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Abstract

This article presents a review analysis and develops a process scheme in the field of tribology related to the
application and development of artificial intelligence, on the basis of which a systematic approach has been carried
out. It clearly demonstrates that one of the fundamental characteristics of tribology is the strong interconnection be-
tween different scientific disciplines. The conducted analysis shows that tribology is not only a complex mechanical
system but also a research field that inevitably requires interdisciplinary efforts. The study indicates that progress in
tribology is increasingly associated with the development of artificial intelligence concepts, machine learning, tri-
boinformatics, and “green” tribology. From this perspective, the article emphasizes that future tribologists should focus
on advancing scientific fields such as mechanical engineering, physics, and materials science within the framework of
next-generation information and communication technologies. Artificial intelligence (Al), with its advanced machine
learning (ML) capabilities and the rapid processing capacity of triboinformatics, can help researchers quickly identify
valuable patterns, trends, and relationships from subjective and experimental data. Tribological behavior depends on
the system, changes over time, and is characterized by complex multidisciplinary interactions. The friction process
involves various physical phenomena including mechanics, thermology, electricity, optics, magnetism, and others.
Therefore, tribological data are characterized by complex multicomponent interactions and possess features such as
multidisciplinarity, multilevel structure, and multiscale nature. Considering the emergence of triboinformatics, a new
interdisciplinary field formed by the integration of tribology and informatics, this review expands the future research
directions and framework of the concept of “Artificial Intelligence for Tribology.” As a result of extensive research, a
scientifically substantiated new roadmap (framework) has been developed for the application and advancement of
artificial intelligence and machine learning in the field of tribology. By establishing a systematic understanding, it is
recommended to enhance the efficiency of solving problems in tribology. Such an approach will enable the application
of triboinformatics methods to address common problems such as monitoring tribological behavior, predicting system
performance, and optimizing system operation.

Keywords: tribologys; artificial intelligence (Al); machine learning (ML); “green” tribology; triboinformatics;
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Tribologiya, Siini Intellekt, Masin 6yranmasi:
Coxelementli qarsihgh alags (icmal)
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Xiilasa
Mogalods icmal tohlil aparilib, siini intellektin tatbiqi vo inkisafi ilo alagodar tribologiya

sahasindos bu prosesin sxemi iglonib va onun asasinda sistemli yanagsma aparilib, tribologiyanin osas
xiisusiyyatlorinin miixtalif elmi saholor arasinda mévcud olan garsiliqli alage oldugu aydin sokilds
gostarilib. Aparilan tohlil tribologiyanin yalniz mexaniki sistem kimi miirokkobliyini deyil, hom do
onun dyranilmasi tiglin talob olunan saylorin qagilmaz olaraq fonlorarasi xarakter dasidigini
gostorir. Aragdirmalar gostordi Ki, tribologiyada toroqgi getdikco daha ¢ox siini intellekt
konsepsiyasinin inkisafi, masin dyranmasi, triboinformatika vo “yasil” tribologiyanin inkisafi ilo
alagalondirilir. Magaloda bu baximdan, galacayin tribologlarinin digqgatini yeni nasil informasiya
Vo kommunikasiya texnologiyalari ¢orgivasinds masinsiinasliq, fizika vo materialsiinasliq kimi
elmi istigamatlorin inkisafina yonaltmok qeyd edilmisdir. Siini intellekt (AI) yiiksok masin
oyranmo (ML) gabiliyyatins va triboinformatikanin siiratli isloma imkanlarina malik olduguna gora
todqiqatgilara subyektiv malumatlardan giymatli niimunalari, tendensiyalar1 va alagelori siiratlo
askar etmoyo komok eds bilor. Triboloji davraniglarin sistemdan asili olmasi, zamanla doyismosi
coxsahali qarsiligli tasirlorlo xarakterizs olunur. Siirtinmo prosesi mexanika, termologiya, elektrik,
optika, magnetizm vo digor miixtalif hadisslori ohato edir. Buna gora do triboloji molumatlar
coxelementli qarsiliglt alagado olub, ¢oxsahalilik, ¢coxsaviyyalilik vo ¢oxmiqyasliliq kimi fargli
xisusiyyatlora malikdir vo bu sobabdon tribologiyada siini intellektin totbigina ehtiyac var.
Tribologiya ilo informatikanin birlosmasindon yaranan yeni fonlorarasi saho olan
“triboinformatika’nin meydana ¢ixmasini nazars alaraq, bu icmal “tribologiya tli¢iin siini intellekt”
istigamatinin  galocok inkisaf istigamatlorini vo todqigat ¢orgivesini genislondirir. Genis
arasdirmalarin naticasinda tribologiya sahasinds siini intellektin, masin dyranmasinin tatbiqi vo
inkisaft Ugilin elmi osaslandirilmis yeni yol xoritesi (sxemi) islonib, sistemli anlayis
formalasdirilaraq, tribologiyada problemlarin hallinin somaraliliyinin artirilmasi tévsiya olunur.
Belo yanasma triboinformatika iisullarina triboloji davranigin voziyyatinin monitoringi, davranigin
prognozlasdirilmasi vo sistemin optimallagdirilmast kimi timumi problemlarin hallina imkan
veracakdir.

Acar sozlar: tribologiya; siini intellekt (AI); masin dyronmasi (ML); “yasil” tribologiya;
triboinformatika; siini neyron sobokasi (ANN).
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AHHOTANUA

B craree mnpoBenéH oO030pHBIA aHanu3, pa3paboTaHa cxema Impolecca B 001acTH
TpUOOJIOTHH, CBS3aHHAS C MPUMEHEHHWEM M Pa3BUTHEM HCKYCCTBEHHOTO WHTEIUICKTa, M Ha ©&
OCHOBE BBINOJIHEH cHCTeMHbIH noaxond. [lokazaHo, 4TO OAHOM M3 KIIIOYEBBIX OCOOEHHOCTEH
TpUOOJIOTHH SIBISIETCS CYIIECTBOBAHME TECHBIX B3AaMMOCBS3EH MEXIY pa3IMYHBIMU HAayYHBIMHU
mucuuruinHamu. [poBeiéHHBIN aHaNN3 JEeMOHCTPUPYET, YTO TPUOOJIOTUS MPeICTaBIIsAeT cO00i He
TOJIBKO CII0XKHYIO0 MEXaHHUYECKYIO CHCTEMY, HO M 00J1aCTh UCCIIE0BaHUMN, TPEOYIOIIY0 HEN30EKHO
MEXIUCUUIUIMHAPHOTO Moaxoja. Pe3ynbraThl HCClIeOBaHMS IOKa3bIBAIOT, YTO IPOrpecc B
Tpubosoruu Bc€ B OOJIBIIEH CTENEHH CBSI3aH C Pa3BUTHEM KOHLEHIMH HCKYCCTBEHHOTO
MHTEJUIEKTa, MAaIMHHOTO 00yueHHsl, TPUOOMH(POPMATUKU U «3es€HOoW» Tpubosoruu. B crarse
OTMEYAETCsI, YTO B TOM KOHTEKCT€ BHUMAaHUE OYAYIIUX TPUOOJIOTrOB JTOHKHO OBITH HAIPABICHO
Ha pa3BUTHE TAKUX HAYYHBIX HAIIPABJICHUH, KaK MAIlIMHOCTPOEHHE, (PU3UKA U MaTepUAJIOBECHHUE,
B paMKaXx HOBBIX ITOKOJEHHHA WH()OPMAIIMOHHBIX ¥ KOMMYHHUKAIIMOHHBIX TEXHOJIOTHH.
HckyccTBennsiit nuTeiekT (Al), o6manas BBICOKUMH BO3MOXKHOCTSIMH MAIIMHHOTO OOy4YeHUs
(ML) u BbICOKOH CKOpPOCTBIO OOpaOOTKM [aHHBIX B TpUOOMHPOpPMATHKE, MOKET IOMOYb
MCCIIEIOBATENSIM OBICTPO BBISBIATH IICHHBIE 3aKOHOMEPHOCTH, TEHJICHIIMM W B3aMMOCBSI3M Ha
OCHOBE CYObEKTUBHBIX U 9KCIIEPUMEHTAIbHBIX JaHHBIX. TprOoIOrnueckoe NoBeeHNE 3aBUCUT OT
CHCTEMBI, U3MEHSETCS BO BPEMEHH M XapaKTEPU3YeTCsl CIOKHBIMH MHOTOIapaMeTPHUECKUMHU
B3auMoieicTBUsAMHU. [Iporiecc TpeHUs: 0XBaThIBAeT pa3iWyHble (PU3MUYECKHE SBJICHUS, BKIIOYas
MEXaHUKy, TEPMOJIOTHIO, JJEKTPUYECTBO, ONTHKY, MarHetusMm u gpyrue. [lostomy
TpUOOJOTHUECKUE JaHHbIE NPEACTABISIIOT COOOW CIIOKHYIO CHCTEMY MHOT'OKOMIIOHEHTHBIX
B3aMMOCBSI3€H W XapaKTepPH3YIOTCS TAKHUMU OCOOEHHOCTSIMH, KaK MHOTOJMCIUIUIMHAPHOCTH,
MHOT'OYPOBHEBOCTh U MHOTOMACIITA0OHOCTb. JTO 00YCIIaBIMBAeT HEOOXOIUMOCTh NMPUMEHEHUS
MCKYCCTBEHHOTO MHTEJUIEKTA B TPUOOJIOTHH. YUUTHIBAS TOSBICHHE HOBOW MEXIUCIUTUTMHAPHOM
obnactu — “TpubonH(pOpMaTUKK”’, BO3HUKILEH Ha CThIKE TPUOOJOTHH U MH()OPMATUKH, JTaHHBIHA
0030p pacmupsieT HalpaBiICHUsT OyIyIIero pa3BHTHS W HCCIIEOBATEIbCKAE PAMKH KOHIICTIITUH
«HCKYCCTBEHHBIH WHTEJUIEKT Ui TpuOojorum». B pesynbraTe MIMPOKUX HCCIEAOBaHHN Oblia
pa3paboTaHa HayYHO OOOCHOBaHHAs HOBas OPOKHAs KapTa (cxema) MPUMEHEHUS W pa3BUTHS
HCKYCCTBEHHOTO MHTEJJIEKTa M MAalIMHHOTO oOydeHus B obmactu Tpubonoruu. Ha ocHoBe
(GOpMHUPOBAHUS CHCTEMHOTO TMOIXOAa PEKOMEHIYETCSl TOBBICHTH 3()()EKTHBHOCTh PEIICHHS
npo6aeM B Tpubonoruu. Takoi Moaxo/ NO3BOJIUT MPUMEHATh METOIbI TPUOOUH(POPMATUKU IS
pemeHusi OOIMX 3a/1a4, TaKUX KaKk MOHHTOPWHT COCTOSHHSI TPHUOOJOTHYECKOTO TOBEICHHS,
MIPOrHO3UPOBAHME MIOBEJICHNS CUCTEMBI U ONITUMM3ALUS €€ paboThI.

KiroueBble ciioBa:  TpuOOJOTHs;, MCKYyCCTBEHHBbIM HHTEIUIeKT (Al); MammHHOEe 00ydeHue
(ML); «3enénas» Tpubosnorus; TpubouH(OpPMATHKa; HCKYCCTBEHHAs
HelipoHHas ceTb (ANN).
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Giris

Tribologiyanin tatbiq sahalori miixtalif is-
tigamotlords genislonmis va son onillikds tribo-
logiya elmi ilo baglh ¢oxlu sayda elmi-tadgigat
islori darc olunub. Bu icmal magalads son 4-5
il arzindo tribologiyanin miixtalif aspektlori tiz-
ra aparilmis todgiqatlardaki oan yeni nailiyyatlor
umumilasdirilarak, oxuculara gatdirilir.

Icmalda nazorden kegirilon osas istiga-
matlora yaglama, yeyilma va sath miithandisliyi,
biotribologiya, yiiksak temperatur tribologiyasi
Vo hesablama (kompiiter) tribologiyasi daxildir.
Mogalo hom son tadgigat naticalorini 6n plana
¢ixarmaga, hom do bu sahalor tizro golocak
perspektivlori tagdim etmays ¢alisir.

Lakin geyd etmoliyik ki, bu icmalin
miioyyan mohdudiyyatlori mévcuddur. On va-
cib mahdudiyyatlordan biri odur ki, tribologiya
yiiksok doracada multidissiplinar vo goxele-
mentli sahadir vo todgigat naticalori miixtalif el-
mi istiqamotlor tizro genis sokildo yayilmisdir,
bu sobobdan bazi islorin diggstdan kenarda gal-
mas1 miimkiindiir.

Tribologiyanin sistem asililigi, zamanla
dayiskanliyi va ¢oxsaxali qarsiligli tasiri natico-
sinds ¢oxOlc¢iilii vo miirokkob strukturlasdiril-
mis malumatlar yaranir. Bu xiisusiyyatlor siini
intellektin tribologiyada tatbiqi tigiin zomin ya-
radir.

Siini intellektin metodlarinin tribologiya
ilo dorin integrasiyasi asagidaki tstiinliiklori to-
min edir:

> Biliklorin daha siiratli alds olunmasi
» Molumatlarin sistemli inteqrasiyasi
» Davranig modellorinin yaradilmasi
» Erkon agkar etmo imkanlari

Moasalon, siini intellekt vibrasiya, akusti-
ka, elektrik signallart vo sas tozyiqi kimi miix-
tolif signallar ilo yeyilma arasinda olago quraraq
mexaniki nasazliglarin erkon diagnostikasini
miimkiin edir.

Eyni zamanda, miixtalif istismar soraitlo-
rinda triboloji davranislarin simulyasiyast vo
prognozlasdirilmas: daha dayaniqli vo etibarl
mexaniki sistemlorin layihalondirilmasi tigiin
miihiim shamiyyat das1yir.

Bu mohdudiyyastlora baxmayaraq, timid
edirik ki, bels bir icmal tribologiya tizra an son
vo mithiim elmi nailiyyatlori digget markazino
gatiracok Vo siiratlo inkisaf edon tribologiya
todgiqatgilar: icmasi tigiin faydali olacaqdir.

Diinyada yeni nasil informasiya va kom-
munikasiya texnologiyalarimin — siini intellekt
(Artificial Intelligence — Al), Osyalarin interne-
ti (Internet of Things — 10T) va blokgeyn
(Blockchain) texnologiyasinin genis totbigi na-
ticosinds texnoloji vo sonaye ingilabi stiratlon-
moakdadir. Bu baximdan siini intellekt hokumat,
sonaye va akademik dairalor, biitovliikds icti-
maiyyat torafindon boyiik maragla qarsilanir.

Isin moagsadi

Tribologiya sahasinda ¢oxlu sayda darc
olunmus molumatlar osasinda informasiya vo
kommunikasiya texnologiyalar: (Al, IoT, ML)
tizra icmal togdim etmokdir. Bu sahada siini in-
tellektin shato dairasi, onun yaranma zamini,
inkisafin1 sartlondiron amillar, istifads olunan
texnologiyalar va totbiq sahalori kontekstinds
timumi sokildo togdim edilir, homg¢inin siini in-
tellektin inkisafi ilo bagli montigi yanasmalar
irali siiriiliir.

Icmalda, eyni zamanda, real sektorda ca-
lisan miitoxassislor ti¢iin mithiim naticalor va
faydali baxis bucaglari taqdim olunur. Tadgiga-
tin diger tohfasi iso galocak aragdirmalar tigiin
stini intellekt sahasindo movcud voziyyatin
(state of the art) aydin sokildo ortaya goyulma-
sidir.

Malum oldugu kimi, siirtiinma miiasir co-
miyyoatdo enerjinin paylanmasinda, qurgularin
siradan ¢ixmasinda va hotta enerji tominatinda
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miihiim rol oynayir. Uzun illor aparilan tadqi-
gatlardan sonra tribologiya tizra moalumat va in-
formasiya hacmi getdikco artmaqgdadir.

Tribologiyanin giiclii sistemlilik vo mul-
tidissiplinar qarsilighi slago xiisusiyyatlorinag
gora, bu sahays aid moalumatlar miixtalif elmi
istigamatlor tizro forgli formalarda, masalan,
texniki sonadlar, verilonlar bazalari va elmi mo-
galalor saklinds sistemsiz vaziyyatdadir. Bu isa
sistemdos informasiya entropiyasini artirir Vo
todgigat malumatlarinin qorunmasi va dovriy-
yasi tiglin o qodoar do slverisli deyildir.

Kompiiter vo informasiya elmlarinin in-
kisafi ilo bir ¢ox sahalor informasiya texnologi-
yalari ilo inteqrasiya olunmaga baslamis vo
multidissiplinar informatika istigamotlori for-
malasmisdir. Bu magals, homginin informasiya
texnologiyalarinin tribologiya todgigatlart ilo
birlosdirilmasini tosviq edir, triboinformatika-
nin mozmununu va arxitekturasini taqdim edir,
homginin toklif olunan konsepsiya va arxitektu-
ranin totbigi ilo bagl niimunavi bir yanasma
(case study) gostorir.

Burada tasvir olunan triboinformatika an-
layisinin irali stiriilmasi va inkisafi tribologiya
tizro todgigatlarin somaraliliyini artiracaq vo el-
mi-todgiqat prosesini optimallasdiracaqdir Ki,
bu da tribologiya elminin inkisafi baximindan
miihiim shamiyyat kasb edir.

Tribologiya sahasinds todgigatlar asason
qarsiligli tasirdo olan sathlor arasinda, yani, siir-
tiinmo, yeyilmo vo yaglama proseslorini 6yro-
nir. insan comiyyatinin sonayelosmo soviyyasi
davamli olaraq artdigca, tribologiya todgiqat
obyektlari do getdikca daha genis sahalari ohata
edir.

Tribologiyada istifado olunan todgigat
metodlar1 fenomenlora asaslanan empirik elm
morholasindoan, modellora asaslanan nazari elm
morholasina va simulyasiyalara ssaslanan he-
sablama elmi marhalasine goadar inkisaf yolu

kegmigdir. Tribologiya giiclii elmi miihondislik
yoniimlii sahadir. Onun intensiv qgarsiliql slage
xiisusiyyatlorina gors, tribologiya informatika,
riyaziyyat, fizika, kimya, materialsiinasliq,
masingayirma va digar saholors aid malumatla-
11 da 6ziindo birlosdirir.

Miitomadi yaranan yeni molumatlar va
modellar tribologiyanin inkisafinin asasini tos-
kil edir. informasiya texnologiyalarmin inkisafi
triboloji molumatlarin toplanmasi, emali vo toh-
lili Giglin yeni vo daha somarali tisullar tagdim
etmisdir. Noticodo “triboinformatika (triboin-
formatics)” anlayisi irali siiriilmiigdiir.

Triboinformatika ¢orgivasi rohbor tutul-
magla, tribologiyada triboinformatika metodla-
rinin tatbigi nozardon kegirilir va triboinforma-
tika yanagmalarindan istifado etmoklo daha so-
morali va elmi asaslandirilmig tribologiya tod-
gigatlarinin aparilmasi igiin faydali istigamat
gostoarilir.

Tribologiya uzun miiddatdir ki, on aktual
elmi saholordan biri olmus vo hoyatimizin de-
mok olar ki, biitiin aspektlorindo mévcudlugunu
goruyub saxlamigdir. Tribologiyanin darindon
anlasilmasi galacok texniki ¢agirislara hall yol-
lar1 tapmaga imkan verir. Bu giino godor oldo
olunan biitiin nailiyyatlorin asasinda ¢oxsayl
doqiq eksperimentlor vo miixtalif miqyaslarda,
eloca do bir nego fiziki sahani shato edon get-
dikco artan sayda inkisaf etmis kompiiter simul-
yasiyalar1 dayanir.

Bu mohkom va zongin malumat bazasina
asaslanaraq, movceud biliklarin genislondirilma-
si ti¢lin gabaqcil malumatlarin idars edilmasi,
tohlili vo 6yronmo metodlar inkisaf etdirilo vo
totbig oluna bilor. Bu baximdan, miiasir masin
oyranmasi (Machine Learning — ML) va ya siini
intellekt (Al) metodlar: triboloji sistemlords bas
veron miirokkab proseslori aragdirmaq, onlarin
davranigini somoarali vo hatta real vaxt rejimin-
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do tasniflosdirmok va ya kamiyyatca giymatlon-
dirmak tgiin genis imkanlar yaradir. Belaliklo,
bu metodlarin potensiali tokco akademik miis-
tovi ilo mohdudlagmir, ham ds real sonaye tot-
biglarina gadar genislonir.

Bu istigamatda yol xaritasi agmaq moqss-
dils, belo miiasir yanasma tribologiya ilo bagh
problemloarin halli {igiin ML va ya Al yanasma-
larina dair an son todgigatlarin toqdim edilmo-
sini hodaflomisdir.

Diqgst asason yeni ML vo ya Al metod-
lariin toqdim edilmasins deyil, eyni zamanda,
moveud metodlarin miimkiin tatbiglorinin va
onlarin tribologiya problemlarino uygunlasdi-
rilmasimin niimayis etdirilmasina yonaldilmis-
dir. Xisusilo geyd edok ki, bu miiasir yanagma-
ya baxis ¢argivasinda bir sira orijinal tadgigat
moqalalori [1,2,3,4,5,6,7,8,9] va bir icmal ma-
galo [10] olmagla timumilikds bir ne¢co mogalo
tohlil olunmusdur.

Toplanmis materiallar diinyanin miixtolif
olkalarindan hom akademik, ham ds sanaye nii-
mayoandalori tarafindon toqdim olunmus, bu is-
tigamotds gabaqcil tadgigatlart oks etdirmis vo
slirtlinmo, yaglama va yeyilma ilo genis sokilda
alagoali problemlarin halli {igiin miirokkab ML
Vo Al yanagmalarinin inkisafi va tatbiqi barads
dorin anlayislar vermisdir.

Yiiksok 6yronma gabiliyyati va siiratli is-
loma xiisusiyyatlori sayasinda siini intellekt tad-
giqatgilara boyiik hacmli malumatlardan doayor-
li ganunauygunluglari, meyllori vo olagalori
operativ sokilds askar etmoys imkan verir.

Bu sababdon, triboloji malumatlar ¢oxsa-
hali, goxsaviyyali va goxolgiilii xarakter dasiyir
ki, bu da stini intellektin tribologiyada genis tot-
big imkanlarini formalasdirir.

Icmalda tribologiyada siini intellekt tot-
biglarinin  miqyasi, tosnifatt va son inkisaf
meyllori miiayyanlogdirilir vo asagidaki saha-
lordo totbiqgi genis sokilds tohlil olunur [11]:

Tribologiyanin asas nazariyyasi
Intellektual tribologiya
Komponent tribologiyasi
Ekstremal tribologiya
Bio-tribologiya
Yasil tribologiya
Bundan slavs, tribologiya ilo informati-
kanin birlasmasi naticasinds yaranmis yeni fon-
lorarasi istigamot — “triboinformatika” anlayisi
nozardan kegirilir vo “Al for tribology” sahasi-
nin golocak inkisaf istigamatlori vo tadgigat
gorgivasi izah edilir [10, 12, 13].
Mogalods tribo-sistem molumatlar1 bir
ne¢o kateqoriyaya bolinmisdiir [13]:
1. Giris molumatlar
2. Sistemin daxili (intrinsik) malumatlar
3. Cixis malumatlar
4. Triboloji vaziyyst molumatlar:
5. Toroma voziyyat molumatlari
Bu tip molumatlar asasinda miixtalif siini
intellekt metodlar1 (reqressiya, klassifikasiya,
Klasterlosmoa vo 6lgli azaldilmasi) ils inteqrasi-
yaya osaslanan birlosmis yanasma toklif edil-
misdir. Bu yanasma triboinformatika metodla-
rinin agagidaki problemlari hall etmasine imkan
yaradir [11, 14]:
» Triboloji vaziyyatin monitoringi
» Davranisin prognozlasdiriimasi
> Sistem optimallasdiriimasi
Rosenkranz vo digorlori [15] triboloji
kontekstdo Al metodlarinin ugurlu tatbiq nii-
munoloarini vurgulamagla, eyni zamanda, maso-
lan, onlayn vaziyyst monitoringi, material tor-
kiblorinin layihoalondirilmasi, siirtkii materialla-
rinin formulalasdiriimasi, eloca do yaglama va
maye tobogosinin formalagmasi kimi saholordo
0z oksini tapmisdir [16, 17, 18].
Siini intellekt adaton “sistemin xarici ma-
lumatlar: diizgiin sarh etmak, bu malumatlar-
dan gyranmak va alda olunan biliklardan ¢evik

YVVVVYVY
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uygunlagma yolu ila konkret magsad va tapgi-
riglara nail olmaq iigiin istifada etmak gabiliy-
yati” kimi taqdim olunur.

Molum oldugu kimi, eksperimentlorin
aparilmasi va naticalorin tahlili ¢ox vaxt aparan
Vo yiiksak xarc tolob edon prosesdir; bu prose-
sin vaxtii va Xarclorini azaltmaq tigtin miiasir
texnologiyalara ehtiyac duyulur. Mexaniki sis-
temlordo kompiiterlorin totbiqi bu problemin
halli kimi son illards shamiyyatli daracads art-
musdir. Bu kontekstds istifado olunan miihiim
metodlardan biri Siini Neyron Sobokoloridir
(Artificial Neyron Networks — ANN) vs bu ya-
nasma eksperimentlorin vaxt vo maliyyatini
azaltmaq baximindan effektiv naticolor gostor-
misdir [19].

Bu metod siirtiinma amsali, yeyilmo, siirt-
kii materiallarinin xiisusiyyatlari, yaglayici qa-
tin galinliginin formalagmasi, hamginin kompo-
zit va polimer kimi materiallarin sathi mexaniki
xususiyyatlori daxil olmagla miixtalif triboloji
xuisusiyyatlorin dyronilmasine yonolmisdir.

ANN modellari mexanizmin konseptual
morholodo performansini  prognozlasdirmag
ticiin eksperimentlardon alds edilon asas perfor-
mans parametrlorindan istifads edir. insan bey-
ninin sinir sistemini toglid edoan riyazi alot kimi
foaliyyat gostoron ANN giris Va ¢ix1s moalumat-
larin1 emal edoarok miirokkob miihandislik vo el-
mi problemloari hall edir. ©nonovi analitik tisul-
lardan fargli olaraq, ANN 6yranmo prosesindan
sonra mohdud giris malumatlar1 osasinda belo
¢ix1s naticalorini prognozlasdirmaq qabiliyyati-
no malikdir [4].

ANN-in osas ustinliiklorindon biri do
onun yiiksok 6yranmo potensiali va ¢oxolgiilii,
geyri-xatti vo miirokkab funksiyalart modellos-
dirmok bacarigidir. Sabokos togdim edilon eks-
perimental molumatlar togkil edorak vo prob-
lemdo movcud olan olagalorin  xarakterini
mioyyanlosdirarak “6yronir”. Bundan slava,

ANN kicik dayisikliklora, masalan, sas-kiiya
qarst hassas olmamast ils segilir vo bu da sahv-
lorin qarsisini almaga komak edir. Son tadgigat-
larda ANN pin-on-disk (POD), fretting yeyilma
stnaglari, hamginin dartilma vo sixilma moh-
komliyi eksperimentlorindo totbiq edilmisdir
[20, 21, 22].

ANN-in totbiqi triboloji xisusiyyatlarin,
0 ciimladan vaziyyat va alat yeyilmalarinin mo-
nitoringi, yeyilma va siirtiinmo, yaglama, siirt-
kii materiallarinin torkibi, sothin modifikasiyasi
Vo material xiisusiyyatlorinin Gyranilmasinds
miihiim rol oynamigdir. Onun asas istiinliiklo-
rindon biri ilkin eksperimental malumatlar ssa-
smda sonraki naticalari prognozlasdirmaq qabi-
liyyatidir ki, bu da alava eksperimentlors ehti-
yaci aradan qgaldirir [20, 23, 24, 25].

Bu imkan eksperimentlorin miiddatinin
azalmasina tohfa verir vo ANN-in an perspek-
tivli totbiglorindon biri hesab olunur. Umumi-
likdo, ANN tribologlar ii¢iin giiclii simulyasiya
aloti kimi ¢ixis edir vo onlarin tadgigatlarinda
vaxt vo resurslara gonast etmosina imkan yara-
dir [26, 27].

Bu miiasir yanasmada dorc edilmis va Al-
yo miixtalif baxis bucaglarindan yanasan moaga-
lolor imumilagdirilir; homin mogalslar siini in-
tellekt sahosinds diinyanin aparici ekspert vo
miitoxassislori torafindan toqdim olunmusdur.

Indi isa siini intellektin galocayino dair bir
sira baxislari nazordon kegirak.

Siini intellekt, xdsusilo do masin dyran-
mosi metodlar1 triboloji comiyyat torafindon
mithiim diqQat ¢okmisdir, ¢iinki bu metodlar
stirtiinma amsal1 va ya yag gatinin qalinlig: ki-
mi triboloji baximdan shamiyyatli parametrlori
prognozlasdirmaq qabiliyystino malikdir [26,
28, 29].

Siini intellektin, xtisusilo do siini neyron
sobakalarinin tribologiya tadgigatlarinda tatbiqi
ilo aldo edilmis son nailiyyatlori vurgulamag:



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2026, cild 18 (2), s. 7-20
0.X.Canahmadov, M.Y.Cavadov, P.A. Siileymanova

Herald of the Azerbaijan Engineering Academy
2026, vol. 18 (2), pp. 7-20
A.Kh. Janahmadov, M.Y. Javadov, P.A. Suleymanova

hadaflayir. Triboloji kontekstds bu yanagmalar-
dan istifads olunarag aparilmis ugurlu is niimu-
nalarinin tagdimati vo miizakirasi gostarir Ki, bu
metodlar triboloji xiisusiyyatlari dagiq vo somo-
rali sokildo prognozlasdirmaq qabiliyystina
malikdir [30, 31].

Goalacak tadgiqat istiqamatlori vo trendlo-
ri ilo bagli olaraq, tribologiya sahasinda siini in-
tellekt vo masin 6yronmasi anlayislariin daha
genis tatbiqi, mikro-, mezo- vo makro-saviyyali
perspektivlora asaslanarag, o ciimladan yaranan
sath topografiyasinin xiisusiyyatlorini vo yagla-
ma sistemlarinin layihalondirilmasi kimi sahs-
lora diggot yetirilmasi magsadouygundur [28,
32].

Daha bir miihiim istigamat — “Yasil” tri-
bologiya (Green tribology) — tribologiyanin bir
sahasi olub texnologiyanin inkisaf etdirilmasi
ilo yanasi otraf miihit vo bioloji tosirlorin mini-
muma endirilmasi mogsadini giidiir. Yasil tri-
bologiyanin asas moagsadi tribologiyanin nailiy-
yatlorini digor magsadlorlo birlogdirarak, kar-
bon emissiyalarinin azaldilmasi, resurs vo ener-
Ji gonasti, hamginin materiallarin somorali isti-
fadosi daxildir.

Texnoloji inkisafin gotirdiyi faydalar ilo
onun atraf miihit va bioloji tasirlari arasinda ba-
lans yaratmaq ¢atinlik yarada bilar, lakin bu
hom da ¢ox doayarlidir, ¢linki planetin vo comiy-
yatin galocayi texnoloji dizaynlarda yasil tribo-
logiyanin tatbigindon asili ola bilar.

Bu arasdirmalarda, hamginin enerji istifa-
dasi ilo insan inkisafi arasindaki olagoani, yasil
tribologiyanin sahoalarini vo prinsiplarini, eloca
do onlarin texnoloji inkisaflarda dayanigli hal-
lorin tapilmasinda neco totbig oluna bilacayi
diggeat moarkazinds olmalidir.

Enerji istehlakinin artiminin miihiim as-
pekti istehlak mallarinin istehsalinin, kommu-
nal Xidmatlorin gostarilmasinin vo miixtolif
avadanliglarin istismarmin artmasidir. Haloalik

bu cohat no siyasatcilar, no do ictimaiyyat tora-
findon lazzmi digqoti colb etmoyib. Igtisadi
Omokdasliq vo Inkisaf Toskilatmin (OECD)
[33] malumatina gors, global xammal istehsali
2017-ci ildaki 92,1 milyard tondan 2060-c1 ilda
167 milyard tona yiiksalocok [34, 35]. Aydindir
Ki, istonilon material istehlaki karbon gaz1 va is-
tixana gazi emissiyalarinin istehsalina gatirib
giXarir.

Soyuducu kimi istifado olunan xloroflo-
rokarbonlarin (XFC), texnoloji yaglarda xlorlu
karbohidrogenlarin, yanacaglarda qurgusun vo
kiikiirdiin tosirinin manfi tasirlori barade molu-
matliliq bu zoharli maddslardan istifadonin ga-
dagan edilmasina sabab olmugdur. Alimlor al-
ternativ materiallar hazirlamali, hamginin ga-
dagan olunmus materiallarin asagi siirtinma
gabiliyyati, funksionalliq vo etibarliliq xiisusiy-
yatlarina nail olmaq tigiin hallor tapmali idiloar.
Dizaynerin qarsisinda duran vozifo hom siirtiin-
mo itkilorini azaltmag, ham do ekoloji cohatdon
tomiz siirtkii yaglarindan istifado etmoklo mov-
cud olanlar avozins daha ekoloji cohatdon tomiz
yaglama ftsullarini inkisaf etdirmokdir. Bu
problemlori hall etmak iigiin triboloji yanasma
lazimdir.

Mexanik sistemin asas komponentlarinin
yeyilmo va siirtiinma itkilori, davamlilig, vo ve-
ziyyatin monitoringi kimi amillor nozars alin-
malidir. Bu vazifalor mithandislik aspektlorinin
doarindon dork edilmasini vo bu amaliyyatlarin
elmi asaslandirilmasini tolab edir. Burada tribo-
logiya 6z rolunu oynamaga baslayir [36]. Tri-
boloji analiz boyiik ekoloji vo igtisadi faydalar
yaratmaq potensialina malikdir. Triboloji xiisu-
siyyatlorin 6yranilmasi siirtiinmoni azaltmagla,
mexanizmlarin émriinii uzatmagqla vo ya yeyil-
moni azaltmagla diinya iizro karbon emissiyala-
rin1 azaltmaga komok eds bilor [37]. Milli iqti-
sadiyyat ti¢iin tribologiyanin olagoli bir elm ki-
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mi shamiyyati holo 1977-ci ildo Amerika Me-
xanika Miihondislori Comiyyati (40% enerji go-
naoti, UDM-in toxminan 10,9%-na borabordir)
Vo 1976-c1 ildo Almaniya Federal Toadgigat va
Inkisaf Nazirliyi torofindon niimayis etdirilmis-
dir (genast UDM-in>2,0%-i). Cin Tribologiya

Institutu terafindon 2006-c1 ildo hoyata kegiri-
lan vo alt1 sonayeni ohato edan hartarafli iki illik
todgigatin naticalarinin sonraki darin tahlili tox-
min edilan illik 41,4 milyard dollar [38] gonas-
tini tosdigladi ki, bu da Cinin 1,55%-no bora-
bordir (cadval).

Cadval — Potensial enerji gonastinin triboloji analiz vasitasils tasviri [5]

. . Siirtiinms va yeyilmos hesabina
Enerjiys qonaat potensiall .
. Nosr _ potensial gonaast
Todgigat ili Talab olunan 201.7_01 lld?. il- .. . 2017-ci ildo UDM
enerji faizi Kin enerji UDM, faizlo faizi, mird. avro
talabat1 (EJ) ' '
Jost (G.B.) Boyiik _
1966 5 0,4 Britaniyada, 2% | 46,5 mlrd. avro
A.S.M.E. (ABS) 1977 10,9% 10 (93) - -
BMFT(Almaniya) 1976 - - Almaniyada, 1% | = 32,7 mlird. avro*
Cin (yalmz sonaye) | 2006 - - 1,55% = 41,4 mird. US-$

Qeyd. I EJ = 108 Joul; A.S.M.E. = Amerika Mexanika Miihandislori Comiyyati; BMFT = Bundesministerium
fiir Forschung und Technologie - Federal Tadgiqat va Texnologiya Nazirliyi: hazirda Federal Tohsil vo Tadgiqat
Nazirliyi (BMBF) adlanr. *Miitlaq ifadada iqtisadi itkilor.

Golacokdo tribologiyada texnoloji toraqqi-
nin osas horakatvericilori davamli (“yasil”) tribo-
logiya va ya sifir karbon emissiyasi prinsiplarina
asaslanacaqdir [39]. Genis monada onlar tribolo-
giyanin ekoloji tarazligin vo ekoloji vo bioloji no-
ticolorin olds edilmasina totbiqg edilon elmi va tex-
noloji aspektlori kimi miioyyon etmok olar. Bun-
lara daxildir:

> istifado olunan materialin miqdarini azalt-
maq tiglin mohsullarin méhkomlik vo da-
yaniqliq resursunun artirtlmasi, bu da he-
miso karbon gazi1 emissiyasina sabab olur;

> enerjiya qonaot edon vo karbon emissiya-
larin1 azaldan siirtiinmoni azaldir.

2015-ci ildo BMT Bas Assambleyasi “eko-
l0ji cohatdon saglam inkisafi” miioyyon etmok
ticiin global saviyyado taninmis tolimatlar olan 17
davamli inkisaf mogsadi miioyyan etmisdir [40].

Bu mogsadlor enerjinin rasional istifadssi
va otraf miihitin gorunmasi tigiin avozsizdir. Eyni
zamanda, onlar enerji itkilorinin azaldilmasina vo
igtisadi problemlorin hoallino yonaldilmisdir, ¢lin-
ki avadanliglardan daha somorali istifads etmoklo
ohomiyyatli kapital gonastino nail olmaq olar.

Osas triboloji tadgigatlar sahasinds aparilan
son tohlil davamli triboloji materiallarin istehsali
ticiin gabaqci1l texnologiyalarla slagoali bazi eko-
loji problemlars, 0 climlodon biodeqradasiya vo
otraf miihitin toksikliyino isiq salmisdir. Niimu-
nalor arasinda kosmik gami nasoslarinda istifado
tictin keramik yastiglar va ya triboloji sistemlordo
sothin kimyavi modifikasiyas: daxildir. Stirtiinmo
naticasinds enerji itkisi problemlorini hall etmak
ticiin tribologiyadan istifado ekoloji problemlorin
hallinds onun faydaliligini siibut etmoys komok
edocokdir [41, 42, 43].
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Triboloji inkisaflar avtomobil daxili yan-
ma miiharriklarinin stirtinmo komponentlarin-
do miihiim rol oynayir. 2018-ci ildo diinyada
1,3 milyard islonmis avtomobil geyds alinib va
diinyada har il 95-100 milyon yeni avtomobil
istehsal olunur.

Effektiv triboloji xassolora gors giic ag-
reqatinda mexaniki itkilor vo ya siirtiinmo azal-
dilsaydi, hotta 10% azalma yanacaq istifadssi-
nin 1,5% azalmasi ils naticolonardi. Bu, avto-
mobilin istismar miiddati orzindo gonast edil-
mis toxminoan 340 litr benzinos barabardir. Bunu
nazars alsaq, aydin olur Ki, hatta hazirda istifa-
dads olan ¢oxlu sayda avtomobil baximindan
bu clizi goriinon gonast (bir avtomobil {igiin
350 dollar) bels boyiik maliyya va ekoloji fay-
dalar vers bilor [41].

Bu mogsadla, mialliflor tarafindon genis
aragdirmalar aparilmis, tribologiya sahasinda
stini intellektin, masin 6yronmasinin totbigi vo
inkisafi tiglin yeni yol xaritosi (sxemi) iglanilib,
onun ossasinda sistemli yanasma formalasdir-
magq, yeni tadqgiqat ideyalari yaratmag va tribo-
loji problemlorin hallinin somaraliliyini artir-
maq mogsadi diqgato catdirtlmigdir (Saklo
bax).

Bundan olava, getdikco daha ohatali va
daqiq triboloji moalumatlarin istifadasi ilo me-
xaniki hissalorin etibarliligi vo davamlilig: arti-
rilacaqdir. Miioyyon edilmisdir Ki, material bir-
logsmaloarinin konkret situasiya yaxmliginda la-
boratoriya sinaglar1 etibarliliga nozarot mog-
sadlori tigiin hazirda fundamental triboloji mo-
lumatlarin alds edilmasinin an daqiq tisuludur.
Triboloji biliklarin, elektronikanin vo mexani-
kanin diizgiin birlogsmasi triboloji texnologiya-
larin yaradicisina kiilok vo gelgit turbinlori Kki-
mi barpa olunan, ekoloji cohotdon tomiz enerji
manboaloari ti¢lin imkanlarin sarhadlarini genis-
londirmoya kdomok edoacok. XXI asrds tribolo-

giyanin biitiin potensialinin reallagdiriimasi to-
bii ehtiyatlardan real vo sarfali sokilds istifade-
ni talab edacakdir (Sokildoki niimuns).
Statistik materiallar bir daha gostarir Ki,
tribologiyanin ekosistems tasiri vo galacak in-
kisafi insan zokasinin, enerjinin va siini intel-
lektin qarsiligl slagasi ils six alagodardir.

Natica

Aparilmis icmal tohlilds siini intellektin
totbiqi vo inkisafi ilo olagoadar tribologiya saho-
sinda bu prosesin imumilosmis sxemi islonmis
vo onun asasinda sistemli yanasma formalasdi-
rilmis, tribologiyanin osas xiisusiyyatlarinin
miixtolif elmi sahalor arasinda mévcud olan
qarsiliqlt alagalori gostorilmisdir.

Aparilan tohlil tribologiyanin yalniz me-
xaniki sistem kimi miirokkobliyini deyil, hom
do onun dyranilmasi tigiin talob olunan sayloarin
qacilmaz olaraq fonloraras: xarakter dasidigini
niimayis etdirir.

Aragdirmalar gostordi Ki, tribologiyada
taraqqi getdikca daha ¢ox siini intellekt konsep-
siyasinin inkisafi, masin dyronmasi, triboinfor-
matika vo “yasil” tribologiyanin inkisafi ilo ola-
galandirilmalidir. Bu baximdan hesab edirik ki,
golacayin tribologlarinin diggatini yeni nasil
informasiya vo kommunikasiya texnologiyalari
corgivasindo masingiinasliq, fizika vo mate-
rialgtinasliq kimi elmi istigamatlorin inkisafina
yonaltmoak magsadouygundur.

Siini intellekt (Al) yiiksok masin dyron-
mo (ML) gabiliyystina va triboinformatikanin
stiratli islomo imkanlarina malik olduguna géra
tadqgiqatgilara subyektiv molumatlardan qiy-
moatli niimunolori, tendensiyalari vo oslagalori
stiratlo askar etmoyo komok eds bilar.

Siini intellektin, xiisusilo do siini neyron
sobakalarinin tribologiya tadgigatlarinda totbi-
qi ilo alda edilmis son nailiyyatlari diggotoa ¢at-
dirtlir. Triboloji kontekstds bu yanasmalardan
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istifado olunarag, aparilmis ugurlu is niimuns-
larinin toqdimati vo miizakirasi gostarir ki, bu
metodlar siirtiinma, yeyilma, yaglama, sothin
modifikasiyas1 kimi triboloji xiisusiyyatlori do-
gig va somarali sokilds prognozlasdirmaq gabi-
liyyatino malikdir.

Golacakds tribologiyada texnoloji torag-
ginin asas harokatvericilori, davamli “yasil” tri-
bologiya va ya sifir karbon emissiyasi prinsip-
larino asaslanaraq, bioloji vo ekoloji tarazliga
nail olmaq miimkiindjir.

Genis arasdirmalarin naticasinds tribolo-
giya sahasinda siini intellektin, masin 6yranmo-
Sinin totbiqi va inkisafi {i¢lin elmi asaslandiril-
mis yeni yol xaritasi (sxemi) islonib, sistemli
anlayis formalasdirarag, tribologiyada prob-
lemlorin  hoallinin  somaraliliyinin  artirilmasi
tovsiya olunub.

Maraglar miinaqisasi

Miislliflor bu moagalodo aragdiriimasi to-
lob olunan maraglar miinaqisosinin olmadigini
geyd edirlar.

REFERENCES
1. Meng Y.G, Xu J, Jin Z.M, Prakash B, Hu Y.Z.A review of recent advances in tribology.

Friction 8(2): 221300 (2020)

2. Bhushan B, Ko P.L. Introduction to tribology. Appl Mech Rev 56(1): B6-B7 (2003)

3. Griitzmacher P.G, Profito F.J, Rosenkranz A. Multi-scale surface texturing in tribology
— Current knowledge and future perspectives. Lubricants 7(11): 95 (2019)

4. Hinton G.E, Salakhutdinov R.R. Reducing the dimensionality of data with neural net-

works. Science 313(5786): 504-507 (2006)

5. Xu L.D. Introduction: Systems science in industrial sectors. Syst Res 30(3):211-213 (2013)
6. Bommasani R, Hudson D A, Adeli E, Altman R, Arora S, von Arx S, Bernstein M S,
Bohg J, Bosselut A, Brunskill E, et al. On the opportunities and risks of foundation mod-

els. arxiv preprint: 2108.07258 (2021)

7. Zhang C.M, Lu Y. Study on artificial intelligence: The state of the art and future prospects.

J Ind Inf Integr 23: 100224 (2021)

8. Ramakrishna S, Zhang T.Y., LUuW.C., Qian Q, Low J.S.,C, Yune J.H.,R, Tan D.Z.L,
Bressan S, Sanvito S, Kalidindi S R. Materials informatics. J Intell Manuf 30(6): 2307—

2326 (2019)

9. Hwang B, Lee J.H, Bang D. Single-cell RNA sequencing technologies and bioinformatics
pipelines. Exp Mol Med 50(8): 1-14 (2018)
10. Zhang Z.N, Yin N, Chen S, Liu C.L. Tribo-informatics: Concept, architecture, and case

study. Friction 9(3): 642—655 (2021)

11.Yin N, Xing Z.G, He K, Zhang Z.N. Tribo-informatics approaches in tribology research:

A review. Friction 11(1): 1-22 (2023)

12. Tremmel S, Marian M. Machine learning in tribology — More than buzzwords? Lubricants

10(4): 68 (2022)

13. Haenlein M, Kaplan A. A brief history of artificial intelligence: On the past, present, and
future of artificial intelligence. Calif Manag Rev 61(4): 5-14 (2019)



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy

2026, cild 18 (2), s. 7-20 2026, vol. 18 (2), pp. 7-20
O.X.Canahmadov, M.Y.Cavadov, P.A. Siileymanova A.Kh. Janahmadov, M.Y. Javadov, P.A. Suleymanova
14. Paturi U.M.R, Palakurthy S T, Reddy N.S. The role of machine learning in tribology: A

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

systematic review. Arch Comput Meth Eng 30(2): 1345-1397 (2023)

Rosenkranz A, Marian M, Profito F.J, Aragon N, Shah R. The use of artificial intelli-
gence in tribology — A perspective. Lubricants 9(1): 2 (2020)

Dai Z.D, Tong J, Ren L.Q. Researches and developments of biomimetics in tribology.
Chin Sci Bull 51(22): 2681-2689 (2006)

Shah R, Woydt M, Martini A, Wong H. Green tribology. Tribol. Ind 42(4): 592-596
(2020)

Zhang X.G, Zhang Y.L, Jin Z.M. A review of the bio-tribology of medical devices. Fric-
tion 10(1): 4-30 (2022)

Kilic K, Toriya H, Kosugi Y, Adachi T, Kawamura Y. One-dimensional convolutional
neural network for pipe jacking EPB TBM cutter wear prediction. Appl Sci 12(5): 2410
(2022)

Ren C.X, Dorostkar O, Rouet-Leduc B, Hulbert C, Strebel D, Guyer R.A, Johnson
P.A, Carmeliet J. Machine learning reveals the state of intermittent frictional dynamics in
a sheared granular fault. Geophys Res Lett 46(13): 7395-7403 (2019)

Ma G, Mei J.Z, Gao K, Zhao J.D, Zhou W, Wang D. Machine learning bridges mi-
croslips and slip avalanches of sheared granular gouges. Earth Planet Sci Lett 579: 117366
(2022)

Liu Z.B, Shao J.F, Xu W.Y, Chen H.J, Zhang Y. An extreme learning machine approach
for slope stability evaluation and prediction. Nat Hazards 73(2): 787-804 (2014)

LinY, Zhou K.P, Li J.L. Prediction of slope stability using four supervised learning meth-
ods. IEEE Access 6: 31169-31179 (2018)

Sieberg P.M, Kurtulan D, Hanke S. Wear mechanism classification using artificial intel-
ligence. Materials 15(7): 2358 (2022)

Broitman E. The nature of the frictional force at the macro-, micro-, and nano-scales.
Friction 2(1): 40-46 (2014)

Sattari Baboukani B, Ye Z J, G Reyes K, Nalam P C. Prediction of nanoscale friction
for two-dimensional materials using a machine learning approach. Tribol Lett 68(2): 57
(2020)

Perci¢ M, Zelenika S, Mezi¢ 1. Artificial intelligence-based predictive model of nanoscale
friction using experimental data. Friction 9(6): 17261748 (2021)

Jaza R, Mollon G, Descartes S, Paquet A, Berthier Y. Lessons learned using machine
learning to link third body particles morphology to interface rheology. Tribol Int 153:
106630 (2021)

Albayrak M.G, Evin E, Yigit O, Togacar M, Ergen B. Experimental and artificial intel-
ligence approaches to measuring the wear behavior of DIN St28 steel boronized by the box
boronizing method using a mechanically alloyed powder source. Eng Appl Artif Intell 120:
105910 (2023)

Partovi A, Wang H M, Sadeghi B, Wu P.D. A machine learning approach for determina-
tion of coefficient of friction from ring compression test. Tribol Int 180: 108198 (2023)



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy

2026, cild 18 (2), s. 7-20 2026, vol. 18 (2), pp. 7-20
O.X.Canahmadov, M.Y.Cavadov, P.A. Siileymanova A.Kh. Janahmadov, M.Y. Javadov, P.A. Suleymanova
31. Hasan M.S, Kordijazi A, Rohatgi P.K, Nosonovsky M. Triboinformatic modeling of dry

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

friction and wear of aluminum base alloys using machine learning algorithms. Tribol Int
161: 107065 (2021)

Kumar M, Shankar Mukherjee P, Mohan Misra N. Advancement and current status of
wear debris analysis for machine condition monitoring: A review. Ind Lubr Tribol 65(1):
3-11 (2013)

OECD (2019). Global Material Resources Outlook to 2060: Economic Drivers and Envi-
ronmental Consequences, OECD Publishing, Paris,
https://doi.org/10.1787/9789264307452-en

Tzanakis, et al. Future perspectives on sustainable tribology. Renewable and Sustainable
Energy Reviews 16 (2012), 4126-4140.

United Nations Environment, Global Resource outlook 2019, A Report of the International
Resource Panel, ISBN: 978-92-807-3741-7,
https://unstats.un.org/sdgs/report/2019/Overview/

Jost H.P. Lubrication (Tribology). Education and Research Report. London: Dept. Educa-
tion and Science, Her Majesty’s Stationary Office. 1966.

Woydt M., Wincierz C., Luther R., Riendcker A., Wetzel F.-J., Hosenfeldt T. (2019).
Tribology in Germany: Interdisciplinary technology for the reduction of CO 2-emissions
and the conservation of resources, https://www.gft-ev.de/wp-content/uploads/GfT-Study-
Tribology-in-Germany.pdf

Si-Wei Zhang and You-Bai Xie (eds.). Tribology Science Industrial Application Status
and Development Strategy. 2008. The investigation on position and function of tribology
in industrial energy conservation, consumption and emission reduction (Report of 2-year
Chinese Investigation). Higher Education Press, ISBN 978-7-04-026378, Beijing, 20009.
Toyoda S. All Toyota tribological innovation to realize “Zeronize” and ‘“Maximize” soci-
ety, Tribology Online, 2, 1, 2007, 19-22.

United Nation General Assembly, Resolution 70/1 “Transforming our world: the 2030
Agenda for Sustainable Development” adopted by the General Assembly on 25 September
2015, https://www.un.org/en/development/desa/population/migration/generalassem-
bly/docs/globalcompact/A_RES 70 1 E.pdf

Janahmadov A.Kh. Progress v Tribologii: Proshloe, Nastoyashchee, Budushchee... Baku:
«APOSTROF-Ay, 2023. — 80 p.

Canahmadov 9.X. Miihondislik tofokkiiriiriiniin tokamiilii. Baki: kxAPOSTROF-Ax», 2025.
—320s.

Janahmadov, A.Kh., Volchenko, N.A., Javadov, M.Y., Nischuk, V.V., Andreichikov,
Ye.Yu., Skrypnyk, V.S., Zhuravlev, D.Yu. Sedimentation and Diffusion in Nanofluids in
Rotating Systems of Metallic Friction Elements of Brake (Part I). Herald of the Azerbaijan
Engineering Academy. 2023, 15 (2):15-22.

https://doi.org/10.52171/2076-0515_2023 15 02_15 22



https://doi.org/10.1787/9789264307452-en
https://unstats.un.org/sdgs/report/2019/Overview/
https://www.gft-ev.de/wp-content/uploads/GfT-Study-Tribology-in-Germany.pdf
https://www.gft-ev.de/wp-content/uploads/GfT-Study-Tribology-in-Germany.pdf
https://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A_RES_70_1_E.pdf
https://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A_RES_70_1_E.pdf
https://doi.org/10.52171/2076-0515_2023_15_02_15_22



