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OKOHOMUNYECKUE HAYKU U MEHEJUKMEHT
(ECONOMIC SCIENCES & MANAGEMENT)
YK 33
I'apudynauna U.0.
CTYJICHT MarucTpaTypbl

Y dbumckuii rocy1apCcTBeHHBIN HEPTIHOW TEXHUUECKUN YHUBEPCUTET

(r. Ya, Poccust)

TPAHCIIOPTHOE SHEPI'OIIOTPEBJIEHUE

AHHOmMaAuuAa. 6 OaHHOU Ccmamve paccMampueaemcs 6o30elicmeue MmMpaHcnopma Ha
9HepeonompebieHue, 8 paziuunslx cghepax. A makaice, KAk CUIbHO 3A8UCUM FHep2onompebieHue, om

euda mpaucnopma.

Knrwoueswie cnosa: mpancnopm, mpancnopmmuvie cpeocmed, SHep2usl, IHepeonompeoienus.

3HauuTeNnbHas 4YacTh MOTPEONISIEMBIX HAa TPAHCIOPTE SHEPrOPECYpPCOB
MPUXOJUTCS Ha HeTenepepadaThIBAIONINE TPOYKTHI. JIOJIs 2IIEKTPOIHEPTUU IO CUX
MOp 3aHUMAET HEOOJIBIIYIO YaCTh 3TOTO CEKTOpa 3KOHOMUKH 3-4. DTO MPUBOIUT K
OTPOMHOMY  3KOJOTMYECKOMY BO3JEHCTBUIO, KOTOPYKO OKAa3bIBA€T TOPOJCKOM
TPAHCIOPT Ha OKpYXKAIOWIeH cpene.  ABTOTPAHCHOPT 3aHUMAET JIMIUPYIOIIUE
MO3UIIMU B DHEPTONOTPEOJICHUU CPEId OCTaJIbHBIX TPAHCIOPTHBIX CPEACTB, Ha
KOTOPBIX TPHUXOAUTCS TpaTtuthcs dHeprus. o 49 Bcero morpebasieMoro B 3TOU
OTpaciu 3Hepropecypca.

CooTHOIIIEHNE KOJIMYECTBA TPAHCIIOPTHBIX CPEJACTB M 00bEMa pPacxoioB
SHEPTUU SBIBICTCS TPSIMOM 3aBUCUMOCTBIO, HO MOKHO UMETh pa3Hbie KOI(PPUITUEHTHI
10 BHJAM TPaHCHOPTHBIX cpeacTB. CyIllecTByeT Bcerjga KOMIIPOMHUCC CKOPOCTH
JIOCTaBKM Tpy3a W 00beMa DHEpPruu, 3aTpayrMBaeMOr0 Ha JIOCTaBKY TIpy3a,
CYIIECTBOBAHME 3TOr0  KOMIIPOMHUCCA 3aBHCUT OT pa3Mepa KeJIaeMoro

HKOHOMHUYECKOTO 3P deKTa OT AOCTABKU T'py3a U uenoBeka. [Ipu TpaHcmopTHpOBKe
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MAcCaXUPOB M JIOPOTUX TPY30B MOKHO HCHOIB30BaTh CKOPOCTHBIE aBTOMOOWIIN, HO
ATH aBTOMOOMJIM HMEIOT BBICOKHI 3HepromnorpedieHue. IDTOT THIl TpaHCIOpTa
HauOosee 1enecoo0pa3eH Il TEPEeBO3KM TPy30B, B YACTHOCTU TIPY30B,
OTJIMYAIOUXCS OOJBIIMM TabapuToM U BeCOM. MOXKHO CpaBHUTh C aBUAIIUECH,
KOTOpasi ~ OTJIMYAeTCs  BBICOKMM  DHEPromoTpedieHHEM,  CBSI3aHHBIM  C
BBICOKOCKOPOCTHOM TPAHCIIOPTUPOBKOW IPY30B, JIFOJAEH U TPY30B.

Ha ceroassiiHuii 1eHb TPAHCIIOPTHAS OTPACIU 3aHUMAET OKOJIO 25 MUPOBBIX
noTpeOIeHUH SHEPTUH, OTpedIeHuE Beel 1o0biBaeMoil HeTH - Oonee 62. TpancnopT
IPAKTUYECKH IOJIHOCThIO 3aBUCUM OT HE(PTENpOayKTOB 95 NPOLEHTOB, KpPOME
KEJIE3HBIX JOPOT, KOTOPbIE UCTOIb3YIOT 3JIEKTPUUECKYIO IHEPTHIO.

B OCHOBHBIX PKOHOMHYECKHX CEKTOpax, HampuMep, MPOMBIIUICHHOCTH |
BBIPAOOTKHM 3JIEKTPOIHEPIUHU, CIPOC HA HEPTh OCTAECTCA JIOBOJIBHO CTAOMIIBHBIM,
TJIaBHBI POCT chpoca Ha HEPTh NPOMCXOAMT H3-32 YBEJIMUEHHUS CIIpoca Ha
TPAHCTIOPTUPOBKY.

BozneiicTBue TpaHcopTa Ha SHEPronoTpedieHne pa3sHooOpa3Ho, B TOM YHCTE
B pa3IMYHBIX chepax:

[IpousBoacTBO W 0OCIyXHBaHWE aBTOMOOWieH, yrunusamus. O0bem
noTpedIsIeMO SHEPTuu JIJIsl MPOU3BOICTBA M YHUUTOKEHUS aBTOMOOMIIEH 3aBUCUT OT
CIIO)KHOCTH  CTPOCHMSI ~ aBTOMOOWJISI, HCIOJNB3yeMOro  MaTepuana, oObema
TPAHCIIOPTHOTO TMMapka MW  MPOJOJDKUTEILHOCTH  AKCIUTyaTallMOHHOTO  ITMKJIa
aBTOMOOMJIS.

Okcrutyatanuss ~ aBToMoOwiss. OCHOBHBIM ~ 00pa3oM,  9TO  DHEprus,
UCTIONIb3yeMasi I TOro, YTOObl MPUAATh HMIYJIbC JABUKEHUIO TPAHCTIOPTHBIM
CpEICTBaM, U AJI Pa3HbIX ONEPalnid, BEITIOTHAEMBIX MAllIMHAMU. TOTUTUBHBIC PHIHKU
SIBJISIFOTCSI OJTHAM M3 BAXXHEHIITNX PHIHKOB MUPOBON SKOHOMUKH.

Uudpactpykrypa u crpoutenbcTBo. CTpPOUTENBCTBO JOPOTH, >KEIE3HOU
JIOpPOTH, MOCTBI, TOHHEIHM, TEPMHUHAJbBI, TOPTHI, a’dPOMOPTHI W OCBEIICHUE, H

CHUTHaJIM3alus TaKXEC Tpe6yeT SHAYUTCIIBHBIX PACXOJ0B 3JICKTPOSHCPIUM.
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TpancnoptHoe ympaieHue. Pacxoipl MO IUIAHHUPOBAHUIO, PAa3BUTUIO U
YIPaBJICHUIO TPAHCIOPTHBIMU HH(ppacTpykTypamu. Bxirodaer Bpemsi, cpeacTBa U
YMEHUS, KOTOPbIE MOYKHO BKJIOYUTH B OOLIEE 3HEPronoTpeOIeHue TPaHCIOPTHOIO
cexTopa. OCOOEHHO ATO KacaeTcsi 00IIECTBEHHOTO TPaHCIOPTa.

Toprosiist U TPOXU3BOACTBO. DHEPTUIO MOTPEOIIAIOT TAKIKE MPOLIECCHI Pa3BEIKH,
BBIPa0OTKH, TPAHCIOPTUPOBKM M TMEpepadOTKU TOIUIMBA, a TaKXKe TEHepanus U
nepenayda sHepruu. B pesynprate nepe oopazoBanus 100 HCXOAHBIX SHEPIETUYECKUX
€MHUI] B CHIPYIO HE(TH MPOU3BOIUTCS TONBKO 85 SJHEPreTHUECKUX €IMHUILL B OEH3UHE.
JIroOble mepeMeHbl B TPAHCIOPTHOM CEKTOpPE CKa3bIBAIOTCSI HAa MHPOBOM
DHEPreTUYECKOM PBIHKE.

DHepronoTpeOaeHNe CUIIBHO 3aBUCUT OT BHJIa TPAHCIIOPTA!

HazemHas mnepeBo3ka TpeOyeT HauOombliero sHepropecypca. Tonbko
aBTOMOOUJIbHASA MEPEBO3KA PA3BUTHIX CTPAH B CPEAHEM NOTPEOIIAET 85 MPOIEHTOB OT
OoOIMX Pacxo/ioB HAa HSHEProcHAOKEHUE TPAHCIOPTHOTO cekTopa. HMeHHO
aBTOMOOMJIbHBIE OTpPAciy OTBEYAIOT 3a BCE YBEJIMUYEHUE DHEPronoTpedsieHus 3a
nocyenHue 25 JeT, a TakKe 3a BCe YBEJIMYEHHE SHEpPronoTpedneHus. Xots 00beM
KEJIE3HOJIOPOKHOM MEPEBO3KH  COKPATWIICS, JKEJIE3HOAOPOKHOE TPAHCIOPTHOE
CPEICTBO, IO CPAaBHEHHUIO CO CBOMMM aBTOMOOWJISIMH, BCe elie moTpediser B 4 pasza
0OJIBIIIE 3HEPrOPECYpPCOB, YEM IMACCAKUPCKOE TPAHCIIOPTHOE CPENCTBO, U B 2 pasza
00JIbIIE PHEPrOPECYPCOB, YEM IPY30BOE TPAHCIIOPTHOE CPEICTBO.

Mopckoii TpancnopT. OcoO€HHOCTH MOPCKOW TPAHCIIOPTUPOBKU U BIUSTHUE
o0beMa OJHOBPEMEHHO IMEPEBO3UMBIX TI'PY30B IMO3BOJISIIOT 3HAUYUTEIBHO CHU3UTH
3aTpathl Ha Y3HEpropecypcsl. B HacTosIee BpeMs pacxo/ibl HA MOPCKOE TPAHCIIOPTHOE
00CITy’>)KMBaHUE COCTABISIOT 7 MPOIEHTOB OT PAacXo0JIOB HA MUPOBOE TPAHCIIOPTHOE
o0cCTy’kKMBaHHUE, YTO HE COOTBETCTBYET OOJIBIIOMY 00BbEMY I'PY30B, IEPEBO3UMOMY Ha
MOPCKOM TPaHCIIOPTE.

[Taccaxxupckas mepeBo3ka moTpedssier  60-70  3Hepruit  MUPOBOTO
TPAHCIIOPTHOTO CceKTopa. YacTHbIE MalIMHBl — BHOCST 3HAUWUTEIBHBIM BKJIAJ B

IEPEBO3KY IMMaCCaXupoOB, HO, YBbI, OTIIMYAIOTCS IIJIOXHUM 3HCpFOHOTp€6HeHI/ICM.
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BriBog: OCHOBHBIM 00pa3oM, 3TO IHEPTHs, UCIOIb3yeMasi Il TOTO, YTOObI
IIPUJIATh UMITYJIbC JBUKEHUIO TPAHCIIOPTHBIM CPEJICTBAM, U IS PAa3HBIX OIlEepalui,
BBITIOJTHSIEMBIX MallTHHAMU. XOTS MBI JIOJDKHBI 3aMETUTh, YTO, YSHEPTrodP(HEeKTUBHOCTH
YaCTHOTO TPaHCHOpTa CYIIECTBEHHO IMOBBICKJIACh, BO MHOTO Oiarogaps CTOMMOCTU

TOIINIMBA U PAAY HPUHATBIX 3aKOHOB.
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TRANSPORT ENERGY CONSUMPTION

Abstract: this article examines the impact of transport on energy consumption in various

fields. And also how much energy consumption depends on the type of transport.

Keywords: transport, vehicles, energy, energy consumption.
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NCTOPHUYECKHUE HAYKHU (HISTORICAL SCIENCEYS)
YJIK 902
Ivanchenko A.V.
master's student of Pedagogical Institute,
Faculty of History and Philology
Belgorod State National Research University

(Belgorod, Russia)

HISTORIOGRAPHY OF STUDY OF ARMAMENT
OF POPULATION OF FOREST-STEPPE VARIANT
OF SALTOVO-MAYAK CULTURE BASED ON MATERIALS
OF MONUMENTS OF BELGOROD REGION
IN FIRST HALF OF XX CENTURY

Abstract: the historiographical analysis of works devoted to the Saltovo-Mayak culture as a
whole, as well as military affairs as part of the Saltovo-Mayak culture in Russian historiography is

carried out.

Keywords: archeology, Saltovo-Mayak culture, historiography, military affairs, domestic
historiography.

About 130 years of history that studies the monuments of the Saltovo-Mayak
culture. It should be noted that initially the Saltovo-Mayak culture was studied within
the framework of Alan and Khazar studies, which did not have a separate meaning.
Only with the accumulation of material, the Saltovo-Mayak problematics emerged as
a separate aspect of the historiography of the early Middle Ages.

The boundaries and distribution area of the Saltovo-Mayak culture population
were determined, as well as the chronological framework of its existence, established
around the VI111-X centuries AD. Certain parallels were drawn with similar and similar

material complexes according to the types of ceramics and funeral rites. As a result, a
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number of studies have been created aimed at reconstructing everyday life, life, and
the social organization of culture.

For more than a hundred years of study, considerable material has been
accumulated, including of an anthropological nature. It can be said that the first stage
of studying the population of the Saltovo-Mayak culture begins with an
anthropological find. The burial ground on the Seversky Donets was opened in 1900,
which was named «Verkhnesaltovsky». As it turned out later, a whole
Verkhnesaltovsky archaeological complex was found on the site of the burial ground,
located in the Volchansky district of the Kharkiv region.

The history of the discovery of the burial ground is interesting. So, the burial
ground was discovered by a village teacher V.A. Babenko on the slope of one of the
ravine collapses. This monument is very important in the course of our work, because,
on the one hand, it was from him that the study of the Saltovo-Mayak culture began,
which marked the beginning of the corresponding section of historiography, on the
other hand, the first anthropological studies were published based on the materials of
this burial ground.

An article by S.N. Zamyatnin was published in 1921, who concluded that there
was a separate type of culture — Saltovo — Myatsky. [1, c. 48].

At the beginning of the last century, a number of authors attributed the burial
ground to the Khazars. [2, c. 54]. However, already in 1909, an opinion was expressed
about the ownership of the burial ground of the Alan tribes belonging to the Late
Sarmatian association. A number of arguments in support of this version contains the
work of researcher Gautier. However, since 1935, after the researchers Zakharova and
Arendt, who, based on the ornamented plaques of horse harness and a certain type of
sabers, which were very similar to the sabers of Altai, showed the existing parallels
between the population of the Verkhnesaltovsky burial ground and Asia. As for
ethnicity according to these researchers the population belonged to the ancient

Hungarians [3, c. 67].
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On the other hand, a sharply opposite opinion was expressed by the famous
scientist M.I. Artamonov, who attributed the burial ground to the Khazar-Alan group,
which has a very strong Turkic influence. [4, c. 24].

So, such researchers as G.I. Chuchukalo [5, c. 8]. and G.F. Debets [6, c. 54].
were engaged in the measurement of skulls and their analysis.

As G.I. Chuchukalo noted, a number of researchers were engaged in the
archaeological study of the burial ground — V.L. Babenko, A.S. Fedorovsky, E.P.
Trifelyev, N.E. Makarenko, however, the study did not imply the allocation of an ethnic
component. A.S. Fedorovsky noted: «The anthropology of the burial ground is
absolutely not developed», Pokrovsky «noted a small growth». [5, c. 9].

According to the researcher, based on craniological studies of 44 skulls of the
burial ground, ethnically the population of the burial ground belongs to the Alans,
because dolichocrania is inherent in the skulls of the burial ground, while such a
phenomenon does not occur among Turks and Tatars. Chuchukalo also pointed out that
the skulls have little in common with the Caucasian variant.

So, based on the data of Chuchukalo, later came out to become R. Endyk
(1930), which was actively criticized by G.F. Debets for the subjectivity of the
conclusions, saying that «Already in the first stage of the analysis, one of the groups
was determined as the result of a mixture of Mediterranean, Armenoid, Alpine and
Dinaric types! In this way, you can prove everything, or rather nothing!». [6, c. 253].

The development of the material was continued by G.F. Debets, who published
in 1931 data on the measurement of Saltov skulls and other anthroponymic material.
According to the researcher, the Saltovsky complex absolutely had no traces of
Mongoloid impurities. According to the researcher: «All skulls have a pronounced
Caucasoid structure, and the differences are reduced to types of the second order. On
average, the series is characterized by meso-dolichocrania, but with an admixture of a
small percentage of brachycranes.» [6, c. 254].

The author also noted the identity of the skulls of the Verkhnesaltovsky and

Zlivkinsky burial grounds: «The inventory of this burial ground is very close to the

10
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Saltovsky, but much poorer. The burial ceremony is also simpler: in Saltovo, the dead
were buried in catacombs, in Zlivka — in simple dirt pits. The simultaneity of both
burial grounds is beyond doubt, geographically they are also very close. Obviously,
these differences can only be explained by social factors.»

One of the conclusions of G.F. Debets was the version about the similarity of
the Saltov population with the Scythians of Ukraine, based on the shape of skulls
(dolichocrans). Also, this type of skulls is not unique, and also has analogues on the
territory of Ukraine. Hence, the author concludes, the "microdolichocrane version of
the skull" goes back to the skull of the «proto-European type». [6, c. 254].

Debets G.F. also spoke about the similarity of the skulls of the Saltovsky burial
ground with the material of the Mayak settlement of the Voronezh region, which
indicates the proximity of the cultures of the population of these territories.

Interestingly, during the Second World War, a well-known scientist of Kharkiv
University, L.P. Nikolaev, obtained from the Germans the issuance of a «certificate of
protection» for the collection of the Saltovsky burial ground, with the help of which it
was preserved. However, some of the skulls were transferred to Germany, the fate of
which is unknown. German scientists wanted to rewrite the history of this find, pointing
out that the skulls belong to the Goths, in order to once again confirm the antiquity of
the «German nation». [7, c. 6].

In fact, the study of the Saltovo-Mayak culture began from the beginning of the
XX century — with the discovery of the Upper Saltovo burial ground. The excavations
were carried out by such prominent scientists as A.M. Pokrovsky, E. P. Trefilyev, D.
I. Bagaley, N. E. Makarenko, A. S. Fedorovsky, G. I. Teslenko. To date, more than 500
graves have been opened.

However, the works of this period were often based on written sources, when
archaeological materials were only an addition. In addition, the conclusions were based
mainly on the material of the Verkhnesaltovsky burial ground, while the materials of

the Saltovsky, Mayatsky and Tsimlyansk settlements were used extremely

11
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insufficiently. In addition, the incompleteness of the study and examination of these
archaeological sites led to contradictory and often incorrect conclusions.

During the period under review, historiography was of a reporting nature,
focused on the Saltovo burial ground, where dozens of catacombs with objects of
material culture were excavated every year.

As for the search for new monuments of the early Iron Age, they were
discovered by chance, no systematic search was conducted during this period. Usually
new burial grounds were located during construction works, which were reported to
the Archaeological Commission.

However, even before the October Revolution, it was concluded that the
population of the Don basin of the VIII-IX centuries formed a single culture.
Anthropological studies of the archaeological material of the burial ground were
carried out by such scientists as G.l. Chuchukalo and G.F. Debets, who came to the
following conclusions:

1) The population of the Verkhnesaltovsky burial ground is not related to the
Mongoloid type.

2) The ethnicity of the population is Alan.

3) Most of the skulls of the burial ground indicate that the population had a
long-headed Caucasian type.

A new stage of research of the Saltovo-Mayak culture is associated with the
activities of M.l. Artamonov. Firstly, during this period there is a scope of
archaeological excavations, as well as the systematization of materials. And secondly,
excavations began to be carried out throughout the vast territory of the Don basin, and
not only around the Saltovsky burial ground. Researchers during this period paid more
attention to the study of settlements and settlements.

In 1935, M.Il. Artamonov's book «Medieval Settlements on the Lower Don»
was published, which was based on the results of archaeological surveys, and outlined
further main ways to study the culture, social and economic life of the Saltovo-Mayak

culture. Also in this book contains a hypothesis about the identification of the fortress
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Sarkel (Russian fortress Belaya VVezha) with the Left-bank Tsimlyansk settlement. This
book also contains a fairly complete description of the ceramics of the Saltovo-Mayak
culture. The hypothesis about the coincidence of the Sarkel fortress with the
Tsimlyansk settlement was confirmed by excavations in 1934-1936, however, K. V.
Kudryashov remained in disagreement with these conclusions. [8, c. 117].

In the post-war period, repeated archaeological excavations were also carried
out on the site of Sarkel in the area of the Tsimlyansk Reservoir (1949-1951). So, the
excavations were also based on the available written sources that identified the fortress
with the Khazars, and indicated the year of its death (965). As a result of the
excavations, more than two-thirds of the fortress and a huge burial ground were
excavated. Sarkel is one of the largest and reference archaeological sites in the South-
East of Europe.

M.I. Artamonov in 1940 also proposed to identify the Saltovo-Mayak
monuments of the Don and the Azov region. Such a hypothesis was made on the basis
of the excavations of Sarkel, and the unity of the cultures of the Seversky Donets and
Don. According to Artamon, Sarkel was a feudal castle, a border fortress. The
uniformity of the material culture of the Saltovo-Mayatsky district and the Don led the
researcher to the conclusion not only about the cultural, but also the ethnic
homogeneity of the population of these territories. So, this idea is actively developed
in his work — «The History of the Khazars». [9, ¢. 515].

As a result, Artamonov came to the following conclusions:

1) The peoples of the Don region and the Azov region of the VIII-IX centuries
were a very similar culturally and ethnically group, represented by Iranian-speaking
Alans and Turkic-speaking Bulgarians.

2) The peoples of the Don region and the Azov region were part of the Khazar
Khaganate and were strongly influenced by it.

3) The birth of the Saltovo-Mayak culture was a consequence of the transition

to a sedentary lifestyle and the accompanying flourishing of crafts and trade.
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It should be noted that the above conclusions, in general, correlate with written
sources.

In general, we can say that in the first half of the XX century there was an active
development of concepts and approaches to the study of the Saltovo-Mayak culture as
awhole. It is also important to pay attention to the fact that at this stage there are some

contradictions among researchers, or rather in their conclusions.

REFERENCES:

1. 3amsatauH C. H. Apxeonoruueckue pa3zseaku B AnekceeBckoM u Bamyiickom yesmax / C. H.

3amsatauH // Boponex. Mct. Apx. Bect. 1921. Ne 2. - Boponex, 1921. — C. 35-39.

2. Hanmnesnu B. E Kypc pycckux apesHoctei. - Kues: n3a. ciymarensaun, 1908, — C. 187.
3. I'otee FO.B. KTo O0b11u 0OuTarenu Bepxuero Canrosa? - T. 5 u3z. - Jlenunrpaa: UI'TAUMK,
1927. - C. 65-84.

4. AptamonoB M. U. Peniensus na kaury 3axaposa u Apenara. [TNJ10, Ne 9-10 1935. — C. 243.
S. Yyuykaino I".11. Yepena u3 Bepxue-CanroBckoro morwibHuka / .M. Uyuykano // OTTuck u3
Tpynos Ykp. Ilcuxo-Hesponorunueckoro Mucturyra. Marepuaisl 110 aHTPOIOJIOTUHU Y KPAaUHBL. —
XapbkoB, 1926. — Coopnuk BTopoit. — C. 7-14.

6. Heben I'.®. ITaneoantpononorus CCCP Mounorpadpus. — M.-JI.: U3n-Bo AkanemMuun Hayk
CCCP, 1948. — C. 392.

7. PemeroBa M. K. Hacenenue NOHEUKO-ZOHCKOTO MEXAYpPEeubs B PAaHHEM CPEIHEBEKOBBE.
nayneoanTponoioruyeckoe uccienaopanue / M. K. Pemerosa. — Cankr-IlerepOypr : Hectop-Hctopus,
2015. — C. 131.

8. Kynpsimio K. B. [TonoBerkas cremns : ouepk ncropuueckoit reorpaduu / K. B. Kynpsimos. —
M : T'oc. u3n-Bo reorpaduueckoii tureparypsl, 1948. — C. 162.

9. ApramonoB M. WM. Hcrtopus xaszap. Jlenunrpaxa.: W3marensctBo ['ocymapcTBeHHOro

Opmurtaxa, 1962. — C. 521.

14




Meoswcoynapoonwviii nayunwii scypranr « BECTHUK HAYKU» Ne 1 (58) T.1 AHBAPH 2023 2.

TEXHUYECKUE HAYKHU (TECHNICAL SCIENCES)
YK 658.5
I'aneesa JI.P.
MarucTpaHT
®I'bOY BO «TroMeHCKuil HHAYCTpUATbHBIA YHUBEPCUTET

(r. Tromensb, Poccus)

Xaipy/uinaa JL.b.
KaHJWJIaT TEXHUYECKUX HAYK, IOLICHT,
OI'bBOY BO «TroMeHCKUI UHIYCTPUAIbHBIN YHUBEPCUTET»

(r. Tromenb, Poccus)

AHAJIN3 ABAPUMHOCTHU PEAKTOPHOI'O BJIOKA
YCTAHOBKMU JU3EJIBHOI'O TOIIVIUBA
B OO0 «I'A3ITPOM HE®TEXHUM CAJIABAT»

Annomayua: 6 cmamve paccmampuéaemcs aHauu3 asapuitiHoCmu peakmoproz2o 010Ka
VCMAHOBKU 2UOPOOUUCIKU OU3ENbHO20 MONIUBA KAK CAMO20 NOMEHYUATIbHO ONACHO20 8 UMEeIOWeliCsl
yemanoske 000 «lasnpom Hegpmexum Canasamy. Ilpeonodxceno no pesyromamam pacuema

gHedpenue 060py00sanus 01 NPedomMePaujeHUsl CAMbIX MUNOBBIX CYEHAPUEE PA3BUMUSL ABAPUU.

Knrwoueswie cnosa: 2uopoouucmra, negpmenepepabomka, asaputinocmos, peakmopHulii 610K,

asmomamu3upoearnrnas cucmema KOHKmpOoJisid YpO6HA 3a2a306AHHOCMU.

JlunaMuKka pa3BUTHS aBapUMHBIX CHUTyallud B TEXHOJIOIMYECKUX OJoKax
YCTAaHOBOK OIIPEAEISAETCS CBOWCTBAMU BbIOPACHIBAEMBIX MPOAYKTOB U YCIOBHUSIMHU
BEJICHUA TEXHOJOTMYECKOro Ipoiecca (TEXHOJOTHUYECKHMMHM MapaMeTpamMud —
JaBJICHUEM, TeMIlepaTypoil cpeabl). B TexHoiormyeckom mpoiecce TMAPOOYUCTKH
IN3EIbHOTO TOIUIMBA JIETKOBOCIUIAMEHSIOIINECS >KUJIKOCTH B psije 000pyaoBaHUs

(peakTopax, KOJIOHHAX, ChIPhEBBIX EMKOCTSIX, CEMapaTopax) HaXOsITCs B EPErpeToM
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COCTOSIHUM W TIOJ BBICOKUM JaBiieHHEM. [Ipu BBIOpOCE TEXHOJIOTHMYECKOW Cpeibl B
cllyyae pa3repMeTu3alid Takoro O0OOpy/IOBaHHS, BO3MOXKHO MIHOBEHHOE
oOpa3zoBaHue B3phiBoomacHoro obnaka (TBO), cropanue ero B BUIE «OTHEHHOTO
miapa», B3pbIB U MOKap MPOJIUBA MPU HATMYUU UCTOYHUKA 3aKUTAHUS.

Haubonpiyro onacHOCTh (PYHKIMOHUPYIOLIEH TEXHHUUYECKOH YCTaHOBKH
THIPOOYMCTKH JM3EIIbHOTO TOIUIMBA TMPEACTABISIET PEaKTOPHOE O0O0pyI0BaHHE,
TpyOONIPOBOJIBI, 3alopHasi W peryjiupyromias apmarypa M TEXHOJOTHYECKOe
o0opyoBaHueE.

AHalIN3 TOPEACTABICHHBIX CTATHCTUYECKUX AAHHBIX ABAPUMHBIX CUTyalud
MOKa3bIBACT, YTO HA 00OBEKTaX rnepepaboTku HeDTENPOAYKTOB PEATU3YIOTCSl aBapyH,
CONIPOBOKIAFOIIUECS B3PBIBAMH, ITOKAPAMHU U IKOJIOTUYECKHUM 3arpsI3HEHUEM.

[Ipn aHanu3e OMACHOCTH, CBSI3aHHOW C pa3repMeTHU3alUeil amnmaparypsl C
M0>KAPOB3PBIBOOIIACHBIMHU BEIIECTBAMHU, JIJIsl PEAKTOPHOIO OJI0Ka ObLT paCCMOTPEH PSiA
CIICHApUEB, MPEJCTABIAIONIMX COO0ON MOCIEN0BATEIbHOCTh COOBITHI  (CTaauid
Pa3BUTHS) OT MOMEHTA pa3repMETH3alUU 0 JIMKBUIAIIUN aBApUMHON CUTYallUU WA
nepexoga Ha Oosee BBICOKHI ypoBeHb pa3BuThA. ClieHapUM BKJIHOYAIOT OCHOBHBIE
BO3MOYKHBIE BAPUAHTHI MPOTEKAHUS aBAPUMHBIX CUTYaIi: B3PHIB apora3oBoil (asel,
«OTHEHHBIU 1apy, MOXKap MpoJIvBa.

OCHOBHBIE OIACHOCTH TEXHOJOTMYECKOTO OJIOKAa MO pe3ysibTaTaM pacyeTa
CBSI3aHBI C MPOSBICHUEM MOPAKAIOMIMX (HAKTOPOB aBAPUHUHON CUTyallMH: YIApHOU
BOJIHBI OT B3pbIBA TOIUIMBHO-BO3IYIIHOW CMECH, TEIUIOBOIO U3Jy4YEHUS «OTHEHHOTO
mapa» | rnoskapa mnpoJiuBa.

[To pe3ynpraTaM aHann3a yCiaIOBHM BOSHUKHOBEHUS, ITyTEH PA3BUTUS aBapUM U
OLICHKM WX IMOCJEACTBUM MpeiaraeTcs BHEIPUTh B OJIOKE aBTOMATHU3UPOBAHHYIO
CUCTEMY KOHTPOJISI YPOBHS 3ara30BaHHOCTH [3].

Cucrema pgo/bkHa oOecnieurBaTh MOJYy4YEHUE, HWHAMKAIMIO, XpPAaHEHUE W
cpaOaTbIBaHWE MCIOJHUTENbHBIX YCTPOMCTB (CUpPEH, Ta303aloOpHBIX KIIAMAHOB,
BEHTWJISITOPOB W JIp.), JUISi OCTAHOBKU PAOOTHl MCTOYHHMKOB Ta30BBIACICHUS WU

IepeBoa Imponecca B 0e30macHOe COCTOSTHHE IIpHU MPEBBIILICHUN IMPCAYCMOTPCHHBIX
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pErJIaMEHTOM TMPEAENIbHO JIOMYCTUMBIX 3HAYEHUW JIOB3PBIBHBIX KOHLEHTpPALMIA
TOPIOYUX Ta30B U IPYTUX KPUTHUHBIX JJIsI KOHTPOIUPYEMOTO OOBEKTA MapaMeTPOB.

Jnst  ynydiieHus yCJIOBUM TpyJa W NPOMBILUIEHHOW O€30MacHOCTH U
CHIKECHHSI aBapUUHOCTU IMPOU3BOJICTBA MPEAJIArald YCTAHOBUTh CUCTEMY KOHTPOJIS
3ara3oBaHHOCTHU Ha Oa3e razocurnanuzoropa 'CM-03.

["azocurnanuzarop monyibHbli 'CM-03 npenHasHaueH 71 HENPEPHIBHOTO
KOHTpPOJISI ~ JIOB3pPBIBOOMACHBIX  KOHIEHTpaUuMid  TOPHOYMX  ra3oB,  MapoB
JIErKOBOCIUIAMEHSIOINXCS KUAKOCTEW U uX cmecer kareropuu [IA, [IB, IIC rpynm
T1, T2, T3, T4 mo I'OCT P 51330.5, 'OCT P 51330.11 BO B3pBhIBOOIIACHBIX 30HAX
MMOMEILEHUI BCEX KJIACCOB U HAPYKHBIX YCTAHOBKAX M OTKPBITBHIX MPOCTPAHCTBAX B
COOTBETCTBUH C 1. 7.3 IIYD TepMOXUMHUYECKUM CIIOCOOOM B JTMAIIa30HE TEMIIEPATyp
ot -60 no + 50 °C.

['CM-03 obecnieunBaeT TOYEUHBIH KOHTPOJIb U IMOCTPOEH IO MOIYJIBHOMY
npunuuny. Coctout u3 610ka unrepdeiicnoro (b1) u 61okoB curnanuzamnuu (bC),
KOJIMYECTBO KOTOPBIX BapbupyeTcsa oT 1 10 20, B 3aBUCUMOCTH OT KOJIMUYECTBA TOUEK
KOHTpOJIs ¥ 6110Ka AeTekTopHoro (bJI), 3To TOT ke AaTUMK KaTAIUTUYECKOrO TOPEHUS,
yro U B m3BectHoM CTM-10. BC mpemgnaznauen jis cBsizu ¢ B/l (ceHcopom —
KaTAIUTUYECKUM JTaTYUKOM), MEPHOJNYECKH MPOUCXOAUT BKIKOYEHUE MUTAHUS
JATYMKA U KOHTPOJIb 3ara30BaHHOCTH. [Ipn yBennuenun konueHTpaunu Mensiie 50 %
HKTIP natumk aBTOMaTH4YECKH BKIIIOUAETCS B HEMPEPBIBHYIO padoty. BU onpamvBaer
onoku bC, u mepenaeT TeKyllyr0 MHPOPMAIUIO O 3ara30BaHHOCTH, CpabaThIBAHUU
MOPOTOB M OTKa3axX M3CNHs B CUCTEMY TelleMexaHuku 1o uarepdericy RS-485 u RS-
232 no npotokoiry ModBUS RTU, uto co3maer HOBbIe BO3MOKHOCTU TPU CO3TaHUH
CUCTEM KOHTPOJISI 3ara3oBaHHOCTU OOBEKTOB HedTenepepabOTKu, IO3BOJISIET
MIPOTHO3UPOBATH COOBITHUS, HAOIIOAATh ONEPaTOPy 3a MOBEJECHUEM 3ara30BaHHOCTH, U

KakK CJIEACTBUE NPUHUMATH MEPHI IO MPEAOTBPALLICHUIO aBAPUIHBIX CUTYALIH.
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ACCIDENT ANALYSIS OF REACTOR UNIT
OF DIESEL FUEL INSTALLATION
IN GAZPROM NEFTEKHIM SALAVAT LLC

Abstract: the article deals with the analysis of the accident rate of the reactor unit of the
diesel fuel hydrotreating plant as the most potentially dangerous in the existing installation of
Gazprom Neftekhim Salavat LLC. Based on the results of the calculation, it is proposed to introduce

equipment to prevent the most typical scenarios of an accident.

Keywords: hydrotreating, oil refining, accident rate, reactor unit, automated gas pollution

control system.
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YK 658.5
I'aneesa JI.P.
MAruCTPaHT
OI'bBOY BO «TroMeHCKNI MHAYCTPUAIBHBIN YHUBEPCUTET

(r. Tromenb, Poccus)

XaipyJaiauna JL.b.
KaHJIAIaT TEXHUYECKUX HAYK, JOLIEHT
OI'BOY BO «TroMeHCKUI MHAYCTPUAIBHBIN YHUBEPCUTET

(r. Tromenn, Poccus)

CHUKEHUE YPOBHSI ABAPUHTHOCTH W3-3A IPEBBIIIIEHUS
HPEJAEJIBHO-AOITYCTUMOI'O JABJEHUA

Annomayua: 6 cmamve paccmampuaromcs 60NPOChl CHUNCEHU YPOBHA A8APUUHOCTIU
VCMAHOBKU 2UOPOOYUCIIKU OU3EILHO20 MONAUBA, U3-3d NPEGbIUEHUS NPEOeNbHO - 0ONYCMUMO20
oasnenus. Haoeowcnyio sawumy obecneuugarom npedoxpaHumenvhvlie ycmpoucmea, pabomarowue
no npuHyuny copoca u3 annapama usIUWHe20 Koaudecmea cpeovl. Paccmampueaemvie

I’lpe()]lOcheHu}Z no ModepHu3auuu O60py()06‘al-ll/l}l no3e60Jiam CHU3Uums ypo6eHb ONACHOCMU.

Knwoueswie cnosa: cuopoouucmra, negpmenepepabomka, asaputinocmos, peakmopHulii 610K,

asmomamu3upoearnrnas cucmema KOHKmpoJisi YpO6HA 3aca306AHHOCMU.

TexHonornyeckoe o0O0OpyAOBaHME, B KOTOPOM BO3MOXKHO aBapHilHOE
MOBBIIIEHUE BO3MOXKHOTO Pab0vero JaBiICHHUs, MPEJCTABISET CEPhE3HYI0 OMACHOCTh
MpUA DKCIUTyaTalldd M3-32 BO3MOXKHOCTH pa3pylIeHUs NOJA ACHCTBHEM JaBIICHUA
paboueit cpenwl. [losToMy BO Bcex clydasx, KOrja B arrmapare MOXET ObITh
MPEBBIIIEHO TMPEAEIBHO JTOIMYCTUMOE JIABJIEHUE, OINMPEACIIEMOE €ro MPOYHOCTHIO,
anmnapar JI0JDKEeH OBbITh HAJIEKHO 3aUIUIIEH OT pa3pylICHUsI ¢ MOMOILIBIO Pa3IMYHbIX
MPEIOXPAHATEILHBIX YCTPOUCTB, paOOTAIONINX MO TPHUHIMITY cOpoca W3 ammapara
W3JIMIIHETO KOJINYECTBA CPEIbL.
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Kak yxxe ObUIO pacCMOTPEHO BBIIIE, TPUUYUHAMHU aBAPUIHOTO TOBBIIICHUS
JaBJICHUS. MOTYT SIBJISATHCS OLIMOKM OOCIIY>KHBAIOIIETO MEPCOHANA, OTKa3 3alOpHO-
peryJvpyromend  apmaTypsl,  HapylLIE€HUE (YHKIIMOHUPOBAHUS  CHUCTEMBI
aBTOMAaTUYECKOTO YIIPABJICHUs, BHE3alIHOE pa3pylICHHE BHYTPECHHUX YCTPOMCTB
anmnapara: TpyO, 3MEEBHUKOB, pyOallleK U T.II., BBIXOJ U3-TI0J KOHTPOJIS XUMHYECKUX
pEaKuMi NI UHTEHCUBHBIN HAIPEB NOBEPXHOCTH anmnapaTra OT BHEIIHErO0 HCTOYHHUKA.

Jliig BBIOOpA NIPEIOXPaHUTEIBHOTO YCTPOMCTBA HEOOXOIMMO 3HATh BETUUHUHY
ABAPUIHOTO IPUTOKA CPEIbI U XaPAKTEP €r0 U3MEHEHUS B 3aBUCUMOCTH OT UCTOYHUKA
TOBBIIICHUS daBlIeHUS [2].

Kpome TOro, mnpenoxpaHUTENbHBIM KiIamaH MOXET ObITh YCTAHOBJIEH «HA
MoXKap», €cliM BAPYT M30BITOYHOE AABJICHHE BHYTPH €MKOCTH OOpa3oBaHO MMEHHO
Hapy’KHBIMU IPUYMHAMH — II0KAPOM.

[IpenoTBpanieHue oOpa3oBaHUA TOprOYEl Cpeabl B MOMEIICHHSIX MpHU
HOPMAJIbHOM IKCILTYyaTallMi TEXHOJIOTMYECKOro 00OpyAOBaHUS WM MPU €ro aBapuu
o0ecrnevnBaroT UCOIb30BaHUE CUCTEM MOJAaul CBEKETr0 BO3TyXa U BBITSHKHBIX CHCTEM
oO1ero oOMeHa, MECTHOM M aBapUIHON BEHTUJISILUU JIJ1S1 YAAJICHHS TOPIOYMX BEILECTB
Y MaTepHUaJIoB.

JlerkoBocIiutaMeHAOIMEC Mapbl U Tasbl, BBIACIAIOLIIMECS B IOMELIEHUAX
kateropud A u B, MOryT pacnpoCTpaHsAThCA 4epe3 ABEPHBIE NMPOEMBI M 3a30pPbI B
OrpakIAr0IIMX KOHCTPYKLIHSIX B KOPUAOP, B IIOMEIIEHUS IPYTUX KAaTErOPUI WM JJIs
IpYrux uenen. [[ns npenoTepanienns pacupOCTpaHEHH [TAPOB U I'a30B Yepe3 ABEPHBIC
IIPOEMBI NIPEAYCMOTPEHA YCTAHOBKA BO3AYIIHBIX IUIIO30B C BHEIIHEW IOAAYEH
Bo3ayxa. Ilomaya Hapy:XHOTO BO3ayXa B OJMH WM TPYNIy BO3AYIIHBIX IUIFO30B
NOJDKHA  OCYIIECTBIATHCS IMPUTOYHBIMU  BEHTWISLIMOHHBIMM ~ CHCTEMAMH, HE
MOJIKJIFOYEHHBIMA K CHUCTEMaM HMHOro HazHaueHus. CHucTeMbl MUTAaHUS CHAOKEHBI
pPE3epBHBIMU BEHTUJISITOPAMHU, 00ECTIEUNBAIOITUMU HEOOXOIUMbIN BO3TyXOOOMEH.

Jns mpenoTBpalieHuss pacrpOCTPAHEHUSI TOPHOYMX MapoB M Ta30B 4Yepe3
YTEYKHM B  OIPAKIAAONIMX KOHCTPYKLUMSIX TOMEIIECHUHM IIpU  pa3MELICHUU

BCHTHJILIIMOHHOTO O60py,ZIOBaHI/I$I B IMPUTOYHBIX KaMEpax IMMoAACPKHUBAIOT
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M30BITOYHOE JABJICHHE M0 OTHOLIEHUIO K CMEXHBIM MOMEIIEHUSAM, a B BBITSDKHBIX -
paspexKeHue.

Cucrema ynpaBieHHsT U KOHTPOJIA TEXHOJOTMYECKHX MPOLECCOB AO0JDKHA
obecrieynMBaTh aBapUMHBIA 3BYKOBOM M / WM CBETOBOM CHUTHall TIpH
CaMOIIPOU3BOJILHOM CHIDKEHUHU YPOBHS HE(TEMPOIYKTOB B Pe3epByape, a TakxKe Mpu
IIPEBBIIECHUNA TPENEIBHO JOIYCTUMOIO YPOBHS B3JIETA, MOMHMO CHUTHAJIU3AlUH,
ABTOMATHUYECKOE OTKIIFOYEHUE NTUTATENIBHBIX HACOCOB 10 KOMaH/I€ YCTAaHOBJICHHBIX Ha
pe3epByape NpeaenbHbIX UHAUKATOPOB B3JeTa [4].

Hacocbl, ucnosnbs3dyembsle Uil MepeKaykd HEPTENPOTyKTOB, JTOJKHBI OBITh
OCHAICHBI:

— 3aMKH, NPETSITCTBYIOIINE 3aITyCKy MM OCTAHOBKE HACOCA MPU OTKIOHEHUU
YPOBHSL KHUJAKOCTH B 0Oake OT IMpeleiabHO JOIMYCTUMBIX MaKCHUMAaJIbHOTO H
MUHHUMAJIBHOTO YPOBHEW 0TOOpa HEPTENPOIYKTOB;

— CHCTEMbl CUTHAJIM3ALMKU U OJIOKUPOBKHU, OTKIIIOYAIOIIME HACOCHI B CIlIydae
HEPETYJSIPHON yTEUKU NepeKaunBaeMoro HeTenpoayKra.

Bo n36exaHre MHTEHCMBHOM KOPPO3UU MaTepurasa u 00pa3oBaHus Cyab(u10B
’Kelle3a, KOTOpbIe CaMOBOCIIJIAMEHSIFOTCS Ha BO3TyX€, HE0OOXOIUMO B3ATh POOY ChIPbS
JUIL  KOHTPOJS KOJIMYECTBA CONEPIKALLMXCA B HEM INpuUMeced. MakcumanabHO
JOIYCTUMOE KOJIMYECTBO KOPPOIUPYIOIINX IPUMECEH B ChIPbE JOJIKHO OBITh YKa3aHO
B UHCTPYKILUU.

O4uCTKy BHYTPEHHEH NOBEPXHOCTH CJIEAYET IPOBOAUTH OCTOPOXKHO, C
IIOMOLIBI0O HEHUCKPALIMX HMHCTPYMEHTOB; Ecim mpenmonaraercs, 4ro B BO3IyXe
MUMEIOTCS OTJIOXKEHHSI, CHOCOOHBIE K CAMOBO3TOPAHUIO, TO OYUCTKY CIIEyeT BBOJUTH
IIPA TIOCTOSSHHOM CMayMBaHUM IIOBEPXHOCTH BOJOW WM JPYrod HEroproyen
KUIKOCTBIO.

[ToxxapHas 6€30MacHOCTb NPU SKCIUTYaTaAlUMU 3JIEKTPOYCTAHOBOK JI0JKHA OBITh
obecrieuena [3]:

— MPaBUIILHBINA BHIOODP CTEMEHU 3aIIUTHI 3JIEKTPOOOOPYAOBAHNUS;
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— 3allliTa 3JEKTPUUYECKUX YCTPOMCTB M MPOBOJHHUKOB OT TOKOB KOPOTKOIO
3aMbIKaHHS U TIEPETPY3KU;

— 3a3€MJICHHUE 3JIEKTPOIPHEMHHUKOB;

— MoA00p MONEPEUHOT0 CEUEHHUs MPOBOIHUKOB /1Jisi 0€30MMacHOr0 000TpeBa, a
TaK)Ke COOTIOICHNE IPOTUBOIOKAPHBIX TPEOOBAHMM K 3JICKTPUUYECTBY KaHATU3AlINH;

— YCTPOWCTBO TIPOXOJOB KaOenel wid TpyOONPOBOJOB dYepe3 CTEHBI,
NEPEKPBITUS M MEPEXOAbl Yepe3 TEMIIEPATYPHBIE U YCAJOYHBIE IIBBI B IOKApPO-
B3PBIBOOMACHBIX 30HaX JOJDKHO COAEpPKAaTbCd B HMCIOPABHOM COCTOSIHUM U
o0ecrieunBaTh HAJEXKHYIO 3alllUTy OT paclpoCTpaHEHHUs OIHSA Ha COCEIHUE
ITOMELICHUS.

Bce a1ekTpoycTaHOBKH JTOJKHBI ObITh CHA0KEHBI YCTPOMCTBAMU 3AILUTHI OT
TOKOB KOPOTKOTO 3aMbIKaHUSI U IPYTUX HEHOPMAIbHBIX PEKUMOB paOOTHI.

Jlnst mpenoTBpanieHust 00pa3oBaHUsl UICTOYHUKOB BOCIUIAMEHEHUS B TOprOYE
cpene (WM UX BBEJCHUS B HEE) MPUMEHSIOTCS CIEayIONre CrocoOos [1]:

— YCTaHOBKA MUCKPOYJIOBHUTENICH Ha aBTOMOOMIIbHYIO TEXHUKY, TIEPE] BHE30M
Ha TEPPUTOPUIO TIPEITPUSITHUS;

— OpraHu3alus CIEUaIbHbIX MECT IJisi MPOBEACHUS MPOTUBOIOKAPHBIX
PEMOHTHBIX pabOT Ha 0E€30MaCHOM PACCTOSHUU OT OOOPYIOBAHMS C TOPIOUUMH
BEILIECTBAMH;

— KOHTpOJIb 32 MECTOM IPOBEACHHUS TMPOTHUBOIOKAPHBIX PabOT IMOCie HX
3aBEPILCHHUS;

— obecreueHrne B3PHIBOMIOXKAPHOU U MOMXKAPHOU 0€30MaCHOCTH OKPYKAIOIICH
Cpelbl B MECTe TIPOBEICHUS aBapUMHO-TIOKAPHBIX PaboT;

— OpraHu3aIys MEPONPUATHH 110 MPEJOTBPALLEHUIO PACIPOCTPAHEHHUS UCKD 32
MIpEIeIbl 30HBI TPOBENCHUSI POTUBOMOKAPHBIX PEMOHTHBIX PadoT;

— HCIIOJIb30BAaHUE HCKPOOE30MacHbIX MHCTPYMEHTOB B MECTaX, /€ MOTYT
00pa30BbIBATHCS JIETKOBOCIUIAMEHSIIOLIUECS CMECH;

— HCMOJb30BAaHUE MCKPOOE30MACHBIX KOHCTPYKIMOHHBIX MaTEpHaOB s

U3TOTOBIIEHUS 000PYI0BAHUSI, KOTOPOE MOXKET T€HEPUPOBATH UCKPHI yJlapa U TPEHUS;
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— 3ammTa paboyuMx TOBEPXHOCTEH 00OpYyAOBaHUSA, KOTOPHIE MOTYT
reHEepUPOBATH UCKPHI yJapa U TPEHUs1, UCKPOOE30MacHBIMU UHCTPYMEHTAMU;

— YCTPOWCTBO MJI 3alllUThl 00OPYJ0BaHUSI, PACIOI0KEHHOTO HA OTKPBITHIX
IJIOIIAJIKAaX, OT MPSMBIX YJIapOB MOJIHUU U UX BTOPUYHBIX MTPOSIBJICHUN;

— o0ecrieueHue XOPOIIeH MEKTPUUECKON CBA3U MEXKIY OTIAEIbHBIMU y3JIaMu
Y 4acTAMH 00OPY/IOBAHUS U €r0 HAJI)KHOE 3a3€MIICHUE;

— HCHOJb30BaHHE B cooTBeTcTBUU ¢ TpeboBanusimu [OCT u IIYD
AIEKTPOOOOPYNOBaHUS, COOTBETCTBYIOIIETO B3PBHIBOOMACHOW WJIM IMOKapOOMacHOM
30HE, TPYIIE U KATETOPUU B3PBIBOOIIACHOW CMECH;

— NPUMEHEHHE TEXHOJIOTMYECKUX TPOIIECCOB, OMepaiuii u o0opyJaoBaHUS,
OTBEYAIOIINX TPEOOBAHUSIM IJIEKTPOCTATUUECKOU UCKPOOE30MaCHOCTH;

— OpraHu3aiys OXpaHbl B LENSAX HEIOMYIICHUS MPOHUKHOBEHUS HA OOBEKT
MMOCTOPOHHMX JIUII, COBEPIICHUS JUBEPCUOHHBIX WJIM HUHBIX YMBIIUICHHBIX JACHCTBUMA
[4].

Jnst yBenudeHUss OKOHOMHMYECKOW 3I(G(EKTUBHOCTH, §  MpeJiaraio
MOJIEpHU3AIMI0 000PYyNOBaHUs, MPU3BAHHOTO Ha YBEJIWYEHHE 3aIUIICHHOCTH OT
M0KapoB M aBapUHOCTH, a, CJIEJAOBATEIbHO, W YBEJIMYEHUE MPEIOTBPAIICHHOTO
yiiepoa.

N3 pacuetoB MBI MOXEM CHenaTh BBIBOJ, YTO 3aTpaTbl HAa IPOBEICHUE
MOJIEPHU3AIIMU HE NPEBBINIAIOT 3aTPaT, KOTOPbIE MOTYT BO3HHKHYTh IPU B3pbIBE
(moTepu u TpaBMBl JIIOJEH), a 3HAYUT, MpeajaraeMoe peIICHUE SBISETCS

AKOHOMHUYECKHU I (HEKTUBHBIM.
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REDUCTION OF ACCIDENT RATE DUE
TO EXCEEDING MAXIMUM PERMISSIBLE PRESSURE"

Abstract: the article discusses the issues of reducing the accident rate of a diesel fuel
hydrotreating plant due to exceeding the maximum permissible pressure. Reliable protection is
provided by safety devices operating on the principle of dumping an excessive amount of medium
from the device. The proposals under consideration for the modernization of equipment will reduce

the level of danger.

Keywords: hydrotreating, oil refining, accident rate, reactor unit, automated gas pollution

control system.
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YK 658.5
I'aneesa JI.P.
MAarucCTpaHT
OI'bBOY BO «TroMeHCKNI MHAYCTPUAIBHBIN YHUBEPCUTET

(r. Tromenb, Poccus)

XaipyJaiauna JL.b.
KaHJIAIaT TEXHUYECKUX HAYK, JOLIEHT
OI'BOY BO «TroMeHCKUI MHAYCTPUAIBHBIN YHUBEPCUTET

(r. Tromensn, Poccus)

CHUKEHUE YPOBHSI ABAPUHHOCTH ITPU DKCILTYATAILIUA
YCTAHOBKU I'MIPOOYUCTKHU JU3EJIBHOI'O TOIIJIMBA
B 000 «I'A3ITPOM HE®TEXHUM CAJIABAT»

AHHOmMauun: 6 cmamve paccmMampusaomcs OCHOB8Hble NPUUUHBL U Mepbl NO YCMPAHEHUIO
asapuiHocmu Npu  IKCHIYamayuu YCmamo8Ku 2uopooyucmiu ouzenvnozo monausea 6 000
«lasnpom Hegpmexum Canasamy. Ycmanosxka eudpoouucmku A611emcs 4acmvio npoyecca

Hegbmenepepa60mi<u U onacHvIM NPOMbIUIIIEHHbIM 006BeKmom.

Knwoueswvie cnosa: cuopoouucmka, Hegpmenepepabomka, aeapuiiHocmv, OU3eNbHAS

¢paxyus.

OCHOBHBIM TEXHOJOTMYECKUM IMPOLECCOM IPU YCTAHOBKE THIPOOYHCTKH
muzenpHoro tormBa B OO0 «l'asmpom Hedrexum CanaBat» — sBigercs
THJIPOTEHU3AIMOHHOE  00JIarOpakBaHWE TMPSIMOTOHHOM  JM3ENbHOM  (PpaKIUH.
Cny>)xuT [Jis CHUKEHUS KOHUEHTpAalMU COEAUHEHUN CEpHUCTOrO, a30THCTOrO,
KHCIIOPOJICOIEPIKALLETO  XapakTepa,  METAaUIOOPIaHUYECKUX  DJIEMEHTOB U
MOJIMLIMKINYECKUX apOMaTUYECKHUX YIJIEBOAOpoAOB. IlapainensHo 3TOMY mporeccy

IMPOUCXOAUT YMCHBIICHHEC €TO CITOCOOHOCTH K KOKCOBAHHUIO [3]
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[lenpto Takoro rmpolecca B TEXHOJIOTMU HedTenepepadOTKH SBISETCS
YIIYYUIEHUE CTPYKTYpPbI, BBIXOJOB W IOBBIIICHHUS KauyecTBa MPOAYKTOB KPEKHHIA,
CHW)KEHHUSI OTPABJICHHSI KaTajau3aropa KPEKHMHIra M COXPAaHEHHUs €ro paBHOBECHOMU
AKTUBHOCTU C OJHOBPEMEHHBIM CHH)XKEHUEM BPEIOHBIX COCIMHEHUM CEpPbl B
aTMOC(EPHYIO Cpemy.

YcTaHOBKa THAPOOYUCTKH SIBJSIETCS] YACThIO Mpoliecca HeTenepepadoTKu U
OMAacCHBIM TPOMBINIIEHHBIM 00BeKkTOM [2]. TexHonorust mpoiiecca A0OBIMU U
nepepabOTKU HE(PTH B 1IEJIOM SBIISIETCS aBapUlHBIM, KaK JUIsl IEpcoHaia, TaK U JJId
000py1I0BaHUS U OKPY’KAIOLIEH CPEIbL.

[IpoBeneHHBIN aHANW3 MPUYAH aBAPUIMHOCTU HA YCTAHOBKAX THAPOOYUCTKH
JU3EIbHOTO TOIUIMBA HA BCEX MPEANPUATUAX HepTenepepaOOTKW HaAIIel CTpaHbl,
IIO3BOJIMJI YCTAHOBUTH, YTO OPTAaHU3ALMOHHAs IPUYMHA BBIXOJIUT HA IIEPBOE MECTO B
oOILIel CTaTUCTUKE aBAPUMUHBIX CITy4aeB U MPUUMH UX BOSHUKHOBEHUS.

Takum 00pa3oM, ycTpaHEHHE AAHHBIX MPUYMH U NPEBEHTHBHBIE MEpPBI, C
LIEJIbI0 HETONYIIEHNS UX BO3HUKHOBEHUS, MOT'YT CHU3UTh YAEJIbHBIN BEC aBAPUIHHOCTH
Ha JaHHOM TE€XHOJIOTMYE€CKOM MPOU3BO/ICTBE.

B cBjI3n ¢ 3TUM, MHOI0 NPEIJIOKEHBl CIEAYIOUIME IyTH CHWXXCHHS
ABApUHOCTH TPHU SKCIUTyaTalldd YCTAHOBKH THIAPOOYUCTKHU JU3EJIBHOTO TOIUIMBA B
00O «l'aznpom Hedrexum CanaBaty.

Wtak, Ha mepBbIid TUIaH BbICTynaeT 3(PGEKTUBHBIA HAA30p U KOHTPOJbL 3a
cocTossHuEeM 00opyAoBaHus. HeoOX0aMMO OTCIeXUBATh U CBOEBPEMEHHO MPOBOJIUTH
TEXHUYECKUE IUJJAHOBBIE W  MPEAYNPEAUTENbHBIE PEMOHTHBIE  MEPONPUATHS
0o0opyioBaHus, B TOM YHCJIE U TPyOOIPOBOAOB. BakHO yCTaHOBUTH M OTCJIEKUBATH
HOPMATHUBHBIN CPOK CITY>KObI JJIsl KaX A0 eIMHULIBI 000pyI0BaHus Ha ycTaHoBKe ['O
AT [3].

B Takux ycnoBusiX, aKTyaJbHbIM, CTAHOBUTCS MPOU3BOJACTBEHHBIH KOHTPOJIb,
a Takxe pa3paboTka W JESTENbHOCTh CHUCTEMbl YIPABICHUS MPOMBILIIICHHON
0€30MacHOCTH, B TOM YHCIIE, CBOEBPEMEHHOE OOYy4YeHHE M OI€HKa COOTBETCTBUS

HpO(i)CCCHOHaHBHOﬁ IIOATOTOBKH JINII, 3aHHUMAaromuxcs 06CJ'Iy}KI/IBaHI/ICM
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0o00OpyOBaHuUsl, MPOU3BOJCTBOM  PEMOHTHBIX pabOT H  OCYIIECTBICHUEM
IPOU3BOICTBEHHOTO KOHTPOJISL.

HeoOxomumo, BBeieHHE KOHTPOJS 3a HaJUISKAIIMM OOCIYy)XHBaHHEM H
coliepKaHuEM B PabOTOCIIOCOOHOM COCTOSIHUM, B COOTBETCTBUHU, C HOPMATHUBHOU
JOKYMEHTAIMEN TEXHOJIOTMYECKOro 000pyA0BaHMs, COCTABIIAIOIIET0 YCTAHOBKY:

- OTCIE)XHMBATh HOPMATUBHBIM CPOK pPaOOTHI, YTOOBI BOBPEMSI «OTCEUb)
000pyI0BaHUE C UCTEKITUM CPOKOM PabOTOCIIOCOOHOCTH;

- OCYILIECTBIISATh PaOOTHI TOJIBKO HA UCITPAaBHOM 00OpPYI0BAHKH, BO N30€kKaHUE
ABapPUMHBIX CUTYaLIU;

- BOBpeMs, M B IIOJIHOM OO0BEME, OCYIIECTBIATh TEXHUYECKOE
OCBUJIETEIIbCTBOBAHUE 00OPYA0OBAHMS, HCTIBITAHUS U TOBEPKHU.

Ha BTOpOoM MecTe, IO MpUYMHE aBapUHHOCTH, BBICTYIAET, TaK Ha3bIBAEMbIi
«uenoBedyeckuit» Qpakrop. OnepaTop YCTAaHOBKM HapyllaeT SKCIUIyaTallMOHHbBIE
TpeboBaHMs i1 OOOpYAOBaHUS, 3a4acTyl0, HapyllaeT TPeOOBaHUS TPYIOBOM
OUCLMIUIMHBL M pachopsiika, WAeT B 00XO0J MHCTPYKIMM MO SKCIUTyaTaluud Hu
TpeboBaHusiM Oe3omacHOCTH. Bce 3T0, 00ycnaBiMBaeT BBEICHHE OCOOBIX Mep
KOHTPOJISI 32 BBIINOJHEHHUEM MEpPONPUATUN MO0 YCTPAaHEHHIO OTCTYIUIEHUH OT
TpeOOBaHMI MPOMBINIIIEHHOW Oe30macHocTH [3].

Takum 00pa3oM, CHUKEHUE YPOBHS, MOXKET UJITU B IBYX HANPABICHUMIX:

BO-TIEPBBIX - 3TO KOHTPOJIb U Ha/A30p paboThl 000PYAOBAHNUS, BKIIOYAOLIHIA
MHOTOTUTAHOBYIO padoTy;

a BO-BTOPBIX - OCYILECTBJICHHE KOHTPOJISI 32 MCIOJHEHUEM Mep, IO
BBITIOJTHEHUIO 00CITY>KMBaHUsI YCTAHOBKH THAPOOYUCTKH AU3eNIbHOT0 TorumBa B OO0
«l"asmpom Hedrexum CanaBar», B COOTBETCTBHHM C TPEOOBAHHSIMU HOPMATHBHOM
JOKYMEHTAIlMM Ha 00OpYyJ0OBaHHE M MHCTPYKIIMM MO oXpaHe TpyJa U 0e30MacHOCTU

pu paboTe Ha JaHHON YCTaHOBKE.
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Abstract: the article discusses the main causes and measures to eliminate accidents during
the operation of the diesel fuel hydrotreating plant in Gazprom Neftekhim Salavat LLC. The

hydrotreating plant is part of the oil refining process and a hazardous industrial facility.
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TEXHOJIOTHYECKHWH PETJIAMEHT YCTAHOBKH
I'MAPOOYUNUCTKU JU3IEJIBHOI'O TOIIVIMUBA
000 «I'A3ITPOM HE®TEXUM CAJTABAT»

AHHOmMauua: 6 cmamve paccMampudardmcs 60NPOCHL CHUNCEHUS YPOBHS ABAPULIHOCMU
VCMAHOBKU 2UOPOOUUCKY OU3EIbHO20 MONIUBA, U3-3A NPEesblUleHUs] NPeoelbHO-00N)CMUMO20
oasnenus. Haoedxcuyro sawumy obecneuusaiom npedoxpanumenvHule YCmpoucmea, pabomaioujue
no mpuHyumy cobpoca u3z annapama Uu3UWHe20 Koauvecmea cpeodvl. Paccmampusaemvie

l’lpea]lODfC‘eHl/l}l no ManpHZ/L?Cll/ﬂ/ll/l 060py008ClHl/l}l no3e60JiAm CHU3UmMb ypo8eHb ONACHOCMU.

Knrouesvie cnosa: cuopoouucmka, nepmenepepabomra, asapuiiHocms, peakmopHblii 010K,

asmomamu3upoearnrnas cucmema KOHKmpOoJisi YpOo6HA 3a2a306AHHOCMU.

YcranoBka JI-24-6 cocTtoWT W3 JBYX CaMOCTOSITEBHBIX OJIOKOB JJis
OJTHOBPEMEHHOM TIepepadOTKH JIBYX BHUIOB CBHIPHSI.

XapakTepHOl OCOOCHHOCTBHIO YCTAaHOBKH SIBJISICTCS HallMuue pa3lielIbHON
CUCTEMBI IUPKYJISAIMN BOJOPOJCOJEPKAIIEro ra3a B o0omx Oyokax. DTO 1aer
BO3MOXHOCTh  «KacKaJIHOTO»  HCIIOJIb30BaHMS €ro B JOpyroM  OJIOKe,
nepepadaThIBAIONIEM CBIPhE, JJII KOTOPOTOo HE TPeOyeTcs BBICOKAsT KOHIICHTPAITUS
BOJIOPO/Ia B IIUPKYJISIIUOHHOM Ta3e.
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[Ipu rugpoOoYHCTKE B KAUECTBE CBEXKET0 BOJIOPOA PUMEHSAETCS N30BITOUHBIN
BOJIOPOACOJEpkKAIIUNA Tra3 C YCTAHOBKM KaTaIUTUYECKOTO pPUPOPMUHIA WU
TEXHUYECKUI BOJAOPOJI CO CHEUATBHBIX BOJOPOIHBIX YCTAHOBOK.

CMech ChIpbs ¢ BOJAOPOACOAEPKAIIMM ra30M, HArPETYIO B TEIUIOOOMEHHUKE U
Me4n, I[OJBEPTratOT TUAPOOUHCTKE B peakropax Hany AKM karanuzatopowm.
N30BITOYHYIO TEIJIOTY PEAKIIK OTBOIST ITyTEM BBEJICHUS PEAKTOPHI TAK HA3bIBAEMOTO
XOJIOJHOTO HUPKYJISILTUOHHOIO ra3a.

W3 peakTopoB ra3o-mpoAyKTOBasi CMECh IOCIE OXJAXJACHHS MOCTYIaeT
cenapaTop BBICOKOTO JaBiieHUs. BeimenuBmiuiics ra3, ounuieHHbIH abcopOepe
pacTBopoM MDA, BHOBb BO3BpPAIa€TCs B LIUKIL.

Jlns mopepxaHusl 3aJaHHON KOHILIEHTpAlMy BOJOPOJa Ha BXOJ€ OJIOK 4acTh
LHUPKYJSIUOHHOIO Ta3a OTIYBAaeTCs U J00aBISIETCS COOTBETCTBYIOIIEE KOJIUYECTBO
CBEJKETO BOAOPOJA.

['upporenusar u3 cenmaparopa BBICOKOTO JABJIEHUS MOCIE IPOCCETUPOBAHUS
HAIpPAaBJIETCS B CEMAapaTop HU3KOTO IaBJICHUS U TIOCTIE MOI0TPEBA B TEIIIOOOMEHHUKE
- B CTAa0OUJIM3ALIMOHHYIO KOJIOHHY.

Jlu3enpHOE TOIUIMBO IPH BBIXOJE M3 KOJOHHBI pa3/eisieTcs Ha JBa MOTOKA:
OJIMH W3 HUX, ITPOIJIS MeYb, B BUJIE PELUPKYJISITa BO3BPALIAETCS B KOJIOHHY, & BTOPOU
MOCJIEe OXJIAXACHUS TOCTYNAeT Ha 3aleIauMBaHUE U BOJHYIO IPOMBIBKY.

OuMILEeHHOE JU3EIBbHOE TOIUIMBO BBIBOJAUTCS C YCTAHOBKU. BepXHUI IPOLYKT
KOJIOHHBI CTAOUITU3ALIMK OXJIAXKIAETCS B KOHJEHCATOPE-XOJOAUIIbHUKE U PA3AeIIsSIeTCs
B CeMapaTrope Ha yrieBOAOPOIHBIN ra3, OTTOH U BOJY; YaCTh OTTOHA BO3BPAIAETCs B
KOJIOHHY Ha OpOIIEHHEe, a Jpyras IOocJe 3allelayuBaHusl U BOJHOM INPOMBIBKU
BBIBOJMUTCS C YCTAHOBKH.

PeakTop C akcuanpHbIM BBOJAOM ChIpbsi CcBepXy BHHU3. Kopryc peakrtopa
M3HYTpHU QyTepoBaH; peakTop HE UMEET 3alIUTHOro cTakaHa. [luametp peakropa 2600
MM. [TpoyKTOBO-ChIphEBBIE TEMIIOOOMEHHUKN KOXKYXOTpyOUaThie, OJHOXOI0BbIE TIO
TpyOHOMY TPOCTPAHCTBY, YIUIOTHEHHUS CHUIb(OHHBIE HA IUIABAIOIIEH TOJOBKE.

Huametp kopmyca 800 Mm.
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TpyOuaThie eun MaTPOBOrO TUIA CO CBAPHBIM 3MEEBUKOM B 30HE OTHEBOTO
HarpeBa. KoJsioHHBIE amnmapaTrhl pa3MyHOTO AMAMETpPA C KEI0O0YaThIMU TapeiKaMu
WM Hacaakoil u3 konen Pammra. XonoIuapHUKY BBICOKOTO JaBJICHUS TUMA «TpyOa B
TpyOe» MJie TOTOBOTO TPOAYKTa, YCTAHOBJIEHHBIE Ha OTKPBITOM IUIOMIAJIKE.
[TopuraeBbie kKomnpeccops! Mapku SBII-16/70.

Jly1st paboTHI HA YCTaHOBKE 3a7eiiCTBOBaHbI 10 4eIOBEK B CMEHY.

YcraHoBKa Ha IPEINIPUSTAN HECKOJIBKO pa3 peKOHCTpyupoBasiack. Ha nepsom
ATane PEeKOHCTPYKLUHUU 3aMEHWIH 00OpYyIOBaHUE, PEAKTOPHBINM OJIOK M yCTAHOBHIIU
HOBBIC Teuu. BTOpoil sTan peKOHCTPYKIMH MO3BOJIWI MOJACPHU3UPOBATH YCTAHOBKY,
YTOOBI  BBIMYIIEHHBIM TMPOJAYKT COOTBETCTBOBAJI COBPEMEHHBIM TpeOOBaHUAM
TEXHUYECKOTO periiaMeHta. Ha cerogHsumHuil JeHb MpOJ0IIKAETCS CTPOUTEIBCTBO
y3Ja BBOJA MPHUCATOK HA YUCTHIN NPOAYKT [4]. PeKOHCTpyKIMS MO3BOJIUT OOHOBUTH
(bu3MYECKN U MOPAJIBHO YCTapEBIINE JIEMEHTHI.

KoMITOHEHTOM CBIpBSI Ha YCTAaHOBKE SIBJISICTCS OCH3WH BHCOPEKHUHTA, KOTOPBII
BhIKHIaeT mnpu Temneparype 35-1950 C. VYcranoBka ruapoounctku JI-24/6
WCTIONIB3YETCSl Ha TPEANPHUSATHH U1l YIAJIEHUs CEPhl M €€ COCIMHEHUN W3 JIHU3EIIS.
CoenuHenus BeIKUIAIOT npu Temmepatype 180-350 oC, npu 3TOM coaep:KaHHUE Cephl
coctaBisieT 10 2,4 % Macchl, MpU BBIKUTIAHUW W3 CMECEd JU3ENbHBIX (pakiui
MPOLIECC TPOUCXOAUT IIPHU coaepxkanuu cepol 1,5 % maccer [3].

C mnomompto ycraHoBku JI-24/6 obGecrneunBaeTcsi MpOIECC  JIETKOTO
TUAPOKPEKUHTA, KOTOPBIH HCTOIB3YIOT IS TIOJYYCHHS THPOOUYHUIIICHHOTO OCTaTKa,
KOTOPBI TIOJydaeTcss B MPOIECCE, MPOU3BOJMMBIM Ha YCTAHOBKE KATOJIUYECKOTO
KpekuHra. Takxe Mporecc JErkoro TUAPOKPEHWHra HEOOXOAUM ISl TOJy4YeHUS
TUPOOYMIIIEHHOTO KOMIIOHEHTA AU3EJIbHOTO MPOAYKTa [6].

PaGoTta Ha ycTaHOBKE paspelieHa JMilaM He MoJioke 18 jeT, o0s3aTenbHO
pabOTHUK MPOXOJUT MEIULIMHCKOE OOCIEI0BaHHE, MHCTPYKTAXKU MO 0€30MacHOCTH,
€CJIM He0OX0AMMO, TO U 00yUYEeHHE 10 padoTe Ha YCTAHOBKE U TOJILKO MOTOM PaOOTHUK

MOJy4aeT JOMYyCK K paboTe Ha yCTaHOBKE.
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MeauuuHCcKre 0CMOTPBI TPOBOJSATCS OJIMH Pa3 B TOJ Il KOHTPOJISI COCTOSIHUS
310pOBbsi paOOTHUKOB. Eciu paOOTHUK MO KakoW-IMOO MpUYMHE YKJIOHSETCS OT
MIPOXO0KJIEHUS METULIMHCKOTO OCBUETENBCTBOBAHUS, TO OH OTCTPAHAETCS OT padOTHI,
HE JIOMYCKaeTCs K BHIMOJHEHUIO CBOUX TPYAOBBIX 00S3aHHOCTEH.

ChIpbeM Ui YCTAaHOBKH SIBJISIETCS MPSIMOTOHHAS TU3eTbHas (paKiius, mocie
OUYMCTKH KOTOPOM MOJy4YaroT FOTOBBIA MPOAYKT - OYMILIEHHOE OT CEpbl JAU3EIBHOE
TOILJIUBO.

[Tomy4yaemblil TPOIYKT MOKapOB3PHIBOOINIACEH U TOKCHYEH, Mapbl €r0 CHIIbHO
tokcuuHbl U [1JIK ux cocrasiser B Bo3ayxe padoueii 30061 300 Mr/M3, eciiu B BO3/1yXe
Oyaer coxepxarbcs BpeaHbIX mnapoB Oombiie yem [IJIK, TOo Moxker mpowusoiitu
OTpPaBJICHUE COTPYIHUKOB [7].

M3 CBOMCTB BaXKEH TAaKOW MOKa3aTelb KaKk TEMIEpaTypa BCHBIIIKHA, KOTOpas
Bappupyer oT 380C mo 1100C. Ha ycraHOBKE KpoMe€ IU3ENBHOTO TOILIMBA
BBIPa0ATHIBAIOT CEPOBOJOPOJHBIE MacChbl W  YIJIEBOAOPOIHBIA Ta3, KOTOPBIA
HCIIOJIB3YETCSl HA YCTAHOBKE B KAYECTBE TOIINBA.

YrineBonopoaHbli  ra3  TaKXKe€  B3PHIBOONACEH WM IOXKAPOOIACEH.
B3pbIBoONaCHBIM  SBJIAETCSI U CEPOBOAOPOJ, NPU NPHUCYTCTBUH B TMOMELICHUU
MCTOYHHMKA BO3TOPAHUS U MPU KOHIEHTPAIMK B Bo3ayxe raza ot 4,3 mo 46% o6béma
MTPOU30MJIET B3PHIB.

[Tpu ouncTKe TU3EIBHOTO TOIJIMBA HA YCTAHOBKE MOJIYYalOT €lle U TOOOYHBIH
npoaykT 6en3un-otrod, [IJIK koroporo pasHo 100 mr/m3. Ecnu napsl 6eH3uHa Oy 1yT
IPUCYTCTBOBaTh B TMOMEUICHHHM, TO MOXET MPOU30HTH OTpaBieHHE pPaOOTHHUKOB,
nopaxxaetcs LIeHTpaJibHasi HepBHas cucteMa. [lpu monmananuu mMoGOYHOTO MPOAYKTA
Ha KOKY YEJIOBEKA MPOMCXOAUT BOCTIAJIEHUE KOKH WIIA OXKOT [8].

PeareHTOM 1711 OYMCTKH TOIUIMBA MCIIOJIB3YIOT PAacTBOP MOHOATAHOJAMUHA,
KOTOPBIN TOXKE BPEJIEH JIJIsl OpraHu3Ma YeI0BeKa, BhI3bIBACT OTPABIICHUS U MOPAXKEHHE
LEHTPAJIbHOW HEPBHOM cUCTEMBEI. [10].

[Ipy pasnoxXeHUH MNPOAYKTOB MPOUCXOAHUT HUX HACBHIIIEHHE BOJOPOAOM M

oOpa3zyeTcsi CEpoBOJIOPO/, BOJa, aMMHUAK, MTPE/IEIbHBIE YIIIEBOIOPO/IbI.
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JUis  TUAPOOYUCTKM XapaKTepHBl TaKHe MPOIECChl KaK THAPOKPEKHHT,
HaChIllleHUE oyeduHa, ACTUIPUPOBAHME HAPTECHOBBIX COCAMHEHHUM, MPU BBICOKHUX
TEeMIIepaTypax nepexo;] napahuHOBOrO YriIeBOI0poaa B HAQTEHOBBIM.

[Tpu HU3KKUX TemIiepaTypax U BHICOKOM JIaBJIICHUH MTPOUCXOAUT TUAPUPOBAHUE
apoMaTHYeCcKOro yrieBojoponaa. Ha ycTaHoBKe, BO3MOXKHO, MPOBOIUTH OYHUCTKY

OIHOBPCMCHHO JIBYX BUJOB CBIPbA, TAK KAK 3TO ITO3BOJIACT TCXHOJOIMICCKaAs CXEMa.
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TECHNOLOGICAL REGULATIONS
OF INSTALLATION HYDROTREATING OF DIESEL
FUEL GAZPROM NEFTEKHIM SALAVAT LLC

Abstract: the article discusses the issues of reducing the accident rate of a diesel fuel
hydrotreating plant due to exceeding the maximum permissible pressure. Reliable protection is
provided by safety devices operating on the principle of dumping an excessive amount of medium
from the device. The proposals under consideration for the modernization of equipment will reduce

the level of danger.

Keywords: hydrotreating, oil refining, accident rate, reactor unit, automated gas pollution

control system.
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NCITOJIB3OBAHUE MHK ITPU UCCJIEAOBAHUU
BJIUAHUSA TPOU3BOACTBEHHBIX ®PAKTOPOB
HA PE3VYJIBTATBI AEATEJBHOCTH NPEAIIPUATHUA

Armomauuﬂ: 8 UCCe008amebCKoll pa60me usyuaemcs 3a6UcCumocnito Meofcdy obvemom

gvipabomku anekmposnepeuu Ha AIC u pesynomamamu OesmenvHocmu npeonpusmus AO

«Pocamomy 3a 8 nem. Bvlosuearomest cunomesul 0 cyuiecmeosanuu JUHEHOU 3A8UCUMOCTNU MleC()y

3Q8UCUMBIMU NOKA3AMENAMU 8bIPYUKU, YUCTNOU NPUOLLIU U 3apabOmMHOU NAAMbl ¢ 0OHOU CMOPOHbL U

HEe3a8UCUMbIM  (DAKMOPOM  8bIpaOOMKOU  IIeKmpOoIHepauu ¢  Opy2ou CmopoHvl. 1 unomessi
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oyeHusaromcs MemoooM HAUMEHbUIUX Kea()pamoe u npoeepAaromcs pﬂ()OM Kpumepuees Ha

cmamucmuvdecKyro 3SHa4umocnib noCmMpoerHsvlx ypaeHeHuﬁ.

Knwuesvie cnosa: AO «Pocamomy, evipabomka 371eKmposHepeuu, 8vblpyuKka, npuobliv,
MemoO HaAUMEHbWUX K8AOpamos, NapHas JuHelnas peepeccus, Koagouyuenm naproii Koppenayuu,

cpeonss owmubka annpoxkcumayuu, F-xpumepuii Quwepa, kosghuyuenm demepmunayuu.

OcHOBHOM 3aja4edl HUCCIEIOBAHUS SIBJSUIOCH OIpPEIEICHUE 3aBUCHUMOCTH
MEXy BBIPAOOTKON 3JEKTpodHEpruu U BhIpyukor mo MCDO (MexayHapOIHBIM
cTaHaapraM (uHAHCOBOW OTYETHOCTH). JlaHHble ObuM cOOpaHbl 3a 8 JET Mo
opunmanbHeiM otyeTaM AO «Pocatom» ¢ 2011 mo 2018 rox [1]. Bropas 3amaua —
ATO OIEHKA 3aBUCHUMOCTH MEXAY CpeAaHe 3apabOoTHOM IUIaTON COTPYIHUKOB H
BBIpa0OTKON 2yiekTpodHeprun Ha ADC. Tperheld 3amaueit HcclieIOBaHUS ObLIO
OTpeJeIeHNEe B3aUMOCBSI3U MEXAY BBIPAOOTKOW JJIEKTPOIHEPTUU W YHCTOU

npuobUIblo  AO. AHamu3upyeMmble JaHHbIE MpeACTaBIeHbl B Tabmume 1.

Taoauna 1. Pesynbratsel gearensoctd AO «Pocatom» ¢ 2011 mo 2018 rop

T'oabl
Ha3Banue noka3zaressi 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
BripaboTka s5ekTposHepruu Ha
ADC, muap*kBr*y 172,7 | 177,3 | 177,2 | 180,5 | 195,2 | 196,4 | 202,9 | 204,3
Bripyuka no MC®DO, mipa. 389,4 | 394,8 | 436,1 | 498,8 | 657,1 | 699,7 | 747,1 | 769,5
pyo.
Cpenusis 3apaboTHas 1jaTa
corpyaHukoB AO 49,97 | 54,98 | 61,76 | 67,60 | 72,90 | 74,30 | 78,20 | 85,30
«ATOMPHEProy, ThIC.py0./Mec.
Yuctas npuObLTH, MIPA.PYO. 69,0 | 26,8 | 24,7 | 64,5 | 1438 | 92,8 | 116,2 | 207,7

B xone pemenus 3aaun ObUTA MOCTPOEHBI YpaBHEHUS MAPHOU JIMHEWHON
perpeccuu, Ui OLEHKM MNapaMeTpPOB KOTOPBIX OBLI HMCIOJB30BAaH METOJ

HauMeHbIuX kBajaparoB (MHK).
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i1 uccnemoBaHus 3aBUCUMOCTEN B BUJE MAPHOW JIMHEMHOM PETPECCUN BUA

y=a-+bx Obu1r moctpoens! cucremsl Buja (1) oTHOcHTENBHO a U D.

na+b) x=>y,
{aZXJr b x? :Z%/yx. (1)

[Tpu oMo pacdyeToB B IporpamMme EXcel moirydens! ciieayronme CHCTeMBI
(2), (3), (4). Cucrema (2) COOTBETCTBYET 3aBUCUMOCTH MEXIY BBIPaOOTKOM
ANEKTPOIHEPTUH U BhIpyukoi. Cructema (3) - 3aBUCUMOCTH MEX]Ty BBIPAOOTKOM
AIIEKTPOIHEPTHUH U CpeIHEH 3apaboTHOM miiatoid. CucteMa (4) -Mexay BhIpaOOTKOM

AIIEKTPOIHEPTUH U TTPUOBLIBIO.

{ 8a + 1506,5b = 4592,5 2)
1506,5a + 284824b = 879040,2

{ 8a + 1506,5b = 545,01 3)
1506,5a + 284824b = 103640

{ 8a + 1506,5b = 737,4 ()
1506,5a + 284824b = 143594

ITomy4yeHHBIE B X01€ PELICHUS CUCTEM YPAaBHEHUS JIMHENHBIX PETPECCU
umeroT Buz (5), (6), (7). 3nech ypaBHeHue (5) COOTBETCTBYET 3aBUCHMOCTH MEKTY
BBIPAOOTKOM AJNEKTPOIHEPTUU U BBIPYUKOH. YpaBHeHHe (6) onpeensieT B3auMOCBsI3b
MEKTy BEIPAOOTKOM 3JIEKTPOIHEPTHU U CpeiHeit 3apaboTHOM matoii. Perpeccust (7)

— 9TO 3aBUCUMOCTh MEK/Ty BBIPAOOTKOM JIEKTPOIHEPTHH U MPUOBLIBIO.

y., = —1793,19+12,57x (5)
Y., = —99,64 + 0,89 (6)
V.5 = —695,62+4,18x (7)
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OHCHKa Ka4qCCTBa ITOCTPOCHHBIX MO,I[GJIeﬁ IIpoBECPAIaCh C IOMOIIBIO

ko3¢ urmeHTos [2, ¢. 6]:

o I o
1) ko3¢ ¢unueHTa mapHOU KOppesauu Y ISl TUHSWHOM perpeccuu

(—13 rxysl)

2) cpeaHel OmMOKH anmpOKCHUMAIINH:

)> |

x100%

s\l—\

3) ko3 dunmeHTa TeTePMHHALINH:

o\ (T-%7\
- -5
0y 050y
4) F-kputepus ®umepa:

D 3 € 0 ) L
P S (y—9 P i(n—m-1) T1-

2( _2)

Pe3ynbpTaThl pacyeToB MO yKa3aHHBIM KPUTEPUSM MPUBEJICHBI B TA0IUIE 2.
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Tabumua 2. Pe3ynpTarsl pacyeToB 110 KPUTEPUAM 3HAYNMOCTH MOJIEIN

HazBanmue Bbipadorka BbipaboTka BbipaboTka
KpuTepus 3JIEKTPOIHEPTHH | 3JTEKTPOIHEPTUM | IJIeKTPOIHEPIrUH
NpOBePKH - BBIPY4Ka - 3apIuiaTa - NpUObLIb
KayecTBa MOJIeJId
Koaddurment
napHou 0,9915582 0,9470851 0,8539246
KOppeJsiuuu
Koaddurment 0,9831878 0,8969702 0,7291872
JNEeTEpMUHALINT
Cpennss ommdka 3,0483398 5,0292616 40,946036
anmpoKCUMaIuu
F-Kpurepuii 350,882877 52,2357333 16,1437216
Qdurrepa
[lonyueHHble pe3ynbTaThl KPHUTEPHUEB TMO3BOJSIOT CAEIaTh BBIBOA O

CTaTUCTUYECKON 3HAYMMOCTH MOCTPOEHHBIX perpeccuid. Hempoxoxkaenue perpeccuu

MEXJy BBIPYYKOM UM UYHUCTOM TPHUOBUIBIO MO KPUTEPUIO ANIPOKCHUMAIIUU
CBUJIETEIBCTBYET O TOM, UTO B MOJIEIb CIIEyET BKIIFOUATh JIOMOJIHUTEIbHBIE (DAKTOPHI.
[IpoBeneHHOE HCcCie10BaHUE MOXKET MO3BOJIUTh MOCTPOUTH MPEIBAPUTEIIHHBIC TPYObIC
MPOTHO3bI HAa HEOOJIBIION TMEepUoa O BBIPYYKE M CpeaHed 3apaboTHOM TuiaTe B

3aBUCUMOCTH OT BBIPAOOTKH 3J1eKTposHeprun Ha ADC.

CIIUCOK JINTEPATYPbI:
1. Pocatom. [TyOnu4nHas 0T4€THOCTH, OUITMATBHBIN CAlT [ DTIEKTPOHHBIN pecypc].
URL.: https://report.rosatom.ru/194 /(nara obpamenus : 12.02.2022)
2. Emuceea, U.U. Tlpaktukym mo sxoHomerpuke [Tekcr] : yued. mocobue s

By30B / .. Enuceesa, C.B. Kypsimesa, H.M. I'opauenko [u ap.] ; mox pen. M.
EnuceeBoii. — 2-e uzn., nepepad. u gon. — M. : @unanck u cratuctuka, 2007. — 344 c.

39



https://report.rosatom.ru/194

Meoswcoynapoonwviii nayunwii scypranr « BECTHUK HAYKU» Ne 1 (58) T.1 AHBAPH 2023 2.

3. Oxonometpuka [Tekcr] : yaeOnuk miist By30B / o pen. .M. Exuceesoit. — 2- e
u3n., mnepepad. u gom. — M. : dunance u cratuctuka, 2007. — 576 c.
Isaeva N.A.

3rd year student of the Department of Atomic Energy
Volgodonsk Engineering and Technical Institute
Branch of the National Research Nuclear University "MEPhHI"
(Volgodonsk, Russia)

Teplinskiy A.V.
3rd year student of the Department of Atomic Energy
Volgodonsk Engineering and Technical Institute
Branch of the National Research Nuclear University "MEPHI"
(Volgodonsk, Russia)

Nikonorova Y.V.
Candidate of Physical and Mathematical Sciences, Associate Professor at the
Department of Applied Mathematics
Volgodonsk Engineering and Technical Institute
Branch of the National Research Nuclear University "MEPhHI"
(Volgodonsk, Russia)

USE OF LEAST SQUARES METHOD
IN STUDY OF INFLUENCE OF PRODUCTION FACTORS
ON RESULTS OF ENTERPRISE

Abstract: the research paper studies the relationship between the volume of electricity
generation at nuclear power plants and the results of the activities of JSC Rosatom over 8 years.
Hypotheses are put forward about the existence of a linear relationship between the dependent
indicators of revenue, net profit and wages on the one hand and the independent factor of electricity
generation on the other hand. Hypotheses are evaluated by the least squares method and tested by a
number of criteria for the statistical significance of the constructed equations.

Keywords: JSC "Rosatom", power generation, revenue, profit, least squares method, paired

linear regression, pair correlation coefficient, average approximation error, Fisher's F-criterion,
coefficient of determination.
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