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Abstract

165 crude oils with viscosity, density, and molecular weight variation in the range 0.54 — 24135cP;
0.746 — 1.016 g/cm’; 117-579 g/mol respectively were examined for viscosity prediction using
eight available in the literature models and three more, developed in this work models. The best
empirical model was that of Sinha et al., 2020 with % AAD (absolute average deviation) = 18.2 %,
The ANN (artificial neural network) model for the data set of the 165 crude oils outperformed the
empirical correlations with % AAD = 17.7 %. 93 crude oils with viscosity, density, molecular
weight, and SARA composition data variation in the range 2.3 — 23 000cP; 0.819 — 0.992 g/cm’;
179-579 g/mol; Sat.: 26.0-79.3 %; Aro:11.9-52.8 %; Res.: 2.5-30.9; Asp.:0.1-19.6 % respectively
were also examined for viscosity prediction by the available in the literature empirical correlations
and another new developed empirical correlation that includes besides molecular weight and
density, the crude oil saturate content. The best empirical model was that developed in this work
with saturate content inclusion, that showed % AAD = 23.8 %. The ANN model for the data set of
93 crude oils again outperformed the empirical correlations with % AAD = 18.8 %. The most
accurate model predicting viscosity was found the new developed in this work model on the base
of a reference viscosity at a particular temperature and molecular weight with %AAD = 2.5 %.

Pe3rome

165 ek3emruisipa CypoB MeTPOJI C BapyaLysi Ha BUCKO3UTeTa, IVTbTHOCTTA U MOJIEKY/IHOTO Ter/io B
muana3ona 0,54 — 24135cP; 0,746 — 1,016 g/cm3; 117-579 g/mol, cboTBeTHO, bsixa U3C/e/iBaHU 3a
TPOTrHO3MpaHe Ha BUCKO3WUTeTa, KaTo Ce U3I0JI3Baxa 0CeM Ha/IMYHU B IMTepaTypaTta MoJena U oLje
TpH, pa3paboTeHu B Ta3u pabora. Hali-mobpusar emnupuueH Mozes Oeirie To3u Ha Sinha et al.,
2020 r. ¢ % AAD (abcomoTHO cpegHO OoTKIOHeHHe) = 18,2 %, mogenbT ANN (KM3KycTBeHa
HeBpPOHHA Mpeska) 3a Habopa oT AaHHU Ha 165-Te CypoBU TeTpPosIa MPeBb3X0XkK/Aa eMITUPUUHUTE
kopesatuu ¢ % AAD = 17,7 %. 93 cypoBu Mac/ia C Bapyalys Ha JaHHUTE 38 BUCKO3UTET,
TUTBTHOCT, MOJIeKYy/IHO Teryio U SARA cbcTaB B fuana3oHa 2,3 — 23 000cP; 0,819 — 0,992 g/cm3;
179-579 g/mol; Hac.: 26,0-79,3 %; Aro:11,9-52,8 %; Pes.: 2.5-30.9; Asp.:0,1-19,6 %,
CbOTBETHO, CBII0 OsIXa U3C/Ie[JBAHU 3a TIPOTHO3WpaHe Ha BUCKO3UTETA Upe3 HaJTMUHUTE B
JUTepaTypara eMITMPUYHU KOpeJIalliy U JIpyra HoBa pa3paboTeHa eMITMPUYHA KOpeJIal[usi, KOSITO
BKJ/TFOUBA OCBEH MOJIEKYJIHO TerJI0 U TUTbTHOCT, ChAbPKaHUeTO Ha HACUTEHUTe BbIVIEBOAOPOJHU BbB
cypoBusi Hept (asikaHu). Haii-no0pusit emrupryeH Mogen Oeliie TO3u, pa3paboTeH B Ta3u paboTa C
BK/TFOUBaHe Ha Ch/’bP’KAaHUETO Ha HaCUTEHUTe BBITIEBOJOPO/U , KOUTO ToKa3a % AAD = 23,8 %.
MogensT ANN 3a Habopa OT jaHHU OT 93 CypOBHU TeTpojia OTHOBO TIPEBB3X0XK/a eMITUPUUHUTE
kopesnaiuu ¢ % AAD = 18,8 %. YcTaHOBEHO e, ue Hal-TOYHUST MOjiesT, peJCcKa3Ball]
BHCKO3UTETa, € HOBUAT pa3paboTeH B Ta3u paboTta Mozien Ha 6a3aTa Ha pedepeHTeH BUCKO3UTET
TIpM OIlpejiesieHa TeMIieparypa ¥ MOJIeKy/IHO Teryio ¢ %AAD = 2,5 %.
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Abstract

Acquiring adequate sensory information and using it to provide motor control are important issues
in the process of creating walking robots. The objective of this article is to present control
algorithms for the optimization of the walking cycle of an innovative walking robot named “Big
Foot”. The construction of the robot is based on minimalist design principles — only two motors
are used, with which Big Foot can walk and even overcome obstacles. It is equipped with different
types of sensors, with some of them providing information necessary for the realization of an
optimized walk cycle. We examine two laws of motion — sinusoidal and polynomial — where we
compare the results with constant angular velocity motion. Both proposed laws try to find balance
between minimizing shock loads and maximizing walking speed for a given motor power.
Experimental results are derived with the help of a 3D-printed working prototype of the robot,
with the correct realization of the laws of motion being ensured by the use of a PD controller
receiving data from motor encoders and tactile sensors. The experimental results validate the
proposed laws of motion and the results can be applied to other walking robots with similar
construction.

Pe3rome

[TosmyuaBaHeTO Ha a/ileKBaTHa C€H30pHA MH(OPMALUS U U3M0I3BaHETO U 3@ OCUTYPsiIBaHE KOHTPOI
BBPXY JIBUTATe/IUTE Ca BAKHU BHIIPOCH B TPOIieca Ha Ch3/jaBaHe Ha Kpauelry pobotu. LlenTa Ha
Ta3u CTaTUs e Jia Mpe/iCTaBU aJrOPYUTMU 3a yIIpaB/ieHre 3a ONTHUMH3UpaHe Ha LIMKbJia Ha KpaueHe
Ha MHOBATHBEH Kpauell] po0oT, HapeueH ,,Big Foot“. KoHcTpykiusiTa Ha poboTta e 6a3upaHa Ha
MUHUMAa/JMCTUYHU TIPUHLIUIN Ha AU3aiiH — U3M0J13BaHU Ca caMo JjBa JiBUraTe’isi, ¢ kouto Big Foot
MOKe ZIa KpauW U Zia TIpeo/o/IsiBa MpersATcTBUs. OO0pyBaH e C pa3/InuHy BUIOBE CEH30PU, KaTo
HSIKOU OT T$IX TIPeJj0CTaBAT UH(opMaliysi, HeoOXo[uMa 3a peaju3upaHeTo Ha ONITUMU3UPaH LIUKbIT
Ha KpadeHe. M3c/ieiBaMe [1Ba 3aKOHA Ha JBI)KEHUE — CUHYCOU/Za/IeH U OJIMHOMHAJIeH — KaTto
CpaBHSIBaMe pe3y/TaTUTe C IBWKeHHe C TIOCTOsTHHA BIVIOBa CKOPOCT. U /iBaTa rpe/jiokeHH 3aKOoHa
Ce OTMTBAT Jla HaMepAT Oa/laHC MeXKy MUHUMU3UPAHe Ha yiapHUTe HaTOBapBaHUS U
MaKCMMU3MpaHe Ha CKOPOCTTa Ha XO/ieHe 3a /laZieHa JBUrateHa MOIIHOCT. ExcriepuMeHTanH1uTe
pe3y/iTaTy Ce MoJIyueHH ¢ romoirira Ha 3D oTreuarad paboTelr MpoTOTUIT Ha poO0Ta, KaTo
MPaBWIHOTO peaju3rpaHe Ha 3aKOHUTe Ha JIBUKEHHUE Ce OCUTypsiBa OT U3Mo/i3BaHeTo Ha PD
KOHTpOJIep, NoJiyYaBalll JaHHA OT MOTOPHH €HKO/IepY M TaKTU/IHU CeH30pU. EkcrieprMeHTaHUTe
pe3y/iTaTy TIOTBbPIKJABAT MPe/IJIOKeHUTe 3aKOHM Ha JBMD)KeHHe 1 pe3yaTaTuTe Morat fia Obaar
MIPUIOXKEHU KBbM JIPYTH XOZIeI PoO0TH € Mo106Ha KOHCTPYKIIYS.
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Abstract

The use of hydrocracked and straight-run vacuum residues in the production of road pavement
bitumen requires a good understanding of how the viscosity and softening point can be modeled
and controlled. Scientific reports on modeling of these rheological properties for hydrocracked and
straight-run vacuum residues are scarce. For that reason, 30 straight-run vacuum residues and 33
hydrocracked vacuum residues obtained in a conversion range of 55-93% were investigated, and
the characterization data were employed for modeling purposes. An intercriteria analysis was




applied to investigate the statistically meaningful relations between the studied vacuum residue
properties. It revealed that the straight-run and hydrocracked vacuum residues were completely
different, and therefore their viscosity and softening point should be separately modeled. Through
the use of nonlinear regression by applying CAS Maple and NLPSolve with the modified Newton
iterative method and the vacuum residue bulk properties the viscosity and softening point were
modeled. It was found that the straight-run vacuum residue viscosity was best modeled from the
molecular weight and specific gravity, whereas the softening point was found to be best modeled
from the molecular weight and C;-asphaltene content. The hydrocracked vacuum residue viscosity
and softening point were modeled from a single property: the Conradson carbon content. The
vacuum residue viscosity models developed in this work were found to allow prediction of the
asphaltene content from the molecular weight and specific gravity with an average absolute
relative error of 20.9%, which was lower of that of the model of Samie and Mortaheb (Fuel. 2021,
305, 121609) — 32.6%.

Pe3rome

HM3nion3BaHeTo Ha XUIPOKPEKUPAHU U OCTaThLIM OT BaKyyMHa [le CTU/IaLsI TIPU MPOU3BO/JCTBOTO
Ha OUTYM 3a ITbTHA HACTUJ/IKA M3MCKBa 00OpO pa3brpaHe Ha TOBA KaK BUCKO3UTETHT U TOUKATa Ha
OMeKBaHe MoraT Jja Ob/jaT MoZie/TMpaHu U KOHTposiupaHu. HayuHuTe [OK/IaZiv 3a MoZie/TupaHe Ha
Te3U PeosJIOTMUHK CBOMCTBA 3a XUAPOKPEKUPAHU M OCTaThIU OT BaKyyMHa JieCTU/IALMs ca
ockbAHU. [Topazy Ta3u npuurHa Osixa u3cieqBadu 30 ocTaTbLM OT BaKyyMHa ZieCTH/IALUS U 33
BaKyyMHU OCTaTbLIM OT XWJPOKPEKUHI, MO/lyUeHH B /juara3oH Ha npeobpasyBaHe oT 55-93%, u
JTaHHWTe 3a XapaKTepu3rpaHe 0sixa U3IM0/3BaHM 3a L|eJIMTe Ha MofiesipaHeTo. belile mpunokeH
HMHTepKpUTepUasieH aHa/li3 3a U3cjie[iBaHe Ha CTaTUCTAUYECKH 3HAUMMUTE BPb3KU MEXY
M3C/ie/IBAHUTE CBOMCTBA Ha BaKyyMHUS OCTaThbK. TOM pa3KpH, ue oCcTaTbLUTe OT BaKyyMHa
JleCTUaLYs U XUIPOKPeKUpaHUTe BaKYyMHU OCTaThLM Ca HAITB/THO PA3/IMYHU U C/ie/0BaTeTHO
TeXHUST BUCKO3UTET U TOUKA Ha OMeKBaHe TpsiOBa /ja 6b/jaT MoJieiupaHu oT/ieHo. Ype3
W3M0/13BaHEeTO Ha He/lMHelHa perpecusi, npunaraiiku CAS Maple u NLPSolve ¢ moguduiupanus
uTepatuBeH MeTo/ Ha HroToH, u Ha bulk properties Ha BaKyyMHMsI OCTaThK 0sixa Mo/je/TMpaHu
BUCKO3UTETHT U TOUKATa Ha OMeKBaHe. bellle ycTaHOBEHO, Ue BUCKO3UTETHT Ha OCTAaThI[H OT
BaKyyMHa JieCTU/IALUS Ce MOjlelipa Hall-[00pe OT MOJIEKY/THOTO Teryio U CIelfu(UuHOTO Terio,
JIOKaTO TOUKaTa Ha OMeKBaHe Oellle yCTAaHOBEHO, ue ce MOJieJTUpa Hai-Z00pe OT MOJIeKY/THOTO
Ter/n0 U CbabpkKaHueto Ha C;-acdanteH. BUCKO3UTETHT Ha XUAPOKPEKMPAH BaKyyMeH OCTaThK U
TOYKATa Ha OMeKBaHe 0Osixa MO/ie/TMPaHU OT eJHO CBOMCTBO: BBIVIEPOJHOTO ChIbP)KaHUE Ha
Conradson. YcTaHOBeHO e, e MO/ie/TUTe Ha BUCKO3UTeTa Ha BaKyyMHHUSI OCTaThK, pa3paboTeHN B
Ta3u paboTa M03BO/ISIBAT MPOTHO3WPaHe Ha ChbPXKaHUETO Ha acaiTeH OT MOJIEKY/THOTO TEIrIo U
Creli(UYHOTO TET/IO ChC CpeiHa abCOMIOTHA OTHOCKTe THA rpeiika oT 20,9%, KOeTo e Mo-HUCKO
OT TOBa Ha Mo/iesia Ha Samie u Mortaheb (Fuel. 2021, 305, 121609) — 32,6%.
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Abstract

Twenty-two straight run vacuum residues extracted from extra light, light, medium, heavy, and
extra heavy crude oils and nine different hydrocracked vacuum residues were characterized for
their bulk properties and SARA composition using four and eight fractions (SAR-AD™) methods.
Intercriteria analysis was employed to determine the statistically meaningful relations between the
SARA composition data and the bulk properties. The determined strong relations were modeled
using the computer algebra system Maple and NLPSolve with the Modified Newton Iterative
Method. It was found that the SAR-AD™ saturates, and the sum of the contents of saturates and
ARO-1 can be predicted from vacuum residue density, while the SAR-AD™ asphaltene fraction




content, and the sum of asphaltenes, and resins contents correlate with the softening point of the
straight run vacuum residues. The softening point of hydrocracked vacuum residues was found to
strongly negatively correlates with SAR-AD™ Aro-1 fraction, and strongly positively correlates
with SAR-AD™ Aro-3 fraction. While in the straight run vacuum residues, the softening point is
controlled by the content of SAR-AD™ asphaltene fraction in the H-Oil hydrocracked vacuum
residues, the softening point is controlled by the content of SAR-AD™ Aro-3 fraction content.
During high severity H-Oil operation, resulting in higher conversion, hydrocracked vacuum
residue with higher SAR-AD™ Aro-3 fraction content is obtained, which makes it harder and more
brittle.

Pe3rome

[BajeceT v iBa OCTaTbLM OT BaKyyMHa Jle CTUIaLMsl, U3B/IeUeHHU OT U3K/TFOUUTEJTHO JIeKH, JIEKH,
CpeJiHU, TeXXKH U U3K/TFOUUTeTHO TeXKKU CYPOBU He(TH U /leBeT pa3/inuHu XUAPOKPeKUpaHU
BaKyyMHHU OCTaTBI[M OsIXa XapaKTepPU3HPAHU 32 OCHOBHMTE TTOKa3aTe/id Ha Hera 1 SARA
CBHCTaBbT C TIOMOII[TA HA YETUPU U 0ceM (GpakioHHu metoau (SAR-AD™). Beiue usrnonssau
MHTepKpUTepHasieH aHaln3, 3a /ia Ce OrpeiesiiT CTaTUCTUYeCKU 3HAUMMUTE BPb3KU MeXY
nmaHHuTe 3a SARA CbhCTaBa M OCHOBHUTEIIOKA3aTe/lu Ha HedTa YCTaHOBEHUTE BPB3KU Osixa
Molenupan ¢ nomoinra Ha CAS Maple u NLPSolve ¢ moguduiipas utepatiBeH MeTOZ, Ha
HrotoH. Bemie ycranoeHo, ue SAR-AD™ HacuteHuTe BBIIEBOLOPOAM, U CyMara OT
Ch/IbP’KaHHUETO Ha HACUTEHHTE BbIVIeBOO0poar U ARO-1 Moxke fa Ob/ie peIBUIEHO OT
IUTHTHOCTTA Ha BaKyYMHMsI OCTaThK, JOKATO ChbPKaHUeTo Ha acdanreHosa ¢ppakius SAR-AD™
Y CyMaTa OT Chbp>KaHUeTOo Ha acaaTeHu U CMOJIM KOpesiupar C TouKaTa Ha OMeKBaHe Ha
BaKyyMHUTE OCTaTbLY [PU MPaBUsl LIUKb/I. YCTAaHOBEHO €, Yye TOUKara Ha OMeKBaHe Ha
XUZIPOKPEKUPAHUTEe BAKYYMHH OCTaThLM KOPe/IMpa CUIHO OTPULIaTeHO ¢ ppakuuara SAR-AD™
Aro-1 u cunHO Kopenupa nosyioxkurenHo ¢ ¢ppakiusara SAR-ADTM Aro-3. [lokarto npu
BaKyyMHHTe OCTaThLM MU IpaBa JeCTU/IalUs TOUKaTa Ha OMeKBaHe Ce KOHTPOJIMpa OT
CbAbpKaHKeTo Ha acanteHosa (pakiysas SAR-AD™ B BakyyMHHUTe OCTAaTbIM OT XUPOKPEKUHT,
TOUKATa Ha OMEKBaHe Ce KOHTPO/IMpa OT ChAbpyKaHueTo Ha gpakuusa SAR-AD™ Aro-3. ITo Bpeme
Ha Te)XKWTe YC/I0BHS Ha XUJPUKPAKUHTa, B Pe3yJiTaT Ha BUCOKATa KOHBEPCHUs, Ce TojyyaBa
XH/IPOKPEKUPAH BAKYYMEH OCTaThK C I0-BUCOKO ChAbpyKaHue Ha ppakuus SAR-AD™ Aro-3,
KOETO T'0 TIPaBU MO-TBbPJ, U TIO-KPeXK.
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Abstract

252 literature sources and about 5000 crude oil assays were reviewed in this work. The review has
shown that the petroleum characterization can be classified in three categories: crude oil assay;
SARA characterization; and molecular characterization. It was found that the range of petroleum
property variation is so wide that the same crude oil property cannot be measured by the use of a
single standard method. To the best of our knowledge for the first time the application of the
additive rule to predict crude oil asphaltene content from that of the vacuum residue multiplied by
the vacuum residue TBP yield was examined. It was also discovered that a strong linear relation
between the contents of Cs-, and Cs-asphaltenes in crude oil and derived thereof vacuum residue
fraction exists. The six parameters Weibull extreme function showed to best fit the TBP data of all
crude oil types, allowing construction of a correct TBP curve and detection of measurement errors.
A new SARA reconstitution approach is proposed to overcome the poor SARA analysis mass
balance when crude oils with lower density are analyzed. The use of a chemometric approach with
combination of spectroscopic data was found very helpful in extracting information about the
composition of complex petroleum matrices consisting of a large number of components.




Pe3rome

B Ta3u pabota ca B3eTH 110/ BHUMaHHe 252 JTUTepaTypHU U3TOYHKMKA U 0Kojto 5000 aHa/iM3a Ha
cypoB HedT. [TperneqbT Mokasa, 4e XapakTepu3alysTa Ha TieTposia Moke /ja Ob/ie KinacuduirpaHa
B TPY KaTeropyu: KOJInueCTBeH aHau3 Ha cypoB HedT; SARA xapakTepu3aiusi; U MoJIeKy/isipHa
xapakTepu3anys. belie ycraHoBeHO, ye 00XBaThT Ha Bapyal[iiTe Ha CBOMCTBATa Ha IeTpoJia e
TOJIKOBA LIIMPOK, Ue eJJHO U CHII0 CBOMCTBO Ha CypoBUst HepT He MOXKe /ja ObZie U3MepeHo upe3
M3110/13BaHeTO Ha e/IUH CTaHAapTeH MeTo/]. [IOKO/IKOTO HU e U3BEeCTHO, 3a ITbPBU MBT Oellie
W3CJIe[BaHO NPUIaraHeTo Ha aJUTUBHOTO IIPaBUJ/IO 3a IIPOrHO3MPaHe Ha ChbbpP)KaHUeTO Ha
acdasiteH B CypoBUsi He(T OT TOBa Ha BaKyyMHHUSI OCTaThK, YMHOXKEH T10 /J0OMBa Ha BaKyyMHHUSI
octareK TBP. OTKpUTO e CbI110, Ue ChlljeCTBYBA JMHENHA 3aBUCUMOCT MeX/y Ch/IbpyKaHUETO Ha
Cs- u Cy-achanTtenu B cypoBusi He(T U MosiyyeHaTa OT Hero (ppakiLiysi Ha BaKyyMHUSI OCTaThK.
[IlecTriapaMeTpUYHOTO €KCTPEMHO pa3ripezienienre Ha Weibull Hali-o6pe arpokcumMupa JaHHUTe
3a TBP Ha Bcuuku BUJ0Be CypOB I€TPOJI, KOeTO 103B0JIsIBa U3rpakJaHeTo Ha IpaBU/IHa KpUBa Ha
TBP 1 oTKpuBaHe Ha I'pellKy B U3MepBaHusTa. [Ipesiara ce HOB MOAX0/, 38 Bb3CTAHOBSIBaHe Ha
SARA 3a npeofionisiBaHe Ha JIOIIMS MacoOB OaslaHC Ha aHa/M3a Ha SARA, Bb3HUKBAII] [TPH aHAJTN3
TUIIOBEe CYpPOB IeTPOJI C [I0-HUCKA IUIbTHOCT. /3110/13BaHeTO Ha XeMOMeTPUUeH IOAXO0Z, C
KOMOWHAI[UsT OT CIIeKTPOCKOTICKY JIaHHU Ce 0Ka3a MHOTO TI0JIe3HO TP U3B/IMYaHeTO Ha
vH(OpMaLs 3a ChCTaBa Ha CIOKHU TIETPOJIHU MAaTPHLIM, ChCTOSIIIIN Ce OT roJisiM Opoit
KOMIIOHEHTH.
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Abstract

Four nonlinear regression techniques were explored to model gas oil viscosity on the base of
Walther’s empirical equation. With the initial database of 41 primary and secondary vacuum gas
oils, four models were developed with a comparable accuracy of viscosity calculation. The Akaike
information criterion and Bayesian information criterion selected the least square relative errors
(LSRE) model as the best one. The sensitivity analysis with respect to the given data also revealed
that the LSRE model is the most stable one with the lowest values of standard deviations of
derivatives. Verification of the gas oil viscosity prediction ability was carried out with another set
of 43 gas oils showing remarkably better accuracy with the LSRE model. The LSRE was also
found to predict better viscosity for the 43 test gas oils relative to the Aboul Seoud and Moharam
model and the Kotzakoulakis and George.

Pe3rome

bsixa uscieBaHyu yeTUpU HeJIMHEMHY PerpeCMOHHY TeXHUKU 3a MOJie/IMpaHe Ha BUCKO3UTeTa Ha
ra3bosi Ha 6a3aTa Ha eMIMPUYHOTO ypaBHeHHe Ha Walther. C mbpBoHauasHara 6a3a gaHHu ot 41
ITbPBUYHU ¥ BTODUYHM BaKYYMHHU T'a3bo/H Osixa pa3paboTeHr ueTHpy Mojiena CbC CPaBHUMA
TOYHOCT Ha U3UMC/IeHUe Ha BUCKo3uTeTa. VIHpopMalmoHHuAT KpuTepurii Ha Akaike u
MH(OPMaLMOHUAT KpUTeprii Ha Bayes oT/jesivixa Moziesia Ha OTHOCHTE/IHUTe IPellKy Ha Hak-
maskuTe KBazipaté (LSRE) kato Hail-100bp. AHA/M3bT Ha UyBCTBUTETHOCTTA 110 OTHOIIIEHHe Ha
JlaZIeHUTe JAaHHU TT0Ka3a ChIIo, ue MozaeabT LSRE e Hall-CTaOM/IHUAT, C HAM-HUCKA CTOMHOCTH Ha
CTaHJAPTHUTE OTKJIOHEHUs Ha Mpor3BoHUTe. [IpoBepkaTa Ha CrioCOOHOCTTA 3a IMPOrHO3MpaHe Ha
BHCKO3HUTeTa Ha ra3po/nTe Oellle U3BbpIeHa C ApyT Habop oT 43 ra3poy, 1MoKa3Bariu
3abesne>kuTesiHO TI0-A00pa TouHocT ¢ Mojiesia LSRE. YcraHoBeHo e chbinio, ue LSRE npesicka3Ba
1o-700Bp BUCKO3UTET 3a 43-Te TeCTOBU ra3bojii, B cpaBHeHHe ¢ Moziena Aboul Seoud 1 Moharam




u Kotzakoulakis u George.

7. Nikolov N., Nedanovski D., “Analytic Renormalization and Residues of Feynman
Diagrams”, Comptes Rendus de L'Academie Bulgare des Sciences, 70, no. 9,
pp. 1219 — 1226 (2017), ISSN: 1310-1331, e-ISSN: 2367-5535.

Abstract

In the context of the Nikolov-Stora-Todorov renormalization prescription, we consider the notion
of analytic residue of Feynman amplitude and propose a recursive procedure for analytic
renormalization in position space.

Pe3ome

B KoHTekcTa Ha npouegypara 3a peHopmanu3anus Ha Hukosnos-Cropa-TozopoB pasrnexzaame
TOHSTUETO 3a AHAJIMTUUEH pe3uAyyM Ha (haliHMaHOBU aMIUIUTYAU U TIpejijlaraMe PeKypCUBHa
rpoLeAypa 3a aHa/IMTUYHa peHOpMa/ih3alys B KOOPAHWHATHO TPOCTPaHCTBO.

8. Stefanov A.A., Chavdarov I.N., Nedanovski D.T., “Detailed Dynamical Model of a Simple
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Abstract

We present the detailed dynamical model of a 3D printed walking robot with a minimal number of
degrees of freedom (DOF). The robot has only two DOF, but despite that, it is capable of moving
forward (or backwards) by walking, rotating to an arbitrary angle, going around obstacles, and
even climbing stairs, in accordance with its size. Following a tendency of an increased popularity
of robots in the education process, the prototype finds application in specialized educational
methods for work with children with autism or development problems.

Pe3rome

I[pexncraBsiMe mopoOHUs ArHaMUUeH Mozien Ha 3D nmpuHTHpPaH xofell] poboT ¢ MuHMUMasieH 6poit
crerienu Ha cBoboza (DOF). Po6oThT iMa camo iBe DOF, HO BbIIpEeKH TOBa TOM MOXKe Jja ce
JIBYDKU Haripe[| (UM Ha3af) upe3 Xo/ieHe, 3aBbpTaHe 11071 TIPOM3BOJIeH bI'b/I, 3a001KaIssHe Ha
TMIPENSATCTBYS U JOPU U3KauBaHe Ha CThJIOH, B 3aBUCUMOCT OT pa3Mepa cu. CrieiBaiiku
TeH/IeHIIUsATa 3a HapacTBallla MoIy/sIPHOCT Ha poOOTUTe B yueOHUS TPoLieC, MPOTOTUITBT HAMKPA
TIPUJIOJKEeHHe B CTiel{ia/TM3upaHy 0Opa3oBaTe/THA MeTO/IM 3a paboTa C fielja ¢ ayTU3bM WK
rpo6sieMy B pPa3BUTHETO.

9. Stefanov A., Chavdarov I., Nedanovski D., Boiadjhiev G., “Dynamics and Control of a 3D
Printed Walking Robot”, 27th International Conference on Software, Telecommunications
and Computer Networks, Soft COM 2019, Article number 8903684 (2019),

ISBN: 978-953290088-0, e-ISSN: 1847-358X, doi:10.23919/SOFTCOM.2019.8903684.

Abstract

The construction of 3D printed walking robot based on a minimalistic design is presented. The
robot has only two motors, but despite that, it is capable of moving forward (or backwards) by
walking, rotating to an arbitrary angle, going around obstacles, and even climbing stairs (in
accordance with its size). The relevant geometric and kinematic properties of the robot are studied.
A dynamical model is also given, which is used as a basis for the development of suitable control
algorithms. Some of the applications of the prototype are reviewed - currently it finds applications
in the education process at some schools and universities. Some new possible applications are also
discussed. The paper ends with conclusions and discussion regarding possible improvements in the
design, based on the currently developed dynamical model.




Pe3rome

IpescTaBeHa e KOHCTPYKIMsATA Ha 3D NMpUHTHpPaH Kpayelr| poboT, 6a3ipaH Ha MUHUMA/TUCTUUYEH
mu3aiiH. PoOOTHT MMa caMo /iBa IBUTaTeJIs, HO BBIIPEKH TOBAa TOW MOJKe Jia Ce JIBWKH Harpe (Win
Ha3ajl) upe3 KpaueHe, 3aBbPTaHe 1o/] POU3BOJIEH bI'bJl, 3a00MKa/IsSiHE Ha TIPETIITCTBUS U 10pU
M3KauBaHe Ha CTh/0U (B 3aBUCHMOCT OT pa3Mepa My). M3ciieBaT ce CbOTBETHUTE T€OMETPUYUHM U
KMHEeMaTHUYH{ CBOMCTBA Ha poboTa. [azieH e U AuHaMHUUeH Mojie/T, KOMTO ce U3TM0/I3Ba KaTo OCHOBA
3a pa3paboTBaHe Ha TIOAXO/SAIIM alTOPUTMHU 3a yripaBieHre. OTOesnsi3aHu ca HIKOHU OT
TIPUIOKEHUSITa Ha TIPOTOTHIIA — B MOMEHTA TOW HamMHpa TIpUIoKeHHe B yueOHUs TIPo1iecC B HIKOU
yuuuiria u yauBepcutetd. OOCHKIAT Ce ¥ HOBU Bb3MOXKHH MPUIOXKeHHs1. [JOKyMeHThT 3aBbpIiBa
ChC 3aK/TFOUEHMSI U AUCKYCHsI OTHOCHO Bb3MOKHHM T0JJ00peHUs B Ju3aiiHa, 6a3upaHu Ha
pa3paboTeHUst AMHAMUYEH MOJIe.
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