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Annomauyusn: B craThe pacckazaHO O IUIAHETAPHOM HCIOJHUTEIBHOM OpraHe
IIPOXOYECKOr0 KoMOaiiHa.

Beeoenue: Benenue paboT 1o mpoxoaKe KPemKUX CKalbHBIX MOPOJI BCET/Ia CBA3aHO C
KOJIOCCAIBHBIMU  DHEpro3arpataMd. B dYacTHOCTH Wu3-3a TOTO, 4YTO B OOJBIIMHCTBE
COBPEMEHHBIX NMPOXOIYECKUX KOMOAHAX pa3pyllIeHne MPOU3BOAUTCSA pe3aHueM. A pe3aHue
CKaJbHBIX IIOPOJ] IPOILECC OYCHb JHEPro3aTpaTHBIE M TPEOOBATEIBHBIX K KadeCTBY
pexyliero MHCTpyMmeHnta. B cuny cnenuduku 3Toro crocoba KoMOalHBI JTOHKHBI UMETh
OuYeHb OOJIBIIYIO Maccy U rabaputhl. [IpuBeneHHbIC HETOCTATKU HE SBISIOTCS KPUTUYHBIMU
Opy  TPOXOXKICHUU JUIMHHBIX MPSAMBIX TyHHenedl. Ho 11 mpoXoaku KOPOTKHX
TEXHOJOTHYECKHX YJaCTKOB TPEOYeTCs] TEXHOJOTHYecKas MalliHa 3HAYUTEIBHO MEHBIITNX
rabaputoB. TakuM MHCTPYMEHTOM MOXET CTaTh MPOXOAUYECKUN KOMOAWH C IIaHEeTapHBIM
yIapHO-CKAJTBIBAIOIINM HCIIOHUTEIIBHBIM OPTaHOM.

Ilens: PazpaboTka KOHIIETIIUU MPOXOAYECKOTO KOMOAiHA C IUIaHETApPHBIM yAapHO-
CKaJIBIBAIOIIIUM UCTIOTHUTEILHBIM OPTaHOM.

Memoo: Jns TOCTHKEHUS MOCTaBIEHHOM 1enu UCIIOJb30BATUCH
Takue OOIEHAYYHbIE METO/bI, KaK aHajJh3 W CHHTe3, 0000IIeHne, aHaJoTHs, CpaBHEHHE,
CUCTEMHBIN MOJIX0Jl. AHATUTHYECKass YacThb paloThl ObUTa MpOBelIeHAa MOCPEACTBOM
WCCJICIOBAHMSI KHHEMATHKH HCTIOJHUTEIILHBIX OPTaHOB C MOCIICAYIOIIEeH ONTHMH3AINCH HX
TpaekTopuil no metoxy SQP.

Pes3ynomameur:

4. omnuvcaHa MPUHIUIHAIbHAS KOHCTPYKIUS TIAHETAPHOTO YIapHO-CKAIBIBAIOIIETO OpraHa
IIPOXOYECKOr0 KoMOaiiHa;

5. TpOBEACHO UCCIEOBaHNE KUHEMAaTUKH UCTIOHUTENLHBIX OpTaHoB;

6. MONy4eHBI ONTHMAJIbHBIC 3HAYEHUS HEKOTOPBIX MapaMeTpPoOB IUIAHETAPHO YIapHO-
CKaJIbIBAIOIIIETO OpraHa.

3akniouenue:

B pesynbraTe mpoBeACHHBIX HCCIENOBaHUN Obula 000CHOBaHAa HEOOXOIUMOCTH B
pa3paboTKke KOMIIAKTHBIX IPOXOTYECKMX KOMOAHOB, OCHOBAaHHBIX Ha pa3pyIICHUH
CKaJIbHBIX TIOPOJl yJApPHO-MEXaHUYECKUM CIOCOOO0M, MO3BOJSIONIUM TOYEYHO M, B TOXKE
BpeMsi, paBHOMEPHO BBICBOOOXKJaTh HHEPrUI0 yaapa MO BceW MoBepXHOCTH 3abos. g
PaBHOMEPHOCTH paCHpe/eieHUss Harpy3kd Ha o0pabaThlBaeéMyr0 IOBEPXHOCTh OBUIH
paccuuTaHbl ONTHMAJIBHBIC CKOPOCTH BpAIICHHS HWCIIOJHUTEIBHBIX OpPraHOB KOoMOaiitHa
(meron SQP). IlpencraBneHHass CTaThsl SBISETCA OTIPABHOW TOYKOW AN AalbHEHIIEH
pa3pabOTKM  MPOXOMYECKUX KOMOAWHOB ¢  ITUTAHETAPHBIM  YIapHO-CKAIBIBAIONITIM
HCTIOTHUTEIILHBIM OPTaHOM.
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DEVELOPMENT OF NEW TECHNOLOGIES IN TUNNELING
IN HARD ROCK

Annotation: The article talked about planetary executive body of miner combine.

Introduction: Doing work on the sinking of the strong rock is always associated with
huge energy consumption. In particular due to the fact that in most modern roadheader
destruction produced by cutting. A cutting rocks process is very energy-intensive and
demanding to the quality of the cutting tool. Due to the nature of this method combines must
have a very large mass and dimensions. These shortcomings are not critical during the
passage of the long straight tunnel. But for sinking short process areas required technological
machine considerably smaller dimensions. Such an instrument can be a roadheader with
planetary shock the shearing executive body.

Objective: Development of miner combine the concept of planetary shock the
shearing executive body.

Method: In order to achieve this goal have been used such scientific methods as
analysis and synthesis, generalization, analogy, comparison, system approach. The analytical
part of the work was carried out by examining the kinematics of the executive bodies for
further optimization of their trajectories by SQP method.

Results:

1. Describe the basic structure of the planetary shock-shear body heading machine;

2. a study of the kinematics of the executive bodies;

3. The obtained optimal values of some parameters of planetary impact-shear body.

Conclusion:

As a result of the research has been the necessity to develop compact tunneling
machines, based on the destruction of rock shock-mechanical process that allows point-and,
at the same time, uniformly release the impact energy across the bottom surface. For uniform
load distribution on the surface to be treated the optimum rotational speed of the executive
bodies of the combine were calculated (SQP method). Presented article is a starting point for
further development of the tunneling machines with planetary shock the shearing executive
body.

Keywords: trajectory of movement, roadheader, actuator, speed bumps, planetary
executive body, speed, optimization criterion, optimization techniques.

BBeneHue

Benenne paboT mo mpoxoike KPEmnKuX CKAJIbHBIX MOPOJ] BCET/Ia CBS3aHO
C KOJIOCCAJbHBIMU »JHepro3arparamu. B wyacTHOCTH, H3-3a TOro, 4TO B
OONBIIMHCTBE  COBPEMEHHBIX  IMPOXOAYECKMX  KOMOalHax  paspylIcHHE
MPOU3BOJIUTCS PE3aHHEM. A pe3aHUE CKaJbHBIX IIOPOJl MPOLECC OYEHb
sHepro3arpatHeid [8, 9, 13, 14] u TpeOoBaTEeNbHBIX K KAYECTBY PEXKYIIETO
unctpymenta [10]. B cuiy cnenuduku 3TOoro crnocoda KOMOAWHBI JOJKHBI
UMETh OYEHb OOJIBIIYI0 Maccy W rabaputhl. [IpuBeneHHbIE HENOCTATKH HE
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ABJIAOTCA KPUTHYHBIMU IIPHU IMIPOXOKIACHUU JTJIIMHHBIX ITPAMBIX TYHHeﬂeﬁ. Ho
JJIA IMPOXOOKHU KOPOTKHUX TCXHOJIOTHYCCKUX Y4aCTKOB Tpe6yeTc;1
TCXHOJIOTHYCCKAas MalllkuHa 3HAYUTCIbHO MCHBIINX Fa6apI/ITOB. Takum
HHCTPYMCHTOM MOZKCT CTATb HpOXOI[‘IGCKI/Iﬁ KOMOAaH ¢ IUIAHCTAPHBIM YAAPHO-
CKaJIbIBAIOIMUM HCITIOJIHUTCIIbHBIM OPraHOM.

1. OcHOBHasA KoHLenuusa

OcHoBHasi uJes MPUMEHEHUS IUIAHETApHOTO YIapHO-CKAJIBIBAIOIIETO
UCIIOJHUTEIFHOTO ~ OpraHa  3aKjilo4aeTcsi B  MAaKCUMaJbHO  IOJHOM
UCIIOJb30BAaHUU CIOCO0Aa HMITYJIbCHOTO pa3pylICHUS MPUMEHUTEIBHO K
POXOIYeCKUM KomOaiiHam [15].

Jns  peanuzanuu  3TOW  uaew Obula  pa3paboTaHa  KOHIEMIUSA
MJIaHETapPHOTO y1apHO-CKaJIbIBAIOIIETO UCTIOJTHUTENLHOTO oprasa,
IpeIHA3HAYEHHOIO JJIsl TMPOBEACHMSI TOPHBIX BBIPAOOTOK (TOHHENEW) 0
kpenkuM  nopogam (puc. 1) [11]. [lnaHerapHbIi ymapHO-CKaJbIBAIOIIUIA
UCIIOJIHUTEINIbHBIN OpraH COCTOMT M3 Bpallfalollelcs MEPBUYHON IIaHIIaObI
(2), ycTaHOBIICHHOM Ha MOOWJIBHOW 0a3e, B KOTOPOH BCTPOEHO HECKOJIBKO
HECYIIUX BTOPUYHBIX TIutaHmailo (1), Ha KOTOpPBIX CMOHTHUPOBAHBI YIApHO-
CKajbIBaomue paboure opranbl. OHU OTJIIMYAIOTCS TEM, YTO UCTIOTHUTEIHHYIO
(ymapHyro) dYacTh  TPEICTaBISIIOT HECKOJIBKO COOCHO PacOJIOKEHHBIX
YHUTAPHBIX TUAPABIAYECKUX YCTPOUCTB (MOJ0TOB) (3). M0ONOTHI coBepHIatOT
BMECTE€ C pabOYMM OpPraHOM OTHOCHUTENbHbIE, U C IJIaHIIA00H, MepeHOCHOe
JBUMKCHHE JIJIS1 HAHECEHUS! yIapoB MO TPYAH 32005 U MPOU3BOIAT pa3pylicHUe
MaccuBa €O CBOOOJIHOI MOBEPXHOCTH.

/ z

Puc. 1. Cxema miaHeTapHOTO y1apHO-CKaIbIBAIOLIETO UCITOJIHUTEIBHOIO OpraHa
R — paguyc BparieHusi BTOpUYHBIX [UTaHIIANWO, I' — paJnyc BTOPUYHOM IUTaHIIAHOBbI,
@i — YTOJI TTOJIOKEHUS I-0 BTOPUIHOM IIIaHIIAHOBI
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2. OnucaHue KUHeMaTUKu nnaHeTapHoOro MCNoOJIHUTesIbHOro opraHa

OnHo#t U3 3ama4, TPEOYIOMUX pPEIICHHs Ha dTare pa3padOTKH OCHOBHOM
KOHIIETIIMH TJIAHETAPHOTO YAAPHO-CKAIBIBAIONIETO HCIIOTHUTEIHLHOTO OpraHa
SBIIIETCSL  ONpPENEJICHHE  ONTUMAJbHBIX  TPACKTOPHUH  TMEpeMeIIeHUs
THJIPOMOJIOTOB, KOTOPBIE SIBISIFOTCSI COBOKYITHOCTBIO TOUYEK, COOTBETCTBYOIIUX
JyHKE WU 3acedke, OOpas3ylolieics OT yaapa WHCTPYMEHTOM II0 MAacCHUBY
nopojbl. [1og onTHMaIbHBIME TPACKTOPHUSIMU 371€Ch IOHUMAIOTCSI TAKUE HA0OPHI
TOYEK, KOTOPBhIC Han00JIee pABHOMEPHO 3aMOJHSIIOT 00J1acTh 00padOTKHY.

Hcnonp3ys pa3paOOTaHHYIO pacdeTHYI0 CXeMy, OBUIM COCTaBJICHBI
YPaBHEHUS ABUKEHUS KaKIOr0 U3 yIapHUKOB (3):

X, = Rcos(ajt) +reos(m,t + ¢,);

Y, =Rsin(at)+rsin(at +@,);
X, = Rcos(at) +recos(wt + @, + 7);
Y, = Rsin(at) + rsin(w,t + ¢, + 7);
X,, = Rcos(at)+recos(mt+¢,);

(
Yo =Rsin(at)+rsin(ot+@,);
(

Yo, = Rsin(ayt) + rsin(agt + ¢, + 7);

)
)
)
)
X, = Rcos(et) +rcos(wst + ¢, + 7);
)
X5, = Rcos(mt)+reos(aw,t +¢,);
)
)

X5, = Rcos(ajt) + reos( ot + @, + 7);

(
(
Yo = Rsin(at) + rsin(at +,);
(
(

Y5 = Rsin(ayt) + rsin(at + @, + 7),
rae @ = 27N, - yrioBas CKOPOCTh BPAICHHUsI OCHOBaHHHA,
X, Yy - abcuucca n op/iMHaTa MOJIOKEHHS yIapPHHKA,

| — HOMep BTOPUYHOM IUIAHIIAHOBI,

] — HOMep yJapHHKa Ha BTOPUYHOM TUIaHIIAiOe,

R — paguyc nepeHoCHOro IBUKEHHUS,

I - paanyc OTHOCHTEIBHOIO JIBUKEHHS,

I, - paauyc J1yHKH,

N, - 9acToTa BpallleHHs] OCHOBAHHI,

@; - yroJ, ONpeAeIAIOIUN Ha4aabHOE MOJIOKEHNE YIaPHUKOB.

3aganumMcsi HeOOXOAMMBIMA HCXOIHBIMH 3HAYEHUSMH T€OMETPHUYECKUX TapaMeTpOB
uccnenyemonn  cucrembl: R=1m, r=0,4m, r =0,05M wu HEOOXOIMMBIMH HaYaabHBIMU

3HAYE€HUsAMU 4acToT BpallleHusa [, U 4acTOTHI yIapoOB YAAPHUKOB:
0. 0. 0. 0. 0.
-12% n2=4—y : n3=4—y , n4=4—y N, —60 X
C ' MUH
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CToUT OTMETUTH, YTO 3TU 3HAYEHUS HE ObUIM MOJYYEHBI B pE3yJbTaTe MHIKEHEPHO-
KOHCTPYKTOPCKMX H3BICKAHUN W TPHUBEICHBI U TOTO, YTOOBI OLEHHUTH 3()(PEeKTHBHOCTH
pa3pabaTbIBa€MOil MPOXOAYECKON MaIlINHBI.

3. PeweHue 3apgaum ontumMusauum TpaeKTopm7| YAApPHbIX
MHCTPYMEHTOB

KaptuHna pacnpeneneHus JIyHOK IO Tpy/iv 320051 TOKa3aHa Ha puC. 2.
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Puc. 2. Pacnipenenenue qyHOK 10 Tpyau 3a00s

st pemieHus 3amauv 00 ONTUMAJIBLHOM PACHPEEICHUH JIYHOK T10
MOBEPXHOCTH 32008 B 3aBUCHUMOCTH OT BBIOPAHHBIX YIJIOBBIX CKOPOCTEH
BpAILCHUs [IEPBUYHOTO U BTOPUYHBIX OCHOBAHUM @), @ TAK)KE YaCTOThI yAapOB

YIApHUKOB N OBLIM BBIOPAHBI CIEAYIONIUE 1IEJI€BbIE (PYHKINU:

N
f(n.n,n,n.n,)=>'S,
i=1

f(n,n,n,,n;,n,)=N,
rae N — 9ucio JyHoK
rae Si— IIomaab MepeKkphITUs ABYX JYHOK, KOTOpas OmpeaessieTcs Mo

dbopmymnam:
D= (% =) +(n-v)"

F =2acos R
2r

S,=r?-F -(1—sin(F)),
riae D — paccrosiHre MEeXIy IByMsI OKPYXKHOCTSIMH,

Xi, Xj, Yi , Yj — aOcuuccel MW OpIMHATBl JIByX IE€PECEKAIOIINXCS
OKPYKHOCTEM.
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Takum O6p8,30M, 3aJa4a CBOOUTCS K HAXOXIACHHUS IMapaMETpoB N H a;

npu KoTopbix ¢yHkuu (1) u (2) 6yayT MUHMMAaNbHBIMH. Takke He0OX0IUMO
Y4EeCTh €CTCCTBCHHBIC OIPaHMYCHHs HakKJaJbpiBacMbie Ha N, u N;. HactoTsl

yIapoB HE MOJDKHBI OBITH CIUIIKOM OosbmnMu (cBbitie 40 ya/MuH) wiH
CJIMIIIKOM MaJieHbkuMu (MeHee 0,5 ya/MuH).

n, €[20;200], n, €[0,5,5], n, €[2;40], n, €[2;40], n, €[2;40].

OObI9HO, OO TOAXOM K PENICHUI0 ONTHMU3AIMOHHBIX 3aJa4 C
OTpaHUYCHUSIMH COCTOUT B 3aMEHE HMCXOJIHOW 3aJadyd C OTPAaHHYCHHSIMH Ha
Ipyryto Ooliee JeTKo peannsyemylo 3agady 6e3 orpanuueHuil. Takas 3amada B
JabHEHIIEM UCTIOB3YeTCsl KaK 0a3uc IS UTepaIlMoHHbIX Tporeccos [3, 4]. B
HACTOSIIEE BPEMS TaKO# MOJIXOJ CYMTACTCS OTHOCHTEIBHO Manod(pPEKTUBHBIM
¥ ObUI 3aMCHEH Ha METOJbl PEIICHHs, OCHOBAaHHBIMH Ha (OPMYJIHPOBKE M
MOCJICTYIONIEM PEIIeHUH TaKk Ha3biBacMbIX ypaBHeHuid Kyna-Takepa [5, 12]. B
KOTOPBIX  BBOJSTCS  JONOJHHUTENbHbIE TPEANONIOKEHUS O  XapakTepe
OTPaHUYEHUH W TIOHATHM ONTHMAJIBHOCTH JJIS 3a7add ONTUMHU3AIUU TIPH
HAJIMYUU orpaHndeHuid. Eciin mocraBieHHas 3ajaya SBISICTCS TaK Ha3bIBAGMOM
3aJa4eid BBITYKJIOTO IPOrPaMMHUPOBAHHS, TO OTH YPAaBHCHUS SIBIISFOTCS
HEOOXOIMMBIMU U JJOCTATOYHBIMH YCJIOBUSIMH JJIsi OOIIEl IMOCTaHOBKH 3aJauu
[7].

Merox mocnegoBaTenbHOTO JIMHEWHOTO mpuommkenns (SQP) Obur
BBIOpAH JIJISl PEIICHHs TTOCTABICHHOW 3a7a4M, T.K. SBISETCS OJHUM U3 OTIIMYHO
3apEKOMEHIOBABIINX Ce0s COBPEMEHHBIX METOJOB B OOJIACTH HEIMHEWHOTO
nporpammupoBanusi. [llutkoBckuii [6] ycmemHo peanu3oBan W MPOBENT
TECTOBBIE PACYETHI 1O JTaHHOW BEPCUU ONTHUMHU3AIMU U TOJyYUI BCECTOPOHHEE
IPEBOCXOJICTBO, TIO CPABHEHUIO C JPYIMMH TECTOBBIMH METOJAMH, B YacTH
3 PEKTUBHOCTH, TOYHOCTH U TMPOIEHTA YCIENIHOTO pPEIleHHs 3aadd IJis
OOJIBIIIOTO YKCIIa TeCTOBBIX 3a1a4. OCHOBaHHBIN Ha paboTax burca [1] u Xana
[2] omaHHBII MeTOJ TMO3BOJSET JOCTATOYHO TOYHO HMMHUTHPOBATH METO[
HeroToHa Isl ONTHMH3AINY [TPH HAJTMYUN OTPAHWYCHHH, KaK 3TO CIECIIAHO IS
ONTUMHU3ANNY 0€3 HATUIHS OTPAaHUICHHIA.

4. PesynbTaThl

Peanusanus storo Meroma ObUla MPOBEACHA IMPU IOMOIIM IIaKeTa
nporpamMm Matlab wu ero momyns Optimization toolbox [12]. IIpoBenennas
Cepusi BBIUMCIIEHHWH MOATBEPAMIA IMPHUMEHHMOCTH BBIODAHHOIO METOJa
ONTHMHM3AIMK K TIOCTaBJIEHHOM 3a7aue M €ro BBICOKYIO 3(()EKTUBHOCTS.

[lpu 3amaHHBIX paHee HCXOAHBIX IapaMerpax OBUIM  ITOJTyYEHBI
CIICYIOIINE PE3YJIBTATHI U YaCTOThI YAAPOB Ny U @, :
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Ta6mmma 1. Pe3ynbpTaThl penieHus ONTUMU3AIMOHHON 3a/1a4u

OnTuMHU3UPYEMBIN | Nyy n, n, n, n,
napamerp,
3nauenus, 1/mMua | 80 1.1 10 9.5 9.5

CooTBeTcTByIOIIas KapTHHA PACIpPEACNICHHs] JYHOK IpUBEICHA Ha
pUCYHKeE 3.
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Puc. 3. Pacnpenenenust IyHOK Ha IOBEPXHOCTH 3a00s1 B Pe3y/baTe PEIICHUsS
ONTHMH3ALIMOHHON 3a/1a4H

3aknroyeHue

B pe3synpTaTe mpOBEACHHBIX MCCIENOBaHMWA Oblla 0OOCHOBaHA
HEOOXOJMMOCTh B pPa3pabOTKE KOMIIAKTHBIX MPOXOJUYECKUX KOMOAMHOB,
OCHOBAHHBIX Ha Pa3pylICHUH CKAJIBHBIX TOPOJ yJIapHO-MEXaHUYECKUM
Croco0oM. DTOT cmocod MO3BOJIIET TOYEYHO U, B TOXKE BPEMs, pAaBHOMEPHO
BBICBOOOKJIATh DHEPTUI0 yJapa MO Bcell moBepxHOocTH 3a0os. [ns
PaBHOMEPHOCTU paclpe/iesieHns] Harpy3ku Ha oOpabaThIBaeMyl0 MOBEPXHOCTh
OBLTM pAacCUUTAHbl ONTHUMAIBHBIC CKOPOCTH BpAIICHUS HWCIOJIHUTEIbHBIX
opranoB komOaiina (Metoq SQP).

PaccMoTpenHyto 3a1auyy MOXKHO M HY>KHO PacIIUpsiTh, T.K. HEOOXOAUMO
MPUBS3BIBATECA K pPEATbHBIM (PU3UYECKHM YCIOBHSAM, KOHCTPYKIIMOHHBIM
napaMeTpaM yJapHO-CKaJbIBAIOIIEr0 WHCTPYMEHTA, YYUTHIBATH MOIIHOCTH
ylapa ¥ CBsI3aHHYIO C HeW Iomaab JyHKH u T.1. [IpeacraBneHHas cTaThs
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SBJIIETCSI OTIPABHOM TOYKOM /i JaibHEHIIe pa3padOTKU MPOXOIYECKHX
KOMOAlHOB ¢ IUIAHETapHBIM  yAApHO-CKAJIBIBAIOIUM  HCIIOJHUTEIbHBIM
OpraHoOM.
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