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HAJ3OPHAA JEATEJBHOCTD
N CYAEBHASA DKCIIEPTU3A

B CUCTEME BE3OITACHOCTH
Ne 1-2019

PeraknmoHHBINA COBET

IIpencenarenb — KaHIUIAT SKOHOMUYECKHX HAYK IeHEpaNI-JICHTCHAHT BHYTPEHHEH CITy»KObI
YuxkukoB Jayapa HukosnaeBu4, HauanbHUK YHUBEPCHUTETA.

Conpencenarennb — 1oktop Hayk CaBud Bpanko, nupexktop Beiciieil TeXHu4ecKon HIKOJIbI
Hosu Cag (Pecriybnuka Cepous).

3amecTHuTeb NpeAceIaTeNs — JOKTOP MOJUTHYECKUX HAYK, KAHUIAT UICTOPUIECKUX HAYK
Mycuenko Tamapa BukTopoBHa, 3aMecTUTENb HAYIbHUKA YHUBEPCUTETA IO HAYYHOI paboTe.

3amecTuTes b mpeacenareasi — JIokTop Hayk MwuamcasiaeBud bBpanko, mnpodeccop
Bricmeii Texanueckoii mkoisl Hosu Can (Pecniy6nuka CepOus).

YiieHbl peJaKIMOHHOIO COBETa:

JOKTOp TeXHUYecKuxX Hayk, npodeccop LlapamoB Cepreii BiaagmmupoBuu, mpodeccop
Kadepbl KpUMUHAIMCTUKY U MTH)KEHEPHO-TEXHUYECKUX IKCIIEPTH3,;

JIOKTOp TEXHUUYECKUX HayK, Mpodeccop, 3aciayKeHHBIH jaeaTesnb Hayku Poccuiickoit
@enepanun Jloaxkkun Baagumup HukonaeBuu, npodeccop kadeapsl NoxKapHOW, aBapHiiHO-
criacaTeJbHON TEXHHUKU U aBTOMOOUIBLHOI'O X03SICTBA;

JIOKTOp MEAMIMHCKUX HayK, Mpodeccop, 3aciyXeHHbIH JedTenb Hayku Poccuiickoi
denepanuy, MOYETHBIM pabOTHUK BhIcHield mpodeccuoHanbHO mmKoasl Poccun KonHoBa
JIrogmuia AnekceeBHa, BEAYIIUN HaydHbI cOTpyAaHUK HaydHo-HMcciien0BaTenbCKOro HHCTUTYTA
MEPCIIEKTUBHBIX HCCIEIOBAaHUM W WMHHOBAllMOHHBIX TEXHOJIOTMH B 00JacTH O€30MacCHOCTH
KHU3HEIEATEIBHOCTH;

JOKTOp TEXHUYECKHX HayK, Hpodeccop, 3acilyKEeHHbIM paOOTHUK BBICHIEH IIKOJIBI
Poccuiickoit ®enepanuu INananmes Muxaua AsekceeBud, rpodeccop kagenapsl KpUMUHATUCTUKH
U MH)XCHEPHO-TEXHUUYECKUX IKCIIEPTH3;

JOKTOp XMMHUYeCKUX Hayk, mpodeccop HWBaxuwk I'puropuii KoHcTanTHHOBHY,
npodeccop Kadeaphl MoKapHOi 6€30MaCHOCTH TEXHOJIOTHUECKHUX MPOIIECCOB U MMPOU3BO/ICTB;

JOKTOp XUMHMYECKHX Hayk, mnpodeccop Cuporunkun Huxkouaaii BacumiabeBuu, nexan
¢dakynpTeTa TEXHOJOTMHM OpPraHMYeCKOro CHHTEe3a U TOJUMEpPHBIX MaTepuanoB CaHKT-
[leTepOyprckoro rocyaapCTBEHHOTO TEXHOJIOTHYECKOIO HHCTUTYTA (TEXHUYECKOTO YHUBEPCUTETA);

noktop Hayk badmu Bbpanko, npenogasarens Beiciienn Texaumdeckoil mkosisl Hou Can
(Pecmybnuka Cep0Ous);

noktop Hayk KapaGacua Jlparan, npodeccop Bricmielr Texaumdeckoit mkonasl HoBu Can
(Pecniybnuka Cep6us);

JOKTOp TEXHHUYECKUX HayK, Mpodeccop, 3aciayXKeHHbI jaedarens Hayku Poccuiickoit
Qenepaunn Yemko HWMaba  JlaHuinoBu4, BeaylmMd  Hay4yHBIi  coTpyaHuUK  HaydHo-
HCCIIEIOBATENbCKOIO0 MHCTUTYTa MEPCHEKTUBHBIX HCCIEIOBAaHUN M HWHHOBAIIMOHHBIX TEXHOJOTHM
B 001acTH 0€30MaCHOCTH JKU3HEACATEIbHOCTH;

JOKTOp XMMHUYECKHX HayK, mpodeccop, 3aciayXKeHHbI paOOTHUK BBICHICH IIKOJIBI
Poccuiickoit ®eneparuun  JloBunkoB Baagumup AgekcanapoBuy, mpodeccop Kadeapr
KPUMHUHAJIMCTUKH U UH)XCHEPHO-TEXHUYECKUX DKCIIEPTHU3;



nokrop Hayk IlerpoBuu I'ermu Anura, npodeccop Briciieir Texunyeckoi mikonsl HoBu
Can (Pecrryonuka CepOus);

nokrop Hayk (PhD), mpodeccop Arocron Pecrac, wnauvanbHuk J[lemapramenta
MPOTHBONOXKAPHOW NPO(PUIAKTUKM U MPEJOTBPALICHUS YpE3BBIYAWHBIX cuTyaruii HMHcTuTyTa
yIpaBJIeHUs B Upe3BbIYaHbIX cuTyanusax (Pecnyonuka Benrpus);

JIOKTOp TexHuueckux Hayk Mpaukoa EBa, npocdeccop kadeapbl NpoTHBONOXKAPHOI
3anmThl TexHudyeckoro ynuBepcutera r. 3sosieH (Pecny6nmnka CrnoBakus);

KaHAWJAT TEXHUYECKUX HAyK IIOJKOBHMK BHYTpeHHel ciyxObl HWMBanoB FOpwuii
CepreeBu4, 1nepBbI 3aMECTHTENb HadaJbHMKa HaydHO-MCCIIEIOBATEIBCKOTO HMHCTUTYTA
MO’KapHOU OE30MacCHOCTH U MPOoOIeM Upe3BhIYaitHbIX cutyanuii (Pecybnuka bemapych).

Cexperapb coBera:

Maiiop BHyTpeHHeH ciry:kObl bosioTroBa IlosimHa AJiekcaHAPOBHA, PEAAKTOP PEAAKITMOHHOTO
OTAEJIEHUS  PEJAKLUMOHHOIO  OTAeNa ILeHTpa  OpraHu3aluud  HAay4yHO-HCCJEI0BATEIIbCKOU
U PEeIaKIIMOHHON JeSITeNbHOCTH;

KaHauaatr Texuudeckux Hayk Harama Cyouu, npodeccop Briciiell TeXHUYECKON HIKOIIBI
Hosu Can (Pecniy6nuka CepOust).

PepakumnonHas KoJj1erus

IIpencenarenb — NOANONKOBHUK BHYyTpeHHeH ciy:k0bl Cténkun Cepreii MuxaiiioBuy,
HAYallbHUK  PEAAKIMOHHOTO  OTJeNa IIEHTpa OpraHu3alld  Hay4yHO-HCCIIEI0BATENbCKOM
Y PEIAKIIMOHHOM JIeATEbHOCTH;

3amecTuTesib MpeacenaTesia — Mailop BHYTpeHHEH ciy:kObl AJiekceeBa Jliogmuiia
BukTopoBHa, HayadbHUK OTHAEJCHHUS — TJIABHBIA pPENAaKTOp PEAAKIMOHHOTO OTIEICHHUS
pPENaKIMOHHOTO OT/eNia IIEHTpa OpraHu3alliid HayYHO-HCCIIEOBATEIbCKOW U PEIaKIIMOHHOU
NEeSTETHHOCTH.

YieHbl peAaKUMOHHON KOJIJICTHN:

KaHauaaT nenarorndeckux Hayk Ky3pmuna TaTbsiHa AHaTO/IbeBHA, JOLEHT Kadeapsl
HAaJ[30pHOI JIeITeTbHOCTH (OTBETCTBEHHBIH 32 BBIMYCK);

KanuTaH BHyTpeHHel ciryx0b1 MnpHnnkuii Cepreii BaaaumupoBuy, cTapinii HHCIIEKTOP
IlenTpa MeXyHapOJHOM EATEIHOCTH U MH(POPMALIMOHHOM MOTUTHUKH;

KaHIUAAaT TEXHUYECKUX HayK IIOJNOJKOBHUK BHYTpeHHEW ciyx0bl BoiiteHok Ouer
BuxropoBu4, HayabHUK Kadeapbl HA30PHOM 1EATENbHOCTH;

Maifop BHyTpeHHe# ciyx0bl I'alinykeBuu Anexkcanap EBreHbeBuu, crapiiuii HHXeHep-
nporpaMMucT LlenTpa HHPOPMAIIMOHHBIX U KOMMYHUKALMOHHBIX TEXHOJIOTUI;

noktop TexHuyeckux Hayk Ilerpa TamoBuu, nmpocdeccop Boiciiell TeXHUYECKON HIKOJIBI
Hosu Cap (Pecniy6nuka CepOus);

JNOKTOp Hayk XBailoyHr Kum, nomneHT oraena mokapHoil 0e30mMacHOCTH YHHBEpPCHTETa
Kronrun (Pecniybnuka Kopes);

KaHauaar TexHudeckux Hayk Haspoukuit Ouger /IMuTpumeBHMY, HadaJbHUK OTJENa
HayuHo-HccnenoBaTenbcKoro MHCTUTYTAa TOXapHOW Oe30macHOCTH M MpoOJieM upe3BhIYaiHBIX
cutyanuii (Pecniy6nuka bemapycs);

JOKTOp IOPUIMYECKHX HayK, JOLEHT IMOJKOBHUK BHYTpeHHEH ciyxkObl MenBeaeBa AHHaA
AJleKCaHIPOBHA, HAYAJILHUK IIEHTPA MEXIyHAPOAHON IEITeNbHOCTH U MH(POPMALIMOHHON TTOJTUTHKHY;

KaHIUAAaT TEXHUYECKUX HayK, JOIEHT MOJKOBHUK BHYTpeHHeH ciyxObl beabmmua FOnaus
HuxosaeBna, HauanbHUK Kadeapbl KPUMUHATUCTUKN U HHKEHEPHO-TEXHUUECKHUX IKCIEPTHU3.

Cekperapb KOJLICTHH:

KanmuTaH BHYTpeHHeW cayxObl MamenoBa Jlniams HwukoslaeBHA, OTBETCTBCHHBIN
CeKpeTapb pPENaKIMOHHOTO OTIEJICHUS PEHaKUUOHHOTO OT/AeNa LEHTpa OpraHu3alld Hay4yHO-
HCCIIEIOBATENILCKON U PEJaKIMOHHON AEATEIIbHOCTH.
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TEOPUS U IPAKTUKA CYJEBHOHU
IKCIIEPTU3bI

NHCTPYMEHTAJIBHBIE METO/bI
COBPEMEHHOM MMOKAPHO-TEXHUYECKOM 3KCIEPTU3bI

2. IOJEBBIE METO/BI OBHAPY/KEHUSI OCTATKOB
WHTEHCU®UKATOPOB 'OPEHUSI (CPEJCTB MOIKOTA)

N. /. Yemiko, J0KTOP TEXHUYECKUX HAYK, mpodeccop,
3aCJIyKeHHbIN AeATe/ b Hayku Poccuiickon Denepanun;
MLIO. IlpuHueBa, KAaHAUIAT TEXHNYECKUX HAYK;

P.A. Kacaes.

Cankr-Ilerepoyprcekmii yausepeurer I'TIC MUC Poccun

PaccMoTpeHbl TONeBble METOABI OOHApYKEHHUsS] OCTATKOB HMHTEHCH(UKATOPOB TOpeHHs (CpeicTB
MOJKOTa), KOTOPbIe IPUMEHSIOTCSI U MOTYT NIPUMEHSTHCS B MOXKapHO-TEXHUYECKOH skcnepTuse. Ilokazana
BO3MOXHOCTb HCIIOJIB30BAaHUSI TECT-CUCTEM Il OOHAPY>KEHHUS OCTaTKOB HE(TENPOIYKTOB B MIOYBAX U BOJE.
OnwucaHpl MPUHIOUNBI PadOTBl M TEXHUYECKHE BO3MOXXHOCTH DJIEKTPOHHOTO U XHMHYECKOTO
ra30aHalM3aToOpoOB, a TaKXKe IOPTATHBHOTO (PIyopUMeTpa B COYETAHWM C TEXHOJOTHEH TBepAodazHON
skcTpakuuy. [IpemiosxkeHo npuMeHenue st OOHapy>KeHHUS U MCCIIEI0BAHMSI OCTATKOB TOPIOYMX KUIKOCTEH
COBPEMEHHBIX TOPTATUBHBIX Ta30BBIX XpoMaTorpados.

Kniouesvie cnosa: TazoaHanu3atopsl, (HOTOHMOHH3ALUMOHHBIA JETEKTOP, HWHAMKATOPHBIE TPYOKH,
WHTEHCU(HUKATOPHl TOPEHUs, JIETKOBOCIUIAMEHSIOIINECS W TOPIOYME JKUAKOCTH, MOXAPHO-TEXHUYECKas
9KCHEePTH3a, OOBEKTHI UCCIICIOBAHUS

Kak wu3BeCTHO, TpW DHKCHEPTHOM COMPOBOXKICHUU PACCIEAOBAHHUS TMOIKOTOB OJHOMU
W3 OCHOBHBIX 3aJa4 sIBIIsIETCS OOHAapy)KEHHE, YCTAaHOBIIEHHE COCTaBa M MPHUPOABI BEIIECTB,
WCTOJIh30BAHHBIX B KAUECTBE CPEJICTBA MO/IKOTAa — TaK Ha3bIBaeMbIX MHTeHCH(rKaTopoB ropenus (MI).
B kayecTBe TakOBBIX HCMOJIB3YIOTCS B OCHOBHOM JIETKOBOCIUJIAMEHSIOIIHUECS U TOPIOYNE KUIKOCTH
(JIBX/ I'K).

CoBpeMeHHAsT aHAIUTUYECKAsT XUMHUS TPEJOCTaBISET HIMPOKHE BO3MOKHOCTH BbhIOOpa
METOZIOB OOHApY)XEHHUSI OCTATKOB TOPIOUMX JKUIKOCTEH — KaK HATUBHBIX, TaK U HCHAPEHHBIX
u BeIropeBmnX. IIpoGimema cocTouTr B BBIOOpE METOJa, ONTHUMAIBLHOTO C TOYKH 3pPEHUS Kak
3¢ PEeKTUBHOCTH, TaK U TPOCTOTHI U JOCTYIMHOCTH JJIsi TOTCHIIMAIBHOTO MOJIB30BaTENs — DKCIEepTa
COY DIIC UITJI MYC Poccumn.

Br160op 3JI0yMBINIUIICHHUKOM TOPIOYEH JKUJIKOCTA OOBIYHO HECIOXKEH U OMpEeeseTcs
OCHOBHBIM (DaKTOPOM — JIOCTYITHOCTBIO TOM KHJIKOCTH, HAX0XKICHUEM €€ B HY)KHBIA MOMEHT, 4TO
HA3bIBAETCS IO PYKOI». AHaIU3 3KCIEPTHON MPAKTHUKHU MOKA3bIBAET, YTO TAKOBBIMU SIBJISFOTCS,
MIPEKIE BCETO, CBETJIbIE HEPTENPOMYKThl — MOTOPHBIC TOIIMBA (OCH3WHBI, AU3EIBHOE TOILIHBO),
pacTBOpHUTENN Il JIAKOB W Kpacok, Hedpackl, yaWT COHPUT, a B TIOCJIEIHEE BpeMs, TaK
HAa3bIBAEMBbIE, (OKUJIKOCTH ISl PO3KUTa» U HEKOTOPBIE APYrUE KUJIKOCTU. Y YUTHIBASI 3TO, B JAHHOU
CTaTh€ PACCMATPUBAIOTCS BO3MOXXHOCTH COBPEMEHHBIX AHAIIMTHYECKUX METO/JOB B OOHAPYKCHHUH
YKa3aHHBIX CPEICTB MOJHKOTa HEMOCPEACTBEHHO HA MECTE ITOXkKapa.

! Merozp MOJIEKYJISIPHON CIIEKTPOCKONMK omnyOnrKkoBaHbl B Nel 3a 2018 .
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1. TecT-cucrembl

TecT-cucreMsl — MOMYJISIPHOE B TIOCIIEAHEE BPEMSI CPEICTBO KAUECTBEHHOIO U KOJTMYECTBEHHOTO
sKcnpecc-aHanmu3za [ 1].

®dupmoit HNU Systems InC. BbImycKaroTCsi TECT-HAOOPHI IS OMPEICICHUS MOTOPHOTO
TOIUIMBA M Maclia B IIOYBE U BOJE. METoJ OCHOBAH Ha pEakLUMM aJKUIMpoBaHUs no Ppuaeinto-
Kpadrcy Bxoasmmx B UX COCTaB apOMAaTHYECKUX YIJIEBOJIOPOAOB. AHAJOTHYHBINA TecT-HAOOP
Beimyckaetr ¢upma Remedi Aid Total Petroleum Hydrocarbon. On mpennasznadeH st ObICTPOTro
U IPOCTOTO MOJIEBOTO OINPEAEIICHUS MPEACIbHBIX YIIIEBOJOPOJAOB B MoyBe. Peakuus mpoBoautcs
B MPOOHMPKE C MOCTENCHHBIM J100aBIEHUEM pPEaKTUBOB. B pesynbrare oOpa3yercsi OKpalleHHBIN
MPOJYKT, COAEpPKAHHE KOTOPOTrO MPOIMOPLUUOHATBEHO KOJIWYECTBY HE(PTAHBIX YIIIEBOJAOPOIOB.
OnTHYecKyl0 MIOTHOCTh M3MEPSIOT IPHU MOMOILM MOPTAaTUBHOIO KOJOPUMETpa Ha CBETOIMOMAAX
C IUTAHUEM OT AKKYMYJISITOpA.

[IpenyioskeHsl MMMYHO(EPMEHTHBIE TECT-METOABI OINpeneieHus OeH30ja, TONIyoua,
stiinben3ona U kcwiaoida B mouse D TECH BTECH (E. Merch), OHMICRON RAPID Assay
(Supelco, CIIIA).

K coxanenuto, Takoro poja aHajiu3bl C IPUMEHEHUEM «MOKPOH XUMHUU» BPsJ JIU YAACTCS
peain30BaTh B paMKaxX IOKapHO-TEXHUYECKUX HCCIEJOBAHUM — OHHU JIOCTATOYHO JIJIUTENIbHBI
U TpeOyIOT ydacTusi KBau(UIIUPOBAHHOTO SKCIepTa-XUMHUKA.

2. YabTpaguosieToBble 0CBETHTEIHN

[Tpu moucke cienoB HePTENPOAYKTOB MHOTHE TOABl HCIIOJNB30BAACh HUX CIIOCOOHOCTH
JIOMHHECIIUPOBATh IMOJ Bo3AeHcTBHEM yibTpaduoneroBoro (Y®) umzmydenus. Benyr mnowucku
He(TENPOAYKTOB C HCIOIb30BaHNEM Y D-0CBeTUTENCH.

[[BeT JIOMHUHECHEHIIMM 3aBUCUT OT KOMIOHEHTHOro coctaBa Hedrenpoaykra (HIT). s
Mpe/ielbHBIX YIIIEBOAOPOIOB (METaHa, 3TaHa, IponaHa, OyTaHa) I[BET JIIOMUHECIICHIIMH U3MEHSIETCS
OT 3€JICHOTO J0 Toy0oro. [t IMKINYecKuxX yrieBoaopooB (OeH301a, Toyosia, KCHIIoia U Ap.) —
OT 5KEJITOTO JI0 CalaTHOTO, pexe (hPUOoIEeTOBOTO.

UeM cuibHee BOMTHIBAIOLIAs CIIOCOOHOCTh MaTepuaia-HOCUTENS, TEM MEHbIIIE HHTEHCUBHOCTh
moMuHecHeHIMu.  [IpoHMKHOBeHME He(TenpoaykTa B JPEBECHMHY IO3BOJIIET  OOHApYyXKHUTh
UX HE3HAYMTENIbHOE KOJIMYECTBO JIMIIIb HA CIIMJIE, CIETIaHHOM B MECTE IPOHUKHOBEHUSI IONEPEK BOJIOKOH.

Ha TkaHsx HaOmoJleHHe JIOMUHECLEHIMHM 3aTPyJHEHO COOCTBEHHOH JIIOMHMHECHEHIMEH
BOJIOKOH TKaHU WJIU JIIOMUHECLIEHIIMEN HAHECEHHBIX Ha HE€ KpacuTelleH.

Y MHOrMX BeIIECTB M COCTaBOB HAOJIOJAeTcss SBJCHUE, HAa3bIBAEMOE TrallleHHEeM
JOMUHecHueHIMH. [Iporucxonut 3To, HampuMmep, MpU MONaJaHUU HEPTENpOaAyKTa Ha HEKOTOphIE
BUbI TKaHel U pe3unsl. [IatHa o HII B 3TOM citydae BRIMIAAAT YepHBIMU Ha Oosiee CBETIIOM (oHE.

C Ttpynom oOHapyXuBarTCs HePTEPOAYKTHl M Ha OOYIJICHHBIX MOBEPXHOCTIX. J[aHHOE
00CTOSITENLCTBO OYEHb CYIIECTBEHHO Il METO/1a, paboTAarOIEero Ha MecTe moxapa [2].

JlaHHBIN METO/, HIMPOKO MCIOIb3YEMBbIH BILIOTH /10 80-X IT. IPOILIOTO CTOJIETHS, B HACTOSILEE
BpEMS IPAKTUUYECKU HE TIPUMEHSETCS.

3. 'a30aHaIM3aTOPHI ¢ HHAUKATOPHBIMHM TPYOKAMHU (XUMHYECKHE I'A30aHATU3ATOPbI)

XUMHUECKUE Ta30aHAIU3aTOPbl PabOTAlOT MO JIMHEHHO-KOJOPUCTUYECKOMY MPUHLUIY
U TPEACTaBIAIOT co00il pyyHOW HAcoc, C MOMOIIBI0 KOTOPOTO ONpeieNeHHbIH 00BbeM BO3IyXa
MIPOKAYMBAETCS Yepe3 CTEKISHHYI0O MHIMKATOPHYIO TpYOKy. MeToa 3akirodaeTcst B ONpeAeiIeHUn
XMMHUYECKOT0 COCTaBa MAapOBO3AYIIHON CMECH XMUMHUYECKUX BEIIECTB C MOMOIIbIO MHAUKATOPHBIX
TPYOOK IO XapaKTEepHOMY M3MEHEHHIO UX OKPAIIMBaHMUA.

WuaukaTopHble TpyOKH TNPEACTAaBIAIOT COOOM repMeTH3WPOBAHHbBIE CTEKJISHHBIE TPYOKH,
3aIl0JIHEHHbIE TBEP/IbIM HOCUTENIEM C aKTUBHBIM pearenToM. Hanbonee usBectnas ¢pupma «Driger»
('epmanus) BwillyckaeT TpPyOKHM MAJisi SKCIPECCHOTO OINpeeseHuss B BO3Ayxe Oojee JecsiTka
XMMHUYECKHX BEILECTB, B TOM YUCIIE AUITHIOBOTO 3(pupa, ToIyosa.

HIIO 3A0 «Kpucmact» (Cankr-IlerepOypr) BblllyckaeT TpyOKH [UIsl OIpEEIeHUS
yraeBonopoaoB HedTu peakiueii ¢ KIO3;. KoHienTpanuto onpeaenseMoro BemecTsa (Wil TPYIIbI
BEIIECTB) HAXOMAT 110 U3MEHEHUIO HHTEHCUBHOCTU OKPACKU MHAWKATOPHOIO MOPOIIKA CPaBHEHUEM
C LIBETHBIMU ILIKAJIAMU WJIN IO JUIMHE OKPALLIEHHOTO CJIOS.



Junama3oH ompenenseMbIX KOHIEHTpanmuid y TpyObok «KpucMact+» 1  CyMMBI
yrineBogoponoB Hedhtu 100—4000 Mr/m®, kepocuna 100-1200 mr/v®, toryosia 50—-1600 mr/m®,
KCHI0710B 25-300 Mr/m° [3].

MHuozcoxananbHvlti XUMUYECKUU 230AHANU3AMOD

Hcnonp3yeTcss B KadyecTBE D3KCIpPEcc-METoAa Uil OOHApyKEHHs M IpeIBapUTEIbHOU
kinaccudukanuu ocratkoB JIBXK u K. Cankr-IlerepOyprckum 3A0 HIID «CepBirk» COBMECTHO
co crenuanictamu MccnenoBaTeabcKoro HEeHTpa AKCHEPTH3BI MOKAPOB Pa3padOTaH U U3TOTOBIICH
CreMaTbHBIN MHOTOKaHAIbHBINA TazoaHamm3aTop — YKAII (yCTpoiicTBO ISl KQUECTBEHHOTO aHalIM3a
NapoB MHTEHCU(UKATOPOB ropeHns) [4], cocTosmmii U3 Hacoca CUIIL(OHHOTO TUIA ¥ MHOTOKaHAILHON
HAcaJIK{, TIO3BOJISIONICH YCTaHABIMBATh W MPOKAYUBATH OJIHOBPEMEHHO IIECTh TPYOOK.
B KOMIIIEKT BXOJISIT YETHIPE CIICIUATBHO MO00PaHHBIC HHUKATOPHBIE TPYOKH M TPYOKH ¢ COPOSHTOM:

— TpyOKa ¢ MapKUPOBKOW «aJIKaHbI» JJIs ONpeesieHns anupaTHIeCcKuX yriaeBoA0POIO0B;

— TpyOKa ¢ MapKUPOBKOU «apeHbD» JIJIsl OMPEICTICHUS apOMATHUYECKUX YTJIEBOIOPOIOB;

— TpyOKa ¢ MapKUPOBKOW «KETOHBI» JJIsl ONpeeNIeHNs KETOHOB;

— TpyOKa ¢ MApKUPOBKOU «CIUPTHD IJIs1 ONIPEIETICHUS CIIUPTOB;

— TpyOKH ¢ MapKUPOBKOI «copOeHT» /1j1st 0TOOpa mpoObI ra30Boil (ha3bl B LIENAX €€ NaTbHEHILIEro,
pu HE0OXOAUMOCTH, JTA0OPATOPHOTO MCCIICTOBAHUS.

B Tabn. 2 mnpuBeneHbl BO3MOXHBIE KOMOMHAIIMM H3MEHEHHS OKPAaCKH WHIUKATOPHBIX
TpyOOK, BBIBOJBI MO pPE3yJbTaTaM ATHUX W3MEHEHUMW, a TAaK)Ke€ HEKOTOpPbIE TOBApPHBIC MPOIYKTHI,
KOTOpBIE MOTYT BBI3bIBAThH MOJIOOHYIO PEAKIIHIO.

Ta6mz1ua 2. Bo3MosKkHbBIE KOM6HH2HHI/I HU3MECHCHHUSA OKPACKN HHAUKATOPHBIX prﬁOK U aHAJ/IU3 PE3yJIbTATOB

No Knacc Bemectsa AHaJM3 pe3yJIbTaToB
- (oOHapyx)eHHas TpyIIa ToBapHBIE TPOAYKTHI
/11 | Ankanbl | Apenst | Crinptsl | KeToHBI BeIIeCTR)
Hnousuodyanvuvie sewgecmsa
(meHTaH, TeKCaH, TeNTaH H Ip.);
HeKomopbie ceemvle HeqhmenpooyKmol
1 + 3 B 3 Amadatugeckue (xepocuH ms TexHmdeckux neneit mo FOCT 18499-73,
YTIIEBOAOPOIBI OCH3UH IS MPOMBIIUTICHHO-TEXHIIESCKUX TIeTIeH
o OCT 8505-57, s>kuakoCTh i pOIKHTa,
MAacJIo ISl KEPOCHHOBBIX JIAMII U JIp.);
CUTIbHO 8bl2opesullie ceem.ible HepmenpooyKmol
CMech annaTuueckix Csemvie Hequenpodym:ﬂbz
(KepOCHH OCBETUTEIIbHBIN, aBTOMOOHIIbHBIE
2 + + - - 1 apOMaTHYECKUX

OCH3MHBI, IU3eTIbHbIEC TOMJINBA, yalT-CIIUPHT,

YIJICBONOPOIOB Hedpacsl, pactBopurtens PC-2 u np.)

Cwmech amudarnuecknx, | Cuecegvie pacmeopumenu
3 + + + - apOMaTHYECKHX (pactBoputens Ne 651, ISITHOBHIBOIUTEIH
YIJIEBOJIOPOIOB U ciupToB | «Bapucy u ap.)

Cwmech anudaTHieckux,

4 + + + + apOMaTHYECKUX Cmecesvle pacmeopument
YTJIEBOJIOPOJIOB, CITUPTOB | (PacTBOPUTEIH aHTUIIPUTapHBIX KPACOK H Ap.)
1 KETOHOB
Cuecesvle pacmeopumeni HeHehMAHOU NPUPOObL
s | . .\ . FCH“;]‘:(")" (‘;‘ng:;“:rf;"f;‘B (pactBopuTenn Ne 645, 646, P-40, P-119D, P-265,
YIJICBONOPOAIOB, CIHPTOB, | p_1 166 pJI-541, PD-7B, PD-11B, pas6asutens
KETOHOB
PZIB u 1p.)
Cuecesvle pacmeopumeni HeHehMAHOU NPUPOObL
- - + +
6 (CMeck CIMPTOB H KeTOHOB (pactBopurenu 3-80, P-198, JIKP u ap.)
Hnousudyanvuvie sewgecmsa
(ameToH, OyTaHOH U 1p.);
Keronocozneprxamue pacmeopument HeHe@maHoU NPupoobl
7 — - - + .
BEIIeCTBa (pactBopurenu A (aueroHodupHsIit), P-2515,
P-563, P-1176, PJI-277, )KUaKOCTb IS CHATHUS
JlaKa u Jip.)




Kiacc Bemecta AHanus pe3ysabTaToB
(oOHapyxeHHas Tpymmna ToBapHbIe MPOAYKTHI
BEIIECTB)

Ne
/T |Askanbl |[Aperst  (CripTel [KeToHBI

Hnousudyanvhvie eeujecmsa
(MetaHOM, A TaHON, OyTaHON U JIp.);
napgiomepro-kocmemuueckue
(myxu, OIEKOJIOHEI U Ap.);
nuwesvle RPOOYKmbl
Crmproconaeprkamiue (HacToWKH U 1Ip.);

BEIIECTBA MEXHUHECKUE HCUOKOCIU
(He3amep3aromias KHUIKOCTh Ui  OMBIBAHHS
CTEKOJI, XHUIKOCTb JJISl PO3XKUTA U 1P.);
pacmeopumenu HeHeQMAHOU NPUPOObL
(pactBopurenu M, Ne 30, POI", P-60, P-548,
P-2115, P-3160, KP-36, ®K-1)
Hnousudyanvhvie eeujecmsa
o . Apomariueckue (6eH3011, TOIYOJT, KCHIION U JIP.);
- - - pacmeopumen
YIICBOROPOAT (combBeHT HedyTsHO#, P-12, P-197, P-1101, P-1101M,
PJI-298, PBJI, PC-1, POC-5107, PKY u mp.)
Cumecesble pacmeopumeni HeHeMAHOU NPUPOObL
(pactBopurenu: P-4, P-5, P-10, P-11, P-14, P-24,
P-189, P-219, P-2106, PJI-176, PI1 u np.)
CMech apoMaTHHECKHX Cuecesble pacmeopumeni HeHeHMAHOU NPUPOObL

11 _ + + - (pactBopurenmu:  Ne 647, 648, 649, AMP-3
YTIIEBOIOPOJIOB U CIIUPTOB (MeOeIbHbIH) 1 1p.)

CMech apoMaTHYeCKIX
YIJIEBOJJOPO/IOB U KETOHOB

10| - + - +

CmMmech anudaTuyeckux
YIJIEBOJIOPOJIOB U KETOHOB
13 + - + - Cumec anupariieckux Cwmecesvie pacmeopumenu

YIJIEBOJIOPOJIOB U CITUPTOB

CMmech anudaTuieckux,
14 + + - + apOMaTHYECKUX
YIJIEBOJIOPOJIOB U KETOHOB

CmMmech anudaTtuueckux
15 + - + + YIIIEBOJIOPOJIOB, cIUpTOB | Cuecesvie pacmeopument
Y KETOHOB

12 + - - + Cwmecesvie pacmeopumenu

Cmecesvle pacmeopument
(pactBopurenu: P-119, PJI-176M u np.)

4. D1eKTPOHHBbIE ra30aHATH3ATOPBI

ONEKTPOHHBbIE Ta30aHAIM3ATOPbl BBITYCKAIOTCA C pa3IMYHOIO THUIA JaTYUKAMH —
ANEKTPOXUMUYECKHMH, TEPMOKOHTYKTOMETPUIECKUMHU, TEPMOXUMUYECKIMH, (POTOMOHU3AIIMOHHBIMH,
uHppakpacHpMU U Ap. [ meneld oOHapy»KEHUs] OCTATKOB T'OPIOUMX KUIKOCTEH pa3iIW4HbIX TUIIOB
UHTEpEC B  MEPBY0  OYepelpb  NPEACTABSIIOT  Ta30aHAIM3ATOphl € TEPMOXMMHMYECKUMU
1 (hOTOMOHM3ALMOHHBIMU JaTYUKAMHU.

l'azoananusamopel ¢ mepmoxumMudeckuMu OamyuKamu

[TpuHuMn JEHCTBUS TEPMOXMMHUYECKUX NATUYUKOB 3aKi0o4aercs B (DUKcAllMKM TEIIOBOIO
spdexTa OT cropaHus TrOpIOYMX IAPOB U Ta30B Ha YYBCTBUTEIHHOM 3JEMEHTE, IMOKPBITOM
BEIIECTBOM-KaTaIN3aTOPOM (MapraHIE€BO-MEIHBIN KaTaau3aTop, MEJIKOJUCIIEpCHAas IJIaTHHA).

M3MepeHne BO3ZHUKAIOIIEH TEMIIEpPATypbl OCYILIECTBISETCS C IOMOILBIO TEPMOPE3UCTOPA,
KOTOpBIM B 3aBUCHMOCTH OT TEeMIIEpaTypbl MEHSET CBOE CONPOTUBJIEHHE, TEM CaMbIM H3MEHSS
MIPOXOMSAIINN TOK.

Tepmoxnmuueckne razoaHanusaropsl thna [II'® mmpoko wucnonsdyrores B Poccun,
B YAaCTHOCTH, B Ta30BbIX CIy)X0aX JUid BBISBICHHS YTE€YEK NPUPOIHOTO Tasa, IM0JaBaeMOIo
notpedutensim. Oxnako mpu mouckax octatkoB JIBXK (IK) mpakThueckun HE HMCIOJIB3YIOTCS.
OueBUIHO HE BbIJIEPKAB KOHKYPEHIIMHU C ra30aHaIn3aTopaMu ¢ (POTOMOHU3ALMOHHBIMH JaTYUKAMU —
0oJiee IYyBCTBUTEIIBHBIMH.

l'azoananuszamopwl ¢ pomouonuzayuonnvimu oamuuxamu (PHJ])

["a3oananu3aTop 3TOro THUma paboTaeT 3a CUET U3MEPEHUs TOKA, BHI3BAHHOIO MOHM3aLMEN
MOJIEKYJI Ta30B U MapoB (OTOHAMH, U3JTy4aeMbIMH HCTOYHMKOM BaKyyMHOT'O YJIbTPa(HOIETOBOIO

M3ITy4YEHHSL.



K coxanenuto, mo curHany (poTOMOHHM3ALMOHHOTO JETEKTOpa TPYAHO YCTAaHOBUTH, KaKOE
KOHKPETHO BEILIECTBO OH OOHApYKUJI, TaK KaK MpUOOp 3TOro THUIA PearupyloT Ha MIMPOKYIO TaMMy
BEILECTB C MOTEHIIHMaI0M HoHmu3auu Meree 10,8 OB.

B uyucno ra3oB u mapoB, HMMEIOIIMUX NOTEHIMAN HoHW3anuu Hwke 10,8 OB, BXomAar
OpPraHMYECKUE BEILECTBA MPAKTUYECKU BCEX H3BECTHBIX KJIACCOB — IPEIENIBbHBIE YIJIEBOIOPOAbI
(oT OyraHa u BbIIE), ATU(ATUYECKUE aTbACTUABI U KETOHBI, COUPTHI, IPOCThIE d(DUPBI, CIOKHBIC
3(UpBI, KUCIOTHI, OJICPHHBI, aMHHBI, APOMATUIECKHE YTIIIEBOJOPOBI U Ap. M3 pacrpocTpaHeHHbBIX
HEOpPraHMYECKUX BellecTB razoananuzatop ¢ U/ onpenenseT TOIbKO aMMHUaK U CEPOBOIOPO.

Nmerot norennuan nonusamuu 6omnee 10,8 OB u He GUKCHPYIOTCS JATYUKOM JIHIIH CAMBIE
JIETKUE MPEACTaBUTENN YKa3aHHBIX KJIACCOB — METaH, 3TaH, MponaH, (opMaibAerui, METaHOI,
MypaBbHHAsA KUCIOTA U T.II., & TAKXKE OKCUJ M TUOKCH] yIIIepOoAa, KHCIOPOI, BOJOPO, a30T, GTOp,
XJIOp, (TOPUCTBINA, XJIOPUCTBIH, OPOMHCTBI BOJOPOABI M HEKOTOpbIe JApyrue ras3el [5].
N3 npuBeneHHOro nepeyHs Cleayer, 4ToO MPAKTUYECKU BCE MpUMEHseMble nopkuraresnsimu JIBXK
u K (6eH3uH, KEpOCHH, PAaCTBOPHUTENIN IS JAKOB M KPAcCOK W Jp.) MOTYT OBITh OOHApYKEHBI
puOOpoM ¢ (POTOMOHN3AITMOHHBIM JIETEKTOPOM.

B Hacrosiiee BpeMsi BO MHOTUX CyneOHO-3KkcnepTHbIX noapasnenenusx GIIC MUYC Poccun
UMEIOTCST Tpubopbl ¢ QoronoHu3zannoHHbIMU feTektopamu  «Kommon-1B» u «AHT-3». Onm
aKTUBHO HCHOJB3YIOTCS MpH padoTax Ha MeECTe MOoXKapa, MPAKTUYECKH 3aKpbIBasi OCHOBHBIE
MOoTPeOHOCTH B TEXHUKE TAKOTO POJA.

5. IToeBoii guryopumeTp u MeTOA TBepAO(PA3HOI IKCTPAKIIUMN

B cocraB OonpmMHCTBA HMHTEHCHU(HKATOPOB TOPEHHUS]  BXOIAT  apOMAaTHUECKUE
yriaeBoiopoabl. KpoMe Toro, apomaruyeckue yriaeBoJAopoAbl BXOIAT B COCTaB Psijia pacTBOpUTENIEH
JUId JIAKOB U KpacoOK M HEKOTOPBIX APYTrUX JOCTYHHBIX IOJKUTATENI0 TOPIOUMX JKUIAKOCTEH.
[ToaTomMy oOHapyX)eHHE apOMaTUYECKUX YIIEBOJIOPOAOB MOKET OBITh HCIIOJIB30BAHO B KaueCTBE
TecTa Ha Hanuuue octatkos UI.

@nyopecuentHas cnektpockonus (PC) sBiseTcss YyBCTBUTEIbHBIM M A(PPEKTUBHBIM
METOJIOM OOHapy>KE€HHUSI OCTATKOB MHTEHCU(UKATOPOB FOPEHUsI Ha MecTe Mokapa. MeToJ1 OCHOBaH
Ha CIIOCOOHOCTH apOMaTHUYECKUX YIJIEBOAOPOAOB JIOMMHECIUPOBATh MOJ JACHCTBHEM CBETa
B BUJUMOM U yAbTPa(HOIETOBOM uana3zoHe [5].

Hcnonb3oBanue (HayopeclieHTHONW CIEKTPOCKONUU [uis OOHapyxkeHus octatkoB HWI
HEINOCPEACTBEHHO Ha MecTe Io)kapa paHee ObUIO HEBO3MOXKHO B BUJY OTCYTCTBHS MEPEHOCHBIX
(Tos1eBBIX) MPUOOPOB, MO3BOJIAIOIINX KOJINUYECTBEHHO OLIEHUBATH MHTEHCUBHOCTh JTFOMUHECIIEHIINH.

HenaBuo UccnenoBaTenbCKUM IIEHTPOM IKCIIEPTU3HI TT0KapoB coBMecTHO ¢ 3A0 «COJIAP»
(r. Munck) u MHCTHTYTOM BBICOKOMOJNEKYIsIpHBIX coeanHenuit PAH (Cankt-IlerepOypr) paspabotan
npulop U MeToauKa oOHapykeHus ¢ ero nomouibio MI' Ha MecTe mokapa KOMIIOHEHTOB TOPHOYMX
KHUJKOCTEN — apOMaTUYECKUX YIIEBOIOPOIOB.

CymHocTh  MeTOJa  3akioyaercs B TBepAo(a3HOM  SKCTpakUMU  OCTAaTKOB
MHTEHCU(UKATOPOB FOPEHHUS, COJEPKAIIUXCA MOCe TYIICHUs MOXKapa Ha MOBEPXHOCTHU BOISHBIX
Ty, BIQKHBIX KOHCTPYKIUH, U3AENUA M MX OOTOpEBIIMX OCTATKOB, MOJIMMEPHBIM COPOEHTOM,
C TOCJEIYIOIM U3MEPEHUEM UHTEHCUBHOCTH (IIyOPECUEHIIMH C TIOBEPXHOCTH JaHHOTO cOpOeHTa
C MOMOII[bIO MOPTATUBHOTO (hiryopumerpa [6, 7].

[MTopratuBHbIi Guryopumetp (hiryopumerpuueckuii nnaukatop Hedrenpoaykros MHIID-01 OIT)
MO3BOJISIET B TOJIEBBIX YCIOBUSAX (HEMOCPENCTBEHHO HAa MECTE IMOo)Kapa) OOHApyKUBAaTh OCTaTKU
YKa3aHHBIX BEILECTB, @ TAKXKE BBINOJHATh CKPUHUHI MECTa I10’Kapa — UCCIIEJOBAHUE HA MPEIMET
BBISIBJICHHSI 30HBI C MAKCUMAJIbHOM KOHIIEHTpalMel 0CTaTKOB MHTEHCU(PUKATOPOB FOPEHUS C LIETbIO
oTO0opa mpoOkI I 1a00paTOPHBIX HCCIIEIOBAHUN.

Jns tBepnodaznoit skcrpakuuu WUIT ucnonb3yercs crienuanbHas COpOIMOHHAs IUIaCTHHA.
Cop0Ouus MOXKET OCYIIECTBIISTHCS C TOBEPXHOCTH BIAXHBIX OOBEKTOB, KOHCTPYKIHI, MPeIMETOB
Y U3 BOJIbl, CKOIIMBILEHCS B X0/1€ TYLIEHUS MOXkKapa.

OKCIepUMEHTabHO OBUIO yCTAaHOBJEHO, YTO TMpefesl OOHapyKEHUS apOMaTHYEeCKUX
YTJIEBOJIOPOIOB B BOJIE B 3TOM CITy4ae COCTaBIISIET 2:10°%r/n (mo Gen3uny) [8].



Onucanneiii croco0d oOHapyxkenuss MIT Ha Mecre mokapa CYHIECTBEHHO paCIIUPSET
BO3MO)XHOCTH CIEIHAUCTOB IMPHU IOUCKE OCTAaTKOB TOPIOYMX J>KUIKOCTEM — CpEACTB MOIKOTa
¥ MOXKET OBITh PEKOMEH/I0BaH K BHEJPEHUIO B KCIIEPTHYIO MTPAKTHKY.

6. ITosieBbIe razoBbie XxpomaTorpagnbl

[TopTaTtuBHBIE Ta30BbIe XpOMaTOrpadbl CO BpeMEHU UX MOSIBICHUS PUMEHSIOT HEYaCTO IS
oOHapyKEeHHsI M HCCIEIOBaHUS OCTATKOB roprouyux >KuAkoctei. Tak B 70-X IT. MpOLUIOTO BeKa
MockoBCKUM 3aBOJIOM «Xpomarorpad» BbITycKaics nepeHocHoi xpomatorpad XIIM-4. Ognako
HECOBEPIICHCTBO 3TOI TEXHUKH HE CIIOCOOCTBOBANIO €€ MIMPOKOMY UCHOJIb30BaHui0. [loBceMecTHO
B KCIIEPTHBIX OPraHU3AUAX MPEANOYTEHUE OTIaBAIOCh TEXHOJIOTUHU paboTHI B JIBa 3Tana — oroopa
nmpod oOwekToB-HOcUTeneir ocratkoB JIBXK (I'DK) Ha wMecre mokapa ¢ TOCIEIYHOIIUM
UX UCCIIEZJOBAHUEM B J1a0OpaTOPHBIX YCIIOBUSAX. B HacTosiiee BpeMsi TEXHUYECKHE BO3MOKHOCTH
pacIMpWINCh, W BIIOJIHE peajbHOW CTajla 3ajJaya OJHOATAIHOIO aHalu3a HEMOCPEICTBEHHO
Ha MecTe Ioapa.

TexHuueckue cpencTBa craau 0ojiee COBEPIICHHBIMU M HAAESKHBIMH. Tak mpeanaraercs
MOPTATUBHBIN MOJIEBOM ra3oBbiii xpoMaTtorpad FROG-4000GC (CIHIA). [Tpubop Becom menee 3 Kr
UCIOJNIBb3YeT aTMOC(hepHBI BO3yX B KaueCTBE ra3a-HOCUTENs, OCHAIIEH MUHUATIOPHOM CHCTEMOM
MPEBAPUTEIILHOTO KOHLEHTPUPOBAHHS, MHKPOXPOMATOTPAPUUECKON KAMMIUIAPHOH KOJOHKOU
HOM 4 M u  (POTOMOHM3ALMOHHBIM JieTekTopoM. IlpubGop obecreunBaer oOHapyXeHHE
1 DKCIIPECC-aHAIN3 CJIEJIOBBIX KOHIIEHTPALMH JIETyYUX OPraHu4YeCKUX COEIMHEHUN B BO3JlyX€E, BOJIE
Y TIOYBE IIPU CpPeJIHEM BPEMEHHU aHaIn3a 5—7 MUH.

OteuecTBeHHble TOpTaTUBHBIE Xpomarorpadgsl cepum PI'X (HIIIT «3KAH) wumeror
KaNMWUSIPHYIO KOJIOHKY 25 M, rabaputel 460x350x120 MM (keiic), muUTaHHE OT BCTPOECHHBIX
aKKyMYJIITOPOB.

[IpuBeneHHbI BbIIEe 0030p CYIIECTBYIOIIUX METOJOB aHain3a OTPaXKaeT JOBOJIBHO
LIMPOKHUE BO3MOXHOCTH, KOTOpBIE MOXAPHO-TEXHUYECKHE HKCIEPThl MOTYT HCHOJIb30BaTh IPU
HE00X0AMMOCTH OOHapyXeHUs Ha MecTe noxapa octaTtkoB JIBXK u ycraHoBieHus TakuM obpazom
BaXHOTO KBIM(PHUKAIMOHHOTO IpHU3HAKa KPUMHUHAIBHOIO Xapakrepa mnoxapa. K coxanenuto,
METOAMYECKHE pa3paOOTKM B JAHHOM HAaNpaBlICHUM (32 HCKIIOYEHUEM IePEUUCIICHHBIX)
B IIOCJIEIHUE T'OJIbl MPAKTUYECKU HE MPOBOJATCS. XOTS MOTEHIUAIbHbIE BO3MOKHOCTH JIJISl 3TOTO,
0€3yCI0BHO, HIMEIOTCSL.
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KOMIIBIOTEPHBIE TEXHOJIOT'UU, IPUMEHSEMBIE
B CYJIEBHOH SKCHEPTHU3E

C.B. BopoHnH, KaHAUJAT TEXHNYECKUX HAYK, JOLEHT;
N.JI. CKkpunHUK, KAHAWAAT TEXHUYECKUX HAYK, JOLEHT.
Cankr-llerepOyprckuii yausepcurer I'TIC MUC Poccun

PaccMoTpeHBI BOIIPOCHI MCIOJIB30BAHUS KOMITBIOTEPHBIX TEXHOJIOTUH MPH MPOBEACHUU CYACOHBIX
skcnepTH3. [IpUBOMUTCS WX IieNib, HAa3HAYCHUE, XaAPAKTCPUCTUKA, OOBEKTHI HCCIIENOBaHUS, O0O0NacTH
MPUMEHEHUS!, BO3MOXHBIC PE3YJIbTATHI.

Kniouesvie cnosa: sxcnepTtusa, cyneOHas NesTETbHOCTb, METOJ, KOMITBIOTEpPHAs TEXHOJIOTHS,
MIporpaMMHOE 0OeCTICUCHHE

MeTtoapl CyneOHON SKCIEepTHOW AEsITeNbHOCTH Oa3upyrOTCsl Ha HAy4HBIX [OAXO0JaX,
3aBUCSILUX OT CBOMCTB OOBEKTa HCCIEJOBAaHUS U OCHOBBIBAIOIIMXCA HAa OIBITE PpELICHUS
SKCIEPTHBIX 3a1a4 [1].

Bo3HukHOBeHME U JalibHElllee pa3BUTHE HOBBIX HAYYHBIX HaIlpaBICHUH U BUJOB
OKCIIEPTHON JIEATEIbHOCTU SBJISETCS €CTECTBEHHBIM IPOILECCOM B TMEPHOJ Pa3BUTHUS HAy4YHO-
TEXHUUYECKOIo mporpecca. B ciydyae mosiBieHUs HOBOIO OOBEKTa MPUMEHSIIOTCS YK€ U3BECTHBIE
skcriepTu3bl. Korjga wuccrienyercss OCBOCHHBIN OOBEKT, Ha OCHOBE HOBBIX 3HAHWMM MOSIBISETCS
BO3MO>KHOCTB ITPOBOJIUTH AKCIIEPTU3Y C LENIBI0 TPUOOPETEHUS U TTOJIYYCHHS] HOBBIX JaHHBIX [2].

B Hacrosiiiee Bpemsi pa3pabaThiBaeTCsi HOBBIA BHJI CyI€OHON HKCIEPTHU3BI C MPUMEHEHHEM
KOMITBIOTEPHBIX TEXHOJOTHH [3]:

— anmapaTHO-KOMITbloTepHas skcrneptusa (AKD);

— IIporpaMMHoO-KoMIIbloTepHast 3kcneptusa (I11K9);

— nHbOopMaIMOHHO-KOMITbIOTepHast dKcnepTusa (MKD);

— KOMITbIOTEpHO-ceTeBast akcnepTu3sa (KCI).

AKD — 310 01Ha U3 pa3HOBUIHOCTEH CyneOHON KOMIBIOTEPHO-TEXHHUUECKOW KCIIEPTU3BI.
Omna 3akiro4aercs B IPOBEICHUH aHaIN3a TEXHUYECKUX WM, KaK UX €Ie Ha3bIBAIOT, allapaTHbIX
CPEICTB KOMITBIOTEPHBIX CUCTeM. lIpemmMeToM 3TO# SKCIepTHU3bl SIBISIETCS YCTaHOBIEHHE (akTa
WM 00CTOSTENBCTBA, CBA3AHHOIO C 3KCIUTyaTallueld TEXHUYECKUX CPE/ICTB.

OcHoBHOM npo0IeMOl Ha3HAUEHUSI JAHHOTO BUa KOMIIBIOTEPHO-TEXHUYECKON IKCTIEPTU3HI
SBJIIETCS. OTHECEHHE HCCIEeyeMOro o0beKTa K ammapaTHbIM cpejacTtBaM. CoOrjacHO HPUHSATOM
KIaccupuKalud 0O0BEKTOB, MOJUICKAINIMX MPOBEICHUIO KOMIIBIOTEPHO-TEXHUUYECKON KCIEPTHU3HI,
K KJIacCy aInapaTHbIX 0ObEKTOB OTHOCSTCS CIEAYIOLIME BUAbl YyCTPONUCTB:

— HOYTOYKH (HACTOJIbHBIE KOMITBIOTEPHBIE CPE/ICTBA);

— anmnapaTHbIE CPEJCTBA, CIy>XKaIlKle JUIs OpraHu3aluu paboThl B CETH;

— OKOHEYHBIE CPEJCTBA: KJIaBUATYpPa, MbIIIb, MAHUITYJISITOPBI, ayJUOCUCTEMBI, HAKOTTUTEIH
uH(popMaluu U JIp.;

— BCTPOEHHBIE alnmapaTHble CUCTEMBI Ha 6a3e MUKPONPOLIECCOPHBIX KOHTPOJIEPOB;

— MHTETPUPOBAaHHBIE CUCTEMbI: MOOMIIbHBIE TeNe()OHBI, IEHIKEPHI U JIp.;

— Mo0BIe JeTany KOHCTPYKIIUU MEePEUMCIICHHBIX alMapaTHBIX CPECTB, KOMIUIEKTYIOIINUE U TIp.

Heobxomumocts B mpoBeaeHnn AKD BO3HHKaeT TpU  yperyIHpOBAHUU  CAMbBIX
pa3HoO0pa3HBIX CIIOPOB MO TpakJaHCKUM jenam. MccienoBaHue mo3BosieT YCTaHOBUTh MPUUMHBI
MOJIOMKH WU HEKOPPEKTHOH paboThl ammapaTHOTO YCTPOMCTBa, HATWYHE MPOU3BOJCTBEHHOTO
Opaka, BBIIBUTH CBUETEIHCTBA HEJOOPOCOBECTHOIO XPAaHEHUS U MEPEBO3KH alapaTyphl, a TakKe
WCIOJIb30BaHUs YCTPOICTB HE MO HA3HAYEHUIO WU B YCJIOBHUAX, IPOTUBOPEYALTUX TPEOOBAHUSIM,
YKa3aHHBIM B CONPOBOAUTENBbHOW JOoKymMeHTauuu. K AKD Takke OTHOCATCS MEpONpHSTHS,
MIPOBOAMMBIE AKCIIEPTAMHU JIJISl U3BJICUCHHSI MH(POPMAIIUN U3 CIOMAaHHBIX HOCHTENEH, OTKa3aBIIIX
B pe3yJbTaTe MOJIOMKH, aBapUH UM CTUXUHHOTO O€/ICTBHUS.
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JlaHHBIf BHMJ HCCIENOBAaHUN TO3BOJSIET YCTAHOBUTH PabOTOCIOCOOHOCTH mpUOOpa,
MMEIOIINECS] HEUCIPABHOCTHU M UX BIIMSHHUE Ha OOLIYI0 IPUTOJHOCTB €ro K paboTe.

[TKD — Taxoke pa3HOBHIHOCTD Cy/Ie0HOM KOMIBIOTEPHO-TEXHUIECKON SKcHepTH3bl. C pa3BUTHEM
KOMIIBIOTEPHON TEXHUKH BO3HHUKIIO HOBOE HAIIPABJICHHUE COBEPIIAEMBIX IPABOHAPYILIECHUN, KOTOPBIE
MONyYMJIM Ha3BaHHME NPECTYIUIGHWH B cdepe KoMIbloTepHOW uHPopManuu. B momoOHbBIX
IPECTYIUICHUAX JUIA JOCTH)KEHUS LEIM HCIOJIb3YIOTCS CPEICTBA KOMIIBIOTEPHOM TEXHUKHU
U TIPOTPAMMHOTO 00ECTICYCHHUS.

OcCHOBHOM LENbI0 JAHHOM OKCHEPTHU3bl SBIAETCS  YCTAHOBJIIEHHE IPUYACTHOCTHU
HCCIIEyEMOI0 IPOIPaMMHOIO KOMIUIEKCA K PaccielyeMOMy IpEeCTymHOMY JesHu0. Takxke
B PE3YJIbTATe aHAJIN3a MOTYT ObITh OOHAPY>KEHBI CJI€bl COBEPIIEHHBIX IPOTUBONPABHBIX ACHCTBUI.
[IpenmeToM uCCIEIOBAaHUS SKCIEPTU3bI SBISIOTCS OCOOEHHOCTH pPa3pabOTKU M HPUMEHEHHUS
IIPOrPaMMHBIX CPEACTB KOMIIBIOTEPHON CUCTEMBI. AHAIM3 MOXKET NPOBOJUTHCS IO TPaKIaHCKUM
U YTOJIOBHBIM JI€JIaM.

O6nextamu [TKD sBIsIIOTCS Ceayomue KOMIIOHCHTHI:

— ONEpAIMOHHBIE CHCTEMBI (CHCTEMHOE IMPOrpaMMHOE 00ecIieYeHune);

— YTHJIUTBI (BCIIOMOTaTeJIbHbIE IPOTPaMMBl);

— MPOTrpaMMHBIE CPENICTBA IS pa3padOTKU MPOTPAMMHOTO 00ECTICYSHHSI, €T0 OTJIAAKH,

— IPUKJIAJHbIE POrPaMMBbI, MPEAHA3HAYECHHbIE JUIS BBINOIHEHUS ONPEACICHHbIX (DYHKIMHA —
TEKCTOBBIE PEAKTOPBI, JIEKTPOHHBIC TaOIHIBL, pabOTHl ¢ ABYXMEPHOW M TPEXMEPHOH rpaduKoii;
CO3/1aHHUs MTPE3EHTALIMI; I0YTOBBIE TPOrPAMMBI, YEPTEKHBIE PEJAKTOPHI 1 MHOTHE JPYTHE.

[ToBomoM 1I1st Ha3HAYEHHS JAHHOM SKCIEPTU3bI MOKET OBITh 0OOCHOBAaHHOE IIOI03PEHUE
Ha HEKOPPEKTHYI0 paldoTy MporpaMMHOIo oOecreueHusl, HECOBMECTHMMOCTb JABYX U Ooljee
porpamMM, HaXOISAIIMXCS B OOIIEH IeTH BBIMTOIHEHHS KaKUX-JIM00 Orepanui 1 T. /1.

[IKD mmMpoKo NpUMEHSETCS NPU PacCIEIOBAHMM YIOJOBHBIX i€, OJHAKO IOCTENEHHO
BO3pacTaeT NOTPeOHOCTh B MOJOOHOM HCCIEIOBAaHUM U B JIPYIMX BUAAX CYAONPOU3BOJCTBA, UTO
BBbI3BAaHO OOHIMPHON KOMITbIOTEpU3ALUH Bcex oOnacTeil »ku3Hu. B Hacrosiee Bpems BO3HHUKAET
MHO’KECTBO T'PaXX/IaHCKHX JIeJ, B TOM YHCJE pelIaeMbIX B apOUTpaKHbIX cylax. Takxke OoJblioe
KOJINYECTBO JIeJI CBSA3aHO C 3alIUTON MpaB MOTpeOuTeNel, HapylleHHeM aBTOPCKHX MpaB IpU
pacnpocTpaHeHUH KOHTpadakTHON mpoaykiuu. OHa pemaeT MUPOKUM CHEeKTp 3a4ay, CBA3aHHBIX
CO crenu(puUecKUMH 0COOEHHOCTSIMU MPOTrPaMMHOI0 oOecreueHusi, ero pa3paboTKu, BHEIPEHUs,
IpUMEHEHHUs U T.J4. bonbioe pazHooOpasue 3a1ay, penraeMbIX ¢ MOMOLIbIO JAHHOTO UCCIIEJOBAHMUS,
O0yCJIOBJIEHO TE€M, YTO KOMIBIOTEPHBIE CHCTEMBl C COOTBETCTBYIOIIUM IPOIPAMMHBIM
o0ecrnieueHrneM IPUMEHSIOTCS IPAKTUYECKU BO BCEX O0JIACTAX IEATEIbHOCTH YeIOBEKa.

OCHOBHBIMU €€ 3a1a4aMU SBJISIOTCS:

— YCTaHOBJIEHHE OOIIMX XapaKTEPUCTUK MCCIEAYEMOr0 MPOrpaMMHOrO oOecrneueHus,
aHaJIN3 €ro KOMIIOHEHTHOT'O COCTaBa;

— KijaccU(UKaUs OTHENIbHBIX CUCTEMHBIX WM MPUKIAJAHBIX MPOrPaMMHBIX CpPEICTB,
BXO/ISIIIMX B MPEJCTABICHHOE I TPOBEACHUS SKCIIEPTU3HI POrpaMMHOE 00ecTIeYeHuE;

— ompeneneHre KOHTpa(akTHOCTU (MM HAJWMYMsS TAKOBBIX MPU3HAKOB) MPOrpPaMMHOIO
o0ecrieyeHus B 1IeJIOM WIIM €r0 KOMIIOHEHTOB;

— YCTaHOBJIEHHE CIIEU(PUIECKUX XapaKTEPUCTUK UCCIIEAYEMOro MPOrpaMMHOTO 00eCTieYeHusI:
BUJI IPOTPAMMHOT0 oOecIieueHusi, HAMMEHOBaHKE, BEPCHsl, pa3padOTUHK U T.1.;

— OINpe/ieJIeHNe JAaHHBIX pa3paboTyMKa UCCIEAYyeMOro MporpaMMHOro wusaenus. Jlus
IOPUINYECKUX JIMI YCTAHABIUBAIOTCS PEKBU3UTHI OpraHu3auuu. Jias GU3HUecKux JUll — JaHHbIE,
YIOCTOBEPSAIOLINE JINYHOCTb.

MeToap!l Hccae0BaHusl TPOTPAMMHOI0 oOecreueHus], MpUMEHsIeMble B X0/1e TIPOTrPaMMHO-
KOMITBIOTEPHOW JKCHEPTU3bl, MPHUHATO KilacCU(PUIMPOBAaTh, HUCXOAS W3 THUIIA MCCIEAYEMOTO
o0bekTa. Pa3nuyaroT criemyroniye Tpymnnbl METOAOB: aHaIN3a MCXOJHBIX KOJOB, HCCIEIOBaHMUS
MIPOrPaMMHBIX aITOPUTMOB, U3YyUEHHS UCTIOHIEMbIX KOJIOB (3arpy304HbIX MOAYJIEH).

DKcrepTr3a 3arpy304HbIX MOJyJel OazupyeTcs Ha MCCICJOBAHUU MPOTPaAaMMHBIX CPEICTB
C IIOMOLIbI0 OCHOBHBIX METOZOB, OTCIICKHUBAIOIUX BCE IPEPBIBAHUSA, KOTOPBIE BBI3BIBAIOTCS
JAHHOM IporpaMMoi. MeToJ, MCIOIb3yEeMbIN 3KCIEPTOM, AOJKEH TOYHO COOTBETCTBOBATH THUILY
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pemaeMoil UM 3agaun. COOTBETCTBEHHO, AJIS ITOJIyYEHUsI JOCTOBEPHOI'O PE3YJIbTaTa UCCIIEJOBAHMS,
HEOOXOAMMO BBIOMpATh OKCIEpTa, O00JIAAIOMIET0 BBICOKMM YpPOBHEM MpodecCHOHATbHOM
KOMIIETEHIIUM U OOJIBIINM OIBITOM ITPOBEIEHUS UCCIEA0BAHNM.

ITpu npoBeneHNN aHaIM3a BPEIOHOCHBIX MPOrpaMM (BUPYCOB, YEPBEH U IIp.) MPUMEHSIOTCS
pa3NUYHBIE METOJbl MOHUTOPHHTA — aHanmu3 (aIoBBIX CUTHATYp (MOHHUTOPHHIA TUCKOBOMH
HaMsTH), CBEPKa KOHTPOJIBHBIX CyMM (MOHUTOPHHIA ONIEPATUBHOM MaMSATH).

[Tpeamerom ananuza UKD sBusrorcs mudpoBbie NTaHHBIE — HHPOPMALUS, COJEpIKAIIAsACs
B KOMIIbIOTEPHOM cucTeme. OHa 110 NpaBy CUNUTAETCS KIFOUEBBIM HCCIIEI0BAaHUEM B JAHHOM rpymIle,
TaK Kak JaeT BO3MOXHOCTb IOJBITOXHUTH CIIEJACTBEHHBIE MEPOINPUATHUS, OKOHYATEJIbHO OTBEYAET
Ha OOJIBIIMHCTBO BOIPOCOB, CBA3aHHBIX ¢ HU(POBBIMU JaHHBIMU. B mpornecce ee ocyliecTBiIeHus
CIELUANNCT CTaBUT mepea coboil menu moucka, cOopa, MCCIEIOBAHUS M DKCIEPTHOH OLEHKH
oOHapyKeHHOH uH(pOpMaLuu, KoTopas Oblla coOpaHa M COXpaHEHA I10Jb30BaTElIeM WIIU
MOPOKJIEHA JEHCTBUSIMU CIELUAIBHOIO IPOrpaMMHOIO OOECHedeHus sl CONPOBOXKIEHUS
pabouux MPOLECCOB B UCCIIEYEMON KOMIIBIOTEPHOIN CUCTEME.

N3yuenne nHPOPMAITMOHHOTO COAECPKUMOTO JIaeT BEChMa Pa3HOOOpa3HbBIE PE3YNbTaThl, TaK
KaK MCCIIEIyeT COBEPIIEHHO pa3Hble JaHHble. AHAIM3 MH(MOPMALUHU MO3BOJIAET BBIABUThH CIIEIbI
paboTBl TporpaMM ¥ TPWIOKEHUH, ONPENEIUTh TPAaH3aKIWU, COBEPUICHHBIE MOCPEICTBOM
MHGOPMALIMOHHBIX CeTel, a TakXKe OTCIeAUTh JeATeNIbHOCTh M HaMepeHHs I10JIb30BaTels
KOMIIBIOTEpA Ha OCHOBAaHUHM COXPAHEHHBIX (WM JaK€ YJAJECHHbBIX) UM (PailJioB B MEPCOHATBHOM
KOMIIbIOTEPE.

Jlist OLeHKHU coliepyKaHus OOHApy>KEHHOH MH(pOpMAIMK M €€ KBaTU(HUKAIMH MOTYT OBITh
IIPUBJICUYEHBl COOTBETCTBYIOLIME CHELMATUCThl — JMHIBUCTHI, KYJIbTYpPOJOI'H, HNCHUXOJOTH U T.[.
Hanpumep, Ha wucciegyeMoOM HOCHTENE MOTYT COAEpXKaTrbCsl JaHHbIE, KOTOPHIE MOXKHO
paccMaTpuBaTh Kak MOpHOrpaduyeckue, pazKUraroliue MeXHalUOHAIbHYIO PO3Hb, COAEpIKallue
BBICKA3bIBAHUS, YHUKAIOIINE YbU-JINOO YECTh U JJOCTOMHCTBO U TIp.

Tem He MeHee, pabota c wuHpopmauuel TpedyeT TIIyOOKMX TMO3HaHUH B cdepe
MH(OPMALIMOHHBIX TEXHOJOTHMI M CIIOCOOOB KOMIBIOTEPHOTO XpaHEHMsI JaHHBIX, TaK Kak
cojiepKMMOe HakonuTenael nudopmanuy HeoOXOAMMO CHavyana oOHApy>KUTh U U3BJI€Ub, IEPEBECTH
B (opmar, AOCTYNHBIM [UIsi BOCHPHUATHS creuuaiuctoB. ONBIT COTpYAHMKAa OpraHU3aluy,
npoBojsmeir UKD, ero ypoBeHb mpodeccHoHanbHON KOMIETEHLMH HIPaeT Ba)KHEHIyI0 poJib
B TOJYyYEHUHU HCYEPIIBIBAIOIIETO U JIOCTOBEPHOI'O MCCIEAOBAHUS M JOCTHXKEHUH LieJIel, KOTopble
IpeciaeayeT MHUIMATOP IPOBEACHUS aHAIN3A.

JlanHast skcnepTu3a MpeiHa3HaueHa JJis UCCIIEIOBAaHUS BeChbMa IMIMPOKOro Kpyra mpodiem
Y OCHOBBIBA€TCS Ha pa3HOOOpa3uM U3ydaeMbIX TaHHBIX. KpoMe TOoro, sKCcrepT BHIIOIHSIET OOIbIION
00BbEM MEpONpPUATHIN, CBA3AHHBIX C MOJydeHHEeM Hu 00paboTKoil HHOpMalMH, a HE TOJbKO
C aHaJIM30M U3BJICUEHHBIX JAaHHBIX. DKCIIEPTU3a CIIOCOOHA pelIaTh CIEAYIOLINE 3a/1aul, COCTOSAIINE
B ONpE/IENICHUN:

— crioco6a (hopMaTHPOBAHUS HOCUTENS MH(OPMAINK U 3aIIMCH JaHHBIX Ha HETO;

— creuupHUUECKUX XapaKTEPUCTUK (PU3UYECKOro pasMelieHnss HHPOpMaIu Ha UCCIeTyeMOM
HAKOIUTEJIE JAHHBIX;

— TI0Ka3aTeJiel JIOrMYecKoro pa3MelieHus: HHGopMaIuu;

— OCHOBHOM aTpMOYTHKH JaHHBIX KOMIBIOTEPHOI CHCTEMBL: pa3Mephl (ailiioB, oOUMii 00beM
JAHHBIX, UIMEHA U TUIIbI (DaiiyIoB, ATl UX CO3JaHMS U U3MEHEHHUS, IPOUYHE XapaKTePUCTHKHY;

— BUJIa MH(OPMAIIUK: apXuB, YAaJeHHas!, CKPBITasl WK sIBHAsI HH(OpMAIIHSL.

UKD npencraisier cob0i TOBOJBHO CIOKHBIA BHJ MCCIEIOBAHHUSA, TaK KaK COOCTBEHHO
aHanu3 MHGOpPMAIMU TPETBOPSIETCS KPOMOTIMBOM M, 3a4acTylo, IMPOJOKUTENBHOW paboToi
[0 M3BJEYEHUIO JaHHBIX W3 uMerommxcs Hocuteneil. IlogoOHas skcrepTH3a MOXKET OBITh
MPOBE/IEHA MO TOCTAHOBJICHUIO CIEJICTBUS, CYJeOHBIX OpraHOB, MHMIMATHBE (PU3NUYECKOTO WU
IOpUANYECKOro Jinna. JlaHHas sKcmepTu3a MPOBOAUTCA B TOCYJAPCTBEHHBIX AKCIEPTHHIX OHOPO
1 HETOCYJJapCTBEHHBIX AKCIEPTHBIX LIEHTPAX.

J171s1 TOro 4YToObI MHULIMMPOBATH €€ MIPOBEAEHUE, HEOOXOJMMO 3aKITFOUYUTH JIOTOBOP € AKCIEPTHBIM
LIEHTPOM Ha OKa3aHHE YCIYI'M 0 OCYLIECTBIECHMIO HMccienoBaHusA. [[oroBop 3akitouaercs Imocie
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NpeABAPUTENILHON KOHCYJIBTAIMH, B TEYCHUE KOTOPOH OIpEessieTCs] pa3HOBUAHOCTH TpeOyromerocs
UCCIIeIOBaHMsl, 00BEM MpPENCTOsIIEH paboThl, LIEJTU SKCIIEPTHU3bL, IOCTABICHHbIE NIEPE]] SIKCIIEPTOM,
CPOKH TPOBEICHUS M CTOUMOCTh. Bee 3Th aHHbIE B 0053aTEIbHOM MOPSIIKE BHOCATCS B JIOTOBOP,
MOJNKCHIBAEMbIH TIEpe]] HauauoM paboThI 3KCIepTa.

[To okoHuaHum pPabOTHl CHEUUAIUCT (HOPMYITUPYET OKcrepTHoe 3akiaroueHue. OHO
Mpe/ICTaBIsieT CcOoOOW pe3ynpTaT MpOJAETaHHOW uccienoBaTteneM paboThl, OCHOBHOIM CMBICIH
MIPOBE/ICHUS aHaIM3a. JKCIEPTHOE 3aKII0YCHHE 00JIaJaeT JT0Ka3aTeIbHONW CHIIOW M MOXXET OBbITh
MpeIbsBICHO B XOJle¢ CyIAeOHOro 3acelaHusi B KadecTBe apryMeHTa OJHOW u3 crtopoH. OHO
COZICP)KUT OINHCAHHE BCEX IMPOU3BEACHHBIX HKCHEPTOM ACUCTBHUI, MPEICTABICHHBIX HA aHAIU3
MarepuaioB (Ipu HEOOX0AUMOCTH — ¢ poTorpadusiMu 0OBEKTOB), KOITUK U3YYCHHBIX JTOKYMEHTOB.
Kpowme 3Toro, B 3aKiIr04eHHE BHOCSTCS BBIBOJABI SKCIIEPTA M OTBETHI HA IOCTABJICHHBIEC MEPE] HUM
B Hayalie UCCIeA0BaHUS BOIPOCHI.

KCD o©Oasupyercs Ha mpoBepke (U3HYECKOTO U  (YHKIIMOHATHHOTO  COCTOSHUS
KOMITBIOTEPHBIX CPEJACTB, KOTOPHIMU OO€CrHeueHbl HH()OPMAILIMOHHO-CETEBbIE TEXHOJOTHMH. ITO
OYEeHb MOJIOJION M B TO e BpeMs 0COOBIi BH] SKCHIEPTH3bL. JIMIIL TOT SKCIEPT, KOTOPBIKA 001amaeT
rIIyOOKUMHU 3HAHUSMHU B OOJACTH CETEBBIX U MH(GOPMAIMOHHBIX TEXHOJIOTHH, MOXET BBIIOIHUTD
3ajadqy 1Mo OOCJIEOBAHMIO KOPIIOPATHBHBIX CETEH, KOTOpBIE 4Yalle BCEr0 HCHOIb3YIOTCS
Ha TIPEIIPUITUSIX.

OnHa mpoBOAUTCS JUTSI PEILICHHsI CISTYIONNX 3a/1au:

— BBISIBJIGHUS TIapaMETPOB M CBOICTB KOMIIBIOTEPA C HCIOIb3YEMbIM IPOTPAMMHBIM
obecrneueHmEeM;

— OMpe/eNieHNs CBOMCTB U XapaKTEPUCTHK CETEBOTO Pecypca, YCTAaHOBJICHUS €€ apXUTEKTYPbI;

— OTKPBITHS TOCTYTA K TEM WJIA UHBIM JIaHHBIM, B CITy4ae €ro 3aKpbITHS;

— YCTAHOBJIEHUS HAYaJbHOTO COCTOSIHUS CETH, €€ KOMIIOHEHTOB, BBISIBJICHHS BpPEMEHU
00aBICHHS WJIH YIAJICHUS CETEBBIX YCTPOMUCTB;

— aHaiM3a OOLIero COCTOSIHMS CETEBOTO pecypca M BO3MOXKHOCTU CETH Ha OCHOBE cOopa
nH(pOpMaLIUY O HEH.

Ora 3KcrepTh3a MPOBOAUTCS C ILEJIbI0 OLIEHKM BO3MOXXHOCTH BHEIPEHHUS MOCTOPOHHUX
O00BEKTOB B TOCYAApPCTBEHHYIO, KOMMEPUECKYIO CHUCTEMY TMPEANPHITHH W YUpeKAeHHH (ObuH
JTU TOMBITKM HECAHKI[MOHUPOBAHHOTO TMOJKIIOYCHUS, BIUSHUS Ha pa3paboTaHHBIE aaTOPUTMBI
Y MOJeNH paboThI).

PaccMoTpeHHbIE BHJIBI KOMIBIOTEPHBIX 3KCIEPTU3 B OCHOBHOM MPOBOJSATCS KOMIUIEKCHO,
MOTOMY YTO HEOOXOMMBI 3HAHUS M3 PA3JIMYHBIX NMPEIMETHBIX oOnacTeid. JlaHHbIe KOMIIBIOTEPHBIC
TEXHOJIOTUH, TPUMEHSIEMbIE B Cy/IeOHOH 3KcIepTr3e, MOMOTYT Ha 0ojiee BBICOKOM, Ka4eCTBEHHOM
YpOBHE TIPOBOAWTH HEOOXOJMMBIE B JTAaHHOM HANpPaBICHWH pabOTHl C YYETOM ITOCIEIHHUX
JOCTUKEHHUI HAYKU M TEXHUKHU.
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2. bapnymun E.H., Cxpunnuk W.JI., Boponun C.B. Iloaxoasl K cO34aHUI0 COBPEMEHHBIX
nprOOPOB TPUEMHO-KOHTPOJIBHBIX TIOXKapHbIX // [Ipobnembl yrpaBieHHs puUckamud B TexHocdepe.
2018. Ne 2 (46). C. 105-110.

3. Kysemuna T.A., TlerpoBa H.B., Cxoaraes C.B. TexHoIOTHH T arornieckoro au3aiiHa
KaK MHCTPYMEHT yueOHoro mHrepaktuna // [lcuxonmoro-nemarornyeckue mpoodaemMsl 6€30MacHOCTH
genoBeka u obmrectsa. Ne 4 (37). 2017. C. 42-46.
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INPOBJIEMbBI U ITEPCIIEKTUBDBI
HPEAYIIPEXKAEHUA U TYIHEHUSA ITOXKAPOB

HPUMEHEHUWE MOAYJbHBIX TEXHUYECKHUX
KOMIIVIEKCOB IJI5s1 PA3BEJIKH, TYIHEHUSA ITIOZKAPOB
U OBCJIEJOBAHUSA TEPPUTOPUIN HACEJEHHBIX
HYHKTOB, TPAHUYALIUX C JIECAMHA

O.B. BoiiTeHOK, KAaHAUJAT TEXHUYECKHUX HAYK.
Cankr-Ilerepoyprceknii yausepeurer I'TIC MUC Poccun.
A.B. Boiitenok. GM-City. MockBa

PaccMoTpeHb! BO3MOKHOCTH MPUMEHEHHUS! MOAYJIBHBIX TEXHUUECKUX KOMIUIEKCOB IIPHU IMPOBEICHUU
pa3Be/IKH, TYIICHHH TOKapPOB ¥ MIPOBEICHUH 00CIIeIOBAaHUN HACEIIEHHBIX TYHKTOB, TPAHUYAIINX C JIECAMHU.
Knioueswvie cnoea: MOLyIbHBIM TEXHUUECKUHM KOMILJIEKC, pa3BeKa, OXap, oxkapHasi 6€3011acCHOCTh

Ha tepputopun Poccuiickoit denepanuu JIeCHbIE W TOPQSHBIC IMOXKAPhI MPEACTABIISIIOT
co0o# pacripocTpaHeHHOE OeAcTBHE Il HACENCHHsI, SKOHOMUKU W NMPUPOJHON cpesl. bombiryto
yIpO3y JIECHBIE NT0KAPbI PEACTABIIAIOT Ul HACEJIICHHBIX IIYHKTOB, TPAHUYAIIUX C JIECAMHU.

CBoeBpeMeHHOE OOHapyKE€HHE IOXkapa 3a4acTyl0 UrpaeT peularnyr poiib. [lomydenue
uHpOpMaLUU O XapaKTepe rOpeHHUsl, IO 1, HAIPABICHUH PacpOCTPAHEHHsI MOXkKapa MO3BOJISET
CBOEBPEMEHHO TMPHHATH PEHICHWE O NPUBJICUYCHHH HEOOXOAWMBIX CHUJ M CPEICTB U €ro
JIOKQJIN3AalMH U JIMKBUAALNH.

3ayacTyto Ha TEPPUTOPUU HEOOJBIINX HACEIECHHBIX MYHKTOB, FPaHUYAIllUX C JIECAMM, HET
IIOCTOSIHHO TUCIIOLUPYEMBIX MOAPA3AEICHUN T0)KapHOH OXPaHBbl.

Ha teppuropun TBepckoii 00sacTu 1OCTATOYHO MHOTO OOJIOT M TPYAHOJOCTYIHBIX MECT.
Camble Oosblve 00J0Ta HaXOAATCS Ha CEBEPO-BOCTOKE 00JacTH. DTa MECTHOCTh Ha3bIBAETCs
OpumHckuit Mox.

Ha Teppuropun Kumpckoro paiiona Teepckoii o01actu HaxoauTest 601010 «UUCTBIA MOX)»,
MOKapbl, BO3ZHUKAIOIIKE C IEPUOIMYHOCTHIO pa3 B 2—3 rojia Ha 3TOM 00JI0Te, MPEACTABIISIIOT YTPO3y
cocenHuM aepeBHsM. B 2011 r. oT cuiabHOM 3acyxH 3aropenuch ObIBIIME TOpPOopa3paboTKu O6au3
nepesHu FOpuno. Cutyarus Obl1a BeCbMa HaNpsKEHHOM.

Bonpime cunpl ObUIM HampaBlieHbl Ha TYLIEHHWE MOXapa, ObLIM OPraHMW30BaHbl TPYIIIBI
13 JIECHUKOB, COTPYIHUKOB AQJIMHHHUCTPALIMM M MECTHBIX JKUTENEH. 7 aBrycTa OrOHb IOJOUIEI
K aepeBHe TpydanoBo Ha pacctossnue 200 M. /IepeBeHbka HeOOIbIIAs, KPYTIIBIA TO/ 3/1€Ch KUBET
JUIIb TSTh 4YEJIOBEK, OCTalbHble — AauyHuku. Ha MomeHT moxapa B TpydaHOBO HaxoIuiIHCh
18 4enoBek, Tpoe MyXKYMH, OCTajJbHBIE JINLA MOXKHWIOIO Bo3pacTa M AeTH. Kak paccka3bplBaroT
OYEeBUJIIIbI, HECMOTPS Ha CHJIbHBIN MOKap, JEPEBHIO yJIAI0Ch OTCTOSATh, HU OJIMH JOM U Jaxe 3a00p
HE IIOCTPaJaHu.

s TymeHus noxapa OblT 331€CTBOBAaH BEPTOJIET, KOTOPOMY YEThIpe paza MPUXOIHIOCH
JeTaTh 3a BOAOW M BO3Bpaularbcst Ha TymeHue. OrHeMm ObUIO oxBadeHO mopsaka 30 ra jecHoro
MaccuBa.

B nocneanue roapl mpu TyumieHHUH TOp(sHBIX MokapoB B KuMpckom paiioHe A0CTaTOYHO
IIMPOKO MPUMEHSIIACh CIIeIalibHast TEXHUKA B TIEPBYIO OUepe/Ib sl 00ecieueHus MOAB03a BOJIBI.

CnoXHOCTH TYIIEHUSI JECHBIX U TOP(MSHBIX MOXKAPOB B TPYIHOJOCTYIHBIX paioHAX
00yCIaBIUBAIOT HEOOXOAMMOCTh CBOEBPEMEHHOTO0 OOHApy>KEHHs IMoXKkapa s oOecredeHus
BO3MOXXHOCTH €TI0 CKOpEWIIEH JIOKaIu3aluu WM JUKBHIAUUH. BosibIoe 3HAYEHHE HUMEET TaKXKe
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NEeSTENBHOCTD, OCyIllecTBIseMas Haa30pHbIMu opranamu MUC Poccun, — npoBeneHre npoBEpoK
OpraHOB MECTHOTO CaMOYIIpaBJIeHUs U MPOPUIaKTHUIECKass padoTa.

Co3nanue moapasfeNeHuii MOXKapHOW OXpaHbl HA TEPPUTOPUU HEOOJBIIUX IOCEICHUIN
SKOHOMMYECKH HeuenecooOpazHo. OaHMM U3 pelieHud mnpolsieM oOecreueHus: MoXapHOM
0€30MaCHOCTH SIBJIIETCSI CO3/IaHUE JTOOPOBOJIBHBIX MOKAPHBIX MojpasaeieHuil. [loxapHas TexHuka
i obecriedeHuss JOOPOBOJIBHBIX MOKApHBIX KOMaHJ CTOUT JOCTaToyHO moporo. [Ipumenenue
JIETKUX TEXHUYECKUX KOMIUIEKCOB Ha 0a3e KBaJPOLMKIIOB MO3BOJIIET CKOMIIOHOBATH TEXHUUYECKHIM
KOMIUIEKC MOJ] KOHKPETHBIE 3a/IauH.

TexHU4eCKUi KOMILJIEKC MO3BOJIUT CBOCBPEMEHHO OOECIIEYHTh OOHAPYKEHUE JIECHOTO HITU
Top(stHOTO MOKapa.

LeneBoe Ha3HAUEHNE MOAYJIBHBIX TEXHUYECKUX KOMIUIEKCOB:

— BO3MO’KHOCTh ONEPATUBHO MEHSITh KOMIIOHOBKY TEXHUYECKOT'O CPEJICTBA;

— BO3MOKHOCTb PacIIMPEHUS TEXHUUECKOI0 00eCeUeHNUS;

— YBEJIMYEHHUE TAKTUYECKUX BO3ZMOKHOCTEH TEXHUYECKOTO KOMILIEKCa,

— BO3MO’KHOCTb YaJICHHOTO MOHUTOPUHTA U Pa3BE/IKH M10KapPOB.

MogynbHbIe TEXHUYECKUE KOMILIEKChI MOTYT UCTIOIb30BaThCS:

— (QenepaabHBIMU OpraHaMu HMCHOJHUTEIbHON Biactu (moapasnenenus MUC Poccun,
noapaszaenenus Pociecxosa u ap.);

— ToApa3eNeHUsIMHA JOOPOBOJIBHOM MOKAapPHOI OXpaHBbI;

— OpraHaMy MECTHOT'O CaMOYIIPaBIICHUS;

— OpraHu3alHsIMH, UCIIOJIB3YIOIIUMHU TEPPUTOPHH, TPAHUYAIIUE C JIECaMH U OOJIOTaMH;

— OpraHU3aIMsIMH, OCYIIECTBISIOMIUMU ACSITENLHOCTD MO 100b14e Topda.

B KkauectBe 0a3pl TEXHHYECKOTO KOMILICKCA TPEATIAracTcs NPUMEHUTh KBaIPOIHKIL.
Bo-nepBbIX, UCHOIb30BaHUE B KayecTBEe 0a3bl KBAJAPOLMKI CHIXKAET CTOMMOCTh KOMILJIEKCA, MpH
3TOM Ha JIOCTaTOYHOM YpOBHE 00eCIeuynBaeT NPOXOAUMOCTb.

IIpoBeneH aHanu3 CTOMMOCTH KBAJPOLMKIIOB, peanuzyeMsblx B Poccuiickont denepauuu.
[Ipu ananu3ze paccMaTpUBaIMCh KBAIPOIIMKIIBI ¢ 00beMOM JBUTaTest He MeHee 500 em®,

B kauectBe 0a3bl MOkHO paccmarpuBarh StelSATV-600 crommoctpio 342 Thic. pyo,
KOTOpBIH cooupaercs B Poccum [1].

Jlig  yBenuueHuss NPOXOJUMOCTH U TPY30NOABEMHOCTH TEXHMUYECKOTO KOMIUIEKCA
MIpeJIaraeTcsi OCYIIECTBUTh U3MEHEHHE KOJIECHOM 0a3bl ¢ 4x4 Ha 6X6.

JlaHHOE pelleHue NpeUIaracTcsl pealu3oBaTb HE B CTAllMOHAPHOM BHJIE, @ B KaueCTBE
MOJ1yJIsl, MOHTHUPYEMOT'O B CiIy4ae HEOOXOIMMOCTH YBEJIUYEHHS TPY30I10AbEMHOCTH (puc. 1).

Puc. 1. Mogyns yBein4eHusl rpy30NoibeMHOCTH U NPOXOAMMOCTH
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[TorpeOyercst mepenenka 3aaHEro MocTa Jisi 00eCHeueHUs] BO3MOXKHOCTU TMOAKIIOUYCHHS
JOMOJHUTENBHOTO MocTa. Bee coenuHenus OyayT pa3beMHbIE, 1 MOHTaX JaHHOTO MOAYJIS MOXET
OBITH OCYIIIECTBIICH B T€YCHHE KOPOTKOT'O BpeMeHH (pHuc. 2).

BapuaHThl KOMIIOHOBKH OTJI€JIBHBIMU MOJYJISIMU IIPEJCTABICHbBI HUXKE.

Puc. 2. StelsATV-600 ¢ Mmoxy/ieM NOBBILIEHHST IPOXOMMOCTH U I'PY30M0AbLEMHOCTH

YHusepcanabHblii noxkapusiii Mmoayab YIIM-300

VIIM-300 wucnonb3yercss  Juis  OPOBEPKM M OCYILECTBIEHUS  HEOOXOIMMBIX
MIPOTHBOMOYKAPHBIX MEPOMPUATHH, CBA3aHHBIX C BO3TOPAaHHEM B JIECAaX, B CEIbCKUX HACEJICHHBIX
IYHKTaX, Ha MPOMBINUIEHHBIX o0bekTax. [loxkapueiii Mogyns YIIM-300 BcrpauBaercss B JtoOoMH
BUJ TPAHCIIOPTA WJIM HAa JIETKOBOW MPHIIEN, OCYIICCTBIISCT TYIICHHE TUIAMEHH, UCTIONB3YS BOIY
U3 CBOEH éMKOCTH WM U3 Bogoéma (puc. 3).

Puc. 3. YHuBepcaabHbIi noxapHblid Moayas YIIM-300
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I[JIH OKOHOMHH BOJbI HCIIOJIB3YCTCA YCTAaHOBKA C BBICOKUM JOABJICHUCM, KOTOpad IIpU
YCTpaHEHHUH Tokapa Hanbosiee Y(PeKTUBHA B YCIOBUSIX IIOXOH JOCTYMHOCTH XKUAKOCTH. OOBeM
6aka — 300 11, yTo xBaTaeT OoJiee YeM Ha modaca oecriepedoiiHoi padboTsl (puc. 4).

Puc. 4. BapnanTbl KOMIIOHOBKH TEXHHYECKOr0 KoMILiekca moayJaem YIIM-300
C IONOJTHUTEIbHOI eMKOCTBIO /151 BOJbI

Moayab niiaBy4ecTu

HanyBHbIe moOruiaBKy MO3BOJISIOT TEPEIBUraThCs Ha BOJAE 3a CYET BpamieHusi kojec. OdeHb
yI0OHBIN, KOM(OPTHBII, a TI1aBHOE, OBICTPHIi CIIOCOO MeperipaBbl Yepe3 BOA0EM Ha KBaJpOLIMKIIE (pHcC. 5).

Puc. 5. HanyBHbIe NOMIABKU-0AIJT0HbI

Mojenp MOIUIaBKOB ISl KBaAPOLMKIIA U3TOTOBJIEHA U3 YTOJEHHOW MOJIMBUHUXIIOPUIHON
tkanu ([IBX) ¢ miecThio TOYeUHBIMH KperuieHHeMH. [[pUHIUMHATBEHO, BMECTO KJIes MCIIOIb3YeTCs
cBapka [IBX myist BbICOKOW HaA€XKHOCTH M MPOYHOCTH 1IBOB. Kperienune nmomykosen U3roToBIECHO
W3 MPOYHOIO MJIACTHKA.

CHsiTHe/yCTaHOBKA BCETO KOMILIEKTa 3aHMMaeT He Oonee 10—15 MuH, OHM TOIXOIAT IJIs
mo0oi Monmenu KBaaporukia. Hakauka MoXeT OBITh OCYIIIECTBICHA 3a CYET MCIOJIb30BAHUS
BBIXJIOITHBIX T'a30B.
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B mocnemnue rompl Oonbloe pasBuTHE TMONyuniaa OecnwioTHas aBuanus. [IpumeHeHwme
OecmmtoTHBIX JeTaTenbHbIX ammapatoB (BIIJIA) oOecrieunBaeTr BO3MOXKHOCTH OOHAPYKEHUSI
I10’KapOB B TPYJHOJIOCTYIIHBIX MecTax (puc. 6).

BITJIA nomkeH OBITh IOCTPOEH Ha 0a3e MYJIBTHKONTEPA C YETHIPbMS JBUTATEISIMU C paMOM
tunopasmepa F450 u pacnonoxennem moropos QUAD X.

B kauecTBe MOIyNs TEXHMYECKOTO KOMIUIEKCA MPEAJIaraeTcs HCIOJb30BaTh KOMIUIEKT
nerkoro BIIJIA na 6a3e kBagpokonTepa. CymiecTByromye 3apyOeKHbIe anmnapaTsl J0pOroCTOOIINE,
HUKE MpeCcTaBIeHbI peioxeHus no coopke bIIJIA U3 1O0CTYMHBIX KOMIUIEKTYIOLIUX.

B kauecTBe OCHOBBI TpHMEHEHa X-0o0pa3Has cxeMa Ha OCHOBE TOTOBOW pambl. Pama
cOOpHas, OCHOBa — TEKCTOJIUT, Jy4n — IuiacTuk. Pasner mydeit cocramsier — 500 mm. J[anHas pama
I10 pa3MepaM SIBIISIETCS ONTUMAIILHOM € TOUKHM 3PEHHS OTHOILIEHHUS MAacChl U IPy30I10JbEMHOCTH arapaTa.

B kauectBe momerHOro KoHTposuiepa npemiaractcs ammapar ArduPilotMega (APM) 2.6.
JIaHHBI KOHTPOJUIEpP TMO3BOJSET OOECHEeUUTh peamu3alfio pa3IMYHBIX PEKUMOB  MOJIETA.
ITporpammuoe obecrneuenne MissionPlaner mMoskeT OBITH HCIIONIB30BAHO JUISI TIOCTPOECHHUS €ro
MapHIpyTOB HaTPYITHUPOBAHHUS.

Puc. 6. O6mmii Bug BITJIA

KomnonoBka MOAYJIAA U PACIIOJI0KEHUE HA TEXHUYECKOM KOMILJIEKCEe

YnakoBka MOAYNS OCYIIECTBISETCS B CHENHMAIBHBIM MPOTUBOYIAPHBINM OOKC, KOTOPBIi
obecrieunBaeT COXPaHHOCTH OOOPYIOBaHUS IMPH TPAHCIOPTUPOBKE W ITMO3BOJISICT OPTaHHW30BATh
OBICTOE pa3BePTHIBAHNE KOMILIEKCA MO MPUOBITUN HA MECTO CTapTa.

BOSMO)KHOCTL HpI/IMeHeHI/ISI U HCIIOJb30BaAHUA MO}Iy.TII)HI)IX TCXHUYCCKHNX KOMIIJIICKCOB
00yCIIOBJICHO UX YHHUBEPCAILHOCTHIO, BO3MOKHOCTHIO KOMIUIEKTOBAHUS TMOJ KOHKPETHBIE 3a7auu,
OTHOCHUTEIILHO HEOOJIBITION CTONMOCTHIO, KOMITAKTHOCTBIO U yJIOOCTBOM pa3MEIIeHUSI.

[Ipu ucnonp3oBaHUM TOOPOBOJIHHBIMU TMOKAPHBIMA KOMAaHIAaMH KOMILJIEKC MOKET OBITh
pa3MelieH B JIOOOM OOKce IUIONIapi0 He MeHee 18 MZ, B KOTOPOM B 3UMHHUH TIEPHOJ BPEMEHHU
PEKOMEHTyeTCs TTOIIEPKUBATh MOJIOKUTENBHYIO TEMIIEPaTypy Il 00ECTICUeHHS €ro HaJeKHOU paboThL.

B pamkax mnpoBeaeHus pa3BeIKH WM OOCIE€OBaHUS TEPPUTOPUNA MYHHMIIMIIATIBHBIX
0o0pa3oBaHWil U MPHIETAIINX TEPPUTOPUN Tpe[IaracTcsl mporpamMmHoe obecneduenue Mission
Planner [2], koTopoe mMo3BOJISET ONMPEAEIIATh MHUCCHH, UCIIONIB3YEMbIE JUT CO3aHus KapT. B Takux
MOJIETHBIX 3aJaHHUSX KOMTEp JBIDKETCS BIEpeN M Haszall, Kak Ta30HOKOCHIIKa, (oTorpadupys
3aJIaHHYIO0 TEPPUTOPHIO.

B kauecTBe mpumepa paccMOTPUM BO3MOXKHOCTH pPa3pabOTKH TMOJETHOTO 3aJaHus IS
MPOBEACHUS Pa3BEIKH TOPPSHBIX MOXKAPOB HA 0OJ0TAX, HAXOIAIIUXCS psAIOM ¢ aepeBHer FOpuHO
Kumpckoro paiiona.
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HepeBus FOpuHO, OKpykeHHas JiecaMu U Oonotamu, HaxoauTcs B Kumpckom paiioHe
TBepckoii obmactu. BogocHaOxeHne oOecredrMBaeTCss HECKOJBKMMH TPYAaMU HCKYCCTBEHHOTO
MIPOUCXOXKACHUS, HEOOOPYAOBAHBIMU TIOJbE3IAMU IS [OKAPHOW TEXHHWKHU. birbkanmmii
000pYyIOBaHHBIN BOJIOEM HAXOAUTCS B JiepeBHE TEIIMHOBO MPUMEPHO B 3 KM.

C 3amaza 1 ceBepo-BOCTOKA CYIIECTBYET YIpo3a JECHBIX MOXKaPOB, ¢ ceBepa — TOPQSHBIX (puc.7).

Topdranoh noxop

Topdnuoik noxap

Necxon nowmap
Topgpruoh nowap

Ttecwon nowap

A

o

Puc. 7. AHanu3 BO3MOKHBIX YIPO3 JIECHBIX H TOP(PSIHBIX mo:kapos 1. FOpuno

Ha ceBepe pacrnonoxkeHbl cTapbie Topdopa3pabOTKH, KOTOpble B ciydae Ioxapa
NPE/ICTABISIOT PEATBHYIO YTPO3y HACEIICHHOMY ITYHKTY.

C mnomomrsio MissionPlaner cosmaHo moneTHOe 3ajaHHe s MOHHMTOPWUHTAa M cOopa
uHpopMaluu Ha TopdpopazpaboTkax. BricoTa nmonera konrepa — 50 M, 11 cO3qaHUS TAHOPAMHOI
ChEMKH BbICOTa yBennunBaercs 10 150-200 m (puc. 8-11).

W Pawees Masner 1352 el 11528 =

180 420N ARDUPILOT -

Puc. 8. Co3nanue niiaHa MHCCHH 10 00c/1e10BAaHUIO PalioHa cTapbIX Topgopa3padoTok
0s1m3 nepesHu IOpnno Kumpckoro paiiona
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W Mk Plawer 1057 Selbd 11530

Puc. 9. Co3panue mjiana MECCHH 10 00cJIe0BaHNIO 00,10Ta «YHCTHIH MOX»
0.1u3 nepesnu FOpuno Kumpckoro paiiona (1 3tan 06cJieoBaHus1)

W Hiascn Fasees 1350 bl L1500

2804000 ARDUPKOT"

%
e 5

\ \
.~ \

o - L

.',‘D.-I /) | O M mile 20RO u,::l.

Puc. 10. Co3nanue mjiana MECCHH IO 00¢JIeI0BAHNIO 00,10Ta «YHCTBIH MOX»
0,113 nepesnu FOpuno Kumpckoro paiiona (2 3tan o0cJjieo0BaHus1)

B cBs3u ¢ OrpaHMYEHHBIM PECYpPCOM aKKyMYJISTOpHOW Oarapen M ¢ HEOOXOIMMOCTBHIO
o0ecriedeHrss MaKCUMaJbHO JIOCTYITHOTO TMojabe3fa K OonoTy oO0cieqoBaHuEe TMPOBOAMTCS
B HECKOJIBKO 3TaroB.
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W P Moy 1157 Sl 13508

580 42X ARDUPILOT'

~ @ |0 olgl
Puc. 11. MonnTopuHr moxapHoii 6e3onacHoctu B 1epeBne FOpuno Kumpckoro paiiona

[IpuMeHeHrEe MOZAYJIBHBIX TEXHUYECKHMX KOMIUIEKCOB IIPH 3aKyIKE II0KAPHOM TEXHHUKH
MO3BOJISIET O00ECIEeYUTh HE TOJBKO HKOHOMHIO CPEACTB, HO M 3(P(PEKTUBHO OCYIIECTBIATH
JEATEIbHOCTh 110 PAa3BEAKE M TYLICHUIO II0KapOB B HACEJICHHBIX ITYHKTaX M IPUIIETAFOLINX
TeppUTOpUsX. JlaHHBIE KOMITJIEKCHI TAK)KE€ MOT'YT MCIIOJIb30BaThCs /IS IPOBEJCHUS 00CIIe0BaHUM
TEPPUTOPUI.

Jlureparypa

1. PykoBoacteo mo skcrutyaraiuu Stells 600 ATV. URL:  https://manualbase.ru/files/ 48130 _
stels-atv-600gt.html (mata oopamenus: 23.12.2018).

2. Unctpykuust mo skcmutyatain Mission Planner. URL: http://multicopterwiki.ru/ index.php/
Mission_Planner (nata oopamenus: 23.12.2018).

NCITIOJIb3OBAHUE BECIITMJIOTHBIX JIETATEJIBHBIX
AIIITAPATOB JJ14 OCYILECTBJIEHUSA PYKOBOACTBA
TYIHEHUEM MOKAPOB U ITPOBEJAEHUSA
ABAPUMHO-CITACATEJIBHBIX PABOT

C.B. UnbHUIIKHI;

I1.B. E¢ppemos.

Cankr-Ilerepoyprexuit yausepeurer I'IIC MUC Poccun.
bosin Puuu. Cekrop no UC MB/I Pecnnyosinku Cepoust

PaccMoTpeH MEXTyHApOJHBIN OIBIT WCIIOJIB30BAaHUS OCCIMJIOTHBIX JIETATEIBHBIX allapaToB s
OCYIIECTBIICHHSI PYKOBOJICTBA TYIICHUEM II0XAapOB M MPOBEACHHUS aBapHITHO-CIIacaTeNbHBIX paboT. boiee
JIETaTbHO PACCMOTPEHBI ACTEKTHI, CBS3aHHBIC C MPHHATHEM VIPABICHYECKUX pEIICHU Ha OCHOBE
TIOIYICHHBIX JAHHBIX B peE3ylbTaTe IPUMEHEHUS OCCHUIOTHBIX JIETaTeIbHBIX anmapatoB B 30HE
Ype3BbIYAHON CUTYaLIUU.

Kurwouesvie cnosa: moxap, 4Ype3BbIYAMHAS CUTyalus, OCCIHMJIOTHBIM JIETATENBHBIA ammapar,
YIIPaBJICHYECKOE PEIICHUE
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B coBpemMeHHOM MHpe MpakTHYECKH BO BceX cepax OOIIECTBEHHOH >KU3HU XapaKTEpPHO
UCIIOJIb30BAaHNE HOBBIX TEXHUYECKUX pa3pabOTOK, KOTOpbIE MOTYT YOPOLIATh JEATEIbHOCTh
Pa3NUYHBIX CIYXO M BEJOMCTB, B TOM YHCJIE M SKCTPEHHBIX CIyk0. ['oBOpst 00 SKCTpEeHHBIX
cinyx0ax, KOHEYHO K€, CTOMT YTOYHHMTb, YTO AaKIIEHT JeNlaeTcsl Ha IO0XKapHO-CIacaTelbHbIe
nozpaszaenenus. IloxkapHble M crmacarenu BO BCEX CTpaHaX, HE3aBHUCHUMO OT UX TEXHHUYECKOIO
OCHAIIICHMSI, CTapalOTCsl MPUHUMATh HA BOOPY)KEHHE HOBBIE TEXHMUYECKHE Pa3pabOTKH, KOTOpbIE
3¢ HEKTUBHO MOMOTalOT OOpPOTHCS € MOXKAPAMHU M JIMKBUIMPOBATH MOCIEACTBHS YPE3BBIYAMHBIX
curyanuii (UC) [1]. OgHO M3 TaKuX COBPEMEHHBIX HAIpAaBICHUN BHEAPCHHS HOBBIX TEXHOJIOTHH
1 pa3pabOTOK — ATO HCIOJb30BaHUE OCCIMIIOTHBIX JieTaTeabHbIX amnmaparoB (BIIJIA) B 3one UC
JIMYHBIM COCTABOM I0’KAPHO-CHACATENbHBIX OAPA3/ICICHUN.

[Tpu 5TOM HENB3 OTMETHTH KaKYyI0-TO KOHKPETHYIO CTpaHy, KOTOpasi MOTJa Obl BBIICIUTHCS
CBOMM OCOOEHHBIM OIBITOM B 3TOM Bompoce. Ha gaHHBII MOMEHT Bce CTpaHbl Ha BCeX
KOHTHHEHTAX, IJI€ Pa3BUTHI YpE3BbIYAHBIC CITY>KOBI 1 BEJOMCTBA, CTAPAIOTCSI OOHOBJIATH CBOW HapK
OecrUIOTHOM aBHWAlMM, 3aKylas HOBBIE JIeTaTelbHbIE Aamnmaparhl, KOTOpPbIE MPUMEHSIOTCA
HernocpenctBeHHO B 30He YUC. MokHO 0COOEHHO BBIAICIUTH Bce cTpaHbl EBpocoro3a, CoenqnHeHHbIe
wratel Amepuku, Kanany, M3pauns, Kurtaii u psag ctpan bivkaero BocToka, kK KOTOPBIM MOKHO
otHectu OObenuHeHHble Apabckue Omupartbl, rae BIIJIA npumenstorcs Hanbosee aKTHBHO.
N3 crpan EBpocotosa Beinenstores ['epmanust, @panuus, [selinapus, [lBenus u @unnsHaus, Tak
KaK IMOKapHbIe U cllacaTelr UMEHHO 3TUX rocyaapcTB HambOonee 3gpdextuBHO npumenstor bITJIA
1 aKTUBHO JIEISTCSA CBOMM OMBITOM C MHOCTPAHHBIMU IapTHepamu 1o BceMy mupy [2]. He cnenyer
TaKKe MCKJIKYaTh U3 CIMCKA U MTOKapHO-CIlacaTenbHble noapaszaeinenus Poccuniickoit denepanum,
a umeHHo cuibl U cpeactBa MUC Poccuun. Umenno B MUC Poccun Ha BOOPYKEHMHM HaXOATCA
neBsiHocTo nporeHToB Beex BIIA, npumensemsix npu UC.

Hcxons n3 MEXIyHaApOJHOTO U POCCUICKOrO onbiTa npumeHeHus BIIJIA, MOXHO BbIIETUTH
ocHoBHble BHIBI YC NPUPOAHOTO W TEXHOTEHHOTO XapakTepa, NpuU KOTOPHIX 3((HEKTUBHO
UX UCIIOJIb30BAHUE:

— JIECHBIE MOXKAPBI;

— CTUXMIHBIE OE€CTBUS;

— TI0Kapbl HE KPYMHBIX POU3BOICTBEHHBIX 00BEKTAX;

— KpYIIHBIE JOPOKHO-TPAHCIIOPTHBIE aBapHH;

— TI0Kapbl U aBapuu B TPYIHOJOCTYIHBIX U yJAJIEHHBIX pailoHaX.

Kak mpaBuno, BIIJIA mpumeHSIOTCS C IIeNbI0 BBIMOJIHEHHUS] Pa3BeAbIBATEIBHBIX paldoT,
cobopa uHbOpMAIIKU U TIepeaun €€ PYKOBOSIIEMY COCTaBY, OTBEUAIOIIEMY 3a MPOBEACHUE padoT
0 TYILEHHUIO MOKapOB WM aBapHIHO-CcIIacaTeIbHBIX onepanuil. 3To BaKHOE 00CTOSITENbCTBO, TAK
KaK cjelyeT OHKMMAaTh, YTO Ha JIaHHOM JTare TexHudeckoro nporpecca Bce BIIJIA moka He moryt
CaMOCTOSITENTLHO TYIINTh TOXapbl WIM MPOBOIUTH KaKHe-TUOO BHJIbI aBapUHHO-CIIACATENbHBIX
paboT, XOTs HccleA0BaHUsA U pa3pabOTKM B JaHHOM HampaBJIE€HUM MOCTOSHHO aKTHBHO BEAYTCS.
Bo3moxkHO, 4TO B Ommkaiimmem OyaymeMm OyayT Oosnee MHOrO(pyHKIIMOHAIbHBIE aIlapaThl
[0 CHEKTPY BBIMOJHIEMBIX 3a/ad, HO I[IOKa I[IHPOKO PAacCIpOCTPaHEHbl TOJIBKO almaparsl,
BBINOJIHAIOLIME cOOp U Mepeady HH(pOpMaIi pyKOBOISIIEMY COCTaBY.

CyliecTByeT MEXIYHApOJIHOE ompeaeneHue, npumensemoe ko Bcem BIIJIA, He3zaBucumo
OT CTpaHsl, Iie OHO ucnoib3yercs. BIIJIA — 370 nerarenbHBIN anmapar, ynpaBis€Mblil B IOJIETE
aBTOMATHUYECKH, ONIEPaTOPOM C MYHKTA yIpaBJICHUs WJIM COUETaHUEM YKa3aHHBIX crioco6oB. BITJIA
KJIACCU(DUIIUPYIOT 0 CIETYIOIUM TEXHUYECKUM MTPU3HAKAM:

1. ITo Tuny ynpaBieHus:

— ynpaBliieMble aBTOMAaTHUUECKH;

— yIpaBJisieMbl€ ONepaTOPOM C MIYHKTA yIpaBIeHUS;

— TUOPHJIHEIE,

2. Ilo MakcuMabHOM B3IETHON Macce:

— Bozmymmslii koneke Poccuiickoit @eneparmu Tpedyet peructparmu BILIA maccoit Bbie 30 KT
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— denepanbHoe ynpasieHue rpaxaanckoil apuanuu CHIA Tpebyer peructpanmu BITJIA
Maccoit 6omee 0,55 ¢ynra (250 1), a TakxKe yCTaHABIWBACT CICHHAIBHBINA MOPSAOK MOJTYUICHHS
paspeniennii Ha ucnonb3oBanue BIIJIA maccoii 6omee 55 GpyHTOB (25 KT).

3. Ilo Ha3HaueHuU1o:

— pa3BeAbIBaTENbHBIE;

— yIapHble (CIIOCOOHBIE BECTH OT'OHB IO MPOTUBHUKY CAMOCTOSITENIBHO).

[To Ha3HayeHHIO yJapHbIE IPUMEHSIOTCS TOJIBKO BOOPYKEHHBIMHU CHJIAMHM Pa3IUYHbBIX
cTpaH, B 30Hax UC nmpuMEHSIOTCS TOJIBKO pa3Be/IbIBaTeNIbHbIE, CTOSIINE HAa BOOPY>KEHUE MOKapHO-
cracaTeNbHBIX MMo/ipa3aeiaeHuid. MO)KHO TakKe BBIICIHUTD ABe Oosbiuue rpymmbl BITJIA:

— BOCHHBIE;

— IrpakAaHCKUe (K HUM MOXXHO OTHECTH BCE allapathl, CTOSALIME HAa BOOPYXEHHUE MOKAPHO-
criacaTeIbHBIX MOPa3IeICHH).

Hapsany c¢ CIIA, Kuraem u Kananoii, M3pawip sBAsSE€TCS JIUAEPOM TEXHOJIOTMUYECKUX
paszpabotok B obsmactu BIIJIA u ogHMM M3 KpymHeHImUX MX mpousBoautencii. B mepuom ¢ 1985
mo 2018 1. 60,7 % Bcex AKCHOPTUPOBAHHBIX OECHMIIOTHBIX CaMOJIETOB B MHUpE OBUIH MPOHU3BEICHBI
B M3pamme. Ha Bropom wmecte — CIIA, mnocraBuBmme 23,9 % BceX OECHUIOTHHUKOB,
SKCIIOPTUPOBAHHBIX 3a 3TOoT nepuoid. Ha tperbem wmecre — Kanaga (6,4 %). KpynHeimu
MIPOU3BOIUTENAMH OECIUIIOTHBIX JIeTaTeNbHBIX anmnapaToB B M3pauie sBustoTcs «lsrael Aerospace
Industries», «Elbit Systems» un «Rafael». Ilpomyknust KoMraHuil BBIIICHA3BAaHHBIX CTpaH cTaja
ocHoBoil 1 BHeapeHus: BIUJIA u ux mocnenyroimiee MCHOIB30BaHUE B IKCTPEHHBIX CIYk0Oax
10 BCEMY MUDY.

Jns toro 4yTtoObl mpuHUMAaTh Haubosiee MpaBuwibHbIE U 3(G(EKTUBHBIC YIPaBICHUECKUE
pelIeHUs B X0/Ie TYLIEHUS KPYIHBIX [10KapoB WK JUKBuAauuu aBapuil 1 YC, HeoOX0IuMO UMETh
YEeTKYyI0 KapTHHY TOro, uyto mpousonuio B 30He YC u kakue yrpo3bl coxpaHstorcs. UMeHHO s
3TOr0 HE0OXOAMMO BIIAJIETh OJIHOM MH(OpMaIuel o ckiaapiBatoieiicss ooctanoBke B 30He UC.

[Tpu ocyiiecTBIeHNH pyKOBOJCTBA B 30HE nukBHaanuu YC npupoaHOro UM TEXHOT€HHOTO
XapakTepa, a TaKKe TYUIEHUS KpPYIHOTo Io)Kapa pPYKOBOJCTBYIOTCS MpPHHIMIIAMU BbIOOpa
HanpaBJIeHUs TYIIEHUs MoXkapa win auksuaanuu YC:

1. Ecniu ecTh yrpo3a >kM3HU U 3JI0POBBIO JIFOJIEH, TO BCE CUJIBI U CPEICTBA HANIPABJISIIOTCS Ha
cIaceHue JIrIeH.

2. Ecnu ecTb yrpo3a BOSHMKHOBEHUSI B3pbIBa, OOPYIIEHUS! KOHCTPYKIMN WJIM BOSHUKHOBEHHS
KaKoW-TM00 aBapUHON CUTYalMM, XMMHUUYECKOT0, OMOIOTMYECKOT0 WM PAJMOAKTUBHOTO M3JIyUeHHUS,
CHJIBI M CpE/ICTBa HEOOXOIMMO HaAIlPaBUTh HA MPEIOTBPALICHIE BO3MOXKHOW OMACHON CUTYaIlUH.

3. Ecnu ecTh yrposa pacnpoCTpaHEHHUs IOXkapa Ha COCEJHHE IOMEIIEHUS OXBAaY€HHOI'O
OTHEM 00BEKTa, CUJIbl U CPEACTBA HAIIPABIISIFOTCS Ha MPEIOTBPAILLEHUE PACIPOCTPAHEHHUS OTHSL.

4. Eciu ecTb yrpo3a paclpOCTpaHEHHs TIO)Kapa Ha PACIIONOKEHHBIE PAIOM 3[IaHHUsI U COOPYKEHHS
K OXBauyeHHOMY OTHEM OOBEKTYy, CHJIBI W CpEACTBA HAMpaBJSAIOTCS Ha TNPEJOTBpAIlCHUE
pacnpoCTpaHEHUs OTHS.

5. B ciyyasix, Korjja onMcaHHble CUTYyallud He MPOMCXOMIST, CUJIbl U CPEJICTBA HANpPaBIISIOTCS
Ha TYLIEHME OYaroB Mokapa B MECTax HamOojiee MHTEHCHBHOIO T'OPEHHs HWJIM Ha INPOBEJCHHE
MEPBOOYEPETHBIX aBAPUITHO-CIIacaTeNbHBIX PaldoT.

B 3aBUCHMMOCTH OT HOPMaTUBHO-TIPABOBBIX JIOKYMEHTOB UPE3BBIYAHBIX CIIYKO U BEJOMCTB
Pa3IMYHBIX CTpPaH, BBIIICYNOMSIHYTbIE MPUHIMIBI MOTYT TPAaKTOBaThCSA IO PAa3sHOMY, HO CYTh
OpUHATUS 3(PPEKTUBHOTO YIPABICHYECKOTO pPEIIECHHs, Ha OCHOBE KOTOPOTO OCYIIECTBISETCS
pykoBojicTBO B 30He UC, ennHa aJis BCEX CTpaH.

[Tpu TymeHun KpynHbIX THoxapoB win jukBuaanuu YC co3maercss mrad, B KOTOPOM
HaXOJATCS CTaplliie JIOJDKHOCTHBIE JIHIlA, OCYIIECTBISIONINE o0lee ynpaBieHue paboToil BceMu
MOJpa3/eeHUsIMU M OOIIMH KOHTPOJb. Ecnu BO3HMKaeT HEOOXOIUMOCTb NPHUHATH KaKOe-TO
pellleHre, CBsI3aHHOE C OpraHu3anuei padoTbl OO0EBBIX MOApPA3AEICHHUM, HO Jig IOJHOTO
MOHUMAaHMsI MIPOUCXOJIAIIET0 HE XBATAaeT, TaK HA3bIBAEMOM, «KAPTHHBI CBEPXY», TO MOXKET OBITh
MPUHATO penieHne ucnonb3oBath BIIJIA ¢ mensto cObopa mHpopmanmu. Kak mpaBuio, MyHKT
yIpaBJIeHUs] pa3Meniaercs Ju00 B caMoM IuTabe HEMmoCPEeICTBEHHO, JIMOO HE HA OYeHb OOJBIION
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YIAIEHHOCTH OT HEro, YTOObI PYKOBOJIUTENIb UMEN BO3MOXKHOCTH MOTYyYUTh UHGOPMAIUIO OJHUM
U3 MEPBBIX.

Puc. 1. IlyasT ynpasienusi BIIJIA B6sm3u ycjioBHoro mrada juksugauuu YC

Ha Bcex BIIJIA, koTOpbIE CTOST Ha BOOPYKEHHM IOKapHO-CIACATENIbHBIX MOApa3/IEIEeHHH,
YCTaHOBJICHBI BHUJEOKAMEPHI PA3IMYHOIO PA3PELUEHUSA U IEPENATUMKH, MO3BOJIIOLIME IIepElaBaTh
JIaHHBIE C KaMepbl B MyHKT ynpasieHus. Ha HEKOTOPBIX anmaparax yCTaHABJIMBAKOTCA YCTPOMCTBA
JUTsl HaOJIIOJICHUs 3a pachpellelieHueM TeMIepaTyphl UCCIEyeMON MOBEPXHOCTH (TEIIOBU30PHI),
KOTOpBIE TO3BOJISIIOT HAXOJWUTh CKPBITBIE OYard IOYKAapOB CBEPXY WJIM MPOBOJIUTH OLIEHKY 30H
HambOojee MHTEHCUBHOTO ropenus. [lomydas mHboOpMaivio O AMHAMUKE DPa3BUTHUS MOXKapa, €ro
HampaBJICHUW W WHTCHCUBHOCTH, PYKOBOJUTEIh MOXKET MPHUHATH Oosiee 3 deKTHBHOE
VIpaBIEHYECKOE PEIICHHIO M0 OpraHu3aluu paboThl MOMXKAPHO-CIACATENbHBIX MOApa3eieHUH.
BITJTA MOXHO WCIOJIE30BaTh JIJIsl OIIEHKH CUTYallUd B CIIyYasX XUMUYECKOMW, OMOJIOTHYECKON HITH
paauanMoOHHOM aBapHsiX, a Ha OCHOBE IOJYYEHHBIX JAHHBIX COCTABISTH BO3MOXHBIM IPOTHO3
BO3HUKHOBEHMS OTPUIATENBHBIX MOCIECICTBUM.

Puc. 2. IloaroroBka k padore BIIJIA 1Jisi pa3BeaKku JeCHOT0 NoKapa

Ha pannenii MomeHnT »ddexktuBHOCT TpuMeHeHus bIIJIA s BeimomHEHHWs 3ama4
YpEe3BBIYAWHBIX CITY’)KO W BEIOMCTB YK€ JOKa3aHa, W HHUKTO HE 3aJaeTcs BOMIPOCOM, HYKHO
JI1 BHEAPSATH TAKOW OMBIT WM HeT. Bo Bcex cTpaHax mo)kKapHBIE U CiacaTelld CTapaloTCs HaXOIUTh
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6osee >3PeKTUBHBIE CTIOCOOBI MOTY4YEHUS JaHHBIX 13 30HbI YC, U CTOUT MPU3HATH, YTO HA JAHHBIN
MomeHT nipumeHenne BITJIA — ato Hanbonee MpakTHYHBIN U PE3yJIbTaTUBHBINA CITOCO0.
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BE3OHNACHOCTD ’KU3HEJAEATEJIBHOCTHU

OILIEHKA TOKCUYHOCTHU NPOJAYKTOB I'OPEHUSI
MOJIMMEPHOHM COCTABJISIIOIIIEA TOKAPHOU HATPY3KH

A.A. Ky3bMHUH, KAHIUIAT NEeJArOrN4eCKNX HAYK, IOIeHT;
H.H. PomaHoB, KaHAMAAT TEXHUYECKHUX HAYK, IOLEHT;
T.A. Ky3bMuHa, KaHAUAAT NeJArOru4ecKnux HayK.
Cankr-Ilerepoyprcekmii yausepeurer I'TIC MUC Poccun

HccnenoBanbl (akToOphl, BAMSIONIME Ha BEIMYUHY TOKCUYHOCTH MPOLYKTOB TOPEHHs MOIUMEPHON
cocraBistomed. [Ipoanann3upoBan MexaHU3M BO3JEHCTBHS TOKCHUYHBIX MPOAYKTOB TOPEHHS HAa OpPraHU3M
yenoBeka. [Ipon3BeseHa olleHKa BIWSHUS aHTUIIMPEHOB HAa TOKCHUYHOCTH MPOAYKTOB TOPEHUS MOXKapHOU
Harpy3ku. [Ipoanani3npoBansl (HU3MKO-XUMHUYECKHE METOIBI I OCHOBHBIE ONPEIeIIsIeMbIE KOMIIOHEHTHI IIPOAYKTOB
ropeHus nonumepos. IlpencrasieH coctaB NPOAyKTOB IHUPOJIM3a NOJUBUHIIXJIOPUIA U IOJUCTUPOIIA.

Kniouesvie cno6a: TOKCUUHOCTb IIPOAYKTOB F'OPEHUS, TOPEHUE MOJUMEPHBIX MAaTEpUAIIOB, TUPOIIH3,
AaHTUIMPEHBI, ra30Bas xpomarorpadus, HOTO3IEKTPOKOIOPUMETPHUS

XapakTep OInacHOCTEH Ul MepcoHalla U JIMYHOI'O COCTaBa MOKApHBIX YacTeil B yCIOBUAX
noXkapa OmpezensieTcs ACWCTBUEM HECKOJIbKUX TJaBHBIX (DAaKTOPOB: BO3JACHCTBHEM BBICOKOU
TeMIepaTypbl Ha 4YeJIOBEUECKUIl OpraHusM, 3aJbIMICHHEM NPOCTPAaHCTBA M IMPUCYTCTBHEM
TOKCHYHOW COCTaBISIIONICH B MPOAYKTaX TOPEHUS. DTH OOCTOSTEIHCTBA OCTAIOTCS TJIABHBIMH
IpPUYMHAMHU THOEIM YeloBeKa Ha MOoXape ¢ He3alaMSATHBIX BpPeMEH U J10 HacTosmux jaHed. [lpu
ATOM HaOJFO/IAI0TCS OTIPE/IeIEHHBIE TeHICHIINH: €CITH PaHbIIIe OCHOBHBIM TTOPAXKAOIIUM (aKTOPOM
ObUIN 0XKOT'H, OT KOTOpBIX THOI0 6osee 60 % mocTpagaBIIMX Ha MoXKape, TO TeNepb UX YASIbHBIN
Bec ymenpmmics 10 20-15 %, B To BpeMs Kak YUCIIO OTPABIEHHA TOKCHYHBIMA KOMITOHEHTaMH
IPOAYKTOB TOpPEHMsI JOCTUraeT B OTAeNbHBIX ciaydasx /0-80 % oT cymmapHOro KojuuyecTBa
norudmux. boIbIIMHCTBOM HcClIeoBaTeNel ATO OOBSICHIETCS IIMPOKUM HCITOJIb30BAaHUEM BO BCEX
OTpacisX NPOU3BOJICTBA, CTPOUTENBCTBE U OBITY PA3IMYHBIX MOJIMMEPHBIX MaTepuaios [1].

Ha moxape B COBpEeMEHHOM 3/IaHUM, CIPOSKTHPOBAHHOM Ha OCHOBE IPUMEHEHUS
MOJMMEPHBIX M CHHTETHYECKHX TEIUIOM3O0JIAUOHHBIX U OTAEJIOYHBIX MaTepuajoB, MPOUCXOIUT
BO3/ICHICTBHME Ha JIIOJIEH TOKCHYHBIX KOMIIOHEHTOB, COJCPKAIIUXCS B TMPOJYKTAaX TOPEHHUS.
B xoropeix moxer conepxarbes 10 50-100 pa3nuuHbIX BHIOB XUMHUYECKUX coeauHeHuil. Tak
B TIpoIlecce€ TOPEHHsS JIMHOJIEYMHOTO TMOKPBITHS TPOWCXOTUT BBIIEICHHE CEpPOBOIOPOJIA
U CEpPHUCTOrO ra3a, Ipu TOPEeHUH MATKOW MeOenn, B KOTOPOW MpeayCMOTPEHO HCIOJIb30BaHHE
MIEHOTONINYpeTaHa, HaOJII0JaeTCs BBIJISICHUE IIMaHUIa BOAOPOAA U OKCH/IA YIIIepoa, a B IpoIecce
rOpeHusl HEMJIIOHOBBIX TKaHEH BbLIEsIeTCs HaHua Bojopoaa. OHaKo TJIaBHOW NMPUUMHONW CMEpTH
JrONICH Ha MoKape OCTaeTCsi OTpaBJieHHE yrapHbIM Tazom (okcuaom yriepoma — CO), koTopoe
MokeT gocturath 18-25 % ot obmiero 4ricia MHIMACHTOB ¢ MHTOKCUKAIIMEH, 00yCcIaBiInBaroIIeH
CMepTeNbHBIN ucxon [2].

[Tporecc ropeHust NOJMMEPHBIX MAaTEpUAIOB OTHOCUTCS K CIIOKHBIM (PU3UKO-XUMHUYECKUM
mporeccaM, OH BKJIFOYAET B ce0sl AECTPYKIMIO, CIIUBKY M KapOOHHM3AIMIO TIOJMMEPHBIX IEMOYeK
KOH/ICHCUPOBAaHHOM (a3bl, a Takke XUMHUECKHE peakIUH IpeoOpa3oBaHUs W OKHUCICHHUS
HaXOJIAIINXCS B Ta30BOM (a3e MPOIYKTOB, KOTOPHIE COMPOBOXKAAIOTCS (PH3UISCKUMHU TPOIIECCAMU
Macco- U TeIJIoNepeHoca.

VYrapHelii Ta3 HE WMEET I[BETa, 3amaxa M, oOmamas ONM3KOW MO 3HAYECHHUIO C BO3IYXOM
wiotHocThio (0,96), orTnmyaercs OoJbliel JeTydecThiO. YTapHBIA ra3 omaceH IUis OpraHu3Ma
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yenoBeka TeM, 4to oH B 200-300 pa3 MHTEHCHBHEE MO CPAaBHEHHUIO C KHCIOPOJOM IMPOHUKAET
B TEMOINIOOMH KpOBH, M 3TO BBI3BIBAET YTPATy CHOCOOHOCTH KpPAacCHBIX KPOBSIHBIX TeJell
(3pUTPOLUTOB) CHAOKaTh OPraHHU3M YEJIOBEKAa KUCIOPOJOM, BO3HHUKAET CPOJCTBO YIapHOro rasa
C IeMOrIoOMHOM. OTUM 00BsAcHSeTcs 3((eKT, IpU KOTOPOM BJIbIXaHWE B Te€YeHHE 2+3 MHH
BO3[lyXa, B KOTOpOM cojepxkutrcs Oomee 1 % CO, OKOIO TOJOBHHBI TeMOTJIIOOMHA KPOBH,
OCYLIECTBISIIOLIET0  IEPEeHOC  KUCIopoja,  IpeoOpadyercss B KapOOKCUI€MOIJIOOMH.
KapOokcureMoriioOnun He MOXET OCYLIECTBIATh NEPEHOC KHUCIOPOAd, U B OpPraHU3Me 4YeloBeKa
HapacTaeT ero Jneguuurt. HacTynmaer kuciopopHoe rojioJaHue, TUIIOKCHUS TKaHeW, Tepsiercs
CIOCOOHOCTh PacCyKAaTh, YEIIOBEK CTAHOBUTCS PABHOAYIIHBIM M 0€3y4acTHBIM, HE CTPEMHUTCS
n30exaTh ONACHOCTH, HOSABISAETCS T'OJOBOKPY)KEHHE, BO3HUKAET OLENEHEHUE, HacTylaer
Jenpeccusi, HaONIONAIOTCS HapyIICHUS B KOOPAWHALIMU JIBUKCHHS, a 3a OCTAHOBKOM JBIXaHHA
ClleAyeT CMepTeNbHbIH HCXOA. JIeTanbHbI MCXOA MOXKET MPOU30MTH M B MPOLECCE JbIXaHUS
BO3AyX0M, KoTopblii cogepxut aumb 0,3-0,5 % yrapHoro rasa, gaxe eciiv B OCIEIYIOLIEM ObLIa
OKa3aHa IIOJIHOLIGHHAs MEJMLMHCKAas IOMOIb. 3HA4YMTEIbHAs JOJA JIeTalbHBIX HCXOJOB
00yCIIOBIIEHA, TIPEXKIE BCETO, TEM, YTO IPOIecC 0OPATHOTO paciaga KapOOKCUTeMOTIIO0MHA TTPOTEKAeT
CYIIECTBEHHO MEJUIEHHEE 10 CpPaBHEHHIO C MpoleccoM ero odpazoBaHus. CylIecTBYIOT JaHHBIE,
YTO MEPUOJ YMEHBIICHHUSI KOHIIEHTPAUN KapOOKCHTreMoriioOnHa B KPOBH B IPOIIECCE BIIBIXAHHS
aTMoc(epHOro BO3yXa B 3aBUCUMOCTH OT YCIIOBHI MOKET 10X0auTh 10 320 muH [3].

Oco0y10 0MacHOCTh Ha OXKape COCTABISIOT pa3IMYHbIC TIOJIMMEPHBIE MaTepuabl. Kotopsie,
KaK U JII0OyI0 NPOAYKIMIO, W3rOTOBJIECHHYK C HUX NPHUMEHEHHEM, OTHOCAT K KaTeropuu TrOprYnX
u  moxapoB3peiBoonacHbiX. 1. 2T'0OCTa  12.1.044-89 (manee T'OCT) [4] omnpenensier
[I0’KapOB3PBIBOONIACHOCTh  BELIECTB U MAaTEpUAIOB KaK COBOKYMHOCTb CBOMCTB, KOTOpBIE
XapaKTepU3yIOT MX CIIOCOOHOCTh K BO3HMKHOBEHHIO W PACIPOCTPAHEHUIO IPOLEcca TOpPEHUs,
BCJIEJICTBHE KOTOPOTO B 3aBHCHUMOCTH OT CKOPOCTU M YCJIOBUHM HPOTEKaHUS MOXKET MPOU30HTH
noxap (muddy3noHHOE TOpeHWe) WM B3phIB (AeduarpalliOHHOE TOPCHHE MPEABAPUTEIHHO
NepeMelIaHHON CMecH Troprouero ¢ okuciureneM). [lomumepsl Takke COOTBETCTBYIOT YCIOBHIO,
chopmynupoBanHomy B 1. 2.1.2 T'OCT, To ecTtb MOryT KBamu(UIIMPOBATHCS KaK MaTepUallbl,
KOTOpbIE O0JIaJ]al0T CIIOCOOHOCTBIO BO3TOpPaThCs IMOJA BO3JEHCTBHEM HCTOYHMKA 3aKUTaHMS
Y TIPOJIOJKATH CAMOCTOSITEITLHO TOPETH TOCIIE €TO yIAICHUSI.

[TonmumepHble MaTepuanbl COCTABISAIOT 3HAUUTEIbHYIO 4YacTh IOXKapHOM HArpy3Ku NpU
TOPEHUM JJEeKTpUuYecKux Kaleneil. ['opeHume nsyeKTpuyeckux Kabenel CONpOBOXKAAETCA
BBIJICJICHUEM 3HAUUTENIBHOIO KOJIMYECTBAa TeEMJa, KOTOPOE ONpeAessieTcs YAENbHOH TeraoTon
TOPEHHUs MaTepHaioB H3OJIHMH, 3AIIUTHBIX 000J0YeK Kabened M Maccod 3THUX MaTepHajoB,
coJiep KaluXcsl B €AMHULIE IMHBI Kalens. Kak mokaszanau OombITHl 1O CKUTAaHHUIO MOTOKOB Kalesei
B YCIOBUSIX KaOEIbHOTO TYHHENs, TEMIepaTypa B 30HE TOpeHUs Kabeinell ¢ u30IsIIUen
U3 MOJNMATHIIEHA WK ¢ OyMakHOM mponuTaHHON m3osimeii gocruraet 1000-1200 °C. Ipu stom
HaOrOMaeTcsl BBIACIICHHE 3HAYUTEIFHOTO O0BEMa YEPHOTO JbIMa M JIPYTHX Ta3000pa3HBIX
IPOAYKTOB, YTO NPUBOAUT K CHUKEHUIO BHJIUMOCTH U 3aTpyJHSET JEWCTBUS IepcoHala
0 TYHICHHIO TTOKapa M dBaKyallly JIIOJIEH.

B npomecce pgecTpykuumum W TropeHHs O000N0YeK Kabens, a TakXkKe IOJMMEPHBIX
M30JIAIIMOHHBIX MAaTepHaoB, HaONIOMaeTCs BBIACICHHE BEMIECTB B Ta3000pa3HOM COCTOSHUM,
IJIaBHBIM 00pa3oM, rajioreHoB (xJyiop, Opom, grop), a Takke ITUOKCHJA CEpbl U APYTHUX BEIIECTB,
KOTOpBIE TPH COEJAMHEHWH C TapaMd BOABI COCTABJSIFOT MICJIOYHBIE WIIM KUCIOTHBIE PacTBOPHI
U 007a/1a10T COCOOHOCTHI0O MHULMUPOBATh KOPPO3MOHHBIE MPOLECCHl B METANTIOKOHCTPYKIHIX
¥ KOPPO3MOHHOE IOBPEXKIECHUE 3JICKTPOHHOTO 00opymoBaHus. HecMoTps Ha TO, YTO HalW4ue
KOPPO3MOHHON aKTUBHOCTH IPOJYKTOB I'OPEHUs HETOCPEACTBEHHO HE BIMSAET Ha XOJ IOXKapa,
KelaTeJeH ydeT dToro (akropa mNpH KOHCTPYHpPOBaHHMM Kalened, Tak Kak KOPPO3UOHHOE
BO3/ICHCTBUE HAa METAJUIOKOHCTPYKIIMH U 000py/I0BaHNE O0YCIIaBIMBAET JOMOJHUTEIbHBIN yiiepo
OT TIOX)apa, KOTOPBIH B psijie CIIydaeB 3HAUNTEIFHO MPEBHIMIAET CTOMMOCT CTOPEBINX KaOeeH.

XapakTepHasi Ul MHOTHX IIOJIMMEPOB BOCILIAMEHSEMOCTb, OCOOCHHO IJIsi MaTepualoB
CO 3HAYMTEIBHBIM COJIEPXKAHUEM YIIIEPOAA, IPEANOIAracT HaTMuue HE0OXO0AMMOCTH CIELUAIbHBIX
Mep JuIs obecriedeHus 0€30MacHOCTH MPU HCHOJIb30BAHUU ITHX MAaTEpHAIOB B TEX CUTYaIUsX,
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KOTJIa UMEETCsl MOTEHIMAlIbHAs OMAcHOCTh MX BosropaHusi. CaMbiM 3 QEKTUBHBIM IO 3aTpaTam
CrocoO0OM YBETHMYEHHUS MM0Kapo0e30MacHOCTH MHOTHX IOJUMEPOB SIBISIETCS BBEACHHE B TaKOil
MaTepHall B IpoLecce ero nepepaboTKu ONpeeIeHHOr0 KOMIIOHEHTA, 3aMEIJISIOIIEr0 TOPeHNe TaK
Ha3bIBAEMOTr0 aHTUNHUPEHA [5].

Haubonee pacmpocTpaHeHHBbIE KOMIIOHEHTBI, KOTOpPbIE CIOCOOHBI 3aMEIJIMTh MPOIECC
TOPEHHS MOJIMMEPHBIX MAaTepHAIOB M KOTOpPbIE MPUMEHSIOTCS B HACTOSIIMI MOMEHT, BKJIIOYAIOT
B ce0s rajoreHcoAep)kKalie coeAuHeHus (K mpumepy, coenumHeHus ¢ocdopa, a3ora), a TaKxke
LEJbIN PsJl HEOPTaHUYECKUX COSAMHEHUH.

MO’KHO TIPOBECTH yCIOBHOE pa3jelieHHue CYNIECTBYIOIINX aHTHITMPEHOB HA OMpPEICICHHBIE
IpyMNIbl, 8 UMEHHO:

— HEOpPraHWYeCKHe AHTHIUPEHBI Ha OCHOBE THJIPOOKUCH ATIOMUHUS, THAPOOKUCH MarHus,
nonurdocdara aMMOHUS, KpacHOTO Gocdopa U HEKOTOPHIX IPYTHUX;

— TaJIOTEHCOJIEPIKAIINE aHTUITUPEHBI, HAPUMEDP XJIOp U OpoM;

— aHTUMHUPEHBI HA OCHOBE POcHOPOPraHNYECKUX COCTMHEHUN;

— QHTHIHPEHBI HA OCHOBE a30TCOICPIKANTUX COCTUHCHUH.

s MHOTHX TOTUMEPOB MOJ00paHbl aHTUIHPEHBI, KOTOPHIE MPU BBEACHUH UX B COCTaB
BEIIECTBA JIAIOT BO3MOXKHOCTh HHUIIMMPOBATH HAUOOIBIINN dPPEKT 10 YMEHBIIICHHIO TOPIOYESCTH.
Hcnonb3oBaHrue MOJOOHBIX CHUCTEM AHTUIIUPEHOB MO3BOJIIET B OCHOBHOM IMPEAOTBpAILllaTh HIIU
MOJIABIISATh TPOIECCHl TOPCHHS TMOCPEICTBOM (PU3NYECKOTO WM XUMHUYECKOTO B3aMMOICHCTBHS
B Tra3oBOM WM KoHIeHcupoBaHHOW (aze. B Tabn. 1 mpencraBrneHsl HauOoliee MOMYISIPHBIE
AQHTUITUPEHBI IS psija JUIMHHOMEPHBIX TOJIMMepoB [5].

Tabnuma 1. O0bIYHO HCTIOTb3YyeMble AHTHITHPEHbI

Pexomennyemas
[Tommmep Haspanue antunupeHa o

KoHIIeHTanusd, %
[TonmmaTHEeH JlexaOpomandenunokcua 21
[Monumpornminen Terpabpombuchenon-A 6-15
[TomuBuHuxaopua | TpUrHAPUT OKCUAA ATFOMUHUS 60
ITonmamun [Tomudocdar ammonus 13
Onokcuabie cMonbl | Terpabpombuchenon-A 18

N3 Tabn. 1 cnexyer, 4TO CYyHIECTBEHHYIO JOJI0 COCTaBISIOT AHTUIMPEHBl Ha Oasze
TMIPOKCHU/IA ATFOMUHUS U FAJIOTEHCOIEPKALUX COEIUHEHUM.

HaubGonpiiyto npuMeHMMOCTh HMMEIOT TallOT€HCOAEpIKAllle aHTUIUPEHbI, IOCKOJIbKY
CYIIECTBYIOIIME TaJIOTEHCOAEPI)KAINE COEIMHEHUs] OTHOCATCA K WHIUOMTOpaMU TOpEHHS.
Db heKTUBHOCTD ISHCTBYS FAJIOTCHCOICPKAIUX aHTUITUPEHOB yBenrnuuBaercs B psae F<CI<Br<I.
Haubonee yacto B poiu aHTUIHMPEHOB NMPUMEHSIOT OpOM- U XJIOpCOJEp Kalllue COeTUHEHUs, TaK
KaK OHM JJa0T ONTUMAJIBHOE COOTHOILIEHHUE 11€HAa/KauyeCTBO.

Hano 3ameTuTh, 4TO y XJIOpPCOAEPIKAIIMX AHTUIMPEHOB BBIACIAETCS XJIOP B LIMPOKOM
JMana3oHe TeMIlepaTyp, IO0ITOMY COAEp)KaHUE XJIopa, HaxoJdIlerocss B ra3oBod (ase,
OTHOCUTEJIbHO HEOOJBIIOe, a Yy AaHTUIIMPEHOB, COJEpXKAaIuX OpoM, MPOUCXOAUT Ppa3JIOKEHHE
B JIOCTaTOYHO Y3KOM JAMamna3zoHe Ttemmeparyp. Prtopo- u HoJgoconaepKaliue COEIUHEHHS
HE UCIIOJIb3YIOTCS B POJIM aHTUIIMPEHOB, TaK Kak (hTOpocoaeprkallie coeTuHeHnsT Mano3()(eKTHBHBI,
a fioocoieprkale COeMHEHUS UIMEIOT HU3KYI0 TEPMOCTA0MIBHOCTD B X0/1€ IIEPEPaOOTKH.

VY XJ0opcoaeprKamx aHTUIIMPEHOB COAECPKUTCS 3HAUMTEIBHOE KOJIMUYECTBO XJIOpa, KOTOPOE
MIPOSBIISIETCS. B OCHOBHOM B ra3oBoil ¢aze. Kpome Toro, Takoil Bua aHTUIHPEHOB UMEET BHICOKYIO
CBETOCTA0MJIBHOCTh TPU  HE3HAUUTENIbHOW CTOMMOCTH, OJHAKO MpEeIrojiaraeT BBEJCHHE
B INOJIUMEPHbIE MaTepHallbl 3HAUNUTEIbHBIX KOHLUEHTpaluui as obecrieueHus TpedyeMoro kiacca
noxkapo0e3zonacHocTd. Mcmonb3yloTcsi B OCHOBHOM HECKOJIBKO THIIOB  XJIOPCOJEPIKALIUX
aHTUIIUPEHOB:  XJOPHUPOBaHHbIE  alKWUIpochaTel, XJOPUPOBaHHbIE MapaduHbBl, a TaKXKe
XJIODUPOBAHHbIE IUKIOATU(PATHUECKUE YTIIEBOAOPOAbl. B OOBIYHBIX YCIOBHSX aHTUIUPEHBI
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JAHHOTO KJIacca WMEIT OTHOCHTENHHO HEBBICOKYIO TOKCHYHOCTh U  CIAOOBBIPaXXEHHOE
pazapaxkaroiiee J1eiCcTBUE.

B xonme mpoBeneHHs 3KCIEPUMEHTAIBHBIX HCCIICOBAHWIA YCTAHOBJICHO, YTO crelnuduka
MPOSBIICHUS. XHUMHUYECKUX TMPOIECCOB B IUIAMEHU CYIIECTBYET B BHUJAE HaJU4Usi CJIOKHO-
MIPOCTPAHCTBEHHOTO PACIIpEACIICHUs] TeMIEeparypbl MPOAYKTOB ropenus. Kpome TOro, Ttakoe
KE CIIO)KHO-TIPOCTPAHCTBEHHOE pacrpesesieHne HeoOXOoIuMO Jjisi OMNMCAaHUSA KOHLIEHTpalUn
HCXOJHBIX U TPOMEKYTOUHBIX BEIIECTB M 00pa3yIONIUXCs B XOJ€ TOPSHHs MPOAYKTOB. Taxke ais
OO0JIBIIMHCTBA MAaTEPHAIIOB, BHIIOJHEHHBIX Ha OCHOBE MOJMMEPHBIX KOMIO3UIIHM, MPU UX TOPEHUU
XapakTepHO OrPOMHOE YHUCJIO pa3JIMYHBIX MPOAYKTOB PA3JO0KEHUS, HAXOMSAMIMXCI Kak
B KOHJICHCHPOBAaHHOH, TaK W B NPEAIUIAMCHHOM, ra3oBoii oOmactu [6]. Bce 31O cymiecTBeHHO
YCIIOKHSIET MPOBEICHUE U3MEPESHUN U (OPMUPOBAHUE TEOPETUUCCKHUX IMOJIOKECHUM, OMTMCHIBAIOIIIUX
MIPOLIECCHI TOPEHUS MTOJIUMEPOB, KOTOPbIE Obl OTpaXkalld CelU(PUKY aHATU3UPYEMbIX CUCTEM. Tem
HE MEHEe, pe3yJbTaThl IPOBEJICHHBIX HAYUYHBIX MCCIEAOBAaHUMN MO3BOJUIM HE TOJIBKO YCTAHOBUTH
HEKOTOphle OOIIME KayeCTBEHHbIE 3aKOHOMEPHOCTH, HO U MPEAJIOKUTh  AHATUTHKO-
AKCIIEPUMEHTAJIbHBIE W PACUETHO-QaHAIUTHUYECKHUE METOJbl OIICHKM TOKCHYHOCTH TPOAYKTOB
TOPEHHs] MaTepualioB, KOTOpPble C KOHIA MPOIUIOr0 BEKa BOIUIM B  HalMOHAIIbHBIC
Y MEXIYHApPOJHbBIE CTaHIaPTHI. [IpuMeHsieMbIe IS 3TOT0 (PU3UKO-XUMUYIECKHE METOIBI 0000IIECHBI
B Ta0I. 2.

T36HI/IH3 2. ®U3NKO-XUMHUYECKHE METOAbI U OCHOBHBIC OIIPEACJIACMbIC KOMITIOHCHTBI

Meron onpeneneHus OnpenensieMble KOMIIOHEHTBI
I"azoBas xpomarorpadus VYTI1eBOIOPObI IPEAEIbHBIE U HETIPEEIbHBIE,
C IPUMEHEHUEM Pa3JIUYHbIX | YIJIEBOLOPOABI ApOMATUYECKUE, XJIOPUPOBAHHbIE
JETEKTOPOB YIJI€BOAOPOABI, COUPTHI, AJIbJETU/IbI, KETOHBI

AMMMaK, OKCUJIbI a30Ta, AKPOEJIUH, YKCYCHBII
aIbJETU, XJIOPUCTHINA BOJOPO, IUAHUCTHIN
BOJIOPO/I, YKCYCHasI KUCIIOTa, (POCTEeH,

XJ10p, hopManbaerua, HeHo, OKCHI YIiIepoia, 030H

DOTORIEKTPOKOIOPUMETPHUS

DKcIpecc-MeTo 1bl Oxcup yriiepoja, HHaHUCTBIM BOJOPOJ, KUCIOPOJ
CnextpodoTroMeTpust KapOokcuremornobus, MeTreMorioonH
ATOMHO-a06CcOpOIIMOHHAS

Y aTOMHO-3MUCCUOHHAS CBuHen, pTyTh, KaJ]MHii, 0JIOBO, IWHK, MBIIIbSK
CIEKTPOMETPHUS

MopnenupoBanue  mpouecca TOpPEeHHs — IMOJMMEPHBIX ~ MaTepuaioB  IMPEAINOIaraeT
B cootBercTBUM ¢ TpeboBaHusMu ['OCT 12.1.044-89 wucnonp3oBaHHE CIELUAIBHOM YCTaHOBKU
[0 HMCMBITAHUIO TOKCHMYHOCTH TPOAYKTOB ropenus [7]. s mporiecca muposm3a HEOOXOIHMMO
UCIIOJIb30BaTh PEAKTOpP IEYHOTO THMA C PEXHUMOM IIOCTOSHHOIO HarpeBa, B 30HE IHPOJIU3a
HeoOxonuMasi TeMmIeparypa TMOAJEPKUBAECTCA TOCTOSIHHOM TMpH TIOMOIIM HarpeBa W3BHE.
N3yuaemblit oOpaser, KOTOpPBIA HaXOIUTCS IMEpBOHAYAIBHO IPH KOMHATHOM TeMmIeparype,
3arpyxaercs MOCPEICTBOM CHEHAIbHOTO MPUCIOCOONIEHUSI B 30HY IUPOJIM3a, 3apaHee HarpeTyro
10 HeoOxoauMmoil Temmeparypel. Ilpolecc mnuposim3a OCYHIECTBISETCS B TOPU3OHTAIBHO
pacIioNIOKEHHON 3JIEKTPOINeYr, BHYTPU KOTOpPOW pacroyiaraercsi peakTop TpyOuyaToro THIIA.
HawuGonpmias Temneparypa BHyTpH Takoro peakropa gocturaer 900-1000 °C. BHyTpu HaxomauTCs
[IJTI030BOE  YCTPOIMCTBO, KOTOPOE MOXKET OCYIIECTBIATh MOAayy MpoObl, MOMeIarouencs
B KOHTEHHEp, UMEIOLUI (opMy JIOIOUKH, KOTOPBII JaeT BO3MOKHOCTh yOpaTh TakoW KOHTEHep
U3 MPOCTPAaHCTBA IHUposu3epa 0e3 MpeKpalleHHs Ta3oBOro MOTOKa. Temreparypa BHYTPU IE4d
MokeT MeHsaThesi B jauamazone 100-1000 °C ¢ mOrpemHOCThIO CTa0MIM3aIl[MH TEMITEPaTyphl
B juanazone + 5°C. Tpuponu3 mMpoBOJUTCS NPH ONpeiesicHHbIX Temmeparypax neun: 200 °C,
400 °C u 600 °C. B xauecTBe raza-HOCHTENs OOBIYHO IPUMEHSETCSA A30T. IIPOJOIDKHTEIHLHOCTE
poIiecca MUPOJIH3a YCTaHABIMBACTCS OOBIYHO dKCIepUMEHTaIbHO B mipeaenax 10-30 mun. HaBecku
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o0pa3uoB MaTepuanoB BeiOupatorcs B npenenax 0,04—0,08 2. Jleryune mpomyKThl, oOpasyromuecs
IIPY ATOM, MOTYT OBITh MIEHTU(UIIMPOBAHBI C MCIOJIb30BAaHHUEM METOJIOB T'a30BOM XpoMaTorpaduu.
[Tpumepom ammapaTHOro oOOeCTIeUYeHHsT MOTYT OBITh OTEYECTBEHHBIC Ta30BbIe Xpomarorpadbl
«Kpucrammmoke-2000» wmn «Kpucrammokc-4000» KOMIUIEKTOBaHHBIE MOYJIEM JIETEKTOPOB, HAIPUMED,
JUAIL, 931 wiu [1Id. B sTtom ciydae mpolecc pas3jesieHdus MPOAYKTOB MUPOJIU3a MPOUCXOIUT
Ha OCHOBE MPUMEHEHUs XpoMaTorpadhuyeckux KOJIOHOK.

PesynbraThl MPOBEICHHBIX W3MEPEHUH, MpeACTaBicHHbIC B pabore [8], moka3bIBalOT, YTO
st remneparypsl uposinza 200 °C B a30THOM atMocdepe yMEHbIIEHHE MaCcChl Il MATEPUAIIOB,
BBITIOJIHEHHBIX U3 mnonuBUHUIXJIOpUAHbIX (IIXB) marepuanio, 3a BpeMeHHOUM OTpe3ok 30 muw
coctaBmio 3HadeHue B aumana3zoHe 0,8-3,6 %. ['nmaBHBIMM TpOayKTaMHU, KOTOpBIE OOpa3yroTCs
B pe3y/bTaTe MUPOJIN3a, B TAHHON CUTYalluu CTAHOBSITCS XJIOPOBOIOPOIHAs (ppakius U rajgaTHbIC
wiactTuukaTopsl, AMPpPyHAUpYIOLIIE U3 HarpeBaeMoro noaumepa. Eciu temnepartypa npeBbliiaet
snauenne 400 °C, rnaBHBIMHM pe3yiabTaTaMH Ipoliecca nupoiusa [IXB MarepuanoB CTaHOBATCS
anudaruyeckue yrieBoIopobl, a Takke 0€H30J U XapakTepHble g MaTpulsl [IXB u ¢ranaTHeix
TUTACTU(UKATOPOB MaTEPHAIIBI, YTO MOATBEPKIACTCS PE3yJIbTaTaMH SKCIEPUMEHTA MIPHU MUPOIINA3E
mwiactupunupoBanubix  [IXB ~ marepuanos. Pesynbpratel  SKcllepUMEHTa B XOJe
Xpomarorpaguaeckoro aHaiam3a cocTaBa mpoaykToB rupoimsa [IXB marepranoB npuseaeHs! B Tad. 3.

Ta6muma 3. Coctas npoaykros mupoausa I[IBX npu remneparype 400 °C

Macca | Iloreps Conepxanue, %
HaBECKM, | Macchl, | Ammdarudeckue | benzon | Apomatudeckue | ["aiionpousBoaHbIC
r % COCIIMHEHUS YTJIEBOAOPOIBI YTIIEBOAOPOIBI

0,052 39,7 35,40 20,57 22,38 6,77
0,082 41,4 36,51 21,51 24,52 6,53
0,043 43,8 38,35 19,53 18,95 9,18
0,072 43,3 8,47 65,29 1,42 19,45
0,064 42,6 7,56 65,64 1,31 12,88
0,065 47,8 13,19 60,98 1,68 14,15
0,056 52,7 14,12 10,10 1,52 37,72
0,062 57,5 10,48 10,99 1,25 42,43
0,052 53,1 9,49 8,18 1,03 45,91
0,055 49,1 54,22 8,11 0,83 10,75

JlanHble, mnpuBeAeHHbIE B TabJ. 3, MO3BOJSIOT CHAENaTh MPEANONIOKEHHE, 4YTO IpHU
(bUKCUPOBaHHBIX TEMIIepaTypax KpoMme mpoliecca AeCTPYKIUH MOJIMMEPHOT0 MaTepHasa MpoTeKaeT
OINPENICJICHHBI IIPOLIECC PECHUHTE3a MPOAYKTAa PpEakUUd C BBIICICHUEM apOMAaTHYECKHX
U anudaTUYecKux yriaeBoJopoJoB. IIpu 3ToM B HE3HAYUTEIBHOH CTENEHN 00pa3yroTCs MOJIUMEPHI
C KpaTHBIMU CBA3SIMH, TaK KaK MOJOOHBIE MPOIIECCHl CTAHOBSATCS HEPEAKIITMOHHOCTIOCOOHBIMH H TIO]]
JeUCTBUEM XJIOPOBOJIOPOJHON CpeAbl TJIaBHBIM 00pa3oM CHHTE3HPYIOTCS XJIOPOOPraHUYECKHE
COEIMHEHMSL.

[pu npeBbiernn Temreparypuoro 3Hadenus 600 °C mporiecchl JeCTPYKIUH TPOUCXOISIT
¢ Oosbleli WHTEHCHBHOCTHIO B cpaBHeHHH ¢ Temmeparypoir 400 °C, mpu 3TOM KOJMYECTBO
CUHTE3UPYIOUINXCSA COeAMHEHUN U KOHLIEHTpAIHs 00pa3yoIUXCsl XJIOPOPraHUUECKUX COeTMHEHUI
YMEHBIIIAETCsl, HO YBEIMYUBACTCS KOHIIEHTpPAIUs 0O0pa3ylolIMXcs CHHTE3UPOBAHHOTO OeH30Ia,
ann(paTHYECKUX YIIIEBOJOPOIOB U XJIOPOBOAOPOAA.

B xome wMopenupoBaHMs Tpoliecca CropaHHs MaTepualioB, BBIIIOJHEHHBIX Ha 0asze
MOJINCTUPOJIA, B YCTAHOBKE MO M3YYEHUIO TOKCHYHOCTH MPOJYKTOB TOPEHMS BBIACISAIOTCA
pa3IUYHBIE POIYKTHI TOPEHUsL. Pe3ysbTaThl HCIIBITAaHNS TAaKMX MAaTEpHAIOB TIPEACTaBIICHbI B Ta0. 4 [9].
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Tabmnuma 4. Cogepikanue KOMIIOHEHTOB MPOAYKTOB rOPeHHsl MOJUCTHPOIBLHBIX MaTepuasios nmpu 400 °C

ConepkaHre KOMIIOHEHTOB

< o = 5
§ %% S - = = =
cl28/ s | 5| 5| 8| 5| ¢ | & &|%2|¢g
DIEEIE | BB E|E| 2B BB q
= S | @ 3 o = = 5 I =4 = S =
RN R A

is = § |2
1 74 | 197 127|108 | 76,7 | 1,14 | 0,10 | 0,03 | 0,69 | 0,70 | 2,70 | 0,19
2 | 355|103 |276| 17,0 | 57,8 | 11,2 | 0,06 - - 012 | - -
3 (287281144 | 8,06 |644 |492| 0,09 | 047 | 0,05 | 0,44 | 0,01 | 0,02
4 |432|752|075(031]751] 1,08 - - - 041 | - —

1 — rermonsonsanronHas cucrema «Cerezity;

2 — TEIUI03BYKOM30JSIIIMOHHBIN MaTepuain «Polifoamy;

3 — DKCTPY3HOHHBIHN ITEHOIOIUCTHPOT;

4 — u3enus HEMEHTHO-TIOJMCTUPOIIbHBIE ¢ HarmoaHuTeaeM «Ilomutepm».

[lpy mupoNM3e MONUCTUPOJBHBIX IUIACTHKOB B auamaszoHe Ttemmeparyp 200-400 °C
[JIaBHBIM BBIICISIEMBIM TPOJIYKTOM CTaHOBUTCS crupon. Ilpu Harpesax mo 750 °C mosker
00pa30BaThCs LENbIHA PsiJi MPOILYKTOB PA3JIOKEHHS MOJMCTUPOIIA, B OCHOBHOM TaKUMH MPOAYKTAMHU
SBISIFOTCS  apOMAaTHYECKHE YIIIeBOJAOpoAbl. Koin4ecTBO MOHOMEPHOTO CTHpOJia B MPOJIYKTaxX
rOpEHHS OJUCTHPOIBHBIX MATEPHAIOB TAKXKE BO3PACTACT C MOBBIIICHUE TEMIIEPATYPhI MOXKapa.

Takum ob6pazom:

1. Tokcuunocth mnponyktoB ropenus [IBX B mpeobnagaromell creneHu oO0ycioBieHa
HaJIMYMEM OKCHA yriiepo/a 1 XJI0puaa BOJOpo/a.

2. B mpojykTax ropeHus MOJMCTHPOJIa Kak Ha HayaabHOW cramuu noxapa (400 °C), tax
u npu ero passutud (700 °C) mpuUCYTCTBYeT MOHOMEPHBIA CTHPOJ, a TAKXKe apOMAaTHYCCKHE
YIJIEBOJIOPObI, HATUYUE KOTOPHIX HEOOXOIMMO YYUTHIBATh MNpPU TNPOSKTHPOBAHHU CHCTEMBI
IBIMOYIaJICHUSI.
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JAUAJIOTI'A CO CHIEHNAIMCTAMU

I'OCYAAPCTBEHHO-HYACTHOE ITAPTHEPCTBO
KAK ®AKTOP SdKOHOMUYECKOU BE30INACHOCTH POCCUH

B.A. lllenakoBa, KaHAUAAT IKOHOMHYECKUX HAYK, HTOLEHT;
A.b. CaiMaHOB, KAHAMJAAT IKOHOMUYECKUX HAYK, TOIEHT.
Cankr-Ilerepoypreknii yausepeurer I'TIC MUC Poccun

W3yyeH ONBIT HCHONB30BaHHA (GOPM M MOAEICH TroCylapCTBEHHO-YaCTHOTO MMapTHEPCTBA
B 3apyOeXHBIX CTpaHaX M BO3MOXHOCTh MX NpuMeHeHHst B Poccuu. IlpoananmsupoBana KiaccUpHKanus
(opM rocyIapCTBEHHO-9aCTHOTO TAPTHEPCTBA, UCTIONB3YeMBIX B Poccrul 1 IIpe/icTaBIeHHBIX B OT€UECTBEHHBIX
uccienoBanusax. Ha ocHOBaHMM aHanmn3a MHUPOBOW TNPAKTUKH PEATH3alUM IPOEKTOB T'OCYJapCTBEHHO-
YaCcTHOTO TapTHEpPCTBAa 0OOCHOBAHO, YTO MX HamOoyiee MepCreKTUBHON (GopMoii Anst pa3BUTHS OOBEKTOB
TPaHCTIOPTHON HH(PPACTPYKTYPHI SBISIOTCS KOHTPAKTHBIE ()OPMBI.

Kntouesvie cnosa: TOCYIapCTBEHHO-4acTHOE MApPTHEPCTBO, MOJEIH TOCYIapCTBEHHO-YACTHOTO
MapTHEPCTBA, KiIacCUPHKanus (OpPM TOCYJapCTBECHHO-YaCTHOTO TApPTHEPCTBA, KOHTPAKTHBIE (HOPMBI
rOCYJapCTBEHHO-YACTHOTO MapTHEPCTBA, MEXaHNW3M (PMHAHCHPOBAHUS TPAHCIIOPTHONH HHAPACTPYKTYPHI

INocynapcrBenHo-yactHoe maptHepcTBO (['UII) HEekOTOpbIE SKOHOMUCTHI ONMPENCIISIIOT, KaK
dbopMbI yuacTusi OM3HEC-CTPYKTYp B PELICHUU MPOOJIeM roCyJapCTBEHHOTO Maciitada, Mpu 3TOM
OCYIIIECTBIISIEMOE TPEUMYIIECTBEHHO 3a CUeT OIO/DKETHBIX CPEACTB. be3ycloBHO, Takas y3Kas
TPaKTOBKa I'OCY/IapCTBEHHO-YAaCTHOTO MapTHEPCTBA MPEACTABISIETCS HE BIIOJIHE MPABUIILHOM, XOTS
u HeOe3ocHOBaTenpbHOM. Beap, Kak mMoKa3plBaeT TMpaKTUKa OCYIIECTBICHHUS  ITPOEKTOB
rOCy/IapCTBEHHO-YaCTHOTO MAapTHEPCTBA, 3a4acTyld POCCHUUCKUN OW3HEC MPHUBIEKAET B TaKOM
MapTHEPCTBE JIMIIb BO3MOXXHOCTb HCIIOJB30BAHUS OIOJKETHBIX CPEJICTB, UYTO, O€3yCIOBHO,
HE MOXXET HE CKa3aThCsl Ha KAYECTBE pealiu3allii ATUX MPOEKTOB.

B cBa3um ¢ oTtUM TpeOylOT aHanM3a W JIpyrde TMOAXOAbl K TPAKTOBKE TMOHSTHUS
rOCy/IapCTBEHHO-YaCTHOTO TapTHEPCTBA, KOTOpPhIE MOTYT MpeAycMaTpuBaTh M HWHBIE (OPMBI
pacrpeieNieHns peCypcoB YHaCTHHUKOB MapTHEPCTBA.

BunnucoB M.B. ompexenser rocygapCTBEHHO-YACTHOE IMAPTHEPCTBO KaK IOPUIUYECKU
oopMIIEHHOE Ha OTPEACIICHHBIA CPOK B3aMMOBBITOJIHOE COTPYIHUYECTBO OPTaHOB U OpraHU3AIMMA
MyOJIMYHON BIACTH W CYOBEKTOB YAaCTHOTO MPEINPHUHUMATEIHCTBA B OTHOIICHHUU OOBEKTOB,
HAXOJAIIMXCS B cepe HETTOCPECTBEHHOTO TOCYITApCTBEHHOTO MHTEpEca U KOHTPOJIS, TIPEATIoJararomiee
pacmpesieieHne PUCKOB MEXAy MapTHepaMH, OCYIIECTBIseMOe B Iensx HauOonee 3(pdexkTuBHOM
peau3anyy MPOEKTOB, HMEIOIINX BAKHOE TOCYIaPCTBEHHOE U 00IIeCTBEHHOE 3HaYeHue [1].

Bapnasckuii B.I'. maer Takoe omnpenenenue: «l'ocygapCTBEHHO-YACTHOE IAPTHEPCTBO
MpeACTAaBISIET COO0NH HMHCTUTYIIMOHAIBHBIA W OPraHU3AIMOHHBIN aJbsSHC MEXIY TOCYIapCTBOM
u OuszHecoM (MpeANnpUHUMATETBLCKUMU CTPYKTYpamH), HAmpaBICHHBIA HAa JOCTHKEHHE OOIIMX
HKOHOMHYECKHUX IIeJIeH, Ha PEIIeHNE aKTyalbHBIX COIMAIbHBIX U SKOHOMHUYECKUX 3amau» [2].

['ocymapcTBeHHO-4acTHOE  MAapTHEPCTBO  00ECIEYMBACT  HMHBECTOPY  HE  TOJIBKO
MIPUBJIEKATEIILHOCTh, HO U 0€30MMaCHOCTh BIIOKCHHS CPEJICTB B MHBECTUIIMOHHBIN TpoeKT. [Ipu sTom
rOCy/lapCTBO HMMEET BO3MOXXHOCTh pa3BUBaTh CTPAaTErMUeCKd BaXHYK cdepy, B KOTOpOi
peanu3yeTcsl JaHHbIN MPOEKT.

[Tpu sTOoM 00a mapTHepa BBIUTPHIBAIOT OT y4acTHsl B COBMECTHBIX MPOEKTaX, MOoIydas
ompezieJIeHHbIE MpenMyIecTsa (puc. 1).

B cucreme mapTHepCKHMX OTHOILIEHUN TOCYJAapCTBO MIPAET POJM WHULMATOpA M TapaHTa.
Ha puc. 2 u 3 npeacraBiaeHsl BO3MOXKHBIC (POPMBI yUaCTHS U MOJACPKKH TAPTHEPCTBA CO CTOPOHBI
TOCyIapCTBEHHOT'O CEKTOPA, a Takke (POPMBI ydacTHs B HUX Ou3Heca.
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IIpeumymecTBa mnapTHEPOB
OT y4acTHsl B COBMECTHBIX NMPOEKTaX

IIpenmymecTBa rocyjgapcraa

— yBEJIMYEHUE IKOHOMUYECKON M COLMaIbHOU

3¢ (EKTUBHOCTH UHBECTUIIOHHBIX MTPOCKTOB;

— TMpUBJCUYECHHWE YACTHBIX HWHBECTUIMH s
CO3JlaHUS HMHBECTULUMOHHOM M HMHHOBALIMOHHOM
MH(PACTPYKTYpPHI;

— CHIDKCHHC 3KOHOMHYCCKHMX M (DUHAHCOBBIX PHCKOB
B TIPOIIECCE OCYIIECTBICHUS WHBECTHIMOHHBIX
TIPOCKTOB;

— obecriederre Ooree OBICTPOTO MH(PACTPYKTYPHOTO
Pa3BUTHA U BO3MOKHOCTH TIPEIOCTABICHUS YCIIyT
0oJiee BEICOKOTO Ka4eCcTBa;

— TMpUBJICYEHHE HE TOJBKO CPEACTB YacTHOTO
mapTHepa, HO U MCIOJIL30BAHKE €r0 OIbITa B 00J1acTh
WHBECTUIIMN U MHHOBAIIHI;

— CHI)KCHHE PACcXOJ0B OOPKETa Ha PeaH3alluio
MIPOEKTOB

~

HpenMymecTBa YaCTHOI'0 CEKTOpa

— HOBBIE€ UHBECTUIIMOHHBIE BO3MOKHOCTH
U, COOTBETCTBEHHO, HOBBIC HCTOUHUKH JJOXOa;
— [IPOTEKLUOHU3M CO CTOPOHBI IOCYapCTBa

W COZCHCTBUE B pealiM3allii MHPPACTPYKTYPHBIX
IIPOCKTOB C BBICOKMMHU OXXHJAaCMbIMH
pe3yiabTaTaMd 1 MHOTOYHCIICHHBIMU PUCKaAMU;
— TapaHTHH TOCYAAapCTBa 10 MHBECTHLIMOHHBIM
MPOEKTaM U UX CO(OMHAHCHPOBAHNE,

— BO3MOXXHOCTH MOJYYEHHsI CYOCHUINH C LENbI0
JIOITOCPOYHOTO NHBECTUPOBAHUS;

— JI0OJIEBOE Y4acTHE U, COOTBETCTBEHHO, JOJIEBas
OTBETCTBEHHOCTb 3a peanusanuto npoekra 'Yl
— BO3MOXHOCTH Juajiora C HpaBI/ITeHLCTBOM
Poccuiickoit @enepanun

Puc. 1. IlpeumyiecTBa NapTHEPOB OT YYACTUSI B COBMECTHBIX NMPOEKTaX

Mpamoe lNocynapcTEeHHBE buomweTHRE Hotupopanne
6.['0.!!3{{&'1’“[303811]1& H LENCELIE KPEAHTH H A0TAUHH H CCY L NPOUEHTHRIX CTABDK
duHanCHpOBAHHE OONMHIALHOHHEIE (Ha BO3IMEITHOH HITH N0 KOMMEPUECKHM

3alMEI DEIBOSMESTHOH KpeaHTaM
OCHOBAX)
[penocrapneHne Dopmel [MpenocTapnenre
HHBCCTHHHOHHOTO rocyaiapcreen- CYBEPEHHEIX
HATOTOBOMD I'Epe.ﬂ.ll'l‘ﬂ. - HOr0 YYACTHA H - I'UC}-'IIHPK}'.I.'HﬁHHhIK
H HANOTOBBIX TETOT . rapaHTHil

[TpenocTapneHHe
KOMPOPTHEIX TTHCEM

FocynapcTBeHHOS

CTPAXOBAHHE
HHBECTHLHA

nogaep:xkn 'HI

BrmoueHHE B
(penepansHy

Brmovenune B
tenepanbHYID

LETEEVHO AIPeCHYHY
MpoTpaMmMy HHECCTHHHOHHYH)
MPOrpaMMy

Puc. 2. ®@opMbI rocy1apcTBeHHOr0 y4acTusi U noaaep:xku 11
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MNocTasku
TPOIYKIHHE N3
rOCY AApCTBEHHBIL
HYHL

['pasxnanckue
KOHTPAKTEL Ha
BBIMONTHEHHE padoT
H OKAZAHHE
TEXHHYECKHX YCITYT

KontpakTi
TEXHHYECKOH
TOMOIIH

KoHTpakTsl Ha
_}JII'P.E.BJIEHHE, JTH3HHI

Konueccun |

QopMbl YHACTHA

CyOKRoHTpAKTE

MAPTHEPCTEA THIA YACTHOIO
«u:pummu:rm - L ceKTOpa B Ut
YIPABIEHHE -
BIAMEHHEY
CoemecThbie Konuecena tvna Konueccus mina
IPEANPHATHA, CTPOHTENBCTBO- OPOCKTHPOBAHHE —
CO3IABAEMBIE BIANEEHE CTPOHTENBCTBO —
TOCYIAPCTEOM B SKCIUTYATALHA — unancHpoBaHBE —
OOE ¢ YACTHRIM nepenaua (CBIIT) IKCIUTYATALHA
KAMHTATIOM (TICD)

[TapraepeTea THIA
“CTPOHTENBCTBO —

YIpaBIeHHE -
BIIAIEHHE Y

Puc. 3. ®opmb1 yuacTusi yacTHoro cekropa B '41l

B nensix coBepIeHCTBOBaHMS MEXaHU3MOB (DMHAHCHPOBAHWS TIPOEKTOB MTAPTHEPCTBA TOCYIapCTBA
u yactHoro Om3Heca B Poccuiickoit @Denepanuu HEOOXOIMMO TPOBEIACHHUE MCCIEIOBAHUN

(MHAHCOBBIX MOJICNICH TOCYJapCTBEHHO-YACTHOTO IMTAPTHEPCTBA B 3apyOCKHBIX CTpaHaX.

Heckomba E. B cBoeM HccelOBaHMU MpeajaraeT Ciaeaylrolyl Kiaccupukamuo (opm
rOCYAapCTBEHHO-YaCTHOTO MAPTHEPCTBA TSl Pa3BUTHST MH(PACTPYKTYPBI, TPE/CTaBICHHYIO Ha puc. 4 [3].

AHan3 MUpPOBOH NMPAKTUKU MPUMEHEHHs Pa3HOOOpa3HbIX (POpM rocy1apcTBEHHO-YaCTHOTO
MapTHEPCTBA IO3BOJIMI POCCHUIICKUM HCCIENOBATENsAM MPEAJOKUTh LIUPOKUNA CIEKTp (opm
rOCyJapCTBEHHO-UYACTHOTO MapTHEPCTBA B 3aBUCHUMOCTH OT BBIOPAHHBIX KPUTEPUEB KIACCUPHUKAIIIH
U CTETeHU JeTaIN3allNN.

T'ocynapcTBeHHbIE TPOEKTHI YacTHble MPOEKTHI
4 N
1 |
I'ocynapcTBeHHO-9acTHOE MaPTHEPCTBO
Tun koHTpakTa I'oc3akas ®panHimusza DBFO BTO BOT BOO
CrpourensctBo | ['ocymapctBo | T'ocymapcTBo YactHoe YactHoe YactHoe YactHoe
Okcrnyatanust | TocynaperBo | I'ocymapctBo YactHoe YacTtHoe YacTtHOE YacTtHoe
UYactHoe, mpu YactHoe, npu
CTPOUTENBCTBE, | CTPOUTENBCTBE
CobctBennocth | ['ocymapctBo | T'ocymapctBo | T'ocymapcerso R ’ p ’ YactHoe
janee — janee —
roCyIapCcTBO TOCyJapcTBO
YactHoe,
T'ocynapcTtBo T'ocynapcTBo l'ocynapcTtBo
roCyIapCcTBO
Krto mnarur T'ocynapctso | Ilonb3oBatens WU WU 381051 o
MOJIF30BATENb | TIONB30BATENh MIOJIF30BATENb
MI0JI30BATENb
KoMy matur — YactHoE YactHoE YactHoE YacTHOE YactHoE
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Puc. 4. Knaccuduxamus gopm 'l puist pazButust HHPPaCTPYKTYPhI
Hcemounux: cocmasneno na ocnose Yescombe, E.R. Public-Private Partnerships: Principles of Policy
and Finance // Butterworth- Heinemann/Elsevier, Oxford, UK 2014, P.12, nepesoo ¢ anan. asmopos.




OcHOBHBIE TPOOJIEMBI, KOTOpbIE CIOXWJINCh B HACTOsIIee BpemMss B 00IacTH
B3aUMOJICHICTBUSl TOCYAAapcTBa M OHM3HECa TpU OCYIIECTBIEHUM IPOEKTOB, CO3aBa€MbIX
Ha MPUHIIKIIAX TOCYAapCTBEHHO-YACTHOTO MapTHEPCTBA, MPE/ICTABICHBI HA PUC. 5.

bBapeepbl passurua

e Poccum

' |
L L \J \J L .

Orcyrcrone Orcyrcrsne

OTcyrcrene NPOeKT- rocynap-
Qrpaunuen npounoi ucf‘m Me- traevlﬁcopro Orcyrcreme
HOCTHL chep HepasHo- HOPMAaTHB- HEe AN ME H- yuactua 8 KOHKYpEH-
NpUMeHe- IHAYHLIA HO-NPaBo- 13, NPUBO- NPUHATAM umnm Mé”mv
HHUA BO3- CTaryc BOR OCHO- Afuee K peeHmit peannsye-

MOMHOCTE NapTHepos Bbl B3au Headde - Ha cTaaum ST
rn moaeictan THBHOMY IxCnAyara- "Dolf‘l:;'a'vm

fl CTOPOH OCBOEHNIO UMK
cpeacie NpoexkTios

-

Puc. 5. IIpodembl HeahdeKTHBHOrO B3aMOdeiicTBHS rocy1apcTBa U OU3Heca MPHU OCyLeCTBIeHUH
NPOEKTOB, co31aBaeMbIX Ha npuHuunax I'IIT

Tpancnopthas crparerust Cankr-IlerepOypra no 2025 r.

locynapctBeHHas nporpamMma CaHkT-MNeTepbypra
«Pa3BuTHe TpaHcnopTHoN cuctembl CaHkT-MeTepbypra Ha 2015-2020 rr.»

OTaenbHble 06BEKTbI TPAHCMOPTHON MHQPACTPYKTYpbI

TpeboBanust K IPOCKTY ‘ AJaroputm otoopa ’ | TpeboBaHHS K IPOCKTY
€O CTOPOHBI rOCY1apCTBa M OLlEeHKH CO CTOPOHBI HHBECTOPA
Kpumepuu L 3¢ pekTHBHOCTH J
ahpexmuenocmu: Kpumepuu
— coyuanvbHo-
IKOHOMUYECKASL, BeiGop IpPpexmuenocmu:
— 610001ICemHuast; MEXaHu3Ma —KOMMep4ecKas
— KOMMepUuecKas peamsalun (punancosasi)
(¢punancosas)

[leTanbHoe CTpyKTYpUpOBaHME MPOEKTa, NMOBTOPHast NpoBepka 3 EKTUBHOCTU peanun3aumm NpoekTa

KoHKypcHble npouenypsl

Peanuzaums npoekTa

Puc. 6. Ouenka 3¢)(peKTHBHOCTH HHBECTHIHOHHBIX IPOEKTOB HA MPUMepe TPAHCIOPTHOI
uHppacTpykTypbl Cankr-IlerepOypra
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[Tpu BBIOOpE BapHAHTOB pean3aliy KPyITHOTO HH(PPACTPYKTYPHOTO MPOEKTA 32 CHET OFO/KETHBIX
CpeaCTB HEOOXOAMMO TIPOBECTH CPABHUTEIBLHYIO OIICHKY SKOHOMUYECKOM (D PEKTHBHOCTH PE3YIIbTATOB:

— TPaJUIIMOHHOTO BapUaHTa PeaTn3aluy MPOCKTa — TOCYIaPCTBEHHBIC 3aKYIIKH;

— QJIFTEPHATUBHOTO BApUaHTA pealM3alliy IMPOEKTa — FOCYIapPCTBEHHO-YaCTHOE MTAPTHEPCTBO.

OneHky 5(G(GEKTUBHOCTH WHBECTHIIMOHHBIX IPOSKTOB MOXKHO BHJIETh Ha MPHMEPE
TpancnopTHO# uHppacTpykTypsl Cankr-IlerepbOypra (puc. 6).

Ha puc. 7 npeacraBieHbl BO3MOXKHBIE BapUAHTBI pean3allid MHBECTUIIMOHHOTO MPOEKTa
Pa3BUTHUS TPAHCIIOPTHON UHPPACTPYKTYPHI B 3aBUCUMOCTHU OT €TI0 JOXOIHOCTH.

VHBECTUITMOHHBIA TPOCKT (HA NpuMepe HHPPACTPYKTYPHOTO IIPOEKTA) MOXKET OBITh
OCYIIIECTBIICH Ha OCHOBE KOMIUIEKCHOTO KOHTPAKTa, KOTOPBIH OOBEIMHSET HECKOJBKO CTaJui
KU3HCHHOTO IMKJIAa OOBEKTa KaK C NPUBJICUCHHEM CPEACTB YACTHBIX HHBECTOPOB, Tak 0e3
BHEOIODKETHOTO (PMTHAHCUPOBAHHS.

PeHnTa0e/ibHOCTH pOEKTA

YpoBeHb peHTa0EIBbHOCTH Bo3MoskHas cxema peanu3aiuu [Ipumep (oTpacim TpaHCTIOPTA)
TTNOEKTA
b . | § S
JloXoz1bI OTCYTCTBYIOT. TCocynapcTBeHHBIH 3aKa3 UiIn BecnnaTHble aBTOMOOWMIBLHBIC
IIpoexTsl HepeHTa0EIbHbI KOHTPAKT KM3HEHHOTO LIUKJIa Aoporu
\_ . ) (KOKII ) T ~
[
N\ p | N [InaTHbIE TOPOTH ¢ HU3KUM
loxozibl He MOKPHIBAIOT K TpadMKOM, MOPCKHUE TTOPTHI
pacxosl. IIpoeKT BBIroeH OHIECCHA C yHaCTHCM ¢ HU3KHM Tpy30-
TOCYAapCTBa B CTPOUTEIHLCTBE
TOJIbKO IIPH NOAJCPIKKE yaap 6 P 1 1accaxnpoobopoTOM
obnekTa
rocymapcTaa
\_ VZ: b )~ I / U a3POIIOPTHI C HU3KUM IPY30-
P N N ) L ¢ IacCaXunPOo0OODOTOM -
[IpOeKTHI peHTaGETbHBI oHIleccus (BO3BpaT HHBECTULINN - T 3
YaCTHOMY MHBECTOPY 3a CUET
[TmaTHBIE TOPOTH C BBICOKUM
N . J JIOXOJIOB
[ TpaduKOM, MOPCKHE TTOPTHI
_ OT DeajIM3alliy IIDOEKTA) )
TIpoeKTHI C BHICOKOA - i 1 a5pOTIOPTEI € BH%OKHM
IPY30- U MACCAKUPOOOOPOTOM
€HTa0CIbHOCThIO
p Konneccust mmu KX (moxomst - | /
- J 0T 00BEKTA TOCTYIAIOT 0 h
N JIaTHBIC JIOPOTH C OYCHb
B TOCYIapCTBEHHBIM OFOKET) A0p
BBICOKUM TpaQHuKOM
N\ J J

Puc. 7. Bo3Mo:kHbIe BADHAHTHI peajM3alMi HHBECTHHHOHHOIO POEKTA Pa3BUTHS TPAHCIIOPTHOI
HHPPACTPYKTYPHI B 3aBUCHMOCTH OT €ro I0X0IHOCTH

I[Ipy »>TOM B T1EpBOM BapuaHTE BHIILIATA [0 KOHTPAKTY YYHUTHIBAET CTOMMOCTH
MPUBJIEYEHHOTO (UHAHCUPOBAHMS, TO €CThb KOMIIEHCHPYET YacTHBIM HMHBECTOpPaM HUX PAaCXOJbl
Ha OCYIIECTBJICHNE HHPPACTPYKTYPHOTO MIPOEKTA.

Bropoit BapuaHT He mpeanonaraeT KOMIEHCAIMIO TOCYyIapCTBOM CTOMMOCTU (PMHAHCOBBIX
pPECYPCOB U BO3MEUIEHNE HHBECTULIMOHHBIX PACXO/I0B.
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CBEJAEHUSA Ob ABTOPAX

Boiitenok Amnapeii BukropoBuu — nupekrop GM-City (peanusanus aBTo3amyactei
u cepBuc aBromobumIei) (Mockga, yi. O3épHas, 1. 46, K. 2, cTp. 2);

Boiitenok OJier BukropoBuu — Hau. kad. Hagzop. aesat. CII6 yun-ta I'TIC MUYC Poccuu
(196105, Canxkr-IletrepOypr, MockoBckwuii mp., 1. 149), kaHa. TeXH. HAYK;

Boponun Cepreii BiaagumupoBuu — o1, kad. mox. 0€301. TEXHOI. MPOIECCOB U IP-B
CII6 yn-ta I'TIC MYC Poccuu (196105, Cankr-IletepOypr, MockoBckuii np., 1. 149), kana. TexH.
HayK, JI01L.;

Edpemon II.B. — xypcant ¢ak-ta unx.-rexH. CII6 yn-tra ['TIC MUC Poccun (196105,
Cankr-Ilerepoypr, MockoBckuii mip., 1. 149);

Nabunukuii Cepreii BragumupoBuy — ct. nHcniekTp LlenTpa MexayHap. near. u uHGopM.
nonmutrky CII6 yH-Ta I'TIC MYUC Poccun (196105, Cankr-IletepOypr, MockoBckwii mip., A. 149);

Kacaes Paguk AjeqbxaHoBHY — H.0. Had. Hayd.-uccien. vH-Ta NEpPCHIEKT. HMCCIE.
Y MHHOBAIl. TeXHOJ. B 00:11. 6e3omacH. xu3neaest. CII6 yu-ta ['TIC MUC Poccuu (196105, Cankr-
[TerepOypr, MockoBckuii nip., 1. 149),

Ky3bMun Anaronuii AnekceeBU4 — J1011. Kad. pus.-TexH. oCHOB o0ecmed. Mox. 0e30macH.
CII6 yn-ta I'TIC MUC Poccuu (196105, Cankr-Ilerepoypr, MockoBckuii mip., 1. 149), kann. nen.
HayK, JI01L.;

Ky3bmuna Tarbsina AnatonbeBHa — jioul. kKad. Hagzop. aedar. CII6 yn-ta I'TIC MYC Poccun
(196105, Canxkr-IlerepOypr, MockoBckwuii mp., 1. 149), kana. nea. HayK;

IpunueBa Mapus FOpseBHa — 3aM. Had. oTaena Hayd.-ucciien. WH-Ta MEPCIEKT. UCCIIE.
Y MHHOBAIl. TeXHOJ. B 00:1. 6e3omacH. xu3nenest. CII6 yu-ta ['TIC MUC Poccuu (196105, Cankr-
[TerepOypr, MockoBckuii mp., 1. 149), kKaH1. TeXH. HAYK;

Puun Bosin — komanz. nox.-cnac. noapaszaen. Cekropa no YC MBJI Pecniy6nuku CepOus;

PomanoB Hukonaii HukonaeBuu — gou. kad. ¢us.-tex. oCHOB obecriey. oK. 0e30IacH.
CII6 yu-ta I'TIC MYC Poccuu (196105, Cankr-IletepOypr, MockoBckuii mp., 1. 149), kaHa. TexH.
HayK, JI011.;

CaamanoB Ap3o BakupoBuu — jou. kad. skoHomuku u npasa (MBX) CII6 yn-ta I'TIC
MUC Poccuu (196105, Cankr-IlerepOypr, MockoBckuii ip., 1. 149), kaHa. 5KOH. HayK, JIOIL.;

Cxpunuuk Urops JleonuaoBuu — mpod. kad. mox. 6e30m. TEXHOJI. MPOLIECCOB U IMP-B
CII6 yn-ta I'TIC MYC Poccuu (196105, Cankr-IletepOypr, MockoBckuii mp., 1. 149), kaHn. TexH.
HayK, JI01L.;

Yemko Uabsa JanunoBuu — Ben. Hayd. coTp. Hayu.-uccnen. WH-Ta MEpCrneKT. UCCIE.
Y MHHOBAIl. TeXHOJ. B 0071. 6e3omacH. xusnenest. CI16 yu-ta ['TIC MUC Poccuu (196105, Cankr-
[TerepOypr, MockoBckuit 1ip., 1. 149), n-p TexH. Hayk, npod., 3aci. nearenb Hayku PD;

IlenakoBa BasienTuHa AJiekceeBHa — jo1l. kad. skoH. u npasa CII6 yu-ta I'TIC MUC
Poccun (196105, Caukr-IlerepOypr, MockoBckuii nip., A. 149), kaH. 5KOH. HayK, AOL.
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NHOPOPMAIIMOHHAA CITPABKA

Crapeiiimee y4eOHOE 3aBeACHHE MOXKapHO-TeXHHUYECKOro mnpodmis Poccum obOpa3zoBaHO
18 okTs6pst 1906 r., korma Ha ocHoBaHuU pemeHus ['opoxackoit Iymbr Cankrt-IletepOypra Obutn
OTKpBITEl Kypchl MOXapHBIX TEXHUKOB. Hapsny ¢ IOATOTOBKOM IOKAPHBIX CIELUAINCTOB,
yueOHOMY 3aBEJCHUIO0 BMEHSJIOCHh B 00S3aHHOCTh 3aHHMMAThCS OOOOIIEHHEM U CUCTeMaTHU3alluei
MOXKapHO-TEXHUYECKUX 3HAHUM, 0(OPMIIEHUEM HX B OT/AEJIbHBIC y4eOHbIC TUCHMILIMHBL. MIMEHHO
3/1eCh OBLIM CO3/aHbI MEPBbIE OTEUECTBEHHBIC YUEOHUKHU, MO KOTOPHIM 00y4YaJuCh BCE MOKapHbIE
CIELMAJIUCThI CTPAHBI.

VY4eOHBIM 3aBeICHHEM 3a BEKOBYIO MCTOPHUIO MOJATOTOBIEHO Oosee 40 ThIC. CHIEHATUCTOB,
KOTOPBIX BCErja OTIMYaIN HE TOJIbKO BBICOKHE IMpo(deccuoHalbHble 3HaHUsI, HO U OecnpezenbHas
MPEeIaHHOCTh MPOGECCHH TOXKAPHOTO U BEpHOCTh mpucsre. CBUIAETENHLCTBO TOMY — HENbIH psij
COTPYJHUKOB U BBIIYCKHUKOB BY3a, HarpaX/JICHHbIX BBICUIMMH HarpajaMu CTpaHbl, CPEIU HUX:
KaBayiepbl ['eoprueBckux kpectoB, uerbipe ['epost CoBerckoro Coro3za u I'epoir Poccun. [aneko
HE CIIydaeH TOT (paKT, 4TO CPEAH PYKOBOSIIETO COCTaBa MOKAPHOM OXpaHBI CTPaHbBI BCETaa OBLIO
MHOTO BBIITYCKHUKOB y4€OHOIO 3aBE/ICHUSI.

Ceromus (QenepaibHOE TOCYIAPCTBEHHOE OFOPKETHOE OO0pa30BaTEIbHOE YUPEKICHUC
BoIciiero oOpazoBanusi «Cankt-IlerepOyprckuit yauBepcuter ['ocymapcTBEHHOM MPOTHBOMOKAPHOM
cy:kO0p1  MunncrepctBa  Poccuiickoii  ®enmepanmu 1o ieiaM  TPaKJAHCKOH — 0OOpOHBI,
Ype3BbIYANHBIM CUTYAlUSIM U JIMKBUJAIMH TOCIEACTBUNA CTUXUIHBIX OEICTBUI» — COBPEMEHHBIH
HAyYHO-00pa30BaTEIbHBI KOMIUIEKC, MHTETPHPOBAHHBIA B POCCHICKOE M MHPOBOE HAy4dHO-
o0pa3oBaTeNnbHOE MPOCTPAHCTBO. Y HUBEPCHUTET 10 pa3HbIM (popmMam 0OydeHHS] — OUHOM, 3a0YHOU U
3a04YHOM € MPUMEHEHWEM JUCTAHIIMOHHBIX TEXHOJIOTMH — OCYLIECTBIsSIET oO0ydeHue mo 25
IporpaMMaM CpeJIHero, BBICHIET0 OOpa3oBaHMs, a TaKXe MOATOTOBKY CIELUAINCTOB BBICIICH
KBaJIM(UKAIMK: TOKTOPAHTOB, aJbIOHKTOB, aCIUPAHTOB, a TAKXE OCYIIECTBISET MEPENOArOTOBKY
Y TOBBILIEHHE KBaTH(pUKanuu crienuanuctoB 6onee 30 kareropuit cotpynaukoB MUC Poccun.

HavanpHuk yHuBepcuTeTa — TreHepai-JeHTeHAaHT BHYTPEHHEW CIIy>KObl, KaHAWJAT
PKOHOMMYECKUX HayK UYmxukoB Dayapa Hukonaesuu.

OCHOBHBIM  HalpaBJICHUEM  JESATEIbHOCTH  YHUBEPCUTETa  SBISETCS  MOJATOTOBKA
CIELMAINCTOB B paMKax crenuanbHocTu «IloxkapHas 6e3omacHoCTb». Bmecte ¢ Tem, opranu3oBaHa
MOArOTOBKA W 1O JPYTMM CIEUUalIbHOCTSAM, BocTpeOoBaHHBIM B cucteme MUC Poccuwn.
OTO crenuagucThl B 00JaCTH CUCTEMHOTO aHaJIN3a M YIPaBJICHUs, 3aKOHOAATEIbHOTO 00eceueHus
U mpaBoBoro perynuposanus aestenbHocty MUYC Poccun, mcuxosiornd pucka M 4pe3BblUaliHBIX
CUTyalui, DSKOHOMH4YECKOW Oe3omacHocT B mnoapazaencHusx MUYC Poccun, mnoxxapHo-
TEXHUYECKOM »JKcmepTu3bl W Jo3HaHMs. [lo MHHOBALIMOHHBIM MpOrpaMMaM MOJATOTOBKU
OCYyILIECTBIsICTCS OOy4YeHHE CHEeIHMAIMCTOB MO crHenuanu3anusM «PyKoBOACTBO IpOBEICHUEM
criacaTtelbHBIX omepanuii ocoboro pucka» u «lIpoBeseHne dYpe3BbIYANHBIX T'yMaHUTAPHBIX
olepalnuil» €O 3HAHUEM HWHOCTPAaHHBIX S3BIKOB, a TakK€ IOATOTOBKA CIIELUAIMCTOB
JUIsl BOCHU3UPOBAHHBIX TOPHOCIACATENBHBIX YACTEN 110 CIENUAIBbHOCTH «[ OpHOE 1em0».

[IIupoTa Hay4HBIX MHTEPECOB, BBICOKHH MpoQeccHOoHanu3M, OOJIBLIION OMNBIT HAy4YHO-
MIEJarOTUYECKON JIESITEIbBHOCTH, BJIAJCHUE COBPEMEHHBIMH METOJAMHM HAYYHBIX HCCIEAOBAHUN
MIO3BOJISIFOT  KOJUIEKTUBY YHMBEPCUTETAa IIPEYMHOXKaTh HAy4YHbIM M Hay4yHO-IEJAaroruuyecKui
MOTEHIIMaJ By3a, o0ecreynBaTh HEMPEPHIBHOCTh U MIPEEMCTBEHHOCTh 00Pa30BaTeIbHOrO MpoIiecca.
CerosHsa B yHHMBEpCHUTETE CBOU 3HAHUS U OIPOMHBIM OMBIT MEPEaroT: 7/ 3aCIy)KEHHBIX JesTenen
Hayku Poccuiickoit ®enepauuu, 11 3aciaykeHHbIX pPaOOTHHUKOB BbIcIIeH MIKoibl Poccuiickoit
@enepanun, 2 3acioyXeHHBIX topucta Poccuiickoit denepanuu, 3aciaykeHHblE H300peTaTeH
Poccuiickoit ®enepanmn u CCCP. IloAroToBKy CHENHMATMCTOB BBICOKOW KBATH(UKAIIMHA
B HACTOSIIIEe BpeMsl OCYIIECTBIIIOT 56 JOKTOPOB Hayk, 277 KaHIUIATOB HaykK, 58 mpodeccopos,
158 nmomeHToB, 12 akageMHKOB OTPAaCiEBBIX aKaJIeMHUH, 8 UYIECHOB-KOPPECHOHAEHTOB OTPACIEBBIX
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aKaJieMuil, S5 CTapmuX HAyYHBIX COTPYIHUKOB, 6 TOYETHBIX pAOOTHUKOB BBICIIETO
npodeccuoHaibHOr0 00OpazoBaHusi Poccuiickoit @Denepanun, | moyeTHBI paOOTHUK HAYKH
u TexHuku Poccuiickoit @enepainu, 2 moyeTHoIX paaucta Poccuiickoit @eaepanuu.

B cocraBe ynuBepcurera:

— 32 kadenpsr,

— MHeTuTyT 6€30MacHOCTH JKU3HEAEATEIbHOCTH;

— VIHCTUTYT 3209HOTO U JUCTAHIIMOHHOTO O0YYEHUS;

— VIHCTUTYT HPaBCTBEHHO-IIATPUOTUYECKOIO M 3CTETUYECKOTO Pa3BUTHS;

— MHCcTuTyT npodeccuoHanbHON NOATOTOBKH;

— WHceTuTyT pa3Butus;

— HayuHo-uccrienoBaTenbCcKkuii UHCTUTYT HEePCIEKTHBHBIX UCCIIETIOBAaHHH
Y MTHHOBAIIMOHHBIX TEXHOJIOI'MH B 001acTH 0€30MaCHOCTH KU3HEAEATEIbHOCTH;

— JlanpHEBOCTOUHAS MOXKapHO-CIIacaTenbHas akagemus — punuan yausepcutera (IBIICA);

— IITh (PaKyJIbTETOB: (aKyIbTET MHKEHEPHO-TEXHUUECKUH, (DaKyIbTeT SKOHOMUKHU U 1IpaBa,
(baKynbTeT MOATOTOBKM KAJpPOB BBICHICH KBaTU(pUKAINH;, (aKyITbTET MOXKApHOW 0€30macHOCTH
(mogpaznenenne JIBIICA); ¢axynpTeT AOMOJHUTENBHOTO MPO(ECCHOHATBLHOTO 00pa3oBaHuUs
(nompaznenenue JABIICA).

HNHcTuTyT  0G€30MacHOCTH  JKU3HEIESTENbHOCTH  OCYLIECTBISIET  00pa3oBaTelbHYIO
JESTEeNbHOCTh 10 MPOrpaMMaM BBICHIETO OOpa30OBaHHs IO JOTOBOpaM 00 OKa3aHWM IUIATHBIX
00pa3oBaTeNbHBIX YCIYT.

[TpuoputeTHBIM HampaBiieHHEM B paboTe MHCTHTYTa 3209HOTO U JUCTAHIIMOHHOTO O0YYEHUS
SBJISIETCSl MOJATOTOBKA KaJpOB HAYAJICTBYIOLIETO COCTaBa JUIsl 3aMELICHHUsS COOTBETCTBYIOLIUX
noypkHoCTel B moapasneneHusx MUC Poccun.

WNHCTUTYT pasBUTHS pean3yeT JIONOJHUTENbHBIE MPO(EeCCHOHAIBHBIE MPOrpaMMbl
[0 TIOBBIICHUIO KBATA(DUKAIUN U TPOPECCHOHATBHON MEePEnoAroTOBKE B PaMKaX BBIIOJHEHUS
rocyaapcTBeHHoro 3akaza MUC Poccun 151 COBEpIIEHCTBOBAHUS U PA3BUTHS CUCTEMBI KaJpOBOI0
o0ecrniedeHus, a TaKk)Ke Ha JIOTOBOPHOM OCHOBE.

HayuHo-uccneoBaTenbCKMii HHCTUTYT MEPCIEKTUBHBIX MCCIEA0BaHUM M MHHOBALMOHHBIX
TEXHOJOTUI B oOjacT 0€30HacHOCTH  KM3HEAEATEIbHOCTH  OCYILIECTBIISET peau3alllio
rOCYJapCTBEHHON HayYHO-TEXHUYECKOM MOJUTUKH, MU3y4eHHE M pelIeHHe HayYHO-TEeXHHUYECKUX
npo6sieM, HH(POPMALIMOHHOTO U METOIMYECKOr0 0oOecreueHusl B 00J1aCTH MOKapHOH O€301MacHOCTH.
OcHoBHble HampaBieHus aestensHoctd HUW: opraHuzanioHHOE M HaydyHO-METOIMYECKOE
PYKOBOJICTBO CYyJI€OHO-IKCIIEPTHBIMU YUPEXKACHUSIMH (PeiepabHOM MPOTUBONOKAPHON CITYKOBI
MUYC Poccun; ceptudukanus MpOAYKIUMU B OOJACTH MOKApHOM O€30MacHOCTH; MPOBEIECHUE
UCHBITAaHUN U pa3paboTKa HAYYHO-TEXHUYECKOW MPOAYKIMHU B 00JACTH MOXkKapHOUM 0€30MacHOCTH;
IIPOBE/ICHUE PAcCUeTOB IOXKApHOTO PHUCKA M pacyeToB AMHAMHUKHU IOXKapa C HCIOJIb30BaHHEM
KOMITBIOTEPHBIX ITPOTPAMM.

@akynbTeT  MHXCHEPHO-TEXHUUYECKUI  OCYIIECTBISET  MOATOTOBKY  CHEIMAUCTOB
no cneuuanbHocTsAM:  «[lokapHast Oe3omacHocTh»  (cmenumanuzanuu:  «lloxkapoTymeHue»,
«"ocynapcTBeHHBIN MOXApHBIA Hal30p», «PyKOBOACTBO NMPOBEJEHHEM CHACATENBbHBIX ONepanui
ocoboro pucka», «lIpoBenenue dYpe3BBIYAMHBIX TyMaHUTApHBIX omnepauui»), «CynedHas
HKCHEepPTH3a», IO HANpPaBICHUSM MOJTOTOBKHU: «CucTeMHbI aHanM3 M YOpPaBJICHUEN,
«TexHochepHast 0€30MaCHOCTbY.

@akynbTeT SKOHOMHUKM W TIpaBa  OCYIIECTBISIET  MOATOTOBKY  CIEIHATUCTOB
no creuuanbHocTsAM: «[IpaBoBoe oOecredeHre HalMOHANbHOM Oe3zomacHocTHY, «[lokapHas
6e3onmacHocTh» (crenumanuzanus «llokapHas 0e30MacHOCT OOBEKTOB MHHEPAIbHO-CHIPHEBOTO
KoMIuiekcay), «CyneOHas skcreptuzay, «l'opHOEe neno» M 1O  HampaBJIE€HUSM MOJITOTOBKU
«TexnochepHas 6e3omacHOCTb» U «CUCTEMHBIN aHAIU3 U YIPABJICHUE.

@DakynpTeT TMOATOTOBKM KaJpOB BBICIICH KBaJIM(PHUKAIMK OCYIIECTBISET IMOJITOTOBKY
JOKTOPAHTOB, aIbIOHKTOB, ACIIMPAHTOB [0 OYHON U 3a0YHOM opmMaM 00yUeHHUS.

YHUBEPCHUTET UMEET MPEACTaBUTENLCTBA B ropoaax: Beioopr (JIenmHrpaackas o01acTs),
Beiterpa, I'opsunii Kmrou (KpacHomapckmit kpait), Mypmanck, Ilerpo3zaBoack, Ilsturopck,
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Cesactononb, CtpexeBoi, CrIkThIBKap, TioMeHb, Yda; NpeacTaBUTEIbCTBA YHHUBEPCUTETA
3a pyoexom: Anma-Arta (Pecrybnmuka Kazaxcran), baky (AzepOaiimxkanckas PecmyOnuka), bap
(Yepnoropus), r. Hum (CepOust).

OOmiee KOMMYECTBO OOYyYAlOMIMXCA B YHHBEPCUTETE [0 BCEM CHEIHAIbHOCTSM,
HaNpaBJICHUSAM TOATOTOBKH, cpenHeMy oOmemy oOpa3oBanuio coctaBisier 7 057 dyenoBek.
Exeromusiii Beimyck cocraisier 6osee 1 100 ciermanmncTos.

B ynuBepcurere neiicTByeT JBa AMCCEPTALlMOHHBIX COBETA IO 3alIUTE AMCCEPTALUN
Ha COMCKaHHME YYEHOW CTENEHH JJOKTOpA M KaH1J1aTa HAYK 10 TEXHUYECKUM M SKOHOMUYECKUM HayKaM.

ExeromHo yHMBEPCHUTET MPOBOIUT HAYyYHO-NIPAKTHYECKHE KOH(PEPEHIMH pPa3InYHOIo
ypoBHsi: Beepoccuiickyro HaydHO-TIpakTHUeCKyl0 KoH(pepeHuo «CepBuc 6e3onacHocTd B Poccun:
OIBIT, MPOOJIEMBI M TEPCHEKTHBBD», MEXIyHAPOAHYI0 HAyYHO-TIPAKTHYECKYI0 KOH(EpeHLINIo
«IloaroroBka KajapoB B CHUCTEME NPEAYNPEXKACHHUS W JUKBUAALMHU MOCIECICTBUA UYpE3BbIYANHBIX
cutyauuii». CoBMectHo ¢ CeBepo-3anaansiM otnaenenueM Hayunoro Cosera PAH mo ropenuto
1 B3pbIBY, Poccuiickoit akamemueil pakeTHbIX W apTuiuiepuiickux Hayk (PAPAH), bantuiickum
rocy/lapcTBEeHHbIM TexHnueckuM yHuepcuretoM «BOEHMEX» um. J1.®. YerunoBa u Poccuiickoit
cekuuedr MexXIyHapoIHOTO HWHCTUTyTa TOpeHuss Ha 0a3e yHHUBEPCUTETa IPOBOJIUTCS
MexnyHaponHas ~ HayyHo-TipakTudeckas  koH@epeHuuss  «KomiuiekcHas ~ 0Oe3omacHOCTb
u ¢usnyeckas 3ammTay. Takke YHUBEPCUTET MPUHMMAET aKTUBHOE YYacTHE B OpraHU3alluu
u nposeneHnu Beepoccuiickoro popyma MUC Poccun u o0miecTBeHHBIX opranu3anuii «O01mecTBo
3a 6€30MacCHOCTh.

YHUBEpPCUTET €XEr0JHO NPUHUMAET Yy4acTUe B BbICTaBKax, opranu3oBaHHbix MYC Poccun
U JIPYTMMH BEIOMCTBAMU U OpraHU3alUsSMU. TpPagulMOHHO OOJBIIMM HHTEPECOM IOJIb3yeTCs
BBICTAaBOYHAsI HKCIIO3ULMS YHHBEpCUTETAa Ha MeXIyHapoJHOM CaJOHE CpEACTB OOecreueHus
6e3onacHoctu «KomruiekcHasi 6e30macHoCThY, [lerepOyprckoM MexayHapOAHOM SKOHOMHYECKOM
dopyme, MexnyHapoaHoM hopyMe «APKTHKA: HACTOSIIEE U Oy TyIIee».

MexnyHaponHas J€ATENbHOCTh By3a HANpaBiI€Ha HAa BCECTOPOHHIOKW HHTErPAIUIO
YHUBEPCUTETAa B MEXAYHapoAHOE 0oOpa3oBaTeIbHOE NpOCTpaHcTBO. Ha cerogHsmHuii MOMEHT
YHUBEpCUTET UMeeT 18 AelCTBYIONMX COITAIeHUH 0 COTPYITHUYECTBE C 3apYOEKHBIMU y4EOHBIMU
3aBE/ICHUSIMU U OpPTraHU3alMsIMM, CPEIU KOTOPBIX LIEHTPHI MOJATOTOBKM IMOXKAPHBIX M criacaTesiel
I'epmanun, KHP, ®pannuun, Ounnsaaauu.

B yHuBepcureTre 00y4aroTCSI HHOCTpaHHbBIE KypCaHThl M3 4HCIa COTPYIHUKOB
l'ocynapctBennoit nportuBomnokapHoi ciayx6s1 MUC Ksipreickoir Pecniyonuku u Komutera
mo upe3BbuaiiHbiM cutyanusaM MBJl PecnyOnuku Kazaxcran B mpenenax KBOT Ha OCHOBAHHH
MEKIIPABUTEIbCTBEHHBIX COTJIALIEHUN U nocTaHoBiieHus [IpaBurenscTBa Poccuiickon ®enepannu
ot 7 nekabpsa 1996 r. Ne 1448 «O moaroToBke JuIl O(QUIIEPCKOTO COCTaBa M CICIUAIMCTOB IS
IIPAaBOOXPAHUTEIbHBIX OPraHOB M TaMOXKEHHBIX CIYyX0 rocymapctB — yudacTHukoB CHI
B 00pa3oBaTeNbHBIX YUYPEXKACHUSX BBICIIErO IpodeccuoHanbHOro oOpa3oBaHus Poccuiickoit
@enepanun». B Hacrosmiee Bpemss B YHUBeEpcUTETe NpoxoaaT oOydeHue 30 COTpYIHUKOB
KomuTtera no upespbruaitbiM cutyarusm MBJL Pecniyonuku Kazaxcran u 15 corpyannkos MUC
Keipreizckoit PecrryOnuku.

B cooTBeTcTBUM C ABYCTOPOHHUMH COTJIAIIEHUSIMU Y HUBEPCUTET OCYLIECTBISIET 00ydYeHue
[0 IporpaMMaM IMOBBIIIEHUs KBanupukauuu. PerynspHo npoxonsat oOydeHHe B YHMBEPCHTETE
cnenuanuctel Poccuiicko-CepOCKOro TYMaHHTapHOTO II€HTpa, POCCHICKO-apMSHCKOTO IIEHTpa
TYMaHUTapHOTO PearupoBaHusi, MexIyHapoaHON OopraHu3aluy rpaxaanckoit oboponsr (MOI'O),
MunucrtepctBa Hedptu Hcnamckoit PecnyOnuku HWpan, mnoxapHO-cniacaTelabHBIX — CIYXO
Ounnsauaun, Tynuca, Pecnyonmuku Kopes u apyrux crpas.

[IpenogaBaTtenu, KypcaHTbl U CTYAEHTbl YHMBEPCUTETa UMEIOT BO3MOXHOCTH MPOXOAUTH
CTAXUPOBKY 3a pyOexxoM. 3a TmocieqHee BpeMs CTaXUPOBKUM uid  mpodeccopcko-
MPenoaBaTebCKOro COCTaBa U 00yJarolMUXCsl B YHUBEPCUTETE ObUIM OpraHn30BaHbl B ['epmanumy,
Cepbuu, Ounansuanm, [lBenun.

B yHuBepcuTeTe MMEIOTCS BO3MOXHOCTH [UIsl MOBBIIIEHUS YPOBHS 3HAHMS aHTJIMICKOIO
s3bIka. OpraHn30BaHO OOYUCHHUE T10 MTPOTrpPaMMeE JOTIOIHUTEIBHOTO MPOGECCHOHATEHOIO 00pa30BaHMs
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«IlepeBomunk B chepe nmpodeccnoHaTbHON KOMMYHUKALMUY CTYICHTOB, KYpPCAaHTOB, aIbIOHKTOB
U COTPYIHUKOB.

KomneloTepHslii  mapk  yHuBepcuTeTa cocraBiaser ©Oonee 1200 emunun. [lna
MHGOPMALIMOHHOTO o0OecredyeHus: 00pa3oBaTEIbHOM JEATEILHOCTH (YHKLIMOHUPYET eIuHas
JOKaJbHAast CETh C JIOCTYIIOM B DJIIEKTPOHHYIO HH(OPMAIIMOHHO-00Pa30BaTENbHYIO Cpely
YHHUBEpCHUTETA, CIpaBOYHO-IIpaBoBYI cucreMy «KoHcynbrantllmoc», cucteMy «AHTHIUIaruaT».
KommnbroTepHble Ki1acchl MO3BOJIAIOT OOydarommmcs padotaTh B ceTH VHTEpHET, C MOMOIIbIO
KOTOPOM 00ecreunBaeTcs BBIXOJ Ha POCCUHCKHE U MEXKAYHAPOIHbIe HMHPOPMALIMOHHBIE CAlThI, YTO
MO3BOJISICT 3HAYUTEIHHO PACHIMPUTH BO3MOKHOCTH Y4€OHOTO, y4eOHO-METOIUYECKOT0 M HAay4HO-
METOAMYECKOI0 IpoIiecca.

Hapacraromasi C10)XHOCTh M KOMILJIEKCHOCTh COBPEMEHHBIX 337a4 3aMETHO MOBBIIMIAIOT
TpeOOBaHUSA K OpraHu3auuu obOpazoBareibHOro mnpouecca. CerogHss yHMBEPCUTET pealu3yeT
pOrpaMMbl 00y4eHUS C IPUMEHEHHEM TEXHOJIOTHI JUCTAaHIIMOHHOTO O0Y4YEHUSI.

bubnuoreka yHHBeEpCHTETa COOTBETCTBYET BCEM COBPEMEHHBIM TpeOoBaHUAM. DOHIbI
Ooubnmorekn yHuBepcuTeTa cocTaBisioT Oosee 350 700 3K3EMIUIIPOB JIUTEPATYphl IO BCEM
orpaciasiM 3HaHui. OHM uMeET HH(POpPMALMOHHOE oOecreyeHHe M OOBEJAMHEHbl B EIUHYIO
JIOKaJbHYIO ceTh. Bce mporecchl aBTOMAaTH3WpOBaHBI. Y CTaHOBIEHA OMOJIMOTEYHAs Mporpamma
«pOucy. B Oubnmoreke OCyIIECTBISETCS 3JIEKTPOHHAS KHUTOBBbIIA4a. JTO JaeT BO3MOXHOCTb
B KpaTyaiime CpOKU JOBECTU KHUTY JI0 TTOITB30BATEIIS.

YutanbHble 3aibl (0O0mMi M mpodeccopckuii) OMOIMOTEKH OCHAIICHBI KOMIIBIOTEpaMU
¢ BeixogoMm B HMutepuer, Wurpaner, HI[YKC wu nokanbnyio cers yHuBepcutera. Cosznana
U QYHKLUHMOHUPYET OJEKTpOHHas OMOIMOTEKa, OHA MHTErPUPOBAHA C 3JIEKTPOHHBIM KaTalOTOM.
B ceru Uutpaner paboraer EmgunHas BemomcTBeHHas 3iekTpoHHas Oubmmoreka MUC Poccwm,
o0benuusromas ouonmuoreku cucreMsl MUC Poccun.

B Dnekrponnoit Oumbnmoreke ommdpoBaHo 2/3 y4eOHOrO H HAydyHOTO (OHIIOB.
K anexktponHoit  Oubimorexke mojkimoueHsl: JlanbHEBOCTOUHBIM ¢uiaman u  Oubimoreka
ApPKTHYECKOTO  CIacaTelbHOTO y4eOHO-HaydHOro IieHTpa «Bwiterpa». HWwmeercs moctym
k IIpesunentckoit 6ubnuoreke um. b.H. Enpruna. 3akmouenst noroBopsl ¢ 9bC IPRbooks u 9b6C
«JlaHb» Ha TONB30BaHME W TMPOCMOTP y4eOHOW W HAYYHOH JIUTEpaTyphl B DJEKTPOHHOM BHIE.
Nmeetcs 8 000 Touek moctyma.

B ¢donmgax Oubmmorexkn HacuuThiBaeTcs Oosee 150 SK3EeMIUSIpPOB pEAKUX U IIEHHBIX
n3naHuid. bubnmoreka pacmnonaraer OoraTteiM (OHIOM NEPUOJMYECKUX H3JIaHMH, UX YHCIO
cocraBisier 8 121 sk3emmusip. Ha 2019 r., B coorBercTBUM ¢ TpeOOBaHUSIMH (enepalbHOro
rOCyJJapCTBEHHOTO 00pa30BaTEeIbHOIO CTaH1apTa, BeIMcaHo 80 HAMMEHOBAHUMN KYPHAJIOB U raser.
Bce mocrynaromye nepuoadyecKue H3AaHHSA PacHUChIBAOTCS OuOImMorpagoM B 3JIEKTPOHHBIX
KaTajorax M KaproTekax. M3maHus mepuoandeckoil mevyaTtd akTHBHO HCIOJIb3YIOTCS YMTATENIMU
B yuyeOHOW U Hay4YHO-UCCIIEOBATEIbCKON nedrenbHocTH. Ha 6a3ze Oubnnoreku co3naHa
npodeccopckas 6ubdnuoTeka u npodeccopckuit Kiryo Bysa.

[Monurpaduyecknii TEHTp YHUBEPCHUTETa OCHAIIEH COBPEMEHHBIM  THIIOTPAQCKUM
000pyZ0BaHUEM JUIsl TOJHOIBETHOM MeyaTH, MO3BOJSIOMIMM OOecreyuBaTh HE TOJBKO 3aKas3bl
Ha TIEYaTHYIO MPOTYKIIMIO YHUBEPCUTETA, HO U €MHBIN TUIaH M3TOTOBJICHUS MEYaTHOW MPOTYKIINU
MUYC Poccuu. YHuBepcuUTEeT H3JaeT § HAayUHBIX >KYpHAJIOB, MYOJIHMKYIOTCS MaTepHajbl psja
MEXIYHAPOJAHBIX ¥ BCEPOCCHUCKHX HAy4YHBIX MEpPOTPHUSATHHA, COOpPHUKM HaydHBIX TPYAOB
po¢eccopcKO-TIPEenoaaBaTeIbckOro  cocraBa  yHUBepcuTeTa.  M3gaHuss ~— yHUBeEpCUTETa
COOTBETCTBYIOT TpeOOBaHMSIM 3aKoHOJaTenbcTBAa Poccuiickoit denmepanun ©  BKIIOYEHBI
B DJIEKTPOHHYIO 0a3y HayuHoli snekTpoHHON 6nOImMoTexu it onpeneneHust Poccuiickoro nunaekca
HAyYHOTO IIUTHPOBAaHUS, a Takke uMEIT MexayHaponueni wHAekc (ISSN). Haydno-
aHamUTH4YecKui >xypHan «[IpoGiembl ympaBieHuss pUCKaMH B TeXHocdepe» U DIEKTPOHHBIN
«Hayuno-ananutnueckuit xypHan «BectHuk Cankrt-IlerepOyprckoro ynusepcurera ['TIC MUC
Poccun» BKIIIOYEHBI B YTBEPKICHHBIN pelieHueM Bricuien arrectauoHHoM komuccuu «llepedenn
PELIEH3UPYEMBIX HaYYHBIX JKypHAJIOB, B KOTOPBIX IYOJIMKYIOTCS OCHOBHBIE Hay4HbIE PE3YJIbTaThl
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JUCCEPTAlM HAa COMCKAaHWE YYCHOW CTENEHU KaHJAuJaTa HayK, Ha COMCKAaHHUE YYEHOM CTEIIECHHU
JNOKTOpa HAYK».

KypcanTsl yHuBepcHTETa MPOXOAAT 00ydeHHe MO MpOorpaMMme MepBOHAYATBHON MOATOTOBKU
cniacaresnei.

Ha 6a3ze Cankr-IletepOyprckoro yHuBepcuTeTa | OCyIapCTBEHHON TPOTUBOMOXKAPHOM
cimyx061 MUC Poccun 1 urons 2013 r. otkpeiT KageTckuii moxapHo-criacaTeabHbIH KOPITYC.

Kagerckuii  mokapHO-cnacaTelnbHbI  KOPIIYC ~ OCYIIECTBJISICT  IMOATOTOBKY  KaJeT
10 0011e00pa30BaTENbHBIM IIPOrpaMMaM CPEAHEro OOLIEro 00pa30BaHKs C yUETOM JIONOIHUTEIbHBIX
o0pazoBarenbHbIX MporpaMM. OCHOBHBIE OCOOCHHOCTH JIESITEIbHOCTH KOPITyCa — MHTEIICKTYAIbHOE,
KyJIbTypHOE, (U3MYECKOe M AYXOBHO-HPAaBCTBEHHOE DPA3BUTHE KaJeT, UX ajanTalus K XHU3HU
B OOIIECTBE, CO3/IaHME OCHOBBI JUIS TOJATOTOBKM HECOBEPIICHHOJETHHUX TPAXIAH K CIYKCHHUIO
OreuecTBy Ha TMOMNPHUINE TOCYJApPCTBEHHOM Tpa)XKJaHCKON, BOCHHOM, MPaBOOXPAHUTEIHLHON
Y MYHHIIUIIATBHOM CITYKOBI.

B yHuBepcutere Ooiblloe BHUMaHME yaensercss crnopTy. Komawawl, cocrosimue
13 MpPENoaaBaTeseil, KypCaHTOB U CIIyHIaTeJIeH, — IIOCTOSHHBIE YYACTHUKU PA3JIMYHBIX CIIOPTUBHBIX
TYpHHUPOB, MPOBOAMMBIX Kak B Poccuu, Tak u 3a pyOexxom. Ciymiarenn U KypcaHThl YHUBEPCUTETA
SBJISIIOTCA WwieHamMu cOopHbIX koMan 1 MUC Poccun o pa3nuyHbIM BUAAM CIIOPTAa.

JlesaTenbHOCTh KOMaH/Abl YHHMBEpCHTETa IO HoXapHo-npukiaaHomy crnopry (IIIIC)
BKJIIOYAET B ce0sl yyacTue B uemMnuoHarax Poccuu cpenu By30B (3UMHUH U JIETHUI), B 30HAJIBHBIX
COpPEBHOBaHMSIX M yeMmnuoHare Poccuu, a Takxke npoBefeHue Oecel M KOHCYJIbTALUM, OKa3aHUE
IIPAKTUYECKOW IMMOMOIIM FOHBIM IIOKAPHBIM KaJeTaM M CIIacaTesIsIM IIPU IIPOBEACHUU TPEHUPOBOK
o T1I1C.

B yHuBepcutere co3gaH crnopTUBHBIN Ki1y0 «HeBckue JIbBbI», B COCTaB KOTOPOI'O BXOMST
KOMaHZbl 10 IOKAapHO-NPUKJIAJHOMY W  aBapUMHO-CIACATEIbHOMY  CIIOPTY, XOKKEIO,
amepuKaHckoMy ¢yT0oiy, Boseibomy, 6ackeT00Iy, CHIIOBBIM eauHOOOpcTBaM U 1p. B cocrase
COOpPHBIX KOMaHJl YHUBEPCUTETA — YEMITMOHBI U MPU3EPbl MUPOBBIX MEPBEHCTB U MEXTyHAPOAHBIX
TYPHUPOB.

KypcanTel M ciaymarenn HMMEIOT IPEKpacHble BO3MOMKHOCTH I TIOBBIIIEHUS CBOErO
KYJIbTYPHOTO YPOBHS, Ppa3BUTHS TBOPYECKHX CHOCOOHOCTEH B CO3/laHHOM B YHUBEPCHUTETE
WNHcTUTyTE HPaBCTBEHHO-NIATPHOTHYECKOIO M ICTETUYECKOTO pPa3BUTHA. TBOpPYECKHI KOJIEKTHUB
YHUBEpPCUTETA MPUHUMAECT AaKTUBHOE Y4aCTHE B BEJIOMCTBEHHBIX, TOPOJCKHUX U YHHBEPCUTETCKUX
MEPOIPUATHIX, HAIPABIECHHBIX HA JCTETHMYECKOE M IMATPHOTUYECKOE BOCIUTAHUE MOJIOIEKH,
a TaK)Ke 3aHMMAeT IIPU30BbIE MECTAa B KOHKYpCaXx, MPOBOJUMBIX Ha YPOBHE YHHUBEPCUTETA, TOPOJIA
u MUC Poccun. Ha xaxxoM Kypce opraHu3zoBaHa paboTa MO CO3JIaHHIO M Pa3BUTHIO TBOPUYECKHX
O0OBEIMHEHUN 10 pa3MYHBIM HANpaBICHMSIM: CTYJUs BOKaJla, CTYIusl TaHLEB, KIyO BeCeNbIX
Y HaxXOM4MBBIX. /)11 KypCaHTOB U CTYAECHTOB JIEHCTBYET CTYIUsI OPATOPCKOIO UCKYCCTBA, KOMaH/1a
TEXHUUYECKOI0 00eCceueHusl, JyXOBOIl OpKeCTp.

Ha Teppuropun yueGHOro 3aBeneHus cosmaercss myseil ucropun Cankt-IlerepOyprckoro
yauBepcurera ['TIC MYC Poccun, B koTOpoM oOydaromuecs U COTPYAHHUKH, a TaKXKe TOCTH
YHUBEPCUTETa CMOTYT TO3HAaKOMHUTBCS CO BCEMM 3TallaMM CTAHOBJICHMS Y4€OHOTrO 3aBEJCHHS —
OT KypCOB IO’KAPHBIX TEXHUKOB JI0 YHUBEPCHUTETA.

B Cankr-IlerepOyprckom yHuBepcutere ['OoCyqapCTBEHHOH NPOTHUBOINOXKAPHOM CITy:KOBI
MUC Poccum co3manbl BCe YCIOBUS JJIS MOATOTOBKH BHICOKOKBATH(PUITMPOBAHHBIX CIEIIHATHCTOB
Kak Juig ['ocynapcTBeHHOM MPOTHBOIIOKAPHOM Ci1yk0bl, Tak U B 1ienoM 1yt MUC Poccun.
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~ THEORY AND PRACTICE OF FORENSIC ENQUIRY

INSTRUMENTAL METHODS IN MODERN
FIRE-TECHNICAL EXPERTISE

2. FIELD DETECTION METHODS OF REMAINS OF COMBUSTION
INTENSIFIERS (ARSON TOOL)!

I.D. Cheshko; M.Yu. Prinzeva, R.A. Kasaev.
Saint-Petersburg university of State fire service of EMERCOM of Russia

The field methods for detecting residues of combustion intensifiers (arson tools), which are used and
can be used in fire and technical expertise, are considered. The possibility of using test systems to detect
petroleum residues in soil and water is shown. The principles of operation and technical capabilities
of electronic and chemical gas analyzers, as well as a portable fluorometer in combination with solid-phase
extraction technology, are described. An application is proposed for detecting and studying residues
of flammable liquids of modern portable gas chromatographs.

Keywords: gas analyzers, photoionization detector, indicator tubes, combustion intensifiers, flammable
and combustible liquids, fire-technical expertise, objects of study.

As is well known, with expert support of the investigation of arson, one of the main tasks
is the detection, determination of the composition and nature of substances used as a means of arson —
the so-called combustion intensifiers (IG). As such, mainly flammable and combustible liquids
(HLV / HL) are used.

Modern analytical chemistry provides a wide range of methods for detecting residues
of flammable liquids — both native and evaporated, and burnt. The problem consists in the choice
of the method optimal from the point of view of both efficiency and simplicity, and availability
for the potential user — expert of SEU FPS IPL EMERCOM of Russia.

The choice of a combustible liquid by an attacker is usually not difficult and is determined
by the main factor — the availability of this liquid, finding it at the right time, which is called
«at hand». The analysis of expert practice shows that these are, first to all, light oil products — motor
fuels (gasoline, diesel fuel), solvents for paints and varnishes, nephrases, white spirit, and recently,
the so-called «liquids for ignition» and some other liquids. Considering this, this article discusses
the possibility of modern analytical methods in the detection of these means of arson directly at the
site of the fire.

1. Test systems

Test systems are a recently popular means of qualitative and quantitative rapid analysis [1].

HNU Systems Inc. made test kits are available for determining motor fuel and oil in soil
and water. The method is based on the Friedel-Krafts alkylation reaction of their aromatic
hydrocarbons. A similar test kit is produced by Remedi Aid Total Petroleum Hydrocarbon.
It is designed for quick and easy field determination of saturated hydrocarbons in the soil.
The reaction is carried out in a test tube with the gradual addition of reagents. The result is a colored
product, the content of which is proportional to the amount of petroleum hydrocarbons. The optical
density is measured using a portable colorimeter on LEDs with battery power.

! Methods of molecular spectroscopy published in Nel for 2018
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Enzyme immunoassay test methods for the determination of benzene, toluene, ethylbenzene
and xylene in the soil (d BTECH technique (merch E.), OHMICRON rapid test (Supelco, USA)
are proposed.

Unfortunately, this kind of analysis using «wet chemistry» is unlikely to be implemented
in the framework of fire-technical research — it are quite long and require the participation
of a qualified expert chemist.

2. UV illuminators

When searching for traces of petroleum products, their ability to luminesce under
the influence of ultraviolet (UV) radiation was used for many years. They are searching
for petroleum products using UV illuminators.

The color of luminescence depends on the component composition of the petroleum product.
For satisfied hydrocarbon (methane, ethane, propane, butane), the luminescence color changes from
green to blue. For cyclic hydrocarbons (benzene, toluene, xylene, etc.) — from yellow to lightgreen,
rarely purple.

The stronger the absorbency of the carrier material, the lower the luminescence intensity.
The penetration of oil into wood allows us to detect this small number only on the cut surface taken
in the place of penetration across the grain.

On fabrics, the observation of luminescence is hampered by the intrinsic luminescence
of fabric fibers or the luminescence of dyes applied on it.

Many substances and compounds have a phenomenon called luminescence quenching.
This happens, for example, when oil gets on some types of fabrics and rubber. The spots from
the petrochemical in this case look black on a lighter background.

Petrochemicals are hardly detected on charred surfaces. This circumstance is very important
for the method working at the place of fire [2].

This method, widely used until the 80s of the last century, is currently practically not used.

3. Gas analyzers with indicator tubes (chemical gas analyzers)

Chemical gas analyzers work on the linear-coloristic principle and are a hand pump through
which a certain amount of air is pumped through a glass indicator tube. The method consists
in determining the chemical composition of the vapor-air mixture of chemical substances using
indicator tubes according to a characteristic change in their coloring.

Indicator tubes are sealed glass tubes filled with solid carrier with an active reagent.
The most famous company «Driager» (Germany) produces tubes for the rapid determination
in the air of more than a dozen chemical substances, including diethyl ether and toluene.

Company «Crismas +» (St. Petersburg) produces tubes for the determination of petroleum
hydrocarbons by reaction with KIO3. The concentration of the analyte (or group of substances)
is found by changing the intensity of the color of the indicator powder by comparison with the color
scales or along the length of the colored layer.

The range of detectable concentrations of the «Crismas +» tubes for the sum of petroleum
hydrocarbons is 100-4000 mg / m®, kerosene is 100-1,200 mg / m?, toluene is 50-1600 mg / m?,
and xylenes are 25-300 mg / m* [3].

Multichannel chemical gas analyzer

As a rapid method for the detection and pre-classification of residues of flammable liquid.
The St. Petersburg Company «Servek», together with specialists from the Research Center for Fire
Examination, developed and manufactured a special multi-channel gas analyzer, the DQAV
(a Device for Qualitative Analysis of combustion intensifier Vapors) [4], consisting of a bellows-
type pump and a multi-channel nozzle allowing to install and pump simultaneously 6 tubes. The kit
includes 4 specially selected indicator tubes and tubes with a sorbent:

— alkanes-labeled tube for the determination of aliphatic hydrocarbons;

— arena-labeled tube for the determination of aromatic hydrocarbons;

— labeled-ketones tube for the determination of ketones;

— labeled-alcohols tube for the determination of alcohols;

— labeled-sorbent tubes for sampling the gas phase in order to further, if necessary,
laboratory research.
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In tab. 2 shows the possible combinations of color changes of the indicator tubes,
conclusions on the results of these changes, as well as some commercial products that can cause
a similar reaction.

Table 2. Possible combinations of the color change of the indicator tubes and analysis of results

Substance class Results analysis
Ne (detected group Commercial products
Alkanes| Arenas |AlcoholsKetones substances)
1 + Individual substances
(pentane, hexane, heptane, etc.);
some light oil products
N (kerosene for technical purposes according
B B B hyﬁrlge:giggns ) fo GOS.T 18499'73'.
gasoline for industrial and technical purposes
in accordance with GOST 8505-57, liquid
for ignition, oil for kerosene lamps, etc.);
heavily burnt light oil
2 + Aliphatic mixture Light oil products
+ - - and aromatic (lighting kerosene, motor gasolines, diesel
hydrocarbons fuels, white spirit, nefras, solvent PC-2, etc.)
3 + A mixture of aliphatic, Blend Solvents
+ + — | aromatic hydrocarbons (solvent Ne 651, stain remover
and alcohols «Varis» and others.)
4 + A mixture of aliphatic,
+ + + |aromatic hydrocarbons, Blend S_olvent_s
alcohols and ketones (solvent non-stick paints, etc.)
5 - A mixture of Aromatic | Mixed solvents non-oil nature (solvents Ne 645,
+ + +  |hydrocarbons, alcohols,| 646, P-40, P-1193, P-265, P-1166, PJI-541,
ketones PD-7B, PO-11B, diluent P/IB etc.)
6 - B + N A mixture of alcohols | Mixed solvents non-oil nature (solvents 3-80,
and ketones P-198, JIKP etc.)
7 - Individual substances
. (Acetone, butanone, etc.);
Ketone containing .
- - + substances non-oil solvents
(solvents A (acetone ester), P-251B, P-563,
P-1176, PJI-277, nail polish remover, etc.)
8 - Individual substances
(methanol, ethanol, butanol, etc.);
perfumery and cosmetic
(perfume, colognes, etc.);
food products
3 + B Alcohol-containing (tinctures, etc.);
substances technical liquids
(non-freezing liquid for washing windows,
liquid for ignition, etc.);
non-oil solvents
(solvents M, Ne 30, P®T", P-60, P-548, P-2115,
P-3160, KP-36, ®K-1)
9 — Individual substances
(Benzene, toluene, xylene, etc.);
+ - — |Aromatic Hydrocarbons solvents
(Solvent oil,P-12, P-197, P-1101, P-1101M, PJI-
298, PBJI, PC-1, POC-5107, PKY etc.)
10 - A mixture of Mixed solvents non-oil nature (Solvents: P-4,
+ — + hydrocarbons and P-5, P-10, P-11, P-14, P-24, P-189, P-219,
ketones P-2106, PJI-176, PIT etc.)
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11 — + + — A mixture of Mixed solvents non-oil nature
hydrocarbons and (solvents: Ne 647, 648, 649, AMR-3
alcohols (furniture), etc.)

A mixture of
12| + - - + hydrocarbons and Blend Solvents
ketones

A mixture of
13 + — + — hydrocarbons and Blend Solvents
alcohols

A mixture of aliphatic,
14 + + — + | aromatic hydrocarbons
and ketones

Blend Solvents
(Solvents: P-119, PJI-176M u ap.)

Aliphatic mixture
15 + — + + hydrocarbons, alcohols Blend Solvents
and ketones

4. Electronic gas analyzers

Electronic gas analyzers are available with various types of sensors - electrochemical,
thermoconductometric, thermochemical, photoionization, infrared, etc. For the purpose of detecting
residues of flammable liquids of various types, first of all, gas analyzers with thermochemical and
photoionization sensors are of interest./ azoanaruzamopwi ¢ mepmoxumuyeckumu OamyuKamu

The principle of operation of thermochemical sensors consists in fixing the thermal effect
from the combustion of combustible vapors and gases on a sensitive element coated with a catalyst
substance (manganese-copper catalyst, fine platinum).

The measurement of the resulting temperature is carried out using a thermistor, which,
depending on the temperature, changes its resistance, thereby changing the passing current.

Thermochemical gas analyzers of the PGF type are widely used in Russia, in particular,
in the gas services to detect leaks of natural gas supplied to consumers. However, when searching
for residues of flammable liquids, practically not used. Obviously, unable to withstand competition
with gas analyzers with photoionization sensors - more sensitive.

Gas analyzers with photoionization sensors (PIS)

A gas analyzer of this type works by measuring the current caused by the ionization of gas
and vapor molecules by photons emitted by a source of vacuum ultraviolet radiation.

Unfortunately, it is difficult to determine by a signal from a photo-ionization detector which
specific substance it has detected, since a device of this type reacts to a wide range of substances
with an ionization potential of less than 10.8 eV.

The number of gases and vapors with an ionization potential below 10.8 eV includes organic
substances of almost all known classes — saturated hydrocarbons (from butane and above), aliphatic
aldehydes and ketones, alcohols, ethers, esters, acids, olefins, amines, aromatic hydrocarbons, etc.
Of the common inorganic substances, the gas analyzer with PIS determines only ammonia and
hydrogen sulfide.

Only the lightest representatives of the indicated classes — methane, ethane, propane,
formaldehyde, methanol, formic acid, etc., and also oxide and carbon dioxide, oxygen, hydrogen,
nitrogen, fluorine, chlorine, fluoride, chloride, hydrogen bromide and some other gases [5]. From
the above list, it follows that almost all used by the arsonizers of flammable liquids and liquid guns
(gasoline, kerosene, solvents for varnishes and paints, etc.) can be detected with a device with
a photo-ionization detector.

Currently, many forensic expert divisions of the fire service EMERCOM of Russia have
instruments with «Kolion-1B» and «ANT-3» photoionization detectors. They are actively used
when working on the site of a fire, almost closing the basic needs in this kind of technology.

5. Field fluorimeter and solid phase extraction method

Most of the combustion enhancers include aromatic hydrocarbons. In addition, aromatic
hydrocarbons are part of a number of solvents for varnishes and paints and some other combustible

49



liquids available to the pyro. Therefore, the detection of aromatic hydrocarbons can be used as a test
for the presence of residues of the combustion source.

Fluorescence spectroscopy (FS) is a sensitive and effective method for detecting residues
of combustion intensifiers at a fire site. The method is based on the ability of aromatic
hydrocarbons to luminesce under the action of light in the visible and ultraviolet range [5].

The use of fluorescence spectroscopy to detect remnants of combustion sources directly
at the site of a fire was previously impossible due to the absence of portable (field) instruments that
allow one to quantify the intensity of luminescence.

Recently, the Research Center for Fire Examination, together with a company «SOLAR»
(Minsk) and the Institute of High Molecular Compounds of the Russian Academy of Sciences
(Saint-Petersburg), created an instrument and method for detecting combustion sources at the site
of a fire with components of flammable liquids — aromatic hydrocarbons.

The essence of the method consists in solid-phase extraction of residues of combustion
intensifiers contained after extinguishing a fire on the surface of water pools, wet structures,
products and their burnt residues with a polymer sorbent, followed by measuring the fluorescence
intensity from the surface of the sorbent using a portable fluorometer [6,7].

Portable fluorometer (fluorometric indicator of petroleum products INPF-01 EP) allows
in the field (directly at the fire site) to detect the remains of these substances, as well as screening
the fire site — (a study to identify the zone with the maximum concentration of residues
of combustion intensifiers for the purpose of sampling for laboratory research.

For solid-phase extraction of the combustion source, a special sorption plate is used.
Sorption can be carried out from the surface of wet objects, structures, objects and water
accumulated during the fire extinguishing.

It was experimentally established that the detection limit of aromatic hydrocarbons in water
in this case is 2 - 10-3g / | (for gasoline) [8].

The described method of detecting sources of combustion at a fire site significantly expands
the capabilities of specialists when searching for residues of flammable liquids - arson agents and
can be recommended for introduction into expert practice.

6. Field gas chromatographs

Portable gas chromatographs are used (infrequently, but used) to detect and study residues
of flammable liquids since the appearance of these devices. So, in the 70 s of the last century,
the Moscow plant «Chromatograph» produced a portable «HPM-4» chromatograph. However,
the imperfection of this technique did not contribute to its widespread use. Everywhere in expert
organizations, preference was given to the technology of work in two stages - sampling of objects-
carriers of the remnants of flammable liquids at the site of a fire and their research in laboratory
conditions. At present, technical capabilities have expanded and the task of one-stage analysis
directly at the site of a fire has become quite real.

Technical tools have become more sophisticated and reliable. Thus, the «FROG-4000GC»
portable field gas chromatograph (USA) is offered for delivery. The device weighing less than 3 kg,
uses atmospheric air as a carrier gas, is equipped with a miniature preconcentration system, a 4 m
microchromatographic capillary column and a photoionization detector. The device provides
detection and rapid analysis of trace concentrations of volatile organic compounds in air, water and
soil with an average analysis time of 5-7 minutes.

Russians portable chromatographs of the «FGH series (NPP «<EKAN»)» have a capillary
column of 25 m, dimensions of 460x350x120 mm (case) powered by built-in batteries

The above review of existing methods of analysis reflects the rather broad possibilities that
fire-technical experts can use when it is necessary to detect the remains of flammable liquids
at a fire site and thus establish an important qualifying sign of the criminal nature of the fire.
Unfortunately, methodological developments in this area (with the exception of those listed) have
practically not been conducted in recent years. Although the potential for this, of course, there are.
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COMPUTER TECHNOLOGY USED IN FORENSICS

S.V. Voronin; I.L. Skripnik.
Saint-Petersburg university of State fire service of EMERCOM of Russia

The article deals with the use of computer technology in forensic examinations. Their purpose,
purpose, characteristic, objects of research, fields of application, possible results are given.
Keywords: examination, judicial activity, method, computer technology, software

Methods of forensic expert activity are based on scientific approaches, depending
on the properties of the object of study and based on the experience of solving expert problems [1].

The emergence and further development of new scientific areas and types of expertise
is a natural process in the period of scientific and technological progress. In case of a new object,
already known expertise is applied. When the mastered object is investigated, on the basis of new
knowledge there is an opportunity to carry out examination for the purpose of acquisition and
receipt of new data [2]. Currently, a new type of forensic examination using computer technology
is being developed [3]:

— hardware and computer expertise (HCE);

— program and computer expertise (PCE);

— informing and computer expertise (ICE);

— computer and network expertise (CNE).

HCE — are one of the varieties of judicial computer and technical expertise. It consists
in the analysis of technical or, as they are called, hardware computer systems. The subject
of its examination is to establish the fact or circumstances associated with the operation of technical means.

The main problem of the purpose of this type of computer-technical expertise
is the reference of the object to the hardware. According to the adopted classification of objects
subject to computer-technical expertise, the following types of devices belong to the class
of hardware objects:

— laptops;

— hardware used to organize work in the network;

— terminal equipment: keyboard, mouse, trackballs, speakers, storage media, etc.;
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— built-in hardware systems based on microprocessor controllers;

— integrated systems: mobile phones, pagers, etc.;

—any details of the listed hardware, components and accessories.

The need for HCE arises in the settlement of a wide variety of disputes in civil cases.
The study allows to determine the causes of failure or incorrect operation of the hardware device,
the presence of manufacturing defects, to identify evidence of unfair storage and transportation
of equipment, as well as the use of devices for other purposes or in conditions contrary
to the requirements specified in the accompanying documentation. HCE also includes activities
carried out by experts to extract information from broken media that have failed as a result
of a breakdown, accident or natural disaster.

This type of research allows you to establish the performance of the device, the existing
faults and their impact on the overall suitability of it to work.

PCE — are also a kind of forensic computer-technical expertise. With the development
of computer technology there was a new direction of offenses, which were called crimes in the field
of computer information. In such crimes, computer equipment and software are used to achieve the goal.

The main purpose of this examination is to establish the involvement of the investigated
software complex to the criminal act under investigation. Also, as a result of the analysis, traces of
illegal actions committed can be found. The subject of the examination are the features of the
development and application of computer system software. The analysis can be carried out in civil
and criminal cases.

PCE’s objects there are following components:

— operation systems (system software);

— utilities (utility programs);

— software tools for software development, debugging

— application programs designed to perform certain functions — text editors, spreadsheets;
work with two-dimensional and three-dimensional graphics; create presentations; mail programs,
drawing editors, and many others.

The reason for the appointment of this examination may be a reasonable suspicion
of incorrect operation of the software, the incompatibility of two or more programs that are
in the General chain of execution of any operations, and so on.

PCE are widely used in criminal investigations, but the need for such research and in other
types of proceedings is gradually increasing, which is caused by extensive computerization of all
areas of life. Currently, there are many civil cases, including those decided in arbitration courts.
Also, a large number of cases related to the protection of consumer rights, copyright infringement
in the distribution of counterfeit products. It solves a wide range of tasks related to the specific
features of the software, its development, implementation, application and so on. A wide variety
of tasks solved with the help of this study is due to the fact that computer systems with appropriate
software are used in almost all areas of human activity.

Its main tasks are:

— determination of General characteristics of the software under study, analysis
of its component composition;

— classification of individual system or application software included in the submitted for
the examination software;

— determination of counterfeiting (or the presence of such features) of the software as a whole
or its components;

— establishment of specific characteristics of the software under study: type of software,
name, version, developer, etc.;

— determination of the data of the developer of the software product under study. For legal
entities, the details of the organization are established. For individuals — identity data.

Methods of software research used in the course of software and computer expertise,
it is accepted to classify, based on the type of object under study. There are the following groups
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of methods: source code analysis; research of software algorithms; study of executable codes (boot
modules).

Examination of boot modules is based on the study of software tools using basic methods
that track all interrupts that are caused by this program. The method used by the expert must
correspond exactly to the type of the problem to be solved. Accordingly, to obtain a reliable result
of the study, it is necessary to choose an expert with a high level of professional competence and
extensive experience in conducting research.

In the analysis of malicious software (viruses, worms, etc.) apply different methods
of monitoring — analysis file signature (monitoring disk space), verification of checksums
(monitoring of memory).

The subject of the analysis of the ICE are digital data — information contained in a computer
system. It is considered to be a key study in this group, as it provides an opportunity to summarize
the investigative activities, finally answers most questions related to digital data. In the process
of its implementation, the specialist sets the goals of search, collection, research and expert
evaluation of the detected information that has been collected and stored by the user or generated
by the actions of special software to support workflows in the computer system under study.

The study of information content gives a very diverse results, as it explores completely
different data. Analysis of information allows you to identify traces of programs and applications,
to identify transactions made through information networks, as well as to track the activities and
intentions of the computer user on the basis of stored (or even deleted) files in a personal computer.

For evaluating the content detected information and qualifications can be brought
in the appropriate specialists, linguists, culturologists, psychologists, etc. for Example, the test
medium can contain data that can be viewed as pornographic, inciting ethnic hatred, containing
remarks, degrading someone's honor and dignity, etc.

Nevertheless, working with information requires deep knowledge in the field of information
technology and methods of computer data storage, as the contents of information storage devices
must first be detected and extracted, translated into a format that is accessible to specialists.
The experience of the employee of the organization conducting the ICE, its level of professional
competence plays a crucial role in obtaining a comprehensive and reliable research and achieving
the goals pursued by the initiator of the analysis.

This examination is designed to study a very wide range of problems and is based
on the diversity of the data studied. In addition, the expert performs a large amount of activities
related to the receipt and processing of information, not only with the analysis of the extracted data.
Expertise is able to solve the following tasks, consisting in the definition of:

— method of formatting the data carrier and writing data to it;

— specific characteristics of physical placement of information on the studied data storage;

— indicators of logical placement of information;

— the main attributes of data to a computer system: file sizes, total data volume, file names
and types, dates of their creation and changes, other characteristics;

— type of information: archive, deleted, hidden or explicit information.

ICE are rather complex type of research, as the actual analysis of information is preceded
by painstaking and often lengthy work on extracting data from existing media. Such an examination
can be carried out on the decision of the investigation, the judiciary, the initiative of a natural
or legal person. This expertise is carried out in state expert bureaus and non-state expert centers.

In order to initiate it, it is necessary to conclude a contract with the expert center for
the provision of services for the implementation of the study. The contract is concluded after
a preliminary consultation, during which the type of research required, the amount of work
to be done, the objectives of the examination set before the expert, the timing and cost
are determined. All these data are mandatory to be entered into the contract signed before the start
of the expert Advisor.

At the end of the expert formulates an expert opinion. It is the result of the work done
by the researcher, the main meaning of the analysis. The expert opinion has evidentiary value and
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can be presented during the court session as an argument of one of the parties. It contains
a description of all the actions performed by the expert, submitted for the analysis of materials
(if necessary — with photos of objects), copies of the studied documents. In addition, in conclusion,
the conclusions of the expert and the answers to the questions posed to him at the beginning
of the study.

CNE is based on checking the physical and functional state of computer facilities, which are
provided with information and network technologies. This is a very young and at the same time
a special kind of expertise. Only one expert who has in-depth knowledge in the field of network and
information technologies, can perform the task of inspection of corporate networks, which are often
used by businesses.

It is carried out to solve the following tasks:

— identify the parameters and properties of the computer with the software used;

— determining the properties and characteristics of the network resource, establishing
its architecture;

— opening access to certain data, in case of its closure;

— establish the initial state of the network, its components, identify the time of adding
or removing network devices;

— analysis of the General state of the network resource and network capabilities, based
on the collection of information about it.

It is conducted in order to assess the possibility of introducing foreign objects into the state,
commercial system of enterprises and institutions (whether there were attempts of unauthorized
connection, influence on the developed algorithms and models of work).

The considered types of computer expertise are mainly carried out in a complex way,
because knowledge from various subject areas is needed. These computer technologies used
in forensic examination will help at a higher quality level, taking into account the latest
achievements of science and technology, to carry out the necessary work in this area.
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PROBLEMS AND PROSPECTS
OF FIRES PREVENTION AND SUPPRESSION

THE USE OF MODULAR TECHNICAL SYSTEMS
FOR RECONNAISSANCE, FIRE FIGHTING
AND INSPECTIONS OF THE TERRITORIES
OF SETTLEMENTS BORDERING FORESTS

O.V. Voitenok.
Saint-Petersburg university of State fire service of EMERCOM of Russia.
A.V. Voitenok. GM-City. Moscow

The possibilities of application are considered of modular technical systems for reconnaissance,
firefighting and inspections of the territories of settlements bordering forests.
Keywords: modular technical complex, reconnaissance, fire, fire safety

On the territory of the Russian Federation, forest and peat fires are a common disaster
for the population, the economy and the natural environment. Forest fires pose a major threat
to communities bordering forests.

Timely detection of fire often plays a crucial role. Obtaining information about the nature
of combustion, the area, the direction of the spread of fire allows you to make a timely decision
on attracting the necessary forces and means to localize and eliminate it.

Often, there are not permanently deployed fire protection units in the territory of small
settlements bordering on forests. Partially this.

On the territory of the Tver region a lot of swamps and hard to reach places. The largest
swamps are located in the northeast region. This area is called Orshinsky Moss.

On the territory of Kimrsky district of the Tver region there is a swamp «Clean Moss».
Periodic fires in this swamp are a threat to neighboring villages.

Large peat fires in the Kimry district of the Tver region occur every 2-3 years. In 2011,
a swamp caught fire due to a severe drought, an earlier turfary near the village of Yurino.
The situation was very tense.

Large forces were sent to extinguish the swamp, which is located between the villages
of Yurino and Trufanovo. Groups of foresters, administration officials and local residents were
organized. All forces were sent to eliminate fires in the swamp. On August 7, the fire approached
the village of Trufanovo. The fire approached the village at a distance of 200 meters. According
to eyewitnesses, it burned very badly. We managed to defend the village. Not a single house, not
even the fence was damaged. At the time of the fire, there were 18 people in Trufanovo, three men,
all the rest of the elderly, and children. The village is small, only five people live here year round,
the rest are summer residents.

To extinguish the fire, a helicopter was used, which had to fly four times to get water
and return to the fire. The fire covered about 30 hectares of forest.

In extinguishing peat fires in the Kimry region in recent years, adapted technique has been
widely used. This technique was primarily used to ensure the supply of water.

The difficulty of extinguishing forest and peat fires in remote areas necessitates the timely
detection of this fire to ensure the possibility of its early localization and elimination. Of great
importance is also the activity carried out by the supervisory authorities of the EMERCOM
of Russia — conducting inspections of local governments and preventive work.
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The creation of fire departments in small settlements is not economically feasible. One
of the solutions to the problems of fire safety is the creation of voluntary fire departments.
Firefighting equipment for providing voluntary fire brigades is quite expensive. The use of light
technical systems based on quad bikes allows you to build a technical complex for specific tasks.

The technical complex will allow timely detection of a forest or peat fire.

Designated purpose of modular technical complexes:

— The ability to quickly change the layout of the technical means;

— The possibility of expanding technical support;

— Improve the tactical possibilities of technical complex;

— Possibility of remote monitoring and reconnaissance of fires.

The target audience that can use modular technical complexes is:

— Federal executive authorities (departments of the Emergencies Ministry of Russia; divisions
of ROSLESKHOZ, etc.);

— Voluntary fire departments;

— Local governments;

— Organizations using territories bordering forests and swamps;

— Organizations engaged in peat extraction.

As a base the technical complex is proposed to use a quad bike.

Firstly, using as a basis the quad bike will ensure reduction in the cost of the complex, and
will provide possibility at a sufficient level.

The analysis of the cost of quad bikes sold in the Russian Federation. When analyzing
considered quad bikes with an engine volume of at least 500 cm3.

As a base, it is proposed to use Stels ATV 600 worth 342 thousand rubles. This quad bike
made Russia [1].

To improve the possibility and carrying capacity of the technical complex, it is proposed
to change the wheelbase from 4x4 to 6x6.

This solution is proposed to be implemented not stationary, but as a module, mounted
if necessary, to improve the carrying capacity (Fig. 1).

Fig. 1. Module improve carrying capacity and possibility

Requires reworking the rear axle and providing the ability to connect an additional bridge.
All connections will be detachable and installation of this module can be carried out in a short time

(Fig. 2).
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Fig. 2. StelsATV 600 with a module for improving the possibility and carrying capacity

Layout options for individual modules are presented below.
Universal fire module UPM-300

UPM-300 is necessary for the inspection and realization of the necessary fire prevention
measures related to fire in forests, in rural areas, at economic facilities. Extinguishes the flames
using water from its tankage and from the reservoir. Fire module UPM-300 is built into any type
of transport or on a passenger trailer (Fig. 3).

Fig. 3. Universal Fire Module UPM-300

For the supply of water used resource or tankage. In order to save water, a high-pressure
installation is used, which is more effective when eliminating a fire in conditions of poor
availability of liquid. The volume of a tank of 300 liters is enough for more than half an hour
of uninterrupted work (Fig. 4).
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Fig. 4. Layout options of the technical complex by the UPM-300 module with an additional tankage for water
Buoyancy module

Inflatable floats allow you to move on the water due to the rotation of the wheels. Very
convenient, comfortable, and most importantly, a quick way to cross the reservoir on a quad bike

(Fig. 5).

Fig. 5. Inflatable balloon floats

The model of a float for the quad bike is made of the thickened PVC fabric with six dot
fastening. Basically, instead of glue, PVC welding is used for high reliability and durability
of seams. Fastening half rings made of durable plastic.

Removing and installing the whole set takes no more than 10-15 minutes. Suitable for any
model quad bike. Pumping can be done through the use of exhaust gases.

In recent years, unmanned aircraft has received great development. The use of unmanned
aerial vehicles provides the ability to detect fires in remote places (Fig. 6).

UAYV should be built on a base of multikopter with 4 engines with frame size F450 and
arrangement of QUAD X motors.

As a module of the technical complex, it is proposed to use a set of a light UAV based
on a quadcopter. Existing foreign devices are quite expensive, below are suggestions for assembling
a UAV from the available components.

As the basis applied X-shaped scheme based on the finished frame. The frame is national
team, the basis is cloth-based laminate and the rays are plastic. The scattering of the rays is 500 mm.
This frame size is optimal in terms of the ratio of mass and carrying capacity of the device.

As a flight controller, it is proposed to use ArduPilotMega (APM) 2.6. This controller allows
the implementation of various flight modes. MissionPlaner software can be used to build patrol routes.
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Fig. 6. General view of the UAV

The layout of the module and the location of the technical complex

Packaging of the module is supposed in a special shockproof box. Box ensures the safety
of equipment during transportation and allows for the storage and deployment of the complex upon
arrival at the place of start.

The possibility of using modular technical complexes is due to their versatility,
the possibility of completing for specific tasks, relatively low cost, compactness for placement.

As a placement for the complex, at using voluntary fire brigades, any stall of at least 18 m?
area can be used. To ensure effective use in the winter period of time it is recommended to maintain
a positive temperature in the stall.

Within the framework of the reconnaissance of the territories of municipalities and adjacent
territories, it is proposed to use the Mission Planner software [2].

Using Mission Planner, you can create missions that can be used to create maps. In such
flight tasks, the copter moves back and forth like a lawnmower for photographing a given area.

As an example, consider the possibility of developing a flight task for carrying
out reconnaissance of peat fires in swamps located near the village of Yurino, Kimrsky District.

Forest fire ‘

o

/ Forest fire

Fig. 7. Analysis of possible threats to forest and peat fires in the village of Yurino
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Yurino village is located in the Kimry district of the Tver region. Surrounded by forests
and marshes. Water supply is define by several ponds of artificial origin with not equipped accesses
for fire equipment. The nearest equipped reservoir is located in the village Teplinovo about 3 km.

From the west and northeast there is the threat of forest fires, from the north of peat.

In the north, old turfary are located, which in the event of a fire represent a real threat
to the settlement.

With the help of Mission Planer, a flight task was created for monitoring and collecting
information on turfary. The height of the flight is 50 meters, to create a panoramic survey,
the height increases to 150-200 meters (Fig. 8-11).
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Fig. 8. Creation of a mission plan for the survey of the old turfary area near the village of Yurino,
Kimrsky District
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Fig. 9. Creation of a mission plan for the survey of the swamp «Clean Moss» near the village of Yurino,
Kimrsky district (first stage of the survey)
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Fig. 10. Creation of a mission plan for the survey of the swamp «Clean Moss» near the village
of Yurino, Kimrsky district (second stage of the survey)
The survey is carried out in several stages due to the limited life of the battery, ensuring
maximum access to the swamp.
Fire safety monitoring in the village of Yurino, Kimrsky district

ARDUPILOT ==

»nx

T ]
b 2 ¥ 8 noxxs ®

Fig. 11. Fire safety monitoring in the village of Yurino, Kimrsky district

The use of modular technical systems allows not only to save money when purchasing fire
equipment, but also to effectively carry out activities for the reconnaissance and extinguishing
of fires in settlement and adjacent territories. Also, these complexes can be used to conduct surveys
of territories.
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THE USE OF UNMANNED AERIAL VEHICLES
FOR THE MANAGEMENT OF EXTINGUISHING FIRES
AND CONDUCTING RESCUE OPERATIONS

S.V. lInitsky; P.V. Efremov.
Saint-Petersburg university of State fire service of EMERCOM of Russia.
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This article describes the international experience of using unmanned aerial vehicles to guide fire
fighting and rescue operations. The aspects related to management decisions based on the data obtained
as a result of the use of unmanned aerial vehicles in the emergency zone are considered in more detail.

Keywords: fire, emergency situation, unmanned aerial vehicle, management decision

In today's world, almost all spheres of public life are characterized by the use of new
technical developments that can simplify the activities of various services and departments,
including emergency services. Speaking of emergency services, of course, it is necessary to clarify
that the emphasis is on fire and rescue units. Firefighters and rescuers in all countries, regardless
of their technical equipment, are trying to adopt new technical developments that effectively help
to fight fires and eliminate the consequences of emergencies. One of such modern directions
of introduction of new technologies and developments is the use of unmanned aerial vehicles
in the emergency zone by the personnel of fire and rescue units.

At the same time, it is impossible to mention any particular country that could stand out
for its special experience in this matter. At the moment, all countries of all continents, where
emergency services and agencies are developed, are trying to update their fleet of unmanned
aircraft, buying new aircraft that can be used directly in the emergency zone. | would like
to highlight all the countries of the European Union, the United States of America, Canada, Israel,
China and a number of countries in the Middle East, which include the United Arab Emirates,
where unmanned aerial vehicles are used most actively. From the EU countries can also
be identified Germany, France, Switzerland, Sweden and Finland, as firefighters and rescuers
of these countries most effectively use unmanned aerial vehicles and also actively share their
experience with foreign partners around the world. It should not also be excluded from the list
and fire and rescue units of the Russian Federation, namely the forces and means of EMERCOM
of Russia. It is in the EMERCOM of Russia that ninety percent of all unmanned aerial vehicles that
are used in the emergency zone are in service.

On the basis of international and Russian experience with the use of unmanned aerial
vehicles, it is possible to identify the main types of emergency situations of natural and technogenic
character, in which you can use them:

— Forest fires;

— Natural disasters;

— Fires at large industrial facilities;

— Large road-traffic accidents;

— Fires and accidents in hard-to-reach area and remote regions.

As a rule, unmanned aerial vehicles are used to perform reconnaissance work, collect
information and transmit it to the managerial personnel, which is responsible for carrying out
firefighting or rescue operations. This is a very important aspect, as it should be understood that
at this stage of technical progress, all unmanned aerial vehicles can’t independently extinguish fires
or carry out any types of rescue operations, although research and development in this direction
is also actively conducted. It is possible that in the near future there will be more multifunctional
devices for a range of tasks, but so far widely distributed devices that collect and transmit
information to the managerial personnel.
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There is an international definition that applies to all unmanned aerial vehicles, regardless
of the country where it is used. An unmanned aerial vehicle is an aircraft that performs flight
without a pilot (crew) on Board and is controlled in flight automatically by the operator from the
control point or by a combination of these methods. Classified according to the following technical
characteristics:

1.By control type:

— Automatic control,

— By operator’s control from control point;

— Mixed control;

2. Maximum takeoff weight:

— Aiir code of the Russian Federation requires registration of UAV weighing more than 30 kg;

— The U.S. Federal aviation administration requires the registration of UAVs weighing more
than 0,55 pounds (250 g), and establishes a special procedure for obtaining permits for the use
of UAVs weighing more than 55 pounds (25 kg).

3. As intended:

— Reconnaissance;

— Attack (able to fire at the enemy on their own).

With regard to the appointment, namely the attack, it should be noted that they are used only
by the armed forces of various countries, and in emergency zones are used only intelligence,
standing on the arms of fire and rescue units. Based on the purpose, we can also distinguish two
large groups of unmanned aerial vehicles:

— Military;

— Civil (these include all devices that are in service of fire and rescue units).

Israel is a leader in technological developments in the field of unmanned aerial vehicles and
one of the largest manufacturers along with the United States, China and Canada. Between 1985
and 2018, 60.7 % of all exported unmanned aircraft in the world were produced in Israel. In second
place — the United States, which supplied 23.9 % of all drones exported during this period. In third
place — Canada (6.4 %). Major manufacturers of unmanned aerial vehicles in Israel are «lsrael
Aerospace Industries», «Elbit Systems» and «Rafael». The products of the above-mentioned
countries became the basis for the introduction of unmanned aerial vehicles and their subsequent
use in emergency services around the world.

In order to make the most correct and effective management decisions during
the suppression of major fires or the elimination of accidents and emergencies, it is necessary
to have a clear picture of what happened in the emergency zone and what threats remain.
For this purpose, it is necessary to have full information about the situation in the emergency zone.

In management in the area of emergency situations of natural or man-made, as well
as extinguishing a large fire are guided by the following principles of choosing the decisive
direction of fire extinguishing or emergency response:

1. If there is a threat to lives and health of people, all the forces and means are directed
to save people;

2. If there is a threat of explosion, collapse of structures or any emergency, chemical,
biological or radioactive radiation, forces and means must be directed to prevent a possible
dangerous situation;

3. If there is a threat of fire spreading, forces and means are directed to the adjacent premises
of the object covered by fire to prevent the spread of fire;

4. If there is a threat of fire spread to nearby buildings and structures to the object covered
by fire, forces and means are directed to prevent the spread of fire;

5. In cases where the described situations do not occur, the forces and means are sent
to extinguish the fires in the places of the most intense burning or to conduct priority rescue
operations.

Depending on the legal and regulatory documents of the emergency services and agencies
of different countries, the above-mentioned principles may be interpreted in different ways, but
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the essence of an effective management decision, on the basis of which the leadership
in the emergency zone is carried out, is the same for all countries.

When large fires are extinguished or emergency situations are eliminated, a headquarters
is established, in which senior officials are responsible for the overall management of all units and
General control. If there is a need to make some decision related to the organization of combat
units, but for a full understanding of what is happening, there is not enough so-called «Picture from
abovey, it may be decided to use unmanned aerial vehicles to collect information. As a rule,
the control point is located either in the headquarters itself, or not at a very great distance from it,
so that the head could get information one of the first.

Fig. 1. Remote control of the unmanned aerial vehicle near the conditional headquarters
of emergency response

All unmanned aerial vehicles, which are in service with fire and rescue units, are equipped
with video cameras of various resolutions and transmitters that allow transferring data from
the camera to the control point. Some devices are also installed to monitor the temperature
distribution of the investigated surface (thermal imagers), which allow you to find hidden fires from
above or to assess the areas of the most intense combustion. Getting information about
the dynamics of the fire, its direction and intensity, the head can take a more effective management
decision on the organization of fire and rescue units. Also, unmanned aerial vehicles can be used
to assess the situation in cases of chemical, biological or radiation accidents, and on the basis
of the data obtained to make a possible forecast of negative consequences.

Fig. 2. Preparing unmanned aircraft of the type for reconnaissance forest fire
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At the moment, the effectiveness of the use of unmanned aerial vehicles to perform the tasks
of emergency services and departments has already been proven, and no one even asks whether
it is necessary to introduce such experience or not. In all countries, firefighters and rescuers
are trying to find more effective ways to obtain data from the emergency zone, and it should
be recognized that at the moment the use of unmanned aerial vehicles is the most practical
and effective way.
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LIFE SAFETY

EVALUATION OF THE TOXICITY OF COMBUSTION
PRODUCTS OF POLYMERIC COMPONENT OF THE FIRE LOAD
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The article investigates the factors affecting the toxicity of the combustion products of the polymer
component of the fire load. The mechanism of influence of toxic combustion products on the human body
is analyzed. The influence of flame retardants on the toxicity of fire load combustion products was evaluated.
Physical and chemical methods and the main components of polymer combustion products are analyzed.
The composition of pyrolysis products of polyvinyl chloride and polystyrene is presented.
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The nature of hazards for personnel and personnel of fire departments in a fire is determined
by the action of several main factors: the impact of high temperature on the human body, the smoke
of space and the presence of toxic components in the combustion products. These circumstances
remain the main causes of death in a fire from time immemorial to the present day. At the same
time, there are certain trends: if earlier the main damaging factor was burns, which killed more than
60 % of the victims in the fire, at the moment their share has decreased to 20-15 %, while
the number of poisoning toxic components of combustion products reaches in some cases
up to 70-80 % of the total number of deaths, which most researchers due to the widespread use
in all sectors of production, construction and everyday life of various polymeric materials [1].

On the fire in a modern building, designed on the basis of the use of polymer and synthetic
thermal insulation and finishing materials, people are exposed to toxic components contained
in combustion products. The combustion products may contain up to 50-100 different types
of chemical compounds that can have a toxic effect on human organisms. So, in the process
of burning linoleum coating is the release of hydrogen sulfide and sulfur dioxide, during
the combustion of upholstered furniture, which provides for the use of polyurethane foam, there
is a release of hydrogen cyanide and carbon monoxide, and during the combustion of nylon fabrics
is hydrogen cyanide. However, the main cause of death in the fire remains carbon monoxide
poisoning (carbon monoxide — CO), which can reach 18-25 % of the total number of incidents
of intoxication causing death [2].

The combustion process of polymeric materials refers to complex physical and chemical
processes, which includes destruction, cross linking and carbonation of polymer chains
of the condensed phase, as well as chemical reactions of transformation and oxidation of products
in the gas phase, which are accompanied by physical processes of mass and heat transfer.

Carbon monoxide has no color, smell and, having a close density compared to air (0,96), has
a greater volatility. Carbon monoxide is dangerous for the human body because it is 200-300 times
more intense penetrates into the hemoglobin of the blood compared to oxygen, and this causes
a loss of the ability to supply the human body with oxygen from the red blood cells (red blood
cells), due to the affinity of carbon monoxide with hemoglobin. This explains the effect, in which
inhalation for 2-3 minutes of air, which contains at least 1 % CO, about half of the blood
hemoglobin, carrying oxygen, is converted into carboxyhemoglobin. Carboxyhemoglobin cannot
carry oxygen, and in the human body increases oxygen deficiency. There comes oxygen starvation,
tissue hypoxia, lost the ability to reason, a person becomes indifferent and indifferent, does not seek
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to avoid danger, there is a numbness, dizziness begins, depression occurs, there are violations
in the coordination of movement, and respiratory arrest should be fatal. The lethal outcome can also
occur in the process of breathing air, which contains only 0,3-0,5 % of carbon monoxide, even
if in the subsequent full medical care was provided. A significant proportion of deaths is due
primarily to the fact that the process of reverse decomposition of carboxyhemoglobin
is significantly slower compared to the process of formation. There is evidence that the period
of decrease in the concentration of carboxyhemoglobin in the blood during inhalation
of atmospheric air, depending on the conditions can reach up to 320 minutes. [3]

A special danger in the fire are polymeric materials. Various polymeric materials, as well as
products manufactured by their use, are classified as flammable and flammable. P. 2 GOST
12.1.044-89 (hereinafter GOST) [4] defines the fire and explosion hazard of substances
and materials as a set of properties that characterize their ability to arise and spread the combustion
process, as a result of which, depending on the speed and conditions of flow, a fire (diffusion
combustion) or explosion (deflagration combustion of a pre-mixed mixture of fuel with an oxidizer)
can occur. Polymers also meet the condition set out in paragraph 2.1.2 of GOST, i.e. can
be qualified as materials that have the ability to ignite under the influence of the ignition source
and continue to burn independently after its subsequent removal.

Polymer materials make up a significant part of the fire load during the combustion
of electric cables. Combustion of electric cables is accompanied by the release of a significant
amount of heat, which is determined by the specific heat of combustion of insulation materials,
cable sheaths and the mass of these materials contained in the unit length of the cable. As shown by
experiments on the combustion of cable flows in a cable tunnel, the temperature in the combustion
zone of cables with polyethylene insulation or paper-impregnated insulation reaches 1000—1200 °C.
At the same time, there is a significant amount of black smoke and other gaseous products, which
leads to reduced visibility and complicates the actions of personnel to extinguish the fire and
evacuate people.

In the process of destruction and combustion of cable shells, as well as polymer insulation
materials, there is a release of substances in the gaseous state, mainly Halogens (chlorine, bromine,
fluorine), as well as sulfur dioxide and other substances that, when combined with water vapor,
make alkaline or acidic solutions and have the ability to initiate corrosion processes in metal
structures and corrosion damage to electronic equipment. Despite the fact that the presence
of corrosion activity of combustion products does not directly affect the course of the fire,
it is desirable to take this factor into account when designing cables, since the corrosion effect on
metal structures and equipment causes additional damage from the fire, which in some cases
significantly exceeds the cost of burnt cables.

The Flammability characteristic of many polymers, especially for materials with a high
carbon content, implies that special safety measures are necessary when using these materials
in situations where there is a potential risk of ignition. The most cost-effective way to increase
the fire safety of many polymers is the introduction of such a material in the process of processing
a certain component that slows down combustion, the so-called flame retardant [5].

The most common components that can slow down the combustion of polymeric materials
and which are currently used include halogen-containing compounds (for example, phosphorus,
nitrogen), as well as a number of inorganic compounds.

It is possible to carry out a conditional division of existing flame retardants into certain
groups, namely:

— inorganic flame retardants based on aluminum hydroxide, magnesium hydroxide,
ammonium polyphosphate, red phosphorus and some others;

— halogen-containing flame retardants such as chlorine and bromine;

— flame retardants based on organophosphorus compounds;

— flame retardants based on nitrogen-containing compounds.

For many polymers, flame retardants are selected, which, when introduced into
the composition of the substance, make it possible to initiate the greatest effect on reducing
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Flammability. The use of such systems of flame retardants can mainly prevent or suppress
combustion processes through physical or chemical interaction in the gas or condensed phase. Table 1
shows the most popular flame retardants for a number of long polymers [5].

Table 1. Commonly used flame retardants

Polymer Name Recommqnded
concentration, %
Polyethylene Decabromodiphenyl oxide 21
Polypropylene Tetrabrombisphenol-A 6-15
Polyvinylchloride | Aluminum oxide trihydrate 60
Polyamide Aluminum polyphosphate 13
Epoxy resin Tetrabrombisphenol-A 18

It follows from table 1 that a significant proportion are flame retardants based on aluminum
hydroxide and halogen-containing compounds.

The most applicable are halogen-containing flame retardants, since the existing halogen-
containing compounds are combustion inhibitors. The effectiveness of halogen-containing flame
retardants increases in a number of F<CI<Br<I. the Most commonly used in the role of flame
retardants bromine and chlorine-containing compounds, as they give the optimal price/quality ratio.

It should be noted that chlorine-containing flame retardants released chlorine in a wide
temperature range, so the chlorine content in the gas phase is relatively small, and flame retardants
containing bromine, decomposition occurs in a fairly narrow temperature range. Fluor-and iodine-
containing compounds are not used as flame retardants, since fluorine-containing compounds
are ineffective, and iodine-containing compounds have low thermal stability during processing.

Chlorine-containing flame retardants contain a significant amount of chlorine, which
is manifested mainly in the gas phase. In addition, this type of flame retardants has high light
stability at low cost, but involves the introduction of polymer materials in significant concentrations
to ensure the required class of fire safety. Used mainly several types of chlorine-containing flame
retardants: chlorinated alkyl phosphates, chlorinated paraffin, as well as chlorinated cycloaliphatic
hydrocarbons. Under normal conditions, flame retardants of this class have a relatively low toxicity
and mild local irritant.

In the course of experimental studies, it was found that the specificity of the manifestation
of chemical processes in the flame exists in the form of the presence of a complex-spatial
distribution of the temperature of combustion products. In addition, the same complex spatial
distribution is necessary to describe the concentrations of the source and intermediate substances
and the products formed during combustion. Also, for most materials made on the basis of polymer
compositions, during their combustion, a huge number of different decomposition products
are characteristic, both in the condensed and in the pre-flame, gas region [6]. All this significantly
complicates the measurement and the formation of theoretical positions describing the combustion
processes of polymers, which would reflect the specifics of the analyzed systems. However,
the results of scientific research have allowed not only to establish some General qualitative
patterns, but also to offer analytical, experimental and computational and analytical methods
for assessing the toxicity of combustion products of materials, which since the end of the last
century entered into national and international standards. The physical and chemical methods used
are summarized in table 2.

Modeling of the combustion process of polymeric materials involves in accordance with
the requirements of GOST 12.1.044-89 using a special installation for testing the toxicity
of combustion products [7]. For the pyrolysis process, it is necessary to use a furnace-type reactor
with a constant heating mode, in the pyrolysis zone the required temperature is maintained constant
by heating from the outside. The sample under study, which is initially at room temperature,
is loaded by means of a special device into the pyrolysis zone, preheated to the required
temperature.
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Table 2. Physico-chemical methods and main determinants components

Method of determination Defined components
Gas chromatography using  [Hydrocarbons limit and unsaturated hydrocarbons, aromatic
different detectors. thoriated hydrocarbons alcohols, aldehydes, ketones
Ammonia, nitric oxide, acrolein, acetic aldehyde, hydrogen
Photoelectrocolorimetry chloride, hydrogen cyanide, acetic acid phosgen,
chlorine, formaldehyde, phenol, carbon oxide, ozone
Express method Carbon monoxide, hydrogen cyanide,oxygen
Spectrophotometry Carboxyhemoglobin, methemoglobin
Atomic absorption and atomic . L i
L Lead, mercury, cadmium, tin, zinc, arsenic
emission spectrometry

The pyrolysis process is carried out in a horizontally located electric furnace, inside which
a tubular reactor is located. The highest temperature inside such a rector reaches the limits
of 900-1000 °C. Inside there is a lock device that can supply a sample placed in a container having
the shape of a boat, which makes it possible to remove such a container from the space
of the Pyrolyzer without stopping the gas flow. The temperature inside the furnace can vary in the
range of 100-1000 °C with an error of temperature stabilization in the range of =5 °C. PAROLES is
held at certain temperatures oven: 200 OS 400 OS 600 OS. Nitrogen is usually used as a carrier gas.
Duration of pyrolysis process is usually set experimentally in the range of 10-30 min of Sample
material samples are selected in the range 0,04-0,08 g of Volatile products formed can be identified
using the methods of gas chromatography. Example hardware may be domestic gas chromatographs
«Cristallux-2000» or «Cristallux-4000» equipped with a module of detectors, such as DIP, ECD
or PF. In this case, the process of separation of pyrolysis products is based on the use
of chromatographic columns.

The results of the measurements presented in [8] show that for the pyrolysis temperature
of 200 °C in a nitrogen atmosphere, the mass reduction for materials made of polyvinide chloride
(PCV) over a time period of 30 minutes was in the range of 0,8-3,6 %. The main products, which
are formed as a result of pyrolysis, in this situation becomes the hydrogen chloride fraction
and phthalate plasticizers, diffusing from the heated polymer. If the temperature exceeds the value
of 400 °C, the main results of the pyrolysis of PCV materials are aliphatic hydrocarbons, as well
as benzene and materials characteristic of the matrix PCV and phthalate plasticizers, which
is confirmed by the results of the experiment in pyrolysis of plasticized PCV materials. The results
of the experiment during the chromatographic analysis of the composition of pyrolysis products
of PCV materials at a temperature of 400 ° C are shown in table 3.

Table 3. Composition of PVC pyrolysis products at 400 °C

The weight Mass loss Content, %
of the portion, o | Aliphatic Benzene Aromatic Gallic
gr ° compounds hydrocarbon | hydrocarbons

0,052 39,7 35,4 20,57 22,38 6,77
0,082 41,4 36,51 21,51 24,52 6,53
0,043 43,8 38,35 19,53 18,95 9,18
0,072 43,4 8,47 65,29 1,42 19,45
0,064 42,6 7,56 65,6,4 1,31 12,88
0,065 47,8 13,19 60,98 1,68 14,15
0,056 52,7 14,12 10,10 1,52 37,72
0,062 57,5 10,48 10,99 1,25 42,43
0,052 53,1 9,49 8,18 1,03 45,91
0,055 49,1 54,22 8,11 0,83 19,75
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The data given in table 3 suggest that at fixed temperatures, in addition to the process
of destruction of the polymer material, a certain process of resynthesis of the reaction product
occurs with the release of aromatic and aliphatic hydrocarbons. In this case, polymers with multiple
bonds are formed to a small extent, since such processes become non-reactive and under the action
of a hydrogen chloride medium, organochlorine compounds are mainly synthesized.

When exceeding the temperature value of 600 °C, the destruction processes occur with
greater intensity in comparison with the temperature of 400 °C, while the number of synthesized
compounds and the concentration of formed organochlorine compounds decreases, but
the concentration of synthesized benzene, aliphatic hydrocarbons and hydrogen chloride increases.

During the modeling of the combustion process of materials made on the basis
of polystyrene in the installation for the study of toxicity of combustion products are different
combustion products. The test results of such materials are presented in table 4 [9]:

Table 4. Content of components of combustion products polystyrene materials at 400 °C

Content of components

2 5 S | &
2] o S @ 2 S —= — 3 <
E88|l | 2| =|5|28|€| 2| £| 8| 3|8
% Z: -g s s X [92] 8 = o m < g D

= ok g =
1|74 197 (1,27 |108 |76,7 | 1,14 |0,10 | 0,03 | 0,69 | 0,70 | 2,70 | 0,19
21 355 (103|276 | 170 | 57,8 | 11,2 | 0,06 — — 0,12 — —
31287 |281)| 144 | 806|644 | 492 | 0,09 | 0,47 | 0,05 | 0,44 | 0,01 | 0,02
4 | 432 | 752 | 0,75 031 | 751 | 1,08 — — — 0,41 — —

1 — thermal insulation system «Cerezit»

2 — thermal sound insulation material «Polifoamy

3 — extrusion polystyrene foam

4 — products cement-polystyrene with filler <cPOLITERM»

When pyrolysis of polystyrene plastics in the temperature range 200-400 °C the main
product is styrene. When heating up to 750 °C can form a range of degradation products
of polystyrene, mainly such products are aromatic hydrocarbons. The amount of monomer styrene
in the combustion products of polystyrene materials also increases with increasing fire temperature.

Thus:

1. The toxicity of PVC combustion products is mainly due to the presence of carbon
monoxide and hydrogen chloride.

2. In the combustion products of polystyrene both at the initial stage of the fire (400 °C), and
during its development (700 °C) there is monomer styrene, as well as aromatic hydrocarbons,
the presence of which must be taken into account when designing the smoke removal system.
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DIALOGUES WITH SPECIALISTS

PUBLIC-PRIVATE PARTNERSHIP AS A FACTOR
OF ECONOMIC SECURITY OF RUSSIA

V.A. Shchelakova; A.B. Salmanov.
Saint-Petersburg university of State fire service of EMERCOM of Russia

The experience of using forms and models of public-private partnership in foreign countries
and the possibility of their application in Russia are studied. The classification of forms of public-private
partnership used in Russia and presented in domestic studies is analyzed. Based on the analysis of the world
practice of public-private partnership projects, it is proved that their most promising form
for the development of transport infrastructure is contract forms.

Keywords: public-private partnership, models of public-private partnership, classification of forms
of public-private partnership, contract forms of public-private partnership, financing mechanism of transport
infrastructure

Public-private partnership some economists — researchers formulate as forms of participation
of business structures in the solution of problems of the state scale, thus carried out mainly
at the expense of budgetary funds. Of course, such a narrow interpretation of public-private
partnership is not quite correct, although not groundless. After all, as the practice of implementing
public-private partnership projects shows, Russian business often attracts in such a partnership only
the possibility of using budgetary funds, which, of course, can not but affect the quality
of the implementation of these projects.

In this regard, other approaches to the interpretation of the concept of public-private
partnership, which may include other forms of resource allocation of partnership participants, also
require analysis.

Willisov M.V. [2] defines public-private partnership as a legally formalized for a certain
period mutually beneficial cooperation of bodies and organizations of public power and private
business entities in relation to objects in the sphere of direct public interest and control, involving
the distribution of risks between partners, carried out for the most effective implementation
of projects of important public and public importance.

Source: compiled by the authors.

Varnavsky V.G. [1] gives the following definition: «Public-private partnership is an institutional
and organizational Alliance between the state and business (business structures), aimed at achieving
common economic goals, to solve urgent social and economic problemsy.

Public-private partnership provides the investor not only attractiveness, but also safety
of investment in the investment project. At the same time, the state has the opportunity to develop
a strategically important area in which the project is implemented.

At the same time, both partners benefit from participation in joint projects, receiving certain
advantages (fig. 1).

In the system of partnership, the state plays the role of initiator and guarantor. Fig. 2 and 3
present possible forms of public sector participation and support for partnerships, as well as forms
of business participation.
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Advantages of partners from participation
in joint projects

—

State benefits

!

— attracting private investment to create
investment and innovation infrastructure;
—a decline in economic and financial risks
in implementing investment projects;

— ensuring  faster infrastructure
development and the ability to provide
better services;

— attracting not only the funds of the
private partner, but also the use of his
experience in the field of investment and
innovation.cHmxkaroTes: pacxo/pl OromKeTa

\Hapeanmaumo MIPOEKTOB /

/increase of economic and social
efficiency of investment projects;

.

Advantages of the private sector

ﬂew investment opportunities and \
therefore new sources of income;

— state protection and assistance in the
implementation of infrastructure projects
with high expected results and numerous
risks;

— state guarantees on investment projects
and their co-financing;

— the possibility of obtaining subsidies
for long-term investment;

share participation and, accordingly,
share responsibility for the
implementation of the PPP project;

— opportunities for dialogue with the
Qussian Government /

Fig. 1. Advantages of partners from participation in joint projects

Form of state participation in support for public-private partnerships:

— direct budget financing;
— the state trust loans and bonds;

— budgetary subsidies and loans to date valuable interest rates on commercial credit;
— the granting of a social tax credit and tax benefits;

— state investment insurance;

— preparation of comfortable inclusion in the Federal target;
— program of inclusion in the Federal targeted;

— investment program of state guarantees;

— subsidizing interest rates on commercial loans;
— inclusion in the Federal targeted investment program.
Forms of private sector participation in public-private partnerships:

— the delivery of goods for state needs;

— civil contracts for works and technical services;

— contracts of technical assistance;

— management contract, leasing;

— concept and the partnership of the type of construction management;

— tenure compatible with the enterprise given by the state in the share of private capital,

— concession type of construction, own, operate, transfer;

— concession type design;

— the partnership-type construction-management domains;

— sub-contract.

In order to improve the mechanisms of financing public-private partnership projects
in the Russian Federation, it is necessary to conduct research on financial models of public-private

partnership in foreign countries.
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Yescombe E. in their study proposes the following classification of forms of public-private
partnerships for infrastructure development (fig. 2) [3].

The analysis of the world practice of application of various forms of public-private
partnership allowed Russian researchers to offer a wide range of forms of public-private partnership
depending on the selected criteria of classification and the degree of detail.

Public projects Private projects
Public-private partnership
Type of contract | State order | Franchise DBFO BTO BOT BOO
Construction State State Private Private Private Private
Operation State State Private Private Private Private
Private, Private,
Property State State State at construction, |at construction, Quotient
further — the state further — the state
Who pays State User State State State or user Private,
or user or user state or user
Who pays — Private Private Private Private Private

Fig. 2. Classification of public-private partnerships for infrastructure development
Source: based on Yescombe, E.R. Public-Private Partnerships: Principles of Policy and Finance //
Butterworth- Heinemann/Elsevier, Oxford, UK 2014, P.12, nepesoo c anen. asmopos

Transport strategy of St. Petersburg until 2025

State program of St. Petersburg
«Development of transport system of St. Petersburg for 2015-2020»

Separate objects of transport infrastructure

Project requirements Algorithm for selection ’ | Requirements for

by the state and evaluation of project the project on the part
Performance criterion: L effectiveness J of the investor

— socio-economic; Performance criterion:
— budgetary; Choice — commercial

— commercial of (financial)

(financial) implementati

Detailed project structuring, re-verification of the effectiveness peanusauum npoekta

Tender procedure

Project implementation

Fig. 3. Evaluation of the effectiveness of investment projects on the example
of transport infrastructure of Saint-Petersburg
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The main problems that have developed in the field of interaction between the state and
business in the implementation of projects created on the principles of public-private partnership.

Problems of inefficient interaction between the state and business in the implementation
of projects created on the principles of public-private partnership:

— limited scope of opportunities, unequal status of partners;

— lack of a strong regulatory framework for the interaction of the parties;

— lack of project management, leading to inefficiency in the development of funds;

— lack of state participation in decision-making at the stage of operation of projects;

— lack of competition between projects.

When choosing options for implementing a large infrastructure project at the expense
of budgetary funds, it is necessary to conduct a comparative assessment of the economic efficiency
of the results:

— traditional version of the project — public procurement;

— alternative implementation of the project — public-private partnership.

We will consider the assessment of the efficiency of investment projects on the example
of transport infrastructure of St. Petersburg (fig. 3).

The investment project (on the example of an infrastructure project) can be implemented on
the basis of a comprehensive contract that combines several stages of the life cycle of the object,
both with the involvement of private investors, and without extra-budgetary financing.

Project profitability

Level of profitability l Example (transport industries)
A possible scheme |

| of realization of the project
4 N\

No income. Projects are | Free roads ]
unprofitable. e ] N |
\ J Government order or life cycle
| contract Toll roads with low traffic, sea
Income does not cover ) ~ g ports with low cargo
oges Tepojer | | N I
is beneficial only with Concession with the participation andppassenger raffic g
the support of the state ) of the state in the construction
) I . L of the faclllltv ) |
Projects are profitable S .
L ) Concession (return on investment Toll rrtoadns dWIitrh h:?h\,:[,r,?;f;ﬁ 'F‘]ea
to the private investor fpo_ Sh? ; ports i f?.
- N at the expense of income from L reight and passenger trattic
Projects with high the project) |
profitability \ / ( . .
L ) ' ~ Toll roads with very high
Concession or LCC (revenues traffic
from the object come to the state N
budget)
N J

Fig. 4. Shows the possible options for the implementation of the investment project
for the development of transport infrastructure, depending on its profitability

In the first case, the payment under the contract takes into account the cost of the attracted

financing, i.e. compensates private investors for their expenses for the implementation
of the infrastructure project.
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The second option does not involve compensation by the state for the cost of financial
resources and reimbursement of investment costs.
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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 30000 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 — Lieutenant General Chizhikov Eduard Nikolayevich.

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, 2 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;

— Economics and law;

— Training and retraining of scientific and pedagogical staff.

In the university are created:
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— 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.

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,
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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
Plus», «Garant», «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 «lrbis» 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.

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.
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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
of humor between Emercom units, annual professional and art competitions «Miss Emercomp,
«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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