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OI'BOY BO «Ypansckuii rocy1apcTBEHHBIN YHHBEPCHUTET IyTel cooOIIeHns», T. ExatepuHOypr,
yi. Kommoropoga, 66, Poccus

COBEPHIEHCTBOBAHHME METOJ0OB PEKYJIbTUBAIIUMU I10YB,
SAT'PABHEHHbBIX HE@TEINPOAYKTAMU

AHHOTANUA

Pabora oTHOCHTCS K chepe IKOJIOTHH U TEXHUIECKUX HaYK,
a HUMEHHO K MeToJaM JIMKBUIALMH  TOCIEACTBUI
Ype3BBIUAHHBIX CHUTyallMHd, HPOUCXOMAIINX C pas3iIMBaMH
HedTenponykToB. B pesymprate 3arps3HeHnss He(THIO U
HedTenpoxykTaMu KOMIIOHEHTOB 9KOCUCTEM yepes
BO3/YIIHYIO, BOJHYI0 U IIOYBEHHYIO Cpelbl IMPOUCXOJUT
MOCTYIUICHHE 3arps3HUTENCH B OHMOJOTMYECKHE LUKIBI U B
OTHCNbHBIC  JKUBBIC  OpPraHU3MBI, HUX  JaJbHEHIas
TpaHCOpMaIysi, AaKKyMyJSIIMs, IepepaclpeneiicHie Hu
nepemenieHue. [IpoBeneHHbIE TEOPETUYECKUE HCCICAOBAHUS
MOKA3bIBAIOT, YTO CYIIECTBYET 3aBUCHUMOCTh TJIyOWHBI
NPOHNKHOBEHHSI HE(TEIPOLYKTOB M MOYBEHHBIX TOPH30HTOB,
HUMeeTCst BO3MOXXHOCTh OTCIIC)KUBAHHUS JTMHAMUKH
NPOHUKHOBEHHSI He(TENPOIYKTOB B MOYBEHHBIE 00pasusl B
X0#e JalbHEHIIMX  HCCIeNOBaHWMK  OyaeT ImocTpoeHa
MaTeMaTh4eckass MOZETb [UIi  ONpENeTCHUS  TIIyOWHBI
MPOHUKHOBEHUsI HEPTEIPOAYKTOB B IIOYBY HAa OCHOBAaHHHU
HCXOIHBIX JaHHBIX.

1. OCHOBHAS YACTb
1.1 BBenenue

CornacHo CTaTUCTHYECKMM JaHHBIM  €¥KETOJHO
MPOUCXOJAT aBapuH, B Pe3yJIbTaTe KOTOPBIX HAHOCUTCSA
YPOH 5KOJIOTHH TIJIAHETHI, OJHUM M3 TJIaBHBIX (PaKTOpOB
SBIISIETCA 3arpsi3HEHNE HeTenpoayKTaMu. B pesynbprare
He(pTSHOTrO 3arpsi3HEHUs] YMEHBILAETCS YHUCIO BHJIOB
pacTeHmii, oOliee NPOEKTUBHOE TOKPHITHE BHIOB H
MPOAYKTUBHOCTH (hPUTOMACCHl HAIlOYBEHHOTO ITOKPOBA,
MIPOUCXOJUT MEPECTPOMKa B BUIOBOU CTPYKTYpPE KUBOT'O
HAIlOYBEHHOTO TIOKPOBA, M3MEHSAETCSI COOTHOILICHHE
BUJOB U Ipynn pacTeHui [1].

Hayunsie HCCIIEIOBaHUS 1o HOBBIIICHUIO
3¢ PEKTUBHOCTH OYUCTKH KOMIIOHEHTOB OKpY’)KaloIlei
cpenbl OT 3arps3HeHHs HeThIO M HedTenpoxyKTaMH,
ABJISIIOTCSL  aKTyaJlbHBIMH W HMEIOT  OOJIBIIYIO
MPAaKTUYECKyI0 W HKOHOMHYECKYIO 3HAYHUMOCTH, IPH
3TOM  HEOOXOAMMO  YAeNsATh ocoboe BHUMaHUE
CpeIcTBaM H  MaTepHaiaM, IPHUMEHSAEMBIM IIpH
PEKyIBTHBAIINY HE(PTe3arpsI3HEHHBIX ITOYB.

B ucropun HedTerazoBoW OTpaciM HACUUTHIBACTCS
18 xpynHEHmNX pa3nuBOB HEPTH B MHpPE B MEPUOJ C
1910 mo 2020 rox wu 15 xpynHeilmux aBapwuii,
IIPOU30LIEIIINX Ha  TEPPUTOPUHU Poccuiickoit
OQenepaun ¢ 1994 no 2022 roma. OCHOBHBIMHU
NpUYMHAMHE aBapuid € pa3uBaMH HEPTEHpPOIYKTOB
SBIISIIOTCSl AKCILTyaTallMOHHbIE U aBapuiiHble. Bropyro
NPUYUHY CO3MAI0T CTHXHUKWHBIE OC/ICTBHS, II03TOMY
n30exaTh WX BIMAHUS HEBO3MOXHO. IlepBas xe
NpUYMHA BBI3BaHA YEJIOBCUECKMM (AKTOPOM WM

HEHWCIPABHOCTBIO  HCIOJIB3YEMOTO  00OpYZOBaHUS,
OTBETCTBEHHOCTH 32 KOTOPOE TAKXKE JIEKHUT HA JIFOMSX.

1.2 AKTyaJILHOCTh

B coBpemenHOM wMmpe mpoOiieMa 3arpsA3HCHUS
OKpyXaromiei cpenbl HePTbIO M HEPTENPOLYyKTaMH
SBIISIETCS. BAXKHOM HE TOJBKO Ui PErHOHOB, TIE
MOOBIBAIOT W mepepabareiBatoT  HehTh.  [lpu
TPAHCIIOPTUPOBKE  TOpPIOYE-CMA30YHBIX  MaTepUajoB
OPOMCXOIAT Pas3iuBbl HE()TH B pe3ysbTaTe aBapuil.
OO0BeKTamMu MOTEHIINATBHON IKOJOTHIECKON OMACHOCTH
HepTe3arps3HEHUH Takke MOTYT OBITh TOIUIMBHEIC
CKJIansl, HedTernepepabaThIBaonIie 3aBOABL. Bee 310
CO3/IaCT BBICOKHHA YPOBEHb OMACHOCTH HE(PTIHBIX
3arpsi3HeHui Ha Tepputopun Poccuiickoit denepanuu.

HedtaHoe 3arpsasHeHme mpeAcTaBiIseT coOOU
MHpPOBYIO ONACHOCTh, KaK IO MaciitabaM, Tak H IO
TOKCHYHOCTH, IPOHMCXOIAWT TUOETh  OPraHU3MOB,
OTpaBJICHHE U JETPaJalusl TIOYBBI.

Ho6biuy Hedtu mpoussoasat B 80 cTpaHax Mupa, Ha
JAHHBIH MOMEHT OHA 3aHUMAET JUAUPYIOIINE MO3ULINN
Ha MUpPOBOM pbiHKe ToImmuBa. Ha nomo Pocculickoit
Oenepanun npuxoaurcs 6,1% mMupoBbiX 3amacoB. B
HedTenepepabaTHIBAIOMIE  MPOMBIIUICHHOCTH — JOJIS
Poccun cocraBnsier 17%. BaxHOW mMONOXUTEIBHON
TEHICHIMEed B HacTofAlmee BpeMs B He(TEra3oBoi
OTpaciy SIBISETCS MOBBIIICHAE YPOBHS SKOJIOTHICCKOM
0e30MacHOCTH. 3arpsi3HEHHE MOYBH YTIIEBOIOPOIAMH
HETU CHNOCOOHO MPUBOJUTH K TOTEpPE 3HAYMTEIHHBIX
TI0IIAJEN CEeIbCKOX03IUCTBEHHBIX 3€MEb.

3arpsi3HEHHE OKpYKarolled cpenbl HEPThIO H
HeTEeNpOAYKTaMHd  HapymaeT ¢  yrHeTaeT  BCe
JKU3HEHHBIE TIPOILIECCHI: TMOJABIISAETCA JbIXaTelbHas
AKTUBHOCTh M MHUKPOOHOE CaMOOYHIICHUE, H3MEHSACTCS
€CTECTBEHHOE COOTHOILIEHUE YUCJIEHHOCTH
MHUKPOOPTaHU3MOB W HAIpaBJICHHE OOMEHa BEIIECTB,
MPOUCXOJUT HAKOIUIEHHE 3arps3HSAIOIIMX BEUIECTB B

BUJIE TPYIHOOKHCISIEMBIX MpOAyKTOB. B  30Hax
TEXHOT'€HHOT'O BO3JICHCTBUS OCHOBHasl Macca
MTOCTYTIAIOIIETO 3arpsS3HeHUs He(DTHIO u

He(TEeNPOaYKTaMH, KaK MPAaBUIO, HAXOTUTCSA B CHCTEME
«arMmocdepa-ruapocdepa-negocepa», a IMEHHO B TPEX
KOMIIOHEHTaX 3KOCHCTEM: IPU3EMHBIH CII0i1 aTMOchepsHl,
TOBEPXHOCTHBIE BOJBI W TIOYBEHHBIH MOKpoB [2]. B
pe3yabpTaTe 3arps3HeHUs] HePThIO M HePTENPOLyKTaMH
KOMIIOHEHTOB DKOCUCTEM U€pe3 BO3IYIIHYIO, BOJHYIO U
MOYBEHHYI0  CpeAbl  MPOUCXOAUT  TOCTYIUICHHUE
3arpsi3HUTENCH B OMOJIOTMYEeCKUE IIUKIIBI U B OT/ICIIbHbIC
JKMBBIE OpraHU3MBI, WX AalbHelInas TpaHcdopmanus,
aKKyMyJISILIUs, IepepaclpeielieHUue U IepeMeleHHE.



Ha cerommsimiHmii  fgeHp  Haubojee  LIMPOKO
OpUMEHsIeMbIC TSt 00e3BpeKUBAHHS
He(Te3arpsA3HEHHBIX [OYB CIIOCOOBI OYUCTKH HMEIOT P
OMpENEeNeHHBIX ~ HENOCTaTKOB:  HE  MPOUCXOMIUT
«YTUIH3aUMsD — 3arpsA3HSIONINX — BELIECTB, KOTOpPHIC
OCTAIOTCSl NPAKTUYECKH B HEH3MECHHOM BHAE, OO B
nporecce 00e3BpeKUBAHU OCYIIECTBIISECTCS

HEraTUBHOE BO3JIEHCTBUE HA KOMIIOHEHTBI OKPY KatoLen
cpensl, Owonormdeckuit ymepd OT KOTOpOro B
HEKOTOPBIX CIOydasX OKa3blBAacTCs OOJNBINE, YeM
BO3MOYKHBIH OT 3arps3HeHUS He(ThIO [3].

Ha ocHOBaHMM BBIIIEU3IIOKEHHOTO CIIEAYET, 4YTO
Hay4HbIe HCCIIeIOBAaHUS o TIOBBILIEHUIO
3¢ PEKTUBHOCTH OYUCTKU KOMIIOHEHTOB OKpY’ Karollei
Cpeabl OT 3arps3HeHHs HeThIO M HedTEeNnpoayKTaMH,
SBJISIIOTCSL  aKTyaJbHBIMH W UMEIOT  OOJIBIIYIO
NPaKTHYECKYI0 U DKOHOMHYECKYI0  3HAYMMOCTb.
HccnenoBanue TiyOWHBI NPOHUKHOBEHHS HE(PTH B
MOYBEHHHOM TpOQIIe MO3BOJIHUT 1MON00paTh Hamboiee
3¢ PEKTUBHBII METOJ] PEKYIbTUBALIUH 3€MEITb.

1.3 leab npoBeaeHus UCCIeJ0OBAHUS

OCHOBHOW meNpI0 JaHHOW paboTHl  sBISETCS
COBEPIIEHCTBOBAHUE METOJIOB PEKYJIbTUBAIUU TIOYB,
3arpsA3HEHHBIX HE(PTENPOAYKTaMHU 3a CYET Pa3padOTKH
MaTEeMAaTHYCCKOW MOJIENH JUIsl OTPEACICHUS TIIyOHHBI
MPOHUKHOBCHHUS  HEPTENPOAYKTOB B  IOYBCHHBIC
TOPU30HTHI HA OCHOBAHHUH UCXOHBIX TaHHBIX.

1.4 3apaun

Jlnst ToCTHKEeHUS TIOCTaBICHHON IeTIM HEOOXO0ANMO
PELINTH CIIEYIOIIe HayqIHbIC 3aJauH:

1.  BemonHUTH aHaIH3 JIUTEepaTypHBIX
MCTOYHHMKOB 00 MMEIOIIMXCSI METOAAX PEKYJIbTHBALIMN U
CTAaTHCTHKE aBapHii C pa3IMBaMu HEPTEIPOTYKTOB.

2. Ilposectn aHaJM3 XapaKTEePUCTUKH
VYpanbckoro QeneparbHOrO OKpyra.

3. BomonHWTH  KaMmepaibHBIE M TIOJIEBBIE
MOJICTIbHBIE OKCIIEPUMEHTBI 110 HM3YYEHHIO TIJIyOHHBI
MIPOHUKHOBEHUSI HEPTETIPOAYKTOB B ITOUYBY.

4. TlpemnoxuTh MaTeMaTH4YECKyI0 MOJAETb JUIA
OIIpeIeICHUS ITyOUHBI MIPOHUKHOBEHHS
He(pTEeNmpOAYKTOB B TMOYBY Ha OCHOBAaHMM MCXOJHBIX
JTaHHBIX.

5. IIposectu OIBITHYIO SKCILTyaTalun
MaTeMaTHYecKOi MOJeN 10 IOCTPOEHHI0 Trpaduka
MPOHUKHOBEHHUS HEPTEIIPOILYKTOB B IIOYBY.

1.5 Meromo/10rust ¥ METOAbI HCCJIETOBAHMS

OObekTaMu  HCCIeNOBaHUS B JaHHOM  ClIydae
SBISIFOTCS TyOMHA MPOHUKHOBEHHS HE()TETIPOIYKTOB B
nmouBy. [ryOMHa TPOHWKHOBEHHS HE(TETPOTYKTOB B
TMOYBY OIIPEACIIACTCA B XOA€ KaMCpPaJbHBIX U IOJIEBBIX
WCCIIEIOBAaHUM HA  TpHUMEpE  pa3jMyHBIX  BHJOB
HE(TENPOAYKTOB B 3aBHCHMOCTH OT HX O0BeMa H
HCCIIETyeMOI0 BPEMEHHOTIO MTPOMEKYTKA.

B ocHOBYy pa0OTBI TOJOXKEHBI TEOPETUYCCKUEC H
JKCIICPUMCHTAIBHBIC UCCIICIOBAHUS B JIJAOOPATOPHBIX U
MOJIEBBIX yCIOBUSIX. JIJis pelieHusi MOCTaBICHHBIX
TEOPETUYECKUX 3a/lay UCIOJIb30BaHBl METOMABI: JOTHKO-
AQHAJUTUYECKUM, CHCTEMHBIN, CTPYKTYPHBIN aHAJIU3.

3KCHepI/IMeHTaHLHHe HUCCIICAOBAHUA 6yZ[yT
IpOBOAUTCA B HaGOpaTOpHLIX " MOJICBBIX YCJIOBUAX C
MNPUMECHCHUEM MCTOJ0B Ha6J1}O,HeHI/IH, OKCIICPUMEHTA U
CpaBHCHUSA UMCIOLINXCA PE3YJIbTATOB UCCIICIOBAHUA.

2.AHAJIM3 ITIOYB YPAJIBCKOI'O
OEJEPAJIBHOI'O OKPYI'A, ABAPUH C
PA3JINBAMU HE®TENIPOJAYKTOB

IIposeneHo TEOPETHYECKOE HCCIIEIOBaHHE
Ka4eCTBEHHON XapaKTEPUCTHKH MOYBBI M 3€MEIbHBIX
pecypcoB  Ypameckoro  (emepampHOrO  OKpyTa,
MOKa3bpIBaIOIIEe, 4YTO Ha  TEPPUTOPUU  OKpyra
OTMEYAIOTCS TpPAKTHYECKH BCE BHJIBI Jlerpajaliu
MOYBEHHOT0 MOKpoBa [4]. Mmeromumecs ucciaeaoBaHus
peKyIbTUBALUU HedTe3arps3HEHHBIX 3eMeb
MOKa3bIBAIOT, 910 riyOunHa MIPOHUKHOBEHUS
HeTEPOAYKTOB B TIOYBY SIBISIETCSI aKTyaJbHOW JUIs
H3y4YEHHs], TaK KaK B X0JI€ PEKyIbTUBALIUU IPUMEHSIIOTCS
TOJIBKO  MEXaHWYECKHe,  (U3UKO-XUMHUIECKHE W
OMOTIOTYECKUE METOIBI.

Craructuka aBapuii ¢ pa3iauBaMy HE(TETIPOLYKTOB B
nepuof ¢ 1910 mo 2020 rox B MupoBoii uctopuu u ¢ 1994
no 2022 rox Ha Tepputopun Poccuiickoit denepaunu
MO3BOJISIET MOHATh, YTO MAacIITad Yrpo3sl AJIS JKU3HU U
3/I0pOBbsI HAaceJeHHS CTpPaHbl BO3pPAcTaeT C KaxIbIM
JTHEM, MOCKOJIBKY KOJINYECTBO aBapuii,
CONPOBOXKAAIONIUXCSA  3HAYUTEIBHBIMH  Pa3IUBaAMU
HedTH, eXKEroHO BO3pacTaer.

3. METOJUMKA HCCJIEJOBAHUSA I'TYBHUHBI
INPOHUKHOBEHUA HE®TEINPOAYKTOB B
HOo4YBY

3arpsi3HEHHE TOYBBl HE()THIO M HE(PTEIPOIyKTaMHU
MPUBOANUT K MHTEHCUBHOHN TpaHC(HOPMALUU MOYBESHHO-
FEOXMMHUYECKUX MPOLECCOB, MPOUCXOIUT 3aCOJCHHUE,
TyJIpOHU3alKs, OTAKbIpUBaHHE U T.J. B CBs3M ¢ 3TUM,
pa3paboTka criocoO0B OYHCTKH MOYBBI OT 3arpsS3HEHUS
YIJIEBOAOPOAaMHU HE(TH — OIHA W3 BaKHEHIIUX 3a1a4
NpHU PEIIeHUH TPOOJIEMbl CHUKEHHSI aHTPOIMOTEHHOTO
BO3JIEUCTBUS HA OKPYIKAIOIIYIO CPELy.

B mHacrosmee Bpemsi cpenu Hambosiee IIMPOKO
pactpoCTpaHEHHBIX METOJIOB JIMKBUAAIMHM HE(TIHBIX
3arpsi3HEHUH MOYBBI MOXKHO BBIJIEIUTH MEXaHUYECKHUE,
(U3NKO-XUMHYECKHe W OHOJIOTHYEeCKHE  METOMEIL.
HUccnenoBanue LTy OUHBI [IPOHUKHOBEHUS
HEe(TENPOAYKTOB B TIOYBY SBJSIETCS HEOTHEMIIEMOM
YacThI0 METOJOB JIMKBHIAINN HE(TSHBIX 3arpsi3HCHUMH,
TaK KakK II03BOJIAET YMEHbBIIUTh CHUMAaEMbIH CIOH
NIOYBOI'PYHTOB, B YaCTHOCTH IUIOJOPOAHBIA  CIOU
MHUHUMaJIbHOU TonmuHONW 50-70 CaHTUMETpPOB, W €ro
JlaJTbHEHIINN IEpeHOC C MECTa aBapHuHu.

Omnpenenenne TITyOWHBI MIPOHUKHOBEHUS
He(QTENMPOAYKTOB B TMOYBY MPOUCXOAUT B  XOJE
MPOBEJIEHUSI KaMepaJlbHbIX M IMOJEBBIX HCCIIEJOBAHUMN.

Beibop mouBBI AN NIPOBEJCHUS  MCCIIEAOBAHUM
MPOBOJUTCA HAa  OCHOBAaHUM  aHalW3a  aBapui,
MIPOU30LIEAIIUX Ha TEPPUTOPUU Poccuiickoii

Oenepanuu ¢ 1994 o 2022 rona.

B kadecTBe NOYBCHHBIX OOpa3lOB B pe3ylbTaTe
aHaM3a aBapWii, NPOU3ONICHIINX Ha TEPPUTOPUHU
Poccuiickoit @eneparu ¢ 1994 mo 2021 rom, B3AT
HauOomee pacnpocTpaHeHHBIH obpasze cpenu



MOJIy4YE€HHBIX JaHHBIX — YePHO3EMHO-COJIOHIIeBaThie. Ha
Teppuropuu CBEpAJIOBCKOI 007aCTH JAHHBIH BUJI TIOYB
pacmpocTpaHeH B pailone ropoja KameHck- Y panbckuid.

3.1 KamepaabHblIe HCCTeT0OBAHUS

HedrenpoxykTsl mis 3arps3HEHHs HOYBEHHBIX
00pa3moB oTOMPAIOTCS HA OCHOBAHUH XaPaKTEPHUCTUK H
PAaCIpOCTPAaHEHHOCTH Cpeld HCTOPUHM aBapuil ¢
paziauBaMHu HEQTEIIPOIYKTOB.

KamepanpHble  HCCIEIOBaHWA  IPOBOAATCA  Ha
O0TOOpaHHBIX MOYBEHHBIX Npobax B ropoje KameHck-
Ypansckuit CBepmmoBckorr obmactu. B maboparopun
ycraHaBiIMBaroTcs 12 konb ¢ 0ToOpaHHBIMU IPOOaMHu, 110
TP KOJOBI Ha KaXABIH BHJ HepTenpoayktoB. [Ipu
MPOBEICHUH KaMepaJIbHBIX UCCIIeJ0BaHUI
UCIIOJIb3YIOTCS €CTECTBEHHBIE YCJIOBHSI CPEIbl, KOJOBI
3aIllOJIHAKT OAWHAKOBBIM OGLCMOM Ppas3HbIX BHUIOB
HedrenpoaykTa. B Xonme mpoBeneHHss KamepaJbHOTO
UCCIICIOBAHUSL 4Yepe3 YCTAHOBICHHBIE IPOMEKYTKH
BPEMEHH MTPOUCXOIAT 3aMePhI IIIyOUHBI TPOHUKHOBEHUS
He()TENPOIYKTOB M 3aHOCATCS B CO3JAHHYIO TaOJHILy
JUTS TabHEHINero OTCIIC)KUBAHNS TUHAMUKH.

[lo uroram McclieNOBaHUIl COCTABIACTCS TUHAMUKA
rIyOMHBl ~ TPOHUKHOBEHMS  HE(TENPOAYyKTOB B
MOYBEHHbIE o0pas3ipl, orpeaesseTcs «ITUK»
pacnpocTpaHeHuss He(TEeNpOIyKTOB BO BpPEMEHHOM
NPOMEXYTKE, MPOBOAUTCS MaTeMaTHYeCKU pacyer
OIpeneIeHUs TIIyOHHBI IIPOHUKHOBEHHUS
HedrenpoaykToB B nouBy. CpaBHHBAIOTCS MOJTy4EHHbIC
JaHHbIE KaMepalbHBIX HCCIICIOBAaHUA M MPOBEACHHOTO
MaTeMaTHYeckoro  pacuera, 3aTeM  COCTaBJISCTCS
MaTeMaTuyeckass MOJeNb Ul ONpeleieHHs TTyOWHBI
NPOHHKHOBEHUs]  He()TENPOAYKTOB B  IOYBY Ha
OCHOBaHMH HCXOJHBIX MHaHHBIX W IPOBEpsETCS ee
KOPPEKTHOCTb.

3.2 TToeBbIe HCCIETOBAHNS

BpemenHbIe TPOOHBIE MITOIMIAIH, UCIIOTIb3YEMBbIE IS
MIPOBEICHU TTOJIEBBIX HCCIICOBAHIH 3aKIaIBIBAIOTCS HA
Teppuropuu ropoga KameHck-Ypanbckuii.

B kauecTBe npOOHBIX IUIOMIAZEH BBHIOMpPAIOTCS
OJIMHAKOBBIE 110 Pa3Mepy YYacTKH, IO TPH AT KaXkI0TO
BUia He(TenpoaykToB. JIBeHannate  3aJI0KEHHBIX
Y4acTKOB, 00O3HAUaIOTCsl JAEPEBSIHHBIMU OTpajaMu C
LEIbI0 KOHTPOJISt MecTa u OrpaHUYEHUS
paclpoCTpaHEHUs] UCCIEAYEMBIX BELIECTB 3a IPEJEIb
BBIOpaHHBIX HNEPUMETPOB, BBIOpaHHBIE MecTa
o003HayarOTCA TAaONMMYKAMH TI0 IPHHAMISKHOCTH K
HEPTEIIPOAYKTY.

IIpoBenenue MOJIEBBIX ncciaeaoBaHUM
HOApa3yMeBaeT o co0oif MOJTBEPXKICHHUE
KOPPEKTHOCTH MOCTPOSHHON MaTeMaTHYecKOH MOJeNnu.
Jlis mpoBeneHns MCCiIe0BaHUI BBIOMPAIOTCS YIaCTKU
AQHAJIOTWYHOM IIOYBBl I1I0YBaM OTOOpaHHBIX TMPOO,
0o003HaualOTCsl ~ MecTa  BBIOPAaHHBIX  BPEMEHHBIX
IUIOIA/ieH AEPEBSIHHBIMU OrPajiaMU C LENBI0 KOHTPOJIS
MeCTa U OTPaHUYEHMs PACIPOCTPAHEHHS UCCIEAYEMBIX

BEIIECTB 3a TMpeleNbl BBEIOPAaHHBIX  IMEPHUMETPOB,
MPOBOIUTCS ~ 00O3HAYCHHE  BBIOPAHHBIX  YYACTKOB
TaOJIMYKaAMH.

IIpoBoanTCs 3arpsi3HEHNE TOYBHI HE(PTETIPOTYKTAMH,
WCIIONB3YEMBIMH B XOJIe TPOBEICHHUS KaMepaJbHBIX

HCCIIEIOBAaHUH OJMHAKOBOTO 00BbEMa B  KaXIbIH
TIOYBEHHBII oOpaserl. Yepes YCTaHOBJICHHBIE
MIPOMEXYTKH BPEMEHH, aHAJOTUYHBIE IPOMEXYTKaM
IIpU  TNPOBEJICHUM  KaMEpalbHBIX  HCCIIEJO0BAHUM
MPOUCXOMAT  3aMepbl  TIyOMHBI  NPOHUKHOBEHUS
HE(TENPOIYKTOB B IOYBY C 3aHECCHHEM IIOJyYEHHBIX
JaHHBIX B TaOmmmy.  JlaHHBIE  IPaKTHYECKHUE

HCCIICOBAaHMUS TPOBOAATCS C IEIBI0O ONpPEACICHUS
ITyOMHBI TIPOHWKHOBEHHUs HE(PTH B 3aBHCHMOCTH OT

o0beMa 3arps3HSIOLIETO  BEIIECTBA, BPEMEHHOTO
MPOMEXYTKa W BHUAA HEPTENPOAYKTa B IIOJIEBBIX
YCIIOBUSX.

[locne 3aHeceHWst BceX JaHHBIX B TaOIHIYy
cocTaBiseTcs rpapuk TIyOMHBI  ITPOHUKHOBEHHMS
He(TEePOAYKTOB B TIOUBEHHBIE 00pa3llbl HA OCHOBAHUH
MIPOBEACHHBIX UCCIIeIOBaHUH, c MTOMOILBIO

MaTeMaTHYCCKOM MOJACIH H MIPOBOAUTCA CpPaBHCHUEC
MOJIYUCHHBIX PE3YyJIbTATOB.

Ha ocHoBanun MNPOBCACHHBIX TCOPCTUUCCKUX U
MPAKTUICCKUX I/ICCJ'IGZ[OBaHI/Iﬁ AHAJIU3UPYCTCA
KOPPCKTHOCTDH pa6OTI>I MaTeMaTHIeCKOM MOACIIN.

3.3 IlepcneKTUBBI Pa3BUTHS

JanHast paboTa HAXOMUTCS HA JTare MPAKTHYECKOTO
HUCCJICA0BAaHUA, SABJISICTCA HepCHeKTHBHOﬁ JJIsL
NnpopabOTKK M U3YyYEHHUs TOCTaBICHHOW IIEH, TaK Kak
aHaJInu3 FJ'Iy6I/IHI)I MMPOHUKHOBCHUA He(bTI/I B IIOYBCHHOM
npo¢uIie MO3BOJIUT MOI00paTh Hanbosee FPPEKTUBHBIIH
METOA OYHMIICHUA IIOYBBI, UTO B ﬂaﬂbHeﬁUjeM IIO3BOJIUT
Gojlee TUIOMOTBOPHO 3aHUMAThCA  PEKYJIbTHBAIUCH
3eMeJb TIOCTIe YPE3BBIYaiHBIX CHUTYaAIlMd C pasidBaMH
He(TEMPOIYKTOB.

4. 3BAK/IIOYEHUE

Pa3zpaboTana mpes MaTeMaTH4eCKOH MOIENH IS
onpeeseHus TITyOWHBI TIPOHUKHOBEHUS
HEe(TENPOAYKTOB B TOYBY HAa OCHOBAHUHU HCXOJHBIX
JNaHHBIX. B HACTOSIIAIN MOMEHT IIPOBE/ICHBI
TEOPETHUUECKHE MCCIICIOBAHUS, Kacarlluuecss IJaHHOM
HAYYHO-HCCIIEIOBATENIbCKOH pPaboThl M MPOUCXOJIUT
oTOOp TOYBEHHBIX OO0pa3lOB Ui  MPOBEACHUS
KaMepaJIbHbIX UCCIIEI0BAHUII.

OnpenenexHsl JanpHennmne HaIpaBJICHUS
HCCIIEIOBAaHUS M PA3BUTHSA MaTEMAaTHUYECKOU MOJIENH.
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ONPEJEJEHMUE NPEANOYTUTEIBHBLIX TEPPUTOPUI IMIOKAPHO-CIHACATEJIBHOT'O
I'APHU30HA 1P IINTAHUPOBAHUU PASMEIIIEHUSA CUCTEM BUJAEOMOHUTOPHUHI' A

AHHOTALUA

Pabora mocesmena pa3paboTke crocoba KadyecTBEHHOI'O
HOBBILICHUS HMH(POPMAIMOHHOTO OO0ECIIECUeHUsI II0KapHO-
CIacaTeNbHBIX IOJPA3/CNICHNd B IEPHOA  ONEPaTUBHOTO
pearupoBaHHs 3a CUET BBIBICHUS W IUIAHUPOBAHUS Hanboiee
HPEINOYTHTEIBHBIX ~ TEPPUTOPHIl  MOXKAPHO-CIIACATEIBHOTO
TapHU30HAa JUISl TEPCIEKTHBHOH YCTaHOBKM CTalMOHAPHBIX
CHCTEM BH/ICOHAOIIONICHHS B TOPOJICKOH cpefe.

1. BBEJEHHME

Konnenmust mocTpoeHUs W pPa3BUTHS alapaTHO-
mporpaMMHOTO  KomImiekca «be3omacHeIit  ropom
oTpeneseT pan 0a30BBIX (yHKINOHATBHBIX
TpeOoBaHuii mo HampasieHHio «[IpexymnpexneHue u
3aIuTa MYHUIUTATBEHOTO oOpa3zoBaHus oT
Ype3BBIYANHBIX CUTYAIil IPUPOJTHOTO U TEXHOTCHHOTO
XapakTepa, OOCCIICYCHHE MOKAPHOW OE30MacHOCTHY.
Cpeau TOJNOKEHUH MOXKHO BBIJEIHUTh HANPSIMYIO
OTHOCSIIIIEECS K TNPUMEHEHUI0 CHUCTEM U CpPENCTB
BUJICOMOHUTOPUHTA: «MPEAOCTaBICHUE JOCTyNa K
BUICOTIOTOKY COOTBETCTBYFOIIIX Kamep
BuneoHaOmoneHms» [1], Takum o0pazoMm IeXypHO-

JAUCIICTUCPCKUC C.]'Iy)K6BI MOXKapHO-CIacaTCJIbHbBIX
HOHpaZ’»,I[CJ'ICHI/Iﬁ, npu HaJIMYu TEXHUYCSCKOI
BO3MOXHOCTH MOT'YT HCIIOJIb30BATh OH€paTPIBHLIﬁ

BUJICOMOHUTOPHHI' KAK HHCTPYMEHT HH(OPMAIMOHHOMN
HNOAJEPKKU MIPUHATHS yIIPABIECHYECKUX PELLIECHUM.
JlaHHbIli (peHOMEH OCOOEHHO aKTyaJeH Ha JTare
CJIeI0BaHUs EPBBIX NOAPA3CIICHUN [10KapHON OXPaHBbI
K MECTy BBI30Ba, TaK KaK JI0 MX TNPHOBITHS MPOIECC
COCPEJOTOYEHUS CUII U CPEICTB IIPOUCXOIUT B yCIOBUIX
neduimra uHpopmanmm: c UCTIOJIb30BaHUEM
JOKYMEHTAalUM MpPEeABAPUTEIBHOTO IUIAHUPOBAHMUS, a
TaKOKe COOOIIECHNH OYEBHUALICB BO3HUKIIIETO T0XKapa, 4To
HE BCErJa MOXXET COOTBETCTBOBATh CKIIAJbIBAIOIICHCS
oOcraHoBke. BmusyanbHo HaOmomaemble — SIBICHUS
00BEKTHUBHON JEeHCTBUTENBHOCTH 1o
HEINOCPEACTBEHHOMY aJIpeCy OCTaIOTCS HEJOCTYIIHBIMU

0  (usudeckoro TPHOBITHS TOAPA3JEICHUS IO
COOTBETCTBYIOLIEMY azapecy. 41 BHJICOTIOTOK,
MOCTYTIAIOIIHHA c MecTa BO3HHUKHOBEHUS

JIECTPYKTUBHOTO COOBITHSI — OIMH M3 COBPEMEHHBIX
WHCTPYMEHTOB, HCIIOJIb30BAaHHE KOTOPOTO IIOMOTAeT
PEUINTh JaHHYIO POOIIeMy.

IIpu 3TOM, BO3ZHHUKAeT CyXACHHE: NMOTEHIUAIbHBIE

MecTa pa3MeleHus Oyaymmx CHUCTEM
BuneoHabmonennss (CBH) nomkHBI ompenensitees ¢
yd4eToM  moTpeOHocTedl  opraHuzammii  (ciyx0),

MMEIOIINX JOCTYN K BHICOIOTOKY JUIS OCYIIECTBICHUS
¢dynkmonansHeix TpeOoBanmii k AIIK «bezomacHbii

TOpOI».
B nmamHOM ciiydae, OOBEKTOM HCCIIEIOBAHUS
SIBIISICTCS MECTHBIH M0KapHO-CIacaTeIbHbIN

rapumsoH (IICT"), a mnpenMeTroM — IIIaHUPOBaHUE
teppuropuii [ICI', Hanbonee NMPemNOYTHTENHHBIX IS
nepcrieKTHBHOTO pasmerienuss CBH B 3aBucumoctr ot
JUHAMHKH IapaMeTpoB: BpeMs MIpUOBITHSA
MoJIpa3ieieHuii K MecTy BbI3OBa (Kpurepuit 1) m
reorpa)MuecKoe pacrpeiieIeHHEe BBI30BOB 110 THILY
Ype3BbIYANHON CUTYyaluu (KpUTEpUi 2).

AKTyaJIbHOCTb paboTsl 3aKJII09AeTCs B
NPEUIOKEHUH TIPEBEHTUBHOTO Croco0a IMOBBIIICHUS
KauyecTBa HH(MOPMAIMOHHON MOJJEPKKH IOKapHO-
CIacaTeNbHBIX MOJpPa3[eIeHH @pHU  ONepaTUBHOM
pearupoBaHMH, 32 CUET BBIABICHUS ONTHUMAIBHBIX JUIA
yctaHoBkn CBH TeppuTopuii, Ha OCHOBE aHalM3a
MOBCEAHEBHOM aKTUBHOCTH mnoapazaeneHuil IICIT u
aHaJIM3a COCTOSIHUS JOPOKHOH ceTH.

B nccnenoBannyn He0OXOIUMO MPEATIOKNUTH BAPHAHT
pemieHust  TPOOIEMBI  YA3BUMOCTH  OTAENBHBIX
reorpapuuecKkux dacte patioHoB Bheiesga (PB)
noxapHo-crnacaTensHbIx yacted (IICH), ¢ Touxu 3peHus
noJTyueHus: BujeonHpopMaluu ¢ Mecta moxapa, JITII u
T.IL.

MeTtompl pemieHHs TNPOOJIEMBI: MaTeMaTHYecKoe
MOJIeIUpOBaHNE U (opManu3anus MOJEIU B BHJIC
nporpaMmsl it OBM.

Hwxe TIPEACTaBIICHBI OCHOBHBIE 3TambI
HCCIIeIOBAHMS 1o OTIPEEIIEHHIO HanOoee
MIPEANIOYTUTEIBHBIX TEPPUTOPH (IPOPAHKUPOBAHHBIX)
abcrpaktHoro IICTT mis TepCHeKTHBHOW YCTaHOBKH
CBH.

2. OTAIIbI PEHIEHUS TPOBJIEMBbI
2.1 OnucaHue OCHOBBI MOJETH

IlycTh maHO ABYMEpHOE NPOCTpaHcTBO RZ, s
paboTHI C KOTOPBIM HCHOJIB3YETCs AEKapTOBa CHCTEMa
koopauHaT. B mimockocts @, mapannenbHyO
KOOpPAWHATHBIM OCSIM, a0CTPaKTHO TOMeIaeTcs Kaprta
mectHocTH TICT.

Henocpencreenno TICIT MOXHO I€KOMIO3UPOBATh
Ha palloHbBl BbI€3Jla MOXKAPHO-CMNACATEIbHBIX YaCTEH.
KomngectBy IICY cootBerctByeT unciao PB. Kaxnbrii
PB wumeer ompeneneHHbIE YCTaHOBIICHHBIE TI'PaHUIIBI
(«cTaHmapTHBIE»).

B nensax wmccienoBaHus, CTOUT MPEAIONOKHUTD, YTO
TpaHUIBI MOTYT WMETh M «JacTHBIE» CIIydad, B
3aBHCHMOCTH OT IIPUMEHSIEMBIX K aHAJIN3y KpuTepues. B
NpsIMOYIOJIbHOM CHCTEME KOOpAMHAT, rpaHuliel PB
MOTYT OBITH 3aJaHBl N-HBIM KOJIMYECTBOM KyCOYHO-
JMHEHHBIX (QyHKIWI (MIIM n-HBIM KOJMYECTBOM TOYEK,
MOCIIEIOBATEIFHO  COCMHEHHBIX ~ MEXAy  Cco00ii),
00pa3yomux 3aMKHYTYIO IUIOCKYIO JIOMaHYIO JHMHHIO
(HenpaBUIBHBIH 7-yrodbHUK). IloaTOMy, HECKOIBKO
¢uryp (crangapTHeIC M 4YacTHBIE ciiydan rpanui PB),



JeXKalMX B IUIOCKOCTH OJHOBPEMEHHO, BHU3YaJIbHO
UHTEPIPETUPYIOTCS C AuarpamMmoi Oiinepa (Tak Kak
MOTYT BO3HHUKATh pasiInyHbIe BapUaHTHI
B3aUMOPACIIONIOKEHHSI MHOXECTB TOUCK, KaKIOE W3
KOTOPBIX XapaKTEpHO ISl COOTBETCTBYIOILCH YacTH «,
orpaHn4eHHoil oxHOU U3 duryp). Takum obpazom B
s kaxporo PB mMoryt Haxomutes 3 ¢urypsr:

— ¢urypa 1 (Flj, rae j —HOMep PB, j=1,2,3,....k) —
CTaH/IapTHbIC TPaHUIBI PB, YCTaHOBIJICHHBIE
HOPMaTHBHO B paMKaX TEPPUTOPHAIBEHOTO BHYTPEHHETO
neneanst mectaoro [1CT (F1j 3a7jlaHa MHO>KECTBOM TOYEK

B, mocrienoBaTeIbHO COETMHEHHBIX MEXKAY CO00i1);

— ¢urypa 2 (sz) — YacTHBIA ciyd4ail rpanur; PB.
IIpencraBnsier coboli abcrpakTHble TpaHunbel 10-
MUHYTHOH 30HBI JJOCATaEMOCTHU IOPOKHOM CETH, TO €CTh
MaKCUMalbHO  BO3MOXKHOE  PACCTOSHHE, KOTOpOe
MOJpa3/ieieHe MOXKET MPEOJ0NIeTh 32 HOPMATHBHBIN
[2] wuHTepBam BpeMeHH, IpPH STOM, HHCTPYMEHT
MONYYCHHSI JTAHHBIX — TEeOMH(OpPMAIMOHHAS CHCTEMa
(sz 3aJjlaHa MHOXKeCTBOM Todek C, ITOCIIeIOBATECIHHO

COCOMHEHHBIX MEXAy coboil. MHOXECTBO TOUYEK
(hopMupyeTcst 3a ONpeneNeHHBIA Teprol HaOIOICHU:
Hezens, Mecsl, rof. Kaxapii anement C npencTaBiseT
co0oif cpemHee 3HAUCHHE 3a YCTAHOBIICHHBIM TEpHOT
HaOII0CHNUSA);

— ¢urypa 3 (F3].) — YacTHBIA ciydail rpanun PB.
[IpencraBnsier coboii abcTpakTHBIE TPaHUIBI 30HBI
HauOoJee yIaJeHHbIX OTPA0OTaHHBIX BBI30BOB OT MECTA
JIUCJIOKALMK TOJpa3fesieHus] MO COOTBETCTBYIOLIUM
HAaIPABJIEHUSIM (F3j 3a7laHa MHO>KECTBOM Touek D,

TMOCJICAOBATCIIBHO COCAMHEHHBIX MEKIY co0oii.

2.2 TToaroToBKa reoMeTpH4eCKOii OCHOBBI

Kaxprii HEIpaBUWIbHbII N-yrOJIbHUK,
uMuUTHpyIouii  rpanuny PB, nans  nmpoBeaeHus
JalbHEHIIET0 MOJICMMPOBAHMSA IIOMEIIEH B YacTh
IUIOCKOCTH a, OTpaHUYEHHYIO abCcTpaKkTHOM
OKDY)XHOCTBIO C LEHTpOM B Touke O; u paguycom 7. O;
ABJsIETCS  OApUIICHTPOM F1j- Kaxnas oOKpyXHOCTb

paszieneHa Ha n CeKTopoB (S,). [IBe cocemHune TOYKH
OKPYXXHOCTH, SBJISFOLIMECS TPAHUIIAMH CEKTOpa S, (1 —
Takke, MOPSAIKOBBIM HOMEp CeKTopa), 00pa3yloT MyTH.
Kancnasl Aayra orpaHn4€Ha JABYMs COOTBETCTBYHOIIUMH
panuycamu. Hanpumep, ans cekropa s, Majlod ayroiu
oyner v A A1 (puc. 1), mpu 3TOM, Yepe3 TOUKH
A, A, 1 MOXHO TpPOBECTH NPAMYI @,, OTPE30K
ApA, 1 —xopaa h,, gexanas B CEKTOPE S, MHOKECTBO
Beex hy, (0;,7) conepxutcs B H;.
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Pucynox 1 — Cozdanue ceomempuyeckoii 0CHO8bl Ol UCCIeO0BAHUS
meppumopuu IICI"

MuoxectBo H; (GopMHpyeT TpaBHILHBIA A-yTONBHHUK,
BIIUCAHHBIA B OKPYKHOCTE (0}, 7). K Kax10i Bepunne
n-yroJjbHUKa u3 TO4YKHM O; TIPOBENEHBI OTPE3KH,
sBIstronrecs: r. KonmdecTBO TakWX OTPE3KOB PaBHO
KOJIMYECTBY BEPIINH 71.

MHokecTBO OTpPE3KOB M, SIBJIAETCSA
MIOJJMHOXKECTBOM MHOXKECTBA BCEX BO3MOXKHBIX K
TOCTPOEHNIO ~ pamuycoB M,  okpyxnoctn (0;,1),
orciona {0;Ay, 0jA;, 0;As, ..., 0;A,} € M,., MHOXECTBO
BEpUIMH  71-yTOJbHUKA Ha3BaHHMEe  M,:
{A, Ay, A5, ..., A} © My,

IIpaBUnbHBIN n-yrOJBHUK MOXHO pa3felduTb Ha 7
paBHOOEPEHHBIX TPEYTOJIHHUKOB C OOIIEH BEpPIIMHON
0;, B OCHOBaHMH KOTOPBIX JIEAT COOTBETCTBYIOIIHE
xopasl h, (nBe npyrue BepUIMHBI NpUHAIIEKAT My).
Bce TpeyronbHHMKM, SBISAIOIIMECS 4YACTAMU j-TOTO 7-
YTOJIbHUKA (POPMUPYIOT COOCTBEHHOE MHOXKECTBO Tj.

Takum obOpasoMm, chopmupoBaHa abOCTpaKTHas
OCHOBA JJI MPOBEJACHUA JajbHEWIIEH aHaJIUTUYECKON
paboThL.

UMECT

2.3 UccnenoBanue ¢ NO3ULMHU JIMHEHOHN a1redpsbl

Kaxneiii  siieMeHT Mrn, Jexamui B0«
HHTEPIPETUPYETCs KaK n-HOE HallpaBJICHUE BhIe3aa j-
toit IICY. Omementsr M, OyAyT SBIATBCA OCHOBOM
(OpHeHTHPOM TIpH 3aJaHUH TOYEK JUII X F1j'X Y uX F3j)
U (POPMUPOBAHUS TPAHUL] PUTYP Flj, sz, F3].. Ha nux
OyZyT 3a7aHbl TOUYKH, KOTOPHIEC IIPH MOCIIEA0BATEIILHOM
COEIMHEHUH MEXy cO00i 00pa3yroT HepaBUIIbHBIE 71-
YTOJIHUKH (CTaHJAPTHBIC TPAHHUIBI U YACTHBIE CIydau
rpanun PB).

Ilycte P — MeTpHYECKOE NPOCTPAHCTBO, TaKKe
obo3Hauaemoe kak (X,p), cosmamaromee ¢ RZ. X —
MHOXECTBO TOYEK METPUYECKOTO  IPOCTPAHCTBA,
Kaxjaas u3 KOTOPBIX XapaKTepu3yeTcs
COOTBETCTBYIOIIMMH 3HAu€HHSMH KOOpIuHAT (X,Y).
Ilpu stoMm, mama uuciosas ¢ynkmus p: X X X - R*Y
(MMEHHO Ta YacTh IJIOCKOCTH (¢, Ha KOTOPOW 3ajaHa
¢byHKIMSA p , OyIOeT WCIONB30BAThCA U NaNbHEHIeH
paboTel). X BKITIOYAET MOIMHOKECTBA!

X2 Xp, > {B1, B2, B,y ., By, By ).
X2 X, > (€1, €2y Cpp iy G )
X2 Xp > {Dlj, D, Dy, ...,Di]_,Dnj},

(i=123,..,n), TO ecTb MHOXECTBA BEpUINH
HEeTPaBUIbHBIX n-yTOJHHUKOB, dhopMupyOTIHX
COOTBETCTBYIOIIME I'paHullsl PB.

Al hi

il

Pucynox 2 — @opmuposanue epanuy ICI" (nonyuenue ucxooHvix 0antuix 6
NPOSPAMMHOLL peanu3ayuu) npu nOMOUU 2eoMempuieckol OCHOBbL



3HayeHuss OMEMEHTOB Xy OymMyT HEM3MEHHBI I
j

kaxxgoro PB, Tak Kkak F1j MpeCTaBsieT CcoOon

3akperureHHbIe rpaHuipl PB [ICY B MecTHOM moskapHO-
CracaTeIbHOM rapHHU30HE.

Jnist mpoBeieHns aHanmu3a He0OX0AUMO OTOUPATh MO
JBa MHOXecTBa: X P, Kak CTAHJAPTHOE, H OJIHO

MHOKECTBO M3 YaCTHbIX ciyyaeB Xp, WM Xp, .
J J

Hampumep, BBIOpaHbI MHOXKECTBa
X Py M X B (pparmenTsl n-yrompHukoB (rpanun; PB),

MOCTPOEHHBIX NPU MOCIEIOBATEIILHOM COEIUHEHUU
TOYEK MHOXKECTB MEKAY COOOH NMpEeACTaBICHBI HA PHC.
2).

C ucrnonbp30BaHUEM METPUKU P 00pa30BaHO MHOKECTBO
4> 4p (Blf' Cli)'p (sz'czi)'p (Bij' Cii)' P (an, Cni)}’
BKJIIOUAONiee B ce0s 3HAUCHHS PACCTOSHUM MEXIy
TOYKaMU B METPUYECKOM MpocTpaHcTBe P. Takum
00pa3oM HaxoAATCd METPUKH, XapaKTepH3YIOIIue
YIAJICHHOCTh OT/AENBHBIX (PParMEeHTOB YACTHBIX CIIydacB
rpaHul PB oT ux craHgapTHBIX 3HAYCHUH.

OcHOBHas 3a/1aua COCTOMT B TOM, YTOOBI OTOOpaTh
3JIEMEHTHI W3 MHOXeCTBa T; (Tepputopuii  PB)  kak
HanOoJiee MEpPCHEeKTUBHBIE IS aHaJIM3a Ha IpeAMeT
ycTaHOBKM pononaHuTensHelx CBH B ropoackoil cpene
JUI  TIOBBIICHHMSA  KadecTBa  HMH(OPMAIMOHHOW
HNOJJIEPKKHA IOKaPHO-CHACATENbHBIX MOApa3eNeHUMN,
CIEIYIOHINX K MECTY BBI30BA.

2.4 AnropuT™M 0TOOpPA M PAHSKMPOBAHNS TEPPUTOPMIA
Hanbl  MHOXkecTBa Xp ,Xp, U T;. @yHkuua p*
JT2

MOKa3blBaeT  HAuOOJbLIEE  PACCTOSHUE  MEXAY

COOTBETCTBYIOIIUMHU HCCIICAYSMbIMHU TOYKAMU

(onementamm) u3 Xy u Xp, . Heobxoqmmo onpenenuTs
j j

TOYHYI0 BepxHIot Tpanumy 4; (1), 9robel 0TOOpaTh
KpUTHYECKOE HampasieHue Bole3na j-toi [ICY.

p (B, Ci)) = sup 4; (D).

B;i . €Xfr, ,Ci.€X
ij Flj ij sz

sup 4; = p(Bnl.,Cn}.), TOTJa
B;.€X ,Ci.€EX
ij Flj ij sz
Ba)XHO OIIPEIENINUTh KaKyl0 HMEHHO 4YacTh TEPPUTOPUU

PB, npuneratoniyro B BUIe Tn}. WA Tn—1,~ U 100aBUTH B

Ilycts

MPOTHO3 KaK HamOojee MPHOPUTETHYIO ISl YCTAHOBKH
CBH. Tlocne uero, cOOTBETCTBYHOIMA dneMeHT T;
BoiyuTaercs u3 T; u nomemaercs B U; — 10 3TOrO
MOMEHTa IyCTO€ MHOXXECTBO W HMMeeT WHAEKC «1».
Tenepp, MHOKECTBO A4;  CONEPKUT  KOJIUIECTBO
aneMeHTOB  paBHoe n-1. [ukmmunerii  mporecc,
MIPO/I0JDKAETCS TIOKA He OyET peasi30BaHo yCIIOBHE (2).
4;=0 2).
Ilpu stom B U; oxaxytcst Bce n dneMeHTOB T; B
PaH)KUPOBAHHOM BHAE. OJIEMEHT C HaUMEHBIINM
MOPSIAKOBBIM MH/IEKCOM B JAHHOW MOCIIEIOBATEIIEHOCTH
Oyner XapaKTepu30BaThCs HanbopIIeH
NPEANOYTUTEIFHOCTRI0 B IENAX  PacCMOTPEHHUS
COOTBETCTBYIOIEH yacTu PB kak mepcnekTHBHOM st
ycranoBku CBH.

2.5 [IporpammHuas
HCCJIeJOBAHHUS
Jns  mpakTHYeckoro TpHMEHEHWs paspaboTaHa
nporpamma s OBM «lIporpamMma mis mojaep:kku
MPUHATUS PEUICHUH NMpU IUIAaHUPOBAHUHM Pa3MELICHUsS
CHCTEM BHMJEOMOHHUTOPHHIA B MOXAPHO-CIIACATEIbHOM
TapHU30HE» [3]. dopmanuzanysi ~ IPOrpaMMBbI
MIpou3BeIeHA IpH oMot s361ka Python 3. [Iporpammy
CTOMT OTHECTH K paspsly HIpPOTOTHIIOB, TaK KaK e€e
MIPEICTOUT anpooupoBaTth SMIIMPHYECKU u
MIPOAHATU3UPOBAT Ha IIPEAMET HAIMYHS HEOCTATKOB.
IIporpamma  1mo3BOJIIET  ONPEAEHATh  Y4acTKHU
MectHoro IICI', nHaumbosee mpeanOYTUTENBHBIC IS
ycranoBkd CBH, ¢ Touku 3peHHs COCTOSIHUS TOPOKHON
CEeTM B pPAa3IMYHOEC BpeMs CYTOK M pacIpelelICHUs
BBI30BOB o PB N0>KapHO-CIIACATEILHOT O
nozpaseleHus (peub T O MOCTPOCHUU MOJIUIOHOB,
SBJISIOLIMMIECS 00pa3aMu puryp Flj, sz,F3j.

peaqm3anmusi Kak pe3yJbTar

DyHKIOHA MIO3BOJISIET aHATU3UPOBATh
pe3ynbpTaThl HabMoeHNs 3a Teppuropueil ogaoro I1CT
Ha mnporskeHuMH 30 CyTOK, NpH BO3MOXHOCTU
©KETHEBHOTO IpoBelneHHs 4 wurepauuil BHECEHUS
naHHBIX. To ecTp, pabouas BepcHsi paccuMTaHa Ha
BHECEHME NaHHEBIX 0 120 HaOIOneHusIX.

B aBrOoMaTHueckoM peXHME II0CIE 3aBEPIICHUS
Neprofa TpOBEICHUS HAOMIONCHUS 32 COCTOSHHEM
I1CT’, monp30Batens noyryyaeT B rpa)uuaeckoM BUAE VIS
Kaxzaoro uccienyemoro PB:

— CcTaHaapTHble IpaHulsl PB,

— cpenHue abcTpakTHBIe TpaHUIp! 10-MUHYTHOI
30HBI locsiraeMocTu gopoxHoi cetu ot [ICY B n (n=18)
HampaBJIeHUsIX Kak B meioM 3a 30 CyTok, Tak u 3a
nepuoasl BpeMeHH (uachl cyTok): «00-06», «06-12y,
«12-18», «18-00»  (mepmomgsl  MOTYyT  OBITH
CKOPPEKTHPOBAHBI (HEIOCTATOK — OTCYTCTBYET MMIIOPT
nmagaeix u3 'MC, HeoOX0oaUMO HcCIIeIoBaTh U BHOCHUTH
WHPOPMALIUIO BPYIHYIO).

— TpaHuUIpBI 30HBI HanOoee yaJICHHBIX
OTpabOTaHHBIX BBI30OBOB OT MecTa JHCIOKALUH
HOJpa3JeNeHHs IO COOTBETCTBYIOIIMM HaIpaBICHUSIM
(HeoOXOoMMO  HCIONIB30BaTh  OTAEIBHYIO  KOIHIO
HPOTPAMMBI),

— OTOOpaXEHHE BCEX DJIEMEHTOB 4; IS KaXmaoro
PB ormenpHO B BHIE TUCTOTPaMM, 4YTO I103BOJISIET
OBICTPO BU3YyaJIbHO ONPE/IEINTD sup 4 um

Bi€Xry ) Cij€Xiry
Bi€XFy , Dij€XFy
HUMEHHO NHOUHYM).

TexHMUeCKUM HEAOCTaTKOM IIPOrpaMMBbl SIBISETCA
TO, YTO BCE I'PAHUIIBI HEOOXOJUMO BPYYHYIO OTMEYaTh
Ha paboueit miockoctu (kapra [ICIY) mpm kaxaom
HAONIOACHNH, OJHAKO CMAT4aeT OJTOT HEJOCTaTOK
HAIMYHE CHENHATbHOTO WHTEPAaKTUBHOIO IMabiioHa
pa3MeTKH.

(B JaHHOM CJIydya€ MHTEPECCH

3. 3AK/IIOYEHME

Cozmana MareMaTnieckass OCHOBA HHCTPYMEHTA st
onpejieNieHUs] ONTUMAJbHBIX TEPPUTOPHUM TOXKAPHO-
crlacaTeslbHOr0  TapHU30HA S  MOTEHLHAILHOIO
pasmemienuss CBH B mensx MNOBBINIEHHS] KayecTBa



WH(POPMALMOHHON MOICPIKKU OKAPHO-CIIACATEIBHBIX
Moipa3JieNIieHnui B IEpUO/I ONIEPATUBHOTO PEarupOBaHMUS.

Hecomuenno, mojenb, anroputM (M mporpammHast
peanuzanus, €ciId TOBOPUTH O  MHHHMH3AIHUH
TpyJ03aTpaT) HYXITAIOTCI B COBEPIICHCTBOBAHUM.
OpmHaKo CyIIECTBYIOIIUI HAYYHBIA 3alel YXKE MOXKET
npuMeHsaTbes st uccnenoanus [ICIT Ha mpemmer
BBIJICIICHUS]  TIPEANOYTHTENBHBIX — TEPPUTOPHA LIS
pa3MereHus CHCTEM BHICOMOHUTOPHHTA o
MIPEIOKEHHBIM KPUTEPHUSIM.
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YCOBEPIIEHCTBOBAHUE METOJJUKH MPOTHO3UPOBAHUSI TPUPOHBIX
YPE3BBIYAVHBIX CUTYAIIMH C YHETOM XAOTUYHOCTU ATMOC®EPHOM
JTUHAMMKHA

AHHOTANUA
Cratbs HalpaBJeHa Ha HCCIIeJOBaHHE "
YCOBEPIICHCTBOBAHUE COBPEMEHHBIX METO/IOB

MPOTHO3MPOBAHMS TPHPOAHBIX UPE3BBIUAMHBIX CHTyalHil.
VYkazaH (akTop, OrpaHMYMBAIOIIUI TOYHOCTE W TEPUOLT
NpOrHO3MpOBaHMA. B pamkax Teopum Xaoca pPaccMOTpPEH
aTTpakrop JlopeHna, a Takke CMOJEIUPOBAH aHAJIOTMYHBIH

aTTPaKkToOp, COOTBETCTBYIOLIMHA  JAMHAMHKE  aTMOCdephl.
ChopmynupoBaH MIaH 10 YCOBEPLUICHCTBOBAHHIO METO/OB
HPOTHO3UPOBAHHS c HCIOJIB30BAHHEM (azoBoro
MPOCTPAHCTBA.

1.BBEJIEHUE

[IpuponHble KatacTpo(bl SBISFOTCS TI00ANBHON
npoOyieMoil W OJHUM W3 BaXHEHINX (aKTOPOB,
ONpeNeNAIONNX YCTOIUMBOE pa3BUTHE 3KOHOMUKHU.
MpupoBass CTaTUCTHKA, COCTABJICHHAs YIPaBICHHEM
OOH 1m0 cHIKeHHI0 pucka OEICTBHUH, TOBOPUT O TOM,
gto 3a nepuox ¢ 2000 mo 2019 rox nmpousomo 7 348
KPYIHBIX CTUXUIHBIX OEJICTBUI, B PE3yJIbTaTe KOTOPHIX
morubio 1,23 MWDIMOHAa dYenoBeK, mocTpaxaio 4,2
MHJUTHAp/ia YeJIOBEK M 000IIIOCh MUPOBOH IKOHOMHKE
npuMepHo B 2,97 TpuwiuiroHa nosuiapos [1]. B cBs3u ¢
3THM OCOOCHHO aKTyaJIbHOHM sIBIISIeTCSl 3ajada 110
CHIDKEHHIO HETaTHUBHBIX IOCIEICTBUH IPHPOIHBIX
uypesBbraaifiHeIx curyaruit (ITYC).

Opnum w3 Haubojee 3¢GGEKTUBHBIX CIIOCOOOB
YMEHBIICHUsT ymiepda OT MPHUPOIHBIX KaTacTpod
SIBIISICTCS 150:¢ MIPOTHO3UPOBAHUE. ITpuuém
3a071arOBpEMEHHOCTh CUTHanma o Bo3MoxkHo#W [TUC
pacumpsier JIMana3oH BO3MOXKHOCTEH o
MPEJOTBPALICHUIO 3HAUUTENBHBIX NOCHeCTBHUH. Llenbio
JMAHHOM Hay4YHOH paOoTHl SBISETCS MPEIIOKCHHE
noaxoaa K JOJATOCPOYHOMY  IPOTHO3UPOBAHUIO
MPUPOJIHBIX YPE3BBIYANHBIX CUTYAIIUH.

2. MPOBJIEMA JOJI'OCPOYHOI'O
IMPOI'HO3UPOBAHUA ITYC

B  Hacrosmiee  BpeMs — KJIIOUEBBIE  METOAbI
nporHo3upoBaHus NpupogHbIX YC OCHOBBIBAIOTCS Ha
CTaTUCTUYECKOI OLICHKE JUIMTEIIbHBIX psaoB
HaOJFOIEHUI ¥ COITOCTaBICHUH UX C TIPOTHO30M MOTOJIBI
B HACTOSAIIMA MOMEHT BpeMeHH. OTHAKO TOYHOCTH
TaKWX TPOTHO30B DSKCIIOHEHIMAIBHO YOBIBACT IpH
YBEIIMYCHUH CpOKa 3abjaroBpeMeHHOCTH. [IpuumHOoN
TOMYy  SIBI€TCd  XaoTH4ecKas  HEyCTOHYMBOCTb
JMHAMHMKH aTMOC(EpBI KaK CUCTEMBI.

3. ATTPAKTOP JIOPEHIIA
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Haykoil, wusyuaromieil XaoTHYECKH-HEYCTOHYMBBIE
JUHAMUYECKUE CHUCTEMBI, ABISETCA TEOpHs Xaoca. JTOT
CPaBHUTEIHLHO HOBBIN pa3zies MaTeMaTHKH ObLT OTKPBIT
aMepHKaHCKMM MeTeoposioroM DasapaoM JlopeHueM B
1961 TOfy. O6HapyxuB UCKITIOYUTEIBHYIO
YYBCTBUTCJIIBHOCTDH prOIlIeHHOﬁ MOACIN TIIOroabl K
TOYHOCTH BBOJIA HAYaJbHBIX NAHHBIX, YIEHBIN 3aHSIICS
HCCIIEIOBAaHUEM KOHBEKIUH B BSI3KOH HBIOTOHOBCKOM
KHUIKOCTH.

Hcnone3ys YpaBHEHUS Hasbe-Crokca,
TETJIONPOBOIHOCTH M HEpa3phIBHOCTH DaBapa JlopeHn
oToOpakayl XOJ mporecca Ha (a3oBOM IOPTpETE C

NIOMOIIBI0 KOOPAMHAT TPEXMEPHOIO IPOCTPAHCTBA.
[NosiBuBIIMiicS  00BEKT  OONaman  ompeneiaéHHOU
CTPYKTYpOH, pacnojlaraBlIEiCs B  OIPEICIEHHBIX

rpanunax. ®azoBelf MOPTPET MOXKHO OBLIO CTPOUTH

OecKOHEYHO, Tak Kak HHU OJHa HOBasg TOYKa He
coBIajania c npeaplaymeit. @urypa nojyuusia Ha3BaHue
"artpaktop  Jlopenuma" u  crama  oAHUM U3
MIPEACTaBUTENECH CTPaHHBIX aTTPAKTOPOB, CTaBIIUX
BU3yaIH3alen MOAYMHEHHS CHCTEMBI
JETEPMHHUPOBAHHOMY XaoCy.

OCHOBHBIMH ~ ypaBHEHHMSIMH cucTeMbl JlopeHna

SABJIAKOTCS MPEKIAC BCETO

X=—-0X+0oY (1)

Y=-XZ+rX-Y (2)
/=—XY—-bZ, (3)

VA
v R
rae 0 =_ — H9HCIo [pangs, r = = — uucio Penes,
c

OTHECEHHOE K €ro KPHTHYECKOMY 3HA4YeHHIO, b
4(1+a®)’, tme a reOMETPUYECKUT  MaciTad
OTIMCHIBAEMOM 00JIaCTH.

3.1 [Ipeodpa3oBanue arTpakTopa JlopeHua s
TPEXMEPHOro ciay4yas

B panee omyOnukoBaHHBIX Tpynmax [2] Obuia
peanm3oBaHa ujes npeoOpa30BaHus ABYMEPHOW MOJCIIH
JlopeHna K TpEXMEPHOMY CIIy4al0, COOTBETCTBYIOILEMY
arMocepe 3emHOrO 1mapa. Mtorosas cucrema sBIsIaCh
Cynepno3nunefx’1 KOHBEKIMOHHBIX W HMUPKYJIATUOHHBIX
BAJIOB I10 BCEM 3 0CSM, B OTJINYHE OT UCXOTHOTO CIIydas,
paccMaTpuBalOmIero  OECKOHEYHO IPOCTHUPAIOIIHECS
KOHBEKITMOHHBIEC Bajbl IO OJTHOHM ocu. TakuM obOpaszom,
OBLJT BBEICH 3-MEPHBIA BEKTOP (QYHKIIMH TOKA!

Bnons ocu x:


https://ru.wikipedia.org/wiki/%D0%A3%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F_%D0%9D%D0%B0%D0%B2%D1%8C%D0%B5_%E2%80%94_%D0%A1%D1%82%D0%BE%D0%BA%D1%81%D0%B0

rot(§) = v: vy 370" = ~ay (4)
Bponb ocu y:

L) = ¥ = — o v, =20 (5)
Bnons ocu z:

rot(tk) =¥: v, = g—f’,vy = —%. (6)

B wurore mocme mpeoOpa3oBaHWil OblIa IMONydeHa
ClleqyIoIIas CHCTeMa YpaBHCHHUIL:

06 9(y,0) ATy

T e (7)
X T Ry ©
TR
% = %((E E)) +9V*E + B— (10)
%z—%ﬂwi. (11)

Kak m w3HavanpHas cuctema JlopeHma, uToroBas
MOJIeJIb oOnanaer CBOMCTBaMHU aTTpaKkTopa,
CIIeZIOBAaTeIbHO, OHA MOXET AaHaJU3UpOBaThci C
MOMOIIIBIO0 METO/IOB TEOPHH Xa0ca.

[MonyueHHble ypaBHEHHUs ObLIH CBEJIEHBI K (pa30BbIM
ypaBHEHHMsSIM aHanornyHo meroauke Jlopenna [3]. Jns
BU3yalu3allM, IOJIy4YE€HHBIE  ypaBHEHHS  ObUTH
noctpoensl ¢ noMomupio 110 MATLAB B TpexmepHoM
(azoBoM mpocrpaHcTBe. I HATMSIAHOCTH OCH OBLIH
copmenieHbl. Kak BHAHO Ha pucyHKax 1-3, ¢a3oBbie
KpHBBIE oOpaszyror aTTPaKTop, SIBIISTFOLLTMCST
KOMOMHAaIMeH  KJIACCHYECKMX  aTTPakToOpoB,  4YTO
MOATBEPXKIACT YPAaBHEHUS BBIIIE.

Pucynok 1 - [IlpocTpaHCTBEHHass CTpYKTypa
aTTPaKTOpa, BUJ C3a1H

Pucynoxk 2 - [IpocTpaHcTBeHHAs CTPYKTypa
aTTPaKTOpa, BUJ C3aa1

Pucynok 3 — [IpocTtpaHCcTBEHHAsI CTPYKTYpa
aTTPaKTOPa, BU] CHHU3Y

3. IPEJJOKEHUE METOJJUKHN
JOJIT'OCPOYHOI'O TIPOTHO3UPOBAHUA

Kax yxe roBopuiioch paHee, OCHOBHOW MPUYHUHOM
OTPaHUYEHHON TOYHOCTH IPOTHO3a B JIOJITOCPOUYHOM
MEPCHEKTUBE ABJIACTCA YYBCTBUTCJIHLHOCTH CUCTEMBI K
HavdaJIbHBIM YCJIOBUAM. He3naunTennHble M3MEHEHUS HA
Ha4YaJIbHOM 3TaIl€ OKa3bIBAKOT 3HAYUTCIIbHOC BJIUAHUEC B
Oymy1em. HMeHHO IO3TOMY [IpeaIaraeTcs
NPOU3BOJIUTL MPOTHO3 HE TOJBKO JJs JaHHBIX,
3a(pUKCHPOBAaHHKBIX B HAYAIEHBIX MOMEHT BPEMEHH, HO U
JUTSt HEKOTOpPOTo Juana3zoHa (okpecTHOCTH)
paccMaTpuBaeMBIX TapaMeTpoB. Takum 00pa3oM cTaHeT
BO3MOXHBIM  PAacCMOTPEHUE  cpa3y  HECKOJIbKHUX
CLUEHapueB pa3BUTHs cuTyauud. I[Ipy 3TOM Ba)xHO
YUUTBIBAaTh MNPOCTPAHCTBCHHO-BPEMEHHOE pPACCTOSIHUEC
MCXIY Ha4YaJbHbIMHU 3HAYCHUAMU TApaMETPOB U
JOCTUTHYTBIMH B IIPOLECCE IMPOTHO3a KPUTUYCCKHUMU
napamerpamu B Oyaymiem (puc. 4).

0
S04

40 4

Pucynox 4 — OtoOpaskeHne MpoCTpaHCTBEHHO-
BPEMEHHOTO paccTossHus Ha (azoBom moprpere (1 —
HaydanbHas TOYKA U €€ JUana3oH, 2 — KOHEYHas TOUKa,
3 — IPOCTPaHCTBEHHO-BPEMEHHOE PACCTOSHUE)
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Jig yuéra XaoTH4eCKON HEyCTOHUMBOCTU CHCTEMBI
npejylaraeMas MeTOAMKa IPOTHO3UPOBAHMSA JIOJDKHA
BKJIIOYATh B ce0s1 CIIETyIOIINE STallbL:

1) ananusuposanue naHHbx o [TYC u
COOTBETCTBYIOLIUX METEOPOJIOTHUECKUX MapaMeTpax C
BBISIBJICHHEM KPUTHIECKUX ITAPAMETPOB C
HCIIONIb30BaHUEM AITOPUTMOB MAIIHHHOTO O0YUCHHS;

2) UHTErpanys JaHHBIX PEaTbHOTO BPEMEHH B
MaTEeMaTHYECKYI0 MOJIENb M TIOJTyYeHUE IPOTHO3a;

3) moxy4eHue MporHo3a It JaHHBIX THaa30Ha;

4) aHanmu3 TPUOIIKEHNS TPOTHO3UPYEMBIX TapaMeTPOB
C KPUTHYECKHMU;

5) ouenka BepositHocTH [TUC.

3.1 AHaau3 JaHHBIX U BbIfIBJIEHHE KPUTHYECKHX
napamMeTpoB

Jmnst  oueHku BeposiTHOCTH  Bo3MoxHOW ITYC
HEOOXOUMO BBISBJICHHUEC KPUTHYCCKHUX MAPaMETPOB, MO
KOTOpPBIM OyIeT NpPOM3BOAUTHCA OleHKa. K Takum
mapameTpam B IEPBYIO OYepeIb OTHOCITCS TeMIIepaTypa
Bo3ayxa T, atMmocepHOe maBIieHUE p M CKOPOCTH BETpa
v.

Brrsanenue KPUTHYECKUX IapamMeTpoB
IpeaIaraeTcs IpPON3BOIUTE IIOCPEICTBOM AJITOPUTMOB

MaIIMHHOTO 00yUCHUS. Jost peanuzanuu
MOCTABJIEHHOW  3a7aud  TOAXOSIIUM  SIBISIETCA
anroput™  «JlepeBo  pemienuit». Ero ocHOBHBIM

MIPEUMYIIECTBOM SIBJISIETCSI BO3MOXKHOCTb PACCMOTPEHHUS
HE TOJBKO M30JINPOBAaHHBIX KPUTUYECKUX IapaMeTpoB,
HO W WX KOMOWHauuif, 9T0 3HAYNTEIHHO YBEINYMBACT
TOYHOCTh TIOUCKA. Taxxe HEMaJIOBAXKHBIM
JOCTOMHCTBOM SIBJISICTCS BO3MOXKHOCTDh BHU3YaJIN3aIHU
pabotel anmroputma. I[IporpaMMHBIH KOJI ajlropUTMa
«JlepeBo pereHuin»

OmHUM ©3 [EHTPAIBHBIX O3TallOB B pealH3aluu
QITOPUTMOB ~ MAIIUHHOTO  OOydYeHHWsS  SBJISETCS
¢opmupoBanue 0a3bl JaHHBIX, HA OCHOBE KOTOPOU
OyzeT mpoM3BOAMTHECS «oOyueHHe». B pamkax 3amauu
moucka kputudeckux mnapamerpoB [TUC wucxomHbIMU
0a3aMu TaHHBIX OYIYT SBJIATHCS:

1)

nmanaeie MUC o mectax u Tumnax [TUC;

2) [nmaHHBIE THIPOMETEOPOIIOTHYECKOTO IICHTpa
Poccun 0 MeTeopoJorHYecKHx mMmapaMeTpax,
conposoxxaaromux [THC u3 1.1

O6oOmiéHHas cxema TIpeAyaraeModl  CHUCTEMBI

MIPOTHO3a MPEJICTaBIICHA Ha PUCYHKE 5.

darwiwe & pexume
ucxodHaR da3a danwely 1) ucxodas 0a:a dawwsx 2 : e
MEmeadmHEE e pfamzf Opersen il
i dakse GuanazoHa
l |
I MO MOGES
Quprypolarue oolsaoued
Sudopxy NPOZHOFHEE
I daveete
QAZGPUTN MOLUHHDZ0 [
oyeHuA | BHIA
|
Gusfinenmse KpumuHecKUe Np2HoILYeMEE oo
napanemas AGRaMEMPE FEX00M
b 301y Kpumireckux?

I

Gusucnenue
NOOCMOAHCMOeHHO-B0eMPHHDZ0
POCCMOSHYA O PEQTbHEX NapaMempod
K KDUMUECKUM

‘ BeposmHocme mﬁyfrm|

Pucynoxk 5 — O60061ieHHast cxeMa npejiaraeMoil CHCTEMbI TPOTHO3a

BBIBO/J

B pabore ymamoce paccMOTpETh OCHOBHYIO
MPUYHMHY, OTpaHUYIHBAONIy0 mporHo3sl ITUC mo cpoky
N TOYHOCTH: TaKHUM (baKTOpOM SIBIIACTCA XaO0THYCCKas
HEYCTOMYMBOCTL aTMocdepHoil monenw. I[Ipemioxken
MOAXO/,  YYUTHIBAIOIIMN  BIMSAHHE  BO3MOXKHBIX
BO3MYIICHUH HAYalbHBIX IapaMeTpPOB Ha HaudajJbHBIN
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nporHo3. Jlns aHanW3a J@HHBIX OBUT  INPEIJIOKEH
AITOPUTM MAIIMHHOTO 00ydYeHHs «J{epeBo pemeHuin».

CIIUCOK UCIOJb30BAHHBIX
OBO3HAUEHUI

ITYC — npupoaHbIe Ype3BbIUYaiHBIC CUTYAIINN;
[1O — mporpammHOe oOecnieyeHue;
MYC — MUHHCTEPCTBO Upe3BbIUAHBIX CUTyalui.
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BacunbeB . A., Unpucos A. @., Peicun b., Tymanos A.JO
Cankr-IlerepOyprckuii rocy1apCTBEHHBIN YHUBEPCUTET a3POKOCMHUECKOT0 IPUOOPOCTPOCHUS

HPOFPAMMHBIﬁ KOMILIEKC I1IO PACUETY HOCJIEACTBUA U OIEHKE 30H
BO3JEUCTBUA OCHOBHBIX ITIOPAXKAIOIINAX ®AKTOPOB ITPH YC B
IMPUPOJHO-TEXHUYECKOHU CPEJAE

AHHOTANIUA

CraThsl MOCBSIIEHa KOMIIBIOTEPHOMY MOJEIHPOBAHUIO B
3amagax ~ obecmedeHMs ~ 0€30MaCHOCTH, B YCIOBHAX
BO3ICHCTBUS  MOpaXAarOmMX  (HAKTOPOB  UYpPE3BBIYAWHBIX
curyanuii. Opranuzanus Jr000ro MPOM3BOACTBA CBA3aHA C
HaJa)XMBaHUEM psJla TEXHOJOTHUECKMX IIPOLECCOB, Kak
OCHOBHBIX, TaKk H  comyTcrByrommx. OOecneyeHue
6€30MacCHOCTH M YCTOWYHUBOCTH SBISTIOTCSL OHIMH U3 BaKHBIX
CONYTCTBYIOIMX  HPOLECCOB  PAAMOIEKTPOHHBIX U
IpHOOPOCTPOUTENBHBIX IPOU3BOJICTB B HACTOSAIIEE BPEMSI ITH
HpOLECCH BBIXOAAT HA TEPBBI IIIaH, OCOOEHHO 3TO
CTaHOBHUTCSI  aKTyaJbHBIM, KOTJla HYXHO  HaJlaXWBaTh
MpPOU3BOJICTBO B YCIOBUSIX NPOTHO3HPYEMBIX UpPE3BBIUYAHHBIX
cUTyauuii.

1. BBEAEHUE
1.1. AKTyaJIbHOCTDH

Opranmszanust TI000TO TPOM3BOJCTBA CBsI3aHA C
HaJIa)KMBaHUEM Dsijia TEXHOJIOTMYECKHUX MPOLECCOB, KaK
OCHOBHBIX, TaK W comyTcTByrommx. ObecredeHne
0e30MaCHOCTH W YCTOWYHBOCTH SIBIISIOTCS OJXHUMH W3
Ba’KHBIX COIYTCTBYIOIINX MPOLIECCOB
PaAMOdIEKTPOHHBIX u PUOOPOCTPOUTENHHBIX
npousBocTB (POII) B HacTosIIee BpeMs 3TH MPOLECCHI
BBIXOJSIT Ha TIEPBBIN IJIaH, OCOOEHHO 3TO CTAHOBUTCS
aKTyaJIbHBIM, KOT/Ia HY>KHO HaJa)XWBaTh MPOU3BOJCTBO
B YCIIOBUSIX MIPOTHO3UPYEMBIX Ype3BBIYAITHBIX
CUTyaluH. Beinyckaemas MPONYKLIMS —
PaaMOdJIEKTPOHHbIE TIpUOOPHI TaKKe JIOJDKHBI
COOTBETCTBOBATH TpeOOBaHUSIM TEIJIOBOM,
paavalMOHHOW M MeXaHM4yecKoil croikocTH. Ecnu He
YYHUTHIBATH ()aKTOPOB PUCKA BBIXOJIA U3 CTPOS MPHOOPOB
U DJIGKTPOHHBIX KOMIIOHEHTOB, TO Ja)Ke HEOOIbIIOe
OTKJIOHEHHE  TapaMeTpoB  BHEIIHEH Cpelbl  OT
HOPMaJIbHBIX 3HAYEHUIl NPUBENET K TEXHOTEHHOMH
aBapun. TeM Oojiee 3TO aKTyalbHO IS TPUOOPOB,
paboTaroNyX B yCIOBUSAX MOHU3HPYIOIIETO M3ITYUCHHS,
OONBIIMX TEPEenayoB TEeMIEPaTyphl, MEXaHUIECKUX
BO3ACUCTBHH, TakMX KaKk 00OpyJOBaHWE CITyTHUKOB
T'JIOHACC Ha opoute 3emun. Tlepen
pPaIHO’IEKTPOHHBIMU ~ H  MPHOOPOCTPOHUTEITEHBIMU
MPOM3BOJCTBAMHU IIOCTaBjeHa 3aJada JOBECTH CPOK
6e3oTkazHoi paboTsl ciryTHHKOB [ JIOHACC no 15 ner.

B pamkxax npunstodn B 2015 romy KoHUENnuuu

HAIlMOHANBHOH  Oe3omacHocT  P®  cymectByer
mpobjeMa TO  Pa3BUTHIO  CHCTEMBl  TIPHHATHS
NPEeBEHTHBHBIX ~ Mep IO CHIDKCHHIO  pHCKa
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BO3HMKHOBEHHUS UYPE3BbIUAWHBIX CUTYyallud U TMOXKapoOB
Ha OCHOBE MIPOBEJICHUS MPOGUIAKTHICCKUX
meponpusatuil. OLIT «CHkeHue pUCKOB U CMATYECHHE
NOCJICACTBUM YPE3BBIYAWHBIX CUTyalluil IPUPOJHOIO U
TEXHOI'€HHOro xapakrepa B Poccuiickoit ®denepanuu 10
2015 roma" B coorBercTBUM ¢ KoHIenmuen
JIOJITOCPOYHOI'O COLUATBHO-IKOHOMUYECKOTO Pa3BUTHS
Poccuiickoit ®enepauun Ha nepuon no 2020 rona,
YTBEP)KAEHHOW  pacnopsbkeHueM  [IpaButenbcTBa
Poccuiickoit ®enepanuu ot 17 Hos0ps 2008 1. N 1662-
p, MJIAHUpPYETCS MOAJNEPKAHHWE BBICOKOIO YPOBHS
0e30IacHOCTH  CTpaHbl, BKJIIOYas  0€30IaCHOCTh
HAaCEJICHUs U TEPPUTOPUN OT YPE3BbIYANHBIX CUTYaLUH
IIPUPOJHOTO U TEXHOTE€HHOI'0 Xapakrepa. Takoil moaxon
TpebyeT peann3ai KOMIUIEKCa B3aUMOYBSI3aHHBIX IO
pecypcaM, cpokam M dTamam mnpeoOpazoBanuid. [Ipu
9TOM JIOJDKHA TPOU30HTH CMEHa NPUOPUTETOB MpPH
3alllUTe HACEJECHHUA U TEPPUTOPUIM OT omacHocTed u
yIpo3 pa3IM4HOIO XapakTepa - BMECTO KYJBTYpbI
pearvupoBaHUs Ha YpEe3BbIYAMHbBIE CUTYallMd Ha MEPBOM
MeCTe JOJDKHA OBITh KYJIbTypa IPeayIPEKICHHS.

Pemenne »oTol mpoONEeMBI HEBO3MOXXKHO 03
OTIMCaHUs u OIICHKHU H30JIMPOBAHHOTO u
KOMOMHHMPOBAHHOTO JCUCTBUS TOpakaomux (HakTopoB
(II®) ncrounukoB upe3BeIdaiiHbIx cutyaruilt (HC) npu
TexHOreHHbIX aBapusx (TA) Ha pagwarmoHHO, TOXapO
U B3pbIBoomacHBIX oOwvekTax POIIIl. Heo3moxHO
MPEACTaBUTh TAKYIO OLIEHKY NociencTBUil neiictust [1D
0e3 WCIONB30BaHUA MoOJCICH W KOMIBIOTEPHOTO
MOJEIUPOBAHUSI.

Hensro paboTsl SIBIISIETCA MOCTPOEHUE
JNETEPMUHUPOBAHHON aHAIUTUYECKOM MOJEIN U €€
KOMITBIOTEpHAs peaju3alusi B COCTaBe MPOrPaMMHOIO
KOMIUIEKCa M0 pacyery IMOCIEACTBUM U OLEHKE 30H
BO3JICHCTBUSI OCHOBHBIX MOPAXKAMOIMKUX (PAKTOPOB TpPH
YC B npupoTHO-TEXHUYECKOH cpee.

3amauu, KOTOpble HEOOXOIWMO BBITIOIHUTH ISt
JIOCTHKEHUS TOCTaBJICHHOM 11eJIn:

pa3paboTka epBoHaYaIHLHOW MOJIETH;

TIOCTPOCHHE aJIropuTMa PabOTHI IPOTPAMMBI,

pa3pabotka uHTepderica MporpaMmsl;

HanycaHue Koja Ha s3bike C++;

MPOBEJIEHUE BBIYUCIUTEILHOI'O IKCIIEPUMEHTA;

00CYX/IeHUE PEe3YIbTATOB U BBIBOJEI.

1.2. 3agaum uccjaenoBaHus

3amauu, KOTOpbIe HEOOXOIUMO BBITOJTHUTD IS



JIOCTUKECHUS TTOCTaBJICHHOM 11€JTH:
pa3paboTKa MepBOHAYATBHON MOJICIH;
MOCTPOCHUE ANTOPUTMA pabOTHI MPOTPAMMBIL;
pa3paboTka uHTepderica mporpamMmel;
HaIMCaHWe Koja Ha si3bike C++;
MPOBEICHNE BBIYUCIUTEILHOIO SKCIIEPUMEHTA;
o0cyK/IeHue pe3yIbTaTOB U BBIBOAKIL.

1.3. Onucanue U OCHOBHbIE XapaKTePUCTUKH
00beKTa uccJaeJOBAHUS

OOBEKTOM  HCCIIENOBAHUS  SIBISIOTCS  OOBEKTHI
MPUPOJHO-TEXHMYECKOH Cpenbl, KOTOPBIE MOTYT OBITh
npuyuHOM  Bo3HMKHOBeHMa ~ UC, cBsi3aHHOH ¢
HEKOHTPOJIUPYEMBIMH MOHU3UPYIOIMIUMU HU3TyYCHUSIMU
Kak IMopaxaroIuMy paxkropamu uctouHukos TA[3].

2. KOMIIBIOTEPHOE MO/JEJIMPOBAHUE
2.1. [TocTpoenne MaTeMaTHYeCKOH MoO/IeTH

C nosenerreM OBM 1 KOMIIBIOTEPHBIX MPOTPaAMM,
peann3yoNMX aIrOpPUTMbI OTy4eHHs, 00padoTKH,
MPE/ICTABICHUS U HCIIOIB30BaHUs HHPOpMAu 00
00BeKTax, MOSBHIIACH BO3MOKHOCTH MHOTOKPATHO H
3¢ $EKTUBHO NPOU3BOANTH BEIYUCIUTEIIBHbIC
9KCIIEPUMEHTHI, T.€. IPOBOJUTH KOMIIBIOTEPHOE
MOJICTIHPOBaHUE.

OO61mas CTpyKTypa Makera MpUKIAIHBIX POTrpaMMm
COCTOMT M3 yacTel, MoIpoOHO OnmucaHHbIX [1]:

B pamkax KOMIBIOTEPHOIO MOZEIUPOBAHUS IIPU
CO3JaHUHU HpI/IJ’IO)KeHI/Iﬁ AKICHTHUPOBAJINCH BOIIPOCHI
Ha 00eCICUCHUH CIICAYIONINX TPEOOBAHMIA:
HAay4YHOCTH, aJalITUBHOCTH, CO3HATEIILHOCTH
00y4eHHsI, CAMOCTOSATEIEHOCTH U aKTHBU3ALIHH
JeATEeIbHOCTH, BU3YaJIH3allii U JJOCTYITHOCTH B
o0pa3oBaTeJpHOM nporecce. B HacTosmee Bpemst
NPHIOKEHHUSI UCTIOJB3YIOTCS Ha MPAKTHYECKHX
3aHATHAX CO CTYICHTaMU IO HAIIPABICHUIO
"TexHocdepHas 6e301acHOCTB" 1 110 pa3uely
mucuuiuinael BXX/] «3amuTa B ype3BbIuaitHbIX
CUTyalusax».

N3BecTHO, uTO Nipu npousBoacTBe POII mpumenstorcs
BEIIECTBA M MaTE€PHAIIbI, KOTOPHIE MOTYT OBITH
ONACHBIMU C TOYKH 3PEHUS NI0KAPHOM OMACHOCTH.
DTO MOTYT OBITh JIETKO BOCIIJIAMEHSIEMbIE )KUTKOCTH

ITocTpoum neTepMUHUPOBAHHYIO aHATTUTUYECKYIO
MaTeMaTHYECKYI0 MOJIENIb IPoLlecca FOPEHHs JIETKO
BocIutameHsieMbIx sxuakocted(JIBXK) ucxons uz
METOAMKH pacyeTa, NpeacTaBleHHol B [2,3]. B
KadgecTBE IMpUMepa paccMOTpUM Mozenb «Pacuer
TETIOBOTO M3IIYyYEHUsI OT M0XKapa MPOInBay.

Hcxomnbie mapaMeTpsl MOJETH.

1. TIponuroe JIBX

2. IInomans nmponmsa (M2)

3. JlnuHa paauyca 0 HeHTpa pa3auTus (M)
PacueTHble mapaMeTpbl MOJICITH.

1. DddexruBHbI quamerp nponusa d M (cM dpopmyiry
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1)
2. Beicora rutamenu (cM. popmyiy 2)

PaccunrsiBaeM adpdextrBHBIN nuaMeTp nposusa d M,
o ¢popmyie

dopmyna

(1)

rie S — IUIoImaab MPOJUBa, M2.

PaccunrsiBaeM BeicOTy TiamMenu H, M, o ¢popmyie

0,61

| m

L P ~/80 )

H 42 d

(2)

rzie T — yJeJbHasi MaccoBasi CKOPOCTb BHITOPaHUS
TOIUINBA, KI/(M - C);

I'B — IJIOTHOCTB OKPY>KaroLIero BO3AyXa, Kr/M3;
g— YCKOpEHHE CBOOOIHOTO TaJICHUs, PaBHOE

Omnpepensiem yrinoBoii ko3 dunment odmyaenHocT Fq
o opmyie

NFE = F2
)

roe,

L m:' i I Im'm} (s 1| 4 il || 1+1KS,

Y =—| —- e +— e ————aniv —_——e
w5 u"‘-" 1¥s+1) 47 g‘],t-i—hm—l;u,
1| B-1/5) [ [BDG D) _-vsp [ [(a+nE, -1 )

F.=—————"-arcrg - == e

= x| BT 'T‘QlB—lM +1 ) i "‘w 4-1(5, +D .-_|

rae, A= (h, +S:+ 1) /2S,,

Si = 2r/d (r-paccTosiHHE OT TEOMETPHUIECKOTO IIEHTpa
TIPOJINBA JI0 00JTy4aeMoro oObEKTa)

PesynmbpTaToM pacueTa SBISETCS OKA3aTeNb OMACHOCTH
TmoKapa mnpoJjmBa «/IHTEeHCUBHOCTH TEMI0BOI0
mnydenus (MTH)». N3BeCcTHB TOPOTOBBIC 3HAYCHHS
NTH, ¢ KOTOpBIMHU CpaBHUBAIOTCS MOJyUCHHBIE B XO/€
ouenku Benmmanasl UTU. Crexgyronmim sTamom

il



MOCTPOCHHMSI MOJIENHN TTOPAKEHUS TEXHUUECKUX
00BexToB 1 niepconana POII sBisercs moctpoeHue
AJITOPHTMA OILICHKH, CITYKAIeT0 OCHOBOH HAaIIMCaHUS
KOMIIBIOTEPHOT0 KOJIa.

2.2. IMocTpoenne anroputma

B Hamrem cnyyae ¢ mopaxarimumu GakropamMmu
nctouyHuKoB YC MBI IMeeM JIeJI0 MaTeMaTHYeCKOM
MO/IEJIBIO BO3/ICHCTBYS TETNIOBOTO U3IIyUeHHs. JTO
aHaJTUTHYecKas JeTepPMUHUPOBAHHAS MOJIEIb, T1e
ecTh (hOpMYITBI M HET HUKAKOI HEeOoTpeIeIEHHOCTH B
HCXOJHBIX TaHHBIX. Ha 0CHOBaHWM OCHOBHBIX
orepannii METOTUKU pacueTa HHTCHCHBHOCTH
TEILUTOBOTO M3IIyYEHUs aBTOpaMH pa3padoTaH
JITOPUTM PaCUYETa, KOTOPBIA CIYXKHUT OCHOBOM JJIst
HaNMCAHMI KOIa MPOTPaMMBI-TIPHIIOKCHUS.
AnropuT™ pazpaboTaH ¢ IPUMEHEHHEM MPOrPaMMBbl
Flowchart[4], kOTOpyt0 MOXHO HUCIIOJIB30BaTh IS
CO3JJaHUSI HATJIAJHBIX OI0K-cxeM. [1Jist aToro Obut
MOJTOTOBJIEH TICEBJIOKO] C HCTIOJIb30BaHUEM
cuHTakcuca si3pika C++. Ha puc. 1 mpencrasien
(parment anroputMa pacdera UTU moxapa
MIPOJINBA.

HMHTEHCHBHOCTE
TEnnosoras HJJTYIJQHM Bhille
NOPOroBLLE SHAYEHMIA 7

SAKOHUYWTE pacueT ?

Puc 1. biok-cxema anroputMa Hax0KISHUS
WHTEHCUBHOCTH TETJIOBOTO M3ITydeHHS MOXKapa
MPOJIMBa

2.3. MeToanKka MOHMTOPUHTA PAAHANMOHHOIM
00CTAHOBKH

[na B3aumoaeicTeus nNosib3oBaTena ¢
nporpammoit paspaboTtaH nHTepdeic
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nporpammel. Mpumep opopmneHunsa nHtepdeica
npeacTaB/eH Ha puUc.2.

P TNV A — 07 (V8 A TS, 7% oy () W

¥ s . T Wt T T ] 47 P
TOCTF 123567 80 CTRT lemigmas fmsoraron, tmmetrmacnss “grms O wolmmnts. essa wopasn, SERKINENAE 5. T B 1

1 1on v ) e e ) 481 0]

Puc 2:

lNaBHbIK BWA, OKHa
nporpammbl «PacyeT WMHTEHCMBHOCTU TEM/J0BOro
n3NyyeHnn

KOMMNbIOTEPHO

24. BbIYUCJIUTEJbHbIA SKCIIEPUMEHT

y‘II/ITI)IBaH, 4TO MMPOBECTU HaTypHLIﬁ WK JaXe
HOJ'IyHaTypHLIﬁ OKCIICPUMEHT HE  NPCACTABIACTCA
BO3MOXXHBIM, BCJICACTBHC €ro OITAaCHOCTH "
OIrpaHNYCHHOCTH PeCypcCoBs, npoBeaAcM
BBIYMCITUTSIbLHBIN OKCIICPUMCHT METOAaMHU
KOMIIBIOTEPHOTO MOACIUPOBAHUS.

Nmest mocTpoeHHYI0 MaTeMaTHIECKy 0 MOJIETb,
QITOPUTM  pacyera, MONYyYEHHBIH Ha OCHOBAHUH
METOJMKH OLEHKH M pa3pab0TaHHOTO NPHIOKEHHS Ha
S3BIKE MIPOTPaMMHUPOBAHHUS C++, IIpoBeieM
BBIYUCIIUTENBHBIN  SKCHEPUMEHT Ui  HAXOXACHUS
3aBHCUMOCTH «MHTEHCHUBHOCTH TEIIJIOBOTO M3ITyYCHHS —
paccTosHHe OT O0BEKTa 10 IeOMETPUYECKOro IEHTpa
MIPOJIUBAY.

[lenpro 3KCIEpUMEHTa SIBISAETCS HaXOXKICHHS
0e30MacHbIX pacCTOSHHUH, KOTOpbIE MOTYT OBITh
HalJieHbl, 3Hass IIOpOrOBbIe TaOJMYHBIC 3HAYCHUS
MHTEHCUBHOCTH TEILUIOBOTO U3JIydeHHs 1.

YacTb pe3ysbTaTOB NPOBEACHUS BEIYUCIUTEILHOTO
9KCIIEpPUMEHTA CBeJIeHbI B Ta0uuiy Ommoka!
HcTouHnK ccbUIKM He HaiiieH. ] 1 peCcTaBieHbl Ha
rpaduke (puc 3).

Tabauua 1
Head 1 R, m Q, KBT/m2
1 12,7 16,345
2 13 14,680
3 14 11,824
4 15 10,020
5 16 8,668




6 17 7,596
7 18 6,717
8 19 5,983
9 20 5,357
10 21 4,824
11 22 4,360
12 23 4,000
Ha pumc.3 mpencraBmeH TpaguK HHTEHCHBHOCTH

TETIOBOTO M3Ty4EHHS OT PACCTOSIHUS A0 LEHTPa odara
noxapay. 13 rpaduka BUIHO, YTO HA PACCTOSIHUAHU OT 22
0 23 METpOB MHTEHCUBHOCTb TEIUIOBOTO M3IIy4ECHHS
cocraBut oT 4 no 4.36 kBt/M2. [loporoBoe 3HaueHwme,
KOrJla 4YeJOBeK YK€ YyBCTBYEeT AMCKOM(pOPT OT
JIEUCTBUSL TEIJIOBOTO M3JIy4yeHHsi cocraBiseT 4.2
kBt1/M2. Takum 00pa3oM ¢ TOMOILBIO MaTeMaTHYECKOM
MOJIEIM U TOCTPOSHHOro rpaduka 3aBUCHMOCTH
HarjJIsAHO BUAHA OTTACHOCTb HaXOXKACHUA B 30HC IOXKapa
¥ MOYKHO OTIPEJICTNTh O€30I1aCHOE PacCTOsIHNE, KOTOPOE
cocraBmwio 23 M. Hmeercs peanbHass BO3MOKHOCTb,
n3berass  pyTHHHBIX  OIEpaIHH, MIOMOIIBIO

KOMITbIoTepHOTO Tprioxkernst JIIIP cnporrosmpoBath

C

mapaMeTpel  OMACHOTO  SIBICHUST M OLCHUTH
He6ﬂaFOHpI/IﬂTHbIe IIocCJIeaACTBUA JII  YCJIOBCKA U
obopynosanus POIL.

3Has TOKa3aTenud OMACHOCTH, MOXKHO TPHUHSATH

YIpaBJIeHYECKUE PELICHNS U ISHCTBYSI IO OpTraHn3aun
MIPOM3BOJICTBA TAKUM 00pa30M, 4TOOBI MUHIMH3UPOBATh
yep0O.

Takue OeHCTBHMS HA3BIBAIOT MEPONPHUATUSAMH  I10
npenynpexaenuro UC. Haxomsce B 30He moXkapa
YCJIOBCK HMMECT BO3MOXHOCTHL IPUMEHUTH MECTO/bI

samuTel oT UC.
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Puc3: I'padvk MHTEHCUBHOCTH TEIJIOBOTO M3ITy4EHUS
OT pAcCTOSHHUS A0 TEOMETPHYECKOro IEeHTpa ouara
moxapa
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4. 3BAKJ/IIOYEHHUE

Takum o6pazom,
OCHOBHBIE Pe3YJIbTaThl:

1.Pa3zpaboTana neTepMHUHUPOBAHHASI aHAINTHIECKAS
MaTeMaTudeckass MoJenb mpouecca BosaeiictBus IID
TETIJIOBOTO M3IY4YEHHS Ha UCCIEAYEMbIH OOBEKT.

2. [Moctpoen anroput™ pabOTHI IPOTPAMME,

3. Pa3paboran uaTEpdEiica mporpaMMsr;

4. [TlpoBeneH BBIYHACIUTENBHBIA AIKCIEPHUMEHT,
KOTOPBIN IIOKa3ajJ, 4TO C IMOMOIIBIO Pa3pabOTaHHOTO
WHCTPYMEHTApHs KOMIIBIOTEPHOTO  MOJEITHPOBAHUS
BO3MOKHOCTh ~ IIPOTHO3UPOBAHUSA IOCIEACTBUH U
HaXOXJEHHSl 3aBHCUMOCTH (i OT pacCTOSHHS OT
reOMETPUYECKOr0 LIEHTPA I0XKapa MpoJiuBa 110 00BEKTa,
MI0JIBEPraeéMoro OIaCHOCTH.

5. Onpenenensl 6€30MaCHBIE PACCTOSHUS JUIS CITydast
HaXOJKJCHUS 4YeJIOBeKa B 30HE IOXapa. YUUTHIBas, UTO
Ha mpom3BoacTBax POIl Ha HeOOmBIION IUTOMAAN
CKOHIIGHTPUPOBAHBl MCTOYHUKH 3HEPTHH, CYIIECTBYET
OTIACHOCTH IS TIEPCOHAJIA ITHX ITPOU3BOJICTB.

[lomydeHnsle pe3ynbTaThl SIBISIOTCS  HAyYHBIM
3a71e7I0M TSt JaTbHEHIIEeTo HCCIIEIOBAHUS
BO3MOXKHOCTEH KOMIIBIOTEPHOTO MOJCIUPOBAHUA JIA
obecrieueHnsi OE30MACHOCTH  PAJUOAIEKTPOHHBIX M
NpUOOPOCTPOUTENBHBIX ITPOU3BOACTB IPH BO3/ACHCTBUH
nopaxatomux  ¢axkropoB ucroynuko YC. Tlo
pe3ynpTaTaM  HCCIEOBaHMA aBTOpPaMH T'OTOBUTCH
3asBKa Ha MOJY4YEHHE CBUIETENIbCTBA O PETUCTpaluu
KOMITBIOTEPHOW TPOTrpaMMBbl, MO JETEPMHUHHPOBAHHOMN

B XO0A€ pa6OTI)I TMOJIYUYCHBI

OIICHKE, OI1aCHOCTHU TCIIJIOBOT'O H3JIIyYCHUS B
Pocnarenre.
CIIMCOK JIMTEPATYPBI
[1] WHuaTepner-xypHan "TexHonoruu
TeXHOC(hEpHOI 6e3omacHocTH"

(http://ipb.mos.ru/ttb) Beimyck Ne 6 (52), 2013
r. 5

MeTtoauka onpeieNieHus paCYETHRIX BEIINIHH
MO’KapHOTO pHUCKAa Ha TPOU3BOJCTBEHHBIX
oObekTax. YTBepkieHa I[Ipukazom MUC
Poccun ot 10.07.2009 1. Ne 404 ¢
u3mMeHeHusimu ot 14.12.2010.

[Ipuxa3z MUC Poccun Ne 649. 3. IIpukaz MUC
Poccun o1 30.06.09 Ne 383 "O0 yTBepKaeHHH
METOAUKU ONpPEEICHUSI PACUETHBIX BETUYNH
M0’KapHOTO PHUCKA B 3IaHUSAX, COOPYKEHUSAX H
CTPOCHHUSIX Pa3TMYHBIX KJIACCOB
(yHKIMOHANBHOW TOXKapHOH omacHOCTH" B
pen. Ilpukaza MUYC Poccunot 12.12.2011 Ne
749

(2]

(3]



YK 614.841.3(470.57)

N.E. Bunorpanosa

DenepanbHOE TOCY IapPCTBEHHOE OFODKETHOE 00pa30BaTEIbHOE YIPEIKACHHIE BBICIIIETO 00pa30BaHUs
«Y pUMCKH TOCyTapCTBEHHBIH HEPTIHOM TeXHUYeCKHui yHUBepcuTeT», 450064, r. Yda, yn. Kocmonasros, 1,
Poccus

PA3PABOTKA JUCTAHIIMOHHOI' O YIIPABJIEHUA MOJIAYM ITEHBI PASHOM
KPATHOCTH HA ITO’KAPHOM CTBOJIE «I1YPT'A» ITPU TYILEHHUU ITIOKAPOB

AHHOTAIUS

B nanmHOll HayuHOW craTbe IIpPOBEAEH  aHAIM3
BO3HMKHOBEHUSI M TYILICHUS II0XKapoOB pe3epByapoB Ha
oObekTax He(Tera3oBoif otpacian. PaccMOTpeHSBI moxkapHbIe
CTBOJIBI, COCTOSINME Ha BOOPY)KEHHM B IIOXKApHBIX 4YacTAX.
IIpennoxkeH BapuaHT yCOBEPHICHCTBOBAHHUSA KOHCTPYKIUH
YCTaHOBKH KOMOHMHMPOBAHHOTO TyHIEHHS MOapoB «Ilypra».

1 BBEJEHUE

Ha CErOJHSIIHUN JIEHb MIpEANPHUATHS
HedTenepepadaThIBarOIICH TPOMBIIIICHHOCTH
SBIISIIOTCSI  OOBCKTAMM  TIOBBINICHHON  MOYKapHOM

onacHoctd. Kaxnplii rox HaOmonaercst Bc€ OONbIINI
POCT KOJIMYECTBA U pa3MEpOB pe3epBYapHBIX MApKOB U
pe3epByapoB B HUX, a TAKIKE IPYTUX MPOU3BOJICTBEHHBIX
COOpPYXEHHH, B pe3yJibTaTe 4Yero YBEINYHUBAETCS
BEPOSITHOCTH BOSHUKHOBEHUS 10KapoB. [Ipu 3ToM u3-3a
XpaHALIAXCS B pe3epByapax JETKOBOCIUIAMEHSIOINXCS
JKUJKOCTEH JlaHHBIC TIOKaphl SIBISIFOTCS HawOoiee
MacmTaOHBIMH ¥ HAHOCAT  CephE3HBIA  ymepO
JIEHCTBYIOIIMM MpeanpusTusm [1].

[ cHIDKEHUS TOXApHOM OMAacHOCTH OOBEKTOB
HedrenepepaboTKH HEOOXOAUMO 00ECIeYUTh CBOEBpE-
MEHHOE TYyIIEHHE JJAHHBIX 00BEKTOB, HE 3a0bIBasi TAKIKE
00 3KOHOMHYHOCTH TIPH MCIOJIb30BAHUH HEOOXOIMMBIX
JUISL TIKBHUJIAIINY [T0YKapa PecypcoB.

B kauectBe 0OBEKTa HAYYHOTO HCCIICAOBAHMUS
paccMarpuBaeTcsi  YCTaHOBKa — KOMOWHHMPOBAHHOTO
tymenns noxapos (YKTII) «ITyprax.

enpto  paboTBl  CTaO  COBEPIICHCTBOBAHME
koHcTpykuun YKTIT «Ilypra» nmns  peanuzauuu
BO3MO>KHOCTH JUCTaHIIMOHHOTO YIPaBJICHUS MOTOKAMH
MOa4H TIEHBI Pa3HOIl KPAaTHOCTH.

Jnist nocTrKEHMs OCTABJICHHOM 1IeJTH HE00X0AMMO
PELINTH CIIEYIOIIUE 3aIa4un:

1. BBINOJHUTD aHaJIM3 BO3HUKHOBEHUS W TYILCHHUS
MOXKapoB pe3epByapoB Ha OOBEKTax He(pTerazoBon
oTpaciu;

2. IlpoaHan3upoBaTh MOKapHbIE CTBOJIBI,
IIMe Ha BOOPY>KEHNH B OXKAPHBIX YaCTSIX;

COCTOA-

3. Pa3zpaboTaTh NpeaioxKeHus 0 COBEPIICHCTBOBA-
HUIO KOHCTPYKIIMM YCTaHOBKH KOMOMHHPOBAaHHOTO
TyueHus noxapon «Ilypray;

4. Ouenntsb 3¢ (eKTHBHOCTh
KOHCTPYKIIUH.

2 OCHOBHASA YACTb

npejiaraeMoun

2.1 AHan3 BO3HHKHOBEHHS M TYIIEHHUS MOKapPOB
pe3epByapoB Ha 00beKTax He)TerazoBoii oTpacaiun
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B OonplmMHCTBE ciy4aeB MoOXap B pe3epByape
HayMHAETCS C B3pblBa MNAapoBO3AYLIHOW cmecu. Ha
00pa3oBaHNE B3PHIBOOMACHBIX KOHLEHTPALMH BHYTpH
pe3epByapoB  OKa3bIBAIOT CYIIECTBEHHOE  BIIUSTHHE
(U3HKO-XMMHUYECKHE  CBOMcTBA  HE(TEHPOIYKTOB,
KOHCTPYKLIUSI pe3epByapa, TEXHOJIOTUYECKUE PEKUMBI
JKCIUTyaTalluk, a  TaKkKe  KIMMaTHYECKUE U
MeTeoposiornueckue yciaoBus [2]. B3peiB B pesepByape
NPUBOAUT K IMOAPBEIBY KpBIIHK C IOCICIYIOIINM
TOPEHUEM HA BCEHl MOBEPXHOCTU TOPHOYEH JKUIKOCTH
(Pucynok 1).

Pucynok 1 — Tyuienue pesepByapa ¢ HeTbi0

Jnga TymeHus pesepByapoB Ha O0O0BEKTax
HedTerasoBoit oTpaciu npeaycMaTpuBaeTcs
HCIIOJIb30BaHUE NEHbI cpeiHe U HU3KOM KpaTHocTh. K
OTHETYIIAIIUM CBOMCTBAM MEHbBI OTHOCSATCS:

- m3oNWpylomee JedcTBHe (I€Ha CO3IaeT
Oapbep Ha ITyTH MOCTYIUICHHUS B 30HY TOPEHUS TOPIOYHX
MmapoB W Ta30B, B pe3yibTaTe Yero TOpPEHHE
MpeKpanaeTcs);

- OXJaxjaromee ACUCTBHE (B 3HAYUTEIBHOM
CTENIEHU O3TO CBOWCTBO OTHOCUTCA K II€HE HU3KOH
KpaTHOCTH, T.K. B HeH comepxurca Oojbioe
KOJIMYECTBO JKUJKOCTH).

ITena oOnamaeT W3OJHUPYIOIMIMM CBONCTBOM: OHa
o0pa3yeT IUICHKY Ha IOBEPXHOCTH HE(TEHpPOIYyKTOB,
yMeHbIlIasg BBIXOJ| TOPIOYUX MAapOB BO BpeMs MOXKapa,
TEM CaMbIM TeMIepaTypa COJAEPKHMOIO pe3epByapa
BBIPABHUBAETCS BO BCEX CIIOSIX.

Ecnu nukBuzanusi mokapa Opoluia yCHEUHO, TO
NEHHYI0 aTaKy MNpojoJKarT eme 5-15 munyr. B
MPOTHBHOM CIIy4dae JeNaloT MepepblB M BBLICHSAIOT
MIPUYHHY JUTUTEIBHOTO MOXKapa.

ITapannensHo c TyUIEHUEM MIPOUCXOUT
OXJIaXIEHHE  pe3epByapoB. YUTOOBI  yMEHBIINTH
BEPOSATHOCTh BBIXOJA TIOXKapa 3a TIpeNienbl, BOJOW
OpOIIAIOT  coceaHue eMKocTu. g  3T0ro  mo
HalpaBJICHUIO BETpa BBIUMCISIOT, KaKOM W3 HUX B
OTIaCHOM 30HE U OXJIAXKJAIOT Ty 4acTh, KOTOpas OJmKe K



ouary. OxnaxJeHue BOJOW Takke Tpebdyercs
MOXapHOMY  00OpyJOBaHHIO  (CTBONIBI,  PYKaBa,
MIEHOTEHEPATOPHI).

B  mpaktuke ~ paboTBl  TOXApPHOH  OXpaHbBI

NPUMEHSIOTCS. B OCHOBHOM TpU IIpHEMa IoJa4yH
OTHETYIIAIUX [IeH B Pe3ePBYapHI:

- 4epe3 CJIOH TOPIoYero ¢ MOMOIIBIO CIICIHATIBHOTO
000pyIOBaHMs pe3epByapa;

- yepe3 OOpPT pe3epByapa B BUJE HABECHOU CTPYH C
NOMOIIbI0  IEHHBIX  CTBOJIOB,  IICHOCIHMBOB, U
THAPOMOHUTOPOB;

- IOJICIIOMHBIN CI10CO0;

- KOMOMHUPOBaHHEI croco0 [3].

Jns monydeHWs TEHbl CpeiHed KpaTHOCTH Ha
MIEHOTeHEPaTOPaxX MKEKIMOHHOTO THIA HCIIOJIB3YIOTCS
MeH000pa30BaTeNM Ha YIIIEBOJOPOIHON TOBEPXHOCTHO-
aKTHMBHOW OCHOBE. OTH BelleCTBa 00ECIEYHBAIOT
BBICOKYIO TEHOOOPa3yIOLIyI0 CIIOCOOHOCTH BOJHOMY
pacTBOpY, HO HEHBl HAa MX OCHOBE OOJIalarOT HU3KOU
TEePMUYECKOH  YCTOMYHMBOCTBIO, CMEIIMBAIOTCS €
He(TENPOAYKTaMH ¥ YTPAuUBAIOT  H3OJHPYIOIINE
CBOIICTBA.

Jns Oonee >ddekTUBHOrO TyHIEHHS MOXKAPOB B
pesepByapax enecoo0pasHo MIPUMEHSTh
KOMOMHHUPOBaHHBIH croco0 TyLICHUSA c
HCIOJIb30BaHUEM IICHBI HU3KOW U CPEHEH KPAaTHOCTU U
Nnojayu e€e B CJOM Toprodero. IJTO BO3MOXHO C
TMOMOIIBIO MEPEHOCHBIX MOXKAaPHBIX CTBOJIOB, UMCIOMINX
HACaJKH C PETYJIUPYIOIMM YTJIOM paclblia BOABI U
NeHoo0pa3oBaTels, KOTOpbIe MO3BOJAIOT  MOJAABATh
NEeHy HH3KOW M CpenHeil KpaTHOCTH C BBICOKUM
PacxoJ0M OrHETYIAIIErO BELICCTBA.

2.2 Tlo:kapHBIE CTBOJIBL, COCTOSIIIINE HA BOOPYKEHUH
B MOKAPHBIX YACTIAX

Jnst TYIICHUS MO’KapoB i 3aI[UATHI
TEXHOJIOTHUECKOro obopynoBaHus HedTenepepadaThl-
BAIOIIUX TPEANPUATANH MIMPOKO HCIOIB3YIOTCS Kak
HOBBIE, TaK U JIABHO BBIITYCKAEMBIE MTOKAPHBIE CTBOJIBL.

Vxe nponrue roxael crBosamu PCK-50 u PC-70
KOMIUIEKTYIOTCS TOCTBhI JIONOJIHUTEIbHON MOXapHOU
oxpanel. Kak mpaBuio, momoOHBIE arperatsl MOXHO
YBUZICTh U Ha TOKapPHBIX KpaHAaX B JKWIBIX, O(QUCHBIX,
OOIIIECTBEHHBIX ¥ TPOW3BOJICTBEHHBIX MOMEIICHUSIX,
3/IaHUSIX U COOPY>KEHUSIX.

OTaenbHO  MPOU3BOJSATCS  MOXApHbBIE  CTBOJIBI,
npenHa3HadyeHHble UIsi 00pa3oBaHUs CIUIONIHOW CTPYH
BOZBI, JAPYTHE - CMEUIaHHBIE, NMpPeIHA3HAYCHHBIC IS
oOpa3oBaHWsl W HANpaBIeHUS W CIUIONIHOH, W
pacnbUIEHHOM BOAAHOM cTpyu. IlokapHble CTBOJIBI
SIBJIAIOTCS 00s3aTEIBLHBIM JJEMEHTOM B KOMIUIEKTAX
npodeccCHOHATFHOTO  TOKApPHOTO  00OpyIOBaHUS, B
KOMIUIEKTaX MOKapHBIX MAallMH U MOTOIOMII, a TaKXe
BHYTPEHHUX MOKAPHBIX KPAHOB.

IToxapHbie CTBOJIBI COCTOSAT U3 TJIABHOTO KOpIlyca U
HacaJIkKu C TOJIOBKOM COEIMHUTEIbHOW HamopHOU

MYyQTEI.
Ha ceromusmamii JeHb B OOJNBIIMHCTBE CIyYasx B
MoApa3AesIeHUsIX Ype3BbIYaNHBIX cUTyauiu

WCIIONB3YIOT [[BA THUIA PYYHBIX MOKApHBIX CTBOJIOB M
OMMH THMNA CTAlIOHAPHBIX YCTAaHABJIMBACMBIX HA
MoKapHble aBTOMOOWIH [4]:
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- IepeKphIBaeMbIil cTBOJ «by»;
- HE MePEeKPHIBAEMBIA CTBOJI «A»;

- YCTaHOBKa KOMOMHHUPOBAaHHOTO TYLICHUS

moxkapoB "Ilypray.

IlepekpriBaeMbiii  ctBOn  «b» wim, cormacHo
3aBOACKOH MAapKHUpPOBKH, CTBOJ PCK-50 —

NpeJHa3HAueH JUIsl TOAaY KOMIIAKTHOM U PAacHbIIEHHON
CTpyH BOJBI Ha MOXape, a TakxkKe U1 MepeKphIBaHUSL
MIOTOKA BOABI.

Hawubonee wacTo NaHHBII CTBOJI NPUMEHSAIOT HA
mokapax B KBapTHpax, MOJBaJaX M B JPYyrux
TIOMEIIEHUAX KOTOPBIE XapaKTEepU3YIOTCS HEeOObIION
JIoMaabio (0COOEHHO  BBICOTOW  MOMEINCHUSA) H
CIIO)KHOW TeoMeTpuueckod (opmoit (¢ OoImbIIIM
KOJIMYECTBOM TIEPETOPOIOK).

He nepexpoiBaemblii ctBon «A» wumu  PC-70-
NpeAHa3Ha4yeH Uil (OpPMHUPOBAHHSA W HAINPABICHHUS B
oYar BO3ropaHue KOMITAaKTHOH CTPyH BOZBI.

VYKTII «Ilypra» mnpeana3HaueHa Ui MOIXYYESHHS
BO3JYIIHO-MEXaHUUYECKON II€Hbl CPEIHEd U HU3KOU
KpaTHOCTH C IIOBBIIIEHHON JaJbHOCTBIO MOJAuu
(pucyHok 2). YcTaHOBKAa HCHOJIB3YETCS A TYIICHUS
MOXApOB  JIETKOBOCIIJIAMEHSIOUIUXCS M TOPIOYHX
KHUIKOCTEH, TBEPIBIX T'OPIOYMX MAaTEPHAIOB, a TaKXKe
JUISL CO3ZaHMsI CBETOTEIUIO3ANIUTHBIX 9KPaHOB B palioHax
aBapuif, KaTacTpod, CTUXUHHBIX OCACTBHH, I
JieTa3aliy 1 e3aKTUBAINN, MaCKHPOBKH O0OBEKTOB.

YKTI "MYPrA-20.40.60°|

Pucynok 2 - YcTaHOBKAa KOMOMHHPOBAHHOTO TYIICHHS T10KapOB
YKTII «ITYPI'A-20.40.60»

CxemMa TmoJauu OTHETYWIANIero BEIIeCTBAa C
nomonipio YKTII npeacrasnena Ha pucynke 3 [5].

% [ craon ’

Boagyx

Hacoc ‘

Borymmo
Mexanueckan

Pyxae ‘ nens

Pucynox 3— Cxema nojja4u OTHETYLIAIIETO BEIIECTBA

1) ITenoob6pa3oBatess MOCTyMaeT B IEHOCMECUTEIb,
A€ NPOUCXOJUT CMCIINBAHUEC C BO}IOI\/’I.

2) JMamee, 4epe3 HacoC IIONy4YeHHas CMECh IIO
MOXAPHOMY pyKaBy IIOCTyHaeT [0 [OJAIOLIero
YCTPOMCTBA.

3) Crpys cMecH BMeCTe BO3YyXOM M3 OKPY)KaroIeH
Cpenbl TOMaaeT B YCTPOHCTBO, B KOpITyce KOTOPOTO
YCTaHOBIICH MAKET CETOK.



4) B pesynbpTaTe NpOXOXKAEHUS uepe3 MaKeT CETOK,
MOJy4YaeTcsl BO3AYIIHO MEXaHHuYeckas IIeHa, KOTopas
MoJaeTcs Ha ouar Moxkapa Wi B JpyTryl 30HY, B
3aBUCUMOCTHU oT IIPUMEHEHUS YCTaHOBKH
KOMOMHHUPOBAaHHOTO TYIICHHUSI.

IIpeumyiiecTBOM JaHHOW YCTAaHOBKH  SIBJISIETCS
BBICOKHH pacxoj MEHBl, a HEIOCTaTKOM — TIOTeps
BPEMECHH TP CMCEHE IIOJKapHOTO CTBOJA AJISI IIEHBI
HU3KOW KPaTHOCTH.

2.3 IIpuHIUN paGoThl YHUBEPCATbHOTO MOKAPHOTO
CTBOJIa, Pa3/ieIAIOLIEro MOTOK MOKAPHOIi MeHBI MO
KPaTHOCTH

Ilepexon B pexuMm Mojauyud MEHBI uyepe3 CTBOJBI
Bo3nymHo-neHHsle  (CBII)  HHM3KOH  KpaTHOCTH
MPOMCXOJUT C IOMOIIBI0 HCIOJIb30BaHUSA IIAPOBOIO
KpaHa C 3JIEKTPOIPUBOJIOM, KOTOPBIH IEepeKphIBacT
MoAa4y MEHHOTO pacTBopa B (DOPCYHKH JUIs IIEHEI
CpefHeH KpaTHOCTH, TEM CaMbIM IIOBBIIIAS ABJICHHUE B
CBII, uT0 HaeT yBesMUeHNE AATbHOCTH MOJIETA CTPYH /10
nomyropa pa3. CaM 53IEKTPONPHBOA 3aIIUIICH 110
cTaHzapry ip 67, 4ro O3HayaeT MOJHAs 3aIIUTa OT
MOTaJaHus IIBUIN, OT OPBI3TOB U BBIJEPIKKA IIOTPYKECHUS
Ha riyouHy 10 1 MeTpa.

IIpu pexxume A MOTOK MEHHOT'O PacTBOpa IBHIKETCS
MO BCEM MaTrpyOKaM M W3 BO3/AYLIHO-IIEHHOTO CTBOJIA
BBIXOJUT II€Ha HM3KOW KPaTHOCTH, a W3 TeHepaTopa-
Monuropa Ilypru — mena cpenHeil xparHoctu. Ilena
HU3KOM  KpaTHOCTH TNOJaeTcs s  YBEJIWYEHUS
JATbHOCTH TI01a4n CTPYH, a IEHa CpeaHeH KpaTHOCTH
obecrieunBaet ¢ ¢GeKTUBHOE TymieHne moxkapa. Cxema
JBIDKEHUS TOTOKOB OrHerymamero BemectBa (OTB)
MIPY OTKPBITON 3a/IBMXKKE IIAPOBOT0 KpaHa MOKa3aHa Ha
pucyske 3.3.

HEHA CPEJINEN
KPATHOCTH

Pucynox 4 — Cxema nBikenust norokos OTB npu pexume nopauu ¢
HOJTy"YeHHEM MEeHbI CPEe/IHeil KPATHOCTHU C MOBBIIECHHON JaTbHOCTBIO MOAAYN
cTpyn

IIpy  nmepekmodyeHMH  IAPOBOIO  KpaHa  C
3IIEKTPOIPUBOIOM 3a/IBUKKA 3aKpbIBACTCS,
MPEMATCTBYeT  IBIDKCHHWIO IeHooOpas3oBaTens IO

narpyOkam, BeaymuM K ctBosaM Tumna «Ilypra-30», u
MOTOK MEHOOOPA3yIOIIETO PAacTBOpa HMIET TOJNBKO IO
narpyOkam, Bexymum k crBosiam CBII. Taxk Bximrogaercs
pexxuM b paboTsl yHHBEpCATLHOTO MOXKapHOT'O CTBOJIA.
Cxema nBmxeHus notokos OTB npu 3akpbeIToM KpaHe
MOKa3aHa Ha pUCyHKax 3.4.

£

HEHA HHIRKOH
KPATHOCTH

Pucynor 5 — Cxema asmxenns motokos OTB mpu 3akpsIToM 1mapoBom
KpaHe JUlsl I0/1auy TIEHbl HU3KOH KPaTHOCTH
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2.4 IIpenJioskeHusi 10 COBEPIICHCTBOBAHUIO KOHCT-
PYKIMH YCTAHOBKH KOMOMHHPOBAHHOIO TylICHHUS
no:xapos «Ilypra»

Hdus  moBeimeHns  3PQPEKTHBHOCTH  TYIICHUS
noxapoB ¢ nomompo YKTII «Ilypra» npennaraem
KOHCTPYKTHUBHOE nobaBieHuE JUCTaHIIMOHHOTO
YCTPOMCTBA NEPEKITIOUEHHS PEXKUMOB pabOTHI CTBOJIA.

Ha pucynke 6 mnpuBenen pabouell uepTex
TMIPEAIoIaraeMoro LIAPHUPHOTO KpaHa c
JUCTaHIMOHHBIM YINPaBJIEHUEM, KOTOPBIH BO3MOXKHO
MIPUMEHUTH B Ka4yecTBE J100ABJICHUS AUCTAHIIMOHHOTO
YCTPOMCTBAa TEPEKIIIOUCHHsT PEXUMOB PadOTHI CTBOJIA
VKTII «Ilyprax.

D )

S

Dmin

L1

o~
p

1

Pucynok 6 - Pabounii uepTex TUCTAaHIMOHHOTO YCTPOUCTBA (IIAPOBOit KpaH)

PexxnMbpl AMCTAaHIIMOHHOTO YCTPOWCTBA (IIAPOBOTO
KpaHa) COBMECTHO C 3JIEKTPOIIPUBOJOM  JIOJDKHBI
obecnieunBats nepekiouerne 0-90-180-270 rpamycos
(pucyHok 7).

( ] [

5 g e~
|
Pucynox 7 - Tlepexmouenne 0-90-180-270 rpagycos
Ilocne mnpoBeneHUss CPaBHUTENBHOIO — aHajIM3a
TPEXXOJIOBBIX  KkpaHOB d80 ¢  JHMCTAaHIIMOHHBIM

yIpaBJeHUEM, BBIOOP Nall Ha IapoBOH KpaH pa30opHOTo

TPEXXO/JOBOTO C  PEAyKTOPOM  KpaH  IIapoOBOH
TPEXXOI0BOU ABRA-BV15.
[IpenmymiecTBaMu TaHHOTO KpaHa CIyXaT:  BO3MOX-

HOCTh paboTaTh MpPH OTPHUIATEIBHBIX TEMIIEpaTypax,
rapaHTUPOBAHHBIN CpOK CITykObl B BHae 5000 1ukioB
(wn He MeHee 7 yeT paboOThI), a TaKKE COOTBETCTBHE
TpeOOBaHUSIM ~ TexHHYecKoro  perimameHra  «O
Oe3omacHOCTH  00OpYyIOBaHWSA, pPa0OTAOIIETO  MOJ
U30BITOUHBIM JIABIICHUEM» M TEXHUYECKOTO PerjaMeHTa
«O Oe3omacHOCTH MaliMH H o0opyjoBanusi». Kpax
HAMEET CIICYIONIHE CePTUPHUKATEI:

- CepTuduKaT COOTBETCTBHS TAMOXKXECHHOTO COHO3a
TP TC 032/2013 NeRU C-RU.MO10.B.04682;

- CepTuduKaT COOTBETCTBUS TAMOXCHHOTO COI03a
TP TC 010/2011 NeRU C-RU.MO10.B.04823.



Monenp nopaboranHoro creoja «lIlypra-30/I» c
JUCTAHIIMOHHBIM  yNpaBJIeHHEM IpeACTaBleHa Ha
pucyHkax 8-9.

Pucynox 8 — Buy nopaborannoro crona «Ilypra 30[1» (Buzx cBepxy)

Pucynox 9 — Bun nopaborannoro creona «ITypra 30[I» (Bux ciesa)

JIJ1s TUCTaHITMOHHOTO YIPAaBJICHUS YHUBEPCAIHHBIM
noxapHeIM  cTBoJIoM  «Ilypra-30[1», pasaensiomum
MOTOK TOXKapHOM IeHBI IO KPaTHOCTH, B OTCEKE
YIOpaBIEHUS MOXKapHBIM HACcOCOM yCTaHaBIIMBAeTCA
TymMOnep MO MEepeKIIOYeHUs IIapoBOTO  KpaHa.

OnekTpokabenb HAET MO TNEHONOJBbEMHHKY HaBepX K
MOXXKapHOMY CTBOJIY, 3aKpEIJICHHOM Ha CHEeNHabHOM
KpEIUIEHNH HaKOHEYHHKa cTpenbl. Cxema yCTaHOBKH
ctBoiia «Ilypra-30I» u ynpaBieHus UM ¢ NepeaBUKHON
MOOWJIbHON TEXHUKH MIPEACTABIICHA HA

pucynke 10.
Jlopaborannsiii creoa
«llypra-30/1»

C CEPBONPHBOIOM

Pucynox 10 — Cxema ycraHoku ctBoia «Ilypra-30/1» u
YIpPaBICHHS UM C IEPEIBIKHON MOOMIBHON TEXHUKH

Jis Toro 9ToOBI MOKa3aTh AMHAMUKY yIyUIISHHUS, K
KOTOPBIM TIpHBENIa MOJECPHH3AIHN, TPOU3BEACH pacyeT
CHUJI U CPE/ICTB Ha TyIlIEHHE MoxXapa B pezepByape PBC-
5000 ¢ nomompro ctBoxa YKTII «Ilypra 30» wu
nopaborannoro creoia «Ilypra 30/1», B Xxone koToporo
OBUTH ITOTyYEHBI CIIEAYIOINE PE3YIbTATHI:

1. Konnuecrso cronos ot IIIII gns Tymenus c
nomolplo  jgopaboranHoro crBoma «Ilypra 30/I»
COKpaTHJIOCH B 2 pasa.

2. Pacxop o neHo0Opa30BaTeNo CHU3MICA ¢ 26 M?
1o 6 M>.

3. Pacxon o Boze cumsuics ¢ 297,2 n/c mo 175,2 ni/c.
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4. KommyecTBO HEOOXOAUMOTO Ui  TYIICHUS
JIMYHOTO COCTaBa CHM3MIOCh ¢ 37 uemoBek g0 30
YEJIOBEK.

5. KomuuecTBo 3a7€iCTBOBAHHEIX aBTOMOOUIIEH
CHM3MJIOCH ¢ 17 mTyk 0 12 mTyK.

6. BpeMs c Hayama mokapa a0 TEHHOH aTaku
cHI3IIOCH ¢ 40 MUHYT 710 23 MHHYT.

3 3AK/IIOYEHUE

B xome maHHOW HaydHOW pabOTH TPOH3BENCH
aHaJIU3 I0’KapoB M B3PHIBOB Ha 00BEKTAaX He(TEra30BOH
orpaciu. [IpoaHanu3mpoBaHBl MOXKApHBIE CTBOJIBI,
CTOSIIKE Ha BOOPY’KEHUH B MOAPA3ICICHHUSIX T0KAPHOI
oxpanbl. Pa3paboTaHO KOHCTPYKTHBHOE pELICHHE 10
monepHusanun YKTII «Ilypra-30» myTemM BHeapeHHs
KpaHa C  CEpBONPUBOJOM C  JAUCTAHLUOHHBIM
ynpasienueM. [IpousBeieH CpaBHUTEIbHBIA PACYET CUL
U CPEeACTB Ha TYyIIEHHE IOXKapa C HCIOJIb30BaHUEM
6azoBoit YKTII «Ilypra 30» m MomepHH3HPOBAHHOI
VYKTII «Ilypra-30[», mnokazaBmmii 3QQPEeKTHBHOCTH
JAHHOTO PEIICHUS.

Hopabortan moxapusiii ctBor YKTIT «Ilypra 30»
KOMOWHUpPOBAaHHOTO crHoco0a TymeHns HeQTH U
HeTENPOJYKTOB IyTeM NOATAllHOW NOAa4YM B odyar
ropeHuss IeHbl HHU3KOM M CpeJHEdl KpaTHOCTH.
JopaboTtaHHbIit CTBOJI UMeeT BO3MO>KHOCTb
JUCTAHIIMOHHOTO  M3MEHEHHs  KPaTHOCTU  IIEHHI,
MPOM3BOJIMMOI B CTBOJIe, 0€3 NOTepH BpEeMEHH Ha
3aMeHy OJHOTO THIa MOXApHOTrO CTBOJIA HA JIPYroi B
MOOMJIBHOM  ICHONOJBEMHHKE, UYeM  IIOBBIIIAET
3(G(QEKTUBHOCT,  TAaKTHUKH TYIICHHS pE3epBYapoB
HEe(TENPOIYKTOB M MPOU3BOICTBEHHBIX YCTAHOBOK.
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MOJAEPHU3ALIUA TAKTUKA TIPUMEHEHUS BIIVIA B UHTEPECAX
MUYC POCCUH

AHHOTAIUA

B nannoii pabore paccmorpeHo npumenenue BITJIA B
uarepecax MUC Poccun. [IpuBeneHsl JaHHBIE O cOCTaBe U
YUCICHHOCTH THapka OecmunotHukoB MUC  Poccun,
OIUCAHbI 3aJa4yM, JJISI BHIIONHEHHUS KOTOPBIX MOTYT OBITh
ucnons3oBansl BIJIA, u paccka3aHo 00 OIBITE IPUMEHEHUS
BIIJIA B crpane u 3a pybexxoM. B pabGore nmanbl
pPEKOMEHIAMA 10 MOJCPHU3ALNH TAaKTUKO-TEXHHYECKHX
XapakTepucTHK ucnoiasdyeMelx BITJNIA u mnpemioskeHsl
KOHKPETHBIE MOJIETIH, CIIOCOOHEIE BBITIOJTHATH
MOCTABICHHBIE  3a/aul, YKa3aHbl MX TEXHHYCCKHUE
0COOEHHOCTH W HMEPCHEKTUBHI JalIbHEHIIIEro MPIMEHEHUS B
uarepecax MUC Poccun.

1. OCHOBHAS YACTb
1.1 BBenenue

B 2021 rony na teppuropuu P® nmpouzonuio 386
YC, B pe3ynmpTaTe KOTOPHIX MOTHOIIO 529 WenoBek u
noctpagano 49698 uvenosekx. OOmuM MaTepHaIbHBII
yiep6 ot UC B 2021 r. coctaBun 47 866,554 mun
py6meit. O6mee urcno YC BO3pOCIIO IO CPABHEHHUIO C
2020 romom Ha 16,62 % [1]. Ilockosbky
4ype3BblYAHbIE CHTYallMd IPEACTABISIOT  CcOOOM
KOMIUIEKCHYIO IIpobieMy, Ui UX MPeJOTBPAIeHN U
JMKBHUIALMK TOCJIEACTBUN HCIIOIB3YIOT Pa3iIHYHbIC
MeTonsl u cpeactBa. [Ipm BeIOOpe cpeacTB CTOWT

NPUHATH BO BHUMAaHHE WX YHHBEPCAJIHLHOCTS,
3¢ PEKTUBHOCTS, JOCTYITHOCTb, IIPOCTOTY
9KCIUTyaTallid, BO3MOXXHOCTb  NPUMEHEHUs B

pa3IMYHBIX BUAAX YPE3BBIYAWHBIX CHUTyanui. Bcemu
9TMMHU JIOCTOMHCTBAaMH 00JamafoT OeCIMIOTHBIE
JIeTaTeNbHBIC aNMapaThl, KOTOPbIE UCTOIB3YIOTCS TS
MOHUTOPHMHIa II0’KaPOONACHOM, IaBOJKOBOM U
neoBoit o0cTaHOBKH, oOHapyxkenus UC, mepemadn
MHPOPMAIIMU B PEKUME PEATHHOTO BPEMEHH, ChEMKH
TPYJIHOJIOCTYITHBIX MECT, IOMCKA U CIIACEHUS JIOAeH,
omenkn ymepba or UYC. Pacmmpenwne obnactu
MPUMEHECHUsT OCCIIOTHBIX JICTATENBHBIX aIlapaToB
SIBJIIETCS. BECbMa MEPCIEKTUBHBIM HANpPaBJICHUEM B
nesitenbHocTd MUC Poccun.

1.2 AKTyaJIbHOCTh

YBennueHne KOJIMYeCTBa Ype3BBIYANHBIX
CUTyallMid, YeJIOBEYECKHUX JKEPTB M MAaTEepPHaIHHOTO
ymepba [1] 3a mocimemHHe TOIBI JIEMOHCTPUPYET
aKTyaJIbHOCTh HCIOJIb30BAHUSI HOBBIX TEXHHYECKHX
cpencts B pabore MUC Poccum, Takux kak BITJIA. Mx
MPENMYIIECTBO MPU PEIICHUHN 331ad, CTOSIIUX Mepes
MUYC Poccun, 3axiodaercs B TOM, YTO OHH MOTYT
paboTaTh yJaJeHHO B TPYAHOIOCTYIHBIX MECTax U
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OXBaTbIBaTh OoOJbIIME TEeppUTOpUU. B pesyibrare
co3gaeTcs 0oJiee IoIHas OCBEIOMICHHOCTh, KaK U BO
BpeMsi MOHUTOPHUHIa OOCTaHOBKH, TaK M BO BpeMs
MPOBEJICHUS] Pa3BeIKH B 30HE YPE3BbIUAHHON
CUTyallud, a 3Ha4UT pEIIeHUs 1O JHUKBUAAIUU
nocneacteuil YC cranosrcs 6onee 3¢ HeKTHBHBIMH.

AKTyambHOCTb TEMBI TTOITBEPKAACTCS
[Iporpammoit TEXHUYECKOTO TepeOoCHAIICHUS
oJIpa3AesIeHu i’ MUC Poccun u ero
IMOJIBEJOMCTBEHHBIX OpraHu3aIui TIOXKapHOH,
cracaTeJbHOM W aBHAIlMOHHOM TEXHUKOM W ¢e
copepxkanua 1o 2030 roma, cOINIACHO KOTOPOH
IUTAHUPYETCSl OCHAILIEHUE TEPPUTOPHATBHBIX OPTaHOB
MUC Poccun HoBbIME 00pa3uamu BITJIA pazmiuuHbix
TunoB: B 2022 r. — 129 emgunun, B 2023 1. — 101
enuHunIa, B 2024 r. — 131 enununa [1].

1.3 Hean npoBeneHus UccjaeT0BaAHUS

Hemp  maHHOW  paboOTHI 3aKJIFOYAETCS B
paccCMOTPEHNH CIIOCOOOB MOJICPHHU3ALMH TaKTHKO-
TexHuueckux xapaxrepuctuk BIIJIA, koropblie B
JlabHEHIIeM MOXHO OyAeT MCIONIB30BaTh ¢ OOJIBbIIEH
3(Q(PEKTHBHOCTRIO TPH  BBIMIOJHEHUH  CITY’KECOHBIX
3anad B uurepecax MUC Poccuu.

1.4 3apauu uccae10BaAHUSA

Jlist JIOCTUXKECHUS MOCTaBJIECHHOU
HE00XOIMMO PEIINTh CIEAYIOIINE 3a/1a4H:

1. IIpoBecTm  OIEHKYy  HUMCIOIIUXCA  Ha
Boopyxxeunu MUC Poccuu BITJIA u pemaemMbix uMu
3amau.

2. OTMeTuTh CyIIECTBYIOLINE MPEUMYIIECTBA 1
HenoctaTku BITJIA.

3. Pazpaborath NIPEAJIOKEHUS 1o
MOJIEpPHU3AIUH TaKTUKO-TEXHUYECKHUX
xapaktepuctuk BIIJIA, ucnonb3yembIx B MHTEpecax
MYC Poccun.

neiaun

1.5 MeToapl McCaeI0BAHUS

I[Ipu  BeImoOMHEHWUM  PabOTBI  WCTOJIB30BAICS
KOMIIIEKCHBIM METO/ MCCIIEOBAHM, BKIFOYAIOIINI B
cebst KPUTHYECKUU aHaau3 HOPMAaTUBHBIX
JIOKyMEHTOB,  CIIELMAJIU3UPOBAHHON  CIIPaBOYHOM
JIUTEPaTYpHI, Hay4HOM, TIPOU3BOJICTBEHHO-
TEXHUYECKOHW  JHUTepaTypbl U  TEOpETUYECKHE
uccnepoBanus. OOBEKTOM UCCIICIOBAHUS BBICTYIIAIOT
OCCIUIIOTHBIC JIETATENIbHBIC AlMapaThl, COCTOSIIUC HA
ocHamenur MUC Poccuu.



2. COBPEMEHHAS TAKTUKA
HCITIOJIb30BAHUA BILJIA

B MYC Poccun yxe akTHBHO NPHUMEHSIOTCS
OecnMIOTHBIE  aBHALMOHHBIE  cHCTeMbl.  OHH
UCTOJB3YIOTCS ~ HpU  MOHHUTOPUHIE  JIEIOBOH,
MaBOJKOBOH M MOXapHOW OOCTaHOBKH, a TakKe IpH
BBITIOJIHEHAH TTOWCKOBO-CIACATEIFHBIX, aBapHHHO-
CHacaTeNbHBIX W JAPYTHX HEOTIOXKHBIX pabor. Ilo
cocrosano Ha 01.02.2022 Ha  oOCHAIIECHUH
oecrmtornoit asuanm MYC Poccun Haxomures 464
OCCITMIIOTHBIX BO3MYIIHBIX CyIoB, W3 HHX 415
BEepTOJIETHOTO THma, 39 caMmoseTHoro Tuma, 10
KOMOUHHpOBaHHOTO TUMA. M3 HUX 109 OecmUIOTHBIX
BO3JYLIHBIX CY/JOB OOOpYJOBaHbI TEIIOBU30PaMHU;

KpoMe TOro, ectb 10 HOBBIX OECHHIIOTHBIX
aBUalMOHHBIX cucteM (2020 Troma  BBIMyCKa),
KOHCTPYKTHUBHO 000pyZOBaHHBIX Ha Oaze
TIePEABIDKHBIX ITyHKTOB yIpaBICHUSI -

ABTOMOOWJIBHBIX IIACCH MOBBIIIEHHOI IPOXOANMOCTH
[2].

OCHOBHBIMH 3a/lauaMH OCCITMJIOTHON aBHAINU
MUYC Poccuun sBistoTcsi KOHTposib 30H YC,
oIpeieNleHHe TOUHBIX KOOpAUHAT IpaHull paifoHa UC
U OOBEKTOB MOWCKA, BO3AYIIHOE IaTPYJIMPOBAHUE
3aJaHHBIX paiioHOB, KOHTpPOJIb HaJBOJIHOM
OOCTaHOBKHM,  BBIMIOJIHEHHE  3aJad  BO3IYyIIHOH
pa3BenkH, a’podoTrochéMKa 3aJaHHBIX PAaHOHOB C
nocieayomen Tornorpaduyeckon IIPUBSI3KOU
(hOTOCHUMKOB. BITJIA HUCIIOJIb30BAINCH s
MOHHUTOPHHTa OOCTAHOBKM BO BpEMs JIMKBUIALMU
MOCJHeACTBUM  KpylieHus camonéra AH-148 B
IToamockosbe B 2018 roay, naBoaka B CBepAIOBCKOM
obmactu B 2020 romy, moxkapa B MOpIOBCKOM
npupoaHOM 3anoBenHuke B 2021 roay, MOMCKOBO-
cnacatensHoi omnepanuu B OpenOypre B 2022 romy.
Creranucramu aBuannu MYUC Poccun paszpaboTaHbl
U YCIEUTHO NMPUMEHSIOTCS Ha MPaKTHKe YHHUKAJIbHbIC
ABHAIIMOHHBIE  TEXHOJOTMH  CIIACEHMS  JIIOZCH,
MOKapOTYyIICHUsI ¢ BO3AyXa, OOPHOBI C JEASTHBIMU
3aTOpaMu, HABOJHECHUSIMHU, Pa3JIMBaMu HEPTH.

0

Pucynox 1 — Bo3aymHas pa3Beska noxkapa

Onbir  mpumeHenust  BITJIA  3apyOexHbIMU
CTpaHaMM TOXX€ O4YeHb Benuk. B sHBape 2019 1.
MOUCKOBO-CIIacaTeNbHas TIpyNNna B HAalMOHAIbHOM
napke CHoy-Kanbon (mrar FOra, CIIA) cnacma
TypHUCTa, 3aCTPSBIIEr0 HOYBIO Ha 0OpbiBe. Bo Bpems
CracaTeTbHBIX pabot MTOUCKOBAst rpymma
UCTIONb30BaIa  OCCHMJIOTHHK C  NPOXKEKTOPOM,
KOTOPBII OCBEIall Ty CTOPOHY 0OpHIBa, rae padorana
TeXHWUYecKas cracarenbHas Opurama [3]. Taxum
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obpazom, BIIJIA Moryr OBITH MOJE3HBI B TEMHOE
BpEMsI CyTOK Ha MECTHOCTH CO CJI0KHBIM peibeoM.

BITJIA Tarxke MoOryr OBITh TPHUBICYEHBI K
craceHuto Jirojei Ha Boze. JlocTaBka yTomamoouemy
UHAWBUIYAJIBHOTO  CHACATENbHOIO  CpeIcTBA  —
MOIUIaBKa WJIM CIIACATENbHOTO JKMJIETa — IO3BOJHT
YTOMAIOIIEMYy NPOAEPKAThCA HAa BOAE IO NMPHOBITHA
cracaTeNpHOro Katepa. V3-3a BRICOKOI MOOMIIBHOCTH
BIIJTIA Tpebyercs HAMHOTO MEHBIIE BPEMEHH, YeM
cmacareisiM, 4YTOOBI  J0OpaThcs O  TEPIISIIEro
OemctBme  wenmoBeka.  CokxpamieHHe — BpEeMEHH
Croco0CcTByeT MOBBIIIEHUIO 3¢ peKTUBHOCTH
cnacareNbHBIX pabor Ha Bome. B Hcnanum
criacateNbHble CIYXOBI yke HCIOJb3yloT Oonee 30
BITJIA B 22 npuOpexHbIX MyHHIMNaIUTeTaX. Tak 25
mionst 2022 roxma B Banencuu gapon  cOpocui
TOHyIIeMYy 14-leTHeMy IOAPOCTKY CIacaTelbHbINH
JKUJIET, KOTOPBI yIEep)KMBaJl €ro Ha IUIaBy [0
pUOBITHA criacareiei [4].

B HWranmum OecnmioTHHKH, 00OpYyJOBaHHBIE
TEIUIOBU30PAMH,  HCIIOIB30BAINCH AL IOMCKA
BBDKHMBIIMX IIOCJIE€ CXOJAA JIaBUHBI, BBI3BAaHHOU

o0OpyIIeHHeM KpYyIHEHIIero JeHUKa B UTATbSHCKUX
Anprnax B utone 2022 roga. C HaCTyIUIEHHEM TEMHOTHI
BepToJieTaM M cobakaM-HIeiikaM OBLIO NpHKa3aHO
MOKUHYTh TEPPUTOPHUIO U3-3a OMACEHHH, 4TO JETHUK
Bce eme HecrabuineH. CracaTenu 3ajedCcTBOBAIU
JIPOHBI, OCHAICHHBbIE WH(PAKPACHBIMH KaMepaMH,
9TOOBl TPOJOIDKHUTH MOWCKH HOUYbI0 [5]. Takum
0o0pa3oM, HajnW4yue TEIUIOBU3MOHHOW KaMephl Ha
JIPOHE MOXKET OKa3aThCsS pemalnmM (hakTopoM
MIPOIOJDKCHHUS TPOBEICHUS CIIacaTeIbHON OTIepanuy B
OITacHOM 30HE B HOYHOE BPEeMs.

B CIIIA OecnmimoTHBIE JeTaTeNbHBIC AamIapaThl
ciyKat Jyisi 00ecedeHus] COTOBOM U OecrpOBOIHOMN
CBA3M CIyX0aM SKCTPEHHOTO pearupoBaHUsA U
MOCTPAJABIINUM TIOCTIE CTUXMUHBIX OenCTBUH. [[poHBI
MOJKITIOYAIOTCS K OOecrevMBaromeMy MM IHTaHHE
kabeno, Onarofaps YeMy OHHM MOTYT OCTaBaThCsl B
BO3AyX€  JAJMTENbHOE  BpeMsa.  Takke  OHH
MOJKITIOYAIOTCS K  ONTOBOJOKOHHOMY  KaOello,
KOTOPBII B CBOXO OYepe/Ib ITOIKITIOYASTCS K HA3eMHBIM
YCTPOWCTBAM CBsI3HM, M pabOTAarOT KaK aHTCHHBI JUIS
nmepefaydl CUrHaia. Takue yCTAaHOBKH IIO3BOJISIOT
NPEIOCTaBIATh TeIe(QOHHYI0 CBS3b M HWHTEPHET-
YCITyTH, AaXXe €CIIi MeCTHas MH(ppacTpyKkTypa ObLia
IIpepBaHa WK pa3pylieHa [6].

Wrak, BITJIA akTUBHO MCTIOIB3YIOTCS I cOopa
nHpOpMaInHy, JanbHenmen eé 00paboTKH,
nporHosupoanus  30Hel  YC,  miuaHMpOBaHUS
MPEBEHTHBHBIX MEpOIPHSTHH, OpraHH3aINN
aBapuifHO-CIacaTeNbHBIX ~ paboT.  Bo3moxkHOCTH
JUCTAHIMOHHOTO  yNpaBIE€HUS U  pa3BelIKU B
TPYIHOAOCTYITHBIX MECTaX pEIIaroT 4acTh HpoOJieM,
CTOSIINX TIEPEe]] COTPYIHUKAMH BEJOMCTBA, IIPH ITOM
He TmojaBepras WX JXKM3HM omacHocTH. C yuérom
MOBBIIIEHUS 3(P(PEKTUBHOCTH TPEAYNPEKACHUS |
mukBunanuu nocneactsuii YC mpu nomormm BITIIA,
UX WCIONB30BaHUE SBISIETCS LENeCO00pasHBIM U
HEOOXONMBIM.



3. MOAEPHU3AIMA BILJIA U
INEPCIIEKTUBbBI UX IPUMEHEHUA

3.1 Moaepuuszanus BIIJIA, cocrosinux Ha
ocHamenuu MUC Poccuu.

Cospemennsie  BIIJIA, wucnonssyemsle MUC
Poccun, obmamaroT GONBIOINM TTOTEHITHATIOM B cdepe
moncka W craceHus Jmoael. CHaOkeHume WX
JIOTIOTHUTETIHHBIM CHeTHaTH3UPOBAHHBIM
000pyIOBaHNEM PACIIUPUT 00IACTh UX MPUMEHCHHS.
Janee mpuBeneHsl mpuMmepsl MoaepHm3anuu BITITA
JUTS UCTIONTB30BaHMs B pa3nmuaHbix YC.

B Mectax, riae oTCyTCTBYET CBS3b, ¢ MOSBICHHC
CYHNICCTBEHHO TOBIHSIET Ha paboOTy MOUCKOBO-
criacaTeNbHBIX Cyk0. JlocTaBka B 30HY MPOBEACHUS
orepanuu YCUIUTENCH COTOBOW CBSI3U, MOXKET JaTh
BO3MOXXHOCTh ~ TOCTPaJaBIIUM  CBA3AaThCS  CO
cnyxbamu craceHus. Takas cHCTeMa MOHCKa JIFoaeh
OCYIIECTBIICTCS C TOMOIIBI0 6a30B0it cTaHu GSM-
nrana3oHa (puc. 2), yCTaHOBJICHHOM Ha O€CITAIOTHBIH
JIeTaTeNbHBIA ammapaT BuHTOBOro THa (OpiaH-10)
WA MYJIBTHPOTOPHOTO THUIA (KBAJAPOKOMITEP C 2 WU
OoJiee HECYIIMMH BHHTAMH) C OOJBIIONH MOJETHOM
Maccoi, MO3BOJIUT MOUCKOBBIM OTPsiaM HAXOAUTh
MOTEPSBUINXCA JIIOJeil 1O CUTHaly COTOBOTO
tenedona. [Ipy COBMECTHOM HCIOJIB30BAHUUA 3TOTO
METOZia ¥ METOJa, OMHCAHHOTO B IYHKTE 2, KOIja
BIUIA moakimo4aroT K ONTOBOJIOKOHHOMY Kabemno u
HCMOJIB3YIOT €ro B Ka4yeCTBE AaHTCHHBI, MOXHO
IOOUTBCS YBEIMYCHUS CKOPOCTH U 3PPEKTHBHOCTH
MIPOBEICHUS CIIacaTeIbHBIX PadoT.

Pucynok 2 — GSM monyns

BILJIA c OTHOCHTEJIBHO GopIIon
Ipy30HOABEMHOCTBIO (Macca TIOJIE3HOW Harpys3KH)
MOTYT  BBINOJHUTH  3aJady 1O  JIOCTaBKe
HNOCTPafaBIIUM B TPYAHOJOCTYIHBIE  MecTa
MOJIE3HOTO  TIpy3a JO  HPHUOBITHSA  HOUCKOBO-
criacatenbHbIX cimyx0. Jlns sToro HeoOXommmo
npoBecTu yctaHoBKy Ha BIIJIA yctpoiictBa nns
copoca rpy3a (puc. 3). C y4éroM MaKCHMaIbHOTO
nonérHoro Beca BIIJIA, B kauecTBe MOJIE3HOTO Tpy3a
MOTYT OBITH COPOIICHBI IOCTPAJaBIIMM: CpEACTBA
CBA3M (pallMil WM  CIyTHUKOBBIE Tele(OHBI),
MeIMKaMEeHTHI U IIPOI0OBOJIBCTBHE.

Pucynox 3 — YcerpoticTBo mist cOpoca rpy3a
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BITJTA Taxke MOTYT OBITh OCHAILICHBI TaTYUKAMU
JUIsT M3MEpeHMsl ToKas3aTelled KayecTBa BO3yXa.

HaanMep, CUCTUUKaMU YacTHIL KOHACHCaTa,
adpO30JIbHBIMU CIICKTpOMETpaMu, JaTduKaMHu
TEMIICPATyphbl, BJIAXXHOCTU W CKOPOCTU BETpa,

aHATM3aTOPaMHU MapHUKOBEIX Ta30B (GGA).

Takum oOpaszoMm, Omaromapss moxepHm3aunu BITJIA
CIICKTp BBITIOJTHSIEMBIX ornepanui MOXKET
YBEITHMYHUTHCSL. Taxoxe MOXeET TTOBBICUTHCS
3 PEeKTUBHOCTH cracaTeIbHBIX ONEPaUii U IIPH 3TOM
CHU3UTBCS PUCK THOCIH criacaTelel.

3.2 AnprepHaTuBsbl ucnoabdyemsiM BITJIA

Mpumensempie MUC Poccun BITJIA, Takume kak
Opnan-10, Phantom 3 Advanced, Inspire-1 v2.0,
HMEIOT MHOXECTBO JOCTOMHCTB, HO B TO XK€ BpeMs
OHH JIOCTAaTOYHO JAOPOTHE [0 CPABHEHUIO C OOBIYHBIMHU
rpaxaanckuMu BITJIA — kBagpokonTepaMu, KOTOpbIE
HaxoJATCsl B OTKpBITOWM mpojaxe. Iloatomy umeer
CMBICIT paccMOTpeTh jemieBble aHaioru BIIJIA, c
MOCJIEAYIONIMM HMX OCHAI[eHWeM He00XO0JUMBIMU
TEXHHYECKUMHU cpeacTBaMu. B Tabmune 1 npuseneHs
TpH alNbTEPHATUBHBIX IPaKJaHCKHX KBaJPOKONTEPA C
Pa3IUYHBIM TEXHUYECKUM YCTPOHCTBOM [7].

OcoOeHHOCTH ~ Ka)XJOro  KBaJpOKONTepa B
OTHAENBHOCTH MO3BOJSIOT WX  HCIOIB30BaTh B
cnenu(pUIHBIX cUTyanusx. M3-3a MaibIx pa3mepos
kBagpokontep GEPRC SMART HD Toothpick
MOJKHO HCIIOJIb30BaTh B MOJIETAX uepe3 y3KUe MecTa.
braropaps 0coOEHHOCTH KOHCTPYKIHUH U BBICOKOMY
nonérHomy Becy Ideafly IFly-4 ARF - IFLY-4 moxHO
HCTIONB30BaTh JJI JOCTaBKH HEKOTOPBIX TIPY30B,
TakMX KaK BOJA, CPEICTBA CBS3M, MEIUKAMEHTHI
HNOCTPafaBIIUM. A BCTPOEHHBI B KOHCTPYKIUIO
Jiep>kaTenb JUIl Kamepsl y kBangpokontepa Walkera
QR X350PRO DEVO-10 mo3BoisieT 3aKperuiiTh Ha
BIUVIA ppyrue cucTeMbl KOHTPOJIS: TEIJIOBHU30PHI,
JIAIOIIUE BO3MOKHOCTh OCYIIECTBIIATH ONEpALHH IO
MOUCKY JIIOJe B YCIOBHSIX  HEZOCTaTOYHOU
BUAMMOCTH, M JaTYUKA KOHTPOJS KaueCTBEHHBIX
Hoka3areinell aTMOc(epHOTro BO3/LyXa.

Ta6nuia 1
Walkera QR X350PRO GEPRC SMART HD
DEVO-10 Toothpick

Bpewmst pabotsr:
25 MUHYT

Bpewms pabGoTsr:
25 MUHYT

OCoOeHHOCTD:
Mauenii Bec (100 T) n
pasmep (15x15x8 cm)

OcobeHHOCTB:
HaJIMYKe AepKaTels JUis
Kamep (IITaTuB)

Ilena:
40 000 p.

[ena:
50 000 p.




Ideafly IFly-4 ARF - IFLY-4

Bpewmst paboTsr:
15 MUHYT

OCOOEeHHOCTD:
noBbIIeHHas Tpy3onoabéMHocTh (1200 1)

ITena: 32 000 p.

3.3 IlepcnexTuBbl npumMeHenust BILJIA B
NpeaynpeKIeHNH U TUKBUAALUYI MOCIeACTBHI
ycC

OcHoBHble 3anauu, BbinoaHseMble BIIJIA mpu
HECEHWH CIykO0bl B crpykrypax MUC Poccun,
onucaHsl B pasnene 2. Ha ocHoBe MUPOBOro ombITa
npumenenus BITJIA, Taxoke onucaHHOTO B paszene 2,
MOJKHO MPEIUIOKUTH clenyromue pemenus amst MUC
Poccuu:

1) PazpabGotate OeperoBble  cracaTeibHbIC
CHCTEMBI C OOYYEHHBIMU MWJIOTAMH M OECIMIIOTHOMN
aBuarmeit. [Ipobnema akTyanbHa, Tak Kak jJeToM 2022
rona B Bogoémax Poccum yronynu 1945 yenosek [8].
Crnacatenn He Bcerga YycIieBaloT ao0OpaTbes a0
yronaromux, a bIIJIA HamHOTO MOOWIBHEE W
ObicTpee. JIpoHBI MOXHO HCIIOIB30BaTh Ul ITOHMCKA
TOHYIIMX JIOAEH M JUIS cOpachIBaHUS cracaTelIbHBIX
kmieToB. OHM TakKe MOTYT paclo3HaBaTh ONACHBIC
OTOOHHBIC TEYEHHS M TOJABaTh CUTHAN TPEBOTU B
Clydae BO3HHMKHOBEHHS IIOTCHIHMAJIBFHO OIACHOM
CUTYyaIHH.

2) B TemHoe BpeMs cyTok ncmnonb3oBaTs BILJIA
C TPUKPEIUIEHHBIM  HMCTOYHMKOM  CBeTa  JUIS
NPOJODKEHUSI  NTOUCKOBO-CIAcaTeNbHBIX  padoT.
BeposiTHOCTh OOHapyXeHHS W cHaceHWs Joaed B
3TOM CITydae 3HAUYUTENbHO YBEINYHNBACTCSI.

3) IlpenocraBuTh BITJIA cracaTeabHbBIM
ciryk0am, KOTOpbIe HECYT JEKYpCTBO B paloHax C
TOPHOIl MECTHOCTBIO, TJle CYIIECTBYET PHCK CXO0Ja
JaBUH. DTO pelIeHHe OO0ECIEeYUT CBOEBPEMEHHOE
NpeaynpeXaeHne W YCHENIHOe  INPOBEICHUE
MEpONPUATHI 1O MOUCKY JIFOJIeH, OKa3aBIIMXCS MO
CJI0eM CHeTa, MPH HAJMYNHU TEIUIOBH30POB M Kamep ¢
BBICOKHM pa3penicHueM.

IIpennoxxeHnHsle KOHIIENIUU MPUMEHEHHUS
OECHMJIOTHBIX JIETaTENbHBIX allapaToB Y€ ObuIN
UCNBITAHBl M MOKa3ald  CBOK  BBICOKYIO
3¢ PEeKTUBHOCTH, YTO TOBOPHUT O LEJIECO00Pa3HOCTH
UX UCNONb30BaHus B cTpykTypax MUC Poccun.

3AK/IIOYEHHUE

IIprumenenne BITJIA kak TEXHHYECKOTO CPEICTBA,
CIIOCOOHOTO B PEXHME peaJbHOrO0  BPEMEHU
nepeaaBaTs HHPOPMAIHIO O COCTOSHHHM OOBEKTOB U
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npoBoauTh  pasBeaky UC, sBiuseTcs  BecbMa
MEpPCIEKTHBHBIM ~ HAIPaBICHHEM B JICSATEILHOCTH
MUC Poccun. B xone paboTs! ObUT IpOaHaNTU3UPOBaH
3apyOexxHblli  omblT  mpuMeHenus — BIIJIA B
Ype3BBIYANHBIX CUTYallUsIX U JAaHbl PEKOMEHAAINH TI0
MOJAEpHU3aLuu TakTUKU npumeHenus bBIIJIA B
HHTEpecax MUC Poccun. HUcnonp3oBanue
MPEAT0KEHHBIX PEIICHUI MO3BOJIUT CHU3UTH PHCKU
UL COTPYAHUKOB 3KCTPEHHBIX CIYy)XO M YBEJIUYUTH
3¢ PEKTUBHOCTD MIPOBEACHUS aBapuiiHO-
cracaTeNbHBIX padoT.

CIIUCOK UCHOJIb3YEMBIX
OBO3HAUYEHUM

ACC — aBapuiiHO-criacatenbHas ciryx0a;

BITJIA — GecriuyioTHBIE JIeTaTeNNbHbIE allapaThl;

MUYC Poccun — MunucrepctBo Poccuiickoit
Odenepalul O JIeaM  TPAXKAAHCKOW OOOPOHHI,
4ype3BbIYaHBIM  CHTyalusiM M JIHKBHJALMHU
IOCJIEACTBAN CTUXUWHBIX OEICTBHIA;

UC — ype3BplyaiiHas cUTyarusl.
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®DeneparpHOE TOCYIAPCTBEHHOE OI0KETHOE 00pa30BaTeNbHOE YUpEeKISHHE BRICIIEro oopa3oBanus «KazaHckuit
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JUKBUJALIMSA TOCJEJICTBUNA ABAPUMHBIX PA3JINBOB HE®TH
AJIBTEPHATHUBHBIMHU COPBIHIMOHHBIMHU MATEPUAJIAMHU

AHHOTAIIAS

Ienbto pabOTHI SBJISETCS CHIDKCHHE aHTPOIIOTEHHOIO
BO3JCHUCTBUSI Ha OKPY’KAIOIIYIO CPE/Iy IPH JIMKBUAALINH aBa-
PHHHBIX pa3IMBOB HE(TU C IIOBEPXHOCTH ITOYBHI C UCIIONb-
30BaHUEM OTXOMOB CEIBCKOr0 X03sHcTBa. Pe3ympTaTsl mo-
Kasajgy, YTO HAWIyYllMe 3Ha4YeHWs JOCTHTHYTHI IIPU HC-
MOJIE30BaHUU 00Pa3L0B KHCIOTOMOANGHIMPOBAHHBIX ILIO-
IOBBIX 000i04YeK 3epeH stameHs. [locnmeqnue mokasain
HAnOOMbBIUIYIO CTENeHb OYHUCTKH MMOBEPXHOCTU IOYBBI OT
He()TH IO CPaBHEHUIO ¢ UCXOAHBIMH Ha ~ 10 %, momoxu-
TENbHYIO JMHAMHUKY BCXOXKECTH POCTKOB IO KOJIUYECTBY I10-
CaXEHHBIX W MPOPOCIINX CEMSH BBICIINX PAacTeHHH (BO3-
pocna Ha 50 %), CHI)KCHUE UCNapeHUsl 3arps3HSIONNX Be-
IIECTB C MOBEPXHOCTH IOYBHI IIPH JIMKBUJALNH aBAPUIHBIX
pa3nmBoB Hedtu Ha 30,8 %.

BBEJEHUE

Ha ceronnsamuuii 1eHb 0QHON U3 BaKHEUIIINX KO-
JIOTHYECKUX MpOOJeM ocTaeTcs 3arps3sHEHHE 3eMelnb
He(ThIO NIPH JIMKBUIAIIMK aBapUHHBIX pa3nuBoB. Oc-
HOBHOW 00BeM He(TH MOMAJaeT B OKPYIKAMOIIYIO
cpeny B paiioHax He(TEPOMBICIOB, HE(QTEPOBO/IOB,
TaKXKe MMPH TPAHCIIOPTHPOBKE HE()TH MO CYXOIMYTHHIM
U MOPCKHM MarucTpalisiM.

[pu 3arpsa3HeHrN HEPTHIO TPOUCXOTUT HAKOILIE-
HUE YTICBOIOPOAOB B MOYBE, YTO MPUBOJIUT K YBEIH-
YEHHIO 3aIacoB YTIIEPO/ia BO BCEX TEHETHYECKHUX TO-
puzoHTax. HedTh 1 HepTenmpomyKTHI, COAepIKanImecs
B MIOYBE, MMOJIABIIIOT PEaKIUU HUTPU(DUKAITIH, aMMO-
HU(HUKAIUY, TAKIM 00pa3oM, CHIKasi CIIOCOOHOCTH K
CaMOOYHCTKE.

N3-3a GuTyMUHHU3AIIUN BEPXHETO CIIOS TOYBHI CHU-
JKaeTcs CMayMBaeMOCTb U BOJOIPOHHUIIAEMOCTH
MOYBBI, TP 3TOM JIOKICBBIC U TaJIbIC BOJBI HA CHIIb-
HO3arpsI3HEHHBIX YYaCTKaX C BBICOKOW KOHIICHTpA-
[Uei Ma3yTa He BIUTHIBAIOTCS B II0YBY, & CTEKAIOT 110
ckioHam. Jlerkue ¢pakunyu HehTH CIOCOOHBI TPOHHU-
KaTh B Ooliee TIyOOKHE CIIOW, TOT/Ia KaK TSKEIbIe
(hpakimy yXoaaT Ha HE3HAYUTEIBHYIO TIIyOHHY U 3a-
JIeP>KMBAIOTCSA BEPXHUMHU ciosiMu rpyHTa [ 1].

HedTh ymaistor ¢ MOMOIIBIO PA3IUYHBIX CIIOCO-
0OB M TEXHUYECKUX CPEICTB, KOTOPBIE 00CCIICYNBAIOT
JIOKAJM3aIHo HepTSHOTO 3arps3HeHMs, cOop HeTH ¢
MOMOIIIFI0 MEXaHUYECKUX CPEJICTB, MOTIOMICHHE e¢
COpPOLIMOHHBIM MaTepHajoM, pacCerBaHHE OUOJOTH-
YECKHMH WM XUMHYCCKUMH TIperapaTaMu, COKUTaHHE
Hetr U np. Kak mokaspiBaeT MUpOBasi MPaKTHKA,
Han0OJIee NEPCIEKTHBHBIM U SKOHOMHYHBIM METOIOM
OYHCTKH OT OPraHWYECKUX 3arps3HSIOIIAX BEIIECTB
CYMTACTCsI COPOIMOHHBIN crtocob [2].

IIpu rcnonp30BaHMH B Ka4eCTBE COPOIIMOHHOTO Ma-
Tepuainia (CM) 0TX0I0B CEITLCKOTO XO3SHCTBA PEIIAIOTCSI
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JIBE SKOJIOTHYECKUE TMPOOJIEMbI — YTHJIM3AIMN PaCcTH-
TENBHBIX OTXO/JOB W JIMKBUIAIUH PAa3JIBOB HEPTH U
He(TenpoayKTOB. DTO 0COOCHHO aKTyalabHO i Pec-
myonuky TaTapcTaH, Tak KaK JaHHBIA PETHOH SBIISCTCS
OJTHAM U3 CTapeHIuX HeTeMOOBIBAIOIINX U B HEM pa3-
BHTA CENBCKOXO3AUCTBEHHAS NEATEILHOCTE [3].

Ienbto paboTHI SBISCTCS CHHKCHHUE aHTPOIIOTCH-
HOTO BO3JICHCTBHUS HA OKPYKAIONIYIO CPEIy IPH JIAK-
BUJAIIAN aBapUIHBIX PA3INBOB HE(PTH C IOBEPXHOCTH
TIOYBHI C HCIOJIH30BAHUEM OTXOJIOB CEIBCKOTO XO35Tii-
CTBAa — TUIOJOBBIX O0OJNOYEK 3JaKOBBIX KYJIBTYP
(ITO3K).

B kagecTBe 00BEKTOB HCCIIEOBAHNS BHICTYIIAIOT:

1. IlouBa — rpyHT yHUBEpcanbHbId TerraNova,
MOBBILIIEHHOE COJIEpKaHue TepnTa U buorymycca.

2.  O6pasusl kynbryp: mmienura (Triticum
aestivum), oBec (Avena sativa), sumenb (Hordeum
vulgare), ropunna (Brassica juncea).

3. B kauectBe copbara  HCHONb30BaHA
nMeBOHCKass HepTh TyMyTyKCKOTO MECTOPOIKICHUS
(mnotrOCTH 0,869 1/ cM?).

4. B xauecrBe CM HCIIOJIB30BAHBI XUMUUYECKU U
TEPMHUYECKH MOIU(PHUIMPOBAHHEIE IUIOJOBEIE 000-
nouku 3epeH mmeHuns! ([TO3ID), samens (IT034) u
onca (I1030).

1. ONPEJEJTEHUE HEOTEEMKOCTH
COPBIIMOHHOI'O MATEPHAJIA

Kak n3BecTHO M3 TUTEPaTYPHBIX JaHHBIX C LENbIO
MOBBINIEHUST MOTJIOTUTENBHOW croco6HocTH CM
UCIIONB3YIOTCS ~ pa3Hble  CcrocoObl  MonuduKanuu
HCXOJHBIX PAaCTUTENBHBIX OTXOJI0B — MEXaHHYECKHE,
TEepMHUUYECKHE, (UIMKO-XUMHUIECKHE W XHMHYECKHE
MeTozs! [4-8]. Hamryumue pe3ynbTaTsl JOCTUTHYTHI
JUISl XUMHYECKH M TEPMHYECKH MOAN(PHUINPOBAHHBIX
PacTUTENBHBIX OTXOJIOB.

[TepBonauansHo o6pasnsl 103K moasepramichk
MOIU(DUKAINH CICAYIOMIIM 00pa3oM.

Xumudeckas: oopaboTka mpoBoamiack 1 % pac-
TBOPOM CEpHOM KHUCJIOTHl. B Tpu IUIOCKOJIOHHBIE
K0J16b1 066eMoM 250 cm? momectunu 13 r 11034, 17 1
1030, 15 r I[TO3I1. K pactuTtenbHBIM 0TX01aM 100a-
B 225 cm® 1 % pacTeopa cepHOM KMCIOTHL. Mou-
¢unmpoBaHue MPOBOIMIOCH B TedeHne | gaca mpu 20
°C ma aBromaTu4eckoi memaike [9].

Tepmuueckast 00paboTka OTXOJOB NPOBOAMIIACEH
npu Temneparype 150-160 °C B Teuenue 30 mun. [Ipu
Temmnepatype Bbime 120 °C mpoucxomuT HCHapeHue
BJIATH, 33 CUET YEro YBEJIMIMBACTCS 00BbEM ITOPHCTOTO
mpocTpaHcTBa. Ha  paHHOM 9STame  IPOUCXOJUT



W3MEHEHHe HCXOAHbIX XapakTepuctuk CM (uBer,
HACBITHAS TUIOTHOCTh, MUKPOCTPYKTYypa) [10].

DKCIIEPUMEHT 0 OMNPEIECICHUI0 HE()TCEeMKOCTH
MIPOBOJTUIICS CIICAYIOIUM 00pa3oM: B 6 vamiek [lerpu
nomecTusu 1o 15 r noussl. Ha mouBy mpoussenu pas-
JMB IeBOHCKOM HedrH: 5, 10, 15, 20, 25, 30 cM®. CM
Maccoil 1 r cpa3y moMecTHIM Ha MECTO pa3iuBa U MpH-
kart. [1o ucregennn 10 MmuHyT 06pazen CM c moro-
MIEHHOW He(THIO ymammwih U B3Becwid. 1o pa3Huie
Macc OTPENeNMIN KOJNIECTBO He(PTH, MOTIIOMEHHOE
CM [11].

3HaueHus HedTeeMKocTH At HatuBHBIX [103T],
1035, TI1030; kucnoToMOAU(GHUIMPOBAHHBIX —
KIIO3II, KI1034, KI1030; TepMudyecku MOAUDUITH-
poBanubix — TIIO3II, TIIO34, TIIO30 npenctas-
JIeHsI B Tabnue 1.

Hedreemkocts (HE) cOpOLMOHHBIX MaTepHalIoOB
oTpeIeIIsIIach 1Mo ciieayromei hopmyse [12]:

_ m1—(mz+ms)

HE = ——————,

m3

T7Ie mi —Macca CeTKU C COPOIMOHHBIM MaTEPHATIOM H
MOTJIOIEHHBIM HE(PTEIIPOIYKTOM, T;

m; — Macca CeTKH C YYeTOM YAEPKHBacMOTO
HEPTEPOIPOAYKTA, T;

M3 — Macca HaBECKH COpOIIMOHHOTO MaTepraa, T.

Tabmuua 1 — HedreeMkocTh COPOLIMOHHBIX MaTepHa-
n0B (Macca 1 1)

CopO11oH- HedreemkocTs /1
Hplii Mate- [ 5 [ 10 15120 ] 25 [ 30
puan e | em® | em® | em® | em?® | oM®

MO3I1 1,33 1 1,02 | 1,38 | 2,6 | 3,3 | 454
110341 0,95 | 1,31 | 1,75 | 3,0 | 3,98 | 542
11030 046 | 1,28 | 23 | 2,71 | 456 | 4.8
KIIO3II 0,59 10,78 | 1,1 1,4 | 4,64 | 3,38
KIIO341 0,55 | 1,25 | 1,83 | 3,02 | 4,54 | 5,87
KII030 0,86 | 0,89 | 1,36 | 1,04 | 2,93 | 3,95
TIIO3I1T 0,28 10,73 | 0,71 | 1,8 | 3,53 | 2,53
TI10341 0,02 | 0,57 | 0,73 | 3,35 | 3,58 | 5,02
TI1030 0,42 10,99 | 0,89 | 1,54 | 1,66 | 2,68

PesynbraThl, npeacTaBiaeHHbIe B Tabnuie 1, moka-
3aJIM, YTO HauOoJbllee 3HAUYCHNE HEPTEEMKOCTH J0-
CTUTAeTCsl MpH HUCToib30BaHUM oOpasio KITO3S.
DddextuBHOCTH Takoro CM Beimie Ha 8 % 1Mo cpaBHe-
HUIO C HATUBHBIMH oOpasiamu 1 Ha 16,9 % — ¢ Tepmu-
YECKU MOJU(DHUIIUPOBAHHBIM.

Wcnonp3oBanne CM mnpu TUKBHAALMN Pa3IMBOB
HeTH TPUBOAMT K CHWKEHHIO TEXHOI'€HHOH
HarpysKH Ha MOYBY M PAaCTEHHMs, TI0O3TOMY Ha CIIeyIO-
IIeM 3Talle U3y4eH METO]l OTIpeeIeH s yTHETeHHS 3a-
IPSA3HEHHBIMHE HE()THIO MOYBAMH POCTA BBHICIINX pac-
TEHHH.

2. BO3JEVMCTBUE HE®THU HA POCT
BBICIIINX PACTEHU

Jy1st o1ieHKH BO3eHcTBUS HE()TH HA POCT BBICIINX
pacTeHui Mocie JUKBUAALNHN aBapUHHBIX pPas3IMBOB
He(dTr Ha TouBe CM Ha OCHOBE OTXOJIOB TIMEHS MPO-
BEZICHBI CIIEAYIOMINE YKCIICPUMEHTHIL.

B deThIpe eMKOCTH, KaXKaast U3 KOTOPBIX pa3jeiicHa
Ha TPHU SYCUKH, PACTIPEICICHO OJWHAKOBOEC KOJHMYEC-
CTBO TMOYBBI, KOTOpasi YBIAKHEHA JUCTHLIUPOBAHHOM
BozoH. [TocaskeHbI 00pa3Ibl KyJIBTYp 3€PEH MIICHUIIBI,
0Bca, s'uMeHs U ropuuis [13].

D¢ PeKkTHBHOCTE BCXOKECTH POCTKOB IO KOJIHYE-
CTBY MOCQKEHHBIX M MPOPOCHIMX CEMSH IpeAcTaB-
JIieHa B Tabmuie 2.

Tabmmma 2 — D heKTHBHOCTh BCXOKECTH POCTKOB
KomuuectBo mocaxen- | KomnudectBo nmpopoc-

Kyn HBIX CEMSH, IIT IIHAX CEMSH, IIIT
BTYD 1 2 3 1 2 3
a syel | sued | sued | sA4ueld | sS4uer | sder
Ka Ka Ka Ka Ka Ka
ITmx
eHH 30 30 30 15 16 23
ma
OBe

60 60 60 22 20 15

MCH 30 30 30 17 12 14

U1 30 30 30 30 26 23

[lo monmy4eHHBIM HAaHHBIM OTIpENEICHA SHEPTH
MIPOPACTAHUS CEMSH KaXKJJOU U3 KyJIbTYyp, KOTOpas Co-
crasuia 1 meHus! 60 %, osca — 32 %, sumeHs —
48 %, ropuntbl — 88 %.

Hanee no ucreuenun 14 nHel NpOBOAMINCH IKC-
MIEPUMEHTHI 110 OLICHKE BO3ACHCTBHS He()TH Ha POCT
BBICIIIUX PacTeHHUH (PUCYHOK 1):

— B | suelike — mpencTaBiICHBI 00pa3Ilbl, HE
MOJIBEPTHYThI€ HETATUBHOMY BO3JIEHCTBUIO HEPTH;

— B0 2 syeiike — 00pasiibl, TOJBEPTHYTHIE BO3-
neiicruto HedTr — 10 mut;

- B 3 stuelike — 00pasiibl OJBEPTHYTHI BO3/IEH-
ctBuio 10 Mt HE)TH M IPOU3BEACHA IMKBUAALINS Pa3-
ymBa CM Mmaccoii 2 T.

Pucynok 1 — DkcrieprMeHT MO OLIEHKE BO3JIEHCTBUS
He)TH Ha POCT BBICIINX PACTEHHIA: a) 00pa3ibl
Triticum aestivum; 0) oOpasusl Brassica juncea

B kauectBe CM wucmons30Basick 00pasmbl KHCIO-
TOMOIU(UIINPOBAHHBIX TUIOMOBBIX O00JOYEK 3epeH
samers. Cryersa 10 muryT CM ynansiicst BMECTe C 1o-
TJIOMEHHON HEPTHIO.



B Teuenue 7 cnemyromux AHEW MPOBOAUIIACH
OIICHKA BO3JCHCTBUS HE(PTH HA POCT BBHICIIMX pacTe-
HUH MyTEM U3MEPEHUS JUTMHBI BEPIIKOB U KOPEIIKOB.

B3siThIie ¢ KaxI0# UeKH 00pa3Ibl KYIbTYp IPEI-
CTaBJICHBI HA PUCYHKE 2.
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Pucynok 2 — OueHka pocra pacTeHuil B ssuedKax:

a) obpasusl Triticum aestivum; 6) 00Opa3upl Avena

sativa; B) oopas3usl Hordeum vulgare; ) o6pa3is
Brassica juncea

Hcxonsa u3 pe3yibTaToB SKCIEPUMEHTOB MOXKHO
CKa3aTh, YTO HE(TAHOE 3arpsA3HCHHUE OKA3bIBACT HEera-
THBHOE BIIMSHUE Ha Pa3BUTHE PACTCHUH, MOAABIISS
POCT MX HaJ[3eMHBIX YacTeil. Habmonanock yMeHsbIe-
HHUE pocTa cTeOJIs BBICIINX PACTECHHUH B BBICOTY Ha 27
%, a TocJIe JIMKBUAIINY Pa3jinBa HETH Ha TOYBE 00-
paszuamu KI1O34 —na 13 % [14].

IToMumo 3arpsi3HEHUs] IOYBBI U YTHETEHUS] pOCTa
pacTeHH, MIPOUCXOTUT HCIAPECHUE JIETKUX (HpaKIuid
HeTH B aTMOC(Epy, KOTOPOE OKa3hIBACT HETaTHBHOE
BITUSTHUE HA OKPYKAIOIIYIO U PUPOIHYIO CPENLy B IIe-
JIOM.

3. HNPEJOTBPALIEHUE BbIGPOCOB
HE®TENNPOAYKTOB ITP NIPUMEHEHNN
COPBIHMOHHBIX MATEPHUAJIOB HA OC-
HOBE OTXOJ0B 3JTAKOBBIX KYJIbTYP

Jns umutanuu aBapuiHOTO pas3nuBa He(TH B
yamky [leTpy, pa3MerieHHbIX Ha 3JIEKTPOHHBIX Becax,
nomemnteHo 15 r noussl u § cm® Hedu. B Teuenne 15
MHUHYT 3a()MKCHPOBAHO HCIIAPEHHE JIETKUX (PpaKiuit
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HedTH Ha pasnuuHbIX oOpasuax (pucyHok 3): 1) 6e3
copbronHoro marepuana; 2) ¢ obpasuom KI10351
maccoit 5 r [15].

Pucynok 3 — Mcnapenue serkux ¢pakimii HedTi:
a) 6e3 Hanecenust CM; 0) ¢ nanecennem KI1O351

Ha ocHoBe mony4eHHBIX AaHHBIX MOCTPOEH rpadyK
3aBHCHMOCTH HM3MEHEHHSI Macchl HE()TH OT BPEMCHH,
[IPEACTABJICHHBIN HA PUCYHKE 4.

8 g
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7.85 1

o 200 400 600 800 1000
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Pucynox 4 — 3aBUCUMOCTD U3MEHEHHS MacChl He(hTH
OT BPEeMEHH KOHTAKTa ¢ COPOI[MOHHBIM MaTepUaIOM

CrernieHp ucnapeHust HeTH Ha TTOYBE OIPEAEIs-
Jach KaK pa3HUIA MEXIy HadaJlbHOM M KOHEYHOH
Mmaccel HedTH. Ha OCHOBE BBINOIHEHHBIX OIIBITOB,
MOXHO CBHIETEIHCTBOBATH O TOM, YTO NPHMEHEHHE
KITIO34 ciocoOCTByeT CHIKCHUIO HCTIapeHus HehTH
C TIOBEPXHOCTH TOYBBI NMPH JTUKBUAAIIUN aBAPHHHBIX
pasnuBoB Hedtu Ha 30,8 %.

Takum 06pa3oM, pe3yIbTaThl TOKA3aJIH, 9TO HAMITYd-
IIMe Pe3ybTaThl JOCTUTHYTHI IPH MCIONB30BAaHUH 00-
Pa31oB KUCIOTOMOAMU(PHITPOBAHHBIX IIOAOBBIX 000JI0-
4ek 3epeH sraMenst. [locnennue mokasany HanOOIBIIYTO
CTETIeHb OYHCTKHM TOBEPXHOCTH MOYBBI OT HE(PTH IO
CPaBHEHHUIO C UCXOJHBIMH HA ~ 10 %, NONOXKUTENBHYIO
JIMHAMUKY BCXOXECTHU POCTKOB IO KOJUYECTBY MOCa-
JKEHHBIX M MPOPOCIIMX CEMSH BBICIINX pacTeHHH (BO3-
pocna Ha 50 %), CHIDKEHHE MCTIApeHHs 3arpsA3HSIONIHNX
BEILIECTB C MOBEPXHOCTU MOYBBI MPU JIMKBUIALUU aBa-
pHUHHBIX pa3iauBoB HedTH Ha 30,8 %.
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MO/IEJIA YIIPABJIEHUA BE3OITACHOCTBIO JIFOAEHN ITPU ITOKAPAX B
YUYPEXIEHUSAX KYJIbTYPbl HA OCHOBE UCITIOJIb3OBAHMSI METOJA0B
NUMUTAIMUOHHOI'O MOJAEJIUPOBAHUA U AIIITAPATA BAUECOBCKHUX CETEHN

AHHOTALNUA

Pabora Bruogaer B ce0s pa3pabOTKy M HCCIICIOBAHUIO
MMHUTALHOHHON MOJIENH MpoLiecca 3BaKyallid MpH MoXape B
HO4YHOM  KiyOe. lcmomb3oBalicss — areHTHBIH — TOAXOJ
MozenupoBaHusi B cpexe Anylogic. Paccmorpensl 1Ba
BO3MOXKHBIX CIIEHAapHs I OLICHKH BpPEMEHH DJBaKyallun
nocerureneil HowyHoro kiy6a. Kpome Toro paspaboraHa
MOJIENb 3BaKyalluH IIPU MoXKape B HOYHOM KIyOe Ha OCHOBE
WCTIONIB30BAHUS ammapaTa 0aileCOBCKUX ceTel, IpPOBEICHO
UCCIIeZIOBaHNUE MOJICTIH.

1. OCHOBHASA YACTb

1.1 Beenenue

Hawuboee pacnpocTpaHeHHBIMA NpUIUHAMHA
YpEe3BBIYANHBIX CHTYallMd Ha OOBEKTaX C MAacCOBBIM
npeObIBaHNEM JIIO/CH, BXOIIIINX B HHPPACTPYKTYpy
Poccuiickoii denepanuy, SIBISIOTCS M0Kaphl,
BCJICICTBHE YETr0 BaKHEWIIMM WHAWKATOPOM U
nmokazareneM 3¢pdekTuBHOCTH  (HYHKIHMOHHPOBAHUS
CHCTEMBI MOYKapHOU 6e3omacHOCTH CITY>KUT
HETIOCPEACTBEHHO CHIDKEHHE PHCKA MOXKapoB, BKIIOUYAs
COKpAIlleHHE YHCIa MOTHOMINX MU TOIYYHUBIINX TPaBMBbI
B pPe3yJIbTaTe N0XKapa JIOIEH.

Ilo>xapel Ha B YYPEKICHHAX KYyJIBTYPHI, Kak
MPaBHJIO, IMEIOT OUYCHb BBICOKMH YPOBEHb CMEPTHOCTH,
u MUC Poccun yaenser ocodoe BHIMAaHHE BOIPOCAM
MPOTUBOMOXKAPHOH 3aIUTHl TakuX OOBEKTOB, HO,
HeB3Wpas Ha 3TO, NMpoOIeMbl oOecneyeHns MoKapHOi
06e30macHOCTH B HHMX  PENIAlOTCS  HEJOCTATOYHO
OTIEPaTHBHO.

B nmanHOi pabore wmccrnemoBaHHE —IIpoliecca
9BaKyaluu Jrojei OyaeT NpPOBOJUTHCS Ha TaKOM
00BeKTe, KaK HOYHOH KITy0, B BUIY TOTO, YTO IOXKapHI B
YUPSKIACHUAX KyJIbTYphl JAaHHOTO THIA CIy9aroTCs
HEpeAKO,  BBI3BIBAIOT  IIUPOKHH  OOIIECTBEHHBIN
PE30HAHC, a TaKXKe SABISIOTCA YPE3BBIYANHO OMACHBIMH,
TaK Kak BJIEKYT 3a c000# 00JIbIIIOE YUCIIO TTOTHOIITHX.

1.2 AkTyansHOCTb

Jns  wuccienmoBaHWsT W TOBBIIIEHHS — yPOBHS
MOKapHOW O€301acHOCTH B 3/1aHUAX C MAacCOBBIM
npeObIBaHNEM JIFO/IeH I11es1eco00pa3Ho  MOJIB30BATHCS
METOAAMH HMHUTAUOHHOTO MOJCIMPOBAHUA, TaK Kak
MMPOBEACHUE PCAJBHBIX JKCIICPUMEHTOB Ha HO}IOGHLIX
00BeKTax 3a4acTyl0 HEBO3MOXHO JMOO CIHUIIKOM

J0poro.

B nanHOM ciyyae OymeT HCHOJB30BAHO areHTHOE
MOJICTIMPOBaHUE, KOTOpOE  IIPEACTaBisieT  Co0OH
METOJl IMUTAI[HOHHOTO MO/IETTUPOBAHNS,
UCCIEAYIOIUI MOBEJICHHE
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ACUCHTPAIIM30BaAHHBIX ar€HTOB U TO, KaK OHO BJIMACT Ha
IIOBCACHHUEC CHCTEMBI B IICIIOM. AreHTHEIS MOOCIN

MOTYT TOMOYb HJICHTUQHUIHMPOBATH KPUTHUYECKHE
MOMEHTBl BpPEMEHM, IIOCJIE HACTYIUICHUS KOTOPBIX,
ype3BblUaliHbIC MOCIIEACTBUS OynyT HMEThb

HeoOpaTtuMblil xapaktep. [Tomumo sTOrO Mpeanaraercs
MOZCJIb 3BaKyallud IPU IMOXKap€ B HOYHOM Kny6e Ha
OCHOBE HCIIOJIG30BaHUS ammapara 0alecOBCKUX CeTel.
B npeagaraeMoun MOJEIU ONPEIEIIEHbI u
NIPOAHATU3UPOBAHBI (baxTopsI, OKa3bIBAIOLINE
HanOOIIbIIIee BIMSHUC Ha TIPOLIECC U BPEMS dBaKyallHuH.

JanHass COBOKYHHOCTh (DaKTOPOB  OIpEICIsIeT
aKTyaJbHOCTH HACTOSIIIEH PaOOTHI.

1.3 Lenb npoBeneHus: UCCIICTOBAHMS

Ilenbto naHHOM pabOTHI SIBJISETCS OLIEHKA BPEMEHHU
SBaKyaluu MpH MoKapax B yUPEKICHUIX KyIbTyphl Ha
OCHOBC HCIIOJIb30BaHUA METOOOB UMHUTAITUOHHOI'O
MOJICTTUPOBAHUS U amnmnapara 0aileCOBCKUX CETeM.

1.4 3amaun

Jnst nocTmKeHWs TOCTaBJICHHOW IIENH  SIBISIETCS
HEOOXOANMBIM pEIICHHE CIIeIYIONNX 3a1ad: IPOBECTH
aHaIM3 BHIOB HMHTAllMOHHOTO MOJEIMPOBAHUS U
BBIOpaTh ONTUMAJBHBIH, Pa3paboTaTh UMHUTALMOHHYIO
MOJIENIb 3BaKyallud JIIOAEH B ciydae T[okapa Ha
IpuMepe HOYHOTO Kiy0a M MOAENb 3BaKyallMd HpH
HoXkape B HOYHOM KJIyOe Ha OCHOBE HCIOJIb30BAaHUS
amnmapara 0aifeCOBCKMX ceTei, a 3aTeM HCCiIe0BaTh
pa3paboTaHHBIE MOJIEIH.

2.AHAJIM3 BHUI0OB UMHUTAIIMOHHOI'O
MOJEJIUPOBAHUA U HMHUTAIHMOHHASA
MOJIEJIb ITPOIIECCA 2BAKYAIIUM JIIOJEN
IIPHU MMOKAPE B HOYHOM KJIYBE

B mponecce nccnenoBanus ObUTO U3YyYSHO TPU BHIA
MMUTAIMOHHOTO MOJICTMPOBAHUS, pa3paboTKa KOTOPHIX

OCYILECTBIIAETCS MIOCPE/ICTBOM WHCTPYMEHTOB
Anylogic: cucremnass munamuka (CJl), muckperHo-
coObitnitnoe  monenuposanue  (JIC),  areHTHOe

MojenupoBanue (AM).

ATEHTHOE MO/ICIMPOBAaHNE IIPEJCTABIAET COOOM
METO/{ IMUTAIIHOHHOTO MOJIEITMPOBAHHS,
HCCIIE Y OIIMH MIOBEJICHUE
JACHUCHTPATN30BAHHBIX ar€HTOB U TO, KaK UX IMOBEACHUEC
BJIMSIET HA MOBEACHHE CHCTEMBI B LICJIOM.

IIpoBeneHHBI aHaIW3 TO3BOJWI Cc(HOPMHUPOBATH
OCHOBHOE TpeboBaHME K pa3paboTKe WMHTAIMOHHON



MOACIIN, 3aKJIIoYarmeeca B H€06XOL[I/IMOCTI/I
HCIIOJIBb30BaHUA arCHTHOI'O 1nmoaxoJaa.
HpOFpaMMHaH peausanusd HMI/IT&HI/IOHHOﬁ MOACIN

OCYIICCTBJIAJIACh TIPU  MOMOIIU IMaKe€Ta arceHTHOTI'o

MOJICTIMPOBaHUSl  NEMIEXOAHBIX MOTOKOB Anylogic.
Bpemss  mpoTekaHHMs ~— MOJEIHMPYEMOro  mporecca
coctaBwio 1 d9ac MojensHOro BpeMeHH. Jlns

MaKCHMAIIBHOTO YCKOPEHHsI pabOTBI MOIEIH MOKHO
HCIIONIB30BaTh BUPTYAIBLHOE BpEMsI.

HemamoBakHyto ponb Tpd  pa3paboTKe MOIETH
9BaKyalldd WIPAOT HampaBJeHWE JBWKCHUS U
CKOPOCTb areHToB. YUTOOBI Y4eCTh 3TH MapaMeTphl,
1eIecoobpasHo HCTIOJIb30BATh W3BECTHBIC
MaTeMaTHYeCKhe 3aKOHOMEPHOCTU COIMANBLHON CHITBI
areHTOB.

3a 0CHOBY MOJiei OBLT B3AT IUIaH TUIIOBOTO 3AaHUS
HOYHOTO Ki1y0a.
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Pucynox 1 — TlnaH THIIOBOTO 3/JaHUsI HOYHOTO KityOa

ATeHTHI TIONAJAl0T B 3JaHHE HOYHOIO KiIyba uepes
1 BXoj, mocie 4Yero Haxo[TCs Ha €ro TEPPUTOPHH.
[Tocne TOro, Kak areHT BOIIEA B 3JaHUE HOYHOTO
K1yba, OH OTHpaBiseTCs B rapiaepod, 3aTeM MOXKeT
BOCIIONIb30BAThCS OJHHM M3 HMEIOIIUXCS CEePBUCOB
(mammpumep, Gap) mubOO cpa3y MOWTH Ha TAHIIION WU
3aHATP MECTO 3a CTOJMKOM. BbllleyKa3aHHbIC
MPOLIECCHl  ONPEJENSIIOTCS HOPMAIBHBIM 3aKOHOM. B
cllyyae U3MEHEHHs COCTOSIHUSI cpe/ibl (IpH HaXKaTHU Ha
COOTBETCTBYIOIIYIO KHOIIKY, MOZACIUPYIOLIYIO
HACTYIUICHHsl  II0Kapa)  MPOUCXOJMT  aKTHBALMS
nporecca 3BaKyaluy ¢ COOTBETCTBYIOIIUM IIOBEIEHHEM
areHTOoB.

Hanee J300) TIPOBE/ICHO HCCIIeIOBAHNE
pa3paboTaHHO MMUTALMOHHON MOJIENH. B
JIByXMEPHOM  PE&XHME IPOCMOTpPa MBI  MOXEM
HAONIONATh  IUIOTHOCTh  TIOTOKA B Pa3lIMYHBIX

MOMEIICHUSX HOYHOTO KiTy0a, YTO OYCHb BaXKHO, TaK
KaK 3BaKyalusi OOBIYHO COMPOBOXKIACTCS ITAHUKOW W
JTaBKOM.

Ha pucynke 2 mpencTaBieHBI pe3ylbTaThl OJHOTO
M3 BO3MOXHBIX CILEHApHEB IpOIecca JBaKyallHu.
Curnan TpeBord ObUT akTHBHpOBaH depe3d 30 MUHYT
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MOACJIBHOI'0 BpPEMCHHU.
qepes o0ba BBIXOJa.

DBakyarus

OCYIICCTBJIACTCA
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Pucynox 2 — Cnenapwmii Nel nist nMUTannoOHHOI Monenn

JnHaMuka JBMKEHUS JIOAEH  aBTOMAaTHYECKHU
oToOpakaeTcss Ha COOTBETCTBYHOIeM TIpaduke. Bce
areHThl CTApalTCA MOKHHYTh 3JaHHEC KaK MOXHO
OblcTpeil M nBUraloTCs K OnmkaillieMy BBIXOAY B
COOTBETCTBMU C C(OPMHPOBAHHOW MOJENBIO  HX
moBeneHust. M3 Tpaduka Tak ke BHIHO, YTO BpeMs
9BaKyallly COCTaBHUJIO OKOJO 11 MUHYT.
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Pucynok 3 — Ilponecc nporekaHus IBaKyaluu s cueHapus Nel

Hanee paccmaTpuBaeTcsl elie OAMH CLEHapHii, mpu
KOTOPOM TIJIaBHBIM BBIXOJ| M3 3JlaHHS HOYHOTO Kiry0a
OKa3bIBaeTcs 3a0JI0KMPOBaH.
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Pucynox 4 — Cuenapuit Ne2 1 HUMHTAIIHOHHON MOJEITH



B sTOM cityuae Bpemst 3BaKkyalluy YBEIUUUBAETCS 10
19 munyT.
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Pucynox 5 — Ilpouecc nporekaHus dBaKyaluu juis cueHapus Ne2

[lonmydeHnHble pe3ysbTaThl MNO3BOJISIIOT JAaTh OLEHKY
BPEMCHH 3BaKyaluu, 41O lIpC?,BI)I‘IaI‘/‘IHO BaXXHO B BUIY
pacrpoCcTpaHeHHs] U BO3JEUCTBUS Ha JIOJEH OMacHBIX
(hakTOpOB mOXKapa.

3. MOJEJb BAMECOBCKOM CETH JJIs1
AHAJIN3A BPEMEHHU DBAKYALIMU TIIPH
MOKAPE B HOUHOM KJIYBE

Hanee mpencraBiena Mojens 0alieCOBCKON ceTu
JUId aHaJdu3a BPEMEHHU »HBaKyallud IIpH IOXape B
HOYHOM Kiybe. MojaenupoBanue pa3paboTaHO B
nporpaMMmHoM obecnieuenun GeNle.

B pa3spabortaHHOi Mozenmn 0aifleCOBCKOM ceTH
Ipe/ACTaBICH 0030p BCETO TIpoIecca CINACeHUs |
9BaKyallud JIIOAEH TpH TOXape B HOYHOM KiyOe,
paccMOTpeHbl BaxHEHImMe (AaKTOPhl, OKa3bIBAIOLINE
BIMSHUE Ha TMpEBBIICHHE (AKTUIECKOTO BpPEMEHH
IBaKyalH HaJ TPeOyeMBbIM.

Bce dakropel mpencraBieHsl B BHIE  Y3JIOB
0ailiecCOBCKOM CeTH, Y3/l CBA3aHBl HaIpPaBICHHBIMHU
JIyramMH, TIOKa3bIBAIOIIMMH B3aMMOCBS3b IPHYUH U
CJIEJICTBUM.

B nanHo# paboTte ObIJI0 paCCMOTPEHO J1Ba ClIEHAPUS
JUIL OLCHKM BpPEMEHHM »JBaKyalluW TMpH II0XKape B
HOYHOM KiIy0e ¢  WCIHOJNB30BaHHEM  ammapara
0aifecOBCKHX ceTeil.

OnuceiBast cueHapuil 1, mpexmosiaraeM, 4YTO B
paccMarpruBaceMOM HOYHOM KiTyOe MyTH 3BaKyali He
3arpOMOX/ICHBI, TT0XKap BO3HUKAET Ha CIIEHE, KTO-TO U3
nocetuTenei 6epet Ha ceOs pyKOBOJICTBO JIFOJIbMH, UTO
CHIDKaeT YpPOBEHb IAHWKH, CHCTEMBI OIOBEIICHNS,
JIBIMOYIAJICHHS W aBTOMATHYECKOTO T0KAapPOTYUICHHUS
MOJTHOCTBIO HCIIPaBHBI M cpabaTeiBaloT 0e3 cOoes,
MOXKapHBIH Kapaysl NpUOBIBa€T B KpaTJaiIIne CPOKH.
BpeMss o»Bakyaumu TIpu YCIOBHSX, 33/JaHHBIX B
cueHapuu 1, Oyner npesblmieHo B 12% cirydaes.

Pucynox 6 — Cuenapuii Nel i Mmogenu GaitecoBckoit cetn
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OnuceiBast cueHapuil 2, mnpeanoiaraeM, 4To B
paccMaTpuBaeMOM HOYHOM KIyOe IyTH SBaKyaluu
3arpOMOYK/ICHBI, TI0’Kap BO3HUKAET Ha CLIEHE, HUKTO U3
roceTuTene He Oeper Ha ceOsi pyKOBOJCTBO JIOJbMH,
YTO MOBBIILIAET YPOBEHb NMAHUKU, aBTOMAaTH3UPOBAHHBIE
CHCTEMBI TIOKapOTYLIEHHs HE CpadaThIBAIOT, dTO
NMpUBOAUT K OoJiee WMHTCHCHBHOMY BO3ACHCTBHUIO
OIacHBIX (haKTOPOB IIOXKapa Ha JIIOACH, a TOXKapHBIH
Kapaysi TpHOBIBaeT ¢ 3ajepkkoi. Bpems sBakyammn
MpH YCIOBHUAX, 3aJaHHBIX B CICHapuh 2, Oyzder
npessimeHo B 31% ciydaes.

Pucynox 7 — Cuenapuit Ne2 juis moznenu GaiiecoBckoit cetu

Takum oOpasom, B mpemiaracModl  MoJelH
ONpeAeieHbl WM NPOAaHAJIM3UPOBAHBI  (aKTOPHI,
OKa3pIBaloIue HauOoJjbllee BIMAHHE Ha MPOIECC U
BpeMsl DBakyalllM, a cama MOJeib OalileCOBCKOW CETH
Jac€T BO3MOXHOCTH OLCHHUTH BCIUYHUHY BO3)1€I7ICTBI/IH
pa3nuuHBIX ()AKTOpPOB HA TIPOIECC 3BAKyallUd W
n30eXaTh IPEBBINICHHUS JOIyCTUMOTO BPEMEHHM Ha
9BaKyallHIo IPH MOXape B HOYHOM KiTyOe.

4. 3AKJIFOYEHUE

B mpomecce aHanuza  BBIMOJHEHHOW  pabOTHI
HOJYYEHBI CIEIYIOIHE PE3YIbTaThI:
- OcHOBHEIC TpeOoBaHUs K paspabotke

MMHTAIlMOHHON MOJIENM 3BaKyallMd M3 3JaHuil ¢
MaccOBBIM IPeObIBaHUEM JIO/IEH;

VmurannonHas MoJeNb 3BaKyalud JIIOAEH B
cryyae UC m moxapoB Ha HpUMEpe THUIIOBOTO
3/1aHUsI HOYHOTO KIIy0a;

Monens 3BakyallMy MpH MoXKape B HOYHOM Kiry0e
Ha OCHOBE HCIIOJIb30BaHUs anmapara 6aieCcoBCKHUX
ceTel;

OrmeHKka BpeMEHH JBaKyalldHl JIIOICH W3 3MaHUS
HOYHOTO KiTy0a JJIs pa3IMyHBIX CIICHAPHEB.

Ha ocHoBaHMM BbIllE NPUBEACHHBIX CBEACHUN
MOXXHO CJAenaTb BBIBOJ O TOM, YTO LENIb JAaHHOW
paboTsl, HanpaBJIeHHAs Ha Pa3pabOTKy U MCCIIeIOBaHHE
MMUTALlMOHHOW MOJENU »SBaKyallud U3 34aHuil ¢
MaccoBbIM NpeObiBanKeM smoaer npu YC u noxapax u
Mojienn OaiiecoBCKoW ceTH, ObUIa JOCTUTHYTA, 3a/1a4u
BBITIOJIHEHBI.
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«AKkagemMus TpakJaHCKOH 3amuTel MUHICTEPCTBA POCCHICKON (herepalinil 1Mo IesiaM TpakJaHCKoi 000pOHEI,
Ype3BBIYANHBIM CUTYAIMAM W INKBUIAINN TIOCIEICTBAN CTUXUHHBIX OSICTBUID
HMeEHU reHepan-nenreHanTa .M. Muxaiuinka
Poccus, Xumku, MxpH. HoBoropck
(®I'BBOY BO «Akanemus rpaxaanckoit 3amutel MUC Poccuny)

MOJIEJIb OIIEPATUBHOM OIIEHKH KOHIIEHTPAIIMM IPOJYKTOB I'OPEHMSI
TP BOBHUKHOBEHUWHU ITPUPO/IHBIX IIOKAPOB

AHHOTADUSA

IIpencraBnsiemas Ha KOHKYpC Hay4HO-
HCCIIEI0BAaTENbCKasi paboTa CONEPIKUT B CBOEM COCTaBE
Marepuanbl  MOJy4YEeHHBIE B COOTBETCTBHH  C

BeinoHeHHo# 1o [Tnany HUOKP MYC Poccuu paboTst
«Pa3zpaboTka Hay4yHO OOOCHOBAHHBIX IOJXOJIOB IO

ONEpaTUBHONW  OIIGHKE KOHLEHTpAIlMM IMPOIYKTOB
TOPEHUS.

Htorom pabotTel crasa pazpaboTka aJropurMa
OLICHKW, KOHICHTPAIlMM TPOLYKTOB TOpPEHHA U
MPOTHO3UPOBAaHUA WX paclpocTpaHeHus. BHenpenne
IpeaIaraéMoro  MHOAXoAa,  OasWpylomerocss  Ha

NPUMEHEHNH CTAaTHUCTHYECKUX METOIOB M YHCICHHBIX
METOJIOB pemeHnss AudQepeHInanbHbIX ypaBHEHNH,
TI03BOJIMIIO TIOBBICUTB 3G PEeKTUBHOCTH
MPOTHO3MPOBAHUSA  PACIPOCTPAaHEHHUs  B3BEIICHHON
a’po30JibHOM  mpumecu B atMocdepe 3a  cyér
MOJICIUPOBAaHUA W QITOPUTMHU3AIMHM  IIPOIECCOB
SMHUCCHU a’po30Jiell M UX PaclpoCTpaHEHUS B
€IMHUYHBIX 00beMax aTMOCHEpHI.

1 AKTYAJIBHOCTb UCCJIEJOBAHUSA

Poct wumcna moxkapoB, MaTepualbHBIX —IIOTEPH,
THOEIH JIIOIeH SBIIETCS CIeICTBUEM OypHOTO Pa3BUTHSA
TEXHUKH M TEXHOJIOTHH, KOHIIEHTPAaluK MPOU3BOJICTBA,
CO3[JaHMSI  HOBBIX  MOXAapOOIIACHBIX  MaTepHualioB,
YBEIMYCHUS] IUIOTHOCTH HAceleHWs, OTCYTCTBHS B
JOCTaTOYHOM  KOJHMYECTBE  IEPBUYHBIX  CPEICTB
MOXKAPOTYIIEHHUs, HHU3KOTO  YPOBHSI  IOATOTOBKH
HacelieHHss K JCWCTBHAM 10 TNPOQWIAKTHKE U
MPEIYNpPeXACHUIO T0XapoB, OTCYTCTBHA HAaBBIKOB
MOXKAPOTYIIEHNST M OE30MaCHOTO IMTOBEICHHUS BO BPEMS
noxapos [1].

IIpu sTOM pasHble MmoXkapsl OynyT 0OyCIIaBIMBATh
pa3HyIO CTENEHb ONIACHOCTH IS HaceseHus. B kauecTse
Hopaxkaromiero Gaxkropa, paccMaTpuBaeMoro B pabore,
BBICTYIAeT JIbIM (NPOJYKTHl TOPEHHMs), KaK MMEIOINi
HanOoublee «reorpaduueckoey pacnpocTpaHeHHE.

JleficTBUTENbHO, KaK TOKa3bIBAaeT ONBIT OOPHOBI C
MOXapaMH, CMOT, OOpa3yloOLIMHCS B  PE3yJbTaTe
BO3HHKHOBEHHS KPYMHBIX OYaroB IIOKapoOB MOXKET
MPUBOINTH K 3HAUUTEIBHBIM MaTepHAIBHBIM MOTEPSM,
KaK IpsSMBIM (HaIlpuMep, 3aKphITHE pabOTHI a3pOMOPTOB
M3-3a HEIOCTATOYHON BHIMMOCTH), TAK M KOCBEHHBIM
(mampuMmep,  yXyAIIEHHE  3I0pPOBBS  HAceJeHHs,
BCIEJCTBHE BO3JCHCTBUS MNPOAYKTOB TOPEHUS Ha
JBIXaTENbHYI0 cUcTeMy) [2].

B cBoro 04epens CBOEBpEMEHHBIN U TOUHBIN TPOTHO3
TI0 pacrpoCTpaHEHHUIO IPOYKTOB TOPEHNUS B aTMOc(epe
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MO3BOJINT ~ ONPEAENUTh CTEHNEHb OMACHOCTH  UIS
HaceNleHHs ¥ HH(PacTpyKTypsl U BBIPAOOTATh PEIICHUS
M0 MUHIMHA3AIUH yiepoa.

Taxum 00pa3oM aKTyaIbHOCTb pabOTHI 00YCIIOBIICHA
HEO0XO0IUMOCTBIO Pa3pabOTKK MOAENEH, MO3BOISIOMINX
JlaTb ~TOYHBIK W  ONEPAaTHBHBIM MPOTHO3  JJA
00OCHOBaHUS MEPOIPUATHI MO 3alIUTe HACCICHHS U
TEPPUTOPUIl OT PACHPOCTPAHSAIOUIUXCS adPO30JIBHBIX
npuMecet  (mpIMa), BBI3BAHHBIX  INPUPOAHBIMU
TIOXKapaMHu.

2 CTENEHb HIPOPABOTAHHOCTHU TEMBI,
INPUHIOUIIBI OBHAPYXKEHHUA U KOHTPOJIA
PACITPOCTPAHEHMUSA INTPOAYKTOB 'OPEHUA

PasBuTHe TENCBU3MOHHBIX TEXHOJOTHH M METOIIOB
pacmo3HaBaHHA HM300paKEHUH TIO3BOJIMIO  CO3JATh
cucTeMy OOHapY>KEHHsI 04aroB IPUPOIHBIX TT0KAPOB HA
paHHUX CTausAX u pemaThb 3aauu
BBICOKOKAUYE€CTBEHHOM OLEHKH M TMPOTHO3a MOKApHOMH
00CTaHOBKH.

Jis obHapyXeHus
UCTIOJIB3YIOTCS] MOJICITH:

1. RGB, npencrapisemasi OTAEIbHBIMA TUKCENAMH,
M300paKalOMIMMU OYar IUIAMEHH, HOJYUHSCTCS TPEM
MIpaBHJIaM, COTJIACHO KOTOPBIM KaKIBIH TTHKCEN TOJDKECH
OBITh  HACHIIIEHHEE  MHHHMAIBHOW  Tpedyemoit
BEJIMYUHBI, YCTAHOBJICHHOW IS OTOOpakeHUS ouara
Bo3ropauus [3].

2. YCbCr, ucnomnp3yemas HOCPEICTBOM CHCTEMBI
HEUYETKOT'0 BBIBOAA ISl BU3YaJIM3allUU O4ara, IpUMeHss
KOHKPETHBIN THKCEI K COOTBETCTBYIOIIEMY YYacTKy
miamenu [4].

Ha nmpakTike cloXmiach CHUTyalus, KOTJa
CIMHCTBCHHBIM ¥ 0€3aJbTePHATUBHBIM HCTOYHHKOM
nH(OpManK 0 pacrpoCTpaHEHUH NPOAYKTOB TOPEHHS,
BBHJY BO3MOXHOCTHU PEryJIpHOIO M OINEPaTUBHOIO
TOJTy4eHHs TPEOYEMBIX JaHHBIX O JISHCTBYIOIUX oYarax
TOPEHUSI CTAHOBUTHCS CITyTHUKOBBI MOHUTOPUHT [5].

B Hacrosmmiee Bpemss Ha ©0asze Pocrumpomera
pa3BepHyTa u YCIIEeITHO (GYHKINOHUPYET
ABTOMATH3MPOBAHHAS  CHCTeMa  HAaONMIONEHHH U
KOHTpoJs okpyxkaromeit cpensl (AHKOC-AT), kotopas
MpegHa3sHayeHa I aBTOMAaTH3WPOBAaHHOTO cOopa,
obpabotkn u mepemaun uHGOpManmud 00 YpOBHE

JbIMa B HYaCTHOCTHU

3arps3HeHust  atMochepHoro  Bosmyxa.  Cucrema
MMO3BOJISICT HEMPEPHIBHO IMOJydaTh WHGOPMAIHIO O
KOHIICHTPAallMd TPUMEcel W METEOPOJIOTHUCCKUX

rapamMerpax B HACEJICHHBIX ITyHKTaX WIH OKOJIO
KPYIHBIX POMBIIUICHHBIX NPEeANpHATHHA. TexHnueckue
BO3MOKHOCTH PETHCTpalluy, Mepeladyd, XpaHEHUs HU



00paboTKN JMaHHBIX O 3arpsi3HCHUHM aTMOC(EepHOTo
BO3JlyXa MO3BOJIWIN pa3paboTaTh OCHOBHBIC MPUHIIUIIBI
(DYHKIIMOHMPOBAHUS ~ aBTOMATHU3MPOBAHHBIX  CUCTEM
HaOJIOIEHNS 32 COCTOSIHUEM aTMOC(EPHOTo BO3IyXa, HO
3a/lady MPOTrHO3a CYIIECTBYIOIIAs CUCTEMa HE pellaeT
[6].

Cpenu CYIIECTBYIOIIHNX MoOJIeNIeH,
IKCIUTyaTHpyeMbIX PocrumpomeTom ciemyer oOpaTHTh
BHUMAaHHE, Ha PEANH3YIOMyI0 XUMHUKO-TPaHCIIOPTHBIC
npuHuunel Moaenbs COSMO-Ru-ART cocrosmast u3
Me3oMacITabHoI HETMAPOCTaTUYECKON
Meteoposorudeckoit Mogenu COSMO-Ru (COnsortium
for Small-scale MOdelling — RUssia) u wmoxenu
atMocteprnoii xumuu ART. C 2011 r. cucrema
Me3oMacmTabHoro nporuosa noroasl COSMO-Ru7 no
pewieHuto LleHTpalbHOW METOIUYECKOW KOMHUCCHHU I10
THAPOMETEOPOJIOTHYECKMM M T'eITHO(PHU3NYECKUM
MPOTHO3aM BHEIpPEHa B OICPAaTHUBHYIO MPAaKTUKy B
KadecTBe 0a30BOW I YHUCIEHHOTO IPOTHO3HPOBAHUS
CIICIYIONINX METEOPOJIOTUIECKAX BENWYMH (TONICH U
METEeOTpaMM): OCaIKH, TeMIepaTypa H BIAXHOCTh
BO31yXa, (OHOBEII NMPU3EMHBIH BeTep [7].

3 CTPYKTYPA METOJUYECKOI'O
AIIITAPATA, INPUMEHSEMOI'O JJIA
CO3JAHUSA MO/JEJIN

B kauecTBe HMCXOIHBIX AAHHBIX JJIS COCTABJICHUS
MOJIEJIM  PaclpOCTPaHEHUs] a’pPO30JIBHBIX IpUMeceit
(mpIMa) B aTMOCdepe npeaiaraeTcs IPUMEHSTh!

1. CBemeHus 0 XapaKTEpUCTHKE HUCTOYHHKA (odara
TOPEHHs, OMHCCHH  a’pO30JILHOW  INpHMECH B
atMocdepy). K Takum 1aHHBIM OTHOCSTCS:

reorpapuuecKiue KOOPIUHATHI 3apETHCTPUPOBAHHOM
TEPMOTOYKH (0Yara rmoxapa);

mapaMeTpsI o4Yara rmoskapa (Tomaab U mepuMeTp) Ha
MOMEHT  (HUKCALMM  TEPMOTOYKH,  OIpEIeICHUE
HayaJlbHOM IUIOIIAAH, C KOTOPOH OCYUIECTBISETCS
OMHUCCHS TIPOAYKTOB CTOPaHHS;

XapaKTepPUCTUKH TOPIOYEro MaTepuaia B ouare
noXxapa 1 00acTsx, IPUMBIKAIOLIMX K 04ary moxapa;

BJI&YKHOCTh TIOYBBI B OdYare Inoxapa M 00JacTsX,
MPUMBIKAIOIIUX K 04ary moxkapa.

2. CBeleHHSI O METEOPOJIOTHUECKUX ITapaMeTpax B
paifoHe odara rmokapa W OOJNACTIX, MPUMBIKAIONINX K
ouary noxxapa. K Takum TaHHBIM OTHOCSTCSL:

CKOPOCTB U HallpaBJIeHHUE BETPa;

0071a9HOCTh 1 aTMOC(epHOE JTaBIICHHE;

KOJIMYECTBO OCA/IKOB U BIIQXKHOCTh BO3/1yXa;

TeMIepaTypa IMOBEPXHOCTH M BO3JyXa IO CIIOSM
aTMocdephl.

Cama  cTpyKTypa  METOJUYECKOTO
BKITIOUAET B ce0s1 TpH ainroputMa (pUCyHOK 1).

ammapara
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HayuHo-MeTogHIeCKHT
anNapaT METOIHKH

v

Amroputs 1 - onessm
HHTEHCHEHOCTH
IMHCCHH OpOJVETOE
TOPEHNE E aTMOChepy

y

Anropur™ 2 —
IPOTHOSHPOEAHHA COCTOTHHA
arumochepsl B aTMOChHepHEIX

ABTEHHH, ETHAKIINK HA
MaccolepeHoe
[ I
W
AnropHT™ 3 - OUSHFH, KOHIEHTPE HH OpOIYVETOE TOpeH
H Ip OTHOSHP OB HIE MX PaCOpOCTPaHeHH

Pucynok 1 — CtpykTypa Hay4YHO-METOIUYECKOTO
arnmapara METOJUKU OTepaTUBHOM OIICHKH,
KOHLIEHTpALUU [IPOAYKTOB TOPEHUs] HA OCHOBaHUU
JIMHAMUYECKUX MapaMeTPOB, EPeAaBaAEMbIX
Pocrugpomerom

ANTOpDUTM  OLEHKM WHTEHCUBHOCTH  3MHCCHHU
MIPOIYKTOB TOPEHHS B aTMOC(Eepy MO3BOJISIET HA OCHOBE
W3BECTHBIX HCXOAHBIX MJAaHHBIX O XapaKTEPUCTUKE
HCTOYHHKA OTIPENEIIUTh KOJINYECTBEHHBIC
XapaKTepUCTUKH  BBIOpOCAa BpPEOHOM TpHMECH B
aTMocdepy B eIUHHUILY BpeMEHHU. MICXO0/s 13 U3BECTHBIX
3aKOHOMEPHOCTEH JMHAMHUKU W3MEHEHUS I10>KapHOU
O0OCTAQHOBKH, TIOJy4aeM IUIOIIAAb MOBEPXHOCTH C
KOTOPOH OCYIIECTBIISCTCS 3MHUCCHS HAa H3BECTHBIN
MOMCHT BPEMCHMU. IIJ'I)I OLICHKN JUHAMHWKU HU3MCHCHUS
OMHCCUHN TIPOAYKTOB TOPCHUA, ONPECACTISACEM BEIUYHUHY
3JIEMEHTAPHOTO BPEMEHHOTO OTpe3Ka Ui KOTOPOTo
OyzeM OCyIIeCTBIATh IPOTHO3HBIE pacueTsl. Kpome
TOTO, JUIA JaHHBIX 3JIEMEHTapHBIX OTPE3KOB BPEMEHHU
OCYLIECTBIISIEM  pacdyeT  BEJIMYMHBI  PacCTOSHUS,
MIPOMJICHHOTO TOXXKapoOM M JaJbHEHIINe pacdeTsl, Ui
CIICAYIOIIET0 3JIEMEHTapHOTO BPEMEHHOTO OTpe3Ka,
OCYILIECTBIISIEM II0 TOpIOYEMY MaTepHaly W JpYyTuM
YCIOBUAM, OIPECAC/IAIOMNM BEJIUMYMHBI O3MUCCHUU I
KOHKPETHOH 00JacTu mpocrpaHcTBa. TakuM oOpasom,
MOJKHO CICJIaTh BBIBOJ O TOM, YTO JJId YU€Ta BEJIMIYNHBI
SMHCCHHU NPOJYKTOB FOPEHHS B aTMOC(epy HE0OX0IMMO
paccMaTpuBaTh Pa3BUTHE IOXKAPHOM OOCTAHOBKH Kak
HEKOTOPHIH WMTEpalMOHHBIM Tporecc, HEoOX0auMo
TaKke  OOpaTUTh BHUMaHWE HAa  BO3MOXHOCTh
JOKaJM3allMd ~ OYaroB  TOpeHHs, 4YTOo  Oyz;er
BOCIIPUHUMATHCS AJITOPUTMOM KaK IIPEKpaIeHUe pocTa
IUIOIag TOPEHHS W COOTBETCTBEHHO CHIDKCHHE
BCJIMYMH SMHUCCHUU TTPOJTYKTOB I'OPCHUA.

Anroputm TIPOTHO3UPOBAHUS COCTOSIHUSA
aTMocdepsl U aTMOC(EPHBIX SBICHHUH, BIMAIONIMX Ha
MacCOIIEpPEeHOC IO3BOJSIET HAa OCHOBE W3BECTHBIX
HUCXOOHBIX JaHHBIX O METCOPOJIOTMYECKUX IMapaMeTpax
OTIPENIeNIUTh  3aKOHOMEPHOCTH  TIOBEACHUS  YaCTHUI
BpPEJHOW mpuMecH B arMocdepe Id EJUHUYHON
obacty.

Jns mporHo3MpoBaHMS aTMOC(EpPHBIX IPOLECCOB
HEOOXOAMMO OLEHHUTHh BBICOTY BHIOpOCA IPOAYKTOB
TOPEHMs, KOTOpasi OIpenessieTcsi Kak OSHeprue,
BBIJEISIEMOH B pe3yipTare ToXkapa, Tak U
OKPYXAIOMMMH  aTMOC(EPHBIMH  YCIOBUSAMHU  (Kak



CTENEHBI0  YCTOWYHBOCTH Tak W
BJI&YKHOCTBIO) [8].

[on neiicTBHeM rpaBHTalMU KaXkaash a3po30JIbHAs
YacTHLAa PaHO WJIM IO3JHO BBINANAECT U3 aTMoc(ephl.
BpeMeHHbIEe 3aBUCUMOCTH JUTSI YaCTHII, HAXOSIIUXCS B
aTMoc(epe IO BPEMEHH pa3HBIX MEPHOAOB BPEMEHHU
moapoOHO paccMOTpeHEI B pabdore [9].

ANTOpPUTM  OIEHKH, KOHIEHTPALMK TPOAYKTOB
TOPEHHS W TIPOTHO3MPOBAHMSA HX PACIPOCTPAHEHUS
Oazmpyercsi Ha pa30HEeHUN BCero o0bemMa aTMOC(EpH! B
palioHe odYara moXkapa Ha KOHEYHBIC O3JIEMEHTHI W
pacnpesieneHud MeXAy HHMHU TPOAYKTOB TOPEHHS C
YYETOM TIIOCTOSIHHOM SMHCCHUHM BpETHON INpUMecH H
4acTHYHOTO ocefaHus. COOTBETCTBEHHO MacCOIEpPEeHOC
MOJICTIMPYETCS 1O H3BECTHBIM  3aBUCHMOCTSIM B
3aBUCHMOCTH ~ OT  TIpaJMeHTa  HampaBJIeHHOCTH
BO3IYLIHBIX IOTOKax B TIpefeiax 3JIeMEHTapHBIX
00BEMOB aTMOC]EPHI.

B cBoro ouepenb pasMepel CETKH EAWHHYHBIX
00BeMOB  aTMoc(ephl  [enecoo0pa3HO  ONPENeIsATh
UCXOJSI M3 TYCTOTBHI CETH METCOHAOIIONCHHUH, a TaKkKe
BBIUHUCIUTENbHBIX MowHocTed OBM, Ha KOTOpBIX
OCYILECTBIICTCS MOJICIINPOBAHHUE.

[pennoxeHHslid B paboTe anropuTM MO3BOJSET 32
CYUET YMCIICHHOTO PELICHUs] ypaBHEHHI MaccolepeHoca
CIPOTHO3MPOBATh MPOCTPAHCTBEHHOE PACIIPOCTPAHEHHUE
NPOJIYKTOB TOPEHUs OT MPUPOTHBIX IOXKAPOB B
atMocepe M OLCHUTH  OPHUEHTHPOBOYHYIO  HX
KOHIICHTPAINIO B OTPAHUYCHHBIX SANHIYHBIX 00BEMax.

4 MOJEJIb ITPOT'HO3A PACITIPOCTPAHEHUA
IMPOAYKTOB I'OPEHUA P
BO3HUKHOBEHHNH INTPUPOJHBIX ITOKAPOB

B pabore npeIaraercs KOMIUIEKCHOE
UCIIOJIb30BaHKE PsjIa METOAMIECKUX TTOIXO/I0B.

B uyactHOCTH, mpH OLEHKE B3MHCCUM NPOAYKTOB
rop€Husd OT HPUPOJAHBIX IMOXKAPOB OICHUBAJIN TII0
dbopmynam 1-3.

t= Z(Mi ),

r7ie {— Macca BBITOPEBIIEro MaTepualia Ha e IMHUILY
momaau; M; — Macca roproyero mMarepuaia TUIa [ Ha

aTMoc(epsl,

ey

emvHMIy Iwomamu (T/km%); fi — [ONS  CropaHus
TrOpIOYEro MaTepuana Tuna i.
T=S-t, 2)
rne T — oOmas Macca BBITOPEBIIUX TOPIOYHX

MaTepHuaoB (T); S — IO b BEITOPEBIIICH TEPPUTOPHU
2
(km?).

3)
¢

E=T:-9,

rae E obmass Macca BbeIOpoca (Kr);
SMHUCCHOHHBIN KO3 (HHUITHEHT (KT/T).

3Has, Kak OyIeT pacHpOCTPaHATHCS MPUPOIHBIH
noxkap [10], MOXHO MpoBeCTH OIEHKY OOIIeil Macchl
SMHCCUH TPOIYKTOB TOPEHHS B aTMoc(hepy U OLEHHUTH
JUHAMHMKY MaccooOMeHa sl ydacTka aTrMocgepsl,
HETOCPEACTBEHHO MPUIIETAIOIIEr0 K 04ary MpUpOIHOTO
noxapa.
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3areM 3Has  XapaKTCPUCTUKH  KOHBCKTHUBHOM
KOJIOHKM ¥  BCIUYMHBI  CHJIBI  BEPTHKAIHHOTO
BBITAJIKUBAIOIIETO MOTOKA (4).
gR
= Qe “4)
Cppo
rie g - TpaBUTAIlMOHHAs TMOCTOSHHAs; R -
MOCTOSIHHASL ~ UJCAIbHOrO Ta3a;, po — JaBICHHE
OKpYXaloliel cpeipl; Cp, - TEIIOEMKOCTh HpH

MIOCTOSTHHOM JaBJIeHHH; Q. - CKOPOCTh TEIuIoNepeiaun
[11].

Omnpenensiercst pacrpeneieHue MpoayKTOB FOpEeHUs
IO CJIOSIM aTMOoc(heph.

B npanpHelimieM ocCyLIecTBIsIETCA omepanus 1o
pa3bueHm0, WHTEpecyromero odsema aTtMocdepsl Ha
P  KOHEUYHBIX OJIEMEHTOB, pa3Mepbl  KOTOPBIX
OTIPEAETISIOTCS N3MEHYHBOCTBIO apamMeTpoB,
BXOAAIINX B CHCTEMY HCXOJHBIX JAHHBIX (IE€M BBIIIE
pazianiusi, TEM Yalle mar CCTKI/I), a TaK)XKXC INNIOTHOCTBIO
CeTH HAOJIOACHUSA U J1abOpaTOPHOrO KOHTPOJS (UeM
MEHBIIIE [OCTOB HAOJIOJNEHUSI B paccMaTpHBacMOM
paiione, Tem Gojble pa3Mep KOHEYHOTO 2JIEMEHTA).

OmnpeneneHne KOHIEHTPAIMU NPOJYKTOB FOPEHHS B
eIMHUYHBIX 00BeMax aTrMoc(epsl OCYIIECTBISIETCS
IyTeM  pEmeHUs CHCTeMBl I (depeHINaTbHBIX
ypaBHeruit (5) [12, 13].

de dé E,dV 5)
dz . PPa; T viay (
% — pacripezielieHHe SHEpTHHU IMTOTOKa MepeHoca
MIPOJYKTOB TOPEHHs II0 BbICOTE ToABEMa; V
eIMHUYHBIA 00BeM BO31yXa (KOHEUHBIH dneMeHT); Eg —

rae

9HEprusi, COOOIICHHAas B  CIUHHUIYy  BPEMEHHU
(popmupyromas KOHBCKTHBHEIC MTOTOKH);
p — IUIOTHOCTH BO3AyXa; 6 — TOTEHUHAaIbHAs

TeMIIeparypa Ipyd HOPMAJIbHBIX YCIOBHUSIX.

TpexmepHass MOfE/b, OIMHCHIBAIOIIAS ITOBEICHHE
NPOJYKTOB FOPCHHS B €AMHUYHBIX 00beMax MpUBEICHA
B opmyiax 6-10.

ou ou du du 0P ! A A ak du

§+u$+v5+w5——3+ v+ Ay u+£ MG (6)

v v v v a0 et A ak dv

E*“ﬁ*”@*wa_z“ﬁ' u+Apbv + ok o @)

ow ow aw ow 0P 0+ A A ak w

E+ua+va+wa—z——a—z+ﬁ tAnbw kg (8)
6u+6v+6w 0 )
ox dy 9z

69+ 09+ 69+ 00 AA9+ak00 10)

- u— v— w— = _— -

ot Tuax Ty T T AR g kg,

rae t— Bpems; Ox,y,z — OCU B IPOCTPAHCTBE; Ay —

koa(d¢unment  typOynentHoro  obOmeHa; Ar —
kod(ppunreHT TOPU30HTAIBHOM
TEMIIEPATYPONIPOBOAHOCTH; k7 -  KOX(PQPUIIUEHT

BEPTUKAIbHON TEMIIEPATypPOIPOBOAHOCTH; V = (U, Vv, W)
— BEKTOP CKOPOCTHU JBMXXECHUS BO3yXa; A - AByMEpHbII
oneparop Jlammaca [14].

Jns mpoBepkn pabOTOCIIOCOOHOCTH BBIOPAHHBIX
ITOPUTMOB OCYHIECTBIIJIACH TOCTAHOBKA YUCICHHOTO
SKCHEPUMEHTA M0 MOJAEIMPOBAHUIO PACIPOCTPAaHEHUS
MIPOAYKTOB ropeHus B nporpammHoii cpene PhiFlow.



I[lo ycioBusSM CHMYISIIUM —CHCTEMa  SBIISACTCS
3aMkHyTOH. CaMu 3aBUCHMOCTH PaclpOCTPaHEHUS
NPOJIYKTOB TOpeHusi B aHajautuueckoMm Buzae (5)-(10)
(opMHpPYIOTCS C TIOMOILIBIO MOJENU Pa3peKEeHHOMH
UACHTU(QUKAMK HenuHeHo muHaMuku (SINDy).
Takoi moaXo4 BBI3BAH  CJIOXKHOCTH  aJalTaluy
WCXOJIHBIX JIAaHHBIX, JOCTYNHBIX MpPU MOCTPOCHUHU
MOJICTIH aHAJTUTHKY, K [lapaMeTpaM paHHEee M3BECTHBIX
MOJIENIEH. IIpennoxxennas cxeMma MIOCTPOEHUS
MPOTHOCTUYECKON MOJICTH MO3BOJISIET PEIIaTh 3a/ady
SMIIUPUYECKUMU METOJAaMH C TpeOyeMoil TOYHOCTh B
YCIIOBHSIX HEMIOJTHOTHI HCXOIHBIX TAHHBIX U OTIEPATUBHO
aJanTUPOBATh MOJICNIb MPU BKIIOYCHUU HOBBIX WIIH
UCKJIFOUCHHUH YK€ HMMCIOIIUXCS THIIOB M HCTOYHUKOB
JTAaHHBIX.

Jns TECTOBOM CUMYJISILIAA 3ajaBancs
Macutabupyemsiii 00bem ¢ mapamerpamu 50x50x30 u
TUTOLIATHOM OYar rOpeHwus..

I'paduueckoe MpeCTaBlICHUE
CHMYJISIIIAY MTPEACTABIICHO HA PUCYHKE 2.

pe3yIbTaToB

Pucynok 2 — I'paduueckoe npejcTaBieHue
pe3yIbTaTOB CUMYJISILIMU

IIpoBeneHHBI YHUCIIEHHBIH SKCIEPUMEHT IMOKa3all
NPUHIUIHAIBHYI0  BO3MOKHOCTH ~ MaTeMaTHYECKOTO
MOJICTIMPOBAHHUS PACTIPOCTPAHEHHS MIPOYKTOB TOPEHUS
Mo cjosiM arMocepsl C NpPUMEHEHHWeM aHcamOIei
MoJiesiell MeHbBIIeH pa3MEepHOCTH, Kaxaas U3 KOTOPBIX
ONHKCBHIBaET OTAENBHBIN Qusnueckuii mnpomecc. B
YaCTHOCTH, JaHHblE JUIsl TPUBEICHHON CHUMYJISLUH,
KOMOMHHUPYIOTCSI 110 MOJEJIM 5SMHUCCHH, HOIAbEMY
KOHBEKI[HOHHBIX MOTOKOB M IMEPEHOCY aTMOChEpHbIM
TPaHCIIOPTOM NPOYKTOB TOPEHUSI.

Monenp 5MHCCHM OCHOBBIBAETCS HAa BBIYHCICHHH
o01eil Macchl BEIOPOCOB 3a NMEpUOJ BPEMEHH, PaBHBIN
OJTHOMY 4Yacy, 10 OTPaHWYEHHOW IMCKPETH30BAaHHOM
obnactu, o gopmyinam (1)-(3). B xauecTBe onmcanus
CBOHCTB TOpIOYMX MaTepuagoB JJIsl  BBIYUCIICHUS
KodpdunneHToB wncnonp3ytorcs ganHeie u3  Global
Fuelbed Dataset (pucyHok 3).
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Pucynok 3 — I'paduaeckoe npeacTaBiIeHne yaacTKa
JnecHoro Maccusa 1o na"gueiM Global Fuelbed Dataset.

B  coueramum ¢  OLEHKOW  XapaKTEepUCTHUK
KOHKPETHOT'O 10Kapa, BEIPAKEHHBIX YHCIEHHO, JaHHAs
MO/IEIIb TTO3BOJIET YUUTHIBATH (DAKTOPBI, BIMSIOIINE Ha
SMHCCHIO  TPOIYKTOB  TOpPEHHs,  HEJOCTYyIHBIE
OOJIBIINHCTBY SKCIUTyaTHPYEMBIX Mozenei.
[Ipeanaraemslii MOIX0 MOAEIUPYET BBIACICHHE ABIMA
U TpUMece Ha KaXJIOM BPEMEHHOM MIare, BIUIOTH 0
MIOJTHOTO BBITOPaHHS TOpIOYEro marepuana. Mopens
NpeAcTaBIsieT  co0OH  OBYXMEPHYIO  CETKy, IS
amIpOKCUMHUPOBAHHBIX 3HAUYEHWH B sCHKaX KOTOpPOH
MIPOUCXOAT YIIOMSHYTHIC BBIIIE BBIYUCICHHS (PHCYHOK

4).

Pucynok 4 — DMuccus (T/kM2).

Macca BblIENsIEMBIX TPOAYKTOB TOpEHHUS 3a
JUCKpPETHOE BpeMs Ha IUIOLIAJU SIYEHKHU SIBISIETCS
€UHCTBEHHOH  HMHTEpecyloled Hac  BEJIUMYUHOM,
MOJIYICHHON B JaHHOW CHUMYJSIIUU. OTO 3HAYECHHE,
MOJIYICHHOE B JIBYXMEPHON MOJENH, UCTIONBb3yeTCsS B
KauecTBE BBOJHBIX JAaHHBIX B TPEXMEPHOW MOMAETH
KOHBEKIH U PAaCIIPOCTpaHEHHs (PUCYHOK 5).

Pucynok 5 — HMcnonb3oBaHue pe3yabTaToB
MOJIEIUPOBAHUSI YMUCCUU B TPEXMEPHOU MOJEIH.



AHanuTHYecKHe 3aBUCUMOCTH, MOJYy4YaeMbIC C

nomMomeio anroputMa SINDy, B Hamel peamusanuu
npenoctaBisieMbiM  NCEP

MOCTPOEHBI HA JIaHHBIX,
HRRR (pucynok 6).

to-7

KoHUeHTpauMs grima. Mxr/mA3

.08

i

Wmpora
Pucynok 6 — KoHneHTpanus qsiMa Ha y4acTke
0KOJI03eMHOTO0 cItost 3a 17 certsops 2022 roga mo
nauaeiM HRRR.
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MOJIXOJ0B, OCHOBAaHHBIX Ha 00paboTke OOJBIINX
JAHHBIX W SIBISIONIMXCS 10 CYTH YHHUBEPCATBHBIMU IS
JIIOOBIX YYaCTKOB MECTHOCTH.

S IIPAKTUYECKAS PEAJIN3AIIUA U BBIBO/IbI
1O PABOTE

[penmnoxxeHHpie B paboTe Moient, 00beANHEHHBIE B
METOJVWKY OIEpaTUBHONH  OICHKH, KOHIEHTPAIHH
MPOAYKTOB TOPEHUS HAa OCHOBAaHHH JIWHAMHYECKUX
mapaMeTpoB,  MOJOXEHHI B  OCHOBY  Pa0OTHI
COOTBETCTBYIOIIECTO PACUETHOTO OJIOKa ATiaca pUCKOB U
yrpo3, Baeapsemoro B MUC Poccun, kak HHCTpyMeHTa

MONACPKKH  TPUHSATHS  PEUICHUH B KPU3UCHBIX
CUTYalUsX.

PeanuzoBanHbIN OJIOK, Ha OCHOBE
aKTyaJIu3UPOBaHHON HHPOpPMALIMU  OT  CHUCTEM

KOCMHYECKOr0 MOHHUTOPHHIAa U CETH J1abOpaTOPHOIO
KOHTpOJII M MoHMTOpuHra Pocrugpomera, Oyzner
OCYIIECTBIISITh HPOTHO3 PAaCIPOCTPAHEHUS IIPOTYKTOB
TOPEHH KaK B €JMHUYHOM 00beMe aTMOCc(ephl, Tak U 3a
CUeT pealn3alliy YHCJICHHBIX PEIICHUI, Ha COCEXHHUE
€IMHUYHbIC KOHEUHBIE 00HEMBI.

CIIMCOK JIMTEPATYPbI
1. oxaps! u B3peiBEl / ®I'BY BHUU "OUC (DLY).

—M.: 2013 - 145¢c.

10. Coopuuk meromuk BHUU I'OUC «MeToauka
OLICHKU IIOCJIEACTBUH JIECHBIX MOxkapos». M. BHII
'o4cC. — 1994. — C.44-60.

11. Paugam, R., Wooster, M., Freitas, S., and
Val Martin, M.: A review of approaches to estimate
wildfire plume injection height within large-scale
atmospheric chemical transport models, Atmos.
Chem. Phys., 16, 907-925,
https://doi.org/10.5194/acp-16-907-2016, 2016.

12. Fundamentals of heat and mass transfer / Frank
P. Incropera... [et al.]. — 6th ed. / Frank P. Incropera,
2011.

13. EpmaxoBa T.C. OmeHkm XapaKTEepUCTHK
BEPTHKAJIBHOTO PACIIPEIeNICHUs] BHIOPOCOB OT JIECHBIX
MOXapoB Ha OCHOBE CITyTHUKOBOW MH(OPMAIIHH: JIHC.
KaHA. ¢pu3-mar. Hayk: 25.00.30. - CII6, 2011. - 22 c.

14. Ieapu K.I., Illknse B.A. Ywucinennoe
MOJIETIMPOBaHNE aTMOC(EPHBIX Me30MacIITaOHbIX
MPOLIECCOB MEPEHOCa MHOTOKOMITOHEHTHOH NpUMecH
npu TophsiHOM nokape // BeraucaurenbHas MexXaHuKa
CIUIOLIHBIX cpen. - ITepms: Iepmcknit
rocyJ1IapCTBEHHBIH HallMOHAJbHBIN
uccnepoBaTensckuii yHuBepeurer, 2012. - C. 274-
283.



VK 614.841.411

I'.P. UcsinoBa, O.A. TyukoBa
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HCCJIEJOBAHHUE NOBEJEHUSI IPEBECHHBI HA IIPUMEPE OBPA3LIOB
COCHBI, HPOIIUTAHHBIX OHE3AIIMTHOHU ITPOIIUTKOU ITOCJIE
YCTAHOBJIEHHOTI'O CPOKA 3KCIINIYATAIIMH, HA TEIIVIOBOE BO3JIEMCTBHUE

AHHOTANUA

JpeBecuna — pacrnpocTpaHeHHbII NPUPOAHBIA MOIUMEp,
KOTOPBIM H3/aBHA HCIOJB3YeTCsS B KA4ECTBE CTPOHUTEIBHBIX
MaTepuaioB. Marepuan o0iagaeT BBICOKOH INPOYHOCTBHIO,
HEOOJIBIION IUIOTHOCTBIO, HH3KOW  TEIUIONPOBOIHOCTBHIO,
BBICOKON XHMHUYECKOH CTOHKOCTBIO M MOPO30CTOHKOCTBIO.
CTOUT OTMETHTh, YTO IO IPOYHOCTU IPHU CKATUU BIOJb
BOJIOKOH JPEBECHHA HE YCTyMaeT OETOHY, a MO MIPOYHOCTH MPH
U3rude MPEeBOCXOAUT €ro.

BwMmecre ¢ Tem, nepeBsIHHBIE CTPOHTEIBHBIE KOHCTPYKIHN
MOTYT CIIOCOOCTBOBATh BO3HUKHOBEHHIO U PACIIPOCTPAHEHHIO
HoXapa B 3JaHUU UIHA COOPYXKEHUH.

T'openne — npouecc okuciIeHus yriepoja, BOAOpoaa U UxX
COCIMHEHUH, TPOTEKAIONMX C BBIICICHUEM OOJBIIOrO
KOJIMYECTBAa TEIJIOTHl U IOJJCpPXKAHUEM TEMIIEpaTypbl,
HEOOXOJMMOM AJISl TOPECHUSL.

B cBa3m ¢ »THM mccnenoBaHHME BOCIUIAMEHSIEMOCTH
JIEPEBSIHHBIX KOHCTPYKIWH SIBISIETCS CETOMHS aKTyalbHOH U
BaXXHOM 3amaueil.

OOBeKT HccleIoBaHusT — 00pa3Ibl COCHBI CO CTOPOHAMHU
PaBHBIMU 7 CM.

1. ©OU3NKO-XUMHNYECKHUE OCHOBBI
I'OPEHUSA JPEBECHUHBI

I[peBeCI/IHa OTHOCHUTCS K CHUJIbHOTOPIOYNM n
JIETKOBOCIUIAMEHSIEMbIM ~ MaTepuanaMm. Bosropatnue
JAPEBECUHDBI npu KOHTAKTC C OTKPBITBIM OIrHEM
npoucxoaut mpu temmeparype 250...300 °C. Kpome
TOro, MHPOAYKTBI TOPEHUS JIPEBECHUHBI JTOCTATOYHO
TOKCHYHBI.

Takum 00pa3oM, OJHUM U3 BaXHBIX (PAKTOPOB,
OTPENEISAIONINX IOKAPHYK OMACHOCTh JPEBECUHBI,
SBIISICTCS €€ CHOCOOHOCTh K BOCIUIAMCHEHHUIO W
PacmpoCTpaHCHUIO TOPEHUSI.

IIpouecc ropeHust NIPEACTABIAET co0oif
OBICTPOIIPOTEKAIOIIYIO 3K30TEPMHIECKYIO0 XHMHUIECKYIO
peaKuio c KHCJIOPOJIOM, COIPOBOXKIAEMYIO
BBIACJIICHUEM TCINJIA.

IIpouecc ropenus NpoTeKaeT B ABa 3Tarna:

1 3Tan — BO3ropaHue WM CaMOBO3TOPAHUE;

2 3Tan — mIaMeHHOe TOPEHNE WU TICHUE.

B npoumecce ropeHuss apeBecHMHa IPOXOJIUT

CIEIYIOUINEe CTaJUH:

- pa3orpeB OT UCTOYHUKA U UCTIAPEHUE BIIATH;

- yJaleHHe OCTAaTOYHOH BJIarl M pas3lioKeHHUe
ra3000pa3HbIX MPOAYKTOB;

39

- oOpa3oBaHHE PK30TEPMHUYECKON pEaKINH, B XOJe
KOTOPO# HICT Pa3IoKeHHE APEBECHHBI C 00pa30BaHUEM
TJIaMEHU;

- Iepexo/I MJIaAMEHHOTO TOPEHHS B TICHHE.

IIpu ropenum Takke HaAOTIOJAIOTCS CIEAYIONUE
(U3MKO-XMMUYECKUE POLIECCHI:

- KHHETUYECKOE TOpPEeHHEe, NMPU KOTOPOM CKOPOCTh
peakmmu  3aBHCHT OT CKOPOCTH  TeTepOTCHHBIX
XUMHYCCKUX PEaKIMil OKHUCIICHUS KOHICHCHPOBAaHHBIX
MPOAYKTOB  TOCHE  TEPMHUYECKOTO  PasIIOKCHUS
JPEBECHHEI;

- muhy3uOHHOE TOpPEHHE, MPU KOTOPOM CKOPOCTH
pa3loKEHUs  JAPEBECHUHBI  3aBHCUT OT  CKOPOCTH
auhdy3un OKUCITUTES.

B caywae mokapa JOpIM M TOKCHYHBIE Ta3bl
MPEJCTABISIOT COOO0M OCHOBHYIO OMACHOCTD, MOCKOJIBKY
OHM HE TONBKO OO0NagaloT TOKCUYECKUMU H
pasipaxalomuMy  IeHCTBUSMU, HO U  yXYAMIAKOT
BHIMMOCTD B 3aJBIMIICHHOH cpejie.

B cootBercTBUn ¢ DenepanbHbIM 3aKOHOM OT 22
utonist 2008 roma Ne 123-®D3 «TexHuueckuil perasaMmeHT
0 TpeOOBAaHUAX IOXKAPHOH OE30IMaCHOCTH» TOPIOYHE
CTPOHTEIIFHBIC MaTepHajbl IO BOCIUIAMECHSEMOCTH B
3aBUCUMOCTH oT BEJTUIHHBI KPUTHYECCKON
MOBEPXHOCTHOW  TUIOTHOCTH  TEIUIOBOTO  TMOTOKA
MOJIPA3IEIAIOTCS Ha CIEAYIOIINE TPYTIbL:

- TpynHoBocmiameHsiemble  (B1),
BEJIMYMHY KPUTHYECKON IIOBEPXHOCTHOMN
TEIJIOBOTO MOTOKa 6ouee 35 kBT/M?;

- yMmepeHHoBocmiameHsemsle (B2), wumeromue
BEJIMUMHY KPUTHUYECKOW IMOBEPXHOCTHOM IIJIOTHOCTH
TEMJI0BOro MOTOKa He MeHee 20, Ho He Gonee 35 kBT/M%;

- merkoBocIniaMeHsiemble (B3), nmeromue BemuanHy
KPUTHUYECKOH TMOBEPXHOCTHOM IIJIOTHOCTH TEIJIOBOI'O
notoka menee 20 kB1/Mm2.

I'pynma BOCIUTAMEHSEMOCTH yCTAHABIWUBAETCS B
YCIIOBUSAX CTAaHAAPTHBIX WCTBITAHUH TI0 3HAYCHUIO
MHMHUMAaJIbHON IIOBEPXHOCTHOM IUIOTHOCTU TEIIOBOTO
MOTOKAa, TPH KOTOPOM BO3HUKAET YCTOWYHBOE
IJIaMEeHHOE TOpeHne oopasia.

HMCHOIINEC
INIOTHOCTHU

2. OTHE3AIIIUTHBIE ITPOIINTKMU J1JIsA
JAPEBECHHBI OT BO3I'OPAHUA

Mzer BBIICHWIN, 4YTO JPEBECHHA OTHOCHUTCA K
CUJIBHOTOPHOYHM n JICTKOBOCIINIAMCHACMBIM
Mmarepuaiam, B CBA3HU C OTHM HCO6XO,Z[I/IMI>IM
MCPOIIPUATUEM  TIpU  HUCIIOJIb30BAHUU  ICPCBAHHBIX



CTPOUTENBHBIX MaTepHajoB M KOHCTPYKILHH SBISETCS
CHIDKEHHE TOpIOYECTH W  IOKapHOH  OMacHOCTH
JIpEBECHHBl  IyTeM  HPUMEHEHHs  CIEIHAIbHBIX
OTHE3aIlINTHBIX TponuToK. OHHM, B CBOIO OuYepesb,
OpeJOTBPAIAIOT  3aropaHue,  3aMEUIAT WU
MPEKpalIaloT pa3BUTHE NOXKapa B HAYaJbHOW CTaluH,
o0pa3ysi  OIUIaBJICHHYIO  CTCKJIOBHIHYIO  IUICHKY,
MIPEIOTBPALIAIOILYIO JOCTYII KHCIOPOJA K IPEBECHHE, U
3aIlUIIACT €€ OT OTHS.

B cocraB orme3ammThl BXOAAT COCAUHCHHS,
MIPEICTABIAIOMUE OO0l MHTHOUTOPH — aHTHUIIHPEHEI.
OHM 3aMEUISIIOT  CKOPOCTh MPOTEKaHUSI PEeaKiuu
TOPEHHs, YTO, B CBOIO OYepE/lb, TO3BOJISICT CHU3UTh MIIH

BOBCE  IIPEAOTBPATUTH  BEPOSTHOCTh  BO3TOPAHUS
MaTrepHaa.

I[Ipn HarpeBe 10 TeMmmeparypbl BO3TOpaHHs
JPEBECHHBl  MEXaHW3M  OTHE3AlIUTHOM  MPONHUTKU
COCTOUT B CIICAYIOIIEM:

- pasmaraercs, o00pa3ys Ta3bl, KOTOpble He

nonaep>kuBatot roperue (H>O, CO, u T.11.);

- BCIyYHBAIOTCS, a 3aTeM OOYTJIHMBAIOTCSA, 00pa3ys
TETION30JIMPYIOILEE HOKPHITHE.

D¢ deKxTUBHBIE CPENCTBa OHE3AIIMTHOW INPOIMHUTKU
JIOJDKHBI COOTBETCTBOBATH CIICAYIOIINM YCIOBHSM:

- TpelOTBpalleHHe BO3MOXHOCTH BO3IOpaHHS OT
UCKp, CHIMYKH U T.IL.;

- CHIDKCHHUE BBIOPOCOB JIbIMa;

- CHIDKCHUE TOKCUYHOCTH TPOJYKTOB CTOPAHUS;

- IPEAOTBpPAIICHUE PACTIPOCTPAHEHHS TIIAMEHH.

OrHe3amuTabie TIPOTTUTKH JTOJKHBI OBITH
YTBEPXKIEHBI M  COTJIACOBaHBl B  yCTaHOBJICHHOM
TIOPSIZIKE, TOJDKHBI IMETh TEXHUUECKYIO JIOKYMEHTAINIO
Ha MX NIPOW3BOJCTBO M NPUMEHEHHE, a TAKXKe HMETh
cepTH(HUKaT NOXKapHOH O€301TaCHOCTH.

TexHuueckast JOKyMEHTaIMsl JOJDKHA COJIEPIKaTh:

- IPYIIy OrHE3alMTHON 3 PEKTUBHOCTH;

- CBEJICHMSI 110 TEXHOJIOTUY HAHECECHUS;

- COCTaB;

- pacxo/1 OrHe3alUTHON 3(HEKTHBHOCTH;

- YCIIOBUSI XpaHEHHs U TPAHCIIOPTUPOBKY;

- TapaHTUHHBINA CPOK;

- MEpompHsATHS IO TEXHHKE OE30IacHOCTH |
MOXKapHOH 6E301TacHOCTH.

Cpenu nonyJspHBIX Ha POCCHHCKOM PBIHKE MOXHO
BBIJICTIUTh CJIC/TYIONINE OTHE3AIIUTHBIC MPOIMUTKH IS
JepeBa:

- NEOMID (BKCITEPTOKOJIOTMA-HEOXNM);

- Cenex Oruebuo;

- [Mupumnakc (HOPT);

- Akvateks DIY (OT'HEBHUOITPO®D);

- WOODMASTER (POTHEJIA).
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3. OKCHEPUMEHTAJIBHAA YACTb

B  memsix  ycraHOBIEHHS ~— BOCIUIAMEHSEMOCTH
JIepeBSHHBIX 00pa3noB B Jaboparopuu Kadeaps
npombinuieHHo! 6e3onacHocTr ®T'BOY BO KHUTY na
yCTaHOBKe OblIa MpPOBEJECHA CEpHs HUCIBITAaHUH B
cootBercTBrr ¢ ['OCT 30402-96 (pucyHok 1).

Bbuti mpoBeeHbl AKCIIEPUMEHTHI C JPEBECHHOM Ha
OIIpeZieJIeHNE IIOBEICHHSI €€ B YCIIOBUSIX TEIUIOBOTO
Bo3zeiicTBus. CpaBHUBANINCH 00pa3lpbl ¢ MPUMEHEHHEM
OTHE3aIIUTHOTO COCTaBa C MCTCUCHHWEM TapaHTHHHOTO
CpOKa 3KCIUTyaTalud M 0€3 NPHMEHEHUs HPOIUTKH.
HccrenoBanuce kaxkaple 00pasmbl COCHEI B TedeHne 60
CEeKyH[I.

WHTepecHBIM  OBIO  HW3y4€HHE  ITOBEICHUS
JpEBECHHBl Ha MOMEHT COXPAHEHHS OTHE3AIINUTHBIX
CBOMCTB MOCJIE YCTaHOBJICHHBIX BPEMEHEM 3allUTHBIX
CBOICTB.

Pucynox 1 — YcraHOBKa /U1 HCTIBITaHUS Ha
BOCIIAMEHSEMOCTh

Mertonas! onpeeneHuss OrHECTOMKOCTH MaTepuaioB
3aKJIIOYAIOTCSA B ONPEACTICHUN yCTOMYMBOCTH MaTepraa
NEHCTBUIO IIAMEHH W TIEHHIO WIH CBOJATCA K
ONpEENICHUIO MpaKTUUYECKON MIPUTOAHOCTH
KOHKpETHOTO BHJIa MaTepuaa.

O0pa3ipl MoaBEPraiuch TEIUIOBOMY BO3ACHCTBHIO C
Pa3IM4HON MIIOTHOCTBIO TEIJIOBOTO MOTOKA.

Huist Hayasa MIPOBEPUM 00pasibl Ha
BOCILIAMEHSIEMOCTH 0€3 MCIIOJIb30BaHHS OTHE3aIIUTHOTO
cocraBa. Pe3ynmbTaTel SKCIIEPHMEHTa MPEACTaBICHBI B
Tabnure 1.



Ta6nnua 1- 3KCHepI/IMeHTaIIBHBIe JAHHBIC 110 HAI'PEBY I[epeBHHHOfI OopOJbI 0e3 HUCII0Ib30BaAHMS OFHe3aH.[I/ITHOﬁ

MPOTHUTKH
HaumenoBanme | IImoTHOCTH TemmoBoro motoka | Temmeparypa, t, °C PesynpraTs! Bpewms, ¢
Marepuaa usnyuenus, Q, kBr/m? JKCIIEPUMEHTA
1 2 3 4 5
30 647 TTosiBenue npiMa 8
IToremuenne 17
CuitbHOE 3aIbIMIICHUE 29
40 700 [TosBnenue npiMa 5
ﬂepeBﬂHHaﬂ IlotemueHHE 8
nopoza CuitbHOE 3aIbIMIICHUE 13
(cocHa) OO6yrnBanne 28
50 762 Obpa3oBaHue IpIMa 4
IToremHeHue 6
OOyrnBanne 21
Bosropanue 1,02

BusyanbsHOE HM300pa’keHNE HCIBITYEMBIX 00pa3IoB
NPy TEIUIOBOM BO3JCHCTBMM 0€3 HCIOJIb30BAHUS
OTHE3aIINTHON MPOMUTKHU MPEICTABICHO Ha PUCYHKE 2.
Bropoii ombiT  3akimodancss B MCIOJBb30BaHHUHU
OTHE3aIIUTHOW MPONHUTKU C WCTEKUIMM TrapaHTHHHBIM
CPOKOM  JEWCTBHMSI HAa  OCHOBE  aHTHIIUpEHA,
I'TyOOKONIPOHUKAIOLIET O HHU3KOMOJIEKYJIIPHOTO
AQHTHCENTHKAa C BBICOKOW CTENEeHBIO  aJCOPOLUH,

OIOKMPYIONIETO BHIMBIBAHHE BBICOKOMOJIEKYIISIPHOTO
AHTHUCENTHKA.
Pe3ynpTaThl 3KCHEPHUMEHTa C  HCIIOJIb30BaHHUEM
OTHE3aIlIMTHOW IPOIUTKHU TPEJICTABICHBI B Tabnuue 2.
BusyanpHoe M300pakeHHEe HCIBITYEMBIX 00pa3loB
IpU TEMJOBOM BO3JCHCTBUM C HCIOJIb30BAaHHEM
OTHE3aIUTHOMN IPONUTKY NPECTaBICHO HA PUCYHKE 3.

Temmneparypa 647 °C

[InoTHOCTH TEIIIOBOTO
notoka u3inydeHust 30 kBt

- Ny
=
=

Temmeparypa 700 °C

[InoTHOCTH TEIIOBOTO
notoka usnyyerust 40 kBr/m?

Temmnepatypa 762 °C

[InoTHOCTH TEIIOBOTO
notoka usnyyerust 50 kBt/m?

PI/ICYHOK 2 - I/ICHBITyeMBIC 06pa:su1,1 IIpy TCIJIOBOM BOBHCﬁCTBHH 0€e3 HCII0Ib30BaAHUS OFHGSaHJHTHOP'I IPONUTKH

Ta6HI/IL[a 2 - SKCHepI/IMeHTaHLHHe JaHHBIC 10 HArpeBy I[epeBHHHOfI opoJabl € UCIIOJIb30BAHUEM OT' He3aH.II/ITHOI71

TIPOITUTKH
Haumenosanue [InoTHOCTH TEIOBOrO Temneparypa, t, °C Pe3ynbraTs! Bpewms, ¢
MaTepuaa MOTOKA U3Ny4eHus, Q, JKCIIEpUMEHTa
kB1/m?
1 2 3 4 5
30 647 TTosiBieHne apiMa 13
IToremuenne 18
OO0yriiBanue 24
40 700 IToremHeHne 7
HepessiHHast ObyramuBanne 17
nopoza (CocHa) CuiibHOE 3aBbIMIICHUE 45
50 762 IToremHeHHE 3
OO6pa3oBaHue apIMa 5
OO0yriiBanue 12
Bo3sropanune 45




Temmneparypa 647 °C

[LI0THOCTE TEIIOBOTO
noroka usnyyerns 30 kBr/m?

Temmeparypa 700 °C

IInoTHOCTE TEmIOBOTO
noroka m3nydenus 40 kBt

Temmeparypa 762 °C

IInoTHOCTH TEMIIOBOTO
noroka usnydeHus 50 kBt

Pucynox 3 — McnpiTyemble 00pa3Iisl IpH TEIUIOBOM BO3ACHCTBHUH C HCIIONB30BAHUEM OTHE3AIMUTHOM MTPOIUTKH

B paborte ncnonp30Bascs OrHeOMO3aUTHBIN COCTaB
Uit apeBecwHbl u TkaHe Gupmer WOODMASTER,
MIPECTAaBICHHBIA Ha PUCYHKE 4.

APO@ICCRAONASENAL
AUPLACIAMNTA

WIMTHBIAL

, COCTOB AASI APEBECHHBI U ryxa_nq
1i FPYFNA OTHE3ALMTBI '

Pucynok 4 — OrHeOnO3aUTHEIH cOCTaB

3AK/IIOYEHHUE

OmnpeneneHne BpeMEHH 3aKUTaHMS MaTepHalIoOB —
OJIMH 13 HanOoJee BasKHBIX (PAKTOPOB MPH MTPOBEICHUHI
9BaKyallMd IepcoHajla M  JIOKaJM3allMk  O04aroB
BOCIIJIAMEHEHHUS.

B nepBoM ombITe MBI BUIIMM, UTO 0Opa3ell COCHBI, He
00paboTaHHBIA OTHE3aIUTHON IIPOIMTKOW, COXPaHMI
CBOIO CTPYKTYpY HAMHOTO JIydYIlle, 10 CPAaBHEHHUIO C
obpasiom, 00pabOTaHHBIM OTHE3AIMUTHOW MPOTTUTKOM.
Ilpy  WCHOJSB30BaHUM  OTHE3ALIUTHOW  MPOMHUTKHU
HaOmofaeTcs 3aMETHOE MOTEMHEHHE [EPEBSIHHOMN
MOPOJIBL, €€ PACTPECKUBAHUE.

Kak mokazaHo B mporecce 3SKcmepuMeHTa, o00a
obpasiia, OAMH W3 KOTOpBIX Ob1  0OpaboraH
OTHE3alUTHOMN IPOIUTKOIA, 3aropesuch pu
BO3/IEHCTBUN TEMIOBOTO ToTOKa B 50 KBT/M?, Bpems u
TeMIepaTypa 3aropaHusi Ipu 3ToM pasHbele. ITomumo
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9TOT0, BO BTOPOM OIBITE HAOIIOJAJICSI BBIXOJ OTHS M3
OTrpaHUYEHHON IIOUIAIH.

Takum oOpa3zom, 00pa3mbl C MPOMUTKON MOKAa3ai
XyALINE pPE3yJbTaThl, B XOAE SKCICPHMEHTA TaKKe
HAOITIOAaTI0Ch CHIIBHOE TBIMOOOpa30BaHUE.

B xone mpoxpenanHoW paboTHI, OBIIO YCTaHOBIICHO,
YTO  IOCIE  WCTEYCHUS  CpPOKa  OKCIUTyaTalluH,
OTHE3aIllMTHBIC CBOMCTBA NPOITUTKHM HETATUBHO BIIUSIOT
Ha JiepeBsiHHbIE KOHCTPYKIMU. Hy»HO CTporo cieauth
3a BpEMEHEM CpOKa OKCIUIyaTallkd W BO BpeMs
00pabaThIBaTh JAEpeBSHHbIE KOHCTPYKIMHU IIOBTOPHO,
YTOOBI CHU3UTH BEPOSTHOCTH BO3TOPAHHSL.
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Pa3paborka cucTeMbl aBTOMATHYECKOM MOKAPHOM CUTHAJIM3AIUN HA POU3BOJACTBEHHOM
npeanpusTHH.

AHHOTANUA

OOBEKTOM HCCIEIOBAHUS HACTOAIICH PaOOTHI
SBIISICTCS TIO’KapHAsl OMACHOCTh B aJAMHUHUCTPATHBHOM
3IaHUHM TIPOW3BOJCTBEHHOTO TPEANPHUATHSA, a TaKxKe
crocoOBI OOHAPYKEHUS BOBMOKHBIX TTOYKAPOB B TAHHOM
3/IaHHU.

B xonme pmanHO# paboThl OBUTM  W3YYEHBI
ITOJIOKCHU S HOpMAaTHUBHBIX IIPpaBOBBIX aKTOB u
HOPMAaTHBHBIX JIOKYMEHTOB o N10>KapHOM
0€3011acHOCTH, METOIbI OLIEHKU BPEMEHHU OJIOKUPOBAHUS
9BaKyalMOHHBIX MTyTeH OMacHBIMHU (PaKTOPaMH IIOXKapa,
a TaKKe OCHOBHBIC IPUHIIHITEI IPOSKTUPOBAHUS CHCTEM
MOXKApHOW CHTHAJTU3AIHH.

Ha mpumepe agMHHHUCTPATHBHOTO 3IaHUS
TIPOM3BOJICTBEHHOTO TPEATIPHSATHS TIPOAHATU3UPOBAHEI
BO3MOJKHBIE CIICHAPUHU PA3BUTHS I0OKapa, OIpenelicH
JIOMUHUPYOIIAH OIIACHBIN (axTop 1oxapa,
PaccMOTPEHBI OCHOBHBIE AJIEMEHTHI CHCTEMBI TI0)KapHOK
CUTHANIM3allii, WX BHIBI U ocobeHHocTH. B pabote
pazpaboTaH TPOEKT AaBTOMATHUYECKOHW  IMOKApHOM
CUTHAJIU3AU JJId 3alIUTBI pacCMaTpUBacMOIo 31aHUA.

1. OCHOBHAS YACTDb
1.1 BBenenue

OOecrieueHne  mokapHOii  Ge3omacHoOCTH
ABJISIETCS OJTHOM M3 MPHOPUTETHBIX 331ad JUIs JI000Tro
00beKTa 3alMTBl Ha BCEX CTAAMAX €ro >KU3HEHHOTO
IUKJIa, TaK Kak OT BO3MOKHOCTH BO3HHKHOBEHHS
MOXKapa M TSHKECTH €ro MOCJIEACTBHH HAlpsSMYFO
3aBHCHUT )KU3HB U 3JI0POBbE JIOICH, HAXOSIINXCS KaK Ha
TEPPUTOPUHU PACCMATPHBAEMOT0 00BEKTa, TaK U BOIN3H
HEro.

HezaBucuMo oT Buaa W CIOKHOCTH TOXapa,
Oyap 3TO WM HEOOJBIIOE BO3TOPAHWE, WM KPYITHBINA
noxap, 3¢dexTuBHOCTS OOPBOBI ¢ HHUM, JAEHUCTBHH IO
TYLIEHHUIO W JMKBHIALMH €r0 MOCIEICTBUH, B CHIILHON
CTENEHU 3aBUCUT OT CBOEBPEMEHHOIO U TOYHOIO
oOHapy>xeHHs1 1oskapa (Wiau Bo3ropanus). VIMeHHO 1m0
9TOM NpPUYMHE CUCTEMY IIOKapHOM CHTHaNIM3alud
(CIIC), xoropast BBINOJHSAET YKa3aHHBIE  BBIIIE
(yHKINH, ClIeqyeT OTHECTH K OJHOMY M3 KIFOUEBBIX
JJIEMEHTOB ~ COBPEMEHHBIX  CHCTEM  oOecriedeHus
MOKapHOW  0e30MacHOCTH  OOBEKTOB  3allUTHl B
cooTBeTcTBUH ¢ 3aKoHOM [1]. IIpm 3TOM K OCHOBHBIM
(yHKIHMAM JTaHHON CHCTEMBI OTHOCHUTCS OOHapyXeHHe
moXkapa W Tepefada CHUTHajda O €ro BO3SHWKHOBEHHU.
MHorue oM 3a4acTylo OINMOOYHO TOJIAraloT, YTO
MOKapHas CUTHAIM3AIHS BBITOJIHSET TaKkKe U (DYHKIUIO
OTIOBEIIECHN O TIOXKape (3BYKOBOTO WIIM PEUYEBOTO, C
TIOMOIIBIO Pa3IMYHBIX CHUPEH, PEUYEBBIX COOOIICHHH |
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CBETOBBIX yKa3aTeleH), OHAKO, 3TO HE TaK, JUIS JAHHBIX
Lene  mpemycMaTpUBaeTCs — OTACHbHAs — CHCTEMaA
ONOBEUICHUs] U YNpaBICHUs 3BaKyalued JIoAedl mnpu
moxkape (COYD). CrnaxkeHHOE B3aUMOJIEHCTBIE NTaHHBIX
CHCTEM MEXIy COOOH, a TaKXKe C JIPYTUMH CHCTEMaMH
MPOTUBOMOXKAPHON 3alllUThl TO3BOJSET O0ECHEeUYUTh
HOKapHyIo 6e30macHoCTh Ha TpeOyeMOM YpOBHE.

Ha mpoTsbkeHMM Bcero mepHoja CBOETO
pa3BUTHs YEJIOBEYECTBO 3aAyMBIBAJOCh O cHocobax
3allUTBl OT IIOKAapoOB, B TOM YHCJIC U O METOHAX HX
obHapyxeHus. B Hacrtosmee Bpems pa3paboTaHbI
pasiu4YHBIE METOIBl M CIIOCOOBI OOHApyXeHUS W
perucTpanyuy moxkapa, ¥ B IOMOIIb K TaKUM OpTraHaM
YyBCTB 4YEJIOBEKA, KaK 3peHHE, OOOHAHHE M OCSA3aHME,
KOTOpBIE HCIIOJIL30BAINCH ISl OOHApY)KEHHS II0OXKapa
paHee, MPHILIN pa3IMdHbIe YCTPOWCTBA M CHCTEMBI,
CIOCOOHBIE ~ OBICTPO ~ OOHApPYXHUTh  pa3iIM4YHbIC
MPOSABJICHUSA BO3rOpaHus Ha CaMbIX paHHUX €TI0 CTaAuAX.

C pa3BuUTHEM TEXHUKUA W TEXHOJIOTUH, AJS Iienei

obecrieueHnss  MOXapHOW  0G€30MacHOCTH  CTalH
MPUMCHATHCA pa3JINnIHbIC ABTOMATU3UPOBAHHBIC
cpeactBa.  O((EeKTUBHOCTH  MOKAPOTYIICHUS U

BO3MOKHOCTb €r0 JOKaJIH3allud BO MHOI'OM 3aBHCUT OT
CBOEBPEMEHHOTO0 OOHapyxeHus. B cBs3um ¢ dem s
aHamu3a  B3aUMOJACHCTBHUS  pa3lMYHBIX  CHCTEM
MOXAPHOW aBTOMATHKH, YYaCTBYIOIIUX B 00ECIIEUCHUH
MOXAPHOH 0e30MacCHOCTH, HEOOXOAUMO H3YUYUTh POJb,
Ha3Ha4YeHHe, OCHOBHbIE (PyHKIMHU M MPUHIUIBI PabOTHI
COBPEMEHHOM CUCTEMBI I10’KaPHOU CUTHATIU3ALUY.

1.2 AkTyanbHocTh

AKTyaJbHOCTh  MOJAOOHOTO  HWCCIIEJOBAHUS
o0ycloBJI€HAa  MPOU3OLIENNIMMH  CYIIECTBEHHBIMHU
U3MEHEHUSAMHM  POCCUMCKOH  HOPMAaTHBHO-IIPaBOBOM
0a3bl B JJaHHOW O00JAacTH, a UMEHHO BBIXOJOM HOBBIX
HOPMAaTHUBHBIX  JIOKYMEHTOB,  pEriIaMeHTHPYIOIIUX
YCOBEPILICHCTBOBaHHBIE  TpeOOBaHWS K  CHCTEMaM
MOKapHOW CUrHAIW3allMM, B TOM YHCJIE CBOJAA MpaBUII
[2]. Kpome  Toro, akTyaabHOCTb  BOIPOCOB
MIPOEKTHPOBAHUSL CHUCTEM IOXKApHOW CUTHAIM3alUU
MMOJTBEPXKAACTCS  CIOy4dasMH  IIOKapoB,  TSDKEIbIe
MTOCTIE/ICTBHUSL KOTOPBIX OBUIHM BBI3BAaHBI HETPaBHIEHBIM
BEIOOpOM ~ 000pyHOBaHMS  CHCTEMBI  IOXKapHOU
CHUTHAJIN3AINH, OIIMOKAMHM MOHTaXa M HAPYIICHUSMHU
HOPMATHBHBIX TpeOOBAHUH NP UX SKCILUTyaTaIlHH.

1.3 Ilesab npoBeaeHUsT UCCTeT0BAHUS

B cBs3u ¢ 9THUM, LCIBIO HaCTOS[HIeﬁ pa60Tm
SIBIISACTCA pa3pa60TKa CUCTCMBI aBTOMATHYCCKOU
HO)I(apHOﬁ CUTHaJIU3aluu JJid OJHOIoO H3 3[[3HI/II>1
MIPOU3BOACTBEHHOI'O npeanpusiaTus. Ha OCHOBC



COBPEMCHHBIX HOPMATHBHBIX TPcOOBaHWI, a TaKkkKe C
y4eToM MHOroo0pasus o0pasioB 00OpYyIOBaHUS Ha
PBIHKE MOKAPHO-TEXHUICCKOH MPOIYKIIUH.

1.4. 3apaun

Jnss  mocTiKeHHs IIOCTaBICHHOM I B
HacTosIIei paboTe pemraroTces CIeAyIOINe 3a/1a4H:
H3ydeHHe OCHOBHBIX TTOHATHUH,
oTIpeneNieHHe T0XKAapHOH CUTHAIM3AINH, KaK 3JIEMEHTa
CHUCTEMBI 00eCTIeUeHUS MTOKapHOH OE30TTacHOCTH;
TIPOBEICHIE HEOOXOAUMBIX
AHATUTHYCCKUX HCCICIOBAHUN TMOXKAPHOW OMAaCHOCTH
paccMaTpuBaeMoOro oOBeKTa s BbIOOpa  THUMA
3JIEMEHTOB TI0XKAPHOH CUTHATH3AIINY;
pa3paboTka MPOEKTa CUCTEMBI
aBTOMAaTHYECKOMI [I0’KapHOU CUTHAIN3aLUA B
aJIMUHUCTPATUBHOM 3IaHUH, OINPEIeIICHIE aJTOPUTMOB
ee  B3aUMOACWUCTBUS C  JPYTUMH  CHCTEMaMH
MIPOTHBOTIOKAPHOH 3aIUTHI.

2.1 AHaJIin3 3aKOHOAATEJHCTBA B 00J1aCTH MOKAPHOI
0€30MacHOCTH.

AHannu3 OCHOBHBIX HOHATHH M HOPMAaTHBHBIX
TpeboBaHuit MOJIOXKECHUHN poccuiickoro
3aKOHOAATEIbCTBA B 00JIACTH IOXKapHOH 0€30IMacHOCTH
MOKa3bIBACT, YTO CHCTEMa IOKapHOH CUTHAIM3aLUK
ABIACTCA OJHHM H3 KIIOYCBBIX 3JICMCHTOB CHCTCMBI

MPOTUBOTIONKAPHON 3amuThl 00BeKTOB. IlonoskeHus
HOBOT'O HOPMAaTUBHOIO JOKyMEHTa [2],
perIaMeHTHpYIOUmero  TpeOOBaHHSA K  YCTPOUCTBY

MOXKApHOW CHUrHANU3allMd B 3HAYUTEIBHOM CTEIEHU
OTIMYAIOTCA OT paHee AeHcTByromux. Tak, BrIepBble
HOPMAaTHBHO BBEACHO MOHATHE 30HBI KOHTPOJS
MOXKAPHOW CUTHANM3AallUU U IPUHATHl TPU AITOPUTMA
HNPUHATHA penieHns o noxape. I[Ipu 3Tom, kak u B panee
JICHCTBYIOIIMX, B HOBBIX HOPMATHUBHBIX JOKYMEHTax
IIPEAIUCHIBACTCS OIpeneNITh HE00X0IMMOCTh
OCHAILLEHUSI  ITIOMEUICHMsS  CHUCTEMOM  IOXKapHOU
CUTHAIM3alluy, €€ TUIL, BUJ U KOJIMUYECTBO JIEMEHTOB, B
3aBUCUMOCTH OT YPOBHS II0KapHOW OIIACHOCTU B
MOMEIIEHUH U JPYTHX CHeHU(PHIECKUX XapaKTEPHCTHK
3amuiaeMoro oowsekra. Ha pucynke 1 mpencraBieHb
OCHOBHBIE 3JIEMEHTHI I0’KAPHOI CUTHATH3ALNU.

Huxuauil yporedb:  CpeanHil YpoBeHb:

E'."'Cf;‘:ff._”.. B I_l O

My
Upa

Biox W g

Msaeuymre i nomagsiie

Pucynox I — OCHOBHBIE dJIEMEHTHI MMOKAPHOM
CUTHAJIA3AIUH.

Bepxuuii yposens:
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2.2 IIpoekTHpOBaHHNe, 000CHOBAHME TEXHHYECKOTO
peleHus.

Ha ocHoBe HOpMaTuBHBIX  TpeOOBaHH
MIPOM3BEZCHO pa3JielieHNe 3allUIaeMoro OObeKTa Ha
30HBI KOHTPOJISI TIO’KapHOW CHTHAJIM3ALUH, TaKKe ObUI
BEIOpaH amroputMm pabotel AIIC s KaXmoi 30HEHL,
LIeNBIO JeTICHHS OBLIO:
JOCTOBEPHOE

oOHapyXeHHUe
BO3TOpaHu;

CHIDKEHHE pHUCKa JIOKHOTO
cpabaTbIBaHUS.

Taxoke mpon3BeEH pacu€T OMacHbIX (aKTOPOB
HUCXOAd U3 IpeanojiaraéMoi roprodyeid Harpysku
MIOMEIICHUH, pe3yIbTaTOM JaHHOTO pacuéra sBISEeTCS
obocHoBaHue BbiOopa UI1, a UMEHHO: /I MOMEIICHUH,
npeaHa3HadeHHBIX A paboTsl ¢ JIBXK B pesynbrare
pacuéra ObUT OmNpenenéH NPEeBATUPYIOMINI OIACHBIN
(axTOp TMo’Kapa - MOBBIILICHUE TEMIIEPATYPbI, AT TAKHX
MOMEUICHHH OBUT  BBHIOpaH TEIUIOBOW  TMOYKApHBIN
M3BeHiaTeNnb, I BCEX OCTAIbHBIX IMOMEIIEHHH,
MIPEeBATUPYIOMNM (DAKTOPOM II0Kapa SIBJISETCS MOTeps
BUANMOCTH BCIICICTBHE 3aJbIMIICHHSA, [UI1 HHUX OBLI

BBIOpaH JBIMOBOM MOXApHBIN H3BEIIATENb.

2.3 IlpoexTupoBaHHMe, BbIOOP
B3anmoneilicteue  AIIC c
BeHTHJIALIMEH, aJITOpUTM padoThI.

oGopynoBanue
NMPOTHBOIBIMHOI

Ha ocnHoBe nmpoBenéHHOro aHanu3a AMHAMUKHU
pa3BUTHUS BO3MOXKHOI'O TT0Kapa M BIOOpa 30H KOHTPOJIS
CUTHAJIM3AIUK, OBUIO TOHOOpaHHO O0OpyIOBaHHE, a
nMeHHO: M3Bemarens moxxapHsiid qeivoBoit UIT 212-64-
R3 W1.02, NU3Bemarens noxapuslii pyuynoi UITP 513-
11UK3-A-R3, U3zBemarens noxapueiil teroBoit UIT
101-29-PR-R3, Mzomsatop mmeiida M3-1-R3, Monyns
neiMoynanenust MIAY -1.

Taxke B Hacrosuield pabore paspaboTaH
MPOEKT TOXKApHOW CHUTrHAMM3aMu  (TEKCTOBas W
rpaduueckas 4yacTh). s CIpoeKTUPOBAHHON CHCTEMBI
npousBe€H pacyér uuieiida agpecHoil JMHUM CBS3M
AJIC m momoOpaHHO €ro Ce4eHHe, M OCYIIECTBIEH
mombop ®W  pacu€T  aKKyMYJSITODHOW  Oatapew.
[IpaBunpHOCTE BBIOOpPa M TOI0Opa OOOPYAOBaHHS Ha
MPSIMYI0 BIHMSAIOT HAa KOPPEKTHYIO paboTy MOXKapHOU
CUTHAITU3AIUH.

B npenioxeHHOM — NpoOeKTe  OTIENbHO
paccMOTPEHO B3aUMO/JIEIICTBUE CUCTEM, IPEAYCMOTPEHO
BKJTIOUEHHUE TPOTUBOIBIMHON BEHTHIISAIINY.

3. 3axiaiouenme

Pa3paboTaHHBIi MPOEKT OTBEYAET BCEM HOBBIM
TpeboBaHUM MOJI0KEHU JIEUCTBYIOIIUX
HOPMAaTUBHBIX JOKyMeHTOB. ClenoBaTenbHO, TIpHU
0e30TKa3HOM paboTe OTACNBHBIX €€ OJJEMEHTOB
aBTOMaTHYeCcKas IIOKapHAas CHTHaIW3amus Oyjaer
(G (GEKTHBHBIM CPEJCTBOM ITOKAPHOW aBTOMATHKH U
NpOUAET BCe NPOBEPKHM  KOHTPOJBHO-HAJI30PHBIX
opraHoB. PesympTaThl  naHHOW  pabOTBI  MOTYT
HCIOJIB30BAaThCS B KadyecTBe INpuMepa Moaxoda K
MIPOEKTUPOBAHUIO MOXKAPHOU CUTHATIM3AINH B 3[IaHUAX.
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«TexHuyeckuii permaMeHT O TPeOOBaHMAX
HOoKapHOU 0e30MacHOCTI»

2. CIT 484.1311500.2020 «CucteMBl MOXKapHOM
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VIK 51-77:614.8

E.A. KoTkoBa

®I'BOY BO «Canxr-IletepOyprckuii yauBepcureT ['ocymapcTBeHHOM
npoTuBONOX)apHOH ciryk061 MUC Poccumy

UHTEJ/UVIEKTYAJIBHAS ITIOAJAEPXKKA IIPUHATHS PEIIEHUI ITPHA _
YIIPABJIEHUH DBAKYALMEU JIIOJEN U3 OBINECTBEHHBIX 3JAHUU

AHHOTAIUS
rpaMOTHOC HJIaHUPOBAHUE HyTeﬁ OBaKyalluu B 3JaHUAX C
MacCCOBBIM Hp€6BIBaHI/I€M HIOHeﬁ HUMEET Ba)KHeﬁmee

3HAUYCHHE B PELICHUH 3aJaud oOecreueHHs Oe30MacHOCTH.
T'naBHBIM  HEOOCTATKOM  HCIOJIB30BaHUS  TPAJULUOHHBIX
METOJOB MOJCIHPOBAHHS IBaKyallMd SIBISETCS TO, YTO OHH
Xopomio  paboTaldT Ha 9JTane  IUIaHUpoBaHMA.  IIpu
MOJICTUPOBAHUH YAACTCS PACCMOTPETh BEChbMa OTPAHUUCHHOE
KOJIMYECTBO CIICHAPUEB C JKECTKUMH TPeOOBAaHMSIMU K
BXOJHBIM mapameTrpaMm wmojeneid. OIHaKO B PEAbHOCTH
pa3sBUTHE CUTyallud MOXXCET HWJATH COBCEM HE 10
paccMOTpEHHBIM paHee CIEeHapusAM, 4To OyaeT TpeOoBaTh
OPUHATHS CHTYaTHBHBIX PEUICHHHA B PEXHME PEalbHOrO
BPEMEHH.

1. OCHOBHAS YACTb
1.1 BBenenue

CornacHo  Yka3zy  IIpesumenta  Poccuiickoit
Oeneparuu ot 11.01.2018 Nel2 «OO6 yTBep:KICHUU
OCHOB TOCyJapCTBEHHOM MONUTUKH Poccuiickoin
Odenepauun B 0o0NacTW  3alIMTHl  HACENCHUS U
TEPPUTOPUU OT YPE3BbIYANHBIX CUTyaLlMH HA NEPUOA 10
2030 roma», HENbI0 TOCYJApCTBEHHOM MOJHTHKHA B
oOnacTé 3amuTHl OT upe3BhIYaiHbIX curyanuit (HC)
aBIseTcd ~ oOecleyeHHe  MPUEMIIEMOIO0  ypPOBHA
6e3omacHoCTH XU3HEAeATenpHOCTH HaceneHus B UC.

3aagaMu TOCYAapCTBEHHOH MHOJMTHKH B 00JIacTH
3amuThl HaceneHuss U Tepputopuit or UC u ee
NPUOPUTETHBIMM HANPABJICHUAMH TPH HMX PEUICHUH
SIBIISIFOTCSI:

- COBEPIICHCTBOBAaHWE JIESTEILHOCTH OPraHoB
YIPABJIEHUS U CUJI €IMHOM IOCYJapCTBEHHOM CUCTEMBI
npexynpexnaesuss u  gukBpmaumn  UYC  (PCYO),
mpeaycMaTpUBaloImee B TOM dYHCJE: TOBBIIICHHE
addekruBHocTH ynpasienus: puckamu B UC ¢ yuetom
COBPEMEHHBIX YIpO3 MPHUPOAHOTO, TEXHOTEHHOTO U
WHOTO XapakTepa U o0ecrmedeHrne HeoOXOAMMOTo
YPOBHSI TOTOBHOCTH W 3(Q(PEKTUBHOCTU IEATEILHOCTH
OpPTaHOB YIIpaBIe€HUS M CWI (YHKIHOHAJIBHBIX |
TeppuTopuanbHeIX noacucrem PCUC;

- BHEJpPEHHWE KOMIUIEKCHBIX CHCTEM O0ecIedeHus
6e3omacHocTH KU3HEJEATETbHOCTH HaCeJeHHUs,
IpeaycMaTpUBaroIee B TOM qHcie:
COBEpPILICHCTBOBaHHE OpTraHU3aIMOHHOTO,
TEXHHYECKOTO W METOIMYECKOro  obecrmedeHus
MOHHUTOpPHHTA U TiporHo3upoBanus UC.

Heo6xoauMocTh CBOEBPEMEHHOM 3BaKyaluu JIIOeH
BO BpeMs BO3SHUKHOBEHHH yTPO3 UX JKU3HHU H 3T0POBBIO
IpU MOXKapax U YPe3BBIYANHBIX CUTyalUsX B 3JaHMIX
UMeIoT OoJbplIoe 3HA4YeHHE NpPH pElIeHUH 3aaad
obecrieuennst Ge3omacHOCTH. IIpy BO3HMKHOBEHHH
4pe3BbIYANHON CHUTyallud NpoOiieMa TNPOsBIsETCS, B
0COOCHHOCTH, B TeX Cly4asX, KOTJa MOTYT
00pa30BHIBATHCS CKOTUICHUS JIFOJICH Ha 9BaKyaIl[MOHHBIX
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MyTAX,  TNPENSTCTBYIOUIME  CBOEBPEMEHHOMY  H
0e30macHOMY HX TIEPEMEIICHUI0 M3 OOIECTBEHHBIX
3JIaHUH.

IIpoBeneHHBIE HCCIEOBAHUS MOKA3bIBAIOT, YTO HA
CETONHAIIHUNA J€Hb HamboJiee pacIpOCTPaHEHHBIMHU
MIPUYMHAMHI YPE3BbYAHHBIX CUTyalni Ha OOBEKTax C
MaccoBbIM  IpEOBIBAHHMEM JIOJCH, BXOMINMX B
uHppacTpykTypy Poccuiickoit deneparmm, sSBIAIOTCSA
TIOXAPBI, BCJICICTBHE YET0 BaKHEHIINM WHIMKATOPOM
U mokazarenieM S(PQEKTUBHOCTH (QYHKIMOHUPOBAHUS
CHCTEMBI MOXKapHOU 6e3omacHOCTH CITY>KUT
HETOCPECTBEHHO CHMKEHUE PUCKA MOKapOB, BKIIIOYAs
COKpAIlleHHE YMCIa MOTHOIMINX U TONYyYUBIIMX TPABMbI
B pe3yJIbTaTe 110XKapa JIOACH.

1.2 AKTyaJbHOCTh

Ioxapsl Ha 00BEKTaX C MacCOBBIM IpPEOBIBAHHEM
JIOJIEH, KaK MPaBWIO, UMEIOT OY€Hb BBICOKHH YPOBEHB
cmeptHoctT, W MUC Poccum ynemser ocoboe
BHUMaHHE BONPOCaM IPOTHUBOMOXKAPHOW  3aIUTHI
Takux  00BekTOB. HeoOxommmoctes  Oe30macHOM
9BaKyallud  OOJBIIOrO  KOJMYECTBA  JIIOJEH U3
OOIIIECTBEHHBIX 3/aHUIl SBISETCA CIOXKHOM 3ajadeil.
IlosTomMy aHanu3 mpolecca 3BaKyaluu JIOJEd U3
OOIIIECTBEHHBIX 3[JaHUH BBI3BIBAET B IOCIEIHHE TOIBI
Bce OOJIBIINN UHTEpEC.

BonpmmHCcTBO CYIIECTBYIOIINX Mojenen
9BaKyallud  JIIOAEH  OTHOCATCA K KaTeropuu
MaKpOCKOIIMYECKUX, T.e. HCCIEAYIOT B IEJIOM BECh
MOTOK 3BaKkyHpytomuxcs. OIHAaKo, Kak ITOKa3bIBaeT
MPaKTHKA, pe3yibTaThl 3BaKyalldd BO  MHOTOM
OTIPEAEIAIOTCS MOBEACHHEM Ka)KI0TO 3BAKyHPYEMOTO
BO BpeMsi KpUTHYECKOW CHUTyallWH, a 3HauYuT TPeOyloT

IIOCTPOEHUSI MOJEJIeH Ha MHKpOypoBHE. Takum
o0pazom, CTOUT 3amada pa3paborartb
HMHTEJIEKTYyalbHYI0 CHCTEMY, KOTOpas CIOCOOHA

MOJIEIMPOBATh TOBEACHHE KaKJOTO IBAKYHPYEMOIO B
OTIENBHOCTH BO BPEMS YPE3BBIYAWHON CHUTyallUH, T.C.
HCTIOJB30BaTh areHTHBIA TOIXOI.

ITo npuuuHe croxacTU4eckoil MpUPOAbI MOBEACHUS
9BaKyHpPOBAaHHBIX, HCKYCCTBEHHBbIE HEHUPOHHBIE CETU
MOTYT OBITH OJHOW W3 aJbTEPHATUB JUIS Pa3peleHus
TaKoro poja 3ajau.

CymiecTByeT HEOOXOIMMOCTb CO3JaHHS MOjeNei
HMHTEIUIEKTYyalbHOM MOJAEPKKU TPHHATUS PELICHUN
npu YIpaBJIEHUU 3BaKyauuen mozei u3
OOIIECTBEHHBIX 3[aHWH, KOTOpPBIE OBl ITO3BOJISUIH
VUHTHIBATh ~OCOOCHHOCTH TIOBEACHHUS JIOJAEH W
pearmpoBaTh B pEeXHME pEaTbHOTO BpPEMEHH B
YCIOBHUSIX JUHAMHYECKOTO H3MEHCHUS CHUTYallUd IIpU
rnoxape WU 4pe3BbIYaiHOM CUTYyaluu B
0O0ILECTBEHHOM 31aHHH.

1.3 Llesas npoBegeHust HccaeJ0BAHUS



lenpt0 TPOBOAMMOTO HUCCIEAOBAaHUSA  SIBIISETCS
noBbIIeHHe 3(P(EKTHBHOCTH YNpPaBIEHUs IBaKyalHei
u3 00I1IeCTBEHHBIX 31aHUH Ha OCHOBE
UHTEJUIEKTYaIbHON MOAJEPKKU NPUHITUS PELICHUH.
1.4 3apaun

JIns moCTHOKEHHS TIOCTaBICHHOM 1E/IH, HEOOX0IUMO
PEIIUTh CIIeAYIONTIe HAyIHbIC 3a/1a9u:

1. Ilpoanamu3upoBaTb IPOLECC  YNPABICHUS
9BaKyanueH Joaei u3 OOMEeCTBEeHHBIX 3/1aHuUi.

2. TlpoBectu uccnenoBaHUE IUHAMUKU ABUKECHHUS
JIOAEH MpHU moXape WIM 4pe3BblYaliHONW CUTyaluu B
YCIIOBUSAX NMAaHUKU.

3. IlpoBectu cuHTe3
CPEICTB HHTEJIEKTyaJIbHOU
pelleHuid TpH  ympaBiIeHUH
OOIIIECTBEHHBIX 3/IaHUH.

4. IlpoBectu OLEHKY 3(PPEKTUBHOCTH NPUMEHEHUS
WHTEJUICKTYa bHOH CHCTEMBI TOANCPKKH TPUHITHS
pelleHuid TpW YNpaBICHUM 3BaKyalMed Joaed u3
0OIIIeCTBCHHBIX 3MaHUH.

5. Paszpabortath mporpaMMHOE OOECIICYCHUE IS
HMHTEJUICKTYaJTbHOTO MIPOTHO3MPOBAHUS
3¢ GEKTUBHOCTH 3BAKyaIllH U3 OOIIIECTBCHHBIX 3MaHUH.
1.5 Hayynasi HoBU3HA

Hayuynas HOBHM3Ha NPOBOJUMOTO HCCIIEOBAHUS
3aKIIOYaeTcss B pa3paboTKe  CXEMbl  JBUIKCHHS
IBAKyHPYyEMOro c y4eToM BCTPEYAOLINXCS
NPEMATCTBUA M PACCTOSHHUS [0 93BaKyal[HIOHHOTO
BEIXOJa (YeM [aibllie SBaKyHPYeMBIH HaXOTUTCS OT

HAy4YHO-METOAUYECKUX
HNOAJECPKKH  IIPUHATUS
9BaKyalued JoAci us

9BaKyalnOHHOTO BBIXO0J1a, TeEM C OobIIEH
BEPOSATHOCTEIO OH OYIeT YCKOPSATHCS), pa3padoTKe
MOJENM  HUCKYCCTBEHHOM HEWpPOHHON ceTu  AJis

MPE/IPBAKYAIlMOHHOTO PEarupoBaHKs 4YeJOBEKa IpH
MoXape BHYTPH 3[aHuUsI.
1.6 MeToapl HcCIeI0BAHUS

B pabore WCHOAB30BaHBI METOABI CHUCTEMHOTO
aHaln3a, TEOPHUH BEPOSITHOCTH W MaTeMaTHYCCKOU
CTaTUCTKH, MCTOJAbI MAaTCMAaTHYCCKOT'O MOI[CHI/IpOBaHI/IH

CHUCTEM, METObI KOJIMYCCTBCHHOI'O OLICHUBAHUS
CHUCTEM (meitpoceTeBoe MOIETUPOBaHUE,
UMHUTAIMOHHOE MOJICITUPOBAHNE).

2. OCHOBHOE COJEPXAHHUE
HNCCIEJOBAHUA

2.1 ConnajlbHO-)KOHOMHYECKHE ACINeKThbl

yIpaBJieHUus IBaKyauMeil Joaeil U3 o01ecTBEHHbIX
3aHUi

B naHHOW riaBe omnpeneneHo, 4YTO TIpamMOTHOE
CUTYAaTUBHOC YIIPABJICHUE 5BAKYyallMOHHBIMU ITOTOKaAMH,
CBOEBPEMEHHOE nHGOPMHUPOBAHNE u
MHCTPYKTHUPOBAHUE DBAKYHUPYIOIIMXCS, MNOTECHIMAIHHO
MOXKET CHHU3UTH KOJIMYECTBO IMOTHOIINX u
nocTpagaBmux mnpu moxkapax wixn YC B 00IIECTBEHHBIX
3maHusx. [lo pe3yibTraTaM HCCIIEIOBAaHUS — ObLIA
CIeNIaHbl Ce1yIOIINe BHIBODIL:

1. mnOpoBeaeH aHanu3 MOXXAPOB U YPE3BBIYANHBIX
CUTyaluid B OOIECTBEHHBIX 3IaHUIX;

2.  OmpeNeseHBI OCHOBHBIE AIIEMEHTHI
00pa3oBaHUs TOJIIHI;
3.  TpoBeaeHO HCCIIeIOBaHUE

HCI/IXO(I)I/IBI/IOJIOI‘I/IFIGCKI/IX aCTIEKTOB MOBEISHHUS JIIOACH B
00IIIECTBEHHBIX 3OaHUAX IIPU OBaKyallun;
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4. omnpeaencHbl TOAXOJBI
MOBEJICHUS JTI0/Iel;

5. BBISIBICHBI OCHOBHBIE KaTETOPHM IOBEICHUS
Jrofiel B Ipolecce IBaKyalun;

6. pa3paboraHa MOCTaHOBKA 3a/1auu
«Dopmanuzanus Ipouecca YNpaBIeHHUs 3BaKyauuen

JIFOZIEN M3 OOIECTBEHHBIX 3IaHU.

K MOACIUPOBAHUIO

2.2 MoaeadpoBaHue JBaKyanuu Jogeii  u3
00LIIeCTBEHHBIX 3aHU
JaHHass r7aBa  IIOCBAINCHA  MOJCIHPOBAHHIO

MTOBENICHUSI JIFO/ICH TPH 3BaKyallid W3 OOIIECTBEHHBIX
3aHUH.

Becbma akTyanpHON 3afadeii  aHTUKPU3UCHOTO
VIOpaBJICHUS SBJISACTCS W3yUYCHHE PaCIPOCTPAHCHUS
MAaHWUKK ~CpPelu JIIoJell BO BpeMs  DBaKyaluH,
3HAYUTEITBHO YCHITHBAOIICH (bakTopsI
HCONPEACICHHOCTH B ‘IpeSBbI’-IaﬁHbIX CuTtyauusax B
CIIOKHBIX COLMANBHBIX CHUCTeMaX. Bpems sBakyannu
JFO/ICH TIpH TOYKapax MU Ype3BBIYAlHBIX CUTYAIUIX U3
OOIIECTBCHHBIX 3IaHUI U pa3Mep BO3MOXKHOTO ymepba
HATIPSMYIO 3aBUCHT OT TTOBEICHYCCKOHN peaKIuy JIF0eiH
B TIpoIlecce IBaKyaIlHH.

Ilo pesynbprataM wuccleOBaHUS OBLIM CEIAHbI
CJIETyIOIIHE BBIBOJIBI:

1. nmpoBeiaeH aHaIM3 pPa3IUYHBIX TMOIXOJOB K
TIPOTHO3UPOBAHUIO U OLIEHKE BPEMEHH dBaKyallnu;

2. pa3paboTaHa CHCTEMHO-AMHAMHYCCKAs MOCIb
pacrnpocTpaHeHdss IIaHUKA IIpU  3BaKyauuu U3
OOIIeCTBCHHBIX 3AaHUH;

3. ompenmeneHO TpU 0a30BBIX  IOACHUCTEMEI,
B3aMMOJICHCTBYIOMIHE  MEXIy  CcO0Oi,  KOTOpEIC
(hOPMUPYIOT W OTPEACISIOT BECh IMPOIECC dBaKyallnd
JIIOJICH;

4. pa3paboraHa cxema MPUYHMHHO-CICICTBEHHBIX
CBsI3€i Mpoliecca dBaKyalnu;

5. paspaboraHa mMojenb OueHKH 3(deKTHBHOCTH
yOpaBlieHUs] dBaKyalueil Jrofeil B  OOIIECTBEHHOM
3aHUM TIPU TOXape C UCIHOJIb30BAaHUEM METOJO0B
UMHUTAIUOHHOTO MOACINPOBAHUA,

6. ompeneneHbl CIEHAPUU Pa3BUTHS COOBITHI B
TpoIiecce 3BaKyalllii U3 TOPTOBOTO IIEHTPA;

7. TOmydYeHa OIIGHKa BPEMCHH HBAKyalldd IIPH
peam3aIyn KaxI0To U3 pacCMaTPUBACMBIX CIICHAPUEB;

8.  BBIABIICHA 3aBHCUMOCTH

TICUX03MOIIMOHAIIBHOTO COCTOSIHMS TOJIIIBI HAa MpoLecc
9BaKyallny.
2.3 HayuyHo-MeToaqM4ecKue CpeAcTBa
HHTEJUIEKTYaIbHOM MOIIEPKKH NPUHATHS
pellieHuil Mo ynpaBJIeHMI0 3BaKyalueil Jwaed u3
00111eCTBEHHBIX 31aHUI

HaHHafI TjIaBa TOCBANICHA MareéMaTU4YC€CKOMY U
MPOrPAaMMHOMY  OOCCIICUCHHIO  HMHTEIDICKTYallbHOTO
MIPOTHO3UPOBAHUS 3¢ PEKTUBHOCTH yIpaBICHUSL
9BaKyanuei JroIel 13 00MEeCTBeHHBIX 3IaHHH

Cy1iecTByIOT pa3IUyHbIe TOJTXO/IBI K
MPOTHO3UPOBAHHUIO BPEMCHH DJBAaKyallU U OICHKE
pucka mpH moxapax. Vcmoiap3oBaHHWE — METOJOB
UMUTAIIUOHHOTO MOJCIIMPOBAHHA B HACTOALICC BPEMA
ABNSETCS OOHUM W3 CaMBIX  MOMYJSAPHBIX W
MPUOPUTETHBIX TIPU OIEHKE PHCKOB B  CIOXHBIX
cUcTeMax WIH IpoleccaXx. B maHHOM wmccienoBaHUU
paccMaTpUBaeTCS BO3MOXXKHOCTb TIPUMEHEHHUS METOJIOB



MMUTAIMOHHOTO  MOJAENUPOBAaHUS M  MAalIMHHOIO
00y4eHUs PU PELICHUH 33/1a41 3BaKyall1H.

[lo pesynpraram wuccienoBaHusl ObUIM C/ENAHBI
CJIEYIOIINE BBIBOJBI:

1. mpoBeneH CpaBHUTENBbHBIN aHaMU3 METOJOB
MMUTAlMIOHHOTO  MOJEJIUPOBAaHUS M  MAaLIMHHOIO
o0ydeHns, B KOTOPOM OIlpefesieHbl (yHIaMeHTaIbHBIC
paznuuus  MEeXAY ~— METOJAaMU  MMHUTALMOHHOTO
MOJICIIUPOBAHUA ¥ MAITUHHOTO OOy4YeHHs, a Tarke
[IpeuMyLIeCTBA OZIHOBPEMEHHOI'O [IPUMEHEHHUS
METOZOB MAIIMHHOTO OOyYeHHs M WMMHTAI[IOHHOTO
MO/JICIUPOBaHMS JJIS PEIICHUS 3a1a4l OLIEHKU PUCKa;

2. paspaboTaHa METOAMKA HHTEIUIEKTYaILHOTO
MPOTHO3UPOBAHUS 3¢ EeKTUBHOCTH yIpaBJICHUS
JBaKyanuei Jroael U3 O0IECTBCHHBIX 3IaHUI;

3. paspaboTaHa CTPyKTypHas CXeMa METOAWKHU
MIPOTHO3UPOBAHUS 3G PEKTUBHOCTH yIpaBJIeHUS
9BaKyalueH JIoAe C UCHOJIb30BAaHUEM MoOJEeH
MAaIIHHHOTO O0Y4eHHS;

4. pa3paboraH TpUKIAAHOW WH(POPMAIIOHHO-
BBIYUCITUTENBHEIN Momyns «Evoneuraly;

5. mpoBeneHa OILIEHKA 3¢ PEeKTUBHOCTH
UHTEJJICKTYaJIbHOM IOJNICPKKUA INPUHATUS PpELICHUN
npu YIIPaBJIEHUU JBaKyaluen moaen u3
0O0IIIeCTBEHHBIX 3AaHUH.

3 IIEPCIIEKTUBBI PA3BUTHUSA
3.1 TeopeTnyeckasi 3HAYMMOCTH UCCJIEJOBAHUS

TeopeTtnueckas 3HAYUMOCTh HCCIIeIOBaHU
3aKITI0YAETCS B BO3MOKHOCTH ydera
MCUXO(PU3HOIOTHIECKAX AaCMEKTOB ITOBEICHHS JFOACH
TIPH dBaKyalluy B ciiyyae Bo3HHKHOBeHMs UC 1 moxkapa
B OOIIECTBCHHBIX 3TaHUAX.
3.2 IlpakTHYecKast 3HAYMMOCTD HCCJIEA0OBAHNUS

[IpakTryeckas 3HAYNMOCTb HCCIICTOBaHHS
3aKJII0YaeTCI B BO3MOXKHOCTH OLIEHKH BpPEMEHH
9BaKyal U3 OOIIECTBEHHBIX 3JaHUIX ISl PA3TUIHBIX
CIIEHApUEB C YYETOM CIIOKHMBIIEHCS Ha 0OBeKTe
00CTaHOBKHU u B YCIIOBUSAX BO3MO>KHOTO
pacmpocTpaHeHUs] TMaHUKWA. MaTemaTudeckoe W
MporpaMMHOE  OOecrleueHHe  MHTEJUICKTYaIbHOTO
MIPOTHO3UPOBAHUS 3¢ eKTUBHOCTH yIpaBICHUS
9Bakyanued Jroneii w3 OOIIeCTBEHHBIX — 3IaHHMA
MO3BOJSIET B PEKUME PEabHOTO BPEMEHH IMPOBOJAUTH
OLICHMBAaHME BPEMEHHM JBaKyallid B  YCJOBHSX
JUHAMUYECKH MCHSIOIICHCS 00CTAHOBKH.
3.3 IlepcneKTHUBBI Pa3BUTHSA

WHrerpanuss MaTeMaTH4eCKOTO M IMPOTPAMMHOTO
obecrieyeHnsT HWHTEIUIEKTYaJIbHOTO TPOTHO3UPOBAHUS
3(h(HEeKTUBHOCTH yTpaBJICHUS 3BaKyalHen Iojel u3
OOIIIECTBEHHBIX 34aHUH B CHCTEMY IPOTHBOIMOXAPHON
3aIIUTHI 31aHUI.

4. BAKUIIOYEHUE

HroroM mpoOBOIUMOrO WCCICIOBAHHS SIBIITIOTCS
CJICYIOIINE PE3YIIbTaThI:

1. Pa3pabGorana CHUCTEMHO- IHHAMIYECKAs
MOJIEJIb PACIPOCTPAHCHUSI MAHUKW TPHU IBAKyalldd W3
OOIIIECTBCHHBIX 3MaHUH.

2. Pazpabortana mojenb OneHKH d(PGEKTUBHOCTH
VIOpaBIIEHUs] dBaKyalled Jiofell B  OOIIEeCTBEHHOM
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30aHUM MpU TOXAPE C HUCIHONb30BaHHEM METOAOB
MMUTALUOHHOTO MOJIEIUPOBAHHUS

3. PazpaboraHa MeTOAMKa HHTEIUICKTYaJIbHOTO
MIPOrHO3UPOBAHUS 3¢ PeKTUBHOCTH yIpaBIeHUS
9BaKyalueil roer 13 00IIeCTBEHHbIX 31aHHH.

4. Pa3zpaboraH mnpuKIAgHON WH(POPMAIIMOHHO-
BBIYHCIIUTENBHBIN Moayb «Evoneuraly.

5. IIposenena OIIeHKa 3¢ dexTHBHOCTH
MHTEJJICKTYya IbHOW MOIJECPKKH MPUHIATUS pPEIICHUN
npu YIIpaBJIECHUU 3BaKyauuen mozaei u3
00IIECTBEHHBIX 3IaHNMN.
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MOBWJIbHBI AHAJIMTUYECKU KOMILIEKC MOHUTOPUHT A
NCTOYHHUKOB ITOKAPOB

1. AHHOTAIMUA

Paspaboran MOOWITEHBIN AHAIUTUYECKUN
KOMIUIEKC Ha Oa3e razoBoro xpomarorpada «I[1HA»,
IpeJHa3HaYeHHBIN 171 aHAJIN3a CIE0BBIX KOINIECTB
JETy4YNX OpPraHM4YeCKHX COEIVHEHUH B TBEPABIX
cyOcTpaTax Ha MecTe rokapa.

B kauecTBe cpencTBa M3MEpEeHUI MCHOIB30BAIU
MOOWJIbHBIA aHAJMTUYECKHH KOMIUIEKC Ha 0ase
ra3oBoro Xpomarorpada «IINA» c
TEPMOXMMHUYECKHUM JIETEKTOPOM, TEPMOIECOPOEPOM U
IUIAaHAPHOW ~ Xpomarorpauyeckoil  KOJIOHKOW ¢
KaHaJaMHd  BHYTPEHHHM  ceueHHMeM |  MM2,
3anojHeHHBIMH  copbentom  HTIIH  10% Ha
uH3eHcKOM kuprude  (¢pakmmst  100-120  mem).
Temneparypa tepmocrara kojJoHOK 80c, naBieHue
150 KIla. VYcraHoBieHo, 4dYTO pa3paboTaHHBIH
MOOWJIbHBIN aHAJTUTHYECKUH KOMILIEKC IPUTOAEH JUIs
MPOBEICHUsS aHalIn3a B IIOJIEBBIX YCIOBUSAX, BpeMs
aHaJIN3a COCTABIISAET 2 MUHYTHL..

2. BBEJEHMUE

AKTyanpHOM 3ajadell Ha CeroAHAIIHMH JeHb
SBIISICTCA AQHAIN3 CJEJOBBIX KOJWYECTB JIETYyYHX
OpPraHUYECKUX COCAMHEHHUH B IMOYBE MPHU IKCHEPTH3E
MOXAapOoB. 3adacTyl0 COOTHOIIEHHE OPTaHWYECKUX
BEILIECTB, COJEPIKAIUXCs B pode, rmocie ee oToopa,
TPAHCHOPTHPOBKM M MOArOTOBKHM IEPEN aHaIM30M
BUAOU3MEHSETCS, YTO 3HAYUTEIBHO YCIOXKHSAET
UHTEPIPETALUI0 PE3yIbTaTOB aHaIU3a. OJTO JeNaeT
aKTyaJIbHBIM Pa3pabOTKy yCTPOWCTB, IO3BOJISIONINX
TOYHO U C BBICOKOI UyBCTBUTEIBHOCTBHIO MPOBOAUTH
KOMIIOHEHTHBIH aHaIu3 OpraHu4eCKUX COCIUHEHUI B
TIOJIEBBIX yCIIOBHSAX.

Ilennio paboTHI ABJISLIACH pa3pabOTKa MOOMIIEHOTO
KOMIUIEKCAa Ha OCHOBE MHKPOQIIOWIHOTO T'a30BOTO
xpomarorpada IS 9KCIIpECC-aHaIu3a
JIETKOBOCIUTAMEHSIOIINXCSA JKUAKOCTEH M TOPIOYHX
JKHUJKOCTE! B TBEPABIX cyOcTparax.

3. HCHOJIb3YEMBIE

MATEPHAJIBI

[TopTaTuBHBIN aHATUTHYECKUH KOMITIEKC Ha Oa3e
razoBoro xpomatorpada [TUA [1]- 370 coBpeMeHHBIH
CIOCO0 MPOBEICHUS aHAIM30B T'a30BBIX CMECEH TaM,
re 3T0 HeoOxoauMo. biaromapsi KOMIAKTHOCTH U

METOABI WM
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JIETKOCTH JTaHHBIM INPUOOPOM MOJXKET I0JIb30BaATHCS
m000H YETOBEK, BHE 3aBUCHMOCTH OT (H3HIECKOH
MOATOTOBKH. B ocHOBe maHHOro mpubopa mexar
TEXHOJIOTHH M3TOTOBJICHUS IUIAHAPHBIX YCTPOWCTB,
KOTOpBIC BBINOJHAIOT TNIaBHBbIE (QyHKIUHM B padore
MOPTAaTUBHOTO Xpomarorpada. OTH TEXHOJIOTHH
0TpaboTaHBl M HCIOJB3YIOTCS Ul HW3TOTOBIICHUS
HEKOTOPBIX COCTABISAIOIIMX MOPTATUBHOTO Ta30BOTO
xpomarorpada..

IIpu HCTIOJIb30BaHUH MOOMJIEHOTO
AQHAJIUTUYECKOTO KOMIUIeKca Ha ©0a3e Tra3oBOro
xpomarorpada I[IMA wuckmovatorcs nBa akropa,
KOTOpble HanboJjiee CHJIBHO BIHSIOT Ha PE3yJbTaThl
aHaJdM3a — O3TO TPAHCIIOPTHPOBKA U XpaHEHHE.
IIpo6oot6op, MPOOOTIOATOTOBKA u aHamm3
npoBoastcs Ha Mecre YC - B KOMIUIGKTE Y
MOOMIIBHOTO aHAJIWTHYECKOTO KOMIUIEKCA HMMEETCs
TepMmoziecopbep, sl TPOOONOATOTOBKM MapoOBOH
¢a3sl u3 TBEPAOTO CyOCTpaTa MOYBHI [2]

B kadecTBe MOJENBHBIX MPOO HCHOIB30BAJICS
MECOK, C HAHECEHHOM CMEChI0 amu(paTH4ecKux u
HETIpeIeTIbHBIX  YTJIEBOJOPONIOB,  HCCIIEIOBAINCH
o6pasupl, comepxamue 0.1, 0.5 u 1.0 Mk cmecu Ha 1
T IIecKa.

4. OBCYXJIEHMUE PE3YJIbTATOB

Ha pwuc.1-2 mpencraBineHo (pOTO BHEIIHETO BUIA H
radapuToB MpeAIaraeéMoro pemeHus. TexXHUuecKue
XapaKTepPUCTUKH  MOOMJIIBHOTO  aHAJIMTHYECKOTO
KOMIUTEKca Ha 06a3e razoBoro xpomarorpacga [THMA:

Bec 3 kr

I"abapuTHbIE pa3Mephl JXIIXB, CM

I'a3 — HOCHTEND T'enuit

JnmaHa XpoMaTtorpaduaeckoil KOIOHKH2 MeTpa

504520

CopbeHT Hutponponuonanumia
Herexrop TepMoxumMmuueckui
Jerekrop  VipTpaduOIETOBBIN

Ha pucynke 3 mnpexcraBieHa XpomaTrorpamma
paszesieHust cMecu anu(aTHYecKuX W HelpereIbHbIX

yriesoaopoaos, MOJIyuCHHas npu IIOMOIIIH
MOOUIIEHOTO KOMILJICKCA. Kak BUIHO us3
MMpeACTAaBJICHHBIX JaHHBIX pazaeicHue CMECH

YIJIIEBOAPOIOB: H-OKTaH; H-yHEKaH; O€H30JI; TOIYOJT;
METAaKCHJION, OPTO-KCHJION — IPOXOIUT 3a BpeMs



MeHee 2 MHHYT, MpH OTOM HHIUBHIyaJIbHOE
pasieneHue  KOMIIOHEHTOB  BIOJIHE  IIO3BOJAET
COKpaTUTh BpeMs aHaJn3a 3a CYET YBEIHYCHUS
CKOPOCTH ra3a-HOCUTEIS.

B Ttabnuue 1 mpencraBieHbl pe3ysbTaThl ISITH
NOCTICZIOBATENBHBIX M3MEPEHHI TpeX MOMCIBHBIX
npo6 mecka, cogepxkamux 0.1, 0.5 u 1.0 Mx/T cMecn
YTIICBOIOPO/IOB.

5. BBIBOJbI

Pa3paboran MOOHMITEHBIN AHATUTHYECKIHA
KOMIUIEKC MOHMTOpDHHra II0KapoB M METOAMKa
KOJINYECTBEHHOTO JKCIIpeCcC-aHalu3a
JIETKOBOCIUTAMEHSIOIUXCA JKUAKOCTEH M TOPIHOYUX
JKHJIKOCTEW B TBEPABIX CyOCTpaTax mouB. MoOWIbHBIH
KOMILIEKC OCHAIIEH NOPTaTUBHBIM TePMOJecopOepoM
JUIsl TIPOOOIIOATOTOBKY — M3BJICUSHHUS MapoBOM (asbl
u3 TBEPHOrO CcyOcTpaTa TIIOYBBI, COAEPXKAIIETO
JIETKOBOCIUIAMEHSIOIINECS JKUIKOCTH M TOPIOYHE

skuakoctu. [IpemiaraeMprii MOOMIBHBIA KOMITICKC U
METO/IMKa apOoOHPOBaHbI B Ta0OPATOPHBIX YCIOBUIX
MpU aHAM3¢ MOJCIBHBIX TPO0 M MPH HATYPHBIX
UCTIBITAHUSAX.
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Pucynok 1 — MoOuibHBIIM aHATNTHYECKUIT KOMIUIEKC Ha 0a3e razoBoro xpomarorpada [TMA(Bua ciiepean)
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Pucynoxk 2 — MoOuIbHBIH aHATMTHYECKUI KOMITIEKC Ha 0a3e razoBoro xpomarorpada [TUA (Buzg cBepxy)
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PucyHok 3 — XpomarorpamMma pa3szielieHust CMeCH alu(paTHYeCKUX U HENPEAeTbHBIX YIIICBOIOPOIOB, MOTyYCHHAS
MIPY TIOMOIIT MOOMIIEHOTO KOMILIeKca: 1) H-OKTaH; 2) H-yHIeKaH; 3) OeH301T; 4) TONyO; 5) METakCIiIom; 6) OpTo-
KCHJION

Tabnuna 1 - Pe3yibraTsl ISTH MOCIS0BATSILHBIX H3MEPEHUN Tpex 00pa3ioB mecka, comepkammux 0.1, 0.5 u 1.0
MKJI/T CMECH YTJIEBOJIOPOJIOB

Cpeanee 3Hagenne mromazneil xpoMatorpagmaeckux mukos 1 CKO, MB/cex
Konmorent Konnentpanua. ME1T
0.1 0.5 1.0
OxTtan 11.60 £0.93 53.92+2.70 86.38 £2.59
YHIeKaH 6.01 =0.60 20.26+ 1.62 37.74=1.51
bensoa 45.17+0.90 22341447 385.29+11.56
Toxyoa 12.80 £0.90 50.08=4.01 88.43 =8.84
MeTta-renaoa 1.72 +£0.21 1.27+0.73 10.49 £0.63
Opmo-KeHT101 0.85=0.10 4.27+0.38 7.23 =0.58
Cynnma
mIomanet 78.15=3.64 359.19=13.90 615.55+25.71
KOMIIOHEHTOB
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YK 614.842.847

JleontbeBa Mapus CepreeBHa

deziepanbHOE rOCYAApPCTBEHHOE Or0/pKeTHOe 00pa3oBaTeibHOe yupesk/ieHre Briciiero obpasoBanusi « CaHKT-
IMetepOyprckuii yHuBepcuTeT I'ocyiapCTBEHHOI POTUBOIIOKAPHOI Ci1y»0b1 MuHMCTepcTBa Poccuiickoii
deepaliu 10 /le1aM IPakAaHCKON 000pOHBI, Upe3BBIYalHBIM CUTYALMSIM ¥ JIMKBUAALIMN TIOC/Ie/[CTBUN CTUXUIHBIX
6ezxcTBuii MMeHM Teposi Poccuiickoii ®epeparyiu reHepasa apmuu E.H. 3uHnueBa»
(Cankr-TleTepbypr, MockoBckuit rip. 149, Poccust)

ATIITAPATHO-ITPOT PAMMHBIV KOMIUIEKC IIPEYTIPEXIEHUS
YPE3BBIUYAVIHBIX CUTYAIIUM TEXHOT'EHHOI' O XAPAKTEPA ITPU
KEJ/TE3HOJOPOJXHBIX ITEPEBO3KAX OITIACHBIX I'PY30B

AHHOTAIIHSI

CoBpeMeHHble YC/IOBUSI TIepeBO3KM OMNacHbIX TIPy30B
TpeByioT HeoOXOJUMOCTH DEIleHHs] aKTyaJbHOU MPOBIeMBI,
3aKJ'IIO‘-IaI-OLL[eﬁCH B IMOMCKe U COBEPIIEHCTBOBAHWU METOAUKHU
CHIDKEHHS  TI0XKapHOTr'O pUCKA TIIpU  >KeJIe3HOJO0POXXHBIX
repeBO3Kax OIACHBIX Ipy30B. Pa3paboTka M IpakTHuecKoe
WCIIO/Ib30BaHUE HOBOM METOJMKHM CHIDKEHHSI II0’KapHOTo
PHUCKa Ha OCHOBE aAaHTI/IBHOﬁ TeXHOJIOT'MH TapaHTHPOBAHHOTO
Mpe/ioTBpallleHrsl 110)KapOB MO3BOJUT CHU3UTh BEpPOSTHOCTb
BO3HMKHOBEHHSA Ha IIOABM)XKHOM COCTaBe ‘—IpeBBLI‘—IafIHLIX
CI/ITyaI_II/Iﬁ ", TeéM CamMbIM, MHHHUMU3UPOBATH BO3MOXXHbIE
MaTepua/ibHbI€ TIOTEPHU, C/Iydad TPaBMHPDOBAHUA U rubenmm
mogeit. [IpoBeieH aHaMU3 Pe3y/IbTaTUBHOCTH MPAaKTHUECKOTO
NIpUMeHeHNs: KOMILJIEKCHOM MeToAuKkH. PaboTa mocssiieHa
npob/iemMaM, MMEIOIMM Ba)kKHOE COLMa/IbHO-3KOHOMHYeCcKoe
3HaueHue Ay Poccutickoii ®epepanyi. CHU3HUTD NMOXKapHBIHA
PUCK  MOXHO  TyTeM  TOBbIIeHUs 3¢ eKTUBHOCTH
MOHWTODUHTA ¥  WHGOPMALMOHHOTO  COTIPOBOXKAEHUS
TepeBO3KH OMacHbIX Ipy30B. [Ipe/icTaBieHO NpesIoXKeH:e 1o
pelieHnro BBISIBJIEHHOM l'[pO6]'IeMLI.

1. OCHOBHAA YACTH
1.1 Beegenue

Tepputopust Poccuiickoit desepary NpoHH3aHa
ceThl0 kesie3HbIX gopor. XXAT (ganee XK/T) umpoko
WCITIO/b3yeTCst AJist obecrieueHust epeBO3KH Pa3TUHBIX
rpy3oB, B ToM uucie JIB (manee JIB) u maTepuasos.
CyliecTBOBaHHE U PasBUTHE COBPEMEHHON 5KOHOMUKH

HEBO3MOXXHO  TIpe/ICTaBUTb  0Oe3  TpaHCIIOPTHOW
HMH(PaCTPYKTYPBI. CrpaTterueit pa3BUTHUSA
JKeJIe3HOZIOPOKHOTO  TpaHCHopTa Poccuiickoii
®epepanun 7o 2030 ropa omnpefeneHbl K/rOueBble
3ajauy, croswue rnepen  JKIAT,  asnsromuyecs
KDUTWYECKUMM Ui JajbHeWllero  COLUaJbHO-

SKOHOMMUECKOro pocTa cTpaHbl. OfHa U3 Takux —
obecrieuerre 6e3omnacHoCTH QyHKIFOHUpoBaHus XK/T.
BakHeMIIIMM  TocyZlapCTBeHHBIM  TIPUOPUTETOM U
nipuniunoM «Ctpatervu pa3sutus KT B Poccutickoii
@enepaiu 10 2030 roja» SIBSETCS «IIOBBILIEHHE
ypoBHs1 be3omnacHocTH (hyHKIMoOHUpoBaHus XK T».

1.2 AKTya/IbHOCTB

Ananmu3 mokasan, uto 6osiee TIOJIOBHMHBI T10KapoB,
TIPOUCXO/ISAIINX Ha TIOABIKHOM cocTaBe YK/ T, cBsi3aHbI
C TepeBO3KOM rpy3oB. HecMmoTpss Ha ycToWuMBOe
CHIKeHHe KOIMJecTBa I10’KapoB, HabmiofaeTcs pocT
TIPUXOJMIIETOCS HAa OAWH TIOXKAp MaTepHabHOTO
yijepba. TIOBBIIIEHHYIO Yrpo3y Co37aeT O6aM30CTh
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TPaHCIIOPTHOW WH(PACTPYKTYPhl K IPOMBIIIEHHBIM
MpeNpHUATHAM ¥ JKWIOM 3acTpoiike. Pa3paboTka u
MpakTUUecKoe  HCIO/Ib30BaHHEe  HOBOIO  HAy4HO-
METO/IMUeCKOro arnrapaTa CHUKeHHs TI0)KapHOTro pHUcKa
(manee TIIP) mnpu >Ke/e3HOMOPOXKHBIX IepeBO3Kax
OTacHBIX TPY30B Ha OCHOBE aJjaliTUBHOM TeXHOJOTHMH
rapaHTUPOBaHHOTO TIpelOTBpallieHus] T10kapoB
T03BOJISIET CHU3UTH BEPOSTHOCTh BO3HHMKHOBEHHS Ha
TO/IBYDKHOM COCTaBe M0KapoB U IPYTHUX Ype3BbIUaiiHbIX
cutyatui (sanee UC) u, TeM caMbIM, MUHUMH3UPOBAaTh
BO3MOJKHbBIE MaTepuabHble MoTepy, ciayvau
TpaBMHUpPOBaHUSI W rubenn srofed. CroKuBLIAsCS
CUTyaLusl oOrpefiesisieT  HeOOXOAWUMOCTh  PelLleHHs]
aKTyaTbHOMU rpo0J/ieMbl, 3aK/TIOYaroLeics B
COBepIIIeHCTBOBAHUH Hay4YHO-MeTOMUeCcKOoro anrapara
no cHwkeHuto [TP npu >kesie3HOAOPOXKHBIX MepeBO3Kax
omnacHbIX rpy3oB. [lorpyska u rpy30000pOT POCCHMCKIX
JKeJle3HBIX JIOpOr II0Ka3blBaeT CTaOWU/IBHBIM POCT Ha
TIPOTSDKEHUU TOC/eHUX HeCKO/BKHX JIeT, a TaKkKe 110
NIPOTHO3Y Ha 5 JIeT Briepézi, 00béM IepeBO30K BO3PacTET,
TI0JIOKUTeIbHAs TEeHJEeHIUs CBf3aHa C BO3pacTaHUeM
00BEMOB TIEPEBO30K C Hcrosb3oBaHueM JKIAT Ha
BHYTpPEHHEM pbIHKe B CBSI3U C CAHKLIMSIMM CTpaH 3arnafa,
HMIIOpTO3aMellieHHeM, pasBUTHEM BHYTPEHHHX
TPaHCIIOPTHBIX KopuzopoB. Ha ¢oHe yBemnueHus
YHC/IEHHOCTH O0O0ILero mapka IpY30BBIX BaroHOB [isi
TepeBO3KHY OMaCHbIX IPY30B U pPas/MYHbIX TOKOMOTHBOB
aKTya/bHbIM SIB/IIETCSI COBEpIIEHCTBOBaHHE METO[UKU
CHIDKeHUs] pUCKa BO3HHMKHOBEHHUs II0KapoB U B3PbIBOB
Ha KT, B yaCTHOCTH, IIPU I1epeBO3Ke ONaCHbIX [PY30B.

Ananus TPYZOB BeJYLINX yUeHbIX B
paccMarpuBaeMoi  obsacT  CBUJETENbCTBYeT O
Ha/In4Yun TeopeTU4YeCcKOoro u NPaKTUYEeCKOI 0

dyHzamMeHTa /1S TIPOJJO/DKEHUST ¥ COBEPIIIEHCTBOBAHUS
nccnenoBanni. OJHAKO BO3HUKAeT HEOOXOJUMOCThL B
COBEpIIeHCTBOBAHUH HAyYHO-METONYeCKOro
arnrapara, YYHTBIBAIOITIETO TIPOUCXO/SIUe W3MEeHeHHUs
1 CyIIIeCTBYIOII[HEe TIPOTHBOPEUHS.

1.2 O6beKT, pegMeT H 1eJib PafoThI

JKene3HOAOPOKHBIE TMO/|BYDKHBIE COCTaBBl,
TiepeBO3sIIIMe OracHele rpy3bl. [Ipeamer uccneoBanys
yrpaBjeHYecKie 1  IIpPOrpaMMHO-arapaTHbIe
peLleHus], CII0COOBI, METOZBI U aJITOPUTMBI OL|eHHUBaHUsI
Y CHIDKEHMsI TIO)KapHOT'0 PUCKa IPY >Kes1e3HO,0POKHbIX
TepeBO3Kax OMAacHbIX rpy3oB. Llenp CHIDKeHHe
TI0)KapHOT'O pUCKa TPH JKeJle3HO0POXKHBIX T1epeBO3Kax



OTACHBIX TPY30BHAa OCHOBE aJalTUBHOM TEXHOIOTHH
rapaHTUPOBAHHOTO TIPeJOTBPALLEHHS [T0XKapOB.

1.3 HayuHas 3afiaua ¥ HOBU3Ha

Hayunas 3afava paspaboTka u
COBepILIEeHCTBOBaHWE HayYHO-METOAUUEeCKOro arrapara
CHWKEHMS T10)KapHOT0 pUCKa MpHU >Kese3HOJ0POXKHBIX
MepeBO3Kax OMNacHBIX IPy30BHAa OCHOBe aJjallTUBHOU
TeXHOJIOTUM  TapaHTHPOBAaHHOIO  MpeJoTBpalleHUs
noxapoB. HayuHasi HOBM3Ha — B paboTe MiaHUPyeTCs
pa3paboTaTh HOBYIO METOJWKY CHIDKEHHsl T0>KapHOTo
pUCKa IIpU ’Kene3HOJOPOXKHBIX IepeBo3kax JIB wu
MaTepuasos, OT/INYAOILYOCS OT  HW3BeCTHBIX
WCII0/Ib30BaHUEM a/lanTUBHOMN TeXHOJIOTUH
rapaHTUPOBaHHOIO TMpeZOTBpallleHus] TI0)KapoB Ha
PaHHMX 3Tarax X BOSHUKHOBEHUS U Pa3BUTHSI.

2. METOA0J/IoIrns

YcraHoBMeHO, uTO K Haubosiee 3(QdeKTUBHBIM U
5KOHOMMUECKH paljuOHa/JIbHBIM MeToZiaM CHbKeHus I1P
MOTYT OBITH OTHECEHBI METO/IbI ¥ CIIOCOOBI, 0CHOBAaHHBIE
Ha paHHeM OOHapy’>KeHUH MPU3HAKOB U MPeANOChUIOK K
Bo3HMKHOBeHHI0O UC. [Insg 0OOCHOBaHUS [JAHHOTO
yTBep)KAeHUs ObUIM  MCIONB30BaHbI  TEOPETHKO-
SMIIUpUYecKre MeTOAbl U MeTOZbl KOMILIEKCHOTO
aHamu3a M 00pabOTKM W3BECTHBIX CTaTUCTHUYECKUX
JJaHHBIX O PUCKaX TpH >Keje3HOJOPOXKHBIX ITepeBO3Kax
JIB u maTepuasnos.

PasBuTue TpaHcopTa oOnpezesnseT YCTOWYMBBIN
POCT 3KOHOMMKH, KOTODBIH, O/HAKO, HEBO3MOXKeH 0e3
obecrieueHus TI0’KapHOU u TIPOMBILIEHHON
Oe3omacHOCTH. B CBsI3M C HeNpepbIBHBIM Da3BUTHEM
TIPOMBILIIEHHOCTH, BHE/IDEHHEM HOBBIX TeXHOJIOTMH U
yBeJIMUeHrneM KOJIUecTBa WCTI0JIb3yeMBIX
110)KapOB3PHIBOOIIACHBIX ~ BeILeCTB U MarepuasioB
TIPOMCXOZUT TIOCTOSIHHOE YBeJMueHe HOMEHK/IaTyphbl
OTacHBIX IPY30B, MpejbsB/sieMblx K nepeBo3ke JK/T.
OfHOBpeMeHHO C S5TUM IIPOMCXOJUT MOAWGUKALIUSA
(U3UKO-XMMUYeCKUX  XapaKTepUCTHK, BBISB/ISIOTCS
HOBbIE CBOMCTBa M3BECTHBIX OMAaCHBIX TIpy30B. [nd
(YHKLIMIOHMPOBaHUS MHOTMX TIPOMBIIIJIEHHBIX
MpeNpUATHH, OOBEKTOB, OpraHu3aluid TpebyeTcs
ucrosnb3oBanue JIB 1 Marepuasnos. [ UX [JOCTaBKU
NPUMEHSIIOTCSI B TOM UHC/Ie U JKele3HOZOPOXKHBIE
I'PYy30BbI€ COCTaBBHI.

B Xopme mpoBeJeHHOro aHaaM3a CTaTUCTHUECKUX
JAHHBIX OBUTM BBIsIB/IEHBI OCHOBHBIE MpuurHbEl UC Ha
I'PY30BOM IO/IB)KHOM COCTaBe: CaMOBO3TrOpaHue Ipy3a,
HEOCTOpO)KHOe ofpalljeHHe C OTrHEM, WCKpbl OT
TEII0BO30B U ZIp. Pa3HooOpasue 1epeBO3UMBIX I'PY30B
u  oOHOBJeHMe  BaroHHOIO  Tlapka  JUKTYyeT
HeoOXOZUMOCTh a/laliTUPOBATh CUCTEMY OOecrieueHust
To)KapHOM  0Oe30rmacHOCTH K Jil0OOMy  IPY30BOMY
cocTtaBy, nepeBo3ssieMy JIB u matepuanbl. AHanus
npousomreAmmx YC moAaTBepXKIaeT HeoOXOAUMOCThb
3alMTHl  HaceJieHWss W TIPUPOJHON  Cpeibl  OT
riocneacTBui YC TeXHOTeHHOTO Xapakrepa.

C wuenb0 paHHero OOHApY)KeHHs] TePBUYHBIX
TIPYU3HAKOB M TPEeATOChI/IOK BO3rOpPaHUsl WM B3pbIBa
OTacHBIX Tpy30B Tipe/ijiaraeTcs TIOCTPOUTD
KOMIIJIEKCHYIO CUCTEMY AUCTaHLJMOHHOI'O MOHUTOPUHTa
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rapamMeTpoB KaK IIOJBIDKHOIO COCTaBa, TaK U
[IepeBO3UMBIX TI'PY30B, IIPU U3MEHEHUU KOTOPBLIX [0
KPUTHUECKHX 3HaUeHHI pe3KO BO3pacTaeT BepOsITHOCTh
Bo3HuKHOBeHuss UC. Ilpejiaraemasi MOHUTOPHUHIOBAast
cucreMa obecrieyrBaeT KOHTPOJIb M OLleHMBaHHE
OTACHBIX IapaMeTPOB [UCTAaHLMOHHO 0e3 OCTaHOBKH
IPy30BOr0 JKe/1e3HOZO0POXKHOI'0 COCTABa, YTO UCKIII0UYaeT

CyleCTBeHHbIe BpeMeHHbIe rorepu npu
TPaHCIIOPTHPOBKE IPY30B.

Ha cerogusiiHuii  [eHb M3BECTHbI  CHCTEMbI
MOHHUTODHHIa  TOJBI)KHOIO  COCTaBa, HO  OHHU

Tpe/NIo/IaraloT B OOJBIIMHCTBE CydasXx KOHTaKTHYIO
paboTy ¢ Tpy30M, UTO CYIECTBEHHO 3aMeJisieT
CKOPOCTb TPaHCIIOPTUPOBKU TPY30B, W, T€M CaMbIM,
CHIDKaeT S5KOHOMHUECKY0 3¢ (eKTHBHOCTb IIepeBO30K.

CHwkenue [IP rpy30oBbIX >Ke/e3HOAOPOXKHBIX
MepeBO30K MOKeT OBIThb [JOCTHUTHYTO IyTeM YuéTa
¢u3MuecKX U XMMHYECKMX CBOWCTB BeIlleCTB MU
MaTeprasoB, UX peakluy Ha U3MeHeHHe TeMIlepaTyphl,
BJI&XKHOCTU U JaBjieHHUs], OHOXMMUYECKUX IPOLeCCOB
MPOUCXOJSIIUX B TPAHCIOPTUPYEeMBIX  Tpy3ax
pas/IMYyHOro TIPOUCXOKIEHHUS. Ipu 3TOM
JIOTIOJTHUTE/IbHO HEeO0OXOAWMO YUMTBIBATH U (aKTODBI
1P, co3paBaemble pa3/IvYHbIMU JIOKOMOTUBAMH.

B xome paboTel ObLT mNpou3BeféH BHIOOp W
oboCHOBaHME TOKa3aTejell U KPUTEPUEB MOXKApHOH
OMNACHOCTU JKe/Ie3HOJOPOXKHBIX 1mepeBo3oK JIB wu
MaTepuasnoB. B Hacrosiiilee Bpemst il OLIeHKM YPOBHS
MO)KQpHOM  OMAacHOCTM MUCMO/B3yeTCsl [iBe TPYIIIb

METO/IOB: METOZbI, OCHOBAHHBbIE Ha WHZEKCAIUU
OMacHOCTeM  ([leTepMUHMPOBAHHbIE  METOJbl) U
CTaTUCTUKO-BEPOSITHOCTHBIE METOZBI. ITepBbIe
TI03BOJISIIOT oTpe/ieIUTh YCJTIOBHBIN YPOBEHb
M0KapOB3PHIBOONIACHOCTH; BTOpPbIe - OOBEJUHSIOT
CTaTUCTUKO-BEPOSITHOCTHBIE METO/Bl, Hanboee

TIpreMsIeMble sl pacueTa BepOsITHOCTH BO3HUKHOBEHHS
YC, TaKk Kak OHM YUWUTBHIBAIOT CAyYalHBIA XapakKTep
COOBITHI U MO3BOJISIOT OLIEHUTH (PAKTUUECKUN YPOBEHb
TI0’KapHOM OTIaCHOCTH.

Onst  dopmupoBaHust  oOmield  KOHLEMUU U
KOHKDETHBIX TpefIoykKeHUH 1o cHiKeHuto ITP ripu
KeJIe3HOZI0POXKHBIX MepeBO3Kax OMAaCHBIX IPy30B ObLIM
NIpOBe/ieHbl BCECTOPOHHUE MCC/Ie/I0BaHUsT TEXHUUECKUX
XapaKTepUCTHK Ipy30BOr0 JKeJIe3HOZJOPOXKHOT'0
MOABIDKHOTO ~ COCTaBa, HWCMOABb3YeMOro [ UX
NepeBO3KH, a TakKe TpoaHaJM3UpOBaHbl 0COOEHHOCTU
¥ TIapaMeTpbl B3PLIBOMIO)KAPHOW OIMACHOCTH TaKHX
IPY30B.

3. PE3YJIBTATBI UCCJIEJOBAHUA N1 X
OBCYXJEHUE

B Hacrosiijee BpeMsi BeJeTCsl akKTHBHasi pabora 1o
COBEPILEHCTBOBAHUIO Hay4YHO-MeTOJUYeCKOro
armapata Y IPOrPaMMHO-TEXHHYECKUX  CpeJCTB,
HarpaB/eHHas Ha CHIDKeHre pucka YC mpu nepeBo3Kax
OTMacHeIX Tpy30B. HayuHble pa3paboTtku B o0b6sacti
CO37jaHMsI CPeNCTB KOHTPOJISI MOABMKHOTO COCTaBa
JIeJISITCST Ha /1B OCHOBHBIX HArpaBJ/IeHUsI: TEXHUUECKHe
Cpe[CTBa, BBISB/SIOUIME HEUCIPABHOCTH, KOTOPBIE
YIPOXKAlOT ~0e301acHOCTH  [[BIDKEHUSI TI0e3fI0B U
CPeACTBA KOHTPOJ/IS, OLEHMBAMOIHE  (HAKTUUECKOe
COCTOSIHME  3/IEMEHTOB  IMOJBIDKHOTO  COCTaBa,



NpYObIBAIOIeT0 Ha IyHKTBl TEXHUYECKOrO0 OCMOTpa
BaroHOB W/IM B ZeMo (JuarHocThueckass uHGopMarys,
MoyyeHHass OT 93THX IPUOOPOB, WCIIONb3yeTCs B
rpoLjecce TeXHUYECKOTO OOC/IY)KMBaHUS M PEMOHTa
BaroHOB). BpICOKas CKOpPOCTb paboOThl JATUHKOB U
Ha/Ie)KHOCTb 3/1EMEHTOB aBTOMAaTU3UPOBAHHBIX CHCTEM
SBSAIOTCS HeoOXOAUMBIMH, HO He /I0CTaTOYHBIMU
yCoBUsIMHU /151 3(h(eKTUBHOTO yIIpaB/ieHusl TI0’KapHOH
6e30MacHOCTbI0 IPY30BBIX JKeJIe3HOZ,0POXKHBIX
riepeBo30K. [ 0OHapy’KeHWs1 N3MeHeHHsI TTapaMeTpPoB
OTIaCHOTO TPy3a, TAKUX KakK, TEeMITepaTtypa, /laBleHHe,
BJI&)KHOCTh, KOHLIEHTPALIUs ra30B ¥ MapoB Heo6X0umMo
MaHHITY/IMPOBATh YyBCTBUTEHLHOCTHIO aTUHKa, TO eCTh

repecTpavBaTh  IapaMeTphbl caMoro  JjaTydka
[IUCTaHLMOHHO.

[y KoppeKTHOTO (YHKLMOHUPOBAHUSI YCTPOWCTB
30HZIMPOBAHHS Tpe/iaraeTcst TIPOU3BOAUTD

TOC/Ie/JOBaTe/IbHYI0 HAaCTPOMKY MapaMeTpoB JaTuMKa
no wuH(OpPMAalWH, TMOCTyHawlleli ¢ KOHTPOJbHBIX
MYHKTOB 30H MOHUTOPHUHTA. Ilpn  fOCTYOKEHUU
KPUTHUECKMX 3HaueHWH TMapaMeTpOB OIACHBIX T'DY30B,
TPEBOXXHBIM CHIHAJ TOCTYINAaeT B TMYHKT YIpaB/ieHHs
OesomacHocTRiO.  Paboraer  cucTema,  criocoOHast
WAeHTU(GUIMPOBATE  TPU3HAaKKM  I0’KapOOIIAaCHOTO
COCTOSIHWSL IO BO3HHMKHOBeHUs ropeHusi. VHdopmarius
0 Ipy3e W ero mapamerpax, BK/FOUasl [10)KapOOIacHbIe

CBOMCTBA, COJIEP)KUTCS B JIEKTPOHHOM BHJE B
BBIUMC/IUTEIBHOM ~ KOMIUIEKCe,  HaxOJAMUMCA Y
MammHMcTa. CuMThiBaHWe WH(GOPMAaLd TPOUCXOAUT
Ha BXOJHOM ITyHKTe KOHTposs Nel M mepesaercsi B
LeHTp 00paboTKH, C MyHKTa KOHTPOJs Ne2 mocTymnaer
vHpopMallMsi O TeMmIlepaType, CKOPOCTM BeTpa U
JaBjaeHUH B LieHTp obpabotku. C ydeToM BXOAsIeH
VH(OpPMaLMU O COCTOSIHUM OKpY>Karolllell cpefibl LIeHTP
BbIJJaeT KOMaH/bI [J11 HACTPONKY JaTYUKOB.

MHoromMepHbIi Pa3MbIThIN KJ1accudukaTop
TIpYMeHsIeTCsl [yl oLjeHHMBaHusl ypoBHs [IP rpy3oBoro
cocraBa. [IpesaraeTcsi HOBbIM MOAXOA, K OpraHy3aLyu
MOHHUTOPHHTA B3PBIBOIIOKAPHOM OMAaCHOCTH TPY30BbIX
TepeBO30K JIETKOBOCII/TAMEHSTIOIIX CST u
CaMOBOCII/IaMEHSIIOIIMXCSl OTACHBIX T'PY30B Ha OCHOBE
VHTe//IeKTyaau3alud  CUCTeM  MOHHUTOPMHIa U
WICTI0/1b30BaHUS BBICOKOUYBCTBUTE/bHbBIX
ObICTPOZIEMCTBYIOLIMX KOMOMHHUPOBAHHBIX /JaTYHKOB.

PaspaboTaHHasi Mogenb [ [JUaTHOCTUKU U
nporHosuposaHus ypoBHs: UC npu nepeBo3Ke OMNacHbIX
TPy30B 10 TeppuUTOpUM Poccruu CofepXXUT YPOBHHU
MHOTOMEPHBIX Pa3MBITBIX KJIaCCU(UKATOPOB,
VepapxXvyecky — B3aMMOCBSI3aHHBIX —~ MeXnay — coboi
(pucyHok 1).
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Pucynok 1— Mogeb [/is JUarHOCTUKK U NIPOrHO3upoBanust ypoBHst UC Ipy epeBo3Ke OIacHbIX IPy30B 1o Teppuropuu CaHkT-IletepOypra

KnaccudukaTops! iepBoro ypoBHs NpeJjHa3HaueHbI
[JIs1 pellieHns1 3a/ja4 Pacro3HaBaHus 00pa30B CUTYaIUH,
XapakTepusyrolmmx yposeHs I1P. BXoAHBIMU fJaHHBIMU
i1 Knacci(MKaTOpoB TIePBOTO  yPOBHSI  CITy’KaT
COBOKYIHOCTH HCXOJHBIX rapameTpoB,
XapakTepusytouiie yposeHb [IP rpysoBoro cocraBa
(kakgoro BaroHa). 3HaueHMs STUX I1apaMeTpOB
OTIpeZle/IsIIOTCSI Ha OCHOBe SKCIIEePTHBIX OLieHOK. B
pesyJsbTare K/1accU(pUKaLy JAHHBIX rpymnn
ToKasaTesiell  OMpefiefisIlOTCSl  HeueTKHWe  OLIeHKU
cTereHeil mpuHaanexHoctu [P u(W) x ogHomy wus
KJIaCCOB ONAacHOCTHU: Knacc 1 — «ypoBeHsb [1P BbICOKMII»;
Knacc 2 — «ypoBeHb [1P cpennuii»; kiacc 3 — «ypoBeHb
TP HU3KMit».

HoBast KoMmIleKCHass MOHWTODHMHIOBasi CHCTeMa
KOHTPOJIS TI0’KapHO# OMacHOCTH TepeBO3UMBIX I'PY30B,
103BOJISIET JMCTAHL[MOHHO BbISB/STH TPEJIIOCHUIKA K
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BO3HMKHOBeHUI0 YC BO BpeMms [BW)KEHUS] TPY30BOrO
coctaBa. IlpepnaraeMblii —anmapaTHO-IPOrpaMMHbIN
KOMIUTEKC [JUCTAHI[MOHHOTO MoHHuTOpWHTa [IP (manee
ATIKIM TI1P) mipegHa3HaueH Jyisi [JeHTPaIM30BaHHOTO
KOHTPOJIS TPy30BOTO COCTaBa, perucTpanyu
TEeXHUUEeCKOTO  COCTOSIHUS  (aBTOMaTU3UPOBAHHOTO
BbISIBJIEHMS] OTKAa30B U TMpeJOTKa3HbIX COCTOSIHUI)
VCTPOMCTB  JKeNe3HOZOPOXKHOM ~ aBTOMAaTUKA U
TelleMeXaHUKH, a TaKKe WJeHTU(DUKalu Tpy3a,
npefiocTaB/ieHUsT MH(GOPMALIMK O ero XapaKTepUCTHKAX.
ATIKIM TIP ocyirectBiisieT coop, 00paboTKy, XpaHeHue
U oToOpaxkeHHe MHGOPMALMHA O COCTOSIHUMA TPY30BOrO
COCTaBa B peXXrMe peanbHOTo BpeMeHd. WHopmarus
repefiaeTcsi B aBTOMAaTU4YeCKOM peXHMMe IIpU CMeHe
JIOKOMOTHBA, a TaKxe BBIZIaeTCS Ha
aBTOMAaTU3MPOBaHHbIe paboune MecTa OIepaTUBHOTO
TepcoHasna  I[eHTPaJbHOTO  IyHKTAa  YIIpaBJieHUs



6€e30MacCHOCTBI0 B Pa3lMUHOM CTereHH AeTalv3aliy B
3aBUCUMOCTH OT ypoBHs 1P a1t IpUHSATHS pereHuid o
JalbHeHINX [eMCTBUSX C TPY30BBIM COCTaBOM.
AnanmsupyroTcs BO3MO>XHOCTH WICTI0/Ib30BaHUS
pa3MMuHbIX M0 (U3NYECKUM TNpUHLUIAM JeHCTBUs
BbICOKOUYBCTBUTE/bHbBIX OBICTPOZECTBYIOLINX
JaTUMKOB JMCTAaHLJMOHHOIO KOHTPOJISI IlapaMeTpOB
B3pbIBOIOKapHOM OMACHOCTH NepeBO3UMBIX TPY30B.
Crpykrypa ATIKIM I1P, 0000I1TIeHHBIT
KOMIT/IEKCHBII  anropuTM ee  (YHKI[MOHMPOBAHUS U
B3aMMOZeNCTBUST € WH(OPMALMOHHO-YTIPAB/ISIOIIMHA
nozcucTeMaMu 6ojiee BEICOKOTO YPOBHSI TIPe/CTaB/eHbI

Ha PUCYHKe 2.
PucyHok 2 — CTPyKTypHasi CXeMa aBTOMaTU3UPOBAaHHOM CHCTeMbI
MOHUTOPUHTa

Vnadopmaisi 0  JOCTKEHMHM  KPUTHUECKHX
3HaueHW{ IapaMeTpoB TIPYy30B [IO/DKHA OIepaTHBHO
nocrynath gucneruepy OAO «PXKI» u ofHOBpeMeHHO

TlodCeTen KOHITOAE METCORaAOrSECRIn IIPANCTPOR BRCIHE cpeis & J0HE
OCHOBHOD IYHETE INCIRHUNDEHOID KOHTPOIR

!

[Toacictemn dopruposamg, Spanetn
I MRTHIEALIE TokATHOR Bl
AMAHLR 0 DEPAMCTRAY TROIBAHOTD
COCTIA I OUAPHO R OHBCHOCTH
T " pyIoE

TIpemapiTeaRs myHeT
DTG
IpYI080T0

OCHORRTN TYHET ACTARTIORITD

TeaekoMMYHTERNIICHARE NOACHCTEME NPIEML, TEPERas 1| JHITTH IHHOPMAIN 0 NAPEMSTIY TOEIGEHOT COCTABS 1
TIOHEAPHON CTACHOCTIT TRAFCAOPTHPYEMEN TPYION

Llewmpammufl TYHET psreMiL, o0paaTn It
XPRECHHN IHPOPMALITE O NEAMCTRIX TOINHEHOED

HyrremexTyamman noacHeTesn nomeprikn

TloaeneTenn (opMupaaims 1 Shawmn mijopsunm ITomeHeTesn dopspanamig | ML
TP TVTIPEkIEHIN O MAPIKETPAY NOMEKAOTD COCTRER HIOPSININ MPEIVIHEATIEHIL O FHCKAY
[ OIACHOCTI! TRAHCTIC IX TPVI08 § WPEREMAIHET CHTYVALNE OpE TPSHCHOPTHPOBHIN

NOKLTWIRIE TYIRETH YTpanaciin i[l)-')'):ﬂhﬂt\l CHIOCHLLE TPy I08 B TEpITopHaTkike

HENETHOTOPORMBMI DEPERTRIN noapiaenciing PCIC

B lleHTp ympaBieHHss B KPU3UCHBIX CUTyalL[UsX
'naBHoro ympasnienuss MUC Poccuu o cyObekTy st
TIPUHATHS. Mep T0 NpefoTepaljeHnto YC, BO3MOXKHOTO
B3pblBA WM CaMoOBOCIUIaMeHeHusl. OrnepaTUBHOCTb
nepefaun uHGopMaryu o Bo3MoxxHoH YC MOXeT ObITh
JOCTUTHYTa  IIyTeEM WCIO/b30BaHUSI COBPEMEHHBIX
CUCTEeM U CPeJiCTB CBSI3H, BK/IH0Uasi CITyTHUKOBYIO CBSI3b.

4. 3AK/TOYEHME

CHwxkenue IIP rpy30BbIX ’Ke/le3HOJOPOXKHBIX
TepeBO30K Ha Tepputopur Poccuiickoii ®epepaiiuu
MOXKeT OBITh JOCTUTHYTO MyTeM yuéra (pu3nuecKux u
XUMHWUYECKMX CBOMCTB BellleCTB U MaTepuaaoB, UX
peakii¥ Ha W3MeHeHWe TeMIlepaTyphl, BA&KHOCTH U
[aBJieHVs], OOXMMHUECKUX MPOLIECCOB TIPOMCXOSIINX
B TPaHCIOPTUPYEMBIX rpys3ax PasIMUHOro
npoucxoxzaenus..  [Ipobnema, paccMOTpeHHas B
WCC/IeIOBaHUM, TIPO/[0/DKAeT OCTAaBaThCsSl Upe3BbIUaiiHO
aKTya/lbHOM, TaK KakK UYHCJIEHHOCTh OOIIero Tmapka
IPY30BbIX BaroHOB YBeJMYMBAeTCs, a HOMEHK/aTypa
I1epeBO3UMBIX B3DBIBOI0)KapOOITaCHbIX rpy30B
€Xero/iHoO pacClIUpsIeTCs.

B xopie uccnenoBanysi ObUT IIpOBe/ieH YT/TyOJIeHHBIH
aHa/M3 U MOMCK MeTOZ0B U BO3MOKHOCTEHM CHIMDKeHUs
puckoB YC Ha KT nipu nepeBo3Ke OIaCHbIX I'PY30B.

B  Hactosimee  BpemMs ~ 0co00  BBIENSETCS
HeJJOCTaTOYHBIN YPOBeHb TeXHOC(hepHOH He30macHOCTH,
TIOBBIIIIEHHe KOTOPOI'0 PacCMaTpUBAeTCsl Kak OJWH M3
MIPOTHO3UPYeMBbIX pe3ysbTaToB CTpaTeruv pasBUTHS
JKeJIe3HO/IOpPOKHOTO — TpaHcriopta B Poccutickoit
®enepanuu 0 2030 roga.

B pamkax wuccnefoBaHusi ObUIM  TIPOBeJeHBI
NpakTHUecKye MCIbITaHWs B JlabopaTtopusix Ha 0ase
HUN MepCreKTUBHBIX HccaeloBaHUM u
WMHHOBALIMOHHBIX TEXHOJIOTUH B 06/1acTh 6e30macHOCTH
JKU3HEIeATeIbHOCTH, B pe3yJjibTaTe KOTOPBIX ObLia
TOATBEPXKAeHa paboTOCMOCOOHOCTh U 3B PEKTUBHOCT

npegnaraemoro AITK/IM I1P.
Takum o00pa3oM, TPOBEJEHHOE UCC/Ie[0BaHue
rnoATBepXxXaaeT BO3MO>XHOCTb HCITI0/Ib30BaHUA

pesynbtatoB HVP 1 BO3MOXXHOCTH NpPaKTUYECKOro
TIpUMeHeHUs] KOMIIEKCHONH MOHUTOPHUHTOBOW CHUCTEMBI
KOHTPOJISI TI0’KapHOM OMacHOCTH TePeBO3KU OIacHbIX
rpy3oB. AIIKIIM TIIP 1no3BoasieT [UCTaHLJMOHHO
BBIIBJIITb TIPeATIOCBUIKM K BO3HHMKHOBeHHIO UC BO
BpeMs  [BIWKEHMs  TIpy30BOrO  COCTaBa,  T.e.
npegynpexgate YC TeXHOreHHOrO XapakTepa.

CIIMCOK UCIIOJ/Ib3YEMbBIX OBO3HAUYEHU

JKAT — ee3sHOL0POXKHBIN TPAHCIOPT

JIB — j1erkoBOCII/IaMeHSIOLeCs TPY3bl

YC — upe3BblUaiiHasi CUTyaL[Usi

TP — moykapHBI# pUCK

ATIKIM TIP — armapaTHO-TIpOrpaMMHBIN KOMILIEKC
JMCTaHLMOHHOTO MOHUTOPUHI'a TI0)KaPHOT'0 pUCKa
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MOBBINIEHUE HAJIEXKHOCTHA CUCTEM OBECHEYEHUS ITPOMBIIIJIEHHOM
BE3OITACHOCTMU HA INIPEJAITPUATUU HE®PTEI'A30BOI'O KOMIIVIEKCA

AHHOTANUA

B pabore paccMOTpeH MOAXON K HCCICAOBAHHUIO
HaJeKHOCTH  TPyOONPOBONHBIX  CHCTEM  HedTeraso-
NOOBIBAIOIIETO MPEANPHUATHS B YCIOBHAX OOJOTHCTON

MecTHOCTH. [IpakTuueckas 3HaYMMOCTb PabOThI 3aKIIOYaeTCs
B IIOBBHIIICHWH HAJEKHOCTH TPyOOIPOBOJOB B pe3yJbTaTe
ompezesieHns] Hanboee BEpOSITHOI aBapHiHHOI cUTyaluu Ha
00BEKTaX HCCIEAYEeMOr0 MECTOPOXKICHUS W  BHEIPEHHMS
MH(Pa3ByKOBOIl CHUCTEMBI MOHHMTOpDHMHIa Ha yd4acTKax
MOABOHBIX MEPEXOH0B TPYOOIIPOBOIHBIX CHCTEM.

BBEJAEHUE

[Tpouecchl no no0bIue, nepepaboTke, XpaHEHHIO U
TPaHCIIOPTHPOBKE YIJIEBOJIOPOHOM MPOYKIUH
MOTEHIIMATbHO OMNAacHbl. JTO MOXXHO OOBSCHHUTH
KOJINYECTBOM oOpalaromuxcs Ha o0beKTax
JIETKOBOCIUIAMCHSIOIINXCS.  BPEAHBIX M OIACHBIX
BEILIECTB. KpynromacmtaGHble aBapuu Ha
MPOMBIIUICHHBIX TPEANPHUATHSIX OTPACIN IMPUBOIAT K
KaTacTpoaM, JUKBUIAIUSA IIOCIEACTBHH KOTOPBIX
TpeOyeT 3HAuMTENbHBIX (MHAHCOBBIX 3aTpaT, a Ha
BOCCTAaHOBJICHUE ITPUPOIHON CPE/Ibl YXOIUT MHOTO JIET.
Nmenno  mpoGiema  obecriedeHHs  HAJIEKHOCTH
HedrerazoBoro 00OpyIOBaHMsI Ha OMACHBIX OOBEKTAaX
HeTerazoJoObIBAIOIIMX NPEANPUSITHI B HACTOsILIEE
BpEMS OCTAETCS UPE3BBIUYAHO OCTPOM U aKTyaJIbHOM.

Lenpto paHHOW pabOTHI SBISIETCS aHAIU3 |
MOBBIIIEHNE  HAJE)KHOCTH  CHUCTEM  OOecHedeHUs
MPOMBIIIICHHOW ~ 0e30macHOCTH  He(Tera3ono0sI-
BAIOILETO IPEIIPHUITHSI.

[locraBnenHast  1enb
CJIC/TYOIINX 3aay:
M3Y4YUTh TEOPETUUECKHE acIEeKThl HAJAEKHOCTH
crcTeM 00ecriedeHusl IPOMBIIIIIEHHO 0€3011acHOCTH Ha
00BeKTax He(TEera30BOH OTPACIH;

MIPOAHAIM3UPOBATH HaJIe)KHOCTb cHcTeM
obecriedeHnss TPOMBINUICHHOW  ©Oe30macHOCTH  Ha
HCCIIETyeMOM O0BEKTE;

pa3paboTaTb MEpONPHATHS IO TOBBIIICHUIO

o0ycioBwia  pemeHue

HaJEKHOCTH HIPEANPUATHUS HedrerazoBoii
IIPOMBIIIJICHHOCTH.
1. TEOPETUYECKHE U METOJUYECKHUE

OCHOBbBI HAJEXKHOCTHU

IIpomeinuieHHass 0Ge30MacHOCTh Ha TMPERNPHATHH
BKITIOYAeT B ce0s pa3IMYHBIC YCIOBHUS M TEXHHYECKHE
Mepbl [0  TOJACpXaHHIO  0o0opymoBaHHS B
SKCIUTyaTallMOHHOM pexkumMe. s ee obOecredeHus
TpeOyeTcsi He TOJIBKO OTCYTCTBHE aBapHHHOCTH U
CTa0MJIBHOCTH TEXHOJOTHYECKOrO Tpolecca, HO |
HaJIe)KHOCTB paboThl 000pynoBanus. HagexHocTh — 3T0
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KOMIUIEKCHOE CBOMCTBO 000pyI0BaHUs, padOTAIOIIETO B
YCIIOBHSIX TEXHOJOTMYECKUX IIPOLIECCOB, BHINONHSATH
OIpe/ieIeHHbIC ¢byHKIMH, HE yXyamas
9KCILTyaTallHIOHHbIE XapaKTePUCTHKH [1].

B 3aBucuMocTH 0T ycioBuil pabOThl M Ha3HAYECHUS
00beKTa, K HaJIeXKHOCTH MOYKHO OTHECTH:

— 0e30TKa3HOCTb,

—  JIOJITOBEYHOCTH;

— PEMOHTOIIPHUTOTHOCTE;

— COXpaHSIEMOCTb.

C LIeIBI0 KOJIMYECTBEHHOM OLIEHKH CBOMCTB U3ACIINI
MTOJTB3YIOTCSA IOKa3aTeIIMU HaJIe)KHOCTH
BOCCTaHaBJIMBAEMBIX H HEBOCCTAHABINBAEMBIX
U3JICIIHNI.

2. AHAJIN3 HAJEXKHOCTHU TPYBOITPOBO1OB
HA MECTOPOXJIEHHMNU J1OBbIYM HE®THU U
TI'A3A

Ananms HaJIe)KHOCTH He(TenpoMBICIOBOTO
o0opynoBaHus ObUT TPOBEAEH Ha MECTOPOXKICHHUU
3amagroit Cubupn.

OCHOBHBIMH 3JIEMEHTAMH CHCTEMBI ITPOMBICIOBBIX
TpyOOITPOBOZOB MECTOPOXKIICHNUS SIBISIFOTCS:
cucrema cObopa He(TH, Ta3a M IIIACTOBON BOJBI -
JoOBIBaIOIINE CKBaXMHBI, aBTOMAaTH3HPOBAHHAS
rpyTmIoBas 3aMepHas YCTaHOBKa, YCTaHOBKa
HpeBapUTEIbHOTO cOpOca BOJIBI U J0KUMHAs HACOCHAs
ctanuus (puc.2.1);
cucTeMa TOAJIep>KaHus MIACTOBOTO JAaBJICHUSA —
HarHeTaTeNbHbIe CKBAXHUHBI, OJOK HAOPHON IpeOeHKH
1 OJIOYHO-KYCTOBBIC HACOCHBIE CTAHIIMH.
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PucyHnok 2.1 — TexHonorudeckas cxeMa pacronoKeHus
TpyOOIPOBOLOB MECTOPOXKACHUSL

Jis KOHTpONS MapaMeTpOB Ha TPYOOIPOBOIHBIX
CUCTEMaX SKCIUIyaTUPYETCS CHCTEMa TeIEMEXaHUKU
«¥Onunop-3», npenHazHavueHHas IS pabOTHl B COCTaBe



JOKILHOH ceTH He(TenpoMmbIcila B  KayecTBE
ABTOMATH3MPOBAHHOTO AucTeTdepckoro mynsTa (AIT)

AJZIIT  oOecrieunBaeT BBINOJIHEHHE CIIEAYIONIINX
(byHKIMIHA:

1) MOHHUTOPHHI OOBEKTOB YIIPaBJIECHHS O TEKYILEM
COCTOSHHM  TEXHOJIOTHYECKOTO  00OpyHOBaHUA U
TEXHOJIOTUYECKOT0 IpoLecca:

OOMEH JaHHBIMH C KYCTOBBEIMH KOHTPOJUIEPAMHU;

— oToOpaKeHHME  YHCICHHBIX ¥  3HAKOBBIX
[apaMeTPoB B CHCTEME BU3YaJIH3alHN;
— JMCTAHIMOHHBII KOHTPOJIb COCTOSIHUSA

TEXHOJIOTHUECKUX YCTAaHOBOK KyCTOBOW MJIOIIAJKU C
APM nucneruepckoro myskra (/JI1);

2) BO3MOXXHOCTb JHUCTaHIIMOHHOTO  yNpaBJICHUS
nepekiaroydaTeneM ckBaxxud ¢ APM II;
3) apxuBupoBaHHE WH(MOPMALUH O COCTOSIHUH

TEXHOJIOTHYECKOTO 00OpYJOBaHUS M BO3HUKAIOIIMX
ABAapHUIHBIX WM NpeAaBapUNHBIX CUTYyalUsX;

4) ¢opmupoBaHHUE U BEIBOA Ha TIeUaTh HHPOPMAITUI
B BHJIC TAOJIMYHBIX U TpapUIECKUX OTIECTOB M CBOJOK 00
W3MEHEHUHU COCTOSIHUSA TEXHOJIOTUYECKOI0
00opymoBaHus;

5) omosenienne omnepatuBHoro mepconana JIT o
[IpelaBapuiHbIX U aBAPUIHBIX CUTYyalUsIX;

6) obecrieueHHe CBA3M C BEPXHUM YPOBHEM
YIPAaBJIEHUS B COCTaBE JIOKAJIbHOW BBIYUCIUTEILHOM
CeTH.

Kaxnas KyCTOBast IUTIOIIAKa OCHAIlleHa
KOHTPOJJIEPOM TEJIEMEXAHUKH, K KOTOpOMY
nojakitoueHa asTomaruka mnoneBoro KHUIL. Cxema
KyCTOBOM IUIOHIAIKM HCCIEAYEMOIO MECTOPOKIACHUS
MpecTaBjeHa Ha pUCYHKe 2.2.

Yenoamse 060inavernm

eI

Tepcess

Pucynox 2.2 — Pacnonosxenne npuOopoB Ha KyCTOBOM
IUIOIAAKE MECTOPOXKICHUS

Jnsa ynanennoro ympasineHus IICM AI'3Y Ha

KYCTOBBIX IionraaKax HCIOJIB3YHOTCA KYCTOBBIC
koHTposiepel  «CTM-ZK2», «ScadaPack», «R-AT-
MMy, DirectLogic, B&R.

Jnst  wm3mepenuss nebuta skuakoctd B AIBY
((CHyTHHK» HCIOJIB3YIOTCA CUCTYUKHU KHUOKOCTHU

typounnsle TOP-1-50 i TOP-T-50.

Jns w3MepeHuss oObeMa BOJBI, 3aKauMBaeMOH B
HAarHeTaTeNbHbIE CKBAXUHBI, HAa CKBAXUHAX U
pacnpenenuTenbHblx  rpedenkax  [IIIJ]  kycToBbIX
TUIOIIAZIOK yYCTAHOBJICHBI IpeoOpa3oBaTeNn pacxona
BUXPEBBIC THIa «OMUC-Buxps 200-TIITO»,
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pacxoAOMEpBI-CUETUNKN  JJEKTPOMAarHUTHBIE  THIA
«Bznér [IT».

Jis  xoHTpons gAaBicHHs B HedTecOOpHBIX
TpyOOIpOBOJaX W  BBICOKOHATIOPHBIX  BOJOBOJAX

YCTaHOBJICHBI IATYUKH H30bITOYHOTO NaBieHns MUJIA-
AU, Metpan, AWP. Ilepenaua qaHHbIX ¢ KOHTPOJUIEPOB
tenemexaHuky B [I1 ocymecTisercs N0 paguoKaHaily
B IIUKIIMYHOM PEXHUME OIIPOca.

Ob6opynosanne /{11 BkirogaeT B ceds:
cepBep cOopa TaHHBIX;

APM cnenmamucta KUIHA;
APM nucneruepa;
APM texHoora.

PaccMoTpeHHbIE MeponpHATHS 10 00eCHeYeHUI0
0€3011acCHOCTH Ha HCCIIElyeMOM OOBEKTE MOKa3bIBAIOT,
YTO TPyOOIPOBOAHBIE CUCTEMBI HMEIOT OIPE/ICICHHYIO
3aIUIICHHOCTh OT aBapuil. MeCTHOCTb, Ha KOTOPOM
PAacIoiI0keHO MECTOPOXKICHUE, SABIETCA OOJIOTHUCTOH, C
MHOXKECTBOM BOJAHBIX TIPETPaj, TIle IOANCpIKaHHE
HaJIe)KHOCTH TPYOONPOBOJOB HA JOCTaTOYHOM YPOBHE
CTaHOBUTCS IPOOJIEMATHIHBIM.

Cnenyromeil 3afauell CTaHOBUTCS pacueT pHUCKA
BO3HUKHOBEHHsS aBapUu Ha IOIBOJHOM  Y4YacTKe
TpyOOIIpOBOAa, KOTOPHIH MO3BOJHUT OLEHUTH €ro
KOJINYECTBCHHYIO XapaKTEPUCTHUKY U ClIeNaTh BBIBOJ O
HauboJee YacTol aBapUitHOM CUTYaIUH.

YyuTsiBas 0COOEHHOCTH IIPOU3BOJICTBA,
MIPOMBICIIOBBIE ~ TPYOONpPOBOABI ~ OHACHBI  M3-3a
BO3MOXKHOCTH MOSIBIICHUS 1T0Kapa, a B 0COOBIX CITydasix
— B3peBa [2]. K Hambomnee BEpOATHBIM CIICHAPHSIM
Pa3BUTHS aBapUITHBIX CUTYallMi OTHOCSTCS:

1) Cl: Obpa3oBanue M B3pBHIB O0JIaKka TOILIHBHO-
BO3/yIIHOM CMECH, NpH OINpPEAETICHHBIX YCIOBHUIX
OCJIOKHSIETCSI ~ TOXKapoM  pasnurtust:  Paspymenne
TpyOOIlpoBOAa —> HCTEUYEHHE WIM BBIOPOC TOproYeit
KHUIKOCTH WM JIETKOBOCIUIAMEHSIOIIETOCS Taza —>
HCTIapeHHe ToproYei KUAKOCTH — 00pa3oBaHKe oOIaKa
TOIUIMBHO-BO3AYIIHON CMecH —> PpaclpoCTpaHEHHE
obJylaka —> B3aMMOJIEHCTBHE C UCTOYHUKOM 3a)KUTaHHS
— B3pBIB OOJlaka —> TepMHUeckoe H Oapuueckoe

TIOpayKeHue 3/IaHNH, obopynoBaHus, moei,
3arpsizHeHue okpysxarwouei cpenpl: C-H-T-H-O-B3;
2) C2: O06pa3oBaHue no>kapa pazIUTHSL:

Pazpymenne TpyOompoBosa —> WCTEYEHHE TOPIOYCH
KHUIKOCTH —> 00pa3oBaHHE TOXapa pa3uTHI —>
TEPMUYECKOE TIOpPaKCHHE 3JaHUi, O000pyHIOBaHHS,
Jojiel, 3arps3HeHue okpyxatomei cpensr: C-H-T-U-
MO-IT;

3) C3: PazmuB BEIIIECTBA: Pa3pymenne
TpyOOmpoBOJila —> HWCTEUYCHHE TOPIOYEH IKHUIKOCTH,
BOCIUTAMEHSIOIIETOCs Ta3a U Jp. OMacHBIX BEIIECTB —>
3arpsizHeHue okpysxatomeit cpeas: C-H-T-U-X-D.

C nenpro HanboJiee TOYHOTO OTPAKEHHs TpoIlecca
pasBUTHS CICHAPHS aBapHu Ha OOBEKTE, HEOOXOIUMO
MOCTPOUTh  MMHUTAIMOHHYIO  MOJENbh  Tpolecca
BO3HMKHOBEHHUS aBapuiHOW cuTyauud. B naHHOM
ciTydae JJIsl OTPENIeIICHUS] BEPOSITHOCTA BOZHUKHOBEHUS
MPOUCIIECTBHS Ha HCCIICAyeMOM OO0BeKTe Oyzaer
HCTOJB30BaThCS TPaOaHATUTHICCKUI METOM «ICPEBO
coObITHiN (pHc. 2.3).
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Pucynok 2.3 — JlepeBo COOBITHIA IPH pasrepMeTH3aUU TPYOOIIpoBoIa

Puck, kak wdvacTtoTa OTKaza O00OpymOBaHHS C
MOCIIEICTBUSAMHU OTPEICIICHHOTO YpOBHs 3a
OMpENEeNICHHBI BPEMCHHON OTPE30K 3KCIUTyaTaluu
000pyTOBaHUS PACCUNUTHIBACTCS MyTEM MEPEMHOKCHHUS
WHTCHCUBHOCTH aBAPUHHBIX CUTYAI[Hii HA BEPOATHOCTh
BO3MOXKHBIX MOCIEACTBUIA 10 opmyde 2.1 [3].

Rr =% f; 2.1
rie Aj — MHTEHCUBHOCTh aBapuil Ha j-M ydacTKe
TEXHOJIOTHYECKOTO MPOLECca, TOI L;

fi — BEpOATHOCTH BO3MOXKHBIX IOCICICTBHHA 1-TO

CLIeHapHsl aBapyH.

CorylacHO HaHHBIM, TIPEICTABJICHHBIM B TpyIe
lagaposa H. A. HHTEHCUBHOCTh OTKa30B
Tpy6onpoBoaoB HedTy 1 raza: A= 1,3 - 1073 rog'.

OnpenenyM TEXHOTEHHBIH pPHCK OIS KaXJOTo
CIICHapHs aBapuu:

Rci=1,3-102-0,90-0,21-0,08 - 0,21 - 0,57 -
0,99998 = 2,35 - 10 rox’!;

Re2=1,3-10%-(0,10- 1,00 +0,90 - 0,21 - 0,92 -
1,00) - 0,99998 = 3,56 - 105 rox’!;

Re3=1,3-102-0,90-0,79 - 1,00 =9,24 - 10 rox’.

3HaueHHsT PUCKOB MO  KAKIOMY CIEHAPHIO
aBapuMHHON CHTyalluh B CHCTEME TpyOOIpOBOIOB
MECTOPOXKICHUS OTPaKeHBI B Tabute 2.12.

Tabmmma 2.12 — OueHKa TEXHOTEHHBIX PHCKOB IO K&XKJIOMY CIIEHAPHUIO

Ne OCHOBHOM HOpaXKarOIINi 1
IlocneacTBus aBapuu R, rox
clLieHapus dakrop
C1 O6pa3oBanue u B3psIB obnaka TBC, ¢ TeroBoe U3JlydeHue, 23510
BO3MOYKHBIM 00pa30BaHUEM IOKapa Pas3iIUTUSL yaapHas BOJTHA ’
Cc2 Ob6pa3oBaHue MOXKapa pasiuTUsL TeruioBoe U3iTydeHne 3,56 - 107
C3 Pasnus BemnrecTBa DKOJIOTUYECKOE 3arpsi3HEHUE 9,24 -10*

HO,HBOI[SI HUTOTM OHLCHKH pHUCKA, MOKHO CACJAThb
BBIBOJ O TOM, 4YTO HauOoJIee BEPOATHBIM CLCHAPHUCM

pas3BHUTHUS aBapUHON CUTYaIHH SIBIISICTCS
pasrepMeTu3anus TpyOompoBoa 0e3
B3PBIBOIIOXKAPOOITACHBIX HOCHGHCTBHﬁ, 3HAYCHHUC

nokazareis coctasiser 9,24 - 10 rox!. [ocnencTereM
aBapyy ABIIAETCA Pa3IMB BelecTsa. Hanbonee onacHsIM
CLieHapHeM ABIIAETCS Pa3repMeTH3alys TpyOOnpoBoa ¢
o0pa3oBaHHMEM M  B3PBIBOM 00JaKa TOILIMBHO-
BO3YIIHOH CMECH, 3HAYE€HHE MOKA3aTENsd COCTABIIAET
2,35 -10°rog.

3. NMPEJJATAEMOE MEPOIIPUATHUE 11O
MHOBBIINEHHUIO HAJEXKKHOCTH
TPYBOIIPOBO/HBIX CUCTEM

B pomum nmpemmaraeMoro  MEpONPHUATHS IO
MOBBIICHUIO HAJCKHOCTH PpabOThl  TPyOOIPOBOIOB
npejjiaraeTcss yCTaHOBKA JaTYUKOB HH(Pa3BYKOBOM
CHCTEeMbl MOHHUTOpPHHTa TpPYyOONpPOBOIOB, KOTOpas
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TIO3BOJIUT BECTH ITOCTOSHHBIH KOHTPOJIb 3a JaBJICHHEM
Ha y4acTKax ITOJIBOJHBIX IEPEXO0A0B TPYOOIPOBOJHBIX
CHCTEM.

CucteMa HMeEET BO3MOXHOCTh JUCTAHIIHOHHOTO
KOHTPOJIS 3a TEXHHUYECKUMH MOKa3aTes MU
TpyOOIPOBOIHBIX CUCTEM. OnepaTHBHOCTH
3aKJIoYaeTcsl B QYHKIMK paHHel JAWarHOCTHKHU ra3o-
He(TEIPOBOIOB Ha OOBEKTE.

OCHOBHBIE ~ YacTH  HMH(PA3BYKOBOH  CHCTEMEI
MOHHUTOPHHI'a TPyOOIPOBOIOB BKIIIOYAIOT B CE0SL:
IIPOrpaMMHOE 00ecIieYeHHE;
cepBep;

KaHaJl TEXHOJIOTHYECKON CBS3H;

MOJYH 00pabOTKH — MHOTO(QYHKIHOHAIbHBIE
BBICOKOIIPOU3BOIUTENbHBIE  KOHTPOJUIEPBI, KOTOPBIE
YCTaHOBJIEHBI B 0JIOKaX;

MOJYJIH  pErucTpaluu uH(pa3ByKOBbIE
JaTYNKH, KOTOPBIC KPEIsATCA Ha TPyOONpOBOJ WM Ha
obopynoBaHHEe, YCTaHOBIEHHOEC Ha TpyOompoBoje
(xpaHsl, 3aBIKKH, 3allOPHO-PETYINpYomas



apMarypa), 1 B PeXHME 3KCIUTyaTallud PEerucTpupyloT
nH(pa3BYKOBEIE BOJHBI.

Meton  paboTel  MH(PA3BYKOBOW  CHUCTEMBI
MOHHTOPHHIa TPYOOIIPOBOJOB COCTOUT B PErUCTPaLIUM
JaT4rkaMu MH(QPa3BYKOBBIX KOJICOAaHMH 3HA4YEHHH,
KOTOpble 00pabaThIBalOTCS KOHTPOJUIEpaMH M B
nepeaaye 1o KaHally TeXHOJIOTHYECKOH CBS3U Ha CepBep.
C cepBepa TMOKa3aHMS OTPAXAIOTCS HA OKpaHe

oreparopa, KOTOpLIﬁ CJIICOUT 3a pa60T017[ CHCTCMBI U B

clydac OTKJIOHGHHH IPUHUMAeT MeEphl M0 WX
ycTpaneHuto (puc.3.3).
HudpaszpykoBsie JIATYUKH, KpemsTCs Ha

TpyOOIIPOBO/IE Ha PACCTOSHUN MEXLY IBYMS IaTYMKaMHU
B 20-30 xM. OHH QHUKCHPYIOT BpeMs IOCTYIICHUS
CHTHana 00 yTeyKe M ¢ IOMOLIBIO AaHAIN3a BBIACHAIOT
€ro MECTOPACIIONIOKCHHE.

Hinpaseyroso AaTyim

Pucynok 3.3 — Cxema nH(ppa3ByKOBOW CHCTEMBI MOHUTOPUHTA TPyOOIIPOBOAOB
1 — nndpasBykosbie garanku MIII-001/MIIIT-002, 2 — xoxTposuiep MOIIC-001,
3 — KaHaJI TeXHOJOINYECKOH CBsi3H; 4 — cepBep; 5 — nporpaMMHOe obecIieyeHue.

IIpakTuka BHenpeHUs HHOPA3BYKOBOM CHCTEMBI
MOHHTOpPHHIa  TPyOONPOBOJOB HAa  KPYyIHEHIIHX
HedTerazoJoObIBAIOIIMX MPEANIPUATHAX —[OKa3bIBAET
3(h(EeKTUBHOCTh W TOMYJAPHOCTh JaHHOTO METOAa B
COBpeMeHHBIX peanusx. OOopyIOBaHHE pacIionaraeTcs
Ha MECTOPOXXICHUSX, I/I€ OINEPATUBHBIM KOHTPOJIb
3aTpyIHEH MPOTSHKEHHOCTHIO TPYOOIPOBOIHBIX CHCTEM.

BonpmM  npeuMyIliecTBOM — JJaHHOW — CHCTEMBI
SBIISICTCS JTMATHOCTHKA COCTOSHHS TpyOormpoBoma Ha
y4acTKax TIOABOAHBIX IIEPEXOJOB, UTO SABISAETCA
mpo06JIeMOit HCCIIeTyeMOr0 MECTOPOXKICHUS. Y CTAHOBKA
nH(Pa3ByKOBOI CHCTEMBI MOHHUTOPHHTA
TpyOOIPOBOJIOB TIO3BOJIUT B PEXHME PEaIbHOrO
BPEMEHH KOHTPOJIHMPOBAaTh COCTOSHHE CHCTEMBI U
pexuM paboThl TpyOOMpoBOJa, a TMPH TOSBICHUH
HEIITaTHBIX aBAPUHHBIX CUTYaLMi ONIEpaTUBHO NPUHSATH
MEPHI 110 €€ YCTPAaHEHUIO.

3AK/IIOYEHHUE

B xome pabGorel Obula  MpoaHaIM3UpPOBaHA
HaJIE)KHOCTH TPYOOTPOBOIHBIX CUCTEM MECTOPOKICHHUS
3amagaoit Cubupm, Ha KOTOPOHl JKCIUTyaTHPYyeTCs
cuctema tenemexanuku «FOHuOp-3».

O1leHKa PUCKOB [T0Ka3aa, 4To HanboJiee BEpOsITHBIM

CIICHApuEM pa3BuUTUA aBapuun SIBJIICTCA
pasrepMeTu3aIys TpyOOIpoBOIA 0e3
B3PBIBOIMOXAPOOIACHBIX  TOCIEACTBUN,  3HAYCHUE

nokasarens coctapnser 9,24-10* rox!. INocnencTereM
aBapuu SBIISCTCS pa3iiuB BeniectBa. Hanbonee omacHbIN
cueHapui pasrepMmeTH3anus TpyOOIpoBOma ¢
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00pa3oBaHHMEM U  B3PHIBOM  00Jaka TOIIMBHO-
BO3JIYIIHOM CMecH M BO3MOYKHOCTBIO 00pa3oBaHHUs
mokapa pasIUTHsA, 3HAUEHHME IOKA3aTels COCTABIISLET
2.35-10°rox".

C LEIBI0 TIOBBILIICHUS HaJIe)KHOCTH
TpyOOIIPOBOAHBIX CHCTEM, MpeaIaraeTcs yCTaHOBKA
nH}ppa3BYKOBOI CHCTEMBI MOHHUTOPHHTA
TpyOOIIPOBOZOB, ~ KOTOpas ~ IO3BOJIMT  CHHU3WTh

BEPOSITHOCTh BO3HUKHOBEHHUSI ABAPUIHBIX CHUTYAI[H,
Onarojjapss paHHeMy OOHapy>KeHHWIO yTeuek. [laHHOe
peuicHue IIO3BOJIUT MWHHUMH3UPOBATH BLIGpOCBI
3arpsI3HSIONIMX BEIIECTB B OKPYIKAIOILYIO CPejy.

CIIMCOK JIMTEPATYPBI

1. TOCT 27.102-2021 HaneXHOCTb B TEXHHKE.
Hanexxnocte oObekra. TepMuHBI M onpejaeneHus
HalUMOHaNBHBIMN cTanaapT Poccuiickoit denepauuu:
yrBepkaeH Ilpukazom degepanbHOro areHTCTBa IO
TEXHUYECKOMY PEryJIUpOBaHUI0 U MeTposoruu ot 8.10.
2021 1. Ne 1104-ct. — TekcT : 2IeKTPOHHBIH.

2. O TpOMBIIUIEHHOW ©€30MacHOCTH  OTMACHBIX
TIPOU3BOJICTBEHHBIX OOBEKTOB : (eepanbHbI 3aKOH
Ne 116-®3 : mpunst ['ocynapcTBerHoit xymoit 20 nioHs
1997 1. — TekcrT : 3MeKTPOHHBIN.

3. TOCT P 51901.1-2002. MeHEmXKMEHT pHCKAa.

AHanmu3 pHUCKa TEXHOJOTMYECKHUX  CHCTEM

rocyapcTBeHHbIM cTangapt P® : yTB. M BBeA. B

neiicrBue IlocranoBnenuneM I'occranpgapra Poccuu

ot 7 utons 2002 r. Ne 236-cT : BBe[I. BIIEpBbIE : JaTa

BBea. 1 centsiopst 2003 r. — TeKcT : INeKTPOHHBIH.



VK 351.861

Mapnenckuit Muxaun Jmutpuesud, ctyaest CI1O
OI'BOY BO «Benukosrykckasi rocyAapCTBEHHAsI CEIbCKOXO03SHCTBEHHAs aKaeMUsD»,
Benukue Jlyku, Poccus
182112, r. Benukue Jlyku, np. Jlenuna, 1. 2

NPEAYIPEXJIEHUE U JINKBUJIALIAA MOCJEICTBUNA YPE3BBIYANHBIX
CUTYAIIAI IPUPOJHOI'O U TEXHOT'EHHOT' O XAPAKTEPA

AHHOTAIUA

TlpenynpexaeHne u JUKBUIAUUS TOCIEACTBUN UYpE3BBIYAWHBIX CUTyallMid —

BaKHas TpoOJieMa HACTOSIIETO

BpeMeHH. OHa aKKyMYJHPYeT AeATSIFHOCTh MO pealn3alliil aBapHUifHO-CIIacaTeIFHBIX Pa0OT, OKa3aHWEe ITOMOIIH

MepCoHaTy |

HACCJICHHUIO, 4YTO IMPUBOAUT K COKPAIICHHUIO, IIOCTpaaaBIIUX M HOFI/I6HII/IX, YMCHBIIICHUIO

MaTepualbHbIX MOTeph M oOecneyeHnto (YHKIMOHUPOBAHUSI OOBEKTOB SKOHOMHUKH B YCJIOBHSX YPE3BBIYAHBIX
CUTyallMid. YBelnWYeHHI0 0e301acHOCTH CIIOCOOCTBYET
OTOBEIICHH U 00y4YeHHEe HaceleHHs W MepCcoHaNa NPEeANnpusITHH crocobaM 3alluThl, MPEJOCTABICHUE YOSKHUIL U
CpCACTB I/IHILI/IBI/I[[Y&HBHOﬁ 3allUThI. BnusiHue HeraTHBHBIX HOCHC}ICTBI/Iﬁ Ha XHU3HCACATCIBHOCTb, CKa3bIBAKOTCA

OTpHUIATECIIBHO

COBCPHICHCTBOBAHUC COOTBCTCTBYIOIMMU OpraHaMu

Ha (YyHKIMOHMPOBAaHHE TOCYIAPCTBEHHBIX M OOIIECTBEHHBIX MHCTUTYTOB. Kommpomucc u
NPUOPUTETHOCTh B cdepe OE30MacCHOCTH He JOMYyCTHUM. B perieHuH aaHHOM

MpoOJeMBbI JIOJKCH OBITh

HCKIIOYHNTEIHFHO KOMIUICKCHBII IOaXOd. B sTtoMm m 3akmouaercs AKTYaJIbHOCTb pa6OTLI.

1. MEPOIIPUSATHSA IO NPEAYIIPEXIAEHUIO
YPE3BBIYANHBIX CUTY ALIUI

OOBbEeKTOM pabOThI SIBISIFOTCS QJIMUHUCTPATUBHBIC
OTHOLICHMUA (JeATETbHOCTh) OPraHOB BJIACTH U
ynpaBieHus: B cdepe HEeNONMyIIECHHs Ype3BbIYaiHBIX
CUTyalluid W JUKBUAAIMM MX mocieAcTBuid. [Ipenmer
WCCIEJIOBAaHMSI 3TO MaTepHalbHBIE CpelCTBa HX
IrPaMOTHOE HCIIOJb30BAHUE MJISI JOCTIDKCHUS IeNei
IPY BO3HUKHOBEHUH YPE3BBIUANHON CUTYaIHH.

IIpenynpexxaenue  4ype3BbIYaMHBIX — CUTyaluil
BKJTIIOYaeT MEpONpUATHS, 3a0/1arOBpEeMEHHOT 0
XapakTepa, KOTOpbIe HAIIPaBICHbI Ha YMEHBIICHNE
pHCKa WX BO3HHMKHOBCHMSA, COXPaHCHHME XH3HH U
3I0pOBBSl JIFOJEH,  MHUHUMH3AIMd MaTepHAIBHOTO
ymiepba u ymiepba mpupoaHoi cpene. [Iposeaenwue
JAaHHBIX MEPOIPUATHI Bo3yaraercsi Ha (eaepanbHbIe
OpTaHbl HCIIOJHUTEIILHON BIIACTH, OPTaHbl CyOBEKTOB
Poccuiickoit @enepanuy, MECTHOTO CaMOYIIpaBJICHUS,

crpykrypamu PCUC u I'O.

CymHOCTP  MEpONPHATHH  3aKioJaeTcs B
MOHHUTOPHHT€ M IPOTHO3UPOBAHUM YpPE3BBIYAMHBIX
CUTYAIIH; pasMelleHNH  paldOHAIBHO
MMPOU3BOAUTCIIBHBIX CHUJI TIO TEPPUTOPUN C y4€TOM
0e30macHOCTH (mpupoHOW W TEXHOTEHHOW);
IIOBBIIIICHUHN TEXHOJIOTHYECKOMN 0€e301acHOCTH
MIPOIIECCOB MPOU3BOJICTBA u HaJIe)KHOCTH
obopynoBaHus, 4TO 3HAYUTEIHHO CHIKAET
BO3MOXHOCTh ~ aBapvii M TEXHOTEHHBIX KaTacTpod;

pa3paboTKe ¥ MPAKTUICCKON peanu3alii HHXEHEPHO-
TEXHUYECKUX  MEpPONPHUATHH, HANpPaBICHHBIX  HA
NPEJOTBPAIICHAE  YPE3BBIYAWHBIX  CUTyallid |
CMSMY€HHE HX MOCIEACTBUIA; JIeKJIapUpOBaHKe
MPOMBIIIICHHOW  O€30MAaCHOCTH,  JIMIICH3UPOBAHUE
JACATCIBHOCTH OMTACHBIX MPONU3BOJACTBCHHBIX 06’I)CKTOB;
B TMPOBEACHUH MEPONPUITHI MHGOPMHUPOBAHUS
HaceJIeHWsT W TIiepcoHalia OOBEKTOB 00 yrposax
4Ype3BbIYAWHON CHUTyallud; TMOATOTOBKE HACEJICHHS B
o0NacT\ 3amMTBl  OT YpPE3BBIYAWHBIX CHUTYaIIHH.
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Meponpustus JOKHBI POBOJUTHECS KOMITJIEKCHO
OJIHO HE JOJDKHO MCKII0YaTh Apyroe. Hampumep mpu
NPOTHO3UPOBAHUN W3BEPKEHUS BYJIKaHA, CIEAyeT
UMeTh BBHJIY, YTO 3TO SBIECHHE MOXET IIOBJICYh 3a
co0oli 3emieTpsAceHne, a nocieaHee IyHamu. Bee atu
SBIIEHHSI MOTYT  CIIPOBOLMPOBAaTh  TEXHOTEHHBIE
aBapuu. [lo3ToMy, 4TOOBI MHHMMHU3MPOBATh OINACHBIE
MOCIEACTBUS W W30€XKaTh JKEePTB  HEOOXOIMMO
JOOpPOCOBECTHO — MOAXOJUTH K  OCYIIECTBIICHHIO,
yKa3aHHBIX Bble, Meponpustuil. Ocoboe BHMMaHHUE
cleyeT oOpaTUTh Ha HCIPaBHOCTh OOOPYIOBaHUS,
OCYIIECTBISIOMIET0  MOHHTOPHHI ¥ OOydeHHe
HacelleHus (TIepcoHana MpeAnpUsTU).

B kaxnoil cdepe BO3ZMOXKHOCTH BO3HHUKHOBEHHUS
Ype3BbIYANHON CUTYalUH CYLIECTBYIOT CBOU
crenn(pudecKue MepoIpuaTHSI.

[Ipy mnoBBIIEHUM YPOBHS BMNHUIAEMHOIOTHYECKOH
0€301MacHOCTH - 3TO HMMMYHONPOQHIAKTHYECKHE |
MEpONPUATHS JKCTPEHHOU MIPO(UIAKTHKH,
HAINpaBICHHBIE  HAa  IOBBIIICHUE HMMYHHUTETA
OpraHu3Ma, IMOCTOSHHBIM KIMHUKO-JUarHOCTHYECKUI
MOHHMTOPHHT CTAllMOHAPHO OMNACHBIX  IyHKTOB U
CEIBbCKOXO03SIMCTBEHHBIX YTOJIUH. Bgenenue
KapaHTWHa, BaKIMHAIMA W KOHEYHO pabora C
HaceneHWeM. He TmOHMMaHHWE JIIOJBMH Ba)KHOCTH
JAHHOTO MEPOTIPHATUS MOKET BBI3BATH BOJIHEHHE B
00IIIeCTBE T.€ YPE3BBIYANHYIO CHTYAIHIO COIMAIBHOTO

Xapakrepa.

B METeopoJIoTHYecKoil  cepe: MIOJTHOE
nHQOPMHUPOBAaHUE TOCYJNApCTBEHHBIX W  MECTHBIX
OpraHoB BJIaCTH O BO3MOXHBIX OTIACHBIX

METEOpOJIOTHUECKUX OypH, yparaHel CMEpYd H T.X.)
SIBICHUSIX; MPHUMEHEHUE MEePeIOBbIX TEXHOIOTHI Mpu
MIPOTHO3UPOBAHUN U 00PabOTKH MOITYYEHHBIX TaHHBIX;
MIpUMEHEHNE YHUCIIOBBIX Mozenen pa3BUTHA
aTMOc(epHBIX IPOLECCOB; CO3AaHHE CHCTEMBI
MojenupoBaHus mapamerpoB UC, cOrIacoBaHHBIX C
(aKTHYECKUMH U TIPOTHO3UPYEMBIMH, a TaK XKe



aTMOC(l)epHLIX npoueccoB BCIIMYMHAMU
METCOPOJIOTHICCKUX IJIEMECHTOB U SIBJICHUI.

IIpu ceiicM00e30IacHOCTH: NIpEACKAa3aHUue
3eMJICTPSICEHUH B pe3ylpTare  CeHCMMYECKHX
HaOMIOAGHWH W aHaiIM3a WX  pe3yNbTaros;

IIPOrHO3UPOBAaHUE MECTA BO3HUKHOBEHHE, BPEMEHU U
CHJIBI 3EMJIETPSICEHUSI M OIOBELICHHE O pe3yJbTaTax
COOTBETCTBYIOIITMX  OPraHoB;  co3gaHWe  OaHKa
reo@u3nMvecknuX JaHHBIX M olecredeHHne  OOMEHa
nHpoOpManyel; MPOU3BOJACTBO pabOT IO CO3IaHHUIO
WH)XEHEPHBIX  COOPYXEHHH B  CEMCMOOMACHBIX
palioHax. IIpu peleHuu BOIIpoca o
NPEIOTBPALLECHUIO OIOJI3HEN u 3aTOIICHUI
MPOBOIUTCA: MOHMTOPHUHI MECTHOCTH, TJI€ HMEETCs
pHUCK 3aTOIUICHUH, OIOJI3HEHN TPYHTa,
pa3pabaTbIBaloTCs KOMIIETEHTHBIMU opraHamu
MEPCHEKTUBHBIE HWHCTPYKIHUH HAayYHO-TEXHHUYECKOIO
obecmeueHUs MEPOTPUATHI 1o JIMKBUJTALIUN
3aTOIUICHUN; pa3padaThiBaeTCs JOKYMEHTAllUsS U
MIPOU3BOJUTCS CTPOUTENBCTBO 3AIIUTHBIX COOPYKEHUI
pa3IMyHOrO  XapakTepa M  OCYIIECTBISIETCS  HX
00CITy’)KHBaHHNE B COOTBETCTBHH C PErIIAMEHTOM;

Jns npenynpexneHuss HaBOJHEHHUN: YKPEIUIAIOTCS
A MOJEPHU3UPYIOTCS T'MAPOTEXHUYECKUE COOPYIKECHUS
B OacceifHaXx peK; YCTPaHAIOTCS MPENATCTBUA B
OMAacCHBIX ydYacTKaX pycila OT Mperpaj; MPOU3BOAUTCS
MIOJTHOE OCHAIIIEHUE THUIPOMETEOPOJIOTHIECKOH
CITyKOBI HEOO0XOAUMBIM 000pyIoBaHHEM;
pPEryJIMpPOBAHUE HCIOJIb30BAHUS 3€MENb B MECTax
MEPCIEKTUBHOIO 3aTOIICHUS.

Hdus  obecniedeHMst TOXapHOHW  OE30MACHOCTH:
CO3/IalOTCS CHCTEMBl HAONIOACHUS (BU3yadbHOTO U
TEXHHYECKOTO IUIaHA) M OOHapyXeHHS O0YaroB

TOpEHUs " OTIEPaTHBHOTO TIPEOCTaBICHUS
napopmanmu  MYC; ocymiecTisercs ¥ KOHTPONIb 3a
HUCIIOJTHCHUECM 3aKOHOIATCJIbCTBA, BCIOMCTBCHHBIX

aKTOB [0 4YacTW CAaHHUTApHON BBIPYOKH JIECHBIX
MacCHBOB, CO3JAIOTCS IPOTHUBONOYKAPHBIE IIONOCHI B
Jecax; OCYIIECTBIIIETCS MaTepUabHO-TEXHUUYECKOE
OCHAIIIEHUE CITy>KO NMPOTHUBOIIOKAPHOW OXpaHBI, a TaK
K€ TIOATOTOBKA CIICIIMAIMCTOB B IAHHOM cdepe.

Ecmm  wemoBek He  MOXET B OCHOBHOM
OPEJOTBPAaTUTh  OMNACHBIE  NPUPOJIHBIE  SIBICHUU
BeAyllMe K Ype3BbIYAHOW CHTyallud, TEXHOTCHHBIE
aBapHUU B YEJIOBEYCCKUX CUJIAX UCKIIHOUYMTD.

st mpenoTBpallieHUs] 4Ype3BbIYAMHBIX CUTyalUil

TEXHOTEHHOTO  XapakTepa  MPOBOIATCS  TakKue
MEpPOTPHUATHS KaK KOHTPOIIb 32 COOTIOJICHHEM TEXHHUKH
0e30MmacHOCTH Ha  NPEANPHATHAX, JODKHOCTHBIX
UHCTPYKLUUH, TPYyAOBOM JMCLUUIUIMHBI, IOXapHOH
0€30IaCHOCTH, TIPOBOTUTCSI MOBBIIIEHUE
KBaIM(pUKAIMK  COTpyIHMKOB. Bo mmaBy yria
CTaHOBUTCS HeJOMylIeHUue HapyIIEeHUs
TEXHOJIOTUYECKOTO npouecca, paboTsI Ha
HEHCIIPABHOM M M3HOIICHHOM 00OpYy/lOBaHHE

000pyIOBaHUH U T.1I.

Henp3st 000WTH BHUMaHHEM U TaKyl aKTYaJIbHYIO
mpo0JIeMy COBPEMEHHOCTH Kak Teppopu3M. JlehcTBus
TEPPOPUCTOB MOTYT IPHUBECTH K 4YpE3BbIUANHBIM
CUTYyalUsIM HE TOJIbKO TEXHOT'€HHOT'O XapakTepa, HO U
COLIMATILHOTO. Hns NIPEAOTBPALLEHUS
TEPPOPUCTUUECKON YIpO3bl pa3paboran psn

62

MEpONPUATHH, KOTOpbIE MIOCTOSIHHO
COBEPILEHCTBYIOTCSI U JomosHsATcsI. K TakoBBIM
MEpONPUATHSIM, Ha MOI1 B3IJI, OTHOCATCS: yTOUHEHHE
nepeyuHsi OOBEKTOB CHCTEM >KM3HeoOecleueHus, MECT
MacCOBOTO CKOIUICHMS TIOJeH (IIKOMIbI, JETCKUE Cajpbl,
TEaTpbl, CTAJAMOHBI, PBIHKH, NPEINPHATHS W T.1.)
Hamboee BEPOSTHBIX Ml MPOBEACHUS HAa HHUX
TEPPOPHUCTUIECCKUX aKTOB; pa3paboTka Ha OO0BEKTax
SKOHOMHKH  MEpPONPHATHA MO  MPEAOTBPAIICHHIO
HECaHKIIMOHNPOBAHHOTO TIPOHNKHOBCHHUS
MOCTOPOHHUX JIMI W IPOTHO3MPOBAHHE BO3MOXKHBIX
ype3BbIUYAMHBIX CUTyallud Ha HHUX B ClIydae
TEPPOPUCTUUECKUX AKTOB; MOJIrOTOBKA CIELUAIBHBIX
pa3BelbIBaTEIbHBIX TPYHN JUIA OOHApyXEeHUs |
UACHTH(UKALIMY OTACHBIX BEIIECTB, HCIOJIB30BAHUC
KOTOPBIX BO3MOKHO npu COBEpILEHUU
TEePPOPUCTUUECKUX AaKTOB; pa3paboTKa CIEIHaTbHBIX
MEpONPUATHH MO OOHAPYKEHHIO M 00E3BPEKUBAHHIO
CpenCTB COBEPIICHUS TEXHOJIOTHYECKHUX
TEPPOPUCTHUECKHUX AKTOB.

B kxauecTBe mMpoUIAKTHYECKUX MEp Ha OOBEKTax
HEOOXOANMO HCIIOJIB30BAThH CIEAYIONIEe: YKECTOUCHHUE
HPOMYCKHOTO PEXHMa IMpPU JOMyCKEe Ha TEPPUTOPHIO;
YCTaHOBKA  CHCTEM  CHUTHAIM3allMH, ayAuo |
BUCO3AIMCH; TINATENbHBIH TOAOOP U IpoBepKa
KaJpoB; HCIOJNb30BAaHHE CIIELUAIBHBIX CPEACTB H
npuOOpOB  OOHApYXKEHUS  B3PHIBUATHIX  BEIIECTB;
OpraHu3anyss ¥  IPOBEJEHHE  COBMECTHO  C
COTpPYTHHKaAMH MPaBOOXPAaHUTEIHHBIX OpTaHoB
WHCTPYKTaXXE€H W TNPaKTHUECKUX  3aHATHH  C
pa0oTaromM  NEpCOHAJIOM;  PErYJSIPHBIH  OCMOTP
TeppuTopuil M nomeuienuil. He ManoBakHyro pouib
urpaeT m oOyueHHWe TpaKIaH JCHCTBHAM B Ciydae
3axBara B 3aJ0XKHHUKH, IIPU OOHApYyKEHHH OECXO3HBIX
MOCTOPOHHUX MPEIMETOB, IEHCTBHAM IIPHU B3pbIBAX, a
TaK K€ OKa3aHUIO MEePBOA MEIUIIMHCKOI MOMOIIU

IlomBons depTy MO BBIMIECKA3aHHBIM  CIEAYET
OTMETHTh, YTO TOJBKO KOMIIJIEKCHOE MPOBEICHHE
MEpOTIPUATUH TIO3BOJIUT JIOCTUTHYTH pe3yjbTaTa IIo
HEJIONMYIIEHNI0 WM MUHUMH3aIMM  MaTepPHUaTIbHOTO
yuep6a, COXpaHEHHIO YeJIOBEYECKUX JKU3HEH, CTporoe
BBINIOJIHEHNE CBOMX O0s3aHHOCTEHl B 3TOH cdepe
JIOJDKHOCTHBIMH JINIIAMH U TIPOCTBIMH TPAXKIaHAMH.

2.MEPOIIPUATHUSA 110 IMKBUIALIAH
MOCJIEACTBUU YPE3BBIYAUHBIX

CUTYALIUI

JIukBumanusa Ype3BbIYaHBIX CUTyalul
MPOBOAMUTCS C LEJIbI0 CIACEHUsl >KU3HU  JIIOJEH,
MHUHUMU3AUKA  ymepba OKpyKaromen cpeae u

MaTepHAbHBIX IIOTEPh, a TAKXKE JIOKATM3AIMH 30HBI
Yype3BbIUAHON CUTyallUM, TMpeKpalleHus JIedcTBus
OTIacHBI (PAKTOPOB.

MeponpusTus HamnpaBiI€Hbl Ha BBIIOIHEHUE, B
YaCTHOCTH, CIEIYOLINX 3a1a4: CHIDKEHHE
BO3JICHCTBUS ONACHBIX SBJICHUH, KOTOPbIE YTPOXKAIOT
JKU3HU JIIOJEH, NMPUPOJHON cpele; CHACEHUE >KU3HU
JFOJEH; JTOKATU3aLus OMACHBIX 30H; 00ECIICUCHNE BCEM
HEOOXOIUMBIM HaCeJICHHS; BOCCTaHOBJICHUE
pa3pyLIEHHBIX 31aHUE, COOPYKCHUH, TEXHUKH , CUCTEM
KHU3HE0OECIICUCHUS HACETICHUS.

Kpome »sTOro cuemyer ckasaTb, 4YTO CYIIHOCTh



JaHHBIX MEPONPHSTHI 3aKII0YaeTcs B BBIIBICHUS
BUJA  YpE3BBIYAHONW  CHUTyallMu, OOHapy)KeHHs
WCTOYHHMKOB OMNAaCHOCTH, OIpeJeNieHus] Maciutaba u
TPaHMIBI 30HBI, HEMPEPHIBHBIH KOHTPOJIb OOCTaHOBKH

B 30HE Upe3BBIYaWHONW CHUTyallud; IpOBEACHUE
aBapUifHO-cIIacaTebHBIX paboT. Tak e crona ciexyer
OTHECTH IIJIAHUPOBAaHHE, IOATOTOBKY, PEaTN3aIHIO
MEpOIPUATUH Ype3BbIUalHbIX CUTYaLUH.
IInanupoBanue MEPOTIPUATHI JIOJIKHO
OCYIIECTBIATBECS 3apaHee. OCHOBOW IITaHUPOBAHUSA

ABJSIETCS TIPOTHO3MPOBAHME W aHAIN3 OOCTAaHOBKH Ha
KOHKpPETHON TEPPUTOPUH, a TaKXKe C YUETOM YCIIOBHH,
0COOCHHOCTE! M BO3MOMKHOCTEH, IO OpraHu3anuu
3aILUTHI HACEICHHUS.

B ciyyac BO3HHMKHOBEHUS YrpO3bl 4YpE3BBIYAWHOMI
CUTyallUu, IS 3alUThl HACEJIEHUS OCYILECTBIISAIOTCS
CIEIyIOIIMEe MEPONpPUATHS: IPOBEPKA T'OTOBHOCTHU
CHCTEM U CPEJCTB ONOBEIICHUS, YIPABICHUS U CBA3H;
NPUBEICHUE B TOTOBHOCTb CHI M CPEACTB 3alIUTHI;

BbIJa4a  HACENEHUIO  CPEACTB  HMHIMBHIYalbHOHN
3aILUTHI; MpOBEACHHE CaHUTapHBIX u
MPOTHBOBNUIEMHYECKHX MEPONPHUIATHIN; NOATOTOBKY K
9BaKyallMd, U3 palloHOB, KOTOPBIM  yTPOXKaeT
OIIACHOCTb.

PyxoBoaut pabotamu o JUKBUAALUU

Ype3BbIYAaHON CUTyaluu, B COOTBETCTBHM CO CBOEH
KOMIIETCHIIMEH JOJDKHOCTHOE JIMIO Ha3HAaYeHHOE
OpraHaMH MCIOJIHUTEIBHOM BIACTH. DTH MEPOIPUATHUSL
OCYIIECTBIIICTCS B TPH JTala,

Ha mepBoM »Tame OCYIIECTBISIOTCS ~ MEPHI IO
3amuTe HACEJICHHUS, o HEJIOTYIIICHUIO
MPOTPECCUPOBAHHS YPE3BBIYANHON CHUTyallmd M ee
MOCJIEICTBHH, Ppa3BepTHIBAHHIO aBapuiiHO-
cnacatenbHBIX paboT. [IpoBommTcs omoBerieHne 00
OMaCHOCTH;, HAIIOMMHAIOTCS IPaBHJIa HCIHOJIH30BAHUE
CPEICTB 3aIlUTHl; COOMIONCHUS TMPaBMI ITOBEJCHHUS;
9BaKyalldH; JIOIOJHUTEIBHO Pa3bACHAIOTCS IpaBHiIa
NPUMEHEHHE CPENICTB MEAUIMHCKONW MPO(UIAKTUKY U
OKa3aHuE€ NEPBOU MEAUIIMHCKONW MOMOIIH.

Ha Bropom arane C LENbI0 HENOIYIIEHUs
Pa3BUTHA U YMCHBIICHHUS TTOCIEACTBUI Upe3BhIYaiiHON
CUTYyaIluu TIPOBOTUTCS 175: JIOKaJH3aIns,
MPUOCTAHABINBACTCA TEXHOJIOTHMYECKHI IIpOIlecC Ha
MIPOM3BOJICTBE, IPUBOIATCS B TOTOBHOCTH IIOKapHEIC
koMaHbl. [IpyHUMArOTCS Mephl MO HEJOMYILIEHUIO B
pafioH TOpaXeHWs TPeTbUX JHI (TIOCTOPOHHUX),
peryjiupyercsi  JBH)KEHHE. Ocoboe  BHUMaHUE
yAeTSIeTCsl TPEIOTBPALICHUIO NAaHWKH, WHGpOpManun
HacelmeHns 00  oOCTaHOBKE,  yKa3aHUSAM U
pEeKOMEeHAAIMsAM O TopsiAKe ero moBereHus. OIHAKO
MoJTHAs HH(OpPMAIHS 0 TOM, YTO CIIyYHIIOCH HE BCETIa
HOPEJOCTABIACTCS C LENbI0 HEJONMyIIEHHUsS IaHUKU.
Mo3keT 3T0 U BEPHO, HO JIIOAM JOJDKHBI 3HATH MPaBay!
Onnako 3aueM? I'JaBHOe 4YTOOBI BCe OBLIU JKUBBI, a
notoM paszbepemcs. [l 3TOro  Jydmie  4eTKO
BBINOJIHATh YKa3aHUS U MEHbBIIE 33JaBaTh BOIPOCOB.
Bomnpocs! motoM (MeHbIIIe 3Haellb KPerde CIUIIb)

W Ttak, ocHOBHas 3ajada BTOPOTO 3Tama 3TO
aBapUifHO-CIIacaTeIbHBIE U BOCCTaHOBHTEIbHBIC
pabotel. OHHM  TIPOBOIATCS  MApPALICIBHO  C
MEpPOTIPUATHAMH IIEPBOTO Talla 110 3aIIUTe HACEICHHUS.

Ha Tperpem sTame OCYIIECTBIAIOTCSA 3aadydl IO
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obecneueHuto MOCTPaJaBIIEro HacCeleHHs
nmpeAMeTaMH  IepBoil  HeoOXxomumoctd  (Bona,
MPOXYKTHl MHUTAHWS, NPEIMEThl JMYHOW T'MIHEHBI,

JeKapCcTBeHHbIe cpeacTBa U T.A4.) IlpoBoasTcs Taxke
aBapuitHO-BOCCTaHOBUTENbHbIE paboTel. Ha naHHOM
JTale HMEIT MECTO CIEeIyIOIHUe MEPONpPUATHS:
pacripesieleHle TOCTPaJaBLIEr0 HACENEHUS B MECTax
BPEMEHHOTO TPEObIBaHUS, OKa3aHWsA IIOMOIIM B
JOCTaBKE MX K POJACTBEHHHKAaM B O€30IaCHOE MECTO;
obecrmeueHne JIOAEH MEIUIIMHCKON TOMOIIBIO H
TPyAOyCTpoiicTBOM; obecredeHrne (HyHKITHOHNPOBAHNE
MPEANPUATHH  CBSI3aHHBIX € JKU3HeoOecleueHHeM
(KOMMYHAaJIBHOTO XO03sHCTBa, TpaHCHOPTA,
YUpEKACHUH 3ApaBOOXpaHEHNs); OpraHU3aLus yueTra u
pacnpeneneHus MaTepuabHOU MIOMOIIH,
BOCCTAQHOBJICHHE JIOKYMEHTOB; MIpOBEICHUE
CaHUTapHO-TUTHEHUYECKUX  IPOTUBOIUAEMUYECKUX
MEPOTIPUATHIH. D¢ dexruBHOCTH MEpONPUATHI
JOCTUraeTCsA: MOJArOTOBKOM,  NPHUBEIECHHEM B
TOTOBHOCTb OpPraHOB YIPABIEHHs, CHUJI U CPEICTB K
JEUCTBUSAM npu Yype3BbIYATHON CUTYalINH;
pearupoBaHHEM Ha BO3HHMKHOBEHHE Ype3BbIYAHON
CHUTyallud, IPUHATHEM pEUIeHHs Ha JHUKBHIAIHIO
ype3BblUaitHOM cutyanuu. CrnegyeT 3aMeTHTh, YTO

JOJDKHBI TIPUHUMATBCS BCe HeoOXxommumble Mepbl 110
HEOONMYIICHUIO BO3HUKHOBCHUS qpesquaﬁme
cuTyanuid. ITO B MEPBYIO OYepe/b KOHTPOJIb Kak 3a
pa6OTHI/IKaMI/I TakK u JOJIDKHOCTHBIMH JIMIaMu.
OOyueHue HaceJIeHUs U COTPYHUKOB MPEANPUITHI He
JOJDKHO HOCHUTH (hOpMalIbHBIA Xapakrtep, CJIeayeT
[POBO/IUTHh BHE3AIHbIE MPOBEPKU MO JEHCTBHIM B
YCIOBUSIX BO3SHUKHOBEHHSI UPE3BBHIYANHON CHUTyalluu C
MOCJIEAYIONMM  TIOJIHBIM ~ pa3bopom.  Hacenenue,
MPOKUBAIONIEE B ONACHBIX 30HAX JOJDKHO HUMETh
COOTBETCTBYIOIIME CPEACTBA chaceHus (3aluThi),
yMeTh HMH TIOJIb30BaThcs. B mroboM  ciydae
HeJIonycTHMa paboTa Ha HEMCIPABHOM 000pY/JOBaHKH,
HapyIIeHUe TEXHUKHU 06e30macHOCTH,
TEXHOJIOTHYECKOTO npotecca u KOHEYHO,
KBaJTH(UKALKMSA COTPYJAHHKOB HMEET HE MOCIeIHEee

3HaueHue. Hapymenue paBHOBecHs B IPUPOJHOU
cpele B pe3ylbTaTe AEATENbHOCTH 4YeIOBEKAa MOXKET
NPUBECTH K  YCWIEHHUIO ONACHBIX  IPUPOAHBIX
Bo3zeiicTBUil. B pesymbraTe  BBRIpyOOK  JIECOB
BO3pAcTaeT  aKTUBHOCTb  CEleH,  yBeIMYMBAETCS
KOJIMYeCTBO  MaBoAKkoB.  [lapHukoBblii  addekt
BBI3BAHHBIX  IMPOMBIIUIEHHOCTBIO U CEJIBCKUM

XO3STMCTBOM, TPAHCIOPTOM TPHBOAWT K IMOTEIUICHHIO
KIUMaTa IUTAaHEeThl, W3MEHEHHIO YPOBHS MHPOBOTO
OKeaHa, Tai(yHaMm, cMepyaM ¥ JAPYTUM OIACHBIM

SIBJICHUSIM .
IIpuponnble mponecchl MNPOTEKAlOT B E€IUHOU
NIPUPOAHON CHCTEME, MIOTOMY CYIIECTBYET

B3aMMOCBSI3b MEXIy NPUPOAHBIMH KaTacTpodamu. B
YaCTHOCTH,  BBIABJICHA  TECHash  CBA3b  MEXKAY
3eMIETPSICEHUSIMH U I[yHaMM,  TPOIUYECKUMU
LUKIOHAMM U HaBOAHEHHsIMH. Hepenko npuponHsie
KaTacTpo(dbl MPUBOIAT K TEXHOTCHHBIM U COLIMAIEHBIM
uype3BbUAlHBIX cuTyanuil. Hampumep, 3emuerpscenus
BBI3BIBAIOT IOXKaphl, B3PBIBBI TPAaHCIOPTUPYEMOIO
ra3a, BO3ropaHHe HE(TECKBa)XUH, HMPOPBIBBI IIOTHH.



Bynkanndyeckne W3BEpKCHHS MOPAXKAIOT MAcTOMUINA,
MPUBOJAT K THOETIH CKOTa, FOJIOJY, MOTYT MPUBECTH K
aBUAIIMOHHBIM KatacTpodaM. [laBOJOK BBI3BIBACT
3arpsi3HCHUE MOYBCHHBIX BOJ YIAOOPCHHUSIMH U WHBIMHU
XUMHKAaTaMH, OTPaBJICHUE KOJOMAIEB, a TaKKe
BO3pOXKICHHE WHQEKINH, 3a00eBaHUN B CBSI3H C
pa3pymeHneM CKOTOMOTHIIHbHAKOB.
YenoBedecTBO HaKOITHJIO
MIPOTHO3HPOBAHUS TIPUPOTHBIX KaracTpod H
JMKBHOAIIMM uX rnocienctsuii. OpHako  Jr0ObIE
JICHCTBUS TPOTHUB CTUXUIHBIX MPUPOMHBIX IPOIECCOB
TpeOyroT  TIyOOKHMX  3HAHWA  MEXaHU3MOB  HX
MPOUCXOXK/ICHUS, XapaKTepa IMPOTCKAHUS W YMEHUS
CIPOTHO3HPOBATH BO3MOXKHBIC TIOCIICCTBUSI.
IIpupomHpie mporecchl NPOTEKAIOT B CAMHOM
MPUPOIHO CHCTEME, O3TOMY
CYIIIECTBYET B3aUMOCBSI3b MEXKTY MIPUPOIHBIMH
katacTpoamu. B 4acTHOCTH, BBISBIICHA TECHasl CBS3b
MEXIY 3EMIICTPACEHISIMA U IIyHAMH, TPOIMHUYSCKUMHU
OUKIOHAMH, HABONHEHWsIMH. B mrobom  ciydae
NPUPOAHEIE W TEXHOTCHHBIC KaTaKIH3MEI. Onu
MPEICTABISIOT IJIS YEIOBEUECTBA OIMACHOCTh. B memsix
YCTPAHEHHUSI TaKOBOW MPOBOIATCS KaK MPHUBCHTHUBHBIC
MEpOTIPUSTHS, TaK U OIEPATUBHBIC IO JIUKBUIAIIUH
MOCJIEICTBUIN, OHMU MpaBUJIIbHBIE M Ha HACTOSIIHUNA
MOMEHT HCYCPIIBIBAIOIIME. XOTs KH3Hb HE CTOUT Ha
MECTEe M IIOSBATCS HOBBIE, XOTEJIOCh OBl HE IOCIE
9ype3BbIUaiiHOil cuTyanuu (OHH OBUIM MEPEYHCIICHBI
Barre). [Ipobmema B MOOPOCOBECTHOCTH BBITIOTHEHUS
WX JOJDKHOCTHBIMH JIMI[AMH, & TaKkke B CEPHhE3HOM
OTHOWICHNN HaceleHus. CIenyromuil MOMEHT, 3TO
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TEXHHYECKOE 00ecIedeHue MeponpHusThii. B mnanHOM
cllyyae He IOCJEeJHEe MECTO UrpaloT HaydHbIE
pa3paboTKy, OHU JOJDKHBI BHEAPSTHCS B MAaKCHMAJIbHO
KOPOTKHE CPOKHM, a He JIe)kaTh Ha ToNkax. Benap Ha

KapTy IIOCTaBlIeHa J>KM3Hb JIIojiel, OJsaromoiyuue,
(GYHKIMOHMPOBAaHUE HSKOHOMHKH W (DHHAHCOBOI
CHCTEMBl, ¥ B KOHEYHOM HTOI'€ CIIOCOOHOCTD

TOCYZapcTBa BHINOIHATH CBOE IPEIHA3HAYCHHE.

BesomacHocTh mrozeit Ha M0OOM OOBEKTE B Ciydae
Ype3BbIUAHHONW CUTyallud 3aBUCUT HE TOJIBKO OT
NPUHATHUSL PELICHUN PYKOBOACTBOM, HO M KaXKAbIU
COTPY/JHHK MHAWBUIYaJIBHO JIOJDKEH 3a00ThCsI O CBOEH
OezomacHoctu. IloaToMy  jOBeJeHHME  OCHOBHBIX
JOKYMEHTOB (MHCTPYKIMS IO TEXHUKE 0E30I1acHOCTH,
JOJDKHOCTHAsE WHCTPYKIMS, BEJIOMCTBEHHBIE NPHKa3bI
U TJ.) JO0JDKHO OCYLIECTBISIThCS HE (OpPMaNBHO.
JIokyMeHThI HEOOXOAMMO JaBaTh pPabOTHUKY st
n3ydeHus. ToNbKO  TOCIE  TIPHHATHS — 3a4ETOB
KOJUIETHAJIbHO, B TOM 4YHCIE€ U TIPAKTUYECKHX,
Jomyckate K pabore. [lo okasaHmio mepBoit
MEIUIIMHCKOHN TTOMOIIH JTOJDKHBI IIPOBOIUTHCS 3aHATHS
1 TOXE C IPUHATHEM 3a4€TOB. YUECHUS M TPEHUPOBKHU
JIOJDKHBI IPOBOJIUTHCS Ha O0BEKTAX PETYISIPHO.

JlanHast TeMa He MOXET OBITh 3aKphITa B CBS3H C
OTrpaHUYEHHBIM 00BeMOM paboTsl, NI03TOMY
HeoOxoaumo Ooniee AeTalbHOE MNPOJODKEHHE I10
Ka)XJ0My 0003Ha4YeHHOMY BOINPOCY C MPHUMEHEHHEM
Hay4yHBIX pa3pabOTOK, B TOM YHCIIE U TEXHUYECKOTO
Xapakrepa.
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OIEHKA YCTOMYMBOCTH NPOMBIIIJIEHHOI'O OFBEKTA IIPH UC
MMPUPOJHOTI'O U TEXHOTEHHOI'O XAPAKTEPA

AHHOTADUSA

B nmamHOit pabore OBUT TIPOW3BENCH AaHAJH3
HOPMaTHBHO-TIPaBOBO JOKyMEHTAIIWH,
CTaTHCTHYECKHX TAHHBIX 0 YPE3BBIYANHBIM CUTYAINAM
NPUPOJHOTO M TEXHOTEHHOTO XapakTepa, a TakkKe
OIIEHKAa YCTONYHMBOCTH MPOMBIIIUIEHHOTO XapaKTepa Ipu
Ype3BBIYANHBIX CUTYaIUsIX MPUPOTHOTO u
TEXHOTEHHOTO XapakTepa.

OOBEKTOM HCCIIEIOBAHHS B IAHHOW paboTe SIBISETCS
AO «I"aznpomuedTs — MockoBckuit HIT3».
1. OCHOBHASA YACTb
1.1 BBenenue

B Hacrosimiee BpeMsi HEBO3MOXHO TIPEICTaBHTh
KHU3HB YeJI0BeKa 6e3 MIPOMBIIICHHON
MH(PACTPYKTYPHI, KOTOPAsk COCTABISIET KPYIHYIO YacTh
poccuiickoit 3koHoMuKU. Ha Tepputopun Poccuiickoii
denepanuy HaAXOIATCS COTHH THICSY MPOMBIIUICHHBIX
MPENPUSITHH, KOTOPBIE HApalIUBaOT CBOM MOIIHOCTH.
C opHOIl CTOpOHBI, MBI IOJIy4aeM YBEJIWYECHUE
KOJINYECTBA U Ka4eCTBA TOBAPOB, HO C JIPyroil CTOPOHHI,
NPEANPUSITHSL  YBEJIMUUBAIOT I[TOTEHIMAIBHBIA yiiepo,
KOTOPBII OHM MOTYT HAHECTH B CIIy4ae BOSHUKHOBEHUH

aBapHuu.

Bmecte ¢ mporpeccupyromeid  1eATEIbHOCTbIO
YeJloBeKa NPOUCXOJUT M TIIO0AIBHOE W3MEHEHHE
KIMMaTa, KOTOpOE€  MOXET  CTaTb  NPUYUHOMN
BO3HMKHOBEHMSI CTHUXUHHBIX OencTBuil. B pesymbrare
00BEKTHI MOTyT YTpaTHUTh YCTOHYHBOCTb.
HeycroiiunBoe  (yHKIMOHMPOBAaHUE  MPEIIPHUSITHIA

MOJKET CTaTh IPUIMHON TMOENI OTPOMHOTO KOIUYECTBA
JIIOJEH U CEPbE3HBIX 3arPSA3HEHUN OKPYXKarOIIeH Cpenbl.
B cBmm ¢ otumm  dakropamu, obecnedeHue
YCTOWYMBOCTH TPOMBIIIICHHBIX OOBEKTOB SIBIISIETCS
NPUOPUTETHOH 3aauel Tocy1apcTBa.

3a mocieqHME TOABI KOJMYECTBO IPHUPOAHBIX U
TEXHOT'€HHBIX KaTacTpod) CTPEMHUTEIHLHO BO3PACTaeT.

B Poccun nouru 60% HaceneHuss MOTyT MONAcTh B
30HYy pHCKa B pe3yJIbTaTe aBapuii Ha OMAaCHBIX 0OBEKTaX
Y npupoHbIX OencTBuil. OOmuMit MaTepuanbHbIHA yepo
ot YC B 2021 roay cocraBun 47 866,554 muH. pyOnei
[1].

1.2 AkTtyanbHOCTH

Ouenka YCTOWYHUBOCTH (YHKIIMOHUPOBaHUS
npeanpusTuil pernmamenTupoana MUC u obs3arenpHa
JUIL  BCEX  CTPAaTerHYecKHX OOBEKTOB,  OMAaCHBIX

MPOMBIIIICHHBIX W YHEPTETHYECKUX 00BEKTOB. [2]
1.3 Ilean mpoBeaeHNUsI HCCAeTOBAHMS

Lenpto paboOTHl SIBISACTCS OLCHKA YCTOWYHMBOCTH
(YHKIIMOHMPOBaHUS AO «["azrpomueTH
Mockogckuii HIT3».
1.4 3apaum
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Jost JOCTHIKEHHUS IIOCTaBJIEHHOU
cOpPMYIIPOBAHbI CIEAYIONINE 3aAa4H:

AHanu3 HOPMAaTHBHO-IPAaBOBOM [OKYMEHTallUUd B
00J1acTH yCTOWYHNBOCTH IPH YPE3BBIUANHBIX CHTYAITHIX;

O030p 1 aHATTN3 METOIMYECKUX YKa3aHHUIH 10 OIICHKE
YCTONYHMBOCTH;

OreHKa yCTOMYMBOCTH BBIOPAHHOTO NMPEANIPUATUS U
pa3paboTka MEpONPUITHI o MIOBBIIICHUIO
YCTONYHMBOCTH.

2.1 AHAIU3 HOPMATHBHO-NIPABOBOIi 0a3bl B 00J1aCTH
YCTOHYHMBOCTH NPH YPe3BbIYAHHBIX CUTYALMAX

B xone ananmmsa 3axkonomarensctBa PD B oOmact
YCTOMUMBOCTH  HPH  YPE3BBIYAMHBIX  CHUTyalUsX
YCTaHOBIIEHO, 4TO Bonpocst obecrieueHus
OezomacHocT HaceneHuss W Teppuropun ot UC
pelmarTcs Ha BCEX YPOBHAX BIACTH: HA4YMHAS OT
IIpesunenra P®, 3akaHuuBas oOpraHaMu MECTHOIO
caMOyTIpaBJICHUS. OngHuMHU u3 BaKHEHIIINX
Meponpustiuii  mpu  3amute oT UYC  sgBisoTCA
YCTAaHOBJICHHE KATETOpUI ONACHOCTH OOBEKTOB U
kiaccudukanuit YC no onpeeneHHbIM IpHU3HaKkaM, 9To
MO3BOJIIET pa3paboTaTh WM MPEIOKUTh MEPOIIPUATHS
10 00ECIICUYCHNIO WIIM TOBBIIICHUIO O€30MacHOCTH MpH
BO3HUKHOBeHUH YC, MUHUMH3UPOBATh 3aTPaThl, BpeMs
peaxkIyy rocy1apcTBEHHON BiIAcTH. Bee 310 mo3Bomsier
MPEJOTBPATUTH YTPO3bI JIS JKU3HU U 310POBbsI TPAXKIaH
WM MMHUMH3UPOBATh UX nocaeactsus [3].

[I1aHel IPOBEPOK, OCHOBAHUS IJI UX MIPOBEACHUS U
HPaBOBBIE HHCTPYMEHTHI, IIpUMEHsIeMbIe
KOHTPOJIBHBIMM ~ OpraHaMH B XOJA€  TPOBEPOK,
onuceiBatorcs [loctanosnenuem IlpaBurenscra PO u
®DenepalbHBIM 3aKOHOM. be3 mpoBepok OCylIeCTBIATh
perynupoBanue B obmactu UYC He mnpencTaBisieTcs

LEeJTH

BO3MOYHBIM. Hopmarushbie JIOKYMEHTBI
YCTaHABJIMBAIOT  pa3jMyHble BHUIBl MPOBEPOK H
TpeOOBaHUIA, KOTOpbIe JTOJIKHBI BBITIOJIHATH
KOHTPOJHUPYEMbIE JIHLIA.

2.2 AHaJM3 MeTOAMK OLEHKH YCTOHYHMBOCTH

NPOMBINLICHHOTO0 O00beKTa MPH Ype3BbIYANMHBIX
CUTYalMAX

[IpomeiuieHHOE TpeanpusTHe MOJKHO
paccMaTpuBaTh ~ KaKk ~ COBOKYNHOCTH  OOJBIIOTO
KOJIMYECTBA 3/IaHUI M COOPYKEHHM, IJIe paCIOI0KEHbI
nexa, oOOpyIOBaHWE, TOIUIMBHBIE W HWH)XCHEPHBIE
KOMMYHHUKAIH, TPAHCIOPT, CHUCTEMBI YIpPABICHHSA U
CBS3U, a TaKK€ COOpPYKEHMH aJIMUHHCTPAaTUBHOTO,
OBITOBOTO M XO3IHCTBEHHOTO HA3HAYCHHUS.

Ecnm o0bexT nonagaer B 30Hy aevictsus UC, To oH
MOJKET OTYAaCTH JINOO BCELENO YTPATUTh YCTOMYMBOCTh
¢yHKIMOHMpOBaHUS. [Ipy  OTCYTCTBHM  JIOJDKHOM
TOATOTOBKH MPOMBIIIIEHHOTO 00bekTa K UC, OH MOXKET



OKazaTb  CEpbe3HOE  HEeraTUBHOE  BIUSHUE  Ha
OKPYXAIOUIYI0 Cpely, pSAOM CTOSIIUE 3JaHus U
HaceJIeHHe. Homst MpeI0TBPALLECHUS JTAaHHBIX

MOCJICACTBYM, pa3paboTaH psJi METOAUK, KOTOPHIE
MO3BOJISIFOT OLICHUTH YCTOWYHBOCTh W MPEIIIOKUTH
MEpOTIpUATHA 10 €€ yIydlleHHI0 B  Cilydae
HEOOXOIUMOCTH.

TeHneHLreN NOCIEeIHUX JIET SBJISETCS aHAIU3 PUCKa
U BEepOSTHOCTH BO3HHKHOBeHHS YC. DKOHOMHYECKH
ropa3go d>(dexTuBHEe HANMpaBUTh CpPEACTBA HA
upeHTHQuKanuio onmacHoctd UC W TmpenoTBpalieHne
yiep0a, HeKelu BO3MECTUTh 3TOT yIIepo.

Unentudpukarms omacuoctu UC mpotrecc
BBISIBIICHUS, PACTIO3HABAHUS M KAUCCTBCHHOTO OITUCAHUS
onacHocTu UC [4].

IMox uneHTHUKAIMCH MOHMMAETCS YCTAHOBJICHUE
nctouyHukoB UC, MpuYMH M 9aCTOT UX BO3SHUKHOBEHHS,

a TaKXke OIICHKY MOCJICACTBUIA. Ipomecc
WICHTU(HUKAINY TIpeicTaBieH Ha Pucynke 1.

Tlocne TOTO, Kak MIPOBEICH aHaIu3
TEXHOJIOTHYECKOTO mpoiiecca, MaTepHabHO-

TEXHHYECKOTO KOMIUIEKCA, PACIIONIOKCHUSA OOBEKTa
OTHOCUTEJIbHO 30H JKWJIOM 3aCTPOMKH, IIPUPOJHO-
KIIMMaTHYeCKHe YCIOBUA B MeECTe PAaCIOJIOKEHUS
00BEKTA, OCYIICCTBIIACTCS HACHTH(DUKALINSA HCTOYHUKOB
qcC.

1. Wpentudukauma uctounmukos YC

HeTousmen TexmoresHex 4O |

2. NepeyeHb HemenaTenbHbix CoDbITHA

s anacksix NPOMIBOACTE W TEXHONOTMEA

3. MNprunHBl K YCNOBHMA BO3HMKHOBEHMA NocheacTanin YT
4. OnpefensHWe YacToThl HEMENATENbHBIX cobibiTHiA

5. OueHHKa BO3MOMHbBIX nocnedcTenin HE

HoTourmicn npupogHes 40

AR onacHx NPRPOaHBX NPOWeCcos

TexHoreHHbx 4C Mpupogrbix 4C

TexnoresHbix HO Npupogsbm YT

TexHorestb HC | NMpupogkbi 4T

Pucynok 1. Oransl nnenTudukanum onacioctn YC

Ha nepBom »3Tame  COCTaBIsIOT  NEpEYEHb
000pyTOBaHUS U THUIIOB BEIIECTB, KOTOPHIC YYaCTBYIOT B
MIPOU3BOJICTBE.

Ha BTOpOM 3Tame ycTaHaBIMBAIOT COOBITHS, M3-3a
KOTOpPBIX BO3MOXHO TmosiBienne YC, coCTaBIsIOT
nepedeHb Takux coObITwid. Takumum  COOBITHAMU
SIBIITIOTCS:  OTKa3bl  OOOPYAOBaHUS, YEJIOBEUYECCKHUI
(akTop, BHEIIHWE BO3JIEHCTBUS MPHUPOJHOTO U
TEXHOI'€HHOI'0 XapakTepa.

Ha Ttperbem osrame omnpenenstoTcss OpUYUHBL U
ycioBusi Bo3HMKHOBeHHs mnocienctsuii YC. Takumu
MpPUYMHAMU  MOTYT  SIBJSITBCSI:  HECBOEBPEMEHHOE
oOHapyxeHHe W coobmieHue o Bo3HHMKHOBeHHH UC,
MEJUICHHBIE  OlNEepaTHBHbIE  JACWUCTBUS  aBapUUHO-
criacaTelbHBIX CITy k0, HapyuieHue TEXHHUKHU
0€30MacHOCTH U MPOYHE YCIOBUSI.

Ha yeTtBepTOoM 3Tame MPOUCXOIUT HCCICIOBAHUE
CTaTHCTUKHU MO OTKa3zy 00OpYAOBaHWs, MPOM3BOIUTCS
aHaJIN3 BO3HUKHOBEHHS PUCKOB C TTIOMOIIBIO Pa3TUIHBIX
METOJIOB.

PesynpraTom UICHTU(DUKAIIH SIBJISICTCS
PaccMOTpEeHHE pa3IUYHbIX CLICHAPUEB Pa3BUTHS aBapHil,
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MOCIEICTBUSL KOTOPBIX 3aBUCAT OT TOTo, Kakoe
o0Opy/sioOBaHHE W KakKhe BEIIEeCTBa BOBJICYCHHI B
TeXHoJioruueckuil mpouecc mnpennpusatus. K takum
BapHaHTaM OTHOCSTCS:

ABapuu, NPUBOSAIIUE K B3PBIBY;

ABapuu, IPUBOJSAILUE K MOXKAPY;

ABapuu, IpUBOJAIINE K TOKCHYECKOMY MTOPAKEHHIO;

Hdpyrue aBapum.

TTocie HIOCHTU(DUKAIIAH OITACHOCTEN YqcC
HEOOXOANMO OIIEHUTH BEPOSITHOCTH MX BO3HUKHOBEHUS
1 ymep0, KOTOpBIii OHM MOTyT HaHecTd. [lms sToro
CYIIECTBYIOT Pa3IMYHbIE METOJIbI, KOTOPHIE INI00aIBHO
MOJKHO Pa3JIe/IUTh Ha KOJIMYECTBEHHBIE U KaUeCTBEHHBIE
(Pucynox 2) [5,6]. J[laHHbIe METOHABl SIBJISIOTCS
HHCTPYMEHTapHeM JUIsT  Kaxaol  cuTyanuu
MOIUUIMPYIOTCS.

B Xxoze cpaBHHUTENBHOrO aHamu3a IO OLCHKE
YCTOWYMBOCTH  TPOMBIIUIEHHOTO  OOBEKTa  OBLI
paccMOTpeH psAA METOIOB W METOIMK, OOJacTH HX
NpPUMEHEHHsA, JOCTOMHCTBA M  HejocTatkh. llo
pesyibTaTaM — aHauu3a ~ HauOoiee  IMOIXOIAIIUMH
SIBIIIIOTCSL:

Pexomennanuu o OLICHKM  YCTOWYMBOCTH
(YHKIIMOHUPOBAHUS 00BEKTAa SKOHOMUKH MM 00BEKTa
KM3HEOOECHICYeHNs] ~ HAceJIeHWs  NPH  BOEHHBIX
KoH(]JIMKTaX, a Takxke upe3Bbluaitnbix cutryanuit (IOCT
P 22.2.12-2020);

Martpuna pucKoB.

OOocHOBaHMeM 11 BBIOOpAa TEPBOMl METOIUKH
SBIIIETCA TO, YTO OHA PACCMATPUBAET KOHKPETHO
YCTOMUUBOCTh NPEANPHATHS U MOKET HCIOIb30BATHCS
Kak Ha JCHCTBYIOIEM OOBEKTe, TaK W TPH €ro
MOJEpHU3aUY U PEKOHCTPYKUHMH. MaTpuia pHCKOB
Obuta BRIOpaHA WCXOIS M3 COOOpPaXEHHH, YTO STOT
METOJ SBJIETCS HanboJee MOAXOAAIINM U IPOCTHIM IS
TOrO, YTOOBI OIICHUTHh YCTOWYHMBOCTH. JlaHHBIA METO.
MO3BOJIET  MOJYYHTh  HATMIAHOE  OTOOpa)keHue
pe3yNIbTaToB MO YCTONYHUBOCTH:

Ecimn  puck oka3piBaeTcsi B KpacHOH 30He
HpeANpHUITHE HEYCTOHYUBO;

Ecim prck okasbIBaeTCs B dKENTON WM 3€JIEHON 30HE
— IpEeAINpUATHE yCTOINUUBO.

2.3. OueHka ycToH4YMBOCTH (YHKUMOHUPOBAHUS

)51

NPOMBIILIEHHOTO  00bEeKTa N0  BbLIOPAHHBIM
MEeTOINKAM.

Bbeur  paccmoTrpen cam  00BekT, coOpaHa U
mpousBeneHa  aHaimTHka YC  mpHpOTHOTO WM

TEXHOTEHHOTO XapakTepa B MockBe 3a mociennue 10
JIeT, IPOM3BE/IeHA OL[CHKA YCTOHYMBOCTH.

OreHKa yCTOWYMBOCTH 00BEKTa ObUIAa TIPOM3BEICHA
10 ABYyM METOAUKAM:

C MoMOIIIbI0 MAaTPHIIBI OCIIEICTBUI/BEPOSTHOCTH.

PexoMenmanmm 1O OLEHKE  YCTOMYMBOCTH
(YHKIIMOHHPOBaHUS 00BEKTAa SKOHOMUKH MM O0BEKTa
KM3HEOOECHeUeHNs] ~ HaceJeHWs  NPU  BOEHHBIX
KoH(]IMKTaX, a Takxke upe3BbruaiiHeix curyaruii (FTOCT
P 22.2.12-2020).

B xome anammza 1o
METOAMKAM OBLIO BBISBICHO:

OOBEKT OTpaHNYCHHO YCTOWIHB 110 PEKOMEHIATHIM
(T'OCT P 22.2.12-2020);

BBINICTICPCUYNCIICHHBIM



OOBEKT YCTOWYMB 110 aHATHU3Y C TOMOIIBIO MaTPHULIBI
PHCKOB.

IIpn sToM 00e METONMKH IO3BOJISIOT IIOJNYYHUTh
MPOCTOM, OBICTPBIN, HATJISAIHBIA Pe3yIbTaT, KOTOPHIH He
TpebyeT npuMeHeHus crenuanu3upoBantoro [10.

3. 3akJr0ueHue

B pabore Opul mpoBemeH 0030p W aHANH3
HOPMAaTHBHO-TIPABOBOM  JOKyMEHTAaIlMM,  KOTOpas
YCTaHaBJIMBACT B3aUMOCBSI3b MEXIY YPOBHSIMH BIIACTH
u ux nomHoMoumsiMu B obmactm YC. Tarke 5TH
JOKYMEHTEI MPEABABIAIOT TpeboBaHUA 1o
npexynpexaeHuo YC 1 TUKBUAAIMK UX MOCIEICTBHH,
YCTaHaBJIMBAIOT OTBETCTBEHHBIX JIUIL U TpeOOBaHUS ISt
NPOBEICHUST TPOBEPOK, 0€3 KOTOPHIX HEBO3MOXHO
OCYIIECTBIISITH peryiupoBanue B oomactu YC.

Bbu10 BBISIBIICHO, YTO B HACTOsIEE BpeMsl HanOoee
3¢ HEKTUBHBIM METOZIOM o 00ecIeuCHHIO
6ezomacHoct npu UC NpUPOTHOTO W TEXHOTEHHOTO
XapakTepa SIBISETCS yNpPaBICHHE PUCKAMH, OCKOIBKY
39TO SKOHOMHYECKH BBITOJIHEE, YeM BO3MEIIaTh
MIOCJIC/ICTBHSI.

Beima mpoBeneHa OIEHKa YCTOHYMBOCTH pPabOTHI
Mockosckoro HII3. B pesynprare ananuza 1O
BBIOpDAaHHBIM METOJMKaM OBUIO YCTAHOBIICHO, YTO
IPEAIPUATHE YCTOMYUBO.
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OI'bBOY BO «Axkanemus rpaxnanckoi 3amutsl MUC Poccumy, r. Xumku, Mxp. HoBoropcek, yi. CokonoBckast 1A

Pa3paborka moaxoaa K noBbIIIEHUIO YPOBHS 3a1MTHI HACEJIEHHSI IPH YPe3BbIYANHOMI
CUTYalluM TEXHOT€HHOT'0 XapaKTepa

AHHOTAIUSA

B namHO#l pabore paspaboTraH TMOIXOA K
HOBBIIICHUIO YPOBHS 3aIUTHl HACEJICHUS OT BTOPUYHBIX
nopakaromux (Gpaxropos B3pbeBa npu YC TeXHOTEHHOTO
XapakTepa 3a cdYeT OOOCHOBAaHHUS pAIMOHAJBHBIX
[apaMeTPOB OCTEKIICHUS OKOHHBIX MPOeMoB. {1 3Toro
IpejyiaraeTcsl MpUMEHUTh pa3paboTaHHBIN IOKa3aTellb
3alIMIIEHHOCTH HACENIeHHs, KOTOPBI 3aBHCHT OT
BEPOSITHOCTH MOPAKEHUS YEJIOBEKa OCKOJIKAMH CTEKJIA.

BeposATHOCTh MOpakeHUsI TOJlyueHa Ha  OCHOBE
anMpOKCUMAIlMM  3KCIEPUMEHTAJIBHBIX  JAHHBIX O
CTENICHN TOPAKCHUS 4YENOBEKa OCKOJKAMH CTEKIIa.
CoopmynmupoBaHa  ONTHMHU3AIMOHHAs  33jada 110

OIMPCACIICHNUIO pallTUOHAJIBHBIX TApaMETPOB OCTCKIICHUS.

1. OCHOBHASA YACTb
1.1 Beeaenne

ExeronHo Ha tepputopun Poccuiickoin @enepannu
(manee — P®) BO3HMKAIOT 4Ype3BbIYAMHBIE CHUTyallud
(manee — YC) TeXHOTEHHOTO XapakTepa, KOTOpHIE
BBI3BIBAIOT Ppa3pyllICHUE 3JaHUIl M  COOPYXKEHUIA,
HapyIlIeHUEe YCIOBUN KU3HEACATEIbHOCTH HACETICHUS U
HAHOCAT KOJIOCCAJNbHBIN MaTepualibHbIN yiiep6. Tak 3a
2021 rox npousouuio 190 UC texHOreHHOro Xapakrepa.
Ucrounnkamu BO3HUKHOBEeHHS 2 YC TEXHOTreHHOro
XapakTepa SBIBUIMCH  B3PBIBBI B 3JaHUAX, Ha
KOMMYHHUKaIUsAX, TEXHOJOTMYECKOM 00O0pYyZOBaHUH
MPOMBIIIICHHEIX 00BEeKTOB. B pesymprare 3tHx UC
morubiro 68 w moctpagamo 174 gemoseka [1].
[Ipyannamu rubenu W paHEHHs JIIOJACH SABISUIOCH HE
TONBKO TIpsiMoe Bo3zaeicTBue ucToyHMKa YC, HO H
JIeWCTBME BTOPUYHBIX TNopaxatomux dakropos YC
TEXHOTEHHOTO XapakTepa.

1.2 AkTyaJbHOCTH

AHanu3 CyHIECTBYIOIIMX IIOJXOMOB K OIICHKE
BO3JICHCTBHSI BTOPUYHBIX IOpaKaromMX (HaKTopoB
B3pbIBa IOKa3aJl, YTO B HACTOSIIEE BPEMs pacyeT 30H
MOPaXXEHHsI OCHOBBIBACTCSl HAa OLICHKE BIMSHHS TOJIBKO
00JIOMKOB M OCKOJIKOB OOOpYZOBaHUs, a JAeHCTBHE
TaKOTo MOPaKaoIIero (akTopa Kak JIETAIINE OCKOIKU
CTEKJIa HE YYHTBIBAIOTCS.

B Hacrosiiiee BpeMsi TpeOOBaHHUSI MO OCTEKJICHHIO
OKOHHBIX MIPOEMOB B HKHUITBIX 3AHMSX
periIaMeHTHPYIOTCS. HOPMATHBHBIMH JOKyMEHTaMH [2,

3]. B omaHHBIX [OKyMEHTaX Y4YTEHBl IIOKa3aTelsH,
XapaKkTepU3yIOIUEe CBETONPO3PAYHOCTb,  TEILUIOBYIO
3alIUTy, 3allUTy OT aTrMOC(EepHBIX OCaJKOB U
MEXaHUUYECKOTO B3JIOMA, IIYMOU30JISLHIO,

YCTOHUMBOCTh KOHCTPYKIIMU OKOHHBIX IIPOEMOB K
pa3pyLIeHHI0 ocTeKieHHs. Bompockl Ge3omacHoro
OCTEKJICHHSI pacCMaTPUBAIOTCs B MpHiIokeHnu [ cBoma
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mpaBun [4] u B TOCT [5]. JlaHHBIE pEeKOMEHIAIMH
OTHOCATCS TOJBKO K BHOBB IIPOCKTHPYEMBIM 3IaHHSM.

1.3 Hesas npoBeaeHus uccaeI0BaAHUA

TloBBlllEHNE  3alUMIIEHHOCTH  HACEJIEHHS  OT
BO3/ICHCTBUSI BTOPUYHBIX MOpAXKAMOMKX (PaKTOPOB
B3ppiBa mpu YC TEXHOTEHHOTO XapakTepa 3a CYeT

BbIOOpa  pAIlMOHAIBHBIX  3HAUCHHH  MapaMeTPOB
OCTEKJIEHUS B KUJIbIX 3aHUIX.
1.4 3apaum

1.  TIpoBeneHue aHaau3a CYLIECTBYIOIIETO

HAYYHO-METOJMYECKOTO afmapara I10 OIpeIeTcHHUI0
CTETICHH TTIOPaKEHHS YeIOBEKa OCKOJIKAMHU CTEKJIA.

2. PagpaboTka  mMOKasarens  3alUIIECHHOCTH
HAaCENCHUsI B JKWIBIX 3JaHUAX OT BTOPHYHBIX
MOpakaromuX (HaKTOPOB B3pHIBA MPH UPE3BBIYANHOMN
CI/ITyaI_[I/II/I TCXHOI'CHHOI'O xapaKTepa Ha IIOTCHIIUMAJIBHO
OIIACHOM OOBEKTE.

2. AHAJIN3 CYIIECTBYIOIIETO
HAYUYHO-METOJIUYECKOI'O AIIAPATA IO
ONPEJEJEHUIO CTENEHU TMOPAKEHUSA
YEJOBEKA OCKOJIKAMM CTEKJIA

B Hacrosmee BpeMs  OIEHKAa  IIOCIEICTBHH
BO3JICHCTBUS BO3IYITHOW yIApHOW BOJHBEI (manee —
BVYB) OCYLIECTBIISIETCS B COOTBETCTBHUU C

METOJMYECKUMH TMOAXOJAMH, U3I0XKEHHBIMU B IIEJIOM
psAne HOPMATUBHBIX U TEXHUYECKHUX TOKYMEHTOB [6-11].

B cootBerctBru co CBomom mpasui [6] mpu B3pEIBE
B OTKPBITOM IIPOCTPAHCTBE Ha 3/aHUS M COOPYKEHUS
JIEUCTBYIOT  HArpy3Kd, UHMIMHMpOBaHHble BVYB.
OCHOBHBIMHU PacUeTHBIMH NapaMeTpaMHu Harpy3Kd IpU
BHEITHEM B3pbIBE B aTMocdepe C  HAYaIBHBIM
JaBneHueM Py aBnstoTes:

MaKCHMaJIbHOE (ITMKOBOE) HW30BITOYHOE JIaBJICHHE
IIPU B3pPBIBE;

IPOJIOIDKUTEEHOCTD ITOJI0KUTEIBHON (ha3bl B3pHIBA;

HMITYJIbC B3pBIBHOM BOJIHBI;

CKOpPOCTH ()POHTA B3PHIBHOM BOJHEI.

B [6] yka3biBaeTcs, YTO BO3ACHCTBHE APYTUX
rmopaxarommx (GakTOpoB TpU B3pBIBE (HampuUMep,
OCKOJIKOB OKOHHBIX CTEKOJI, JBEPEH, NEPEKPHITHUM H
T.1.), KOTOpPBIE MOTYT OBITH BBI3BaHBI BO3MO>KHBIMU
pa3pymeHIsIMA 3JIEMEHTOB CTPOMTENBHBIX
KOHCTPYKIMH, CIelyeT y4YUThIBaTh HpH pa3paboTke
CHCTEMBl MPEBEHTHBHBIX MEp U 3alUTHl >KU3HU U
300pOBbsl  JIIOAEH,  MPOXKHUBAIOIUX B JOMAX,
PAacIoN0oKEHHBIX BOJM3HM OMACHBIX MPOU3BOACTBEHHBIX
O00BEKTOB, a TaKXe Uil CHIDKCHUS MaTepUalbHOTO



ymepba mnpu Bo3HMKHOBeHHH UC
Xapakrepa.

B PykoBozicTBe 10 aHaJIU3y ONACHOCTH aBAPUNHBIX
B3pLIBOB [9] ompeneneHo, YTO HapsAy C Y4YETOM
JeuctBuss BYB Ha CcTpoUTENBHBIE KOHCTPYKLUH
HEOOXOIMMO TPHUHUMATh BO BHHUMAaHHE BO3MOXKHOCTH
BO3ACUCTBHUS JIETSAIUX MPEIMETOB (MEPBHYHBIX U
BTOPHYHBIX OCKOJIKOB) TIpM B3PHIBE pE3EPBYapoB C
razoM. B 3ToM ke HOKyMEHTEe NpHUBENEH NOPSAIOK
pacdera CKOPOCTH U [aJlbHOCTU pas3jieTa OCKOJKOB,
oOpasyrommxcst Tpuh  B3pbIBe  cepUIecKHx U
LHIINHAPHUYECKUX PE3epPBYapoB.

B wmeromguke [10] mpoBoauTcs pacueT pasneTa
OCKOJIKOB TpYOBI IIpU pa3pbiBe ra3onpoBoja. Pasmepsr
30HBI OCKOJIOYHOTO BO3ZEHCTBUS (30HBI pasiera
OCKOJIKOB) OIPEAEIAIOTCS MAaKCUMAaIbHON JajJbHOCTHIO
M0JIeTa OCKOJIKOB, 3aBUCSAIIEH OT HaYaJIbHBIX CKOPOCTEH,
cooOmaeMbIX (parMeHTaM TpyOBl TIpH  pa3phiBe
razonpoBoja.

Takum 00pazoM, aHaIH3 CYMIECTBYIOMINX TTOIXOIOB
K OLEHKE BO3JCHCTBUS BTOPUYHBIX IOPAKAIOLINX
(hakTOpPOB B3pHIBA IMOKA3aJI, YTO B HACTOSIIEE BPeMsI IPH
pacueTax 30H [MOP@KEHHUS YUYUTHIBAIOTCS TOJBKO
00JIOMKH ¥ OCKOJIKM 000pyZ0BaHuUs, a JEHCTBHE TAKOTO
MOpaXkaroliero pakropa Kak JETSAIINE OCKOJKH CTEKJIa
HE YYHUTBIBAIOTCSI.

B wuccnemoBanusix 3apyOeXHBIX CHEIHATUCTOB
TOBOPUTCSI O TOM, 4YTO BEPOATHOCTh TOPAXKECHUS
YEJIOBEKA OCKOJKAMH CTEKJIAa 3aBHCUT OT Macchl U
CKOPOCTH JIETSIIET0 OCKOJKa cTekia [12-15].

TCXHOI'CHHOI'O

3. HOKA3ATEJIb SAIIMINEHHOCTH
HACEJIEHUA B KWIBIX 3JAHUAX OT
BTOPUYHBIX MNOPAXAIOIIUX ®OAKTOPOB

B3PBIBA IIPU UPE3BLIYAMHOW CUTYAIIMA
TEXHOT'EHHOI'O XAPAKTEPA HA
MNOTEHLHUAJIBHO OITACHOM OBBEKTE

Jdns  onpeneneHuss TOKasaTels —3allIMIIEHHOCTH
HaceleHWss B KauecTBE  HMCXOAHBIX  JaHHBIX
paccMaTpUBaETCsl PaclpeneiIeHHe OCKOJIKOB CTEKJIa I10
Macce IO pe3yibTaTaM IPOBEICHUS 3KCICPUMEHTOB
psama wmccrepoBateneit [12-15] w  wmcmomp3oBaHme
CYIIECTBYIOIIUX MOAXOIOB K OMPEACICHHUIO CTCIICHH
MIOPAXKCHUSI YETIOBEKA OCKOJIKAMH CTEKIIA.

[To nanHeIM U3 paboTH! [14] 1 O TpeACTaBICHHBIM
3HaUYeHWsAM B Tabimuue | MOCTPOEHBI YpaBHEHHUS
BEPOSITHOCTH  NPOHMKHOBEHHS  OCKOJKAa  CTEeKJa
3aJJaHHOH Macchl M CKOPOCTH B OpIOIIHYIO IIOJIOCTh
yenoBeka ¢ BepoaTHocThio 0,01 u 0,99. YpaBHenus
MIOPOTrOBOT'0 3HAYEHUS 110 TOYKaM IOJyYeHbl HA OCHOBE
JIMHEIHOW perpeccuu 1yisi JiorapumMoB HaOII0aeMbIX
BEJINYNH.

VYpaBHEHHE IATHACCATUIPOLCHTHON BEPOATHOCTH
MPOOUTHS KOKM OCKOJKOM CTEKJIa, MOPaKalonuM
YenmoBeka moJ yrioM 45° moxy4eHo u3 padotsr [13].

Ha puwcynke 1 mpencraBieHbl — pe3yiabTaThl
MPOBEJIeHUs] UCTIBITAaHUH U3 [15] U moKa3aHbl TPAHUIIBI
NIOPAXKAOUIET0 JEHCTBUSA OCKOJIKOB. HHCIaMy y KaK10M
U3 JMHUP TI0OKa3aHBl BEPOATHOCTH (B MPOIEHTax)
JIETAJIBHOTO MCXO0Jla U IOJIY4YEHUS TSKEIOrO paHCHUS
IIpu nonagaHur B Y€JIOBCKA OCKOJIKOB € YKa3aHHbBIMU Ha
ocsix rpaduka mapamerpamu. Eciu npu naHHON macce
OCKOJIKOB €T0 CKOPOCTb OKa)KeTCS HIKE JIMHHH,
COOTBETCTBYIOIIEH TOPOTY TSDKEJOTO pPAHEHUs, TO
MOJKHO IIPEATONIOKNTh, YTO PAHEHHE YeJIOBeKa Oyaer
JETKHM.

Tabmuma 1

BepO}ITHOCTL IMPOHUKHOBCHUS OCKOJIKA CTCKJIA B TCJIO YCJIOBEKA

BeposiTHOCTh NPOHUKHOBEHM (B MPOLIEHTAX)

Macca cTeKJSTHHOT0 0CKOJIKA (B

rpaMmax) ! 20 2
CKopocTh IPU B3aMMOJICUCTBHH (M/C)
0.1 71.62 124.96 222.49
0.5 48.76 83.81 147.82
1.0 42.66 74.67 131.05
10.0 35.05 54.86 108.19

v, me

10!

10°

1073 10?2

0 Mxr

Pucynok 1 — BeposTHOCTb MOpaskeHus YeoBeKa B 3aBUCUMOCTH OT UX ckopocTu V 1 Macchl M (%):
1-1eTanbHOrO HCX0Aa, 2-THKEIOr0 PaHeHUs

Ha ocHOBe rpaduueckoii 3aBUCHUMOCTH CTENEHU
MOpPaKEHHSI YEJIOBEKa OT CKOPOCTH M MAacChl OCKOJIKa
CTeKJia OBUI TMONYYCH AaHAaJWTHYCCKUHA BHJI OTOU
3aBUCUMOCTH.  3aBHCHUMOCTH C  ONpEIeIeHHEM
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MTOPOTOBBIX 3HAYCHMH CTENECHW IOPAXEHUS dYeJOBeKa
MIpECTaBIICHBI B TaOIHIle 2 ¥ BU3yaJIbHO IPEACTaBICHBI
Ha PUCYHKe 2.




Tabmnuua 2

AHanuTHYEeCKHE 3aBUCUMOCTH JJIA OMPCACIICHUA CTCIICHU MMOPAKCHU YC€JI0OBCKA

HaszBanmue

YpaBHeHue

HcTouHnk

1% npobutust

v = 101,21—0.15 ‘logiom

The Effects of Nuclear Weapons. Third

OpIOIIHOM edition.
MOJIOCTH S. Glasstone, P. Dolan
99% npobuTust Published 1977.

N v = 101,7—0.15 -logiom R .
OpIONIHOM Environmental Science.
MOJIOCTH
50% npoOuTust Glass fragment hazard from windows
KOXH OCKOJIKOM broken by airblast.

1000'm . 0.7853 .
CTEKJIa TIoJ v =192 - 10981079072 (0-2682-sin=—5=——0.4375) E. Fletcher, D. Richmond,
yriaom 45° J. T. Yelverton.
Published 30 May 1980
Engineering.
ITopor Tsxenoro 10b12-024-logiom 1y < 00139 Abhlers, E. B.

paHeHus v ={10068-048"log1om () 01389 < m < 3,1267 Fragment Hazard Study, Minutes of the
1044 31267 <m Eleventh Explosives Safety Seminar.
" - MEMPHIS, TENNESSEE.
Topor 10166-025m 1 0274 September 1969.
JIETAJIBHOTO v =410128-049-logiom (274 < m < 3,06821
ucxona 10195,3,06821 < m
10°
<
-
3 10?
@
5
3]
=
=
=]
g
(=]
g 10
(=]
e
o
10°
100 107 102 107! 10° 10 10?
Macca 0CKOJIKa CTeKIa, KT
Pucynoxk 2 — 3Ha4ueHHs BEPOSTHOCTH MOPaYKEHHS YeT0BeKa
TakuMm  oOpa3oMm, TOKa3aTenb 3aIlUIIEHHOCTH @YHKIMST BEPOATHOCTH IOPAKEHUS  YEIIOBEKA

HACEJeHNWS OT BTOPHUYHBIX MOPAKAIOMHX (aKTOPOB
B3pbIBa OyeT HaXOJUThCs 1O popmyne 1, Tae m; u v; —
3TO Macca M CKOPOCTb [ — IO OCKOJIKA, MOMABIIETO B

OCKOJIKOM CTeKJla TpelcTaBieHa (opmymoid 2, rme
CKOPOCTb OCKOJIKA paBHseTcss V;(m;) I 3a1aHHON
MacChI M;, IPX KOTOPO BEPOSITHOCTD [OPAXKEHNUSI PABHA

TEII0 YEIOBEKA. j W MOXET [PUHMMAaTh IIOPOrOBbIE  3HAYEHHS
k, =1—maxP(m;,v;) (1) Beposrrocreii 0,0.5,0.75, 1:
0,v < vy(m) L = argmind(v,v;(m)) vi(m) <v
_JLd(wyy(m)+U-d(v,v (m)) _ ' .
P(m,v) = (o0 () +d (w00 (m) ,rae U = arglmln d(v, vi(m)) vi(m) = v (2)
1'U = U1 (m) Ui(m) € Vnopor
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Takum o00pa3om, sl TOBBILIEHHS MOKAa3aTews
3alIMIIEHHOCT HaceJeHUs, HeoOXOIUMO OIpEeIeIHTh
TaKkhe MapaMeTpbl  OCTEKICHHUS, TPH  KOTOPBIX
MOoKa3aTedb 3allUIICHHOCTH OyJeT CTpeMUTbCS K
MaKCHMyMy C Y4YeTOM HMEIOIIMXCSl OrpaHnyeHuid. B
KauecTBe U3MEHIEMBIX MapaMeTPOB OCTEKICHUS OyIyT
SBIIATBCSL €r0 TOJIIMHA U NPOYHOCTh HA pacTsDKEHHUE,
YTOOBI MUHIMHU3HPOBATh HAYAIBEHYIO CKOPOCTH OCKOJIKA
crekiia. Vi3MeHeHue 3THX ITapaMeTpOB BOSMOXKHO 3a CYET
TIPOBEICHUS CICIYIONINX MEPOTIPHATHIL [S]:

M3MEHEHHE TOJIIMHBI CTEKIa B OKOHHOM IpOeMe;

3aMeHa CTeKJa B OKOHHOM IIpoeMe Ha Ooiee
MPOYHOE;

M3MECHEHHE XapaKTEPHCTHK MOBEPXHOCTH CTEKJa B
OKOHHBIX TPOEMax 3a CUeT HaKJIEHBaHUS MOJIUMEPHOM
TUICHKH;

YCTAHOBKA B3PBIBOCTOMKOTO CTEKJIa B OKOHHBIX
npoeMax.

4. 3AKIIOYEHHUE

Hcnonb3oBaHue  JaHHONO  MOAXOJA  MO3BOJIUT
opraHaMm YNpaBJeHHs, CHELHUAIBHO YIOJIHOMOUYEHHBIM
Ha pelleHHe 3aJad B O0JIaCTH 3aIlUTHl HAceleHHs |
teppuropuii ot UC, 3a0naroBpeMEHHO IUIAHUPOBATH
MPOBEJEHUE KOMILJIEKCA MEPOIPHUATUN MO CHIKEHUIO
BO3JECHCTBUA JETSIUX OCKOJIKOB CTEKJIAa HA HACEJICHUE,
MPOXKUBAIOUINX BOJM3M OMACHBIX MPOU3BOJICTBEHHBIX

O00BEKTOB 3a CcYeT OOOCHOBAHUS PAIlMOHANBHBIX
NapaMeTPOB OCTEKJICHUS C YYeTOM (PUHAHCOBBIX
OTpaHMYCHUH Ha TIPOBEICHHE MEPONPHUATHH IO

MpenynpexaeHUI0 U CHKeHuto nocinenctsuii YC nHa
TEPPUTOPUH TAHHOTO MYHHIIUIIAIEHOTO 00pa30BaHMUA.
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ILJI. IOAKOJI3UH

®I'BOY BO «l0ro-3anaansiii rocy1apcTBeHHbI YHUBEPCUTET», I. Kypcek, yi. 50 jget OkTa0ps, 94, Poccus

INOUCK HNEPCIIEKTUBHbBIX METOJ0OB OYUCTKHU HE®TE3AI'PA3-
HEHHBIX I1OYB

AHOTAIUA

Pabora otHOcHTCS K cepe OXpaHbI OKpY)KaloLlel cpembl U
JMKBUIALMH TIOCIECTBHIl aBapUiHBIX Pa3MBOB HedTenpo-
JYKTOB. B mocneanue rojpl KOJIMYECTBO M MacliTad aBapyid-
HBIX Pa3IMBOB HE()TEHPOLYKTOB yBEIMYUBACTCS, YTO JETAET
aKTyaJIbHBIM BOMPOC TMOKMCKa CIOCOOOB 00E3BPEKHUBAHMS
HedTe3arpsA3HeHHON MOYBBL. B paboTe ObLIM pacCMOTPEHBI OC-
HOBHBIC PYIIIBI METOZOB 00E3BpEeKHUBaHHs HedTecoaepKa-
IIUX 3eMelTb U BBISABICHBI HanOosee 3 (eKTHBHBIC U HEePCIIeK-
THBHbIE. IIpe/IokKEHbI IEPCIIEKTHBHBIC U BBICOKO 3()(EKTHB-
HBIE cII0COOBI 00e3BpeKMBaHUS HeTe3arpsI3SHEHHBIX TOYB.

1.OCHOBHAA YACTb
1.1 Benenne

Pa3BuTHe MPOMBIIIJICHHOCTH HANpsIMYyIO CBSI3aHO C
yBeIMYCHUEM OOBEMOB JIOOBIUM CBHIPBS, a TaKXke C
YCIIO’)KHEHHEM BCEX COMYTCTBYIOIIMX MPOLECCOB OT J0-
Ob1un 10 nepepaboTky. HecMoTpst Ha mocTosiHHOE HC-
MIOJIb30BAHUE TEPEIOBBIX TEXHOJIOTHH, OOBEKTHI IPO-
MBIIIJIEHHOCTH TaKHE KaK TPyOOIIPOBObI, OOBEKTHI Xpa-
HEHHs, TAaHKEPHI JOBOJBHO YacTO SIBISIOTCS MCTOYHH-
KaMH TEXHOTCHHBIX KaTacTpod.

3a nocneanue 20 ser Ha TeppuTopuun Poccuiickoit
®denepanuy IPOU30LLIO 7 KPYITHBIX TEXHOTEHHBIX KaTa-
cTpo, pe3yIbTaToOM KOTOPBIX SIBJISUICS aBapUIitHBIN pa3-
nuB HehTH Wim HedrenpoaykTa. B pesynbrare naHHBIX
aBapuil B MOYBY MOMAJI0 OKOJIO 42.6 THICSY TOH HEPTH.

PaznuBel HETH MOTYT OKa3aTh CYILIECTBEHHOE BIIM-
SIHUE Ha OKPY KaOLIYIO CpPe/ly [0 IPHYMHE rHOeH opra-
HHU3MOB OT (PU3MYECKOTO YAYyILIbsi U BCIEACTBHE TOKCH-
yeckoro BozaeicTeus. Kak nmpaBuio, cTeneHb HEraTHB-
HOTO BO3JEHCTBHS 3aBUCHUT OT KOJIHMYECTBA U BUJAA pa3-
TUTON HE(TH, OKPY>KAIOIIUX YCIOBHH U BOCTIPUMMYNBO-
CTH OPraHM3MOB M MECT MX OOWTaHHUS K BO3/EHCTBHIO
HedTH.

Bo3znetictBue pa3nutoit HeTH Ha Cpely HOCHUT ca-
MBI pa3nuuHblil xapakrtep. Kak npasuiio, B cpeacrax
MaccoBOW MH(OPMAIMU 3TH COOBITHS HA3BIBAIOT «IKO-
JIOTUYECKUMHU KaTtacTpodamm», coobIas o HeGmaronpu-
ATHBIX TIPOTHO3aX JJIS BEDKUBAHUS )KUBOTHBIX U pacTe-
Hull. KpynHast aBapusi MOXKET OKa3aTh CEPbE3HOE KpaT-
KOCPOUHOE BO3/EHCTBHE Ha OKPYXKAIOIIYI Cpeay H
CTaTh TSDKEJBIM O€ACTBHEM JUIS SKOCHCTEMBI.

1.2 AKTyansHOCTB

B nacrosmee Bpems KpaiiHE OCTPO CTOUT BOIIPOC
JMKBUIAIUH aBAPUIHBIX Pa3nuBOB HEPTH U HeDTETIPO-
JIYKTOB B pe3yibTaTe KOTOPHIX IPOHU30IIIO 3arpsi3HEHNE
no4yBeHHOTo NokpoBa. CormacHo naHHeIM Pocmpupon-
HaJ30p 3a MocjeAHue ABa rojia Ha Tepputopuun Poccuii-
ckoit denepanuu O6b1T0 3auKkcupoBana 81 aBapusi, CBsI-
3aHHas C pa3IMBOM HedTH Wil HedTernpoaykToB (B 2020
roxy —49 asapuii, B 2021 roay 32 aBapuu), pe3yJapTaToM
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KOTOPBIX SIBISAETCS MAacIITaOHOE 3arpsi3HEHHE IOBEpX-
HOCTH TIOYBBI.

3a paccMaTpUBaeMBbIil IEPUO MOXKHO BBIICIUTD 1B
HanOosee KPYITHbIE aBapiH, KOTOPbIE IIPUBENIH K TaKOBa
pona 3arpssHeHus mouBbl. 14 mapra 2020 roma B
Haxonxe (Ilpumopckuil kpaif) Ha ckiaze KOTeIbHOU
KIT'VIIT "ITpumrennosnepro" mpousomien B3pbiB. B pe-
3yJbTaTe MPOUCIIECTBUS PAa3IMIOCh OKOJIO 2,5 ThICSYU
TOHH Ma3yta, Obul BBemeH pexuMm UC. Ilo maHHBIM
MUYC, Ha ck1ajie KOTEIBbHOM pa3repMeTU3UPOBAIACh EM-
KOCTh C TOIOYHBIM Ma3yTOM OOBEMOM IOYTH TPH ThHI-
csiau KyooMeTpoB. MasyT momai Ha Jiel MECTHOTO 03epa
1 Ha IpUOpEXHYI0 TeppUTOpHIo. [Inomans 3arpsa3HeHns
MazyToMm coctaBuia Oosiee 20,65 kBaapaTHBIX MeTpa,
eIlle AeBATH ThICSY KBAJAPATHBIX METPOB COCTABMIIA 30HA
nepexBara B o3epe CoJICHOM, OTTOPOKCHHAS OOHOBBIMHU
3arpaxJeHMsIMM, KyJa Takke NMPOHUK Ma3yT. 29 mad
2020 roga oAMH U3 Pe3epBYapOB XPaHEHUS TU3TOILUINBA
Ha TOI-3 (mpunamnexur AO "Hopunscko —TaitmbIp-
ckas sHeprermueckas kommanus" (HTOK), crpykrype
"HopHukens") MOMyYrs TOBPEXKICHUS H3-32 PE3KUE
Mpocaaku onop (GyHIaMEeHTa, B UTOTE BBUIMIIOCH OKOJIO
21 ThIcAYM TOHH TOIUIMBA. POCHpUpOIHA30p OLEHHI
ymepb okpyxaromieit cpene B 148 Mummiapaos pyoeit.

MacmrabHOCTh ymepba okpy»Karouliel cpesie B pe-
3yJIbTaTe aBapuitHOTO pasinvBa HETH WM HeQTEnpo-
IyKTa, HAIIPSIMYIO 3aBUCHUT OT KOMIUIEKCA PeaTn3yeMbIX
MEPOTPHUATHH U CTPOTOCTH UX UCHOIHEHUs. YeM ObICT-
peil peanu3yroTCd MEpONPHUATHS 1O JIMKBUIAIMU aBa-
puiHOTO pa3nrBa U MPUBEICHUS KOMIIOHEHTOB OKpYKa-
IOMIeH Cpesl K 10 aBapHHHOTO COCTOSHHS, TEM MEHb-
mHH ymepo B [EJIOM MOIYYHUT OKpY’Karomasi Cpeaa, 4To
TaKKe ITO3BOJMUT HM30€KaTh pealn3alfio HeraTUBHBIX
TIOCIIEACTBUH B OyIyIeMm.

ITouBeHHBIN MOKPOB SABISETCA KOMIOHEHTOM OKPY-
JKAFOIIEH cpelibl, KOTOPBIi B OOJBIIEH CTEIICHH ITOIBEP-
JKeH HETaTUBHOMY BO3ICHCTBUIO, TAK KaK OH IPHHUMAET
Ha ce0s1 OOJBIIYTO YacTh 3arPS3HUTENS.

IlosTOMy ycnex JIUMKBUIALMKM aBAPUHHOTO pasiuBa
He(TH BO MHOTOM 3aBHCHUT OT TOTO B KaKOH CTeTIeHH! Oy-
JIeT BOCCTAHOBJICH IOYBEHHBIH MTOKPOB.

1.3. lleab npoBeieHNs UCCJICA0OBAHNS

OCHOBHOM 11eJIbIO JAHHOHM paOOThI SBIISETCS aHAIH3
METO/I0B 00€3BpEXMBaHMS 3arpsI3HEHHOW HE(THIO WIN
HeTeNpOayKTaMH IOYBBI, @ TaKXe IOWCK Hauboiee
TIEPCIICKTUBHBIX METOJI0B 0663Bpe)KI/IBaHI/I${.

1.4 3agaumn
Jns mocTHIKEHHUS MOCTaBJICHHOM IICIH HEOOX0IUMO
PEUUTh CleAyIoONINe 3a1a4l



1. BBIITOTHATH MOUCK METOJIOB 00€3BpEKUBAHHMS 3a-
IpsA3HEHHON HE(THIO WM HEPTENPOIYKTOM MTOYBHI.

2. V3yuynts Hamboiniee NEPCHEKTUBHYIO METOIHKY
00e3Bpe)XMBaHUS 3arpsa3HEHHOW HedThio WM Hedre-
MPOJYKTOM ITOYBHI.

3. IIpennoxuTs crocoObl 00E3BPEKMBAHUS 3aTPs3-
HEHHOH HE(PTHIO WM HEPTETIPOTYKTOM ITOYBHL.

2. METO/1bl OBE3BPEKUBAHUS 3ATPA3HEH-
HbIOM HE®THIO WJIU HE®TENPOJAYKTOM
IMOYBbI

Hanume, pa3paOoTKy 1 COBEPIIEHCTBOBAHUE TEXHO-
Joruii 00e3BpEKUBAHHUS TI0YB ONPEAEISIETCS X pacTy-
meil BOCTpeOOBaHHOCTBIO KaK NPAKTUUECKHX HHCTPY-
MEHTOB PEIICHNs] KOHKPETHBIX 3KOJIOTHYECCKHX 3a/ad.

OO0e3BpekMBaHNE 3arps3HEHHOW HE(TBIO  HITH
He()TEPOAYKTOM MOYBBI 3aKIIOYACTCS B CHIDKCHHUH
KOHIICHTpAIi HeQTH W/HUIN HEPTEIPOAYKTOB B CO-
CTaBe IOYBHI.

Ha naHHBIH MOMEHT [UIsl 00€3BPE)KUBAHHS U YTHIIU-
3auuu HeTH 3arps3HEHHBIX BEUIECTB pa3paboTaHo
OTPOMHOE KOJIMYECTBO METOJIUK U CPEICTB, KOTOpBIE
MOXHO OOBEIUHUTH B CIEIYIOLIME TPYIIbL XHMHYe-
CKHE METOJIbI, (pusmyeckre METOJbl; (HU3UKO-XHUMHUYC-
CKHE METOABI; OHOJIOTHYECKHE METOJIbl; TEPMHUYECKHUE
METO/IBL.

Jnst 00e3BpeKMBaHMS 3arpA3HCHHON HE(PTHIO WIH
He()TEPOAYKTOM MOYBBl Hanbojee YacTo HCIHONb3Y-
I0TCSl XUMUYECKHE X OMOJIOTHYCCKHE METOIBI.

2.1 Xumu4yeckue MeTo/Abl 00e3BpeKUBAHUS 3arpsi3-
HEHHOH He(ThIO MM HEePTENPOAYKTOM IOYBbI

OCHOBHBIE XUMHUYECKHUE METOJbI 00E3BPEIKUBAHUS
3arpsi3HEHHON He(ThIO WIM HEe(TENPOAYKTOM IIOYBBI:
COpOILMOHHBINA METO/T, METO/I OCHOBAHHBIN Ha UCIOJIB30-
BaHUM T'YMHHOBBIX IIPENapaTos.

CopOLMOHHBIN METOJT OCHOBaH Ha 00E3BPEKUBAHUH
3arpsI3HEHHOH MOYBHI C IPIMEHEHHEM cOpOeHTa Ha oc-
HOBE T'IAyKOHUTOBOTO MECKa C LENbI0 HX JanbHEHIen
YTUIH3ALHH.

I'mayKOHUTOBBIN MECOK SIBIISIETCS YHUBEPCAIIBHBIM,
JIOCTYIIHBIM M CpPaBHUTEIHHO JELIEBBIM MaTepUaliOM
MPUPOAHOTO MpoucxoxaeHus. CoOpOEeHT Ha ero OCHOBE
XapakTepu3yeTcss OTCYyTCTBHEM B CBOEM COCTaBE TOK-
CHYHBIX IpUMeCceH, CTIOCOOHBIX NMEPEXOIUTh U3 CTPYK-
TypBI MUHEPAIBHBIX 3€PEH B OKPYIKAIOIIYIO CPEy.

Bo Bpems BeIoNHEHUS paboT MO 006€3BpEKNBAHIIO
3arpsI3HEHHOM MOYBBI MCIIOJIb3YS! COPOIIMOHHBIN METO/,
OyzeT oKa3bpIBaThCs Clielylollee BO3IeHCTBUE HAa OKPY-
JKAIOIYI0 Cpely: UCIApEHHE JETKUX YIIEBOJOPOIOB C
MOBEPXHOCTH T'PYHTOB (IPEUMYILIECTBEHHO Ha Hayallb-
HBIX 3Tarnax paboTel); IIyMOBOE BO3JEHCTBHE NPH HC-
MOJIb30BAHUU TEXHUUECKUX CPEJICTB; 3arPsA3HEHHE aTMO-
cepHOTO BO3/IyXa BEIOPOCAMH OT JBHUTATENS BHYTPEH-
HET0 CrOpaHUS MCIOJB3YyEMbIX TEXHHYECKHX CPEICTB
[1].

I'ymMuHOBBIE TpemapaThl UCTIONB3YIOTCS IS IE€TOK-
CHUKAIMH 3arpsI3HEHHBIX HEPTHIO WIH HEQTEIPOTYKTOM
TIOYBHI, C TTOABMXHBIMH (HOpPMaMH TSKEJBIX METaJIOB.
Hawubosee yacTo ucnonb3yeTcs B KOMILIEKCE ¢ OHOJIOTH-
YECKUMH METOJJaM1 00€3BPEKMBaHMS.
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[Tpun B3anmoaeHCTBUM TyMUHOBBIX TIPENIApaTOB C I10-
JBIKHBIMU (POPMaMH TSDKEJIBIX METaJUIOB B pe3yJIbTare
00MEHHOI1 peaknny 00pa3yIoTcs yCTOHYMBBIC HEPACTBO-
pHUMBIE COEIMHEHUsI, UHEPTHBIE 110 OTHOLICHUIO K OKpY-
JKalolleH cpesie, HeyCBOsIeMbIe PACTEHUSIMH, YTO UCKITIO-
YaeT IONaJaHusl TOKCHHOB B OPIaHM3M JKMBOTHBIX U 4e-
JOBEKa.

OTnUauTeNsHOW 0COOCHHOCTRIO TYMUHOBBIX ITpeTia-
PATOB ABJIACTCS MX HOJNU(YHKIIMOHAIBHOCTD U XUMHIYe-
CKasl aKTHBHOCTb. |'YMHHOBBIE KHCJIOTHI UMEIOT BBHICO-
Ky PEaKIMOHHYIO CIIOCOOHOCTH 33 CHET HAIMYHS B UX
MOJIEKYJIaX Pa3IMYHBIX (YHKIMOHAIBHBIX Ipymni (Kap-
OOKCHIIbHBIX, (DCHOJIBHBIX, THIPOKCHIBHBIX H T. [1.), KO-
Topble 3P(YEKTHBHO B3aMMOJEHCTBYIOT C Pa3IMYHBIMHU
3arpsI3HUTEISIMH, CHU)KAsI UX TOKCHYHOCTb. [ 'yMHUHOBBIE
COJI Y KHCJIOTHI 00J1aJal0T BEICOKOH COPOIIMOHHOH CHO-
COOHOCTBIO, UTO IMO3BOJISIET CBSA3BIBATH CJIOKHBIE Opra-
HUYECKHE COSTUHEHUS, CIOCOOCTBYET YCKOPEHHIO MPO-
LECCOB XUMHYECKOTO M OHOJIOTHYECKOTO Pas3sIOKEHHUS
TOKCHKAHTOB, OKa3bIBalOT HEMOCPEICTBEHHOE CTUMYJIH-
pylolee 1 MPOTEKTOPHOE NEHCTBIE HA PACTCHHS U MUK-
pobuoTy. BHeCeHHEe TYMUHOBBIX KHCIIOT YCHIUBACT (-
(eKT TETOKCUKAIIUN U OYHCTKH.

2.2 BuoJsiornyeckue MeToAbl 00e3Bpe:KMBAHMA 3a-
ITPSA3HEHHOH He(PTHI0 MIIH HeQTEeNPOLYKTOM I10YBBI

Bronorndeckuii Metoq 00e3BpeXNBAHNUS 3arpsI3HEH-
HOHU He(THIO MITH HE(YTETIPOAYKTOM ITOUBBI 3aKITIOUACTCS
B J00aBIEHNH MHKPOOPTaHU3MOB, KOTOPBIC BBI3BIBAIO
onomecTpykIuro HepTIHOH (Pa3bl. 11 3TOro HCHonb3y-
I0TCSI MHOTOUHCIIEHHBIE OMOTIpenaparsl U arpoTeXHUYe-
CKH€ NPHUEMBbl, HHTEHCH(UINPYIOIINE pa3pyLIeHHe yT-
JIEBOAOPOAHOTO KOMIIOHEHTA.

Buonornueckne MeTonbl 00€3BpeKMBAaHUS 3arpsi3-
HEHHOH He(pThIO MM HEPTENPOIYKTOM MOYBBI MOJpa3-
JEISIFOTCS] HA HAa OMOpeMeTUanuio 1 GUTopeMeInaluio.

Buopemennanuss — MeTOA pas3iiokKeHUss HeDTH U
He(TENPOAYKTOB BBEJCHHBIMH B HedTecoaep amui
0TXO0Jl He()TEOKHCIIAIONMMH MUKPOOPTaHU3MaMH.

durtopemenuanys OCHOBaHa Ha BHECEHHH yn00pe-
HUH ¥ noceBe crielu(UUecKux BUAOB TpaB. YacTo npu
o6e3BpexxuBann HCO 3TH METO/IbI HCTIOJIB3YIOTCS COB-
MECTHO.

[Ipu ucnonp30BaHUM JTaHHOTO MeToja 00pa3yroTCs
BBIOPOCHI B aTMOC(EPHBI BO3yX, CBSI3aHHBIE C UCTIape-
HUEM He(TH 1 HEPTETIPOAYKTOB, a TAKKe pabOTON ABH-
rareiel TeXHMIECKHNX cpesICTB. B atmocdepHsIif Bo3myx
0T paboTaromiell Ha IUTONMIaKe TEXHUKH OyayT MOCTY-
MaTh TAKUE 3arPS3HAIONINE BEIIECTBA, KaK IBUIb HeOpra-
HUYECKas, OKCUJIbI a30Ta, YIIepObl, CEPBI, caxa, yrie-
BOJIOPOJBL.

He cMoTpst Ha BBIOPOCH! 3arps3HSIOIINX BELIECTB B
aTMoc(epHBI BO3IyX BO BpeMs peajM3alii OnoJIory-
YECKHMX METOJIOB, JaHHAs IPyMIa METOAOB SIBIIAETCS OA-
HOW M3 Haubojee 3KOJIOTHYECKHM YUCTBIX, HO 00sacTh
MIPUMEHEHNS OTPAHWYMBAETCS KOHKPETHBIMH YCIIOBH-
SAMU: IMANla30H aKTHBHOCTH OMOMIpEenapaToB, TEMIIepa-
TypoH OKpY)KalolIeH cpelsl, KHCIOTHOCTBIO, a3pob-
HBIMH YCIIOBUSIMH.

VYauTbiBasgs HEOOXOAMMOCTh CO3[AHUS OINpEIEIICH-
HBIX YCJIOBHH AJISI MPOTEKaHMs Tpolecca OHopemMenna-



IIUH, JAHHBIA METOJ CYMTACTCS OJHUM U3 Hauboiee 3¢-
(hexkTUBHBIMU U TiepcnieKTHBHBIME [2]. [IpenmyiecTBo
JTAHHOTO METOJa Ha/l APYTUMH 00CCIIeUHBACTCS CIICITY-
IONMMU  (paKTOPaMU: MHHHMAJIBHOE BO3JCHCTBHE Ha
KOMITOHEHTBI OKPY>Kalollel cpeibl; MUHUMAJIBHOE KO-
JIMYECTBO HEOOXOIMMBIX TEXHHIECKUX CPENCTB, HE3HA-
YUTEbHBIC (DUHAHCOBBIC 3aTPATHI.

3. OBE3BPEXXMBAHME 3ATPSA3HEHHOU
HE®TbIO WJIM HE®GTENNPOAYKTOM ITOYBbI
HUCIIOJIb3YSA BUOJIOTMYECKTE METO/bI
OBE3BPEXHWBAHUSI

Buopemennanys mo4B OCHOBBIBAETCSl HA HCIIOJIB30-
BaHHMHU TEXHOJIOT'MH, KOTOPHIE BO3ACHCTBYIOT Ha caM 3a-
TPSA3HUTENb. MPU 3TOM IPOMCXOAUT AECTPYKLUS WU
OKHCJICHHE TOKCHYHBIX BELIECTB MM MX TpaHC(hOopMa-
ML B MEHEEe TOKCHYHBIE BELIECTBA WM MX TpaHC(hopMa-
1 B MEHEE TOKCHYHBIE COCINHEHHSL.

B Onopemennanum ucnonab3yeTcs Kak CTUMYJINPOBa-
HHEC MECTHOH IOYBEHHOW MHUKPOQIOpPEI, 00Jamaromeit
CHOCOOHOCTBIO K OKHCICHHIO HE(TAHBIX YIIIEBOIOPO-
JIOB, TaK ¥ BHECEHHE B MECTa 3arpsa3HeHHs1 Ouomnpenapa-
ToB—He(TeIeCTPyKTOpOB (ayrMeHTalus). B Hacrosimee
BpeMsi [IOCTOSIHHO pa3pabaTbIBalOTCs HOBbIE MUKPOOHbIE
Npenaparhl-IeCTPyKTOPbI, CEHU(PHUYHbIE K ONpeesIeH-
HBIM BHJIaM YTJIEBOJIOPOAHBIX CYOCTPaTOB, U HOBBIE TEX-
HOJIOTUYECKHE PEIICHHS, II03BOJIIONINE MOIHOCTHIO
JMKBHUIUPOBATH IIOCIEICTBUS aBAPUIHBIX H CHCTEMATH-
YECKUX YTJICBOAOPOJHBIX 3arpsi3HEHNH BOJIBI U ITOYBHI U
BOCCTaHOBUTH NPUPOJHYIO, OKPYKAIOLIYIO CPEy.

I[lo mnpuHATOW MEXIYHAPOAHOW KiaccupUKauu
OnopeMennalMOHHbIE TEXHOJIOTHH JENsTCs Ha TpH
TPYIIIIBL.

buopemennanus ex situ:

— U3BJICUCHHE 3arps3HEHHON IMOYBBI, NEpeMEelICHIe
ee Ha IUIOMIAJKH 00e3BPEXMBAHUS, arpOTEXHUYECKHE
paboTsr;

— OTMBIBaHUE W3BJICYCHHOH MOYBBI OT 3arps3HEHHs
(B OCHOBHOM OT He()TH), BO3BpAIlICHUE Ha MPEKHEE Me-
CTO M TPOBE/ICHHE MEINOPAIUH;

— DKCKaBaIlis MOYBBl U MPOBEJCHUE KUIKO(a3HON
Wi TBepodazHoit hepMeHTaMM B GHOpEaKTopax ¢ J10-
0aBieHHEM OHMOTCHHBIX 3JIEMEHTOB B a3pOOHBIX HIIH
aHAPOOHBIX YCIOBHUIX (HECKOJBKO JHEH MM MECAIEB,
CHMKEHHE KOHIIEHTPAIMH KCEHOOMOTHKA HA MHUHUMYM
90%).

Bropemenuanus on site:

— 3arpsi3HEHHAS IO0YBA OCTASTCS HA MECTE;

— TPOBOJIATCS MeJHopalusi, OHOCTUMYJIUPOBAaHUE,
¢uropemenuanys (3a OJMH, /Ba T0/1a, CHIDKCHHE KOH-
LEHTpaluu TokcukanTa Ha 60—-90%);

— 3arpsi3HEHHas 10YBa OCTAeTCsl HA MECTe, TOJBKO
npu HE0OXOIUMOCTH MEXaHHMYECKH CHHMAeTCsl BepX-
HHMH, CHJIBHO 3arps3HEHHBIN CJIOW MOYBEI, Jajiee MPOBO-
JsTcst oOpaboTka OmonpenaparamMu-IeCTpyKTOpaMu U
BeCh KOMIUIEKC arpOTEeXHUYECKUX padoT (3a mepuos OT
JIBYX JI0 Y4ETHIPEX JIeT M 0oJjiee, TOCTUTACTCS CHIDKCHHE
KOHIIEHTpAINH KceHoOnoTHKa 10 90%).

Bropemennanmsa in situ (3arps3HeHHE HaXOAWUTCS
O] TOBEPXHOCTHIO MTOYBBI):
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— OMOBEHTWJIMPOBaHME, 3aKayka BO3/yXa, MPOJOI-
KHUTEIBHOCTh — OT HECKOJIBKHX JHEH JI0 MecsIa, CHIXKe-
HHUE KOHIICHTPANUU KceHoOnotuka Ha 90—99%;

— OuobapOoTupoBaHue, 3aKauKka MUTATEIbHBIX pac-
TBOPOB, MPOIOJDKUTEIBHOCTD, OT HECKOJIBKUX JHEH 10
Mecsla, CHIDKCHHE KOHIICHTPAIMM KCCHOOMOTHKA Ha
90-99%;

— OWomecTpyKIMA TPH OTKadKe XUIKOH (as3pl 3a-
TPA3HAUTEINS MO BaKyyMOM (TIPOIOJDKHUTEIBHOCTh — OT
HECKOJIBKUX JHEH IO Mecsna U roja).

Bonsimoe pacnpocTpaHeHHe MOTYyYHIIN TEXHOJIOTHH
C NPUMEHEHHEM Pa3IMYHBIX OMOIIpenaparos, cojepika-
IIMX MUKPOOPTaHU3MBI, CIIOCOOHBIE pa3pylIaTh TOKCH-
KaHT.

durtopemenuanys npencTaBiIseT codboit Ouonoruye-
CKHUH mpolecc, UCMOJb3YIOMNI €CTECTBEHHYIO PacTH-
TENBHOCTD JUIS PA3JIOKEHHS U yTAJICHNUS 3arps3HIONINX
BEIIIECTB B ITOYBAX WJIM I'PYHTOBBIX BOJAX.

OCHOBHBIE TIPEHMYIIECTBA HCIIOIB30BAHHUSI METOJA
¢duTopeMennanya: OTHOCHUTENBHO HU3Kas CTOMMOCTH;
MIPOCTOTa pean3alii; HECKOJIbKO MEXaHU3MOB yaae-
HUSL; SKOJIOTHYHOCTh; 3CTETUYHOCTD; CHHXKAET KOJIHNYe-
CTBO OTXOJIOB, BBIBO3UMBIX Ha CBAaJKY; BO3MOXXHOCTb
cOopa pacTUTEILHOTO MaTepuala.

Henocratku merona: Gosiee JUIMTENbHBIE CPOKH 110
CPaBHEHUIO C JIPyTUMH METOJaMH; 3aBUCMOCTh OT HO-
TOJIHBIX YCJIOBHI; BO3MOXHOCTb HEYCTaHOBJIEHHOE BJIH-
SIHUE Ha THIIEBbIC LIENH; Pe3yIbTaThl MOTYT OBITh H3Me-
HEHBI.

durtopemenuanys, Kak MpaBuiIo, ACHICBIE, YEM allb-
TEpHATHUBHBIE CIIOCOOBI OYMCTKU TPYHTA, TAKH KaK BbI-
€MKa IpyHTa, 00paboTKa MOYBbI, IPOMBIBKA ITOYBHI HIIH
skctpaknus. [locie 3aBepieHus epBOHAYAIBEHOH 11O/
TOTOBKH IIOYBHI M ITOCAAKH PAaCTeHUI CTOMMOCTH (PUTO-
peMeaManuu NoHWxaeTcs 10 MUHUMyMa. Kpome Toro,
pacTeHus He CHIIKAIOT Ka4eCTBO IMOYBBI U HE IPUBHOCST
HUKAaKOTO BTOPUYHOI'O 3arpsi3HEHHs 0 CPaBHEHHIO C
TPaIUIMOHHBIMU MeToaaMu. OONIECTBEHHOCTh IOJIO-
KHUTEIILHO BOCIIPUHUMAET (hPUTOpEMEIHaIIo, cuuTas e
9KOJIOTMYECKH YUCTHIM MTOJIXOJIOM K OUYHCTKE 3arpsi3HEeH-
HBIX TI0YB [3].

Takum 00pazom, puTOpeMeaHaIisa UMeeT OONBIIOH
MOTEHIINAN JUIA OYUCTKU TMOYB, 3arpsI3HEHHBIX YTIIEBO-
nopogamu. J{ns moBeImIeHUs ee d3PPEKTUBHOCTH HEOO-
XOJIMM TIpEJIBAPHUTEINLHBIN aHaIu3 0cOOCHHOCTEH pacTe-
HUIA, TOCKOJIbKY B OCHOBE (pUTOpEMEINAIINY JIe)KAT IPO-
LIECChI JKU3HEISSITEIbHOCTU PACTEHHUH, KOTOPBIE BEIYT K
JIeTpa/Ialiiy 3arpsi3HUTENS], ero yIAeHHUIO (Yepe3 aKKy-
MYJISIUIO WM TIPH WCHIApEHHH) JTNO0 MMMOOWIH3anN
[4].

Hcnonp3oBanue OMOJIOTHYECKUX METOIOB IS 00e3-
BPEXHMBAaHMS 3arpsi3HEHHBIX MOYB SIBJIAETCS OJHUM M3
Haubosee MEepCreKTUBHBIX U 0€30MacHbIX Al OKpYXKa-
IOLIEH Cpe/ibl HallpaBJICHUH.

4. BOCCTAHOBJIEHUE 3ATI'PS3HEHHOU
HE®THIO NJIX HE®TEINMPOJAYKTOM ITOYBbI
IO CPEACTBOM BHOPEMEJIUAUIIUA U
OUOTPEMEJINAULIUN

M3BecTeH criocod OYUCTKY B PeKyIbTUBAIINHN HedTe-
3arpsA3HEHHBIX TIOYB C UCTIOIb30BaHHEM COpOeHTa Ha OC-
HOBE LieouTa [5].



JanHbIi cioco® npenycMaTpuBaeT 1ocie0BaTeb-
HO€ BHECEHME B OYMIIAEMYIO MOYBY NPHUPOJHOTO IE0-
JIUTa C CoJIepxKaHUEeM KIMHONTUI0NUTa 65-70% ¢ pazme-
poM dpaxkiuit 1-3 MM u o301 BHeceHus 150 r/Kr MOYBBI
¥ TYMHUHOBOTO HOpPOIIKOOOpa3HOro Ipernapara Ha OcC-
HOBE OYpoOTO YyIJISl C COIEPKAHNEM T'YMHUHOBBIX KHCIIOT
He MeHee 73-82% mo30i BHeceHHU 15 1/M2 IOYBEL.

Jlanee oCyIIeCTBISIOT PBHIXJIICHHE HA TIyOuHY 3arps
3HEHHUS, IIPU 3TOM BIIaXKHOCTh OYBHI OAEPKUBAIOT HA
ypoBHE 60% ¥ peKyIbTUBALUIO OCYIIECTBISIOT B TEUC-
HHUe 4-6 MecaneB. Temmeparypa Bo3ayxa OKpy Karomei
cpenbl pomkHa ObITh Bhime +3°C. [Ipeanaraemsiii cro-
co0 OYHMCTKM M PEeKyJbTUBAUUU HedTe3arps3HeHHBIX
MOYB O0ECHEeYMBACT IOBBIIIEHHE KayecTBa OYHCTKH
MOYB B TPOLIECCE PEKYJIbTUBAIMH, CHIDKEHHE COAepIKa-
HUS Hedre3arps3HeHMH HMXKE | TI/KT, BO3MOXHOCTh
JAJIbHEHUIIET0 UCIONIBb30BAHMS OYMILEHHONW IIOYBBI JUIS
BO3/ICJIBIBAHHS CEIILCKOXO3SHCTBCHHBIX KYJIBTYp Ha ClIe-
JYIOIIMN TOJ.

PexynpTuBanms HeTe3arpsA3HEHHOH ITOYBBI BO3-
MOXHA II0 CPEJICTBAM HCIIOIB30BAaHHS aCOPOIMOHHO-
OKHCJINTEIBHOTO crocoba. JlaHHBEIH cnocod 3akimoda-
€TCsl BO BHECEHHUE B 3arps3HCHHYIO MOYBY OCHTOHHTO-
BOW TJIMHBI M MHEPTHOTO copOeHTa, Tak ke B HedTe3a-
I'PSA3HEHHBIN IPYHT AOMOIHUTEIBFHO BHOCAT OKCUT€HHOE
coenuHeHue. [6]

BeHTOHUTOBYIO TTIMHY BBOJST B BUAEBOJHOTO Ted,
a ee JIUTOJIOTHYECKas CTPYKTypa COAEPKUT MPUPOTHBIIN
KaTaJIu3aTop AECTPYKIMH OKCUT'€HHBIX COCIMHEHNI IPU
CJICTYIONIEM COOTHOLICHWH KOMIIOHEHTOB, % Mac: Hc-
XOIHBIA He(Te3arpsi3HEHHBIN IPYHT WM Hedrenuam -
40-99; BoaubIi rejs 06 HTOHUTOBOM MIHHEI - 0,5-30; OK-
cureHHoe coeanHeHue - 0,5-15; uHEpTHBINA copOeHT - 0-
30.

PesynpTaToMm sBIsIETCS MOJTHASI XUMUYECKasi OKUCITH-
TeNbHAs JECTPYKLHUS 3arps3HSIONUX YIIIEBOJOPOIHBIX
COEIMHEHHH, B pe3yibTaTe Yero HCXOIHbIN Hedresa-
IPSI3HEHHBIA IPYHT CTAHOBUTCSI HKOJIOTMYECKH Oe3omac-
HBIM U MPHUTOJHBIM JUIs Pa3BUTHsS MPUPOAHBIX OHOTeOo-
I[EHO30B.

Cnoco6 ¢uropeMeananyy No4Bbl, 3arps3HEHHON yT-
JIEBOJIOPOAMH, BKIIIOUAET MOCEB pacTeHHH-puTOpemMe-
JMAaHTOB U NPHMEHEHHE CYCIIEH3UH IITaMMa MUKPOOP-
TaHU3Ma—/IeCTPYKTOpa YIJIEBOJIOPOAOB, CTUMYJIHUPYIO-
LIET0 POCT PACTEHUH ATl yCKOPEHHS CKOPOCTU OYUCTKU
MOYB Ha CHJILHO 3arps3HEHHBIX ydacTkax [7].

IIpu moceBe HCHONB3YIOT CEMEHA JIFOIIEPHBI MOCEB-
HoW Medicago sativa mnu mmeHuIyy o3umyro Triticum
durum, m cycnensmo kietok mramma Rhodococcus
erythropolis BKM coBmecTHO ¢ comeprxariei putorop-
MoHbIcpenoi KynpruBupoBanusa. LlItamm Rhodococcus
erythropolis BKM npumensitor B kauecTBe putocTumy-
JSITOpa POCTa PacTeHUM.

[IpumeHeHne pacTUTETHHO-MUKPOOHOI accoruanuu
MO3BOJISIET OYMINATh Ha 67% Oonee 3arpsA3HEHHYIO
MOYBY HE(TENPOAYKTAMH 110 CPABHEHMIO C TPAIUIMOH-
HBIMU MeToJaMH. Takke 3HAUUTENBHBIMU NpEHMYyIle-
CTBOM SIBJISICTCS OTCYTCTBHE HEOOXOMMOCTH TPeIBapH-
TENIBHOTO BHECEHMs MUHEPAIbHBIX yIOOpeHui, B pe-
3yJIbTAaTEe YEro CHWKAIOTCS (PUHAHCOBBIC 3aTPAThl U Ie-
PHOJ OYHCTKH.
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5.3AKJIIOYEHHUE

PaccMmoTpeHsl MeTOnbI 00e3BpekuBaHUs HedTeco-
JIEPIKAIUX OTXO0B, ObLIM BBISBIECHBI TPYIIIBI METOJOB,
MOIXOASIINE U 00e3BPEKUBAHUSI HEe(Te3arpsI3cHHBIX
MOYB.

W3yueHbl MaKCUMAIIBHO TTOAXOASIINE METOBI 00e3-
BpPEKHMBaHUS He(TE3arpsi3HEHHBIX MOYB, C MOCIEIYIO-
meM BEISBIIEHHEM Hauboinee 3((eKTHBHON TPYIIIHL
PaccMOTpeHbl OCHOBHBIE TPYIITbl OHOJIOTHYECKUX METO-
noB. [IpoaHanu3upoBaHbl HampaBieHHsS OHOpeMe/Ha-
OUHU U GUTOPEMEaNAIINH.

[pemnoskeHsl WHHOBAI[MOHHBIC CIIOCOOBI 00E3Bpe-
JKUBaHUS He(Te3arpsiI3HCHHOW TMOYBBI MO CPEICTBY HUC-
MOJIb30BaHUS OHMOTPENapaToOB U pacTeHUi-puropemeu-
AHTOB.
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OBECIIEYEHUE MMOKAPHOM BE3OITACHOCTH ITPU IEPEKAYKE
N XPAHEHUHU BOAHO-TOIVIMBHOU CMECH ITPU JIMKBUIALIUU
ABAPUMHOTI O PA3JINBA HE®TEIIPOJIYKTOB

AHHOTALMUS

B nannoii paboTe npeacrasneHa pa3padoTka KOMILIEKca
MPOTHBOIIOKAPHBIX MEPOIPUATHH MPU IPOBEICHUH PaboT
10 JINKBHIAIMK aBapUIHOTO pa3nnBa HE(TEIPOIYKTOB C
YUYETOM OITBITA MEPEKAYKH BOTHO-TOIUTMBHON CMECH U3 PEKH
AmbapHas npu yukBuaanuu aBapuu Ha AO «HTDK» B
paiione r. Hopunsck KpacHosipckoro kpas.

1. OCHOBHASA YACTH
1.1 Beenenne

B xone muxBupmanuu npousomeameit B 2020 r.
JKOJIOTMYECKOM KaTacTpodbl (benepanbHOTO
MacmTaba TpH  pasTepMeTH3alMyd  pe3epByapa
u npomue Oomee 20000 T. AM3ETHHOTO TOILTMBA
Ha ToL-3 AO «Hopunbcko-TaltmMbipckas
sHepreTudeckas koMmmanms» (gamee — AO «HTOK») B
patione r. Hopuibck KpacHosipckoro kpast, BO3HUKIA
npobiema obecriedeHus: Oe30MacHONW MEepeKadyku U
BPEMEHHOTO XPaHEHHs OIPOMHOTO KOJIHWYECTBa
CcOOpaHHOW BOJHO-TOILTHBHON cMecH. JIMKBHIAIMIO
AaBapUIHBIX  Pa3IMBOB  IOKapOB3PHIBOOMACHBIX
BEILIECTB HEOOXOJMMO MPOBOJHUTH C YYETOM OLIEHKH
BO3MOKHOCTH BO3HUKHOBEHHS [TOKapPOB.

OmnbIT nepekaykyd BOAHO-TOIUIMBHOM cMecH U3
pexn AmOapHast oKasal, 4To CyIIeCTBYeT Ipobiema
HEJIOCTATOYHOCTH HOPMATHBHOTO M TEXHHYECKOTO
peryInpoBaHus obecrieueHns MOXKapHOU
6e30macHOCTH Tpoliecca MepeKayKhl CMECH, a TaKKe
crocoba XpaHEHHs C IPUMEHEHHEM IOJIMMEPHBIX
AITaCTUYHBIX pe3epByapoB, KOTOpBIE ObuTH
HCIIOJIB30BaHBI B X0JI€ TUKBUAALNU aBAPHH.

1.2 AKTyaJbHOCTH

IIpouecc nepekauku MU BPEMEHHOIO XPaHEHMS
BOJTHO-TOTUINBHBIX cMmeceit XapaKkTepu3yeTcs
BO3MO>KHOCTBIO TTOBTOPHBIX yTeuek
" BO3HUKHOBEHHMS BO3TOpaHUi. OpHako
JISWCTBYIOIIIE HOPMAaTHUBHBIE AaKThl HE COAEpXKar
TpeboBaHuit 1o o0ecrieueHnIo TIOXapHOU
0e301macHOCTH TpU IIepeKayke, B CBA3M C YeM,
OINpe/IeJICHHbIl MHTEpeC MPEJCTaBIseT AaHAIU3
HOpPMAaTrWBHBIX NOKYMCHTOB, PETIIAMEHTUPYIOIINUX
TpeOoBaHUS K criocobam u CpelcTBaM
[IPEeIOTBPALIEHUs] I0XAPOB M NPOTHUBOIOKAPHOU
3amUTe NP MPOBEACHUH PacCMaTPHUBAeMBIX padoT.
TakuMm oOpa3om, pacimmpsieTcs oObeKTHas 0aza st
WCCJIEJIOBaHMS U aHAJIN3a MMEIOIIUXCS TEXHUYECKUX
Cpe/CTB obecrieueHus 6e3zomacHocTH pu
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MPOBEACHUN  PA3JIMIHBIX pabor,
C IMKBUAALMEH NOCIEACTBUN pa3iuBa.

CBA3aHHBIX

1.3 Less mpoBeaeHUs MCCAETOBAHUS

OCHOBHOW TIETBIO JaHHOW pPabOTHl SABIACTCS
pa3paboTka KOMIIJIEKCA TIPOTHBOTOKAPHBIX
MEpONPUATHA  TpPU  MPOBEIEeHWH  paboT 1o
JIUKBUIAIUHN aBAPUHHOTO Pa3inuBa He(TSIPOIYKTOB.

1.4 OcHoBHBIE 3a1a9H
JIst mOCTWKEHUsl MOCTaBJIEHHOW B paboTe Lenu

OBLIH TIOCTABJICHBI CIICAYIOIINE 3a1aUH:

1) TIIpoBenenue aHaIM3a UMEIOIIMXCS HOPMATUBHBIX
TpeOOBaHUII M CBEACHUH HAy4YHOW JHMTEpaTyphl
M0 O0ECTIEYCHUIO MMOKAPHOW 0E30MacHOCTH TIPH
nepeKkavyKke U XpaHCHUH BOJHO-TOIUTHBHOW CMECH
NpH  JUKBUAAIIMA  aBapHHOTO  pa3jnBa
HE(PTETPOIYKTOB;

2) OrmpeneneHue  OpraHU3alMOHHO-TEXHUYECKUX
MEpPONPUSITHA 10 TMOXKapHOH 0e30MacHOCTH
C yueToM (U3UKO-XMMHYECKUX CBOWCTB BOJHO-
TOIUIMBHOU CMECH;

3) Paspabotka

KOMIIJICKCa

[IPOTUBOIOKAPHBIX
MEPOIIPUATHH.

3

y A
Puc. 1. Cmech BOABI 1 IU3EILHOTO TOIUIMBA

OcoOBIii WHTEpeC IS W3YyYeHUsS TPENICTAaBISET
BOJHO-TOIUIMBHAS ~ CME€Ch, TaKk Kak  (DU3HKO-
XUMUYECKHE CBOHCTBA CMECH MAaJOM3YYeHBI. ITO
MPECTaBIsIeT ONPECJICHHBI PUCK NMPHU IMepeKauke
U XpaHEHWU BOJIHO-TOIUIMBHOM CMECHU B CBS3H C TEM,
YTO TPUCYTCTBYET BEPOSTHOCTh BO3HUKHOBEHUS
Mo’kapa u JanbHeuieit sckananuu aBapun. M3BecTHo,



YTO IUIOTHOCTH BOJIBI OOJIBINE IUIOTHOCTH AU3EIBHOTO
TorumBa. [IpuHATO cyMTaTh, YTO IUIOTHOCTH BOJIBI
paBHa 1000 kr/m® [1], B To BpeMs Kak ILIOTHOCTb
YCIIOBHOTO JM3ENILHOTO TOIUIMBA BapbUpyeTCs B
muamazoHe ot 820 mo 845 xr/iMd [2]
U 3aBHCUT OT (QHU3MYECKHX MapaMeTPOB CpEIbl.
CreioBaTenbHO, ¥MMesl pasHble IUIOTHOCTH, BOZa
Y TOIUTMBO HE MOTYT IepeMelIaThCsl 10 OTHOPOIHOTO
COCTOSIHHUS TIPH HOPMAaNBHBIX ycioBusx (puc.l). Ilpu
CMCIIVBAaHMM  JAHHBIX  BeIlecTB  o0Opasyercs
OemoBaTasi OMyJNbCHS, KOTOpas MO HCTCUCHUH
BpPEMEHH pa3JieNsieTcsl Ha ClIol BOABI U ToruBa [3].
Jlu3enpHOE TOIIMBO HE CMENIMBAETCS C BOJIOH, a
pacTtekaeTcs 10 IMOBEPXHOCTU BOABI U 00OpPa30BBIBAET
pagyXHYI0 IUIEHKYy — HaOyirogaeTcss nHTepdepeHiys
cera. Cser, momajgas Ha JaHHYI IUICHKY,
paszensercsi: 4acTh CBETOBOTO JIy4a OTPaXKaeTcsl OT
NOBEPXHOCTH IUICHKH — TPAHUIBI BO3IYX-TOILTHBO,
a Jpyrag 4YacTb HPOXOIHUT 4Yepe3 CIJOH TOILUIMBA,
JOXOJHT IO TPAHHLBI TOIUIMBO-BOAA M OTPakaeTcs
yKe OT 3TOH rpaHuubl. TakuM 00pa3oM, MOTy4aeTCs
JIBa OTPAKCHHBIX CBETOBBIX JIy4a, BTOPOI U3 HHUX Ha
MYTH K 4EJIOBEYECKOMY TJ1a3y OTCTAET OT IIEPBOTO, TaK
KaK OH JABaXJbl MPCOA0JCBACT TOJIIINHY IUIEHKA. DTH
JBa JIyda HAKJQJABIBAIOTCS Jpyr Ha Jpyra,
B pe3yJbTaTe Yero B IPOCTPAHCTBE IPOUCXOIMT
nepepacrpeielieHie ux SHepruu. Pesynbrupyromine
KosebaHusi TpU 3TOM JMOO YCHIMBAIOTCS, JHOO
OCNAOIAOTCS.  YCHIICHHE  NPOHMCXOIMT,  €CIH
npeloMieHHas BoimHa 2 (puc.2) oOTcTaeT ot
OTPaXCHHOH BOJNHBI | Ha IieJ0e YUCIO AJIHMH BOJIH.
Eciam sxe BTOpas BOJIHA OTCTaeT OT IEepBOil Ha
NOJIOBUHY JUIMHBI BOJIHBI MJIM HEYETHOE YHCIIO
THIOJIYBOJIH, TO MPOM30MACT OCIabIeHHe CBeTa.

Puc.2. Cxema npenomMiueHus J1yueit Ha
MIOBEPXHOCTHU BOJHO-TOIUIMBHON CMecH

Uro KacaeTcs XHMMHYECKHX CBOMCTB BOJIHO-
TOIUIMBHOM CMECH, Ha CEroAHSINHWH JIeHb JIaHHBIC
0 BO3MOXKHOCTSIX JIJaHHOW CMECH OTCYTCTBYIOT.
OpHako B HeTEra3oBOM KOMILIEKCE NPHMEHSIOTCS
BOJOTOIUIUBHBIE  dMyJbcun (manee — BTD)
B JIBUTaTeJIsIX BHYTPEHHEr0 CrOpaHMsi PasIMuyHOro
Ha3HA4YEHHsI U KOTEJbHBIX YCTAHOBKAX.

JuzenpHOE  TONMIMBO — MHpeACTaBisieT  coOoi
NPOJYKT nepepaboTKu He(TH, KOTOPHIH MOTydaeTcst
U3  KEPOCHHO-Ta30MJIEeBBIX  (pakumii  mporecca
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neperonku. KepocuHo-razoitneBas Qpaxmus — 3TO
(dpakius HedTH, TIOTy4aeMas B mporecce e€ mpsiMoit
NEperoHKy, KperuvHka U KOKcoBaHMsS. B cocraBe
(pakuuu cozmepKaTcst  YrIIEBOAOPOJBI  CI0XKHOTO
CTPOECHUS U JIOTOJIHUTEIbHbIE MPUMECH: KUCIOPOJ,
CEpHHCTHIE U a30TUCThIE coequHeHus. [lo cTpykType
— MAaCJISTHICTOE U BSI3KOE.

B 12 gacoB 55 munyT 29 Mas 2020 r. B paifoHe
Kaiiepkan r. Hopmibecka ma TOL[-3 AO «HTOK»
MPOM30IIUIA PA3TepMETH3aNUs pe3epByapa XpaHCHUS
IU3enbHOr0  TorumBa. OCHOBHBIMH — NPHYMHAMH
aBapuu MOCIYyXKMJIM HEJOCTaTKH 3KCIUIyaTallMu,
HENpaBWILHOE TIPOEKTHPOBAHUE JKEJIE300€TOHHOTO
CBalfHOro OCHOBaHMS pe3epByapa, a TaKKe YCIOBUS
9KCIUTyaTallH.

Ilpu pasrepmeTu3anuu pesepByapa XpaHEHUS
JIU3EBHOTO TOIIMBAa BBITCKIO 21,2 TBIC. TOHH
TOIUIMBA, KOTOPBIE BBIIIIN 32 MPEAEIbl 00BAIIOBAHUS,
TIOTIAJIM B KOTJIOBAH U HA IIPWJIETAIOIIY 0 TEPPUTOPHIO,
a nanee B pydyedl be3bIMSHHBIN, OTKyZJa pasiuB
nmobpaics a0 peku AmbapHas (puc.4).

Pasrepmernzanust  na  TOL-3  mpowusouuta
B pe3yJIbTaTe CTOJKHOBEHUS JIETKOBOI'O aBTOMOOUIIS C
pe3epBHBIM  0akoM,  COJEpXKallUM  JU3eJIbHOE
TOIUIMBO,  HNPUBEAIIMM K  pa3repMeTH3aluu
pesepByapa u Bo3ropanuto Tormusa Ha OI1O.

Ha Tymenue mokapa npusiexanocsk 27 4enoBeK U
10 equaun TexHuky, B ToM uuciie or MUC Poccun —
7 4enoBeK U 2 €NUHULIBI TEXHUKH.

I[To wroram omepaTHBHONH pa3BeOKH  OBIIO
00HapyKeHO IIATHO Ha p. AmbapHas,
MPOTSHKEHHOCTHIO 3 KM. OT MECTa BITa/ICHHS] PEKH B 03.
[TscuHo. B  ycTaHOBIEHBI — 3arpajuTebHBIC
copbupyromme OOHBI, NPOTSHKEHHOCTBIO 120 M.,
C JIOKAJM30BAaHHOIO YYacTKa MATHA MPOHCXOJMIIa
OTKa4yKa BOJHO-TOIUTUBHOHN cMecH B [IDPEI.

ey I e
Puc. 4. 3arpsiznenne peku AMbapHas

PaccnenoBanuem npuuud aBapuu Ha AO «HTOK»
3aHuManiock Enuceiickoe ynpasnenue denepanbHoit
CIYKObI IO KOJIOTHYECKOMY, TEXHOJIOIMYECKOMY U
aTOMHOMY Haj30py (manmee — PocrexHanzop). B xoxe
MPOBEJICHUSI TIPOBEPKU OBLIHM BBISIBICHBI HAPYIICHUS
00s3aTeNbHBIX ~ TpeOOBaHWN WM TpeOOBAHMH,



YCTaHOBJICHHBIX
aKTamMud 10
a Takxe
KOJIMYECTBO
TEIUIOICKTPOLICHTPAIISIM,
Pocrexnanzopom, coctasmio 1860 [4].
Ipu muxsupanym YC OBLT HA TEPPUTOPHUN aBapUHU
OBUT OpPraHW30BaH BPEMEHHBIN CKIaJ XpaHECHUSI
NEPEKaYeHHON BOAHO-TOIIMBHOW cMmecH. s 3TOro

MYHUIUNAIBHBIMA  NIPABOBBIMHU
To1-1, TOLU-2 wu  TOU-3,
npuieraromux —npeanpustuid.  OOmiee

HapyIIeHHH 1o
BBISIBJICHHBIM

HCIIOJIb30BAIACH TIOJTIMEPHBIE AIIaCTHYHBIE
pesepByaper  (mamee — IIOP). Dnactuunsii
MOJIMMEPHBIH  pe3epByap  SIBISETCS  3aKpPBITOM
TepMETHYHON  000JI0UKO#, KOTOpas 1o Qopme
HamOMHUHAeT Oonbiyro moxymky (puc.3). o
KaTacTpobl pe3epByapbl MPUMEHSUIUCH  TOJIBKO
B CIIEIYIOIINX OTPACIIsX:

. B CEIBCKOM XO3iHCTBE — B KayecTBe

eMKOCTeH [T XpaHEeHUs Y00 peHHIA;

. B NPOTHUBOIIOKAPHBIX IEISAX — pe3epBYaphl
UCTIONB3YIOTCS U XpPaHCHUS TEXHHYECKON BOJIBI;

. B IHIIEBON MPOMBIIUICHHOCTH — B KaUeCTBE
€MKOCTEM [UI1 IINTBEBOM BOIBI, Macja, COKOB,
AJKOTOJIbHOM MNpONYKUUUM M APYTHX IHLIEBBIX
JKUJIKOCTEH;

. pu TPyOONPOBOTHOM CTPOUTEIBCTRE;

. npu TEXHUYECKOM 00CITy)KUBaHUU
TpaHC(HOPMATOPOB PE3EPBYapbl HUCIONB3YIOTCS B
KayecTBE  MecTa, TIJe  0Oe30MacHO  XPaHUTCS
TpaHC(HOPMATOPHOE MACIIO.

Puc. 3 PezepByapHslil napk

IIpu ponuBe 1 BO3TOpaHNWH TU3EIBHOTO TOILINBA,
¢ yueToM criocoOa pasmernienus [I19P Ha BpemMeHHOM
CKJIaJIe CYIIECTBYET BBICOKASI BEPOSITHOCTD SCKATAIINHI
[I0Kapa 1o BCEH IO XPAHEHUSI.

Js oObexToB XpaHeHHs cormacHo IIpaBmimam
MPOTUBOMNOXKAPHOTO pexkuma B P®D, yTBep:KAEHHBIX
[ocranosnennem [IpaBurtenscra P® ot 16 centsiOps
2020 Ne 1479 «O6 yrBepxkneHun IlpaBun
MpPOTUBONIOXKApPHOTO  pexuma B Poccuiickoit
®denepanun», BBEICHBl enWHbIE TPeOOBAHHS 110
XPaHEHHIO JIETKOBOCTUIAMEHSIONINXCS M TOPIOYHX
xuakocreit (manee — JIBX u 7K).

Ilpp xpaHeHWW TOpIOYMX MaTepUAIOB Ha
OTKPBHITOM IUIOMIAJKE IUIOLIAAh OJIHOM CEeKUHHU
(wrabens) He gomkHAa TpeBbimaTh 300 M2

a TIPOTHBOIIOKAPHBIE PACCTOSIHASA MEXKIy IITa0CIIMI
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MOJDKHBI ObITh He MeHee 8 M [5].  OOBamoBaHHs
BOKPYT pe3epByapoB ¢ HE(YThbIO U HEPTENPOJYKTAMH,
JIETKOBOCILTaM eHSFOIUMHUCS u TOPIOYHMHU
JKHJIKOCTSIMH, a TaKkKe HepeesJibl yepe3 00BaOBaHMs
JIOJDKHBI HaXOAUTHCSI B UCHPABHOM COCTOSIHUH, YTO
aKTyadpbHO i pasmemieHuss [IDP B moseBbIx
YCIIOBUSIX.

Uro  Kkacaercs  pa3pabdOTKH  MEpOIPHUATHI
C y4eTroM OCOOCHHOCTEH CIenu(pUKu aBapUITHOTO
pas3nuBa, B IIEPBYIO OYEpeab HEOOXOOMMO OICHHUTH
MOXAPHYI0 OMNAacHOCTh Mpolecca IIEPeKadkKu u
XpaHeHHs BOJIHO-TOIIJIMBHBIX cMmeceit
¢ npumenenueM I1OP, onupasice Ha:

e  MOXAapoOIlacHBIE CBOWCTBA HEPTEHNPOIYKTOB
(BOIHO-TOIUIMBHON CMECH);

e  0COOCHHOCTH TOpEHUs He(PTEHPOIYKTOB H
ODIl  (ropernne AT wu ropeHue BOIHO-
TOIUIMBHOM cMecH, ropeHne He(TH Ha BOJE,
MoXape Ha pe3epByape (Hannume BOIBI B
pes3epByape, MOATOBapHAs BOAA));

e  ONACHOCTh TPAHCIOPTHPOBKM M TEPEKAuKH, a
TaK)Ke OIACHOCTh XPAHECHUS.

IIpoBenenue aHamM3a UMEIOIKUXCS HOPMATUBHBIX
TpeOOBaHUII M CBEICHUI HAy4YHOW JIUTEPATYpHI IO
o0ecrieueHn0  TOXapHOW ~ 0e30MacHOCTH — NpH
NepeKkavyKke U XpaHeHUH BOJHO-TOIUIMBHON CMECH IpU
JUKBHUIALUK aBapUITHOTO pa3iiiBa He(TENpOIyKTOB
mokasano, 4To TpaHcmoptupoBka JIBXK u I'XK
(mo  TpyOompoBomaM) HE  pETIAMEHTHPOBAHBI
00s3aTeNbHBIME  TPEOOBAaHUAMH U CTaHAAPTAMH,
OTCYTCTBYIOT TPEOOBAaHUS ISl TPAHCIIOPTHPOBKH TI0
THOKHAM (MSITKUM) pykaBam, TaKxXe HE
IPe/lyCMOTPEHBI TPEOOBaHMS K XPAaHEHHIO IPOAYKTOB
mukBuganuu YC.

OO0BasoBaHUsI BOKPYT PE3epBYyapoB € HE(PTHIO U
HeTenpoayKTaMy, JIErKOBOCIUIAMEHSIOIUMUCS U
TOPIOYMMH KHUJIKOCTAMH, a TaKKe Iepee3lsl depes
00BalOBaHMs JOJDKHBI HAXOAWTHCS B HCIPABHOM
COCTOSIHUH, YTO aKTyaJbHO AJs pa3MmerneHus [IOP B
MOJIEBBIX YCIOBUSIX. 3anpemnaeTcs Ha ckianax JIBX u
IK:

a) 9KCIUTyaTalysi Here€pMETHIHOTO 000pYAOBaHUS
1 3aIIOPHOM apMaTyphl;

0) OKCIIyaTamust — pe3epByapoB,  MMEIOIINX
HNEPEeKOChl M TPEILIMHBI, IPOEMbl WIM TPEIIMHBI Ha
IUTAaBAIOIINX  KPBIIIAX, a TaKkKe HEUCIPaBHBIC
obopynoBaHue, KOHTPOJIBHO-M3MEPHUTEIIHHEIC
pHUOOPEI, TOIBOAAIINE IPOTYKTOMPOBOIBI

U CTaI[lOHapHBIE TIPOTHBOIIOXKAPHBIE yCTPOHCTRA;

B) HaJM4YHe JEepPEBLEB, KYCTAPHUKOB M CyXOil
pPacTUTENTFHOCTH BHYTPH 00BaJIOBaHMIA;

I) YyCTaHOBKa eMKocTed (pe3epByapoB) Ha
OCHOBAHUE, BBIIIOTHEHHOE U3 T'OPIOYUX MATEPUAIIOB;

JT) IEPETIONIHEHNE PE3EPBYapOB U IIUCTEPH;

e) otbop mpob U3 pe3epByapoB BO BpeMs CIHBA
WIN HAJIMBa HEPTH

1 HETENPOYKTOB;

) CIMB W HanuB HeTH M HEPTETPOIYKTOB BO
BpeMs TPO3kI [6].



3ampemaercs pa3MelneHue eMKocTeit
(pe3epByapoB) xpanenus JIBXK u 'K Ha roproumx
Marepuanax.

Tak kak 1mpouecc  TEpeKayku  SIBISETCS
BPEMEHHBIM, C  TOYKM  3pPCHHUS  IOXKapHOH
0e30MmacHOCTH  IeNecoo0pa3sHo  MPEayCMOTPETh

OPTaHHU3AIIOHHO-TEXHUIECKUE MEPOTPHATHSA, TaKHE
Kak:

1. [IpoBenenne HEOOXOOMMBIX WHCTPYKTaXEH 00
o0mmx Mepax MmoXkapHOW 0e30IacHOCTH, O TPaBUIAX
HCTIONIb30BaHMS TIEPBUYHBIX CpEnCTB
MOXKaPOTYILICHUS u npaBUiIax MOBEACHUS
W 9BaKyalluu IPH BO3HUKHOBEHHH IOKapa.

2. OcyuiecTBieHNE HENPEPHIBHOIO BU3YalIbHOI'O
Y MTHCTPYMEHTAJILHOTO KOHTPOJIs (00X0]1 COTPY/THHKA,
OCHAII[CHHOTO  JIaTYMKOM  OOHapyXeHHs  I1apoB
JIN3ETBHOTO TOTINBA);

3. OcHaleHue COTPYIHHKOB CPEICTBAMH CBS3H
JUIS TIepefadyl M3BEIIEHUH B Clydae BOSHUKHOBCHHUS
HEIITAaTHBIX CUTyalui;

4. OpraHuzanusi OCTAaHOBKM HAaCOCHOM JIMHUHU B
Cilyyae BOSHUKHOBECHHUS aBapPUHHBIX CUTYalHH;

5. OcHaieHne 00BbEKTa TEPeKaYKH MEPBUYHBIMU
CpPEeACTBaMU MOYKAPOTYIICHHSI.

OnbIT NPUMEHEHHs! B IMOCIEAHUE ACCATHICTHS B
ctpaHax HATO nnst TpaHCHOPTUPOBKM U XPaHEHUS
roprode-CMa304yHbIX MaTepuaioB (manee — ['CM)
Hapsly ¢ METaJUIMYECKHMMH OOYKaMH U EMKOCTSIMH
MOKa3aJ, YTO HIMPOKO IPUMEHSIOTCS 3JIaCTUYHBIC

pe3epByapbl  (TaHK-KOHTEHHEpPH) M3  HOBBIX
COBPEMEHHBIX MOJIMMEPHBIX MaTepualos,
YCTOWYMBBIX K  HE(TENpOAYKTaM,  BHEIIHHM

aTMOC(EPHBIM ¥ MEXaHUYECKAM BO3JICHCTBHSM.
Coenunennsle mratel AMepukn (manee — CLIA)
ncnonb3yioT [IDPeI A1s co3anus 3amacoB TOIUIMBA U
OpraHu3aIiy 3aMpaBKd BOEHHOW TEXHHUKH IS
TPYJIHOJIOCTYITHBIX MECT, rae HEBO3MOYKHO
MPOBEJCHUE TIIATEIbHON WHKEHEPHOU MOATOTOBKU
ILIOIIAKH. PesepByapsl JIECAaHTUPYIOTCS
MapalioTHBIM WM OecrapalitoTHBIM  CII0COOaMH.
IIpr HEOOXOOUMOCTH DIACTHYHBIE pe3epByaphI
JICCAHTUPYIOTCS MAPAIIFOTHBIM WIH OeCapanIfoTHEIM
cnocobamu BoenHo-Bo3mymHbie cuimsl CIIIA otmator

HpPEeANoYTEeHHE HapaIIfOTHBIM criocobam
JIECAaHTUPOBAHUs TPY30B [7].
B Boopyxenspix Cmmax Poccmm  Hapsmy

C TIpUMEHEHHWEM METaJUNIMYECKUX eMKOCTeH U
PE3MHOTKAHEBBIX PE3EPBYapOB HEJABHO TMPUHSATHI HA
cHabxenne BC P® ospactuusble pe3epByapHl,
nogo6ueie npuMeHsieMsiM B HATO u BeIlTyckaeMble
poccuiickoi KOMIIaHUEH 000 «HITO
«ITonutexHuka» [8], koTopas Takx e MperloCTaBHIIA
pe3epByapbl NpW JUKBUJAUUM pasznuBa Ha AO
«HTIK.

I1. BBIBOJbI

Takum 00pa3oM, COOTBETCTBYIOIIHE CIIOCOOBI M
MEpOIPUATHS 10 JTMKBUIALINU aBapUITHOTO pasinBa
HE(PTENPOAYKTOB MOTYT OBITh TNPUMEHEHBI H
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pearu30BaHbl Ha 00BEKTaX, T TOTCHIIUMAIEHO MOXKET
BO3HUKHYTh pa3iuB. K HemocTtaTkaMm KaXkIOro u3
MEPEUNCIICHHBIX MEp MOXHO OTHECTH OTCYTCTBHE
TpeOOBaHUI K BpEMEHHBIM PE3epPBYapHBIM CKJIa[aM U
JIPYTUX HOPMATHUBHBIX JOKYMEHTOB, OJHAKO HAJIUYHUE
ombITa BHEJPEHUS [19P SBIIAETCS
OCHOBOITOJIATaIOMKM (DaKTOPOM I 00S3aTEIHHOTO
3aKpeIyIeHUsT B 3aKOHOJATeNnbCTBE Poccuiickoi
denepanuy NPUMEHUMBIX U IOPUIUYECKH 3HAUUMBIX
JIOKyMEHTOB.

Kpome TOro, oOmeIT NpUMEHEHUS  MITKHX
pe3epByapoB B BOGHHOM OTPAaCiH, IPOMBILIIEHHOCTH
Y IIpY JTUKBHUJIALMU aBapuu B Hopuiibcke moka3biBaeT
MEPCIEeKTUBBl BHEAPEHUSI JaHHBIX EMKOCTEH st
MOCTOSIHHOTO MCTIOJB30BaHUS MPHU MPEayNPEXICHUN
u nukBuAanmu YC TexHoreHHoro xapakrepa. OgHako
BOIIPOC O XMMUYECKHX CBOMCTBAX BOJHO-TOIUIMBHOM
CMECH OCTaeTcsli aKTyalbHbIM, TaK Kak s
MOPOOHOTO HM3YYEeHUS HEOOXOTUMEBI JTa0OpaTOPHBIE
WCOBITAaHUS W  MCCIEAOBAaHUA C  PA3NUYHBIMU
YCIIOBHSAMH  OKpYJXKaromeH  (9KCIepUMEHTAIBHOM)
cpenpbl. Heobxoaum aHaIu3 3aBUCUMOCTH
nomapoonacmﬂx CBOI7[CTB OT TOJIIIIHUHBI 06paSOBaHI/Iﬁ
BOL[HO-TOHJII/IBHOﬁ IIJICHKHU.
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BUOJIOI'MYECKASA OYUCTKA CTOYHBIX BOJl BO BPMEHHBIX JIAT'EPAX

AHHOTAIUA

IIpemnokeHa Momens MeMOpaHHON YCTaHOBKH,
KOTOpast O3BOJIUT OYHUCTUTH BECh 00OBEM CTOYHBIX BOJ
W3 BPEMCHHBIX Jlareped [l MEpEeMEINEHHBIX B
pesynbpTaTe upe3BhIYaMHBIX cuTyauuil nun. ['nmaBHOe
MPEUMYIIECTBO YCTAHOBKH 3aKJII0YAaeTCs B TOM, YTO OHA
ABJISIETCS ~ TpaHCHoOpTaOenbHOH, B TOM  YHCIe
ABHAIIMOHHBIM  TPAaHCIOPTOM. OTO  CBsS3aHO €
BHEAPEHHEM MEeMOpPaHHOTO MOJYJIS IIepe]l a3pOTCHKOM,
TeM caMbIM YMEHBIIAETCs 00BEM CaMOro a’pOTEHKA.
YcraHoBKa IpeHa3HaYeHa TSt 6pIcTporo
pa3BepTBIBAHUS  BO  BPEMEHHBIX  Jarepsx Uit
MepEMEIICHHBIX JIHII.

BBEJIEHUE

BognooTBonsiue cUCTEMBI U COOPYKEHUS — 3TO
ONMH W3 BHJIOB HWHXXCHEPHOTO  00OpYIOBaHMS,
o0ecreynBaroIux HEoOX0uMbIe CaHUTapHO-

TUTHCHUYECKHE YCJIOBUS TpyAa U Obita. CHcCTeMBI
BOJIOOTBEICHUSI M OUYUCTKH COCTOST M3 KOMIUIEKCa
o0opynoBaHus, cereit u COOPYKEHUH,
NpefHa3HAYEeHHBIX JUIA TIpHeMa W YJICHHS IO
TpyOOmpoBOAaM  OBITOBBIX  MPOM3BOJACTBEHHBIX U
aTMOC(EPHBIX CTOYHBIX BOJ, @ TAK)KE JUIS MX OYUCTKU U
o0e3BpexuBaHUs TIepex cOpocoM B BOJOEM WIIH

YTHIN3ALHEH.
CrouHBIe BOABI MPEACTABIIIOT COOO0Il ClIOXKHBIE
TeTepPOTeHHBIE  CMECH,  COAEp)Kaliue  NPHUMECH

OpTraHUYECKOTO ¥ MHUHEPATBLHOTO TMPOUCXOXKICHUSI,
KOTOpBIE HAXOTCS B HEPACTBOPEHHOM KOJUIOMIHOM U
pacTBopeHHOM cocTostHuH. CTemneHb 3arps3HeHHs
CTOYHBIX BOJ OIlCHMBaeTcs KoHIeHTpammend. CocraB
CTOYHBIX BOJ PETYJSIpHO aHamu3upyercs. [IpoBomsrcs
CaHHTaPHO-XMMUYECKHE AHAIW3Bl II0 OIPEICIICHUIO:
BenuuuHbl XIIK, BIIK, koHIEeHTpanusi B3BEIIEHHBIX
BELIECTB, AKTUBHOW pEaKUUU CpPellbl, HHTEHCUBHOCTU
OKpacKl, CTENEeHU MHUHepaIu3alul, KOHLUEHTpPalUuu
OMOTeHHBIX 2JIEeMEeHTOB (a30Ta, hocdopa, Kams) U JIp.

BUOJIOI'NYECKAS OYNCTKA

Buosornueckass OYMCTKAa MpeaHA3HAYEHA IS
OYMCTKM CTOYHBIX BOJ OT TOHKOJUCIICPCHBIX U
PACTBOPEHHBIX OPraHUYECKHX BEHIECTB U BBIMOJHSET
TJIABHYIO 33][a4y MPH OYKCTKE FOPOJICKUX CTOUYHBIX BOJI.
B coBpeMeHHBIX CMOCOOaX OHOIOTHYUECKONH OYUCTKU
UCIIONIB30BAHbI, [0  CYHIECTBY, BCE  H3BECTHBIC
MeTaboInuecKre 0COOEHHOCTH MUKPOOPTaHU3MOB.
Meto/1 GUOTOTHYECKON OYMCTKH CTOYHBIX BOJ OCHOBAaH
Ha CIOCOOHOCTH MHKPOOPraHHU3MOB B  IpOIecce
JKU3HEACATEIHPHOCTH B Ka4eCTBE UCTOYHUKOB MHUTAHUS
UCIIOJIb30BaTh pa3HooOpa3Hble BEILIECTBA,
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colepKamiecss B CTOKax. bBHoiormdaeckwe peakmuu
MPOXOAAT TOJA JACHCTBHEM (epMeHTOB (U3ydeHO
HECKOJIBKO  COT€H  (PEpMEHTOB)  TeTepOTPO(HBIX
MUKpoopranu3MoB. CHagama NPOUCXOAUT OKHCIICHHE
BEIICCTB, IS MOAACPKAaHUS  DHEPTeTHYECKUX
mOTPeOHOCTEH KICTKH C  BBIICICHHUEM aKTUBHOTO
BOJIOpPOJIa, a 3aTeéM — CHHTe3 OHOMAacChl. 3aTpaThl
KHCIIOpo/a Ha 3TH peakiuu cooTBeTCTBYIOT BITKionm.
CTOYHOM BOJBI.

Eciau okuciieHHe MPOBOJUTCS JONIO M BCE HUCXOIHBIC
OpPraHMYecKUE BELIECTBA HCIIOJIb30BAHbI, HAYMHAETCS
MpoIiecC OKUCICHHUS KIECTOYHOTO BEIIECTBAa OAKTEPHIA.
Jiii  HOpMaNbpHOTO TpoIecca CHHTE3a KIETOYHOTO
BemecTBa U 3((HEeKTUBHOTO MpoIiecca OYHCTKHA BOIBI B
cpelle TODKHA OBITh HOCTATOYHAs KOHIIEHTPAIHS BCEX
OCHOBHBIX 3JIEMEHTOB ITHTaHHSA OpPTaHUYECKOTO
yriaepoaa (BIIK), asora dhocdopa.
BIIKnoan.:N:P=100:5:1 [7]

u

Ilocne MexaHHMuecKOW M HPU HEOOXOIUMOCTHU
(DU3MKO—XMMHUUYECKOI OYMCTKM BOJY CMEIIHMBAIOT C
AKTUBHBIM WJIOM, MPEICTaBISAIOMUM c000H ClIOKHOE
co001IecTBO MHUKpPOOPIaHM3MOB Pas3INIHBIX
CHCTEMaTHYECKUX TPYMNIL: OaKTepuil, aKTHHOMHIIETOB,
MpoCTeWmuX, rpudoB, Bomopocied u ap. CmemeHne
OCYIIECTBIISIETCS. B  CIICHHUAIBHBIX COOPYKEHHIX
a’pOTEHKAaX, MPEJCTABIIIOMNX CO0O0H  OTKPBITHIC
€MKOCTH OOJIBIIOr0 00beMa C pacroyIOKEHHBIMU B HUX
a’paTopaMu 6apboTakHOrO, MEXaHHUYECKOrO,
CTpy#WHOro wnM jpyroro Tuma. B  pesymbrare
JUINTENIFHOTO KOHTaKTHPOBAaHUS (IPUMEPHO B TEUEHHE
10 4) MUKPOOPTraHU3MOB C BOJIOW B YCIOBUSIX a’palliu
BO3AYyXOM IPOHUCXOIUT OHOPA3IOKEHUE OPTaHUYECKUX
IpUMecei, He yAalIeHHBIX Ha MPEABIIYIIHX CTaIusIx
o4uncTKH [1].

TpeOoBaHMs K OMOIOTHUECKON OUUCTKE:!

1. Hammume cOamancMpoBaHHOTO MUTAHUS (YIiIepoa,

OUOTEHHBIX (a3ora u docdopa) u
MHKPO3JIEMEHTOB)
2. JloctaTouyHO€ KOJHMYECTBO Kuciopoaa (Boay

MTOCTOSTHHO a3pUPYIOT)
3. OnTuManbHBIN TemnepaTypHsIit pesxxum (20-30 °C)

4. OtcyTcTBHE B CTOYHOW JKHIKOCTH TOKCHYHBIX
BemIeCTB (TOKCHMYHBIE METaJUIBl, TakKHe Kak
cepe0po, XIOPCOoeprKalHe BEIECTBA)

5. OrcyrctBue IIABos. ITABBI 3akynopusaroT

ITy3bIPbKU KHUCJIOpOAA, KOTOPBIC H€O6XOHI/IMLI JIIsL
KOppeKTHOﬁ pa60T},1 AKTHUBHOI'O HJIaA.

MEMBPAHHBIE TPOLECCHI PA3JIEJIEHUSA



MemOpaHHbIe Mpoueccsl pa3neseHus,
OCHOBAaHbI HAa MPEUMYIICCTBEHHOW MPOHUIIAEMOCTH
OJTHOTO WJIM HECKOJBKUX KOMITOHCHTOB XKHJKOW JTHOO
ra3oBON CMECH, a TaKXKe KOJUIOMTHOW CHCTEMBI uepes
pa3zenuTenbHy0  meperopoaky-memopany.  dasa,
TpOIIeAIIas Yepe3 Hee, Ha3bIBaeTC s IepMeaToM (HHOTIa
- (huIbTpaTOM), 3aIepiKaHHas - KOHIeHTpaToM. [Iporecc
MeMOPaHHOTO pa3JeNeHus MMPEICTaBlIeH Ha pUCYHKe 1.
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Pucynox 1 - Cxema MmeMOpaHHOTO TIpoIiecca

JBmkymas crira MeMOpaHHBIX ITPOIECCOB Pa3IeICHHUS -
pa3sHOCTh  XUMHYCCKHX WM  DICKTPOXUMHYECKUX
MOTEHIHAIOB IO 00 CTOPOHBI IEPETOPOIKH.
MemOpaHHBIE  YCTaHOBKH 9TO KOMIUICKC
YCTPOWCTB, 00eCTIeYNBAIOIMINX ONITUMAITFHOE
MPOBEICHUE TIpollecca MEMOpPaHHOTO —pa3ieiCHUs.
Kommutekc Bcerma WHAMBHIYAICH, MOCKOJIBKY JUIS
KaXJIO0ro o0bekTa (OPMYJIUPYIOTCS CBOM 33JIayH.
TTepeMeHHBIME UCXOMHBIMU JTAHHBIMU SIBIITFOTCSI:
3ajia4ya mpolecca — OYUCTKa U 00eccoBaHme,
KOHIIGHTPUPOBAaHUE,  pPa3JelieHHe  CMECH,
(bpaKkIuOHUPOBAHHE cMecH, BbIJICICHUE
[IEJIEBOTO WJIM TOOOYHOTO KOMITOHEHTA U T.I1.;

KOMITOHEHTOB;
TeMIIepaTypa UCXOIHOM cMecH.
B 3aBHCHMOCTH OT 3THX 00CTOATENHCTB B COCTaB
MeMOpaHHBIX YCTaHOBOK BKJTIOYAIOTCS

JIOTIOJTHUTETIbHBIE yCTpOHcTBa [2].

JABwkymieit cunoit MeMmMOpaHHOTO mporiecca

pasJienieHus sBISETCs TPaJWeHT MOTEHIMaga 1o obe
CTOpOHBI MeMOpaHbl. B 3aBucuMmocTH OT mnapamerpa
rpajineHTa MeMOpaHHbIE IPOIIECChl PA3INYAIOTCs Ha:
- OapoMeMOpaHHbIE NpH pa3HOCTH jAaBieHui (AP) —
MUKpOQUIB-Tpanus, yibTpadunsTpanys,
HAaHO(MUIIBTPALKs, OOPATHBIN 0CMOC — U300paKEeHbI Ha
pucyHke 2;
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Pucynok 2 - Pacnpenenenne cenapaiiOHHBIX IIPOIECCOB
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- muddy3noHHBIE IPH pa3HOCTH KoHIeHTpanuii (AC) —
JMamu3,  MbE30JAHMAaln3,  OCMOC,  ICpBamopaIus,
MeMOpaHHOE Pa3JicICHUE ra30B;

- TepMOMeMOpaHHbIe Ipu pazHocT Temuepatyp (AT) —
MeMOpaHHas TUCTHUAIUS, TEPMOOCMOC;
-3JIeKTpOMEMOpaHHbIC npu pasHoctu
SIEKTPOXUMUIECKUX MTOTCHIINAJIOB (AE)
ANEKTPOHAIN3, FJCKTPOACHOHU3AIHS, JIEKTPOOCMOC.
Io 3amauamMm MeMOPaHHOTO MPOLIECCa OHU PA3ACISIFOTCS
Ha:

- MeMOpaHBI Uil KOHIICHTPHUPOBAHHS (HEOOXOIUMBIH
MPOAYKT MPUCYTCTBYET B HH3KOH KOHIICHTPALUU U
PacTBOPUTENH TOJKEH OBITh OTICIICH);

- MeMOpaHbI JJIi OYUCTKH (HEXKEIATeIbHbIC MPUMECH
JIOJDKHBI OBITh OTJICJICHBI);

- MeMOpaHbl Ui (PAKIUOHUPOBAHUS (CMECh JTOJDKHA
ObITh paslelicHa Ha JABa WIHM 00Jee HEOOXOIMMBIX
KOMITOHEHTa) [5].

COBMEIEHUE BUOJIOTMYECKOMI
OYUCTKHU C MEMBPAHHBIM KOMIVIEKCOM

AHann3 KOHILEHTpalMi MOCTyMaIoie CTOUHON

BO/IbI IIOKa3bIBAECT YBEJIIMUECHUE pazbpoca
{Tepbuywst

OMCmouHL y —
OMCMOUHLK Koty \CHIBAN A3gomesx

N = Merdpone |
e f N |
2 o X —p—
/ .\\\

4
\\ /

HE BBIMOJHSETCS WMCXOJAS W3 JAHHBIX TaOJHIIbL.
B HacTosimiee BpeMs CyIIecTByeT mpodiema
cOpoca  CTOYHBIX BOA C  [OKa3aTelisiMH,  HE

COOTBETCTBYIOIIMMH TPEOOBaHMSIM KaueCTBA OUUCTKH.
OTOT Impouece MPOUCXOANT U3-3a Psia IPHUHH!

1) Hcnonp3oBaHue pa3InyHbIX MOIOLIUX CPEACTB;

2) Ilepepacxonm BOXBI, BCIEACTBHE YEro Ha OYHCTKY
MOCTYHAIOT CTOK C  MajJblM  COJEp)KaHHEM
OPTaHWYECKUX BEIICCTB;

3) Bonpmoii 00peM HHPHIBTPAITHH.

Jdns Toro 4YToOBI pemmmMTh 3Ty MpodiIeMy,
MpeAiaraeTcsi HUCIOJIb30BaTh MEMOpaHHBIH MOAYIb
nepes] adpOTEeHKOM, IIPECTaBICHHBIN Ha pUCYHKE 3.

Ha pHUCYHKE 3 IpecTaBiIcHa
YCOBEPIICHCTBOBAHHAS cxeMma nporecca
OMONOTMYECKOH  OYHCTKH € TIPEIBAPUTECIBHBIM

KOHIICHTPUPOBAHUCM OPIraHUYCCKUX BCHICCTB. CHavana
CTOYHas BOJAa NOCTYIIACT HA HepBI/I‘IHHﬁ OTCTOﬁHHK, rae
IPpOUCXOAUT YAAJICHUC B3BCHICHHBIX BCIICCTB. I[anee

BOJa IOCTYyIIacT Ha MeM6paHHLII>i MoAyJsb, TAC
IpoUucCxoauT KOHIICHTPHUPOBAHUEC OpPraHn4CeCKux
BemiectB. Ilociie 3TOro KOHLEHTpPAT MOCTyHaeT B
Bmapusing
OMEMOUHLK

bigx doovucmyy
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N\

Ao’
N LA

7

-—

lovwsam
L OMERT

PI/IcyHOK 3 - buomoru4eckast OYMCTKa C UCIIOJIb30BaHUEM MCM6paHHOl"O KOMIIJICKCa

BCTPCUAEMOCTU C YMECHBIICHHUEM MPONU3BOJUTEIBHOCTHU

CTAHIIMM, YTO OOBACHSIETCS OOJBIINM JHAIIa30HOM
VACNBHBIX  PACXOJIOB ¥  YBEJIMYEHHUEM  BIIHSHHUSI
MIPOMBITIJICHHBIX CTOKOB c YMCHBIICHUEM
MIPOU3BOIUTECIHHOCTH CTaHIWH. XapakTepHbIe
JMama3oHbl Ui TOPOJACKHX CTOKOB TIPE/ICTaBIICHBI
pucynke 4 [6].

B pe3yibTarte CHIDKEHHUS YICITBHOTO

BOA0OTBeneHUs yke Ha 25-35% OC c I1II cBbime 100

TBIC. M /CyT TIOCTYIAIOT CTOYHBIC BOJBI, KOTOPHIC B
ycnoBusix Poccuiickoit Depepanuu ciieyeT OLEHUTH,
KaK BEICOKOKOHIICHTPHPOBAHHBIC.

Hecmotpst Ha CHIDKEHHE YACTBHOTO
BosooTBenenus, okoao 1/3 Bcex OC c ITII menee 300

TBIC. M /CyT TOJYYalOT HU3KOKOHIIEHTPUPOBAHHBIE
CTOYHBIE BOJIbI, B TOM YHCJIE MO a30Ty u (ocopy.

Kak ObLIO CKa3aHO paHee, Ui KOPPEKTHOM
pabOTBl  OMOJIOTHYCCKOW  OYHCTKH  HEOOXOIUMO
coomonenne cootHomieHuss BITK o :N:P=100:5:1, uro
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A’POTEHK, T/Ie M MPOUCXOJUT OMOJOTHYECKasl OUYMCTKA
MOArOTOBJIEHHOTO cToKa. [locne aspoTeHka ouuniiaemas
BOJa TMOCTYNaeT Ha BTOPUYHBIM OTCTOMHMK, TIeE
MPOUCXOUT OTIEJIEHNE AKTUBHOT'O WJIa OT OYUIIAEMOTO
croka. [Jlamee ouMmiaeMplii CTOK COEIUHSIETCS C
IepMeaToM Ha OJIOKE JOOYUCTKH U 00e33apaKBAHUS.

Takum  oOpa3oM,  TpEJIOKCHHAs  cXeMa
o0ecrieyrBaeT JOCTATOYHO KOHIIEHTPUPOBAHHBIA CTOK,
KOTOPBIM HE HYXKHO JIONOJHUTEIHbHO KOPPEKTUPOBATH.
Kpome Toro, 3a cuer noBbIIIeHUS! KOHLIEHTPAILUU CTOKA,
MOJKHO YMEHBIIIUTH 00BEM a9POTECHKA.

PE3YJIBTATHI
HNCCIEJOBAHNUA

NPEJABAPUTEJIBHOI'O

Hpe)maraeMaﬂ TEXHOJIOTUSI KOHUCHTPUPOBAHUSA

Obuta wHccienoBaHa B Ja0OPAaTOPHBIX — YCIIOBHSIX.
ITomyuennsle poObI aQHAJTU3UPOBAIIUCH B
akkpeauToBaHHOW  jabopatopun  3A0  «POCAv.

PesynbraTel aHanmu3a, MPEICTABICHHBIC B MPOTOKOJAX
uccienoBanus mpod Ne 51925 - Ne51928 nokazainu, 9To:



BeulecTsa

3arpRaHALILe

uB‘E\IILIJUHh’ JArPAINENNOCTA CTONHBIX 8O0, MmN

HUIKOKOH-

UEHTDHLOBANMMLE

CTOMMbIE BOAW

CpaaHekoH-
UEBHTDHDOBANNLE

CTONHME 80k

KOHUBHT-
PUpOBaHMLG

TOMKHBIE BO/bI

Mp#t BNKsHEKY
NPOMBILLNEHMLIX

CTOMKBIX BOJ]

$ocgiatos

‘Bagewennbie Meneae 150 bonswe 400
BEUeCcTEa

EIlK 5 Mexee 130 130-230 Cebuue 230 Bonsuwe 400
XINK Manee 300 300-600 Cawnye 600 Baonsie 800
Asot Messae 25 25-35 Cauwne 35 bonee 50
SMMOHHAHBIA

®octhop Mones 2.2 2.2-35 Couile 3.5 Bonee 5

PucyHok 4 - XapakTepHble IUana3oHbl KOHIEHTpalui 3arpss3HeHuii B ucxoausix 'CB

Jo wucmomp30BaHHA MEMOPaHHOTO KOMIUIEKCa
XIIK B ucxomHO# Boje coctaBmio - 780 mr/mv3. Tocme
yctaHoBKH MeMmOpaHHOTO KoMIniekca XIIK mepmeaTa —
200 mr/mv?, a XIIK xonnentpara — 7200 mr/mv?

MosxHo caenath BbiBoJ, uTo XIIK koHueHTpaTa
B a’POTEHKE 3HAUMTEIHHO YBEJIUYWIOCH. TaKuM
00pa3oM, ¢ MOMOIIBI0 MEMOPAaHHOH YCTAHOBKU MOXHO
MOBBICUTh KOHIICHTPAIIMIO OPTaHMYECKUX BEIECTB B
a’poTeHKe.  TakKe  yBEJIMYEHHWE  KOHIICHTPAIMU
CIOCOOCTBYET YMEHBIICHUIO PAa3MEPOB a’dpPOTEHKA U
BTOPHUYHOT'O OTCTOHHFKA, CIIENOBaTeNbHO, Omaromaps
JAHHOM OYHCTKE, CHIYKAIOTCS] KalTUTaJIbHEIC 3aTPaThl HA
YCTaHOBKY, a TakKe YMCHBIIAeTCs 3aHHMaceMas
000pyTOBaHNEM ITIOIIATH.

BBIBOJI

CoBmMernieHue nporecca ONOIOTUIECKON OUUCTKH
C MEMOpaHHBIM KOMIUICKCOM YJIyYIaeT OYHUCTKY
CTOYHBIX BOJI, MUHUMHU3UPYET pa3Mephbl a’pOTEeHKA U
BTOPHUYHOI'O OTCTOWHHKA, a TaKkKe CIO0COOCTBYeT
SKOHOMHYECKOU BBITOJIE, o CpaBHEHUIO C
KJIACCUYECKOH CXEeMOM OMOJIOTMYeCKOH OYHMCTKH. Bce
9TO  TO3BOJIAT  CO34aTh  KOM(OpPTHBIE  YCIIOBHSA
TIpeOBIBAHSI JIFOJICH, TIOTIABITNX BO BPEMECHHBIE JIareps B
CBSI3U C KAKUMH-JHOO0 TEXHOT€HHBIMU WJIH TIPUPOTHBIMU
Ype3BBIYAHBIMU CUTYAIUSIMH.
CIIMCOK HNCIIOJIb30BAHHBIX
OBO3HAYEHUM

XIIK — 0o01m1ast KOHIIEHTPAIHSI OPTAHUYECKHUX BEIIECTB
BIIK — KOHIEHTpauusi OpPraHUYECKUX COEAUHEHUH,
OKHCJISIEMBIX OMOJIOTHYECKHM ITyTeM

YC — upe3BblyaliHble CUTYalUU

OC — ouuCTHBIE COOPYIKEHHS

IIIT — npoexTHast NPOU3BOAUTENBHOCTD
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N.C. ®dypacnen, U.H. Kosiechnuenko
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTEeIIbHOE YUPEKICHHUE BHICIIIETO
obpazoBanus «CaMapCKuii HAIIMOHAIBLHBIN UCCIIEIOBATEILCKUI YHUBEPCUTET HMECHH aKaJIeMHUKa
C.I1. KoponeBa» (Camapckuil yHUBEPCUTET),
443084, Poccus, r. Camapa, MockoBckoe mocce, 34.

MHUKPOCHUCTEMBI JIs1 KOHOHEHTPUPOBAHUSA ITOJAPHBIX
OPITAHUYECKHX 3ATPSI3HUTEJIEN U3 INPOb ATMOC®EPHOTI'O
BO3AYXA U BO3/1YXA PABOYEU 30HBbI

1. AHHOTAIMUA

Pa3zpaboTaHbl ~ MHUKPOCHCTEMBI Ha  OCHOBE
TpyOUYaThIX TPOTOYHBIX CHCTEM, IPEIHA3HAYCHHBIX
IUII KOHIIGHTPUPOBAHHS IOJISPHBIX OPTaHHMYECKIX
coeqMHEHNH u3 mpod arMochepHOro BO3AyXa U
BO3Ayxa paboueid 30HEL. B kadectBe copOeHTa
HCIIONIB30BAJICS HHEPTHBI HOCHUTEIh C HAHECEHHO! Ha
HEro cOpOLIMOHHO-aKTHBHOM COJIBIO XJIOPH KOOaIbTa
B koiuuectBe 25 %. [lpuHumn paGoThl cUCTEMBI
OCHOBaH Ha [UHAMHUYECKOM TIa30BOM 3KCTPAKLHUU.
YcTaHOBNEHO, YTO pa3pabOTaHHbIE MHUKPOCHCTEMBI
MIPUTOAHBI JI1 UCIIONB30BAaHUS B KaueCTBE MaTPHUIIBI
JUId TIOJlyYeHHs] AaTTEeCTOBAaHHBIX TIa30BBIX CMecel
aleToHa, HeonpeaelneHHocTh cocTaBister 10%. Ilpn
KOMILUICKCHOM HCIIOJIE30BaHUA MHUKPOCHCTEM IS
KOHIICHTPUPOBAHUS M IIONYYEHHUS Ta30BBIX CMecei
UL TPaTyHpPOBKH aHATUTHICCKOTO OO0OpPYHIOBaHHUS
OCTUTAeTCS  CHIDKEHHE  OOIIeH  pacmmpeHHOU
HEOIPEICNICHHOCTH pPe3yJibTaTa KOJMYECTBEHHOTO
ONpeNeNeHus] TONSAPHBIX COEAMHEHHH B Ipobax
BO3AYIIHBIX CPeJ MPU HENPEepPHIBHOM MOHHUTOPHHTE
00BEKTOB OKPYIKAFOIIEH CpeJIb.

2. BBEJEHMUE

OCHOBHBIMHU AHATUTHYECKIMHU CTausAIMU,
ONpPENeNAIONIMA  TOYHOCTh  KOJHWYECTBEHHOTO
OTIpeNeNICHUs 3arps3HHUTENCH B BO3MYIIHBIX Cpelax
SBIISIIOTCSL ~ Tp0o000TOOp,  MPOOOMOATOTOBKA |
KaJTnOpoBKa 00opynoBaHUSI. AHaIATHYECKUM
MPUEMOM, TIO3BOJLIIONINM CHH3UTH CYMMAapHYIO
HEOIPEENICHHOCTh PEe3yJIbTaTa U3MEPEHUsl SIBIIAETCS
IpUMEHEHNE HWACHTUIHBIX CHCTEM JUTS
KOHIIEHTPUPOBAHHS aHAIUTOB U KAJINOPOBKH CPENICTB
U3MEpEHU. Junamuueckuii MOHHUTOPHUHT
OpPTaHUYECKUX 3arpsI3HHUTENICH TO3BONISIET MPOBOANUTH
CHCTEMHOE ¥ HENpephIBHOE HAONIOJCHHWE 3a
MIPOM3BOJICTBEHHBIMHU TPOLIECCAMH M O€30TTaCHOCTHIO
paboumnx Mmecr.

Lenpro paboTHI SABIISIIACH aNPOOALIUS MIEHTUYHBIX
MUKPOCHCTEM JUIl KOHLIEHTPUPOBAHMSA MOJSPHBIX
COeMHEeHUH u3 mpobd arMocepHOro BO3AYXa M
BO3lyxa pabouyeil 30HBI W IS HOJNyYCHHS
KaJIMOPOBOYHBIX CMECEH.

3. HCHOJIb3YEMBIE

MATEPHAJIBI

B kauectBe cpencTBa U3MEpEHUM HCTIOIB30BAIH
MOOWJIbHBIN aHAINTHYECKUI KOMIUIEKC - Ta30BBIH
mukpoxpomarorpad «ITMA» (momep B I'ocpeectpe
cpenctB uzMmepenuit 60785-15) ¢ TepMOXUMHUUECKUM

METO/JbI n
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JIETEKTOpPOM,  TepMoAecopOepoM ¥ IUIaHAPHOM
XpoMmarorpauueckoii  KOJOHKOW ¢  KaHaJaMu
BHYTpeHHUM ceyeHueM 0,8 MM2, 3an0JHEHHBIMU
copberTom Carbopack B (¢ppakmus 80-100 MEILI).
Temneparypa tepmocrtara kojoHok 600C, naBneHue
75 xIla. Bpems ananu3za 3 MuH, BpeMs yAepKUBaHUS
mas  anetoHa 151 cex. OmpexpeneHue mpenena
nerektupoBanus nposoaumu no I'OCT 8.485-2013.
Ha pucynke 1 npencrasnena cxema u ¢ororpadus
MOOHJIBHOTO aHAIMTHYECKOTO KOMILIEKCA.
KanuOpoBky ocymecTBIsUIN B JUana3oHe OT
mpenena  jgerektupoBaHus go 10 ppm. s
KaJauOpoBKHU B auamna3one 1-10 ppm uCHonb30Baiuch
[rc 1038s5-2013 (OO0 «MoHUTOPHHTY), I
kamuOpoBkn B gmamazone 0.1 mo 10 ppm
HCTIOJIb30BAJIN I'a30BbIE CMECH, TI0JTyYEHHBIE METOIOM
aHanmm3a paBHOBecHOH mapoBodl ¢azer (IIDPA) u
ra30BbIE CMECH, HOJyYCHHBIC BOJIOMOMETPUYECKHM
pasbaBiieHHEM, TIe B KadecTBEe TIaza-pa30aBUTENS
HCTIONB30BAIM BO3JIyX CHHTETHYECKUH KaTeropuu
gucTeIA Juid aHanmu3a mo TY 2114-016-05015259-
2016 (AO «JIuane T'az PYCy»). IlomyueHne ra3oBbIX
CMecei, CoiepIKallliX CIe0BbIe KOINYEeCTBA alleTOHA
TaKXKe PEalN30BBIBAIM C HCIOJIB30BAHHEM XpOMAToO-

necopbrmonHbix  cucrem  (XIC). B kauectse
copOEHTa  WCIIONB30BAIM  WHEPTHBI  HOCHUTEIh
Chromaton N-AV ¢ HaHeceHHOH Ha HEToO

HETIOJIBIDKHOHM (a3oil m3 xyopuga kobambra 25 %.

Hacrpimienne  cucTeMBl MPOBOAMIM — KaleIbHBIM
MeToZoM, ©00beM |  MKI, NpeanoAroTOBKa
OCYIIECTBIISTIACH JIUCKPETHBIM MIPOAyBaHHEM

BO3AYyXOM (KaTeropuu YMCTHIN U1 aHanm3a mo TY
2114-016-05015259-2016, mpousBogutrens  AO
«Jluage T'az PYCy») 10 mi. decopOmmro mpoBOAMIN
nuckpetHo npu Temnepatype 100C. Ot6op mpoObr
OCYIIECTBISUICA B AaCHHPAMOHHBIM METOAO0M, 15
MJI/MUFH.

4. OBCYXIEHUE PE3YJbTATOB

J1s MUHUMU3aLMU CIy4YyalHBIX [OTPEIIHOCTEM
CIIY>)KUT ONTHUMH3ALUS CTaUH TPATYUPOBKHU, KOTOpAst
3aKJIIOYAETCS. B HCMOJb30BAaHUM  MaKCHMalbHO
NPUOIIMKCHHBIX K OOBEKTY HCCICHOBAHUS Cpel M
aJeKBaTHOCTh  KaTMOpPOBOYHBIX  cMmecedl  (To
arperaTHOMy COCTOSIHHIO, COCTaBY, COOTBETCTBHE
BCEX  MAHWIYJIWA  aHAJOTHYHBIM  CTaausAIM
MPOOOTIOATOTOBKH). B CBSI3M ¢ 9TUM MEPCIIEKTUBHBIMU
JUTSA TIOTY9eHUS KaTHOPOBOYHBIX CMECeH TPH aHAIN3e
aTMOoc()epHOTO  BO3/AyXa  SIBISIIOTCS ~ METOJBI,



OCHOBaHHBIC Ha aHAJIN3€ PAaBHOBECHOH apoBOH (a3sl,
BOJIIOMOMETPUYECKHHA ¥ XPOMaTO-JeCOpOLMOHHBIN
CIIoco0 MoJTydeHHs ra30BbIX CMECeH.

B pexume AUCKPETHOro I03UPOBaHUS pPeECype
XPOMAaTO-/IeCOPOLIMOHHON CHUCTEMBI  ONpeeseTCs
MEPHOIOM MO /IePIKaHHS KBa3UIIOCTOSIHCTBA
KOHIICHTPAINH, KOTOPBI 00yCIaBIMBAET KOJTHIECTBO
BOCIIPOM3BOJMMBIX ~ BBOZOB. Jlmsi  mpoBeneHMsA
KaJTHOPOBKH HEOOXOINMO HE MEHEE TPEX Pe3yIbTaToB
Ha KaXIBIH KamuOpOBOUHBIA ypoBeHb. DyHKIuS,
OTIMCHIBAIONIAsl XapaKTep W3MEHEHMs KOHICHTpPAalnu

aHalMTa OT KOJHMYECTBAa JUCKPETHBIX  aKTOB
MIPOITY CKaHHsI BO3JIyXa yepes XpoMaTo-
JIECOPOIMOHHY IO CHCTEMY [1,2], SIBIISIETCS

nonuHoMHaNbHOU. Illar CHUMXEHUs KOHLIEHTpaluu
XapakTepu3yeT U3MEHEHUE YCIIOBUN JTUHAMHUYECKOTO
paBHOBeECHs B CHUCTEME MpPHU HCTOUICHUHM 3amaca

aHaINTa, o0ecreunBaronIero HOJIep KaHNe
KBa3UCTAIIMOHAPHON KOHLICHTPAIIH.
[IpomomKUTENEHOCTh  NEpUOAa  JHHAMHYECKOTO
paBHOBecHsT  (pecypc)  CHCTEMBI  OIpEelsieT

KOJIMYECTBO IOCJIEAOBATEIbHBIX BOCIIPOU3BOIUMBIX
mpo0 ¢ KOHIIEHTpaluel, MOCTOSHHOW B HHTEpBaJe
KOTOPBIN XapakTepusyer CTaOMIIBHOCTh
MOAAEPAKAHUA TMOCTOSIHCTBAa KOHUEHTpauuu. Takum

o0pa3oM, HCHONB3ysl OJHY U Ty K€ XpOMaTo-
JECOPOIIMOHHYI0  CHUCTEMY, BapbHpys  YCIOBUA
MPENNOATOTOBKH, a HUMEHHO KOJIMYECTBO

MPOMYHMICHHOTO Yepe3 CUCTEMY BO3yXd, BO3MOXKHO
MOJy4aThb ra30BbIC CMECH € PA3JIMIHBIM COACPIKaHUCM
aHaJIkuTa. MaremaTtnyeckoe MPOTHO3UPOBAHUEC
KOHICHTpAlUM Ha KaXJAOM YPOBHC AMHAMUYCCKOTO
paBHOBECHA OCYHICCTBIIFICTCAL B paMKaX TEOpHUU

MeToaa a7CcopOIIMOHHOTO PaBHOBECHOTO
KOHIIeHTpupoBaHu [3,4].
B  rtabmume 1  mpeAcCTaBiICHHBIC — JTAHHBIC

pacIIMpeHHONW HEONPEEICeHHOCTH AaTTeCTOBAaHHOTO
3HAUEHHUS aleToHa B KaJTMOPOBOYHOW CMECH IS
pa3HbIX IMANA30HOB KOHICHTpAIMU. [IpubImKeHHast
OIICHKA OIO/KET HEOOMPEIEJICHHOCTH APYTUX CTaIui
METOAMKH MOXHO CKaszaTh, 4YTO CyMMapHas
paciIipeHHas HEONpeAeICHHOCTh METOIUKH Oyner
npesbimiath 60%, 4YTO CHUXKAET 3HAYMMOCTh JAHHOU
Metoauku. ClemoBaTenbHO, HEOOXOAUM  BBIOOP
KaJTHOPOBOYHBIX CcMecen, 00eCIIeYnBaroIINX
OOMNBIIYI0O TOYHOCTh aHAIM3a W KaTuOpOBKY B
HEOOXOUMOM JMana3oHe. B TabIuIe 2
MPENCTaBICHBl PEe3yNbTaThl aHaIW3a MOJCIbHBIX
cMmecelt 1 pod atMocdepHOro Bo3myxa, B KOTOPBIX
KOJIMYECTBEHHOE OTpPEAeTIeHUE MPOBOIMIN METOAOM

II06aBKI/I u C HCIIOJIb30BAHHUC
MUKPOKOHUCHTPAIIUOHHBIX CUCTEM C COp6L[I/IOHHO
aKTHUBHOM COJIbIO. Kak BUIHO us3 JaHHBIX

yJaBJIMBAHUE TIIO3BOJIACT COKPATUTb CYMMAPHYIO
HCONPEACICHHOCTb PE3YyJIbTaTa aHaln3a U MOBBICUTH

TOYHOCTb KOJIMYE€CTBEHHOTO onpeaeseHus
3arpsi3HUTENEH.
5. BBIBOJbI
Pazpaborana METOIHKA KOJIMYECTBEHHOTO

aHalin3a MOJIAPHBIX OPTaHUYCCKUX COCIMHEHUN B
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aTMOC(epHOM  BO3IyXe  Xpomarorpaduyeckum
METOJIOM B AMamna3zoHe koHueHrpanuit ot 0.1 mo 100
ppm. UM3ydeHbl BO3MOXHOCTH M OTrpaHUYEHHUS
MPUMEHCHUS  PA3jM4YHBIX CIOCOOOB  TIONYYCHUS
KaTHMOpPOBOYHBIX Ta30BBIX CMECEil: IMOBEPOYHBIC
ra3oBbIE CMECH, Ta30BBIC CMECH, IPUTOTOBJICHHBIC
CTAaTUYECKUM  METOJOM  aHalnW3a paBHOBECHOU
mapoBOH (a3bl, CTATHYECKAM BOITIOMETPHIECKAM [5]
METOZIOM M XPOMAaTO-IeCOPOIOHHBIM CIIOCO00M B
JTUCKPETHOM pexume. YcTaHOBIIEHO, 49TO
1enecooOpa3sHo  IPUTOTOBJICHHE — KaJMOPOBOYHBIX
cMecell  HEMOCPEACTBEHHO Tepell MpPOBEACHHEM
aHanmu3a. AnpoOupoBaHbI UJICHTUYHBIC
MHUKPOCHCTEMBI, Ha OCHOBE COPOIMOHHO AKTUBHOMN
COJIH XJIOpUAA K0OanbTa [6] AN KOHICHTPUPOBAHUS
aIleTOHA U3 BO3AYIIHBIX P00, yCTAaHOBJICHO, 4TO 25%
COJICp)KaHHe HEMOJBIKHOM (a3sl  obecrieunBaer
s peKTHBHOE yIIaBIMBaHUE aHanTa pu
JIMHAMUYECKOM MPONYCKaHUU MOJeNbHOM cmecH 0,1-
1 ppm. /i KOHICHTPUPOBAHUS HEOOXOIUMBI
CHCTEMBI C OOJIBIIIAM MPOIIEHTOM COJCPKAHUS COJIH.
BaxxHBIM TIpEeNMyIIECTBOM XpOMAaTO-IeCOPOIIMOHHBIX
CUCTEM SIBJISIETCS BO3MOXHOCTh MX HCIOJB30BaHUS
JUIS  KOHIIGHTPUPOBaHHMS MNpo0 B YCIOBHSIX
UJCHTUYHBIX KaJIMOPOBOYHBIM, YTO OOECIIEYMBACT
CHIDKCHHE BKJaJa 3Tama KaauOpoBKH B OOIIUI
O10/pKeT HeompeaeneHHoCcTH MeToauky Ha 10-20%.

JUTEPATYPA

1. IImatromoB M.A., Komecumuenko W.H.,
HosuxoBa E.A., IlaBmoBa JI.B. Hcnonn3oBaHue
COpPOLMOHHBIX MHKPOCHCTEM U CO3AaHUS 00pa3IioB
cocraBa JIETYYHX OpPTaHWYCCKHX COCIWHCHHU //
WsmepurenbHas Texuuka. 2019. Ne 7. C. 62-66.

2. IlmaronoB M.A., Komecumuenko W.H.,
Hosuxosa E.A., MyxanoBa .M. noiy4eHue ra3oBbIx
cMecell  M3BECTHOTO  COCTaBa  JMHAMHYECKUMU
metozamu // CopOIMOHHBIE U XpoMaTorpaduuecKue
mporeccel. 2017. T. 17. Ne 3. C. 378-387.

3. PonunkoB O. B., byraitueako A. C., MockBuH
JI. H. Craruueckuii mnapodasHblii aHalU3 M €ro
coBpeMeHHOe cocTosiHue // XKypHan aHamuTHYeCKON
xumuH, 2020, Tom 75, Ne 1, C. 3-23.

4. Burenbepr A.JI., Kowomemsko JLA.
[Mapodaszueiii  razoxpomarorpaduyeckuii  aHAIHU3:
Mmerponoruyeckue — npwioxenus  // XKypnan

aHanuTrdeckoit xumun. 2011. T. 66. Ne 5. C. 452-472.

5. TOCT P HCO 6144-2008. HammoHaIbHBII
CTaHAapT POCCUHCKON (enmepanuy aHaau3 Ta3oB.
[IpuroroBnenne rpagyHpOBOYHBIX T'a30BBIX CMECEH.
Cratndyeckuii oObemHBIH Meroa. Gas analysis.
Preparation of calibration gas mixtures. Static
volumetric method.

6. XKypasnesa I'A. 3aKOHOMEPHOCTHU
yaepxuBanust N, O, S-comepkaliux OpraHHYECKUX
COEIMHEHUH U3 ra3oBoii (paszbl copOeHTaMu Ha OCHOBE
coiell mepexonHbIx MerauioB // CopOLMOHHBIE W
xpomarorpaguueckue npoueccel. 2017. T. 17. Ne 5. C.
750-755.



Bbod npods

Mukpokownyesmpamap |
¢ decopdepom

Maromemp | .| Losamop

Pedyxmap
@Mbmp

[a3

| bnok
NUMArua

Mukpoxpomamozpa@uyeckas

| KOAOHKG C megMocmamon |~

TepmoxuMuseCKUl
demexmap

+ Muxpoxoxmponnep

Wamepgeuc
Bboda-Osboda

1K

Pucynox 1 — CxemMa MOOMJIBHOIO aHAJMTHUYECKOTO KOMIUIEKCA C Ta3oBbIi MHUKpoXpomaTtorpadgom
«I[IMA» u TepmozmecopOepoM Uil KOJMYECTBEHHOTO OIPENENCHUs] TOJSPHBIX OPraHHYEeCKUX

3arps3HUTENei

Tabnuna 1 - CymmapHasi HeolpeIeJIeHHOCTh KOJIMYECTBEHHOT'O OTIPEeIeNICHHS alleTOHA B MOJICIBHBIX CMECSIX

BbIAbIXaCMOT'O BO3yXa

OnpenesneHHast Mo
Crioco6 HomyueHus KoHueHTpanus aneroHa METOTHKE PacnmpenHas
. B MOJEJIBHOI CMecH, HEOIPEICIICHHOCTh, Y%

KaJTHOPOBOYHON CMeECH KOHILICHTPALHS
ppm OTH.

alleTOHA, ppm

0,2 i i
Mrc 10385-2013 0,9

2,0 1,35 32,5
0,2 0,11 45,0
MDA 0,9 0,53 41,1
2,0 1,55 22,5
Bomomomerpuieckoe 85 8;2 ?2(7)
pa3baBncHHE 2.0 1.8 9.0
. 0,2 0,15 25,0
XpOMaTO-éIrfg((:)([))gIII/IOHHLII/I 0.9 074 17.8
2,0 1,80 10,0

Tabmmua 2 — Pe3ynbTaTsl COPOIMOHHOTO KOHLIIEHTPUPOBAHUS MOJICIIBHBIX CMecel M P00 aTMOC(hepHOTo BO3/IyXa

(AB) c ucronp3oBaHreM MUKpocHCcTeM, 3anonHeHHbIX Chromaton N-AV ¢ HaHeceHHOH cOpOLMOHHOAKTHBHOM
cospto CoCl, 25% (00bemM o0TOOpaHHO¥ TPoOBI 5 MiI).

MopenbHas cMech, 1 ppm [Ipo6a AB
Ne A, % KomeTpams KonuenTpauus A, %

KonuenTparus aIleTOHA, YJIaBIIMBaHHE
n/m alleToOHa, METOJ A, % o

areToHa, ppm Ha MuKpocucreme 25%
no0aBku, ppm
MPOIMTKH, ppm
1 0,74 26 0,30 35 0,42 26
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A. E. Yepenona
Ky3zbacckuii rocyaapcTBeHHBIN TEXHHYECKHA YHUBEPCUTET
nmern T. @. 'opbauesa, Poccus, r. Kemeposo

YCTPAHEHUE HE®TEPA3JIMBOB HA BOJOEMAX C IIOMOLIbIO
YIVIEPOJHBIX MAI'HUTHBIX COPBEHTOB

AHHOTANA

B nmanHOil paboTe paccMOTpeH MeETOJ JHMKBUIALUH
aBapUHHBIX Pa3IMBOB HEPTH M HEPTENIPOJYKTOB Ha BOZOEMAaX
COpOLIMOHHAs OYKMCTKAa MPH IIOMOIIM  YIJICPOAHBIX
MarHuTHBIX ~ copOeHTOB. [IpemnoskeHa  HWHHOBAIMOHHAsS
CTPYKTypa MAarHUTHOTO copOeHTa snpo-obosiouka. OCHOBY
copOeHTa NpenCTaBisieT MarHUTHBIH IEHTp (MarHETHTOBOE
SIpO) C HaKaTaHHOW Ha Hero 000JIOUKOH (copOupyrommit

Matepuan). B  mabopaTopHBIX  yCIOBHSX  ONpPEIEIICHBI
¢du3nyueckhe XapakTepUCTHKH MAarHeTHTOBOTO  sifpa M
copbeHra. Pazpabotka aKTyalbHa UL
HedTenepepadbaTHIBAIOIINX MIPEANPHATHIH, LIEHTPOB

JMKBU/IAIINY aBapuiHBIX pa3nuBoB Hedtu (JIAPH), a Taroke
NpeNIpUATHA Ha  KOTOPBIX  ©KETHEBHO  IPOMCXOIUT
00pa3oBaHUE YIJIEPOACOACPIKAIINX OTXOIOB.

AKTyalbHOCTH

CrpemMuTENBHBIH POCT HEPTIHOM MPOMBIIUICHHOCTH
NPUBEJ K 3arpsi3HEHHUIO OKPYIKaroLIeH cpe/ibl HeThIO U
HE(TENPOAyKTaMH, OCOOCHHO B paioHax JJ00bIUH,
TPaHCHOPTHPOBKH H TEPEPadOTKU HSTOTO IOJIE3HOTO
uckomnaemoro [1, 2].

OnHUM M3 caMbIX TYOWTENbHBIX IS OKpY)KaroIei
Cpeabl BUJIOB aBapHi SBISIOTCS IIPOMCIIECTBHS HA
MOpPCKHX JI0OBIBafOIIMX IUTaTGopmax, € KOTOPBIX
pou3BOIUTCS OypeHue u 1o6bda Hedtu [3].

ABapuitHplii  pa3znuB  HedTH
KOHTPOJIpYeMOe, He NpeyCMOTPEHHOE
TEXHOJIOTUYECKHM  PErjJaMeHTOM  pPaclpoCTpaHeHHe
BBUTUBIIICHCS He()TH 1O BOAHO# akBatopuu (4, 5, 6].

B kauecTBe OCHOBHBIX METOAOB JIMKBHJALWHU
HepTSAHBIX 3arps3HEHHH Ha BOJHOW MOBEPXHOCTH
BBIJICTISIFOT 4 TPYTIITB:

- JlukBumamust ~ OOHOBBIMH  3arpakACHHSIMHU
(OoHOBBIE  3arpak[IeHHS IO3BOJIAIOT  IEepeMeIaTh
He(TsHbBIC MATHA B JIIOOOM HaNpaBJICHUHU IS y100CTBa
cbopa);

- Xumudeckue MeTojbl (PacTBOpEHHE B BOJE HIIH
He()TH MOBEPXHOCTHO-AKTUBHBIX BEIIECTB, MEHSIOIIMX
COOTHOIIEHHE MOBEPXHOCTHBIX JHEPruid Mem(asHbIX
TpaHUIl B cUCTeMe He(Th - BO/IA);

9TO HC

- IlpumeHeHWe  CHENHMANBbHBIX  COPOIMOHHBIX
MaTepHajoB;

- Bbuonoruueckue METO/IbI (nmpumeHeHue
MUKPOOPTaHU3MOB-IECTPYKTOPOB, MOTPEOIAIOMHNX

HedTh 1 HeTEIPOAYKTHI) [5, 7].

MHorue U3 BBILICTIEPEUUCICHHBIX METOZO0B HMEIOT
3HAYUTENIbHBIE HEJOCTaTKH: TPYJOEMKOCTh Hpolecca,
HEBO3MOXXHOCTh ITOBTOPHOT'O HCIIOJIb30BaHUsSI HE(DTH U

MH. 11p [8, 9].
B cBa3m ¢ »THM 1eTecoo0pa3HO  IIPUMEHSTH
COpOEHTHI I JUKBHIAIMKM DPa3iuBOB HepTHm u

HepTenpoaykroB. OpHAKO MpUMEHEHHE COpPOCHTOB
MMEEeT 3HAUMUTENbHBIH HEeA0CTaTOK — mapycHOcTh. [lof
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JEACTBUEM TUAPOMETEOPOIOTHUECKUX yCIIOBUI
oTpabOTaHHBIT COPOCHT MOXKET pa3HOCHUTHCS Ha
JadbHUE DPACCTOSIHUS, BCIICACTBHE YETO CTAHOBHUTCS
00BEKTOM 3arpsi3HeHHs1 OKpyxkaromed cpexasr [10, 11,
12].

Pemennem 3TOH  mpoOieMBl  MOXHO — CUHTATh
MIPUMEHEHNE MarHUTHBIX CBOHCTB B COCTaBe COpOEHTA.
3TO MO3BOJIUT  JIOKAIM3UPOBaTh pa3iuB  HE(TH,
KOHTPOJIMPOBAaTh M YNpaBIATh COpPOCHTOM  Ha
MIPOTSHKEHUH BCETO Tpoliecca COpOIHH.

Heas  paborbl: Pazpabotka  yrmepomHOTO
MarHUTHOTO CcOpOEHTa B 7a0OpAaTOPHBIX YCIOBHSX H
OIIpeeIeHNe eTo (GM3MIECKUX XapaKTePHCTHK.

O0beKT ucciieIoBaHUsI: COPOCHTHI Ul OYHCTKU
BOJIHBIX CpeJ] OT HE(PTSAHBIX 3arpsi3HEHUN.

IIpeamer HCCJIeI0BAHMSA: yCTpaHeHue
He(Tepa3IMBOB HA BOJIOEMAxX C MOMOUIBIO YIJIEPOIHBIX
MarHUTHBIX COPOEHTOB.

MeTtox ucciieioBaHusI: HAOIIOICHHE, SKCIICPUMEHT,
nabopaTOpHBIN aHaN3, CPaBHEHUE, 0000IICHHE.

HayuyHnasi HoBU3HA:

[Tpennoxena WHHOBAIIMOHHAS
MarHUTHOTO cOpOEHTa s1IPO-000JI0Ka.

[IpeanoxeHa TEXHOJOTHSA IIOJyYEHUS] MarHUTHOTO
copOeHTa METOJOM  OKaTBIBAHUS  COPOHMPYIOIIETO
MaTepHaja Ha MarHEeTUTOBBIE SApa.

CTPYKTYpa

MarHuTHbBIE CBOWCTBA COPOCHTY NPUAAET MAarHETUT
(FeO-Fe 03). [laHHbIii MUHEpan MOXKET HAaXOJIUTHCS B
copbenTe B 3 BapuaHTax: Ha 000JI0UKE, paclpeiesieH 110
BceMy 00beMY COpOEHTa UM COCPEIOTOUYEH B siape (pUC.
1).

[IpuMeHeHne  MarHeTHUTOBOTO  sipa  SIBISIETCS
Hanboiee TPHOPUTETHBIM, TaK KaK B 3TOM CIydae
YTIPOIAeTCst nporecc MOy YeHHS copOeHra,
MOBBIIIIAETCS  €r0  YNpaBisIEeMOCTb M CTAaHOBUTCS
JOCTYITHBIM H3BJICUCHHUE JOPOTOCTOAMICTO KOMIIOHCHTA
MarHe€TuTta #n3 30JbI MIpPHU CXKUTaHUA MarHUTHBIX
copOeHTOB B pamKax yrunmuzanuu [13].

-
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Puc. 1. CiocoOsI pactipesienieHust 4acTHIL
MarHeTUTa B IpaHyJlaX: a — «Ha IOBEPXHOCTHY,
0 — «B 00BEMEN, B — KMAarHETUTOBOE SIIPOY;

— CMECh HAIMOJIHUTENS U CBSI3YIOLIETO;

. — Mar”HeTur,



OyHKIMOHAIBHAS CXeMa MOTyYeHUS] MarHETHTOBOTO
s7pa IpeACTaBIeHa Ha PUCYHKE 2.

Cesasytowiee

OpHopoaHasi cMecb

[paHynupoBaHue cmecu

|

|
[ TepmoobpaboTka I

Puc. 2. ®yHKIIMOHANbHAS cXeMa MOIydYeHUs
MarHeTUTOBOTIO Spa

1. IToryyeHne MAarHETHTOBBIX sIAEP.

e  [IpuroToBieHHEe OXHOPOTHON CMECH (MarHETUT
+ cBszytomiee + 100aBKN);

e  ['paHynmpoBaHHE B pacTBOpE IMOTUMEpPHU3ATOPA
JUTS TIOJYYCHHUs He00X0quMoit chepudaeckoit popmer;

e  Cymxka (ocymectsisiercs mpu 100 °C );

e  TepmoobpaboTka (ocymiecTBiasieTcs B
My(denpHOt  meum, rae  sAupa  IOJBEpraroTcs
BBICOKOTEMIIEpaTypHO#t 00pabotke 10 600°C);

ITocme Bcex BBINICTICPEYHCICHHBIX CTaAUN spa
TIOJTHOCTBIO 3aTBEPICBAIOT W TOTOBBI K HAHECCHUIO
copOupyIoIIero Marepuana.

2. T'panyiupoBaHHe BTOPUYHOIO
OKATBhIBAHHE HA MATHETUTOBBIX SAPAX.

Jlanmee Ha MATHETUTOBBIE SPa METOJIOM OKATBIBAHUS
HAHOCUTCSI COPOUPYIOIINI MaTepual, KOTOPBIA COCTOUT
U3 CMECH CBS3ymomEero (OTXOAbl OHOJOTHYSCKHX
OYUCTHBIX COOpy)KeHI/Iﬁ CTOYHBIX BOI[) 1 HAIIOJIHUTEIIA
(yrnepojconepsxaiiie oTxoas) [14].

B kadecTBe HaAmOJIHHUTENST KMCIIOIL30BAJIU OTXObI
JiepeBooOpabaTHIBAIOIIEH MPOMBIIIJICHHOCTH (OIHIIKH),
XapaKTEPUCTHKH MpecTaBIeHBI B Tabmuie 1. CeIpsé He
COJIEPKAIIO IPUMECEH U CIICIOB THHCHUS.

CBIpbSl M

Tabauna 1
XapakTeprCcTHKa BTOPHIHOTO IPEBECHOTO CHIPhsI
CaBoiicTBO IToxka3arean
Bnaxnocts, % mac. 5,0-5,3
3016HOCTB, % Mac. 5,1-53
I110THOCTH HACHIIHASA, KI/M° 173,0 - 181,7
Boixon JieTyuux BewecTs, % 72,0-175,6

B kadecTBe CBS3YIOIIErO YacTHUIl HAIOJHHUTEIS
NPUMEHSUIM  M30BITOYHBIH AKTUBHBIM WJI OYHCTHBIX
coopyxeHu# (tabiuna 2).
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Tabuuma 2
XapakTepucTHKa H30bITOYHOTO
aKTUBHOIO UJjIa

CBOICTBO IMoka3areib
pH 6,3-17,3
W, % 76,0 — 80,0
Cyxoit ocTaTok, % 20-24
ITpoxanenHsIi ocTaTok, % 27-31
Kinacc onacnoctu v
Iponecc rpaHyJISIIUA OCYIIIECTBIIACTCS B

OapabanHOM rpanyistope. JlabopaTopHblii rpaHyIATOp
COCTOMT M3 IOJMITHIEHOBOro OapabaHa JHaMeTpoM
0,27 m, gmuHO# 0,31 M, U IEKTPOMEXaHUIECKOH JacTH.
Ckopoctpb BpamieHus: 6apabana Bapsupyercs ot 40 1o
140 06/muH.

[Ipomecc oOKaTBIBaHUS HA MArHETHUTOBBIX SApax
MOJKHO Pa3JIeNUTh Ha HECKOIBKO CTaIIHIA:

e (CwMemeHne MarHETUTOBEIX SAEP CO CBS3YIOIINM
U HaIlOJTHUTENEM;

e OkaTbhIBaHHE CMECH Ha TIOBEPXHOCTH AJ€EP;

e VIUIOTHEHHE MOJyYCHHBIX TPaHyJ B pe3yibTaTe
UX IepeMeleHNs IO TPaHyIATopY;

e VmpouHeHHE CBA3EH B pe3yibTaTe Mepexoia U3
KUOKOM a3l B TBEpAyO, T. €. CcTadmwim3anus
CTPYKTYPBI TPaHyJIbI.

Ha Bcex BhITICNIEPEUHCICHHBIX CTAUSIX TPOUCXOTUT
M3MEHCHHE pacIpeleNieHusI YacTUIl TI0 pa3Mepam, T. €.
HAET TMpolecc TpaHyI000pa30BaHUs, HHTCHCHBHOCTH
KOTOPOTO 3aBHCHT OT TEXHOJIOTHH, aIlapaTypHOTro
odopmileHnst Tpoliecca TPaHyJUPOBAaHHS U CBOWCTB
OpoAyKTa. YIUIOTHEHHE YacTHIl MPOHCXOTUT 3a CUeT
yZAapa O HENOJBHWXXHBIA CIOM MaTepuana UiIU O CTEHKY
ammapara.

3areM MOJTy4eHHBIE TPAHY bl OTIIPABIISIOTCS Ha
HHPOJIH3.

3. luposm3 rpany.Ji.

[Ipomecc muponm3a — HarpeB ChHIpbS 0€3 JocTymna
BO3IyXa ¢ MOCIEYIomeH yriedukanueit 10 morydeHus
YTIEPOIUCTOTO TBEPIOTO OCcTaTKa (KapOOHHM3aTa).

JaHHBI mpoLecc COCTOMT U3 TpeX CTauid:
JOCYIIMBaHHWE, MPEINUPOIN3 W  IOJyKOKCOBaHHME.
Haubonpiryro pois B JaHHOM IIpoIlecce HUIpaer
KOHBEKTHBHBIH TEIUIONEPEHOC, KOTOPBIA TPOUCXOIUT Ha
HaYaJbHOM dTare CyIIKH. BeIpaBHUBaHNE TeMITEpaTyphI
BO BCEM CJIO€ 3arpy3KH BO3MOKHO TOJIBKO, KOT/a Taphsl
BJIArH, IBHUTasiCh U3 00macTu Ooyiee BHICOKUX JaBICHUN
(rme yxe uwuer ucrapeHue) B obiacTe Oosiee HHU3KHX
JABJICHUI (Te WCIApeHus emie HeT), HecyT ¢ coOoi
Tero. KOHIOM cylkM M HavaloM TepMopacnaaa
CUMUTAETCS MOMEHT MTOABEMA TEMIIEPATYPHI B CIIOE BHIIIE
100 °C. Ilpennuponus JTall  TEPMUYECKOIO
paspylleHus, B TEUEHHE KOTOpPOro TemIeparypa B
meHTpe cios moxHuMmaetrcst qo 215 °C. YpenudeHwe
temreparypsl oT 215 °C [0 KOHEYHOTO 3HAYCHHS
COOTBETCTBYET CTAJANH MOITYKOKCOBAHUS.

[Ipormece ocymiecTBIAETCS Ha 3KCIEPUMEHTAIBHOM
MMPOIU3HOM ycTaHoBke (Puc.3).



Puc. 3. DxcnepuMeHTanbHAsI MUPOIU3HASL
yCTaHOBKa JJISl TTOJTy4YeHUs HerecopOeHTa:
1 — TpyGuaTas neup; 2 — peakTop-Iuposu3ep; 3 —
cHCTeMa OXJIAXICHHSI M Ta3004HCTKH; 4 — OJI0K
YIpaBJeHUs; 5 — IEHHBINA pacxogomep; 6 — JaT4nk
TeMIEePaTyphl

B pesymprare mmpomnm3a 00pa3syrTCS YeTHIpe
MPOAYKTA:

- T'a3oBas cmech (mporas).

- [loncmonpHas Boga. [logmonbHas Boga COOEPKUT
B cebc YKCYCHYI KHCJIOTY, METaHOJN, KCTOHBHI,
dbypdypoisl, mpou3BoaHbIe GhypaHa U T. 1.

- Cwmoma. Cmoma mnmpoim3a BKIOYaeT B ceOs
HEPACTBOPEHHYIO CMOJy M PACTBOPEHHYIO B BOJIE
cmoity. Ilpu mMOBBILIEHUH TeMIEpPaTypbl KOJIUYECTBO
pacTBOpuUMOIl cMmoubl ymeHbluaeTcs. HepacTBopeHHas

cMoma coctoutr w3  (QenomoB (mo 25 %),
onepuHomapapuHoBoir (29 %) ®m apoMaTHYECKOU
(hpaxmmit.

- YriepoancThIii TBEpBIH OcTAaTOK (KapOOHM3AT).

Jns momyuennst BbIcokod(deKkTHBHOrO copOeHTa,
KapOOHM3aT, Ha BBIXOJE M3 MHUPOJHU3HON IeuH,
HEOOXO/IMMO OXJIaIUTh, YTOOBI HE JOIMYCTUTH IIPOLIECC
OKHCJICHHS TIOBEPXHOCTH TPAHYJIbI.

PE3YJIbTATBI HCCJIEJOBAHUA

MarHeTuToBsle  Sapa  NPEACTaBIAIOT  co00it
MarHuTHbIC 00pa3oBaHus B Gopme cdepbl OT CBETIIO-
ceporo 1o Oyporo mnBera (puc. 4). dDusmueckne
XapaKTEePUCTUKN MarHeTUTOBOTO siipa MPECTaBICHbI B
tabnuue 3.

Tabauna 3
Du3HUecKUe XapaKTePUCTHKH MAaTHETHTOBOTO sIpa
XapakTepucTuka 3HaveHune
Brnaroemkocts, r/r 0,42 -0,44
Pazmep, cm 0,35-0,38
Macca, r 0,016 -0,018
ITnoTHOCTB, KI/M> 925 — 985
HacbInHast IIOTHOCTb, KI/M> 1420 — 1500
IIpo4yHOCTP Ha cxKaTue, Kr/rpanyma | 2,2 —2.3
JlnHamudgeckast mpoyHocTh, % Macc | 70,21 — 72,14
ITnaBy4ecTs, CyT. Ot 30 cyT.
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Puc. 4. MaruetuToBoe sSApo
MarHuTHEI ~ COpOEGHT  TpeAcTaBIsieT  co0O0
chepuveckne TpaHyJNbl YEpHOTO I[BETa C  SPKO
BBIp)KCHHBIMHU MarHUTHBIMH CBOWCTBaMH,
COCPEJ0TOUYCHHBIMHA B MAarHETUTOBOM sizipe (pHc. 5).

1

2

Puc. 5. CtpykTypa MarHuTHOTO COpOeHTa B
paspese:

1 — MarHeTUTOBOE APO; 2 — COPOUPYIOINI
Mmarepuan

Om3nyeckue XapaKTEePUCTHKH,
ma00paTOPHBIX  yCIOBHUSAX,
MIPEJICTaBICHEI B TAOIHIIE 4.

INOJIYUYCHHOTO B
MAarsuTHOT'O c0p6eHTa

Ta6mna 4
®duznueckue CBONCTBA YIIIEPOAHOIO
MAarHUTHOTO cOpOeHTa

XapakTepucTuka 3HaveHHne
BrnaroeMkocTs, r/T 3,07 -3,12
HedreemkocTs, /T 5,97 - 6,02
Brnaxxnocts, % Macc. 1,8-1,9
301bHOCTB, % Macc. 43,7-45,9
[IpouHOCTB Ha CkaTue, Kr/rpaHyJa Ho 1,5
ITnaBy4ecTs, CyT. Or 20

Jost OIICHKHU paboThl 3¢ hekTUBHOCTH

HedTecopOeHTa OB IIPOBE/ICH OIIBIT 110 COPOLIUU HEPTH
Ha rpaHuIe paszaeia a3 HeGTh/BoA.

B pabore wucrnonp3oBanmM METOJ CTaTHYECKON
COpOIMH: SKCIIEPUMEHT NPOBOIMIIN ITyTEM pa3MelIeHHs
Ha TOBEPXHOCTH He(pTH copOeHTa, TakuMM 00pa3oM,

4roObl OH HaxXxOOWjcsi Ha TrpaHule paszena ¢a3
HedTh/BOA.
Ilpu  nomerieHun  copbeHTa HA  BOJHYIO

MMOBEPXHOCTh, HamOoJiee MHTEHCHBHAS copbOuws, Ooiee
60%, MPOXOAUT B TEUCHHE MEPBBIX 2-X MUHYT, 3aTE€M



BEJIMUMHA COPOLMM  M3MEHSETCS  HE3HAYUTENBHO.
[lonHoe HacwleHHe copOeHTa HEPTHIO HPOUCXOIUT
nociie  7-MMHYTHOTO B3aMMOJEWCTBHS copbara C
agcopoTuBoM. CpemHee 3HAUuCHHE HEPTEEMKOCTH
copbeHTa cocraBiser 6 T/T.

Takum 00pa3oM, yTIepOIHBI MAarHUTHBINA COpOeHT
o0J1ataeT BCEMH HEOOXOIMMBIMH CBOMCTBAMH M MOYKET
NPUMEHATHCS ISl OYUCTKH BOJOEMOB OT DPAa3JIMBOB
HeTH 17§ HE(PTETIPOIYKTOB. CBoeBpeMeHHOE
UCIIONb30BaHUE MArHUTHOTO COpPOCHTa  MO3BOJIUT
OBICTPO JIOKATU30BATh U JIMKBUIUPOBATH Pa3iuB HE(TH
Wi HeTenpoayKTOB. MarHUTHBI COPOEHT MOXET
OBITH NIPUMEHEH M PEealn30BaH Kak B JIOOOM pETHOHE,
r7ie NOTCHINAJIBHO MOXKET BOSHUKHYTH Pa3jiuB, TaK U B
TaKOM YyBCTBUTEJIBHOM MW JKCTPEMabHOM, Kak
ApxkTrueckas 30Ha U paiionsl Kpaitnero Cesepa.

JlaHHBIIT COPOEGHT MJOJDKEH XpaHUTBCS B CyXHUX
3aKPBITBIX ~ CKIAQJICKMX  IOMEIIEHHAX W  MOJXKET
TPaHCIIOPTHPOBATECSI BCEMH BHIAMH  TPAHCIIOPTA.
CopOeHT He OOHTCS CICKUBAaHUSI NPH IIUTCIHHOM
XpaHEHUH — BBICOTA mTadennpoBaHus npu
o0ecIeueHNH YCTONYMBOCTH M O€30MacHOCTH MOXKET
JIOXOJUTh 10 4 M, B OTJIMYHE OT COPOCHTOB Ha OCHOBE
NPOYMX  BEIIECTB, KOTOPbIE  HMEIOT  JKECTKHUE
OTpaHMYEHUs] 1O BHICOTE INTAOEIMPOBAHUS M TIOCIE
CJIC)KUBAHUA TOJIHOCTHIO YTpauuMBarOT CBOM OCHOBHLIC
abcopOnmonHbsle  cBoiictBa. He  Tepser  cBom
aOcopOIMOHHBIE CBOMCTBA B TEUEHHE BCErO CPOKa
XpaHEHHs, KOTOPBIA He OTpaHUICH.

Hanecenne u cOOp MarHWTHOTO
OCHOBHOM OCyIIECTBIISICTCS pu TIOMOIIH
anexktpomarnura. Ilocie wucnomb3oBaHus  copOeHT
MOXeET OBITh YTHJIM3HPOBAH HECKOJIBKHMH CIIOcO0aMy,
BKJIFOYast CKUTaHNE B KaYECTBE TOIUTMBA /IS TIOJTyYSHUS
TEIJIOBOW SHEPTUHU WK pereHepaluio.

copbeHTa B

BoiBoabI

B J1a00paTOPHBIX YCIIOBUSAX paspaboTtaHo
MarHeTMTOBOE  AJpO  JUId  TMPUAAHUA  COPOEHTY
MarHuTHBIX CBOMCTB.

B nabopaToOpHBIX YCIIOBHUSAX paspaboTtaH

WHHOBAIIMOHHBINA YTJICPOIHBIN MarHUTHBIH COPOECHT CO
CTPYKTYpOil  siipo-00o0youKka  JUId  JIMKBUJIAIUU
aBapHHUHBIX Pa3IMBOB HEPTH U HEPTETIPOTYKTOB.

OmnpeneneHbl XapakKTePUCTHKN, KaK MarHeTUTOBOTO
s1pa, TaK 1 MarHUTHOTO cOpOeHTa.
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A.A. apmynckuii, A.B. MopasuHoBa

OI'BOY BO «HammoHanbHBIH UCCIET0BATENbCKHA HHCTUTYT « MOCKOBCKHI DHepreTrdeckuii MTHCTUTYTY,
r. Mocksa, yi. KpacHokazapmennas, 17¢3, Poccus

PA3PABOTKA KOMITEHCUPYIOIMX MEPOITPUSATHI ITPU COKPAILIEHUN
MUHHUMAJIbHBIX ITPOTUBOIIOXXAPHBIX PACCTOSHUI HA
IMPON3BOJCTBEHHOM OBBEKTE

AHHOTANUA

OOBEKTOM HUCCIIEOBAaHMA B HacTOALIEH paboTe SBISIOTCS
HPOTHUBOMOXKAPHBIE ~ MEPONPHATHUS, IO3BOJSIONIME  PH
BBIHYKJJCHHOH HEOOXOJUMOCTH COKPAaTHTh MHHHMaJbHbIC
NPOTHBOIIOXKAPHBIE ~ PACCTOSHMS HA  IPOU3BOACTBEHHOM
0o0beKTe W IIpU ITOM oOecreynTs TpeOyeMble YpOBEHb
no)kapHo# Oe3omacHoCTH. B xone naHHON pabOTHI M3ydYeHBI
HOJIO’KEHYsI HOPMATUBHBIX MIPABOBBIX aKTOB U HOPMAaTHBHBIX
IOKYMEHTOB B OOJACTH IOXKapHOH O€30MacHOCTH B YacTH
MHUHHMAaJIBHBIX IIPOTHBOIIOXKAPHBIX PACCTOSHMH, a TaKKe
CYILLECTBYIOIME CIOCOObI OrPaHUYCHHS PACHPOCTPAHEHHS
omacHbIX (pakTOpOB mokapa. PesymbraTrom paboTHI SBISAETCA
pacuyeT MHHUMAIBHBIX IPOTHBOIOXXAPHBIX PACCTOSHUM Ha
npuMepe  JIeHCTBYIONIEro  NPOM3BOJCTBEHHOIO  00BEKTa
He(TEXUMIYECKOTO KOMIUIEKCa, pa3paboTaHHbIe
KOMIIEHCHPYIOIIHE MIPOTHUBOIIOXKAPHBIE MEpOTIPHUSTHS,
MO3BOJIAIOLINE COKPATHTh YKa3aHHBIC pAacCTOSHUS IPH
o0ecrieueHNH YCIOBHI COOTBETCTBUS 3aLIUIIAEMOr0 00BEKTa
TpeOOBaHMUAM HOXKAPHOH OE30ITaCHOCTH.

1. OCHOBHAS YACTDH
1.1 BBegenue

ABapun, 0cOOEHHO Ha OMACHBIX MPOU3BOJICTBECHHBIX
00BEKTaX, MOTYT IPUBECTH K YETIOBEUCCKHUM KEPTBAM U
K CEpbE3HBIM 3KoJoTH4YecKuM KatacTpodam. Tak,
HampuMep, yiiepd, HaHECEHHBIN OKpYIKalollei cpene B
pesynbrate aBapuu Ha TOLI-3 B Hopunbscke 29 mas 2020
rojia OT pa3jiuBa JIU3EJIbHOTO TOILIMBA, OB OICHEH B
146 munnuapaos pyoseii [1].

PuCyHOK 1- TIOCIE€ACTBHUA aBapuu OT PO3JMBa TOIJIMBA B HOpI/IHLCKe
29 mas 2020 roga

B cmywae, ecim B pe3yiapTare aBapuu  Ha
MPOU3BOJCTBEHHOM OOBEKTE MPOUCXOAUT B3PHIB HIIH
MoJKap, TO BO3PACTacT BEPOSTHOCTH PACIPOCTPAHCHUS
OmacHBIX (PaKTOPOB IMOYKApPa U B3PHIBA C YBEIUICHUEM
MaciTabOB aBapuHd, Pa3pyHICHHIO TEXHOJIOIMYECKHX
JMHAN U TIOTepe MPOU3BOCTBA, THOCIIH JIFOJICH, a TaKKe
NPUIHHCHUS TSDKEJIEHIIEro HSKOJIOTHYECKOro yIiepoa
OoKpyXxatomieil cpene. Beicokuil puck mnoxkapa Ha
MPOU3BOJICTBECHHBIX MPEIIPUITHSIX 00yCIOBJICH
oOpamieHreM Ha JIaHHBIX o0beKTax

JIETKOBOCIUTAMEHSIOIIMXCS M TOPIOYUX  BEUIECTB,
(>KMIKOCTEH, Ta30B) B 3HAYMTEILHBIX 00BeMax. Taxke

CTOUT OTMETHTh, YTO B OONBIIMHCTBE CITydacB
pPacCTOSIHUS ~MEXIy pPa3IUYHbIM  MPOMBIIUICHHBIM
00opyioBaHuEM pa3Horo (hYHKIIMOHATIBHOTO

Ha3HAa4YeHUs, B KOTOPOM OOpalIaloTcs MOKapoonacHble
KMJKOCTH M Ta3bl, 3a4acTyl0 H3-32 O0COOEHHOCTEU
TEXHOJIOTHYECKOTO TIPoIiecca MOTYT ObITh KpaifHe MaJbl,
YTO TaKXe CHOCOOCTBYET K MOBBIMICHHIO MOXKApHOU
OITaCHOCTH.

1.2 AKTyaJIbHOCTH

Cnengyer orMeruTh, uTo B Poccum B mocnenHee
BpeMsi OTMEYaeTcs TEHACHLHUS DPA3BUTHS HACEICHHBIX
MMyHKTOB W OOBEAWHEHHWS HECKONBKUX HACEICHHBIX
IIyHKTOB B OoJyiee KpymHble arjomepauuu. [Ipu stom
BCTpPEYAIOTCS Clly4yau, KOI/la CYLIECTBYIOIIUNA ONacHbIN

MPOM3BOJICTBEHHBI ~ 00BEKT (B TOM  4YHCIe
HepTexuMHUIecKue MIPEIIPUATH) OKa3bIBAETCS
NpUOIMIKEHHBIM K  HACEJIEHHOMY MYHKTy, JIM0OO

HEIMOCPEJACTBEHHO B uepTe ero 3acTpoiiku. Ecinu B
pe3ynmpTate  TaKOro  MPHONMKECHHUS  UMCHOIIUECS
(haxTHUECKHE PACCTOSHUS HE 00CCIIEUNBAIOT IMTOKAPHYIO
0e30MacHOCTh, TOTJa HEOOXOIMMO TIpeAyCMaTpPHBAThH
JOTIONTHUTEIBHEIE ~ MEPOIPHATHS, KOTOphle OymyT
OTPaHUYMBATH PACIPOCTPAHCHHE OIMACHBIX (PAKTOPOB
BO3MO>KHOTO TI0’Kapa OT IPOM3BOACTBA K OM3IICKAIIIIM
CeNMUTEOHBIM TEPPUTOPHUSAM U 3alUIIATh JIOACH U
00BEKTHI, KOTOPBIE MOTYT MOCTPAAATh.

AKTyaJIbHOCTb poOIIeMBI 00ycIioBIIeHa
HEOOXOMMOCTBIO IIOMCKa ONTHMANbHOTO KOMILIEKCa
pereHui npu COKpAIIEeHUH MHHHMaJIbHBIX

MPOTHUBOIIOKAPHBIX PACCTOSIHUM HA MPOU3BOJICTBEHHOM
00BEKTE.

1.3 Ilesn npoBeeHHsI UCCIETOBAHUSA

OCHOBHOW TENBIO  JaHHOW pabOTHI  SIBIISETCS
pa3paboTka KOMIICHCUPYIOIIUX MEPONPUATHA IpH
COKpALlEHUM  MHUHUMAJIBHBIX  IPOTHUBOIOXKAPHBIX
paccTositHui Ha IIPOU3BOJICTBEHHOM o0BekTe
He(TEXUMHYIECKON MPOMBIIUIEHHOCTH.

1.4 3apaum

1 mocTHKeHUs TIOCTaBIICHHOM 1eNTn He00X0ANMO
PEIIUTh CIEAYIONINe HAyIHbIE 3a/1a9u:

1. IIpoBenenue aHaiausa JIEHCTBYIOIIUX
HOpPMAaTHUBHBIX JOKYMEHTOB M HOPMAaTHBHO-IPAaBOBBIX
aKTOB 10 TOXapHOW OEe30MacHOCTH B YacTH
MUHUMAJIbHBIX IPOTUBOIOXKAPHBIX PACCTOSHUIM.
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2. AHanu3 CyIIECTBYIOIIMX CHCTEM U CIOCOOOB
OTpaHWYEHUs] PaCHpPOCTPAaHEHUs] ONACHBIX (HaKTOPOB

noskapa
3. IlpoBeaeHue pacyeTHbIX OOOCHOBaHHUU ISt
OMpENEeNICHUs]  MHHUMAJIBHOTO  MOXapo0e30MmacHOro

pPAacCTOSHHS MEXAY B3OaHHSAMH U COOPYKCHUSIMHU
HedTernepepadaTHIBAIOMIETO TPEATIPHATH.

4. Pa3paboTka KOMIICHCHPYIOIIUX MEPOIPHUATHI
IPH COKPAILCHHN MHUHUMAJIBFHOTO IIPOTHBOINOXKAPHOTO
pPAacCTOSHMS MEXAY B3OaHUSAMH U COOPYKCHUSIMHU
HedTenepepadaTHIBAIOMIETO TPEATIPHUSTHS.

2. AHAJIMTUNYECKASA YACTD
2.1 AHaJIM3 HOPMATHBHBIX JOKYMEHTOB

AHanu3 COCTOSHUSI INPOOJEMBbl MUHHMMAaIbHBIX
MPOTUBONOXAPHBIX ~ PACCTOSHUM  MOKas3al,  4TO
coOuoieHe MUHMMAJBHBIX  NPOTHBOIOXAPHBIX
PacCTOSIHUN — caMblii TPOCTON CMOCOO OrpaHUYCHHS
pacnpocTpaHeHHUsT IoKapa, IPUMEHSAEMbIi B MHpE
MHOTO JIET, OJHAKO TIPH BBIHYXJICHHOM COKpAICHUH
pacCTOSTHUH MOXKET NMPOMCXOANTH SCKANAIMs MOXKapa,
YTO TOBJIEYET BOSHUKHOBEHHE TSDKEIBIX MOCIEACTBHN
[2-5].

B COBPEMEHHBIX MeTarojmcax 3a4acTyro
BCTpeyaeTcst mpodjaeMa HeJOCTATOYHOCTH PaCCTOSHHM,

B YCIIOBUSIX CyILIeCTBYIOLIEH 3aCTPOUKHU 51
HEOOXOIUMOCTH pacupeHus MIPOU3BO/ICTB.
CymecTByeT TEeHJICHLIUS [IEPEHOCUTH
MPOU3BOJCTBEHHBIE  OOBEKTHI 32  TEPPUTOPHIO

HACEJICHHBIX ITyHKTOB, HO IIEPEHOC TIPOM3BOACTBA
TpebyeT onpenesiéHHBIX (IOPOH AOCTaTOYHO KPYITHBIX)
MaTepuagbHbIX M BPEMEHHBIX M3JepkeKk. PazpaboTka
JIOTIOJTHUTENBHBIX TIPOTHBOIIOKaPHBIX MEPONIPHUATHI Ha
CYIIECTBYIOIIEeM OOBEKTE, B JaHHOH CHTYyallWH,
3a4acTylo SIBJISIETCS Hawboyiee TPEeNNOYTHTENbHBIM |
MIPOCTHIM PELICHUEM.

2.2 MeTomoa0rusi

B  macrosmee Bpems B [lpunoxennn A
CII 4.13130.2013 HOpMATHBHO 3aKpeIuleHa MeTOAMKa
OIIpeIeICHUS 0e30macHbIX HPOTUBOIIOKAPHBIX
paCCTOfIHHI’I MEXKITY 30aHUSIMU, COOPYKEHUAMU
JKHIIBIMH, 00II1eCTBEHHBIMA 3JaHUSIMA "
COOPYXCHUSIMU.

JlaHHas MeToAMKa MpenHa3Ha4YeHa AJsl pacyeTHOTO
orpeieIeHus 6e301acHbIX TIPOTHUBOIIOXKAPHBIX
pa3pelBOB M TOATBEPXKICHUS HEPacIpOCTPAHEHUS

mokapa TpH  OOOCHOBAHHBIX  OTCTYIUIGHHSAX  OT
HOPMATHBHBIX TpPeOOBaHWHA B YaCTH HMX COKpAIICHUS

MEXIy OKWIBIMH, OOINECTBEHHBIMH 3JaHUAMH U
COOPY>KEHISIMH.

[lomoxxeHnssT METOAWKH HE TNPUMEHHUMBI IS
000CHOBaHHUS COKpAIeHHs MIPOTHBOIOXAPHBIX
pa3peIBOB 10 3A4aHUN U coopyxeHui kmaccoB ®1.1 u
®4.1 (3maHuWsI JOIIKOJBEHOTO OOpa3oBaHHS, JOMOB
IpecTapensbXx, OOJILHULIBI u 3/1aHUs

00111€00pa30BaTENFHBIX OPraHU3AII COOTBETCTBEHHO),
a TaKkKe 3JaHUI M COOPYKEHHH, UMCIOIINX OTKPHITHIC
Teppachl  WIM  JKCIUIyaTHPYEMYI0  KpOBIIO  C
pasMenieHreM (yHKITMOHATBLHOW TOXKapHOH HArpy3Ku
(aBTOCTOSTHKH, Kade H T.11.) [6].

[Tomyuennsie B xoAe pabOTHI pacdeTHHIC 3HAYCHUS
0e30MacHBIX Pa3pbIBOB  CIPABEUIUBEI  TOJBKO IS

KOHKPETHBIX 00BEKTOB U  TPUHATBIX  IMOKAPHO-
TCXHUYCCKUX XaAPaAKTCPUCTUK (TaKI/IX KaK CTCIICHb

OTHECTOMKOCTH, KJacchl  (YHKIMOHAIBHOH M
KOHCTPYKTUBHOW TIOXKapHOM OMAacHOCTH, OOBEMHO-
TUIAHUPOBOYHEIE pelieHus, HoKa3aTeiau
MOXAPOOIIACHOCTH ~ MAaTepualioB  HApYXKHBIX  CTEH,

(dacamHBIX CHCTEM, KPOBIM H T.I.) W IEPEHOCYy Ha
IpyTHE, B TOM YHCIE, TOA0OHBIE OOBEKTHI HE IOIJICKAT.
VYkazaHHOE OOCTOSTENTHCTBO HEOOXOTUMO YUYHUTHIBATH
IPU TIPOBEACHUH TIOCIEAYIONIMX PEMOHTHBIX paboT,
MOJICpPHU3AIMN WM TEXHHYECKOTO IIePEOCHAIICHUS
0OBEKTOB 3aIHTHI.

Omnpenenenue 6e30macHbIX paccTostHuH
OCYLIECTBIISIETCSl  IyTEM  ONpENENICHHUS  BEJIMYUHEI
MaJIaloIer0 TEIUIOBOTO M3JIYyYeHMs OT IIoKapa Ha
Hapy>KHbIE KOHCTPYKLHH COCETHEr0 0OBEKTa 3alHUTHI.

T.e. B CII 4.13130 npumeHseTcss METOAMKAa B
KOTOpPOH paccMaTpUBAaeTCs TOJNBKO OIHWH OIACHBIN
¢dakTop TmoOXKapa, KOTOPBIA sBiIsgeTcs Hamboiee
XapaKTePHBIM JIJISI KIIIBIX U OOIIeCTBEHHBIX 3aHUH.

Ji1 pOW3BOACTBEHHBIX OOBEKTOB AHANOTHYHBIX
METOJIVK, IPUMEHSIEMBIX TIPH COKPAIICHUN PACCTOSHHIIM,
OpeACTaBJICHHBIX B HOPMATUBHBIX JOKYMCHTAaX B
HacTosIIee BpeMs HeT.

JleiicTByroMIas IS JKUIIBIX U OOIIIECTBEHHBIX 3[aHUI
YIOPOIIEHHAs METOAMKa pacueTa pacCTOSHUH NpU
BBIHYKICHHOM COKpalll€cHUU HOPMATHUBHBLIX, HC MOXKCT
6I)ITI) HCIIO0JIb30BaHa AJIs1 TPOU3BOACTBEHHBIX O6T)CKTOB,
TaK KaK YYHATHIBACT BCETO JIMIIH OIWMH W3 MHOXECTBa
OImacHBIX (PAaKTOPOB MOKapa — TEIIoBOe M3nydeHue. Ha
MIPOU3BOJICTBEHHEIX OOBEKTaX B CBS3H C OOJBIIAM
pazHoOOpa3ueM BO3MOXHBIX BapHUAHTOB CIICHAPHCB
pa3BUTHs TOXKapa, HEOOXOAWMO YYHTHIBATH OOJBIIIE
ormacHbIX (pakTopoB. Takoil MOIXOA HCIOIB3YETCS MPU
OIIpEe/ICICHIH BETMYUH I0)KapPHOTO PUCKA.

2.3 Orpannuenue pacnpocrpaneHust OPII
PacueTHas BenuumHa MHHUMAJIBLHO JOITyCTUMOTO
NPOTUBONOXKAPHOI'O PACCTOSHHUS 3aBHCUT OT psijia
(akTopoB, B TOM 4YHCIE OT MacChl FTOPIOYETO BEILIECTBA
Y4YacTBYIOLIET0 B MOXkape. ITO yTBEPHKICHUE TO3BOJIIET

TIPEATIONIOKHUTD, 4TO OorpaHHYeHHe Macchl
MOCTYIAIOMIET0 TOPIOYEro BEIeCTBA B OKPYXKAIOUIYIO
cpeny pu BO3HUKHOBEHHUHU aBapuiHON
pasrepMeTH3alMu  TO03BOJSIET  CHM3UTH  3HAYEHHE

omacHbIX (haKTOPOB TOXKapa W TEM CaMbIM CHHU3UTh
BEJIMYMHY MPOTHUBOIOXAPHOTO paccTosiHUA. JlaHHBIN
Croco0 Halren MUPOKOoe MPUMEHEHHE Ha MPAKTUKE U B
HOPMATHBHBIX TPeOOBaHUSIX.

Tak nns B3pBIBOMOXKAPOOIMACHBIX TIOMEIIEHUH |

3aMKHYTBIX O00BEMOB (COOPYXEHHWH), HCXOId U3
BEIMYUHBI  JOMTyCTUMOIO  HM30BITOYHOTO  JABIICHUSA
B3pbIBa ra3onaponbuUIeBO3AYIIHbIX cMecel,

oOpa3syromuxcsi B pe3yiabTaTe aBapHHu, OIPEAEISIOTCS
YCIIOBHSL HEB3PBIBOIIOXKAPOOIACHOCTH NoMenieHus. T.e.
pacCUMTHIBAETCS MaKCHUMaJbHO JIONCTHMas Macca
ONIaCHOTO  BEIIECTBA, KOTOpask MOXET BBIHTH B
OKpY’KalOIlyl0 Ccpely, M MOABUBIIAACA INPH ITOM
ra3onaponbUIeBO3AYINHAS CMECh OyAeT croparh C
N30BITOYHBIM JABICHUEM B3PbIBA, KOTOPOE HE TPHBEICT
K pa3pyLICHUIO KOHCTPYKIMH NaHHOTO IOMEINEHHS U
3IIaHHUA.
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Jns pacyeToB B HaHHOM Cilydae HPUMEHSIOTCS
dhopmyast u3 [punoxkenus A CIT 12.13130.2009 [7].

Haubonbmiee pacnpocTpaneHHe Ha  IPaKTHKE,
0coOOCHHO Ha OO0BEKTax, TIAe HeT OrpaHHYCHUI
(TpyAHOCTEH) 1O BOJOCHAOKEHUIO TIOJIYYHIIH BOJISHBIC
3aBECHl, 32 CYET MPOCTOTHI HCIIOJIHEHUS YCTAHOBOK H
BBICOKOW 3(P(EKTHBHOCTH 3aIIUTHl OT TETUIOBOTO
M3Iy4deHHs. TaxKe IEepCIeKTUBHBIM IIPEACTABIACTCS
NPUMCHCHHE a30THOM 3aBeChl, KOTOpas SBIACTCH
3¢ heKTHBHBIM crocobom OTpPaHUYCHUS
pacmpocTpaHeHHsi ONacHBIX (AaKTOpOB IoOkapa Ha
NPOM3BOJICTBEHHOM  o0ObekTe  HedrerazoBoit U
XUMHMYECKON NpoMblIeHHocTH. OHaKO B HacToAlIee
BpeMsI CYIIECTBYET METO/IMKA pacyeTa mapaMeTpoB I
NapoBOii 3aBECHI, KOTOPasi HE MOKET MPUMEHSTHCS IS
pacdera a30THOH 3aBeChl, TaK Kak y BOJSHOIO Iapa H
a3oTa pas3iuuHble (DU3UKO-XUMHYECKHE CBOWCTBA.
CoznaHne METONMKH pacyeTa HapaMeTpOB a30THOM
3aBECHl M MOJTBEPXKACHHUE PACUCTHBIX TAaHHBIX B XOJIE
9KCIIEPHMEHTa ITO3BOJIMIIO OBl BHEIPUTH NMPUMCHEHHE
A30THBIX 3aBeC B MPAKTHKy INPOCKTHPOBAHMSA, Kak
AIIbTePHATHBHBII BUJ] IPOTHBOIIOKAPHOMN MIPETPaIbL.

3. PACHETHASA YACTbH

B Hactosimedt pabote mpobiieMa MHHHUMATbHBIX
MIPOTUBOIOXKAPHBIX PACCTOSHUM paccMaTpUBaeTCs Ha
npumMepe OJTHOTO u3 JIEUCTBYIOIINX
HedrenepepabaTbIBaOIINX IPENIPUATHH, Ha
TEPPUTOPUU KOTOPOTO B CBS3M C pacUIMpeHHEM
MPOM3BOJICTBA CTPOUTCS HOBBIH TEXHOJOTHYCCKHH
YYacCTOK.

B cocraBe HOBOrO TEXHOJOTHYECKOTO YydYacTKa
MpeayCMaTPUBAETCS TaK Ha3bIBAEMBIN KOMILICKC 3MaHAN
U COOPYXXCHHUH, MpeJHa3HAYCHHBIX IS MOJTOTOBKH U
mogadn  OOOpOTHOW  BOABI  Ha  OXJAKICHUE
TEXHOJIOTHYECKOTO 000pyIOBAHUSI.

B pesymnpraTe mpoBeneHHs aHaATN3a BO3MOXKHOCTH
COKpAIIIEHHS PaCCTOSHHMN, B HACTOSAIIEH paboTe IPUHATO
peUI€HUue 0 TOM, YTO MUHUMAJIbHBIC MPOTHUBOIIOKAPHBIC
paccrostHuss OyayT —COKpAIllleHbl MEXKAYy OJOKOM
rpajypeH Wi 0JIOKoM HedTeoTaennuTeseH.

Biok nedreornenurenei

BeHTHIATOPHBIE IPaZinpHU

Pucynok 2 — GpparMeHT reHepalbHOro MJIaHa HOBOTO TEXHOJIOIHYECKOTo
y4acTKa

Tak Kak KOHKPETHBIN BUI He(TEHPOIyKTa HA JTale

NPOCKTHUPOBAaHHWS HE M3BECTEH, B pacyerax ¢
OTpe/IeJIEHHBIM 3aIacoM TMPHHUMAETCS BEUIECTBO H3
psAna HEPTEPOAYKTOB C HAUOOJEE TOXKAPOOTIACHBIMH
cBoiictBamu — nienTan (C5H12) [8].

Jns onpeneseHHs TEMJIOBOTO BO3JACHCTBHS NpPHU
noxxape Ha 0J0Kke He()TeOTaeUTeNIeH paccMaTpUBaeTCs
CLIEHapuii, CBSI3aHHBIN pasrepmerTuzanuei
000py/IOBaHMs, COJIEPIKALIEr0 TOpioYee BEIIECTBO
(emkocTh HeTeoTaENMTENEH) 0OBEMOM 16 MP (16000
7), Aanee IMPOHMCXOAWT TPOJIHMB BEIIECTBA B MOAIOH
pasmepom 4,55x8,0 m (F = 36,4 M?), mocme dero
MTHOBEHHO HIJIM C 33[EP)KKOH (B HACTOSIIMX pacdeTax
9TOT mMapaMeTp HE HMEET 3HAYCHHsA) HadHMHACTCS
WCTIapEHHE BEIIECTBA, IPOMCXOIUT BOCIUIAMECHEHHE
MIapOB JKUIKOCTH, YCTaHABINBACTCS TEINIOOOMEH MEXIY
30HOI TOpeHHs U CJOeM >XHIKOCTH U peau3yercs
noxap mnposmBa. Kak mpaBuiio, MoXXap NpOJHBa
MIPOIOJDKAETCS IO TTOJTHOTO HCHapeHHs BCeW MPOIUTOMN
KHUJKOCTH, TIPH 3TOM €CJIU MOCTYIUICHHE YKUAKOCTU M3
000py/IOBaHUS ~ OCYLIECTBISIETCSI C  HEKOTOPBIM
pacxoaoMm, TO Ha JUIUTEIBHOCTD M0XKapa MPOJIMBA TAaKKe
OyZyT BIUSTH MapaMETPhl HCTCUCHUS.

B Hactosmumx pacuerax NpPHHUMAETCA, YTO BECh
00bEM KHIKOCTH W3 €MKOCTH He(PTEOTIACIUTeNCH
MIPOJIMBACTCA B TOANOH U JaJbHEHIIEe IOCTYIUICHHE
TOpIOYEro BemecTBa OTcyTcTByeT. [lpm peanmzanmn
noxapa TpoiuBa o0paszyercs TEIUIOBOH  MOTOK,
MPEACTABISIIONMHA  OMAacHOCTh Uil IIepCOHaNa U
pacrojaraloumxcs psioM 00bEeKTOB.

Pacuer npousBoAUTCS B COOTBETCTBUU C MeTOANKOMN

[9].

3asucumocts q(X)

q, kBrim2

Pucynox 3 — I'padk 3aBUCHMOCTH TEIUIOBOIO H3JIy4€HHs OT PACCTOSHHS
OT T€OMETPHUYECKOT0 IIEHTpa 103Kapa MPOoJIMBa JI0 00Iy4aeMoro oobeKTa

dakTHueckoe paccTostHne oT Gioka
HepTeoTnenuTenel (0T Kpas IMONIOHA) 10 KpaitHen
IpajiupHH COCTaBJIsIET He Ooiee 8 M.

Ilo pesynpraTaM HpPOBEAECHHBIX PACUETOB MOXKHO
C/IeTaTh BBIBOJ O TOM, Ha paccTostHuu 11,4 M oT meHTpa
mponvBa (M Ha PacCTOSHUM & M OT Kpas IOJI0HA)
BEIMYMHA HWHTEHCHUBHOCTH TEIJIOBOTO  M3JIYYCHHUS
cocrasinset okono 20 kBr/m>.

I'pagupHM  BBIIOTHEHBI U3 IYJNTPY3MOHHBIX
CTEKJIOTIIACTUKOBBIX MaTepHajoB, KpUTHYECKas
MHTEHCUBHOCTh TEIUIOBOIO M3IIyYeHHs Ui KOTOPBIX
paBna qCR = 15,3 kBr/m%. BenuunHa MHTEHCUBHOCTH
TEIIOBOTO MOTOKa He jocturaetr 15 kBr/m? mpu
paccTosiHMM OT LeHTpa nponuBa 13,2 M ummn 9,8 M ot
Kpast MoJIoHa (C ONpeeTIeHHBIM 3a1acoM IPHHUMAEM
10 m).

CnenoBaTebHO, (akTrueckn HMEIOIIEECS
pacCTOsIHUE MEKAY PACCMaTPUBAEMBIMH OOBEKTAMH HE
obecreuynBaeT OTPaHNUCHNE PACIIPOCTPAHEHUS MOXkKapa
MIPOJINBA, MPU BO3ZHUKHOBEHHH KOTOPOTO CYIIECTBYET
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CTEKJIOIIJIACTHKOBOM
MOXET TPUBECTH K

BEPOSATHOCTb  BOCILIAMEHEHUS
OOIIMBKK  TpajupHH, YTO
YBEJIMUEHUIO IJIOLIAIHU MOXKapa.
PaccmoTpuM B KadecTBE  KOMIIEHCHUPYIOIIETO
MEpONpUSTHI  NPUMEHEHHE  BOJSHOH  3aBECHI.
A.I'. BuHorpamoB B CBOEHf cTaThe paccMaTpHBaeT
BONPOCHl  TIOTJIOHICHUS  TEMJIOBOTO  W3Iy4EHUs
BOISHBIMU 3aBecaMu. [10]
KoadduumenT mponyckaHus BOISHOMN 3aBECHL:
I
H=- €y
I
rae I; — majgaromuil TenIoBoi MoTok, KBT/M2;
[, — mpowmeammii yepe3 BOASIHYIO 3aBECY TEIUIOBOM
noToK, KBT/M2.
Jns onpenenenus 3pQGEKTUBHOCTH TOH MM WHON
BOJISIHOM 3aBECHl HEOOXOTUMO OTPEICITHUTD I,.
B Touke Ha paccrosHMM 8§ M OT Kpas MOJIOHA
€MKOCTH OJ10Ka HepTeoTAeIuTEIeH:
I, = q = 20 xBr/m?
B cootBercTBUU cO cTaThelt [10]:
H = e—0,734(1—n)nD21 (2)
WIH
L=1- e—0.734(1-n)nD?1 3)
rze | — TommuuHa 3aBeckl, M;
D — nnametp kamnu, M;
7 — KOHLEHTPALHKs Kanelb;
n — xodddunuent mpomyckaHus chepuuecKoi
KaIlIH.
[ ompeneneHus  KOHLEHTpallMM — Kameilb N
3anMIIeM YpaBHEHHE COXpaHEHHUs 00beMa BOJbI:

D3
QZH(T “l-h-v (4)

rie Q — oObeMHEBII pacxo[] BOIHI, JI/C;

l v h - COOTBETCTBEHHO TOJIIIIMHA U [IMPHUHA 33aBECHI,
M;

V — CpemHsisl CKOPOCTh Kallellb B CCUCHHU 3aBECHI,
M/cC.

v=k-D (5)

Ipmmem Q = 12 m/c, k =4-103 1/c,D=1mm, 1 =0,5

M, h = | M (WMpuHa 3aBecHl, co3IaBacMasi OIHOMN
HACAJKOM, M).

Torna:
6Q 6-12
" TkDY1-h 7w 4-10%-(0,000)*-1-05
~ 11,46 - 10° (6)

ITo Tabmume Ne 1 [18] mpurumaem n = 0,067 s
temneparypsl T = 1200 Ku D = 1,0 mm.

Toraa moacTaBisis n B ypaBHEHHE 3, MTOJTyIHM:

I, =20- e—0,734(1—0,067)-11,46-109-0,0012-0,5 >0 (7)

TakuMm 00pa3oM, MOXKHO CIIelaTh BBIBOJ O TOM, YTO
BOJSIHAsI 3aBeca MPAKTUISCKH TIOJIHOCTHIO CHHXKAET
TMa IO TETJIOBOM MOTOK I .

4. BAKJIIOYEHUE

Ha  mpumepe omHoro w3  JeiCTBYrOmHNX
HedrenepepabaThIBarOIINX MIPEIIPUATHH, Ha
TEPPUTOPUU KOTOPOTO B CBSI3U C  paCIIUPEHHEM
MPOU3BOJCTBA CTPOUTCS HOBBI TEXHOJIOTMYECKUI
Y4acTOK, paccMOTpeHa TIpobjeMa HeIOoCTaTOYHOCTH
uMeroleiics MI0Mmaay Mol CTPOUTENLCTBO YUacTKa.

Jns OObekTa MPOU3BENECH pacdeT MHTEHCUBHOCTH
TEIIOBOTO U3ITy4eHUs Ui HaunOoee
HEeOJaronpusTHOTO  CLEHApHsS  pa3BUTHS  IIOXKapa
MIpoJIBa Ha OJIOKEe HEPTEOTACIUTENEH, 110 pe3yIbTaTamM
KOTOPOT0 OBLIO ONpeIeIeHO MUHUMAJIBHOE JIOITyCTUMOE
MIPOTUBOIIOKAPHOE PacCTOsIHKE A0 O0Ka rpagupeH. Ha
OCHOBaHMH MMEIOIINXCS HCCIEAOBAHNI 1 HOPMATHBHBIX
TpeGoBaHUI  cHOPMYTHUPOBAaHEI H  IPEIIIOKEHBI
pas3IIHbIC MPOTHUBOMOXKAPHBIE MEpOIIPUATHS,
TIO3BOJISIOIINE COKPATUTh HEOOXOAUMBIE PACCTOSIHUS 10
(hakTHIECKH NMEOMMXCA. B TOM dncie st 3amTsl OT
TEIJIOBOTO  M3JIy4eHHs OOOCHOBAaHBl  IapaMeTphl
BOJISIHOM IIPOTUBOIOMXKAPHON 3aBECHI.

Pa3paboTanHble NPOTHBONOXKAPHBIE MEPONPHUSITUS
cllefyeT IMPUMEHATh UCKIIOUUTENBHO K HCCIEeTyeMOMY
OOBEKTYy 3allMTHl, TaK KaK B KaXKIOM KOHKPETHOM
clry4ae HEOOXOAUMO  YYHUTHIBAThH criequduky
MIPOM3BOJCTBEHHOTO 00BEKTa M  Bce  (HaKTOPHI,
BIMSIOIINE Ha BBIOOP MPUMEHSEMBIX KOMIIEHCHPYIOIIHX
meponpusTiil. Ilpu 3TOM, NpUMEHSEMBIA MOAXOIN K
BBIOOPY MEpPONPHUATHH SBISCTCS YHHBEPCAJIBHBIM U
MOJeT OBITh IPUMEHNM B O0IIEM CITydae.
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®DeneparapHOE TOCYIAPCTBEHHOE 00pa30BaTEbHOE OI0KETHOE YUpeXkKIeHHEe BhIcIIero oOpa3oBanus «Poccuiickuii
rocynapctBeHHbIi yHuBepcuTeT uM. A.H. Koceirnna (Texnomornn. {u3zaiin. VckyccrBo)», Mocksa

PEAJIN3ALIUS ®OTOJIIOMUHECHEHTHOM SBAKYAILIMOHHOM CUCTEMBI HA
PEAJIbBHOM OB'BEKTE

AHHOTAIUS

Pabora otHOCHTCS K cdepe obecnieyeHUsT COXpaHEHUS
JKH3HU U 370POBBS JIIOZEH B Cllydae 3aJbIMIICHUS, TT0XKapa,
TepakTa M B JPYIHX YPE3BBIYAHHBIX  CHUTYaIHsX.
PesynbraTom paboTE SIBIISCTCS peann3oBaHHas
¢doromomuHecieHTHas 3BaKyannonHas cucrema (O®OC) Ha
peanbHOM 00BEKTe 3KOHOMHKH - ToproBoM menrtpe (TLI),
YTO MOBBIMIAET OE30MACHOCTh COTPYJHUKOB U TTOCETHUTENEH
oObekra. [IpoBenéHHBIC WCCIIETOBaHUS MOATBEPIMIN €&
3¢ (EeKTHBHOCTD B CITy4asX KaK IIPH IUNIAHOBBIX TPEHHPOBKAaX
[0 HBaKyallMd, TaK M B Ciydae OTKIIOYECHHS OOIIero
OCBeICHNS (B TEMHOTE).

BripaboTaHHbIe peKOMEHAALMY 110 UTOraM paboTHI IS
MOBBIIICHNS] KauecTBa, HAIEKHOCTH, SKCILTyaTallHOHHBIX
XapaKTepHCTHK, JIOJITOBEYHOCTH MOTYT OBITh
UCIIONB30BaHBl ~ KaK  METOAWYEcKoe  Iocobme st
OpraHu3anuii Mo MpoeKTUPOBaHUIO 1 MOHTaxy ®OC.

1. OCHOBHAS YACTb
1.1 BBeaenmne

CorylacHO CTaTHCTHKH exerogHo B Poccunm
noru0aeT OKOJIO 8§ THIC. YENOBEK M CTOJBKO K€
MOJyYaroT TpaBMHI [1].

W3 HuX exerogHo mOrubarT OKolo 6 THIC.
YeJIOBEK BCIIEJICTBHE HeCBOEBPEMEeHHOIl 3BaKyal .

IIpyuéM crnenuanu3upoBaHHAs aBTOMATHUYECKAs
MOXKapHas CHCTeMa — CHCTeMa ONOBelleHHs W
ynpaBJeHHusl 3BaKyanuei 1o TOH )K€ CTaTHCTHKE B
22 cmydasx He cpaboTtama, B 7 ciydasx He ObUia
BKJIIOUEHA, 3aJady He BBINOJHWIA B | cirydae, a 3T
9% ot o01iero ynciaa. YTo TOBOPHUT O HEAOCTATOYHON
3(h(heKTHUBHOCTH PaOOTHI TIOKAPHOH aBTOMATHKH MPH
moXkapax.

Takum 00pa3oM, HECMOTpPSI Ha TO, YTO CHCTEMBI
MOKapHOH OEe30MacHOCTH MPOXOAAT M PETyIsIpHOE
oOcimy’)kxnBaHHE W IDIAHOBBIE  CpabaThIBaHUA,
0071a/1at0T HU3KOH HaEKHOCTBIO M YyCTOMYNBOCTHIO, a
TaKXKEe HWMEIOT 3aBHCHMOCTH OT YeJIOBEYECKOTO
(axropa.

B coorBercTBMM ¢ TpaBWIaMH  IOXAPHOM
OezomacHocTH 1000 Biazenen; o0beKTa 00s3aH
obecrieuynTh OE€30IIaCHYI0 3KCTPEHHYIO HBAKyaluio
Jrofie! Ipy upe3BblYaliHON cUTyanuu [2].

1.2 AKTyaJbHOCTH

CraTuCTHYECKHE MJaHHBIE CBUAETEIBCTBYIOT O
HEOOXOIMMOCTH YCHWJIUTH pPa3pabOTKy KOMIUIEKca
Mep, HaIpaBICHHBIX Ha COBEPIICHCTBOBAHWE U
MOJICPHM3AIIMI0 CHCTEM SBaKyaluM 3[aHuil, Ha
CBOEBPEMEHHYIO 3BaKyallUIO JIIOJCH MpHU MOoXapax U
qcC.

M3BectHO, uTO BHU3yanM3alMs OKpYyKaromen
00CTaHOBKH B YCIIOBHSX YPE3BBIYAHHBIX CUTyalUd n

95

HEIOCTAaTOYHOM BHAMMOCTH C HCIIOJB30BaHHEM KakK
[MOJHOLIEHHBIX  CHCTEM (OTOIIFOMUHECTICHTHBIX
9BaKyallMOHHBIX, TaK M WX OTAEIBHBIX AJIEMEHTOB
NPUBOANT KaKk K  CHIDKCHHIO  BO3MOYKHBIX
YEIIOBEUSCKHUX JKEPTB B YACTHOCTH, B TOM YHCIIE U 32
cuét GoJiee ObICTpO M Oe30MacHON 3BaKyalliy, TaK U
CHIDKEHHIO TSHKSCTH HEOJaronpHATHBIX MOCICACTBUN
B IIEJIOM, TaK Kak MO3BOJISICT ONECPATUBHO MPUHUMATh
MepBI TI0 JIOKAJIM3alluY U JIMKBUIALIUY aBapuii [3, 4].

OOC  gBugeTcs OOHUM W3 HMHHOBAIIMOHHBIX
METOJIOB yIpaBieHUsS CaMOCTOSITEILHOM
sBakyanmueii [5].

®OOC  mo3BoaAT COOCTBEHHHMKAM  OOBEKTOB

3HAYUTEIBHO MOBBICUTH 3((EKTHBHOCTH MPOBEICHUS
MPaKTHYECKUX TPEHHPOBOK, a, CIEAOBATENIBHO, H
0e30macHOCTh JItoJIekH [6].

AKTyaJbHOCTb pabOTHI TOATBEPKAAET MHOXKECTBO
HAay4HBIX TPYAOB Ha TeMmy (OTOIFOMUHECICHIIHH,
MaTeHTOB, pacTyuwii peiHOK @OOC, MHOXECTBO
opraHmzaiuii, paboTaroumx B 3Toi cdepe.

[Ipumenenue dOC PEKOMEHIYIOT
MHOTOYHCJICHHBIE JIEHCTBYIOIINE OTEYECTBEHHBIC U
3apyOeXHble HOPMAaTHUBHBIE JIOKYMEHTBI, KOTOpbIE
NIPUBEJICHBI B pabore.

Tonbko Ha caiire «PocTenaep» [7] conepkutcs
okoJio 7000 10TOB JaHHOM TEMATHUKH.

Taxke HEOOXOMMO OTMETUTH M TIEPHOTUUECKYIO
aKTyaJlu3aldi0  OTEYECTBEHHBIX  HOPMAaTHUBHBIX
TpeboBanuii k DIOC, BBIpAXKAIONIIYIOCS B HOBBIX
penakiusaxX U BHOBb pa3pabaThIBaEMBIX TOKYMEHTaX.

Amnanus pe3yNbTaToB IIPOBEJIEHHOTO
UCCIICIOBaHUA  IIOKAa3bIBaeT, YTO  MAaTepHalbl,
npumeHsieMble npu co3panun OPOC 3¢ dexTHBHBI U
COOTBETCTBYIOT IPEABSABISIEMBIM TPEOOBAHUAM.

OOC sBnsercss 0OJHOM M3 caMbIX 3(PPEKTUBHBIX
9BAKyallMOHHBIX CHCTEM, TaK KaK HE 3aBHCHT OT
YeJOBEYECKOT0 (PaKkTopa, OT SHEProoOecIe4eHHOCTH
00beKTa U B MEHBIIEH CTENICHHU 3aBHCUT OT YCJIOBHH
TEXHUYECKOTO OOCITYKMBaHUS M OKCIUIyaTalld 110
CPaBHEHHUIO C TPaJUIMOHHBIMH 3HEPro3aBHCHUMBIMU
cuctemamu [8].

OTenbpHOM OIICHKH TaHHast paboTa 3aCTy’KHUBAET B
CBETE BO3MOXKHBIX TEPPOPUCTHUECKUX aKTOB.

1.3 ean npoBeeHus UCCIAeT0BAHUS

Ha ocHoBe aHamm3a Hay4HBIX HyOJNHKAIMHA |
HOPMaTHBHBIX JIOKYMEHTOB C(OPMYJIHMpOBaHA LEIb
paboTBl — wW3y4YeHHe U OOOCHOBaHHE BBIOOpA
MaTepuaoB JJIsl MOCTPOEHHS (POTOTFOMUHECIIEHTHBIX
9BaKyallMOHHBIX CHUCTEM JUIsI peallbHBIX OOBEKTOB
Pas3IMYHOTO Ha3Ha4YeHUs, TIO3BOJISIOIIINX
OPHEHTHPOBAThCSI B  YCIOBHAX  YPE3BBIYANHBIX



curyarmii (UC) u HEIOCTaTOYHON BHUAMMOCTH, UTO
MOBBIIIAET OE€30MaCHOCTh JIIO/ICH, COXpaHAeT HX
JKU3HU U 37I0POBBE.

Jns  MakcuMaJdbHOTO  PAacKphITUS  TEMBI
MOCTPOCHUS u MPAKTUYECKOH  pealu3aliu
(hOTOIFOMUHECTIEHTHON 3BaKyaIlMOHHON CHCTEMEI,
UMeroIeil  TIaBHyl Henb —  obecrnedcHHe
CBOEBPEMEHHOI 3BaKyalllM JIIOAEH MpH IOXapax U
YC O BeIOpaH COUMANBHO-3HAYUMBIH OOBEKT

ToproBmi — ToproBeiii meHtp (mamee - TLI),
PacHoJIOKEHHBIH B HEHTPEe MOCKBBI.
K  nomoOHBIM  00BEKTaM  HPEABSBISIOTCS

MOBBIIIEHHbIE TpPeOOBaHUS MO IMPOTHBOIOKAPHOK
3alUTe U AHTUTEPPOPUCTUUCCKON 3aLUIEHHOCTH.
Krnacc ¢pyHKIMOHATBHOM OKAPHOH OMTACHOCTH TAKUX
00bekToB — @3.1. Obmas mromaas 6osee 13 000 M2,
ITAXHOCTB — 5 dTaXKeH, peKUM PabOThI — €XKEIHEBHO.

B TIL xapakTepu3yloTcs HaIHYHEeM OOIBIIOTO
KOJIMYECTBA HBAKyallMOHHBIX BBIXOJOB, OOJBIION
OPOTSDKEHHOCTRIO  TyTeH  DIBaKyallid, OOJBIIUM
KOJIMYECTBOM STUHOBPEMEHHO HaXOISIIUXCS JIFOJCH,
HaJIMYAEM 3BaKyal[MOHHBIX JICCTHHUI], OOJBIITUM
KOJIMYECTBOM TI0’KApPHOTO O0OpPYJIOBaHMSI M CPEACTB
MPOTUBOIOXAPHON 3aIUTHI, a TAKXKE Pa3THYHBIMU
00BEMHO-IIITAHUPOBOYHBIMHU peIICHUSIMH "
Pa3IUYHBIMM BapUaHTaMH OTJIEIOYHBIX PEIICHUN U
MaTepHaioB OTCIIKH.

BeI6Op Takoro cioHOro o0ObeKTa IMO3BOJHT B
TIOJTHOM Mepe PacKphITh TeMy pabOTHl M PEUIUTh BCE
TIOCTaBJICHHBIE 32/1a4H U HCCIIEOBAHU.

1.4 3agaun

- I3YYCHUC U aHAJH3 UMEIOIIUXCS HAYIHBIX padoT
1O BBIOOPY M NMPUMEHEHHUIO (POTOIFOMHHECIICHTHBIX
MatepuaiioB (nanee — @JI marepuaios);

-  M3y4YCHHE PEKOMEHAAIMIl  OTeYeCTBEHHBIX
HOPMATHBHO-IIPABOBBIX JIOKYMEHTOB IO CO3JIaHHUIO
DOC;

- M3yYeHHE OTEUYECTBEHHBIX HOPMATHUBHBIX
TpeboBanuii k ®IC;

- H3yYeHHE CYIIECTBYIOIIUX MPOMBIIUICHHBIX
00pasuoB 3nemenToB OOC;

- TIPOBEJICHUE MCIIBITAHUH 3acBeTKH 00pasnos DJI
MaTepHaJoB;

- CPaBHHTEIEHBIN aHAJN3 Pa3IHYHBIX MaTePHAIOB
s co3ganust DOC;

- peasmzanus npoekta @IC, yIOBICTBOPSIONIETO
OTEYECTBEHHBIM 3aKOHOAATEIBHBIM TPEOOBaHMAM, Ha
pearbHOM 00BeKTe (TOPTOBBIi LEHTP);

- MIPOBE/ICHUE OIICHKHU TexHOoc(hepHOit
Oe3omacHOCTH ~ 3HepropecypcodhHEeKTUBHOCTH U
skoHOMHYeCcKOH 3¢ dexTnBHOCTH puMeneHuss PIC;

- TPOBEICHHWE OICHKH COIMAIbHOTO 3(deKTa
npumenenus OOC;

- BOMPOCHI YTUJIM3ALUH U Jp.

CymectByromuii T'OCT He B mnonHOH Mepe
packpsiBaeT Bonpocsl MoHTaxka ©®IC, He pacKphIBaeT
BONPOCHl MpoekThpoBaHus [S5]. JlaHHbIE acHeKThl
TaKXe MPeCTaBIICHEI B pabdorTe.

Taxoke 3agaueii pabOThI SIBJISACTCS:

- TIpUBICYCHHEC BHHUMAHHA K OTHOCHUTEIFHO
HOBoMy i Poccum  HampaBmeHWIo  (penko
BCTpEYAONIeMyCsi Ha O0BEKTaX JSKOHOMHUKH) B
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obecrieueHun 0€30IACHOCTH JIIOAEH B 3JaHUAX U
COOPYKEHUSIX, Ha TPAHCTIOPTE U APYTHUX 00BEKTaX;

- aHalW3 TMPUYUH, MCIIAIOIIUX MacCOBOMY
BHepeHuto OOC;

- BBIpa0OTKa PEKOMEHAIUI MO0 UTOTaM MOHTaxa
®O3C Ha 00BEKTE I MOBBIIICHHUS €r0 KayecTBa W
CKOPOCTH, a TAK)KE CHUIKEHHSI CTOMMOCTH.
1.5.0cHOoBHas YacTh

B mporiecce  paboOTHI Obuta  W3ydYeHa
3aKOHOJATeIbHAS ba3a, HOPMAaTUBHBIE u
METOINYECKUE TOKYMEHTBHI.

Pesyneratel npencrasneHs! Ha puc.|l u 2.
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Pucynox 1 - Pocm konuuecmea HOpMamueHo-
npasogwix akmog o PIC
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Pucynox 2 - Coomnowenue HIIA 0 @OC

Jna poctmwxeHus meneil paGoTel OBLIM M3yUYECHBI
CYIIECTBYIOINE cepTuHUINPOBAHHbIE
npoMmsluieHHbIe AeMeHTs @OC, OJI MmaTepuasl.

Bru10 yCcTaHOBIIEHO, YTO HA PHIHKE MPHCYTCTBYIOT
DJI MaTepuabl Ha OCHOBE pa3IMYHBIX
JIOMUHO(OPOB, pa3IMdyHOro 0a30BOTO CIIOSI OCHOBBI,
KJIEEBOT'O CJIOSI, YTO B COBOKYITHOCTH ONpEAENsieT KaKk
n KoHeuyHylo crtoumocTb @JI snmemeHTa, Tak u
MPOAOJKUTENBHOCTD IKCILTyaTallud, TaKk U YCIOBUS
MPUMEHEHUS U MECTA Pa3MELICHNUSI.

Ot BBIOOpA TOTO WIIM HHOTO JIIOMUHO(OPA 3aBUCUT
CKOPOCTh  3apsJKd, SAPKOCTh M  JUINTEIHFHOCTh
MOCTIECBEUCHHUS, 3aBUCUMOCTh W3JENUS OT BIMSHUS
BHEIIHUX (DaKTOPOB, YCTOHYMBOCTH K BOJAE, CPOK
9KCIUTyaTaI[H, CTOUMOCTb.

Ha ocnoBanum umeromierocst npoekta ®IC 1o
MMEIOIINMCS Ha PBIHKE KaTajgoraM ObUIO COCTaBIICHO
TEXHMYECKOE 3aJaHhe Ha INPHOOPETeHHE TeX WM
nHBIX ieMeHToB ®OC M MX HCIIONHEHUE M CIIoco0
KpETJICHUS.

Ha ©0aze CHeIIHaJIPIBPIpOBaHHOﬁ Opranuzanuun



OBUTHM  TIPOBENCHBI  HUCCICAOBAHHS  Pa3IMYHBIX
o0paszoB ®OC, MpeaCTaBICHHBIX HA PBHIHKE M IO
pe3yibTaTtaM ObLIO IPUHSTO PEIICHUE O 3aKYIIKE.

Ha puc.3 MPECTABICHBI pe3yIbTaThl
uccnenoBanus oopasmnos ®IC.

Pucynox 3 - Pezyiomamei 3aceemku oopasyos @IC
no ucmeyenuu 240 mun [9]

B pesynbraTte uccnenoBaHus ObIJIO yCTaHOBJIEHO,
9T0:

- orgensHble OJI maTepuansl KpUTUYHBL K LIMPUHE
CIEKTpa U3JTyueHHs HaKauKH;

- CIIEKTpaJbHBIH COCTaB M WHTEHCHBHOCTH HaKayK{
BIIMSIIOT, HO HE HA BCE IPECTABICHHBIE 00pa3Iibl;

- 0o0pasmpl OIHOW TOPTrOBOH MapKd C OIMHAKOBOH
MapKHpOBKOH HMEIOT pa3Hble (OTO-METpHUECKHE
xapaktepucTuku (mubo Opak, nubO TIUIaBaromiee
Ka4ecTBO);

-y deTeIp€x 0O0pa3moB Ipyrol TOProBoil Mapku
pa3Hasi SpKOCTh (HET CTaOMJIBHOCTH KauecTBa OT
HmapTuH K naptun) [9];

[To uroram ObLT BBISIBICH 00Opasel] - MoOeqUTENb
JAHHOTO HCIBITaHUS U 10 (OTOMETPHH, H MO
COOTHOIICHHIO IIeHA/KayeCcTBO.

Ha puc. 4 moxasassl ucciegyemsie 00pasIbl.

Pucynoxk 4 - Pezynomamol ucnvimanuii 3aceemxu OJI1
006pasyos. a - npu OHe8HOM ocgeujenuu; o - npu

BbIKNIIOYEHHOM OC8EU{eHUU, 6 - NPU 3aC6eNIKe No
Irocr

Janee ObUTO yTOYHEHO MOTPeOHOE KOJIMYECTBO
anemerToB ®OC u mpomsBeieHa 3aKynKa M MOHTaX
CHJIAMU CIIEIMAIM3UPOBAHHOI OpraHU3aIiH.

Ha puc. 4 nmpencraBnen Bapuant MoHTaxa ®IC.

K coxanennro, anamu3 peiaka @OC Ha npuMepe
u3yueHuss TeHAepoB [7] u wuccnemoBaHuil [9]
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CBUACTCIILCTBYET O TOM, UYTO Ha PBIHKC PO
06pama10Tcsl Marepualibl, Yy KOTOPbBIX APKOCTb
CBETUMOCTU XYIKC pacCMaTpUBACMbIX o6pa3u013. K
COKAJICHUIO, IICHAa MMCCT pelIarolIee 3HAUCHUC IJIid

ppiHKa, a KadectBo JeméBbix DJI Mmarepuanos
SIBIISICTCS IUIABAIOIINM, HE OTJINYACTCS
CTaOMIIBHOCTEIO.

Takum oOpa3oMm, BeIOpars Hammyuymmin DJI
MarepHal Uil KOHKPETHOTO OOBEKTa MOXHO, €CIIH
c(OopMyIHpOBAaTh IIEpeUeHb TPEOOBaHUH K €ro
pa3MeIIeHHIO, 3aCBETKE, IKCILTyaTallil M COTIOCTABUB
MOJyYeHHbIE  JaHHbIE €O  CHEUU(HKALMSIMHU
MPOU3BOTUTEINEH, a TaKKe HCTIBITAaHUSIMH
MOHTHPYIOIIUX U TOPTYIOIIUX UMHU OpraHU3anuii.

Pucynok 5 - Tunoeoti eapuanm susyanuzayuu
JIeCMHUYHO20 Mapuia

Hcnprtanns B TEMHOTE TIOATBEPANIH
3G PEeKTHBHOCTh BU3yanm3anuu mocpeactsom DOOC
9BaKyalMOHHBIX ITyTEH U BBIXOJIOB, a TAKXKE YCKOPUIN
BpeMsI IBaKyalldl 3a CYET YIOPSAOYMBAHHUS MTOTOKA
JIOEH M YITydIIeHNEe UX OPUEHTAINN B YCIOBHUIX KaK
OCBEIICHHSA, TaK M TEMHOTHI, yIy4dIIWiIca KoMQopT
MEePEMEIIAIOIIUXCS JTI0CH, a 3HAUUT U O€30I1aCHOCTb.

OO0 >TOM CBHIETENBCTBYIOT IPOBEIEHHBIE OTIPOCHI
noceruteneit u paboraukos T1I.

Beuto ycTaHOBNEHO, YTO OTYETIMBO YHTAIOTCS
JIMHEHHBIE pa3Mephl AJIEMEHTOB, UX KOH(Urypanus,
HaMpaBJIEHUs CTPENOK, HAKJIOHHBIX TOJIOC, B3aUMHOE

pacIoJIOKeHHEe ¥ MPOYHe IapameTpbl, OOBEMHO-
TUTAHUPOBOYHBIC PEIICHHS TOMEIICHUI.
Ha6mroneane ®OOC B  HayaubHBIA MOMEHT

BPEMEHH I0KA3aJI0, YTO B HCITyCKAEMOM CBETE MOKHO
YUTaTh TCKCT — KHUT'Y, BUTHO PACIOJIOKCHHBIC PAIOM
MPEeIMETHI U OOBEKTHI.

Dddexr TTOCJIECBEUCHUS
JIOCTATOYHO JIOJITOE BPEMSI.

HaOIromaeTcs



1.6. IlepcrieKkTHBBI Pa3BUTHSA
[lo pa3paboTaHHOMY YCTPOMCTBY YCKOPEHHOTO

MOHTaxa (bOTOJ'HOMI/IHGCHCHTHOfI JICHTBI 6y;[eT
IIoJjaHa IMaTCHTHas 3asiBKa.
HpaKTI/I‘IeCKaH 3HAYNMOCTb COCTOUT B

pa3pabOTaHHBIX PEKOMEHAAIMAX [0 IPUMEHEHHIO
pa3nuIHBIX MaTepranoB A co3panus @OC ¢ yuérom
cnenn(uky 00bEKTa X pa3MeIICHUS.

PaGora MOXET WMETh NPOJOIKEHHE B BHAE
METOJIMYECKOTO PYKOBOACTBA I OpPraHM3alUil —
3aKa3YMKOB M OpraHM3alWi, NPOCKTHPYIOIIUX H
MoHTHpytommx ®IC, Tak Kak MoK00HbIH MaTepual B
Poccuu He npezacrasies.

Pesynbratel  paboThl  OyayT CIIOCOOCTBOBAaThH
nepesogy ®POC u3 o0iacTH pPEKOMEHIYEMBIX, B
o0Js1acTh 003aTeNbHBIX MEPOTIPHUSTHH.

OOOCHOBaHHBIH ~ BBIOOp ~ MarepuanoB s
MOCTPOCHHUS cucTeM (OTOMIOMUHECIIEHTHBIX
9BaKyallMOHHBIX 0OBEKTOB PA3IMIHOTO Ha3HAYCHUS C
yu€ToM HX CcHeuu(uKH IpeicTaBiseT HAYYHBIA H
npakthuecknit  wHTepec. ConuanpHBIH AP EKT
BHenpeHus @OOC umeer OrpoMHOE 3HAYEHHUE,
MIOCKOJIbKY peub HAET O CIACEHUM KU3HEU NrofeH,
KOTOpast OeclicHHA.

2. 3AKV/IIOYEHUE

IloctaBieHHblE B
JIOCTUTHYTBl B  pe3ylbTaTe aHajIHu3a
myOnuKkanuii, U3YYEHHBIX u IIPOBEAEHHBIX
9KCIIEPUMEHTAILHBIX HCTIBITAaHWH, pacuéra
SKoOHOMHUYeCcKoH 3ddexTuBHOCTH TpuMeHeHHsT DOC,
npu npoBedeHur MoHTaxka @®OC Ha peanbHOM

pabore menu W 3amauu

Hay4YHBIX

06LGKTC, Oorpoca IoceTuTeed u pa6OTHI/IKOB
TOPTOBOI'0 HEHTPA.
Haqua;[ HOBHU3HaA pa6OTLI COCTOUT B

000CHOBaHHOM BBIOOpE MaTEpPHAJIOB JUIL CO3MAHUSA
®OC ¢ yu€toM O0COOEHHOCTEW O00BEeKTa HX
pa3melieHus U oreHke 3(GEKTUBHOCTH MPUMEHEHHS
DOC.

[TpoBenena OpPHEHTHPOBOYHAS OLIeHKa
aKoHOMHUecKoit apdekruBHocTH BHeapenus POC Ha
pearbHOM 00BEKTe SKOHOMUKH (0OBEKTE TOPTOBIIN).

[IpoBenén aHanm3 mnpoOIEMaTHKH MacCOBOTO
BHepeHus OIC.

B xozme paboThI MPOMCXOIMIIO B3aUMOAEHCTBHUE C
OI'bY BHUUITIO MUC POCCHUU, MuHIIpoOMTOproMm,
PoccranpaproM, TexHHUUECKMM KOMHTETOM 11O
crangaptm3ammu Ne274 «IloxkapHast 6e30macHOCTBY»
(TK 274), opraam3anmsMu — pa3pabOTIYNKaMU
I'OCTog o ®3C (000 «HITK® 2JIEKTOH», OO0
«IK Bramrenay, OO0 «DKOXUICEPBHUCY»), a TAKKE
OpraHu3alHsIMu, peanu3yomrMn
cepTH(HHUINPOBAHHYIO (OTOTIOMUHECIIEHTHYFO
npoaykuio (000 «3raknpom», OO0 «CeeTo3HAKY,
000 "Xopommuii [Iser", OO0 «Aypa Cseta»).

ITo pabore mmerorcs myGmukanmu. OTaenbHbIE
pe3ysbTaThl MpeACTaBIeHBl Ha KOHKypce «Ctupaem
TPaHUIBI.
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E.H. Bapnamosa, H./I. IIpsiTkoBa, M./I. lllnsanHukoBa
®denepanabHOE TOCYIAPCTBEHHOS aBTOHOMHOE 00pa30BaTEeIbHOE YUPEXKICHHE BhICIIEro o0pa3oBanus «HOxHO-
VYpanbckuii TOCYIapCTBEHHBI YHUBEPCUTET (HAIMOHAILHBIA UCCIICIOBATEILCKUN YHUBEPCUTET))
OT'AOY BO «tOYpI'Y (HUY)»
Poccus, 454080, UensOunck, npocnekT Jlenuna, 76

OHEHKA 3®®EKTUBHOCTHU 3ALIUTHI CU301 PWIbTPYIOIEI'O THIA 1A
IBAKYAIIUU JIIOJEU ITPU ITOKAPAX B IIOMEIEHUAX

AHHOTANIUA

PaboTa mocesiena oneHke 3G PpEKTUBHOCTH CPEICTB
WHIUBUAYAILHON 3amuThl opranoB aeixanus (CU30/)
¢unbsTpytomero tuna (PT). [IpuBonsrcs pesynbTarhl
aHalu3a SKCIEPUMEHTANbHBIX HCCIIEAOBAaHUM 3ProHO-
MHUYHOCTH (MIBTpYIOMHUX camocmnacateneii 3esc 30V,
«®Dennkey» u «Ilancy-E. Tak kak 6ospiiee 9ucio NOruo-
IUX TPUXOIUTCS Ha TMOXKaphl, MPOW3OMICIIINE B 3]a-
HUSAX ¥ COOPYKEHUAX, CAMOCIIACcaTelNhb IOJDKCH TapaHTH-
POBaHO HCKJIIOYATh PUCK MOPAXKCHHS YEJIOBEKa B TeUe-
HHE BpEMEHH, HEOOXOANMOTro IJIsl 3BaKyallUH M3 30HBI
JICHCTBHUS OMACHBIX (haKTOPOB TOXKapa.

Llens pabotel — ompenenenue 3GHEKTUBHOCTH HC-
MOJIB30BAaHUs camocnacaTeield (QUIbTPYIOLIEero THIIA,
MPUMEHIEMbIX IIPU 3BaKyalluy U3 IIOMEICHHS.

1. AKTYAJIBHOCTb PABOTHI

CraTtucTuyeckne IaHHBIE IOKa3bIBAIOT, YTO OOJIb-
IIMHCTBO JIIOAEH BO BpeMs IoXKapa HOTHOalT HE OT
OTH$, a OT JIbIMa U HefocTaTka kuciaopoaa. B 2020 roay
okosto 67% OT Bcex MOTHOIINX Ha I0Kape yMepiu OT
YAYUIbsl YIIEKUCIBIM ra3oM, a B 2021 roay nokaszarenu
yBeauuminch 10 73,5% [1] (puc.1).

351813 5900

110,6% 16,5%

314461 3541

2020 2021 2020 2021

Koauuecrso nomapon Koanwecrso norndmux
Pucynox 1. AHanu3 06CcTaHOBKH C ITOYKapaMH U UX MO-
cneAcTBUi Ha Tepputopuu Poccuiickoit @enepanuu 3a

2020 r. 12021 .

C 1eNbI0 YMEHBIIICHUSI BIUSHUS TPOAYKTOB TOPCHUS
Ha OpPTraHU3M 4YeJOBeKa HEOOXOAWMO HCIOIh30BaTh Ca-
MOCIIacaTeH NOXapHBIE — CPEICTBO WHAWBUIYATBHOM
3alIUTHl OPTAHOB JBIXaHHS W 3PCHUS YEJIOBEKa OT TOK-
CHUYHBIX TMPOJIYKTOB TOPCHHS B TCUCHHE 3asBJICHHOTO
BPEMEHU 3alUTHOTO JCHCTBUS MPH IBaKyalldd U3 MPO-
W3BOJICTBEHHBIX, aIMUHUCTPATUBHBIX U XKHUJIBIX 3MaHUM,
MTOMEIIEHUH BO BpeMst TIoxkapa [2].

B Hacrosiee BpeMsi Ha POCCHUCKOM DPBIHKE TaKHe
camocIacareM 3aHUMaroT 0C000€ MOIOKEHUE, TaK KaK
OHM TOJHOCTHIO TOTOBBI K NMPHUMEHCHHIO M HE HUMCIOT
TPOMO3JIKUX JIOTIOTHUTEIBHBIX 3JIeMeHTOB. OHH MOTYT
UCIIOJIb30BaThCSI KaK B3POCIBIMU, TaK U ICTHMH OT 7 JICT
. Ix ynioOHO MMeTh JoOMa, IIOCKOJIBKY OHU XapaKTepU3y-
FOTCS IPOCTOM B MIPUMEHCHHH J1a)K€ HETIOATOTOBICHHBIM
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YeJOBEKOM U UMEIOT Hebombinue pazmepsl. OnHako ca-
MOCTOSITEIBHO MPOU3BOJIUTH KUCIOPOJA HPH JIBIXaHUH
OHH HE MOTYT, IIO3TOMY HX BO3MOXXHO HCIIOJNB30BAaTh
TOJIBKO B CPEZE C CoAepkaHneM Kuciiopoaa bonee 17%.

2. 3AJJAYA UCCIIEJOBAHUA

3aJa4aMy HaIIEro UCCIENO0BAHUS CTAIH:

aHaIu3 TpeOOBAaHUN HOPMATHBHBIX JOKYMEHTOB JUIS
CHU30/] @T;

e IIpOBEACHHE aHalIM3a phIHKA MpousBoxuteneit CU-
30/ ©T;

e aHaNu3 MOKa3aTeleil, mpeabsIBIIeMBIX K caMmocIaca-
TeNAM;

pa3paboTka METOAMKH OnpeaeacHUs 3G HEKTHUBHOCTH
npumenennss CU30/] @T Ha ocHOBE pOBEAECHUSI HPro-
HOMHYECKHX HCCIIEOBAHUI;

® IIPOBEACHUE DKCIIEPUMEHTAIBHBIX HCCIECIOBAHUN H
aHaIu3 TOIy4YEHHBIX PE3YIbTATOB.

3. AHAJ/IN3 HOPMATHUBHBIX JOKYMEHTOB

Cornacno I'OCT 12.4.034-2017 B Poccuu nefictByet
caenytomast kiaccuduramus CU30/, mpumMeHseMbIx
JUISl 9BaKyaluu: U30JIMpyouue; GUIbTPYIOIINE; H30I11-
pyroiue-hUIbTpyIoIIUe anmapatsr [3].

Ananu3 tpeboanuit s CU30/ OT [2, 3, 4] BBI-
SIBUJI, YTO CaMOCTIacaTeN! ISl 3alUThI JIFOJEeH OT Mmpo-
JIyKTOB TOPEHUS MIPU 3BaKyalluu JOJDKHBI XapaKTepu3o-
BaThCS CICTYIONUMH TPYIIIIaMH ITOKa3aTeIen:

1. — moxa3zaTeny Ha3HAYCHUS; BpeMs IIepeBO/Ia ca-
Mocracareis B pabodee TookeHue, ko3 GUITHNESHT MO~
coca (B 30HE JBIXaHUS, B 00JIACTH TJ1a3), COMPOTHBIICHHUE
BO3AYIIHOMY IIOTOKY, Macca, BpeMs 3aIllUTHOTO JeH-
CTBHSI, TEPMETUYHOCTD paboUeil 4acTH;

2. — MOKa3aTeayd CTOMKOCTH K BHEIIHHM BO3JEH-
CTBHSIM: YCTOWYHBOCTH K MEXaHHUECKOMY BO3ACHCTBHIO,
YCTOWYUBOCTb K TEMIIEPATYPHOMY BO3AEUCTBUIO, YCTOM-
YHBOCTH K BOCIIZIAMEHEHHUIO;

3. — ToKazaTelu HaJleXHOCTH: CPOK CIYXKObI ca-
Mocnacarens, BepOSTHOCTh COXPaHEHHs HCIIPABHOCTH
camocriacaressi, BEpOsTHOCTh 0€30TKa3HOW paboThI ca-
MocnacarTes;

4. — mokasareny 3prOHOMHUKH: OIPaHUYCHHE TOJIS
3peHust, yno0cTBo n KoM(popT, TpeOOBaHMS K pazMepam,
COEIMHEHUE MEKTY KOPITyCOM KalloMIOHa 1 (QHIIBTPOM;

5. —TpeOOBaHUS K CHIPHIO M MaTepUallaM.

B cootBerctum ¢ 1. 4.2 TP TC 019/2011 «cpenctea
WHIUBUAYAIbHON 3alUTBl JOJKHBI UMETh KOHCTPYK-
LHUIO, COOTBETCTBYIOIIYIO aHTPOINOMETPUYECKUM JIaH-
HBIM MOJIb30BaTENsl, MPU TOM Pa3MepO-POCTOBOUYHBIN
ACCOPTUMEHT JIOJIKEH YUHUTHIBATh BCE KATETOPUU MOJIb-
3oBarenei» [4].



4. TIPOBEJAEHUE AHAJIU3A PBIHKA CU30/0

B cooterctBum ¢ 'OCT P 53261-2019 B pabouyro

4acTh caMOcCIIacaTes JOJKHBI BXOIUTH [2]:

® KaIlIOIIOH CO CMOTPOBBIM OKHOM, KOTOPOE JOJKHO
obecrieynBaTh OOIIYIO TUIOMIAb OISl 3PEHHS HE Me-
Hee 70% ot o01meit ruromaay mos 3peHuns 0e3 Karro-
IIOHA;

e KOMOWHHPOBAHHBIA QUIIBTP.

Mownwurtopunr peinka CU30/] @ T BeisiBui Hanbosee
HOIyJISIpHBIE cpelCcTBa 3amuThl: 3eBc 30V, «DeHukey u
«IIlancy-E. Mx xapakTepHCTUKU MPECTaBICHbI HAa PUC.
2. BriOpaHHbBIe camocnacaTely MpeJcTaBlIeHbl TPOU3BO-
JUTETSIMU B €IMHOM, TOJIBKO YHUBEPCAJILHOM, pa3Mepe.

Hoxasates adesc 30V» llane~Es wdemmes
Trm canocnacayens ETsTpYROmE PRI TpVIOmER SRIETpVIOmER
Koadrgmment nojcoca B sony maxammn e B 300y 1eoiamny me
23P030IE CTANIAPTNOND Gozee | %, & somry £33 | Gozee 2 %, B3omy raa- Heoozee | %
MRCTIHOTO TYALLKD -1% 1%
Macca padosefi nact He Goaee 600 rpaym He Goxee 550 rpasm He Goaee 185 rpasec
Bpens nagesanms v nprmesemmn - " -
P e R IR He Gozee 1 somyrn He Gozee | somryra He Goaee | smmyTnt
| BAMCTERS
Cospranme moncnia 205 ) 15
YIIEpo3a HA BAONE SRS
Nzomazes noxs spems He memee 80 % He uemee 70 % He mueet orparorenns
Kazee sammra FFFI FFES FFF3
Hena 30004000 3000-5000 1800-3700
TpoaoramreTbHOCTE SaumITsl o 30 nomy Jo 30 syt To 30 someryr
Bospact opimcenesns Crapume 12 aet Crapme 7 et Crapmie 7 qe1
oo = _i
b
Omem g, Cavoparympyomasca Ojpui iy,
- 3 5 CHETEMA MPHTETAHNE E 2
JonoarmTessEaa mAdopMATHR | PACOOIOEEHHEIR IO pacmozomeHHR 00
- moayMacK; dRINTpH uetrrpy
i paCOoTOEeNs 00 GoEAM =

Pucynok 2. Xapakrepuctuka camocnacaTenen

5. PABPABOTKA METOJUKH ONNPEJAEJIEHUA
IOPEKTUBHOCTH TIPUMEHEHHUA CH30]
®T HA OCHOBE ITPOBEJEHHUA 9PI'OHOMMU-
YECKHUX UCCJEJIOBAHUMI

e ynoOCTBO CMOTPOBOTO OKHA CaMmocIacaTeds.

C yuerom tpeboBanuii 'OCT P NCO 15537-2009[5]
u I'OCT 12.2.049-80[6] 66110 0TOOpano 20 100poBoIIb-
LeB, CTyAeHTOB 4 Kypca B Bo3pacte oT 20 mo 23 ner.
bbo  yureHo TpeGoBaHME - CpeaM HCHBITAaTElNeH
JOJDKHBI OBITh PECIIOHIEHTHI, HMEIOIIe YChbI, 6opony,
00BEMHYTO TIPHYECKY U B OUKaX [2].

Kaxxnplii y4acTHHMK 3alONHMII aHKETy, B KOTOPOH
yKa3al CBOM aHTPOIIOMETPHYECKUE IOKa3aTeNnu U OCOo-
OBIe IPUMETEHI: BO3PACT, IIOJI, POCT, BEC, HAJIMYHE OOPOIBI
(ycoB), IMHHBIX BoJIOC B 04YKOB. [lepen HavamoMm Kax-
JIOTO dTara WCMBITAaHUH Y CTYIEHTOB OBUIM HW3MEpEHEI
(u3MoIOrMYECKHe TapaMeTphl ¢ TTOMOIIBIO:

e TOHOMETpa — apTepHAILHOE JaBJCHUE,
yJibCa;

® TEepMOMETpa — TeMIIepaTypa Tena;

® OKCHMETpa — COAEpKaHHUe KUCIOPOaa B KPOBH.

qacToTa

DKcrepuMeHT ObUT pa3zieneH Ha 2 stama (puc.3).

Ha nmepBowm 3Tame Obisia opraHu3oBaHa 3BaKyanus ¢ 3, 5
u 9 sraxell ydeOHOro kopmyca Oe3 MpPUMEHEHHUS ca-
Mocrmacareiell: MoOoYepeIHOC BHUKCHUE HCIBITATEIICH
IO MyTsM 5BaKyalluu € MaKCHUMAaJIbHOM JUIA KaXXI0To U3
HHUX CKOPOCTBIO, TIPH 3TOM BpeMs JBHXKEHUs ObLIO 3a-
(hUKCHPOBAHO MPH MOMOIIIH CEKYHIOMEDPA.

Ha BTOpOM 3Tame ¢ Tex e JTaxel, MPOUCXOana
9BaKyalusi B TPEX pa3HbIX caMmocmacaTessx. Bpewms
HAXO0X/ICHUS B CAMOCIIACATEISIX HE MPEBBINIAIO0 BPEMEHH
€ro 3aIIUTHOTO NeiicTBus (puc. 2).

Mex 1y 3TaliaMu U CepUsSMH UCTIBITAHUHN MPeayCcMaT-
pHBAJICS OTHBIX, MPOAOJKUTEIHHOCTH KOTOPOro 00Y-
CIIaBIMBajaCh BPEMEHEM, HEOOXOMMMBIM IJIsi BOCCTa-
HOBJICHHS ITYJIbCA U apTEPHAIILHOTO TaBICHUS.

ITo oxoHUaHHMK KAXKIOT0 3TAla PECIIOHCHTaM TaK e
HU3MEPSUIOCh apTepHabHOE JaBJICHHE, YacTOTa IyJibCa,
TeMIepaTypa Teja U COACPIKaHHE KHUCIOPOaa B KPOBH
(puc. 3).

e 2paeMEE 4

3 Ik 5 3tak 9 stk

B kxauecTBe MeTO0/1a 3PTOHOMUYECKOTO UCCIIEIOBAHUS
ObLT BEIOpaH SMINPHUYECKUI METOM, KOTOPBIH COCTOSIT U3
COYETaHUS KCIEPHUMEHTOB U JAMAarHOCTUYECKOH MeTo-
JIIKH, TPOBOIUMON B BUJI€ aHKETHPOBAHMS 110 OaJIBHO-
PEUTHHTOBOI CHCTEME Ha OCHOBE CYyOBEKTHUBHBIX OIIIY-
MICHUH PECIOHJCHTOB W M3MEpPEHHH HX (HPU3HOJIOTHYE-
CKUX mapameTpos [2, 5, 6].

OneHka 3proHOMHYECKOH 3(Q(PEKTUBHOCTH CPEICTB
3amuTel  nmpoBogwiack B coorBerctBue ¢ ['OCT
12.4.298—2015 [7] o cienyromum noKkazaTessim:

e yn00CTBO MPH UCITIOIH30BAHNH,
® [UIOTHOCTbH NPWJICTaHUS K JIUILY;
® HAJEKHOCTH U KOM(OPTHOCTH (PHUKCALINH.

B cootserctBum ¢ tpeboanusamu ['OCT P 53261-
2019[2] ucnibITanus camocnacaTenei ¢ yaactueM 100po-
BOJIBIIEB cTapIe 12 eT MpOBOAWINCH B IEJAX OIpee-
JICHUSL:
® 3AIUTHBIX CBOMCTB caMoOcCIacaTels;

e yCIOBMI ABIXaHUS B CAMOCIACATENE;

e (HU3HOJOTMYECKUX peakuuil Jrojie Ha paboTy B ca-
Mocracarene;

e 0co0eHHOCTH PabOTHI COCTABHBIX YACTEW camocIa-
caTerns;

napaNETPEL

Jlo cmyexa i mocae
CIyCEa

be3 camocnacatenai

bes canocmacaresel

bes cawocmacarens

* Jlaterne ++ ey Y
* [lyaee <+ +4 +4
* Tennepatypa 1e1a ++ +4 3
* Conepixanme 4 +4 i

KHCTOPOTA B KDOBH
¥ Bpeus 35aKyanmi + 4 -y b

Camocnacateny Camocnacare1n Cayoenacarean

Tlocayeka B oocae Jenc T.Hm\ Fa— 3ese | Ianc demme Jepc | Lane

emyera wy| E | 0y | E wy | g | Y

* lasnenne e s+ | 15| ++ ¥ 4+ | % ++
2 * [lyzse 3| +# 4 | 44| 11 4 | +% e
*Temmeparypatena | ++ | ++ s+ |+ | ++ e 3 | % +3
* Cotepxarue dh | wk ik ka | 44 sk 4 | 44 b

KHC10POTA B KPOBH
+ Bpei Bakyaimm ++ | ++ ++ |+t | ++ | 4+ | +# ++

Pucynok 3. IIpoTokoi npoBeneHus: SKCeprUMeHTa

B cremumansHO pa3paboOTaHHON aHKETE YYaCTHHKH
OIICHUBAIA YJOOCTBO M KOM(OPT, JIETKOCTh JBIXaHUS,
MPOCTOTa KOMMYHUKAIIMH, OTPaHUYCHHUE TOJS 3PEHUs,
3all0TeBaHHE CMOTPOBOTO OKHA, OTPAHUYCHHUE ITOJIBHXK-
HOCTH, yIOOCTBO HaJICBaHHS/CHATHS, HaIC)KHOCTh (DHK-
caliM 10 MNATHOAUILHOM IIKalle, TAe 5 — «OUYeHb XO-
poto», 4 — «XOpoImioy», 3 — «yIOBICTBOPUTEIHHOY», O —
«HE MOTY UCTIOJBh30BaTHY.
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6. PE3YJIBTATBI IPOBEJAEHWS DKCIIEPHU-
MEHTOB

B xone OKCIICPUMEHTA paCcCMAaTPUBAJIUCH TAKHC MTapa-
MCETPbI, KaK 5 proHOMHUYECCKUEC IMMOKA3aTCIN U (1)1/131/10.1'[01"1/1-
YCCKHUE pCaKlIun JII0JICH Ha pa60Ty B caMocCIacaTeiisix.

6.1 DpronoMuvecKkne MOKa3aTe Il

K sproHoMu4ecKuM MOKa3aTeIssM OTHOCATCS: y100-
CTBO IPHU KCIOJH30BAHUHU, OTPAHUYCHUC TOJS 3PCHUS,
OrpaHUYCHUE MOJIBUKHOCTH, HAJICKHOCTh (PUKCAIINH.

ITo okOHUaHUM SKCIIEPUMEHTA OBLIH MPOAHATUIUPO-
BaHBl AHKCTHI, 3aIOJIHCHHBIC PECHOHACHTaMH. Pe3yiib-
TaThl aHKCTHUPOBAHUS TMPHUBEICHBI B BHUJC TUATPAMM,
Mpe/ICTaBJICHHBIX HA pUCYyHKax 4, 5, 6.

Korprymikawms
3anoTeBaHe
CMOTPOBOTO OKHA
Orpanirgenne
NOIBIERHOCTH

g
i
2
s

¥ aobetso 1 komdopr
Jerkocts Abrxanna

PucyHnox 4. Pe3ynpTaThl HccliefOBaHUS I)prOHOMUYE-
CKHUX TIOKa3artenei camocmacatens 3esc 30Y
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PI/ICYHOK 5. Pe3yJ’IBTaTBI HCCICAOBAHUA S ProHOMUYC-
CKHUX ITOKa3aTtelneii camocnacareisa « DeHuKc»

hHKC AL

Orpanmyenne

TMOJBILKHOCTH

Vaobereo
Hagesxnocts

Komyyrma s
HaJeBAHNA CHATHA

3anoTeBanne

CMOTDOBOTO OKHA

Yaobereo n komdopr

Orpamenne moas
IpEHIA

JlerkocTh JLIXAHNA

Pucynok 6. Pe3ynbraTel ncciae10BaHUS 3PTrOHOMUYE-
CKMX noka3zatelieii camocnacarensa «lllanc»-E

AHanu3 pe3ynbTaToOB aHKETUPOBAHUS PECIIOHICHTOB
BBISIBIJI CIICTYFOIIICE:

1) mo mokaszaTeno «ymoOCTBO U KOMGOPT MpH HUC-
MOJIb30BaHUM» OTMeueHo, uto «lllanc-E» «ymoBneTBo-
pureneny, «3esc 30Y» u «DeHnkey - «kkoM(pOPTHBIY;

2) IO TIOKA3aTeNo0 «JIETKOCTh ABIXaHUs» PECIIOH/ICH-
TaMHu orleHeHo, uTo B «lllanc-E» mpimath «jerko», a B
«3eBce 30Y» u «DeHHKCe» «cIIerKa 3aTpyTHCHOY

3) mo mokazarento «yJoOCTBO B KOMMYHHUKAIII) Ca-
Mocmacarens «Illarc-E» onenen kak «Heymo0HO», «3eBcC
30Y» u «@EHUKCY - «yIOBICTBOPUTEIBHBD);

4) moO TIOKA3aTeI0 «OTPAHUYCHUE TMOJIS 3PEHUS» OT-
MeueHo «HeOounbiioe yMmeHplienue menee 30%» B CU-
30 ax «lanc-E» u «3eBc 30Y», B «DeHukce» yMeHb-
IICHHUE MOJIS 3pECHUs cocTaBmio «bomee 30%»;

5) 1o moKa3aTello «3amoTeBaHUsI CMOTPOBOIO OKHa»
OTMEYCHO «3amoTeBanue 6osee 30%» B «DeHMKCE», a B
camocnacaremsix «lllanc-E» u «3eBc 30Y» cMmoTpoBoe
OKHO «9aCTUYIHO 3aITOTCBACT»;

6) TO TMOKa3aTeN0 «OTPaHUYCHHE MOIBIKHOCTI
JUIA BCEX caMocIiacaTelieii 0TMEUeHO «KOM(pOPTHOE Ire-
PEIBIKCHUEY;

7) 1O TOKa3aTelo «ymOOCTBO HaJCBAHUS/CHATHUS
«IIlanc-E» u «DeHUKC» OLEHEHBI KaK «JIErKo», a «3eBC
30Y» - «<HEMHOTO 3aTPYJHEHOY;

8) mo mokaszareno «HaJAEKHOCTh U KOM(OPTHOCTH
(ukcanum» ypoBeHb (HUKCAIMU TPEX CaMOCHaCTeleH:
«ITanc-E», «®enukcy, «3ec 30Y» ObUI OTMEUEH KaK
«CpeIHUID

6.2 ®u3noJ0TNYECKUe PeaKIuH JIeii Ha padoTy
B cCaMOCHAacCaTesX

K uccnenyempiM HU3NUIECKUM MTOKA3ATEISIM OTHOCH-
JIMCh: apTEPUAIBHOE AABJIEHUE, 4acTOTa IyJIbCa, caTypa-
LUsl U BpeMsl IBaKyaluil, KOTOpble U3MEPSIIUCH HA KaxK-
JIOM 3Tafne A0 M IOCJE 3BaKyallud C Pa3HbIX ATaKeH

(puc.3).

PesynbraTel nccnenoBaHus (HU3MYECKUX ITOKas3are-
Jel rpu dBakyanmu ¢ 9 staxka 6e3 camocracaTenei U B
HUX TpejacTaBieHsl Ha puc. 7, 8, 9. [TonoOHbIe pe3yiib-
TaTHI MOJTyYMIINCH U TIPU 9BaKyallud PECIIOHIEHTOB C 3 1
5 aTaxew.

TIyane:

100 98 100

ki 3
i ]12,6% 80 e

Carypamus:
| 236%
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41
0|

50 ‘ 8
.’6 l
0 — 0l —
PucyHok 7. Pe3ynbTaThl Hcclie1oBaHus (HU3HUECKUX

rokasareseii 6e3 camocriacaTelsl U B caMocracaTesie
«Dennxcy
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Pucynoxk 8. Pe3ynbraTsl rcciaenoBanus GU3UIECKUX MO-
KazaTenel 0e3 camocnacarens 1 B caMocnacaTese
«Ilanc»-E
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Pucynok 9. Pe3ynbraTsl Hcciae10BaHus GU3HUECKUX HO-
KazaTenel 0e3 camocnacarelis 1 B camocIacarene
3esc 30Y

Hcxons U3 MONy4EeHHBIX PE3YJIbTaTOB, MOXKHO CHe-
JIaTh BBIBOJL O TOM, UTO IIPU 3BaKyallud B caMmoclacare-
JIIX [IOKA3aTeId YacCTOTHI I1yJIbCA, HUXKHETO apTepUallb-
HOI'O JABJIEHUSA M BPEMEHHU BBIIIOJIHEHUS YIPAKHEHUS
3HAYUTENBHO BhINIE, YeM Oe3 camocriacaTelel, a 3Have-
HUSA COJEPKaHUA KACIOPOa B KPOBH HUKE.

3AKJIIOYEHHUE

AHanu3upysi TOJy4YE€HHbIE pPe3yJbTaTbl MPOBEICH-
HBIX SKCIIEPUMEHTAIBHBIX HCCIIEIOBAHUH 10 0COOESHHO-
ctsm npumenenust CU30/] @1 wa rpynme 20 mobpo-
BOJIBIIEB (CTYAEHTOB 4 Kypca B Bo3pacte oT 20 10 23 7er)
MO>KHO CIIeJIaTh CIEAYIONIUE BBIBOJIBI:

AHanu3 HOPMATHBHBIX TOKYMEHTOB BBISBHI, YTO K
camocmacaresiM (PHIBTPYIONIETO THITA TPEIbIBISIOTCS
5 rpymm TpedoBanuii [2,3,4].

AHanu3 phIHKAa BBIABWI, YTO HaumOoJiee MOITyIIip-
HeiMu CU30/] GuibTpylomero Tumna sBISIOTCS TakKHe
camocracarenu, kak 3eBc 30V, «lllanc»-E, «DeHukcy
(puc.2). [amHBle camocmacaTeld MPOU3BOIUTEICM
MPENICTaBJICHBl B YHUBEPCATHLHOM pa3Mepe, KOTOPBIH
MOJIXOUT JUIS B3POCIBIX U ieTe oT 12 net 3esc 30V, ot
7 net «lanc»-E u «DeHuKe».

[IpoBeneHne HSKCHEPUMEHTATBHOTO HCCIICIOBAHUS
10 SPTOHOMHYECKIM ITOKA3aTesIM M (PH3HOIOT HIECKIM
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peakimsM JroAed Ha paboTy B caMoOCIacaTelsiX BBI-
SIBUJIO, YTO C YUETOM 3BaKyallMd JIOACH U3 pa3HOITaXK-
Horo 3manus (3, 5, 9 sTaxkei) Bce Tpu camocmacarens
HUMCIOT paBHBIC 3alIUTHBIC CBOWMCTBA U YJIOOHBI B HC-
MOJIb30BAHUU: KOM(MOPTHEI ¥ HE OrPaHUYMBAIOT IIO-
JIBHJKHOCTb.

B camocmacarene «lllanc»-E pecnonmeHTaM OBLIO
JIerde BCEro IplaTh. A camocnactellb « DeHHUKCY SBIIS-
€TCsI XyIIINM TI0 OTPaHNUYEHHIO II0JISI 3PSHHUS, 3aII0TeBa-
HUIO CMOTPOBOTO OKHA, YCIOBHUSM JBIXaHU AJIS BCEX pe-
CIIOHZICHTOB.

AHanu3 pe3ynbTaTOB HCCICAOBAHUN (hU3UOJIOTHYC-
CKHX peaxiuil Joei BBISBUII, YTO MPHU UCIOJIB30BAHUU
BCEX TPEX camocracareliei Mpu MOBBIIIEHUH Harpy3Ku
co/iep KaHre KHUCIOPO/ia B KPOBH YMEHBILIAETCS, apTepu-
aJbHOE JIaBIICHUE, MYJIbC U BPEMsI IBaKyallul yBEIUUYHU-
Barores (puc. 7, 8, 9).

Takum 00pa3oM 1O pe3ynpTaTaM IPOBEICHHOTO HC-
CIIeZIOBaHUS XYyIIINM OKa3ajcs camocmacarens «De-
HHUKC», a caMmocriacaTesi 3eBc 30V u «Illanc»-E moka-
3aJIM IPUMEPHO OAMHAKOBBIE XOPOIIHE pe3yIbTaThl. J{is
camocnacarensi «DeHnke» Tpedyercs JopaboTKa JbIxa-
TENBHOTO (PUIBTPA, YTO MO3BOJUT YIYUIIUTH YCIOBHUS
JIBIXaHUSI ¥ CHU3UT 3all0TeBaHUE CMOTPOBOTO OKHA.

PesynbraThl nccienoBanust ObLIM OMYOJUKOBAHBI B
)kypHane «Hayunsrit nuaep» [8].
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E.C. Honrux
NBanoBckas moxkapHo-cnacatensHas akagemus [ TIC MUC Poccun (MTICA),
mp. Ctpowureneit, 33, r. IBanoBo, MiBaHoBckas obmacTs (Poccuiickas @eneparius)

ACHEKTBI MOATBEPXJIEHUSA COOTBETCTBUS CPEJICTB HHJIUBUIYAJTbHON
SAIUTHI

AHHOTANIUA

B pedepare paccMOTpeHBI CPeACTBa HHAWBHIYabHON
3amuThl (CU3) mokapHBIX U criacaTenei, a Takke HeKOTOpbIe
BaXHBIC ACMEKTHl MX CEPTU(HUKALMH, MOATBEPKAAIOLICH TO
YTO TOT WM HHOH OOBEKT COOTBETCTBYET OIPEAENICHHBIM
TpeboBaHmsAM. OOLIEN3BECTHO, YTO CEPTUPHKAINSI KAKOMY-
b0 CTaHIapTy TapaHTHPYeT, YTO H3JEIHe COOTBETCTBYET
YCTaHOBJIECHHEIM TPEeOOBaHUSM, B T.4. O€30IACHOCTH, IS
Yero MoJBeprajoch COOTBETCTBYIOINM HcHbITaHUAM. OTHAKO
eCTh M Jpyras CTOpOHa 3TOro Bompoca. Jlms MHOTHX
COTPYJHHUKOB  TIOXAPHO-CIIACATENbHBIX  MOApa3JelIeHuH
BBICOKHE TEXHHUYECKHE XapaKTePUCTUKH OOOpYHOBaHHSA H
TIPUMEHSIEMBIX CPEJCTB Oosee BasKHBI, YeM COOTBETCTBHE, TEM
WIM WHBIM CTaHIapTaM. B 9acTHOCTH, IUIsL BCEX IMOXAPHBIX
3¢ dexTuBHOCTE U yA00cTBO CU3 CHIBHO TEpEBEHIMBAIOT
HaJM4ue JIro0oro ceprudukaTa wim spielka. B wactHOCTH,
s CU3  3HAaYUTENbHO BaXKHEE UX KOHCTPYKTUBHBIC
0cOOEHHOCTH U (PYHKIHOHAIBHOCTH, KOTOPHIC ITO3BOJISIOT
YOPOCTUTE W YCKOPHTb  pabOTy, CHU3UTH  BpeMs
TPaHCHOPTHPOBKH mocTpamaBmero ot Mecra YC 1o
COOTBETCTBYIOLIET0 MEAULMHCKOro yupexaeHus. B Poccuu
cutyanusi B 00nacTd cepTH(UKALMKM CPEICTB  3alUThI
OTHOCHTEJIBHO CTa0WJbHA, HO 3a TOCNIEIHHE TOJABI TaKXKe
npeTeprena U3MEHEeHHsI.

1. AKTYAJIBHOE IIOJOXEHHUE B BOITPOCAX
CEPTUOUKAIMU CU3 ITOKAPHBIX

B wMwumpe cymectByeT  I0CTaTOYHO  pa3HBIX
CTaHIAPTOB, IPUMEHSIEMBIX B 3TOW 00JIACTH, @ UMCHHO:
° PCT - 3Hak, moATBEep>KAAIOLIMA COOTBETCTBUE

TOBapa TpeOOBaHMSAM KOHKPETHOTO TEXHHYECKOTO
pernamenTa Ha TeppuTopun Poccuiickoit denepannu;

e EAC - Eurasian Conformity — pneiictByer B
ctpanax  TamoxkeHHoro  cowsa  EBpasuiickoro

9KOHOMHYECKOT'0 COI03a, B TOM uHcie B Poceny;

e CE - Conformite Europeenne, 3HaK, KOTOpPBIi
UISHTUDHULIUPYET TPOJAYKT KaK COOTBETCTBYIOIIMIA
€BPOIEHCKUM HOPMaM;

e EN - ompenmemser eBpomeickuii CTaHIapT,
KOTOPOMY  COOTBETCTBYET  MNPOIYKT,  KOTOPBIA
pa3paboTaH  €BPONCHCKUMH  OpPraHM3alUsIMH 1O
cranaaptuzanuu: CEN, CENELEC u ETSI;

° CSA - KaHajJCcKas opraHu3aius no
CTaHJapTH3alMK, O0ECIeUnBaIoIIas TECTUPOBAHHE,

cepTH(UKANNIO U Pa3padOTKy CTaHIapTOB;
e  ANSI - amepukaHCKUH HallMOHAJIBHBIA HHCTUTYT
CTaHIApTOB, YaCTHAs HEKOMMeEpYecKas OpraHW3anus,
KOoTOpas pabotaer Haj MIPEIOCTaBICHIEM
JIOOPOBOJIFHBIX CTAHIAPTOB;
° NFPA - HaIlMOHAJIbHAS acCOLMaIMs
npoTtuBonioxapHoi 3amuTsl (CIIIA), HekomMmepdeckas
OpraHM3anys, KOTopas 3aHHMacTcsi pa3paboTKOH
COOTBETCTBYIOIIUX KOJEKCOB U CTaHAAPTOB.

BoeBass oxmexna mnoxapHoro (BOII) - kommiekr
MHOTI'OCJIOMHOM  CIEIHaIbHOM  3aI[UTHON  OJCKIBI

103

(C30) ofmero Ha3HAa4YeHHs, COCTOSIIUH W3 KypPTKH,
Oprok (TIOTyKOMOWHE30HA) W TpEAHA3HAYCHHBINA IS
3aIUTHI TOXKAPHOTO OT OMACHBIX M BPEIHBIX (haKTOPOB
OKpYXarolie cpeabl, BO3HHUKAIOUIMX MpPHU TYIICHUU
MOXKapoB M MPOBEIEHUU aBapUUHO-CHacaTeIbHBIX
paboT, a Takke OT HEOJArOMPHUATHBIX KIMMATHUYCCKUX
BozaeiicTBuil [1]. CpencTBO MHAMBUAYATBHON 3aIIUTHI
opranoB neixanusa u 3peHus (CU30]]) - Hocumoe Ha
YeIoBeKe TEXHIMUYSCKOE YCTPOWCTBO, oOecreunBaromniee
3aIuTy OpraHoOB JIBIXaHUS oT (axTopoB
po(eCCHOHATIBHOTO pHCKa [2].

1.1. Kommiexr BOII (Poccuiickoro mpou3BoiacTsa)
oo 2 i

Pucynox 1 Obpazey cepmugpuxama u BOII,
nOCMABAAEMOU 3A8000M-U320MOGUMENeM O
IKCHIYAMAyUy OmeyecmeeHHbIMU NONHCAPHBIMU

bupka 3aBoja-M3roToBHTENS  NPHKpEINIEHAa K
HapyxkHoMmy Matepuany BOIl u naér orpanuyeHHyIO
nHpopManuio o6 mpennn. Ha puc. 1 mpusenena BOII
st noxxkapHbelx — 3A0 «Qmuot» [3], KOOpIUHATBI U
KOHTaKTHasi MH(GOpPMALM 110 HEMY, KINMaTHYECKHE
OTPaHWYEHUS-AJsI YMEPEHHOTO KJIMMaTra, MOAENb — K
901, pasmep — 2, Bun-b, TY 8572-003-49984806-2004
— TEeXHUYECKHE YCIIOBHS JUIsl U3TOTOBJIEHUS 3alIUTHOU
OJISK/IBI JUISl TIOXKApHBIX (1aTa BhIMycka-gespans 2013
roga). CTP (IIB01) - cumBom (kKom oOpraHa)
TIO/JITBEPIKNAIOIUH, COOTBETCTBHE TOBapa TpeOOBaHUAM
KOHKDETHOTO TEXHUYECKOTO peramenTal, KOTOpsbIii
peryaupyet B Poccuu ero kauectBo u 0€301MacHOCTb, B
cootBeTcTBHM C [4]. Taxke mMeeTcs IITaMi OTACHA

TEeXHH4eCKoro  KoHtpois 3A0  «Bmumor», HO
OTCYTCTBYeT HH(MOpPMalMs MO0 NpaBWiIaM yxoja
(uMcTKa, CTHPKA) W HE COAEPXKHUTCS CBEACHHH O
cepTUUKAIMU  JAHHOM  TNIPOAYKIMH. HNannas

nHpOpMAIUS TOCTYITHA Ha caiiTe 3aBOJIa-M3TOTOBUTEIIS.
Cama mogens BOIT 901/ (0/8BIIII)- 2011 ropna,
BBITNOJIHEHA W3 apaMHUIHOTO MaTepHaja ¢ MOJUMEPHBIM

'®enepanbupiii 3ak0H «TeXHMYECKHIT PETTAMEHT O TPEOOBAHUIX
noxapHoil OesomacHocTi» oT 22.07.2008 1. Nel23- O3 (c
u3MeHeHussMH B penakuuu 117-d3 ot 10.07.2012).



nokpeitueM «Cusnotekc-97» apt. 0/8PXK (TY 8713-002-
45576849-98). Marepuan  mpeaHa3HauYe€H IS
OTHECTOMKHX KOMIUIEKTOB CIIELOAEHKIBI,
UCIIONIb3YyeMOIl TNpH TOBBILICHHBIX TeMIleparypax |
KOHTaKTaX C OTKPBITHIM IUIAMEHEM.

1.2. Kommiexkt BOII (MHOCTpPaHHOTO MPOU3BOACTBA)

W3 3apy0exHBIX aHAIOTOB HanOoJiee MOMYJISIPHBI
BOII ot mpomsBomuteneit MSA Bristol 1 S-GARD.
O6e wmopmemun pa3pabOTaHBl B COOTBETCTBHH C
TpeGOBaHMAMK?, U, KAK W AHAJIOTUYHBIE 3apyOeKHBIC
BOII, mone3y1oTcs 3HAUUTEIEHBIM CIIPOCOM.

Pucynox 2 Obpaszey cepmugpuxama u bOIl S-GARD
DuPont™, nocmaensemou 3a6000M-1U320MO8UMeNeM
OJ151 IKCNILYAMAYUU 3apyOeHCHbIMU NONCAPHBIMU

Bupxa 3aBOJJa-N3TOTOBUTEIIS TIPUIIUBACTCS
npousBoguteneM CU3 k matepuany BOII usznyTtpu u
ABJSIETCS  BIIOJIHE JIOCTATOYHOW AN  TOTpeOHTeIns
nponykuuu. A umenHo, BOIl ans noxapHeix — S-
GARD, koHrakTHas uH(opMauus MO HEMY, MOJETb —
ULTIMATE, pasmep - 188/81 202/21
(aHTpOIIOMETpHYECKHE pa3Mephl). MecsiyToll BITyCKa
-07/2019. 3mak (CE 0197) — mnoarBepxkmaeT, 4YTO
Oolle)kKJa COOTBETCTBYET IIpaBMJIaM E€BPOIEHCKOro
3aKOHOJATEeNIbCTBA M MOXET OJKCIUIyaTHPOBATHCS B
crpanax EBpocoro3a. Taxke yka3aHbl YpPOBHHM 3alllUTHI
o (X, — Temonoriomenne-2, Xy — Teronepenava-2,
7 — napo3alnIeHHOCTh U Y — BOJJOHETIPOHUIIAEMOCTb-
2). Umeetcst mukTorpaduuecKuii 3HaK O CEpTUPUKAINN
MPOJYKTa, TTOATBEP)KAAIOIINHN €ro 3JIEKTPOCTaTHIECKUE
cBoiictBa, cormacHo’. Ha Oupke ecThb mosHas
uHGOpMaLMA TO TpaBwiIaM yxoia (YHCTKa, CTHPKa,
xpanenue). Ocobennoctpio KypTku BOII — S-GARD

SIBJIICTCS. BOJOHENPOHMLIAEMBIN CJIOM — HEroprodas
GecmopoBast BOJIO-TIAPOIPOHUTIAEMAsT MeMOpaHa
Nomex®, a Take Marepuan TKaHH Bepxa C

MacJIOBOJOOTTANIKMBaOIIEeH cTpykTypoit DuPont™,

Pucynox 3 Obpaszey cepmuguxama u bOII Bristol
Gore® Varde, nocmasnsemou 3a6000M-
useomosumenem O0Jisi IKCNIYAMayuu 3apyoedcHvlmu
NOACAPHBIMU

’Esponeiickuii cranmapT EN 469:2005 +A1:2006+AC:2006
SEsponeiickuii cranaapt EN 1149-5:2008
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Bupka  3aBoma-u3roTOBUTENS]  MPUIIUBACTCA
npousBoautenem CHU3, k matepuany BOII uznyTpu u

naétr HaM Haubojee TMOJHYIO HMHMOPMALMIO O
npoaykiuu. BOII nns noxkapueix — BRISTOL monens
- EA2LXT, paszmep - Medium XTall
(arTpomoMeTpHUecKre pasMepsl B cM), EN469:20052 —
TIPOTHBOTIOKAPHBIT CTaHIApT, 1o KOTOPOMY

BemonHeHa naHHas CU3 amsd moXapHBIX, COTJIACHO
TEXHUYECKUX TPeOOBaHUI K 3alIUTHOW ONEXIE IS
noxapaerx (2005 roma). EN343:2019* — crammapr,
OTIPENIEISIONTNA METOIBl WCIBITAHUN W TpeOOBaHUA K
TKaHAIM W TOTOBOW OJCKJAE, MpeIHA3HAUCHHON JyIs
3alUTBl OT aTMOC(EpPHBIX OCAIAKOB (CHET, TOXIb,
TyMaH, BJIaXXHOCTb). Tak:ke yKa3aHbl YPOBEHb 3alIUThI
BOII-2 mo mapamerpam (X — TeruionoriaomeHue, X —
Terionepenaya, 7Z — TMapo3alllMIIEHHOCTh U Y —
BojioHenpoHuliaemocts). 3Hak  (CE  0086) —
MTOITBEPKIACT, UTO OJCKAA COOTBETCTBYET IpaBHIAM
EBPOMEHCKOTO 3aKOHOJIATEIICTBA u MOJKET
9KCILTyaTHpOBaThes B cTpaHax Empocorosza (0086— 3to
HOMEp YIOJHOMOYECHHOTO OpPraHa, OTBETCTBEHHOTO 3a
KOHTPOJIb ~ KadecTBa). Takke wWMeeTcs  IIONHAsS
nHpopManus 1Mo mpaBWiIaM yxoaa (YHCTKa, CTUPKa,
XpaHCHHE) M OTPAHUYCHHUS TMPU OOCIY)KHBAHUU B
npouecce dKkcruyaTauud. OCOOCHHOCTBIO  KYPTKH
BOIl MSA Bristol sBisercss BOAOHENPOHHUIAEMBIH
CIIOM - TepMocToikas OecropoBas HapoNpOHHIIaeMast
MemOpana Gore® Varde, Bce Hapy»HbIE LIBBI KOTOPOU
- repMeTH3upoBaHbl. OTHECTOWKHE aMOPTU3UPYIOIINE
BKJIQABIINA B OOJACTH IUICUYEBOTO IMMOSCA ITO3BOJITIOT
CHHM3UTh HATPY3Ky Ha TO3BOHOYHHK TI0KaPHOTO NpHU
HomeHun um CU30/I.

1.3. CHA3 ro,10BbI MO:KAPHOT0 (0TEYECTBEHHOI0 M
HHOCTPAHHOTO MPOU3BOACTBA)

[lInem-kacka moxxapHoro cmacatens (LLIKIIC) —
CH3, mnpenHazHadyeHHOE IJIsi OOECIEUSHMs 3allUThI
TOJIOBBI, IIEM M JIMIA YEeJIOBEKa OT MEXaHWYeCKHUX U
TepMUYECKHX  BO3JACHCTBUM, arpeccMBHBIX  Cpel,
MOBEPXHOCTHO-aKTUBHBIX BEIIECTB, BOJIBI TP TYIICHUN
MOXapoB U TPOBEIACHWU AaBApHHHO-CIAcAaTeNIbHBIX
paboT, a Takke OT HEONArOMPHATHBIX KIMMAaTHICCKUX
BO3JIEIICTBUH. B Halren CTpaHe HanOoiee
pacmpoCcTpaHEeHHBIM — CPEJCTBOM  3AIUTHl  T'OJOBBI
mokapHoro (cmacarenst) sBisitoress Mogenu LITIKC ot
3A0 «3mmor (r. Cankr-IlerepOypr). bupka 3aBona-
WM3TOTOBWTEINS, YKa3aHHAs pPHUC. 3, MPHUKIEeHAa U3HYTPH
npousBoauteneM CU3 k MaTepuay HUIeM-KackM U He
na€t gocratoyHou wHGopManuu o Hed. ComepKuT
JUIIF  HAUMEHOBAaHWE INPOM3BOAMTENS  IPOIYKTa
(IKTIC) — 3A0 «32nmoT», KOOPAUHATEI M KOHTAKTHYIO
nHpopManuio o Hemy, TY 4854-051-31094806-2005
— TexXHUYecKue ycnoBus g u3rorosinenus CU3
3aIIUTHI TOJIOBEI TOkKapHBIX. [Ipu 3TOM Jarta BeITycKa H
pa3Mep YyKa3blBalOTCA OTAENIBbHOM HakJIeHKoil BHYTPHU
nueM-kacku. Mudopmanust B peectpe cepTUPUKATOB
COOTBETCTBUS JIOCTYIHA Ha caiite Pocakkpenuranuu.
B ormmmuuu ot HIKIIC 3apy6exxnas momens GALLET
F1XF coxgepxut Oosee mMONHYI0 WHGPOPMAIUIO O
nponaykre, a mMeHHo: Moaens — FIXF, tum — B3b,
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pasmep — 63..64. EN443:2008°— cTanmapT 1is cpeicTsB
WHJIMBHIYaJIbHOM 3alinThl TojoBbl. Kacku moapHsIe,
UCIIOJIb3YEMbIE TIPH TPOBEACHUH CIacaTeNbHBIX PadoT
(2008 roma). Options E3C*** 9TO BO3MOXXHOCTh
YCTQHOBKHM  JIOTIOJTHUTEIBHOTO MOJIYJS OCBEIICHHS.
3uak (CE 0069) — moxarBepKmaeT, YTO MPOIYKT

COOTBETCTBYET npaBUiiam €BpOIEiiCKOTo
3aKOHOIATEIIHLCTBA. (0069 — 3TO HOMEp
YIIOJIHOMOYEHHOTO ~ OpraHa, OTBETCTBEHHOTO  3a

KOHTPOJIb Ka4eCcTBa JAHHOW IPOIYKIIHH).

Pucynox 4 Obpasyvl cepmuguxamos u uiiem-Kacox,
NOCMABNAEMbIX 3A8000M-U320MOBUMENEM 0I5
IKCHIYAMAayuy OmeyecmeeHHbIMU U 3apy0edcHbIMU
HOJNCAPHBIMU U CRACAMENAMU

14. CH30[ mnoxapHoro
HHOCTPAHHOI'O l'lpOI/l?oBOZ[CTBa)

(0Te4ecTBEHHOTO W

Pucynox 5 Obpasyvr cepmugpuxama u CU30/],
NnOCMAgsemMbiX 3a8000M-U320MOsUMeNeM OJis
axcnayamayuu 8 noopasdenerusx Pedepanvrou
npomuegonoacaprou cayaicovt I'TIC MYC Poccuu
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Pucynox 6 Obpasyvr cepmugpuxama u CU30/],
ROCMABNIAEMBIX 3A8000M-U320MOBUMENEM 0I5l
IKCRIYAMAYyUY OmeyecmeeHHbIMU U 3apY0edCHbIMU
ROJNCAPHBIMU U CRACANENAMU

B Hameit crpane Hamboiee pacnpoCTpaHEHHBIMU
CHU30/1 moxxapHoro (cmacaTens) SIBJSIFOTCS MOJENU
«IIpopu»-M or AO «IITC» (r. Mocksa). bupka
3aBOJA-U3TOTOBUTENS, yKa3aHHad puc. 5,
MpUKpeIyieHa K IUIaCTUKOBOMY  Kapkacy (pamke)
annapara npousBoxuteneMm CHU3 wu  He gaér
nocratodHoir mH(opMaru o HeM. CONEpKHUT IJHUIIb
HaMEHOBaHHe Tpom3BoauTesst mpoaykra (CU30/[) —
AO «IITC», ero morotum, TY 3298 11-018-38996367-
2002 — TeXHMYECKUE YCIOBUS Uil HM3TOTOBIICHUS
CU30/[ s moxapsbeix [5]. Takxke ykasaHbl — farta
BBIITyCKa U cepuitHbIi HOMep. B otimunu ot «IIpodu»-
M mapkupoBka 3apyoexxnoil mogenu Dragger PSS 3000
(puc.6) conepxuT nHGOPMALIUIO O MPOAYKTE MOCIE ero
cepTudUKALIU Ha TEPPUTOPUH Poccuiickoit
Oenepanun, a umeHHo: mozenbs — PSS 3000, PCT
(bB02) — cumBon (4YeThlpe MOCHETHMX 3HAKa KOja)
OopraHa IO CepTH(HKAIWHU, BBIIABIIErO cepTH(UKAT
coorBercTBUs, a Takke CTP — cumBON BH3yaJbHO
TIOJITBEPIKNAIOIIUH, COOTBETCTBHE TOBapa TpeOOBaHUAM
KOHKDETHOTO pETJIaMeHTa!, KOTOpBIii pPEryJIupyer B
Poccunm ero xagecTBo M 0€30MaCHOCTD, B COOTBETCTBHU
¢ [4]. OtnmenpHO 3akperuieHa Ha paMKe ammapara
uH(popMans 00 HCTIOJIE3YEMOM BO3JIYIITHOM
pelyKkTope, ero Mapka u cepuidHbiii Homep. [Ipu sTom
Uit poBeAieHust pabor mo pemonty CU30]] u ero
COCTaBHBIX dYacTel, KOMIUIEKTYIOIIHE M PaCcXOJHBIE
matepuainsl uig Dragger PSS 3000 moryT ObITh MHIIB

OpUTHMHAIIBHBIMU OT 3aBoja-usroroBurens «Driger
Safety AG & Co» Ilpu »3TOM NPOU3BOIMUTH
rapaHTUiHOE oOciyx1BaHHe MOKET JIIIb

odurnmaneHblii  mocraBIMK npoAykuuum Driger B
Poccuiickoit denepanuu, M(WIM) CEpPBUCHBIC LEHTPHI
10 PEMOHTY JaHHOTO 000pY/IOBaHUS B HAIIEH CTpaHe.



2. BBIBOJbI 10 COBPEMEHHOMY
COCTOSHHIO OTPACJIA U ITIEPCHHEKTUBBI
PA3BUTHUSA BOITPOCOB CEPTUDPUKAIINU CU3 B
POCCHUIMCKOM ®EJIEPALIUU

Heob6xoaumocts TmatensHoro aHanuza CU3, CU30/1 u
NX KOMIUIGKTYIOIIMX 4YacTefl I COBEpIICHCTBOBAHMS
mporiecca  TPOW3BOACTBA M TEXHWYECKOTO OCHAIICHUS
noapazaeneaniit MUC Poccun ipu TII u ACP — ocoGenHO
aKTyanbHas mpoOieMa HpH peannszanuu IlocTaHoBICHUS
[paBurensctBa Poccutickoit @enepammu [6]. Cormacuo [6]
YIBEpXKIEH  MEpPEYCHb  NPOMBIIIIEHHBIX  TOBApPOB,
MPOUCXOJAIIUX U3 HHOCTPAHHBIX TOCYJapcTB (3a
UCKJIIOUEHHEM TOCyAapcTB — uieHOB EBpasuiickoro
skoHOMHUeckoro coro3a (EAC)), B OTHOIIEHUN KOTOPBIX
yCTaHAaBIMBAaeTCAd 3alpeT Ha JOMycK JUIs  Ienei
OCYIIECTBJICHUs] 3aKyNOK M TOCYIApCTBEHHBIX U
MYHHIIUNATIBHBIX HYXI. B uacTHOCTH, B NPHIOKEHUH K
[6], yka3aHBI anmapaTsl AbIXaTebHbIE aBTOHOMHBIE (KOI
B cooTtBeTcTBHH ¢ OOmepoccuiickuM Kiaccu(pukaTopom
MPOXYKIUH II0 BHIAM 3KOHOMHYECKOHW JESTEIbHOCTH
(OKB3/ 034-2014) — 32.99.11.130). B Hacrosmiee BpemMs
BCSL TIpOLEAypa BBIOOpa CBONHUTCS K 3aKylKaM B
COOTBETCTBUM ¢ [7], T.e. TpeAnoyaraeTcss TOJbKO
00BsIBJICHHE ayKIMOHA Ha MPEJOCTaBIeHHE HEOOXOAUMOrOo
mgenus. B xome aykimoHa, Kak NPaBWIIO, PEIIArONINM
KpUTEpHEeM I BBIOOpA HHTEPECYIOLIET0 U3ENHs SBISIETCS
ero crouMocTb. CoBpeMeHHas 00CTaHOBKA C TEXHOT€HHBIMHU
noxapamu u YC, a Taxke oOTCcyTcTBHE OOOOIIEHHBIX
JAHHBIX aHajl3a SKCIUTyaTalMOHHbIX mapamerpoB CU3,
CH30/1 1 ux KOMIUIEKTYIOIUX, UCONIb3yeMbIX npu TII u
ACP sBIsItOTCS NPUYUHON 1J1s1 ONTUMU3ALMK TEXHUUYECKON
ocHameHHOocTH Tmonpasneneanit MUYC Poccum.  Bwibop
KoHKpeTHoro npoussoaurenss CU30/] npexacrasisercs
HanOosee 3aTpyAHUTEIBHBIM BBHIY OTCYTCTBHS €IMHBIX
KpUTEpHEB X ONEeHKU. CHUTYaIMIO yCIOXKHSIIOT BOIPOCH
MapajyieIbHOTO  MMIIOPTa B YCIOBUSAX — BHENIHHMX
SKOHOMUYECKUX CcaHKUMil B P®, a UMEHHO OTCyTCTBHE
YeTKMX MpaBWI ¥ OTPaOOTAaHHBIX JIOTHCTUYECKHUX
MexaHu3MOB. Bce 3T0 Hen30eXHO BIMSET Ha BOIPOCHI
LIEHOOOPa30BaHM M yBEIHMYMBACT 3aTPaThl IO 3aKyIKe
KOMIUIEKTYIOIIUX U pacxoAHbIx Marepuano CU30/.

Bomnpoc yHuBepcanmzanun KpUTepHeB M MOJXOJ0B K
Beibopy CHU3, a Takke OOINIHOCTH CTaHIAPTOB
Pa3pabOTKN M MCHIBITAHUS JAHHOM HPOIYKIHH, C YIETOM
pa3MuHBIX TPeOOBAaHMH 3aKOHOJAATEIbCTBA B 00JACTH
MOJTBEPXKICHUSI COOTBETCTBHA BaX€H B  KaXKTOM
KOHKPETHOH cTpaHe M B MHupe B meioM. CroxwuBiasics
MpakTHKa IO MPOBEICHUIO TOCYAAPCTBEHHBIX 3aKyIOK
(KOHTPAaKTOB) ISl HY)XH Ppa3IMYHBIX MHHHCTEPCTB U
BeqoMcTB B Poccuiickoit @enepalinu OCHOBaHa HE CTOJILKO
Ha aHAJIM3€ TIOATBEPKIArONIel TOKyMEHTAIINH, CKOJIBKO Ha
cToMMOCTH  00OpyZOBaHMsT ¥ (peke) BEIMYMHE €ro
SKCIUTyaTallMOHHBIX 3arpar. OpHako Juisi obOecriedeHust
[ICIT MYC Poccun cpenctsaMu cHaceHus, JaHHAas
NPaKTHKA MOXeT ObITh NPUMEHMMA JIMIIb OTYacTH,
TIOCKOJIbKY O0JIee IeméBoe B 3aKyIke 1 sKcIutyaTtarmu CH3
HE 00s3aTeNbHO CMOXET O00EeCHeYUTh MAaKCHUMAaJIbHO
addexTuBHOE 1 6e30macHoe nposeaenue TI1 u ACP. Takoit
aHaJM3 U BBISIBICHUE HanOoJee MOAXOISIIEro A1 JaHHOTO
perroHa CU3 u CU30]] mMO3BOJIHUT COKPATHUTH TKECTh
nocineAcTBUi oT moxkapoB 1 UC. B wacTHOCTH, CHH3UT JI0
MHHIMAaJIbHO BO3MOKHBIX 3HAUEHHUH BEPOSITHOCTH THOEIH 1
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TPAaBMHPOBaHHSA CaMHUX TMOXKAPHBIX H3-32 MPUMCHCHUS
Oormee KOMQOPTHBIX CPEICTB 3alllUTHI, BHIOPAHHBIX
HanboJIee palMoOHATEHBIM 00Pa30M.

CIIMCOK UCHOJIb3YEMBIX OBO3HAYEHUI

Poccuiickuii 3Hax cranmaptuzauuu (PCT), 3Hax
crarmapta EBpasuiickoro tamoxenHoro coiosa, (EAC),
3HaK cooTBeTcTBUS HOopMaMm EBpocorosa (CE),

€BPOIIECHCKUI CTaHAAPT opraHusanui 1o
ceprudpukanmu (EN), kaHagckas opraHumzamus IO
ceprupukanmun ~ (CSA), opran  10OpOBOIBHOM

craggaptm3armmu ~ CIIIA  (ANSI), HanmoHanbHas
accolyanus IO CTaHAAPTH3alMU U HCCIEJOBAHUAM
CIIA (NFPA), cpenctBa WHAMBHUIYaJIbHON 3alUTHI
(cns), TOXapHO-CIacaTe/IbHbIE TOAPA3ACICHUS
(IICII), 6oeBas oxmexnaa moxkapHoro (BOII), mmem-
kacka mnoxapHoro cmacatens (IHOKIIC), cpenctea
HWHAMBUIYalbHOM 3alUTHl OPTraHOB ABIXaHWS U 3PEHUS
(CHU30.m), l'ocynapcTBeHHast MIPOTUBONOXKApHAs
cryx6a (ITIC MUC Poccum), TymieHHe MOXKapoB U
MpoBeIcHHe aBapuitHO-cracatenbHbIXx pador (TII =
ACP), oOmepoccuiickuii KITacCH(PHUKATOP MPOTyKIHH
10 BUJIaM dKOHOMHYECKOH nesaTenbHocTH (OKBO/).

CIIUCOK JIMTEPATYPBI

I.TOCT P 50982-2009 TexHuka  mOXapHas.
WHCTpyMEHT Ui HpOBENEHUs CHEHHANbHBIX PaboT Ha
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MeTobI UCTIBITAHUIA;
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OesomacHoctu Tpyna. CpenctBa WHIUBUAYaTbHOU
3aIUTHl OPTaHOB JbIXaHHs. ANIapaThl H30JIUPYIOLIIE
ABTOHOMHBIE CO CXKaTBIM BO3AyXoM. TexHHdeckue
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3aKyNOK JUIsi TOCYIApCTBEHHBIX M MYHHIMIAIbHBIX

HYy)XI, a TakKe  TNPOMBIIUIEHHBIX  TOBapoB,
MPOUCXOJISAIINX W3 WHOCTPAHHBIX TOCYIapcTB, paboOT
(ycmyr), BBITTOJIHSIEMBIX (OKa3bIBAEMBIX )

WHOCTPAHHBIMU JIMIIAMH, IJIsl IeJiel OCYIIECTBICHUS
3aKyIOK I HYXJ OOOpOHBI CTpaHBl M 0E30MacHOCTU
rocyaapcTBay;

7. ®enepanbHblil 3akoH 0T 05.04.2013 Ne 44-03 «O
KOHTPAaKTHOHM cUCTeMe B cdepe 3aKyIoK TOBapoB, padorT,
yeIyr Uil OOeCIieYeHHs  TOCYNApCTBCHHBIX W
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TEKCTUJIBHBIE pH-UHAYIIAPYEMBIE TATYUKHA KAK HHIAAKATOPHBIE
JJIEMEHTDBI B CPEACTBAX UHAUBUAYAJIBHOU 3AINUTHI YEJIOBEKA

AHHOTALUS

PaGora oTHocuTCS K OXpaHe TpyJa H TeXHHKe
0e30MaCHOCTH HA XHMHYECKUX MPeINnpUsTHIX, 2 HUMEHHO
K BCTPOEHHBIM B CpPEACTBA MHIMBHAYAJIBLHOW 3alINThI
YeaoBeKa CpeICTBAaM HWHAWNKAIMHM IS OMpeesieHHst
HAJIMYUSA B NOMeUIeHUsIX padoyeil 30HbI MApPOB KHUCJIOT
MJIM OCHOBAHHIA.

CorJjiacHO CcTATHCTHKe, 0oJblIasi 4YacTh CJIy4aeB
TpaBMaTu3Ma Ha XHMHYECKHX npeAnpuATUIX
MPUXOAUTCS HA JOJI0 XUMHYECKHX OKOTOB KOKHBIX
NMOKPOBOB 4eJIOBEKA, BO3ZHUKAWIIMX NPH KOHTAaKTe C
napaMM KHCJIOT WJIM OCHOBAHWIl B ciy4yae aBapuiiHoii
curyauun. Pe3yabtatom paloThl siBiAsieTcsl pa3padorka
TeKCTHJIBHBIX WHAMKATOPHBIX 3JIEMEHTOB /ISl 3aIIMTHOI

OIeXAbl MJIM CPeICTB MHIUBUAYAJbHOH 3alIMTHI Ha
OCHOBE HOBBIX MOHO- H OmcasocoequHenui 2,4,6-
TPUTHAPOKCHHUTPOOEH30/12 U 2,6-
JUTHPOKCHHUTPOOEH30JIa  KOTOpble J(deKTHBHO 3a
KOPOTKHii NMPOMEKYTOK BpeMeHH TMO3BOJISIFOT
00HApY:KMBaTh B TMOMeIIEeHUSX padoyeii 30HbI Napbl
KHCJIOT M OCHOBAHMIT HEBOOPY KEHHBIM IJIa30M.
1. OCHOBHASA YACTDb
1.1 BBenenue

BcenenctBue  Hanmuuus  3JEKTPOHOIOHOPHBIX U

3JIEKTPOHOAKIENTOPHBIX TIpynn B MoJekynax 2,4,6-
TPUTHIPOKCHHUTPOOCH301a u 2,6-
JTUTHAPOKCUHUTPOOCH30J1a, UX MOXHO pPaccMaTpHBaTh
B KadecTBE MEpPCHEKTHBHBIX CYOCTpaTOB B CHHTE3€
a30COeIMHEHNH, CMOCOOHBIX K pH-mHIyImpyemomy
W3MEHEHHIO OKpPacKd M pa3paboTKke Ha HMX OCHOBE
TEKCTHIBHBIX pH-4yBCTBUTEIBHBIX CEHCOPHBIX CHCTEM.
B  paborax, TpOBEeAEHHBIX HAMH  paHee,
HUTPOTIOJIU(EHOIBI YK€ 3apeKOMEHJOBaNIN ceds Kak
BBICOKOPEAKIIMOHHOCTIOCOOHBIE CyOCTpaThl B CHHTE3E
MOHO- M OHca3oKpacuTelIeld pa3IMYHOTO CTPOCHHS,
OKpaIIMBAIOIIMX BOJOKHA aM(OTEepHOro Xapakrepa
(mepcTh W KampoH) W 00ecHedMBAIONINE XOPOIIHNE
SKCIUTyaTaI[IOHHBIE CBOIICTBA OKpacok [1].

1.2 AKTyaJIbHOCTH

CormacHO cCTaTHUCTUKE, OOJdbIIas YacTh CIydaeB
TpaBMaru3Ma  Ha  XMUMHYECKHX  NPEIIPHITHIX
HOPUXOAUTCS Ha JOJI0 XMMUYECKHX OXOTIOB KOXHBIX
MOKPOBOB 4YEJIOBEKA, BO3HUKAIOIIMX IPU KOHTAaKTE C
napamMy KHCIOT WJIM OCHOBaHUI B ciydae aBapuUitHON
CHUTYaIHH.

B MOCJIC/THUE JIECATHIIETUS YBEITHMYHUIIOCH
KOJINYECTBO MCCIEJOBAHUN, MOCBAIIEHHBIX MOIy4YEHUIO
W W3YYCHHIO CBOHCTB TEKCTWIBHBIX MAaTEpHajoB,
KOTOpBIC HAXOAAT IPUMEHEHNE B KauecTBe rmOKux pH-
YyBCTBUTENbHBIX  CEHCOpOB.  TekctunbHbie  pH-
WHIYLHPYEMbIE [aTdMKH, BCTPOCHHBIE B 3aIUTHYIO
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OJIeXKY, MOTYT, HallpUMep, YKa3bIBaTh Ha IPUCYTCTBUE
MapoB KUCJIOTHl MJIM OCHOBaHMH B IOMEIICHUAX
paboueit 30up1. Kpome Tor0, IepeBsA30YHBIN MaTepral,
YyBCTBUTENBHBIH K H3MeHeHH0 pH, mno3Bomnser
BU3yaTbHO OICHUTH IMPOLECC 3aKUBICHUSA PaHBI
CHapy)kn 0e3 HeoOXOIMMOCTH CHATHA HOBS3KH.
MIPUMEHSIOTCA TaKKe B CIHOPTUBHOM MEIUIMHE IS
MOHHUTOPHHIA IIOTOOTACICHUS B PEXKUME PEATBHOTO
BPEMEHH C LIEJbI0 U3MEPEHUsI YPOBHs 00E3BOKMBAHUS
OpraHu3Ma CIIOpTCMEHOB [2-5].

BcenenctBue  4ero  MOJydyEHUE — TEKCTUIIbHBIX
MarepuaioB, CHOCOOHBIX K pH-uHIynupyemomy
U3MEHEHUIO OKpAacky, KOTOpBIE BO3MOXHO

HCTIOJB30BaTh B KAYECTBE MHIUKATOPHBIX 3JICMEHTOB B
3alIUTHOW ONEKIEC WIH CpPEACTBAX WHIWBUAYATBLHOU
3aIUTHL, TIPUMEHIEMBIX Ha XUMHUYCCKHUX
MIPOU3BOJICTBAX, SABIIICTCS AKTyalbHOH 3a1auei.

1.3 llens mpoBeaeHUs MCCAeT0BAHUS
enpto HacTOsIe# pabOThl sBIsIETCS pa3paboTka

METO/IOB CHHTE3a HOBBIX a30MPOM3BOIHBIX 2,4,6-
TPUTHJIPOKCUHUTPOOCH301a u 2,6-
JUTHIPOKCUHUTPOOEH30J1a,  CHOCOOHBIX K pH-

UHIyIHPYEMOMY M3MEHEHHIO OKPAacKU U pa3paboTke Ha
UX  OCHOBE  TEKCTWIbHBIX  pH-4yBCTBUTENBHBIX
CEHCOPHBIX CHCTEM.

1.4 3apaun

Jts TOCTHKEHUS TIOCTAaBICHHOM e He0OXO0ANMO
PeIUTh CIeIyIOIIe Hay HbIEC 3a1a9u:

1. Pa3pabotatb METOOWKY TMONYYCHHS CEPHUH
HEONMCAaHHBIX paHee a30COeIMHEHUI Ha OcHOBe 2,4,6-
TPUTHIPOKCHHUTPOOCH30Ia u 2,6-
JUTHIPOKCUHUTPOOEH301a.

2. M3yunth >((eKT H3MEHEHHS OKPAacKH IIpHu
n3MeHeHun pH CHHTE3MPOBAHHBIX A30COEIMHEHHM Ha
TBEPJOM HOCHUTENIC, C WCIOJIb30BAaHHEM B KadeCTBE
cybcTpara TKaHU M3 TIOJUAMUIHBIX BOJIOKOH.

3. OueHuTh  BO3MOXHOCTh  HCIIOJIb30BaHHUS
CHUHTE3UPOBAHHBIX a30COE€IMHEHUN i nonyyeHust pH-
YYBCTBUTEIbHBIX  TEKCTHJIFHBIX  MATepPHajoOB U
ONPENeNIUTh  YCTOWYHMBOCTH  OKpackd  00OpasloB
TEKCTIJIPHBIX ~MaTepPHalioB K JCUCTBHIO MOKPBIX
00paboTOK.

4. HccnemoBaTh  BO3MOXKHOCTH — NPUMEHEHUS
MOJIYYeHHBIX ~ pH-UyBCTBUTENBHBIX  TEKCTHIIBHBIX
MaTepualioB B KauyeCTBE CEHCOPOB JJIsi OOHApy KCHHS
MapoB XJOPOBOAOPOJa K aMMHAKa.

5. Ouenuth 3PPEKTUBHOCTh OOHAPYKEHHUS MapoOB
HCI u3roToBIIEHHBIMY TEKCTUIHLHBIMUA CEHCOPaMHU.


http://pu.virmk.ru/doc/UDK/67/677.016.4.html

1.5 OcHoBHOe coep:xanne padoThI

YuuteiBasi BbIIIECKa3aHHOE B HacTosied paborte
NPUBOASATCS JaHHBIE IO pa3paborke ruOkux pH-
YyBCTBUTEIBHBIX CEHCOPHBIX CHCTEM Ha OCHOBE HOBBIX
a30IMPOM3BOAHBIX 2,4,6-TPUTHIPOKCUHUTPOOEH30a 4,
5 u 2,6-murnapokcuHUTpoOEeH307a 6.

Wzyuennsie B pabote azocoenuHenus 4, S u 6 ObuH

TUTHAPOKCHHUTPOOEH30Ma 2 ¢ 5-cynbdo-3-HUTpo-2-
okcupoben3onnuazauem 3 (puc. 1). Konrtpons 3a
XOJIOM PEaKIUH TONYyYESHHUS IEJEBBIX a30COeqUHCHUI

OCYILECTBIISIN METOOM TOHKOCJIOMHOM
xpoMatorpaduu. MonekynspHas Macca M YHCTOTa
TIOJTBEPKACHBI c MOMOIIBIO XpoMaTo-Macc-

CIIEKTPOMETPHUH, IJICKTPOHHBIX CIIEKTPOB IIOTJIOICHUI

TIOJTY ICHBI peaxruen a30COYETaHUA 2,4,6- uSMP'H ciekrpockonmm.
TPUTHIPOKCHHUTPOOCH30I1a 1 u 2,6-
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—>
6a-B
SO;Na
Pucynox I - Cxema CHHTE3a LIE/IEBBIX a30CO€IHMHEHUI
[puanMas BO BHUMAaHHE CTpOCHUE M omenkm Hammuuss d¢p¢exta U3MEHEHHUs

CHUHTE3MPOBAaHHBIX azocoeanHeHui 4,5,6 st co3maHus
Ha WX OCHOBE TEKCTHJIBHBIX CEHCOPOB OBLIO PEIICHO B
KagecTBe  cyOcTpaTa  HCIOJB30BaTh  TKAHb W3
MOJIMAMUIHOTO BOJIOKHA (KampoH). A30COeIMHEHUS
4,5,6 ucnbITaHBI TaKXKe B KAueCTBE KHCIIOTHBIX
KpacuTeNlel sl KpallleHUs TKaHW U3 TMOJIMaMUIHOTO
BOJIOKHA TI0O METOJHMKE TMEePUOJUIECKOTO KpallleHHUs
KalpOHOBOTO BOJIOKHA KUCJIOTHBIMU KPACUTEIISIMHU.

OKpackd npu u3MeHeHHH pH okpamieHHbIEe 00pa3ibl
TIOJIMAMUTHOH TKaHH TOABEPTIIN obpabotke
Oy¢epHBIMU pacTBopamu B mHTepBaie oT 0 10 12 pH ¢
waroM B | npu koMHaTHOM TemmepaTtype. VHTepBasl
3HaueHudl pH cooTBeTcTByrOmME OONacTH mepexoja
OKpacku OBUIM OIpelesieHbl C IMOMOUIBI0 T'paduKOB
3aBucuMocTd  ¢yHkuuu I'ypeBnua-KyOenku-MyHka
(K/S) ot pH (puc.2).

Pucynox 2 - 3apucumocts Gynximu I'ypesnua-Ky6enkn-Mynka K/S ot pH 1 06pasiios TKaHH, OKpaIleHHOMH COeIMHEHUAMH 4,5,6

OCHOBBIBasICh Ha TOM, 4YTO HaOJI0IaeMBbIi
a¢exT I3MEHEeHU OKpacKH Ipu u3MeHeHnu pH Hocut
oOpaTuMBIH  XapakTep, OBLJIO pEIIeHO WCCIea0BaTh
BO3MOXKHOCTh IPUMEHEHHS ITONyYeHHBIX Hamu pH-
YyBCTBUTEIHHBIX TEKCTIIIFHBIX MaTEPHAIOB B KAYECTBE

108

CEHCOPOB [UIsi OOHApPYKEHHUsI ApOB XJIOPOBOAOPOJA H

aMMMHakKa.

OddextuBHocTh 0OHapyxkeHus napoB HCl u

M3TOTOBIICHHBIMH  TEKCTWJILHBIMH ~ CEHCOpPaMHU
Hccie0BaHa CIIEYFOLIIM obpazom:

NH;
ObLIa
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