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Abstract: The studies of paving bitumen chemical composition and physicochemical properties produced by compounding
deeply oxidized bitumen, tar and vacuum gas-oil of different hydrocarbon composition are carried out.

The bitumen is marked to have the optimal complex of properties if the best chemical group composition of three main elements
bitumen binding agents - oils, resins and asphaltenes - is formed. That provides the best structure of bitumen oildisperse system.

The object of the research is the selection of compounded paving bitumen chemical group composition that provides the
formation of bitumen nanodisperse system as «sol-gel» which quality metrics match the requirements of the new State Stan-
dard 33133-2014 «Petroleum paving viscous bitumen».

The analysis of the research results makes it possible to determine the optimal chemical group composition of compounded
bitumen that meets standard requirements by physicochemical properties. It has been determined that the higher the bitumen
dispersion is, the more plastic properties it has. In addition, the bitumen ability to thermal-oxidative processes of deterioration
decreases. The value range of bitumen dispersion and the most optimal values of asphaltenes ratio to the amount of oils and resins
for bitumen grade BND 100/130 and for bitumen grade BND 70/100 were found. This amount of oils and resins for referred bitumen
grades provide production of nanostructured bitumen as «sol-gel».

It is shown that when processing tar of different chemical composition the optimal chemical group composition of finished
product can be formed by compounding. That rises probability that the end product will fit to the new State Standard 33133-2014.
The represented results of the research can be used in fabrication as the modern laboratories of the oil-refining enterprises can
determine quite efficiently the chemical composition of oil products used in compounding processes in bitumen binding agents
production.
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cochemical properties.
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Pe3stome: B paboTte npoBeaeHbl UCCIEA0BAHNA MO N3YUYEHMIO XUMUYECKOTO COCTaBa U GpU3NKO-XMMNYECKINX CBOMCTB AOPOXKHbIX
6VITYMOB, NMOTyYEHHbIX METOLLOM KOMMAyHANPOBaHMA ry6OKOOKNCIEHHbIX OUTYMOB, r'yJPOHOB 1 BaKyyMHOTO ra3oinsa pasnmnyHoro
yrneBofopofHoro coctaBa. OTMeueHo, 4to 6uTymbl GyayT 06nagaTb ONTUManbHbIM KOMMIEKCOM CBOWCTB, Koraa chpopmmnpoBaH
HauAyyWnin rpynnoBoN XMMUYECKUA COCTaB TPEX OCHOBHbIX N1IEMEHTOB OMTYMHbIX BAXKYLLMX: Maces, CMON 1 achanbTeHoB,
KOTOPbIN B CBOIO ouepenb GopmupyeT HannyuLyto CTPYKTypy HepTAHON aucnepcHom cuctemsl 6rutyma. Llenbto nccnenoBanuin
cTan noabop rpynmnoBOro XMMMYeCKOro COCTaBa KOMMayHAMPOBaHHbIX AOPOXKHbIX 6BUTYMOB, KOTOPbIN 06ecneynT obpa3oBaHue
HaHOAWCMNEePCHOW CTPYKTYpPbl 6UTYMa TrMNa «30/b-TeNby, NoKa3aTenn KayecTBa KOToporo 6yayT COOTBETCTBOBaTb TpeboBaHUAM
HoBoro ctaHfapTa MOCT 33133-2014 «BrTymbl HedTAHbIE AOPOXKHbIE BA3KMEY.

AHanus pesynbTaToB UCCIeAOBAHNI MO3BOJIAA YCTAaHOBUTb ONTMMAJIbHbIN FPYMMNOBOWA XMMNYECKUI COCTaB KOMMNayHAM-
POBaHHbIX 6TYMOB, COOTBETCTBYIOLUX MO GU3NKO-XMMUYECKUM CBONCTBAM TpebOBaHNAM CTaHAapTa. YCTaHOBMIEHO, YTO YeM
BbliLLe ANCNEePCHOCTb 6UTYMa, TeM 6onee NIacTUYHbIMY CBONCTBAMU OH 06/1aflaeT, KPOMeE TOro CHUXKAeTCA CNocobHOCTb 6Tyma
K TEPMOOKMCIINTENbHBIM NpoLieccam CTapeHnd. HangeH ArianasoH 3HaueHnin ANcnepcHoCcTn 6tyma 1 Hambonee onTrManbHble
3HayeHVA OTHoLWeHUA achanbTEHOB K Cymme Macen 1 cmon gna 6utyma mapku BHZ 100/130 n 6utyma mapku BHA 70/100, koTo-
pble obecneyat nonyyeHne HaHOCTPYKTYPUPOBAHHOIO BMTyMa TUMa «30J1b-TeNb.
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Moka3saHo, YTo Npu nepepaboTke ryaPOHOB Pas3IMYHOrO XMMMNYECKOro cocTaBa B 6ITYMHOM NPOU3BOACTBE METOLOM KOMMa-
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pe3ynbTaTbl MOTYT ObITb KBaNMULMPOBAHHO NCMONb30BaHbl B MPOU3BOACTBE, T.K. COBpeMeHHasA nabopaTopHan 6a3a HedTe-
nepepabaTbiBalOWMNX NPEANPUATUI MO3BONAET JOCTaTOYHO OMNepaTUBHO OnpefenaTb XMMUYECKN COCTaB HepTenpoayKTOB,
NCMOob3yeMbIX B MpoLeccax KoMnayHAMPOBaHMA NPU NPON3BOACTBE GUTYMHbIX BAXKYLLNX.
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INTRODUCTION

he use of the high-quality petroleum bitumen pro-

vides durability of asphalt coverings under heavy
traffic conditions. The quality of bitumen as that of the
petroleum disperse systems is directly connected with
their structures and properties that are defined by the pro-
portion of oils, resins and asphaltenes [1—9]. These three
main structural elements of bitumen binding agents in-
teract and form the variety of microheterogeneous nano-
disperse structure [10—13].

One of the available and effective methods of pe-
troleum bitumen production is the processing based on
mixing deeply oxidized bitumen with heavy still bottoms
(tar) — «compounding» [14—17]. This technology is in-
troduced in some Russian enterprises. It permits to en-
large the production stock and to improve the petroleum
bitumen properties. The best chemical group composi-
tion of bitumen and its dispersion [18—21] can be got by
selecting the optimal ratio of compounds and the finished
product will match the State Standard 33133-2014.

The bitumen will have the optimal complex of prop-
erties only if it has the best chemical group composi-
tion from oils, resins and asphaltenes and the definite

structure of petroleum disperse systems is formed. The
studies of bitumen cross-linking processes permit to bring
out the possible disperse structures forming in bitumen
against the quantity and nature of asphaltenes, the kind
of hydrocarbons and the quantity of resins in disperse
environment.

The results represented in the research [22] show
the dependence of bitumen running abilities from their
chemical composition that is characterized by the scales
of asphaltenes content ratio to resins content (A/R) and
ratio of asphaltenes and resins amount to resins content
(A+R)/0. It is set up that the heat -and cold-resistant
bitumen with high strength must have 23% mass. of resins,
15—18% mass. of asphaltenes, 52—54% mass. of oils and
ratio must be A/R =0,5-0,6 and (A+R)/0 = 0,8—0,9.

A.S. Kolbanovskaya [19, 23, 24] suggested her own bi-
tumen classification having associated the nature of space
supramolecular structure of bitumen with the content
of main components in them and interaction degree be-
tween the particles of bitumen disperse stage. She defined
three types of bitumen structure: «gel», «sol» and «sol-
gel». The «sol-gel» structure is the optimal structure for
bitumen. The usage of optimal structural sol-gel bitu-
men increases the durability of asphalt coverings for 1,
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5—3 times in comparison with the coverings based on
the bitumen of another structure [1]. According to her
mind the bitumen must have the content of asphaltenes
in the range 21—-23%, resins — 29—349%, oils — 46—50%.
The ratio of asphaltenes to the total amount of asphalt
resinous substances (A/(S+A)) must be 0,39—0,44 and
the ratio of asphaltenes to the amount of oils and resins
(A/(M+S)) — 0,25-0,30.

Oil of new fields or its mixture is involved in the pro-
cess of refining. The asphaltenes and resins nature and
structure, hydrocarbons of this oil are different from that

Table 1
Quality indicators of tar and deeply oxidized bitumen

used before. Everything will influence the properties
of raw materials for bitumen production and bitumen
itself. That is why the investigations, directed to studying
and definition of modern bitumen chemical composition,
are necessary because these results permit to form quali-
tative nanostructured bitumen binding agent of optimal
structure for durable asphalt coverings.

The object of the research is the selection of the best
group hydrocarbon composition of compounded paving
bitumen that provides the formation of bitumen nano-
disperse system as «sol-gel» which quality metrics match

Factors : Raw material :
Tar I Bitumen I Tar 11 Bitumen II
Conditional viscosity at 80°C, sec. 96 - 87 —
Change of softening temperature after deterioration, °C 4 8 4 8
Density at 15°C, kg/m? 1001 — 1007 —
Temperature of flash in the open bowl, °C 341 — 332 —
Temperature of softening over ring and ball, °C 34 81 32 64
Depth of needle penetration at 25°C, 0,1 mm - 42 - 38

Table 2
Physicochemical properties of vacuum gas-oil fraction
Factor nomination Values

Density at 20°C, kg/m? 900
Temperature of distillation starting, °C 180
Qil products volume boils-off to 350°C, % 35
Temperature of distillation termination, °C 500
Volume fraction of excise tar, % 15
Flash temperature, °C 220

Table 3
Group hydrocarbon composition of research subjects

the requirements of the new State Standard 33133-2014
«Petroleum paving viscous bitumen».

The subject of the research: Tar (tar I, tar II), deeply
oxidized bitumen (bitumen I, bitumen II) produced from
this tar and vacuum gas-oil (VG) of primary oil refining
installation were used as the subjects of research. The
main factor of substances quality used here are shown in
tables (1, 2).

The group hydrocarbon composition was deter-
mined at the laboratory installation «Gradient-M» with
the thermal conduction sensor by the fluid absorbtion
chromatography method with gradient driving. This

L L Content, % mass.

Group combination nomination : = =

Tar I Tar I1 Bitumen I | Bitumen II | Vacuum gas-oil
Paraffin naphthene hydrocarbons 26,8 24.8 29,8 23.8 73,6
Light aromatic hydrocarbons 13,7 15,6 9,0 10,1 8,6
Medium aromatic hydrocarbons 1,0 1,8 1,7 2,4 1,7
Heavy aromatic hydrocarbons 36,2 33,3 21,0 21,4 12,0
Amount of oils 77,7 75,5 61,5 57,7 95,9
Resins 19,9 20,3 20,0 24,0 2,6
Asphaltenes 2,4 4,2 18,5 18,3 1,5
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technique permits to define the group composition
of heavy-oil products with the least error. The heavy-
oil products are divided into seven groups: paraffin
naphthene hydrocarbons, light aromatic hydrocarbons,
medium aromatic hydrocarbons, heavy aromatic hydro-
carbons, resins and asphaltenes. Group hydrocarbon
composition of components used in the research is rep-
resented in the table 3.

The results of research: The bitumen samples with
softening temperatures of 45°C and 47°C were prepared
by the method of compounding. The composition and
chemical group composition of compounded bitumen
got on base of raw material I, II and vacuum gas-oil are
represented in tables (4, 5) and their physicochemical
properties are in the tables (6, 7).

The physicochemical properties of obtained bitumen
samples on base of raw material I and II are represented
in tables (6, 7).

Table 4

The analysis of the research results made it possible
to set the optimal chemical group composition of com-
pounded bitumen represented on the pictures 1 and 2.

One of the most important piculiarities of nanostruc-
tured bitumen system is dispersion that describes not
only particles size of disperse phase in disperse system,
shows the number of particles that can be put closely in
one cubic meter, but also dispersion influences the physi-
cochemical properties of bitumen binding agent. The
more is the size of bitumen disperse phase, formed by
asphaltenes generaly, the more is its dispersion. The dis-
persion of the examined bitumen was defined according to
[1]. The picture 3 shows dependences of asphaltenes ratio
to the mount of oils and resins (A/(O+R) from dispersion
of compounded bitumen.

It has been determined that the higher the bitumen
dispersion is, the more plastic properties it has. In addi-
tion, the bitumen ability to thermal-oxidative processes

Composition and chemical group composition of compounded bitumen produced on the basis

of raw material I, IT and vacuum gas-oil

Sample Components content, % Content, %
number Bitumen Tar VG Oils Resins Asphaltenes
1 49 46 5 71 19 10
2 66 24 10 69 18 13
3 60 25 15 71 17 12
4 60 20 20 72 17 12
5 60 35 5 69 19 12
6 73 17 10 68 18 14
7 70 15 15 69 17 14
8 75 5 20 69 17 14
Table 5
Composition and chemical group composition of compounded bitumen produced on the basis
of raw material I, II and vacuum gas-oil
Sample Components content, % Content, %
number Bitumen Tar VG Oils Resins Asphaltenes
1 60 35 5 66 22 13
2 68 22 10 65 21 14
3 85 0 15 63 21 16
4 65 30 5 65 22 13
5 75 15 10 64 21 15
6 82 3 15 64 21 15
http://nanobuild.ru 516 info@nanobuild.ru
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Table 6
Physicochemical properties of bitumen produced on the basis of raw material I and vacuum gas-oil
. State Standard
Number of bitumen sample 33133-2014
Factor BND BND
L 2 . . e 6 Y g 100/130 | 70/100
Softening not lower | not lower
temperature, °C 46 4 45 45 47 47 47 47 than 45 | than 47
Change of softening tem- ot more | not more
perature after deteriora- 4 4 7 11 7 11 10 7
. than 7 than 7
tion, °C
Change sample mass af- not more | not more
ter deterioration, % mass. 0 0 0 0 0,51 0 0 0 than 0,7 | than 0,6
Depthofneedle penetra- |5\ 5y | 56 | 49 | 42 | 49 | 47 | @ 30 21
tion at 0°C«0,1 mm
Depth of needle penetra- | 35| 139 | 149 | 142 | 102 | 93 | 97 | 100 | 101=130 | 71—100
tion at 25°C«0,1 mm
. o notless | notless
Stretchability at 25°C, cm| 77 48 73 65 45 37 18 62 than 70 | than 62
Brittleness not not
; A oC =25 | =29 | =27 | =28 | =26 | =34 | =30 | —26 higher higher
emperature, than —20 | than —18

Table 7
Physicochemical properties of bitumen produced on the basis of raw material II and vacuum gas-oil
Fact Number of bitumen sample State Standard 33133-2014
actor
1 2 3 4 5 6 BND 100/130 | BND 70/100
Softening temperature, °C 46 46 45 47 48 47 not lolvgr than | not IO‘Z; rthan
Change of softening tempera- 6 6 6 5 3 4 not more than | not more than
ture after deterioration, °C 7 7
Change sample mass after not more than | not more than
deterioration, % mass. 0 0 0,43 0 0,43 0 0,7 0,6
Depth of needle penetration 41 37 54 36 43 44 30 1
at 0°C«0,1 mm
iezpstﬁ‘é’fgieﬂfnpenetrauon 104 | 110 | 118 | 80 | 8 | 83 | 101-130 71-100
Stretchability at 25°C, cm 74 | 69 | s8 | 41 | 51 | 76 | ™ 1"’753 than | - not leg; than
. . not higher not higher
Brittleness temperature, °C =27 =25 | =32 | -28 =32 | =32 than —20 than —18

of deterioration decreases. The value range of bitumen
dispersion (2,7—3,5) and the most optimal ratio (A/

(R+0)) for bitumen grade BND 100/130 — 0,11...0,15  gel» were found.

and for bitumen grade BND 70/130 — 0,16...0,18 that
provide production of nanostructured bitumen as «sol-
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Fig. 1. Optimal chemical group composition Fig. 2. Optimal chemical group composition
of compounded bitumen for the grade BND 100/130 of compounded bitumen for the grade BND 70/100
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Fig. 3. Dependences of asphaltenes ratio to the mount of oils and resins
(A/(O+R) on dispersion of compounded bitumen produced on the basis
of raw material I and II and vacuum gas-oil
CONCLUSION
Thus, when processing tar of different chemical com- The modern laboratories of the oil-refining enterprises
position the optimal chemical group composition of fin- can determine quite efficiently the chemical composition

ished product can be formed by compounding. That rises  of oil products. Therefore the results represented here can
probability that the end product will fit to the new State  be applied in production efficiently.
Standard 33133-2014.
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BBEJEHUE

pUMeHEeHNE BBICOKOKAUYCCTBEHHBIX HEMTIHBIX

OUTYMOB 00O€eCIieurBaeT J0JTrOBEYHOCTD acdab-
TOOCTOHHBIX MOKPBHITUI B YCIOBUSIX MHTCHCHUBHOTO
IBIDKCHUS aBTOTpaHcIopTa. KagecTBO OMTYyMOB Kak
HEe(TIHBIX TUCIIEPCHBIX CUCTEM HEIOCPEICTBCHHO
CBSI3aHO C UX CTPYKTYpOI M CBOMCTBAMH, KOTOPHIC
OTTIPEIEISTIOTCS KOJTMYECTBEHHBIM COOTHOIIICHUEM Ma-
celt, cMoll 1 acanbTeHOB [1—9]. DTH TP OCHOBHBIX
CTPYKTYPHBIX 3JIEMEHTAa OUTYMHBIX BSIKYIIIMX B3au-
MOIIEMCTBYIOT MEXIY COO0It 1 00pa3yIOT TY WU UHYIO
Pa3HOBUIHOCTh MUKPOTETEPOTeHHOM HAHOIUCIIEPCHOM
cTpyKTyphI [10—13].

OmHUM U3 TIEPCIIEKTUBHEIX 11 3((DEKTUBHBIX METOIOB
TIOJTYICHUST He(DTSHBIX OUTYMOB SIBJIICTCSI TEXHOJIOTHS,
OCHOBaHHasI Ha CMEIIICHUH TIIyOOKOOKMCIICHHOTO OUTY-
Ma C TSDKEJIBIMA He(DTSTHBIMU OcTaTKaM# (TyIpOHAMM) —
«OKHCIeHUe-KoMIayHaupoBanue» [14—17]. JanHas
TEXHOJIOTHS BHEIPeHA Ha HEKOTOPBIX POCCUMCKUX TIPE-
npusgTusax. OHa IMO3BOJISIET PACIIUPUTh ACCOPTUMEHT
BBIITyCKAeMOM MMPOIYKIINY U YIYIIINTL CBOMCTBA He-
(TaHBIX OUTYMOB. B pesynbpTaTte mombopa onTUMAaIbHOTO
COOTHOIIICHMST KOMITAYHIOB MOXKXHO TOCTHYb HAMITyd-
IIIeTO TPYIIIIOBOTO XMUMUIECKOTO COCTaBa OMTYMa M €TO

Tabauya 1

IUCTIEpCHOCTH [18—21] ¥ OIyYNTH TOTOBYIO OUTYMHYIO
npoaykiuio, coorBeTcTBytomyio 'OCT 33133-2014.

butymbl OyayT 006J1amaTh ONITUMAIbHBIM KOMILIEK-
COM CBOMCTB TOJIbKO B TOM CJIyJae, KOTJa OHU UMECIOT
HAWJIYYIIMNI TPYNIIOBOM XUMHUYECKUI COCTAB U3 Macel,
CMOJ 1 achaTbTeHOB 1 cpOopMUpOBaHa OTIpeIeIcHHAS
CTPYKTypa He(pTSIHOI TUcTIepcHOM cucTteMbl. Mccmeno-
BaHUS IIPOIICCCOB CTPYKTYPOOOPa30BaHMS OUTYMOB IT10-
3BOJISIOT BEISIBUTH BOSMOXKHBIC TUCTICPCHBIC CTPYKTYPHI,
00pa3yroIImecs: B ONTyMe B 3aBUCHMOCTH OT KOJIMUECTBA
1 TIPUPOIHI ac(aTbTEHOB, BUIA YTIJICBOIOPOIOB 1 KOJIH-
YecTBa CMOJI B IUCTICPCUOHHOM cpere.

PesynbraThl, mpeacTaBieHHBIE B paboTe [22], cBU-
IEeTeIBCTBYIOT O 3aBUCUMOCTHU 3KCILTyaTallMOHHBIX
CBOICTB OMTYMOB OT MX XMMHUYECKOTO COCTaBa, KOTO-
PBIN XapaKTepu3yeTCcsl BEININHAMU OTHOIIICHUS CO-
IepxxaHus acdaabTeHOB K comepxkaHuio cmoia (A/C)
1 CYMMOI1 ac(aabTeHOB M CMOJI K COIEPKaHUIO Maces
(A+C)/M. YcTaHOBICHO, 9YTO OMTYMEBI TEIVIO- M MOPO-
30CTOMKME C BEICOKOI IIPOYHOCTHIO TOKHBI COICPKATh
23% macc. cmoi, 15—18% macc. acdaibreHoB, 52—54%
Macc. Macelsl 1 uMmeTb cootHomenus A/C = 0,5-0,6
u (A+C)/M = 0,8—0.,9.

Konbanosckas A.C. [19, 23, 24] ipemmoxXuia CBOIO
cHCTeMy KJaccupuKallmyd OMTYMOB, CBSI3aB XapaKTep

IToka3aresu KayecTBa ryJAPOHOB H I.IyOOKOOKHCJIEHHBIX OUTYMOB

HaumenoBanue nokasareeit

HaumenoBanue CoIpbsi

Iyapon I Burtym I Iyapon I1 Burym I1

YcnosHas Bsa3kocTh ripu 80°C, cek. 96 — 87 —
H3meHeHue TeMrepatypbl pa3MsraeHust 4 3 4 3
nocnie crapeHus, °C

InotHoCTh TIpH 15°C, KI/M? 1001 — 1007 —
TemmnepaTypbl BCOBIIIKY B OTKPBITOM TUTIIE, °C 341 — 332 —
Temnepatypa pazmsaryenus o Kulll, °C 34 81 32 64
I'myouna nmpoHukanus uriel mpu 25°C, 0,1 MM - 42 - 38

Tabauuya 2
Du3HMKO-XMMHYECKHE CBOICTBA (DPAKIMK BAKYYMHOTO
ra3omis

HaumenoBanue nokasarenei 3nauenus
IMnotHocTh Tipu 20°C, Kr/M3 900
TemnepaTypa Havasia rieperoHku, °C 180
o 350°C Beikumaer, % o6 35
TemnepaTypa KoHIIa IEperoHKH, °C 500
O06BeMHasT TOJIST aKIIM3HBIX cMOJT, % 15
Temnepatypa Bcrniblku, °C 220

IIPOCTPAHCTBEHHOI HAIMOJICKYJIIPHOM CTPYKTYPHI O1-
TYMOB C COIepKaHNEeM B HIX OCHOBHBIX KOMITOHEHTOB
1 CTETICHb B3aMOICHCTBIS MEXIY YaCTUILIAMU TUCITEPC-
Ho1 (pa3el OuTymMa. OHa BRIIEIMIIA TPU TUIIA CTPYKTYP
OUTYMa: «T€JTb», «30JIb» 1 «30JIb-TeNb». CTPYKTYpa «30JIb-
TeJTb» SIBJIICTCST ONITUMAJTEHOU CTPYKTYPOIA 71T OUTYMOB.
[IpuMmeHeHNE OUTYMOB ONITUMAJIBHOTO CTPYKTYPHOTO
30JIb-TEJICBOTO TUITa 00ECTICUMBACT YBEIMICHHIE CPOKa
CITY>KOBI TOPOXKHBIX TTOKPBITUIA B 1,5—3 pa3a 1o cpaB-
HEHUIO C TTOKPBITUSIMUA HAa OCHOBE OMTYMOB OPYTOM
crpykrypsl [1]. 1o ee MHeHUIO, B OUTYMaxX JOJKHO OBITh
comepxaHue achanbreHOB B npeneiax 21—23% macc.,
cMont — 29—34% macc. u macen — 46—50% macc. Ipu
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Tabauya 3
IpynmnoBoii yriieBo0pOaHBI COCTAB 00BEKTOB HCCJIEIOBAHUS

Conepxanne, % macc.

HawnmveHoBaHue rpynnoBbIX COeTUHEHHI Tyapon 1 Tyapon IT Burym I Burym 11 Bi:gl;::m
INapacduHo-HaDTEHOBBIEC YIIEBOIOPOIBI 26,8 24,8 29,8 23,8 73,6
Jlerkue apomaTnyeckue yriaeBogOpOIbI 13,7 15,6 9,0 10,1 8,6
CpegHue apoMaTU4ecKHe yIiaeBOIOPOIbI 1,0 1,8 1,7 2,4 1,7
Tskenble apoMaTUYeCKUE YTIAEBOIOPOIbI 36,2 33,3 21,0 21,4 12,0
CyMMa macel 77,7 75,5 61,5 57,7 95,9
CMoJtbl 19,9 20,3 20,0 24,0 2,6
Asphaltenes 2,4 42 18,5 18,3 1,5

3TOM OTHoOLIeHUE acGaJbTeHOB K OOIlIeil CyMMe ac-  JOPOXHbBIX OUTYMOB, KOTOPBIii 00€CIICUUT 0Opa3oBaHue

dampTo-cMommcThIX BemecTB (A/(C+A)) IOKHO OBITh  HAaHOOWCIIEPCHOM CTPYKTYPHI OMTYMa TUIIA «30JIb-TENIb»,
0,39—0,44, a oTHOIIEeHNE ac(aTbTEHOB K CYMME MaceJ  ITOKa3aTesId KauecTBa KOTOPOTro obecrieyaT TpeOOBaHUS

u cmoi (A/(M+C)) — 0,25-0,30. HoBoro ctaHgapta OCT 33133-2014 «butrymsr HedTsI-
OmHaKo B IIPOIIECCH MepepabOTKM BOBJICKACTCS  HBIC TOPOXHBIC BI3KHC».

HedTh HOBBIX MECTOPOXACHM min ee cMecH. [Ipupona Obsexmbt uccaedosanuii. B xauecTBe 00bEKTOB UC-

¥ CTPYKTypa achaTbTeHOB, CMOJI ¥ BUIHI YITICBOIOPOIOB  CIIEHOBAaHUIA OBUIM MCIIOJB30BAHBI TYIPOHEI (TYIpoH I,

3TOM He(PTU OTIUYHBI OT TeX, KOTOpasi IiepepadaThiBa- ryapoH II), rmydoKookuciaeHHbIe ONTYMEI (OUTYM I,

JIach paHee, 1 OYIyT OKa3bIBaTh CYIIECTBEHHOE BIMsAHUEe  OMTyM II), MoydeHHBIC UX 3TUX TYIPOHOB, U BAKyyM-
Ha CBOMCTBA KaK CHIPhS ONTYMHOTO IIPOM3BOACTBA, TAK  HBIH ra3oiiik (BI') ycTaHOBKY epBUYHOI ITepepadbOTKI

u camux outymoB. [ToaTomy mccinenoBanus, HatpaBieH-  HedT. OCHOBHBIE TTOKA3aTe I Ka4eCTBA NCTIOIb3yeMBIX
HBIC Ha N3yYCHHE U OTIpeaeIcHIe XUMIIECKOTO COCTa-  BCIIECTB ITOKA3aHbI B Ta0d. 1 m 2.
Ba COBPEMEHHBIX ONTYMOB, SIBIISIIOTCS HEOOXOIMMBIMU, ['pynImoBoii yriIieBogOpOIHBINA COCTAB OIPEIeIIsiIn
T.K. TIOJIyYeHHBIC PE3YJIBbTAThI IIO3BOJIST C(OPMUPOBATh  HAa JJabopaTOpHOIT ycTaHOBKe «I'pammeHT-M» C IeTeK-
Ka4eCTBEHHOEC HAHOCTPYKTYPUPOBAHHOE OMTYMHOE BSI-  TOPOM ITO TEIUIOIIPOBOTHOCTHA METOIOM KUIKOCTHO-a/I-
KyIIee ONTUMAIBHOM CTPYKTYPHI VIS IOJITOBEYHEBIX aC-  COPOIIMOHHON XpoMaTorpaduy ¢ TpaTueHTHBIM BBITEC-
(haTbTOOETOHHBIX JOPOKHBIX TIOKPHITHIA. HeHneM. /JlaHHas MeTonMKa MO3BOJISICT ¢ HaUMEHBIIeH
Ileavro uccaedosanuii cTan moagdoOP HAWIYIIIIETO TPYIT-  ITOTPEITHOCTHIO ONIPEICIIATE TPYITIIOBOI COCTAB TSKEIIBIX

ITIOBOTO YITICBOOOPOAHOIO COCTaBa KOMIIAyHANPOBAHHDBIX HC(DTEH]:)OI[YKTOB C pa3acJICHUEM Ha CEMb I'DYIIIL: ITapa-

Tabauya 4
CocTaB 4 rpynnoBoii XMMHYECKHii COCTAB 00PA3I0B GUTYMOB, MOJYYEHHBIX HA OCHOBE ChIPbs I
U BAKYYMHOI0 ra30iJis

ConaepxaHue KOMIOHEHTOB, % Conepxanue, %
Ne oOpasua
Burym Iyapon BI' Macaa CmoJibI AcdanbTens
1 49 46 5 71 19 10
2 66 24 10 69 18 13
3 60 25 15 71 17 12
4 60 20 20 72 17 12
5 60 35 5 69 19 12
6 73 17 10 68 18 14
7 70 15 15 69 17 14
8 75 5 20 69 17 14
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Tabauya 5
CocTas U rpynnoBoii XMMH4YECKHii COCTAB 00pa310B OUTYMOB, OJYYEHHbIX HA OCHOBE ChIpbs 11
U BAKYYMHOTO ra30iis

ConepxaHue KOMIIOHEHTOB, % Conepxanue, %
Ne obpasma
Butym Iyapon BT Macaa CmoJibI Acanbrenbt
1 60 35 5 66 22 13
2 68 22 10 65 21 14
3 85 0 15 63 21 16
4 65 30 5 65 22 13
5 75 15 10 64 21 15
6 82 3 15 64 21 15
(buHO-HaTEHOBRIE YIIIEBOAOPOILL, Jierkue, cpenrue, 45 u 47°C. CocTtaB U IpyNIIOBOM XMMUYECKUIA COCTAB
TsDKEJIbIe apOMATUYECKUE YIIIEBOOAOPOIbI, CMOJIbI, aC-  KOMIIAYHAMPOBAHHBIX OUTYMOB, MOJIYY€HHbBIX Ha OC-
(banbreHbl. ['pyIIIoBoii yrIeBOAOPOAHBIA COCTAB KOM-  HOBe ChIpbsi 1 1 11 1 BaKyyMHOrO ra3oiiisi, puBeaeHbI
TMIOHEHTOB, IPUMEHSIEMBIX B XOJI€ MCCIENOBAHUMA, TIpef- B Tabd. 4 n 5, a UX PU3MKO-XUMUIECKHE CBOIICTBA —
cTaBJIeH B Ta0. 3. BTa0I. 6 1 7.
DU3NKO-XUMUYECKHE CBOMCTBA MOJIYYeHHBIX 00-
Pe3ynbTaThl HCCIe0BAHMIA pa3ioB 6uTymMa Ha ocHOBE ChIpbhs | u 11 TIpeacTaBiaeHB
BTa0I. 6 7.
MeToaoM KOMITayHIMPOBAaHUS OBUTN ITPUTOTOBJIE- AHaIN3 pe3yIbTaTOB UCCIICIOBAHUI TT03BOJIMI YCTa-

HbI 06[)2131_[1)1 6I/ITYMOB C TEMIICpaTypaMH pasMATYCHUA HOBUTH ONTUMAJIbHBIA rpyHr[0B017I XAMHUYECKUI COCTaB

Tabauua 6
DuU3NKO-XUMHYECKHE CBOCTBA OUTYMOB, NMOJTy4EHHBIX HA OCHOBE ChIPbsi I M BAKYyMHOIO ra3oiiist

Ne o0pasia ouryma I'OCT 33133-2014

ITokasaTenn BH/L BHJL
! 2 3 4 > 6 7 8 100/130 | 70/100

Temnepatypa 46 45 45 45 47 47 47 47 He HUXKe | He HIKe
pasmsryenus, °C 45 47

W3meneHue Temmepary-
PHI pa3MsTUeHUS TT0CITe 4 4 7 11 7 11 10 7
crapenus, °C

He Oosiee | He Oosee
7 7

M3MeHeHMe MacChl
oOpaslia rnocie crape- 0 0 0 0 0,51 0 0 0
Hust, % Macc.

He 0osiee | He Oosee
0,7 0,6

I'nyGuHa mpoHUKaHMS

uriel ipu 0°C+0,1 MM 51 54 56 49 42 49 47 42 30 21

I'myGuHa mpoHUKaHUS

130 139 140 142 102 93 97 100 | 101—130 | 71—100
urabl ipu 25°C« 0,1 MM

Pacrskumoctb He MeHee | He MeHee
1pn 25°C, em 77 48 73 65 45 37 18 62 70 62
Temmepatypa 25 | 29 | —27 | Z28 | —26 | —34 | —30 | —pg | MeBOILE | HE Bblle
XpynkocTu, °C =20 —18
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Tabauya 7

DuU3NKO-XMMHYECKHE CBOICTBA OUTYMOB, NMOJTYYEHHBIX HA OCHOBE ChIpbsi 11 M BAKYyMHOTO ra3oiiis

Ne o6pa3ma ouryma I'OCT 33133-2014
IToka3arenn

1 2 3 4 5 6 BH/I 100/130 | BH/T 70/100
Temneparypa 46 | 46 | 45 | 47 | 48 | 47 | menmked5 | He Huxe 47
pasmsaryeHus, °C
VI3MEHEHUE TeMTNIEPATypEI pa3- 6 6 6 5 8 4 He Gostee 7 He Gosee 7
MSITYEHMS TTociie crapenws, °C
Mamenenie macehl obpasia 0 0 | 043 | 0 | 043 | 0 | neGonee0,7 | meGonee 0,6
rocJie crapenus, % macc.
IyOorHa TPOHUKAHWS WIJIBI A1 37 54 36 43 44 30 )1
npu 0°C«0,1 MM
T1yGuHa MpOHMKAHMS HEbI 104 | 110 | 118 | 80 | 8 | 83 101—130 71-100
npu 25°C+0,1 mm
PactsexnmocTts ipu 25°C, cm 74 69 58 41 51 76 He meHee 70 | He meHee 62
Temnepatypa xpynkoctu, °C =27 | =25 | =32 | =28 —32 | =32 | He Bbiie —20 | He BbIe —18

KOMITayHIMPOBAHHBIX OMTYMOB, MpeICTaBICHHBIMN
Ha puc. 1 u 2.

OmHOM X BAXKHBIX XapaKTepUCTUK HAHOCTPYKTYPH -
POBaHHOI CUCTEMBI OMTyMa SIBJIICTCS TUCIICPCHOCTD,
KOTOpasl XapaKTepHu3yeT He TOJIBKO pa3Mep JacTHII J1C-
TIepPCHOI (ha3bl B UCIIEPCHOM CHCTEMe, TTIOKa3bIBacT,
KaKOe YMCJIO YACTUI] MOXHO YJIOXKUTD BIUTOTHYIO B OII-
HOM KyOM9IeCKOM MeTpe, HO U BIMSCT Ha (PU3UKO-XUMU-
YeCKHe CBOMCTBA OMTYMHOTO BSIKyIero. YeM MeHBIIIe
pa3Mep JacTHII OIUCIIEPCHOM (ha3bl OMTyMa, KOTOPBIi
opmmpyeTcss B OCHOBHOM acaIbTeHAMM, TeM OOJIbIIIe
ero IMCITepCHOCTH [3, 4, 19]. JIncIiepcHOCTh UCCIemye-
MBIX OMTYMOB ompeaessiach 1o [1]. Ha puc. 3 mokazaHbr

3aBUCUMOCTH OTHOIIEHUS ac(aTbTeHOB K CyMME Mace
u cMoi (A/(M+C)) oT IUCIIepCHOCTH KOMITAYHINPO-
BaHHBIX OUTYMOB.

YCTaHOBIIEHO, YTO YeM BBIIIE AUCTIEPCHOCTD OUTY-
Ma, TeM OoJiee TUTACTUIHBIMY CBOICTBAMM OH 00J1aaeT,
KPOMeE TOTO CHUZKAETCST CTOCOOHOCTh OUTYMa K TepPMO-
OKHCITUTENIbHBIM TIpolieccaM ctapeHusl. Hatinen nuara-
30H 3HAUCHUI AUCIIepCHOCTH 6uTyMa (2,7—3,5) n Haum-
OoJtee onrTMMAaIbHbIC 3HaUeHUSI OTHOIICHMS A/(C+M)
st ouryma mapku BHI 100/130 — 0,11...0,15 u mnsa
6uryma mapku BHJI 70/100 — 0,16...0,18, koTopbie 00e-
crieyaT ToJlydeHre HAaHOCTPYKTYPUPOBAHHOTO OUTyMa
THUTIA «30JTb-TEJTb».
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Puc. 1. OnTumManbHbIil rPyNMoBOi XUMIIeCKuit
€OCTaB KOMIAYHIMPOBAHHBIX OUTYMOB JJIsSi MAPKH
BHJI 100/130

Puc. 2. OnTumMaibHbIi rPyNnoBoil XUMUYECKHUi COCTaB
KOMINAayHIMPOBaHHbIX OuTyMoB 11st Mmapku BHJL 70/100
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Puc. 3. 3aBucumocTy oTHOIIEHUS ac()ATBTEHOB K CyMMe Maces U CMOJ
(A/(M+C)) ot 1UCTIEPCHOCTH KOMIAYHAUPOBAHHBIX OUTYMOB,
MOJy4YeHHbIX Ha OcHOBe cbipbs I u 11 u BaKyymHOro ra3oiiis

3AKJIIOYEHUE

Takum ob6pa3oM, B OUTYMHOM IIPOU3BOJICTBE METO- CoBpemenHas 1abopaTopHas 6a3a HedTerepepa-
IIOM KOMTIAyHIUPOBAaHUS MOXHO C(pOPMHPOBATH OIT-  OATHIBAIOIINX IIPEATIPUSTUN TTO3BOJISCT JOCTATOUHO
TUMAJIBHBIN TPYIIIIOBOM XMMHWYECKUIL COCTaB TOTOBOM  OIEPATUBHO OMpPEIeIISITh XUMHIECKII cocTaB HedTe-
TIPONYKIIMK U ¢ OOJIBIIEH MOJICH BEPOITHOCTH MOJIY-  HIPOAYKTOB, TTOSTOMY pe3YIbTaThl, IIPEACTaBICHHBIC
YUTB TIPOAYKIINIO, COOTBETCTBYIOIIYIO HOBOMY CTAHIAPTY B padOTe, MOTYT OBITh KBATM(DPUIIMPOBAHHO MCIIOIB30-
I'OCT 33133-2014. BaHbI B IIPOU3BOICTBE.
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