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HAJIBOPHASA JEATEJBHOCTD

YK 004.4:614.849

MOAYJb «103HAHUE» ABTOMATHU3UPOBAHHOM
AHAJIMTUYECKOHW CUCTEMBI NOJJJIEPKKHU

N YITPABJIEHUS KOHTPOJbHO-HA/I3OPHBIMU OPI'TAHAMUA
MUYC POCCHUH

A.B. CaJIbHUKOB;
T.A. Ky3bMuHA, KAaHAMAAT MeJarori4ecKux HayK.
Cankr-IlerepOyprckuii yausepcuretr I'TIC MYC Poccun

O0o3HayeHa 4YacTh HOPMATHBHO-NPABOBOM  0a3bl, ONpeIesonas aBTOMATH3UPOBAHHYIO
AHAJIMTUYECKYI0 CUCTEMY TOJJIEPKKHU U YIIpaBIeHHU KOHTPOJIbHO-HaA30pHBIMHU opranamu MYC Poccun kak
OJTHO U3 NMIPUOPUTETHBIX HAIIPABIICHUN JEATEIHPHOCTH OpraHOB (eAepaIbHOTO TOCYIapCTBEHHOTO TTOXKAPHOTO
Haj3opa. PaccMOTpeHbl  OCHOBHBIE  acHeKThl paboThl B WHTepdeiice Moayns  «Jlo3HaHue»
ABTOMATU3UPOBAHHOW AaHATUTUYECKOM CHCTEMbl MOAJEPKKH U YIPAaBIEHUS KOHTPOJIbHO-HAA30PHBIMU
opranamu MYC Poccuu. [Ipoanann3upoBaHbl OCHOBHbBIE HEJOCTATKU MOy «Jlo3HaHUE» M MEPCIEKTUBBI
€ro JaJIbHEHUIIEro pa3BUTHA KaK yUYETHO-PErMCTPALMOHHOW CHCTEMBI I03HAaHHUS 110 JIeJIaM O IoXKapax.

Krrouesvie cnosa: aBTOMATHU3UpPOBaHHAs aHAJUTUYECKash CUCTEMa TMOIACPKKA M YIpaBICHUS
KOHTPOJIbHO-Haa30pHbIMU opranaMmu  MUYC Poccum, no3HaHHWE, YYeTHO-PETUCTPAIMOHHAS CHUCTEMa,
KOHTPOJLHO-HAI30PHAS ACSITSIEHOCTE, pehopMa KOHTPOJIBHO-HAI30PHOHN NEeITeTLHOCTH

1. O0mue no10KEeHUS.

ITpukazom MYUC Poccun ot 2 mast 2006 1. Ne 270 «OO6 yTBepKIeHUN UHCTPYKIIUHU O MOPSIKE
MpHeMa, PEerucTpalil W TPOBEPKH COOOIIEHHWH O MPECTYIUIEHUSIX M HMHBIX MPOUCHIECTBHSIX
B OpraHax rocyJapCTBEHHOW MPOTHBOMOXapHOU ciy>k0b1 MunucrepctBa Poccuiickoit denepannn
Mo JejiaM TpakJaHCKOM O0OOpOHBI, YpE3BbIUAWHBIM CHUTyalUsM M JHUKBUAALMU TOCIEACTBHUM
CTUXUHMHBIX O€/ICTBUIl» oOmpejiereH MOpPAJOK INpUEMa, PETUCTPAllMM U TPOBEPKH COOOIICHUH
O TPECTYIJIEHUSX M UHBIX MPOUCHIECTBUSIX oOpraHamMu (eaepasbHOro ToOCyJapCTBEHHOTO
noxapnoro Hajgzopa MUC Poccun (OI'TIH) [1].

21 nexabps 2020 r. 6su10 M3mano pacnopspkenne MUC Poccum Ne 973 «O mpomomkeHun
IIPOBEJICHUS  ONBITHOM  OKCIUIyaTallud MOAYJS ydeTa T[OXapoB M WX IOCIEACTBUH
aBTOMATU3MPOBAaHHOW AHAJIMTUYECKOM CHCTEMbl TMOIJAEPKKH M  YIpaBICHHUS KOHTPOJIbHO-
HagzopHbiMu opranamu MUC Poccun» (AAC KH/I), koTopoe sBHJIOCH OTIIPAaBHOM TOUKOM Hayaia
nudposuzaruu opranoB GI'TIH. Yka3zanHas cucrema pa3pabortana crnenuanncramu JlenaprameHTa
HAJ30pHOHN jAesTensHOCTH W mpodwminakTruueckoi pabdorsr (AHIIP) [2]. C smBaps 2021 .
COTPYJIHUKU TEPPUTOPHANIBHBIX MOJpa3felieHni HaJ30pHON AESTENbHOCTH OCYIIECTBISIOT y4eT
MokapoB M MX mocheAcTBui B oTaenbHOM Mmoayie AAC KHJI mapamrensHo ¢ 06a3o0if ydera
II02KapoOB U UX MOCIEACTBUN «CrarTlox»’, pazpaborannoit ®I'bY «Bcepoccuiickuit opaeHa «3Hak
[louera» Hay4yHO-MCCIIENOBATENbLCKUA MHCTUTYT IpoTHBONOXapHOW 000poHsl MUYUC Poccumny,

! porpammusiii kommiexe «CratIToxk 2009» yKa3aH B IIepeyHe IPOrpaMMHO-TEXHUIECKHX CPEICTB HH(pOpMaTH3aIHY,
MPUHATHIX B (POHA aNTrOpUTMOB, HMporpaMM, 06a3 M OGaHKOB NaHHBIX [ OCyTapCTBEHHOH HPOTHBOIOKAPHOHN CITy>KOBI
B 2009-2015rr. URL: http://www.vniipo.ru/institut/informatsionnye-sistemy-reestry-bazy-i-banki-danny/reestr-fonda-
algoritmov-programm-baz-i-bankov-dann/-nauchno-tekhnicheskaya-deyatelnost-podrazdel-prog/  (mara o6pamienus:
22.11.2021).



Ha/130pHa$1 JCATCIIBHOCTb

kotopoi opransl OI'TIH exxeagHEBHO pyKOBOACTBYIOTCS IIPU OCYIIECTBICHUH CBOMX MOJHOMOYHIA.
OpmHako 10 ompeeIeHHOr0 BpeMeH! He ObLIO CO3/IaHO €MHON CUCTEMBI, BKITIOUAIOIIEH B ce0s BCE
Hanpasienus aearenbHoctd OITIH. Takoit cuctemoii okazanacs AAC KH/I, BxirounBiias B ce0s
MOJIyJTd U PEECTpPhl MO PA3HBIM HAMPABICHUSAM JEATEIBHOCTH (peecTp COOCTBEHHHKOB, PEECTp
3alUThl HACEJIEHUS U TeppUTOpHil OT upe3Bblvaiiubix cutyanuit (3HTUC), peectp nmpousBoauTeneit
(MOCTaBUIMKOB), MOAYJNb JO3HAHUS MO JejlaM O T[oXapaX, MOAYJIb YyuyeTa MO0XKapoB
U UX TOCTEJCTBUHN U T.1.).

Pacnopsoxernem MUYC Poccun ot 29 centsiops 2021 1. Ne 848 «O mpoBeneHHH OMBITHON
JKCIUTyaTaluu WHGOPMALMOHHOW CHUCTEMBbl «ABTOMAaTHU3WPOBAHHAS AaHAUTHYECKas CHCTEMa
MOAJEPIKKH U YIIPABJIEHUS KOHTPOJIbHO-HaA30pHEIMU opranamu MYC Poccun» onpeneneHsl Cpoku
U TopAnoK mpoBeneHus: onbiTHOW skcmutyarauun AAC KHJ| B nenom. [nmaBHo# 3anmaueit
WCIIBITAHUH SABJISIETCS BBISIBIICHHUE HEIOCTATKOB IPU OCYILECTBICHUH CBOMX MOJHOMOYNN OPraHaMH
@OITIH nyrtem pabGotbl B uHTep(eiice oCHOBHBIX peectpoB u moayieit AAC KHJI. PaGora
B yKa3aHHOM HalpaBJICHUU BEAETCS U MO ceil AeHb. B HacTosiee Bpemsi MpoBOAUTCS AOPaOOTKa
¢dbyukmuonansHbix Bo3MoxkHocTer AAC KHJI mo Bcem HampaBienusiM. OnpesiesnieH cocTaB padodeit
IPYMIIbI, COCTOSIIIMI U3 MpeACTaBUTENeH (Ha4aJIbHUKOB, 3aMECTUTEIeH HaYaIbHUKOB) YIIPABICHUN
HAJ30pHON NEATEIHbHOCTH W TPOPHIAKTHYECKOH pPabOTHl TONOBHBIX CyOBEeKTOB Poccuiickoii
Oenepanmn — PecnyOnuka bamkoprocran, Bomoroackass o6macte, Jlumenkass o06macTh,
MockoBckasi obnacth, Hukeropoackas o6sacts. J[opaOoTKy (QYHKIIMOHAIBHBIX BO3MOXKHOCTEH
u untepdeiica monyns «JlosHanue» koopaunupyer ImaBHoe ympasinenne MUC Poccun
o Hmwxkeropockoii oonactu.

PaccmoTpuMm crnenuduky, mpobieMaTuky M JanbHeilnee pa3BUTHE MOIyIs «Jlo3HaHue»
AAC KH/I kak 0fHOTO 13 IPUOPUTETHBIX HAIIpaBJIEHUH AesarenbHocTy opranoB OI'TIH.

Jlns opranos OI'TIH nanHas Tema akTyanpHa B IIEPBYIO OY€pelb C TOUKH 3PEHHUS TOrO, KaK
C YYeTOM HWHTEHCUBHOW uudpoBU3anuu OyAeT OCYLIECTBIATHCS OpraHu3auus padoThl
B paccMaTpuBaEeMOM HalpaBiIeHUH HAa (POHE 3HAYUTEILHOTO JOKYMEHTO00OpoTa B (hOopMe KHWUT,
KYPHAJIOB U T.II., @ TAK)KE 3HAUYUTEILHOTO 00beMa uHdpopmaruu [3—6].

Byner mu nmameme geiictBoBath Ilpmkazs MUC Poccum or 2 mas 2006 r. Ne 270
«O0 yTBep)KIEHUM HWHCTPYKIMU O TOPSAIKE TMpUEMa, PETUCTPAllMU U TPOBEPKH COOOIIECHUMN
O TPECTYIUIEHUSX M MHBIX IPOUCIIECTBUAX B OpraHax TIOCYJapCTBEHHOM IPOTHMBOIOXKapHON
cmy)x0pl  MunucrepctBa Poccuiickoit  ®exepanmuu 1O JenaM  TPaXJaHCKOW  OOOPOHBI,
Ype3BBIYAHBIM CUTYyaIlUsIM W JIMKBUIAIIMW TIOCIEJACTBUN CTUXMUHBIX OenctBuii»? [1] Bepostree
Bcero OyneT, 0JlHaKO ¢ HEKOTOPBIMH HM3MEHEHHSIMHM HOPMAaTHUBHOW 0a3bl, MpelycMaTpUBAIOLIIMMU
IU(POBU3ALIMIO BHIICYKA3aHHOTO HATIPABJICHUS ITyTEM BHECEHHS COOTBETCTBYIOIIMX KOPPEKTHPOBOK
B COZIEpKaHHEe HOPMATUBHO-TIPABOBBIX akTOB [7—9)].

2. MuTepdeiic moayast «Lo3nanne» AAC KH/I.

Bxoa B Momynb «Jlo3HaHME» OCyIeCTBIsIETCS TyTeM BBoja aapeca http://mup.gpn.mchs.ru
B aJIpECHYI0 CTpOKY Opay3sepa (oT aHriI. web browser — mpukiiagiHoe mporpaMMHOE OOecTiedeHUE
JUISL TIPOCMOTpa CTPaHUI, COJIep:KaHusl BeO-JOKYMEHTOB) MPHU MOAKIIOUEHUH KOMITBIOTEpA K CETH
I/IHTpaHeTZ. B HacToAmMi MOMEHT NpexycMaTpuBaeTCs BO3MOXKHOCTh BXOJa B MOIYJb «Jlo3HaHUE»
yepes NOAKII0UEHNE K ceTH MIHTepHeT.

[Tonb3oBarenn mMoxyns «Jlo3HaHME» — JOJKHOCTHBIE JIMIA CTPYKTYPHBIX MOApa3/IeIeHUM
Tepputopuanbieix opranoB MYC Poccun, B cdepy BeaeHHs KOTOPBIX BXOJSAT BOIPOCHI
OpraHu3alMi U OCYIIECTBICHHS (elepabHOTO TOCYAAPCTBEHHOTO MOKAapHOTO Haa30pa (OpraHbl
I'TIH T'Y MUC Poccun no cyowekty Poccuiickoit deneparuu), a Takke MOHKHOCTHBIE JIMIIA
CTPYKTYPHBIX TOJpa3ieleHUl CHEIUalbHBIX M BOMHCKUX MOJApa3JesleHuil  ¢eaepanbHOR
MPOTHBOMOXKAPHOW CIIy’)kObI, B cdepy BeOeHHS KOTOPbIX BXOJIAT BOIPOCH OpraHU3alMU
U OCYILIECTBJICHUS (peiepaibHOro rocy1apCTBEHHOT0 MoXkapHoro Hajazopa (opransl ['TIH cnenmanbHbix
wii BouHckux noapasaencuuii @IIC T'TIC) [10].

Jns aBTopuszamuu B Moayjie «/lo3HaHHME» UCHONIB3YIOTCS Y4YETHbIE JaHHBIE, 3aBECTH

> B 1aHHOM ClTydae pedb HIET O PacIpe/IeeHHOM CeTH, 3aKPBITOH OT BHELIHEro I0CTyNa u3 ceTH MHTepHeT, ¢ 06Imum
KOHTEHTOM, JIOCTYTI K KOTOPOMY TOJIy4aloT OrpaHUYEHHbIE IPYTIIIbI OJIb30BaTEIEH.
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KOTOpBIE HEOOXO0AMMO B peectpe moapazaeneHuii u momkHocTHbIX Jull AAC KH/. B pamkax
nepexofa Ha LEHTPAIM30BAaHHYIO CHCTEMY IO YIPABICHHIO aBTOpH3alMed M UACHTUHUKAIMEH
nonb3oBareneit moayns «Jlosnanue» AAC KHJI nmonkmroyeHne K HEM JOMKHO OBITH 00eCreyeHo
710 3aBEPUICHMSI €€ ONBITHOW IKCILTyaTalliy.

KoppekTrpoBka (yHKIHOHATIBHBIX BO3MOXKHOCTEH MOIyss «Jlo3HaHME» OCYIIECTBISICTCS
(deneparbHBIM TOCYIapCTBEHHBIM OIOKETHBIM yupexJeHrueM «VH(popMalMoHHO-aHATUTHYECKUH
uentp MUC Poccum» no 3asske JAHIIP, cornacoBannoil ¢ [lemapramMeHTOM MH(pOPMAIMOHHBIX
TEXHOJIOTUH U CBA3H.

Monyns  «/lo3nanue» oOecneduMBaeT peaau3alUi0  CIEAYIOMHUX  (PYHKIMOHAIbHBIX
BO3MOKHOCTEH:

— peructpalus COOOIIEHUH O TPECTYIUIEHUSX B KHUIE€ PETUCTPALUU COOOLIEHUI
o npectyrieHusax (KPCII);

— perucTtpanus cOOOLIEHUI O MOoXapax W HWHBIX MPOMUCIIECTBUSX B KYpHAJIE perucTpanuu
cooOuieHuit o noxapax u uHbIX npoucuiectBusx (OKPII);

— KOHTPOJIb AESITEIbHOCTU JO3HABATENS;

— CO3JIaHHE€ U XpaHEHHE OCHOBHBIX 11a0JOHOB JOKYMEHTOB, €KE€HEBHO MOATOTABIMBAEMbIX
J03HaBaTEISIMU;

— B3aUMO/ICICTBUE C BKCIIEPTaMU Cy1e0HO-3KCIEPTHBIX yupexaenuii (COY) 1o J1okanbHO ceTy;

— aBTOMATHU3allKs BBIIIOJHEHUS POLIECCYANIbHBIX JEHCTBUM U MPUHSTUS PEILICHUS;

— IEPEHA3HAYEHUE BBIIIOJIHEHUS 3a/ad Ha COTPYAHMKOB IOJPA3ACIEHUS U HAYaJIbHHUKOB
JAPYTUX MOJApa3aeiIeHUM;

— BEJICHUE pacclleZIOBaHUs IPyIIION JO3HABaTENEH;

— BEJICHUE peecTpa MaTepualioB PEIBAPUTEIbHBIX IPOBEPOK;

— BEJICHHUE peecTpa YroJOBHbIX J€JI, HAXOASAIINUXCS B IIPOM3BOACTBE JO3HABATEIIS;

— BEJICHUE )KypHaJla yuyeTa OTKa3HbIX MaTepHaJlOB;

— BeJICHHE yueTa COOOIECHUH NepeaHHbIX 110 TEPPUTOPUATBHOCTH;

— BEICHUE HAaKOIUTEJIBHOTO Jiea.
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Wutepdeiic monyns «Jlo3HaHue» TpeACTaBiIeH B CleAyIoeM Buae (puc.):

1) «Mowu 3agaun.

B paznene oTobpaxkaroTcst TeKyIue 3a1auu mojb3oBaress. OpaH)KeBbIM IIBETOM BbIJICICHBI
coobmenus u3z XKPII, 3enéapim — nu3 KPCII. Tlo kaxmoi 3agade mojb30BaTellb MOXKET MIOCMOTPETh
KpaTKoe co/iep)kaHue COOOIIeHNUs, HA)KaB Ha CTPENIKy BHU3 Ha 3HauKe «3ajadum», a Takxke NeperTu
K CTpaHule mpocMoTpa coobmieHusi. [lonb3oBarens MOXKeT 3ajaBaTh IMapameTphl AJIs MOUCKA
U COPTHPOBKH 3ajad. [IpaBee oT cimcka 3a/1a4 pacnosoxena Gpopma ¢ 1eHCTBUAMU 10 BRIOpaHHOU
3a1aye.

2) «KapTouku ydera moxxapoBy.

Pazgen mpemocraBisier BO3MOXHOCTH 3apeructpupoBath coodmenue B JXKPII Ha ocHoBe
BbIOpPAHHOM KapTOYKH ydeTa noxapa. UToObl 3aperucTpupoBaTh COOOIIEHNE HA OCHOBE BBIOpaHHON
KapTOYKM y4yeTa T[O0XapoB, HEOOXOJUMO HAmpoTHUB HEOOXOAMMOW KapTOUYKH  HaXKaTb
Ha «3apeructpupoBarb coobuenue B JKPID». IIpu stom otkpoercs ¢popma «Coobuenue XPID»
C 3aII0JIHEHHBIMU NOJISIMU U3 KapTOUYKHU yueTa 1moxapa.

3) «XKPII».

Pazgen comepXUT CHUCOK BCEX 3aperMCTPUPOBAHHBIX COOONIICHWM O TOXKapax W HMHBIX
IIPOUCUIECTBUSIX.

4) «KPCID».

Paznien conepKUT CMCOK BCEX 3apErMCTPUPOBAHHBIX COOOIIEHUH O MPEeCTyIIICHUSIX.

5) «CIUCOK YTOJIOBHBIX JIEID).

Paznen conepkuT MHGOPMAIMIO O BCEX YTOJOBHBIX JI€aX, 10 KOTOPHIM MPOUCXOAUT WU
y>K€ 3aBEpIICHO pacciie/JoBaHHE. 3aluCh HAa 3TOM CTpaHMIIE MHOSIBJISIETCS aBTOMATUYECKH I10CIIE
NPUHATHUS peIIeHUs 0 BO30YKICHUU YTOJIOBHOIO Jea.

6) «CrucoK aIMHUHUCTPATUBHBIX JICID».

Paznen coxmepxut uMHPOpPMALUIO O BCEX AJAMHUHUCTPATHBHBIX JeflaX, IO KOTOPBIM
MIPOMCXOJUT WIN YK€ 3aBeplleHa padoTa. 3amuch Ha STOW CTpaHMIIE MOSBISETCS aBTOMATHYECKU
nocye MPUHATHUS pelIeHus 0 BO30YKISHUN aIMUHUCTPATUBHOTO Jiefa.

7) «Coo01ieHus, epelaHHbIe TI0 TEPPUTOPUATTBHOCTIY.

Paznen comepkUT cooOIeHus, KOTOpble ObUIM MepelaHbl B 3TO MOApa3JesieHHe, a TaKxke
COOOIIIEHUS, KOTOPBIE 3TO MOAPA3ACIICHUE HAMPABWIIO B JPYTOM OTIEN. 3alUCh HA 3TOW CTpaHHUIIE
MOSIBIIICTCSI ~ ABTOMATHYECKW  TOCN€  MPHUHATHS ~ peIlIeHuss O  Iepenadye  COOOIIeHUs
10 TEPPUTOPUATHLHOCTH.

8) «OKPOM».

3anuch Ha OJTOW CTpPAHULE CO3JACTCS ABTOMATUYECKH II0CJIE€ TPHUHATHUS PEIIEHUs
O CIIMCAaHUM COOOIIEHUS B JKypHAJl PEeruCTpallid OTKa3HBIX MarepuaioB. Ha cTpanulie XpaHutcs
HOMEp 3amucH M €€ JaTa CO3/aHuf, a TaKKe €CTb BO3MOXKHOCTh NEPEeUTH K COOOILEHHIO,
110 KOTOpOMY ObLiIa CO3/1aHa 3aIuCh.

9) «HakomurtenbHOE eI0».

3anuch Ha JAHHOW CTpaHMIE CO3/aeTCsl aBTOMATHUYECKU II0CJIE€ MPHUHATHS PELICHUS
O CHHUCaHMM COOOIEeHUsI B HakomuTeslbHOe neno. CTpaHula colepXUT MHPOpPMAIUI0 O TOM, KTO
U Koraa OoQGOpMHMI HAKONMHUTEIbHOE JI€J10, KaKhe MaTepuanbl ObUTH TNPHIIOKEHBI, TAKXKE ecTh
BO3MOYKHOCTh HIEPENUTH HETIOCPEICTBEHHO K COOOLIEHHUIO.

10) «OtueTb».

B macrosmmii MOMEHT pasnen HaxoauTcs B pa3padoTke. [loka ecTh BO3MOXXHOCTH
(opMHUpPOBaHUS TOJBKO «AKTa CBEPKHM MOJHOTHl PErHCTPALlMM COOOIIEHUH O MNpecTyIIeHHUX
Y UHBIX MPOUCIIECTBUIXY.

11) «CBomnast uHGOPMAITHSIY.

Ha »Toif cTpanuiie oroOpakaercs TEKylee KOJIMYECTBO e, KOTOPhIE HaXOIATCS ceidac
B NIPOM3BOJCTBE. Tarkke 37eCh MOXKHO MOCMOTPETb CBOJHYIO HWH(OPMAIMIO 32 OIpeeTIeHHBIN
nepuof. Ilomb3oBarens ¢ ponbio «HauanbHHK» BHUIUT BCIO HHGOPMALKMIO TIO CBOEMY
MIO/Ipa3IeJIEHHUIO, II0JIb30BATENb C POJIbIO «/[03HAaBATENb» — TOJIBKO CBOM JIE€NA.
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Bce neiictBust B Moayse «Jlo3HaHHEe» MOCTPOEHBI Ha JIOTUKE OM3HEC-NPOLIECCOB, TO €CTh
KaXJ0€ TOoCcTeayIolee NeiHCTBIE MOKHO OCYIIECTBUTH TOJBKO B CTPOTOM COOIOJCHUM MOPSAIKA
JOTMYECKOM Lenoyku. Ha naHHbIA MOMEHT JIOTMKa MOAYJS «/lo3HaHWe» MpencTaBisIETCs HE
COBCEM KOPPEKTHOMU, MOCKOJIbKY MMEET HECBOEBpPEMEHHBbIE AeicTBus (moapoOHee B pasaene 2.3
[Tpobnematuka monyns «J{oznanue» AAC KH/).

2.2. octouncTBa MoayJs «/loznanue» AAC KH/I.

K 6e3ycnoBapiM nocTtomHcTBaM Moayisa «Jloznanume» kak coctaBisitomein AAC KH/L
MO>KHO OTHECTH:

— peanu3alyoo MPUOPUTETHOTO MpoekTa «CoBepLIEHCTBOBaHHE (DYHKLIMU TOCYIapCTBEHHOTO
Haj3opa MUC Poccun B pamkax peanu3aluu NpHOPUTETHOH nmporpammsl «Pedopma KoHTposibHON
1 HaJ30pHOM AesTenbHOCTIY [11];

— aBTOMAaTHU3alMI0 BHEJIPEHMSI PUCK-OPUEHTHPOBAHHOIO IIOAXO0JA IIPH OCYLIECTBICHUU
KOHTPOJIbHO-HAA30pHOM e TEIbHOCTH;

— aBTOMATHU3ALIUIO IJIAHUPOBAHUS MPOPUITAKTHUESCKUX MEPOTIPUATHI;

— CHCTEMAaTHU3aLINI0 00s13aTENIbHBIX TPEOOBAaHUI KOHTPOJIbHO-HA30PHOM 1€ TEIbHOCTH;

— B3aUMOCBS3b MOAYJI «Jl03HaHUE» C IPYTMMH MOAYJISIMU U pEECTpaMU;

— CHIDKEHUE TPOLIeCCYalbHbIX U3/IEPIKEK;

— MPO3PAYHOCTh YUETHO-PETUCTPALIMOHHBIX (DYHKITHIA;

— IPOCTOM M IOCTYIHBIM KOHTPOJIb 3a MOAYUHEHHBIMU [10/Ipa3/IeJICHUSIMU;

— BO3MOXKHOCTb KOPPEKTHPOBOK U PEIAKTUPOBAHUS OIINOOYHBIX 3aMUCEH.

2.3. IlpodaemaTuka moay.s «/lo3nanne» AAC KH/I.

st Toro, 4toObl MOIYJb «Jl03HaHME» MMEN MPaKTUYECKOe NPUMEHEHHE, B HEM JOJDKHA
IIPOCIICKUBATHCS JIOTUKA MPOBEACHUS J10CIEACTBEHHbBIX JEUCTBUN U J0JDKHA OBITH CBS3b C MOJYJIEM
«YueT noxapoB».

Bce naumnaercs ¢ peructpaummm B JKPII (1o kaproukm ydera moskapa), TOCIE€ 4Yero
permaeTcs BONPOC O HEOOXOAMMOCTH B3ATHS IOKapa Ha y4yeT U, COOTBETCTBEHHO, BBICTABISACTCS
KapTouka ydera mnoxapa. Jlamee coobmenue nmbo mnepepeructpupyercss B KPCII, mu6o
CIIMCBHIBAETCS B HAKOMUTEIIBHOE JEJO.

[To pesynbratam paccMoTpeHus cooOmieHus, 3aperucrpupoBanHoro B KPCII, MoxeT ObITh
TpU pelieHus — BO30YJIWUTh YrOJIOBHOE [€0, BBIHECTH IIOCTAHOBJIEHHME O Tiepefade ero
I10 MOJICJIEACTBEHHOCTH WJIM BBIHECTH MOCTAHOBJIEHNE 00 OTKa3e B BO30YK/IEHUHU YTOJIOBHOTO JIENa.
[Ipn sTOM TpeThe pelieHHe [O0JDKHO aBTOMATHYECKH IEepEeBOAUTH pPaboTy B OJIOK >KypHal
peructpanuu oTkazHbix MatepuanoB (JKPOM). Ceituac Takas J10rvKa B MOJyJi€ OTCYTCTBYET.

[Ipy B3aMMOAEHCTBMUM C OTBETCTBEHHBIMHU TEXHUYECKMMHU coTpyaHukamu JHIIP
Ha 3acelaHuM paboyeil rpynmbl OBLIO OMpPENeNIeHO, YTO MepeaesaTh UHTepdeinc Moayns B BUAEC
MPUBBIYHBIX JO3HABATEISIM <OKYPHAJIOB M KHUI» HE IMPEACTABISIETCS BO3MOXHBIM, TaK Kak
TEXHUYECKOE 3aJaHWE Ha JaHHOM DJTale IepecMOTpeTb HEeBO3MOkHO. Ha craauu,
MPEIECTBYIONMIEH TECTUPOBAHUIO, HE OCYIIECTBISJIOCH B3aUMOJAEHCTBUE C CyOBEKTOBBIMU
NpoGMIBHBIMU OTJIEJIaMU a/IMAHUCTPATHBHOM MPAKTUKU U JO3HAHUS C IIETbIO 3apaHee 3aJ0XKHTh
B Oasuc ™omyns «Jlo3HaHWE» MAaKCUMalbHO KOPPEKTHbIE pEUICHHs, COOTBETCTBYIOIIUE
10JIO)KEHUSIM HOPMaTHUBHO-TIPABOBBIX aKTOB.

B HacTosimiee Bpemsi MpUOPUTETHOCTh MOAYJIS «/[03HaHMe)» HMXKE, UEM Y OCTalIbHBIX, BBUAY
4ero BHECEHHWE H3MEHEHWH B WHTepdeic M (yHKIMOHAI MOAYJS NPEAINONaraeT UIUTEIbHBIC
BPEMEHHBIE PAMKHU.

3. IIpensio:kenus mo nopadorke GyHKIMOHAIA U HHTep(eiica moayas «/{o3HaHue.

[IporectupoBaB unrepdeiic moaynsa «JlozHaHue» U ero (pyHKIHOHAIbHBIE BO3MOKHOCTH
ObUT BBISBIEH Psii CYLIECTBEHHBIX HEJOCTAaTKOB, KOTOpbIE KAapAMHAJIBHBIM 0Opa3oM BIUSIOT
Ha KOPPEKTHOCTh YUYETHO-PETUCTPALIMOHHON CUCTEMBI B LIEJIOM.

[epeuncanm HauboIee 3HAUNMBbIE TIPEATIOKCHHS:

— Ilpenycmorpers B uHTepdeiice MOAYNS BKIAAKUA TPUHATHA JAIbHEHIINUX pEIIeHH
o coobmenuto «KPIT» B coorBercTBum ¢ mpukazom MUC ot 2 mas 2006 r. Ne 270 [1], a umeHHO
B BU/JIE BKJIAJ0K CJIEIYIOUIETO COACPKAHMS:
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1) nepepeructpupoBath coobmenue B KPCII;

2) nepeaathb cOOOIIEHUE 110 TEPPUTOPHATIBHOCTH/TIOIBEJOMCTBEHHOCTH;

3) ciucaTh MaTepuanbl COOOIIEHHS B HAKOUTEIBHOE JIENI0;

4) ynanuTh cooOIIeHHE.

— YOpare Bknaaku «HasHauuth skcmeptuzy» u «CnaTh B apXuB» BBUAY TOIO, 4TO
Ha3HAUYEHHUE SKCIEPTHU3bl Ha JTAHHOM JTalleé NPOBEPKU HECBOEBPEMEHHO (TO €CTh HE0OXOJIUMO
MIEPEMECTUTh BKJIAJIKy B COOTBETCTBHHU C MOPAIKOM IMPOLECCYAIbHBIX JIEHCTBUIA), a BMECTO Cllauu
B apXMB JIOJKHA OBITh MIPEyCMOTPEHA MPOIielypa CIIMCaHHUs B HAKOIIUTENIbHOE AEJIO.

— Ilpenycmorpers B uHTepdeiice MOAyNS BKIAAKUA NPUHATHS JAIbHEHIIUX peIIeHU
o coobmenuto «KPCID» B coorBeTcTBUU ¢ TonokeHusmu ctT. 145 VIIK PO [12], a umenHo B Buze
BKJIAJIOK CJIEIYIOLLErO COAEPIKAHUA:

1) BO30yAUTH YTOJIOBHOE JEJIO;

2) oTKa3aTh B BO30YKAeHHH yronoBHoro nena (BY ),

3) mepenaTth cOOOIIEHHUE MO TOCICICTBEHHOCTH.

— [Ipenycmotpers aBTOMaTH4ECKUE NIPUCBOEHUS NIOPAIKOBBIX HOMEPOB B paszaenax « KPID»
n «KPCII» B cOOTBETCTBUM C OUYEpPEAHOCTHIO BBOJAMMBIX CBeACHMH. B pamkax »3Toro
&Ke BOIpoca HEOOXOAMMO MPEAyCMOTPETh, YTOOBI y KaKIOTO TEPPUTOPUATBHOTO OTACICHHUS
Hag3opHoit aesrenbHOocTH (TOHJ) OBLT OTHAENBHBIN aBTOMATHYECKUN IMOJCYET HOMEPOB, UTOOBI
B IIEPCIEKTUBE aJMUHUCTPATOpPbl YIpaBJIeHUH Haa30pHOH aesrenpHoctH (YHJ]) wmorin
MIPOU3BECTH (QMIIBTPALUIO CBEICHUH HEOOXOIMMOT0 MOApa3eNeHHs, IPEABAPUTEIHLHO BHIOPAB €ro
B OT/I€JIbHOM BBINA/Ial0IEM CIIHCKE.

— Bomonuuts rpady «Mcexomsmmii Ne MarepraioB HAKOMUTEIBHOTO JIeNia» HE 00sS3aTeNIbHOM
s 3anonHeHus. [loGaButh mepen 3Toil rpadoit ormeTky «llepemaua mo mopcnencTBeHHOCTH /
TEPPUTOPUATBHOCTHY» M TOJBKO B 3TOM Cllydae Ipejyiarath 3amnonHeHue rpadsr «Mcexomsmmii Ne
MaTepHUaJIOB HAKOIIUTEIBHOTO JEIIa.

— IIpemxycmotpeTts B paznene «OTaeTb» popMHUpoBaHMEe OCHOBHBIX 0T4eTOB (Takue kKak 2-I'TIH)
1 KOHCTPYKTOpP OTYETOB, TO €CTh BO3MOXHOCTH (POPMHUPOBATH (POPMY U OCYIIECTBIATH BHITPY3KY
HE0OXOMMOro 0TYETa, UCXOJSA M3 3aJaHHBIX NAapaMeTpoB (IO AHAJIOTMM C 3aIPOCHBIM MOJyJIEM
ydeTa IOKapoB U UX MOCIEACTBHH).

— Ilpenycmotpers comnpspkenue nons «Homep KVYID» mpu pemakTupoBaHUM COOOIICHUS
B paznene «KPCII» ¢ MoayneMm ydera MmokapoB M MX IOCIEACTBHH B BHJI€ BO3MOXHOCTH BbIOOpa
OKVII u3 Beimagatomiero cnucka, nmpu Beojae Ne OKVII.

— IIpenycMoTpeTs B 010Kk cxeme Ou3Hec-mpoleccoB B paszzeine «Peructpanus cooOmeHus»
MMOMHUMO pazjzienia «3asBUTEIb MPUIIE JUIHO» MPEAYCMOTPETh pasnel (B COOTBETCTBUU cO cT. 140
VIIK P® [12]) «BsisBiieHo coobmienue o mnpectymieHun opranom ['TIH ®IIC» — «CoobmieHue
O COBEpUICHHOM WJIM TOTOBALIEMCS NMPECTYIUICHUH, MOJIYYEHHOE M3 MHBIX UCTOYHHMKOB», TO €CTh
TpeTbe OCHOBAaHUE AJIs1 BO30Y KIEHHsI YTOJIOBHOTIO JIeTa.

— IIpenycMoTpeTs B 010Kk cxeme Ou3Hec-mpoleccoB B paszzeine «Peructpanus cooOmeHus»
MOMUMO pa3ziena «3asgBUTENb MpUIIEN JIMYHO» YETBEPTOE OCHOBAHHME i BO30YKACHUS
yrosoBHoro aena (B coorBerctBum co cr. 140 VIIK P® [12]) — «IlocraHOBICHHME MPOKypopa
O HampaBJI€HUH COOTBETCTBYIOIIMX MAaTEPHUAJIOB B OpraH MPeABApUTENIBHOIO paccieOBaHUs, IS
pelIeHns Bonpoca 00 YroJOBHOM IPECIIeI0BaHUNY.

— IIpenycmotpeTrs B Moayse HOBBIM pasaenn « KOHTposIbHBIE CPOKH MPOBEPOK», B KOTOPOM
JUISL K&KJI0TO TEPPUTOPUATIBHOIO OTJIea HaJJ30pHOM 1eATeIbHOCTH OTAENIBHO MPEAYCMOTPETh:

1) yBenomiieHne 00 OKOHYAHUU CPOKOB IMPOBEPKU IS COTPYIAHHKA, OCYLIECTBIISIOIIETO
MIPOBEPKY MO COOOIIeHNUIO (¢ AyOaupoBaHUeM B pazien «Mou 3agaun»);

2) yBenomieHHEe 00 OKOHYAHHUU CPOKOB IPOBEPKH JUIsl HadaJbHHKA TEPPUTOPHATIBHOIO
nozpasiesieHus B paszaeine «Bce 3anaumny.

[IpencraButh ykazanHoe B Bune crucka (Ne KPCII, mara cooOmieHusi, aapec u T.1., CPOK
MPOJJICHNUS), BBIICTUB TIPU STOM (HANMpUMEp, KPAcHBIM IIBETOM) COOOIICHHE, CPOK MPOBEPKH
[0 KOTOPOMY HCTEKaeT B Oimkaiiiiee Bpems (CpoK MpoBepkH 3 IHS — 3a 1 JeHb; CPOK MPOJUIEH
10 10 cyt —3a 2 nHs; cpok npoinés a0 30 cyt — 3—4 aHs).

10
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— IlpenycmoTrpers 0TOOpakeHHE CBOIHBIX JAHHBIX 3@ KaXKAbIH TEPPUTOPUANBHBIN OTIEN
Ha/J30pHOHN JesaTenbHOCTH. To ecTh mpH BblOOpe OAHOM W3 MO3MLMH (IyTeM HaXaTusi KHOIKU
MBIIIIN) MIpeAiaraeTcs oTo0paxkaTb COOTBETCTBYIOIIYIO HH(OpMaLMIO 3a NoJipa3zesieHue (B ciiydae
UCIIONB30BaHUs JAHHOTO paszziefia COTPYJHUKAMU TEPPUTOPUATBHBIX OT/AENOB). Y aJIMHHHCTPATOPOB
Y COTPYAHUKOB ammapara [JaBHOTO yINpaBiieHHs NaHHAas WHGOpMAamMs IOJDKHA OTOOpaxaTbes
3a o0nacTe B 1EJIOM, a TakXke JOJDKeH ObIThb MpeIyCMOTPEH BBINAJAIOMIUNA  CIIHCOK
C HAaUMEHOBAHUSMHU MOAPA3JEICHUN JUIs MPOBENCHUS KaueCTBEHHO-KOJMYECTBEHHOI'O aHaju3a
II0Ka3aTese Kak10ro noApa3IeicHHUs.

Croutr ormetutb, uyto B aznpec JHIIP taxke ObuiM HampaBieHbl MNPEASIOKEHUS
10 JOTOMHEHHIO (pyHKIMOHATAa MOyl «Jlo3HaHHME) CHpPaBOYHMKAMH U UHBIMU MH(OPMAIIMOHHBIMU
C6OpHI/IKaMI/13, B YAaCTHOCTH:

— TeneOHHBIN CIIPAaBOYHUK OpraHoB U noxpasaeieHuit qoznanus ['TIH OIIC MUC Poccun
o cyobexkram Poccuiickoit @enepanuy;

— KJIacCU(PUKATOp KOJOB IOJApa3AeIeHUN OpPraHoB JO3HAHUS U MPUCBOCHUS HOMEPOB
YTOJIOBHBIX JAET;

— MH(OPMAIIMOHHBI COOPHUK HanmOOJee CIIOKHBIX 0 PacCieOBAaHHUIO YTOJIOBHBIX €I
3a nocneanue 10 et (BiItouas 00€3IMUEHHYI0 TOKYMEHTALMIO, COAEPIKAILy0 Hecelnn(pUIecKyIo
MH(OPMAIINIO, BBISBICHHYIO J103HABATEISIMHU);

— MH(POPMAIMOHHBIN COOPHUK OITBITA PACCIEIOBAHNUS MIPECTYIICHU, CBA3aHHBIX C IPUPOAHBIMU
I0’KapamH.

[Tomumo npouero, BHOCITCS U3MEHEHUSI U B (OPMBI JOKYMEHTOB. OTMETHM, YTO MEpEUYEHb
YKa3aHHBIX IIPEJIOKEHUM HE SBISAETCS UCUEPIIBIBAIOLIIM.

4. BLIBOJEI.

Ha pannom »srtane wmoayib «Jlo3HaHue» SBISETCS MNPOrpaMMHBIM — OOeCIeueHHEM,
HY>KJAIOLUMCS B ajbHeel jopadoTke.

C yueToM BBIIEU3I0KEHHBIX HEAOCTATKOB, TECTUPOBAHUE MOJYJISI 3aBEPIIAECTCSA HA CTaJUU
co3nanust coobmieHust B onHoM u3 pasnenon (JKPIT wmu KPCIT).

Takum obOpa3om, nmoka He OyIyT peaar30BaHbl OCHOBHBIE IPEJUIOKEHHUS MO BHECEHHIO
W3MEHEHUN B JIOTUKY «OM3HEC-TIPOIIECCOB» U B MHTEepdeiic Moayns, NalbHEWIlee TECTUPOBAHUE
(YHKIIMOHATIBHBIX BO3MOXKHOCTEH MOJTyJIsl IPEACTABIISIETCS] TYTUKOBBIM.

Jlureparypa

1. O0 yTBepkIeHIH WHCTPYKIMHU O TMOPSAIKE pUeMa, PETUCTPAIIMU U IPOBEPKU COOOIICHUI
O TPECTYIJICHUSX M HMHBIX MIPOUCIIECTBUAX B OpraHax TOCYJapCTBEHHOW MPOTHUBOMOKAPHOU
cimy:)x0sl  MunucrepctBa Poccuiickoit  ®exepanmu 1o genaM  TpaXkIAHCKOW — OOOPOHHI,
Ype3BBIYAHBIM CUTYalMsIM W JIMKBUIAIIUU TIOCJIEACTBUN CTUXMHHBIX OenctBuid: mpukaz MUC
Poccuu ot 2 mas 2006 1. Ne 270. JocTtyn u3 cnpas.-npaBoBoi cucteMbl «Koncynprantlmocy.

2. ABTOMATH3UpPOBaHHAs aHAUTHYECKAsl CUCTEMA MOAJEPKKHU U YIPABIEHUS KOHTPOJIBHO-
Hag3opubiMu opranamu MUC Poccunm (AAC KHJ) / A.M. TlopcoB [u mp.]: CBHUACTETHCTBO
0 TOCYIapCTBEHHOW peructpanuu mporpammbl st OBM Ne 2018617462. Poc. denepanus
Ne 2018612050; 3asB. 26.02.18; omy0On. 25.06.18. Jloctym wu3 chpaB.-lpaBOBOM CHCTEMBI
«Koncynprantlntocy.

3. Kyspmmna T.A., CanbaukoB A.B., Maep O.M. K Bonpocy nudposuszanuu deaepaibHOro
rocyapcTBEHHOro TmokapHoro Hamzopa // IloxkapHas ©0e€30MacHOCTb: COBPEMEHHBIE BBI3OBBI.
[Tpobnemsl U myTH pemeHus: Mmarepuaisl Beepoc. Hayd.-ipakt. koH). CII6.: C.-Iletep6. yn-T I'TIC
MYC Poccun, 2021. C. 19-21.

[Ipennoxenuss otnena agMUHUCTPATHBHOW NPAKTHUKA W JO3HAHUS YIPaBICHHUS HaJI30pHOM JESITEIBHOCTH
u podrraktiudeckoit padoter ['masroro ympasnerns MUC Poccnn o Himkeropoackoii obmactu B aapec JlemapraMenra
HAJ30PHOH [EATENPHOCTH W NPOQIIAKTHUECKOW paboTel mo nopaborke wHTepdeiica W (YHKIHOHAIHHBIX

Bo3MoxkHOCTeW Moyt «J{o3nanue» AAC KH/I (o dopme Ipusoxenus Ne 1 paboueit rpynnm).
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4. Pomanckas B.A. LudpoBu3zaiiuis rocy1apcTBEHHOTO IOJKapHOTo Hazopa /. MHdopManoHHbIe
TEXHOJIOTHUH KaK OCHOBA IPOrPECCUBHBIX HAYUHBIX UCCIIENOBaHUIL: ¢0. cT. MexyHap. Hay4.-[IpaKT.
koH}. [lepmb, Ydpa: OO0 «Asrepnar, 2020. C. 198-200.

5. CenneB A.B., CenneB B.A. Ilytu moBbnmennst 3pheKTHBHOCTH MCTIONB30BAHUS U OOSCTICUCHHIS
6e30macHOCTH WHGOpPMAIMKM B OPraHM3aLMOHHBIX CTPYKTypax. B kuure: I'paxmanckas oOopoHa
Ha cTpake Mupa u Oe3zonmacHOCTH. Marepuanbl [V MexayHap. Hayd.-npakT. KoH}: B 3-x 4. 2020.
Y. 2. C. 50-58.

6. boopor A.W., YyiikoB A.M., Kyzemuna T.A. MHDopMaTH3ams TpoIeccOB HAIA30PHOM
nesreabHocTd B MUC Poccun. CoBpeMeHHbIE TEXHOJIOIHH 00ecleueHus] Ipa)kIaHCKOW 0OO0pOHBI
Y JTUKBUIAIMH TIOCIEICTBUN UPE3BBIYaHBIX CUTyalui: ¢0. cT. mo mMarepuaiam X Bcepoc. Hayy.-
npakT. KoH(}. ¢ MexayHap. yd. 18 amp. 2019 r. Boponex: BopoHexckuil HH-T — ¢uinan
HBanosckoii mox.-crac. akan. ' TIC MUC Poccun, 2019. C. 43-45.

7. O rocynapCTBEHHOM KOHTpoJie (HaJI30pe) W MyHHILHMIIAIBHOM KOHTpoje B Poccuiickoit
denepanun: Denep. 3akon Poc. Deneparu ot 31 utosst 2020 r. Ne 248-D3 (¢ u3m. u jgo.) (ct. 17,
ct. 21, ct. 96). octyn u3 cripas.-nipaBoBoii cucteMsl «KoncynpranTtlLimocy.

8. O0 ytBepkmeHnn BemomcTBeHHOW mporpamMmbl udpoBoi Tpanchopmammum MUYC
Poccun na 2021 r. n Ha mnanoBbIi nepuoa 2022 u 2023 rr.: pacniopsbkenrne MUC Poccun ot 20 OKT.
2021 r. Ne 917. [loctym u3 cripaB.-1ipaBoBoii cucteMsl «KoncympTantlimrocy.

9. CanbuukoB A.B., Ky3pmuna T.A. JlocTOMHCTBa W MOTEHLUAIbHAs MpoOiieMaTHKa
®epnepanbaoro 3akoHa oT 31 utonsa 2020 r. Ne 248-D3 «O rocyaapcTBEHHOM KOHTpoOJe (HaI30pe)
B Poccuiickoit ®enepaumn» // HanzopHas nestenbHOCT M cyaeOHas SKCIEpTH3a B CHUCTEME
6e3omacuoctu. 2021. Ne 1. C. 10-18.

10. O denepanbHOM TOCYJapCTBEHHOM MOXapHOM Hajazope (Bmecte ¢ «llomoskeHuem
0 (enepasbHOM TrOCyAapCTBEHHOM IOKapHOM Haja3opey): nocraHoBienue IIpaBurensctBa Poc.
@eneparuu ot 12 amp. 2012 r. Ne 290 (c u3m. u gom.). JlocTynm U3 CHpaB.-MPaBOBOW CHUCTEMBI
«Koncynprantlmroc».

11. CosepuiencTBoBanue (pyHKIMH rocyaapctBeHHoro Hajgzopa MUYC Poccum B pamkax
peanu3anuu MPUOPHUTETHONW TmporpamMMbl Pedopma KOHTpPOJIBHON W HAA30pPHOU JEATETHLHOCTH:
NacropT pealn3aluy IpoeKTa yTB. MPOTOKOJIOM 3acel. MpoeKT. komuteTa oT 13 deBp. 2018 1. Ne 1.
Hoctyn u3 cnpas.-ipaBoBoid cucteMbl «KoncynpTanTlIocy.

12. VronoBHo-mpoueccyanbHbiii  konekc Poc. ®enepammu ot 18 pmex. 2001 .
Ne 174-®03 (c u3m. u gom.). loctyn u3 crpas.-nipaBoBoii cucteMbl «KoncynpTanTILimtocy.
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INPOBJIEMbBI U ITEPCIIEKTHUBbI
HNPEAYHPEXIEHUA U TYILIEHUSA ITOKAPOB

VK 614.841.45

YCTAHOBJIEHUE CTEIIEHHA HOTEHHI/IAJII)I:‘IOI‘/JI
HOKAPOOITACHOCTHU BBICOTHBIX 3IAHUU r. YObI

JI.C. Cajduna;

II.b. baiirummues;

H.B. 3103uHa;

III.A. DJabrykaes.

Cankr-IlerepOyprckuii yuusepcuretr I'IIC MYC Poccun

PaCCMOTpeHBI HeKOTOpLIe ACIICKTHI HO)KapHOﬁ OITIACHOCTHU HpI/I CTpOI/ITeHLCTBe nu 3KCHJIyaTaHI/II/I
BBICOTHBIX JKUJIBIX 31aHu. [IpeIoKeHbl My TH UX PEUICHUS.

Kniouesvie cnosa: BBHICOTHBIE 3JaHUS, IPOTHBOIOXKAPHAs 3allMTa, TPeOOBAaHUSA IIOKAPHOM
0€30I1aCHOCTH, MOKapHasi OACHOCTh

B Hacrosimiee BpeMs yBeIMUEHUE CTOMMOCTH 3€MJIM, €€ JepuiuTa Ha TEPPUTOPUU
O0JNBLIOr0 TopoJia JUIsl KHUIBIX U O(UCHBIX NOMEIICHUH HEU30€KHO HPUBOAUT K TOMY, YTO
TpeOyeTCsl CTPOUTENLCTBO BBHICOTHBIX MHOTO3TAXKHBIX 3MaHWi. K TakuM 3MaHHUSAM MPEIbsIBISIOTCS
MOBBILICHHBIE TPEOOBAaHUS HAJIEKHOCTH U IMOKApHOM OE30MacCHOCTU M, B YACTHOCTH, K CHCTEMaM
MPOTUBOIOKAPHOM 3alUTHI [1].

HenocTtaTouHOCTH OTEUECTBEHHOIO OIBITA B 3TOM BHUJE CTPOMUTEILCTBA M OTCYTCTBHE
00OCHOBAaHHBIX M YETKO C(OpPMYJIMPOBAHHBIX MPABOBBIX HOPM HAKJIAJAbIBAIOT OIpe/IeIeHHbIE
TPYIHOCTH TIPH PEUICHUU CTOSIIHUX NEPE] apXUTEKTOPAMH, NMPOEKTUPOBIIMKAMU U CTPOUTEISIMU
3agad. PaccMoTpuM 3TH pobiemMbl Ha mpuMepe T. Y Qbl.

VYda ¢ KaKIBIM T0JIOM aKTHBHO PacTeT BBEPX, KOJMUECTBO 3aHUN MOBBIIIEHHON ATAXKHOCTH
yBennuuBaercsi. Cpean BBICOTHBIX 3/1aHuil . Y Pbl UMeroTcs 31aHus BbicoToi Oonee 50 M [2]. DT0
00BEKTHI C MAaCCOBBIM IPEObIBAHUEM JIIOJIEH, UMEIOIINUX MMOMELICHUS IS UX MPOXKUBAHUA U (WIJIH)
JESITEIIbHOCTH.

Bonbmias yacth BBICOTHBIX JOMOB T. Y (bl umeror 19-20 staxkeil. 15 3manuit ropoackoit
3acTpoiiku uMeroT 21-24 sraxka, 16 3manmii — 25 staxkei, 9 — 26-sTaxkHpix. CerogHss B CPeIHEM
BbICOTa 3/1aHuil B I'. Y e He npesbimaet 23—-24 sTaxka, NIprUyueM Jaxe B ciaydae 00JblIeil 3TaXXHOCTH
MHOTHE 3/1aHUs JOCTUTAIOT CTAHJAPTHBIX JUIsl BBICOTOK pa3MEpOB 75 M 3a CUET LIOKOJIbHBIX 3TaXel,
He00X0IMMOCTh B KOTOPBIX BO3HUKAET U3-3a pelibe(ha MECTHOCTH.

Bwmecte ¢ Tem 31,6 % ot Bceil miomnaaum sKUIHIHON 3acTpoiiku PecrryOnmku bamkoprocran
COCTAaBJISIFOT XuJble IoMa oT 9 1o 12 sraxeit [3]. 24,5 % cocTaBisIOT KWIIbIE JJIOMa BBICOTOM 25
1 OoJiee dTaxkel, 111 CpaBHEHUS Ha TeppuTOpuu Beel Poccuiickoit deneparuu JaHHBIN MOKAa3aTETh
octa”HoBwiIcs Ha ypoBHe 13,2 %.

B nocnemnue roapl B T. Y(e aKTUBHO pPa3BHBAETCS BBHICOTHOE JIOMOCTPOCHHE, TaK Kak
BO3pOciia MOTPEOHOCTh B IJIOMIAASAX ISl 3aCTPOMKHU MpU OOJBIIOM HUX ACPHUIMTE U CTOMMOCTHU
3emin Ha Tepputopun PecnyOnmku bamkoprocras.

K naunbonee BBICOKMM 3aHUSM, IMOCTPOCHHBIM Ha TEPPUTOPUH T. Y(bI, OTHOCATCS
nmocTpoeHHbI eme B 1999 r. 26-staxHbiii oduc Oanka Ypancubd oOmei Bwicotoit 100,5 M
¥ Bo3BeneHubli B 2018 r. sxunoi komiuieke «lIdel Towery, nMmeromuii 31 aTaxk 1 BEICOTHOCTH 102,3 M,
(mo mepBOHAYaIBHOMY IMPOEKTY, €ro BBICOTA IUIAaHUpOBajach 155 M, a KOJMYECTBO ATaxKel
J0CTUTAJIO 42, HO OKOHYATENILHBIN BapHaHT ObLI MiepepaboTaH B CTOPOHY yMeHbIleHHs) [4].
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['maBHast moNOXKHUTENbHAS CTOPOHA BBICOTHOM 3aCTPOMKH B TOPOJCKON cpeae — 3TO
3¢ (}eKTUBHOE HCMOIB30BAaHUE TOPOJCKON TEPPUTOPUM UM OSKOHOMHS 3aTpaT Ha CO3/JaHHe
UHPPACTPYKTYPHl, B CBA3M C TEM, UYTO MOJBOJ BCEX KOMMYHHMKAIMA K BBICOTHOMY 3IaHHUIO
3HAQUYUTEJIbHO HKOHOMHUYHEE, YeM IMOABOJA K MATUITAKHOMY IHKWIOMY JOMY B pacyere
Ha KBaJPATHBINA METP IUIOIMIA/IN.

Bropoil mimroc — OSKOJIOTMYHOCTh BEPXHUX DJTAXKEHW HU3-3a OTCYTCTBUS 3ara30BaHHOCTHU
n 1myma. Henb3si He ymoOMsIHYyTb, YTO BBICOTHBIE 3/IaHUS SIBJSIOTCS YKpalIEHUEM TOpOJICKON
3aCTPOMKH, OHU IPHUAAIOT TOPOY BBIPA3UTEIBHOCTh U COBPEMEHHOCTb.

K MuHYycam BBICOTHOTO CTPOHMTENILCTBA OTHOCSTCS: JOMOJHUTENIBHBIE MEPHI 10 CTAOMIM3AIN
KOHCTPYKLHN CTE€H, UCHBITHIBAIOIIMX KOJIOCCAJIbHYIO HArpy3Ky; yBEJIMUYEHUE KOJUYeCTBa JHU(PTOB
(cormacHo TpeboBaHsIM, HE MeHee TpeX). JIudToBas kabuHa, KOTOpas MOJHUMAETCS Ha 12 3Taxkew,
uMeeT Tpoc BecoM 5-6 T, Torma kKak Juig 30-3TakHOro jaoma 3T0 yxe 15 um Oornee TOHH
Y 3HAYUTENILHO OOJBINME 3aTpaThl dNeKTpodHepruu [5]. Heo6xoaumMo mperycMOTpeTh B CIOMKHBIX
3MaHMSIX TIPU BBICOTE Oojiee 75 M MOKapOoOE30MacCHBIM pa3leNUTEIbHBIN JTaX, KyJa B clydae
Ype3BbIYATHO CUTYaLlUU CMOTYT CITyCTUTBCSI WM MOJHATHCA JIFOAU A0 3BaKyalluH, U BEPTOJIETHYIO
IJIOIIAJKY, a TaKKe OTIEIbHOE IIOMELICHUE [UIs JOINOJHUTEIbHBIX HACOCHBIX CTAHLMM I
nepekavykyd Bojbl (MpH 3TaXHOCTH 3aaHusi Oosiee 12 staxeii). Henb3s 3a0bBaTh, 4TO B LENAX
o0ecrieueHns MPOTUBOIMOKAPHOM 3alIUTHl MOJOKOHHUK CAMOT0 BEPXHEro JKUJIOr0 3Ta)Ka JIOJKEH
HaxoauThesl He Bbime 70 M (TmpeaenbHas JUIMHA TOXApHOW JIECTHUIIBI) OT TOrO MecTa, Kyna
3ae3)KaeT NoKapHas MallHA.

[Ipn TymeHun MOXapoB B BBICOTHBIX 3[JaHUSX OCHOBHBIMU KPUTHYECKUMHU (HaKTOpamu
SIBJISIFOTCS [6]:

— OoJbIIasi CKOPOCTh BEPTUKAIBLHOTO PAa3BUTHS 110KApPa;

— CO3[aHHe IUIOTHOrO 3aJbIMJICHHMSI IO BCEH BBICOTE 3JaHUA, a TaKXkKe ObICTpoe
pacnpocTpaHeHHe OMacHbIX (PAKTOPOB MOKapa 10 BEpTHKAIIY;

— TMOXapbl B TaKUX 3JaHUSAX NPEACTABISIIOT OOJBIIYIO CIOXHOCTh Ui TOXapHO-
CIacaTesIbHBIX NOAPA3/IEICHUN;

— OJTOKMpPOBaHUE IBAKYaIIMOHHBIX IMyTEH OMacHbIMU (haKTOpaMHu Mokapa.

Kareropust pucka, B TOM 4uCle IMOXap, MPEACTABISAET OOJBIIYIO OMACHOCTh AJIS JIIOJEH
U TIOBBIIIAETCS € KaXXJbIM 3Ta)KOM BBICOTHOTO 3/1aHUS. 3a TOCJeJHee BpeMs B 3/IaHUSX BBICOTOM
Oosee 25 M 1 B KUIIBIX JoMax Oojee 10 aTaxker mpousornuio 62 moxkapa [7].

K coBpeMeHHBIM BBICOTHBIM 3[IaHHSIM MPEIbIBISIOTCS CEpPbe3HbIE TPEOOBAHUS MOKAPHOM
6e3omacHocTH. IIpexxne Bcero, OHU JOJKHBI OBITH BBIIOJHEHBI M3 OTHECTOMKUX KOHCTPYKLMH
U MaTepuasioB, YTEIIUTENb JOJDKEH OBbITh BHYTPH CTE€H, a He Ha ¢acaje NoJ IJIUTKOW WIn
caiiiuaromM. B Takux 31aHUSX MMHUMAalIbHAs HIMPUHA KOPHIOPOB M Mapuiei TOKHAa OBITh He
MmeHee 1,2 M. Ecii BEICOTHOE 31aHHE OTHOCUTCS K KaTETOPHH OOLIECTBEHHBIX 3/1aHUI, B HEM TaKKe
HEOOXOMMO MPETyCMOTPETh aBTOMATHYECKYIO TI0YKAPHYIO CUTHAIM3AIINIO M TIO’KapHbIE THAPAHTHI [8].

B mocnennee BpeMsi B CTPOSIIIUXCS BBICOTHBIX JKMJIBIX JOMaX M O(QUCHBIX 3AaHUSIX T. Y bl
MIPAKTUKYETCS yCTAaHOBKA aBTOMATUYECKUX JTATUMKOB M0OXKapOOOHApPYKEHHUsI HE TOJBKO MO MECTaM
o01Iero Moib30BaHMsI, HO U IO KBAPTUPAM U MOMEUIEHHSIM, ONIEPATUBHO OMOBELIAIOUINX >KUIIBLIOB
O BO3HMKHOBEHUHU MoO)apa. HOBHMHKOW COBpPEMEHHBIX TEXHOJIOTMI SIBJIIETCS MUPOCTUKEP —
ABTOHOMHOE€ YCTPOMCTBO TYLIEHMsI MOXapa ¢ TEPMOAKTUBHUPYIOIIMM OTrHETYIIAIUM BELIECTBOM.
[Mupoctukep nenecoodpa3Ho pa3MeliaTh B M0KAPOONACHBIX MECTaX, HAIPUMEpP JIEKTPOLIUTOBBIX,
TaM TJie MPUYMHON MOKapa MOXKET CTaTh 3JIEKTPOOOOPYAOBAHHUE.

Bo Bpemst noxapos noapazaenenusiMu MUC Poccun npuMeHsIOTCS pa3IMuHbIE TEXHOJIOTUN
CIIAaCEHHUsl JIOJEH: aBTOJICCTHMIIBI, KOJICHUAThIE AaBTONOABEMHHUKH, KOMILJIEKCHI CIAcaTeJIbHOTO
CHapsDKEHUS, Ta30bIMO3AIIUTHBIE ABTOMOOUITH.

Ha Boopyxenun I'maBnoro ympasnenuss MUC Poccun mo PecnyGnuke Bbamkoprocran
HMEETCs CIelMalbHas NOKapHasi TEXHUKA I CIIACEHUS JIIOJEH, K MOJIBEMHON JIIOIbKE KPEIUTCS
CICIUAbHBIA TpaI, M0 KOTOPOMY MOXKHO OOECIEYHTh CITYCK JIFOJCH ¢ BEpXHHX dTaxed (puc. 1),
a Takke Beprosier MU-8 nist TylieHust Hapy»KHOTO Mo)Kapa BEPXHUX 3Ta)keil BBICOTOK [9].
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Puc. 1. CnacarenbHblii pyKkaB

Bce »Tu Mepsl 0e30macHOCTH, Kak MOKAa3bIBaeT IMPAKTHUKA, HE TapaHTUPYIOT OTCYTCTBUE
MOKapOB B MHOTOATAXXHBIX BBICOTHBIX 3[JaHMAX T. Y(bl, ITaBHOM MPUYUHON KOTOPBIX OCTAeTCs
YeJoBeuecKuil hakTop.

HarnsaaeiM npuMepoM MOXeET CIyKuTh moxkap B 2016 r. 13-3TaxHOrO CTpOSIIErocs
31aHus Ou3Hec-1ieHTpa bamkupckoii reHepupyrolieil komnanuu Ha yii. P. 3opre, 1. 3 (puc. 2).

Puc. 2. Iloxkap 31anus 6u3Hec-uenTpa bamkupckoii reHepupyomeii KOMIaHUH

[TpuObIBIIME TMOXApHBIE pacdyeThl HE MOIJIM OMNEPATUBHO CIPABUTHCA CO CTHUXUEH,
MOKapHbIE JIECTHUIIBI HE JOCTaBaJIM /10 BEPXHHMX 3Ta)kei, Ky/Ja OroHb OBICTPO paclpOCTpPaHSIICS.
VYiep6 oT nmoxapa KoJaoccanbHbIN, OJUH YeloBeK morud u 5 moctpaaasmux [10].

O0001MB BEIIECKA3aHHOE, MOYKHO CHEJIATh BHIBO:

— BBICOTHBIC 37aHHSI, HE3aBUCUMO OT UX (DYHKIIMOHAILHOTO HAa3HAYCHUs, OJHH U3 CaAMBIX
CIIOXKHBIX OOBEKTOB B paboTe crmacaTeniel, OHM MMEIOT BBICOKYIO CTENEHb MOTEHIHAIbHON
M0KapOONacHOCTH;

— TpUMEHsIEMbIe B HACTOSIIEE BpeMsi Mepbl MO 0OECIEeYeHHIO IMOXKApHOW 0e30macHOCTH
Y 3alUIIEHHOCTH BBICOTHBIX 3[JaHUI UMEIOT OOJIBIIHE MPOOEITBl M HEJOCTATOYHBI.
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OueBuiHa HEOOXOAMMOCTH IOCTOSHHO IPOBOAMTH PAabOTy IO COBEPIIEHCTBOBAHHUIO
TEXHUYECKHX PEIICHUN U MEpONPUTHI B 00J1acTH 00ecriedeH sl MOKapHOil 6€30MaCHOCTH BBICOTHBIX
JKUJIBIX 31aHUM.

IIpennaraercss HaxXOAWTh pELIEHUS HE TOJBKO 3a CYET OCHAIEHUS COBPEMEHHBIMU
oOpa3uamMu MOXKAPHOM TEXHUKHM MOJpa3fesieHuH IMOXKapHOM OXpaHbl FapHU30HA, TaK KaK TaKoOW
croco0 He Bceraa 3(pQEKTHUBEH B CBS3M C TEM, YTO 3JaHMs CTPOSTCS BBICOTOM Oonee 55 M.
HeoOxonumo Takke COCpPelOTOYMTh BHUMAHHE Ha OOECHEYEHWHM BHYTPEHHHUX CHCTEM
IIPOTUBOIOKAPHOM  3aIUMTBI:  ABTOMAaTMYECKUX  YCTAaHOBOK  IIOKApHOM  CHUTHAJIM3ALMH,
ABTOMATUYECKUX YCTAHOBOK IOXKAPOTYIIEHUS, KOMILUIEKCHOM IMPOTUBOJBIMHON 3aIlUThI, CHUCTEMBI
OINOBELICHUS JIIOJIEM O MOXape M YIPABICHUs DSBaKyalUeW, BHYTPEHHETO IPOTUBOIO)KAPHOTO
BOJIOTIPOBO/IA U TOXKAPHBIX JTU(PTOB.
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YK 536.24

K BOIIPOCY HPOEKTUPOBAHUSA CUCTEM
ITAPOTYHIEHUS ITOKAPA

A.1O. JIabuHCcKUil, KAHANAAT TEXHUYECKUX HAYK, IOIEHT.
Cankr-IlerepOyprexkuii ynusepcurer I'IIC MYC Poccun

Paccmorpena maremaruueckas MoOJedb pacyeTa MpoLecca KOHACHCALMU BOASHOIO  IIapa,
HCIOIB3yEMOr0O JUIsl TYIIEHHs Moxapa. MaTemaTtmdeckass MOJENb pealu30BaHa B BHJE MPOrPaMMBl IS
OBM. IlpuBeneHsl pe3ynabTaThl MOAEIMPOBAaHMS Ipouecca KoHAeHcauu. OOBEKTOM HCCIIEIOBaHUS
SBISIETCSL  BOASIHOM mmap. MeTtogoMm uccieoBaHus SIBJISIFOTCS.  BBIYMCJIMUTEIIBHBIE  3KCIEPUMEHTHI
Ha KOMITBIOTEPHON MOJIENH.

Kniouegvie cnosa: BOASIHON Map, MpoLECC KOHACHCAMU, MaTEMAaTHYECKash MOJEIb, BIYMCIUTEIbHBIC
3KCIIEPUMEHTHI, IporpamMma it O9BM
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BBenenue

MHorue CcOBpEMEHHbIE MNPEANpPUATHS HMEIOT B CBOEM COCTABE pPA3JIMYHbIE CUCTEMBI
o0orpeBa TMOMENICHWA 32 CYET HCHOJb30BAHUS  KOTENBHBIX  YCTAaHOBOK  pa3iIMYHON
MIPOU3BOIUTENILHOCTH T1apa, KOTOPBIA MOKHO MCIIOJIB30BaTh NPH TYIIEHUH IMOXAapa B NOMEIICHUSAX.
[Iponiecc pazbaBiieHUss BOASHBIM TApOM BO3JyXa B TOpSIIEM IOMEIIEHHMH MOXET OBbITh
UCIOJb30BAaH AJS TYIIEHHUS IOXKapa 3a CYET CHWKEHMS KOHLEHTPAlMM KHCIOpOoJa B BO3IYXE,
MOCTyMaloeM B 30HY ropeHus. «lIpum mocTmwkeHuHM OOBEMHON KOHLEHTpAIMM BOJASHOTO Iapa
okono 30 % Ha4yMHaeTcs 3aTyxaHue nporecca roperus» [1].

[Ipu momaye BOISHOrO Mapa B Topsilee IMOMEUICHHE, KOTOPOE MHPOHCXOTUT OOBIYHO
B HayaJlbHbIM NEPUOJ pa3BUTH M0Kapa, TEMIIEpATypa Ha CTEHaX HMOMEIIEHUS MOXET ObITh HHKE
TEMIIEPATypbl HACBIILEHUS BOASHOIO mapa. B 3ToM cilydae mpoMCXOAWUT KOHJEHCAIMsl BOASIHOIO
apa Ha CTEHaxX IOMEIEHHUs, YTO MPUBOJUT K CHIKCHHIO OOBEMHOM KOHILIEHTpaluu mapa
B MOMEIIEHUHU. B pe3ynbraTe, maporacutenbHbIA 3(QEKT CHIDKAeTCs, YTo TpeOyeT Mmojaun B ropsiiee
MOMEUIEHUE IOTIOJIHUTENIEHOIO KOJIMYECTBA BOJSHOIO Hapa.

Coopmynupyem nocmanoexy 3adauu: HyXKHO NpOU3BECTH MOIEIMPOBAHHE MpoOLEcca
KOHJICHCALIUM BOZSHOTO I1apa Ha BEPTUKAIBLHOM OBEPXHOCTH (CTEHE MOMEIIEHHS C 04aroM HoXKapa).

OOBEKT MccIeJOBaHUSI — BOISHOM Map, KOTOPBIM MOCTYMAET B MOMEIIEHUE I TYIICHUS
1I0’Kapa 3a CUeT CHU)KEHUS! KOHLEHTPAIMK KUCIIOPO/ia B BO3/LyXe.

Metox  uccieoBaHUST —  BBIYMCIUTEIBHBIE OKCIIEPUMEHTHl Ha  pa3paboTaHHOMN
KOMIIBIOTEPHOM MOJENN Ipoliecca KOHJICHCALMU BOJSHOIO Iapa, peaJi30BaHHOM B BUJE
nporpaMmsl st OBM.

MopenupoBaHue npouecca napoTynieHus

[Ipu MonenupoBaHuy npoLecca NapoTyIEHUs IPUHATHI CIEAYOLIUE TOYIICHUS:

— TIpoIlecC MapoTyIIEHUsI CYUTACTCS CTALIMOHAPHBIM;

— TIPOIIECC KOHJICHCAIMU BOJISHOTO Mapa CYMTACTCS HE 3aBUCSIIM OT OPUEHTAIINU TIOBEPXHOCTH
CTEH B MMPOCTPAHCTBE;

— TeMnepaTypa HOBerHOCTI/I CTCH, II0JIa U IIOTOJIKa IIOMCHICHHS CUHNTACTCA OHHHaKOBOﬁ
BO BCEX TOUYKAX TTOBEPXHOCTH.

[Ipy xoHAeHCAMU BOASHOW NIap, CONPHUKACAACHh C MOBEPXHOCTHIO MOMENICHUS, UMEIOLIEH
TEMIEPaTypy HIDKE TEeMIIepaTypbl HACHIIMICHHUS BOASHOTO Tapa, MPEBpAllaeTcs B IKUAKOCTD,
oT/aBasi TOBEPXHOCTU CKPBITYIO TEIUIOTY KOHACHcAuu. [Ipum 3TOM OOBIYHO pazmuyaroT JBa
peXrMa KOHJCHCAIIUH:

— KaHeJ’IBHBIﬁ pe}KI/IM, HpI/I KOTOpOM KOHICHCAT OCaXJacTCsd Ha HOBerHOCTI/I B BUIC
OTHEIbHBIX Kaleahb )KUIKOCTH;

— HHCHO‘IHLII;’I pe)KI/IM, HpI/I KOTOpOM OCAXICHUEC KOHIACHCAaTa HpOI/ICXOJII/IT B BUC IIJICHKU
JKHIKOCTH.

HpI/I KaIliCJIbHOM pe)KI/IMe KOHICHCAIIUU BOIAHOTO napa KOBCb(i)I/IHI/IeHT TCIJIOOTAa4YM BBILIC,
4eM TpH TUIEHOYHOM pexkuMme. OFHAKO Takol peXuM KOHACHCAIMU SIBISETCS HEYCTOWYHBBIM
1 HaOJTIOaeTCs PEJIKO.

bonpiioe 3HavueHHe Ha WHTEHCHMBHOCTh TEIUIOOTAAYM TMPU KOHJIGHCAIMM OKa3bIBAaeT
COJIep)KaHI/Ie B Hape I'a30B, KOTOpI)Ie MOFYT CKaIlJINBATHCA y HOBerHOCTI/I KOHACHCAIINU U 3a CHET
MaJjIoro 3HA4YeHHs CBOCH TEILIONMPOBOJHOCTH YMEHBIIAIOT 3HaYCHUE KOA(PPHUIIMEHTA TEIIOOTIaun
HpI/I KOHIACHCAIIUN. TaK, HaHpI/IMep, HaJIM4yu€ B BOISIHOM Hape BO3Z[YX3, MOXKET YMGHI)HIaTB
K03 (HUIMEHT TEIIOOT/AaYd PU KOHACHCAUK puMepHo Ha 50 %.

[Ipu KOHJEHCAMK BOISHOTO Tapa Ha CTEHAX TOPSIIEro MOMEMICHUS pacXoj] KOHJEHcaTa
MOJKET OBITh OIPEJIeiIcH 1Mo hopMyJIe:

Gk = Q/R, kr/c,

rne Q — KoJMYEeCTBO BBIICTHUBINEIOCS TPU KOHJCHCAIMU Mmapa Terua, Br, R — Teruiora
napoobpazoBanus, JK/Kr.
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KonndecTBo BBIIENUBIIETOCS TEIUIa MPH KOHICHCAIIMM TIapa MOXET OBITh ONpeaesieHoO
o gopmyre:
Q = a*F*AT,

rae o — Kod(pHIMEHT TEemIOOTAa4dd BOASHOrO mapa, Br/MY/K; F — miomanas MOBEpXHOCTH
2.

KOHJICHCAllMM BOJASHOTO Tmapa, M°; AT — pa3sHOCTh TeMmeparyp HaCHILIEHHS BOJSIHOTO Mapa

Y TIOBEPXHOCTH KOHAEHcanuy (CTeHKu nomerenus) K:

AT = TH — TCT-

Temnepatypa Hacblienus: Ty cMecu BOASIHOTO Mapa M BO3AyXa B IOMEIIEHUH paBHA TOUYKE
pochl BiaxxHOro Bozayxa. OObeMHas KOHLEHTpalMsl BOJSHOIO mapa B Bo3ayxe, paBHas 30 %,
MOXeT GBITh JIOCTHTHYTA TPH MAPIHAILHOM JABICHHH BOIHBIX mapoB Py = 0,3 (6ap mmm kr/cm?) =
0,3*10° (IMa wm H/M®) u mapumamsHOM maBleHHMH Bo3myxa 0,7 Gap. Takum mapamerpam
COOTBETCTBYET TOUKa pockl, paBHas 343 K umm 70 °C.

Temnora napoobpa3oBaHus Il BOASHOTO Mapa B auanasone Temmneparyp ot 20 °C mo 100 °C
mensieTcs ot 2540 mo 2250 xJIx/kr.

JUiss  TOpPU3OHTANBHBIX TOBEPXHOCTEH (IO M MOTOJOK TOPALIET0 IOMELICHHS)
U BEPTUKAJIBHBIX IMOBEPXHOCTEW (CTEHBI TOPSIIEro MOMEIICHUs) KOI()PUIMEHTHl TEIUIO0TIauu
Pa3IUYHbI ¥ ONPEACISAIOTCS M0 Pa3HbIM (pOpMyIaM:

— FOPU30HTAJIbHbBIE TTOBEPXHOCTH (I10JI ¥ TOTOJIOK):

a = 0,15* (/L) *[Ga*Pr*(1—pn/pg)]*?,

rae Ax — KO3(QQHUIMEHT TEIUIONPOBOJHOCTH XHUAKOCTH (Boasl), BT/M/K; L — nuneitnsiii pazmep
MOBEPXHOCTH TemioooMmena, M; Ga — wmcno amwtes; Pr — gmcno Ilpanaris; pp — IJIOTHOCTH
BOJISTHOTO Tapa, KI/M°; Pp — MIIOTHOCTB BO3YXa B TOPSIICM [IOMEILICHHH, KI/M';

— BepTHKaJIbHbIE TIOBEPXHOCTH (CTEHBI TOMEIIECHHS):

o = 1,33*[R*py* g A /(4 pac* AT*L)] %,

rIe pPx — IUIOTHOCTb JKHIAKOCTH (BOIBI), KI/M>, § — YCKOPEHHE CHIBI TSDKECTH, M/C%;
Lok — IMHAMUYECKUH KOA(PPHUIIMEHT BSI3KOCTH KUKOCTH, KI/M/C.

Hcnonb3yembie B hopmyiie i pacuera KoddUimeHTa TeIIo0TAau! ISt TOPU30HTATBHBIX
MOBEPXHOCTEH Oe3pa3MepHBIC YHCIIA ONIPENENISIOTCS TI0 (OpMyJIaMm:

— aueno Namnest — Ga = L3*g/v? = L3*g*p?/p?;

—vucno [pasarns — Pr = p*cp/A,
T1e Cp— yAelbHas TeroeMKocTs, JHx/kr/K.

Yucno [Manuness moKa3pIBaeT COOTHOIIEHHE MEXK/Ty CHJIAMH TPABUTAIMH U CUIIAMHU BSI3KOCTH
B cpeae. Yucno [IpanaTis xapakrepusyer Mepy OJ00Ms MOJIeH CKOPOCTEH U TEMIIEPATyp CPEIIbL.

MOI[eJII/IpOBaHI/Ie nmpouecca KOHIACHCAIlMU BOASITHOI'O Imapa

W3BectHbl mporpamMmbel  ans  DOBM, peanusyroniue KOMIIAKTHBIE aHAJUTHYECKHE
3aBHCHUMOCTH JUISI MAIIMHHBIX PAcUETOB TEIIO(QU3NYCCKHX CBOMCTB CHCTEMBI «map-Boma» [2-9].
HHTepdeiic Takoi mporpaMMbl IIPeICTaBIICH Ha puc. 1.

Jnst  ompexnenenusi TEIIOQU3UYECKUX CBOMCTB BOABI W BOJSHOTO TMapa CO3/aHa
MeXIyHapoAHasl CUCTEeMa YpaBHEHH, UMEIOIIas BHICOKYI0 TOYHOCTh U OMHCHIBAIONIAS LITUPOKYIO
obnacTe w3MeHeHuss mapameTpoB. OJHAKO BO MHOTHX BCTPEYAIONIMXCS HA TMPAKTHKE CIydasix
napaMeTpsl BOJABI U BOJSHOTO Tapa M3MEHSAIOTCS B CPAaBHHUTEIBHO Y3KHX mpexaenax. [loatomy
WCIIOJIb30BAHUE MEXKIyHAPOJHBIX YpPAaBHEHUM, COACpXKAIIMX OOJIBIIOE KOJIHMYECTBO KOHCTAHT
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¢ 10-10 mecATHUHBIMU pa3psiiaMu, HE IMpeJCTaBIseTCs Iesecoodpa3HbiM. B 3ToM ciaydyae MOXKHO
BOCIIOJI30BAaThCSl KOMITAKTHBIMM AHAJUTUYECKHMH 3aBUCUMOCTSMHU Il MAIIMHHBIX PacyeToB
TETIO(PHU3NUECKUX CBOIMCTB CHUCTEMBI «Iap-BOJA», B KOTOPBIX TEIUIO(PU3NUECKHUE CBOWCTBA SIBHO
BBIPa)KEHBI Yepe3 OCHOBHBIE paCUETHHIE MMapaMeTphl (JaBJICHHUE, YIHTAIBINS, TEMIIEpATypa).

Loy TE'I'I"IIZIItIHEH“IE'EHZME' CHOMGTED BDIOEI M R
Boas Hemaussan 6048 HMbIUSHHLF RS0 MeperpeTos neg  MNosouas
TEMNAOFHUINHECEME CERACTEA B0 W MAFA

MPE 0E fis] MCNOES30BAMMEA:
B | mgPom TBD arra. M ecTom Te ©

EOOA - TIAP: § =(Pyt= 180 awra. 100 =< T3<= 2370 C

NEFEMPE T MaP 1 scPen 120 arm,. T acTon 800 C

W0 [HEIE MAHHLIE: Baas ~ _F

Nsmneriee, =t ii".[l Hacwau sogs

Termeparypa, rpan /T fiooo
[ Feramnem, Faster | s

Anraremes pogra, Kosdsr = 479 220552

Siaasra EgapocTe B, F s o 000027 Y
Kperepias Moo sogs = 1745242
MNnoTHocTe Bogrs,. Kriesd = 9559 3L
Tonnoeaocte, e ¥ 4336780179
FisissasT, BaIsocTe, FOSe = [0 DDCESE

Puc. 1. MaTepeiic nporpaMMel pacyeTa TenJ0(pU3NIeCKUX CBOICTB

[Ipenensl HCTIONB30BaHUS IPOTPAMMBI pacdeTa TeIIOPU3NISCKUX CBONUCTB:
— Boja: nasienne 1< P < 180 Gap;
temnepatypa 20 <T < Ts °C;
— Boaa-map: nasienue 1< Ps < 180 6ap;
temneparypa 100 < T < 370 °C;
— meperpeTsiii map: gasiaeHue 1< P < 120 Gap;
temnepatypa Ts< T <600 °C.
PesynbraThl pacueToB TEIUIOGU3NIECKUX CBOWCTB BBIBOJSATCS B (aiill, a TaKXKe MOTYT OBITh
odopmiieHs! B Buzie rpaduka (puc. 2).

T Moy poe wwe 1 padescs ceoRcTe

Mo oe mpegcT P CIT, fhicTe M Mas
| RO=1/Y: HU=MLRD: CP=TPFRARIMNU] |
Aln | krim3 ]
ool MpELcTa R e [ F = 3 atm )
TPw | Brima¥. ] & oEs u 055430
MU [ H edeaZ] o I:I:Eﬂ w 0,61 6248
o 0533512
FH st ™ Hogr ® 0,647761
Al [ wrdea®] 2 088 u 0 E5ETES
- Al a 0567357
TP I By I § LES | OE74I05
ML | Hefa2 | 4 05 m 0TS0
PR pac soae g 0gs u 0EEI2
— a2 == = H = = in W 0 6BEE
Sis[Hml o gosafi g : . B 0BEE144
B o w0 G
o0& : : d u 0,58555

| - w0 G
] 100 150 00 m 0587407
Tesnapatyra | g, =] 20587

Puc. 2. I'paduyeckoe npeacrasiieHue pe3yibTaTOB pacyera

Pacuer k03((UIIMEHTOB TEIIOOTHAYH MOKET OBITh BBHIIIOJHEH C HCIOJIH30BAHHEM
nporpammsbl Juist DBM, unTepdeiic koTopoit peacTaBieH Ha puc. 3. B mporpamme MoaeaupyroTcst
pa3IUYHbIE TETIOOOMEHHBIE TIPOIECCHl — KOHBEKIIUS, KUIIEHHE U KOHICHCAIUS, a TAK)KEe 00TeKaHHe
MIPOIOJIBHOE | TTOTIEPEYHOE, CBOOOIHASI KOHBEKITUS M BBIHYKICHHOE JIBIDKCHHE. THITBI Cpel — Boaa
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¥ OJTHOKOMIIOHEHTHBIC TTPOMEBIIIICHHBIC Ta3bl. B mporpamme ucmonb3yercs 24 METOIUKH pacdera
kod¢duLMeHTa TeI00TAaYH.

T P 0 P L e R e R e [T T [T ) e 0 e
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Ha o LigeTiva - 500 M
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L
P e 170
r,
"l e (LONECEPEEY

Fhpe: = 057083

Puc. 3. Uutepdeiic nporpaMmsbl pacuera ko3¢ puiuenTa Tenio0Tiauu

brok-cxema coOpiTHii WHTEpdelica mporpaMMbl pacuera KodhduimeHTa TEIUIOOTAAYN
Mpe/icTaBiIeHa Ha puc. 4.

CooriTuss nHTepdeiica

BT |

\

Kaonka Kaonka Kaonka
«BBOoJ JAaHHBIX>» «PacdeTr» «BBIXO0I>
h 4
BeBOoI HCXOIHEBIX Bri6op 3 MeHIO 3aKpeIiTHE
JaHHBIX n3 daitaa XapakKTepa npomecca OporpaMMbI
(TepMOANHAMBISCKHE (KoHZeHCANHSA) I

XapaKTepPHCTHKH pacdeT 3HaYeHHI
cpeIbl I rKo3ddunueHTa
KOHCTPYKTHEHEIE Tem.100TIa49Nn
mapaMeTrpbl)

Puc. 4. Birok-cxema co0bITHil nHTEpdeiica mporpaMMel

HcxoqHupiMU TaHHBIMH SIBIISIFOTCS TEPMOJMHAMUYECKHUE U PEKUMHBIC XapPaKTEPUCTUKU
Cpelbl U HEOOXOJHMMBIE KOHCTPYKTHBHBIE IapaMeTpbl. TepMoAMHAMHUYECKHE TapaMeTphl Cpeibl
(TITOTHOCTH, BSI3KOCTh, TEIJIOEMKOCTh, TEIUIOMPOBOIHOCTD, MOBEPXHOCTHOE HATSIKEHHUE) TOJKHBI
OBITh PACCUMTAHBI MPEIBAPUTEIIEHO M 3aIMCaHbI B (haiijl, KOTOPBIA MOXKET OBITh BBEJICH B JIAHHYIO
nporpamMmy. PaccMoTpum mpumep pacueTa mpoiecca KOHACHCAINH.

Hcxoanble JaHHBIE — CBOMCTBA BOJLI HA JIMHUN HACBIIIICHMS:

— naBnenue cpeast P =1 Gap;

— XapaKTepHbIid pazmep L = 3 m;

— TemoTa napoobpasosanus R = 2,25%10° I/kr;

— KMHEMaTH4eCKas BSI3KOCTh cpefibl (Bobl) v = 2,94 MZ/C;

— IUHAMUYECKasi BA3KOCTh CPEJbI [l = 2,8*10'4 [Ta*c;

— TEIIONPOBOHOCTE cpenbl A = 0,68 Br/m/K.
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Pezynomamer pacuema: x03PGUIUEHT TEIUIOOTIAYM MPU KOHJEHCAIIMM HA BEPTUKAIBLHOMN
TTOBEPXHOCTH CyXOT'0 HACHIIIIEHHOTO mapa o ~ 370 Br/MY/K.

BriBox

BBINONHEHO KOMIIBIOTEPHOE MOJEIMPOBAHUE IIPOLEcca KOHACHCALMU BOJSHOIO I1apa
Ha BEPTUKAJIBHONW MOBEPXHOCTHU (CTEHE MOMELIEHHs ¢ oyarom Ioskapa). BogsHoll map mnocrymnaer
B IIOMEIICHUE U TYIICHMs I0XKapa 3a CYET CHUKCHUSA KOHLCHTPALMM KHCIOPOJa B BO3JYyXeE.
Konnencanus BOJASHOIO Mapa Ha CTEHAaX IIOMELICHUs MPUBOJUT K CHUXKEHUIO OOBEMHOU
KOHIICHTPALlMU Tapa B MOMEUICHWU. B pe3ynpTare maporacuTeNbHbIH 3(P(GEKT CHUKAETCS, YTO
TpeOyeT I0Ja4y B ropsiiee MOMELICHNE TOMOIHUTEIBHOIO KOJIMYECTBA BOJSHOIO Iapa.

Hayynas HOBHM3HA WHCCIIEOBaHUsA, OTpaXkarolllas JIMYHBIA BKJaJ aBTOPa, 3aKIKOYaeTCs
B CO3JJaHMU aBTOPOM KOMITBIOTEPHOM MOJIENIN MPOLECCa KOHACHCANY BOASHOTO 1apa, Pealn30BaHHON
B BUJIE IIporpammsl uist OBM.
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MOBBIIIEHUE OTHECTOMKOCTH BOJIOKHUCTBIX
TENJION3O0JAIIMOHHBIX MATEPUAJIOB TPUMEHEHUEM
ADPOT'EJIEN

A.A. Ky3bMHH, KAHAUAAT NEeJArOrHYeCKNX HAYK, J0LEHT;
H.H. PomaHOB, KaHAUAAT TEXHUYECKUX HAYK, TOLECHT;
A.A. [lepMAKOB, KAHAUAAT NEAArOrMYECKUX HAYK.
Cankr-IlerepOyprexkuii ynusepcurer I'IIC MYC Poccun

Onucan 1a00paTOPHBIA DKCIEPUMEHT, OTBEUAIOIIMI HA BOMPOC, B KAKOH Mepe HUCIOJIb30BAHUE
a’porensi B CTPYKTYpPE BOJIOKHHCTBIX  TEIUIOM3OJHMPYIOLIMX MAaTepUalioB MO3BOJSET  COXPaHSTh
OTHECTOMKOCTh 3alllMIIAEMBbIX KOHCTPYKIMH B CiIydae BO3JICHCTBUS Ha OTKPBHITYI0 IIOBEPXHOCTb
TETUION3O0JISIK TTOTOKA BOJBI B XOJIe TpoIiecca MmokapoTyuieHus. i ucnbITanuii BBIOpaH BOJOKHUCTBIN
Matepuai ruokoi Teriousosiuuu Alison Aerogel DRT 0610, nzrotoBneHHslii Ha ocHOBe asporeneit SiOs.
Pesynbprathl, mody4eHHBIE B X0l NMPOBEACHUS M3MEPEHUH, MOKa3bIBAIOT, YTO PA3IMYUS TEMIEPATypPHBIX
IIOJIEH B CYXOM M «MOKPOM» 00pa3lie He BBIXOIST 32 PAMKHM IMPUOOPHBIX IMOTPEIIHOCTEH. DTO TOKa3bIBACT
rupoQOOHBIC CBOWCTBA BOJIOKHHUCTHIX TEIJION30JIUPYIOIIIX MaTEPHUAIIOB HA OCHOBE adporelieH.

Kniouesvie cno6a: BOIOKHUCTBINA TOPUCTHIN TEIUIOM30IALMOHHBIA MaTepual, a3poreiib, OrHECTOMKasT
KOHCTPYKLUSI, BJIarou30JsIus, THAPOGHOOHOCTD
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besonacHas paboTa pa3nInyHbIX KOHCTPYKIMI B YCIOBUSX M0OXKapa MOKET ObITh oOecriedeHa
UX M30JIALMeN OT BO3JIEHCTBUS OMACHBIX (PaKTOPOB MOXKapa C MPUMEHEHUEM XUMHUYECKU CTOMKHX
MaTepHuagoB HEOOJIBLION MIIOTHOCTH.

W3ydyeHne OTEUECTBEHHBIX M 3apyOeXHbIX HCTOYHMKOB [1—6] maeT ocHOBaHUE
IpearnoiaraTb, 4T0 HAWJIy4YlIME MEPCIEKTHBBI PabOTHl B BBICOKOTEMIIEPATYPHON arpecCUBHOU
Cpelle MMEIOT TEIUIOM3O0JIALIMOHHBIE MaTepHasbl C BOJOKHHUCTOM CTPYKTYpOW Ha CTEKISHHOW,
MHHEPAJIbHOM WIH JPYroll KepaMHU4eCKH-OKCHIHOM OCHOBe. Takue Marepuainbl COXPaHSIT CBOU
TEIJIOU30JISILIMOHHbBIE CBOMCTBA B OKUCIUTENbHON aTMocdepe moxapa sl TeMIeparyp HpoayKTOB
ropenus, gocruraromux sHaueauii 800 °C. Marepuaibl ¢ BOJOKHHCTON CTPYKTYPOM UCIIOIB3YOTCS
JUIL M3TOTOBJICHUS TEIUIOU3OJIALIMOHHBIX TUAPO(POOHBIX 00O0JOYEK CTPOUTEIBHBIX KOHCTPYKIMN
1 KOHCTPYKTUBHO PEAIU3YIOTCS B BUJIE IUIOCKUX MAaTOB WJIM HMIMHJIPUUYECKUX CKOPIYII.

CoBpeMeHHass  NPOMBILUIEHHOCTh  NPEUIaraeT  AOCTAaTOYHO  IIMPOKMM  JMara3oH
pa3HOOOpa3HBIX BUJOB BOJIOKHUCTBIX TEIUIOM3OJIALIMOHHBIX MaTepUajoB, KOTOPbHIE OTIMYAIOTCS
BUJOM 0a30BbIX MHHEPAJIbHBIX BOJOKOH M XapaKTEpU3YIOTCS MaKCUMalbHOW paboueit
TEMIIEpaTypOH U TEIUIONPOBOIAIIMMH CBOWCTBAMM.

ITo BennunHe pabOUYMX TEMIIEPATYp U3 HOMEHKJIATYPbl BOJIOKHUCTHIX TEIJIOU30JILUOHHBIX
MaTepHUaJIOB MOXKHO BbIIETUTH YETHIPE OCHOBHBIE I'PYMIIbI:

— CpelHeTeMIlepaTypHble MaTepHuajbl, Y KOTOPbIX MAaKCHUMajbHOE 3HaueHHe padouyux
Temrieparyp orpanudeHo 3Hadenuem 700 °C, K KOTOPBIM OTHOCATCS acOECTOBBIE H3JIENHUsI OOLIETO
Ha3HAuY€HMs, a TAK)KE MUHEpAJIbHAsI BaTa U CTEKJIOBATa;

— OTHEYNOpPHbIE BOJIOKHUCTBIE W3OJSILMOHHBIE W3/AENUs, Y KOTOPbIX MaKCHUMaJbHOE
3Ha4YeHHe paboumx Temreparyp nocturaet 3HadeHus 1750 °C u B cocTaB KOTOPBIX BXOMASAT OKHCH
KpEMHUS, IBYOKUCH AJIFOMUHHUS, OKUCh MarHus, JMOKCU]] LIUPKOHUS U JIp.;

— BBICOKOOTHEYIIOPHBIE U30JIALIMOHHBIE KOHCTPYKIMH, Y KOTOPBIX MaKCUMAJIbHOE 3HAUEHUE
pabounx Temreparyp Haxomurcs B npeznenax 2300-2500 °C, KoTopble OCHOBaHBI Ha HCHOIL30BAHUM
KOpYyH/1a, MarHe3uTa, OKCUA0B OepUIUINS, CKaHIUs;

— 0c000 BBICOKOOTHEYIIOPHBIE H3OJSIMOHHBIE KOHCTPYKLHH, Y KOTOPBIX MaKCHUMAaJlbHOE
3HaueHue paboueili Temmeparypsl npesbimaer 2500 °C, KOTOpbIE M3rOTABIMBAIOTCS HA OCHOBE
CO3JIaHMs yTaerpaduToBBIX CTPYKTYp [2].

YuureiBass BO3MOXKHBIE 3HAYEHMs] [1apaMETPOB  COCTOSIHUS NPOAYKTOB  TOPEHMS,
00pa3yIonMx B X0 ToXapa, Hanboee aKTyadbHBIMH MaTepUalaMy JIJIsl 3aIUTHl CTPOUTEIBHBIX
KOHCTPYKIIMH TIPEICTABIIAIOTCS BOJIOKHHUCTBIE TEIUIOM3O0JIALIMOHHBIE MAaTE€pHalIbl IMEPBBIX [BYX
rpym.

OCHOBHBIE TEXHHMYECKHE TpeOOBaHMs, TNpeAbsABIseMble K IOJOOHBIM MaTepualam,
BKJIIOYAIOT B Ce0sl HE3HAUUTENbHYIO TUIOTHOCTh, BBICOKHE TEIJIOW3OJIALMOHHBIE CBOWCTBA, Masas
MHTEHCUBHOCTb JIIMOBBIJICJIEHUS, CIIOCOOHOCTh K CaMO3aTyXaHMIO MpPHU BHEIIHEM BO3JEHCTBUU
noxkapa. TakuM YCIOBHMSIM JOJDKHBI COOTBETCTBOBATH BCE KOMIIOHEHTBI, COCTaBIISIOIINE
TEIUIOM30JISIIIMOHHYIO CUCTEMY CTPOUTENIBHOM KOHCTPYKIHH [7].

'MrpoCKONMYHOCTh  TPAJUIMOHHBIX BOJIOKHHUCTBIX TEIUIOM3OJISILIMOHHBIX MaTepuasoB
IpearnoiaraeT Cco3JaHue BOJOHENPOHMIIAEMOW OO0OJOYKM Ha Hapy>KHOM IOBEPXHOCTH CJOs
TEIUIOU30JISIIIMY, TaK KaK BO3JIEHCTBUE BO/BI, OOBIYHO MCIOJIb3yEMOM B MPOIIECCE M0KAPOTYIICHHUS,
MOJKEeT IPUBECTH K Habopy Biaru. IIpouecc Habopa Biaru NpUBOAUT HE TOJIBKO K CYIIECTBEHHOMY
YXYIIEHUIO TEIUIOU30JIIMOHHBIX CBOWCTB MaTepHaja, HO MOXET TaKKe IMPUBECTU K KPUTUUECKOMY
YBEJIMUYEHUIO BECa CJIOS TEMJIOU30JIS MU U BO3MOKXHOMY €TI0 MEXaHUYECKOMY pa3pyLIeHuto [5].

Hcnonp30BaHne TPagULMOHHBIX MOJIMMEPHBIX MAaTEPUAJIOB, TAaKMX KakK MOJUAITWUIIEH, JUIS
(GbopMHUpOBaHHS BOJOHENPOHHIIAEMOW OOOJOYKM TEIUIOM3OJSALHMOHHOIO MaTa K HacTOSLIEMY
MOMEHTY B CWJIy LEJIOro psja HOpUYMH (MEXaHUYecKass MPOYHOCTb, HE3HAYUTENIbHas
TEPMOCTOMKOCTb, M3JUILIHASA TEPMOIJIACTUYHOCTB) YXKE€ HE BIIOJHE YAOBJIETBOPSAET TPeOOBaHMUIM
oOecnieueHus moxkapHoi Oe3zomacHocTu. [loATOMy K HacTosleMy MOMEHTY MPEMJIOKEH P
pelIeHH, MO3BONIAIONMX M30eXkaTh HCIOJIB30BAaHUS MOJUMEPHBIX 000J04eK B oOecreueHuH
BJIArOM30JISILIMM BOJIOKHUCTBIX TEION30JIALIMOHHBIX MATOB.
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Tax aBropammu [8] mpenno’keHa TEIUIOBIArO3allUTHAs KOHCTPYKIMS, NPEACTABIISAIOMIAs
000l MHOTOCJIOMHBIN JJAMUHAT, BKIIFOYAIOIIUH B c€0s BOAO3AIIMTHEINA CJI0H TONIIMHON 6—25 MKM,
HEOPraHUYECKUH BOJIOKHUCTBIA CJIOM TOJUIMHONW 7—76 MKM M IUIEHKM U3 TEPMOIUIACTUYHOIO
Marepuana TommuHoW Oomnee 25 MkM. [logoOHBIT MHOTOCIOWHBIM JaMUHAT  TPHUKPHIBACT
OT TEIUIOBOTO W BJIQXKHOCTHOTO BO3JEHCTBUSI TOKapa BHYTpeHHHH wmar. Cxema mom00HOMN
TEIUIOBJIAro3allUTHON KOHCTPYKIIMY MpecTaBlieHa Ha puc. 1.

\\\\\\mm\\‘%\“

Puc. 1. Cxema MHOTOCJIOHHOM TeNJI0-BJIAT03aIMTHONH KOHCTPYKIUM: 1 — BOAO3aIUTHBIN €J10ii;
2 — HeOpraHMYeCKH i 3alIUTHBIN CJIOH; 3 — MJIeHKA U3 TEPMOILIACTHYHOT0 MaTepHAaJia;
4 — BHYTpeHHHMI MAT U3 HEOPraHMYECKUX BOJOKHHCTBIX MAaTEPHUAJIOB

BopozamutHbiii  cnoit 1, W3rOTOBIEHHBIM U3 (TOPHOIMMEPOB WIM TMOJIMAMUJOB,
3aJIep’KUBAET UH(PUIBTPALIMIO BIaru BO BHYTPEHHUN Mat 4, a TakKe MOJAIEP)KUBAET HEOOXOAUMYIO
IIPOYHOCTH MHOTOCJIOMHOIO JamMHHAaTa B LEJIOM. Bo3MOXkHa Taxkke MeTauln3alus HapyKHOU
MMOBEPXHOCTH BOIO3ALIUTHOIO CJI0S | UM €ro MOKPBITHE TOTUTETPAPTOPITHUICHOM.

Heopranmueckuit 3amuTHBIA clIoi 2 mpencTaBisier co00i  apMHPYIONIYIO  CETKY
W3 HEOPraHWYECKOrO0 BOJIOKHA C HAHECEHHBIM HA HEE CJIOEM CIIOJAbl WIH BEPMHUKYJIUTA
U MpeAHa3HauY€H JJIs 3allUThl OT HEMOCPEICTBEHHOIO BO3JAEHCTBUS OTKPBITOrO IUIAMEHM IOXKapa
WM NPOJTYKTOB TOPEHUs Ha TEMOIUIACTUYHYIO IJICHKY 3.

BuyTpeHHuii mat 4 W3roTaBIMBAaeTCd U3 CTEKISIHHBIX, APMMJIHBIX, KEpPaMHYECKUX,
KBapLEBbIX, YIIEPOAHBIX U APYTUX HEOPraHUYECKUX BOJIOKHUCTBIX MaTepUaIOB.

B paGore [9] ommcaHa MHOTOCHOWMHAs TETUIOBIArO3AIUTHAS KOHCTPYKIHSA, COCTOSIIAs
W3 BOJIOKHHCTOTO TEIUIOBOJO3AIIUTHOTO CJOSI W THOKOM TPEXCIOWHOM COCTaBJISIOIICH,
MPETSITCTBYIOLIEN JalbHEHIIEMY paclpOCTpPaHEHHUIO MoXapa. Takas MHOIOCIIONHAs KOHCTPYKLIMS
TIpe/ICTaBJIeHA Ha PUC. 2.

/////7////ﬂ
\
5

Puc. 2. 'mOkasi TpexcioiiHasi OTHeCTOMKAS KOHCTPYKIMS: 1— cJ10ii MOJIMMEPHBIX MATEPHAJIOB;
2 — HeoOpraHuYecKHil BOJTOKHUCTBII MaTepuai; 3 — CETOYHBIH CJI0i;
4 — Heropro4Mii CKJIeHBAIOIMII KOMIIOHEHT; 5 — ¢J10ii HAPYKHOH 00JMIIOBKH
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I'nOkast TpexcioiiHas OrHecToiKas KOHCTPYKLNS UMEET CUMMETPUYHYIO CTPYKTYpPY U3 IBYX
CJIOEB NOJIMMEPHBIX MAaTEPHAJIOB |, apMUPOBAHHBIX CETKOM, U PACIOJIOKEHHOTO MEXKy HUMH CJIOS
HEOpPraHMYECKOro BOJOKHHMCTOro Martepuana 2. Ilpennonaraercs, 4To MONMMEpHBIM MarTepuall,
COCTaBISIOIMA cJoi 1, ocraercs crabwibHbIM 0 Temmeparypbl 350 °C u obecneunBaer
HEOOXOUMYIO THIPOU3OSIUIO TEIUIOM3O0JSIIMOHHOTO ciosg 2. TakuMu CBOWCTBaMH OOJIAIaroT,
HaInpuMep, MOJIMAMUIHBIE CMOJIBI.

ApmMmupyromiasi ceTka 3, MpeicTaBisieT COoOO0H IUIETCHYI) KOHCTPYKIIHIO, BBIMIOJHEHHYIO
U3 HEMJIOHA, CTEKJIOBOJIOKHA MM MOIUA(pUpPa, YTO 0OecrednBaeT eif He0OX0IUMMYI0 MEXaHUYECKYIO
npoyHocTh. CeTKa MPUKIEUBAETCS K MOJMMEPHOMY MaTepHally ¢ MCIOJIb30BAaHHUEM HETOPIOYEro
CBA3YIOILErO BELIECTBA.

Tennon30aAHOHHBIA €O 2 COCTOMT HX BBICOKOTEMIIEPATYpPHBIX BOJIOKOH, KOTOPBIE
COTIPOTHUBIISIIOTCS TUIABICHUIO M TOPEHHIO BIUIOTH 10 Temmeparyp 550 °C. B kadectBe Takmx
BOJIOKOH TpEJIaraeTcsl UCIOJIb30BaTh CTEKJISIHHbIE, apaMUJHbIE, HUTPUIHbIEC, ATIOMOCEINKATHbIE
KaK B BUJIE HETKAHbIX CTPYKTYp, TaK U B BUJI€ TKaHU.

Bce mnonoOHble MHOrOCIOWHBIE KOHCTPYKUMH C TIO3MLIMHM OOECIEeYeHHs] I0KapHOU
0e30macHOCTH 00JaJal0T ONpEAETICHHBIM HEAOCTaTKOM: 3alluTa OT NPOHMKHOBEHHs BIaru
B TEIUIOM3OJISILIMOHHBIN CI0H 00ecreynBaeTCsl HApy>KHBIM MOJIMMEPHBIM CJIOEM, KOTOPBIH, B CBOIO
ouepenb, MOABEPracTCsl HENOCPEACTBEHHOMY BO3JEHCTBUIO IIPOAYKTOB TOPEHUS M MOXKET
pa3pyLINTBCS YK€ HA HAYabHOW CTaJMu IOKapa M0 JOCTHXKEHUIo Temmeparypsl 250-350 °C.
Pa3pemnts 3TO IIPOTMBOPEUYME MOKET HCIOJIB30BAHME JUISl 3alUThl KOHCTPYKLMH Ha IMOXape
BOJIOKHUCTBIX TEIUIOM3OJISIIMOHHBIX MAaTEpUajoB C IMPUMEHEHHUEM a’poresiei, IOCKOJIbKY
B COBPEMEHHBIX HayYHO-TEXHUYECKHUX UCTOYHHKAX ITyOJIHMKyeTcs Bce Oonblie pabot, Hanpumep [ 10-16],
B KOTOpBIX AaHAJU3UPYIOTCS pa3jIM4YHbIE acClEKTbl IMPUMEHEHHs ad’poresield, MO3BOJSIOLUINX
COBEPUIECHCTBOBATH CTPYKTYPY KOMIIO3ULIMOHHBIX MATEPHAJIOB.

K asporensim oTHOcsTCS MaTepuaibl, y KOTOPbIX CHOPMUPOBAHA OTKPBITAs CTPYKTYpa,
pa3Mepbl Op B KOTOPOM HAaXOJATCS B MHKpPO- U Jla)ke HAaHOJMANa3oHe, a, COOCTBEHHO, 3HAUCHHE
MOPUCTOCTH MOXKET MpeBBICUTh 90 %. BBICOKOMOPHUCTHIN Kapkac al’poreiss oOpa3yercs CBS3IMHU
MHUKPOYACTHUI] HEOPraHUYECKOro BEIECTBA, a IOpbl 3alOJIHAIOTCS BO3AYXOM JHMOO JpyruMm
XUMUYECKU UHEPTHBIM razom [10].

TexHosI0rHs N3roTOBIEHMS a3pOreiel IPEAoIaracT HaJJuuue IByX OCHOBHBIX ITPOLIECCOB:

— 30JIb-TIPOLIECC, 3aKIIOYAIOMUNCS B (OPMHUPOBAHUM TEIb-COCTOSHUS B OJIArOMPUSITHOU
cpeze, 00pa30BaHHOM CIIEUAIbHBIM PACTBOPUTEIIEM;

— CyLIKa IOJYYEHHOTO I'eJisl O COCTOSIHUS a3pOoressi B COOTBETCBYIOIIUX YCIOBHUSX.

Mexannueckass yCTOMYMBOCTb CTPYKTYpPBI a’poreis 3aBUCUT OT IPOYHOCTH Kapkaca,
o0Opa3oBaHHOIO B Ipolecce (OPMUPOBAHHUS KIIACTEPA, COJAEPIKAIIEr0 HAHOCTPYKTYpPHUPOBAHHYIO
pELIETKYy Ha OCHOBE CHIJIOKCAaHOBBIX cBszedl Si-O-Si. DTo mpoucxogutT B Xojae THIAPOJIH3a
U TIOCNENYyIOIMIEeH KOHJAEHCAMM MOJIEKYJ IIPEKypcopa Ha OCHOBE COEIMHEHUH, COJEeprKalluX
kpemHuui [11].

HcxoqHbIM ChIpbEM B 30JIb-IIPOLIECCE OOBIUHO SIBIISIIOTCS MPOM3BOJHBIE AJTKOCHCHUIIAHOB,
HanpuMep TeTPa’TOKCUCHIIAH, YTO OOYCIIaBIMBAE€T HEBO3MOXKHOCTh MX CMEIIMBAaHUS C BOJOM,
II03TOMY F'OMOT'€HHOCTh I0JIy4aeMOil cMecH 00ecrneunBaeTcsi IPUMEHEHUEM Pa3INYHbIX CIIUPTOB,
HaIpuMep:

Si(OCQH5)4+4H20—>Si(OH)4+4C2H5OH;
SI(OH)4—>SIOQ+2H20

BaxupiM ycrmoBueM (OpPMHpPOBaHHS BBICOKOIIOPHCTOTO KapKaca adporens —sBISETCS
MOJIICPKAHUE CBEPXKPUTHUUCCKMX YCIOBHH B MPOIECCE CYIIKH, B XOJAE KOTOPOH MPOUCXOIUT
yllaJICHHE CITUPTOBBIX PACTBOPOB M3 00PA30BABIIMXCS B XOJ€ TEXHOJOTHYECKOTO Ipolecca Mop.
[Iponiecc ypmaneHHs TPEKypcopoB M3 0OBbEMa IOJTYYECHHOW 3aroTOBKM HE JOJDKEH HapyllaTh
C(OPMUPOBAHHYIO  HAHONOPUCTYIO CTPYKTypy rems. B [12] mpeacraBieHo  mepBoe
¢dororpaduyeckoe n300pakeHHE CTPYKTYphl a’poreiss Ha OCHOBE AMOKCHAA KpPEMHHs, dYarie
HazbIBaeMoe Kceporesuem (puc. 3).
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Puc. 3. CTpykTypa KceporeJisi HA OCHOBe AHOKCHAA KPEeMHMS

Hcnonp30BaHne CHUPTOBBIX PACTBOPOB B KAdyeCTBE IPEKYPCOPOB IPEIONPEIEIINIIO0
NEPCHEeKTUBBl  IOJYYEHHUS  BOJIOKHHMCTBIX  TEIJIOM3OJUPYIOIIMX  MaTepUanoB, HMMEIOLIUX
rupooOHYI0 TOBEPXHOCTh HAa OCHOBE a’poreiieil, He MOMIOIAIONIMX M HE HAKAIIMBAIOIIUX
BJIAry, /Ui 4ero COCTaB BEILECTBA JOMOJIHAIOT areHTaMH, YCHJIMBAIOIIMUMU I'HipodoOusupyronme
cBoiicTBa. Hampumep, npexkypcop Ha OCHOBE JUOKCHJAa KPEMHHUS MOXKET TAKXKE COJAEP)KaThb TaKHe
KOMITOHEHTHI, KaK aJKWJICWIAH WIA apuJICWIaH, SIBISIFOIIMECS CONPEKYpPCOpaMH U YCHIIMBAIOIINE
ruipooOHOCTh  BOJIOKHHMCTBIX  TEIUIOM3OJIMPYIOLIMX  MaTepuasoB. Ilpomecc  ycuieHus
ruipo@OOHBIX CBOWCTB KOHEYHOI'O MPOAYKTa MOXKET ObITh OpraHM30BaH Ha JIOOBIX CTaIUsIX
(dbopMHUpOBaHUS  CTPYKTYpPbl ~ a’poreis: IOCPEICTBOM JONOJHEHUS COCTaBa MpeKypcopa
rUIpOPOOU3UPYIOIIMM areHTOM; ITOCPEICTBOM HEMOCPEICTBEHHOIO BBEIEHUS THAPO(HOOU3UPYIOILETo
areHTa BO BJQXHBIA Tejb; MOCPEICTBOM BBEACHUS T'MAPOGOOH3UPYIOIIErO areHTa B a’poreib
B mporiecce ero cymk# [13].

Jliig oTBeTa Ha BOIPOC, B KAKOM MEpE HCIIOJIb30BAHUE a3pOreisi B CTPYKTYpPE BOJOKHUCTBIX
TEIUIOM30JIUPYIOMIUX ~ MaTepHalioB  TO3BOJSET  COXPAHATh  OTHECTOMKOCTh  3allUIIA€MbIX
KOHCTPYKLIMH B CIlIydyae BO3JEHCTBUS HA OTKPBITYIO IMOBEPXHOCTh TEIUIOM3OJISALUU MOTOKA BOJBI
B XO/I€ MpoIiecca MOKapoTyIIeHUs, ObUT TPOBEJIEH JIa0OPaTOPHBIN IKCIIEPUMEHT.

M3mepeHuss NMpOBOAMWIMCH Ha CIEUUAIBHOW JIaOOpaTOPHOW YCTaHOBKE, MO3BOJISIOIIEH
OCYUIECTBIISAITh  OJHOCTOPOHHMM TpOrpeB OOpas3lOB HCHBITHIBAEMBIX  TEIIOM30JIHPYIOMINX
MaTepuasioB. Cxema 3KcrepuMeHTaTbHON 30HbI JIAOOPATOPHON YCTAaHOBKH IpeJICTaBlIeHa Ha puc. 4.
B kadecTBe MCTOYHMKA TeMJia UCHOJIb3YIOTCS CHJIMTOBBIE HArpeBaTeNu, KOTOpbIE pa3MeEIIeHbl Hajl
JHUILEM YCTAaHOBKM. TeEIUIOBOM TOTOK, CO3/1aBa€Mblil HarpeBaTeNIIMH, OpPUEHTHPOBAaH BBEPX
W HallpaBJIeH Ha MCHBIThIBAEMbIH oOpazell 3a c4eT HeOOXOAMMOHN TEIUIOM3ONISIIMU U YCTaHOBKHU
3alIUTHOM MAacKu C OKHOM, Ha KOTOPBIN 1 HaKJIaJbIBAETCS UCIIBITBIBAEMBIN 00pasel, Kpast KOTOpOro
BBIXOAAT 3a rabapuThl OKHa. [l HMCKIIOUYEHHS BIIMSHHUA HEPAaBHOMEPHOCTH O0pa3yrollerocs
TETJIOBOTO TIOJsI TOPLEBBbIE MOBEPXHOCTH MCIIBITHIBAEMOr0 00pa3la TakkKe TEIIOU30JUPYIOTCS.
Ha neoOorpeBaeMoil MOBEPXHOCTH UCHBITBIBAEMOr0 00pa3ia BOJIOKHUCTOIO TEMJIOU30JIMPYIOLIErO
MaTepuaja HaKJIaAbIBa€TC METaUIMYecKas IIJJaCTHHA, KOTOpas IIO3BOJISET Y4YECThb BIIMSHUE
3alMIIaeMON KOHCTPYKLIMH Ha MpoIlecc TeIIooOMeHa B Xoje MokapoTylieHus. PaccrosiHue
MEXJly CUJIMTOBBIMU HarpeBaTesIMH M 00OrpeBacMOM MOBEPXHOCTBIO MCIBITHIBAEMOro 00pasla
ycraHoBiaeHO B 50 mMm. M3mepeHue W peryiampoBaHUE TeMIIEpaTypbl HarpeBacéMoro BO3ayxa
OCYILIECTBIISICTCS] MTOCPEICTBOM TEPMOIIEKTPHUUECKUX NEPBUYHBIX MpeoOpazoBateneil Tuma TIIIT
[III(R), pa3MenieHHbIX BOMM3M 000rpeBaeMoil MOBEPXHOCTH HCHBITHIBAEMOro  00pasiia,
Ha METAJUIMYECKOM IUIACTMHE W HEMOCPEJICTBEHHO B Tele BHYTpPH oOpa3ia BOJOKHHCTOTO
TEIIOU30JIMpYIoLero mMarepuana. IlokazaHus nepBUUYHBIX NMpeoOpa3oBaTeNeil TOKYMEHTHPYIOTCS
IIOCPEJCTBOM MHOTOKAaHAJIbHOI'O TEXHOJIOTMYECKOro perucrparopa Ttuma PMT 39-DM,
MOJIKIFOYEHHOTO K IEPCOHATIBHOMY KOMIIBIOTEPY.
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Puc. 4. CxeMa 3kciepuUMeHTAIbLHON 30HbBI JIA00PATOPHOH YCTAHOBKH: 1 — MeTa/LTHYecKAas MJIACTHHA;
2 — oOpa3zen MCNBITHIBAEMOI0 MaTepuajia; 3 — TEPMOIIIEKTPUIECKHT peodpa3oBaTeib
Heo0orpeBaeMoii MOBEPXHOCTH; 4 — TEIIOH30IAIUS CTEHIA; 5 — 3alIUTHAs MacKa;

6 — TepMoOlIeKTPUYECKHil Mpeodpa3oBaTe/ib 000rpeBaeMoii MOBEPXHOCTH;

7 — CWINTOBbIE HATPEBATEH

g ucnbiTaHuii ObUT BBIOpAH BOJIOKHUCTBI MaTepuan ruOkoi terutomsonsiuuu Alison Aerogel
DRT 0610, usrotoBrneHHbIi Ha ocHOBe a’poreneid Si0p, OCHOBHBIE XapPaKTEPUCTUKU KOTOPOTO
npejcTaBiieHbl B Tabnue [14].

Tabmuma. CBoiicTBa Bo1oOKHUCTOro Matepuasa Alison Aerogel DRT 0610

Koaddrmment
Maxcumanbhas TETLIONPOBOHOCTH Kos¢pdunuenr
[InotHOCTS, TeMIiepaTypa 0 ' | Bogomoriomienue, I'pynna
3 A, BT/(M-°C) 2 MTAPOIPOHUIIAEMOCTH,
p, KT/M HCIIOJTb30BAHMS, T — B, xr/m " TOPIOYECCTH
t,°C
10 300
200 650 0,019 0,039 0,14 0,088 Heroprouas

Hcnpityembie 06pasipl kBagpaTHON (Gopmbl ¢ pazmepoM cTopoHbl 100£10 MM U TOTIIIMHON
50+2 MM ObUTH BBIpE3aHBI U3 pyJIOHa BoJOKHHCTOrO Marepuana Alison Aerogel DRT 0610. Oqun
U3 00pa3IoB B XOJI€ UCIIBITAHUN OCTaBaJICs CyXHUM, a JPYroi — «MOKpBIi», Mepe IporpeBoM ObLT
MOJIHOCTBIO TIOTPY’KEH B BaHHY C BOJOW M BBIJICPKUBAICA B COCTOSHUU TOJHOTO MOTPY>KEHUS
B TeueHne 10 mMuH. B panpHeiinieM HCHbITaHUS TMOKAa3ajid, YTO BapHAIlMKM MPOAOKUTEIHHOCTH
norpykeausi oopasiua B npezaenax 10—30 MUH MpakTUYECKH HE BIUSIIOT HA PE3YyJIbTAThl UCIIBITAHUM.

B mpornecce nzMepeHuss CHBITYeMBbId 00pa3el] MoJBEprajcsi HarpeBy ropsyiuM BO3TyXOM,
SMYJIMPYIOIIUM TEIUIOBOE BO3JEHCTBHE HA OrpakJaIoLIMe KOHCTPYKLUUHU IPOIYKTOB TOPEHHUS
B XOJIE IMO)Kapa, IPH DJTOM TEMIIEpaTypa JMHEHHO Bo3pactama a0 3Hadenus 1200 °C
U TOJJEep)KMBajach IIOCTOSSHHOW [0 MOMEHTa 3aBEpLUIEHUS H3MEpPEHUs IMpH Iepexoje
B CTAallMOHApHBI peXHM, KOIJa NpeKpamaercs pocT TemIepaTypsl Ha HeoOorpeBaeMoi
MOBEPXHOCTHU UCHBITHIBAEMOI0 00pasia.

Henocpeacteenno ¢ HeoOorpeBaeMoil  MOBEPXHOCTHIO  MCHBITBIBAEMOrO  00pasiia
BOJIOKHHUCTOTO TETJIOM30JUPYIOLIEr0 MaTepraia KOHTaKTHPOBaJla JIaTyHHasl IJIaCTHHA C pa3MepamMu
O0okoBbIX moBepxHOocTe 110 MM W TommmHOW 3 MM, TeMmIiieparypa KOTOpPOW H3MeEpsiach
MOCPEJCTBOM TEPMOIEKTPUUECKUX MepBUYHBIX mpeodOpaszoBateneid tuna TIIIT TITI(R). [dns
obOecrieueHnss HEOOXOOUMOrO TEIJIOBOrO KOHTAaKTa cmaid mpeoOpazoBarensi MOMEIIANCs
B [IPE/IBAPUTEIILHO HACBEPIIEHHOE YTIIIyOJIeHUE, 3aTI0JJTHEHHOE PacIljlaBOM TPUTHHKA.
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PesynpTathl  HWCHOBITAaHWA  CyXOTO M «MOKpPOTO»  00paslioB  BOJIOKHUCTOTO
teron3oympytomiero marepuana Alison Aerogel DRT 0610, u3roToBIeHHOTO Ha OCHOBE
a’poresieu, mpeacTaBiIeHbl Ha PUC. .
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Puc. 5. Pe3yabTaThl HCIBLITAHUI CYX0r0 H «MOKPOT0» 00Pa3l0B BOJOKHUCTOI0 TeMJI0M30JUPYIOIIEero

Marepuaiia: {; — TeMIepaTypa HarpeBaouiero Bo3uyxa; t, — reMneparypa Ha Heo0OTrpeBaeMoii MOBEPXHOCTH
«MOKpOTo» 00pa3ua; t; — reMnepatrypa Ha Heo0orpeBaeMoii IOBEPXHOCTH CYX0ro oopasia

[TapameTpsl TporpeBa 0Opa3lOB BIIOJHE COTJACYIOTCS C pe3ylbTaTaMd H3MEpPEeHHH,
npejcTaBleHHbIX B pabote [5]. Pe3ynbpTarhl, TONydeHHbIE B XOJ¢ MPOBEIACHUS H3MEPCHUM,
MIOKAa3bIBAIOT, YTO Pa3IN4Ms TEMIEPATypHBIX IOJIEH B CYyXOM M «MOKPOM» OOpaslle HE BBIXOJST
3a paMKd TpUOOPHBIX MOrpeurHocTed. DTO JoKa3biBaeT THApooOOHBIE CBOICTBA BOJOKHHCTHIX
TEIUIOU30JIMPYIOIINX MaTepUaIoB HA OCHOBE a3pOrelIeH.

Takum 006pa3oM, B X0Jie UCCIIEIOBAaHUS BO3MOKHOCTH MOBBIIIEHUS! OTHE3AIIUTHBIX CBOWCTB
BOJIOKHUCTBIX TEIUIOM30JIMPYIOMIMX MaTEepHaIoB OBLJIO YCTAaHOBJIEHO, YTO IPUMEHEHUE a’poresei
npuaaeT marepuanaMm TuapodoOHbIe CBOMCTBA W BCJEICTBHE AITOrO OTHE3AUIUTHBIE CBOWCTBA
BOJIOKHUCTBIX TEIUIOM3O0JIMPYIOIMX MaTepUaloB HE YXYALIAIOTCS MpPH MONAJaHUM HAa HUX BOJbI
B IIPOIIECCE MOKAPOTYIICHHUS.
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VJIK 536.24
CTPOUTEJILHBIE KOHCTPYKIIUM B YCJIOBUSX ITOKAPA

A.JO. JIaOUHCKHMH, KAHANAAT TEXHUYECKNX HAYK, TOLEHT.
Cankr-IlerepOyprckuii yuusepcuretr I'IIC MYC Poccun

PaccmoTpena maremaTudeckas MOJENb HECTAIMOHAPHOH TEIIONPOBOJHOCTH MOIYOrpaHUYEHHBIX
TN, B Ka4eCTBE KOTOPBIX HCIOJIB30BAHBI CTPOUTEIBbHBIE KOHCTPYKIUM B BHIE CTEHOK W MEPEKPBITHH
W3 JIETKOTO W TSDKENoro OeToHa. BEITIOTHEHBI pacueTsl M3MEHEHHs TeMIepaTyphl B TIIyOHMHE CTEHKH
BO BPEMEHH IpH (GUKCHUPOBAHHON TeMIIepaType Ha IOBEPXHOCTH CTEHKH CO CTOPOHBI TIOXKapa.

Knrouegule  cnoea:  HecTalliOHapHash — TEIUIONPOBOAHOCTb,  CTPOMTENBHBIE  KOHCTPYKIIWH,
MaTeMaTHYeCKasi MOJICITb, BEIYUCIUTEIbHBII SKCIIEPUMEHT, Tabuibl Excel

BBenenue

CTpouTenbHbIe KOHCTPYKIIMH OJDKHBI HCIBITHIBATECS HA OTHECTOMKOCTh. B mpakTHKe
MOYKAPHOTO JIeNa [Tl ONPECICHHS TEMIIEPaTyPhl B MPOTHUBOIOKAPHBIX MPErpaaax Mo UxX TOJIIHHE
U B 3aBHCHMOCTH OT BpPEMEHH OT Hayajia Mokapa HCIOJb3YIOTCS ypaBHEHUsI HECTAIllMOHAPHOU
terutonpoBoanoctu [ 1-9].
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CrpoutenbHble KOHCTPYKIMH OOBIYHO HM3TOTABIMBAIOTCS M3 OETOHA, KUPIUYA U CTalu.
@u3znueckue mnapaMmeTpbl YKa3aHHBIX 3JIEMEHTOB CTPOUTEIBHBIX KOHCTPYKLIHMH B 3aBUCHMOCTH
OT TeMIIEPATYPhl U3MEHSIOTCS Pa3IMYHBIM 00pa30M U MPUBEACHBI B TaOIHIIE.

Tabmauma

Matepuan TeMnepaTypa, HHOTHOCTB, TCHHOHPOBOHHOCTL, TCHHOeMKOCTB, iel\g:gpla;:)};gg-

p t,°C o, Kr/M® A, Br/w/K ¢, kIlk/kr/K p . ﬁz P
Beron Bozee 100 2000 1,4 — 6*10*t 0,8 +6,3*10™t | 3,6*M/(c*p)
I'azo0eToH Bornee 100 500 0,1+7*107°*t 0,9 + 6,3*10™*t 3,6*M(c*p)
geef;‘rz‘mo‘ Bornee 100 1100 0,3+11*10°>*t 0,84+5,8*107**t |  3,6*A/(c*p)
Kuprna Bozee 100 1600 0,7+3,5%10™*t 0,84+5,1*10*t | 3,6*M/(c*p)
Craib Ot 0 10 800 | 7800-7400 58-0,042*t 0,47+2,1¥10™*t | 5,7-0,0058*t

KOMHI)IOTepHaﬂ MOJ€Jb HeCTaHHOHapHOﬁ TCIVIONMPOBOJIHOCTH

DeMeHTHI YIPOILIEHHOW KOMIIBIOTEPHON MOJIEJIH, BHIIOJTHEHHONW HA OCHOBE IPUBE/ICHHBIX B
TaOJHIe 3aBHCHMOCTEH, a Tak)Ke NPUBEACHHBIX HIDKE pPACUYETHBIX (OPMYJT HECTallMOHApHOU
TEIJIONPOBOIHOCTH, OBUTH pa3paboTaHbl B 3J1eKTpoHHOM Tabnuie Excel. C ucnosnb3oBanuem 3Toit
KOMIIBIOTEPHON MOJIeNI OBUIM BBIMIOJHEHBI HEOOXOAMMBIE pacueThl U MOCTPOCHBI MPUBEACHHBIC
HUXKe rpaguuecKkue 3aBUCUMOCTH.

3aBUCHMOCTb TEMITEPATyPOIPOBOIHOCTH TSDKEIBIX OETOHOB OT TEMIIEpaTyphl IpeICcTaBlIeHa Ha prc. 1.

4 N\

TEMﬂepaTypOHPOBOp,HOCTb 68TOHa, MAZ/‘-I
\
\
\
- J

Puc. 1. 3aBucuMOCTbh TEMIIEPATYPONIPOBOAHOCTH TSKeJIbIX 0€TOHOB 0T TeMIIEPaTypPhl

TennonpoBOIHOCTh W TEMIIOEMKOCTh KHPIUYA C POCTOM TEeMIEpaTyphbl yBEIHMYUBAIOTCA,
a TEMIIEPaTypOIPOBOAHOCTh MEHSETCSl HE3HAYUTENBHO. TaK, P M3MEHEHUH TeMHepaTng or 100 °C
710 700 °C TemnepaTyponpoBoaHOCTh Kupriya Mensiercs ot 0,001856 M4 10 0,001776 M2/

3aBHUCHMOCTb TEMIIEPATyPOIIPOBOTHOCTH KUPIIMYA OT TEMIIEpaTyphl MpeJICTaBiIeHa Ha puc. 2.

4 N\

TemnepaTyponpoBogHOCTb Kupnuua, m"2/y
\
\
N J

Puc. 2. 3aBucuMocTh TeMIIEpaTyPONPOBOIHOCTH KUPIHYA OT TeMIEPaTyphbl

29



[TpoOnembl ¥ IEPCIIEKTUBBI MPEAYIPEKACHHS U TYILICHHS 0XKapoB

TennonpoBoAHOCTh CTalM € POCTOM TEMIEPATypbl YMEHBIIAETCS, a TEMJIOEMKOCTb
Bo3pacTaeT. [IJOTHOCTH cTalu MEHseTCsl HEe3HauuTelbHO. B pesynbTare pocT TemmepaTypbl
MPUBOJUT K CYIIECTBEHHOMY YMEHBIIEHHUIO TEMIIEPATyPOIIPOBOAHOCTH CTAJIH.

B coorBeTcTBMM €O CTaHIApTHBIM TEMIIEPATypHbIM pEXHUMOM TeMIlepaTypa Ioxapa
MEHSETCSl BO BPEMEHHU T10 CJIETYIOIIENH 3aBUCUMOCTH:

tox = 345*Log(8*t+1),

rjae T — BpeMs OT Hayajia 1oxkapa, MUH.

I'pachuk 3aBUCUMOCTH CTaHIAPTHOM TEMIIEpaTypbl [10XkKapa OT BPEMEHU IIPEACTABIIEH Ha PUC. 3.

Ha pucynke kpacnast KpuBas — pacueT 1no (gopmyiie, uepHas — JIMHUSA TpeHaa. B mpakTuke
MIO’KapHOro Jejla MakCUMallbHas TeMmIlepaTypa cpeibl BHYTPH IIOMELICHHsS C O4yaroMm Ioxkapa
npunumaetca pasHoit 1250 °C . Dra TemmepaTypa MCIONb3yeTcsl [ ONpeseeH s JOMyCTUMOi
TeMIIepaTypbl B IMPOTHUBOIIOKAPHBIX Iperpaaax, sBISIOIIMXCS CTPOMTEIbHBIMH KOHCTPYKIMSAMU
(cTeHbl, NEPEeropoJKH, MEPEKPBITUS), U3FOTOBIEHHBIMH U3 PACCMOTPEHHBIX BBIIIE MaTEpPHAIOB
(6etoH, KI/IpHI/I‘I)/.

N

TemfiepaTtypa npxapa T[CIFT{T[MuA]) L

y|= -0,1064x3[+ 1,5422x2 | 51,4‘85x - =
RTE0,99B7 _J
//
L
/
/,
7

NG J

Puc. 3. 3aBucuMOCTB CTAHAAPTHOI TeMIepaTyphbl OKapa OT BpeMeHH

Copmynupyem nocmarnosxy 3adauu: HyKHO MPOU3BECTH MOJAETHPOBAHHE HECTALMOHAPHON
TCIUIOMPOBOJHOCTH IMOJYOrpaHHMYCHHBIX TCJI (TGJI KOHEUYHOM TOJIHIHHBI) IJid OIIPCACIICHUA
TEMIEPATypbl B MPOTHBOIMOXKAPHBIX MPErpajax Mo WX TOJIIMHE M B 3aBUCHMOCTH OT BPEMEHU
OT Havasa moxapa. Tema crtaThbu akTyajdbHa, TaK KaK HEOOXOAMMOCTH OIPEICTICHHUS TeMIIepaTyphl
B MPOTUBOIIOXKAPHBIX MpErpaaax 1Mo UX TOJIMHUHE U B 3aBUCUMOCTH OT BPEMCHH OT Haydaja Imoxapa
HE BbI3bIBAET COMHEHHUM.

OOBEKT HCCIeI0BaHNS — MPOLIECC HECTAIIMOHAPHOM TETUIONPOBOAHOCTH MOTyOTPaHUYEHHBIX TeJl.

Merton uccnenoBaHusl — BBIYUCIUTENBHBIE SKCIIEPUMEHTHI Ha pa3paObO0TaHHON KOMITBIOTEPHOM
MOJIEJIH TIPOIECCa HECTAIMOHAPHOUW TETUIONPOBOTHOCTH, PEATM30BAHHONW B DJICKTPOHHOMN TaOJIHIIe
Excel.

Moaesib HeCTALMOHAPHOM TENJIONPOBOAHOCTH I0JIyOrPAHNYEHHBIX TeJl

Jlis CTEHOK M TMEepeKphITUH KOHEYHON TOJIIMHBI pacdyeTHas (opmysa HecTallMOHApHOM
TETJIONMPOBOAHOCTH UMEET BHI:

t(X,7) = tc — (tc — to)*erf(0,5*k*V[(a+x)/(a*1)]),

rae tc — Temmeparypa B MOMEUICHUH NpHU Mokape; {p — HavdajabHas TeMIeparypa B IMOMEUICHUH;
erf — wmuTerpan BeposTHOCTH (QyHKIHS owHMOOK), kosddummenr k = 0,5%(1+p*10™);
p — IJIOTHOCTh MaTepualia; a — TeMIIEPaTypPOIPOBOIHOCTh MaTepHaia; X — KOOPAWHATA TOJIINHBI
Marepuaia; T — BpeMsi.
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Unterpan sepostroctu €rf(X) = (2/\/7'C) Jo* € dt moskuO BhMMCIHTE ¢ mpUMeHeHMEM
pasnosxenns B paa (0<x<50):

erf(x) = (2I\m) *(x — x3/3 + 1/21*x°/5 — 1/31*x'/7 +...) =
= (2NR) *Y =" (1) x*™H[n1(2n+1)].

HuTerpan BeposTHOCTH erf(x) MOYKHO TaKX€ HANTH YMCIECHHBIM UHTErpupoBaHueM. Kpome

Toro, pynkmuio €rf(X) MoXkHO BBMECINTE TakKe ¢ MOMOIIBIO MOTMHOMHATIBHON AMMPOKCHMAIIHH
C MOTPEUTHOCTHIO He BhIme 1,5% 107

erf(x) = 1 — (ait + at? +...+ast)*e™,

rae t = 1/(1 +p*x); p = 0,3275911; a;= 0,254829592; a, = —0,284496736; as = 1,421413741,
as =—1,453152027; as = 1,061405429.

I'padux 3aBucumoctu Y = erf(X) npencrasinen Ha puc. 4:

/ N

PyHKLUA OWKWBOK Y = erf(X)
3 S—
H
4
_a
L”
u /
e vy
H //
" /
q /
"
// BHaugHUA X

(& J
Puc. 4. I'padpuk 3aBucumoctn erf(x)

Paccuntaem m3MeHeHHME TeMIIEpaTyphl BO BPEMEHHU B TKEJIIOM OETOHE MpHU TeMIleparype
B MIOMEIIEHHH ¢ oyaroM noxapa, pasroit Ty = 300 °C. PacueT npon3BoauM Jisi MPOTHBOIOKAPHOI
nperpajsl (CTeHa, nepekpbiTie) Ha riryoune 0,3 m.

Pacuer npousBogum 1o popmyire:

t(x,7) = tc — (tc - to)*erf(0,5*k*\/ [(a+x)/(a*T)]),
e tc = 300 C; to= 20 C; k = 0,5%(1+2000*10) = 0,6; a = 0,0022, m°/u; X=0,3 M.

s N
T[C]=f(t[mnH]) pna 6eToHa npu Tn =

}e"
d

v/

Puc. 5. 3aBucumocTsb t(T) A5 TAKeEI0r0 GeTOHA
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3aBucuMocTh t(T) s TspKketoro Gerona (p = 2000 kr/m®) mpu Ty = 400 °C mpexncrasieHa
Ha puc. 6.

. N
T[Cl=f(t[munH]) pna 6eToHa npun Tn =
400 C o
e
LT
/7
e

G J

Puc. 6. 3aBucumoctsb t(T) 1715 TAKEI0r0 GeTOHA

3aBucuMocts t(t) st Tsoxenoro 6erona (p = 2000, kr/m®) mpu Ty = 500 °C nmpexacrasieHa
Ha puc. /.

s ™\
T[C]=f(t[munH]) pna 6eToHa npn Tn =

/sﬂm?—(
yl

v

- /
Puc. 7. 3aBucumocts t(T) 1719 TAKEI0TO GETOHA

[TocTporM Tpadvk 3aBUCUMOCTH TEMIEpPATyphl B TsHKEJIOM OETOHE OT JABYX MEPEMEHHBIX:
Bpemenu T (oT 20 10 65 MuH) U Temmepartyphsl B nomenienur Tr (or 300 °C mo 500 °C). ns
noctpoenust TpexmepHoro rpaduka Z=f(X,Y) HyxHO paccuutath MaTpuiy 10¥10 3Ha4YeHHid,
B KOTOPOH 3JIEMEHTHI MaTpPHIIBI TpuBeeHbl K nuamna3zony [0,1]. [Iporpamma moctpoeHwus rpaduka
CTPOUT MPOEKIHIO TPEXMEPHOH MOBEpXHOCTH B emnuHuIHOM KyoOe: (Z, X, Y) e [0,1]*[0,1]*[0,1].
Martpuiia UCXOAHBIX JTAHHBIX JIJIs1 IOCTPOSHUS TPEXMEPHOTO rpaduka npeacTaBieHa Ha puc. 8.
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Puc. 8. McxoaHble JaHHbIE TPeXMepHOTo rpadguka
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3aBucumocts Z=f(X,Y), rme Z — temmeparypa B TskenoMm Oerone t; X — temmeparypa
B oMetnieHuu T; Y — Bpems T, IpeJicTaBieHa Ha puc. 9.

z

e Y
X

Puc. 9. 3aBucumocts Z=f(X,Y), rme (Z, X, Y) e [0,1]*[0,1]*[0,1]

Paccuntaem n3MeHeHne Temreparypsl t BO BpeMEHH T B JISTKOM OETOHE IPU TeMIIepaType
B IIOMENIEHUH C 04aroM moxapa, pasnoii Ty = 500 °C. PacueT pou3BOMM JUIsl TIPOTUBOIIOKAPHON
nperpansl (cTeHa, nepekpbitue) Ha riryoune 0,3 m.

3aBucumMocTts t(t) st aerkoro 6etona (p = 500 KF/M3) npejacraBieHa Ha puc. 10.

4 N\

T[C]=f(d[mnH]) ana nerkoro GeTOHF
Vv
/
- J

Puc. 10. 3aBucumocts t(1) 1715 Jierkoro 6eTona

TemmepaTypornpoBOHOCTh JIETKOTO O€TOHAa CYIIECTBEHHO MEHBIIE, YeM TSKEJIOro
u cocrasmier 0,0008 m%/4. Jlis Tspkemoro GeroHa TEMIIEpaTypPOIIPOBOIHOCTh B JIMAIa30HE
temnepatyp ot 100 °C mo 700 °C mensercs ot 0,0028 mo 0,0014 M2/, ITosToMy numara3son
M3MEHEHHS TEMIIEPATyPhI VI TSHKEJIOro OETOHA CYIIECTBEHHO OOJIBbINE, YeM JUTSl JIETKOTO OETOHA.
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3aBrcnMocTb t(t) s kuprmaa p = 1600 kr/mM® mpu TeMIiepaType B OMEIICHHH ¢ 04aroM
noskapa, pasHoii Tr; = 500 °C, npescrasiena Ha puc. 11.

e N
TIC]=f(t[munH]) ana kupnuua, Tn = 500 C
//

e
/
N\ Y,

Puc. 11. 3aBucumocts t(t) 115 Kupnuua
BriBox

Paccmotpena maremaTnueckasi MOZENb HECTALMOHAPHON TEIUIONPOBOIHOCTH TIOIyOIPAHMYEHHBIX
TeJ (TeJl KOHEYHOW TOJILIUHBI), B KAUECTBE KOTOPBIX PACCMOTPEHBI CTPOUTEIbHBIE KOHCTPYKIIMHU B BUIE
CTEHOK U MEPEKPBITUH, BBINOIHEHHbBIE U3 TSHKENOTO U JIETKOro OeToHa, a Takke kupruya. [IpoBenensl
pacyeTbl U3MEHEHHsI TeMIlepaTypbl B INIyOMHE CTEHKHU (MEPEKPBITHS) BO BPEMEHH IIpU TeMIepaTrype
Ha TIOBEPXHOCTU CTEHKU CO cTOpoHbI nokapa 300, 400 u 500 °C, KoTopble MO3BOIWIA NPEICTABUTH
B rpaMuecKoM BHUJI€ KQUECTBEHHYIO KapTUHY M3MEHEHUs] TeMIepaTyphl B 3aBUCUMOCTU OT BPEMEHU
B auamnazoHe ot 10 1o 120 MuH oT Hayasa noxapa.

Hayunass HOBHM3Ha WHCClle[JOBaHMS, OTpa’karolllas JUYHBIA BKJIAJ aBTOpa, 3aKI0Yaercs
B CO3/IaHUM aBTOPOM KOMIIBIOTEPHOM MOJENH MPOIecca HECTAMOHAPHOM TEIUIONPOBOIHOCTH,
pearn30BaHHOM B AyIeKTpoHHON Tabuie Excel.
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VJIK 614.814.41:66.045.3

TEPMOKAIIWJIIAPHAA KOHBEKIIUS B YIZTEBOAOPOJAX
INHOA BO3AENCTBHUEM TEIIJIOBOI'O U3JIYYEHUA ITIOKAPA

A.A. Ky3bMHiH, KAHAUJAT NMEeIArOrH4eCKuX HAyK, TOLEHT;
H.H. PomaHOB, KaHAUJAAT TEXHUYECKHUX HAYK, IOLEHT;
A.A. IlepMAKOB, KAHAUAAT MEAATOTMYECKUX HAYK.
Cankr-IlerepOyprckuii yauusepcuretr I'IIC MYC Poccun

VY CTaHOBJIEHO, YTO YCIIOBHEM BO3HUKHOBEHHS KOHBEKLUW SBISIETCS 3HAYUTEIBHOE IPEBBIIICHHE
MIPOJOJDKUTENBHOCTA TIPOIIEcCa YpaBHMBAHMSA TEMIIEpaTypbl B JJIEMEHTapHOM OOBEME U CpenHei
TeMIepaTyphl OCTAJbHONW JKUAKOCTH HaJA MPOJOJKUTEIBHOCTBIO Ipolecca ero BCIUIbITHA. OnpeseneHsl
IpaHUYHbBIE YCIOBHS PELICHUS CUCTEMbl OU(QepeHInaNbHbIX ypaBHEHUH, yUYUTHIBAIOIINX OaJaHC MEXIY
TEPMOKAMIUIIPHBIMA U BA3KHMH COCTaBJSIIOIIMMHU €CTECTBEHHON KOHBEKIMHU Ha MOBEPXHOCTU JKUIKOCTH.
st mpoBepkH MoJeny TEPMOKANWUILSIPHONM KOHBEKLUH, BO3HUKAIOUICH Ha MOBEPXHOCTHU YIJIEBOIOPOIOB
IO/l BO3JEHCTBHEM TEIJIOBOIO HU3IYYEHMs, HCIOJIB3YIOTCS [aHHBIC, IMOJyYEHHBIE B XOAE HATYpPHOTO
9KCIEPUMEHTa. AIEKBaTHOCTh NPEAJIOKEHHOW MaTeMaTn4ecKoi MoJenu Oblja MOATBEP)KIECHA CPaBHEHUEM
Pe3yAbTaTOB CUYETA C AKCIEPUMEHTAIbHBIMU MAaTEPHAIAMH.

Knrouegvie cnosa: yriaeBoAopoibl, TEpPMOKANWUIApHAs KOHBEKLUS, TepMOrpaBUTALMOHHAS
KOHBEKIIUS, TEMJIOBOE U3IIy4YE€HUE, YUCIO MapaHroHn

[Ipobnema paaualiMOHHOTO BO3JCHCTBHS TOXapa Ha CBOOOJHYIO HMOBEPXHOCTh He(dTH,
He(TEnpOAYKTOB M JAPYTUX YIJIEBOJAOPOJIOB B 3HAUMUTEIHHOW CTENEHU OINpEJeNseT pa3BUTHE
noxkapa. B paborax [1-5], a Tak ke B MOCJICIYIOMUX MyOIUKAIUAX TEX JKE aBTOPOB OTMEUACTCH,
YTO XOJ Mpolecca 3aXHUraHhsg TOPHYMX I[ApOB B 3HAYUTENBHOW MeEpe OIpeaensercs
YCTOMYMBOCTBIO PA3BUTHUsSL KOHBEKTHUBHBIX IIPOLIECCOB B OJIM3NIEKAIIMUX CIIOSX JKUIKOCTH.
B yacTHOCTH, BaXXHYIO pOJIb UTPAIOT TEPMOKANWIUIAPHBIE TEUYEHHUS KHUIKOCTH, OOYCIOBIICHHBIE
HErpaBUTALlMOHHOM MPUPOJON TaKOTO BHJla KOHBEKLHH, KOTOPYIO Ha3bIBalOT TAK)KE€ KOHBEKLIHMEH
benapa-Maparonu [6].

PaccmotpuM  (usuueckoe  sABIEHHE HEYCTOMYMBOCTH  TOHKOTO  CJIOS  KHMIKOCTH,
MpOrpeBaeMor paJUallMOHHBIM TOTOKOM CO CTOPOHBI mokapa. Ecimum TemmepaTypsl B palioHE
BepXHEH 1 M HWXKHEH [, rpaHUIl CJIOEB pa3IUYaIOTCs HE3HAUUTENbHO, TO PEAIU3YyeTCsl PEKUM
CTaIMOHAPHOH TEIJIONMPOBOIHOCTH, pacrpeaeiicHne Temmepatypbl T(Z) B cioe TomnmuHoi d uMeert
JIMHENHBIN XapakTep U ONPEIeseTCs 3HAYCHUEM BEPTUKAIBHOW KOOPAUHATHI Z:

/A
T :T1+(T2 _Tl)'a.

PaccMoTpuM 3nemMeHTapHBIA 00BbEM KHUIKOCTH, PAcIONararoluiicss y MOBEPXHOCTH pasjiena
¢azoBoro cocrosiHusa. Eciu B nporecce (uyKTyaluu Takod 3JeMEHTapHbI 00beM MepeMecTHTCS
BHU3, TO OK&XETCS B OKPYKEHUU MEHEE HArpeTod BHEIIHUM TEIUIOBBIM H3IYyYEHHEM KUAKOCTH,
KOTOpass OyJeT UMeThb OONbIIYI0 IUIOTHOCTb. JTO OOYyCIaBIMBAET IMOSIBIECHUE BHITAIKUBAIOIIECH
CHWJIbI, BEJIMYMHA KOTOPOW NMPONOPLHOHAIBHA PA3HOCTH INIOTHOCTEH M BBI3bIBAIOIIEH IepeMeIIeHNe
3JIEMEHTAPHOTr0 00beMa KUAKOCTH K BEpXHEH rpaHule pasjena. B cBoro odepens, 31eMeHTapHbIN
00BEM KHMJIKOCTH, pacloJiaraloliuiics HENaleKo OT HW)KHEW T'paHULbl, MEPEMECTHTCS BBEpX,
TO OH OyJIeT OKpY>KEHHBIM 00Jiee HarpeThIMH, CIe10BaTEIbHO, MEHEE MJIOTHBIMU CIIOSIMU KHUJIKOCTH
u Oyner mepemeniatbcss BHU3. [IOCKOJBKY CKOPOCTh TEpEMEIIEHHs] 3JIEMEHTapHBIX O0BEMOB
3aBUCUT OT BSI3KOCTH KMJKOCTH, TO MHTEHCHUBHOCTb TEIUIOOOMEHA OIpeNeNsIeTcsl B 3HAUUTEeIbHON
CTENEHU (PU3NYECKUMHU CBOMCTBAMM >KUJIKOCTH, OTCIOJa IMPOLECC KOHBEKLUHU MPOSIBISIETCS, KOI/1a
3¢ ¢eKT BHITAJIKUBAIOIIEH CUJIbI MPEBAJIMPYET HaJ CHJIAMH BHYTPEHHEIO TPEHUS U BIUSHHEM
TEMIEPATypONpOBOAHOCTH. Torna BbITaJKUBaromias cuia F,, JeHcTByromias Ha 3JeMEHTapHBIN
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00BEM JKUAKOCTH, OLEHUBAETCs MpH Momolu ypaBHeHHus (1), a cuima BSI3KOrOo TpEeHUS
3IeMEHTapHOTro 00BbeMa C OKpY Karollel KUIKOCThIo Fs — ypaBHeHueM (2):

Fa:,B-T'-p-LZ-g, )

rie B — kod¢p¢uIHeHT 00BEMHOTO pACHIMpPEHHs >KUAKOCTH; T — TeMmepaTypHBIH nepenan
JIEMEHTAPHOTO 00bEeMa M OKpY’KaloIleH J>KUAKOCTH; § — YCKOpeHHe CBOOOJHOrO IajeHus,
L — xapakTepHblii TMHEWHBIN pazMep.

F=p-v-L:V, 2)

rae v — KOA(QQHUIUEHT KUHEMATH4eCKOW BS3KOCTH JKHIKOCTH; V — CKOPOCTh HEepeMElICHUs
3JIEMEHTapHOTO 00BheEMa.

Ecnu npupaBHATH 3HauCHHE BBITAJIKUBAIOLICH CHIIBI Fy U critbl BA3KOTro TpeHus Fs, MOXHO
OIPCACIINTG BCIMYHUHY CKOPOCTHU V, a4 M3 HEC BBIYUCIUTH IMPOAOJLKHUTCIBHOCTL IMNCPEMCIICHUA
3JIEMEHTApHOro 00beMa T:

d v-d

g V. BT .-p-L*g
B [7] YCTAHOBJICHO, YTO YCJIOBHEM BO3HHMKHOBCHHUA KOHBCKHOHWHN ABJIACTCA 3HAYUTCIBHOC
MIPEBBINICHUEC IIPOAOJIKUTEIILHOCTH IIPpOLUECCa YpaBHUBAHUA TEMIICPATYPhI B OJIEMCHTAPHOM o0BeMe
Tr U CPEIHEM TeMIeparypbl OCTAIBHOW XUIAKOCTU HaJ NPOAOJDKUTENBHOCTBIO IIPOLECCa €ro
BCILJIBITHA T, Ipu 9TOM 3HAa4YCHUC TT CBA3aHO C BEJIMYHHOM KOB(b(i)I/II_II/ICHTa
TEMIICPATypPOIMPOBOIHOCTH KUIKOCTH a:

LZ
TT =— .
a
ITOCKONBKY T1>> T, MOKHO YTBEPXKIATh, UTO:

|2 v-d v-d-a

— > -|- L2 , Toraa T L4
[Ipumem 3HaueHue TtemriepaTypHoro mnepernaga T =Ti-T;, a B KauecTBe XapaKTEPHOTO

JUHEHHOTO pasMepa L TommuHy mporpeBaeMoro cios O, Torma mporecc TepMOrpaBUTAIIHOHHOM
KOHBEKIUU B KUJIKOCTH, MIPOTPEBAEMOM paUAllMOHHBIM IMOTOKOM, MOXET OBbITh XapaKTepU30BaH

yucioM Penes Ra:
Ra=J B-(T,-T,)-d°
V-a ' )

[lo anamormm MOXXHO ONMCATh COCTABIISIFOILYI0 KOHBEKTHMBHOIO IIOTOKA, BBI3BIBAEMYIO
3¢(}eKToM TMOBEPXHOCTHOrO HaTsDKeHusa. Jlnsg  OoJIbIIMHCTBA  YIJIEBOJAOPOAOB  BEIMYMHA
KO3 pHIMEHTa MOBEPXHOCTHOTO HATSKEHUS G NPAKTUYECKU JHMHEHHO MaJaeT C YBEIMYCHHEM
Temneparypsl [4]:

<<1_

0=0,T,)-a-(I-T,),

rme o — KOIPHUIMEHT TemooOMeHa MEXIy Hapy)XHOW ITOBEPXHOCTBIO JKUJIKOW (ppakuum
YIJIEBOJIOPOAA U OKPYKAIOIIEH CPEOi.

Ecnmu Ha mMOBEpXHOCTH KHUIKOM (pakuuu yrieBogopoJa B pe3ysbTaTe BO3ACHCTBUS
TEIJIOBOTO M3JIy4YEHUsT BO3HUKHET (IYKTyallMOHHOE ISTHO C TOBBIIIEHHONH OTHOCUTEIBHO
OCTAJIBHOM JKUJKOCTH TEMIEPATypOd M YMEHBIICHHBIMM CHJIAMH ITOBEPXHOCTHOTO HATSKEHHS,
TO TPOSIBIIEHUEM KalMIIPHOro 3¢dekTa OyJeT pacTekaHHe MO HApPYKHOH MOBEPXHOCTH 3TOrO
ATHA. be3pazMepHO XapaKTEpUCTUKON MPOLECca TEPMOKAIMIUIAPHON KOHBEKIIMH SIBIIIETCS YNCIIO
Mapanronu [6]:
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_a(,-T,)d
B pav (4)

Pa3nenus BoipaskeHus (3) u (4), NolyuuM XapakTEPUCTUKY CTENEHU TOMHHHMPOBAHMS CHUII
IJIaBY4€CTH U IOBEPXHOCTHOIO HATSKEHMs Kak (DyHKIMM IIPOTpeBa €105l B KOHBEKIIUU:

Ma 1
Ra ,O,Bdg ()

B mpubnumxennn OO6epOeka-byccunecka cucrema muddepeHIHanbHbIX ypaBHEeHUH (6),

ITIO3BOJIAOIINX OIIucaThb Impouecc TepMOKaHI/IHHHpHOﬁ KOHBCKIIMH, BO3HPIK31-OI.HCI>1 Iona
BO3JCHCTBHEM TEILJIOBOTO H3JIy4YCHUS I1OXKapa, ano6peTaeT BU:

a—”+i-(uv)u:—wo+Au
or Pr

Ma

N

Pr-a—T+u-VT:AT+ 1-e 12
ot

div(v)=0

\ J
rae N=o,-h — onTHyeckas TOJNIIMHA MPOCTPAHCTBA MEXAY IUIAMEHEM I0XKapa M MOBEPXHOCTHIO
yIJIE€BOAOPOAOB; 0Oy — KOI(PQMHUIMEHT NOIVIOMEHUsS MOBEPXHOCTH >XUAKOCTH; Pr=v/a — umucio
[Mpangrns [8].

IIpennonaraeM JMHEHHYI0 3aBUCUMOCTh 3HA4Y€HUS KOXPQHUIMEHTa MOBEPXHOCTHOIO
HATSDKEHUS YTTIEBOJOPOJHBIX COCTUHEHUH OT TeMIIEpaTyphl U OTCYTCTBHE BHEUIHUX JedopMaruii
CBOOOJHON NOBEPXHOCTHM IO XOAy Ipolecca MOoXKapoTylleHus. Torna rpaHUYHBIE YCIOBUS
pemieHust cucteMbl auddepeHnrnanbHbIX  ypaBHEHUH (6), YUYMTHIBAIOMIMX OallaHC MEXIY
TEPMOKANWUIAPHBIMU M BA3KUMM COCTaBJISIOIIMMHU €CTECTBEHHON KOHBEKLIMH Ha IOBEPXHOCTH
XKHUJKOCTH, IPUOOPETAIOT BU:

ov
a_T:_B|T aU)C:—Ma-a—’r_ —y:_Ma‘8_T. 1)) :0
oz 0z ox' 0z oy’ Lo

rae Bi=o-h/A — gucmo buo [9].

IIpu OTCYTCTBHH BHEIIHETO MEXaHHYECKOTO BO3JCHCTBUS HA CBOOOJHYIO MOBEPXHOCTh
KHUIKOCTH MOXET OBbITh TOJyY4eHO CTAllMOHAPHOE peIIeHHe CHCTeMbl auddepeHInaTbHbIX
ypaBHeHHUH (6):

VT

, (6)

1 2
— z-1 C C
v =0. I'=—-e""-—+(C-2+C, 7
0 ’ N 2 ( )
Jlnst ompenenieHusl BEIMYWMH TOCTOSHHBIX MHTerpupoBanus C; m C; (ypaBHeHus 8 u 9)
MPUMEHHUTEIFHO K HW30TEPMHUYECKON TOBEPXHOCTH (IYKTYUPYIONIETO ISATHA Ha IMOBEPXHOCTU
YTJIEBOIOPOAOB UCIONB3YEM T'paHUYHbIE YCIOBHS, (POPMYITHUPOBAHHBIE BHIIIIE:

N1 B [2:f-e"-NY
' N-(1+Bi) 1+Bi 2-N? : (8)
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C2 - N2 . 9

JUist IpOBEpKU MOJEIU TEPMOKANWIIAPHOM KOHBEKLMU, BO3ZHUKAIOLICH HAa IOBEPXHOCTHU
YTIEBOIOPOAOB IMOJ BO3ACHCTBHEM TEIJIOBOIO W3JIYUYEHUs, MCIIOJIB3YIOTCS JaHHBIC, IOJIYy4YEHHBIE
B XOJI€ HATYypHOT'O SKCIIEPUMEHTA, IPOBOIUMOTO B KOHBEKTUBHOM Kamepe, n300pakeHHo# Ha puc. 1.

v

L L L Y Y

EN
W s,

E
|

|
X N N

NN
|
|
|
|
X

R —

o AN [

N

Puc. 1. Cxema 3kcnepuMeHTAIbLHON KOHBEKTHBHON KamMepbl

Ha ocHoBanme xameps! 1, mpeacTaBisIoONIyl0 COO0H TEKCTOJIMTOBYIO TUIACTHHY pa3MepaMu
180*180 MM | TONIIMHOW 8§ MM, HaKJIECHO OTPa)KJACHHE KOHBEKTHBHOM TOJIOCTH 2, BBITOJTHECHHOE
n3 crekia, TonmuHod 4 MM. Ilo LEeHTpy OCHOBaHUS HPOCBEPIEHO OTBEPCTHE, B KOTOPOM 4eEpe3
(bTOPOIIIIACTOBBIA CaTbHUK 5 3aKPEIUICH 3aIUTHBIA KEPaMUYSCKUN 4eX0NT 4 U3MEPHUTEIIbHON Meb-
KOHCTaHTaHOBOM Tepmonapsl 3. HukHMI KOHEI] KepaMHUYeCKOro 4exJia BBIBEIEH 3a Ipe/esbl
KOHBEKTHBHOW KaMepbl U CKpEIUIeH C MUKPOMETPHYECKHMM MEXaHHM3MOM, KOTOPBIH MO3BOJISET
repeMeniaTh YyBCTBUTENLHBIN ClIail  TEpMOMAaphl B BEPTUKAIILHOM HAIMPABICHUH ¢ TOYHOCTHIO 0,1 MM.
CBepxy Ha KOHBEKTHMBHOI Kamepe pa3MelleHa KpBIIIKa 6, BBHIMOJHEHHAS M3 JIMNCTAa KBaplEBOTO
cTekna TtonmuHOW 2 MM. IIpocTpaHcTBO A KOHBEKTMBHOM Kamepbl B XOJ€ IPOBEICHUS
JKCIIEPUMEHTa YaCTUYHO 3amoyiHANoCch H-AekaHoM CioHp. BwiGop H-IekaHa ansi mpoBeAeHUS
HaTYpHOIO OJKCIIEPUMEHTAa ObUI OOYCIIOBJIEH COUYETAaHHUEM OTHOCUTEIBHO HHU3KOTO 3HAu€HUs
KO3()pUIIMEHTA TOBEPXHOCTHOIO HATSHKEHHS 6,=23,9 MH/M 115 komdopTHO#t Temneparypsi £,=20 °C
Y JIOCTAaTOYHO BBICOKOH BEIIMYMHOU TeMIIepaTypHOro Kod(h(UIMEeHTa MTOBEPXHOCTHOTO HATSKCHHUS
A6=0,092 MH/(M-°C), 4TO IaeT BO3MOKHOCTH TEPMOKAIMIUIAPHBIM MEPEMEIIEHUAM JTOCTHIHYTh
JIOCTaTOYHO OOJIBLION MHTEHCUBHOCTH.

JlJig UMHUTAalUK pagualiiOHHOTO BO3JEHCTBHS MOXKapa UCIOIb30BaJICsl HCTOYHUK TETIOBOTO
nznydenus [10], cxema KoToporo u3o0paxeHa Ha puc. 2.
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Puc. 2. Cxema HCTOYHHKA TENJIOBOI0 H3JIy4eHHs

CpeMHas 4acTh TEIUIOM3IIY4YaTEJIbHOM TOJOBKM | M3rOTOBIEHA W3 HEPXKABEIOLIEH CTalH,
3aKperjieHa Ha KepaMHueCKOM OCHOBaHMM 5 M IpOrpeBaercs BOJIb(PpaMOBOW CHUpaAIbIO MpU
COECMHEHUH C NPOBOJHMKAMM 4 OT BHEIIHEr0 HCTOYHMKA TOKa. TemmepaTypa W3ilydaress
M3MepseTCs IPU MOMOIIN TepMOIaphl 3.

B kauecTBe KpuUTEpHsi COOTBETCTBHMSI MOJENIM TEPMOKANMWUIIPHONM KOHBEKLUHU PEATBHOU
¢u3znueckoil kapTuHe mpouecca  Ob1 MoauduuMpoBaH Oe3pasmepHblil kodpdunueHt K,
npennokeHHsld B [11, 12] B kauecTBe Mepbl HEYCTOMYMBOCTH:

K=1-1x
T

u
rne Ty, — abcomoTHas TeMIiepatrypa Hapy»XHOH MOBepXHOCTH; T, — aOcoiioTHas Temmeparypa
UCCIIEYEMOTrO CIIOSL.
Pe3ynbraThl 3KCTIEpUMEHTA MPEICTaBIEHBI Ha pHC. 3.

K
1.6

<5
Ook>0
e o BS

0 0.5 1.0 1.5 2.0)

d, MM

Puc. 3. 3aBucumocts napamerpa K ot TosmuHb1 nporpeBaemMoro cios d:
1— st T=973 K; 2 — nast T=873 K; 3 — naiss T=773 K; 4 — g h=673 K
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Pesynprarel sKCnepUMEHTa NOATBEPAWIM JOCTATOYHYHO aJCKBATHOCTh IPEJIOKEHHOU
MaTeMaTUYECKOW MOJECIIH B ONIMCAHUU NPOLECCa TEPMOKANWIIAPHON KOHBEKIIMH B IIPUTPAHUYHOM
CJI0€ IIPY PAIUALMOHHOM BO3JIEHCTBUM HA OTKPBITYIO IIOBEPXHOCTH YIJIEBOJLOPOIOB.
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AHAJIN3 CTATUCTUYECKUX JAHHBIX IPOUCIHIECTBUM,
CBSI3BAHHBIX C BOSTOPAHUEM BO3IYIIHOI'O CYJHA
OT PA3JIMTOI'O TOIIJIUBA B PE3YJBTATE ABAPUMHOM
MMOCAJIKU IO JAHHBIM MEKTOCYJIAPCTBEHHOI'O
ABHUAIIMOHHOI'O KOMUTETA 3A 2004-2020 rr.

A.A. BopoHuoBa, kanauaat Gu3nKo-MaTeMaTHIeCKUX HAYK;
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E.IO. YUepkacoB, KAaHAUIAT TEXHUYECKNX HAYK;

C.I'. UBaxHIOK, KAHAUIAT TEXHUYECKUX HAYK.
Cankr-IlerepOyprckmii yausepcurer I'TIC MUC Poccun

[IpuBeneHsl JaHHBIE CTAaTUCTHYECKOTO AaHAJIM3a ABHANPOMUCUIECTBHUM, CBS3aHHBIX C BO3TOpaHUEM
BO3YIIHOTO CYJIHA OT Pa3juTOTO B pe3yJibTaTe aBapUWHOM IOCaaku TOIUIMBa. JlaHHBIA THUN aBapui
MIPUBOJUT K THOENN MacCaKUpOB B pe3yJbTaTe BO3JACHCTBHS OmacHBIX (pakTopoB mokapa. PaccmoTpeHsl
nocneAcTBua  aBuanpoucmiectBuii 32 2004—2020 rT., CBA3aHHBIX C BO3TOPAaHUEM MACCAKUPCKUX
aBHAJIAHEPOB OT Pa3IUTOrO TOIJIMBA, [0 CTATUCTUYECKUM AaHHBIM MEXIoCcyqapcTBEHHOIO aBUALIMOHHOTO
KOMUTETA.

Kniouesvie crosa: aBuanponcuiecTBusl, NoxapHas 0€30MaCHOCTh, aBapUiiHas OCaIKa

[lenocTHOCTh TOCygapcTBa M €ro 3KOHOMHYECKOE pa3BUTHE C JIPEBHEHMIINX BpEMEH
OTIpEeACIISIINCh TPAHCIOPTHON HHPpacTpykTypoil. B Pumckoii mmnepun OIHUM M3 OCHOBHBIX
3aHSATUN JIETHOHOB SIBJISLIIOCH YCTPOMCTBO Jopor. B Poccuiickoit umnepun Oblia CIIPOCKTUPOBaHA
Y TIOCTPOEHA camasi JJTMHHAs jKeJie3Has Jopora B Mupe, Tpanccubupckas MarucTpaib — <«GKeJIe3HbIH
nosic Poccun». Kpome Toro, cyiiecTByer Teopusi, 4To M BO3HHUKIIA Poccust Ha «IyTH U3 Bapsr B IPEKW».

B coBpemMeHHBIX YCIOBHSX TpaHCHOPTHAs HHPPACTPYKTypa TrocyJapcTBa OMNpeesieT
KauecTBO (PYHKIIMOHUPOBAHUS BCEX OTpaciied JKOHOMUKHU. [3-3a OrpOMHOCTH TEPPUTOPHH
B €IMHOW TPaHCIIOPTHOM CTpyKType Poccun 3HauUMTEIbHOE MECTO 3aHUMAET I'Pa)<IaHCKasi aBUallMsl.
JlesATeIbHOCTh TPAKJAHCKOW aBHALIMM MOXHO PAa3[eiUTh HAa TPU OCHOBHBIX HAINPABIICHUS:
KOMMeEpUECKHEe BO3TyIIIHbIE IEPEBO3KHU, aBUAIMIO OOIIET0 Ha3HAUEHUS U aBHAllMOHHBIE PaOOTHI.

OCHOBHBIM NPEUMYILECTBOM BO3JYIIHOIO TPAHCIOpTa SBIAETCA CKOPOCTbH INPEOJOJICHUS
Oonbimux pacctosHui. C pa3BUTHEM HAyKU M TEXHHMKH pacTeT HaJeKHOCTh M 0€30MacHOCTh
BO3JYILIHBIX TMEPEBO30K, YBEIWYUBAIOTCS OSKCIUTyaTallUOHHBIE XapaKTEPUCTHUKU aBUATAHHEPOB
(1ampHOCTh, CKOPOCTH IOJIETA, T'PY30MOABEMHOCTb, MACCAKUPOBMECTUMOCTh M T.M.). C wLenbio
obecrieyeHnss OE30MACHOCTH COBEPIICHCTBYIOTCS TMPOLEAYPhl TEXHHUUYECKOTO OOCITyKUBaHUS
BO3/YUIHBIX CY/OB, JOCMOTpa MaccakupoB U Oaraxka u T.1. HecMoTpsl Ha mpuKIIaAbIBaeMble yCHUITHS,
€XKEroJHO IO BCEMY MHUPY MPOUCXOAAT AaABUALMOHHBIE MPOUCIIECTBUS, KOTOpPbIE MPUBOIAT
K YEeJOBEYECKHM >KEPTBaM M 3HAUUTEIBHOMY MaTepuaibHOMy yiiepOy. MakcuMaabHOE YHCIIO
MOTUOMUX W TPaBMUPOBAHHBIX (QHUKCUPYETCS MpH KaracTpodax MaCCaKUPCKUX CaMOJIETOB,
CJIEIOBATENIbHO, CYILIECTBYIOT M PEAIbHBIE PHUCKH, CBSA3aHHBIE C HJKCIUTyaTalMed aBUaJIallHEPOB,
JIaK€ YUUTHIBAs MEHBIINE TTOKA3aTeIM CMEPTHOCTH, M0 CPABHEHHIO C IPYTUMHU BHIAMH TPAHCIIOPTA
(>KeNIe3HOIOPOKHBIHN, ABTOMOOMITHHBIN, BOIHBIN ).

CornacHo CTaTUCTHKE, MPEACTABICHHON Ha OpHUIHATBHOM caiite denepanbHOTO areHTCTBa
BO3JIYIITHOTO TpaHcropTa [1], Macca’)kupomoTOK POCCHHCKUX aBHAKOMITAHUHN (MEXITyHApOIHbIE
u BHyTpeHHHE pelcel) 3a 2019 r. cocraBun 123 748 720 yenoBexk. B 2020 r., HecmoTps
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Ha BBEJICHHBIC B CBSI3U C PaCIPOCTPAHEHUEM KOPOHABUPYCHOM HH(EKIIUU OTPAaHUYUTENbHBIE MEPHI,
MACCAKUPOIIOTOK POCCHUICKUX aBHakoMnaHuii coctaBmwil 68 917 705 uyenoBek. OueBHUIHO, UTO
naHHas [udpa €XKeromHo OyIeT TOJIBKO YBEJIMYMBATHCS, CIIEIOBATEIbHO, OT HAIEKHOCTH
1 0e30MacHOCTH aBUAJAMHEPOB 3aBUCAT JKU3HH OTPOMHOTO KOJIMYECTBA TIOJEH MO BCEMY MHUDY,
COOTBETCTBEHHO, JAHHBIM acHeKTaM YJIEJSeTCs MEPBOCTEINEHHOE 3HAUEHUE B IIOMBITKE CBECTH
aBAPUMHOCTh K MHHHMAJIBHBIM IOKazarelsM. K coxkalleHWio, OOJBIIMHCTBO HOBOBBEICHHIA,
HaIlpaBJICHHBIX Ha IOBBIIIEHUE OE30MMaCHOCTH BO3AYIIHOTO TPAHCIOPTA, SBISETCS PE3yIbTaTOM
TIIATETLHOTO  pacCleIOBaHUs NPHYMH TMPOM3OMIEAINX aBwakatactpod. Ha Tteppuropun
Poccuiickoit ®exepanu  TOJHOMOYMST W OTBETCTBEHHOCTh B  O0JAcTH  pacciieIOBaHUS
aBUAIIMOHHBIX TpoucmiecTBuid (All) ¢ TpaxgaHCKUMH BO3AYIIHBIMA CYJaMH  BO3JIOXKEHBI
Ha MeXrocyaapcTBEHHBIN aBuarimoHHbIi komuteT (MAK) [2].

MAK paccieayeT Bce aBUAIIMOHHBIC MPOMCIIECTBUS C BO3IYIIHBIMU CyJaMH TOCYIapCTB-
ydacTHUKOB CornameHus O TpaXIaHCKOM aBHAallMM M 00 HCIONB30BAHUU BO3IYIIHOTO
npoctpanctBa [3] (CornamieHus) Kak Ha UX TEPPUTOPHUH, TaK U 3a €€ IpeJiesiaMi, a TAK)Ke B paMKax
OTJEIBbHBIX COIVIAIICHUM, 3aKIIOYEHHBIX C JAPYTMMM TOCyAapcTBaMmu. l'ocynapcrBa-y4aCTHUKH
Cornamenus o cocrossauio Ha 2021 r. — AzepOatipkanckas PecryOnuka, PecrryOnmka ApMeHus,
Pecny6nmka bemapych, Peciyonuka Kazaxcran, Keipreizckas Pecnyonuka, Pecrry6ianka Moimosa,
Poccuiickass ®enepanus, Pecriyonuka Tamxukucran, Typkmenucran, PecrnyOiauka Y30ekucras,
VYkpanna. B xoze mpoBEeIEHHBIX PACCICIOBAHUMN BBIABIISIOTCS W TIIATEIBLHO AHAIU3UPYIOTCS BCE
HEJIOCTAaTKW, KOTOPbIE€ TMPUBOASIT K AaBUAIMOHHBIM NPOHUCIIECTBUSIM, M B ordyere MAK
(hopMyIIUPYIOTCSI PEKOMEH/IAIMHK 110 MOBBIIICHUIO 0€30MacHOCTH I0JICTOB. JlaHHBIE PEeKOMEHIAlNH
00s13aTeIbHBI JIISI UCIIOJIHCHHS TaKUM TOCYJIApCTBEHHBIM CTPYKTypaM, Kak MuntpaHc Poccum,
PocaBuanus, PoctpancHanzop, cepTuGUIIMPYIOMNUM OpraHU3aIisaM, CIy>K0aM a’dporopToB U T.1.

CornacHo cratuctuke MAK [4] ¢ 2004 o 2020 r. Ha TEPPUTOPUHU TOCYAAPCTB-YIaCTHUKOB
Cornamenusi pou3onuio 759 aBHAIMOHHBIX MpouciiecTBui, okoyo 50 % (375) u3 KOTOPBIX
3aKOHYMJIMCH KaTacTpodoil. B pe3ynbraTe mpon3ome X aBuarrporucIiiecTBril moruoio 2197 gyenosek
(tabm. 1), eme Oojee 3HAYMTEIHHOMY YHCIY HAHECEH YPOH 370POBBIO, YaCTh M3 HHX OCTAIUCh
WHBAJTUIAMH.

Tabmuma 1. KoimuecTBo aBHAIMOHHBIX MPOUCIIECTBHIA,
Katactpod u nmorudmmx 3a nepuon 20042020 rr.

. ABHaIMoHHbIE
Kamennapusrit ABUAaIMOHHBIE
MIPOUCIIIECTBUS [Torepu
ol (B 1.9. KaracTpodsI) Karactpodu!
2004 37 15 109
2005 25 13 101
2006 33 17 465
2007 45 18 92
2008 40 21 231
2009 39 20 86
2010 43 20 66
2011 50 28 187
2012 53 31 127
2013 46 19 126
2014 48 26 80
2015 56 27 116
2016 63 28 74
2017 58 32 74
2018 58 25 164
2019 41 25 97
2020 46 23 51
Bcero 759 375 2197
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AHanu3 CTaTUCTHYECKHUX JAHHBIX [0 aBUALMOHHBIM MPOMCIISCTBUSAM IMOKAa3all, YTO OKOJIO
80 % kaTacTpod maccaKUPCKUX CAMOJICTOB ITPOUCXOTUT BO BpeMsl B3JeTa WM mocaaku. Hanbomee
pacnpocTpaHeHHBIMU TpUudruHaMK rubdenu mroaeit nmpu All sSBisiroTcs: Bo3IelHCTBUE SHEPTUU yaapa
0 3eMJII0 BO3IYIIHOTO CYyJIHA M JOCTHXKEHHWE KPUTHUECKUX 3HAUCHUM OMACHBIX (HaKTOPOB IMoxkKapa
B pe3yJibTaTe TOPEHUs, BOSHUKAIOUIETO MPU aBapUMHON MOCcaKe.

K coxamenuro, moiaHOTEKCTOBLIE oT4eThl 00 wucciegoBanuu AlIl MAK BoikiaabiBaeT
B o0mmii goctyn Toibko ¢ 2004 r. M3 ananu3a cratuctuku [4] cienyer, yto 3a mepuon ¢ 2004
mo 2020 r. corpymaukamu MAK wuccnenoBano 375 aBuarmoHHbIx Katactpod. [Ipumepro B 40 %
CllyyaeB Ha OOPTY BO3AYIIHBIX CYZOB BOSHUKAN MOXap (Talu. 2), B pe3yJabTaTe KOTOPOTrO BO3JICHCTBHE
OIMaCHBIX (PAKTOPOB MOXKapa MPETSITCTBOBAIIO CIIACEHHUIO JIFO/ICH | SBIISUIOCH TPUYUHON MX THOCTIH.

Tabmuia 2. KoaudecTBo mMokapoB U3 001€ro0 KOJHMYeCTBA ABHAKATACTPO(

Kanennapusiii | ABUanuoHHbBIE Konuuectso [Ipouent
roJ KaTacTpodsI 0XapoB oT KatacTpod, %

2004 15 5 33,3
2005 13 5 38,6
2006 17 7 41,18
2007 18 7 38,8
2008 21 9 42,8
2009 20 8 45
2010 20 8 40
2011 28 11 39,2
2012 31 12 38,7
2013 19 8 42,1
2014 26 10 38,5
2015 27 11 40,7
2016 28 11 39,3
2017 32 13 40,6
2018 25 10 40
2019 18 8 44 4
2020 17 6 35,3
Bcero 375 149 39,73

B otuetax MAK otcyrcTByeT pasBepHyTas HHpoOpMalnus O NOTMOIIMX C YKa3aHHEM
MPUYMHBI THOETHN MaccaxupoB. Hanmpumep, morudmumx oT BO3ASHCTBUS OMACHBIX (aKTOPOB MOXKapa
WIA OT TPaBM, HE COBMECTUMBIX C JKH3HBIO, IOJIyUEHHBIX IIPH aBapUMHON MOcajke, B pe3yJibTaTe
KOTOPOU BO3HMKJIO TOPEHUE U T.1.

Ilo pe3ynbraTtamM HCCiIEIOBaHUS OOCTOSTENBCTB ABHAKATACTPO( MOXKHO 3aKIHOUUTh, YTO
HanOOJIBIIYI0 ONAaCHOCTh MPEACTABISIET MOXKap, BOSHUKIIUKN MPH pa3pyLIeHUH TOIUTUBHBIX OAKOB
camoJieTa U CTpyHHOM HCTEUEHHM aBHALlMOHHOTO TOIUIMBA. BO3HHMKHOBEHHE TOpeHHsI B CHIIOBBIX
yCTaHOBKAX, MaCCAXUPCKOM, OaraxHOM, TEXHHYECKUX OTCEKax, B IIIACCH U T.JI. MEHEE OMACHBI, TaK
KaK JIaHHBIE MOXKapbl 00a1al0T MEHbIIEH TeMIepaTypoil TOPEHUsI U CKOPOCThIO PACIIPOCTPAaHEHHUS
TUTAMEHH, COOTBETCTBEHHO, Y TTACCAXKUPOB OCTAETCS OOJIbIIE BPEMEHH Ha SBaKYaIHIO.

B kadecTBe mnpumepa MOXKHO pPacCMOTpPETh Mokap, npousomenmuii 5 mas 2019 .
B MeXAyHapogHoM aspomopry «lllepemerbeBo» (puc. 1), Korma mnpu <OKECTKON» TOCaIKe
Bo3nymHoro cyaHa RRJ-95B croiiku mraccw mpoOuiM TOIIMBHBIE 0aKW M Ha 3€MJIIO TTPOJIUIIOCH
HECKOJIbKO TOHH aBHAIIMOHHOTO TOIIMBA. B pe3ynbpTaTe BO3HUKIIETO MoXkapa nmorud 41 maccaxup.
Bce noru6mme naccaxupbl yMepiu OT BO3ACHCTBUS ONMAcHBIX (PaKTOPOB MOKapA.

B maHHOM acnekTe MOXKHO YIIOMSIHYTh W I10Xap, MPOU3OLIECAIINN IPU aBapUMHON MTOCAaKe
BO3aynrHoro cyana A310 B asporopty Upkytcka 9 urosst 2006 r. (puc. 2), B pe3ysibTare KOTOPOro
nmoru6no 125 maccaxupoB, u3 HuX 120 — OT BO3IEHCTBUS OMAcHBIX ()AaKTOPOB MOXKapa, OIMH
MAaCCAKUP — OT YEPEenHO-MO3rOBOM TpaBMbl, OJMH MACCaAXUP — OT IMOJYYEHHBIX TpPaBM
Y 0’KOTOB, 3 YeJIOBeKa KaOMHHOTO IKUITaKa — OT OTPABJICHHS YTapHBbIM razoM [4].
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Puc. 1. Bua Bo3aymnoro cyana RRJ-95B RA-89098 nocJie AIl [4]

Puc. 2. Bua Bozgymnoro cynna A310 F-OGYP nocie AIl [4]

Ot aBuakaracTpodbl OOBEAMHSIOT HE TOJNBKO OONBIIME YEIOBEYECKHE IOTEPH,
HO U CX0XKHE€ OOCTOSITENILCTBA, BEI3BABIINE U YCYyTyOUBIIIHE Pa3BUTHE MOXKapa — TOPEHHUE PA3IUTOTO
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B pe3yJbTaTe «KECTKOW» MOCaIKH aBUAIMOHHOTO TOIUIMBA M HE BBIKIIOYCHHBIE TIOCIE OCTAaHOBKHU
camoJiéTa JIBUraTelly, HarHeTaloIMe B 30Hy TOPEHUs BO3AYX.

Jlns ompeseneHuss 4acTOTHOCTH MPOSIBICHHUS YKa3aHHBIX (DaKTOpPOB ObLIM 00pabOTaHBI
cratuctudyeckue nanueie MAK 3a 2004-2020 rr. u BeIOpaHbl COOBITHS, BO3HUKIIKNE B PE3YJIbTATE
ABUAIMOHHBIX TMPOMCIIECTBUH, CBS3aHHBIX C pa3jdMBOM M TMOCIEAYIOIIUM BO3TOpaHUEM
AaBUAIMOHHOTO TOIUIMBA Ha B3JIETHO-NOCAZOYHON mojoce. [lodyyeHHbIe TaHHBIE O YETOBEUYECKHUX
KepTBax NpeJCTaBIeHbI B Ta0. 3.

Tabmuua 3. KosimyecTBO MOru0IINX Naccas;kupoB B pe3yabTaTe MO:KAPOB, CBI3aHHBIX
¢ pasrepMeTH3anueil TOIVIMBHBIX 0aKOB PU aBapHitHOI Mocaake
(macca:kHpcKue caMoJIeThl ¢ KOJHYEeCTBOM MACCA;KHPOB Ha GopTy 6oJiee 10 ven.)

Ne | Homep BozaymHoro cynna | Komuuectso | Kommuectso | Ilotepn,
W JaTa MPONCIICCTBHS MMOTHOINX | MAcCaXUPOB %
" | L6 wapra 2005, 28 G
: I}(I)-GJI-IST‘:[,6PSI 2006 r. 28 148 o
| Sumomn 2008 il L
" | B2 mryens 20081, i S
C | Dot |3 134 2
" 20 mowno0tir. v S
prrwer 1w | w | 7
il ik I B
" | 2 mom 20107, 2 7 i
" | Snamooton " I

AHanmusupysi TIpUBEICHHBIE JaHHBIE, MOXHO CJelaTh BBIBOJ O TOM, YTO H3 JCCATH
MIPOU3OIIEIINX aBaApU B BOCBMH Cydasx noru6io oonee 53 % maccaxupon. M Tobko B aBapuu
¢ Boeing 737-800, nmpouszomenameit 1 centsiops 2018 r. B aspomopry 1. Coun, yaanoch crnacTu
KU3HU BCEX TACCAKUPOB B pe3ybTaTe OJATONMPHSTHBIX METEOYCIOBUN (IIPU IMOCAAKE el
MIPOJIMBHOM JIOXK/Ib), @ TAK)KE CJIAKCHHBIX JICHCTBHIA YKUTIAKa ¥ HA3EMHBIX CITYXkO.

Pe3ynbpTaThl CpaBHUTENHLHOTO CTATHCTUYCCKOTO aHAIM3a KOJUYECTBA YEJIOBEUECKUX KEPTB
NpH BCEX AaBHAIMOHHBIX MPOUCHIECTBHAX (TalON. 1) ¢ KOJIMYECTBOM YEIOBEYECKHX IKEPTB,
BBI3BAHHBIX BO3TOPAHHMEM MMACCAKUPCKUX aBHUANAWHEPOB OT Ppa3IUTOro TormkBa (Tabm. 3),
npencraBieHsl B Tabn. 4. K coxkaneHuto, B NPHUBENCHHONW CTAaTHCTUKE 3a CyXUMH LUppaMu
CTaTHCTUYECKOTO aHAJIN3a CTOST YEJIOBEUSCKHE KU3HU, KOTOPhIE MOKHO OBIJIO OBI CITACTH B CITydae
0oJiee COBEPIICHHOH CUCTEMBI 00ECIICUCHUS TT0KAPHOH 0€30TTaCHOCTH.

[Tpu majeHUn BO3AYIIHOTO CyJIHA C BBICOTHI Y TACCAKUPOB MPAKTHUECKH OTCYTCTBYET IIIAHC
COXpaHHUTh CBOI JKW3Hb. OJHAKO TMPH BO3HUKHOBEHWH ITOKapa Ha B3JICTHO-TIOCAJIOYHOM TIOJIOCEe
(3emJ1e) IIaHCHl HA BBDKMBAHUE MACCAKHUPOB U WICHOB DKHIAKA HATIPSMYIO 3aBUCST OT HAICKHOCTH
CHUCTEMBI OOECTICUCHHS TIOKAPHOW O€30MacHOCTH, BKIIIOYAOIICH B Ce0s: JCHCTBUS WICHOB DKUIIAKA,
00bEMHO-TJTAHUPOBOYHBIC PEIICHHS], BBHIMOJHEHHbIE HAa OOpPTy BO3AYIIHOTO CY/AHA, HAJIW4HEe, THII
Y IOCTYITHOCTh OTHETYIIAIIUX CPENICTB, HATMYME CUCTEM MPOTHUBOTIOXKAPHOH 3aIIUTHI U T.II.
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Tabnuna 4. Pe3yJbTaThl CPABHUTEIBHOI0 AHAJIN3A YeJIOBEYeCKHX KePTB B I'0/ibl, CB3aHHbBIX
¢ BO3ropaHueM pPa3jINTOro TOILUIMBA B pe3y/bTaTe aBapHiiHOI mocaaku

KonuuecTBo morudmmx naccaxxupon O0miee KOTUUECTBO
IIpouentHoe

B pe3yJbTaTe MOXapOB, CBI3aHHBIX | ITOTHOIINX MACCAKHUPOB
lox COOTHOLICHUE,

C BO3TOpaHUEM Pa3IUTOTO TOILINBA, B aBUAITMOHHBIX %

Yel. Karactpodax 3a ro, 4ei.

2005 28 101 28
2006 153 465 33
2008 64 231 28
2011 50 187 27
2012 33 127 26
2019 43 97 44

Taxke HE0O0XOAMMO COBEPLICHCTBOBaTb C TOYKHM 3pEHHUS MOXKapHOW O0e30macHOCTH
MaTepuasbl, NpPUMEHSEMble JUIsl OTAEJIKH CaJoHa [ACCAKUPCKUX AaBUAJTAMHEPOB B LEJAX
YMEHBIIEHUS TOKCUYHOCTH IPOJYKTOB TOpPEHUS M CKOPOCTU PACIPOCTPAHEHMs IIJIaMEHM.
Brlmeykasantable Mepbl OyayT clIoCOOCTBOBATh YBEIMUEHHUIO IAHCOB MTACCAXKUPOB HA CIIACEHUE.

Jluteparypa

1. Craructuueckue naHHbIe nepeBo3ku mnaccaxupoB. URL: https://favt.gov.ru/dejatelnost-
vozdushnye-perevozki-perevozki-passazhirov/ (nara ooparenus: 06.03.2021).

2. IlpaBuna paccienoBaHusl aBUALIMOHHBIX MIPOUCHIECTBUM U UHIIMJEHTOB C IPasKJIaHCKUMU
BO31ylIHBIMU cynaMmu B Poccuniickoit @enepannu: nocranosienue IIpasurenscrea Poc.@enepanun
ot 18 urons 1998 r. Ne 609. Jloctyn u3 nndopm.-npaBoBoro nmoptana «I'apanry.

3. Cornamienue o rpakKAaHCKOM aBUAIMKM U 00 MCIOJIb30BaHUHM BO3AYLIHOTO MPOCTPAHCTBA
ot 21 nmek. 1991 r. [Joctyn u3 uHGOPM.-TIpaBOBOTO MopTaja «l apaHT.

4. ba3a 1o paccreoBaHusAM aBHaIMOHHbIX Tpouciiectsrii. URL: https://mak-iac.org/rassledovaniya/
(mara obpamenus: 03.03.2021).
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CBEJIEHUSA Ob ABTOPAX

Baiirummes Ilamune BaiirmmmeBuy — maructpant CII6 yn-ta I'TIC MUC Poccun
(196105, Cankr-IletepOypr, MockoBckuii nip., 1. 149);

BopoHuoBa AHHa AHAaTOJIbeBHa — BeJ. Hayy. COTpP. OTA. MOX. O€30MacH. TpaHCIOPTa
Hayu.-uccnen. nH-Ta MepCIeKT. UCCiel]. U MHHOBAIl. TeXHOMI. B 00J1. O6e3omacH. xu3nenesT. CI16 yH-Ta
I'TIC MYC Poccuu (196105, Canxr-IletepOypr, Oktsa06pbckas HaO., 1. 35), kaH[. pu3.-MaT. HayK;

3r3una Hanesxxna BaagmmupoBna — maructpant CII6 yu-ta I'TIC MYC Poccunu (196105,
Cankr-IlerepOypr, MockoBckwuii mip., a. 149);

NBaxuiok Cepreii 'puroppeBny — 3am. Had. Hayu.-uccrien. MH-Ta MEPCIEKT. WCCIE.
Y MHHOBAIIl. TeXHOJ. B 0011. 6e3omacH. xu3neaest. CII6 yn-ta I'TIC MUC Poccuu (196105, Cankr-
[TerepOypr, OxTs6pbCcKas HAO., A. 35), KaH]I. TEXH. HAYK;

Ky3bmun AnatoJmii AnexkceeBud — j1011. kKad. pus.-TexH. ocHOB obecred. Mmox. 6e30nacH.
CII6 yn-ta I'TIC MUYC Poccuu (196105, Cankr-IlerepOypr, MockoBckuii mip., 1. 149), kana. ne.
HayK, J0IL.;

Ky3bmuna Tarbsina AnatosabeBHa — jgou. kad. Ham3op. near. CII6 yn-ta I'TIC MUC
Poccun (196105, Canxt-IletepOypr, MockoBckuii mp., A. 149), e-mail: kuzmina@igps.ru, Kaum.
neJ. HayK;

Jlabunckuii Anexkcanap FOpbeBuy — gou. kag. npuki. mat. 1 uHGopm. Texnoiu. CII6 yn-
ta ITIC MYC Poccun (196105, Cankrt-IlerepOypr, MockoBckuii mp., a. 149), e-mail:
labinskyi.a@igps.ru, Kana. TeXH. HayK, JOLL.;

IlepmsikoB AJlexceii AJieKCaHAPOBHY — 3aM. Hay. Kad. (u3.-TeXH. OCHOB oOecrey. MOoX.
6e3onacH. CII6 yn-ta I'TIC MYC Poccuu (196105, Cankr-IlerepOypr, MockoBckuii mp., 1. 149),
KaH]I. TIe/I. HAayK;

PomanoB Hukonaii HukosaeBnu — nou. kad. Gpus.-texH. ocHOB o0ecrey. mox. 6e30nacH.
CII6 yn-ta I'TIC MYC Poccuu (196105, Cankr-IletepOypr, MockoBckuii mp., 1. 149), kaHa. TexH.
HayK, J0IL.;

CanbHuxkoB Anapeii BaagummpoBuu — maructpant CII6 yn-ta I'TIC MYC Poccuu
(196105, Canxkr-IlerepOypr, MockoBckwii mip., 1. 149);

Ca¢una Jleiican CanaBaroua — maructpant CII6 yn-ta ['TIC MYC Poccun (196105,
Cankr-IlerepOypr, MockoBckwuii ip., a. 149);

CkoaraeB Cocian BiaagucaaBoBuY — CT. Hayd. COTP. OT[. AKCHEPT. OXK. U OpraHU3alUuU
MOJrOTOBKM 3KcrepToB Hayu.-Mccien. MH-Ta MEpPCHeKT. Hcciel. M MHHOBAll. TEXHOI. B 0O0I.
6esonacH. xusnenesaT. CII6 yn-ta I'TIC MUC Poccuu (196105, Canxr-IlerepOypr, OxTsi0psckas
Ha0., 1. 35);

Yepraco EBrennii FOpbeBuu — ct. Hayd. COTp. OT/A. MOX. Oe30mMacH. TpancnopTa Haywy.-
UCCIIe/l. MH-Ta MEPCIEeKT. UCCIeA. ¥ MHHOBAIl. TeXHOJ. B 00i. OGe3omacH. xuszHenesr. CII6 yH-Ta
I'TIC MUC Poccuu (196105, Cankt-IlerepOypr, Oxtsi6psckas HaO., a. 35), KaH]I. TEXH. HAYK;

Jabrykaes Hlamuap AamxanoBuy — maructpanT CII6 yu-ta I'TIC MUC Poccun (196105,
Cankr-IlerepOypr, MockoBckuii np., a. 149).
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NHOOPMAIINOHHASA CITPABKA

Crapeiitiee yuyeOHOE 3aBelleHHE MOXKapHO-TeXHHYeckoro mnpoduis Poccum obOpazoBaHo
18 oxTs6ps 1906 r., korna Ha ocHoBaHuM perieHust ['opoackoit Aymer Cankr-IletepOypra Obuim
OTKpBITBI Kypchl mNOKapHbIX TEeXHUKOB. Hapsay ¢ NOATOTOBKOM IOKapHBIX CIIELHAIUCTOB,
y4eOHOMY 3aBEJICHUIO BMEHSJIOCHh B OOS3aHHOCTh 3aHUMAThCS OOOOIICHHEM M CUCTeMAaTH3allhe
MO’KapPHO-TEXHUYECKUX 3HAHHH, 0OpMIIEHMEM MX B OT/EJNbHbIE y4eOHble TUCLMIUIMHBL VMIMEHHO
3/1eCh ObUTM CO3JIaHbl MEPBbIE OTEUECTBEHHbIC YUEOHHKH, [0 KOTOPHIM 0OydYalHuCh BCE MOXKapHBIE
CHEIMAJIUCThI CTPAHBI.

VY4eOHbIM 3aBe/IeHUEM 332 BEKOBYIO HCTOPHIO MOArOTOBIEHO Oosiee 40 ThIC. CIELUAINCTOB,
KOTOpBIX BCErja OTIMYAJIU HE TOJIbKO BBICOKHE MPO(ecCHOHAIbHbIE 3HaHUs, HO U OecrpeenbHas
MPEJaHHOCTh NMPO(EecCHuH MOXKAPHOIO M BEPHOCTH npucsare. CBUAETENBCTBO TOMY — LENbIA psij
COTPYJIHUKOB U BBITYCKHUKOB BY3a, HAarpa)KACHHBIX BBICIIMMH HarpajamH CTpPaHbl, CPEAM HHX:
kaBasiepsl I'eoprueBckux kpectoB, uetbipe I'epos Coserckoro Coroza u I'epoit Poccun. [lanexo
HE CllyyaeH TOT (haKT, 4TO Cpeiu PyKOBOJAIIETO COCTaBa M0OKAPHOW OXpaHbl CTpaHbl BCerja ObLIO
MHOT'O BBIITyCKHHKOB y4€OHOTO 3aBe/ICHUS.

Ceromnas (enepanpbHOE TOCYZapCTBEHHOE OIOKETHOE OOpa30BaTENIbHOE YUPEKICHUE
BeIciIero oopasoBanusi «CaHkt-IletepOyprekuii yHuBepcureT ['ocynapcTBEHHOW HPOTHBONOKApHOM
cayx0bl  MunucrepctBa Poccuiickoit  @enepanuu 10 JenaM  TpakJaHCKOH  0OOpPOHBI,
Ype3BbIYANHBIM CUTYALMSIM M JIMKBUJALMU MOCIEACTBUN CTUXUMHBIX O€ICTBUID — COBPEMEHHBIH
Hay4yHO-00pa30BaTeIbHbI KOMIUIEKC, MHTETPUPOBAHHBIH B POCCHIICKOE W MHPOBOE HAy4HO-
00pa3oBaTeNbHOE MPOCTPAHCTBO. Y HUBEPCUTET MO pa3HbIM (opmaM oOyueHHs] — OUHOU, 3a0UHOU
1 320YHOM C NPUMEHEHUEM JTUCTAaHLIMOHHBIX TEXHOJIOTUHM — OCYHIECTBIISIET 00y4eHHe 110 25 nmporpaMmam
CPEIHEro, BBICHIET0 OOpa30BaHUs, a TAKKE MOATOTOBKY CIELHUATUCTOB BBICHICH KBaIH(pHUKAIMU:
JIOKTOPAHTOB, aJbIOHKTOB, aCIUPAHTOB, 4 TAKXKE OCYILIECTBIAET MEPEHNOATOTOBKY U IOBBIIICHUE
KBanuukauu cnenuanucton 6osaee 30 kateropuii corpyaaukos MUC Poccuu.

HavaneHuk yHuBepcuTeTa — TreHepai-JeHTeHaHT BHYTPEHHEW CIyKObl, KaHIUIaT
TEXHUUYECKUX HAyK, JoLeHT ['aBkamok borgan Bacuibesuu.

OCHOBHBIM ~ HampaBJICHUEM  JESITEIbHOCTH  YHUBEPCUTETa  SBISETCS  IMOJATOTOBKA
CHELMAINCTOB B paMKax crnenuanbHoctu «IlokapHas 6e3onacHOCTh». Bmecte ¢ TeMm, opranu3oBana
MOArOTOBKA M MO JPYIMM CHEeHHaIbHOCTSM, BocTpeOoBaHHBIM B cucreme MUC Poccun. Ot0
CHELMANTUCTBl B 00JAaCTH CUCTEMHOIO aHajlu3a M YIPABICHMSA, 3aKOHOJATEILHOIO OOecredeHus
U TpaBoOBOro peryiaupoBanus aesteabHocth MUC Poccuu, ncuxosiorun pucka M 4pe3BbIYAHBIX
CUTyallMi, 3KOHOMHYecKoW Oe3omacHocT B mnojapasfeneHusix MUC Poccum, mnoxapHo-
TEXHUYECKON OSKCHepTu3bl U J03HaHuA. [lo HMHHOBAaIMOHHBIM MpPOrpaMMaM IOATOTOBKH
OCYILIECTBIIsIETCSI OOyueHHe CHEeMaIMCTOB M0 crenuaau3anusiM «PyKoBOJCTBO MNpoBeqeHHEM
cracaTeNbHBIX ornepanuii ocoboro pucka» u «lIpoBeneHne upe3BblUAHBIX TyMaHUTapHBIX
omepanuil» €O 3HAHUEM HWHOCTPAHHBIX S3BIKOB, a TakK€ IOJArOTOBKA CHELUUAINCTOB MJIs
BOCHHU3UPOBAHHBIX TOPHOCIIACATENBHBIX YACTEN IO CHEUANbHOCTH «['OpHOE 1emI0».

[IIupoTa Hay4YHBIX HMHTEPECOB, BBICOKHH NpoQeccHOoHaIM3M, OONBLIION ONBIT HAy4YHO-
MeJarornyeckoil JesTeNIbHOCTH, BJaJIeHHE COBPEMEHHBIMU METOJaMH Hay4HBIX HCCIIEOBaHHM
MO3BOJISIIOT KOJUIEKTUBY YHHMBEPCHUTETa IIPEYMHOKaTh HAy4HbII W HAy4HO-TEJAarorM4ecKui
MOTEeHIIMaJ By3a, o0ecreunBaTh HEMPEPHIBHOCTh U MIPEEMCTBEHHOCTh 00Pa30BaTEeIbHOrO Mpoliecca.
CerofHa B yHMBEpPCHTETE CBOU 3HAHMS M OIPOMHBIM OMBIT MEpeNaroT: 7/ 3aciIyKeHHBIX AedTenel
Hayku Poccuiickoit ®eneparuu, 11 3acimyxkeHHbIX paOOTHUKOB BbIcIIeH MIKosbl Poccuiickoit
@enepanun, 3 3aciaykeHHbIX opucta Poccuiickoit @enepainuu, 3aciyKeHHbIE H300peTaTesn
Poccuiickoit ®enepanmn 1 CCCP. TloAroToBKy CHENHAINCTOB BBICOKOW KBaTH(UKAIIIH
B HACTOsIIEe BPEMs OCYLIECTBISIOT 56 JOKTOPOB HaykK, 277 KaHIUIATOB Hayk, 58 mpodeccopos,
158 noueHToB, 12 akaieMHMKOB OTpacieBBIX AKAAEMHH, 8 UIEHOB-KOPPECIIOHIEHTOB OTPACIEBBIX
aKazeMHi, 5 CTapIIMX Hay4YHBIX COTPYIHHUKOB, 6 TOYETHBIX paOOTHUKOB BBICIIETO MPO(ECCHOHATEHOTO
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obpaszoBanus Poccuiickoii Denepanmu, | moueTHbIi paOOTHUK HAyKH M TEXHHKH Poccuiickoi
®epnepannu, 2 moyeTHbIX pagucTta Poccuiickoit @enepanuu.

B cocrase yHuBepcurera:

— 32 xadenpsr;

— MHcTtutyT 6€301acHOCTH JKU3HENEATEIbHOCTH;

— MIHCTUTYT 320YHOTO U AUCTAHLIIMOHHOTO OOYyYEHNUS;

— VHCTUTYT HPaBCTBEHHO-NIATPUOTUYECKOTO U AICTETUYECKOTO PA3BUTHS;

— WUHctutyT npodeccuoHanbHOM MOATOTOBKY;

— MHCcTuTyT pa3BuTus;

— HayuHo-uccrnenoBarenbCkuii  MHCTUTYT TMEPCIEKTHBHBIX HCCIEAOBAaHUNA M MHHOBALIMOHHBIX
TEXHOJIOTHH B 00J1aCTH OC30IaCHOCTH JKU3HEACATEIILHOCTH;

— JlampHEBOCTOUHAS MOKapHO-criacaTenbHas akagemus — ¢punuan yausepcuteta (IBIICA);

— IATh (PaKyJIbTETOB: (PAKYJIbTET UHKEHEPHO-TEXHUUECKUH, (PaKyJIbTET SKOHOMUKY U MpaBa,
(akynbTeT MOATOTOBKM KaapoB BhICHICH KBanupukanuu; (akyIbTeT MOKapHOU Oe30macHOCTH
(monmpaznenenue JIBIICA); dakynbreT MOMOJHUTEIBRHOTO MPOQPECCHOHAIBHOTO 00pa3oBaHUS
(mogpaznenenue [IBIICA).

WuctutyT  0€30macHOCTH  JKU3HENEATENBHOCTH  OCYLIECTBIIET  00pa30BaTEIbHYIO
JESATeNIbHOCTh MO0 MpOrpaMMaM BBICHIETO OOpa3oBaHUs MO JOTOBOpaM OO0 OKa3aHWH IUIATHBIX
0o0pa30BaTeNbHbIX YCIYT.

[TpuopuTteTHBIM HampaBieHueM B pabote MHCTUTYTa 3204HOTO U AUCTAHIIMOHHOTO 00y4eHUs
SIBJIIETCSI MOATOTOBKA KaJpOB HAYalbCTBYIOLIEIO COCTaBa JJI 3aMELIEHUS COOTBETCTBYIOLIUX
noJpkHocTel B noapasaenenusax MUYC Poccun.

WHCTUTYT pasBUTHUS peanu3yeT JOINOJIHUTENbHbIE MPO(EeCcCHOHAIbHBIE MPOrpPaMMbl
M0 TOBBIIICHUIO KBaTU(UKAIMK ¥ TPO(HECCHOHATHHON MEePernoAroTOBKE B PAMKaX BBIMOTHEHUS
rocyaapcTBeHHoro 3akaza MUC Poccun 17151 COBEpLIEHCTBOBAHUS M Pa3BUTHS CUCTEMBI KaJpOBOTO
o0ecrieyeHus, a TaKXKe Ha JJOTOBOPHOIM OCHOBE.

HayuHo-uccnenoBaTenbCKuil MHCTUTYT NEPCIEKTUBHBIX MCCIIEJOBAHUM M MHHOBALIMOHHBIX
TEXHOJOTHM B o0nacTu OE30MacHOCTH KU3HEAEATEIbHOCTH OCYLIECTBIIECT pean3alluio
roCy/1apCTBEHHOW HAyYHO-TEXHUUYECKON MOJIUTUKH, U3YYEHHE U PELICHUE HAYYHO-TEXHUYECKUX
npo6sieM, nH(HOPMALIMOHHOTO U METOIUYECKOT0 00ecieueHus: B 00J1aCTH MOKapHOH 0€30MacCHOCTH.
OcHoBHBIC HampaBiieHus: JaearenbHocTd HUWM: opranmszanmmoHHoe W HayYHO-METOIUYECKOE
PYKOBOJCTBO CyA€OHO-IKCIIEPTHBIMU YUPEKIACHUSIMH (DelepabHOM MPOTUBOMOXKAPHON CITY>KOBI
MUC Poccuu; ceprudukanuss TPOAYKIMH B OOJACTH MOXKApHOW OE30MaCHOCTH; TPOBEICHHE
WCIBITAaHUN U pa3paboTka HAyYHO-TEXHUYECKOM MPOAYKLIUU B 00JACTH MOXKApHON 0€30MacHOCTH;
IIPOBEJICHUE PACUYETOB IOKAPHOI'O PHUCKA M pacyeTOB JAMHAMUKHM I0Kapa C MCIIOJIb30BAaHUEM
KOMITBIOTEPHBIX MTPOTpamMM.

@axkynpTeT  MH)KEHEPHO-TEXHUYECKUH  OCYIIECTBISET  MOATOTOBKY  CIIELIMAIMCTOB
mo crneuuanbHocTsM:  «[lokaphass Oe3omacHocTh»  (cmeumanuzamuu:  «lloxkaporymienuey,
«l'ocymapCTBEHHBIN MOXKapHBIA HAI30p», «PyKOBOJICTBO NPOBEAEHUEM CIIACATENIBHBIX OIlEpalui
ocoboro pucka», «lIpoBeneHne upe3BbIUAWHBIX TyYMaHUTapHBIX omepanuit»), «CynebHas
9KCIIEPTH3a», 10 HAIpPaBJIECHUAM MOATOTOBKM: «CHCTEMHBIM aHalu3 U  YIpaBJICHUEY,
«TexHochepHast 6€30MaCHOCTDY.

@axkynpTeT OKOHOMHUKM W  IIpaBa  OCYIIECTBISET  MOATOTOBKY  CIIELMAIMCTOB
no crneuuanbHocTsAM: «IIpaBoBoe oOecreueHne HalMOHANBHOM Oe3omacHocThY, «lloxkapHas
6e3omacHoCTh» (crenmanuzanus «llokapHas 0e30MacHOCTh OOBEKTOB MHHEPAITBbHO-CHIPHEBOTO
koMIuiekcay), «CyzneOHas skcneptusa», «l'OpHOe [eno» W MO HampaBiICHHUSIM IOATOTOBKH
«TexnocdepHast 6e30macHOCTH U « CHCTEMHBIN aHAJIN3 U YIIPABICHHUE).

@dakynpTeT MOATOTOBKH KaJApOB BBICIICH KBadHU(pUKAUK OCYIIECTBISET TMOATOTOBKY
JOKTOPAHTOB, aTbIOHKTOB, ACIIMPAHTOB M0 OYHOW U 320YHOM popmMaM 00yUYeHHUS.

YHuBepcUTEeT MMEET MpeICTaBUTENbCTBA B ropojax: Beibopr (JIeHunrpaackas o6nacth),
Boiterpa, l'opsumii Kmiou (KpacHomapckuit kpait), Mypmanck, IlerposaBonck, Ilsturopck,
Cesacromnoinb, CtpesxeBoii, ChIKTBIBKap, TroMeHb, Y (a; mpeacTaBUTEIbcTBa YHUBEPCUTETA 33 PYOSKOM:
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Anmva-ATta (Pecrrybnmka Kazaxcran), baky (AsepOaiimkanckas Pecrybnmka), bap (Yepnoropwus),
r. Hum (Cep6ust).

OOmiee KOMMYECTBO OOYYAIONIMXCS B YHUBEPCHUTETE 110 BCEM CIIEIHAIBHOCTSIM,
HampaBJICHUSIM TOATOTOBKH, CpelHeMy o0mieMy oOpa3oBaHuio cocTtaBiseT 7 057 uenoBexk.
Exxeronnslii Boimtyck coctanisieT 6osee 1 100 ciennanucTos.

B yHuBepcurere AeMCTBYET J[Ba JUCCEPTALMOHHBIX COBETA IO 3alIUTE JUCCEepTalUild
Ha COMCKaHHE YUYEHOH CTENeHH JOKTOpa U KaH/Iu/1aTa HayK 110 TEXHUYECKUM 1 S KOHOMUYECKUM HayKaM.

EsxeronHo yYHHMBEpPCUTET MPOBOAUT HAYUYHO-TIPAKTUYECKHE KOH(PEPEHIUH Pa3IUYHOTO
ypoBHs: Becepoccuiickyto HayuyHO-TIpakTH4YeCKy10 KoHpepenuio «CepBuc 6e3omacHoctu B Poccuu:
OIBIT, MPOOJIEMBl M MEPCHEKTHBB, MEXIyHAPOJHYI0 HAyYHO-NIPAKTHYECKYI0 KOH(EpeHLHIo
«IloaroToBka KagpoB B cUCTEME MPENyNpexACHUS U JMKBUIALUMU MOCIEACTBUIA 4Ype3BbIUaHBIX
cutyauuii». CosmectHo ¢ CeBepo-3anagueiM otaeneHueM Hayunoro Cosera PAH mo ropenuro
u B3pbIBY, Poccuiickoil akanemueill pakeTHbIX U aptuiuiepuiickux Hayk (PAPAH), banruiickum
rOCyJapCTBEHHbIM TexHH4YeckuM yHuBepcuretoM «BOEHMEX» um. [1.®. YcrunoBa u Poccuiickoit
cekuuer MexXIyHapoJIHOTO UWHCTUTyTa TOpeHHs Ha 0a3ze yHHBEpCUTETa IPOBOJUTCS
MexnyHapo/iHasi Hay4qHO-TIpakTHueckass KoHdpepeHims «KomruiekcHas 6e30macHOCTh U (pHu3ndecKast
3amuTay. Takke YHHMBEPCUTET MPUHMMAET AKTUBHOE y4YacTUE B OpraHU3alud U IPOBEICHUU
Bcepoccwuiickoro ¢popyma MUC Poccun 1 o61iecTBeHHBIX opranu3anuii «O01ecTBo 3a 6€301aCHOCTb.

YHUBEpCUTET €KEroJHO IPUHUMAET y4yacTue B BbICTaBKax, opranuzoBaHHbix MUC Poccuu
U JpYyTUMH BEIOMCTBaMHU U OpraHU3alMsIMU. TpaguLMOHHO OOJIBIIMM HHTEPECOM IMOJb3yeTCs
BBICTAaBOYHAs SKCIO3ULMS YHUBEpPCHTETa Ha MeXAyHapOJHOM CalloOHE CpEACTB OOecredyeHus
6e3onacHoctu «KommiekcHas Ge3omacHOCThY, [leTepOyprckoM MexyHapoJHOM 3KOHOMHYECKOM
bopyme, MexayHnapoaHoM ¢popyme « ApKTHKA: HACTOsALIEe U Oy Ty1ieey.

MexnyHapoiHas J€ATEIbHOCTh By3a HalpaBl€Ha HA BCECTOPOHHIO HHTErPALUIO
YHUBEpCUTETa B MEXJAyHapoAHOe 00pa3oBareiabHOE MNpOCTpaHCTBO. Ha ceronHsmHuii MOMEHT
YHHMBEpPCHUTET UMeeT 18 neliCTBYIOMUX COTIallieHUH O COTPYAHUYECTBE C 3apyOEKHBIMU yUEOHBIMU
3aBE/ICHUSMU U OpPraHMU3alMsIMM, CPEIM KOTOPBIX LIEHTPHI MOATOTOBKH IOXKAPHBIX U cracareieu
I'epmannn, KHP, ®pannyu, Ounistoauu.

B yHuBepcurere 00y4aroTCsl HHOCTPAaHHBIE KypCaHThl HM3 4YHCIA COTPYAHHMKOB
lNocynapctBenHoi mporuBonoxapHoi ciyk0p1 MYUC Keipresckoit Pecnybnmukun u Komwutera
mo ype3BeruaiiHeiM cutyanusm MBJI Pecnybnuku Kaszaxctan B mpenenax KBOT HAa OCHOBAHHH
MEKIIPAaBUTEIBbCTBEHHBIX CoralleHnii u nocraHoieHus [IpaBurensctBa Poccuiickoit denepanuun
ot 7 nekadps 1996 r. Ne 1448 «O moaroroBke Jul] O(HIIEPCKOr0 COCTaBa M CIICHHMAIMCTOB IS
MIPAaBOOXPAHUTENIbHBIX OPraHOB M TaMOXEHHBIX CIIy’)k0 rocyaapctB — ywactHukoB CHI
B 00pa3oBaTeNbHBIX YUYPEIKACHHUSIX BBICIIETO MPOoQecCHOHATBHOTO oOpa3zoBanus Poccwuiickoii
Oenepann». B Hacrosimiee BpemMss B yHHBEpCUTETE NpoXoAsaT oOyudeHue 30 COTpyTHUKOB
Komurtera no upespbruaitibiv cutyanusm MBJL Pecniy6nuku Kazaxcran u 15 corpyaaukos MUC
Ksiprezckoit PecrryOnukm.

B cooTBeTcTBUM C IBYCTOPOHHMMH COTJIAIICHUSIMA Y HUBEPCUTET OCYIIECTBIISIET O0yUYeHHE
M0 MpOorpaMMaM MOBBIIICHHUS KBanu(ukauu. PerynspHo mpoxoast oOydeHHEe B YHHUBEPCUTETE
cnenuanuctel Poccuiicko-CepOCKOro rymMaHMTapHOTO IIEHTpa, PocCCHIICKO-apMSHCKOrO LEHTpa
TYMaHUTapHOTO pearupoBaHusi, MexIyHapOaHOW OpraHU3allud TpaxaaHckoit oooponsl (MOI'0O),
Munuctepctea Hedptu Hcmamckorr PecnyOnmku  Hpan, ToXapHO-CHacaTenbHBIX — CITYXKO
Ounnsaanu, Tynuca, Pecrryomuku Kopest u npyrux ctpaH.

[IpenogaBaTenu, KypcaHTbl U CTYACHTHl YHUBEPCUTETAa MMEIOT BO3MOYKHOCTH IPOXOAUTH
CTaXXHPOBKY 3a pyOe:koM. 3a TOCIIeIHeE BPeMsl CTAKUPOBKH IS TPOGECCOPCKO-TIPETIOIaBATENbCKOTO
cocTaBa M 00y4arONIMXCsl B YHUBEpCUTETE ObUTH opraHu3oBanbl B [ epmanun, Cepoun, OuHIAHINN,
HIsenumn.

B yHuBepcuTeTe MMEIOTCS BO3MOYKHOCTU JIJISl MOBBIIIEHUS YPOBHS 3HAHUS AHIJIMMCKOIO
si3bIka. OpraHn30BaHO OOyYeHHE IO MPOrpaMMe JOMOIHUTEIBHOTO MPOGECCHOHALHOTO 00pa3oBaHus
«IlepeBoguuk B chepe mpodeccHoHaTPHON KOMMYHHMKAIMW CTYACHTOB, KypCaHTOB, aIbIOHKTOB
U COTPYIHUKOB.
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KomnbloTepHblii  mapk  yHUBepcuTeTa coctaBiser ©Oonee 1200 egunun.  [ng
nH(pOpPMALMOHHOTO obecreyeHus: 00pa30BaTEIbHON JEATENBHOCTH (PYHKIIMOHUPYET eAuHAs
JOKaJbHAA CETh C JIOCTYNIOM B OJIIEKTPOHHYIO HH(POPMAIMOHHO-00Pa30BaTEIbHYIO CpEIy
YHHUBEPCUTETa, CIPaBOYHO-TIpaBoByI0 cuctemy «Koucynprantllmtoc», cuctemy «AHTHUILIArAAT.
KomnbroTepHble Kitacchl MO3BOJISAIOT OOywaromumcst pabotatb B ceTd MHTEpHET, ¢ MOMOIIbIO
KOTOpO# 00ecTeunBaeTcsi BEIXO/ Ha POCCUHCKHE U MEXIyHAPOAHbIE HH(POPMAIIMOHHBIE CAUTHI, YTO
MO3BOJISICT 3HAYUTEIHFHO PACIIUPUTH BO3MOXXHOCTH Y4eOHOTO, yueOHO-METOIUIECKOT0 M HAy4IHO-
METOJIMYECKOTO MpoIiecca.

Hapacraromass cioXHOCTb M KOMIUIEKCHOCTh COBPEMEHHBIX 3aJad 3aMETHO MOBBIIIAIOT
TpeOOBaHUS K OpraHu3aluuu oOpa3oBarenbHOro mnporecca. CerogHss yHMBEPCHTET peau3yer
IIPOrpaMMbl O0OYUYEHHS C IPUMEHEHUEM TEXHOJIOIMM TUCTAHIIMOHHOTO 00YYEeHHUS.

bubnuoreka yHUBEpCUTETa COOTBETCTBYET BCEM COBPEMEHHBIM TpeOoBaHUAM. DOHIbI
OubnmoTekn yHUBepcuTeTa cocTaBisaioT Oosee 350 700 3K3eMIUIIPOB JUTEPATYpPhl IO BCEM
oTpaciasiM 3HaHui. OHM UMEIOT HHPOpPMAILMOHHOE obOecreueHue U OOBEAMHEHBl B EIUHYIO
JIOKaJIbHYIO CeTh. Bce mporecchl aBTOMATH3WPOBAHBL. Y CTaHOBJIEHA OMOIMOTEYHAs Iporpamma
«Hpbucy. B 6ubnuoreke OCylIeCTBISETCS 3JIEKTPOHHAs KHHUIOBbIada. DTO JaeT BO3MOXKHOCTb
B KpaT4allllie CPOKH JI0BECTU KHUTY /10 TIOJIb30BATEII.

YuranbHele 3anbl (0OmMHA M npodeccopckuii) OMOIMOTEKH OCHAIIEHbl KOMIBIOTEpAMHU
¢ BeixogoMm B HMutepner, Uurpaner, HI[YKC wu nokampayto cerp yHuBepcutera. Co3mana
1 QYHKLIHMOHUPYET DJEKTpOHHas OMOJIMOTEKa, OHAa WMHTETPUPOBAaHA C DJIEKTPOHHBIM KAaTaJOTrOM.
B cetn Hutpaner pabortaer ExmnHasi BemomcTBeHHast snekTponHas Oubnmoreka MYC Poccun,
00bequusromas ononunorexku cucremsl MUC Poccun.

B Dnexrponnoit 6ubmmoteke onmdpoBano 2/3 yuedbnoro u HaydHoro (GoumoB. K anexkTponHOM
O6ubaMoTeKe MOIKIOYeHbI: JalbHeBOCTOUHBIN (punan 1 OuOnmoTeka ApKTHYECKOTO CIacaTesIbHOTO
yueOHo-HayuHoro nueHrpa «Boiterpa». Wmeercas noctyn k  Ilpesupentckoit  OGubinmoreke
uMm. b.H. Enbuuna. 3akmodenst goroBopel ¢ OBC IPRbooks u OBC «Jlanp» Ha mosib30BaHHE
Y IPOCMOTP Yy4eOHOU M HayYHOU JIUTEpaTyphl B 31eKTpoHHOM Buje. meercs 8 000 Touek gocTyna.

B ¢onmax Oubnuorexknm HacuuThiBaeTcs Ooznee 150 SK3EeMIUISIpOB pEAKUX U IICHHBIX
n3nanuid. bubnmoreka pacmonaraer OorateiM (DOHIOM MEPUONUYECKUX W3JaHUH, UX YHCIIO
coctapisger 8 121 sx3emrmisaip. Ha 2019 r., B cooTBeTcTBUU ¢ TpeOOBaHHAMHU (enepanbHOro
rOCyJJapCTBEHHOTO 00pa30BaTEeLHOIO CTaHIApTa, BhIMUCaHO 80 HAMMEHOBAHUH KYPHAJIOB U Ta3er.
Bce mocrtynaromue nepuoanyeckde H3AaHHSI PaclUCHIBAIOTCS OubnuorpadomM B 3IIEKTPOHHBIX
Karajorax M KaproTrekax. M3naHus nepumoauueckol medaTd aKTUBHO MCIOJB3YIOTCS YHUTATENSMU
B yueOHOH U Hay4YHO-UCCIIEJJOBATEIbCKON nedrenbHocTH. Ha 6a3ze OubnnoTeku co3paHa
npodeccopcekast 6udmoTeka u npodeccopckuii Kiryd By3a.

[Tonurpaduueckuif IEHTp YHHUBEPCUTETa OCHAIIEH COBPEMEHHBIM THIOTrpadCKUM
00Opy/0BaHHEM [UIsl TOJHOLIBETHOM N€YaTH, IMO3BOJISIOIIMM OOECIEeUnMBaTh HE TOJIBKO 3aKasbl
Ha MEeYaTHYIO0 MPOAYKIMIO YHUBEPCUTETA, HO U €IMHBIN TUIaH U3rOTOBJICHUS MEYaTHOW MPOAYKIIMH
MUC Poccun. YHUBEpCHUTET H3IAeT 8 HAYYHBIX J>KYPHAIOB, MyOJUKYIOTCS MaTepuaibl psaa
MEXAYHApPOAHBIX U BCEPOCCUHUCKUX HAy4YHBIX MEpONPUATUH, COOPHUKM HAYUHBIX TPYAOB
poQeccOopPCKO-TIPETIOIaBaTEIbCKOTO COCTaBa YHUBEPCHUTETA. V31aHNs YHUBEPCUTETa COOTBETCTBYIOT
TpeOOBaHUSAM 3aKoHOjAaTenbcTBa Poccuiickoit ®Denepani M BKIIOYEHBI B JJIEKTPOHHYIO 0azy
HayuHoil nanekTpoHHON OuOMMOTEKM Mg ompenenaeHus Poccuiickoro HHAEKCa Hay4dHOIO
[IUTUPOBAHUS, a TaKKe UMEIOT MexayHapoaubiii mHAeke (ISSN). HayuHo-aHamuTHYeCKHiA KypHa
«IIpobnembl ympaBiieHUs] pUcKamMH B TexHochepe» M 3IeKTpoHHBIH «HaydHo-aHanuTuyeckuit
xkypHan «Bectnuk Cankrt-IlerepOyprckoro yuuBepcutera ['TIC MYC Poccum» BKITIOUEHBI
B YTBEP)KJEHHBIN pelleHneM Beiciel aTrecTaliuOHHOM KoMuccuM «llepedeHn peneH3upyeMbIx
HAy4YHBIX JKypHAaJOB, B KOTOPBIX MYyOJMKYIOTCS OCHOBHBIE Hay4yHbIE PE3yJIbTaThl JAMCCEPTALMA
Ha COMCKAaHHWE YYEHOW CTENEeHW KaHAMWJaTa HayK, Ha COHUCKAaHHME YUYEHOM CTENeHH JOKTOpa
Hayk»KypcaHThl yHHBEpCUTETa MPOXOIAT OOydeHHE MO MporpaMMe MepBOHAYAIBHOM IMOJITOTOBKH
criacaTesen.
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Ha ©6a3e Cankr-IlerepOyprckoro ynHmuBepcutera [ocyaapCTBEHHOW MPOTHUBOIIOKAPHOU
ciryx661 MUC Poccun 1 uronst 2013 1. otkpeiT Kagerckuii moxapHo-criacaTelIbHbIH KOPITYC.

Kagerckuii  moskapHO-cnacaTeNbHbIA ~ KOPIYC ~ OCYIIECTBISIET  MOATOTOBKY — KaJaeT
1o 0011e00pazoBaTeIbHBIM MPOrpaMMaM CPETHETO OOIIEro oOpa3oBaHUs C YUETOM JIOTIOTHUTEIBHBIX
o0pazoBaresbHbIX IporpaMM. OCHOBHBIE OCOOEHHOCTH AEATENILHOCTH KOPITyca — UHTEIIEKTYaJbHOE,
KyJbTypHOE, (DU3MUecKoe U TyXOBHO-HPABCTBEHHOE Pa3BUTHE KA[ET, MX aganTalus K >KU3HH
B 00IIIECTBE, CO3JaHHE OCHOBBI JUIsl MOATOTOBKM HECOBEPIICHHOJETHUX TPaXKJaH K CIIyKEHHIO
OreyecTBYy Ha MONpPHILE TOCYIAPCTBEHHOM TIPAXKJAHCKOW, BOEHHOM, MPaBOOXPaHUTEIbHOM
Y MYHMIIUIATBHON CITyKOBI.

B yHuBepcurere Ooibllloe BHUMaHME ynensercs crnopty. Komannisl, cocrosine
13 MpenojiaBaTesiei, KypcaHTOB U CilyllaTesieil, — MOCTOSHHBIE YYaCTHUKH PA3IUYHbIX CIIOPTUBHBIX
TYPHHPOB, MPOBOAUMBIX Kak B Poccuu, Tak u 3a pyoexoM. Ciymarenan U KypCcaHThl yHUBEPCUTETA
SIBJISIIOTCA WwieHamMu coopHbIXx koManr MUC Poccuu o pa3nmnyHbIM BHAAM CIIOPTA.

JleaTenbHOCTh KOMaHJIbl YHHBEpCHTETa IO HoxapHo-mpukiagHomy coopty (IIIIC)
BKJIIOYAeT B ce0s ydyacTue B yemnuoHarax Poccuu cpenu By30B (3MMHUM M JIETHUI), B 30HAJIbBHBIX
COpPEBHOBaHMAX M yemmnuoHare Poccum, a Taxke mpoBeleHHe Oecell U KOHCYJIbTAlMi, OKa3aHHe
MIPaKTUYECKONH TMOMOILIM IOHBIM IMOKapHBIM KaJleTaM U CliacaTessiM NP MPOBEACHUU TPEHUPOBOK
o TITIC.

B yHuBepcuteTe co3gaH cnopTHUBHBIA KiIy0O «HeBckue JbBBI», B COCTaB KOTOPOIO BXOMST
KOMAaH/Ipl 10 MOKapHO-TIPUKJIAJHOMY U aBapUIHO-CIACATEIbHOMY CIIOPTY, XOKKEIO, aMEPUKAHCKOMY
¢byTOoy, Boseiibomy, 6ackeTO0Iy, CUIOBBIM €IMHOOOpCTBaM U Jip. B coctaBe cOOpHBIX KOMaH]
YHUBEPCUTETA — YEMITMOHBI U IIPU3EPHI MUPOBBIX IIEPBEHCTB U MEXKyHAPOIHBIX TYPHUPOB.

Kypcantbl u ciymartenn HMMEIOT HPEKpacHble BO3MOKHOCTH JJIsSi IOBBIIIEHUS CBOErO
KyJbTYpHOTO YPOBHS, Pa3BUTUS TBOPYECKHX CHOCOOHOCTEHl B CO31aHHOM B YHUBEPCUTETE
WHcTuTyTe HPaBCTBEHHO-NATPUOTHYECKOIO M 3CTETUYECKOrO Pa3BUTHUS. TBOpUYECKUI KOJIEKTHUB
YHUBEPCUTETA NIPUHUMAET aKTUBHOE yYaCTHE B BEIOMCTBEHHBIX, TOPOJICKUX M YHHBEPCUTETCKUX
MEpPOIPUATHUIX, HAIPABJICHHBIX HA A3CTETUYECKOE W IATPUOTHYECKOE BOCIUTAHHE MOJIOJEKH,
a Tak)Ke 3aHMMAET MPU30BbIE MECTa B KOHKYpCax, MPOBOJUMBIX Ha YPOBHE YHHBEPCHUTETA, FOPOIA
u MUC Poccuu. Ha xaxaoMm Kypce opranu3oBaHa paboTa Mo CO3JaHUIO0 U PA3BUTHUIO TBOPUYECKUX
0o0BbEAMHEHUN 10 Pa3IMYHBIM HAMNpaBICHUSAM: CTYJUs BOKajla, CTYIUsl TaHIEB, KIyO BecelbIxX
1 HaxXoM4MBBIX. [lJI1 KypCcaHTOB U CTYJEHTOB JIEUCTBYET CTYJUsl OPATOPCKOIO0 UCKYCCTBA, KOMaH/1a
TEXHUYECKOT0 00ecrieueHus, TyXOBOil OpKeCTp.

Ha Ttepputopuu yueOHOro 3aBeieHus cosnaercs myseil ucropuum Cankr-IletepOyprcekoro
yauBepcutera ['TIC MYC Poccuun, B koTOpoM oOyuaromuecss U COTPYIHUKH, a TaKKe TOCTH
YHHUBEPCHTETa CMOTYT MO3HAKOMHUTBCA CO BCEMH 3TalaMH CTAHOBICHHS Y4eOHOTO 3aBElIEHUS —
OT KypCOB MOKapHBIX TEXHUKOB /10 YHUBEPCUTETA.

B Cankr-IlerepOyprckom yHuBepcurere l'oCyIapcTBEHHOH INPOTHBONOKAPHON CITy>KOBI
MUYC Poccun coznanbl Bce YCIOBUS IJI MOJTOTOBKU BBICOKOKBATU(UIIMPOBAHHBIX CHEIIMATHUCTOB
Kak 1715 ['ocy1apcTBEHHOM MPOTUBOIOKAPHOU CiTykO0bl, Tak U B 1ienoM it MYC Poccun.
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FIRE INSPECTION ACTIVITY

MODULE «RECOGNITION» OF THE AUTOMATED ANALYTICAL
SUPPORT SYSTEM AND MANAGEMENT OF CONTROL
AND FIRE INSPECTION BODIES EMERCOM OF RUSSIA

A.V. Salnikov;
T.A. Kuzmina.
Saint-Petersburg university of State fire service EMERCOM of Russia

A part of the regulatory framework is designated that defines an automated analytical system for
support and management of the control and supervisory bodies of the Ministry of Emergencies of Russia
as one of the priority areas of activity of the federal state fire supervision bodies. The main aspects of work
in the interface of the «Inguiry» module of the automated analytical support and management system
of the control and supervisory bodies of the Ministry of Emergencies of Russia are considered. The main
disadvantages of the «Inquiry» module and the prospects for its further development as an accounting and
registration system of inquiry in cases of fires are analyzed.

Keywords: automated analytical system for support and management of the control and supervisory
bodies of the Ministry of Emergency Situations of Russia, inquiry, registration and registration system,
control and supervisory activities, reform of control and supervisory activities

1. General Provisions.

Order of the Ministry of Emergency Situations of Russia dated May 2, 2006 Ne 270
«On approval of instructions on the procedure for receiving, registering and checking reports
on crimes and other incidents in the bodies of the state fire service of the Ministry of the Russian
Federation for Civil Defense, Emergencies and Elimination of the Consequences of Natural
Disasters», the procedure for receiving, registering and verifying messages has been determined
about crimes and other incidents by the bodies of the federal state fire supervision
of the EMERCOM of Russia (FGPN) [1].

On December 21, 2020, the Ministry of Emergency Situations of Russia issued order Ne 973
«On the continuation of the pilot operation of the fire accounting module and their consequences
of the automated analytical system for support and management of the control and supervisory
bodies of the EMERCOM of Russia». This system was developed by specialists from
the Department of Supervision and Preventive Work (DPR) [2]. Since January 2021, employees
of territorial subdivisions of supervisory activities have been recording fires and their consequences
in a separate AAS KND module in parallel with the StatPozh database of fires and their
consequences, developed by the FSBI All-Russian Order of the Badge of Honor, Research Institute
of Fire Defense EMERCOM of Russia », Which the bodies of the FGPN are guided on a daily basis
in the exercise of their powers. However, until a certain time, a unified system was not created that
would include all areas of the FGPN activity. AAS KND turned out to be such a system, which
included modules and registers in various areas of activity (register of owners, register of protection
of the population and territories from emergencies (ZSTCHS), register of manufacturers (suppliers),
module of inquiry on fire cases, module of fire accounting and their consequences, etc.).

The order of the Ministry of Emergencies of Russia dated September 29, 2021 Ne 848
«On the pilot operation of the information system» Automated analytical support and management
system of the control and supervisory bodies of the EMERCOM of Russia determined the terms and
procedure for the pilot operation of the AAS KND as a whole. The main task of the tests
is to identify shortcomings in the exercise of their powers by the FGPS bodies by working
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in the interface of the main registers and AAS KND modules. Work in the indicated direction
is carried out to this day. Currently, the functional capabilities of the AAS KND are being finalized
in all directions. The composition of the working group was determined, consisting
of representatives (chiefs, deputy chiefs) of the departments for supervisory activities and
preventive work of the head subjects of the Russian Federation — the Republic of Bashkortostan,
the Vologda region, the Lipetsk region, the Moscow region, the Nizhny Novgorod region.
Refinement of functionality and the interface of the «Inquiry» module is coordinated by the Main
Directorate of the Ministry of Emergency Situations of Russia in the Nizhny Novgorod region.

Let us consider the specifics, problems and further development of the «Inquiry» module
of the AAS CPV as one of the priority areas of activity of the FSPS bodies.

For the bodies of FGPN, this topic is relevant primarily from the point of view of how
taking into account the intensive digitalization, the organization of work will be carried out in this
direction against the background of a significant workflow in the form of books, magazines, etc.,
as well as a significant amount of information [3-6].

Will the Order of the Ministry of Emergency Situations of Russia of May 2, 2006 Ne 270
continue to operate?

«On approval of instructions on the procedure for receiving, registering and checking
messages on crimes and other incidents in the bodies of the state fire service of the Ministry
of the Russian Federation for Civil Defense, Emergencies and Elimination of the Consequences
of Natural Disasters?» [1] Most likely it will be, however, with some changes in the regulatory
framework, providing for the digitalization of the above direction by making appropriate
adjustments into the content of regulatory legal acts [7-9].

2. Interface of the module «Inquiry» AAS KND.

The entrance to the «Inquiry» module is carried out by entering the address
http://mup.gpn.mchs.ru into the address bar of the browser (from the English web browser —
application software for viewing pages, the content of web documents) when the computer
is connected to the Intranet ... At the moment, it is possible to enter the «Inquiry» module through
an Internet connection.

Users of the «Inquiry» module are officials of structural divisions of territorial bodies
of the EMERCOM of Russia, whose sphere of competence includes the organization and
implementation of federal state fire supervision (bodies of the State Fire Service of the Main
Directorate of the Ministry of Emergencies of Russia for the constituent entity of the Russian
Federation), as well as officials of structural divisions of special and military units federal fire
service, whose sphere of competence includes issues of organization and the implementation
of federal state fire supervision (bodies of the State Fire Service of special or military units
of the Federal Border Guard Service of the State Fire Service) [10].

For authorization in the «Inquiry» module, credentials are used, which must be entered
in the register of subdivisions and officials of the AAS KND. As part of the transition
to a centralized system for managing the authorization and identification of users of the «Inquiry»
module of the AAS KND, connection to it must be provided before the completion of its trial
operation.

Adjustment of the functionality of the «Inquiry» module is carried out by the federal state
budgetary institution «Information and Analytical Center of the Ministry of Emergencies of Russia»
at the request of the DNPR, agreed with the Department of Information Technologies and
Communications.

The «Inquiry» module provides the following functionality:

— registration of messages about crimes in the book of registration of messages about crimes
(CRSP);

— registration of messages about fires and other incidents in the log of messages about fires
and other incidents (LRP);

— control over the activities of the inquiry officer;

— creation and storage of basic document templates prepared daily by interrogators;

— interaction with experts of forensic institutions (SEU) on the local network;
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— automation of procedural actions and decision-making;

— reassignment of tasks to the employees of the division and the heads of other divisions;
— conducting an investigation by a group of interrogators;

— maintaining a register of materials for preliminary checks;

— keeping a register of criminal cases in the proceedings of the inquiry officer;

— keeping a log of the rejected materials;

— keeping records of messages transmitted by territoriality;

— running a savings business.
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Fig. Screenshot of the account of the authorized user of the module «Inquiry»

The interface of the «Inquiry» module is presented in the following form (fig.):

1) «My tasks».

The section displays the current tasks of the user. Messages from LRP are highlighted
in orange, messages from KRSP are highlighted in green. For each task, the user can view
a summary of the message by clicking on the down arrow on the «Tasks» icon, and also
go to the message view page. User can set parameters for search and sorting tasks. To the right
of the list of tasks is a form with actions for the selected task.

2) «Fire recordsy.

The section provides an opportunity to register a message in the maintenance department
based on the selected fire accounting card. To register a message on the basis of the selected fire
accounting card, it is necessary to click on "Register message in the ZhRP" in front of the required
card. This will open the form "RCC message" with the filled-in fields from the fire accounting card.

3) «ZhRPy.

The section contains a list of all registered messages about fires and other incidents.

4) «KRSP».

This section contains a list of all reported crime reports.

5) «List of criminal cases».

The section contains information about all criminal cases in which an investigation
is ongoing or has already been completed. The entry on this page appears automatically after
a decision is made to initiate a criminal case.

6) «List of administrative cases».
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The section contains information about all administrative cases on which work is in progress
or has already been completed. The entry on this page appears automatically after a decision
IS made to initiate an administrative case.

7) «Messages transmitted by territoriality».

This section contains messages that have been forwarded to this department, as well
as messages that this department has sent to another department. The entry on this page appears
automatically after deciding to send a message by territoriality.

8) «LIQUID».

The entry on this page is created automatically after a decision is made about writing off
a message to the registration log of rejected materials. The page stores the record number and its
creation date, and it is also possible to go to the message, by which the entry was created.

9) «Savings case».

The entry on this page is created automatically after a decision is made. about writing off
a message to a cumulative case. The page contains information about who and when he has drawn
up a cumulative case, what materials were attached, it is also possible to go directly to the message.

10) «Reportsy.

The section is currently under construction. While it is possible to form only the «Act
of reconciliation of the completeness of registration of reports of crimes and other incidents.

11) «Summary informationy.

This page displays the current number of cases that are currently in production. Also, here
you can see summary information for a certain period. A user with the «Chief» role sees all
the information on his department, a user with the «Inquirer» role only sees his own affairs.

All actions in the «Inquiry» module are based on the logic of business processes, that
is, each subsequent action can be carried out only in strict observance of the order of the logical
chain. At the moment, the logic of the «Inquiry» module does not seem entirely correct, since it has
untimely actions (for more details, see section 2.3 Problems of the «Inquiry» module of the AAS KND).

2.2. Advantages of the module «Inquiry» AAS KND.

The undoubted advantages of the «Inquiry» module as a component of the AAS CPV include:

— implementation of the priority project «Improving the function of state supervision
of the EMERCOM of Russia within the framework of the priority program «Reform of control and
supervision activities» [11];

— automation of the implementation of a risk-oriented approach in the implementation
of control and supervisory activities;

— automation of planning of preventive measures;

— systematization of the mandatory requirements of control and supervisory activities;

— interconnection of the «Inquiry» module with other modules and registries;

— reduction of procedural costs;

— transparency of accounting and registration functions;

— simple and affordable control over subordinate units;

— the ability to correct and edit erroneous entries.

2.3. Problems of the module «Inquiry» AAS KND.

In order for the «Inquiry» module to have a practical application, the logic of conducting pre-
investigation actions must be traced in it, and there must be a connection with the «Fire accounting»
module.

It all starts with registration in the ZhRP (up to the fire accounting card), after which the issue
of the need to register the fire is resolved, and, accordingly, the fire accounting card is issued.
Further, the message is either re-registered in the KRSP, or written off to the accumulative case.

Based on the results of consideration of a message registered in the KRSP, there can be three
decisions — to initiate a criminal case, to issue a resolution on its transfer according
to the investigative jurisdiction or to issue a resolution on refusal to initiate a criminal case. In this
case, the third solution should automatically transfer the work to the block of the register of refusal
materials (LROM). Nowadays there is no such logic in the module.
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When interacting with the responsible technical staff of the DNPR at the meeting
of the working group it was determined that it is not possible to remake the interface of the module
in the form of «magazines and books» familiar to interrogators, since the terms of reference at this
stage cannot be revised. At the stage preceding testing, there was no interaction with the subject-
specific departments of administrative practice and inquiry in order to pre-layin the basis
of the «Inquiry» module, the most correct decisions that comply with the provisions of regulatory legal acts.

Currently, the priority of the «Inquiry» module is lower than that of the others, which is why
making changes to the interface and functionality of the module assumes a long-time frame.

3. Proposals for improving the functionality and interface of the «Inquiry» module.

After testing the interface of the «lInquiry» module and its functionality, a number
of significant shortcomings were identified that dramatically affect on the correctness
of the accounting and registration system as a whole.

Let's list the most significant proposals:

— Provide in the module interface tabs for making further decisions as reported by «ZhRP»
in accordance with the order of the Ministry of Emergency Situations dated May 2, 2006 Ne 270 [1],
namely in the form of tabs with the following content:

1) re-register the message with the KRSP;

2) transmit a message on territoriality / jurisdiction;

3) write off the materials of the message to the accumulation file;

4) delete the message.

— Remove the «Assign an examination» and «Archive» tabs due to the fact that
the appointment of an examination at this stage of the examination is untimely (i.e. it is necessary
to move the tab in accordance with the procedure for procedural actions), and instead of submitting
the archive should provide for a procedure for writing off to an accumulation file.

— Provide in the module interface tabs for making further decisions according to the message
«KRSP» in accordance with the provisions of Art. 145 of the Criminal Procedure Code
of the Russian Federation [12], namely in the form of tabs with the following content:

1) initiate a criminal case;

2) refuse to initiate a criminal case (VUD);

3) transfer the message according to the investigative jurisdiction.

— Provide for the automatic assignment of serial numbers in the sections «LRP» and
«KRSP» in accordance with the order of the information entered. Within this however,
it is necessary to provide for each territorial department of supervisory activities (TOND) to have
a separate automatic counting of numbers, so that in the future, administrators of supervisory
activities (OOD) could filter the information of the required unit, having previously selected
it in a separate drop-down list.

— Execute the column «Outgoing Ne of materials of the accumulation case» is optional. Add
in front of this column the mark «Transfer by jurisdiction / territoriality» and only in this case
propose filling in the column «Outgoing Ne of materials of the accumulation case».

— Provide in the «Reports» section the formation of basic reports (such as 2-GPN) and
a report designer, that is, the ability to generate a form and download the required report based
on the specified parameters (by analogy with the request module for accounting for fires and their
consequences).

— Provide conjugation of the field «CUP number» when editing a message in the section
«KRSP» with a module for accounting for fires and their consequences in the form of the possibility
of choosing an EKUP from the drop-down list, when entering the EKUP number.

— Provide in the block diagram of business processes in the section «Registration
of the message» in addition to the section «The applicant came in persony to provide for the section
(in accordance with Art. 140 of the Code of Criminal Procedure of the Russian Federation [12])
«A report of the crime was revealed by the body of the State Tax Service of the Federal Border
Guard Service» — «Message about a committed or impending crime, obtained from other sourcesy,
that is, the third basis for initiating a criminal case.
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— Provide in the block diagram of business processes in the section «Registration
of the message», in addition to the section «The applicant came in persony, the fourth ground for
initiating a criminal case (in accordance with Article 140 of the Criminal Procedure Code
of the Russian Federation [12]) — «Resolution of the prosecutor on sending relevant materials
to the preliminary investigation body to resolve the issue of criminal prosecutiony.

— Provide in the module a new section «Deadlines for inspections», in which for each
territorial department of supervisory activities separately provide:

1) notification of the end of the verification period for the employee performing
the verification by message (duplicated in the «My tasks» section);

2) notification of the end of the verification period for the head of the territorial unit
in the «All tasksy» section.

Submit the specified in the form of a list (KRSP Ne, message date, address, etc., renewal
period), highlighting (for example, in red) the message, verification period which expires in the near
future (verification period 3 days — 1 day in advance; period extended up to 10 days — 2 days
in advance; the term was extended to 30 days — 3—4 days).

— Provide for the display of summary data for each territorial department of supervisory
activities. That is, when choosing one of the positions (by clicking the mouse button), it is proposed
to display the corresponding information for the unit (if this section is used by employees
of territorial departments). For administrators and employees of the Main Directorate staff, this
information should be displayed for the region as a whole, and there should also be a drop-down list
with the names of divisions to conduct a qualitative and quantitative analysis of the indicators
of each division.

It should be noted that proposals were also sent to the DPR to supplement the functionality
of the «Inquiry» module with reference books and other information collections, in particular:

— telephone directory of bodies and subdivisions of inquiry of the State Fire Service
of the Federal Border Service of the Ministry of Emergency Situations of Russia for the constituent
entities of the Russian Federation;

— classifier of codes of divisions of bodies of inquiry for assigning numbers of criminal cases;

— an informational collection of the most difficult criminal cases to investigate over the past
10 years (including anonymized documentation containing non-specific information identified
by interrogators);

— information collection of experience in the investigation of crimes related to wildfires.

Among other things, changes are being made to the forms of documents. Note that the list
of these proposals is not exhaustive.

4. Conclusions.

At this stage, the «Inquiry» module is software that needs further revision.

Taking into account the aforementioned shortcomings, the testing of the module
is completed at the stage of creating a message in one of the sections (LRP or KRSP).

Thus, until the main proposals for making changes to the logic of «business processes» and
to the interface of the module are implemented, further testing of the functionality of the module
seems to be a dead end.
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PROBLEMS AND PROSPECTS FOR
PREVENTING AND EXTINGUISHING FIRE

ESTABLISHING THE DEGREE OF POTENTIAL FIRE HAZARD
OF HIGH-RISE BUILDINGS IN THE CITY OF UFA

L.S. Safina; Sh.B. Baigishiev; N.V. Zyuzina; Sh.A. Elgukaev.
Saint-Petersburg university of State fire service of EMERCOM of Russia

Some aspects of fire hazard during the construction and operation of high-rise residential buildings
are considered. The ways of their solution are offered.
Keywords: high-rise buildings, fire protection, fire safety requirements, fire hazard

At present, the increase in the cost of land, its shortage in the territory of a large city for
residential and office premises inevitably leads to the need for the construction of high-rise multi-
storey buildings. Such buildings are subject to increased requirements for reliability and fire safety,
and in particular for fire protection systems [1].

Lack of domestic experience in this type of construction and the absence of well-grounded
and clearly formulated legal norms impose certain difficulties in solving the problems facing
architects, designers and builders. Let's consider these problems on the example of Ufa.

Ufa is actively growing every year, the number of high-rise buildings is increasing. Among
the high-rise buildings in Ufa, there are buildings with a height of more than 50 m [2]. These are
objects with a mass presence of people with premises for their residence and (or) activities.

Most of the high-rise buildings in the city of Ufa have 19-20 floors. 15 urban buildings have
21-24 floors, 16 buildings have 25 floors, and 9 have 26 floors. Today, on average, the height
of buildings in Ufa does not exceed 23-24 floors, and even in the case of a higher number
of storeys, many buildings reach standard high-rise sizes of 75 m due to basement floors, the need
for which arises due to the terrain.

At the same time, 31,6 % of the total area of housing development in the Republic
of Bashkortostan is made up of residential buildings from 9 to 12 floors [3]. 24,5 % are residential
buildings with a height of 25 and more floors, for comparison, on the territory of the entire Russian
Federation, this indicator stopped at the level of 13,2 %.

In recent years, high-rise housing construction has been actively developing in Ufa,
as the need for building areas has increased with a large deficit and the cost of land on the territory
of the Republic of Bashkortostan.

The tallest buildings built on the territory of Ufa include the 26-storey office of Uralsib
Bank, built back in 1999, with a total height of 100,5 m and the residential complex «ldel Towery,
erected in 2018, with 31 floors and a height of 102,3 m (according to the original project, its height
was planned to be 155 m, and the number of floors reached 42, but the final version was redesigned
downward) [4].

The main positive side of high-rise buildings in the urban environment is the efficient use
of the urban area and cost savings for the creation of infrastructure, due to the fact that the supply
of all communications to a high-rise building is much more economical than the supply to a five-
story residential pulp in the calculation per square meter of area.

The second plus is the environmental friendliness of the upper floors due to the lack of gas
pollution and noise. It should be noted that high-rise buildings are an adornment of urban
development, they give the city expressiveness and modernity.
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The disadvantages of high-rise construction include: additional measures to stabilize wall
structures experiencing colossal stress; an increase in the number of elevators (according
to the requirements, at least three). The elevator car, which rises to 12 floors, has a cable weighing
5-6 tons, while for a 30-storey building this is already 15 tons or more and significantly higher
electricity costs [5]. It is necessary to provide for a fire-safe dividing floor in complex buildings
with a height of more than 75 m, where in an emergency situation people can go down or go up before
evacuation, and a helipad, as well as a separate room for additional pumping stations for pumping
water (with a building with more than 12 storeys). We must not forget that in order to ensure fire
protection, the window sill of the uppermost residential floor should be no higher than 70 m
(the maximum length of the fire escape) from the place where the fire engine drives.

When extinguishing fires in high-rise buildings, the main critical factors are [6]:

— high rate of vertical development of the fire;

— the creation of dense smoke along the entire height of the building, as well as the rapid
spread of dangerous fire factors along the vertical,

— fires in such buildings are of great difficulty for fire and rescue units;

— blocking of evacuation routes by dangerous fire factors.

The risk category, including fire, poses a great danger to people and rises with each floor
of a high-rise building. Recently, 62 fires have occurred in buildings with a height of more than 25 m
and in residential buildings with more than 10 floors [7].

Serious fire safety requirements are imposed on modern high-rise buildings. First of all, they
must be made of fire-resistant structures. and materials, the insulation should be inside the walls,
and not on the facade under tiles or siding. In such buildings, the minimum width of corridors and
marches should be at least 1,2 m. If a high-rise building belongs to the category of public buildings,
it must also provide automatic fire alarms and fire hydrants [8].

Recently, in high-rise residential buildings and office buildings under construction in Ufa,
it is practiced to install automatic fire detection sensors not only in public places, but also
in apartments and rooms, promptly notifying residents of a fire. A novelty of modern technologies
is a pyrostiker - an autonomous fire extinguishing device with a thermally activating extinguishing
agent. It is advisable to place the pyrostiker in fire-hazardous places, for example, in electrical
control rooms, where electrical equipment can cause a fire.

During fires, units of the Ministry of Emergency Situations of Russia use various
technologies for rescuing people: ladders, articulated car lifts, rescue equipment complexes, gas and
smoke protection vehicles.

The Main Directorate of the EMERCOM of Russia in the Republic of Bashkortostan has
special firefighting equipment to save people; a special ladder is attached to the lifting cradle, along
which people can be descended from the upper floors (Fig. 1), as well as a MI-8 helicopter for
extinguishing an external fire on the upper floors of high-rise buildings [9].
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Fig. 1. Rescue Hose
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All these safety measures, as practice shows, do not guarantee the absence of fires in multi-
storey high-rise buildings in Ufa, the main cause of which is the human factor.

A good example is the fire in 2016 of a 13-storey building under construction of the business
center of the Bashkir Generation Company on the street. R. Sorge, no. 3 (fig. 2).

Fig. 2. Fire in the building of the business center of the Bashkir generating company

The arriving fire brigades could not quickly cope with the elements, fire escapes did not
reach the upper floors, where the fire quickly spread. The damage from the fire is colossal, one
person died and 5 injured [10].

Summarizing the above, we can conclude:

— high-rise buildings, regardless of their functional purpose, are one of the most difficult
objects in the work of rescuers, they have a high degree of potential fire hazard,

— currently applied fire safety measures and the security of high-rise buildings have large
gaps and are insufficient.

There is a great need to constantly work to improve technical solutions and measures
in the field of fire safety in high-rise residential buildings.

It is proposed to find solutions not only by equipping the garrison fire protection units with
modern models of firefighting equipment, since this method is not always effective due to the fact
that buildings are being built more than 55 m. It is also necessary to focus on providing internal fire
protection systems: automatic fire protection installations alarms, automatic fire extinguishing
systems, integrated smoke protection, fire warning systems and evacuation management, internal
fire-fighting water supply and fire elevators.
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ON THE ISSUE OF DESIGNING STEAM FIRE
EXTINGUISHING SYSTEMS

A.Yu. Labinsky.
Saint-Petersburg university of State fire service of EMERCOM of Russia

A mathematical model for calculating the process of condensation of water vapor used to extinguish
a fire is considered. The mathematical model is implemented as a computer program. The results
of modeling the condensation process are presented. The object of research is water vapor. The research
method is computational experiments on a computer model.

Keywords: water vapor, condensation process, mathematical model, computational experiments,
computer program

Introduction

Many modern enterprises have in their composition various heating systems for premises
due to the use of boiler installations of various steam capacities, which can be used to extinguish
a fire in premises. The process of diluting the air in a burning room with water vapor can be used
to extinguish a fire by reducing the concentration of oxygen in the air entering the combustion zone.
«When the volumetric concentration of water vapor reaches about 30 %, the combustion process
begins to decay» [1].

When steam is supplied to a burning room, which usually occurs in the initial period of fire
development, the temperature on the walls of the room may be lower than the saturation
temperature of water vapor. In this case, condensation of water vapor occurs on the walls
of the room, which leads to a decrease in the volumetric concentration of vapor. in room.
As a result, the steam extinguishing effect is reduced, which requires the supply of additional
amount of water vapor to the burning room.

Let us formulate the problem statement: It is necessary to simulate the process
of condensation of water vapor on a vertical surface (a wall of a room with a fire source).

The object of research is water vapor, which enters the room to extinguish a fire by reducing
the concentration of oxygen in the air.

Research method — computational experiments on the developed computer model
of the process of condensation of water vapor, implemented in the form of a computer program.

Simulation of the steam extinguishing process

When modeling the process of steam extinguishing, the following assumptions were made:

— the steam extinguishing process is considered stationary;

— the process of condensation of water vapor is considered independent of the orientation
of the surface of the walls in space;

— the temperature of the surface of the walls, floor and ceiling of the room is considered
the same at all points of the surface.

During condensation, water vapor, in contact with the surface of the room, which has
a temperature below the saturation temperature of water vapor, turns into a liquid, giving

67



the surface the latent heat of condensation. In this case, two modes of condensation are usually
distinguished:

— drip mode, in which condensate is deposited on the surface in the form of separate liquid
droplets;

— film mode, in which the condensate is deposited in the form of a liquid film.

In the drop mode of condensation of water vapor, the heat transfer coefficient is higher than
in the film mode. However, this condensation mode is unstable and is rarely observed.

Of great importance on the intensity of heat transfer during condensation is the content
of gases in the vapor, which can accumulate at the condensation surface and, due to the small value
of their thermal conductivity, reduce the value of the heat transfer coefficient during condensation.
For example, the presence of air in water vapor can reduce the heat transfer coefficient during
condensation by about 50 %.

When water vapor condenses on the walls of a burning room, the condensate consumption
can be determined by the formula:

Gk =Q/R, kg /s,

where Q is the amount of heat released during condensation, W; R is the heat of vaporization, J/kg.
The amount of heat released during condensation of steam can be determined according
to the formula:
Q = a*F*AT,

where o is the heat transfer coefficient of water vapor, W/m%/K; F — surface area of condensation
of water vapor, m% AT — temperature difference of saturation of water vapor and condensation
surfaces (room walls) K:

AT = TH — TCT-

The saturation temperature of the heat pump of the mixture of water vapor and air
in the room is equal to the dew point of humid air. The volumetric concentration of water vapor
in air, equal to 30 %, can be achieved at a partial pressure of water vapor Py = 0,3 (bar or kg/cm?) =
0,3*10° (Pa or H/m?) and a partial air pressure of 0,7 bar. These parameters correspond to a dew
point equal to 343 K or 70 °C.

The heat of vaporization for water vapor in the temperature range from 20 °C to 100 °C
varies from 2540 to 2250 kJ/kg.

For horizontal surfaces (floor and ceiling of a burning room) and vertical surfaces (walls
of a burning room) heat transfer coefficients are different and are determined by different formulas:

— horizontal surfaces (floor and ceiling):

o = 0,15% (/L) *[Ga*Pr*(1—pulpp)°Z,

where Ay — coefficient of thermal conductivity of liquid (water), W/m/K; L — linear size of the heat
exchange surface, m; Ga is Galileo's number; Pr is the Prandtl number; pr; — density of water vapor,
kg/m®; pg — air density in the burning room, kg/m?®,

— vertical surfaces (room walls):

o = 1,33*[R*psr* g Ar (A s AT*L)] %,

where px — density of liquid (water), kg/m® g — acceleration of gravity, m/s%; uyx — dynamic
coefficient of liquid viscosity, kg/m/s.

The dimensionless numbers used in the formula for calculating the heat transfer coefficient
for horizontal surfaces are determined by the formulas:

— Galileo number — Ga = L**g/v? = L3*g*p?/p?;

— Prandtl number — Pr = p*c,/A,
where c,— specific heat, J/kg/K.
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Galileo's number shows the relationship between the forces of gravity and the forces
of viscosity in a medium. The Prandtl number characterizes the degree of similarity between
the velocity and temperature fields of the medium.

Modeling the process of condensation of water vapor

There are known computer programs that implement compact analytical dependences for
machine calculations of the thermophysical properties of the «steam-water» system [2-9].
The interface of such a program is shown in Fig. one.

To determine the thermophysical properties of water and steam, an international system
of equations has been created, which has a high accuracy and describes a wide range of parameters.
However, in many cases encountered in practice, the parameters of water and water vapor vary
within relatively narrow limits. Therefore, the use of international equations containing a large
number of constants with 10 decimal places does not seem appropriate. In this case, it is possible
to use compact analytical dependences for machine calculations of the thermophysical properties
of the «steam-water» system, in which the thermophysical properties are explicitly expressed
through the main design parameters (pressure, enthalpy, temperature).
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Fig. 1. The interface of the program for calculating thermophysical properties

Limits of using the program for calculating thermophysical properties:

— water: pressure 1< P < 180 bar; temperature 20 < T < Ts °C;

— water-steam: pressure 1< Ps < 180 bar; temperature 100 < T < 370 °C;

— superheated steam: pressure 1< P < 120 6ap; temperature Ts < T < 600 °C.

The results of calculations of thermophysical properties are output to a file, and can also
be drawn up in the form of a graph (Fig. 2).
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Fig. 2. Graphical presentation of calculation results
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The calculation of the heat transfer coefficients can be performed using a computer program,
the interface of which is shown in Fig. 3. The program simulates various heat exchange processes —
convection, boiling and condensation, as well as longitudinal and transverse flow, free convection
and forced motion. Types of media — water and single-component industrial gases. The program
uses 24 methods for calculating the heat transfer coefficient.
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Fig. 3. The interface of the program for calculating the heat transfer coefficient

The block diagram of the events of the interface of the program for calculating the heat
transfer coefficient is shown in Fig.4.

Interface events

e l e

«Enter data» «Calculationy» «Exit»
button button button
Closing
Input of initial data from Selecting the nature of the he program
a file (thermodynamic process from the menu
characteristics and calculating the values
of the medium of the heat transfer coefficient
and design parameters)

Fig. 4. Block diagram of program interface events

The initial data are the thermodynamic and operating characteristics of the medium and
the required design parameters. The thermodynamic parameters of the medium (density, viscosity,
heat capacity, thermal conductivity, surface tension) must be calculated in advance and recorded
in a file that can be entered into this program. Let's consider an example of calculating
the condensation process.

Initial data - properties of water on the saturation line:

— environment pressure P = 1 6ap;

— characteristic size L = 3 wm;

— heat of vaporization R = 2,25*10° J/kg;

— kinematic viscosity of the environment (water) v = 2,94 m?/s;

— dynamic viscosity of the environment p = 2,8*10™ Pa*s;

— thermal conductivity of the environment A = 0,68 Wt/m/K.
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Calculation results: heat transfer coefficient during condensation on the vertical surface
of dry saturated steam a ~ 370 W/m?/K.

Conclusion

Computer simulation of the process of condensation of water vapor has been carried out
on a vertical surface (wall of a room with a fire source). Water vapor is supplied into the room for
extinguishing a fire by reducing the concentration of oxygen in the air. Condensation of water vapor
on the walls of the room leads to a decrease in the volumetric concentration of steam in the room.
As a result, the steam extinguishing effect is reduced, which requires the supply of additional
amount of water vapor to the burning room.

The scientific novelty of the research, reflecting the personal contribution of the author,
is in the creation by the author of a computer model of the process of condensation of water vapor,
implemented in the form of a computer program.
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INCREASING THE FIRE RESISTANCE OF FIBROUS THERMAL
INSULATING MATERIALS USING AEROGELS

A.A. Kuzmin; N.N. Romanov; A.A. Permyakov.
Saint-Petersburg university of State fire service of EMERCOM of Russia

A laboratory experiment is described that answers the question to what extent the use of airgel
in the structure of fibrous heat-insulating materials makes it possible to maintain the fire resistance
of the protected structures in the event of water flow on the open surface of the thermal insulation during
the fire extinguishing process. A fibrous material of flexible thermal insulation Alison Aerogel DRT 0610,
made on the basis of SiO, aerogels, was selected for testing. The results obtained during the measurements
show that the differences in temperature fields in a dry and a «wet» sample do not go beyond
the instrumental errors. This proves the hydrophobic properties of fibrous thermal insulation materials based
on aerogels.

Keywords: fibrous porous heat-insulating material, airgel; fireproof construction, moisture
insulation, hydrophobicity

The safe operation of various structures under fire conditions can be ensured by their isolation
from the effects of hazardous fire factors using chemically resistant materials of low density.

The study of domestic and foreign sources [1-6] suggests that the best prospects for working
in a high-temperature aggressive environment have heat-insulating materials with a fibrous
structure on a glass, mineral or other ceramic-oxide base. Such materials retain their thermal
insulation properties in an oxidizing fire atmosphere for temperatures of combustion products
reaching values of 800 °C. Materials with a fibrous structure are used for the manufacture of heat-
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insulating hydrophobic shells of building structures and are structurally implemented in the form
of flat mats or cylindrical shells.

Modern industry offers a fairly wide range of various types of fibrous heat-insulating
materials, which differ in the type of basic mineral fibers and are characterized by a maximum
operating temperature and heat-conducting properties.

In terms of operating temperatures, four main groups can be distinguished from the range
of fibrous thermal insulation materials:

— medium-temperature materials, in which the maximum value of operating temperatures
is limited to 700 °C, which include general-purpose asbestos products, as well as mineral wool and
glass wool;

— refractory fibrous insulating products, in which the maximum value of operating
temperatures reaches 1750 °C, and which include silicon oxide, aluminum dioxide, magnesium
oxide, zirconium dioxide, etc.;

— highly refractory insulating structures, in which the maximum value of operating
temperatures is in the range of 23002500 °C, which are based on the use of corundum, magnesite,
beryllium and scandium oxides;

— especially highly refractory insulating structures, in which the maximum value
of the operating temperature exceeds 2500 ° C, which are made on the basis of the creation
of carbon-graphite structures [2].

Taking into account the possible values of the parameters of the state of combustion
products that form during a fire, fibrous heat-insulating materials of the first two groups appear
to be the most relevant materials for protecting building structures.

The main technical requirements for such materials include low density, high thermal
insulation properties, low intensity of smoke emission, the ability to self-extinguish when exposed
to external fire. All the components that make up the thermal insulation system of the building
structure must meet these conditions [7].

The hygroscopicity of traditional fibrous thermal insulation materials involves the creation
of a waterproof shell on the outer surface of the thermal insulation layer, since exposure to water,
commonly used in firefighting, can lead to moisture build-up. The process of moisture collection
leads not only to a significant deterioration of the thermal insulation properties of the material, but
can also lead to a critical increase in the weight of the thermal insulation layer and its possible
mechanical destruction [5].

The use of traditional polymeric materials, such as polyethylene, to form a waterproof shell
of a heat-insulating mat to date, due to a number of reasons (mechanical strength, insignificant heat
resistance, excessive thermoplasticity) no longer fully meets the requirements of fire safety.
Therefore, to date, a number of solutions have been proposed to avoid the use of polymer shells
in providing moisture insulation for fibrous heat-insulating mats.

So the authors of [8] proposed a heat and moisture protection structure, which is a multilayer
laminate that includes a waterproof layer with a thickness of 6-25 um, an inorganic fibrous layer
with a thickness of 7-76 um, and a film of thermoplastic material with a thickness of more than
25 um. This multi-layer laminate covers from the heat and humidity effects of fire, internal mat.
A diagram of such a heat and moisture protection structure is shown in Fig. 1.

The waterproof layer 1, made of fluoropolymers or polyamides, delays the infiltration
of moisture into the inner mat 4, and also maintains the required strength of the multilayer laminate
as a whole. It is also possible to metallize the outer surface of the waterproof layer 1 or to cover
it with polytetrafluoroethylene.

Inorganic protective layer 2 is a reinforcing mesh made of inorganic fiber, coated with
a layer of mica or vermiculite, and is designed to protect the thermoplastic film 3 from the direct
impact of an open fire or combustion products.

The inner mat 4 is made of glass, armide, ceramic, quartz, carbon and other inorganic
fibrous materials.
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Fig. 1. Scheme of a multilayer heat-and-moisture protective structure: 1 — waterproof layer;
2 — inorganic protective layer; 3 — a film of thermoplastic material;
4 — inner mat made of inorganic fibrous materials

In [9], a multilayer heat and moisture protective structure is described, consisting
of a fibrous heat and moisture protective layer and a flexible three-layer component that prevents
the further spread of fire. Such a multilayer structure is shown in Fig. 2.
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Fig. 2. Flexible three-layer fire-resistant construction: 1- layer of polymeric materials;
2 — inorganic fibrous material; 3 — mesh layer;
4 — non-combustible adhesive component; 5 — outer cladding layer
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A flexible three-layer fire-resistant structure has a symmetrical structure of two layers
of polymer materials 1, reinforced with a mesh, and a layer of inorganic fibrous material located
between them 2. It is assumed that the polymer material constituting layer 1 remains stable
up to a temperature of 350 °C and provides the necessary waterproofing of heat-insulating layer 2.
Such properties are possessed, for example, by polyamide resins.

Reinforcing mesh 3, which is a braided structure made of nylon, fiberglass or polyester,
which provides it with the necessary mechanical strength. The mesh is glued to the polymer
material using a non-combustible binder.

Thermal insulation layer 2 consists of high-temperature fibers that resist melting and burning
up to temperatures of 550 °C. As such fibers, it is proposed to use glass, aramid, nitride,
aluminosilicate, both in the form of non-woven structures and in the form of fabric.

All such multilayer structures from the standpoint of ensuring fire safety have a certain
drawback: protection against moisture penetration the heat-insulating layer is provided with
an outer polymer layer, which, in turn, is directly exposed to combustion products and can collapse
already at the initial stage of a fire upon reaching a temperature of 250-350 °C. This contradiction
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can be resolved by using fibrous heat-insulating materials using aerogels to protect structures
in a fire, since.

In modern scientific and technical sources, more and more works are published, for example
[10-16], in which various aspects of the use of aerogels are analyzed, which make it possible
to improve the structure of composite materials.

Airgels include materials in which an open structure is formed, the pore sizes in which are
in the micro- and even nanoscale, and the actual porosity value can exceed 90%. The highly porous
airgel framework is formed by bonds of microparticles of inorganic matter, and the pores are filled
with air or other chemically inert gas [10].

The technology for making aerogels involves two main processes:

— sol-process, which consists in the formation of a gel state in a favorable environment
formed by a special solvent;

— drying the resulting gel to the state of an airgel under appropriate conditions.

The mechanical stability of the airgel structure depends on the strength of the framework
formed during the formation of a cluster containing a nanostructured lattice based on Si-O-Si
siloxane bonds. This happens during hydrolysis and subsequent condensation of precursor
molecules based on compounds containing silicon [11].

The initial raw material in the sol process is usually alkoxysilane derivatives, for example,
tetraethoxysilane, which makes it impossible to mix them with water, therefore, the homogeneity
of the resulting mixture is ensured by the use of various alcohols, for example:

Si(OC2H5)4+4H20—>Si(OH)4+4C2H50H ;
SI(OH)4—>SIOz+2H20

An important condition for the formation of a highly porous airgel framework
is the maintenance of supercritical conditions during the drying process, during which alcohol
solutions are removed from the pores formed during the technological process. The process
of removing precursors from the volume of the obtained workpiece should not disturb the formed
nanoporous structure of the gel. In [12], the first photographic image of the structure of an airgel
based on silicon dioxide, more commonly referred to as a xerogel, is presented.

Fig. 3. The structure of a xerogel based on silicon dioxide

The use of alcohol solutions as precursors predetermined the prospects for obtaining fibrous
heat-insulating materials with a hydrophobic surface based on aerogels that do not absorb and
accumulate moisture, for which the composition of the substance is supplemented with agents that
enhance hydrophobizing properties. For example, a precursor based on silicon dioxide may also
contain components such as alkylsilane or arylsilane, which are co-precursors and enhance
the hydrophobicity of fibrous thermal insulation materials. The process of enhancing
the hydrophobic properties of the final product can be organized at any stages of the formation
of the airgel structure: by adding a hydrophobizing agent to the precursor composition; by directly
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introducing a hydrophobizing agent into a wet gel; by introducing a hydrophobizing agent into
the airgel during its drying [13].

To answer the question to what extent the use of airgel in the structure of fibrous heat-
insulating materials allows maintaining the fire resistance of the protected structures in the event
of water flow on the open surface of the insulation during the fire extinguishing process,
a laboratory experiment was carried out.

The measurements were carried out on a special laboratory setup that allows one-sided
heating of samples of the tested heat-insulating materials. The diagram of the experimental zone
of the laboratory facility is shown in Fig. 4. Silite heaters, which are located above the bottom
of the unit, are used as a heat source. The heat flux created by the heaters is oriented upward and
directed to the test specimen due to the necessary thermal insulation and the installation
of a protective mask with a window, on which the test specimen is applied, the edges of which
extend beyond the dimensions of the window. To exclude the influence of non-uniformity
of the generated thermal field, the end surfaces of the test specimen are also thermally insulated.
A metal plate is applied on the unheated surface of the test specimen of fibrous heat-insulating
material, which makes it possible to take into account the effect of the protected structure
on the heat transfer process during fire extinguishing. The distance between the silite heaters and
the heated surface of the test specimen is set at 50 mm. The measurement and regulation
of the temperature of the heated air is carried out by means of thermoelectric primary converters
of the TPP PP (R) type, located near the heated surface of the test sample, on a metal plate and
directly in the body inside the sample of fibrous heat-insulating material. The readings
of the primary converters are documented by means of a multichannel technological recorder
of the RMT 39-DM type, connected to a personal computer

Fig. 4. Diagram of the experimental zone of the laboratory facility: 1 — metal plate;
2 — a sample of the tested material; 3 — thermoelectric converter of unheated surface;
4 — stand thermal insulation; 5 — protective mask; 6 - thermoelectric converter of the heated surface;
7 —silite heaters

For the tests, a fibrous material of flexible thermal insulation Alison Aerogel DRT 0610,
made on the basis of SiO; aerogels, was selected, the main characteristics of which are presented
in the table [14].

Test specimens of a square shape with a side size of 100 + 10 mm and a thickness of 50 £ 2 mm
were cut from a roll of fiber material Alison Aerogel DRT 0610. One of the specimens remained
dry during the tests, and the other was «wety»; before heating, it was completely immersed in bath
with water and kept fully immersed within 10 minutes. Further tests showed that variations
in the duration of immersion of the sample within 10-30 minutes have practically no effect
on the test results.
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Table. Fiber material properties Alison Aerogel DRT 0610

Coefficient of
Densit Maximum use thermal conductivity Water Coefficient Flammabilit
)3/p ’ o A, W/(m-°C) absorption vapor permeability, y
kg/m temperaturet, °C 2 group
[IPH TEMIIEpaType B, xr/m n
10 300
200 650 0,019 0,039 0,14 0,088 Nonflammable

Test specimens of a square shape with a side size of 100 + 10 mm and a thickness of 50 £ 2 mm
were cut from a roll of fiber material Alison Aerogel DRT 0610. One of the specimens remained
dry during the tests, and the other was «wet»; before heating, it was completely immersed in bath
with water and kept fully immersed within 10 minutes. Further tests showed that variations
in the duration of immersion of the sample within 10-30 minutes have practically no effect
on the test results.

During the measurement, the test sample was heated by hot air, which simulates the thermal
effect on the enclosing structures of combustion products during a fire, while the temperature
increased linearly to 1200 °C and was kept constant until the completion of the measurement during
the transition to a stationary mode, when the temperature rise on the unheated surface of the test
specimen stops.

Directly with the unheated surface of the test sample of fibrous heat-insulating material was
in contact with a brass plate with the dimensions of the side surfaces 110 mm and a thickness of 3 mm,
the temperature of which was measured by means of thermoelectric primary converters of the TPP PP (R)
type. To ensure the required thermal contact, the converter junction was placed into a pre-drilled
recess filled with tritnik melt.

The test results of dry and «wet» samples of the fibrous heat-insulating material Alison
Aerogel DRT 0610 made on the basis of aerogels are shown in Fig. 5.
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Fig. 5. Test results of dry and «wet» samples of fibrous heat-insulating material: t; — temperature
of the heating air; t, is the temperature on the unheated surface of the «wet» sample; t; — temperature
on an unheated surface of a dry sample

The heating parameters of the samples are in good agreement with the measurement results
presented in [5]. The results obtained during the measurements show that the differences
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in temperature fields in a dry and a «wet» sample do not go beyond the instrumental errors. This
proves the hydrophobic properties of fibrous thermal insulation materials based on aerogels.

Thus, in the course of studying the possibility of increasing the fire-retardant properties
of fibrous heat-insulating materials, it was found that the use of aerogels imparts hydrophobic
properties to the materials, and as a result, the fire-retardant properties of fibrous heat-insulating
materials do not deteriorate when water gets on them during fire extinguishing.
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BUILDING STRUCTURES UNDER FIRE

A.Yu. Labinsky.
Saint-Petersburg university of State fire service of EMERCOM of Russia

A mathematical model of non-stationary thermal conductivity of semi-bounded bodies is considered,
which are used as building structures in the form of walls and floors from light and heavy concrete.
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Calculations of the temperature change in the depth of the wall in time, at a fixed temperature on the surface

of the wall from the side of the fire.
Keywords: non-stationary thermal

computational experiment, Excel tables

conductivity, building structures, mathematical model,

Introduction
Building structures must be tested for fire resistance. In the practice of firefighting,
the equations of nonstationary thermal conductivity are used to determine the temperature in fire
barriers by their thickness and depending on the time from the start of the fire [1-9].
Building structures are usually made of concrete, brick and steel. The physical parameters
of the specified elements of building structures, depending on
from temperature change in different ways and are given in the table.

Table
. Thermal . Temperature
Material Temfeorélture, Del? S;gé conductivity, Hiatk(j?lf a;:||<ty, conductivity,
, P, K9 A, W/m/kw <Y a, m’h

Concrete More 100 2000 1,4 — 6*10™*t 0,8 + 6,3*10*t 3,6*M/(c*p)
é)erfsﬁgfe More 100 500 0,1+7*10°5% 0,9 +6,3*10™t | 3,6%M/(c*p)
Ezsigii?ete More 100 1100 0,3+11*10%%t | 0,84+58*10**t | 3,6*1/(c*p)
Brick More 100 1600 0743510t | 0,84+51*10™*t | 3,6*A/(c*p)
Steel 010800 | 78007400 58-0,042*t 0,47+2,1*10™*t | 5,7-0,0058*t

Computer model of unsteady thermal conductivity

The elements of a simplified computer model based on the dependencies shown in the table,
as well as the calculation formulas for unsteady thermal conductivity given below, were developed
in an Excel spreadsheet. Using this computer model, the necessary calculations were performed and
the graphical dependencies below were constructed.

The dependence of the thermal diffusivity of heavy concrete on temperature is shown in Fig.1:

s N
Concrete thermal diffusivity, m~2 / h

\
\

N J
Fig. 1. Dependence of the thermal diffusivity of heavy concrete on temperature

Thermal conductivity and heat capacity of bricks increase with temperature, and the thermal
diffusivity changes insignificantly. So, when the temperature changes from 100 °C to 700 °C, the
thermal diffusivity of the brick changes from 0,001856 m?%h to 0,001776 m?/h.
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The dependence of the thermal diffusivity of the brick on temperature is shown in Fig. 2:

e N
Thermal diffusivity of bricks, m~2 /h
\
\
\
——
. J

Fig. 2. Dependence of the thermal diffusivity of bricks on temperature

The thermal conductivity of steel decreases with increasing temperature, and the heat
capacity increases. The density of the steel changes slightly. As a result, an increase in temperature
leads to a significant decrease in the thermal diffusivity of steel.

In accordance with the standard temperature regime, the fire temperature changes over time
according to the following relationship:

trxe = 345%Log(8*t+1),

where T is the time from the start of the fire, min.

The graph of the dependence of the standard fire temperature on time is shown in Fig. 3.

In the figure, the red curve is the calculation by the formula, the black curve is the trend line.
In the practice of firefighting, the maximum ambient temperature inside a room with a fire center
is taken to be 1250 °C. This temperature is used to determine the permissible temperature in fire
barriers, which are building structures (walls, partitions, ceilings) made of the materials discussed above
(concrete, brick).

N
Fire temperature T [C] = f (t [min])
v = 10,1064x3 +/1,5422x +51,485x - 30,665 LA ~
R2=0,993 /
P
~
P
/,
=
N Y,

Fig. 3. Dependence of the standard fire temperature on time

Let us formulate the problem statement: It is necessary to make a simulation unsteady
thermal conductivity of semi-bounded bodies (bodies of finite thickness) to determine
the temperature in fire barriers by their thickness and depending on the time from the start of the
fire. The topic of the article is relevant, since the need to determine the temperature in fire barriers
by their thickness and depending on time from the start of the fire is beyond doubt.

The object of research is the process of unsteady heat conduction of semi-bounded bodies.
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The research method is computational experiments on the developed computer model
of the unsteady heat conduction process, implemented in an Excel spreadsheet.

Model of unsteady heat conductivity of semi-bounded bodies

For walls and floors of finite thickness, the calculation formula for unsteady thermal
conductivity has the form:

t(x,7) = tc — (tc — to)*erf(0,5*k*V[(a+x)/(a*1)]),

where tc is the temperature in the room during a fire; tO is the initial temperature in the room;
erf — probability integral (error function); coefficient k = 0.5%(1 + p*10-4); p is the density
of the material; a — thermal diffusivity of the material; x is the coordinate of the thickness
of the material; t — time.

Integral of probability erf(x) = (2/\r) Jo* €™ dt can be calculated using the series
expansion (0<x<50):

erf(x) = (2/Nn) *(x — X33 + 1/21*x°/5 — 1/31*x"/7 +...) =
= (2IT) *YTh=o” (1) x* Y [n1(2n+1)]

Integral of probability erf(x) can also be found by numerical integration. In addition, the function
erf(x) can also be calculated using a polynomial approximation with an error not higher 1,510

erf(X) =1- (alt + a2t2 +.. .+a5t5)*e'X2,

where t = 1/(1 +p*x); p = 0,3275911; a;= 0,254829592; a, = —0,284496736; a3 = 1,421413741;
as =—1,453152027; as = 1,061405429.
Dependency graph Y = erf(X) imagine at Fig. 4:

/ N

Error functionY = erf(X)
: T
4 L
e /
. /,//
A ,/
Y// meaning X
S J

Fig. 4. Dependency graph erf(x)

Calculate the temperature change over time in heavy concrete at a room temperature with
a fire equal to TP = 300 °C. The calculation is made for a fire barrier (wall, ceiling) at a depth of 0,3 m.
The calculation is made according to the formula:

t(x,7) = tc — (tc — to)*erf(0,5*k*V[(a+x)/(a*1)]),
where tc = 300 °C; tp=20 °C; k = 0,5*(1+2000*10'4) =0,6; a=0,0022 m¥h; x=0,3 m.
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T[C]=f(t[mnH]) for concrete at

w/
pd

v

- J
Fig. 5. Dependence t(t) for heavy concrete

Dependence t(z) for heavy concrete (p = 2000, kg / m3) Ty = 400 °C imagine at Fig. 6.

s N
___T[C]=f(t[min]) for concreteat = =
—Tn=400°C ———

1
)
e
N J

Fig. 6. Dependence t(t) for heavy concrete

Dependence t(t) for heavy concrete (p = 2000, kg/m®) Tp = 500 °C imagine at Fig. 7.

4 2\
T[C]=f(1:[m|n]) for concrete TN = 500 °C

L ——

pranil
l

/

Fig. 7. Dependence t(t) for heavy concrete

Let's build a graph of temperature dependence in heavy concrete on two variables: time t
(20 to 65 min) and room temperature Tr; ( 300 °C from 500 °C). To build a 3D graph Z=f(X,Y) you
need to calculate a matrix of 10*10 values, in which the elements of the matrix are reduced to the
range [0,1]. The plotter builds a projection of a three-dimensional surface in a unit cube: (Z, X, Y)
e [0,1]*[0,1]*[0,1]. The matrix of initial data for constructing a three-dimensional graph is shown
in Fig. 8.
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0.43;050;0,50; 0,51:051;051;0,51.052:0.52; 0,52
0,54; 0,54; 0,55; 0,55; 0,56; 0,56; 0,56; 0.,56; 0,56; 0,57
0.58; 0,59; 0,60; 0,60; 0,60; 0,60; 0.61; 0.61; 0.61; 0,61
0,62 0,63; 0.,64; 064 0,65; 0,65; 0,65; 0,66; 0.,66; 0,66
0,67:0,68; 0,68; 0,63; 0,63; 0,63; 0,70; 0,70; 0,70; 0,71
0.71:0,72: 0,73; 0,73; 0,74; 0,74: 0,74; 0,75: 0.75: 0.75
0.76;0,76:0,77:0,78:0,78: 0,79 0,79: 0,79; 0,79; 0,80
0.80;0,81;0,82:0,82:0,83:0,83; 0,83 0.84; 0,84; 0,85
0.,84;0,85;0,86; 0,87 0,87;0,88; 0,88; 0,88, 0,89; 0,83
0,88:0.89:0,90;0,91:092;0,92; 0,93;0.93;0,93; 0,94

Fig. 8. Initial data of three-dimensional graph

Addiction Z=f(X,Y), rne Z — temperature in heavy concrete t; X — room temperature Ty;
Y — Bpems T, imagine at Fig. 9.

/<7E

Fig. 9. Addiction Z=f(X,Y), where (Z, X, Y) € [0,1]*[0,1]*[0,1]

We calculate the change in temperature t in time [1 in lightweight concrete at a temperature
in a room with a fire source equal to Ty = 500 °C. The calculation is carried out for a fire barrier
(wall, ceiling) at a depth 0,3 m.

Addiction t(t) for lightweight concrete (p = 500 [kr/m°]) imagine at Fig. 10:

! T[C]=f(t[min]) for Iighthleight |
con
L~
yd
/
. J

Fig. 10. Addiction t(t) for lightweight concrete
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The thermal diffusivity of lightweight concrete is significantly less than that of heavy
concrete and is 0,0008 m?h. For heavy concrete, the thermal diffusivity in the temperature ranges
from 100 °C to 700 °C varies from 0.0028 to 0,0014 m%h. Therefore, the range of temperature
variation for heavy concrete is significantly larger than for lightweight concrete.

Addiction t(t) for brick p = 1600 xr/m® at a temperature in a room with a fire source equal
to Ty = 500 °C, imagine at Fig. 11.

e N
T[C]=f(t[min]) for brick, Tn = 500 °C
//

yd
pd
N\ Y,

Fig. 11. Addiction t(t) for brick

Conclusion

A mathematical model of non-stationary thermal conductivity of semi-bounded bodies (bodies
of finite thickness) is considered, which are considered building structures in the form of walls and
floors, made of heavy and light concrete, as well as bricks. Calculations of the temperature change
in the depth of the wall (overlap) over time were carried out at a temperature on the wall surface from
the fire side of 300, 400 and 500 °C, which made it possible to graphically represent a qualitative picture
of the temperature change depending on the time in the range from 10 to 120 minutes from
the start of the fire.

The scientific novelty of the research, reflecting the personal contribution of the author,
is in the creation by the author of a computer model of the non-stationary thermal conductivity process,
implemented in an Excel spreadsheet.
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THERMOCAPILLARY CONVECTION IN HYDROCARBONS
UNDER THE INFLUENCE OF THERMAL RADIATION OF AFIRE

A.A. Kuzmin; N.N. Romanov; A.A. Permyakov.
Saint-Petersburg university of State fire service of EMERCOM of Russia

It has been established that the condition for the occurrence of convection is a significant excess
of the duration of the process of equalizing the temperature in the elementary volume and the average
temperature of the rest of the liquid over the duration of the process of its ascent. The boundary conditions
for solving a system of differential equations that take into account the balance between thermocapillary and
viscous components of natural convection on the liquid surface are determined. To test the model
of thermocapillary convection that occurs on the surface of hydrocarbons under the influence of thermal
radiation, the data obtained in the course of a full-scale experiment are used. The adequacy of the proposed
mathematical model was confirmed by comparing the counting results with experimental materials.

Keywords: hydrocarbons, thermocapillary convection, thermogravitational convection, thermal
radiation, Marangoni number

The problem of the radiation effect of a fire on the free surface of oil, oil products and other
hydrocarbons largely determines the development of a fire. In [1-5], as well as in subsequent
publications by the same authors, it is noted that the course of the ignition of combustible vapors
is largely determined by the stability of the development of convective processes in nearby liquid
layers. In particular, thermocapillary fluid flows play an important role, due to the non-gravitational
nature of this type of convection, which is also called Benard-Maragoni convection [6].

Let us consider the physical phenomenon of instability of a thin layer of liquid heated by
a radiation flow from the side of a fire. If the temperatures in the region of the upper T1 and lower
T2 boundaries of the layers differ insignificantly, then the regime of stationary thermal conductivity
is realized, the temperature distribution T (z) in a layer of thickness d is linear and is determined
by the value of the vertical z coordinate:

JA
T :T1+(T2 _Tl)'a.

Let us consider an elementary volume of a liquid located at the interface of the phase state.
If in the process of fluctuations such an elementary volume moves down, it will be surrounded
by a liquid less heated by external thermal radiation, which will have a higher density. This causes
the appearance of a buoyant force, the magnitude of which is proportional to the density difference
and causes the movement of the elementary volume of the liquid to the upper interface. In turn,
the elementary volume of liquid located near the lower boundary will move upward, then it will
be surrounded by more heated, therefore, less dense layers of liquid and will move downward.
Since the speed of movement of elementary volumes depends on the viscosity of the liquid,
the intensity of heat transfer is largely determined by the physical properties of the liquid, hence
the convection process manifests itself when the effect of the buoyancy force prevails over
the forces of internal friction and the effect of thermal diffusivity. Then the buoyant force Fa acting
on the elementary volume of the liquid is estimated using equation (1), and the force of viscous
friction of the elementary volume with the surrounding liquid Fs — equation (2):

' 2
F=4T -p-L'-g (1)
where B — volumetric expansion coefficient of liquid; T — temperature difference between

the elementary volume and the surrounding liquid; g — acceleration of gravity, L — characteristic
linear dimension.

FS:,O°V'L’V’ @)

where v — fluid kinematic viscosity coefficient; VV — speed of movement of elementary volume.
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If we equate the value of the buoyant force Fa and the force of viscous friction Fs, we can
determine the value of the velocity V, and from it, calculate the duration of movement
of the elementary volume of displacement t:

d v-d
T=—= - 5
V BT pPg
It was established in [7] that the condition for the occurrence of convection is a significant
excess of the duration of the temperature equalization process in the elementary volume tr and

the average temperature of the rest of the liquid over the duration of the process of its ascent t,
while the value of 7 is related to the value of the thermal diffusivity of the liquid a:

q
Since 1T >> 1, it can be argued that:
L? S y-d v-d-a
A ' 2 ., then ' 4
Let's take the value of the temperature difference T =T;-T,, and as the characteristic linear
size L, the thickness of the heated layer d, then the process of thermogravitational convection
in a liquid heated by a radiation flow can be characterized by the Rayleigh number Ra:

3
Ra = g 'ﬂ'(Tl_Tz)'d
v-a : 3)
By analogy, one can describe the component of the convective flow caused by the effect

of surface tension. For most hydrocarbons, the surface tension coefficient ¢ decreases almost
linearly with increasing temperature: [4]

0=0,T,)-a-(I-T,),

where o is the heat transfer coefficient between the outer surface of the liquid hydrocarbon fraction
and the environment.

If a fluctuation spot with an increased temperature relative to the rest of the liquid and
reduced surface tension forces appears on the surface of a liquid hydrocarbon fraction as a result
of exposure to thermal radiation, then a manifestation of the capillary effect will be spreading over
the outer surface of this spot. The dimensionless characteristic of the thermocapillary convection
process is the Marangoni number [6]:

<<1

_a'(Tl_Tz)'d
B pav : (4)

Dividing expressions (3) and (4), we obtain a characteristic of the degree of dominance
of the forces of buoyancy and surface tension as a function of heating the layer in convection:

Ma 1
Ra ,O,Bd g (®)
In the Oberbeck-Boussinesq approximation, the system of differential equations (6), which

makes it possible to describe the process of thermocapillary convection arising under the influence
of thermal radiation from a fire, takes the form:

Ma
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a—”+i-(uv)u:—VP+Au
or Pr

, (6)

N
Pr-a—T+u-VT:AT+[1—e “J
0T

div(v)=0

wher N=a,-h — optical thickness of the space between the fire flame and the hydrocarbon surface;
ar — liquid surface absorption coefficient; Pr=v/a — Prandtl number [8].

We assume a linear dependence of the value of the surface tension coefficient of hydrocarbon
compounds on temperature and the absence of external deformations of the free surface during
the fire extinguishing process. Then the boundary conditions for solving the system of differential
equations (6), taking into account the balance between thermocapillary and viscous components
of natural convection on the liquid surface, take the form:

or . ov or  ov oT
— =-Bi-T. L= Mag—. —L=-Ma-—. o =0
0z ’ 0z ox 0z oy’
where Bi=o-h/A — Bio number [9].
In the absence of external mechanical action on the free surface of the liquid, a stationary
solution of the system of differential equations can be obtained (6):
1 N7
— p 21l _ T .
UO:O; T—N2 e 2+C1 Z+C2 (7)
To determine the values of the integration constants C1 and C2 (equations 8 and 9)
in relation to the isothermal surface of a fluctuating spot on the surface of hydrocarbons, we use
the boundary conditions formulated above:

N-1 B [2.-¢"-N?)

'"N-@+Bi) 1+Bi | 2.N* | ®)
o N
G, v )

The data obtained by in the course of a full-scale experiment carried out in a convection
chamber shown in Fig.1.
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Fig. 1. Schematic of the experimental convection chamber
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On the base of the chamber 1, which is a textolite plate with dimensions of 180*180 mm and
a thickness of 8 mm, a fence of the convective cavity 2, made of glass, 4 mm thick, is glued.
A hole is drilled in the center of the base, in which a protective ceramic cover 4 of the measuring
copper-constantan thermocouple 3 is fixed through the fluoroplastic gland 5 — 0,1 mm. On top
of the convection chamber, there is a cover 6 made of a sheet of quartz glass with a thickness
of 2 mm. Space A of the convection chamber during the experiment was partially filled with
n-decane CioHz,. The choice of n-decane for carrying out a full-scale experiment was due
to the combination of a relatively low value of the surface tension coefficient ¢,=23,9 mH/m for
a comfortable temperature t,=20 °C and a sufficiently high value of the temperature coefficient
of surface tension Ac=0,092 mH/(m-°C), which makes it possible for thermocapillary movements
to reach a sufficiently high intensity.

To simulate the radiation effect of a fire, a source of thermal radiation was used [10],
the diagram of which is shown in Fig. 2.
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Fig. 2. Schematic of the source of thermal radiation

The removable part of the heat-emitting head 1 is made of stainless steel, fixed on a ceramic
base 5 and warmed up by a tungsten spiral when connected to conductors 4 from an external current
source. The emitter temperature is measured with a thermocouple 3.

The dimensionless coefficient K, proposed in [11, 12] as a measure of instability:

K=1-12
T ’

where T, — absolute outside surface temperature; T,, — absolute temperature of the investigated layer.
The experimental results are shown in Fig. 3.
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Fig. 3. Dependence of the parameter K on the thickness of the heated layer d:
1-for T=973 K; 2 — for T=873 K; 3 —for T=773 K; 4 — for h=673 K
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The experimental results confirmed the sufficient adequacy of the proposed mathematical
model in describing the process of thermocapillary convection in the boundary layer under radiation
exposure to the open surface of hydrocarbons.
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DIALOGUES WITH SPECIALISTS

ANALYSIS OF STATISTICAL DATA ON ACCIDENTS RELATED
TO AIRCRAFT IGNITION FROM SPILLED FUEL AS A RESULT
OF AN EMERGENCY LANDING ACCORDING TO THE DATA

OF THE INTERSTATE AVIATION COMMITTEE FOR 2004-2020

A.A. Vorontsova; S.V. Skodtaev; E.Yu. Cherkasov; S.G. Ivakhnyuk.
Saint Petersburg university of State fire service EMERCOM of Russia

The data of the statistical analysis of aircraft accidents associated with an aircraft fire from fuel
spilled as a result of an emergency landing are presented. This type of accidents leads to the death
of passengers as a result of exposure to hazardous fire factors. Considered are the consequences of accidents
for 2004-2020, associated with the ignition of passenger aircraft from spilled fuel, according to the statistics
of the Interstate Aviation Committee.

Keywords: aircraft accidents, fire safety, emergency landing

Since ancient times, the integrity of the state and its economic development have been
determined by the transport infrastructure. In the Roman Empire, one of the main occupations
of the legions was the construction of roads. Was designed by the Russian Empire and the longest
railway in the world, the Trans-Siberian Railway, the «iron belt of Russia», was built. In addition,
there is a theory that Russia arose on the «path from the Varangians to the Greeksy.

In modern conditions, the transport infrastructure of the state determines the quality
of the functioning of all sectors of the economy. Due to the vastness of the territory civil aviation
occupies a significant place in the unified transport structure of Russia. Civil aviation activities can
be divided into three main areas: commercial air transport, general aviation and aeronautical work.

The main advantage of air transport is the speed of overcoming long distances. With
the development of science and technology, the reliability and safety of air transportation increases,
the operational characteristics of airliners (range, flight speed, carrying capacity, passenger
capacity, etc.) increase. To ensure safety, the procedures for aircraft maintenance, passenger and
baggage screening, etc. are being improved. Despite the efforts made, every year all over the world
there are aviation accidents that lead to human casualties and significant material damage.
The maximum number of fatalities and injuries is recorded in accidents of passenger aircraft,
therefore, there are real risks associated with the operation of airliners, even taking into account
the lower mortality rates compared to other modes of transport (rail, road, water).

According to statistics presented on the official website of the Federal Air Transport Agency
[1], the passenger traffic of Russian airlines (international and domestic flights) in 2019 amounted
to 123 748 720 people. In 2020, despite on the restrictive measures introduced in connection with
the spread of coronavirus infection, the passenger traffic of Russian airlines amounted
to 68917 705 people. Obviously, this figure will only increase annually, therefore, from
the reliability and the safety of airliners depend on the lives of vast numbers of people around
the world, and are therefore given the highest priority in an effort to keep accidents to a minimum.
Unfortunately, most of the innovations aimed at improving the safety of air transport are the result
of a thorough investigation of the causes of the crashes that have occurred. On the territory
of the Russian Federation, the powers and responsibility in the field of investigation of aviation
accidents (AC) with civil aircraft are vested in to the Interstate Aviation Committee (IAC) [2].

The IAC investigates all aircraft accidents with aircraft of the States parties
to the Agreement on Civil Aviation and the Use of Airspace [3] (Agreement) both on their territory
and beyond, as well as within the framework of separate agreements concluded with other States.
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The states parties to the Agreement as of 2021 are the Republic of Azerbaijan, the Republic
of Armenia, the Republic of Belarus, the Republic of Kazakhstan, the Kyrgyz Republic,
the Republic of Moldova, the Russian Federation, the Republic of Tajikistan, Turkmenistan,
the Republic of Uzbekistan, Ukraine. In the course of the investigations carried out, all
the shortcomings that lead to accidents are identified and thoroughly analyzed, and recommendations
for improving flight safety are formulated in the IAC report. These recommendations are mandatory for
such government agencies as the Ministry of Transport of Russia, Federal Air Transport Agency,
Rostransnadzor, certification organizations, airport services, etc.

According to the statistics of the IAC [4], from 2004 to 2020, 759 aviation accidents
occurred on the territory of the state’s parties to the Agreement, about 50 % (375) of which ended
in disasters. As a result of the aircraft accidents, 2 197 people died (Table 1), an even more
significant number suffered damage to their health, some of them remained disabled.

Table 1. The number of accidents disasters and fatalities for the period 2004-2020

Year Aviati_on ac_cidents Av!ation L 0SSes
(including disasters) accidents

2004 37 15 109
2005 25 13 101
2006 33 17 465
2007 45 18 92
2008 40 21 231
2009 39 20 86
2010 43 20 66
2011 50 28 187
2012 53 31 127
2013 46 19 126
2014 48 26 80
2015 56 27 116
2016 63 28 74
2017 58 32 74
2018 58 25 164
2019 41 25 97
2020 46 23 51
Bcero 759 375 2197

Analysis of statistical data on aviation accidents showed that about 80 % of passenger
aircraft accidents occur during takeoff or landing. The most common causes of death in an accident are:
the impact of the energy of impact on the ground of the aircraft and the achievement of critical values
of hazardous fire factors as a result of the combustion that occurs during an emergency landing.

Unfortunately, the full-text reports on the study of the AP IAC are published in general
access only since 2004. From the analysis of statistics [4] it follows that for the period from 2004.

Until 2020, the IAC staff investigated 375 aircraft accidents. In about 40 % of cases, a fire
broke out on board aircraft (Table 2), as a result of which the impact of hazardous fire factors
prevented the rescue of people and was the cause of their death.

Unfortunately, in the reports of the IAC there is no detailed information about the victims
indicating the reason for the death of passengers. For example, those who died from exposure
to hazardous fire factors or from injuries incompatible with life, received during an emergency
landing, as a result of which a fire occurred, etc.

Based on the results of the study of the circumstances of air crashes, it can be concluded that
the greatest danger is a fire that occurred when the fuel tanks of the aircraft were destroyed and
the jet outflow of aviation fuel. Combustion in power plants, passenger, luggage, technical
compartments, chassis, etc. less dangerous, since these fires have a lower combustion temperature
and flame propagation speed, respectively, passengers have more time to evacuate.
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Table 2. Number of fires out of the total number of plane crashes

Aircraft . Percent

Year accidents Number of fires from disasters, %
2004 15 5 33,3
2005 13 5 38,6
2006 17 7 41,18
2007 18 7 38,8
2008 21 9 42,8
2009 20 8 45
2010 20 8 40
2011 28 11 39,2
2012 31 12 38,7
2013 19 8 421
2014 26 10 38,5
2015 27 11 40,7
2016 28 11 39,3
2017 32 13 40,6
2018 25 10 40
2019 18 8 44 .4
2020 17 6 35,3
Bcero 375 149 39,73

As an example, consider the fire that occurred on May 5, 2019 at the Sheremetyevo
international airport (Fig. 1), when during a «hard» landing of the RRJ-95B aircraft, the landing
gear pierced the fuel tanks and several tons of aviation fuel spilled onto the ground. As a result
of the fire, 41 passengers died. All dead passengers died from exposure to hazardous factors of the fire.

In this aspect, we can also mention the fire that occurred during the emergency landing
of an A310 aircraft at the Irkutsk airport on July 9, 2006 (Fig. 2), as a result of which
125 passengers died, 120 of them from the effects of dangerous fire factors, one passenger from
cranial — brain injury, one passenger — from injuries and burns, 3 cabin crew — from carbon

monoxide poisoning [4].

Fig. 1. View of the aircraft RRJ-95B RA-89098 after the accident [4]
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Fig. 2. View of the aircraft A310 F-OGYP after the accident [4]

These plane crashes unite not only great human losses, but also similar circumstances that
caused and aggravated the development of the fire - the burning of the aviation fuel spilled
as a result of a «hard» landing and the engines not turned off after stopping the aircraft, pumping air
into the combustion zone.

To determine the frequency of manifestation of these factors, the statistical data of the IAC
for 2004-2020 were processed. and the events resulting from aircraft accidents involving the spill
and subsequent ignition of aviation fuel on the runway are selected. The resulting data on human
casualties are presented in table. 3.

Table 3. The number of passengers Killed as a result of fires related to with depressurization of fuel
tanks during emergency landing (Passenger aircraft with more than 10 passengers on board)

Aircraft number and date | The death Number Losses,
No of incident toll of passengers %
R 0 | = |
i Iys;:ﬁ:r'nber 2006 28 148 v
3 gﬁﬁg;ﬁgm 125 203 62
" | 2 augus 2008 i o0 "
* | Dayoors |3 134 :
" | mesott 4 52 0
Tt | w | e | om
" | septembereots ~ | O 12 °
" | omenoto : 7 :
10 Eﬁ]Ja—;JSZI?)lF;A—89O98, a1 78 53
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Analyzing the data presented, it can be concluded that out of ten accidents that occurred,
more than 53 % of passengers died in eight cases. And only in the accident with the Boeing 737-800,
which occurred on September 1, 2018 at the Sochi airport, it was possible to save the lives of all
passengers as a result of favorable weather conditions (it was pouring rain during landing), as well
as the coordinated actions of the crew and ground services.

The results of a comparative statistical analysis of the number of fatalities in all aviation
accidents (Table 1), with the number of fatalities caused by the ignition of passenger airliners from
spilled fuel (Table 3), are presented in Table. 4. Unfortunately, in the above statistics, behind
the dry figures of the statistical analysis are human lives that could have been saved in the case
of a better fire safety system.

When an aircraft falls from a height, passengers have practically no chance to save their
lives. However, in the event of a fire on the runway (ground), the chances of survival of passengers
and crew members directly depend on the reliability of the fire safety system, which includes:
actions of crew members, space-planning decisions made on board the aircraft, availability, type
and the availability of extinguishing media, the availability of fire protection systems, etc.

Table 4. Results of a comparative analysis of human casualties in the years associated with
with ignition of spilled fuel as a result of emergency landing

Number of passengers killed as a The total number of Percentage, %
v result of fires associated with passengers killed in
ear S . . .
ignition of spilled fuel, people. aircraft accidents per
year, people.

2005 28 101 28
2006 153 465 33
2008 64 231 28
2011 50 187 27
2012 33 127 26
2019 43 97 44

It is also necessary to improve, in terms of fire safety, the materials used for finishing
the cabin of passenger airliners in order to reduce the toxicity of combustion products and the speed
of flame propagation. The above measures will help increase the chances of passengers being
rescued.
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SUMMARY OF INFORMATION

The oldest educational institute of fire and technical specialization was established in 1906
October 18", when based on the decision of City Council of Saint-Petersburg courses of fire
engineer started the work. Along with training of specialists the institute was responsible for
correlation and systematization of fire and technical knowledges and creation of new special
discipline. There were published first national textbooks which were used for all Russian
firefighters training.

For Century University history more than 30 000 specialists were trained which had higher
professional level and unlimited loyalty to work of firefighters and oath loyalty. As result huge
quantity of officers and graduates of the institute who got a higher reward from the country such
as: knights of Saint George's Cross, four heroes of Soviet Union and one hero of Russian
Federation. It is not accident that there are many graduates among head staff of fire service of our
country.

Nowadays Saint-Petersburg University of State Fire Service of Ministry of the Russian
Federation for Civil Defense, Emergency Situations and the Rectification of the Consequences
of Natural Disasters is modern scientific and educational complex integrated in world scientific and
educational. The University provides studying of secondary and high, post graduates students,
retraining of specialists more than for 30 staff categories using systems of classroom studying and
distance.

Chief of the University — Doctor of Technical Sciences, Docent General-the Lieutenant
of internal service Gavkalyk Bogdan Vasilyevich.

The main direction of activity of the university is training of specialists in the specialty «Fire
safety», and at the same time training is organized for other specialties that are in demand
in the EMERCOM system. They are specialists in the field of system analysis and management,
higher mathematics, legislative support and legal regulation of EMERCOM of Russia, psychology
of risk and emergency situations, budgetary accounting and audit in EMERCOM divisions, fire-
technical expertise and inquiry. Innovative training programs included training specialists
in the specialization «Managing of rescue operations of special risk» and «Carrying out emergency
humanitarian operations» with knowledge of foreign languages, as well as training specialists for
paramilitary mine-rescue units in the specialties «Mining» and «Technological safety and mine rescue».

The breadth of scientific interests, high professionalism, extensive experience in scientific
and pedagogical activity, possession of modern methods of scientific research allow the university
staff to multiply the scientific and scientific-pedagogical potential of the university, ensure continuity
and succession of the educational process. Today, 1 Corresponding Member of the Russian
Academy of Sciences, 5 Honored Scientists of the Russian Federation, 13 Honored Workers
of the Higher School of the Russian Federation, 3 Honored Lawyers of the Russian Federation,
Honored Inventors of the Russian Federation and the USSR transfer their knowledge and vast
experience to the university. The preparation of highly qualified specialists is currently carried out
at the University by 4 laureates of the Government of the Russian Federation Prize in the field
of science and technology, 42 doctors of science, 228 candidates of sciences, 63 professors, 155
associate professors, 20 academicians of branch academies, 11 corresponding members
of branch academies, 6 senior researchers, 8 Honored Workers of Higher Professional Education
of the Russian Federation, 1 Honorary Worker of Science and Technology of the Russian
Federation, 2 Honorary Radio Operators of the Russian Federation and 2 Honorary Workers
of General Education of the Russian Federation.

University consists of:

— Institute for Advanced Professional Education;

— Institute of distance education;

— Institute of Life Safety.

Three faculties:

— Engineers;
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— Economics and law;

— Training and retraining of scientific and pedagogical staff.

In the university are created:

— An educational center;

— Centre for Scientific Research Organization;

— Center for Information Technology and Systems;

— Educational and scientific center of engineering and technical expertise;

— Distance Learning Center;

— Expert Center;

— Industrial park of science and innovation;

— Center for international cooperation and information policy;

— Science and innovative technologies park.

The University has representations in the cities of Vyborg (Leningrad region), Petrozavodsk,
Strezhevoy (Tomsk region), Khabarovsk, Syktyvkar, Burgas (Republic of Bulgaria), Almaty
(Republic of Kazakhstan), Bar (Republic of Montenegro), Baku (Azerbaijan), Nis (Serbia),
Sevastopol, Pyatigorsk.

At the university in 31 areas of training more than 8000 people studies. The annual class
of graduates is more than 1550 specialists.

One dissertational council for defending dissertations for the academic degree of a doctor
and candidate of science in technical sciences operates at the university. In order to improve
scientific activity, 12 research laboratories have been established at the university.

Annually, the University conducts international scientific-practical conferences, seminars
and round tables on a wide range of theoretical and applied scientific problems, including
the development of a system for preventing, eliminating and reducing the consequences of natural
and man-made emergencies, improving the organization of interaction between various administrative
structures in conditions of extreme situations, etc.

Among them: the All-Russian Scientific and Practical Conference «Security Service
in Russia: Experience, Problems and Perspectives», International Scientific and Practical
Conference «Training of Personnel in the System of Prevention and Elimination of Consequences
of Emergencies», Forum of the EMERCOM of Russia and public organizations «Society for
Security», All-Russian Scientific and Practical Conference «The Arctic — the Territory of Security.
Development of providing of complex security system for the Arctic zone of the Russian
Federationy.

On the basis of the university, joint scientific conferences and meetings were held
by the Government of the Leningrad Region, the Federal Service of the Russian Federation for the
Control of the Traffic of Drugs and Psychotropic Substances, the Scientific and Technical Council
of the EMERCOM of Russia, the Northwest Regional Center of the EMERCOM of Russia, The
International Technical Committee for the Prevention and Extinction of Fire (CTIF), Legislative
Assembly of the Leningrad Region.

The University annually takes part in exhibitions organized by the EMERCOM of Russia
and other departments. Traditionally, the University stands at the annual International exhibition
«Integrated Security» and the International Forum «Security and Safety» SFITEX enjoys great interest.

Saint-Petersburg University of State Fire Service of EMERCOM of Russia has been cooperating
with the State Hermitage for several years in the field of innovative projects on fire safety of cultural
heritage sites.

During the teaching of specialists in the University, advanced domestic and foreign
experience is widely used. The university maintains close ties with the educational and research
institutions and structural subdivisions of the fire and rescue profile of Azerbaijan, Belarus,
Bulgaria, Great Britain, Germany, Kazakhstan, Canada, China, Korea, Serbia, Montenegro,
Slovakia, USA, Ukraine, Finland, France, Estonia and other states.

The university is a member of the International Association of Fire and Rescue Services
(CTIF), which unites more than 50 countries around the world.
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In the framework of international activities, the university actively cooperates with
international organizations in the field of security.

In cooperation with the International Civil Defense Organization (ICDO) Saint-Petersburg
University of State Fire Service of EMERCOM of Russia organized and conducted seminars for
foreign experts (from Moldova, Nigeria, Armenia, Sudan, Jordan, Bahrain, Azerbaijan, Mongolia
and other countries) for expert evaluation of fire, ensure the safety of oil facilities, the design of fire
extinguishing systems. In addition, University staff participated in conferences and seminars
conducted by ICDO in the territory of other countries. Nowadays five programs on technosphere
safety in English have been developed for representatives of the ICDO.

One of the key directions of the University's work is participation in the scientific project
of the Council of the Baltic Sea States (CBSS). The University participated in the project 14.3,
namely in the direction C — «Macro-regional risk scenarios, analysis of hazards and gaps in the
legislation» as a full-fledged partner. At present, work is underway to create a new joint project within
the framework of the CBSS.

A lot of work is underway to attract foreign citizens to study. Representative offices have
been opened in five foreign countries (Bulgaria, Montenegro, Kazakhstan, Azerbaijan, and Serbia).

Nowadays, more than 200 citizens from 8 foreign countries study at the university.

Cooperation agreements have been concluded with more than 20 foreign educational
institutions, including the Higher Technical School in Novi Sad and the University of Nis (Serbia),
the Fire Academy of Hamburg (Germany), the College of Fire and Rescue Service in Kuopio
(Finland), Kokshetau Technical Institute of the EMERCOM of the Republic of Kazakhstan and
many others. The training in Harvard Universuty for university’s representatives has been organized
using training program for safety leaders qualification increasing.

In virtue of intergovernmental agreements, Ministries of Emergency Situations
of the Kyrgyz Republic and the Republic of Kazakhstan staff is provided with a training at the university.

Over the years, the university has trained more than 1 000 specialists for fire protection
in Afghanistan, Bulgaria, Hungary, Vietnam, Guinea-Bissau, Korea, Cuba, Mongolia, Yemen and
other foreign countries.

The training under the program of additional professional education «Translator in the field
of professional communication» was organized for students, cadets, adjuncts and employees.

The monthly information-analytical packet and analytical reviews on fire and rescue topics
of the Center for international cooperation and information policy is published. University website
is translated into English and constantly updated.

The University's computer park is more than 1400 units, united in a local network.
Computer classes allow students to work in the international computer network Internet. With the
help of the Internet, access to Russian and international information sites is provided, which makes
it possible to significantly expand the possibilities of the educational, teaching, methodological and
scientific-methodical process. The necessary regulatory information is in the database of computer
classes provided with the full version of the programs «Consultant Plusy», «Garanty», «Legislation
of Russia», «Fire Safety». For information support of educational activities in the university there
is a unified local network.

Increasing multiplicity and complexity of modern tasks significantly increase
the requirements for the organization of the educational process. Nowadays the University use
distance-studying technologies.

The university library corresponds to all modern requirements. The fund of the University's
library accounts more than 359 thousand numbers of literature on all branches of knowledge. The
library's funds have information support and are united into a single local network. All processes are
automated. The library program «Irbis» is installed. The library provides electronic book loan. This
makes it possible to bring the book to user as soon as possible.

Reading rooms of the library are equipped with computers with Internet access and a local
network of the university. The Electronic Library has been created and is functioning;
it is integrated with the electronic catalog.
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2/3 of the educational and scientific foundation was digitized in the Electronic Library.
The following libraries are connected to the electronic library: a branch in Zheleznogorsk and
a library of the Vytegra training and rescue center, as well as training centers. There is access
to the largest libraries of our country and the world (BN Yeltsin Presidential Library, Russian
National Library, Russian State Library, Library of the Academy of Sciences, Library of Congress).
A contract was concluded with EBS IPRbooks for the using and viewing of educational and
scientific literature in electronic form.

The library has more than 150 copies of rare and valuable publications. The library has
a rich fund of periodicals, their number is 8121 copies. In 2017, in accordance with
the requirements of the state educational standard, 80 titles of magazines and newspapers were
issued. All incoming periodicals are signed by a bibliographer for electronic catalogs and card files.
Publications of periodicals are actively used by readers in educational and research activities. Also,
3 foreign journals are issued.

On the basis of the library, a professorial library and a professorial club of the university
were established.

The Polygraphist Center of the University is equipped with modern printing equipment for
full-color printing, which allows providing orders for printed products of the University, as well
as a plan for publishing activities of the Ministry. The University publishes 7 scientific journals,
publishes materials of a number of International and All-Russian scientific conferences, packet
of scientific works of the faculty of the university. The University’s editions comply with
the requirements of the legislation of the Russian Federation and are included in the electronic
database of the Scientific Electronic Library to determine the Russian Scientific Citation Index, and
also have an international index. The scientific and analytical journal «Problems of risk
management in the technosphere» and the electronic scientific and analytical journal «Bulletin
of the St. Petersburg University of the State Fire Service of the EMERCOM of Russia» are included
in the list of peer-reviewed scientific journals approved by the decision of the Higher Attestation
Commission, in which the main scientific results of dissertations should be published for the degree
of candidate of sciences, for the degree of Doctor of Sciences.

All cadets of the university are trained in the initial training programs for rescuers and
firefighters. The training takes place on the basis of the Vytegra Training and Rescue Center,
a branch of the North-West regional search-and-rescue detachment of the EMERCOM of Russia;
The rescue training center of the Baikal search and rescue team, located in the settlement of Nikola
near Lake Baikal; 40th Russian Rescue Training Center; 179th Rescue Center in Noginsk; Center
for the training of rescuers «Krasnaya Polyana» of the Southern Regional search and rescue team
of the.On July 1, 2013, the Center for the Education of Cadets was established on the basis
of the St. Petersburg’s University of the State Fire Service of the EMERCOM of Russia.

The main goals of the Center's activities are intellectual, cultural, physical and the spiritual
and moral development of the Cadets, their life adaptation in society, the creation of the preparation
basis of minors to serve the Fatherland in the field of state civil, military, law enforcement and
municipal service.

The Center implements the training of cadets in general secondary education programs,
taking into account additional educational programs.

The university pays great attention to sports. Teams consisting of teachers, cadets and
listeners are regular participants of various sports tournaments, held both in Russia and abroad.
Students and cadets of the university are members of the teams of the Ministry of Emergencies
of Russia in various sports. Students and cadets of the university are members of the EMERCOM
teams in various sports.

Sport club «Nevskiy Lions» was organized which includes professional fire and rescue sport
teams, also includes ice hockey, volleyball, basketball, American football teams and other different
kinds of strength sport.

Cadets and students have opportunity to develop their cultural standards and their creative
capacity in the Institute of Arts. Cadets and students actively take a part in games of the club
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of humor between Emercom units, annual professional and art competitions «Miss Emercomy,
«The best club», «The best museum» and also musical competition of firefighters and rescuers
«Melodies of sensitive heartsy.

All necessary conditions for training higher educated specialists for fire and rescue service
of Emercom of Russia were created in the Saint-Petersburg University of State Fire Service
of Emercom of Russia.
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