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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKHX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®pannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H =11

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanwsHas akanemus Hayk PecryOnuku Kazaxcrany, 2024
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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Abstract. The article is devoted to the study and substantiation of the choice of
the optimal constructive scheme of the hydraulic impact mechanism that meets
the requirements of the main technological purpose - generating a given energy
and frequency of impacts with the most simplified structure with a sufficiently high
efficiency energy conversion. This pursues the goal of choosing the basic structure
for creating domestic hydraulic impact mechanisms that are distinguished by high
manufacturability, reliability, compactness and patentability. The substantiation of the
choice of the optimal scheme that satisfies the requirements of the task was made using
structural synthesis, using the main provisions of the method of functional structure
formation, which consists in explaining and describing the object under study, in
which its elements and the links between them are analyzed within the framework of a
single whole. Logically consistently using the methods of combining and substituting
the functions of the elements of the impact mechanism, using various combinations
of kinematic and structural links between them, imposing certain restrictions on the
combination of links of these elements, as well as using the idea of changing the energy
level of the limited structural volume of hydraulic working chambers due to the effect
of compressibility and expansion working fluid, a constructive scheme was determined
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that meets the above requirements for further research. The scheme has a controlled
working stroke chamber, an uncontrolled idle chamber with combined functions of the
control element and using the effect of a hydraulic spring. This circuit is distinguished
by the smallest number of elements and connections between them, which simplifies the
design of the impact mechanism and reduces the number of transients, providing a more
efficient transfer of energy to the tool.

Keywords: hydraulic impact mechanism; hydraulic perforator, structural synthesis;
structure formation; structural formula
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AHHOTanus1. Makana Heri3ri TeXHOJOTHSUIBIK MaKCaTThl OpPBIHAAY TaslanTapblHa
JKayarl OepeTiH THIPaBINKAIBIK COKKbI MEXaHWU3MIHIH OHTAMJIBl CYJIOAChIH TaHJAybl
3epITeyre >KOHE HETi3eyre apHaifaH — OepiireH SHEPTUsSHbl FeHepalusuiay >KoHe
SHEPTUSHBl  TYPJISHAIPYAIH THIMAUIITT JKOFapbl MAaKCUMaJAbl KEHUIICTIIreH
KYPBUTBIMMEH COKKbI KHiJiri. Bym jkorapel ©HIMALTIKICH, CEHIMIUTIKIEH >KOHE
MaTEHTTLTIKICH EPeKLICNeHETIH OTaHIBIK T'HIPaBIMKAIbIK COKKbl MEXaHHU3MAEPIH
KYpy YIIiH HETi3ri KYpbUIBIMIbI TaHJIdy MaKcaTblH Kesaenni. Kolibuiran MiHAETTIH
TananTapblH YHJIeCy, OHTaiJbl cyJl0achlH TaHAAy[AblH Heri3aeMeci KYpBUIBIMIBIK
CHHTE31 KOJJaHa OTBIPBIN, 3€epTTENeTiH OOBEKTiHI TYCIHIIpy MEH cularTayaaH
TYpaThiH QYHKIMOHAIABI KYPbUTBIMAAY 9IICIHIH HETi3Ti epekeNiepiH KoiaHa OTHIPHII,
OHBIH DJIEMEHTTEpl MEH ONlapAblH apachIHAAarbl KaTbIHACTAp TYTACTHIK IeHOepiHae
tangadanbpl. COKKbI MeXaHM3Mi DJIEMEHTTEPiHIH (QYHKIMAIApBIH OipiKTipy >KoHE
ayBICTBIPY OMICTEpiH JOTMKAJIBIK JOHEKTI TYpAe KOJIIAHBIN, OJIAPIbIH apachIHAAFbl
KMHEMAaTHKAJIBbIK JKOHE KOHCTPYKTHBTI OalIaHBICTApIBIH SPTYPii KOMOMHALMSUIAPHIH
JKOHE OCBI JIEMEHTTEpAiH OalaHBICTapBIHBIH TipKeciMiHe Oenrimi Oip mekreynepai
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KOHBIT, THAPABIMKAIBIK KYMBIC KaMepaJapbIHBIH IIEKTEYNi KYPBUIBIMIBIK KOJIEMiHIH
SHEPTeTHKAJIBIK ICHICHiH ©3repTy WAESCHIH KOJIJaHa OTBIPHII, )KYMBIC CYHBIKTBIFbIHBIH
CBIFBUTY JKOHE KEHEIO dcepi apKbUIbl JKOFapblAa aTajfaH TaJlamnTapra kayan OepeTiH
KOHCTPYKTHUBTI CyJ10achl aHBIKTANbl JKOHE KOCHIMILIA 3EpTTeyjiep YLIiH KOJJaHMIbI.
Cxemana OacKapbUIaTbIH >KYMBIC KaMepachl, 0acKapy OpraHbIHBIH (QyHKIHSIAPHI
OipiKTIpIreH jkoHEe THAPABIUKANIBIK CEpIIIeli acepai KoJJaHaTblH 0acKapbUIMaliThIH
0oc xamepa Oap. by cyinba COKKbI MEXaHWU3MiHIH KYPBUIBICHIH KCHIUICTETIH JKOHE
oTIeNli MPOLECTEpAiH CaHbIH a3alTaThlH, Kypajifa HSHEpPTUsSHBl THIMIIpeK Oepymi
KaMTaMachl3 €TETiH JIEMEHTTEp MEH OJaplblH apachlHAarbl OalaHBICTApAbIH €H a3
CaHbIMEH epeKIIeIeHEe .

Tyiiin ce3nep: ruapaBIMKaIbIK COKKBI MEXaHU3M1; THAPONepdOopaTop, KYPHUIBIMIBIK
CHHTE3; KYPBUIBIMHBIH KaJbIITACYbl; KYPBUTBIMABIK (OpMyIa
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Annoramusi. Craresi MOCBSILIEHA MCCICAOBAHUI0O M OOOCHOBaHHMIO BBIOOpa
ONTHUMANbHON KOHCTPYKTHBHON CXEMbl THAPABIMYECKOIO YIAPHOTO MEXaHU3Ma,
oTBevaroleil TpeOOBaHUAM BBIMIOJIHEHHUSI OCHOBHOT'O TEXHOJIOTMYECKOTO HAa3HAYCHUS
— TeHepalyu 33JaHHON SHEPrMH M 4YacTOTHI yIAapOB NMPH MAaKCHMaJIbHO YNPOIIEHHON
CTPYKTYpE C JOCTAaTOYHO BBICOKOH 3(PEKTUBHOCTHIO SHEPronpeoopa3zoBaHus. DTHM
npecienyeTcsa Leidb BbIOOpa 0a30BOM CTPYKTYphl JUIsL CO3AaHUS OTEYECTBEHHBIX
THIPaBINYECKUX YIAPHBIX MEXaHU3MOB, OTINYAIOLIUXCS BBICOKOW TEXHOIOTHYHOCTBIO,
Ha/ICKHOCTBIO, KOMIIAKTHOCTBIO M TATEHTOCIOCOOHOCThI0. OOoCHOBaHHME BBIOOpa
ONTUMAJLHOM CXEeMbl, YIOBJIETBOPSIOMICH TpeOOBaHMSIM TOCTaBICHHOM 3amadn
MIPOU3BEJEHO C MPUMEHEHHEM CTPYKTYpPHOIO CHHTE3a, HCIOJB3YIOLIEr0 OCHOBHbBIE
MOJOKEHU MeTona (YHKIHOHAIBHOTO CTPYKTYpOOOpa30BaHUs, 3aKIOYAIOIIETOCs
B OOBSICHEHHMH M ONMHMCAaHUHM HMCCIEAYEMOro OObEeKTa, NPU KOTOPOM aHAIM3UPYIOTCS
€ro 3JIEMEHTHl U B3aUMOCBS3M MEXAYy HUMH B pPaMKax €IMHOro uenoro. Jloruuecku
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MOCIIeIOBATeNIbHO ~HCTONB3ySd TPUEMbl COBMEIIEHHMS U 3aMelleHHs (yHKIHUHA
9IIEMEHTOB YIAPHOTO MEXaHU3Ma, MPUMEHSSI Pa3IMuHbIe COUYCTAHUSI KHHEMAaTHIECKUX
U KOHCTPYKTHBHBIX CBSI3€l MEXAY HHMH, HAJOXKCHUS ONpPEAETICHHBIX OrpaHUYCHHUH
Ha COYETaHUE CBSI3€H OSTHX DSIIEMEHTOB, a TaKKe HCIONB3Ys HACI0 H3MEHEHHS
9HEPTETHYECKOTO YPOBHSI OTPaHHYEHHOTO KOHCTPYKTUBHOTO 00beMa THAPaBINYECKUX
pabounx kamep 3a cueT 3Pdekra CKUMAEMOCTH M PACHIMPEHUs] padouell KUIKOCTH
Obula ompelelieHa KOHCTPYKTHMBHAas CXeMa, OTBEYAIOIas BbIIIEPUBEICHHBIM
TpeOOBaHMAM JUIsl JalbHEWIMX HccieoBanuid. C(CxemMa HMeEeT YHpaBisieMYylo
KaMepy paboyero xofa, HEYNMpPaBIIEMYyI0 KaMepy XOJOCTOrO0 XOfAa C COBMEIICHHBIMH
(GYHKUMSIMH OpraHa yMpaBleHHWs W C WCHONb30BaHuMEeM 3(ddekra ruapaBiIndeckon
npy>KuHbL. J[aHHas cxeMa OTaMYaeTcsi HAMMEHBIINM KOJMYECTBOM DJIEMEHTOB H CBSI3eH
MEXIy HHMH, YIPOILAIOMNX KOHCTPYKLUHUIO YAAPHOTO MEXaHW3Ma M yMEHBILAIOIINX
YHCIIO0 TePEXOIHBIX MPOLeCcCcoB, obecneynBas Oosee 3h(HeKTUBHYIO ITepeaady dHEPriu
HHCTPYMEHTY.

KiioueBble cioBa: THAPABIMYECKHH yIapHBIM MeXaHU3M; Tuaporepdoparop,
CTPYKTYPHBII CHHTE3; CTPYKTypoOoOpa3oBaHue; CTPYKTYpHas popMyra

Introduction

Perspective of using hydraulic rock drills in the mining industry has been convincingly
proven now. In this regard, it is advisable to focus on solving the issues of optimal
structural and dynamic synthesis of hydraulic impact mechanisms (HIM), as the most
complex and critical elements of drilling units (Yang et al., 2011; Lazutkin et al., 2015;
Gorodilov et al., 2022; Chjin, 2010).

Experience in the operation of hydraulic rock drills shows that the functional
reliability of the elements - the impact-piston group, the control unit, stabilizers of high
and low pressure are limited. It is only 500-1000 operating hours.

In present time in the mining industry, in the construction industry, for repair of
highways and the extraction of building stone, hydraulic rock drills of well-known
manufacturers as Doofor (Finland), Montabert (France), Sandvik (Sweden), Everdigm
(South Korea), Epiroc (Sweden), Furukawa (Japan), Soosan (South Korea), etc. are
used.

Operating principle of these HIM is identical. In the basis of their construction, the
main structural elements can be distinguished: a impact-piston group; the control unit;
stabilizers of high and low pressure and tool (Ushakov, 2010; Mitusov, 2013; Kyzyrov
et al., 2019; Yang et al., 2010). All these structural elements work in concert, but at
the same time they experience high dynamic loads, are technologically difficult to
manufacture due to high requirements for accuracy, tightness, quality of materials and
surface hardening technology (Xu et al., 2015; Sokolski, 2017; Xu et al., 2016; Zhukov,
2023). In this regard, the issues of creating an impact mechanism that provides an
effective cycle of pulsed energy conversion, low cost and manufacturability, in contrast
to foreign ones with a complex control system, high requirements for manufacturing
technology using expensive materials, are of particular relevance (Sokolsky, 2020;
Azimov et al., 2023; Souilah et al., 2021; Yang et al., 2012).
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Development of domestic manufacturing of HIM solves the problems of import
substitution, increasing the technological level of domestic engineering and export
orientation. For solving this problem, a scientific approach to the HIM structure
formation was applied. Methods for evaluating and selecting structures for practical
implementation of impact mechanisms that meet the criteria of economy, ease of
constructive implementation, manufacturability and patent protection of the construction
were used.

Materials and methods

The creation of a new hydraulic impulse technic is preceded by research in the field of
choosing a HIM construction scheme that meets the requirements of manufacturability
and work efficiency. For choosing the constructive scheme, a structural synthesis of
hydraulic impact mechanisms was used, using the main points of the method of functional
structure formation, including the following steps: 1) selection of the studied object; 2)
determination of its main functional purpose; 3) division of the object into structural
elements; 4) obtaining structural formulas; 5) realization of formulas in constructive
schemes; 6) selection of the optimal design scheme (Solod, 1968; Neroznikov, 1979).

The object of study is HIM, which is part of a hydraulic impulse system (HIS)
designed to convert hydraulic energy into mechanical power impulses that carry out
technological operations (drilling, crushing, etc.).

The necessary structural (functional) elements of HIM are (Figure 1):

- impact mass M (striker), perceiving a variable drive force in accordance with the
phases of the working cycle, ending with the creation of a impact pulse on the tool;

- displacers B, and B,, providing a force connection between the working fluid and
the impact mass M, changing the volume of fluid in chambers A and C and acting as a
source of drive force;

- valves K, performing the functions of power supply of the working chambers and
the control unit that ensures the movement of the displacers in the specified directions
and sequence.

The operating principle of HIM is as follows. When the inlet valve K, and outlet
valve K, are opened, the working fluid enters the idle chamber A, acting on the
displacers B,. The striker moves to the left of the point of impact with the tool by
the amount of the working stroke h, making an idle stroke. The movement must be
impactless, economical, for a limited period of time t, . When the inlet valve K|, and
outlet valve K, are opened, the working fluid enters in the working stroke chamber C,
acting on the working surface of the displacer B, which transmits the force to the striker
that moving until it hits the tool 8. The working stroke occurs. It is an acceleration of the
striker to thezspeed of impact with the tool v, in time t__ and the conversion of kinetic

M -,

energy 2~ “in into a impact impulse on the tool, sufficient for effective crushing. The
2 2

output parameters of the HIM are the impact energy 4= % and impact frequency

1 B ) ) )
n=—,where T=t -+t _isthe operating cycle time.

T
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K
high and low pressure; H - pump

K, , K ;8 -tool; 9 - stabilizers of

217 7222

1 - striker; 2 - displacers B,; 3 - displacer B ; 4-7 - valves K , K .,

Figure 1. The structure of the hydraulic impact mechanism

The system-forming links between the functional elements of HIM are kinematic
and constructive links. Kinematic link ensures the integration of functional elements
into a single system to perform a given function. Conventionally, the kinematic link
is denoted by the symbol (+). A constructive link allows you to combine two or more
functions in one element while maintaining the system's operability and is denoted by
the symbol ( ).

A different combination of kinematic and constructive links of functional elements
leads to the formation of structural formulas that determine the structure of the impact
mechanism. When certain restrictions are imposed on the combination of links between
functional elements, it is possible to obtain structural formulas for various classes of
impact mechanisms.

The process of obtaining structural formulas is called structure formation, as a result
of which complete structures can be obtained that contain all the functional elements
to ensure the working cycle and incomplete structures, in which some of the functional
elements degenerate without transferring their functions to other elements (Solod,
1968; Neroznikov, 1979). The method of degeneration or substitution of functions
can be realized in the following ways: 1) degeneration of elements K, and K, of the
idle chamber control; 2) degeneration of elements K, and K, of the working stroke
chamber; 3) combined degeneracy of elements.

Thus, using the accepted symbols of the elements and symbols of the links, it is
possible to compose formulas for HIM structures that reflect the composition and nature
of the links between the elements. A different combination of structural and kinematic
links with elements leads to the formation of groups of valve, valveless and combined
structures of impact mechanisms (Figure 2):

M+BI+B2+K11+K12+K21+K22; (1)
M ‘BI ’ B2 ) Kll ' I<I2 ' KZI ' KZZ; (2)
M+B1 ’ Kll ' K12+B2+K21+K22' (3)

Formulas (1) - (3) determine the structures of HIM schemes.
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A distinctive feature of valve HIM is the absence of alignment links between the
impact mass, displacers and valves. On the contrary valveless HIM is characterized
by the presence of combination links between valves and other elements. A feature of
combined HIM is that some of the valves are functionally combined with the impact
mass and displacers, and some of them operate autonomously.

No matter of belonging to one group or another, all impact mechanisms are divided
into single- and double-acting ones. In double-acting impact mechanisms both chambers
communicate with a source of hydraulic energy, in single-acting mechanisms one
chamber communicates.

For constructive realization and selection of the optimal structure, in the future,
structure formation is considered on the example of valveless impact mechanisms or
mechanisms with a combined control body as the most promising and universal HIM.

Structure formation makes it possible to obtain a number of formulas for HIM
structures with a combined control body, in which the functions of the inlet and outlet
valves are performed by the striker and displacers. To actuate the inlet and outlet valves
of the working and idling chambers, you can use both the reciprocating movement
of the striker and displacers, as well as other movements (rotary, turning, etc.). The
first variant leads to the formation of autonomous mechanisms, the performance of
the valves in which is provided by the system itself without additional elements. The
second variant leads to the formation of mechanisms, the operation of valves in which is
provided by additional elements, for example, a hydraulic motor for rotating the impact
mass (Mitusov, 2013; Neroznikov, 1979; Uraimov et al., 2019).

To implement the principle of designing HIM schemes with a combined control
body, it is necessary that the working and idle chambers, except the closedness and
variability of the working volume have the elastic properties necessary to remember and
maintain hydraulic signals for a certain time. During the operation of HIM, the working
chamber must remember the hydraulic signal (pressure) when it is connected by an inlet
valve to the pressure line. This chamber must accompany the movement of the striker
until the next signal is given, which is possible due to the connection of the working
chamber by outlet valve with the drain line. As a memory device, a hydraulic reservoir
can be used, which provides additional elastic properties in the working chamber due to
the compressibility of the working fluid.

The synthesis of HIM was carried out taking into account the following provisions:

1. In the working chambers only hydraulic energy is converted into mechanical work;

2. Complete structures are formed from the entire set of functional elements by
composition based on kinematic, constructive and constructive-kinematic links;

3. Incomplete structures are formed from a reduced number of functional elements
based on the above links;

4. The degeneration of any of the functional elements leads to the loss of system
performance;

5. Substitution of degenerate functional elements is carried out only within the HIM.
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Functional elements M By, By, Ky, K. Ko Kop

Structure formation of Structure formation of
complete structures incomplete structures

Structures of seven
functional elements
Structures of six

functional elements
Structures of five
functional elements

Structures of four
functional elements

Structures of three
functional elements

e

Overlay of kinematic Combined overlay of kinemartic
links and consfructive links

Structural formulas of HIM

Figure 2. Scheme of HIM structure formation

Results and discussions

The constructive realization of the complete structures consists in the representation
of the available elements and the distribution of the functions of the inlet valves and
outlet valves between them. Figure 3 shows an example of a constructive scheme of
HIM with a complete structure. The structure formula of mechanism is:

M + Bl ' I<11 ’ I<12 + B2 ’ I<21 ’ K22' (4)
7 c f /2 L /4 [d
7 7/ . A
#M Wial
c _/%1/ s _
e —

e a

= VA
/, 4l
b0

A and C - chambers of idle and working strokes respectively;
1 - body; 2, 4 - displacers; 3 - striker; 5 - tool
Figure 3. Scheme of the impact mechanism with a complete structure

When fluid is supplied to chamber A, the striker 3, under the action of a force applied
to the displacers 4, moves away from the tool 5 and, compressing the fluid in chamber
C after the drain channel is blocked by displacer 2, makes idle stroke. At the end of
idle stroke, due to the opening of the pressure channel «c» by displacer 2, chamber
C communicates with the pressure line, and chamber A, due to the opening of the
drain channel «b» by displacers 4, communicates with the drain line. There is a striker
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deceleration. Since the pressure in chamber C is equal to the main pressure, the striker
begins its working stroke. First, the striker 3 moves when the inlet channel «c» and the
drain channel «b» are opened. Then they overlap and further movement of the striker
is carried out due to the expansion of the volume of fluid in chamber C, while the fluid
in chamber A is compressed. At the end of the working stroke, the striker 3 strikes
the tool. Chamber C, due to the opening of the drain channel «e» by the displacer 2,
communicates with the drain channel, and chamber A, due to the opening of the inlet
channel «d» by the displacers 4, communicates with the pressure line.

Degenerate structures are characterized by the fact that they can be deprived of one
of the working chambers (when one of the displacers degenerates), as well as power
control elements of one or two chambers (when one, two or three valves degenerate).
The constructive implementation of degenerate structures is complicated by the fact that
the degeneration of any element leads to a loss of efficiency of the constructive scheme.
This is explained by the fact that the ability to control the movement of the striker is
lost due to a breakdown in the connection of one or two chambers with the pressure or
drain lines. With the constructive implementation of such structures, the operability of
the schemes should be restored by creating new links instead the broken ones either due
to the elements of the HIS subsystems or due to the elements of other external systems.
The first method allows to restore the operability of impact mechanism schemes within
one autonomous system without resorting to other surrounding systems for help. The
second method leads to the emergence of non-autonomous (dependent) schemes, since
it allows restoring the working capacity of impact mechanisms due to elements of
external systems.

With the constructive implementation of formulas with degenerate elements of the
control element of one of the chambers, the performance of HIM schemes is restored
due to the constant connection of this chamber with the power source, i.e. with hydraulic
transmission subsystem. An example of a constructive scheme with degenerate inlet and
outlet valves of the idle chamber is shown in Figure 4. The formula for the structure of
the mechanism is:

M+B, ‘K, -K,+B,. (5)

When fluid is supplied to chamber A, the striker 3, under the action of a pressure
force constantly applied to displacers 4, moves away from tool 5. Further, compressing
the fluid in chamber C, after blocking the drain channel «b» by displacer 2, striker
makes idle stroke. At the end of idle stroke, due to the opening of pressure channel
«c» by displacers 2, chamber C communicates with the pressure line. There is a striker
deceleration.

Since the cross section of the displacer 2 is greater than the total area of the sections
of the displacers 4, and the pressure acting on them is the same, the striker begins the
working stroke. First, the striker 3 moves with the inlet channel «c» open, which then
overlaps and the further movement of the striker 3 is carried out due to the expansion
of the fluid in the chamber C. At the end of the working stroke, the striker 3 strikes the
tool 5, and the chamber C, due to the opening of the drain channel «b» by the displacer
2, communicates with the drain line. Then the cycle repeats.
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A and C - chambers of idle and working strokes respectively; 1 - body;
2,4 - displacers; 3 - striker; 5 - tool
Figure 4. Scheme of the impact mechanism with degenerate valves K, , K,

With the constructive implementation of formulas with degenerate inlet valves or
drain line of one or two chambers, the operability of the schemes of hydraulic impact
mechanisms is restored due to the constant connection of these chambers through a
separating element with a pressure or drain line. The separating element is subject to
the requirements of limited inlet and outlet amount of fluid. As a separating element, a
throttle with a constant flow area can be used. An example of a structural diagram with
degenerate inlet and outlet valves for the working and idle chambers is shown in Figure
5. The formula for the mechanism is:

M+B,- K,+B, K. (6)

When fluid is supplied to chamber A, the striker 3, under the action of force applied to
the displacers 4, moves away from the tool 5. Further, compressing the fluid in chamber
C, after blocking the drain channel «b» by displacer 2, striker makes idle stroke. At
the end of idle stroke, the pressure in chamber C becomes equal to the main one due
to its constant communication through the separating element 7 and channel «a» with
the pressure line. In chamber A pressure is equal to value in the drain line, due to its
constant communication through the separating element 6 and channels «e» and «b»
with a drain line. There is a striker deceleration. Then the movement of the striker begins
to the working stroke. During the working stroke, the striker moves under the action of
a pressure force constantly flowing through the separating element 7 of the fluid, as
well as due to its expansion in the chamber C. In this case, the fluid in the chamber A
is partially compressed, and partially pushed out through the separating element 6 into
the drain line. At the end of the working stroke, chamber A, due to the opening of the
inlet channel «c» by displacers 4, is connected to the pressure line; chamber C due to the
opening of the drain channel «b» by the displacer 2, is connected to the drain line. The
striker 3 strikes the tool. Then the cycle repeats.

7 2 73 4

A and C - chambers of idle and working strokes respectively; 1 - body; 2, 4 - displacers; 3 - striker;
5 —tool; 6, 7 - separating elements (throttles)
Figure 5. Scheme of the impact mechanism with degenerate valves K
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With the constructive realization of formulas with degenerate three valves, the
operability of schemes of valveless hydraulic impact mechanisms is restored due to
the constant connection of one of the chambers with a power source and the constant
connection through the separating element of the other chamber with a pressure or drain
line. An example of such constructive scheme is shown in Figure 6. The formula has
the form:

M+B, -K,+B,. @)

When fluid is supplied to chamber A, the striker 3, under the action of a pressure
force constantly applied to displacers 4, moves away from tool 5 and, compressing
the fluid in chamber C, after blocking the drain channel «b» by displacer 2, striker
makes idle stroke. At the end of idle stroke, the pressure in chamber C becomes equal
to the main one, due to its constant communication through the separating element 6
and channel «c» with the pressure line. The striker stops. Because the cross section of
the displacer 2 is greater than the total area of the sections of the displacers 4, and the
pressure acting on them is the same, the striker begins the working stroke. During the
working stroke, the striker moves under the action of the pressure force of the fluid that
constantly flowing through the separating element 6, as well as due to its expansion
in the chamber C. At the end of the working stroke, chamber C, due to the opening of
the drain channel «b» by displacer 2, communicates with the drain line, and the striker
strikes the tool. Then the cycle repeats.

With the constructive realization of formulas with degenerate elements B, K, K,
or B,, K, , K, the operability of HIM schemes is restored by using elements of other
environmental systems. An example of such constructive scheme is shown in Figure 7.
The mechanism formula is:

M+B, K, . (8)
7 2 3 4

e

,_[7_/_ Af,r_ = @

,/4 5
vz | ey
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A and C - chambers of idle and working strokes respectively; 1 - body; 2, 4 - displacers; 3 - striker;
5 —tool; 6 - separating element (throttle)

Figure 6. Scheme of the impact mechanism with degenerate valves K, , K,

£

I}:.

4

z 4
A - chamber of idle stroke; 1 - body; 2 - striker; 3 - displacers; 4 — tool; 5 - separating element
(throttle); 6 - spring

Figure 7. Scheme of the impact mechanism with degenerate elements B, K, , K
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When fluid is supplied to the chamber A, the striker 2, under the action of the force
applied to the displacers 3, moves away from the tool and, compressing the spring 6,
makes an idle stroke. At the end of idle stroke, the pressure in the chamber A becomes
equal to the drain one, due to its constant communication through the separating
element 5 with the drain line. The striker stops. Because the elastic force of the spring
6 acts on the striker 2, and the pressure in the chamber A is equal to the drain pressure,
the working stroke begins. During the working stroke, the fluid in the chamber A is
partially compressed, and partially pushed out through the separating element 5 into the
drain line. At the end of the working stroke, chamber A, due to the opening of the inlet
channel «b» by displacers 3, is connected to the pressure line, the striker strikes the tool
4. Then the cycle repeats.

Due to the significant number of structural formulas and schemes resulting from
constructive implementation, the analysis and study of HIM schemes becomes
more complicated. Therefore, it is more expedient to determine the structures of the
constructive schemes of HIM, the working process in which would be identical, and
then, grouping them, to conduct research.

Thus, in order to obtain a visual representation of the constructive schemes of HIM
with a combined control body, according to the number and characteristics of the
combined valves, the impact mechanisms can be divided into 15 groups, the analysis of
which allows us to note the following (Figure 8):

- the first group is characterized by the presence of two controlled chambers, in
which the change of the working volume occurs due to compression and expansion of
the fluid in them, as well as their periodic connection with the pressure and drain lines
in the working process;

- the second group is characterized by the presence of two controlled chambers, and
the idle chamber is constantly connected by a throttle to the pressure line. The working
process is characterized by the absence of a periodic process of fluid inlet into the idle
chamber;

- the third group is characterized by the presence of two controllable chambers and
the constant connection of the idle chamber through the separating element with the
drain line. The working process is characterized by the absence of a periodic process of
discharging fluid from the idle chamber;

- the fourth group is characterized by the presence of two controlled chambers and
the constant connection of the working stroke chamber through a separating element
with a drain line. Its working cycle is characterized by the absence of a periodic process
of discharging fluid from the working stroke chamber;

- the fifth group is characterized by the presence of two controlled chambers and the
constant connection of the working stroke chamber through a separating element with
a pressure line. In the working cycle of this group, there is no periodic process of fluid
inlet into the working stroke chamber;

- the sixth group is characterized by the presence of one controlled working stroke
chamber, as well as the constant connection of the idle chamber with the pressure line
or its absence at all. This group is characterized by the absence of the compression and
expansion processes of the fluid in the idle chamber and its periodic connection with the
pressure and drain lines;
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A and C - chambers of idle and working strokes, respectively
Figure 8. Schemes of HIM with a combined control body

- the seventh group is characterized by the presence of one controlled idle chamber,
as well as the constant connection of the working stroke chamber with the pressure
line or its absence. This group is characterized by the absence of the compression
and expansion processes of the fluid in the working stroke chamber and its periodic
connection with the pressure and drain lines;

- the eighth group is characterized by the presence of two controlled chambers and
constant communication through the separating elements of the idle chamber with
pressure line and the working stroke chamber with drain line. The working cycle is
characterized by the absence of a periodic process of fluid inlet into the idle chamber
and its discharging from the working stroke chamber;

- the ninth group is characterized by the presence of two controlled chambers and
constant communication through the separating elements of the working and idling
chambers with the drain line. There is no periodic process of discharging fluid from
both chambers;

- the tenth group is characterized by the presence of two controlled chambers and
constant communication through the separating elements of the working and idle
chambers with the pressure line. In the working cycle of this group, there is no periodic
process of fluid inlet into the idle and working stroke chambers;

- the eleventh group is characterized by the presence of two controlled chambers and
constant communication through the separating elements of the working stroke chamber
with pressure line and idle chamber with drain line. The schemes of this group do not
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have the process of fluid inlet into the working stroke chamber and its discharging from
the idle chamber;

- the twelfth group is characterized by the presence of one controlled working stroke
chamber and its constant connection through a separating element with a drain line, a
constant connection of the idle chamber with a pressure line or its absence. The working
cycle is characterized by the absence of a periodic process of discharging fluid from
the working stroke chamber, as well as the absence in the idle chamber of the process
of fluid compression and expansion and its periodic connection with the pressure and
drain lines;

- the thirteenth group is characterized by the presence of one controlled working
stroke chamber and its constant connection through the separating element with the
pressure line, the constant connection of the idle chamber with the pressure line or its
absence. The working cycle is characterized by the absence of a periodic process of fluid
inlet into the working stroke chamber; the absence in the idle chamber of the process
of fluid compression and expansion and its periodic connection with the pressure and
drain lines;

- the fourteenth group is characterized by the presence of one controlled idle chamber
and its constant connection through the separating element with the drain line, as well
as the constant connection of the working stroke chamber with the pressure line or
its absence. The working cycle is characterized by the absence of a periodic process
of discharging from the idle chamber; the absence in the working stroke chamber of
the process of fluid compression and expansion and its periodic connection with the
pressure and drain lines;

- the fifteenth group is characterized by the presence of one controlled idle chamber
and its constant connection through the separating element with the pressure line, the
constant connection of the working stroke chamber with the pressure line or its absence.
The working cycle is characterized by the absence of a periodic process of fluid inlet
into the idle chamber; the absence in the working stroke chamber of the process of fluid
compression and expansion and its periodic connection with the pressure and drain
lines.

An analysis of the features that characterize each group showed that some features
are common to all groups. Such a sign is the controllability of the working chambers,
according to which impact mechanisms can be:

- with two controlled chambers (1 group);

-withtwo controlled chambers and with separating elements in them (2,3,4,5,8,9,10,11
groups);

- with a controlled working stroke chamber (group 6);

- with a controlled working stroke chamber and with a separating element in it (12.13
groups);

- with a controlled idle chamber (group 7);

- with a controlled idle chamber and a separating element in it (14.15 groups).

When choosing for further research a group of HIM schemes in relation to drilling
machines, the main factor is the perfection of the structure and the process of energy
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conversion in the working chambers. Analysis of the features that characterizing the
operating cycle of groups of schemes of impact mechanisms with separating elements
have a direct connection of the pressure line through the working chamber and the
separating element with a drain line. As aresult, the working processes of the mechanisms
of groups 2,3,4,5,8,9,10,11,12,13,14,15 are not economical due to the increased fluid
flow due to the presence of fluid overflows through the throttles in the working cycle.

Groups 1, 6 and 7 will have a more economical energy conversion process, since
they discharge fluid into the drain line after its preliminary expansion in the working
chambers. From the point of view of the efficiency of the energy conversion process,
groups 1, 6 and 7 are the same, however, from the point of view of structural perfection,
simplicity of design, preference should be given to groups 6 and 7. The structural
formulas of these groups have a smaller number of elements, and the schemes of their
mechanisms contain only one controlled working chamber, equipped with an additional
hydraulic capacity, which reduces the number of transients.

As aresult of comparing the schemes of groups 6 and 7, it can be noted that the HIM
with a controlled idle chamber cannot be recommended for constructive implementation
due to a significant increase in the forces developed in the idle and working stroke
chambers, on which inertial, volumetric and hydraulic losses are directly proportional
and which, according to the task, should be minimal (Mitusov, 2013; Kyzyrov et al.,
2019).

Conclusion

Thus, as a result of the structural analysis of HIM, the possibility of realization a
simplified structural scheme with a combined control body using the effect of a hydraulic
spring in the working chambers was revealed. Piston-driven working chamber A in the
process of completing the working cycle is periodically connected to the high pressure
hydraulic stabilizer 4 (at the end of the idle stroke) and to the low pressure hydraulic
stabilizer 5 (at the end of the working stroke).

The result is a discrete increase or decrease of the energy level of the controlled
working chamber. The working cycle is performed by changing the energy level of the
additional volume of fluid 3 in the controlled working stroke chamber C (Figure 9).

A, C - chambers of idle and working strokes, respectively; 1 - body; 2 - piston-striker; 3 - additional
volume of the working stroke chamber C; 4 - high pressure stabilizer; 5 - low pressure stabilizer; 6 - tool;
a, b - pressure and drain channels, respectively; h — piston-striker stroke

Figure 9. Scheme of HIM with a combined control body
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Stabilizers of high and low pressure are made in the form of calculated volumes of
fluid, which also use the effect of a hydraulic spring (Raeder et al., 2021). Complex
constructions of gas-fluid pressure stabilizers have been replaced by purely hydraulic
stabilizers in an elastic steel shell. The structural scheme is distinguished by the smallest
number of elements and connections between them, which simplifies the design of the
impact mechanism and reduce the number of transients, which indicates a more efficient
transfer of energy to the tool.

Thus, the structural synthesis of HIM made it possible to select the optimal
constructive scheme of the impact mechanism that satisfies the requirements of the task.
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