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METOAHKA OIIPEAE/IEHHA 39PPEKTHBHbBIX
COOTHOLIEHHH MOTEPb H PA3YBO>XKHBAHHA
IMPH 3TAJKHO-KAMEPHOH CUCTEME PA3PABOTKH
C IIPEAAIOXPAHHUTE/IbHBIMH LIE/IMKAMH
PaspabotaHa meToarika orpesesieryis 3¢hheKTHBHBIX COOTHOIIGHHE 10Tepb H pa3y60o-

XKHBaHHA, pa3paboTaHHas A/ YCIOBHFT [ aFiCKOro noAseMHOro pyaHHKa.
KrroueBrie cioBa: Kamepa, pa3yboRHBaHHe, pyaa, A00blda, PYAHbIC LIe/[HKH, OTOOFKa,

oboratieHre.

P aHee MPOBEeEeHHbIMH HCCeo-
BaHMUAMK YCTAHOB/ICHA TeXHU-
yecKkasi BO3MOKHOCTb M 3KOHOMHUECKast
L1e/1ecooBPasHOCTh TMOBbILEeHUS 3dhdeK-
TUBHOCTU KaMepHOM BBIEMKU 3a CyeT
CHUXKeHUsT pa3yboXKMBaHUA TYTeM OC-
TaB/ICHUA [PeAOXPAHUTE/IBHBIX PYAHBIX
uenvkoB [1]. 3agaueit nmaHupoBaHus U
MMPOEKTUPOBaHUA OTPabOTKU KaMephl B
KOHKPETHBIX YC/IOBUSIX SHB/ISETCA OIl-
peneneHrie TAKOTO COOTHOLIGHUS Be-
MUUMH TIOTepb U PasyOOoXUBaHUs, KO-
Topoe 6yaeT Hanborree 3KOHOMHUYECKU
3(pPeKTUBHBEIM M TeXHWUYECKU paLo-
Ha/IbHBIM.

Metoarka omnpeaenexus 3¢pdeKTUB-
HBIX COOTHOIIIGHHM TOTEPb U PasyboRU-
BaHusfA, paspaboTaHHas /718 YC/AOBUM
[afickoro MoaseMHOro pyaHWKa, COCTO-
WT B T[OC/EA0BAaTe/IbHOM BBIMIO/THEHUU
CeMH 3TarloB:

1. MeToaOM 3KCMEpTHOM OLIGHKHU T10
reo/1Ioro-MapKIlIeHepckon  A0KYMeHTa-
LMK BBIOMPAETCs MPOeKTHpyeMas Kame-
pa, YCIoBHs OTPabOTKU KOTOPOM IIO
TPaAWLIMOHHOM TeXHO/OTHK (6e3 mpeno-
XPaHWTE/MbHBIX LIe/IMKOB) BBI30OBYT 3Ha-
yUTe/IbHOE YBe/TMUeHue pa3yOoKUBaHHs
pPYabl OTHOCUTE/IBHO CpeHero Mo 3Ta-
Kky. [lpu aToM ycTaHaBAWBAIOTCS Ieo-

MeTpUYEeCKHe MapaMeTphl U IoKas3aTe/lu
M3B/eueHysl KaMmephbl (6e3 npemoxpaHi-
Te/IbHBIX LIe/TMKOB):

e mupHrHa B;

® nnviHa L;

e BhICOTa H;

e notepu I (cpeatye o ataxy);

¢ pasyboxuBaHre P (moTeHLMansHO
BBICOKOE);

® comepxkaHMe Mend B OanaHCOBBIX
3aracax JaHHOM KaMephl C.

2. I'lo paBouemy MpoekTy OTPabOTKU
[AaHHOM KaMephl YCTaHaBAMBaeTCs (pak-
TOp, B pe3yabTaTe KOTOPOrO IPOMCXO-
OWT 3HAuYMTeNbHOE YBerrueHHe pasybo-
KMBaHYA. TakuMU PaKTOPaMU SIB/ISIIOTCS:

® HM3Kas YCTOMUYMBOCTh BMEIIAIOIINX
rnopoa BucaYero 6oka, 0BYCIOB/IeHHas
HX (PUBHMKO-MEeXaHHUEeCKUMH CBOMCTBaMU
1 pa3MepaMi OOHaKeHs;

® HM3Kas YCTOMUMBOCTh HCKYCCTBEH-
HOTO MacCHBa B KPOB/E KaMephl, o0y-
C/IOB/ICHHas  ITPOYHOCTBIO  Hecyllero
C/10 3aKMIAa0YHOIO MacCHBa Bbllllerie-
JKalller Kamepbl;

® BpeMsi OOHaXKeHUs BUCAYero 6oka v
3aK/aZIOYHOTO MacCHBa B KPOB/E KaMephl,
ornpezenseMoe [IPOAO/IKUTE/TLHOCTHIO
repyoaa OT Hayasla OUKCTHOM BbIEMKH 0
Hayvasla 3aK/1aZ04YHbIX PaboT.
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B saBucMMOCTM OT  YCTAHOB/IGHHOTO
haxTOpa MpPUHUMaeTCsl MecTo (hOPMHPO-
BaHVSA [TpeoXPaHUTe/bHbIX LiemkoB ([ 1L):

® y BHcAUero 6oKa;

® B KPOB/IE KaMephl;

® y BHCSUEro 6OKa 1 B KPOB/IE KaMepkl.

3. Onpenensiercs 3pEKTUBHOCTb
BO3MOXKHBIX cooTHoweHuit [1 v P ¢ yue-
ToM ¢. [ls1 3TOro MCTONb3yeM MEeTOAMKY
pacyeTa MpuOLY [Ip, OTHEeCEeHHYIO Ha
1 T noraieHHbIXx OGa/laHCOBBIX 3arlacoB
KaMephbl.

3.1. B obuem Buae dyHkiums [Ip

MeeT BUA:
[1p = (Uuss. — 3) — max, py6./T, (1)
rae [luse. — usBiekaeMas LI@HHOCTh /10-
GbITOM pyabl, pyb./T; 3 — 3KCIyaTau-
OHHBble 3aTpaThl Ha A00BUY W oborailie-
HUe PYAHOM Macchl, py6./T.

3.2 VisBnekaemasi LIeHHOCTh Onpese-
NsIeTCA:

L, =2ZcQ1-1Il)-¢,, pyo./T (2)
rae Z — ueHa 1 T MeTa/rta B KOHLIGHTpaTe,
pYo.; C — codepkaHve MeTa/la B GaslaH-
COBBIX 3aracax Kamepsl, foa. en.; ['1— ko-
apdUlIMeHT MoTepb pyabl MPU A0OhYe,
aon. ed.; €, — KoathhULIMeHT u3BeyeHus

MeTa/l7/la B KOHLICHTPAT IIPH O60l"aU.I€HI/II/I,
aor. en. Onpeﬂenem/le €, B 3aBHMCHMOCTH

OT cofepXkKaHus Meau B AOOBITOM pyae a
OCYILIECTB/IACTCA 10 YPaBHEHHIO

e, =12,7594" +55,728a+27,163, %, (3)

rae a = ¢ (1 — P) — conepxanue Metannia
B n00ObITONM pyaHOM Macce, %; P — ko-
adpULIMEeHT Ppa3yboXKMBaHUA  PYIbl,
oM. eq.
3.3. OKcryaTalMoHHbIe 3aTpaThl BKIIO-
YaloT B cebsl yaenbHBIe 3arpaThl Ha [0-
Obiuy U1 oborailieHre, OTHeCeHHble Ha 1 T
AOBBITON PYyabl, BXOAAIME B CTPYKTYPY
3aTpart 1o KOMOHHATY:

® Ha MOATOTOBUTE/bHO-Hape3Hble pa-
OOTBHI CITHP,

® OTGOMKY COTO.,

® BBIMYCK U ZIOCTABKY CBBII.,

® 3aK/1aAKY C3aK.,

® KOHBeMepHbIX TPaHCIIOPT CK.T.,
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® BHYTPHIIAXTHBIM TPAHCIIOPT CBIIT,

® rioaBEeM IO CTBO/MY CIIOA.

® TPAHCTIOPT A0  OOOTaTHUTE/NbHOM
dabpuiru cTp..0.d.,

e oboraiieHre cob.,

® [1pourie 3aTpaThl Cpp.

3 = (Cm-lp + COT5 + CEbII'I + C3aK/l. + CK,T. + CBL!IT. + Cnoa.
a-11
+CTp.u.d7. + Cu6. + Cnp.) ' (1 r) ’ py6/T (4)

HcxoaHble OaHHBle a71s pacyeTa
Lluse. 1 34.0. NpUHUMAIOTCA T10 AaH-
HbIM 3KOHOMMYeckor cayxo6sl ['OKa 3a
COOTBETCTBVIOIINN [TePUOA.

3.4. [IvamasoH M3MEeHEeHHsl BO3MOXK-
HbIx 3HayeHuit [ 1 u P npeactapneH Huxke.

HaumenoBanune Bemnuunna mno- |lllar usme-

noKa3sartenen Kasarenen HeHMs
MHMH. |Makc.

[otepu, % 2,0 16,0 |20

Pazy6omxuBanve, % | 2,0 16,0 |20

4. YcraHaenvBaeTcss 06/1acTb 3KOHO-
MHUECKH 3(PEKTHBHBIX COOTHOIIEHWI
BenmurH /1 v P. VI3 Teopun nuHeHHOro
MMPOTrPAaMMUPOBAHUS M3BECTHO, YTO lie-
neBasi PYHKLIMA AOCTHraeT CBOEro Mak-
CHMa/IbHOTO 3HaUYeHWsl B KPalHUX TOU-
KaX MHOTOYTrO/IbHUKa AOMYCTUMBIX I1/1a-
HOB. B Hamem cnyyae, o6/1acTb 3KOHO-
MHUECKH 3(PEKTHBHBIX COOTHOIIEHWI
IT v P nipeactaBnsieT coboi Tpeyrosb-
HUK C BepllMHaMu B Todkax 1, 2 u 3.
KoopavHaTtamy Touky 1 SBASIIOTCS:

e min /7 (MpUHUMAIOTCH CpeaHre 10
3TaXy COI7acHo M. 1 WM HavMeHblve
ro . 3.4);

* max P (npyHUMaeTcs MOTeHLMa/lb-
HO BBICOKOE COI7IacHO M. 1 way Hau-
Gonbiuee 110 11. 3.4).

KoopavHaTamy Toury 2 ABASIIOTCS:

e min /7 (MpUHUMAIOTCH CpeaHHe TI0
3TaXy COr7acHo M. 1 wiM HauMeHblve
no 1. 3.4);

e min P (NpuHUMaeTcs HauMeHbllee
I10 3TaXy WX HauMeHbliee 1o 1. 3.4).

KoopavHaTamy TOURH 3 ABASIIOTCS:

* max [ (mpyHUMaIOTCs HaubOo/IbIIYE
ro 1. 3.4);



Tabmua 1

Hzmenenmne Ilp B 3aBuCcHMOCTH OT cooTHOowenun Il u P

INoxkasarenu IMNortepu, %
HM3BIEYCHHUA 2,0 2,5 4,0 6,0 8,0 10,0 12,0 14,0 16,0
20 | TIpl.1 | TIpl1.2 | T1p1.3 | [1p1.4 | [Tpl.5 | TIpl.6 | TIp.17 | TIp1.8 | TIpl.9
EN 4,0 | llpz; | Mpgz | Mpzs | Mpz4 | Mpys | Mpye | p2.7 | Mp2.8 | 11p2.9
j;_’ 6,0 | llps: | Mpsz | MIp3s | Mps4 | IIpss | TNpse | p3.7 | Tp3.8 | T1p3.9
8 8,0 | llpg1 | Mpgz | Mpgs | Mpaq | Ipgs | Nipae | Mpd.7 | T1p4.8 | T1p4.9
% 10,0 | Ilps; | Opsz | Hpss | Ips.q | Ipss | Npse | TIp5.7 | T1p5.8 | T1p5.9
S | 120 | Mps: | Mpez | Mpes | Mpea | Mpss | Mpee | TMp6.7 | Tp6.8 | T1p6.9
& | 140 | Mps; | Mpzz | Mpys | Ipsa | Tlpss | Tpre | Np7.7 | Tp7.8 | TIp7.9
16,0 | Ilps; | Opsz | lpss | Ilpsa | Ilpss | Tlpse | Ip8.7 | T1p8.8 | I1p8.9
Tabnvua 2
TonmuHa pyaHOTro NpeaAoXpaHHTE/ILHOro He/THKa B KPOB/Ie
IlIupuHa Kamepsi B, m 20 25 30
TonuwHa nMpeaoxpaHUTe/ILHOTO LienvKa, 1, M 7,4 104 13,9

e min P (npuHUMaeTcs HauMeHblliee
I10 3TaKy WY HauMeHbllee 1o 11. 3.4).

CoennHUB 3TH TOYKHM, OrpaHUuU-
BaeM 06/1acTb 3KOHOMHYECKH 3ddek-
TUBHBIX COOTHOIleHUN BenuuuH [T u P
(tabn. 1).

OrmmumarnbHoe cooTHomeHue 1 v P Ha-
XOAWUTCA TYTEeM HMX COBMECTHOM OITTWUMM3a-
LMY TI0 PacCMOTPEHHbIM HIDKE reoMexa-
HHUYeckuM (11.5), TexHornorydeckuM (1. 6) u
SKOHOMMYECKUM (I1. 7) YCIIOBUSM.

5. Omnpenensiorcs ycTonMurBhIe pas-
Mepbl [TPea0XPaHHUTE/TbHBIX LIC/THMKOB.

5.1. TonumHa pyaHOro LeHKa, OC-
TaB/IIeMOTO Y BUCSUYEro GOKa.

[TpubnvkeHHble 3HaueHHs YCTOMUH-
BbIX IIPO/ICTOB PYAHBIX OOHAXKEHUI
MOXHO oOIpeaenuts Mo Meroavke H.
BaproHa wan 1o aaHHBIM MPaKTHKH.
PaccuutanHoe sHauenve @Q = 14,2,
COOTBETCTBYET IIMPUHE MaKCUMallb-
HOTO He3aKper/IeHHOTO MponeTa L, =
20 — 30 m. laickuit MOA3eMHBIN pya-
HHK MMeeT OITbIT BbIeMKH KaMep C OcC-
TaB/IEHHEM BPEMEHHBIX PYAHBIX LIe/TMKOB
PACIIONIOKEHHBIX TI0 BBICOTE KaMephbl C
Lleqlblo  MpeaoTBpalleHuss  obpyiieH s
nopoa. PakTryeckas TO/MIIMHA 1Ie/TMKOB
B oOTpaboTaHHBIX KaMepax aTaxa

670/750 M cocraBuna ot 4,5 no 7,5 M
(B cpeanem 6 m).

5.2. Tonmuuy pyaHoro mnpeaoxpa-
HUTE/IBHOTO Lle/lMKa, OCTaB/IseMOro B
KPOB/Ie KaMepbl MOXKHO pacCuMTaTh 10
dopmyne, npennoxentoit B.IT. IOwma-
TOBBIM W/IM TIPUHSATH MO AAHHBIM TIPaK-
THRU. Pacuernas Tomuwmna T1LI, ocras-
IeMOr0 B KPOB/IE KaMephl, A1 Pas-
MWUHBIX TTPO/IETOB KaMep IMpeacTaB/ieHa
B Tab/1. 2 1 XOPOIIO COI7IacyeTcs C AaH-
HBIMU TTPAKTUKHU.

[Tapametps! [1L1 aomxKHBI YyTOUHATBCS
10 Pe3y/bTaTaM  OIBITHO-TIPOMBIIIZICH-
HBIX HCIbITaHUH.

6. PaccuntsiBatoTcs BeimuuHbl 11 u P
B 3aBHCHMMOCTH OT BHaa U pasmeposn [ LI
11 TEOMETPUUECKUX TapaMeTpPOB KaMephbl
B COOTBETCTBMM C METOAMKAaM{ pacyera
roKasaTesiell M3B/IeYeHHsl, TIPUHATHIMU
Ha ["alickoM pyaHuKe.

7. Onpenensiercss onTUMasnbHOE CO-
oTHoueHue 1 u P, nexallee B 06/1acTH
9KOHOMMYECKH 3(P(PEKTUBHBIX COOTHO-
wenuit (tabn. 3). [las ero HaxoXaeHUs:

7.1. YcraHaBnviBaeM o6n1acTh TeXHH-
YeCKr HEeBO3MOXKHBIX (TpyaHopeasnnsye-
MBIX) cooTHoueHuit I1 u P, onpenensie-
Mylo BenuuuHow [, 0BYCMOB/IEHHBIX
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Tabmmua 3

Hsmenenne Ilp B 3aBucuMocTH ot cooTtHoweHuH IT u P

INokasarenu Iorepu, %
H3B/ICUCHHUA 2,0 2,5 4,0 6,0 8,0 10,0 12,0 14,0 16,0
2,0 | Hpyq | Hp12 | Tlp1s | Tlp1qa | Tp1s | Tprs | Tlp.az | Tlpig | Tlpio
= 40 | Ilpz; | Opzp | Mpzs | Mpzq | Ipzs5 | Mpz6 | Tipz7 | Mpas | Tpao
% 6,0 | llps; | Np3.z | Nps.s | Hps4 | Hpss | Ipss | Mps.7 | Mpsg | [pso
g 8,0 | llps;s | Npgs | Npgs | Opsg | Hpas | Hpge | Mps.z | Tlpas | Tlpgo
% 10,0 | llps; | Mps. | Ops.3 | ps.4 | Tlpss | Ilpss | Tlps7 | Tlpss | Tlpso
\% 12,0 | llps1 | NMpe.2 | Mpe.3 | ps.a | Ipss | TIpss | Tlpe7 | Tlpes | Tlpso
& 14,0 | llp7; | Op72 | Opz3 | [lp74 | Tlpss | Tlp7s | Tlprz | Tlp7s | Tlp7g
16,0 | Tlpg; | Ipg2 | Tlpss | Ilps4 | Ilpss | Tlpss | Tlpsz | Tlpss | Tlpgo

pasmepamu [1L] MeHbllle YCTOMUMBBIX.
[lanHasi o61acTh, BblAe/IeHHasi KpPacHBIM
LIBETOM, /a/iee He pacCMaTpHBaeTCs;

7.2. B obnactyi TeXxHUYeCcKu BO3MOXK-
HbIX COOTHOIEeHu! /1 v P ycTaHaBMBaeM
1oA06M1acTb  HepaLUMOHA/BHBIX  COOTHO-
MIeHWH, orlpeaenseMyilo BeMuynHON [1,
0ByYcnoBneHHbIX pasMepamu [1L1 6onbie
MUHHMA/IBHO OTNYCTHUMBIX. HcKmodaem
13 PAaCcCMOTPEHMs AAHHYIO I0A06/1acTh,
BbIIE/ICHHYIO FOMYOBbIM LIBETOM;

7.3. OnmrMaribHoOe cooTHoleHve 1 v
P Haxoautcs B oao6i1acTy paliMOHa/TbHBIX
COOTHOIIIEHH# M0 HaubO/blIIeMY 3HAYEHHIO
Ip (Bblmeneno 3eneHsM LBeToM). Ormi-
Ma/IbHOMY COOTHOIeH o /1 u P cootBet-
CTBVIOT OITTMMa/IbHBIE TTapamerps 1L

B kauecTBe mnpuMepa paccMOTpeHa
oTpaboTKa Kameps! B staxke 670/750 m
C TeoMeTpHYecKUMH I[lapamMeTpaMH U
roKasaTenaMu Mseneuenns: B = 20 m; L

=40 m; H= 80 wm; ['l= 2,5 % (cpeanue
no staxy); P = 16 % (noteHuuvasnsHO
BBICOKOE CO CTOPOHBI BHMCSUEro 6OKa);
ycnoBHoe ¢ = 1,32 %.

MuyHUMa/IbBHO AOIMYCTUMas  TO/MILIMHA
['lLl, ocraBasemoro y Bucsayero 60Ka,
omnpeneneHa T, = 4 m. I'lpu stoMm pac-
yeTHble Bennuutbl [1 1 P no kamepe co-
craBum 12,2 1 4,1 %, cooTBeTCcTBEHHO.

OnrumansHoe cootHowenve [1 u P
HaxOAWTCs B IMMOAOG/IACTH PaLMOHA/b-
HbIX COOTHOILIEHWH [10 Haubo/blIeMy
sHauenwuio [ Ipyo ;.

TaruMm 06pa3oM, YCTAHOBAEHO, 4YTO
[IpYIMEHeHHe TeXHO/IOTHU C OCTaB/IeHHeM
[N y Bucsuero Goka ([ Ip2 ;) nosBonser
MOBLICUTE  3PPEKTUBHOCTb  OTPabOTKU
KaMepHBIX 3aracoB I10 CPaBHEHUIO C
TpPaAWLIMOHHOM TexHonorueit ([Ipgs) 3a
cueT CHuXeHus pa3yboxvBaHug [Ipgy
>[Ipg o 6onee yem B 1,5 paza.

1. Axrurmme FO.T.  HayuHo-meTtoanueckoe
oBocHOBaHUEe 3(PEKTHBHOTO COOTHOIICHUSs
MoKasaTesiell MoTepb U pa3yOoKHUBaHUA A5

Kopomko 06 asmopax
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