Puc. 3.7. Cxemarnuecknit muan xapbepa FOTOKa x koHUY orpabotkn

Orcrynus or nuamu ABC Ha BemmuuHy By, TPOBOIMM JIMHHIO
A’B'C' (cMm. puc. 3.8, 6). Ecim B kapeepe nNpUMEHSETCS Xe-
JIC3HONOPOXKHHH TPAHCIIOPT, TO M3rHOHW JIHHMM (DPOHTA HE AOIXHH
MMETh PAaMyChl 3aKPYIJICHMI MCHBRIIC AOMYCTHMOIO R s NPHHATO-
ro Buga tpancmopra. C 3TOH nEIbI0 OYeHh yaOOHO NOMB3OBATBHCS
KaPTOHHHM KpPYXKOM PagMycoM R, KOTOpHI HAKNA[HBAIOT HA IIAH B
MecTax M3ruboB M 1O HEMY TMPOBOAAT KPUBOJMHCHHHE YYaCTKH
dpoura pabor. O6beME paboT BHUMCISIOT OTAENBHO O TIPOXOLKE
BbC3IHOM M paspe3JHOM TpPaHmIEH ¢ HEABI0 obecricucHUS HEoOxo-
AMMOrO ONCPEXEHHS A8 MOATOTOBKHM HHMXHEIO rOpM3OHTA.

Ha nnane ropmsonra -60 m (cm. puc.3.8, 6) HaHOCAT JHHMM
¢dponTa, 00ECIEUMBAIOIIME MOArOTOBKY M BO3MOXHOCTD IOATOTOBKH
ropuaoHTOB -75 ® -90 M. [lns 3TOr0 HAKIAZHBAIOT KajibKy C ILIa-
HoM ropM3onra -60 M HAa mnad ropusoHTa -75 M M OT JIMHEM
¢dporTa HMxHEro ropusonta A’ B’ C’ oTCTYmaloT Ha BeaduMHy Bo M
MpOBOMSIT HOBYIO Juunmio A”B”C’’, Koropag COOTBETCTBYET MOJIO-
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Puc, 3.8. TlMoropu3oHTHR¢ ILIAHW ropmacutoB -9¢ (@), -78 (6), -60 () =»
-45 M (2)
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CONEPKHMTCHE M MOXET OHLThb M3IBICUCHO j NONE3HWX KOMIOHEHTOB
PasNNYHOM LEHHOCTH.

LlenHocTh WM3BAEKAGMHX M3 HEJP NOpoA Npu paspaborke xomm-
JICKCHOTO MECTOPOXICHMS LEJeco00pasHO paCcCYMTHIBATD MCXOOS M3
KOHCYHHIX TIPOAYKTOB NPEANIPMSTHS, -~ YAME BCEr0 KOHLEHTPATOB.

LlensocTe noOWMBacMHX 32 rog MCKomaemmx (py6/rom) Moxer
OHTh BHPaXCHAa ypaBHCHHMEM:

n m
= YA Y Lv., 3.8
., i, ij i
i=l "j=1
e A, - TpOM3BOJUTE/IBHOCTb Kaphepa TO i-My TOJIE3HOMY WMCKO-
maemomy, Tt/rom; i - 1, 2., n; l[,.j - omnrosas IeHa j-ro

KOHUEHTPATa, TNOJYYaeMOr0 M3 i-r0 TOJC3HOr0 HMCKONAEMOro,
py6/t; j =1, 2, ..., m v - KOo3UUMEHT BHXOAA j-TO KOH-

LEHTPATa U3 {-I0 TMOJC3HON0 MCKONAaEMoro.
LlenHOCTL M3BJACKAaEMBIX M3 Kapbepa 3amacoB 3a [ ser (py6.)

t
I, = )1:”"" 3.9
H3paexaeMpic 3amacel MOJE3HHX VCKONACMEX B KOHTYPC Kapecpa
H n
YA, = YBA, (3.10)
yi () Bi - 6anaAcoBHe  3anacH -0 MOJE3HOrO HCKOHAeMoro, T,

Ai = (1 - ’nl.)/ a - pi) - xko3dduuMeHT nepexoga OT OaNAHCOBHIX
K HM3BJICKACMHM 3a0acaM {-10 MO/C3HON0 MCKONAeMmoro; m, M p; -
KOXDPUUHEHTH TOTEPh M BECOBOrO PasyboXMBaHMA i-r0 NOJE3HONO
MCKOTIaeMOro M3 HEp.

3uaucHnd Ko3¢DMIMECHTOR BHXOAA KOHLCHTPATOB M3 KaXAOro ro-
JIE3HOTO MCKONAEMOro onpenensiorca no obmeussectroit dopmync

v, - _‘.x_iéfu_, @.1D
ij

me o, - comepXanme FTO KOMIIOHGHTA B AOOWTOM i-M TOJIE3HOM

HMCKOMACMOM; eij - JA0JI1 HM3BJCYCHHOINO B KOHLCHTPAT i-r0  KOMIIO-

HEHTA M3 i-TO [OJE3HOr0 MCKOIAEMOro; Bi] - CcomepXaHHe j-ro

KOMOOHEHTA B j-M KOHICHTpaTe, MONAYYaCMOM M3 §-f0 IOJIC3HONO
MCKOIIaEMOoro,

HccnenoBaHMsIMA  YCTAHOBJICHO, YTO AOCTHYD MAKCMMyMa M3BJIE-
KacMol LEHHOCTM MCKOMAEMHX B ONpEACCHHHM mnepdon IKCIUTyaTa-
UMH Kaphe€pa MOXHO 33 cueT Hambojice MHTEHCMBHONM oTpaboTkH 6a-
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JIAHCOBRIX 3aMacOB KaXJOro MOJE3HOr0 MCKONAeMoro, T.€. 33 C4Yer
Pa3BUTHA HaMOOMBIOEH MO N'OPHEM M 3KOHOMMYECKHMM BO3MOXHOCTIM
MPOM3IBOIUTEIBHOCTH KApbepa MO KAaXAOMY MOJE3HOMY HCKOTIAEMOMY.
PanuoHanLHOE Hanpawienne yrmyOkM xapbepa Kak pas ¥ Croc
pyeT uHTeHCHIMKAUMH Pa3paboTKM KOMIUIEKCHOTO MECTOPOXACHMS
OTKDHITHM CrOCoOOM.

Kpurepuit 9 — max Mcnosb30BaTh NPH NPOEKTHPOBAHUH HOBOJIb-
HO C/IOXHO BCJACACTBHE HEOOXOAMMOCTH Yyuera JIBIIONO  YHCJia
TPYAHO PAacCYNTHIBAEMBX W HEHANEXHBX JKOHOMMYECKHX MOKa3aTe-
neid. Heckompko mnpome KpuTepwsi MUHMMYMAa 3aTpPaT Ha EOUHMIY
CTOMMOCTH TMPOAYKLMH

t ot
S,= Y3/YLd, - min, (3.12)
T

t
e )3, - HapacTalomuil WTOr 3aTpaT Ha paspaboTky MecTOpox-
1
AeHus OT Hauajla CTPOMTENbCTBA Kapbepa A0 TEKYMEro Bpe-
t
MeHu I, py6.; ):L(‘. - NEHHOCTb MOJYYEHHOH 33 Bpems ! npo-
1

Aykuum, py6.

3ameruM, yTo abCoMOTHHE 3aTpaThi HA pa3paboTky MecTOpoXx-
menus B8 xpurepuu (3.12) npiamo nmponopuMOHANBHN 0GBEMaM rop-
HOM MacCH kapbepa. IT0 OOCTOATENbCTBO MO3BOJAET NPHMEHATh B
KauecTee KpHTepus BHIOOpa HampaejieHHMs YyrnyOke mpn paspabortke
KOMIUTEKCHHX MECTOPOXIEHUH pacxol IOPHOM MAacCH Ha CAHHHUY
LEHHOCTH M3BJICKAEMBEIX M3 HEMP 3€EMJIM TOPOR (Nt). PauponanrsHOMY

HATIDABJICHMIO Pa3BUTHS TOPHHX pabor OyAeT COOTBETCTBOBATH MH-
HUMATBLHOE 3HAa4YeHMe N, B TEYEHHE BCETO MNEPHOA IKCILIYATALMH

Kapbepa:
!

Yo

N, = == — min, 3.13)
I,

t
e YO - ropHas Macca, BHHMMAaeMas C Havana ortpaGotkm 1o
PaccCMaTpPUBAEMOIO MOMEHTA BPEMEHH 1, M.

Bce Tpm kpHTepMs MOryT NPUMEHSATBCH St MOOwX pa3pabarhi-
BacMux MecTopoxjaenuil. OpHako Hawbosee NMpOCTHIM M JOCTATOMHO
HaJIEXHHEM gBiaseTcs Kpurepmii (3.13), mosroMy aBTOpH peKoMEH-
AYIOT HCNOAB30BATH €r0 NMPH NPOEKTHPOBAHMH KOMILIEKCHHX MECTO-
POXICHHM,

Ecan nmpoexTvpyeMoe MecTOpOXJAEHAE PACCYHTAHO HA AOGHYY OX-
HOIO MOJIE3HON0 HMCKOMAEMOIo, TO MOXHO MOJLb3OBATHCH KPUTEPHEM
MAHUMYMA K03¢XpHIIMEHTa TOPHOM MAaCCH






3.4. PALUMOHANBHOE HATPABJIEHHE PA3BHTHS
TFOPHBIX PABOT (METOJ BAPHUAHTOB)

OnpuvMm u3 maubosiee pacHpocTPaHEHHHX M OGMMX METOAOB pemie-
HHS NPOEKTHHX 33aJay SBJSETCS METOA BapWaATOB, peaTu3yeMHi
'KaK NYTEM pacyeTHHX, rpadwyeckux pabor, Tak M C HCNOJBb3ORA-
HueM IBM. OcHOBHOIM HENOCTaTOK 3TOr0 METOAA - OTCYTCTBHE YBE-
PEHHOCTH B TOM, YTO B UMC/IE DACCMOTPEHHHX BapHaHTOB OBUT Ca-
MHit panuoHanpHuill. ITpubmmxenne x maubosiee PaUMOHATBHOMY Ba-
PMAHTY 3aBHCAT OT ONHTA M 3PYRUIAM HPOCKTMPOBIIEKA, AHAIW3M-
pyIOmero BapMaHTHL.

PaccMoTpuM IOCAEAOBATENIBHO ONPENE/IEHNS PalMOHAJIBHOIO HAN-
paBsienus yriyOkm xaphepa METOAOM BADMAHTOB HA MPUMMEpPE KpPYTO-
Majalomero MECTOPOXICHKSA, AAS KOTOPOrO yXe€ ONpeNeieHn KOHEY-
HbIE TPAHMIL Kapbepa M HaMEYEHh AB2 HATPABJICHHS €ro yrnybxu
(puc. 3.11): mo mepabouemy OGopry Kapbepa B MNOpOAaX JEXAYEro
Ooka (xpuBas I); 1O UEHTPY DyOHOro Tesia (xpusas 2).

JlarHne mo BapuaHty Hanupasjiehud / yxe ObuiM nMpMBEOEHH pa-
Hee (cm. Ttabn. 3.1). Ilepememas Ttpadaper paboueit 30HH xagbe-
pa MO HAMPamIeHNI0 2, TOJYuYMM #Apyrme jgauHne (1abn. 3.9).
O6benMHEB MOTYYEHHHE JAHHHE M IOCTPOMB KYMYASTABHHE rpadmxk
P, = f(Q), yeuaum, 4TO BTODOH BAPHAHT HaNpaB/CHAA yrny6kn

(cMm. puc. 3.11) obecneumBaer B neppwit mepmop paborel Goabmmi
BHIXO[[ PyAHl, TAK KaK KpuBad 2 3TOr0 BApMAHTA DACMOJIOXEHA Bhi-
me kpuBo [/ (cMm. puc. 3.11).

i

A
)] 20 40 60 XqQ;

Puc. 3.11. Mamenenne o0GbeMOB PyIh B 3ABMCHMOCTM OT 00BEMOB FOPHOR MACCH
NpH gBYX Pa3sHKX HANPABICHUAX YTIYOKH xapbepa



Tabnuya 3.5

Mamenenne 0GbeMOB BHHHM3EMEX TOpoA (WIH M) MO mepe
yroyOxu xaprepa no manpaanemmo 2 (cm. pmc. 3.11)

TI'opn- 3uavieHUE NMAPAaMETPOB NPH Pmax
30HT
MoAro- ) z P, P V. b 4
ToBKY q Q i i i (]
1 6.13 6,13 0,18 0,18 5,95 595
2 12,39 18,52 1,53 1,71 10,86 16,81
3 12,99 31,51 1,34 3,05 11,65 28,46
4 11,06 42,97 1,34 4,39 9,72 38,18
5 9,23 51,8 1,74 6,13 7,49 45,67
6 7,24 59,04 1,41 7.54 5,83 51,5
7 5,39 64,43 1,17 8,71 4,22 55,72
8 3,56 67,99 1,53 10,24 2,03 51,15
9 1,63 69,62 1,1 11,34 0,53 58,28
10 0,53 70,15 0,21 11,55 0,32 58,6
Tabnuya 3.6
3navenus cpeJnux ¢ Ha49ana OTpabOTKH K03NPHUHEHTOB [OOLIM
no mepe yrayOxw xapoepa
Topuzont Hanpanrenue 1 Haupasnenwe 2
TIOATOTOBKH
zq,MJIHM:’ kacp i:q,mmu3 kpep
1 2,3 0 6,13 0,029
2 9,49 0,021 18,52 0,092
3 21,49 0,084 31,51 0,097
4 34,06 0,093 42,57 0,103
5 44,49 0,103 51,8 0,118
6 53,29 0,119 59,04 0,128
7 60,13 0,128 64,43 0,135
8 65,26 0,138 67,99 0,151
9 68,62 0,153 69,62 0,163
10 70,15 0,165 70,15 0,165

IMpenMymecTso BAapMAaHTA HANPaBJEHMS 2 NPOSABASETCH €me HAr-
NGAHEE TIpH COTIOCTABJEHMH CPEAHMX ¢ Hayaaa -orpaborku x03dbu-
OUEHTOB AOOHUM, YTO moATBEpXAaercd rpadmkom Ha puc. 3.12 wu
nannumu tabm. 3.6.

Ecan paspabaTmBaercs xpynHOE MECTOPOXAEHUE, M Kapbep 3a-
HMMaeT OOMMPHYKO IUIOMangb, TO HEOOXOAMMO BHOpaTh MecTo Haua-
JIa TOpHHX paboT M AajkHEHmEE OCHOBHOE HAMNpABJICHNE pPa3BUTHY
TOPHEX paboT mo ropusosTanM. JTO MECTO OMPEAEASIOT WCXOAS M3
OBYX OCHOBHHX NpPEANOCHJIOK: TPAHCTOPTHHE IMOAXOAW K OTBAJIAM,
cknagaM M oboraTuTebHEM (habpukamM M COOTHOMEHUE BCKPHIIIHHX K
noOeuHbiX paBor (WM pacxomoB M LEHHOCTEH) B mpouecce dop-
MMpoBaHWA pabouell 30HH Kapbepa. PemeHue npUHMMAKT nyTEM
COTOCTABJIEHUS 3aTparT.
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Puc. 3.12. MiamenenMe cpefHMX ¢ Havana Orpaborkn x0appUuUMeHTOR JOOHIYH B
3asucHMOCTM or oObeMa ropho#i Maccnl, nobmsaemoit mo mepe yraryOum xapnepa
10 BYyM Pa3HLIM HANpasJCHHUIM

Puc. 3.13. Bapuauth Hanpasienui
passuThg paboT B KApLEPHOM nose

IpepnosoxuM, uTo UId Kapbepa, MMEIOIErO B IUIAHE OMpEAE/ICH~
Hyw ¢opMy, B pe3ynbTaTe NPEABAPMTEIBHOIO 2HAJN32 HAMEYEHO K
paCCMOTDEHHMI0 TpH BAapM3aHTa passaTus pabor (puc. 3.13): [ -
OT 3amagHOro TOpUA Kapbepa Ha BOCTOK; 2 - OT ceBepHOro Gopra
B noporax jexadero Goka Ha or; J - OT CEpeAMHh pYAHOrO TeAa
B 00e CTOPOHH Ha 3amajg M BOCTOK.

FeoMETpuyeckMii aHANN3 pa3sBUTHUS TOPHHX pafor MOXHO mpo-
BECTH HA MOTOPM3OHTHHIX IUIaHAX. [ KaXmoro BAPHAHTA HAHOCST
nojioxenue ¢pontop pabor Ha pafouux ycTymax, COCTaBJSIIOT Tal-
JIAUN M3MEHEHHd O0ObEMOB NOPOX ¥ PyAH MO Mepe yrnybkm kapeepa
M BHUEPYABAIOT KyMyJATHBHHI rpaduk P'. = f(Qi), Ha KOTOpOM

CTPOST KpUBHIE IS BCeX BapuawTos. Kpusag, pacrnonoxeHHas Bi-
1€ OCTa/JIbHHX, COOTBETCTBYET HAWIyulleMy M3 PAcCMOTPEHHHIX Ba-
puantos no kparepuio (3.17).

Ecim u3 kapvepa n0GHBAETCS HECKOJIBKO MOJE3HBX MCKOMAEMHX,
TO HCNOAb3yloT kpurepuii (3.13) u crposiT KyMynadTUBHHE rpadMku
L[‘. = f(Q'.). Camas BepxHsis KpMBAS TAKXE COOTBETCTBYET HaMIyu-

mieMy BAapHAHTY.
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cknanxu. Pasputve ropHEX pabor Begercs MO HANPABICHAKD K
LEHTPAIBHOM YacT¥ MECTOPOXICHHMS M XapaKTepH3yeTcs, Kak Tipa-
BWIO, HEMPEPHBHHM YBEJIHUYEHNEM IKCIUTYATAIHOHHOIO KoxbhuucHTa
BCKpHIIIM A0 3aMKa MYJIBIHL.

INpuHuUMaeM MECTh BAPDUAHTOB HAMPABJICHMH PA3BMTHS TOPHLIX pa-
Gor (cM. puc. 3.14), oxsaTHBAOWKX CBOMM (DPOHTOM BECh MEPKM-
METD MYJIbIH, BHIXOASIOEN HA NoBepxXHoCcTh. OnpeneneHue ofbemos
ropHOM MacChl /IS CPABHMTENBHONO AHANK3A HanpasjeHuit orpabo-
TKM OCYIRECTBJISEM HA OCHOBZHMH TONEPEYHHX pa3pe3oB ILIACTA
(puc. 3.15). Tlonoxenmsa orxkoca paGouero Gopra HAHOCHMM HA
pa3pesbl A0 MOMEHTa BCTpeun paboumx GOpToB pasHEIX yuacTxos. B
A3HHOM Ciyuae npuHar oovem yrns no 70 maum . Ilo pesyssra-
TaM pacueToB CTpoMM KyMyasaTwBHEH rpadumk V = f(P) (puc. 3.16)
a9 Ccayuaes orpaboTKM MyJsbgki [0 HanpaejneHusM 2, 4 u 6
(cm. puc. 3.14). Jlyumuit pesynbrar ofecneumBaercs mnpd  OT-
pafoTke miacTa no HamnpaBJeHHIO 2, 3 XYAIIMA - MO HAIpaBJICHHIO
4 (cMm. puc. 3.16). B uenom mo mceit mynbae HaubGombmas Be-
JIMYMHA YCPENHEHHOrO 3KCIUTyaTAUMOHHONO KOXbHIMEHTa BCKPHIOIA
(14,6 My/MS) XapakTepHa AAsd HAaupasjeHMs J§, a HavMEHbIIAs
4,5 »*/M) - nns Hanpasnenns 1.

AHa/m3 mpoBeNEHHBLIX PACYETOB MOKA3hIBAET, YTO B ILEJOM A
paccMaTpMBaeMOi 3a1eXu 00beM TOpPHO-KaMMTaAbHHX paboT Heama-
YHTENEH, MCKIIOYEHHE COCTABRJSET JiMb Hanpaejaenne otpaborku 4
(cM. puc. 3.14), rae no reONOrMYECKMM YCIOBMSM HMEETCHS Kpy-
Toli pesbed MecTHOCTM. [ JAHHOrO HANpaBjcHUS oTpaborkM Xa-

Hanpabreme 3

Hanpabnenve b

Puc. 3.15. Tlonepeunnie pajpe3n niacra “MOImHMAI" s cayuaes OTpaboTkH ero
no HanpanieHuwsM 3 H 6
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Puc. 3.16. Kymy- v.man,m? 2

JATHUBHLIC KPHBEIE a00
V=f(P) nna mapu-
aHToB PpasBHTHR 1"
ropubx pabor mno 001
HAMPARNEHHEM 2, 174
4mé6 [
n 1
g
600 ¥ Yimax “
g
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00
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pakTepua OOnbuiasi BEJIMYMHA YCPEAHEHHONO OKCIULYyATALMOHHOTO

LMEHTA BCKPHIMM M MAKCHMAIbHOE 3HAUCHHE CPEOHEr0 C
Hauaja orpaborky Kodddnumenra sckpumu. Haubosnee Onaronpuar-
HHM HanpapjieHdem oTpabOTKM 3a/eXy Ha TMepBOM 3Tane SBAdeTcs
HanpaeneHue [, JI9 KOTOPOTO XAapaKTEPHH CAMBieé MAJIHE 3HAYEHUS
YCPENHCHHOIO IJKCIIYATALUMOHHOTO KO3(pduuyenta BCKpHIIM ¥, €C-
TECTBEHHO, CPEAHErO ¢ Hauaja oTtpaborku koahduuueHTa BCKPHIIM,
Ha nocreayommx 3tanax BO3MOXHO BBEAEGHME B PaboTy yuacTkos
(KappepOB) B MPEAETAX YCTAHOBJEHHLIX TPAHML OTKPHTHX paor,
HAYMHAA C HAnpaBiaeHui 2 n 6.

3.5. PALIMOHAJ/IbHOE HAMNPABJIEHME YIJIYBKHM KAPBEPA
MPU PA3PABOTKE OOHOPOJIHBIX MECTOPOXJIEHMI
(TPAQOAHAJIUTUIECKMII METON)

[MpuMeRHTENLHO K PELIEHYIO MUIOCKOH 3aJauM JJIS MECTOPOXECHHIA
JoG0i CIOXHOCTH MOXET OHITh YCTEHIHO MPAMEHEH METOH W30JMHMIA
N0JIE3HOTO  HCKOMAEMOIO, KOTOPHi OCOOEHHO yaobGeH Ojas MCHoJb-
30BAHMS B KAa4yeCTBE KPUTEPHs MUHMMYMa CpemHero (C Hayajia
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OaHHHX MPaBWIbHEE ONpeNeidaTb He JMHMIO yrnyOku, a obaacrs
yraybku xapsepa. B mepeom mnpmbmkeHMuM 3Ta 3a4aYa peELAETSA
crenyromuM obpasom. Boamoxwas obnactb 3HAYEHUH KPUTEDHS N
MOXeET GHTb BHpaXeHa (opmynoi

kn.cp = kn.cp.mu(l - A), (3.18)

rie Kicpmax - MaKCHMaJbHOE 3HaueHre koadpduumenta Robuium HA
W30JIMHMH MOJIE3HOTO MCKOMAEMOro; A - AOMyCTMMasi OTHOCHTEIbHAS
omubka npu onpexeneHun Kosbduumenra noOHuM,

IIpu sToM
Q- » Cnin ~ %y

P P,
i i

(1 x4,

OTKyA3
Q = Qmin * A(Qmm G.19

rme Q - BO3MOXHOEe 3HAaueHne oObeMa ropHoil Maccel B obsiacTe
MAKCHMyMa xoatbd)nuuem'a no6eum; Q.mn MHMHMMAJIBHOE M3MEPEHHOE
3HaueHHe 00beMa TOpHOM MAccH; ,. 00beM TMOJE3HONO HKCKOMAae-

MOTO Ha COOTBCTCTBYIOIICH WM3OIAHHH.
Honycrem, uro A = 0,1. Torza, npuauMas B dopmyne (3.19)
3HaK "+” nepea A, mogcuMTaeM Aad KaXaoh M30JUMHAM 3HauyeHnEe Q:

Po=0, Q=371+0,1-3,71 = 4,08;
=4 O =208 + 0,1(20,8 - 4 = 22,48;
P,=8, Q=373+ 0,1-29,34 = 40,27
Py=12, Oy = 54,04 + 0,1-42,04 = 58,24;
P, =16, Q. = 67,33 + 0,1-51,33 = 72,46.

Ina onpepenenms obmactv 3Hayenwit Koxbduuuenra n, ayu-
me BCero 1MoJib30BaThC rpaqmqecxoﬁ nHTeprionsuueii. IlocTponm
Ha OcHOsBe pAaHHHX Tabn. 3.7 rpadmk 3asucumoctn Q = f(L)
A9 KAaXAOrO  3HAYeHMsl 30021)& NOJIE3HOT0  MCKOMAeMOro
(puc. 3.19). TlposeneM rOpH3OHTAIBHEE NWHHH, COOTBETCTBYIOME
noJAy4yeHHnM 3HaueHnsM (Q, @, .. WM OTcekawmme Ha rpaduxe
BO3MOXHHE O00/aCTHM PalVOHANBHHEX HANPABICHHA yriyOxku (cMm.
pec. 3.19, samrpuxosasHble yuacTku). [losyyennuie abGcumccH
TOYEK MEPeceyeHUs TEPEHECEM HA COOTBETCTRYIOIWME M30JAMHUM M0~
JIEAHOTO  MCKOMAaeMOro nonepeunoro paspeaa (cM. puc. 3.17) m
COEMHEM 5TH TOYKH. é)eaynb'ra're nonyuam o0JacTb  pauMo-
nanbnux HanpaeJieHmit yrinyOKM npM NpuHSTOM AONYCTHMOI OmmMOKe

0,1 nna pacuera xoxbdmumenta pBekphimy (cMm. puc. 3.17,
3amTpnxonaHHuﬁ yuactok). Hammume 31oBt obnacta crocobersyeT
fPMHATHIO OKOHYATE/JLHOIO PELIEHHS C YYETOM TakMX (aKkTopos,
KaKk HeoOxomumas CKOpOCTh yTayOKHM, KaucCTBO TMOJIE3HOTO MCKO-
MAEMOr0, TPAHCHOPTHHE YC/IOBHMS ¥ Jp.






cepeaMHOM pyaHoro teaa (pec. 3.20) ¥ BecTH ce BepTHKAILHO A0
BHX0Aa pabounmx GOPTOB KApLEPa HA KOHTAKTH PyAHOTO Tejaa MNOX
HaHocamd (Touxa b). 3arem HyXHO yriyOIsiThCd MAapaUieabHO Na-
AEHWIO PYAHOIO Tena A0 Buxoaa pabouero Gopra Ha KOHEYHMN KOH-
Typ xapbepa B mnopoaax nexauero Goka (rouxa o). Tlocne 3groro
npn yrnyOKe HYXHO OTKJIOHMThCS BJIEBO M HpPOJOJXMTb €€ OO BH-
xoga pabovero 6OpTa Ha KOHEYHWIH KOHTYP Kapbepa B TNOpOAAax
pucsyero 6oka (Touxka d), a 3aTeEM yrAyOMTBCH (O NPAMOM JINHHM
A0 CepeAuHBl QHA Kapbepa (TOuka e).

HeynmBHTE/IBHO, YTO HM OOMH NPOEKTHPOBIIMK HE CMOr AONY-
MathCsd N[O NOAOGHOrO BapMaHTa yOIyOKM Kapbepa, XOTS UMEHHO
Takol BAPMAHT TIPMBOONT K 3HAYMTEJBHOH 3JKOHOMMM 3JKCILIyaTa-
IMOHHKX PpacXofOB MEPBOro nepuoga paborm kapwepa. Kcrarm, ara
337aua pemaercs TaKXe ¥ ONMCAHHHM BHOie rpacoaHamnTHYecKuM
MCTOZOM.

3.6. PALIMOHAJIbHOE HAMNPABJIEHHUE YTJIYEKH
IPH PA3PABOTKE KOMIUIEKCHBIX MECTOPOXJAEHMIA

Kaxk yxaswsanoce panece, npd BHOOpEe HanpapieHus yriaybku
KOMIUIEKCHOIO MECTOPOXAEHHS DPEKOMEHAYETCH MCHOMb3OBATb KPMTE-
puif MHHMMYMa OTHOLIEHHsSI HAPACTAKOMETO PAacXoAa FOPHOM MacCH K
LUEHHOCTH TIOPOA, M3BJIEKAEMBIX B TEUEHME BCEr0 MEpuoa IKCILIya-
Tauuu kapeepa |cMm. ¢opmyny (3.13)], mosromy wu3oaMHMM moJie3-
HOTO MCKOMAeMoro B rpad0aHAIMTHYECKOM METOAE IEJECO00pa3sHO
3aMEHMTb M30IMHUAMU HEHHOCTA M3BAEKAEMEIX MOIE3HKX UCKOMAEMBIX
[72, 73, 78].

PaccMoTpuM nonepeuHmii paspes KOMILIEKCHOIO MECTOPOXAEHMS,
AN8 KOTOpOro OnpeAcieHs rpaHuuM kapbepa (puc. 3.21). Honyc-
THM, 4YTO TPH NOJE3HHX HCKONACMMWX MECTOPOXIEHUS - OCHOBHOE

@ W™ N ™ Y e W

Puc. 3.21. Tonepegnnid pa3pe3 Uy
KOMILIEECHOFO MECTOPOR/ieHHS

23
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Tabruya 3.8

Ta6MMIEL N4 MOACYETa 06LEMOB NOJME3HbIX HCKOIAEMMX (THIC, M),

TipaMep oopmierus

J00biBAEMBIX 0 Mepe YTAyOKW Kapbepa
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Puc. 3.22. VIaMeHEHME IEHHOCTH NOJE3-
HHX HMCKONAEMBbIX, M3BJEKACMhIX MO Mepe
yrayOun Kapwepa MO HATPABIEHHAM d M €

(cm. puc. 3.21)
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Iy n gpa nonyTHHX I, ¥ [13 - peanu3ylorcd NO YCJIOBHHM, [pH-
HITHM 1l TPOCTOTH  pacy€Ta, ONTOBHM IEHAM COOTBETCTBEHHO
10, 5§ u 3 py6/T.

BeeleM NOHATHE UIOMUHUS UEHHOCMU NOAE3IHBIX UCKONAEMbIX -
FEOMETPHYECKOE MECTO TOYEK, TNpPH . OMyCKAHHH B KOTOpPHE IH3
Kapbepa AOOHBAKOTCS MOJE3HHE HMCKOMAEMBIE OfMHAKOBOM LIEHHOCTH.
VHuMY cI0BaMH, €CJIM BIOJb M30JHHMA nepemewaTs Tpacdaper pabo-
yell 30HH Kapbepa, TO B HEE BCErga MomajaoT MOJIE3HHE HCKOnae-
MBI€ C OXMHAKOBOH# CYMMOH LIEHHOCTH. )

TMocTpoeHye W30AMHMEA TPOM3BOMTCS CaedylommM oOpaszom. Ha-
HOCMM Ha paspe3 (cM. puc. 3.21) cekym@e ropusoHrtanbHee [-10
¥ BeprukaJibHbE 6-u Tulockoctd. Kpome Toro, paccmMaTpusaeM Han-
paeneHus yrayOkm mo uepaGoumm GopraM kapbepa (HANpaBJICHHMA Q-
¥ k). 3aTeM MO TOYKAM NEPECEUYEHHS HAHECEHHBIX IUIOCKOCTEM Tie-
pememaeM tpacaper paboueit 3086 AOB ¢ yrnamMm oTkoca pabodero
6Gopra ¢. Hamepsem maHmeTpoM ofmmii (c Hauana otpaborkm)
o0beM MOME3HBIX MCKOMAEMHX M 33HOCHMM JaHHEE B TaGmauy, obpa-
3e, Kotopoit coorsercrsyer Tabn. 3.8, Jlng  yckopenwst pabot
uesecoodpasHo paspes CAEIaTh HAa KajibKe, a pabouyl 30HY
Kkapbepa - Ha Oymare. CoBmemas HEXHIOK TOuKy paboueil 30HH
(DHO Kapbepa) C MNEpecCYCHHEM TUIOCKOCTEN HA paspe3e, MOXKHO
H3MEPHUTb BCE TUIOMAAM, HE MpOBOAS HHMKAKHX JIMIOHAX JIMHMH Ha
MOBEPXHOCTH 4epTeXa. Ha OCHOBAHMM AAHHHX TA0AMIN MO KaXAOMy
HAMpPABJICHAK YUAYOKH pAacCUMTHIBAEM M 33HOCHM B APYryIo Tabiadiy
('raé) . 3.9) 3HaueHnsl UEHHOCTH W3BJEKAEMHX B Kapbepc MoJe3-
HHX MCKOMAEMBX B COOTBETCTBHMM C JTanaMd riyOunm paspabor-
KM W MO0 MOAYYEHHHIM [JAHHHIM CTPOMM BCTIOMOFAaTENbHBIA rpadux
Il = f(H). na a1oro mo oce alCuuce OTKNANBBAEM 3TAnk yRTyOKH
kappepa I, 2, 3,..., a mo OCH OpAMHAT - HAPACTAKILME CYMMH
LEHHOCTH H3BJIEKAEMBX TNOJE3HHX MCKOMAEMBIX, COOTBETCTBYIOIHE
araM 3tanmaMm  (puc. 3.22). [as Kaxporo HanpaedeHms yriyOxu
CTPOMM OTACJIBHYKO KPHBYIO 3aBucuMocTH I = f(H).

O6uy0 UEHHOCTh TOJME3HEX MCKONAEMBIX, M3BJIEKAEMBIX B KOHTY-
pax xapbepa, AEJMM HA WHTEPRAJIH M B COOTBETCTBHM C JTMMH WH-
TEepBasiaM# MPOBOAMM HA rpad¥ke ropu3OHTaJbHbEe JuHuM Iy, I[; u
T.A. {(cM. puc. 3.22). Touxkd nepeceuyeHHil 3THX TOPH3OHTAJIEH
¢ I = f(H) cootBercTBYXT ryOMHE, HA KOTOpPOii ROOHBAIOTCH mNO-
JIE3HHE MCKOMAEMHE 3aJaHHOM UeHHOCTH. Tak, [as HanpaB/EHHS
yrIyOKd N0 BEPTUMKANIBHOH JIMHMM e MOAyyalorcs alCupccH TOuex
MEPECEUEHUS. €, € M T.A. ITH TOUKH MEPEHOCHM HAa MONEPEYHBIA
paspe3 (cMm. puc. 3.21). Takoe nOCTpoeHME NPOM3BOAMM IO BCEM
HAMEYEHHHM HAnpapJieHusaM yrayOku. TMonyueHHBIE TOUKM Ha paspe-
3¢ COeaMHSiEM Mexay cobOil Mo NMPU3HAKY PAaBHBIX CYyMM UEHHOCTH
MOJE3HHX MCKOMAEMBIX M MOAYYAEM H30/HHHM LEHHOCTH H3BJIEKae-
MBIX MOJIE3HBIX WCKOMAEMBIX 1A BCEX HANpapjicHUM yraybxm kapbe-
pa (cM. puc. 3.21, WTPUXOBHE JMHUM).

HonomHutenpHO nposogdM H30MMHMK [ = 0, KoTOpass HAXOAMTCS
Ha rpaHMLE C MOAE3HHIMM UCKOMAEMBIMM MUHMMAIbHON LeHHocTd. [l
3TOro JMHMIO oTKoca paGouero 6Opra mepeMemaeM CBEPXY BHH3 MO
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33JaHHBIM HAMpaBJeHUSM yIIYyOKH 0 KacaHusl 3aneXell [MMOJE3HRX
uckonaemux, 3areM Tpacdaper paboueit 30HW nepeMemaeM Mo M30/H-
HHAM JEHHOCTH H3BJIEKAEMHX HCKOMNAEMHX H M3MEpIeM o0bEM ropHoit
MaccH, Peaynbratel 3aHocuMm B Tabmmuy (cm. tabn. 3.9).

OuesHanoO, UYTO TOYKE, B KOTOpOM CODMIONAETCH NPUHIMI MH-
HAMyMa (C Hauana oTpafOTKM) OTHOIICHHMHE PACXOAA TOPHOM MACCH
K IEHHOCTM JOORBAEMEIX MNOJE3HHX WCKOMAEMHX, Oyaer cooTeeT-
CTBOBATD HA KAXJA0H W30JMHMM MHHHMYM TOPHOI MaCCH, TaK Kak
Il = const. Jluuus 6eid:bxksxkzn (cM. puc. 3.21), coenunsomas
TAKHE TOYKH, ONpelendeT HanpasjneHne yrabku Kapwepa, ofec-
neuusaromee cobniopenve npuHnmna (3.13) s Teuewme Bcero ne-
puoga paboThl Kapbepa, a JIMHHS 333XeXel - HAaNpasjeHUE Yriy6-
KH, obecneumsaromee COOMOAEHNE NPMHLMNA MUHHMYMa CPEaHero (c
Hayasa orpaboTku) KoddbHIMEHTA BCKPHIOM NPH MCIOIL30BAHMN B
NMPOMRILIEHHOCTH JIMIOb OCHOBHOIO MOJE2ZHOro Mckomaemoro IT.

B CB93M ¢ BEpPOSTHOCTHHIM XAPAKTEPOM HMCXOAMMX Fe0J0rMYECKAX
HAAaHHHX MPaBWILHO ONpeAeauThL He JmHuI0 yrmyOkm, a obaacre yr-
ny6KM Kapbepa. ITy 3ajayy MOXHO DEUIMTh, BOCTOJL3OBABMEMCH BH-
nonaMeneHHoi dopmynoi (3.19):

Q = Qmin s A(gnin - Pv.np), (3.20)

rie Q - BO3MOXHOE 3HAYeHHe oObeMa TOpHOM Macch B obsacTH
MHMHHEMYMA pacxoAa TOPHOM MaccH Ha €QMHHMLY LEHHOCTH H3BJIEKa-
eMBX nopod; Omin - MHHMMAILHOE K3MEPEHHOE 3HaueHue ofbema
ropoil Maccei; P, - obbem TIPHBEJICHHOTO K OCHOBHOMY MO~
JIE3HOr0 MCKONAEeMOr0 HA COOTBETCTBYIOMEH H3OAMHMH KEHHOCTH
H3BJIEKAEMHX MCKONAeMux; A - fonycTuMag OTHOCMTENbHAs OmnOKa
npu onpeaeeHuy KoxphUUMEHTA pacXofa ropHoM Macchl.

Ucnons3opanue dopmynn (3.20) m1d KOMILIEKCHHX MECTOPOXAE-
HUIf BO3MOXHO JIMIb B C/1y4Yae onpeaeieHus ofbeMOos NPUBENCHHOIO
K OCHOBHOMY TNOJIE3HOTO MCKOIAEMOrO, COOTBETCTBYIOIOMX H30NHHMMA
LHEHHOCTH H3BJIEKACMBIX MOJE3HBIX HCKOMAEMHBIX:

Pr.np = ur/uol ! 3.21)

rae IJ, - ONTOBas IEHA OCHOBHOTO MOJIE3HOTO HCKOMAeMoro (B
Hamem npumepe L, = 10 py6/T).

IMpumem A = 0,05 u paccuntaem Py, P, » t.0. 3ateM no ¢op-
myne (3.20) (co 3HaxoM ”+7) oOnpeAenMM AAf KaXJAOH HIONMHMM
ueHHocTH obbeM Q.

Tak, npu Lo = 0 v P, = (.
Q=22+ 0,5:-2,2 = 2,8,
mpu Iy = 5 u P, = 0,5
0O =945 + 0,059,45 - 0,5 = 9,9,
npy If; = 15 u P, = 1,5
Q: = 18,5 + 0.05(18,5 - 1,5 = 19,3
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Puc. 3.23. Hamesenme pacxonaa rop-
HOK Macchl MO Mepe YTayOku Komm- L7 2 e N N
JNIEKCHOr0 MECTOPOXIEHHS 5 QL_T—_—'—_— i gl i
45
S I Wy e L
wh_ | L g
N S e, 0 4
wp%__ —— §
] O s e 7
k% _
774 55 1
4 H
’”__——‘.—_ P 7, -T— —#
a

] f§ ¢ 7 e wx 3 ul

4 panee, omyckas pacyers: npe I3 = 30 u Ps = 3 Q5 = 29,2;
ﬂpﬂH4=45HP4=4,5Q4=34,9;Hpﬂl[5=60llps=6
Qs = 398, npa L[ =75 u Ps = 7,5 Qs = 43,7; ipn I[; = 90 n
P, =9 @ = 48,9; npn £a =105 Py = 10,5, Qs = 52,9.

IOns onpeneneHns obiaactw 3HaveHwit koadxbuumenTa pacxoza
TOpHOl MAacCH BOCNONBIYEMCH METOROM rpadmyecKoil HMHTEpNOs-
nuu, TloctpouM Ha ocHoee panHmx Ttabm 3.9 rpagmk Q = f(L)
L9 KaxJAOro 3HAYEHMN H3OHECHHOCTH [MOJE3HHX HMCKOMaeMBX
(puc. 3.23). IlposeneM ropU3OHTANBHHE JMHUHM, COOTBETCTBYIOIMHE
NMOAyYEeHHNM 3HaueHHsM (o, O ¥ T.A., OTCEKAIOMME BO3MOXKHRIE
obiacti panMoOHANbHHX HamnpasaeHud yrnyOku (cm. puc. 3.23,
3amWTpUXOBAHHKE yuactku). [losyuennwe abcumccH Touek nepece-
UEHHS NEPEHECEM HA COOTBETCTBYIOMME MAOJAMHMM LEHHOCTH HA IO-
NEpeyHOM paspese M COGAMHMM 3TH TOYKHW. B pesynsrate nosyumm
ofnacth pauMOHANBHHX HanpasieHuit yrmyOkm (cMm. puc. 3.21,
33MTPMXOBAHA MO KOHTYPY) NpHd TMPHHATOM AomycTuMoll omubke
A = 0,05 8 pacuere xosbduuuenTa pacxoma ropHoit Maccw. B
npenenax 9Toit 061aCTM NMPOEKTHPOBIIMK MPAHKMAET PEMICHME N0 BH-
Gopy HanpaejeHusi yrTyOKHM ¢ YYETOM HOTOJHHTETLHHX (DaKTOPOB.

Pemenne oOneMHOM 3apayM CBOOMTCHY K ONPEAC/ICHHUIO MECTa yrI-
aybku no npocrupaHuo. g 3Toil wend Ha MPORO/BHMIL paspe3 Ha-
HOCHM JIMHHM TONMEPEYHHX pa3pe30B ¢ TOYKAMH NEPECEUYECHHS HAa HUX
HANpABJICAMIT PA3BMTHS TOPHHIX PabOT ¥ HM30MMHMA LEHHOCTH M3BJIE-
KaeMHX MOJE3HHX HCcKonaeMux. IIpy COeqMHEeHWM MPOEKUMil TOYEK
OMHAKOBOM ILIEHHOCTM MOJyYMHM H30JIMHHM LEHHOCTH H3BJIEKAEMBIX
MOJIE3HBX MCKONAEMHX MO MPOCTHPAHKMIO, 3aTeM Ha MpOjo/IbHOM pas-
pese mo 3THM u30IAHMAM TnepememaeM Tpadaper paboueit 30HH
Kapbepa NO NPOCTHPAHMIO ¥ ONpeAeiseM OObEM TOPHOM MACCH.
HanmespmyM o0beMaM ropHoM MacCH Ha H30/JHMHMHM COOTBETCTBYET
Makcumym Koddduuuenta ropHoii Maccel. CoeMHMB 3TH TOYKH, MO-
NyuMM HATIPaBJEHHE YIIYOKH MO MpPOCTMPAHHIO.
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4. CII0OCOBbI BCKPBITUS MECTOPOXIEHUSA

Benuxo ecmv Oeno - docmucamov 6o znybuny
3EMHYI0 pasymom, Kyda pyxam u oKy Oocsz-
Hymb» eo3bpansem wamypd.

M.B. Jlomonocoe

4.1. OFIIIME NMOJOXXEHHHA

[pn npomasoacTee rOpHEX paboT OCYmMECTBASETCS BHEMKA rop-
HHIX TOPO] M3 HEAP 3€MJM, MPOBOAATCH IOPHHE BHPpaboTkM, M 06-
pa3yeTcs. HX COBOKYNMHOCTh - K A P b € P.

TopHuie paBorh mo (OpMHMPOBAHHMIO Kaphepa MOXHO PAa3EHTL HA
ABE TPYNNH: TNPOBCAEHHE TOPHLIX BWPAaGOTOK M YCTPOICTBO COOPY-
XEHHMIt ana ofecrneueHus TPAHCHOPTHRIX CBA3€i B Kapbepe - 3TO
paboThl, CBESAHHBE CO B C K P B T H € M  MECTOPOXIEHMS;
BHIEMKA [OPHHIX MOPOA M3 MaccuBa Ha palouMx ycTynax, MOQBMIa-
Hue pabouux 3aboer u ¢poHTa pabor - ITO ropHHe paboTnl, CBI-
3aHHHIE C CHCTEMaMm pa3paboTKu.

KaprepHoe none pasbusaior mo ryOMHE Ha OTHOEJLHLIE TOpM-
30HTAIBHHE CIOM - ' O P M 3 O H T b, KOTOPbiE 3aTEM BCKPHI-
BAWOT, NOAroTamaupaioT, GopmMupylor B y c T y 0 B u orpa6a-
THBAIOT MOCAEAOBATEALHO cBepxy BHu3. IlonstHe yctyma B kapee-
pe aHAIOTHYHO TOHYTHMIO ITAXKA B MAXTE.

BbeanHue TpaHIIEHM, BCKPHBAIOMME KAXAB YCTYN, B COBOKYIHOC-
TH o0pasyloT Cc M CTE€EMY TPpaHMDEIHMH, THNIMYHLE OCOOEH-
HOCTH KOTOPOM XapaKTEPHM3YIOT mpaHiielnblii cnocob 6CKpbimus Mec-
mopox0eHusL.

IMpobneMa BCKPHTHA - BaXHEMmas Npo0seMa OTKPHITRIX TOPHBIX
paGor. IIpHHATHIN MPH NPOEKTMPOBAHMM M 3aTEM PEAIM3OBAHHLINA HA
[PaKTHKE crnocod BCKPHTHA MECTOPOXACHHS HAJ0/N0, 4 MHOrAa M
HaBCEINa, Npefonpeaensier mopsgok orpaboTkm kapeepa M 3ddex-
THBHOCTh €ro paGorhl. IIpM paccMOTpeHMM 2TOM MpPOGJAEMBI OCHOBHOE
3HaYEHNE MMEIOT: TUI M B3aMMHOE pACMOJIOXKEHUE BCKPHIBAIOLIUX Bhi-
paboroKk (cmoco6 BCKPWTHSA); BRICOTA YCTYNOB; HANpPaB/iCHME pa3-
BUTHS TODHHX paboT B TNPOCTPaHCTBE, KOTOPOE MPEIONPEAEIsET
PacnoyiOXEHME BCKPLIBAIOMMX TOPHHIX BRPabOTOK.

IMpn BuBope crmocoba BCKPLITHS JOJXKHH YYHTHIBATBCH MHOTHE
¢hakTOpH: KOHEUHHE KOHTYpH Kapbepa, CHUCTEMA paspaborkm, npu-
HATHIl BHA TpPAHCIOPTa, CPOK CTPOMTEJIBCTBA Kapeepa, YCJAOBMS H
¢opMa 3aneraHusd PyRHOrO Tena, pesbed) MECTHOCTH, PAacCIoNIOXKEHHE
HA MOBEPXHOCTM COOPYXEHWI W OTBAJIOB, K3aueCTBO PYAb, KIHMA-
THYeckue GakTopel, YCIOBME M BO3MOXHOCTH (DMHAHCHMPOBAHUA.

B npakTHKe rOpHOrO A€AA NPUMEHSETCHE OYeHs 60oMbmoe KOJM-
YECTBO PpA3NMYHEIX BAPMAHTOB BCKpHITMS MectopoxaeHmd. [ag 6o-
JIee JIETKOTO YCBOEHME ITHX BAPMAHTOB M BLISBJCHHS B3aMMOCBH3H
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Ecmd yeTyn BCKpHIBRIOT HE3aBHCUMO OT APYTHX YCTYNOB Tpas-
meed, TO OH2 HasnBaeTcs O T A € J b H 0 . Eciu Tpanmey,
BCKPHIBAIOIME KaXAKWH YCTYyN, CBY33HHW B EAHHYIO TPaHCTIOPTHYIO
CEThb, YTO BCTpeuaerca Hambonee uyacro, TO OHuM 00pasyor ¢ H C-
TEMY TpPpaHIDIEH.

Boesgunie TpaHmeM, NMPeAHASHAYCHHLIE IS ABYCTOPOHHETO IBM-
XEHHS KaK IPyXEHHX, TaK M NOPOXHMX TPaHCIOPTHHX COCYyAOB, Ba-
3WBAIOTCS O M H A p H B M K. B cryyae Gopimnx rpysonoTokos
JUId YIOPOMIEHMS OPraHHM3auMM TPAaHCHOPTA NPOXOJET JABE CHCTEMAI
TpaHme# (WM [AB€ TPAHIIEH) C ONHOCTOPOHHHMM ABMXKCHUMEM - OOHY
Ind TPy30BOTO, APYTYIO IUIA MOPOXHSAKOBOTO nsMXeHud. Takue CHC-
TEMH TpAaHmMEH (WM TPAaHIIEW) HAKWBAKTCE N a PH W M M,

IIpy BCKPRITHH PABHMHHON MECTHOCTH M NpH 3aDTyOAEHHN TrOpPHMX
paboT 3HAUMTESBHO HHMXE MOBEPXHOCTH 3E€MJIM TPAHIEM MMEIOT NOJ-
HHi TpaneuueBMAHNR npodwnb. ECaM Xe BCKPHTHE OCYIECTBIASETCS
Ha KOCOrope, TO TPaHIIEifHAd BHPAbOTKA MMEET HENOMHHI POk
M B ITOM (JIy4ae HA3WBACTCA MO A Y TP a H m € € H. Hyxsmo
¥MMETb B BHAY, uTo B mpouecce cdopmupoBanms paboueit 30HH OxAH
Gopr Tpanmen obmuHO cpaGaTmiBaercs, M OHa mpuobperaer mpoduIs
MOy TPAHIICH.

BTOpuM NpH3HAKOM KAACCHM(MKAIMM MOXET CAYXHTL B3aMMHOE
PacrnockEeHME CHCTEMH TpaHmeH B mpocrpanctse. [lo aromy mpus-
HaKy TpaHmeHHbe cnocoOn BCKPHTHE NOAPA3CAHAIOTCS Ha BCKPLITHE

nocmynamenvhbimu (CNUPQIbHLIMU) Cbe30amMu - B 3TOM CJIyuae
IpH MEPEXOAE € YCTyna Ha YCTYN HAIpaBjCHHE ABMXEHHS TPAHC-
MOPTHHX CPEACTB HE H3MCHSAETCS;

mynuxoévimu (uru nemneebimu) coeidamu - Ipu 3TOM HAMPABJIE-
HUE JBHXEHHMS TPAHCNOPTHHIX CPEACTB OPHM BCKPHTHH CMEXHHX YCTY-
OB MEHNETCH HAa NPOTHBOIOJIOXHOE;

Kpymolmu mpaHulesmu, KOrAa Ha JHE TPAHIIEH YCTAHABJIMBAIOT
KOHBCUEPH WIH HANDABJISIONMME JUIA OBM)KEHHS CKUMOB M KJIETEH,

KOMOUHUDOGAHHBIMU Cbe30amu ~ TIPU ITOM HAMPABJICHHE NBMXEHHE
NpH CNYCKE HA HHXEICXKAMNE YCTYNH (MJIA HOALEME HAa BEPXHME
YCTYNH) M3MEHEETCH HA INPOTHBOINOJIOXKHOE HE HA KAXAOM YCTyINE, a
Yepe3 HECKOJbKO YCTYNOB.

'be3HHE TPAHIIEM WIM CbE3AH, MMEIOMME INOCTOSHHOE pacno-
JIOXXEHNE, HA3RBAKOTCA C T A4 Il M O HAa P H il M M, 3 NEpEHo-
CHMMHIE YEpe3 HEKOTOpoE¢ BpeMs B HOBOC IONIOXEHWE, - B p € -
MEHHIENMH

IMpn paspaboTke HEKOTOPRIX MECTOPOXAEHHMA (0COOEHHO pOCCH-
nek) MNONE3HOE MCKOMaeMoe JOORBAT M3-MOA BOAW B 3aTOMJICHHOM
3afoe Aparamy, ILIAByuMMM 3€MCHapsiaMmy, ApariaiiHaMu M T.4. B
ITHUX CJyyasX BCKPHTHE YAaCTO OCYWECTRJSIOT MPH IMOMOIMMU [UIOTMH,
nepeMHYeK, Kananop. [IpMMEHAIOTCE Takxke HACHnUM M NaMObL.

TTpH BCKPHTHH NMOA3EMHLIMM BHIPAOOTKAMM - MITOJTbHAMHA MM TOH-
HEJAAMM (C PyAOCNYCKAMM, IIAXTHHIMM CTBOJAMM C KBEpOLIaraMM M
T.1.) TPAaHCOOPTHAad CBH3b OCYMECTBASETCS TOCPEICTBOM ITHX Bhi-
paborok.

IMpu pa3paboTke HEKOTOPHX MECTOPOXMAEHHMH (HEOOMWME MeECcTo-
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BETCTBUE (IPMHSATOIO CHOcoDa BCKPWTHA PAUMOHLAABHOMY HAULABAC-
HMK0 paseuTUsi ropHEX pabor. HyxHo, urobm aHO kapeepa no mepe
yDIyOKM MepeMELAnock NG TPACKTOPHH  DALMOHAILHOMO  BAnpasac-
HHMS, A Pa3pe3Hble TPAHLIEM HA BLEX TOPM3OHTAX [0 MPUCTUIAHHIO
TaKXe UM N0 PAUMOHANRHOH Tpacce, T.€. CHOCUD BCKPMIMS  gOa-
XKEeH peasm3oBaTh BuOpaHHOE paHee INPCKTHBEOC HANDABJICHMC pas-
BUTHSE rOpHuX pabot.

42. 3JIEMEHTbHI, ®OPMHPYIOUIME BOPTA KAPLEPA

bopra kapbepa coCcrosit M3 OTKOCOB YCTYDNOB, 0AOWMANOK W
cpe3noB. Ha HepaGouem Gopry mmerorcs B ofwieM cayuae asa svaa
6epM - TPAHCHOPTHHE M TPEACXPAHMTENABPHMHE, 4 TAKXKC HAKIOHHME
Cbe3An.

[Ipu koHcrpyuposanum GOpTOB Kaphepa B NMPOLECCE NPOCKTUPO-
BaHug HeoOXOmMMO pEmMThH TPM OCHOBHME 3asaum: obecnevenue
YCTONUMBOCTH OOHAXKEHMIT TOPHHX NOPOJ, PALHOHAABHOE PACNOUIO-
XEHME TPAHCNOPTHHX KOMMYHMKALMH M MMMMMYM BHCMKH HYCTHX
nopoxn.

B Kax{OM BCPTMKAIRHOM CEYEHMM yron OTKOCA wepabouero Gop-
7a Kapoepa (puc. 4.1) I0MXKEH YAOBNCTBOPATh YCAOBUIO
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me B - yron otkoca Hepaboucro Gopra xapeepa; o - yIum Ov-
KOCA YCTYDoB; h; - BRICOTH YCTYOOB, M @, - WHPHHI neaoxps-

HMTERHBEX OEpM, M; A - HHCNG YCTVIOB, CAArAOmMx HOpT kapec-
Pa; n, - YMCIO TPEROXPAHMTENbHWX OcpM; b, - winpusa Tpawe-

NOPTHEX 6epM, M; A, - YHCAO TPAHCOOPTHEX HiPM; ¢; - mEpaa

2

HAKJIOHHWX CHE3A0B, M, 1, - URCUIO HAKJOWHHX CbCIHOB B UA3HHOM

3
CEUECHMH,

Tak xak ypasHcHMC (4.1) ONMCHIBACT TONBKO TCOMETPHMYCCKHE
napaMetpw Gopra, TO B uem CTOMT 3uMak HepascHotsa. B oluiem
CIyude AONXON YUMTHBATHCA YCAOEMS YCTOHUMBOCTH GOpTA, T.C.

B < BO ‘< Bl‘v (4-2)

me Bo - [PHMHMMICMbLIE B NPOCKTE yroa otkaca Oopra; B, - yma
OTKOCA, NPHHMMACMBLI MCXOAR W3 TCOMCTPHUCCKMX yCaoBmi; £ -
YIOn OTKOCA IO YOIOBMSM yCTOMumMBOCTH OvpTa.

Yucno OpeaoXPAHNTENbHLIX OCPM 33BACKHT OT NPOCKTHORO peitle-
HB8. B mocnemHee speMs MIMPMHY DPEAOXPAHMTCABHLX $CPM NpUHD-
MaloT He MeHee 5-6 M, uToOm oGecneuuTh BOIMOXHOCTD MEXaHHIN-
POBAHHON OUYMCTKY OCpPM OT CKANJIHBAKILKMKCH 31CCh KYCKOB TOPOANL.
Takue Gepmu ycrpameaor oferumo uepes 30 M (ucpes 2-3 ycryma).

Ynpcio TPAHCIIOPTHHX Gepm HAa Oopry Kapbepa 3aBHCHT OT WpH-
HATOTO cmocoBa BCKPMTHE ©  CucTemn  paspaborkun.  Ha  Muorux
KpYnHHX Kapeepax (manpumep, HOTOK, Hosoxpubopoxckud u ap.)
TPAHCNOPTHLIE OEPMK YCTPAUMBAWT HA KAXKAOM YCTYIIC.

YKo HAKAOHHBIX ChC3H08 WA Hepaboucem OOpry Kaphepa (B
AAHHOM BEPTUKANBBOM CCUCHMM) ONPCALISCTCH NPRHSTWM Coocobom
BCKPHTHY, YKJIOHOM OTKATOMHGIX nyTed R paamcpaMr kaphepd. Eciu
paccM4TpuBaTh HauwboJee  PACHPOCTPAHEHHHWH  CNOCod  BCKPHITHS
BHYTPCHHMMM TYIMKOBbIMH (MM NETJICBHIMM) 33C3AMM, TO NPy op-
raMusanuy Ha HepaGoucm OOpPTy TYNMKOBLIX CTAHUMH HA KaXJAOM yC-
TYNE YUCIO HAKJOHHLIX Che3gos Oyaer pusHO umcay ycrynos. Kor-
A3 TYHMKOBHE CTAaHUUK YCTPAWBAKIT ueped YCTYN, TO M HAKAOH~
HHC CBE3OH B MNONEPSYHOM CEUCHHMM pacnOIATAIOT HEpPC3 OIMH Y-
YN, M T.J4.

Pacnonoxeume TyNMHKOBHX CTaHIlMA 3ABHCUT OT AJIMHEL Kapbepa u
AJIMHL BBE3AHLEX TPAHIICH ANs Kaxioro yeryna. B mpoexte aru na-
PaMETPhE JOBOJIBHO NPOCTO OLPEACANOT NOC/HE BHOUPA BWAA ‘TPaMC-
NnOpTa M Cnecofa BCKpPHTHSL.

ITpy BCKpHTUN CHNPATPHBME ChCITAMM YKCIO HAKIOHHWK Che3noB
N3 PUACCUNTBIBAIOT MCXOAN M3 YHUCAA BMTKOB TPAHCUOPTHWX KOMMYHK-
Kauuit. [Tpr 2TOM yHUO 73 MOXKET OHTh PAVTHUBENM DAS PadHbIX
yacrei Gopra kapoepa.

Ecniw B xaphepe yCTymnt pasHofi BMCOTIK C OOMHAKOBHM  YIJIOM
OTKOCA W TMACIRAAKM OMHAKOBK, 10 MOXHCO ypasschume (4.1) saan-
cate B OOJIEC DPOCTOM BUAC:
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y A

tgB: < hoigt + Hia + {26 + pge’ @3
rRe fh, M2, Mz - AONS  YCTYHOB COOTBETCTBEHHO C NApCACKpa-
HUTEJIFHMHY, TPAHCIOPTHRMA OCPMAMKM W HAKJIOHHBIME CbC3JAMM:
M1 = m/n; Hz = mafn; ps = maln.

B npouecce nocTpocHms miana kapeepa B oTpaloTaMuoM Bune
BAXHO 3HATH, NOTPEOyeTcs AWM YMEHLIIMTH Yroi (OTrAluCHUS HEpa-
Gouero GopTa 33 cueT HEOGXCAMMOCTH PAa3MCIUERHs HA HCM 6epM M
Chezoe. [l 3TOr0 NOAE3HO ONPEACAMTH BOZMOXHYIO LWMPUHY I0-
mocet AB (em. puc. 4.1), ma koropoil pasmemanTcs OepMu M
CheszibL

L. = Hy(ctgB - cigko), 4.4

roe M, - koHewHads rnyOMHE Xapkepa, M; Op - CPEIHEB3BEUICHHHINA
yroa OTKOCA HepaOouMx yCTyrnoB, rpagyc.

W3 ycnoeua pasmemcHus 6epM npu Hambonee paciupocTpaHeHHOM
IBYCTODOHHEM [BMKEHAM # YCTPOHCTBE TYNMKOBWX (HET/IEBRIX)
pa3zpe3fioB uepe3 OJWH YCTYN ymini OTKoca HepaGouero Gopra B
%z}nalagux UOPOAAX HE MoryT npeebamate 35-40 , a B puxinix -

Taxkum O0pazcM, Cnocod BCKPHITMH MOXET NOBJMATL HA BCTHWUMHY
yria orkoca Hepaboyero Oopra xaphepa, NOITOMY, NPEXKAE HEM
CNPENENsTh yCAOBMS yCTOWUMBOCTA OOpTa Kapsepa, HEOOXOAMMO
OLEHHTb BEAMYMHY HauOOJNBLIIETO yria orkoca Oopra Kapbepd MC-
X049 M3 OPUEATONO ¢iocoba BCKPHTHS, T4K KAK OUEBUIHO, YTO
yron orkoca Oopra kapbepa He MOXET OHTh npuHgar Gosbme orn-
peaescRHOrQ U3 ycnosus (4.1).

4.3. YCTOHYMBOCTb BOPTOB KAPHEPA

Kak w3BecTHO, OODEKTOM NPWIOXEH¥uS MCTOAOB FOPHOM HAYKM
IBJIIETCA MACCMB TOPHRIX JIOPOH, CBOMCTBA KOTOPOIO OKA3IMBAIOT
Soabnioe BAusiHME HA rophnie paGoth. B mpolecce mposedeHws rop-
Anx BmpaboTok 00pasyloTcy OOHAXewus TOpHMX NOPON, YCTOMYM-
BOCTR KOTOPHX HeoOxomumo ofccneudsaTh 04 CO3IAHMH  Oezonac-
HbIX ycroBui paborar momed u obopynosamus. IT0 yCIOBME BEpa-
*aercd B ofIeM BHIE 3aBMCMMOCTBIO

Q = f(GM), 4.5)

rme ) - mapameTpni ropHoit Bnipabotkm (Iomams, ceuenme, dopma,
yron orkoca d ap.); G - XapakTCPUCTMKHM CriocobDoB  xpenneHas
o0HaXeHW#! ropHBX NOpox; M - CBOKCTBA MACCHBA TOPHBIX NOPOL.

M3 310 3aBMCMMOCTH BHITEKAIOT YCTHIPE CIEACTBHSL:

AA4 NPCAOTBPALICHMS MAPYDICHUI YCTOMUMBOCTH OOHAXEHMI NOPOI
YOPHNM BLPROOTKIM HCOOXOMHMO NPHAARATDL YCTOMUMBLC NAapaMETPH
(bopMy W IWCIEELE NONEPEYHONO CCYEHMS NOm3eMEmX  BrpabuToK,
YIVIN FIOPAICHMS, (BOPMY B BEPTHKANBHOM CCYEHHMR W B naaHe Oop-
TOB KAPLEPOB R OTKOCOB YCTYNOB, TpaHuiei);
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B CIAyYae HEBOIMOXHOCTU oOfecreueHns ECTCCTBEHHOM YCTONuM-
BOCTHM BHPpPabOTOK HEOOXOANMO RPHMEHATH YMCKYCCTBEHHBE cuocobL
YKpenieHud O0HaKeHumEl;

npu paspaboTke HeYCTOMUMBEX MOPON MOXHO MCIIONbIOBATH 3a-
KOHOMEPHOCTM MX 0fpymervd g noesimeHus 3hdekTmeHocTH paboTe
IKCKaBATOPOR;

npu pa3paborKe KPYTHX 3anexel NOAC3HMX MCKOMACMEX ryOuHa
ropHbix pafor WO Mepe pa3sBMTHA  YEGIMYMBAETCA, YTO BENET K
YBEJMUEHMIO TOPHOIO AABACHHY, MNOBHIMEHHIO TEMACPATYPH TOPHHX
10pO, YCAGKHERHK) APOBETPHEAKMS MPHKX BHpaGOTOK, YBENWUCHHIO
PAcCTOSIHMIA AOCTABKH TOPHRX NOPOA K MECTY HAIHAMCHHY, YCNOX-
HEHHMIO BOAOOTIMBA M OCYIICHUS KAPHEPHWX HNoneil.

K HacTosmieMy BpEMEHM YUEHHMHM Pa3paboTaHn AOBOJRHO HAAEK-
HBIE MeTodH pacuera ycrodumBoctv Goproe  kapeepa. Ocoledro
Gojibue yenexy ceg3annl ¢ paforamu payunoll wxomn IJL: @uceHko
[70]. OgHako OO0 HACTOSIErO BPEMCHE RO BCEX pacuCcTax HEAOCTA-
TOYHO YUYWTHIBAETCS BEPOSTHOCTHRIA XapakTEp IHAHHMH O CBOMCTBAX
TOPHOIO Maccuea, cocrasasiiomero Gopr, W Tor dakr, uro Gopr
Kappepa (GOPMHPYCTCS B TCUEHME JOBOSHHO JJINTCIHHONO BPEMEHH.

cdakTopa craparorcg yuyecTh myTEM BBEACHMA B PacueTn Koad-
tuumenTa 3anaca yCTOMUMBOCTH, HO 3HAYEHME 3TOro KoddduimenTa
YCTAHABJIMBAETCH OPHEHTHPOBOYHO HA OCHOBE YMO3IPHUTEIBHWX 3aK-
modeHni 1 00paGoTKM NpakTWYeckuX AAHHKX. B mpouecce MHOro-
KPaTHOTO OMNPEAECACHHMS OCHOBHBIX MCXOGHHX XaPAKTEPHCTHK IOPHOIO
maccusa, cnaraiomere OoprT kapekepa, nomydaercd Habop mMOKasare-
Jieil, XapaKTCPU3YIOINMXCS ONpPee/IEEHBM 3aKOHOM pacnpencnexus, B
KaueCcTBE PEKOMEHIYEMOrQ 3HAUEHMS OpELAaracTcs Nubo MaTeMaTu-
YECKOE OXHEAHME, JHO0 MEHBIUAd BCJIHMYMHA,

ECTECTBEHHO, YTO B CTPOrOM CMEWJIC Pe3yAbTATH pacuyera yc-
TOMUMBOCTH OOpTa AQDKHK NPENCTABIATH TaKXe Macc#s uwudp <
ONPEEJEHHEM 3aKOHOM pacrpeie/ieHus.

Hy%HO mOMHWTb, YTO NOK32aTeNM MACCHBA TOPHHIX NOPOX pPE3-
KO OT/IAMAKIOTCH OT Nokazartenci ofpasuos ropamx wopos. B wacr-
HOCTHM, CLEIUIEHME B MacCMBC & MOXHO onpeneasts no dopmyne
IJI. ®ducenko [70]

k’
k=1— ain(H/ Tcp)’ (4.6)

e k' - cuennenue B obpasue moponw, fla; a - xoadxpnumenrt,
pasunit 0,5+10 [70, c. 124]; H - swcora Gopra, m; L, - cpen-
MU PAa3MEp DAEMEHTAPHhX GJOKOB MACCHMBA DOPON, M.

Iipumep, fIycTh B Dpoilecce OMPENSHERMA NEAHUMNL! CUEIUIEHMY K MACCMBA M3-
BECTHEKOB NIONyHeH» 3HaueHnd cuemieHus oT 196,2 no 3924 xIla ( or 20 no 40
/M 1 NOACUMTAHO MBTEMETHYECKOS OXHMEAHME ky 2747 x1la (k) ~28 /v (puc.

4.2, @). Benmwmta yina BHYTDEHRENO TPENMM HAMEHSNACh B NPEAENEX 25-35°,
COCTaBSSsl B CpepHeM P, 31 (puc. 4.2, 6). ILIOTHOCTL MACCHMBA NPMHSTA

papnoit 2,8 /v’ B Bocnomsomatecx  meTonom PACHETE MUIOCKOT)  OTKOCR,
mpemionerem Tl Mucenxo [70, 1260, 28], 1¢ rum Gopra eeicorcii 300 M
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Puc. 4.2. Kpusnie pacnpe-
JeNeHMA cueiieHms & ().

I8 BHYTPEHMETO TPenWs O
(6) M paceeTHOro Yrua

i noramenua naockoro Bopra
[ (392.4) @ (o
L & >~ !
2] 213 75526778 40 k.1/4*(xNa)
(5 kri kif ’fZ ky kM Rmnx
M
| 1 ,
ZLJ ﬁf,ﬂ 2{7,5' (1"[} 5‘1' 24 p.rpoaue
o ./J.'.’- ,ﬂZ P P LSmex
6’ L _
g5 &G M1 ah 455 66 5, (pORYG
Po By By Si Lm STmix
Rt P A
a7 1.3
I:’L‘, R f’Z
2 | h0 Puc. 4.3. JABHCHMMOCTD
- yposns pHexa R M xoddpn-
JE g7 824 4f 43 B.rpasyc HWenTa 3auaca ) oF npa-
L L | L A M HMTOLO  VIJa  NOTamCHUM
4 qo6 011 07 023 2290 Gopra &

DOIYSUM LTH OLTIUCYKAZAFILY  Yeqounit paenpiescaems kw2 uafop anavenuh yuig
okoca Bopra B ot 35 w0 5H.6  npK MATEMATHUECKOM OXKUHANMR Ve 45,5

” 4 a0
(puc. 4.2, a). Owewmao, wie aph {3 p = 45,5 puor acobecnedenms  yoToitune

socTr Gopra R = S50%,. Mrchm cmsisiin puek, eseaem  keoddvnenT sanaca ye-
TOBOHEDO 8 DUPTA TE

Kpacn = K1,
ELpacy = P =5 Dpacs = arclg gQ/M.
flo peasacrarad pacacra (tabn. 4.2) Gwian nocrposast rpaduy K = f(3) w»
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Tabnuya 4.2

Baanmocendb koxppunpenta sanaca ycroruusoctn Gopra
C YPOWHEM PUCK2 fIPH DPALIMTHKIX MCXOJHMX FBPAMECTPEX

] &, p. rpanyc | Foo, m | Him | B.mpamye | R, %
xlis(r/mb)

1 275(28) 31 35.3 8,5 45,5 50

LO5  246026,7) 29,8 32,8 9 44 35

1.1 25G(20.5) 28,6 39,7 10 41 10

1.2 228(23.0) 26,6 27 11 38,3 2

N = #B) (pvc. 4.3).VnoBeHE pHCKA OBPENEem 3AMEPOM IUIOMAnest noy Kpusoit
pacnpencncuns 8 (em. puc. 4.2, ). Tlonmywsuiock, uYTo NpM  YBENMYEHWUW YPOB-
B pucka R ¢ 2 a0 509 pacuetsvlit yron MOrAMEHHs Gopra B wamMensercs ot
38,3 o 45°  re. ma 1,2, a voaddwnment aanaca M - or 1,2 mo 1 (oM.
puc. 4.3).

Ozceporn apixprun, Brmykore Sopra kapsepa ABCF ¢ pesynbTupyiowmsMm yrioM
arkocD. = 44 (puc. 4.4). Jlag arore pocnoassyemcs  merouvkon TJL Ducenko

Puc. 4.4. NMpogum Gopra xaprepa: [
1 - uaockmii; 2 - pacueTHRl BLUTYK- 5
amit, 3 - CROpPPeKTHUPORAMHRGA  BLI- S
TYK IR 370 e
¥
I
)
¥
S

L)
Puc. 4.5. Mavencaue woddpdumernra e -
AN VETOHUMBOCTH  TLIOZKOMO (/)
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{76, 7a6a. 29]. Flo peaynnaram pacueta ycroilumpocrn Gopra mo  wmepe ero
topmuposaurs B0 Bpemenn Ghut noctpoen rpadwx M =~ fH, T (puc. 4.5), w3
KOTOPOIO  BMIHO, HYTO KOSMMPMIMCHI 32118C8 YCTOMYMBOCTH BLUTYRJIOLS Bopta  (kpu-
nast 2) cocrhoaser chauanta 2,5, & awtem, no mepe yinyOkm xapeepa yaeny-~
SEHHS BLICOTH! 6OpTa, CHRMKAETCS M B MOMENY HUCTIONEIIMH KOMEMHOW FAYGuRW Co-
cramnger 1,05. Jaunsie s 1wnockoro otwoca (kpumasi 1) nomyReoten  anmatorsy-
HLIMH, HO HECKOJLK) MEWBLIAMY.

TaxuM 0fpasom, B CHIly 3AKOHOMEPHOCTEH passUTH Kaphepa kepaBounid oopr,
paccuMTaHHBlil ¢ peaymsThpyioumM  koaxddyumenTom 3anaca  yoroimmeoctn 1,05,
MMEET B [EPHMON JKCANYATALMM K3PbEPR IHOGMTENRHO Gonmiumil 2amac  ycroiiuu-
BOCTH.

Kak Toneko copmuposan nepaGouwit 6opr, HA Herd HAYMHAKT
BJIMATE MHOTQUHCNICHHBE OCNabagomue (haKTOphi. IT0, FNABHLM OO~
pa3oM, M NOCTENEHHOE YBEIMUEHMC TPEUIMMOBATOCTH, M ociabne-
HME KOHTAKTOE CJIOEB NOJ BAHSHHMEM KoneOakvil TEMIEPaTypW BO3-
Ayxa W 0OPOA, 3aMEp3arms BOAH B TPELMBAX, pasewivMe aeop-
Maumu 6OpTa, a TAKXKE CHCTEMATMYECKHME B3phiBL{, NBMXCHHE rop-
HO-TPAHCNOPTHRX MAME ¥ T.A. JTOT NPOUECC pPasBMBacIcs BO
BPEMEHH M BEAET K CHWXKCHMIO 33naca yCroHuMBocTH Oopra.

HepaGoune Gopra kapscpa (pOpPMEDYIOTCA MOCTENEHHO, M NPOAOT-
XHTEJBHOCTE MX CTOMHMS HA Pa3HRIX [0 BRCOTC YUACTKAK padmry-
Ha. Ecau yrnybky semyr wo Gopry AFC co ckopocteio okono 10
m/ron (puc. 4.6, @), 10 Bepxmme uactn Gopra AC Oynyt peiicr-
BoBath B Teuenue 30 ner, mmxuue - B Teuenme 1-2 ner, a Gopr
ED Haurer GopMMpOBATBCH TONBKG uepe3d 14 JeT, M €ro BepxXHHe
yusctkn Oyayt croams 15-16 ner, a Huxuue - Beero 5-6 mec
(puc. 4.0, 6). 3uaumt, ycroiiumsocts GopToB Takxke Oymer Mame-
HATbCS BO Bpemenm (puc. 4.6, 2), u Oopra AC u ED 6ynyT Haxo-
RUTBCS B Pa3HBIX YCAOBMAX PabovH, HAXE €CAM OHM CIOXEHH OfM-
HAKOBHMM MOPOXAMH. o

Ecyv npungte yron noramenms Oopra B = 44 ¢ ypoBHEM pHCKa
R = 35Y%, 1o mnamcuenne xoadhduumenTa 3amaca YCTOAUHMBOCTH 1
6oproe AC m ED 5o Mepe yrnyGnemms pabor OymeT cOOTBETCTBO-
path kpusbiM I u I (puc., 4.6, &. Mpu 3tom wHeoDXOAMMO OTME-
THUTh, YTO KpuBass W = f(T), CTpOro rowops, AQUXHA WMETH CTY-
MEHYATH# XapakTep B COOTBETCTBAM ¢ MOMEHTAMM TOAXOKA K Hepa-
Gouemy Oopry paboumx yctynos. B paHMoM ciyvae TOAYWLIOCKH,
uT0 KO3hINLUMEHT 3anaca YCTyNuUMBOCTH OOpPTR ONMHAKOBO H3IMEHHA-
ercs ans GoproB AC wm ED (puc, 4.6, 2, xpuswe {° wm Ii) or
2,5 no 1,05, 1ak kak 3aeCh HE yUYTEH (PAKTOD BPECMCRM.

Ecin yuectr (PakTOp BPEMCHM, TC KpMBHE 0 = f{T), CueBMaHoO,
6ynoyT pacrmonoXeHW HUXE, m K KoHity obpaborku koaddmunentn n
OyAyT pasnMuHbBIMM 18 pa3HwWXx Ooproe (oM. puc. 4.6, 2, Kpueme
I u I, CooTBeTcTBEHHO M YPOBEHBL PHCKA OyaerT H3ImeHaTscd BO
BpEMERM mo-pastiomy g Gopros AC u ED (cm. puc. 4.6, 9.

BO3MOXHOCTE OPUMEHEHMS OCHX(WIOCHYECKHX NOIXONOB K Ompe-
JOEIEEMIO yIna noramenus wepabounx 6oproB Kaphepa paccMOTPEHA
B L 9.

B GOo/MbiMACTBE C/IY4Yaes MPOCKTHPOBHMIMKK NOPYYAIT pEHICHHE
BOMPOCOB YCTOMUMBOCTH OOPTa Kapbepd CNCUMATMANPOBAHHWM  Op-
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“M330un  pabor HO BCKPHITWID M MOATOTOBKE HOBWX TOPHICHTOR.
30T MeTOi moApodHO Manoxen B moworpadmax {3, S].
B npouecce npoekTupoBaHMs  HenecoolpasHO  BOCTIOMIR3OBATHCH
ananutrdeckon gopmyaoi (3, §)
)
hl - e _.._..,__.-.___“....l_,.z_(._-__-._.._,__.__m_.._._.h..ﬂ._._._._. (4_‘7)

hig(cigg+cigf) + —ic(Lf_.+L,,+l..+lo)(b+hc:goc)

e fe, La - AIMHA  COOTBCTCTBCHMO OKCKABATOPHWX Onowxos u
BBCANHCH TpaHuICH, M; {, - ANMHA NIOMIAZKM DPHMHRKIHHS (aB TY-
muKa), M; Jy - DOMYCTMMOC PACCTOSHMC MOXAY IJKCK3BAaTOPaMu

(MPOXOASIIMM TPOIHINEID M PACIIMPSIOUEM CE), M; b - JIHPMHA JHA
pa3pessoi TpaMmew, M; ¢ - KOXDPUUMCHT CHWXCHHS NPOW3BOAM-
TEABHOCTE JKCKABITOPA FIPY MPOXOZKE TPawiied; ¢ - yroa orkoca
pabouero Gopra Ha ABYX HMXHMX pabOuMx yCTYHax.

Hanpuimep, npH  MCHORS30BAHMH dummnﬁmmuom TPAHCHOPTA,
akckapatopos DKI-8 u npuuathix napametpax @ = gO M/ mec,
h =15 M. Lz = 350ML,.—-ZSOM,n-"“]MIo-—.SOM,

=20 M ¢ = 081p=12 clgg = 4,71, B = 35°, cigB =
= 143, o = 60°, cg « = 0.58 CKOPOCTb ymy6ku he = 16,9
M/roa, a npm MCROBIOBARKN KENCIROAOPORHOND  TPAHCIIOPTA W
npansrx P o= 66T wm'/mec, Lo = SO0 M, Lw = J1S ™, L =
=100 m, L, = 80 m, ¢ = 0,7 ckopocts yenybke A = 9 m/ron.

Jax oBCCICHEHMS Tpcﬁycmon CKOpOCTH Hc 8 TOM 4 JIPYrom
cayuae Heobxoavmo  paGounih Gopr KapeCpa NHOMBMPATL € TOPH-
30HTAABHON CKOPOCTBIO

v 2> h(clgy + cigh). (4.8)

ToacTaBngg HYXKHHE JaHubie B JTy GopmMyny, noayunm Ans nep-
BOTO CAYuas

ve = 16,9 (4,71 + 1,43 = 103,8 m/rog,
ANY BYOPTG
s > 9471 + 1,43 = 55,3 m/ron.

TpeOyemyio UMY DKCKaBaTOPRuX 6A0KOR HA pabounx ycrynax
onpeacans mo dopMyic (2.3}, NoaCrapuB B WeE COOTBCTCTRYIOMED
suAUCHYEC V. B peayasrare nofyuuMm gns GepBOIG Ciywasn

BOOOO 12 . o17

I8 BTORON Cay4dad

6670012
lo s 553-15 = 965 m.

BrSCHMM BIMHUNAC BHICOTH YOTYDOB WA BOAMOXHYW CKOPOCTb YT-
AyOkn  kaphepa. das 27000 NPOAHMAAM3MPYCM JaHHMC Taba. 4.3,
44 n rpacws  aarucumocre Db, = f(A Qwc. 4.7, wpuBbie ! m
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Tabmuya 4.3

3aBMCHMOCTb mpuabl pabouel omauxu B, yria orxoca
paGowero Gopra ¢ WM pIMEHBL BbC3HBIX Tpaumen L
OT SBICOTH YCTYNA /i 1 LUDPHRETON TEXHOAOrHY papaborkn

B, wm @, rpaaye ] Iy, M B, m I ¢. papyc I Ly, ™
h ™

npid ABTOTPANCIIOPTE M BIPHIBAHME npY  MEEIHOAOPOIKHOM TPAHCNOPTE

TPEXPRAHOM/ OTHOPSHOM H TPEXPATHOM BIPWBAHIM
10 55/40 9,8/13 167* 70 7.8 250
15 60/50 13/15 250* 80 106 3715
20 76/60 14,5/16,6 333 85 12,3 500
25 86/70 15,8/17.6 417* 20 14,2 625
306 90/80 16.6/18.4 500* 100 K} 750

*1las obomx cnocfOR BIpLIBAHIE.
Fabnuna 4.4

YOOYyNoR A M NpUBSTWIX NAPAMETPOR M TEXHONOTMN Paspalbotkn

34BMCHMOCTh BOIMMKHON CKOPOCTM YIuryOxu fir OT BHICOTHI

3uauenns A (M/ron), paccusraname no dopmynam (4.7)/(4.8)

hom {npu Lg = 400 M, Q = 10° M /ron, awto- npu le =600 M, Q=
TPAHCIOPIE M B3PLIBANHM = 0,8 10° m*/ron, x/n 1pau-
CIIOPTE 1 TPEXPAIHOM KIPbL-
TPEXPAIMION OJHOPSIROM RAHUM

16 22,5/34,6 25,9/43,4 9,2/15,3

15 17,3/28.9 18.5/32,3 7.6/12,5

20 14,2/7%3,6 15,1/26,1 6,6/11,1

25 11,8/20,2 12,7/21.8 5.8/9.9

30 10,6/17.4 11,1/18,8 5/8,6

Tabuuya 4.5

BapsHae uanpasicnus yrayOxum Ha ckopocts yriayOkm A
Kapbepa NPH MCROXB3OBAMNH ABTOMOTGIILIIOTD TPAHCHOPTA

Yros1 sanpamredis

Suauesms Ac, M/ron (%), paccumranmbie

yrayOxm B, rpagyc
no gopmyne (4.7) 1o dopmync (4.8)

30 16,8(82,4) 27,5(71,4)
40 17,8(87,3) 30,2(784)
50 18,5(90,7} 32,2{83,6)
60 19¢93,1) 33.9(88,1)
79 19,5(99,6) 35.5(92,2)
80 19,9(97.5) 37(96.1)

90 20,4¢100) 38,5(100)
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Ahp o Puc. 4.7. Crenens  BIMAHAA
w00 - BLICOTH YCTYMOB /1 M_yrjla Ha-
npassienvst yrayGks 8 wa cko-
pocTs yrayOkm kapoepa Dk

sa

&l

&0

50

1 I L 1

i % 0 25 L
)

i ] 1 A I

-
g L 50 &0 W eaprpanye

1'), orpaxarommii creneub 3roro BmsHua. 3a 1009 npunsta cxo-
pocTe yray6km npm shicote ycrymoB 10 wm. Ilaa pacuera bhe (%)
BOCTIQIb3YEMCS COOTHOLIEHHEM

h .
Ahr = T”— + 100. 4.9
rlG

B wmrore nonyymwam, YTC NpM YBETMUEHHM BHCOTH ycryrnoB ¢ 10
o 30 M BO3MOXHaw CKOPOCTh yryOkw CHWXAETCd NMPHMEpHO B /BA
pasa, npuuem Bojiee MHTEHCMBHO - NpH pacuete no copmyne (4.7)
(xpuBast 1), mMeHee MHTEHCHBHO - mpM pacuere no (opmyne (4.8)
(xpuBag 1),

Hanmpasenenve ynry0ku TakXE OKAa3WBAET BJIMSHHE HA CKOPOCTDb
yriyOkn Kapbepa, YTO NOATBEPXNACTCY JaBHbmMu Taba. 4.5 u
rpadukom sasucumoctd Ak = f(B) (cm. puc. 4.7, kpuBnhie 2 M
2'), oTpaxalomMM CTeneHb IToro BamsHus. 3a 1009, npussta cko-
pocThH  yryOku mNp¥ BepTVKAJLHOM yrinybke kapbepa. 3HaucHus
Ah- (%) oopepensem no dopmyne

A = L 00, 4.10)

r hr90

B peay/sibTaTe NOJYYJTH, YTO YMEHBIICHME YIIA HanpaBJiCHHs
yraybxu B ¢ 90 no gO BJEYET 34 CODOM CHMXEHHE BO3MOXHOM
cxopocTH yrryOku npmmepHo Ha 20-309,, npuuem Goiee MuTEHCHE-
HOe cuMXeHHe Habmonaercs mpu pacuere vwo ¢opmyne (4.8) (kpu-
Bas 2’), MeHeE MMTEHCHBHOE - mpu pacuere no dopmyne (4.7)
(kpuBag 2).

PacueT NOKa3wBaeT TAKXKE, YTO BO3MOXHAY CKOPOCTH YyIiryOKu
OFpAHUYMBAETCY oprasgusaumell paboT A0 BCKPHTHK) H TIOATOTOBKE
HOBHX FOPH30OHTOB.
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4.5. [NIPOBJIEMbI BCKPBITUA NP KOMBHHHPOBAHHOM
TPAHCIIOPTE

B cBU3M C TEM UTO MHOIUE Kapbephi MOCTMI/IM 3HAYMTEJBHOM
riyOMHKN, BO3HMKIA CCPbLE3HAS TPAHCIOpTHAs 1pobieMa, pelnTh
KOTOPYIO MOXHO NYTEM NEPEXQNa HA PA3HYHBEC BAPMAHTH KOMOMHH-
POBAHHOTO TPAHCNOPTA:

BEPXHME [OPM3OHTH OTPA0ATRIBAIOT € UCNONL3CBAHHMEM XKETE3IHO-
AOPOXHOIO TPAHCMOPTA, 3 HA HHXXHHX NPUMEHMOT ABTOCAMOCBAJIN,

HauMHA4 C OMNPENCACHHCH PAcHETHOM ryOuHb IEPEXonsT Ha
UMKTMYHO-NIOTOUHYH) TEXHOMOIMIO - COYETAHME ABTOTPAHCNOPTA, Ne-
PEABMXKHON APOOKHIKM M KOHBEHEPHOIO TPAHCIOPTA;

KOHBEMEPH AEAI0T CTAUMOHAPHLIMU W pasMemanT smbo Ha Gopry
Kapeepa, JinGo B HAKIOHHONW IIAXTE, B HAuaN€ KOMBEWEpa YCTaHaB-
JMBAKT XPOOHILHYIO YCTAHOBKY, FOPHYI0 HMOPOAY NOAAKOT K KOHBEHE-
Py aBTOCAMOCBA/IAMM;

Ha Oopry Kapeepa COOPYXAIOT HAKJOMHKMN CKUNOBOH MOTbEMHMK,
K KOTOPOMY aBTOCAMOCBANIAMHM MOAAIOT XOPOAY.

Bce 3TM BADMANTH O/KHEW OHTb B apCEHANC OPOCKTUPOBILMKA, A
BnbOp UX JOMKEH OCYNIECTBASTHCS HA OCHOBE YYCTA KOHKPETHBIX
YCNOBM M IKOHOMMYECKHX PACUCTOR.

ABTOpH CYMTAIOT HCOOXOMAMBLIM O0pPATHTh BHUMAHKE CIIELMAIMCTOB
HA HEKOTOpHE OCODEHHOCTH YKA3aHHHX BAPUAHTOB.

Hanwuwe Ha BEPXBUX FOPMIOHTAX XEJCIHOHOPOXHOIO TPAHCIOPTA
cosgaer mpobiaemy ~orpaHuumBaromero ropusonta”. Jleno B ToM,
YT0 BO3MOXHAs CKOPOCTh MOHMXEHMS FOpHWX pabor (M/rom) nopuw-
HSIETCH 3AKOHY

_ Y.
he € cize ¥ cigh’ “.10
rie Vv - [OPM3OHTANbHAs CKOPOCTL OTIOHA pabouMx yCTYnoB
kapvepa (M/rom), onpegensiemas no Gopmyne
p= N0

KL,

$HcHo, yro CKOpoCTb yrMyOKM Kapbepa NpH TPUMEHCHWH XKCAE3-
HOIOPOXHOIO TPAHCIIOPTAa 3HAYMTEALHO MEHhme, yem ppH pabore
¢ ABTOTPAHCIOPTOM, NOJITOMY MHTEHCHBHOCT: pa3paboTKM  MecTo-
poxaenusi Oyner onpegensThCH MHTEHCUWBHOCTLIO OTPA0OTKM BEPX-
HNX TOPH30HTOB, HA4 KOTOPHX HCIOJL3yeTCd JKEJE3HOJOPOXHLIA
TPaHCIopT.

B nocnemnme rom  HaGAIONAETCH HEPEXON MHOrMX  LayGoKmMx
KaphepoE HAa KOMOMHMPOBAHHHI ABTOMOOHM/ILHO-KOHBEHEPHHIN TPaH-
cnopt pyanl. VMcnoneayworcs npa BapuanTa pa3MEIICHAS KOHBEME-
pOoB - B HAKJOHHHX IIaXTax M Ha Hepabouem Oopry kaphepa. On-
HAKO TpM 3TOM YACTO HE YYNTHBAIOT HEKOTOPHIE TOHKOCTM 3ITOrO
TPOLECCa.

PaccMOTpMM  KpYTONaaalomee MEeCcTOPOXACHME, AN KOTOporo pe-
IMEHO COOPYAMTH HAKJIOHHYXO maxry (WM KOHBEHEp Ho Gopty) € BHI-
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xonom B 6opr kapeepa Ha raybupe H. (puc. 4.8) B cMoHTHpOBATH
ApOOKARHYIO ycTanoBky. [lpeanoaoxuM, uro yriyOky Kapbepa BCRYT
no nexauemy 6oky pyasHoro tena ro qumumn CC,C,Ci3N. Ha rpaduxe
H = f(T) aror npouecc cooreercreyer juamm OC/C:C:N. Ha roy-
6une H, uepes epems Th mavHer ¢opMupoBaThed Hepaboumii Gopr
FBN co ckopocThio (m/ron)

¥

hs = TigP - cigy’ 4.12)
e ¥ - yroa noramieHus HepabGouero Gopra, rpaayc.

Jromy mpomeccy Ha rpadmke H = f(7) cOOTBETCTBYET IITPHXO-
pas Juung TibN.

3a Bpems (T, - Ty Gopr 6ymer copmupoean no rnybuvn Ha.
K aTomMy MOMEHTY MOXHO BREECTU HAKJIOHHEYIO IIAXTY (MM HAKJIOHHBI
konseiiep mo 6opry) B Touky B W HAauathb MOHTaX APOOWIBHOM yc-
tanoeku. Bpems kauana ykasawHmx pabor (ner)

H H, - H)
nt he 4.13)

B 10T MOMEHT gHO Kapbepa Oyner pacnonoxeso B Touke Cz, a
3a eppemsi MOHTaxa (7, - T2) onyctmrcs B Touky (s K Hawany
(hyHKUMOHMPORAHKA KOHBEHEPHOro TPAHCIOPTa  Pa3HOCTh OTMETOK
IHA Kapsepa W IJIOIAAKH PpPasrpysk¥ aBTOCAMOCEAIOE JOCTHMIHET
peanunHEn Hy = Hy - H,, a B JaibHCHUWIEM OHA HAUHET yBEJIMYH-~
patbcd. YToOul cOKpaTHTB ITOT paspuie, HEOOXOAMMO B PaHOHE BhI-
X0JA HAKJOHHOW INAXTh (MIM HAKJOHHONO KOHEe#epa) B Oopr
kapbepa dopcupoBaTh ropHee paborH no ymiyOke, cO3xae ROMOT-
HUTEARHME yuacTok yrny6km [58]. Torma MOXHO COKpaTtuTh MY
NUKBHIUPOBATE PR3HOCTR OTMCTOK nNpdeMHoro OyHKepa M JHa
Kapbepa.

Dror mpouecc noapodHe MccreposaH m npopaboran X.B. Byuu-
HhM M ApyruMy yueHwm® [22]. C uenpko noswmenns dpdexTHBHOCTH
pa3paorkm  MECTOPOXAEHMIl NpPU BHECAPEHUM KOMOMHHPOBAHHOIO
TPAHCIOPTA 33 CYET CHUDKEHMS NEPBOHAYAJIHELIX OOBEMOB TOPHO-
SIOAIOTOBMTCABHWX palor B NEpUOA  pEKOHCTPYKLUMM KAphepa, 23
TAKXKE C UCIBI0 YMEHBIUUICHMS PACCTOSHHUS TPAHCNCPTMPOBAHMSA TOpHOM
MACCH K [EPErpy30ouYHmM MYHKTAM B DEPMOI SKCIUIYATALBH  MMH

Tz =

Puc. 4.8. CxemMa Tiponecca nepexond #a asroMoDHALHO-KOHRCHC publR TpaCIOPT
G4



NPEIONKEH KOTAOBAHHO-TPAHIGCHNEN CNnocod SCKPHTHS M OOATOTOBKH
miybokux paGounx ropusoHTOR Kapbepa. [lpe IToM  UpPERYCMOTPCHO
OCYIIECTBJIATL BCKPRITUE TOPM3OHTOR Kapeepa AnyMms paloummm 30-
HAMY (OCHOBHOH M BCIOMOYATCABHOM), COCAMHCHMHIIMM wmexay coloi
TPAHCNOPTHOH TpaHmeedl M TpaHcNOpTHEMM OcpMami, a orpaborky
YCTYTIOB BECTH NONCPEUHHMM 3AX0AKAMM BiONb NPOMACHHHX Tpan-
CNOpPTHRIX Tpanizedt (puc. 4.9),

Ha mepsoM 574mn¢, BKIWOHAIOWEM CTPOMTCALCTEO KAPHCPA, MECTO-
POXJCHHE BCKPRBAIOT B OCHOBHOH paboucii 30HE BPCMECHHEIMM aBTO-
Cbe3AaMH, MEPEXOHLIMMEI N0 Mepe ONYckaHu# ropumx pabor v pgoc-
TIDKCHUS IPEAC/ABHIEX PaHvn Kaphepa B mxrosHHme, Mecro sano-
KEHHsl, TOAFOTABIMBAIKICTO HWXKEJICKAUWME T[OPM3OHT KOTROBAHA,
ONpEACASIOT 10 MMEMMYMY TEKYmCro xoxhpgmuueHra sckpuiuy (MM
ropHOH Macckd), YTO OGCCOCUMBAET MANpaBACHHE YriyOkm Kapoepa
¥ HAMTY'MIDME PCKEM TOPHEIX 6%160?

C noHMXEHHEM TOPHIWX pPa cavxaercd phexTHBHOCTL paspa-
GOTKH MECTOPOXACHIS (B HACTHOCTH, 33 CYET YBENMUYEHMH 3ATPaT

Puc. 4.9. CosMeiuenumsi A ropibix pafor s xapuepe [22):

I - xotnoBan; 2 - ncnoMoratenbuas padouas s0ma; J - TPAHCOOPTHAM (PAMIICS;
4 - tpaucnopraay Oepma; 5 - KOHCUMBLIA KOMTYD Kapscpa; 6 - paboumc wiowaaxs
HOPMAJTLHON (IMPMAGE 7 - padouMe ILUTONRAKH MUHMMAJILHON mpHub); § - BPeMEHHRIE
Ccue3ny, 9 - neperpysoumulit NyHKT; (0 - 00RueMEMK, [/ - SIAKAOHHBIN Cheap,
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Ha TPaHCHOPTUPOBAHME), NO3ITOMY HA BTOPOM  Jrtane pa3spaborku
MECTOPOXICHHMS NMPEAYCMATPMBACTCH PEKOKCTPYKIMS KADhepa IyTeM
3aMECHH CYMIECTBYYOIUCH LHMKJAMUHOM TEXHOJOrHHM Ha Oonee mporpec-
CHBHYIO - IMKIMYHO-MOTOYHYK). TEXHMKO-IKOHOMHYECKMM DACUCTOM
OonpeeasicrT BpeMd Kayana CTPOMTENILCTBA HONREMHUKE (HAanpumep,
KOHBCHEPHOrO) BO BCIOMOTATC/BHOM 30HE, KOTOPYK (QOpPMHpPYIOT
paons Oopra kapeepa no ero Tpacce. Ha3sHauenme 3IToM 30EM CO-
croutT B oBecoEYEHWM BCKPWTUA TOPM3OHTOB KpPYTOH Tpakuieei «
LEMBI0 CO3MAHMS HEOOXOAMMHEX YCJIOBMIA ANt HOPMAIBHOTO GyHKIMO-
HHPOBAHMH KOHBEWEDHOI0 3B€HA UMKJIMYHO-NOTOYHOM TEXHOJOIMH
(UI1T). B ornmume or ocHosHOH pabouyeit 30HH PpasBHTHE [OPHbIX
paboT BO BCHOMOraTENbHOHM 30HE NPOMCXOAHWT B Oosee €CTECT-
BEHHBIX YCJIOBHSX, UTO CBS3aHO ¢ HeOonmemuM (bpoHTOM ropHmx pa-
6or BHa ropM3oHTax W TpefoBaHmsaMy  6e30mMacHOCTY NPU BEAEHUM
B3pHBHHX palor sO6aM3M OT CoOpyxeHumi mogbeMuuka. Kak mpusm-
JI0, KOHBEHEPHR MOXhEMHMK PACIIOJNATACTCH B KPYTOH TPAaHOIEE HON
yom K OBopry kapeepa, mpu 3TOM 1HAr GepeHoca  ApobuibHO-
neperpysoudoro myukta (JIND moxer mamenatscs or 1 o k yc-
TynoB. KOHLEHTPAaUWOHHLIN TrOPU30HT CUWTACTCH HOJHOCTBIO TOR-
TOTOBJIEHHEM K 3XCruiyatauuu, ecam nocrpoeri HITIT u cmowTmpo-
BaHO Bce wueodxomumoe obopynoeamme. K aromy momenry bpout
ropHbix pafor Ha YCTYuax AO0JDKEH HAXOAMTHCH HA PACCTOSHHMH OT
ApoOMJIKH, Npeshllaiomem paguyC Ge30nacHOd 30HM AJis COOPYXEHHM
LT npu BeseHuu B3puBHHX Pabor, 2 HA CMEXHHX BHIIEIEXAIMAX
FOPU3OHTAX JO/KHE COXPaHMTLCH pabouMe IUIOMIAfKY HOPMAJILHEIX
pasmepoB. Cpok Mexay MOMEHTaMH BBOA B SKCILIyaTalMio HBYX
CMEXHHX KOHLIEHTPAUMOHHHX FOPU3OHTOB M OyneT paBeH BpeMeHM
NOArOTOBKM HHXEJEXAMEro KOHUEHTPALMOKHOIO I'OpPU30HTA.

ITo mepe ¢opMKHpPOBaHKA BCIOMOTATENLHOM 30HH HA OHC KpPYTOil
TPaHIICH MOHTHPYIOT KOHBCHEDHBII MONBEMHUK M NG OKOHYAHKU
crpovnteabctsa OITHT nepexonst Ha KOMOMHMPOBAHHKE AaRTOMOOUIHHO-
KCHBeiepHuil TpaHcnopr. Jas obecneyeHMs MUHMMAJRHBRIX 3aTPaT HA
TPaHCIOPTHPOBAHHE BCTIOMOTaTENbHYI0 30HY COCAMHAIOT € TNABHON
30HOM TpPaHCOOPTHOM TpaHmEeH, HPOAREHEON 50 TOpPM30HTy, COB-
NapdiomemMy C KOHLEHTPALMOHAKM rOpM30HTOM, HA KOTOPOM COOpY-
XaoT neperpy3ouHnti nmyHkt. Hlupnny Tpancnoprhoit Tpamimiem ycra-
HaABJIMBAIOT MCXOAA M3 6E30nacHhX YCJAOBMH IKCIIYATALMH ABTOMO-
6WILHOrQ TPaHCIOpPTA.

Ilng yMeHBOICHMS BO3DACTAIOWHX OOLEMOER TOPHO-NIOATOTOBHTEb-
HnX paboT mpM CTPOMTC/ABCTBE TPAHCNOPTHOR TpaHOIeM Ha Pacmo-
JIOXEHHWX EHIIE HCE yCTynax (OPMMPYIOT EMECTO NRGIIAACK HOP-
MaNbHOM MIMPWHBE Y3K¥E TPAHCHOPTHWE OEpMhi, 3 BCKPHTHE HOBRIX
rOPM3OHTOE B TNABHON pabouchh 30HE OCYLIECTB/ISIOT KOTJIOBAHAME
pasmepom 100x100 m.

Mopamok BeaeHWs TOPHLX pafoT HpY KOTJIOBAHHO-TPAHILEHHOM
nocole BCKPHTHS M NOATOTOBKM TOPH3OHTOB cracayrowmit. Orpabor-
Ky YCTYnoB B rnaekoii paodell 30HE BeRyT OT KOTIOBAHA B HAll-
paBNeHMM MPOCKTHRX TPAHNIL KApbepd, HPUYEM B HEPBYIO OuUEpeab B
HAMPABNCHUN OT COOPYXAEMOIO NMOXBCMHMKA, @ 3aTEM INONEPSUHMMM
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3aXOAKaMHM JUIMHON He MeHee IMHUPHHE pabouyeil IUIOMAAKE B HANPAB-
JICHUA K NONBEMHHUKY BAOAb TPaHcmoprHOM Tpanmeu. I'opHyio maccy
¢ paBGoyMX TOPUM3OHTOB, PACIONOXKEHHHX HA YDOBHE M HHXE KOH-
LIEHTPAUHOHHOIO TOPH30HTa, NEPEBO3ST MO TPaHCNOPTHOH TPaHIIee,
a mpM oTpaboTKe BHINEPACHOJOXKEHHHX YCTYNOB - [0 TPaHCHIOPTHHM
6epMaM M BPEMEHHBM CbE3aM K NEPETPy304YHOMY MYHKTY M OAJee
MO0 KOHBECUEPHOMY NONBCMHUKY.

Pabora 1o (OPMHPOBAHMIO BCNOMOraTENbHOM 30HW BEAYTCH B
CTECHECHHBX YC/JOBMEX NPH MHHMMAIBHO BO3MOXHON mupuHe pabo-
YUX MIOMAAOK M MAHMMAIbHLIX IJIMHAX JKCKABATOPHMWX OJ0KOB.
gcpmxmmylo CKOpOCTb YDIYOKM Kapbepa MOXKHO ONPEAETHTb O

MmyJse (4.7).

4.6. BBICOTA YCTYNOR

Bricora YCTYNOB 9BJSETCH ONHHM M3 OCHOBHHX 3JIEMEHTOB Kak
BCKpHITHS, TaK M CHCTEMH pa3paborkn. OHa OKa3WBAaET CyDIECT-
BEHHOE BIMSIHME Ha paloTy Kapeepa, NO3TOMY BONPOC NPABHAJIb-
HOTO ONPEAENEHMS BRICOTH - BRKHAY NpolieMa MNPOSKTHPOBAHHMY
Kapbepos.

IIpn BRIOOpE BHICOTH YCTYNOB NPMHHMAIOT BO BHHMAaHNE MHOIHE
KOHKPETHHE 0COOEHHOCTH M (DAKTOphI, IJIABHEHIOME W3 KOTOPHIX: YC-
JIOBMS 3A7€TaHMd M CBOMCTBA BRIHMMAEMHX NMOPOA; HeoOXomumas WH-
TEHCHMBHOCTh  OTPalOTKH  MECTOPOXICHMS; KANCHAADHHE  IUIAH
BCKpRIOHEX pafor; TpefyeMoe KauecTso BRIABAEMOIO M3 Kapbepa
MOJIC3HOTO MCKONAEMOro; napaMerpk GypoB3phIBHEX pabor; ycrosus
paboThl KCKABATOPOB; YCJIOBMS TPAaWCHOPTHPOBAHUS MOPOA.

ECTeCTBEHHO, 4YTO OCHOBHWM YC/IOBMEM NpPaBUIbHO BHOpaHHO#M
BHCOTH YCTYNa WBISIETCs €0 YCTOMYMBOCTD B mpolecce paborn
Kapbepa, oé}ggnequnammau Ge30MacHOCTh BeJEHUS TOPHHX palbor.
BenvumHE yrioe OTKOCa pabOuMX YCTYNOB 3aBMCAT OT CBOMCTB 1O-
pPod, NPHHATHX COocobGoB oTpaGoTku yCTynmoB u mapamerpos Gypo-
B3phBHNX paboT. B nponmecce npoeKTHPOBAHMS mPH ONPEACIEHHH
YIJIOB OTKGCA pabouMx yCTYNoB TNOAb3YIOTCH JMOO MpaKTHUECKHMHU
nannmEMu, awbo Tabmmuamun. Ins npmestmx Thmos 3aboes m Mope-
JIEM HKCKABATOPOB YYHTHIBAIOT BO3MOXHOCTh paborel Ha pabouix
yCTyNax ¢ HOPMANbHRIMM yrnamM otkocoB. OcoBeHHO Jerko 310
OOCTUTAETCS NPH NPMMEHEHWM MHOTOKOBOIOBHIX 3JKCKABATOPOB M Ha-
KJIOHHHX CKBAXMH,

HyXHO OTMETHTB, YTO BHICOTA YCTYNOB, ONpPEACJEHHAH IO YC-
JIOBMSIM YCTOMYMBOCTH, B NOAABJISIOMEM GONLIIHHCTBE C/yYyaes MO-
Jyyaercs OosbmieH, YeM NpH ONPENEJCHMM C YYETOM JPYTHX hak-
TOpOB, MOITOMY BO MHOTMX C/Ay4agxX pacyeTl YCTOHYHMBOCTH yC-
TYNOB HE SIPOM3BOAATCH.

QueHb BaXKHO MpU YCTAHOBJEHMM BHCOTH M OTMETOK YCTYIIOB
YUATLIBATE yCJIOBMR 3ajl€TaHMs ropHmx mnopon. Bcerna xenaresn-
HO, MTOOB yc1'6yn 6BUT CJOXEH ONHOPOMHHMM TOPHHIMH MOPOAAMH,
yroObel B 1 0 6 Bl U H O M ycTyne OBUI0 KAK MOXHO MEHbIIE MyC-
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5. CHCTEMBI PA3PABOTKH

Xopowan meopus CROXHOIX CUCMem
O0NXHA NPEOCMABARAMb Niilth XOPOULYIO
"xapuxamypy” Ha 3mu cucmembui, yni-
Dupylouylo me ceoidcmea ux, xomo-
poie  menmiomes  naubonee munuve-
CKIUMU, U YMOIULIEHNO UZHODUDYIOUYIO
6CEC OCMANGHBE - HECYWECMBEHHDIL -
ceoiicmaa.

Hxoa Ppenkenv

5.1. OBIIME TTOJIOXEHUHA

Cucrema paspaboTKy B MCTOpMYECKM CJIOXHBILEMCH BMAE JO/KHA
XapakTepU3OBaTh PA3BUTHE B Kapbepe MOATOTOBUTENBHHX W OUMCT-
HHX pabor. K moarorToBunTens HHuM paboram or-
HOCATCE PaboTH NO MPOXOAKE paspe3HHX TPAHmEA M KOTJIOB3HOB,
a TAKXE BCKPHIUHEE PaboThl, K O Y M C T H B M - fobnunne pa-

HeobXxonuMo OTMETHTb, YTO TEXHONOTHS BCKpHINHEX pabor B
Kapbepe OOHYHO ManO OTAMYAETCA OT TEKHOJOrHM noOnunHHX. Bo
MHOTHX C/ly4asX Ha OZHOM pabouem ycryne omHmM u TeM xe 00o-
PYNOBaHMEM BRINOJHSIOT KAK BCKPhIHHE, TaK M JOOmuHHE paboTh.
Pasnenenne 3tmx paboT NPOM3BOAMTCH TO SKOHOMMYECKMM TpH-
3AaKaM 1pH  pacuere Ce0EeCcTOMMOCTHM  NOJIE3HOrO0  MCKOMAeMoro.
Tonvko Torma cefecTOMMOCTh BCKpHIHBX pabor, Kak pabor,
00ECIEUMBAIOIIMX  (IIOArOTABIUBAIOMMAX) BHEMKY IOJE3HOIO MCKONa-
€MOTO, BKJIOYAETCH B ceBecToMMocTh JOOHTOrO MOJE3HOrO MCKO-
[IaeMOro.

B To Xe BpeMs KaK BCKDHIOHHE, TaK M JOOMYHHE IOPU3OHTH B
Kapbepe NOATOTABIMBAIOT TNOCPEACTBOM NPOXOAKM pPa3pe3HHX TPaH-
mel MIA KOTJIOBAHOB, KOTOPHE M ABALIOTCS M O A rO T O B M -
TENnbHBHB MM TIOPHHMU BupaboTKamu.

Kak BCkpumnme, Tak ¥ OoOnuHME paboTH XapakTepuayloTCs ABY-
M OCHOBHHIMM OCOOCHHOCTSIMM: THMIOM M PasMEpPaMy NPHMEHSEMOIO
TEXHOJIOrMYECKOT0 OOOpYOBAHMS M XapAKTEPOM TNpPOABMXEHAS B
NpOCTPAHCTBE M BpeMeHHM 3a6oes u ¢ponra pabor.

Ileppass 0coBeHHOCTb ONpeEneaseT Cnocodn MEXAHW3ANMM BHEMKH
¥ pgoctaBku mopoa. C pasBMTHEM TEXHMKE M TIOSBJCHMEM HOBBIX
MAIMH M MEXaHM3MOB METOAh BHEMKHM M JOCTABKM MPETEPNEBaioT
SHAYNTEIbHEE M3MEHEHMS. MeTomoB OTpaboTKM OueHb MHOIO, Tak
KaK OHM 3aBUCAT OT COYETAHMS BHEMOYHOTO M TPAHCIOPTHOIO
060pynoBaHMs, HANPMMEP: OTHOKOBHIOBHIE IKCKABATOPH C XKEJIE3HO-
AOPOXHHWM TPAHCNIOPTOM; MHONOKOBIIOBME 3JKCKABATODH C TPAHC-
DOPTHO-OTBAJIbHHM MOCTOM; TMADOMOHHMTOPH C 3E€MJIECOCHRMM YC-
TAHOBKaMH, Jparda u T.1I.



Bropas ocoGEHHOCTh OIpEnesieT CHCTEMY paspaboTkm, xapax-
Tep pasBUTMsi rOopHHX paGor B Kapoepe. IlapameTpn cucTem pas-
paboTKku 3aBHCST OT THMIA NPUMEHREMOr0 ofOpyIOBAaHMA M, B CBOIO
oyepeab, BAMAIOT HAa 3¢dekTUBHOCTL pabGoth ofopymosaHns. B or-
JH4YMe OT CnocoboB BHEMKM M JOCTaBKH CHCTEMH paspaboTku
MEHBILE MOABEPXKEHN M3MEHEHNSM BO BPEMEHM M C MOSBJIEHMEM HO-
BHX MAIIMH TOMBKO HECKOJBKO BHAOM3MEHSIOTCH, mpuoOpeTad PR
ocoBeHHOCTEM,

Takum 06pa3oM, CHCTEMH paspaboTKM M CHOCOOM BHIEMKM H JI0-
CTaBKM (WIM CXEMH KOMIUIEKCHOM MEX3aHM3aUMH) SBJSIOTCH ABYMS
CTOPOHAMM OZHOrO MPOLIECCa Pa3pabOTKM MECTOPOXIEHUS, B3AUMHO
JONOJHAIOMMMK ApPyr apyra. Beuay 3rtoit TecHolf B3apMOCBA3M MHO-
M€ aBTOPhl MyTAlOT CHMCTEMH M CNOCOOHM, OObemMHSAsS MX B €IMHOE
nesioe. B 10 xe BpeMs npu ogHOM cucTeMe pa3paboTKM BO3MOXHK
PA3IMYHHE MO0 YMCACHHOCTM M TEXHOJOrMM BapHaHTH MeXaHW3aLuH
BHIEMKH, TNOrpysKku, JOCTaBKM U oTBayooOpazosamms. U wHaoGopor,
NpH WCTIONb30BAHMM, HAMPUMEDP, THAPOMOHMTOPHOH BHIEMKM COBCEM
HE TpeXyCMAaTpMBAETCd Kakasg-TO OfHA COCHWAIbHAs CHCTEMAa pas-
paGorku. Ilpu rugpoMexaHM3auMy BO3MOXHO NPHMEHEHHE HECKOJIb-
KMX CHCTEM pa3pabOTKM, KOTOpEE MOryT OHTh TAKXE NPUMEHEHH MU
MIpM 3KCKAaBAaTOPHOM BBIEMKE M T.J.

Takoe TONKOBaHME AJHHONO BOMpPOCa COMMIKAET TEPMHHOJIOTHIO
MpM OTKPHTOM © TOA3EMHOM crocobax paspabotkm, urto, Oesyc-
JIOBHO, BENET K YJYYIOCHMIO M3JNIOXCHMS Marepuana w obneruaer
MOHMMAHME 3ITHX Pa3neNiOB ropHOM HAYKH,

B onpenenenue TepMuHa “cucTeMa pa3paboTKu” HET OCHOBAHMIA
BBOOMTh YCJIOBHS G€30MACHOCTH, NOJHOTH BHEMKM, 3KOHOMHYHOCTH.
310 He MPH3BAaKM CHUCTEMH pa3paboTku, a MPUM3HAKM YAAUHOIO M
HEY[AYHOIO €€ TPUMEHEHUS B AAHHHX YCJIOBMSX.

Ecid npusmare, uTO CcMCTEMa pa3’paboTKM OTPaxaeT MNpPUHSTHE
pemicHus 1O pa3BuTui0 pafouedf 30HH Kapbepa, Tuny 3aboes, Ha-
NpaBiCHUIO MX IepeMEIEHNs, B3auMOCBA3M pabouMX YCTYNOB, TO
Haubosee JIOTHUHHM $IBISETCS CAEAYIOmEE NpPeajaraeMoe aBTOPaMM
omnpenaeaeHne.

Cucmema pa3pabomku - 370 nopsaok dopmuposannd paGoueii
30HH Kappepa B MNPOCTPAHCTBE M BPEMEHH, XAPAKTEPUIYIOmUicH
CopasMEpPHRIM pa3BUTHMEM TrOopHHX pafor HAa ycrymax, dopmoii 3abo-
€B M HanpapJeHNEM WX IOABUTAHMA.

TIpenaoXkeHO JOBOJALHO MHOMO pasNMuHBIX KjaccudpuKaumil cucre-
mnl paspaborku. Haubospimee pasBuTHE NOAYMYWIM .ABE Kjaccudm~
KAUMM, B KOTOPHX 338 OCHOBY IMIPHHSTH: HATpapJCHUE TMOABMIaHMA
3aboeB u koudurypauus ¢poura pabor (A.Il. 3oros, C.M. llopo-
xoB, AWM. ApceutneB, I'.B. Tekucos;. B.B. Pxescxmit u gp.);
Cnocod NpOM3BOACTBA BCKPRIMHHX pabOoT M MEXaHU3AUUH BHEM-
xun u poctraBku nopon (E.@. Illemxo, H.B. MeasHunxos, I1.3. 3yp-
KOB M Ap.).

Tepsoit cepbesuodt knaccudmkaumeit cucrem paspabortku, omyb-
smkoBauHOH B 1932 r., creayer cumrate kiaaccudmkaumio AJI. 3o0-
TOBa, MAEM KOTOpOii He NOTEPSUIM CBOErO 3HAYCHHA M OO HACTOS~
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mero BpeMeHM. HyXHO OTMETMTb, YTO B HEE BKJIOYEHH M BCKDHI-
Balomue Bupaborku. OpHako B KiaccudMKauMm OTPAXEHH B OCHOB-
HOM TOJBKO CHCTEMH pa3paloTKM RIS rOPM3OHTAJBHHX M IOJOro-
NajalomMuX MECTOPOXICHHH.

B 1947 r. E.®. [llemxko npemtoxmwit KaacCHPUKAMIO CMCTEM pas-
paboTku no cnocofy mnepeMemeHMd IYCTHX NMOpoA. JT0 OhUT 3Ha-
yuTespHHN mar poepen. OmHAako, HECMOTPA HA TO 4YTO JaHHAs
KJIACCM(PMKALMSE XOPOIMIO NOAXOAWIA K IOPM3OHTAJIBHBIM 3aJI€XaM C
fonemnMu 0ObEMAaMKB BCKPHIIM, B HEM MOYTH HE OBLIO yAEIEHO BHM-
MAaHME CHCTEMaM pPa3’paboTKv KPyTONANalomMX M MOIMHBIX MECTOPOX-
nenmit. KpoMme TOro, M3 paccMOTPEHMS BHINANM OCHOBHHE - 1 O -
66 uHHe paboTh.

B 1951 r. H.B. MenpunkoB onybmkoBan kaaccudmKaumio cCuc-
TeM pa3paborku, KoTopas NOJyyM/Ia 3aTeM IODHPOKOE pacrnpocTpa-
Herue. B ocuHoBe ee - cnocog MpPOM3BOACTBA BCKPHWIMHHEX pabor,
MeXaHM3auMa WX npousBoacTBa. OnHAKo mpM 3TOM HE paccMaTpH-
BAIOTCA TEOMETPHUYECKME MPU3HAKM CHCTEM M OTCYTCTBYIOT A0ORIY-
Huie paGoTHl.

Hanpuetimee passutne (1968-1975 rr.) knaccudmkanus cucrem
paspaborku moayuywna B paborax B.B. Pxesckoro. B ocHOBy e€ro
KIACCH(MKALMA [OIOXKEH XApaKTep PacnojioXKeHHMs M TepeMenieHus
dponTa paboT OTHOCHTENBLHO OCEM KAPHEPHOIO MO/8, ONHAKO.B HEH

He Hamm otpaxenud uaen E.@. Ilemko m H.B. MensHukosa, uro,
Ha B3rIgA  aBTOpoB, 3JHauuTesbHO obemuwio ee. Kpome Toro,
HA3BaHMs CHCTEM pa3paboTKM HECKOJBKO CTATMYHE, 4YTO HE COOT-
ne;gmye’r OCHOBHOMY CBOMCTBY rOpHEX pafoT - JUHAMHYHOCTH
3aboes.

B 1972 r. aBTOpH NPENJIOXWIM KJIACCH(PUMKALHUIO CUCTEM paspa-
6otk (tabn. 5.1), B KOTOpOM, Hapsgy CO CBOHMMH MPEAIOKE-
HugMM, yuiu HamOosiee wHTepecHne upen A.Il. 3orosa, E.OD. lem-
ko, C.M. Ilopoxosa, I1.9. 3ypxosa, H.B. Mensuuxosa, I'.B. Ce-
xncosa, B.B. Pxesckoro [5].

Ilo ofmeMy xapakTepy pa3BMTHS IOpPHHX paboT Bce CHCTEME
paspaborkm (¢ yuerom npeanoxenuit C.MA. Ilonosa, I.B. Cexkmcosa
u B.B. Pxesckoro) menecooOpasHO pasge/diTh HAa [BE CPYINhL.
Ilpu paspaboTke TOPM3OHTANLHHX M MOJOTONANAIOMMX 3aJEXEH He-
60mbmON  MOmHOCTH pabouasi 30HA Ppa3BMBAETCS B  TOPM3OHTAJb-
HOM HanpasieHu u pabotw Begyrca 6 e 3 yray 6 km
Kaphbepa, a npu paspaboTke KpyTOnmajalomux M MOIHEIX
NOJIOTONAJAIOIHAX  3aneXeid paboTh pasBMBAIOTCH KaK B TOPU3OH-
TAIBHOM, T4K M B BEPTHK&IPHOM HANpaBJICHHH, T.€. OCYMECTB-
nsercs yray6xa kapsepa (3ro naubonee pacnpo-
CTpaHEHHa#s rpynua cucreM paspaborku). Takum oOpasom, npen-
JIaraeTcd pasJMyaTh CHCTEMH paspaborkm: ¢ ymybkoit kapbepa
(puc. 3.1); Ges yrnybxkm kapoepa (puc. 5.2).

Crnexyer MMETh B BHIY, YTO BO3MOXHH Ciyuau pa3paborku,
KOria CHayana BegyT ymiyOky, a 3aTteMm, M0 JAOCTHXEHHM THOM
Kappepa KOHEYHOM OTMETKH, HAuMHaloT OTpaboTKy KapsbepHOro no-
NS N0 NPOCTHMPaHMIO Cpasy Ha BCo rtayOuHy. Bosmoxun m Gosree
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h < ctgpcigB *

3Hak "+” NPMHMMAETCH NPH COBNAJCHHM HANPABJICHMS CKOPOCTH V
M TOPM3OHTATBHON NPOSKIMM MCTHHHON CKOpOCTH yrnybku mox yr-
JoM B, 3HaK "-" - NpM NPOTHBOHNOJOXHHX HAOPAaBJICHMIX.

Ofmee ypasHeHHME CKOPOCTM NOHMXEHMH OOOHYHHX paGor

-V
ho < cigpcigd’

3Hak ”+” npumaMMmaercs npu paGore or saexauero 6oka K BuCHUEMY
60Ky, 3HaK “-" - NPH TPOTHBONOJOXHOM HANPABJCHUHM NBMXECHUS
YAX YCTYNOB.

BeprrkaibHas CKOPOCTh MOHMXEHHS HOOWYHWX paGor npu yrmy6-

KE BHE PyXHOro teja m B # &
cigp * cigB

ho = he cigyg * c1gd °

Ilo Mepe yrayOkm Kapnepa paGoumii Gopr mepeMemaeTcs BHH3 M
BNpaBO, OXBATWBas BCE HOBHE M HOBHE yCcTynn, Ha kaxnoMm pa-
Gouem ycryme ¢poHT pabor CMemAercs BIPaBO M MOCIEAOBATENTb-
HO MPOXOAMT Yepe3 TOYKH, B KOTOPHX ODecneyuBaercs BO3MOX-
HOCTh BCKPHITHE M NOATOTOBKM HEXeaexamux ycrynoB. [Ipu 3tom
OOJDKEH COBMIOZAThCE 3aKOH COPa3MEPHOIO Pa3BMTHS TIOPHEX pabor
HA CMEXHHIX paboumx ycrymax:

Vi

IMpu npoexTHpoBaHMM OOHYHO NPUHMMAIOT paboune MIOMANKY mu-
pusoit B, = B, Torma v, » v, wm B Gosee paspepHyToM
BUZC:

9Ny Qi1Vin

> .
Lihi Li+lhi+l

1
2V = T By - By)-

3T0 ypaBHeHMe MO3BOJI4ET NPOCKTMPOBIMKY noao0paTh THI M KO-
JIMYECTBO IKCKABATOPOB LS KaXxmoro pabowero ycryma.

IOnnaua d¢ponta pabor mo mepe oTrpaboTkM paboumx ycTynoB
o0HYHO HenpepHBHO u3MeHsieTcs. [IpM NOCTOSHHOM KOJMYECTBE
3KCKABaTOPOB HA YCTYNAax CKOPOCTh MOABurannda wmx Oyoer mepe-
meHHON. KoimMuecTBo 3KckaBaTopoB MOXeET OHTh TOJMBKO LETHIM
YNC/IOM, MO3TOMY TpPU YBEJMUEHMM WM COKPAmEeHMHM YHCAa pabo-
TAOmMUKX IKCKABATOPOB HA OAHY COMHHIY CKOPOCTb MEpPEMEMmEHHs
yeTyna MaMeHseTcs CKaukooOpasHo. Takmm oOpasoM, B 3ako-
HOMEPHOCTSX ~ pa3puTHs pabouedl 30HH Kapeepa MposSBALIOTCS U
neitcTByioT ABe rpymne $axkTopoB: oObeKTHBHHE (ycaoBusi u ¢opma
3aMEraHnd TOJE3HOro WCKONaemoro, penbed nOBepXHOCTH, COpa3-
MEPHOCTb Pas3BUTHS CMEXHHX pabouux ycrynoB M gp.); cybmex-
THBHHE, 33BHCSMME OT PEIIEHHH CNEHHAJMCTOB (BHICOTA YCTYNOB,
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THN 3KCKABATOpOB, WMPHHA 33aXOA0K, WIMPHHA paboudx ILIOMAAOK
u T.A.). OtuMn 0BCTOATENBCTBAMH OOBSCHIETC TPYAHOCTh B BHI-
6ope OXHO3HAYHOrO pemeHns obnactu (apmantoB) pemenui. [lo-
3TOMY NPHMHATOE pEmEHME BCErAa HECET Ha cebe meyarb JaHHOIO
BPEMEHM M OTPAXaeT OCOGEHHOCTH 3HAHMA M TAJAHTA HHXEHEpa,
MPHHSBIIErO 3TO PEIICHME.

OKOHYATEIBHO BCE 3THM BONPOCH PEmAlOTCsi MpH TOCTPOCHHM Ka-
JIEHAAPHOTO TJIaHAa ropHHX pabor.

OmuM 3 BAXHHX IMOKA3aTE/eH CHCTEMH pa3paboTkKM SBASETCH
2odosas npou3aodumenvHocme kapvepa, omuecennas x 1 xm ¢hponu-

ma pabom (M*/rop-xM):

JOOHYHOTO

Fn = Ayl Luo, S.1
BCKPHIIHOMO

Fy - Ay/La.g, .2
obmero

Fo = L':_¢ N 5.3

rae Ap, A., A - nNpOM3BOAMTENIBHOCTh Kapbepa COOTBETCTBEHHO IO
pyne, nopome, ropHod Macce, M/rom; Lng, Lse, Loy - ANMHA
¢dporta paboT COOTBETCTBEHHO PYAHOrO, MOPOAHOro, odmero, Km.

Ilupumy paboumx IUIOMA3AOK PACCYMTHIBAKOT MCXOAS M3 YCJIOBMA
pasMemeHMs HeoOXoaMMOro obopyaoBaHMd, NOZBE3AHEX NyTeH,
JHHMI 37EKTpONEpenayn, a Takxke o0ecmeyeHusi pe3epea TOTOBHIX
K BHIEMKE 3anacos.

Cpennsis HeobxomuMas mupuAa pabouell mIOmanaku HNOOHMYHOrO
yctyna (M)

B = By, + 440 S.4
P
M€ Bmin - MHHHMAJIbHAY mupuAEa pabouedl WIOmMAIHM, YYMTHBAOMAN
pPasMEMEHNE B3OPBAHHOM MACCH, XXEJIEIHOOOPOXHKX INyTeH, aBTO-
popor, 6ypoBoro M AOOKYHOrO OBOpYAOBaHMSl, JMHHMI 3AEKTpONEpe-
JauM, M; ji - pE3epB rOTOBHX K BHIEMKE 3amacoB pyAu, Jet; h -
BHICOTA yCTyma, M.

PexoMeHRyeMB€ 3HAYCHHS MWHUPHMHH paboucl IUIOMAIKH W yria
orkoca pabBouero Gopra npusenewn B Tabn. 5.2. Tak, sHampumep,
npy B3PHBAHMM CKAJbHHX MOPOA € MOrpy3KOH Ha XCIE3HOAOPOXHIA
TPaHCTIOPT PEKOMEHJyeTcd IMMPWHA IUIOmManoK 75-93 m, 'a nmpu wuc-
MOJb30BaHMM aBToMoOwibHOro Tpaucnopra - 75+80 M. Ilpu oamo-
PSNHOM B3pHBAHMM OHA MOXeT OnTL ymenbmeHa mo 50-70 M.

B npouecce pabore Kapbepa BEJMUMHA Yrna OTKoca pabouero
Gopra ¥ mupwHa paboyux IUIOMAAOK HEMPEPHBHO M3MCHSIKOTCH.

Jlimua 9kckaBaTopHeX O/OKOB, T.e. ANMHa ¢pouta pabor Ha
YCTYIlE, MPUXOASMASCH HA OOUH 3SKCKABATOP, CYMECTBEHHO BJHMSAET
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' H3 WHTEHCMBHOCTH OTPabOTKM YCTYna M MNPOH3BOABTENBHOCTD 3JKC-
KaBaTopa. ,

Tlpn NpHMEHEHHM JXEJIEIHOAOPOXHONO TPAHCHOPTa (PPOHT pabor
A2 OfMH JKCKAaBaTop M3MEHSETCd B mUMPOKEX mpexeaax (or 250 mo
1800 m). Ha xapbepax Kpusbacca nmporsxeHHOCTh (bpOHTa Ha OMVH
9KCKaBaTop B LEJIOM MO Kapbepy cocraBaser 450-800 M, a mo
pymuuM 3a6osm - 230+400 M. Ilpu aBromoOmiabHOM TpaHCTOpTE
mnHa 610K0B Kopoue - or 50-100 m go 200-300 M.

TnasamiMu aKTOpaMu, ONPENENSIONMMMH JIAHY 3JKCKABATOPHOIO
670Ka C yueTOM BHICOKOM HMHTEHCMBHOCTH paspaboTku MeECTOpoX-
NEHUHA, FBJISIOTCH YCJOBMY PacCTAHOBKH 3KCKABaTOPOB NP JAHHOM
cnocobe TPaHCIOPTMPOBAHMS M yc/oBus ofecneuenns 3IKCKaBaTopa
B30PBAHHOM MACCOH HA ONPENEJCHHBI CPOK 6ecnepeboiinoit paboThL.

Tabruya 5.2
PacueTHhle 3HaYeHHa IHPHMHN paloded IIOMAIKH H yraa

orxoca pabogero Gopra

BricoTa ilInpuna paboueit Yron orkoca pabouero Gopra
Hopoawi yCTyna,m IIOIAAKH, M
H8 CMEXHBIX
YCTYTIaX Opu npo- jmpn mop- |npu mpoxoske | npu HOpMATL-
XOnKe MaJbHOM | TpaHwen Hoi pabore
Tpauieii |pabore
Hawocui-Hanoc 10 30 37 14° 12°
Hanochi-ckas- ° °
HER 10 0 50 15 30’ 10
CxabHule- o, 4 o .,
CRabHbiE 1 u B 12 20 1o
12 40 8 40
15 43 2 17° 8°30° _
15 43 75 17° 10°30’

IlpuvMeyaHwue B udumrese - 3HAYEHNS NAPAMETPOB NPU MHOTOPIL-
HOM B3PLIRAHMM, B 3HAMEHATESE - (IPWU OHOPAIHOM.

Tabnuya 5.3
Jnuua IxckaBaropHbx Groxos (0 ganuniM I'unpopyms)
Nmvma 610K0B, M, NPU BMECTMMOCTM KOBINA
Tlopozn: By TpaHciiopta IKCKABATOPA, M

1-2 3 6

CxasbHbie XKene3HonoPOXHBIF 200-300 400-500 500
ApTOMOOHITBHBI 200 300 400

HeckanbHbie 2KeneanonopoxxHulis 150-200 300 400
ABTOMOGWITBE 100-150 200 250
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Ha ocHOBamMM aHanM3a JAMTESBHOM NPakTHKHM ORAM onpene-
JICHH ONTHMA/IbHHE 3HAYECHHS JJHMHW OJOKOB JUI 3KCKAaBaTOPOB
(taba. 5.3).

5.3. PACYET CHCTEM PA3PABOTKH C YIJIYBKOM KAPBEPA

B npouecce paspaboTku KpyTONajalomuX PYOHHX TEA BO3HMKAET
npobieMa’ B3aumOZEeHCTBMS TOPHEX pabor mo ymiyOKe Kaphepa M
paGor Ha paboueM Gopry Kapwepa. OcobemHO TPYAHO ynpaBASThH
aruMn paboramu B rIyOOKMX KapbepaX NpM HAIMUMM OOJBINOIO
uucha pabouux yCTynoB M HEOOXOAHMOCTH MAaHEBPUPOBAHHS HMeE-
OMAMAKCS KCKABATOPaMH.

IlpeanonoxuM, uYTO NPOM3BOOMTEALHOCTL Kaphepa N0 pyac 3a-
JaHa, M JUIS €€ peanu3auMuM HYXHO yry6adate Kapbep €O CKO-
pocteto h,. ns 3toro HeoBXoamMmoO oDecneuuTs: 33AAHHYIO CKO-
pocTh yrny6KM IMyTEM OpPraHM3alMd rOpHHX pafoT 1O BCKPHTHIO M
MOATOTOBKE HOBRIX IOPH3OMTOB HA ABYX HMXXHMX pafoumx ycrynax;
TpebyeMyl0 CKOpOCTb yrnyOKM OTTOHOM BCEX YCTynos pabouero
6opra Kapbepa B rOPU3CHTA/JILHOM HANpPaBACHMN,

B npouecce paGoTH Kapsepa wMpMHa pafouMx MAOmMaxoK Bapbu-
pyercs KaKk BO BpPEMEHH, TaK M B IPOCTPAHCTBE B [OBOJBHO MIM-
pokux npenenax [7]. B cessu ¢ 3tuM ¢popMa TOBEPXHOCTH OTKOCA
pabouero Gopra M3MEHAETCH: B OTHEIPHWE TNEPUOAM OHA MOXET
OhTh TJIOCKOM B MONEPEYHOM CEUYEHMH, BOTHYTOM, BHIMYKJIOH, BOJ-
HucTOM M Ap. (puc. 3.3). Takoe wuameHenwe ¢opmn Gopra oOTpa-
Xaercs Ha CKOpOCTM noaBuraHus pabouux ycrynoB um Bcero 6op-
Ta, a 3HAYMT, BJMSET HAa CKOPOCTb yriyOkum kapnepa. Cpegmas
CKOPOCTh IOpPHM3OHTAILHOIO MOABMraHus Oopra

Ve = 120N/ hlog, ¢.5

rre N - obmee umca0 3kckapatopoB Ha pabouem Gopry Kapmepa;
L.y - o6mas pamua ¢poura pabor ma pabouem Gopry, M.

ITo mepe yrnybku kapsepa OyAyT HM3MEHSTHCS HIMpWHA paboumx
IUIOMAA0K, u4ucjio paGouwx ycrynos, nmuHa ¢poura pabor, no-
TpebHOE UMCO IKCKABATOPOB A1 NMOAACPXAHMA TEMNA yriyOKku.

Ecnm npu mojoxewmu aHa xapnepa B Touke O (cM. puc, 5.3)
pabounii Gopr uMeeT pacueTHHE pabodue ILNOMAOKYM ¥ MAKCHMAJb-

A ¢ & L2

Puc. 53. ®opMu no-
DEPEYHOr0 CCYCHNS pa-
o, Gouero Gopra
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HHH yroa orkoca (OC, T0 Aa8 nepexoma B mojgoxenne OyC; HYXHO
BHHYTb 00beM mopox Ha mwiomagu OCC,C;0;. Ilpu Brmywioit dopme
pabouero 6opra OBC; 3ror obbeM nopox OyAET HECKOIBKO MEHb-
muM, a npu Boruytoii ¢opme OB\C) - eme mensmmuM. Ho ¢ apyroit
CTOpOHH, NPHM ONYCKAHMH JHA Kapbepa OT TOYku A A0 Touku O
HauMEHbmMMA o0beEM IOpHEIX NOpox OyJeT BHMHYT NpU COXPAHEHMH
MaKCHMMATBHOTO yrna otkoca pabouero 6opra OC, YTO NpMBEAET K
CHUXEHMIO OOBLEMOB BCKpHIMHmX pabor.

Taxum obpasom, mamenenue ¢Qopmm pabouero Gopra paer Bos-
MOXHOCTh MaHEBpUpOBaTh ofopymoBanueM u ofpemamm pabor, B
YACTHOCTH, NMO3BOJLET YCPeAHATh KO(bUIMNEHT BCKpHUTH,

Onupasicc Ba 3aKOHH (POPMHPOBAHMS KAPLEPHOTO MPOCTPAHCTBA,
MOXHO YCTaHOBHTb MOpHAOK pacyeTa HeoOXOAMMOro uMCiaa 9KCKa-
BaTOPOB Ha KaxaoMm pabouem ycryne m ofpema pabor:

1. ¥YcraHoBuTL HEOOXOmMMYIO CKOpOCTh yrmyOxu kapeepa A aig
obecrieyeHHs 3aaHHOM MPOM3BOIMTEILHOCTH Kaphepa IO pyAE.

2. OnpegennTh HOPMATHMBHYIO CKOPOCTh NOABMraHuMsi pabBoumx
YCTYNOB npM YCJIOBHM TIOJJEPXAHUS PACYETHHX MUHUMAILHHX pabo-
YMX [JIOMANOK MIMPUHOH B, ¥ ONHOCTODOHHEM PA3BHTHH pabor:

Vi = h(Clgpmex + CI1EB). 5.6)

Ecm paseutve paGor aBycroponHee, TO ONpeAe/MTh Vy M B TpPoO-
TUBOIIOJIOXHOM HANpaBJICHUH:

7 s

Vu = hr(ctgq)max - Cth)- 3D

3. B nociIenoBaTEBHOCTH CHM3Y BBEPX OnpenemTb Tpebyemyio
CKOPOCTh NOABMIAHHA KAXIOMO YCTyma.

4. Tlo ¢opmync (5.5) onpenenntb HeOOXOMMMOE YHCIO IKCKA-
BATOPOB HA KaXJOM YCTYIIE.

5. TNopcuurats obmee MHHMMANBHOE KOJMUYECTBO 3SKCKABATOPOB
Ha paGoyeM Gopry (HE CuMTasi 3KCKABATOpOB, 3aHATHX Ha yray6-
K€ Kapepa, T.€. Ha CaMOM HIkHeM pabouem ycryme) u oOmpmic

obnem pabor.

NMpumep 1. Pynunni kapsep Ha HAuaJ0 rona uMeer 9 paGoamx ycrymos. Tipu
otoM hr = 15 wm/rog; Q = 960 000 v/ron; wmme pymmod aanexH 1,5 kw;
BOi-SOM;B-w ccgB = 1,19, h =15 m; @ = 13 ; cigp — 4,33; Pmex —

= 14,6°; ClgPmex = 3,84.
HopMATHMBHAS CKOPOCTb NOABMraHmg pabouwmx yctymos

va = 153,84 + 1,19) = 755 m/ron.

Heo6X0AMMOE YMCIO 3KCKABATOPOB MOXHO OfNPENeauTh PAIHbIMM CNOCOGaMM.
PaccMOTpu™M 1IBd M3 HUX, COOTBETCTEYIOUIME CREAYIOUIHM CHTYAUMgM:

1) MOXHO COXpaHUTb K KOHLY Ioja yron orkoca @ = 13w monsurath BCe
pa6oume YCTYNm C ORMHAKOBON CKOPOCTHIO V = 15(4,33 + 1,19) — 82,8 m/ron;

2) MOXHO K KOHLlY FOna BbIXORMTh HA BCEX YCTYNAX HA MMHUMAJILHYIO JIHPHHY
paboumx IIOLWANOK Boi = 50 M ¥ MaKCUMANLHBIA YIOA OTKOCE Pmax = 14,6 .

Peaynntathl pacvyeroB npuseseHbl B Taba. 5.4.
Jing coxpanenms ma pabouem Gopry cymecrpylomeit curyauun (1-if BapMAMT)
notpefyercs. Ha feBSTHM YCTynax YCTAHOBHTL He MeHee 23 3KCKABATOPOB M BW-
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Tabruya 5.4

Pesymbrarel pacueta 1pefyeMbx CKOpocTa
HOJBMraHMs YCTYTIOB H 9HCJIA 3KCKAB3TOPOR

Bapugnt 1(p ~ Bapuaut 2(@Pmax = 14,60)
Fopu- B, , M Li , M [=137)
30HT
Ny upu v, = Iepsuiit rog IMocnemyrommit ron
- 82,8 mfron
v pm/ron Ny Ny opu v, =
-'75,5 mfron
1 80 2300 2,89 22,5 0,81 2,71
2 65 2200 2,86 32,5 1,12 2,8
3 60 2100 2,73 47,5 1,58 2,48
4 50 2000 2,8 57,6 1,8 2,36
5 52 1900 2,47 57.5 1,71 2,24
6 60 1800 2,34 59,5 1,67 2,12
7 58 1700 2,21 69,5 1,85 2,01
8 50 1600 2,08 75,5 1,89 1,89
9 - 1500 1,95 75,5 1,77 1,77
Hmoeo - 17100 22,23 53,07 14,18 20,18

HYTh B TeueHMEe ropa OObeM TOpOA, PaBHmii 23°0,96 = 22,08 mm M. Ecin e
BbIXOAMTb HA GOPT € MMHMMAJIBHBIMM IUIOWlAAKaMu (2-# BapuaMT), TO MOXHO OBOf-
THCH B Teuenme ropad 15 axckamatopamm M mamneus 15°0,96 = 14,4 mm. M. Ho
3870 B CJERYIOWEM rofy, 4To0sl obecneuuts COXpaHEHMHE MHMHMMAIBLHBIX IUIOLGAOK,
notpebyercs wWa gmemstv paboumx ycrynax pa3MecTdT He MeHee 21 3JKckamaTopa,
a ¢ yuetom 10-ro ycrynma - 22 3KCKapaToOpa. M BbIMYTh 32 TOA OObEM IOPOA
220,96 = 21,12 wm. M

Cpennsg  cxopocrs nopsuranms pabouero Gopra B 1-m  mapuante 82,8
m/rom, B0 2-m - 53,07 m/rop. O6a BapManTa UPEAYCMATPMBAIOT NEPEBOK 3KCKa-
BATOPOB € YCTyna Ha ycryn. Jijig KOMDEHCAUMM MOTEpb BPEMEHH, @ TaKXKe e
yueta konefaHuil MMUPUHBLI [UIOMAKOK HEOOXOAMMO NPEAYCMOTPETH PEIePB IKCKABA-
TOPOB, KOTOPhII MOXHO OllpefemTh BBOAOM B pacuer koxbdmumenra 1,05-1,1 wm
€ NOMOWBK) CHELMANBHBIX WMCCIENOBAHME,

3Ty xe 3ajauy MOMNHO pelmMTh ApPYrMM myTeM. IIycTh Ha HAYANO rofa AHO
Kapsepa naxomurcs B Touke O, a paboumit Gopr OC wmeer paboume IUIOWBRKYM
paannuHoil wmupuHu (puc. 5.4.). K Hauany ciegylomero ropa HyXXHO ONMyCTWMTh AHO
B 104Ky Oy €0 CKOPOCTHIO Ay

OrnpepiesMM  MUHMMAJIBHBIE CKOPOCTM NOABMrammsa pabounx ycrymos, ofecne-
UYMBAOIIME K HAYATy caepyomero rona Gopmuponanne 6opra 01C1 ¢ MUHNMATBHEIMEI
paboumMK IICIIAAKAMM M MBKCHMAIBHBIM yIJIOM OTKOCAa paGouero Gopra.

HeobxoaMMbie MHHMMAULHBIE CKOpOCTH mopsuramna 1, 2., i,..., n-1o
pabouvix yCTynoB PaBHbi COOTBETCTBEHHO VI = WirXy, W2 = VirX2.-eo v, =
= Wkpes Yy = Ve

OnpesienMm  BEJHYMRY x; Hnsa  n-ro ycryna x, = 0, pia (n-1)-ro -

X = Bpy - Bonry M8 @Dro x5 = (B, + B ol - (B, ) t
+ Bo(n—2)l‘ B oGwem chayuae pag i-ro ycryma
i i
xr z Bi— P Boi" (5.8)

n-1 "n-1
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Puc. 5.5. ILian pabGouero Gopra xapnepa

Ecm paccMaTpuBaTe HE IUIOCKYIO, @ O0BEMHYI0 3ajiauy, 70 HYXKHO Ha IUuaHe
ropHeix pafor kaphepa (puc. 5.5) mameputbh wiomwaau pabouMx WIIMANOK yCTYNOB
S, (32IUTPUXOBAHHBIE YUYBCTKH) W AavMy (ppoura pabor Li' a 3aTeM ONpPeac/MTD

CPEAHIOI0 WMPHHY TLICIIBA0K
B,- S./L. (5.9

i [}
Tipumep 2. Pabounit Gopr crioxken 12 paBounmu ycrynamu seicotoit h = 15 m.
Kpome 71010, Ay = 12 m/rog; B, - 50 M; Pmax = 14,6 ; cig Pmex = 3,84
B - 36°; ctg B = 1,38, pamma ¢ponta mmkeero ycryna L, = 1150 v Q =

= 960 000 m*/ron.
HopMaTHBHAS CKOPOCTh NOABMIAKMS paBoumx ycrynoe
vn = 12(3,84 + 1,38) = 63 m/ron.
OctambHpie fiaHsbie, MNOMYYEHHLIE B pE3yibTaTe pacueros, NPHUBEAEHH B
Taln. 5.5. B wurore umeem, uto png obecnewenus cxopocTM yrybkm A = 12
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Tabnuya 5.6

PegybTar pacyerd notpelbHOro 9HCAa IXCKABATOPOB
HO BCKPHIMHEX YCTYynax

BapuaHT 1(1 = 81,6 m/rop) Bapwanr 2(v. = 89,8 m/rop*
Tlopuaont L
L, ™ N, npn Lg = N, L, M
i il 785 m i i
1 2310 2,94 3,13 2230
2 2230 2,84 2,73 2140
3 2140 2,73 2,61 2050
4 2050 2,61 2,51 1970
S 1970 2,51 2,41 1890
6 1890 241 2,31 1810
7 1810 2,31 2,20 1730
8 1730 2,2 2.4 1650
9 1650 2,1 2 1570
10 1570 2 22 17040
Hmoco 19430 24,65

*Ha sTOpOM IOpH3oHTE.

IpuBeneHHbe NpMMEPH MNMOKASWBAXOT, YTO B IPOLECCE COCTAB-
JeHMS WM PEeaNM3aUMM KANEHJAPHOTO IU1aHA TopHeix pabor Heobxo-
IMUMO CTPOTO PpYKOBOACTBOBATLCH TNOJOXEHMIMH 3aKOHA COOTHOWIE-
HHE CKOPOCTEH IOHHXEHHS TOpHHX pafor M noxpuraHus paboumx
YCTYNOB H 33aKOH3 COPA3MEPHOTO pasBMTHS TOPHHX pafor Ha
cMexHuX paGoumx ycrynax, Toneko B 3TOM Ciydae kapbep Oymer
paboTtaTh HOPMAJBHO.

5.4. IEPErPY309HBIE IMYHKTBl B PABOYEH 30HE KAPHEPA

IlpoexTammu PEKOHCTPYKUMH GOJIBIIMHCTBA KDYTHEHIMMUX XEAe30-
DPYOHHX KaphepoB IpPeIyCMAaTpHBACTCd NpPHMEHEHHE XKEJIE3HONOPOX-
HOTO 37eKTpH(UUMPOBAHHOIO TpaHcnopra A0 miybmam 150-250 M.
Ilps 3TOM rOpHAg Macca ¢ HECKOJLKHMX HMXHHX pabouux TOPH3OHTOB
TPAHCNOPTHPYETCH ABTOCAMOCBAJNAMM 1O NEPErpy30YHHX * IYHKTOB.
KonnuecTso neperpysouHnx nyukroB kosaebnercs or 1-2 no 6-8.
Omm pasmemalorcd, Kak npasmwio, Ha pabouem 6opry xapeepa.
[IponoIXNTENPHOCTL CymIECTBOBAHMS TAaKOrO HNEPErpy30uyHOro mMyHK-
Ta Ha ogHoM Mecte 1-3 roga. B ro Xe Bpems nosycrauMOHap-
HOCTb TIEpPerpysOYHOTO NYHKTAa IMPOTHBOPEYMT HeoOXOOMMOCTH Me-
NpPEPHBHOTO nepememenus pabouero Gopra ¢ onpeneneHHOH CKO-
POCTHIO B 33aJaHHOM HATPABJEHMH. JTO MPOTHBOPEYME MOXET OhITh
paspemeno JHOO CO3JaHMEM HA COPH3OMTE pE3EPBHOM ILIOMANKH
g pasMemeHns Neperpy30MHOro NMyHKTAa IyTeM IOABMTaHWd BHImIE-
JIEX3IEro yuacrka Oopra ¢ yBeJIHUEHHOH CKOPOCThIO, Jmbo opra-
HH3aLMel MOA Neperpy304YHLIM IMYHKTOM Y4YacTKA BPEMEHHO Hepa-
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Cpemmeii ckopocTn nopswranms pabouero 6opra v = 35 m/rop coorBeTgIByeT
cxopocTk yrmyfku xapsepa 10 mM/rop npu ywie najeHqs pymHoro Ttena y = 60 .

Jinn OpraHM3aLMM OJHONO TEpPerpy3oqMHOrO WYHKTA € IUIOLIAAKON onepexe-
HHa ropubix _paGor ma rnyGuse 100 M HYXKHO RONOJHMTIENBHO HIRNEUL OKOAO
1,5-2 e M ropeoit Maccel. ClEORATENBHO, PA3MEILATh NEPErPY30UHBIE MYHKTHI
C IUVIOMAJKaMK OfIEpeXEHMS CJEAYeT Ha y4acrkax Gopra ¢ MMHMMAJIbHOW CKOPOCTbIO
MIOXPMIraHuA.

PaccMOTpMM B3aMMOCBSI3b MApaMETPOB CHCTEMH paspaborkm nna
chyyas, KOrja Ha TOpDH3OHTE OPraHM3yeTcd TOJBKO IUIOMAnAKa [nd
pasMemeHns NEperpy3ouyHOro MNyHKTA M He (03[dercd pesepBHAg
IVICIAAKA Ui ONEpPeXEHNs rOPHHX paboT, YTO AAET BO3MOXHOCTD
NpPaKTHYCCKH B ABA pa3a YMEHBIOMTb JONOJHMTEIBHENL ofpeM rop-
HOM MAacch, M3BJIEK3aEMOM MpH CTPOMTENIBCTBE IYHKTA, M COKpa-
THTb TIOTpeOHOE Ansl 3THMX HEael BpeMs.

Mo mepe orpaGotkm kapwepa ero paboumii Gopr A BD: mnepe-
Memaercd, 3aHMMad ONpEAEJCHHOE MMOJIOXKEHME HA HAYaJo Kaxaoro
asrana paspaborkm I-III (puc. 5.7, a). IIponoNXMTENLHOCTH
KaXJoro 3Tana OMNpEAEasiETCsl BpPEMEHEM, HEOOXOmMMEIM /IS ropm-
30HTATBHOTO NOABMraHMs BepxHeW uactm pabodyero Gopra Ha mm-
pMHY TUIOmMAAKM AAH PAasMEmEHMs TEperpysouyHOro MNyHKTa Bug.
OueBMOHO, YTO MHUHMMAJIbLHA® TPONOJAKHTEARHOCTD KAXIONO JITana
paBHA BDEMEHM [.; CYIECTBOBAHMs Ieperpy30MHOrO NYHKTa Ha
OOHOM MecTe, paccuMTmBaeMomy 1o ¢opmyne (5.11).

K Hayany sKcolyaralud Meperpy3OuHOTO MYHKTA HA TOPH3OHTE
€r0 pasMEIeHds O0DKHA OuTbh 00pasoBaHa ILIOMANKA LIMPUHOM

Bn:l = Bn_n + Bmin- (5.13)

Tlocie BBOmA DEPerpy3oYHOTO IYHKTA B 3KCIUIyaTaUMIo HHXE €10
Haukpalor (OpMHpOBaTh BpeMeHHHI Hepaloumit Gopr (uenvk). Ha
Hauano stana I oH 3aiimer mosoxenme C.B;, a Gopr xapwepa -
AzC},B]Dz.

Tner

Puc. 5.7. CxemMa nocrenosareinHoro nepememends Oopra xapnepa no 3Jranad

paspaborku ¢ ofpasonanneM NOJ NEPErpy309HbBIM MYHKTOM LEJHEOE (@) u rpadux
M3MEHEHME BLICOTRI LEJMKOB BO BPEMEHH M MX MECTONOIOKEHMHS MO rayGune xapwe-

pa (6) [50]
122









NpPON3BOACTBEHHYI0 MOMHOCTE Kapbepa mo (pakTy Haaumums ¢ponta
paboT ¢ yueroM: TIPOIYCKHO#H CnocoOHOCTH  BHYTPMKApbepHOro
TPAHCTIOPTA; MOIMHOCTH APOOWIBHO-COPTHPOBOUHOM (abpuku; mpo-
HMYCKHO# CIOCOOHOCTM BHEIDHMX TIOAbE3THHX MyTEi.

I.U. Toponeuxuit B 1949 r. [30] 8 xadecrBe OCHOBHHX ¢ak-
TOpOB, BJMSIOMMX HA TPOM3BOANTENBHOCTb TOPHOTO NPEANPMATHS,
BLACAMA 3anaCH M CPOKH OCBOEHMS MECTOPOXACHMS, Ka4YeCcTBO
pPyAN, PA3BEAAHHOCTb MECTOPOXACHHE M MEPCIEKTUBH YBCAMYEHHS
€ro 3arnacos.

B 50-e romw pasBUTMEM TCOPHM ONpEAEJACHHsS HpOM3BOAMTENb-
HoctTH Kapbepos saHmmanmuch A M. Apcentses [3], B.B. Pxesckwmii
(63], I1.3. 3ypxos [35], E.W. Bacwmes [23], H.T. Kanyctun
(38], T.A. l'aros [26] u np.

Bce mMeropum onpegeneHud IPOM3BOAMTENBHOCTH Kapbepa IO
CBOMM XApAKTEPHHM INPH3HAKAM MOXHO PA3AEJHTh HA TPH IPYIIIH.

Memodsl nepeoil zpynnbl OCHOBAHH HA PACCTAHOBKE MOTPY304HO-
ro ofopynoBaHus M0 JMHE (PPOHTA, YUMTHBAKOT PAZMEPH 3ANEXRM,
NPUHATYI0 CHCTEMY paspaboTKM, THI TOrpy30uHOro OO0OpYAOBaHMS
4 BHI TPaHCHOPTa.

Memoodbt amopoii epynnbt OCHOBALH HA TEMIIC NMOHMXEHNSE NOPHHIX
paboT, YuMTHBAIOT pasMepH PyAHOIl 3ajJeXM, 3anacu, TMN TOrpy-
30YHOTO M TpaMcnoprHoro obopynosanmg. OOnYHO paccMaTpHBaeT-
¢ HECKOJIbKO BAPMAHTOB TOPHHX pafoT, 4YTO MNO3BOMEET YYMTH-
BaTb BANSHME NOKPHBAIOMUX MOPOA.

B oTnenbHyo mpembro zpynny CACHYET BRIEJHTL Meroal [3, 1S,
75, 84], KoTOpHE OCHOBAaHH Ha TMOACYETAX OOBEMOB PpYAW TIpH
NO/IHOM MCTIO/Ib30BAHMH BO3MOXHOCTEH pasBMTHS IOpDHWX pabor B
myGMHY M B TrOPM30HTA/IBHOM HAMPABJCHWH. JTH METOAW MNpERY-
CMaTPMBAIOT pEIIEHME 34Aau¥ ONpEAcncHME TNPOM3BOAMTEABHOCTH C
MOMOIIBIO MOTOPU3OHTHHX IUIAHOB, TOYHO YYMTHBAIOT PasMEPhl 3ayie-
XKH M €€ MNMPOCTPAHCTBEHHYK) KOH(MMIypauuio, MOMHOCTD M COCTaB
NOKPHBAIOMMX M BMEINAOLMX TMOPOA, CNOCO0 BCKPHITHS, CHCTEMY
pa3paboTku, HanpasicH4Ee Pa3BHTHd TOPHHX pafor, npuMMeHseMoe
MOrpy3oyHOe M TPAHCNOPTHOE O0OPYAOBaHME.

UccnepoBalins MHOMMX YueHHX IMOATBEPXKAAIOT, YTO YBEJHWYEHME
MOIIHOCTH FOPHOrO MPEANpHITHS BEAET K CHMDXEHMIO cc&cronmoc'm
MONIE3HOrQ MCKONAEMOr0, YMEHBIICHUMIO YAC/AbHAX KAMHTATBHEX BJIO-
XeHUH M NOBHINEHUI TMPOM3BONMTEALHOCTH TpyAa. CheaosatenbHo,
NPOA3BOAMTE/ILHOCTh, BO3MOXHAL M0 TOPHOTEXHHMYECKMM (haKTOpaM,
KaK 3T0 YTBEpXJAalOT MHOTHE WCCJICAOBATEAM, HBJISETCE H 3KOHO-
MHYECKH 1€€Co00pa3Hoii.

B macrosmiee BpeMs M3BECTHH ABE FPYNNE METONOB ONpEnesie-
HHS TrONOBOM MPOM3BOAUTENHLHOCTH KAaPbEPOB: M0 TFOPHOTEXHHYE-
ckuM ¢pakTOopaM (rOpHMBIM BO3MOXKHOCTEM); MO IKOHOMHMYECKMM (ax-
TOpam.



6.2. OPMEHTUPOBOYHBIE METOJbI ONPEAEJEHUSA
TNMPONIBOIMTEILHOCTH KAPLEPA

Bo MHOrMX ciyyasix o4yeHb MOJIE3HO HA NEPBRX CTAAMAX IPOEK-
THPOBAHHA MNOJYYHTb OpPHEHTHPOBCUHOE MNPEACTABJCHHE O BO3IMOX-
HOH NPCH3BOAMTEIBHOCTH Kapbepa. .

IIpr pa3paGoTke OXHOPOAHWX MECTOPOXIEHHMIA, KOrQa peatuay-
€rcd TOJBKO OAHO TOJE3HOE MCKOMAEMOE, MOXHO BOCIIOMb30BATHCH
OByMd MCTOAAMH PacyeTa IMPOM3BOAUTEIBHOCTH: MO BO3MOXHOM WH-
TEHCHBHOCTH OTPabOTKM MECTOPOXAEHHS; MO BO3MOXHOMY KOJMYE-
CTBY pyaHbix 3a0oeB.

Ilepsnit Meron ocHosan Ha ypasHeuuu (6.1). Ha 6ase manmmx
IS AaHAJIOTMYHHX KapbepoB WM pacuetoM no copmyse (4.7) onpe-
AensiOT BO3MOXHYIO CKOpOCTb yriayOkm kapbepa. Ecim yrny6ka se-
AETCE MO DPyAHOMY Teay, TO CKOPOCTh €€ PasHa CKOPOCTH IIOHH-
xeHud nobnyHnX pabor, ecm ke Auo Kapoepa ¢opMupyercd BHe
PYOHOTO T€da, TO 3TH CKODOCTH M€ DasHH, M BEIMYHHY H, HyXHO
onpeneaars no ¢opmyne (2.13).

BeanyuBn noreph W pa3yboXHBaHHS IPHHMMAIOT HA OCHOBE NAH-
HHX A8 AHAJOIHYHBIX KJ4phEPOB C YYETOM CJOXHOCTH 3QJIETAHMS
mecropoxaeHnd. OOnyHo BenumHa noreps cocrasager 0,02-0,05,
a obvemnoro pasyboxusanms - 0,05+0,1. 3naunr, xoadpdmumenr
nepexofa OT reoJOTMYECKMX 3amacoB K M3BJACKAEMBIM 3aMacaM Co-
crasager 1-1,09.

[1pon3BoAuMTENLHOCTL Kapbepa 10 MAacce IOJIE3HOTO MCKOMAeMO-

ro (z/rom

Ap = hoSY — 0, 6.2)
me ¥ - IUVIOTHOCTb MOjAe3HOro mckomaemoro, 1/M% p’ - Koad-

duument BecoBoro pasyboxHsaHus.
Ipn wucnons3osanun Koddduuuenta obbemuoro pasyGoxnBaHug

Ap = hoSY :—jg—[l- p[l - —%n]], ©.3)

ri€ ¥n - IUVIOTHOCTh NPHMMEIMBAIOMMXCS TOpoa, T/M.
ITpon3BOIMTENBHOCTS NO TOPHOM MAaCCCE OIPEAEASETCd  BEaM-
YMHOM SKCILTyaTaLMOHHOTO KOoXpHUMEHTa BCKpHUIA 71

A = A1+ n). 6.9
HanoMuuM, uyro
n = Alng - no), 6.5

rme A - koxpdHunenT HEPABHOMEPHOCTH BCKPHUIIHEX pabor (06mdHO
A = 1,1+1,2); ng, no - cpeaumii M mnepBOHAYAIbHHE Kopduuu-
€HTH BCKPHIIH.

HeobxonuMuie naHHHE MOXHO NOAYYATh NYTEM AHAIM3A Xapak-
TEpHOTO paspe3a MECTOPOXKICHHE M NOocTpoeHud rpaduka V = f(P).
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6.3. MPONU3BOAHTENBHOCTDh KAPBEPA IO IOPHRIM
BO3MOXHOCTAM (OCHOBRI METOJA)

Iocne Toro xak [ YCTAHOBJICHHHX TpPaHUL, Kapbepa oOnpe-
OEJICHO PAaHUOHANBHOE HANPABJICHME yIAyOkm W NpoM3BeeH reo-
METpHYECKHMHl aHATM3 PasBUTMd 30HH Kapbepa, MOXHO IPUCTYNaTh
K pacdery NpOM3BOOMTENBHOCTH Kapbepa. IIpaxTHueckm, HyXHO K
yKE MMEIOMMMCA JAHHKEM 00aBuTh JOCTHXUMYK MHTEHCMBHOCTD rop-
HEX pabor.

PaccMoTpuM o0mme METOAMYECKHME MOAXOAH HA MPOCTOM INpPUME-
pe. IlpeanonoxmmM, ure gid paspabOTKH OZHOPOAHOIO KpyTOnana-
omero Mectopoxaenua (puc. 6.1} npuHgTO %I‘JIYGJIHTB Kapbep no
IOCTOSHHOMY OopTy B mnopomax Jjexadero Ooka (ctpenxka A). B
pe3yJbTaTe TeOMETPMYECKOTO aHanuaa Ok ompesenenms  ofbe-
M (wiH W) ropmoii Macch Q, pymw P, m mopon V,

(tabn. 6.1) npm: BHCoTe yctynos A = 15 M; NpOM3BOAMTEILHOCTH
3KCKaBaTopa gKF—Sn Q. = [ man wm/rox; nnmHe 3KCKaBaTOPHOrO
6roka Ls = 800 m; ymmax otkqgea paGodero Gopra ¢ = 20,5
HanpasieHus yrayOku B = 45 ; BO3MOXHOM CKOpPOCTH yrryOxu
kapbepa h. = 22,7 m/rox, paccyutanHoii no ¢opmyne

hr 6.11)

- Qs
hLg(cigp + ctgh)’

BpemMd Ha BCKPHTHE M IOATOTOBKY OZHOTO TOPM3OHTa MOXHO
onpeaenants 1o ¢opmyne T, = h/h. (8 pamnom cayuae 0,66 roga).

Paspenvs nonydYeHHHE MpH reOMETPMUECKOM aHaM3e o0beMul py-
Ih M NOpOX HA BpeMs IOATOTOBKM TOpM3oHTa (B JAHHOM INpMMeEpe
JUIS OBYX TOPM3OHTOB), NOJYYMM TEKyIlIHE 3HAYCHUI MPOH3BOOH-
TeapHOCTH (M3/TOm) mNMO TOpHOM Macce A, pyme Ap!. H TIOpo-

e Am., a TaKXe MNOTpeOHOE KOJMYECTBO Ni IKCKaBaTopoR (CM.

Taba. 6.1).

B pesysapraTe nojgyywiH, 4YTO IPH OOCTOSHHOH CKOPOCTH yI-
nybku h. = 22,7 M/ron B kapbepe moaxHH pabotats or 2 pmo 17
IKCKaBaTOpoB, Torna OymeT [AOCTHrHYTa IPOM3BOAMTEIBLHOCTH 110
pyne 1,76-3,99 mam ™/rog. OTMeTHM, uTO [Ba NOCJEAHMX mNa-
paMeTpa 9BJSIOTCH NepeMeHHHMH,

D1y npolneMy MOXHO pacCMOTPETh ¢ APyroi CropoHH. 1lo mepe
MOHMXEHHS TOpHKX paboT uaMensercs umcno paGounx ycTymos
nuHa ¢poura pabor. YcraHOBMM Kak OHCTPO MOXHO M3BJIEYb HE-
ofxonuMue OOBEMH TOPHOM MAacCH, €CJIM MAKCHUMATBHO 3anC/IHHTD
¢porT pabor 3IKCKABATOPAMH, NpPHHSB /UTMHY JKCKaBATOpHOrO 670~
ka Lg = 0,8 km. [Nonyuennne nanHne npuseaeHs B Tabr. 6.2.

Ananuanpys rpadpMK WM3MEHEHMS 4YHACIA 3KCKABATOPOB MO Mepe
yrny6ku kappepa (puc. 6.2), smaHO, uto npu pabore ¢ A, =
= const (uHMA /) M NpH MAKCHMAJIbHOM HACHMEHHHM IKCKABATOPA-
MM paboueil 30HH Kapbepa (MHuMS 2) pa3HMIA HE3HAYMTEIBLHAL.

IlocmorpumM, uTo OyAeT DPOMCXOOMTb, E€CJAM OrpaHNMYUTH YHCIO
JKCKABATOPOB ¥ NOPUHATH €r0 NMOCTOSHHBIM HaA 3HAYMTETBHLH CpPOK,
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Puc. 6.2. HimeHnenwe uuc-
J8 Ixckasaropos o mepe N
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Puc. 6.3. M3MCHEHME TPONIBOIMTENb-
HOCTH KapLepa Mo pyae:

AL l—npnhr~const;2—npuNi%

0 2 & 6 8 I 12 1 16 18 H; &~ const

T.. CTA6HMIM3HpOBaTh MPOM3BOAMTC/IBHOCTD Kapbepa MO TFOPHOI
macce. Ilpeanonoxum, uro mo mepe orpaborkm Kdpbepa o rop. 6
(tnybuHa pabor 90 M) uHMCIO 3KCKABATOPOB HEOOXOMMMO [OBECTH
no 10 ex. cm. puc. 6.2, svems 3), a 3aTeM npd NONOCKEHHHM OHA
Kapeepa Ha rop. 15 (rmybmma paGor 225 M) HyXHO COKpAmarb MX
Konnyecrso. [lonydeHHnie nyis 9THX YCJOBMiT 3HaueHMs IOKa3ate-
Jeit paapaGorku npuseneHd B Taba. 6.3.

AHanmanpys rpadMk HM3MEHEHMs IPOM3BOAMTEILHOCTH Kapbepa
no pyae (puc. 6.3) nmo mepe ero yrnyGkm npm A = const ®

N ; = const, BHIHO, UTO B pe3yJeTaTe crabwmazauny YHcaa 3KC-

KaBaTopoB, HauWHag ¢ rop. 0, MHTEHCHBHOCTD pPa3pabOTKM Mec-
TOPOXIECHUS CHUIWIACH.

IpoGneMy crabwimzauns NPOM3BOAMTENLHOCTH Kapbepa MOXHO
YCOEmHO pEMATb HA OCHOBE AHAIN3Ad KYMYISTHBHHX rpadukos
P=f(DnuQ=f7.
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B xauectse npumepa paccmorpuMm rpadmk P = f(7) (pmc.
6.4, a), nocrpoeEHmi no aanenM Taba. 6.1. PaGora xapnepa ¢
MOCTOSHHON NPOM3BOANTENBHOCTBIO 1O pyne 2,32 maa M/rox (Mu-
HMMaJIbHAS TIPOM3BOAMTEJBHOCTS B MHTEDBANE KIyOMH TIOpPH3OHTOBD
6-20 no Tabn. 6.1) BosMoxHA, HaumHas ¢ rop. 6 (mERS AB).
Ho 3a cuer crabwmsanuu npoM3BOOUTENILHOCTH CPOK OTpaboTkm
kapbepa yseawunncs ¢ 13,2 po 14,8 ner, 7.e. Ha 1,6 rona.

B 3roM cayuae Crabwin3MpoBaTbh NPOM3BOAMTENLHOCTh 10 TOP-
HOM MAaCCE€ MOXHO 33 CUET YCPEAHEHMS 3JKCILTYaTALMOHBHOIO K03p-
dunpenTa BCkpHmy, s 3TOro BOCHOAL3YEMCS KYMY/ISTHBHHM Trpa-
dukoMm V = f(P) (pmc. 6.4, 6), Ha xOTOpOM DA C TNOCTOZH-
HEM K03qXPHIMEHTOM BCKDHIIA COOTBETCTBYET npsMuM AB u DE. U3
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Puc. 6.4. KymynarnpHue rpadmu:
a-P=fM;,6-V=fP)a-Q=-fD

ﬁgmxa BMAHO, UTO HAuuHag ¢ rop. 6 m no rop. 13 mMoxHO pa-
s ¢ Koabdmumenrom Bekpwmm n; = 4,8 w/v’. [Ipn 3tom
NPOM3ROLUTEJBHOCTD MO ropHoih macce 4 = 2,32(1 + 4,8) =
= 13,46 mm ™M/rox, a umcao 3kckaeatopoB N; = 14, Ha cre-
aywomeM 3rane pabor or rop. 13 m no rop. 16 n; = 3,25 w/m°,
A; = 2,32(1 + 3,25) = 9,86 Mo »/rom, N2 = 10,

IMonyuennne paHHHe Hadecem Ha rpapuk N = f(H) (cm.
puc. 6.2, nuaus 4). B peaynbTate yBMaMM, 4TO echm ¢ rop. 6
BBOOMTb 14 3IKCKAaBATOPOB, TO CpEeAHES [JIMHA IKCKABATOPHHX
Gnokos cocrasur 640 m BMecto nprusTHX paHee 800 M. [loaromy
HeOOXONMMO Cepbe3HO OLEHMTb LEAECO0OPa3HOCTD TAKOIO PEINEHMS
H NPUHATb BO BHMMAHHME, 4YTO ¢ rop. 9 panmHa 61OKOB NPCBHCMT
800 m. 133



Ecm B nponecce pabotn kapbepa He HYXHO CTabWimanpoBaTh
NPOM3BOAMTEIBHOCTE N0 PYAE HMJIM Xe AOOHBAETCA HECKOABKO TO0-
JIG3HBIX MCKOMAaEeMBIX, KOTOpHE M3 Kapbepa TPAaHCNOPTHPYOT HAa
CKJIamn, TO penecoobpasHo CcTabUIH3MPOBAaTh NPOMIBOAMTEILHOCTD
Kapbepa Mo rophoit Macce. [l 3TOrO BOCTIOAB3YEMCH KYMYJISTHB-
HbIM TpadpukoM Q = f(7T), NOCTPOEHHNM MO AaHHEM Taba. 6.1 (puc.
6.4, 6). U3 mero BuaHo, uto Hambosee uenecoofpasHo crabuwim-
3aUMI0 TIPOM3BONMTEAPHOCTH 10 TOPHOM MACCE HAUYMHaATL uYeped 4
roja nocjie Hauajsa ropHmx pabor (1. A) m B Teuenuwe 6 Jjer ¢
rop. 6 no rop. 14, roe npPOM3BOAMTENBHOCTL JIMMWTHMPOBAHA (CM.
tabn. 6.1), paborath ¢ NpouM3BONMTENLHOCTEIO 12 Man  M/ron.
INonyueHHnle panHme Hauecem HA rpaduk N = f(H) (cm. puc. 6.2,
JHHMS 5) M yBHMAMM, HYTO OHWM Go/ee HANEXHO YK/JIANHWBAIOTCH B TUIO-
magb, OrpaHuuYcHHylo JjmHuedi /. TojabKO BHauajne CpeaHsd JIMBUS
JKckaBaTopHuX Oaokos Oymer coctasngarh 748 M, a 3areM oOHa
yBE/IMYHBAECTCS.

6.4. OINIPEJAENEHHE BO3MOXHOW IMPOWU3BOJAUTEJIbBHOCTH
KAPLHEPA [P PA3PABOTKE OHOPOJHbLIX MECTOPOXIEHUH

B 3aBucHMOCTM OT XapakTepa pasBHMTHSI TOPDHWX pafor B Kapbe-
pe MOXHO BHAC/AMTH ABA BO3MOXHHX Clyuas [3]:

TopHHe pafoTel pa3BUBAIOTCH ¢ MAKCHMATHHOM MHTEHCUBHOCTHIO B
DiyOMHY, a B TOpH3OHTA/NBHOM HanpasieHuMu o0ecneuusaeTcd TO/b-
KO MHHUMANbHAas HEoOKOOMMAas cKOpOCTh, 4YTOOW COXPAaHATh HOpP-
MabHYIO IMPHHY pabouMx IIOmAnoK (BapHMAHT ¢ = Pumed);

TOpHbie paboTH pa3BMBAKOTCH € MAKCHMAIBHON MHTEHCHMBHOCTBIO
B rIyOuHy M B FOPM3OHTATLHOM HanpaBjcHAM (BAPMAHT ¢ = Pmin).

B nepsomM cnyuae pmas pacuera NPOMSBOAMTE/BHOCTH Kapbepa
HEOOXOAMMO ONpEnE/IMTh BO3MOXHYIO CKOpOCTh yrnyOkv kapbepa,
HMETb JAHHKE 00 M3MeHeHHMH OObEMOB NOJIE3HOr0 HMCKOMAEMOro MO
Mepe yrnyOkM Kapbepa WM 3HATb AJMTEJbHOCTh HOATOTOBKM BCEX
ropu3olToB. OEHAKO NOJyYEHHBIE 3HAYEHMS NPOM3BOIMTE/IBHOCTH
Kapbepa €€ HE SBASIOTCE MAKCMMAJIGHO JOCTIDKHMBIMHM, TaK Kak
NPMHUMANIACh BO BHMUMAHKE TOMBLKO HHTEHCHBHOCTh yriyOKu Kapbe-
pa. Ecim paGorn pa3suBaTh ¢ MAKCMMAIBHOM CKOPOCTHIO KaK B Be-
PTHKA/IGHOM, TaK M B TOPM3OHTANLHOM HANpaBJcHMM, TO YIOJA OT-
Koca pabouero 6Gopra ecerma 6yner NO BEAMMMHE MEHBIIE MAKCH-
MaJIBHOTO.

Das onpepcieHus NPOM3BOUTCILHOCTH Kapbepa MCIOJB3YIOTCS
NOTOPU3OHTHBLIE MJIAHK, NOPANOK 0OpaboTKi KOTOpHX caexyromuid. Ha
MJ3H BHOBb Hape3aHHoro ropwaonta +130 M (puc. 6.5) wHaHocaT
MOATrOTOBMTENBHYI0 BHPA0OTKY (K OpHUMEpy, KOTIOBaH)., 3areM Ha
ITOT TUIaH HAKNAJWBAIOT TOTOPMAOHTHBI [LYaH BHINENEXAMEro TOpM-
30HTa +145 M W Ha HEM B COOTBETCTBMM C TIPHHATON NIMPHHOM &—
GouYMX IUIOUIA[i0OK HAHOCST HEOOXOAMMOE NOJOXEHME TOpHHEX pador.
[Mopsuranue ropunix paboT B HANPABAEHWM, COBMANAIOWEM C HAUPAB-
newnem yraybku 007,
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Ins npumepa Ha puc. 6.6 npeacrasnen oGpaGoTaRHHM yKa3aH-
HEM cnocobomM miam ropusoAra -10 M xenesopyaHoro Kapbepa
"Henrpaspanii” Kocromyxuckoro 'OKa.

INocne HaHeceHHs NOMIOXEHHMIA FOPHHX paGoT Ha BCE MOTOPH3OHT-
HHE IJIAHN NOACYATHBAIT OObEMHE MO/E3HOTO HCKOMAEMOro M TOPHOM
MAacChl 3a mepMon MOATOTOBKH KaXIOr0 ropr3ouTa. 3HaueHme ofmbe-
Ma ropHOM MAacCCH B faNbHEHIIEM HMCNOJBIYIOT AJIE OMpPEAc/CHHs Tpo-
HM3BOIMTEILHOCTH Kapbepa IO INOPHOH MACCE M COCTABJIEHMS KaJieH-
7IapHOrO IUIAHA pa3BHUTMsi FOPHHX pabor.

Ilnda pacyera NpPOM3BOAMTENIBHOCTH Kaphepa MO MOJEIHOMY HCKO-
MaeMoMy HEoOXOOMMO ONpEfennTh BPeMf IMOATOTOBKM HOBHX IOpH-
30HTOB (OO MO AHANMTHYECKUM 3ABMCHMOCTSIM, Jubo no rpacduxam
OpraHusaumu paGoT MO BCKPHTHIO H TOATOTOBKE HOBWX [OPM3OH-
toB). IlonyucHHoe Bpems GyneT OJMHAKOBHM i OOOMX BAPHAHTOB
BeAcHMS TOpHHX Ppabor, Tak Kak CKopocth yraybkm B ofomx cay-
Yasax MaKCHMAaJTbHAS.

Ha ocHOBe noay4YeHHHX OOLEMHHX noxa3zaresied paisurua pabo-
ueil 30HBI KADbEPA, 4 TAKXE BPEMEHH IONTOTOBKM TOPH30OHTOB
ctpost rpagpux P = f(T), ua KotopoM mo ocH abcuucc OTKiaguBa-
0T HApACTAIOMUM MTOrOM BpeMs MOATOTOBKM TOPH3OHTa, @ MO OCH
OPIMHAT - 3HA4YEHHd HAPACTAIOMMX OOBEMOB IOJE3IHONO MCKOTAEMOro
NS KaXAOr0 BapMAHTA. TAHreHC yriia HAKJIOHA KACATEJABHOM K JIO-
60if TOUKE KPHMBHIX COOTBETCTBYET 3HAYCHMIO MPOM3BOAMTEHHOCTH.

Metox onpefesieHus MPOM3BOANTEALHOCTH KAphepa IO  OCHOBHOMY
MO/IE3HOMY MCKOMAEMOMY NPH MAKCHMATbHON WHTEHCHBHOCTH Da3BH-
TAS ropHHX pafoT npowamocTpMpyeM Ha NpUMepe OTKPHTOM pa3pa-
6orkn Kocromyxkmckoro mecropoxincnmg xenesnoii pynw. Ha arom
Kapbhepe NPMHATa CECTEMAa pa3paGoTKu momepeyHniMd 3axomkamu 6es
paspesnnx Tpanmeit. [Ipn BuGope mapameTpos cACTeMH pa3apaborTkm
PYKOBOACTBOBAJINCh OCHOBHOM 3ajaueli - AOCTHXKEHHE BO3MOXHOM
Mo rOPHOTEXHHUYECKMM (DAKTOpPaM MNpOM3BOAMTENIBHOCTH Kapbepa. B
CBEI3M C ITHM B KAaueCcTBE MCXOAHWX AAHHMX Ui pacyeToB OHUIH
NPUHATH MHHUMATBHHE 3HAYEHMS NAPAMETPOB CHCTEMH pa3paboTki.

B xayecTBe BCKPHBAIOMIEH BHPAaOOTKH NPHHST KOTJIOBAH IIMPHHOM
M idHO#, paBHEMM 40 M, 4yTO COOTBETCTBYET MMHHMMAaJIbHO BO3-
MOXHbHIM 3HAYEHMSM JTHX NApAMETPOB TpM CHCTeMe paapaboTku mo-
MEPEYHBIMH 32 XOAKAMM,

MubnManbuas wupuHa pabouMx IIOMAZOK BKPECT MPOCTHPAHAS
NpPHHAT paBHOM 45 M. MunMMantbHag wMpaHa paboyeil IUIOmMANKHM MO
NpPOCTHPaHUIO 3aBHCHT OT pasmepos, TpeOyeMHX 19 pasMemeHus
B3OPBAHHOM TOPHOM MAcCH, ropHoro obopyAoBaHMS H HeoOXOAMMOIO
pe3epBa roTOBOH K BHEMKE PYIH:

- Qs
By, =B + Lp;—, 6.14)
re B - wopmannHas wmipuHa paboueli mwomanky no pyae, M; Q, -
ronoBas MpOM3BONMTENBHOCTh OJKCKaBaropa, ' /rom; M - Heob-

XONMMHil pesepB TOTOBWX K BHEMKE 3anacoB pyAbi, NPUHAMACMEIA
B cootBercTBuM ¢ HopMamMu TeXHOMOrMUECKOro NPOCKTHPOBAHHS
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[27); L, - ninmea mnonepeyHoM 3axoaxku 1o pyae; h - BHooTa yc-
TYNOB, M.

B namHoM ciyuae: B = 60 M; Q. = 1300 Twc. M’/ron (uns 3k-
ckasatopa JDKI-8x); p = 2,5 mec. (0,21 roma); A = 15 M; md-
HA mnonepeunoi 3axonku L, NpMHATA PpaBHOH cpeaHel MOHIHOCTH
pymHoit 3asexu (150 M), paccuumTaHHOM MCxond M3 OOMMX 3amacoB
pyoH B Kapbepe, CpeAHell JUIMHH Kapbepa M ero miyOmAn. TaknMm
o0pa3som, HMXXHMI npeaen mupuHb pabodell IUImMazKu no NpocTupa-
o B, = 195 M.

YcranosuM Tenepb mHUpHHy paboueil mUomagku mo npoCTHPaHMIO,
neoOxonumy0 g ofecniedenms IUTAHCBOW NPOWSBOAMTENLHOCTH Ka-
peepa mo pyne A, = 24 mum 1/roa. B atoM ciyuae Tpefyemoe um-
cno pobbiunpx 3aboes

= -Ap t _HAp
k,u mp P (6-15)
[A€ ¥, - TIOTHOCTh pynnl, pasHas 3,3 7/m’. Toayummm k, = 7.
Hfﬂpﬂﬂy paboucii MICMANKA N0 NPOCTHPAHMIO, 3aBHCAINYIO OT J/TH-
Hu Kapbepa (L = 2300 M), moxHO onpegenuts no ¢opmyie

4

By = - - kihctge, (6.16)

e & - YION OTKOCA YCTyna, PaBHHI B NaHHOM Cryuae 75°. B
pe3ysbTaTe pacdera uMecM B, = 300 m.

Takum obpasoM, MHMHMMAJbHOe 3HaYeHue B, = 195 M He mnpe-
pumaer Tpefyemyro nng obecrneyeHMs MPOEKTHOM NPOMIBOAMTE/b~
HOCTH (24 MaH T/rop) wmpuHy paGoueli MJIOIANKH MO MPOCTHPAHMIO
B, = 300 m.

Jlnd HaHeceHmsi COOTBETCTBYIOIIMX MOJIOKEHHH ropHHX pabor Ha
ILAdHAX BHOIC/ICXAMMUX NOPHSOHTOB NMPH BCKPHITHH HMXKEIEKAMUX TOPH-
30HTOB ONPEACJECHO MECTO 3AIOXKEHHE TEPBOHAYAIBHHX KOT/JIOBAHOB
B COOTBETCTBHHM C DPCKOMEHAYEMBIM HAMPABJICHHEM PA3BMTHS TOPHHEIX

[Monoxenue ropHKX paGoT HA MOTOPM3OHTHWX ILIaHax HM3o6paxa-
eTcd OAHOI JMHMEM, COOTBETCTBYIOmEN HIDkHel OpoBke ycryna.
Paccrosiine Mexay OGpoBKaMu CMEXHLIX YCTYNOB BKPECT MPOCTHPAHHS
() n no npocruparnio (I):

ln = Bmin + thga, (6.17)

In = By + thga. (6.18)

B peaynsrate pacueros noayumnu L = 50 M, L = 200 M u B
COOTBETCTBMY C JTHMH pasMcpamMu ORI OTCTPOEGHH BCE TNOIOpH-
J0HTHHE TUIAHH H3 MOMEHTH BCKDWTHS BCEX FOPH3OHTOB Kaphepa.
ITpoH3BOAHTEABHOCTD KAPLEPOB TI0 TODHHM YCJIOBMAM OIPCAEAsi-
T HAa OCHOBE AHAJN3a ABYX BO3MOXHHX C/Ay4aes paGoTH xapbepa:
® > Poex B @ —> Pmin. B 370N 0Bnactm obecneuupaercd Ha-
NEXHOE BHIIOJHEHHE NPUHSTONM TEXHOJOMMH BeleHus ropHeix pabor.
B nepsoM cjiyuae BO3MOXHYIO NPOM3BOACTBEHHYIO MOIHOCTb Ka-
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pbepa PAacCUMTHBAIOT MCXOAsi M3 obpema pyam (P) mO rOPH3OHTaM
(raba. 6.4) m Bo3MOXHOM ckopocTH yrnyOku Kapbepa (Taba.
6.5), onpeneneHHO#M 1S KaXIOr0 rOPM3OHTA MO AHAJATHYECKHM
3apucumoctsM [3, 74]. Bo3moXHagS IPOM3BONMTEABHOCTh Kapbepa
MO pyA€ BO3PacTacT NpH ONyCKaHME ropHux pabor no rop. +10 m,
COXPaHAETCS MPHMEPHO HA AAHHOM YpoBHE no rop. -140 m m 3arem
MOCTOAHHO CHWXAETCd INpH YBEAMYECHHM Tuybma go rop. -320 ™
OpM [a/bHEHMEM 3aTyxaHHu ropamx pabor po rop. -400 m. Ilomo6-
Hul€ 3HAYEHMS HE MOTYT OHTb OKOHYATE/IBHHMM, TAK KaK BO3MOXHAA
MPOM3BOIMTENBHOCTD Kapbeépa B 3ITOM C/IYYa€ MAOCTHIAETCH TOJILKO
NPH HAJIMYMH MHHMUMAJIBHBX pabounx mwiomajgox u 6e3 yuera RaMgHNL
MHTEHCHBHOCTH OTpaGOTKM BEPXHHX IOPH3OHTOB.

Y1obu yuecTh BIAMSHHE MAKCHMAJBHOH MHTCHCMBHOCTH Pa3BHTHS
IOpDHHX pa B NOPH3OHTAJhHOM HANPABJICHWM B MAKCHMAJILHO AO-
MyCTMMONH HMHTEHCHMBHOCTH YmIyGKM Npu pacyete BO3MOXHON Npom3-
BOOMTENBHOCTH, PAacCMOTPHM BTOpOA Cryuait pabore  Kapeepa
(® = @ouw). A8 HCCASAOBaAME [AZHHOIO BAPHAHTA YCTAHOBHM
IMHE  ¢poHTOB pabGor HAa TIOPH3OHTAX M YMCAO 3JKCKAaBaTOPOB
OKI-84, KOTOphE MOXHO Pa3MECTATh HAa YCTymMax.

IMporsxkensocts (hpoHTa paboT MSMEPHIOT HA NMOrOPM3OHTHHRX ILIA-
HaX, HA KOTOPHX HAHECCHW TEOPETHYECKHE JIKHMM NOJIOXKEHMS Iop-
HHX paloT HA MOMEHT BCKPHTHS M MOATOTOBKHM BCEX HMKEICKAIMX
TODM3OHTOB, M 33HOCAT NaHHWe B Tabamuy (taba. 6.6). Maxcm-
MaJibHHE AIHHH 0o0mero u pyaHoro ¢ponTOB paGor HAa BCEX yCTymax
Ha MOMEHT OKOHYaHMS TOATOTOBKY ' COOTBETCTBYIOWMIETO IOPM3OHTA
ONpeAeasioT CyMMHPOBAHAEM 3HAYCHHHA COOTBETCTBYIOMCH CTPOKHM IO
TOPH3OHTAIH.

Jns onpenenenus BpemeHn orpaboTkm ycrynoB coctaBagior Tal-
quny (tabn. 6.7), B KOTOpOHl YKA3HWBAOT YHCAO IKCKABATOPOB M
MHHMMAJIBHOE BpeMs OTpafoTku kaxjoro ycryna. JUMHy 3KxcKaBa-
TopHOro Guioka npuxmMaior pasmoii 400 M B coorBerctsmn ¢ Hop-
MaMR TexHosiornueckoro npoextuposanus [27]. Tabamuy 3anonns-
10T MOCAENOBATEBHO MO BEPTHMKAILHHM CTpokaM. CHauana ompe-
OEASIOT YHCAO JKCKABATOPOB M MAKCHMAaNBHOE BpeMf OTpPabOTKH
Kaxaoro ycryna. Hanpumep, ang noEmxeHus ropHux pabor Ha
rop. -110"m u Ha rop. +f6 M HeoSXOAMMO BHHYTDH l3pam M
ropuosi MaccH (cm. Tabn. 6.4). Ha orom yuactke npm namHe
¢porra 4,3 xm (cMm. Taba 6.6) moryr paborats (cm. Tabn 6.7)
11 3KcKaBaToOpoB (NAHHHE B YACIUTEIE u) JKI-8m c roposoif
NPOM3BOANTEPHOCTEIO 1,3 MuH M ropHoMt Macce kaxpuit. Creno-
BaTeJBHO, BpeMs oOTpaGorku ropusoHTa cocrasut 0,91 roma
(saHEHE p 3uameHartene apobu). Hapacraiomee spems orpabor-
ku rop. +10 M Ha MoMeHT mNOATOTOBKH rop. -110 M cocrasna-
er 9,85 + 0,91 = 10,76 ropa. B To Xe BpemMs Ha BHIIENCXAMEM
rop. +40 M Ha MomeRT mnoprotoBkum rop. -110 M mHapacramomee
ppems cocrasur 10,87 roma (namEHE B kpagpaTHEEX CKobkax),
cienosatebHO pasmep paGouedtt momamk® ma rop. +40 M ymess-
maercs. OgEako MO YCOBMIO COXPAaHCHMS MMHMMAJIbHHIX PA3MEpoB
pabouMX MAOmMAAOK HE NOMYCKAaeTcH, YTOOW HA HAXENEXAmEM YCTy-

140



19T 9'¢ €107 LOT £'10¢ 8'C 9'sT SE‘'1 00b-
10'€ L4 L'L61 w'e $'861 [ 4 ST €'l 08¢€-
LT L't L'€61 PL'E SE'E61 $0'S 76'T SE'T 0S€g-
68y 9'9 681 L9's 6°881 $9'L Le1t SE'1 oze-
759 9's $'781 L8'S ST 181 SLL ol (438 06Z-
£9°'S 9'L 8‘EL1 8v'9 S'EL1 SL'8 6'81 SE'T 09T-
18'9 T'6 T'991 £6°9 SL'P91 SE'6 SSL1 SE'T 0€Z-
€19 ¥'8 LS1 6£'9 p'SS1 SL'S 91 LE1 002-
£1°L L6 9'8p1 €8l £9'9%1 £9'01 P8'p1 9¢‘1 0L1-
s1'g 11 6'8€E1 L9 9¢€1 SO'ET SYEl SE‘1 op1-
$€°01 g€l 6°LZ1 68'6 $6'7T1 ST'EL 13 Al €E'T o11-
79.8 ' I'p11 el 8'601 SyiLl g‘o1 €'l 08-
8s'el () 6201 911 SE‘T6 SE'ST §'6 PE'T 0s-
8Tyl 61 L'v8 14X 6'LL §$'91 91'8 €'l oc-
18°'8 611 L'S9 1 A SY'09 $8°91 £8°'9 SE'1 01
8L'6 £l 8'ES P TL 9'ty S1°81 8v's 9¢'1 o
€0‘8 11 s'ov 91°6 348 (4 §S'T1 484 LE'T oL
9Ty SL'S K 9Z's 6'ST ST'I SL'T SE‘1 001
96'81 SL'ET SL'€T 6€‘E SL'y SL'y Pl 1 0€1
=g udu wu g pdo
oy gow Ty =l ! g ewoend &W_\m,_:qz 'a 3] ! g wuwomd = " [ emoend
+{%Yy ow&d|ymmoivioedeH| -ou oloHYo 2| Ty 9FAd ou| ymmoiBLOBdEH| ~OI QUOHKO O 22mgo -0l OIOHIEO 2 ui
Ol GLOOHIIL QUOOHAIAL -H010JYOL
-nvosenodi| W HYW ‘FrAd WIgQ -nrosenody| N HIW ‘FIAd WoagQ 1or ‘wisolonrou Bwadg 1ogndo g

avAd on edaadex

§9 vhmrgog

RLOOHIIraLAroacHod WBREOKDA WMHJOJ Ol HOHMONEOd BLOhJRd MUBLIIAEAd

141



Ne IKCKABATOPhW AOCTHranm amHu ¢ponra, obecneunpaiomel BO3-
MOXHOCTb NOATOTOBKH AJHHONO yCTyOa, paHbIe, YEM HAa BIE-
aexameM. [lo3ToMy B TOpM3ONTAIBHEX CTpoKax Tabn. 6.7 wapac-
Talomee BpeMs AO/XKHO Jubo YBEeIMUHBATHCS CJ€Ba Hanpaso, Jubo
O6uTh omumakoBum. Craenosaresibno, nas rop. +10 M Bpems orpa-
6otku ponxkno cocrapasts 10,87 (GauAmE B KBAXPATHMX CKOO-
Kax), a ne 10,76 rona.

Tak paccuMTHIBAIOT 3HAYeHMd B Kaxpou rpade Tabn. 6.7 3a
MCKMIOYEHHEM TNOCNENHAX 3HAYeHMH (B Kpymmx cko0kax) B ropu-

Tabnuya 6.6
Jauna ¢poura pabor u anucio paboamx ycrymos

Topu3aont Jauua ¢ppoura pabor (kM) obmero/no pyne Ha ropusOHTE BhIEMKM

MOATOTOB-
KM 190 175 160 130 100 70
130 1.4 1,91 1.4 0.16
0,32 0,36 0,85 0,16
100 3.15 3.35 3.15 2,08 0,16
0,25 0,5 1 2 0,16
70 3.55 4.2 4.4 3.85 2.07 0,16
0,35 0,37 0,85 0,56 1,85 0,16
40 12 4,64 3.3 4,65 3.7 2,05
0,3 0,67 0,85 0,39 1,2 1,37
10 2,6 4,23 4.5 4,3 3.4 3.97
0,15 0,25 0,6 0,53 0,5 1,31
-20 i 1,65 N2 S 4,65 4,9
0,1 0,18 0,3 0,37 0,22 0,78
-50 0,94 1 3,23 3.83 4,5
0,1 0 0,23 0,35 0,27
-80 1,12 3.02 3,5
0,1 0,2 0,6
-110 1,47
0,38
-140
-170
-200
-230
-260
-290
-320
-350
-380
-400



30HTAJBHHX CTPOKAax. 3ech YKa3uBAlOT HApACTAIOMEE BpEMH
Bcgmén; M DOATOTOBKM COOTBETCTBYIOMMX TIOPH3OHTOB, B3ATOC M3
Taba. 6.5.

Ha crneayiomeM arane HeoOXOAMMO YCTAHOBHTH 0OLEM DYAHI, BhI-
HAMAeMHH C KaXAoro ropusodra. Jlnad 3TOI0 COCTABIAMIOT BCIOMO-
raTeMbHYK) TabaMuy HApacTalomMX TMOTOPH3OHTHHX OOBEMOB pymnl
(rabn. 6.8), wucnonb3ys pammue taba. 6.4, 3arem crposT rpa-
vk waMeHEHMS BO BpEMEHM NOrOPM3OHTHHX OOBEMOB pyAH npm
Pmn (puc. 6.7): Mo OCHM OpAMHAT OTKJIAMWBAWTCY 3HAUCHMS Ha-

B mpoiecce oTpaloTs Kapbepa

40 10 -20 -50 -80 -110
0.16
0,16
2,05 0.16
1,48 0,16
3.85 2.1 0.16
1,11 1,95 0,16
4.8 3.5 - 2.1 0.16
0.23 0,95 1,95 0,16
3,95 4.67 3.68 2 0.16
0,3 0,42 1,35 1,1 0,16
1,6 4.3 3.592 2,8 1,95 0,16
0 0,85 0,2 1,05 1,5 0,16
11 3.55 4,05 3.45 2.9 1,95
0 0,65 0,35 0,25 1,2 1,35
1.4 4,1 3.2 2,85
0 0,85 0,15 1,18
1.5 2,65 3,05
0,3 0 0,2
1,15
0
0,17
0
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mabn 6.6

Yucno

Hmoco yeTymnon
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0,1 1,55 1,5 3,15

xogumocTH BhieMkM 23,7 man M® B caoe 160 M - HOBEpXHOCTL)
sanocsT B Tabn. 6.5 B rpady P npu @ .. IMocae 3TOoro Bhi-
YNCAMIOT OTACJbHLC NPHpAleHUs o0bEeMAa PyAR no Mepe yriyOxu
Kapbepa M 3anojHMIoT rpady Pl. npu @ . . Paspnesms 3HaueHns P,.

Ha BpeMsl NOATOTOBKH ropusontoB T . (cM. Ttaba. 6.5), noayuawor
MAKCHMANBHO AOCTIDKMMYIO TIPOM3BOAMTE/IBHOCTE Kapbepa IO pyae
Ap‘. npu ¢ . (M. Tabn. 6.5).
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Tabnuya 6.7
Bpema orpabotku ycrymos

Cny6una pa- | Ymcno 3KkCKAaBATOPOR HA YCTYTIE/MAKCUMATIBHOE BpeMs orpaboTku
" M
190 175 160
1 2 3 3
1% 3 4 T 3
0,59 0.79 1,38
{0.59] [0,79] 11,38]
7 8 7
100 0.87 0.62 1,02
[1,46] 11.41] [2.4]
" 8 10 1
0.52 0.43 0.84
[1,98] [1.98] [3,24]
8 1 13
40 0.62 0,58 0,62
[2.6] [2,6] {3.86]
0 6 10 1
0.67 0,60 0,84
[3.27] [3.2] (4,7}
2 _ 4 -
-20 0.5 0,46 0,68
[3.77] [3,66] [5.38]
2 3
-50 0,65 1,13
[4.31] [6,51]
-80
-110
-140
-170
200
230
260
-290
-320
-350
-380
-400
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Hpodonxenue

DiryGnua pa-

n (uapacmiomce BpCME BCKPhITHS M NOANOTOENKKM TOPM3OHTOB

00T, M
10 220 T -50
1 9 10 J 11
130
100
70
40
10 6,83)
, 5
-20 18 8,16)
[8.01]
8__
-50 i 2 9.9
[9.02] [9,27)
a1 9 5
-80 0,83 0.9 1,08
[9.85] [10,23) [10,08]
110 1L 9 _ 1
- 0,91 1,05 0.89
[10.87] [11.28] [11,47]
9 10 e
-140 0.54 0,82 1,02
[11,84] [12,1] [12,49]
4 _10
-170 1,1 0.62
[13,2] [13,2]
-200 —1?23
[14,43]
230
260
290
-320
50
-380
-400
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mabn. 6.7

no tabn. 6.5, 5eT) Ha rOPM3OHTE BRIEMKK

-80 -110 -140 -170

12 13 14 15

(10,8)

S

1,06 12,13)

[11,86]

a1 3

1,13 1 (13,48)

[t2.99] - [13,13]

8 1 _ 4

0,9 1,02 1,19 (14.84)

[13,89) [14,15] [14,67]

6 1 _ 6 _ 4

0,82 0,92 1,08 ° 1.06

[14,71] [15,07] [15,75] [15,9]
3 v 1
0,95 0.85 1.23
[16,02] [16.6} [17,13}
1 2 __ 6
0,69 1,23 0,87

f16,71] [17.83] [18}
































































































































































































Tabnuya 8.1

TlorpemHOCTH MOACUETA 3anacos Mo kareropuu, ¥ 9%

Crpana
A B C1 C;
6uBir. CCCP (o0
B.M. Kpeirepy) 15-20 20-30 30-60 60-90
Bosrapus 10-20 30 50 -
Benrpus 10-20 35 50 100
6upw. TP (o I.Pe) 5-20 40 60 100
Tabnuya 8.2
. VYaeanubiit pec aanacos no kateropusm (%) ma

rpymiy MECTOPOXKIEHMIA

Kateropum 3anacos
Kokcyomuecs yriu I n m
A 30 10 - -
B 30 20 20 -
C 40 70 80 100
Hmoeo: 100 100 100 100
CpepHenaBelleHHas BO3- 31 38 41 45

MoxHas owwmbka, * %,

IpeanosoxuM, YTO MH YXE ONpeJcJIIM IrPaHMLL Kapbepa, No-
CTPOWIA €ro KOHTYPH M NOACYMTAIM B HEM OOBEM TOPHOM Mac-
cai V. DroT 00BEM MOXHO MOACYMTATB C OYeEh HEGOIBMON OmMNO-
KO *2-5%, KOoTOpyo MH [js ynpomeHus pacyeroB He Oynem yum-
THBATh.

B KOHTYype Kapbepa MOXET OKa3aThCH 3amacoB pyas ot Py mo
Ps npu MaremMaTtM4yecKoM OxHaawmn P, (touka M Ha puc. 8.4).
Boamoxnaa ommubka noacyera 3anacoB (€) NPH HOPMAJILHOM 33KOHE
pacnpenesienus MOXer OnTh npuHgTa pasHoM *30 (e ¢ - cpen-
Hee KBAnpATHYECKOE OTHOCHTEJBHOE OTKJIOHCHHE).

Ecmu B npoekT€ OpPMEHTHPOBATHCH HA 3amacH Po, TO pHCK CO-
CTABUT HyJb, €CIH OPMEHTHPOBATHCH HA MATEMATHMUECKOE OXHAA-
wue Py, 10 - 50%. B obmem, tipu P, pasHoM (cM. puc. 8.4):

Py, = P,(1 - 30), puck 0;

P = Pu(l - 20) = Po 1=22, puck 2,3%;

Py = Pl - 0) = Py {55, puck 15,9%;
. (8.33)
Py = Pl - E) = Py {— 35, PHCK 25%;
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Py =Py ——— T - agw PHCK 50%;

Py =Pyl + E) = Py puck 75%,

30"

rne E - cpeamnHoe orkionenue (e = 0,6740).

K coxaneHMiO, B reojOrH4ecKMX OTYETAX HE YKA3WBAIOTCH BO3-
MOXHHE OmMMOKH NOACYETA M YTO NPHUHEMAETCS B KayecTBe LMdpH
33IaCOB - MaTEMATHYECKOE OXMAAHME MM MEHbIIAd BEAMYNHA?

B nepeoM npHOIMXEHHM MOXHO cuMTaTh Ludpy 3anacoB MaTeMa-
THueckuM oxuganueM (€ = 0). Torna cpeapmit KOIPHIMEHT BCKPH-
mu (Ve =Py + V)

Ny = VM/PM’ (8.34)

e P, - MATEMATHYECKOE OXUIAHHE M3BJICKAEGMBIX 3amacoB IoOJie3-
HOTO HcKomaemoro, Mm% Vi, - TO Xe, OYCTHX JOpOX,

Ecim Mu, MmO TEM HAM HHHM PaXCHHAM, HE XOTHMM OpMCH-
THPOBaTLCY Ha P,, a NPHHUMAEM /I pacyETOB BEIMUMHY 33ma-

coB P, < Py, 10 ko3dbuueHT BCKpumM ysenuwuntcs no (Ve =
= Pi + Vi)'.

n; = V/P, (8.35)
C yueroMm cdopMyn ¥ maHHHX puC. 8.4 nmoayuHMM:
ny + 1 .
m="a+ 3) - 3oy 1; (8.36)
W
n - €,
n=Tre 8.37)

i 1 + €,
i

me %€, - NpuHATas B NPOEKTE OTHOCHTEIBHAS BO3MOXHAS ommubka

”_”

MoACYETa 3amacoB (3HAK - Npd yMEHbOIEHWH 3amacoB; “+”
pH YBEIMYEHWH, OTHOCMTENBHO P,).

Ipuuem €, = a+ 69(1—30‘)-1. (8.38)

IIpoM3aBoguTEeIBHOCTD Kapbepa MO MOJE3HOMY HCKONMAEMOMY OIl-
penensercd OOBEMOM TMOJE3HOTO MCKOMAEMOrO, H3BJECYEHHOTO M3
HEAP 3€MJIH B Tpolecce pa3suthsa paGouell 30HW Kapbepa B Teue-
H¥e T1opa. EcaMm OpHMEHTHpOBATBCY HA TEONIOTMYECKHE 3aMacH, TO
MO M3BECTHOM METOAMKE MOXHO OMPEACIUTh NOCTHXWMYIO MO TNOPHO-
TeXHAYeCKMM (hakTopaM NpoM3BOMMTENBHOCTh Kapbepa mo pyae (4p)
M mycTeM nopozaMm (A;).

Ecanm 3amacu He noptBepasTca (e’. %2 0), a BO3MOXHAsH HHTEH-

CMBHOCTh TOPHHX pafoT COXPaHMTCH, TO NPOM3BOAUTEIBHOCTh KO
PYAE M BCKPHIIE H3MEHUTCH:
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ang 8. = 0,64 pemayuna I1,(8) = 9,4, Torna npu POBHOM OTHO-
mendA K pucky &, = 0,475, a npn ocropoxsoM &, = 0,385. Pe-
3yAbTaTH pacyera NpuBefeHnW B Tabn. 8.6.

Jlng onpeneneHus ypoBHS PHCKA MOXHO BOCHIONB3OBATHCE HAH-
HHMH Tabn. 8.5 WM Xe mONCUMTaTh BEAYHHY

A =301 - 61/6‘:), 8.57

H 1o tabaMuaM Qs HOPMANBHOIO 33KOHA PpacHpENE/ICHUs OIpeae-
ANTH ypoBeHb phcka. B Tabn. 8.7 npmBenenn HeoOxommmbie HEUMPH.

Ipu poBHOM OTHOmEHMEH K Pucky A& = 3(1 - 0,475/0,64) =
= (,78. U3 1abx. 8.7 Haxonam R = 21,8%. Ilpn ocTopoxHOM OT-
Homenud A = 1,2 u R = 11,5.

Tabnuya 8.5
IMoxasarenu npy yposHe prcka, %
HaumeHonaHHE -
0 2,31 15,9 25 50 75
Ipouasonm- 5,01 6,07 7,13 7,48 8,20 8,92
TEALHOCT
no pyae,
maH m/ron
Koagpmum- 0 0,21 0,43 0,90 0,64 0,78
eHT O,
i
Tabhuya 8.6
OTHOLEHME K PHCKY Ap.mnu M /ron 51 YpoBesb prcka
R, %
Cwmenoe 8,2 0,640 50
Posnoe 7.4 0,475 21,8
Ocropoxuoe 6,9 0,385 11,5
Hukaxoro pucka 5.0 0 0
Tabruya 8.7
A R, % A R % A R, %
0,1 46,02 1,1 13,57 2,1 1,786
0,2 42,07 1,2 11,51 2,2 1,391
0,3 38,21 1,3 9,68 2,3 1,072
0,4 34,46 1,4 8,08 2,4 0,82
0,5 30,85 1,5 6,68 2,5 0,621
0,6 27,43 1,6 5,48 2,6 0,466
0,7 24,2 1,7 4,46 2,7 0,347
0.8 21,19 1,8 3,59 2,8 0,255
0,9 18,41 1,9 2,87 29 0,187
1 15,87 2 2,28 3 0,135
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Tabruya 8.8

1 nepuon 11 neprog 111 nepuog
HanmMenobpanue
nokasarenei poBHOE¢ |C yue- |pomHOe |C yue- |poBHOE [C yueTOM
pewieHne |ToM npo~|pemenve |ToM mpo-|pemenwe |nporpecca
rpecca rpecca
Tpov3IBOANTENb- 7.1 7.1 3,16 10,6 2,9 4,5
HOCTb Kapbepa 1o
pyne, M M /ron
VYpoeenb pucka 26 26 16 16 5.5 5.5
RV, % -
Ofwem nobumaemoit 40 40 72 72 48 48
PyABI, MIH
Vaennnas npouzeo- 0,2 0,2 0,2 0,26 0,2 0,31
JIMTEJIBHOCTD K-
CKaBaTopoB,
M M/rog-d
IponomKHTEBHOCTS 5,6 5,6 6,8 6,8 16,6 10,7
nepyona, JeT
PexoMeHgyeMas - 22 - 32 - 14
NPOM3BORMTE b~
HOCTb 1O pYyAC,
M 1/ron
YposeHb pMcKa - 37 - 18 - 7
ﬁoatbd)(n' % 4 2 0.5
MIIMEHT - - - .
Bekpaimn, M/ne
TTpoM3BOaMTE b~ - 36,65 - 32,00 - 6,75
HOCTb IO FOpHON
macce, M M /ron
KonuuecTeo 3kcka- - 24 - 16 - k]
patopos JKI-8
PUCK, CBS3aHHRIA C - 5.4 - 16 - 12,5
paboroit Ixckapa-
TopoB, R(Q), %
O6wuit yposenn - 40,4 - 31 - 18,6

pucka RV, O, %

W3 reopuM BEPOSTHOCTY M3BECTHO, YTO C YBCJHYEHHEM KOJIH-
yecTBa COOMTHI JMCIEPCHMY YMEHBIIAETCH.

370 MOKAa3nWBaeT, YTO C YBEJMUEHMEM KOJHMUECTBA IKCKABATOPOB
B Kapbepe PABHOMEPHOCTb CYTOYHOrO MMOTOKA TOPHOM MACCH YJIyu-
MAETCd M CHUXAETCH BEJMYMHA OOIMEr0 CPENHEro KBaApaTHYECKOTO
orknonenns. Hamu wccrenopaHus mokasaid, YT0 B Kapeepax 3aBH-
cumoctb (8.53) TOUHO HE MOATBEPXAAETCA M YTO HYXHO BEOIMTH
nonpaepounniii ko3dgpuureHT [cM. dopmyty (8.560)].

IIpumeM /s yNpOHmIEHH, YTO MPOM3BOAMTENBHOCTD IKCKABATOPOR
NIOQUMHSETCS HOPMAJILHOMY 3aKOHY pacnpeacneHus. Torma B obmeM
CJIy4ae MOXHO CUMTATh, YTO

Q.1 +30) >0 >0, - 30 8.59)
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- V24 36,65 ) .
A-1202 (' - 24'8'0.2) 1,61.

Ilo 1a6n. 8.7 naxomum R = §5,4%,.

O6wmit puck R(A,Q) = 0,37 + 0,054 - 0,370,054 ~ 0,404, 1.c. 40,4%.
AHANOTMYHO BEAEM pacueT I OCTAIbHLIX TEpHMORoB. Pesynntathl  pacueTa

npuBegeHbl B Tabn. 8.8.

Ins Gonee TOYHBKIX PACYETOB CJEAYET OPMEHTHPOBATBCH HA 3a-
KOH 6era-pacnipencicHus.

PaccMoTpeHHR MeTon no3BosseT 6onee ODOCHOBAHHO TMOAOMTH
knpobneMe pe€3epBMPOBAHMSY MK OIUSHKE 3A10XEH-
HHX B TIDOEKTE DPE3EPBOB.

Eci¥ B TIpo€KTE NMpPHHATA CMEHHAS TPOM3BOMTC/IBHOCTb JKCKa-
BATOPOB (., MEHBINAsi PACYETHOH (p, TO ITHM 3AKJANBEBAIOTCH Of-
PEACTEHHKE pe3epph. BcrioMHUM, uTO

Qs = kiQr = Huafloxks (8.63)
ukp
rme Q: - TEexHMYecKas NPOH3ROAMTEJIBHOCTh IKCKABATOpA BO BpE-
MeHH; To -~ NPOACIXMTENbHOCTD CMEHH, MHH; k., K, - COOTBET-
CcTBEHHO KOXD(DHMUMEHTH HAMOJHEHHA KOBIA M Pa3phiX/JIEHHS TOPOAH B
xoBme; 7, - MPOAO/DKMTE/IBHOCTb LMKJA, MMH.
KonuuectBo akckasatopos 6e3 peaepsa

No = Acd Qs ) @.64)

C yuerom pe3sepsa Npes

No= Nu 4 Noes = Ao/ Qo 8.65)

Otciopa KpaTHOCTb pPe3EpPEMPOBAHMSA

K = Ne/No = Qpf Qe - 1, (8.66)
WIH

K = kgp/ky - 1, (8.67)

ra€ kx - TPOEKTHHI KOIPOHUMEHT HCIONbL3OBAHNA IKCKABATOPOB.

Paccmotprm mpumep. Jlin dxckasatopa DKI-8: E = 8 v Ty = 0,55 muu;
ky = 0,75; kp = 1,4; Ty — 480 mmu/cmeny, kyp — 0,8 nns paborer ¢ asTo-
Tpaucnioprom. Torna

0,8- 8- 480°0,75 \
Cp - 0,55-1.4 = 2900 »*/cmeny.

Ilo nopmam Tunpopynibl B NMPOEXTAX PEKOMEHAYETCS NPOMIBOAMTENBHOCTD (ev =
= 2000 m°/cmeny. KpaTHocTh pe3epsHpOBaHNS

K =2990/2000 - 1 = 0,495

IMpu pabore B Teuenne 800 CMEH B TEueHHE IOAA YAENbMAS TPOMIBOAMTEb-
HocTs )y = 2-800/8 = 200 Thic. M*/ron- v, a pacuernas
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[lepcekTvBHA® TOMKWTKA pewdTs 3Ty 3afavy OpCATPHHSATA
IO.U. uroBm. OH NpepioXHsa UCmoAb3OBaTh A1 PEMICHMsS OMH M3
pa:mggoa MAaTEMATHYECKOM TEOPMM HMIp - BHOOD pelleHMs Npd pHC-
ke [68].

CymHOCTb penieHust BHrnSauT caenyomum oopasom. Umeerca Muo-
XECTBO 3HAYEHHH B O 3 M O X H O H NPOM3BOAMTEJIBHOCTH Kapb-
epa Al A3, ... A;. A; B UHTEpBAJIE OT A;m o A;ﬂ.‘ne—

POATHOCTH TOSBJIEHHS KOTOPHWX, COrJIACHO YCTAHOBJCHHOMY 3a-
KOHy pacmpei€ieHnd =~ BCTHYMHB A®, paBHH COOTBETCTBEHHO Py,

=1 [
P, ... Pj . P (rze ‘f. Pj 1; Pj 2> 0%).

BO3MOXHO MHOXECTBO 3HAYCHMH 0 PM H 8 T O i B IPOEKTE
TIPOM3BOOMTCALHOCTH Kapwepa A, A% ... A‘!I A";l, cpcad  Ko-
TOPHX HYXHO CJ€1aTh BHOOp, €C1M M3BECTHW "NOJIE3HOCTH” ”ij’
CBSI33aHHHIE € MOCJIEACTBHEM PEaTM3alMH Naph A‘ll i} A;. HaniMm co-

BaMU, MMEETCs NPAMOYIoJbHas Marpuua mxn uMcen (taba. 8.10),
U3 KOTOPOii HYXHO BHOpPATh CTPOKY, SBASIOIYIOCS ONTMMAJLHOM o
MPHHATOMY KPMTEPMIO, T.€. B KGTOPOM

ﬂl. = HilPl + l]an + ...+ l]i]Pj + .. Hl.nPn — max. (8.71)

B kauecree kpurepus mogesnoctd [.M. Illuros pexkomeHgyer
UPMHMMATh CYMMApHYI0 NPMBEJEHHYK) BO BPEMEHH MPMOBUTE Kapbepa.

Ilng wimocTpauuM METOAA pacCMOTPHM MOPSAOK pacyeTra Ha He-
CKOJILKO YTPOMEHHOM MPHMEPE PYAHOIO Kapbepa.

Ilng 3T0r0 Kapbepa B TEPBOM BAPWaHTe ObUl TPMHAT 33KOH
6era-pacnpegesieHus  BO3MOXHOH  MPOM3BOAMTE/LHOCTH TO  pyne
(puc. 8.8) B 3aBMCMMOCTH OT BO3MOXHHX OmMOOK B mOACYETE 3a-
nacoB pyan K moKasareasx paborw obopynosanug., B koHTYpH
kapeepa BxmoueHo 800 mas T ropuoit Macch. B nepshit nepwon

Tabmuya 8.10
Aj‘ n
B B B B
N N T
i
n
AT P P, P, P, 1
n
A my m, m; m, m
n
A3 m,, - n,, My m,, m,
1n
Y m, m, Y m, m
Al n n n n
m ml m2 mj mn m
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BoamamraA npousbodumens-

wormm, 70 pyde, maw 17 03 | S8 | J6Z{ 886 | 211 | R75 | 1039) 12.0) 1369\ 15,32 | 16.96

Hegusamporms mpsfnenus v pa .
n/gu.i!f(/ﬂume/wrownu 7"/,, 04329 |6:6226\20, TS| 28,5977\ 244331 |13 65384761 |0.6906(00578 B3

Puc. 8.8. Bera-pacnpenciiesvie BOIMOMHOR NPOMIBOAMTENLHOCTH PYAHORO KADHEpA

CcTabubHOi MPOM3IBOAMTENLHOCTH BHpabaTneaerca 700 mam T rop-
HOH MAacCHL.

HOna ynpomeHns npuHATO, 4To B KaxJaoM u3 10 wHTEpBaNOB
(cM. puc. 8.8) BO3MOXHOH TPOMIBOAMTEIBHOCTM 3a0acH TOPHOM
Macc 700 MaH T BHPabGaTHBAOTCA C TOCTOSHHOM [POM3BOAMTEb-
HOCTBIO NO pyne A;f: a4 NPOM3BONMTEABLHOCTE MO pyAe H 3IKCILIya-

TAUNOHHKH KO3PGUIMEHT BCKPHIIM 3aBMCHT OT TOJOXEHUS 3TOro
MHTEpBAa HA KPUBOH pacmpefe/iCHUS.

B nmpouecce paccMOTPEHHMS BO3MOXHHEIX MPOEKTHHX pemenMii Oy-
IYyT BO3HMKATbL TPM CHTYALUM:

I AT = A% 2) AT > A% 3 A% < A%
t I Y ' !

PaccMoTprM MX TOC/IEAOBATC/ILHO.

1. MpockTHas NMPOM3BOAMTE/BLHOCTh KApsEpa C O B M a o a € T
¢ BoamMoxuo#. Onpenensercs ccOCCTOMMOCTL TOPHOM MAcCH ¢, JiHbo
no aMnupuueckoit dopmyne, smbo Apyrum MmetonoM. B namem npw-
MEPE MH MCTIOIL30BANM IMIUPHYecKyw ¢hopmyay:

a = 0,25 + 2/A, 8.7
e Ar - TNpoOW3BOIMTEILHOCTL KAph€pa 0o TrOpHOM  Macce,
MaH t/roq.

Tak kak B npumepe mpn A7 = A; Ac = 43,75 mum 1/rop, TO

BO BCEX JTHX CAyuasx ceOGecTOMMOCTL TOPHOM MacCw  paBHa
0,3 py6/1. Cebecroumocts pyamn €;; MOXHO ONPEIC/MTh TO OpHEH-

THPOBOYHON (hopmync:
- ¢, = crj(l + nj), (8.73)

ij
e n - IKCITYATALHOHHNN KOaNDUIMEHRT BCKpHIM, T/T. 3HAaUEHHE
n; (tabn. 8.11) Mm ompenensinn M3 OOLWEMIBECTHON 3aBMCHMOCTH:
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TIpodonmenus

N 2,18 31,82 5.46 711 8,75
A n | 19,06 10,45 7,01 5.15 4,00
15,32 431,75 43,75 43,75 43,75 43,75
0.57 0.44 0.38 0.35 0,33
11,46 4,99 3,05 2,17 1,67
16,00 16,00 16,00 16,60 16,00
9.57 9,57 9,57 9,57 9,57
16,96 43,78 43,75 43,75 43,75 43,75
0,61 0.46 0,40 0,36 0,34
12,14 5.21 3,16 2,23 1,71
16,00 16,00 16,00 16,00 16,00
9,57 9,57 9.57 9.57 9,57
Ar. - A
n,o= — . (8.74)
4 A®
i

1M 3HAUEHMS 3IABHCYT OT HPWHATON BO3MOXHON OWHMOKA B 1O~
CUYETE 3amacoB.

Tak xak B HAWEM NPUMCPE MEl OPHCHTUPOBOUHO CYHTACM, YTO
aanacel ropvoi Maccl B 700 MaH T BmpalaTtmBalorcs ¢ 0 O -
CTOSHHHOH#H TPONIBOIAMTERLHOCTRY) MO PYAE A'l!, TO NpuBE-

AeHHAsh K HAaYajy nepuoaa npubbulh MOXeT OWTL OnpeAeneRa 1o
dopmyne

1 1
.= (] - ¢c)A" [l + + + ...+
el v (1 +E (1 +E?

1 1
+ —— (8.75)
(1 + £) -1

VI, MCMOML3YsT ¢hOPMYJY CYMMB TCOMETPMUCCKOH ITPOrPeccHy:

1
e
(1+E)

;= @ - cp Ay ——H4

(8.76)

rne LI - omroBas uena pyaw (npuasta 2 py6/T; € cebecron-

MOCTb  pyau, pyd/r; E, - koodsbvruicet  npusepcuHns  (OPUHAT
0,08); A‘; - PAcCCMATPUBACMbIA BAPHANT OPOCKIHRON (IDOM3ROMMTEIb-

HOCTR WO pyne, mMuH T/ron.
WUcxonume wOKa3aTeIM [ns  Chaydast A‘; = A‘l". NpMBEACHN B

Tatn. 8.11 (ofeeacubl XUPHOR pamMkoi).
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mubn. 811

10,39 12,04 13,68 15,32 16,96
3.21 2,63 2,20 1,86 1.56
4375 43,75 43,75 43,75 39,22
0,32 0.3 0.31 0,30 0,30
1,35 1,13 0.98 0.86 0,77
16,00 16,00 16,00 16,00 17.90
9,57 9,57 9,57 9,57 10,10
43,75 43,75 43,75 43,75 43,75
0.33 0,32 0.31 0.3t 0,20
1,38 1,16 1,00 0,87 0,77
16,00 16,00 16,00 16,00 16,00
9.57 9.57 9.57 9.57 9,57

B nmepsoil cTpoke NOKA33HA MNPOM3BOMMTEIBHOCTL MO [OPHOM
macce 43,75 man  t/ron; BO BTOPOH - CeBecTOMMOCTh  FOPHOI
maccn 0,3 py6/r; B Tperseit - cefecToMMOCTE pyan no  iopmy-
ne (8.73). Hanpumep, pns A‘l.‘ = 7,11 man r/rom ¢ = 0,30 +

+ 5,15) = 1,85 pyb/r. B uerBeproii CTPOKE NOKA3aHO BPEMS OT-
paboTKH 3anacos ropHoit Maccw 10 ner; B nsToif - cyMma B KBaj-
paTHHX cKoOkax dopmynn (8.75).

Koadppuunentn Bekpenmu onpenessimch no cdopmyne (8.74) B
3aBHCHMOCTH QT A;., B NpEAnoOJiOXeHWn, yro pabora Beagercd ¢

MAKCHMAJILHON WHTEHCHBHOCTBIO M NPOM3BOAMTCABHOCTL 1O TOPHOM

macce paeHa 43,75 muH t/rog, T.€. ny = MT']—ZJ—IL = 3§,15;

ns = 43 73'758 5 _ 4 ¢/ v rn

2. TIpoekTHas NPOM3BONMTEILHOCTH Kapbepa 6 0 1 b ! € BO-
aMoxHol. B 3TOM ciyuae xapeep Oyact paboTaTs € BO3MOXHOM
NPOM3BOAMTEILHOCTRIO MO TOPHOM MACCE M DyfE, HO ce0eCTOMMOCTD
rOpHOM MAacCChl YBEJMUYHTCH N0 CPABHEHMIO C TIEPBOM CHTyanMe# 3a
CYCT YBEJMUYCHUS JIOJM YCJIOBHONOCTOSIHHBIX 3aTPaT, CRY3AHHWX CO
CHMUXEHHEM NPOUSBOAMTEILHOCTH N0 PyAe NO CPABHEHHUIO C IPHHSTOH
& nmpoekre. OpNEHTHPOBOYHO MOXHO CYMTATH, YTO

k(AT - 4%)
c.o=c. |1+ L} 8.77
AB

Xy 1y

e k - koapdunwent (8 npumepe & = 0,15); i HAXOOST IO

dopmync  (8.73). PacuctHne pandume npuBeneHs B raba 8.11

(leBee OOBEHCHHLX XHUPHHWMH PAMKAMH).
Hanpumep, npu A} = 7,11 u A‘} = 3,82 cebecrommocts rop-
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10,39 12,04 13,68 15,32 16,96
I
13,6538 4,7821 0,8908 0,0578 0,0003 '
+0,03 0,17 0,27 0,37 0,44
0,1199 0,2393 0,0708 0,0063 - -12,9649
0,42 0,57 0,68 0,76 0,83
2,8566 1,3786 0,3089 0,0225 0,0001 -2,3692
0,58 0,73 0,83 0,92 0,99
5,275 2,4054 0,5204 0,0380 0,0002 46,9275
0,65 0,78 0,92 1,00 1,07
7.1178 3,2223 0,7138 0,0516 0,0003 +11,9618
0,72 0,86 0,97 1,06 1,13
8,9202 3,9692 0,8725 0,0641 0,0004 +13,306
0,74 0,90 1,01 1,09 1,17
10,0465 4,5970 1,0133 0,0740 0,0004 +11,4955
0,7t 0,91 1,03 1,12 5L19
9,6392 5.0142 1,1246 0,0832 0,0005 +7,4618
0,68 0,89 1,04 1,14 1,21
9,2319 4,9040 1,2129 0,0910 0,0005 +3,2501
0,65 0,87 1,02 1,14 1,23
8,8246 4,7938 1.1895 0,0966 0,0006 -1,1382
0,62 0,84 1,00 1,13 1,23
8.4173 4,6285 1,1662 0,0958 0,0006 -5,5003

Tipubse 10 popmysie (8.75).

= 0,25 + 2/23,46 = 0,34 py6/t; cebectomMocTs pyaW ¢ =
= 0,341 + 2,63) = 1,22 pyb/r.

Bpema orpaborkm T = 700/23,46 = 29,8 ner; cymma B KBaa-
patHuix ckobkax dopmymu (8.75) pasha 12,15.

3areM COCTaBALETCH OKOHUYATENbHAS wMatpuna no  dopMyse
1a6n. 8.10. Pesymbratel pacuetoB npuBeaeHm B Taba. 8.12 m \ma
puc. 8.9.

IMoay4ynnoce, YT0 MAKCMMAAbHYIO NPUBEACHHYIO BO BPEMEHH NpH-
6eu1b B 13,5 M py6. (Touka B Ha KpuBoi ‘) MOXHO TONYYHTD,
eCIM NpMHATL B OPOEKTE  npoussoamtesbuocth 8,5 mmm  1/roa.
VYpoBeHb pucka mpH 3tom coctasun 65% (rouka B’ ma kpmsoii ).
Ecm Gpath MaTeMaTuueckoe oxwaanme 7,6 sum t/rop (touxka M
Ha kpEBoH 1), TO mpHORUIL COCTABMT 1'2 min py6., t.e. Ha 11%
Menbme. Puck cocrasut 509, (Touka M, Ha Kpuso# [).

CraTHCTHUECKMH aHAJIM3 TOKA3LBAET, YTO pacnpeiefcHHE mpo-
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10,39 12,04 13,68 15,32 16,96

I

22,57 15,92 7,917 2,7732 0,6848 t
0,03 0,17 0,27 0,37 0,44
0,1982 0,7965 0.6291 0,3020 0,0887 -5.2225
0,42 0,57 0,68 0,76 0,83
4,7220 4,5895 2,7455 1,0789 0,2923 11,4765
0,58 0,73 0,83 0,92 0,99
8,7199 8,0079 4,6247 1,8221 0,4894 25,9380
0,65 0,78 0,92 1,00 1,07

11,7659 10.7271 6,3439 2,4745 0,6669 36,6768
0,72 0,86 0,97 1,06 1,13

14,7452 13,2137 7,7544 3,0737 0.8328 44,3675
0.74 0,90 1,0 1,09 1,17

16,6070 15,3036 9,0059 3,5490 0,9765 48,0289
0,71 0,91 1,03 1,12 1,19

15,9337 16,6926 9,9948 3,9939 1,0940 47,8173
0,68 0,89 1,04 1,14 1,2

15,2605 16,3257 10,7793 4,3681 1,2027 45,8532
0,62 0,84 1,00 1,13 1.23

13,9140 15,4085 10,3648 4.5944 1.3671 39,1365
0,65 0,87 1,02 1.14 1,23

14,5872 15,9588 10,5720 4,6351 1,3033 42,7253

6bu no Qopmyne (8.75).

HeM pucka. [Mostomy Mmoxer Owth uenecoo0pasHeM TPHM PacCMOT-
PECHMM TICHXOJIOTMUECKUX ACTEKTOB TNPMHATHA pPEmIEHMM CYMTATh
CMEIRIM PELIEHMEM  TPOM3BOAMTEILHOCTb, 0DECTIEUHBAIOMYIO MAKCH-
MaJIbHYI0 NpHOLUIb.

8.10. MMHUMYM PUCKA HEOKYIIAEMOCTH KAIWTAJIBHBIX 3ATPAT

OueHka MaTeMaTWuYECKOr0 OXHIAHWSH MOJE3HOCTM TIPM paccMat-
pMBAEMOM BHIIE NOAXOAE MHPEANOIATaCT MHOTOKPATHOE TIOBTOPEHHE
MIpel ¢ TpMpoloH. B HelicTBMTENBHOCTH, B mpouccce pa3paboTku
MCCTOPOXIEHMS TOAE3HONO MCKONAEMOTO  PEeanM3yeTcs OfHOXOMO-
Basi Mrpa. Beamoxen unoil moaxon [40].

PaccMoTpuM MeTon, B KOTODOM B KAYECTBE KPMUTEPHS HCTIOJb-
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%,mm.pyif :))6":1 8.9. 3asucumocms
P — ~On, el NpUBEAECHHOA BO
i ,7’ (12 c \x\ Apemenn npuGuum (a) m
4 P4 H - yposns pucxa (6) O
I MPOCKTHOA NMPOH3BOIM-
/) o / : TEJBHOCTH Kaphepa:
H l

I - npn Gera-pacnpe-
V(| o ! Jeneuun; 2 - mpw MOp-

4, H MaJIbHOM 33KOHE pac-
0 :——?— |:‘1, D'l\ npeaesicHus

1 1 h L

0|z n ‘\A{nnn.r/rqa

] | L
2w 6AmanT/rog

3yercd MMHMMYM PUCKa HEOKYNAEMOCTH KaNHMTAJBHHIX 33TPaT B HOp-
MATUBHEI CPOK:

R, = min[l - F(Tm.)], 878

ric R, - PUCK HEOKYNAEMOCTH KANTMTA/IbHWX 3aTPaT NP VIPOCKT-
HOIl NPOU3BOAUTCIBHOCTM Kapbepa Nno pyne Api; F(Tm.) - ¢yuxumg

pacnmpencyicHus BEPOSTHOCTHM OKYMAEMOCTH KAIWTA/JBHBIX 3aTpaT B
HOPMATHUBHREIA Cpok T,

Ilycre TpeDyeTcst yCTaHOBMTD MPOM3BOAMTE/IBHOCTH Kapbepa Mo
pyae, ecim B nepuod pafoThi ¢ MOCTOSHHON NPOMABOAMTE/BHOCTHIO
no pyae suHiMaercs 700 mun T ropnoit Maccel. Boamoxhoe komu-
YECTBO 3anmacoB pyAsl B 3T0M TOpHO#M Macce cocrasaser (52,8
t 118,38 MAH T ¥ MMeeT HOpPMANbHHIA 3aKOH pacnpeaeaenns. Boa-
MOXHAsi NPOM3BOANTENBHOCTh O PYAE A;i TAKXE MMEET HOPMAJib-

HBlii 3aKkoH pacupenciaenns (puc. 8.10). B 3aBucuMoctm ot Be-
JMYMHB 3aracos pyAR u3MeHsieTcss KO(PGIMUMCHT Bekphimm n o1
19,06 no 1,56 Tt/T u ceBecrommMOCcTh pyAH ¢, or 6,02 no

0,77 py6/t (cM. Tabn. 8.11).
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Puc. 8.10. Kpupan
HOPMAIBHOTO pacmpese-
JNieHuA BO3MOXKHON npo-
M3BOAMTEJILHOCTY KADD-
epa no pyne

0_of 02 03 04 05 0F 07 08 09 10

Agy. | 208 362 | 546 | 211 | 875 | 10,39 | 12,04] 13,64 | 15,32 16,96
MAK.T/Y

m, | 19.06) 1045 701 | 5,15 | 400| 321 263 | 220 | 1.66 | 1.56

P\ Yo | OEI| 277 | 392 | 1582\ 22,57\ 22,57\ 1592 | 7,92 | 277 | 0.69

Lipe | BOZ) JY4 |\ 290) 185 | 50| 426 ) 109 | 6,96 | 666 | 0,77
pyssT

i onmpeaeneHusi CPOKAa OKYNAEMOCTH KalUTAJIBHWX 3aTpaT 3a-
MOJIHMM BCIIOMOTATC/AbHYIO MATPHLY U3 YCJIOBUS, UTO MMEETCS MHO-
XKECTBO 3HAUCHMIA BO3MOXHON IMPOM3BOAMTENIBHOCTH Kapbepa A;i H

MHOXXECTBO 3HAYCHMI NPUHMMAEMOH NPOECKTHOM IPOM3BOANTENbHOCTH
Api (tabn. 8.14). [Iloxasan Takxe, NPAMEHUMTCIABHO K  HOp-

MQJIBHOMY 33KOHY PACOpPEAC/CHMS, YPOBEHb DUCKa R, npu npuHs-

THM 3TOM WIM WHOH NPOM3BOAMTENBHOCTH.

B nporecce pacCMOTPEHMSI BO3MOXHBIX IMPOEKTHHX pemeHuit GyayT
BO3HHMKATH, KAaK 3T0 IOKA3aHO BHINE, TPU CUTYAUUH:

1. A;i > A;'.; NMPOEKTHAA NPOM3BOAUTEABHOCTE (OJBIIE BO3-

moxHoii. Kaprep Oynmer paborath TOJBKO € BO3MOXHOM NPOM3BOAM-
TEJLHOCTRIO. .

2. A;'". - Api; MPOCKTHAad MNPOM3BOJMTCABHOCTD COBIANAET C
BO3MOXHOH. Kapbep Oymer paborate ¢ MakCHMAIbHOM HMHTCHCHB-
HOCTBIO.

3. A;'”. < A;’.. Kapeep Gymer paboraTe € NpPOEKTHOM NHpPOM3BO-
IUTENBHOCTBIO, HO 33 cdeT CHIKeHuS Kod¢bHUMEHTa BCKPBIION €ro

MIPOM3BOANTCJIBHOCTE ITO mpﬂoﬁ MACCC CHM3UTCA. YMEHbIOMTCH TaK-
XK€ HATEHCHBHOCTb Pa3paloTku MECTOPOXACHMS.

B Tabn. 8.14 pepxuas undpa NOKA3WBAET YACAbHHE KANMTAIb-
HHE 3aTpaTH Ha | T TONOBOI NMPOM3BOIMTENBHOCTH IO PpyjAE, Of-
pele/IEHHRE N0 3MIHPUYECKOi dopMyie

X _ ol
ki - —A; = J,8(1 + ",Mi L 8.79

roe K - ofupe xanutasibHeE 3aTpatel, MJIH pyoé.
Cpennsis uucdpa - monyuaeMas yaeabHas npuObLIb

I, =1U-c, (8.80)
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Puc. 8.12. 3Jabucm- R% 3
MOCTb PHCKA HEOKYIId-
€MOCTH HANATATBHBIX P -
3aTpar B TedcHme 7 7%
JeT OT NPHHATOM npo-
€KTHOM NPOMIBOHTE b~ 124
HOCTH Kkapbepa mo pyne 29
opu uese pyasl, pyb/r: “
I - 25 2 - 21 -
3-19 20—
S n L

9 Z 1AM T/ R

DAHHME Ans BapmaumToB ned pyasi 2,1 u 1,9 pyS/t. Dvu peayimb-
TATH TIpUBEAEHHE HA pwc. 8.12.

TMoayuunnoce, yto upu uese Ha pyay 2,5 py6/t muummyMm pucka
HEOKYNAEMOCTH KaNMHUTANbHKX 3aTPAT B HOpMarmeanii cpoxk 7 jer
DOCTRTAETCd IpH NPOEKTHON TPOMIEOIUTEIBHOCTH Ay, = 7,5; mpm
geHe Ha pyay 2,1 py6/t Ay = 9.8 n mpm nene 1,9 pyb/t A=
= 11 muu t/ron.

OroHYATENBHOE PEIIEHNE He O0ASaTEALHO CJRAYEYr NPUBBMATE NO
kpurepro (8.79) - Moryr noemmate u apyrae $akTopei. Ho HyxHO
MMETb B Bujy, NTO YPOBEMbL PHCKA HCOKYNAEMOCTH 32TPAT I
3TOoM OYAET YBEeIMMMBATHLCS.






OUATbHHE WHAMBHAYANbHHE cpeactsa aas pabouux no cHaGXeHmio
CBEXHM BO3AYXOM.

Ipn HaseMHO# pa3pabOTKe MOTYT NPMMEHATHCS 3HAYMTEIBHO 6o-
Jiee MOOIHHIE W KPYINHHE MAMMHK M MEXAHA3MH, 4€M MPH MOA3EMHON
paspaborke. 1o npuBoguT K GoJee BLICOKOA MPOM3BOAMTEIHLHOCTH
TPyZia.- M HH3KOH CeOECTOMMOCTH YIOJIE3HONO UCKOMAEMOTO,

Yenoreky OCTAETCH Yy4YeCTb OOBEKTMBHHE (DAKTOPH M IPUHATH
pemeHns no cyGvexTMBHRM (no0 BHGOpY cnocoba paspaborkm, THNA
MAMMH M MEXAHM3IMOB, OIPEAE/ICHMIO IPOM3BOAUTENBHOCTH PYAHMKA,
rpaHMOaM KapbepHOro WM WAXTHOIO MOJIEH, HATIPABJICHMIO M HHTEH-
CMBHOCTH Pa3BMTHs IropHmx pabor).

Ipu Bubope cnocoboB BHEMKHM M MEXAaHU3AUMH paboT HHXEHEP
OrpaHHYCH COBPEMEHHKIM YPOBHEM M QIIDKANIIVMM NEPCHCKTHBAMM pa-
3BMTHS TEXHMKM KAaK NpM MOX3EMHOM, TaK M Ha3eMHOW paspaborke.
INpu nHasemuoit paspaboTke umeercs 3HAyuTenbHO GojbIE TBOpYEC-
KAX BO3MOXHOCTEH BjusHMdg Ha S3¢¢exTHBHOCTD paloT, ueM mnpn
NOA3EMHOI pa3dpaboTke mecropoxaeHmil. Bo MHOrMX cyuasx MOXHO
NOCTPOMTh Kapbep C 3apdHee 3afaHHO# Ce0ecTOMMOCTBIO MOJE3HOro
MCKOTIAEMOr0, C YCTOMUMBOM B TEUEHHWE JUIMTEIBHONO BPEMEHH Ce-
6EeCTOMMOCTEIO TOJIE3HOTO KCKOMAEMOro, paBHOi CeBecTOMMOCTH mpu
MOA3EMHOI paspaborke. YMEHbIIHB KOHCUHYIO CyOMMy, MOXHO CHM-
auTh Ce0ECTOMMOCTD NOJE3HOro wuCKormaemoro. I[IpuHSB COOTBETCT-
BYIOI[Hil 00BEM IOPHO-KAMMTATBHEX pabor U rayOGuHY Kapeepa, MOX-
HO obecneunth pabory €O BCE yMEHBIUAIOmMMCS TeKymmM Koapdmu-
IMEHTOM BCKpBIIM, 3 3HAUMT, M CeDECTOMMOCTHIO IOJE3IHOro HMCKO-
maemoro. MoXHO MOCTPOMTE Kapbep C pacyeroM Ha PeKOHCTPYKIHIO
M BBOJ HOBOIO COBEPMECHHONO O0OPY/IOBAHMS, IPH KOTOPDOM OKaXeT-
ca uesiecooOpasHoii pabora co Bce yBenMUMBAOMUMCE KOXb@UUMEH-
ToM BCkpuimM. [loatoMy mpu onpenciacHHH TPaHMIL KapbhepoB JKeJa-
TEJBHO IO/Ib30BATHCH METOJAMM, IO3BO/SIOMUMH pPEeaM30BaTh Bora-
THE BO3MOXHOCTH HA3EMHOHM DPa3paboTKH.

QueHp PacnpOCTPAHEHHHIM KPHUTEPHEM PACYETOB SBASETCH Mak-
CcuMyM npuOnUTH Npy paspaboTke MectopoxjcHns. IIpu 3ToM mucropu-
YECKM CHOXWwiack caenyomas curyauns. CebecToMMOCTb IOJESHOro
ACKONAEMOro IpM HA3EMHO# paspaborke B 1,5-2 pasa Huxe, uem
0Py TOA3EMHOM. 3TO CuMTaeTCs OOHON M3 OCHOBHHX ocoBeHHOCTei
OTKPHTHX pafoT M HMKOrO HE yOMBMSET, €M psgom paboTaior Ka-
pPpEp M mMaxTa, rge ceDecTOMMOCTb MOJIE3HONO MCKOMAEMOro pPaBHA
cootBercTBeHHO 1,5 w 3 py6/1. [lonwTka yBEIMUMTL HPOM3BOMM-
TEJIbHOCTh Kaphepa, YBCJAHUMB Ce0ECTOMMOCTh TIOJIE3HONO HCKONae-
moro sio 2-2,5 py6/T, cumtactcs HEAOMYCTHMOIA.

Hnes MakcMMyMa mpuObUTM TIpM OTKPHITOM pa3paboTke MecTopoX-
ACHUS AOCTUracTCsl 33 CUCT YMEHBIIEHHMS! KOHEUHON ryOMHW Kapbe-
POB M CHHXEHHMS CeOECTOMMOCTH IOJIE3HOIO HMCKONAEMoro. JT0 Be-
JeT K CHIBHOMY 33aHMIKCHHIO NMPOM3BOAMTEIBHOCTH M TPAHML, KAPbE-
POB B CJIyHac, KOMMA BO3MOXHA MOCAEAYIOMAS INOA3EMHAS paspa-
6oTKa MECTOpOXAEHMH, M MOTEPHAM AONOJIHMTEABHOM NpuOLLM, BbI-
3BAHHON POCTOM KOHWEHTPALUMHN NPoM3poAcTea. B nyumem nonoxe-
HUM OKa3aauch MECTOPOXJCHHMsI, IS KOTOPHX BAapHAHT IOA3EMHHX
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pabor Boobmc Hempuemsiem. TorAa rpaHuMum Xapbepa ONpeessiorcd
Wcxons u3 coobpaxenmii peHTaGeNBHOCTR M HAPOMHOXO3SHCTBEH-
HO¥ HEODXOMMOCTH.

[IpUMEHNTENBHO K ONPENCACHUIO FPAMME, OTKPHTHX pafor H BO-
ofie rpaummy paspaloTKH  MCCTOPOXICHHI KpMTEPHH MakCHMyMa
NpUGHUIM JIOMXEH MCOOIL30BATLCS KPAWHE OCTOPOXHO, TAK KAK Mhl
MMEEM ACH0 C HEBOCNORHMMEMM CHPbCBRMM PECYpCAMM M HYXHO pa-
FyMHO H TOMHO MX MCNOZL30BATh, JTO B KOHEYHOM CUCTE IpHBE-
AeT K pocTy APHEKTHBHOCTH NPOM3IBONCTBa B Macmralec CTpaHH.
Hepocraroyue oncHMBAeTCss Takxke u 10T Gakr, uro TIOA3EMHAs
paspaboTka BO MHOTMX CIYHAX BENET K 3HAUMTENLHO GOnbmmMm
NOTEPAM NOJAE3HOTO MCKOMAEMOrO.

Ilpu onpenenexum rpaHMI, Kapbepor HYXHO PYKOBOACTBOBAThCH
TAKKMHA X€ COODPaXEHUSMH, KAK M NPH ONPENE/ICHMH TPaHML, MAaXT-
HeX moneil. HyXHO NpoeKTEpOBATH COBPEMEHHOE, BHICOKOMEXAHH3U-
POBAHHOE, JKCOHOMMHECKM peXTHBHOC TNpeanpusTac, obecneun-
pawwlce 8apOOJieC NOJHOC MCNOAb30OBAHHE Heap 3eman. B kawecr-
BE KpUTSpus IDEKTHBHOCTH MOXHO HCNOABIOBATH ypOBEHb NPUOHI-
A W PeHTA0EALHOCTH, OKYDAEMOCTh KAIMTAJIOB/IOXCHMA B HOpPMa-
THBHLIH CPOK.

9.2. TMIPRAHUMIIBI ONPEAENEHHS I'PAHMU KAPBEPOB

B npupone Bcerna mumeercs 0ONbIMGE KOJIWYECTBO MECTOPOXAE-
HHE TMOJIE3HHX MCKOMAEMbiX, B OTHOWECHHMM KOTOpPHX HEODXOAMMO pe-
WWaTs BOOPOC O uenecoo0pasHOCTR MX DaspaloTKM OTKPHTHM CIo-
coboM Win noAseMHHM, M ewe Gonbme - MEeCTOpOXAEHHH, NpU OT-
KpuTOil pa3pafoTKe KOTOPbHIX HYXHO YCTAHABJMBATD TIpaHALY OT-
KPHITHX pafoT Wi paHMIy NEPEXOJa OT OTKPHTHX K IOA3EMHBEIM
paGoram.

B mpounecce pasBuUTHS TEXHAKM M TEXHOJIOMM TOPHONO Aeaa C
NCPEMEHHBIM YCIIEXOM HKIET COPERHOBAHNE MEXAY TOA3CMHHIM M OTK-
pHITHM crnocobamu pa3zpaboTku Mecropoxjchuil. [loatomy mpobiema
ONpPCACTICHUS TPaHML OTKphTHX paGor umena u mmeer Gosnpmos npa-
KTHUECKOE M TEOPCTUUECKOE 3HAUCHME M METOZAMK €€ [pemeHud 3a-
HUMATHCh MHOTEC UCCIACHOBATCIH.

NpuHUMIMANBHEE MOSHIEN KAXJOTO ACCAEAOBATeaAd B npobacme
ONPEAE/CHRS TPAHML KapLepOB XaPaKTEPU3YIOTCS METOAOM MCIOJIb-
30BaHMs B pacuerax kxpurepucr sbdexTuBrocTh pabor, uame BCEro
3ITO TPAHMYHBE KodpPUUHEHT BCKphiM Wi Koxbduument nobuuu.

Ina obacrueHud NajbHEMITUX PACCYX/CHUWI NPHBOAMM OMPENEsie-
HMSI OCHOBHBIX KOXPGMUMEHTOB BCKPRINM W BRIEMKH, KOTOPHMH PYKO-
BOACTBYIOTCS] ABTOpLI.

F'pawuudysu B n - TCOPETUYECKH MAKCHMANBHO JOMYCTH-
mbiil KoopbuuMCHT BCKpHILIK, NPH KOTOPOM B AGHHBLIX YCJIOBHSX OT-
KpeITas paspafoTKa MECTOPOXJEHHS ABJASETCH HKOHOMWUYECKM ueJe-
cooBpasHon.

CopenHuil ng - OTHOWIEHHE M3BJIEKAEMOro oObEMa ITyCTHX
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Pm:.> 9.1 Cxema & oODnpeueneHMI0 rpaEMIl KApHEpa NO NMPUMHIMIAM 71, > Mx M
n- 2 n,

3297

"rekymuii” ko3thUUMECHT BCKpHIE npH n, = AV/AP u €ro 3HaueHHE
CPaBHMBAETCH C rpaHMYHHM Ko3pduumenTom Bckpuimn. Korma 6ymer
JOCTHFHYTO PABEHCTBO M = HKy, (DMKCHpPYETCHS BEDXHAS OpOBKAa Ka-
prepa (Touka B) M OT HEE BHH3 IIOA YIVIOM MOrameéHAs B IpoBo-
aurcs Gopr kapbepa BC 1o BCTpeum ¢ pyasum teiaoM. Takum ofpa-
30M onpeaensercd xKoHeuHad miybmna xapbepa Hy.

10T MeTon ONpEAEaEHHMS KOHEYHOI IMyOMHH Kapeepa fABASETCH
Gosiee HaNEXHHM, UEM ONPEAC/ICHHME IyOMHA Ha OCHOBE KOHTYPHOIO
k03 PHUUAECHTA BCKPHIUYN, TAK KAK OH OTPaXaeT ACHCTBHUTEILHO BO3-
MOXHOE PA3BUTHE TOPHHMX palor B Kapbepe M IPH 3TOM YYMTH-
BACTCH NPUHATHH Croco0 BCKPHTHS.

B kapbepe, MIyOMHa KOTOpOIO ONPEAEICHA MO NPHHLANY nr 2-
2 n;, B TIEPUON IKCIUIyaTAUMM 3HAYEHNHS 9KCIJIyaTaLHOHHOTO
K03(HUMEHTA BCKpHOIA BLOJHE MOTYT HE NPEBOCXOAHTH BCIMUMHE
IKOHOMMYECKH peaecoobpasHoro kobgpuumenra sckpuimn. Ho ecym
YYECTb, YTO B GOJBLIIMHCTBE CJIYYAEB YCPEAHEHHHEC 3IHAYEHMS IKC-
wiyarauMouaoro xo3dduumenta BCKpHIM OyiyT MEHBIIE MAKCH-
MA/lbHOIO 3HAYEHHS 7;, TO CTAHET SICHO, UTO NpPH IPABMIABHOMN
pabore B KOHTypax kapsepa ABCD (cM. puc. 9.1) ycpemHeHHmil
IKCIUTyaTanaoOHARE KodhdHUuueHT BCKpHmy Oyzer BCE BpeMd MEHbIIE
rpaHayHOro ko3dpuumeHTa BCKPHIIA,

Kpome TOro, Moxer O0kas3aTbCs, YTO OpM H; = N, CPEIHHN
ko3pduunenT BCKkpoima Oyner Gombme n, 3a  cuer  oOpema
NEPBOHAYATbHAX BCKPHIIHHX paGoT, €C/H MOIHOCTD HAJIETAIOMEX
mOpon AOCTaTOYHO Besmka. Torna pa3paboTka MeCTOPOXACHHS B
KOH x ABCD 6yner 3aBegoMO HEPAIMAOHATHHOM.

akum oBpasoM, 3TOT UPHMHIMN HBAMETCA TAKXC HETOMHHM M HE
OTPaXkaeT NONAHOCTHIO (PAKTHUYECKOro HM3MeHedus cebecToMMocTn Io-
JIE3HOTO MCKOMaemMoro. B HEM HE YUMTHBAETcCd NEPBOHAUA/IBHEIN
obbeM BCKPHEIHHX paBor, kOTOpHi Bauder Ha cefecTOMMOCTB IO-
JIE3HOr0 MCKOMIAEMOIO, "TdK KAk 3aTPaThl Ha IOPHO-KANMTAJILHHE
paform moramaroTcd Ha | T H3BJIEKAaEMHX 3aMacoB M C YBEJIAYCHM-
eM 00beMAa TOPHO-KANMTAIBHHX pAboOT BEJMYAHA MOTAMEHMS MOXET

JOCTMIHYTb 3HAYHTEJIbHOH BEJIMYHHH.
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Ilpn noxsemnoil paspaboTke MECTOPOXICHHUS JKOHOMHUECKHE MO-
KasaTeqm paboTh MAXTH LETAKOM 33aBUCAT OT IOPHOTCXHWYECKHAX
(hakTOpOS M COBPEMEHHOTO YDOBHS TEXHMKHM M CPaBHMTEILHO MAJO -
OT XENaHWs NPOCKTMPOBIMKOB. B OT/IMUME OT ITOro, HpPM OTKPHTOR
pa3paboTke MECTOPOXIACHHS MOXHO MOCTROMTH BO MHOIAX CIyyasdx
Kapbep C 3apaHee 3afaHHOi ceGecTOMMOCTBIO MONEIHOTO MCKONae-
MOro. 310 OOBSCHIETCH BO3MOXHOCTBIO BapeHPOBAHMS KOHEYHOMH
ray6unoil Kapnepa, KOTOpas CHJIBHO BAMAET HA 00bEMEH BCKPHIIHBIX
pabor M TeM caMhiM HA Ce6eCTOMMOCTH MOJE3HONO MCKONAEMOTO.

Ipexne yeM yCTAaHABIMBATH rPAHHON OTKPHTHX pabor, Heobxo-
OMMO BHSBHTL T€ TPeOOBaHME K IOKA3aTengm pa 6ynymero
Kapbepa, MO KOTOPHM MH MOXET Cyauth o0 3ddexTHBHOCTH npo-
CKTHHX pemeHMii nyTeM CpPaBACHMS NPOEKTHHX NOKa3aTeaei C [0-
MYCTHMBIMH.

Kax ykasnpanoch BHme, ofmude 3aTpaTel Ha paspaborky mecro-
POXACHHS COCTOST M3 KANATAJBHBX BJOXEHWA B CTPOMTEILCTBO,
PasBUTHE M TOQICPXAHNE TPOM3BOAMTENBHOCTH KAphepa M IKCILLY-
ATaUMOHHHX 3aTPAT HA BHEMKY M3 HEAP TOPHHX OOPOx (MyCTHX No-
poI M MOJE3HHX MCKOMAEMEIX),

3TH KapbepH OKYNAlOTCH 3@ CUET PeajM3aLN¥ TOBAPHOM NPOAYK-
OUM U YACTH BRICBODOXAAIOMAXCS B NMpPOLECCE IKCILIyATALMM M TIpH
OKOHYAHMM TOpHHX paBor obOpyIOBAHAS M COOpYKEHMIA

Ilpy yCTaHOBJIEHMA rpaHML, Kaphepa MOXHO CTpEMHTbCHE AnbO K
MAKCUMAJIBHOM 3KOHOMHUYECKOH 3(PGEKTABAOCTH, T.€. K MOIYYEHHIO
MAKCHMAJIBHOM NpHOLUTH OT pa3paboTKM MeCTOpOXIEHM, 6o K Ho-
pManbHOil 3¢dbexTHBHOCTH, obecrneunparomeii pabory kapbepa ¢ HOp-
MATHEHHIM CPOKOM OKYTIdEMOCTH 3aTpar.

IMo HameMy mHeHMIo, Gosiee MpaBMAbHLHIM SBASETCS BTOPOM MyTb,
TaK KaK MW HMeeMm [e0 C NPUPOTHEIMH PECYPCaMH, KOTOPHE HE BO-
300HOBAAIOTCH. A MAES MAKCMMyMa TpHOLLTA MOXKET CTHMMYJHpPOBATb
XHIIHMYECKOE OTHOMIEHAE K MCIO/Ib30BAHMIO MECTOPOXICHHHA,

Ycnosuio 3¢))eKTHBHOCTH OTKPHTHX TOPHHX pabor orsewaer dop-
Myna (0e3 yuera KamMTajabHHX 3aTPaT HAa NMONIEPXAHME MOMHOCTH,
OCTaTouHOM cromMocTu obopynosanng um xo03dxpuunenra 3hdexTus-
HOCTH KANMHTAIBHRX BJIOXKCHHI)

e Ty T

ElullAPI - ’El A ?,f kpA, . 9.9
c

B ceaan ¢ Tem, uto ¢, = ﬁ%’ aA = Api(l +n),

T Tx

‘f(ui - cpi)Api >,2llklAA'., 9.10)

roe Tw - HOPDMATHBHWIA CPOK OKYnaeMmocTH, ser; Tx - CPOK Kam-

BAOXKEHMH, JieT; k’., Cp Sop I, - COOTBETCTBEHHO YAC/BHHE
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NyCTHIM TMOPOAaM B NEPMOA HOPMANBHOH IKCIUIyarammd, M/roz;
Ap - TO Xe, N0 MOJE3HOMY HMCKONAaemMoMy, M/rof.

OtHomenme Vo/P SBASETCS NEPBOBAYANLHEM KO3(UIHEHTOM
BUKPHITA 1, BEJHYAHA Au/A, smagercd OSKCILTyaTaAnMOHHBIM K03¢-
¢ULUACHTOM BCKpHIIE 1.

B nacrosmee BpeMS B MPOSKTaX NOramieHME BCKPHIUALIX pabor B
cefecTOMMOCTH  MOJIE3HOr0 MCKONMAeMOr0 MPOM3BOAAT WM N0 Cpel-
HEMY WJIH NO CPERHEIKCILUIYATALMOHHOMY KO3(DGIMUMEHTY BCKPHIIH,
yto HeBepHO. [lpaBmibHee paccUMTHBATL CEBECTOMMOCTD MO  9KC-
IUIYaTauWOHHOMY Ko3(HUHEHTY BCKpPHIIH, YCPEAHEHHOMY IO OT-
AeAbHEM nepuogaM paboTh.

B nmepuoa CTPOMTE/NBCTBA Kapbepa BEJHYHHA By OTAMUYACTCH OT
pesMuEHE b Kak 3a cyer obmero ynopoxanmd pabor B nepumii me-
PHOA, TAK U 33 CYET palTuuMg KPEnoCTH IMYCTHX .10puA.

IHAYNM

nobu/b = ne. ©9.13)

Ilng HOpManbHOi 2KOHOMHMYHOM paboTh Kaphepa HeoOXommMo,
yrobm  ¢axTaueckas cebecTOMMOCTh FOJE3HOTO MCKOMAEMOTO  BO
Bce 7mepnopn paboTn xaphepa HE NPEBHMANA AONMYCTAMYWO cebe-
CTOMMOCTD Cy, T.€.

C 2> a+ (no + mb, 9.14)
OTKyHa
_cnb_-_a_ >+ n. .15

Jlesas uwacts cdopmynm npeactTasager coboil rpaHmusbli K03¢-
¢uLpeHT BCKpHITM,

CienoBaTebHO, OCHOBHOE YC/JIOBUE SKOHOMMYECKOH Le1ecool-
Pa3HOCTH OTKPHTHX pafor

nc 22no + n, 9.16)

IO€ Mo ~ NMEPBOHAYANBHEI KOXPOMUMEHT BCKpHIM, PaBHREI GTHOME-
HAI0 00bEMAa NMYCTHX MOPOJ, BuIHUMAEMHX 33 CUET KANATAJBHHIX 2a-
Tpar, K obmemy OObEMy M3BJIEKAEMBIX 3aN3COB IOJE3HOTO MCKO-
NacMOr0 B KOHTYPax Kapbepa, TPMBCACHHHE MO ceGecToMMOCTH K
3KCIUTyaTaLMOHHOMY K MUHEEHTY BCKpHmmM, M/M% n - ycped-
HEHHHII NO nepuosaM paboTH Kapbepa SKCILIYaTALMOHHEE K03d-
duuAeHT BCKpHmA, M3/pM3; ne - TPAaHMUHB KOI((PHUUMEHT BCKPHI-
1M, .

310 CcooTBeTCTBYET Takoil paGore Kapeepa, mpH Koropoll ¢ax-
TRYECKAn CeOECTOMMOCTL PyAbl HHKOTAA KE TIPEB3OMIET AOMYCTH-
MOl BEJIMYMHH,

I%pouane}xem Hexoropeie nipeobpasosanmng dopmynn (9.16).

aK Kak

n = A(ncp - nﬁ),

TO
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n 2 Ang - no(A - 1),

Beenem koabdumuent P = ny/ng = Vol/V,
Torna

ne > npld - @ - D], ©.17)

T.e. MEXAY Nr M N MMEETCH ONPEAE/ICHHAS B3aWMOCBH3b,
XapakrepHoi OCOOCHHOCTBI0 MPEUIOKEBHOrO NPUHIUNA ABASETCS
ero Gonce obmmii xapakrep. Bce pamee NpenOXEHHANE NPUHIAIG
SBJISIOTCS YACTHHIM Cioyuyaem HepaseHcrsa (5.16).
Korma ofveM ropHo-kan#tambEHX pafor HESHAUMTEIEH H MM
MOXHO npeHefpeub, T.€. ng = 0, Torna p = 0 u

ne > Ang. (9.18)

Ilpasas uacTh HEPABCHCTBA NPEACTaBASET COBOM  yCpenHCHHKIH
IKCILTYaTANHOHHEH KOPHUMEHT BCKPHIOIM JAHHOIO NEpHoaa paboru
kapbepa. Eciu 3ror kosddbuumeHT HE YCpPEmHNTB, MOMYUMM IIPHHIAT
ne » n,;, npepioxeHHui B.B. PxesckuM.

Ilpu orpaBoTke NOMOrONAZAIOIIMX PYOHHX TEJI, KOTA3 OJMH U3
KOHEUHHX OOPTOB KAPHEPA MIET MO KOHTAKTY DPYAHONO TE€Jd M IOHA-
CTHNAIOMMX NMOPOA, 3 TAKXE BEPTHKAJbHHX H KPYTONanaumux 3ae-
XEH NpM BCKPHITUN BPEMCHHHWMM CbC3JaMM MO KOHTAKTY PYAHOIO Te-
JIa, ROTAA MOryT CO3AaPaThCd YCJIOBMS, MOK33aHWHE Ha puc. 9.2
(paboune Gopra B MOpPOA3X BMCAYENO M JIEXAYEro GOKOB BHIXOAST
HA KOHCUHMBC KOHTYDH Kapb€pa Ha IOBEPKHOCTM ORHOBPEMEHHO),
MaKCAMAJIBHOE 3HAUYCHHE “TeKymero” (He YycpemaHEHHOro) koadxpu-
OHAEHTa BCKPHIMIA CTAHOBHTCE PAaBHBIM KOHTYDHOMY, T.E.

= R = ne = AV /AP

B arom cryuae nmpuammn (9.16) npespamaerca B nr > ny + mi,
a OpU OTCYTCTBHM TODHO-KANMTAJBHHX pabor (ng = Q) B 2 2.

EciM ynacTcss COCTABHTb KaJCHAAQHHM 1013H ropusix pafor Ta-
KMM oO6pa3zom, uToOm Kapbep Becs nepuop mor paforath €O cpen-
HAM SKCIUTyaTauHOHHEM KO3bdhAUNERTOM BCKPHIIHA (o, - M), T.C.
npn ko2bdhHLUEEHTE HEPaBHOMEPHOCTH BCKPHIIHEX pafor A = 1, 10
npuHumn (9.16) npespamaercs B NPLHIUI Ay 2 Nep.
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