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IJIAHUPYEMBIE PE3YJIbTATbHI OBYUYEHMUS OOII (18.04.01)

Kon

Pe3yabTar 00yyeHus

OO01mure o HaMPaBJICHUIO MTOATOTOBKH

P1

HpI/IMeHSITB 2]1)/601(1/{6 C€CTCCTBCHHO-HAYYHBIC, MAaTCMAaTUUCCKUC U WHIKCHCPHBIC
SHaHUA N CO3JaHUs HOBblX MAaTCpUaIOB

P2

[Ipumensaty eonybokue 3uanusi B  OOJACTH  COBPEMEHHBIX  TEXHOJOTHM
XUMUYECKOTO MTPOU3BOJICTBA ISl PEIICHUS MEHCOUCYUNTUHAPHBIX THKECHEPHBIX
3aJa4

P3

CraBuTh U pe€liaTbh UHHOBAUUOHHbLIE 3adaYU UHHCEHEePHO20 aHalu3d, CBA3aHHBIC
C CO3JaHNEM MAaTCpHAIIOB U I/I3I[eJII/II>'I, C UCIIOJIb30BAHHUEM CUCTCMHOI'O aHaJIi3a U
MOACIIMPOBAHUA 00BEKTOB U IIpOLCCCOB XHMHYECKOHM TEXHOJIOTHHU

P4

Pa3pa6aTBIBaTb XUMHUKO-TCXHOJOTUICCKUC TMPOUCCChI, npoexkmupoeanio N
HUCIIOJIB30BAaTh Hoe0¢€e O60py,[[OBaHI/Ie JJIA CO3JaHusA Marepuaios,
KOHKypGHTOCHOCOGHBIX Ha MuUuposom PbIHKE

P5

HpOBO,Z[I/ITB TEOPECTUUCCKHUE U SKCIICPHMCHTAJIbHBIC uccneoosanuss B 00J1acTH
CO3aHuA HOBblX MATCpUAJIOB, COBPEMCHHBIX XHWMHUUYCCKHX TGXHOHOFHﬁ,
HAHOTEXHOJIOTHI

P6

Buenpsate, sxcniyamuposams COBPEMEHHBIC BBICOKOTCXHOJOTUYHBIC JIMHUU
ABTOMATU3UPOBAHHOTO  IPOU3BOJCTBA,  OOECHEUMBATH  HUX  BbICOKVIO
aghghexmusnocmob, COONIONATH TMPABUIA OXPAHBI 3JI0POBbS M OC30IMACHOCTH
TpyJa Ha XHUMHUYECKOM IPOHM3BOJCTBE, BBHINOIHATH TPEeOOBAHMS IO 3aIIUTE
OKPYKaIOIEeH CpeIbl

YHI/IBepC&]'IBHBIC KOMIICTCHIIUHN

P7

Hcmons30BaTh 2le601<ue SHAHUA T10 NPOEKNHOMY MeHeanCMeHmy JJI1 BEACHUA
uHHOSCll/;MOHHOZZ PIH)KCHCpHOﬁ ACATCIIBHOCTU C YUCTOM HOPHUAUYCCKUX ACIICKTOB
3allUThI I/IHTCJIJIGKTyaJII)HOﬁ COOCTBEHHOCTH

P8

Axmueno BJIAACTb UHOCMPAHHBIM A3blKOM HA YPOBHE, ITIO3BOJISOIICM pa60TaTB B
WHOS3BIYHOMN cpeace, paBpa6aTI)IBaTI) AOKYMCHTALUIO, IPEC3CHTOBATDh U 3alllMIIATH
PE3YJIbTATHI HHHOBaHHOHHOﬁ I/IH)KCHepHOI\/’I JACATCIIBHOCTH

P9

D¢dexkTuBHO padoTaTh WHAMBUAYATbHO, B KAYECTBE UuleHA U PYKOBOOUMENs
2pynnvl, COCTOALIEH U3 CIEHMAIMCTOB  PAa3jUYHBIX HANpaBICHUH U
KBATH(UKAINKN, TEMOHCTPUPOBATh OTBETCTBEHHOCTh 3a PE3YNbTAaThl PAaOOTHI U
TOTOBHOCTD C1€008aMb KOPROPAMUBHOU K)ibiype OPTaHU3aI|H

P10

JleMOHCTpHpOBATh 2n1yOOKUe 3HAHUA COYUATbHBIX, IMUYECKUX U KYJIbIMYPHbIX
acnekmog WVHHOBALlMOHHOM WHXEHEPHOW JAESITEIBHOCTH, KOMIIETEHTHOCTH B
BOIIPOCAX YCMOUYUBO20 PA3GUMUSL

P11

CamocmosmenvHo yuumosci W HCINPEPBIBHO nO6bIUUAMb KGLUlu(ﬁuKClI/Itl/HO B
TCUYCHHC BCCI'O ICPUOJa HpO(l)eCCHOHaHLHOﬁ ACATCIBHOCTHU

Pe3yabTaThl 1o 06pa3oBaTe/IbHOI MpOrpaMmme
«XuMHYecKasi TEXHOJIOTHs TOIJIHBA H ra3a

P12

Ocywecmanams mexHu4yeckoe conpogodcoeHue TEXHOIOTMYECKHX MPOIECCOB
nepepaboTku He(TH U rasa

P13

Obecneuusams U KOHMPOAUPOBAMb pAOOMY MEXHOIO2UYECKUX O00BbeKmo8 |
CTPYKTYPHBIX TIOJIpa3eNieHuit HedTerazonepepabaThiBaroIell OpraHu3auu

P14

Obecneuusams npouzso0cmeo TOBApPHOUN NPOAYKIIMN HedTerasonepepadoTku

P15

Obecneuusamo peaiusayuro TEXHUYSCKOM MOJIUTUKHU OopraHnu3annuun




TOMSK TOMCKNHA
POLYTECHNIC NONMUTEXHUYECKUN
UNIVERSITY INBM YHUBEPCUTET

MWHWCTEPCTBO HaYKM 1 Bbiclero ob6pa3zoBaHmAa Poccuinckon Megepauun
denepanbHoe rocyaapcTBeHHOE aBTOHOMHOE
obpasoBaTesibHOe yypexkaeHne Bbicliero obpasoBaHuA
«HaumoHanbHbIN nccnegoBaTenbcknii TOMCKUI MONUTEXHNYECKNIA YyHUBEpPcUTeT» (TI1Y)

IIxosa MHxeHepHas KoJIa OPUPOAHEIX PECYPCOB

Hamnpasnenne mnonaroroBku (cnenuanbHOCTh)18.04.01  «XuMuueckas TEXHOJOTHS», TPOoduib
«XHAMHUYECKas TEXHOJIOIUS TOILJIMBA U ra3ay

Otnenenune mkonsl (HOLL) Otnenenne XuMu4ecko MHKEHEPUU

VYTBEPXAIO:
PykoBogutens OOII

(ITommuce)  (Hara) (®.1.0.)

3AJAHUE
HA BBINOJIHEHNE BbINYCKHON KBAJIN(PUKAIMOHHOKH padoThl
B dopwme:

Marucrepckoii Jucceprauuu

(baxanaBpckoli pabOTHI, AUITIOMHOTO NIPOEKTa/paboThl, MAaTUCTEPCKON TUCCEPTALNH)

CryneHry:

I'pynna (0]5 (0]

2]IM82 lNamanun Spocnas KoncrantnHOBUY

Tema paboThI:

HccaenoBanue KHHETHYECKHX 0COOEHHOCTE 00pa30BaHUA CMOJIUCTO-AC(PATbTEHOBBIX
BelIeCTB B MpoLecce TepMoJIn3a HepTAHbIX Mace

VYTBepkIeHa MPUKa30oM AUPEKTOpa (1aTa, HOMep) ‘ 59-73/c ot 28.02.2020
Cpok cliauvl CTy/IEHTOM BBITIOJIHEHHOM pabOThI: ‘ 10.06.2020

TEXHUYECKOE 3AJIAHHUE:

Hcxoanble 1anHbIe K padoTe OOBeKT wucCleoBaHUs - Macja TsDKeNol HepTH

(naumenosanue 00veKMa UCCACO08AHUS UTU NPOEKMUPOBAHUSL; 3103€EeBCKOTO MECTOPOXKICHUS (TaTapCTaH POCCI/IS[) a
NPOU3B0OUMETLHOCHIb UTU HASPY3KA, PEHCUM PAOONbL ’ ’

(HenpepbieHbiil, NEPUOOUUECKULL, YUKTUYECKULE U M. 0.); 61O TaKKE NPOAYKThI UX TCPMOJIN3a.

CHIPbSL U MAMepUa uzoenust;, mpebosamis K npoOyKmy, MeTOJ_'[I/IKa UCCIIEOBAHMS — OIPEJIEIEHHE IPYIIIIOBOIO
usoenuo un npoyeccy,; 0coovie mpebosaHus K 0COOeHHOCMAM

Qynxyuonuposanus (Kcnayamayui) 06veKma unu u30enus 8 COCTaBa, q)HSHKO'XHMI/I"ICCKI/IC METOJbI HCCIICAOBAHMA.
naiaHe 6e30NaACHOCHIU IKCRILYAMAayuL, BIUAHUS HA
OKPYHCAIOWYIO CPedy, IHEP2O3AMPAMAM, IKOHOMUHECKUTI
aHauz um. 0.).




Ilepeuens moaJieRaUX HCCIETOBAHMIO,
NPOEKTHPOBAHMIO H Pa3padoTke

BOIIPOCOB

(ananumuyeckuii 0630p no IUMePAMyPHbIM UCTNOYHUKAM C
Yenvio BbIACHEHUs. OOCMUNCEHUL MUPOBOU HAYKU MEXHUKU &
paccmampusaemoti 061acmu; nOCMAaHo8Ka 3a0a4u
UCCIe008atsl, NPOEKMUPOSAHUSL, KOHCIPYUPOBAHUS,
codepaicanie npoyedypsl UCCIO08AHUL, NPOEKMUPOBAHUSL,
KOHCMPYUpO8anusl, obcyxcoerue pesyibmamos 6blnoIHeHHOU
pabomvl; HaUMEHOBaHUE OONOTHUMETbHbIX PA30eII08,
noonexcawux paspabomee, 3axKaOUeHue no pabome).

AHanmuTHueckuii  0030p  JIMTEpaTypbl Ha  TeMy
CIOCOOOB TEpPepaboTKH TSDKEJIOTO YIIEeBOJIOPOIHOTO

ceippsi. O030p MeTOMOB TepepaboTKU  TSKEIOro
YIJI€BOIOPOAHOIO CBIpBS. [IpoBenenue
SKCIIEPUMEHTAJbHBIX ONBITOB IO TEPMUYECKOMY

KPEKUHTY TSDKEJIOTr0  yrieBOJOPOJAHOIO
paszenenre NpoayKTOB TEPMOIH3a.

CBIpb U

Hepeqeﬂb rpa(]mqecxoro MaTepuaJia

(c mouHBIM yKazaHuem 005a3amenpHbIX Yepmedicetl)

KoHcyabTaHTBI 0 pa3jiesiaM BbITYCKHON KBAJIN(PUKAIMOHHOI padoThI

(c ykasanuem pazoenos)

Pazgen KoncyabTant
DUHAHCOBDII MeHEeIKMEeHT, | JIOIeHT OT/IeTICHUs COITMAIbHO-TYMaHUTAPHBIX HAYK
pecypcoddpdeKTHBHOCTH u | Mananuna Beponuka AHaTosibeBHA
pecypcocoepexenue

COHHaﬂBHaﬂ OTBECTCTBCHHOCTDH

Crapuuii npenogasarens OO/ IIBUIT
CkaukoBa Jlapuca AsiekcanIpoBHa

HNHocTpaHHBIN A3BIK

JomeHT, K.¢.H.,
CoicknHa AHHA AJIEKCaHIpOBHA

HasBanus pa3aeiioB, KOTOPbLIC JOJKHbI ObITHL HANMCAHBLI HA PYCCKOM W HHOCTPAHHOM

SI3BIKAX:

JlaTa BbI/Ia4uM 32 JaHHUS HA BbINOJHEHUE BHIMYCKHOM 10.02.2020
KBAJIN(PUKAMOHHOK padoThI 110 JUHEITHOMY IpaguKy
3agaHue BbI1AJ PYKOBOAUTENb / KOHCYJIBTAHT (IIPH HAJIMYMH):
JloKHOCTH [(%(0] Yuenas creneHs, Moanucey JaTa
3BaHUE

Honent OXU UILIIP ITonox E.B. K.T.H., JIOIICHT
3ajjaHue MPUHSUT K UCTIOJTHEHUIO CTY/ICHT:

I'pynna ()7 (0] Hoanucey Hara
2]IM8&2 lNananun A.K.




_ BAJAHUE JUIS PA3JEJIA
«®UHAHCOBBI MEHEUKMEHT, PECYPCOY®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
CryneHry:
I'pynna DPUO
2]IM82 l'ananuny SpocnaBy KoHcTaHTMHOBHYY
WHkeHepHasi LIKOJIA IIpupoaHbIX pecypcoB Otxesienue XHUMHYECKON UHKEHEPUH
Hanpasaienue /
YpoBens o0pasoBaHus Maructparypa P——— 18.04.01 Xumuueckasi TEXHOJIOTUS

Hcxonnbie maHHble K paszgeny «@PHUHAHCOBBIH MeHEIKMEHT, pecypcod(PeKTHUBHOCTb H

pecypcocOepexkeHne»:
1. CroumocTh pecypcoB HaydHoro | CTOMMOCTh CBIphsi U MaTepuaiioB: 3505 pyo;
UCCIICIOBaHHS (HN): MatepuaiibHO- | CrieruanbHOe 00OpyIOBaHHME JUISI  HAayYHBIX

TEXHUYECKHUX, JHEPreTUYCCKUX, (PHHAHCOBBIX,
MH(POPMAIMOHHBIX U YEJIIOBEYECKHUX

pabot: 58546,4 pyo0;

@®oup omnatel Tpyna: 334974,39 py6;

3aTpatrhl Ha IEKTPOIHEPTHIO U BOJOCHAOKEHHUE:
369 py0.

2. Ucnonp3yemasi cuctema HaJIOrOOOJI0XKEHUS,
CTaBKHU HAJIOTOB, OTYUCIICHUH,
JTMCKOHTHPOBAHUS U KPEAUTOBAHUS

Otuucienuss Ha conuanbHbie HYXIbl: 16037,4
pyo.

Ilepeyens BONPoOCOB, MOIJIEKANIMX HCCIEI0BAHNIO, TPOEKTHPOBAHMIO U Pa3padoTKe:

1. PazpaboTka ycTaBa Hay4YHO-TEXHHUYECKOTO
HCCIIEIOBAHUS (HN): MaTepHaIbHO-
TEXHUYECKHUE, DSHEPreTUYeCKHX, (PUHAHCOBBIX,
MH()OPMAIIMOHHBIX W YEIIOBEYCCKUX

1. IlnanupoBanue  paboT;  HOCTPOCHHE
uepapxuyeckoin cTpykrypsl BKP

2. IImanuposanue npouecca ynpasienus HTH:
CTpYKTypa U TrpaduK NpOBEACHUs, OIJIKET,
PHUCKHU M OpTaHU3aLHUsl 3aKyTIOK

2. Tabnuua nposenenus BKP

3. OmpeneneHue  pecypcHOM,
HKOHOMHYECKOH 3 (PEKTUBHOCTH

(uHaHCOBOH,

3. Omenka 3HAYCHHUU WHTETPaIbHBIX
nokasaresuen 3pHEeKTUBHOCTH

JaTa BplIauM 3aJaHUS JJIA pa3jiesa 1o JUHeHHOMY 10.02.2020
rpaguxy
3a11aHne BbIJIAJI KOHCYJ/IBTAHT:
JlokHOCTH OUO YyeHasi cTeneHb, 3BaHNe Iloanucek Jlara
Houentr OCI'H | Mananuna B.A. K.2.H., JJOIICHT
3anaHne IPHHAJ K HCIIOJJHCHHIO CTYACHT:
I'pynna DPUO Hoanuce Jara
2JIMS8?2 lNananun A.K.




3AJAHME JIJISI PA3JIEJIA
«COLMAJIBHASI OTBETCTBEHHOCTb»

CTyneHry:
'pynna oUuo
2]IM82 I'ananuny fIpocnaBy KonctantuHOBUUY
HNHikeHepHas mkos1a IIpupoaHbIX pecypcoB OTtnenenue (HOLL) XUMHYIECKON HHKECHEPUH
YpoBeHb 00pazoBaHust Marucrtparypa Hanpagienue/cnenuansrocts | 18.04.01 Xumuueckas
TEXHOJIOTHS

Tema BKP:

Kunernueckue 0COOEHHOCTH 06p330BaHI/I$I CMOJ'II/ICTO'aC(baJ'II)TeHOBI)IX BCIICCTB B IMPOLECCE TCPMOJI3a

HeTSHBIX Macel

Hcxonnble nannblie K pa3neny «ConuaibHasg OTBETCTBEHHOCTb»:

1. XapakTepuctuka 00beKTa UCCIeI0BaHuUs (BELIECTBO,
MaTepua, Mpuoop, alropruTM, METOINKA, paboyas
30Ha) 1 00JTACTH €T0 MPUMEHEHUS

- O0BEKTOM UCCIICIOBAHUS SABIISIOTCS TsDKENas
HedTh 3103€€BCKOT0 MECTOPOXKICHUS U €€
HEeQTEPOTYKTHI: Macia, MOIBEPTarOIIHecs
Ipoleccy TEPMOIIH3a;

- O6nacTh NpUMEHEHUS: HehTEXUMHUS

[TepeueHb BOIPOCOB, MOUICKAIIMX HCCICIOBAHUIO, TPOCKTUPOBAHHIO M Pa3pabOTKe:

1.IlpaBoBbI€e H OpPraHU3aNMOHHbIE

BONPOCHI 00ecrieyeHust 6€30MACHOCTH:
CrierabHbIe (XapaKTepHbIe IpU
SKCIUTyaTanuu 00BEKTa CCIeI0BaHMS,
MPOSKTUPYEMOii paboueli 30HbI) TPABOBHIC HOPMBI
TPYJOBOr0O 3aKOHOAATEIBCTBA;

OpraHU3allMOHHBIE MEPOTIPUATHS MTPU
KOMITOHOBKE paboueii 30HBI.

- TATHEHNYECKHEe TPEOOBaHUS K MUKPOKIUMATY
mpou3BoACTBeHHBIX noMereHuit CanlluH
2.2.4.548 — 96;

- TpeOOBaHMS OXpaHbI TPyIa pU padoTe C
xummueckuMu Bemectsamu - [ OCT 12.1.005-88

- noxapHas 6e3omacHocts - [OCT 12.1.004-91;

-mym ['OCT 12.1.003 — 2014

- TpynoBoii konekc PO

2.Ilpon3BoacTBeHHAsi 6€30MACHOCTb:

2.1. AHanu3 BBISIBIICHHBIX BPEIHBIX M OIMACHBIX
(dakTopoB

2.2.000CHOBaHKE MEPONPUSATHH 110
CHI)KEHHIO BO3ICHCTBUS

- IIOBBIIICHHBIN YPOBEHb BO3JIEHCTBHUS
XUMHUUYECKUX TOKCUYECKHX BEIECTB;

- IO’KapOB3PBIBOOIIACHOCTS;

- BO3JEHCTBHE MIEKTPOMATHUTHOTO
H3ITy4eHUS;

- BO3/ICHCTBUE LIyMa.

3. OkoJornueckas 0€30MacHOCTb:

- oTX0/bl: He(PTh, HEPTETPOAYKTHI,
3arps;3HEHHBIE PACTBOPUTEIH.

4. be3onacHOCTH B Ype3BbIYAHBIX CATYAIUSAX:

- yap 3JIEKTPUIECKAM TOKOM;
- BJIBIXaHHUE MTApOB PACTBOPHUTESIEH: alleTOHA,
OeH30J1a, TeKCaHa, STHJIOBOI'O CIIMPTAa,
xJiopodopma;

- BO3HMKHOBEHHUE TT0Kapa.

‘ JlaTa BBIIAYM 3a0aHUs JJIsI pa3jesia no JuHeiiHomy rpagpuxy ‘ 10.02.2020
3agaHue Bb11aJ KOHCYJIbTAHT:
JoKkHOCTD [%(0] Y4enasi cTeneHs, MMoanucy JlaTa
3BaHHE
Crapmmii npenogaBaTenb Ckaukosa Jlapuca -
O0O/1 HIBUIT AJeKcaHApPOBHA
33[{3]—[1/16 NPUHAJI K UCITIOJTHCHHUIO CTYACHT:
I'pynna (07 (0] Hoanuch Hara
2]IM82 T'ananun Spocnas KoncraHTHHOBUY




PE®EPAT

Marucrepckass auccepraums coxaepxkutr 104 c., 10 puc., 32 T1ab., 79
WCTOYHHUKOB, 1 IpHIIOKEHUE.

KiroueBbie cioBa: TsKeI0€ YIIEBOJOPOJHOE CHIphE, TEPMOJU3, HE(Th,
HeTsIHBIE Macya, acabTCHBI.

OOBEKTOM HCCIEAOBAHUS SBISIIOTCS Macia TshKeIoW HePTH 3103eeBCKOTO
Mectopoxxaenus (Tatapcran, Poccus), a Takke IpOyKTHl X TEPMOJIN3A.

[lens pa®oTBl — TMOJMyYEHHE CBETIBIX (DPAKIHMA YTIIEBOJOPOIOB METOIOM
TEPMOJIN3a TSHKEIOTO CHIPHS.

Metonoyiorus MPOBEICHHUS HCCICIOBAHUS: TEPMOJIU3 HCXOJHBIX Macell
MIPOU3BOAMIICS B aBTOKJIABE C IOCJCAYIOIMUM aHAJIW30M ITOJYyYaeMBbIX CBETIIBIX
HepTenpoaykToB: uX 3JeMeHTHoro coctaBa, WK cnekrpockonuu, IIMP
CHIEKTPOCKOTIHH.

B pesynapTaTe wucciemoBaHms OBUT OINpPEACIICH MaTepUaIbHBIA OaiaHC
mpoIiecca TEPMOJIM3a TKEJIOr0 YTIeBOJIOPOJHOTO CHIPhS, BBISBJICHBI OCHOBHBIC
3aKOHOMEPHOCTH TIpoliecca.

CreneHb BHCAPCHUA: HaXOaAHUTCA Ha CTaauun HCCICOOBaHU:A.
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BBenenue
[lo wMepe pa3Butua HedTEAOOBIBAIOIICH  MPOMBIIUICHHOCTH  OBLIO

chOpMHPOBAHO MPEJCTABICHUE O TPATUIIMOHHBIX ¥  HETPAJUITMOHHBIX
YTIEBOAOPOAHBIX pecypcax. [locTeneHHoe ucYepriaHue 3amacoB TPaJAUIIMOHHBIX
yTIEBOAOPOAOB, B TIEPBYIO oOdYepedbh JETKUX HePTEH, MO3TAIMHO BBIHYXKIACT
pa3padaThIBaTh 3aJIEKH C 3allacCaMH HETPATUITMOHHBIX YTIIEBOJIOPOIHBIX PECYPCOB.
K  HeTpamuuMoHHBIM  pecypcaM  OOBIYHO  OTHOCST  pa3IMYHOTO  poja
TPYIHOU3BIICKAEMOE YIJIEBOJOPOAHOE CBhIphE, B TOM YHCJIE TSDKENIbIE W
CBEpXTspKenble HepTH, HedTAHbIE TIECKU, NPUPOAHBIE OUTYMBI, MHPOBBIC
JIOKa3aHHbIC 3aMachl KOTOPBIX MO3BOJAT MOKPHITH ACPUIUT JIETKUX HedTeill B
JIOJITOCPOYHOM ITEPCIIEKTUBE.

BoBnieueHue TsSXKENIOro YriieBOJOPOJHOTO CHIPbS B XO3SWCTBEHHBIA 00OpOT
OCJIOXKHAETCS UX (PU3MUECKUMH U XMMHUYECKUMH CBOMCTBaMHU. Takoe ChIpbe MMEET
mIOTHOCTE He MeHee 920 kr/mM3 m Bsaskocte 10000 mlla'c w BeImIE, YTO
3HAUUTEIBLHO YCIOXKHSET JOObI4y U TpaHCHOpPTHPOBKY HedtTed. Ho oxna wus
IJIaBHBIX MPOOJIEM HaXOAUTCS B OCOOEHHOCTSAX COCTaBa TSDKENBIX HepTeld U
MPUPOIHBIX OMTYMOB — BBICOKOE KOJMYECTBO BBICOKOMOJIEKYJISIPHBIX CMOJHUCTO-
ac(anbTeHOBBIX coeanHeHui. CoaepxKaHrue CMOJ B ChIPh€ MOXKET JOCTUTaTh D7, a
acanbreHoB 60 % mac. Kpome TOro, oHM BKJIIOYAIOT Psiji T€TEPOATOMOB: cepa,
a30T, KUCJIOPOJI, a TakykKe MeTasuibl [1]. DT coemuHEeHNs TPUBOAAT K 00pa30BaHHUIO
KOKCa W JI€3aKTHBAllMM KaTaju3aTopa B IMPOIECCe TEPMUUYECKOU MepepadoTKu
Heptu. B CBI3M C 3THUM TepMHUECKHE UM TEPMOKATAIUTUYECKHE CIOCOOBI
nepepadoTKU TSHKEIBIX YTIIEBOJAOPOIOB, HA JAHHOM 3Tare Pa3BUTHUS TEXHOJOTHUH,
HE JAalT HEoOXOIMMOM TIyOWHBI, 3a4acTyl0 SBISIIOTCA HEpPEHTAOEIbHBIM
mporieccoM u  TpedyeT pa3paboTku Oojee 3(PGEKTUBHBIX MOAX0A0B. Jlis
MOJICpHU3AIIMU  COBPEMEHHOUM HedTenepepadaThIBalONIEli  MPOMBINLICHHOCTH
TpebyeTrcss Oosiee TIyOOKOe M3YYEHUE CMOJHCTO-ac(halbTEHOBBIX COCIUHEHUN U
WX TIOBEACHUS TIPU UCIIOJIH30BAHUHU PA3ITUYHBIX YCIOBHM M PEKUMOB MTepepadOTKU

HedTH.
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CoBpeMeHHbIE HUCCIEOBAaHUS TIPEUMYIIIECTBEHHO HAMPABIICHBI HA W3Y4YEHUE
XUMUYECKUX TIPEBPAIICHH HATUBHBIX CMOJ H acdaibTeHOB B MpOIEccax
Herenepepabotku. Ilpum s3TOM KpaliHe Majl0 WCCICAOBaHUM, KacCaOIIUXCS
WU3YYCHHUS COCTaBa, CTPYKTYpPhl M MEXaHHW3MOB (OPMUPOBAHUS BTOPUUYHBIX
CMOJIMCTO-ac(aJbTEHOBBIX BEIIECTB W3 Macell TsOKEIbIX HedTel, coaeprkammx
3HAYUTEIbHBIC KOJINYECTBA BBICOKOMOJICKYJISIPHBIX HACBIIIEHHBIX U
apOMaTUYECKUX YTIEBOJOPOJIOB C TMPUMECHIO TETEPOATOMHBIX COECAUHEHUHU.
HoBooOpa3oBaHHbIE CMOJUCTO-ac(haIbTEHOBBIC BEIIECTBA OKA3bIBAIOT HE MeEHEe
naryoHoe BiMsAHHE HAa 3(PQGEKTUBHOCTh MEpPepadOTKH TSHKENbIX HedTel, uem
HATUBHBIE CMOJIBI M acdaiabTeHBL. B CBSA3M ¢ 3TUM, W3ydeHHE NAHHOTO SIBJICHUS
MPEACTABIACTCS KpalHE aKTyaJlbHbIM M HEOOXOJMMBIM B paMKaxX pa3paOOTKH
CEJIEKTUBHBIX METOJIOB OOpbObI C OOpa3oBaHUEM JOMOJHUTEIBHBIX KOJIUYECTB
CMOJIMCTO-ac(haJIbTEHOBBIX BEIIECTB C IEIbI0 MOBBIIMICHHUS TIYOHHBI IIepepaboTKu

TAKCIIOTO YITICBOAOPOAHOI'O ChIPbA.
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1.1. CoBpemMeHHOe COCTOSIHHE PeCypPCHOi 0a3bl YIJIEBOAOPOIHOIO ChIPbS
B coBpemeHHOM Mupe HETSIHBIE PECYpChl HE TEPSIOT CBOCH aKTyalbHOCTH

nepe abTepHAaTUBHBIMU MCTOYHUKAMU 3HEPruu. B cBorO ouepenb TpagulimOHHbIE
3amacel, TO €CTb TE€, KOTOphle JOOBIBAIOTCS M  IepepadaTbhIBAIOTCS
CYILIECTBYIOIIMMH METOJIaMH, BECbMa OIPAaHUYEHBI U COCTABJISIOT 10 165 Mipa. T.
Ho mpoGnemoit nnsi MupoBoil HEDTSHOM OTpaciu SBISIETCI HE CTOJBKO
busnyeckas HexBaTKa HEPTAHBIX PECYPCOB, CKOJIBKO HEOOXOAMMOCTh Mepexoa K
pa3paboTKe HETPaJAULMOHHBIX He(TAHBIX 3amacoB. K mocieaHUM OTHOCST Takue
3amachl, IS J0OBIMM W TepepabOTKU KOTOPBIX, TpeOyeTcss MOAEepHU3AIMS
TEXHOJIOTUUECKON 0a3bl, Kak CIEACTBUE, HYXJa B 3HAYUTEIBHBIX (DMHAHCOBBIX
BJIOKEHHUSIX. B  psay HETpaJuLUMOHHBIX PECYpPCOB  pa3auyaroT HePTU
HU3KOIIPOHUIIAEMBIX KOJUUIEKTOPOB (Hampumep, CJIaHLEBbIC HedTH),
CUHTETHYECKHME HEPTH U3 KEPOTCHCOAEP)KAIUX IOPOJ, TsDKEJIble HEPTH W
npupoaHsie outyMel. U, ecnu ciianiieBass HEPTh MO CBOMM (DPU3UKO-XMMUYECKUM
CBOMCTBAM aHAJIOTUYHA TPAJAUIMOHHBIM HE(MTAHBIM pecypcaM, a pa3audyacTcs
CIIOHOCTBIO JTOOBIYM, TO TSKEIble HEPTH U MPUPOJHBbIE OUTYMBI BBLACIISIOTCS
BBICOKMMHU 3HAQUYEHUSIMU TUIOTHOCTH M BSI3KOCTH, YTO OCJIOKHSAET U J0ObIY, U
nepepaboTKy. HeTpaauuuoHHBIE pecypchbl YK€ ceiluac 3aHMMaloT MECTO Ha
He(pTaHOM pbIHKE. Tak ciaHieBble HEPTH NpU ONPENETIEHHBIX MOKa3aTelsax
IIPEIOKEHNSI KOHKYPUPYIOT C TPaJuLMOHHBIMM pecypcamu. B cBow ouepenb
TsDKeNIoe HE(TSIHOE ChIphE, BOBJIICUEHHOEC B HE(MTSIHYIO OTpacib Ha MpUMEpe
Kananpl, uMeeT 3HAUUTENBHBIM TOTEHIMAI (MX 3amachl MPEBOCXOJAT 3amachl
JIETKOW He(TH) JIJIs1 HapaIlllMBaHUs CBOCH JI0JIM B PhIHKE.

[Io nanHbIM @paHIy3CKOTO HMHCTUTyTa He(TH 3amachl TSHKENIOH HePTH
MPEACTABIAIOT co0oit 4,7 TpaH. Gappeneil HePTIHOTO SKBUBAJIEHTA, U3 KOTOPBIX
0 OJHOr0 TPWIIIMOHA Oappenei MoiexuT wussiacueHuto [2]. B pabore [3]
MOKa3aHO, YTO CEMBJECAT OJHO MECTOPOXKIEHHE C TKEIOW M OUTYMHUHO3HOM
He(dThIO comepkar 82 % oT Bcex MHpOBBIX 3amacoB HedgTu. Kanaga u Benecysna
o0JafatoT CTaTycoM JIMJepa MO 3aracaM TSKEJIOro YIJIEBOJOPOAHOTO ChIPbS:

COOTBETCTBEHHO, 10 415 m no 320 mapa. 1. KpynHeiiide MeCTOPOXKICHHS -

12



Atabacka u OpunHoko. 3anacsl Poccuiickoit ®enepanyu COCTaBISIOT OKOJIO 75
MJIPA. T., COCPEIOTOYEHHBIX B MSITUCTAX MECTOPOXACHUAX. K aMUHUCTpaTUBHBIM
eANHUIaM, OOJAJAONIMM BBICOKMMHU 3alacaMy TSDKENOTO ChIPbsl, OTHOCSTCS
Apxanrennckas, Ilepmckas, YinbsHoBckasi, Camapckas, CaxanuHckas 00yacTH,
pecniyonuku  Tatapcran, bamkoproctan, Yamyptus, KpacHospckuii kpail.
Kpynneiiimme mectopoxkaeHus: AmaibunHcKkoe, YcuHckoe, Pycckoe, Cesepo-

Komcomonbckoe, ['pemuxunckoe [4,5].

1.2. CoctaB u (U3HKO-XMMHYECKHE CBOMCTBA THMKEJOr0 YrjaeBOJ0OPOIHOIO
ChIPbS
Tsxenoe yriieBoIOpOAHOE ChIPhE — MIPUPOIHBIE HCKOMIAEMbIE OPTaHUUYECKOTO

IIPOUCXOKICHHUS C IEPBUYHON YIJIEBOJOPOJAHON OCHOBOW, KOTOPBIE B BUAY CBOMX
bu3nUecKuX CBOWCTB (IUIOTHOCTb, BSA3KOCTH), HE MOTYT OBITb HU3BJICUCHBI
TPAJUIIMOHHBIMU CIIOCOOAMU B CPaBHEHHUU C JIeTKOW HePThI0. K Takomy CHIpBIO
OTHOCSAT TSDKETBIE M CBEPXTSDKENbie HEPTH, MPUPOIAHBIE OUTYMBI M HE(TSHBIC
necku. CocraB CpIpbsl - CIIOXKHas CMECh, COJAEprKalas YIJIEBOJOPOIBL,
reTepOaTOMHBIE COEAUHEHUS U BBICOKOMOJEKYJSIPHBIE KOMIIOHEHTHI (CMOJIBI,
ac(ajabTEHBI), MPUYEM BBICOKOMOJICKYJISIPHBIX COCAMHEHUN 3HAYUTEIILHO OOJIbIIe
B CPaBHEHUU C JIETKUMHU HEPTIMHU.

OcoOeHHOCTM CcOCTaBa TSKEJNOrO ChIpbid  OOYCIIOBJIEHBI — Ipolleccamu
ouonerpaganuu: B pe3yibTaTe JCATEIBHOCTH MHUKPOOPTaHU3MOB  HE(PTh
HACBIIIAETCA TEeTePOAaTOMHBIMU COEJIMHEHUSMH, a B TMPOIECCe aIbHEHIIEro
HedTereHe3a 00pa3yrTCs A0MOJHUTEIbHBIC CMOJIBI U acdanbTeHbl [6].

Tspkenoe yriaeBOIOPOAHOE ChIPbE MPEACTaBISET M3 ce0s KOJJIOUIHYIO
CTpykTypy. bmmu3octe cmon u achanbTeHOB 1O XUMHUYECKOW MpUpPOJIE
CIIOCOOCTBYIOT 00pa30BaHMUIO aJCOPOIIMOHHO-COJBBATHBIX 000JI049eK. CMOJIHI,
UMEIOIINE XOPOUIYI0 CHOCOOHOCTh pPACTBOPATHCS B yriaeBOAopoaax Hedrtu,
BBITIOTHSIOT CTAOMIM3UPYIONIYIO POJb MPU O00pa30BaHUU CHUCTEM ac(halbTeHBbI —
CMOJIBI — Maclia. YCTOMYMBOCTh TAaKMX CHCTEM B PA3JIMYHBIX TEXHOJOTHYECKUX

IpoLeccax ONPEAENsAeTCs COOTHOIIEHUEM IHUCIIEPCUOHHOM Cpelbl U IUCIEPCHON
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¢dazoii. Hanmune wu30bITKA IUCIEPCHOHHON CpeAbl MPUBOAUT K BO3MOXKHOCTH
KOMILJIEKCHBIX YaCTHUL CBOOOJHO MEpEMENIaThCsl B IPOCTPAHCTBE, HE CTAJIKUBASICh
apyr ¢ gapyroMm. Takoe cCTpoeHue KOJUIOMJHOM CHCTEMBI XapakKTepHO I
VTJIEBOJIOPOJIOB C JKHMJKOM KOHCHUCTEHIMEH. M30BITOK MUIIET NpU HEAOCTATKE
JVCIIEPCUOHHOM Cpezbl MPUBOJAUT K B3aUMOJEHUCTBUAM KOMIUIEKCHBIX YacTHUL[ C
oOpa3oBaHMEM MHULEIUIIPHOM TMPOCTPAHCTBEHHOW CETKU. YTJIEBOJOpOJaM,
00aIaloIUM TaKOW CTPYKTYpO#l, CBONCTBEHHBI TBEPIOCTh U BBICOKAS BSI3KOCTb
[7.,8].

®du3nyeckre CBOWCTBA TSHKEIOTO YIVIEBOJOPOJHOTO ChHIPhS  SBIISIOTCS
OCHOBOH I Kjaccudukanuu HepTu. YHpouieHHas Kiaccu(puKals OCHOBaHA Ha

3HAa4YCHHAX BA3KOCTHU U IINIOTHOCTH.
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Tabnuna 1 — Knaccudukanus nedreit 1 GuTyMoB

Tun Hedtu [lnotHOCTS, KI/M° | Bsizkocts, mIla‘c
Xl HedtsHoit wmmpoBoii | Jlerkas HepTb Menee §870,3 Menee 10000
KOHrpffc 51987 r.) Cpennsist He(hTh 970,3-920,0
Ipu T=15°C Tsoxenas neTob 920,0-1000
CaepxTspkenas HepTb Bonee 1000
[Tpupoxansie OUTYMBI Bbonee 1000 Bonee 10000
MesxayHapo iHast Maibra, Tspkenas HedTh 970-1030
KoH(pepeHrs no | [IpuponHsie GUTYMBI
npobjeMaM KOMILJIEKCHOTO bonee 1030
OCBOEHHUS 11b u
BBICOKOBSI3KHX Hed el
(XprocToH, 1995 T1.)
rocr 51858-2002 | Tsoxenast HedTh burymo3Has 870,1-895
«HedTs. O6mue TY» He(ThH Bonee 895
I'ocynmapctBennsiii  Gamanc | Tspkemas HedTh Bonee 900
IIOJIE3HBIX HCKOIIaCMBbIX
P®. Heds (mpu T=20°C)
Ilkama namoroobmoxxeHust | CBepxBs3Kas HEPTH Mo 900,0 Bonee 200
Mun¢una PO
[Mpaktuka omepatopoB B | Tsokenas HedTh Menee 50000
Kanane burym Bonee 50000
. I'. aproponckuit, 2008 | Tsokenas HedTh Bonee 900 -
T. Tsokenas Bsizkast HeTh 30-200
Tsokenast cBepXBsi3Kasi HEPTh 200-50000
[IpuponHsie OUTYMBI Bonee 1000 Bonee 50000

Cpenyu MHOXECTBa pa3IMUHBIX KJIaCCUPUKAIUN TPUHATO UCIOJIH30BAThH
yrBepkaennyto Ha Xl HedrtssHom MupoBOM KOHTpecce, KOTOpas OTpakaer
OCHOBHOE€ OTJIMYME JIETKUX He(Tel OT TSkKeNbIX HeTel U MPUPOJIHBIX OUTYMOB.
Jlerkue HedTH HMMEIOT IIOTHOCTH MeHbie 870,3 KF/MS, CpEIHUE HAXOOATCS B
unrepasie 970,3 - 920,0 KI/M®, TSOKEJbe B unrepBasie 920,0-1000 Kr/M°, a
CBEPXTSIKEIBIE HMEKT IUIOTHOCTH Bbime 1000 Kr/M°. Hedtsinoe coippe ¢
Bs3kocThIO Oosiee 10000 mIla'c oTHOCAT K MPUPOHBIM OUTYMaM.

B cpaBHeHuun ¢ (U3MYECKUMHU, KOJUIOUJHBIMH M  PEOJIOTUYECKUMU
CBOMCTBaMU TSDKEJIbIX HEQTEH U MPUPOIHBIX OUTYMOB, UX XMMHUUYECKUE CBOWMCTBA
MEHEe W3y4YeHbl, HECMOTpPS Ha OOWJIHHOE KOJMYECTBO PA3IUYHBIX METOJIOB.
VYTraeBogopoIHOE ChIPhE HYKIACTCS B TOCTPOCHUM KOMIUIEKCHOTO MCCIIEAOBaHUS

IO OIIPCACIICHUIO XHMMHYCCKOI0 COCTaBa. Ha ,H&HHBIIZ MOMCHT 3JTO SABJISCTCA

aKTyaJlbHOW 3amadeddl. BakHO OTMETUTh, YTO COCTaB JOOBIBAEMBIX TSKEIIBIX
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HepTell M MPUPOAHBIX OUTYMOB MOKHO paccMaTpuBaTh B COBOKYITHOCTHU C
TSOKENBIMH ~ He(DTAHBIMH  ocTaTkamu. OmnpenereHue TPYNIOBOTO COCTaBa,
OCHOBAHHOI'O Ha aJICOPOLIMOHHOM pa3JiejeHUH (paKinii, CHIrPao OOJBIIYIO POJIb,
MO3BOJIB BBIJCIIUTH BBICOKOMOJIEKYJISIPHBIE KOMIIOHEHTBI: OJMH W3 Hamboee
3HAUYMMBIX METOJIOB - MapKyccoHa, MO3BOJIsI€T paccMaTpuBaTh HePTh Kak macia,
cMoJibl, acdanbTeHbl, ac(aabTOr€HOBBIE KHUCIOTHI M MX aHrujapuabl. Crocod
Puyapncona [9] mo3Bosiser pasnuyarh CIICAYIOIIAE KOMITOHEHTBI: MAaJIbTCHBI,
acanbTeHbl, KapOeHbl, KapOOuJpl. ManbTeHbl COCTOAT M3 Macel U CMOJ,
pPacTBOPUMBIX B HU3KOMOJICKYJISIPHBIX ajikaHax. AcQallbTeHbl KOaryaupyloT U3
pPacTBOPOB HHU3KOMOJIEKYJISIPHBIX ajikaHOB. KapOeHbl pacTBOPSIOTCS B HEMHOTHX
PacTBOPUTEISAX, CPEIU KOTOPBIX cepoyriiepo]l U XxuHoi. CTpykTypa kapOOUI0B HE
MO3BOJISIET MOJIEKyJaM ToJBepraThcsi pactBopeHnto. KapOeHnbl u kapOouasl B
He(TAX HE NOJIBEPTHYTHIX TEPMUUECKOMY BO3/IEHCTBUIO OTCYTCTBYIOT.

Macna — cmech mnapaguHOB, HApTEHOB, ApPOMATUYECKUX W THOPUIHBIX
coenuHenuid. Ilocnegnue oOpa3oBaHbl MapaUHOBBIMU, HAa()TEHOBHIMU H
apoMatuyeckumu ¢parmeHTamu. [1o 11BeTy mMacia MOTYT OBITh OT CBETJIO-KEJITOTO
JI0 CBETII0-KOpUYHEBOTO. [IpM HOpMaJIbHBIX YCIOBHUSX HAaXOIATCS B BUJIE BSI3KOU
WU TOJNYKUAKOM KOHCUCTEHLUHH, HWMEIT IUIOTHOCTh MEHBIIE E€IUHUIIBL,
Mosiekyssipayro  Maccy 100 — 500 a.e.m. Moryr couepxarb HEOOJbIIOE
KOJMYECTBO «IETKUX» cmour [9].

Ankanbl comepxkarcs B HegTsix 25 — 30 % mo macce, HO cojep)KaHUE B
NpUPOAHBIX OuTymax Hike M coctaBisieT 10 — 15 % wmac. [loBbienue cpennei
MOJIEKYJIIPHON Macchl (PpaklMU OTPAXKAETCS CHUKEHHEM COJEPKAHMS AJIKAHOB!
Py POCTE TEMIEPaTyphbl BBIKUMAHMS (DpPAKIMK MOXKHO HaONIOAaTh CHUKECHUE
coliep kaHus H-ajakaHoB. Dpakiuu, Beikumaromniie ot 360°C, oTMeqaroTcss CMEHOU
arperaTHOro COCTOSIHUS aJIKaHOB C KMJIKOTO Ha TBEPJIOE.

[{ukmoankaHbl CcoOJep)KaTcs B TSKEIOM Chlpbe oT 25 g0 75 % wmac.,
OTMEYaeTcsa UX MPUCYTCTBUE BO BeeX (pakuusax He@Tu. KoHuenrpanus HahTEHOB
YBEIMYHUBAETCS C YBEIMYECHUEM MOJICKYJISIPHOW Macchl (pakivy, HO CHUYKAETCS B

BBICOKOKUITSIIIUX (PPAKIMSIX M3-3a YBEIMUCHHS cojiepxanus apeHos [10].
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CoenuHenuss HAPTEHOB C TMSTHIO W IIECTHIO YIVIEPOJAAMH B  ITUKIIE
NPEBATUPYIOT HaA APYTHMH [HUKJIOATKaHaMH. Takue HaPTEHBI MPOSBISIIOT
OOJIBIIYI0 YCTOMYMBOCTD. B Jlerkux ppakiusx HailJiIeHO MHOXKECTBO MPOU3BOJIHBIX
IUKJIOTICHTaHA W LUKIOrekcaHa. bomee Tskensie ¢pakiuu couepkat Ou- u
TPUIUKINYECKUE [TUKIIOATKAHBI.

C yBenMueHHEeM JUIMHBI  [EMOYKH  adu(aTUYECKOTO  3aMECTUTENs
YCTOMYMBOCTh HATEHOB CHUKAETCS. Y CIIOKHEHHE HA()TEHOB UMEET CBOM MOPOT.

Pacnpenenenne HadTeHOB MO (pakuusM B 3aBUCUMOCTH OT KOJIMYECTBA
KOJICIl B CTPYKTYpPE MOJIEKYJIbl UMEET HEKOTOPBIC TEHICHIIMH: MOHOIMKINYECKHE
coeIMHEeHUs OTCYTCTBYIOT BO (pakuusx 300 — 350 °C, OMIMKINYECKHE MOKHO
oOHapyxkuth 10 500 °C, Ho mocie 400 °C oTmedaeTcss UX YyMEHBIICHHUE,
TPULUKINYECKHE COCTABIISIIOT (hpaKIIMIo, BIKMMAIyo B peaenax 350 — 400 °C.

ApomaTH4ecKue yrieBOJAOPOJIbI B TSKEIOM ChIPhE COJIEPXKATCSI B MHTEPBAE
15 — 60 % mac. YBenuueHue Temreparypbl KUIMEHHUs (pakiuu TsKenaod HedTu
WM TPUPOJHOTO OWTYMa MPUBOIUT K YBEIMYCHHIO KOHIICHTPAI[MH apCHOB.
@OpakIMOHHOE pacHpe/ie]ICHUe apOMaTUYECKUX COCIMHEHUN pasnuvaercs. Tak B
OeH3uHOBOM (pakiuu mnpeodragaloT ToMojorun OeH3oia. B KepoCHMHOBBIX
bpakuusx mnpeobiiagaloT TOMOJOTM OeH30jla W TPOU3BOJIHBIE HadTanuHa.
["azoitieBbie  (pakimu  COAEPKAT 3HAUUTETBHBIE KOJWYECTBA T'OMOJIOTOB
HadTanMHa U PeHAHTPEHA, HE3HAUNTEIBHOE - TPOU3BOIHBIX aHTpaIlCHA.

Bo d¢pakmuu, Beikumaromeir g0 360 °C, oOHapyXeHbI apoOMaTHYECKHE
YTIAEBOAOPOABI C YETHIPbMS KOHJACHCHUPOBAHHBIMU KOJbllaMu. KoHIEHTparus
apeHOB C YBEJIMUYECHHUEM KOHJICHCHPOBAHHBIX KOJICIl B MOJICKYJIE CHUXKACTCS.

CymiecTByeT MHEHUE B 00JIACTH 3KOJIOTHH, COIVIACHO KOTOPOMY, IPHU MOUCKE
WUCTOYHHKA HE(PTSIHBIX 3arpsA3HCHHWM, YTOOBI Pa3IMYWTh HATHBHYIO HePTh U
MOJIBEP>KEHHYIO TEPMHUYECKOMY BO3JICHCTBHIO, ClieyeT oOpaTUTh BHHMAHHUE Ha
KOJIMYECTBO KOHJCHCHUPOBAHHBIX KOJIEIl B MoJjekyne. [lo MHEHHIO aBTOpPOB
BKIIFOUEHHUE B COCTaB HETH apEHOB C IIECThIO0 U 00Jiee KOHICHCUPOBAHHBIX KOJIEIl

MOJKET TOBOPHUTH, YTO HE(PTh MOABEPriIach TepmoodpadoTke [11].
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B macnmax mpucyTCTBYIOT YIJIEBOAOPOJBI TMOpUIHOTO CTpoeHus. B coctas
TaKUX MOJIEKYJI BXOJAAT pa3IUYHbIE CTPYKTYpHbIE (PparMeHThI: apeHOBBIE U
Ha(TEHOBBIE LIUKJIbI, AJKUJIBHBIE 3aMECTUTENN pa3HOro cTpoeHus. C yBeIu4eHUEM
TEMIEPATypbl KUMEHUs (PPaKIMU YBEIMUUBACTCA A0S THOPUAHBIX COCTUHEHUN U
CTPOEHHE ITUX COECTUHEHUN YCIOKHSIETCS.

Jliig onpeneneHus rpynnoBoro yriieBoAOPOJIHOTO COCTaBa Macel CyIIECTBYET
METOJl, TO3BOJIIOIIMN  yCTAaHOBUTH  COJEpKaHHWE MapapuHOHA(TEHOBOH,
MOHOLMKIIOAPOMATUYECKOM, OULIMKIIOApOMAaTHYECKOM u
MOJIUIIUKIIOAPOMATUYECKON (PpaKIIHid.

[lapapuHonadTeHOBass (Ppakuuss COCTOMT M3 AJKAHOB HOPMAJbHOTO
CTPOEHHMSI, U-aJKaHOB, Napa(UHOHAPTEHOBBIX COECAUHEHUM M MOJULMKINYECKUX
Ha)TEHOB, KakK TNPaBWJIO TOCIEAHMX Ooibine Bcero (mo 60 %) [12,13].
[TapadunoHadTeHOBBIE COEAMHEHHUS, KaK MpaBuio, coaepxar 1 — 3 mukia, HO
BBICOKOKHMITSIIME TapaduHOHAPTEHBI MOTYT COJIEPKaTh S5 — 6 IIUKJIIOB.

Bo ¢pakuusax MoOHO- M OHMIMKIOAPOMATHYECKUX COCTUHEHHH BO3MOXKHO
coJepkanue rerepoaroMoB. KonuuecTBo Takux coenuHeHuid HeOousbloe. Cpenu
COCJIMHEHUW, COJIepKAIIUX TIeTepOaTOMbl, OTMEYAIOTCS NHPUIAUH, THODEH U
Oupposl.  ATOMBI KHUCIOpOJA, KaK MpaBUio, BXOAAT B mnepudepuiiHbie
(GyHKIMOHAJIbHBIE TPyHNbl.  TPULMKIOAPOMATHYECKHE COCAMHEHUS  MOTYT
BKJIFOUATh B CBOIO CTPYKTYPY 10 4 -5 HAQTEHOBBIX ITUKIIOB.

Cognepkanre CMOJUCTO-ac(albTECHOBBIX KOMIIOHEHTOB B HEPTIX, B
OCOOCHHOCTH apOMATHYECKUX U HATEHOAPOMATUUYECKUX, MOXKET J0CTUTaTh 65 %.
OTH KOMIIOHEHTHI HEMOCPEACTBEHHO BIHWSAIOT Ha TIOBBIIICHHE TIUIOTHOCTH U
BA3KOCTH, YTO BbI3bIBA€T YBEJIMYEHHE 3aTpaT Ha JOOBIUY, OHU CTaOWUIU3UPYIOT
BOJIOHE(TSAHBIC AMYIBCUH, BO3JICHCTBYIOT Ha CMAaYMBA€MOCTh IUIACTA, CIIOCOOHBI
IPUBECTU K MEPEKPBHITHIO CKBAXKUH B Ipolecce M00bIUM, a TaKXKe 3aTPYyIHSIOT
nepepadoTKy HEPTSIHOTO CHIPHS.

Bomnpoc MoNeKyIsIpHON CTPYKTYyphl CMOJHUCTO-ac(haabTEeHOBBIX BEIIECTB JI0
CHUX TOp He paspenieH. B cBo0 ouepenb NPUMEHEHHWE COBPEMEHHBIX (DU3UKO-

XAMHUYECKUX METOJOB HCCiledoBaHus, cpean Kotopbix SAMP- u UK-
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CIEKTPOCKOMUS, PaMaHOBCKasi CHEKTPOCKOIHMS, PEHTIC€HOCTPYKTYPHBIM aHAJIU3,
AIIEKTPOHHASI MUKPOCKOIHS, METOIbI MOJIEKYJISIpHON AU dy3un, GryopeceHTHON
JENOJIApU3alMi U JIpyTrye, MOMOTaloT COCTAaBUTH MPEACTaBICHUE O CTPYKTYpE,
MOCTPOUTH TUIOTETUUECKUE MOJICKYJIIPHBIE MOJIEIN COCTMHEHUH.

CmomnmcTo-ac(anbTeHOBBIE BEUIECTBA MPEACTABISAIOT COOOM CIOKHYIO CMECh
BBICOKOMOJICKYJISIPHBIX ~ KOMIIOHEHTOB, COCTOSAIIYI0 W3  MOJUIUKINYECKHUX
apoMaTU4YEeCKNUX WIM  HaQTEHOAPOMATUYECKUX  CTPYKTYp,  BKIIIOUAIOLIUE
anudaTuiyeckue OOKOBbIE 3aMECTUTENHU, TeTepoaTOMbl (cepa, a30T, KUCIOPOMI) U
MeTautbl (BaHamuid, HHUKETh, ap.) [1,14-21]. OcnoBubie snementel B CAB
pacmpesienieHsl  cienyromuM o0Opa3oMm: MaccoBas nonis yriepona 79-88 %,
Bojopoia 8-9,5 %, okono 4-14 % mpuxoautcs Ha rerepoaTomsl [22]. CMoIbI U
ac(albTeHbl MMEIOT CXOXYI0 XUMHUUYECKYI0 CTPYKTYpPYy, OJHAKO ac¢ajabTEHbI
oOnagaroT OONbIIEH CpeAHEel MOJEKYJISIPHOM Maccol W MEHBIIUM aTOMHBIM
cootHomeHrueM H/C, 4To TOBOPUT O 0OJI€Ee CIONKHOM BBICOKOMOJICKYJISIPHOM
CTPOCHHH IT0 CPAaBHEHUIO cOo cMotamu [23-26].

Tabmuma 2 — CpaBHEHHE 3JIEMEHTHOTO cocTaBa c¢Moji M acdanbTeHoB (%

Mac.)

C H S @) N
CMOJIBI 79-87 8,5-9,5 1-10 1-16 o 2
AcdanbTeHbl 80-84 1,5-8,5 4,6-8,3 10 6 0,4-1

CMoubl — BemiecTBa OT TEMHO-KOPHUYEHEBOTO /10 TEMHO-Oyporo IBeTa, MpH
HOpMaJIbHOM TemIepaType MUMEIOIINE BS3KYH0 MaJONOJBHKHYIO WM aMOpPQHYIO
TBEPAYI0 KOHCHCTEHIIMIO0. PacTBOpuMBIEC B METPOJEHHOM 3(Hpe, BBIACIAIOTCS U3
MaJbTEHOB aJCOPOLIMOHHBIMA METOAAMM: TOcje AecopOuuu ¢ copOeHTa Macedn,
CMOJIBI SKCTPArupyr0TCs MOJISPHBIMUA PACTBOPUTEIISIMHU.

CMombl MexXIy coOoi pasznuyaroTcs mo modiekysspHoi macce (500 — 1000
a.e.M.), XapaKTepU3YIOTCS TMOBBIIIEHHOW KOHIEHTpalUel TIeTepOdJIEMEHTOB,
MOJIEKYJISIDHBIE CTPYKTYpPbl CMOJI BKJIHOYaOT OT 1 g0 6 nwukinoB. Cmonam
CBOMCTBEHHO HaJM4M€ KOHJIEHCUPOBAHHBIX HA(DTEHOBBIX W/HIM apOMaTHUYECKUX

IMUKJIOB, HO IHUKIJIBI B MOJICKYJIaX MOTYT OBITH U HU30JIMPOBAHHBIMU APYI' OT Apyra.
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3amecTUTeN MOTYT OBITh TMPEJACTABICHBI KAaK JJIMHHBIMH, TaK U KOPOTKUMH,
anmudaTHIecCKuMu 1emodkamMu. CMOJTBI TPUAAIOT CHIPHIO BSI3KOCTh M TIACTHYHOCTh
[27]. Taxxke uM CBOWCTBEHHO XHWMHYECKOE CTapeHUE O]l BO3JCHCTBHEM
KHCJIOpOoJAa Bo3ayxa. TepMOKOHEH Al CMOJI, COMPOBOXKIAIOIIASCS TpolieccaMu
JNETUIPUPOBAHUS, JETHAPOIMUKIN3AIMK W JCAIKWINPOBAHUSA, MPUBOJUT K
00pa30BaHUI0 BTOPUYHBIX ac(albTEHOB C BBICOKOHN CTENEHBbIO apOMAaTHYHOCTH. B
MIPOIIECCE BBIJEIICHUH U3 ChIPhS CMOJIBI MOTYT TIPEBPAIIATHCS B aC(PaTbTCHBI.

AcdanbTeHpl — TBepAble Tela OT TEMHO-Oyporo /0 4YEepHOTO IBETa C
MouteKyJIsIpHO# Maccoit ot 500 1o 3500 a.e.m. Moekybl achaTbTeHOB CKIOHHBI K
0o0pa3oBaHUIO arperaToB M HACHTU(QUIMPYIOTCS KaK OJWHOYHBIE MOJICKYJIbI
TOJIBKO TIPM HU3KUX KOHIICHTpAlUSIX B pacTBopax. AcdaibTeHbl HEIJIaBKHE,
MPUIAIOIINE CHIPHIO TBEPAOCTh W YCTOMYMBOCTH MpW HarpeBanww. [lpum
TEPMUYECKOM BO3JIEHCTBUU MEPEXOJSAT B ITACTUYECKOE COCTOSIHUE TOJIBKO OKOJIO
300 °C. bonee BBICOKHE TEeMIIEpaTypbl BBI3BIBAIOT pa3jiokeHHE ac(haabTEHOB C
BBIJICJICHUEM ra3a Ha KUJIKYIO COCTaBJISIONIYIO M TBEPABIA 0CTaTOK — KOKe [28,29].
TBepAblld OCTATOK B CBOIO OYepe/lb 00pa3yeTcsl B CIEICTBUM TEPMOKOHCHCAIIUU
ac(anbTeHOB K KapOeHaM, gajee Kapoouaam 1 B UTOTE€ KOKCY.

[Ipouiecc BoineneHus achaibTEHOB HU3KOMOJICKYJIAPHBIMU aJIKaHAMU B POJIU
ocanutens U3 HeQTAHOW TUCTIEPCUOHHOW CHUCTEMBI SIBIISICTCS OMPENETSIONIMM B
noHMMaHuu TepMuHa «achanprens» [30]. Ho crout oTMETHTBH, YTO YCIOBHS, B
KOTOPBIX TPOUCXOJUT TIPOILIECC OCaKIeHUs achaabTEHOB M3 HEPTH, MOTYT
paznmuuatbcs  MeXay JiaboparopusimMu. Pa3znuuHble  yCIIOBHSL  HENPEMEHHO
CKa3bIBAIOTCS Ha KOJWYECTBE U MEXMOJICKYJISIPHOU CTPYKTYpPE OCAXKIAEMbIX
BemecTB. K TakuMm yCIIOBUSIM OTHOCST HCIOJB3YEMBIM OCAJAUTENb U  €ro
COOTHOIIIEHUE C UCCIEIYEeMbIM 00pa3lioM, TEMIEpaTypy Ipolecca OCaXACHUS U
BpeMs KOHTakTa ocaauTens ¢ HedThio. K mpumepy, yBenndeHue MOJEKYISIPHOU
MacChl OCaIUTEINs TMOBJICUYET CHI)KEHHE BbIXOJa, CHIKeHHe oTHomieHus H/C wu
YBEIIMYCHUE MOJICKYJIIPHON MacChl BbIIeJCHHBIX BemecTs [31,32].

CrerneHp W3YYEHHOCTH MOJCKYJISIPHOH W HAJIMOJICKYJISIPHOU CTPYKTYD

ac(aJbTEHOB OCTAETCS HU3KOM B CpPaBHEHHMHU € 0oJiee JIETKUMH YIJIEBOAOPOJAMHU.
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Bo MHOroMm 3TO CBf3aHO C Te€M, YTO MOAXOAbI, HCIOJb3yEeMbIE NMPU H3yUYECHUU
YTIEBOJAOPOIOB C HU3KOMOJEKYISIPHONU CTPYKTYPOU, SBIISIOTCS HETPUMEHUMBIMHU.
B pesynbrare HCMONB30BaHUS PA3IUYHBIX METOJMK M YCJIOBHA MPOBEIACHUS
UCCIICIOBaHUM, PE3yNbTaThl NAIOT MPOTUBOPEUYUBBIC JIaHHBIE. 32 MHOTHE TOMbI
U3y4YeHUs ObUIM TPEACTABICHBl Pa3UYHbIE MOJEIH CTPOEHUS ac(haabTEHOB.
Bokpyr »toro Bompoca mpojoipKatoTces Auckyccuu. Ho 1o  pesyibTaTam
pa3IMyYHBIX MCCIEAOBAHUN COBEPIICHHO $ICHO, YTO MOJEKYJbl ac(haabTeHOB
collepKaT KapOOLUMKIUNYECKHE M TETePOLMKIMYECKHUE KOJbIa, OOJBITMHCTBO
KOTOPBIX UMEIOT apOMAaTHYECKYI0 MPUPOJY M COCTaBISIOT KOHICHCHPOBaHHbBIC
CHUCTEMBI, COJEpXKaliue TMATh — BOCEeMb LHUKIOB. Kpome TOro, mpucyTCTBYIOT
anidaTyecKue IEMOYKH M ICHOYKH, cojepxaiiue rerepoaromel [33-39].
AcdanbTeHsl ABIAIOTCS caMOM NOJIApHON YacThio HedTu. Ilpenmomaraercs, yTto
HAJIMYKUE CUCTEM, COCTOAIIMX U3 KOHJACHCHUPOBAHHBIX KOJIEIl, IPHUIAaeT MOJIEKYyJaM
IJIOCKOE MMPOCTPAHCTBEHHOE CTPOCHHUE.

OpnHa U3 TUINOTETHYECKUX MOJIENIeH, OMUCHIBAIOIIUX CTPOCHHUE ac(aibTEHOB,
nojy4yusia Ha3BaHME KOHTHHEHTambHOW. PabGotel [40-42] mnpexacraisioT
MOJIEKYJISIPHYIO CTPYKTYpy ac(anbTeHOB Kak HadTeHOapOMaTHUECKOe SApo,
cocrosiliee U3 7 KOHJCHCHUPOBAHHBIX KOJIEL, BKJIOYAIOIIEe TI'€TapOaTOMHbIE
COCIMHEHUS W anu(aTUUYECKUE 3aMECTUTENH. AcQanbTeHbl, BBIJCICHHBIC U3
ChIpOIl HEPTH, UMEIOT MOJEKYJISIPHYIO Maccy, Kojeomonlytocs B quanazone 200-
1500 r/mMomnb, cpemHss MOJEKyJa TPEACTABISIETCS OIHUM KOHJACHCHUPOBAHHBIM
apoOMaTHYeCKUM SAPOM C 3-7 TMHUKIaMH B OKPYKEHHH anuaTHIeCKUX
dbparmeHToB, BKItoUaonux 17-41 arom yriepoaa.

AnbTEpHATUBON KOHTUHEHTAJILHON MOJIEIN CTPOCHHS MOJIEKYN ac(harbTeHOB
NPEJIOKEH apXWIenaroBblii Tum. Takoe CTpoeHHEe MOJEeKyn ac(albTeHOB
MpeanojaraeT HECKONbKO OJOKOB (2-4), COCTOSIIUX W3 KOHJICHCUPOBAHHBIX
apOMaTUYECKUX TPYyMM, COEAMHEHHBIX MEXAy co0ol anmudaTHdecKuMu W
reTepoaTOMHBIMU  (9QUPHBIMU,  CIOKHOI(DUPHBIMHU,  CYIbPUIHBIMH,  Ap.)

MOCTHUKaMH. ApOMaTI/I‘-IeCKI/Ie rpyanbl B KadC€CTBC 3aMeCTUTENCH MOT'YyT HUMCTb
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pa3HoOOpa3Hble TeTepoaTOMHbIE (DYHKIIMOHAJIbHBIE TPYNNbl W adudaTHUYEeCKHUe
CTPYKTYPBHI.

B HacTosiiee BpeMsi MOATBEPHKACHO, YTO B HEPTU MOTYT COJEPIKATHCS Kak
MOJIEKYJbI ac(aJbTeHOB KOHTUHEHTAJIBHOTO CTPOCHUS, TaK M apXHUIIEIaroBOTO
tuna. [IpunsaTo pa3nensate Ha 1Be (pakuuu: A; u Ap. @paknus A; npeacraBisier
co0O YepHBbIE YACTULBI ¢ METAJUIMYECKOM OJeCKOM, OHa HauOoiiee MOJspHas U
oOnamaer HHM3KOM pacTBopuMocThio. CoctaB ¢pakmun A; XapaKTepu3yercs
BBICOKOM KOHJIEHCUPOBAHHOCTbIO ILMKJIOB M HHU3KUM oTHomeHueM H/C,
3HAYUTENIbHO COJIEpKAaHUE TETEepOaTOMOB W METAJUIOB, JOMHUHHUPYIOIIMA THII
CTPOCHUSI MOJIEKYJ — KOHTHHEHTaJbHbIA. Dpakiust A,, B KOTOpOil mpeoOiagaer
apXUIENIaroBbIi TUIl CTPOEHUS, CPABHUTEJIBHO HEIOJIIPHA, XOPOLIO pacTBOpHUMA B

apeHax. OTHocUTeNnbHO Qpakuuu A; 00JadaeT MOBBIIEHHBIM cooTHOIIeHneM H/C

[43-47].

1.3. IIpobseMbl U MepcHeKTUBBI NEPEePAdOTKHU TSKeIbIX HedTei
CoBpeMeHHbIE TEHIAEHUMU BEAyT K YTSDKEICHUIO MepepadaThIBaeMOro

He(TAHOTO ChIphs. B mepcrnekTuBe HACTYIJICHHE BPEMEH, Korja Ha nepepaboTKy
Oyner mocTymaTh TOJBKO Tsikenas HedTb. BbIicokas CTOUMOCTh J0OBIYU
yCTaHaBIMBaeT TpeOoBaHWE K HedTemepepabaThIBAlOICH MTPOMBIIIICHHOCTH:
MIPOLIECCHI TOJDKHBI OBITh HENOPOTUMU U AP HEeKTUBHBIMHU. CII0)KHOCTh B OCBOCHUU
NPUPOAHBIX OUTYMOB U TSKEIBIX He(MTEH, XapaKTepU3yIOTCS BBICOKUMHU
miotHocThi0 (Gomee 920 kr/m°) u Bsskocthio (Gomxee 10000 mlla‘c), a Taxxke
XUMUYECKUM COCTaBOM, B KOTOPOM OTMEYAaEeTCS HEBBICOKOE COJEP’KaHUE
OCH3MHOBBIX W au3elbHbIX (pakuuit (o 30 % 00.), HO CyIIECTBEHHOE
BBICOKOMOJIEKYJIIPHBIX KOMIIOHEHTOB — cMoJI (10 57 %) u acdanbTenoB (10 60 %
mac.). Kpome Toro, 3HaumtenbHo coaepxkanue ceppl (3 — 8 %),
KHUCIIOPOJOCOAEpKAUX  coequHeHud  (9upbl,  HAPTEHOBBIE  KHUCIJOTHI,
Cynb(POKHUCIOTEI) W TsKenbix MetamioB [1,48-51]. Bompockl nepepaboTku
TSDKEJIOTO HE(TSHOTO CHIPhS KacaroTCs HE TOJBKO IMOMCKA ONTHMAJIBHBIX PEIICHUN

nepepadoTKu OOBIBAEMBIX TSDKENBIX HePTel Wi mpupoaHbix OuTymoB. Taxxke
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OHU KacaloTCsl YBEIMUYEHUS TITyOHHBI MEPepadOTKH TSHKENbIX HE(PTIHBIX OCTATKOB.
B cBoto ouepenn, HeTAHBIE OCTATKU HE TOJIBKO UMEIOT MOBBIILIEHHOE COACPKAHNE
ac(aJbTEHOB, HO U MOTYT BKJIKOYATh JAPYTU€ BHICOKOMOJIEKYJISIPHBIE COEITUHEHUS -
KapOeHel W KapOounpl. OCHOBHBIE TPOOJIEMBI IEepepadaTbIBAEMOIO  ChIPbS
3aKJIIOYAIOTCA B IOBBIIIEHHOM KOKCOOOpa3oBaHHM, KOTOpPOE MPHUBOJIUT K
3aKyIIOPHUBAHUIO YCTHEB MOP KaTAJIM3aTOpa U CHUKEHUU €r0 aKTUBHOCTU. J[pyras
npobiieMa - OJIOKMPOBAaHKE AaKTUBHBIX IIEHTPOB KaTAJIM3aTOPOB U UX JI€3aKTUBAIUS
TIOCPEACTBOM T'€TEPOATOMOB U METAILIIOB CHIPhs [52].

YrneBomopoasl HEPTH B XUMHUYECKHX TMpoleccax IMoJ BO3ACHCTBHEM
BBICOKOM  TeMIlepaTypbl  IPETEPIEBAIOT  MHOXKECTBO  HEMPECKa3yeMbIX
meTamopo3. CKOpOCTb M HANpaBiICHHE PEAKIHUM 3aBUCIT OT MPUPOIBI CBIPH,
HaJIM4Msl KaTalnu3aTopa U JPYyrux MapaMeTpoB npouecca. Peakuuu 1o
HaIIPaBJICHUI0 MOXHO pa3leiuTh Ha JBe rpymnmsl. K mepBoi rpymnme OTHOCSTCS
JNECTPYKTHBHBIE TMPOLECCHI, MPUBOJALNIME K PACUICIUICHUIO YIJIEBOAOPOJOB,
IPOAYKTaMU KOTOPBIX MOTYT OBITh OJIeQUHBL, NapauHbl, LUKINYECKUE
CTPYKTYpsl M Jpyrue. Bropas rpynma COCTOMT W3 NPOLECCOB YKPYIHEHUS
MOJIEKYJI: TMOJIUMEpPHU3ALUs, KOHJEHCAlUs, JUEHOBBIM CHHTE3, PEKOMOWHAIUS M
JIpyrue.

KokcoobOpa3oBanue cBs3aHO C HHM3KUM cooTHomeHunemM H/C B Tspkemom
yTIEBOAOPOAHOM ChIpbe. [ perienus 3Toil mpoOaemMbl UCIIOJIb3YIOTCS MPOIECCHI
HedTenepepaObOTKM HaIlpaBJICHHbIE Ha IMOBBIIIEHUE COJEPXKAHUSA BOJOPOAA
(TMOpOOYKMCTKA M TUJPOKPEKUHT) WM YyJajdeHus yriepoja (KaTaluTHYECKHM
KPEKUHI, BHCOpDEKHMHI, OKCTpakTUBHas  jAeacaibTU3alus, 3aMEJICHHOE
KOKCOBaHue, npyrue) [52].

[Ipouiecchl, HampaBlI€HHbIE HA TMOHM)KEHHE MOJEKYISIPHOW Macchl U
yBenuueHue cootHomenus H/C Tsokenoro yrieBoJOpOAHOTO ChIpbs, B TOM YHUCIIE
OPUBOJAIINE K IMOJyYEHUIO TOIUIUBHBIX YIJIEBOAOPOJHBIX (DpaKIMil, HA3bIBAIOT
BTOPUYHBIMU M pPa3JeisioT Ha TepMUYecKue U Katanutuueckue. K mepBbiM
OTHOCSITCSI TEPMUYECKUI KPEKUHT, BUCOPEKUHT U KOKcoBaHue. K kaTaiutudeckum

— TuIpooOeccepuBaHue, THPO- U KATATUTUYECKUN KPEKHHT.
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OCHOBHBIM HaNPABJICHHEM B Pa3BUTHH BTOPUYHBIX MPOIIECCOB MEPEPaOOTKH
TSDKEJIOTO HE(PTSHOTO CBHIPhS SIBJISICTCS TIOJIYYCHHE HAWMMEHEEe JJOPOTUX, HO
HambOoJee aKTUBHBIX KaTajJu3aTOpOB M J00ABOK Il TPOIECCOB KPEKUHTA.
HccnenoBanusi MPEACTABISIOT TEPCIEKTUBHBIE IS MPOIECCOB THAPOKPEKUHTA
MEJIKOJIUCTIEPCHBIC KaTalu3aTophl Ha 0a3e jKele3a, HUKEIsSd W MOJHMOJCHa,
00pa3ymoIre CMeCh C CHIPhEM B BHJIE CYCIICH3MH, KOTOPHIE MOBBIMIAIOT TIIyOUHY
nepepadoTku HePTSHOTO ChIphs 10 95 % [53]. Mcnonp3oBaHne MUKPOCHCTEM Ha
OCHOBE CyIb(GHUIOB JKeie3a M MOJHOeHa TOoKa3alo CBOKO 3(PQGEKTUBHOCTH B
nporecce obeccepuBanms HepTu [54]. Jlpyroe HampaBieHue pa3pabOTOK
MOKa3bIBACT BO3MOXKHOCTH HCIIOJB30BAaHUS Oojiee JIEMIEBBIX J00aBOK C
KaTaJIMTUYECKUMHU  CBOMCTBAMU: YaCTHIIBl YIJIA, Keje3a, >KeJIe3HOPYAHbIC
KOHIICHTPAThI, CJIAaHEIl U Jpyrue. YacTuilel, oOpa3oBaHHBIE MUHEpajJaMH CIIaHIIA,
SBJIIOTCSL aJicOpOeHTaMU KoKca. Takue pa3paboTKHU MO3BOJISIIOT MOJIYYUTh OKOJIO
59 % nerkux (pakiuii npu nepepadoTKe TAKEIOro Chipbs [55,56].

B mocnemnme TOmBI OOBEKTOM BHUMAHHS HCCIEAOBATENCH CTAaHOBUTCS
MPOIIeCC KaTaJTUTHYECKOTO aKBaTEPMOJIN3a, M0/I KOTOPHIM MOHUMAIOTCS TTPOIIECCHI
KPEKHWHTa, MPOXOJSIINE B MPUCYTCTBHHM BOJBI. AKBAaTEPMOJIN3 PacCMaTPUBACTCS
JUISL pelIeHHs] psiia TpoOJieM: YBEJIMYEHHE CBETIBIX (PpaKkIuii B CpaBHEHUU C
MPOIIECCOM  KpEKHWHra [57], TOHM)KEHHE KOKCOOOpa30BaHUS, HMCTOYHHKOM
BOJOpPO/Ja  CTAHOBUTCSA BOASHOM TMap —  HEOOXOAWMOCTH  ITOJABOJUTH
JIOPOTOCTOSIIIINI BOAOPOAOCOICPKAIUI Ta3 ncue3aeT. B yciIoBUAX HEOOXOIUMOM
WHTEHCU(UKAMU TPOU3BOACTBA JOOBIUH TSHKEN0M He()THU U MPUPOIHBIX OUTYMOB,
aKBaTEPMOJIM3 MOKHO MTPOBOJIMTH 3aKaUKOW BOJSHOTO TIapa B TUIACT, YTO NMPUBEIET
K CHHPKCHHIO BSI3KOCTH. B poiiy Kataqm3aTtopoB MOTYT HUCIIOJIb30BAaThCS MUHEPAIIbI
KOJUTeKTOpOB. IIporecc MOKeT MPOUCXOIUTH B TPEX COCTOSIHHSIX: TOKPUTHUICCKHUX,
KPUTUYECKUX U CBEpPXKpUTHUecKuX. [Ipu akBarepmMos3e 3HAYNTENHHO CHIKCHUE
CMOJIUCTO-achaTIbTEHOBBIX COCIMHEHHM, OOJIBIIYIO POJIb UTPAeT AeCybhu3arus
HedTH [58].

Jli1st mepepaboTKH TSAKEIOTO YIIIEBOJOPOIHOTO CHIPhS MOTYT HCIIOIh30BATHCS

KaK TpaJUIMOHHBbIE BTOPUYHBIE TIpollecChl HedTenepepadOTKH, TaK U
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MpeIaraloTCs HETPAIUIIMOHHBIE METOAbl. Ho Bce mpolecchl HYXKIAlTCS B
YCOBEPIIICHCTBOBAHUKM C II€JbI0  TOBBIIICHUS TJIYOMHBI TepepaboTKu U
pEHTa0ENbHOCTH, B YAaCTHOCTHU [IJISl YBEJMYEHHUS BBIXOJIa LIEHHBIX TOIUIMBHBIX
bpakuuii HeGTH. 11 BEIOOpa ONTHMAIBHOTO TOIX0/Ia K MEePepadOTKe TKEIOTO
HE(DTAHOTO ChIpbS HEOOXOJMMBI HCCIEJOBAaHUS XHMHUYECKOIO0 COCTaBa U
MOJICIMPOBAHUE KapTUHBI, KOTOpas OTOOpa)kaeT W3MEHEHHs, IMpeTeplreBaeMble
KOMITOHEHTaMd He(pTH B TedeHHe mepepaboTku. Tak, Kpome TMPOIECCOB
TEPMUYECKON  Jerpajalud  CMOJIMCTO-ac()albTEHOBBIX  COEIUHEHUH ¢
YMEHBIIICHUEM MOJICKYJISIPHOM MAacChl, BA)KHO MPUHUMATh B PAacueThl U HAIHYNC
oOpaTHOro mpoliecca: HOBOOOpa3o0BaHUE CMOJI U ac(haIbTEHOB U3 YTIIEBOJO0POJIOB

N HU3KOMOJICKYJIAPHBIX I'CTCPOATOMHBIX COGI[I/IHGHI/Iﬁ HaTHUBHBIX HG(l)TGfI.

1.4. TepMuueckue npeBpamieHuss MaceJsi TAKeJIbIX HedTeil
[Ipotiecchl TepepabOTKU  TSKEIOTO HEPTSHOTO CHIPbsl HAMNpaBJICHbl Ha

MOJIyYCHUE TMPOAYKIIMM C MEHbBIIEH MOJICKYJISIPHOM Maccod, HO OJHUM U3
HEXENAaTeIbHBIX PE3yNIhTaTOB PACCMOTPCHHBIX BBINIE TIPOIECCOB  SBISETCS
o0Opa30BaHHE HOBBIX BBICOKOMOJEKYJISIPHBIX COEJUHEHUN, YTO HETaTUBHO
CKa3bIBaeTcsi Ha  ryOuHe  mepepaboTku. Cpenu  ATUX  COCIUHEHUN
HOBOOOpa30BaHHKIC ac(haabTeHbI, KOTOPBIC, Kak M ac(habTeHbl HATUBHBIX HE(TEH,
MPEACTABIAIOT COOOM MPOMEKYTOUHBIC MPOIYKTHI MpU OOpa30BaHUHM KOKCa
[59,60].

st obecrieueHuss Oojiee BBICOKOM KOHBEPCHM YTJIEBOJOPOJIOB HEPTH B
mpoiiecce BHUCOpPEKHMHTa HCHoJib3yercs paeacdanptusanus. OaHako, 3HAYCHUE
neachanbTU3aMK HECKOIBKO TazacT Ha (OHE HaJu4Ms HOBOOOPA30BAaHHBIX
achanbTeHOB B TPOAyKTax BHUcOpekuHra. Kpome Toro, oOpa3oBaHHE HOBBIX
ac(albTEHOB OOHAPY>KEHO B Ipolleccax THUAPOOYUCTKH [61], uTO TOBOpPUT 00
dbopmupoBannn ac(arbTeHOB Jake B YCJIOBHUSX OTCYTCTBUSI OO€THEHHOCTH
BOZIOpOIoM. B mocnenytomieit yacTu IuTepaTypHOro o03opa OyAeT mpeacTaBieHa
pOJIb  Maced TSKEIOro  YrieBOJAOPOIHOTO CBIPhSA, B  HOBOOOpa30OBaHWUU

BBICOKOMOJICKYJIAPHBIX COGI[HHGHHﬁ.
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B pabore [62] mpencraBieHO UCCIENOBaHHE M3MEHEHHMsSI COCTaBa
neacpalbTU3UPOBAHHOTO TSKEJIOTO BaKyyMHOTO OCTaTka IMPH TEPMUYECKOM
KpPEKHHI€ B MPUCYTCTBUU a30Ta. MccinenoBanue NpoBOAMIIOCH C UCIOJBb30BaHUEM

* (¢]
peakTopa nepuoauyeckoro aerctus npu temneparype 430 °C u maBnenuun 13,5
MlIla. [IpoayKThl TEpMHUYECKOTO KPEKHHra pa3JesuluCh Ha ra3, pacTBOPUMBIE U
HEPACTBOPUMBIE B TOJYOJE€ COEIMHEHUS, 3aTeEM pPACTBOPUMbBIE KOMIIOHEHTHI
uccienoBamch MeronoM SARA-aHanu3za, 4yToO MOApa3yMeBaeT pa3AeiICHHE Ha

HACbIMCHHBIC 1 apOMATHYCCKHUC COCANHCHUA, CMOJIbI 1 aC(i)aJIBTeHBI.
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Pucynok 1 — Pacnipenenenne BeIxoga NpoayKTOB, OJyYEHHBIX U3

TEPMHUYECKOTO KpekuHnra (cieBa), MVR — Tepmonn3oBaHHbIe MaJIbTEHBI

[62].

100
1.9

20 - 10.0

3 80 -
Mo
= a0 - e
20 19.7
o 222 20.8
. 18
VR MVR ASVR

CSaturates DAromatics S Resins ®Asphaltenes

Pucynox 2 — Pesynbrarel SARA-ananmsa TepMOIM30BaHHBIX MaJTETEHOB
(MVR) [62].

N3navyansHOE cojepkaHWe B Jeac(aibTU3UPOBAHHOM TSDKEJIOM HEPTSIHOM
OCTaTKE HACHIIICHHBIX, AapPOMATHYECKUX YTIEBOJAOPOJOB U CMOJ  ObLIO,
COOTBETCTBEHHO, 18,8 %, 45,3 %, 35,9 % mac. TepMonn3 ManbTE€HOB MPHUBEN K
0o0pa30BaHUIO Ta3a, HEPACTBOPUMBIX B TOJYOJi€ COCIUHEHUM U TaK HAa3bIBAEMOMU

(OKHJIKOW» YacTH, KOTOpasi COAEPKUT pacTBOpUMbIE B Tosyosie BemectBa. C
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MOCJIEAHUMHU COeTUHEHUsIMU ObLT npoBeneH SARA-ananu3. DTOT aHaIM3 mokasal
oOpa3oBanue acdanbTeHOB. Kpome TOT0, yBEIMUNUIIOCH COIEPKAHUE HACHIIICHHBIX
yTIEBOAOPOIOB, B CBOIO OYEpE/lb, COJIEP)KAHUE apOMATHUYECKUX YTIIEBOJOPOJOB U
CMOJI TIOHW3WJIOCh. [IpeBpareHne MalbTEHOB B ac(albTeHBI B PEAKITUIX
TEPMUYECKOTO KpPEKHHTa OOBSICHSIETCS CHHTE30M apoOMaTHYEeCKUX KOJIel C
AIKWIBHBIMM LETSIMH IO  CBOOOJHOPAAMKAILHOMY MeXaHu3My. Takxke ObUIo
MOKa3aHo, YTO OOJIBINIAsT YACTh TETEPOATOMOB M METAJIJIOB, KOTOpasi COIepkKanach B
MajJbTEHaX, B pe3yJibTaTe TEPMOJIM3a OKa3ajlaCh B HEPACTBOPUMBIX B TOJYOJIE
KOMIIOHEHTaX TepMOJu3ara.

B pabore [63] uzyuaercsi B3aMMOBIIUSIHHE, KOTOPOE MOT'YT OKa3bIBaTh JIPYT Ha
apyra CMOJIBI M Macia, MpU TEPMUYECKOM TMpeBpalieHuu. TepMudecKkomy
BO3JICHCTBUIO B OJIMHAKOBBIX YCJIOBHUAX MMOJIBEpraju Macjia U MOJEIbHYIO CMECh, B
KoTopo conaepxkutrcsi 82 % wmacen u 18 % cmon. Temmepartypa mpoiieccoB
cocraBmia 450 °C. Bpems npoBeneHusi peakiuii - 2 4. Takue ycnoBus ObLIU
MPU3HAHBl ONTHMAJIBHBIMM HAa OCHOBAaHWUU wuccienoBanus [64]. PesynbraTom
KPEKHHIa CTaHOBUJIOCH OOpa30oBaHUE MNPOAYKTOB B Tra3000pa3HOM, >KUIKOM U
TBEPJIOM arperaTHbIX COCTOSIHUSIX, IO KOTOPBIM OIEHHUBAJCS MaTepHUaIbHBIM
OasaHc.

Hanuurie BBICOKOMOJIEKYJSIPHBIX COCIWHEHUW B MPOAYKTaX KpPEKHHTa
OOBSICHSIETCS MPOTEKAHUEM TEPMHUYECKUX MPEBPAICHUM M0 PaIUKATBLHO-LIETTHOMY
MEXaHU3My, KOTOpPbIA  COAECHCTBYET  MOJUKOHJCHCAIIMU  PACIICTUIEHHBIX
(dbparMeHToOB yTieBOJIOPOJIOB. B cBOIO ouepenp 3TO MPUBOIUT K (HOPMUPOBAHUIO
cMOJ, ac(aJbTEHOB M WX TMPEBPAIICHUI0O B HEPACTBOPUMBIE B TMOJISIPHBIX
PacCTBOPUTENSAX COEAMHEHUS.

['a3000pa3HbIMU  TIPOAYKTaAMU SIBJISIIOTCST  BOJAOPOJ, VYIVIGKUCIBIM Ta3 U
yraeBogopoabsl Ci-Cs. Cpenu Ta30B TepMmojiM3a Macen TNpeodsanaeT METaH,
OTMEYaeTCs MPUCYTCTBHUE OJIE(HUHOB.

AcdanbTeHbl U CMOJIbI, OOHApyXEHHbIE B MPOAYKTaxX TEpPMOJIM3a Macell,
dbopMHpOBATUCh, TIO PATUKATBHO-IIEMTHOMY MEXaHU3My U3 00pa30BaHHBIX

KPEKMHIOM YTJIEBOAOPOJHBIX paaukanoB. Cpelld BO3MOXXHBIX PEAKIUi aBTOPBI
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CTaTbU  pPAcCMATPUBAIOT  LMKJIM3AIMIO  ATH(PATHUYECKUX  YTIIEBOJOPOIHBIX
panukamoB ¢ oOpa3oBaHMEM apeHOBBIX (parMEHTOB U  KOHJACHCALUIO
JEATKUINPOBAHHBIX HA()TEHOBBIX M apOMaTUYECKUX YTIEBOA0poa0B. OTMeuaeTcs,
YTO CMOJIBI-IPOAYKTHl TEPMOJIM3a Macel OTHOCUTEIBHO HCXOAHBIX 00JagaroT
MEHBIIIMMHU MOJIEKYJISIPHOM Maccoil, YucioM rerepoatoMoB u otHomenuem H/C, a
CpellHEee YHCIIO IHKJIOB B HapTEHOAPOMATHUYECKOM SJIpE PpABHO JICBSITH.
HccnenoBatenu crenanud BBIBOABI, YTO OOpa30BAaHHBIE CMOJIBI OKPYXEHBI
METUJIBHBIMU aMU(PaTUIECKUMU 3aMECTUTENISIMU. Ac(anbTeHbl, MOJTYyYEHHBIE B
pe3ynapTaTe TEpMOJIM3a Macel, KpymHee KaK HCXOAHBIX ac(albTeHOB, TaK U
MPOAYKTOB TepMoju3a cMoj. OHM 001amaroT OOJbIIeH MOJICKYJISIPHOM MacCou,
MeHbIIMM cooTHomeHueM H/C, a koHaeHcHpoBaHHOE HaTEHOAPOMATHUECKOE
AJIpO COCTOUT U3 9 Ha(PTEHOBBIX KoJiel U 13 apeHOBBIX.

TepMuyeckuii KpeKHHI TOBJEK 3a COOON YMEHBIIEHHE HACHIIICHHBIX U
[OJIMAPOMATHUYECKUX  YIJIEBOAOPOJOB C POCTOM COJEp)KaHUS MOHO-, OH-,
TPUAPOMATUYECKHUX, YTO OOBSACHAETCS JAerujpoapomMaTu3anueid HapTEHOBBIX
YIJI€BOJIOPOAOB HA OCHOBAaHUM BBICOKOTO COJAEpKaHMs BOJOPOJa B Ta3000pa3HbIX
IPOAYKTaX. YMEHBIICHUE TMOJUAPOMATHUECKUX COEAUHEHUN OOBACHIETCS HX
ydyacTUeM B 00pa30BaHUU CMOJHMCTO-ac(albTEHOBBIX CcOeAMHEHWH. B macmax-
IIPOYKTaX 3aMETHO YBEJIIMYEHHUE HU3KOMOJIEKYJISIPHBIX H-aJIKaHOB 10 CPABHEHUIO
C UCXOAHBIMHU.

MartepuaiibHblii OamaHC TpU TEPMOJIU3E MOJICIBHOW CMECH CMOJ M Macel
BBITJIAJIUT CIEAYIOIIMM 00pa3oM: BbIXOJ TBEPABIX COCAMHEHUN HUXKE, YEM IPHU
TepMOKpeKnHre macen 0e3 cmoi. KoimdyecTBO JKHUIKMX MPOIYKTOB OJIM3KO K
BBIXO/Y KMJIKMX IPOAYKTOB TEPMOJIM3a Macesl. Brixo1 ra3000pa3HbIX cOeUMHEHUI
COMOCTaBHM C BBIXOJIOM Ta30B MPHU pa3AesIbHbIX TEPMOKpEKHUHTrax macei. Mmeercs
CXOJCTBO MEXJY COCTaBaMU Ta3000pa3HbIX MPOIYKTOB TEPMOJIM3a MOIEIIbHOM
cMecu M Macel. B mporecce TepMHUYECKOro BO3ACUCTBUSA 00pa30BaHCh
acanbrens! (1,1 %) 1 yBeIUUUIIOCh KOJUYECTBO CMOJ Ha 7 % MO OTHOIICHUIO K
MOJEJIBHOM CMECH, YTO MOXXET TOBOPUTh O JIOMHHHPOBAaHUU pPEAKUUN

MOJMKOHACHCAIIMK HaJ PCAKIUAMHU paciaga CMOJL. BBeaeHnue cmoJ1 MOBJICKIIO 3a
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co00i CHI)KEHHE KaK HACBIIICHHBIX, TaK U apOMaTHYECKHUX YIJIEBOJAOPOJOB, UTO
OOBSICHSIETCSI HMX YydacTUeM B 00pa3oBaHuU achalbTE€HOB U HOBBIX CMOJL.
OOpa3oBaHHBIE CMOJIBI TPU TEPMOJM3E CMECH IOKA3bIBAIOT  3HAYCHUS
MOJICKYJISIPHOM  MAacChl, COJEpX aHHUs TeTepoaroMoOB, YHCIA YIIEPOAOB B
QIKWIBHBIX LEMSIX M YHUCIO apEHOBBIX IMKJIOB MEHBIIWE IO OTHOIICHHIO K
UCXOJIHBIM cMoJIaM. MoJiekyisipHasi Macca 00pa30oBaHHBIX MPU TEPMOJIU3E CMECU
achaabTEHOB HIDKE, 4yeM acdaiabTeHOB TpH Tepmoimize Macen. Cpemnue sapa
MOJIEKYJT ac(habTeHOB COCTOAT U3 11 HAPTEHOBBIX U 9 apEHOBBIX KOJIEIl.

HccnenoBatenu [65] cUMTalOT, 4TO CYHIECTBYET 00Jiee OAHOTO MYyTH PEAKIIHiA
B IIPOIECCE TEPMUYECKHUX MPEBPAIICHHI, IO KOTOPOMY 00pa3yroTcsl ac(ambTeHBI.
OHM CTaBAT CBOEH LENbI0 M3YYUTh NOTEHUUAIbHBINA BKJIAJ HU3KOMOJEKYJISIPHBIX
YIJICBOJOPOAOB B  PEAKIUSAX  MPUCOSAMHEHMS, KOTOpPBIE MPHUBOIAT K
(OpMUPOBAHHIO BBICOKOMOJIEKYJIIPHBIX COEIMHEHUH. bplma npenamnonoxeHa
BEPCHsI, YTO B PE3YJIbTATE PEAKIM KPEKUHTa U/WIK JeTUIPUPOBAHUS, 00pa3yroTCs
IPOMEKYTOUHBIE BEUIECTBA, KOTOPhIE OYIYT CKIOHHBI K 0Opa30BaHUIO KPYITHBIX
MOJIEKYJ]l B peakuusix mnpucoequHeHus. OObeKTaMH MCCIEA0BaHUS CTallu
neacQanbTe3upOBaHHBIA H-TICHTAHOM OCTaTOK BaKyyMHOUW NeperoHkn Hedptu u
WHIEH —  apoMaTHYecKoe  CcoeauHeHue,  obnagaromiee  oJieUHOBOM
dbynkuuonaasHOM Tpynmoit. Ilpenmornaraercs, 4ro WHAEH oOpa3yeT pajauKal,
KOTOPBIN y4acTBYET B PEAKIUAX MPUCOCTUHEHHUS.

Peakuun BucOpekunHra MHMPOBOAMINCHE B MHUKPOPEAKTOPE MEPUOIUYECKOTO
nerictBus. Bee peakuuu npoBoawincs npu temmeparype 400 °C m naBienuu 2
MIla B cpene raza azora. Bpems peakumit coctapisiio 30, 45 nu 60 munyt. Psn
o0pas3loB cocTosul U3 jAeachaibTU3UPOBAHHOTO HE(PTSIHOTO OCTaTKa U JBYX
MOJENBHBIX cMecel 3Toro ocrarka ¢ 5,6 % mac. u 11,1 % wmac. unaena. [lpu
aHaNM3e HEPacTBOPUMOM B H-TIeHTaHe (pakimu, oOpa3oBaHHbIE achaabTEHBI U
KOKC HE pa3/IesuIuCh MEXI1y COOOM.

B pesynbrare Obuta poBepeHa Bepcusi, YTO HOBBIC acanibTeHbl 00pa3yOTCs
B IpOIIECCE€ TEPMHUUECKOTrO MPEBPAILEHUS B PaaUKaIbHO-LIEMTHOMY MEXaHHU3MY.

JloOaBiieHHe WHAEHA CHOCOOCTBYET YBEIMYEHHIO KOJIMYECTBA ac(albTEHOB B
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OpOAYKTax TEpPMOJHU3a BCIEACTBHE (HOPMUPOBAHMS DPATUKAJIOB U3 HHJECHA,
00pa3yIoIKX BBICOKOMOJIEKYISPHbIE COCTUHEHHUS.

Takum 00pa3om, MOXKHO cJieiaTh BBIBOJI, UTO TsKeyble HEDTHU U MPUPOIHbBIE
OUTYMBI SBJIAIOTCS IEPCIEKTUBHBIM ChIpheM. TeM He MeHee (pu3nYecKrue CBONCTBa
U XUMUYECKUU COCTaB TSDKENBIX HEPTSIHBIX PECYpCOB YCIOXKHSAIOT MPOIECC
nepepadoTku. s 3 HEeKTUBHOTO O0CBOEHUSI HEPTSIHOTO ChIPbSl U MOJACPHU3AIUU
TEXHOJOTHH mepepaboTku  TpebyeTcst JeTalbHOE TOCTPOCHHUE  KapTUHBI,
COCTOSIIIIEH W3 OINMUCAHUS MOJEKYISPHBIX CTPYKTYP CMOJIUCTO-ac(hadibTEHOBBIX
KOMIIOHEHTOB, W MeTaMop(o3 YIJIeBOJOPOJIOB, KOTOPBIMH COIPOBOXAACTCS
nepepaboTka. BaXHbIM HampaBJIeHHMEM HCCIECIOBAaHUN SBISETCA HU3YUYEHUE
0o0pa30BaHMsI CMOJIMCTO-ac(albTEHOBBIX BEUIECTB B IMPOLIECCE, HAMPABICHHOM Ha
JNECTPYKLMIO BBICOKOMOJIEKYJISIPHBIX COEIMHEHHM, - TEPMUYECKOM KpPEKHHTE.
Beiie 6b110 1OKa3aHo, YTO NMPU TEPMUYECKOM BO3JICHCTBUU Ha Macia IPOUCXOAUT
pacUICIUIEHHE YIJIEBOJOPOAOB M TMOCIEAYIOIIAsl KOHACHCALUS YIiIeBOAOPOIHBIX
paaukainoB. Ho ocraercss OTKpBITBIM BOIPOCOM HU3YYEHHE 3aBHUCHUMOCTHU
KOHIIEHTpAllUd HOBOOOPA30BAHHBIX CMOJHUCTO-ac(albTCHOBBIX BEIIECTB OT

BpEMEHU NPEOBIBAHUS B PEAKTOPE TEPMHUECKOTO0 KPEKUHTA.
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4. PUHAHCOBBI MEHEIKMEHT, pecypco3(pPeKTUBHOCTH U pecypcocOepexeHue
4.1 IlpeanpoeKTHBIN aHATU3

4.1.1 lloreHUMANbHbIE OTPEOUTETH PE3YIbTATOB HCCIETOBAHUS

Jlnst  aHanm3a moTpeOwTenel  pe3yiabTaTOB HWCCICAOBAHHS HEOOXOIMMO
pPacCMOTPETh 1I€JIEBOM PHIHOK M MPOBECTH €ro CerMeHTupoBaHue. Jljisi maHHOrO
MPOEKTa IIEJCBBIM PBHIHKOM SBISIOTCS TPEANPHUATHS HedTenepepadaThIBaIOMEH
MPOMBIIINIEHHOCTH, T. €., B IEPBYIO OYEPE/Ib, 3aBO/IbI IO NepepadboTke HePTH.

[IponykT — pa3paboTka METOJUKH NPOBEICHUS TEPMHUECKOTO KpPEKUHTa
TSDKEJIBIX HE(TSHBIX CHCTEM C IEJBI0 MOTYYEHUsS HanOOJBIIETO BBHIX0JIa CBETIIBIX
dbpakuuii, myTeM noaoopa ONTUMAIBHOTO TEXHOJOTUYECKOTO PeKMMa U KauecTBa
CBIPBSI TEPMOJIH3A.

B kxadecTBe KpuTEpHEB CETMEHTHPOBAHHUS OBUIM BBIOpAaHBI  OTPACIh
MPOU3BOJICTBA U pazMep Mpeanpuatrus. Takum oOpa3oM, MOTPeOUTEIIMU JTAHHON
pa3pabOTKH SIBISIOTCS:

e Kpynnsie HIT3
o Cpennue HII3
o Menkue HII3

OO0s3aTeTbHBIM YCIIOBUEM JJISI BHEAPEHUS MOACPHU3UPOBAHHOW METOIUKHU

MPOBENCHUSI TIpOIlecca SIBIACTCS HAJIWYUWe Ha JEHCTBYIONIEM IPOU3BOICTBE

YCTAaHOBKH KPCKHHTI'A.

4.1.2. AHaJu3 KOHKYPEHTHBIX TEeXHHYECKHUX PeIIeHUl ¢ MO3HLIHHU
pecypco3¢PeKTUBHOCTH U pecypcocOepexeHust

JleTanbHbli aHAMM3 KOHKYPHUPYIONIMX pPa3pabOTOK, CYIIECTBYIONIUX Ha
PBIHKE, HEOOXOJMMO MPOBOAUTH CUCTEMATHUYECKH, MOCKOJIBKY PBIHKH MPEOBIBAIOT
B ITOCTOSIHHOM JIBUYKEHUU.

C 9T0i1 1eNbl0 MOKET OBITh MCIIOJIb30BaHA BCS MMeEIOIascs UHpopmamus o
KOHKYPEHTHBIX pa3paboTKax:

—TEeXHUYECKUE XapaKTEPUCTUKU Pa3pabOTKu;

—KOHKYPEHTOCIIOCOOHOCTh pa3pabdOoTKu;
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—YpOBEHb 3aBEPUICHHOCTH HAy4YHOTO HCCIEIOBaHUS (HAJIUYKME MAaKeTa,
MPOTOTHUIIA U T.I1.);

—(hMHAHCOBOE TIOJIOKEHNE KOHKYPEHTOB, TEHCHITUN €T0 N3MEHECHHS U T.J|

AHanM3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHUN MO3BOJISET MPOBECTU OLIEHKY
CpaBHUTEIbHOU  3(P(HEKTUBHOCTH  HAy4dHOW  pa3pabOTKXU H  ONpPEACNIUThH
HaIpaBIICHUS JUIS e¢ OyayIIero moBbimeHus (Tadmmma 11).

Tabmuma 11 — CpaBHUTENbHAsE OIIEHKA KOHKYPEHTHBIX TEXHUYECKHX

pelLIeHU

Bec banner KonkypeHTOCTI0COOHOCTD
Kpurepuu onenku

KpUTepus

Kl Kl

TexHUYeCKUE KPUTEPUH OIICHKU pecypcodPPeKTHBHOCTH

IToBrIilICHUE IIPpOU3BOAUTCIIbBHOCTH

0,07 5| 4 | 4| 03 | 028 | 0,28
TpyHAa MMOJIb30BAaTCIIA

Y 100CTBO B IKCILTyaTalliu 0,20 5 3 4 1,00 0,60 0,80
DHEPro’3KOHOMUYHOCTh 0,10 4 4 3 0,40 0,40 0,30
HaznexHocTb 0,07 5 1 4|5 | 03 | 028 | 035
BesomacHocTb 0,07 5 5 5 0,35 0,35 0,35

DKOHOMUYECKHE KPUTEPHH OLIEHKU YPPEKTUBHOCTH

KonkypeHnTocnocoOHOCTh NpoayKTa 0,07 5 5 5 0,35 0,35 0,35

YpoBeHb MPOHUKHOBEHUS HA PHIHOK 0,06 5 5 4 0,30 0,30 0,24

Ilena 0,08 5 | 4 | 4| 040 | 032 | 0,32

IIpennonaraeMblii CpoK

0,08 5 | 5| 5| 040 | 040 | 040
SKCILUTyaTaluu

ITocnenponaxkHoe 00CIyKUBaHHE 0,07 5| 4 5 0,35 0,28 0,35

PuHaHCHPOBaHUE HAYYHOU

pa3paboTku 003 5| 4151015 | 012 | 015

Cpok BBIXOJ1a Ha PBIHOK 0,05 5 4 3 0,25 0,20 0,15

Hanuuue ceprudukanuu pazpaboTku 0,05 4 4 2 0,20 0,20 0,10

Hroro 1 63 | 56 | 54 | 485 4,08 414

KOoHKYypeHTOCTIOCOOHOCTh ~ HAayyHOM  pa3pa0OTKU WM  KOHKYpPEHTa

ompenensieTcs no Gopmyie:
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K=B-RK (1)
riae Bj — Bec mokazatens (B moisx eAuHMIIBI); bj — 6am i-ro mokasarers.

KoHKYypeHTHOCTIOCOOHOCTh paccMaTpUBAEMbIX ITPOIYKIIUN COCTABIISCT:
K$=0,35+1+0,4+0,35+0,35+0,35+0,3+0,4+0,4+0,35+0,15+0,25+0,2=4,85
Ky;=0,28+0,6+0,4+0,28+0,35+0,35+0,3+0,32+0,4+0,28+0,12+0,25=4,08
Kx,=0,28+0,8+0,3+0,35+0,35+0,35+0,24+0,32+0,4+0,35+0,15+0,1=4,14
Takum oOpa3zoMm 1O pe3ysbTaTaM JJaHHOIO aHAJIM3a MOYKHO CKa3aTh, 4YTO Y
p33pa6aTBIBaCMOFO MpoaAyKTa OTCYTCTBYIOT cj1a0ble CTOPOHEI 110 CPABHCHUIO C €TO

KOHKYPEHTaMHU.

4.1.3. SWOT ananu3

SWOT-Strengths (cunbhbie ctoponbl), Weaknesses (cimabbie CTOpPOHBI),
Opportunities (Bo3mMokHOCTH) U Threats (yrposbl) — TMpeACTaBIsSET COOOM
KOMIUIEKCHBI aHAJW3 HAayYHO—MCCIENoBaTeNbCKOoro mnpoekra. SWOT-—-ananus
MPUMEHSIOT JIJIs1 UCCJICIOBAHUS BHEIIIHEW U BHYTPEHHEH CpeJIbl MPOCKTA.

Henpto SWOT—ananu3za sBisieTCs OMNPEEICHUE BCEX CUJIBHBIX U CIA0BIX
CTOPOH HAyYHOW pa3padOTKH, KOTOPBIC pACCMaTPHBAIOTCI KaK BHYTPCHHHE
(bakTophl, a TaK)Ke U3yYCHUE BHEITHUX (PAKTOPOB, KAKOBBIMH SIBJISIFOTCSI PHIHOYHBIE
BO3MOYKHOCTH M YTPO3bI, ISl TIOJYyYEHUS YETKOTO TMPEACTaBICHUS OCHOBHBIX
HampaBJeHU pa3BuTusA mpeanpustus. Ha ocHoOBe Takoro wuccieoBaHus
OpraHu3anus IO0DKHa MaKCHMAaJbHO WCIOJIb30BaTh CBOM CHJIBHBIE CTOPOHBI,
MOMNBITATECA ~ MPEOJAOJETh  CIabOCTH,  BOCIOJB30BAThCA  OJIArOMPUSTHBIMU

BO3MOKHOCTAMHU H 3allIUTUTHCA OT IIOTCHIUAJIBHBIX YI'PO3.
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Tabmuma 12 — Matpumia SWOT

CujibHbIE CTOPOHBI MIPOEKTA:
— DKOJOTMYHOCTH TEXHOJIOTHUU

— bomee HH3Kas® CTOMMOCTH
IIPOU3BOJACTBA IO CPABHCHUIO C

Cuaa0ble CTOPOHBI MIPOEKTA:

— OTCyTCTBHE J0CTATOYHOTO
(uHAHCHPOBAHUS POEKTOB.

— OTtcyTcTBHE HEOOXOAMMOTO

JPYTUMH TEXHOJIOTUAMU 000py0BaHUs s
MIPOBEACHUS WCTIBITAHUS
- KBanuduuupoBaHHbIil | ONBITHOTO 00pasia
MepCoHa
- Beicoknii [IOTEHIUaI
Hay4YHOH pa3paboTKu
Bo3moxkHocTH: Pazpabotka meronuku | —  PazpaGorka ~ Hay4HOTO
IIPOBEACHUS TEPMUYECKOT'0 | MCCIIEIOBAHUS
— Hcnonp30BaHne | KpEKMHra TSKENbIX HE(TAHBIX
MHHOBAIlMOHHON CHUCTEM C ILEJbI0 IOJIY4YEHUs | — [Ipuobperenune
uHopactpykrypsl TITY HanOOJIBIIETO BBIXO/IA CBETIBIX | HEOOXOAUMOTO 000PYHIOBAHHUS
bpakumii OTIBITHOT'O 00pa3ia
— IlosBnenne cmpoca Ha
IPOAYKT
Yrposbr: — [IponBuxenue HOBOM | —  PaspaboTka  Hay4yHOrO
TEXHOJIOTHH C LEJIBIO | UCCIIEIOBAHUS
— OrcyrcTBHE CHpoca Ha | MOSBICHUS CIIPOCca
HOBBIE TEXHOJIOTHH — IloBbiienne kBanupukanuu
MIPOU3BOJICTBA — M3ydyeHne 3aKOHOIATENBHOH | KaJpPOB y MOTPEOUTENS
0a3sl
— OrpannyeHre Ha SKCHOPT — [Tpuobperenune
TEXHOJIOTUU — CepTudukanus IpoAyKIu | HEOOXOJUMOro 00OpYIOBaHUS

OTBITHOT'O 00pasia

Pesynbratel SWOT—-aHanu3a yduTBIBAIOTCS IIpU

pa3paboTKe CTPYKTYpbI

pa60T, BBIIIOJHACMBIX B pPaMKaX HAYYHO—HUCCIICAOBATCIILCKOI'O IIPOCKTA.

4.2. UHnuuanus npoexkra

['pynna mnpoueccoB MHULMALMKA COCTOUT U3  MPOLIECCOB, KOTOPbIE

BBIIIOJIHAKOTCA I OIPCACIICHHUA  HOBOI'O IIPpOCKTa HJIHN HOBOU (I)aSI)I

CYILIECTBYIOLIEr0. B paMkax mponeccoB MHULIHUALMKN ONPENEIIAIOTCS W3HAYaIbHbIE
HeIM W CojAep)KaHue U (PUKCUPYIOTCS H3HAYalIbHble (PUHAHCOBBIE PECYPCHI.
OnpenensroTcs BHYTPEHHUE W BHEUIHUE 3aMHTEPECOBAHHBIE CTOPOHBI IMPOEKTA,
KOTOpble OyAyT B3aMMOJIEWCTBOBATh M BIUATH Ha OOUIMI pe3yibTaT HAYYHOTO

npoekTa. [lanHas undopmarus 3akperisiercst B Y cTaBe mpoeKTa.
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4.2.1. llesiu u pe3yJbTaThl NPOEKTA

VYcraB npoekTa TOKYMEHTUPYET OM3HEeC—OTPeOHOCTH, TeKyIllee MOHUMaHUe
MOTPEOHOCTEW 3aKa3uWKa MPOEKTa, a TakKe HOBBIM MPOAYKT, YCIyry WIN
pe3ynbTaT, KOTOPBIN MJIAaHUPYETCS CO31aTh.

YcraB HayyHOro MpPOEKTa MarucTepckod paboThl JODKEH HMETh LETd U
pe3ynbTaT mpoekTa. B maHHOM paszzjene HeoOXOAMMO MPUBECTH WH(POPMAIIUIO O
3aMHTEPECOBAHHBIX CTOPOHAX MPOEKTa, UEpPapXUU IeJied MPOoeKTa U KPUTEPUSIX
JOCTHXKEHUS LIEJEH.

[Tox 3aMHTEpECOBAHHBIMH CTOPOHAMHU TMPOEKTA TMMOHWMAIOTCS JUIA WU
OpraHu3allii, KOTOpPhIE aKTUBHO YYacCTBYIOT B MPOEKTE WA MHTEPECHl KOTOPBIX
MOTYT OBITh 3aTPOHYTHI KaK TIOJIOKHTEIBHO, TaK W OTPHUIATEIBHO B XOJE
WCITOJIHEHUSI WM B PE3yJIbTaTe 3aBEPIICHUS TPOEKTa. ITO MOTYT OBITh 3aKa3UUKH,
CIIOHCOPBI, OOIIECTBEHHOCTh U T.I. MHbopmarnuio 1o 3auHTEpECOBaHHBIM
CTOpOHaM TIPOEKTa MpeAcTaBicHa B Tabmuie 13.

Tabnuna 13 — 3anHTepecoBaHHbBIE CTOPOHBI TPOEKTA

3auHTEepEeCOBaHHbBIC

O)KI/II[aHI/ISI 3aNMHTCPCCOBAHHBIX CTOPOH
CTOPOHEI ITPOCKTA

Pe3ynbTatThl Hccie0BaHUs BIUSHUS TEXHOIOTHYECKOTO peXUMa
OAO «Cypryraedreraz» 1 Ka4eCTBAa ChIPbsS HA BBIXOJ| CBETJIBIX IIPOJYKTOB B IIPOLIECCE
TEPMHUYECKOTO KPEKUHIa

Ta6nuna 14 — [enu u pe3ynabTaT NpoOEeKTa

I/ICCJ'IC,I[OBaHI/Ie BJIMAHUSA TCXHOJIOTHYICCKOI'O pCXKUMa U Ka4€CTBA ChIPbs

CJIN ITPOCKTa
H P Ha BBIXO/J CBETJIBIX ITPOJAYKTOB B ITPOLCCCE TCPMUYCCKOTO KPCKUHIA

Pa3paboTka MeTOIMKYM MPOBEACHUS TEPMUIECKOTO KPEKHHTA TSKEIBIX
HE(TSHBIX CUCTEM C TTOJYYEHHEM BBICOKOTO BBIXO/1a CBETIIBIX
(dpaximii

Oxunaemble pe3ynbTaThl
MPOeKTa

Kputepuu npuemkun

pesyJIbTaTa npoeKTa Hammuue CepTI/I(I)HKaLII/II/I " COOTBCTCTBUC CTAHAAPTY

TpeboBaHus:

1. IToka3aTh KOJIMYECTBEHHOE H3MEHECHHUE BCIOICCTBCHHOI'O COCTaBa
MNPOAYKTOB TECPMOJIM3a IIPpU USMCHCHHUU BPEMCHU IPOBCACHNA PCAKIINN

TpeGoBaHus K pe3yIbTaTy 2. [Toka3aTh Ka4eCTBEHHOE N3MEHEHHE B COCTaBE TIPOIYKTOB
HpOEKTa TepMoJin3a Ha ocHOBe MeTo0B aHanuza: AMP, UK cnekTpockonuid,
3JIEMEHTHOTO aHaJIN3a

3. HpOBeCTI/I aHaJIn3, CACIaTh BbIBOJA O KMHCTHUKE 06pa30BaHI/I$I
CMOHI/ICTO-aC(baJ'IBTeHOBLIX COC,I[I/IHCHI/Iﬁ
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4.2.2. Oprann3auoOHHasi CTPYKTYpPa MPOEKTa

Ha nanHoM 3Tane paboThl HEOOXOAMMO PELIUTH CIEIYIOLUIME BOMPOCHL: KTO

OyZeT BXOJIUTh B pabouyio TPyMIy JAHHOTO MPOEKTa, ONPEAEIUTh POJb KaKI0ro

Y4aCTHHKAa B JAaHHOM IIPOCKTC, a TaKXKC IIPOIUCATb ®YHKHHH, BBITTOJIHACMBIC

KaXJIbIM H3 YYaCTHUKOB MW HX TPpyA03aTpaTbl B IIPOCKTC.

MIPEeJCTaBUTh B TaOIMYHOM opme (Tabmuma 15).

Ta6nuna 15 — PaGoyas rpyrmia npoekra

Oty uHpOpMaIHIO

OUO,
OCHOBHOE MECTO paboTHl, Ponb B mpoekTe Tpyno3sarparsl, 1HI
JOJDKHOCTh
1. OGecnieueHmne npoexTa
Kopnees [Imutpuii Cepreesuuy, pecypcamu
NXH CO PAH, nabopatopus 2. PykoBo/ICTBO M KOOpIMHALUS 105
YBMCH, nayu. coTpyaHuK paboTHI IPOEKTa
3. KoHTtponb Oropkera mpoekTa
1. KoHTpoI1b BBINOJIHEHUS 33/1a4H,
[Tonok EBrenuii Bmagumuposuu,
TEKYIIEro craryca MpoeKTa
HU TITY, UIIIIP, otnenenue 105
2. PerynsapHslil aHanmu3 xoja
XUMHUYECKON MH)KEHEPHUH, JOLIEHT
IIPOEKTa
1. BemmonHeHue padboT Mo MPOEKTy
lMananun Apocnas
2. [IpoBenieHue pacyeToB U aHAIIN3
Koncrantunnosnu, HU TIIY,
pE3yJIbTaTOB MPOEKTA 105
HIIIIP, oTaeneHrne XUMHYECKOM
3. @opMHUpPOBAaHUE OTYETOB IO
WHXEHEpUHU, MarUCTPAHT .
MpoJieNIaHHOM padboTe
Hroro 315

Tabnuua 16 — OrpaHnyeHust IpoeKTa

daxkrtop OrpanudeHust/ TOMyIIeHUs
Bromxer npoekra 450000 pyOuneit
Wcrounuk punancupoBanus 3aKa3unkK
CpokH npoexTa: 15.02.2020 — 01.06.2020
JlaTa yTBep KAeHUS TJIaHa YIIPABIECHUS TPOCKTOM 15.02.2020
JlaTa 3aBepieHus NpoekTa 01.06.2020
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4.3. Ilnan npoekra

B paMKax IIJIAHUPOBAHUA Hay49HOI'O ITPOCKTA H€O6XO,Z[I/IMO IMOCTPOUTD

KaJICHIapHBINA U CEeTeBON TpaduKH MPOEKTA.

Ta6nuna 17 — KajieHnapHbI 11aH TPOEKTa

Kon Ha3Banue paboTsr Cpok | [dara Hara Cocras

paboThI paboT, | Hayana | OKOHYAHHUS | YYACTHUKOB

(u3 JTHU pabor pabor

HCP)

1 BBenenue 7 15.02.20 | 22.02.20 Tlananux S1.K.

2 JluteparypHsbiii 0030p 14 22.02.20 | 08.03.20 I"ananun S.K.

ITocranoBka 3a71a41 Koprees 1.C.,

3 HCCACIOBAHIS 2 08.03.20 | 10.03.20 [Tomok E.B.,
["ayianun A.K.

4 DKCIepUMEHTaIbHasl YaCTh 61 10.03.20 | 10.05.20 [Nayianun A.K.
Kopmnees /1.C.,

5 Pesynbratel u 06cyxieHus 2 10.05.20 | 12.05.20 [Tomok E.B,,
lNananun A.K.

6 Paspaborka  mpesentaunn  ut | g 12.05.20 | 17.05.20 | Fananun SLK.

pa3gaTovyHOro MaTepraa
7 Odopmaenue 14 17.05.20 | 1.06.20 I"aymanun S1.K.
Htoro 105 15.02.20 | 1.06.20

Huarpamma ["aHTa — 3T0O THIT CTOJIOYATHIX TUAarpamMM (THCTOIPAMM), KOTOPBIM

HCIIOJIB3YCTCA OJIA HIUIIOCTPpAallMM KaJICHIAPHOI'O IINIaHa IIPOCKTA, Ha KOTOPOM

pa60TBI Mo TEMC IMPCACTABIAIOTCA IIPOTAKCHHBIMM BO BPEMCHHM OTPC3KaMU,

XApPAKTCPUIYIOIIUMUCA NaTaMH Ha4dalla 1 OKOHYAaHHS BBIIIOJIHCHUA JAHHBIX pa60T

(Tabnuia 18).
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Tabnuna 18 — Kanennapusiit mnan—rpaduk nposenenuss HMUOKP no teme

Kon HasBanue paboTbl CocraB Cpok ITpo10IKUTENILHOCTD BHIIOJIHEHUS! paboT
pabot YYaCTHUKOB pabor (despanb MapT anpelb Mait
bl (U3 ,qem |1 (2 |3 |1 (2 (3 (1 |2 |3 |1 |2 |3
HCP)
1 Baenenue lamanms LK. | 7 ||I|]
JIuteparypHslit
2 0630p lamanns S1.K. | 14 [DII[DI
Koprees /1.C.,
3 | Moctamonsa suzaun | [ BE G | [
! I'ananun S.K.
DKcIlepUMEHTaIbHAS
4 e Panarm SLK. | 61 LTI
Koprees /1.C.,
5 | Pewmmn |l ey I
YRR lNanannn S.K.
PazpaboTka I[I]
6 TDE3CHTALLIH ™| Tanamun LK. | 5
pa3gaToyHOro
MaTepHuaa
7 OdopmiieHue lananun 1K, | 14
= CTYACHT-AUIIJIOMHUK - - Hay‘IHLIﬁ PYKOBOOAUTCIIb

4.4. BrojKeT HAYyYHOT0 UCCJIeI0BAHMS
4.4.1. Cpipbe, MaTepHAJIbI, IOKYIIHbIEC U3/1EJIUS U N0y (PadpUKATHI

Pacuer croMMOCTH MaTepUalibHBIX 3aTpaT MPOU3BOJIUTCS IO ACHCTBYIOIIUM
NpeicKypaHTaM WJIM JIOTOBOPHBIM IIeHaM. B CTOMMOCTh MaTepualbHBIX 3aTpar
BKJIFOYAIOT TPAHCIIOPTHO—3arOoTOBUTEIbHBIE pacxoabl (3 —5 % oT uensl). B oty xe
CTaThIO BKJIIOUAIOTCA 3aTparhl Ha O(QOpMIICHHE TOKYMEHTAIuu (KaHLEIIpCKue
MPUHAJJICKHOCTH, TUPAKUPOBAHUE MATEpUANIOB). Pe3yibTaThl MOJAHHOW CTaThe

3aHOCATCA B TAOJIHIIE .
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Tabnuna 19 — 3atpatsl Ha CbIpbe

Ennnuna Iena 3a enunuity ¢ HIAC, CymmMma,
HanmenoBanue 3aTpar Pacxon

HU3MEPECHHI pyo pyo
OunbTpsl «CUHSS IGHTa» yIaKoOBKa 1 100 100
Xnopopopm JHTP 5 135 675
H-rexcan JUTP 5 260 1300
DTHUIIOBBIN CIIUPT JUTP 2 140 280
benzon JUTP 2 205 410

3103eeBcKas HeTh KT 1 — —
Cunuxkarenp KT 2 270 540
Bcero 3a cbIpné 3305
TpancnopraO—3aroroButenbHbIe pacxonsl (3-5 %) 200
Utoro 3505

4.4.2. CnennajabHoe 000py10BaHUE JJI HAYYHBIX padoT

B JaHHYIO0 CTAaTbIO BKIIOYCHBI BCC 3aTpPAaThbl, CBA3AHHBIC C HpI/IO6peTCHI/I€M

CIEUATbHOTO 00opyI0BaHUs,

HEO0X0IUMOTO IS IPOBEICHUS

OKCIICPUMCHTAJIBHBIX pa60T. 3anaTI>I 10 JOCTABKC U MOHTAXKY 3aJI0KCHBLI B ICHY

060py,Z[OBaHI/I$I. AMOpTI/I3aHI/IOHHBIe OTYHUCIICHHUA PACCUHUTBIBAIOTCA KaK:

A0 =K. 35
Co

riae AO — amMmopTH3allMOHHBIC OTYMCIICHUS B MECSII, pyO

[1C — nepBoHayvasibHasi CTOUMOCTb, PYO

CD — cpok 3KCIUTyaTauu, MECAIICB

3,5 — cpok HayuHOTO TIpoekTa, Mec (105 mHei)
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Tabnuna 20 — 3atpatsl o cratbe «Crieno0opynoBaHue AJi HAyYHBIX padboT»

I aMOPTU3AUOHHBIX OTYHMCIICHUM

Ne HaumenoBanue Kon-Bo | Croumocts | Cpok AMopTH3allMOHHBIE
/T 00opyIoBaHUs ¢ HAC, | skcmuyaranuu | OTYHMCICHUS, PYO.
pyo. obopynoBaHus,
JeT
1 Becsl nabopaTopHbie 1 15000 10 437,5
AHAIUTUYECKUE
2 Becsl nabopaTopHbie 1 60000 10 1750
TEXHUYECKUE

3 MydenbHas neynb 1 30000 8 1093,75

4 CymmnsHbIA mKad 1 50000 8 1822,92

5 Hcnaputens poTOpHBIN 1 135000 8 4921,88

Hroro no craree, pyo 10026,04

Tabnumna 21 - 3atpatsl no crarbe «Criernodopy1oBaHue AJis HAYYHBIX padoT»

JUTSI IPUOOpETEeHUS

Ne HaunmenoBanue [leHa eqUHUIIBI Koin-Bo OO0111ast CTOUMOCTh

n/n 060pyH0BaHH 060py/I0BAHHS, 060pyzlogaHHﬂ,
pyo by

1 IllTaTuB 1140 1 1140

2 Konbonarpesarensb 9000 2 18000

3 MepHbI# cTakaH 300 3 900

4 [ITapoBbie oOpaTHBIE 5600 3 16800

XOJIOMIIbHUKH

5 Brokc 510 6 3060

6 Boponka 300 3 900

7 Kon6a xonnueckas 340 2 680

8 Konba kpyrinogonHas 300 3 900

9 ABTOKJIaB 5000 1 5000

10 IlTaTus 1140 1 1140

Hroro no craree, pyo 48520

4.4.3. OcHoBHas1 3apadOTHAas MJ1aTA

WHKXCHEPHO—TEXHUYECKUX PAOOTHUKOB,

B HAaCTOAIIYIO CTAThIO BKIIIOYACTCA OCHOBHAs 3apa60THa$[ Imj1aTa HaAy4YHbIX U

pa60q1/1x MAaKCTHBIX MACTCPCKUX U

OIIBITHBIX IIPOHU3BOACTB, HCIIOCPCACTBCHHO YUYACTBYIOIIHMX B BBIIIOJHCHUU pa60T

1o AaHHOM TeMe. BenmunHa pacxo0B 1o 3apab0THOM IIIaTe ONpeesaeTCs] UCXO s
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U3 TPYJOEMKOCTH BBIOJTHIEMBIX paOOT U ACHCTBYIOIICH CHCTEMBI OIUIATHI TPY/A.
B coctaB OCHOBHOI 3apa0OTHOW IJIAThl BKJIFOYAETCS MPEMHS, BBITUTAYMBaEMast
exxemecssyHO U3 (poHma 3apaboTHOM maTel (pasMep ompenensiercs [lomoxxennem
00 oriate Tpya).

Cratbss  BKIIOYAa€T  OCHOBHYIO  3apa0OTHyI0  IiaTy  paOOTHHKOB,
HEIMOCPEICTBEHHO 3aHATHIX BBITOJTHCHUEM MPOEKTA, (BKIIOYAs MIPEMUH, JTOTLIATHI)
Y JIONIOJTHUTENIbHYIO 3apaboTHYIO IJIaTy.

C3n = 3oc1—1 + 3,qon’ (2)

rae 3,.; — OCHOBHAs 3apaboTHAas 11aTa;

3 on - AOTIOJIHUTENbHAS 3apa0OTHAs IIaTa.

OcHoBHas 3apaboTHas maata (3ocn) pyKOBOAUTENS (JTa0OpaHTa, HHKEHEPA) OT
npeanpuaTus (Ipyu HATUYUKU PYKOBOJUTENS OT MPEANPUSITHS) PACCUUTHIBACTCS T10
cienytouieit hopmyse:

Bocu = 3;{1—1 ) TpaG’ (3)

rae 3,q; — OCHOBHAs 3apa0O0THAs TuIaTa OJHOTO PaOOTHHKA;

3,4 — CPEAHENHEBHAs 3apaboTHAs mIaTa padOTHHUKA, PyO.

Tpag - TPOMOIDKUTENHLHOCTL PAOOT, BBIIOIHAEMBIX HAyYHO—TEXHUYECKUM
pabOTHUKOM, pald. JH.

CpennenneBHas 3apabOTHasI IIaTa pacCUUTHIBAETCS 10 hopMmyIie:

_ 3yM

B = 2 @

rjae 3,, — MECSYHBIN TOJDKHOCTHOM OKIaa paboTHHKA, pYoO.;

M — KOJIMYECTBO MeCSIIIEB padOThI O€3 OTITyCKa B TEYEHHUE T0/1a:

npu otiycke B 48 pab. nueit M=10,4 mecsiia, 6—1HeBHAs HEEIS;

F, - neidcTBUTENnbHBIM rom0BOM (OHA pabodyero BpPEMEHH HayYHO—

pat

TEXHUYECKOTO TIepcoHasa, pad. JHH.
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Tabnuna 22 — bamanc paGouero BpeMEHH OJHOTO HCIIOJHHUTENS MPOEKTa

(nHm)
Breixonusie u HomMunaneHbIi Otyck u
Kanennapnoe OS¢ dexTuBHBIN GOHA
npa3IHUYHbIC ¢donx pabodero OObHUYHBIC
YHCIIO THEH pabodero BpeMeH!
JTHU BpEMEHU JTHU
105 34 71 — 71

MecsiaHbIN TOJDKHOCTHOM OKJIaJl paOOTHHKA:

3u = (36 * 3p0n * 3up) ~ Ky, ()

r7e 3 — OKJIaJ B MECHILI;

3,y — nOpeMuanbHblil BeILIATHL, (34,=3¢'Knp, THE Ky - KOIDPuUIMEHT
onpenensercs [lonoxxenrem 06 ormiate Tpyaa, B 1anHON padote pased 0,12);

30n — JAOMOJHUTENbHBIC BHITUIATHI U Ha/10aBKU (BbitutaunBatoTcss B HUW u Ha
INPOMBIIUICHHBIX MPEINPUATUSAX — 3a pacimupeHue cdep oOCTyKUMBaHUS, 3a
npodeccuoHaNbHOE  MAacTEepPCTBO, 3a  BpPEAHBIC  YCIOBHS:  OMpENEseTcs
[TonoxxenneM 00 omjare Tpynaa; B JaHHOW pabore ompezenserca kak 12% ot
MECSYHOTO OKJIaJia);

K, — paifonnslil koaddunuent, pasusiii 1,3 (111 Tomcka).

3apaboTHas miarta:

1. dns pykoBoautens or MXH:
3u = (23264,86 + 23264,86- 0,12 + 23264,86-0,12) - 1,3 = 37501,6 py6

375016 - 104
A = 71
3, = 5493,2 105 = 120850,4 py6

= 5493,2 py6

2. Jlns pykoBoaurens ot HU TITY:
3y = (23264,86 + 23264,86- 0,12 + 23264,86-0,12) - 1,3 = 37501,6 py6
_ 37501,6-10,4
e 71
3ocu = 5493,2-105 = 120850,4 py6

= 5493,2 py6

3. JIasl UCTIOJTHUTES:

3w = (2998,6 + 2998,6- 0,12 + 2998,6 - 0,12) - 1,3 = 4833,74 py6

42



_ 4833,74-10,4

AH

71

= 708 py6

3.cq = 70822 = 15576 py6

Tabmuna 23 — PacuéT 3apaboTHOM 1UI1aThI

VuactHuku npoekra | basoselii [Hauucnsemas|CpennenneBnas| T, pa0. Hauucnennas
OKJaJx B | 3apruiata B 3apaboTHas TTH. 3apriaTa
Mecs, | Mecsll, pyo miara, pyo
pyo
PykoBoautens ot | 23264,86 | 37501,6 5493,2 22 120850,4
NXH
PyxoBonutens ot HU | 23264,86 37501,6 5493,2 22 120850,4
TITY
Hcnonuurens 2998,6 4833,74 708 22 15576

4.4.4. OTYHC/IeHUs] HA COIHAIbHbIE HYKbI

Crathst BKIIO4aeT B ce0d OTYHCICHHS BO BHG6IOI[)K€THI>I€ (1)OHI[I>I.

Otuucnenus Ha conuanbHbie HYXObl (30,2% oT crathu 3apaOOTHOM ILIATHI)

coctaBwim 77697,59 pyOneit.

Tabnuma 24 — 3apabotnas miara ucnonaureneir HTU

3apaboTHas 1uiaTa PykoBonutens | PykoBomutens ot | McnomHutenb
or UXH HU TITY
Hauncnennas 3apmiata 120850,4 120850,4 15576
B3HochI B cornnanbHbie POHIBI 36496,82 36496,82 4703,95
®oHp omIaTH Tpyaa 334974,39

4.4.6. HaknagHble pacxoabl

B Ty crartbio BKIIIOUAIOTCS 3aTpaThl Ha YNpaBICHHE M XO3AMCTBEHHOE
oOCTy)XMBaHHE, KOTOpPbIE MOTYT OBITh OTHECEHBI HEMOCPEICTBEHHO Ha
KOHKpETHYI0 TeMy. B pacuerax 3Tu pacxosl npuHumarorcs B pazmepe 70 — 90 %
OT CyMMBbl OCHOBHOH 3apa0OTHOH MJIaThl HAyYHO—TIPOU3BOJACTBEHHOTO IEepCcoHalIa

JTAHHOW HAYYHO—TEXHUYECKOU OpTaHU3aL1H.
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Haknagueie pacxogsl coctaBisitoT 80—-100 % oT cyMMBl OCHOBHOM U

I[OHOJ'IHHTGJIBHOﬁ Bapa60THOﬁ I1J1aTHhI, pa6OTHI/IKOB, HCTIOCPCACTBCHHO

Y4aCTBYIOIIMUX B BBIIIOJJHCHUC TCMBEI.

Pacuer Haka HBIX PAcX0/0B BEACTCS IO cleAyroIle hopmyie:

Coon = 59178,5 % 0,8 = 47342,8 py6

4.4.7. IIpoyue npsimble 3aTPAThI

B »a1mx pacxoaax HYXHO IIOCUHTATb 3aTpaTbl Ha 3JICKTPOSHCPIHUIO,

noTpedsieMmyo o0opynoBanueM. JIJs 3TOTO HYKXHO y3HATh MOIITHOCTh, BPEMS

HCIIOJIB30BaHUA O60py,Z[0BaHI/IH N paCCUUTaThb 3aTPaThl.

Tabnuna 26 — Pacuet sHeprosarpar

Haunmenosauue Bpewms pabotbl, | DHepro3arparsl, 3arpathl Ha
MoHocTh, KBT
obopymoBaHus q KBT 4 SHEPruIo, pyo.
Becrl
nabopaTopHbIE 0,06 12 0,72 2
aHAJIUTUYECKHUE
Becrl
nabopaTopHEIe 0,06 6 0,36 1
TEXHUYECKHUE
MydenbHas nedb 2,6 8 20,8 56
CymunpHbIH
1,6 30 48 130
kag
Konbonarpesatens 0,4 64 25,6 69
Ucnaputens
. 0,05 32 1,6 4
POTOPHBIH
Ocsenienne 0,08 497 39,76 107
Htoro 4,85 649 136,84 369
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Tabnuna 27 — IlonHas cMeTa 3aTpaT Ha BBIIOJHEHHE MPOEKTA

Cratbu 3arpartsl, pyo
OCHOBHBIE M BCIIOMOTATEIbHbBIC MaTEPUATIbI 3505
AmMopTuzanus 10026,4
CrennansHOe 000pyIoBaHUE 48520
®don oraTel Tpyaa 334974,39
3aTpathl Ha JIEKTPOIHEPTUIO M BOJIOCHAOKCHHUE 369
Haknannsie pacxoabl 47342,8
Htoro 444737,6
4.5. PeecTp pUCKOB IpoeKTa
Ta6nuna 28 - PeecTp prckoB
Puck ITorenunansHOE BepostHocT | Bnusnu | Yposen Crioco0b1 VYcenoBus
BO3JCHCTBHUE b € PUCKAa | b PHUCKAa | CMAIYCHHS PHCKA | HACTYIUICHHS
HACTYIUJICHU
A

Huzkoe Uckaxxenue mgaHHBIX 2 5 Cpenuu | I[Ipuobperenne y | YenoBeuecku
Ka4yeCcTBO BEILIECTBEHHOT'O i IIPOBEPEHHOTO it dakrop
CHJIMKAreIst cocraBa TPOU3BOTUTEIS
Bri6poc Wckaxxenne maHHBIX 4 4 Bricoxn | He Yenoseuecku
JKUAKOH YacTH | BELIECTBEHHOTO i nepeBopaYrBaTh it axrop
npu  orbope | cocraBa ABTOKJIaB c
ra3oBoii HPOJYKTaMH
dbpakuu TepMoJIn3a
IIPOJLYKTOB
TEPMOJTH3a
[Tonaganue Uckaxenue naHHBIX 1 2 Huskuii | Cymmuts o6pasist B | YernoBeuecku
HHOPOJIHBIX CIIEKTPOCKOTIHYECKO YHCTOM MECTE i haxrop
O0BEKTOB B | ro aHanM3a
oOpazern B
nporecce
CYIIKH
Brixon 3 | U3menenne rpaduka 2 2 Huzkuit | CoOironenue UYenoBedyecku
CTpoOst IIPOBECHUS JIEKTPOTEXHUYECK | ¥ (paxTop
AIEKTPUYECKOT | MCCIEIOBAHKS, €ro ot 6e30macHOCTH
0 3ajIepKKa
000pyI0BaHUsS
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4.6. OueHka cCpaBHUTEILHOM 3(PPEeKTUBHOCTH HCCIETOBAHUSA

Onpenenenune  3(QPEKTUBHOCTH  MPOMCXOAUT HA  OCHOBE  pacyera
UHTETPAIIBHOTO TOKa3aTens dS()PEeKTUBHOCTH HAydyHOro wuccienoBanusa. Ero
HAaXOXXJICHUE CBSA3aHO C OMNPEJEICHUEM JIBYX CpPEIHEB3BEIICHHBIX BEJIUYUH:
dbunaHcoBOM 3 (HEKTUBHOCTH U pecypcodrhPEeKTUBHOCTH.

WuTerpanbHblii  mokasarenb  (UHAHCOBOH  A(G(HEKTUBHOCTH  HAYYHOTO
UCCJIEIOBAHUS TIOJIYYAalOT B XOJI€ OIEHKU Orojpkera 3arpar Tpex (uiam OoJiee)
BAPUAHTOB WCIIOJIHEHHMS] HAy4dyHOro wucciaefgoBanus (tadm. 20). [ng  3Toro
HAauOONBIINK HWHTETPAIBHBIM [MOKa3aTedb pealu3aliil TEXHUYECKOW 3a7adu
npuHUMaeTcss 3a 0a3y pacyera (Kak 3HAMEHATeNb), C KOTOPBIM COOTHOCHTCS
(mHAHCOBBIE 3HAYCHHUS IO BCEM BapUaHTaM HCIIOTHEHUS.

Omnpenenenne  3(Q(GEKTUBHOCTH  MPOMCXOJUT HA  OCHOBE  pacyera
UHTETPAJIbHOTO TOKa3aTens dS()PEeKTUBHOCTH HaAydyHOro wuccienosanusd. Ero
HaXO0XJICHHWE CBSI3aHO C OMpEACIICHUEM [IBYX CpPEIHEB3BEIICHHBIX BEIMYWH:
dbuHaHCOBOM 3 (HEKTUBHOCTH U pecypcodrhPEeKTHBHOCTH.

Tabnuua 28 — ['pynnupoBKa 3aTpat 10 CTaThsIM aHaJIOroB pa3zpaboTku (pyo)

CoenuanbHoe
Bapuant OcHoBHas
CriIpne, o0opynoBanue ConuanbHble ITnanoBast
HUCIOJIHEHUS 3apaboTHas
MaTepHuabl JUIST HAyYHBIX OTUMCIIEHUS | ce0eCTOMMOCTD
aHamora miaTa
pabort
Ne 1 4000 150000 352836 83955 590791
Ne 2 3000 50000 248034 15947 316981

WuTerpanbHbiil GuHAHCOBBIN MOKa3aTeab pa3pabOTKU ONpPEeseTCs Kak:

d; 444737,6
Ig = = = 0,75, (6)
Drnax 590791
Dy 590791
Iy === =1, (7)
Dnax 590791

ja2 — ®p; 316981
b T . 590791

= 0,54, (8)

rae @, — croumocTh i-ro BapuaHTa UCHONHEHUS; Pmax — MaKCUMalbHAs

CTOMMOCTD UCIIOJIHCHHA HAYIHO-UCCIICAOBATCIIBCKOTO IIPOCKTA.
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WuTerpanbHblil oka3arenb pecypcodPPeKTUBHOCTH BapHAHTOB MUCTIOTHEHHUS

0o0BbeKTa HCCICAOBAHNA MOXXHO OIIPCACIUTD CIACAYIOIIUM 06p330M:

n n
a __ a P _ P
1e=>ab’ 12=>ab
i=1 ’ i=1 ’ (9)
rae |y, — uHTerpanbHbIi MokaszaTens pecypcoddHEeKTUBHOCTH BapUAHTOB; ai—

BECOBOM KO3 HUIMEHT i-T0 mapamerpa; bf

: bf — OanpHas OIIEHKA 1-TO TapameTpa
JUIS aHajora U pa3paboTKH; N — YUCIIO MapaMeTpOB CPaBHEHHUS.

Pacyer uHTerpampHOro mokaszateins pecypcodPPexTHBHOCTH PEKOMEHIYETCS
MIPOBOAUTH B (DOpMe TaOIUIIbI, MPUMEP KOTOPOH MPUBEICH HIDKE (TabIUIIA).

Tabmuua 29 — Ouenka xapakTepUCTUK BAPUAHTOB UCIIOJIHEHUS TPOEKTa

Koaddpumment Mannast
Amnajor 1 Amnajor 2
Kputepun napaMmerpa pa3paboTka

Poct npousBoautenbHOCTH

0,1 5 4 4
TpyJa IMOJIb30BaTEeIs

Y 100CTBO B IKCILTyaTalliu 0,15 5 5 3
[Tomex0ycTOMYNBOCTD 0,15 5 5 3
DHeprocoepekeHne 0,20 4 4 2
Hanexuoctb 0,25 5 4 3
MartepuanoeMKocTh 0,15 1 2 1
Hroro 1 25 24 16

I’=5-01+5-015+5-0,15+4-02+5-0,25+1-0,15 = 4,2
181 =4-01+5-0,15+5-0,15+4-0,2+4-0,25+2-0,15=4,0
I22=4-01+3-0,15+3-0,15+2-0,2+3-0,25+1-0,15=2,6

WuTerpanbHbiii mokaszarenb d(QQPEKTUBHOCTA pa3pabOTKU (Ig ) ¥ aHasora

MHp

(Igmp) OmpeneNsieTcsl  Ha  OCHOBAHUM  MHTETPAIIBHOTO  MOKa3aTesst

pecypcordHEeKTUBHOCTH U UHTETPATIBLHOTO (PUHAHCOBOTO MOKa3aTess o GpopMmyiie:

B a2

ICEHHP = E = 0’7 = 5,63 (10)
al

I8, = =2 = 4,0 (11)

GuHp a1 T 10
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1% 2,60
IgéHp = 14? = O,E = 4,81 (12)

CpaBHEHME UHTETPAJIbHOTO MOKa3aTess 3PPEKTUBHOCTH TEKYIIETO NMPOEKTa U
aHaJIOTOB TIO3BOJIUT OIPEIEIUTh CPABHUTENBHYIO 3P(PEKTUBHOCTH MPOEKTA.

CpaBHurenbHas 3QPEeKTUBHOCTD MTPOEKTA:

Iy 5,63
3cp1 = % =-—=141 (13)
o
IP
_ 563
3Cp2 - IaPZIHp 458 1'23 (14)
buHp ’

Tabnuna 30 — CpaBautensHas 3pGEeKTUBHOCTH pa3paboTKu

[TokazaTenu Amnarnor 1 | Anarnor 2 | Pazpabotka

HHTerpanbHblii GUHAHCOBBIN MTOKa3aTeNb pa3padOTKH 1 0,54 0,75

HuTerpanbHblil mokazaTens pecypcodPpPeKTUBHOCTH

4 2,6 4,2
pa3paboTKu
WuTerpanbHblil moka3aTens 3G PeKTuBHOCTH 4 4,81 5,63
CpaBHutenbHas 3 (HEKTUBHOCTh BAPHAHTOB
P b0 P 1,41 1,23 1

HUCIIOJIHCHUA

CpaBHEHHME 3HAQUEHW HWHTErpalibHbIX  MOKa3zaTened  3(p(eKTUuBHOCTU
MIO3BOJIWIIO ONPENEIUTh, YTO CYLIECTBYIOLIUN BapUaHT PELICHUs ITOCTABIECHHON B
MarucTepcKo auccepTalMd TEXHUYECKOW 3ajauyd C TMO3UIUU (PUHAHCOBON U
pecypcHoM 3PHEKTUBHOCTH SIBISICTCS HAMOOJIee MPUEMIIEMbIM.

5. Counaanaﬂ OTBETCTBCHHOCTD

B COBpeMEHHBIX YCIOBUSAX OJHUM M3 OCHOBHBIX HaIlPaBJICHUN KOPEHHOI'O
yIIy4IIeHHs Bcel MpopUIaKTUYECKOM pabOThl O CHUKEHUIO MPOU3BOJACTBEHHOTO
TpaBMatu3mMa U MpodecCHOHANBHOM 3a00JIEBAEMOCTH SIBJISIETCS TOBCEMECTHOE
BHEJIPEHUE KOMIUIEKCHOM CUCTEMBI YIPABJICHHS OXPAaHOW TPyJa, TO €CTh IyTEM
0OBbeAMHEHUS Pa3pO3HEHHBIX MEPONPUATUI B EANHYIO CUCTEMY
LIEJICHANIPABJICHHBIX JIEMCTBUII Ha BCEX YPOBHSAX M CTaJAMSIX MPOU3BOIACTBEHHOIO
npotuecca. [IpaBuia mo oxpaHe TpyJa U TEXHUKU O€30MACHOCTH BBOJSATCS B IEJISIX

MpEeayNpexXICHNUS] HECUACTHBIX CITydaeB, oOecneyeHus: 0e30MacHbIX yCIOBUN Tpya

48




U SABIAIOTCS OOS3aTENbHBIMU JJII  MCIOJHEHUS padOYuMH, CIIyXKallliMH,
UHXEHEPHO—TEXHUUYECKUMHU paO0OTHUKAMU U PYKOBOJISIIIIUM COCTaBOM.
OKCHepUMEHTAJIbHAST 4YacTh MAaruCTEpCKOM JMCCepTalMy BBINOJHAIACH B
XUMHUYECKOU J1abopaTopuu yriieBOJOPOJAOB M BHICOKOMOJEKYIJISIPHBIX COSIUHEHUN
Hedptu Mucturyra xumun Hedptu CO PAH, pacnonoxkeHHOM B MHUKpOpaioHE
Axkanemropomok ropoga Tomck. PabGouee Mecto mpeacTaBisieT  coOoif
7a00paTOpHBIN  CTOJ, OOOPYJOBaHHBIM BBITSKHBIM IIKaQOM U CpeACTBaMU
WHAUBUAYAIbHON 3amuThl. OOBEKTOM HCCIIEIOBaHUS SIBISIETCA Tskenas HeTh

3103€€BCKOI0 MECTOPOKACHHUS.

5.1. [IpaBoBble U OpPraHU3aNUOHHbIE MPOLIECCHI 00ecTieYeHusI 0€30MACHOCTH

Jliia oGecnieuenus coOmroAeHust TpeOOBaHUI OXpaHbl Tpya Ha MPEANPUATHH
CYILLECTBYIOT KOHTPOJUPYIOIIUE OpraHbl BIACTH, B KAUECTBE KOTOPHIX BBICTYMAIOT
[IpaBurenscTBO PD M ynoJIHOMOYEHHbBIE MCIOJHUTENBHBIE OpraHbl HA MECTax, a
Takke PenepanbHas ciayxba no Tpyay u ['ocyaapcTBeHHble MHCTIEKIIMM Tpyna. B
OCHOBE 3aKkoHozarenbcTBa Poccuiickoit @enepauuu 00 oXpaHe TpyJa JEKUT
koHcTUTyuMs: Poccuiickoi ®enepauuu U TPyHOBOM KoAeKc Poccuiickoin
denepanu.

OxpaHa Tpyzna Ha OpeaNpusTUU, COTJIacHO nosioxkeHusM Tpynosoro Koxekca
[66], moHMMaeTcs Kak cHUCTeMa WM KOMIUIGKC MeEp MpPaBOBOTO, COIMATBHO-
HKOHOMHUYECKOT0, MPOPUIAKTUYECKOTO, CAaHUTAPHO-TUTHEHUYECKOr0 XapakTepa,
MIO3BOJISIONIAsT COXPAHUTh JKU3Hb U 310POBbE IPAXKIAH, IPUHUMAIOIIMX YYacTUE B
MIPOU3BOICTBEHHOM MPOLECCE, HA MPOTSHKEHUHU UX TPYIOBOM 1€ATEIbHOCTH.

3ajmavyaMu TPYAOBOrO 3aKOHOJATEIbCTBA SIBISIOTCA CO3JAAHUE YCIOBUM MJis
JOCTHXKEHHSI COTJIACOBAHUSI NHTEPECOB CTOPOH TPYJIOBBIX OTHOLIEHUM, HHTEPECOB
roCyAapcTBa, a TAKXKE PEryIMPOBAHUE TPYIOBBIX OTHOIIECHUM.

5.2. IIpousBoacTBeHHAs1 0€30MIACHOCTD

Ha paGoumx mectax IEHCTBYIOT BpPEIHBIE U OMACHBIE MPOU3BOJICTBEHHBIC
dakTopsl, Ki1accuukanua u onucanue Kotopbix npeacrasiaeHsl B 'OCT 12.0.003-
2015.

Tab6nuia 31 — Bo3MoHBIE OMTacHbIE U BPEIHbIE (haKTOPHI
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®daxrops! ('OCT 12.0.003 — Dramnbl paboThl HopMmartuBHbBIE JOKYMEHTBI
2015) o )
= | E
2 g | &
S 2 S
t] S X
2 2 |5
2 0 o
A ~ ~
[ToBbllICHHBIH YPOBEHb DJIEKTPUYECKUE TIOJST MPOMBIIUICHHOMN
BO3JICUCTBUSA YacTOTHI. Jonyctrumble YPOBHH
DJICKTPOMAarHUTHOI'O + + + | HAIPSDKEHHOCTH M TpeOoBaHHS K
U3ITy4EHUs NPOBEICHUIO KOHTPOJS Ha pabounx
mectax [OCT 12.1.002 — 84
Hebnaronpusitasie Cucrema crapaapToB  0€30MacHOCTH
XapaKTEPUCTUKU [ITyMa N TpyIa (CCBT). [ym. OO6mue
TpeOOBaHUS o6ezonmacaoctn  ['OCT
12.1.003 — 2014
MUKpOKIMMATHYECKUE ['uruennueckue TpeOoBaHUs K
yCIoBuUs + + + | MUKpPOKINMATY IIPOU3BOJICTBEHHbBIX
nomerwennii CaulluH 2.2.4.548 — 96
Bo3neiictBue  XMMHUYECKHUX ITJK Bpemubix  BemectB:  OOmue
TOKCHYECKHX BEILIECTB N CaHUTApHO-TUTHEHUYECKUE TpeboBaHUs
K Bo3ayxy pa6oueit 3ol ['OCT
12.1.005-88
[To>xapoB3pbIBOOIIACHOCTD N [TocxxapHast ~ ©€30MACHOCTb. OOmrme
tpeboBanus 'OCT 12.1.004-91

OCHOBHBIE TPYMIBI BPEIHBIX MPOU3BOJCTBEHHBIX (AKTOPOB B XUMHUYECKOUN
JabopaTtopuu:

e husnyeckue (MOBBIIIEHHBIM YPOBEHD IIyMa, SJIEKTPOMAarHUTHOE U3JTyUYeHUE,
MHUKPOKIMMATHUYECKUE YCIOBUS);

®XHMMHYECKHE (TOKCUYHBIC, pa3apakarollye, KaHIIEPOTeHHbIC, MyTareHHBIE,
BIIMSIOIIME HA PEIIPOAYKTUBHYIO (DYHKITHIO).

CrerneHb BpPEAHOCTH M OMACHOCTH  (U3UYECKUX, XHUMHYECKUX U
Ounosiornyeckux (hakTopoB, TSHKECTH U HAIMPSHKEHHOCTH TPYJa YCTaHABIMBACTCS
TUTUCHUYECKUMH HOPMAaTHBaMHU yCJIOBHMM Tpynaa [67]. B cooTBeTcTBUU ¢ 3TUMHU
YCJIOBUSIMM yCTaHABJIMBAIOTCS TPEACIbHO JOMYCTHUMbIC KOHIICHTPAIIMU BPETHBIX
BellleCTB B Bo3ayxe paboueid 3oubl (IIJIK) u mpenenbHO AOmMycTUMBIE YPOBHU

(ITTY) Bo3meicTBYSI BpPEIHBIX U OMACHBIX TPOU3BOJICTBEHHBIX (haKTOPOB.
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5.2.1. AHAJM3 ONACHBIX U BPeAHBIX MPOU3BOJACTBEHHBIX (DAKTOPOB

Bpeonvie u onacuvle gpusuueckue npoussoocmeerHvle hakmopeol.

Mukpoxnumamuueckue ycnosus. Ha pabounx MecTax Mpexkie BCEro TOJKHBI
ObITh CO3/1aHbl KOM(OPTHBIE MHUKPOKIMMAaTHYEeCKuEe ycioBus. [ yenoBeka
OJIMHAKOBO OIACHBI NMEPEOXJIAXKACHMS, BEI3BIBAIOIINE IPOCTYIHbIE 3a00I€BaHUs, U
NEPEerpeBbl, BEAyIIHE K CHIDKEHHIO PabOTOCIOCOOHOCTH, TEIUJIOBBIM YAapaM.
Bennunnbl nokaszareneil MUKpokinMaTa yctaHaBnuBatoTcss B CanlluH 2.2.4.548 —
96.

dnexmpomaznumnoe ozoeticmeue. VICTOUHUKOM 3J€KTPOMArHUTHBIX MOJIEH
MPOMBIIICHHOW 4YacTOThl  SIBIIAIIOTCS  TOKOBEAYIIME YacTH JIEMCTBYIOLIHX
AIEKTPOYCTAHOBOK. JlINTENbHOE BO3AEUCTBUE AJIEKTPOMATHUTHOTO IO Ha
OpraHW3M YEeJIOBEKa MOKET BbI3BaTh HAPYUICHUE COCTOSIHUS HEPBHOM U CEPIECUHO-
COCYJICTON CUCTEM.

[llym HeOnaronpusTHO BO3JEHCTBYSI HA YEJIOBEKA BBI3BIBAECT IICUXUYECKUE U
(Gu3MoNOrNYecKue HapyIICHUs, CHIDKAIOIIKUE pPabOTOCHOCOOHOCTh M CO3JAeT
MPEANOCHUIKH JJIs1 O0IIUX U NPOo(deCCHOHANBHBIX 3a00JIEBAHMIA.

B naGopatopuu 1Iym BO3HHMKAeT OT: BaKyyMHOTO Hacoca; MHUTAIOIINX
HACOCOB; CYIIWIBHBIX M BBITSKHBIX ITKaoOB; JTAOOPATOPHBIX YCTaHOBOK;
aHAJTUTUYECKUX MPUOOPOB.

Bpeouvie u onacnvle xumuueckue npousso0cmeeHHvle hakxmopwl

[IpenenpHO-A0MyCTUMbIE KOHIIEHTPALIMM BPEIHBIX BEIIECTB HOPMHUPYIOTCS B
BO3ayxe pabouelt 30HbI. Pabouel 30HOM clieayeT CYUTaTh MPOCTPAHCTBO BHICOTOM
JI0 IByX METPOB HaJl YPOBHEM I0JIa WJIM IJIOMIAJN, HA KOTOPON HAaXOIATCS MecTa
MOCTOSTHHOT'O WJIM BPEMEHHOTO MPeObIBaHUS paOOTaIOIIHX.

YuuThiBasi CTENEHb TOKCUYHOCTH, (HU3MKO-XMMHUYECKUE CBOMCTBA, MYTH
MIPOHUKHOBEHUS BEIIECTBA B opraHu3M, coriacHo TpedoBanusm ['OCT 12.3.002 —
2014 B Bo3ayxe paboyelt 30HbI MPOU3BOJICTBEHHBIX TTOMEIICHUN YCTaHABIUBAIOTCS
npeaenbHo-nonyctuMble KoHueHTpanuu (I1JK) BpenHbIx BemecTs, MPEBBIICHUE

KOTOPBIX HC AOITYCKACTCA.
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Cornacio I'OCT 12.1.005 — 88 BemiecTtBa, UCHOJIb3yeMbIE€ B IMPOIECCAX,
MIPOBOJIMMBIX B JJAHHOM paboTe, MOTYT ObITh KJIAaCCU(DUIIMPOBAHBI KAaK XUMUYECKU
onacHble U BpenHble. [Io cTenenn BO3AEHCTBUS HAa OPraHU3M BpEIHBIE BEIIECTBA
nensaTcd Ha 4 Kiacca:

®YpE3BBIUYANHO OMNACHBIE C MPENEIBHO JOMYCTUMOW KOHLEHTPALWEl B
Bo3ayxe 70 0,1 MF/MS;

epricokoomnacHbie ¢ IT/IK ot 0,1 mo 1 MF/MS;

eymepeHHo onacHsbie ¢ [TIK ot 1 mo 10 Mr/M3;

emasoonacubie ¢ [TJIK Goiee 10 mr/v’,

Ha ocHoBanmm @enepansHoro 3akoHa Ne 52 [68] Obumm  BBeACHBI
rurneHnueckue HopmaTtuBbl «llpenensHo nomyctumble koHueHtparuu (I1/1K)
BpEHBIX BEUIECTB B BO3/IyXe paboueii 30HbI.

XapakTepucTuka BEHIECTB, paboTa C KOTOPHIMHU  HEMOCPEIACTBEHHO
MpoOBOJMIACh B JITAOOpATOpPUM TMPHU TPOBEACHUHM DKCIEPUMEHTATBHOW YacTU

MarucTepcKou IuccepTaly npecTapieHa B Taomuuie 36.
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Tabnuna 32 — XapakTepucTHKa BEIIECTB

z

HaumenoBaunue

dopmyna

ITJIK,

3
MI/M

Kiacc

OIIaCHOCTH

Oco0eHnocTy gencTBUI

Ha OpPraHu3M

AneToH

CsHgO

800/200

Paznpaxkaet cnuszucteie
000JI0YKH, TPUBOJUT K
OTEKY JIETKUX,
OKa3bIBaeT ciaboe
HapKOTHUYECKOE

JercTBUE

benson

CsHs

15/5

TokcuueH,
KaHIIEPOT€HEH,
OKa3bIBaeT
OTPaBJISIOIIEE U
HApKOTUYECKOE

JICUCTBHUE

I'excan

CeHia

900/300

OxaspIBacT CUIIBHOE
HapKOTHUYECKOE

JIeCTBUE

OTUJIOBBIA

CIIAPT

C,HsO

2000/1000

SBnsaercs
JICTIPECCaTOPOM,
00J1a1aeT TOKCUUYECKUM
Y HApPKOTHYCCKUM

JIEHCTBUEM

Xnopodopm

CHCl;

10/5

MyraresnHoe
KaHLEPOT€HHOE

BEILIECTBO

Hadranun

CioHs

20

Kanueporennoe
BEILIECTBO,
BBI3BIBAIOIIIEE PAKOBBIC

OIyXOJI1
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Bpennble XMMUYECKUE BEHIECTBA MPOHUKAIOT B OPraHU3M YEJIOBEKa 4depe3
OpraHbl JbIXaHUsS, a TAKXKE KOXKY U KEIyAOYHO-KUIIEYHBIA TpakT. OHU MOTYT
BBI3BIBATh OT JIETKUX Pa3ApakKeHUM TIia3 (KOHBIOHKTUBUTHI), IbIXaTEIbHBIX MyTEH
(kaTapaJIbHO€ COCTOSIHUE), KOKH /10 BBIPQXKEHHBIX (DOPM XPOHUYECKUX U OCTPBIX
(OTHOMOMEHTHBIX) OTpABICHUN, (PYHKIMOHAIBHBIX W3MEHEHUH HEPBHOW W

CEpPACUYHO-COCYAUCTON CUCTEM, KPOBH.

5.2.2. O0ocHOBaHMe MepONPHUATHH 10 CHUKEHUIO YPOBHeill BO3JelHCTBHA
ONACHBIX M BPEAHBIX (PAKTOPOB HA padoTaroiero

1. B 3aBUCUMOCTH OT KaTeropuu Harpys3ku (padoT), TEMIOro Wiu XOJOJHOTO
IIEPUOJIa F0/1a B IOMELICHUAX JOLKHBI IOACPKUBATHCS ONPEICICHHBIE 3HAUCHUS
TEMIIEpaTypbl BO3[yXa, OTHOCHTEJIHbHON BIAXHOCTH M CKOPOCTH JBUKEHUS
BO3/lyXa.

B coorBerctBun ¢ tpedoBanusmu ['OCT 12.1.005 — 88 B nmabGoparopun
NOJIEP>KUBAIOTCS CIEAYIOIINE MApaMETPbl METEOPOJIOTUYECKOM CPEIbL:

eTeMIIepaTypa Bo3ayxa 3umoii — 17-22 °C, nerom no 28 °C;

e BIIAXXHOCTH Bo3ayxa — 40—70 %);

® CKOPOCTbh JIBM)KEHHS BO3YIIHBIX MOTOKOB — 0,2 M/C.

HeoOxoanmble MHUKPOKIMMATHYECKUE YCIOBHUSI CO3HAIOTCA OTOIICHUEM,
OOMEHHOW BEHTWISILIMEN U KOHAULIMOHUPOBAHUEM BO3/1yXa.

Jannas pabGorta ortHocuTcs K | kareropum pabOT MO 3Hepro3arparam
OopraHu3Ma.

2. TpebGoBaHMs 3alIUTHI OT BO3JCHCTBUS AJICKTPOMArHUTHBIX IMOJIEH JOJKHBI
yaosiaetBopsaTe ['OCT 12.1.002 — 84. IlpenenpbHOoe 3HaYEHHE HAIPSKEHHOCTH
AIIEKTPUYECKOTO MOJIA cocTaBiisieT 5 KB/M, Hanps®EHHOCTh MarHUTHOTO TOJS —
80A/M. JlomycTuMble YpOBHU BO3JeHCTBUS 3JiieKTpocTaTuueckux mnoger (DCII)
pernamentupytorcst TpedoBanusimu CanlluH 2.2.4.1191 — 03 u canuTtapHo-
TMTHEHHYECKUMHU HopMaMy. OLIEHKa 1 HOPMUPOBAHUE JIEKTPOCTATUUECKUX MOJIEN
OCYUIECTBJISIETCS 1O YPOBHIO DJIEKTPUYECKOrOo MOJs AUPPEpPeHIIMPOBAHHO B

3aBUCUMOCTH OT BPEMEHH €ro BO37CHCTBUsA Ha paboTHUKA 3a cMmeHy. [IpenenpHO
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JOMYCTUMBI  YpPOBEHb  HANPSIKEHHOCTH  DJIEKTPOCTATUYECKOTO MOJs  MpHU
BO3JIEMCTBUM MeHee | 4Yac 3a CcMeHy YycTaHaBiuBaeTcs paBHbIM 60 kB/Mm.
[IpenenbHO TOMYCTUMBIA YPOBEHD MPU BO3AEHUCTBUH HA MPOTSKEHUH BCEM CMEHBI
camkaercs 10 20 kB/M. Ilpu wnampsikenHoctsx OCII menee 20 xB/M Bpems
peObIBaHUS B DJIEKTPOCTATUUECKUX MOJISIX HE PETJIAMEHTUPYETCS.

3. TOCTom 12.1.003 — 2014 pernameHTUPYIOTCSI YPOBHH IITyma JjIst
pa3IMYHBIX KaTeropui pabounx Mect Ha dactorax oT 63 go 8000 repm. s
MOCTOSTHHOTO IlIyMa HOPMHUPYEMBIM TAapaMeTPOM SIBIISETCS HKBUBAJICHTHBIN
YpOBEHb 3ByKa B jaenmbOenax. J[omycTuMbplli ypoBEeHb IIymMa Ha pabodmx MecTax
MIPOU3BOJICTBEHHBIX MPEANPUATHN, HA UX TEPPUTOPUHA U B MOMEIICHUSAX B TOM
YyUCie XUMUYECKUX JlabopaTtopusax coctapiseT 80 ab.

4. be3zonacHOCTh TpyJa Mpu paboTe ¢ BpEAHBIMU XMMUYECKUMHU BEIIECTBAMU
oOecrieynBaeTcs  MPOU3BOJICTBEHHBIMU  MpOIECCaMU U O0OpYJOBaHHUEM,
CpeACTBaMM KOJIJIEKTUBHOM M MHAMBUIYaTIbHOM 3alllUThI, CHCTEMOMN CIEIUAIbHBIX
npOPHIAKTHYECKUX MeponpusaTuil. [ ynaBiuBaHUs BPEAHBIX BBIJICICHUN TMPHU
HKOJIOTUYECKU HE YHUCTHIX TEXHOJOTHUYECKUX MPOIleccaX MPUMEHSIOTCS BHITSKHbBIC
mKadbl ¥ 30HTHI, OTCACHIBAIOIINE MMAHENIM U JIPYTUe YCTPONUCTBA, BEHTUIUPYEMbIE
KaMephbl, 3alUTHO-00€CTIBIITUBAIOIINE KOKYXHU.

C  uenpl0  TpEAYNPEXKICHHS  BJIMSHUS  OMACHBIX M BPEIHBIX
MIPOU3BOJICTBEHHBIX (PaKTOPOB JAOOPAHT JIOJHKEH OBITh 00ECIICUEeH CIEIOASK IO 1
JIPYTUMH CPEICTBAMU UHIUBUIYATBHOM 3aIIIUTHI:

epaboTa JOJDKHA NPOBOJUTHCA B 3aKpPhITOM OOYBH Ha HHU3KOM KaOiyke,
XajaTe ¥ TOJIOBHOM yoOope;

epaboTa C KOHICHTPUPOBAHHBIMU KHUCIOTAaMH M II€JI0YaMU JOJDKHA
BBITIOTHATHCST ¢ 00s13aTENIbHBIM HCIIOJIB30BAaHUEM 3AIUTHBIX OYKOB M PE3MHOBBIX
nepuarok. [Ipu paboTe ¢ KUCIOTOM, KpOME OYKOB M TIEPUATOK, CIEAYET HAJACBATh
TaK)Xe JJIMHHBIA PE3UHOBBIN (apTyK;

erpu paboOTe C BEIICCTBAMH, BBI3BIBAIOIIMMH pa3apakKeHUE KOXKHU DPYK,

CJICAYCT IMOJIb30BATHCA 3allTUTHBIMA KPEMAMH U ITACTAMU.
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Jnis 3amuTel paOOTHUKOB MPH BO3HUKHOBEHUU AaBAapUMHBIX CUTYyallMid B
71a00paTopun MMEIOTCS B JIOCTATOYHOM KOJIMYECTBE NMpoTHBOrassl mMapku BbKO.
ABapuiiHble IPOTUBOTa3bl TOJDKHBI XPAHUTHCA B OCOOBIX IIKadax MoJ MIOMOO.
JI1st Ka)Kaoro IMpoTHBOTra3a OTBOJAUTCS OTACNIbHAs S4YeiKa C YKa3aHHEM Ha HEl U

Ha OHMpKe, MPUKPEIUIEHHOMN K CyMKE TPOTHUBOrasa, pa3Mepa MacKH.

5.3. llo:xxapHasi 6e30MaCHOCTH

B cootBerctBUM co ct. 26 [69] maGopatopHOE€ TOMEIIEHHE OTHOCHUTCS K
kareropun «b», T. €. B3pBIBONOXApOONacHOE, Tak Kak B JabopaTopuu
MPUCYTCTBYIOT TOPIOYUE BEILIECTBA, JIETKOBOCILUIaMeHstonuecs xuakoctu (JIBXK),
CHOCOOHBIE TPU B3aUMOACHCTBHM C BOAOW, KHUCIOPOJOM BO3JAyXa WJIHM JPYT C
JPYIOM CO3/1aBaTh B3PBIBOOIIACHBIE CMECH, a TAK)KE TOPETh.

Ha npeaynpexaeHve M JOKaJIM3alMIO IOXApOB M B3PHIBOB HAaIpaBJiieHA
MPOTUBOIIOKAPHAS MPOPUIAKTUKA, KOTOpasi TMPEACTaBISIET CO0OM  eIuHbIN
KOMIUIEKC OpraHU3alMOHHBIX W TEXHUYECKUX Meponpustuid. B mnomenieHuu
7a00paTOpUM HAXOJATCSA MEPBUUYHBIE CPEACTBA MOKAPOTYLIEHUS; SUIUK C CyXUM
IIECKOM, BOJIa, acOECTOBOE OJIESI0, PYYHOU YIJIEKUCIOTHBIM OTrHETYIIMTENb TUIIA
OIl4. Bo u3bexaHue mnoxkapa U MNPEAYNPEKICHUS IM0XKAPOB CHCTEMATHYECKH
OPOBOJAATCS OCMOTp  JJIEKTPUYECKUX Ilemed U oOOpyloBaHUS: BOBpEMS

BBISIBIIIIOTCS M JIMKBUJIMPYIOTCSL HEUCIIpaBHOCTU. B mabopatopum paspaboran
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IJIaH 3BaKyalyu, C KOTOPbIM O3HAKOMIIEHBI COTPYIHHUKH J1a00paTopuu.
Pucynok 10 — ITnan sBakyanuu mpu noxape u apyrux YC u3 nomenieHun
WHXeHEepHO-1abopaTopHoro kopmyca Muctutyra xumun Hedptu CO PAH
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B umensix HemonyileHUs BOCIUIAMEHEHHWS, BO3TOpAaHMUS WU B3pbiBA B
MOMEIIEHUSIX HEOOX0IMMO OTPaHUYHTh JOCTYN HarpeBaTebHBIX TPUOOPOB U OTHS
k JIBX. KommuectBo JIBXX u roproumx xuakocreir (IK) B momemeHHsIX
7a00paTOpUr HE JOJKHO MPEBBIIATh CYyTOYHOM MOTPEOHOCTU. DTH KUIKOCTU
JOJDKHBI XPaHUTBCS B CIELUAIBHON TePMETUYHO 3aKpBITOM Tape ¢ HAAMHUCHIO.
Cxman c 3amacamu JIBXK pomkeH mpeacTaBisiTh COOOW OTIENbHYIO KOMHATY,
00OpYy/IOBaHHYIO CHCTEMOH BEHTWIALMU U BBITSDKKH, a TaK)K€ METaUTHYECKUMHU
mkadaMu sl XpaHEHUS] PEaKTUBOB. XpaHEHUE, HAarpeB, MEPEroHKa, MepeinBaHme
u apyrue onepauuu ¢ JIBXK u 'K 10omKHBI OCYIIECTBISATHCA € COONMIOACHUEM BCEX
TpeOOBaHM MpaBuUiI O 0€30MaCHON padOTe C TaHHBIMU BEILIECTBAMH.

[Ipn mosiBIeHMH B TIOMEIIEHMHM JabopaTOpuu 3amaxa rasza CleayeT
HEMEJICHHO MOTYIIMTh Ta30BbIE€ TOPEJKH, OTKPBITH OKHA JUIsl MPOBETPUBAHUS
nomMenieHus. B coydae Bosropanus JIBXX TymmTe miamst cnemyer, mpexae BCeEro,
IIECKOM, KOIIMOM, OTHETYIINTEJIEM, KOTOpPBIE MMEKTCA B KaXXJOM MOMEIIECHUN

J1ab0paTopuH.

5.4. Jkosnornyeckasi 6e30aCHOCTH

B ycnoBusax nmaboparopun BeIOpOCH B atMocepy OTCYTCTBYIOT. OTX0maMu
CJIEyeT CUUTATh OCTAaTKU ChIPbsl, MATEpUAJOB, MOIy(padbpukaToB, 00pa3oBaBUIMECS
IPU U3TOTOBJIEHUU MPOAYKIHMH M TOJHOCTHIO WJIM YaCTHMYHO YTPATHUBILKE CBOU
NOTPEOUTENBCKHUE CBOMCTRA.

B nanHo#l paboTe oTxonaMu ABISIOTCA HE(YTh U HEPTENPOAYKTHI, a TaKKe
CMECH 3arpsi3HEHHBIX pacTBOPUTEJECH, KOTOpBIE CIMBAIOTCS B KyOWUYecKue
3aKpBIBAIOIINECS €MKOCTU Ui cOopa He(PTEnpOAYKTOB W3 TOJIMIPONUICHOBON

TKaHM JIJIs1 JaJIbHEHIIeH epepaboTKy 00 yTUITU3AIIHH.

5.5. be3onacHOCTb B Ype3BbIYAWHBIX CUTYAI[USIX
Mepornpusitus, TpoOBOAMMBIE BO BpeMsl UpE3BbIYANHBIX CUTyalud (aBapuid,

CTUXUIHBIX O€JICTBUIN, BOCHHBIX KOH(JIMKTOB), MIPEACTABISIIOT COOOM MPOBEICHHE
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crlacaTelbHbIX PA0OT M HEOTJIOKHBIX aBapUUHO-BOCCTAHOBHUTENBHBIX pabOT B
ouare nopaxeHus. JlaHHble MEpONPUATHS JOJKHBI MPOBOAUTHCS HAa OCHOBAHUU
MOJIOKEHUSI KOMILJIEKCA TOCYJAapCTBEHHBIX CTAHJAPTOB IO MPEAYNPEXICHUIO U
JUKBUJAIUNA Ype3BbIUaiiHON cuTyaruu u onpenenensl B 'OCT P 22.0.01-2016.

[To cBoeMy reorpaduyeckoMy MOJIOKEHHUIO I'. TOMCK He MOJIBEpraeTcsi TAKUM
CTUXUUHBIM OCICTBHIM KaK: 3eMJIETpsiCeHUs], 00Bajbl. Takxke HAMEHEE BEPOSITHBI
yparanbl u Oypu. [lomemenue, B kotopom mnpousBogutcs HUP, nHaxomurtcs Ha
OJIHOM M3 CaMbIX BBICOKMX TOYEK B I'. TOMCKE, MOATOMY BEPOATHOCTH HABOJIHEHHUS
PaKTUYECKHU OTCYTCTBYET.

OnacHOCTh MOTYT MPEJICTABIIATH TPO30BBIC SABJICHHS, @ UMEHHO YJIap MOJIHUH,
KOTOPBI MOYKET HAaHECTU CYyIIEeCTBEHHBIN yuiepO. Tak kak B 1abopaTopuu MHOTO
JEPEBSIHHBIX COOPYXEHHM, TO TpU MNPSIMOM I[ONAJAHUU MOJHUH MOXKET
BO3HUKHYTh T0Kap, MPOU30MTH pa3pyllieHrne 000pyA0BaHus, NOPAKEHUE U THOEIb
JIIOJIEH.

B cnyuae cunvueix epo3osvix saenenuti MpeycMOTpEHA MoJHUE3almuTa (B
COOTBETCTBMM C HMHCTpykumen mo yCTPOMCTBY MOJIHME3AIIMWTHI 3JaHUMH,
COOPY)KEHHH U TPOMBIIIICHHBIX KomMmyHuKarmii CO 153-34.21.122-2003).

3nanne Huctutyra xumun Heptn CO PAH otHocutcs k III kareropum
MOJIHME3alIUThl. JTa KaTeropus MpeaycMaTpUBaeT 3alIUTy OT MPSAMBIX YAapOB
MOJIHMHM MOJIHUEOTBOIAMHU.

IIpoussoocmeennas asapus. Pe3ynbTaToM NMPOU3BOJCTBEHHON aBapUU MOXKET
ObITh pa3nuB 0CO00 SIIOBUTHIX BEIIECTB, MNPOPBIB OTOMHUTEIBLHON CHCTEMBI,
BO3ropaHue W T. 1. B a3rom ciydyae B JsiabopaTopuu, B NEPBYIO OYEpelb
HEOOXOJAMMO O0ECTOYMTh JAa0OpaTOpPUIO0, MPEKPATUTh BCE padOThI, BBI3BATH
CHELCTy>KOy M MO BO3MOXHOCTH MpPENOTBPATUTH PACHPOCTPAHEHHUE SAOBUTOTO
BellecTBa (MOCHINATh MECKOM M yOpaTh C TOMOIIbIO COBKa). B aBapuiiHbIX
CUTyalMsIX, Korja atMmocdepa B 1abopaTOpUX BHE3AMHO OKA3bIBACTCS 3apsKEHHOM
SATOBUTHIMHU TIapaMU WJIM Ta3aMH, OCTaBaThCS B TOMEIICHUHW ISl JIMKBUJAIIAN
MOCJIEICTBUM aBApUM MOXXHO TOJIBKO B TMPOTHBOra3e, IMpPU OTKIHOYEHHBIX

HarpeBaTesibHbIX TpuOopax. Ilocrme ne3akTUBaNMK TMOMEIICHHE HEO0OXO0IUMO
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npoBeTputh. [Ipy  BO3HUKHOBEHHMM  TOXKapa  HEOOXOAWMO  OTKIIIOYHTH
AJIEKTPOHArpeBaTeNbHbIe MPUOOPHI, BEHTUJISILIUIO, YOPAaTh OrHEONACHbBIE BEIIECTBA
B 0e30mMacHOe MECTO, OJHOBPEMEHHO, MO BO3MOXHOCTH, JIMKBHUAMPOBATH Odar.
CpeacTBa TylIEeHUS TPUMEHSATH C YYETOM TOTO, 4YTO SBISIETCS HCTOYHUKOM
noxkapa. s TymeHus ropsimied oJexkabl MCIOJb30BaTh BOMY, IS TOPSIIMX
YCTAaHOBOK — YIJICKUCTBbIE OTHETYIIUTEIH, JJs TYIICHUS BOCIJIAMEHEHHBIX
YCTAaHOBOK, 3aKpEIUICHHBIX IITaTUBOM — acOectoBoe onesuo. Ilecok
PEKOMEHIyeTCS PUMEHSTH AJIsl TYHICHUS] TOPIOYUX >KUJIKOCTEH, nepeBa, Oymary;
XOpOIIO PACTBOPAIOIIUXCS B BOJE COCOUHEHHUI aleToHa, HU3IIUX CIHPTOB,
OpraHUYeCKUX KUCIIOT.

B cnyuae cmuxuiinoco 6edcmeus unu 60eHHo20 KOH@AUKMA HEOOXOAUMO
sBakyupoBaTbcs. [lpu cTuxuiiHOM OencTBUM HEOOXOAMMO ONOBECTUTH BCEX
paboOTHUKOB 00 yrpo3e BO3HUKHOBeHHUs OenctBusa. Haumbonee xapakrtepHbie
CTUXHMAHBIC OCACTBUSA I Pa3jIMYHBIX PETHOHOB CTPAaHBl — HABOJHCHUS,
3eMJICTPSICEHHUs, CHEXXHBbIC JIaBUHBI, Oypu, yparansl mnoxapel. K uuciy
MEPOMPHUITHIA 1O MPEAOTBPAIICHUIO U MAKCUMATBHOMY CHIDKEHHUIO TOCIEICTBUI
OT CTUXUHHBIX OCJCTBUN OTHOCSATCS:

eCcTpOroe coOII0IcHHE creruduaecKux Mep 0€30MacHOCTH;

® OTIOBEIIICHUE HACETICHMS;

ecrieruaibHas MOAr0TOBKA U OCHAIIEHUE (POPMHUPOBAHMUIA,

® OKa3aHUE CBOEBPEMEHHON MEAVMIMHCKON MOMOILHN ITOCTPAAABILINM.

B cnyuae 603HUKHOBEHUS B0EHHBIX (COYUATLHBIX) KOHGIUKMOE N HalaleHUs
NpOTUBHUKA TrpaxkaaHckas obopoHa (['O) mpuszBaHa oOecneuuTh 3alIUTy
HAceJIeHUs U YCTOMYMBYIO PabOTy OOBEKTOB HApOJHOTO XO3siicTBa B pabouee
Bpemsi. CylecTBYIOT CpEICTBA MAacCOBOIO IOPAaKEHUs, CHOCOOHbIE HAHECTU
TSDKEJbIE YBeUbs OOJBIIOMY YHCTY JItofiel. B kauecTBe cpencTB MHAWBUYaTbHON
3alIUThl HCIOJIB3YIOTCA: MPOTUBOra3, NPOPE3MHEHHbIE IUIallld, Camord U T.J.
OCHOBHBIMH MEPOIPHUSATUSIMHU, TTPOBOJIMMBIMU B XUMUYECKOH JTaOOpaTOPUH Cirydae
0Cc000T0 TOJOXKEHHUs, SBISIOTCSA: YIaJleHWE TOPIOYMX BEIIECTB, TepMETH3AIlus,

OKJIEMIKa OKOH OT BO3ACHCTBHS YIapHON BOJIHBI.
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3akirouenue

JlanHoe wuccrienoBaHue MpeanosaraeT padoTy ¢ BPEIHBIMH XUMUYECKUMU
BEIIECTBAMH (alEeTOH, OEH30J, IeKCaH, 3TUJIOBBIA CIUPT, Jpyrue). Pa3paboTaHbl
MEphl IO YMEHBIIIEHUIO BPEJTHOTO BO3JICUCTBUS Ha 3JJ0pOBbe Jtonei. [lomyueHnsie
pe3ynbTaThl pazaena «ConuanbHasi OTBETCTBEHHOCTBY» COJIEpkKaT B ce0e OCHOBHBIE
PEKOMEHJIAIMU W YKa3aHHs, KOTOPbIE CIIEAYET BBIMOJIHATH MPH HCCIECIOBAHUU
He()TU U BEIIECTBEHHOTO cocTaBa 3To HePTH. OHM TakKe YUYUTHIBAIOT MEPHI IO
IpeIoTBpalIeHUI0 Hanboiiee BO3MOXHbIX YC — moxapa, aBapuu.
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1.1. General information on heavy crude hydrocarbons
Heavy crude hydrocarbons are organic natural resources, which cannot be

traditionally recovered compared to light oil due to its physical characteristics
(density and viscosity).This crude oil contains heavy and extra-heavy oil, deposited
and recovered in liquid aggregate state, and original bitumen and bituminous sand,
deposited in solid, viscous and viscous-plastic states. Composition of raw oil is a
complex mixture containing hydrocarbons, heteroatomic compounds and high-
molecular components.

Characteristic properties of heavy raw materials are associated with
biodegradation processes when microorganism activity cause enrichment of
resinous-asphaltenic compounds [1].

Heavy hydrocarbons, as well as light oil, are a colloidal system in which the
role of dispersion phase belongs to asphaltens. Heavy feedstock, like light ail, is a
colloidal system in which the role of dispersed phase belongs to asphaltenes.
Asphaltenes are surrounded by solvate shell, which represents successively
superimposed layers of disperse medium components, from heavy resins to oils
[2].

Petroleum classification has different characteristics, such as dynamic
viscosity, density, paraffin, asphaltens or impurities content. The simplified
classification is represented by viscosity and density.

Among different classifications, it is common to use classification approved
by the XII World Petroleum Congress, which classifies petroleum by density.
Light oils have density less than 870.3 kg/m®, average ones are in the range of
970.3 - 920.0 kg/m°®, heavy ones are in the range of 920.0-1000 kg/m?®, and super-
heavy oils have density more than 1000 kg/m®. Petroleum raw materials with

viscosity exceeding 10,000 mPa-s are referred to as natural bitumen.

70



Table 1. Oil and bitumen classification

Oil type Density, Viscosity,
kg/m® mPa-s
XI1 World Petroleum | Light crude Under 870,3 | Under 10000
Congress (1987) Intermediate crude 970,3-920,0
At t=15°C Heavy crude 920,0-1000
Heavy super-viscous oil | Over 1000
Native bitumen Over 1000 Over 10000
International Maltha, heavy crude 970-1030
Conference on | Native bitumen Over 1030
Integrated
Development of
Native Bitumen and
High-Viscosity  Oil
(Houston, 1995 r.)
GOST 51858-2002 | Heavy crude 870,1-895
«Crude  Petroleum. | Bitumen oil Over 895
General
Specifications»
National register of | Heavy crude Over 900
mineral reserves in
RF. Petroleum (at
t=20°C)
Ministry of Finance | Super-viscous oil To 900,0 Over 200
Taxation Scale in RF
Operator Practices in | Heavy crude Under 50000
Canada Bitumen Over 50000
Shargorodsky, |.G., | Heavy crude Over 900 -
2008 Heavy high-viscosity oil 30-200
Heavy super-viscous oil 200-50000
Native bitumen Over 1000 Over 50000

1.2. Current status of crude hydrocarbons resource base

According to French Petroleum Institute, heavy oil reserves represent 4.7
trillion barrels of oil equivalent, whereof only one trillion barrels is to be recovered
[4]. Seventy-one deposits [5] with heavy and bituminous oil contain 82% of all
world crude oil reserves. Canada and Venezuela have leading status in heavy

hydrocarbon reserves. Up to 415 and up to 320 billion tons respectively. The
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largest deposits are Athabasca and Orinoco. The reserves of the Russian Federation
are equal to 75 billion tons and are deposited in five hundred of oil fields, located
in Arkhangelsk, Perm, Ulyanovsk, Samara, Sakhalin Oblasts, in the Republic of
Tatarstan, Bashkortostan, Udmurtia, Krasnoyarsk Krai and others. The largest
deposits are Ashalchinsky, Usinsky, Russian, North-Komsomolsky, Gremihinsky
and other oil fields [6, 7].

The strategic role of these reserves is determined by availability of valuable
light fractions of oil against poor opportunities to increase conventional oil
reserves. In turn, non-conventional oil recovery is followed by heavy expenses.
The main factors reining in output, transportation and refining of heavy
hydrocarbons are their extreme viscosity, which reaches 10,000 mPa-s, and high
density, which exceeds 920 kg/m®. For each field it is a problem to carry out
particular research and development work.

Current trends are to transfer crude oil refining processes directly to oil fields
[8]. Canada and the USA were the first in this sphere [9]. Different methods are
used to recover heavy crude oil or natural bitumen as cold heavy oil production
with sand (CHOPS), technology of solvent injection in vapour state (VAPEX),
technology of steam-gravity drainage (SAGD) [10]. The content of metals, for
example vanadium and nickel, increases profitability of heavy oil and natural
bitumen production. Industrial metal extraction is already used in the United
States, Canada and Sweden.

In Russia, technologies applying thermal gas generator, steam and MW- fields
to initiate internal combustion, utilizing air or steam for thermal cycling impact,
low-temperature oxidation and other technologies have been tested for crude oil
recovery [11].

1.3. Physical and chemical properties and composition of heavy crude
hydrocarbons

Heavy crude hydrocarbons have colloidal structure. Chemical resins and
asphaltenes contribute to formation of adsorption-solvate shells. Resins with their

good ability to be dissolved in petroleum hydrocarbons have a stabilizing role in
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formation of asphaltene-resin-oil systems. Stability of such systems in various
processes is determined by the ratio of dispersion medium to dispersion phase.
Presence of dispersion medium excess allows complex particles to move freely in
space without colliding with each other. This structure of colloidal system is
typical for hydrocarbons with liquid consistency. Micelles excess and lack of
dispersion medium results in interactions of complex particles to form a micellar
spatial grid. Hydrocarbons with this structure have hardness and high viscosity [37,
38].

Compared to physical, colloidal and rheological properties of heavy oil and
natural bitumen, their chemical properties are less studied despite a number of
different methods. Comprehensive analysis to determine composition of heavy
hydrocarbons is considered in combination with heavy oil residues. The
determination of hydrocarbon-type content based on different solvents allows
determining high molecular weight components. The most common Markusson’s
method allows considering petroleum as oils, resins, asphaltenes, asphaltogenic
acids and their anhydrides. Richardson method [12] distinguishes the following
components asmalthenes, consisting of oils and resins soluble in low molecular
alkanes such as hexane or isooctane; asphaltenes which coagulate from solutions of
low molecular alkanes but are soluble in aromatic solvents, chloroform and other
polar solvents; carbenes, carbon sulphide or quinol soluble; carboids - their
structure prevents molecules from being dissolved. Carbenes and carboids are not
available in non-thermally exposed oils.

1.3.1. Hydrocarboncompositionofpetroleumoils

Petroleum oils are mixture of paraffins, naphthenes, aromatic and hybrid
compounds. The last are formed by paraffinic, naphthenic and aromatic fragments.
Oils can be light yellow to light brown in color. Under normal conditions they are
in form of viscous or semi-liquid consistency, have density less than one,
molecular weight is 100 - 500 AMU. Oils may contain a small amount of "light"
resins [12].
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Alkanes are contained in oils (25 - 30% by mass), but the content in natural
bitumen is lower and is 10 - 15% by mass. Increase in average molecular weight of
the fraction is reflected by decrease in alkane content — at increase in boiling
temperature of the fraction, decrease in n-alkane content can be observed.
Fractions boiling at over 360°C are marked by change in aggregate state of alkanes
from liquid to solid.

Cycloalkanes are contained in heavy feedstock 25 to 75% by mass, their
presence is registered in all oil fractions. Concentration of naphthenes increases as
well as molecular weight of the fraction, but decreases in high boiling fractions due
to increase in content of arenes [15].

Naphthene compounds with five and six carbons in the cycle prevail over
other cycloalkanes. These naphthenes display greater stability. Multiple
cyclopentane and cyclohexane derivatives were found in light fractions. Heavier
fractions contain bi- and tricyclic cycloalkanes.

As the length of aliphatic substituent chain increases, stability of naphthenes
decreases. Complication of naphthenes has its own threshold.

Distribution of naphthenes according to their fractions, depending on number
of rings in the structure of molecule, has some tendencies. Monocyclic compounds
are not found in fractions 300 - 350°C, bicyclic compounds can be detected at
500°C, but over 400°C their decrease is observed. Tricyclic compounds constitute
fraction boiling out between 350 and 400°C.

Aromatic hydrocarbons are contained in heavy feedstock in the range of 15 -
60% by mass. Increasing the boiling point of heavy oilfraction or natural bitumen
leads to an increase in concentration of arenes. Fractional distribution of aromatics
varies. Thus, benzole homologues predominate in gasoline fraction. Benzole
homologues and naphthalene bi-products predominate in kerosene fractions. Gasoil
fractions contain significant amounts of naphthalene and phenanthrene

homologues, and minimum amounts of anthracene by-products.
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Aromatic hydrocarbons with four condensed rings are found in the fraction
boiling up to 360°C. Concentration of arenes decreases with the increase of
condensed rings in the molecule.

There is a view of ecologists that searching for a source of petroleum
contaminants to distinguish between native oil and thermally exposed, attention
should be paid to the amount of condensed rings in molecule. According to the
authors, the inclusion of arenes with six or more condensed rings in the oil
composition may indicate that oil has been heat treated [16].

Hydrocarbons of hybrid structure are present in petroleum oils. These
molecules include various structural fragments as arene and naphthene cycles,
alkyl substituents of different structure. As the boiling point of the fraction
increases, the proportion of hybrid compounds also increases and the structure of
these compounds becomes more complicated.

In order to determine hydrocarbon-type content of oils, there is a method for
identification of the content of paraffin-naphten, monocycloaromatic,
bicycloaromatic and polycycloaromatic fractions.

The paraffin-naphthenic fraction consists of alkanes of normal structure, i-
alkanes, paraffin-naphthenic compounds and polycyclic naphthenes (up to 60%)
[13,14]. Paraffin-naphthenic compounds typically contain 1 to 3 cycles, but high
boiling paraffin-naphthenes may contain 5 to 6 cycles.

Heteroatoms may be determined in mono- and bicycloaromatic fractions. The
amount of these compounds is small. Compounds containing heteroatoms include
pyridine, thiophene and pyrrole. Oxygen atoms are generally included in peripheral
functional groups. Tricycloaromatic compounds may include up to 4 -5 naphthenic
cycles in their structure.

1.3.2. Resins and asphaltine components of heavy crude hydrocarbons

The content of resins and asphaltine components in petroleum, especially
aromatic and naphthenoaromatic, can reach 65%. These components directly
influence the increase in density and viscosity, which causes increase in production

costs, they stabilize oil-water emulsions, affect wettability of the formation, can
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lead to shut-off of wells during production, and also make processing of raw oil
difficult.

The issue of molecular structure of resin-asphaltene substances has not yet
been resolved. In turn, the application of modern physical and chemical research
methods, including NMR and IR spectroscopy, Raman spectroscopy, X-ray
structural analysis, electron microscopy, molecular diffusion methods, fluorescent
depolarization and others, help to form an idea of the structure, and build
hypothetical molecular models of compounds.

Resin-asphaltene substances represent a complex mixture of high-molecular
components consisting of polycyclic aromatic or naphthenoaromatic structures,
including aliphatic lateral substituents, heteroatoms (sulphur, nitrogen, oxygen)
and metals (vanadium, nickel, etc.) [17-25]. Key elements of resin-asphaltene
substances are distributed as follows: mass fraction of carbon (79-88%), hydrogen
(8-9.5%), about 4-14% of heteroatoms [26]. Resins and asphaltenes have a similar
chemical structure, but asphaltenes have a greater average molecular weight and a
lower atomic ratio. This is to say that they have more complex high molecular
structure than resins [27-30].

Table 2. Comparison of elemental composition of resins and asphaltenes

(% by mass)
C H S @) N
Resins 79-87 8.5-9.5 1-10 1-16 to 2
Asphaltenes 80-84 1.5-8.5 4.6-8.3 to 6 0.4-1

Resins are substances from deep-brown to sombre-brown in colour. At
normal temperature they have viscous slow-moving or amorphous solid
consistency. Soluble in petroleum ether, they are separated from maltenes by
adsorption methods: after desorption from sorbent oils, resins are extracted with
polar solvents.

Resins differ in molecular weight (500 - 1000 AMU), are characterized by

increased concentration of heteroelements, molecular structures of resins include 1
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to 6 cycles. Resins are characterized by condensed naphthenic and/or aromatic
cycles, but the cycles may also be isolated from each otherin molecules.
Substituents may be represented by both long and short aliphatic chains. Resins
add viscosity and plasticity to raw materials [31]. They are also characterized by
chemical aging at ambient oxygen influence. Thermal condensation of resins
results in formation of secondary asphaltenes with high degree of aromaticity,
when it is accompanied by dehydrogenation, dehydrocyclization and dealkylation
processes. During the recovery process, resins may be converted into asphaltenes.

Asphaltenes are solid substance from sombre-brown to black, with molecular
weight 500 to 3500 AMU. They are non-melting, hardening and heat resistant. At
thermal influence they pass into a plastic state at approximately 300°C. Higher
temperatures cause decomposition of asphaltenes with gas release into liquid
component and solid residue asa coke [32, 33]. The solid residue in turn is formed
as a consequence of thermal condensation of asphaltenes to carbenes, then carbides
and eventually coke.

Process of asphaltenes extraction from petroleum dispersion system by low
molecular alkanes as a precipitator is decisive in understanding of the term of
asphaltenes [34]. But it should be noted that conditions of asphaltene precipitation
may be different between laboratories. Various conditions necessarily affect the
amount and intermolecular structure of precipitates. These conditions include
precipitator used and its correlation withtest specimen, temperature of precipitation
process and time of precipitator contact with oil. For example, an increase in
molecular mass of precipitator will result in decrease in yield, decrease in
hydrogen-carbon ratio and increase in molecular mass of separated substances [35,
36].

1.3.3. Asphaltene molecular composition and structure

Available information about molecular and supramolecular structures of
asphaltenes has low level compared to lighter hydrocarbons. Approaches, used in
exploration of hydrocarbons with low molecular structure, are not applicable. As a

result different methods and conditions of research give contradictory data. During
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many years of study various models of asphaltenes structure were presented.
Discussions are continued about this issue. But it is clear from various studies that
asphaltenes contain carbocyclic and heterocyclic rings, most of which are aromatic
in nature and have condensed systems containing five to eight cycles. In addition,
aliphatic chains and chains containing heteroatoms are available [39-45].
Asphaltenes are the most polar part of oil. It is assumed that availability of systems
consisting of condensed rings gives molecules a flat spatial structure.

One of hypothetical models describing the structure of asphaltenes was called
continental. The work [46-48], based on the methods as Raman spectroscopy,
fluorescent correlation spectroscopy, high-resolution transmission electron
microscopy, etc., represents molecular structure of asphaltenes as
naphthenoaromatic nucleus consisting of 7 condensed rings, including
heteroatomic compounds and aliphatic substituents. Previous conclusions are
supported by the results of the study where optical spectroscopy method is used:
asphaltenes molecule has one aromatic condensed nucleus and aliphatic
substituents [49]. Researchers traced the analogy in the structure of asphaltenes
molecules isolated from asphaltosmolo-paraffin oil deposits and crude oil.
Asphaltenes isolated from crude oil have molecular ranging from 200 to 1500
g/mol. Average molecule is represented by a single condensed aromatic nucleus
with 3-7 cycles surrounded by aliphatic fragments comprising 17-41 carbon atoms.
Extracted from asphalt-resin-paraffin deposits, asphaltenes have molecular weight
range 150-1050 g/mol, condensed aromatic core includes 8 rings surrounded by
aliphatic fragments having 5-15 carbon atoms [50-53]. Dominance of continental
model of asphaltenes structure is confirmed by the work [54], in which the method
of laser ionization mass spectrometry (LIMS) compared asphaltenes. Single-
nuclear model structures simulated the results observed in asphaltenes of real oil.

However, criticism of continental model of asphaltenes structure refers to
incorrect interpretation of obtained data, as well as impossibility of using some

methods to study the structure of asphaltenes [55].
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Alternative to continental model of asphaltenes molecules structure is
archipelago type. This asphaltene molecule structure involves several blocks (2-4),
consisting of condensed aromatic groups connected to each other by aliphatic and
heteroatomic (ether, ester, sulfide, etc.) bridges. Aromatic groups as substituents
may have a variety of heteroatomic functional groups and aliphatic structures. The
structure of bridges is confirmed by research of products of thermal and chemical
decomposition of asphaltenes using chromatographic and spectral methods [56-
58]. Study of asphaltenes structure by molecular power spectroscopy (SMFS)
confirmed existence of archipelago type of structure, and formation of these
molecules can be carried out by linear polymerization mechanism [59].

Presently, it is confirmed that oil may contain both continental asphaltenes
and archipelago-type molecules. For this purpose asphaltene residue is
fractionated. It is common to divide into two fractions -A; and A,. Para-
nitrophenol or n-alkane is used as precipitatorto separate A; fraction from
asphaltene concentrate solution. A; fraction represents black particles with metallic
gloss.It is polar and has low solubility. The composition of A; fraction is
characterized by high cycle condensation and low H/C ratio, significant content of
heteroatoms and metals. Dominant type of moleculesstructure is continental. A,
fraction, dominated by archipelago type of structure, is relatively non-polar, well
soluble in arenas. As forA,fraction, it has an increased H/C ratio [60-64].

Asphaltene molecules are prone to development of aggregation and are
identified in solutions as single molecules only at low concentrations. The
fluorescence emission (SSFE) research [65] demonstrates that primary aggregates
are formed at concentration of 0.7 mg/l. The increase in concentration to 50-150
mg/l leads to formation of stable associations with dimensions about 2.5 nm [66],
and with increase in concentration to 2-5 g/l asphaltene agrets form clusters [67,
46], the size of which can reach 100 nm and include 8-10 associations. At
concentration above 5 g/l floccular structures are formed, the appearance of which
Is associated with precipitation [20]. The basis of this supramolecular structure is

n-n(stacking) interaction. Supramolecular assembly is also proposed in which, in
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addition to stacking interactions, acid-alkaline Brensted interactions, hydrogen
bonds, metal coordination complexes and interactions between cycloalkyl and
alkyl groups are considered to form hydrophobic pockets [68].

1.4. Conversion of heavy hydrocarbons

Modern trends lead to heavy weighting of processed oil raw materials. In
perspective, only heavy oil will be processed. High cost of recovery imposes a
requirement for the refining industry: processes must be inexpensive and efficient.
Complexity in development of natural bitumen and heavy oils is characterized by
high density (more than 920 kg/m®) and viscosity (more than 10,000 mPa-s), as
well as chemical composition, in which the content of gasoline and diesel fractions
is low (up to 30%), but high-molecular components as resins (up to 57%) and
asphaltenes (up to 60%) is significant. In addition, the content of sulphur (3-8%),
oxygen-containing compounds (esters, naphthenic acids, sulfonic acids) and heavy
metals [69-72, 17] is significant. The issues of heavy oil processing concern not
only search for optimal solutions for heavy oils or natural bitumen refining. They
also relate to increasing the depth of processing of heavy oil residues. In turn,
petroleum residues not only have an increased content of asphaltenes, but can also
include other high molecular weight compounds - carbenes and carboids. The main
problems of raw material to be processed are increased coke formation, which
leads to plugging of catalyst pores and reduction of their activity. Another problem
is blocking of active catalyst sites and deactivating them by means of heteroatoms
and metals from a feedstock [73].

Oil hydrocarbons undergo much unpredictable metamorphosis in chemical
processes under the influence of high temperature. Reactions rate and direction
depend on nature of the feedstock, availability of catalyst and other process
parameters. According to the directions, reactions can be divided into two groups.
The first group includes destructive processes leading to cleavage of hydrocarbons,
the products of which may be olefins, paraffins, cyclic structures and others. The
second group consists of processes of molecule consolidation: polymerization,

condensation, diene synthesis, recombination and others.
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Coke formation is associated with low H/C ratio in heavy hydrocarbon
feedstock. To solve this problem, oil refining processes are used aimed at
increasing hydrogen content (hydrotreating and hydrocracking) or carbon removal
(catalytic cracking, visbreaking, extractive deasphalting, delayed coking, etc.) [73].

Processes aimed at lowering molecular weight and increasing H/C ratio of
heavy hydrocarbon feedstock, including those leading to production of fuel
hydrocarbon fractions, are referred to as secondary and are separated into thermal
and catalytic. Thermal processes include thermal cracking, visbreaking, and
coking. Catalytic processes include hydrodesulfurization, hydro- and catalytic
cracking.

The main direction in development of secondary processes of heavy oil
refining is production of the least expensive but most active catalysts and additives
for cracking processes. Research works present potential fine catalysts based on
iron, nickel and molybdenum for hydrocracking processes, which form a mixture
with raw materials in the form of suspension, which increase the processing depth
of oil raw materials to 95% [77]. The use of microsystems based on iron and
molybdenum sulfides has proved to be effective in the process of oil
desulphurization [78]. Other direction of development shows possibility to use
cheaper additives with catalytic properties: particles of coal, iron, iron-ore
concentrates, slate and others. The particles formed by shale minerals are coke
adsorbents. These developments allow obtaining about 59% of light fractions
during processing of heavy crude oil [79, 80].

In recent years, researchers have focused on the catalytic aguatermolysis
process, which refers to cracking processes carried out in the presence of water.
Aguatermolysis is considered to solve a number of problems: increase of light
fractions compared to cracking process [81], decrease of coke formation, hydrogen
source becomes water vapour. Necessity to supply expensive hydrogen-containing
gas disappears. Aquatermolysis can be carried out by pumping water vapour into

formation, which leads to reduction of viscosity. Reduction of resin-asphaltenic
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compounds is significant in aquatermolysis, and oil desulfurization plays a major
role [82].

Both conventional secondary refining processes and non-conventional
methods can be used to process heavy hydrocarbon feedstocks. All processes need
improvement in order to increase the depth of processing and profitability, in
particular to increase the yield of valuable fuel fractions of oil. In order to choose
optimal approach to the processing of heavy petroleum, research is needed on the
chemical composition and modelling of the pattern, which shows the changes that
oil components undergo during refining. Thus, in addition to the processes of
thermal degradation of resin-asphaltenic compounds with reduction of molecular
weight, it is important to take into account the presence of reverse process -
asphaltizationand asphaltenization from hydrocarbons and low-molecular
heteroatomic compounds of native oils.

1.5. The role of petroleum oils in thermal destruction processes

The processes of heavy petroleum materials refining are aimed at obtaining
products with lower molecular weight, but one of undesirable results of the above
mentioned processes is formation of new high molecular compounds, which
negatively affect the depth of processing. Among these compounds, newly formed
asphaltenes which, like native oil asphaltenes, are intermediates in coke formation
[86, 87].

Deasphaltization is used to provide higher conversion of petroleum
hydrocarbons in visbreaking process. However, deasphaltization value drops
against newly formed asphaltenes in visbreaking products. In addition, formation
of new asphaltenes is found in hydrotreating processes [88], which indicates
formation of asphaltenes even in the absence of hydrogen depletion. The following
part of the review presents the role of heavy hydrocarbon oils in neoplasm of high
molecular compounds.

In the work [83] change of deasphalted heavy vacuum residue composition
during thermal cracking in the presence of nitrogen is reflected. The study was

carried out using a batch reactor at the temperature of 430°C and pressure of 13.5
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MPa. The thermal cracking products were separated into gas, soluble and toluene
insoluble compounds, then the soluble components were examined by SARA
analysis, which implies separation into saturated and aromatic compounds, resins

and asphaltenes.
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Figure 2. Results of SARA-analysis of thermolysed maltenes (MVVR) [83]

Initial content of saturated aromatic hydrocarbons and resins in deasphalted
heavy oil residue was 18.8%, 45.3%, 35.9% by mass, respectively. Thermolysis of
maltenes has resulted in formation of gas, toluene insoluble compounds and a so-
called "liquid" part which contains toluene soluble substances. SARA-analysis was
carried out with the last mentioned compounds. This analysis showed formation of
asphaltenes. In addition, the content of saturated hydrocarbons increased, in turn,
the content of aromatic hydrocarbons and resins decreased. The conversion of
maltenes to asphaltenes in thermal cracking reactions is due to the synthesis of

aromatic rings with alkyl chains by free radical mechanism. It has also been shown
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that most of heteroatoms and metals that were contained in maltenes resulted in
thermolysis in toluene insoluble components of thermolyzate.

In the research work [84], influence that resins and oils can exert on each
other during thermal transformation is studied. Oils and model mixture containing
82% oils and 18% resins were heat treated under the same conditions. The process
temperature was 450°C. The reaction time was 2 hours. These conditions were
found to be optimal according to the research work [85]. Cracking resulted in the
formation of products in gaseous, liquid and solid aggregate states according to
which the material balance was assessed.

Availability of high molecular compounds in cracking products is explained
by thermal transformations in radical-chain mechanism that facilitates
polycondensation of split hydrocarbon fragments. In turn, this leads to formation of
resins, asphaltenes and their conversion into compounds insoluble in polar
solvents.

Gaseous products are hydrogen, carbon dioxide and C;-Cs hydrocarbons.
Among gases of oils thermolysis, methane prevails, and the presence of olefins is
noted.

Asphaltenes and resins found in oil thermolysis products were formed by a
radical-chain mechanism from cracked hydrocarbon radicals. Among possible
reactions, the authors of the article consider cyclization of aliphatic hydrocarbon
radicals to form arene fragments and condensation of dealkylated naphthenic and
aromatic hydrocarbons. It is noted that resin products of oil thermolysis have lower
molecular mass, number of heteroatoms and H/C ratio, and average number of
cycles in naphthenoaromatic nucleus is nine. The researchers concluded that resins
formed were surrounded by methyl aliphatic substituents. Asphaltenes obtained as
a result of thermolysis of oils are larger than both initial asphaltenes and products
of thermolysis of resins. They have a larger molecular mass, a smaller H/C ratio,
and condensed naphthenoaromatic core consists of 9 naphthenic rings and 13 arene

rings.
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Thermal cracking has led to a decrease in saturated and polyaromatic
hydrocarbons with an increase in mono-, bi-, triaromatic content, which is due to
dehydroaromatization of naphthenic hydrocarbons based on high hydrogen content
in gaseous products. Decrease in polyaromatic compounds is due to their
involvement into formation of resin-asphaltenic compounds. In oil products, there
Is a marked increase in low molecular n-alkanes compared to the original ones.

Material balance in thermolysis of model mixture of resins and oils is as
follows: the yield of solid compounds is lower than in thermo-cracking of oils
without resins. The amount of liquid products is close to yield of liquid products of
thermolysis oils. The yield of gaseous compounds is comparable to that of the
gases in separate oil thermal cracking. There are similarities between compositions
of gaseous products of thermolysis of model mixture and oils. During thermal
treatment, asphaltenes (1.1%) were formed and quantity of resins increased by 7%
with respect to model mixture, which may indicate dominance of polycondensation
reactions over resin decay reactions. Introduction of resins has resulted in a
decrease in both saturated and aromatic hydrocarbons, which is due to their
involvement in formation of asphaltenes and new resins. Formed resins in
thermolysis of the mixture show values of molecular weight, heteroatom content,
number of carbons in the alkyl chains and number of arene cycles lower with
respect to initial resins. Molecular weight of asphaltenes mixture formed in
thermolysis is lower than asphaltenes formed in thermolysis of oils. Middle nuclei
of asphaltene molecules consist of 11 naphthenic and 9 arene rings.

Researchers [90] consider that there is more than one way of reactions in the
process of thermal transformations, by which asphaltenes are formed. They aim to
study potential contribution of low molecular hydrocarbons in addition reactions
that lead to formation of high molecular compounds. It has been suggested that
cracking and/or dehydrogenation reactions produce intermediates that will tend to
form large molecules in addition reactions. The subject of the study is deasphalted

n-pentane residue of vacuum distillation of oil and indene - aromatic compound
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with olefin functional group. Indene is considered to form a radical that is involved
in attachment reactions.

The visbreaking reactions were carried out in a batch microreactor. All
reactions were carried out at 400°C and 2 MPa in nitrogen gas. Reaction time was
30, 45 and 60 minutes. When analyzed insoluble in n-pentane fraction, formed
asphaltenes and coke were not separated.

As a result, it was verified the version that new asphaltenes were formed
during thermal conversion in a radical-chain mechanism. The addition of indene

increases amount of asphaltenes in thermolysis products.
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