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HUHTEI'PAIIUA CUCTEMBbI OBIIECTBEHHOI'O KOHTPOJIA C
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Anunomayus. B cratbe paccmarpuBaercs mpo0JemMa BBICOKOTO YPOBHSI POM3BOJICTBEHHOTO
TpaBMaTH3Ma Ha 00BEKTax OTKPBITOH pa3zpaboTku mectopoxaeHuil B Poccun. Ha ocHoBe ananu3za
CTAaTUCTHYECKUX JIaHHBIX W HAYYHBIX IYOJIMKAlMil 3a TOCJICIHHE TOJbl BBISBICHBI OCHOBHBIC
MPUYMHBI  ABAPUHHOCTH, CpPEId KOTOPBIX JIOMUHUPYIOT OpTraHHW3aIl[MOHHBIC (DAKTOPHI H
HefocTtaToyHass A(PQPEKTUBHOCTh  CYIIECTBYIOUICH  cHUCTEMBl  KOHTpossi. (OOOCHOBBIBaeTCS
HEOOXOJIMMOCTh HMHTEIPAllMd TOCYJAApCTBEHHOIO HAI30pa C MHCTUTYTAMH OOIIECTBEHHOTO
KOHTPOJISI Kak IEPCIEKTUBHOIO HAIMpaBJICHHUS IIOBBIIMICHUS OC30MaCHOCTH TOPHBIX pPadoT.
[IpenmoxeHbl KOHIENTYaTbHbIC MEXaHH3Mbl CHHEPTUH HAJI30PHBIX M OOIIECTBEHHBIX WHCTHTYTOB,
BKJIIOYAsl CO3/IaHUE COBMECTHBIX KOMHUCCHH, 3aKOHOATCIIFHOES 3aKPEIICHHE IPaB OOIIECTBEHHBIX
WHCIICKTOPOB W BHeJApeHHe NHU(POBBIX IuIaTGopM MOHHUTOpWHTA. Peanmusanus TaHHBIX Mep
MO3BOJIUT OOECTIEUUTh CUCTEMHYIO MPODUIAKTUKY HAPYIICHUNH W CYHIECTBEHHO CHU3HUTH YPOBEHD
TpaBMaTH3Ma B OTPACIH, IIOBBICHB KYJIBTYpy 0€30MacHOCTH B TOPHOAOOBIBAOIICH OTPACIIH.

Kntouesvie cnosa: oTKpbITas pa3paboTka MECTOPOKICHUH, MPOU3BOICTBEHHBII TPaBMaTU3M,
TOCyapCTBEHHBIA HA/I30p, OOMIECTBEHHBI KOHTPOJIb, MIPOMBIIIUICHHAs 0€30MTaCHOCTD, HHTECTPALIHS
CUCTEM KOHTPOJIS, MpoduIakTUKa TpaBMaTHu3Ma, PoctexHamzop

Jast uutupoBanusi: Oxcannmuenko A.A., Ckpurnka A.B. MuTerparmmst cucreMsl OOIIECTBEHHOTO KOHTPOJIS C
TOCY/IapCTBEHHBIM HAJ[30POM KaK ()aKTOp CHIKSHHUS TPaBMaTU3Ma MPU OTKPBITOM pa3pabOTKe MECTOPOXKACHHI //
HamsopHass nesrenmsHOCT, W cymeOHast dKcrieptu3a B cucrteMe OesomacHoctn. 2026, Ne 2. C. 4-7.
DOI: 10.61260/2304-0130-2026-2-4-7

BBenenue

OOecnieueHre TPOMBINUICHHONH OE€30MacHOCTH W CHIDKEHHE TpaBMaTH3Ma OCTAIOTCS
MPUOPUTETHBIMU 33J]auaMH MHUHEPATbHO-ChIpheBOro Komruiekca Poccun. OtkpeiTas pazpaboTka
MECTOPOKIEHHUI compsKeHa ¢ BO3/IeCTBUEM Ha paOOTHHUKOB MHOYKECTBA OMACHBIX ()aKTOPOB, YTO
MOJTBEPKIACTCSI CTATUCTHKOW TOCIEAHUX JeT. TpaaulMoHHAas MOJeNb TOCyAapCTBEHHOIO
Ha/130pa, JOTOJHEHHAs TPOW3BOICTBEHHBIM KOHTPOJEM, HE BCErla IO3BOJISIET CBOEBPEMEHHO
BBUIBJIATh HApYUICHUs OPraHU3allMOHHOIO XapakTepa, SBIAIONIMECS KOPHEBOW MPUYMHOM
OONIPIIMHCTBA MHIUACHTOB. B 53TOH CBS3M aKkTyadbHBIM CTaHOBHUTCS BOIPOC HHTETPAIMH
rOCy/apCTBEHHOTO HAA30pa C CHCTEMOW OOIECTBEHHOTO KOHTPOJS, CIIOCOOHOW 00ecrnednTh
HE3aBHCUMYIO OIICHKY M ONEepaTHBHOE pearMpoBaHHE HEMOCPEICTBEHHO Ha pabodmx MecCTax.
Lenbto TaHHOHM CTAaThU SABISETCS 00OCHOBaHME HEOOXOAMMOCTH TaKOW MHTETpalluu M pa3paboTka
MPAaKTHYECKUX MEXaHU3MOB €€ pean3alyy.
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OcHoBHAA YaCTh

AHanu3 NpUYMH HECUACTHBIX CIIy4aeB Ha O0BEKTaX TOPHOW MpoMblIeHHOCTH Poccun
nokasbiBaeT, uto 10 90 % TpaBM M aBapuil MPOMCXOIMUT BCIEICTBUE HENPABWIbHBIX JIEHCTBHIA
nepcoHana, npuieM okojo 60 % BbI3BaHBl OLUIMOOYHBIMU MPEACTABICHUSIMH O PEAJbHOM YPOBHE
ornacHocTd. HauOonee TpaBMOONAacHBIM TPOLIECCOM B Kapbepe SBISETCS TEXHOJIOIMYECKOe
TpaHcnoptupoBanue: 42,6 % aBapuil MPOUCXOAUT B MECTaX KOHIEHTPALMU IPy30I0TOKOB, 38,6 %
MIPOUCIIECTBUNA Ha TpaHCIOpPTe OOYCIOBJIEHbl HAPYIICHUSAMU MNpaBUi JBMKEHUS. OCHOBHBIMU
MpUYMHAMU TPaBMaTHU3Ma OCTAIOTCS MaJeHHE aBTOTPAHCIIOPTa C YCTYIIOB, HA€3/bl Ha IMEPCOHAa,
BBIIYCK Ha JIMHUIO TEXHUYECKM HEUCIPAaBHBIX MAallUH, HU3KUH YpPOBEHb TpPYAOBOM H
TEXHOJIOTMYECKOM  AMCUMIUIMHBI, a TakXke HexocTarouyHas d()PEeKTUBHOCTb  CHUCTEMBI
MIPOU3BOJICTBEHHOTO KOHTPOJISL Ha OMAacHbIX 00bekTax [1].

CoBpeMeHHbIe JaHHBIEC T0 Maraganckoi 00JacTH MOATBEPKIAIOT 3TH BBIBOABL: B 2025 romy
OCHOBHBIMHM IMPUYMHAMU JIETKMX HECYACTHBIX CJIy4aeB Ha3BaHbl HEOCTOPOXKHOCTH paboTHuka (50
%) 1 HEYIOBJIETBOPUTEIbHAS OpraHU3alisl IPOU3BOJCTBA PadOT, BbIpa3UBILIasics B HE0OeCIIeUeHUN
KOHTPOJISI €O CTOpOHbI pykoBomutenet (20 %). [nsd CHuW)KEHUS TpaBMaTU3Ma B pETHOHE
PEKOMEH/I0BAaHO YCHJIMTh KOHTPOJIb 33 TEXHOJIOTMYECKON JUCHUIUIMHOMN, UCKIIOUUTh (hOpMasibHOE
MIPOBEICHUE MPOBEPOK U YCHWJIUTh KOHTPOJb 332 paboTON NOKHOCTHBIX jul [2]. Mccaenosarenu
OTMEYAIOT, YTO 3a JAECATUICTHUM MEepHoj HE MPOU3O0ILIO 3HAYUTEIILHOTO CHIKEHHUS pHUCKa
BO3HUKHOBEHHUSI aBapuil U HECUYACTHBIX CIy4yacB, UYTO CBHUJETEIBCTBYET O HAJIMYUU HEPELICHHBIX
npobieM B oOnacTtu oxpanbl Tpyaa [3]. PaboTel Apyrux aBTOpPOB Takke MOATBEPKIAOT
HE00XO/IMMOCTh COBEPUICHCTBOBAHUSI T'OCYJApPCTBEHHOW IOJIUTHUKU B OOJIACTH MPOMBIIIICHHOM
6e3onacHoctH [4, 5]. Ouenka npodeccuoHaIbHBIX PUCKOB Ha npennpustusx Mpkyrckoi obnactu
MIOKa3bIBAET, YTO MAKCUMAJILHOE UX KOJMYECTBO HAOJII0AAaETCsl MIMEHHO Y TOPHOPAOOUHX OTKPBITHIX
pa3pabOTOK, MAIIMHUCTOB SKCKABaTOPOB M OOJIBIIETPY3HBIX aBTOMOOMIIEH [6, 7].

Texkymiee cOCTOSHME TOCYJAapCTBEHHOIO HaJa30pa B TOPHOM  NPOMBINUIEHHOCTH
XapaKTepu3yeTcsl MOBBIIICHHBIM BHUMaHHEM co cTOopoHbl Pocrexnamsopa. B ¢espane 2024 rona
BEJOMCTBO MpeNoTBpaTHiIO 18 cepbe3HbIX aBapuil Ha YIVIEAOOBIBAIOIIMX HPEINPUATHIX
Kemeposckoit ob6mactu. I[lo manasiM Poccrata, mpou3BoAcTBeHHBIH TpaBMaTu3M B Poccun
CHIDKAETCS: YMCIIO TTOCTpagaBuX yMeHbmioch ¢ 40,4 no 20,3 ciaydast Ha 1 Teicsiay denoBek 3a 10
ner. OIHAaKO MOTEHIMAll CHWKEHUS TpaBMaTH3Ma 3a CYeT Oojiee TECHOrO B3aUMOJEHUCTBHUS C
OO0I11eCTBEHHBIMM MHCTUTYTaMH OCTaeTcs Hepeanu3oBaHHbIM [8]. B cooTBeTcTBHU ¢ DenepaibHbIM
3akoHOM Ne 116 «O mnpoMbIIITIEHHONW O€30IacHOCTH OIMACHBIX IMPOU3BOJICTBEHHBIX OOBEKTOBY,
OOBEKTBI OTKPBHITON pa3palOTKM SBJISAIOTCS MOJKOHTPOJIbHBIMH PocTexHaa3zopy, HO (opMallbHbIN
MOAXO0J K TIpOBEpPKaM CO CTOPOHBI CIIy>)KO IPOU3BOJCTBEHHOTO KOHTPOJIS CHHUXKAET MX
3¢ dexTuBHOCTb. MaTepuanpHblii yliepd OT aBapuil B TOPHOPYJIHOW HPOMBIIIJIEHHOCTH MOXET
ObITh KosoccanbHbIM: B 2006 Toxy oH cocraBisul 1109,8 mMaH py0., 4TO MOAUEPKUBAET BaXXHOCTh
npoduIaKTHIECKOr paboTs [9].

OOmiecTBeHHBIE KOHTPOJIL B cdepe OXpaHbl Tpyla MOXKET pPEaT30BBIBATHCS Uepe3
po¢Ccor03bl, YIIOJTHOMOUEHHBIX 10 OXpaHe TPyAa U KOMHUTETHI 10 OXpaHe TpyAa. TpynoBoi Koaeke
P® npenocraBnser mpodcoro3aM 3HAUMTEIbHBIE MOJHOMOYMS, HO Ha IPAKTHUKE MX MOTEHLHUAN
UCIOJb3YETCsl HE B MOJHON Mepe M3-3a (OPMaTIbHOTO MOJIX0/a, HEAOCTATOUHOM NMPaBOBOM 3aIUTHI
1 c1aboi MeToIMYecKoi moiepkku. HTerpanust o0miecTBEHHOT0 KOHTPOJIS ¢ TOCYAapCTBEHHBIM
Ha/J30pOM IMpEaIojaraeT Co3JaHUe CHUCTEMbI, B KOTOPOW pe3ysbTaThl OOIIECTBEHHBIX MPOBEPOK
OyayT uMeTb o00s3aTeNnbHBIH [JI PAacCMOTPEHMs] XapaKTep W CIYKUTh OCHOBaHMEM JJIs
BHEIJIAHOBBIX MpoBepok PocrexHanzopa. ['ocynapcTBeHHbIE MHCIEKTOPBI, 00anas BIACTHBIMU
MOJTHOMOYHUSIMH, MOTYT ONHpaThcs HAa MHPOPMALUIO OT OOIIECTBEHHBIX CTPYKTYp M Oojee
TOYHOT'O IUIAHUPOBaHUS MeponpusTHid. OOIIeCTBEHHbIE HHCIIEKTOPHI, IEHCTBYSl HEMOCPEACTBEHHO
B TPYJOBBIX KOJJICKTHBAX, CIIOCOOHBI BBISIBIISATH «IIPEIABECTHUKI» aBApH — MEJKUE HApyIICHHS
JTUCLUIUIMHBI U He0e30MacHbIe MPUEMbl pabOTh, CO3/JAI0IIME BBICOKMIA PUCK TpaBMaTU3Ma.

MexaHU3MBl TaKOW HMHTETpallMd MOTYT OBITh pPa3HOOOpa3HbIMH. Bo-TiepBBIX, co3naHue
COBMECTHBIX KOMHCCHM ¢ ydactueM Poctexnanzopa, mnpodcorw3oB u pabortomareneid s
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pacciieJoBaHMsI HECUACTHBIX CIIy4aeB M aHaJIW3a MHUKPOTpaBM. Bo-BTOpBIX, 3aKOHOJATEIbHOE
3aKperuieHue MpaBa OOIIECTBEHHBIX MHCIIEKTOPOB HANpaBIIATh MaTepHajbl B HAaJA30pHBIE OpraHbl ¢
0053aTeIbCTBOM HX paccCMOTpeHMs. B-TpeTbux, BHEIpPEHHE COBMECTHOIO MOHUTOpPUHIA C
UCIOJb30BaHUEM LHU(MPOBBIX TEXHOJOIMH, Korga HH(popMalMs O HapyLICHUAX Iepeaaercs
paboTronaTento JUisli HEMEIJIEHHOTO YCTpaHEHHMsS W aKKyMyJIUPYeTCs B HaJ30pPHBIX OpraHax Jyis
aHanmu3a puckoB. OcoOyr0 3HAYMMOCTb HHTErpanys MpPHOOpETaeT B YCIOBUSAX HW3MEHEHHUs
HOpMaTUBHOI 0a3bl. BeTyrieHne B CHily HOBBIX METOJIMK CIEIUAIBbHON OLEHKU YCIOBHUH TpyJa U
HOBBIX IIPAaBUJI 10 OXpaHe Tpya TpeOyeT 0OLUIeCTBEHHON KCIEPTU3bl UX PEan3allui Ha MECTax.

OO111ecTBEHHBIA KOHTPOJIb CIIOCOOEH BBIMOIHTH (PYHKIMIO OOpaTHOM CBSI3HU, IEMOHCTPUPYS
peaJIbHYIO0 KapTUHY IIPUMEHEHHUS HOBBIX HOPMAaTHBOB Ha MecTax. CHM)KEHUE yPOBHS TpaBMaTHU3Ma
HeceT B ceOe BBIPAKEHHbIH SKOHOMHYECKMH pPE30H: O00BbEM MpPSMBIX (PUHAHCOBBIX MOTEPH OT
MHIUJICHTOB (Iopya 00OpYAOBaHMS M KOMIICHCAI[MOHHBIE H3JIEPKKU) MOXKET ObITh pPaUKalbHO
cokpaieH. ®duHaHCMpPOBaHHWE MEXaHM3MOB OOIIECTBEHHOI'O HAA30pa W HUX COIPSDKEHUS C
JeSITebHOCTBIO TOCOPraHOB CIIEAyeT paccMaTpuBaTh Kak BIIOKEHHE B OecrnepeOoiHOCTb
MIPOM3BOJCTBEHHOr0 LMKJIA. OAHAKO JUIsl MOJTHOLEHHOTO BHEIPEHMs JTaHHOM MOJENN MpPEeICTOUT
paspemnth psan npobisem. HeoOxonmmo Ha 3aKOHOJATEIbHOM YpOBHE KOHKPETHU3UPOBAThH
MIOJIHOMOYHSI U TPABOBYIO 3aIIUTy OOILIECTBEHHBIX HMHCIEKTOPOB. TpedyeTcss co3gaHue eAMHBIX
METOJIMUYECKUX MOAX0JI0B K KOOPAWHAIIMK pabOThl CIIELUAIUCTOB 110 OXPaHEe TPYAa, IPOPCOIO3HBIX
sueek M MHcnekTopoB PocrexHanzopa. IlpuopureTHeiMH 3aadyaMu OCTAarOTCsl OOydeHHUE KaJlpoB
OOIIIECTBEHHOTO KOHTPOJI M 3allyCK MH()OPMAIMOHHBIX LU(POBBIX CEPBUCOB, 00ECIECUHUBAIOLINX
omepaTuBHBIM 00MeH gaHHbIMH [ 10].

3aKjIroueHue

[TogBoast wTor, cieayeT OTMETUTh, YTO OOBEIWHEHHE BO3MOXKHOCTEH OOIIECTBEHHOTO
HaJ30pa C JAEATEIHHOCTHIO TOCYAAPCTBEHHBIX KOHTPOIUPYIOUIUX CTPYKTYp B c(epe OTKPBITHIX
TOPHBIX PabOT BBICTYyNAECT 3HAYMMBIM PE3EPBOM JIJISi COKPAIEHUS YHUCIIA HECYACTHBIX CIIy4aeB Ha
npou3BojcTBe. M3ydeHune (HakTopoB, NPHBOMSIIMX K aBAPUHHBIM CHTYalUsM, YOEIUTEIHLHO
CBHUIACTCIILCTBYCT O HpCO6JIaI[aHI/II/I YOPaBJICHYCCKUX MPOCUYCTOB MW BIIMAHUA TOBCACHYCCKUX
acIeKTOB TepcoHana. [ HeWTpaiau3aluyd ITHX yrpo3 TpeOyeTcs peryispHbli MOHUTOPHUHT, HE
3aBUCSIIUNA OT aJIMUHUCTPAaTUBHOTO pecypca mnpennpustus. CoBMecTHas paboTa MHCIEKIUN U
MPEJCTaBUTENEeH OOIECTBEHHOCTH IMO3BOJIUT HAJIAIWTh BBISIBICHHE KPUTUYECKUX OTKIOHEHUH OT
HOpM 0€30MacHOCTH Ha dTare MX 3apoKACHUs. Pe3ynbTaToM Takoro B3aMMOJIEHUCTBHS CTaHET HE
TOJIbKO KOJIMYECTBEHHOE YMEHbBIIIEHHE TpaBMaTH3Ma, HO M Ka4yeCTBEHHOE YKPEIUICHHE KYJbTYPhI
0e30macHOTro TpyJa B JOOBIBAIOIIEM CEKTOPE.
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BOIIPOCBHI PABPABOTKHN CUCTEMbI MEHE/IZKMEHTA KAYECTBA
JIJIS1 CYJAEBHO-3KCHEPTHBIX YUPEKIEHUMI, BBIIMTOJHAIOIIUX
NHXEHEPHO-TEXHUYECKHUE SKCIIEPTU3bI

Ocunuyk Banepusi UropeBHa;
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CkykoBckuii AHaTosuil ['eHHaIbEBUY.
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Annomayus. B ctatbe 00CyXkJeHbl BOIPOCH! 3()P(PEKTUBHOrO ynpaBieHUs, MOJAEPIKaHUSL
BBICOKOTO YPOBHS KOMIIETEHLIMA OKCIEPTOB, a TaKKe IOBBIIIEHUS JOCTOBEPHOCTU U
00OCHOBAaHHOCTH BBIBOZIOB JKCIEPTHBIX 3aKIIOYEHHUH, aKTyalbHble Ui JIOOBIX 3KCIIEPTHBIX
YUPEKACHUH BHE 3aBHCHUMOCTH OT HMX OPTraHM3alMOHHO-TIPABOBOW ()OPMBI M BEAOMCTBEHHOM
npuHaanexxHocTu. [lpuBeneHbl NpakTHUYECKHE NPEUIOKEHHs Mo BorpocaM (HOpMUPOBaHMS
OpPraHM3allMOHHO-YIIPABJICHYECKUX PEUICHWM, a TaKKe METOAOB, IIPOLIECCOB U PECYPCOB,
IIPUMEHSEMBIX B LIEJIAX MOBBIIICHUS KaueCTBa CyA€OHO-3KCIEPTHOMN NeATEIbHOCTH, HEOOX0IUMBIX
JUISL CO3/1aHus yCIOBUN 3P PEKTUBHOTO o0ecTieueHns paBocyiusi. B cTarbe mpemiokeH aBTOPCKHUMA
MOJXO0A K BOIpOocaM pa3pabOTKM CHCTEMBbl MEHEIKMEHTa KauyecTBa s CyJeOHO-IKCHEePTHBIX
YUPEKICHUM, BBIIOIHIIOMUX WHXECHEPHO-TEXHUYECKUE DHKCIEPTU3bl, C YYETOM BBISBICHHON
creun(UKH UX IPOU3BOJICTBA.

Kniouesvie cnosa: cucrtemMa MEHEIKMEHTa KadeCTBA, PUCK-OPUCHTHPOBAHHBIA IIOAXOI,
cyleOHas 3KCIepTH3a, MHKEHEPHO-TEXHUYECKas SKCIEePTH3a, Cy1eOHO-IKCIIEPTHBIE YUPEKICHHS

Jonsi uutupoBanus: Ocunuyk B.M., MBaxaiok C.I'., CkykoBckmii A.I. Bompocbl pa3paboTKu cHUCTEMBI
MEHEIDKMEHTa KayecTBa ISl CyAeOHO-IKCIEPTHBIX YUPEKACHHH, BBIIOIHSIOMMX WHXEHEPHO-TEXHUIECKHE
aKcriepTr3sl // HanzopHast IesiTenbHOCTD | cyieOHas sKcrepTu3a B cucteMe 6ezonacHoct. 2026. Ne 2. C. 8-19.
DOI: 10.61260/2304-0130-2026-2-8-19

BBenenue

[Ipouieccyl  MPaKTHUECKOTO  BHEAPEHUS  MEXAaHU3MOB  MEHEKMEHTa KauyecTBa B
JeSATEeILHOCTh CyJ1e0HO-IKCIEPTHBIX yupexaeHuil (nanee — COVY) B Hamielt cTpaHe U 3a pyoekom
pa3BUBaIMCh Ha OCHOBE pasHeiXx KoHuenmuid. B CCCP npeBanupoBaid HayudHbIA TOAXOJ
OpraHM3alyi TpyJaa, NPEICTaBISIIOIIMA COOOM IPOLECC €€ COBEpIICHCTBOBAHUS HAa OCHOBE
JOCTHKEHHUH HayKU U TIEPEOBOrO OIbITA.

B cBoro ouepenp 3a pyOekOM OCHOBHOW MOJENBIO O0ECHedeHUs] KadecTBa pabOThI
WCCIIEIOBATeNIbCKUX M HUCIBITATEIbHBIX Jab0paTopuii, pe3yJbTaThl JEATEIHHOCTH KOTOPBIX
ABISIIOTCS  (DYHIAMEHTOM TIPHM TPOU3BOJICTBE OTICIBHBIX BUAOB CYACOHBIX SKCIEPTH3, ObLIa
BbIOpaHa cTaHAapTU3allMsi U akKkpeauTanus. IMEHHO 3TOT MOAXOJ CTall MPEBaJUpOBaTh B LIETAX
ONTUMH3AIMKA W TOBbIEeHUs 3(dexkTnBHOCTH AearensHocT COY W B Hamedl crpaHe ¢ Hadaia
2000-x romos.

© Canxkr-IlerepOyprekmii yauepcutet ['TIC MUC Poccun, 2026
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B cooTBercTBUM ¢ HUM cucTeMa MeHekMeHTa kauecTBa (fganee — CMK) sBisiercs yacTbio
oOmiell cucTeMbl yNpaBJIEHUS OpraHu3aluel, Koropas (yHKIMOHHPYET C IeJbl0 oOecrnedyeHus
CTaOWJIBHOTO KauecTBa MPOW3BOAMMON TPOAYKIMHA W OKa3bIBAEMBIX YCIYT C IOMOIIBIO
orpeeeHHON JoKyMeHTarmu [1].

B cootBerctBUM ¢ MexmyHapoaHeiM cranaaprom SO 9001-2015, ycranaBmuBarommm
tpeboBanuss k CMK opranuszanuu, HeoOXxonuma pa3paboTKa JOCTHKUMBIX LIEJeH, CBA3aHHBIX C
MOJUTHKON KadecTBa, SIBJSIOMICHCS OJHMM W3 TJABHBIX M CTPATETMYECKHX JIOKYMEHTOB
opranuzauuu [2]. DTOT JOKYMEHT NO3BOJISIET ONPEICIUTh IJIaBHBIC OCHOBBI M HAIIPaBJICHUS paOOTHI
B oOmactu kaudectBa. Ha ©0aze oOmieli moauTuku J000€ CTPYKTypHOE WM 000COOJICHHOE
MOJIpa3/ieJIeHue OpraHu3aluy yCTaHABIMBACT COOCTBEHHbIE LIEIU U 33/1a4M B 00JIaCTH KauecTBa.

Kaxkoit-mi6o ¢dopmann3oBaHHBIA MEepeYeHb 00s3aTeIbHBIX K pa3pabOTKe U HCIOTHEHHUIO
nokymentoB B ctangapre MCO 9001-2015 otcyrctByer. B cBOO ouepenb, TOKYMEHT 00s3yeT
CTaHJAPTU3UPOBATh TpOIEcchl, 3amokyMeHTHpoBaTh CMK u BBINONHATE pa3paboTaHHBIE W
IIPUHATBIE HOPMBI Ha mpakTuke. [Ipu 3TOM cucTemaru3anus HPOLECCOB, a TAaK)KE BHEAPEHHE
MOJIX0I0B KOMIUIEKCHOTO MEHE/DKMEHTa M TMocienyromas ceprudukanus Tpedyer 3HaUUTeIbHOM
HCCIIeZIOBATENIbCKOM M aHATUTUYECKOW pPabOThl, MPOBEAECHUS MHOXXECTBA ayJUTOB M, B LEJIOM,
OOJBIINX YCHIIMH CO CTOPOHBI pa3pabOTYMKOB, TaK KaK Kaxaas OTAeIbHAs OpraHu3alus oOagaet
LENbIM PAIOM cleuu(pUUecKuX OCOOEHHOCTEH M OIpelesIeHHbIM HabopoM o0palarouxcs
JOKyMEHTOB [3, 4].

Ilenpto aHHOM CTaTbU SBISUIOCH OKa3aHME COJAEHCTBHSI MEHEDKMEHTY OpraHM3alud B
BOMpOCax pa3pabOTKM HAy4YHO OOOCHOBAaHHBIX NPUHIMIOB co3maHuss CMK mis sKcnepTHBIX
YUPEXKACHUH, B 3a]Ja4l KOTOPBIX BXOAUT MPOU3BOACTBO MHKEHEPHO-TEXHUUYECKUX IKCIIEPTH3.

AHaJIUTHYeCKas 9aCTh

AxtyansHocTh BHepeHus: CMK B 5KCHEPTHBIX YUpEKICHUSIX 00YyCIIOBIeHa HEOOXOMMOCTHIO
obecnieynBaTh HaJJIeKallee KadeCTBO HCIIONHEHHMs BceX 0€3 WCKIIIOYEHHs TpOIeayp CcyaeOHo-
9KCTIEPTHOM JedTenbHOCTH. [Ipy 3TOM NpOM3BOACTBO CyAEOHBIX KPHUMHHAIUCTUYECKHX SKCIEPTH3
JIOJDKHO COOTBETCTBOBATH JeicTByronM B Poccuiickoit denepanuy HOPMATUBHBIM JIOKYMEHTaM,
OIIPE/ICIISAIOIINM TPEOOBaHUS K HKCIEPTHBIM OpraHu3alysaM, SKCIEPTaM, OCYILECTBISEMbIM HMHU
MIpOLEypaM, a Takke 0COOEHHOCTSIM IOKYMEHTO000pOTa.

NnxenepHo-TexHndeckue skcneptussl (nanee — MTD) — kmace cyneOHBIX B3KcnepTus,
OCHOBAHHBIM Ha CIEIMAIBHBIX TEXHHUECKUX 3HAHUSAX, CBSA3aHHBIX C M300peTeHueM, pa3pabOoTKOM,
CO3JIaHMEM, BHEAPEHHMEM, SKCIUTyaTallMed, PEeMOHTOM, OOCIyXHBaHMEM U (WIH) YIy4IICHHEM
TEXHUKH, MaTepHaJoB MU TMPOIECCOB, NMPUMEHUMBIM ISl BBISBIECHUS COOTBETCTBHSI OOBEKTA
yCTaHOBICHHBIM TpeboBaHusaM [5].

K WTD orHOCAT, B TOM 4YHCJIE, TOXKAPHO-TEXHUYECKHE, B3PHIBOTEXHUYECKHE,
aBTOTEXHUYECKHE M CTPOUTENBHO-TEXHUYECKHE dKcneptusbl. Mx mpowmsBoactso B COY
HamlpaBJICHO Ha BbBIBICHHE (DAKTOB U OOCTOATENHCTB MPOU3OIMISANIETO MPOUCIIECTBHS,
OIlpeJieNIeHue MPUYHUH BO3HHUKHOBEHUS HEIOCTATKOB, MHIUAEHTOB U JPYTUX MpoliieM B Ipolecce
MIPOU3BOJICTBA U DKCIUTyaTallil COOPYKEHHUH, 000pYyI0BaHUs, MeXaHH3MOB. KiltoueBbIMH 3a1a4yamMu
HUTD Ttaxke SABIASETCS yCTAHOBJICHHME NPUYMH TEXHUYECKUX HEUCIPABHOCTEM M aBapuil, aHAJIN3
COOTBETCTBUSI OOBEKTOB HOPMAaTHUBHBIM TpeOOBaHUSM, BbISBICHHE JE(EKTOB, OIIHOOK
IIPOEKTUPOBAHMSI M 3KCIUTyaTallUH, & TAKXKE YCTAaHOBJICHUE BUJOBOW M POJOBOM IPHUHAJJICKHOCTH
00BbeKTOB UccienoBanus [6, 7, 8].

NTD npoBoasTcs TocyJapCTBEHHBIMU SKCIEPTHBIMHU OpraHU3alUsAMU (Cy1eOHO-3KCIIepPTHBIE
yupexaenuss u nonpasaenenuss MUYC Poccum, skcnepTHO-KpUMHHaNHCTHYECKUE LEeHTpbl MBJI
Poccun, nieHTpsl cy1eOHbIX SKCnepTu3 npu MuHiocte, cyaedHo-3kcnepTHble neHTpbl CK Poccun u
1p.), 9aCTHBIMU JKCIIEPTHBIMH OpPTaHM3alUsAMHU (HAIpUMep, He3aBUCHMBIE SKCIIEPTHBIE OIOpo), a
TaKXe CepTUPUIMPOBAHHBIMU SKCIIEPTAMU U HHKEHEPAMHU C MPO(UIBHBIM 00pa30BaHUEM.

K crnemuduke npomsBonctBa MTD aBTOphl CUMTAIOT BaKHBIM OTHECTH CIICAYIOIINE
OCHOBHBIE MOMEHTBI:
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— BBICOKHE TpeboBaHMsI K 0a30BOMy 0Opa3oBaHHMIO SKCIepTa (BBICIIEE TEXHUUYECKOE
oOpa3oBaHue B 0071aCTH XUMUH, (PU3UKHU, TEIUIOTEXHUKU, MEXAaHUKH, CTPOUTENLCTBA U TIP.);

— 3HAQUYMUTEIbHAs! BEPOSITHOCTh IPHUBJICUEHUS CIELUAINCTOB CTOPOHHUX OpTraHU3aLUM,
o0najaromux HEOOXOAUMBIMHM JUIsl TPOM3BOJCTBA KOHKPETHOM S3KCNEpPTHU3bl KOMIETEHIMSIMU
(Hampumep, CHENMATUCT B 0O0JacTH NOKAapHOW aBTOMATUKM, YCTPOMCTBA MOJIHHE3AIIUTHI,
apTWIepuy, OECHMIOTHBIX JIETAaTENbHBIX aNapaToB, TEXHOJOTHU MPOM3BOJCTBA KOHKPETHOI'O
BU/JIa IPOAYKILIMHU U TIP.);

— UCIIOJIb30BAaHUE  JIOPOTOCTOSIILIETO AHAJIUTHYECKOro 00opyaoBaHus (Xpomarorpadsl,
ONTUYECKUE U IJIEKTPOHHBIE MUKPOCKOIIbI, CIIEKTPOMETPBI, Fa30aHaAIN3aTOPHI 11p.);

— BOCTPEeOOBAHHOCTh KOMIIETEHIIMHA CHEIMAINCTOB B O0JIACTH MPOBEACHHUS OCMOTPOB MECT
MIPOMCHIECTBUM (METOINYECKOE U TEXHUKO-KPUMHHAIUCTHUECKOE 00ecIieueHue);

— IIPOBEACHUE HUCIBITAHUN BEIIECTB M MAaTEpUAIOB B COOTBETCTBUM C JACHCTBYIOLIMMU
HOPMATHBHBIMH TEXHUYECKUMHU IOKYMEHTAMU;

— IpPOBEACHUE HATYPHBIX M MOJEIBHBIX JKCIEPUMEHTOB B OTHOLIEHHH OOBEKTOB
HCCIIeI0BaHUI pa3IuYHON IPUPOIBL;

— NPHUBJICYCHUE CTOPOHHUX OpraHM3alMi JJIS OKa3aHWs JONOJHMUTENbHBIX YCIyr (CHHTE3
B3pbIBYATHIX BEIIECTB, M3rOTOBICHWE MAKETOB WJIM MoOJeled OOBEKTOB HCCIEI0BaHMUS,
MIPEJOCTaBICHUE MAKETOB, HCHBITATEIbHBIX CTEHJIOB, MOJUTIOHHBIX IUIOIIAJ0K JJIS MPOBEICHHS
B3PBIBHBIX WJIM OTHEBBIX SKCIIEPUMEHTOB);

— MpoBeJeHHe padoT C OMacCHBIMM BELIECTBAMHU M MaTepuajlaMu (B3pbIBUaThle BEILECTBA,
roploYHe BEIIECTBA, JETKOBOCIUIAMEHSIOIIUECS KHUIKOCTH, SJOBUTHIE BEIIECTBA, OMOJIOTHYECKHE
00BEKTHI, TPYIHBIN MaTepua u 1p.).

K namnbonee cymiectBeHHbIM ocoOeHHOCTsIM UTD, B TOM umciie W A LeJel HacTOSIIeH
CTaTbH, CIIELyET OTHECTHU:

— HEOOXOIMMOCTh HEYKOCHUTEIILHOTO COONIOCHUST 0a30BbIX MPUHITUIIOB OOIIECTBEHHON
0€30MacHOCTH M JIMYHOW O€30MacHOCTH 3KCmepTa IMpu paboTe co crenupUYecKUMH OOBEKTaMH
HCCIIEIOBAHUS, 3aKJIOYAOLIasicsa, B TOM 4YuClie, B 005S3aT€IbHOM MPHUBJICYEHUH CIIEIMAIbHBIX CITYKO
IVl TIPEABApUTENBHOTO MHCCIEJOBaHUS OTHEIbHBIX OOBEKTOB 3KCHEPTU3bl (MH)KEHEpBI-Calepsbl,
aBapUiHO-cIacaTelibHbIe (POPMUPOBAHMS, CAHUTAPHO-3ITHIEMUOIOTHUECKUE CITY>KOBI U TIP. );

—  YHUKaJIbHOCTb  KaXAOro  HCCIelOBaHMsA, OOOCHOBBIBAIOLIAs  HEOOXOIMMOCTb
UHAUBUAYAIbHOTO IPOEKTUPOBAHUSA CTPYKTYpbl 3aKIIOUYEHHUS OKCIEpTa U  paclpelleleHUs
(GyHKIIMOHAIA MEX/1y 3a/1eHCTBOBAaHHBIMU IIPH €TI0 BBIITOJHEHUN UCTIOIHUTESAMHU.

[lepeuncnennas cneuuduka BoimonHeHuss UTD B o0s3aTenbHOM HOpsiiKe HE0OXOoaAMMa K
yueTy B Bompocax cozganuss CMK, Tak kak crmocoOHa OKa3blBaTh CYIECTBEHHOE BIHMSHHME Ha
pa3paboTKy npoueryp ynpaBiIeHUs] pUCKaMHU.

B coBpemMeHHOM Mupe BHEIpPEHHsS HMHHOBAlMi M ONTUMHU3ALMHU IPOLECCOB, BAXKHO
MIPOCYUTHIBATh KaKJbIM IIar ympaBlIeHUs, U YIpaBI€HHE pUCKaMH — B ocoOeHHocTu. OJHa U3
kmoueBbix nenet CMK  cocroutr B TOM, dYTOOBI OHa JEWCTBOBalIa Kak HWHCTPYMEHT
npenynpexacHus. lloHaTne mnpeaynpexaaronero AEHCTBHUsSI BBIPAXEHO YEpPE3 MCIOJIb30BaHHE
PHUCK-OPUEHTHPOBAHHOTO MBINUIEHUS TpU (OPMYIMPOBKE TpeOOBaHMN K CHUCTEME MEHEKMEHTa
KayecTBa.

Ho mpexae ueM NpUCTYNUTh K BBIABICHMIO M OLIEHKE PHUCKOB, B IEPBYIO OYepe/b,
HE00XOIMMO MPOBECTH BHYTPEHHHH ayIUT MPOILIECCOB, PEATN3yEeMbIX B OPTaHU3AIMH, B TOM YHCIIE,
B LEJAX BBIABICHHUS CYIIECTBYIOIMX Mpobsem. [[iIs 3Toro HEoOXOJMMO H3YyYUTh OTYETHBIE
JOKYMEHTBI, CYIIECTBYIOIIME METOJbl W3MEPEHUS U MOHUTOPUHIA IIPOLIECCOB, MPOCUUTATH
MoKa3aTea MX pe3yJbTaTUBHOCTH, a TaKKe IMPONHCATh MHOPSAKH OCYLIECTBICHMS, 4YTO Ha
HavyaJIbHOM 3Tane MojApa3zyMeBaeT pa3pabOoTKy MPOLIECCHON MOJENIN — COBOKYITHOCTH MPOLIECCOB U
B3aUMOJICHCTBUN MEXIy HUMH, PE3yIbTaTOM (BBIXOJOM) KOTOPOW SIBISETCS MPOAYKLUS (YCIyTH),
peanu3yeMble MOTPEOUTENSIM, a BXOJAaMH — MaTe€pHalIbHbIE, TEXHUYECKHE, MH(OPMALIMOHHBIE U
TPYAOBBIE PECYPCHI, TOJIy4aeMbl€ OT «IIOCTaBIIUKOBY [9].

Jlnst moHuMaHusl TiporieccoB, peanusytomuxcsi B COY, pemonnstomux WTI, aBTopamu
Obl1a pa3paboTaHa MPOIECCHAass MOEb UX MPOn3BoACTBa (puc. 1).
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Opranu3zanmoHHas CTPYKTypa MPOILIECCOB, PEANTM3YIOUIUXCS B IKCIIEPTHOM OpraHU3allvu,
COCTOMT U3 TpeX ypoBHeH. UeTsipe 0a30BbIX MpOIlEcca BEPXHETO YPOBHS: IUIAHUPOBAHUE, ayJUT U
aHaJIU3 SKCIEPTHOU AEATENIBHOCTH, a TaK)Ke NMPUHATHE YNPABICHUYECKUX PELICHUMN MPEICTaBISAIOT
co00#1 COBOKYITHOCTH YIPABJICHYECKUX MPOIIECCOB, KOTOPHIE 00ECMEUYMBAIOT PEaTU3alliio IIHKIIA
Hemunara (PDCA) [10]. Bropoit ypoBeHb pa3paOOTaHHOW MPOIECCHOW MOJEIH TPEICTABISICT
c000i1 OCHOBHBIE YKPYITHEHHBIE CTAJAUH MTOCIIEIOBATEILHOTO MPOU3BOICTBA CyA€OHBIX IKCIEPTHU3, C
y4€TOM BBISIBJICHHON aBTOpaMu cHeUU(pUKU HHKEHEPHO-TEXHUYECKOrO HampaBieHUs. [peTuii
YPOBEHB MPOLIECCHOM MOJENN PACKPBIBAET KOMIUIEKC 00€CIEeUHBAIOIINX MPOIECCOB, HEOOXOAUMBIX
K BBITIOJIHCHUTIO IIPHU IIPOU3BOJACTBC CYI[C6HBIX OKCIICPTH3.

1. TTpomeccrt ynpaenenus COV
IInasupopauue
AyaHT mponeccos AHamH3 IpoLeccor TlpunaTHe v
Cpema aKcnepTHOH VI0EAeTEOPEHHEOCTE
NPOHEOJCTEA 3KCIEPTHZ | IPOHIEOACTEA SKCIEPTH? | VIPARTEHIeCKHK PElleHH - o
OpTaHH3AIHH J—— noTpedHTeIeH
2. OcHOEBHEIE TIPOITECCHE IPOH3EOACTEE SKCIEPTHS
IpoextHpoBanue Conpoeoxgenne
Ilpoeenenne
OQuenxa CIPYKTYPEI 3AKTEO9EHHA
TIpuemxa uccnegorannii, | ITogrotorxa
De30MmacHOCTH ZAKTFOICHHA 3KCIEpTa (J0IpOoCckE
Tpeboranua MAaTEPHATIOE Ha HCIEITAHHI, AKTHOEeHHA
0DBEKTOR IKCIepTa H 3KCIIepTa,
- - -
noTpedHTeTEl 0DBEKT 3KCIIEPHMEHTOR JKCIEepTa Tpogysums 1 VeIyTH
HCCTIEAORAHHA |  PACHpedeneHHe BEICTVIUIEHHE B
HCCIeI0BaHHA HIIp.
bvEKUHOHATA cyae)
3. ObecniedHEarOIIHE IPOLIECCH
Obecnegenne
- -
Obyaenne u _ Obecmeuenne Vipaenenne
Oscurzamus 0DOpYZOBRHHEM H @unancoeoe Pesvmsrater CMK
ATIECTALHA HHGOPMAIHOHHOH | NPOH3EOACTECHHOH ?
22MHTEPECORAHHO PacKOSHBEIMH _ ~ obecriedenre
3KCIIEPTOR cpegoii De20MaCHOCTED
cTopoHEL MaTepHATAME

Puc. 1. IlpoueccHast Mmogeab nmpoussoacrea UTD

Opranuzanus JoKHA CIIOCOOCTBOBATH MOBHIIIEHUIO Ka4ecTBa CBOCH pabOTHI M 10OMBATHCS
YCTOWYHMBOTO yCIleXa 3a CYET MOCJIeI0BATEIbHOTO YAOBIETBOPEHHS MOTPEOHOCTEH M OXKUIaHHIMA
CBOMX 3aMHTEPECOBAaHHBIX CTOPOH (Haniee — 3C) Ha JOJITOCPOUHOU OCHOBE. /7151 3TOr0 HEOOXOAMMO
OTpeAeNnTh, Kakue M3 HHUX MPEJCTaBISIOT CcOO0OW pHUCK Ui €€ YCTOWYMBOrO Yycrexa Hpu
HEY/IOBJIETBOPEHUM UX MOTPEOHOCTEN M OKMUIAHWM, a KaKue MOTYT IPEJOCTaBUTh BO3MOKHOCTH
s ero noseimeHus [11]. Tlocne ompenenenus coorBercTByromux 3C OpraHu3anuy CileAyeT
UACHTU(PUIMPOBATH UX MOTPEOHOCTH M OXHUIAHHUS M ONPEACIUTh T€ M3 HHUX, KOTOPBIEC IOJKHBI
OBITh PAaCCMOTPEHBI, & TaK)KE YCTAHOBUTH MPOIECCHl, HEOOXOIWMBIE IJi YIOBIETBOPEHHUS HX
MOTPEOHOCTEN M OXKHTaHUH.

C y4eToM H3JI0KEHHOTO aBTOpaMU JJIsl UCCIIEyEMOTro Ipoliecca ObUIH BBISIBICHBI OCHOBHBIE
BBITOJIOTIpHOOpeTareny, mnaptHepsl W apyrue 3C, paccMOTpeHbl W TPOBEACH aHalIM3 UX
BO3MOXKHOCTEH U MoTydaeMbIX npedepeHInii, a TakKe MpeIoxKeHbl MEPOIIPHUATHS IO BOBJIEUEHHUIO
3aMHTEPECOBAHHBIX CTOPOH B OpPraHU3allMOHHBIE IIPOLIECCHI W OIpPENEIeHbl MPEUMYIIECTBa,
nonydyaeMmble COY, KOTOpbIe CBEICHHI B Ta0M. 1.

Jna  noctwkenus pesyiabratuBHOcTH  CMK  mpumensiercss  puUCK-OPHMEHTHPOBAHHOE
MblnieHne. KoHIenuss pucK-OPHEHTUPOBAHHOTO MBIIIJICHUS TOJpa3yMeBaeT BBINOTHEHHE
MpeynpexaatolnuX AeHCTBUM, HAIIPABIEHHBIX HA UCKIIOYEHHE MOTEHIUAIbHbIX, & TAaK)KE aHAJIN3
JTIOOBIX BOSHUKAIOUINX HECOOTBETCTBUI U MPUHITHE MEP MO MPEIOTBPAIICHUIO UX TTOBTOPEHHUS.
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Tabmuma 1

3anHTepecoBaHHBIE CTOPOHBI Nponecca nmpoussoacTea UTI

Buemnune 3C

Bosmoxuaoctu 3C

Cnoco0Obl B3aUMOAEUCTBUSA

NHnnmaropsl skcnepTus

YBenuueHue / yMEeHbIIICHUE
KOJIMYECTBA 3aJJaHNil Ha
MIPOU3BOACTBO IKCIEPTHU3

Ha3znauenue sxcneptus.
Pabouue BcTpeun u
COBELIaHUsA

CropoHHHE KCTIEpTHBIE
OpraHu3zaiuu, 1adopaTopuu,
L{eHTpBI COBMECTHOTO

[TpenocraBienue crequagIucToB C
HEOO0XOIUMBIMU KOMIIETCHIIUAMU U
KBaJIM(UKALMEH, aHAITUTUYECKOTO

IIpuBneyenue
CIIELUAJIMCTOB U
MAaTepHATbHO-TEXHUYECKOU

UCII0JIb30BaHUs U UCIIBITATeNIbHOTO 000pY10BaHuS,
0a3bl CTOPOHHUX
AHAJIMTUYECKOTO CUCTEM XpaHEHUs U 00pabOTKU .
OopraHu3anui
00opynoBaHuUs JTAHHBIX

HayuHnoe coo0iectBo

BHenpenue nosrydeHHbIX IpU
IIPOU3BOJICTBE IKCIIEPTHU3
pe3yabTaToOB, 00JIaAAOIITIX
Hay4YHOU HOBU3HOU

Cosmecturie HUP, OKP,
HAy4YHBIE TyOTUKaIUH.
Hcnonb3zoBanue
nostyyeHHbIX PHJI

OTtnenpHEIe
3aMHTEPECOBAHHEIC JTUTIA
(mo03peBaeMbIi,

OOBHUHSIEMBIH, €r0 3al[UTHHK,

MTOTEPIICBIIIHIA)

[TonoxurenbHoe / OTpULIATENLHOE
BJIMSIHME HA IICUXOJIOTMYECKOE
COCTOSIHME dKCIIepTa Ipu
IIPOU3BOJICTBE IKCIEPTU3BI

VYuyacTtue B 9KCIepTuse B
KadyecTBe HaOIro1aTens,
nada 0ObSICHEHUN YKCTIEPTY

[TocraBuinku 060pya0BaHUS

HoBble 00pa3ipl aHaIUTHYECKOTO
1 UCTIBITATEILHOTO 000pY10BaHUS

Pa3paboTka HOBBIX
METOJIMK, TPUMEHUMBIX Ha
IpEeIO0CTaBIIEMOM
000pyTIOBaHUH

Puck-opuentupoBanHoe Meinuienue, npumeHenHoe B MCO 9001-2015, oGecneunBaer

BO3MOJKHOCTB JUIsl CHIDKCHHS O€3aleuUIsIIMOHHOCTA TPeOOBaHWN M 3aME€HE WX Ha TpeOoBaHUS,
OCHOBaHHBIC Ha PEaNbHOU MpakTuke AesTenbHOCTH. C BeleHHWEM CTaHJapTa MOSBUIOCH OOJbIIE
THOKOCTH B TpeOOBaHMIX K TpolieccaM, TOKyMEHTHPOBAaHHOW HWH(POPMAIMH W PACIPEICICHUIO
OTBETCTBEHHOCTHU B OpraHusanusx [12].

OOpamenrne K pUCK-OPUEHTUPOBAHHOMY TOJIXOY TPHU TMPOU3BOACTBE JIFOOBIX CYIEOHBIX
JKCIIEPTHU3 YOSK1aeT B HEOOXOAMMOCTH:

— IPY HA3HAYEHUM DKCIEPTHU3bI B MPOU3BOJICTBO KOHKPETHOMY JKCIEPTY YUUTHIBATH BCE
00CTOSITENECTBA, CIIOCOOHBIE MPUBECTH K KOH(IIUKTY UHTEPECOB;

—IpU TPOU3BOJICTBE OSKCHEPTU3 YJNENSATH 0CO00€ BHHUMAHHME BOIPOCAM TMOJYUYCHHS
JIOTIOTHUTEIBHBIX 3HAYMMBIX MaTEPHUaJOB IO HCCIEAYyEeMOMY IPOLIECCY WM SIBICHUIO B IEJSAX
JIOCTHKEHHSI IOCTOBEPHBIX, 000OCHOBAHHBIX U KATETOPUYHBIX BHIBOJIOB B 3aKIIOUEHUH IKCIIEPTA;

—MpU TIOMCKE COUCIOJNHUTENEH i TOJATOTOBKM pa3fesioB 3aKIIOUYEHHUs HSKcrepra
(hoKycHpoBaTh BHHUMaHHE Ha BO3MOXXHOCTSX COOCTBEHHBIX IOAPA3JICIICHHA M BEIOMCTBEHHBIX
OpraHM3aIlHii, MPEeIOCTABIAIONINX YCIYTH Ha 0€3BO3ME3/IHOM OCHOBE.

B xome wccrnenoBaHWs aBTOpaMU BBISIBJICHBI 0a30BbIE PUCKHM M BO3MOXHOCTH TIpoIiecca
npousBojicTBa T, koTophle HAllLUIH CBOE OTpaskeHue B Tab. 2.
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Tabmuma 2
Pucku 1 BO3MOKHOCTH Mpolecca
HaumeHoBaHue prcka MeTton ynpaBieHus
Oco0as siBHasi U CKpbITasi OMACHOCTD MIPE/ICTABICHHBIX 0ObEKTOB
He ynpasnsercs
UCCIeA0BaHUs
OrcyrcTBue B mrate COY cnenuanucra TpedyeMon VYpasinsiercs B cucTeMe
KOMITETEHITH U KBUTA(DHUKAIIH yrpasieHus puckamu (CYP)
OtcyrcTBHE B pacunopspkeann COY HeoO0X0auMoro
M P p VYupasnsercsa B CYP
HCIBITATEIPHOTO U AaHAJIMTHYECKOT0 000pYA0BaHUS
[ToctymuieHre Ha 3KCIePTU3y MaTepuaioB 00 00bEKTEe
Y pTHSY p VYupasnsercsa B CYP
HCCIIEI0BAaHMS HEYOBJIETBOPUTEIHHOIO KaUeCTBA
OTBOJI 3KCIIEpTa He ynpasnsercs
[IpucyTcTBUE OTIIETBHBIX KATETOPHI 3aWNHTEPECOBAHHBIX JTHI]
(moo3peBaeMblil, 0OBUHIEMBIH, €T0 3aIIUTHUK, TOTEPICBIINA, He ynpasnsiercs

MIPEACTABUTEND) MPU MTPOU3BOACTBE IKCIIEPTU3HI

OTBETCTBEHHEBIH 3a

HaumenoBaHue BO3MOXHOCTH
peanu3anuio (mpumep)

[TonydeHune «Jrydmmx npakTHK», IPUMEHUMBIX B BOIIPOCaX OTtzaen MTHHOBALIMOHHBIX U
METOJIMYECKOro obecreueHus cyeOHOM 3KCIepTHOM MH(GOPMaLMOHHBIX
JESTEIbHOCTH TEXHOJIOTHH

ITonmyueHue «IydIux MIpakTUK», IPUMEHUMBIX B
00pa30BaTEILHON AESITENBHOCTH MO HAIIPABICHUSIM Cy1e0HOM
9KCHEPTHOM JIeATEIbHOCTH

Otnen opranu3anuu
MOATOTOBKH JKCIIEPTOB

Otnen o0ecrieueHus
AKCIIEPTHON M HAYYHO-
TCXHI/IIICCKOP'I NCATCIIBHOCTHU

HanaxxuBanue AOJITOBPEMCHHBIX B3aUMOBBIT'OJJHBIX OTHOIIICHHUH C
HOBBIMHU COUCITOJTHUTCIIAMUA

CornmacHo cragmapra I1SO 9001-2015, opraHusanuy JODKHBI HE TOJBKO BBIJICISTH
MIPOIIECCHI COTJIACHO OTPAcieBOW creluduKe, HO U 00ECICYUTh MX B3aUMOJICHCTBHE, KPUTCPHH
pPe3yIbTaTUBHOCTH, pecypchl U MOHHTOPUHT. HeoOxomumo pa3paboTaTh CHCTEMY MOHHUTOPHMHTA
MPOIIECCOB MEHE/KMEHTa KadeCTBa, IMPEJACTABISIONIEI0 COOOW HENpPEPhIBHOE OTCIICKUBAHHE
COCTOsHUA, aHaJIn3 JTUHAMUKU peannsanuun u IMPOTrHO3NUPOBAHHUE PasBUTHUA OCHOBHBIX
MPOM3BOJACTBEHHBIX  MpOIeccoB. [Ipeayaraemple aBTOpaMyd CTaThH  METOJbl  HU3MEPCHUS,
MOHUTOPHHTA ¥ KOHTPOJIS Tpoiiecca npousBojactsa UTD, orpakeHs B Ta0I. 3.
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Tabmuma 3

MeToabl HU3MEPEHUS, MOHUTOPHUHI'A U KOHTPOJIA Mpouecca

KeMm BrIONHAETCA

MeTtonasbl (pEmep)

Memoobl Usmeperus npoyecca

Ortaen MHHOBAILIMOHHBIX U
MH(pOPMaIMOHHBIX
TEXHOJIOTUU

Pacuer nokasateseii pe3yabTaTUBHOCTH JesiTeapbHOCTH COY
(cMm. Tabm. 4)

Memoobl MOHUMOPUHR2A npoyecca

. OTtnen MHHOBAIIMOHHBIX
OtyeThl 00 3kcniepTHOM AesTenbHocTH COY 1o 3a1anusIM 1

MH(POPMALIMOHHBIX
OpraHoB IIPEIBAPUTEIILHOTO PaCCiIeI0BaHUS .
TEXHOJIOT Uil
Otnen oGecnieueHus
Otuetsl 00 skcniepTHOH AestenbHocTH COY B pamkax JKCIEPTHON U HAYy4YHO-
IIPUHOCSIIEH JOXOX ACSITEIbHOCTU TEXHUUYECKON
JEeSITeJIbHOCTH
. OTtznen MTHHOBALIMOHHBIX U
OTt4eTsl 00 3KCnIepTHOU AesTeapHoCTH COY B paMKax
MH(OPMALIMOHHBIX
BBIINOJIHEHMSI TOCYApPCTBEHHOTO 3a/1aHUS .
TEXHOJIOT Uil
Memoobl KOHMPOIs npoyecca
BxonHOM KOHTPOJIb IOCTAHOBJICHUI U MAaTEPUAJIOB HA Otnen cynedHbIX
00BEKThI UCCIIEJOBAHUI IKCIIEPTH3

Hauanspuuk otnena

BbIX0/1HOM KOHTPOJIb 3aKIIOUYEHUS IKCIIepTa
CyJIeOHBIX SKCIIEPTHU3

B crannaprax UCO cepun 9000 o1HUM M3 OCHOBHBIX MHCTPYMEHTOB COBEPIICHCTBOBAHUS
NESTeIbHOCTH OpraHu3allid B O0O0JaCTHM KayecTBa SBISETCS W3MEpPEHUE pe3yJIbTaTUBHOCTH
neiicrByromeid CMK. Metoauka ouenku pesynbratuBHocTH CMK He pernmamMeHTHpyeTcsl KakuMu-
a10o cTaHAapTaMH, O3TOMY KaX</1as OpraHU3alMsl CTAIKUBAETCS ¢ HEOOXOIMMOCThIO BHIOOpA MIIH
pa3paboTKK CBOET0 OpUTMHAIBHOTO criocoba [13].

ABTOpaMu cTaThu pa3zpaboTaHbl 0a30BbIE IMOKA3aTeIM PE3yJbTaTUBHOCTU JIE€ATEIbHOCTH
COY, pacnpeneneHHple 1O Ipynnam JUisl OLUEHKU: IPOU3BOAUTENBHOCTH AesTenpHocTH COVY,
3aBEpUICHHOCTH TMpoIlecca MPOU3BOJCTBA OKCHEPTU3BI M YAOBIETBOPEHHOCTH BHEIIHETO
notpebuTtens (tad. 4).
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Tabnuma 4

ba3oBble noka3areian PE3YIABTATUBHOCTH J€ATCIBHOCTH Cy[leﬁHO-C)KCHepT]—[bIX y‘lpemzlelmﬁ

dopMya pacuera U €AMHULBI

HaunmenoBanue nokazarens [lepuoanunocTs
U3MEepEeHUs
[Toka3zaTenu Ui OLEHKHU NPOAYKIUH / yCIyT
Koadduiuent Boinonnenus N
(b(b a KBn = No 100% , TOe
[Inana rocyapcTBEHHOTO N N
3A7AHNS TTO HATIPABITCHHIO ¢ — KOIMUecTBO (PaKTUUECKH eneei
KCIIEPTHOI NEATETBHOCTH N BBINIOJIHEHHBIX 3KcnevaI/I3f[
(GIOIKETHAS IESTETHHOCTB), IUT — KOJIn4ecTBO no3unuii B [Inane
K, % roCyAapCTBEHHOTO 3a/1aHuUs
Koad dunuent BeinonHenus
) D
[Inana ¢punancoBoi Kngg = D—i * 100%, e
€ATEJIbHOCTH 10 HaINPaBICHUIO - i
it g p D¢ — daktuueckn noaydeHHBINH COKEMECSIHO
OKCIICPTHOU ACATCIIBHOCTHU JOXOJI;
(BHEOIOIKETHAS Dt — 3amianupoBaHHbINA 10X0/1
JIeATeaIbHOCTH), K, %
[TokazaTenu ajsl OLIEHKHU Ipoliecca
3a 3 gHA 10
Kror = cymmapnas creness
Crenenb rOTOBHOCTH HCTEYEHUS CpOKa
0 TOTOBHOCTHU BCEX pa3/IesioB
3aKiIroueHus skernepra, Kror, % IIPOM3BOJICTBA
3aKJIIOYEHUS
DKCIEPTHU3

Tloka3zarenu AJId OICHKHW YAOBJICTBOPCHHOCTH BHEIIHETO HOTpe6I/ITeJ'I5[
— Fna 0
Kupg = Boom 100%, Tae

FEH1 — xonmudecTBO SKCEPTU3
KonnuecTBo 3kcnepTus, A pTHs,
MPU3HAHHBIX HEJOMYCTUMBIM HPU3HAHHBIX HCIOITY CTUMBIM €KerogHo
nokazaTenscTBoM, Kum, % AOKa3aTCILCTBOM,
EoOm — 00111ee KOJIMYeCTBO
BBITIOJTHCHHBIX DKCIIEPTHU3
E
Knop = —= 100%, rae
Eo6uy
KoIecTRo 3K TIoueHI Enos — koim4ecTBO 3aKII0OYECHUH
KCITEPTOB, 10 KOTOPHIM 9KCIIEPTOB, IO KOTOPHIM BBITIONHSIIHCH
BBITIOJTHSUTACH TTIOBTOPHBIC HOBTOPHBIC SKCIICPTH3BI, CHKETORHO
skcrepTH3bl, Ko, % EoOm — o61iee KOHH‘IGCTB(Z
BBITIOJIHEHHBIX 3aKIFOYECHUI
IKCIIEPTOB

[IpemioxkenHple NOKa3aTeaIW M YCTAHOBJIEHHBIE ISl HUX KPUTEPHUHM PE3YyJIbTATUBHOCTH
MIPOIIECCOB JOJKHBI MPOUTH CTAUIO COTJIACOBAHMSA C BHYTPEHHUMH U BHEIIHUMH HOTPEOUTEISIMU
mporecca, TOcCJe Yero CTaHOBATCS OOOCHOBAHMEM [UJISl BBIMOJIHEHMS] MPOIENYyp BHECEHUS
M3MEHEHUN B OPraHU3aluIo [IpoLecca U ero periiaMeHToB.

OKCIIepTHBIE YUYPEXKACHUS NOJDKHBI YCTaHOBUTH IOCIENOBATEIBHOCTh M B3aHMOJACUCTBHE
npoueccoB CMK, To ecTb NOCTpPOUTH NPaBUIbHYIO, JIOTUYHYIO U IO3BOJISIOILYIO Pa3BUBATHCA
OpPraHM3alMOHHYI0 CTPYKTYpY, @ TAaKXE ONPEIENINTh, KaK IPOLECCHl B3aUMOJEHCTBYIOT MEKIY
coboi. /Iy 1eMOHCTpaluy TaKOro B3aUMOJICHCTBHS Pa3pabaThIBalOT CXEMbI, KAPThl HIIM MaTPUIIbI
B3auMOieHCTBUs. OHU NO3BOJISIIOT ONPENENIUTh XapAKTEPUCTUKU WIM TpeOOBaHMA K BXOAHBIM
napameTpam.

JI1st moCTHKEHUS TeJIei HACTOSIIEH CTaTh aBTOpaMH pa3paboTaH ajJrOpUTM MPOU3BOJICTBA
WTD, koTOpHIil MpeAcTaBiIeH B BUAe (PyHKIHOHATIBHON OJIIOK-CXeMBI (pHC. 2), TIeMOHCTPHPYIOIICH
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pacrpeneneHue MoaIponeccoB Mexay (yHKIuoHamoM HavanbHuka CDY, HavyaabHHKA OTAETa
CYZIeOHBIX IKCIEPTU3, IKCIepTa (OTBETCTBEHHOTO HCIIOJIHUTEINSI), COUCTIOTHUTENEH, HHUIIHATOPOB
AKCTEPTU3 U OTJCITBHBIX 3aMHTEPECOBAHHBIX JIHII.

DYHKUMOHaNbHaA BNoK-cXema npouecca NPONIBOACTEA CYAe6HON MHKEHEPHO-TEXHNYECKON 3KCNEepPTHUabI
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Puc. 2. ®ynknuonaibHas 0J10K-cXxemMa mpouecca mpousBoacrsa UTI

PazpabGortannerii anroput™M B cootrBeTcTBUU C¢ TpeboBanusmu 1SO 9001-2015 peammsyet
aneMeHThI 1ukia ynpaeienus Jemunra (PDCA) Ha 4 y3/10BBIX CTAAMAXK:

— muka ¢ noampoueccamMu «04.» u «05.» — ycTaHOBI€HHE KOPPEKTHOCTH HCIOIHEHUS
MOCTaHOBJICHHS ((HOPMYITHPOBKH BOIMPOCOB, COOTBETCTBHE cojaepkaHus (alylie MpOHCIIECTBUS,
BEPHOCTH NEPEYHS MPEJOCTABICHHBIX 0OBEKTOB U TIP.);

— mukn ¢ noampoueccamu «06.» u  «07.» —oOLEHKa JOCTaTOYHOCTH M KadyecTBa
MPEIOCTABICHHBIX MaTepHalioB, B TOM YHCJE, MpOBEpKa HAIWYHMs AaKkTOB Ha MPOBEPKY
0€30MacHOCTH TMPEJCTABICHHBIX 00BEKTOB (HANpUMEpP, OT MHKEHEPHO-CANIEPHBIX MOpa3IeiaeHU
WM CAHUTAPHO-DMHIEMUOIOTUYECKUX CTAHIHI);

— 1k ¢ nognporeccamMu «08.» m «09.» —npoBepka Ha KOMIUIEKCHOCTh U HEOOXOJIMMOCTh
MIPUBJICYCHUS] COMCTIOTHUTENEH, HHANBUIYJIbHOE IPOEKTUPOBAHKUE CTPYKTYPhI 3aKITIOYEHUS SKCIIEPTa;

— nuka ¢ noamnporeccamu ¢ «06.» mo «10.» — BBIXOJHOM KOHTPOJb FOTOBOTO 3aKIIFOUCHHS
JKCIIepTa.

OCHOBHBIMU «BXOJIaMW» B TPOIECC (PYHKIMOHUPOBAHUS SKCIEPTHBIX IOAPA3ICICHHIA
SIBJIAIOTCS: 33JJaHUE HA TIPOU3BOJICTBO SKCIIEPTHU3bI, MATEPHUAIIBI JIEJIa Ha UCCIIEyEeMBbIi MpoIlecc Uiu
SIBJICHUE, TUIAHOBBIM TIOKa3aTelib TOCYJApPCTBEHHOIO 3aJaHusi Ha TMPOU3BOJCTBO JKCIEPTHU3,
TUTAHOBBIM TMOKa3aTenb MPUHOCAIIEH J0XOA MACSITeNbHOCTH MO0 HANpaBICHUIO MPOU3BOACTBA
aKkcriepTH3. PesynbraramMu mporecca OyIyT BBICTYNATh TaKHE «BBIXOABDY KakK: 3aKIFOUCHHE
JKCIIepPTa, MPUIOKEHHUS K 3aKIIOYEHUIO SKCIepTa, 0030pbl O HEJOCTATKaX, BBISBICHHBIX Ha
pPa3IMYHBIX 3Tanax MPOU3BOJICTBA DKCIEPTH3, OTYETHI O «JIYUIIUX MPaKTUKax» IO pe3yjbTaTaM
MIPOU3BOJICTBA IKCIEPTU3, OTUET O BHIMOJHEHUH OCHOBHBIX MTPOU3BOJICTBEHHBIX MTOKA3aTEINAX.

Pa3paborannass aBropamMm Tmpoctas OJOK-cxema Tporecca mpou3BoactBa  UTD,
OTIpECTISIONIAsl BXOBI U BBIXO/BI MOANPOIIECCOB, IPEICTaBICHA Ha pUC. 3.
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3akjIroueHue

CoBepilIeHCTBOBaHHE CHUCTEMBbl MEHEI)KMEHTA KadeCTBa SBJISETCS BAXKHBIM YCIOBHEM JUIS
MOAJEPKAaHUSI ~ BBICOKOW  KOHKYPEHTOCIIOCOOHOCTH  OpraHM3alMh. YMEHHE  MPaBHIBHO
aQHAJIM3UPOBATh KOHKYPEHTHYIO CpEly U YCOBEPILIEHCTBOBaTh CBOU CJaOble CTOPOHBI, MO3BOJISIET
opraHu3anuu ObITh 60JIee KOHKYPEHTHOM 110 CPaBHEHUIO C JPYTUMH, TEM CAMbIM YBEIMYHUBAs CBOIO
NpHUOBLIH U HApAIIMBask PEIyTalMOHHBINA KaIHTall.

B kauecTBe mpeanokeHuil 1o yJydlleHHro npouecca npoussBoiactsa MUTO u kadectBa ero
pe3yNbTaToOB aBTOPaMH MpeAJIaratoTcsl CIeAYOLUEe OPraHu3aluOHHbIE MEPOIIPUSTHS:

— IPUBJICYCHUE K MEPONPHUATHSAM  BXOJHOTO  KOHTPOJIA IOCTYHAIOIUX  3aJaHHH
(TOCTaHOBIICHUI) HA TIPOU3BOJCTBO IKCIIEPTHU3 M MATEPHUAIOB Ha OOBEKT MCCIEAOBAHUS, & TAKKE
BBIXOJIHOTO KOHTPOJISI BBIIOJIHEHHBIX SKCIEPTHBIX 3aKIIOUEHH Hambosiee ONBITHBIX SKCIEPTOB
(MHCTUTYT IJIaBHOTO KCIIEPTA);

— €XKerojiHasi MOArOTOBKA aHAIUTHUYECKUX MATepHANIOB JJIsi 0OOCHOBAaHUS KOPPEKTHPOBKH
OCHOBHBIX IIJIAHOBBIX ITPOU3BOJICTBEHHBIX MTOKAa3aTeJe! 10 IPOU3BOACTBY CyA€OHBIX IKCIEPTU3 KaK
B OIOJIKETHOM cepe, Tak U 1O HANpaBJICHUSAM MPUHOCSILEH 10X0]1 A€ATEIbHOCTH;

— NPUOOPETEHHE JIOMOJHUTENbHBIX PAaCHIMPEHHBIX CEPBUCHBIX MAaKETOB Ha OOCTYy>KMBaHUE
JIOPOTOCTOSIIET0 AHAIUTHYECKOr0 O00OpYNOBaHMSA B LENAX HEIOMYyILEHHs OCTaHOBa IPOLIECCOB
BBINIOJTHEHUS] HHCTPYMEHTAIbHBIX aHAJTUTUYECKUX HCCIIE0BaHNN TOTOKOBOTO XapaKTepa;

— NIPOBEJICHUE HWHCTPYKTUPYIOUIMX 3aHATUH, HAlpaBlIEHHBIX HA IIOBBIIICHHE KayecTBa
MOCTYNAIOUINX Ha HKCIEPTU3Y MATEpUAIOB U CONPOBOXKAAIOIIUX TOKYMEHTOB, HEITOCPEACTBEHHO C
UCTIOJHUTENISIMUA OPTaHOB-UHHUIIMATOPOB.

Takum o00pa3oM, OCHOBBIBAsICh Ha aHAIU3€ BBISIBICHHOM CHEUM(PUKU MPOU3BOACTBA
HMHXEHEPHO-TEXHUUECKUX 3KCIIEPTU3, ABTOPAM II0JyUEHBI CIEAYIOLINE OCHOBHBIE PE3YJIbTAThI:

— pazpabotana mpoueccHas mojens CMK mnns COY, Bemonasronmx UTO;

— MpeJI0KEHbl METO/Ibl U3MEPEHUS, MOHUTOPUHTA U KOHTPOJIS MpolLiecca;

— pa3paboTranbl QYHKIIMOHABHAS U TIPOCTast 0JI0K-CXeMBbI TIporiecca nmpousBoactea UTI;

— BBISBIICHBI PUCKU U BO3MOKHOCTH TMOJIIIPOIIECCOB;

— MPEJI0KEHBI MI0KA3aTeNN Pe3yIbTaTUBHOCTH;

— JaHbl PEKOMEHJAIMM MO YIy4IIeHHI0 mporecca mpou3BoactBa MTD u kauecTBa ero

pe3yJbTaToB.
[TomyueHHble aBTOpaMH OCHOBHBIE pE3yJbTaThl MPOILIM anpodaluio Ha CEeMHHape,
OpPraHU30BaHHOM accommanueil mo ceprudukanun «Pycckuii  peructpy, U TOJIy4YuIu

TTOJIOKHUTCIIbHBIC OT3bIBBI OKCIICPTHOT'O COO6H.[CCTBa.
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NCCIEAOBAHUE 3ABUCUMOCTH PA3PYIHIEHUA
T'A3OHATIOJTHEHHOM NEHBI HA OCHOBE ITOPOIIKA C®-2Y OT
TEMIIEPATYPBI OKPYXKAIOIIEN CPEbI

“Memepsikos Wibsa BauecaaBosuy;

Koncrantnnosa Annna CTaHHC/IaBOBHA.

Cankr-IlerepOyprekmii ynepuscutet I'TIC MUC Poccun, Cankr-IlerepOypr, Poccust
Hilya.mesch@mail.ru

Annomayus. llpencraBneHHas cTaThsl MOCBALICHA SKCIIEPUMEHTAILHOMY MCCIIEI0BAHUIO
[apamMeTpoB TEPMHUUYECKOM JECTPYKIUHU OTHETYIIAIIMX [I€H B YCIOBUSIX, MOJCIHUPYIOIIUX TEIIOBOE
BO3JIeiicTBHE pa3BUBaolierocs mnoxapa. OCHOBHOHM 1eibl0 pabOThl SBISETCS CpPaBHUTENIbHAS
OLIEHKa TEPMOCTOWKOCTH OTHETYIIAIIMX T[I€H, I[OJyYeHHBIX Ha 0a3e CHHTETHYECKOTO
yTaeBoopoAHoro nenoo6paszosarens [10-3 u cnenuanu3upoBaHHOTO JIEra3UpPYyIOLIEr0 COCTaBa
C®-2y [1], npu BapbupoOBaHUH (PU3HKO-XUMUYECKON MPUPOABI TUCTIEPCHOM (a3bl (aATMOCHEPHBIN
BO3/yX WJIM UHEPTHAs CMECh Ha OCHOBE OTPAOOTAaHHBIX ra30B JBUTATENsl BHYTPEHHETO CTOpPaHUS).
du3nyecKkoe MOAEIUPOBAHUE IIPOLECCOB pa3pyILIEHUs] CTPYKTYPHOrO KapKaca IEeHbI IIPOBOIUIOCH
B auanaszone temmepatyp ot 200 go 800 °C ¢ dukcanueir BpeMeHH MOJHOTO pacraja U pacyeToM
KMHETUYECKUX XapaKTepUCTHK (CKOPOCTM cHHepe3uca). B Xxoje aHanm3a 3KCIepUMEHTaJIbHBIX
JTAHHBIX YCTAHOBIIEHO, YTO POCT TEIUIOBOM HArpy3KH 3aKOHOMEPHO MHTEHCU(PHUIIMPYET NECTPYKIHUIO
BCEX THIIOB TIIE€H, OJIHAKO NPHUpOJia Ta3a-HOCUTENs OKa3bIBACT HEJIWHEHHOE BIMSHHE Ha
CTaOUIIBHOCTH MOBEPXHOCTHO-aKTUBHBIX KOMITO3UIIUH.

Ilo uToram UCCJIETOBAHMSI 000CHOBaHa TaKTUYeCcKas 1es1ec000pa3HOCTh
muddepeHIIMPOBAaHHOTO TMMOAX0/a K BBIOOPY OTrHETyHIAIUX BemlecTB: ucmonb3oBanue CO;
COBMECTHO C TIEHOOOpazoBaTelsiMH OOIIero Ha3HayeHHs >(PQPEKTHBHO MPHU TYHICHWH 3aKPBITHIX
00BEMOB CO  CpEIHMMH TEIUIOBBIMM TOTOKaMH, B TO BpeMs KakK JIMKBHJIALUS
BbICOKOTeMIEpaTypHbiX o4aroB (cBbime 500-800 °C) TpeOyer npuUMEHEHUS TEPMOCTOMKHX
cocTaBoB Kiacca CP-2y UCKIIIOYUTEIBHO C KJIACCHUYECKOM BO3yITHOM acniuparuei. [Ipaktuueckas
3HaYMUMOCTH PabOThHI 3aKIFOYAETCS] B BO3MOKHOCTH ONTHMU3AINH ITapaMeTPOB PabOTHl YCTaHOBOK
ra30BOJITHOTO TYIICHUS C YUY€TOM TEPMOJMHAMHUECKHUX XapaKTEPUCTUK 3alllUIIaeMbIX 0ObEKTOB.

Kmouesvie cnosa: cynbdonon, CD-2V, paspylieHHe TIE€HBI, Ta30HANOJHEHHAs IICHA,
TEMIIEpaTypa OKPYKaroIlei cpebl

Jdass uurupoBanus: MemepsikoB U.B., KoncrantmaoBa A.C. HccnemoBanue 3aBUCHMOCTH pa3pylICHHS
ra30HATOJHEHHOW TIeHbI Ha ocHoBe mopomrka CD-2Y or Temmeparypsl okpyxatomied cpensl / Hamzopras
JIeATEIBHOCTD U CyIeOHas dKcnepTu3a B cucreme Oeszomacuoctr. 2026. Ne 2. C. 20-27. DOI: 10.61260/2304-
0130-2026-2-20-27

BBenenue

Exerogno Ha Tteppuropun Poccuiickoii ®enepanvii perHCTPUPYETCS 3HAYUTEIBHOE
KOJIMYECTBO MOXKApOB, COMPOBOXKIAIOIINXCS MaTEPUATbHBIM YIIEpOOM, HETraTUBHBIM BO3/CHCTBHEM
Ha OKPY’KaIOUIYIO Cpely U THOEINbIO JII0AeH. AHAIN3 MHOTOJIETHEH CTaTUCTUKU CBHIECTEIHCTBYET O
HaJIMYUU YCTOMYMBOM TEHICHIIUU K CHIDKEHUIO a0COTIOTHOTO YHUCIIA MTOKAPOB.

© Canxkr-IlerepOyprekmii yausepcutet ['TIC MUC Poccun, 2026
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JInst 3aKperyieHns] TaHHOW TOJIOKUTENbHOM JUHAMUKU TpeOyeTcs NMpUHATHE AaTbHEUIINX
Mep, HampaBJICHHBIX HA MUHUMU3AIUIO COIUAIIBHOTO, YKOJIOTHYECKOTO U SKOHOMHUYECKOTO yIiepoa
OT ToXapoB. B cBsizu ¢ 3TUM 0coboe 3HAUYeHHE NPUOOpPETaeT MOWCK CIOCOOOB TOBBIMICHUS
3 PEKTUBHOCTH YK€ UMEIOIIHUXCS Ha BOOPY)KEHUU CPEJCTB. AKTYalIbHBIM HaIlpaBJICHUEM SIBIISICTCS
MoaH(HUKAIUSA CYIIECTBYIONIMX OTHETYINANINX COCTaBOB, TAKMX KaK JEra3upyIONIHNi pacTBOP
C®-2V [3-10], cocToammii Ha ocHawmeHuu nozapasneneHuii 'O MUC Poccun. IlepcnektuBHON
WHHOBAIMEH mpejacTaBisercss ucnoib3oBanne CO, B Ka4ecTBE MUCIEPCHON (asbl AJIs MOITyICHUS
nensbl [11, 12], 4To MO3BONSET PACIIUPUTH TAKTHUECKHUE BO3MOMXHOCTH MHPUMEHEHHUS IITaTHBIX
neHooOpasoBaresnel 6e3 MPUBJICYCHUS JOTIOTHUTEIBHBIX PECYPCOB.

AHAJINTHYECKASA YACTh

Jns mnpoeaeHuss (U3MUECKOTO MOICIMPOBAHUSA TEIUIOBOTO BO3ICHCTBHS  00pasiibl
CreHEpUPOBAHHOM MEHbI MOMELAIN B LMJIMHIPUYECKYIO CETKY BbIcOTOM 210 MM M auameTrpom
100 mm. Cetka pa3meniayiachk B paboueii kamepe My QesbHOM ey, 00eCcIeuynBaroIIei paBHOMEPHOE
paanaloOHHO-KOHBEKTUBHOE TEPMUUYECKOE BO3/eiicTBHE. B KauecTBe OCHOBHOIO KPUTEPHS OLIEHKH
orHerymamied 3(p(EeKTUBHOCTH (UKCHUPOBATU BpeMs KPUTHUECKOTO CHHEpE3Hca U IOJIHOIO
pa3pylieHus: CTPYKTYpHI IeHbI [2]. B Xo/1e cepuu UCIBITaHU aHATM3UPOBAIIM YETHIPE THUIA MIEH:

— nenooOpa3oBatenb obuiero HazHauenus [10-3 + Bo3nymiHas aucnepcHas ¢asa;

— neHooOpa3oBaresb obmiero HazHaueHus [10-3 + nucniepcHas dasza uz COy;

— nerasupytouuii coctaB C®-2y + Bo3ayuIHas qucnepcHas ($asa;

— nerazupytomuii coctaB CD-2y + nucnepcuas daza uz CO,.

PesynpTarel  WM3MepeHUsT BpPEMEHU  JECTPYKIUU  (QUKCUPOBATM IS PA3IAYHBIX
TeMneparypHbix pexumoB c¢ marom B 100 °C. Jlnga comocTaBieHuss NHapaMeTpoB Ipoliecca
JECTPYKLUHU PACCUUTHIBATIACH IPUBEACHHASI CKOPOCTh Pa3pyILICHUs] IEHHOTO CIIOA.

AHanmM3 TONYyYEeHHBIX IaHHBIX TOATBEPXKIACT 3aKOHOMEPHOCTH: HKCIOHEHIUATIBHBIM POCT
TEMIIEPaTypbl OKPY>KaloIIel cpe/ibl HHUIMHUPYET UHTEHCU(DUKAIMIO MPOIIECCOB HCTIAPEHHs KUKOCTH
U3 TUICHOK, YTO HEW30EKHO BEAET K COKPAILEHHIO BPEMEHM >KM3HHM OTHeTyIame nensl. Haubonee
KPUTUYECKOE MaJIEHNE TEPMOCTOMKOCTH PETMCTPUPYETCS B 30HE BBICOKUX TEMIIEPATYp, XapaKTEPHBIX
JUIsL CTaIul O0OBEMHOTO PAa3BHUTHS TMOXapa. B 4acTHOCTH, BO3MYyIIHO-MEXaHWYECKas MeHa Ha OCHOBE
pactBopa IIO-3 mpu TemoBoM BozzerictBur B 200 °C coxpaHsieT CTPYKTYPHYIO II€JIOCTHOCTH
Ha npoTsbkeHnn 140 c, onnako npu aoctmkeHnn 800 °C naHHBIN MOKa3aTelb KPUTUYECKH CHUKACTCS
10 20 c. I'pacdmku BBISIBIIEHHBIX 3aKOHOMEPHOCTEH TpeICTaBlIeHbI Ha puc. 1-8.

[TenooGpazoBarens [10-3 (3%), nucnepcHas ¢a3za - Bo3ayx
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Puc. 1. 3aBHCHMMOCTD YCTOMYHUBOCTH MEHBI OT TEMIIEPATYPHI OKPY KAKOIIEN CPeabl
(menooGpazosaresn I10-3 (3%), aucnepcuas ¢gasza — BO3AyX)
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Puc. 2. 3aBUCHMOCTD YCTOIYHBOCTH MEHBI OT TEMIEPATYPHI OKPYKAIOLIEH Cpeabl

(nenoo6pazoBarenn I10-3 (3%), nucnepcuas ¢a3za - CO,)

Herazupyromnuii pactBop CD-2V, nucnepcHas dasa - Bo3ayx
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Puc. 3. 3aBHCUMOCTD YCTOWYHBOCTH MEHBI OT TEMIIEPATYPBI OKPYIKAIOIEi cpebl

(znerazupyromuii pactop C®-2Y, nucnepcHas ¢gaza — BO31yX)
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Herazupytomuii pactBop CD-2V, nucnepcnas daza - CO,
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Puc. 4. 3aBUCHMOCTD YCTOIYHBOCTH MEHBI OT TEMIEPATYPhl OKPY KaIoLIel cpeabl

(aerasupyromuii pactpop CP-2Y, nucnepcuas ¢gaza - CO,)

[Tenoo6pazosarens [10-3 (3%), aucnepcHas ¢asza - BO3ayX
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Puc. 5. CkopocTs pa3pyuieHusi meHbl

(menooopazoBartennb I10-3 (3%), nucnepcuas paza — Bo3ayXx)
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Herazupyromuii pactsop CD-2V, nucnepcnas dasa - CO,
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Puc. 8. Ckopocth paspyumienns nensl (nerasupyrouuii pacrsop C®-2Y, nucnepcuan ¢asza - CO,)

CpaBHUTENbHBI aHAIN3 BIMSHUS XUMHYECKOW TPUPOJBI Ta30Boi  (ha3bl BBISBHII
CYILLIECTBEHHYIO pa3HMIy B MEXaHHM3Max pearupoBaHUs pa3jIMYHBIX TUIOB IEHOOOpa3zoBaTesel Ha
BBEJICHUE WHEPTHBIX KoMmoHeHToB (COz). ns yrieBomopoaHoro mneHoooOpazosarens [10-3
3ameleHue kuciaoposa Bozayxa CO2 BbI3bIBaET CHUKEHUE YCTOWYMBOCTHU NP YMEPEHHOM HarpeBe
ot 200 mo 300 °C. Ilpu noctwkeHumn skcTpeManbHbIX TeMieparyp B 700—800 °C cTpykTypHble
pa3nuyuys HUBETUPYIOTCS, TaK KaK JOMUHUPYIOMUM (aKTOPOM CTAaHOBUTCS (PU3NYECKOE BCKUIIAHUE
BOJIHOW OCHOBBI.

WNuas xapTvHA BO3HUKAET MPH HCHOJb30BaHUU cocTaBa CD-2y. Bo BceM TemmepaTypHOM
JIanazoHe MeHa ¢ 3al0JHEHHEM aTMOC(HEPHBIM BO3LyXOM 00ecleunBaeT OONbIIYI0 YCTOHYUBOCTb.
CymecTByeT BEpOSTHOCTh TOro, uto BBejneHue CO; B pactBop CD-2y NmpUBOIUT K XUMHUYECKOU
HECOBMECTHUMOCTH KOMIIOHEHTOB T'a30BOM cMecH ¢ (DYHKIIMOHAJIBHBIMHU IpPHUCATKaMU COCTaBa, YTO
BBI3BIBACT NPEXKIEBPEMEHHBIN cuHepesnuc. Hambonee kputuden 31oT 3(dexT mpu Temmeparype
nopsiika 800 °C, e 1eHa ¢ BO3AYIIHON AUCTIEPCHON (ha30id BBIAEPKUBACT TEIUIOBYIO HArpy3Ky B
teueHue 40 ¢ npotus 26...27 ¢ 115 nensl Ha ocHoBe COx.

[Ipn TakTHYEeCKOM TUIAHUPOBAHWUU CIEAYEeT YYUTHIBaTh HCCIeA0BaHHBIE A((EKTh —
HECMOTpPSl Ha BBICOKYIO OTHETYIIAIIYIO CIOCOOHOCTH, MEHA C AMCHEPCHOW (a3oi, OTIMYHON OT
aTMoc(epHOro BO3IyXa, TepseT B YCTOMYMBOCTH K BBICOKMM TeMmIeparypaMm. Takum oOpa3om,
MIPpUMEHEHHE MOJIU(UIIMPOBAHHON MEHBI ONpaBAAHO B Clydyae OMNEPATUBHOIO TYIIEHUs oyara Ha
panHeil ctaauu pa3BuTus. [Ipu TymeHnu moxapoB 0ObEMHBIM CIIOCOOOM CIIETyeT YUYUTHIBATh, UTO
Takas [eHa MOoJBEpKeHa Oosiee ObICTPOMY pa3pyILIEHHUIO, YEM CTaHAApTHasl.

3akiIroueHue

PesynbpTarel pabOTHl OTKPHIBAIOT TEPCIEKTUBBI JUII MOJCPHU3ANNN TAKTUKH TYIICHHS
MOXKapOB B 3aMKHYTHIX 00beMax (KaOebHbIC TOHHEIH, TPIOMBI CYOB, MOJIBATBHBIC TIOMEIICHHS) C
MPUMEHCHHEM YCTAaHOBOK TEMIICPATYpPHO-TA30BOISHOTO TYIICHUS W aBTOMOOWJICH T'a30BOJSTHOTO
tymenusi (AI'BT).

DKCIIepUMEHTAIBHO JTOKa3aHo, YTo ucnoib3oBanue CO; Ais MOTydeHus] IeHBl HA OCHOBE
CTaHJApPTHBIX CHUHTETHYECKHX YIJIEBOAOPOIHBIX meHooOpa3oBateneit (tuma [10-3) sBusercs
TAKTUICCKH TISJIECO00PA3HBIM PEIICHUEM P TYIIICHUH Odara rmoxapa Ha paHHel cTauu.

[Ipy TymieHMHM BBICOKOTEMIICPATYPHBIX TEXHOJOTHYECKUX TOXKapoB (HAampuMmep, Ha
00BeKTaX HEPTETa30BOTO KOMIUIEKCA HIIM B 30HAX XHMHYECKOTO 3apaXKCHHSI), COTIPOBOKIAFOIIIXCS
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TeMrepaTypHpiMu  pexkuMmamu  cBbimie  500-800 °C, HauOosiee palMOHAIBHBIM  SIBIISIETCS
MPUMEHEHHE CIeHaIn3upoBaHHOrO coctaBa CD-2y ¢ ucmonbp30BaHUEM aTMOC(HEPHOTO BO3AyXa.

Takum oOpa3oM, BBIOOp THNA T[EHOOOpa3oBaTeNsl M JTUCHEPCHON (a3el  JOHKEH
KOppEeIUpoBaTh C MPOTHO3HPYEMONW TEPMUYECKOM HArpy3KOH M KIACCOM IMOXKapHOW OMACHOCTH
3alIUIAeMOT0 0OBEKTa.
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Aunnomayus. B cTatbe paccMaTpHUBAETCS pOJIb BOCHU3MPOBAaHHBIX TI'OPHOCIACATEJIBHBIX
yacteil (BI'CY) kxak crnenuaau3vpoBaHHBIX aBapUHHO-CIIAcaTeNbHBIX (POPMUPOBAHUN B CUCTEME
oOecrieyeHUss  MOXKapHOW  0E30MacHOCTM  HAa  ONACHBIX  INPOU3BOACTBEHHBIX  OOBEKTax.
[Ipoananu3upoBaHbl OCHOBHBIE HampaBieHus aesrenbHocTH BI'CU: nokammsanus U TylieHUE
MIOJI3EMHBIX MIOXApOB, MPOBECHHE NMPOPUIAKTHUECKUX pabOT (J1eNpecCHOHHbIE ChEMKH, KOHTPOJIb
COCTOSIHMSI BEHTWIALMH, Ja0OpaTOpHblE HCCIEAOBAHUS PYJHUYHOIO BO3[yXa), a TaKke
pearupoBaHue Ha 4pe3BblYaiiHbie cutyanuu. Ha npumepe aBapun Ha AO «Kombunatr KMApyna»
(2024 r.) moka3aHbl CUCTEMHBIE MPOOJEMBI, CBSI3aHHBIE C HECOTJIACOBAHHEM IUIAHOB JIMKBHIAINH
aBapuil Cc TropHoOcCHacaTeasiMH, YTO TPUBEIO K MHOIOYUCIIEHHBIM  HapylIEHUAM U
aJIMHUHHUCTPATUBHOW OTBETCTBEHHOCTH JOJDKHOCTHBIX JIMIl. JIOMOJIHUTENBHO PacCMOTPEHBI
uHIUAeHTH Ha maxte «Kammnockas Boctounas» (2015, 2020 rr.), WITIOCTPUPYIOIINE BBHICOKHE
PUCKH BOCIJITAMEHEHHs] MeTaHa U CJI0XHOCTh paboTel BI'CU B ycnoBHsX, OMacHbBIX MO razy u
BbIOpOCaM.

Kniouesvle cnosea: BoOeHHM3MpOBaHHBIE ToOpHOcHacaTenbHble dYactu, BI'CY, omacHble
MIPOU3BOJICTBEHHBIE 00BEKTHI, OTTO

s murnposanms: Xomuukuii C.A., Kysemuna T.A. [earensaocts BI'CY B cucteme mpenynpexacHus U
TylIeHUs 1oxapoB // HamzopHast gesTensHOCTh U cyeOHast SKciepTu3a B cucteme OesomacHocTd. 2026. Ne 2.
C. 28-32. DOI: 10.61260/2304-0130-2026-2-28-32

BBeaenue

BoenusupoBanuble  ropHocmnacatenbHble  yacth  (manee —  BI'CY)  sBusrorcst
CHELUATU3UPOBAHHBIMU  MPO(ECCHOHATBHBIMU ~ aBapUHHO-CHIACATENbHBIMUA  (POPMUPOBAHUSIMH,
Haxogsamumucsa B coctae MUC Poccun. Mx knrodeBast 3ajjaua — obecrieueHue OE€30MacHOCTH Ha
0Cc000 OTAaCHBIX MPOU3BOJICTBEHHBIX 00BekTax (manee — OI10).

OcCHOBHBIE HalpaBJIEHUs EATEIBHOCTH B 001acTH 00ecredeHus MoxkapHoi 0e30acHOCTH:

— Jokanu3zauus U TymeHue noxapoB: BI'CY HenmocpencTBEHHO BBIMOJIHAIOT pabOThl MO
JOKaJIM3alMy U TYLICHUIO MOJ3EMHBIX MOXAPOB, a TaKKe MOKAapOB Ha MOBEPXHOCTHBIX 00BEKTaX
opranuzanuii [1];

— IpoBeieHue NPOYUIAKTUYECKUX PadoT;

— pearupoBaHue Ha Ype3BbIUANHBIC CUTYallUU: paboTa B SKCTPEMANIbHBIX YCIOBUSIX;

— [IOATOTOBKA WJIEHOB BCIIOMOTaTelIbHONM TIOPHOCHACATEIbHOW KOMAaHABI B COCTaBE
OpraHu3aIiy, YICHAMU KOTOPOH SBISIOTCS paOOTHUKH [2].

IIpu stom cormacHo cT. 12 denmepanpHoro 3akoHa «O TPOMBIIUICHHOW O0€30MacHOCTH
ONACHBIX IPOU3BOJCTBEHHBIX OOBEKTOB» TEXHHYECKOE pACCIEJOBAaHUWE TNPUYMH aBapHUU
IIPOBOAMTCS KOMUCCUEH, BO3IJIaBIsIEMON IipeacTaBuTeneM Pocrexnaaszopa [3].

© Canxr-IlerepOyprekmii yausepcutet ['TIC MUC Poccun, 2026
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HNMmenHO 3Ta KOMUCCHUS HaacCICHa IpaBOM IPHBJICKAThH 3KCIICPTHBIC OpraHu3aliivi, B TOM
YHuCJIC CIICIHUAIMCTOB BFC‘I, AJIs1 YCTAHOBJICHU A TPUYUH U 00CTOATEILCTB aBapuu.

IIpo0JieMbl B npeaynpeskaeHUH U TYLICHHH T0KAPOB

[IpuBenem mnpumep Hapymenus B3aumojeiicteus OIIO ¢ BI'CU (AO «Komb6unar
KMApyna», 2024 1.).

B wurone 2024 roma na OIIO «Pynnuk ¢ moazeMHBIM crocoboMm paspabotkm» AO
«Komounat KMApyna» nmpousonuia aBapus — MPOPHIB 3aKJIaIOYHON CMECH Yepe3 KPOBIO0 TOPHOM
BbIpaboTku. PaccrnenoBanue, npoBenenHoe Bepxne-Jlonckum ympaieHueM Poctexnamzopa [4],
BBISIBUJIO CUCTEMHBIE HAPYILIEHUS, HAIIPSIMYIO CBA3aHHBIE C HEBBINOIHEHUEM npeanucanuii BI'CY.

KitroueBble HapyleHUs, yCTaHOBJIEHHBIE PACCIIEI0BAHUEM:!

—He comtacoBad ¢ BI'CY mian meponpusiTuii 1o JOKaau3alui U JIMKBUIAIMK TOCIEICTBHIMA
aBapuil (manmee — ILJIA) mocne BHeceHHMs HM3MEHEHMH — 3TO MpPSAMOE HapylleHHE TpeOOBaHMMA
MIPOMBIIILICHHOM Oe301acHOCTH, TocKobKy [1JIA momkeH pa3pabarbiBaThes coBmecTHO ¢ BI'CY [5];

— He COOIIOZICHbI IPOEKTHBIE PELLICHUS IIPU YCTAHOBKE N30JIMPYIOIIUX IIEPEMbIUEK.

[lo wtoram npoBepku BbLsiBIeHO 106 HapylieHUH, TpU JOHKHOCTHBIX JIMIA NMPUBJIEUEHBI K
aJIMUHUCTPATUBHOM OTBETCTBEHHOCTH 10 4. 1 cT. 9.1 KoAIl P®, uetsipe — no u. 3 ct. 9.1 KoAIl P®.
JlesaTenbHOCTh ABYX TOPHBIX BBIPAOOTOK MpuocTaHoBIeHa Ha 90 CyTOK.

DTOT ciiyyall JE€MOHCTPUPYET, YTO OTCYTCTBUE JNOJKHOTO B3aumozeiictBusi ¢ BI'CY mpu
TUTAHUPOBAHUM ABAPHIMHBIX MEPONPHUATHN SBISETCS OJHOW M3 KIIOYEBBIX IPOOJIEM CHUCTEMBI
6esomacHoctu. [1JIA, He cornacoBaHHBI C TOpHOCHAcaTeIsIMU, TEPSAET CBOK IPAKTHUYECKYIO
LIEHHOCTh B YCJIOBUSIX PEabHOM aBapUH.

[IpuBeneM mnpuMep CIOXKHBIX YCJIOBHM TylIeHUs moxapoB — 1maxta «KanuHoBckas
Bocrtounas»y, MakeeBka.

[MTaxTta «KanuHoBckas Bocrounasy (Bxoaut B ['Tl «MakeeByrosb») OTHOCHTCS K OITaCHBIM
00BEKTaM 10 BHE3AITHBIM BBIOpOCAM yIJIsl M Ta3a U Cy(IISIpHBIM BBIICIEHUSIM MeTaHa. JTO cO37aeT
JIOTIOJTHUTEJIbHBIE PUCKH ITPH BOSHUKHOBEHHUHU IOKApPOB U MPEIbSBIISIET MOBBIICHHBIE TPEOOBAHMS
K FTOpHOCTIacaTeIbHBIM MOPa3ACIECHUSIM.

WNummaenTs! Ha maxTe [6, 7]:

Wronw 2015 rona:

[Toxxap Bo3HHMK Ha riyOouHe 680 MeTpoB B Xo0/€ OypOB3pPBIBHBIX pa0dOT B TYNHKOBOH
BBIPAOOTKE BEHTWIAIIMOHHOW Maructpanu macta L1. Tlox 3emneit maxomunock 103 ropHsika.
B Tymenuu nokapa ObUTH 3aJeiiCTBOBaHbBI YEThIpe MOApa3AeieHus ropHocnacaresneil. Bosropanue
JUKBUIMPOBAHO MPUMEPHO Yepes JBa Yaca, IMOCTPaAaBIINX He ObLIO.

Asryct 2020 roga:

IToxxap mpou3zolien B KOHBEHEPHOU XoJKke 6-i1 BOCTOYHOM JaBbl miacta. [IpuunHoil cTano
BOCIVIAMEHEHUE METAHO-BO3AYIIHOM CMECH B TpEUIMHAX TOPHOIO MaccuBa IIpU JIETOHALUU
LIITYPOBOIO 3apsiia MPeJOXPAHUTEIBHOIO B3pPBIBUATOTO BELIECTBA B KOHTYpHOM Immype Ne2(.
NHumaeHt npousoinen u3-3a HapyuleHUs HHCTPYKIMH 0 CO3/IaHUIO0 MPEJOXPaHUTENBHOU Cpelibl B
3200€ TOPHBIX BHIPAOOTOK.

Otu ciayyau mnokasbiBaioT crenupuky padotel BI'CY Ha o0bekTax, OMacHbIX MO razy u
BbIOpocaM. Puck BoclulamMeHeHHs MeTaHa TpeOdyeT OT TropHocmacarene NpUMEHEHUs
CHELMANTU3UPOBAHHBIX CPEACTB M METOJOB TYyIIEHHUs, a TaKke O0co00ro BHHMMaHUS K
MPOGMIAKTUIECKIM MEPOTIPUSATHSIM.

Bomnpoc cynedHoii 3xcniepTusnl B cucreme 0ezonacioctu BI'CU

B cnyuae c¢ aBapueit Ha AO «KomOunar KMApyna» marepuainsl paccieoBaHHs ObUIN
nepesianbl B HAJ30pHBIE OpraHbl, a BUHOBHBIC JIMIA OBUIM TPUBJICYCHBI K aJIMHUHHCTPATUBHOU
OTBETCTBEHHOCTH [4].

OTO co3faeT ompeaesieHHbIe MPEANOChIIKN I BO3MOXKHOMN Cy/1eOHO-3KCIIEPTHOW OLEHKH
JIEUCTBUI JODKHOCTHBIX JIHII.
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Jns maxtel «KannHoBckass BocTouHas» XapakTepHO NMPOBEAEHUE IMOKAPHO-TEXHUYECKUX
9KCIIEPTU3 MJI YCTAHOBJICHHWS IPUYMH BOCIUIAMEHEHHUS METaHO-BO3AYIIHOM CMECH U OLEHKH
COOITIOJICHHSI TEXHOJIOTHH OYPOB3PHIBHBIX PA0OT.

3akjIroueHue

Ba)xHO OTMETUTH pa3iIuYHBIA NPABOBOM CTAaTyC pacciieJOBaHMs aBapuil W HHIUJICHTOB.
B ommuume or aBapuM, TEXHMYECKOE pACCIECIOBAHME WHIMUACHTOB, B TOM YHCIE CIy4acB
BOCIUIAMEHEHUSI METaHOBO3IYyIIHOM cMmecu Ha maxre «KammHoBckas BocTtounas», mpoBoaurtcs
KOMHUCCHEM, CO3JaBA€MOM BHYTPEHHUM  PACHOPSAAUTEIBbHBIM  aKTOM  3KCIUTyaTHUPYIOLIEH
OpraHM3alyy, B NOPSAIKE, YCTAHOBICHHOM JIOKAJIbHBIMM HOPMAaTUBHBIMU akTaMmHu [8]. PesynbraTsl
TAaKOTO pacciefioBaHus O(OPMIIAIOTCS BHYTPEHHHMM aKTOM M HE BIEKYT 3a coOoi
aIMVHHMCTPATUBHBIX WIM YTOJIOBHBIX IIOCJIEICTBUN Ul JOJDKHOCTHBIX JIMI, €CJIM MHLIMIEHT HE
nepepactaeT B aBaputo [9, 10]. 1o co3maér puck HEMOIHOrO y4éTa CUCTEMHBIX HApyLICHUN IIPU
OTCYTCTBMM BHEIIHETO KOHTPOJIS.

Tema cyneOHOM dKCIIePTU3bI MPUMEHUTENBHO K aesrenbHocTd BI'CU umeeT ABOWCTBEHHBIM
xapaktep. C 0JJHOH CTOPOHBI, OCHOBHbIE HOPMAaTUBHBIE [IPABOBBIE AKTHI, PETYIUPYIOLIUE CyIeOHO-
SKCHEPTHYIO IEATENbHOCTh, OTHOCATCS K HMHBIM BenoMmctBaM. C JIpyroil CTOpOHBI, CyneOHas
JKCIEpPTH3a  BBICTYIIA€T  HMHCTPYMEHTOM  OLEHKHM  pEe3yJbTaTOB  JEATEIBHOCTH  CUCTEM
6e3omacHocTH. [8, 11]

AHanmu3 pacCMOTPEHHBIX HHIMJECHTOB IIO3BOJISIET BBIACIUTH OJHO W3 IEPCHEKTHBHBIX
HanpaBJeHU coBeplIeHCTBOBaHUs B3aumoJeiictBus ¢ BI'CY — obs3arenbHoe cornacoanue [1JIA
C TOpHOCHacaTeIbHbIMU IOJPA3JCICHUIMU Ha BCEX dTamax UX pa3paboOTKU U KOPPEKTUPOBKH.
[Tpumeps! yuactus BI'CY nmpu nMKBUIAIUK MOJACTEBUI aBapHii peacTaBiIeHb! Ha puc. 1-3.

Puc. 1. Boenu3upoBaHHbIe rOpHOCHIacATeIbHbIE YACTH HA JIMKBUAALUM aBapuii [12]

30



[TpoOnembl ¥ IEPCIIEKTUBBI MPEAYIPEKASHHS U TYIICHHS I0XKapoB http://journals.igps.ru

Puc. 3. Boenu3upoBaHHbIe rOpHOCACATENbHbIE YACTH HA JIMKBUAAIUM aBapuii [14]

CnHcok HCTOYHMKOB

1. O6 ytBepxknenun Ilonmoxenus o0 oOpraHuzanuu ACSITEIBLHOCTH BOCHU3MPOBAHHBIX
rOpHOCIIAcaTeNIbHBIX YacTel, HampaBiIeHHOW Ha MNpo(UIaKTUKy BO3HUKHOBEHHS aBapuil Ha
OTIaCHBIX NMPOU3BOACTBEHHBIX 00bekTax: npukaz MUC Poccum ot 29 mapra 2019 r. Ne 181. [Joctyn
U3 crpaB.-1paBoBoil cucteMsbl «KoHcynbTanTlImrocy.

2. O0 yTBepkaeHUU YCcTaBa BOCHU3MPOBAHHOM rOpHOCHACATENBHOM YacTH M0 OpraHU3aluU
Y BEJICHUIO TOpHOCMmacarelbHbIX padoT: mpukaz MUC Poccun ot 9 utonst 2017 1. Ne 251. JToctyn u3
crpaB.-ipaBoBoit cuctembl «KoHcynbTanTllirocy.
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BE3OITACHOCTDb TEXHOJJIOI'MYECKHUX
INPOLECCOB 1 MPOU3BOACTB

AHamnTrdeckas cTaTbhs

V]IK 614.841.343:620.3; DOI: 10.61260/2304-0130-2026-2-33-37

MOBBIIIEHUE BE30OIMMACHOCTH TEXHOJOI'MYECKHUX IMPOIIECCOB
HE®TEI'A30BOI'O KOMILUIEKCA B YCJOBHUSIX KPHOTEHHOI'O
BO3JIENUCTBUSA

™ lemunos Hukonaii IMaTpueBnY;

Copoxun Urops AjlekcaHapOBUY;

EmenbsinoBa AnHa HukoJi1aeBHa.

Cankr-Ilerepoyprekuii ynusepeuter I'IIC MUC Poccnu, Cankr-Ilerepoypr, Poccus
&demidov.nd@mail.ru

Annomayus. llpencraBieHbl pe3yibTaThl HCCIEAOBAHUS TEPMUYECKON CTaOMIBHOCTH H
OTHE3aMUTHOH (P (HEKTUBHOCTH JMOKCHUIHBIX BCIYYUBAIOMIUXCS OTHE3AIIUTHBIX COCTABOB,
MOAU(DUIIMPOBAHHBIX YTJIEPOIHBIMH HAHOCTPYKTYpaMHu (acTpajieHamu) B koHueHTpauuu 0,2 % o0.,
0 U TOCJ€ KPUOTEHHOTO BO3JIECUCTBHUSA. TepMOrpaBUMETPHUUECKUM aHAIM30M YCTAHOBIIEHO
yBeJlIMuYeHue BbixoJa KokcoBoro ocratka mpu 800 °C na 90 % nns MoaudUUIHMPOBAaHHOTO COCTaBa
10 CpaBHEHHIO ¢ HeMoauduuupoBaHHBIM. OTHEBBIE UCHBITAHUS B YCIOBUAX (DAKEITBHOTO
YTJEBOJIOPOAHOIO TOPEHHUS MOKa3ajid MOBBIIIEHHE BPEMEHHU IPOrpeBa CTATbHOM IUIACTUHBI [0
500 °C ma 11,1 % pgns momuduupoBaHHOTO coctaBa W Ha 28,6 % mociie KPHOTCHHOTO
Bo3zeiicTBus. [lomyueHHble JaHHBIE CBHJETENBCTBYIOT O TMEPCIEKTHUBHOCTH MPUMEHEHUS
HaHOMOU(HUITUPOBAHHBIX TTOKPHITHH JIJIsl TOBBIIIICHHS 0€30MTACHOCTH TEXHOJIOTHYECKHUX MPOIECCOB
Ha 00beKkTax HedTera3oBoro KOMIUIEKCa, TMOJBEPKEHHBIX PUCKY aBApUNHBIX MPOJIHBOB
KPUOTEHHBIX KUJAKOCTEH C MOCIEAYIOIMIUM ITOXKAPOM.

Kntouesvie cnosa: oOrHe3allUTHBIE BCITyYMBAIOIIMECS COCTaBbl, JMOKCHUIHBIE CMOJIBI,
YIJIEPOJIHbIE HAHOCTPYKTYpPBI, aCTpaJIeHbl, KPUOTEHHOE BO3JIEUCTBHE, TEPMOTPABUMETPUUECKUI
aHaJIM3, OCTaTOYHas Macca KOKCOBOTO CIOsl, OrHe3amuTHas 3(P¢eKTUBHOCTh, He(]TerazoBblii
KOMIIJIEKC

Jas murupoBanust: lemunos H.J., Copokun U.A., EmenbsroBa A.H. [loBbiienue 6€30macHOCTH
TEXHOJOTMYECKUX MPOLIECCOB HEPTEra30BOro KOMIUIEKCA B YCIOBUSAX KPHUOTEHHOTO Bo3eiicTBus //

HapmzopHas jmestensHOCTh M cyneOHas dkcreptu3a B cucreMe OesomacHoctu. 2026. Ne 2. C. 33-37.
DOI: 10.61260/2304-0130-2026-2-33-37

BBenenue

Pa3Butne HedrerazoBoro komriuiekca Poccuiickoit ®enepainuu, BKIIOYas pearnu3alyio
KPYIHBIX TPOEKTOB IO JTOOBIYE, CKMKCHHUIO M TPAHCIIOPTUPOBKE YIIIEBOJOPOJIOB B APKTUUCCKOM
3oHe (Hampumep, «Sman CIII», «Apkruk CIII-2»), compspkeHO C 3KCIUTyaTalueid OOBEKTOB
KpuoreHHo mHppacTpykTypbl. Hecyiue cranbHble KOHCTPYKIIMH TaKuX OOBEKTOB (pe3epByaphl,
TpyOOINPOBOIBI, OTMIOPHBIE TUIAT(HOPMBI) MOABEPTAIOTCS ABOMHOMY SKCTPEMAIBHOMY BO3JICHCTBUIO:
KpUOTeHHbIM TemneparypaM (1o —162 °C npu XpaHEHMHM CXKMKEHHOTO MPHUPOAHOIO Tasa
U BO3MOXXHBIX aBApUHHBIX TPOJNHMBAX) M BBICOKOTEMIIEpPATYpPHOMY HAarpeBy TMpU TMoOXKape
(cbize +1100 °C B yrineBogopogHoM pexume) [ 1, 2].

© Cankr-IlerepOyprekuii yausepcurer ' TIC MUC Poccun, 2026
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TpanuionHsle BenyunBaromuyecs oraezauiutable coctaBbl (OBC) Ha 0CHOBE AMOKCHIHBIX
cMoJ 3(PPEKTUBHBI B CTaHAAPTHBIX YCIOBHUSAX, OJHAKO IOJI BO3JACHCTBHEM KPHUOTEHHOTO «yAapa»
MPOSABIISAIOT CHUKEHHE TEPMHUYECKONW CTAaOMIBHOCTU: 00pa30BaHUE MHUKPOTPEIIMH, YMEHBIICHHE
BBIXOJ]a KOKCOBOI'O OCTaTKa U YCKOPEHHYIO JIECTPYKIMIO IEHOKOKCOBOI'O CJIOS MPH MOCIEAYIOIEM
noxape [3, 4]. OTo NpPUBOAUT K NPEKICBPEMEHHOMY NPOrpeBy MeTaljla J10 KPUTHYECKUX
temmneparyp (+500 °C), nmorepe Hecyiiel cioCOOHOCTH KOHCTPYKLUI U POCTY PUCKA TEXHOTCHHBIX
KatacTpod.

[lepcrieKTUBHBIM ~ HANpaBlIE€HHEM pELIeHHUs HNpoOJeMbl SIBISETCS HAHOCTPYKTYpHOE
MOAU(DUIIMPOBAHKUE MOJUMEPHON MaTpPUIbl YIIEPOJHBIMU HAaHOCTPYKTYpaMHu — acTpajeHamu [5],
00JIaJafoIlMMU  BBICOKOH yJIEIbHOM TOBEPXHOCTHIO, TEIUIONPOBOJHOCTHIO M CIIOCOOHOCTBIO K
(hopMUPOBAHHIO YIPOYHEHHOW CTPYKTYphl Komrio3uta [6]. BBemenue acTpaieHOB MO3BOJISIET
MIOBBICUTH TEPMUYECKYIO CTAOMIBHOCTh U OaphepHbIE CBOWCTBA BCITyYEHHOIO CJIOSL.

lenp pa®oTbl — SKCIEpUMEHTANbHASL OLEHKAa BIMSAHHUS MOJIM(UKALMKU acTpaJeHaMU Ha
TEPMUYECKYIO0 CTaOMJIBHOCTh M OTHE3aIlUTHYI0 3¢ ¢ekTuBHOCTh 3nokcuaHoro OBC no u mocne
KpUOTE€HHOTO BO3JEHCTBHS B KOHTEKCTE IMOBBIILIEHUS 0€30MaCHOCTH TEXHOJIOIMUYECKUX MPOLECCOB
He(TerazoBoro KOMILIEKCa.

MaTepuanbl U METOAbI HCCJICA0BAHUSA

HccnenoBanust NpoBOAMINCH Ha ©0a3e CEepUHHOrO SMOKCHUIHOIO BCIYyUYHMBAIOLIETOCS
orHezaumTHoro cocraBa «TEPMOBAPLEP-2». Actpanensl BBOAWINCH B OTBEpAUTENb B
koHueHTpanuu 0,2 %00. ¢ UCTIONB30BAaHUEM YJIBTPa3BYKOBOU aucnepraiui. OOpas3isl HAHOCUIIN Ha
ctanbHble maacTuHbl CT3. YacTe 00pa3noB nojsepranach KPUOr€HHOMY BO3EHCTBUIO — MTOJIHOMY
MOTPYKEHUIO B KUJAKUN a30T Ha 10 MUHYT.

TepMmuueckass cTaOMIBHOCTH OLIEHMBAJIach METOJOM TEPMOTPABUMETPUUYECKOTO aHaIHu3a
(TT'A) B Bo3aymiHO# cpene B auanazone 50—800 °C. OruesamuTtHas 3QGEKTUBHOCTH OMpeIesiach
10 BpPEMEHU MporpeBa oOpaTHOW cTOpoHbI MmiacTuHbl 10 500 °C B yCIOBHUSX MOJEIUPOBAHUS
(akenpHOTO yriaesogopoanoro roperus mo 'OCT P 53295-2009 [7].

Pe3yJII>TaTI)I HCCJICA0BaHUA

Pe3ynbTaTel TepMOrpaBUMETPHYESCKOTO aHAIN3a KITIOYEBBIX 00pa3oB MPUBEICHBI B Ta0II. |
u Ha puc. 1-3.

Taonuua 1
ITapaMeTpbl TEPMHUYECKOT0 PA3JIOKEHHS UCCIETyeMbIX 00pa3noB
Temneparypa Temneparypa Temnepartypa Ocrarounas
O6paserl Havana 1-ro Hayayia 2-ro Havana 3-ro Maced
a¢dexkra, a¢dexkra, addexkra, o o
oC °C oC pu 800 °C, %
Tb 2 (nemomn¢uun- 157 292 581 31
POBaHHBIH)
0
T52+0,2 % 126 248 587 59
acTPaJICHOB
Tb2+0,2%
aCTPAJICHOB MOCJIe 159 292 582 26
KpHOTeHa
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Puc 1. I'uctorpamMma ocTaTo4Hoii Macchl KOKCoBOro ocratka npu 800 °C
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Puc. 2. 'ncrorpaMmma TemMnepaTyp Ha4ajia OCHOBHBIX TepMuYecKuXx dPpdeKkToB
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O6pasupbl

Puc. 3. I'mcrorpamma orne3aimutHoi 3¢ dexTuBHoCcTH (BpeMs a0 noctuskenus 500 °C
Ha 00paTHOIi CTOPOHE CTAJBLHOI NJIACTHHBI B YCJI0BUSAX (aKeJbLHOI0 ropeHns )

OGcy:kneHue pe3yJbTaToOB

AHanu3 TepMOTrpaBUMETPUUYECKUX JAHHBIX CBHJIETEIBCTBYET O KOMILUIEKCHOM BIIHMSHHUU
aCTPAJICHOB Ha IMPOIIECC TEPMHUYECKOTO PA3IIOKECHHS SIMOKCUIHON MaTpuilbl. Hanbonpmunii BBIXO
KokcoBoro ocrtatka (59 %) 3aduxcupoBan mns coctaBa ¢ 0,2 %o00. acTtpaneHoB, YTO
Ha 90 % mpeBblmaeT 3HaueHWe HemoauduiupoBanHoro anamora (31 %). Dto 00ycioBIEHO
KaTaTUTHYeCKUM JCWCTBHEM HAHOYACTHIl, HWHTCHCU(UIMPYIOIIUM MPOIECCH KapOOHU3AINH
1 GOpMUPOBaHHE TEPMOCTAOUIHLHOTO MTEHOKOKCOBOTO ¢J104 [8].

B xoze skcrepuMeHTa OTMEUYEHO CMEIEHUE TeMIlepaTyp Hadaja TepMHuecKux 3(QexToB
y MOJU(PHUIMPOBAHHBIX OOpA3lOB, YTO HANPSIMYIO CBSI3aHO C BBICOKOH TEMJIOMPOBOIHOCTHIO
acTpaJICHOB U YCKOpPEHUEM HauyainbHOU neruaparanuu [9]. Ilocne KpruoreHHOro Bo3eHCTBUS BBIXO/
KOKCOBOTO OCTaTKa CHM)KAETCS BO BCEX COCTaBaX, HO Y MOAU(DUIIMPOBAHHBIX ATOT CIaj BBIPAXKEH
3HAYUTENIBHO cllabee — HaHOAPMUPOBAHME MOBBIIIAET TPEIIMHOCTOMKOCTh MATPHUIBI U COXPAHSIET
CTPYKTYpy MEHOKOKCA.

OraeBbIe UCTIBITAHUS TTOJTHOCTHIO MOATBEPKAAIOT naHHble TI'A: BpeMst orHe3amuThl pacTeT
Ha 11,1 % B 0OBIUHBIX YCTOBUSX U Ha 28,6 % 1MOCie KPUOTEHHOTO 1I0KA. Y ITydIlleHHbIE OapbepHbIe
CBOMCTBAa BCIIyYEHHOTO CJIOSI 3aMETHO 3aMEUISIIOT NPOrPeB CTAIBbHOM KOHCTPYKIMH, 4YTO
KPUTHUYECKH BXXHO MPHU aBapUMHBIX CIIEHApUAX Ha 00beKTax HedTerazoBoro komriekca [10].

3aKiIroueHue

Monudukanusi 3MOKCHIHOIO BCIYYHMBAIOIIETOCS OTHE3AIIUTHOIO COCTaBa acTpajeHaMH
B koHueHTtpamuu 0,2 % 00. CyIIECTBEHHO TOBBIIAET TEPMHUECKYIO CTaOMIBHOCTB
U OTHE3alUTHYI0 3((EKTUBHOCTh. IJKCIEPUMEHTAIBHO IOATBEPKACHO YBEIMUYEHHE BBIXOAA
KokcoBoro ocrarka Ha 90 % npu 800 °C, a Taxke pocT BPEMEHH NPOrpeBa CTAJIBHOM IUIACTUHBI
10 500 °C Ha 11,1 % B cTangapTHBIX yCIOBUAX U Ha 28,6 % MOCIE KPUOTEHHOTO BO3ICUCTBUA.

[TomyuyeHHbIE pe3yabTaThl MOKA3BIBAIOT, YTO HAHOMOAM(PHUIIMPOBAHHBIE TIOKPBITHS OCOOCHHO
3¢ (eKTHBHBI B YCIOBHUSX JBOWHOTO JKCTPEMAlLHOTO BO3JICHCTBUS (KpHOTeH + MOXap),
xapakTtepHoro s 00bekToB Apktuku u CIII-npoexToB. IlpuMeHeHne TakuX COCTaBOB MO3BOJIMT
CHM3UTb DPUCK MPEXKIAEBPEMEHHOTO pPA3pyLICHUs HECYIIMX KOHCTPYKIHMH U TOBBICUTH OOLIYIO
0€30I1aCHOCTh TEXHOJOIMYECKUX IpOLEcCOB HedTerazoBoro komiuliekca. [lomyueHHblE AaHHBIE
00OCHOBBIBAIOT HEOOXOJIUMOCTh MPOBENEHUS JalTbHEHIINX OINBITHO-IPOMBIIUICHHBIX HCIBITAHUN
JUISL LIMPOKOTO BHEAPEHUS TEXHOJIOTHH.
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JIMAJIOTH CO CIELUAJIUCTAMUA

AHamuThdeckas cTaTbhs

V]IK 681.3; DOI: 10.61260/2304-0130-2026-2-38-44
NHOOPMALIMOHHBIE TEXHOJIOI'MX B KOMBUHATOPHUKE
U MOJEJUPOBAHUU CIYYAHUHBIX BEJIUYUH

™ ladunckuii Anexkcanap IOpbesunu.
Cankr-Ilerepoyprekuii ynusepeurter I'IIC MUC Poccnu, Cankr-Ilerepoypr, Poccus
&_abinsciy@yandex.ru

Annomayus. B crtaThe paccMOTPEHbl BO3MOKHOCTH HH(OPMAIIMOHHBIX TEXHOJOTHH B
KOMOMHATOpHKE, a TaKkKe B KOMIIBIOTEPHOM MOJICIMPOBAHUM CIIy4allHBIX BEIMUYMH. B 1memsax
JUKBUJAIMN TIOCIEACTBUM JII0OOT0 CTUXUUHOTO O€ICTBUS NPUHUMAIOTCS PEIICHHUs, KOTOpbIe
3aBHUCAT OT MHOXKECTBA CIIy4YaiHbIX ()aKTOPOB.

B cratee paccMOTpeHbl 0COOEHHOCTH PElIeHUsI BEPOATHOCTHBIX 3a/1a4, IPUCYIIUX MPOLIECCY
JTMKBUIAUN CTUXUHHOTO OENCTBUS, KOTOPBIE 3aKJIIOYAIOTCS B TOM, YTO PELICHHE CYIIECTBEHHO
o0jeryaercss mpu KCIOIb30BAaHUM KOMOMHATOpHBIX (Gopmyi. Kaxnas komOuHatopHast dopmyina
OTIpeIeNIIeT YNCIIO BOSMOXKHBIX HCXOJI0B B HEKOTOPOM IpoIiecce (OMBITE), COCTOSAIIEM B CITy4aiiHOM
BbIOOpe (Haymauy) M osnemenToB (BapumaHTOB, cmocoOoB) 3 N pa3sauyHBIX DJIEMEHTOB
paccMaTpUBaeMOro MHOXKECTBA.

PaccMoTpeHbl OCHOBHOHM MPHHLMII U OCHOBHBIE (OPMYJIBI KOMOMHATOPHUKH, KOTOPBIMH
SBIISIIOTCS. (POPMYJIBI pa3MeIleH i, IEPECTAaHOBOK U COYETAHUIH.

[TonpoOHO paccMOTpeHbI OCOOEHHOCTH KOMITBIOTEPHOTO MOJIEIHPOBAHUS KOMOMHATOPHBIX
¢dbopmyn B Buje porpammsl st OBM.

B cratbe paccMOTpeHbl Takke 0COOEHHOCTH KOMIBIOTEPHOTO MOJETHPOBAHUS CITyYalHbBIX
BEJIMYHH, BKJIIOUYAs aITOPUTMHUYECKUHA CIIOCO0 MONy4YeHHs ciydailHbIX uncel. [IpuBeneH anroputm
MOJTy4YEHHUs PAaBHOMEPHO pacIpeie]IeHHbIX MCEBAOCTYYaiHbIX YUCEI, KOTOPBII pealn30BaH B BUE
nporpaMmsl Jiist OBM.

Knrouesvie cnosa: wHOOPMAIMOHHBIE TEXHOJOTMH, KOMIIBIOTEPHOE MOJEIUPOBAHUE,
BEPOSITHOCTHBIE 33/1a4l, KOMOMHATOpPHKA, pa3MEIICHUs, MEePECTaHOBKH, COYETAHMs, CIydailHbIe
BEJIMUMHBI, TICEBJOCTyYaiiHbIe YKCIia, KOMITBIOTEpHAs IporpaMmma

Jost murupoBanust: Jlabunckuii A.JO. MHpopMaiioHHble TEXHOIOTMH B KOMOMHATOPUKE W MOJICIUPOBAHUH

CITydalHBIX BennurH // HajnzopHas mesTenbHOCTh U cyeOHast SKCrepTi3a B cucteMe Oe3omacHocTr. 2026. No 2.
C. 38-44. DOI: 10.61260/2304-0130-2026-2-38-44

BBenenue

[IpuponHas  HeompeneneHHOCTh,  MpHUCyLIas  JOOOMYy  CTUXHIHOMY  OeacTBHIO,
XapaKTepU3yeTcsl HEOMPECIICHHOCThIO OMpPENeNaIoNNX CTUXUHHOEe OencTBue mapameTrpoB. B
LETISX JIMKBUJIAIAN TTOCIIEACTBUI JTFOOOTO CTUXMIMHOTO O€/ICTBUSI MPUHUMAIOTCS PEIICHUS, KOTOPhIE
3aBUCST OT MHOXECTBA CITy4alHBIX ()aKTOPOB.

KomOunHaTopuKa SIBJISIETCS pa3/IeioM MaTeMaTHKH, H3YYaroluM 3a7addl BEIOOpa Pa3TUIHBIX
JIEMCHTOB M3 3aJaHHOI'O MHOXXCCTBA. HpI/I PCHICHNHU TaKHX 3aJayd HCO6XO,Z[I/IMO moacyuTaTrb 4YHUCJI0
BO3MOJKHBIX BAapUAHTOB OCYIIECTBICHHS HEKOTOPOTO JEHCTBHS, HANpUMeEp, IO JIMKBHIAIUH
MOCIIEJCTBUI CTUXUUHOTO O€JCTBHS (3€MIICTPSICEHUS, HABOJHCHUS, MMaHJEMUH, yparana u T.II.) C
LIETTBIO OTpeiesieHus ero 3P PEeKTHBHOCTH.

© Cankr-IletepOyprekuit yausepcuret ['TIC MUC Poccun, 2026
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Pemenne BEpOSATHOCTHBIX (CIydalHBIX) 3a7ad, NPHCYIIMX TPOIECCY JTUKBUIAITIU
CTUXUUHOTO O€ACTBHSI, CYIIECTBEHHO 00JEryaeTcsl MPU MCIOIb30BAaHUM KOMOMHATOPHBIX (DOPMYII.
Kaxxnas komOuHaTopHast (hopMyIia OmpeielisieT YHCI0 BO3MOKHBIX HCXO0JIOB B HEKOTOPOM TIPOIIECcCe
(omeITE), cocTofAlleM B ciay4yailHOM BbIOOpe (Haymauy) M snemMeHTOB (BapMaHTOB, CIIOCOOOB)
13 N pa3IHYHBIX 3JIEMEHTOB PACCMATPUBAEMOTO MHOXKECTBA.

Chopmynupyem TMOCTaHOBKY 3afaud JAis JaHHOW cTathu. HyXHO paccMoTpeTh
BO3MOYXHOCTH KOMIIBIOTEPHOTO MOJCIUPOBAHNUS KOMOWHATOPHBIX (OPMYJI, HCIOJIB3YEeMbIX B
MIpOLIeCCe PeIeHHs 3a/1a4 110 JTMKBUAAINH MTOCIEICTBUI CTUXUIHBIX OCACTBHIA.

Tema crTaThM akTyalilbHa, TaK KaK aBTOMATH3aIls IIPOIECCOB  PEIICHUS 3aaad IIo0
JUKBUJAINH TTOCJIEICTBUN CTUXUNHBIX OCCTBUI SIBISIETCSA aKTyaIbHOM 3a1auei.

DJieMeHTbl KOMOMHATOPUKH

KomOunatopuka — pasgen MaTeMaTUKH, KOTOPBIM HM3y4daeT METOAbl IOJICYeTa Yucia
pa3MYHBIX KOMOMHAIIMK W MOYTH BCErja OTBeYaeT Ha BOINPOC: «CKOIBKAMHU CIOCOOAMU MOKHO
BBINOJIHUTH HEKOTOpOE JeicTBre?». TepMUH «KOMOMHATOPUKa» BIIEPBBIC MCIIOJIb30BAJI HEMELIKUN
MatemaTuk ['otgpun Bunbrensm JleitOuun (1646-1716 rr.) B 1666 roxy. I'.B. JleitOnun coznan
KOMOMHATOPHKY KaK HayKy, CO3/1a]l MaTeMaTU4ecKuil aHanus3 (quddepeHnnaibHoe U HHTeTPabHOE
WICYHCIICHUS) U 3aJI0KHMJI OCHOBBI MAaTEMaTHUECKOW JIOTHKH (OMHCAT JJBONYHYIO CHCTEMY CUHCIICHUS
C OCHOBaHUeM 3TOoM cucteMbl — Iudpamu 0 u 1) [1-4].

OcHoBHOM mnpuHIMI KOoMOMHaTtopuku: Ecnm neiictBue pa3zOuBaeTcsi Ha JIBE OIEpalui,
KOTOpbIE MOTYT OBITh BBIIOJHEHHI M W N crHoco0aMud COOTBETCTBEHHO, TO OOIIee YHCIIO
JEHUCTBUM = M X N.

OcHoBHBIMU  (opMynaMH ~ KOMOWHATOPDUKH  SIBISIIOTCS  (OpMyIlibl  pa3MenieHui
(wBelinapckuii Matematuk ko0 bepnymim, 1665-1705 rr.), nepecTaHOBOK M COYETaHHUM
(bpaniy3ckuit MaTemMaTHK, MexaHuK, pu3uk bies [Tackanp, 1623-1662 rT.).

Uucno pasMelnieHuid COOTBETCTBYET UHCITY BCEX BO3MOXKHBIX CIOCOOOB pPa3MeCTUTh
N o6nbexToB B M mectax. Uncio pasmemenuii: Ay =m!/(m—n)!.

Yucno nepectanoBok N 00beKTOB 3T0 Jt00ast mocieoBatenbHOCTh N pa3InyHbIX 00BEKTOB
C YYE€TOM TOPSIKA ATHX 00BEKTOB. UHCI0 BO3MOKHBIX IEPECTAHOBOK:

Po=nl =1 x 2 x 3 x.... x n. Yucmo couerannii n3 N siaemenros mo M — sto mro6o0e
MOJIMHOXeECTBO U3 M 311eMeHTOB MHOKECTBa, coaepxamiero N aeMeHToB.

Yucno Beex pasnuunbix coueranuit: Cp™ = Ay"/Pn=n!/[m!I*(m—n)!].

[ToctpouB Tabauily codeTaHuil (TabIUIly OMHOMHATBHBIX KOI(P(OUIIMEHTOB — TPEYTOJIBHUK
IMackais), MOKHO OOHAPYKHTh 3aKOHOMEPHOCTH (Tadi. 1).

Tabmuna 1

Tpeyrouabnuk Ilackans

M > (2")
nlo 12 [3 [4 [5 |6 |7
11 |1 2
21 [2 |1 4
3|1 (33 [1 8
411 [4 |6 |4 |1 16
5|1 |5 |10 |10 |5 |1 32
6|1 (6 |15 |20 |15 |6 |1 64
711 [7 |21 [35 (35 |21 |7 |1 128
81 [8 |28 |56 |70 |56 |28 |8 256
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[oceauuii cronden Tabuubl 1 COIEPKUT SIEMEHTH OUHAPHOTO psja: an = 2"

B Wngum (2 Bek mo H.3.) Obula u3BecTHa Qopmyna: Cn0 + Cn1+Cn2+ AC"=2"
npudaeM m <n.

®opmyina GuHoMa Herotona: (1+X)"= Cp + X*Cl+x**Cp2+ . +xX™*C,M+..+X"*C,"

Ecmu x=1, 10 2" = C,0 + C,+Cp >+ .+C"+...+ C,"

CroiicTsa uncna coueranmii: C,0= Cl=1; an = Cnn'k; Cn+1k = an + an'l.

Ecm B Tabnume OWHOMHAIBHBIX JJIEMEHTOB CIABUHYTH KaXIbI CTOJNOCI] BHU3
Ha 2 TO3UIIUH, TO MOCICIHUI CTONIOCI OyAeT COAePIKATh deMEHTHI psina Gubonauyu (Tada. 2).

TaoOmmra 2

Taﬁ.lmua OMHOMMAJILHBIX 3JIEMEHTOB CO CABHUI'OM MO3UIIUHA

M
n0l112 [3 |4 [5]6 7 =@
1 |1 1
2 |1 1
3 |1 |1 2
4 |1 |2 3
5 11 (3 |1 5
6 |1 4 |3 8
7 11 5 |6 |1 13
8 |1 6 |10 |4 21
o |1 7 |15 |10 |1 34
10 |1 |8 |21 |20 |5 55

KomnbrorepHoe MogeMmpoBanne KOMOMHATOPHBIX (POPMY.JI

KomnbrlorepHoMy MojenupoBaHuio mnocBsmeHsl padotel [5—10]. Ilporpamma mis O9BM
CombineCalc mpou3BoAMT MOJAETHPOBAaHWE OCHOBHBIX ONEpaluii KOMOWHATOPUKH: pa3MELICHUMH,
MEPECTaHOBOK M COYETAHUM, B TOM YHCIIE C IOBTOPEHUSIMHU.

Yucino pasMemienuii o6o3nadaerca A," = n! / (n — m)!. Pasmemenus ¢ NOBTOPEHUAMH
m

U3 N-3JIEMEHTOB M0 M-3J1eMeHTOB: A, = N

JIrobast mocnenoBaTeIbHOCTE N PA3MYHBIX OOBEKTOB C YYETOM TMOPS/AKA HAa3bIBACTCS
MIEPECTAHOBKOM 3THX 00BEKTOB. UHMCIIO BCEX BO3MOXKHBIX IMepecTaHoBOK Py = Nl =1 x 2 x 3 x.... x n.
Yucao mepecTaHOBOK C MOBTOPEHHMsAMH ompeaensercs mo dopmyne: Py = n! /[ (ng!*na*ng! ..),
rmen=n;+ny+ng+....

Jlroboe TMOJAMHOKECTBO W3 M SJEMEHTOB MHOXECTBA, COJCpXKAIIEro N 3JIEMEHTOB,
Ha3bIBACTCS COYETAHWEM M3 N 2JeMeHTOB 1o M. UYmucino BceX pa3iMYHbIX COYCTAHMIA:
Ca™ = AS"/Py = n! /[ [m!*(n — m)!]. CoueTanus ¢ NOBTOPEHUSAMH OINpENEAIOTCS 10 (GopMyIe:
C"=(n+m-1)!/[m*(n-1)1].

B nHauane pacuera 3ajaloTcsl BEJIMYUHBI N U M, 3aTeM C TOMOIIbIO (DIaKKOB BBIOMpAeTCs
THI oOmnepanuu (pa3MeIleHHs, TEPEeCTAHOBKH,  COYCTaHMs, pPa3MEUICHUS C TOBTOPCHHSIMH,
MEPECTAHOBKA C TOBTOPCHUSMHU W COYCTAHUS C TOBTOPCHUSMH) W HAXKHMAETCS KHOIKA
«Bpraucnutey. OxHo nporpammer CombineCalc (puc. 1):
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"4 Combination Calculator (Paame we HuA, e pectaHoBkH, Coue TaHHA)

n<=12
V| Pasmemenus: A{n.m)=nl/{n-m)! = 504 n=3 N!=:3E|81BBUD

m<n MI=

lNMepecraHoBku: P{n)=n! = z3B'2'E!8'D' i3

V] CouetaHusa: C{n.m)=nl/[m!I{n-m)!] = }_84 (N-M)i= 40320

PaamMmeuweHus c noeTopeHusMu: A(n.m)=n"m = 729

V| MepecraHoBKU C NOBTOPEHUIMU: n=n1+n2+n3+n4+n5 N11= 2
nl=2 | n2=[3 |[n3=-[4 |n4=[0 |n5=[0 | RIEISS
P(n.n1.n2.n3,)=nlf(n11*n21* )= 1260 | N3I=|24

V| CoueTaHus Cc NOBTOPEHUIMMU: C(n.m)=(n+m-1)I/[m!*(n-1)!]= 165

f7_3§.‘nq>-_|u> " |'Buumncauts | iO'-IHF.TMTbr ' 3aKpuiTh |

Puc. 1. Oxno mporpammbr CombineCalc

ITpu BBIOOpe pacuera «llepecTaHOBKH C MOBTOPEHHUSMU» JIOTIOJHUTEIBLHO HYXKHO 3a1aTh
sgadyenus nl, n2, n3, n4, nb.

[Tpn Ha)KaTUU KHOTKHU «3aJaum» BBIBOJUTCS OKHO, B KOTOPOM TpeICTaBIeHO 11 THUMOBBIX
3ama4 mo kKomOuHaTopuke ¢ orBeramu. OKHO BBIBOAA 3aJa4 MO KOMOWHATOPUKE MPEACTABICHO
Ha puC. 2.

KombGuHaTopHKa - 3agaum

|__3anauu no kom6uHaTopuke - 11 3anau___ [~
— PazmMmeuwleHus —
Janaua: CKOAbKO KOMGUHaUUi U3 b pnaxkoe
pas3nuMuHOro userta no 2 ¢pnaxka ?
A(6.2)= 61741 = 56 = 30.
— lNepecraHoBKU —
Janaua: CKOABKO CNOCOG60B paccraBuThb B
' cTpow 5 uenoeek ? P(5) = 51 = 120. =
— CouerTaHus —
Janaua: 12 yenoBek-KaHaAuWAaTh B COBeT
us3 5 vyenk knwuas Mawy u Konw. Ckonbko
'MOoXeT 6piTh coBeToB: ¢ Maweii u Konen ?
' 6e3 Mawu u Konu ? ¢ Mawein ? c Konein ?
Becero C(12.5)=792: c MuK: C(10.3)=120
|6e3 Hux C(10.5)=252: nu60 c Maweii nu60
c Konei: C(10.4)=210.
— PazmMeuweHus C NoOBTOpPeHUusIMuU —
Janaua: 7 cTYAeHTOB caasnu 3K3amMmeH
Ha 4 u 5. CkonbKo CNOCOG60B BhICTaBfieHUs
UM OUeHOoK ? A(2.7)noe = 277 = 128.
Janaua: CkonbKo CNOCOG60B pacnpeanesieHus
|6 NnonapkoB mexay 4 aerbMu ?
A(4.6)noe = 476 = 216.
Janaua: CKOABKO 5-3HaAUHBIX UMCe n MOXHO
cocTaBuTb U3 UK p: a)2.5.7.8? 6)0.1.97? ||
a)A(4.5)N=4"5=1024: 6)A(3.5)n-A(3.4)n = [~

OUyUMCTUTL 3akpbiTh

Puc. 2. OxHo BbIBOAAA 32124 IT0 KOMOHHATOPHKE
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MopaenupoBaHue COy4YalHbIX BeJUYUH

IIpu MonmenupoBaHUM pPA3IUYHBIX IIPOLECCOB U  SBJICHHUM, HMEIOIIMX CIy4YalHYIO
(BEpOSITHOCTHYI0) MPHUPOJLY, UCHOIB3YIOTCS CTaTUCTUYECKHE METOJIbl, OTOOpakarolue SBICHUS U
MIPOIIECCHl C TIOMOIIBIO CIy4YalHBIX (CTOXAaCTMYECKUX) COOBITHI, OMUCHIBAEMBIX BEPOSITHOCTHBIMU
(cTaTUCTUYECKUMM) XapaKTepUCTUKaMU [4].

OOpaboTka CTAaTUCTMYECKUX JIaHHBIX, HE0OXoAuMas [Uid MPUHATHS pelIeHud 1o
JMKBUJALUUKN TIOCIEACTBUI CTUXMHHBIX O€ACTBUHM, OCYLIECTBISIETCS C IOMOLIBIO  Pa3IMYHbIX
CTaTUCTUYECKUX METOJIOB, OJHUM H3 KOTOPBIX SBJISETCS METOJ CTAaTUCTUYECKHUX MWCIIBITAHUH,
WCTIONB3YIONINHN TICEBIOCTyYaliHbIe uncia [2].

MeTon CTaTUCTUYECKUX MCIBITAHWM 3aKI04acTCd B MOJCIMPOBAHMM HCCIENLYEMOTO
mmpouecca C IOMOILIBI0 BEPOATHOCTHOM MOJEIM W OCHOBAaH HA MHOTOKPaTHOM IIPOBEICHHUU
HCIIBITAHUN CO3/JaHHOM BEPOSATHOCTHOW Monenu. IlosydeHue ciaydallHBIX 4HCENl B BEPOSITHOCTHOU
MOJIEIM OCHOBAaHO Ha co3JaHuu mpu nomomu OBM mocienoBaTeabHOCTH PaBHOMEPHO
pacnpeesIeHHbIX YHCE.

[Ton ciyyaitHON BenMUYMHOM (YMCIIOM) MOHMMAIOT BEJIMYHMHY, KOTOPAsl B PE3yJbTaTe OIbITA
MIPUHUMAET 3HaYEHHE, KOTOPOE 3apaHee Hen3BecTHO [1].

JIlpyroe ompeneneHue — CIy4alHOW BEIWYMHOW X HA3bIBACTCSA 4YMCIOBas (QyHKIIHS,
olpeziesieHHas Ha MPOCTPAHCTBE 3JIEMEHTApHbBIX COOBITUH (), KOTOpass KaXJIOMY 3JIEMEHTapHOMY
COOBITHIO W CTaBUT B COOTBETCTBUE YUCI0 X(W).

CnyualiHas BeIMYMHA, NPUHUMAIONIAsi KOHEYHOE WM CYETHOE MHOXKECTBO 3HAYCHH,
Ha3bIBACTCS JUCKPETHOM (11.C.B.).

CnyualiHas BeJIMYMHA, NPUHUMAIONIAs HECYETHOE MHOXKECTBO 3HAYCHWM, Ha3bIBAETCS
HEeNpepbIBHOM (H.C.B.).

Takum oOpa3om, A.C.B. NPUHUMAET OTAEIbHbIE HW30JIMPOBAHHBIE 3HAYEHHUS, a H.C.B.
MPUHUMAET 3HAYEHUs U3 HEKOTOPOTO MPOMEXyTKa (Harmpumep, Ha otpeske [0, t], rae t >0).

AJITOPUTMHUYECKHUH CTIOCO0 MOJYyYeHUs CAYUYAHHBIX BeJTUYHH

OcHOBHBIM cII0cOOOM TMoydeHHs Ha DBM paBHOMEpHO paclpe/eNIeHHbIX CITyYalHBIX YHMCeN
SBJSIETCS TIPOTPaMMHBIA  CIIOCOO € TIOMOIIBIO  PEKYPPEHTHOTO  COOTHOIICHHS, Ha3bIBAEMBI
AITOPUTMHYECKUM, a CaMH CIy4alHble YHCIa — ICEBJOCIyYalHBIMU (WJIM KBa3UCIy4ailHBIMU)
YHCIIaMHU, TaK KaK OHU HaXOJATCS C IIOMOIBIO JETEPMUHUPOBAHHOTO MAaTEMAaTHYECKOTO BHIPAYKEHUSI.

[TocnenoBaTenbHOCTh PAaBHOMEPHO DACIPEACIEHHBIX MCEBIOCIYYalHBIX YHCEN JOJDKHA
YAOBJIETBOPATH CIEAYIOMNUM TpeOOBaHUM [2]:

— BBIOOpOYHAs] COBOKYITHOCTh CIYYalHBIX YHCEN JOJDKHA OTBEUaTh KPUTEPHUSM IPOBEPKHU
«CIy4aHOCTW», a pAaCHpelesIeHue STUX 4YHCENT JOJDKHO HECYIIECTBEHHO OTKJIOHATHCS OT
PaBHOMEPHOTO pacIpe/leIeHus;

— KOJINYECTBO ONepaluii, uayiee Ha MOJy4deHHE OJHOTO ICEBIOCIY4YalHOro 4ucia, He
JIOJI’KHO OBITH CJIMIIIKOM OOJIBIITHM;

— B Tmporecce pabOThl MpOrpaMMbl paclpeieieHne OSTHUX YHCel U CTeNeHb HX
KOPPEIMPOBAHHOCTH HE JTOJKHBI MEHSTHCSL.

IIceBnocmyuaiiHble yncia MOTYT OBITh MOJy4€Hbl MHOTMMH CIIOCOOaMH.

Jlnst mosTydeHus! MCeBAOCIydaifHOro yuciia Haubosiee 4yacTo HCIOJIBb3YETCsl PEeKypPEHTHBIN
METO/1, AJITOPUTM KOTOPOT'O COJIEPKUT HECKOJIBKO IIaroB [§]:

1) C nomoIipio JaT4rKa CITydaiiHbIX YHCE CO3AaeTCs JII000e CllydaiiHoe Ynciio A.

2) OcymecTBIsIeTCsl HOpMaIH3alusl Yucia A.

3) B mamsit DBM unciio A capuraetcs Ha 7 pa3psiioB BIEBO —> 4ucIiio B.

4) IpousBoautcs oneparus cioxenus: A + B =C.

5) Bepercs momynb uncna C: A = |C|.

Pesynbrat paboThl anropuT™Ma — IceBAOCIydaiiHOE Yucio &, paBHOMEPHO pacHpeneieHHoe
B unrepsaie [0, 1]. Cinyuaiinas Benuunna Z(a, b), paBHOMepHO pacnipeneneHHoe B mHTepBae [a, b]
ompezensiercs mo hopmye: Z(a, b)= a+(b—a)*E.
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MopenupoBaHue nceBAOCTyYARHBIX YHCET

[Iporpamma nmnss OBM  RanNum mo3BojsieT NpOU3BOAWTH MOJICIUPOBAHKME ITpoliecca
MOJTyYEHHsI TICEBAOCTYYalHbIX uncen (kHomka «Calcy), ncnonb3ys aBe GyHKIUU U3 OMOTHOTEKH
cranmaptHeix pynkumii OBM: Random u RanNum.  Pesynbrat mMopenupoBaHHs MOXET OBITh
NpEe/ACTaBlIeH B HArJsAHOM rpaduueckoM Buzae (KHomka «Paint») B OTAENbHOM OKHE B BHIE
THECTOTPaMMBI pactipeniesieHus. OKHO MpOorpaMMBbl TIPEACTaBICHO Ha puc. 3:

PyHKuUMA MogeAHPOBaHUS

MogenupoBaHue nceBaocyyanHLIX yucen s

0643346 0314535 0021070 0006719 0264134 (0790518 0670554 0556930 0754399 " Pynkuus RanNum

0917538 0239047 0182385 0417358 0979939 0942434 0253898 0511602 0362318 0435986 e e e

0554352 0103244 0601723 0043306 0330283 0070743 0798124 0588620 0060902 0614275 OyHKLpA Random ‘ 110
0391681 0178713 0554178 0461812 0189014 0781256 0634652 0668798 0246273  0,205374 ; ; ; ‘
0131377 0458601 0121870 0033420 0696671 0864781 0538081 0476013 0556524 0148666
0278961 0271398 0670483 0008931 0949735 0111402 0626154 0448328 0880476 0501609
0931573 0195337 0829656 0044371 0262830 (0609858 0036145 0763587 0832275 0186304
0364103 0630675 0282258 0313587 0686581 0280634 0G11070 0721930 0804282 0147339
0603643 0274308 0961186 0132685 0443616 0036703 0964813 024171 0343505 0579703
0594625 0630526 0345831 0907958 0404824 021105 0800526 0822044 0756112 0818973

Cale

Puc. 3. Ilporpamma mMoe MpoBaHuUsl NMCEeBAOCTYyYaHBIX Yyncesa RanNum

Clear Close

3akjauYeHue

[IpencraBneHHble pe3yiabTaThl KOMIBIOTEPHOTO MOJEIUPOBAHHUS KOMOMHATOPHBIX (hopMyi
Y MOJEIIMPOBAHUS IMPOIecca MOMYyUYECHHS MCEBAOCIYYANHBIX YHCENI JEMOHCTPUPYIOT BO3MOKHOCTH
MMHTAIIMOHHOTO MOJISITUPOBAHUS C MOMOIII0 iporpammel st 9BM CombineCalc, peanuzyromeit
KOMOHMHATOpHbIE (OPMYJIbI pa3MELICHHUH, MEePecTaHOBOK M COYETAHUMH, a TaKKe MPOrpaMMBbl IS
OBM RanNum, peanusyroomeil ajJroputM MOJY4YeHHS PaBHOMEPHO  pacHpeAeseHHbIX
IICEB/IOCTYYalHbIX YUCET.

B mporpamme g 3BM CombineCalc npu HakaTun KHONKH «3a1a4m» BBIBOIUTCS OKHO, B
KOTOpOM TMipesacTaBieHo 11 TUHOBBIX 3a7ay MO KOMOMHATOpPUKE C OTBETaMM, 4TO OOJerdaer
HCIIOJIb30BAaHHUE JJTAHHOM IIPOrpPaMMBbl U a€T BO3MOXKHOCTb IIPUMEHSATH IIPOrpaMMy TaKkKe B LEIAX
o0y4deHusi KOMOMHATOPHUKE.

Hayynas HOBU3HA HcClle0BaHUsA, OTPakarolllas JIMYHBIM BKJIAJ aBTOpA, 3aKJIKOYAcTCsS B
CO3JJaHUM aBTOPOM KOMIIBIOTEPHBIX MOJENIEH, pealM30BaHHBIX B BUAE mporpamm i OBM
CombineCalc u RanNum.
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ABTOPAM KYPHAJIA
«HAJI3OPHAA AEATEJIBHOCTDb U CYAEBHAS
JKCIIEPTHU3A B CUCTEME BE3OITACHOCTHW»

K myOnukanmy npuHUMArOTCS OPUTMHAJIBHBIE MCCIEIOBATENbCKHE W OO30pHBIC aHAJIMTHYECKUE
CTaTbu, OTBEUAIONME NPOQIIIO JKypHAla, NPEICTABISIONIME pPEe3yJIbTaThl 3aBEPIICHHOTO HAYYHOI'O
WCCJICIOBAaHNs, BBIIOJIHCHHOTO HA aKTyaJbHYIO TeMy, OOJIQJarolie HAyYHOH HOBHM3HOM, HMMECOIIHE
MPAKTUYECKOE 3HAYCHUE H TEOPETHIECKOE 000CHOBaHKE, 0(DOPMIICHHBIE B COOTBETCTBHHU C TPEOOBAHHUSIMHU.

CraThs He JOJDKHA OBITh paHee OMyOJMKOBAHHOW M HE MOJAHHOM JIi pACCMOTPEHHUS B IPyTUe
XKypHaibl. Bce cTaThu MPOXOAAT MPOBEPKY B CUCTEME « AHTUILIATHATY.

CraTb 00YYAIOIIUXCS MATHCTPATYPbl, KYPCAHTOB W CTYJEHTOB INPHUHUMAIOTCS TOJIBKO
B COABTOPCTBE ¢ HAYYHBIM PYKOBOJIUTEJIEM.

1. MaTtepuajisbl Ui MyOJUKaLKMU TMPEICTABISIIOTCS B PEAaKIMIO >KypHaja JuyHO. Matepuan
JIOJKEH COTPOBOXKIATHCS:

a) st corpyanukoB CII6 yauepcutera I'TIC MUC Poccum — 3akniouenuem 06 OTCYTCTBHH
MaTepPHUAJIOB, 3alPEUICHHBIX K MyOJUKAIIMA B OTKPBITOW NEYATH, peyeH3uell om 4ieHa pedaKyuoHHO20
cosema (koyerun). [1o xemaHWIO MpUIaraeTcsi BTOpasi PeeH3us OT CIEIHAaINCTa COOTBETCTBYOIIETO
npoduIIs, IMEIOIIETO YYCHYIO CTEIICHb;

0) UIE aBTOPOB CTOPOHHUX OpraHU3alMid — 3aKaIt0YeHuem 00 OTCYTCTBUM MAaTEpHAaJIOB,
3alpelIeHHBIX K MyOJIMKAK B OTKPBITOH MEYaTH, peyersuell OT CIICHAIICTa 110 COOTBETCTBYIOLIEMY
CTaThe MPO(UITIO, UMEIOIIETO YUEHYIO CTETICHb;

B) CTaThs aCMpaHTa (aIbIOHKTA) WIIH COUCKATEIIS OM3bI60M HAYYHO20 PYKOBOOUMEIIS.

T) 2/IeKMpPOHHOU 6epcuell CTaThbH, TPEACTaBIeHHONH B Qopmarte pemaktopa Microsoft Word
(Bepcus He HIKe 2003). Hazpanue (aiina q0HKHO OBITH CIIETYIONIIM:

Astopl, ABtop2 — IlepBbie Tpu ciioBa Ha3BaHHs CTaThi.dOC, Hanpumep: UBaHOB — AHaiu3
cymecTByomleii mpakTukun.doc;

B) niama ¢ albIOHKTOB M aCIIMPAHTOB 3a MMy OJIMKAIUIO PYKOTMUCEH HE B3UMACTCSL.

W3nanue OCYyIIECTBISET PEICH3MPOBAHUE BCEX IOCTYMAIOIIMX B PEAAKIUI0 MaTepHaioB
C UENBI0 HMX OKCHEpTHOH oOIleHKH. CTaThU PEUEH3UPYIOTCS B 00S3aTENbHOM TOPSIKE YICHAMH
pEeNaKIMOHHOW KoJulerrH »ypHaia. OCHOBHasl IeJib PELEH3UPOBAHUS — MPEIOCTABUTH PEIAKIMU
apryMEHTUPOBAHHYIO HH()OPMAIIHUIO [T IPUHATHS PEUICHUs 00 OMyOJUKOBAaHUU MaTepUaa.

2. CraTbm, BKIIOYAs PUCYHKH U TOJANUCH K HUM, CITUCOK JINTEPATYPbI, JOJDKHBI UMETh 00beM
or 8 no 15 crpanum. Ilo cormacoBaHuio ¢ PyKOBOACTBOM >KypHajia CTaTbH MOTYT OBITh MPUHSITHI
u 60bIIero oobema.

3. OpUruHaANBHOCTh cTaTel A0kHa ObITH He MeHee 70 Y.

4. TekcT cTATHH 10JKEH OBITH 00513aTeJILHO CTPYKTYPUPOBAH 1O pa3jiejiaM:

Beenenue

B paznene «BBenenne» mpoBOIUTCS aHATU3 COCTOSHUS UCCIIETYEeMOi MPOoOIeMbl IO My OIMKaIUsIM
OTEUYECTBEHHBIX U 3apyOEKHBIX HCTOYHHKOB, Ha OCHOBAaHHU KOTOPOrO OOOCHOBBIBACTCS AKTYAILHOCTh
uccienoBanus, (GOPMYIHPYIOTCS LETb U 33/1a4U UCCIIETIOBaHMSI.

MeToabl ncciIe10BaAHUS

B paznene onmuchiBaroTCs IpUMEHSIEMbIE B PadOTE€ METObI MCCICOBAHUS, PUBOASATCS CBEICHHS
00 00BEKTaxX MCCIIeIOBAHNUS, U3MEPUTEIEHOM 000PYI0BaHUH, OMIUCHIBAIOTCS YCIIOBHUS SKCIIEPUMEHTOB H T.]I.
Bo03MOKHO yKa3aHHe CChUIOK Ha paboThI ¢ OoJiee TOAPOOHBIM U3JI0KEHHEM METOIOB, OJJHAKO IPHBOIUMOTO
OIMCAHUS JJOJDKHO OBITh JOCTATOYHO /ISt TOHUMAHHS X0/1a HCCIISIOBAHUSI.

[Tpu rcnop30BaHNM CTaHAAPTHBIX (MM M3BECTHBIX) METOJIOB M MPOLIEAYP JIYUIlIe CeNaTh CChUIKU
Ha COOTBETCTBYIOIIME HCTOYHUKH, HE 3a0bIBasi OMUCATh MOMU(UKAIMU CTAaHIAPTHBIX METOJOB, €CIIU
TaKoBble UMeNUCh. Ecin ke ucnonb3yeTcss cOOCTBEHHBIM HOBBIM METOJ, ONMCAHHE KOTOPOro HUTJIE paHee
He ObUTO OMyOJIMKOBAHO, BYKHO TIPUBECTH BCE HEOOXOMMEIE NieTand. Ecim panee onvicanne MeToa ObUTo
OITyOJIMKOBAHO B U3BECTHOM KypHaJIe, MOYKHO OTPAaHUYUTHCS CCHUTKOM.

JlonmyckaeTcs W HMHOE Ha3BaHME pasfena, OOyCIOBIEHHOE CHEenn(pUKOW HCCIeT0BaHUSA
U TIOATOTOBJIEHHOW Ha €ro OCHOBE CTaThH, Hampumep «Marepuaasl U METOIBI HCCIIEOBAHUM,
«MoJien ¥ METOIbI HCCIIeIOBaHUs», « TeopeTHuecKrue OCHOBBI M METOIbI pacueTay.
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Pe3yabTaThl MCCiIeI0BAHUS U X aHAJIN3

B paszzmene B mormyeckoil mocnenoBaTeIbHOCTH U3JIATAIOTCS PE3YIIbTaThl MCCIIEIOBAHMUS, KOTOPHIC
MOATBEPXKIAIOTCA TabauiamMu, rpagukaMu, pUCYHKaMH. 37€Ch e MPOBOJUTCS aHATU3 M HHTEPIPETAIHS
MIOJTYYEHHBIX PE3YJIbTaTOB, OMMCHIBAIOTCS BHISIBIICHHBIE 3aKOHOMEPHOCTH, TTOITBEP)KIACTCS I0CTOBEPHOCTD
PE3YJIbTATOB, POBOJIUTCS COMIOCTABIICHUE COOCTBEHHBIX PE3YJIbTATOB C IAHHBIMH JIPYTHX UCCIIEIOBATENCH.

3akiroueHue

B pazmene wusnmararoTcs OCHOBHBIC BBIBOJBI, IOABOAMTCS WTOT MPOICIAHHOW pabOTHI,
00OCHOBBIBAEeTCS HaydHas HOBH3HA TIOJYYEHHBIX PE3yJIbTATOB, MPHUBOIATCS HAY4YHO OOOCHOBAaHHBIC
PEKOMEHIAIMK 10 WX HCIOJIb30BAHUIO, ONPEICNAIOTCS OCHOBHBIE HAIpPaBIICHUS JajJbHEUIINX
HCCTIEIOBAaHUH B TaHHOW 00J1acTH.

3aKIIt0YeHNne COACPIKUT TIIaBHBIE HUIEH OCHOBHOTO TEKCTa CTAaThbH, HO HE JIOJDKHO TOBTOPSTH
(hOopMyJIMPOBOK, IPUBEICHHBIX B MPEABLAYIIHNX pa3ieiax.

Cricok nurepaTypsl T0JDKEH colepkaTh He MeHee 10 MCTOYHMKOB (U3 KOTOpBIX He menee 30 %
3apyOeIsHCHBIX).

Jdas OB30PHbBIX ananuTu4ecKux cTaTeH J0MyCKaeTCs UHasl CTPYKTypa CTaThU:

1. Benenue.

2. Ananutuyeckast 4acTb.

3. 3akitoueHue.

B pasmene «AnHamuTHueckas dYacTh» JOJDKEH OBITh TPEACTaBICH KPUTHUYSCKUN —aHAH3
Y KpUTHYECKOE 0000IIEHNE aKTyaJIbHOM UCCIeI0BATENHCKOM MPOOIEMBbI 0 OTEYECTBEHHBIM U 3apyO0e:KHBIM
Hay4YHBbIM UCTOYHUKAM (He MeHee 25 ucmouHukos, u3 KOTopuix He menee 50 % 3apybescnpix) ¢ OIICHKON
WX HAyYHOW HOBU3HBI M OpPUTUHAIBHOCTH. Pe3ynpTaThl KPUTHYECKOTO aHaiW3a W 000OIIeHUs
PEKOMEHIyeTCsl TIOATBEPKIIAaTh CPAaBHHUTEILHBIME TaOnuIiamMu, rpadyikaMy, puCyHKaMHu. B cTathe Taroke
JIOJDKHBI OBITh OTPa)keHbI JUCKYCCHOHHBIE (TIPO0OIeMaTHYHbIC) BOIIPOCHI.

HomyckaeTcst pazouenue pasznenoB «MeToasl uccienoBaHus», «Pe3ynbraTel HCCIIeTOBaHUS
U MX 00CYXICHHE», « AHAINTHYECKAs YacTh)» Ha HECKOJIBKO JIOTHYECKHU CBSI3aHHBIX MOAPA3/IeIIOB.

5. OdopmiieHue TeKcTA:

a) TeKCT MaTepuaa I Iy OJKaIK TOJKEH OBITh TIIATEIHHO OTPEIAKTHPOBAH aBTOPOM;

0) TeKCT Ha oJHOU cTopoHe JincTa (hopmata A4 HabupaeTcs Ha kommbioTepe (mpudrt Times
New Roman 14, unmepean 1,5, 6e3 miepeHOCOB, B OJHY KOJIOHKY, 6Cce noas no 2 cm, HyMepaius
CTpaHUI] BHU3Y MMOCPEIUHE);

B) Ha MEPBO CTPaHUIIE aBTOPCKOTrO MaTepHaia JA0JDKHBI ObITh HATleYaTaHbl: THII CTaThH (HAy4YHas,
0030pHasi, pEeNaKIMOHHAs, IUCKYCCHOHHas, perneHsus u T.01.), YJK (yHuBepcanbHas IecaTUYHAs
KJIaccU(UKaIys), HA PyCCKOM H aHTJIMHCKOM sI3bIKAX Ha3BaHKE (MPOMHMCHBIME OYKBaMH, TIOTY>KUPHBIM
mpudTom, 6e3 nomguepkuBanus); GO aBTOpOB MOTHOCTHIO (He Ho1ee mpex); MecTO pabOThI (Ha3BaHUE
YUpEeKICHUS ), JIEKTPOHHBIN afpec aBTopoB (0e3 crnoBa e-mail), aHHOoTanus, KIF0UYEeBbIC CIIOBA.

Tpebosanus k annHomayuu. AHHOTAIMS JOJDKHA OBITH KPaTKOW, MH(GOPMATUBHOW, CONEPIKATh
1eb padoThI, METOIBI UCCIICIOBAHUS, OCHOBHBIC MTOJIOKEHUS U PE3yJIbTAaThl HCCIICIOBAHUS (M3J1araroTCs
OCHOBHBIE PE3YJIbTAThl TEOPETUYECKUX W/WIM SKCICPUMEHTAIBHBIX WCCIEAOBaHUH, (PaKTUIECKHE
JaHHbIE, OOHapYy>KEHHBbIE B3aMMOCBSI3M M 3aKOHOMEPHOCTH), BBIBOJABI C OOOCHOBAaHHEM HAy4YHOMU
HOBU3HBI PE3YJbTaTOB. AHHOTALMS MOXKET BKJIIOYATh M JAPYTYI0 MH(POPMAIUIO, YMECTHYIO C TOUYKH
3peHHs aBTOPOB, HANPUMEP, PEKOMEHIAIMH 0 MPUMEHEHHIO MOJYYSHHBIX Pe3yJbTaToB. [IpumepHbIit
o0wvem anHoTarmu 100-250 cios.

6. OdopmiieHue popMyJ B TEKCTE:

a) GopMyJIbl TOJDKHBI OBITH HAOpaHBI HA KOMIbIOTEpe B pemakrope dopmyn Microsoft Word
(Equation), pasmep mpudra sxBuBanearen 14 (Times New Roman);

0) B hopmynax pexoMeHAyeTCs HCIOIb30BaTh OYKBBI JIATMHCKOTO M TPEUECKOro anaBUTOB
(kypcuBOM);

B) (hOpMYIIBI TIEYATAIOTCS TI0 IIEHTPY, HOMEP — Y MPABOTO TOJISI CTPAHUIIBI (HyMEpOBaTh CIIEIyeT
TOJIKO ()OPMYJIbI, yTIOMUHAEMBIE B TEKCTE).

7. OdopmiieHHEe PUCYHKOB U TA0JIMIL:

a) PUCYHKH HEOOXOJIMUMO BBIJICISATH OT/ACIBHBIM OJIOKOM /ISl YA0OCTBA MEPEHOCA B TEKCTE WU
BCTaBJIATh M3 (paiiyia, BBHIMOJHEHHOTO B JIFOOOM W3 OOIICHPHHATHIX TpadUUYeCKUX PEIAKTOPOB, IO
PUCYHKOM CTaBHUTCS: Prc. 2. 1 nanee ciemyroT MOsSCHEHMS;

0) ecaM B TEKCTE HE oJHa Ta0JMIIa, TO X CJeIyeT MPOHyMepoBaTh (CHavaja muiercs: Tabnuna 2
(BbIpaBHUBAHKE TIO TIPABOMY Kparo JIMCTA), HUKE, OTCTYITUB OJIHY CTPOKY, — Ha3BaHUE TaOIHIIBI (TTOTYKHUPHO,
BBIPaBHUBAHHUE I10 IIEHTPY JIUCTA), U Jajiee, OTCTYIHB CTPOKY, CIEAyeT Pa3MECTUTh caMy TaOJIHILy);
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B) €CJIM B TEKCTE OJ{HA TaOJIMIIa MM OAWH PUCYHOK, TO UX HYMEPOBAaTh HE CIIEIyET;

r) TaOJIHIIBI JOJDKHBI IMETh «BEPTUKATBHOE)» TIOCTPOCHUE;

1) B TEKCTE CCHUIKM Ha TaOJIHIBI 1 PUCYHKH JETAI0TCS CISIYIONM 00pa3oM: puc. 2, Ta0i. 4, eciu
BCETO OIMH PUCYHOK WJIM OJ[HA TabJIHIIA, TO CJIOBO MHIIETCS ETUKOM: TabIuIla, pUCYHOK.

8. Odopmitenne Oudanorpadun (CNUCKa HCTOYHUKOB):

Crmcok nurTeparypsl JOJDKEH conxepkarth He MeHee 10 HMCTOYHMKOB, 11 0030pHbIX
AHAJTUTUYECKUX CTAaTe He MeHee 25 HCTOYHMKOB.

[Ipy 5TOM KONHMYECTBO CCBHIJIOK Ha CTaTbU M3 WHOCTPAHHBIX HAYYHBIX JKYPHAJIOB M JpyTHe
WHOCTpPaHHbIE UCTOYHHUKH JOJKHO ObITh HEe MeHee 30 % oT 0011ero KoJim4ecTBa CChUIOK, 7151 0030PHBIX
aHanuTH4eCcKux crareid He MeHee 50 % .

B cnucke nutepatypsl 0KkHO ObITH HE 60siee 30 % MCTOYHMKOB, aBTOPOM JIMOO COABTOPOM KOTOPBIX
SIBJIIETCSL aBTOP CTAThU.

Ilpasuna opopmaenus cnucka 1umepamypbol.

a) B TEKCTE CCBUIKM Ha I[HMTUPYEMYIO JIUTEpaTypy O0O0O3Ha4yaroTCsl MOPAIKOBON wHudpoii
B KBaJJpaTHBIX CKOOKax;

0) CIMCOK JIOJDKEH COJAEpKaTh LUTHUPYEMYIO JIUTEpaTypy, HPOHYMEPOBAHHYIO B MOpSIKE
€e YIIOMHHAHUS B TEKCTE.

[pucrareiinbie OubIMOrpaduuecKue Cnucku 1omkHbl cootBercTBoBaTh [OCT P 7.0.5-2008.

Ipumepvl ogpopmaenus cnucka UCmoYHUKOS.
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JOJKHOCTh, MECTO PadOThI ¢ yKa3aHUEM aJpeca M €ro MOYTOBOIrO MHJEKCa; HOMEp Tele(oHa; YUEHYIO
CTEIeHb, yUYEeHOE 3BaHKE, MOYETHOE 3BaHKE; aapec AeKkTpoHHo# moutel; ORCID mis kaxmoro aBropa
(https://orcid.org/); SPIN-kox amnst kaxaoro asropa (elibrary.ru).

Cmambsn 0015icHa OblMb NOONUCAHA AGMOPAMU U YKA3AHB! KOHMAKMHbLE meaedoHbl.
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AHOHUMHOE pelleH3upPoBaHue.

47



OBPA3ELl O®POPMJIEHUA CTATBAU

Hayynas cratbs

YK 614.8
COBPEMEHHBIE ACIIEKTHBI KYJIBTYPbI BE3OITACHOCTH

“Hpanos Cepreii [lerpoBuy.
Cankr-Ilerepoyprekuii ynusepeuter I'IIC MUC Poccenu, Cankr-Ilerepoypr, Poccus
Egpi78@mail.ru

Annomayus. 100-250 cioB

Knrouegwvie cnosa: 3—10 cinoB

s nurupoanus: Vsanos C.II K Bompocy olLieHKH mocnencTBHi Ype3BhIYaiiHBIX cuTyanuid // Hamzophas
JEATENBHOCTD M CyieOHast SKCnepTh3a B cucteme 6esonacHoctu. 2022. Ne 2 (42). C. 9-15 (OPOPMJISIETCSA
PEJAKIIUEN).

BBenenue
TexcT, TeKCT, TEKCT

MeTtoanl uccjae10BaHus
TexcT, TeKCT, TEKCT

Pe3y.]'[]>TaTI>I HCCJICA0OBAHUA U UX 06cymem¢1e
TekcT, TEKCT, TEKCT

3akjao4yeHue
TekcT, TeKCT, TEKCT

Cnncok HCTOYHUKOB (He MeHee 10 HCTOYHUKOB)

HNudopmanus o crarbe:
Cratbs noctynuna B pegakuuro: 10.01.2022
[punsita k mybonukarmu: 11.02.2022

Hnpopmayus 06 aemopax:

HBanos Cepreii [lerpoBuy, 3aMecTUTENb HAYATFHUKA HAYYHO-UCCIICAOBATENLCKOTO HHCTHTYTA CaHkT-IleTepOyprckoro
yausepcurera ['TIC MUC Poccun (196105, Cankr-IletepOypr, MockoBckuit nip., 1. 149), kaHIUIaT TEXHAYECKUX HAYK,
e-mail: spi78@mail.ru, https://orcid.org/0000-0003-4651-8513, SPIN-kox: 0123-3210

48


mailto:sgi78@mail.ru
mailto:spi78@mail.ru

4 ISSN 2304-0130\

SCIENTIFIC AND ANALYTICAL JOURNAL

SUPERVISORY ACTIVITIES AND FORENSIC
EXAMINATION IN THE SECURITY SYSTEM

Ne 2—-2026
\_ )
The Editorial board

Chairman — DSc in technical sciences, associate professor lieutenant general of internal
service Bogdan V. Gavkalyuk, head of Saint-Petersburg university of State fire service of EMERCOM
of Russia.

Co-chairman — DSc in science Savic Branko, director of the Higher technical school Novi
Sad (Republic of Serbia).

Deputy chairman — DSc in technical sciences, associate professor Olga A. Zybina, Peter
the Great Saint-Petersburg polytechnic university.

Deputy chairman — DSc in science Milisavlevich Branko, Professor of the Higher
technical school Novi Sad (Republic of Serbia).

Members of the editorial council:

DSc in technical sciences, professor, honored scientist of the Russian Federation Vladimir
N. Lozhkin, professor of the department of fire and rescue equipment and automotive industry
Saint-Petersburg university of State fire service of EMERCOM of Russia;

DSc in chemistry sciences, professor Grigory K. Ivakhnyuk, professor of the department
of fire safety of technological processes and production Saint-Petersburg university of State fire
service of EMERCOM of Russia;

DSc in technical sciences, professor, honored scientist of the Russian Federation
Ilya D. Cheshko, leading researcher of the Research institute for advanced research and innovative
technologies in the field of life safety Saint-Petersburg university of State fire service
of EMERCOM of Russia;

DSc in science Babich Branko, lecturer at the Higher technical school Novi Sad (Republic
of Serbia);

DSc in science Karabasil Dragan, professor of the Higher technical school of Novi Sad
(Republic of Serbia);

DSc in science Petrovich Gegich Anita, professor of the Higher technical school of Novi
Sad (Republic of Serbia);

DSc in sciences, professor Agoston Restas, head of the Department of fire prevention
and emergency prevention, Institute for emergency management (Republic of Hungary);

DSc in technical sciences Mrachkova Eva, professor of the department of fire protection
of the Technical university of Zvolen (Republic of Slovakia);

PhD in technical sciences colonel of the internal service Yuriy S. Ivanov, first deputy head
of the scientific research institute of fire safety and emergency situations (Republic of Belarus).

49



Secretary to council:

major of the internal service Polina A. Bolotova, editor of the editorial department
of the editorial department of the Center for the organization of scientific research and editorial
activities Saint-Petersburg university of State fire service of EMERCOM of Russia;

PhD in technical sciences Natasha Subotic, professor of the Higher technical school Novi
Sad (Republic of Serbia).

Editorial team

Chairman — lieutenant-colonel of justice Irina V. Dmitrieva, senior editor of the editorial,
publishing and information library department of Saint-Petersburg Academy of the Investigative
Committee of the Russian Federation.

Members of editorial team:

PhD in pedagogical sciences, associate professor Tatyana A. Kuzmina, associate professor
of the department of supervisory activities (responsible official) of Saint-Petersburg university
of State fire service of EMERCOM of Russia;

lieutenant-colonel of the internal service Sergei V. lInitskiy, Senior Fire Safety Specialist at
the Leningrad Regional Branch of the St. Petersburg University of the Ministry of Internal Affairs
of Russia;

PhD in technical sciences, associate professor, colonel of the internal service Yulia N. Belshina,
senior researcher of Scientific research institute for advanced research and innovative technologies
in the field of life safety;

lieutenant-colonel of the internal service Alexander 1. Bobrov, deputy head
of the department of civil defense, protection of population and territories (as part of the educational
and scientific complex of civil defense, protection of population and territories) of Academy
of State fire service of EMERCOM of Russia;

PhD in technical sciences, associate professor Alexander A. Kuzmin, associate professor
of the department of mechanics of the Saint-Petersburg State technological institute (technological
university);

DSc in technical sciences Petra Tanovic, professor of the Higher technical school Novi Sad
(Republic of Serbia);

DSc in sciences Hwayung Kim, associate professor, department of fire safety, Kyungil
university (Republic of Korea);

PhD in technical sciences Oleg D. Navrotskiy, head of the department of the Research
institute of fire safety and emergency situations (Republic of Belarus).

Secretary to editorial team:

lieutenant colonel of the internal service Anastasia V. Domnicheva, head of the editorial
department of the center for the organization of research and editorial activities of the Saint-Petersburg
university of State fire service of EMERCOM of Russia.

50



CONTENST

SUPERVISORY ACTIVITIES
Oksanichenko A.A., Skripka A.V. Integration of the public control system with state
supervision as a factor in reducing injuries during OpPen—Pit MINING ........c.cooveriririerene e 52

THEORY AND PRACTICE OF FORENSIC EXAMINATION
Osipchuk V.L., lvakhnyuk S.G., Skukovsky A.G. Issues of developing a quality
management system for forensic institutions performing engineering and technical expertise ...... 55

PROBLEMS AND PROSPECTS OF FIRE PREVENTION AND EXTINGUISHING
Meshcheryakov 1.V., Konstantinova A.S. Investigation of the dependence of the destruction

of gas—filled foam based on sf—2u powder on ambient temperature ..................ccoevvveeenennnn.n 66
Khomitsky S.A., Kuzmina T.A. Activity of paramilitary mine rescue units in the fire
prevention and extinguUiShING SYSIEM ... i e e 73

SAFETY OF TECHNOLOGICAL PROCESSES AND PRODUCTIONS
Demidov N. D., Sorokin I.A., Yemelyanova A.N. Improving the safety of technological
processes in the oil and gas complex under cryogenic conditions ..............coeviiviiiiiiiieieannnn. 78

DIALOGUES WITH SPECIALISTS
Labinsky A.Yu. Information technology in combinatorics and modelling of random

GUANTITIES vevveeteetteeteeste et ee st e e s e te e e s te e e e st e steesteeseeese e tees e e eseeeeeseense e tean e e eseeneeeneenreeseeneeenaeneeeneenren 83

Full or partial reprint, reproduction, reproduction or other use of materials published
in the journal «Supervisory activities and forensic examination in the security systemy
is not allowed without the written permission of the editorial board

Send feedback and suggestions to the address: 196105, Saint-Petersburg, Moskovsky ave., 149.
Editorial office of the journal «Supervisory activity and forensic examination in the security systemy,
tel. (812) 645-20-55, e-mail: redakziaotdel@yandex.ru. The official website of the scientific and analytical
journal: WWW.ND.IGPS.RU, http://journals.igps.ru.

The official website of the Saint-Petersburg university State fire service of EMERCOM of Russia:

WWW.IGPS.RU

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2026

o1


http://www.nd.igps.ru/

Supervisory activities and forensic examination in the security system. Ne 2—2026 http://journals.igps.ru

SUPERVISORY ACTIVITIES

Analytical article
UDC 622.87:331.45; DOI: 10.61260/2304-0130-2026-2-52-54

INTEGRATION OF THE PUBLIC CONTROL SYSTEM WITH STATE
SUPERVISION AS A FACTOR IN REDUCING INJURIES DURING
OPEN-PIT MINING

2Oksanichenko Alexander A.%;
Skripka Alexander V.

Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint Petersburg, Russia
Msashaoks2004@yandex.ru

Abstract. The article discusses the problem of high occupational injury rates at open—pit
mining facilities in Russia. Based on the analysis of statistical data and scientific publications in
recent years, the main causes of accidents have been identified, among which organizational factors
and insufficient effectiveness of the existing control system dominate. The necessity of integrating
state supervision with public control institutions as a promising direction for improving mining
safety is substantiated. Conceptual mechanisms for synergy between supervisory and public
institutions are proposed, including the creation of joint commissions, legislative consolidation of
the rights of public inspectors and the introduction of digital monitoring platforms. The
implementation of these measures will ensure the systematic prevention of violations and
significantly reduce the level of injuries in the industry, increasing the safety culture in the mining
industry.
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Introduction

Ensuring industrial safety and reducing injuries remain the top priorities of the Russian
mineral resource complex. Open—pit mining is associated with the impact of many dangerous
factors on workers, which is confirmed by statistics of recent years. The traditional model of state
supervision, complemented by production control, does not always allow timely detection of
organizational violations, which are the root cause of most incidents. In this regard, the issue of
integrating state supervision with a system of public control capable of providing an independent
assessment and prompt response directly at the workplace becomes urgent. The purpose of this
article is to substantiate the need for such integration and to develop practical mechanisms for its
implementation.

The main part
An analysis of the causes of accidents at mining facilities in Russia shows that up to 90% of

injuries and accidents occur due to improper actions of personnel, and about 60% are caused by
misconceptions about the real level of danger.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2026
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Technological transportation is the most traumatic process in a career: 42.6% of accidents
occur in places where cargo flows are concentrated, 38.6% of accidents in transport are caused by
traffic violations. The main causes of injuries remain the fall of vehicles from ledges, assaults on
personnel, the release of technically defective machines onto the line, the low level of labor and
technological discipline, as well as the insufficient effectiveness of the production control system at
hazardous facilities [1].

Current data on the Magadan region confirm these conclusions: in 2025, the main causes of
minor accidents are employee negligence (50%) and unsatisfactory organization of work, resulting
in a lack of supervision by managers (20%). To reduce injuries in the region, it is recommended to
strengthen control over technological discipline, eliminate formal inspections and strengthen control
over the work of officials [2]. The researchers note that over a ten—year period there has been no
significant reduction in the risk of accidents and accidents, which indicates that there are unresolved
problems in the field of occupational safety [3]. The works of other authors also confirm the need to
improve the state policy in the field of industrial safety [4, 5]. The assessment of occupational risks
at enterprises of the Irkutsk region shows that the maximum number of them is observed among
open—pit miners, excavator drivers and heavy trucks [6, 7].

The current state of state supervision in the mining industry is characterized by increased
attention from Rostechnadzor. In February 2024, the agency prevented 18 serious accidents at coal
mining enterprises in the Kemerovo region. According to Rosstat, occupational injuries in Russia
are decreasing: the number of victims decreased from 40.4 to 20.3 cases per 1,000 people in 10
years. However, the potential to reduce injuries through closer cooperation with public institutions
remains unrealized [8]. In accordance with Federal Law No. 116 "On Industrial Safety of
Hazardous Production Facilities"”, open—pit facilities are controlled by Rostechnadzor, but a formal
approach to inspections by production control services reduces their effectiveness. Material damage
from accidents in the mining industry can be enormous: in 2006 it amounted to 1109.8 million
rubles, which underlines the importance of preventive work [9].

Public control in the field of labor protection can be implemented through trade unions,
labor protection commissioners and labor protection committees. The Labor Code of the Russian
Federation grants significant powers to trade unions, but in practice their potential is not fully
exploited due to a formal approach, insufficient legal protection and weak methodological support.
The integration of public control with state supervision involves the creation of a system in which
the results of public inspections will be binding and serve as the basis for unscheduled inspections
of Rostechnadzor. State inspectors, having the authority, can rely on information from public
structures for more accurate planning of events. Public inspectors, acting directly in labor
collectives, are able to identify the "precursors” of accidents — minor violations of discipline and
unsafe work practices that create a high risk of injury.

The mechanisms of such integration can be diverse. First, the creation of joint commissions
with the participation of Rostechnadzor, trade unions and employers to investigate accidents and
analyze micro—injuries. Secondly, the legislative consolidation of the right of public inspectors to
send materials to the supervisory authorities with the obligation to review them. Thirdly, the
introduction of joint monitoring using digital technologies, when information about violations is
transmitted to the employer for immediate elimination and accumulated in the supervisory
authorities for risk analysis. Integration becomes particularly important in the context of changing
regulatory frameworks. The entry into force of new methods for the special assessment of working
conditions and new rules on occupational safety requires a public examination of their
implementation on the ground.

Public control is able to perform the feedback function, demonstrating the real picture of the
application of new standards on the ground. Reducing the injury rate has a pronounced economic
reason: the amount of direct financial losses from incidents (equipment damage and compensation
costs) can be radically reduced. Financing public oversight mechanisms and their integration with
the activities of government agencies should be considered as an investment in the continuity of the
production cycle. However, for the full implementation of this model, a number of problems have to
be solved. It is necessary to specify the powers and legal protection of public inspectors at the
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legislative level. It requires the creation of unified methodological approaches to coordinating the
work of occupational safety specialists, trade union cells and Rostechnadzor inspectors. The
training of public control personnel and the launch of digital information services providing
operational data exchange remain priorities [10].

Conclusion

Summing up, it should be noted that combining the capabilities of public supervision with
the activities of state regulatory structures in the field of open—pit mining is a significant reserve for
reducing the number of accidents at work. The study of the factors leading to emergency situations
strongly indicates the predominance of managerial miscalculations and the influence of behavioral
aspects of personnel. To neutralize these threats, regular monitoring is required, regardless of the
administrative resource of the enterprise. The joint work of inspections and representatives of the
public will make it possible to identify critical deviations from safety standards at the stage of their
origin. The result of this interaction will be not only a quantitative reduction in injuries, but also a
qualitative strengthening of the culture of safe work in the extractive sector.
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Abstract. The article discusses issues of effective management, maintaining a high level of
expertise of experts, as well as increasing the reliability and validity of expert opinions relevant to
any expert institutions, regardless of their organizational and legal form and departmental
affiliation. Practical suggestions are given on the formation of organizational and managerial
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performing engineering and technical expertise, taking into account the identified specifics of their
production.
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Introduction

The processes of practical implementation of quality management mechanisms in the
activities of forensic expert institutions (hereinafter referred to as SEUSs) in our country and abroad
have developed on the basis of different concepts. In the USSR, the scientific approach to labor
organization prevailed, which is a process of its improvement based on scientific achievements and
best practices.

In turn, standardization and accreditation have been chosen abroad as the main model for
ensuring the quality of work of research and testing laboratories, the results of which are the
foundation for the production of certain types of forensic examinations. It is this approach that has
become prevalent in order to optimize and improve the efficiency of SEU activities in our country
since the early 2000s.

According to it, the quality management system (hereinafter referred to as QMS) is part of
the overall management system of an organization that operates to ensure stable quality of products
and services provided through certain documentation [1].

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2026
55



Theory and practice of forensic examination http://journals.igps.ru

In accordance with the international standard 1SO 9001-2015, which establishes
requirements for the QMS of an organization, it is necessary to develop achievable goals related to
the quality policy, which is one of the main and strategic documents of the organization [2]. This
document allows you to define the main principles and areas of work in the field of quality. On the
basis of a general policy, any structural or separate subdivision of an organization sets its own goals
and objectives in the field of quality.

There is no formalized list of documents required for development and execution
in the 1SO 9001-2015 standard. In turn, the document obliges to standardize the processes,
document the QMS and implement the developed and accepted standards in practice. At the same
time, the systematization of processes, as well as the implementation of

integrated management approaches and subsequent certification require significant research
and analytical work, numerous audits, and, in general, great efforts on the part of developers, since
each individual organization has a number of specific features and a specific set of relevant
documents [3, 4].

The purpose of this article was to assist the organization's management in developing
scientifically sound principles for creating QMS for expert institutions whose tasks include the
production of engineering and technical expertise.

The analytical part

The relevance of the QMS implementation in expert institutions is due to the need to ensure
the proper quality of execution of all procedures of forensic expertise without exception.
At the same time, the production of forensic examinations must comply with the regulatory
documents in force in the Russian Federation that define the requirements for expert organizations,
experts, the procedures they carry out, as well as the specifics of document management.

Engineering and technical expertise (hereinafter referred to as ITE) is a class of forensic
examinations based on special technical knowledge related to the invention, development, creation,
implementation, operation, repair, maintenance and (or) improvement of equipment, materials
or processes, applicable to identify the conformity of an object with established requirements [5].

ITE includes, among other things, fire-technical, explosive, automotive, and construction-
technical expertise. Their production at the SEU is aimed at identifying the facts and circumstances
of the incident, determining the causes of deficiencies, incidents and other problems during
the production and operation of structures, equipment, and mechanisms. The key tasks of the ITE
are also to identify the causes of technical malfunctions and accidents, analyze the compliance
of facilities with regulatory requirements, identify defects, design and operational errors, as well as
establish the species and generic affiliation of research facilities [6, 7, 8].

ITE is conducted by government expert organizations (forensic expert institutions and units
of the Ministry of Emergency Situations of Russia, forensic centers of the Ministry of Internal
Affairs of Russia, forensic expertise centers under the Ministry of Justice, forensic expert centers of
the Investigative Committee of Russia, etc.), private expert organizations (for example, independent
expert bureaus), as well as certified experts and engineers with specialized education.

The authors consider it important to include the following main points in the specifics of
ITE production:

— high requirements for the basic education of an expert (higher technical education in
chemistry, physics, heat engineering, mechanics, construction, etc.);

— a significant probability of attracting specialists from third-party organizations with the
necessary competencies for the production of a specific examination (for example, a specialist in
the field of fire automation, lightning protection devices, artillery, unmanned aerial vehicles,
technology production of a specific type of product, etc.);

— the use of expensive analytical equipment (chromatographs, optical and electron
microscopes, spectrometers, gas analyzers, etc.);

— the demand for the competencies of specialists in the field of inspections of accident sites
(methodological and technical-forensic support);
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— conducting tests of substances and materials in accordance with the applicable regulatory
technical documents;

— conducting field and model experiments in relation to research objects of various nature;

— involvement of third-party organizations to provide additional services (synthesis of
explosives, production of mock-ups or models of research objects, provision of mock-ups, test
benches, landfills for conducting explosive or firing experiments);

— carrying out work with dangerous substances and materials (explosives, combustible
substances, flammable liquids, toxic substances, biological objects, cadaverous material, etc.).

The most significant features of ITE, including for the purposes of this article, include:

— the need for strict observance of the basic principles of public safety and personal safety of
an expert when working with specific research objects, including the mandatory involvement of
special services for preliminary examination of individual examination objects (engineers, sappers,
emergency rescue units, sanitary and epidemiological services, etc.);

— the uniqueness of each study, justifying the need for individual design of the structure of
the expert opinion and the distribution of functionality among the performers involved in its
implementation.

The listed specifics of the implementation of ITE must be taken into account when creating
a QMS, as it can have a significant impact on the development of risk management procedures.

In today's world of innovation and process optimization, it is important to calculate every
step of management, and especially risk management. One of the key objectives of the QMS is to
act as a warning tool. The concept of preventive action is expressed through the use of risk-based
thinking in the formulation of requirements for the quality management system.

But before starting to identify and assess risks, first of all, it is necessary to conduct an
internal audit of the processes implemented in the organization, including in order to identify
existing problems. To do this, it is necessary to study accounting documents, existing methods of
measuring and monitoring processes, calculate their performance indicators, and prescribe
implementation procedures, which at the initial stage implies the development of a process model
— a set of processes and interactions between them, the result (output) of which is products
(services) sold to consumers, and inputs — material, technical, information and labor resources
received from "suppliers” [9].

To understand the processes implemented in SEUs performing ITE, the authors have
developed a process model for their production (Fig. 1).

The organizational structure of the processes implemented in the expert organization
consists of three levels. The four basic top-level processes: planning, audit and analysis of expert
activities, as well as management decision-making are a set of management processes that ensure
the implementation of the Deming cycle (PDCA) [10]. The second level of the developed process
model represents the main enlarged stages of the sequential production of forensic examinations,
taking into account the specifics of the engineering and technical direction identified by the authors.
The third level of the process model reveals the complex of supporting processes required to be
performed during the production of forensic examinations.

The Organization should contribute to improving the quality of its work and achieve
sustainable success by consistently meeting the needs and expectations of its stakeholders on a
long—term basis. To do this, it is necessary to determine which of them pose a risk to its sustainable
success if their needs and expectations are not met, and which ones can provide opportunities to
increase it [11]. After identifying the relevant PO, the organization should identify their needs and
expectations and identify those that need to be addressed, as well as establish the processes
necessary to meet their needs and expectations.
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Fig. 1. The process model of ITE production

Taking into account the above, the authors identified the main beneficiaries, partners and
other stakeholders for the process under study, reviewed and analyzed their capabilities and
preferences, and proposed measures to involve stakeholders in organizational processes and
identified the benefits of the SEU, which are summarized in Table 1.

Table 1

Stakeholders in the ITE production process

External Stakeholders (ZS)

Capabilities of Stakeholders

Methods of Interaction

Initiators of expert examinations

Increase / decrease in the number of
assignments for conducting expert
examinations

Commissioning of expert
examinations. Working
meetings and consultations

Third-party expert
organizations, laboratories,
Centers for Shared Use of
Analytical Equipment

Provision of specialists with the
required competencies and
qualifications, analytical and testing
equipment, data storage and processing
systems

Engagement of specialists and
material-technical resources of
third-party organizations

Scientific community

Implementation of results obtained
during expert examinations that
possess scientific novelty

Joint research and
development work (R&D),
scientific publications.
Utilization of the intellectual
property (RID) obtained

External Stakeholders

Capabilities of Stakeholders

Methods of Interaction

Individual interested parties
(suspect, accused, their defense
counsel, victim)

Positive / negative influence on the
psychological state of the expert
during the examination

Participation in the
examination as an observer,
providing explanations to the
expert

Risk-based thinking is used to achieve the effectiveness of the QMS. The concept of risk-
based thinking implies performing preventive actions aimed at eliminating potential ones, as well as
analyzing any inconsistencies that arise and taking measures to prevent their recurrence. The risk-
based thinking applied in 1SO 9001-2015 provides an opportunity to reduce the peremptory
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requirements and replace them with requirements based on real business practices. With the
maintenance of the standard, there is more flexibility in the requirements for processes, documented
information, and the allocation of responsibilities in organizations [12].

The use of a risk-based approach in the conduct of any forensic examinations convinces of
the need to:

— when assigning an expert examination to a specific expert, take into account all
circumstances that may lead to a conflict of interest.;

— when conducting expert examinations, pay special attention to the issues of obtaining
additional relevant materials on the process or phenomenon under study in order to achieve reliable,
reasonable and categorical conclusions in the expert opinion.;

— when searching for co-executors to prepare sections of the expert opinion, focus on the
capabilities of their own departments and departmental organizations that provide services free of
charge.

In the course of the study, the authors identified the basic risks and opportunities of the
ITE production process, which are reflected in Table 2.

Table 2

Risks and opportunities of the process

Risk Name Management Method

Special obvious and hidden danger of the presented research objects Not managed

Absence of a specialist with the required competence and qualification
on the staff of the Forensic Expert Unit (FEU)

Managed within the Risk
Management System (RMS)

Lack of necessary testing and analytical equipment at the disposal of the
FEU

Managed within the RMS

Receipt of unsatisfactory quality materials about the research object for
examination

Managed within the RMS

Recusal of the expert

Not managed

Presence of certain categories of interested parties (suspect, accused,
their defense counsel, victim, representative) during the examination

Not managed

Opportunity Name

Responsible for Implementation
(example)

Acquisition of "best practices" applicable to methodological support of
forensic expert activities

Department of Innovative and
Information Technologies

Acquisition of "best practices" applicable to educational activities in the
areas of forensic expert activities

Department for Organization of
Expert Training

Establishment of long-term mutually beneficial relationships with new
co-executors

Department for Ensuring Expert
and Scientific-Technical
Activities

According to the 1ISO 9001-2015 standard, organizations should not only allocate processes
according to industry specifics, but also ensure their interaction, performance criteria, resources and
monitoring. It is necessary to develop a system for monitoring quality management processes,
which is a continuous monitoring of the state, analysis of the dynamics of implementation and
forecasting the development of the main production processes. The methods proposed by the
authors of the article for measuring, monitoring and controlling the ITE production process are
reflected in Table 3.
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Table 3

Methods of measurement, monitoring and control of the process

Methods \ Executed by (example)

Process measurement methods

Department of Innovative and

Calculation of performance indicators of the FEU (see Table 4) Information Technologies

Process monitoring methods

Reports on the expert activities of the FEU based on assignments from Department of Innovative and
preliminary investigation bodies Information Technologies

Department for Ensuring

Reports on the expert activities of the FEU within the framework of Expert and Scientific-Technical

income-generating activities

Activities
Reports on the expert activities of the FEU within the framework of Department of Innovative and
fulfilling the state assignment Information Technologies

Process control methods

Department of Forensic

Incoming control of court rulings and materials on research objects .
Examinations

Head of the Department of
Forensic Examinations

Outgoing control of the expert's conclusion

In the ISO 9000 series of standards, one of the main tools for improving an organization's
quality performance is to measure the effectiveness of the current QMS. The methodology for
evaluating the effectiveness of QMS is not regulated by any standards, so each organization is faced
with the need to choose or develop its own original method [13].

The authors of the article have developed basic performance indicators of the SEU, divided into
groups to assess: the performance of the SEU, the completeness of the production process of
expertise and satisfaction of the external consumer (Table 4).

The proposed indicators and the criteria for the effectiveness of processes established for
them must go through the stage of coordination with internal and external consumers of the process,
after which they become the justification for carrying out procedures for making changes to the
organization of the process and its regulations.

Expert institutions should establish the sequence and interaction of QMS processes, that is,
build a correct, logical and developable organizational structure, as well as determine how the
processes interact with each other. To demonstrate such an interaction, diagrams, maps, or
interaction matrices are developed. They allow you to define the characteristics or requirements for
the input parameters.

To achieve the objectives of this article, the authors have developed an algorithm for the
production of ITE, which is presented in the form of a functional flowchart (Fig. 2), demonstrating
the distribution of subprocesses between the functionality of the head of the SEU, the head of the
forensic expertise department, the expert (responsible executor), co-executors, initiators of
examinations and individual stakeholders.
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Table 4
Basic performance indicators of forensic institutions
. Calculation Formula and Units of
Indicator Name Frequency
Measurement
Indicators for evaluating products / services
= 0 .
Coefficient of fulfillment of the Kvp = NF/Nplx 100%, Wher.e'
. . Nf— number of expert examinations
State Assignment Plan in the area
L actually performed,; Monthly
of expert activity (budgetary . .
L Npl- number of items in the State
activity), Kvp, % .
Assignment Plan
Coefficient of fulfillment of the
Financial Activity Plan in the area Kpdd= D/ Dplx 100%, where:
y Df- actual income received; Monthly

of expert activity (extrabudgetary
activity), Kpdd, %

Dpl- planned income

In

dicators for evaluating the process

Degree of readiness of the expert's
conclusion, Kread, %

Kread= total degree of readiness of all
sections of the conclusion

3 days before the
deadline for
completing expert
examinations

Indicators for evaluating external customer satisfaction

Number of expert examinations

Knd= End/ Etotalx 100%, where:
End-— number of expert examinations

recognized as inadmissible recognized as inadmissible evidence; Annually
evidence, Knd, % Etotal- total number of expert
examinations performed
Krep= Erep/ Etotalx 100%, where:
. Erep— number of expert conclusions for
Number of expert conclusions for . .
. o which repeat expert examinations were
which repeat expert examinations ) Annually
were performed, Krep, % performed
’ ' Etotal- total number of expert conclusions
issued

The developed algorithm implements the elements of the Deming control cycle (PDCA) at 4
nodal stages in accordance with the requirements of ISO 9001-2015.:

—a cycle with subprocesses "04." and "05." — establishing the correctness of the execution of
the resolution (wording of questions, correspondence of the content to the incident plot, correctness
of the list of objects provided, etc.);

— cycle with subprocesses "06." and "07." — assessment of the sufficiency and quality of the
materials provided, including checking the availability of safety certificates for submitted facilities
(for example, from engineering and sapper units or sanitary and epidemiological stations);

— cycle with subprocesses "08." and "09." — checking for complexity and the need to involve
co-executors, individual design of the structure of the expert opinion;

— a cycle with subprocesses from "06." to "10." — output control of the finished expert

opinion.
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Fig. 2. Functional flowchart of the ITE production process

The main "inputs" into the process of functioning of expert units are: a task for the
production of expertise, case materials for the process or phenomenon under study, a planned
indicator of the state task for the production of expertise, a planned indicator of income-generating
activities in the field of expertise. The results of the process will be such "outputs” as: expert
opinion, appendices to the expert opinion, reviews of deficiencies identified at various stages of the
production of examinations, reports on "best practices” based on the results of the production of
examinations, a report on the performance of key performance indicators.

A simple flowchart of the ITE production process developed by the authors, which defines
the inputs and outputs of the subprocesses, is presented on Fig. 3.
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Fig. 3. A simple flowchart of the ITE production process
Conclusion

The improvement of the quality management system is an important prerequisite for
maintaining the high competitiveness of the organization. The ability to properly analyze the
competitive environment and improve its weaknesses allows an organization to be more
competitive than others, thereby increasing its profits and building up reputational capital.

The authors propose the following organizational measures as suggestions for improving the
ITE production process and the quality of its results:
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— involvement in the activities of input control of incoming assignments (resolutions) for the
production of examinations and materials for the research object, as well as output control of
completed expert opinions of the most experienced experts (institute of the chief expert);

— annual preparation of analytical materials to justify the adjustment of the main planned
production indicators for the production of forensic examinations both in the public sector and in
income-generating activities;

— purchase of additional extended service packages for the maintenance of expensive
analytical equipment in order to prevent the shutdown of the processes of performing instrumental
analytical research of a streaming nature;

— conducting instructional classes aimed at improving the quality of materials and
accompanying documents submitted for examination, directly with the executors of the initiator
bodies.

Thus, based on the analysis of the identified specifics of the production of engineering and
technical expertise, the authors obtained the following main results:

—a QMS process model has been developed for SEUs performing ITE;

— methods of measurement, monitoring and control of the process are proposed;

— functional and simple flowcharts of the ITE production process have been developed,

— risks and opportunities of subprocesses are revealed;

— performance indicators are proposed,;

— recommendations are given to improve the ITE production process and the quality of its
results.

The main results obtained by the authors were tested at a seminar organized by the Russian
Register Certification Association and received positive feedback from the expert community.
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PROBLEMS AND PROSPECTS OF FIRE
PREVENTION AND EXTINGUISHING

Analytical article
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INVESTIGATION OF THE DEPENDENCE OF THE DESTRUCTION
OF GAS-FILLED FOAM BASED ON SF-2U POWDER ON AMBIENT
TEMPERATURE

=Meshcheryakov llya V.;

Konstantinova Alina S.

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

Annotation. The presented article is devoted to an experimental study of the parameters of
thermal destruction of fire extinguishing foams in conditions simulating the thermal effects of a
developing fire. The main purpose of the work is a comparative assessment of the heat resistance of
fire extinguishing foams obtained on the basis of the synthetic hydrocarbon foaming agent PO-3
and the specialized degassing compound SF-2u [1], while varying the physic-chemical nature of the
dispersed phase (atmospheric air or an inert mixture based on exhaust gases of an internal
combustion engine). The physical modeling of the processes of destruction of the structural
framework of the foam was carried out in the temperature range from 200 to 800 °C with the
fixation of the time of complete decay and the calculation of kinetic characteristics (syneresis rate).
During the analysis of experimental data, it was found that an increase in the thermal load naturally
intensifies the destruction of all types of foams, however, the nature of the carrier gas has a
nonlinear effect on the stability of surfactant compositions.

Based on the results of the study, the tactical expediency of a differentiated approach to the
selection of fire extinguishing agents is substantiated: the use of CO2 together with general—purpose
foaming agents is effective in extinguishing closed volumes with medium heat fluxes, while the
elimination of high—temperature foci (over 500-800 °C) requires the use of heat—resistant
formulations of the SF-2u class exclusively with classical air aspiration. The practical significance
of the work lies in the possibility of optimizing the operating parameters of gas-water extinguishing
installations, taking into account the thermodynamic characteristics of the protected objects.

Keywords: sulfonol; SF-2U, foam destruction; gas—filled foam, ambient temperature

For citation: Meshcheryakov I.A., Konstantinova A.S. Investigation of the dependence of the destruction of
gasfilled foam based on SF-2U powder on ambient temperature // Supervisory activities and forensic
examination in the security system. 2026. Ne 2. P. 66-72. DOI: 10.61260/2304-0130-2026-2-66-72

Introduction

Every year, a significant number of fires are registered on the territory of the Russian
Federation, accompanied by material damage, negative impact on the environment and loss of life.
The analysis of long—term statistics indicates that there is a steady downward trend in the absolute
number of fires. To consolidate this positive trend, it is necessary to take further measures aimed
at minimizing social, environmental and economic damage from fires.

In this regard, it is of particular importance to find ways to increase the effectiveness
of the means already in service.

©Saint-Petersburg university of State fire service of EMERCOM of Russia, 2026
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A relevant area is the modification of existing fire extinguishing compounds, such as SF-2U
degassing solution [3-10], which is used to equip units of the Russian Emergencies Ministry.
A promising innovation is the use of CO2 as a dispersed phase for foam production [11, 12], which
makes it possible to expand the tactical possibilities of using standard foaming agents without
attracting additional resources.

The analytical part

To conduct a physical simulation of the thermal effect, samples of the generated foam were
placed in a cylindrical grid 210 mm high and 100 mm in diameter. The grid was placed in the
working chamber of a muffle furnace, which provided a uniform radiation—convective thermal
effect. The time of critical syneresis and complete destruction of the foam structure was fixed as the
main criterion for evaluating fire extinguishing efficiency [2]. During a series of tests, four types of
foams were analyzed:

— general purpose foaming agent PO-3 + air dispersed phase;

— general purpose foaming agent PO-3 + dispersed phase of CO2;

— degassing compound SF-2u + air dispersed phase;

— degassing composition SF-2u + dispersed phase of CO2.

The results of measuring the degradation time were recorded for various temperature

conditions in increments of 100 °C. To compare the parameters of the destruction process, the
reduced rate of destruction of the foam layer was calculated.
The analysis of the data obtained confirms a pattern: an exponential increase in ambient temperature
initiates the intensification of liquid evaporation processes from films, which inevitably leads to a
reduction in the life of the extinguishing foam. The most critical drop in temperature resistance is
recorded in the zone of high temperatures characteristic of the stage of volumetric fire development.
In particular, the air-mechanical foam based on a PO-3 solution retains its structural integrity for
140 °C when exposed to heat at 200 °C, but when 800 °C is reached, this indicator critically
decreases to 20 °C. Graphs of the revealed patterns are shown in Fig. 1-8.
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A comparative analysis of the effect of the chemical nature of the gas phase revealed a
significant difference in the response mechanisms of different types of foaming agents to the
introduction of inert components (CO2). For the PO-3 hydrocarbon foaming agent, the substitution
of atmospheric oxygen by CO2 causes a decrease in stability at moderate heating from 200 to 300
°C. When extreme temperatures of 700-800 °C are reached, the structural differences are leveled,
since the physical boiling of the water base becomes the dominant factor.

A different picture arises when using the composition of SF—2u. Foam filled with
atmospheric air provides greater stability over the entire temperature range. There is a possibility
that the introduction of CO2 into the SF—2u solution leads to chemical incompatibility of the
components of the gas mixture with the functional additives of the composition, which causes
premature syneresis. This effect is most critical at temperatures of the order of 800 °C, where foam
with an air dispersed phase can withstand a thermal load for 40 seconds versus 26 ... 27 seconds for
CO2-bhased foam.

Tactical planning should take into account the effects studied — despite the high fire
extinguishing ability, foam with a dispersed phase other than atmospheric air loses its resistance to
high temperatures. Thus, the use of modified foam is justified in the case of rapid extinguishing of
the hearth at an early stage of development. When extinguishing fires in a volumetric manner, it
should be borne in mind that such foam is subject to faster destruction than the standard one.

Conclusion

The results of the work open up prospects for modernizing fire extinguishing tactics in
confined spaces (cable tunnels, ship holds, basements) using temperature and gas extinguishing
systems and gas extinguishing vehicles (AGVSs).

It has been experimentally proven that the use of CO2 to produce foam based on standard synthetic
hydrocarbon foaming agents (type PO-3) is a tactically feasible solution when extinguishing a fire
at an early stage.

When extinguishing high—temperature technological fires (for example, at oil and gas
facilities or in areas of chemical contamination), accompanied by temperatures above 500-800 ° C,
the most rational is the use of a specialized composition SF—2u using atmospheric air.

Thus, the choice of the type of foaming agent and the dispersed phase should correlate with the
predicted thermal load and the fire hazard class of the protected object.
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Abstract. The article examines the role of paramilitary mountain rescue units (MGSPS)
as specialized emergency rescue units in the fire safety system at hazardous production facilities.
The main activities of the HCV are analyzed: localization and extinguishing of underground fires,
carrying out preventive work (depression surveys, ventilation monitoring, laboratory tests of mine
air), as well as responding to emergency situations. Using the example of the accident at KMAruda
Combine JSC (2024), systemic problems related to the inconsistency of accident response plans
with mountain rescuers are shown, which led to numerous violations and administrative liability of
officials. Additionally, the incidents at the Kalinovskaya Vostochnaya mine (2015, 2020) are
considered, illustrating the high risks of methane ignition and the complexity of the operation of the
HCV in conditions dangerous for gas and emissions.
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Introduction

Paramilitary Mine Rescue Units (hereinafter — PMRU) are specialized professional
emergency rescue formations that are part of the Ministry of Emergency Situations of Russia
(EMERCOM of Russia). Their key task is to ensure safety at hazardous production facilities
(hereinafter — HPF).

The main areas of activity in the field of fire safety are:

— Localization and extinguishing of fires: PMRU directly perform work on localization and
extinguishing of underground fires, as well as fires at surface facilities of organizations [1];

— Carrying out preventive work;

— Response to emergency situations: work in extreme conditions;

— Training of members of the auxiliary mine rescue team within the organization, whose
members are employees [2].

At the same time, according to Article 12 of the Federal Law "On Industrial Safety of
Hazardous Production Facilities,” the technical investigation of the causes of an accident is
conducted by a commission headed by a representative of Rostechnadzor [3]. It is this commission
that is vested with the right to engage expert organizations, including PMRU specialists, to establish
the causes and circumstances of the accident.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2026
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Problems in fire prevention and extinguishing

Let's give an example of a violation of the interaction of the OPO with the HCV
(JSC "KMAruda Combine", 2024).

In June 2024, an accident occurred at the OPO "Mine with an underground mining method"
of JSC "KMAruda Combine" — a breakthrough of the laying mixture through the roof of the mine.
An investigation conducted by the Verkhne-Donskoy Department of Rostechnadzor [4] revealed
systemic violations directly related to non-compliance with the HCV regulations.

Key violations identified by the investigation:

— the action plan for the localization and elimination of the consequences of accidents
(hereinafter referred to as the PLA) has not been coordinated with the HCV after the changes are
made — this is a direct violation of industrial safety requirements, since the PLA must be developed
jointly with the HCV [5];

— design decisions were not followed when installing insulating jumpers.

As a result of the audit, 106 violations were revealed, three officials were brought to
administrative responsibility under Part 1 of Article 9.1 of the Administrative Code of the Russian
Federation, four — under Part 3 of Article 9.1 of the Administrative Code of the Russian Federation.
The activity of two mining operations has been suspended for 90 days.

This case demonstrates that the lack of proper interaction with the HCV when planning
emergency measures is one of the key problems of the security system. A PLA that is not
coordinated with mountain rescuers loses its practical value in a real accident.

Let's give an example of difficult fire extinguishing conditions — Kalinovskaya Vostochnaya
mine, Makeyevka.

The Kalinovskaya Vostochnaya mine (part of the Makeyevugol State Enterprise) is
classified as a hazardous facility for sudden emissions of coal and gas and soufflare emissions of
methane. This creates additional risks in the event of fires and places increased demands on
mountain rescue units.

Incidents at the mine [6, 7]:

July 2015:

The fire broke out at a depth of 680 meters during drilling and blasting operations in a dead-
end vent of the L1 reservoir. There were 103 miners underground. Four mountain rescue units were
involved in extinguishing the fire. The fire was extinguished in about two hours, there were no
casualties.

August 2020:The fire occurred in the conveyor belt of the 6th eastern lava formation. The
cause was the ignition of a methane-air mixture in the cracks of the mountain range during the
detonation of a safety explosive charge in contour hole Ne 20. The incident occurred due to a
violation of the instructions for creating a protective environment in the mine face.

These cases show the specifics of HCV operations at facilities that are dangerous for gas and
emissions. The risk of methane ignition requires mountain rescuers to use specialized extinguishing
agents and methods, as well as special attention to preventive measures.

The issue of forensic examination in the HCV security system

In the case of the accident at JSC KMAruda Combine, the investigation materials were
transferred to the supervisory authorities, and the perpetrators were brought to administrative
responsibility [4].

This creates certain prerequisites for a possible forensic assessment of the actions of
officials.

The Kalinovskaya Vostochnaya mine is characterized by conducting fire and technical
examinations to determine the causes of ignition of the methane-air mixture and assess compliance
with drilling and blasting technology.
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Conclusion

It is important to note the different legal status of accident and incident investigations.
Unlike the accident, the technical investigation of incidents, including cases of ignition of a
methane-air mixture at the Kalinovskaya Vostochnaya mine, is conducted by a commission
created by an internal administrative act of the operating organization, in accordance with the
procedure established by local regulations [8]. The results of such an investigation are formalized
by an internal act and do not entail administrative or criminal consequences for officials, unless the
incident escalates into an accident [9, 10]. This creates the risk of incomplete accounting of
systemic violations in the absence of external control.

The topic of forensic examination in relation to the activities of the HCV has a dual
character. On the one hand, the main regulatory legal acts regulating forensic expertise belong to
other departments. On the other hand, forensic examination is a tool for evaluating the
performance of security systems. [8, 11]

The analysis of the incidents considered allows us to identify one of the promising areas for
improving cooperation with HCV — the mandatory coordination of PLA with mining rescue units at
all stages of their development and adjustment.

Fig. 2. Paramilitary mountain rescue units in the aftermath of accidents [13]
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Fig. 3. Paramilitary mountain rescue units in the aftermath of accidents [14]
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Abstract. The results of a study on the thermal stability and fire-retardant efficiency of
epoxy intumescent fire-retardant compositions modified with carbon nanostructures (astralenes) at a
concentration of 0.2 vol.% before and after cryogenic exposure are presented. Thermogravimetric
analysis revealed a 90% increase in coke residue yield at 800 °C for the modified composition
compared to the unmodified one. Fire tests under hydrocarbon flame conditions showed an 11.1%
increase in the time to heat the steel plate to 500 °C for the modified composition and 28.6% after
cryogenic exposure. The obtained data indicate the promise of using nanomodified coatings to
improve the safety of technological processes at oil and gas facilities at risk of accidental cryogenic
liquid spills followed by fire.

Keywords: intumescent fire-retardant compositions, epoxy resins, carbon nanostructures,
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Introduction

The development of the oil and gas complex of the Russian Federation, including
the implementation of major projects for the extraction, liquefaction and transportation
of hydrocarbons in the Arctic zone (for example, Yamal LNG, Arctic LNG-2), involves the
operation of cryogenic infrastructure facilities. The load-bearing steel structures of such facilities
(tanks, pipelines, support platforms) are subjected to double extreme effects: cryogenic
temperatures (up to -162 °C during storage of liquefied natural gas and possible emergency spills)
and high-temperature heating in case of fire (over +1100 °C in the hydrocarbon regime) [1, 2].
Traditional bulging flame retardants based on epoxy resins are effective under standard conditions,
however, under the influence of cryogenic "shock™ they exhibit a decrease in thermal stability: the
formation of microcracks, a decrease in the yield of coke residue and accelerated destruction of the
foam coke layer during subsequent fire [3, 4]. This leads to premature heating of the metal
to critical temperatures (+500 °C), loss of bearing capacity of structures and an increased risk of
man-made disasters.

A promising direction for solving the problem is the nanostructural modification
of the polymer matrix with carbon nanostructures — astralenes [5], which have a high specific
surface area, thermal conductivity, and the ability to form a reinforced composite structure [6].

©Saint-Petersburg university of State fire service of EMERCOM of Russia, 2026
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The introduction of astralenes makes it possible to increase the thermal stability and barrier
properties of the expanded layer. The aim of the work is an experimental assessment of the effect of
astralen modification on the thermal stability and fire—retardant effectiveness of epoxy OVS before
and after cryogenic exposure in the context of improving the safety of technological processes in
the oil and gas complex.

Materials and research methods

The research was carried out on the basis of the THERMOBARRIER-2 serial epoxy
swelling flame retardant. Astralenes were introduced into the hardener at a concentration of 0.2%
vol. using ultrasonic dispersion. The samples were deposited on St3 steel plates. Some of the
samples were cryogenically exposed to complete immersion in liquid nitrogen for 10 minutes.

Thermal stability was assessed by thermogravimetric analysis (TGA) in an air environment
in the range of 50-800 °C. The flame-retardant efficiency was determined by the heating time of the
reverse side of the plate to 500 ° C under the conditions of modeling flare hydrocarbon gorenje
according to GOST R 53295-2009 [7].

The results of research

The results of thermogravimetric analysis of key samples are shown in Table 1 and in
Fig. 1-3.

Table 1
Parameters of thermal decomposition of the studied samples

The temperature Temperature of Temperature of
Sample of the beginning | the beginning of | the beginning of | Residual mass
of the 1st effect, the 2nd effect, the 3rd effect, at 800 °C, %
°C °C °C
TB 2 (unmodified) 157 292 581 31
TB2+02% 126 248 587 59
astralenes
TB 2 +0.2 % of
astralenes after 159 292 582 26
cryogen
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Discussion of the results

Discussion of the resultsanalysis of thermogravimetric data indicates the complex effect of
astralenes on the process of thermal decomposition of the epoxy matrix. The highest yield of coke
residue (59 %) was recorded for the composition with

0.2 % by volume of astralenes, which is 90% higher than the value of the unmodified analog
(31 %). This is due to the catalytic action of nanoparticles, which intensifies the processes of
carbonation and the formation of a thermostable foam-coke layer [8].

During the experiment, a shift in the temperatures of the onset of thermal effects was noted
in the modified samples, which is directly related to the high thermal conductivity of astralenes and
acceleration of initial dehydration [9]. After cryogenic exposure, the coke residue yield decreases in
all formulations, but in modified formulations this decrease is much less pronounced — nanoarming
increases the crack resistance of the matrix and preserves the foam coke structure.

Fire tests fully confirm the TGA data: the fire protection time increases by 11.1 % under
normal conditions and by 28.6 % after cryogenic shock. The improved barrier properties of the
expanded layer noticeably slow down the heating of the steel structure, which is critically important
in emergency scenarios at oil and gas facilities [10].

Conclusion

Modification of the epoxy swelling flame retardant with astralenes at a concentration
of 0.2%vol. significantly increases thermal stability and flame retardant -effectiveness.
An experimentally confirmed increase in the yield of coke residue by 90% at 800 ° C, as well
as an increase in the heating time of the steel plate to 500 ° C by 11.1% under standard conditions
and by 28.6% after cryogenic exposure.

The results show that nanomodified coatings are particularly effective in conditions of
double extreme exposure (cryogen + fire), typical for Arctic facilities and LNG projects. The use of
such compositions will reduce the risk of premature destruction of load-bearing structures and
increase the overall safety of technological processes in the oil and gas complex. The data obtained
substantiate the need for further pilot tests for widespread implementation of the technology.

81



Supervisory activities and forensic examination in the security system. Ne 2-2026 http://journals.igps.ru

References

1. Approval of the Spatial Development Strategy of the Russian Federation for the period up
to 2030. With a forecast up to 2036: Decree of the Government of the Russian Federation Of the
Russian Federation dated December 28, 2024, No. 4146-R. Access from the help.-legal system
"ConsultantPlus".

2. Kopylov P.S., Golovina E.V., Kalach A.V. Assessment of the behavior of flame-retardant
coatings in the temperature range from -162 to +1300 °C // Engineering and Physics Journal. 2020.
Vol. 98. No. 1. pp. 54-61.

3. Gravit M.V., Nedviga E.S., Friedrich O.A. The effect of cryogenic media and jet gorenje
on epoxy intumescent compositions // Occupational safety in industry. 2024. No. 6. pp. 44-52.

4. Zybina O.A., Gravit M.V. Bulging coatings for fire protection of building structures and
materials. // Springer International Publishing. 2020. Vol. 11. pp. 210.

5. Structural and magnetic resonance study of astralen nanoparticles / A.l. Shames [et al.] //
Diamond and Related Materials. 2009. Vol. 8. No. 2-3. P. 505-510.

6. Carbon nanoparticles, structural modifiers and hardeners of polymers and polymer
composites / G.M. Gunyaev [et al.] // Aviation Materials and Technologies. 2004. No. 2. pp. 36-54.

7. GOST R 53295-2009. Flame retardants for steel structures. General requirements. A
method for determining fire-retardant effectiveness. Access from the help.-the legal system
"ConsultantPlus".

8. Sorokin I.A., Demidov N.D. Ensuring the operational characteristics of flame-retardant
bulging compounds for metal structures at liquid hydrogen transportation facilities // Natural and
man-made risks (physico-mathematical and applied aspects). 2025. No. 4 (56). pp. 70-75.

9. Laurent N.M., Zirkina O.G., Pustovalov I.A. Investigation of the operational
characteristics of a bulging flame retardant coating modified with carbon nanostructures // Modern
problems of civil protection. 2020. No. 4 (37). pp. 104-110.

10. Gravit M.V., Klemenyev B.A., Shabunina D.E. Fire resistance of steel structures with
epoxy fire protection under cryogenic exposure // Portal about fire safety. 2022. URL:
https://propb.ru/articles/blog-gravit-m-v/ognestoykost-stalnykh-konstruktsiy-c-epoksidnoy-
ognezashchitoy-pri-kriogennom-vozdeystvii (date of access: 03/17/2026).

Information about the article: the article was received by the editorial office: 21.04.2026; accepted for
publication; 28.04.2026

Information about the author:

Nikolai D. Demidov, Adjunct of the Faculty of Training Highly Qualified Personnel of Saint-Petersburg
university of State fire service of EMERCOM of Russia (196105, Saint-Petersburg, Moskovsky ave., 149),
e-mail: demidov.nd@mail.ru, https://orcid.org/0009-0004-4091-2722, SPIN: 2014-5353, AuthorID: 1327717
Igor A. Sorokin, Candidate of Technical Sciences, Head of the Department of Fire Safety of Technological
Processes and Productions, Saint-Petersburg University of State Fire Service of EMERCOM of Russia
(196105, Saint-Petersburg, Moskovsky ave., 149), e-mail: igor_40in@mail.ru, SPIN: 8002-4750,
AuthorID: 860800

Anna N. Yemelyanova, Senior lecturer of the Department of Fire Safety of Technological Processes
and Productions, Saint-Petersburg University of State Fire Service of EMERCOM of Russia
(196105, Saint-Petersburg, Moskovsky ave., 149), e-mail: anna.nik.00@yandex.ru, SPIN: 4286-6170,
AuthorID: 791924.

82


mailto:demidov.nd@mail.ru
https://orcid.org/0009-0004-4091-2722
mailto:igor_40in@mail.ru
mailto:anna.nik.00@yandex.ru

Supervisory activities and forensic examination in the security system. Ne 2—-2026 http://journals.igps.ru

DIALOGUES WITH SPECIALISTS

Analytical article
UDC 681.3; DOI: 10.61260/2304-0130-2026-2-83-89

INFORMATION TECHNOLOGY IN COMBINATORICS AND MODELLING
OF RANDOM QUANTITIES

™|_abinsky Alexandr Yu.
Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
&_abinsciy@yandex.ru

Annotation. The article considers possibilities of information technologies in combinatorics,
as well as in computer modeling of random quantities. Decisions are made to deal with the
consequences of any natural disaster, depending on many random factors.

The article considers peculiarities of solving probabilistic problems inherent in the process
of liquidation of a natural disaster, which consist in that the solution is greatly facilitated when
using combinatorial formulas. Each combinatorial formula determines the number of possible
outcomes in some process (experience) consisting in the random selection (at random)
of M elements (variants, methods) from N of the various elements of the given set.

The basic principle and basic formulas of combinatorics, which are formulas of dispositions,
permutations and combinations, are considered.

The features of computer modeling of combinatorial formulas in the form of a program for
computers are considered in detail.

The article also considers features of computer simulation of random quantities, including
algorithmic method of obtaining random numbers. The algorithm of obtaining uniformly distributed
pseudorandom numbers, which is implemented as a program for computers, is resulted.

Keywords: information technologies, computer modeling, probabilistic problems,
combinatorics, placement, permutations, combinations, random quantities, pseudorandom numbers,
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Introduction

The natural uncertainty inherent in any natural disaster is characterized by the uncertainty of
the parameters defining the disaster. In order to eliminate the consequences of any natural disaster,
decisions are made that depend on many random factors.

Combinatorics is a branch of mathematics that studies the problem of selecting different
elements from a given set. When solving such tasks, it is necessary to calculate the number of possible
options for the implementation of some action, for example, to eliminate the consequences of a
natural disaster (earthquake, flood, pandemic, hurricane, etc.) in order to determine its effectiveness.

Solving probabilistic (random) problems inherent in the disaster management process is
greatly facilitated by using combinatorial formulas. Each combinatorial formula determines the
number of possible outcomes in a process (experiment) consisting of randomly selecting (at random)
M elements (options, methods) from N different elements of the set under consideration.

Let's formulate the problem statement for this article. It is necessary to consider the
possibilities of computer modeling of combinatorial formulas used in the process of solving problems
related to the elimination of consequences of natural disasters.

The topic of the article is relevant, since automating the processes of solving the consequences
of natural disasters is an urgent task.

©Saint-Petersburg university of State fire service of EMERCOM of Russia, 2026
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Elements of combinatorics

Combinatorics is a branch of mathematics that studies methods for counting the number of
different combinations and almost always answers the question: "In how many ways can a certain
action be performed?" The term "combinatorics” was first used by the German mathematician
Gottfried Wilhelm Leibniz (1646-1716) in 1666. G.W. Leibniz established combinatorics as a
science, created mathematical analysis (differential and integral calculus), and laid the foundations
of mathematical logic (he described the binary number system with the base of this system —
the digits 0 and 1) [1-4].

The fundamental principle of combinatorics: If an action is divided into two operations that
can be performed in *m* and *n* ways respectively, then the total number of actions = m x n.

The main formulas of combinatorics are the formulas for arrangements (Swiss mathematician
Jakob Bernoulli, 1665-1705), permutations, and combinations (French mathematician, mechanic, and
physicist Blaise Pascal, 1623-1662).

The number of arrangements corresponds to the number of all possible ways to
place N objects in M positions. The number of arrangements is:AL™ =m! / (m —n)!.

The number of permutations of N objects is any sequence of N distinct objects taking into
account the order of these objects. The number of possible permutations is:

Ph=nl=1x2x3x....xn.

The number of combinations of N elements taken M at a time is any subset of M elements
from a set containing N elements. The number of all distinct combinations is:

Ca" = AP =n!/[m!*(m—n)!].

By constructing a table of combinations (a table of binomial coefficients — Pascal's triangle),
one can discover a pattern (table 1).

Table 1

Pascal's Triangle

M > (27
ni|o 1 2 3 4 5 6 7
111 1 2
2 |1 2 1 4
3|1 3 3 1 8
4 11 4 6 4 1 16
511 5 10 10 |5 1 32
6 |1 6 15 20 15 |6 1 64
7 11 7 21 35 |3 |21 |7 1 128
8 |1 8 28 56 |70 |56 |28 |8 256

The last column of Table 1 contains the elements of the binary series:

a, =2".

In India (2nd century BC), the following formula was known:

Cn’ + Cyl+Cp*+ . +C,"=2"

with m <n.

Newton's binomial formula:

(1+X)"= C2 + X*Cl+x**Cp2+ .. +X™*C, ™+, +x"*C,".

If x =1, then

2n=Cy0 + Cyl+C%+ . 4+C"+...+ C,"

Properties of binomial coefficients: C,’= C,1=1; C,¥ = C,™; Cpit¥ = CX + C,?

If each column in the table of binomial coefficients is shifted downward by 2 positions,
the last column will contain the elements of the Fibonacci sequence (table 2).
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Table 2

Table of binomial elements with a position shift

M
n [0 11 12 [3 [4 |5 J6 [7 | %%

1 |1 1

2 |1 1

3 1 |1 2

4 |1 |2 3

5 |1 |3 |1 5

6 |1 |4 |3 8

7 11 |5 |6 |1 13

8 |1 |6 |10 |4 21

9 1 |7 |15 (10 |1 34

10 |1 |8 |21 |20 |5 55

Computer simulation of combinatorial formulas

Computer modeling is the subject of works [5-10]. The computer program CombineCalc
performs modeling of the basic operations of combinatorics: arrangements, permutations, and
combinations, including those with repetitions.

The number of arrangements is denoted as A,™ = n! / (n — m)! Arrangements with repetitions
of *n* elements taken *m* at a time: A, =n".

Any sequence of *n* distinct objects, taking into account their order, is called a permutation
of these objects. The number of all possible permutations is P, = n! =1 x 2 x 3 x.... x n. The
number of permutations with repetitions is determined by the formula: P, = n! / (n1!*ny1*n3! ...),
wheren=n; +ny+nz+....

Any subset of *m* elements from a set containing *n* elements is called a combination
of *n* elements taken *m*at a time. The number of all distinct combinations is:
Cy" = A"/Pp, = n!' / [m!*(n — m)!]. Combinations with repetitions are determined by the formula:
Ch"=(n+m-21)!/[m!*(n—21)!].

At the beginning of the calculation, the values of *n* and *m™* are specified. Then, using
checkboxes, the type of operation is selected (arrangements, permutations, combinations,
arrangements with repetitions, permutations with repetitions, and combinations with repetitions),
and the "Calculate™ button is pressed. The window of the CombineCalc program (Figure 1):
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"4 Combination Calculator (Paame we HuA, Ie pectaHoBkH, Coue TaHHA)

n<=12
V| PazmeweHus: A(n.m)=nl/{n-m)! = 504 n=3 N!=:3991BBDD
Mepecranoeku: P(n)=nl = 362380 n =rr; €N Mi=s
(N—M]!= 140320

V] CouetaHusa: C{n.m)=nl/[m!I{n-m)!] = }_84

PasmMeweHus c noBTopeHusMu: A(n.m)=n"m = 729

V| MepecraHoBKU C NOBTOPEHUIMU: n=n1+n2+n3+n4+n5 N1l= 2
nl=2 | n2=3 | n3=4 |n4=0 |n5=[0 | N21=8
P(n.n1.n2.n3..)=nlf(n1*n21* )= 1260 | N31= 24

V| CoueTaHus Cc NOBTOPEHUIMMU: C(n.m)=(n+m-1)I/[m!*(n-1)!]= 165

‘ 3anauu " | Buumcauts ] rO'—IM_c_TMTbV ' 3aKpuiTh |

Fig. 1. The window of the CombineCalc program

When selecting the "Permutation with repetitions” calculation, you additionally need to set
the values n1, n2, n3, n4, n5.

HKombGuHaTopHMKa - 3agaum

___Janauu no koMm6uHatTtopuke - 11 anau___ |~
— PazsMmewleHus —

Janaua: CKOABKO KOMGUMHaUuuUi u3 b pnaxkoe
Pa3AMUYHOro userta no 2 ¢naxka ?

A(6.2)= 61741 = 56 = 30.

— lNepecraHoBKU —

Janaua: CKOABKO CNOCOG60B paccraBuThb B
jcTpow 5 uenoeek ? P(5) = 51 = 120.

— CouerTaHus —

Janaua: 12 uenoBexk-KaHAUWAATH B COBeT

U3 5 yen-k knwuas Mawy u Konw. Ckonbko
MOXeT 6uTh coBeToB: c Mawein u Konei ?
|6es Mawu u Konu ? c Mawei ? c Koneia ?
Becero C(12.5)=792: c MuK: C(10.3)=120
|6e3 Hux C(10.5)=252: nu60o c Mawei nu60
'c Konen: C(10.4)=210.

— PazmMeweHus Cc NoBTOPEeHUsMU —

Janaua: 7 cTyAeHTOB caasnu 3K3amMmeH

Ha 4 u 5. CkoNbKO CNOCOG60B BhiCTaBfiIeHUs
UM oueHok ? A(2.7)noe = 277 = 128.

Janaua: CkonbKOo CNOCoOG60B pacnpeanaesieHus
|6 nonapkoB Mmexay 4 aerbMu ?

A(4.6)noe = 476 = 216.

Janaua: CKOABKO 5-3HAUHBIX UMCe Nl MOXHO
/cocTaBuTb U3 UuKdp: a)2.5.7.8? 6)0.1.97?
a)A(4.5)N=4"5=1024. 6)A(3.5)N-A(3.4)n =

LSy

O4YUCTUTL ; 3akpbiTh

Fig. 2. The window for displaying combinatorics problems

When you click the "Tasks" button, a window is displayed in which 11 typical
combinatorics tasks with answers are presented. The output window for combinatorics tasks is
shown in Figure 2.
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Simulation of random variables

When modeling various processes and phenomena of a random (probabilistic) nature,
statistical methods are used that display phenomena and processes using random (stochastic) events
described by probabilistic (statistical) characteristics [4].

Statistical data processing, which is necessary for making decisions on disaster management,
is carried out using various statistical methods, one of which is the statistical test method using
pseudorandom numbers [2].

The statistical testing method consists in modeling the process under study using a
probabilistic model and is based on repeated testing of the created probabilistic model. Obtaining
random numbers in a probabilistic model is based on creating a sequence of evenly distributed
numbers using a computer.

A random variable (number) is understood as a quantity that, as a result of experience, takes
on a value that is unknown in advance [1].

Another definition is that a random variable X is a numerical function defined on the space
of elementary events Q, which assigns a number X(w) to each elementary event w. A

random variable that takes on a finite or countable set of values is called discrete.

A random variable that takes on an uncountable set of values is called continuous (N.S.V.).

Thus, the D.S.V. takes separate isolated values, and the N.S.V. takes values from a certain
interval (for example, on the segment [0, t], where t 1s>0).

An algorithmic way to obtain random variables

The main way to obtain uniformly distributed random numbers on a computer is a software
method using a recurrence relation, called algorithmic, and the random numbers themselves are
pseudorandom (or quasi-random) numbers, since they are found using a deterministic mathematical
expression.

A sequence of uniformly distributed pseudorandom numbers must meet the following
requirements [2]:

* a sample of random numbers must meet the criteria for checking "randomness", and the
distribution of these numbers should not significantly deviate from a uniform distribution.;

» the number of operations required to obtain a single pseudorandom number should
not be too large;

* during the operation of the program, the distribution of these numbers and the degree of
their correlation should not change.

Pseudorandom numbers can be obtained in many ways.

To obtain a pseudorandom number, the recurrent method is most often used, the algorithm
of which contains several steps [8]:

1) Using a random number sensor, any random number A is created.

2) Normalization of the number of A.

3) In the computer's memory, the number A is shifted 7 digits to the left.

4) The addition operation is performed: A+ B =C.

5) The modulus of the number C is taken: A = |C]|.

The result of the algorithm is a pseudorandom number &, evenly distributed in the range
[0, 1]. The random variable Z(a, b), evenly distributed in the range [a, b] is determined by the
formula: Z(a, b)= a+(b—a)* &.

Simulation of pseudorandom numbers

The RanNum computer program allows you to simulate the process of obtaining
pseudorandom numbers (the "Calc" button) using two functions from the library of standard
computer functions: Random and RanNum. The simulation result can be presented graphically
(the "Paint" button) in a separate window in the form of a distribution histogram. The program
window is shown in Figure 3.
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™ RanNum o

PyHKUMA MORENUPOBAHUS

MopnenupoBaHue nceBaocayyanHLIX yucen e

0,549345 0314535 0021070 0006713 0264134 0730518 0670554 0556330 0754393 " Pynkuua RanNum

0917538 0239047 0182385 0417358 0979939 0942434 0263838 0511602 0362318 0435986 e

0554352 0103244 0601723 0043306 0330283 0070743 0796124 0588620 0060302 0614275 OyHkLpA Random ‘ 110
0991681 0178713 0554178 0461812 0189014 0781256 (0634652 0668798 0246273  0,205374 ; | ; ‘
0131377 0458601 0121870 0033420 0696671 0864781 0538081 0476013 0556524 0148666
0278961 0271398 0870483 0008931 0949735 0111402 0626154 0448328 0880476 0501609
0931573 0195337 0829656 0044371 0262830 (003858 0036145 0763587 0832275 0186304
0364103 0690675 0262258 0313567 06B6BE1 0280694 (061070 0721990 0804262 0147399
0603643 0274308 0961186 0132685 0443616 0036709 0964313 0242171 0343505 0579703
0594625 0630526 0345831 0907958 0404824 0621105 0800526 0822044 0756112 0818973

Cale \ Clear ‘ Close ‘

Fig. 3. The RanNum pseudorandom number modeling program
Conclusion

The presented results of computer simulation of combinatorial formulas and simulation of
the process of obtaining pseudorandom numbers demonstrate the possibilities of simulation using
the CombineCalc computer program, which implements combinatorial formulas for placements,
permutations and combinations, as well as the RanNum computer program, which implements an
algorithm for obtaining uniformly distributed pseudorandom numbers.

In the CombineCalc computer program, when you click the "Tasks" button, a window is
displayed in which 11 typical combinatorics tasks with answers are presented, which facilitates the
use of this program and makes it possible to use the program also for teaching combinatorics.

The scientific novelty of the research, reflecting the author's personal contribution, is the
creation by the author of computer models implemented in the form of computer programs
CombineCalc and RanNum.
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