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TEXHOJIOTTYHI IAPAMETPH PYITHYBAHHSA I'PCHKHUX TOPI/I
MPU KJACUYHOMY I MOJIEKYJISIPHO-XBUJILOBOMY
MIIXOJAX

Y cmammi posenauymi axmyanvui numanns nioSUWeHHs eqheKmusHOCmi PYUHYBAHHA 2IPCbKUX NOPIO
3ACMOCYBAHHAM KIACUYHO20 NiOX00y Ha OcHO8i 3adaui Bycunecka 3 euxopucmaHusam 2inomesu KOHMYpPI8
Oegpopmayii Buznaueni ymosu Gopmysanns 10pa ywiibHeHHs. Npu PYUHYBAHHI 2IPCbKOL nopoou pisyem Kosuid
pomopnozo exckasamopa. Bcmanoenenuii 36’130k ceomempuynux napamempis a0pa YWitbHeHHs ma MexaHidHux
Xapaxmepucmuxk npoyecy pyuHy8amHs 2ipcbkKoi nopoou pisyem Koewid. Buxopucmanuii  ananimuunuii nioxio
003801U8 PO3PAXYEAMU MEOPEMUYHY WA eKCHLYamayitiny npoOYKMUEHICIb KONAHHS POMOPHO20 eKCKABAMopd 8
3a1eACHOCMI 810 DI3UKO-MEXAHIUHUX 8lAcCmMUBocmell 2ipcbkux nopio. Bcmanosneni enepeemuyuni ma mexHono2iumi
napamempu npoyecié KonauHs 00360JUNU 6CIAHOBUMU BNIUE 2COMEMPUYHUX, KIHEMAMUYHUX MAd OUHAMIYHUX
YUHHUKIE HA NUMOMY eHep2OEMHICMb PYUHY8AHHA 2ipCbKoi nopoou pomopom exckagamopa. Oodeposcani
3A1€AHCHOCII  NOMYNHCHOCMI  npoyecy KONAHHA 6i0 11020 NPOOYKMUBHOCMI C8I0UAMb NPO iX eKCMmpeManbHull
38"30K, Uj0 00380J5E€ BCMAHOBUMU PENCUMU KONAHHS I 3HUSUMU eHeP2OEMHICMb NPoyec).

Kniouosi cnosa: rtipchbka TIOpOJa, POTOPHHMH €KCKaBaTOp, pPYWHYBaHHS, SOPO YIIIJIbHEHHS,
MPOIYKTUBHICTH, MUTOMA eHeproeMHicTh, KK/I, sKicTh ekckaBarii.

Beryn. EdexTuBHICTH mpoleciB pylHyBaHHSI MTOPOJAHOTO MacHBY POOOYMM OPraHOM BH3HAYAETHCS
oNnTHUMaNbHICTIO (QyHKLIOHYBaHHS cucteM Tuiy “TlopoaHuit macuB — poGouuii opran — npuoxn”. KepyBaHHs
CHCTEMOIO BUMarae BCTaHOBJIEHHS SIKICHO-KUIbKICHHX CITIBBIZJHOILICHB i IPOCTOPOBUX (pOpM HapaMeTpiB CHCTEMH.

OOrpyHTYBaHHSI aKTYaJbHOCTI MUTaHb, 10 PO3MIANAIOTHCeA. [Ipu pyiiHyBaHHI TipcbKoi HOpOIU
BiZI0YBa€THCS BUTHMH 1 PO3PHBU KOHTYPIB 3 HACTYITHUM BiJIKOJIOM €JI€MEHTIB MacuBy. Y pe3ysbTaTi BAHUKHEHHS
MIKPOTPIIIMH PO3PHBY i MIKPO CKOJIOBAHHS E€IIEMEHTIB MOPOJHOTO MACHBY YTBOPIOETHCS SIIPO YIIITEHEHHS.
Uepe3 aucrieproBaHuil MaTepiall B sJpi YIIIIPHEHHS HAa MAacHWB Ji€ THYYKE HABaHTAKEHHS 31 CHEpUIYHUM
PO3IOIIOM THCKY, 3 MAaKCHMAJIbHUM 3HAUCHHSAM THUCKY y LEHTPi IUIOMAAKHA KOHTAaKTy. 3 POCTOM 30BHIIIHBOT
CHJIH, a, OT)KE, 1 BHYTPIIIHIX OMOPiB MOPOAHOTO MAaCHBY Y HbOMY HaKOMTUIYETHCS MOTEHITiaNIbHaA eHepris. [Iporux
KOHTYPIB 1 THCK Ha TIOBEPXHi KOHTAKTY 301JIbIITYIOTHCSI, BIAMOBIIHO 3pOCTa€e HAMIPYKEHHsI. 3pyHHOBaHUI MaTepial
IHTEHCUBHO BUAAISETHCS YePe3 3a30pU MK PIKYUIHM iHCTPYMEHTOM 1 FipChKOO TIOPOI010. BUHMKAaI04i MPH ITLOMY
CHIIH TEpPTS 4acTOK PO3TAIYIOTh KOHTYpP. MOro MakCHManbHe MOJOBXKEHHS CIIOCTEPIraeThCs y BEpIIMHH SApa
yuriibHeHHs. 1{e 3yMOBIIEHO THM, 1110 KOHTYp y BEPILIHHI CpUiiMae HalOUIBIINI THCK 1 BITHOCHE MOJOBKEHHS.
[Tpu nOCSTHEHH] IMMU BEJIMYMHAMHU KPUTHYHHMX 3HAUCHb Y BEPUIMHI sApa MOYMHAETHCS YTBOPEHHS TPILIMHH
BIZIPMBY BEIIMKOTO €JIEMEHTa CTPYXKH. PO3KpUTTS TpiliMHM BinOyBaeThesl y OiK BUIBHOI IOBEPXHI HOPOJIHOTO
MacuBy.

HoBu3na podoTu nossrae B 0OIpyHTYBaHHI TEXHOJIOTIYHHUX NapaMeTpiB pyHHYBaHHS TipChKUX TOPiA
IpU KJIACHYHOMY M MOJEKYJISIPHO-XBWJIBOBOMY ITiiXoAax. BHacigok KoHHIeHTpauii HanpyXEeHHS y BEpIIMHH
TPILIMHY BUHUKAE XBUJIBOBHH MIEPEPO3II0/I1T HAKOMMYIEHOI MOPOAHUM MacHBOM €Heprii. THCK MOpOJHOTO MacuBy
i IHCTPYMEHTOM poOOUYOro OpraHy BUKJIMKAE Ha MTOBEPXHI MAacHBY KOHTaKTHI HAIPY>KEHHS 1 pyiHyBaHHS HOTO
nmoBepxHeBoro mapy. lle cipusie yTBOpEHHIO HOBOI BiIBHOI MOBEpXHi. 3HaYHI po3Mipu MacHBY 3a0e3Me4yIOTh
3amemiieHHsT (JIIUPYIOYNX) BEPXHIX KOHTYpIB, BUTHH 0e3 30MIDKEHHS iXHIX KIHIIB IO OCi HaBaHTa)KCHHS.
PiBHsIHHST KpHBOI omucyeThesl (QYHKIIIEIO TPOTHHIB, sika BU3HAYA€Thes pillleHHsM 3anadi bycunecka [1]. Tlpu
MOJAJBIIOMY PO3TSATHEHHI KOHTYPY YTBOPIOIOTBCS PO3PUBH B MICHSX MAaKCUMaJbHOTO TMporuHy. Ilpu
JIOCTaTHHOMY 3aHYPEHHI IHCTpPYMEHTA BiJUIUICHHSI MaTepially, YHACHIIO0K 3pYyLICHHs, IPUIUHIETCS 1 PIiCT siapa
YIIUIBHEHHS! 3yIUHAETBCSL.

Meta i 3agaui mocaimkenHs.. Mertolo € BUOIp Ta OOIpYHTYBaHHS BHPOOHHYMX TPaHMYHUX YMOB
pyHHYBaHHS TipChKUX TOPiA a caMe MPOAYKTHUBHICTb, TMTOMa eHeproeMuicth, KK/ Ta sikicTh exckaBauii, mpu
KJIACHYHOMY I MOJIEKYJIIPHO-XBIJIBOBOMY ITIAXOAX 1 pO3p0o0Ka METOIMKH iX PO3paxyHKy.
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Jlis peanizariii MeTH MocTaBiIeHI HACTYIHI 3aga4i. 1. 3’CyBaTH MOKIIMBICTE 00’ €MHOTO MOJICITIOBAHHS
A1pa YIIUIEHEHHS NpHU PyHHYBaHHI OPOJHOTO MacuBy. 2. BCTaHOBUTH 3aJIe)KHOCTI MPOIYKTUBHOCTI, TUTOMOT
eneproemuocti, KKJ| pyiiHyBaHHs 1 sikocTi pyHHyBaHHs BubGoro. 3. Po3poOutn Mmarematmuni Mopeni
(yHKIIIOBaHHS TIPpHUYMX MAalIMH TPH KIACUYHOMY M MOJIEKYJISIPHO-XBWJIBOBOMY pyHHyBaHHI BHOOiB. 4.
[ligroTyBaTél BUCHOBKH 1 MPAaKTHYHI PEKOMEHJAII 110 BUOOPY Ta 3a0€3MEUCHHIO TEXHOJIOTIYHUX BUPOOHUINX
TPaHWYHUX YMOB PyHHYBaHHS TiPCHKHX MOPiJ.

MeToau rocTimKeHHs epe0ayaloTh: BUKOPUCTAHHS 3a1a4i byccuHecka st MOJEIOBaHHS KOHTYPIB
po3TarHeHHs BuOo0. O0’€eMHOTO MOZETIOBAaHHS €JEMEHTIB pyHHyBaHHS BHOOr0. MaTeMaTH4HI METOOH
BCTAHOBJICHHS 3aKOHOMIpPHOCTI TpPOAYKTHUBHOCTI, muToMoi eHeproemuocti, KKJ[ pyiiHyBaHHA 1 SKOCTI
(YHKIIIOHYBaHHS MalllMHU.

OcHoBHiI pe3yabTaTH Ta iX 0OroBopeHHsi. 3aHYpPEHHS IHCTPYMEHTY VY TIOPOJHHHA MacuB
CYIPOBOIKYETHCS YIIUIBHEHHSM €JIEMEHTIB MacHBY 3 HACTYIHHUM OOTIKaHHSM yTBOPEHOTO sI[pa MOPOAOI0, IO
pYHHY€ETBCS. SIIpO yIIUIBHEHHS 3 JIOCTaTHIM CTYIEHEM TOYHOCTI allpOKCUMYETHCS 3aMKHYTOIO IEHTPAIBLHOIO
MOBEPXHEIO APYTOro MOpPSJIKY, TUITY eJNTHYHOTrO Hapabooina. Po3paxyHKkoBy cxemy BU3HAYeHHS! BUCOTH siapa
YIIUIBHEHHS MTPYKHO-TIJIACTUYHOTO MacuBy MOKa3aHo Ha pHc. 1.

Tuck HaBaHTaXEHHI IPY>KHO-TUIACTHYHOTO MAacUBY /ISl pO3pUBY KOHTYpY y BepiiuHi siapa [2, 3], Ta:

p_p e Mam) )

05

X

PI/IcyHOK 1- POBanyHKOBa CXeMa BU3HAYCHHA BUCOTHU dapa yHIiJ'H)HeHHH

ne Py - KOHTaKTHA MIIIHICTh TOPOAHOTO MacuBy, 1a;

f=10/h, — xoeimieHT 3racaHHsS THCKY I IiHCTPYMEHTOM MpH 30iMbIICHHI TIHOWHW 3aHYPEHHS
IHCTpYMEHTY y Topoaauit Macus, 1/m [3];

h, 1 hi— BignoBimHO BHCOTA spa yHIUTBHEHHS TIPCHKOI MAacH Tepe iHCTPYMEHTOM i TOBKHHA CTPILIKH
OKPYTJICHHS KpaiKH IHCTPYMEHTY, M.

KinbkicHe 3HAa4YEeHHS CTPUIKM OKPYTJICHHS KpallKM IHCTPYMEHTY Ha HOpPSJOK MEHIIE BUCOTH spa
yuriibHeHHs. ToMy 11 3HaYeHHSIM MOYKHA 3HEXTYBaTH 0e3 CYTTEBOTO HOTipUICHHS pe3yibrary. Tuck P, y meHTpi
IUTOLIAJKMA KOHTAKTy iHCTPYMEHTa 3 MOPOJIHAM MAacUBOM Tpuiimae Burisia (1).

'mubuHa 3aHypeHHs IHCTpyMEHTa B TOPOJHHMHA MacuB hg BU3HAYAETHCS 3yCWIUISIM MOAadYi, IO

nepedopPIoe PEeakIlifo CepeOBHINA, M:
hy =Fl(c,-v2-a)=P-Sl(c,-~2-a,-N,), )

ne F- sycwist monmaui, H;

O - MeXa MIIIHOCTi IOPOJHOTO MacUBY Ha CTUCHEHHs, I1a;

ay - MONOBMHA INMPUHH KOHTAKTY IHCTPYMEHTA i3 HOPOJHUM MacUBOM, M;
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N2 - @y - nonoBMHA IMPUHYU KOHTYPY, Ha SKOMY Jli€ KOHTAKTHUI THCK, M;

P - TrCK Ha IIIOMII KOHTAKTYy S IHCTPYMEHTA i3 MOPOTHIM MacuBOM, [1a;
Ni - KUTBKICTh IHCTPYMEHTIB 32 CXEMOIO PYHHYBaHHS MTOPOJHOTO MAaCHBY, IIIT.

Tuck Ha ITomaAIi KOHTAaKTy iHCTPYMEHTA 13 MOPOJHUM MacuBOM P 3 ypaxyBaHHSM MOTY>KHOCTI IPHUBOTY

6aszosoi Mamuny, Ila:
P= (1, N§+N§)/</m2+%2-s> ®

ne N, Np - BiIIOBiIHO OTY)XKHICTH IPUBOLY MoJadi i pizaHHs, BT;
Mp - KK penykropa npusony,

V5, V} - BIATIOBITHO cepeaHi MBUIKOCTI 1Mo1adi, pi3aHHs, M/C;
S - II0IAa KOHTAKTY iIHCTPYMEHTA i3 IIOPOIHUM MACHBOM, M2

Po3B’s3ytouu (1) BimHOCHO hy, 0nepKUMO:

_ Py _ P
Py=Py fhy 70 ¢ fhﬂ:ln&:—fhﬂ:hﬂ21|ni. @)
Pk Pk f R

3Ha4YeHHS BUCOTH SIpa YUIUTFHEHHS B 3aJIeKHOCTI BiJl TapaMeTpiB IIOPOJIHOTO MAcHUBY, poO0OUOTo OpraHy
1 IpUBOZAa OTpPUMAaHi MICHS MiACTaHOBKH B (4) 3HaUCHHS BEIMYMH IPaBOi YaCTHHH. 3 ypaxXyBaHHSAM TOTO, IIO

o _ 2 /2-csp-E

BHCOTA Si/Ipa YIIUTbHEHHS:
i d
| 1-v

N /N§+N§ ‘In(P/Py) 0 /N§+N§ ‘In[Pym(1-v2)/(2-J205E)]
hy = = : ®)
10-V2-ay-0oNp N /VHZ+V3 10-V2-ay 09 Np Ny /VHZ+V,§

ne v - koedimient [lyaccona;

Op - Mexka MIITHOCTI TOPOTHOI'O MacHUBY Ha po3puB, [1a;
E- Moaynb py»HOCTI MacuBy nepuioro poxy, Ila;

O - MeXa MIIIHOCTi TOPOHOT0 MacUBY Ha CTHCHEHHS, [1a.

Jlas cnpomens (1.5) 5 ypaxysamman [4, 5] mo, 0 ) = (0.25...0.35)(50 =0.3-04;
©=(0.1..06) 0, =055, E=(120..160)07 =150 5=63P-*.
3 3 5 _°
P2 :(;g: Py :[2)5 -3 (:g} ~63 303 =(0.015873)1-67
Toxi BrcoTa s7pa yuribHerHs (6)

2. N2 67 2
NG +NS ~In[(0.015873-00)1 ~n~(1—v ) /(18.973700)}
s . (6)
1412y 60 Nj Vi +Vg
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MOPOJIHUX MacHBIB PO3paxoBYBaBCs BIIMOBIAHO MO (GOPMYJIi:

O0’em sapa yuIibHEHHs Ha 3y0i KoBmia potopHoro ekckasaropa CPC - 2000-28/3.5 mpu po3pooii

Aa

= T['ak'hk'hz

Y]

Po3paxyHOK TpoBeleHO Ha MPHUKIAN PO3pPOOKH TipChKHX TOpim 3 MomyneM mpyxkHocti E=2,1 I'Tla
poTtopHEM ekckaBaTopoMm SRS - 2000-28/3,5 (Tab6u. 1).

Tabmmms | - KinbkicHi 3Ha4eHHS NapaMeTpiB MaTeMaTWYHOI Mojeni (YHKIIOHYBaHHS pPOTOPHOTO

exckasaropa SRS - 2000-28/3.5
ITapameTp CumBoisib- | Po3mip- YucenbHe Bibmiorpadiune
HUH BUJ HICTh 3HAYEHHS JDKEPEIIO

1 2 3 4 5
1. KinbKicTh pi3LiB KiBIia Ni T 9 [6]
2. ITuroMa moBepXHEBa €HEPTist MACHBY ¥ Jox/m? 33E-03 [7]
3. IlocTiiiHa KpUCTATIYHUX IPaT Yo M 2.14E-10 [7]
4. Paziyc MI>KMOJIEKYJISIPHUX CHIT ao M 1.85E-10 [7]
5. Possau pizy B M B1(l)=HJ*.21". -
6. 111151X HAITOBHEHHS KiBIIIa Ly M 6.28 [8]
7. TloTyXHicTh PUBOLY TOMAYI Ny Bt 466000 [8]
8. IToTy>KHICTh MPUBOJTY Pi3aHHS Np Br 126000 [9]
9. MoayJb FOHra Bu6o10 E Ila 210E108 [9]
10. Koedirtient [Tyaccona v - 0.3 [10]
11. Ha niBmupuna pisus ax M 0.049 [6]
12. IIIBuaKiCTh pi3aHHs Vo M/c 2.94 [6]
13. IIBuakicTs momayi Vi m/c 0.33 [6]
14. KK]I pyiinyBaHHs Mp BiZIH.O/I. 0.04 [9]
15. KoHTaKTHA MII[HICTh MACHBY Py Ia 37 500 000 [9]
16. Omip pyitHyBaHHIO T Ia 3000 000 [10]
17. lllupuna pixkyuoi Kpaku Ly M 0.44 [6]
18. T'iubuHa 3aHypeHHs 3yOKka h, M 0,085 [8]
19. KisIbKicTh KOBILIB Ha pOTOpi Hx T 22 [8]
20. KoedinieHT HarloBHEHHS Ky BIJIH.OJI. 0.8 -
21. [IpoayKTHBHICTH I M - [8]
22. ITuToMa eHEProEMHICTh Q Bt rog/m® tabn.2 [8]
23. KK n % Tabs.2
24. SxicTh K (m%/rom)/rp Tabu. 3
25. BapricTb ToguHU poOiT C I'puBHU 12.55 [11]

KoedirieHT koprcHOI aii pu pyHHYBaHHI IOPOJIHOTO MACHBY:
AC AC (Xp—hﬂ)(\/p—Vﬂ)
= _ e 100, 5, ®)
Ac+A, A VX,

ne Aq=Fpp -(Xp —hg)-K\ =Fg -(Xp —hﬂ)-(Vp —V;I)/Vp - po6oTa, IO BUTPAYAETHCS HA

YTBOPEHHS CTPYXKH, [IX;

Fu = Nu/Vy, - 3ycniua Ha 3y61isx KiBima poropa, H;
Ny - TOTY)XHICTH MPUBOAY MOAAY1 €KCKaBaTopa, BT;
V;, - HIBHJIKICTH MMO/Ia4i eKCKaBaTopa, M/C;

h, - BuCOTa sipa yUIiIbHEHHS, M;

Ky =V D -V, ) IV p- KOe(iliEHT, 10 BPaXOBYE YTBOPEHHS HOBMX 00’ €MiB IIpH pyHHYBaHHI

MIOPOJHOTO MaCHBY;
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\% p- 00’€M €JIeMEHTa, BiJOKPEMITIOBAHOTO BiJl MACHBY 3a OJIMH LIMKJ PyMHYBaHHS, M°,

V a- 00’eM sipa YIIUTBHEHHS TOPOAHOTO MacCHUBY, M3

2 . : :
A g = F P -h P =0.5-k-h q- pobota, HeoOXigHa IS YUIITEHEHHS (CTUCHEHHS) €JIEMEHTIB IIOPOIHOTO

MacuBy, JIx;
k=N I / (0.5-19H -h P ) - koediLienT KOPCTKOCTI sApa yiinpHeHHs, H/M;

JliniiHul po3Mip eneMeHTa pyWHHYBaHHS MOPOJHOTO MAacCHUBY, IIO BiJIOBINAE MEPEMIlIEHHIO PKYUOi
Kpaiiku 3y0a KiBIla eKCKaBaTopa, HEOOXiJHOMY JJIsi YTBOPCHHS €JIEMEHTapHOI CTPY)KKH ¥ BimiieHHs 1 Bifj
MacHBY, M:

2h§i\/(zhﬁjz+4((1.1.hﬂ)4—hjj |

X =t ©)
p 2
ExcrityarariiiiHa mpoyKTUBHICTh €KCKaBallii:
_ Vg 2Acn, n 74ph Ky V5-3600 | 10)

TV,

ne K3=0.6 - koedimieHT nmepexoay BiZl TEOPETUIHOT MPOIYKTUBHOCTI 10 €KCILTyaTaliiHO1;

Vc1 V; — BiAIOBiIHO, 00’ €M CTPYXKKH 1 Aapa YIIITEHEHHS, m3;

Ay =0,049 — HaniBumpuna 3yOKa Ha KOBILI €KCKaBaTopa, M;

Ni=9 - KiJBKICTh 3yOKiB HA KOBIIII, IIIT;

NK=22 - KiJIbKICTh KOBILIB HA POTOPHOMY KOJIECI €KCKaBaTopa, IIT.;

hp=1.5Ax - riubuHa 3aHypeHHsI 3y0Ka y TIOPOJHHUI MacHB, M;

K,=0.8 - xoedimieHT HalIOBHEHHS KOBIIIA;

Vp =2.94 - mBUIKICT pi3aHHs, M/C;

T1=30 TpuBaIiCTh IMKITY 3 YpaxyBaHHsSM IIBUIKOCTI 00epTaHHS poTOpa i 4acy Ha NOBTOPHE 3aHYPEHHS
y IOPOAHMUIT MacHB KOHKPETHOTO 3yOKa, C.

[TuToMa eHeproeMHICTh pyHHYBaHHS:

g= NyII,
(11)
ne Ny - MOTYKHICTh TPUBO/IA TI0/[adi eKCKaBaTopa, BT.
SIkicTh ekckaBarlii:
K=T11/C, (12)

ne C - BapTicTh eKcKaBallii 0JTHOro MeTpa KyOi4HOT0, IpH.

3a pe3ympTaTaMy po3paxyHKy MPOAYKTHBHOCTI i muToMOi eHeproemuocti (Tabm. 2) ta KK]I i sxocti
eKkckaBaii (Tab1.3) poropHoro exckaBatopa CPC- 2000-28/3.5 npu kepyBaHHI IIBHAKICTIO pi3aHHs MO0y 0BaHi
3aJIeKHOCTI BUCOTH sifipa YIIUTEHEHHS h,, 00’ eMiB siapa V, i ctpyxku V. (puc.2) i BI'Y (puc. 3) Big mBuakocTi
pi3aHHS.

Ta6muus 2 - [IpoayKTUBHICTh 1 MTUTOMA EHEPrOEMHICTh POTOpHOTO ekckaBaropa CPC- 2000-28/3.5 npu
KepyBaHHI MBUJIKICTIO Pi3aHHS

[IBuakicTh Bucora sapa O06’em siapa 06’em IIpoayKTHBHICTB, IMuroma
pi3aHHs, YIIBHEHHS, YILUIBHEHHS, CTPYIKKH, I1, M* Ton €HEPrOEMHICTB, (,
Vp, M/c hy, M Vi, M3 Ve, M3 Br-rog/m®
1 2 3 4 5 6
0.20 10.376 E-02 15.906 E-06 70.892 E-05 2063.10 61.073E+00
0.65 10.155 E-02 15.567 E-06 81.618 E-05 2426.99 51.916E+00
1.10 97.407 E-03 14.932 E-06 80.555 E-05 2497.25 50.456E+00
1.55 91.999 E-03 14.103 E-06 79.127 E-05 2597.18 48.514E+00
2.00 85.991 E-03 13.182 E-06 15.891 E-04 5580.18 22.580E+00
245 79.896 E-03 12.248 E-06 14.312 E-04 5409.09 23.294E+00
2.90 74.042E-03 11.351 E-06 13.006 E-04 5304.12 23.755E+00
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Pucynok 2 - 3anexHOCTI BUCOTH Apa YUIUTEHEHHS hy, 00°eMiB siapa V, i CTPYKKH V. Bi MIBHAKOCTI pi3aHHS

OCHOBHOIT

N\

OcCHOBHOI

OCHOBHOI

\\\

1

/

== ]x100, M"3/ro]
@/v (), BT.rO1/M"3

—— KT, %

OCHOBHOI

Kx0.1, (M"3/rox.)/rpH.)

\/

OCHOBHOI

OCHOBHOI

OCHOBHO#

OCHOBHO#

OCHOBHO#

/ \

OCHOBHOI *

0.

2 0.65

1.10
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Pucynok 3 - 3anexHicTh MPOAYKTUBHOCTI, TuToMOi eHeproeMHocTti, KKJI i sskocTi ekckapallii BiJl MIBHIKOCTI
pisanHst potopHoro ekckaBaropa SRS - 2000-28/3,5

Tabmmms 3 - Pesynbratn po3paxynky KK/ i skocti dyHKIioHyBaHHS ekckaBaTopa SRS-2000-28/3.5 mpu
KepyBaHHI MIBUIKICTIO pi3aHHSA

IBuaxicTe | JoBxuHa eeMeHTa O06’em sipa O06’eM CTPYKKH, KK/, SIKICTB

pizaHHS, pyWHYBaHHS, VIIiIJTbHEHHS, Ve, M n, % K,
Vp, M/c Xp, M Va,m® (M%/ron.)/TpH.

1 2 3 4 5 6
0.20 16.367 E-02 15.906E-06 70.892 E-05 35.78 16.439 E-01
0.65 16.018 E-02 15.567E-06 81.618 E-05 35.90 19.339 E-01
1.10 15.364E-02 14.932E-06 80.555 E-05 35.92 19.898 E-01
1.55 14.511E-02 14.103E-06 79.127 E-05 35.95 20.695 E-01
2.00 13.564 E-02 13.103E-06 15.891 E-04 36.30 44.464 E-01
2.45 12.608 E-02 12.248E-06 14.312 E-04 36.29 43.100 E-01
2.90 11.619 E-02 11.315E-06 13.006 E-04 36.28 42.264 E-01

HatimenyBaHHS MOKa3HUKIB, CHMBOJIBHI | MAITHHHI TO3HAYCHHS, iXHS PO3MIpPHICTh, TOYATKOBI 1 KIHIIEBI
3HAYCHHS, a TAKOK KPOK 3MIHHUX 3BEJICHI B Ta0II. 4.
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Tabnuus 4 - HaiimeHyBaHHS MOKa3HUKIB, CHMBOJIbHI TIO3HAYCHHS, IXHS PO3MIPHICTh, TOYATKOBI 1 KIHICBI
3HAYEHHs 3MIHHHUX

CumBon y Po3mipnic | ITouarkoBi Kinnesi
HaiimenyBanus mapamerpa MaTremar. Tb 3HAYCHHS 3HAYCHHS
MOJIEJII.
1 2 4 5 6
Bucota siipa yniinpHeHHS Hs M 5.7E-03 2.0E-02
IMoTyxHicTs MpUBOAY IOAYI Nn KBt 222 -
ToTy>xHiCTh IPUBOY pi3aHHS Np KBt 466 -
Me>xa MIIIHOCTI MACHBY Ha CTUCK et IMa 1E+07 25E+07
Koedimient ITyaccona v - 0.3 -
Ha miBmmpuna iHcTpyMeHTa aK M 0.1 0.3
KII tpancwMicii ) - 0.75 -
[IBuaKicTs noxaui Vi M/3 0.33 -
lIBunkicTs pi3aHHSL Vp M/3 2.36 -
Hamnpyra 3pymenss 6,=0.3-Ger Ia 1E+07 25E+07
I'mubuna pizanus hp M 0.113 -
ITurome 3ycuiuist pizaHHS Pyn Ia 1.4E+06 -
KyT 3aroctpeHHs iHCTpyMEHTY 0 Pan-n 20*0.17 120*.17
00’eMm sipa yuliIbHEHHS Vit M3 3.6E-06 4.94E-05

PesynbraTu po3paxyHKy MpuBeIeHI B TaOI. 5 7151 MACHBIB, IO BIAPI3HAIOTHCS MEKEIO MIITHOCTI Ha CTHCK:
ByriibHH niporrapok - 10 MIla; aprinitosi Brmodennst - 70 MIla; macuB mickoBuky rpybo3epuucroro - 130
MlIla; minHi rpaniTHI MacusH - (190...250) MI]a.

Tabmuis 5 — Tlokasauku QyHKIIOHYBaHHS ekckaBaTopa SRS-2000 28/35

Hs, m GO,MIla Ak, m Vi, m/c hk, m VI, M8
1 2 3 4 5 6
0.02035 10 0.10 0.33 0.046332 0.0000494
0.01018 10 0.20 0.33 0.046332 0.0000494
0.00678 10 0.30 0.33 0.046332 0.0000494
0.00462 70 0.10 0.33 0.040576 0.0000102
0.00241 70 0.20 0.33 0.040576 0.0000102
0.00161 70 0.30 0.33 0.040576 0.0000102
0.00292 130 0.10 0.33 0.040170 0.0000061
0.00146 130 0.20 0.33 0.040170 0.0000061
0.00097 130 0.30 0.33 0.040170 0.0000061
0.00213 190 0.10 0.33 0.040022 0.0000045
0.00107 190 0.20 0.33 0.040022 0.0000045
0.00071 190 0.30 0.33 0.040022 0.0000045
0.00170 250 0.10 0.33 0.039945 0.0000036
0.00085 250 0.20 0.33 0.039945 0.0000036
0.00057 250 0.30 0.33 0.039945 0.0000036
BucHoBku

1. O6pani i oOrpyHTyBaHi BHPOOHWYI TpaHWYHI YMOBH pPYyHHYBaHHS TipCBKHX IIOpiZ, a came
MPOAYKTHUBHICTh, MUTOMa ecHeproemHicth, KKJ[ Ta sKicTh ekckaBallii, MpH KJIACHYHOMY W MOJICKYJISIPHO-
XBHJILOBOMY MIIX0/[aX 1 po3po0ieHa METOIUKA IX PO3PAXYHKY.

2. BcTaHOBJIGHHS SIKICHO-KIJIBKICHHX CIIBBIHOIIEHBb 1 MPOCTOPOBUX (POPM MapaMeTpiB CHCTEMH 3a
JIOTIOMOT'OI0 PO3POOJICHUX MAaTEMATHYHHX AHAJIOTIB, SIKi JO3BOJWIM 3HH3UTH BTPATH CHEPTil MpH pyHHYBaHHI
TIpCHKHX MOPiL.

3. 3a paxyHOK peryJIFOBaHHS IMapaMeTpaMH spa YIIUIbHEHHsS oTpuMaHa 10 BiZCOTKOBa 301KHICTB
AHATITHYHUX 1 eKCIICPUMEHTANTBHI 3aJIeKHOCTEH 30UTbIeHAS TpoayKTHBHOCTI 3 2000 mo 55000 m3/ron ta KK 3
30 mo 35 % B miama3oHi IMBUAKOCTI pi3aHHS poTOpHOTO ekckaBaTopa SRS - 2000-28/3,5 Bix 1.35 mo 2.0 m/c

4. TIutoMa eHEeprOEMHICTh PyHHYBaHHS TipCHKOTO MacHBY POTOPHHM ekckaBatopom SRS - 2000-28/3,5
3MeHIunacs 3 48 go 20 Brroa/m® npu koHTakTHil MinHocTi MacuBy 37,0 MITa, onopi pyiinysannto 3,0 MIIa,
mozyii FOnra 210,0 MIla Ta koedimienTi [Tyaccona 0,3.
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TEXHOJIOI'NMYECKHUE TAPAMETPBI PAPYIIEHUSA I'OPHBIX ITIOPO/ ITPU
KJIACCHYECKOM U MOJIEKYJIAPHO-BOJIHOBOMY ITOJAXOJAX

B cmamve paccmompenvl axmyanvHwle 80NpOCHl NOGbIULEHUA IPPEKMUBHOCU PAPYULEHUA 2OPHBIX
nOPOO NpUMEHEHUeM KIACCUYeCcKo20 Nooxooda Ha ocHose 3adayu bBycumecka ¢ ucnonvzosamuem eunomesul
Koumypog Oeghopmayuu Onpedenenvl yciogus Gopmuposanusi s10pa YHAIOMHEHUs Npu pa3pyuleHuu 20pHol
nopoobl pe3yom KOSUA POMOPHO20 IKCKABAMOPA. YCmaHoseneHa c6a3b 2eoMempuieckux napamempos a0pa
VHAOMHEHUs. U MeXAHUYeCKUX Xapakmepucmux npoyecca paspyuileHus 2OpHOl NOpoobl pe3syoM Kosuid.
Hcnonv3oeanuvlii  aHarumuyeckuti nooxo0 MNo380JUN PACCHUMAMb MEeOPemuteckylo U IKCHIYAmayuoHHyIo
npoU380OUMeNbHOCHb KONAHUA POMOPHO20 IKCKABAMOPA 8 3A8UCUMOCHU OM PUIUKO-MEXAHUYECKUX CE0UCTS
20pHBIX NOpPO0. YcmanosnenHvle SHepeemuyecKue U MeXHOIO2UYecKue napamempbl npoyeccos KONnauus
NO380UNU YCINAHOBUMb GNUAHUE 2€0MEMPULECKUX, KUHEMANMUYECKUX U OUHAMUYECKUX (AKMOPO8 HA YOeTbHYIO
9HEP2OEMKOCb PA3PYUEHUs 20PHOU NOPOObI POMOpoMm dKckasamopa. Tlonyuennvle 3a8ucumMocmu MOWHOCHU
npoyecca KONAHUA OM €20 NPOU3BOOUMENbHOCIU C8UOeMeNbCMEYIOm 00 UX 9KCMPEeMATbHOU C6:A3U, YUMo
N0380JIAEm YCMAHOBUMb PENCUMbI KONAHUSL U CHUBUMb IHEP2OEMKOCTb NPOYeccd.

Knrouesvie cnosa: ropHas nopoaa, pOTOpHbINA 3KCKaBaTOp, pa3pyLIeHHe, SAPO YIUIOTHEHHS, yIeIbHAas
3HEPrOEMKOCTb, TPOU3BOAUTENBHOCTD, KIIJ], KauecTBO AKCKaBalMH.
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National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

TECHNOLOGICAL PARAMETERS DESTRUCTION OF ROCKS AT CLASSICAL AND
MOLECULAR WAVE APPROACHES

The article deals with topical issues of increasing the effectiveness of rock fracture using the classical
approach based on the Businesk problem using the hypothesis of deformation contours. The connection between
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the geometrical parameters of the sealing core and the mechanical characteristics of the process of rock
destruction by the cutter of the bucket was established. The analytical approach used made it possible to calculate
the theoretical and operational productivity of digging a rotary excavator, depending on the physical and
mechanical properties of the rocks.

Studies have shown that as a result of the stress concentration at the crack tip, a wave redistribution of
accumulated rock mass arises. The pressure of the rock mass under the tool of the working body causes on the
surface of the array contact stresses and the destruction of its surface layer. This contributes to the formation of a
new free surface. The large size of the array ensures that the (leading) upper contours are pinched, bending
without converging their ends to the load axis. Further stretching of the contour breaks in places of maximum
deflection. With sufficient immersion of the material separation tool, due to displacement, it stops and the growth
of the compaction core stops.

Selected and justified production boundary conditions for the destruction of rocks, namely productivity,
specific energy intensity, efficiency and quality of excavation, with classical and molecular-wave approaches, and
the method of their calculation has been developed. Establishment of qualitative-quantitative relations and spatial
forms of parameters of the system with the help of the developed mathematical analogues, allowed to reduce
energy losses in the destruction of rocks. The established energy and technological parameters of the digging
processes allowed to establish the influence of geometric, kinematic and dynamic factors on the specific energy
intensity of rock destruction by the excavator rotor. The obtained dependences of the power of the digging process
on its productivity testify to their extreme connection, which allows to establish the digging modes and reduce the
energy intensity of the process

Keywords: rock, rotary excavator, fracture, compaction core, productivity, specific energy consumption,
efficiency, excavation quality.
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