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Abstract: This article deals with the research related to the reengineering
of stackers, which were developed and manufactured at the end of the
twentieth century and are still in operation at a number of enterprises of
the mining and metallurgical complex of Ukraine. For this study, we chose
a modernized stacker type Ul SN-1200, which is still in operation at the
iron ore pellets storage area of the pelletizing plant of the Central Mining
and Processing Plant of Kryvyi Rih. Its modernization involved the
removal of a very bulky, heavy outdated aspiration system, which could
significantly affect the rollover stability of its platform and lead to the
failure of both its individual components and the stacker as a whole.
Therefore, the aim of the research was to conduct studies related to
determination of the stacker's margin of safety against overturning
depending on its design features that have emerged over the course of its
operation and performance for materials whose bulk density does not
exceed 1,9 t/m®. To achieve this goal, we used calculation and analytical
methods in the MathCAD environment. The main source materials for
calculations and research were archival drawings of the stacker and its
technical passport. The research found that even with its nine-ton
aspiration unit removed, the unit, which is significantly offset from the
center of gravity of the entire structure, the safety margin of the stacker to
overturning, depending on the capacity, is in the range of 1,6-1,9.
Installation of an additional 9 t load instead of the aspiration unit, increases
the safety margin of the stacker to 2,2, and without it to 1,8 at maximum
stacker productivity of 1200 t/h.

Keywords: reengineering, safety margin, stacker, bulk material, bulk
density, productivity, aspiration unit, tipping over.
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Abstract: This article deals with the research related to the reengineering of stackers, which were
developed and manufactured at the end of the twentieth century and are still in operation at a number
of enterprises of the mining and metallurgical complex of Ukraine. For this study, we chose a
modernized stacker type Ul SN-1200, which is still in operation at the iron ore pellets storage area
of the pelletizing plant of the Central Mining and Processing Plant of Kryvyi Rih. Its modernization
involved the removal of a very bulky, heavy outdated aspiration system, which could significantly
affect the rollover stability of its platform and lead to the failure of both its individual components
and the stacker as a whole. Therefore, the aim of the research was to conduct studies related to
determination of the stacker's margin of safety against overturning depending on its design features
that have emerged over the course of its operation and performance for materials whose bulk density
does not exceed 1,9 t/m>. To achieve this goal, we used calculation and analytical methods in the
MathCAD environment. The main source materials for calculations and research were archival
drawings of the stacker and its technical passport. The research found that even with its nine-ton
aspiration unit removed, the unit, which is significantly offset from the center of gravity of the entire
structure, the safety margin of the stacker to overturning, depending on the capacity, is in the range
of 1,6-1,9. Installation of an additional 9 t load instead of the aspiration unit, increases the safety
margin of the stacker to 2,2, and without it to 1,8 at maximum stacker productivity of 1200 t/h.
Keywords: reengineering; safety margin; stacker; bulk material; bulk density; productivity;
aspiration unit; tipping over.
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AHoTanis: Y poOoTi po3IrIIHYTO AOCHIHKEHHS MTOB’I3aHE 3 PEIHKUHIPUHTY IITa0eneyKIaaayiB, SKi
Oynu po3poOJieHi Ta BUTOTOBIIEH] Y KiHII XX CTOpiyYs Ta ¥ J0Ci 3HAXOJATHCS B €KCIUTyaTallii y
HU3L1 TiANPUEMCTB TiPHUYO-METATYPrifHOrO KOMIUIEKCY YKpainu. J{iasi mpoBeaeHHs JOCTiKEeHb
OyB oOpanuii MoxepHizoBanuili mradeneyknagad tuny Y1 CH-1200, skwii 3HAXOAWTHCS 1 TIO
TeMepilHii 4Yac B eKCIUTyaTalii Ha JUISHII CKJIQAyBaHHS 3alli30pyJHUX OKaTKiB (adpuku
OrpyiKyBaHHs L[eHTpaNbHOrO ripHMYO-36arauyBanbHOrO KomOiHaTy B M. Kpumii Pir. Horo
MOJICpHI3allil CTOCYBaJlaCh BHUAAJCHHIO TyXKE€ TPOMI3IKOI, Ba)KKOI, 3acTapiyiioi acmipamiiHoi
CHCTEMH, 1110 MOKE CYTTEBO BIUIMBATH Ha CTIHKICTh 10 MEPEKUAaHHS Horo riaTthopmMu i MpUBeCTH
710 BUXOJ1Y 3 JIaAy HOro OKpeMHx By3JIiB Ta B LIIOMY IITabeneykiaaaada. Tomy MeToro po6oTH 0yio
MPOBENICHHS JOCTIPKEeHb, TOB’SI3aHUX 3 BU3HAYEHHSIM 3alacy CTIMKOCTI mTabeneykiagada [0
MEPEeKUJaHHA B 3aJIC)KHOCTI BiJl HOTO KOHCTPYKTHBHUX OCOONMBOCTEH, SIKi 3’ IBUJIMCH 3 4aCOM HOTO
eKCIUTyaTallii, Ta POAyKTHBHICTIO JUIS MaTEPialliB, HACKUITHA IILIBHICTH SIKUX He nepesuInye 1,9 1/m>.
Uit TOCATHEHHS TMOCTaBJICHOI METH BHUKOPHCTOBYBAIHMCH PO3PaXyHKOBO-aHATITUYHI METOIU B
cepenoBuii MathCAD. OcHOBHMMHM BUXITHUMH MaTepialaMu JAJsl MPOBEJCHHS PO3pPaxyHKIB Ta
JOCITIKeHb Oyl apXiBHI KpECICHHKH IITa0eneykiajada Ta WOro TEXHIYHUH MacmopT.
JlocnimkeHHSM BCTaHOBJICHO, IO HABITH 31 3HATUM HOTO JEB'STUTOHHUM acIHipalliiHUM OJIOKOM,
SKHI CYTTE€BO 3MIIICHUH MIOA0 LEHTPY Bard BCiel KOHCTPYKIi, 3amac CTIMKOCTI mrabeneykiaaada
710 TIEPEKUIaHHs B 3aJIC)KHOCTI Bl MPOTYKTUBHOCTI 3HAXOAUThCS B Mexax 1,6-1,9. BcranoBneHHs
JI0JJATKOBOTO BaHTaXXy Macoio 9 T, 3aMmicTh acmipalliiiHoro Oyioka, 30inblIye 3amac CTIHKOCTI
mrabeneykinangaya 1o 2,2, a 6e3 HbOro 10 3Ha4eHHS 1,8 mpu MakcUManbHIA MPOTYKTHBHOCTI
mrabeneykinagada 1200 1/ron.

KurouoBi cjioBa: peimXUHIPUHT; 3amac CTIHKOCTI; mTabeneykiagad; CUIKUN MaTepial; HaCHITHA
IIUTBHICTD; IPOAYKTUBHICTD; acHipaliiiiHuii 6JI0K; MepeKu1aHHsl.
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Beryn (Introduction)

Ha rtenepimmHiii yac B TipHUYO-METATYPriifHiil TPOMHUCIOBOCTI KpaiHM BUKOPUCTOBYETHCS 1IIE
BeIMKAa KUIBKICTh OOJIafiHAHHS, sKe OyJno po3poOJeHO Ta BHUTOTOBICHO  IMiIPUEMCTBAMU
Pagsiacbkoro Coro3y B MUHYJIOMY CTOJITTi. MOXKIIMBOCTI KOHCTPYKTOPIB ITPU po3po011i 00Ia HaHHS
ToJli OyJM BKpail OOMEXEHHUMHU iICHYIOUMMH TEXHOJIOTISIMU IPOEKTyBaHHs (Zabolotnyi et al., 2015).
BHacniiok 4oro po3paxyHKoBa KOHCTPYKTOPChKa JJOKYMEHTAIlisl HAa Take 00JIaHaHHS 3acTapisia abo
B3arajii BiZICyTHs. TOMy MOHOBJIEHHSI TEXHIYHOI MOKyMeHTalli Ta ii IHKMHIPHHT, KU BKIIOYa€e
aHaii3, po3poOky 3-D mopeneil, po3risa NpUHIMIIB PoOOTH BY3JIB, MEXaHI3MIB JOCIIKSHHS
HAJIMHOCTI 1X eKcIuTyarallii B Cy4acHUX YMOBaX € aKTyallbHUM 3aBJaHHAM. [0 TakuX 3aBaHb CIij
BiJHECTH POOOTH, SKi HampaBlieHI Ha PO3PAaXyHOK 1 MOJEIIIOBAHHS OCHOBHHMX arperaTiB Ta BY3JIiB
Oarateox mrabeneyknanadiB (Baryshev et al., 2005), (Kazartsev et al., 2015), (Kazartsev et al.,
2016), (Tipikin et al., 2015), (Tipikin et al., 2016). Ognak po3paxyHKiB Ta AOCIiIKEHb HAAIHHOCTI
eKxcrutyaranii mrabeneyknanada tuny Y1 CH-1200, sikuii 10 940ro 4acy BUKOPUCTOBYETHCS Y HU3LI
HiANPUEMCTB TIPHUYO-METANYPriifHol ramy3i He Oyno mpoBeaeHo. CiniJ BiI3HAYWUTH, IO 32 JIOBTI
POKM eKCIuTyaTalii mradeneykiaaay 3rajJlaHoro TUITy HIPUTEPIB psj yIAOCKOHAJICHb, HAPHUKIA,
3HATTS 3aCTapiJIOi, Ty’Ke TPOMI3IKOT Ta BaXKKOI acmipaliiHoi CHCTEMH, 110 CIIOHYKAE 0 MOKIUBOTO
NepeKuaHHsd Horo miaTgopMu B 3aJIEKHICTh BiJ YMOB HOro po0OOTH, a camMe MPOTYyKTHBHOCTI 1
HaBaHTaXEHb BiJ CHIKOro Mmarepiairy. Tomy mera poOOTH MOJSArae B JOCIIPKEHHSIX poOOTH
mradeneyknanada tuny Y1 CH-1200 Ge3 acmipamiifHOro 0yioka mpu po3BaHTaKEHHI Ta YKJIaaLli
3QIIi30pyJHOI CMPOBMHM HACHMITHOKO INUIBHICTIO 1,9 T/M° npM pi3HOMAHITHMX 3HAYEHHAX HOIO
MPOJAYKTUBHOCTI.

Marepiaan Ta metoaun (Materials and Methods)

Yknagad omHOCTpinoBHU (Hamami Imrabeneykianad) sBIs€ COOOK CKIAJIEHy CTAaTUYHO
BH3HAaYyBaHy KOHCTPYKIIiIO, PO3paxXyHKOBI CXEMHU sIKOi, HaBEJIeH]1 Ha pUCYHKax 1-3 Ta cKianaeTbes 3
wiat¢opmu 1, BCTAaHOBJICHOT Ha 3aJII3HUYHOMY XOAY 3 KoJi€ro 6 M 1 6a30t0 24 M, cKJaieHoi cTpinu 2
1 3, mapHipHO NoB's13aHO1 3 TuIatgopmoro 1, sixka mae Bumit y 21,5 M, acmipariiinoro 6ioka 4 (Ha
pPHUCYHKaX 300pa’keHUI MyHKTUPHUMH JIIHISIMH).

[Tnardpopmoro B37OBXK 11 JlaMeTpaabHOI IUIOMIMHU MNPOTATHYTO TOXWUJICHUH KOHBEep 13
po6ouoto mupuHOIO 1400 MM. Y310BXK CTPLIH MPOKIAIEHO KOHBEED 13 poO0ouoro mupruHoi0 1000 Mm.
ITo KOHBeEpax MOCIIIOBHO TPAHCIIOPTYETHCS CUTIKUI MaTepial i3 HACUITHOKO IiabHicTIO 1,9 T/M3.

MaxkcumanbHa TpOXYyKTHBHICTh IITa0eneyKiagaya Mpu BCTAHOBICHOMY CHUIIKOMY MPOAYKTY
cranoButh 1200 1/rox (600 M3/ro) Mpu MIBUAKOCTI CTPIYKK KOHBEEPa CTpiau 10 2,6 M/C.

Maca mnargopmu 120 1, Mmaca ctpinu B 300pi 25 T. 3 mnardopmu mradeneykiaaada OyB 3HATHIA
acmipatiifHuii 610k Macor 9 T. YV 1bOMy BUNAJKY 3aBJaHHAM POOOTH OyJIO JOCIIJKEHHS 3amacy
CTIMKOCTI 3 IEpEKUAaHHS MIPU YMOBI BUAAJICHOTO aCHipalifHOro OJ0Ka 3 Pi3HOIO MPOIYKTUBHICTIO
mradeneykiaaadya o CUIKoMy nmpoaykry. [louaTkoBa KOHCTpyKLis mTabeneykiagada nepeadadae
Horo CTIMKMI CTaH Ha BCIX peXHMax poOOTH.

HaBaHTaxeHHS BiJ] CHUIIKOTO MaTepiaiy, L0 NOJA€ThCS KOHBEEPOM CTPiNM, IMpHIAZae Ha
OCHOBHY omnopy mTabeneykianaua (puc. 1). Came ToMy 3MiHa pO3MOALTY MacH mTabeneykiagada
BHACJIIOK BUJAJICHHS AacHipamiifHOro OJoKa HAWCyTTEBIillle BIUIMBAE€ HAa TOMNEPEYHY CTIHKICTh
BITHOCHO pe0pa NepeKuaanHs, IKUM € peiika 3 00Ky BUIbOTY CTPLIH (AUB. puc. 2 Ta puc. 3).

[Ipu 1bOMYy HaxXWIU CTPLIM Y BEPTHKAJIBHIN IUIOMIMHI MPU3BOIAATH A0 3MEHIICHHS BHUJIBOTY
HaBaHTAXEHHA BIAHOCHO pebpa TMEpeKuJaHHsA, BHACTIZIOK YOro TONEpeYHa  CTIMKICTh
mradeneykiajaya IiJi HaBaHTKEHHAM IPU HAXWIy CTPUIM TUIBKM 3pocTa€e. TakuM YHHOM,
MOJIOKEHHAM IITaleneyKiagaya 3 HaliMeHIINM 3aracoM CTIMKOCTI 3 MOMEePeUYHUM NEePeKUIaHHAM €
TaKuM, sIKE€ TOKAa3aHO Ha pHUC. 3 3 TOPU3OHTAJILHUM PO3TALIYBAHHAM CTPLIH, 1 OYJIO OCHOBHOIO
PO3PaxyHKOBOIO CXEMOIO 3 OOUHCIICHHS 3aaciB CTIMKOCTI HA TIEPEeKHUIaHHs ITa0eneyKiaaaya.
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OCHOBHUMHM BHXiJIHUMHU JTIOKYMEHTaMHM JUIs MIPOBEACHHS PO3PAaXYHKIB € apXiBHI KPECICHUKU
mrabeneykiaaada, po3po0sieHi BUPOOHUKOM.

Po3paxyHok mapaMmeTpiB CTIHKOCTI MpH BBEICHHX MMOYATKOBHX yMOBAaxX, IO BiAMOBITAIOTh
pealbHOMY CTaHy mTabeneykianadya, BukoHaHo B cepemoBuili MathCAD. Ha3Ba mapamerpis, ix
MMO3HAYCHHS HA CXEMi Ta 3HAYCHHS, [0 BiJMOBIIAIOTh PUC. 3, HABEICHO B Ta0I. 1.

Ta6auus 1. Hazea napamerpis, iX MO3HAUEHHS HAa CXeMi Ta 3HAYEHHs, 1110 BiAMOBIIAIOTH pHC. 3

Ha3ssa napamerpa IHo3HayenHns 3HavyeHHs

Ta HOro OMHMII BUMipIOBaHHS Ha cxeMi napaMerpa
MaxkcumainbHa MPOAYKTUBHICTh ITa0eNeyKiaaaya, T/TOx w 1200
JIOBXKHMHA 3aBaHTAKEHOI YACTHHU CTPIJIOBOTO KOHBEEPA, M L 25
JliniifHa MBHUIKICTH CTPIUKU CTPLIOBOrO KOHBEEPA, M/C v 2,6
Kputnune 3HaueHHs peakuii JalbHbOI peilku npu Ry 0
NepeKUJaHHl, T
Kputuune 3HaueHHs peakiii OJMKHBOT peHKH, T Ry 120
3aranpHa Maca maatdopmu mradeneykiagadya BUXiJHOTO G 95
CTaHy, T
Maca 650ka acmipartii, T N 9
3arajibHa Maca CTPUIX 3 TOPOKHIM KOHBEEPOM, T P 25
Maca onopHoi YaCTUHH CTPLIH, T P, =0,6P 15
Maca KOHCOJIbHOT YaCTHHU CTPLIH, T P> =0,4P 10
Pe3ynbTyioua KOPHUCHOTO HAaBaHTA)KEHHS Ha KOHBEEpI WL 3,2
CTpinu Ta ii MaKCUMaJbHE 3HAYCHHS, T - 3600 v

PesyabTaTn (Results)

Pe3ynbTyroua po3noaiieHOi CUITH BiJl pOOOYOro HABAHTAXKEHHS 3aJIC)KUTH BiJl MPOYKTHUBHOCTI
mradeneykiaaaya, MBUIAKOCTI KOHBEEPA CTPUIM Ta JOBXHHU 3aBAHTAXEHO! YACTUHU KOHBEEPHOI
CTpIUKH:

WL

0= 35005

(1)

ne W - MPOAYKTHBHICTH mTabeneykiagada (1T/Toxn);

L - noBxvHa 3aBaHTaXEHOT YaCTHHHU KOHBEEPA CTPLIH, M;
V - niHiHA MBUIKICTH CTPIYKH KOHBEEPA, M/C.

3 yMOBHM pIBHOBaru MOMEHTIB CHJI, NPHUKIAJCHUX MO0 IITadeneykiaaada, IOCTiI0BHO
BH3HAYa€MO HEBIZIOMY PEaKIliio 3 00Ky JalbHbOI PeKH, K (DYHKIIIIO Bil KOPUCHOTO HABAHTAXKECHHS
3 ypaxyBaHHsM (1) oTpumaemo:

B42-Ry6+G3-N55-P13,6-0103=0.

P42—Ry6+G3—N55—Py13,6-— L 103=0.
3600 v

1 WL
Ry(W)=—| B4,2+G3-N5,5-P13,6—10,3 |, (2
g (W) ol o) 3600 v (2)
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3amac CTIMKOCTI mTaleneykiazgadya MO HOro MEepeKUAaHHI0 BU3HAYMMO SK BiJHOLICHHS
Pe3yJIbTYIOYOIO0 MOMEHTY, IO BiTHOBIIIOE PIBHOBArY, 10 PE3yJIbTYIOUOTO MOMEHTY, 1[0 TMIEPEKUIAE,
3 ypaxyBaHHSM B3a€MO/Iii aKTUBHUX CUJIOBUX (pakTOpiB Mixk c00010:

P42+G3
n, (W)= 1 .(3)

—N5,5—P213,6—ﬂ10,3
3600 v

Kputnune 3HaueHHs MPOIYKTUBHOCTI MITa0eNeyKiIagaua BU3BHAYUTHCS 3 KPUTHYHOTO 3HAYCHHS
PE3YNBTYI0YOr0 HOro KOPUCHOTO HaBaHTaXKEHHs (4), sSKe OOYHCIIOETHCS 3 YMOBH TPAaHHYHOL
piBHOBaru B 00epTaHHI HABKOJIO pedpa MepeKu1aHHs:

P42-0-6+G3-N55-P13,6-0,103=0,

3BigKuU

e :ﬁ(am—o-6+Gs-N5,5-P213,6)=15,8 T, (4)

9

BignosigHo (1) 3 ypaxyBaHHAM (4) OTpUMYye€MO 3HAUEHHS KPUTHUYHOI NMPOIYKTUBHOCTI 3
MipKyBaHb CTIMKOCTI IIIOJJ0 IEpEeKUIaHHs ITabeeyKiaiaya:

3600 O, v

/45 =5907 1/rog, (5)

Po3paxyHKH MOKa3yIOTh, 10 IPAKTUYHUHN 3armac CTIHKOCTI 3 MepeKuIaHHs mTadeneykiaaada
6e3 acmipariiiHoro 0o0ka 3HaXoIuThcA B iHTepBaii Bix 1,6 1o 1,9 npu MakcumalnbHii nacnopTHIN
NPOAYKTUBHOCTI mTabeneykiagaya, a KpUTHYHE 3HAYCHHs NMPOIYKTUBHOCTI InTabeneykianada 3i
3HATUM aclipaniiHuM OJIOKOM 3 MipKyBaHb HOTO CTIMKOCTI 10 mepekuIaHHs craHoBUTh 5907 T/rox,
1110 B OLIBII HIXK 4 a3y MEPEBUIILYE peabHO JOCSHKHY MaKCUMAIIbHY ii BETMUYHHY.

Takum yumHOM, arperat 31 3HITHM acHipaniiHuM OJOKOM Oyae CTIMKHUM 10 TIEpPEeKUJaHHS B
yCbOMY Jiana3oHi NPOXYyKTHBHOCTI MO 3ami3opyAHii cupoBuHi. [Ipum npomy mnepeabaueHi
MOYaTKOBUM NPOEKTOM HAXWIIM CTPUTH y BEPTUKAIbHIN IJIOUIMHI, MEPICHIUKYISPHINA 10 peiKOBOi
KOJIii, MPU3BEAYTh TIJIBKH JI0 JESIKOTO HE3HAYHOTO 301IBIIEHHS 3aacy CTIHKOCTI mTadeneykiaaya.
[Ipote cmig 3a3HAUYMUTH, IO PO3PAXYHKH BHKOHAHO 3a BIJACYTHOCTI BTOMH METAJONpPOKATy Ta
3Ba)KalO4YM Ha JIOBIl POKM MOTO eKCIuTyaTtallii, MOHTa)XHi, 3BapIOBaJbHI Ta 1HIII HANpY>KEHHS, 110
MOTJIM HaKONHMYUTHCS B Pe3yJIbTaTi NMPOBEJCHUX PEMOHTIB Ta MOJEpHi3aliii, Tomy BapTo Oyno 6
po3paxyBaTH TapaMeTpH CTIHKOCTI mTabeneykiagada 3 JOAATKOBHM OallaHCUPHUM BaHTaXXeM
Macoro 9 T, AKM MO>KHa BCTAaHOBUTH Ha Miclie acmipaiiiinoro 6moka. [Ipu npomy po3paxyHKOBa
cxema Oyze Bimnosimatu puc. 4. Ha HaBeneHiit cxemi Jlie J0oIaTKOBA CHUJIa BiJl MacH OallaHCUPHOTO

BaHTaxy NN,, AKa HaIpaBJIcHa B BEPTUKAJILHIH IUIOIIKMHI ITabeneyKiaaaia BHU3.
VY TakoMy pa3i 3 yMOBHM DPIBHOBAarM MOMEHTIB CWJI, NMPUKIAJACHUX [0 IMITadeneykianaya,

MOCTIIOBHO BH3HAYa€MO HEBIIOMY pEakiiio 3 OOKYy MalbHBOI pEHKH, K (YHKIIIO Bil KOPUCHOTO
HABaHTa)XCHHS 3 ypaxyBaHHsM (1):

P42+ N15- Ry, 6+G3-N5-Py13,6-012=0.

L
P42+ NyS— Ry 6+G3=N5—Py13.6-— 5 19—
3600 v
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1 L
Ry, 1) = Pl4,2+N15+G3—N5—P213,6—36VZW12 , (6)

B

Pebpo nepekungaHHa

Pucynok 4. Po3paxyHkoBa cxema IOJO CTifikocTi ITaberneykiagadya Ha MEpEeKUJaHHS 3
J0JaTKOBUM OaTaHCUPHUM BaHTaXeM

3amac crTidikocTi mTaleneykiagada IMOAO MOTro TMEpeKuaaHHs, sK (QYyHKLis Horo
MPOAYKTUBHOCTI, HA0ye BUTIISIY:

P42+G3+N¢5
n,(W,Ny)=—— le ()
~N5-P)13,6———12
3600 v

KpuTtnune 3Ha4eHHS MPOTyKTUBHOCTI MITA0ENEyKIajada BUBHAYUTHCS 3 KPUTUIHOTO 3HAUCHHS
PE3YNBTYI0YOr0 HOr0 KOPUCHOTO HAaBaHTAKEHHS (6), sKe OOYHCIIOETHCS 32 YMOBOIO TPAHUYHOL
piBHOBaru B 00epTaHHI HABKOJIO pedpa NMepeKuIaHHs,:

P42+ N{5+G3-N5-P,13,6-0,,12 =0,

3BiAKHU

1
0., :E(p1 42+ N5+ G3-N5-P,13,6)=17,7 =, (8)

BignosigHo (1) 3 ypaxyBanHAM (8) OTpUMyeMO 3HAU€HHS KPUTHYHOI NMPOIYKTUBHOCTI 3
MipKyBaHb CTIMKOCTI III0JJ0 IEpEeKUIaHHs ITabeneyKiaiaya:

We =

&LQCHV = 6614 1/rox, (9)

OTtpumane 3HaYeHHS OUTBII HIXK Y 5 paziB OijbllIe 32 MAKCUMAJIbHY ITACIIOPTHY MPOAYKTUBHICTD
mrabeneykiaaaya, o CBiIYUTh IPO 3HAYHHM 3arac HOTro CTIHKOCTI.

Ha puc. 5 mnoka3aHo rpadik 3aJeXHOCTI pe3yiabTylo4uoi peakiii JaJbHBOI OMOpH
mradeneykiaaada 3aJ1exHO BiJl HOro MpoIyKTUBHOCTI B pealbHOMY Jiana3oHi ii 3MiHH, po3paxoBaHy
3a ¢opmynoro (2), mns arperatry 3 BiamaieHuM OJOKOM acmipaimii i Uis BHUMAIKy, KOJH
BUKOPHUCTOBYETHCSI JOJATKOBUI BaHTax Macor 9 T BimmoBigHo 10 dopmynu (6). A Ha puc. 6
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MOKA3aHO I[I0 CaMy 3alIeXKHICTh y Jiana30Hi KOPUCHOTO HaBaHTakeHHs Big 0 10 MakcHMaiIbHO
JOMYCTUMOTO 3 MipKyBaHb CTIHKOCTI IITabeneykiaaaya.

3 DOoOarKOBHM BaHTaKeM 9 T

Ry .71

387 // bez nonarkoBOTO BaHTaxXy

- /'

30 —=
28
R, (W) 27

— 29 +
Ry (7)) 20 +

— 18 71

>
J
+—t—t+pt

[
o M
—t—t—t—t—t

0 100 200 300 400 500 600 700 800 900 1000 1100 W . T/rox

Pucynok 5. I'padix 3amexHoCTi pe3ynbTyrouoi peakuii AajgbHbOI ONOpH IITadeneykiaaadya
3aJIe)KHO BiJ HOro MPOAYKTHBHOCTI B pealbHOMY Jiana3zoHi ii 3MiHM 0e€3 J0JaTKOBOro Ta 3
NOJATKOBUM BaHTaKEM Macoro 9 T

Me:ka IPOIYKTHBHOCTI

I
38 | |
; i

/

3 IONATKOBUM BaHTAKEM 9 T

be3 momarkoeoro BAHTAKY

R,(W) % \

W, t/ron

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Pucynok 6. I'padik 3amexHOCTI pe3yIbTyI040i peakiii JanbHbOT OMOPH Bijl pe3yNIbTYIOUO0i peaKilii
3aJIKHO BiJl MPOIYKTUBHOCTI ITaleneykiajaya B Jiala3oHi KOPUCHOTO HaBaHTaKeHHS Big 0 110
kputHaHOro W, (9) 3 ymoBH #oro cTifikocTi 6€3 10AaTKOBOTO Ta 3 JOJATKOBUM BaHTaXXeM Macoro 9 T

3 1UX 3aJIeKHOCTEH BHUIHO, 110 BOHHM MAIOTh JIENIHHUN XapaKTep 1 HABaHTaXCHHs Ha AalbHIN
OTOpi TPOMOPILINHO 3HIKYETbCS 3 MIABUINCHHSM MPOAYKTUBHOCTI. Ha Mexi MakcuManbHOI
MIPOAYKTUBHOCTI, sika gopiBHIOE 1200 T/roj 3araiibHe HaBaHTaKEHHI Ha AJbHIN OMopi TOpiBHIOE 22
Ta 29 T, BiAMOBiAHO 0€3 JOJAATKOBOIO 1 3 JOAATKOBUM BaHTAXKEM.

Ha puc. 7 Ta puc. 8 HaBezeHi Tpadiky 3aeKHOCTI 3amacy CTIMKOCTI mTaleneykiagayda 1mo
NEPEKUJAHHIO 3aJIeKHO BiJl HOr0 MPOIyKTUBHOCTI, OTpUMaHi BiANOBiAHO /10 (3) 3a BiACYTHOCTI OJ10Ka
acmipariii Ta 3a HaSIBHOCTI JIOAATKOBOTO HaBaHTa)XeHHS Macor 9 T BiamosigHo 10 (9). Ha puc. 7
NPUKRHATO peabHUM Jiana3oH 3MiHM MPOIYKTHBHOCTI mITaleneykiagayda, a Ha puc. 8 - aiama3oH
MPOAYKTUBHOCTI, OOMEXEHUN MpaBOpYY KPUTHYHUM 3HAUCHHSIM MPOAYKTUBHOCTI, OTPUMAHMA i3
MipKyBaHb CTIHKOCTI.
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~
~
Il

- T : ) ) )
28 T
2.7 T
261
241 3 DOOATKOBHM BaHTaKeM 9 T
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nAW) 22
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Pucynok 7. I'padix 3amexHocTi 3amacy criiikocTi mrTabeneykiazaya MO HEPEeKUIaHHIO
3aJIe)KHO BiJl HOTO MPOAYKTUBHOCTI B peajlbHOMY Jiama3oHi il 3miHM 0e3 0JaTKOBOTO Ta 3
JOJJaTKOBUM BaHTaKE€M Macoo 9 T

Mezxa IpOAYKTHBHOCTI
n [
25 \
2.8 {
27 "
2.6
3 \ 3 IOIIATKOBHM BaHTaKeM 9 T
n) 24 \ , |
G—V) 22 \ / | | | | |
n puigged
= \\ / Be3 I0[aTKOBOTO BaHTAXKY
1,9 '
l l.s \"l\‘ *\k // /
1,7 —a —— Vi
1.6
12 \ i
T
1.1 l W, tfron
1

6 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Pucynok 8. I'padix 3amexHocTi 3amacy criiikocTi mrTabeneykiazaya MO HEPEeKUIAHHIO
3aJIe)KHO BiJ Or0 MPOAYKTUBHOCTI B Jiana3oHi KOPUCHOTO HaBaHTaKEHHS Bif (0 10 KPUTUIHOTO

W1 (9) 3 ymoBH Horo cTiiikocTi 6e3 10JaTKOBOTO Ta 3 JOJAaTKOBUM BaHTaXKE€M Macoro 9 T

I3 HaBeneHHX 3aJIKHOCTEH BUAHO, IO BCTAHOBJICHHS JOJATKOBOTO BAaHTaXy Macom 9 T
30ibIIye 3amac CTikocTi mmrabeneyknamada 3 1,6 mo 3HaueHHs 1,8 mpu MakcUMabHIH
MPOAYKTUBHOCTI Tadeneykiaaaya, sike gfopisHioe 1200 1/roa. 3meHmeHHs mpoayKTUBHOCTI 10 500
T/TOJ, SIKa BIAMOBIA€ CYYaCHUM TEXHOJIOTIYHUM BUMOTaM, JJO3BOJISIE TIBUIINTH 3amac CTIMKOCTI B
000X BHIIaJKaX HE MEHII YiM Ha 12%.

Ane 3BakaloyM Ha JIOBIl POKHM eKCIUTyarallii mraleneykiagada, a TaKo)XK MOHTaXHHX,
3BApIOBAIBHUX Ta IHIIMX HAmNpy>KeHb, IO MOIJIM HAKOMUYUTHUCS, BapTo Oyno 0 y KOXHOMY
KOHKPETHOMY BHUIAJIKy, KPIM PO3paxyHKiB Ha CTIMKICTb, BUKOHYBAaTH TEXHIUHY 1IalrHOCTUKY BTOMHU
METAaJIONPOKATy B PI3HUX By3JlaX Ta MeXaHi3Max mTadeneykiiazaya i y BUNaAKy MoTpeOu BUKOHATH
HEoOXiHI poOOTH, CIIPSIMOBAHI Ha iX MOCHUJICHHS.

Bucnosku (Conclusions)
BukoHaHo 4acTKOBUil peiHKUHIpHHT MTadbeneykinaaada tuiy Y 1 CH-1200, npuzHaueHoro s

yKJIaJaHHs ITa0ess i3 CUIIKOTo MaTepiay, HACUITHOK MIUIbHICTIO 1,9 T/M° pu MakcuMaibHil foro
npoayktuBHocTi 1200 T/ron, a TakoX PO3IIISIHYTO alTOPUTM PO3paxyHKY 3amacy CTIMKOCTI HOro 3
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3HSTHM acmipaiiHuM OJIOKOM Ta BCTAHOBJICHHM 3aMiCTh HHOTO JIOJaTKOBOTO BAaHTAXy Macor 9 T.
Ha ocHOBI BUKOHaHUX PO3paxyHKiB NMPOaHAII30BaHi Pe3yIbTaTH JAOCIHIPKEHb, IKUMH BCTAHOBJICHO,
10 HaBiTh 31 3HATUM HOTO JAEB'SITATOHHUM acHipalliiHUM OJIOKOM, 110 CYTTEBO 3MIIICHHIA BITHOCHO
LIEHTY Baru Bci€i KOHCTPYKIIi, 3amac CTifiKocTi mradeneykiaaaya 10 NepeKuIaHHs, 3aJIeKHO Bl
MPOIYKTUBHOCTI, epedyBae B rpanuisax 1,6...1,9, y takuii crocib 3a6e3nedyoun mnpare3gaTHicTh
KOHCTPYKIIi.

BceraHOBIeHHS J0AAaTKOBOrO BaHTaXy Macor 9 TOHH 30UIblIye 3amac  CTIHKOCTI
mrabeneykinagada g0 2,2 0e3 HaBaHTAXEHHA Ta [0 3HadeHHs 1,8 mpu MakCUMaNbHIH
npoayKTUBHOCTI mTabeneykinagada 1200 1/ro.
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