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CBegeHUs O )KypHaJie

«Hayka u TexHoJIOrMM TPyOGONPOBOJHOTO TPAHCIOPTAa HeQTHU U HePTENPOAYKTOB» — HAYYHBIM KypHaI B 06JaCTU Maru-

CTPaJIbHOT'0 TPYOONPOBOAHOI0 TPAHCHIOPTA HePTHU U HEPTENPOLYKTOB.

IEJIb )KYPHAJIA

[ly6auKalys opuruHalbHbIX HAyYHbIX CTaTeH, UMEILMX MeX/AyHapoAHOe 3HaUYeHH e JIJIsl y4eHbIX U ClIelHaJMCTOB B 06J1ac-

TH TPYOGONPOBOAHOTO TPAHCIIOPTA HEPTH U HePTENPOAYKTOB.

TEMATUKA }KYPHAJIA

B ’KypHaJie my6G/IMKYIOTCSl CTaThU N0 CJI€YIOLMM HallpaBJIeHNUsIM HCCIel0BaHHM:
o [[pOYHOCTB, HAAEKHOCTB, J0JITOBEYHOCTh

¢ [[poeKTHpPOBaHHE, CTPOUTENBCTBO U KCILIyaTaLUs

¢ PeMOHT Tpy60NnpoBO/I0B

¢ CBapka

e MaTepuaJsibl U 060py/l0BaHHE

¢ ABTOMAaTHKa, TeJeMeXaHUKa U CBS3b

e 3alyUTa OT KOPPO3UU

* ToBapHO-TPAHCIIOPTHbBIE ONEepPaLU U METPOJIOTHYECKOE 0GecrieueHre
e JHepreTHKaA U 3JIEKTPOO6GOpyJOBaHUE

« [ToxxapHas ¥ POMBbIIJIEHHAs! 6€30MaCHOCTh

* JKOJIOTUS

¢ JKOHOMMKA U yIpaBJeHHe

e [[paBonpuMeHeHHe U 6€30MaCHOCTb

* TexHUYECKOE pEryJIMpOBaHUE

¢ IlHHOBaAIMOHHOE pa3BUTHUE

¢ [I[podeccroHanbHOE 06pa3oBaHUe

¢ MaTepua/ibHO-TEXHUYECKOe 06ecrieyeHre

HOPMBbI Y IPABUJIA PEJAKIIMOHHOM JEATE/IBHOCTH

B cBoeil paboTe pefaKius )XKypHasia cJelyeT CAeAyOIINM HOpMaM U paBUiaM:

- 06ecreynBaeT peLleH3WPOBaHHe MPUHSATBHIX K PACCMOTPEHUIO CTAaTeH, pUBJIeKast
JJIA 3TOT0 aBTOPUTETHBIX pOCCl/IﬁCKHX u 33py6e)KHbIX CIIeUAJINCTOB U YYEHBIX;

- IpPUAEPKUBAETCS MPOLEAYPhI KOJIJIETHAIBHOTO 06CYXeHUs1 CTaTeld peJjaKLHOH-
HBIM COBEeTOM, CGOPMHUPOBAHHBIM 10 MPUHLMITY reorpadprUiecKoro pa3Hoo6pasus U
NPUHA/IJIEXKHOCTH YYACTHUKOB K Pa3JIMYHbIM OPTaHU3aLUsIM;

— PYKOBOACTBYETCA MEXAYHAPOAHBIMHU 3THY€CKUMHU HOPMaMHU WU HU3[ATEJIbCKUMU
CTaHAApPTaMU B OTHOLIEHUH HayYHbIX Iy 6JIMKaLUH.

WHAEKCUPOBAHUE U COXPAHEHUE UH®OPMALIUH

YKypHaJ1 BKJIIOYeH B c/ieAytoliye 6a3bl JaHHbIX: PocCUCKUN MH/IEKC HAYYHOTO LIUTH-
poBanus (yuutsiBaeTcs B afpe PUHIL), Scopus, Web of Science (ESCI, RSCI), Chemi-
cal Abstracts Service (CAS), Norwegian Centre for Research Data (NSD), Ulrich’s Peri-
odicals Directory.

[IpropHTeTOM pelaKIIMOHHOH MOJHUTHUKHU SBJISIETCS 00ecrnedeHre COXPaHHOCTH Ha-
Y4HOU MHOPMaLMHY yTeM apXxUBalH BbIYCKOB )KypHaJia U CTaTen:

- CTaThU U MeTa/laHHble pa3MellaloTcst B HayyHo asiekTpoHHOM 6ubroTeke Poccuy;
- 06s13aTesIbHble GecIIaTHbIEe NeYyaTHbIe U 3JIEKTPOHHbIE 3K3eMIISPHI NepearoT-
csa B Poccutickyto kHkHyt0 nanary (dumnan UTAP-TACC) c uesbto pacrpesiesieHust
MEX/y KpyTHeHIIUMHU 616 1M0TeYHO-MHPOPMAIMOHHBIMU OpraHu3anusaMu Poccnu;
- [eyaTHbIe U 3JIEKTPOHHbIE BbIIYCKU XXypHasla HanpasJisitoTcsl B Chemical Abstracts
Service;

— apXUB M€YaTHBIX U 3JIEKTPOHHBIX BBIIYCKOB XPAaHUTCS B HAyYHO-TEXHUYECKOH OU6-
nnoteke 000 «HUU TpaHcHedTH» U B peAaKIUH XKypHaIa.

INPUCYTCTBHE B IEPEYHE BAK

XKypuan BxoguT B [lepedeHb peljeH3UpyeMbIX HAYYHBIX U3AAHUH, B KOTOPBIX JJOIXK-
HBI GBITh ONMYyG/IMKOBAaHbI OCHOBHBIE HAYYHbIE PE3Y/IbTAThl JUCCEPTALUM Ha COMCKa-
HYe y4eHOH CTelleH! KaHu/iaTa HayK, Ha COMCKaHHe YYeHOH CTeleH! JJOKTOpa HayK
(TTepeuens BAK). [IyGJIMKYIOTCS CTaTbH MO CI€AYOLIMM HAYYHBIM ClIeHalbHOCTAM
Y COOTBETCTBYIOIIMM MM OTpac/siM HayKH (B peJjlakKLU{ HOMEHKJIATypbl HayYHBIX
CIIeIMa/IbHOCTEH, 10 KOTOPBIM NPHUCYXKJAITCA Y4eHble CTEeleHH, YTBEePXKAEHHOH
[Ipukazom MuHucTepcTBa 06pa3oBaHus U HAYKH PO oT 23 okTs6ps1 2017 r. N2 1027):
05.02.10 - CBapka, poZiICTBEHHbIE NPOLLECCh] U TEXHOJIOTUU (TEXHUUECKHE HAyKH);
05.02.13 - MamuHsbl, arperaTsl ¥ Iporeccel (1o oTpacasaM) (TeXHUYecKHe HayKH);
05.02.22 - Opranusanusi Ipou3BOACTBA (10 0Tpac/saM) (TeXHUYeCKUe HayKHu);
08.00.05 - JxOHOMHKA U yIpaBJeHHe HapOJHBIM X03sHCTBOM (110 oTpacsM U cde-
paM fesTeNbHOCTH) (3SKOHOMUYECKUe HayKH);

25.00.19 - CTpoUTeNbCTBO U KCIIyaTalyst HedpTerazonpoBo 0B, 6a3 U XpaHHJIHILL
(TexHUYECKUE HAYKH).

ABTOPCKHME INPABA U IIEPCOHAJIBHBIE JAHHBIE

PenakunoHHasi NOJMTHKA OCHOBBIBAETCS HA IOPUINYECKUX TPeOGOBAaHUAX B OTHOILLE-
HUM aBTOPCKOTO NPaBa U CMEXHBIX IPaB, HEAOMYIEHUS [IJIaruaTa, U3JI0’KEHHBIX B
3aKoHozaTesbcTBe Poccuiickoil ®enepaunu. Pefakius obecrieduBaeT 06paboTKy
Y coxpaHeHHe KOHOUAEHIIMAJbHOCTH IIEPCOHANBHBIX JAHHBIX aBTOPOB B COOTBET-
cTBuH ¢ PefepanbHbIM 3ak0HOM PP Ne 152-03 «O nepcoHaIbHBIX AaHHBIX».
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Aims & Scope

Science & Technologies: Oil and Oil Products Pipeline Transportation is a scientific journal in the field of main pipeline trans-

port of oil and oil products.
THE JOURNAL'S PURPOSE

Publication of original research papers of international importance for scientists and specialists in the field of oil and oil

products pipeline transportation.

THE JOURNAL'S THEMES

The journal covers the following thematic research trends in the field of oil and oil products
pipeline transportation:

« Strength, reliability, durability

* Design, construction and operation

* Pipeline repair

» Welding

» Materials and equipment

 Automatics, telecom engineering and communication

« Corrosion protection

» Commodity-transport operations and metrological support
» Power industry and electrical equipment

¢ Fire and industrial safety

 Ecology

 Economics and management

» Safety and administration of law

» Technical regulation

* Innovative development

» Vocational education

« Inventory and logistics management

THE RULES AND REGULATIONS OF EDITORIAL ACTIVITIES

The editorial staff of the journal in its work is guided by the following principles:

- provide peer review of all articles involving authoritative Russian and foreign experts
and scientists;

- adhere to the procedure of collective discussion of articles by the Editorial Board, formed
on the principle of geographic diversity and membership of various organizations;

- abide by the international ethical norms and publishing standards for scientific articles.

INDEXING AND STORAGE OF INFORMATION

The journal is included in the databases: Russian Science Citation Index (RSCI), Scopus,
Web of Science (ESCI, RSCI), Chemical Abstracts Service (CAS), Norwegian Centre for
Research Data (NSD), Ulrich’s Periodicals Directory.

The priority of the editorial policy is to ensure international scientific information com-
munication and the storage of scientific information by archiving journal issues and
articles:

- articles and metadata are placed in the Scientific Electronic Library of Russia;

- mandatory free printed and electronic copies are transferred to the Russian Book
Chamber (ITAR-TASS branch) with the aim of distributing publications among the lar-
gest library and information organizations in Russia;

- printed issues of the journal are sent to Chemical Abstracts Service - acs.org;

- archive of print and electronic issues is stored in the scientific and technical library
of Transneft R&D, LLC and in the journal’s editorial office.

PRESENCE ON THE LIST OF HIGHER ATTESTATION COMMISSION

The journal is included in the List of peer-reviewed scientific journals (the List of High-
er Attestation Commission of the Ministry of Education and Science of Russian Federa-
tion), in which the main scientific results of dissertations for the degrees of Candidate
of Sciences and Doctor of Science should be published. The journal publishes articles
on the following scientific specialties and related fields of study (the edition of the no-
menclature of scientific specialties for which scientific degrees are awarded is approved
by the Ministry of Education and Science of the Russian Federation dated October 23,
2017 No. 1027):

05.02.10 - Welding, related processes and technologies (technical sciences);

05.02.13 - Machines, units and processes (on branches) (technical sciences);

05.02.22 - Industrial engineering (on branches) (technical sciences);

08.00.05 - Economics national economy management (on branches and fields) (eco-
nomic sciences);

25.00.19 - Construction and operation of oil and gas pipelines, oil depots and storage
facilities (technical sciences).

COPYRIGHT AND PERSONAL DATA

The editorial policy of the journal is based on the legal requirements in relation to copy-
right and allied rights, non-admission of plagiarism, set forth in the legislation of the Rus-
sian Federation. The editorsensure the processingand preservation of the author person-
al data privacy in accordance with the Federal Law of the Russian Federation No. 152-FZ
“On Personal Data”.

© «Science & Technologies: Oil and Oil Products Pipeline Transportation», © Transneft — Media, LLC
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PEAAKLLMUOHHbIN COBET

NPEACEAATE/Ib PEAAKLIMOHHOIO COBETA, [MTABHbIN PEAKTOP }KYPHAJIA

CouweHKo AHaTtonui EBreHbeBuy
A. T. H., npodeccop, KOHCYNbTaHT yNpaBieHUs HHOBALMOHHOMO U Hay4HO-TEXHUYecKoro pa3BuTus NMAO «TpaHcHedTb», MocKBa

POCCUUCKUU COCTAB PEAAKLIMUOHHOIO COBETA

EypKOB |'|eTp BnaAMMMpOBWi, 4. T. H., npodeccop, oTaeneHne HepTerazoBoro agena, Kapegpa TpaHcnopTa u xpaHeHus HedTU 1 rasa Hauumo-
HaNbHOro nccnefoBaTenbCKoro TOMCKOro NoanTEXHMYECcKoro yHueepcuteta, Tomck. ORCID: 0000-0002-4334-508X

BacunbeBa 308 AHAPEEBHA, J. 3. H., npodeccop, ANPeKTop MHCTUTYTa ynpasieHus 6U3HeC-NpoLeccamMi, 3aBeaylolLnil Kadbeapomn «JKOHOMM-
Ka ¥ ynpasneHue 6usHec-npoueccamu» MYBIN Cubupckoro degepansHoro YHnsepcuteta, KpacHospck. ORCID: 0000-0002-8899-5262

¥ono6oB Bnagummnp BacunbeBuY, a. d.-m. H., Beaylumit HaydHbli COTPYAHMK Na6opaTopumi TEXHONOrMYecKnx pacietos 000 «HUW Tpakc-
HedTb», MockBa. ORCID: 0000-0001-8712-8215

KoHTopoBuY AneKkcen IMUNbEBMUY, . reos.-MUHEPaN. H., akageMuKk PAH, raBHbIi HayuHbIi COTPYAHUK UHCTUTYTa HebTErasoBom reosormm
1 reodunsnkn umenn A. A. Tpodumyka Cnubupckoro otaenenus PAH, Hosocn6upck. ORCID: 0000-0001-8239-811X

KoponéHok AHaTonuin MuxamnnoBuH, a. 1. H., npodeccop, AekaH daxynbTeta «TIpoeKTUPOBaHNE, COOPYKEHNE W IKCTyaTaLMa CUCTEM TPy6BO-
NPOBOAHOr0 TpaHcnopTar, 3aBeayolmin kKabeapoin «HedptenpoayktoobecneyeHune 1 ra3ocHabxeHne» POCCMIMCKOro rocyaapCcTBEHHOrO yHUBEpPCUTETa
HedTH 1 rasa (HNY) umenn N. M. lN'y6knHa, Mockea

MaHxan Bnagumup HukonaeBumu, g. x. H., cTapinit Hay4HbI COTPYAHUK MHCTUTYTa xuMuKn HedTH CubMpceKoro oTaenenns PAH, npodeccop
WHMEHEPHOM LIKONbI MPUPOAHLIX PEcYpcos HaLMoHanbHOro MceneaosaTenscKoro TOMCKOro NOMUTEXHUYECKOro yHUBepeuTeTa, TOMCK

MacTto6aeB bopuc HukonaeBmu, a. 1. H., npodeccop, daKynbTeT TPy60npoBOAHOMO TpaHCMopTa, kadeapa «TPaHCMopT M XpaHeHne HedTH
1 rasa» YOUMCKOro rocyfapCcTBEHHOro HepTAHOro TEXHUYECKOro yHuBepcuteTa, Yda

MaTtBueHKo I0puii FTpuropbeBuUY, 4. T. H., NPodeccop, 3aBeayoLMi OTAENOM NPOYHOCTH, XUBYHECTH M 6e30nNacHOCTH MalunH, PIBYH «AHCTH-
TyT MalMHoBeaeHUs umenu A. A. bnaroHpasosa» PAH, Mocksa. ORCID: 0000-0003-2367-0966

MaxyTtoB Hukonai AHApeeBMY, f. T. H., uneH-KoppecnoHaeHT PAH, npodeccop, raBHbIi Hay4Hblil COTPYAHWK LiEHTPpa CTanu 1 CBapKM, Npou-
HOCTHbIX pacyeTtoB 000 «HWUW TpaHcHedTb», MockBa. ORCID:0000-0001-5022-932X

HeraHoB AMUTpUIA ANeKCaHAPOBMM, /. T. H., NepBbIi 3amMecTUTeNb reHepanbHoro anpextopa 000 «HUU TpaHcHedTb», MockBsa.
ORCID: 0000-0002-3654-7978

HecbiH Feopruit BUKTOPOBMY, £. x. H., BefIyLInil Hay4HbI COTPYAHMK NTa6opaTopum XMMmUdeckux peareHtos 000 «HUW TpaHcHedTb», Mocksa
HoBocenoBa UpuHa KOpbeBHa, a. 3. H., npodeccop aenapTameHTa 0TpacneBbiX PhIHKOB haKynbTeTa 3KOHOMUKM U 6M3Heca DUHAHCOBOrO

yHuBepcuTeTa npu MNpasutensctee PP, npodeccop Kadenpbl IKOHOMUKKU HEDTAHOM U Fa30BOM NPOMbILWNEHHOCTH POCCUMIMCKOro rocyaapcTBEHHOro
yHuBepcuTeta HedTH 1 rada (HNY) nmenn U. M. F'y6kuHa, Mockea. ORCID: 0000-0002-5054-0676

CepuKoB MaBen IOpbeBuY, 1. 3. H., 3amecTHTeNb BULIE-NPE3NEHTa — ANPEKTOP AenapTameHTa aKoHoMMUKHM MAO «TpaHcHedTb», MocKBa

YepenaHoB AHaTonann HUKonaeBmY, a. ¢.-m. H., npodeccop, rMaBHbIi Hay4HbIi COTPYAHWK 1a6opaTopun TEPMOMEXaHWUKM W MPOYHOCTH
HOBbIX MaTep1anoB MHCTUTYTa TEOPETUYECKOW U NPUKNALHON MeXaHUKK nMenu C. A. XpuctnaHoBuya CMOMPCKOro oTaeneHus Poccrinckon akagemun
Hayk, HoBocubupck. ORCID: 0000-0003-2562-7945

®YHKUMOHAJIbHLIE 3AJA4YY POCCUUCKOI0 COCTABA PEAJAKLUMOHHOIO COBETA:
06€ecneveHne aKTyasbHOCTH, BbICOKOTO YPOBHA U HAy4HO-TEXHUHECKOW LIEHHOCTH NYG/IMKaLIWii B JypHase; NpoBeeHne PeLIeH3NPoBaHNs CTaTen;
onpeaeneHne TeMaTM4eCKUX HanpasieHnit n obecrnedeHne NyeMKaLnMm B xypHane cTaten Hanbonee LMTMPYEMbIX aBTOPOB; GOPMUPOBEHKE FO0BbIX
1 TEKYLLIMX NIaHOB BbINYCKOB }KypHaa; aHann3 pesy/bTaToB 1 BbIpaboTKa PEKOMEH/aLIWi N0 opraH13aLn, Pa3BUTUIO M COBEPLIEHCTBOBAHMIO XKypHasa

MEXAYHAPOHbIA COCTAB PEJAKLIUOHHOIO COBETA

Aam6 Camep, Ph. D., npodeccop, 3amecTuTeNb AeKaHa, Kadepa rpawaaHCKoro M 3KOHOMMYECKOr0o CTPOMTENbCTBA, YHUBEPCHUTET Alb6epThl,
3amoHToH, KaHaga. ORCID: 0000-0003-3750-2963

Fep6epT Xodurerrep, Ph.D., npodeccop, 3aseayiolmii kKabeapoi «M3sneyeHmne yrneBogopoAHONA U reoTepManbHON HEPT UMy, YHUBEPCUTET
JNeoGeH, ABCTpus

KapamaHoc Cnupoc, Ph. D., npodeccop daKynbTeTa MalmMHOCTpoeHus, YHusepcutet deccannu, Mpeumns. ORCID: 0000-0003-0047-9173

KapynnaHaH CapaBaHaH, Ph. D. (Eng.), ioLeHT, 3aMecTUTeNb lekaHa daKynbTeTa MallMHOCTPOeHMs TexHonordeckoro ynusepcuteta METPOHAC,
MNepak, Manai3us

MaxmoTtoB Ep6on CaxuToBMY, . X. H., aKaeM1K Ka3axCTaHCKON HaLMOHa bHOMN aKaleMnUn eCTECTBEHHbIX HayK, MHOCTPaHHBIN YieH POCCUIACKOM
aKaJeMuK eCTeCTBEHHbIX HayK, Hay4Hbl coTpyaHuK POO «BeTepaHbl HedTeraszoBoro komnaekcar, Hyp-CyntaH, KasaxcraH. ORCID: 0000-0002-7514-5269
MoxaHu Ated, Ph. D., noueHT, 3aBeayioumit Kadeapoil MexaHMKM 1 MaLIMHOCTPOEHNS daKybTeTa MHMEHEPHbIX M MPUKIAAHbIX HayK, TexHonornde-
CKUI UHCTUTYT YHuBepcuTeTa OHTapuro, Owaea, KaHaga. ORCID: 0000-0003-1630-0916

I1aBnoy [AMMUTPUOC, Ph. D., akageMrK HOPBEKCKO akafeMum TEXHONOMMYECKUX HayK, Npodeccop Kadeapbl MexaHUK1 AehOpPMUPYEMOro TBep-
[l0r0 Tena, Hay4Hbl PyKOBOAWUTENb rPynMbl B 061aCTU MaLWMHOCTPOEHNS U MaTepuanoBefeHns Kadeapbl MexaHUYEeCKON U CTPYKTYPHON MHXEHepUn

1 MaTepuanoBsefeHus, YHuBepcutet CtaBaHrepa, CtasaHrep, Hopserusi. ORCID: 0000-0002-9522-583X

Maonayun ®aépULMO, Ph. D., foLeHT Kadeapbl MalMHOCTPoeHNs TpeTbero YHMBepcuTeTa PuMa, AMPEKTop 1 6M3HeC-pa3paboTunK aKaaemuye-
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COAEPHAHHME

MPOEKTUPOBAHUE, CTPOUTE/IbCTBO U SKCINJTYATALIUA TOBAPHO-TPAHCMOPTHbIE ONEPALIUUA
M METPOJIOTMYECKOE OBECNEYEHME

128 Kputepum adbdeKTMBHOCTU GU3UYECKOrO
BO3eNcTBUSA HA HEDTb CO CJIOXKHBIMU 169 Bbi6op npeoGpa3oBartenen pacxoaa 4 CUCTEM

126

peoslorM4eCKUMHU XxapaKtepuctukamm

M. A. MpowmrToB, P. 3. CyHaratynnumH, C. E. KyTyKoB,
A. H. Konuyx, 0. A. LLlenHa, ®. C. 3Bepes

Ha ocHoBaHMM aHaJIM3a POLECCOB B CTPYKTYype
HedTH aBTOpaMH NPeAJIOKEHbI HOAXO/bI U KPH-
TEepHUH, I03BOJISIIOLIME OLLEHUTb 3 PEKTUBHOCTD
MeTO/[0B GHU3UYECKOTO BO3/IEHCTBHUS Ha BSI3KHeE

U TsKeJIble HeQTH CO CI0’KHBIMU PE0JIOrMYeCKH-
MU XapaKTepUCTHKaMU. B KauecTBe KpUTEpUEB
3bdeKTUBHOCTH 06pabOTKU HeDTH MPEAJIOKEHBI
6e3pa3MepHbIe KO3QPUIMEHTHI, TOKa3bIBAKOLIMeE
COOTHOIIEHHUS AUHAMUYECKOH BA3KOCTH, Y/eJIbHOH
MOIIHOCTH /15 IO JiepXKaHus TeyeHUs B HeQTH 10
U nocJjie GU3UUECKOro BO3/I€HCTBHS, @ TAK)XKE OTHO-
IIeHHe U3MEHEHHsl IHEPTUH TUKCOTPONUHU HedTU
K y/leJIbHbIM 3aTpaTaM 3HePTUH JJIs1 peau3aluu
¢dusuveckoro Bo3ecTBUs Ha HEPTE.

138 MatemaTunyeckoe MoaenMpoBaHue PycnoBbiX
npoLeccoB ¢ MPOrHO30M pa3BUTUS Ha AECATb NeT
M. C. XamuTtoB, B. A. lNMpokodbes, H. C. bakaHoBUYyC

[IpeacTaBieHO MpaKTUYECKOe IPYMeHeH e Tpex-
MepHOM MOJie/Ii OTKPBITOr0 OTOKA, IPUTOJAHON
JUJIs IPOTHO3a PYC/I0BbIX JlehopMaluii B MHOTO-
pyKaBHBIX pyciax. [IpeficTaBieHo onucanue uc-
M0J1b3yEMOM YMCIEHHOM MO/leNY, YU ThIBaIOL el
OTI0JI3aHUE NTO/IBOAHBIX OTKOCOB, 3aKpelJIeHHbIe
(PeMOHTHBIE) Y4aCTKH [iHa, B3BellleHHbIe U BJle-
KOMbIe HaHOChL [IpoBesieHa Bepudukanus pas-
paboTaHHOM YMCIEHHOUN MOoiesIU 10 pe3yJibTaTaM
$H3UYECKUX IKCIIEPUMEHTOB, ee KaJMOPOBKA U
Ba/InJalysl 10 HATYPHbIM JAHHBIM /11 KOHKPETHO-
ro o0’beKTa.

MNPOYHOCTb, HAAEXXHOCTb, J0/IOBEYHOCTb

06HapY)XeHUsl yTe4eK B MaructpasbHbIX HedTe-
1 HedTenpoayKTonpoBoaax

0. B. Apanos, W. B. bysHoB, A. T. fiposo#,

C. B. ®dununnos, . H. Knto4yHrkoB

[IpoBesieHa KOMILJIEKCHAs OLeHKa Tpeo6pa3oBa-
TeJslel pacxo/ia pa3HbIX TUIIOB C TOYKH 3PEHUS UX
HPUTOAHOCTH JJIs1 IOCTPOEHUS U3MEPUTENbHbIX
KaHaJIOB pacxo/ia py IPOeKTHPOBaHUH U BHeApe-
HUM CUCTEM OOHAPY)KEHUS yTe4eK Ha y4acTKax
MarucTpasjbHbIX HedTe- U HeQTeNPOAYKTONPOBO-
J1oB. [Ipe10’keHbl BApUaHThI TPE6OBAHUH K Me-
TPOJIOTMYECKUM XapaKTepHUCTHKaM PacXoZ0MepoB,
NPHMEHSEMBIX B COCTABE U3MEPUTE/IbHbIX KAaHAJIOB
pacxozia cucTeM 06HapyXeHHUs yTeuek, a TaKxe
MaTpHLa BbI6OPA PACXOZ0MEPOB B 3aBUCHMOCTH OT
JraMeTpa Tpy6oNnpoBo/a U TUIA CPeAbI.

3Koorma

178 HedTtecopGupyoLlme CBOMCTBA KOPbl APEBECHbIX

pacTeHui Ha NpMMepe COCHbl 0GbIKHOBEHHOM

[. C. ly6osuK, B. B. TapakaHoB, A. B. H1uKonaesa,

A. C. lyHaeBa, K. I. XomyToBa

U3y4eHbl HepTecopOUpyOLKe CBOUCTBA (HedTe-
€MKOCTb) IpPeBECHOM KOPbI HA IPUMepPe COCHbI
O0GBIKHOBEHHOH C HCI0JIb30BaHHEM /IBYX BU/I0B
TOBapHOU HedTH U ee cMecel ¢ BoJoH. [IpoBeieHa
OLleHKa KOJIM4eCTBa, ITyOUHBI M CKOPOCTH MPO-
HUKHOBeHUsI HeQTH U BOAOHEPTAHBIX 3IMYJIbCUH B
HaTHUBHYI0 KOPY COCHbI 06bIKHOBEHHOU. Onpepese-
Ha CKOPOCTb UCHapeHus Jerkux ppakuuii HepTH U
BOJ0OHE(TSAHBIX 3MYJIbCUN U3 3arPsI3HEHHOHN KOPBbI.

NMPABONPUMEHEHUWE N BE3OMNACHOCTb

149 ManouuKkioBas ycTanocTb NPU <KEeCTKOM»
HarpyKeHuu meTtania OTBOAOB XOJIOA4HOIO FHYTbsl
Knacca npoyHoctu K56
0. A. Bapgy6posckas, . A. laBpwunos, I. B. Hectepos,
M. B. Nowwnbaes

[IpoBe/ieHa orleHKa JOJITOBEYHOCTH OTBOZOB XO-
JIOJTHOTO THYThsI U3 CTaJU KJiacca mpoyHoctu K56
10 pe3y/IbTaTaM UCIBITAHUH Ha MaJIOL{UKJIOBYIO
YCTaJIOCTD 110 CXEME «KECTKOT0» Harpy»KeHHUsl IpU
pacTskeHUU 06pa3IoB U3 HeZlepOPMUPOBAHHOH,
pacTSHYTOM U CKaToM 30H 0TBOAOB. [lokazaHo, 4To
JlOJITOBEYHOCTh U30THYTOM 4acTH OTBOZOB B pac-
TSHYTOH U CKaTOH 30HaX He MeHbllle, YeM MeTaJlia
HeJlebopMUpoBaHHOMU 30HEBL OnipesiesieHa 3aBU-
CUMOCTb OTHOCUTEJILHOTO CY>KEHUS UCTTBITAHHBIX
06pa3snoB OT KOJIMYECTBA IIUKJIOB Harpy>KeHHsI.

160 PacwupeHHas moaenb KoappUuLmeHTa
MHTEHCMBHOCTU HaNpPsXXeHU NS ANNHHbIX
TpewmH
H. Hyu, ®. 3. Apayp, T. bByxapy6a, M. Xag-Menunanu,
Y. bypay, C. PamTtaHu

B pa6oTe npessaraetcs pacliipeHe MoJesu

ko3 duIeHTa UHTEHCHBHOCTH HAaNPsKEHUH Ha
JJIMHHbIE TPELMHbI MOJY3JIMITHYeCKOH GOpMbI

c y4yeToM 06061eH1s1 MypakaMy, OrpaHUYeHHOTO
KOPOTKHUMH TpeLMHaMu. MeTo/ KA 103BOJISIET

¢ npueMieMoi 3pPEeKTUBHOCTBIO pacCUUTATh

K03 PUIMEHT HHTEHCUBHOCTU HANIPSDKEHUH yTeM
HCM0/Ib30BaHUs HOBOM NOBEPXHOCTH, BO3HUKILEH B
pe3yJsbTaTe pacIpoCTPaHeHUs TPELIUHbI, U MOXKeT
paccMaTpHUBaAThCS KaK YIIPOLIeHHbIH MeTO/, OLleHKH
OTIACHOCTH TOJTY3JJIMITUYECKUX TPEIHH.

189 OueHka npumeHnmocTy maTtpuubl MITRE ATT&CK

Ans moaenvMpoBaHus yrpo3 uHGopMaLMoHHOM
6e3onacHocTu ACYTI 06bEKTOB TPYOGONPOBOAHOIO
TpaHcnopTa

B. B. KyabMmuH, 1. A. Ko63eB, A. B. KHbiw,

0. H. JaBunaeHKo

[IpoBesieHa oLleHKA BO3MOXKHOCTH NPUMEHEHUS Ma-
Tpunsl MITRE ATT&CK a5 MogenupoBaHus yrpos
nHbopMarroHHoU 6e3onacHocTy ACYTII 06beKTOB
Tpy6GOMPOBOAHOIO TpaHCIOPTa HeQTH U HedTenpo-
JIYKTOB. Pe3y/ibTaThl Hcc/1eJ0BaHUA NPUMEHUMBbI
HpY MPOBEJIEHUH OLIEHKH COOTBETCTBUS PeasbHbIM
yrposam Mep, IpUHUMaeMbIX HepTerPOBOJHbIM
npeANpUsATHEM 10 obecrneyeHHI0 HHPOPMALIMOHHOM
6e3omacHocti ACYTIIL.

9KOHOMUKA U YNPABJIEHUE

198 CoBpeMeHHble NoAXoAbl K MOAE/IMPOBAHMUIO

MHTENNEKTYaIbHbIX CUCTEM YNpPaBAEHHUS.

Yactb 2. ABTOHOMHbII «Hard» u «Soft» — apontouus
KOMMeTEeHLUUn

W. B. NamkuH, A. A. KoctawunHa

PaccMoTpeHb! BOPOCHI MaTeMaTH4eCKOro Mojie-
JINPOBAHUS CUCTEM YIPaBJIEHHUS], OCHOBAaHHBIX Ha
KOHILIEMIMHY aBTOHOMHOT'0 UCKYCCTBEHHOT'O HHTEJI-
JIEKTA, BO3MOXXHOCTH UX IPUMEHEHHUS B CUCTEME
MarucTpajbHOro TPyGONPOBOJHOIO TPAHCIOPTA
HedTH U HepTenpoAyKTOB. MicciieioBaHk! LiesieBOE
Ha3Ha4yeHHUe, KOHCTPYKTHUBHbIE 0COOEHHOCTH U
NPUHIMI JeHCTBUS HHTEJIIEKTYa/lbHbIX YIIPaBJIs-
IOILIMX CUCTEM, CTIOCOBHBIX K aZlalTallii ¥ aBTO-
HOMHOMY QYHKIIMOHMPOBAHUIO B U3MEHSIOIUXCS
YCJI0OBUSIX BHEIIHEH CpeJibl.
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COMMODITY-TRANSPORT OPERATIONS
AND METROLOGICAL SUPPORT

DESIGN, CONSTRUCTION AND OPERATION

128 Effectiveness criteria for physical actions on oil

with complicated rheological characteristics 169 Selection of flow transducers for leak detection

Maxim A. Promtov, Rustam Z. Sunagatullin,
Sergey E. Kutukov, Alexander N. Koliukh,
Olga A. Sheina, Fedor S. Zverev

To improve rheological parameters of heavy and
viscous oils, transportation of which through main
pipelines requires additional operating expenses,
physical actions methods could be applied. Presently
there are no criteria and methodologies for assessing
effectiveness of methods of physical actions on oil.
The authors of this paper offer approaches and cri-
teria that permit to assess effectiveness of methods
of physical actions on heavy and viscous oils with
complicated rheological characteristics. Dimension-
less coefficients, which indicate ratios between oil
dynamic viscosity, specific power for supporting oil
flow before and after physical impact, as well as ra-
tios of thixotropy energy variation to specific energy
spent for realization of physical actions on oil, were
offered as oil treatment effectiveness criteria.

138 Mathematical simulation of river bed evolution

with projected growth for ten years
Maxim S. Khamitov, Vladimir A. Prokofyev,
Natalya S. Bakanovichus

Practical application of the open flow three-dimen-
sional model applicable for forecasting riverbed
strains in braided riverbeds is presented. Descrip-
tion of the used numerical model is presented,
taking into account the sliding of underwater
slopes, fastened (repair) riverbed areas, suspended
and bed load deposits. Verification of the developed
numerical model by results of physical experiments,
model calibration and validation by full scale data
for a specific facility were performed.

systems in main oil pipelines and oil product
pipelines

Oleg V. Aralov, lvan V. Buyanov, Artemy T. Yarovoy,
Sergey V. Filippov, Gleb N. Klyuchnikov

Integrated evaluation of flow transducers of various
types with regard to their suitability for generating
measuring flow channels during design and imple-
mentation of leak detection systems in sections of
main oil pipelines and oil product pipelines was
performed. Versions of requirements to metrological
characteristics of flow meters used as a part of mea-
suring flow channels in leak detection systems, as
well as a matrix of flow meter selection depending on
pipeline diameter and medium type are proposed.

ECOLOGY

178 Oil-absorbing properties of bark of woody plants

on the example of Scotch pine

Dmitry S. Dubovik, Vyacheslav V. Tarakanov,
Arina V. Nikolaeva, Anastasia S. Dunaeva,
Ksenia G. Khomutova

The oil-absorbing properties (oil capacity) of tree
bark on the example of Scotch pine using two
product oil types and its mixtures with water were
studied. Quality, depth and speed of oil and oil-wa-
ter emulsions penetration into native Scotch pine
bark were evaluated. Evaporation rate for light ends
of oil and oil-water emulsions from contaminated
bark was defined. A nonlinear dependence between
the initial concentration of oil and its sorption was
revealed. Hypotheses based on the assumption of
physical and chemical interactions of oil, water and
bark are proposed for explanation.

STRENGTH, RELIABILITY, DURABILITY SAFETY AND ADMINISTRATION OF LAW

149 Low-cycle fatigue at loading of K56 strength class 189 Evaluation of matrix MITRE ATT&CK applicability

metal of cold bending elbows
Olga A. Zadubrovskaya, Dmitry A. Gavrilov,
Grigory V. Nesterov, Pavel V. Poshibaev

Endurance of cold bending elbows from K56
strength class steel was evaluated according to
results of low-cycle fatigue tests by a scheme of
loading under tension of specimens made from un-
strained, stretched and compressed elbow zones. It
was demonstrated that endurance of the bent part
of elbows in the stretched and compressed zones is
not lesser than that of metal of the unstrained zone.
The function of tested specimens’ relative reduction
versus quantity of loading cycles was defined.

for simulation of threats to information security
of ICS of pipeline transportation facilities
Vyacheslav V. Kuzmin, Dmitry A. Kobzev,
Alexander V. Knysh, Oksana N. Davidenko

A possibility of using MITRE ATT&CK matrix for sim-
ulating threats to information security of ICS of pipe-
line transportation facilities for oil and oil products
was evaluated. Based on the results of the analysis

it was concluded on applicability of MITRE ATT&CK
matrix for the specified purpose with account of its
supplement depending on specific features of parti-
cular facility and ICS. The study results are applicable
when estimating correspondence of measures taken
by an oil pipeline enterprise for providing ICS infor-

160 Extented stress intensity factor model from short
to long cracks
Nabil Noui, Fatima Zouhra Arzour, Taoufik
Boukharouba, Mohammed Hadj-Meliani,

mation security against actual threats.

ECONOMICS AND MANAGEMENT

198 Modern approaches to simulation of intelligent

Chokri Bouraoui, Salah Ramtani

In this work, an extension of the stress-intensity
factor model to long semi-elliptic shaped cracks is
proposed considering the generalizing of Muraka-
mi limited to short cracks. The method allows to
calculate the stress intensity factor by using the
new surfaces of the crack created by propagation
with an acceptable efficiency. This methodology
can provide engineers with a simplified method

to evaluate the harmfulness of this type of cracks,
especially in the case of pressure vessels. It can also
open new perspectives on the use of a crack surface
in fatigue studies.

control systems. Part 2. Autonomous “Hard”
and “Soft” — evolution of competencies
Igor V. Lyamkin, Anna A. Kostyashina

Issues of mathematic simulation of control systems
based on the autonomous artificial intelligence
concept, possibilities of their application in the
system of main pipeline transportation for oil and
oil products were considered. Designated use,
structural features and operating principle of intel-
ligent control systems capable for adaptation and
autonomous functioning in changing environmental
conditions were studied.
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AHHOTaLumsA

[ns ynydweHns peonorMyecKknx napamMeTpoB TAXKeNbIX U BA3KUX HedTel, TpaHCMOPTMPOBKa KOTOPbLIX N0 Ma-
rMCTPanbHbIM Tpy6onpoBoaamM TPebyeT AONONHUTENbHbIX SKCMyaTaLMOHHbIX 3aTpaT, MOryT NPUMEHATLCA OU-
3U4ecKmne MeToAbl BO3AeNCTBUS. B HacTosiLee BpeMsi OTCYTCTBYIOT KPUTEPUM U METOAMKN OLLEHKU 3P DEKTUB-
HOCTU METOAO0B PU3NYECKOIO BO3AENCTBUA Ha HedTb. ABTOPaMM HACTOSALLEN CTaTbU NPEANOXKEHbI NOAXOAbI U
KpUTEPKMU, NO3BONSAIOLWME OLIEHUTb 3PDEKTUBHOCTb METOA0B GU3MYECKOIO BO3AENCTBUS Ha BA3KME U TAHKENbIE
HedTHU CO CNOXHBIMU PEONOMMYECKMMU XapaKTePUCTUKaMK. Ha ocHoBe aHann3a GaKTopoBs, BAMSIOWMX Ha pe-
onoruo HedTH, B KayecTBe KputepmneB 3IPHEKTUBHOCTU 06PabOTKN HEDTH NPeasioxeHbl 6e3pa3mMepHble KO3d-
dUUMEHTBI, NOKa3biBaloLIME COOTHOLIEHUS AMHAMMUYECKON BA3KOCTH, YAENbHOW MOLLHOCTM A5 NOAAEpKaHMs
TeyeHus B HedTu Ao u nocne GU3n4ecKoro BO3AENCTBUS, a TaKKe OTHOLIEHNE U3MEHEHNS SHEPIMM TUKCOTPO-
NUK HedTKU K yaAeNbHbIM 3aTpatam aHEPrun ans peanusaunmn GU3n4ecKoro Bo34encTeums Ha HedTb. MeToamKa
pacyeTta KoapPULMEHTOB anpobrpoBaHa Ha NpMMepe POTOPHO-UMMY/IbCHOIO BO3AENCTBMS Ha 06pa3Lbl HehTH
CO C/IOXKHbIMK PEONOrMYECKUMU XapaKTepucTnkamu. O6paboTKy HedbTv NPOBOAUAN B POTOPHOM UMMYAbCHOM
annapate, B KOTOPOM B NOTOKE HedT reHepupytoTcs NynbcaLlMu JaBNeHUs, KaButauus, passutas TypOyneHT-
HOCTb, BMxpeobpa3oBaHune, 60MblUME CABUIOBblE Harpy3Kku. 1o pesynbTataM 3KCNEPMMEHTOB YCTAaHOBIIEHO,
YTO PeosiorMyecKkmne napameTpbl BbICOKOCMOIMCTOM, ManonapaduHUCTOM HedTU OCTaIMCb NPAKTUYECKU HENS-
MEHHbIMW. 119 BbICOKONapaPUHUCTbIX HEDTEN OTMEUYEHO CHUMKEHWE OAMHAMMUYECKON BA3KOCTM B CPEOHEM Ha
35 %, aHeprum TUKcoTponunn — Ha 68 %. BennunHa U3MeHEHMS 3HEPTMKU TUKCOTPOMUKU 3a CHET pas3pyLUEHHbIX
BHYTPEHHMX CBA3eN HebTU MOXKET MHOMOKPaTHO (40 70 pas) NpeBbllaTb BEMYMHY SHEPrUK, 3aTPaYEHHOM Ha
06paboTKy HedTN. KoadduruMeHThl, xapaKTepuayolme adOEKTMBHOCTb METOAA BO3AENCTBUSA, 3HAYUTENBHO
60/blle eanNHULbI, YTO NOKa3biBAET XOPOLLYIO TEXHONOrMYECKYI0 3QPEKTUBHOCTL METOAA POTOPHO-UMIMY/IbCHO-
ro BO34ENCTBMS 419 BblcOKONapaduHUCTON HedTH.

KniouyeBble c/ioBa: peosnorMyeckune napamerpbl, Peonorus Hedpt, BA3KOCTb HedTH, AMHAMUYECKas BA3-
KOCTb, 9HEPIUS TMKCOTPOMNUHK, TaxKenas HedTb, BA3Kaa HePTb, KpUtepmnn adpbeKTUBHOCTH
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Abstract

To improve rheological parameters of heavy and viscous oils, transportation of which through main pipelines
requires additional operating expenses, physical actions methods could be applied. Presently there are no
criteria and methodologies for assessing effectiveness of methods of physical actions on oil. The authors of
this paper offer approaches and criteria that permit to assess effectiveness of methods of physical actions on
heavy and viscous oils with complicated rheological characteristics. Based on the analysis of factors that af-
fect the oil rheology, dimensionless coefficients, which indicate ratios between oil dynamic viscosity, specific
power for supporting oil flow before and after physical actions, as well as ratios of thixotropy energy variation
to specific energy spent for realization of physical actions on the oil, were offered as oil treatment effective-
ness criteria. The methodology for coefficients calculation was tested for an example of rotor-pulse action
on oil specimens with complicated rheological characteristics. The oil was treated in a rotor pulse device, in
which pressure pulsation, cavitation, developed turbulence, vortex formation, high shear loads are generated
in the oil flow. It was established by the experimental results that rheological parameters of highly resinous,
low in paraffin oil practically did not change. For high-paraffin crudes decrease of dynamic viscosity, in aver-
age, by 35 %, thixotropy energy by 68 % was found. The value of thixotropy energy variation due to rupture
of oil inner connections could repeatedly (up to 70 times) exceed the energy spent for oil treatment. Coeffi-
cients, which characterize action method effectiveness are considerably greater than one, that demonstrates
good process effectiveness of the method of rotor-pulse action for high-paraffin crudes.

Keywords: rheological parameters, oil rheology, oil viscosity, dynamic viscosity, thixotropy energy, heavy oil,
viscous oil, effectiveness criterion
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BBeaenune

TexHoJIOTHST U 3HEPros3aTpaThbl TPAHCIOPTUPOBKHU
HedTH IO MarvcTpajbHbBIM TPyGONPOBOZAAM Cylie-
CTBEHHO 3aBHUCST OT €€ PEOJIOTUYECKUX CBOMCTB [1].
[loBbIlIEHHOE CcofepkaHKe acdanbTEHOCMOTUCTBIX
1 napa¢uHoBbIX BelecTB (ACIIB) B HedTH 3aTpy/-
HSIET ee TPAaHCIOPTUPOBAHUE U3-3a2 HEOOXOAUMOCTH
JIONIOJIHUTE/IbHBIX 3aTPaT 3HEepruyd Ha IepeKauky
YKUJIKOCTH GoJiee BBICOKOH BSI3KOCTU W IJIOTHOCTH,
HeoOX0IUMOCTH GOPbOBI C OTJIOXKEHUSIMH, KOTOPhIe
YMEHBLIAIOT NMPOXOJHOE CeYeHHEe U YBEeJUYHUBAIOT
1IepPOX0OBATOCTh CTEHOK TPY6, COKPAIAI0T CPOK IKC-
IJIyaTaluu Tpy6onpoBoAoB [2].

Jist yaydiieHusi peosiorn4yecKux CBOWCTB Bsi3-
Kol HedTHU 3PPEKTUBHO HCMOJB3YIOTCS METO/AbI,
OCHOBaHHble Ha BHECEHUHU B MOTOK JJONOJTHUTENb-
HOHM TENJIOBOM 3Hepruu («ropsyue» TPyOoONpoBO-
bl C CUCTEMaMH MOMYTHOTO MOJOTpeBa), mpuMe-
HSIIOTCSl TEXHOJIOTUM pa3baBJieHUsl BSA3KOU HepTU
MaJIOBSI3KOM He(Tbi0, ra30BbIM KOHJIEHCAaTOM H
JPYTUMH pa36aBUTeISIMU, Fa30HACBILEHUS HEDPTH,

nepekayka B BH/Jle BOJHOH 3MY/IbCUH, IEPeKaYKa C
NPUCAZIKAaMHU U TIOBEPXHOCTHO-aKTHBHBIMM Bellle-
ctBamu [3-5].

dusuyeckre MeTOAb! BO3/AEHCTBUS MOTYT GbITh
30}EeKTUBHBIMU /I YJIYYLIEHUS PEOJIOTHYECKHUX
apaMeTpoB TsDKeNbIX U BA3KUX HedTel [6]. Cye-
CTBEHHAsl YaCTb UCCIEJOBAaHUH M0 CHIDKEHHUIO BSI3-
KOCTH 3a cueT ¢usnieckux 3¢pPeKToB MPOBOAUTCS
C IpYUMeHeHHeM BOJIHOBBIX METO/I0B 06paboTKHU 06-
pa3uoB HedTH [7]. MHOrOUMC/IEHHBIE UCCIIEIOBAHUS
MMOKAa3aJiy, YTO BOJTHOBOE BO3/eicTBUe HA HEDTDH B
BU/Ie MyJIbCAllH JJaBJeHUsI U KaBUTALUU MO3BOJISA-
€T YJIYYLIUTh €€ PE0JIOTHYECKHE XapaKTEPUCTHUKH,
CHU3UTD COZleprKaHUe CEPhI U YBEJUUUTD J0JI0 HU3-
Kokunamux ¢pakuuii [8]. C/10XXKHOCTh Nepexofa OT
JIabopaTOPHBIX HCCJIE[0BAaHUM K MPOMBILIIEHHbIM
TEXHOJIOTHSIM 3aKJ/II0YAeTCs] B OTCYTCTBUU METO/[0B
MacurtabupoBaHust ¢usmveckux 3PpPexkToB A
TpyGOMPOBOAHOTO TpaHcnopTa. PaccMaTprBaeMble
METO/bI YCIIEIIHO PeayU3y0TCs B TEXHOJIOTUSX TH-
JPOHMMIIY/JIbCHOTO BO3ZAEeHCTBUS HPU TPaHCIOPTH-
poBKe cbIpoi HedTH U3 11acTa. [Ipu aToM pa3paboT-
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Hayka u Tex IUU TPYGONPOBOAHOTO TPAHCIIOP

Ka NPOMBIIJIEHHBIX TEXHOJIOTMHI C IpUMeHeHUeM
bU3NYEeCKUX METOAOB BO3JIeMCTBHUSA Ha HePTb AJIA
TpaHcIopTa HepTH M0 MarucTpaJbHbIM TPYOOIPO-
BOJAM U METOAMKH OLleHKH UX 3)EKTHBHOCTU
OCTAIOTCS aKTYaJIbHBIMHM 33Jja4aMu [9].

Llesp paboThl — NpeJJIOKUTh KPUTEPUU OLEH-
K1 30 PeKTUBHOCTU MeTo/la GU3UIECKOT0 BO3/EN-
CTBHSA Ha HEHBIOTOHOBCKHe HedTH, UMelollMe He-
JINHEHble PE0JIOTUYECKHEe XapaKTEPUCTUKH.

MeToabl

HedTtb npencraBisieT co60i JUCHEPCHYIO CUCTEMY,
B KOTOPOH YIJIEBOAOPOAHLIE U HEYIJIeBOJOPOJHbIe
KOMIIOHEHTBI 006pa3yl0T acCoOLMaThl 32 CYET CHJI
MeXXMOJIEKY/ISIPHOTO0 B3aUMOJEeNCTBUS — TaK Hasbl-
BaeMble CJ0XHble CTPYKTypHble eauHunbl (CCE),
COCTOsILIIiE B OCHOBHOM M3 achasbTEHOBBIX S/ED,
OKPY>XeHHBIX MHOXXeCTBOM COJIbBaTHBIX CJIOEB U3
CMOJI, apOMaTHUYeCKUX U HacCBIIEHHbIX YIJIEBOJO-
pozmoB [10]. MoJsieKysibl C BBICOKMM MOTEHIIHAJIOM
[IApHOTO B3aUMOJENUCTBUS COEJUHSIIOTCI B SJpO
CCE c HU3KHM MOTEHIIMAJIOM — 06BOJIAKUBAIOT SIPO
B Mexxdas3HoM ciioe. CTpyKTypoobGpa3oBaHUe HePTH
C MO3ULHUHM CBOMCTB XMMHUYECKUX CBSI3eH 0OYCJIOB-
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JIEHO accollhalyell ee BbICOKOMOJIEKYIAPHBIX KOM-
NIOHEHTOB U CBA3aHO C JilelCTBUEM JBYX (paKTOpPOB:
B3aMMO/JIEICTBHEM NOJAPHbIX KOMIOHeHTOB ACIIB
13-3a GOpPMHUPOBAHUS BOJOPOAHON CBA3U MEXAY
HUMU U GOpPMUPOBAHUEM eJUHON MOJIEKY/ISIPHOU
op6UTAIN MEXAY BbICOKOMOJIEKYJISPHBIMU KOMIIO-
HeHTamu [11]. YBesnnuenue gosu ACIIB u pazmepos
KJIaCTEPOB Ha UX OCHOBE NPUBOJAUT K 3HAaYUTEJbHO-
My BO3PAacTaHHUIO BSI3KOCTH U B OCHOBHOM OIIpejie-
JISIeT peoJiornyeckre napameTpbl HepTu. Kiactepsbl
ACIIB MoryT nMeTb BUJ OTZ[eJIbHBIX HeNOJSPHBIX
arperaToB C 3aMKHYTbIMH Ha cebsi IMOJISIPHBIMU
rpynmnam# [11].

®dusnyecKkoll OCHOBOW HM3MeHEHHs peoJiorhde-
CKMX MapaMeTpoB HePTHU SBISAIOTCI MEXaHU3MBI
paspylleHUss U CTPYKTYpPHUpPOBaHUSI CBOGOAHO- U
CBSI3HOJMCIIEPCHBIX CTPYKTYpP — CETH KJIACTEPOB
ACIIB [12]. Hasinyue pa3BUTON BHYTPEHHEH CTPYK-
Typel ACIIB 1 Heyr/neBoJOpPOAHBIX BEILECTB ONpe-
JessieT HeJIMHEeWHbIM XapaKTep KPUBOU TedyeHus,
AHOMAJIMIO BS3KOCTH IIPU MaJIbIX CKOPOCTSIX C/IBUTA,
a Tak)Ke TUKCOTPOIIHble CBOWCTBAa HedTH, KOTOpbIE
XapaKTepHU3yITCsl TMCTepPe3UCoOM peoJIOTMYeCKUX
KPUBBIX Te4YeHUsl «HallpshKeHHe — CKOpPOCThb CABU-
ra», MoJlydaeMbIX NpPH MNOBBIIIEHWH W CHWKEHHUH
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CKOpOCTH CJIBUTa, a TaKXKe CHIKeHUEeM 3$deKTUB-
HOM BSI3KOCTH NIpU yBeJIMYEHUH CKOPOCTU CABUIaA.
3aBHCHUMOCTB BSI3KOCTH OT CKOPOCTH CJIBUTA CBS3bI-
BalOT C MPOLECCOM pa3pyllieHUsl /BOCCTaHOBJEHUS
HaTHBHOH CTPYKTYPbl HEPTH IPH, COOTBETCTBEHHO,
MOBBIILIEHUH U CHIDKEHUU CKOpOCTH caBura [13-16].
['McTepesnc TeuyeHHsI 3aBUCUT OT NPUPOJBI HedTH,
CTpyKTypHpoBaHus kjactepoB ACIIB, a Takxke oT
Temnepatypbl [17]. [l1omaae «meTsnn rucrepesu-
ca», OrpaHUY€eHHasl peoJIorM4ecKUMU KPUBBIMU Te-
4yeHUs] Ha rpapuke 3aBUCUMOCTHU CKOPOCTH CJIBHra
OT HaIlpsKEHUS CABUIA, XapaKTepU3YeT BeJUYUHY
3HEpTHUH, HeoOXOAHMYIO [Jis paspyllieHHs] THKCO-
TPOIHBIX CBfI3el, OTHECEHHYIO K eJMHHULe 06beMa
HedTH. UeM Gostbllie MJIOLA/b «IIETIN TUCTEPE3UCAN,
TeM CUJIbHee NPOSIBJISIETCS CTPYKTYPOOOpa3oBaHe
IpU ONpe/ie/IeHHbIX TEMIIEPATYPHBIX YCI0BUsX [18].
JHEPruI0 TUKCOTPOIMH XUJKOCTH NPH pa3IMiHON
CTelleHU paspylieHUs] CTPYKTYPbl MOXKHO OLlEHHUTb
CpaBHeHMeM BeJIMYMH ILIomafu GUryp Noj KpHBbI-
Mu TedeHus [19].

[Ipy yMeHbllIeHUH 3HEPTUM TUKCOTPONMUHU Be-
JIMYMHA IJIOWAAN QUTyphl MOJ KPUBOH TedyeHHs
ob6paTHOro xoja GyAeT CTPEMUTBbCA K BeJUYHUHE
iowaau GUrypsl noJ KpUBOH TeyeHUs NPSIMOTo
xoza S, = S, (Ila/c), BuA nvHUM npaMoro U ob6pat-
HOT'0 XO/I0B OYZIeT MPUOIMKAThCA K MPSAMOU JIMHUY,
a pasHULA MeXAy IIouaAsaMu GUryp npsiMoro v 06-
paTHOTO X0JJ0B GyZeT MPONOPLUOHAIbHA YAEJbHON
3HEepPruy TUKCOTponuu cucteMel AS ~ N [9, 19]. Uem
MeHBblIIe y/eJIbHAsl 3HepPTrUs TUKCOTPOIUH (IJIoLaAb
«IeTJIN TUCTepe3ucar»), TeM OJIMKe 00pasel] HePTH
[0 PeoJIOTUYECKUM XapaKTEePUCTHUKAM K HBIOTO-
HOBCKOM xuakocTu. [lnouiags urypsl noj KpuBoi
TeyeHUs] MOXKeT ObITh ONpeJieieHa CTaHAAPTHBIMU
YUCJEHHBIMU METOJAMU.

[ HedTH C BblpaXK€HHBIMU THKCOTPONHBIMU
CBOMCTBAMU HalNpsHKeHUe CABUIA CYIIeCTBEHHO
M3MEeHSIeTCl B 3aBHCHMOCTU OT CKOPOCTH CJBH-
ra, U yZeJbHble 3aTpaThl 3HEPTUU MJIACTHUYECKOH
LedopManuy MponopruoHaNbHEI MJIOMWALN S 104
KpuBOU Teuenus [12, 18]:

N~AS = J.Ar(y)dy,

rje N - yaesibHbIe 3aTPaThl 3HEPTUU MJIACTUYECKOH
nedopmarnuu o6pasua HedTH, BT/M3;
At(y)=Tt~- T - pasHMLA HaNpsKeHUH CJBUra
IpsIMOTO U 0GPATHOTO X0/J0B BUCKO3UMeTpuY, [1a;
T - HanpsbKeHue cABura, [1a;

Y - CKOPOCTb CABUTa, C.

[Ipu ¢usmveckoM BO3JeHCTBUU Ha HePTb JJiA
M3MeHeHUs ee HATUBHOW CTPYKTYphl 3aTpayuBaeT-
cs1 sHeprus. [Ipu 06paboTke HePTHU GUBUKO-MEXaHH-
YeCKMMU MeTOJlaMU IPOUCXOAUT JUCIIeprupoBaHue
KpUCTa/lJI0B NapaduHa, U3MeHeHue [AU3JIeKTpU-
YECKHUX CBOWCTB, a TaK)Xe paspylleHHe HaJMoJie-
KynspHbIx cBsizeil Mexay CCE, paspymenue CCE c
yBeJMYEHHUEM YAeJbHON MOBEPXHOCTH M, CJIe/l0Ba-
TeJIbHO, IOBEPXHOCTHOM 3Hepruu. Tak Kak aHeprus,
3aTpayeHHas Ha U3MeHeHHe HaTUBHOU CTPYKTypbl
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HedTH, NPONOPLUOHAIbHA IVIOIAAH N0/ KPUBBIMU
TeYEeHUSIMH, TO U3MEHEeHHEe SHEPTUU TUKCOTPOIHH
00paboOTaHHOTO OMNpeAeseHHbIM (QU3UYECKUM Me-
TOJOM 00pasna HepTU TaKke OyJeT MPOMOPLHO-
HaJIbHO U3MEHEHHUIO MJIOIA 1 GUTYD 0], KpUBBIMU
Te4yeHHs 0 U Iocje PU3NYecKoro BO3JAeHCTBHUS.
JpyruM peosiorMyecKMM MapaMeTpoM HedTH, Xa-
pakTepusyomuM 3GGEeKTUBHOCTh  (HU3NYECKOTO
BO3/eMCTBUSA HAa HEPTh, MOXKET CY>KUThb BEJTMUUHA
JMHaMHU4eCcKOH BSI3BKOCTH IPU ONpesiesIeHHbIX 3Ha-
YeHUsIX TeMIIepaTypbl U CKOPOCTH CJIBUTA.

Tak kak npu ¢u3MYeCKOM BO3/ENCTBUM Ha
HedTh NPOUCXOJUT U3MEHEHUe ee CTPYKTYpbl, TO
(ecsiv He MPUHSATBI MEPHI [JI1 CTAOUIN3ALX HOBOT'O
COCTOSIHUSA) JJIS1 CHYDKEHUS BHYTPEHHETO SHEPreTH-
YeCcKOro MoTeHlasa HeQTb CTPEMUTCS BEPHYThCS
K UCXOHOU cTpyKType. B aToM ciiyyae Heo6XoauMo
OINpeJieJIUTh, KaK MEHSI0TC 3aBUCUMOCTH peoJio-
rMyecKkux napaMeTpoB HedTH BO BpeMeHH IOCje
OKa3aHHOT0 PpU3NYECKOro BO3JeHUCTBUS: T = T(Y, t).
[IprpaleHre BHyTpeHHEN 3HEPTUM 3a CYET YBeJu-
YyeHUs CBOOOJHOU NMOBEPXHOCTU MeXAy dparMmeH-
TaMU paspylieHHo# cTpykTypbl CCE onpegensiercs
WHTETPpUpPOBAaHNEM KPUBBIX TeUeHUs 0 ByM Iiepe-
MeHHBIM [9]:

V.= | j A(y)dydt, (1)

rae V, - mpupauieHue BHYTpeHHeH 3Hepruu 3a
cyeT yBeJIM4eHUs CBOOGOAHON OBEPXHOCTH MEXAY
dparMeHTaMH pas3pylIeHHON CTPYKTYpbl HedTH,
Brt-c /M3

t, = IPOAOJ/DKUTENLHOCTD MOJIOKUTENBHOTO 3 dex-
Ta OoT 06paboTku HedTU (BpeMs peslaKcallUU CTPYK-
Typbl HeDTH), C.

W3MeHneHue BHyTpeHHel sHepruu HedTH OyaeT
OTIpeJIeJIAThCS PAa3HOCThI0 UHTerpasos (1) no xkpu-
BbIM TEeYEHMs IPSIMOT0 X0/ja U3MEePEHUH J1J1s Heo6-
paboTaHHOU U o6paboTaHHOM HedTH. [Ipu ompese-
JeHuu 3¢dekTa oT GU3UUECKOTO BO3JENCTBUSA HA
HedTh IPOBOAAT U3MEPEHHUs] Pe0IOrMYecKUX napa-
MEeTPOB HCXOJHON HedTH 10 U Mocjie 00pPabOTKHU.
W3MepeHue peoJsIOTMYECKHUX IapaMeTpoB Ha po-
TAl[MOHHOM BHUCKO3UMETpPE OCYLIECTBJSAIOT B BbI-
OGpaHHOM Juana3oHe cKOpocTel cABUTA {Y, in Vimaxl-
M3MeHeHUe BHyTpeHHeH 3Heprud B BbIGPAaHHOM
JlManas3oHe CKOPOCTeH CABUra C y4eTOM BpeMEeHHU
peJlakcaliii CTPYKTypbl 00paboTaHHON HedTH
MO’KHO OL|€HUTbD, KaK:

Ymax Ymax
av,= [ [ rpmavde- | [ avae. @
Ymin Ymin

Jlns onpenesieHUst 3pGEKTUBHOCTH KaKOTO-JIH-
60 mpollecca yI06HO UCIIOJb30BaTh 6e3pa3MepHbIe
napaMeTpsl. B yacTHocTH, AJ1s1 KpuTepueB addek-
TUBHOCTH MeT0/1a GU3UYECKOr0 BO3JUCTBUS C Iie-
JIbI0 U3MEHEHUsI PeoJIOTMUEeCKHUX XapaKTEPUCTHK
obpasua HepTH MOXHO MPEAJIONKHUTh CJIeJyIIUe
napaMeTphbl:
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rje |, - AMHaMU4ecKasl BSI3KOCTb o6pasua HedTH
P 33JaHHBIX TEMIlepaType U CKOPOCTU CABUra
Ha JIMHUM NPSMOTo Xo/a 10 GU3U4ecKoro Bo3/eH-
ctBu4, [la-c;

U, - AMHAMUYecKasl BSI3KOCTb 00pasna HedTH mpu
3a/JaHHBIX TEMIIEPATYpe U CKOPOCTH CABUTA Ha JIU-
HUU 06paTHOTO X0/a nocye pU3nIecKoro Bo3aen-
ctBug, [la-c;

AS, - ynenpHast MOIHOCTD NOJAepXKaHUsl TeYeHUs
B o6pa3ie HedTU A0 PU3UYECKOTO BO3JEHCTBUS,
Bt/m3;

AS, — ynesnbHass MOLIHOCTB NOAJepKaHUA TeYeHNA B
o6pasue HedTH mnociae PU3IUIECKOTO BO3AENUCTBUS,
Bt /™53

AV, - u3MeHeHHe 3HepPruy THUKCOTPONHUM 06pasLa
HedTH, x/M3;

W - ynenbHble 3aTpaTbl 3HEPTHHM Ha 06pabOTKY
o6pasna HedpTu NpU PU3UUECKOM BO3JEUCTBUH,
Jox /w3,

Koapdpunuent K, nokaseiaet, BO CKOJIbKO pa3
CHU3WJIAach BA3KOCTb NPH 33/laHHBIX TeMIlepaType
Y CKOPOCTH C/IBUI'a Ha IMHUH NPSIMOTO X0/ia 33 CUeT
¢du3nYecKoro Bo3eNCTBUS.

Koaddunuent K, nokasbiBaeT, BO CKOJIbKO pas
CHU3WJIACh BEJWYMHA 3HEPTUHM THUKCOTPOMHUHU 006-
pa3ua HepTH 3a CYeT U3MEHEHHUsl ee HATHUBHOU
CTPYKTYpbI NpU GU3UYECKOM BO3AEHCTBUM.

Koaddunuent K, nokasbiBaeT OTHOLIEHUE U3-
MEHEeHHs] SHEepruu THKCOTPONHMM 3a CUeT paspy-
IIeHHbIX BHYTPEHHUX CBSI3eH HATUBHOU CTPYKTYPHI
HedTHU K 3HEpPryuH, 3aTpaueHHOHN Ha Ipoljecc ee 06-
paboTKMU.

JddexkTUBHOCTH GHU3UYECKUX METOL0B 06PA6OT-
KU HepTH CyLeCTBEHHO 3aBUCUT OT ee TUKCOTpPOIl-
HbIX CBOMCTB. YeM G6OJIbLIYI0O 3HAYMMOCTb HMeEET
CTPYKTYpHasi BSI3KOCTb, TeM 3¢ deKTUBHEE MpHUMe-
HEHHEe MeXaHUYECKHUX METO/IOB IeCTPYKLHH, TO ECTh
3¢ deKTUBHOCTb MeTO/a BO3JeMCTBUS 3HAYUTENb-
HO 3aBUCUT OT COCTaBa U CTPYKTYphl o6pabaThiBa-
eMoi HedTH.

MeToauKy pacdyeta KputepueB 3dPeKTHBHO-
CTH MeTo/ia BO3/JJelCTBUS B JJaHHOU paboTe mpose-
pSJIM Ha MpUMeEpe POTOPHO-UMMIY/IbCHOI'O METO/a
Bo3jelicTBUA Ha HedTh. OnpeseneHre 3dpdeKTUB-
HOCTH JIJaHHOTO METOJa IPOBeJEHO [JJisl Tpex 006-
pasuoB HedTH. PU3MKO-XUMHUYECKHe NapaMeTphl
00pa31oB HePTH MPUBE/IEHBI B TABJIUIIE.

[Io MmaccoBoMy cojiepkaHuI0 mapaduHOB 06pa-
3er; N2 1 oTHOCUTCS K TUMy MajonapadUHUCTOU
HedTu (MeHee 1,5 %), o6pasubl N2 2 U 3 - Kk TUIY
BbIcOKonapaduHuctoit HepTH (6os1ee 6 %). [lo co-
Jlep’KaHUI0 CMOJIUCTO-acdanibTeHOBBIX KOMIIOHEH-
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Ta6mupa. PU3HKo-XMMHUYECKHe TapaMeTpbl 06pa3LioB HeGpTH
Table. Physical and chemical parameters of oil specimens

O6pasen | Specimen

Ioka3saress | Indicator
Ne1|No.1 Ne 2 | No. 2 Ne 3 |No.3

[luHaMuveckast BA3KocThb pu TeMnepatype 20 °C u ckopoctu capura 50 ¢!, mIla-c

Dynamic viscosity under temperature 20 °C and shear speed 50 s™, mPa's 2704 196 757
[lnoTHOCTS, Kr/M° | Density, kg/m? 942,3 8734 820,6
Temneparypa 3actbiBanus, °C | Setting point, °C 6 20 29
ConepraHne MexaHUYeckux npuMeceit, % | Contents of mechanical impurities, % 0,03 0,079 0,038
Copneprkanue Bogpl, % | Contents of water, % 0,03 0,09 gx};ﬁi‘ 3{32
Cogep:xaHue cepsl, % | Contents of sulfur, % 1,23 0,95 0,25
Cozep:xaHue achanbTeHoB, % | Contents of asphaltenes, % 4,05 1,24 1,08
Copepxanue cmot, % | Contents of tars, % 21,89 12,48 8,14
Cozep:xaHue mapaduHoB, % | Contents of paraffines, % 1,35 6,99 20,57
Koadduuuenr K | Coefficient K ~0 3,17 1,7
Koadpunuent K, | Coefficient K, ~0 13,2 69,6

Koadpdunuent K, npu Temneparype 20 °C u ckopocty cipura 10 ¢! Ha IMHUK IPAMOTO X0/a

Coefficient K, under temperature 20 °C and shear speed 10 s™* in forward stroke line 1,08 178 170
Koadpdunuent K, npu Temneparype 20 °C u ckopocty cipura 30 ¢! Ha IMHHH IPAMOTO X0/a 108 148 148
Coefficient K, under temperature 20 °C and shear speed 30 s™ in forward stroke line ’ ’ ’

Koadpduuuent K, npu Temneparype 20 °C u ckopocTu ciura 50 ¢! Ha IMHHM IPAMOTO X0/1a 108 1.40 147

Coefficient K, under temperature 20 °C and shear speed 50 s™* in forward stroke line
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PucyHok. Kpusble TeueHus o6pasuos HedpTu Ne 1 (a), 2 (b),
3 (c) mpu 20 °C: —# - npamo¥ xox, o 06pa6boTku B PUA;
=— - 06paTHbIN X0, 10 06paboTkU B PUA; =O— - npsimoii xoz,

nocje 06pa6oTku B PUA; —— - o6paTHBIH X0z,
nocJsie o6pabotku B PUA
Figure. Flow curves for oil specimens No. 1 (a), 2 (b), 3 (c)
at 20 °C: =8 - forward stroke, before treatment
in rotor pulse device; <%= - return stroke, before treatment
in rotor pulse device; =<~ - forward stroke, after treatment
in rotor pulse device; =0— - return stroke, after treatment
in rotor pulse device
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ToB o6paser; Ne 1 OTHOCUTCH K THUIy CMOJIUCTOH
HedTH (0T 18 10 35 %), 06pasup N2 2 u 3 - Kk TUIY
MaJsiocMoIuCTON HedTH (MeHee 18 %).

PoTopHo-uMMnysibCHOE BO3/elCTBHEe Ha 06pas-
11bl HeQTH OCYI|eCTBJIAIN B POTOPHOM HMIYJIbCHOM
annapate (PUA), peanusyiomieM MHOrodpakTopHOe
HMMIIyJIbCHOE BO3JeicTBHe Ha o06pabaThIBaeMylo
YKUJKOCTD: My/IbCALVH JAaBJEHUs, MHTEHCUBHAs Ka-
BUTALYs], pa3BUTas TYpOY/JIeHTHOCTb, BUXpeobpaso-
BaHUe, OoJibIlIKe CABUroBble Harpysku [20]. O6pa-
60TKa 06pa3ioB HeGTU NPOBOAUIACH B MUJIOTHOM
yCTaHOBKe, cocTosiieit u3 PUA, Hacoca, AByX eMKo-
cTell, Nnpu6OpPOB perucTpanyuy napaMeTpoB JaBJie-
HUS, TEMIIEPATyphl U pacxoga [21].

O6pabaThiBaeMblil 06pasel] HepTH 3aJMBad B
NepBYI0 eMKOCTb, U3 KOTOPOW OHa I0J JlaBjleHHeM
npokavyvBaJiack yepe3 PYA Bo BTopyto eMKkocTb. Bes
HedTb NpOXOAMUJA OAHOKPATHO 4epe3 aKTHUBHbIE
30HbI PMA 1 3aTeM BrIrpyxasachb U3 BTOPO €MKO-
cty. YacToTHbIe Tpeo6pa3oBaTe Iy MO3BOJISIIN PETy-
JINPOBATbh YaCTOTY BpalLleHHs BaJla HAcoca U 4acTo-
Ty BpaileHus poropa PUA. CkopocTts cgBura B PUA
npocrurana 33-10* ¢! mpu 3a3ope Mex /iy pOTOPOM U
cratopoM ~ 0,1 MM. O6paboTka HeTU MpoOXoLUIa
npu nogave 0,6-0,7 11/c, faB/IeHUH Ha BXoJie B anma-
pat 70 9-10° [Na. 06pa6oTka 06pa3i0B OCYIIECTBJIsA-
Jlacb B TeMmmeparypHoMm auanazoHe 25-30°C guis
obecriedyeHusI TEKY4eCTU HEPTHU 110 TPyOOIPOBOIAM
YCTAaHOBKU. XOTsA OCHOBHasi Macca MapapuHOB C
TeMInepaTypoi niasseHus Boiie 30 °C B o6pasuax
HedTHU HaxoAu/Jacb B TBEPAOM KPUCTAINYECKOM
COCTOSIHHH, BU3yaJbHO (6€3 ONTHYECKOro yBeJIH-
YeHMs1) JUCIIepCHble YACTHUIbl HE ONPeessInCh.
YnenbHas noTpe6JisieMass MOLIHOCTb Ha 06paboT-
Ky eIUHUIbI 06beMa 06pasua HepTH B MUJIOTHOU
ycTaHOBKe Ha 6a3e PHUA cocraBisna: s obpasua
Ne 1 -2,676 kBt u/M3, mnast o6pasua Ne 2 -1,004
kBT-u/M3, nnist o6pasua Ne 3 -1,411 kBt-u/m3 Bpe-
Msl peJslaKkCallid PEeoJIOTHYeCKUX MapaMeTpoB AJis
o6pa3noB N2 2 u 3-5 cyTok.

Pe3ynbrathbl

06pasusl HePTH A0 U moce ee 06pa6oTku B PUA
HCCJIel0BaJd Ha BHUCKO3MMETpPAaxX POTALMOHHOIO
tuna DV2T RV Bpykounbn u DV2T LV Bpykduibg,
c ucnosib3oBaHueM SSA ajanTepa [l MajbIX 06-
pa3uoB c kamepoit SC4-13RPY u jaTunkoM TeMmnepa-
Typel RTD [21]. TepMocTaTupoBaHHe MPOBOAUIOCH
KUJAKOCTHBIM KpuoTepMmoctatoM LOIP FT 311-80.
PoTanOHHBIA BHCKO3MMETp MO3BOJIAJI NOJYy4aTh
3HAYEHUS AUHAMUYECKOHN BSI3KOCTH U HAMPsDKEHUS
CABUTA NPU 33JaHHON YaCTOTe BpallleHUs WNUH/e-
Jisl U CKOPOCTHU CJABUra. U3MepeHus1 peosoruyecKux
napaMeTpoB HepTH MPOBOJUJIU B IMANa30HE CKOPO-
cTell cBura ot y,,;, = 2 ¢ 10 Y., = 50 c*. 3akoHo-
MEpHOCTH U3MeHEHHUs HaNpshKeHUsl cABura HedTH
Jlo ¥ nocjie o6pabotku B PUA onpepensisiu no kpu-
BbIM TeuYeHUs], IOCTPOEHHBbIM 10 JaHHbIM U3Mepe-
HUI pPOTALlMOHHBIM BUCKO3UMETPOM IIpU TeMIepa-
Type 20 °C (CM. pUCYHOK).
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[lo dopme rpaduka npssMoro xozxa Ha pUCYHKe
npu TemnepaTtype 20 °C o6paser; N2 1 cooTBeTCTBY-
eT HbIOTOHOBCKOM MOJeJIU C YpPaBHEHUSIMU 3aBUCH-
MocTel 151 06pasna HepTH 10 06paboTKU T = 2,7Y,
nociae o6bpabotku T=2,5y. HedTb oTHOCHUTCA K
HbIOTOHOBCKOW MO/ie/Id 3a cYeT MaJjloro cojeprka-
HUs napaduHOB, a 60/blIMe 3HAYeHUS BA3KOCTU
00YyC/I0BJIEHBI BBICOKOUW KOHLIEHTPALKENH CMOJI.

'paduku npsiMoro xoja KPUBLIX TEUEHHUH JKCIIe-
pUMeHTaIbHBIX 06pa3oB N2 2 u 3 npu TeMneparTy-
pe 20 °C moka3bIBalOT, YTO HEPTHU OTHOCATCS K He-
HbIOTOHOBCKHUM >XUJKOCTAM. 11 o6pa3na N2 2 peo-
JIOTUYeCKHe KpUBblE JI0 06pabGOTKU COOTBETCTBY-
10T Mozienu bankiu - lepiuens (HeJMHEHHO-BA3KO-
IJTACTUYHAs KUJKOCTb C Mpe/ieJIbHbIM HalpsKeHHU-
eM capwra), T=24,24 + 20,46y**}; nocie o6pa6ort-
kU - MoZiesiu llIBeioBa — BrHrama (JiMHeiHO-Bs3KO-
IJIaCTUYHasA xugKocTb buHrama), T = 0,44 + 0,136y.
s o6pasua Ne 3 peosioruyeckue KpUBble COOTBET-
CcTBYIOT Mozenu banknu - Tepuiens (HesuHeHHO-
BAI3KOIIACTHYHAS KUJKOCTb C Npe/ieJIbHbIM Hanpsi-
»KEHUEM CZIBUra): 1o 06paboTku T = 8,8 + 10,27y%%,
nocsie 06paboTku T = 4,84 + 5,28y%%. Bosibliioe co-
JlepkaHue napadurHa B obpasnax N2 2 u 3 onpefe-
JIleT HEHbIOTOHOBCKHUH XapaKTep TeueHHsl HedTH.
YeM BblIllIe JaHHAS BEJIMYUHA, TEM OO0JIbLIE IO
«IeTesb FUCTEPE3UCca» HAa KPUBBIX TeYeHUs oOpas-
1[0B HepTH.

Ha ocHOBe nosty4eHHBIX 110 pe3y/bTaTaM hccJje-
JI0BaHs SKCIepHMeHTa/lbHbIX JaHHBIX ONpeeIsian
IJIOIA/b MO/, KPUBBIMHU Te4YeHUs YUCJIeHHbIM Me-
TOJOM MHTerpupoBaHus ['aycca, a 3aTeM NpoBOAU-
Ju pacyetr Ko3dpdunrueHToB 3¢HEKTUBHOCTH 006-
pa6otku HedTu B PUA no cootHomenusm (3)-(5),
3HayeHUs KOTOPBIX JAJs HUCCIefyeMbIX 06pasloB
npeJcTaBJ/IeHbl B Tab/MLe.

O6cyxaeHue

[ocne o6paboTky B PUA o6pasna HepTu N2 2 ¢ oT-
HOCHUTEJIbHO HeBBICOKMM (7 %) cofep:kaHueM Ia-
padHUHOB MPOU30ILIO U3MEHEHNE MOJEIN TeYeHUs]
HepTHU. YCTaHOBJIEHO, YTO 0 OOpabOTKU HedThb
COOTBETCTBOBAJIA MOJEJN HeJUHEWHO-BS3KOIIa-
CTUYHOU >KUJAKOCTU C IpeJeNbHbIM HaNpsHKeHHEM
CABUTA, NOCTEe 06PabOTKU — MOJIe/IN JIMHEeMHO-Bs3-
KOIJIACTUYHOM KUAKOCTH BUHrama, KoTopasi 0ueHb
6JIM3Ka K MOJEJH HbIOTOHOBCKOH KHUAKOCTH. JTO
MO/ITBEPXK/IAET YpaBHEHHE, ONKChIBaKOIEee rpadpuk
npsiMoro xoza o6pasua HedTu N2 2 nocsie 06paboT-
KH, KOTOPO€e COOTBETCTBYET JINHEHHOMY BUAY.

CpaBHUBasi MOKa3aTeJHW CHWKEHHUS BS3KOCTH
06pa3ioB HePTHU MexAYy COO0NM U aHATU3UPYS CO-
fepxanue ACIIB, MoXKHO cfenaThb NpefIoJIoKeHHE,
YTO BEJIMYMHA CHUKEHHUS BSSKOCTH HePTU NPU ee
06pa6oTke B PUA 3aBHCUT OT KOHIIEHTPALKH CMOJI
Y napaduHOB, a TaKXKe OT UX COOTHOIIeHus1. Bepo-
sTHee BCcero, npu o6pabotke HedpTu B PUA npouc-
XOAUT AUCIEPTUPOBaHNE TBEPABIX KPUCTAJLJIOB Ma-
paduHOB, pa3pylieHue HAJMOJIEKYISIPHBIX CB3eH
Mexay CCE u camux CCE.
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[IpeanosiaraeTcs, 4To CMOJIbI 006PA30BLIBAIOT
CMelIaHHble KPUCTaJJIbI C TapadrHaMu U U3MEHs-
I0T UX CTPYKTYPY: PaclpeaesiioTcs MeXAy JBYMsI
dazaMu, «pa3phIXISIOT» KPUCTATINYECKYIO CTPYK-
TYpY U U3SMEHSIOT CTPOEeHUEe acCOLUaTOB KPUCTal-
JioB napaduHa. Afcopbuya cMOJI Ha pa3pylleHHbIX
KpUCTa/lJIax NapaduHa NpeJoTBpallaeT UX arpera-
nuo. B BeicokonapaduuucTeix HedTsAx saapo CCE
dopMupyroT napadrHbl, KPUCTAIBI KOTOPBIX pas-
pyuarwTcs npu obpabotke HedpTu B PUA c yBenu-
YyeHHeM y/ieJIbHOW IOBEPXHOCTH H, CJIel0BaTe/IbHO,
NOBBIIIEHHEM NOBEPXHOCTHOMN 3Hepruu. Kostong-
Hasl yIJIeBOJOpOJHAs CUCTeMa nocje MHorodax-
TOpHOTro Bo3AelcTBUsA B PUA cTpeMHUTCs K MOHU-
YKEHUI0 W306bITOYHON 3HEPTHUM 3a CYET CHUIKEHHUS
yAeJIbHOU NIOBEPXHOCTH.

BeposiTHee Bcero, B BbicoKonapadUHUCTON Hed-
TH o6pasua N2 3, B KOTOpOH OTHOILIEHHEe CoJiepiKa-
HUs cMoJI K napadyHaM MeHbllle, 4YeM B 00pasle
Ne 2, ocTalTcs OTKpbITbIE BHOBb OOpa30BaHHbIE
MoBepXHOCTH NapadrHOB. OTKpPBITblE AKTHBHBIE
MMOBEPXHOCTH 3epeH mnapaduHa CTpeMsTcs K obpa-
3oBanuto CCE u acconuatoB CCE, ¢opMupoBaHuio
CTPYKTYPHON CeTKH. MOXHO NpPeAINoJIOXKHUTb, YTO
ecJiv 661 B 06pasiie N 3 cosiepKaHue CMOJI GbLIO GBI
BBILIE, TO OHU B OOJIbLIIEN Mepe 3aKpbIBaJId GbI MO-
BEPXHOCTU NapadUHOB, TeM CaMbIM 06ecIleYyrBast
CHIKEHHE CIIOCOOHOCTH YacTull, napadpuHoOB K 06pa-
30BaHUI0 00'bEMHOM CETYaTOM CTPYKTyphl. B aToMm
c/ydae, BOSMOXKHO, UMeJI0 MeCcTO OoJiblllee CHUXe-
HMe BSI3KOCTH 06pasifa nocje o6padbotTku B PUA.

[Ipu ¢usmveckoit 06paboTke 06O KUIKOCTU
B PUA npouncxoaut ee Harpes. [IpoBesieHHbIe Uccie-
JOBaHUs NOKa3aJy, YTO 3a OAUH npoxon yepe3 PUA
obpasia HepTn N2 1 HarpeB cocTaB/seT He MeHee
10 °C. 151 06pasuoB HepTH N 2 1 3 yKkazaHHBIN NO-
KasareJib coctaBua 1,5-2 °C. YeM 60Jiee BA3KOH AB-
ssietcsl HedTh, TEM 6oJblle OHA HarpeBaeTcs. [Ipu
3TOM IOBBIIIEHHE TeMIEepaTypbl HePTH AaKe Ha
1°C cylecTBEHHO CHIDKAeT BSI3KOCTb BOJIM3U 3Ha-
YeHUH TeMIlepaTyphbl 3acTbiBaHUs. B TakoM ciyvae
M3MeHeHHe dHepruy TUKCOTPOIMHU MOXET He Ipo-
H30UTH, a 3HaYeHHe BA3KOCTH CHU3UTCH.

Jisg o6pasna HepTu N2 1 ycTaHOBJIeHA 3HAYH-
TeJIbHAasi 3aBUCHMOCTb BSI3KOCTH OT TEMIIepaTy-
pbl. B x071e 06paboTku 3TOro o6pasua B PUA Bsas-
KOCTb CyIlleCTBEHHO CHU3MWJIaCh U3-3a YBeJUYeHUs]
TeMmnepatypsl HedpTu Ha 10 °C. Tak, npu yBesnye-
HUH TeMIlepaTyphbl o6pasna Hedptu N2 1 ot 10 o
20 °C BA3KOCTb BpeMeHHO cHu3MWjaachk ¢ 9000 mo
2500 mIla-c, To ectp nmpuMepHo B 3,6 pasa. Eciu
TeMIlepaTypa OKpy»awuiei cpenbl Hxe 20 °C, To
MIpY OCTbIBAHUM HeTH BS3KOCTb CHOBA yBeJHUYH-
Basack. TakMM 06pa3oM, XOTS peosioThUYecKue Hc-
NBbITAHUA NOKa3au CHIXXEHHe BA3KOCTH obpasna
HedTH N2 1 3a cueT 06pabOTKU BCero JiKIb Ha 8 %,
BCJIE/ICTBYE HAarpeBa IPH OJJHOKPATHOM IIPOXOXK/e-
HUU HedTu yepe3 PUA BI3KOCTb BpEMEHHO CHUXKa-
Jlacb B HECKOJIbKO pa3. [l1a noajaep:xxaHusi apdexTta
CHIDKEHHS] BSI3KOCTU HedTU 1mocje 06paboTKU B
PUA HedTb HE06XOJMO TEPMOCTAaTUPOBATbD.
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CpeaHssl BeJIMYMHA CHWXKEHHUSI JUHAMUYECKON
BA3KocTU npu 20°C g npsAMOro xoja KpHUBOU
TedeHus1 obpasma N2 1 cocraBusa 8 %, o6pas3uoB
Ne 2 u 3 - 35 %. OTHolLIeHUe yIeJTbHOU MOIIIHOCTU
noAJep:KaHUsl TeueHUs B 06pa3le HepTU [0 U IOo-
cie o6paboTku: A obpasua Ne 2 - K, = 3,17, aaa
o6pasua Ne3 - K, = 1,7. OTHolIeHHe U3MeHEeHUs
3HEPTHUU TUKCOTPOINHH 3a CYET pa3pylleHHbIX BHY-
TPEHHUX CBsi3ed HEPTH K IHEPryuH, 3aTpadyeHHOH
Ha ee 06paboTKy: AJis o6pasua Ne 2 - K, = 13,2, aa
obpasua Ne 3 - K, = 69,6.

AHanusupys MoJiyueHHble 3KCIepUMeHTasb-
Hble JJTaHHble, MOXKHO C/leJIaTh BbIBOJ, YTO MHOTO-
daKkToOpHOE THApOMeXaHHUYeCKoe BO3JeHCTBUE Ha
HedTh B UMNy/IbCHON dpopMe 3ddeKTHBHO [ 06-
Pas10B C BICOKHUM COJlep:KaHUeM apaprHOB.

BbiBOAbI

Ha ocHOBaHMM aHa/iM3a MPOIECCOB B CTPYKTYpe
HedTH Ipu PU3NIECKOM BO3J€UCTBUH IIPEJIONKEHDI
KpuTepuu 3PpQPeKTUBHOCTH MeToJja PU3UYECKOro
BOo3JelcTBUsl Ha HedThb. Peosioruyeckue cBoiicTBa
TUKCOTPONHBIX HePTell MOTyT ObITh Y/y4lleHbl 3a
CYET POTOPHO-UMIIY/IbCHOTO BO3/eicTBUA Ha HePTh
B PUA (caBUroBble Harpysku, rupoguHaMUYeCcKHe
MMITY/JIbCBl JJaBJIEHUs, KaBUTALMs, TpPUOOHArpesn).
JluHamMudeckas Bs3kocTb npu 20 °C o6pasia HepTH
Ne 1 B cpefHeM cHu3uach Ha 8 %, 06pasLoB Hed-
T N2 2 u 3 - Ha 35 %. JHeprus TUKCOTPONUU 00-
pasua Hedtu N2 2 cHuU3WIach Ha 68,5 %, o6pasia
Ne 3 - na 41 %. Bpems peslakcaiuy peoJjioruyecKux
napameTpoB 06pa3noB HedpTH N2 2 u 3 cocTaBUJIO
OATh CyTOK. BesinunHbI K03$PUIIMEHTOB, XapaKTe-
pusyrouux 3¢ GeKTUBHOCTb POTOPHO-UMITYJIbCHOTO
MeTO/a BO3JeHCTBUS, CYLIECTBEHHO MPEBBIIAIOT
eJMHULY [ BblcCOKONapaduHUCTON HedTH, YTO
MIOKa3bIBAET €ro BBICOKYI TEXHOJIOTHYECKYIO 3¢-
$EeKTUBHOCTD.
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