
ypoBHE  (POPMUPYIOTCS  HHTETPUPOBAHHBIE CIPABOYHUKU  KIACCU(UKALMOHHBIX  MOHATHH
peaMETHOM 00J1acTH, MO3BOJSIONINE MEPEXOAUTh Ha WHTETPUPOBAHHBIN s3bIK oOmenus ¢ PB/I.
CemaHTHYeCKME YpPOBHM MHTErpHUpOBAaHHOro mpenctasieHuss PBJ[ obOecneumBaloT yCTaHOBKY
COZICpKATENbHBIX CBSI3€M HAJ HMHTETPUPOBAHHBIMH  CIPABOYHUKAMH  KIACCU(UKAIIMOHHBIX
noHatuil. Takum 0o0pa3oM, ceMaHTUYECKHE MHTErPallMOHHBbIE YPOBHHU JOCTPAUBAIOT TEXHOJIOTHIO
0TOOpaKeHMI TPECTaBICHUN TPEAMETHON 00JIACTH 10 JIOTMYECKOT0 KOHIIA.

KoHuenTyanbHas ceMaHTHKa HpPEICTaBIseT COOOH OAMH M3 B3MVIAJ0B Ha IPEAMETHYIO
00JIaCTh M CTPOMTCS HaJ KIACCU(PUIMPOBAHHBIMU OOBEKTAMH B TEPMHUHAX UICHTU(DUKAIUH ITHX
00bekTOB. DyHIaMEHTaIbHAsE CEMaHTHKAa BBIPAXKaeT OOLIMI B3IVIA[ HAa MpEeIMETHYI 001acTh,
ONepUpyeT TEPMUHAMHU M MOHATUAMHU (YHIAMEHTAIBHBIX 3aKOHOMEPHOCTEH MPUPOIHBIX SIBICHUIMA
OKpY’KaloIIero MUPa U MOXET BOOOLIE HE MMETh HPSIMBIX TEPMUHOJIOIMUYECKHX IepecedyeHuit
C TEpPMHUHAMH KJIACCH(PUIIMPOBAHHBIX OOBEKTOB.

Takum oOpa3om, cemantudeckas wuHTerpauus PBJl mo3Bosisier mnpenctaBuTh JtOOYIO
MH(POPMAIMOHHYIO TEXHOJOTHIO B BHJIE CYIEPCHUCTEMBI, BCE BHYTPEHHHE KOMITOHEHTBHI KOTOPOH
IIPEIHA3HAYEHBl JUIsl BBIIIOJIHEHUS IIPOMEXYTOUHBIX TEXHOJIOIMYECKHMX OIepaluii B YCIOBHAX
cBOOOHOTO A0cTyma K JMo00i nHpopmammu. [Ipu 3ToM meneBoe moctpoeHune u uHTerpanus PhJ]
B IIEPBYI0 OYEpedb HANpPABIAETCA HA  YJOBJIECTBOPEHHE  CTPATETMYECKHX  HHTEPECOB
poeCCHOHATLHOTO TI0Ib30BaHMUS M MTPOU3BoIcTBa HHMopMaruu [26—-30].

3akjaueHue

B 3akirodenue ciiegyer OTMETHTD, YTO 3T0Xa HH()OPMAITMOHHOTO B3PhIBA C POCTOM TEMIIOB
KOMIIbIOTEPHU3ALMU U 00beMOB LI (POBOIl HH(pOpMaLY, a0COTIOTH3aMEN! KOMITBIOTEPHBIX CPEICTB
U BUPTYAJIBHOTO INPOCTPAHCTBA IIOCJIEAOBATEIBHO pa3pyllacT HAACKIy M Bepy 4YeEI0BEUECTBA
B JIOCTH)KEHHE KODBOJIOLUM 4YesloBeKa M mpupoipl. OIHAKO, KaK M CTO JIET Ha3aJ IJIaBHBIM
OOBEKTHUBHBIM  YCIIOBHEM IIPCAOTBpAIICHUSA TIJ00aJbHOM  KaTacTpo(®bl HM  HCYC3HOBCHUS
YeJ0BEYECTBA KaK OMOJIOTMYECKOTO BHU/AA SBISAETCS COMNOCTABUMOCTh TEMIIOB TEXHMUYECKOIO
Pa3BUTHA C TEMIIAMU Pa3BUTUA CYHIHOCTHBIX U JYXOBHBIX CHJT YCJIOBCKA.

[Touck crnoco6oB pelieHus MOCTaBICHHOM MpoOiIeMbl B 3M0XY MH(POPMALMOHHOTO B3pbIBa
SABJISIETCA ‘IPGSBBI‘IafIHO BAXXHBIM HaIllPpaBJICHUCM ACATCIIBHOCTH [OJId HAaYK PpPa3HBIX C(bep,
a JIOMUHAHTHas pOJIb NPUHAISKUT CHUCTEME OOpa30BaHUS YEJIOBEKa, BCE CTYNEHH KOTOPOM
B pPaBHOM OTBETCTBEHHOCTH JIOJDKHBI HCKaTh CIIOCOOBI TOCTPOCHUS HMH(POPMAIIMOHHO-
00pa3oBaTENBLHOIO MPOCTPAHCTBA, B KOTOPOM MPEEMCTBEHHO OT CTYNEHHU K CTYNEHH JIOCTUTAETCs
JyXOBHBIHN IIPOIPECC YEIOBEKA.

IIpu 5TOM «MOILIBb UCKYCCTBEHHOI'O MHTEIIEKTA» JOJDKHA MCIOIb30BaThCs, IIPEXKIE BCETO,
A1 BOCIIMTAHUA HPABCTBCHHBIX Hadall W Pa3BUTUA @eHOMeHa YCJIOBCKA, a KOMIIBIOTCPHBIC
CpeAcTBa SBJIATHCS OOBEKTaMU M3Y4EHHUS, a TaKKe CpEeICTBAMHM pPAa3BUTHS M BOCHHTAHUS
B 00pa3oBaTelbHOM Ipouecce. VIMEHHO B 3TOM 3aKIIOYaeTcsl TIJaBHAs 3a/Jada CHCTEMbI
COBPEMEHHOr0 00pa30BaHUS YellOBeKa, HO PELICHUs 3TOM TIJIaBHOM 3a/lauM HE CIIy4UTCs, €ClU
3a6I>ITB, 4TO AaXXE CaMO€ YHHUKAJIBHOC IO TEXHUYCCKHUM BO3MOXHOCTIAM ((yCTpOfICTBO HE MOXKET
3aMEHHUTbH CEPbE3HbIE PA3MBIIIJICHUS U NTeJaroru4ecKyto onbITHOCTEY (3. CTOYHC).
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K BOITPOCY O HEJIECOOBPA3ZHOCTH PA3ZBUTHUA 'NBKUX
HABBIKOB CTYJAEHYECKOM MOJIOJEXHA KAK ®AKTOPA
UH®OPMAIIMOHHOM BE30IACHOCTHU

Ousbra Anexcanaposna Boponuna™;

AnHa I'eopruesna I'aGoBa.

BsiTckmii rocyiapcTBeHHbIH YHUBEPCUTET, I'. BsiTka, Poccus.

Exarepuna EBrenbeBna Crpoukas.

Cankr-Ilerepoyprcekuii ynusepceuter I'IIC MUC Poccuu, Cankr-Ilerepoypr, Poccus
forol@list.ru™

AnHomayus. AKTYalTbHOCTh TAHHOTO MCCIICAOBAHMS OMPEIEIIeTCS CTPATETHUECKUMUA OPHUEHTHPaMH
COBpPEMEHHOTO 00pa30BaHMs, HANPaBIEHHOTO Ha Pa3BUTHE Y CTYIACHTOB HE TOJIBKO MPOQECCHOHATBHBIX
(>kecTKHX) HaBBIKOB, HO W HaANpodeccHoHambHBIX (TMOKHX), KOTOPHIE WIPAlOT IMEPBOCTENEHHYIO POJb
B o0eclieueHNH 3alIUTHl JIMYHOCTH, OOLIecTBAa W TocyIapcTBa OT BBI30BOB M Yrpo3 B cdepe
nH(pOpMaIMOHHON Oe3omacHocT. WH(popManoHHas 0€30MacHOCTh TPEACTABIsAET CO00M MPaKTHKY
NpEeOTBPAIIEHHsT HECAHKIIMOHNPOBAHHOTO JIOCTYTIA, MCIIOJIB30BAHMS, PACKPBITHS, NCKAKEHUS, U3MECHEHN,
WCCJIEIOBAHUS, 3alMCH WINM YHHYTOXEHUs uHpopmamuu. PaccMorpeHa poiib 4eThIpEX TPyHI THOKHX
HaBBIKOB, HEOOXOIUMBIX B OOeclieueHuH WHPOPMAIMOHHON 0e30macHOCTH: 1) HABBIKM B3aMMOJICHCTBUS
B KOJUIGKTHBE; 2) IMYHOCTHBIC HABBIKH; 3) HABBIKM IUIAHUPOBAHMSA, 4) HAaBBIKM >KH3HECTOHKOCTH.
B mpakTHdeckoll YacTW CTaTbU NPENCTABICHBI PE3yJbTaThl AHKETUPOBAHMS CTYICHTOB B BO3pacTe
ot 17 no 24 ner, naHa KONMYECTBEHHAs M KaueCTBEHHAs XapaKTEPUCTHUKA Pa3BUTUSI UX THOKHX HABBIKOB.
[lokazano, 4yto moHATHE THMOKHE HABBIKM, KaK KOMIUIEKC YMEHHI o0OLIero XxapakTepa, HEeoOXOIMMBIX
B YCIIOBHSIX TEXHUYECKOTO Iporpecca, oTpaxkeHo B cozHaHuu 60 % Mononsix moaer. st pa3BUTHs THOKHX
HaBBIKOB 09 % ONpOIIEHHBIX BKIIOYAIOTCS B PAa3HOOOpa3HbIC MPAKTUKKA He()OPMaAIBLHOrO 00pa3oBaHUS:
OHJIaWH-TIaT()OPMBI, BUACOYPOKH, TPEHUHTH, KYPChI, MACTEP-KJIACCHI, CEKIIMU. Y CTYACHYECKON MOJOACKH
B JIy4IIEH CTETICHN PAa3BUTHI TAKHE HABBIKM B3aMMOJICHCTBHS, KaK KOMMYHUKAOEIBHOCTh, YMEHHE PabOTaTh
B KOMaH/ie, TIepPEeroBOPHBIC KOMIETCHIMH W PEXe IPEACTaBICHbl HABBIKM, CBSA3aHHBIE C DPa3BUTHEM
1 MoTHBanuen qpyrux. CTyAeHTHl UCTIBITHIBAIOT CIIOKHOCTH B TUIAHUPOBAHWHU BPEMEHH (TaliM-MEHE)KMEHT)
U B MPOSIBJICHUU HABBIKOB JKU3HECTOMKOCTH (THOKOCTh, PUHSITHE KPUTHKH, CTPECCOYCTOMUMBOCTh, paboTa
B PeXHMME HEONpEeNeNEHHOCTH W MeHsomelcs cutyanun). OmnpezpeneHa 30Ha MOCIETYIONIAX HAyYHBIX
WCCIIEIOBAHUN JAHHOM MPOOIEMBI.

Kniouesvie cnosa: rnbkue HaBbIKM, MH(POpMAIMOHHAST 0E30MACHOCTh, CTYIEHUYECKAs MOJOJECKD,
HedopManbHOE 00pa3oBaHUe

Jnst murupoBanusi: Bopornna O.A., ['abosa A.I'., Ctporkas E.E. K Bonpocy o nemecoodpazHocTs pa3BUTHS
TUOKVMX HaBBIKOB CTYACHUECKOW MOJIOJEKHU Kak (pakTopa mHYOpMannoHHOM O6e3onacHocTy // Hayd.-aHamut.
xypH. «Bectauk C.-Iletep6. yn-ta ['TIC MYC Poccumny». 2022. Ne 1. C. 146-152.

TO THE QUESTION OF THE EXPEDIENCY OF DEVELOPING SOFT
SKILLS OF STUDENTS AS A FACTOR OF INFORMATION SECURITY

Olga A. Voronina™; Anna G. Gabova.

Vyatka State University, Vyatka, Russia.

Ekaterina E. Strotskaya.

Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
forol@list.ru™

Absttract. The relevance of this research is determined by the strategic guidelines of modern
education aimed at developing students not only professional (hard) skills, but also supra- professional (soft)
ones, which play a primary role in ensuring the protection of the individual, society and the state from
challenges and threats in the field of information security. Information security is the practice of preventing
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unauthorized access, use, disclosure, distortion, modification, research, recording or destruction
of information. The role of four groups of soft skills necessary in ensuring information security
is considered: 1) teamwork skills; 2) personal skills; 3) planning skills, 4) resilience skills. In the practical
part of the article, the results of a survey of students aged 17 to 24 years are presented, quantitative
and qualitative characteristics of the development of their soft skills are given. It is shown that the concept
of soft skills, as a set of general skills necessary in the conditions of technological progress, is reflected
in the minds of 60 % of young people. To develop soft skills, 69 % of respondents are involved in a variety
of non-formal education practices: online platforms, video tutorials, trainings, courses, master classes,
sections. Students have the best developed interaction skills such as sociability, teamwork, negotiation
competencies, and skills related to the development and motivation of others are less often represented.
Students experience difficulties in time planning (time management) and in the manifestation of resilience
skills (flexibility, acceptance of criticism, stress tolerance, working in a mode of uncertainty and changing
situations). The zone of subsequent scientific research of this problem is determined.
Keywords: soft skills, information security, student youth, non-formal education

For citation: Voronina O.A., Gabova A.G., Strotskaya E.E. To the question of the expediency of developing
soft skills of students as a factor of information security // Nauch.-analit. journ. «Vestnik Saint-Petersburg
university of State fire Service of EMERCOM of Russia». 2022. Ne 1. P. 146-152.

AxTyanbHOCTh pa3BuTUs rHOKuX HaBbikoB (SOft SKills) cTymeHTOB B coBpemMeHHOM Mupe,
HECOMHEHHO, BEJIMKA, IOCKOJbKY IOJlydaeMble B BBICHIEM Y4YeOHOM 3aBe/leHHMM KOMIIETECHLIMU
MOTYT «YCTapeTh» e€IIe N0 TOT0, KaK BBITYCKHUK BBIIIEN 3a CTEHBI YHHBepcuTera. Kpome
Ipo(eCCUOHATILHBIX KOMIIETEHIIMH B KOHKPETHBIX BHJAX JAEATEIBHOCTH MOJIOJBIM CIELHaTUCTaM
TpeOyroTcss HaanpodecCHOHANIbHbIE HABBIKM, HE CBA3aHHBIE C KOHKPETHOH CIENHAIbHOCTHIO.
Wx nas3biBatoT HaBblkaMu XXI B., MOCKOJIBKY OHM oO0OecnedrBarOT TrMOKoe mpucnocolieHue
YeJI0BEKa IMOJI CTPEMHUTEIHHO M3MEHSIOMMUNCS MUp. IMEHHO pa3BUTHIO THOKMX HABBIKOB CJIEIYET
yIeJIUTh 0co00e BHMMaHHE B By3e Kak (hakTopy HE TOJNBKO YCHEIIHOW COLHUAJIbHO-
npoeCCHOHATFHON alalTallié MOJIOJICKH, HO TaKKe U MHPOPMALIMOHHONW OE30MAaCHOCTH.

B coBpemeHHOM oOmIeCTBE C HEBEPOSTHOM CKOPOCTbIO AKTHBHO  BHEIPSIOTCS
nH(GOPMAIMOHHBIE TEXHOJIOTUH. MH(DopManus CTaHOBHUTCS CaMbIM ILIEHHBIM CTPaTETUYECKUM
pecypcoM. BaxHO ocCylecTBIATH KOHTPOJb Haa €€ XpaHEHHEM, paclpoCTpaHEHHEM
U HUCIOJB30BAaHUEM, M3-3a YEr0 M BO3HHKAET MOTPEOHOCTh B obOecredeHUH HH()OPMAIMOHHON
6e3onacHoctu. [ToctaHOBKa BOIpoca B JaHHOW MJIOCKOCTH UMEET 0cO00e 3HaYECHHUE eIlle U TOTOMY,
YTO B pa3HBIX PETHOHAX CTPAHBI C Pa3HON CKOPOCTHIO B By3aX BHEAPSIOTCS HOBBIE TEXHUYECKHE
yCTpoOlicTBa, 00OpyAOBaHME U IpOrpaMMHO-ammnaparHele cpenctBa. He Bes  cryneHueckas
MOJIOJIS)Kb UMEET K HUM PaBHBIN JJOCTYII, @ 3HAYUT U BO3MOYKHOCTh OTBEYATh HA HOBEHIITNE BHI30BHI
U yrpo3sl B cpepe nH(popMaMoHHOH 0€30MacHOCTH.

WupopmanmonHasi 0e30MacHOCTh TMPEACTaBIA€T COOOM COCTOSHHE —3aIMIEHHOCTU
JMYHOCTH, OOILIECTBa U TOCYAapCTBa OT BHYTPEHHHMX W BHEIIHMX HH(POPMAIUOHHBIX yrpo3 [1].
Cormacio  B3rsgam  B.B. 3otoBa, O.A. Komo6oBa, A.A.KpuBoyxoBa, B.H. fcenera,
uHpopMallMOHHass ~ 0€30MacHOCTh  NpEeACTaBIsieT  CO0O0M  MpakTHKy  NpeloTBpaIleHUs
HECAHKIIMOHUPOBAHHOTO  JIOCTYIA, WCIIOJIb30BAaHMS, PACKPBITHS, WCKaKEHUS, W3MEHEHHS,
MCCIIEIOBAHMSI, 3aITUCH WM YHUYTOXKEHUS HHPOPMAIUH.

Hobponeer A.JO. ormeuaer, yTo obecrnieueHre MHPOPMAIIMOHHON 0€30MaCHOCTH BKJIIOUYAET
B ceOs:

1) 3amuTy camoii nHpopmManuu;

2) 3amuTy Jr0/ei 1 o01iecTsa B 11€70M Ha HH(POPMHUPOBAHHOCTb;

3) 3ammty ot nHMOpMaNKK (HaBSI3bIBAHUS JIOKHOI HHPOpMarmn) [2, c. 52].

JlearenbHOCTh 1O 3amuTe HHGOpPMAIMKM HAlpaBlieHa Ha MPEeIOTBpAIlEHUE YTEUKH
3alMIAeMbIX JTAaHHBIX, HENpPeIHaMEPEHHBIX W HECaHKIIMOHWPOBAHHBIX BO3JIEHCTBHI (BOCHHAS,
cly’)keOHasi, KOMMepyecKas TailHa, WHTEJJIeKTyalbHasi COOCTBEHHOCTb, aBTOPCKHE IIpaBa,
MEpCOHATbHBIE JaHHBIE W Jp.). Bo3HWKaeT muieMma: ¢ OJHOW CTOPOHBI, CTYACHT MaKCHMAaJIbHO
norpyx€H B MH(OPMALMOHHBIE PECYpPCHl, a C APYrod — HE BCerjga KOMIIETEHTEH B BOIpOcax
ux 0e301acHOro MCIOJIb30BaHUS.
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CTaHOBUTCS OYEBUIHBIM, YTO (OPMUPOBAHNE THOKIX HABBIKOB HEOOXOAUMO CTYJECHUYECKON
MOJIO/ICKM HE TOJIBKO JUIS YCIEIIHOW TPYJOBOW AESITENbHOCTH, HO U Ui peaju3aluu cedsi Kak
AKTUBHOTO YYacTHHKAa O€30MacHBIX COIMAIBHBIX B3auMopeicTBuil. COBpeMEHHas CUCTeMa
dbopManpbHOr0 00pa3oBaHUs 3a4acTYI0 OPHUEHTHUPOBAaHA HAa PAa3BUTHE TOJBKO MKECTKUX HABBIKOB
(hard skills). 'mOkue HaBBIKM MOJIOJbIC JIOJU PA3BUBAIOT B MPOIECCE BKIIOUCHUS B MPAKTUKH
nH(pOpPMaTBEHOTO M HePOpMaAIbHOTO 00pa3oBaHUS, YTO, B CBOK OuY€pe/b, JIENAET aKTyalbHbIM
BOIIPOC MOJIEPHHU3ALIUU CTAaHJAPTHOM 00pa30BaTEIbLHON CPEIBI.

Hcxons w3 3T0ro, OBLIO MPOBENEHO HMIMPUYECKOE HCCIEJOBaHUE, HAIpPaBICHHOE
Ha U3Y4YEHHE OCOOEHHOCTEW pa3BUTHsI TMOKHUX HAaBBIKOB CTYACHUYECKON MOJIOEX U Kak (akropa
MH(POPMAIIMOHHOHN 0€301MacHOCTH.

Omnpenenensl 3a7a4n UCCIEIOBaAHMS:

1. OxapakTepu30BaTh CyIIHOCTb U KJIACCU(UKALUU THOKUX HABBIKOB.

2. OnpenenuTts NepedeHbh T'MOKUX HABBIKOB CTYIEHYECKOW MOJIOICKHU, HEOOXOMUMBIX ISt
obecnieueHus HHOOPMAIIMOHHON OE30MMACHOCTH.

3. JlaTb XapaKTepUCTUKY TMOKUM HaBBIKAM CTYJIEHYECKOM MOJIOACKU.

[lepBble pekOMEHIAIMK [0 BKIOYEHHIO THMOKUX HABBIKOB HEMOCPEICTBEHHO B CHUCTEMY
obpazoBanus mosiBwimch B 1950 rr. Uctopust «soft skillsy u «hard skillsy naunnaercs ¢ obGmactu
uppoBbIX TexHONOruH. CaMu TEPMUHBI BO3HUKJIM 1O aHAJIOTMHM C KOMITBIOTEPHBIMU MOHSATHSIMHU:
anmapaTHoe oOecnedyenue («hardware») m mporpammHoe obecrnedeHue («software»), a 3atem
aIaIITUPOBAITUCH U3 CPEPhl IKOHOMUIECKOT0 OM3HEca B COLMAIbHOE IPOCTPaHCTBO [3, ¢. 191].

JlanpHelime ucciaenoBaHus 3TOro (PeHOMEHa yKe IPOBOAMIIUCH B paboTax HccieaoBarenei
O.1O. KoBaneoit, X.X. CanynaeBa, O.f. [lonomapesoii, O.B. Binacosoii, C.M. Knumosa,
@. Kym6ca, M. Axmena, O.B. Poiitomar u ap. AHanu3upys TOIXOIbI Pa3HBIX aBTOPOB, BCIIET
3a 0.4 [TonomapeBoi, 1oJ riOKMMHM ~ HaBbIKAMH  paccMaTpUBaeTCs KOMIIJIEKC
HECHEIMAM3UPOBAHHBIX, BAXHBIX U1 Kapbepbl HAANPO(PECCHOHANBHBIX HAaBBIKOB, KOTOpBIE
OTBEYAIOT 32 YCIEIIHOE y4acTHe B paboueM MpPOoIecce, BBICOKYIO TPOU3BOIUTENILHOCTD U SBISIOTCS
CKBO3HBIMH, TO €CTh HE CBS3aHBIMH C KOHKPETHOM MpeaMeTHOM obnactsio [4, c. 30].

Cpenu aBTOPOB HET €IMHOIO MOHMMAaHUs Bompoca o tunonorusax «soft skillsy. Haubonee
nosHou siBisiercst Kinaccudukarst, npuenenHas O.I1. ['opekopoii, H.B. Kosnosckum, B.C. Matbikunoi
u A.B. IleTpoBbIM, KOTOPBIE ONUCHIBAIOT YETHIPE TPYIIbI THOKUX HABBIKOB [5]:

1. HaBblku B3aMMOJICHCTBUSA B KOJUIEKTHBE (YMEHHE pabOTaTh B KOMaHJE, IMEPEroBOPHBIE
KOMIIETEHIIMHM,  MEXOTpacieBass  KOMMYHUKAIMs, pa3BUTHE W MOTHUBALUS  JPYTHX,
KOMMYHHMKA0EIbHOCTb).

2. JINYHOCTHBIC HAaBBIKM (MHUIMATUBHOCTH, O0Y4aeMOCTh, KPEATHBHOCTH, KPUTHYECKOE
MBIIIJICHHUE).

3. HaBbIku ruiaHupoBaHUs (TaiiM-MEHEIKMEHT, yMEHHE YIPaBISATh MPOEKTAMU U MPOIECCaMH,
MIOCTaHOBKA 3a/1a4, JICJIETUPOBAHUE).

4. HaBBIKYM >KU3HECTOMKOCTU (CTPECCOYCTONYMBOCTh, paboTa B peXKUME HEONpeaeNEHHOCTH
U B YCJIOBHSIX OBICTPOM CMEHBI 3314, BOCIIPUSATHE KPUTHKU H OOPATHOM CBS3M).

B pamkax paccmarpuBaemoi mpo0OiieMbl MOXKHO OOOCHOBaTh TNEpeueHb TMOKHUX HaBHIKOB
CTYJICHYECKOW MOJIOJIeKH, HEOOXOAMMBIX UIsi oOecriedeHus: MH(OpPMaIMOHHON O€30MacHOCTH,
OMHMPAsCh Ha BBIIIE MPEACTABICHHYIO KJIacCU(UKAIIHIO.

[TepBast rpyIia HaBBIKOB CBsI3aHa C BRICTpauBaHUEM ((HEKTHBHBIX KOMMYHUKAIIUN:

1) ymMeHHEe pacrio3HaBaTh MEXaHW3MbI HH()OPMAIMOHHOTO BO3ACHCTBHS (MAHUITYJISAIUH,
HarHeTaHus MEXHAIMOHAILHON M COLMAIbHOW HANpPSHXKEHHOCTH, MpOMaraHaa dSKCTPEMHUCTCKOM
UJICOJIOTUH | T.11.);

2) yMCHHE HHBEIUPOBaTh WHGOPMAIIMOHHO-TICHXOJIOTHYECKOE BO3JICHCTBHE, B TOM UHCIIC
HAaIpaBJICHHOE HA TOJIPBIB HMCTOPUYCCKUX OCHOB M TATPHOTHYCCKHX TPATUIUHN, CBI3aHHBIX
¢ 3amuro OTeuecTBa;

3) mpuHATHE Mep MO MPEIOTBPANICHHUIO, HAPUMED, MPEIOCTABICHUS HEAaBTOPH30BAHHBIM
JUIaM HH(GOpMaIK, KOTopas MOXET ObITh BBIJJaHA CHCTEMOW B OTBET Ha 3aIpoc;

4) BBIOOp TEX CpEACTB KOMMYHHUKAI[MHM, KOTOPBIE TIO3BOJIIIOT H30ekaTh OapbhepoB
HEMOHUMAaHUS, UCKaXeHHs HHPopMaruu pu ohaailH 1 OHJIaiiH OOIICHUH.
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CryneHTbl SBISIOTCS AKTHBHBIMH II0JIb30BATENIIMU  PA3JIMYHBIX (POPM KOMMYHUKALUU:
3JIEKTPOHHAsI II0YTA, YaThl, OJ0TH, GOpyMbl, collManbHble ceTu U ap. HapylieHne npocThix MpaBuil
B3aMMOJICHCTBUS (pactpoCTpaHeHUEe M3NUIIHEH nHpopMamuu o cede, OOIIeHne ¢ He3HAKOMIIAMU,
BKJIOYEHHE B KMOEpOYJUIMHT U JIp.) YBEJINYUBAET BEPOSITHOCTh CTOJIKHOBEHMS C OHJIAHH-PUCKAMH.
B nanHOll Tpynme aKTyaqbHBIM SIBISETCS KOMIUIGKCHBIA THOKMH HaBbIK — «uupoBas
KOMITETEHTHOCTB», 1101 KoTopoit uccinenopareasimu (I.Y. Conmarora, T.A. Hectuk, E.W. Pacckazona,
E.}O.30TOBa) mNOHHMMAaeTCs OCHOBaHHAs HA HENPEPHIBHOM OBJIAJECHUU KOMIIETEHLUSIMU
CIOCOOHOCTh MHIUBHU/IA YBEPEHHO, 3(P(HEKTUBHO, KPUTUYHO U O€30I1aCHO BBIOMpATh U IPUMEHSThH
MH(POKOMMYHUKAIIMOHHBIE TEXHOJIOTHH B Pa3HBIX c(hepax KU3HEAEATENBHOCTH (padoTa ¢ KOHTEHTOM,
KOMMYHUKAIUHU, TOTpedsieHue, Texuocdepa) [6].

['nOkue HaBbIKM BTOPOM TIpyNIbl (MHULKMATUBHOCTb, O0Y4aeMOCTb, KpPEaTUBHOCTH
U KPUTUYECKOE MBIIIICHNE) CTAHOBATCS OCOOCHHO aKTyaJlbHBbI JUId oOecrieueH st HH(HOpMaIlMOHHON
0€3011aCHOCTH, TIOCKOJIBKY HEOOXOAMM OIEPEKAIONINNA MMOX0/] B UCIIOIb30BAHUN HH(OPMAIIMOHHBIX
TEXHOJIOTUH, KOTOPbIE C KaXXJbIM '0JIOM COBEPILEHCTBYIOTCS U CTaHOBSTCA BCe 00Jiee CII0KHBIMU,
a 3a BpeMs, B TeUCHHE KOTOPOTO pa3padaThIBaeTCs 3allUTa, YIPO3bl MOTYT OBITh Y)K€ COBEPIICHHO
IpyTruMH, 60J1ee ONTaCHBIMU U BEICOKOTEXHOJIOI MUHBIMH.

B Tperbeit Tpynne HaBBIKM TUIAHUPOBAHUS HEOOXOIWMBI B MPOTHO3MPOBAHHH, BBISBICHHH,
aHaJqM3e MW OLEHKe yrpo3  Oe3omacHOCTH, ©O€3 4Yero HEBO3MOXHA  JESATEIbHOCTb
[0 WX TMPEeAOTBPAILEHUI0O U MOAJEPKAHUIO COOTBETCTBYIOIIEIO YpPOBHS 0O€30I1aCHOCTH.
[TnanupoBaHue Takxke oOecredyrnBaeT ONTHUMAJIbHOE DPACHpPEEIEHUE PECypcoB, UYTO BAXKHO JUIs
MOJEPKAHUS CTPECCOYCTOWNUMBOCTH.

[Tocnennsss rpynmna — HaBBIKM >KU3HECTOMKOCTHU: CTPECCOYCTOWYMBOCTb M CHOCOOHOCTh
paboTaTh B KPUTHUYECKUX CHTYalUsX, aJalTHPOBATHCS K HOBBIM BBI30BaM, TMOKO pearnpoBaTh
Ha yrpo3bl, YCIELIHO BOCCTAHABIMBATHCA IOCIE yIapoB W T.J. B acnekre HH()OpMaIMOHHON
0€30MacHOCTH SBISIOTCS CAMBIMH Ba)XKHBIMH KadecTBamu [7]. BHe3amHble aTaky MOIIEHHHKOB
MOTYT TPUBECTH K OTrPOMHBIM (MHAHCOBBIM M HH(POPMALMOHHBIM yTE€YKaM, 4TO IOAPBIBAET
CIIO)KMBIIIEECS paBHOBecMe W mpuBoguT K crpeccy. Yenmnep /. u Kopum Jx. yrBepxnpator,
4yT0 0€30MaCHOCTh JIOTMYECKH HPEIIIECTBYeT cTpeccoycroiiunBoctu. Crenys paccyXAeHUsAM
aBTOPOB, B Pa3BUTHM >KU3HECTOMKOCTU ISl CTYACHTA BaXXHBIM SBJIIETCS NMOHMMAHHUE HE TOJBKO
MEXaHU3MOB IPEAOTBPAIIECHUS yIpO3 M PUCKOB, HO U BOCIPHUATHE KPU3BHUCHBIX CHUTYyallUH Kak
€CTECTBEHHON HBOJIIOLMU JIOOONH CUCTEMBI, OTKPBIBAIOIIEH BO3MOXHOCTU Ul TpaHChopManuil
U JanbHemero pa3Butus [8].

PGSyJ'IbTaTbI HCCJICT0BAHUA

s Toro 4toOBl ONpEeAEeNUuTh OCOOEHHOCTH Pa3BUTHS TMOKMX HaBBIKOB CTYJIE€HYECKOU
MOJIOJIEKH, OBbIIT MPOBECH MUIOTAXKHBIN OMPOC LIETEBOM ayAUTOPHH.

Pa3paborannas ankera Bkirodaer 11 BOMPOCOB, € 3aKPBITHIM U OTKPBITHIM THUIIOM BbIOOpA
OTBETa, Pa3/IeJICHHBIX HA YETBIPE COJIEepKaTEeIbHBIX OJIOKa:

1) conmanbHO-IeMorpaduvecKue XapakKTepUCTHKH (T10J1, BO3PACT, CTYIIEHb 00yUYeHNUs),

2) Ipe/ICTaBICHUs O CYLIHOCTH MOHSTHUSI «TMOKHE HaBBIKW», HHTEPEC K HEMY;

3) npeanovnTaeMbie peCypCchl pa3BUTHS THOKMX HABBIKOB;

4) camoOlIeHKa YPOBHS Pa3BUTHS THOKUX HABBIKOB.

B wuccnenoBanum mnpunsim  yyactue 200 cTyaeHToB BsTckoro rocymapcTBEHHOTO
YHUBEpCUTETa B Bo3pacTe oT 17 10 24 net, cpeau KoTopbix 52 % — neBymku, a 48 % — roHomu.

bonbmas vacte cryneHdeckoir momonexu (60 %) 3HaeT, yTOo Takoe TUOKUE HABBIKH.
14 % onpammBaeMbIX yBEepeHbI, YTO 3TO KOMIUIEKC YMEHHH, BaKHBIX B JH000H mnpodeccuu;
11 % pecnoHAEHTOB CUMUTAIOT, YTO TMOKHE HaBBIKM — 3TO BO3MOXHOCTH TOJCTPOUTHCS MOJ
00CTOsATENBCTBA; Takoe ke KonndecTBO (11 %) XapakTepu3yloT MX KaK YHUBEpCAIbHbIE HaBBIKH,
KOTOpBIE HE CBS3aHbl C KAaKOH-TO OIpEJeJIEHHON mIpodeccuel, CNenuaabHOCThI0, a OTPaKaroT
JMYHBIE KayecTBa YeloBeKa, ero crnocoOHocTH; 10 % CKIOHSAIOTCS K TOMY, YTO 3TO HaBBIKH,
KOTOpbIE MOJKHO MHCIIONIB30BaTh BO BceX cdepax cBoedl xu3HM; 6 % OyMmMarT, 4YTO 3TO
HaAnpodeccHoHabHbIE HAaBBIKM, KOTOpBIE NOMOTAIOT peIIaTh XU3HEHHbIE 33Ja4d U paboTarh
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¢ apyrumu moabMu. He3nauutenbHas dacTh cTyneHueckod monoacxu (5 %) orMeuaer, 4yTo 3TO
HABbIKH, KOTOpBIE Pa3BUBAIOTCSI CAMOCTOSITEILHO M BOCTPEOOBAaHHBIE KOMIIETEHILIMH B YCIOBHUAX
TexHrueckoro nporpecca (3 %). OcraBiieecs J0CTaTOYHO OOJIBIIOE KOTU4ecTBO Mojoaexu (40 %),
K COXQJICHHUI0, HE UMEET MIPEJCTaBICHUS O TOM, YTO TaKO€ TMOKHME HAaBBIKMU M HACKOJBKO OHU
Ba)XHBI B COBPEMEHHOM OOIIIECTBE.

AGcomoTHOEe OONBIIMHCTBO CTYAEHTOB (75 %) OTMeualoT BaXXHOCTh U HEOOXOIUMOCTH
pa3BUTHs THOKMX HABBIKOB HapaBHE C MPO(ecCHOHANbHBIMH, 25 % HECKOIBKO COMHEBAIOTCS,
HO B LI€JIOM TaK>Ke MPUIEPKUBAIOTCS ITOTO MHEHUSI.

[IpeBanupytomiee OOJBIIMHCTBO MOJOJIBIX JIIOJEH CUNMTAIOT HEOOXOIMMBIM HAYMHATh
pa3BUTHE THOKMX HAaBBIKOB €O INKOJbl (63 %), BTOPHIM IO MOMYJISPHOCTU OTBET SBISETCA
B By3e/ccyse (20 %). PasButue soft skills ¢ gomkonsHOT0 00pa3oBaTeILHOTO YUPEKISHUS BRIOpaIn
17 % onpolIeHHbIX.

3HauMTeNbHAST YaCTh ONPOIIECHHBIX CTYIEHTOB (63 %) MoAaepKUBAIOT HJICIO O BBEACHUHU
CHeHaIbHOM MpOrpaMMbl IO Pa3BUTHIO TMOKMX HABBIKOB B cHCTeMY (OpMalbHOIO 00pa3oBaHUS.
B nocneanue roasl Bce yamie B oOpa3oBaTelbHbIE CTaHAAPThl BY30B BKJIIOYAIOTCA AMCLMILIUHBI,
HEMOCPEeACTBeHHO 3aTparuBatomue paszputue «soft skillsy, nampumep, «TaliM-MeHeHKMEHTY,
«/lenoBbie KOMMYHHKAIIUU U JIEIOBast 3TUKaY», «MeToIuKa caMoCTOATEeNbHON paboTh». OgHAKO 3TO
€IMHUYHBIC CIy4aW, 3aTparuBarollie HE BCE HAMpaBJICHHs MOJATOTOBKH M HE OXBATHIBAIOUINE BCIO
crcTeMy HEOOXOAUMBIX THOKMX HAaBBIKOB. [109TOMY CTyneHUECKast MOIOAEKD aKTHBHO BKITFOYACTCSI
B MPakTUKH HedopMaiabHOro oOpa3oBaHus U 69 % OMPOIIEHHBIX CYUTAIOT, YTO OHO MOMOTAET
UM B Pa3BUTHH TMOKUX HABBIKOB.

CymiecTByeT OrpOMHO€  KOJMYECTBO HMHCTUTYTOB  HedOpMaabHOrO  00pa3oBaHUf,
HaIPaBJICHHBIX HA Pa3BUTHE I'MOKMX HABBHIKOB MHAMBUAA. OCHOBHBIMH MPUMEPAMH MOXHO HAa3BaTh
OHJIAMH-TIIOIIA KU, KYPChI, TPEHUHTH, CEMUHAPbI, BUIEOYPOKH U BUJICOJIEKIIMU HA BUACOXOCTUHTAX
(marmpumep, YouTube, BKonrakre, TikTok u ap.), MacTep-Kiaacchl, Kpyrible CTOIbI, KOHPEPEHIINN
U T.4. OcoOeHHOI MOMyNAPHOCTHIO CPEAN MOJOISKH IMONb3YIOTCS OHJaiH-maTtdopMel (41 %):
4brain, Heronorus, Bukuywm, Skillbox, Axagemus Soft-Skills u ap., BroppiMu 10 HOMyasipHOCTH
ABIAIOTCS BUIEOYPOKH (39 %), a TpeTbe MecTo JeNAT TPEHUHTH, Kypchl (36 %) U MacTep-KI1acChl
(36 %). [IpakTHYeCKH TPETh MOJIOSKH mocenaroT cekitn (35 %), kpyxku (34 %), cemunapsi (30 %),
koH(pepeHmu U GopyMsl (29 %). Heznauntensnas nons (8 %) nmpuHUMAeT ydyacTHE B KPYIJIBIX
cronax. Kaaplil IecaThIii CTYCHT He BOBJICYECH B PAKTUKHA HEPOPMATIHLHOTO 00pa30BaHHUS.

[TonoBuHa cTyneHTOB 2-3 pa3a B Mecsll HaXxoIsAT BpeMsl Ha pPa3BUTHE THOKHX HABHIKOB,
20 % ompomreHHBIX pa3BuBaroT soft skills 2—3 paza B Henemto, KaKABIH AECATHIA MOJIOJION YEIOBEK
pa3BHUBaeT HaBBIKK OYIyIIEro Kaxablid AeHb, 4 % — numb npu HeoOxoaumocTtH, 16 % cTyaeHToB
HE pa3BUBAIOT CBOM THOKNE HABBIKH.

CamoaHnanu3 mokasall, YTO CaMbIMH Pa3BUTHIMH KAaue€CTBAMHU MOJOJbIE IO OTMEYAIOT
y ce0si HaBBbIKU I1EPBOM I'PYIIIbl: KOMMYHHUKa0eIbHOCTD (49 %), ymeHue paboratsh B komanze (48 %),
nieperoBopHbie KommereHnH (38 %). JIuuHOCTHBIE HaBBIKH, CBsi3aHHBIE ¢ oOydaemocThio (37 %)
U KpeaTuBHOCTBHIO (35 %) TakXKe XOpOLIO MPEACTaBIECHbl y 3HAYUTENIbHOM YacTH CTYIEHTOB.
OcoOeHHBIE TPYAHOCTH HCHBITHIBAIOT CTYIACHTHl B MPOSBICHUH HABBIKOB I[UIAHHUPOBAHUS
U KU3HecToMKocTH. [IpaBuiibHO OopraHM3oBaTh CBOE BpeMs (TaliM-MEHEIKMEHT) He MOryT 38 %
CTYJICHTOB, HCHBITHIBAIOT CIOKHOCTH B MPOSBICHUH THOKOCTU W MPUHATHH KpuTuku — 33 %.
Kaxmomy maroMy CTyIEHTY CIOXHO OBICTPO pearupoBaTh Ha W3MEHEHHS CHTyalud, paboTaTh
B PEXHME HEOINpPENeNEHHOCTH U TMPOSBIATh CTPECCOYCTOWUMBOCTb, KAXKIOMY YETBEPTOMY —
CJI0’KHO 3aHUMAThCS pa3BUTHEM U MoTHBanuen npyrux (20 %).

3akiaouyenue

[TogBons WTOrM, MOXKHO CcKa3aTh, YTO IIOHSATHE THMOKHE HAaBBIKH U HEOOXOIUMOCTb
UX pa3BUTHSA WMEET OTPAXCHHE B CO3HAHWUHM OONBIICH 4YacTH CTYJICHYECKOH MOJIOMIEKH,
U BOCHPHUHUMAIOTCS KaK KOMIUIEKC YMEHMH OOIlero xapakrepa, HEOOXOJUMBIX B YCIOBHSIX
TEXHUYECKOTO TIpOrpecca, BAXKHBIX HE TOJNBKO JUISI YCHEIHOTO ITOCTPOSHHS Kapbepsl,
HO ¥ COLIMAJILHOTO B3auMozencTBus. PaccMoTpena poib uetbipéx rpynn soft skills B obecrieuenun
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MH(POPMALIMOHHOM Oe30macHOCTH: 1) HaBBIKM B3aWMOJICHCTBHS B KOJUICKTUBE; 2) JTUYHOCTHBIC
HaBBIKH; 3) HABBIKW TUIAHUPOBAHUS, 4) HaBBIKH KU3HECTOUKOCTH. Cpeayl CTyIeHUYECKOW MOJIOACKH
B JIy4llleil CTENEHU pPa3BUTHI HABBIKM B3aMMOJEHCTBHS (KOMMYHHUKAa0EIbHOCTh, YMEHUE Pa0dOTaTh
B KOMaHJIe, N€pEeroBOpPHbIE KOMIETEHLMH) U HaMMEHEee IPE/ICTaBICHbl HABBIKM IUJIAHUPOBAHUS
(TaliM-MEHEP)KMEHT) M HaBbIKM JKU3HECTOMKOCTU (IIPUHSATHE KPUTHUKH, CTPECCOYCTOMYUBOCTb,
pa0oTta B pexxume HeonpenenéHHOCTH). [l pa3BUTHS TMOKUX HAaBBIKOB CTYyJI€HUECKas MOJIOJCKb
gaimie oOpamaeTcs K TaKUM MpaKTHKaM HePOpPMaIBHOTO 0O0pa30BaHMs, KaK OHJIANWH-TUIAT(OPMBI,
BUJICOYPOKH, TPEHUHTH, KYpChl, MacTep-KJIaCChl, CEKLIUH.

JlanHoe uccienoBaHue SBISETCS MUIOTAXKHBIM M HAIPaBJICHO HA anpoOaiuio METOI0JIOTUI
u3yueHus: rMOKHMX HaBbIKOB. B nanpHeiimem npennosaraercs Oosiee yriyOJieHHOE MCCIEIOBaHUE
IIpeIMETa ¢ COOTHECEHUEM IOJIYUEHHBIX JIaHHBIX C pe3yJIbTaTaMHU aHalIu3a YIPaBICHUS PUCKaMHU
nHGOpMALIMOHHON Oe30macHOCTH, pa3paboTKa M pealn3alus IPOrpaMMbl pa3BUTHS THOKHX
HAaBBIKOB CTYZEHYECKON MOJIOACIKH.
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YIK 376.1

O®OPMUPOBAHUE CO3HATEJIBHOI'O OIITUMHU3MA Y BYIYHIUX
KOMAHJIUPOB (HAYAJTbHUKOB) I10OKAPHO-CHACATEJIBHbBIX
HOAPA3AEJEHUU

Basiepuii Anaroiabesnd Muxaiiaos™;

BanenTuna Biaagucaasosua MuxaijioBa;

Mapus Ouerosna I'opsiuena.

Cankr-Ilerepoyprckuii ynusepceuter I'lIC MUC Poccenu, Cankr-Ilerepoypr, Poccus
“formihailov@mail.ru

Annomayus.  OOOCHOBaHA  TakTUKa  (OPMHUPOBAaHUS  CO3HATENBHOTO  ONTHUMH3Ma
y BeimyckHUKOB Cankt-IletepOyprckoro ynusepcurera ['TIC MUC Poccun. Ilokazana cnenuduka
(GbopMHpOBaHMS  CO3HATENBHOTO  ONTHUMH3Ma, TPEANOJIATaloNnas HHTETPalUi0  CYOBEKTOB
00pa30BaTeNpHOrO IMpolecca B PA3BETBICHHYI0 U CIHAXEHHO (DYHKIMOHHPYIOIIYIO CHCTEMY
UACATBHBIX CTPATETUH, COLUOKYJIBTYPHBIX U MPOPECCHOHATBHBIX OPUEHTALUN BBITYCKHHKOB.
Co3HaTenbHBI  ONTUMHU3M  MPEJCTABISIETCS  YMOHAaCTPOEHUEM,  CBS3aHHBIM C  BEpoit
B 9(deKkTuBHOCTD COOCTBEHHBIX JCWCTBUM, HAINpPaBICHHBIX HAa CO3WIAHHE, OTO OCHOBA
dbopMUpOBaHMS TO3UTUBHOTO MBINUICHHS, a4, CJEJI0BAaTENbHO, TIOBEIEHUS M TOCTYIIKOB.
B wuccnenoBanum ¢eHOMEHa CO3HATENBFHOTO ONTHMH3Ma PAacCMaTPUBAIOTCS TPYIIIBI CBOMCTB,
SBIIAIOIINXCS  TICUXOJIOTO-TIEIarOTMYEeCKUMH  IETEPMUHAHTAMU  CIOCOOHOCTM M TOTOBHOCTH
COTPYZHHUKOB K YBEpEHHBIM, YCICIIHBIM, d3()QEKTHBHBIM ACUCTBUSAM, OOECIICYMBAIOIINM
CUTYaTUBHOE YIIPABJICHHWE B XOJ€ BBIMOJHEHUS CIyXkeOHO-00eBbIX 3amay. Peub uIET 0 TakTuke
U CTpaTeruu mporecca GOpMHUPOBAHUS CO3HATEIBHOTO ONTHMHU3MAa COTPYAHMKA, a3 KOHKPETHEW —
0 TaKTHKE CaMOYIIPaBJICHUsS U KOHTPOJIS BHEIIHETo MoBeaeHus. [loquepkuBaeTcs, 4To CTAaHOBICHUE
npodeccuonana TpeOyeT CBOETO pPOAa «HABHTAlMM», TO €CTh HOPM, NPaBWI, YCTaHOBOK
U 1IEHHOCTHBIX OpHUEHTALMH, TMO3BOJSIONUINX PEryjIupoBaTh €ro BHYTPEHHIOIO M BHEIIHIOK
aKTUBHOCTb.

Knrouesvie cnosa. co3HaTeNbHBIA ONTUMU3M, TAaKTHKA CAMOYIMPABICHHS, CAMOIMOHUMAHUE,
LIEHHOCTHbIE YCTAaHOBKH, OPUEHTAI[UN, KOTHUTUBHASI O€CIIOMOIIHOCTh, KOMIIETEHTHOCTh

Ccbika as  nuTupoBaHusa: MuxaiinoB B.A., Muxaimosa B.B., TI'opsuesa M.O. ®opmupoBanue
CO3HATENBHOIO  ONTHMHU3Ma y  OyOylmMX KOMaHIUpPOB (HAYAJIBHUKOB)  II0XKapHO-CHACATEJBHBIX
moapasaencanii // Hayu.-anamut. xypH. «Bectauk C.-Iletep6. yu-ta TTIC MUYC Poccum» 2022. Ne 1.
C. 153-160.

FORMATION OF CONSCIOUS OPTIMISM IN FUTURE COMMANDERS
(CHIEFS) OF FIRE AND RESCUE DIVISIONS

Valery A. Mikhailov™; Valentina V. Mikhailova; Maria O. Goryacheva.
Saint-Petersburg university of State fire service of EMERCOM of Russia,
Saint-Petersburg, Russia

Mformihailov@mail.ru

Abstract. The tactics of forming conscious optimism among graduates Saint-Petersburg
university of State fire service of EMERCOM of Russia is substantiated. The specificity of the
formation of conscious optimism is shown, which implies the integration of the subjects of the
educational process into a branched and well-functioning system of ideal strategies, sociocultural
and professional orientations of graduates. Conscious optimism seems to be a state of mind
associated with belief in the effectiveness of one's own actions aimed at creation; this is the basis

© Cankr-TletepOyprekuii yausepcuret I'TIC MUC Poccun, 2022
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for the formation of positive thinking, and, consequently, behavior and actions. In the study
of the phenomenon of conscious optimism, groups of properties are considered that
are psychological and pedagogical determinants of the ability and readiness of employees
for confident, successful, effective actions that provide situational control in the course
of performing combat missions. We are talking about the tactics and strategy of the process
of forming the conscious optimism of an employee, and more specifically, about the tactics of self-
management and control of external behavior. It is emphasized that the formation of a professional
requires a kind of «navigation», that is, norms, rules, attitudes and value orientations that allow
one to regulate his internal and external activity.

Keywords: conscious optimism, self-management tactics, self-understanding, value
attitudes, orientations, cognitive helplessness, competence

For citation: Mikhailov V.A., Mikhailova V.V., Goryacheva M.O. Formation of conscious optimism among
future commanders (chiefs) of fire and rescue units // Nauch.-analit. jour. «Vestnik Saint-Petersburg
university of State fire Service of EMERCOM of Russia». 2022. Ne. 1. P. 153-160.

CoBpeMeHHBII 3Tan pa3BUTHS BEIOMCTBEHHBIX 00pa30BaTEbHBIX OpPTraHU3aIMi BBICIIETO
00pa3oBaHMs MPEIbSBIIAET MMOBBIICHHBIE TPEOOBaHMSI K BBITYCKHHKAM, OCOOEHHO €CJId pedb UAET
00 odumepckux kampax. MIx mpodeccruoHanbHbIe, JEIOBbIC, MOPATBHO-00EBEIC, TICUXOIOTHYCCKHE,
o0111e4yesIoBeYeCKe KauecTBa MPEeIoIaraloT onpeneneHHble (pakTopbl U yciaoBUs 3(PPEeKTUBHOTO
dbopmupoBanus, TpeOyIONMe TNPUCTAIBLHOIO BHUMAHHS BCEX CYOBEKTOB 00pa3oBaTEIbHOTO
nporecca. CoBpeMeHHbIH oduiep, COTPYAHMK IOXKAPHO-CHACATEIBHOTO NpO(Uis, I0JIKEeH
o0agaTthe HE TOJBKO OONBIIMM OOBEMOM 3HAHHH, TPOPECCHOHATBHBIX YMEHUH, YHHBEPCATbHBIMU
U 1popecCHOHATbHBIMU KOMIIETEHIIMSAMU, HO W CHOCOOHOCTBIO aJeKBATHO BOCIPUHUMATH
OKpYKaIOIUKA MUpP KaK OYEHb CIOKHOE, €MHOE M MOCTOSHHO pa3BHBarolieecs nenoe. Pemenuro
3TOM MpoOJIeMBbl, HA B3IV aBTOPOB, MOXKET CHOCOOCTBOBATH CPOPMUPOBAHHBIN 3a IOl Y4EOBI
CO3HATEJIbHBIM ONTUMHU3M BBITYCKHHUKA, OQHIEepa, HNOCBATUBLIETO CBOK JKU3Hb CIIY)KEHUIO
OteuectBy. OTMETHM, YTO JaHHAs NpoOjIeMa HE HalUla JOJDKHOTO OCBEHICHUS B TICHXOJIOTO-
[IeIarOTMYeCKON  JIuTepaType, UYTO NOAUEPKUBAeT €€  aKTyalbHOCTb, TEOPETHYECKYIO
Y TIPAKTUYECKYIO 3HAYUMOCTb.

OnbIT cinyx0bl B cTpyKTypHbIX mnozpasfeneHusx MBJI u MUC Poccum, Oosbuioit
MEeIarOrMYeCKHil CTaX aBTOPOB, AaHAJIM3 TICHXOJIOTO-TIeNarorMYecKHid JIMTEPaTyphl, BBISIBICHHE
CYIIECTBYIOIIMX TMPOTUBOpeYnii TpeOoBaHUN MpO(decCUOHATBHOW MMOATOTOBKM M CHCTEMBI
NpOoGWIEHOTO BBHICIIETO O0pa30BaHUS 3aCTaBHIM HCKATh (DaKTOPHI, SBISIONIMECS CBS3YIOIIMM
3BEHOM TEOpUM OOYYeHHUs M BOCHUTaHUA Oyaymmx oduuepoB ¢ e€ 3¢ ¢deKTUBHON peanuzanueit
B y4eOHO-BOCTIUTATEIILHOM TIPOIIECCe.

[Tpeamerom wuccnenoBaHust sSBUWIICA Mpolecc (HOPMUPOBAHMS CO3HATEIBHOIO ONTHUMH3Ma
y BbinyckHUKOB CankT-IlerepOyprckoro ynusepcurera I'TIC MUYC Poccuu. Llens uccnenoBanus
COCTOsIJIa B TEOPETHMUECKOM OOOCHOBAHMHU U pa3pabOTKe CHCTEMbl OpraHM3allud M IpOBEIEHUS
MEpOTIPUSITHIA, HANpPaBJICHHBIX Ha (OPMUPOBAHHE CO3HATEIBHOTO ONTUMHU3MA Yy OyIyImmx
ounepoB. MeTOm0JIOTNYECKYI0O OCHOBY COCTaBMJIM HaydHble MOJOXEHUs (uiaocodpuu,
NICUXOJIOTHM W TIEJAaroTMKH O JEATENbHOCTH ¥ TOBEIEHHH, O JHWYHOCTH, (aKTopax
e€¢ (GopMHpOBAaHUS U pa3BUTHs, O BeAyIIeW pOJIM B STOM IMPOLECCE COLHMAIBHBIX YCIOBHI
M aKTHBHOCTH CcaMOW JHMYHOCTH. OUYEeBHIHO, YTO BOIPOCHI, KACAIOIIMECS OIMPEIeISIoNIed posn
JeSITeNbHOCTH B (POPMHUPOBAHUU U PA3BUTUU JTUUHOCTU COTPYAHMKA, aKTUBHOCTH JIMYHOCTH B XOJ1€
caMoil NIesITeNbHOCTH, BEAYIIeH POJIM KOJJICKTHBHOM NESTENTFHOCTH B (DOPMUPOBAHUH U Pa3BUTHH
JMYHOCTH TAKXKE CTAIM MPEIMETOM BHUMAHHUS.

B xome wuccnemoBarenbckol pabOTHl TMPUMEHSIACh KOMIUIEKCHAs METOIWKa, KOTOpas
BKJIIOYajia B ce0sl KOHTEHT-aHaJU3 HAyYHOH JUTEpaTyphl, 00OOIIEHUE MeNarorndeckoro OIbITa,
aHKETHPOBaHUE, ONpOC, TNemarormdeckoe HaOmromeHue. [IpuMeHsICS METOJ  CaMOOICHKH
BBIITYCKHUKOB, CHOCOOCTBYIOIINI BBISBICHUIO MPUYMHHO-CIEACTBEHHBIX CBA3€H B H3ydaeMOM
(dbeHomeHe.
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OCyIIECTBICHHBIN ~ UCTOPUKO-TEOPETUYECKUN  aHAMM3  TpoOsieMbl  (OPMUPOBAHHUS
CO3HATENBFHOTO ONTHMHU3MA B XOJ€ Y4eOHO-BOCIMTATENbHONW pabOThl MOKa3al, 4YTO HE TOJBKO
JTaHHBIA (EHOMEH, HO M XOpOIIO H3yYeHHBbIC KAaTErOPHH CaMOW JEATEIBHOCTH WM TOBEICHUS
TPaKTYIOTCS MCCIEIOBAaTEIsIMU HEOJHO3HauHO. Ha 3T0 yka3blBalOT Ienaroru-uccie oBaTenu
A.A. I'pemabix u FO.B. Pea B pabote «llcuxonoro-negarornaeckue OCHOBBI JIESTEIBHOCTH Kak
cuctembl» [1]. B manHoif pabote peHOMEH NeITeIbHOCTH MPETEPIICBACT CYIIECTBEHHBIC N3MEHEHUS
B TPAaKTOBKE €ro CTPYKTYpPbl, B YACTHOCTH, BBIIEISAIOTCS TNCUXUYECKHE U HE TNCUXHUYECKUE
KOMITOHEHTHI JIeATeNbHOCTH. PaccMaTpuBas Ba 1miaHa M300paxKeHHs NESTEIbHOCTH — BHEIIHETO
U BHYTPEHHEro, B TEPBOM MPOBOJUTCS aHAIU3 YPOBHS JOCTIIKEHHM, a Ha BTOPOM — YpPOBHS
(bopMHpOBaHUS U BHIIOJHEHUS] KOHKPETHOM nesiTenbHOCTH. CienyeT 3aMeTUTh, 4TO B 3TOM Ciydae
HAJ0 yYUTHIBATH OOIIUE 3aKOHOMEPHOCTU ACSITEIBbHOCTH, @ UMEHHO — OCOOCHHOCTH aHAJIUTUKO-
CUHTETUYECKOH pedIeKTOPHOM 1eATeNbHOCTH UHIMBUIA, KOTOPAs OMUpaeTcs Ha PU3NOJIOTUYECKUE
3aKOHOMEPHOCTH PabOTHI €ro MO3ra, HO HU B KOEM CIIydae HE CBOAMUTCS K HHM.

JlesiTenbHOCTh B IIMPOKOM CMBICIIE CJIOBa OIpejaensieTcss Kak crenuduyeckas (opma
OTHOIICHHUS YEJIOBEKa K CaMOMy cebe M OKpYXalolleMy ero MHpy. BvlpaxkeHHeM TaHHOTO
OTHOIICHHUS SIBJISIETCS 00s3aTENIbHO 1eecoo0pa3Hoe Mpeodpa3oBaHUE, U3MEHEHHE YeI0BEUECKOro
CO3HaHMs M MHpa B 1enoM. Yaimie Bcero AeSITENbHOCTh paccMaTpUBAETCsl Kak IPOLECC,
KOMITOHEHTaMH KOTOPOTO BBICTYIIAIOT CPEJICTRA, IeIb U pe3ybTart [2].

JlesTenbHOCTh M TMOBEJCHHE YEIOBEKa alpuopu OOILIECTBEHHO OOYCIOBIEHBI U TECHO
CBs3aHBl. OJTH JBa ()eHOMEHa B TMOJHOW Mepe OOpeTaroT XapaKTepUCTHKHU IleNienoiararolei,
CO3HMJIATENIbHOM, MNPOU3BOJBHOW, KOJUIEKTUBHOW, a 3HAYUT W B IIOJHOHM MEpPE CO3HATEIbHOU
nestenbHOoCcTH. [lo 3TOMY mMOBOAY M3BEeCTHBIM poccuiickuil ncuxonor ¥ neaaror B.II. 3unuenko
PEKOMEHIOBAI TIPEMOJaBaTeNIIM HE YAMUBIATHCSA, KOrJa OOYYArOIIMKCS BBIXOJUT W3 00pasa,
KOTOPBIM €r0 HaJelIWIM WIH 32 HEr0 MOCTPOWIIM. DTO HOpMajbHOE siBiieHUE [3]. JleicTBUTENBHO
TakK, Belb BBIIICONHCAHHOE IENAarormyeckoe B3aUMOCHCTBUE TPEACTABISIET COOOH, MO CyTH,
pa3HOHANpaBICHHBIC MPOILIECCHl CYOBEKTUBALMN OOBEKTUBHOTO U OOBEKTUBALIMU CYOBEKTHBHOTO.
[IpuHATO cuMTaTh, UTO KPUTEPHUSIM TBOPUECKOTO TMEAArora COOTBETCTBYIOT TOJIBKO T€, KTO PeajbHO
CHocOOEH cO3/1aTh U peain30BaTh abCONIOTHO HOBBIE MOAXOABI M MeTOAbl. B maHHOM BoImpoce
aBTOpBI pazaensaioT Touky 3peHust A.A. Pean u S.JI. KomomuHCKOro, KOTOpbhIE BBIICISIOT IBa
OCHOBHBIX BH/a PE3yJbTATUBHOW Temaroruyeckoit aesirenbHoctd [4]. TlepBblif M3 HUX HOJTYYHIT
Ha3BaHWE (YHKIIMOHAIBHOTO MPOJYKTA. IJTO KOHKPETHBIC 3aHATHSA, TMEJaroruvyeckue MPHUEMBI,
METOJIbI U METOAMKU. BTopol (M Kak MpeacTaBisieTcsl — TJIaBHBIA) — 3TO TMCHUXOJOTHYECKHIMA
MPOAYKT, TOJA KOTOPHIM TOHHMAIOTCS HOBOOOpPA30BaHUSI TMCUXWYECKONW TPHUPOILI B JIMYHOCTH
oOyuatomuxcs. Takum 00pazoM, anpuopH, TTIaBHBIM PE3yJIbTATOM IMEJAarOrHuecKoil AesaTeIbHOCTH
JOJDKEH CTaTh caM OOydYaroluics, a KOHKPETHEHW, pa3BUTHE €ro JIMYHOCTH, CIIOCOOHOCTEH
u ymenuii. [locnennue tpu aepuHULINN TpaHCPOPMUPYIOTCS B OINpe/ieTIeHIHEe KOMIIETEHTHOCTH, KaK
CIIOCOOHOCTH BCE€ CBOM 3HAHHWS, HABBIKM, YMEHHS, HAKOIUJICHHBIM OIBIT, a TAaKXKe JMYHOCTHBIC
KayecTBa HAIMpPaBJIATh HA pEIICHHE >KU3HEHHO BaXHBIX 3amad [5]. Co3HaBas, 4YTO KaKIbIi
0oOyJaronuiicss Kak JUYHOCTh HEMOBTOPUM, TPYAHO HE COTJIACUTHCS C PAacCMaTpUBAEMOM BBHIIIIE
TPAKTOBKOW pe3ysbTaTa TBOPUECKOU MMEeJarorn4ecKor AesITENbHOCTH.

[TomsikoB  A.B. Bbimenun psx  CIOCOOHOCTEH  TperojaBarelisi  BBICHIEH — IIKOJIHI,
OTIPEACTSIONUX YCHENIHOCTh MPO(EecCHOHANBHON AESITeNbHOCTH B JOCTH)KEHHH HUMEHHO
nemarormueckux 1eneit [6]. K TakoBbIM OH OTHEC, BO-TIEPBBIX, CIOCOOHOCTH YYHMTHIBATH
W OIICHMBaTh MHOToOOpa3zue yclIoBUH U (DaKTOpPOB, KOTOpHIE BIHUSIOT HAa CTAHOBJICHHE
KOMITETEHTHOTO CIEIHAIINCTAa B MPEIMETHON 00JacTH, MPEapacioiOKEHHOCTh K WX BBISBICHUIO
W aJeKBaTHOM  uWHTepmperanuu. Bo-BTOpBIX, 3TO JKEJlaHWE€ XOPOILIO  OpPraHU30BaAThH
CaMOCTOATENbHYIO padoTy 00yJaromuxcs, CHOCOOHOCTh TIEpeIaTh UM BEPY B COOCTBEHHBIE CHIIBI,
CBOHM PECypChI, TMOBEPHUTHh B CceOsl AN JOCTWIKEHUS TMOCTABIEHHBIX Ienel. B-TpeThux, 3HaHHE
W, TJIaBHOE, YMEHHE CO3/laTh MOPAJIbHO-TICHXOJOTHUUECKHI KIUMaT B YYE€OHBIX TpyImax, TJIe
MpeBalUpyeT peajbHOe y4acTHe KaKJOTO0 B OpraHU3aluu y4eOHOTo mpoliecca, AeTIerHpOBaHHE
noJIHoMoYuil oOydaromumcs. HecoMHEHHO, 4TO K 3TOMY HEOOXOAMMO J00aBUTH s OO0IIMX
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U CIIEUUAIBHBIX CIIOCOOHOCTEH, IMYHOCTHBIE IEHHOCTH U YPOBEHB MPUTI3aHUM M1€aroros, a TakKe
XapaKkTep OTHOLICHUH MEXKAY CyObeKTaMH 00pa30BaTelbHON OpraHU3alyu B LIEJIOM.

KakoBbl 0COOCHHOCTH OpraHM3alWy KU3HU U JAEATEIHHOCTH KypCaHTa, B YeM €€ OTIHYHe
OT y4eOHO-BOCIMTATEJILHOIO Ipoliecca y poccuiickoro cryieHuectsa? [J1laBHas OTIMUYUTENbHAsS
yepra — JKECTKas LEHTpaln3alus BCEro YKIAna JKU3HU M JACATEIBHOCTH, Pa3IMYHOIO poAd
OTPAaHUYECHUS, TUPEKTUBHBIA CTUIIb YIIPABICHUS Y IIEPBBIX U OTCYTCTBUE TAKOBBIX Y BTOPBIX.

EcTh 11 MECTO CO3HATENBHOMY ONTUMHU3MY B KYPCAHTCKOM Cpelie, B YEM OH IMPOSBIISETCS,
oT yero 3aBucuT? Ha 3TOT M MHOrue Apyrue BOIPOCHI BO3MOXKHO OTBETUTbH JIMIIb OOPAaTUBIINUCH
K CYIIHOCTH uccieayemoro (heHomeHa. MccnenoBanus, MpoBeeHHbIE aBTOPAMU 3a MOCIEAHNE TPU
roja, JalT HaM OCHOBAHHE CUMTATh, YTO CO3HATEJbHBIH ONTHMHU3M IPEACTABISAET COOOH HE UYTO
MHOE, KaKk CIHOCOOHOCTh M TOTOBHOCTh CyOBEKTa JESATEIbHOCTH OKa3bIBaTh BIUSHHE
Ha COOCTBEHHBIE MBICIIM M YYBCTBA, Ha IIOBEJIEHHE, IMOCTYNKH, BCE IPUHUMAEMbIe pEIICHUs,
U B IIEJIOM CIIy)eOHO-00€BYIO IesTelnbHOCTh [7]. O4eHb BaKHO 3TO YYHMTBIBATh, OLICHHBAs Kak
npoliecc, Tak U pe3yapTar oOpasoBaHus. B oOpazoBarenbHbix opranuzauusax MYUYC Poccun npsmo
WY KOCBEHHO KaXIbId II€aror BKJIIOYACTCAd B CYIIECTBYIOIIYI0 BEPTUKAIBHYIO MOJCIb
OpraHu3alM IOBEAECHUS OO0yYaroluXcs, OCYILECTBIsAsA ympaBieHue uM. Cleayer yduThIBaTh
cnenn(UKy MOATOTOBKYA MHKEHEPOB 10 crienuanbHocTh «lloxkapHast 6e30macHOCTE» M OaKaIaBpoB
110 HaNpaBJICHUIO MOAr0oTOBKU «TexHocdepHas 6e3omacHocTh». B cBoE Bpems ['enpu J[Bun Topo
TOBOPHJI, YTO TOJIBKO Ta 3apsi CIIOCOOHA B30OWMTHU, K MOSBIECHUIO KOTOPOM Mbl CaMU HOJATOTOBHJIKCH.
OmnbITHBIE MpernojaBaTeny Kadeapbl NENarorukd M ICHXOJOTHM AIKCTPEMalbHBIX CUTyalui
B I[IPOLIECCE B3aUMOAECUCTBUSI C 00YYAIOIIMMHUCS B TAKTUKE U CTPATETUU I€1aroru4eckoro mnpouecca
UCMOJb3YIOT JaHHBIM TEe3UC Kak PYKOBOJACTBO K JeictBuio. M 31ech, kKak HU rnae, (peHoMeH
CO3HATEJIBbHOr0 ONTHUMHU3Ma MPUOOpPETAET aKTYalIbHOCTh, HE OCTABJIASA MECTa JUIsl HEOIOHUMAaHUS,
OCTpBIX YIJIOB, Pa3JINYHBIX IPOTUBOPEUHM, IPUBOIAIIMX K KOH(DIUKTAM.

Heo0OxonrMo oTMeTuTh, YTO NpemnojaBaTesiell ¢ 6a30BbIM MEAarornyeckuM oOpa3zoBaHHUEM,
YUTAIOUIMX AUCHUIUIMHBI CIELUANINM3allid Ha BBINYCKAIOLIMX Kadeapax, B LEJIOM HE MHOTO.
Ha xadenpe nmenaroruku u ICHXOJOTHH SKCTPEMAalbHBIX CHUTyallud, Ha (aKyldbTeTe MOATOTOBKU
KaJpoB BbICIIEH KBaIM(UKAIMM M B HMHCTUTYT€ DPa3BUTHUA  OPraHU30BaH  IpoOLECC
npoeCCHOHATBHON TMEpernoAroTOBKM 1o mporpamme «lIpemonaBarensb BbICHICH —IIKOJBDY.
JlecATKH KBaIM(UIMPOBAHHBIX CHEIMAIMCTOB B 00JacCTU IOKApHOH O€30MacHOCTH TOJIBKO
B 2020-2021 ydyeGHOM rojay yCHEIIHO MPOUUIM MPOo(ecCHOHATbHYIO MEPErnoAroTOBKY, UYTO NaéT
MOBOA JUId OoNTUMHU3Ma. DTO TO, yTo orianuaer Caskt-IletepOyprekuit ynusepcurer I'TIC MUC
Poccun ot 00pa3zoBaTeNnbHBIX OpraHU3alui, [eIEHAPABIEHHO BBITYCKAIOLIUX NMPOPECCUOHANBHBIX
yuuTene 1O pa3dMyHbBIM IeJarorudyeckuM crenuambHocTsM. OcoOblif Bua — couualbHOU
NEeATEIbHOCTH, HAIPABICHHOM Ha Iepenady MOJApacTarolleMy IIOKOJEHHIO HAaKOIUIEHHOTO
KU3HEHHOTO U TPO(PECCHOHATBHOTO ONbITa, JAYXOBHOM KYyJIbTYphl, a TakXe Ha CO3JaHHe
HEOOXOJIUMBIX M JIOCTAaTOYHBIX YCIOBHM [UIsl JIMYHOCTHOTO pPa3BUTUS M TPUHATO HA3bIBATh
Me1arOrMYecKor JesITeNbHOCThIO. [ Kakaoro oOyvaromierocsi B KM3HM M MPO(hecCHOHAIbHON
NeSITEIbHOCTH OTBEJIEHA CBOSI POJIb, CBOE MpEIHA3HAYCHHE, HO JJI1 OyAyluX OQHUIEpOB MOKAPHO-
criacaTeNnbHbIX (opMHUpoBaHUN mpodeccus TpeOyeT, MO HCTHUHE, TBOPYECKOTO (KPEaTHBHOIO)
OTHOIIECHHUS K M3y4aeMbIM IIpeMeTaM, KO BCEMY 00pa30BaTEIbHOMY IMPOIIECCY, YTO MPAKTUYECKU
HEBO3MOXKHO 0€3 c()OPMHUPOBAHHOTO CO3HATEIBHOTO ONTHUMHU3MA.

Uem otnuuaercs mnosenenue corpynHuka [TIC MYC Poccum, B mosHON Mepe
J€MOHCTPHUPYIOIIETO CO3HATENbHBI ONTHUMHU3M, OT TOrO, KTO B OOJNBIIEH CTEMEHU MPOSBISAET
HEpELIUTEIbHOCTh, OCTOPOXKHOCTb, DJIEMEHThl KOTHUTHMBHOM Oecrnomomuoctu?  OTinuue,
OYEBHJIHO, B TOM, YTO TOBEJCHHE MEPBBIX OOIIECTBEHHO OOYCIIOBJIEHO, a MOTOMY OYKBaJIbHO
IIPOHU3aHO TAaKHUMHM XAPAKTEPUCTHKAaMH, KaK CO3HATENbHAs, ILEJICNOoNaramlnas, MpOoU3BOJIbHAL,
KOJUIEKTUBHAsE M CO3UJATelbHas JEATENbHOCTb. TE€PMHMH «IIOBEACHHME» B JAaHHOM KOHTEKCTE
BBICTYIIAeT KaK JEMCTBHS 4YeJIOBEKa MO OTHOIIECHHUIO K MPEIMETHOMY MHUPY, OOIIECTBY, APYTUM
JIOJAM, KOTOpBIE pacCMaTpUBAIOTCS C€ TOYKM 3pEHUS HX PEryJsilUUd  COLUAIbHBIMH,
HPaBCTBEHHBIMH M IIPaBOBBIMM HOpMamH. VIMEHHO MOTOMY pa3indaeM BBICOKOHPABCTBEHHOE
U JIETKOMBICIIEHHOE MOBeIeHHe. Bo MHOroM, eciii He BO BCEM, IIOBEACHHUE YEIIOBEKA ONPEACIIATCS
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co3HaHueM. [lcuxosornueckuil cioBappb MpeajiaraeT XpecToMaTHitHOE ONpeieNieHne CO3HAHUS Kak
OTHOIIIEHUS K MHUPY CO 3HAHHEM ero OOBEKTUBHBIX 3aKOHOMepHOcTel [8]. Hackompko Oymyrme
odurepsl CIMOCOOHBI M TOTOBBI K TAaKOTO pOJia OTHOIICHUSM, MOTYT OTBETHTH pPE3yJbTaThl
MCUXOJIOTO-TIelarornyeckux — uccinenoBannii. B uvactHoctn, C.A. KupwioBa paccMmorpena
«CIIOCOOHOCTBY HE KakK MPEApPacoNOKEHHOCTh, & KaK yMEHHE, C y4ETOM TOTO, YTO B IIEJIOM
CIOCOOHOCThH pacCMaTpPUBAETCSl KAK CBOIMCTBO JIMYHOCTHU, KOTOPOE SIBISIETCS YCIOBHEM YCIEIIHOTO
OCBOCHHS U BBINIOJIHEHUSI OIPEJCICHHOTO BUJA ACSITENBHOCTU. «['OTOBHOCTB» paccMaTpuBaeTCH,
MIPEKJE BCEro, KaK ICHUXOJIOIMYECKasi TOTOBHOCTh K CaMOCTOSITEIbHOMY U, NMPU HEOOXOJIMMOCTH,
TBOPUYECKOMY BBHITIOJHEHUIO MPOodecCHOHaNbHOU aesTtenbHocTH [9]. Jlornuno Oymer mpocieauTs,
Kak ()eHOMEHBI TOTOBHOCTH M CIIOCOOHOCTH TPaHCHOPMUPYIOTCS B OYEHBb BAXKHYIO JUIsl OyIyIIEro
odumepa  XapaKTEPUCTHKY — MNpOo(EeCCHOHANBHYI0  KOMIIETEHTHOCTh. llocienmHss, Kak
MpEJICTaBIseTCs, 10 CYyTH, UWHTErpajbHas XapakTEepUCTUKA, OMNpEIeNsomas CIoCOOHOCTh
U TOTOBHOCTh pemiath MpodeccHoHANbHBIE MPOOJIEMBl M 3a/aYd, BO3HHKAIONINE B PealbHBIX
CUTyallusiX C HCIIOJIb30BAHUEM 3HAHUI, YMEHUH, HAaBBIKOB, MPO(ECCHOHATBHOTO U KU3HEHHOTO
OTBITA, IEHHOCTEHN U KYJIBTYPHI.

JleoutheB A.H. yTBepxkaan, 4To «... CO3HATEIbHOE OTPAKEHHUE B OTIMYME OT ICUXUYECKOTO
OTPaXXEHUs, CBOMCTBEHHOTO J>XMBOTHBIM, — 3TO OTPAKEHHUE NPEIMETHOU JCHUCTBUTEIHHOCTH
B € OTIEJIEHHOCTH OT HAJUYHBIX OTHOIICHUH K CYOBEKTY, TO €CTh OTpaK€HHUE, BBIACISIOLICe
e€ 00BEKTUBHBIC YCTOMUMBBIE CBOMCTBa» [10].

Jlaneko He Bce TMCHUXUYECKHME OOpa3oBaHUsA, TakKue, KakK OMOILMH, CIOCOOHOCTH,
MOTPEOHOCTH, ONBIT W HAIIA 3HAHWA B KAKOW-TO OMNpPENCICHHBIH MOMEHT BPEMCHH
HEMOCPEJACTBEHHO MPUHUMAIOT Yy4YacTHE B OCO3HAHUHU TMPEAMETa, Ha KOTOPBIA HaIlpaBICHO
BHUMaHUE CYObEKTa JeATeIbHOCTU. Ho Mpu 3TOM OHM MOTYT OKa3aTh JIOBOJIBHO CHUJIHOE BIIMSIHUE
HAa MOTHBAIlMIO, a 3HAYUT M Ha TMOBEICHHE COTPYAHHMKA, HAMpaBICHHE €ro OCO3HAHHON
nesTenbHOCTH. Ha 3TO sIBIIeHHME, B YaCTHOCTH, YKa3bIBAIOT B CBOMX paboTax A.A. ['pemrHbIx,
E.IO. Imutpuesa, H.H. Ucaera, O.JI. I[Tomunosa, JI.C. Y3y u ap. [1, 11-13].

Co3HaTeNbHBIA ONTUMH3M TIPEJICTABIACTCS HAM YMOHACTPOCHHUEM, CBS3aHHBIM C BEpOM
B 3(pEeKTUBHOCT, COOCTBEHHBIX JCHCTBMIA, HANpaBICHHBIX Ha CO3MJAHUE, OTO OCHOBA
(GbOpMUPOBaHHS TMO3UTUBHOTO MBIIIICHHUS, &, CIEA0BaTeIbHO, W TIOBEJCHHS, IOCTYIIKOB.
B Hactosiee BpeMms, Korja mHaHAEMHs B KOPHE MEHSET OTHOIIEHHUS KypCaHTOB KO MHOTUM
SIBJICHUSIM U TIpolieccaM, OY€Hb BAKHO O0OpecTH Bepy B ceds, TOBapHilla, KOMaHIUpa, MPUOOPECTH
MICUXOJIOTUYECKUH HMMMYHHUTET, CYHIIHOCTh KOTOPOTO PAaCKpPhIBAET B CBOUX HCCIEAOBAHUIX
I".B. Mockanenko [14].

CranoBienue npodeccronana TpedyeT CBOEro poja «HaBUTAIIMHUY», TO €CTh HOPM, MPaBuUI,
YCTAaHOBOK ¥ IIEHHOCTHBIX OpPWEHTAllUM, TIO3BOJISIIONIMX PETYIHPOBATh €ro BHYTPEHHIOIO
Y BHEUIHIOIO aKTUBHOCTh. Peyb MOXET WATH O TaKTUKE M CTpaTeruu mpoiiecca (HopMHUpPOBAHHS
CO3HATEIBHOTO ONTUMHM3Ma COTPYAHHMKA, & KOHKPETHEH — O TAKTUKE CaMOYIPABIICHUS] U KOHTPOJIS
BHEIIHEro MoBeAeHus. PaHee, B cBoux paboTax, aBTOPbl MOAPOOHO aHATM3UPOBATH CUCTEMY
«HJICATTBHBIX CTPATETUI» W IIEHHOCTHBIX MpeAnouTeHui cotpyauuka [7, 15]. B nannom martepuaie
mpenjaraeTcss TaKTUKa pelieHus mpoOsieMbl (OPMUPOBAHMS CO3HATEIBHOTO ONTHMH3MA,
CTUMYJIUPYIOIIAs IIEHHOCTHOE OTHOIIIEHUE K BBITIOJHEHUIO 33]1a4 CITYKeOH0-00€BOM NIeATeTLHOCTH.
[lo cyru, 3TO0 TpPEXKOMIIOHEHTHAs CHUCTEMa 3a/lay, HENOCPEACTBEHHAs TPaHCISIIUSA KOTOPBIX
B CO3HaHME O0YYaIOIIMNXCs, B MPUHIIUIIE, HE BO3MOXHA. JIumib Toraa, koraa oOyaymuMu oduiiepamu
9TH 3a7a4u OyIyT MPUHSATHI CAMOCTOSATEIHHO, MOJTHOCTHIO OCO3HAHBI M HAMOJIHEHBI ONTUMHU3MOM,
OHM CTaHyT MOIIHBIMHU peryisTopamu 3¢G(EKTHBHOTO TOBEACHHUS. B mpoTHBHOM ciydae, mpu
HAaCUJIbCTBEHHOM HACAQXJIEHUU UYXKJBIX COTPYAHHKAM HOPM U IpaBUJ, 3TOT K€ MHCTPYMEHTapUid
CIoCcO0€H MOPOUTH BBEIYUYEHHYIO OSCIIOMOIIHOCTh M MECCUMHU3M, ()EHOMEH, MOTYyYHBIINNA B HAYKe
HAaUMEHOBAHHUE «CaMOPEATU3YIOMIET0oCcs MPOPOYECTBAY). DTO TO, MPOTHB YETr0 aKTHUBHO OOPOJICS
OCHOBOIIOJIO)KHUK TIO3UTUBHON Ticuxojiornn Maptun CenurmMan, KOTOPOMY W TPUHAJJICKHUT
aBTOPCTBO MOHSTHS «CO3HATEIbHBIN onTUMU3M» [16].

PaccmarpuBast cTpykTypy (¢eHOMEHa CO3HATETBbHOTO ONTHMH3MAa, Ha OCHOBAHUH
MOJYYCHHBIX B XOJ€ IEIarorndeckoro A3KCIePUMEHTa JaHHBIX [7] clieayeT BBLACIUTH TpHU
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B3alMOCBSA3aHHBIX KOMIIOHEHTA, KOTOpPbIE OJJHOBPEMEHHO PAacCMaTpPUBAIOTCS aBTOPAMHU U KakK TpH
KJIIOUEBBIE 3a/1a4H, pelllaeMble B X0J1¢ y4eOHO-BOCIIMTATEIHHOIO MIpOIecca.

[lepBasi 3amaua — wHayuutbcs OJ(P(EKTHBHOMY OOMIEHUIO BO Bcex cdepax KU3HHU
U JIeATEJIbHOCTH, a TaKXKE Pe3yJbTaTUBHOMY, PAallMOHAIBHOMY U TMPOAYKTUBHOMY pa3pelIeHUIO
BCEX Y4eOHBIX, TPOPECCHOHANBHBIX U B LIEJIOM XH3HEHHBIX MpooOsieM. JlaHHas 3ajada moiy4uiia
HAaUMEHOBAHHUE «TEXHOJIOTUYECKOTO UCKYCCTBA» JKUTb.

Bropas 3amaya cBommiack K TNPUOOPETEHHIO YMEHUH KypcaHTaMH pPaldOHAJIBHO
U CBOEBPEMEHHO MOJy4yaTh BCIO HEOOXOauMYyI0 UM uHopMmaluio. B xonae paboTel 1aHHas 3aada
MOJTy4YHJIa OIpENICIEHUE — OCBOSHHE CaMOOOYYaIOIIUMX TEXHOJIOTHH, TO €CTh METO/A0B, MPUEMOB
U CPEJICTB.

TpeThst 3a1a4a cOCTOSIa B TOM, YTOOBI HAYYUTh OyAYIIUX O(QHIIEPOB HABBIKAM U YMEHHIM
KaK CaMOIIOHUMaHMs, TaK U camoperyisiuu. [loaydyeHHOe HauMeHOBaHKe 3TOH 3aJ]aul — OCBOCHHE
TEXHOJIOTUH MPUMEHEHHSI CYIIECTBYIOMINX MPUEMOB CAaMOPETYIISLIMN HETIOCPEICTBEHHO K cede.

HakornuieHHbI# ucciieioBaTensiMu MeJarorndyeckuil U ciyKeOHbIN OMBIT, MpakTUKa ydeOHO-
BOCIIMTATEIbHOW pabdoThl B KYpPCaHTCKOW Cpele IOKa3blBalOT, 4YTO BCE JpYyrue 3ajaudu
oOy4aroluiicss CHOCOOEH PEIIUTh CAMOCTOSATEIHHO MIIM BO B3aUMOJICHCTBUU C APYTUMHU, Omarogaps
c(OPMHPOBAHHBIM B 00Pa30BaTEIbHON OPTaHU3AIH KOMIICTCHITHSIM.

Jlis mpuHATUS TPYAHOTO, HO XOPOIIO MPOAYMAHHOTO, B3BELIEHHOTO pPEHIeHHUs OymyIIuMm
HadyaJlbHUKAM  CTPYKTYpPHBIX  TIOApA3JeNieHHid  HEOOXOOMMO  3aJeiCTBOBATH  MHOXKECTBO
TICUXUYECKUX CBOMCTB, BBIMOJHAIOIMNX MHOTO QyHKumii. KoHIleHTpanus BHUMaHHs HeoOxoauma
Ha CBOMCTBaX, BHOCAIIMX MaKCHUMAaJbHbIA BKJIAJ ISl MPAKTUYECKUX IEHCTBUUA B PYKOBOJICTBE
MO/Ipa3JieiecHeM B MPOTHUBOPEUYHMBBIX M HEMPEACKA3yeMbIX YCIOBHUSAX, XapaKTEPHBIX AJs PabOThI
corpyaaukoB ITIC MUYC Poccuu. B unccnenoBanusix (eHOMEHa CO3HATEIBHOTO ONTHUMH3Ma
paccMaTpuBalOTCA TPYMNbl MOJOOHBIX CBOWCTB, SIBISIFOIIMXCS TICHXOJOTO-TIeIarorH4eCKUMHU
JIETePMUHAHTAMUA CIIOCOOHOCTH ¥ TOTOBHOCTH COTPYAHHUKOB K YBEPEHHBIM, YCIICIIHBIM,
3¢ (}HeKTUBHBIM JEUCTBUSAM, OOECIEUMBAIOIIMM CUTYaTUBHOE YIPABICHUE B XOJI€ BBIMOIHEHUS
CITyeOHO0-00€BBIX 3a/1a4.

Uccnenoarens A.I. AcMONOB yTBep)KJajl, YTO HE CYHIECTBYeT Oojee CcepbE3HOI
1 OOJBIION MTPOOJIEMBI, YeM PoOIeMa YeIOBEUECKUX BO3MOKHOCTEH, U UTO, B IIPUHIIMIIE, YETIOBEK
MoxeT Bc€ [17].

@opMupoBaHUE U pPa3BUTUE CO3HATEIBHOTO ONTHMHU3MA Yy OYIyIUX PpyKOBOJIUTENEH
MOKapHO-CIAcaTeNIbHbIX ~ CTPYKTYPHBIX MOJpa3JelieHuil, Onarojgaps HaJU4MI0  pa3IMYHbIX
00pa3yoIluX, UCCIEA0BAINCH HE IMHEIHO, a KaKk reTeporeHes3, He MOoCIe10BaTeNIbHO, a KaK €MHbIN
CUHXpOHHMCTHYECKUH akT. B To ke Bpems ¢(opMupoBaHHE CO3HATEIBHOTO ONTHMHU3MA
Mpearoyiiarajio MHTErpanui  CcyObeKTOB  00pa30BaTENbHOIO Ipollecca B Pa3BETBICHHYIO
U CIaXEHHO (YHKIMOHHPYIOUIYIO CHCTEMY MWJCalbHBIX CTpaTeruii U  COLMOKYJIBTYPHBIX
OpUEHTAlMi BBITYCKHUKOB — OyIyIIMX Ha4YaJbHUKOB IOKapHO-CHAcaTeIbHBIX MOApa3eIeHUN
I'TIC MYC Poccun.

ABTOpBI yBEpEHBI, YTO Hay4yHO-MCCJEN0BaTeNbCckasi paboTa IO 3asBIEHHOW TeMe Oyner
NPOJOJDKEHa M CO3HATENbHbI ONTHUMU3M COTPYJHMKAa OYEHb CKOPO CTaHET 00sA3aTeIbHbIM
aTpuOyTOM B TaKTHKE M CTpaTeruud oOpa3oBaTEIbHOrO Ipollecca B PELIEHUHM CIOKHBIX 3ajad,
croamux nepex MYUC Poccun.
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TPYAbI MOJIOABIX YYUEHbBIX

YK 614.895.5

NCCJEJTOBAHUE ®U3NKO-XUMHUYECKHNX CBOWCTB

N SKCINIYATAIHMOHHBIX XAPAKTEPUCTHUK INIOJIMMEPHbBIX
KOMITIO3NIIMOHHBIX MATEPUAJIOB, MOIU®UIITUPOBAHHbIX
YIVIEPOAHBIMU CTPYKTYPAMMU

Banepus Anatoabesna bopucosa™.
Cankr-IlerepOyprekmii yausepeurer I'TIC MUC Poccun, Cankr-IlerepOypr, Poccnst
Myalery.borisova.01@yandex.ru

Annomayus. PaccMOTpeHbl cnocoObl U METOIUKM MOAM(DUKALMU SMOKCHIHBIX COCTAaBOB
YIJIEPOJHBIMU CTPYKTYpaMH, H3Y4€Hbl CIOCOOBI CO3JaHUA MOJIUGUIMPOBAHHBIX KOMIIAyHJIOB.
[IpuBeneHbl pe3ynbTaThl MCCIECIOBAHUN JKCIUIyaTallMOHHBIX XAPAaKTEPUCTHK M TEPMHYECKOU
CTaOMJIBHOCTU HOJIMMEPHBIX KOMIIO3UTOB, MATPHILy KOTOPBIX HPEICTABISAIOT 3MOKCHIHBIE CMOJIBI,
MOJTUGUIMPOBAHHBIE PA3IUYHBIME 110 (U3UKO-MEXAaHUYECKHM XapaKTEPUCTHKAM YTJIEPOIHBIMU
CTpYKTypaMH. BBINOJIHEH aHATUTUYECKHH 0030p JIMTEpAaTypHBIX MCTOYHHMKOB, IOCBSIIEHHBIX
CHWKEHUIO IT0’KAPHOM OITACHOCTH MATEpUAJIOB, IPUMEHSAEMBIX B TPAHCIIOPTHOW OTPACIIH, U3Y4YEHBI
CIOCOOBl M METOABI IOJYYEHHs] OTHECTOMKMX KOMIO3MTOB. IIpoBeneHO sKcnepuMeHTanibHOE
UCCIIEIOBAaHUE BIUSHUSA MOJU(UKATOPOB HA OCHOBE YIJIEPOJIHBIX CTPYKTYp: YIVIEPOJIHBIX
HaHOTpYOOK, rpaduta u actpaseHa. [lo pe3ynbraTaMm SKCHEPUMEHTAIBHOIO HCCIEI0BaHUS
[IOJIyYE€HO, YTO MOAM(UKALMSA SMOKCUIHON MATPHUIbl KOMIIO3UTA IIyTEM BBEJIEHUS YIJIEPOJHBIX
HarnoJHUTENEH TpU  IOMOIIM  YIbTPa3BYKOBOM 0OpaOOTKM  CIOCOOCTBYET  IMOBBILICHUIO
TEPMUYECKON cTabmibHOCTH. JlJii MOOM(HUIMPOBAHHOTO MaTepHalia XapaKTePHO CHIDKEHHE
MHTEHCUBHOCTH pa3pyLI€HUs MaTpULIbI MaTepuaia, BbIPAKAIOIIEECs] B CH)KEHUU MHTEHCUBHOCTHU
MOTEPH MACCHl, CHIDKEHHE MAaKCHMAaJIbHOTO 3HAYEHUS TEPMHUYECKOTO J(PQeKTa, yBEIUUCHHE
NeproJia OKUCIICHHUS, a TaKXke yCToiunBoe (pOopMHUpOBaHUE TEIUIOM3O0IUPYIOIIEr0 YIIUCTOTO CIIOS.
JlaHpl TpPaKTHUYECKHME PEKOMEHIAMM W IPENIOKEHUS II0 BHEIPEHUIO U HUCIOJIB30BAHUIO
OTHECTOMKHMX PEMKOMILIEKTOB JJIsl KOPIIYCOB TPAHCIIOPTHBIX CPEIACTB Ha OCHOBE DIIOKCHUIHBIX CMOJI
C 100aBJIEHUEM YIJIEPOJHBIX MOJIU(UKATOPOB.

Knrwouesvie cnosa: mnonuMepHbBI KOMIIO3MLIMOHHBIA MaTepHall, SIOKCHIHAs CMOJa,
MoU(pUKAIMS, HATOJIHUTENH, YTIIEPOIHbIE CTPYKTYpPBI, TEpMUUECKasi CTAOUIbHOCTh

s HUTHPOBAHUS: Bopucosa B.A. UccnenoBanue (UBUKO-XUMHUIECKHIX CBOMCTB
U 9KCIUTyaTalMOHHBIX XapaKTEPUCTHK MOJMMEPHBIX KOMIO3HLUUOHHBIX MaTEpPHAIOB, MOIU(PHULIMPOBAHHBIX
yIIepoaHbIMU cTpykTypamu // Hayu.-anamut. xypH. «Becthuk C.-Iletep6. yu-ta I'TIC MYC Poccun».
2022. Ne 1. C. 161-173.

RESEARCH OF PHYSICAL AND CHEMICAL PROPERTIES
AND OPERATING CHARACTERISTICS OF POLYMERIC COMPOSITE
MATERIALS MODIFIED WITH CARBON STRUCTURES

Valeria A. Borisova®, Saint-Petersburg university of State fire service of EMERCOM
of Russia, Saint-Petersburg, Russia
Hyalery.borisova.01@yandex.ru

Abstract. Methods and techniques for modification of epoxy compositions by carbon
structures are considered in the article, ways of creation of modified compounds are studied.
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The presented article presents the results of studies of operational characteristics and thermal
stability of polymer composites whose matrix is represented by epoxy resins modified by carbon
structures with different physical and mechanical characteristics. An analytical review of literary
sources dedicated to the reduction of fire hazard of materials used in the transport industry has been
performed, and the ways and methods of obtaining fire-resistant composites have been studied.
An experimental study of the influence of modifiers based on carbon structures: carbon nanotubes,
graphite and astralen was carried out. According to the results of the experimental study, it was
obtained that the modification of the epoxy matrix of the composite by introducing carbon fillers
by ultrasonic treatment contributes to an increase in thermal stability. The modified material
is characterized by a decrease of the material matrix fracture intensity, expressed in a decrease
of the mass loss intensity, a decrease of the maximum value of the thermal effect, an increase
of the oxidation period, as well as a stable formation of a thermally insulating carbonaceous layer.
Practical recommendations and proposals for the introduction and use of flame retardant repair kits
for vehicle bodies based on epoxy resins with the addition of carbon modifiers are given.

Keywords: polymer composite material, epoxy resin, modification, fillers, carbon structures,
thermal stability

For citation: Borisova V.A. Study of physical and chemical properties and performance characteristics
of polymer composite materials modified with carbon structures // Nauch.-analit. jour. «Vestnik Saint-
Petersburg university of State fire Service of EMERCOM of Russia». 2022. Ne 1. P. 161-173.

BBenenune

OOummpHas TeppuUTOpUs Haleidl cTpaHbl, OOJIBLIME PACCTOSHUS MEXAYy HaceJIeHHBIMU
IIYHKTaMH, pa3jvyuue KIMMaTHUYeCKUX 30H U YCIOBHM — OJHM W3 HEMHOTUX (aKTOpPOB, KOTOpHIE
BJIMSIIOT Ha CTENEHb Pa3BUTHUA U 3G (EKTUBHOCTh (PYHKLIHMOHUPOBAHUS TPAHCIIOPTHOIO KOMILIEKCA
U TpaHCIOPTHON uH(pacTpykTypsl Poccun B nenom. /lanHas cdepa oka3pIBaeT NpsMOE BIUSHUE
Ha YpOBEHb KauecTBa )KM3HH YEJIOBEKA, B TOM YUCIIE U HA €ro 0€30MaCHOCTb.

B coBOKynHOCTH KpUTEpHUEB, KOTOPbIE MOXKHO OTHECTU K O€30MaCHOCTH B TPAHCIOPTHOU
oTpacid, oco0oe BHUMaHME YJENsAeTcsl OTHECTOMKOCTH  MaTepuaioB, IMPUMEHSEMBbIX
B M3TOTOBJIEHUH TPAHCIOPTHBIX CPEACTB, YTO SIBISIETCS aKTyaJlbHOM MpoOJeMON B COBPEMEHHOM
Poccun. Takum 06pa3oM, 1aHHOE MCCIEIOBAHNE HAIIPABICHO HA BBIABICHHE HOBBIX OIHEYIOPHBIX
MaTepHaoB.

Heo6xonuMo OTMETUTh, YTO HAaUOOJBLIMM MOTEHIMAIIOM B OOJIACTH CHHMXKEHHUS IMOKapHOM
OMACHOCTH MaTepuajoB, NPUMEHSEMbIX B 3TOH OTpaciu, sBIsSETCS [100aBJIEHME B HX COCTaB
AMOKCHTHOTO CBS3YIOLIETO TMOJIMMEPHBIX KOMIO3UTOB Pa3IMYHbIX MoJudukatopoB [1, 2], B Tom
qHcie KaTalu3aTOpOB M aHTUIHMPEHOB PA3IMYHOW XMMHUYECKOM HpUpOAbI, Oiaroaapst KOTOPBIM
YIIYYIIAKOTCA XAPAKTEPUCTUKU OTHECTOMKOCTH MAaTEpHANIOB, W, KAK CIEACTBUE, KOHCTPYKLHU
TPaHCHIOPTHBIX cpeacTs [3].

[Ipu TpOU3BOACTBE MW PEMOHTE PA3IUYHOrO pojaa TpaHcnopTHbIX cpenacts (TC)
IIPUMEHSAIOTCS. TOPIOYME IOJMMEPHBIE MaTepHallbl — JIOKCUAHBIE KICAIIME COCTABBbI, MACTUKU
U Ipyrue MaTepHuallbl Ha UX OCHOBE, KOTOPBIE MMEIOT 3HAYUTENBbHYIO roprodecTts. Kak ciencrsue,
cyuiecTByeT yrposa nospexaeHus TC npu aBapusix U noxapax pasjinBa JErKOBOCIUIAMEHSIOIINXCS
U TOPIOYUX JKUJIKOCTEH.

Jns neneit pemonTa 3mokcuiHbie cMoitbl (DC) MOTYT UCTIOIB30BATHCS B KAUECTBE KIIESIIIErO
WM JTAKOKPACOYHOI0 MaTepHala, a TaKKe B KAYECTBE CBA3YIOLIETO MOJUMEPHOTO KOMIIO3UTHOTO
Marepuaia (ITKM) [4]. I[Ipy  nmomyyeHun WU3IENUNA W3 DJMOKCHUIHBIX  CMOJI
U3 CPAaBHUTEIHHO HU3KOMOJIEKYJISIPHBIX OJUTOMEPOB C JOOAaBKaMH pPa3IMYHBIX MOIU(PUKATOPOB
IIPU OTBEPKACHUM IOJIIy4arOT HEIUIABKUE M HEPACTBOPHUMBIE MATPULIBI U IOKPBITUS C XOPOIIEH
XUMHUYECKONH U BOJIOCTOMKOCTBIO. DIMOKCHUIHAs CMOJia SIBJISETCS HamOoJiee paclpoCTpaHEHHBIM
KJIACCOM TEPMOPEAKTUBHOM CMOJIBI, MCIOJIB3YEMOW B PAa3JIMYHBIX OTPACiAX H3-32 UX BBICOKOHN
IIPOYHOCTH, XOPOIIEH XMMHYECKOM M  KOPPO3MOHHOM CTOMKOCTH, BBICOKOM  aare3uu
U CTa0MJIBHOCTH pa3MepOB.
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Lenp HacTosmIel pabOTHI 3aKIIIOYAETCS B U3YYCHUN TEXHOJIOTUH M PELENTYpP U3TOTOBICHUS
PEMKOMIUIEKTOB JIi TPAaHCIOPTHBIX CPEACTB U B MOAOOpE HA OCHOBE MOJYYEHHBIX JaHHBIX
ONTUMAJIbHOW pPELENTYpbl W TEXHOJOTMM M3rOTOBJIEHUS KOMIIO3MIIMOHHOIO MaTrepuasia
Ha 3MOKCUTHOM OCHOBE ¢ MOJIU(MULUPYIOIIUMHI HAIOTHUTEIISIMHU.

MaTepna.ﬂm H METOAbI UCCJICT0BAHUA

B kauectBe MOIM(PUKATOPOB OBUIN MCIIOIb30BAHBIL:

1. Komnounusiii rpadur — ¢dopma TexHHUECKOTo TrpaduTa, KOTOpas MpeAcTaBIseT
coboif  MomudukanMo  reKcaroHajdbHOro  HOJUMOP(HOrO  yriaepoga.  XapaKTepuzyeTcs
MOPOILIKOOOpa3HOW  TOHKOAMCHEPCHOW CTpyKTypoi. Ilomydaercs myremMm TepMOOOpabOTKH
13 KaMEHHOYTOJIbHOTO aHTpallUTa ¢ MOCIEAYIOUINM H3MelbueHreM. B pabore ObUl MCHOIb30BaH
kosutouHbIN rpadut mapku C-1 [5] ¢ BennunHOM YacTuIl 10 4 MUKPOH MIPOU3BOJICTBA KOMITAHHU
000 «OxHO-Ypanbckas CblpbeBasi KOPIOpaIus».

2. Actpanen. CornacHo pabote [6] acTpajneHbl NPENCTABISIOT COOOH MHOTOCIOIHBIC
TOPONOJOOHBIE YAaCTHUILIBI — TMOJUAJIpalibHbIEe CTPYKTYpbl M3 aTOMOB Yrjiepoja — pa3Mepamu
60 ... 200 HM. AcTpaneHbl HMEIOT MHOTOTPAaHHYIO CTPYKTYpPY C TOJOCTHIO BHYTPH, KaKIas
n3 rpader Qopmel koTopor comepxkuT OT 20 g0 50 TUIOCKMX TpadUTOBBIX JIMCTOB,
MOPOIIIKOOOpAa3HbBIE YIIIEPOHbIC HaHOMaTepuanbl — actpayieH (Astr), mpousBojactBa 3A0 «HTI]
[TH», Cankr-Ilerepbypr, Poccus. Astr — 53TO UWHHOBAallMOHHBIC QJJUTUBBI HAa OCHOBE
HaHOPA3MEPHOIO yriepoja.

3. I'padenoBbie omHOCTeHHBIE yriaepoaHble HaHOTPYyOku mapku TUBALL mpousBoacTBa
kommnanun OCSiAl npeacTaBisaoT coboil ToHUal e rpadeHOBBIE TUIOCKOCTH, KOTOPhIE CBEPHYTHI
B (hopme nunmmuHapa [7].

Ha mepBom »sTame mOArOTOBKM MOAM(MDUIIMPOBAHHBIX OOPA3lOB  OCYIIECTBISIIACH
MOATOTOBKA CyclieH3uil Ha ocHOBe oTBepautens TOTA ¢ comepskanuem HamonHutenei. J[aHHbIH
ATan 3aKIoYalcs B J00aBICHHM MOPOIIKOOOpPA3HBIX MOAM(PHUKATOPOB B OOBEM OTBEPAUTEIS
C MOCIHEAYIOUIMM MX JUCIEPIHPOBAaHMEM M TpoBoawics npu Ttemneparype 20,0(+0,2) °C
U HOPMAJIBHOM aTMOC(EepHOM [aBJICHUH MPHU TOMOIIM TYpPOMHHON MEIIANKH NpU BO3ACHCTBUU
HCTOYHHKA yJIbTPa3ByKa MOIIHOCTHIO | KBT ¢ wacroroii 60 kI'11 B Teuenue 600 cek. (puc. 1, 2).

Puc. 1. Ilpouecc nosxyyeHus cycneH3 Ml Puc. 2. O6paboTka yJbTpa3ByKOM

HOpOIHK006Pa3HbIX MOI[PI(l)PIKaTOpOB B y.]II)Tpa?.BYKOBOﬁ BaHHE
H OTBEPAUTEA C HCITOJTB30BAHUEM TypﬁI/IHHl)IX
MelIaJjJaoKk

Ha cnenyromem stane Moau(UIUpPOBAaHHBIE PACTBOPHI OTBEPAMUTENS T00ABIIN B 00beM
MIPE/IBAPUTENILHO B3BEILIEHHOW CMOJIBI AJI MOJIYY€HHS COCTABOB C KOHILIEHTPALMSIMHU 3JIEMEHTOB,
macc. 4. (tabm. 1), mocme yero momy4yeHHble cMecu B TedeHue 300 cek. mepeMelnBaluCh
70 TOJY4YEeHUs OJHOPOJHOro cocTosHus. Ha sTame mnommmepusanuu MPOBOAMIOCH XOJOJHOE
OTBEP K/ICHUE MTOJIyYEHHBIX COCTaBOB [P KOMHATHOM TeMriepaType. s 3Toro nojryueHHsle cMecu
3QJIMBAIM B TIOJrOTOBJICHHYIO JUTEHHYI0 (opMy M oTBepxkaaau mpu Temreparype 20,0(+0,2) °C
B T€YEHUE 5 CYT.
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Tabmuna 1. Penentypa MoanpuuupoBaHHBIX SMOKCHIHBIX KOMIIO3UTOB

Moaudukaropst
IlokazaTenu
Astr YHT rpadur
¢ MoauQuKaTopa, Macc. 4. 1 1 5
¢ 2/1-20, macc.u. 87 87 83
¢ TOTA, macc.u. 12 12 12

[Tpouiecc mosydenus nonydabdpukatHoro I[IKM myrem anmpeTHpoBaHHUS CTEKIOJICHTHI
3aKJIIoyYajcs B TOJArOTOBKE SMOKCHUAHOW Matpuilbl (1 u 2 osrtambl, onucanHble Bbime). Ilocne
[IOATOTOBJIEHHYIO, 00€3)KUPEHHYIO u BBICYIIICHHYIO CTEKJIOTKaHb MIPONUTHIBATIU
MOJU(PUIIMPOBAHHBIMU COCTaBAMHM BPYYHYIO NpPHU TOMOIIM KUCTH (Tak CMoJia pacrpeielsercs
MEXIYy BOJIOKHAMH), a MOTOM pPa3OMBOYHOIO BallMKa (KOTOPBINA MO3BOJIECT YAAIUTh H3JIUIIKA
BO3/lyXa M CaMOil CMOJIbI).

B pesymbrare Obumm modydeHbl o00pasmbl TpexdazHoro I[IKM — anmperupoBaHHON
AMOKCUIHOM CMOJIOW CTEKJIOTKAaHH, a TaKXKe 00pa3ibl MOIU(DUIIMPOBAHHON MOKCUTHOW MAaTPHIIBI

(puc. 3).

a 0 ‘, B r
Puc. 3. Oopa3zup1 mogudunmpoBannoii IC ¢ 1o0aBjeHneM: a — actpajieHna; 6 — YHT;
B — rpajura; r — KOHTPOJILHBIH 00pa3en

HccnenoBanne XapakTEPUCTHK MOIAU(PHUIMPOBAHHBIX OOpa3OB IMPOBOAMUIOCH ITyTEM
CPAaBHEHMsI HECKOJbKUX IapaMEeTpOB: TEPMUYECKOM CTAOMIBHOCTH, YyJapHOW  BSA3KOCTH
1 KHUCJIOPOJHOTO MHJEKCA.

DKCIEepUMEHTANBHBII MeTON omnpeneneHus: Kuciopoguoro wunaekca (KU), cormacHo
pabote [8], 3akmovaeTcs B HaXOXKICHUHM MHHUMAIbHON KOHIICHTPAI[MM KHCJIOPOJa B IOTOKE
KHUCJIOPOAHO-a30THOM CMECH, IIPU KOTOPOI HaOII0JaeTCsl CaMOCTOSTEIbHOE TOPEHHE BEPTUKATIBHO
pacmnojoXXeHHoro o0pasma, 3axuraemMoro cBepxy. /[lns mnpoBeaeHHs HCHBITaHUS — ObUIM
nojarotosiaeHsl o6pasnsl 80x10x4 mm. OOpasibl 3aKpeluisUIMCh B paMKy U IOMENIAINCH
B HCIIBITAaTEIbHYIO KOJIOHKY (mpubop mna usmepenus KW MT 252), B koTOpod CHH3Y-BBEpX
MPOMYCKAIOT KUCIOPOIHO-a30THYIO Fa30BYIO0 CMECh CO CKOPOCTBIO MTOTOKA 4 cM/cC.

UccnenoBanue ymapHOW BA3KOCTH MPOXOIUT B COOTBETCTBHHM C paboroit [9] (Meroamka
ucnbITaHUd Ha ynaapHeli u3ru® mno Ilapnum). McneiTaHue NpoBOAMIACHE C HCHOJIb30BAHHUEM
MasTHUKOBOTO Korpa mojeinu PH-450. Pasmepsr oOpasioB cocrapisiim 40 mmx10 Mmmx80 mwm,
a Ha O/HOM OOKOBOM MOBEPXHOCTH oOOpasua Obll caenaH V-oOpasHbli Hagpe3 moj yriom 45°
¢ rnyounoit kopHsa (0,25+0,01) mMm. McnblTaHue MOBTOPSIIOCH TPUXKABI, JUIsI pacueTa yOapHOM
BA3KOCTH OBIIM  B3Thl CpeHME 3HaueHUs. B pe3ynbraTte HCCIEAOBAaHUS IOJy4aeTcs
KOJIMYECTBEHHOE 3HAYCHWE DHEPIUH, OTHECEHHOW K IUIOIIAAM TIOTIEPEYHOTO CEYCHHS B MECTe
yJapa B Jox/M.

Tepmuueckuii aHanM3 TPOBOIWICS TpPH TMOMOIIM ycTaHOBKM «Thermoscan-2y», Harpes
o0pasia OCYHIECTBIIUICA OT KOMHaTHOM Temmeparypsl n0 600 °C co CKOpOCTBIO Harpesa
10 °C/mumu. Meroauka Tepmudeckoro anamuza [10] pasnudaer HECKOIBKO BapHaHTOB 3TOTO
aHaJIn3a.
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CTpyKTYypHO-METOJOJIOTUYECKAsT CXE€Ma HCCIEeOBaHMs IpezacTasieHa Ha puc. 4. Ona
OIUCBIBAET OOBEKTUBHO-IIPEIMETHBIE YCIOBHUS U OCHOBHBIC JEHCTBMS, NpPEANPUHUMAEMbIC IS

JOCTHIKCHHUA I ECJIU UCCIICIOBAaHUA.

SMOKCHTHAA MATPHITA

!

EE&TeHNe HANOTHHTETell Mo JefllcTENEM VIBTpazEYKa

| HATIOTHHTETH |

YIIIEPOIHBIE CTPYKTYPRI

1. rpadut;
2. acTpadeH;
3. ¥raepoIHEle HAHOTPYOKH

< H3r0TOB.TeHHe Dﬁpﬂ}].lOB IMNOKCHIHEBIX KOMIIOIHTOE >

METOIHKH HCCIETOBAHHA
TEPMHYECKHH AHATHS3:
1. auddepenunaTbHO-TepMUHeCKHIT - HCCIETOBAHHE
aHaTH3 (;[1—__‘).' MEXAHHYECKHE HCIIBITAHHA: | | TTIOXKAPOOITACHBIX CBOHCTB:
2. TepyorpasmMeTpTeckIi aHAT 1. yaapHas BAIKOCTE 1. kucaopoansi nEIekc (KH)
(TTA).

VCTAHOBJIEHHE OIITHMATBHOM 171 CHHKEHHSA TOPIOYECTH H
COXPAHEHH BBICOKHX MEXAHHYECKHX XAPAKTEPHCTHK KOHITEHTPAITHH
H KOMEBEHHAITHH

\

Puc. 4. CTpyKTypHO-MeTO0JIOTHYeCKasl CXeMa UcCaeJ0OBAHUS

JKCIepPUMEHTAJIbHAS YaCTh
HccnenoBanue KMCI0POAHOI0 MHAEKCA MOJMMEPHBIX KOMIIO3UTHBIX MaTEepPUAJIOB,
MOIM(PUIMPOBAHHBIX YIJIEPOJIHBIMH CTPYKTYPaMH

[ToryueHHble B pe3yibraTe 0OpaOOTKM JaHHBIX IOKa3aTenu Mo)kapHoW omacHoctu OC
C YIJIepoIHBIMU MOAM(UKATOpAaMH Mpe/ICTaBIEHBI B Ta0JI. 2.

Pesynbrarsl ananu3a nokassiBaroT, uto KM monudunuposanssix rpadputom, YHT u Astr
o0pa3ioB Beipoc Ha 11,9, 17,6, u 4,14 % COOTBETCTBEHHO, YTO MO3BOJSET TOBOPUTH 00 YBEITHMUECHUU
TpeOyromieiics Juisl TMOAJNEp)KaHWsS TOPEHMs] KOHLIEHTpAallMM KHCIOpOJa, M, COOTBETCTBEHHO,
MOKa3bIBAET YBEINYEHNE BOCCTAHOBUTEIBHBIX CBOMCTB MOIU(PUKATOPOB.

Tabnuna 2. Mokazatenan KU 3nokcnIHBIX KOMIIO3UTHBIX MATEPUAIOB, MOAN(PUIIMTPOBAHHBIX
yIJIepPOAHBIMU CTPYKTYPaMu

Ob6pasen KU, %
O-20+TOTA (koHTpOJBHBIN 00pa3en) 19,3+0,2
D J1-20+TOTA+AStr 20,1+0,2
D1-20+TOTA+rpadur 21,6+0,3
D]1-20+TOTA+ Tuball Nanotubes 22,7+0,3
165

Tpyapl MOJIOBIX YUEHBIX



Ne 1-2022 Bectauk CII6 yu-ta I'TIC MUC Poccun http://vestnik.igps.ru

[Tony4yeHHble AaHHBIE MOATBEPXKAAIOTCA pabdoTamu aBTOpoB [11], KOTOpbIE NpU U3YUYEHUU
BIIMSTHHASL Astr Ha TOYKapOONAaCHbBIE XapaKTEPUCTHKH ITyTEM PacdyeToB Mo Metroauke [12] momyunmm,
gt0 pocT KU 110 cpaBHEHHIO C IMOKa3aTeaeM KOHTPOILHOTO 00pasima cocrapmi 1-1,25 %.

AHaim3 mokasaresield TOpIoYeCTH SMOKCHIHO-THAHOBBIX CMOJI C JI00aBJICHUEM YTIICPOIHBIX
HaHoTpyOok [13] rooputr o6 yBemmuenuun KU IIKM na ocHoBe DC m YHT na 18,4-40,8 %,
B 3aBHCUMOCTH OT KOHIIGHTPallMM HamoJHHUTENs. [lOMHMO 3TOTO, CYyIIECTBEHHOE 3HAYCHHE
Ha KW oxa3piBaeT M CTENEHb OKUCICHUS YIJIEPOJAHBIX HAHOCTPYKTYp WJIM HX CTENeHb
byukuunonanusammu [14].

HcciienoBanue TepMU4ecKoil cTA0MJIbHOCTH MOJIMMEPHBIX KOMIIO3UTHBIX MATEPHAJIOB,
MOAU(UUMPOBAHHBIX YIJI€POAHBIMU CTPYKTYPAMH

AHanu3 1mpolecca HarpeBaHUs HCCIEAyeMOro wmarepuana Ha Tepmorpammax JITA
(AT-kpuBbie) (puc. 5) yka3piBaeT Ha MNPUCYTCTBHE HECKOJBKUX TEPMHUYECKHX ITHKOB,
COOTBETCTBYIOIIUX TePMUIECKOMY 3(P(PEKTY OCHOBHBIX KOMIIOHEHTOB CMOJIBI. Bce 00pasiisl HMEIOT
JIBa XapaKTEepHbIX IHMKA, YKa3blBAIOUIME HA MHTEHCUBHOE OKHCJIEHUE C IOCIEAYIOIIEH
JUCCOIMAIMel KOMITOHEHTOB BEIIECTRA.

13

-
-

Pasnocts Temmeparyp, dT,
0
II—‘ = W g‘l ~N ©

Temmeparypa, °C

1
w

Puc. 5. InddepenunaibHo-TEpMUUECKHE KPUBbIE IMOKCHIHBIX KOMIIO3UTOB,
MOAU(PUIHUPOBAHHBIX YIJIEPOAHBIMHU CTPYKTYPAMM: a4 — KOHTPOJIbHBII 00pa3en; 0 — SMOKCUAHAS
cmoJia ¢ nodasienuem Tuball Nanotubes 1%; B — snokcuaHas cMosia ¢ Jo0aBjaenneM rpadura;
I — YMOKCHAHAA cM0oJia ¢ Jo0aBaenneM Astr 1 %

Mo pe3ynbraTam ananu3a J{T-KpUBBIX OBUIH MOJTYYEHBI CIICAYIONIUE AaHHbIE (Ta0. 3).

Tabmuna 3. luddepeHinaabHO-TepMUYECKUIT aHAIN3 rPa(UKOB HArpeBa 00Pa3I0B IMOKCHIAHBIX
KOMIIO3UTOB, MOAU(GUIMPOBAHHBIX YIJIEPOIHBIMH CTPYKTYPaAMHU

¢ c OG&?SJ(I:GHI/IeM oC
Yucrag OC ¢ no0aBIeHHEM s Tuball ¢ 100aBIeHIEM
O0pas3ibl Astr Nanotubes rpadura

lmuk | 2muk | 1ouk | 2wk | 1 muk | 2 vk | 1 ouk | 2 nak
Temmneparypa nauamna T3, °C 51 315 48 313 50 310 54 313
Temmneparypa makcumyma T3, °C 115 351 118 353 117 349 115 | 354
Temmeparypa konma T, °C 170 375 151 | 377 136 | 370 139 | 378
AwmrmutynHoe 3HadeHue 13, e, 2,78 2,2 2,37 1,88 | 2,86 2,2 1,8 1,25
HIupuna nuka T3, °C 119 60 103 64 86 60 85 65
Wunexc ¢popmsr T, ex. 0,86 0,67 | 0,47 0,6 0,28 | 0,54 | 0,39 | 0,59
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CBeneHusi, TMOJYYCHHBIE IyTeM pacmu@pPOBKA TepMOTrpamMM, a TakKKe CpaBHEHUE
rmokazateneil Tepmudeckoro aHaimuza OJC ¢ 100aBJICHHEM YTIAEPOIHBIX CTPYKTYP IO3BOJISIOT
CeNaTh CIAEAYIOIINE BHIBOIBI:

1. CpaBuenne uHAexkca ¢opmbl TD  MOKa3bIBaET, 4YTO CKOPOCTh  OKHUCICHHS
MOIU(DHUIIMPOBAHHBIX O0pPA3IOB HUXKE, YeM CKOPOCTh YIETYYHMBAHHUS TPOAYKTOB TEPMHUYECKOTO
pa3yIoKEHUs,, YTO TOBOPUT HaM O IOBBIIIEHUU TEPMHUYECKON YCTOWYMBOCTM Marepuajga 3a CYeT
YBEIMYCHUS BPEMEHH, 3aTpauMBacMOro Ha MPOIECC OKHUCICHHS OT Hayajla JO0 €ro mnepexoja
B IIpollecC caMoBOCIUIaMeHeHus Matepuana [15-17]. Tak, oTHoIeHHE MPOJOIKUTEIBHOCTH
rpoiiecca OKUCIEHUs1 K mpoaosmkutesbHoctd yuctoit OC paBuo 0,86 u 0,67 mis 1 u 2 nukos
COOTBETCTBEHHO, B TO BpeMs Kak Uil MaTpHUIbl, MoauuiunpoBaHHON ASIr, aHaIOrMyHbIe 3HAUCHUS
s 1 u 2 nmuka Bo3pocnu Ha 83 % u 12 % coorBercTBeHHO. CXOXKasg TEHICHLUS HaOJIIOgaeTCs
u g Matpuisl, MmogudumupoBanHo YHT u rpadurom — mokazarenu wHAekca 1D MaTpHUIIbI
¢ conepxxannemM YHT yBenmuumnuce B 3,1 paza u Ha 24 % s 1 u 2 muka COOTBETCTBEHHO,
a MojuduKanusa rpaguToM MO3BOJWIA YBEJIUYUTH JaHHBIM MMOKa3aTenb B 2,2 paza u Ha 14 % nns
JIBYX IMUKOB COOTBETCTBEHHO.

2. AMmmutynHoe 3HadeHue TO DC ¢ jmobaBiaeHUEM YIJIEPOIHBIX CTPYKTYP HIDKE
AQHAJIOTUYHBIX 3HAYCHUN KOHTPOJBHOTO 00pas3lia, YTO TOBOPUT O CHIKCHHMH WHTEHCUBHOCTU
MPOTEKAOIIUX 3K30TEPMUUYECKUX PEAKLMI W TakkKe SBISETCA IOATBEPKIACHUEM IOBBIIICHUS
TEPMUYECKON CTaOMIIBHOCTH MOIU(PHUIIMPOBAHHOTO cocTaBa o CpPaBHEHUIO
¢ HemonubunupoBanusiM [18]. Tak, ammmutynHoe 3Hadenne TD 1 u 2 muka TEPMOICCTPYKIIHIA
MOIU(DHUIIMPOBAHHBIX CMOJI C J0oOaBlieHHEM TpaduTa COKpPATHIOCh COOTBETCTBEHHO Ha 35 %
u 43 %. Ilokazarenu amruiutynHoro 3HaueHnus 1O mist OC, moauduumpoBaHHbix ASLr, CHU3WIHCH
Ha 15 %, B To Bpems kak HanosieHHbIH YHT oOpasen mokaspiBaeT HECYLIECTBEHHBIH MPHUPOCT
MaKCHUMalIbHOr0 TepMuueckoro ¢ dekra (3 %).

3. CokparmieHue MpoJIOJDKUTEIIBHOCTH TEPMOOKUCITUTEILHOW NEeCTPYKIIMH KOMITOHEHTOB
nopsiaka 13-29 % mis moaudumupoBaHHbIX 00pasiioB DC MO3BOJIAET cleiaTh MPEATNOI0KCHHE
00 wHTeHCcH(UKaMKU Tporecca 00pa3oBaHUS KapOOHW3UPOBAHHOTO CIIOS, 3aTPYIHSIONIETO
najbHelIIee MPOTeKaHHe MUPOTUTHUSCKHUX peakiuii [19].

Pesynprarel JIT-ananm3a moka3bIBalOT, YTO JIOOABIICHHE YIJICPOJIHBIX CTPYKTYp B 00BEM
SMOKCHUJIHOM MaTpullbl MO3BOJISIOT PEryJupoBaTh TEPMOOKHUCIHUTEIBHYIO JAECTPYKLUUIO IyTEM
cokpamenuss TO. OgHaKo TPOUCXONAININE B BEIIECTBE MPU HArpPEBaHUM IPOIIECCH MOJJIEKAT
Han0oJIee MOTHOW MHTEPIPETAIIY JIUIIb B coueTaHuu gaHHbIX JITA u TT'A.

Ananmmsupys repmorpammbl (TT-kpuBsie) (puc. 6-9), monyyaeM ClieAyrONIUe Pe3yIbTaThI.

_ 140 300
| —
3 120 S 250
S 100 g g
55 a0 I S5 20 F
s 2 " Y 2 g 150
8 60 - & 5 o
% Q, 1 o < 100 T .
RSEYs) 40 =] 8 ﬁ-——v;'
2 ° =8
S 20 & 50
= 0 S 0
0 200 400 600 0 200 400 600
Temmneparypa, °C Temmneparypa, °C
Puc. 6. TepmorpaBumMeTpuyeckasi KpuBasi YUCTOI Puc. 7. TepmorpaBumeTpuyeckasi Kpupast
MOKCHIHON CMOJIBI 3MOKCHAHON CMOJIbI, MOAH (PMIIUPOBAHHOM

yriepoaHbivu HanoTpyokamu Tuball Nanotubes
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Puc. 9. TepmorpaBumeTpuyeckasi KpuBast
3MOKCHUIHON CMOJIbI, MO (PUIIMPOBAHHOM
J100aBJIeHHEM acTpajieHa

Puc. 8. TepmorpaBuMeTpryecKasi Kpupas
3MOKCHAHON CMOJIbI, MOAN (UIMPOBAHHOM
rpagpurom

Jlis  KoHTpospHOrO oOpa3la HaOioJaeTcs IOCTENEHHOE OKMCICHHE Marepuaia IMpu
HarpeBaHuu BILIOTH J10 350 °C, 0iHAKO NP JOCTIXKEHUHU TOM TEMIIEpATyphl, pABHOM TeMIepaType
KoHIla TD, HacTymaer HempepblBHas JIECTPyKLMs oOpasla ¢ MHOCIEIYIOUMM CTaOUIbHBIM
NPUPOCTOM MacChl 3a cyeT oOpaszoBanus yraucroro ocratka [20]. Iloreps maccel oOpasna
He npesbimaer 50 %. Jlns HaHoHamosHeHHOro obpasua ¢ 1 % wmacc. ASHr mepBblii nepexon
OT IPUPOCTa Macchl K ee morepe Hadmomaercs npu 237 °C, oJHaKO Ha MHTEPBAJE TEMIEPATYP
ot 289 °C no 332 °C u3MeHenne Macchl 00pasiia He HaOI0aeTCs IM0O ABIAETCS HE3HAYNTELHBIM.
Ilpu poctwxkennu 332 °C HauMHAeTCs MPOIECC JIECTPYKLMHM MaTepuana. TeM He MeHee
conocranisist aHasn3 KpuBblx TI" u ATI, MokHO 3aMeTHTh, 4TO MOTEpsl Macchl 0Opa3lia HAUMHACTCS
710 HACTYIUIEHUs MakcuManbHOro TO. DTo cBA3aHO TaKKe C MOTEPEll TEIIOU30IUPYIOLIErO CIIOs —
yJAETYYHBaHUEM COEIMHEHUH, TOABEPIIIMXCS OKUCICHUIO IPU HAarpeBaHUU.

OtnnuHo noseneHue 3nokcuaHon cmonbl ¢ YHT — i Hee xapakrepHa He3HAYMTENbHAs
[oTepst Macchl MPU HApacTaHUW TeMIieparypsl BILIOTH g0 79 °C, a panblie, NapauieibHO
¢ mpoTekarmumMu T3, HabIr0AaeTCsl MPUPOCT MACCHI, IPUYEM MPUMeUaTeNbHbI IBa MOMEHTA: MIPH
noctukenun 600 °C macca oOpasia B 2,8 pasa MpeBbIIAeT HAYAIBHYIO Maccy obpasua (To ecTh
Macca KapOOHU3MPOBAHHOTO c¢ios B B 1,8 pa3 Gosblie Macchl HCXOAHOTO 00pasiia), U MaKCUMyM
BTOporo TO coBmagaer ¢ TOUKOM U3MEHEHUs yrila HakjaoHa T1 -kpuBoil.

Bonee moapobusnii ananu3 T -kpusoit 9C ¢ nobasneanem YHT (puc. 10) mokaspiBaer, 4To
IIPU CPaBHEHHUM YIJIa HAKJIOHA O M O JIBYX yYacTKOB alNpPOKCUMHUPYIOLIEH KPUBOMU, MOITy4YEeHHON
HoJIMHOMHABHONW (yHKImeld 3 cremenn (ydactok 1 — 79-349 °C, ywacrok 2 — 349-600 °C)
COOTBETCTBEHHO, 01=3,66° 1 0,=67,38°, ¢ Touku pasnesnenus ydactkoB 349 °C yros HaKJIOHA JTHHUM
TpeHaa Bo3pacTaeT B 18 pa3, 4yTO roBOPUT 00 YBEIWYEHUM HHTEHCHBHOCTH NPUPOCTAa MAacchl
oOpaslia, M, COOTBETCTBEHHO, 00 YBEIMYEHHMM CKOPOCTH OOpa3oBaHUS H3O0JUPYIOILEro
KapOOHM3MPOBAaHHOIO CJIOS Ha IIOBEPXHOCTM MaTepuaina, KOTOpbI MO3BOJSET 3aMEeMJIsATh
ropenne OC [21].

PesynbTarel unccnenoBaHUM XapaKTEpUCTHK Marepuaja IpU HCHOJb30BaHUU TrpaduTa
B KadyecTBe MOJU(HUKATOpPA COBEPLICHHO OTJIWYHBI OT pe3yJbTaTOB HCCIIEIOBAaHUI MaTepuana
c nob6asnenueM YHT u actpanena. Tak, KadecTBO CIIMBAHHsI CTPYKTYPbl 3MOKCHJIHOM CMOJIbI
U MOJU(HUKATOPa, a TaKKe TepMUYeCKas CTaOMIBHOCTh M IPOLECC HapacTaHHUs HM30JHPYIOLIETO
KapOOHU3UPOBAHHOIO CJI0S, HAMPSMYIO CBSI3aHBI C MOJIIPHOCTBIO MaTepHara.
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Puc. 10. Amnpoxcumanusi TI'-kpuBoii MonupuuHpoBaHHON INOKCHAHOI MATPHIIBI
¢ no6asjaenuem YHT

DOnoKcuIHAs TPYNIUPOBKA MOJISIPHA B CBSI3U C MOJSAPHOCTHIO cBsized C—O W HEOOIbIIUM
yraom C-O-C. CrnenoBarenbHO, 3IMOKCHIHBIE CMOJBI — TOJSpHbIE. BBeneHue B cocras
ATMIOKCUIHOTO CBS3YIOIIETO HEMOJISIPHOTO HAMOJMHUTENS (B TOM 4YHcie TpaduTa) MPUBOIUT
K Pa3yHOpSIOUYEHUIO M Pa3pBIXJICHHIO CTPYKTYPBl Marepuana, W, Kak CIEJCTBUE, Pa3pyLICHHIO
CTPYKTYphl oOpa3ua 06e3 dopmupoBanus kapOOHH3UpOBaHHOTO cios [21]. ObecreuynTts ydinee
CTPYKTYpUpOBaHHE MaTepuaiia BO3MOXHO 3a CUET M3MEHEHHUS TIOJSAPHOCTH HAIOJHHUTENS —
HaIpUMeEp, IyTeM €ro OKHUCIICHUSI.

HccaenoBanue ynapHoii BA3KOCTH NOJTUMEPHBIX KOMIIO3UTHBIX MaTepHAJIOB,
MOAU(HUIMPOBAHHBIX YIJIEPOAHBIMHU CTPYKTYPaMu

PesynbraTel uccnenoBaHus yAapHOH BSI3KOCTH MOAU(PHUIMPOBAHHBIX 00PA3IIOB SMOKCHIHBIX
KOMIIO3UTOB C BKJIFOUEHUEM YIJIEPOIHBIX CTPYKTYp Mpe/CTaBlIeHb! B Ta0M. 4.

UccnenoBanus [22] oTMe4aroT, YTO OKHUCIEHHBIH TpapuT B CTPYKType BBIIEISIETCS
B OTJAEJbHBIC arjioMeparbl, KOTOpblE, B CBOI O4Y€pe[b, WUIPAIOT pOJb TOUYEUHBIX JEPEKTOB
U KOHIIEHTPUPYIOT BO3HHMKAIOUIMe B 0OBbeME OTBEP)KACHHOIO MaTepuana HalpsHKEHUs.
B pe3synbrare HaOmronaeTcs najgeHue TPEIIMHOCTOMKOCTH U MPOYHOCTHBIX CBOWCTB HANOJIHEHHON
CMOJIBI, YTO TaKX€ NOATBEPKIAAIOT MTOIyYEHHBIE JaHHBIE.

Kak mnoxka3pIBaloT pe3ynbTaThl 3KCIEPUMEHTAIBHBIX HCCIeNoBaHUN [23], SMOKCHIHBIE
KOMITO3UTHI, MoauduupoBanHble ManbiMu qobaBkamu (0,01 u MeHee Macc.%) Kak OKHCIIEHHBIX,
Tak ¥ HaTUBHBIX YHT, MoKa3pIBaloT NPOYHOCTHBIE XapaKTEPUCTHKHU, B JBa pa3a MPEBOCXOISAIINE
MOKAa3aTelu YAApHOW BSI3KOCTH HEHAINOJHEHHOW kommo3uiuu. OnHako OonbllIoe coaepKaHHe
YHT B oObeme SMOKCHIHOW MaTpuIlbl BEAET K YXYIIICHUIO YIApHOH BS3KOCTH MaTepuala
nopsiika 30 %.

Tabnuua 4. YaapHasi BA3KOCTb 3NMOKCHIHBIX KOMIIO3UTOB

CocTaB KOMIO3UIUHA VY napHas BA3KOCTb, ay,, I<I[>1</M2
3/1-20 + TOTA (KoHTpOJILHBIH 00paselr) 19,61+0,78
D/1-20 + TOTA+ Astr 22,48+0,86
3/1-20 + TOTA + rpadur 20,04+0,84
9J1-20 + TOTA + YHT 12,54+0,48

3Has YMCIIEHHOE 3HAUYEHUE YIAPHOHN BA3KOCTH, MOKHO OIIEHUTh MOTJIOIIEHUE MEXaHUYECKOU
SHEPrUM YAApHOM Harpy3Ku, TO €CTh CIIOCOOHOCTh MaTepuana COMPOTHUBIATHCS pa3pylIarolIieMy
HAMpPsDKEHUI0, TMPWIOKEHHOMY K IUIOHMIaAM o0pasiia, MpU BBICOKOW CKOpOCTH yaapa. Takum
o0pa3oM, TpH TOMOINM 3HAYCHUH YIAPHOW BSI3KOCTH MOXHO TMPOAHAIU3UPOBATH CTOHKOCTH
MaTepuasa K BOSHUKHOBEHUIO AeEKTOB MPHU yAAPHOI HATpy3Ke.
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BriBoa

Wudopmanus, modydyeHHass IIyTeM MPOBEACHHUS TEPMOIPAaBUMETPHUECKOTO aHaju3a,
NoKa3ajla IMPaKTHUYECKYI0 II0Jb3y MCIIOJAb30BaHMsS B KauecTBe MOAM(UKATOpa KaTaau3aTOpOB
XUMHUYECKUX PEaKLUH U aHTUIIUPEHOB /ISl IOCTHIKEHUSI TEPMUYECKON CTAOMIIBHOCTU 3MOKCHUIHBIX
KoMno3uluil. BBeaeHne B CTPYKTypy SMOKCHUAHON MaTpullbl psiia aHTUIMPUPYIOIUX J100aBOK,
a TaK)Ke HaIlOJHUTENEH, KaTalu3UPYIOIIUX MEXaHU3Mbl 3aMEIJICHUs TopeHus (Hampumep,
KOKCO0Opa3oBaHHE WM pa30aBlieHHE JIETYUMX IPOAYKTOB FOPEHHs) MO3BOJIAET CTAaOMIN3UPOBAThH
IIPOLIECC TOPEHUS, YTO IPUBOAUT K CHUIKEHUIO II0KA3aTeIel TOPIOYECTH U YBEIUYEHUIO CTOUKOCTH
obpasuoB B mporecce HarpeBanus. Kpome toro, st npuobperenus I[IKM HeoOGxoammsbix
JKCIUTyaTallMOHHBIX CBOMCTB M XapaKTEPUCTUK, MATEPUAIIBI MOT'YT IIPOU3BOAUTHLCS 110 TEXHOJIOTUH
CO3JIaHMsI Ipenpera IMyTeM ammnpeTHupoBaHUs (MPONUTKH) BOJIOKOH pPa3IMYHONM XMMHUYECKOH
IPUPOIBI MOAU(PHUIIMPOBAHHON MAaTPHILIEH HA OCHOBE STIOKCHUHON CMOJIBI.

ITpencraBienHslil cnocod ¢opmMupoBaHus 1MoIy(paOpUKaTOB Ha OCHOBE alIPETHPOBAHHBIX
CTEKJIOBOJIOKOH II03BOJIIeT cenaTh mponeccel pemoHTa TC mnoskapoOe3onmacHBIMM 32 CYET
CHIDKEHHUS FOPIOYECTH UCIIOJIB3YEMBIX MATEPHAJIOB.

[loxapnass Oe3omacHOCTh TpH dKciulyarauun u  pemoHte TC  obecneunBaercs
HCII0JIb30BaHUEM NIPH dKCIUTyaTanuuu U pemonTe TC MaTepuana noBbIILIEHHOW OTHECTOMKOCTH.

Co3gaHne pEeMKOMIUIEKTa Ha OCHOBE MOIM(MUIIMPOBAHHOTO TMIperpera IMOHMKEHHON
TOpPIOYECTH, OCYIIECTBISEMOE HAa OCHOBE IIOJYUYEHHBIX JAHHBIX, MO3BOJIAT CHU3UTH IIOKAPHYIO
OMACHOCTH IPOLIECCOB PEMOHTA M 3KCIUIyaTallUM TPAHCHOPTHBIX CPEACTB, 4 TAKKE NMPOU3BOJIUTH
HOBBIM KJIACC HETOPIOUUX KOMITO3ULIMOHHBIX MAaTEPHUAIOB Ha HEOPraHMYECKUX CBA3YIOLIMX.
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VK 519.71;159.9
BJAUAHUE ITAHAEMHNHU HA MOTHUBALIUIO
N INOBEJEHUE INEPBOKYPCHHUKOB

Oubra ®eoposHa JBopuukoBa™,

Cankr-IleTepOyprekuii rocy1apcTBEeHHbI YHHBEPCHTET TeJEKOMMYHUKAMIA
um. npog. M.A. bonu-bpyeBuua, Cankr-Ilerepoypr, Poccus
&blga.dvornikova.68@mail.ru

Annomayus. Ha ocHOBe MaTepualioB TECTUPOBAHUS CTYACHTOB MEPBOKYPCHHUKOB,
npoBoAuMbIX  exeronHo B Cankrt-IlerepOyprckoM  rocylnapCcTBEHHOM  YHUBEPCHUTETE
TeJeKOMMYHUKaIii um. npod. M.A. bonu-bpyeBuda, npoBefeHO HCCIIEOBaHUE, HAPABICHHOE
Ha BBISBJICHUE M3MEHEHUM COLMAIbHO-TICUXOJIOTMYECKOr0 MOPTPETa NEPBOKYPCHHUKA, BBI3BAHHBIX
ycioBUsIMU maHaeMuu. VccienoBaHue NpOBOAMIOCH METOJIOM CpaBHEHHUS TPU OpPUEHTAIUU
Ha TEHJCHIIMU OOIIMX HM3MEHEHMH, BCKPBITHIX B paborax, mocBsAmEHHbIX Biausauio COVID-19
Ha COLMATBHO-TICUXOJIOTHYECKOE COCTOSIHAE O0IIecTBa. Pe3ynbTarhl HccaeoBaHus OKa3aiu, 9ToO
MOTHBAIIIOHHBIE MOMEHTBI, ONpPEACISAIONINe MPEPOraTUBLl BHIOOpPA y MEPBOKYPCHUKOB, B ILIEIIOM
He U3MEHWINCh. OJIHAKO TPH STOM HAOII0NAeTCs YCHIIEHHE MParMaTuyecKOd COCTaBIISAIONICH
BBIOOpA, aKIIEHT Ha OMBIT U MHEHHE MNPOEeCcCCOPCKO-MPENno1aBaTeIbcKkoro coctaBa. llpu stom,
HECMOTpPsI Ha TAHJEMHI0, OTMEUYAeTCs COXPAHEHHE OOIIEr0 IMOJIOKUTEIBHOTO HACTPOS
U ONTUMUCTUYECKHX B3IVISIIOB HA JKU3Hb, YTO KOPPEIHMPYET C PpPe3yJbTaTaMH HCCIEI0BAHMS
O.I1. Hapunennesoit u S.B. TuakoBckoid.

Kntouegvie cnosea: tectupoBaHuE€, MOTUBALMS TOBEACHUS, OMNPEIEICHUE HAKIOHHOCTEH
Y UHTEPECOB CTYJEHTOB, COLIMAILHO-TICUXOJIOTUYECKHI TOPTPET MEPBOKYPCHUKA

Jasi  ourupoBanusi: JeopHukoBa O.®D. BnusgHue naHaeMud Ha MOTUBAaLMK U IOBEJICHUE
nepBoKypcHUKOB // Hayd.-ananmut. xxypH. «Bectauk C.-Iletep6. yn-ta I'TIC MUC Poccum». 2022. Ne 1.
C. 174-181.

IMPACT OF THE PANDEMIC ON THE MOTIVATION
AND BEHAVIOR OF FRESHMEN

Olga F. Dvornikova®.

Saint-Petersburg state university of telecommunications of prof. M.A. Bonch-Bruevich,
Saint-Petersburg, Russia

Zblga.dvornikova.68@mail.ru

Abstract. Based on the testing materials of freshmen students, held annually at the Saint-
Petersburg state university of telecommunications prof. M.A. Bonch-Bruevich conducted a study
aimed at identifying changes in the socio-psychological portrait of a freshman caused
by the conditions of the pandemic. The study was carried out by comparison methods while
focusing on the trends of general changes revealed in works devoted to the impact of COVID-19
on the socio-psychological state of society. The results of the study showed that the motivational
aspects that determine the prerogatives of choice among freshmen as a whole did not change.
However, at the same time, there is an increase in the pragmatic component of the choice,
an emphasis on the experience and opinion of the teaching staff. At the same time, despite
the pandemic, there is a preservation of the general positive attitude and optimistic outlooks on life,
which correlates with the results of the research by O.P. Tsaritsentseva and Ya.V. Didkovskaya.

Keywords: testing, motivation of behavior, determination of inclinations and interests
of students, socio-psychological portrait of a freshman
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BBenenue

JIns1 COBpEMEHHOTO BBICOKOTEXHOJOTHUYHOTO 001ecTBa nanaemusi, BeizBanHas COVID-19,
SIBUJIACh CEPhE3HBIM UCIBITAHHEM. 3a00JIeBaHUE 3aTPOHYIIO BCE Cephl )KU3HU UEIIOBEKA, BKITIOYAS
paboTy, 3aHATHS CHOPTOM, opraHu3anuio gocyra [1]. BeiHyxIeHHas W30JLUs BHECIA
CYIIECTBEHHBIC U3MEHEHHS B MOJIyC TMOBEACHUS JIOACH, MPo(deccrst KOTOPhIX CBsi3aHa C aKTUBHBIM
CoOUUaIbHBIM OO0meHneM. HeoOXoauMOCTh 3alIMTHOTO IOBEJAEHHUS B YCIOBMSX IaHIEMUU
HaJIOXMJIa CBOM OTIIEYaTOK HE TOJIBKO HA XapaKTepe MHIMBUIYYMOB, HO U Ha UX IICUXOJIOTMYECKOM
3nopoBbe  [2]. B pesynprare B 0OOMIECTBE CYHIECTBEHHO BO3pOCia CYUIMAOIOTHYECKAs
curyanus [3].

Oco0eHHO CHIIBHBIN TCHXOJOIMYECKHH yaap MaHIeMUs HaHecjga Ha MOJIPOCTKOB, JMIIUB
UX TIPUBBIYHON cdepbl OOMEHHs, Mepeuieeld B BHPTYAIbHOE MPOCTPAHCTBO. DTO BOIPOC
ycuieHHo wuccieayercd. llpm sTtom aHamu3 paboT MO JaHHOMY HAIIPaBJICHHUIO YKa3bIBAaeT
Ha BO3pacTaHUE [OTEHIHAJIBHOIO pPHCKAa BO3HUKHOBEHHUS HETaTUBHBIX IICHXOJIOTMYECKUX
HOCJIEICTBUI, BOSHUKAIOIINX BBHUY BBIHYXKICHHOW H30Isiiuu [4].

Ho, HecMmOoTpst Ha CIOXHOCTh CUTYyallUH, KaK TOBOPHUTCS, JKU3Hb IPOJIOJIKAETCS.
['ocynapcTBeHHBIM MeXaHU3M, aJalTHPYSICh B CIOXHMBIIUXCA YCIOBUSAX, OIpPEIENsieT HOBbIE
HaIpaBJIEHUsl JJIs pa3BUTUsA OOIIECTBAa, B TOM 4ucie U B cepe oOpazoBaHus. OUYEBUAHO, UYTO
nepexoj Ha JUCTAHUMOHHOE OOy4YeHHEe HEOJHO3HAYHO ObUI BOCHPHUHAT B II€arorn4eckoM
coobmiecTBe. [IMCKycCHM 1O 3TOMY BOIIPOCY MPOJOJDKAIOTCA A0 CHX Mop. B wactHocTH, «... MOKa
HE SICHO, MOWJET JIM Ha MOoJb3y LudpoBu3anus odpazoBanus» [5]. IIpu Tom, uTo naxe MHUHHUCTD
HayKd U BbIcmero o6Opa3oBanus B.H. ®anpkoB mpusHal, 4YTo B pe3yibTaTe IMepexoaa
Ha JUCTAHIMOHHOE OOYy4YeHHE CYIIECTBEHHO CHU3MJIOCh KadyecTBO OOpa3oBaHMs B By3ax
U B mkonax [6]. OpHako B HACTOSIIMIT MOMEHT 3TO SIBJSICTCS €AMHCTBEHHOW ajbTEpHATHUBOU
MOJTy4YeHHUs] 3HAaHUM U1 abUTypHeHTa.

B pesynprate B By3bl NPHUXOAUT KOHTUHIEHT, KOTOPBIM MPOXOAWUI TUCTAHIIMOHHOE
o0y4yeHMs, ¥ B IEPUOJ] €ro MOAPOCTKOBOIO CTAHOBJIEHUS Iepe]l MOCTYIUIEHHEM B BY3 OOJBIIYIO
yacTb BPEMEHHM BBIHYKIEH ObUl 0OIIaTbCcsi CO CBEPCTHUKaMU OHJaiiH. OYeBUAHO, BCE 3TO
HAJIOXKUJIO OIPEICNIEHHBIN OTIEeYaTOK Ha €r0 MUPOBOCIPUATHH U OTHOLIEHUH K y4eOe B LIEI0M.

C yderoM yKa3aHHBIX OOCTOSITENICTB, IMPEAJAraloTCs pe3ysbTaThl HCCIEAOBAHUSA,
npoBeseHHoro B CankT-IleTepOyprckoM TrocyJapCTBEHHOM YHHUBEPCUTETE TeleKOMMYHHUKAIMHA
uMm. npod. M.A. Bonu-Bpyesuua (CIIGI'YT), mo BBISBICHHUIO WM3MEHCHHUH COLUAIBHO-
IICUXOJIOTMYECKOr0 NOPTPETa NEPBOKYPCHUKA, BBI3BAHHBIX YCIOBUSMHU MAHIEMHH.

Opraﬂmaunﬂ N METOAbI HCCJICA0BAHUA

B ocHoOBe uccremoBaHus JeKaT Pe3yibTaThl €KErOAHOTO TECTHPOBAHUS TEPBOKYPCHUKOB
CIIoI'YT, npoBoaumoro 1o nepepadoTaHHbIM TecTaMm [ 7, 8].

[lenpl0 €XEerogHO MPOBOJMMOTO TECTHPOBAHUS SBISCTCS OIpEIeNIeHHEe CIIOCOOHOCTEH,
HAKJIOHHOCTEH W MHTEPECOB CTYJACHTOB JJs TOCIEAYIOUIeH OpUEHTAllMM BEKTOpa pPabOThI
nicuxosiora CII6GI'YT. B pe3ynbTate Takoro TECTHPOBAHUSI COCTABIISETCS OOOOIIEHHBIN «ITOPTPET»
CPeAHECTaTUCTUYECKOTO MEPBOKYPCHUKA.

[TogoOHas paboTta BeJeTCs BO MHOTHX By3aX, O Y€M CBHJICTEILCTBYIOT yOmukarmu [9—11].

TectupoBaHue TPOBOIUTCS MO MATH HAIIPABICHUSAM:

— omnpezeneHue npodaeM yueOHOoM U colanbHOM aJanTaluy NepBOKYPCHUKOB;

—nonydyeHue uHpopManuu 00 OIEHKE CTYAEHTaMM KakK MOTpeOUTeIsIMH KadecTBa
obpazoBanms B CIIOI'YT;

— YCTaHOBJIGHUE  CTEMEHU  YIOBJIETBOPEHHOCTH CTYJAEHTOB IIPOLIECCOM  OOYYeHUs
B YHUBEPCHUTETE;
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— M3y4YeHHE [ICHHOCTHOTO COJICPKAHUSI MOTUBOB ITOCTYIJICHUS B BEIOPAHHBIN BY3;

— BBISIBJICHUE TIPENIOYTEHUI CTY/IEHTOB MU BbIOOpE Oyayiieit cepbl NesTeNbHOCTH U JIp.

TectupoBaHue MPOBOAUTCS AHOHMMHO OHJANH 1O 37 ONPOCHBIM AaHKETaM, BOIPOCHI
KOTOPBIX YaCTUYHO MEPEKIUKAIOTCS MO CMBICTY, JJI UCKIIOUEHHUS OTBETOB B PEKUME «aBTOMAT.
Kak mnpaBuio, oOmee KOJUYECTBO CTYACHTOB NIEPBOrO Kypca O4YHOM (opMBI OO0ydeHUs
koneosercs ot 1700 mo 2 036 demomek. Ilpm 3TOM B aHKETHPOBAaHWUW MPUHUMACT YYacCTHE
ot 800 mo 1000 yenoBek, YTO yKa3bIBAE€T HA BBICOKYIO PENPE3EHTATUBHOCTH PE3yJabTaToB. Jlis
HCcCae0BaHus ObUTH OTOOpaHbI pe3ynbTaThl TecTUpoBanus 3a 2019 u 2020 rr., KOTOpHIE KaK pa3
Y TIO3BOJIAIT 0XapaKTEPU30BaTh U3MEHEHHS BO B3IJISIIaX CTYAEHTOB, O0OYCIOBICHHBIX COLMAIBHBIMU
mpoleccamy, BbI3BaHHBIX HaHaeMued. Crnoco0 TecTUpPOBaHMS OIpenesuics B COOTBETCTBHHU
¢ paboramu [12-14].

CnengyeT OTMETUTh BBICOKYIO KOHKOPJALMIO PE3yJIbTaTOB TECTUPOBAHUS, IMOITYYCHHBIX
B 2019 r. mo OTHOWIEHHIO K MPEAbIAYLNIEMY IEPUONY, 4YTO YKa3blBaeT Ha KOPPEKTHOCTb
1 cOaIaHCHUPOBAHHOCTD MOI0OPAaHHBIX BOIIPOCOB TECTUPOBAHHSI.

Pe3yabTaThl Hcc/ieN0BaHUS U UX 00CY KIeHUe

B tectupoBanuu 2019 r. yuactue npusnsuio 1 030 crynentoB nepsoro kypca. A B 2020 r. —
848 crynenrtoB. CienyeT OTMETHTh, 4TO 1o cpaBHeHUIO ¢ 2019 1. B 2020 1. n3MeHUIach reHaepHas
COCTaBJIAIONIAsl PECHOHJEHTOB B CTOPOHY YBEIMYEHHs IIPEICTaBUTENIEH SKEHCKOro IIoJa
B 1,22 pa3sa, To ectb ¢ 29,1 % mo 35,5 %, npu Tom, 4TO 00IIEe COOTHOIICHUE FOHOIICH U JICBOYEK,
noctynuBimx B CIIGI'YT, octanocs mpuMepHO Ha MPEKHEM YPOBHE.

HectabunpHoCTh SKOHOMUKH, BbI3BaHHAsl HEOOXOAMMOCTBIO IIEPEX0/Ia HAa TaK HA3bIBAEMYIO
«yJaJeHKy» crocobcTBoBasia ToMy, uto B 2020 r. moutu B 1,5 pa3a yBenuumiiach J0jsl CTyI€HTOB-
MIEPBOKYPCHHUKOB, Y€ HUMEIOIINX cpenHee npodeccuoHalbHOe U BhIciiee obpa3oBanue. [lpu tom,
YTO COINIACHO TECTUPOBAHMIO, (UHAHCOBOE COCTOSIHME CeMEl pPECHOHJIEHTOB (hakTHyecKu
HE U3MEHUJIOCh.

Crnenyer oTMeTuTh NOBBICUBIIMICS HHTepec netepOypxueB k CIIGIYT, nons xoTopsix
BO3pocia Ha 6,5 % u coctaBmia 37,5 % oT 00LIero yrciaa TeCTUPYEMBIX.

Ha puc. 1 npencrasnena reorpadus nocrynusmux B CIIGI'Y T no denepanbHbiM okpyram.

Janbuee 3apy6exbe 1 (0,1%) C npyrux mect 84 (10,1%) JlanbHesocTouHsii GO
Bmmxuee 3apy6exne 4 (0,3%) 45 (5,4%)
Ypansckuit @O
Cankr-Ilerepbypr 44 (5,3%)
311(37,5%) Jlenunrpaackas o6i.
57 (6,9%) Lo [
Cesepo-3anannslii @O [
Lentpanbsiii PO l 84 (10,1%)
36 (4,3%) -

MockBa
10 (1, 2%)

HOxup1t O
40 (,8%)
[pusomxckuit @O Cubupckuit O
Cesepo-Kasrkasckuit @O 53 (6,4%) 41 (4,9%)

17 (2%),

Puc. 1. Pacnipenenenue noctrynusmmux B CIIOI'YT no ¢enepanbubiM okpyram (©O)
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OpHako C ydyeToM YBEIMYEHMsI AOIM MecT ais nocrynaroumx, B 2020 r. B 1,4 pasa
YBEJIMUYUIIOCh YHCIO HHOTOPOJHUX CTyneHToB (mocturio 60 %), TO ecTh, KOTOpble HE MOTYT
€XKEIHEBHO BO3BPAIATHCS I10CIIE 3aHATUN JOMOM.

B ©Onoke BompocoB «IIpodeccronanbHas MOTUBALMS K TOCTYIUICHUIO B YHHUBEPCHUTET»
MHTEPECHBIM MOMEHTOM SIBWIOCh TO, 4YTO COXpaHAETCS oOmas TEHACHIUS MPECTUKHOCTU
KOHKpeTHOU mnpodeccun y nocrynamomux. Toasko y 6 % pecnonnentoB BeiOop CIIOI'YT Obun
cBsi3aH C HeoOxoaumocThio yueObl B Cankt-IlerepOypre. DTO MOATBEPKAAIOT 3aKIIOYCHUS
S.B. JlunkoBckoW, KOTopash yTBepKAajla, YTO y MOJIOJIEKH IoJlyueHue oOpa3zoBaHUE, MPExKIe
BCEr0, BBIPAXKAETCS B «... YIOBJICTBOPEHHOCTH HMHIMBUAAMHU JIOCTHUTHYTHIM B mpodeccuu» [15].
[Ipu sToM nOMHUHUPYIOIIUM (AKTOPOM SIBUJIOCH COOTBETCTBUE Mpoduis Oyayiieil crnenuaibHOCTU
COOCTBEHHBIM HAKJIOHHOCTSIM PECIIOH/ICHTOB M HAJIMYKE COBETOB CO CTOPOHBI pojauTeneil. JlaHHbIi
nokaszareib coctaBuil 77,2 %, uro mo4yTtu Ha 6 % npeBbicHiio Noka3aresb 2019 r.

Crenyer OTMETHTBh, YTO OTBETHI PECHOHACHTOB NpEACTAaBISUIMCH equHbiMu Google-form,
IpUMep KOTOpOH IMOKa3aH Ha pUC. 2 IpHU OTBeTe Ha Bompoc «Bbl cunMrTaere 4To, BHIOpaHHAS
CeNUaNbHOCTD (TIpodeccust):».

11. Bbl cunTaete cnegyrolee, 470, BbibpaHHasA
creunanbHocTb (Npodeccus):
m5crzetos B2019T. 846 oteetoe B 2020T.

p

@ MoELICWT BB CTATYE B

ofWwecTe:
@ OSecnequt Byoywes
29,4% TOYAOYCTROWE TED
MoSECNMT NoNY4aTk BhIC Ky
3apaboTHyw nnaty

@ MpesoCTaBUT BOIMOKHOCTh
nony4wTe SecnnatHoe ogp...

@ ODECNEYNT HHTEPECHYHD
paboTy

Puc. 2. [Ipumep npeacTas/ieHust pe3yJibTATOB 00padOTKH BOMPOCOB TECTa

JlocTaToOuyHO HEOKH/IAaHHBIM SIBUJICS OTBET HAa BOIPOC 00 yJOBJIIETBOPEHHOCTH CTYAECHUECKOMN
XU3HbI0. [TOCKONBKY B YCIIOBHSAX COIMANBbHBIX OTpaHHYEHUH, BBI3BaHHBIX Manaemueir, 84,1 %
OTIPOIICHHBIX ycTpamBaeT cryaeHueckas >ku3Hb B CIIOI'YT, uro maxe na 1,1 % mnpeBbicun
nokasarens 2019 . Ilpu stom 69,7 % (68,4 % B 2019 1.) 3aHATH TONBKO yueOoit. CoBMENmaOT
paboty ¢ yueboit Tonbko 11,6 % (10,8 % B 2019 r.), mpuuem mopsiaka y 40 % paboTaromunx
CTYJCHTOB crieliuduKa TpyAa CBsi3aHa ¢ MoJiydaeMoi mpodeccuei.

[pyroii TpUATHON HEOKHIAHHOCTHIO SIBUJIOCH COXPAHEHUE BBICOKOM aJIanTUBHOCTH
PECTIOHJICHTOB, HECMOTpPSl Ha COIMAJIbHBIE OTpaHUYECHHs], OOYCIOBIEHHBIC MaHIAeMHUEH, K HOBBIM
YCJIOBHUSIM JKH3HU, TO €CTh XKHM3HU B CTyleHYeckoM Koyuiektuse. Tak 86,1 % (84,3 % B 2019 1.)
BIIOJIHE JIOBOJIbHBI HOBBIM KOJIJIEKTUBOM, HECMOTPS Ha JOCTaTOYHO IIUPOKYIO Teorpaduto
pecnionieHTOB. [lomyueHHbIe pe3yapTaThl XOPOLIO KOPPEIUPYIOT ¢ BOIPOCAMH U3 JAPYyroro Oioka,
r7ie OIICHHBAJIACh MOPATBHO-TICUXOJOTHUYecKas atMocdepa B By3e U koiiektuBe. Tompko 1,6 %
OLICHUJIM €€ KaK HEeraTuBHYyI0, 1Mo cpaBHeHHUIO ¢ 2 % B 2019 r. [IpumepHo Takas ke KapTUHA
MIPOCMATPUBAETCS U MPU OTBETE HA BOINpPOC «HacKOIbKO MCUXOJIOrMUECKUI KIMMaT B HAIllEM BY3€
OylarompusITeH I TBOpYeCcTBa CTyieHTOB?». Tak, B 2019 r. Tonbko 2,7 % CTyAeHTOB CUHTAIIN, YTO
MCUXOJIOTHYeckass oOCTaHOBKAa B yHuBepcuTeTe Tspkenmas. A B 2020 1. Takoro MHEHHSA
MpUAEPXKUBATIOCh BCero 2 % pecrnoHAeHTOB. M B ueTBepTOM OJIOKE TECTOBBIX BOMPOCOB TAKKE
3aTparuBajach JIaHHas TEMAaTHUKa B KOHTEKCTE B3aMMOOTHOIIEHHM ¢ MpernojaBaTelsiMu
u cryneHtamu. CorjgacHO oTBeTaM pecnoHieHToB Oojnee 80 % cuuTaroT, YTO y HUX HOpPMaJIbHbIE
OTHOIIEHUs C TmpenofaBarensMu. [Ilpuuem 84,5 % momaraioT, 4yTO B YHUBEPCHTETE CO3J]IaH
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ONMaronmpusATHBIA KIMMAaT Ui TBOpYeCcTBa CTyAeHTOB. W Tompko okono 4,4 % HeratuBHO
BOCIIPUHUMAIOT aMUHUCTparuio yHusepcutera. [Ipu stom 20,2 % 3arpymaHmIMCh C OTBETOM
Ha yKa3aHHBIA BOIIPOC.

3aMeTHM, YTO HEOINpeAeNIEHHOCTh, O0YCIOBIEHHAsS HEMIOHMMAHUEM CUTYalluH, BBI3BAHHOU
MaHJEeMHUEH, SIBIIAETCS CEPbE3HBIM YIapoM M0 Ticuxuke. «YenoBeueckas IICUXMKAa HMEET
HaMOOJIBIIYIO YSI3BUMOCTh MMEHHO IEpPe/l HeONpeIeICHHOCThION [16]. B Takoii cuTyaruu 4eoBek
WHTYUTHUBHO UIIET 3amUThl. [Io3TOMY B TeCThI ObLT MOMeIIeH Bonpoc «Korjaa BO3HUKAIOT KaKue-TO
npoOieMbl, kK KoMy Bl oOpariaerech 3a momompbio?». M ecnu B 2019 1. 32 MOMOIIBIO K Mearoram
obpamanocs He 6onee 6,7 % pecnonenTos, To B 2020 r. Takux obpamieHuii Bozpocio B 1,72 pasa,
YTO €IlIe pa3 MOoAYEepKUBaeT O Hamuuuu 3a0poBoro kiumara B CIIGI'YT, mOCKOJBKY CTYIEHTHI
JOBEPSIIOT MPEMNO/IaBATEIsIM U UYT Ha KOHTAKT.

OT0 0COOEHHO BaXKHO C MO3UIMI HEJOMYIEHUS CTPECCOBBIX COCTOSHUI B KOJUICKTHBE,
BbI3BAaHHBIX HArHETAHWEM IICHX03a CO CTOPOHBI OTACIbHBIX HHAMBHAYYMOB [14]. B Tabmn. 1
Mpe/ICTaBjIeHa MOJIHAS PACKIIAKa, XapaKTepu3yrolas BbIOOp PECIOHAEHTa MO BOMpPOCaM IMOMCKa
MOJIEP>KKH U TIOMOIIIH ITPY BOSHUKHOBEHHUH TTPOOIIEM.

Tabnmumna 1. Cy0beKThl, K KOTOPHIM PECIIOHAEHTHI 00PAIIAJINCH 32 MOMOIIbI0

CyObekT oOpatieHus 2019 . 2020 T.

Popurenn v poacTBEeHHUKH 61,2 % 61,2 %

Jpy3bs 1 OTHOKYPCHUKH 72 % 73,1 %
CTyIeHYEeCKHIl COBET 4,6 % 3,6 %

Kypatop rpymimst 32,9 % 40,2 %
IIpodheccopcko-TipenogaBaTeTbLCKUi COCTaB 6,7 % 11,5%
AIMUHHCTpanys YHUBEPCUTETA 3,6 % 4,9 %

He yka3aHHbIe BBIIIIE KATETOPHUH 16,4 % 14,4 %

[lepexox K [AMCTAaHLUMOHHOMY OOYYEHMIO CKas3aJCsi M HAa OTHOIIEHUH PECIOHAECHTOB
K KayecTBy opraHuzauuu ydeOHoro mpouecca. Ecim B 2019 1. 77,7 % ObUIM TOJHOCTBHIO
uM yzaosieTrBopeHbl, 13,0 % He ymoBnerBopeHsl, a 9,3 % 3arTpyiHWIMCH C BBIOOPOM OTBETa,
to B 2020 r. curyarnus usmenunack. CoorserctBerHo: 70,4 %; 17,0 %; 12,6 %. /lanHoe MHEHUE
MOJTBEPXKIAETCS U APYrod TPyNIol OTBETOB, PEACTABICHHBIX B Ta0I. 2.

Tabmuna 2. OTBeTHI Ha Bonpoc «HTepecHO JIM BaM YYUTHCS B By3e?»

Bapuants! oTBeTa 2019 . 2020 1.
[TposIBIISIIOT MOJIHBIH MHTEPEC K yuebe 44,1 % 50,4 %
Y4eOHblil mporecc cKopee HPaBUTCsl, YeM HET 41,2 % 39,1 %
CuunTaroT, 94T0 OpraHu3aIys yq€6H0ro nporecca 750 750

HE BBI3bIBACT MOJIOKUTENILHBIX IMOIHIA 110 Pa3HbIM MPHYMHAM ’ ’
HeraTnBHO BOCIPHHHMAIOT yueOy B By3e 4% 3.7%
3aTpyAHAIOTCS OTBETUTH HA JIAHHBIA BOIPOC 3,2% 3,4 %

B pamkax TpoOBOAMMOTO HCCIEAOBaHMS OCOOBI HMHTEpPEC BBI3BAT TMOCIETHUI OJOK
BOIPOCOB, CBSI3aHHBIX C BBISIBICHUEM NPEANOYTEHUI CTYIEHTOB U UX BBIOOpOM Oyaymiel chepbl
JeSITeTbHOCTH.

Kazanoce Obl, nenpeccuBHas 00CTaHOBKA, 0OYCIIOBIIEHHAs MMaHAEMHUeEH, TOKHA HETaTUBHO
CKa3bIBaThCS Ha OTHOUIEHMM K OyaylemMy — a HeT, Bce Kak pa3 Haobopor. B moxarsepxaenue,
B Tabn. 3, 4 mpencraBieHbl pe3yabTaTbl OTBETOB Ha BOMpOCH: «YTO JacT Bam BbICIIEe
oOpazoBanmne?y; «HeM mIaHupyeTe 3aHUMAThHCS MTOCJIe OKOHYAHUS YIeObl B YHUBEPCUTETE?».
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Ta6mmma 3. OTBeThl Ha Bonpoc «UTo AacT BaM BbIclIee 00pa3oBaHue?»

BapuanTs! oTBeTa 2019 . 2020 1.

B03MOXKHOCTh 3aHUMAThLCS] HHTEIUIEKTYaIbHBIM TPYJIOM 34,8 % 36,5%
Briciiiee 00pa3oBaHue IPECTHKHO 225 % 22,1%
B03MO0XHOCTB MOJIYYUTH OTCPOUKY OT apMHUH 15,7 % 13,0 %
Bricokuii ypoBeHb 6J1arocoCcTOSHUS 27,0 % 28,4 %

Tabmuta 4. OTBeTHI Ha BOonpoc «YeM miIaHupyeTe 3aHMMATHCS MOCJIe OKOHYAHUS y4eObl B By3e?»

Bapuantsl oTBeTa 2019 . 2020 T.
[TponomkuTh yuedy B MarucTpaType 357% 38,3 %
PaGoTats no ciennaabHOCTH B TOCYIapCTBEHHOM 15,3 % 9.9 %
CTpyKType
PaGoTarp 1o cienuanbHOCTH Ha YaCTHOM 13.2% 10.8 %
TpPEANPUSTHI
Opranmn3oBath COOCTBEHHOE TPEANPUATHE 9,0% 10,1 %
PaboTats B 3apy0exHON KOMITAHUN 10,0 % 10 %
OTHOXHYTH OT y4eObl 4,9 % 3,1 %
He onpepenunuck ¢ 0TBETOM 11,9% 8,8 %

[Tony4yeHHble aHHBIE KOPPETUPYIOT ¢ pe3yiabTatamu uccienoBanus O.I1. Llapunenuesoit,
KoTopasi cienana 3akimoueHue «OOpamaer Ha ce0s BHUMaHHME TO, YTO B LIEJIOM IO (pakTopam,
OMKCBIBAIOIIMM OTHOLICHHE K OyayleMy, He ObUIO MOIYYSHO OTPUIATENIbHBIX pe3yabTaToBy [17].

BeiBOABI

[langemust BHeclHa CBOM KOPPEKTHMBBI KaKk B MOTHBAllMI0, TaKk W B TOBEACHUE
MEePBOKYPCHUKOB. OHAKO B IIEJIOM HMX ICUXOJIOTMYECKUN HACTPOW SIBISETCSA TMOJIOKUTEIHHBIM.
[Ipy 3TOM MOXXHO BBIIEIUTH cleAyromue oobmme uvepThl nepBokypcHUkoB CIIGIYT. Onu
aTlOJTUTUYHBI W CONMAJIbHO TIACCHBHBI, B MEPY CIHOPTHBHBI, HO B IIEJIOM MPHIACPKUBAIOTCS
30pOBOT0O 0Opa3a xwu3Hu (cBbiire 61 %).

OHU NpeuMyIIeCTBEHHO JXKUBYT Ha JO0XOJbl poauTeneil (cBeimie 92 %) U MeuTaroT, 4YTo
MOJIyYeHHOEe UMM 00pa3oBaHHE MO3BOJIUT 3aHATH BBHICOKOE MOJIOKEHHE B OOIIECTBE U 3aHMUMATHCS
UHTEJUICKTYaJIbHBIM TPYIOM (CBBIIIE 66 %).

Ho mpu stom OGonee 51 % monaraer, yto B OyaylleM IMOJY4YeHHAs CHEIHAIbHOCTD
00ecreuynT UM BBICOKUM YPOBEHBH OJIarococTosiHUsA. B OCHOBHOM OHHU TUIAaHUPYET MPOJOJDKUTH
yueOy B maructparype (cBoime 38 %), a Mo ee OKOHYaHHUIO OCTaThCs XUTh U paboTtaTh B CaHKT-
[TetepOypre (6osiee 51 %).

JanbHelimue wucciaenoBaHusi OyAyT HampaBieHbl Ha BBISIBICHHE XapakKTepa H3MEHEHHS
WX MOTHBAIIMU U TIOBEACHUS TT0 okoHuYaHuto 00yuenus B CITI6I'YT.
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YK 51-77:614.8
CUCTEMHO-TUHAMUYECKAS MOJEJIb PACHPOCTPAHEHUSI
IHAHUMKU ITPU DBAKYAIIUU U3 OBIIECTBEHHbBIX 3JIAHUU

Eaun3aBera AJjlekCcaHJApPOBHA KorkoBa™.
Cankr-IlerepOyprekmii yausepeurer I'TIC MYUC Poccun, Cankr-IlerepOypr, Poccus
Mkotkovaelizaveta23@gmail

Annomayusa. OgHON M3 3aJad IO CHHXKEHHMIO BO3MOXHOIO yiiepOa Mpu upe3BblYaliHBIX
CUTYyalUsAX WU TOXkapax B OOIIECTBEHHBIX 3/IaHUSX sBJsieTCs dBaKyanus. [loBeneHueckas peakius
9BAaKyHPYEMBIX  SBJIAETCS  BaXHbIM  (DakTopoM,  OOECHEeYMBAIOIIMM  CBOEBPEMEHHOCTb
u 0e30MmacHOCTh MpH 3Bakyaruu. CTpeccoBble CUTyallUM MOTYT HPUBOAUTH K HECTaHAAPTHOMY
IIOBEJICHUIO 3BAKYHPYEMBIX, BIIAJAIOIIUX B [IAHUYECKOE COCTOSHHUE, YTO, B CBOIO OYEPENb, MOXKET
MPUBOANUTH K CHMKEHUIO 3((EKTUBHOCTH 3BaKyalliM M POCTY BO3MOKHOTO KOJHYECTBA >KEPTB.
[JaHn4yeckoe COCTOSSHUE MOXKET pacHpOCTPaHATbCA B TOJIIE, BBI3BIBA B LEJIOM Yy HEe
HEIpEACKa3yeMOoe ITOBECHUE.

JeiictBus mrofeil B mpolecce 3BaKkyallud SBISIIOTCA (AKTOPOM HEONPEIeNCHHOCTH,
KOTOPBIM BIMAET Ha IIOBEJEHUWE BCEW TIpyHIbl nOpu dBakyauuu. llosromy wu3ydeHue
pacrpocTpaHeHHUsT [aHUYECKOro IIOBEIEHUS MpU MACHITa0HOM 5SBakyallud B KOMILJIEKCe
C pa3jMuYHbIMHM (PaKTOpaMHU HEOIPENEICHHOCTU SBJIAETCS aKTyalbHOW 3a7auell aHTUKPU3UCHOIO
ynpasieHus. /laHHas craTbs HanpaBlieHAa HA MCCIENOBAaHHUE IPOLIECCA PAaCIpPOCTPAHECHUS NAHUKU
B TOJIIE IPU MAaccoBOM 3Bakyauuu. [locTpoeHa CHUCTEMHO-AMHAMHUYECKas MOJEIb MacCOBOU
IBaKyalliH, 03BOJISAIONIAS YUYUTHIBATH MHOKECTBO IIPUUMHHO-CIIEICTBEHHBIX CBSA3EH HCCIELyEMOIO
nporecca, MOJYYHTh KauyeCTBEHHOE OOOCHOBAaHWE I TMOAJNCPKKH NPUHSATHS YIPaBICHUECKUX
pelIeHU.

BrlisiBieHa B3aMMOCBSA3b MEXJy CTENEHbIO PACIPOCTPAHEHMsI OMACHOCTH B OOLIECTBEHHOM
3laHUM W KOJMYECTBOM JIIOAEH B IIAHMYECKOM COCTOSHUHM, B3aUMOCBS3b MEXIY CKOPOCTBIO
IBIDKEHUS TONMBI M 3(PQPEKTHBHOCTBIO H3Bakyaluu. l[lomydeHHBIE pPE3ylbTaThl IMOJITBEPKAAIOT
3HAYUTEJILHOE BIIMSHUE IICUXOAMOLMOHAIBHOTO COCTOSIHUS TOJIIIBI HAa IIPOLIECC IBAKYALIUU.

Knwouesvle cnoea: »5Bakyanus, TIaHWKA, TOJINA, CHUCTEMHO-AMHAMUYECKas MOJEIb,
3¢ (HEeKTUBHOCTH IBaKyallluu

Jas outupoBanus: KotkoBa E.A. CuctemHO-TMHaAMHuYecKas MOJIENb PACIpPOCTPAHEHUS MaHUKH TIPH
9BaKyalMy W3 OOIIeCTBeHHBIX 3maHuil // Hayu.-ananmut. xxypH. «Bectuk C.-Iletep6. yn-ta I'TIC MUC
Poccumy». 2022. Ne 1. C. 182-194.

SYSTEM-DYNAMIC MODEL OF PANIC SPREAD DURING EVACUATION
FROM PUBLIC BUILDINGS
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Abstract. One of the tasks to reduce possible damage in emergency situations or fires
in public buildings is evacuation. The behavioral response of evacuees is an important factor
in ensuring timeliness and safety during evacuation. Stressful situations can lead to non-standard
behavior of evacuees falling into a panic state, which in turn can lead to a decrease in the efficiency
of evacuation and an increase in the possible number of victims. Panic can spread through
the crowd, causing it to behave in a generally unpredictable manner.
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The actions of people during the evacuation process is an uncertainty factor that affects
the behavior of the entire group during the evacuation. Therefore, the study of the spread of panic
behavior during a large-scale evacuation in combination with various uncertainty factors
is an urgent task of anti-crisis management. This article is aimed at studying the process
of spreading panic in the crowd during a mass evacuation. A system-dynamic model of mass
evacuation has been constructed, which makes it possible to take into account many cause-and-
effect relationships of the process under study, to obtain a qualitative justification to support
managerial decision-making.

The relationship between the degree of spread of danger in a public building and the number
of people in a panic state, the relationship between the speed of the movement of the crowd
and the efficiency of evacuation was revealed. The results obtained confirm the significant
influence of the psycho-emotional state of the crowd on the evacuation process.

Keywords: evacuation, panic, crowd, system dynamic model, evacuation efficiency
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Beenenune

Ha ceropnsimnuii 1eHs ypoBeHb ypOaHU3AIMH BO BCEM MHUPE HE CTOUT Ha MecTe. B kaxaoM
ropojie  MOSIBIAIOTCS HOBBIE OOBEKTHI C MAacCOBBIM MpEOBIBAaHUEM JIIOJACH, TOProBO-
pa3BleKaTelbHbIE KOMILJIEKCHI U Jp. B yacTHOCTH, 0COOEHHOCTh HOBBIX TOPTrOBO-Pa3BIEKATEIbHBIX
KOMILUIEKCOB COCTOMUT B TOM, YTO B OJHOM 3[IJaHUU TBITAIOTCS YMECTHUTh KaK MOXHO OOJIbIIe
MIOMEUIEHUH, 4YTO, B CBOK O4Yepelb, MNPUBOJUT K YCIOXKHEHHUIO BHYTPEHHEW IIAaHUPOBKU
KOMILJIEKCA.

B cnyuae BO3HMKHOBEHMHU MOXapa WM Apyroi upesBbrvaiiHoil cutyanuu (UC) mporecc
IBaKyallil MOXET OBITh 3aTPYIHEH H3-3a CIIO)KHOHN IJIAaHHUPOBKH, TaK KaK MHOTHE IMOCETUTEIH
B SKCTPEHHOW CUTYyallMM MOTYT U HE BCIOMHHUTbH MECTa PACIOJIOKEHHS 3BaKyallHOHHBIX BBIXOJIOB.
Jannaple (akTOpsl MOTYT NTPHBOJUTH K HECTAaHIAPTHOMY W HPPAIHOHATHLHOMY IOBEICHUIO
HBAKYHUPYEMBIX B CTPECCOBBIX CHUTYaIUSAX, Y KOTOPBIX OyJEeT MPOSBIATHCA MAaHUYECKOE COCTOSIHHE,
YTO, B CBOIO OYEpE/lb, MOXKET MNPHUBOJUTH K CHUXEHHUIO 3(P(HEKTUBHOCTH DBAKyalldd U POCTY
BO3MOXKHOTO KosnuecTBa xepTB [1]. Kpome Toro, mpobiema ycyryomasieTcsi TeM, 4TO MaHUYIEeCKOe
COCTOSIHHE€ MOXET PacHpOCTPaHATHCS B TOJIIE, BbI3bIBAS B I1EJIOM Yy HEE HENPEICKa3yemMoe
nopeneHue. B 3TOW  cUTyallMM WMHCTUHKTBI IOAABISIOT  COLUMAJIM3UPOBAHHBIC  HABBIKU,
a KOJUIEKTHUBHBIC CBSI3M WM COUHUAIBHBIE HOPMBI JIOMAOTCS, MOCKOJBKY JMYHOE BBDKMBAHHUE
CTaHOBUTCSI HauBaXkHeilIen 1embio [2—4]. B pe3ynbpTaTte nposBisieTcs STONCTUYHOE U arpecCUBHOE
MMaHUYECKOe TIOBEJACHHE, MOTYT BO3HUKATh KOH(JIMKTHBIE CUTyalldd, 4YTOOBl JOCTUTHYTH
COOCTBEHHOI 0€30macHOCTH [5].

B naHHBIX YyCHOBHUSX CYIIECTBYIOIIME CTaHAAPTHBIE MOJEIM MAaCCOBOM 3BAaKyallUd MOTYT
JaBaTh Hea/leKBaTHBIE Pe3yJbTaThl. /{7 MOBBIICHHS] MX aJeKBATHOCTU HEOOXOIUMO YUYHUTHIBATh
naHHble (QakToOpsl MpU MojenupoBaHun. HeoOXoammMo KOHCTaTHUpPOBATh, YTO B HACTOSIIEE BpeMs
CYLIECTBYET JOCTAaTOYHO MAaJI0 MCCICIOBAHUM, 3aTPArvBarOIIMX BOIPOCHI PACHPOCTPAHEHUS
MMAHUKH MPU MOJICIMPOBAHUY IBAKYAIWH.

Pazperennto 1aHHOTO MPOTUBOPEUMS NOCBAIIECHA JAHHASI CTAThsl, LEIBI0 KOTOPOM SBIISIETCS
WCCIEOBAaHUE  BIMSHHUS  PAaCIpOCTpaHEHWs  TaHUKH Ha  A(PPEKTUBHOCTh  HBaKyallud
u3 OOIIeCTBeHHBIX 37aHui. BecbMa akTyanpbHOW 3afaueil aHTUKPU3MCHOTO YIPABICHUS SBIISCTCS
W3y4YEHUE pACHPOCTPAHEHUS TAHWUKU CpPEeau JIIOAEH BO BpeMs SBaKyallud, 3HAYUTEIbHO
ycunuBaroiieil ¢paktopsl HeonpeaeneHHOCTH B UC B CII0KHBIX COITMAIBHBIX CUCTEMAX.
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MeToanbl Hccjie10BaHUA

Bpewmst sBakyauuu moneit npu noxkapax win YC u3 oOIIECTBEHHBIX 3IaHUN M pa3mep
BO3MOJKHOI'O ylepba HampsMyi0 3aBUCAT OT IIOBEIEHYECKOH peakiuu JIIoJed B Ipoiecce
9BAKyallNH.

[Tponecc »Bakyauuu JroAed W3 34aHUSA C MAacCOBBIM IPEOBIBAHMEM IPU BO3HUKHOBEHUU
NaHUKK OyAeT 3HauYMTeNbHO 3aTpyaHeH. [laHuka, B CBOIO ouepelb, IPUBOAUT K NAaHUYECKOW aTake
(puc. 1), KoTopas CONPOBOXKIAETCA CTPAXOM B COYETAHUU C PA3IUYHBIMU (U3NYECKUMU
CUMIITOMaMH, TaKMMHU KakK: cepAueOMeHHe, y4yall€HHbBI IyJibC, MOTIMBOCTh, O3HOO, TpeMop,
OLIYIIEHWE HEXBAaTKU BO31yXa, OJBIIIKA, AUCKOMGPOPT B JIEBOH IMOJOBUHE TIPYAHOH KIETKH,
TOIITHOTA; TOJIOBOKPYKEHUE, MPEeT0OMOPOYHOE COCTOSTHHE, CTpax CMEPTH, OUIYIIEHHUE OHEMEHUS,
CIIyTaHHOCTb MbICIEH [6, 7].

IIpoEomupyrommit dakTop
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Puc. 1. CxemMa maHn4YecKoii aTaKu

Oco0OeHHOCTh MAHWYECKOM aTaku 3aKJII0YaeTcss B TOM, YTO OHAa JOCTHUTaeT MakcCHUMyMma
B TE€YEHHUE BCEr0 HECKOJIBKMX MHUHYT, IPU ATOM MOKeT aiuTbess 10—20 MuH, a 3aTeM BHE3AIIHO
npoxoauT. CocTOosSHME MaHWKH MOXET JOCTaTOYHO OBICTPO MPOSBIATHCA y HEKOTOPBIX JIOAEH
B JKCTPEMAIBbHOM CHUTyalluu, OBICTPO PACHPOCTPAHATHCA MEXIY IPYTUMH 3BaKyHPYEMBIMH, UYTO
MPUBOJUT K HECTaHJApTHOMY MoBeneHHI0. IIpu HemocTaToYHOCTH JOCTOBEpHON HH(pOpManuu
B IIPOLIECCE JBAKyallMW 3BaKyHMpPyEMbIE JOJDKHBI IPUHUMATh ONEPATUBHBIE PEILICHUS B YCIOBHSIX
BPEMEHHBIX OTPAHUYEHHUIH. DTO MOXKET 3aCTaBUTh UX JEWCTBOBATh KaK OOJIBIIMHCTBO OKPYKAOIIUX
JIOJEM, MHOTME M3 KOTOPBIX MOTYT YK€ HAaxOJUThCS B IIAHUYECKOM COCTOSHUH, NPUHHUMAs
HeaJIeKBaTHbIE ACHCTBUSI, BbI3bIBAs MPU ATOM TaK Ha3bIBaeMbIi AP(PEKT «CTaJHOTO MOBEIACHUS.

BBuny cBoell akTyaJlbHOCTH, B HACTOAILEE BPEMs aHAJIN3 IIPOLIECCOB YBAKyallUU BBI3bIBAET
MPaKTUYECKUM HHTEpec y MHOrux YyueHbX. CymiecTByeT OO0JbIIOE KOJUYECTBO TOIXO/0B
U MoJeneil 3BaKyallu Jrojed, KOTopble ObUIM pa3paboTaHbl B MOCJIEAHHWE TOAbI M HAILIM CBOE
mupokoe npuMmeHeHue [8-12]. CymiecTByrOT pa3Hble CITOCOOBI MOJIEITHPOBAHUS XapaKTEPHCTUK
IBWOKEHMsI  3BakynpoBaHHbIX B YC, oOAHAako HCCIENOBaHUM, KOTOPHIE  IOCBSILEHBI
pacnpoCTpaHEHHUIO MAHUKH U XapaKTEePUCTHUKAM JIBH)KEHUSI SBAKYMPYEMBIX C YUETOM MaHUYECKOU
aTakH, JOCTaTOYHO MaJIo B 001I1ei Macce.

Ha camom pnene mroam B Ipolecce HBaKyallud MPEACTaBISAIOT COO0H HauOOJBIIYIO
HEOINPEACIEHHOCTh, TaK KaK HMX JEHCTBUS M PpEUICHWs XaOTHMYHbl M HANpsMYyH 3aBUCAT
OT SMOIIMOHAJIBHOIO COCTOSHHUA. M NEeHCTBUS KaXKIOro 3BAKyHPYEMOTO B OTAEIBHOCTH MOTYT
OKa3bIBaTh BJIMSHUE HA MIOBEJEHUE BCEW TOJIIBI.
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B mpouecce 3Bakyanuu MOTYT OOpa3OBBIBATHCS TPYMNBl JIOACH CO CXOXHUM
SMOILIMOHAIBHBIM COCTOSIHHEM, KOTOPBIX CBSI3BbIBAET OJHA II€JIb M KOTOPBIE CIIOCOOHBI COBEPIIATH
pasHoOro pojaa MOCTYNKH (KOH(IMKTHBIE CUTYallMH NMpu OOppOE 3a MPOCTPAHCTBO B TOJIE, BEIOOD
JAPYrOro 3BaKyalMOHHOTO MyTH H Jp.). MeXIy JIFObMH CYIIECTBYIOT CJIOKHBIC B3aMMOJICHCTBUS,
KOTOpbIE UMEIOT HeluHelHbl xapaktep [13]. JlaHHble B3auMoaeicTBUsS (GOPMUPYIOT TPYIITOBYIO
JUHAMUKY [TOBEJICHUS.

Cy1iecTByIonye 10 HACTOSIIErO0 BPEMEHU MOJIEIH SBaKyallid W3 OOIIECTBEHHBIX 3aHUI
HE OTPa)karoT IPYNIIOBYIO0 JUHAMUKY NOBEACHUS U B3aUMOJEHUCTBUS MEXIY OTIEIbHBIMU JIFOJAbMHU
MW Tpynmamu, 4YTO KOHEYHO CKa3bIBa€TCsd HA TOYHOCTH MPOTHO3UPOBAHUSA COOTBETCTBYIOIIMX
MIOKa3aTeNeH.

Boobmie, moctpoenre Mojienu TMOBEIACHUS TOJIMBI MPU MACCOBOM 3BaKyallMM MOXHO
paccMaTpuBaTh Ha TpeX ypoBHsX [14]:

— MHJUBUTyaJIbHAsI MOJIEIb TTOBEACHUS KaXKJI0T0 ABAKYUPYEMOro;

— UHAMBUIYyaJbHas MOJENb NOBEACHUS 3BAKyMPYEMOI'O IPU B3aUMOACHCTBUU C IPYrUM
3BAKYUPYEMBIM;

— MOJIETb MOBEACHUS PBAKYUPYEMBIX MPU OO0BEIUHEHUH MX B TPYIIY, TO €CTh IPYIIOBas
MO/IEIb TIOBEICHUSI.

Jns u3ydeHHss JOUMHAMHUYECKMX SBJICHUM T[PU MacCOBOM HBaKyallMM IpeJjaraercs
WCIIOIb30BaTh  CUCTEMHO-IMHAMHYeCKui moaxona. [lo cpaBHeHHIO C JOpyruMu  BUAAMHU
MOJIETTUPOBAHUS 3TOT METOJ MMEET OCOOBIe MPEUMYIECTBA MPHU pabOTe C HEMOJHBIMU 3HAHUSIMHU
Mpu npuHITHH perieHuil. Kak ye oTMeuanoch BbIlE, U3yUYEHHUE PACIPOCTPAHEHUS MaHUKU TPU
MacCOBOM 3BaKyallMd SBJIAE€TCS KpalHEe BaXXHbIM, HO TIPU 3TOM JOCTAaTOYHO CJIOKHO
Ha KOJIMYECTBEHHOM YpPOBHE HHTEPIPETHPOBATH B3aUMOJCUCTBHUE JIIOJCH B JIaHHOW CUTYyalluH.
Hcnonbs3oBaHWe  CUCTEMHO-IMHAMHMYECKOTO  MOJXOJa  IO3BOJUT, IO  KpallHEH  Mepe,
Ha Ka4eCTBEHHOM YPOBHE OINHUCATh 3TH B3aUMOJICUCTBUS M BBIIBUTH 3aKOHOMEPHOCTH TaKOTO
B3aUMOJICHCTBHS Ha BBICOKOM YPOBHE arperupoBanus (MaKpOypOBHE).

CHCTEeMHO-TUHAMUYCCKHIA TTOAX0/I, IPeUIoKeHHbIN Briepsbie JIx. Doppectepom [15, 16],
MO3BOJISIET MCIIOJIB30BaTh MPUHLHUIIBI OOpaTHON WH(GOPMAIMOHHON CBA3M MPH MOJEIHPOBAHUH
JTUHAMUKH (YHKIIMOHUPOBAHUS CIIOKHBIX CHCTEM, KOTOpas BO MHOTOM OMPEEISAETCS CTPYKTYpPOit
MIPUYMHHO-CIIEACTBEHHBIX CBSA3€H MEXIY 3JIEMEHTAaMHU CIIOKHOU cuctemsl. [Ipumenenue cucreMHo-
JTUHAMUAYECKOTO TOX0/Ia TTO3BOJISIET CTPOUTHh MOJIEIH CUCTEM C OOJBIIMM KOJTHMYECTBOM (Pa30BBIX
MEPEMEHHBIX, 00bETUHEHHBIX OOJIBIINM KOTUYECTBOM MPUYUHHO-CIIEACTBEHHBIX CBSI3EH, COCTUHSAS
WX B OJIHO II€JIOE€ U JaBasi BO3MOXHOCTh TMOJIYYUTh KOJUYECTBEHHOE OOOCHOBAHHME B CHUCTEMax
MOJIIEPXKKH MIPUHATHS YIIPaBICHYECKUX perneHuii [17].

OTnuuuTEeNbHON OCOOEHHOCTHIO JAHHOTO Kiacca MOJENEH SBISETCS JOCTaTOYHO HU3KHM
YPOBEHb TOYHOCTH UCXOJHBIX JIAHHBIX, UCIIOJb3yEMbIX IIPU MOJIETUPOBAHUH, BHICOKAsl CTETIEHb KaK
BHEIIIHEW, TaK BHYTPEHHEH HEOMpeneIeHHOCTH (BO MHOTOM OHA OMNpPEACNSIEeTCS 3HAYUTEIHHBIM
KOJIMYECTBOM YUYHTHIBAEMBIX B Mojenu (HakTopoB). B mepByo ouepenb JaHHBIC MOEITH
HalpaBJieHbl HAa TMOHMMAaHHUE U UCCJIEJIOBAHHE OOIICH TPAaeKTOPUU PA3BUTHUSI U MPOTHOZHPOBAHUS
W3MEHEHUsI COCTOSIHUM CHCTEMBbI, a HE€ Ha MOJYyYE€HHUE JOCTATOYHO TOYHBIX KOJWYECTBEHHBIX
3HaueHnii. Ho Takast orleHka pa3BUTHUS CUCTEMBI TOJ BO3JEHCTBUEM OOJBIIOTO KOJWYECTBA
YUUTBHIBAEMBIX (PAKTOPOB MO3BOJSET OOOCHOBBIBATH PA3IMYHOTO PO/Ia YIIPABICHUECKHUE PEIICHUSI.

dopMa MpeACTaBIEHUS CHCTEMHO-THUHAMHUYECKHX MOJIEJIe COCTOMT B  CHCTEME
OOBIKHOBEHHBIX JU(PEpEeHIINANTBHBIX YPaBHEHHH MEPBOTrO MOPSIKa B MPOCTPAHCTBE COCTOSTHHA.
JIJsl CTIOKHBIX CHCTEM € OOJBIITUM KOJMYECTBOM (ha30BBIX MEPEMEHHBIX CPa3y COCTaBUThH CHCTEMY
nuddepeHIMaTbHBIX YpaBHEHUN HE BCET/Ia SIBISETCS TPUBUANBHOUN 3amaueii. ['opa3no mpoie 1o
peain30BaTh yepe3 MOAX0J, KOTOPBIM 3aKitoyaeTcsl B MOAPOOHOM OMHCAHUU BCEM COBOKYIMHOCTHU
MIPUYMHHO-CIIEICTBEHHBIX CBS3eH MEXAY Pa3TUYHBIMU dJIEMEHTaMU (TIOJICUCTEMaMHU), BXOSIIIUMU
B COCTaB CHUCTEMBI, KOTOpBIE OYyIyT MPEACTaBISTH COOON TepeMeHHBbIE cOoCTOsHUA ((ha3oBbie
nepeMeHHble). JIaHHBI WHCTPYMEHT pPEealiu30BaH B PSJIE€ COBPEMEHHBIX CHUCTEM HMHTAIIMOHHOTO
moenupoBanust [18].
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OcHoBol AJid TOCTPOCHUA CUCTCMHO-AUHAMUNYCCKUX MOILCJICﬁ SABJIAKOTCA 3HAHUA SKCIICPTOB
00 uccnenyemoi cucreme. IMEHHO sKcmepThl (POPMHUPYIOT MHOXKECTBO (PAaKTOPOB, BKIIOUYAEMBIX
B OIIMCaHUEC AWHAMHWKHN COCTOSIHUU I/ICCHCI[yeMOI\/'I CUCTCMbI, a TaKKC OIPCACIIAOT MPUYUHHO-
CIJICZICTBEHHBIC CBSI3U MEXK1Yy HUMHU.

Pe3yJ1bTaTbI HCCJIeJ0BaAHUA

B menom B paccmaTrpuBaeMoil cucTeMe HBaKkyalldd MOKHO BBIIEIUTh TPU 0a30BbIX
MOJICUCTEMBI, KOTOPbIE B3aMMOACHCTBYIOT MEXIY CO00M, (POPMHUPYIOT U ONPEACISIOT BECh IPOIIECC
dBaKyalluu JIoeH (puc. 2):

— TOJIa NMEPEMEILAOIIUXCSA JIFOACH;

— BHEmHSSA cpena, dopmupyromas pucku yrposbl st moned (UC, moskap). BuemHss
cpena (CP) orpaxkaeT HeraTWBHBIC BO3/ICHCTBHUS Ha JroJei B pe3ynbrare HacTyrwienus UC wim
noXkapa, KOTOpbl€ MOTYT TPUBECTM K BO3HUKHOBEHHMIO TIAHUKM U €€ JalbHEeHIemy
pacnpoCTpaHEHUIO Cpeau TOJdNbl. JIeHCTBUTENIBHO, JIIOOU, HAXOIAUIMECS B HOPMAJIbHOM
SMOILIMOHAIIBHOM COCTOSIHUU, COOJIIOIAal0T OOJBIIMHCTBO TpeOOBaHMI B Mpollecce 3BaKyalluu
U TNPUHUMAIOT aJIeKBaTHbIE PEUIEHMs, B TO BpeMs KakK JIIOJW, HaXOASIIMEcs B IaHUYECKOM
COCTOSIHMM, MOTYT IPUHHUMAThb HEBEPHOE HANpPABJICHHE 3BaKyallld, IepeAaBaTh IMaHHUYECKOE
COCTOSIHME OKpYXKAIOILKUM JIIOJSM, TO €CTh 3alycKaTb IHPOLECC <«3apaXKeHHs». YBEIUYEHUE
KOJIMYECTBA JIIOJIEM B COCTOSHMM IAaHUKHU, €CTECTBEHHO, NPHBOJUT K CHHM)KEHHMIO aJIEKBaTHOCTH
NPUHUMAECMbIX PEIICHWHA TOJIBI B IEJIOM H, KaK CJIEICTBHE, K CHIDKEHHIO A(PQPEKTHBHOCTH
3BAKYyalllH;

— TOJCUCTEMa YIpaBJICHHs dBaKyanued (Moaysb npuHstus pemieHuid, MIIP), kortopas
MOXET BJIMATh Ha JIEUCTBUS HBAKyUPYEMbIX K B HEKOTOPOW CTENEHH KOHTPOJIUPOBATh
pacnpocTpaHEHUE MTAaHUKU 33 CUET KOOPJIMHAIMH JEHCTBUM IBAaKyHPYEMBIX B YCIOBHUSIX OIMACHOCTH
MyTeM OIOBEIIECHUS JIOACH C HCIIOJIb30BAHUEM pA3IMYHBIX TEXHUYECKUX CPEACTB (3BYKOBOE
U pEUCBOE OTOBEICHHUE, CBETOBBIC TA0JI0, YKA3aTeIH U JIp.).

I~ T T T T T T YnpasneHue
3BaKyauuen

A

dBaKyauusa
(Tonna)

Puc. 2. CTpykTypHasi cxeMa CHCTEMbI 3BaKyalluu

Ha ocHOBe nprMeHeHus: MeToja IEKOMITO3ULIMHU NIEPBYIO U3 TAHHBIX MOJCUCTEM MOXKHO €I1Ie
pa3JeNnuTh Ha psiJl B3aUMOIEHCTBYIOIIMX JIEMEHTOB!

— oOuiee KOJIMYEeCTBO IBaKynpyeMbIx u3 3aanus (OKD);

— KOJIMYECTBO JIIOJICH, Haxoasmuxcs B nanuueckoM coctostauu (I1C);

— KOJIMYECTBO JIOJIEH, HAXOAIINXCSI B HOpMaTbHOM 3MoIMoHanbsHOM coctosiann (HOC);

— ko3 duuuent tounoctu (KT) BoiOOpa HanmpaBiieHUs ABHKEHUS TONIBI B LEJIOM, TO €CTh
I mroaed, Haxonsmmxcsd B HOC, tak m 1o eficTBHeM NaHNYECKUX aTak,

— ckopocTh 3Bakyaruu (C3), To eCTh CKOPOCTh JABHKEHUS TOJIIBI;

— WHTEHCHBHOCTh odBakyamuu (MD), TO ecTp KOJIMYECTBO JIOACH, YCIEIIHO
NePEMECTUBIINXCS B 0€30MaCHYIO 30HY Yepe3 BBIXOJI ONPEACIEHHON IIUPHUHBI B CEKYH/TY;
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— kodpdumment oHBakyanuu (K3), TO ecTb OTHOIICHHE 4YHCIA JIOACH, YCIEITHO
HBAaKyHpPOBAaHHBIX B 0€30MacHOE MECTO, K OOIlIeMy YHCIy HaxOOUBLIMXCA JIIOJCH B 30aHUH.
K93 orpaxkaet 3 PpeKTHBHOCTH IBaKyaIuu.

W3-3a 10CTaTOYHON CIIOKHOCTU MHTEPHpPETAlMH B3aUMOJCHCTBUS TPYHIIOBOIO MOBEICHUS
IUIL TIOJI00HOM CIIOKHOW CHUCTEMbI BEChbMa CYIIECTBEHHBIM CTAHOBUTCS KAa4eCTBEHHBIH METOJ,
B KOTOPOM B3aUMOJICHCTBUE MEXKAY Pa3IMYHBIMH JJIEMEHTAMH MOXKET OBITh IMPOCTO OIHCAHO
CIIETYIOIIUM 00pa3oM.

Cy1iecTByeT TpY BUJIa B3aUMOACHCTBUS MKy Pa3IMUYHBIMU 3JIEMEHTaMH, KOTOPbIE MOXKHO
OIHCaTh Tak:

— TOJIOKUTENBHOE BO3/ICHCTBHE, KOTOPOE 0003HAYACTCSA 3HAKOM «+);

— HEHTpaJIbHOE BO3/IEHUCTBUE, TO €CTh HE OKa3bIBAETCA HUKAKOTO BIMSHUS OJHOTO RJIEMEHTA
Ha Jpyroi, u obo3Hagaercs «0»,

— OTpULIATENFHOE BO3/ICHCTBHE, KOTOPOE 0003HAYACTCS 3HAKOM «—).

Hanpumep, paccMOTpuM B3auMOJEUCTBHE MEXKAY SMOIMOHAJIBHBIM COCTOSIHHEM JIIOJeH
B mporiecce 3Bakyanuu u CO. YBenuueHue koiduecTBa Jojaen, Haxomsamuxcs B HOC, npuBoaut
K yBenuuenuto C3O. [loatomy nmapamerp HOC oka3bIiBaeT MOJ0KUTEIBHOE BIMSHHUE HA MapaMmeTp
CD, uro oTpaxkaercss B BUJIE 3HaKa «+» (puc. 3). YBeIUYeHHE KOJIMYECTBA JIOJEH B COCTOSHUU
naHukd cHuwxkaer 3HadyeHue KT BeiOopa HampaBneHusi ABMKeHUs Toumbl. [lo aTolt mpuuune
napamerp IIC okaspiBaeT oTpuuarenbHoe BiausHue Ha napamerp KT, uro orpaxkaercs B Buze
3HaKa «+». AHAJIOTHYHBIM 00pa3oM MOTYT OBITh IOJIYYCHBI JIPYTHE B3aMMOJCHCTBHUS MEXIY
AJIEMEHTAaMU CHCTEMBbI 3BaKyalllu.

Ha ocHoBe mpoBeneHHOW HMIACHTU(UKAIUN DIIEMEHTOB CHUCTEMBI 3BAaKyalliH, BO3MOYKHBIX
B3aMMOJICHCTBUIl MeXIy HUMHU ObUla copMmHpoBaHa cXeMa HPUUYUHHO-CIEICTBEHHBIX CBS3EH
CHCTEMBI IBaKyalllH JIFOJICH U3 OOILIECTBEHHBIX 3MaHui (puc. 3).

+

+
CP OKD

Puc. 3. Cxema npu4nHHO-CJIeICTBEHHBIX CBA3eil mMpolecca IBaKyaluu

N3 naHHOM CTPYKTYpBI BUIHO, YTO B3aUMOJEHCTBUE MEK/ly BHEIIIHEN CPENOM, TOACUCTEMOM
yIpaBJIeHHUs dBaKyalleidl M TOJIMON SBaKyHUPYIOMUXCS (PAKTUYECKH MPEICTaBICHO MHOXECTBOM
KoJier; 00paTHOM CBSI3H.

JlanHasi cucTeMHO-IMHAMHUYECKass MOJeNb Obllla peaan3oBaHa B CUCTEME MMHTALMOHHOTO
monenupoBanusi  AnylLogic. UHccrnenoBanue Mozenu ObLJIO MPOBEAEHO JUIsl  aHAIM3a
B3aUMOJICMCTBUS Pa3IUYHBIX JJIEMEHTOB JPYr C APYrOM, B YacTHOCTH, BIIUSHHE YIPaBJICHUS
9BaKyallMel Ha MTAHUYECKOE COCTOSIHUE TOJIIIBI.

CornacHO cxeMe€ NPUYMHHO-CJIEACTBEHHBIX CBSI3€H HCCIEIyeMON CHUCTEMBI OCHOBHBIE
MEpEMEHHBIE U TMapaMeTpbl MOJENH, COOTBETCTBYIOIIME BBEJIEHHBIM JJIEMEHTAM, 3a/1aBaJICh
crenyronmmM oopaszom (Tada.).

PaccmaTtpuBaemasi cTpyKTypa CHCTEMBI (PHUC. 2) TIO3BOJISET TOIBKO MPUOIU3UTENHLHO 3HATH
MEeXaHU3M OOpaTHOM CBSI3U MEXKAY PA3IMYHBIMU dJIEMEHTAMH 4epe3 UX MPUUYUHHO-CJIEICTBEHHBIE
cBsa3u. Co3gaHue HMHUTALMOHHOM MOJENHM, PEATU3YIOIIEH CUCTEMHO-AMHAMUYECKUX TOAXO],
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MO3BOJISICT KOJIMYECTBEHHO OMMCATh 3Ty OOpaTHYIO CBs3b depe3 cucreMy AuddepeHInambHbIX
YPaBHEHHH U NOJYyYUTh IUHAMUKY MPOIIECCa.

Tabnuna. UcxoaHble TaHHBIE 11T MOJAETUPOBAHUS

ITapametp 3HaveHne 1 000CHOBAHNE
Jwnanason 3HaueHus napamerpa ot 0 1o 1. 3HadeHne OTpaXkaeT CTEICHb OeACTBUA. UeM
Cp ommwke CP k 1, Tem BbllIe ypoBEeHb ONacHOCTU. 3HaueHue mapamerpa CP moctenenHo

YBEJIMYMBAETCSA CO BPEMEHEM, UTO OTPAXKAET Pa3BUTHE CTENIEHU OMACHOCTH, HalpuMep,
pacnpocTpaHEeHUE ONACHBIX (PAaKTOPOB IMOXKapa
C pacnpocTpaHeHHEM U Pa3BUTHEM IOXkKapa OyIeT MOCTENEHHO YBEIUIUBATHCS
KOJIMYECTBO CETMEHTOB 3[JaHMs1, HAXOISINXCS B OMIACHOCTH, YTO Oy/AET MPUBOAUTH
OKD K YBEJIMYCHHUIO KOJIMYECTBA dBaKyupyromuxcs. To ects 3HaueHne napamerpa OKO
3aBucHuT ot nmapamerpa CP. Hauansroe 3nauerre OKD 0110 BEIOPaHO B KOJMYECTBE
1 500 uenoBek
Juana3zon 3HayeHus napametpa ot 0 qo 1. YUem Boime 3Hauenue MIIP, Tem Gombiie
criacaTeNbHbBIX yKa3aHuil TpeOyercs npu 3Bakyaunu. Ha HeoOxonumocTh
MITP 00 MH()OPMHUPOBAHUY TOJIIIBI U PETYJINPOBAHUN IPOLIECCA 3BAKYALIMU M CIIACEHUSI BIMSIET
ypoBeHb onacHOCTH (To ecTh nemMeHT CP). To ecTh ueM BhIme 3HaueHue napamerpa CP,
TeM Oounpine Oynet 3HageHue MITP
[Tapamerp HOC npeacraBiisieT KOIUYECTBO ar€HTOB B HOPMAJIBHOM COCTOSIHUH,
HD2C HE TMOJBEprHyBIINXCs naHuke. HavampHoe 3Hauenne HOC B Mozenn OBLIO IPUHSATO
1 000 uenoBek
[TapameTtp IIC, oTpakaromuii KOTUYECTBO JIOACH, MEPEUISAIINX B COCTOSIHUE TaHUKH,
I1C KOTOpBIe (POPMUPYIOT HECTAaHAAPTHOE TIOBECHHE B TIpoIlecce dBaKyannd. HadanpHOE
snauyeHue [1C B Mogenu Obi1o mpuHATO 50 YemoBeK

[Mapamerp KT npencrarisier K03 GHUIMEHT TOYHOCTH HAIIPABICHHUS 3BaKyaIlul BCEH

Toimbl B uenoM. [lpeanonoxum, 4o P; — BEpOSTHOCTB TOTO, YTO JIFOAU, HAXOAALINECS
B HOPMaJIbHOM COCTOSIHUM, BBIOMPAIOT MIPAaBUIIbHOE HAIIPABJICHHUE 3BaKyalllH,

a P; — BEpOSITHOCTB TOTO, YTO JIFOJIU, HAXOISAIINECS B COCTOSIHUM MTAaHUKH, BBIOHPAIOT
NpaBUIIbHOE HampasieHue 3Bakyaunu. ABN nMeeT BeposTHOCTB TOro, 4to P, BEIOEpeT
NPaBUIIbHOE HANpaBJICHUE, TOTAA!
KT=(H>C-P,+IIC-P,)/OKD.
3navenus BeposatHocTel P1 u Py, oueBunHo, 3aBucst ot MIIP, nockonbky npu
MIPaBUJILHOM YTIPABJICHUH 3BaKyallMeil 1 OMOBEUIEHUH C CTIONIb30BAHNEM Pa3TUUHBIX
TEXHUYECKUX CPEACTB 3HAUCHMS JAHHBIX BEPOSITHOCTEH OYIyT yBEJINUMBATHCS
HauanbHoe 3nauenue napamerpa CO 6buto npunsto 1 m/c. Koraa Tonma Oyner
e MOCTETIEHHO TIEPEXOIUTh B COCTOSTHHE TIAHWKH, TO 3HaueHue COD OyaeT yBelnnInBaThCs,
B CHJTY TOTO, YTO 3BaKyHpyrouuecs OyayT B OOJbIIEH CTEIEHN CTPEMUTBCS yOexKaTh
13 OIIACHOH 30HBI
[Tapametp 11D (MHTEHCHBHOCTH 3BaKyalliH) OTPAXKaeT KOJMYECTBO JIO/EH, YCIIEIIHO

KT

s 9BAKyHPYIOIINUXCS Yepe3 BBIXO ONpPEeIEHHON MIMPHHBI 33 CEKYHY (B TaHHOM CiIydae
B MOJISJIM PACCMATPUBAJIACH IIMPHHA BBIX0/1a 6 M)
KD [Tapametp K3 npencrasisier co60il cOOTHOIIEHHE JIFOJEH, YCIEITHO 3BaKyHPOBAHHBIX

B Oe3omacHoe MCCTO, K O6I]_IeMy KOJIMUCCTBY 3BAKYHPYCMBIX

[Ipy DOCTPOEHHMH CHCTEMHO-ITMHAMUYECKOW MOJENIN ONEpUpPYeM TpeMs OCHOBHBIMHU
rpynnaMy NepeMeHHbIX:

— IIepeMEeHHbIE, 3aJat0IIHe 3HAaUe€HUsI YPOBHS (HaKOMUTENHN);

— IIEPEMEHHBIE, OTPAXKAIOIINE CKOPOCTH MPOTEKAHUS MPOLIECCOB;

— BCIIOMOTaTeIbHbIE IEPEMEHHBIE.

[TlepeMeHHbBIE YPOBHSI MCIOJIB3YIOTCS AJI ONMCAHMSI MTHOBEHHOTO COCTOSIHHS DJJIEMEHTA
B CHCTEeME, OHU (POPMHUPYIOTCS MO BO3JEHCTBUEM BXOJHBIX U BBIXOJHBIX MTEPEMEHHBIX CKOPOCTEH
IIPOTEKaHUs MpolLeccoB. BcmomorarenbHble NEpEMEHHBIE HCHOIB3YIOTCA JJIs  BBIIOJIHEHUS
JIOTIOJTHUTENBHBIX aNreOpandyeckux omepanuil Win s ONHMCAHUS HETUHEHHBIX OTHOIICHUN
HEKOTOPBIX NIEPEMEHHBIX.
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[Tapamerper KT, C3, UMD u KD B paHHON Mozenu paccMaTpUBAJIUCh B KadyecTBE
MepEMEHHBIX CKOPOCTH MpoTekanus mpoiecca. [lepemenasie OKD, HOC, T1C sBastorcs ha3oBbIMU
[IEPEMEHHBIMH, KOTOpBIE OTPaKalOT W3MEHEHHUS COCTOSIHMSI CUCTEMBI BO BPEMEHM, TO €CTh 3TO
nepemMeHHble  ypoBHs (HakomuTenu). [lapamerper CP u  MIIP, oka3bpiBaromue BIUSHHE
Ha COCTOSIHMSI CHCTEMBI 3BaKyalluH, TAK)KE PACCMATPUBAINCH KaK IIEPEMEHHBIE YPOBHSI.

[Ipy wuccnenoBaHMM TOCTPOEHHOM MOJENU ObUT MPOBEAECH aHAIM3 3aBUCHMOCTH MEXKIY
CTENEHBIO PAaCIpPOCTPAaHEHHUsI OMACHOCTU M KOJMYECTBOM Jtonei, Haxosaumxcs B [IC. B nepsom
cillydae IMpeAnoyiarajioch, 4YTO OTCYTCTBYET MOJYyJdb TMOAJIEPKKH pEHIeHUd, TO €ecTh
HE OCYUIECTBIIJIOCH HHUKAaKOE PpEryJIMpOBaHUE IIOTOKA 3BAKYUPYIOLIMXCS W €ro OIOBEIIECHUE
(pe3ynbTaThl TpencTaBicHbl Ha puc. 4). Pe3ynabpTaThl HCCIEIOBaHUS MOKa3bIBAIOT, YTO MPHU
orcyrctBur MIIP manuka B Toime OyAET MOCTENIEHHO PacHpOCTPaHAThCs (C HAYaIbHOTO 3HAYCHHMS
B 50 yei.), a 3aTeM MO Mepe PaclpOCTPaHEHHsI OMTACHOCTHU MPH PACIPOCTPaHEHUH TUIOIIAIU TTOXkKapa
B 3JaHMM OyAeT UuMeTh JKCIOHEHIHMaldbHBIM pocTt. To ecTb NpUXOAUM K CHUTyallluu
HEKOHTPOJIUPYEMOT'O COCTOSTHUS TTAHUKH.

B nponecce 3Bakyauuu JrOAM, MOJJABIIMECS IMAHUKE WIM HaXOASILUECS B COCTOSTHUM
CHJIBHOTO AMOLIMOHAJIBHOTO BO30YXK/IEHUS, OYIyT IBUTATHCS C YBEIMUYEHUEM CKOPOCTH, XaOTUYHO
B MOMCKAaX 5BaKyallMOHHOTO BbIXoja. M3-3a 3TOro B OOJBIIOM CKOIUICHHWH JIOACH (Toime) OymayT
BO3HUKATh KOH(MIMKTHBIC CUTYAIUH, UTO SBHO HE Oy/eT MOBBIIIECHUIO 3 (HEKTUBHOCTH IBAKYaIIUH.
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Puc. 4. B3aumMocBsI3b MeKIy CTENIeHbI0 PACIIPOCTPAHEHHUSI ONIACHOCTH M KoJim4ecTBOM Jroaeii B IIC
(B OTCYTCTBHH MOIYJISI MOAAEPIKKH PelIeHuit)

[Ipn Hamuuuu MOAYNs MOAJNEPKKU pPELIeHHH SIBHO HAOOJaeTcsl clep>kKuBaromuid 3¢ dexr,
He no3Bossironmii pasputhio [IC mepeiiTu B HEKOHTpolupyemoe coctosiHue (Imormio) (puc. 5).
Pe3ynbraTthl MOKa3bpIBalOT, YTO KOJMYECTBO JroAen, Haxomsdmmxcs B [IC, Oynmer mocreneHHO
CHUXKATbCA J10 KOHTPOJIIMPYEMOro YypoBHsA. I3-3a B3aMMOCBSA3M MEXAY CTEIECHBIO Pa3BUTHUSA
OMACHOCTH W YPOBHEM OIIOBELICHUS W PETYJIMPOBAHUSA IIOTOKA 3BAKYMPYIOIIHUXCS 3HAYCHHE
napamerpa MIIP Gyner yBemuumBarhcsi mo Mmepe pocra napamerpa CP. Ecnum MHTEHCHBHOCTB
OTIOBEUICHMSI U YIpaBJICHHs TOJMOW OyAeT yBeIWMdeHa, TO 3TO, HECOMHEHHO, OyAeT MO3UTHBHO
BJIMSTH HAa COCTOSIHME TOJIBI M 00ecreynBaTh €€ aJeKBaTHOE MOBEACHUE B MPOIECCE IBAKYAIIHH.
JlanHble QakTopbl 0OOCHOBBIBAIOT COOTBETCTBUE IMOIYUYEHHBIX PE3YJIbTAaTOB pEalbHON CHUTYyalUH.
Taxxe 1o nmpu4MHe TOro, 4YTO BO BCeW Toime B LeiaoM aons moaerd B [IC B HadanbHBIII MOMEHT
BpEMEeHHM 3HauuTeNnbHO MeHblie aonu moaed B HOC (HOC >> I[IC), To mpu KauecTBEHHOM
YIpaBJIEHUH M PETyJUPOBAHUM IIOTOKA HBAKYHPYIOUIMXCS OyAeT NOoJy4deHa CHUTyalus, Kornaa
OOJIBIIMHCTBO JIOJEH, HAXOISAMIUXCS B HOPMAJIbHOM HMOILMOHAIBHOM COCTOSIHUM, TOBEIYT
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3a cO0O¥ MAHWKYIOIIUX JIFOJIEH, YTO TOCTENEHHO MPUBEIET K CHIDKCHHUIO UX KoindecTBa. To ecTh
B JIAHHOM CJIy4ae yAaeTcs YIPaBJISITh MPOLUECCOM PACIPOCTPAHEHUS TTAHUKHU B TOJIIIE.
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Puc. 5. B3aumMocBsI3b MeXKIy CTeNeHbI0 PACIPOCTPAHEHUS OMACHOCTH U KoJimyecTBOM Jrojeii B IIC
(Mpu HAJTMYUM MOAYJISI MOAAEPKKH peleHuni)

Onnako B ciydae, ecnu 3HaueHue mnapamerpa [IC He Oyner 3HAYMTENBHO MEHBIIE
napamerpa HOC, MOXHO TOIYYUTh COBEPIIEHHO JApPYrue pe3ylabTaThl, 4YTO Tpelyer
JOTIOJIHUTEBHBIX UCCIIENOBAHUM TaHHON MOJECIIH.

Janee ObUIO MPOAHANU3UPOBAHO BIMSHHUE PACIPOCTPAHEHUS TAHUKA B TOJIE
Ha >(QQeKTHBHOCTHh 3BaKkyanuu. JleWicTBUTENbHO, mapamerp WD, oTpakaronmii MHTEHCHBHOCTH
BBIXOZIa TOJINBI 4Yepe3 HIBAKyallMOHHBIM BBIXOJ B O€30MacHYI0 30HY, B OIpPEIEICHHON CTElNeHU
MOJKET paccCMaTpUBAThCS B KayecTBE MOKaszarens 3()(EeKTUBHOCTH 3BaKyanuu. J{Jsi 1eMOHCTpaIiu
BO3MOXXHOCTEI MOJENU U MPOBEICHUSI PACUETOB IO BAKYaIlUU JIFOJIeH U3 OOIIEeCTBEHHOTO 3aHUS
OBLIIO TIPEIIIOKEHO PACCMOTPETH IBAKyaIlMOHHBIM BBIXOJ] IIUPUHON 6 M. B cocTOosSTHMM MaHWKU WK
CHJIBHOTO SMOLMOHAIBHOTO BO30YXAEHUS, C OJHOM CTOPOHBI, Yy TOJIBI OyJeT YBEJIWYMBATHCS
CKOPOCTb JIBUJKEHUS, C JPYroil cTopoHbl, Oyner cHuxkaTbesi KT HampaBieHUM IBUKEHUS TOJIIbI
u3 3nanust. Ha puc. 6 mpencraBieHsl pe3yabTaThl B3auMocBsi3u Mexxay CO u UD.
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Puc. 6. B3anMocBs3b MesKIy CKOPOCTBIO TOJINBI 1 HHTEHCHBHOCTBIO 9BAKY AU
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Pesynprarel 1mokaspiBalOT, uTO Korjga 3HaueHue CO  HaxoguTcs B JIMana3oHe
ot 1,5 mo 1,7 M/c, 3HaueHHMe moKa3aTenas HMHTEHCHUBHOCTU MDD sABnsgercs HanOoJiee BBICOKUM.
C pampneiimm poctom CO 3¢ddexTuBHOCTh 3Bakyauuu Oyzaer ymenbatbesi. OOocHOBaHME
JAHHOTO pe3ysibTaTa COCTOMT B cieayrouieM. HawanbHoe 3HaueHune CO coctaBisiio 1 m/c, uto
COOTBETCTBYET CpEIHEN CKOPOCTH X0/AbObI uenoBeka. [lo Mepe pocTa miomaay noxapa B 31aHUU
U ONAaCHOCTH, JIIOJM OyIyT crapaThCsl 100paTbes 1O 0€301MacHON 30HBI KaK MOXHO ObICTpee, TeM
caMbIM OyJIeT YBEIMUMBATHCS CPEIHSSA CKOPOCTh MoToka. Kak pesynbrar Oyzaer yBennmuuBaThest U0,
JocTUras HauOOJbIIEro 3HauyeHus Ipu ckopoctu noroka 1,5-1,7 m/c. OpHako npanbHeimiee
yBenuuenue CD OyneT mpuUBOAWUTH K POCTY NMAaHUKU B TOJIE, OOPAa30BaHMIO CKOIUICHHUS JIOACH
y 9BaKyallMOHHOI'O BBbIX0Ja, YTO OYZAET BbI3bIBAThH NOsBIEHHE KOH(MIMKTOB B Toime. B utore MO,
HANpOTHB, HAYHET YMEHBIIATHCA, UYTO OYAET COOTBETCTBOBATh CHWKEHHUIO 3(PPEeKTHUBHOCTU
MaccOBOM IBaKyaluy.

3akjaro4yeHue

HecMoTps Ha TO, YTO B HACTOAINEE BPEMS IPOBEICHO 3HAYUTEIHHOE KOIHYECTBO
UCCIIEOBaHMii B OOJIACTH MOJEIMPOBAHUS IpoIlecca 3BaKyallMd W3 3JaHdil C MacCOBBIM
npeObIBAHUEM  JIIOJAEH, BOIPOCHI  BIMSHUS  IICHXO3MOLIMOHAIBLHOIO  COCTOSIHHS — TOJIIBI
Ha 3G PEKTHBHOCTH YBAKyallMH, a TAKKE BOIPOCHI YIIPABICHUS 3TUM COCTOSHHEM HE B ITOJHON Mepe
UCCIIEIOBAHBI.

Cucrema MacCoOBOM DJBaKyalliM OTHOCHTCS K KaTETOPHH CJIOKHBIX CHCTEM, B KOTOPOM
CYLIECTBYET MHOKECTBO JJIEMEHTOB, MMECIOLIMX CJIOKHBIC HEJIMHEHHbIE B3aUMOJICHCTBHS YT
¢ apyrom [19]. B mporiecce sBakyamnun eCTh JIFOIM, HaXOMAIINECS B HOPMAJIBHOM 3MOIMOHAIEHOM
COCTOSIHUH, NMPUHUMAIOIIAE aJICKBATHBIC PEIICHHUS B YCIOBHSAX OMAacHOCTH. OHAKO MOTYT OBITh
U JIFOJIM, BIAJAIOIIHE B MAHMYECKOE COCTOSHHE, MOBEJCHHE KOTOPHIX B YCIOBHUAX CTPECCa MOXKET
CYILIECTBEHHO OTJIMYATHCS, YTO MPUBOIANUT K CHIKEHHIO () (EKTUBHOCTH BAKYyal[HH.

CMOIeTpoBaTh TaKyl0 CJIOKHYIO CHCTEMY C MHOKECTBOM IIPHYHHHO-CIICIACTBECHHBIX
CBA3€il ¥ OIIEHWTH JUHAMHKY TIIPOIecCa HBaKyalldM Ha KAuyeCTBEHHOM YPOBHE OKa3bIBAETCS
BO3MOJKHBIM C HCIIOJIb30BAHUEM HMMHTAIHOHHOTO MOJICITUPOBAHUS, PEANTU3YIOMIEr0 CHCTEMHO-
auHaMudeckuii moaxon [20].

CyIIeCTBEHHBIM OTPAaHMYEHHEM B pa3pa0OTaHHOW MOJIEIH SIBISETCS BO3MOKHOCTH OIEHUTH
pe3yNIbTaThl MCKIIOYUTEIbHO Ha KauyeCTBEHHOM ypoBHE. OIIEHKY JOCTOBEPHOCTH IOJYyYEHHBIX
pE3yJIbTATOB MOJIENM Pa3yMHO MPOBOAWTH B CPaBHEHHH C M3BECTHBIMH pE3yJbTaTaMH JPYTUX
UCCIIeIOBaHMA. B 4acTHOCTH, MOJYYEHO, YTO Pe3y/IbTaThl MOJEIUPOBAHUSA JOCTATOYHO XOPOIIO
COrJacyroTcsi ¢ mccienoBanneM [21], rie mokasaHo, YTO 3HAYUTENBHOE YBEIHYEHHE CKOPOCTH
IBAKYUPYIOIIEHUCS TOJIIBI MPUBOAUT K CHIDKECHHIO 3(D()EKTUBHOCTH 3BaKyaIliy.

[MosydeHHbIE PE3yNILTAThl MOATBEPKIAIOT 3HAYMTEIHLHOE BIIMSHHE IICHXO3MOIMOHAIBLHOTO
COCTOSIHHSI TOJIIIBI Ha MPOIECC dBaKyaru. TakuM 00pa3oM, OUYeHb BaXKHBIM SIBIISICTCS YIIPABJICHHE
pacnpoCcTpaHEeHWEM TAHWKHA B TOJIIE UIi KOHTPOJIA CKOPOCTH W HAIPABICHHS €€ IBHKEHHS TIPH
moxkape B 0OIIECTBEHHBIX 3IaHUsX IS 00eCIieueH s CBOEBPEMEHHON M O€30MacHON 3BaKyaIliH.
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BJIUSAHUE MOKA3ATEJEN OKAPOOIIACHOCTH OTJEJBHBIX
MOP®OOJOI'MYECKUX KOMIIOHEHTOB CMECH TBEP/JbIX
KOMMYHAJUIBHBIX OTXOJ10B HA YTOYHEHHME KJIACCA

X OITACHOCTHA

Anna Pomanosna Caii™, Canxr-Ilerepoyprexuii ynusepeuter I'TIC MUC Pocceun,
Cankr-Ilerep0Oypr, Poccusi
a-novik@mail.ru

Annomayus. 3aXOpOHEHUIO Ha IOJIMTOHE TBEPABIX KOMMYHAJIbHBIX OTXOJOB IOJIEKAT
OTXOIbl, 00pa3yIoIIMecss B pe3yJibTaTe IMOBCEIHEBHOW JEATENHHOCTH B JKWIBIX JOMax, ogucax,
yTpaTUBIINE CBOU NOTPEOUTEIHCKUE CBOWCTBA.

B xozme mpoBeneHHOro uMccienoBaHus ObLT MPOAHATM3UPOBAH MOP(HOIOTHYECKU COCTaB
TBEPAbIX KOMMYHaJbHBIX OTXOJOB M UX IOXapooIacHble cBOicTBa. Mopdoiornyeckuii cocras
OTXOJIOB JOCTaTOYHO PAa3HOOOpPAa3eH, Ha HETO BIHUSET MHOTO (haKTOPOB, K MPUMEPY, COIUAIBHO-
SKOHOMUYECKOI'O TOJIOKEHHSI PErMOHA, B KOTOPOM PACIOJI0KEH MOJIUTOH TBEPABIX KOMMYHAIBHBIX
OTXOJIOB, KIIMMAaTUYECKHUE YCIOBHs. AHAIN3 TIOKA3all, 9TO C TEYCHHEM BPEMEHU MOP(HOIOTHIECKU N
COCTaB MEHSJICS, YTO OTpa)kaeTcs Ha CBOMCTBaxX 0TX0A0B. C n3MeHeHHeM MOpP(OIOrHYecKOro
COCTaBa M3MEHSETCS I0KAPOONAcHOCTh  0TX0J0B. IlokapoomacHOCTP OTXOJOB  3aBUCUT
OT TIPOLIECCOB, MNPOTEKAIOUIMX B TeJe€ MOJUIOHA, KOTOpPbIE, B CBOK OuYepedb 3aBUCAT
OT IUIOTHOCTH, TEMIIEPATyphl OKPYKAIOLIEH Cpelbl, «BO3PACTa» OTXOAOB, BIAXKHOCTH, U, KOHEYHO
&Ke, OT MOP(OJIOTUIECKOTO COCTaBa OTXOAOB. B mpoBeneHHOM HCCleA0BaHUN MTPOAHATH3UPOBAHBI
(bakTOphl, BIMAIONIME HAa TEMIIEPATypy CaMOBOCIUIAMEHEHHs. VICHBITaHHs TMPOBOAMINCH ITyTEM
MOMEIEHUsI TIOJTOTOBJIEHHBIX O0pa3loB B MydenbHyl0 medb. [l obOecredeHus BO3MOXKHOCTH
JIOCTyIa KUCJIOPO/a TOMOYHAs KaMepa OcTaBajlach OTKPBITOM. B Xoze mpoBeneHus sKcriepuMeHTa
MIPOBOAMIIACH (PUKCAIMS MTapaMeTPOB (TeMIiepaTyphl) ¢ MOMOIIBIO TUPOMETpa. bbln Hccae10BaHbI
«CBEYKHUE» U «CTapble OTXOJIbI».

Knrouesvie cnosa: mopdonoruueckuil cocta, TBEp/Ible KOMMYHAIbHbBIE OTXOMbI, MOXKapHas
OIIaCHOCTb

Js uutupoBanus: Cait A.P. BrnusHue nokasarteneil mosxapoonacHOCTH OTAENBHBIX MOP(OIOTHUECKUX
KOMIIOHEHTOB CMECH TBEPABIX KOMMYHAIILHBIX OTXOJIOB Ha yTOYHEHHE Kiacca WX omacHoctd // Hayw.-
ananut. )xypH. «Bectauk C.-Ilerep6. yn-ta [TIC MUC Poccun». 2022. Ne 1. C. 195-203.

NFLUENCE OF FIRE HAZARD INDICATORS OF INDIVIDUAL MORPHOLOGICAL
COMPONENTS OF A MIXTURE OF SOLID MUNICIPAL WASTE ON CLASS
REFINEMENT THEIR DANGERS

Anna R. Say™, Saint-Petersburg university of State fire service of EMERCOM of Russia,
Saint-Petersburg, Russia
23-novik@mail.ru

Abstract. Waste generated as a result of daily activities in residential buildings and offices
that have lost their consumer properties are subject to disposal at the municipal solid waste landfill.

In the course of the study, the morphological composition of the municipal solid waste
and their fire hazardous properties were analyzed. The morphological composition of waste is quite
diverse, its composition is influenced by many factors, for example, the socio-economic situation
of the region in which the municipal solid waste landfill is located, climatic conditions. The analysis
showed that over time the morphological composition changed, which is reflected in the properties

© Canxr-Ilerepoyprckumii yausepcuteT [ TIC MUC Poccun, 2022
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of the waste. With a change in the morphological composition, the fire hazard of waste also
changes. The fire hazard of waste depends on the processes occurring in the body of the landfill,
which in turn depend on the density, ambient temperature, «age» of the waste, humidity,
and, of course, on the morphological composition of the waste. In the study, these factors that affect
the autoignition temperature are analyzed. The tests were carried out by placing the prepared
samples in a muffle furnace. To ensure oxygen access, the combustion chamber remained open.
During the experiment, the parameters (temperature) were recorded using a pyrometer. «Freshy
and «old waste» were investigated.
Keywords: morphological composition, solid municipal waste, fire hazard

For citation: Say A.R. Nfluence of fire hazard indicators of individual morphological components
of a mixture of solid municipal waste on class refinement their dangers // Nauch.-analit. jour. «Vestnik Saint-
Petersburg university of State fire Service of EMERCOM of Russia». 2022. Ne 1. P. 195-203.

Beenenune

Ha Ttepputopun Poccuiickoii ®@eneparnuu HacuuThiBaeTcss 8 323 HECAHKIIMOHUPOBAHHBIX
CBAJIOK U IIOJIUTOHOB, u3 KOTOPBIX HE BCE ABJISAIOTCA O UITHATEHBIMH
U 3apeructpupoBaHHbiMH. B MockBe 1 MoCKOBCKOW 00nacTu 3aperucTpupoBaHo 19 moiauroHos,
B Cankr-IlerepOypre u Jlemmnrpaackoir oOmactu — 21, B ApxaHrenbckoil oOmactu — 5,
B Kpacnosipckom kpae — 36, B CBepaioBckoii oomactu — 39 moauronos u T.1. [1].

Mopdosoriueckuii coctaB TBepAbIX KOMMyHanbHbIX 0Tx0moB (TKO) mocrarouno
pa3HoOoOpa3eH U 3aBUCUT OT MHOTUX (DAaKTOPOB, TAKUX KaK BpeMs rojia, KIMMATUYECKUE yCIIOBUS,
IUIOTHOCTH CKJIAIMPOBAHMSI, OJIATOCOCTOSIHUE HACEIICHHS.

Hauanom u3yuenus u ananuza TKO moxHO cuntate XX B., 10 3TOrO BPEMEHH CBEICHUN
o cocrabe TKO mner. Mopdonornuecknii coctaB TKO otnuuaercs kak: B Poccun, Tak

U 3a pyoexxom. B Tabn. 1 u 2 mpencraBieH COCTaB OTXOJOB HECKOJBKHX TOPOJOB B Hauale
1920-x rr. [2].

Tabnuma 1. MopdoJsioruueckuii cocTaB KOMMYHAJIBHBIX 0TX0/0B T. JlonaoHa 1924 r.

Ne i/mn Opakrus % Mac.
1 YT0s1ep0o10coiepKaIIUEe OTXOIbI 25,65

2 [TuneBsle OTXOOBI 0,37

3 TkaHb, BETOIIb 0,40

4 Bymara, BOJIOKHUCTBIE MaTepHaIbl 13,15

5 3omna 47,00

6 [Tp11B ¥ TpsI3B 9,75

7 Merasuisl 0,68

8 Crexiio 2,57
Hroro 99,97

N3 nannHbIX B Taba. 1, 2 BugHO, yto coctaB TKO ornnuaercs, oHaKO KOJIMYECTBO Oymaru,
MUIIEBBIX OTXOJOB HAaXOAWUTCA B IpeolianarolieM KojudecTBe. B MociaeBOEHHBbIE T'OJbl COCTaB
OTXOJI0OB TOXE OTJIMYAJICA, NIEPBBIE TaHHBIE 110 COCTaBYy MOSABUINCH B Havase 50-X IT., a BO BpeMs
Bropoii MHpoOBOI BOWHBI YYEeT COCTaBa OTXOAOB He Bencs. M3 aHamm3a JOBOEHHOTO
U IIOCJIEBOCHHOI'O BPEMEHH MPOCIIEKUBAIOCH, YTO COCTAB 3aBUCENI OT MECTA PACIIOIOKEHHS TOpPOIa
1 YPOBH$ KW3HU HACEJICHHUS.

C u3meHeHueM YCloBUHl ku3HM obOmiecTBa B coctae TKO mocTeneHHO yBenWYHBaIOCh
KOJMYECTBO MOJMMEPHBIX, YMAKOBOYHBIX MaTepuajoB (IIacTMacca, IUIACTHK), YTO CKa3ajoch
Ha CHUKCHUU X IUIOTHOCTH (Tabm. 3-5).
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Taomuiia 2. Mopdosornueckunii coctaB TKO ropogos CCCP 20-x rr.

% Macc. 1o CyXoMy Becy
Ne Opaknus Mocksa r. Onecca r. baky Mocksa JlenuHrpan
1926-1930 rr. | 1929-1931 rr. 1927 r. 1949-1953 rr. | 1951-1954 rr.
1 JlepeBo 7,0-7,2 2,2 0,6 1,4 57
2 bymara 16,4-17,2 6,7 6,4 15,5 14,7
3 TexkcTuin 2,5-4,3 1,8 45 1,1 4.7
g | [hmmessic 16,5-28,2 17,7 6.4 32 6.9
OTXOJIbI
5 Vronp, IUIaKu 1,0-3,1 3,2 0,2 - 0,2
6 Koctn 2,3-3,5 1,0 2,2 0,4 5,2
7 Meraun 1,1-1,6 0,9 0,5 1,7 6,1
8 Kamuu 3,6-8,3 8,9 2,9 6,1 7,9
9 Crexno 1,6 — — 1,3 59
10 | Memmitoreer |53 290 28,8 24,3 28,2
(3 ) 40,5
11 | Kpymusii otceB | g6 54 5 24,3 9,0 135
(15 Mm)
BrnaxuaocTs o6mas B % 47 35,0 Her Her nannpix 47
JaHHBIX
Hroro — 95,5 56,9 100 99
Tabmuua 3. Mopgoaorunyeckuii cocraB TKO Mocksbl, % macc.
I1o meTonuke I1o meTonuKe PacuerHuriii
KommonenT [5] [3] AKX [6] [4] COCTAB
bywmazittre 20 17,42 19,7/18,67 16-20 18
OTXO/bI
JepeBo 1 0,88/0,75 16-20 1
TekcTuib 2 2,14 4,26/4,26° 2,5-5,5 4
Koka, pesuna 1 0,81/0,74 2,5-5,5 1
Merasi 3 2,38 1,83/1,32 184
Crexio 17 15,44 16,82/14,29 7-15 16
Kamuu 1 0,98/003 | (BocHoBHOM
CTEKJIIO)
ITnactmacca 14 13,39 14,21/12,68 15-26 152
Hmmensie 18 18/7,84 511 11
Otces/ MI:)J'IKaS{ 38,36
3
¢bpakuus - 10,4170 32-38 34
ITpouee 13 10,87 12,1/6,69

1 — B umcnuTene odIee coaepkaHue, B 3HAMEHATeNe — OTXOAbI Oonee 50 MM; 2 — BKIJIIOYAsl IAMIICPCHI;
3 —orceB < 15 MM

Tabnuua 4. Mopdoaornyeckuii cocraB TKO Cankr-Ilerepoypra [7]

Tun TKO OTHOCHUTETbHAS )10;151 OT 0011Eero
KosmdecTBa, % macc.
Oprannueckne 0TXOAbl 27,4
Bymara u xapTon 21,5
IIBeTHBIE METAILIBI 3,8
UepHbie MeTaLIbI 0,8
Crexiio 8,9
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Tun TKO OTtHOCHUTENbHAS I[O(J)'I)I oT 001IeTro
KOJIMYeCTBa, % Macc.

TI9T (ITommaTrneHTepedTamaT — TEPMOILIIACTHK) 34
[TnacTyK BEICOKOTO JIaBICHUS 1,0
[TonudTHIEHOBBIE INIEHKHA 7,4
Jlpyrue TuiacTiKm 2,5
TekcTunp, KokKa, pe3uHa 4,3
HepeBo 2,5
[BX (ITonuBuHUIXIOPUA) 0,1
WnepTHBIE MaTepuabl 12,8
IIpoune maTepuansl 2,8
Hroro 100

[Tpeobiagaroriee KOJTMIECTBO OTXO0B 3aHUMAOT IMHIIEBLIC OTXObI, Oymara, MmiIacTHK.

Tabnuua 5. Mopdosaoruueckunii coctaB TKO r. Ilerpo3aBoacka

3a JIeTHHIi 1 ocennmii mepuoxa 2017 r. [8]

Jletnuit mepuon coopaloceHnuii neproa coopa
dpakmus 0 o
P Macca, kr O6Ben, HHOTHO(s:TL, % TIO % TIO
Kr/ M Macce 00BeMy
[I9T-6yThUIKH 25/11,2 0,765/0,245 | 35,05/45,7 1,20/2,8 5,8/8,3
ITnactuk 28,7/15,2 0,4/0,320 68,29/47,5 1,38/3,7 3,0/10,8
IMonustuneH 15,3/20,2 0,285/0,429 | 53,79/47,1 0,74/5,0 | 2,2/14,6
[TeHOMOIUCTHPOIT 2,9/5,3 0,178/0,109 | 16,28/48,9 0,14/1,3 1,4/3,7
VI1aKkOBOYHBIE ITAKETHI 6 0,127 47,18 0,29 1
Tetra-Pak 15,3/9,8 0,29/0,226 52,59/43,4 0,74/2,4 2,217,7
Pampers 14/15,3 0,049/0,069 | 285,35/221,7 | 0,67/3,8 0,4/2,3
Crekio 89/54,3 0,401/0,169 | 274,31/321,3 | 4,28/13,4 | 3,1/5,8
AJIFOMUHHEBBIE OAHKH 1,55/1,3 0,049/0,047 | 31,59/27,7 0,07/0,3 0,4/1,6
Kectb 31/2,8 0,149/0,059 | 236,73/47,5 1,49/0,7 1,1/2,0
Beroms 84,4/12,1 0,747/0,075 | 154,32/161,3 4,06/3 5,7/12,6
Kapron/6ymara 106/36 1,787/0,634 | 59,77/56,8 5,10/8,9 | 13,6/21,5
JepeBo 55,7 0,44 126,59 2,68 3,4
Hecoprupyeubie 1075,45/78,5 | 5,41/0,209 | 198,79/375,6 | 51,70/19,3 | 41,2/7,1
OTXOMBI
[TumeBsie OTXOMBI 529,7/129,5 2,04/0,287 260/451,2 | 25,47/31,9 | 15,6/9,7
Kepamuxka -/1,5 -/0,003 -/500 -/0,4 -/0,1
MeaukaMeHThI -/2,1 -/0,003 -/666,7 -/0,5 -/0,1

B pesynpTaTe mpOBENEHHOrO0 aHalM3a HAayYHO-TEXHUYECKOW JIUTEpaTypbl MOXHO
NPEUIOKUTh CIEAYIOIIYI0 HAy4YHYK THUIIOTE3Y: Ui OOBEKTUBHOIO OOOCHOBaHMS Ha3HAYECHUS
kinacca omacHocTH cMecn TKO [9] HeoOXomumo ydHWTBIBATH IOKa3aTeNH MOXKapOOIACHOCTH
ee OTACIbHBIX KOMIIOHEHTOB. TakuM 00pazoMm, LEIbI0 HCCIEAOBAaHHS ObUIO HM3yueHHUE BIMSHUSA
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MoKasareie MoKapoOMacHOCTH OTACIbHBIX KOMIIOHEHTOB Mopdonorndeckoro cocraBa TKO
Ha KJIacC WX OMAaCHOCTH.

Metoanl ucciaenoBanus

B xoxe wuccienoBaHus MPUMEHSUIUCh SMIIMPUYECKHE METOJbl HCCIIEIOBAaHUS: METO]
W3YYCHHS PA3IUYHBIX MCTOYHUKOB MH(OPMAIMH, aHAIHM3a MOJYyYECHHBIX CBEIACHHIA, HAOJIOJICHUE
1 DKCIIEPUMEHT.

Xapakrepuctuka TKO HeoOxomuma st ompeaeieHHs Kiacca OMNAcCHOCTH OTXOJIOB.
B cootBerctBuun ¢ ®enepanbHbiM 3ak0oHOM OT 24 wmioHa 1998 1. No 89-®d3 «OO6 orxomax
MPOU3BOJICTBA U MOTPEOJICHUS» ONMPEICISIIOT MIATh KJIACCOB OMACHOCTH OTXOJIOB, KJIACC OTXOOB
3aBUCUT OT CTEIICHM HETaTHMBHOTO BO3JCHCTBUSA Ha okpyxatomyto cpeny u [OCT P 53691-2009
«Pecypcocoepexenne. OOpamenne ¢ orxomamu. [lacmopt orxoma I[-IV kiacca omacHOCTH.
OcHoBHble TpeOoBaHusi». (CTeneHb BO3JCUCTBUS  OINpPEAETSCTCS  KPUTEPUSIMH, KOTOpBIE,
OTIPECTSAIOTCS  COOTBETCTBYIOIIUM  (efepaibHBIM  OpPraHOM  WCIIOJIHUTEIBHOW  BJIACTH,
PETyIHUPYIOIIUM JaHHBIA BOMIPOC.

[Tpuxa3 Pocnpupoananzopa ot 22 mast 2017 1. Ne 242 «O0 yrBepxaeHuun denepanbHOro
KJ1accu(PUKaIMOHHOTO Karajora otxonoBy» ompenenser TKO kak 7 31 000 00 00 O, nampumep,
73111001724u7311100221 5 — rae knacc onacHOCTH MpUcBanBaeTcs 4 win S5 (MajoonacHbie
Y IPAKTHUYECKU HE OIaCHBIE).

[ToxxapoomacHOCTM  OTXOJIOB B  TEUYEHHE JJIUTEIBHOTO BPEMEHHM HE  YACISIIOCH
3HAYUTEIILHOTO BHUMaHUs, kak U Mopdornoruueckomy coctaBy TKO. B cocrae TKO g0 cux mop
npeodiagaeT OOJBIION MPOIEHT IMOKAPOOIIACHBIX BEIIECTB U MAaTEPUAIOB, OCHOBHBIC U3 KOTOPBIX
peacTaBiacHbl B Ta0i. 6 [9].

B coorBerctBuum ¢ T'OCT 12.1.044-2018 «Ilo>kapoB3pBIBOOIIACHOCTh  BEIIECTB
u wMmarepuanoB. HomeHkrnarypa mokazaTeneid M METOJIbI WX ONpEACNCHUS» OINpeaensieTcs
M0’KapOONIACHOCTh OTXOJIOB JJIS MTACIOpPTa OTXO0I0B. [105KapoB3pEIBOONIACHOCTE MOP(OIOTHIECKOTO
cocTaBa OTXOJIOB MpeJCcTaBiieHa B Tab. 6.

Tabnuua 6. [TokazaTen MOKapoONACHOCTH OT/IeJIbHBIX KOMIIOHEHTOB
mMopdoornyeckoro cocrasa TKO [10]

Matepuan I'pynna Temneparypa Temneparypa Temneparypa
rOPIOYECTH BOCIUIAMEHEHHs | CaMOBOCILIAMEHEHHUs TIEHHUS
bymara Coprounit 230°C 230 °C 360 °C
Kaprow = | b it 258 °C 427°C 258 °C
ro()pUpOBaHHBIH
Pesuna Toprouee 275 °C 350 °C
JlpeBecuna Toprovas 255 °C 399 °C 295 °C
[ToscTrpos Coprounit 345-360°C 484-496°C
Creio Foprounii 260 °C 460 °C 100 °C
OpraHH4EeCcKOoe MaTepHal
Llepers Foprowmit 200 °C 570-600 °C -
MaTepual

ZIJ'ISI OnmpeaAcICHNA BO3MOXHBIX TIPUYHMH BO3HUKHOBCHHUA I10KApOB OBLIO IMPOBECACHO

Pe3y.]'leaTLI HCCJICJOBAHUA H HX oﬁcymennﬂ

HCCIICAOBAaHUC 11O OMMPECACIICHUIO TCHJ’IO(I)I/ISI/I‘-ICCKI/IX cpoiictB TKO.

HeobOxoauMo OBUTO OIpEeNeNUTh B3aHMMOCBSI3b MEXKAY COJCP)KAHUEM BIIATH, «BO3PACTOM»
OTXOJIOB M BpeMeHeM 3axopoHeHus. CTeneHb HAaKOIUICHHs TelUla Ha MOJHIOHE TaKXkKe WUrpaeT
poms  [11, 12].

Nnentuduxanms

B TIpeIOTBpalieHun u 6oproe ¢ moxapamu [13].

TEeMITepaTypbl

BOCIIIIaMCHCHU A

TKO
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Uccnenyemprii nomuron TKO naxoautcss B JleHuHrpaackoit obGmactu B 1. JleamieBo
(monuron HoBocenku). Ha monuroH mocTymnaroT OTXOMABI OT JKUJIBIX U KOMMEPUYECKUX OOBEKTOB.
[Tnomane 3aXOpOHEHUS COCTABIIACT MPUOIM3HUTEIHHO 22 Ta. Ha MOMUTOH €XeIHEBHO MOCTYHAIOT
1120 T oTXOHOB.

B xone uccrienoBanusi OBbLI OMpEENIEH «BO3PACT» OTXOAOB, C TOMOIIBIO HU3BATUS TPOO
C pa3nu4HOM TIyOMHBI W aHamu3a 0a3 JaHHBIX MmojuroHa (3 mecsma, 6 mecsies, 36 MeCSTYHBIC
u 60-mecsiunbie 0TXOABI). OOpasibl OTXOMOB OBLIM OTCOpTHpOBaHbI Ha muiieBbie (60 %),
apesecuny (12 %), tekctuas (1 %), 6ymary (5 %), meramn (2 %), crekio (6 %), kamens (1 %),
tactuk (13 %).

PaccuuthiBanace MaccoBasi JOJs KaXIOrO KOMIIOHEHTa B COPTHPOBOYHOM 0Opasie
0 Macce KOMIoHeHTa. YToObl MOTyYuTh 00pasell Aisd aHaJIM3a, Macca OTXO0B ObllIa YMEHBIIICHA
no 10 kxr myreM wu3MeNbUEHHUS U TMOCIEYIOLIEro KBapraBaHus. JlJis 3TOro HCHoiIb30BaIU
MOJIMATUJICHOBBIE T€PMETUYHBIE MEIIKH, IMOMEYaIM HMX COOTBETCTBYIOIIMM O0pa3oM: KaTeropus
U «BO3PACT.

HcnpiTanus TPOBOAWINCH IyTeM IOMEHIEHUs o0pasnoB B MydensHyro meub. [lepen
MOMEIIIEHUEM B IeYb MPOBOAWIOCH YIUIOTHEHHWE O0Opa3loB, MPOU3BOAWICS HMX Harpes
OT TeMIIepaTyphbl OKPYKAIOMICH cpeabl 10 MX caMOBOCIUIaMEHeHUus. B mporecce uccienoBaHus
UCIBITaTEIbHASI KaMepa OcTaBajlach OTKPHITON NIl oOecredeHus JOCTAaTOYHOU MOoJaun KUCIOpOoAa.
JIOKyMEHTUpOBaHKE TEMIIEPATyPhl MPOBOIUIOCH C IMOMOIIBIO HHPpakpacHoro nupomerpa online.
TemnepaTypa camoBoCIUIaMeHEHUs OblIa ONpe/ieieHa Kak BpeMs YCTOHYHBOTO TOPEHUSI.

Pesynbrarhl mOKazanM, YTO CYIIECTBYET CYIIECTBEHHAs pa3HHIlA B TeMIlepaType
CaMOBOCIJIAMEHCHUST MEXAYy «CBOKUMHU» M «CTapbiMu» otxomamu (6, 36, 60 mecsies).
WNnentuynas TeHaeHIus HaOI0Aaach U B OTHOILIEHUWU TEMIIEpaTyphl CaMOBOCINIAMEHEHHS BCEX
KaTeropuii OTXOJI0B.

Otxonpl ¢ OOJNBIIMM COJEp)KAHUEM BJIArM TPeOYIOT Oojiee BBICOKOH TeMIiepaTypbl
camoBocIulaMeHeHus. Ha pucyHke BugHO, yTO OoJjiee BBICOKAs TeMIlepaTypa CaMOBOCILUIAMEHEHUS
TKO xapakrepHa aist 00pa3ioB ¢ BBICOKUM COJIEP’)KaHHEM BJIaru:

— (TCEIMOBOCHJI - TTJl)/a ’

tCHMOBOCl’lJ’I

r71€ tcamosoenn — BpeMsi, HeoOxomumoe misi BocrutameHeHuss TKO, mun; T, — Temmeparypa
0. 0. 0
ieHus, ~C; Teamosoenn — TEMIIEPATYpa caMoBocIIaMeHeHust, ~C; a — CKopocTh Harpesa, C/c.
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Jns camoBocmmameHenuss TKO ¢ BmaxHocThIO 55 % HeoOxomuma Temrmeparypa Oonee
277 0C, a 1t TKO ¢ Brnaxuoctero 30-34 % — 226°-263 °C. Jnsa TKO ¢ meHbIIeH BIaXHOCTHIO
pu Temieparypax 183 %C u 197 °C, cootBercTBEHHO.

[TommyueHHble pe3ynbTaThl IMO3BOJISIIOT ClENaTh BBIBOJA, YTO BIAXKHOCTb SIBJISETCS
OTIPENIENAIONUM (PAKTOPOM I TEMIIEPATYPhl CAMOBOCIIIAMEHEHUSI.

HccnenoBanust NpoBOAWINCH AJISL KaXKIOrO BHAAa MOP(OIOrHUYecKOro KOMIIOHEHTa CMecU
TKO. Beicokas Temmneparypa caMOBOCIUIAMEHEHMSI XapaKTepHA Jii BOCIUIAMEHEHHUS «CBEXKUX»
orxonoB. [Ins TKO «Bo3pacTom» aBa JHS TeMIiepaTypa CaMOBOCIIAMEHEHHs COCTaBisia Oosee
263 0C, a mis TKO «Bo3pactom» 3-6 wMecsieB — 197° u 226 °C, coorsercrenHO.
TKO 36-60 mecsiieB caMOBOCIIaMEHSIOTCS TTpH Temreparype 178—183 ocC.

Takxke oTMmMedaercs, UYTO HMMEIOTCS CYIIECTBEHHBIE pa3nuuus Mexay «cBexumu» TKO
nu 36, 60-mecsunbiMH. BrnaxkHOCT, 00paTHO mpomopimoHabHA «BO3pacty» TKO, u Oonee
«CTapbIe» OTXO/bI UMEIOT MEHBIIYIO BIXHOCTB, 6ojee 5 %.

CaMonpou3BoJILHOMY BOSHHUKHOBEHHUIO MOkapoB Ha nojuronax TKO crnocoOcTByeT HU3Kas
IUIOTHOCTh OTXOJOB M HAJMYME€ SMUCCUM alleTOHAa — Ha CTaJuU aleTOHOI€HEe3a U METaHa —
Ha CTaJuu MeTaHoreHe3a. Takum 00pa3oM, BBICOKHE KOHILIEHTpAIlMM BbLACISIOIIUXCS alleTOHa,
MeTaHa, pacTyllas BCIEACTBHE OuoOXxUMHuUecKUx peakuuii Temneparypa TKO, BiaxxHOCTb,
KIIMMATHYECKHE YCIIOBUS SBISIOTCS OCHOBHBIMH IIPUYMHAMU MOKAPOB.

AHanu3 uzMeHeHuit Mmopgosornyeckoro coctaa TKO mo mokaszarensiM 1mokapoonacHOCTH
OTJENbHBIX KOMIOHEHTOB Mopdoioruueckoro cocraBa TKO c¢ yuetom wu3MeHeHus Kiacca
OMAaCHOCTHU MpPeJCTaBJIeH B Ta0I. 7.

Ta6muna 7. Knace omacuoct orxonoB mo F'OCT P 53691-2009 [9], ki1acc onacHOCTH € y4eTOM
BJIMSIHHS TIOKAa3aTeJsIell M0KAPOONACHOCTH M TeMIIEPaTypa CaMOBOCIIJIAMEHEeHUsI CMECH O0TXO0/10B

[lepron nccnemoBanus 1950 . 1970 . 2000 . 2015T.
Knacc mo TOCT [9] v-v v-v \VAAY \VAAY
Knacc omacuHoctH ¢

yuetoM BausiHuA [1110 V-V V-V V-V I

ITnoTHOCTE 0,6 ™ 0,5 '™ 0,3-0,5 ™M 0,2 /™M
Temnepatypa
CaMOBOCIUIAMEHEHUS 250 °C 207 °C 190 °C 178 °C
CMECH OTXOJIOB
3akioueHue

HccnenoBanue moxkapoonacHOCTH U3MeHeHHs! Mopdosoruueckoro coctaBa TKO nokaszainu,
YTO IUIOTHOCTh OTXOJIOB CHMIKAETCS M MPOMCXOAMT YKECTOUEHHE Kjacca OMacHOCTH OTXOJIOB,
KOTOpBIM ONpeneNnsercs B COOTBETCTBMM C NIPHKa30M MMHHCTEPCTBA HPHUPOJHBIX PECYPCOB
u okomorun Poccuiickoit ®Denepannn  DenepanbHON  CAyKObI O Ham30py B cdepe
npupojonons3oBanusd or 13 okra6ps 2015 1. Ne 810 «OO6 yrBepxkaenun Ilepeuns
CPEIHECTAaTUCTUYECKUX 3HAUYE€HUN JJii KOMIIOHEHTHOIO COCTaBa U YCIOBUS 00pa3oBaHUs
HEKOTOPBIX OTXO/0B, BKIIIOUEHHBIX B (hefiepalibHbIN KIacCU(PUKAMOHHBIN KaTaJor OTXOI0BY.
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