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CHCTEMATHU3ALIHUA H CTPYKTYPH3ALIMA
TEXHO/IOTHYECKHX CXEM rHAPOAOBbIYH
TBEPADBIX I1O/IESBHBIX HCKOITAEMbBIX

[pesacraBrieHa cHcTeMaTHzalMs CITIOCOGOB HAPOMEXaHH3HPOBAHHOH A0OBIYH TBEPAbIX
T10/1E3HBIX HCKOIAaeMbIX M OLICHKa MepCIIeKTHB HX MPHMEHEHHS B paMKax F'OpHOTeXHH-
YeCKHX CHCTeM KOMITIeKCHOro ocBoeHHsA Heap. CTPYKTYpH3aLIHA OTAE/IbHBIX CXeM I'HMA-
POAOGBIYH BHITO/IHEHA B COITIACHH C MOAY/IBHBIM MPHHLIMIIOM ITPOEKTHPOBAHHA.
Kmiouesble croBa: ruapogo6era, CI/I, rugapoMoHHTOpHAs pa3paboTKa, 3eMCHapsAHas
pa3paboTka, IPOEeKTHPOBaHHE TOPHOTEXHHYECKHX CHCTeM, MOAY/IbHOE IIPOeKTHpPOBa-
HHe, KOMOHHHpPOBaHHas pa3paboTKa, KOMI/IGKCHOE OCBOSHHE He/Ip.

n ol  THUAPOMEXaHU3UPOBAHOM
[00OBIUeH [10/1e3HOTO HCKOITae-
MOTO TIOHMMaeTCs Takas TexXHO/IorHue-
CKasi cxeMa, TpH KOTOPOU paspylieHue
[OPOAHOrO MacCUBa M/WIW TPAHCIIOP-
THPOBKa FOPHOM MacChl MPOU3BOAUTCS
C TIOMOIIbIO 3SHEPruM TIOTOKAa BO/IbI.
Ortaenennie mopoabl OT MacCHBa IMPO-
MU3BOAUTCA HAINIOPHOW CTpyer Tuapo-
MOHHTOpPA C BO3MOXKHBIM /IOTIO/THH-
Te/bHbIM MeXaHWUeCKHM, OYpOB3PHIB-
HBIM WM (PUSHKO-XUMHUYECKUM PhIX/e-
HUeM (pasyIi/IoTHEeHHeM) B 3aTOIl/IeH-
HOM WM ocyileHHoM 3aboe. TpaHcriop-
THUPOBaHUE TO/MYUMBIIENCS THAPOCMeCH
OCYLIECTBSAETCS TPYHTOBLIM  HACOCOM,
apMMPTOM WM THAPO/IEBATOPOM  TIO
IY7ILIIOPOBOAAM /I0 MecTa OOe3BOXKHBa-
HUS W CKIaavpoBaHus (OOoraiieHus).
YcnoBusiMu adppeKTUBHOTO TIPUMEHEHUSsT
CXeM THAPOAOOBIUM AB/AIOTCH: HEBbICO-
Kasi TIPOYHOCTD pa3pabaThiBaeMbIX MOPOI
(r7IYHBL, TIeCUYaHVKH, TIeCKH, PhIX/Ibe Py-
[bl), Ha/lMUMe AOCTAaTOUHBIX WCTOUYHHKOB
BOAbl U 3/IGKTPO3HEPIHUH aA7si paboThl
000opYAOBaHUsl, O/1arorpUATHbIC KIMMa-
THYECKHe YCOBHS (OTCYTCTBHE OTpPHULIA-
Te/IbHBIX TeMriepartyp).

[MpeumyinecTBaMM  rMAPOMEXaHHU3M-
POBaHHBIX CIIOCOOOB AOOBIUN AB/AIOTCH
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HM3Kasg CTOMMOCTb OBOPYAOBaHUs, ero
[IPOCTOTa W Marible pa3Mepsl, Gesorac-
HOCTb BeseHHs paboT, OTCYTCTBUE
BPeAHOTO BO3/ENUCTBHA Ha OKpyXKalo-
YO cpeay, CHHXKeHUe cebGecTOMMOCTU
n06bur pyasl B 1,5—2 pasza (1o cpas-
HEHUIO C (PUBMKO-TEXHUUYECKUMM CIOCO-
6aMm), [IOTOYHOCTh TeXHO/MOTMU U BbICO-
Kas TMPOU3BOAWTE/NLHOCTh Tpyda pabo-
yero. Cpeau HeAOCTAaTKOB THAPOAOOLIUU
crieqiyer OTMETHTh BBICOKHM HM3HOC 06O0-
pYAOBaHUSA A4S TPaHCIIOPTUPOBAHMUS
IMY/IbITbI aOPAsUBHBIX [TOPO, HU3KHIM KI
PaboThl HACOCOB MPU TPaHCIIOPTHPOBa-
HHUM THAPOCMeCH Ha OOo7Ibliivie PacCcTos-
HUS 110 TOPU3OHTA/IM WX BBEpPX, Orpa-
HUUYEHHbIe BO3MOXKHOCTH /151 pa3paboT-
KA T/IOTHBIX M CKanbHbiX mopoa. Co-
BepIIeHCTBOBaHHe A0ObIMHOrO 0o6opy-
[IOBaHWs M HaKOI/IeHWe OIlbiTa pa3pa-
OOTKM Heus3BekHO T[pHBeneT yxe B
OmvxKaiieM 6yayieM K 3aMeTHOMY poc-
TY [AOMU THAPOMEXaHW3WPOBaHHOM /10-
6b1uM B 06111eM o6beMe FOPHBIX PaboT.
Hecmotpst Ha 60onbliioe pasHoobpasiie
CXeM TpUMEeHeHHsl THAPOMeXaHU3HUPO-
BaHHO!M Pa3paboTKK W HMIMPOKHI CIIeKTP
TeXHHUUECKHX IlapaMeTpoB 0B00OpyaoBa-
HUsI, OCOOEHHOCTBIO COBPEMEHHOro CO-
CTOSIHMSI TEXHO/OTHI SIB/SETCS OTCYTCT-



BHE e[MHOM CHCTEeMaTHU3aLlMU IIPOLIECCOB
riaponobblur B paMKax TOPHOTEXHUYe-
CKOM CMCTeMbl KOMIICKCHOIO OCBOEHHS
Heap. B KauectBe KaaccrduLMpyioniero
Mpu3HaKa IpeA/saraercst IPUHATD THI
MpUMeHsAeMoro  o6opyaoBaHHe W BUI
TeXHO/TOTMUECKOrO TIPOCTPAHCTBA /I00bIY-
HbiX paboT. O600IMB MHUPOBOM OITBIT
TMAPOMEeXaHU3aLMH A0ObIUHBIX PaboT, Ha
OCHOBE OIMMCAHHOTO BbIIE  KPUTEpUs
CMOCOObI THAPOAOBBIUM TIO/Ie3HBIX HMCKO-
MaeMbIX CUCTeMAaTH3UPOBAHbI IO C/IeIYIO-
1eMy NMpUHLIMIY (tabz. 1):

® CKBaKMHHas THUAPOAOObMa I10/1e3-
HbIX WCKOIIAEeMbIX.

® OTKpbITag A06blYa MOE3HBIX HCKO-
raeMbIX THAPOMOHUTOPAMHU C AOCTaBKOM
PaspyIlieHHOM TOPHOM MacChl B COCTaBe
TUAPOCMECH 10 TY/IBIIONPOBOAY;

e rof3eMHas (lWIaxTHas) A0ObBYa I1O-
MIe3HBIX MCKOIAeMbIX THAPOMOHUTOPAMH U
MexXaHOTHAPaB/INIECKUMU KOMOaHaMU.

® 1OCbUA  [IO7IE3HBIX  MCKOTIaeMbIX
3eMCHapsilaMy M3 OGBOAHEHHBIX 3a00eB;

CTpyKRTypH3aLivs OTAeNbHBIX CIIOCOOOB
TMAPOMEXaHU3MPOBAaHHOM I00bMK  TTPO-
M3BOAMTCA B PaMKax MOAY/IBHOTO IPHH-
LMIa T[POEKTUPOBAHUsS TOPHOTEXHUUe-
CKMX CHCTeM, MCCe/IoBaHUsl, HallpaB/eH-
Hble Ha CO37aHHe KOTOPOro MPOBOASATCS B
HMITKOH PAH B pamkax paGoT 1o roc-
KoHTpakTy MTY ¢ PenepanbHeiM areHT-
CTBOM TI0 HayKe Y MHHOBALIMAM «HayuHbIe
¥ Hay4yHO-TIeIarorhieckre Kaapbl MHHO-
BalWioHHOM Poccuwr no nporpamme «Pas-
paboTKka W IIPOMBIIVICHHAs peasrsalvs
FeOTeXHO/OTUUECKHUX MOyIel KOMOHHU-
POBAHHOM A0OBIMM TO/Ie3HOIO MCKOIae-
MOIO W HWHTEHCHBHOM, 3KO/IOTMUeCKU
6e30MacHoO 3KCIIIyaTallii OCBaHBaeMOro
yuactka Heap». CyTh pasBUTHSA IIPOEKTU-
POBaHMS TOPHOTEXHUUECKHUX CHCTEM 10
MOAYIBHOMY TIPHHLIMITY 3aK/I0YaeTcs B
pa3paboTKe THIMOBBIX TEXHO/TOTMYECKHX U
TEeXHUYECKHX PellleHHi B BH/e 3aKOHUeH-
HbBIX LIMK/IOB TeXHO/IOTMUECKUX [TPOLIECCOB
WU OflepalMi 10 OCVYIIeCTB/ICHUIO TOTO

WM MHOTO 3Tana (CTany) KOMITIEKCHOTO
OCBOEHHS YJacTKa Hep (MecTOpOKIeHYs)
— TaK HasblBaeMbIX [€OTeXHO/IOTMUYECKUX
MO/Y/Iel, KOTOphle TPU COOTBETCTBYIO-
IlIel aanTalyii K KOHKPeTHbIM YC/IOBHAM
MEeCTOPOXKACHUIT MOTYT ObITh MCTIO/Mh30Ba-
HBI TIPU COCTaB/IGHUM PA3IMJHOTO poa
[IPOEKTOB Pa3BUTHsI FOPHBIX pabor [1].

[eoTexHoMoruueckuit Moaymb — 3TO
OTHOCHTE/IbHO CaMOCTOSITE/TBHBIN 1 3aMK-
HYTBI 3/IeMEHT TOPHOTEXHMYECKOM CHC-
TeMbl, KOTOPBIM HaXOAMTCA B Herlocpes:-
CTBEHHOM B3aWMOCBSA3M C APYTHMIMH 3/1e-
MeHTaMH (Fe0TeXHO/OTMUECKUMU MOAY/Is-
MM) CUCTeMbl U O0ragaeT BCeMH CUCTeM-
HBIMU MpU3Hakamu. [Ipy Heo6xoaMMocTu
OH MOZKeT 6bITb H3bAT M3 TOPHOTEXHH4Ye-
CKOM CHCTeMbl, MOIEPHU3HMPOBAH, a B OT-
MeNbHBIX CyYasX MCK/Io4YeH, Mo 3aMe-
HEeH HOBBIM MO/Y/IEeM, BBITO/MTHSIONINM
aHaztormyHble (pyHKIIMK. B cootBetcTBHM
C 3aaHHbIMK BHEIIHMMH 1 BHYTPEHHUMMU
YC/TIOBUSIMM  [€OTEXHO/IOTMYECKHEe MOZY/IH
OTUCHIBAIOTCS  OTIpe/e/leHHbIMH  BXO/HbI-
MU Y BBIXOHBIMHM TapameTpamH, obecrie-
YHBAIOIIMMU MX CTHIKOBKY (CBSI3b) C ApY-
MM MOAY/ISIMM TOPHOTEXHHUUECKOM CHC-
TeMbl. Kepapxuueckasi CTpyKTypa oripe-
flenisieT  CYIIeCTBOBAHUE MaKPOMOZIY/ICH,
BK/IOUAIONIMX B cebs Moayiu Gonee Hus-
KX TIOPSAKOB M 37IeMeHTapHbIX MOY/IeH
— YC/IOBHO HeZeNMMBIX LIMK/IOB TEXHO/O-
TMUYeCKUX OrlepaLlvii.

Hcrnonb3oBatre MOAYIBHOTO TIPHH-
LIMIa MoBbiaeT 3¢pdEKTUBHOCTb MPO-
eKTHPOBaHUs TOPHBIX I[IPeANPHUATHI,
obecrieuriBasi BO3MOKHOCTb aBTOMATH-
3UPOBAHHOTO BHIGOPA ONMTUMA/IBHOTO T10
3KO/I0TO-3KOHOMUUYECKHM KpUTepysM
BapMaHTa B3aMMOYBSI3KM  Pas/IMUHBIX
TEXHO/OTUI A0OBIUM TIO/IE3HOTO  UCKO-
[laeMoro B e[WHOM TOPHOTEeXHWYEeCKOM
CUCTeMe C TIoc/eyioller OLIGHKOM eé
pallMoHa/bHBIX MapameTpoB. [las anek-
BAaTHOM OLIeHKHW BO3MOXKHOCTU rprme-
HeHHs TOM WM WHOM TeXHO/IOTMYeCKOM
CXeMbl TMAPOMEeXaHHU3UPOBAHHOM 100
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Tabmiua 1

CucreMaTH3alUHA CIOCOGOB rHAPOMEeXaHH3HPOBAHHOH A0OBIYH TBepaAbIX

NMOo/Ie3HbIX HCKollaeMbIX

BapuaHT ruapoao6bruu

XapaK‘repucha TeXHOo/1oru4e-
CKOro npocrpaHcCTtBa

Tun ao6brYHOrO0 060pPYaIOBAHUA

1. CkBaxuHHasi ruapoaossi-

ua (CI')

3aTorzieHHast WM He3aToIIeHHas]
KaMepa ¢ 0CTyrioM o6opyaoBa-
HUS TIO CKBaskKHMHE

CKBazKMHHBIE THAPOMOHHTOPHI C
TUCTAHLIMOHHBIM YITpaB/IeHHeM,
SPAUGTHI, 3eM1eCOChl WK THapO-
5/1eBaTOPBI

2. l'uapomoHUTOpHas pa3pa-
6GOTKa Ha OTKPHITHIX TOPHBIX
paboTtax

Ycryn Kapbepa BeicoToM 10 30M

["uapoMoHHUTOPEI c1aboro u
CpeaHero Hariopa ¢ GO/1bLUINM
[PacXoaI0M BOZBI

3. [NomseMHasi rUApOMeXaHU-
BUPOBaHHas A00bYa

[TonzemHble BbIpaBOTKH, OTKPbI-
Thle W/IM 3aKPBIThle 3aXOAKU

["MApPOMOHUTOPBI C CU/TBbHBIM Ha-
MOPOM, MexaHOTUAPaB/INYeCKHe
KOMOaMHBI

4. 3eMcHapsiaHast pa3paboT-
Ka

ﬂHO HCKYCCTBEHHbIX W/IN eCTeCT-
BEHHbIX BOAOEMOB

MexaHnuecKre Wi ruapas/iiye-
CKHe PBIX/IUTE/H, MOrPYKHbIe

FPYHTOBbLIE HACOCHI

UM T[I0/Ie3HBIX WCKOIaeMblX B eIMHOM
TOPHOTEXHHUUECKOM CHCTeMe KOMOWHU-
POBAHHOM TeOTeXHO/IOTHH, HeoBXoau-
MO, UTOObI CTPYKTYPHU3ALIMSA TeXHO/IOTH-
YeCKUX TPOLIECCOB 3TUX CXeM OTBeyasia
TpeOOBaHUAM MOAY/ILHOrO  ITPHHLIMIIA
[IPOEKTHpOBaHus. PaccMoTtpuM ocobeH-
HOCTU M 006/1acTh 3(PpeKTUBHOIO MprMe-
HEeHMsI OCHOBHbIX BHUIOB MMAPOAOOBIUH.

TexHonorysa cKBaxKMHHOM A0OBIMH T10-
NIe3HBIX KCKOIaeMbIX IIpe/riosiaraeT Mc-
I10/1b30BaHKE TMPOOYPEHHBIX C MOBEPXHO-
CTY WM U3 FOPHBIX BHIPAOOTOK CKBaXKHH
[71 BCKPBITHA PYAHOTO Te/la, MoAadu BO-
[bl /11 Pa3pYILEeHs MacCHBa FOPHbIX T10-
poa Y BblAauM TOPHOM Macchl. Paspyiie-
HMe TOPHBIX TTOPOA BeaeTcs CTpYert BOb
TMAPOMOHUTOPA, PacIoNOXKeHHOro B 3a-
60e CKBaKMWHBI, Bblaua IMY/IBbIIbI TIPOMC-
XOUT C TIOMOUIBIO 3pAuddTa, MMAPO3/IeBa-
TOpa W/ 3eM/1ecoca I10 TOH Ke CKBaXKHHe
W/ TIO IOTIO/IHUTE/TBHOM.

CkBaxkunHaa ruapoao6eua  (CI/)
OOBIUHO TIpHMeHsIeTCs TPy paspaboTKe
NerkopaspylllaeMbIX 0POoa  HermyGoKOoro
3asieranys. Kak npaBuio, sTo ocaaouHbie
MECTOPOXKACHHA CTPOMTE/IBHOTO M KBap-
LIGBOTO [1eCKa, POCCHINTHBIE MeCTOPOK/e-
HUS 30/10Ta, a/IMA30B, 3a/IeXKU C/IaHLIeBbIX
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WM KapOOHATHBIX TOPO, COAepHKalllrie
OfI0BO, TWTaH, YpaH, a TaKke MArKMe
docdopuToBbie, OGOKCHUTOBbIe, MapraH-
LieBble M OKMC/ICHHBbIC Ke/le3Hble DPyibl,
MECTOPOXKIACHUS YI/il U GUTYMHUHO3HBIX
necyaHukoB [4]. OaHako oT/enbHbIe Tex-
Honorur CI'/l nosBonsioT paspabaThiBaTh
ropoasl Ha IybuHe 6oree KunoMmerpa. B
CIHA Ttexnonorus CI'/l akTMBHO MCIIO/Nb-
3yercsl 718 UHTeHCU(PUKALIMM Ta300TAaum
ra30HOCHBIX YI7IeH.

OCHOBHBIM ~ SHEpProHoCUTenIeM TpH
TEXHO/IOTMY CKBaXKMHHOM TMAPOAOGHIUN
SIB/IIETCS BOZA, [MO3TOMY YC/IOBUEM 3d-
eKTUBHOrO (PYHKLIMOHMPOBAHUSA Npes-
[IpUATUA SBISETCH Ha/lMuye A0CTaTOu-
HbIX OOBEMOB BOABI M 3/ICKTPO3HEPrHU
ans paboThl HACOCOB.

TexHHuecKre XapakTeprCTHKU MeToza
CI'l: rny6uta pa3pabotku — oT 15M 10
1 kM; mvamerp ckBaxuHel — 200-500
MM; pabouee [aB/ieHye CTPYH Ha BhIXOJe
13 Hacazku — 7-20 MIla; pacxon Boab —
150-300 M3/qac; MPOW3BOANTE/TbHOCTD
ckBaxuibl — 30-90 M°/dac; cooTHOIIe-
nve T/2K B nynerie — 1/6-1/1; pac-
CTOsIHME OT TMAPOMOHMTOPa A0 3abos —
no 10 M; TomumHa pa3pabaTbiBaeMoro
rrracta — ot 0,3 no 400 M.



[TpeumyiiectBamMy  CKBaXKMHHOW M-
POnobbIN ABAIOTCH 6e30IMacHOCTb Top-
HBIX PaboOT, TOYTU TO/HOE OTCYTCTBUE
BPe/IHOTO BO3/ICUCTBUA Ha OKPYKAIOIIYIO
cpeay UM BbICOKas [MMPOU3BOAWUTEBHOCTD
Tpyaa pabodero. Kpome Toro, reorexHo-
7TIOTMYECKUA MOAY/Ib CKBaZKUHHOW TMAPO-
n06buK ynoOeH /1 WUHTerpypOBaHUA B
6oree CIOXKHYIO TOPHOTeXHUUYECKYIO CHC-
TeMy TeM, UTO He TpebyeT BGO/BIIMX Karlk-
Ta/IbHBIX B/IOMKEHUI, C/IOXHOTO 0B0pYIo-
BaHMS U CTPOMTE/IbCTBA T'DOMOBIKHX CO-
opyxKeHuit. MHoroobpasve cxeM CKBa-
JKMHHOM T'MApOAoObMH TO3BO/AET OTpa-
GaThiBaTh pPYyAHbIE Tesla Pa3IMUHONM MOII-
HOCTH, YI7la MaJeHust U IMyOUHBI 3a/1era-
Hus. [l 1opaboTKY T7TYOUHHBIX 3arlacoB
OypeHue CKBaXXWH MOMKET OCYIIeCTB/ISATHCS
KaK C TOBEPXHOCTH, TaK U U3 Kapbhepa
WM NMoA3eMHBIX BhipaboToK. K HeaocTtar-
KaM MeToda crieayeT OTHeCTH Oorblive
MOTepH TI0/Ie3HOTO MCKOTAeMoro B Le/u-
Kax. DTOT HeIOCTaTOK MPeo/Io/ieBaeTCs B
pfde ciydaeB MCTONb30BaHKeM 3aK/a/IKU
OTPabOTaHHBIX Kamep.

TexHonorusi 1O06BMK PYABI CKBaXKWH-
HOM TUapOAOObIUelt MOXKeT ObITb VcC-
TMelHO NMpUMeHeHa B paMKax FOpPHOTex-
HUUYECKOM CUCTeMbl MOHOTO MK/AA /15
NOPabOTKU C TTOBEPXHOCTHM U M3 TOA-
3eMHBIX BBIPABOTOK MPHUOOPTOBBIX 3aria-
COB Kapbepa, OTAenbHbIX PYAHBIX Ter
Ma/loro  pa3Mepa, CTpOHMaTepHasioB,
BBIK/IMHUBAIONIMXCS 3@ KOHTYP pa3pa-
OOTKM YacTell PYAHOrO Tena, 3aracoB
PBIX/IBIX OKHUC/IEHHBIX PY/I.

CrpykTypa re0TexXHOIOrMYeCcKOro
moaynss CI'/1 nokasaHa Ha puc. 1. Mak-
pomoayns CI'/l BKAloyaeT B cebs Moay-
I BCKPBITHSA, 3KCI/IYaTallMOHHBIX paboT
1 TIOBEPXHOCTHOTO KOMILIEKCa, UMelo-
IlI1ie CBOIO COBCTBEHHYIO CTPYKTYPY. Tak
MOY/b 3KCIVIYAaTallMOHHBIX paboT Oa-
3UpyeTCcs Ha 3/7IeMeHTapHbIX MOAY/AX
MOATOTOBKY MacCHBa, Pa3MbiBa, A0CTaB-
KU TOPO/I K YCTIO CKBaKMHBI U TMOIbeMa
Ha TOBEPXHOCTb, YIIPABIEHUS TOPHBIM
naenenvieM. [Ipu aToM ans Kaxaoro ue-

PapXUUYecKoro YpOBHA Ie0TeXHO/IOTHYe-
CKMX MOAY/IeH CcoxpaHseTca OOMINH
MPUHLMI LIMKAMYHOCTH, OTHOCHUTE/IbHOM
CaMOCTOATE/IbHOCTH, U HalpaB/eHHOCTU
Ha BBIIO/IHEHHE, C OOHOH CTOPOHBI,
KOHKpeTHOM (DYHKLIMK, C Apyron —
[OCTVIKEHUsl obuiell Lenu (pYHKLIMOHH-
pOBaHUsl TOPHOTEXHUYECKON CHUCTEeMbl.
[ns Kaxaoro Moayns orpeaesreHa ero
LieleBasi (PYHKLMSA, BXOAHBbIE M BBIXO/-
Hble TlapaMeTphl, BHYTPEHHSSA CTPYKTY-
pa.

OcHoBHbIe HampaB/IeHHsl COBeplileH-
CTBOBAHHMA MOAY/s CKBaXKMHHOM THMAPO-
[OObIUM: CO3/aHHMEe HOBBIX W MOJAEPHU-
3allf M3BECTHBIX KOHCTPYKLIMM THAPO-
MOHUTOPHOTO 0BOpyAOBaHUs, TpPYOO-
MTPOBO/IOB, TOBbIIIEHHE UX HM3HOCOCTOM-
KOCTH; YBe/IMueHre Hariopa rMApOMOHH-
TOPHBIX CTPYi, MOIIHOCTH HAaCOCHOTO,
KOMITPEeCCOPHOTO M 3eM/IeCOCHOro 060-
PYAOBaHMS; PasBUTHE METOOB IpeaBa-
PUTE/BHOTO  PasyIZIOTHEHUs MacCCHUBa;
aBTOMaTu3allig  paboThl  HACOCHBIX
CTaHLIMM U KOMIIPECCOPHBIX CTaHLIUM;
MexaHu3allMs M aBTOMaTu3allus paboT
o TepeMellleHHIO TPYOONPOBOAOB; HH-
TeHcHUKalMsg IpoLlecca OCBeT/IeHHs
BO/IbI, WCIIONb30BAHHOM /711 PasMblBa U
oborateHysa. OTaenbHO HYKHO OTMe-
TUTh BO3MOXKHOCTb TO/THOM aBTOMAaTH3a-
MK Bcex 6e3 HCK/IIOUeHHsl TPOLIeCCOB
CKBaKMHHOM THAPOAOOBIUH.

['MApOMOHUTOpPHBIN criocob6 Ha OT-
KPBITBIX TOPHBIX paboTaxX MMPOKO MpH-
MeHseTcs Ans PaspabOTKU  BCKPBIIHBIX
ropo, POCChINeN, PhIX/IbIX Pya U CTPOM-
MmareprarioB [3]. Kpome Toro, crpyeit
TUAPOMOHHUTOPa Pas3pabaThiBAlOT XBOCTHI
oborallleHHs 1 OTBa/Ibl GeIHbIX PY/I.

PaspyiieHre phIX/bIX OPOA BBIO/-
HfeTC HerocpenCTBEeHHO CTPYei BO/bl
6e3 MnpeaBapUTe/IbHOTO PasyIpOUHeHHs.
[lnotHele Mopoaw! nepen pas3pabOTKOA
PBIX/IAT B3PBIBHBIM, MEXaHUUYECKUM CIIO-
cobaMu UK TIpeABapUTe/IbHBIM THAPO-
HacbllleHHEeM.
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Bxonammue Topuo-reonoruyeckue ycluoBHA 3aleraHHA MECTOPOXAEHHA
napamMeTpH (yqacTtka) u cBOHCTEA paspabaTHBaeMEIX TOPOJ.
TUAPOJNIOTHYECKHE H KIMMATHYECKHE XapaKTePpHCTHKH
TEPPUTOPHH.
TeotexHomo- -
Bexpritue OKcmiyaTauuoOHHEE IlopepxHOCTHEIH
THYECKHE MOAYIH
paboTr KOMILIEKC
[ ]
o IlogroroBKa MaccuBa .| Tpaucnopr
NeMEHTapHEE < >
P PYLE THAPOCMECH
MORYIH
Paspymenne, gocraeka x | Obopornoe
CKBaXHHE, IOALEM BofocHabxeHHe
YpaeneHue ropHEM
aBeHHEM
BenomorarensHele IloaroToEKa MOBEPXHOCTH H ObespoxuBanue U
MOIYIH cosgaHue HHOPACTPYKTYPEL CKIIaUpOBaHHE
Buxogure CxeMa BCKPHITHSA, IPOUSBOGUTENLHOCT THAPOYIACTKA, TOTEPH H
HnapaMeTpH pasyboxuBaHUE, TOTPEOHOCTE THAPOYIACTKA B SHEPIETHYECKHUX,
TPYLOBEIX M MaTEpHANLHEIX pecypcax

Puc. 1. CTpykTypa ropHOTEeXHHYECKOH CHCTeMbl CKBa}KHHHOH THAPOAOGBLIMH

PaspaboTtka ropoa BeaeTcs OAHUM
WM HEeCKOIBKUMH TMAPOMOHHUTOPaMU,
PasMBIBAIOLIMMM  TIOPOAY, [PU  3TOM
PACIIOZIoKEHWe  THAPOMOHUTOPOB,  a
TakXke HallpaB/ieHre IBMXKEeHUs BOds-
HOM CTPYH ¥ TUAPOCMECH OIlpeaesioTcs
napamMerpaMr 3abos. [IpousBoauTess-
HOCTb TMAPOMOHHTOPA Ha OTKPBITHIX
rOpHBIX paboTax Mo FOPHOM Macce Aoc-
turaet 500 MS/'—I, a NaBleHWe CTpyd Ha
BbIXO/Ie M3 HacalKh He TMpeBblllaeT 2
MIla. CpenHeMecsuyHasi POU3BOAU-
Te/IbHOCTb TMAPOMOHMTOPA 3aBUCHUT OT
CBOVCTB IOPOA U pacxoda BOAbI U U3-
Mensietcs ot 15 1o 150 Thic. M°/Mec.

BxoaHbIMM MapaMeTpaMy TeOTeXHO-
MIOTMUYECKOTO MOAY/I THAPOMOHUTOPHOM
PaspaboTKU Ha OTKPHITHIX TOPHBIX pa-
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GoTax HB/SIOTCH CBOMCTBa pa3pabathl-
BaeMbIX MMopoa, UX obbeM U riybrHa 3a-
neraHys (BBICOTa OTBa/a), KAWMaTHue-
CKHe YC/IOBHSl, BBIXOIHBIMH Ke — CXeMa
BCKPBITHS, MPOU3BOANTE/IBHOCTh THAPO-
y4acTKka TOPHOTEXHUUYECKOM CHCTEMb,
rnotepyd W pa3yGoXKMBaHHE [10/1e3HOTrO
HICKOTIaeMoro, TMOTPeBGHOCTh THApOoyYa-
CTKa B BOAOCHAOXKEHWH, 3/1eKTPO3Hep-
My ¥ Matepuarnax. [Ipy nmpoektupoBa-
HHM TMIPOU3BOAUTCH CpaBHEHHE U BRIOOP
CXeMbl BCKPBITHS, CHCTeMBl paspaboTKH,
THIMa 3a00s, BUA MIPHUMEHAeMoro o6opy-
[IOBaHKWsA, pacyeT CXeMbl BoaOCHabke-
HUSl U IPYTHX [TapaMeTpoB.

CTpykTypa MakpoMOay/is THAPOMO-
HUTOPHOM pPaspaboTKU Ha OTKPBITHIX
FOpPHBIX paboTax B LIE/IOM aHa/IOTMUHa



CTPYKTYpPE MaKpOMOAY/IS CKBarKMHHOM
rUAPOAOGHIUH, OT/IMUYASACh /ML CIIOCO-
OOM YIIpaB/IeHsl TOPHBIM /IaB/IeHHEeM U
HeOOXOAUMOCTBIO  TPeABaPUTE/IbHOrO
yaseHus Topo/1 BCKPHILIH.

B 3aMKHYTOM 1MK/Ae eanHOM TOpHO-
TEeXHUYECKOM CHCTeMbl KOMOWHHUPOBaH-
HOM TeOTeXHO/IOTHMH THAPOMOHUTOPHAsS
pa3paboTka MOXKeT ObiThb [MPUMeHeHa
[IpH T[IPOMU3BOACTBE BCKPBIIHLIX PabOT
Ha Kapbepe, A1 CO3aHUs Ma/lorpou3-
BOAWTE/TBHOTO, HO 3(PEeKTUBHOIO M-
poyyacTka OTKPBITOM A0OBIUM Py, /s
PaspaboTKU WM TepeBa/lKi TeXHOTeH-
HbIX MECTOPOMXKACHWI IO/Ie3HBIX MCKO-
raeMbiX, TAaKUX KaK OTBa/Ibl GeIHBIX Py
WY f1eKa/ible XBOCThI OBGOTrallleHus.

[MomseMHas  ruapoMexaHU3HMPOBAH-
Hag [a06OblYa TIO/IE3HBIX  WCKOIAaeMBbIX
[IPUMEHSIeTCs B HacTosilllee BpeMsi B OC-
HOBHOM Ha Yro/IbHBIX LIAXTax, XOTH eCTh
eMHWYHBIe Ccaydayd NpPUMeHeHUs IIo4-
3eMHOM TMAPOMOHHTOPHOMN paspaboTKU
ISl PBIX/BIX KenesHblX pya. [ns rva-
POMOHHTOPHOM AOOBIUM YI7Is MOAXOAST
KaK KpyThle, TaK W T[IO/IOrMe I/IAaCThl
MPaKTUYEeCKU MOOOM KPerocTh U MOlil-
Hocty. OaHako, TpU GObIIe MOIIHO-
CTU TeXHHKO-3KOHOMUYECKHe IOoKasaTe-
v Beilte. ['Mapoaobbiua yras HerprMe-
HMMa [pY  HEYCTOMUMBHIX TMOPOAax
KPOB/IM MW TIY4HalllMX K /IerKOpa3MbIBae-
MBIX TOpOZax TMOYBHL. BroueHus myc-
TBIX TIOPOA TaKKe CHHAKAIOT 3PeKTUB-
HOCTb TOA3eMHOM THAPOoAoObuH [8].

Ortbotika yras OCylecTBaseTcs Moo
CTpyer THMAPOMOHUTOpPa, AUGO KOMOU-
HalLMel MexaHW4YeCKOro W THApaBIvye-
CKOTO BO3EHCTBHS Ha [OpOAY — Mexa-
HOTHAPaBANYecKuM KomGariHoM. [Ipo-
M3BOIWUTE/bHOCTh TMAPOMOHHUTOPOB /10C-
turaer 60 T/4 Mo yrmo, Npy pacxoze
Bombl — 10 500 M°/uac W naBneHnu
cTpyy Ha Bbixoge u3 Hacaaku 20 MIla
[9]. IpousBoanTensHOCTL KOMbBalHa 10
yrmo aocturaer 135 T/4ac, a pacxon
Bozbl — 120 M>/uac.

Cpeny TpenMyIlecTB TMAPOMEeXaHH3a-
LMK AOOBIMHBIX PabOT B MOA3EMHbIX YC/IO-

BUSIX C/le/IyeT OTMETHTh BBICOKYIO 6e30-
MaCHOCTh, BC/e/ICTBHE OTCYTCTBUSA /O/eH
B 3a60e, 1 OO/eryeHHyI0 CXeMy BeHTU/Is-
MM U332 OTCYTCTBUS HEOOXOAMMOCTH
yaasieHust TPOAYKTOB B3pblBa M IIBII.
[TokasaTenn u3BeUeHUs TIO/IE3HOTO UC-
KoraeMoro us Heap aocturaroT 80 %, uro
BO MHOTHX C/iyyasx 6o7bliie, yeM Tpy UC-
TO/Ib30BAHUM  K/TACCUUECKUX TeXHO/OTUHM
noGbuy.  HemoctaTkoM  rMapOMOHUTOP-
HOM OTOOMKU ABMAETCA GO/IBLION MPOLIEHT
1oTepb PY/bl B LI/TMKAX TPH UCTIONMh30Ba-
HUH 3aKPhIThIX 3aX0Z0K. [ Ipy mpoekTrpo-
BaHWM C/1elyeT YUHUTHIBATh, UTO TPAHCIIOP-
TUPOBaHWE TMY/bIIbI 110 KalTa/lbHBIM U
MOArOTOBUTE/IBHBIM BHIPaBOTKaM Ha T1o-
BEPXHOCTb TpebyeT YBe/MUeHHOTO ceue-
HUsl CTBO/Ia U CTPOMWTE/IhCTBA TOPH30H-
Ta/IbHBIX BBIPABGOTOK C YI7ZIOM HaK/IoHa 3-
5° B CTOpOHY pyaHOro aABopa aas obec-
MeyeHrsl CaMOTEUHOTO  Tlepe/IBUKEeHHs
ny/bIel. [ Ipy HEeBOSMOMKHOCTH TIPUMEHe-
HUsl CaMOTEUHOTO TPAHCIIOpPTa, HarpH-
Mep, TpU pa3paboTKe TOPU3OHTA/IBHBIX
[/IaCTOB MaZloO¥ MOMUIHOCTH, BO3MOKHO
MPUMEHEeHe HalopHOTO  TMAPOTPAHC-
ropTa 1o TpydaM WM KOMOMHALIMM CaMOo-
TEYHOTO M HAalOPHOro CIocOBOB Iepe-
MellleHUs1 MUHepasIbHOM MaccChl.

BxoaHeiMM MapameTpaMyd TeoTeXHO-
NIOTMYECKOTO MOAY/sS IaxXTHOM THAPO-
no6buM  SB/ISIOTCA CBOMWCTBa paspaba-
ThIBaeMbIX TI0POA, YCAOBHUA 3a/leraHusi
pYAHOrO Tena, Ha/luuve paHee IIpOu-
MeHHBbIX KalMTa/IbHbIX BBIPABOTOK ApY-
TMX CIOCOOOB A06BIUM, BBIXOAHBIMHU Ke
— TPOM3BOANTENBHOCTh THAPOYYACTKA,
06BbeMbl BCKPHINIHBEIX U [TOATOTOBUTE b
HbIX PaboT, MOTPeOHOCTb YuacTKa THa-
POaOGLIYU B BOAOCHAOKEHUM, 3/1eKTPO-
SHepPruu U MaTeprasnax.

MakpoMoay/b MaxTHONM TMAPOAOGH-
Yy MOXKET ObITh BK/IIOUEH B OBLIYIO Tex-
HO/TOTMYECKYIO CXeMY T0A3eMHOr0 py/-
HUWKa, ec/li TeXHO/IOTHsl OTHOCUTCSA K Yua-
CTRY IIAXTHOTO MO/IsA, YIPaB/IeHUe TaKuM
YUACTKOM CBOZMTCH K XapaKTepHbIM /171s
[AHHOWM TeXHO/IOTWH CTPYKTYPHBIM 371e-
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MEHTaM — CHCTeMe pa3pabOoTKH, CXeme
[IOATOTOBKK MacCHBa M BOAOCHAGKeHws,
TPAHCIIOPTY, YITPAB/ICHUIO TOPHBIM /1aB-
nenvieM. Eciv xe rvapoMexaHHsHpOBaH-
Hasi 106blYa MPOU3BOAMUTCS BO BCEM 101
3eMHOM KOMIVIGKCE, TO CTPYKTYpa MakK-
poMoAy/iA  TaKOM THAPOIIaXThl  Oyaer
BK/IOUaTh B cebs Bce HeoOXOAWMBble /s
[OA3eMHOM Pa3paboTKy  TexXHO/Ioruue-
CKHe LIMK/bl: BCKPBITHE, BEHTW/ISALIMIO,
aHeproobecrieyeHye U T.4.

[Ipy npoekTHpoBaHHK TOPHOTEXHH-
YECKMX CHMCTeM KOMOWHHPOBAHHOM pas-
PaboTKH LIaxTHas ruApoaoObYa MOXKET
HalTH TPHMEHEHWe B KauecTBe THApO-
ydacTKa T[O/I3eMHOTO PYyAHMKA WM Ca-
MOCTOSITE/TBHOIO  [I0A3€MHOr0 TEXHO/IO-
TMYEeCKOro KOMIIeKCca /s A0ObMU He-
T/IOTHBIX W/TM TTOXKAPOOTACHBIX 1OPOa, a
[Py PasBHUTUM BO3MOKHOCTEH 060pyao-
BaHMUS — U CKa/IbHBIX TIOPO/I.

Paspabotka 06BOAHEHHBIX 3ab0eB
3eMcHapsaaMr

[ns pa3paboTKU TOpoa, HaXods-
IMXCA MOA BOAOM WM 3aTOI/IGHHBIX
HMCKYCCTBEHHO, TMPHMEHSIIOT BBIEMKY
rnopoa 3eMmcHapsaaamu [4]. Cnoco6
OCHOBaH Ha BCaCbIBaHWM YaCTHLI MHAT-
KMX TI0PO/ BMECTe C BOIOM 3eM/1eco-
COM W TPAHCIIOPTHPOBAHHE ITY/IBIIBI
rno tpyGaM K MNYHKTaM IpueMa: Ia-
pOOTBazaM, TUAPOCKIagaM U obora-
TUTenbHbIM YycTaHoBKaM. Ortaenerue
rmopoasl OT MaccHBa obecreurBaeTcs
[Py TIOMOIIM Pa3pPbIX/ASIOMNX  YCT-
POMCTB MM 3PO3HMOHHO. Bce ocHoOB-
Hble TEXHO/IOTHYeCKHe Orlepallii Bbl-
MO/THAIOTCH OAHOW MallMHOW — I/1a-
BYUMM 3eM/IECOCHBIM CHapsaoM. Tex-
HUUYECKHE XapaKTepPHCTHKU: IPOU3BO-
AUTensHoCTh 1o mnyrsrine — ot 400 ao
4000 M%/4; MPOMBBOAMTENBHOCTh IO
rpyHTy — 10 1200 M>/u; ray6usa pas-
pabotku — oT 5 g0 25 M; AanbHOCTH
TPaHCIIOPTUPOBAHMSA TIY/LIIBI 10 TOPH-
30HTA/IM — A0 3 KM.

[llupokoe MpuUMeHeHWe AaHHBIM CITo-
co6 Haies1 Ha O6BOAHEHHBIX M Mano06-
BO/IHEHHBIX MECTOPOXKAEHHAX Hernybo-
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KOTO 3a/leraHusi HaxOoAfAlIMXCA Ha AHe
eCTeCTBeHHbIX BO/IOEMOB W/H C Ha/lWuH-
eM Bo/J0eMa 17151 TIOATUTKU Kapbepa.

Bxoatibie mapaMeTpbl MOAY/S: CBOM-
CTBa PYyabl M BCKPBILIHBIX [I0POA, YCIO-
BUf 3a/leTaHKsl PYAHOTO Terna, TMApPOoreo-
7IOTWYeCcKrie Y MMApO/IoriiecKre YCIoBUs
pa3paboTku  BbixonHble — MapaMeTphl:
[MPOM3BOAUTE/IBHOCTD 3eMCHapAAHOTO
KOMIT/ICKCa M CPOK OTPabOTKM 3arlacos,
OObeMbl BCKPBIIIHBIX pPaboT, Motped-
HOCTb KOMII/ZIeKCA B 3HEpreTUyecKkux,
TPYAOBBIX Y MaTePHA/ILHBIX Pecypcax.

CTpyKTypa MakKpoMOAy/s 3eMCHaps-
HOM pa3paboTKU CXOxa CO CTPYKTYPOH,
MpeacTaB/eHHoM Ha puc. 1. Xapakrtep-
HOM OCOGEHHOCTHIO SB/SETCH Haaudve
BCTIOMOraTe/IbHOrO0 MOAY/As MOATOTOBKH
MOBEPXHOCTH, U HEOOXOAMMOCTHIO I1e-
peMeliieHrss BCKPBIIIHBIX [MOPOa B OTBasl
IPY YI71y6/1eHUH IHa KapbepHOTo MO/,

3eMcHapsiaHas  pa3paboTKa  Imep-
CTIeKTHBHA A5 MPHUMEHEeHUsl MpU TIPo-
eKTHPOBaHUN Pa3paboTKU BepxHel uac-
T PYAHBIX Tenl Ha MmebgOBBIX MeCTo-
POXKAGHUSAX WU B YCIOBUAX KapbepoB
Gonbloit o6BoAHeHHOCTU. [Ipenmyiie-
CTBOM 3eMCHapsAHOM pPa3paboTKU, IO
CPaBHEHUIO C OTKPBITBIMU TOPHBIMU pa-
6oTaMH, SAB/SETCA OTCYTCTBHME HeoOXo-
AMMOCTH OCVIIeHHsT OOBOAHEHHOTO W/IH
3aTOIZIGHHOrO YuacTKa Heap, IOTOY-
HOCTb TEXHO/IOTHM W BBIMIO/IHEHUE BCeX
ornepalyi 406N OAHKM TeXHO/IOTHYe-
CKHMM KOMII/IGKCOM, BO3MOXKHOCTb I1O7T-
HOM aBTOMaTH3allMy Mpolecca. Kpome
TOTrO, AaHHBIA MeToa obrasaeT MeHbllIei
9KO/IOTUYECKOM Harpy3koi Ha OKpYy-
KaloIlYIo Ccpeay, YeM TPy KCIIO/Ib30Ba-
HHM BO/IBIIOTO KO/TMUECTBa CAMOXOAHBIX
[V3e/bHBIX MallMH U OYpO-B3PBIBHBIX
TeXHO/IOTUI paspyllleHus MaccHBa I1o-
pOA, XapaKTepHBIX /718 OTKPHITHIX U
ITOA3eMHbBIX TOPHBIX PaboT.

Tarum obpaszoMm, obObeauHEHHe pPas-
IMYHBIX CMOCOOOB THMAPOMEXaHU3UPO-
BaHHOM A0OBIUM T10/Ie3HBIX WCKOIAaeMbIX
B elVHOM CHUCTeMaTH3aliy IT03BOINU/IO
OLIGHHTb TEPCIEeKTUBbI [PUMEHEeHH s Ka-



JKIOTO M3 HHX B pPaMKaxX eIMHOM FOpHO-
TEeXHUYECKOM CHCTeMbl KOMOWHHUPOBaH-
HOM reortexHosorud. [Ipouecch ruapo-
A0BBIUM MOIYT OBITb NPUMEHEHbl Kak
CaMOCTOSfiITe/IbHble ~ KOMILVIeKChl WU
BK/IIOUATbCH B TEXHO/IOTMUECKUEe CXeMbl
PUBUKO-TEXHUUCCKUX U  (PUBUKO-XHUMU-
YyeCKUX CcrocoboB a06wuM. [las Bcex
TMAPOMEXaHHU3HPOBAHHBIX crioco6oB
[0BBIUM XapaKTePHO MPaKTUUECKH I10/-
HOe OTCYTCTBME BPEaHOroO B/WSHUA Ha
OKPYXKAIOIIYIO Cpeay, BO3MOXKHOCTb aB-
TOMATHU3aLIMM BCeX TeXHOOTMUYeCKUX
[IPOLIECCOB A0OLIMHOIO LIMK/AA, IOTOY-
HOCTb TeXHO/IOTMU W OTCYTCTBUE Heob-
XOAVUMOCTU TIOCTOSIHHOI'O HAaXOXKAeHHs
Mofief B OUMCTHOM MIPOCTPAHCTBE.
CTpyKTypH3aLlys OTAeNbHBIX CIIOCO-
60B n00OBIUM B BHAE TreOTeXHO/ornuye-

CKUX MaKpOMOy/ei ¢ orpe/aeneHrueM
BXO/IHBIX U BBIXOAHBIX TapaMeTpOB,
COOTHOILIEHUN Moay/ier U 371eMeHTap-
HBIX MOAY/Ieill Mexay cobol W Ha-
MpaB/ieHHuI Pa3BUTHS TEXHO/IOTHU Ha-
lle/ieHa Ha YIpolleHHe U TOBblleHue
3¢ heKTUBHOCTU MIPOEKTUPOBaHUSA
TOPHOTEXHUUECKUX CUCTeM KOMOWHU-
POBaHHOM pa3paboTKH MecTOopoXKae-
HUM TO/Ie3HBIX KCKOIaeMbIX C BK/IIO-
YyeHHMeM B HHX CXeM TUAPOAOOHIYHU.
[lanbHelilie ucCcAeIOBaHUS B 3TOM
o6nacTu 3ak/AUaloTCA B CO3AaHUU
MaTeMaTH4YeCKoN Moe/ld MOAY/IbHOTO
MPOEKTUPOBaHUsA, YCOBEPIIeHCTBORA-
HUU CTPYKTYPbl CaMUX MoAay/aed Ha
ocHOBe Gonee TraAyGOKOro aHaiu3a
MHPOBOI'O OTbITa TMPUMEHEHHs CXeM
rHAPOAOOBIYH.
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