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V]IK 622.788

10.I. TOPBAYOB, kanj. TexH. HayK, pod.,

A.O. XPYL[bKHﬁ, O.10. KPUBEHKO, xanauaatu TeXH. HayK, JOLIEHTH,
O.C. JII®EHIIOB, acucrent

KpuBopi3bKuii HalliOHATBHAN YHIBEPCUTET

BUBIP PAIIIOHAJIBHOI IMHAMIYHOI CXEMM BIBPAILIIMHOI'O IIPUCTPOIO
JIJISI OMEPE JHbOI 3MIITHIOBAJIBHOI OBPOBKY CUPUX OKATUIIIB

Meta. MeTo1o poOOTH € MiABUIICHHS MIIIHOCTI CHPHX OKATHIIIB, sIKi BHACHTIJOK HEJIOCTATHHOI MEXaHIYHOI MIITHOCTI
CYTTEBO PYHHYIOTBCS MiJl YaC KOHBEEPHOTO TPAHCIIOPTYBAHHS Ta YHMCICHHUX MEPEBAHTAXyBAIBHUX OINEpalii Ha IUIIXY 10
BUIAIIOBAIBHOI 1edi. ICHye HeOoOXiqHICTh y MONepeIHbOMY 3MILIHEHHI CUPHX OKATHIIB, IO CIPUATUME 3HAYHOMY CKOPO-
YEHHIO 00CATIB yTBOPEHHs JApi0’sI3Ky, SIKMd MOTPIOHO 3HOBY CIPSIMOBYBATH Yy MPOIIEC OTPYyIKyBaHHA. Lle 3a0e3neunts mif-
BUIICHHSI TIPOIYKTUBHOCTI YChOTO TEXHOJIOTTYHOTO JIAHITFOTa 00J1aIHAHHS Ta 3arajibHi TEXHIKO-eKOHOMIYHI MOKa3HUKH POOO-
TH OTPYJIKYBaIBHOTO BUPOOHHITBA. KpiM TOro, BOHO MOBHHHO 3MEHIIUTH PYHHYBAHHS TPaHyJI Mijl 4ac 3Mil[HIOBAJILHOTO BH -
naxy. TakuM 9UHOM, TeMa JOCIiIKEHHs! 0€3CYyMHIBHO Ba)KIIHMBA Ta aKTyalbHA.

Metoan nociaixxenns. [Iposeneni ocrannim yacom y KHY nocnimkeHHs1 103BOIIIN BCTAHOBUTH, IO OBEPXHEBA Bi-
OpamiitHa 00poOka CHpHX OKaTHIIIB 3a0e3nedye CyTTeBE 3MiIlHEHHS 30BHIIIHBOTO IIApy TpaHyJl, MiABUIIEHHS iX 3aragbHOI
CTaTHYHOI 1 TMHAMIYHOI MIITHOCTi, CKOPOYEHHS 00CATy YyTBOpEHHS 1pi6’si3ky. OTpuMaHi mapamMeTpr HeO0OXiTHOTO PEKUMY
BiOpauiitHOi 3MilHIOBaJIbHOI 00pOOKH, 3aIPOIIOHOBAHI MOXIIMBI KOHCTPYKTHBHI BapiaHTH MPUCTPOIB Ui iX pearnizawii. Ane
HOTPIOHO OCTaTOYHE OOIPYHTYBAHHS paliOHAIBHOI JTUHAMIYHOI CXEMHU TaKoi MaIlMHU. 3 OIJISLAY HA Iie, 3p00JIeHO BUCHOBOK
PO JOLUTBHICT MPOBEAEHHS MOPIBHAIBHOTO aHAIi3y 3alPONIOHOBAHNX JAUHAMIUHMX CXEM I BUSBICHHS HAHOLIbBII TOCKO-
HAJoi.

HayxoBa HoBm3Ha. OOrpyHTOBAaHO HaHOULIBII JOCKOHATY JUHAMIYHY CXeMy YCTAHOBKH JUIS BiOpaliifHOTO MOBEepXHe-
BOTO 3MILIHEHHSI CHPHX OKAaTHILIB HAa OCHOBI IOPIBHAUIBHOTO aHAi3y pi3HUX BapiaHTIB ii peanizauii 3 TOUKU 30py HaHOLIBIIT
e()eKTHBHOTO JMHAMIYHOTO BIUIMBY Ha IPaHYyIIH.

MpakTnyna 3HauuMicTh. [IpakTHYHE BUKOPHCTAHHS MPOIIOHOBAHOTO KOHCTPYKTHBHOTO DIillIeHHS IPHCTPOIO JacTh
MOJKJIMBICTb ITiIBUIIUTH MIiIIHICTh CHPUX OKAaTHUILIB Oe3IMOCepeHbO MicsA CXOy iX 3 OTPYIKYBAIBHOTO OONaTHAHHSA, IO MA€E
3a0e3MeunTH 3HIDKEHHSI HMOBIPHOCTI pyHHYBaHHS IpaHyJ Ha IUIXY iX TPaHCHOPTYBAHHS 10 BHIIAJIIOBAJILHOI MAalIMHU Ta
i1 9ac camoro Bumnaiy. Lle HOBUHHO CYyTTEBO CKOPOTHTH BiICOTOK HEKOHIUIIHHOTO Opi0’A3Ky Y TOTOBOMY MPOAYKTY.

PesyabTaTn. OOrpyHTOBAHO Ta 3alPOIIOHOBAHO PaIliOHAJbHE TEXHIYHE PIlIEHHS AJIS BUPINICHHS aKTyaJIbHOTO MHTaH-
HSI OTICPEIHBOTO MiIBUIICHHS MIIIHOCTI CUPHUX OKATHIIIB 3a JOIOMOTOI0 MOBEPXHEBOI BiOpalliitHol 00poOKHU rpaHyI.

Ki11040Bi c/10Ba: TEXHOJIOTIYHUIA MPOLIEC OTPYAKYBAaHHS 3a1i30pyIHOT CHPOBHHH, HEOCTATHS MIIHICTh CHUPUX OKATH-
1IiB, TOBEPXHEBE 3MIL[HEHHsI TpaHyJ1, BibpamiitHi npucTpoi A1 00poOKHM CHPUX OKaTHILIB, OOIPYHTYBaHHS paliOHAIBHOI M-
HaMIYHOi CXeMH BiOPO3MiLHIOBAIBEHOT yCTAaHOBKH.
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IIpoGiema Ta ii 3B’SA30K 3 HAYKOBMMH Ta NPAKTMYHUMM 3aBJaHHsMuU. [loctymoBe Bu-
4yepIyBaHHS TMOKJIAMiB OaraTwx pyA 1 BHMYIIEHE PO3MIMPEHHS BHACIHIJOK IIHOTO MiHEpaJbHO-
CHUPOBHHHOI 0a3u CBITOBOI 3a/1i30pyAHOI MPOMHUCIOBOCTI 332 PaXyHOK O1JHIIIMX POJOBHIL BUKIIMKAIN
MacoBe 3aTy4eHHs Y po3poOKy Ta 30aradeHHs OiTHAX 3alli3HUX Py THITY 3ai3UCTHX KBapIuTiB. Taki
PYIM BiJl- Pi3HSIOTHCS Oy»Ke TOHKHAM BKpaIUjIeHHsM 3ajiza — He Ounbme 0,074 mm. Tomy mpu miaro-
TOBII1 JI0 30arayeHHs iX MOTpiOHO JPOOUTH Ta MOAPIOHIOBATH caMe JI0 TAKOTO MPAKTHYHO MO0 i0-
HOTO CTaHy. 3BiCHO W KiHIIEBHI MPOAYKT 30araueHHs — KOHIIGHTPAT — MAa€ TaKy K KPYIHICTb, SKa PO-
OUTH HOTO HENPHUAATHUM JJi1 BUKOPUCTAHHS B arjoMepariiinomy BUpoOHHUTBI. Taka TOHKOMOAPiO-
HeHa arfonmxrta (KOHIIEHTpaT, (UIFOCH, MaIUBO) Ma€ HEJOCTATHIO Ta30MPOHUKHICTE 1 He 3a0e3redye
HaJIS)KHOTO TPOCMOKTYBAHHS MOBITPs depe3 11 miap JUIsl MPOCYBaHHS BOTHHMIA TOPIHHS 1 CHIKaHHS
TOTOBOTO KOPIXKY B ariiomepaniiiHii mammHi [1,2].

[MoniOHi 0OCTaBMHN BUKIIMKAIHM CBOT'O Yacy MOSBY HOBOTO TEXHOJIOTIYHOT'O MPOLIECY YKPYITHEHHS
KOHIICHTPATIB 3aJi3HHUX Py, HEOOXIAHOTO JIJIsl OTPUMAHHS JIOMEHHOT IMUXTU MOTPIOHOTO TpaHyIoMe-
TPUYHOTO CKIIQJy — OTPYAKYBaHHS, 3aCHOBAHOTO Ha €()eKTi YTBOPEHHS KyJIbKOIOAIOHUX TpaHyT (OKa-
THILIB) MUISIXOM HAaKOYyBaHHS BOJIOTOI IIMXTH HA 3apOJIOK 3a JOTIOMOTOI0 OIPYAKYBaJIBHOTO 00JaIHa -
HHs. B SIKOCTI OCTaHHBOTO y CBITOBIH TIPHIUYO-METANYPTIHHIA MPAKTUILl ITHPOKO BUKOPUCTOBYIOTHCS
YCTAHOBKH YaIlIKOBOTO i OapabanHOTO THMIB [3-5].

Cupi okaTHIIi, IO CXOJATH 3 pOOOYUX OPTaHiB OrPYIKYyBaviB, BiAPI3HIIOTHCS HEBEIMKOIO MilTHI-
CTIO 1 moTpeOyroTh Omepariii 3MIiHEHHsI 32 PaXyHOK TeMIepaTypHOTo BHMaly abo 3a JOMOMOTOIO
IHIIAX OE3BHITATIOBATBHUX TEXHOJIOTIH. JIMIe TOCTAaTHRO 3MIIHEHI OKATHINI MOXYTh JOOpE MepeHo-
CHUTH TpHUBaJie 30epiraHHs Ta IMepeBe3eHHs Ha JaJieKi BiJCTaHI y HalHEeCTpUATINBIINX yMoBax. Cupi

‘© T'opbavos 10.I"., Xpyupkuit A.O., Kpusenko O.10., Jlibenuor O.C., 2024
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K TPaHyJIM MAlOTh BUTPUMYBATH JIMIIE TOCUTh HEBEIMKHH IIJISAX TPAHCHOPTYBAHHS BiJl OTpyJIKyBada
JI0 BUTIAJTIOBAIBHOT MalMHK. J{J1s1 IbOTO BOHM TIOBHHHI MaTH NIEBHI BEIMUMHU CTaTHYHOI Ta JWHAMIY-
HOI MIITHOCTI.

HesBaxaroun Ha iCHYrOUYl BUMOTH, BIJICOTOK PyiHYBaHHSI HEJIOCTATHBO MIITHUX CHPHX OKATHILIB
Ha CTpiuKax JOCTABKOBMX KOHBEEPIB Ta ITiJ Yac JEKIUIBKOX OMeparlii mepeBaHTaKEeHHS W YKJIaJaHHsS
TpaHyIl Ha Bi3KM BHUIATIOBAIHHOI €Ul JOCUTh BUCOKMN. HekonanumiiHu#i npid’ 30K MOTPiOHO BiIOH-
partH 3 MOTOKY OKATHIIIB, IO 3aBAHTAXKYETHCS Y M4, 1 TOBEPTaTH 3HOBY Yy MPOIEC OrPyJKyBaHHS.
[leBHa KITBKICTh OKATHIIIB PYWHYEThCS BXKE y T€Hi, Tl Yac BHUITAITY BHACIIJOK PO3PHBY NPHU HArpi-
BaHHI. Yce IIe YKpail HeraTUBHO MO3HAYa€ThCsl HA MPOYKTUBHOCTI MiJIIIPUEMCTBA Ta HOTO TEXHIKO-
€KO-HOMIYHHX TTOKa3HHuKax [1,3].

3 ornsany Ha 1ie, 3a7a4a 3a0e3MneveHHs ONepeHBOTO 3MIITHEHHS! CHPUX OKaTHIIB Bipasy Micis
X Orpy/AKyBaHHS € HAJ3BUYaliHO BAKJIMBOIO Ta AKTYaIBHOIO.

AHaJii3 aocaimzkeHb i my6aikaniid. /{1 ycyHeHHs BKa3aHUX BUILE HEAOJIIKIB MOXKHA 3BEPHYTHCS
3a JIOTIOMOTOI0 BiOpaIliiHUX TEXHOJIOTiH, sIKi B OCTaHHI JECATUIIITTSI HIMPOKO PO3MOBCIOUINCS Y Oa-
rarboX Talxy3sX IPOMHCIOBOCTI, y TOMY 4Mciai ripaudiii. Bukopucranis BiOpaLiiiHUX KOJMBaHb pi3-
HOI IHTEHCUBHOCTI 3a0e3Mevy€e CyTTEBE MiJABHUILICHHS e()eKTHBHOCTI BUKOHAHHS PI3HOMAaHITHUX TpaHC-
MOPTHUX Ta TPAHCIIOPTHO-TEXHOJIOTIYHUX TporieciB [6-9]. [l BupileHHS pO3MISIHYTOT pobaemMu B
KT'PI cBoro 4acy Oyo 3amporoHOBaHO YBEACHHS B TEXHOJOTIYHUI MPOIIEC BUTOTOBJIEHHS OKATHIIIB
orepallii HonepeHbOTO 3MIL[HEHHS CHPHX TPaHyJI BiZipa3y Micist X ¢xoiy 3 orpyakysaua [10-12].

VY naHoMy BUNAAKy ifes mosisrajga y 3acTOCyBaHHI e(eKTy MOBEPXHEBOTO 3MIiLIHEHHs JeTaien
MAIIIWH, KUK JIABHO 1 3 YCIIXOM peani3yerbes y MammuHoOy nyBaHHi. UHCIeHH] yiapHi BIIMBH, HAHe-
CeHi 1o aeTani (HanpuKIiaj, HUIsIXoM Jpo0oCTpyMHHHOI 00pOOKH ), YTBOPIOIOTH Ha Hil 3MIITHEHUH 110 -
BEPXHEBHI IIap TOBIIMHOIO 0 | MM 3a paxyHOK MEBHOTO BHOPSIKYBaHHS HOTO KPUCTAIIYHOI CTPYK-
Typu. Takuii map n1o0pe OMUPAETHCS II0YMM HAaBaHTAKECHHSIM 1 CYTTEBO ITJIBUILY€E PiBEHBb MPOTHIIT
JeTalli 3TUHANBHIM 1 KDYTHAM Halpy>KeHHSAM, KOpo3ii, BTOMHUM SBUIIAM. Y BHIAJIKy CHPUX OKaTH-
uriB BiOpariiina moBepxHeBa 00poOKa rpaHyi MOKe MPUHECTH NoAioHui edexT [12].

[TpoBeneHi poCHiKEHHS TIOKA3aJIH, 10 JUIS OTPUMAaHHS OYiKyBaHOTO Pe3yJIbTaTy CHPi OKaTHII
MOTPIOHO TPOTSTOM MEBHOTO Yacy IiaBaTH 00KaTyBaHHIO HA poOOYOMY OpTaHi CIelialIbHOTO Bi0-
partiiiHoro npuctpor. Ilpu npoMy MoBepXxHEBUi MIap OKaTHIA Y Mpoleci BiOpOTpaHCIOPTYBaHHS Y
peXuMi 3 MiIKUAAHHSIM Oyjie CIpUIMATH YUCICHHI MIKpOYAapy NPU 3yCTpidi 3 IMM POOOYUM opra-
HOM, SIKi 1 CIPUYUHATUMYTh Horo 3MinHeHHs. [IoTpiOHO po3yMmiTH, 110 1i AMHAMIYHI BIUIMBU OYAYTh
MPOHUKATH i BITHO TpaHyJl, TOMY TYT MOYKHA TOBOPUTH HE JIMIIE PO MTOBEPXHEBY, ajie i PO 4acTKO-
BO 00’€MHY 3MIIIHIOBaJIbHY 00pOOKY CHpHX OKaTHIIiB. Pexxum BiOpaliiiiHoi oOpoOKku Mae OyTH HacTy-
ITHAM: 9acTOTa KOJIMBaHb poOOYOro oprany — y cepeaubomy 25 I'm, amrotityna KonmBaHs — 2-4 M,
gac 00poOku — 2-3 xBmwmuHH [10,13]. OCKiIBKH CUPHI OKATHII TPOTATOM YCHOTO MPOIIECY 3MiITHEHHS
MOBUHEH KOTUTHCS 1O POOOUOMY OpTaHy BiOpamiiiHOTO MPHUCTPOIO, TOBXKUHA HOro Nuisxy OyJie 3aie-
JKaTy BiJl IBUJKOCTI BIOpOTpaHCHOPTYBAaHHS Ta TPUBAJIOCTI nepeOyBaHHs HA HBOMY. 31 3BUYAIHOIO Y
TaKWuX BHIAJKaX MBHJKICTIO epecyBanHs 0,1 m/c 3a 120-180 ¢ okatuur mojonae Bijfcranp Bif 12 10
18 M. 3poburn nmpUCTpiil TaKOi JOBKUHU JOBOJI MpOOIEeMaTUIHO, ajie pealbHO BUKOHATH POOOUMit
OpraH y BUIVISAI Kackaay 3 JAEKUIBKOX IUIOCKMX MOXWINX JIOTKIB, PO3TALIOBAHUX OJHMH HaJ iHIIMM,
abo 3a paxyHOK pearizallii IeBHOTO HANPSIMKY KOJTHBaHb 3a0€3MEYUTH 3UT3arorno1i0He epeMillieHHS
TpaHyJu y JIOTKY MiBKPYTJIOTO TIEPETHHY.

3MinHeHUH BiOpaIiifHUM crocoOOM OKATHIII OTPUMYE OaraToliapoBy CTPYKTYpPY i3 30BHIIIHIM
LIapOM Y BUIIIAMl YIIIbHEHOT Kipku ToBuuHOIO 0,17-0,20 miamerpy rpanynu. BunpoOyBanHs Takux
OKATHIIIB ITOKA3aJ10, 10 BOHK MaloTh HinBumeny Ha 10-15% MinHicTs (y mepiry 4epry AMHaMidHy) y
TIOPiBHSHHI 3i 3BUYaiHMMH 3paskamu. [ToiGHMil eeKT MOMMPIOeThes i HA MpaHyIM MicIs BUMaly. Ix
MIIIHICTB 3pocTae Ha 15-23% [11,12].

Taxwuii pe3yiabTaT MOSICHIOETHCS 3MEHIIIEHHSIM TTOPUCTOCT1 BIOPOYIIIIEHEHNX OKaTUIIIB Ha 26,5%.
Kpim Toro, BHacnizox BiOpariiiHoi 00poOKu 3HIKY€EThCs BOJIOTICTh rpanyd Ha 19,3% [11]. Ocranniit
MOKA3HUK CIPHUAE KParoMy 30epiraHHi0 MUTICHOCTI OKaTHIIA y TPOIECi TEPMIYHOTO BHITATY Yepes
MEHIITy WMOBIPHICTh HOTO PYHHYBaHHs BHACIIJOK IEPETBOPEHHS BHYTPILIIHBOI BOJIOTH Ha Tap 1 po3-
PUBY IpaHyJH. 3aJHIIa€ThCs JOJATH PO CYTTEBE CKOPOUCHHS BUXOAY Api0’s3Ky (kiacy —3 MM) — He
MeHIIIe, HiXK Y 2 pasu.

Jiia mpakTHYIHOT peanizalii 3amponoHoBaHOTo criocoly Oysio po3po6ieHo TeXHIYHE PIilIeHHs Ji-
Hil JIsi BAPOOHMIITBA 3aIi30pyAHIX OKATHIIIB y CKIIAJi MOCTiJOBHO BCTAHOBJICHUX YaIlIKOBOTO OTPY-
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JIKyBaua, BiOpaIliiiHOT 3MIITHIOBAJILHOT YCTAaHOBKU Ta MPHHMAILHOTO CTPIYKOBOTO KOHBeepa (puc. 1)
[10, 14].

S S e
\ \ \

I 1 \ \

A T 22 A \ X \

\5 \6 \& \z

Puc. 1. Cxema niHii 1151 BAPOOHHITBA CHPUX OKATHILIB: 1 — OTpyIKyBay 4amIKoBHid; 2 — yCTAHOBKA BiOPO3MIIIHIOBAIb-
Ha; 3 — KOHBEEP CTPIYKOBHIA; 4 — JTOTKH; 5 — IPYXKHI omopy; 6 — Bai nebataHCHNUIA; 7 — elNeKTpoABUTYH; 8 — Mydra

BunpoOyBanHs y 1a00paTOpHUX YMOBaX €KCIIEPUMEHTAIBHOTO 3pa3Ky MAIMHU IS BiOpaliiitHo-
ro 3MinHeHHs cupux okatuiie MBOK npojeMoHCTpyBano e(peKTHBHICTh BUKOPHCTAHHS TaKOi orle-
paii 06poOku cupux okaruiiB Ta ii pesxxumHux napametpis [11]. Ilix yac mpoBeaeHHs MOJATBIINX
JIOCTIJIDKeHB Ha ii 0a3i 0yJ10 po3po0iieHo JIeKIJIbKa BapiaHTiB KOHCTPYKTUBHOTO BUKOHAHHS BIOPO3MIIL -
HioBabHOTO TipucTporo (Moneni OJIB, OXB, OBJI, BOK), siki BiJpi3HsUIUCS AMHAMIYHOIO CXEMOIO i
MOKa3HMKAMH €KOHOMHOT'O BUKOPUCTaHHS eHeprii Ta MarepianiB. TexHiuHI XapaKTepUCTUKHU IUX KOH -
CTPYKLIX pa3oM i3 3ragaHoro Buie monenaro MBOK npuseneni y ta6m. 1 [15].

Tabmuus 1
TexHiuHI XapaKTepUCTHKU BiOpo3MilHIOBaIbHUX ycTaHoBOK KI'PI
IToka3uuk Tun BiOPO3MIIHIOBAJIBHOTO MTPHCTPOIO
OJIB OXB | OBI | BOK | MBOK

IIpoAYKTHBHICTb, T/T 40 80
Yacrora KoJIMBaHb, I'11 15-25
AMIUTITY1a KOJTUBaHb, MM 2-4
Yac Bi6pooOpoOKH, XB. 2-3
IoTy:kHICTh MpHBOAY, KBT 30 22
Maca, kr 3760 | 3000 | 5000 3200

Takum 4MHOM, HEOOXiIHICTH MPAKTHYHOTO BIIPOBAKEHHS MOTEPEIHBOTO BiOpauiiHOTO 3MilHE -
HHSI CHPHX OKATHIIIB Y TEXHOJIOTTYHOMY TPOIIECi OTpYIKyBaHHS 3a1i30pyTHOT CHPOBUHHU MTPEJICTABIS-
€ThCSI IIUJIKOM JIOBEJICHOTO, &JIe TMTAaHHS BUOOPY PaIlioHATLHOT AWHAMIYHOT CXEMH TIPUCTPOIO TS HOTO
MTPOMUCIIOBOI peatizailii JoCi 3aIMIIaeThCs Ha MOPSIIKY ICHHOMY .

IocTranoBka 3ana4i. J[is BUPIIEHHAS IILOTO MUTAHHS MMOTPIOHO MPOBECTH MOPIBHSUIBHUI aHATI3
JUHAMIYHHX CXEM ICHYIOUHMX KOHCTPYKIIi YCTaHOBOK JUIsl BiOpawiifHOTO 3MIITHEHHS! CHPUX OKaTHIIIiB
JUTSL OOTPYHTYBaHHSI HaHOLTBIN JIOCKOHAIOT 3 HUX 3 TOYKU 30py BUKOHAHHSI ITOCTaBIEHOT y poOoTi Me-
TH Ta 3a0e3Me4YeHHs HeOOXiJHUX TEXHIKO-eKOHOMIUYHHUX MOKA3HUKIB.

BuxianeHHst MaTepiajly Ta pe3yJbTaTH A0CHiAXKeHb. [IpeicTapneni y Tabn. 1 ManmHu MaroTh
0JTHAKOB1 PEXKUMH KOJIMBaHb pOOOYMX OpraHiB (4acTOTy, aMILTITyay, Yac 0OpOOKH), peKOMEHIOBaHI
BUKJIaICHUMH BUILE pe3yJbTaTaMy JOCTIKEHHS POLIeCy BiOpaIiifHOro 3MillHEHHS CUPUX OKATHIIIIB,
ajie BUKOHAaHI 3a pi3HUMH KOHCTPYKTUBHUMHU cxemamu. Hacamnepen, e crocyeTscst poOodux oprasis
Ta BiOpaliifHIX TPUBOIB, IO TeHEPYIOTH iX KoiuBaHHS. [[is1 peamnizarii moTpiOHOTO pexuMy BiOpaii -
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HHOTO TPaHCIOPTYBAHHS CHITKOTO Marepiany, Y TOMYy YHCIHI OKaTHIIIIB, OKPIM YaCTOTHO -aMIDIITy JHUX
XapaKTePUCTHK, BAXKIMBE 3HAUCHHS MAlOTh KyT HaXWIy poOOYOTo OpraHy BiOpOYCTaHOBKH, KyT BiO-
paiii (KyT MK HANPSIMKOM J1ii 3MyIIIEHOTO 3yCHJILISI BIOPOTIPHBO/IY Ta ILIOMIMHOIO POOOYOTO Oprany),
TPAEKTOPis KOJMBaHbL POOOUOT0 OpraHy, Horo ¢opma TOIIO.

AHaii3 KOHCTPYKTHBHHUX CXEM IIMX YCTaHOBOK ITOKa3ye, 10 BOHM MArOTh Pi3HI KyTH HAaXWIy po-
6ouoro oprany (Big 6° y BOK no 20° B OXB), pizHi kyTn BiOparii (Bix 45° 8 OBJI 1o 96° y BOK), iio-
ro JOBXHHY (10 5 M), mmpuny (Bix 1,1 1o 2 m), xinbkicts (Big S B OJIB no 14 y BOK) i popmy (1u10-
cky y BOK, ne s Habopy HeoOXiTHOT TOBXKHHU TPAHCIIOPTYBAaHHS JACKIIbKA JIOTKIB PO3TAIIOBYIOTh-
Csl OZIMH HAJI IHIIMM Y BHTJISII KaCKaJy, Ta MBKPYIIy y PELITH KOHCTPYKIIIH Juis 3a0e3nedeH s 3ur3a-
romnoiiOHOT TPa€eKTOPIi pyXy OKaTHILIB).

o crocyerbest TpaekToOpii KONMMBaHb POOOYMX OpraHiB, TO Y OUTBIIOCTI KOHCTPYKIIiH BOHA Mae
KpYroBy ¢opmy, sika 3a0e3MedyeTbcsi OJHOBATBHUM AeOaaaHCHUM BiOpompuBogoMm. Ilioma nux xomu-
BaHb 10 PI3HOMY 30pi€EHTOBAaHA B HUX BiJHOCHO IUIOINI poOOYOTo oprady (Mif TUM YH 1HIIMM 3raJaHuM
BUIIlE KyToM BiOpartiii). | ume B mpuctpoi BOK BUKOPHUCTOBYETHCS TBOBAIBHUI caMOOaIaHCHUIA BiO-
PONPHUBOJ, 10 peatisye OUIBII-MEHII CIPSIMOBaHI KOJIMBAHHS JIOTKIB (CHJIBHO BUTSATHYTHH EJIIIC).

Jns Bubopy HaWOUIBII pamioHaIbHOT JUHAMIYHOT CXEMH Y PO3TISHYTHX yCTAaHOBKAaX JOILIBHO
BHU3HAUMTH BEIMYMHM KOE(QIiLi€HTIB pexuMy BiOpallii, sSiki B HUX peanizyrorbes. Lleit yHiBepcanbHui
MOKa3HHUK e€(EKTUBHOCTI pOOOTH BIOPOTPAHCIIOPTHOT YCTAHOBKHM BU3HAYAETHCS 32 HACTYITHOIO (GOpMY-
noro [2,8,9]

Aw? sin
ky =2F, (1)
gcosa
. mn
e A — aMHHlTy,[[a KOJINBAHb pO60qOFO OpraHy, M, W = E — prFOBa qacToTa KOJIMBAHb pO60qOFO

oprany (3MiHEHHsI BSIMYMHU 3MYILICHOTO 3yCHIUIsE), paj/c (N — yacToTa KOJNMBaHb y Kou/xB.); g = 9,81
M/c? — IPUCKOPEHHS BiILHOTO TIAIiHHS; 0 — KyT HAXHITy poOOYOro OpraHy 10 TOPH30HTY, Ipa.; ff —
KyT BiOparii, rpa.

Bubepemo 3 tabi. 1 cepenni 3HaueHHs peskuMy BiOparii npuctpois: 4 = 3 mm; n =20 T'm= 1200
KOJI/XB., 3BikH @ = 125,6 pan/c. Toxi 3HaueHHs KoediieHTy Ky 3a Gopmyioro (1) CTaHOBUTUMYTh:
g yeranoBok MBOK, OJIB ta BOK — 6mm3pko 5, OBJI Ta OXB — 3,5-4. Ilepmia BenmauHa npea-
CTaBIISIETHCS 3aHAATO BEIHMKOIO, aJpKe JUTs 3a0e3MeueHHS PeXUMY BiOPOTPAHCIIOPTYBAHHS 3 TIAKHIA -
HHSIM YaCTHHOK BaHTaXy ONTUMAIbHE 3HAYCHHs Koe]illieHTy pexumy BiOpailii K, Mae 3HaX0UTHCS Y
Mexax Big 1 g0 3,3. JIos miABUIIEHHS IHTEHCHBHOCTI TIpolieccy OakaHo O0yio 6 maru Horo e Oiib-
MM, aJie TYT TOYMHAIOTH CHIIBHO 3pOCTaTH JUHAMIYHI HaBAaHTAXKEHHS Ha ITiIIIUITHAKOBI BY3IH, 5IKi €
HaMBIANOBI JAIBHIIIUMHA KOHCTPYKTUBHHMHU €I€MEHTaMH BiOpauiiHUX MPUBOIB 1HEPUIHHOTO THITY

[2,8,9]. Kpim Toro, cItif BiA3HAYNTH HEAOCTATHBO BENH-
/ w2 4.6 2 Ky HpO,I[YKTI/IBHiCl.“B TPHCTPOIO OHBI. o
P Otxe, HaWOUTBIN paliOHATBHI AWHAMIYHI CXEMHU
J - }3 MatoTh npuctpoi OBJI ta OXKB. Ane, 3 ornsiny Ha Te, 110
2 nepIa yCTaHOBKAa Mae CyTTE€BO OLIbLIy Maccy, Oe3zarme-
peuHy TiepeBary mMoTpiOHO Biamatu koHcTpykiii OXKB.
Jnst 3HMKeHHST KoeditieHTy Ky y Hill 10 pekoMeHI0BaHOT
\ b MaKCHMAJIbHOI BEJIMYMHH MO’KHA TPOXM 3MEHIIMTH dYa-
croty N abo ammityny A (BiZHOBiAHO [0 NPUOIM3HUX
BemuurH y 18 I um 1080 kon/xB. Ta 2,5 Mm).

Junamiuna cxema ycranoBku OXXB mokazana Ha
puc. 2. Bona mae Haxuienuit mig kytom 20° 1o ropu-
30HTY pobounii opran 1 moexunoro 4100 MM, mo crm-

5 paeTbcsd Ha OHNOPHY pamy 2 3a JOHMOMOTIOK aMOpTHU3a-

TOpiB 3 1 CKIAJA€ThCs 3 IIECTH TO3J0BXKHIX JIOTKIB

‘ HIBKPYIJIOTO MOIMEPEYHOTO TEPETHHY 3a-TAJBHOIO IIH-

o puHOo 1200 MM. BiGpompuBoa MAammMHM 3aKpilieHHit
' HaJ poOOYMM OpPraHOM 1 Ma€ BUT-IISAL OJHOBAJIHHOTO

Puc. 2. Jlunamiuna cxema ycranosku OXB jgeOanmancHoro BiOpatopa 4 3 aBoma mnepudepiiitHUMHU
st BiGpO3MillHIOBATBHOT 00POGKH CHPHX OKAaTHIIIB:  meGarmancamMu. Bai BiOpaTopa OTPHMY€ KPYTHHM MO-
L — opras poGounii; 2 — pama onopa; 3 - aMOPTH3A-  \iopyy pin eneKTPOXBATYHA 5 Uepe3 KIMHOMACOBY IIepe-

Topy; 4 — BibpaTop nedanaHcHuil; 5 — enekTponBu- 6 i 6 . 6
TyH: 6 — Hepenata KINHOMACOBA Jaqy 6 1 3a0e3nedye Kpy-TOBI KOJNHBAaHHS POOOYOro
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opraHy y IDIOMNII, sIKa YTBOPIOE 3 ocTaHHIM KyT 50°. 3aBIsKU 1IOMY TPaHyJIH i 4ac TMOCTYHATBHOTO
NepecyBaHHsl BiJl 3aBaHTAXXyBAJIBHOTO KiHIIS POO0OYOTo OpraHy 3MiHCHIO-IOTH 3UT3aronoiOHi pyxu y
KOXXHOMY 3 IIIECTH HOTO JIOTKIB 1 3HAXOAATHCS HA HUX MPOTATOM 4Yacy, He-00XiTHOTO JUTS 3MIITHEHHS 1X
MOBEPXHEBOT'0 1Iapy.

BHCHOBKM Ta HANPSAMOK MOAJbLIIUX A0C/IizKeHb. OTpruMaHi pe3yJIbTaTH AaloTh 3MOTY 3YIIH-
HUTHCS Ha HAHOLIBIN JOCKOHAIIN KOHCTPYKIIT YCTAaHOBKH TSI BiOpAIiifHOr0 MOBEPXHEBOTO 3MilTHEH-
HSI CUPHUX OKATHIIIB, MPOBECTH ITOBHOMACIITA0HI MTPOMHUCIIOBI BUITPOOYBaHHS 1 HA OCHOBI 1X pe3yJsibTa-
TiB 3pOOWTH BHCHOBOK TIPO JIOUIJIBHICTH 11 MPAKTUYHOTO BUKOPUCTAHHS HA BITUM3HSIHUX OTPYAKY Ba-
JHHUX BUPOOHUIITBAX Y TEXHOJIOTIYHOMY MPOIECI BUTOTOBIICHHS 3aJ1i30pyIHUX OKATHIIIB.
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O.B. IBUAKWMU, imxenep-nporpamict, TOB «Pyanpomreodizuxar»

NOILIYK LIJISIXIB 3HUKEHHSI BTPAT TA 3YBOXKIHHS HIAIPBAHOI
TI'TPCBKOI MACH

Merta. [1inBUIICHHST TOYHOCTI ONIEPATUBHOTO KOHTPOJIIO SKOCTI 3aJ1i30pyXHOI CHPOBHMHHM Ta 3HIKEHHS BTPATH Py IpU
BUTOOYTKY.

Metoau pociigxenHsi. besnepepBHUIT KOHTPOJIb 32 CTAHOBHUILEM EKCIUTyaTaliifHOi CBEPUIOBHHH B MACHBI TiPCBKUX
nopij 3 ypaxysanusiM ElinepoBoro, 3eHITHOTO Ta a3UMYTaJILHOTO KYTIB €IEKTPOHHOTO 1HKIIIHOMETpA.

HaykoBa HoBM3HAa BUKOpHCTaHHS €IEKTPOHHOTO iHKIIHOMETpPa Yy MOEJHAHHI 3 pe3yJbTaTaMH SIICPHO -Pi3HYHOTO Ka-
pOTaXy BUOYXOBHUX CBEPUIOBHH J03BOJISIE ONTHMI3yBaTH MPOCTOPOBE IMOJIOXKEHHS 30H/1a B TIPCHKOMY MacHBi i3 3a3HaYCHHIM
TOYHHX 3€HITHUX Ta a3UMYTAJIbHUX KYTiB, L0 3aM00irae nepexo/y JaTinKka B KOHTAKTHY 30HY.

[pakTuyna 3Ha4YUMicTh. BiqoMo, 110 BMICT KOPHCHOTO KOMITOHEHTA TiPCHKUX MOPiJ € BAXIUBHM IapaMeTpoM Mpu
BUIOOYTKy Ta mepepoOlii MiHepaabHOI CUPOBHHU. BCTaHOBIIEHO, 110 MiJBHIIECHHS BMICTy KOPHCHOTO KOMIIOHEHTA Ha OJIUH

‘© AzapsH A.A., UBunkuit O.B., 2024
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Scientific novelty. Justification of the provisions in the development of a methodology for calculating the remaining
resourceof metal crane runway beams at the stage of fatigue cracks growth, taking into account the level of stress,
geometriccharacteristics, length and width of the crack as well as properties of steel.

Practical significance. The availability of cracks in the elements of metal crane runway beams leads to the impossibility
ofusing them without carrying out repair works, thereby reducing the overall operational safety of the building. Repairing
orreplacing crane runway beams is associated with halting the technological process and significant economic losses.
Theproposed methodology for assessing the remaining resource of crane runway beams allows conducting the expertise
andevaluation of their technical condition with the possibility of justifying the period of operational condition of the
structuresbefore repair or replacement. Accurate determination of the remaining resource will significantly reduce and
optimize thecosts associated with production downtime. The calculation recommendations can be used to develop optimal
solutionsduring the repair or replacement of structures.

Results. The statistics of damages occurring in the structure of metal crane runway beams and the analysis of development
oftypical fatigue cracks are provided. An overview of existing methodologies for calculating the fatigue life of structures
isconducted. It is established that determining the remaining resource is essentially reduced to determining the service
lifeequal to the crack growth period up to a length not exceeding 1/4 of the length of the section. A comparative
analysisbetween the growth rate of the fatigue crack determined by calculation and the growth rate of the actual fatigue crack
inoperational structures indicates an acceptable accuracy. The discrepancy in the results lies within 14%.

Keywords: fatigue crack, crane runway beam, remaining resource, growth period.

VK 622.788

T'op6auoB FO.T'., Xpyubkuii A.O., Kpusenko O.10., Jlipenuor O.C. Bubip pamioHansHOI quHAMIYHOI cXeMH BiOpamiid-
HOTO TIPUCTPOIO JUTS MONEPEAHBOT 3MIITHIOBAIBHOT 00pOOKH CHPHX OKATHIIIIB

Meta. MeTor0 poOOTH €MiIBUILICHHS MIITHOCTI CHPUX OKATHIIIB, SIKi BHACTIJOK HEIOCTATHHOI MEXaHIYHOI MIIIHOCTI CYTTEBO
PYHHYIOTBCS HiJl 9Yac KOHBEEPHOT'O TPAHCIIOPTYBAHHS Ta YMCJICHHUX IIePEBaHTaXKyBaJIbHUX Ollepaliil Ha IUIAXY 0 BHIAIIO-
BaJIbHOI Iedi. IcHye HeoOXiqHICTh y MoINepeJHbOMY 3MIIJHEHHI CHPHUX OKAaTHUILIB, IO CIIPUSTUME 3HAYHOMY CKOpPO-YCHHIO
00CATiB YTBOPEHHS Api0’sI3Ky, sIKM MOTPIOHO 3HOBY CHPSMOBYBATH Y Ipoliec orpyaKyBaHHs. L{e 3a0e3rnednTs miABUIICHHS
HPOAYKTHBHOCTI YChOTO TEXHOJIOTIYHOTO JIAHI[Iora 00IaAHAHH Ta 3araibHi TEXHIKO-eKOHOMIYHI MOKa3HHKHA POOOTH Orpy-
KyBaJIbHOr0 BUPOOHHMITBA. KpiM TOrO, BOHO MOBMHHO 3MEHLIMTH PYHHYBaHHS IPaHyJ IiJ 4ac 3MILIHIOBaJbHOTO BHU-TIANY.
Taxum 9rHOM, TeMa AOCIiIKEeHHS 0€3CYMHIBHO Ba)KJTUBA Ta aKTyalbHa.

Metoau pocaimkenns.IIposeneni ocrannim vacom y KHY mociikeHHS 03BOMMIIN BCTAHOBHTH, IO TIOBEPXHEBA BiOpatiiiHa
00po0Ka cHpUX OKATHIIIB 3a0e3redye CyTTeBe 3MIIJHCHHS 30BHIIIHBOTO IIApy TpaHyJl, MiABUINEHHS iX 3aralbHOi CTaTHYHOI 1
JMHAMIYHOI MIITHOCTi, CKOpOYeHHs 00CsAry yTBOpeHHs npi0’si3ky. OTpuMaHi mapaMerpy HEOoOXiJHOTO PeXUMy BiOpaiiifHOl
3MILHIOBAJILHOT 00POOKH, 3aIPOIIOHOBaHI MOXIIMBI KOHCTPYKTHBHI BapiaHTH NMPUCTPOIB JuIs 1X pearizanii. Aie nmorpiOHo ocra-
TOYHE OOIPYHTYBAHHS PALiOHAIBHOT JMHAMIYHOI CXEMH TaKoi MalllMHU. 3 OIVIAAy Ha Lie, 3p00JIeHO BUCHOBOK IPO JOLIBHICTH
IIPOBEJICHHS NOPiBHAIBHOTO aHAJI3Y 3aIIPONIOHOBAHMX IMHAMIYHMX CXEM IS BUSBJICHHS HAOIIbII JOCKOHAIIOL.

HaykoBa HoBu3Ha. OOTpyHTOBaHO HAaWOUIBII JOCKOHAy TWHAMIYHY CXEMY YCTaHOBKH JJIS BiOpaLifHOrO MOBEPXHEBOTO
3MILHEHHS CHPUX OKATHILIB HA OCHOBI MOPIBHSUIBHOTO aHAJI3y PI3HUX BapiaHTiB il peamizamii 3 TOUKH 30py HaWOUIBII edek-
THBHOT'O JMHAMIYHOTO BIUIMBY Ha IPaHyJIH.

IMpakTuyHa 3Ha4MMicTh. [IpakTHYHE BUKOPUCTAHHS IIPOIIOHOBAHOI'O KOHCTPYKTHBHOT'O PIIICHHS IIPUCTPOIO TACTH MOKIIH-
BiCTh MiJBHIIUTU MIIHICTh CHPUX OKATHIIIB OE3MOCEPETIHBO MICIs CXOY 1X 3 OrpyAKYBAIBLHOrO 00JaIHAHHS, 1[0 Ma€ 3a0e3-
MICYNTH 3HWKCHHS HMOBIPHOCTI pyiHYBaHHS rpaHyJl Ha IUIAXY IX TPAHCIIOPTYBAHHS 0 BUMAIIOBAIBHOI MALIMHU Ta ITiJ 4ac
camoro Bunaity. l{e HOBUHHO CYTTEBO CKOPOTUTH BiZICOTOK HEKOHIUI[IHHOTO Npi0’ 3Ky Y FOTOBOMY HPOIYKTY.

PesynbraTn. OOrpyHTOBaHO Ta 3alpPONOHOBAHO PAL[iOHATBHE TEXHIYHE PIIICHHs ISl BUPIIICHHS aKTyalbHOTO MHTAHHSI
MOTIEPEAHBOTO i IBUIIECHHS MIIIHOCTI CHPHUX OKATHUIIIB 32 TOMIOMOTOI0 IOBEPXHEBOI BiOpaiifHOi 00pOOKH rpaHyI.

Ku1104oBi cj10Ba: TEXHOJOTIYHUI HPOILIEC OTPYAKYBaHHS 3ali30pyAHOI CUPOBHHH, HEJOCTATHS MILHICTh CHPUX OKATHIIIB,
MOBEpXHEBE 3MINHEHHS IpaHyi, BiOpariiiHi npuctpoi uist 0OpoOKM CHpHX OKAaTHINIB, OOIPYHTYBaHHS palliOHAIBHOI IH-
HaMI9HOi CXeMH BiOPO3MIIIHIOBAIEHOT yCTAHOBKH.

Horbachov Iu., Khrutskyi A., Krivenko O., Lifientsov A.Choice of a rational dynamic scheme of a vibrating device for
preliminary strengthening of green pellets

Goal. The purpose of the work is to increase the strength of green pellets, which, due to insufficient mechanical strength, are
significantly destroyed during conveyor transportation and numerous transshipment operations on the way to the
roaster.There is a need for preliminary strengthening of green pellets, which will contribute to a significant reduction in the
amount of fines that must be re-directed again to pelletization. This will ensure an increase in the productivity of the entire
technological chain of equipment and the general technical and economic indicators of the work of the pelletizing facilities.
In addition, it is to reduce destruction of granules during roasting. Thus, the research topic is undoubtedly important and
relevant.

Research methods.Recent studies conducted at KNU have established that the surface vibration treatment of green pellets
provides a significant strengthening of the outer layer of granules, an increase in their overall static and dynamic strength,
and a reduction in the volume of fine particles. The parameters of the required mode of vibration strengthening are obtained,
possible constructive options of devices for their implementation are proposed. But a final justification of the rational dynam-
ic scheme of such a machine is still required. Therefore, a conclusion was made about expediency of conducting a compara-
tive analysis of the proposed dynamic schemes to identify the best one.

Scientific novelty.The most perfect dynamic scheme of the installation for vibrational surface strengthening of green pellets
is substantiated on the basis of a comparative analysis of various options for its implementation in terms of the most effective
dynamic impact on the granules.

Practical significance.The practical use of the proposed design solution of the device will make it possible to increase the
strength of green pellets immediately after they leave the pelletizing equipment, which is to ensure a decrease in the probabil-
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ity of the pellets breaking on their way the roaster and during roasting. This will significantly reduce the percentage of sub-
standard fines in the finished product.

Results. A rational technical solution for solving the urgent issue of preliminary increase in strength of green pellets with the
help of surface vibration treatment of granules is substantiated and proposed.

Keywords: technological process of pelletizing iron ore raw materials, insufficient strength of green pellets, surface
strengthening of pellets, vibrating devices for processing green pellets, substantiation of a rational dynamic scheme of a
vibration strengthening installation.
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Azapsn A.A., lIBuakmii O.B.Jlomyk nuisaxis 3HIKEHHS BTpAT Ta 3y00XKiHH HilipBaHOi TipCchKOi MacH

Mera.IlifBHILCHHS TOYHOCTI ONMEPATHBHOIO KOHTPOJIIO SIKOCTI 3aJ1i30py/JHOI CHPOBHHH Ta 3HWKCHHSI BTPATU PYJ [IPH BUJIO-
OyTKYy.

MeToanaocainkenns. besnepepBHuil KOHTPOJIb 32 CTAHOBUIIEM SKCILTyaTAIIifHOI CBEPUIOBUHH B MAacHBI TipCHKUX MOPIJ 3
ypaxyBaHHsM EiiiiepoBoro, 3eHiTHOrO Ta a3MMyTalbHOTO KYTiB €IEKTPOHHOTO iHKIIIHOMETpA.

HaykoBa HOBM3HAa BHKOPHCTAHHS €IEKTPOHHOTO iHKIIIHOMETpA Y TIO€IHAHHI 3 pe3yIbTaTaMu siIepHO-(Pi3HYHOTO KapoTaxy
BUOYXOBHX CBEPJIOBUH JI03BOJISE ONTUMI3yBaTH IPOCTOPOBE MOJIOKEHHS 30H/a B MpChKOMY MAacHBi i3 3a3HAYCHHSIM TOYHHX
3CHITHUX Ta a3UMYTalbHHUX KYTiB, IO 3a1100irae nepexony JaTyika B KOHTAKTHY 30HY.

IMpakTH4Ha 3HaYNMicTh. BizoMo, 1110 BMiCT KOPHCHOTO KOMITIOHEHTA TiPCHKHUX TIOPiJ] € BAXKIJIMBUM [1APaMETPOM IIPH BUJIO0-
OyTKy Ta nepepoO1ii MiHepaIbHOI CHPOBHHH. BCTaHOBIIEHO, IO MiJBHUINEHHS BMICTY KOPUCHOTO KOMITOHEHTA Ha OJIMH BiJICO-
TOK 301JIbIIYE NPOJYKTUBHICTH TOMEHHOI Medi, IPH bOMY BUTPaTa KOKCY 3HIDKYETHCS JI0 TPhOX BiJICOTKIB. BUKOpHCTaHHS
SJIEKTPOHHOTO IHKJITHOMETpa JO3BOJIUTE 3HU3UTH BTPATH PY/I i MABHIIUTH BMICT MiJJipBaHOI TipChKOI MacH.

3anobiraHHs mepexony sk KapoTaKHOTO 30HJA, TaK i eJIEKTPOHHOrO iHKIIHOMETpa B KOHTAKTHY 30HY «pyla-Iopoja», ae
MOXJIMBICTD BHKJIIOYHTH 3MIIIyBaHHS PyJHOTO Ta ITOPOAHOTO MAacHBY TipCHKHX IIOpiN, IO JO3BOJISIE 30€perTH CepemHiit
BMICT KOPUCHOTO KOMIIOHEHTa B MAaCHBI.

PesyabTaTn. [Ipu BugoOyTKYy 3ami30pyJHOI CHPOBHMHH BTPATH Py i3 CepeHIM BMICTOM 3alti3a 10 57% CKIIaaloTh CbOMY Jac-
TUHY Bifl 3aTaiibHOTO 00csaTy. OTHUM 3 e(peKTHBHUX METOJIB BHPIIICHHS MPOOJIeMH BTPAT Ta 3yOOXKiHHS MiipBaHO! TipHUYOL
Macy € BUKOPHCTAaHHS €JIEKTPOHHOTO iHKIiHOMeTpa. [HKITIHOMETpist 3 BUKOPUCTAaHHSIM €JIEKTPOHHOTO 1HKJIIHOMETpa JI03BOJISE:
BU3HAYHUTH MTOTOYHE MOJIOKEHHS 320010 CBEPJIOBHHH; rpadidHO, B PSKIMI peaJbHOTO Yacy BiTOOpa3UTH TPAEKTOPIIO CBEPIIIO-
BUHH; TUIAHYBAaTH HAIPSIMOK CBEPUIOBHHHM; 3a0€3MeUnTH iH(OpPMAIIi€o Mpo OpieHTALII0 iHIMNX CBEPVIOBUHHUX IHCTPYMEHTIB,
OLUIBII TOYHO PO3PaXyBaTH 3aISTaHHA PI3HUX QopMaLiil i TMoOYIOBH IeoJOTiYHIX KapT. [HpopMmaris oTprMaHa Bif iHKIIIHO-
MeTpa Ta KapoTaXKHOI'O 30HAA, TO3BOJISIE PO3POOISATH TPHOXBUMIPHI MOZEII PYIHOrO MACHBY, IO Ja€ 3MOTY IPOrHO3YBaTH
SIKICHO-KIJIbKICHI ITapaMeTpH IiAipBaHol PyIHOI MacH Ta BU3HAYATH KUIbKICTh BIIXMICHHUX SKCILTyaTAL[IHHUX CBEP/JIOBHH.
KurouoBi ciioBa: orepaTuBHUII KOHTPOIJb, KapoOTaXK, 3e€HITHUI KyT, EiepoBi KyTi, MOYaTKOBI YCTaHOBKH, BHXIiIHI JaHi,
CIICKTPOHHUI IHKIIIHOMETp, a3UMYTaIbHHU KYT.

Azaryan A.A., ShvydKkyi O.V. Search for ways to reduce losses and dilution of blasted rock mass

Purpose. Increasing the accuracy of operational control of the quality of iron ore raw materials and reducing ore losses dur-
ing extraction.

Research methods.Continuous monitoring of the state of the operational boreholes in the rock massif, taking into account
the Euler, zenith and azimuth angles of the electronic inclinometer.

Scientific novelty. The use of an electronic inclinometer in combination with the results of nuclear-physical logging of
blastholes allows optimization of the spatial position of the probe in the rock massif with indication of exact zenith and azi-
muth angles, which prevents the sensor from moving into the contact zone.

Practical significance.The useful component of rocks is known to be an important parameter in mining and processing
mineral raw materials. It is found that increasing the content of the useful component by one percent increases productivity of
the blast furnace, while coke consumption decreases to three percent. The use of an electronic inclinometer will reduce ore
losses and increase the content of the blasted rock mass.Preventing the transition of both the logging probe and the electronic
inclinometer to the "ore-rock" contact zone makes it possible to exclude the mixing of ore and rock masses, which allows
preserving the average content of the useful component in the massif.

Results.When extracting iron ore raw materials, losses of ore with an average iron content of up to 57% make up one seventh
of the total volume. One of the effective methods of solving the problem of the blasted mass losses and dilution is the use of
an electronic inclinometer. Inclinometry with an electronic inclinometer allows: determining the current position of the bore-
hole bottom; displayingthe trajectory of the boreholegraphically, in real time; planning the direction of the borehole; provid-
ing information on orientation of other borehole tools, calculating occurrence of various formations for geological mapping-
more accurately. The information obtained from the inclinometer and the logging probe allows for development of three-
dimensional models of the ore massif, which makes it possible to predict the qualitative and quantitative parameters of the
blasted ore mass and to determine the number of deviatedoperational boreholes.

Key words: operational control, logging, zenith angle, Euler angles, initial settings, input data, electronic inclinometer, azi-
muth angle.
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Ilaxno A.FO., MamenoBa A.A. OcHoBHI acnekTd (JOpMyBaHHS aIaNTal[ifHOro NOTEHLIATY i IPUEMCTB Ta OpraHi3amii B
YMOBaX HEBU3HAYEHOCTI

MeTta. MeToro 1aHOi CTATTi € BU3HAYCHHS CyTHOCTI eKOHOMIYHOI KaTeropii «ajanraniiiHuil moTeHiam Ta Horo cKiIamxoBux,
OOTpYHTYBaHHS BIUIMBY MakpOUYMHHUKIB Ha ()OPMYBaHHS aJaNTalifHOTO IOTEHLIay Ta po3poOKa KOMIUIEKCY 3aXOJIB IS
edexTrBHOTO (POPMYBaHHS aJaNTAIIfHOTO MOTEHIIIaTy MiIPHEMCTB Ta OpraHizaliii B yMOBaX HEBH3HAUCHOCTI.

Metoan aocaimkeHHsl. Pe3ynbTaTé i HayKOBI NOJOXKCHHS OTPHMaHi 3 BHKOPHCTaHHSM IIEBHHX METO[IB: y3araJbHEHHS
pe3yNbTaTIB TONEpeNHIX MOCTIIKeHb, KOMIDIEKCHOTO aHaJi3y Ta CHHTE3Yy, JIOTIKO-CTPYKTYpHOTO M JIOTiKO-IMHAMIYHOTO
aHaNi3y, HAyKOBO-aHAITHYHOTO, HOPIBHIHHS i aHAJIOTi1, TAOIMYHOTO TOLIO.

HaykoBa HoBH3HA. B x0#i ToCiKeHHS MPEICTABICHO aBTOPCHKUI MiXiA 10 BU3HAYEHHS KaTeropii «aganTauiiHui moTe-
HIliaJl OpraHi3alii»; pO3KPUTI CKIAaZ0Bi CErMEHTH MOTEHIIANTy MiANPUEMCTBA, CyMa peaklii sKux GopMye afganTaliiiHy Bif-

188 Bicuuk KprBOpi3bKOro HaIliOHAIBHOTO YHIBEpCHTETY, BHIl. 58, 2024



36ipHukx HayKxoeux npaudb

Bicnuck

Kpueopizvkoco nayionanvrnozo ynisepcumemy

Bunyck 58
Kowmrm'torepuuii Habip, BepcTka [Miginpuropa H.IL
[Tignucauno 1o npyky 26.04.24 3a pekomennauiero Buenoi Pagu
KpuBopi3pkoro HamioHaBHOTO yHiBepcuTeTy, mpoTokon Ne 10 Bix 23.04.2024 poky
dopmat 60x84/8. Ym. npyk. apk. 21,86 Tupax 100 npum.
3amosi. Ne 10. Vkp., anr.
Happykosano:

@OII CinenpHikos [IMuTpo AHaTOMIIOBIY
Csigourso IIK Ne 6780 Big 29.05.2019p.
50027, m. Kpusunii Pir,

np. Meranypris, 30/49

tern. (067)773-37-17

Aodpeca suoasnuymea:
eyn. Bimania Mamycesuua, 11, Kpueuii Pie, 50027

Kpueopizvkuii Hayionanvru yHisepcumem,2024.
Bun. 58, C. 3-188



