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Abstract

In the article, it is intended to investigate the change of the surface microhardness in the cutting of ma-
chine parts made of HARDOX-500 steel material with hydroabrasive depending on the cutting mode ele-
ments, i.e., the change of the speed of the longitudinal movement in cutting by taking the water jet and the
abrasive to the contact zone at a pressure of 3500 bar. The article also studied the microhardness of the sur-
face of the part cut with hydroabrasive and the microhardness of the surface after polishing the material of
the part with the K60 grit polishing wheel, as well as the microhardness of the surface of the part cut with
hydroabrasive and the surface of the part after polishing with the K120 abrasive wheel. Measurements were
measured using a HECKERT device at six points on the surface of the pastry. The measuring device is
equipped with an appropriate computer program, and the measurement operation is automatically calculated
using this software, based on the establishment of appropriate tables and graphs.
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Hardox-500 markalh xrom-nikel poladinin hidroabrazivlo emalinda

mikroboarkliyin kasma rejimlorindan asihihiginin todqiqi
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Xiilasa

Mogalodo HARDOX-500 polad materialindan hazirlanan masin hissolorinin  pastahlarinin
hidroabrazivle kesilmosinds sothdo yaranan mikrobarkliyin doyismasinin kosms rejim elementlarindon,
yani su sirnagl ilo abrazivin kontakt zonasina 3500 bar tozyiqlo verilmasini gotiirmoklo kasmods uzununa
veris horokotinin siirotinin doyismoesindon asili olaraq arasdirilmasi nozords tutulur. Maqgalods homginin
hidroabrazivlo kosilmis hissonin sothinin mikrobarkliyi vo homin hissonin iist sothini K60 donavarilikli
pardaq dairesi ilo pardaglamadan sonra alinan sothin mikroborkliyi, eloco do homin pastahin
hidroabrazivls kasilon sathini vo pastahin tiz sothini K120 donovarilikli abraziv dairasi ilo pardaglamadan
sonra yaranan mikroborkliyi dyronilmisdir. Olgmoalor pastahin sothinde alti ndqtode HECKERT cihazi
vasitosi ilo aparilmisdir. Olgmo cihazi miivafiq kompiiter programu ilo tochiz olunmus vo 8lgma omoliyyatt
bu program tominatindan istifado olunmagqla avtomatik hesablanmis mivafiq cadvel va qrafiklor
qurulmasina osaslanir.

Acar sozlor: hidroabraziv emal, mikroborklik, su sirnagi, yiiksok tozyiq, kesmo omoaliyyati,
plastik deformasiya.

HccaenoBanme 3aBUCHMOCTH MUKPOTBEPAOCTH OT PesKUMOB
pe3aHusi NpU rUAPoAOPA3ZUBHON 00padoTKe XPOMOHUKEIEBOM

crajau mapku Hardox-500
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AHHOTAIUA

B crarse npenmnonaraercs nccienoBaTh K3MEHEHHE MUKPOTBEPAOCTH, BO3HUKAIOIIEE B TOBEPXHOC-
THOM CJIO€ TIpH THAPOoaOpa3uBHOM pe3Ke 3arOTOBOK JETaJIel MalliH, U3TOTAaBIMBAEMBIX M3 CTaJId MapKH
HARDOX-500 oT 351eMEHTOB peKuMa pe3aHusl, TO €CTh IPU YCIOBUH TOAa4YH CTPYH BOJBI ITOJT JaBIICHH-
eM 3500 6ap B 30HY KOHTaKTa ¢ abpa3uBOM, B 3aBUCUMOCTH OT U3MEHEHHUSI CKOPOCTH MPOIOJIBHON oYM
npu pe3aHud. B craTbe Takke M3yueHbl MHKPOTBEPIOCTH MOBEPXHOCTH JAETalld, 00padOTaHHOW TUAPO-
abpa3nBOM, © MUKPOTBEPJIOCTh TIOBEPXHOCTH TMOCHE NUTU(POBKYA MaTrepHaia JeTald KPyroM ¢ 3epHUCTO-
cteio K60, a Takke MUKpOTBEPAOCTh MOBEPXHOCTH JleTalld, 00paboTaHHOHN THapoabpa3uBOM M MOBEPX-
HOCTB 3arOTOBKHM Mocje nuimgoBaHus aOpa3suBHBIM KpyroM ¢ 3epHucTocThio K120. M3mepenus mukpo-
TBEpAOCTH npoBoAwin ¢ nomoulpto npudbopa HECKERT Ha moBepXHOCTH 3arOTOBKM B IIECTH TOYKAaX.
M3mepurensHbI TprOOp OCHAIIEH COOTBETCTBYIONICH KOMITHIOTEPHON MporpamMmoit. Omepariis u3Mepe-
HUSI aBTOMAaTU4YECKU PACCUMTBHIBAETCS C IIOMOIUIBIO 3TOrO MPOrPaMMHOIO OOECIEUCHMs, HA OCHOBE YETO
CO3JIAI0TCS COOTBETCTBYIOIINE TAOIHUIBI U TPa(UKH.

KurouesBblie cioBa:  ruzjpoadbpasuBHas 00paboTKa, MUKPOTBEP/IOCTh, BOJISIHAS CTPYSI, BRICOKOE JIaBJIe-
HUE, OTIepaIUs pe3anHusl, MacTHuecKast aedopmarus.
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Giris

Avropa magingayirma sonayesinds, 0 ciim-
ladon Almaniyada HARDOX-500 markali Xxrom-
nikel torkibli yeni poladlardan masin hissalori is-
tehsal edilir. Yeni polad markasinin digor oxsar
poladlardan forgli cohoti ondan ibaratdir ki,
HARDOX-500 poladmin ayilmays, gaynaglanma-
ya Va yeyilmoys gars1 dayaniqliq xassasi yiiksok-
dir. Bu poladlarin nominal barkliyi 500 HBW-2
malik oldugu li¢lin yeyilmays qars1 yiiksok daya-
mighiga malikdir. Ona gora do bu poladdan hazir-
lanan masin hissalori yiiksok yiikgotiirma gabiliy-
yatini saxlamagla yanasi, poladin mexaniki emal
olunma qabiliyyatini goruyub saxlaya bilir.
HARDOX-500 markal: poladlardan sonayeds qa-
linligi 4-103 mm, eni 3350 mm va uzunlugu
14630 mm &lgiido poastahlar istehsal olunur [1].

Bununla yanas1 gqeyd etmok lazimdir Ki, so-
nayedo movcud olan vo mexaniki emala ¢atin
ugrayan xrom-nikelli poladlar kimi HAR-
DOX-500 markali poladin da kasilmasi,
burgulanmasi va frezlonmosinds bir sira tex-
noloji problemlor meydana ¢ixir.

Aparilmis  todgigatlardan  molumdur  Ki,
xrom-nikelli polad postahlarin mexaniki dograma
omoliyyatinin yerina yetirilmasi prosesini hidroab-
raziv koasmo tisulundan istifads etmoklo aparilmasi
magin hissalorinin istehsalinin mshsuldarliginin
Vo samaraliliyinin artirlmasina imkan yaradir.
Hidroabrazivlo pastahlarin dogranmasinda tatbiq
edilon mexaniki kasma prosesi SU sirnagina garis-
dirilmig abraziv kasici donalarinin pastahin sathine
yiiksok tozyiq Va siiratlo vurulmasi naticasinds ye-
rina yetirilir [2-7].

Bu halda kasma prosesi ifrat soyutma sorai-
tinds (axan su sirnaginda) getdiyi ligiin pastahdan
yongaramalogalmads ayrilan istilik su sirnag: ilo
nagl olunduguna gors istehsal olunan hissanin sat-
hindo temperatur asag1 soviyyados galir Ki, bunun
naticasindo do metalda ilkin mexaniki xassalorin
doyismasi bas vermir.

Tadgigatlarmmizdan molum olmusdur ki, hid-
roabrazivlo poladlarin dogranmasinda masin hisss-
lorinin istehsalmda yongaramalagalms va onlarin
kasmo zonasidan nagl olunmasi abraziv donslori-
nin zarboalari ilo miisahidos olunur. Abraziv donslori-
nin Kkasilon satho zorboli tasiri naticasinds yongar-
amologalmads plastik deformasiyalarin yaranmasi-
na vo emal olunmus poladin mikrobarkliyinin do-
yismasine Sobob olur. Pastahlarin hidroabrazivio
dogranmasinda mikrobarkliyin dayismesinin aras-
dinlmast magingayirmanm aktual problemlarindan
biri sayilir [8-15]. Yoni, metallarm dogranmasinda
kasilon sothin mikrobarkliyinin dayismesi aparila-
cag sonraki mexaniki amaliyyatlarin ardicilligina vo
texnoloji imkanlarina tasir gostara bilir. Bu baxim-
dan HARDOX-500 poladinin hidroabrazivlo dog-
ranmasinda kasilon sothdo mikrobarkliyin kasmo
rejimlorindon asiliigmin aragdirilmast vacib amil-
lordan biridir.

Isin magsadi

Todgigat iginin  moagsadi  Xrom-nikelli
HARDOX-500 markali poladdan hazirlanan
masin hissalorinin  poastahlarmin  koasilmasinds
sothdo yaranan mikroborkliyin doyismasinin kas-
mo rejim elementlorindan, yani su sirnagr ilo abra-
zivin kontakt zonasina verilmo siiratindon tozyigi
3500 bar gotiirmoklo kasmado uzununa veris ho-
rokatinin siiratinin doyismasindan asili olaraq aras-
dirilmasi problemlari qgoyulmusdur.

Isin metodikasi

Eksperimental tadgigatlar Brandenburg Tex-
niki Universitetinin (Almaniya) “Metalkason doz-
gahlar” kafedrasmda FLOW-Gut modelli RPI
hidroabraziv kesmo dozgahinda materiali polad
HARDOX-500—-don olan pastahin iizorinds apa-
rilmigdir. Todgigatlar kesma (dograma) amoliyya-
tinda galinhigi 15 mm olan postahlardan istifads
etmoklo aparilmisdir. Hidroabrazivlo vo pardagla-
ma ilo hazirlanmis hissalorin sathinin mikroborkli-
yi HECKERT cihaz1 vasitasi ilo 6l¢iilmiisdiir. Olg-
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mo cihazt miivafiq kompiiter program: ila tochiz
olunmus Vo 6lgmoa amaliyyati bu programdan isti-
fado olunmagla avtomatik hesablanib miivafiq
cadval va grafiklor qurulmusdur. Islonmis metodo-
dikaya asasan, ilkin olaraq, pastahin iz sothi dons-
variliyi K60 olan (Alman standarti) abraziv dairo-
si ila, bundan sonra isa homin sath yenidon dono-
variliyi K120 abraziv dairasi ilo tomiz pardaglan-
mis Vo orada yaranan mikrobarkliklor har iki mar-
halodo tayin edilmisdir. Eloco do, hamin pastahin
hidroabrazivlo kasilon sothinds Vo hidroabraziv
kasmodan sonra hamin sathin donovariliyi K120
abraziv dairosi ilo pardaglamadan sonra mikro-
borkliklori Sl¢tilmiisdiir. Tacriibalor uzununa ve-
risin miixtalif giymatlorinds: Sy;=26,7 mm/daq;
Swz=53,4 mm/daq; Suw=77,4 mm/dog Vo
Swz=91 mm/daq siiratlordo dogranmis postahlar
iizorindo aparilaragq mikroborkliyin emal olunmus
sothdo yaranmasi arasdirtlmisdir.

Almmus naticalarin tahlili

Postahin ilkin halinda iizerinds olan mikro-
barkliyin 6lgiilmesi gostormisdir Ki, onun sothi
abraziv dairasi ilo tomizlonildikdon sonra alti
miixtolif noqtolordo alinmis mikrobarkliyin qiy-
matlori HV tizro 432-510 arasinda doyisir. Alin-
mus naticalor codval-do HX26,7-3 3.2 va sokil 1
oyri 4-do verilmisdir.

Todgigatlardan molum olmusdur ki, pasta-
hin sothini ki miixtalif iisulla pardagladigdan son-
ra orada yaranan mikrobarklik bir-birindon xeyli
forglonir. Pastahin sathi K120 abraziv dairssi ilo
pardaglamada emal olunan xrom-nikelli poladin
mikrobarkliyi 50-70 vahid artmigdir (sokil 1, ayri
3). Pastahin pardaglanmasi naticasinds mikrobark-
liyin yiiksalmasinin sobobi pardaglanmis satha ab-
raziv danalarinin yongaramalogoalmoads yaratdiglar
plastiki deformasiyanin Vo yiiksok temperaturun
tosiri olur. Molumdur Ki, pardaglama prosesinda
abraziv danalori galinligr mikronlarla 6lgiilon yon-
garlarin yaranmasina sobob olur. Belo soraitdo
emal olunan sathdo siirtiinma, plastiki deformasi-

yalarin paylanmasi Va S. fiziki hadisalor emal olu-
nan sothin fiziki xassalorinin doyismasina gotirib
cixarir, yani onun mikrobarkliyinin doyismasine
sobab olur. Aragdirmalardan molum olmusdur Ki,
HARDOX-500 poladinin hidroabrazivlo dogran-
mas1 naticasindo kasilmis sathdo mikroboarklik ma-
terialin ilkin mikrobarkliyindan 80-100 vahid ¢ox
olur. Mosalan sokil 1-da 4 oyrisi pastahin 6 miix-
tolif noqgtads ilkin mikrobarkliyinin, 1 oyrisi iSo
hidroabrazivlo koasilmis sothin 6 miixtalif noqgtoda
mikrobarkliyinin doyismosini gostorir. Bu onunla
izah olunur ki, hidroabrazivle kesmado (sokil 1-
do verilmis noticalor SU sirnaginin abrazivlo birlik-
do tozyiqgi 3500 bar, uzununa veris harokatinin sii-
roti Suz=26,7 mm/daq goétiiriilmiisdiir) postahin
sathino yonalmis abraziv donalori ¢OX yiiksok sii-
rat Vo tozyiqg altinda orada boyiik zarba qiivvalori
yaradir Ki, bunun da tasirindon hidroabrazivlo ko-
silmis sathdo doyanoklomo bas verir vo yongars-
molagalmo yiiksok plastiki deformasiya soraitindos
gedir. Eloco do, hidroabrazivlo kasma prosesinda
emal olunan sothds SU sirnaginin bdyiik hacmda
axmas1 hesabina kontakt zonasinda temperatur
kicik hocmdo olur, yani plastiki deformasiyalar
yongaramalagalmadas soyuq halinda gedir.

Bozi hallarda postahlarin hidroabrazivlo ko-
silmasi zaman1 yaranmig yeni sathlorin kalo-kotiir-
liyii, forma xotalar1 kifayat godor hissays goyul-
mus {imumi toloblordan konara ¢ixir. Ona gors do
hidroabrazivle kasilmis sothlorin pardaglanmasi
texnoloji omaliyyatinin aparilmasini labiid edir.
Bu baximdan aparilmis tadgigatlarin bir istigamati
hidroabrazivle kasilmis sathlorin pardaglanmasin-
da yaranan mikrobarkliyin oyronilmasina hasr
edilmisdir. Sokil 1-do verilmis 2 oyrisi HAR-
DOX-500 markali xrom-nikelli poladin hidroab-
razivlo kasilmis sathinin K120 abraziv dairasi ilo
uzununa verisin giymati Sy;=120 mm/dag, kasmo
dorinliyi 0,005 mm, abraziv dairasinin siirati
V¢=30 m/san emaldan sonra alinan mikroborklik-
lo pastahin 6 miixtalif nogtalorinds olgiilorok gos-
torilmisdir.
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Cadval — Mikrobarkliyin 6l¢iilmasi tizra alinmis malumatlar
Table — Data obtained from the microhardness resistance measurement

Nummer Harte Auftragname Probenbezeichnung d1i d2 dm Nummer Methode
1 568 Hadox Amirov HX26,7-3_3.1 433,804993 451,343994 442,574005 1 HV 60
2 558 Hadox Amirov HX26,7-3_3.1 441,726013 451,201996 446,463989 2 HV 60
3 531 Hadox Amirov HX26,7-3_3.1 463,790985 452,050995 457,92099 3 HV 60
4 568 Hadox Amirov HX26,7-3_3.1 444,696014 440,170013 442,433014 4 HV 60
5 562 Hadox Amirov HX26,7-3_3.1 445,968994 443,705994 444,837006 5 HV 60
6 529 Hadox Amirov HX26,7-3 3.1 454,880005 461,951996 458,415985 6 HV 60
1 525 Hadox Amirov HX26,7-3_3.1_K120 460,678986 459,971985 460,325012 1 HV 60
2 530 Hadox Amirov HX26,7-3_3.1 K120 449,645996 467,044006 458,345001 2 HV 60
3 536 Hadox Amirov HX26,7-3_3.1_K120 453,464996 457,425995 455,446014 3 HV 60
4 534 Hadox Amirov HX26,7-3_3.1 K120 454,031006 458,981995 456,506012 4 HV 60
5 530 Hadox Amirov HX26,7-3_3.1 K120 465,488007 450,919006 458,20401 5 HV 60
6 511 Hadox Amirov HX26,7-3_3.1 K120 465,204987 467,891998 466,549011 6 HV 60
1 510 Hadox Amirov HX26,7-3_3,2 472,842987 461,528015 467,184998 1 HV 60
2 520 Hadox Amirov HX26,7-3_3,2 461,951996 462,941986 462,446991 2 HV 60
3 481 Hadox Amirov HX26,7-3_3,2 477,227997 484,44101 480,834991 3 HV 60
4 463 Hadox Amirov HX26,7-3_3,2 497,45401 483,309998 490,381989 4 HV 60
5 432 Hadox Amirov HX26,7-3_3,2 512,02301 503,394989 507,709015 5 HV 60
6 472 Hadox Amirov HX26,7-3_3,2 483,450989 487,411987 485,431 6 HV 60
1 490 Hadox Amirov HX26,7-3_3,2-K120 483,875  468,882996 476,378998 1 HV 60
2 525 Hadox Amirov HX26,7-3_3,2-K120 463,648987 457,001007 460,325012 2 HV 60
3 526 Hadox Amirov HX26,7-3_3,2-K120  462,800995 457,425995 460,113007 3 HV 60
4 500 Hadox Amirov HX26,7-3_3,2-K120 472,135986 471,145996 471,640991 4 HV 60
5 500 Hadox Amirov HX26,7-3_3,2-K120 469,730988 474,115997 471,924011 5 HV 60
6 514 Hadox Amirov HX26,7-3_3,2-K120 462,658997 468,033997 465,346985 6 HV 60

600 1
500 3
66 4
3
> =8 HX26,7-3_3.1_K120
< 300 -
e —8— HX26,7-3_3,2
T 200 o HX26,7-3_3,2-K120
== HX26,7-3_3.1
100
0
0 1 2 3 4 5 6 7

Anzahl Messungen

Sakil 1 — HARDOX-500 markal1 polad materiallarin emalinda mikrobarkliyin doyismo grafiki
Figure 1 — Microhardness change graph in the processing of HARDOX-500 brand steel materials
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Sakil 2 — HARDOX-500 markali polad materialinin hidroabrazivle emalinda mikrobarkliyin veris

horokatinin siiratindon asili olaraq doyismoa grafiki
Figure 2 — The change graph of the microhardness depending on the rate of movement of HARDOX-500
brand steel material with hydroabrasive treatment

Sokil 1-don goriindiiyii kimi hidroabrazivlo
kasilmis sothin mikrobarkliyi (sokil 1, 1 oyri) par-
daglanmis satha nisbaton 40-50 vahid yiiksokdir.
Belos sothi pardagladigda isa mikrobarkliyin 40-50
vahid azalmas: onunla izah edilir ki, pardaglama
zamani yongaromolagalmads kontakt zonasinda
yiiksok temperatur yaranir [16], bazon pardagla-
nan sothdo temperatur 1100-1300 °S-yo godor
yiiksalir, bunun naticasinds hidroabrazivle kasil-
mis sathin mikrobarkliyin asag1 diismasi miisahido
olunur. HARDOX-500 markali xrom-nikelli po-
lad postahlarin hidroabrazivlo dogranmasi prose-
sindo kasma rejimi elementlorini, yani uzununa
kasmo siiratinin materialin mikrobarkliyina tasiri
ekspremental tocriibalorlo 6yranilorak alinmis nati-
color gokil 2-do verilmisdir. Hor rejimlor {igiin
mikroborklik 6 miixtolif noqtelords olgiilorok orta
giymatlori tapilaraq ayrilor tizarinds verilmisdir.

Sokil 2-da 1 syrisindo miixtslif pastahlarin
abraziv dairasilo (K60) tomizlonarak mikroboarkli-
yi Olgtlmisdir. Alinmis noticalor orta hesabla
420-450 vahid arasinda doyisir. Sokil 2-do 2 oyri-
sinda verilon mikrobarkliyin giymotlori gotiirtil-
miis poladin miixtalif veris siiratlorinds hidroabra-
zivla kasmadon sonra sothin K120 abraziv dairasi
ilo pardaglanmasinda yaranan mikrobarklik gosta-
rilmigdir. Alinmis noticolor gostorir Ki, uzununa

verisin giymati pardaglamada artdiqca mikrobark-
lik monotonna yiiksalir, bu da pardaglama prose-
sinin kinematik sxemindon irali golon fiziki hadi-
solorlo izah edilir. Veris siiratinin artmas: kontakt
zonasida tozyigin Vo kasma qiivvelorinin yiiksal-
masino sabab olur Ki, bu da mikrobarkliyin art-
masina gatirib ¢ixarir. Sokil 2-da 4 syrisi pastahin
miixtalif veris horokati siiratilo hidroabrazivls kos-
moda yaranan mikrobarklik verilmisdir. Buradan
bels naticada alda edilir Ki, biitiin hallarda hid-
roabrazivlo emal olunmus sothin mikrobarkliyi
pastahin mikrobarkliyindon 80-100 vahid yiiksok-
dir. Digar amaliyyatlarda oldugu kimi, hidroabra-
zivlo kosmods uzununa verisin siiratinin artmasi
ilo postahin kosilmis sathinin mikrobarkliyinin
yiiksalmoasi miisahido edilir. Sokil 2-da 3 oyrisi
hidroabrazivle kasilmis sothin pardaglanmasindan
sonra orada yaranan mikroborkliyin veris harokaoti-
nin sirotindon asililigi verilmisdir. Toadgiqgatlar
gostarir Ki, hidroabrazivlo kosilmis sathin pardag-
lanmasi naticasindo mikroborklik orta hesabla 50-
60 vahid azalir. Ona gors do hidroabrazivls hazir-
lanan masin hissalorinin sathinin méhkomliyi va
yeyilmaya gars1 davamliligi diger mexaniki tisul-
lara nisboton 1,1-1,2 dofo yiiksok olur. Belaliklo,
aparilan todgigatlardan asagidaki naticalor olds
edilmisdir,
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Natica

Xrom-nikelli poladlarin hidroabrazivlo ko-
simasinds emal sothinds kasici abraziv danalori-
nin tesirindon yongaramolagalma prosesi yiiksok
plastiki deformasiya soraitinds getdiyi tigiin, elaca
do kasmo zonasinda ayrilan istiliyin migdarinin az
olmast sababindon materialin mikrobarkliyi ilkin
hadlarina goérs 1,2-1,3 dofo yiiksalir.

Arasdiriimalardan miioyyon edilmisdir Ki.

Todgigatlar gostarmisdir ki. HARDOX-500
markali poladi pardaglama omaliyyati ilo emal et-
dikdo belo, kasilmis sathin mikrobarkliyi 10-15 %
pastaha nisboatan yiiksalir.

Maraglar miinaqisosi

Miislliflor bu mogalods aragdiriimasi tolob
olunan maraglar miinagisesinin olmadigim1 geyd
edirlor.

hidroabrazivle kosmads uzununa verigin qiymati
artdigca kasilon sothin mikrobarkliyi mivafiq ola-
raq monoton yiiksalir.

REFERENCES

=

https://www.ssab.com/en/brands-and-products/hardox

Schulz Fritz. Fertigungstechnik. Springer, 2015, Vol.11, p. 408 (in Germany)

3. Risse. Fertigungsverfahren der Mechantronik, Feinwerk- und Prizisionsgerétetechnik. Springer, 2012,
138 f. (in Germany)

4. Tamarkin M.A., Tikhonov A.A. Tishchenko E.E. Metal removal in hydroabrasive machining.
Russian Engineering Research, 2014, vol. 34, Ne. 3, pp. 175-177. (in Russian)

5. Tamarkin M.A., Shevcov S.N., Klimenko A.A. Modelirovanie processa edinichnogo vzaimodejstvija
granuly svobodnogo abraziva i obrabatyvaemoj detali. Avtomatizacija i sovremennye tehnologii, 2005,
Ne 5. (in Russian)

6. Shpilev V.V. Povyshenie jeffektivnosti processa gidroabrazivnoj rezki listovyh detalej putem
optimizacii rezhimov obrabotki i parametrov strui rabochej zhidkosti: dis. kand. tehn. nauk: 05.02.08.
Saratov, 2012. 147s. (in Russian)

7. Zeng J. Intelligent Automation of AWJ Cutting for Efficient Production [Text] / J. Zeng, J. P. Munoz
/I Proc.of the 12th Int. Symp on Jet Cutting Technology, BHRA. Rouen. - France, 1994. - Pp. 401 -
408. (in French)

8. Amirov F.G., Simon S., Steffen W., Amirli S.F., Frana K. Determining the Accuracy of Water
Pressure Processing using 3D Scanning // Herald of the Azerbaijan Engineering Academy. 2021.
Vol.13. Ne.3. Pp. 38-44 ((in Azerbaijani)

9. Aurich J., Dornfeld D., Arrazola P., Franke V. und Min S., Burrs-Analysis, control and removal,
Berkeley: University of California Berkeley, 2009. (in English)

10. Wilder K., Wiilder O., Statistische Methoden der Qualititssicherung, Miinchen, Wien: Carl Hanser
Verlag, 2013. (in Germany)

11. Marcel Kolb. Wasserstrahlschneiden: Materialbearbeitung mit einem Hochdruckwasserstrahl, 2006,
p.70 (in Germany)

12. Michaela Horbinger. Wasserstrahlschneiden: Verfahrensmoglichkeiten und Vergleich mit alternati-
ven industriellen Trennverfahren, 2011, p. 25 (in Germany)

13. Will, Dieter/Gebhardt, Norbert. Hydraulik. Grundlagen, Komponenten, Schaltungen. 4., revised
edition. Berlin Heidelberg: Springer, 2008, p. 44 (in Germany)

14. Wichmann, Steffen. Schneiden mit dem Wasserstrahl.... Masterthesis, BTU Cottbus —Senftenberg,
2014, p. 38 (in Germany)

15. Hydroschneidetechnik Innovativ schneiden [Online],
http://www.hydroschneidetechnik.de/geschichte.htm. 16.3.2014 (in Germany)

16. Abbasov V.A. Povyshenie effektivnosti profil'nogo shlifovanija. Baku, 1996, 220 s. (in Azerbaijani)

N



