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BUKOPUCTAHHS BUMMAJIbHO-HABAHTAXKYBAJIbHUX KOMBAHIB
@®PE3EPHOI'O TUITY Y KOMINVIEKCI TEXHOJIOTTYHHUX ITPOIECIB
3AJII30PYIHUX KAP’EPIB, SIK IJIESI BE3BUBYXOBOI PO3POBKHA
IHOPOJHOI'O MACHUBY

Merta. JlocniauTy TEOpEeTHYHE Ta NPAKTUYHE 3aCTOCYBaHHS iJei 0e3BHOYX0BOi PO3pPOOKH TipChKHX MOPIJ Ha 3aJi30py-
JHUX Kap’epax, a TAKOK MOMIIMBOCTI BBEACHHS Kap €PHUX KOMOaiHIB (pe3epHOro TUILY Y KOMIUIEKC TEXHOJIOTTYHUX IIPOLIe-
CiB Cy4acHOTO ripHMYOT0 BUPOOHHLTBA IPH BiANpPALOBaHHI KPYTOCIIA[HOTO POJOBHIIIA.

Metonu. KommekcHuil aHai3 CTaHy TEOPETUYHOI 1 MPAKTUYHOI €PEeKTUBHOCTI 3aCTOCYBaHHS KOMOaiiHiB (ppe3epHOro
TUIY I peamizanii 0e3BHOYyXOBOI TEXHOJOTI BiANpamioBaHHs MOKIALy CKENBHHX TipChKuUX mopifd. OTrisa MepcreKTHBH
3aCTOCYBaHHS TipHHYHNX KOMOaWHIB (pe3epHOro THITy. AHANI3 0COOIMBOCTEN PyHHYBaHHS IipchKOr0 MacuBy Oe3 BHKOPHC-
TaHHS Oypo-BHOYXOBHX POOIT B 3aI€XKHOCTI BiJ IX (hi3MKO-MEXaHIYHUX BIACTUBOCTEH KOMOaltHaMu (pe3epHOTO THUITY.

HayxoBa HoBu3HA. BcTaHOBIIEHHST B3a€MO3B’SI3Ky MDK IapaMeTpaMH €IEMEHTIB CUCTEMH PO3pOOKH Ta pobodunMu i
TEXHOJIOTTYHUMH TapaMeTpamMy KOMOAiHIB (Gpe3epHOro TUITy IPU BiANPAIIOBaHHI KPYTOCIAIHHUX 3aJ1i30PYAHUX POIOBHIL.
[TinBHIICHHS TEXHIKO-SKOHOMIYHHUX MOKa3HUKIB poOOTH Kap’epy MpH aaanrauii 6e3BuOyXoBoi po3poOKH MOPOJHUX MAcUBIB
JI0 Ait0401 TeXHOJIOTil pO3poOKH pOAOBHILA BHHMAIbHO-HABAHTAXXYBaJbHUMHU KoMOaiiHaMu (pe3epHOro THIy B yMOBax Biji-
TIPaLFOBAHHS KPYTOCTIJHUX POJOBHIIL.

I[IpakTH4yHa 3HAYMMICTb. AJTAaNTaIls TEXHOJIOTI] PO3pOOKH CKETbHUX TiPCHKUX MOpia KoMOaliHaMK (ppe3epHOro THITY
JI0 YMOB CyYacHHX 3aJi30pyJHUX Kap’€piB Ta JOCTIIPKEHHS KPHUTEPIiiB OIIHKK e(QeKTHBHOCTI i BHOOpY i 3aCTOCyBaHHS y
JII0Yy TEXHOJIOTIIO.

Pe3yasTaTn. BeranosieHo, 1o mojaiblie BUBYEHHS 3aCTOCYBAaHHS KOMOAWHIB ()pe3epHOrO THITy B TEXHOJOTIYHHX
KOMIUIEKCaxX Kap’epa, Ja€ MOXKJIMBICTh BUKOPHCTOBYBAaTH e(eKTUBHY 0€3BHOYXOBY pO3pOOKY MOPOIHOTO MacHBY. 3aBISKU
YIOCKOHAJICHHIO KPUTEPiiB eheKTUBHOT OLIHKKM 0e3BHOYXOBOro Croco0y BiINpalfoBaHHS TiPCHKHUX IOPiJ BUHUKAE MOXKIIH-
BICTh €KOHOMIYHO JOLJIBHO aalTyBaTH AaHUH CrOCiO 10 YMOB [if0U0i TEXHOJOTIi BiAKpHUTOI po3poOku. OOrpyHTYBaHHS
pawioHaspHOI POOOTH TPAHCIOPTHOTO Ta BUIMAIIbHO-HABAHTaXKyBaJIbHOTO 00JIaJHAHHS 3 Kap’ €pHUMHU (Qpe3epHUMHU KoMOaii-
HaMH € HalBa)XJIMBILIIOI0 YMOBOIO, 110 3a0e3Mevye BUCOKOIPOAYKTHBHE BUKOPHCTAHHS CIUIBHOT poOOTH KoMOaiiHiB (pesep-
HOTO THITy Ta TEXHOJOTIYHOTO KOMILIEKCY Kap’epa MpH MiHIMaJIbHUX BUTPAaTaxX po3poOKH TipChKUX HOPif.

KonrouoBi ciioBa: mopoxHuii MacuB, BiIpamiOBaHHs MTOPiJ], MEXaHIYHE 3HEMIHEHHS TIPCEKUX IOPiA, (pe3epHUi KOM-
0aifH, TEXHOJIOTIYHI IpoIecH, 0e3BUOYX0Ba PO3poOKa.

IIpo6yema Ta ii 3B’A30K 3 HAYKOBUMH Ta MPAKTHYHUMH 3aBIaHHAMHU. PoOoTa ripanao100yB-
HUX MiJIPUEMCTB YKpaiHHU B Cy4acCHHX PUHKOBHUX MOBaXx IOKa3ye, IO KiHIIeBa MPOIYKIIisl O1IbIIOCTI 3
HHUX XapaKTepU3y€eThCS HU3bKOI KOHKYPEHTOCTIPOMOXHICTIO. Lle 00yMOBIeHO TeHAEHILI€0 10 3Hau-
HOTO 301bIIEHHS TIHOWHU BEJIEHHS PO3POOKHU Kap’epy, IO 30LIbIIye COOIBapTICTh BUAOOYTKY 3alli-
3UCTUX KBapIWTIB 1 3MEHIyEe OE3MEUHICTh BEACHHS PO3POOKH MOPOIHOTO MAachuBY. A Tak0XX B CBOIO
4yepry BiIOyBaeThCsl 3MEHLICHHS BHOIMHOrO MPOCTOPY, B pe3yJbTaTi 4Oro MOTY>KHE BHHMAalbHO-
HaBaHTa)XXyBaJbHE yCTaTKyBaHHS, IPU 3MEHIICHHI ITapaMeTpiB €JIEMEHTIB CHCTEMU PO3pOoOKH HE pea-
J30BY€ CBOIX MOTCHITIAIbHUX TEXHOJIOTIYHIX MOYKITUBOCTEH.

BukonanHst 6ypo-BUOYXOBHX pOOIT MO TPagWLiliHIN TEXHOJOTII MiArOTOBKH TipchKOi Macu 0
BUIIMaHHS He 3a0e3neuye MoTpiOHy SKICTh MOAPIOHEHHS KYCKiB, HE BiANpallbOBY€E HAJIEKHUM YHHOM
KOHTYpU TipHHYHMX BUPOOOK, HEraTHBHO BIUIMBAE HA HABKOJIMIIIHE CEPEIOBHIIE.

Po3po0ka MOTYXHUX POJOBHIL KOPUCHUX KOTMAJIUH 3IHCHIOETHCS 13 3aCTOCYBAaHHSM TEXHOJIOTIYHUX
KOMIUIEKCIB, B OCHOBY SIKHX IOKJIaJ€HO NEPEMILIEHHs TIpChKOT MacH TPaHCIIOPTHUMH 3acobamu. Dopmy-
BaHHS JIAHIFOTa TEXHOJIOTTYHMX ITPOIIECiB, 030POEHICTH iX 00NMaqHAHHSAM TPYHTYETHCS Ha iXHii B3a€MOIii.
IIpoBinarM 00IaTHAHHSAM, KOTPE BIUTUBAE HA TTAPAMETPH €IIEMEHTIB CHCTEMH PO3POOKH, TIPOTYKTHBHICTD
Ta KUIBKICTh YCTATKyBaHHS Ha 1HIINX JIAHKAX € HABAHTAKYBAIIbHI 1 TPAHCTIOPTHI MAIIMHU [6].

3 MeToro crabimizaii TeXHIKO-eKOHOMIYHUX ITOKa3HHUKIB POOOTH Kap’€py, a TaKoXk 3a0e3reueHHs
KOMITJICKCHOT MeXaHi3aIlii mAroTOBKY TipChKUX TOPisl GOPMYETHCS i1est 0€3BHOYX0BOi PO3POOKH TI0-
PiJ IUISIXOM 3aCTOCYBaHHS BUMMAaIbHO-HABAaHTAXKYBAJILHUX KOMOAWHIB (DPE3CPHOTO THUITY.

Tpaauuiiina TexHONOTIs BeACHHS BUIIMAaJIbHO-HABAaHTAXKYBAJIBHUX POOIT i3 3aCTOCYBaHHSIM Oypo-
BHOYXOBOTO CrIoco0y MiATOTOBKY MOPOJHOTO MAacHBY JI0 BUIIMaHHA MOTPeOye BEIUKHUX 3aTpaT Mpatli i
Ma€ HU3bKY €KOJIOTIYHICTh -3a MOPYIIEHHS JaHAmAadTa MiCIIeBOCTI i BUKHIIB B aTMocdepy 3HA4HOT
KIJIBKOCTI WIKiAIuBHX pedoBuH. [Ipu po3polui poroBHIa TEXHONOTIYHUHN Mpolec Oypo-BHOYXOBHX
POGIT B Kap’epi ABNSETHCA OJHMM i3 OCHOBHHX B FipHHYOMY BHPOOHHUTBI. Moro yactka y BHTpaTax
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Ha TipHU4i podotn Moxe nocsratu 40 %. OcTaHHIM YacoM TEHJEHINisI CBITOBOI MPaKTUKH CBiIYUTH
IO TiIBUIIEHHS [IKaBOCTi came 10 0e3BHOYX0BOi pO3pOOKH TipChKHX MOPiJ NUISIXOM BBEIICHHS BHI-
MaJIbHO-HaBaHTAXKyBaJIbHUX KOMOAiHIB (pe3epHOro THITY 10 TEXHOJOTIYHUX KOMILIEKCIB Kap’epy.

[oxpaiueHHs TeXHOJIOTIT BECHHS BiIKPUTUX TiPHUYMX POOIT 3aBISIKH 3aCTOCYBaHHIO HOBOI TeX-
HIKHM CIIPHUSE TIABUINCHHIO MPOMXYKTHBHOCTI Ipami i 3HIKEHHIO COOIBapTOCTI BUIOOYTKY KOPHUCHUX
KOMAJIMH Ha 3alli30pyaHUX Kap’epax. OJHAaK TEXHIYHA OCHAIICHICTh TPHUYO-TPAHCIIOPTHOTO MapKy
MOKH 1110 HE BiMOBiJa€ Cy4aCHUM BHMOTaM.

BpaxoByroun cy4acHi TipHHYO-TEOJIOTIYHI Ta TIPHUYO-TEXHOJIOTIYHI YMOBH, SKi CKJIAJUCS Ha 3a-
J30pYyHUX Kap’€pax, aKTyaJbHUM € BIPOBAPKCHHS HAWOUIbII paI[iOHAIbHOI 1 MPOrpecuBHOI Oe3BU-
OyX0BOi TEXHOJIOTIi PO3POOKH OPOAHOTO MACHUBY.

AHaJi3 gqocaimkens i myQmikamid. Y I0CKOHANEHHS TEXHOJIOTIYHUX IPOIECIB B TIPHUIOA00YB-
HIl TIPOMUCIIOBOCTI B 3HAYHINA Mipi 3aJIS)KUTh BiJl MOKpPAIIEHHS pOOOTH 1 IPABMIIBHOTO BUOOPY TipHU-
40100yBHOT'O YCTaTKyBaHHA. B 0CHOBY ()OpMyBaHHSI KOMILJIEKCIB YCTaTKyBaHHS, IO XapaKTEPHU3YIOTh
piBeHb KOMILTEKCHOI MexaHi3allii, MOKJIaJIeHi iXHi AKICHI Ta KUTBKICHI B3a€MO3B’SI3KU 13 YCTaTKyBaH-
HSIM CyMIKHHUX TTPOIIECIB.

BuBueHHs1 6€3BHOYX0OBOTO CIIOCO0Y HEMOXJIMBE 0€3 MONEPEAHBOTO JOCTIIKSHHS 1 TEOPETUIHOTO
OOIpyHTYBaHHS TEXHOJIOT1] MEXaHIYHOTO PyHHYBaHHS TiPCHKUX MOPI.

BukoHaHO BENUKY KiNBKICTh TEOPETUUHHUX JOCHIIIKEHb 110 MEXaHIYHOMY PyHHYBaHHI HOPOAHOTO
MacHuBy, JI0 YUCJIa SUUX CIiJ BigHecTd pobotu mpodecopa M.M. IlpoToassikoHoBa, npodecopa
A.®.CyxanoBa, npodecopa B.I'. MuxaiinoBa, mpodecopa b.I. BoszaBmxencskoro, mpodecopa
M.LKynmuanxuna, npodecopa B.C. denoposa ta iH. L1i gocmiKeHHS ST OCHOBOIO TSl TTOAITBIIIO-
I'0 YJOCKOHAJIEHHs IIPOLIECIB MEXaHIYHOTO pyHHYBaHHs IOPOJHOI'O MacCHBY.

Chin Bi3HAYWTH, IO MIPH BHUPIIICHHI 32/1a4 CTOCOBHO MEXaHIYHOTO pyHHYBaHHS TipCHKHUX MOPIiX
MPUIMAIOTHCA pi3HI KoedimienTn — koedimieHT [lyacona, koedimieHT BHYTPITHBOTO TEPTS IS TBEP-
IAX Tijd, MOIYJIb TIPYXKHOCTI, KOTPi IS MPOIECIiB MeXaHIYHOI il Ha TipChKi MOPOAM HE SBIISIOTHCS
MOCTIHHUMH. B OIBIIOCTI BUIMAKIB 1€ CIIOHYKAJIO 10 HEOOXITHOCTI BUKOPUCTAHHS SMITIPUYHHX 3a-
nexxHocterd. Emmipuuni Gopmynu gaBanyu MOXKIMBICTH BUPILIYBAaTH 3a7adyi MEXaHIYHOTO pyHHYBaHHS
HOPiZ 3 TOCTaTHBOIO JUISL MPAKTUKHU TOYHICTIO. AJie BOHM BPaxOBYBAaTH OOMEKEHE YHMCIIO YMHHUKIB,
SKi BIUNTMBAIOTh Ha MPOIEC PyHHYBaHHS, B 3B’ 3Ky 3 YAM MPOOJIEMHO OYJIO TEOPETHYHO MepeadadnTi
MOXIJIMBICTh YAOCKOHAJIIEHHS MPOLECIB MEXaHIYHOTO PyHHYBaHH, BiIMOBITHO 1 paliOHaIbHOTO BHKO-
PHUCTaHHA TIPHUYO-TPAHCIIOPTHOTO OOIAHAHHS.

OCHOBHOIO HAYKOBOIO HAIPABJICHICTIO SIBJISETHCS BUBYCHHS (I3UKU 1 MEXaHIKM TIpHHYOTEXHId-
HUX TPOLECIB 1 po3poOKa Teopii HOBOT FipHUYOT TEXHIKH 1 TEXHOJOTII.

OCHOBHI BUCHOBKHU MPHBOASATH 10 TOTO, IO 3aCTOCYBAaHHS MEXaHI4HOI MiATOTOBKH TiPCHKHX IO-
pia 1o BUHMaHHS JOCATae BUCOKOT €(peKTUBHOCTI B TTIOPOAAX HEBUCOKOI 1 CEpeIHBOT MIITHOCTI.

[MuTaHHIM MEXaHIYHOT MiArOTOBKH TiPCHKUX IMOPIJ] IPH BeICHHI 0e3BUOYXOBHX POOIT B Kap’epax
NpUCBSYEHI 3Ha4yHI poOoTh BueHHX, cepen axkux mnpaui M.I. Hosoxwunosa, H.B. Hosoxwuioga,
Bb.H.Taprakoscbkoro, A.M. Bapmascekoro, C.M. bpo, A.I'. Illanaps, IL.I. Tomakona, I.K. HaymoBa
Ta iH., y SKAX BUKJIQJCHI TEOPETUYHI Ta MPHUKJIAIHI MUTAHHS 3aCTOCYBaHHS TIPHUYOT0 yCTATKyBaHHS
U151 3a0e3MeveHHs] MeXaHi4HOI MiATOTOBKH T1PCHKUX MMOPiJ 10 BUIMaHHSL.

[Ipu po3poOiii HOBUX croco0iB pyHHYBaHHS TipCHKUX TMOPiJ OCOOJNMBY yBary OyJo MPHUAITICHO
BHBYCHHIO (DI3WYHHUX BJIIACTHBOCTEH TIPCHKHUX MOPiJ TOJOBHUM YHMHOM (hi3MKO-MEXaHIYHUX, TCTUIOBUX
1 EJIEKTPUYHUX, TaK SIK BCi ICHYIOYi METOAM iX MoApiOHEHHS OCHOBaHI HAa MEXaHiYHii abo TerIoBii
Iii, a HOBi eJIeKTpO(i3NUHI METOAN PYHHYBaHHS SBISIOTHCA Malo €PEKTHBHUMH 1 MOTPEOYIOTH N0-
CKOHAJIOTO BUBYEHHSI.

Ha cproronni MmexaniuyHa po3poOKa MOpoTHOTO MacuBy e(heKTUBHO MPOBOAUTHCS 3 IOTIOMOTOIO 3a-
CTOCYBaHHsI TIpHHYMX KOMOalHIB (pesepHOro Tumy. SKi 3a ocTaHHI pOKH Ha Kap’ €pax 3aKOpAOHHUX
KpaiH OTPUMYIOTH IIMPOKE 3aCTOCYBAHHS, IO BUKOHYIOTH TPH OIEpalii: MOApiOHeHHS, BUIMAaHHS i
HaBaHTAKEHHS B TPAHCIIOPTHUH 3aci0 a00 yKIJIaJaHHS MOPOIU B IITA0Eb 3a OAMH POOOYHH IUKII.

BuiimansHo-HaBaHTa)XyBaibHI KoMOaiiHu (ppe3epHOro THITy OTpUMAali IUPOKE 3aCTOCYBAHHS B
MPAKTHI BiIKPUTHX TipHUYUX POOIT B HACTIMOK TOTO, IO BOHHU O30POEHI JOCTATHHO MOTYXHUMH
(dhpe3amMu 3 BUCOKOIO HMIBUAKICTIO 00EPTaHHS, a TAKOX IiJ[ JI€0 BJIACHOT Bard BUKOHYIOTh 3yCHJUIS Ha
poOouwmii opra.

Binpuricts pobiT NprCBAYEH] JOCHTIIKEHHIO 1 HAYKOBOMY OOIPYHTYBAaHHIO HOBUX METOIB Oe3BHOY-
XOBHUX TEXHOJIOTIH BUIOOYTKY BYTULIA 1 pyH, BIPOBAHKEHHS KOTPHUX 320€3MeUNTh MUTTEBE TTi/IBUIIICH-
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HSl TIPOJyKTHBHOCTI Tparli B TipHUYil poMucioBocTi. B poboti [1] TexHIKO-eKOHOMIiYHI pO3paxyHKH
MIOKAa3yI0Th, 10 CETICKTUBHUIN BHIOOYTOK PI3HUX TEXHOJOTTYHUX COPTiB (hOCHOPUTOBUX PYA JO3BOIHTH
CYTTEBO 3HU3MTH BUTPATH Ha MOJAJIbILE iX 30arauyeHHs 3 OTPUMAHHAM TOBAPHOI MPOYKIIi. IX po3y6o-
JKIHHS TIPY BIATIPAIIOBaHHI TUIACTIB TOHKUMHU IapamMu (Gpe3epHrM KOMOAHOM MiHIMaJIbHE.

B ocHOoBy MeroziB omrmMi3zallii JUHAMIYHUX KOHIHUITIH MOXXYTh OyTH TOKJIaIeHI €KOHOMIKO-
MaTeMaTH4YHI MOJIENI ONTUMIi3allii BTpar i po3yoosxkinus [4,5]. OnTuMalnbsHi KiTbKICHI Ta SIKICHI BTpaTH
pPyZa mpu BUIOOYTKY 1 BAMOTH O KOHAMLII MO SKOCTI pyJ MalOTh TiICHUH 3B’A30K. TOMy ONTHMi3awis
BTpaT 1 po3yOOKiHHS ITOITyTHO BCTAHOBIIIOE MEX1 BMIiCTY KOPHCHUX KOMITOHEHTIB Y BUAOOYTIH pyaHiit
Maci. Bij sIKMX JIerko mepeiTd 10 MaKCUMalbHO IOIyCTUMOI MEXi SIKOCTi (pochOpUTOBOI pyaAn IpU
BiZpaioBaHHi ppe3epHUMH KoMOaiiHaMu.

VY Toi#t ke yac mo mipi 30UIbIIeHAS TIIMOWMHN BEACHHS TipHUYUX POOIT BiOYBAa€ThCS 3MEHILIECHHS
BHOIHHOTO TIPOCTOPY, B PE3YyJIbTaTI YOT0 MOTYXKHE BHUHMAaIbHO-HABAaHTAXXyBaJIbHE OOJIaaHAHHSI, TIPH
3MEHIIEHUX MapaMeTpax eJIEMEHTIB CUCTEM PO3POOKH He peaii3ye CBOi MOTEHLIANbHI TEXHIYHI MOXK-
muBocTi. KpiM Toro, BiTHOCHO Mana BHCOTa pOOOYMX YCTYIIIB HE JA03BOJIE MiJBUIIUTH KyT BiAKOCY
pobodoro 6opTy Kap’epa, o 30UTbITYyE 00’ €eMU PO3KPUBHUX pooIT [7].

IMocTanoBka 3agavi. AHaNI3 JiTEpaTypPHUX JKEPEIN i MPOSKTHUX PO3POOOK CBIIUUTH PO BUCOKY
e(eKTHBHICTb BIJKPUTHX TiPHUYMX POOIT 3 BUKOPHUCTaHHSAM 0€3BHOYXOBOi pO3pOOKH MOPOJHOTO Ma-
CHBY Ha OCHOBI MEXaHIYHOTO pyWHYBaHHsS TipChbKHX mopia. He auBisunch Ha cBOIO Oe33amepedHy
e(eKTHBHICTh, IPUHIIUI MEXaHIYHOTO PYWHYBaHHS TIPCHKUX MOPiJ HE 3HAKMIIOB II¢ MOUIMPEHOTO 3a-
CTOCYBaHHsI B IPaKTHII BIIKPUTUX TIPHUYUX POOIT, IO MOSCHIOETHCSI HEAOCTATHIM BUBUEHHSM MeXa-
HIYHOTO TpOIleCy PyHHYBaHHS 1 HOTO 3aKOHOMIPHOCTEH, a TAK0X BiJICYTHICTIO OOTPYHTYBaHHS €(eK-
THBHHX TEXHOJOTIIHUX CXEM PO3POOKH TipChKOTO MAaCHBY.

JlociimkeHHs] TPOBOAWINCH B JABOX HAHOUIBII BYKJIMBHUX IS MIJBUIICHHS ¢(EKTUBHOCTI TipHH-
YUX poOIT HANPSAMKAX:

Mexanixa pytinysanns TIPCBKUAX TIOPi (HOCTIIKEHHS HOBUX MPOTPECUBHUX METOIB pyHHYBaHHS
ripchKUX TOPill, po3poOKka MeTo/iB 6e3BHOYXOBOI il Ha TipCHKI MOPOJU 3 METOI iHTeHCUdIKaIi ix
nopiOHEHHS 1 MOXKIIMBOCTI 1X 3aCTOCYBaHHSA, po3po0Ka Teopii 6e3 BUOyX0BOro 3HEMILTHEHHS TIPCHKHX
Topi).

Tipnuya mexanixa (po3poOka Teopii MEXaHIKM TIPHUYUX MAIMH 1 KOMIUIEKCIB, PO3po0Ka HayKoO-
BUX OCHOB 1 HOBUX IPUHIMITIB €KCKaBalii, HABaHTa>KEHHS Ta TPAHCTIOPTYBaHHS).

B po6ori [3], npencraBiseTbcsi eKOHOMIYHO JOIUTBHAM MPOBOAUTH POOOTH TIO YIIPABIIHHIO SKICTIO,
SIK1 HaIIpaBJICHO Ha Oe3rmocepeiHe 3a0e3MeUeHHsT BUCOKOI SKOCTI PYIHOI CHPOBHHH, 1 pOOOTH, SIKi HarpaBs-
JICHO Ha YJJOCKOHAJICHHSI TEXHOJIOT1i pO3POOKH i3 CHCTEMOIO YIIPABIiHHS SKICTIO PYAHOT CHPOBHHHL.

AHani3 10cBiy BiANIPaLIOBaHHS TiPCHKOIO MacHBY BUHMallbHO-HABAaHTaXXyBaJIbHUMH KOoMOaiiHa-
MU (pe3epHOr0 TUITY BKA3YIOThCS HAa OOMEXeHY e(DEeKTHUBHICT JaHOI TEXHOJOTII MPH BITKPUTIH po3-
po6ui ponosuil. B Hiii 3aknaneHi 3HaYHI nepeBary y MopiBHSIHHI 3 0ypo-BHOYXOBUM CIIOCOOOM MiAro-
TOBKH mopia 1o BuiimManHs. llopan 3 uum 1 ii eheKTUBHOTO BUKOPHCTAHHS CIiJ PO3B’s3aTH KOM-
IUICKC TIMTaHb CTOCOBHO i ajanramii 10 TipHUYO-TEOJIOTIYHUX Ta TPHUYOTEXHIYHUX YMOB, IO CKJIa-
JUCS y CYyJacHHUX TIIOYHX Kap e€pax MpH po3poOIli KpyTocmagHuxX pomoBuil [2]. OmMHUM 3 HaNpsSMKiB
BUPILICHHS JaHOTO MUTAHHS € OCBOEHHS 0€3BHOYXOBOro crocody po3poOKH ripchKUX Mopif i3 3acTo-
CYBaHHSIM BHIIMaJbHO-HABaHTAKYBAIBHHX KOMOalHIB (hpesepHOro tumy. OCTaHHE NECATHIITTS MPO-
BOJISITHCSI HAYKOBI JTOCIIIKEHHS B HAIPSIMKY MEXaHIYHOTO pyHHYBaHHS IIOPOJHOTO MacuBY 3 BIIPOBa-
JUKEHHSIM y BUPOOHUIITBO JTOCATHYTHUX PE3YJBTATIB Y BUIVISAAI PEKOMEHAIIN 1 TEXHOJIOTIYHUX PillIeHb.

B 3B’s3Ky 3 nuM poOoTa mpucCBsUeHa aHami3y i OOIpyHTYBaHHIO i€l 6e3BHO0yX0BO1 po3poOKH Tip-
CBKHX IOPiJ TPH BIAKPHUTIH pO3pOOII POJOBHII KOPUCHUX KOMAIMH 3aCTOCOBYIOUM BHHMAaJbHO-
HaBaHTAXXyBaJIbHI KOMOAtHH ()pPEe3epHOTO TUITY B TEXHOJOTTYHMX KOMIUIEKCAX.

Buknaganns martepiany Ta pe3yJbTaTiB. B TeXHOIOTIYHUX KOMIUIEKCAX 13 3aCTOCYBaHHSIM aB-
TOTPAHCIIOPTY, 3MI3HIYHOTO TPAHCIIOPTY ab0 iX KOMOIHAIl] TipHUYa Maca HaBaHTaXXy€EThCS MEXaHid-
HAMU JIOTIATaMH y TPAHCIIOPTHHM 3aci0 1 MepeBO3UTHCS 0 MPUHMATBHUX IyHKTIB TpU3HadeHHA. P03-
KPHBHI ITOPOJIY NOCTYNAIOTh HA BiIBANBHY AITBHUINIO, @ KOPHCHA KOMAJMHA B CBOIO YEPTy TOTPAILISE
JI0 TEXHOJIOTIYHOTO KOMILJIEKCY.

TicHult B3aeM03B’ 30K HaBaHTAKYBAJILHUX Ta TPAHCIIOPTHUX POOIT B Kap’ €pi, XapaKTepU3y€eThCA
HasIBHICTIO pi3HOro 0OJagHAaHHS KOMIUIEKCY B LIOMY Ta BiJIOBIAHICTIO MapaMeTpiB TipHHYO-
TPaHCIOPTHHUX MAIlMH 3 YpaxyBaHHAM AMHAMIUYHMX 3MiH CUTYallil TpUBaJIOCTI Hpouecy. AHaii3 po0o-
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TH KOMOAaWHIB (pe3epHOr0 TUIY CBIMYHUTH MPO €(PEeKTHBHY Ta €KOHOMIYHY CIUIBHY pOOOTY pa3oM 3

TEXHOJIOTTYHUMH KOMIUIeKcaMu Kap’epy (puc. 1).

' ] Tipasie RaBARTAZenAR Puc. 1. Koncrpykuis Ta npuHnun aii ppesepHOro
S Kom0aiina

pisanns 1a no sutanol gpaknii

Hocsruenns inei B obmacti 6e3BUOyx0-
BOI PO3pPOOKH JTO3BOJIMIN PO3POOHTH 1 Hay-
KOBO OOIPYHTYBaTH HOBY BHCOKOC(EKTHUBHY
TEXHOJIOTII0 PO3POOKHU 3aTI3UCTUX KBAPIIUTIB

- 13 3aCTOCYBaHHSM BHMMaJIbHO-HABaHTAXKY-
e e s _ BaJbHHUX KOMOAlHIB (pe3epHOro THIy, CyT-
e evmien nerasapury =~ HICTb KOTpOI IOJIATa€ B HACTYIHOMY. Macus
SR e e HaMiBCKEJIbHOT Ta CKENbHOI TipChKOI Macw
(mycTi mopoau i pyaa) MOIIapoOBO 3pi3a€ThCA
1 OJPiIOHIOETHCSI pOOOYMM OPraHOM KOMOaiHa, BUHMA€eThCs Ta HABAHTAXKYETHCS Ppe3epHUM KoMOak-
HOM B TPAHCIOPTHHWH 3aci0 1 JOCTaBISIETHCS HAa HEBEIMKI BIJICTAaHI N0 IMEpPEHAaBaHTAXyBaJIbHO-
TPOXOTIJIFHUX yCTaHOBOK, PO3MIIIEHNX Ha KOHIIEHTPAIiHIX TOPU30HTaX Kap’ epa.

[Ipobnema ymockoHasIeHHS 0e3BMOYXOBOI TEXHOJIOTIT pO3POOKH TiPCHKUX IOPiT B OCTaHHI POKH Ha-
OyBae yce OLIBIIOro 3HaYCHHs B YKpaiHi. Y TOi ke yac pealibHUi CTaH BUPILIEHHS JaHOI MpoOIeMH Te-
peOyBae Ha BKpall HU3bKOMY piBHi, HE3BXKAFOUHM Ha OCTATOK HAYKOBHX JOCTI/DKEHD Y IIbOMY HAIPSMKY
[10-15]. CmpaBa B TOMYy, ITI0 BHIIICHABEIACHE PI3HOMAHITTSI HAYKOBHX PO3POOOK JOTETIEp yCe e 3alTHIIa-
€ThCS HEy3araJlbHEHNM Ta SBJISIE COOOI0 CYKYIHICTh PI3HHUX PaKypciB po3Miisimy AaHoi mpoOmemu. binb-
LICTh POOIT AOCHIIKYIOTH 001aCTi MOKIIMBOTO Ta e()EeKTUBHOIO 3aCTOCYBaHHS 0€3BHOYXOBOTO CIOCOOY
OKpEMHUX TIPCHKHX TIOpi Ta TIOODKHOTO BUAOOYTKY KOPHCHHX KOIAJHH, 00 0OMEXYIOThCS HE JIOCTat-
HBOIO OOTPYHTOBAHICTIO JIMIIIC TEXHOJIOTIYHUX IMUTAHb iX BUAOOYTKY, y TOHM Hac, sSIK peajlbHe KOMIUTCKCHE
OCBOEHHSI 0€3BHOYX0BO1 PO3POOKH POIOBHIL KOPHCHHUX KOMAJIMH i3 3aCTOCYBaHHSAM KOMOaiHIB (pesep-
HOTO THITy BUMAarae BiJIIOBiTHOTO KOMIUIEKCHOTO aHAJITHYHOTO ITiXO1Y.

B pe3ynbrari TEOPETHIHOI 1 eKCTIEpUMEHTAIBHOI TPAKTUKH TIPOBEICHHS BUOYXOBUX POOIT Ha 3a-
J30pyAHUX Kap’epax MOKHA 3pOOUTU MPUITYIIECHHS, 1110 TPAIUIIIMHIIA CIIOCIO XapaKTepH3y€eThCs HU-
3bKOK0 ©(DEKTUBHICTIO 3aCTOCYBaHHS BHOYXOBHUX PEUOBHH Ta HU3BKOIO SIKICTIO BHOYXOBOTO TOJpiO-
HEHHS TIPChKUX MOPIJ Ta HE MOBHUM 3a0€3MeUYCHHSIM MOTPIOHOro KyCKa BilipBaHOi MOPOAX Bix Macu-

BY.

B po0ori [16], npuBeneni pe3yibTaTd BU3HAYEHHS BiJJICOTKOBOTO BUXOLY (pakUiili migipBaHOi
ropoau nipu BukopuctanHi eMonita H100 (tabx. 1) Ta mpu BukopucTanHi rpamonita 79/21 (tabm. 2).

Tabmuis 1
Buxix ¢paxuiii migipBaHoi nopoy npy BUKopucranHi emonira H100
BizncoTkoBuii Buxin dpakuii, %
Howasrtin 54 2 9 10 4 I
Po3mip mmarka, MM 0-200 201-300 301-400 401-500 >500 >1200
Po3Mip cepeaHpOro mMarTka, MM 219
Ta6muus 2
Buxiza ¢paxuiii migipBaHoi mopoay Npy BUKOPUCTaHHI rpamMoHiTa 79/21
BizncoTkoBuii Buxin dpakuii, %
IToxa3nuku 7 13 3 2 0 0
Po3mip mmarka, MM 0-200 201-300 301-400 401-500 >500 >1200
Po3Mip cepeHpOro nMaTka, MM 167

Ha 3akopmoHHUX Kap’epax JOCSATAETHCS BUCOTA CTEIIHB MOMPIOHEHHS HAMIBCKEITPHHUX, CKEITLHHUX T10-
pin i pyx ripamaumMu koMOaiiHamMu (pesepHoro Tuiy, npu kotpiid 100% BigmpanpoBaHOI Tipchkoi Mach
Ma€ IMMAaTKy po3MipoM MeHire 150 MM, o CBiAYHTS PO MOBHY BiJICYTHICTH Heradaputy (Tadir. 3).

Ta6umuns 3
Buxiza ¢paxuii BianpaisoBanoi IOpoau NpyU BUKOPUCTaHHI (pe3epHOro kombaitHa
(MUTHHCBKE POJIOBHIIE AOJIOMITIB)
BincotkoBuii Buxin ¢pakuiii, %
Hokasritin 11 34 29 26 0 0
Po3Mip mmarka, MM 0-10 11-40 41-70 >71 >150 >500
Po3Mip cepeaHbOro mmarka, MM 58
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3acTocyBaHHS TipHUYHAX KOMOAHIB ()pe3epHOro TUIY EKOHOMIYHO AOIUIBHO MPH BiAMpaIfoBaHHI
nopiz; 3 Koe(ilieHTOM MIITHOCTI f=3—8 3aBISKH YOMY JOCATAE€ThCS MaKCHMajbHa MPOJYKTHBHICTH
MaluHy. 1 OLIIHKM MOXKJIMBOCTI BUKOPHCTaHHS BHHMAallbHO-HABaHTAKYBaJbHUX (pPE3EpPHUX KOM-
0aifHiB Ha BITYM3HSIHUX Kap’ €pax 3aCTOCOBYETHCS METOJ, OCHOBAHMH Ha PO3AUIBHOMY ypaxyBaHHI
CTETeH] TPINTUHYBATOCTI MAaCcHBa 1 MIITHOCTI TIOPiJl B MOTO CKJIa/di, KOTPHH BH3HAYAE OITip MacHBa II0-
mapoBoMy (ppesepysani [8,9]. CremniHb TPIIMHYBATOCTI MacHBa BU3HAYAETHCS CEHCMIYHUMHU METO-
JaMH, a MiIIHICTh MOPiJ CKJIaJIeHUX MACHB — YJIbTPa3ByKOBHMHU.

Po3pi3HAIOTE HACTYTIHI TEXHOJIOT1UHI CXeMH po00TH (hpe3epHUX KOMOAHHIB:

[MomapoBe ¢pesepyBaHHs TOPiJ TOPU3OHTAIBLHUMH Iapamu. 3pi3ana, nmoapiOHeHa Tipcbka Maca
yKJIagaeThesa B mradeni mozany cebe abo HaBaHTAXKY€ETHCS BIACHOIO KOHBEEPHOIO CUCTEMOIO Ha HUXK-
4e JIeKaYnid TOpU30HT ab0 3rpibaeThes MTAOETH i CKUAAETHCS OYIBI03EPOM HUXKYE JISKAUNH yCTy 1
HaBaHTaXYyEThCS €KCKaBaTOPOM B TPAHCTIOPTHHH 3aciO;

[NomapoBe ¢pesepyBanHs nopia noxwimmu mapamu (KyT Haxuity 10-20°). 3pisana, moapiOHeHa
ripcbKa MopoJia TPaHCIIOPTYETHCS OYIb03ePOM JI0 HABaHTAXKyBaJbHUX 3ac00iB mmix yxuioM. [Ipu po-
00Ti 110 it cXeMi 30UTBITY€EThCS TATOBE 3yCHILIA (hpe3epHOro kombaiHa i Oysa03epa;

OpezepHuii KOMOAWH TpaIlIoe y Tapi 3 CKpernepoM, KOTPUH BiAMPanboBYeE 1 TPaHCIIOPTYE MOAPiO-
HEHY TipChbKy Macy.

B TexHOMOTIYHNX cXeMax i3 3aCTOCYBAaHHSM Ha BUHMaJbHO-HaBaHTa)KyBaJIbHHUX OIEpalisxX HaBa-
HTaXXyBadiB Qpe3epHuil KoMOaiiH BUKOPUCTOBYETHCS, SIK KOMIICKCHUH arperar, BAKOHYIOUHUH 3pi3aH-
HSl, TOAPIOHEHHS Ta BKJaJaHHA B ITa0esnb po3pobienoi ripebkoi Macu. [Ipu npoMy edekTuBHilIE 3a-
CTOCOBYETHCSI aBTOMOOLITHHHM 1 PiJIIIIe 3aJi3HHYHUNA TPAHCIOPT.

AKTyaJTbHIM HampsSIMKOM B 00JIacTi BIIKPUTHX TIPHUYUX POOIT SBISIETHCS POMIMPEHHS 001acTi 3a-
CTOCYBaHHSI BHCOKONPOAYKTUBHOIO MOOUTBHOIO YCTaTKyBaHHS, 10 SIKOTO BITHOCSATHCS BHHMAIIBHO-
HaBaHTAXXyBaJIbHI KOMOaifH! (hpe3epHOro ThIy. 3BepX MOTYXHi (ppe3epHi KOMOAWHN MOXKYTh OYTH BHUKO-
pHUCTaHi He TUTLKY TIPH pO3p0o0ITi MUTBHUX, aJie 1 P po3poOITi HAIIBCKEILHIX Ta CKEIBHUX MOpin 0€3 1mo-
NePEHBOT0 TOIPiOHEHHS. 3aCTOCYBaHHS KOMOAIHIB (hpe3epHOro THITYy XapaKTepU3yIOThCs TaK:

BiJICYTHICTIO HEOOXiTHOCTI B monepegHpoMy Oypo-BHOYyXOBOMY MOAPiOHEHHI MOPiA Ta MOXKIIHUBI-
CTIO PETYJIIOBaHHS PO3MIpy IIMAaTKa y BiAOBITHOCTI 3 MOTPEOYIOUOK0 TEXHOJOTIEI0 HAaBAHTAKEHHS Ta
TPaHCIIOPTYBaHHS;

BiJICYTHICTIO Hera0apuTy Ta MOXKJIMBICTIO CEJIEKTHBHOI BUIMKHM MOPOJHOTO MacHUBY, a TaKOX JO-
CATHEHHSIM TIOTOYHOCTI BUPOOHHUIITBA, TAaK K BECh TEXHOJOTIYHHUN UK (pi3aHHA, MOAPiOHEHHS, BU-
HMaHHS Ta HABAaHTA)KCHHS) BUKOHYETHCSI OJHUM BHHMalIbHO-HaBaHTaKyBaJIbHUM KoMOaifHOM ¢pese-
PHOTO TUITY, MPAIIOIOYNM B OJMHOYKY YH B Mapi 3 3ac00aMHU TPaHCIIOPTY;

OTPUMaHHAM MOXKJIMBOCTI 3aCTOCYBAaHHSI TEXHOJOTIYHUX CXEM, IO MOKPALIYIOTh €KOJIOTiYHYy CH-
TyaIiro MiAMPUEMCTBA MUIIXOM 3MEHIICHHS IIKiJIMBUX BHUKHUIIB MPH 3MEHIICHUX KaIliTAIBHHX Ta
eKCIUTyaTalliifHuX BUTpaTaXx.

BucnoBku. OTxe, 3acTOCyBaHHS KOMOaiHIB ()pe3epHOTO TUIY B TEXHOJOTTYHHMX KOMIUIEKCax
Kap’epy, A€ MOXIIMBICTh YAOCKOHAIUTH TEXHOJIOTII0 PO3POOKH TipChKUX TOPiA THM CaMUM ITiJ[BH-
ITUTH PeHTA0ETHHICTh TIPHUIOA00YBHOTO IMiAIIPHEMCTBA. be3BnOyxoBa po3poOka MOPOAHOTO MAaCUBY
i3 3acTOCYBaHHSIM KOMOaliHIB (hpe3epHOTo TUITY, MOTPeOye BCTAHOBJICHHS 00JIACTI 3aCTOCYBaHHs 1 00-
IPYHTYBaHHS PalliOHATLHUX MTAPaMETPiB Pi3HUX TEXHOJIOTIYHUX CXeM BUJOO0YTKY TipChKUX MOPif. AJie
JUISL OIIHKY €(PEeKTUBHOCTI MOYJTHBOTO BIIPOBAHKCHHS 0€3BHOYXOBOT'O BiAIPAITIOBAHHS MOPiT B yMO-
Bax 3aJli30pyTHUX Kap’€piB MOTpiOHE MOAambllle BUBYCHHS TiPHUYO-TEXHIYHUX YMOB PO3pOOKH poJIo-
Bumia. Jyisg poro HeoOXiTHUN OUTBIN TTHOOKUI CHCTEMHHI aHami3 i po3po0Ka aJiecKBaTHUX MaTeMa-
TUYHUX MOJIEJIeH, KOTPi JO3BOJSATH OI[IHUTH €KOHOMIYHY JOUIIBHICTE 1 e(DeKTHBHICTH PO3POOKH Ta
ajanTarii 6e3BHOYX0BOI TEXHOJIOTIi PO3p0oOKH 3aMi30pyAHOTO OKIany hpe3epHUMH KOMOAiHAMH.

[Nopanbire nocmigKeHHs1 OyAyTh CIPSMOBaHI Ha OUIBLI JeTalbHE BUBUEHHSI MOMKIIMBOCTI TpaHc(opMy-
BaTy ifiet0 O0e3BHOYXOBOI PO3POOKH TIPCHKHUX TOPIM B JF0YY TEXHOJOTIIO BEACHHS BIKPHUTOI pO3poOKH. B
KOHKPETHHX TIPHIYIO-TEOJIOTTIHMX Ta TIPHIYOTEXHITHIX YMOBAX 3aJIi30pyTHUX Kap’€piB.
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H.B. HABAPEHKO, C.M. IOJIOX, xanAnIaTH TEXH. HAYK, JOII.
KpuBopi3bkuii HallioHaTbHUN YHIBEPCUTET

JOJATKOBA OBPOBKA PE3YJIBTATIB POBOTH AJIT'OPUTMIB
HNEPCHEKTHBHOI'O INIAHYBAHHAA 3AJII3OPY THUX KAP’E€PIB.
3A JOIIOMOTI'O10O METOA0JIOI'I BIZIHOBJIEHHSA IH®@OPMAIIIIL

Meta. Metoto poboTH € YIZOCKOHAJICHHSI METOIIB MEPCIEKTUBHOTO IJIAHYBAHHS POOOTH Kap’epy, 30KpeMa JBOBHMIp-
HuX MeToiB Jlepuca-I'poccMaHa BU3HAUEHHS HOTO ONTHUMAJIBHOTO KOHTYpY. Pe3ynbpraToM poOoTH Tinbku anroputmy Jlepu-
ca-['poccmMaHa € MHOKMHA ONTUMAIBHUX KOHTYPIB y po3pi3ax, sKi BiAPI3HIIOTHCS 3a GopMoto Ta ruOuHO0 po3podkw. [1o-
TpiGHO y3roanTH KOH(}Irypamito KOHTYpiB y po3pi3ax s KOpeKTHOI popMu poboIOro mpocTopy Kap’epy.

Metoan mocaimkenns. ITicns miomunHoro anroput™my Jlepuca-I'poccMaHa BU3HAUCHHS ONTHMAJBHUX KOHTYDIB Ha
po3pizax MPOMOHYETHCS MPOBECTH J0ATKOBY O0UYHCIIIOBAIbHY 00pOOKY METOaMy BiJIHOBJICHHS IPOIycKy naHuX. [Ipoana-
Ji30BaHa poOOTa METOAIB 3alOBHEHHS CEpelHIMU 3HAYCHHSM, IiJCTAaHOBKH, MHOXXHHHOI JiHiitHOI perpecii, baptierra,
Resampling, ZET, ZETBraind. TlpononyeTbcst pe3ysbTaTd poOOTH yIOCKOHATICHHX aJrOPUTMIB NPUIMATH SIK albTePHATHBU
npy BUOOPi epeKTUBHOTO KOHTYPY Kap’€py METOAaMH Teopil IPUUHATTS PillieHb.

HaykoBa HoBu3Ha. [lepcrnieKTHBHE IUIaHYBaHHS POOOTH Kap’€py PO3IIIAAAETHCS K 3a/1a4a IPUIHATTS PillieHb, IPUYO-
My II0 BIJOMHX Ta BIpPOBaKeHHX MeTofiB Jlepuca-I'poccmana (MepekeBOro Ta JUHAMIYHOTO) MOTPIOHO JONATH MOJIEIIO-
BaHHS Po00Y0I 30HM Kap’epy 3a JOMOMOTOI0 JOJAaTKOBHUX MOJIeNel BiJHOBIICHHS HPOIYCKY JaHUX, IO IpH3Bene 10 30i1b-
[IeHHs e)eKTHBHOCTI BiIPOOKH POJOBHIIIA.

IpakTnyna 3HaunMicTb. OTpUMaHi pe3yabTaTH AHATITHYHOTO MOJIEIIOBAHHS J1O3BOJISIFOTH BHECTH KOPEKTUBH JI0 Me-
TOJI0JIOT1] BU3HAYECHHS IPAaHUYHUX KOHTYPIB Kap’epiB, 10 HAJA€ MOXIIUBICTD 30UIBIINTH IANTUBHICTE OTPUMAHHUX PE3yJlb-
TaTiB MO/JICTIOBAHHS JI0 NPOEKTHUX KOHTYPiB. [IpoaHanizoBaHi METOAM BiJHOBJICHHS MPOMYCKIB JaHUX MOXYTh JIATTH B OC-
HOBY IIPEJICTaBJICHHS 3a/1a4 NEPCHEKTHBHOTO IUIAaHYBaHH: Ha 0a31 MeTOR0JIOTI] NPUHHATTS pillleHb SK aHaJI3 OaraToKpuTepi-
AIBHUX ANbTEPHATHUB, 1€ B AKOCTI KPUTEPiiB BUKOPHCTOBYETHCA 3arajbHUN TPOIIOBHIA MOTIK, 00°€eM BUAI0OYTOI TipHUYO1 Ma-
cH, Koe(ilieHT pO3KPUTTSA Ta iHILI TiPHAYI0-EKOHOMIYHI TOKAa3HUKH.

© Ha3zapenko M.B., Hazapenko H.B., Illonox C.M., 2017
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