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B uxmmre H3/0/KeH IIHPOKHI KpPyT BOIPOCOB,
CBS3aHHBIX ¢ IPOEKTHPOBaHHEM H IJAHHPOBAHHEM
rJiaBHBIX IapaMeTpoB Kapbepa ¢ yIeToM BepOsTHOCT-
HOTO XaparKrepa HCXOAHHX JaHHEX. PaccMoTpens:
OCHOBHbIE 3aKOHOMEPHOCTH TOPHHX paloT, CTOHMOCT-
uele 1 00beMHLIE KPUTEPHH ONCHKH 3(PPeRTHBHOCTH
OpPMHAMAEeMBX pelleHuil. J[anbe MeTONH ONpeAe)eHUs
00.iacTH panuoHANBHOTO HAUPABICHHS PAa3BHTHA TOD-
HHX paboT HA OCHOBE MOLEPEUHHX PaspPe30B U MOTOPH-
B0HTHHX II1aHOB, @ Takke MeToJ]] OIpeAeNeHNs
KOHEUHBIX T'DAHHI KapbepoB U ONEHKH pHCKAa IpHu
pacuerax ¢ y9eTOM ROCTOBEPHOCTH I€0JIOIMIECKHX
panpbx. IlpoamangmsWpoBaHE 3aKOHOMEDHOCTH - Pas-
pUTHs pabouell B0HE Kapbepa H HOPEANOKEH METOJ[
oUpeleneHNs  AOCTHKUMOH  HPOM3BOJUTENBLHOCTU
Hapbepa, ofecleduBalOMuil MaKCHEMyM M3BJIeICHIS
[OJIe3HOTO HCKONIAeMOTr0 OPH MHHHMYME BRIHMMAEGMHX
nycTsix mopop. Mamoskem MeTop ydera pHCKa DOph
HpHHATHI peLIeHHs1 O MNPOEGKTHOIl IPOU3BOAHTENB-
HOCTH Kapbepd ¥ BOBMOKHALIX IIOCHEACTBHIl BTOTL
p BCKa.

Kunra upepmasmadena mus INIPoKOTo Kpyra
ymrateseii — mccaefonateseii B obnacTE  TOPHOH
HAYKH, OpemogaBaTedeil 1 CTY[eHTOB FODHHIX BY30B,
CHenuajucTOB, CBABAHHLIX ¢ OpofJjeMaMH IPOEKTH-
pOBaEHWA M ILIAHAPOBAHNA TOPHHX paGor.
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B cBasu ¢ paspuTHeM OTKPHTOr0 ¢mocoba paspaboTKu MeCTOpPOiK-
JeHMI TOJe3HHIX HMCKOMaeMbIX W BBOZOM B DRCIIYAaTallMio KPYIHHIX
KapLepoB oUeHL GOJBIIOe 3HAUEeHHWe mMpuobGperaer Co3HAHWE HaNCHK-
HLIX METOHO0B OIPefelleE¥sA INaBHHEX HapaMeTpoB Kapbepos.

Xaparrepaoil 0co0EHHOCTHI0 NPOOIeMBl NMPOEKTHPOBAHHS Kapb-
(poB ABISeTcH 3HAYWUTENHHAS HEONMPONENeHHOCTh MCXONHLIX JalHbIX
KK TeoNorudecKuX, TaK W TOXHUKO-IKOHOMUYECKHX, 3amachl HOJes3-
Horo uckKomaemMoro oOOBYHO W3BECTHH ¢ TOW HMJIW MHON BO3MOMHOL
omubroii. To e OTHOCUTCH M K TeXHUKO-3KOHOMHYECKHM mMOKasaTe-
Jurm. dddexTuBHOCTE paboTHl Kaphepa B HPOeKTe pPaccMaTPHBACTCS
na 10—20 xer Bnepen u mokasaresu ero Gynyuieil paGoTsl HecyT B cebe
JOJII0 reompeneternocTH. TaxkuM obpasom, MCXOXHEIe JaHHBIC W pac-
CMOTPEHHBIE B IIPOEKTE II0KA3aTeNll WMEIT BePOSTHOCTHHIE XapaKTep.
Hosrtony Dpu UpPUHATEM HDPOEKTHHIX pelrennii NPUXOIUTCH HATH
it PHCK.

B xuure uamoskeHH MeTOHBI ompemelenus TaKuUX FIaBHHX mapa-
MeTpoOB Kapbepa, Kak ero T'PAHWIIH, HampaBieHme PasBUTHMSA TOPHbBIX
puboT, TPOEKTHAS MPOMBBOKUTEILHOCTD IO HOJE3HOMY HCKOMAeMOMY
If' BCKDBHIIIE ¢ CO3HATENbHHM yYeTOM YPOBHS pPHCKA, KONYCKAeMOTo
IPH DPHHATAY [TPOEKTHHIX DemleHuid. ITO MO3BOJIUT, Mo HAIICMY MHe-
N0, IMOXHATH Ha Gojiee BBICOKHWHM ypoBeHb 000CHOBaHWE peNICHWIA
It ¢ Goapmieil o6BeKTHBHOCTHIO OHNEHWBATH HANEKHOCTD ITPOCKTHHIX
PCROMCIFATIAL .

lHpegraraembie B kuaure Meronsl moayuenst B JITW wm. I'. B. [lae-
xanosa Ha Kadegpe «Pa3zpaborTku MecTOPOKEEHHA OTKPHLITEIM CIIOCO-
Gom» M ABIATOTCA JATLHEHINEM PasBUTHEM IIOJOKEHUR, M3T0/KEHHBIX
nownmre A, W, ApcerrseBa [5]. Yrofs oGiaerymTs wemosb3oBaHEe
HPOASARENBIX METOXOB, B KHWIe HPUBENEHEl I0XPOOHBIE HpPUMepEL
[Nl("l("l‘()l{. A

Ovpjlesbible pa3feibl KHUTY HaNHCcali: )

. A. 11 ApcentbeB — tiaBst 1 u 3; § 1, 2, 5, 6 rmasst 4; § 1 roansr 8;
§ 1, 4 raasst 9; § 5—8 rmassr 10; § 6 rmaser 11.

O. B. Woavcruit — § 1—6 raaser 5; raasst 6, 7; § 2—5 raaswm 8;
§ 1 -4 roass 11,

I'. 1. Koncrautusos — § 1—3 vmasnr 2; §3, 4, rmasw 4; §7
paasn ;8§ 2, 3 vaasst 9; § 5 raaser 11.

B.Jl. baosxke — § 1—4 rarasul 10.

Ao 11 Apceurses u I'. II. Kouncrawrunos — § 4 raasset 2.

Obmpee pepaxrupoBanue ocvimecrsicuo A, V. Apcenrbesbin.









8aboes M BbIGOPOM HANPABJICHHS H WHTEHCHBHOCTH DasBuTms pabor,
ambo cmenMalbHHME METOJAMH YCDEHEeHHS KadecTBa B GYHKepax
I CKJIQJIAax.

§ 3. OBECHEYEHUME YCTOMYMBOCTH OBHAXKENUII
roribix 1oOPOJL

O061LeKTOM TIPANIOREHAA METO0B IOPHON HAYKH ABIAETCA MACCHB
TOPLLIX 110PO, CBOHCTBA KOTOPOTO OKAa3LIBAT GoJAblioe BIHAEHE
HA Topuble paboTH.

10 1o3BoAsAET CHOPMYIHPOBATH BTOPYI0 3aKOHOMEPHOCTEL. B mnpo-
Liecce 1POBCAEHNA TOPHBIX BHPa6oToK 06pasyoTess 0GHAKEHHS TOPHBIX
Oopoj|, YCTORYABOCTH KOTOPHX HEOGXOMAMO 06ecIeddmBaTh A CO3-
paamst Ge30HACHHX YCIOBHA paboTm miofeir m obopymoBammsa. Jra
38K01IOMEPHOCTD BHIpAsRAeTCH B BHJE

O [(GM), (1.6)

rfe () -~ mapaMeTpn TOpHOM BHpaGOTKI (miomaan cevenmsa, Qopma,
yron orkoca m fp.); G — cBoOHCTBA METOJOB KpeIieHns ofHaskeHmi
ropinx nopoa; M — croficTBAa MaccuBa TOPHBIX MOPOJI.
[t3 nTopoll 3aKOHOMEDPHOCTH BHTEKAWT CJAENYOMHE CIECTBHA:
JI1#1 1IIPEOTBPAMECHA A HAPYIIeHRH yeToflunBoCTA 00HAKeHAH MOPOX,
ropiiin BuipaboTkaM HEo6XOMUMO MPAAABATL yCTONYMBLIE MapaMeTphl
(fopyy ¥ mIOmMAAb MONMEPEIHOTO CEYeHHS MOA3EMHEX BHIPAGOTOK;

yrii noramenns, opMy B BEPTHKAIBHOM CEYCHEA H B TUIaHE 0OPTOB
KaphepoB M OTKOCOB YCTYHOB ¥ Tpawileir);

I e/ydac HEBOBMOKHOCTR o0ecIedeHWs] CCTECTBEHHON ycToHunm-
BocTh BMpafoTOR HEOOXOAHMO MPAMEHATL HCKYCCTBEHHLIE CIIOCOGLI
YEPenIenst o0HasKeHni;

ilpi paspaboTRe HEYCTOHIABMX TOPOJ MOJKHO HCHOALIOBATH
BALONMOMCPIIOCTE BX  o0pylleHHAs [AAf NOBbmIeHusA dHPEeRTHBHOCTH
patoi HCKABATOPOB;

tpi paspaboTKe KPYTHX 3ajesKedl IONe3HHX HCKOMAeMHX TIiy-
Guna 1ropmax pabor mo Mepe PasBATHA YBEIMUUBAEICS, UTO BEHET
K ) BC.HIeHING TOPHOTO JaBJICHHAS, MOBHIISHIIO TeMICPATy Pl TOPHBIX
Hopor,  yCAOIKHCHEI0 TPOBETPEBAHASA TOPHHX BHPaboTOK, yBeim-
TeHU paceTonInm JOCTAaBKH TOPHHX MOpPOA K MCCTY HAa3HAYCHHSA,
YCHnnnentio Bol00TNNBA A OCYLICHHA KapbePHEX modeit;

L DenoiacHocTd paboThl Kapbepa Heo6Xo[AMO TpHiaBaTh €ro
Oopraw o orkoca, 0fecHeYNBANMEARL HX YCTORIMBOCTL (0GHYHO OH
He npenstiier H0” 1 IIPDARTAYECKY He COBMAfaeT ¢ KOHTYpaMHi 3aJemn
HOSe oL 1eR0NAeMOro Mo BCeMy IMEepAMETPY Kapbepa); Kpome ToTo,
A3 onecnedeninl 4oCTyna K T0Je3HOMY HCEONaeMOMY HeoBXOmHMo
Bl:lllvll\l.lll, HopuBaioine mycThle Mopojbl; BCe 9TO BJIEYCT 3a cofoit
HeooNa ot selcuds BCKPBUDHEIX  pabor, o6beM KOTOPBIX BO
MUOTIS Iy AN BHAYITeABHO IPeBHlaeT o6beM mo0buHbIX pabor.

§ 4. COPA3MEPIIOCTE W HUKJIHYHOCTD PA3BBUTUA
TOPHLIX PABOT

Paspurme ropupix paGoT B mMPOCTPAHCTBE B BPEMCHH IONIAHACTCH
ompejieicHHBIM 3aKomomepHocTsaM. Tak, paBorsi mo obecnegennio
JOCTYHAa K MECTOPOIKIEHHIO JOJMKHE OIepe;xkaTb B IPOCTPAHCTBE
paborhl Mo MOArOTOBKE BHEMOTHDIX GI0KOB, a TocAeqHEe — OGHTHEES
paborii. VIHTEHCHBHOCTD HX OCYMHIECTBICHAS TaKjKe CBf3aHA Ompe-
[leIeHHL ME 3aKOHOMEDHOCTAMA. B 00ImeM Bije 5TO MOI0;KEHHE MOKHO
c$OPMYIMPOBATE CICAYOMEM 06paszoM.

PaGoTHl N0 BCKPHLITAI0 MECTOPOMKJEHUA JIOMMHB PasBHBATHCS
B IPOCTPAaHCTBE ¢ OCoJbIIell MM OMHAKOBOH HMHTEHCHBHOCTDLIO IIO
OTHOINEHNIO K IOArOTOBHTEALHBM paboTaM, & TMOATOTOBHTEILHEE
pa6oThl ORI omepeskaTh Aobniauple PaboThL:

di dalr a0

T T 4.7
rne B — ray6mna pabor mo BCKpmTHIO, M; I[ — TO jKe, MmO MOArO-
ToBLEe, M; O — TO Ke, nd mobuuHmM paforam, M; ¢ — IPOOIKA-
TEeJLHOCTL paboT, TOmmL.

Caegyer pasimgaTh ABA CJAy9as BefieHHs rOpHBX pabor — Ges
yray6kn xapnepa B ¢ yrayOxoit. Ecam paspabaThBaercst ropH3oH-
TaJipbHOE WJIE II0J0T0e MEeCTOPOMICHHE, T. . TOPHEE paboTh BepyrcA
Ges yrnyORE Kapbepa, To IPH Pa3BUTHU paGngeil 30HH Kapbepa Kask-
BHi paGoumil yoTYm HpH TOPH30HTAIBHOM IOJABATAHAHN B IpoIecce
0TpaboTKE omeperkaeT HEyKeIERAmMAR YCTyH HA BeJHYMHY HE MeHee
MI/IIII/I\MaJILHOﬁ (pacgerHoil) mEpPNHE paboveidl MIOMAAKHE, T. €.

Béi =< B;++ (Ui — i) L, ) (18)

rge B, — MEHEMaibpHas (pacderHas) mmpuHa paGoweil mIOMAnKH
(c yuerom 3allosesMs OTKocA) i-ro yCTyma B Ha4aje paccMarphABa-
eMoro mepmopa, M; B;— daxrmueckad mupuna pafodYed IIOMALKE
i-ro ycryoa B HayajJe paccMarpuBaeMoro mepMoja; { — MPOfOJIKE-
TeJILHOCTh PACCMATPUBAEMOIO TepHofa, TOAb; U;, U; 4 ¢ ~— COOT-
BETCTBEHNO CKOPOCTH MOABATAHAS (-T0 H HEKeldesxamero (i + 1)-ro
YCTYIIOB, M/TOM.

Hrnorpa ¢opmyay (1.8) ymobHee mcmoan3oBaThk B APYIoM BHJe
A ONpeelieHysA BO3MOJKHOE CKODOCTH NMOABHIAHHA HEJKEJICKAImerc
yeryna; '

Vi1 S U; - —:— (B,— B,,), m/rox. (1.9)

Ilas BuiBoma ypasuenns (1.8) paccmorpnm pabodyio 30HY Kapbepa
(pumc. 1.1). llepememenue paGo¥ux YCTYImOB MOKa3aHO HA rpadmke
L = j (T), orpakaromem H3MeHeHHe BO BPeMEHH ITOJIOKCHEN HUKHEN
6poBxu paGoumx ycrymoB. B Hawannuom momosennn paboumit Gopt
CIIOJREH 4 yeTymaMu M, HCXO/sA B3 HeoOX0UMOCTH pasMemeHns 0ypo-
BOT0 H IOPHOTPAHCIIOPTHOTO 060DPyI0BAHAS, KOMMYHHAKAIAH, pasBajia

G,
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B30PBAHHOE MOPOAE H OGECHEUeHHAs YCTOHYMBOCTH OTKOCOB YCTYIOB,
AMETCA paboYme TIOMALKH, WHPAHA KOTOPHX YJOBIeTBOPAET
YCIOBHIO

Bi = Bl' min+hi+1 Ctgai-ﬂ, (1.10)

rae B; i, — MAHAMAaJbHAA IIEpAHA paboueil MIOMANKM i-1o veTyIa,
M; ;.3 — Yrox otkoca (i -I- 1)-ro ycryma, rpagych.

a

Puc. 1.1. Cxema passurtuHa
palioueli 30HR Kapnepa npm
o1paboTKe YCTYIIOB IPOAOIE-
HEIMH 33XO0HKaM# (a) # rpa-
GUR H3MEHEHHA NOJOKeHHs
HWKHCL GPOBKM yeTymoR [
Bo Bpemenu T (6):

1, 2, 3, 4 — ropwsoHTH, K —
HOITYD Kapbepa; & — pECHaBa=
TOD

N
Ty
o}
J
A 1!;3 £
7 rods 4

JBmxenne ycryma 4 Bucoroit h, (em. pme. 1.1) m3o6paxkaerca
Tomanoit OF,, HA KOTOPOH BEPTHKANbHBEC YYACTKH HMEOT I THRHY,
PaBHYI0 BPEMEHH OTPAGOTKH OfHO# BaXOMKH, & TOPH30HTATLHbIC
YHaCTKH MMEIOT HJIMHY, PABHYIO HNIMPHHE 3aXONKW. Ee MomHo 3ame-
HUTh TUIaBHOE kpuBofl (mrpmxoBas amumsa OF,). Ismwxemnc APVIHX
YCTYNOB NOKa3aHO CIUIOMHHIME JNHEUAME L.E,, L,E, LK,

Wz puc. 1.1 B HavanbEmE mepmog (T = 0) nmeen:

Ly—1T, B = B,;
lim by B, B (111
Lo—"1y By - D

o

Yepes Bpems !

L, =v,l,

Lg= B+ vyt,

L2 = B3 ‘{— B2']|‘ Uzt,

'Ll :——?Bg‘fl“ B2+ Bl_i_ Ult.

TopgcraBus suavennsa L m3 pasemctB (1.12) B Buipaskenmsa (1.11),
NOTYIAM:

(1.12)

By < B, + (@, —v) 1
By < By (v,—v3) 85
Bog = Bg -+ (03—“ 04) [ \113)

By <B4 vi—vin)t;

T. €. MHl TOJYYHM OCHOBHOE ypaBHerme (1.8).

7,700
/7 J 41 i
4 J 44 g
' ey
Nl
7~
AR
¢

Pume. 1.2. Cxema pasButua paGoueil 30HL kapLepa B Hpolecce erv
Vray6 (a) i rpaduK M3MeHeHIIA [AYGURN Kapbepa [ Bo npemenn 7 (6)

IIpn ¢popmmpoBanmm paGowedl B0HH ¢ YyraybKo# KapBEpa RarwkIbIA
pabounii yCTynm NpH TOPH30HTANBHOM MOJABHTAHHA B IIPONECCe OTpa-
60TKY onepeKaeT HIKeNeKAmAR yoTyn HA BEJHYAHY HE MEHEC MANT-
MaJIbHOH (pacuerHoil) MHUPHHEL pabogeil MIOMAAKH, a IPHA MOABUrAHIH
ropasix pabor B IIyOHHEY Ha HIDKHEM pabodeM yCTyTe JoJKHA COXPa-
HATHCA pabodas MIOMaAKa MAHAMAJIBLHON MAPHHE.

PacecmoTpum nponece paGoTsl Kappepa B KOOPAHHATAX IJIyOHHA —
Bpems. llo mepe yray6rm xapnepa (puc. 1.2, @) pa6oumit Gopr mepe-
MeIaercs BHE3 K BIIPABO, 0XBATHBASL BCE HOBLIE W HOBHE VCTYHDI.
Ha rammom pabodem ycryme mocie ero mogroToBk:m Qpout paGor
ABU;KETCA BIPABO W IOCJELOBATEAbHO MPOXOAAT wepes Touxn 1, 2, 3
A T. J., B KOTOPHX 00ecrmeunBaercss BOBMOKHOCTD BCKPBLITAA H TOj-
TOTOBKE HEKeJeramero ycryna. Passurze paGor Bo BpeMenn n mpo-
cTpaHcTBe mokasano Ha rpajuke H = f (T): orpaborka veTymOB
DoKazaHa TOPH3OHTAJBHEIME JIMHHAMHE, a yray6Ka Kapbepa — Ha-
KaoHHELME jmHEAMy, DEKCEpPYyercs BpeMs BHX0a paboT K Togkanm 7,
2,3m . 1. (cm. puc. 1.2, 6). Ecim 03 HW/KHUX TOYOR TIPOBECTI BBEPX
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BeprEKanu (CM. pmc. 1.2, MTpAX-MyHKTHDHHE JIWHAH), TO A 06ec-
NCYeHAA pPacieTHO! MEPHHM PaGoIEX NJIOMIANOK BCE ONHOMMEHHEE
TOYKH HA BEDPXHHX YCTYHAX MOJGKHEL JIeKaThb JEeBe¢ BePTHKAAN HIH
Ba Heii, T. e. 3/leCh BHIOJHACTCA yciaoBme (1.8).

Hisi BHABIEHHS: BTOPOTO YCIOBHS, CBA3AHHOTO ¢ YrIyOKoi Kaph-
epa, paccmorpmm pmc. 1.3. Urobnl yray6mreess Ha BTOpOil yerynm
no snmuEE ON (cM. pme. 1.3, a), Heobxonmmo ¢pouTt padoT mepBoro
yeTyla NOABUHYTL BAEBO (B HANPABJICHAH yrayOKHM) HA Beldmdmmy [,
a4 BIPAaBO — HAa BeAHYAHY [;, mpHIeM

Ly =hsy(ctg o+ ctgB) = B, - hyctg B.
Tax wark By = By, = B, - hy ctg d,,

TO Iy = B, -+ ko (ctg B+ cig ay).
AHaOrEYHO HAXOJMM BeAWIHHY I;, T. €.
Li=hy(ctg ¢’ —ctg p) = B; — hactg .
Tak wax

B1 = Byy = Binig + hactg as,

10 1] = B, —hs (ctg p — ctg o).

B o0mem Bupe:

li=h; . (ct ctg p),
t, z+1( g(p,-l— gﬁ) ] (114)
Li=hy, (ctg @’ —ctgf)
anu '
i ZBmin -+ ki (Clg 0y -+ ctg f), } (1.15)
lt’ == BI’Tlin—f_ ki+1 (Ctg O‘i+1_"Ctg B)v )
Ipe [, — paccrosiHEe, HA KOTOPOe HY;KHO IOJBUHYTH (POHT i-To

ycTyna B HAOpaBJIeHHH yraAyOkm ans obecmedenus BCkpuTHs (i
-+ 1)-ro ycryna, m; I; — To ke, B IPOTHBONOJIOKIOM HAaIlpaBJICHHH,
M; ¢ H ¢ — YL OTKOCA COOTBETCTBEHHO JIEBOTO W MpaBOTO pabo-
uux 0GOpToB Kapbepa, Ipagych; [ — yToa HAMpaBleHHA YIIYOKH
Kapbepa, rpagycel; o, — yroia orkoca (i - 1)-ro ycryma, rpa-
nyc; B i, Bnin — MOHEMaJibHAs IIADHAHA COOTBETCTBEHHO JIeBOI
7 npaBoil pabounux mIOmMAmoK, M.

Bextopni cropocreii yray6km Kapbepa 1 HOEBHralls YCTYIOB
B TOPHU30HTAJBHOM HalnpaBJdeHNN nMeior BH, TORABAHHBIA
Ha pme. 1.3, 6. HermHEag ckopocTs yrayORm m300parkera BOKTO-
pom ON, Ho NPHHATO M3MEPSATH €e BePTHRAINBbHYI0 Mpoeknun ON, =
= h,. Torpa:

v == ke (ctg ¢ 4 ctgiB); } (1416)
v’ =h, (ctg ¢’ —ctg P), )

12 .

Ifie U — TOPH30HTAIBHAA CKOPOCTL TOABATAHUA paGogero ,ycryna
B HANpPABJICHHN YrIyOKH, M/TOA; V' — TO e, B MPOTHBONOIOKHOM
HampaBJeHny, M/rof; h, — BePTHKAJILHAA CKOPOCTDH yray6KE Kapb-
epa, M/Tof. )

Topunle paBoTH Ha Kapbepe, Kak A GOMbIIMHCTBO ABJICHHM B IPH-
pofe, pasBmBalTCHA NUEAETHO. OTJeXbHEE NMPONECCH B CBOEM pas-
BETHH TPOXOMAT ONpefeleHHLe CTajid, HMET Ha1ajio W KOHeN,
a 3aBEPUHBILACEH, TIOBTOPAIOTCA.

OnEako BBHAY TOTO, YTO NPOCTPAHCTBEHHOC MOJIO;REHHE dponra
pafor Ha Kapbepe BCe BPEMs MEHAETCH, KKILM HOBHY WHKI IIPOKC-

XOOAT B HHHX YCAOBHAX a .
I ero mapaMeTpbl OTKIAOHS- el ——f =l !
0TCA B TY WIA HHY CTO- T \% 7 0 = <
pOHy' [«—ﬂ,—* <
Murasl MOKHO pPasiiu- ¢ = AT =
gare Kak B TeXHOJOTHYe- *—b’e’l [/L_Hﬂ’,____ ]
CKEX NpOLECCax, Tak I IpH P Psa
(PopMEpoBaHAE paboueit A ” I e
30HM Kapbepa Kak reoMer- T
pudecKoro o6BbEKTa. ¢ ’/( <
B rexHOMOTHIECKEX IPO- 7w
Ieccax:

umTHOCTL paBor By- P, L e nexhopon
pOBLIX CTAHKOB; CK()})OCTQI'L'I NOABUT AHMA pa60qer0 yeryna

mOBTOPAEMOCTD  00ypH- 5 CHODOCTH YriyOKH Kapbepa (6)

BaHWs, 3apsicaHus I B3Ph- i

Bamms OIpefeleHHEX MOPIHEI TIOPHOH MaccH; BO30GHOBJIEHHe pe-
3epBa B3ODBAHHEIX IOPOA; THEKJIMYHOCTE DaGoTH  dKCKaBaTopa
¥ JPYyTAX BHEMOYHHX MallHH HA MOI'PY3KE;

[IOBTOPSAEMOCTH DeiicoB TPAHCIOPTHHIX CPEJICTB;

[HOCTOSHHOE BO30CHOBJICHHAE [0 Mepe mepeMmemeHds ¢gpoura pador
TDPAHCIOPTHELX H HHHX KOMMYHHKAIHI;

NAKITIHOCT: PAGOTH OTBAXHHHX YIACTHOB.

B nponecce gopmmpoBanus pabodeir 30HH Kapbepa:

OUKJIATHOCTH MPONEcca MPOBEIEHAs TPAHIICH;

MOBTOPAEMOCTD IePeMEICHAA 3aXOAKA B IIpefiellaX SKCKaBaTOP-
HOro OIl0oKa;

MOBTOPAEMOCTH PaboT IO BCKPHITHIO H MOATOTOBKE HOBLIX IOpH-
30HTOB; oTpafoTKa BCe HOBHX H HOBHX YCTYIOB [0 KOHEYHBIX KOH-
TYpOB Kapmepa.

Ha Bce 9TH IPOHM3BOJCTBEHHHC NHKILI HAKJIAHBAIOTCH OPIAHH-
BanmoHHbE KajeHJapHbe m Kimmarmieckme nuxin. Hammame raxoit
[AKINIHOCTH JIaeT BO3MOIKHOCTD Gojlee IOIHO H3YYaTh KAaMBIA mpo-
mece W, UTO 0YCHDb BAJKHO, IPOTHO3APOBATL PA3BHTHE BTHX IPOLECCOB
Bo BpemeHH H mpocrpascrse. Haumume saxoHoMepHocTe#, CBABAHHBIX
¢ COpasMepPHOCTBI0 W TPKIMIHOCTLIO B DABBHTHH TODHEIX pabor,
EMeeT oTpPOMHOE 3HAYCHNE H BeeT K CJIeAYIOMHAM BayKHEHIINM ITOCIe]-
CTBHAM: ' :
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npun  orpaboTKe YCTYNOB HEOGXOMAMO TMATEeIBHO CeqATh 3a
A3MeHeHnmeM MHADHHH Paboynx MIOMAN0K H CBOCBDPEMEHHEIM IOIBHTA-
HUCM BEPXHAX YCTYIOB, TAK KAK CY;KCHHE ILIOMANIOK MpHBOLHAT K Ha-
Pyuwrenno paGoTH Kaphepa W CHIKEHMIO €ro NPOHBBOAATENHHOCTH;
IS HOffieprRands PaboTocmocofHOCTE Kapbepa HeoGXOLEMO To-

CTOAHHO BO300HOBIATL 06BEMH B30PBAHHON TropHON MaccH, PesepBHL -

TOTOBHX K BRIEMKE 3aI1aCOB NOPHOM Macchl, PPoHT FOGHIHEX M BCK PHIII-
HBIX pabor ® ap.;

ompepeieHNe MapaMerpoB BCKPHTHS M CHCTEM PaspaboTHR MOKeT
OPOMBBOJATHCA TONLKO HA OCHOBE BCEX YKA3AHHHX BLUNE 3aKOHO-
MepHOCTEH.

§ 5. CHOCOBLI BCHPLITHA MECTOPOEIEHUA

Rar msBecTHO, mOJ BCLKPHITHEM MECTOPONEHHS TMOLUIMAETCH
OpoBefieHne TOPHMX PaboT (AW CO3JaHHE MOAXONOB), OTHKPHIBAIOMKX
TPAHCHOPTHEIA [OCTYyN OT IOBEPXHOCTH 3eMJH (0T TPOMBIIIICHHOR
LIOIMAIKK Kaphepa) K MECTOPOJKACHHI0 HIH 0T OJHOI paspabaTHBa-
eMoll ero wacTm K pApyro#l HepaspaboramHOE u obecrieamBaomux
BO3MOHOCTh TOATOTOBKH ¢porra paGor. IlpoGuaema Bekpoitma —
BajkHelimas mpoGiema paspaborTkm MecToposmenmii. Boapmoe 3ma-
9eHHAe B 3ToH mpobieme mme-
0T THH W B3aWMHOE pacio-
J107KeHYe BCKPHBAIOIUX Bhi-
paboTok H®  coopyssennit
(cmoco6 BCKpLITHA), BHCOTA
yerynoB, HampaBJeHHe pas-
BUTHA TOPHHIX paboT B mpo-
CTPaHCTBC, KOTOPOE B 3HA-
) YHTENbHOE CTemeHN Ipej-
Pac. 1.4. BsauMocBsass CROPOC] OpMU-

POBaHHA 37E€MEHTOB K:f;},epa pocret dopy OTPEAEIALT - CHOCOG BCK -

THA B MeCTO PacCIOJiOsKeHAsM

BCRPHBAOIIAX BHPaboTOK.
- Mecropospgenne mam ero wacrs, nojiesxamas paspaborTre, KAk
H3BECTHO, HAa3HBAETCS KapbepHHM moaem, llosromy momEO TOBOpHTH
0 BCKDBITHI KapLEPHOTO TMOJA, TAK KaK BTOT TEPMHUH CPady rOBOPHT
0 cmocobe paspaloTKH MECTOpPOsKICHNs. Raaccndmianua ocHOBHIIX
¢roco6oB BCKpHTHA mpmBepeHa B T1abx. 1.1. Oma coCTaBieHA HaMmm
C y9eTom kaaccHuranmii Taknx aBropos, wax'A. II. Boros, I1. D. 3yp-
ko8, E. @. Hlemxo, C. M. lllopoxos, B. B. Pixescruii u Ap.

IIpu Bepennm ropunx paGor ¢ yriaybxroit Kapnepa BCKpHTHE TTOBLIX
TOPH30HTOB OCYIECTBJIACTCA TPAHIICAMHA. B 3aBUCHUMOCTH 0T IOJO-
FROHHAA [HA Kapbepa B Hpomecce YriyOKH ONPeResscrcs HHTCIICHB-
HOCTH (POPMUPOBAHEA OTHEILHHMX DIEMEHTOB xapoepa. lycern pamo
Kapeepa Haxopmurca B todKke O (puc. 1.4), a wepes rojy AHO Tepeme-

maercst B Toary O'. Torza BerTop OO’ ABASACTCHA MCTHHEOM CKOPOCTHIO
yray6rm, a yrox P — mampaBlieHdem yriay6oxm. OTrock paboumx

6oproB OEM u OK mepexopar B nodoskenune O'A u O'N Opu coxXpa-

TaGauma 1.1

IMonodEUTENL Hple
Bux BCKPHITHA Cnoco6 BCKPHTHA IpUBHAKY
Hazexmsimi OTHeNBHEMH TPaHIIeAMII
TOpHEMH . (monyTpaHIIes Mu)
BHIPaNOTHAMIT CrereMoli HOCTYIATEABHEX (CONPANBHEIX)
rpanmedl (DoxyrpaHIIen)
. Cucremoii TyNHKOBHX (IETAEBHIX)
TpaHme# (HoxyrpaHiueir)
Koraosamamu
HomOummanuelr HazeMHHX TOPHEIX
BHPaGoTOK
Topzemuanmu OlToaLEAMI W PYZOCHYCKAME
TOPHBIME OlronpHsiME (TYHHEIAMH) Bremune
seipaGoTraMu BeprAKaJIbHEIMI IIAXTHHIME CTBOJaMK BHEyTpenmic
HakIOHHHMI MAaXTHEIMU CTBOJAMHI HoCTOSEHbE
HomOnmanieft mog3eMHEBX BHPaGoTOR Bpemenswie
IIpy momomu Iaorunamu
3eMIAAHBIX ITepemuraxamu
COOpY:;ReHAM Hacwuami
Kaganamu .
KHomOnHamirell 3eMASHBX COOPYHKEeHNT i
tombusnpoRan- RoMmOnHAUIIell HAa3CMHBIX, MOJ3€MHEIX
noe TOPHBX BHPAOOTOK U 3eMITHBIX
COOPYKeHIH

HEIAH TOCTOSHANX YIJI0B OTKOCA ¢ U ¢,. B 9THX yCloBAAX AeHCTBYeT
saronomepHocts (1.16), Ha ocHOBe KoTOpPOll YBABHBAITCA CKOPOCTB
’

yraybxu Kapnepa h,, CKOPOCTH HMOIBHATAHAA YCTYMOB v = OA B v’ =
- OB. Jlob6uumne paboTHl B TpeesiaX 3aleKH NOHEKAIOTCH CO
cropocrsio EF mop yraom y, a Hepabounil 60pT Kapbepa gopmapyerca
co cropocthio KN mopg yriom 8. )

st yno6erBa moan3yIOTCs MPOSKIUAMEA CKOPOCTER Ha BEPTAKATIb-

Hy10 miockocTb. Torma u3 pme. 1.4 mogxyamm:

] clgg-etgh v . 147
h}:["hr‘ Ctg(P“;~Ctg'\’ - Ctg(P*fCth E ( . )
_ 3 ctggr—ectgh v’ 1.18
ho= h, clggp—otgd  ctggr—cigo ’ B (1.18)

rme 7. — ckopocTh yrayOkm Kapbepa, M/Tof; s, — CKOPOCTh HOHH-
JeHAsA NoOHYHBX pabor, M/Tof; hg — cKopocTh (opMEpOBABAA
Hepabodero Gopra, M/rom; ¢, ¢, — YriIM OTKoca paboumx 6GopToB,.
rpagycn; B, vy, 0 — COOTBeTCTBOHHO VIJH HAOPABICHHA YIAYORE
Kapbepa, MajileHnsl 3ajle:Kd, morailleHHsa HepaGouero Gopra.
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Ecam roprne paboTH mOAXOAAT K 3a/Me/KA CO CTOPOHH BHCATErO
fora, 710

U’
]ZA:W“g—Y‘. (1.19)

B saBmCEMoCTH 0T KOHRPeTHHX YCJ0BHIl I HANPABICHHA YIAYORH
$opMyTH HECKOABKO BHAOM3MECHAWTCS |4, 5.

CropocTs yIIy6KE Kaphepa OTPaHHEYMBACTCA HHTEHCHBHOCTLHIO
pabor ambo B HanpaBiaeunn OA, iu6o B Hanpasiennm OB. OueBuno,
970 MAKCAMAaibHAA CKOPOCTH YIAYOKH JOCTHraeTcs NpPH OJUHAKOBHIX
orpamdenmax. Torga mpu k. = max maiigem, grto

: o
ctgp — LUEDU D (1.20)
Ecnm v = v’, 1o
1 0
ctg P = - (ctg ¢y —ctg @) (1.21)

‘Orcropa caegyer, aro f = 90° npm ¢ = @,.

Mu paccmoTpenm mpoliece yrAYOKA Kapbepa TOJNbKO B OTHOH IIio-
CKOCTH — BKPeCT HPOCTHPAHHAs 3ajeskd. B JelicTBATENBHOCTH pPas-
BuTHEe paboT HAET B TPEXMEPHOM IIPOCTPAHCTBE H B3AUMOCBASH CKO-
pocTedl BHITIAJAT CJOMKHEe.

YrazagHHe BHIIE 3aKOHOMEDPHOCTH HMET MECTO B IIPOIECCe
npomsBojcTBA TopHHX pafor. Ilosromy orpoMsHoe 3HAYEHHE HMEET
OPaBEALHAS OPTaHE3ANHA TOPHHX paboT UPHE BCKPHTHE HOBHIX
TOPH30HTOB. JTOT BOMpoc moppobHCe paccMoTper B paborax [5, 7).

Jns ompenerenma MaKcHMadbHOU CKOPOCTH YINyOKH Kapbépa
B Ipolecce OPOEKTHPOBAHAA MO;KHO PEKOMCHIOBATH QOpPMYIy

h 120

= : » M/TOL,
hLg (ctg ¢ --otg B) -+ — (Ly |- Lg + [+ Lo) (b -+ h otg @)

(1.22)

rage Q — Npom3BOAUTETLHOCTH BKCKABATOPOB, M®/Mec; ¢ — Koafidu-
THEHT CHIKEHHS IIPOW3BOAATEIbHOCTH IPH TPOBERCHHAN TpaHilei;
h — BoicoTa ycryna, M; Lg — AiamHA SKCKaBaTOpHOro GioKa mpu
PaclImpeHAN pa3pesHoil Tpammen, M; L, — jimHa BBe3gHOE Tpam-
mem, M; [, — JAOMyCTEMo€ paccrosume CcOAMKEHHA DKCKaBaTopa,
PacUIAPAIOMEro TpPaHilelo, ¢ 3KCKaBAaTOPOM, NHPOXOAANIAM €€, M;
[, — pAMHa WIOMANKA NPUMBIKAHHA IyreHd (aBTOJOpOT) B Cciydae
moCTynaTedAbHMX TpaHIIedl MWJAM [JiMHA pa3pesHofl Tpauiiem, Upu
KOTOpO#l MOJKHO HAYMHATH MPOXOAKY TPAHIIEH B IPOTHBOIOIOIKHYIO
CTOPOHY, B cJllyJae BCHKDHTHA TYNAKOBHIMH TpaHIIeAMHA, M; b —
UIAPAHA OHA TPaHOIeH, M; ¢, , & — COOTBETCTBEHHO YIJILI OTKOCA
paGodero Gopra, HampaBieHmsa yraAyOxk@m Kapbkepa, oTKoca paGodero
yeryma.
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Boicota yerymoB ABIfeTCA OFHAM M3 OCHOBHHIX IapaMeTpos
BCKPHTHA B cucTeM paspafoTKE H NPH ee OnpefeleHAHd clegyer yIH-
THBATH MHOTHEe (akTopH. OCHOBHHME H3 HHX ABJIAKITCA HeoOXouMas
HITEHCUBHOCTH OTPAGOTKE MeCTODOMRJEHNSA, YDOBEHb H0TeDPh H pas-
vOo;sABanmsa, mapaMerpsl OypPOB3PHBHHX paboT, HDapaMeTphl Bhi-
CMOYHOTO H® TPAHCIOPTHOTO O00ODPYJAOBAHMSA, XapakTep 3aleramms
ropHHIX mopox. Meroapt yaera aTeX GarTopoB mpHBeeHsL B padore [7].

B mpomecce GypHOro pasBHTHA HA3EMHOTO crocoba pas3paboTKE
MPOEKTAPYIOTCA W BBONATCA B SKCIUIyaranuio Bce Gollee KpPyIHEE
U rny6oxme Kapnepsl. B oTHX yCAOBHAX OTpPOMHOe 3HAUeHue HpH-
obperaer 1paBWJIbHOE OMpefeldeHHe MecTa 3aJI0JKEHHA BCKPHIBAIOMUAX
BHpaboTOK m HampasjeHHs paspuTés ropHbix pabor. Ilosromy,
Opeske dWeM peIiHTh BONPOC o cHocofe BCKPHTHA, HE0OXoAmMO
Ompefie/IATh palHOHa bHOe HAMPABJIEHAE DA3BATHA TOPHHX pabor,
a 3aTe)M y;ke NPUHAMATH PEHIEHHE M0 BCKPHITHIO MECTOPOIKACHHUA.

§ 6. CHHCTEMBI "PABPABOTKH

CreremB paspaloTHE B HCTOPHIECKH CJOKHEBIIEMCS BHe XapaK-
TepPUsyIOT . Pa3BuTHe B MPOCTPAHCTBE H BPeMEHH IIOATOTOBHTEIbHBIX
¥ OuUMCTHBIX paBor. K TOJPOTOBHTEHHEM paboraM OTHOCHATCH OPO-
BejleHNAe PA3PesHHX TPaHIIeH B KOTIOBAHOB, K 0YACTHHIM — 0TPaboTHA
pabounx ycrymos, T. e. goObHHE B BCKpHuiable paborn. 1lo sroHo-
MUTECKMM IIPH3HaKkaM BCKPHIIHBIEG PaboTH OTHOCATCH K HOATOTOBH-
TEJNBHBM, A 110 TeXNOJOTMYCCKHEM MpPA3HAKaM OHW HE OTinYaioTCA
NpPENOUTHAILEO 0T A00buAbX. Hak BCRpHINIALIE, Tak W A00BUIbIe
paboTl XapaKTepA3YIOTCH MOABUTAHWEM B MPOCTDPAHCTBE H BPEMCHH
3aboeB u fporTa paboT, a TaKIKe TANOM H MapaMeTPaMH NIPAMEHAEMOTo
obopypoBauns. XapaKrep mofBHTaHusa 3a6oeB m ¢porTa pabor ompe-
mender cucTeMy paspaGoTRd. KROHCTPYKTEBHHE BJIEMEHTH H Hapa-
MeTPBl CHCTeMBI paspaloTKH 3aBHCHAT OT BHAA K pPasMepoB IIpUMEHA-
¢MoTe 000PYHOBAHESA, HO OHW MEHBIIE I[IOJBepIKeHLl N3MEHeHUAM
10 BPeMEHH W ¢ MOfIBIEHHEM HOBHX MAIIMH TOJBKO HECKOIBKO BHJIO-
nanvensioress. Tun m napamerps 060pyA0BaHEA OMPEENsOT CIOCOOH
HOALIOTOBKHA, BHEMKH W [J0CTaBKH TOPHOH Macch, T. e. CXeMbl KOM-
1IeKCHOM MexaHm3alwH ropHbix paGor. Jro 6oaee mMoOmIbHAs TacTh
ropubix pabor, KoTopas ¢ pa3BmTHEM TeXHHKW mperepresaeT 3HAYH-
TCHALULIC B3MEHEHNs.

TepMue «ciicreMa pazpadoTKIn mMeer Muoro ompepenenmii. Ha-
ngoaee pacnpocrpanenst onpegenennsa A. IL. Sovosa [23], E. ®. Hew-
ko [50} 1 B. B. Pixescroro [37]. 3tor BOmPOC paccMarplBajics
rakske B paborax [2, 6]. C yuerom paGorT HpeqiectBeHHHKOB Ipes-
Jaraem claepyiomee onpepmeledie. CmereMa paspadoTKn — 3TO MOpA-
Jox dopMmposBauma pabouelt 30uBL Kaphbepa B IIPOCTPAHCTBE H BpE-
MEHH, XaPaKTepHsyOINHUAcA copasMepHHIM PasBHTHeM TOPHBIX pabotr
na ycerynax; ¢opmoit 3aboes I HanpaBieHeM HX HOIBHTAAHA.

KRaacendmranmeii cwcren paspaboTki 3aHUMAIUCH MHOTHE HCCIE-
moBatendm. Hakasifi @3 HuUX BHOCHT YTo-1M00 HOBOE H CI0COGCTBOBAJL
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‘paspmTuio ororo Bompoca. HamGosee smagmtexpnbiM uiarom Bmepen
B 1oCHej\Hee BpeMsa ABJAeTcA KXaccupmranusa B. B. Pxencroro [37].
Huke cpesiana TONETKA COCTABUTH KJAACCHPUKALMIO CHCTEM pas-
paboTku, nambolee MmOJTHO OTBEYAKNIYI0 CYI[HOCTH TepMuHA. B Hel
HapAAY ¢ HAWMMH HPEIJIOMKEHNAMY WCIOIb30BANH HAMGoIee [EHHLE
uner A. 11. 3orosa, E. ®@. Iemxo, I1. 9. 3ypkosa, H. B. Menbuu-
rkoBa, I'. B. Cexncosa m B. B. PxeBcroro.

o obmemy xapakTepy pasBUTHA TOPHHX PaboT mexecoobpasmo
pasumuarth 2 HX rpynns (¢ yderoM upemiorenmii 1. 9. Bypxosa
u B. B. PxeBckoro): mpu paspaboTke KPyTHX U MOMHHX MOJOIHX
3ajieaeis paGoTHl pPa3BUBAOTCA KAK B IOPM3OHTAILHOM, Tak M Bep-
THKAJIbHOM HAOpPaBIeHHAX, T. €. ¢ YriIy0Koii kapbepa, a mupm pas-
paboTKe roPH3OHTANBHLX ¥ IOJOIMX MECTOPORNCHNH paBoThl BefyTes
Oe3 yray6ku Kaphepa. Bosmokmn caywam, korja cHavasa BemeTcs
yray6xa, a mo JOCTH;KEHHE [HOM Kaphepa KOHEYHOH OTMETKH HAUM-
Haercs oTpaboTKa MO IMPOCTUPAHHIO B FOPHBOHTATLHOM HAT PABICHUIL
6e3 yraybkm wapnepa.

PaspabaTsisaembie 1mOPOAB PasieNAOTCA HAa CIAOW — yCTYILL
(ropH3oHTAILHLE U HAKIOHHBE).

Tadxomuma 1.2

Huraccnduramnus CHCTCM O THPLTOM paspaGoTHU MECTO DO XeH it

Hanpasiaenue MecTto
Yeryms OTpaboTra nepeMelleHus U XapaxTep CocTogHne
YCTYIOB d)pmrra OTB&U[OO()I)E{SOB&‘ 3a00A
R paboT A
C yray6roit kKapbepa
TopusonTans- 3axograMn OxHOCTOPOH- Buemmuie Cyxoit
HBIe (xomammi): Hee OTBAJBI daronxcH-
Hawrronnrie NPOFOIBHBIMU JByxcropon- Bryrpennné HbLIK
HomGuanpo- 110IIe Pe THbIMI Hee OTBaJB
BaHIIEe OuaroHaJbHHE- | MHOrocTopomH-
M KpPYyTOBRIMIL Hee
pagmaIbHEMK
KOMOMHNPO-
BaHHRIMHA
Bes yray6ru rapnepa
Topusonrals- 3axograMu OpnocTOpOH- Bremnne Cyxoit
Tible (xomamn): Hee: OTBAJIEL datonaen-
Hawrornme HPOFOIBHBIMK | HapaJlIedbHOe | Bmyrpemmume HEITY
Koubinmpo- nomepedHEMI BEeepPHOe OTBATIBL:
‘BanHBIE ZHAaroHAJbHB- | JIBYXCTOPOH- |C OZIOKPATHON
MHI Hee: nepeBaNxKoi
KPYTOBBIMH napallieabHOe IIOPOJT
pagyalbHEIMI BeepHOE ¢ MHOIOKpar-
KOMOHHHIpO- Muorocropon- | Holl mepeBai-
BAaHHEIMH Hee Koif mopox
ITo BoccTamHIO | ¢ IPOAOHBLHEM
ITo mapgennio | mepemermenyem
Ifopop,
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Ocntositoil 11pU3HaK CUCTeMH paspaboTky — HampaBienue Iepe-
MOICINIDE BHEMOYHOTO 060pyfaoBaBna (roBepXHOCTH 3a00€B) II0 OTHO-
Hienso K hIreMefTaM 3ajleranmsa 3aie;rd. IIpm strom pasiaumgawT oTpa-
Gorky  yerynmos saxofkamu (IpH  HCHOONL30BAHAM 9YKCKAaBaTOPOB,
FIJPOMOHITOPOB, Ipar U Ap.) H XofaMu (OpH MCHONB30BAHMYT TpaK-
topumx  cxpemcpos, Oyabgosepos u ap.). Ciepyomum MPHI3HAKOM
CHETOMLT SIBASETC HAmpaBieHe nepeMemenus ¢poHTa ropaix pabor
(nanpuaep. HapaaielbHoe, BeepHoe u 1p.). lIpw BayTpennem orBaso-
OO pPR3OBAINE KONCTPYKTHBHBE MapaMerTpsl CHeTeMbl PaspaborTki 3a-
NHERT 0T XapakTepa TepeMemeHns ¥ CRiIagmpoBaHEA mopox. B arom
caynae (¢ yaerom upemioskenmit E. @. lllemko) pasamdaior O7HO-
KpaTnyo TOTepPedHyl0 HePeBalKy Hopoj (HemoCpeficTBeHHAdA Iepe-
M DKCKABAaTOPOM, IIPEMEHEHWe oTBaloobpasoBaTeneil, TPaHC-
HOPTHO-OTBRJBHHX MOCTOB); MHOFOKDATHYN IIONCPEUHYI0 HePeBalIKy
nopo;t (HCPEIKCKABALUIO) M NPofoibHoe IiepeMelleHue Iopoxm BO
miytpeniute orBansl. M, Hakomer, yYnTHBaeTcs cocTosmue 3abos
(oeywenub# wam 3aTomleHHHI Bomoii).

iIpejgiaraemas kiaccmuranua mpUBegeHa B taba. 1.2, a cxema-
viioe m3o6pajkeHne OCHOBHBIX CHCTEM pasdpaboTKu IOKa3aHo Ha
pie. 1.5—1.8. Haacenpuranumsa oXBaTHBaeT BCe BHJIBI paspabarnBa-
CMIIN  ACCTOPOMRIeHN TBRepAMX mosesnbix meromaemmx. Hagpanue
cneresbl paspaboTRE GopMEpyeTca U3 9THX mpu3Hakos. Keau yuu-
THBAaThL TOABKO OCHOBHBIE UPH3HAKW, TO HAa3BaHUWE B3HATUTENBLHO:
_\’II[)()CTI/ITCH: .

cHCTeMa Pas3paboTRI HONEePeYHBIMU 3aX0JKaMHU ¢ yrayOxoil Kapb-
¢pa M ABYCTOPOHHEM pasButmeM PaboT;

cuereMa padpaboTRU HpPOAOJBbHHIMI 3aX0fKaMu Ge3 yruaydku rapbh-
¢pi ¢ oHOKRpaTHOH IepeBaNKOM moDPOJ W OMHOCTOPOHHUM Da3BHTHEN
pabor.

I\ 3aeMenTaM cucTeM paspaboTKI OTHOCATCA Padovue YCTYIb
daxopxu, paboume INIOMAMKE, paspe3Hbie TpaHimed, KOTILOBAHEL,
BUYTPEHHUE OTBAJIBL.

()¢ HOBHBME TapaMeTpaMi siBITIOTCH BbICOTa W Yrod orkoca pabo-
M1 YeTYHoB, MEPHHA 3aXO0f0K, WHEPWHA palouuX IIOMAL0K, YTOX
oricoca pabouero Gopra, mmEa K06HIHOTO, BCKPEIIHOTO M 061mero ¢ppos-
ron pafor, umeao pabo9ux YCTYIoB, PasMephi BHYTPCHHUX OTBAJIOB.

OCHOBIBIMIT TI0KAB3ATENAMI ABIAOTCA CKOPOCTH TOJABHIANHA 3a-
fioen (M/aec), CKOPOCTh HOABHIAHMA Paboumx yCTymoB (M/TOA), CKO-
pocth TipoBefenus TpaHweil (M/mec), CKOpocTh YrayOKm Kapbepa
(m/roj), TofmoBadg TPOWBBONMUTEIBLHOCTH €  €IMHUIbL 100BIgHOTO,
Be s PLRIEOro W obmero ¢pontos pabor (MP/KM, T/KM), moTepu mOJe3-
noro uexonaemoro (%), KadeCcTBeHHoe II KoJWUeCTBeHHOE (BeCOBOE,
ofvbemuoe) pasybomuBanne (%).

B oecmoBe pacdeTos cuceTeM paspaborKH Jekar yRasaHIble paHee
danonoyepuocT. CKOPoCTh TOJABHMAHUA 3aXOJKH OfpefesiaeTca M3
dopmyan (1.2), a ckopocts moaBuranis ponta pador — wo Gopmyne
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e @, — IPOW3BOMUTENIBHOCTD 9KCKaBaToOpa Ha i-M ycryme, md/mec:
?

.N,6-— ‘II/I('IJIO PHCKABATOPOB Ha i-M yeryme; L, — pauma pouta
pabot, M; h;, — BrIcoTa i-To yeryma, M.

L

a ' 0

1ToncraBrB 3Hadennsa v'B Qopmyay (1.24), momyqmm:

12Q:NV: _ 12QiaNin

= M/TO; 1.25
Lik: Lighiy * /"% (1.25)
1204 12Qi41
= M/TO 1.26
Legihi L5 (i+1)hi+] ! / o ( )
rjie Lg, — fanHa sKCKaBaTOPHOTO GloKa, M.
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Puc. 1.5. CxeMm cmcTeM paspaGOTKE KDYTHX ¥ MO
HEIX NOJOTHX MECTOPOKAeHmA (¢ YrayOKOH wapbepa)

@ — HPOJOJIBHEIMA 3aX0QKAMA IIpH  OJTHOCTOPOHHEM Da3BHTHE
palor, 6 — TO e, IIPH JABYCTOPOHHEM passuTuu paboT;
6, 2 — COOTBETCTECHHO IIONICPEIHEIMUA M BMATOHAJBHBIMU 3aX0M-

KaMu IIPH OJHOCTOPOHHEM pa3BHTHUM palboT, 0 —
3aX0gKAMHA p, ’ HPYTORRNH

Ecam BocmonbsoBathea dopmyinoi (1.9) m mpmisars, uro B opo-
mecce paboTH coxpamseTcA pacueTHas WHMpUHA PaGodmx IIOMAOK,
T. e. B, = B,,, 10

Uy = Ve (1.24)
20

Pue. 1.6. CxeMH cmcTeM pazpaboTKH rOpPH3OHTAILHEIX
MecToposkaeHM (Ge3 yrayOkE Kapbepa):

@, 6 — OPOXOJIPHHMH 3aXOTKAMM COOTBETCTBCHHO C ONHOKDAT-
HO¥t 1 MHOTOKpaTHOW TomepevHoll IlepeBalro# Iopod;, e —
HPOMOIBHBIME 3aXO[KAMH; 2 — TIONMEepCIHbIMU  3aXOMKAMU

ITH ypaBHEHHUA MO3BOJIAT IMogo0paTh THN U 9HCAO IKCKABATOPOB
1A Ramsgoro pabodero ycryma.

Iltmra gponta paGor mo Mepe oTpaboTkm paboaux yeTynoB o0HIHO
npE mepexofe OT BaXOAKW K B8aXxoike mamensercs. IlosTomy mpm
HOCTOAHHOM YHCIEe 3KCKABATOPOB HA YCTYIEé CKOPOCTL IOABATraHHA
6yner mepemenHo#. llpu m3meHeHmu d9mcia HKCKAaBaTOPOB CKOPOCTH
I0/BUTAHMA W3MEHSeTCs CKagKooGpasHo. ITEMU 06CTOATENLCTBAME
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00BACHACTCA TPYAHOCTD OHO3HAYHOTO pelleHus W HajXwdue oGmacTm

penteHwH.

Meronsl ompenenenus JUILELHEL
YCTYLOB mpmBesieHsl B paGore [5].

lin)c 1.7. Cxemm cucrem PaspaboTKM POCCHITHBIX MECTOPOKACHAI
(0es yrayGxm wapbepa) 3aXO0KaAMU:
a — IIONCPCUHBIMKE, 6 — pagnagbibIMU;, ¢ — IIPOXONBHEIMIT

— B BATOMJICHE
3a60¢; 2 — TPOZOIBIBLIMUE, @ — 1OMepeIHBIMU B 3 crion

ATOILIeNTHOM 3a0oe

6

el

0s2s, 1060 460
j ¢ J §=0 =

# 7 =7
Puc. 1.8. Cxemnl cmerem pas

OPOROJIBHNMII XOHAMH:
@ ¥ ¢ — HAKJIOHHBIMH, 6 — T'OPHBOHTATLHBIMIT

PaGOTKI POCCHITHBIX MeCTOPOM{ICHII

ITpumenenne marmomEBIX VCTYHOB BO3MOKHO B ¢
pPmaHTax:

FOPHU3OHTAJIbHDbIE BCKPHINHEE YCTYIB W HARJIOHHbI O HOOnTHEIe;

Hak/IOHHEe BCKPLIIHBE W I'OPH3OHTANBHIIE T0GLITIbe.

PaccmoTpmm mepeuit Bapuarmt (pme. 1.9). Cropocrs yriry6xm pac-
CIUTHIBaeTcd No Qopmyie

JeUVIOUTHX 2 Ba-

—
r ==

v - T
Giggotgp MoK (.27
22

dponTa paGor u wmena pabounmx

Herunnag ckopocers moHmKeHnsa pabor [, = OO’ paBHa CKOpOCTH
nojpnranng qo6HYHOrO YCTyIa

v .
g (clggp+elg By sinp ’ M/ron; ’(1.28)\
o I20N 120
o o = LsM ’ (1.29)

rjae M — mopManbHas MoOIHOCTH HIacTa, M.
. A

I'ne. 1.9. BzamMoceask- ckopocTeit Pme. 1.10. Pacuermasa c¢xema Iipum pas-
nepomemenns paboucit 30HH Kapb-  paboThe BCKPHINHBIX IIOPOJ, HAKIOHHHM
opa upu paspaborke mosorod sa-  yerymom (mo B. H. Tapraxoscromy)
JUMKTE HARJIOHHEIM 20 OBITHBIM

YCTYNOM

\Ipm HakJIOHHBIX BCKPHIIHHX yerymax (puc. 1.10) cropocts
HOABHTaHEA (QPOHTA HAKIOHHOTO yeTyma BHOIbL AoGhuHOro ¢poHTa
onpegeinsgerca mo Qopmyde

| = 12Q s sin @

B w o M/TOL, - (1.30)

tie (), — OPOMBBOJUTENBHOCTL BCKPHIIHOIO 3KCKABaTopa, M3/Mec;
¢ -—— YTOJ HAKJIOHA BCKPHIIHOTO yCTyma, rpagych; A — HOPMAJIbHAS
IHICOTa HAKIOHHOTO yeTyma, M; H — BepTmKajpHAs MOITHOCTE IIO-
KPEBAOIMEX OYCTHX HOPOT, M.
Berpumuoit gpoHT mepememaercs BKpPeCT HPOCTHPAHHA CO CKO-
pocThio
b 120,
HL

, M/TOX, (1.20)

e L — povna ¢gporTa paboT o TpOCTHPAHMIO, M.

§ 7. DJHKOHOMHAYECKAA 9QDEKTUBHOCTE PA3PABOTHHU
MECTOPOXRIAEHHN I

Jiasa rexHOIOrEE ropHHX paGoT XapaKTepHa CBA3L ¢ BROHOMHKOH,
r. ¢. OPAHEMAaeMble TeXHOJOTHYECKHe pelleHUs HOJI/KHBL YIOBJIETBO~
piih KPHTePHAM DJKoHOMHIecKOR ddderTurnoctr. Ilpmmenmrensro
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K Ha3eMHOMY cu0co0y paspaloTKH MecTOpoIRmeHuil ecTh MHOTO nyrei
PallMoOHANUBANMY OPHHUMAEMbIX pewleHmil. K OCHOBHBIM U3 HEX
OTHOCATCA yCTAHOBJEHME Hamb0/ee PAaNUOHAIBHHX TPAHMI, ¥ TPOH3-
BOAATCALHOCTH  Kapbepa, 00eCLeYnBAOMUX COBPEMEHHH ypoBeHD
skoHoMudeckoll sddexrtuBnocT, BHGOpP HauGOLEe PATHOHATBHOTO
HaUpaB/ICHUA W WHTGHCHBHOCTU Pa3BUTHA TOPHHX pabor, IpUHEATHE
Hanboiee PanMOHATLHEX €r0COGOB BCKPHTHA W CHOTEM pazpaGoTkm,
UpuMeHerne Hambosee COBEPLIEHHOTO A JAHHOTO Kapbepa obopymo-
BaHlA, KOMILVIEKCHO® WCIOJIb30BAHWE CHIPbA, ONTHMUBAIMA W ABTO-
MaTH3aliusl yHUPABICHUA TOPHHME DPaboTaMy, PeKyTBTHBAIIHA Hapy-
JOemHbIX TOPHHIME paboTaMu y9acTKoB 3zemsin. B o6mem cayqae
HCHOJII)BYIOTCH BCe oTH; oyT#, HO 3HAYAMOCTHh HUX HEPaBHOLCHHA U
BHO TPaBUIDHO OUPENeNUTs Baskuelliue, ompejeisolue IyTH
B KayRJ0OM KOHKDETHOM clyuae,

B macrosmee Bpema wmaubomee PacIpPOCTPAHEHHEIM KPHTePHEM
9QPeRTUBIIOCTH ABJIAETCA MUHEMYM OPHBEJeEHBX 3aTpar [44] upm
PaBHoAM o0beMe 106N MOIE3HOr0 MCKONACMOTO TS BCOX BAPUAHTOB

C+ E K — min, : (1.2

rae C — rofoBEle U3IEPALKK IpOU3BOJACTBA, py0.; K — wamurtajbHble
3aTpartsl, py6.; £, — HOpMaruBHEII Rosddunuenr sPderTHBHOCTH
RaudTaJdbHBIX 3aTpar.

Hauaabape kanmtamabmeie 3aTpatsi pPeKoMeHiyeTcsl TPHBOIHUTL
K MOMEHTY cja9u o0beKTa B BKCILIYATALUIO 1o (OPMYITe CJAOMKHEX
IIPOIEHTOB > ’

t
‘ ]{ :"Z]{i (1+En.n)iv (133)
1

Tie ¢ — CPOK BIOKEHNSA KamUTAJbILIX 3aTPAT, TOML; E, , — HopMma-
THBHBI Koaddunment spderTuBHoCTH 115 UpHUBeJieHna PasHOBpeMeH-
HHX 3aTpar (K, , = 0,08), 1/xer.

JTOT KpmTepmil HeNpHUIojeH is OIEeHKU PaboThl TopHBIX Ipej-
UPHATHE ¢ X APKO BHIPAKENHON MHIIAMEIHOCTBIO BCEX MOKA3aTeNIeik,
Llosromy wmmorme ncciemoBatenu NPOEKTHPOBIIIIKI T PUMEHAIOT
B KauecTbBe KPUTEPHA ONEHKH BAPMAHTOB MAKCHMAJIBHYIC TPHGHLIL,
UPUBECIIYI0 K OLEHWBACMOMY MOMEHTY depe3 Kos(duiment mpm-

BeﬂeHIlH EH. 1y

N P
23+ Z 0, - max, (1.34)

e
Il == 2 ]li_
[ {=—f {=-t

rae /I — npmBeneHnas K MomeHTy cpadqm Kapbepa B SRCIIyATAIHIR
T

cymMMapHaa mpubulib, py6.; lei — OPUBEJienHas"s K TOMY sKe Bpe-
i

T

MEHT CyMMapHAs CTOMMOCTH HOJIYYeHHOE npoiyrmum, py6.: >3, —
=t

CyMMa TPHBEJICHHHX 3aTpaT Ha pas3paboTKy MecTODOKIEHHA, Py6.;
24 )

;1 K
v ’ .

KpHTe P
[pn omeHxe BapWAHTOB MPHX

MR S (1.35)

=t ! — min.
T

}_;1[1‘

i HO
pasbLBAET BCe BELL 3aTPAT 33 OTEHMBACMbLL negmB:;:
me B pasHHX BapHaHTaX Kayecrsa 1o &
oT0, MHTEHCHBHOCTH CTPOMTEILCTBA Kap -
; oITOBHC TIEHH Ha 00HBaEMO

SroT KpUTEPHHd Y
dakTop Bpemenu, A3MEHEH
eMoT0 I0JIe3HOro MCKOIAEeMOTO, 7o
epa W DRCIIyaTallU# MeCTOPOsIICHIH,

CKoIIaeMoe. i
" Hompon ean oTom JIe3HOT0 HCKOIIaeMoro, }106LITOI‘O B 1I€e

mo

e/eHHaA CTOMMOCTD T .
ogp(ﬁ‘Bp(ilmenbcTBa rapbepa (HOIyTHAHA nobpiga) U IKCIIY

rm

MosReT O5ITh BHpa)keHa yDPaBHEHUEM

éﬂi:(ﬂlﬁivl—‘r—ﬂnAt,z*‘r . +Ht)+
i=t .

-T
+(H1;_I"~‘rll2;&'2+ oo LA )»

— COOTBETCTBCHHO CTOUMOCTE I10JEe3110U npo-

(1.36)

i i cTBa Lkapbepa
rue Hp uIeI’BhII‘;I ’ BTOPOU ¥ MOCJIeHUIT ro;lbluchonTeJIur) H()\CYII:}JIHKEZ[
ny}éuHZB Hl? 7 I] ; — To e, B HepBLIT, BTODOH M IOHTN e

-. . ey - n I
gzp;m’ 3K1(:’nny2a’Tauﬂn, py6.; A =1-+ E, , — xoa¢dui
.
P o anpusx ) K

amuT
Cmea ]IpI/IBeJleHHLIX_ 3arpart CKJIaJ];bIBaGTpH 1.18 R

b . e.
7 sremTyaramuonHsx > C sarpat, T

5 S K ESC (1.37)
igtgi :i:Z—t i ?;1 g
Kanmraabible 3aTpaThl OIPEAeNA0TCA HOo dopry.ie
T o ([flAt—l J\_ It At 2 %_ . ~:_ hnt) {_
n - K7) ' (1.39)

(lilA ! 1{.3 T
’ I t OOIBGICIB
ne “ .l‘ .Z{ _— I(aIIH]aJH:HbIe BaIpaIH C
r I I1 ’

i TPOHT 0.;

BHIf, BTOPOI W WoCJefHmH okl CTPOX eancTBa, pPy6.; L o

J{i. —— KaNHTAIBHKIC 3aTPATEl COOTBETCTBEHHO B IIepBHIE, BTOPOU
T

¥ TOCHICTHBH TOAN OKCIIYaTanyl, pyo.

eHHO B IIep-

o
Ut






IKCITYaTA IO HEIe 3aTpaTH BK

N\ C
P _"L u 33TpaTI)I Ha BCKPBIIITHEIE

'
r > C,, paboru:

O =Ca A — CA2 + CarA™7;

Il
—

(1.39)

14~

|
~

C P A—l - C -2
B BL FCA2+ - CopA T
BT , (1.40)

toe C c
a1» Cpo oo . Crp — 3
T aTpaTel Ha fo6brgHbIe paGorH coormeT

CTBEHHO B IIepPRBY opon I Taluu pyﬁ
IVI, BT
CH 3 C . . .CP , ’ ) n HOCHGHHHH I‘OI[H JKC ya a T
1 RQ B C’] — TO He, Ha BCKPOIITHELE pa601b1 py6 ’ K
HAHHOM JdydJae B BKCIIJIy I1 HHbIE | . X
; aTanuno
Iro c 1 3a paTH He [OJI;I{HI)IA
B OTBETCTBEHHULIX 1Y oM ' (bq)
acgeTax Kp
’ 9 € IoKa3aTele TYIBH
n 2 eR] OCTIR
3ElIPaII HeO61XOI[HI\IO VIUTHBATH @aKI()p TEeXHUYECKOTO ||[N)|I)e(}ca
HOIOp” U MOer 6’311’) Y4ITEH Ii0 cI)OpMyJIe B C XOXpH ’
. . KOBa:

C,lt = Cu 062; ]
(th — CYB 06,2, I (1.41)

e ¢ C
20r Cuo — COOTBeTCTBEHHO ]
TGy o~ 3aTpaThl Ha mo0bg
o0 10 3 HBIE T BC
Dyo . Eﬂ(l)\/g(g{gny, py6./T; Chy, C,p — 10 smE qe;iagﬂimme
s 8 II06Imlml)a{unem, YYUTEHB AN e;Rerom,{oe cHHm’eJ;{eT,
; T BCK -
e % R PHIIIHBIX PaboT cooTBeTCTREHHO (6, <a
por 4eCTh B HKCIAYATANMOHHHX 3aT
pecca BO3MOMHO HyTeMm B3aMeHb
Koadppunuenta A = 1
-+ E, o xospdumumentom A’ — LT Eun
Oz :

PaBuoncummi KpuTepmit i

e onoTC : Wy — min caegyer me

onpep,e.zengﬂ Fa;::;ﬁﬁoicm 0T XapakTepa pemaemmxnogg;fg‘f)aTLE o

A D DI ) ipbepa U HYJKHO Ppemarh BOIIPOCH ﬁmﬁgﬂn

LAt T T ngBIX pabor, omrmMmsamuu KajJeHmapH bo

BO3MOKHO chom,BOBaTbOEI]leHbHMX oo e Pl _BIEFO

TO KpmTepumit MaKCIlMYMa.Hp(;lHﬁI/II)IJ}I{;: Onp%HeHHIOTCH I‘pa}lﬂumuéapbeplan

WeHNA K HUCIMOAb30BAMMIIO MMHep;{ﬁb;;)(:ne;:ga;gogepeH\'Horo orio-
?

PaTax BJImAHNe TeXHUYCCKOTO

B dopmynax (1.39) m (1.40)
+

nexecoobpasn o

ona oo ;fq " ;M?ggcneqn;% HOPMANBHY0O 3QPeKTHBHOCTS pz\%OM e
. 8 'epreM sPPeRTnBH N
Lorg OCTH MO K

CPOK OKymaeMoCTI KaUMTaNAbHEX 3aTpaT T GV, HopMaruBiL i

o (1.42)
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JAI09A10T 3aTPATHl HAa [oOHIYHLIe

i ™
rne 1, = T HOPMATHBHBIL CDPOK OKYIaeMOCTH KAmKTAAbHBIX

3aTpPaT, TofbL.
WViccirenoparmsa A. C. AcraxoBa [13] mokasaiu, YTO KpHTEpHH

(1.32) m (1.35) He oTpaKaioT AMHAMIIECKYI0 d(PEKTUBHOCTD paboTul
roproro mpepnpuaTns. llosToMy OH Hpej10siL 7iBe Pa3HOBH/(HOCTH
AEHAMEYECKOTO HAPO[HOX03ANCTBEHHOTO KPHTEPHH obmeit agdexr-

TEBHOCTH paGoTH TrOPHOr0 HMPENUPUATHA

T
tar = S (Ao JT -804 Ag ) — Max; (1.43)
1
T
o = 2 (Ao Ci— Agid; 5 A K )) —min, (1.4%)
1
rre As;, Aag Ay — 6e3pa3ﬁepnme Koogpdumuents (3HaueHne MX

Gonpme mam pasHo 1), yIuTHBaIOmUE [OIOJHATENBHHN HAPOIHO-
XO3AHCTBEHNEI 9QPERT OT HCTOIb3OBAHMA TMOIYIACMBIX € oGBerTa
¢OOTBETCTBEHHO ITPHOHIIH, PEeHOBAIMOHHEIX OTYMCIEHUR I BHCBO-
fommaeMblX KaOHTALBHEIX 3aTpaT B TEdEHHE HPHEHATOTO HepPHoja
owenrn T; C;, I, A, K, — COOTBeTCTBEHHO H3JIePHKKH Opou3BOJi-
cTBa, UpHOLLIb, aMOPTH3AaNMOHHLIE 3aTPATH, KanmTajlbHEE 3aTPAaTH
B i-M roxy, py6/rom; T -— HCPHOJ ONEHRH HaYWMHAA ¢ IepBoro roja
CTPOUTEILCTBA, TOJbI.

[T prHIANRAIBHO HOBHM B ITPEIOKCIHEIX KpATepUAX ABILACTCA
nagdepeRuaLnA Kos(pPuImeHTOB IPHBEJICHUA B 3aBUCUMOCTH OT
xapaKTepa 3aTpaT W H3MEHIHBOCTH HX BO Bpemeny. DBoapinoe 3Hade-
Hie MMeeT mepmof omeHKH. JlomycTumas MUHIMAJBHAAL AMUTENLHOCTH

mepHoaa

T= tn + tc+ tocn + tu_ 5: TOJBL, (1-45)
rge Iy — CPOR IPOEKTHPOBAHMUA (t, = 1 = 2), roup; I — CPOK
CTPOMTEILCTRA (I, = 4 = 5), TOfIEL; oo — CPOK OCBOEHIS IPOEKTHOI
HOpOU3BOAUTEIBHOCTH (toew == 2 — 5), rompl; t, , — CPOK OKylla-
eMOCTH KammralbHBX 3aTpar (f, . = 10 mpm E, = 0,1), roust.

Ecaum me YYNTHBATL JJIATENBHOCTH HPOEKTHPOBAHNA, KOTOpAas
TpuUMEepHO OAHHAKOBA JIA BCeX BAPMAHTOB, TO Hepunoj ONEHKII MOKeT
komeGarses B upemenax 15—20 orer. BuageHna KopPPUIHEHTOB
npuBeyieHns AaHb B TabI. 1.3 131

Ilo pmammem A. C. Acraxosa, neficTBATeNbHAs 3AKOHOMEPHOCTH
HapacTaHUA HKOHOMUIECKOIO oexTa He WMeeT TOTo IAaBIHHOIO
xapaxTepa, KOTOPHH HPUIMCHBAETCH effl IpU WCHOJNL30BAIUY 3aKOHA
croxEHX mponentos (pme. 1.11). OcoferHo CyHieCTBEHHOE pacxo-
JKIeHAe Pe3ylIbraToB IIPOLEUTHPOBAHUA peasibHBIM HapacTaHueM
spdexta  UPOMCXOAWT  TPH  JUIHTEILHOCTH nepuojia  OLEHKH

Honee 30 Jer.
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TaGrmma 1.3

Tox mpu- T=15 Jer
‘oz mpr - . T=20 uJer
3i Aai Am’ Asi l Aai A
Ki
1 1,62 2,8
! , 87 2,89 2,07 '
2 }Zé jgz 2,62 2,01 Zgg ito
; 14 2,19 2,39 1.9 3,73 36
§ 139 1,96 2,16 1.8 3043 A
5 132 196 1,96 1.71 3.14 S
G L2 178 1778 1,62 287 A
El iR || b
1 X 4 1.46 2’3 5
K L H’ 1,3 1,39 2’12 S0
10 ; 1,15 114 132 1.96 %’36
i . 1 1 1.2 1,78 178
1 i 1,61 !
13 ! } 1 115 1,45 }%
1 1 1 1 1.1 13 13
15 t 3 1 1.05 115 114
it - - — 1 1 i
17 — - — 1 1 1
18 —~ - _ 1 1 1
1 — - 1 1 1
— — 1 1 ‘
1

Hpmmvennt

CJIBTO K oIupe

A PejieNeHnI0 TpaHu .
- C. AcraxoBa MOsKeT 6niTh BHpaskeH B Eﬁnen Kapbepa KpuTepuit

' p“l'llz‘Z(ASiﬂiTLAaiAih—A ) =0
e - ki L) H (1'46)

Ty = tc + tOCR ~|L tu_ 3

Pacemorpennsie  kpmrepin
u g oy M JIOBOJIPHO CJOMHBE B IPHMEH
- opueHTanoeliIoO;;;?qHOK HANCHHOCTBIO mcnonwyemmpx ,1131:11{{131/;;‘
PR b pesyubrarsl. Hooddumyenr sapunanmu xpum-
e e 60JII)IHO?i cocTapisier upmmepuo 15—309% . H03TOII)\/I
apmr o Do H;[HTepec YHOPOINeHHe 3THX KPHUTepHes. Pacsf
'I&I/ITHH TOPHBIX pabor B Rangggl efgalgll;xflM}? TOPOLO e oot
THA TOpINIX , 0TOPOTO yiKe ompene
B, Ve, T, e e ! o
puc. 1.12). llpumem, «ro cr N Ao
{pe. 11 , POUTEABLCTBO  Kapbepa mag
b TOURE ,Tz;af;rrreoni);nn%obuecce ymy61<gl HO 1<épbep£ nepeMZI;gg:g::
rapeen tha HanpaBJIeHC; ABJIATOLICHCA HaTpaBIeHneM  yriayGxm
ponpenn, Tax, mpasile € BO MHOIOM MpefonpeleNnsier CIocod
o c'f’,es;ﬂ;aMI/I CJlydae BCKPHTHE MOIKHO OCYHIeCTBIATHCH
PpeNemIIMG O C TOCTENEHHLIM BEIXONOM 5THX Cbe3s
pr Rapeepa. Tynmrosasg mium nocrrynaTem)HaﬂlfrO;aclgg
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chesnoB Oyjer BmOpaHa B 8aBHC
yray6ry @ yCJAOBHE TPAHCIOPTA.

T
B BCKPHITHS BCE HOBBIX B HOBBIX A/(,ﬂg{lf;

TOPH3OHTOB TOPHbHIE paboTsl CHa-
yajga JOCTATAIOT 10JIe3HOTO HBCOKO-
maeMoro K Kapbep  CHACTCA
B pKcmIyaranuio (r. €. OIpeje-
aserca 0o0beM TOPHO-KAIHTAIbL-
meix paGor V), sareM Hjer Ha-
pammBaHue MpPoN3BOUTeIbHOCTI
rappepa. llo mepe yrayoKHn
A3MEHfercs CoOTHolleHme 00be-
MOB IYCTHX IOPOX ¥ TOJE3HOTO
pexonmaemoro. B obmiem ciydae
mMeercs 60JblIoe TUCIO0 BO3MOIK-
HHX  HampapieHH# yrayOKA
kapbhepa u pis BEGOpA cocoba
BCKpHITHA HY/KHO HaTH Hau-
Jydiee HampapieHHe, OTBeUa-
pomee Kpurepuio dGPerTUBHOCTH.
IpoanajusppyeM  Hexyden-
Hple BHINe ypaBHeHHs W IIOCTa-
paemcs MX  YIPOCTHTD. Ecan
OIIPe/ieIeHDI T PAHITLBL KapbepHOTo
moixs, TO BO BCexX BapmaHraX
BCKPHITHA, PasBUTHA TOPHLIX Pa-
GoT, KaJleHapHOTo I1aHa TOPHBIX
pabor u jip. obmme 0GHeMbl BBI-
HEMaeMblX IYCTHX HOPOJ H IO

qecKkH OJMHAKOBBIMU. JTO 3HAYMT,

AMOCTH OT yTria HAKJIOHA  JNHAE
Tlo mepe yrayOru mo JIHHAN abe

v

7 n 20 T, o6
Puc. 1.11. Tpadpur 3aBHCUMOCTH NpH-
palmenus AK ramnrajbpHBIX 3aTpar

OT BpEMEHH T:

1 — 110 MeTofoJoTHN A, C. AcTaxoBa; 2 —
10 $OPMYJIC CIOKHBIX I1POLEHTOB ITPH B =
=- T3 — 1o we, npu kB = 0,085 4 — TO
—— TO jKRe, DpH E~=0,03%

e, ' 11’\)11 E=007; 5

Je3HOr0 MCKomaeMoro OymyT IpakTH-

qro abCoMIOTHHE CyMMapune
3aTparsl  Ha paspaboTKy
mecroposkaenns (Ges yuera
daxropa BpeMeHH) H CyM-
MapHAasA CTOMMOCTH IOy IeH-
Hol mPOJYKIWH BO BCEX Ba-
puaHrax Oypyr npEMEPHO
TMOCTOAHHBIMMU.

Eciiu nocTponTh KyMyJia-
tuBHBL TpaduK (puc. 1.13)
m3MeHeHmd 3aTpar B 33aBH-
CHEMOCTY 0T CTOHEMOCTH IO-
JTydeHHOH HPOYKIAH 3 =

Puc. 1.12. Cxema Ekapeepa B TPCX HPOCLK-
= (), mwo HAYAILHLIO

IIAX;
abe — NWBLA YUaAYORW Kapbepa

Ka 0), a KoHeuHpe — B Heroropoil He6o
B obiacTs B 1o Mepe oTpaborkm Kapsepa naper

Bajada CBOABTCS K TOHCKY raxoil

xop @3 Tourm O
mo amumm ONB.

TOYKH BCeX KPHBHIX JeKaT
B Hagajie KoopAEHAT (TOY-
apuroii obmactm B. - Ilepe-
cTpaTeran
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PasBuTHsA TOPHMX PaboT, mpw KoTopoii Gymer ofecmeden MaRCHMYM
TPUOLIIA © yueToM (akTopa BpemeHm I TeXHUYECKOTO Iporpecca.
Hecmenosanua mopo6mmx RYMyJATABHBIX KPUBLIX ¢ yd4eToMm darropa
BpeMenn mokasamm |3, 4, 5] gro HamIyunieMy BapHAHTY CoOTBeT-
CTByeT CaMoe HH3KOe W3 BCeX BO3MOKHBIX MOJOJKEHTIe KpuBoif 3 —=
= 1 (). Tax, n3 tpex nunuit ONB mauGoxec sperTuBHONMY BapH-
AUTY PaboThi Kapbepa COOTBETCTBYET WA ON B, Tar nan Beerga
nejiiecoo6passo GOABLUIVIO uacTh 3arpar
Iy A TPOUBBECTH B Gosee mospmee Bpeais,
Hs pacemorpenus puc. 1.13 core-
AYeT, 970 IPWHIAN MaKcuMmya obmeit
UPUBCHEHHOM TIPUOLIAM MOKHO 3aMe-
HUTH GoJiee M pPoCTHIM OPUHIIIIOM 3
3 . -
ugitLga:ﬂ—i—»mm, (1.47)
rae 3, — abcomioTHEie  BatpaTth  Ha
PaspaboTKy MeCTOpOKIeHEA ¢ Hagaja
CTPOHTE/ILCTBA /10 i-TO rofa (Hapacra-
wmui @ror), py6.; 1], — aGeonormas
Lre dromocts HONYYeHHOH 3a 9T0 Bpems
Pue. 1.13. Rymyrsarusm i rpa-  UPOAYKOWUH, pPyo.
e pymmnmis: : Ecan B rapbvepe noGeBaercs ron-
i peaDRAUTI apasennli ITEKCHO® I0JIe3HOe MCKOTaeMoe A3Me-
FEIOII xaphepa HAWONIET0CA KadecTBa (KN HECKONBKO
HOJNe3HBIX WCKONAeMBIX), TO 110 OCH
abenuce mpu BHG0pe BAPUAHTOB, OYEBH/HO, HY/KHO OTKIAZLIBATH
Besmauny [[;. Ecam ixe poGmpacres OJIIIOKOMITOHEHTHOe  HoJe3-
HOe YicKomaemoOe MepeMemmoro KadecrBa, TO MOKHO BOCITO.1h-
B0BaTBCA TeM OGCTOATENBCTBOM, UTO CTOHMOCTh B GospmmHCTBE Cay-
9a€B NPAMO HPONOPOHOHAJBHA KOJAWYECTRY W3BAEKAEMOTO U3 nero
IIOMe3HOTO KOMIIOHEHTA, T. e.

I, = a,M;+ b,

o

(1.48)
e M; — KONWYECTBO WBBACKAEMOTO IOJIE3HOLO KOMIOHeHTa w3
BOOBITOTO 110 i-r0 Toma MOTe3HOTO MCKOMAGMOr0; @y, by — Hoadiu-
IVeHTH!.

Bas wmnormx wmectoposienuii YCTaHOBIEHDI
CBASH MER/Y OCHOBHHIME I CONYTCTBYIOIIWME KOMI
METALIMYeCKUX PYfaX. JTO MOBBONAET CIUTATD, UTO CTOHMOCTD HPAMO
HPONOPIHUOHAILHA WBBIEKAGMOMY KOIWIECTBY OCHOBHOTO MeTassia,
T. €. BOBMO;KHO I10JIb30BATHCA ypPaBHEHUEM (1.48). Ecrectsenno, uro
CTONMOCTE eUHUNB MPONYROWIL B DTOM CIyyae BLIDIC, T. ¢. 1K03{du-
HUCHTEL @y B by mmeoT G6bIny10 Bermanmy

0Jb30BATHCA TOKA3aTeNeM W3BACKAGMOIO MeTallia TPY,iHO, Tax
HAK MacTo NPU MPOCKTUPOBANUH HEHIBECTHAS 110:HAM XapaxTepu-
CTHKA 0GOraTWMOCTH I0JE3HOro IICHOMAeMOro b 3ABHCHMOCTH  OT
CORCPIRAMIA W BEHIECTBEHHOTO coctasa. IloaTomy c¢ HEeKOTOPOH 110-
30

KOPPeRAnuoHHLIe
OHEHTAMY B WLOJITI-

BHUMATH, 4YTO KoJudecTBO H3BJIEKAaeMOro

rpemyaocT bIO MOIRHO II p
p
MetTallia n[)ﬂl\,]() ”[)()”()[)]]]ﬂ()ﬁa IBHO €eTo cO Iep&{aﬂm[{) B MO 1e3HOM

BoM M;
; 0BATHCA KOJAIECT
qae MOJKHO TOJIb3 M;
oM. B arom cxy e
llcacg:;gl;lo MeTajiia, cofepsiamierocd B 70GEBAEMOM
e an ] nce.
oM, I OTRIANHBAThH €ro IO OCH aber, ComocTe. & HATY-
Hael\fal ’cn OpPIEHAT MOKHO OTKJIa[piBaTh HE C s
JII:I(I)H(; BeJIMUMHLI, ecju IPOBECTH HeROTopHEGg;IapM;J; i ot
pa HHe 3arpaThi, CBfA3aHHEE C TOPHLIMH P o Ha, .
Z?\fr[;afr wa mpuobpererne 0GOPYOBAHAA TYII,I 3§:pr0pH0—EaHHTaHmeO
oM 9To 3aTpa o
aboTH (B OCHOBH O aGor.
TaHmITII;IL(IeHLge pa60T§)1). ITH 3aTpaThl nponopnnoxianbf; HOI{ 3Kgn§yaTa—
To » eftie GonbIIAM MpHGIAKeHEeM OTHOCHT K anemiryane-
T et CTH-:lT‘lM J71o MO3BOJIsieT HAM npennonomnrg;)my a6co-
3a am. '
uno}ll{HHLéM@ea y?qe'ra darropa BpPeMeHH) 3aTpPaTH Ha ﬁa?}; e ot
o CHUS K JIAHHOMY MOMEHTY BpeMeHH HPAMO IP
poOKL 1
obBeMy TOPHOM MacChl

31’ == a,30-+ bz,
Ille O P 06 beM IOpIIOn MAacchi ]lO6IJII()K JKO ;D;aI‘IHOI() MOMEHTAa (l‘I/I 1011 v
t ’
M 3 az, DZ —_ K()aq)(i)[/HJ,EIeHI bl.

. ::_]% o OTBETCTRY IOILAs

B O iy, Gyner sy Tase. ciioe
ioroe moswee 1 Gyt cobtonaneon yenome g % - 01

e o om ATy 70 06K ODIIAT PEBGIEH 10 C10-
;?vﬁ)lz(;ﬁ lgg'i(éilm. Iipe;[[CTaBHM cefe, 4To B KaKOU-TO MOMEH

Maercsi 00beM TOPHOH MacCChl
Q' = Vrl{ - Vi -+ P[y y
‘ ' -KAIUTAIALIIbIX ,
£ 00'BeMBl ' TOPHO-K
tP. — COOTBETCTBEHHO
I‘)Ie er» Via 3L

AHHOTO Hepuona.
obLIaHEIX paboT 0 T e ¢
BCE%b]mHLI(J}:BgeéITOIINIOCTB 9TEX PaGoT COOTBETCTEEHHO, Cri; S “a>
cau A

To obmiEe 3aTparhl
3i=co Y ik eV, e Py

(1.49)

(1.50)

(1.5

(1.52)

OPON W I0JIC3~
Pazmag cebeCToiMOCTh BHIEMEH %aBHHqHHEaB?é&B pagﬁim oitea-
1T 00yCIOoBJIe cBO
aeMoro Mo;keT Ob .
oo I[ICI(()OXIH)IX HOPOJ, TAK B PasipmduAMu B TeXHOJéormcl e
r , ! :
%SE?«EM 312)1 0CHOBY Ce6ecTomMOCcTh BCKDHIMIHBIX PA0OT €y,

(1.53)
’ 1 r " P()
3, = Cy (Vm 1 1 i1 i)y .
v, - s 17 . p:— A p __ ppusejeHine mo ceGecToiMO
The Vrl‘. - - v rK> i i
o6 beMsl.
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Torga 1o ocm oppmuaT MOMKHO OTRIAJIHIBATh BeIAIAHY
Qi==Viu+-V,+ P, (1.54)

n Ilpn paspaGorre mecropossmenmit co CPABHATEIBHO CTA0UIbHBIM
RATCCTBOM MOIESHOTO NCKONAEMOTO CTORMOCTD MOJIYIEHHOTO OPOYyKTa
OpAMO MpONOPHHOHATBHA KOJTUYECTBY /0GHITOTO MOIE3HOT0 WCKOTA-
eMoTo

lli:aspi + bsv (155)

e P, — obbem jo6niToro Jl0 IAHHOTO MoMeHTa (i-# Tox) m3 Kaphepa
T0JIE3HOr0 HCKOMAEMOTro, M%; @y, by, — KOD P IACHTI,

Tax xax paccmarpuwsaeMbie BapmamTH BCRDHITHSL OTHOCATCA K 0]-
HOMYy I Tomy :ie Kapbepy, T0 Koapduuuents a, u bs ONMHAKOBH W Mo
ocH abCIICe MOKHO OTKIANIBATE 00BeM T0GHTOro 00 [aHHOTO Bpe-
MeHU II0JIe3HOTO WMCKOIIAeMOro.

o ITprmenenme moxasareis P, MoseT GLITH PACHPOCTPAHEHO TaKIKe
ne AOBOJBHO dacThie cIydad, Korja B Ipoliecce paspaboTkm Mecto-

RIEHUA  ylaeTcsa  YCPeNHAThL KadecTBO 100

EIBAGMOTO 110JI

HCKOIIaeMoro. : orenora

_3arpate na joGuiunrie paGorss (Ipi ycioBum paBeHCTBA WPOCKT-
_&1(311 TPOBSBOIATEBHOCTH. Kapbepa 10 MOJe3HOMY WCKOMACMOMY npu
BCEX BapuWaHTaX BCKPHTHA) NPAKTHYECKN OJUHAKOBH IPH BCex Bapm-
AHTax 1 MoryT He pacemarpuBarbea. TOrma OCHOBHHIM HBMEHAIOMAMCS
napamerpom Oyzyr 3aTpaTh Ha BCKPHIIIHbIe pabors

3=V, +by, (1.56)

;ne V, = o6'beM TyeTHX mopor, BRIOYTHX [I0 TaHHOro MoMeHta (i-if
on), m%; a,, b, — Koagduumente. 3uaunT o och OPAVIHAT MOKHO
OTKIANBIBATE BeqWdnHy V.

EC.JII/I BCKPHIIIHbBIC TOPOALI Pa3anmdaiorcss 1Mo ceGecTOmMOCTH WX
BRIEMKH, TO BMeCTO (QUWSHICCKAX 00BEMOB O 0CH OPIWHAT HYHIO
OTRIAABIBATL MpUBefieHHbie 1m0 ce6ecTonmMOCTH 06 BCMBL. Has aroro
MOAHO BOCIIONB30BATBCA Popmynoi (1.53).

_ Bee U3JIOMEHHOe BEIIe HO3BOJAET HaM CcQOpMYNWPOBaTL Clfe
DoOJlee MpPoCTOM NPUHIAIN ONEHKH CHOCOB0B BCKPLITHS

My, —L1i , min
4 Py . (1:)7)

Ha rpagure V = f, (£) (em. pue. 1.13) spunus, COOTBCTCTBYION[AS
nanboxce sddexrnsromy BapHanry, Gymer 3anuMaTh camMoc ;'[HBKOB
nonosrenne. Ilo emsicay peanmdmna sBasercs CPeJHAM ¢ Hpada’
0TPaboTRI Koaddunumentom BCK BN, ‘ e

Paccmorpennsie kpmrepum  nomsmms HCHOAB3OBATLCA B 3dABUCH-
MOCTHL 0T XaparTepa pPaspaGarThiBaeMOTO MECTOpPOIRASHWS, 1 /IHdms
AAIIBIX ¥ TPebyeMoil TOYHOCTH pellenus. Tpyoenrocrs Bllltmcnelmfi
CHIWANACTCA 0T RPHTePHA [1y K KPUTEPHIO (1, HO ClIHKACTCA 11 TOYHOCTH
BLUACTCHIA 1 9HCIO VIRTHBACMbIX (Laﬁ"ropmz.

Tarasa 2

PUCK IIPU NIPMHATUN PEHIEHNN
0 MAPAMETPAM KATBEPOB

§ 1. TPAKTOBHA NMOHATUA «PNCH»

[lpaxrTmuecku Bo BCeX CJIyYaAX OPEHATHA DEIICHWH MH CUCTBYEM
B VCIOBUAX TOH WM WHOH CTEMeHit HEONPEHeIeHHOCTH ¥CXOAHBIX
JNaHHBIX K JIPUHATHIE HAME pelieHus ie obgzaressno OymyT ToIHO
peajim30Banbl B mponecce paGor. MHRMR croBaM®W, MBI NEM HA PUCK.
Ho B cBA3m ¢ 3TUM BO3HMKAET MHOTO BoOIpocoB. UTo Takoe pHCK?

‘B kaxux caydvaax on omnpasman? MoskHO JTu H3MepnTh PHCK Momo6HO

TOMY, KAk Mbl M3MepseM aAuHy IWIH Temiieparypy mpeameron? Ha-
KOBa MOJ:kHAa OBITH TaKTWKA PUCKA B TeX cJaydasx, KoTJa PHCK HEH3-
Oesen? :

ITpumenuTenbHo K BoeHHol mayke B. A. AGuyk nuimer caeayiomee.
«C opuoii croponsi, pucK — 9To Bpome 6B Xoporio. Begs ToropAT nce:
«puck — Gaaropoanoe eaoy. G Jpyrod CTOPOHN — TOT, KTO PHCKYyeT,
YacTo MOABEPTASTCH OCYIRASHUIO. «PHCKOBAHHLN IOCTYIIOK», «PHCKO-
BaHHBIH mary 3BydaT yyKC C ABHBIM OTTeHKOM Heomobpenms. Pasod-
paThCca B TOM, UTO ;K€ TAKOe PWCK, BechbMa BaykHO. Bepd mopoil puck
Hensbeskien. OmLT YeXoBEIECTBA CBUAETEILCTBYET: TOT, KIO yMeeT
PUCKOBATh BOBPeMs, KOTHA 9TO AHKTyeTcs 00CTAaHOBKOM, OKa3HBaeTCs
B GoJbIIOM BHWTPHIIE. BCHOMEHMM BeTWKWX IOJKOBOAIEB, KPYyUHLIX
NOJNATAYCCKAX JHeATesel, peInTedbHHX XWPYProB, HaKoUel, NpH-
MepH U3 coOCTBeHHOM KMBHHA, KOTrKa «CMeXocTh Topoja Gepers. Orna-
7leTh MCKYCCTBOM DPHCKA HeJXnline KaKmoMy derosery» [1].

B kagecrse mepm pumcka R B. A. AG4yk mpmHmMaeT pPasmocTh -
MY eIBHANEH U BEPOATHOCTHIO MOABJIEHWS FAHHOTO OJRMAREMOTO

coburTma Pe), 7. e.
R—=1—P(). (2.4)

Ou paer caegyloliee onpefelieHne PUCKA: «PHCK — DTO BHILY/KEHHLIT
o6pas meilcTBHE B yel0BUAX HCOMPELeNeHIoCtr, BeAYINA B KOHeTHOM
pesyibrate k mpeobiagaHmio ycrexa tray meymadeiis [1].

B sasmcumoctt o1 06CTOATENIHCTB HW3MeHAETCA Ialle OTHOLIGHIE
K OlleHKe MocecTBWil BosMo;xubx onmwmbox. llemxosorudeckue
acmeKkTh NpuHATHA pemenuii pacemarpusaior Jhr. I, Kesens
u . JI. Tommcon [25]. Onm BacumrhiBant 8 BApPHAHTOB ONEHKM.

Kax w3sBecTHo, B MOBCeHEeBHOM KUBHN CIOBO «PHCK» 00BIUIO YHO-
Tpebagerca niA ONMACAHHA TAKOTO BO3MOMKHOTO B GYLYMmeM CoOLITHA,
KOTOPoE ABISETCA HeReraredbHbln. Tar, B cloBape PyCcKOro
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aspika G. WM. Oserosa [33] mporms ciosa «pmewy dmeasres pBa
BHAYEHMA: (BO3MOJKHAA OIACHOCThY U (eficrBre Haylady B Hae:Rie
Ha CYACTIIMBHIY HCXOmy.

Ho croBaM BUAHOTO AMEPHKAHCKOTO CHONUANACTA IO TeQPHU
m Metofiam KoucTpywpoBanma II. Xmnma [47], B cpessem mo mpo-
MBHIIEHHOCTH Peaimsanusa HpeH, coocobHoll ofecneduTh BLICOKYIO
npubpib, cBA3aHa © GOUBIIMM PHCKOM. 3ajada pyKOBofwWTeneil
Gupmbl B ToM u cocTour, 9T06H 0TOGPATH Te PEIKO BCTPEYAOMAEcH
BIen, peajinmsamua KOTOPHX mMeeT Goabuie NiaucoB 0GeCIednTh IpPH-
Obiim npm mMelomMuXcH pecypcax u pabodedt cwie. DPdenruBHOE
yupaslenne npe BhGope HOBOH NPOJYKIME XapakTepuayercs Maloit
CTEIIeHDbI0 PHCKa W OOJIBIIOHR oTHaded.

Ocobenno GoabUIyo POIH MTPaeT PHCK B TEOPHH CTATWCTIIECKHAX
pemennit. Tax, wro6»t onmcarTs yma4no MM HEyIaYHO NpWMEHEHa
JaHHasg cTpaTerns B NAHHOHW CUTyamm¥ C ydYeroM TOTO, HACKOJILKO
BoOOWe vTa cHTyauuma GIaronpusATHA [JA HAC, B TEOPHW pelleHu:
BBOJUTCA IMOHATHE «pACK» [21].

Prcxoy mrpoka npm memosnnzosanuu crparernu A; B ycaosusax 1,
HA3BIBACTCA PABHOCTb MEKY BEIWTPHIIIEM, KOTOPHI OH mOJydHa 6HI,
eci 6bt 3Han yenosusa /1, i BEIUTPHIIIEM, KOTOPHH OH Ha CaMoM jlejie
HOoJXydaer B TeX AC yCJOBUAX, NPUMeHAA cTpaTerwio 4.

OGosnaumm depes r,; PUCK MIPOKA MPU ero crparerun A; B ycio-
BuAX [/;. Boipasum puck r;; 4epes sileMeHTHl MATPWIL BHUTPHIIIEH a,;.
Ouemnpmo, ecsim GH WrPOK 3HAJ 3apaHee YCIOBHS II;, ou BHOpan 6H
Ty CTPAaTeTHIO, KOTOPOH COOTBETCTBYET MAKCHMAJbHBIA BHEHITPHINL
B JanuoM croifme, wopode — MarcumyM cronbma. O6Gosmavuum ero
uepes ;. Cormacno ompeperesnio pucka ‘

ri=Pp;—a;, 2.2)

rae f; = max a;.
Ws aroro ompepenennst ciemyer, 94To PHCK He MOYKeT GHTH OTpPH-
maTeiLHbIM, T. €.

rip =0, (2.3)

Ilpn BriumcIeHnm pPHCKA, COOTBCTCTBYIOMEro Ka:KHLOH CTpaTernm
B JIAHHLIX YCIOBMAX, YUHTBIBAeTCH obmas GlaronpUATAOCTL WM He-
GararonmpuATHOCTD [N HAC JAHHOTO COCTOAHMSA IPHPOAH: BeIH-
quHa [§; caymur kKak Gbl MepmioM OJarONpHATHOCTH COCTOSHWA.
Marpuua pucka r;; wacro paer Gosec HaTIAHYI0 KAPTHHY Heompe-
HeJeHHOM CHTYyailuw, 9eM MATPWIla BHIATPHIILeH a,;.

B croeit paore [49] yuensie Cremdoppickoro yrmsepcurera [ep-
mMan Yepmos n JImmxomren Mosec, paccmarpmpas (yHRIILNO LOTepPH
HNOJMe3HOCTH B PYHKOWIO COMKATEHNAA, ONPENeNAI0T PHCK KAk MUIMMAKC
0:KUHAeMoTo cokasenusa. XOTH MHOTWE CTaTHCTMKH IIC OHO0PAT
KpuTepnii MEUHEMAKCHOTO pHCKA, OOJBIIMHCTBO H3 HEUX COTJIACHO
¢ TeM, 9T0 IJIA Pa3yMHOTO BBI6opPa cTpareruil focTaTodHo 3HATH TOIBKO
puck. Pacxo:xpgenmsi Bo B3IJIAZaX KacaloTCA B OCHOBHOM CIIoco0a
MCHOJNB3OBAHUA PHCKA.
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Vi3 reopum CTATECTHUECKWX pelieHnil W3BECTHO, YTO GaiiecoBa
cTparerus MUHWMWUSWPYeT CpejHeB3BelleHHoe 3HATeHIe PHCKA [49]

R(S)=(1L—W)R(©, S)-+WR(,, S), 2.%)

rie R — puck; W — ampmopias BepoATHOCTH; 04, 0, — COCTOAHUE
UpPEpPOMH; § — CTpaTerds (CTparerns mpegcIaBaser coGoi HeroTopoe
IPaBUI0, KOTOpoe yCTaHABJIMBAeT, KaK DearupoBaTh Ha Kakfoe ©3
JAHHHX pKCIePEMeHTa 10 Mepe HX MOCTYIJieHus).

Haxonen, mis BeU@cieHms @yHwkmun pucka R (0, S), Koropas
mpejicTaBiser coboll MaTeMaTH9ecKoe ORMJaHHe GyHKOUN cozadie-
HEA W YIUTHIBaeT cojkalleHHe, COOTBETCTBYIOMEe KOHETHOMY [IeUCTBHUIO
¥ CyMMapHOH CTOWMOCTE DKCTIePUMEHTA, YACTO IOXb3YIOTCHA VHOGHLIM
BHIpasKeHueM

RO, S)=E\r(®, A)+E(0), (2.5)

ruge A — woHednoe pelicreue; C — CTOWMOCTH KCTIepuMeHTa.
. B obmem caysae 4 m C ABAAIOTCA CIyIaUHBIMU BeJIWIMHAMHE,
SABHCAMEAME OT CAYIaHHEX MCXOMOB HKCIEpUMEHTA.

I'. Kopr 5 T. Kopu cunrasor [27], uro mena C (PuCK) HEKOTOPOTO
AeHCTBAA cHCTeMbl eCTb GYHKINA OT COCTOAHES CPeibl, IPeICTaBIeH-
HOi m-MepHoil ciydafinoil Beawdmuoir S = (Sé, Soy .. .. Sm), H pe-
HIeHus, IpejcTaBlenHoro r-Mepuoii Bejmumuoit ¥ = (Y, Ya, .. .,

Y,),
C=—c(S, Y). (2.6)

YesoBeK, MalimHa WIW CucTeMa NPUHEMAET pellcHHne UY, OCHOBBI-
BasiCb HA JAHHBIX, NPEACTABIEHHHX n-MEPHOM CJyIalHOU Beni-
anoit X = (z;, Z3, + - -, &,), KOTOPAsA CBA3AHA C COCTOAHIEM CPeJHI
gepes cosMecTHoe pacupepenenne S u X. Ilpmummatomuii peuremue
ofpasyer BeawddHy Y KaK pemaomyr (GYHKIEIO OT HMEINIAXCH
JaHHBIX

Y =y (X). 2.7
Ecan napo coBMecTHOe pacnpeneienne S m X BMeCTE C dyuxnme
pHCKa, TPejcTaBIAIomei neficTBUE CHCTEMEL [JiA KaKjou KoMOmHamAR
COCTOsIHUA Cpeabl U penieHnusa, TO 3agada cocroutT B MI/IHI/II\UI]ZIBaIJ,]Z‘[]?I
03RIAEMOT0 PHCKA IyTeM OMTWMAJBHOro BHGOpA pemiatomien Qyri-

nnu y (X).
e )
MC (S, )=\ {18, pendo s, x). (2.8

S x

Beamunawn S, X w Y Moryr OHTL Kak HCIOPEPHIBUBIMEA, Tak A K-
CHPETHBIMH. }

Dns ofocHOBAHEA CTATHCTHIECKWX pelleHHH Ges MOCTAHOBRH
pkclepnMenToB B pabore [19] paccMarpmBaeTcs MUHEMAKCHBIM KpPR-
Tepuil (KpATepHA MOTLPH WA MAHEMAKCHOTO pvicrca). B coorBeTcTBRH
¢ DTHM KDPHTEpHeM ONTHUMAJbHEIM CIATAaeTCHA AeidcrBhe, MJIA KOTOPOoro

% an






BeJmY¥Ha ToTeph (PHCKA) OPUHWMAeT HAWMEHbIIee 3HAYeHWEe HpPH

camoii HebiaronpuATHOR o6cTaHoBKe, T. e. AeficTBEE i, TA KOTOPOTO

JOCTUTACTCA
min max r, 2.¢
; i ij . (ZJ)
e raj E BeNMUNHA, KOTOPYIO HYHHO mpubaBnTe K BHETPHILY U
(i=1,2,...,m;j=1,2,...,r), 900K D0AYIATH MAKCHMAIBHLIA

BBIUTPHIN, CTOSAMWI B j-M crosdne.

I:IonpOGmu) W WHTEPecHo PaccMaTPHBAeT HOHATHE «PUCK) aMepUiaH-
cxkuii yuensiii- 10. Heiiman [311, woropsil mpenjiaraeT wemoibsoBaTh
CJ0BO «PHCK» B OTHOIIEHWN JI060T0 BO3MOKHOTO B Gymymem cobbrms
;MeaaTebHoTo WIN HejredaTeldbHoro. TarmMm oGpasoM, napannenbﬂo’
C PHCKOM CMepPTH MBI OyheM TOBOPWTH O «PUCKE» 0CTATHCHA B KHBHIX
o 1. A. Ilpm rakom ppofictBenHoM Tonwosammm IOQ. Heiiman BrOmmT
MHOJKeCTBO CHMBOJioB u momartmii. Tax, mia toro 9TobH 060CHOBATH
MeTOJl pacdera KOHKYPHPYIOmero pHCKA BBOMATCA MMOHATHS (IPH-
OamskerlHaA HOPMA PUCKa», «IHCTasi HOPMAa PHCKAa» (Mepa WHTeHCHB-
HOCTH PWCKA), «IPAMOH PUCKH, «KOHTWHTCHTHHIH PHCKY.

ITpuyennTeNbHO K NPOEKTHPOBAHWIO U IJIAHWPOBAHMIO pPaboTH
rOPHBIX TPefUPHATAA MOHATHE ¥ KOJWYECTBEHHAA OUEHKa pPucKa
ne paspaboransl. B 1o jKe BpeMsA 04eBHIHO, 9TO HOJABIAIOMEe GOIb-
IMHCTBO HCXONHHX JAHHHIX, WCHOJb3YEeMbHIX MPH OPUHATHE pelieruit
no paspaboTKe MeCTODPOSRLCHEA WMeeT BEPOATHOCTHWIH Xapaxrep
4 D0TOMY M NMPHHATHE PelieHns MOIYT OHTH Pealu30BaHbLI B neﬁc'mn:
TEABHOCTH © GONBIINMHU WAV MEHBUINMY OTKJIOHCHHAMHA. VIHHMHE ciio-
BAMY B IPUHATHX PeIIeHWAX BCEI[Aa WMeeT MeCTO OHpeelleHHHN ypo-
BeHb DHCKA. YMeHNWe OIeHHBATH W COSHATENBHO WCHOJAb30BATH PHUCK
NOBHINAET Pe3yIbTATABHOCTE W PAYOUHY HAIKX PEIiCHUH U M03BOoAAeT
UPAaBHIBHO PEaTUpOBaTh Ha MOJYYalOmMMecs KOJIHdecTBeHHBIE PesyiIb-
TaTbl OT PeamB3anUy MPOEKTHBIX IPeJI0skeHi.

C yderoM paccMOTDPEHHBIX BHIIE pPaGoT NPUMEHATENbHO K pas-
paboTke MeCTOPOAleHUE Lelecoo6pasHo paccMaTPHBATh PHCK — KaK
0TIACHOCTH HeBBUIOJHEHH A NPUHATLIX PeleHuH NPy GeCTBuAX B yCIo-
BHAX HEOUPEeACHeHHOCTH WCXONHEIX NaHHBIX. PHCK MokeT OUeHH-
BarhbecAd Kak B abCOTIOTHLHIX KOJWYECTBCGHHBIX IIORa3aTelNsaX, TaR H
B OTHOCITEIbHHEX. 33 OTHOCUTENBHYI0 MEPy pUCKHa ymobmece hpm{mb
BEPOSTHOCTH HEBHIIOMHENHA IPHHATHX pewleHmii WA PasHUIy MEKIY
" eJHMHULICH M BePOSTHOCTHIO BLITOAHEHUA JNAHHOL0 PeIneHus.

Yenex uwanm Heypada UpH OPUHATAU PENICHAA ¢ ydeToM pICKA
34BUCAT OT YPOBHH DPICKAa B KOHKPETHMX YCJAOBHAX H XapakTepa
peajinzanyim 3THUX pemelmf{.

§ 2. TOUNOCTDH MHCXO/HLIX TEOJOTHYECKHX JJAHIHLIX

B npouecce mpumATmA penienwil ropHbii WH;KEHeD MOJIb3yeTcs
ACXOMUBIMA TEONOTUYCCKAMY H TEeXHHKO-9KOHOMAYECKUMY [ABIIBIME.
Hax mapecrno, B HacTosAIee BpeMsA 3aMach MOJMC3HAIX HCKOMACMBIX
MO CTeleHH PasBeJaHHOCTH, M3yYeHHOCTH KAUecTBA CHIPbS M TOPHO-
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TCX HNUECKHUX yCJaoBnil paspaboTku MOAPasfeIAorcs Ha 4 OCHOBHLIX
kureropun — A, B, C; n G,. Hampas ns KaTeropuil obiamaeT ompe-
ACHCHHBIM YPOBHEM J{OTIYCTAMBIX morpemHocteli. Beswamsaa »THX
HOUPeITHOCTeH TPYAHO TOAaeTca paciery u eme HeoCTaTodHo XO0-
ponio oGocHoBaxa. HauGosee 9acTo BCIONB3YIOTCHA peroMenzanun
B. M. Kpeiirepa [28, 431, KoTOpHIe IPUBEJEHE B raba. 2.1.

Tadanma 2.1

TIOrpemHOCTDL HOLCYCTA 3A114C0B (%) U0 KaTeropuiam
C'[p'd“‘(l ])BRR(‘HBHHOCTH
A | B | | C
Coperckuit  Cows  (no
B. M. ¥pelirepy) . . 15—20 - 20—30 30—60 60—90

Boarapus . . . . . . - 10—20 30 50 —
Benrpus e e 10—20 35 50 100
rap .. 5—20 40 60 100

He momie;xuT COMHENWIO, 4To OWHOKI B YKa3aHHHX Mpejerax
B TIOJABJAIONIEM OOJBIINHCTBE CIyd9aeR H3MEHAITCA IeNpPepErBHo
Il pacnpemeisioTcA € PasHOE BCPOATHOCTLIO. Ypeaosbie 3HAYCHNHA
oTHX OWMOOK MO;KHO PaccMaTpWBaTh KAK HEIPepHIBHBIC coydaiinbie
BEJAMMHHBL, OGYCIOBJEINHbIe MHO/KECTBOM CIyJafimbiX K cucreMatu-
geckmx morpemmocreil. K mX dmciy OTHOCATCS TMOTPEIIHOCTH 3aMmepa
paccroamuil I mioulanedl, OLEHKW Xaparrepa CKJIATIaTOCTH, TPaK-
TOBKK BIMATNA TeKTOHWYeCKHX HAPYIIeHuid, 3amepa MOIMHOCTeR
HPH TPOBEJIEHIIIl Pa3BefOYHBIX CRBAMMI U BBIpaGoToK, or6opa 1 obpa-
GoTkE mpob, amaimza mpoG, OMPEeNeHUs IJIOTHOCTH, BIAKHOCTH
u apyrnx $axropo. Tax Kak sTHX (aKTOPOB OYEHb MHOTO I onu
B OCHOBHOM HE3aBIICWMBl, 8 BIIAHHe KayKIOTO B3 HUX OTHOCHTEIBHO
MATO, TO HAJANO YCIOBHA, HOPW KOTOPHX BEIMIAHA IOTPEIIHOCTH
[OJKHA TOUANATHCHA 3aKOHY OIH3KOMY K HOPMAJILIOMY [20]. Ho
nofcUeT Kelaercs TIObMU, I109TOMY Ha Pe3ysbTaThi HAUMHAIOT BARATH
me TOMBKO OOBCKTHBHLE, HO 1 CYOBeXTHBHbe WCHXOJIOTHIECKUE
danrops. Caemgyer ydvects, UT0O CephresHas oumbKka B CTOPOHY He-
TOATEe;KIeHHS 3aMacoB IpeBaTa AJf TeoJIOTOB KPYHHBIME HEIpHAaT=
HOCTAMIT, A OIUNOKA B ITIOCOBYI0 CTOPOHY HCUPUSATHOCTE He BHSHBAeT.

Ecsm Ha rpadure (puc. 2.1) mo ocu aGCumce OTIORUTE BEJITIHHEL
BO3MOLHBIX OIMuUboR moxcdera &, a MO OCH OPAWHAT cyGBeKTHBHYIO
omeury mosesnoct II (+4€) wiw BPEAHOCTH II (—e) ommbox, To
npu 06BeKTUBHOM OLeHKe MOTPeLIHocTed $yuxuua II (¢) Gyner usob-
paskaTees mpaAmoi I, a mpH cyOLeKTHBHOM ONeHKe — BHIOYKIOH
BBCPX KPHWBOH &, T. €. 3HAUMMOCTH MHHYCOBBIX TMOTPeNrHocTed Ipe-
VBeJNIWBAETCA, a [UIIOCOBHX — IPeyMenbliaeTcs. JTo0 TAK Ha3HBA-
eMoe OCTOPOJKHOe OTHOINeHUe K PHCRY [25]. HopmanbHoe pacmpe-
mesene ommmbox (cM. puc. 2.2) KpuBas [ Mo BIWANNEM cy6BeKRTHB-
HOTO OCTOPO;KHOTO OTHOINEHUS MORET npnobperaTs acHMMeTPHIHYIO
dopMy CO CHABHIOM MOIB B CTOPOHY IJIOCOBBIX omubok cM. puc. 2.2
(kpuBag 2). B moap3Y 9TOro MPeNNoT0KEeHNA TOBOPAT HEKOTopHIE
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morasarenu paborer kapnepos. OpfHAKO 1O JAHHOMY BOIDOCY Tpe-
OymoTesa eme cephesmbie HCCJAEOBAHMS. AcuMMeTpuuHOCTh pacmpe-
lellenusi OmuOKE mMofcueTa 3amacoR oGHApY:RCHA, HAIpIMep, Ha
HKourapcxom mecroposspermn [24].

At paspHeRiTnX pacweroB M HpHHEMAeM HODPMaJbHLIA 3aK0H
pacnpenenenusa ommbox. Iak u3BecTHO, IpefeNbHAS OTHOCIITCIDHAS
LOTPEIIHOCTE £, DaBHA OTHOLUIEHUIO TPEIeAbHON abCo 0THOM norper-

HoCcTl A/) K a6COJIIOTHOI71 BeJUYNHEe UCTHHHOTO 3nadenus 3aiacor P ,
T. €.

(2.10)

Beuny opuentupoBogrocTH pacderoB MOKHO IPHHATH B RadecTre
TPENETPHBIX OTHOCHTENLHBIX NOrPeIiHOCTell IIOACYeTa 3allacoB Cpej-
Hue 3HadcHmA u3 Tada. 2.1. Torpa

N(+€) n
/ 9TH BEJHYUHBI [JIA RaTeropuil A, B,
'\ C,, C, paBHb cooTBercTBeHHO 17,5,
2 +2b, =45 m +=759%.
(€
- € rie
2
. 7
n-g) —c Vj g
Pre. 2.1. Ppadur sapu- Pnc. 2.2, Tpadnr pacmpe-
CHMOCTIL  OHLEHKIT [OJe3- JQIeHITsT” OMUHOOR  ITOACYCTA
moctu /(&) picka  or 3a11aC0B:
BCIAYIHbL BOSMOKHOII I — nopmaTniee; 2 -- ¢ yaeron
OTIUOKHI (&) OpH POBHOM QCTOROATTON) OTHOILICHIBL K PHC K Y

(I) n ocToposkHOM (2) oT-
HOMCHNI K pUCKY

Ha ocrose npasuia tpex curm [20] amoskiro mafitu cpegHeRBaipa-
THIHOE OTKJIOHEHUE O M BePosATHoe (cpepmimoe) orkionenue E. Tax,
JUIA 3amacoB Kareropmm A

17.5 .y - - 5 (1e
o= ;‘) —5,83%, K = 0,6740 = 3.93%.

Pesyaprate pacaeror mo Bcem xareropmsn IpuBeyeHs B Taba. 2.2,
TI\e SHaUeHUA JOBEPHTENLHEIX BEPOATHOCTEH NaHbl ¢ OKPYICHHEM.
lpumenurensno k 3amacam pyasi B KOHTYpax Kapbepa IIH Ha KaKoM-
aubo ydacTKe PYAHOTO Telda CpPejHeB3BENISHIAs OTHOCHTENBHAA H0-
TPEIIHOCTh HOJCIeTa 3aIACOB OIpeelsieTca mo gopiy:Te
ep e = g4+ Hoep - Hsgm -+ H@Cz, (2.1'1)
TNC €4, €p, &¢,, Ec, — BOBMOMHAA IOFPENTHOCTL LONCYETA 3aACOB
CooTBeTcTBeHNO 1o kareropmwam A, B, C,, C, upn Josepmrensmoil
BeposTHOCTH P (g) (em. Tabn. 2.2); K, K,, K,, K, — noas samacos
COOTBETCTBEHHO 10 Kateropusm A, B, C,, C,, BuruMaeMpy Ha pac-
CMaTpuBaeMom vrame pabor (K, + K, -+ K, + K, = 1).
I8

Tatnamua 2.2

3MO? CIIHOCTD (%) npu noncmemrm‘mﬁ aep oAT-
H opua Homycruma BOdMO’igIo%F'ImmI)JPI()s) u xapak")repncnme pacceuBAnns

ATCTOPH A s . .
amnacos | MOTTG Y00 06, + E | 0,68 0 | 0,96 20 | 1 =30

A +17,5 3,93 5,83 14,67 172,:

B + 25 5,61 8,33 16,% 25

Cy + 45 10,11 15 30 4

Co + 75 16,85 25

OTjebHEIe MapaMeTPHl 3alekeil UMEIT CBOU 3aKOHM! pacrrlg)ﬁggﬁe};
HUsA, KOTOpHE HeoOXOUMO HCCIeloBaTh. T;m, I TOHR"I/II;; Hy OaHEX
mwracToB ycrawosiacto [35], 4ro oTHOCHTENHHAA 13031\/10}1\M%CKPI o
ONpeJielleHHusI MOIIHOCTH IIACTOB TO[IUHIACTC JIorapmi)M— K HOD-
MaJIbHOMY B3aKOHY DACHpPEeJeNeHusi, & INIOTHOCTH YTJA p
HOMY 3aKOHY.

§ 3. TOUHOCTD TEXHUKO-DKOHOMPAUECKUX PACHETOR

ITorpemnocTh PacaeToB, BHIIOJHAEMBIX B IPOCKTHON U MI‘ECéITeéII?:;y;
TeNBCKON MPAKTAKE OTKPHTHX Pa3paboTok, B 3HATUTEADHO cremern
3aBHCHT OT MU3YYEHHOCTH M CJOKHOCTH CTPOEHU] MeCTOIr)r(I; B\a’uemor(;
XapaKTepa peuiaeMoil 3ajlavM U IIPOJOIRUTENBHOCTH 0XBA

g epHoJa BPeMeHH.

pacéel;(:elée?m%ni Jizpeleeﬁm HMCXOJHBIE JallHEE, KOTOpHle CaMu }1;8 ?65
AMEIOT OUpefe’eiyo IorpeltocTh, M YCJIOBHA, n"pHHHBT e H%_
pacuerax, UBMCHAIOTCA IIOJ BIUHMAHIEM DasIIHBIX (i)ahTo’po ’eﬁchn-
ERTHBE PEHIeHHS KOPPERTHPYIOTCS HMPAKTHKOU. Hoaromy ATCH -
TeJpHEBIC IIOKA3aTelll H IapaMerphl 3HATHTENBHO OTINTAI0 o
pacuernsix. Korma meficTBHTENBHEIL IapamMerp GIM30K Hnonnﬁ;; )H
HOMY WJIM TEeXHUIeCKH Iielecoo0pasHOMY, DAa3HHIA n%e;\hny |
pacueTHBIM IOKasareieM Oyjer IPeCTaBJIATH OIIHORY Jrimﬂ ne;
OdueBunHO, OMEOKI TEXHNKO-DPKOHOMHIECKHX DPaCcIeToB IO L e
JKATh B OIPENETCHHNX Mpejeaax, ITo0n POCKTHEE p%ﬂ[eHI/IH, ocmo-
BAHHLIE Ha OTHX pacyerax, OBUIM PeaJbHbIMH. JTO Tpe OézaHI/Ie Tacto
He BHIJIePAUBACTCSA, 0COGEHHO NpPH MPOCKTHPOBAHUH Ty o:g;xgangq
epoB, a HAJEKHOCTL DelleHnil TAKAX TeXHHRO-DKOHOMHIECH BeCI)ME;
Kak, HaIlpuMeD, ollpeielieHNe Komeunoil rayGHHH Rap6bepa, cera
Hu3ka. Tax, KoHednas riy6uma OTKPHITHX TOPHHX pPa0OT 1A ag_
KHHCKOT0 6yDOYIOABHOIO MECTODOSK/IEHNA yCT”aHaBJII/I;GagIaC)B p

Holt 40 (1933 1.), 80 (1942 r.), 350 (1951 r.) u 475 M (1 r.). _

B namGonpureil CTEUCHI OGBITHO «CTApEIOTy TEXHUKO-IROMOMY
ckme mokasareni. Hampumep, B MpoeKTax paspaboTRH Bonanmaoreci
YIOJNBLHOTO MECTODOKICHIA B 1945—1952 rr. B COOTBETCTBUU C cﬁém
CTBYOWMAK B TO BPeMsd HOPMAaMIl LPOCKTUPOBAHMI CPOKM I({zg)lg N
RaphepoB mpuHuMaiuch 250—30 ier mpu CpaBHHTeHBiISZBHffS i
TOro MepHoja MPOUSBOJUTENBHOCTH TPYIAMErocs — aTI/IJICH.
OxBaKo CpPOK CJIY:ROBl KapbepoB B JIeHCTBUTEIHHOCTH ?OJII{(FH i
(sanpmmep, CPOX CJOY:ROB OJIHOTO U3 KaphepoB COKpATH
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;L};;I())m?e JIIIeT). Hp0F3BonnTeanoch TpypAmerocsa yske B 1952 r. Gwira
s poexTHOH, a B 1968 r. (wepes 15—20 xer mocie cocraBienusa
POeKTa) IIpeBHINANa IPOEKTHYX OoJiee dweM B 2 oK
250 t/mec). pasa (oroito
11
-Bnnﬂgrgemﬂocm re0JiOrHIeCKUX JaHHEIX OKAa3BIBAET CYHECTBEHHOEe
pan AI/I ;a gggiglli{bﬂrswpag Opu LIpoeKTuposannu Kapsepos. B UI'[Q
. A. A CROTO OBINIH IIPOBEREHBI HCC
JeIOBAHUA € Ie!
ONPEeJIeNeHNsT BO3MOKHOIO e
YPOBHA OTKJIOHEHWHA KAIIMT 0
IMIYaTaHUOHHEX W IPUBENEH : onain Kaph.
HEIX 3aTpaTt UPH IPOEKTI
n IX POCKTHPOBAHUI Kapb-
yg;}n;, 00yCAOBICHHOT 0 BEJHIUHON IOTPEIIHOCTH O PejCae s 3ar£a£o13
Roa(b&;i;)gic;(;m U yria nanep[ma] MaacTa, IIOTHOCTH YT U TOPOJILL
paspeixaerusa [17]. Pacemarpu ,
| . BaJicsa BapuaHr 1l
CKOTO YTOJBHOTO paspesa Ne 7 o 4 e
] ¢ 7 ¢ IpPUMEHEHHEM pPOT {  OR
BaTtopo IP-2500 (ma Rromr DHI19.5
roburaHex  paforax), Mex IR 5
aomar IRIT-12
HA : . ;
£1 OMBchHmHmX paboTax) M JKCIEBHOMOPOKHOIO TpPaHCIOPTA -
p BSBOJ],I/ITGJIBHOCTI/I paspesa 13 MIH. T yIrid B roj b
TUAH .
Ranmaanyﬁ ;I(I%/IT?)‘;I(I;I;;)ICTI/IaI/IH(i)OpMaHI/II/I OLLCHHBAJIOCH II0 KAJKIOM cTarhe
3 IyaTanyoHHEX 3aTpaTr Ha BC
KPBINHEE U J00HY-
Hbie . o
s Bgiggizlﬁfw:sa;e;aog IeaoM no6npoegTMpyeMomy Kapbepy (3atparsl
slgHBte pafoTH OBIK pace
‘ quTans mo 24 u 16
CTaThAM coOTBeTCTBEHHO). O 6 ora
. Orasasoch, aro Gojee o i
KaIUTaJbHHX 3aTpat u I ’ ORI, SaTpaT
OYTH BCE CTaThH BKCILTYaTa 3
Ha BCKDHIIHEE PAaGoOTH He SOCBERIO. (MOMDeD.
HOCPEJCTBEHHO WK KOCBE
qepes CpoK cay:nbhl Kapbe RGN
pa) BaBHCAT OT HCXOJHBIX
JAHHBIX. YIeJAbublii Bec 3aT N aGoms. sammesmuLs
paT Ha BCKpHIITHEE paboT
OT TeQNOrHYECKHX JAHHBI 0% ante o
X, COCTaBIAd okono 800 ¥
O sl Y0 KaIHTATbLHBIX
)6 SRCINIyAaTAIIMOHHBIX 3aTpaT
paborst oxomo 70% »xem D e TOOumie
JyaTanMoOBHHLX 3aTpar. ¥ [OBJ
OpH HeGIarONPUATHHX C ] . O Tonetl Teoqorm
OYETAHHAX BO3MORHEIX OTIL i
mpa me CIOHEHUH Teos0rH-
YBeJI(I)/II/;HI;IaH(i)OpMaHI/II/I,OKaHI/ITaJIBHHe 3aTPaThl Ha BCKPHIIHEC pPaGoTLI
y peas aTE;IOTCH mo 15% (B upoTHBHOM cyvae ymenbliawTes go 12%)
Bnpeginaxm—lffg?}e BanaTIgI Ha BCHEPHIIIbLEe PABOTLI WBMCHSIIICD
+18%, a a 700BUEBE — B IIpejesn
] ax +5Y%. B Gos
meil cTemeHH NpH H3Me boRoft Tdwpsianit Hane.
HEHIM TeoioTMIecKoi
‘ nHgopManan -
HAITCA CTATHU BaTPAT, CBA3E on 3 e
, CBABAHHKE ¢ U3MCHEHHEM 2a
€O CPOKOM cIy#6bl paspes forthss aavpar ot
a. Hamboapmne orrio
HeHIsA 3aTPAT OTMe-
9eHDl Ha BCKPHITHHEX Pad hez. O
0TaxX II0 CPaBHEHUI ¢ 100
CBA3adbl B OCHOBHOM C W3i e
3MEeHEHHEM TFOHOBHIX 00D
: €MOB BCKPBIUITILIX
pabor IPU U3MEHEHMH 3all P amocrs
acoB yrJid. ¥YcTamoBieH ]
Te0NOTUICCKON HHPOPMANmI MO ’omeomto. cogo.
AU MOjKeT IPHBOJUTL K 6
CTONMOCTH, KalUTaJbHBIX At B spomerns 13
/ HEIX I OPUBEJEHHHEX 3aTpaT ax =+13;
i9}\i12% COOTBETCTBEHHO. pat v mperea =1
. C. Acraxos B 5 7
. pabore [13, c.
Ha/eKHOCTH HYKOHOMHYCCKUX pac,qu(}Bl23103’ha3bmaeT, o Do
3 3 CYIIECTBY, BCe €
aeinToc K AC , Vs me nrio-
ﬁxIL)gXTaM :?[I[{OII;IgMqucHou nayroiy. JccienoBauns npuMeHTENLHO
X maxma 3a’1‘0 acca noxa:sagﬂ, 9T0 OMIMOKA HPH OUPCHEJICHHAN KaIll-
uotchI X oo gaT HSa 10(/) n 20% mckaskaer oOUUH KpHTePHA 3PPerTHB-
] 0 1 8,69 coorsercreenno [13|. @arTuveckas cebecto-
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o Ha INAXTaX yTJd IpeBnlaer IPOEKTHYI0 Ha
30% . OmmOKra mpu ompejie ey cebecTomoctn, pasHas 10% , BBI3BI-
paeT MCRayKeHHe KPHUTepH: 5pPEeKTHBHOCTH HA 6,3—8,0%, T. e.
BAmsHEe CeGecTOUMOCTH BIBOE ITPEBHNACT BIMAHNE KAINTaibHBIX
sarpar. C yBeJMUCHHEM CPOKA IIPOTHO3UPOBAHAA 3ATUMOCTD ommboK
CHI/RAETCA. C. AcraxoB cumTaer, 9TO pasépoc PROHOMHTECKUX
norazaresaeil o6beKTa BORPYT MATEMATHIECKOTO UX OJKRHMJAHMS MOAET
Grrh Ges GOMBINIX JOMYIEHMH MPEfCTABICH HOPMAJIBHHM 32KOHOM

pacupe;leaeHuAa [13, c. 197].
B. C. XoXpAKOBHM YyCTAHOB

WMOCTHh TOOBIBAEMOT

jeHa OTHOCHTEIDHAadA owndRa Ipu

ompefeIeHnu FOI0BOr0 ofbeMa IOIEBHOF0 HMCKOMAEMOro W TEKYINEero
RoppPnumenTa BCKPHMH B 3aRBICHMOCTH OT COBMECTHOFO BIMAHNA
rOpHO-TeQAOrNIeCKuX 1 eXHOTOTTIECKHX (aKTOPOB IIyTeM CTATH-
crrueckoit 06paboTRH GOJNBIIOTO THCAA OO 0K OT/EAbHO 110 YTO0Jb-
HBM T PYJHBM Kapbhepam. Jlnst TopoBOrO ofpeMa T TeKyniero xoad-
¢unmenta BCKPHILE ¢ yIETOM MONpaBKU HA CUCTEMATHICCKOE OTHKIO-
HeHfe oTa OILMOKA HAXOMUTCA B mpeferax +(25 — 30) u + (30 —
-~ 35)% €co0TBETCTBEHHO. OmubRa npH oLpesieleRni T0A0BOTO0 o0benma

MCKOIIAeMOoTo yBeHH‘II/IBaeTCH HpOHOplII/IOHaJIbHO IIPOHOJI-

II0JIE3HOLO
SRITCILHOCTH PACcIeTHOrO CPOKaA. Bepositag ommbka IpM OLpe

[eJeHUE Ha paspaboTKy TopHOH Macch OB ycragopena HoCTpo-
ypen 1 BEITHCJIEHVEM IaPaMeTPOB PACIPeeleHus OTHOWCHAH QarTH-
gecKux 3aTpatT K MPOEKTHHIM IO 20 pyIHEIM, HEPYAHBIM 7 YTOJDHLIM
rapsepaM. B COOTBETCTBHIL € BLIGHCJAEHIBMI IapaMeTpaMu pacipe-
nejieHHs BeposTHAA ompéKra MCKOIAEMOIo ¢ YIeTOM IOHDABRI na
CLCTEMATMIECKOC OTKIOHEHHE COCTaBIIA 43009, . Jlanmne, Xaparre-
pusylomEe NOTPENIHOCTS ~DAciera noraszarteneil paborsi RKaphepa,

npuBefieHs B 1abl. 2.3 136, 431.

Tabawna 2.3

Tipepeabuwl OTHOCHTCIIBH L OILLIOKA (%) Bpu Be UrLIne
PACIETIIOTO TICPNONA, TOAR

HanMeHnoBaNIe
HOKABATCNCH 5 m l ) ‘ 20

Toposoil  ofGBeM  I00HN
NOACAU PO HCRONABMOTO
Terymmit  KooQdruuenT

BCK PBILIIT e e 30 30
Sarpathl na paspaboTRY

POPHOLD Macen . 30 A0 A0

25 30 40 40

60 60

ArelpbHbE HOIPEMHOCTH NP
B cocraBimor -+ 20, +30
19—20 u Goxee 20 et

OpnenTUPOBOUNO IIPEAETBHbIE OTHOC
pacgere moxasaTtelneir paboThi Kapbepo
n +50% pgaa pacueriioro mepuoja 10—12,
coorsercTenso [36, 43].

§ 4. PAHI/IOHAJII)HBIH VPOBEHL PHCRA

HOHATHE (DPHCK» BEChMa LPOTHBOPETHBO:
cKa HA CTAJUK MPOERTHBIX
1 GoJpilloil mHTEpec HIJA
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Kar ysate oTMedajloch,
I ciiosEHO. 1JoaToMY OHIpefieinTh TAKTHKY Pl
pemenuil 70BOIBIO TPY/HO. Buyecre ¢ Tex






ACCACHOBATENA IIPEICTABIALT
HaXOJKJIEH
Gy JieHH€ DpannoHAIBHOIO YPOBHA
I
Jon Cepmﬂe KJIacCuQURAIHA 3aIaCOB TBEPAHX HOME3HBIX HCKOIAEMbIX
. c¥ KaIH COCTABJIEHHE TIPOEKTOB Y BHIJIeJOHIC KATHTAIBHEBIX BanaAT
3anapomenbcmo rOPHOIOOBBAIOIMUX NPCANPAATHI JWNIF Ha 6ase
- ’COB Kareropunm A, a B HEKOTODPHIX CIHydadX ¢ y4eToM TOTO HII
. (I);o KOJTUYecTBA 3amacoB kareropuu B. 9to ofecmednio meobxomu-
Cgoﬂﬂn(;c:;nepnocm HCXONHHMX NaHHHIX, HO KpallHe B3aTATHBAI0
BEIKM U IIPOMBINLICHHOTO
OCBOEHHs MECTOPOIE
. ) PO enna
Cp:;éc;{};e 3r;pnnonnno K JUINTENBHOMY «OMEPTBIIEHHN BHATHTENHHBIS
, 3aTpaddmBaeMHX Ha pasBenky. 1l
. HosTomy BosHUKIA HEOO
! obxonu-
K;);zgiop{;;anonnennﬂ MHHEMAJIbHO He0OXONHMBIX BallacoR BHCOI\’"EI/IK
, IPH KOTOPBIX JONYCTHMO IIPHUCT 3
I TITUTH
By pHCTY K CTPOUTEIHCTRY
mm(}l{(;r;m;};ges )IeHCTByI(‘))I[LefI KIACCHQUKAIUE 3AaIIacOB BCE MECTOPO
el Ha 3 rpymuel. llo mecr S )
. oposineruaM 1 rpynm
; T
'E"JI]:I;(?]';OMI/IMC(; Hanﬁ(.),nee MPOCTHMHU YCJAOBHAME 3ajleTaHus I}?y;’uep,
N MopdoToruefl ¥ paBHOMEPHHE !
M pachmpepeenueM <
KOMIIOHEHTOB, JIOJKHO OHBTH aracos o
passeaHo Iie menee 309 :
R % BsamacoB mo
Bsggzggnmu A+ B, s TAOM qucye 1o Kareropuu A 10% cymmsl Beex
no xateropusim A — B + C,. I
1+ 11o MecTopompennam 11 o
: : TIITHE
s(anz(();gﬁen?%};febmm yGEOBEﬂMM 3ajeraHms) Tpeyerca TOJIBI((? y20%
ropun B. Haa maubomee ca
OKHBIX MECTOPOKIeHTI
orHocumeix K III rpymie o oo,
, HOIycKaeTcsA TPOEKTHPOBAHUE
n CcT -
IIiITeJIBCTBO rOpHO-000TaTHTENbHHX MNPeANpUATHHE HA 3amacax Icaﬂg
M(;I(J:rm C,. BauHaCH BBICORMX RATETOPHH IHpH pPAa3BeKe CIOMHBIX
e ggg;rc;}l;m/m YMEHBIIAKTCA HECMOTPSA HA peskoe yBeJIHYCHIe 065
JIOB Te0JIOT0PA3BCUOTHHX Pal ;
or. Hampumep, mo
MecToposkenuam [ rpymms o8 raTeropan A
s 000CHOBAIIMA 3alacoB K
rateropuu A
;IC[I;(;T;\TIOEHa cetka Oyposrix ckBaskma 100 X 100 a. Ilo MecToppomne—
so 11 Mr)pymngl Npu IJIOTHOCTH CKBa;KUH B 4 pasa Goabuieii (cerra
7 00A3aTeNBIIOM IPUMEHEHUN T
AR U TOPHOPA3BEIOYHBIX BH]A-
OO Boﬂnglom% CIy9adax yjaercs JOBECTH 3aTacCHl JHIIB 10 RaTeIr)o-
puz aI:;Be LH?nmee CTYINEHUE Pa3BEOYHON COTKH B CTATUHN HETAJb-
Belep " ;rl;m CTAHOBHTCSI DKOHOMUIECKH HCTeneco00pasHbiM, Tak KAk
HCONPABRAHHOMY YBEINTCHUIO ;
CPOKOB TIO[ITOTOBKI
ene {H MEeCTo-
POKJICHHA Ji/IA HPOMBIIVIEHHOTO ocBoeHus. llostomy mpnxomures

Tatanma 2.4

KaTeropuu Ynenbnbi# BeC 3amacoB (%) N0 rpyunaM MeCTODOIKmetimit

3a1acos Kokcywomueca
yram I 11 111
11;; 30 10 — —
Cl 30 20 20 —
e e 40 70 80 100

CpenncB3Benmenmoe 3Ha-

YEHUC OTHOCHTENbHOH
omnOrm, 9% 31

e 38 41 45

S5

.
3

B
(]

BATH HA PHCK, KOTODH HENOCPENCTBCHHO fymer 3aBHCETH OT JOCTO-

BEPHOCTH 3aHacoB.
Paccuntaem Cpe;E[HeBBBeIHeHHyIO BeJANYUHY OIUO KM IIoficUeTa 3aIa-

COB 1O TPYNIIAM MeCTODOHICHWH. Jlasi mecroposkyeHuit 1 TPYIIIEE

samacsl mo kareropusas A, B, C; paBHb cootsercraento 10, 20 1 70%.

Torna BO3MO;KHAS CPEIHEB3BELIEHHAA omuoRa
— 10-0,75 - 20-0,25 + 70-0,45 = +38%.
4 3amacoB, JAIOINX OCHOBAHUE [ IPOMBIIICH-
HOTO OCROCHHS MECTODOIeHHAM, IPUBECHA B tadia. 2.4.

Yz ta6i. 2.4 BEIHO, 9TO B KapbepHbE I MIAXTHLIE 1OTA CUUTACTCHA
IelecooBPasHKM BRIJOUATH 3aMach MONE3HOTO UCROITAeMoro, IOJ-
CUMTAHNDIC € BO3MOKHOM ourm6rok 30—45%. Donee perampuas

Pa3BCAKRA OKABLIBAETCA DRO-
HOMUUCCKE  Helelecoodpas- ¥
Hoil.
O6muil HyTh OLpeHesNe-
HHASL YPOBHA PHCKA 1P 1Py~
HATHE  peIuenmil  MOAHO
PegCTaBUTh  CJASLYIOMHM
obpagom. B mpouecce pac- g KK I
gera TOTO WIN MHOTO HAPA-  ppe. 2.3, [padur pacupejeeHua BO3MOA-
merpa Kapbepa Mpl TOJY-  HKX amaucHWii mapaMerpa K
gaem OOBUHO OTpejeleHHoe
RoJIWUIeCTBCHHOE 3Hadelime »Toro liapamerpa. O6BEeKTUBHO OHO COOT-
BOTCTBYET MATeMATHICCKOMY OSKUAAHUIO HA KPUBOW pacupe/ieserus
BO3MOLEBIX 3HAUEHRI DTOrO Hapamerpa, KoTOphiC MOTYT OLITH TIOTY-
qemp Hpn (QAKTHYCCKON peanu3anni NPUHATHX penienuil (pHuc. 2.3,
peanaua K ;). Beersa cieayerT mmeTb B BUly, 91O LpoIece IPOeKTU-
poBauus COCTOWT B3 LBYX STAIOB. Ha mepsoM sTame ma OCHOBE TeX
HIB TTHIX METOMOB PACTeTa HONyYaioT BEANHIiibl HapaMeTpos, a 3aTeM
¢ yaeToM ofmieil CHTYauu, ¥MEOMEerocs OuhTa I APYrEX (QaKTopoB
UPHHIMAIT PEHICHIC, KOTODOe 3aKNAa[bBACICHd B UPOCKT U PEKo-
METILYeTCs K OCYIIeCTBJCHHUIO. Bropoiil atan ABisercd BechMa OTBET-
CTBEHFHM, II0DTOMY Ia 9TOM dTale HOJe3IH0 YIBIhBATE BEPOATHOCT b
HeBHIIOJHeHAS 33749, T. €. YPOBeHb PHCKA.
Ecsu mpunsarh B KaTeCTBE pexoMeHyeMoil Ails peaiusaliuy Beju-
TO BOSMORHBIL PHCK HEIONTBEDIRTEHN 9TOM BeIWIIHEL
rax Kak Beawguna K JedHT ILTOMAxb II0J KPHUBOR
Urobpl CHU3NTH PHCK, MBI AOJGRHBL PEKO-
MCHIIOBATH JJ PEaM3aluy BCIHIHHY K, < K,. Torma puck He-
BHIIOIHEHIA 3a7a9l COCTABUT J(OJT0 IJOHIamu ITOX KPUBOH paciipe-
menerus Jesee Tourl K (¢m. pme. 2.3, saWITPUXOBAHHAA IJIOmMAb)

Ny

Vi(R)dE
R=PK<K)=%—"" (2.12)
i f(K)dK

9

Kaaccupnrann

qnry K,
cocraBur b0%,
pacmpejie/IeHnsl 10I0IaM.
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A
CBHipMHHinTaﬁzm%?;relgmgy;g IIETI/II;\;)BHI?O (PII{/IO(;;;IL MBl JIOJSKHBL YUHTHBATE
BLITEKaeT U3 He it 1 i npaTHIECsOH 1 oy
IOCPEICTBENHOM ¥ oCTPOH IparTHIecKoil morpedHOCTH
ceropuamnero ausa. OHAKO BCTAaeT BOIIPOC, MOMKEM JIH MH ITPEIBHCTH
6ynymee, MHOr@e ACHEKTH KOTOPOTO ABJAIOTCH CTOJb Heonpeneﬁeﬁ-
?IHMI/I. Houeuro, tounnie nmpegexasanus Gymymero cOMBAIOTCA PELKO
Mapfmy ¢ OTHM 3[aYeHNe IPeJBUICHHA MOCTOSHIO B03paCTa9T.
O;KHO CKa3arh, 970 HEOOXOOMMOCTH IPEIBUIEHHSA HHUKOTHA eﬁle;
BeggomJIOM He-OBIIA CTOJb HACYMHOH, KAK Celuac. 3ajraga mpepBiu-
,gTBHg iar;g;g{iiﬁfl B BLIABJICHUH BOBMOMCHOCTCH 1 omenke mocies-
o OpHOJIrOTOBHx pemelglm. IIpepsunenue mossoaser 3abmaro-
EDEMOHHO MO ThCSA R OyynuM coOBITHAM, YYecTh HX IIOJOAIH-
PUIATEJNbHBE 1IOCJHCACTBUA, B OMPENeICHHON CTEHeH:
peryianposars xof passutus. M mHecmorps ma To, wro Gymymee He
BCOI7Ia OKA3BIBAETCA TAKMM, KaKHM €ro IPEJCKa3hBaioT, MOJIE3HOCTD
HPBEBI/IJIEHI/IH ABJAeTCA 00ueNpU3HANHOIL. ’
npﬂqggo% p;JI;;I};IOI:L&aJIHI:HOI:O YPOBHA DHCKA BaBHCHT OT 0Y€Hb MHOTUX
oo o JIOT0  KOHKDPETHOTO MECTOPOKIEHHA sBJIACTCH
o e OBaHI/moro uccaenosanna, Masectasl caydau, worma
mpe mpoex POBaHUM NPUHEMANTCS pemenus ¢ puckom 80%. Buma-
i 2 Hp RaI;(CRI/II/I CIIeTIHANNCT II0 TEOPHH HH/KEHEPHOTO HMPOEKTHPO-
BammL prcn WJIT CIUTACT, YTO U3 BCEX ITAIOB B MPOIECCE COBTARM
B 3[e1HA NMPOEKTUPOBAHNE — HauboJee OTBETCTBEHHBIA 9Tarl.
p;«ﬁe{:::}t:ec TeM OH YTBEP;KJAeT, 9To, Korja QuUpMa IpHCTyNaer K pas-
AN H[ZBﬁ.m U3NeNudA, CYMECTByeT JHING 1 manc u3 5 mOLyIuThH
BO,[LITII’I"IQ‘;;I(S])BIIIO(?'II‘];?I:II/:)TB HAJIOKHOCTh B ofeclieueHuE 3ajiaHHOll TNpom3-
Sl o e pg,ue B6CJIy‘1ae 'HETIOJITBEP;K/ICHNs JAHABIX I'€ 0JIOTH-
ot o, %a ore [17] Gmuta paccumrTana HeobxoxmMas
eropocy Homzlerre Eznacﬁipg?am IIpm opuenTHpOBKE Ha MoTpenI-
oA e JU YRA3aHBL IpeJiesbi BEPOATHOCTEH
TaRHJrIIH VCTPOHCTB BHICOKOH HANe/KHOCTH YPOBEHb DHCKA CHUKACTCA.
Tax, PH COB[IaHUH Me;KIJIAHeTHOH parers! «Onurepy PUCK HeBHIIOJ-
CTpOIfIITe?IEIt’iaqM cocraBaan 5% [47]. l:IpI/I CeTeBoM TLTAHUPOBAHUME
or TBA CJHOMHBIX UPENUPHUATHE MHOTHEe QUPMBI CYKUTAIOT
OJIHE fomycTuMEM puck H0%. '
Bosmoskuo 2 THIIA REeHCTBUA NPU PEIIeHWM BOMPOCOB C YUETOM
pI/IcRa6 {19]. Tlepswit Tun meficrBuil cBsAzam ¢ HaawIIeM T PamudHoTO
zm;ep a. Hampumep, Mexmianernas pakera Moy<er IOIACTH WJIH He
Hgnralx(();:b Ha Mapc, Ropa6nb NPOTUBHUKA MOJKeT OBITH IMOTOTIMEH WJIH
] OILIEH, YKCKaBaTop MomkeT paborath mau ne paborarh H JIp.

Haa srux yciaosuit rparepuenm
5§ QeKTHBHOCTH ABIAETCS )
BRIIOJIHEHHUS 3a5aqn pepoRIoeTy

Wi="r(4), (2.13)

rne W, — xpurepuit » .
THA A. prep $pexruprocr; P (A) — BepoATHOCTH COGH-
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Bropoit TEI jeficTBHA CBABAH ¢ MOHOTOHHEIM u3MeHeHHeM WX
pesyabTaTa B 3aBECHMOCTH OT JOMYyCTHMOTO yposHa pHcka. Pabora
Kapbepa ¢ OIpejeseHHol d(PerTuBHOCTRIO 1 ITPOUBBOIUTENBHOCTHIO

OTHOCHTCA KO BTOPOMY THIY neticrenit. Ecau, mampumep, ypoBeHb

pHCKA IPH OIPEJeJeHBN IPOR3BOJAUTEIBIOCTH mpeB3omie] PasyMHbIe
Ipejiesi, TO Kapbep He IpexpaTur paGory, a CHASHUT B HEKOTOPOH
CTelleHn MPOW3BOJUTIENbHOCTD B DKOHOMIIECKYIO 2 PEeRTHBHOCTD B Te-
wenme HeKOTOporo Tepmopa. flemo, dTO paIMOHAJIBHKE yPOBEHD
pHCKA B DTOM CJIydae MOREeT GHITH 3HAYNTEIRHO BHIIE, Y¢M B IEPBOM
Tame peiictBuil. HpurepueMm sdexTEBHOCT B BTOM CIydIae oymer
cpejiHee 3HAUEHTE (MATEMaTHIECKOE omunanue) Tpubsy mian yORTROB
OT peasu3aiiu MPHHAMAEMBIX PpelleHuii.

IIpu pemmennu BOIPOCOB paspaboTRU MeCTOPOJKACHUHE OTKPHITHIM
(Ha3eMHBIM) CIIOCOGOM PHCK CBA3AH C HEOI PeJIeJEHHOCTHI0 HCXOJTHBIX
manubX. Ecau 3aBHCHTH IIPOMBBOAUTENBHOCTh KAPbEDA, TO MOTYT
HOABATHCA 3HAYUTENBHBIE yORTKH OT HELOMOCTABRY KaphepoM Heo0-
XommMoro o0DbeMa IOJe3Horo HMCKOMAaeMoro. TlocaenmcTBYHsL MOTYT
HMOTh MECTO Kak B IIpejiellax TOpHO-000raTHTeJHHOTO rombunara,
Ta® B IpeJelax OTPaciu W BCEro HapOJHOTo xosaiicTea. Keam mpous-
BOJIMTEIBHOCTS IPUHATA ¢ OOJBIIMM DE3epBOM, T. €. 3aHiyKeHa, TO
yOBITRE BOSHUKHYT OT HEOOXOQUMOCTH IOKDHITUA meguura B MOJIe3-
HOM HCKOIIaeMOM IeHOI0 B3HAYWTENBHBIX 3aTpaT. Bo3MOMHO TARHE
CHIKEHTC TeMIIOB DPasBUTHA Kakoi-nubo oTpacau HapoIHOTO X030~
crBa. TaguM 06pPasoM, DHCK JOMEKeH OHTH pacueTIHBHIM. «Besikoe
OTKJIOHEHHE OT PACIeTINBOTO PHCKA IMPUBOJNT aub0 K ABAHTIOPUIMY ,
ecau puUCK 6Gonplae HEOOGXOIUMOTO, an6o K IepecTPaxoBKe, €CJHH MbL
Goumcsi puckoBarh. W 1 To W pyroe B KOHEUHOM cuere CYIuT mpo-
prpsum [11.

ONTEME3ANUs PElIeRus Oy/eT 3aRI09aThCA B ONPeIeIenuit pUcka,
Ipu KOTOpOM Kpurepuil sPerRTHBHOCTH (yOBITRE) DpUHEMAeT MUMHA-
MalpHo€ 3HAYCHHE

W, = U = f (R) = min, ' 2.14).

e W, — rputepnit sQQeKTHBHOCTH; U=} (R) — ybuTKH, CcBA-
3AHHHE ¢ PUCKOM ITPH IPHHATHY PELICHAM.

3ajava BHIABICHNA JKOHOMHIECKUX MOCAEHCTBHN PUCKA ABJACTCH
04eHb CJO/KHON U TPeGyeT cephesHBIX HCCIefi0BaHUM. TlomMumo 9mcTO
SKOHOMITIECKOD OIEHKH ITOCTeACTBHI pUCKA (YHRITIA f (R) pomwHa
copiepyKaTh W ICUXONOTHIECKHUE (KOHBIOHKTYPHHE) TOCAE[CTBUA, T. ©.

F(R) =fs(R) fu (R), (2.15)

e f5 (R) — sKoHOMUYECKHE YOHTKH, CBA3AHILIE C PHCKOM; fn (R) —
NCAXO0JI0THIECKAs (KOHBIOHKTYDHAs) OIEHKA DHCKA.

Tix. s, Kemens u [ix. JI. Tommcon [25] nacunThBalOT 8 BapH-
QHTOB OLEHKHW II0JIe3HOCTH BHUTDHIIA-IPOUTPEINA, M3 KOTOPBIX LIS
mac IpefcTaBIAOT BHTEpec 6 BapMaHTOB.

[
[}






1. PoBHoe (06HeKTHEHOE) OTHOIIEHWE K BO3MOKHEIM ommbraM,
KOT/la ONeHKA OMMOKM HPOMOPIMOHAIBHA €€ BeTUTHHe (puc. 2.4, a)
B QYHRIUA TOJI€BHOCTH BHIPAIKALTCH dopmyioit

H (&) = ae, (2.16)

I/le & — BOBMOMHAA OMNOKA pellenns; & — KodpdOUIHEHT mpouo]p-
HHOHATIHHOCTH. .

2. OcToposKHOE OTHOIIEHME, TPH KOTOPOM OLACAIOTCS MUHYCOBOK
omubri Gosbine, TeM mI0CoBol (cM. puc. 2.4, 6),

a nfe) 6 n(e) I (€)= a (1 —¢¢). 2.17)
f — 3. Cmemoe (asaprHOE) oTHOLIE-
-f c s € THHE, TPU KOTOPOM paCCIUTHIBAKOT
Ha GOBIIYI0 BEPOATHOCTD ILIIOCOBHX
ni-g) nle) omnGoOR W HE 6OATCA MUHYCOBHIX
(cm. pme. 2.4, 6)
8 n€) 2 n(€) 11 (&) = a (et —1). (2.18)
4. llpeymenpmaomee  oTHoLIE-
s p =z ; Hue («oTHomenme Goragay), Korja
IMPeYMEHBINAETCH 3HAYCHHC W ILTIO-
i 7f-c) ~COBBIX M  MHHYCOBLIX  OmUGOK
7€) 7 (em. puc. 2.4, e):
. =a(1-—e¥),
i infe) e () IT(+e)=a( ) (2.19)
I (—g)==a(et—1),
4r—
= ~z T TV E 5. Ilpeyeennuusaoiiee oTHoOMmIe-
e 0 HUe («0THOINEHHC OeNHAKA»), KOTIa
n(-€) n(-¢) ~ TPEYBeIMUWBAETCA LOJE3HOCTH M|

Puc. 2.4, Tpadurn PYyBERIIE  1o- BPEIHOCTH OUTHOOK (CM. puc. 24:, 0).

JeIHOCTU B 3aBHCHMOCTH OT OTHO- ey — e__1
. =a(ec—1),
menus 1 opueky (mo Jla. Ik, Ke- 1T (+e) ( )
Menw u ik, JIo Tomucony) I (—e)y=a(l—e®).

(2.20)

6. Heneroe orHomenue («oTdasmmoe OTHOUICHUE»), KROTHAA pacder
BEI€TCS TOJBKO HA OMPECIEHHBl BHUIPHIN, CBSABAHHBIL ¢ PHCKOM,
T. €. ¢ TOCTH;REHHeM OIpefieJleHHoM 3afadm (cv. puc. 2.4, e):

H(‘:“E'n):l[-,
(e <<g)=—1.

(2.21)

BriGop TOro mam WHOTO OTHOINEHHS K BOBMOMHOMY DPHCKY 3aBUCUT
OT MHOTUX QaKTOPOB (COCTOAHMA QUHAHCHPOBAHWA B JJAHHOM OTpacIH,
HeoOXOLMMbIX TEMIIOB PasBUTHSA, NEPUIUTHOCTH JOGHBACMOTO I10Te3-
HOro mcromaemMoro u up.). Pasnoe otHomeHwne K pucky 6ymer B BoenHoe
H MHDHOE BpeMsi.

Hrpsxe mpuMenmuTeNIBHO K ONDeRENTeHHI0 PABIMIHBIX apaMeTpoB
Kapeepa OyAyT paccMOTpPeHH MeTofbi BbIGopa ypomHs pmcka. Ho
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BeCerja caexyer uMerb B BUAY, 970 yCIeX PeIIeHnA 3aBUCUT OT CJAeRy-

i B:
jomux 4 BaskHeHmux Qgaxrtopo
MOMHOTH I« HAJEKHOCTH HWHOOPMAIMH IO JaHHOMY

S IEHUIO; ]
IIpaB;/IJIBHOCTI/I H COBPEMEHHOCTH ITPMMEHsIeMEIX MeTojioB OIIpe

meJeHms MIABHEIX ITapaMeTpoB Kapbepa;
IPaBUIBHOCTH MeTOfia NPUHATHA OROHIATEIBIBIX

NPOEKTHRIM ITOKa3aTeJlAM Rapbepg;
P TOUHOCTH Deain3aliin peleHud B Ipoiecce CTPOUTEILCTBA Kapbepa

U JKenayarangun MECTOPOMICHIIA.

MECTOpPO-

peleHmA 1O






Faiasa 3

OIPENEJEHUE PAIIMOHAJBLHOTO HAUPABJIEHUSH
PA3BUTUA TOPHLIX PABOT

§ 1. OBINUE TTOJIOMEHIIS

Boanuroe samanme na PEsyIbTATUBHOCTD 1 BKOHOMIIECKY IO dhfher-
TUBHOCTH PaboTHl Kapbepa OKa3blBACT COOTHONICHHe B npoiecce
PaboTsl 06BEMOB BCKDHIMHBIX H J0GBITHBIX pabor, BBIXOH MoJjesHOrO
UCKOHZCMOr0 ONPe/IC/IeHHOTO KadecTBa W B 3a1aHHOM COOTHOLIEHT I
Pa3IIHYHBIX COPTOB.

OnTuMmsanus Beex oTHX nmomazaTelell Mouer 6BHTH gocTHTHYTA
HEeCROJIBKEMHE cmocobamu:

BEIOOPOM PAIlHOHAIBNOI0 HalpABIEHMs PasBUTHA TOPUBIX paboT
B KaPhePHOM IPOCTPAHCTBE;

pasduBKo#t paGorhi Kaprepa Ha odepemu;

OPABUIBHLIM OUpeReNenyeM 06beMa roPHOKATNTANbHEIX pabor;

BEIGODOM CHCTEMBI Pa3PaGOTRI I ee 0CHOBHEIX OapaMeTpos.

Hau6osee cymecrsennoe pausnie oxkasmsaer BHODaHHOE Hanpa-
BICHRE PasBUTHA ropublx paGor B mpepeaax KapbePHOTo MOoAA. JTHM
HampapIellleM ONPeNeIMIeTCA MECTO 3a0KeHUs BCHPHIBAIOIUX TOP-
HBIX BEIPAGOTOR M KalleH#apHBIH nuamn passuTHs ropunx pabor (5, 8,
11, 15, 18, 30, 401. 3a cuer HPAaBUIBIIOr0 BhI6OPa HampPaBIeHUS
YLAYORN Kapbepa MOMKIO yJy<muTs PaBHOMEPHOCTD BCKPBUIHBIX
padoT u CHU3WUTH ORCIAYATANMONHME K0dYPUIMeHT BOKPHIINT B nep-
Bbi€ Nepmojsr paGorsl Kaphepa. '

Onpepenenne manpapnenns TOPHbIX PaboT OCYIIECTBISIETCA MeTo-
AOM BapHaHTOB, TPAPOAHANMTHICCKIM 1 atad THYCCKIM MeToaMu.
Mui ocramosumes ma Paccmorpennu wambosee yno6HOro s mpHMe-
HEHHA TpadoaHaTUTHIECKOTO METO/a, ROTOPHI [aeT Haumydilce m3

BCEX BO3MO/KHBIX (IO BHGpaHHOMY Kpurepuio sdderruBHOCTH) Ha-
HpaBJenue DasBUTHA TOPHHIX pabor.

§ 2. TPAOOAHAJINTIIUYECKOR ONPENEJNEHNE HAOPABJALHY
YIJIYBIT METOZ0M H30JIHHMEI HOJE3HOI0 HCKOILAEMOTO

IlpumennTenbro K pelmennio miocKoi Bala9y i MECTOPO/KACHUN
11060 CIIOMROCTH MO1eT GHITH YCHEIIHO IPUMeHeH MeToN W30 UHN
Iforesnoro meronaemoro. Ocobenno ypoben sror meron OPH HCTIONH-
30BaliiM B KA4eCTBE KPUTEPHA |\, — MHHEMYMA CPEIHEro (¢ Hawama
01paboTKu) Kooduimenta Boxpbimy,
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PaccmMorTpEM IMOmePEUHBI paspes IO Mecgop{))dﬁ@;{;{génfgi);;;‘;e
POTO OnpefelieHbl TPAaHHIH Lapbepa (puc. J. L Bmesn nOmAI
N30JHHAH IMOJE3HOT0 HCKOIAaeMoro — reomeTplg;eBaeTcﬂ A
e A KOTOPH?)HJ;I:;O;(O@?/?E;M?AO clIoBaMu, €cIn BRONB

HYeCTBO ILOJNE3HOIO HMCKOIL: . ) ! : >
;;gg)lmmnn, mepememats Tpagaper pabodeil 30HH r};angﬁgﬁa;mx;i ‘
momajer Beerga OfMHaKoBad IIomanb none3Ho6 | exomaoworo,
TlocTpoentic M30NWHHEI MTPOUSBOIUTCH cﬂeny}om,.mi 1(1)1,12 om jmooms
Ha paspes (cm. pmc. 3.1) cerymue ropmaom‘mH o L2 o
U BeprTunajibHEE 0, 6, 2, 0, e, %, 3 IIJIOCKOCT%. p te Lep,a e
TpUBaeM HaIPaBJIeHUA YrayOru mo Hepabouum f)pngaHHbI;)X epa (manpa;
BIEHVMA @ U ). 3aTeM II0 TOUKaM HepPecedeHnsA HaHe

T
S -

Pn/c. 3.1. llomepeuHblii paspes  rRapbepa

i : : TROCE
nepememaem Tpagaper pabodeil 30HH Kapbhepa 164(9113 c( yrﬂazngmo OTp;_
: merpoM obmmit (¢ ®
: Ta @. 3aMepseM ILIaHH ! pa
B v pie 3agocuM B Tabia. 3.
KOTIa€MOTO ¥ JaHHbI
GoTKE) 00BeM IONIe3HOTO UC ' raoa. 3.
: eJaTh Ha KaJbke,
/CK abor Lejecoobpa3Ho paspes Cx
Ina ycropenus pabor It e
¥ a — ma Oymare. Copmemas
abogyo 30HY Kapbepa ‘ ZHHIOI !
;agoqeﬁyaoﬂm (mHo Kapbepa) ¢ IepecedeHreM MIOCKOCTen Hangaiggz -
{QRUX JTHITH
; : agu, He OPOBONA HUK
MOKHO 3aMEPHUTh BCE ILIOI . X qmit
Ha mosepxmoctu depreska. Horma T136JI. 3.1 6yﬂ;T:i&}1(()}J}})IeH?io aom
OCHOBE CTDOWMTCH BCIOMOTATeNbHHH Trpadguk *Zf d y o o
abcmmee OTRIAANBIBAIOTCA JTALbE yrnyglm Kapbepa (r,0 n’cxonaeﬁor.o’
— mapacraomue o6HeMbl HOJIE3HO ,
a Mo OCH OPAWHAT — Hapa n e3HC y
COOTBETCTBYIOMHEE 5TUM dTamaM. Jlias Kammoro Hanpangﬂ%mm 13{7;;13061‘1; !
. 2 B R
cTpomTcsi oTHeabHas Kpupas P = f (H).A Ha.l pprc;(IH 25
npmMepa 110 Ka3aHbl KPUBBIE TOJIBKO /LA HanpaBﬂe}(I)HTyan .Kapbepa
i CKROTIaeMOro B K
O6muit o6beM NONEe3HOTO M 2
YMH HHTePBa
a pi albi H B COOTBETCTBHH C BT
eITUTCA Ha PaBHBE HHTEPB B
?;IaMH Ha rpa@uKe IPOBOJATCS T[OPIUBOHTANDHBIE JIWHAH P, P2mn\m
(cm. pume. 3.2). Tourm mepecedeHHss 9THX rOPH3OHTAJEN C JUH
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TaGampga 3.1

9
m;%gglm O6'BeMbl (THC, M®) 110 HATIPABICHHAM YIIYOKHE Kapbepa
u 13000DBe-
MBL (103163~
IOTO MCKO~-
1AeMOro a 6 8 2 I e J1¢ H u
IMonesnoe nckomaeMoe
; — 1—;32 0,1 0,16 — — — — —
— , 1,13 1,67 1,65 1,11 0,58 025] —
3 2 | 381 394 416 | 433 | 344 | 315 | 264| —
4 5,87 6,52 7.1 7,65 7,78 6,86 6,36 6:21 1,56
5. 9791 — 10,72 10,75 10,91 10,81 9,87 995! 623
6 11,64 — 13,06 13,37 141 14,16 13,52 13:12 1551
7 1405 — 14051 15,69 16,22 16,9 1657 | 16,25 18,63
38 19,05 -— 19,051 19.05 19,05 19,05 1905 | 19,05 19:05
T'opraa macca
Py=0 6,48 .5221 441 411 3,86 13,71 401 422 6,32
Pi=4 2765| 2704| 2653{ 21.4 1208011 24,00 | 2455 | 21,84 358
Po= 41,05| 40,961 40,82(]37,341| 40,55 3984 | 4360 | 41.04] 50,21
Pz=12 61,35 — 6192115404 56,95 54,64 57,37 | 56,66| 60,95
Py=16 69,191 — 69,921 69,00 69,97 68,60 1167,33]] 69,27} 70,75
P;=1905 | 7625| — 7625 76,25 76,25 7625 {7625 | 76,25] 7625

P = 7 (H) coorpercrByloT riybume, Ha KOTOpOR moOHBaeTCA 3amaH-
HB 00beM mojesHoro mCKomaemoro. Tak, IJiA HaUpaBAeHHUS YrayOoKm
no BepTmrambHodl amEmM 3 (cM. puc. 3.1) momydawrca abemmecs

) TOYeK MNEPEecedeHmnT 3;, 39, ... H T
I 3 (c 3.2). 9ri TOTKE o
/ M. pue. 3.2). ITH TOUKH IepeHoCATCH

Ha momepeddwii paspes (cm. pume. 3.1).
7 2 A S S D . Taroe mocrpoenne OPOU3BOHUTCA 0 BCEM
/ HaMEUeHHBIM HAOpaBIEHUAM  YyrLIAyOKH.

IMonyuennpie TOYKHM Ha paspese COETUHA-

_ 01ca MERIY Co0olf mo NPHU3HAKY PaBHEIX

06'beMOB TIOJIE3HOI'0 MCKODAeMOT0 M IO-
JAy4YaroTCA WMB0JNWHEA 00BeMOB BHIHEMAE-
MOTO TIONIE3HOTO WMCKOLAEMOTO [JIA BCeX
BO3MO/KHBIX HANpaBlIeHH#d yraybEM Rapb-
epa (cm. puc. 3.1, LITPpHXOBbie IUHHM).

/‘Zf7

Puc. 3.2. Tpa¢ux ¢yskuan P = f (H):

a, 6 — O0Jd HaupaBlIeHWA yriayOKN Kapbe —
(eM. puc, 3.1) vy peepa 2. 3

JononHuTeIbHO IPOBOAMTCA nsonmHEA, coorBercrByomas P = 0.
Jus aroro IHHHA OTHOCA pabouero Gopra Iepememaerca CBEPXy
O Kacamus Baleu. Barem Tpadaper pabodeir 30HBI mepeMemiaeM
10 HBOJMHMAM IIOJE3HOTO MCKOIAeMOTO ¥ 3aMepaeM 00beME ropHOR
Maccsl., PesynsraTH 3aHOCHM TaKike B tabu. 3.1.

OwepmHO, UT0 TOUKA, B KOTOPOH cobnomaercs TPUHINO MHHA-
MyMa cpegHero (¢ Hadana oTpaboriu) KoapdurnenTa BCKPBIIN, Gyner
COOTBETCTBOBATh Ha HKUKIOW HIONUHHHM MIHHMYM ob6beMa TrOpPHOR
maccsl, Tak Kak P = const. llpumenuTeqbHO K PAcCMATPHEBAEMOMY
npuMepy, COeUHNB TAREE TOUKH (cm. Taba. 3.1 m pme. 3.1), moryanm
Hampablienue yIJTyORH Kapbepa, obecmeyupaoiiee cobaoaeHue MPUH-
guma R, — min B TEYEHMe BCEro NEPUoOiaA paGots Kappepa (CM..
puc. 3.1, mumma e 40 125239 ,09C ).

B cBfisu ¢ BepPOATHOCTHEIM XapaKTePOM HCXOJHBIX IeONOrMICKUX
JAHHBIX NPaBHJIbHEE OUPENeNATb He JWHUIO yray6rm, a obaacrs
yroy6KM Kapbepa. B mepBoM mpubIMKEHHH 3TY 33aTy MOKHO pPe-
HuTh caeryionmum obpasom. BosmoxHas obacTh 3HAUEHHWH KPUTEPHA
By = P, MOMET 6HTh BEIpaREHA QOpPMyIOi

n, = Ryin (1 + 4)7 (3-1)

THe R, — MEHEMAQJIBHOE SHAUEHUE Ko3(PUIMenTa n, Ha H30THHUL
[OJIE3HOT0 HMCKOoMaeMoro; A — JOmyCTHMAsd OTHOCUTEIBHAA OmuOKa

B ompeneleHuH Kodduinenra n..

Ipm arom
¢ —Pi . ()m'n_Pt’
P; o lPi (1 * A)’
OTHYHA
Q = Qmin +=A (Qmin - Pi)’ (3.2)3

rge () — BO3MOJKHOe 3HAUCHUE o6neMa TOPHOM Maccsl B 0O6macTm
MUHEMYMa KodPQuUImeHTa 7ic) Qpin — MUBEMAQJIBHOE  3aMEPEHHOE
3Hagenue 06beMa TopHOH Maccs; P; — 06beM MONe3HOr0 HCKONIAGMOTO

Ha COOTBETCTBYIOMICHA M30JMUHUH.
Hpuyem A = 0,4. Torma pia Raskmoii maonumunm (GepeM IpH-

BeJ(eHHYI0 BbIIe JOPMYAY CO BHAKOM ILITIOC):
Py=0; Qo=3,T1-+0,1.3,71=4,08;
P-4 Qp=20,8+0,1(20,8—4) =22,48;
P,—8; Q,=37,34+0,1.29,34=140,27;
Py—12;  Qg=54,04-+0,1-42,04 = 58,24;
P—16; Q4=67,33+0,1.51,33 = 72,46

Inn oupemenenus o6macTH suadegnmil KoodpHIuenTa n, JAydlle
BCEro BOCHOMB30BATHCS Tpaduueckoil WHTEPHONANUCH. {locrpoum Ha&

4* 5%






ocuoe TaGm. 3.1 rpadmr Q = f (L) gna Kammoro 3HATWEHHA HN30-
ofbeMa monesHoro WCKomaemoro (puc. 3.3).

IIposenemM TroOpH3OHTANBHBIE JWHWH, COOTBETCTBYIOIEE IOJXyYeH-
mbiM  sHadenuaM Q,, Qq, ... (cM. pmc. 3.3, MTPHXOBbE IUHWH).
OHE o0TCeKawT BO3MOKHYI0 00JAacTh pAmMOHAJNBHBIX HampaBleHUil
yray6rm (cM. puc. 3.3, 3alTpEXoBaHHAg dacTh). llomygemnbie abe-
OHACCH TOYEK NMEPECeueHMs HePEeHOCHM Ha COOTBETCTBYIONHAE W3 0NMHHI
oJIe3A0T0 HCKOMAeMOoro MonepeTnoro paspesa (cm. puc. 3.1) u coegu-
HfeM 3TH ToYKHM. B pesymbraTe molydaeMm o0JacTh PAiMOHAJIBHBEIX
HalpaBleHwil yriayGKA IpHE ODpUWHATON momycTmMmol ommbre A = 0,1
B onpejpexeHnm Kodpduimenra BCKPHIM (cM. puc. 3.1, 3amTpHXO-
pagHag o6macrs). Hamumuwe »10#f obnactm nomoraer npuUAEMATH

‘ i

60-5’{.__,_%&_,7 L
o+ Qe A
¢ l
W T Y

5”'— 7 R

.OL__,_ Nl — e T
af z/)
Wrg o

a

”,_ﬂ_?.__

) 8 2 d ¢ wal

Pmc. 3.3. Tpapur ¢yaxmnn Puc. 3.4. CxemMa DOJNYYeHUA 2-T30JH-

O =f(L) Hmit (1), y-wsodmHME (2), z-U30JD-
HUM (3); 4 — U30I0BEPXHOCTH

OKOHUATeIbHOE PeIIeHHe ¢ YyUIeToM TaKuX (aKTopos, Lkak Heobxogumas
CKOpOCTh YrayOKM, Ka4ecTBO mOJe3HOI'0 MCKOIAeMOTO, TPAHCIOPTHHE
yenosua ® ap. [5].

Nansmeiimas 3ajaia CBOFUTCH K OIPENETEHHI0 MecTa yraybwm
no npoctupannio. [las »Tofl meaH Ha DPONONHHEI paspes HAHOCATCH
JUHUE TONePeuHbiX pa3pesoB W YKAa3HBAOTCA 3HAYCHUA CPEIHUX
¢ Havala oTpaboTKU Koo(P(HUIHEHTOB BCKPHINM. 3aT€M IO IPOMOJIB-
HoMY pa3pesy mepememaerca Tpadaper pabodeii sombi Kapbepa (mo
OPOCTEPAHMIO) W OHpefeNserca cpegHeB3BerleHHoe sHauenme Koad-
¢ummenra BeKpeiim B paGoueil 3ome. Haxopsrcs tourm (obaactm)
¢ HAUMEHbLUINMH 3HAYCHHAMH Ko03(QQUINEHTOB BCKDLIIM, COCRIMHHB
KOTOpHE NONyYaloT HanpaBleHHe YIAYyORM B HOPOHOIBHOM  pas-
pese [5, 11].

Jlas pemenns oGbeMHOH 3ajadul MOKHO TaKii€ MHCIOJIb30BaTh
30II0BEPXHOCTH ToJe3Horo wmckomaemoro (pume. 3.4). llepememasn
oo uuM obneMubil Tpadaper pabodeil 30HB OIPESCIAOT TOYKH ¢ HAH-
MeHPIINME o6beMaMH TOPHOW Macchl B pafoueii 3oHe. 3amada pe-
maercs ¢ momomplo IBM. Ceuenme W30mOBEPXHOCTH KOOPAUMHATHHIMA
IIOCKOCTAME HaeT H30JAWHHH [OJe3HOro WCKOIAeMoro B 3THX IIO-
CHKOCTAX.
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§ 3. OIIPEJEJIEHUE HAIIPABJEHUA YIVIVBRU
KOCTOMVYKUIICKOTO JREJE30PYIHOTO KAPBEPA

KocToMyRIICKOE 3HEeIe30PyaH0e MECTOPOKIACHHE .Haxoanfac;:e Igmze’;
Bepo-3amaHON TaCTH KapeabcKor ACCP. PynHaH5?)AJI%)§{%, MEOTIAR
BHUIEP/KAHHOe KPYTOoe IAajeHue (yrom magenus 50—957), Some
MATHETHTOBHIMY KBapIATaMMI (Ro>(pQUIMERT KPenocTs j = - 7(5
ofpemubiil Bec 3,3 1/M°). MomHAoCcTh PyRHOTO Tela .HSMGHHGTCB}; or ™0
go 360 M. Pymmoe Texo HepaBHOMEPHO IO JUIWHE péageﬂeﬂo pTIOteS
HUSMH TYCTHX IOPOf. C TOBEPXHOCTH Me(:Topo&meH.ne ot I()f ro
HAHOCAME MOI[HOCTBIO 3—7 Mé B/Mg)malomne noponsl CKaJb
= = Gpemubiit Bec 2,8 T/M°). .

1I(I)o ﬁaiﬂznjm?u TrmpopyAbl, MECTOPOKICHAE MOJKHO I(g‘.pai;n'm;%brco;f
B HecroabKo ouepeneit — CeBepHBIM, TlenrpanbabiM, HKHE 6Mn Bro-
BocrounbiM KappepaMu. PalmoHalIbHOE HalpaBJIeHue ymyeK KOEO_
[eJIeHo Lo IeoJorHIecKuM npoduasy IlerTpanbHOrO Kaph pI:ixJ,I womo-
puit sBasieTcs 0GBHERTOM IepBo0YePeIHOTO cTpomenbcl‘ga;< ) g i
raprepa 010 m. Pasmepsl Kapbepa IO IIOBerHOCTHaY X I,ZapHOFO,
no may 2,2 X 0,25 EM. Jlnuea pymHOTO TeXA B.IIPGJIGJI x K Enycq‘mx
mons 3,1 KM, cpegHsA ero MoMHOCTD 250 M. 3&1;&1(151 py,uM3 Rabiicler
[OPOJ, PaBHBI COOTBETCTBEHHO 661,4 ma. T 7 474, MJII;;) m:eJIII),HocTL
Kos(pumaueHT chp?mm 0,76 m3/r. IlpoexrTHasg HPOU3BOL

‘ ", T/TO H.
Kapll')li)p; Eﬁoglﬂfnpwagﬂgyﬁapbepa ¢TaBHACA BOIPOC O npxgza;:eg}:z
OUKJINIHO-TIOTOYHOA TeXHOJOIUH. B cBA3® ¢ 3TAM B }.cone n. a,cha—
Huil Ha TeoNOrHIecKHX IPOGHIAX ueHTp%JII)HOI‘O Kappepa p

ANMCh cheryIomue HAUPABIeHHA YIAYORH: ‘
Tpnﬁznggmeﬂé}: onpejeTenHoe METOLOM H30THHII no Kpﬁi‘fﬁﬁ 14’;

HanpaBleHme N0 JeKAUEMy Gopry EKapbepa (gﬂﬂ y o

meofxomEMoro pasHoca paboueld 30HB IpH pacIoNOKeHHH

@a ma mepaouem 6opry);
HOT'0 MOIbeMHMKA Ha mepaboue L -
HanpapieHre 0 KOHTARTy BUCAIELO GoKa pYAHOU 3aJleRH (=

a3y60RUBANAA).
yMeHbileHuA morepb ¥ pa . i
CpaBHeHHe BapHAHTOB IPOU3BOAMIOCH HA OCHOBE KyMYJIHFTJIHBéJKH
rpaguros V = f (P) mo yCTAHOBIEHHBIM HallpaBJIeHUuAM y. ye 60:
eIOBACS BOTIPOC 0 BINAHWE yIia oTROCA pa
HKpome Toro, mecren e oa wpaSKTO-
gnx GoproB kapbepa (1. €. WIHPUHDI pa6ounx IIOMAN0 e
PHI0 PAI[EOHATLHOLO HAIPABJIENNHA yray6ru. G 9T601z1 I{en RN
pemiajiach IPW SHAUEHHAX YIia oTroca pabouero dopra, P - 5
10. 12 u 15°, 4ro TpU HPHHATOM BHCOTE yCTYynNa 15 M COOTBETCTBY
’ ’ A3MIGHAX CHCTEMAX pa3-
mapamerpaM pabodmx miomagok HpH 1pgo e mpie
‘ {0CE COOTBET
o gf;ﬂa (il(‘)Iéoca %’HJI orroca 12° coorBercTBYeT
o s s FO
abouell mIomMAIKHU " M. 0 C 7 ve
funpyme paGodeil mIoMALKY, TPHHATOR LA unxnnq;on Tegg;)ci(;yeplr‘
0 HOpMaM IPOeKTHPOBAHUA (63 m). Yrom oTROCA 1 0001'3 cmyer
MuanMaipHoll paboueil MIIOMANKE 5U2M npm CHCTe‘Me. panpJI n
[OIePeYHBIMA 3aXO0JKAMII. Ilpur Takoll mOCTAHOBRe 3agati 1O B}; e
Hble Pe3yIbTATEL MOTYT GBITH HCIOJBIOBAMLL Kai Ipu IPOEKTHPO
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ggKJIH‘E[HO—HOTOF[HOﬁ, TaK W MUKIWYHOW TEXHOJOTHH IPH PA3ITUIHBIX
aCTemax paspaGorru. B wmauecTse mpmMepa HWa PHC. 3.5 MOKASAHDI
pPanMoOHAIBHEE HANpaBIeHAA YriAyOKH, COOTBETCTRYIONNE NPHHATEHIM

Y

e
20

"

w

J
7 1 i Y AR\ )
Vi 20 77 “@ Ji a 4
Puc. 3.0. I:Ianpasnemm YEAYORIT KeTe30PYAHOLO Kaphepa
npu  PasiaUtBEX 3HAYCHUAX YTJIOB OTKoca palodero Gopra:
1 — 1o GopTy Kapbepa; 2 — 10 BIC ‘
‘ TY Kap R AYeMy GOKY BaJlest; 5 .
MUOHAJIbHBIE NHANPABICHHS YIYORU IOpH yrm?x 01‘1?(3&;1! [L)geiﬁi;qz-{‘os %p%?f
»

paBHBIX cOOTBeTCTRBEHHO 8§, 10, 12 m 15°

yraam ‘OT‘I/(OGOB paGoamx GoproB. Ha puc. 3.6 morasanm xymyIsrusabi

rpagur V = f (P) npu yrie oTkoca paGouero Gopra 15° mus pamnm-

V. merc m3 OHAJIPHOTO HAIPABICHUA YIAYOKRH

(RpmBas 7), jiist BAPHAHTOB YIIyGRHE

o o JeskadeMy Gopry kKaphepa (Kpu-
< Basg Z) U KOHTAKTY BHCAYEro GoKa

- pymaOTO Teja (KpuBasm 3).

/ ITpomsBegentsie pacyersl MO3BO-

- // JAI0T cpeiaTh CJAeqylue BBIBOOLIL:
3\/ // !

; Ha Bcex npodmaax Ilemrpans-
ol HOT0 KapbePa panMoHaIbHOE HAMPA-
N / BJIEHHE meﬁrm TPOXOAHUT 110 MeH-
20 / TPaJIbHOH YacTH PpPyIZHON 3aleku;

4 - TPAEKTOPUA PAMOHAIBHOIO Ha-
0 N / npaBiaeHust yrayORN He3HAUHTEIbHO
4 / U3MEHSEeTCA B 3aBHCAMOCTH OT yria
oTKoca -padodgero Gopray
0 20 47 60 60 Fmilcrd CPAaBHENMe KYMYJASTHBHBX KpH-
Puc. 3.6. I'pagpur Pysrmmu V = Berx V= f(P) mo paccmarpupa-
—7 (P) /1A UPNESTHX  BapuARTOD €MBbIM HAIPpaBIeHUAM YILAYORH MmO~
Yyrayoku npm @ = 15° KasblpaeT NPEeNMyIeCcTBO KPYTHIX
OTKOCOB;

palmoHalibHoe Hampaplenwme YIAYOKW obecneumBaer Haujydilnee
COOTHONICHHE BCKPHIIANX m go0HYIHBIX paboT wa TPOTA;LCHUM BCEro
cpoKa pafoTHl Kaphepa, TaKk KaK €My COOTBETCTBYeT CaMoe€ HHU3Koe
MoJo/KeHNe KyMyJIATHBHOR RpmBoit V = f (£); npeumymecTso pamu-
OHAJBPHOTO WANPABIEHUA YIIYORM YCHIMBAeICA € YBEIHYCHHEM
KPYTH3HE OTKOCOB paboumX 6oproB;

yray6ra mo BECAUEMY KOHTaKTy pymuoil sailesu B nemeﬁ MePHOR,
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oTpaboTEM faer GAMSKHUA K PaluoOHATILHOMY pesKEM TOPHBIX pabor;
yray6Kra sxe mo JemadeMy GopTy Kapbepa BHISLIBAET HeGIaTonpUATHOR
¢OOTHOIMEHHEE BCKPHIIHKX B HOOHTHEIX paboT;

IOJTyYeHHBIe DPe3yIBTATEL MOTYT GRITH MCIOAb30BAHBL JIA yCTa-
HOBIEHUA HaIpaBlenns yriayOkm Kappepa Kak IpH OURIATHON,
TaK ¥ OPH MEKIXYHO-TIOTOYHOU TEXHOIOTHH.

§ 4. ONPENEJIEBUE HAINPABJIEHUA YIIIVBRA
KOAIIBUHCKOTO AITATHTO-HEOEJMHOBOTO KAPBEPA

Peabed mMeCTHOCTH nepecedennblil. MecToposKAeHHE 3AHAMAET TOP-
HO-TONMHHOe TOJIOKEeHHe. Samajguslii Topel PAcIONOKEH B Ipej-
ropeax r. Koamsbl (0TM. 400—500 M) BoCTOUHEIA — B MOMUHE DPORU
Byounemuor (orm. 280—300 m). Pympt KoalTBHHCKOTO MECTOPOKE-
HHUS KOMIJIEKCHBI® (anaTnTo-HecbeJMHOBme). OcHoBHO! KOMIOHEHT —
alaTHTOBag pyHa (cpemHee cojepsranue P,0; — 18,48%). [oboumsiit
KOMIIOHEHT — HeenmHoBasg pyaa (cpenHee conepseanme Al,O, —
12,4%). MecToposKenue OTIHIAETCA BECHMA cnoxcEON Mopdoxornein
1 BHYTPEHHUM CTPOEHHEM BCEX 4 pymHBIX TOpPH30HTOB. Pyjia W 0CHOB-
Has UACTh BCKpBIITH MECTOPOKICHUs [Pe/CTAB/ICHbI TmopogaMu cpefi-
Heil RpemocTH, TpefyoMUMH NPEABAPUTETLHOTO pHIXJeHHA ¢ Io-
MOI[bI0 B3DHBA. PasMepsl Kapbepa [o MOBEPXHOCTH 2200 x 800 m,
raybuna 480 M (¢ yueroM HaropHOil dactH). 3amachl KaTeropun A+
4+ B -+ C,; + G, cocrasnaior 507,8 s, 1. IIpoeKTHAsS NPOUBBOAM-
cexpHOCTh Kapbepa 6,2 mam. T/TOA. [opHo-TeomoTHIECKHEEe YCIOBAA
(Gompmias muuHA 2,2 kM 1 HebonplTasl CpeHeB3BEIICHHAA cyMMapHad
TOPU3OHTANbHAA MOIKHOCTH 165 M) GuarompHATHBL [AJA HPUMEHCHUA
cHCTeMEl pPaspaboTEH HOTePEevHBIMA 3aXojaramu C HCIONH30BAHNEM
aBTOMOGHIBHOTO TPAHCIOPTA.

NcexomabpiMy TAHHHMHA [JIA BHUUCIAEHHI MOCTYKHIN MOTOPH3OHT-
Hile miansl KoAMBHHCKOTO MECTODOKISHHUS , TPOBE/ISHILIE 10 ray6uHe
¢ mrTepBasom h = 20 M. DBUIO PaccMOTPEHO 34 maaHa, COOTBETCTBY-
OM#Ee TOPH30HTAM OT —60 mo 4600 M.

Pasmepbl IEPBOHAYANBHOIO KOWIOBAHA MPUHATL 50 x 150 u,
a yrisl oTkoca paboumx 6opToB BKPECT U IO IPOCTUPAHIIO BATERE —
coorsercTerro 15 m 3° 30". Tpadaper Grr sagan 11 ropusoHTaNB-
HEMZ CEUeHMAMH, NOPOBENCHHBIMH €Uepes 20 m, dYro obecieumBaer
MAKCHMAJBHYIO BHCOTY pabodeil 30HBL [0 220 m (. e. ¢ Goupmmm
samacom). Takum obpasoM, HJIA 3aTaHuA tpadapera paboueill BOHEI
porpeGopasoch 11 KOMIOHEHT I, (0,0) € E3, cooTBEICTBYIOIMUX €ro
monoskermioo B magame woopamEar (I, (0,0), E=1, 2,...11).

Oupejenenne PaguoHAIBHOr0 HanpaBjenus I obmacTu yraybxum
LPOU3BOIMIOCH 0 HECKONBRUM KPHTePHAM: MEHEMAJIHHOTO CPERHETO
¢ magama paboTH Rapbepa KoadduiuenTa BCKPLIIH (puc. 3.7, nm-
Hua ), MAKCHMAJXbHOLO HMBBJIEIEHHS IOJE3HOTO Hcxonaemoro (Im-
gus I1), MUHEMMAJIBHO BO3MOKHOH IIOmM@ANW DOJA KyMYJATHBHBIM
rpagurom V =f (P) (mmama JII ma puc. 3.7).

AHanus wanpapienmil yrayGrm [ u JI 103BOJMI IPUHATH
K cnenylomum BoBogaM. Hampasienune yray6rn I spperruBHEe
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manpasgenms II, Tak Kar eMy orsedaer 0oJiee HH3KOe YoJoyKeHme
rpagura V ==j(P). Hanpasnenne yroy6ru /] na Bcem npom;ﬂen;[n
npoXoguT BocTouHee Hampasiesms [ (pmc. 3.7). Tarum oGpasom
Ipu KOPPEKTHPOBKe HampaBienns / (B obnacrm paIIHOHaJII»HBII)X Ha:
npasiesuil yray6xu) mneliecoob6pasHo OPHEHTHPOBATH HAOpPABICHHE
Pa3BHTUA TOPHHIX PaboT Ha BOCTOK, YTOOHl YBEJMINTH H3BJ
06’b§7MLI TOJe3HOTO WCKOIIAeMOTO. erasbe
HaRCr SXTHOOGpATHIIM HoMENEnCH oD, YEAYGri, 1oy oo Aer
M YTIOB YIAYORW, 970 yeIoMHAST
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Pue. 3.7.

Haupapiaenusg yrayOoru B HPOZOJBHOM paspese:

4, 11, [1I — COOTRBeTCTRCHHO 1[0 PA3HBIM KDIITepUsIM,;

GVIBAMI 0D03MAYCHBL JIMIT TCOMOTHICCKUTX paspeson TV~ pexomenayenoe Hanpasaennc:

BCKPLITHE M CHHIKACT BO3MOMHYIO HHTCHCHBHOCTD BeAeHUA TOPHBIX
pabor. Haawume ob6racteifl pamgHOHANLHEIX HANPABICHME YIIYOKE
[0 BTOM KPHTEPHAM MO3BOJAET PCKOMEHIOBATD (KOMIPOMHCCHOEH
(T. e. copcpskallleecss B HepeceueHum obsmacreit) uanpasienne IV
¢BoGOHOE 0T HTHX HELOCTATKOB, IPH HE3HAUINTENHHBIX OTKTOHEHTAX
(8 cpenmem 2,5%) 0T OOTMMANLHHX B3HAYEHHWHA COOTBETCTBYIOMHAX

ueneBnx Qyminuii (CpeHero ¢ Hadalxa OTPaGOTRE MECTODOMIEHMA

goa(b(bnunen'ra BCKPHIIY W 00beMa OJIE3HOTO MCKOMAEeMOro, moGeToro
Bapacralomum mrorom). Ha moropmsourmbix maanmax G110 paceMo-
TPCHO HECKOJHKO BAPHAHTOB IOJOMKEHWH ropiblx pabor Ha MoMent
go,uro'mBHn KayRmoTo TOPH30HTA (IPH 9TOM HalpasicHme yrayorm IV
BlJIO HECKOJIbKO CKOPPEKTHPOBAHO). B pesynprare 6p1 onpepeien
ONTEMANBHBIA BapuaHT PasBUTHA TOPHBIX PaboT, OTBEYAIONMMI HALDA-
Brenniv yriay6rm IV (cm. pume. 3.7). 3arem 1o m3BecTHOR Merl)'o-

Aure [5] mpomsmegemo ompepelne
HEE W yCpejmelme K
BCKDHIIE [0 IS HOJAM. yepesueinie Koopgmmerton

Taranra 4
ONPENIENEHNE KOHEUHBIX TPAHNIL KAPLEPA
§ 1. OBIUE COOBPAREHUA

Kax msBecTHO, TBepable I0JiesHble HCKOUACMbIE HoBEBAOTCA TOJ-
3eMHBIM, HA3eMHBIM (OTKPHITBIM) U ILOJBOTHEIM enocobamu. llepsore
pBa cmocoba MOXYYHITH TIHPOKOE pasBuTHE, TPETHI HATMHAET pas-
BEBATHCA. LI pH TPOEKTAPOBAHAM W IIAHUPOBAHUH pa3paboTKH MeCcTO-
posKzenus HeoOXOfuMO yUIHTbIBATh OCHOBHBIE 0COBEHHOCTH Cc10c0o60B
paspaborkm. Bee samaAlomue Ha sperTHBHOCTD padoT daxrTopsl
monesHo pasburs Ha 0OOGBEKTHBHHEE H cyGrexTuBHbie. Lpmposmrie
YCJHOBHA 3aJIeraHus MECTOpOKIeHUi, (usnIecKue cpoiicTBa MOPOH,
KIAMATHYECKHe YCJIOBHA o6 BEKTHBHO HaM 3ajabl. VIsMeHETb MX
09eHb TPYAHO, & Yamle ¥ HEBO3MOKHO. IIpuxogures npucunocabiin-
BaThCA.

Ilpm masemMHOU paspaborke (1m0 CpaBHEHHIO C nmon3emMuoil) Jerde
creoBaTh W3MeHsAMMmeAcA Gopme PyAHbIX gasieseil, GoIblIe BO3MOIN-
HOCTell A CeJleKTHBHOU BHIEMRM U yCpCHOHNA KavecTBa TOBAPIIOWM
npopyRouM, T. e. Gombie BO3MOJKHOCTEH [JIA MOJHOTO HCOONb30BAHIA
Gorarers wenp. OfHAKO KIUMaTHIECKAE ParTOpH OKa3HBaIOT GoibuIee
pauAnne Ha paboTy Kappepa, 9eM Ha pabory maxrhl. [loaTomy B paii-
OHAX C CYPOBHIM (XOJOIHBIM WIN JKAPKEM) KIHMATOM 3((erTuBHOCTD
HaseMubiX paboT CHUKAETCH.

Ha cuibHO 0oGBOJHEHHEX MECTOPOKIEHUAX OCYIIEHNe HIaXTHBIX
monell oCyMECTBIAETCH TOPHBIMU BHpabOTKAaMH, HCIOIb3YyeMBIMA
7 miA qo0BYM IIOJe3HOro HCKOIAEeMOro. Jlna rapbepHBIX ke nojeit
NPEXOJUTCA IPOXOIUTH CIenUalN3HPOBANHYI0 CeTh HOJ3EMHBIX 0CY-
IMTeIPHEX BHPABOTOK HIM CKBARUH, MCIOTH3YeMYIo TOIBKO JUIA
OCYIIeHHA.

IIpu mopsemzoH BHIpaGoTRE W3 HeAp 3€MJM BBHIMAETCH TOJIBKO
noje3Hoe WCKomaemoe (He CUMTas OTHOCHTEIbHO mgeboapmoro obneMa
mopoj W3 IOJeBbiX TOPHBEIX sripaboror). [lpn HA3eMHOH ke DPas-
paborke pnasA obecmedeHus yeroitausocTn Gopros H BO3MORHOCTH
pasMeleHHs 06OPYHOBAHHA LOMUMO [OJE3HOT0 HCKOIIAEMOT0 BHIIIN-
Matores Gonbinme o6beMbl IYCTHIX TOPOA.

s obeciedenus HOPMATBHBIX ycaoBHiL paboTH apopeir B OO/~
3eMHEEIX BHPaGoTRAX HEOGXOMUMO MCRYCCTBEHNOE MX npoBETPHBAHILE.
Kapsepsl HezHaumUTe]bHOM rayGUHEK  JOBOIBHO XOpOTIO IPOBCTPU-
BaIOTCA 3a CUET CTECTBEHHOI'O BMIKEHHA BOBAYXA. Ho ¢ yseanveHueM
[AyOUHE TOABISIOTCA 3aCTOMHEE 30HK BO3AYXA n tpebyerca HCRYC-
CTBEHAOC IIPOBETPUBAHHE Kapbepa.






ITpum nazemmod paspaGoTKe MOIyT NPUMEHATHCA 3HAYATEABIO
Gonee MOMIHKIE M KPYIHble MAIIMHE! A MEXAHU3MbI, 9eM I PH HOF3eMHOK
paspaborke. 9TO0 HPUBOFHT K Gojiee BLICOKON HPOH3BOUTENBHOCTH
TPYHa B HABKOH ce6ecTONMOCTH MOJIE3HOro MCKOIIaeMOro.

YemoBery ocraercs ydecTh OOBeKTHBHBC (aKTOPH H HPHHATH
pelileHHA T0 c¢yOBeKTHBHEIM (Do BHOOpY cmocoba paspaboTKE, THOA
MallMH ¥ MeXaHH3MOB, ONDeNeleHNI0 NPOM3BOJAUTENBHOCTH PYIHHMKA,
TPaHuTaM KapbepHOTo HIH INaXTHOTO IoJieil, HAIPAaBJACHNIO M WHTCH-
CHBHOCTH Da3BHTHA TOPHHX pabor).

IIpn BrGope cmocoGoB BHEMKH WM MeXaHH3aumm paboT HHKEHep
OTPaHNYeH COBPeMEHHHIM YDPOBHEM H OJMKARMIAMU IlepCHeKTHBAMEA
Pa3BUTHA TeXHHKH KaK NIPHW OOR3eMHOMN, TaK M HaseMHoil paspaboTke.
Ilpu masemuoit paspaborke uMeercs sHAYMTENHHO GOJIBINe TBOPYECKIX
BO3MOEHOCTeH BINAHNA Ha 3QQeKTHBHOCTD paboT, 4eM IMPH HOA3EMHOM
paspaboTke MecTOpo;EfieHm#. Bo MHOTHX ClyYasx MOMKHO HOOCTPOMTH
Rapbep ¢ 3apaHee 3aNaHHOM ce0eCTONMOCTHIO NOJIE3HOTO HCKOIAaeMOTo,
¢ ycToHYmBO# B TedeHNe MJINTENBHOTO BPEMEHH Ce0ecToNMOCTHIO
MONe3H0r0o HCKOUNAeMOTo, paBHO# cefecToMMOCTH UpH UoA3eMHOR
paspafoTke. YMeHbIINB KOHEYHYI IayGHHY, MOSKHO CHH3HTH cele-
CTOMMOCTH IIOJIE3HOTO M(g(onaemoro. Ilpuuas coorsercrayommit oonem
FOPHO-KAUUTAIABHHX pabor U TIy6mHY Kapbepa, MOKHO 00eCHednTH
pabory co Bce YMEHBIIAWMUMCS TEKYMUM Kod(QOUIMeRTOM BCKDHIIM,
8 3HA4YAT, W ce0ecTOMMOCTBI0 I0JE3HOTo HCKomaemMoro. MoskHo mo-
CTPOUTH KApbep ¢ PAcYeTOM HA PEROHCTPYKIHWIO X BBOJX HOBOTO CoBep-
nreEHoro 0o0OPYAOBaHEA, IPH KOTOPOM OKABMKETCA IelecoolpasHok
pabora €0 BCe YBeIHYHBAIOMUMCHA HKodddummentoM scKpmmm. Ilo-
9TOMY IIPH OIPe/¢JIeHNN TPAHAL KaPbepoB jKejaTellbHO I0JIb30BAThCH
METO/|aMH, IMO3BOJAIMIUMEA peajn30BaTh (oTaTble BO3MOYKHOCTH Ha-
3eMHO# paspaborkum.

Odens pacmpocrpaHeHHBIM KPUTEPHEM pACYETOB ABIAETCH MAKCH-
MyM OpuOBUIA OpPH pPaspaboTKe MeCTOPos;kienHma. IIpu aToM HeTOpH-
9YeCKL CJOMHUIAch clefyiomas curyaumsa. CelecTomMOCTH HOJE3HOTO
HCKONaeMoTo IpH HaszeMBo# pdapaGorre B 1,5—2 pasa mmme, dem
OpH HoA3eMHOHR. JTo cYMTaeTCA ONHOH M3 OCHOBHHX ocoOeHHOCTeil
OTKPHTHX paoT I HHKOTO 'He YAUBJIISAET, eCJIH PAoM PaboTaloT Kapsep
H WaxTa, rae cefecTONMOCTh HOJE3HOTO HCKOIaeMOro paBHA COOT-
BercTBenHo 1,0 m 3 py6/r. IommTKa yBEINYATH IIPOU3BORUTEIBHOCTH
Kaphepa, YBeJIHYHB ¢e0ecTONMOCTh MoJe3HOTO HCKOTAeMOTO /10 2—
2,5 py6/r, cumraerca memomycTHMOHR.

Ife10 Makeumyma mpubbian opm paspaboTke MeCTOPOIKIEIINA KOM-
OHINPOBAHHEIM CIIOCOGOM (HA3eMHHM H IIO3eMHHIM) YCIENIHO DasBILI
II. M. Topopenxnii. B mocaenunme roge aty upemo passmsaer B. C. Xox-
PAKOB, KOTODPHIE BBel B pacyeTH (GAKTOpP BpeMenm, »PpQeKTHBHOCTH
KanHTaJBHEX BJIOKEHHH H BIHAHNE TeXHHYECKOI0 IPOTpecca.

[To meropam TI. M. Topomenxoro m B. C. XoxpsAkoBa DOBHIIEHHE
OpuHOHIN JOCTATAeTCA 32 CYT YMEHBIIEHUA KOHEYHOH TIyOHHE Kaph-
€POB Ul CHIKeHHA ce0ecTOMMOCTH MoJe3HOTo HeKomaeMoro. Tax, cefe-
CTOMMOQCTDL MOJC3HOT0 HCKOIAacMoro IDH HaszeMHOU paspalorTke mo
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i ‘ IR — — asa
CPABHEHHIO C IOf3eMHou obmumo mmEe B 1,0 1§ g %i%xpil}z)Ba
T1. !1. Topopenroro u B. L. K0Ba.
cooTReTcTBenHo no meronam 1.
Dto BeNeT K CHIBHOMY 3aHMKEHHIO OPOM3BOAUTEIBHOCTH 1 rg\:ﬁgﬁ
KappepoB B Ciydae, KOIAA BO3MOMHA TOCJIeXyI0Man “110;1136})13]{I
paszpaboTKa MeCTOPOKAEHHA, U HOTEePAM nononnm(ﬁlmon 13){111[03101
BEI3BAHHONR pPOCTOM KOHIeHTpANHH npouanonc'ﬂaa.apﬂ;lg;{l};lonseuﬂmx
eHIf, AJA KOTOPHX B A
JKeHAN OKa3aJHCh MeCTOPON , ix
2 onpeeaaoT
' . Torga rpanumel Kapsepa i
a6oT BooGme mempmemieM. To ) .
gcxonﬂ m3 coolpaienmil peHTabeNbHOCTH I HApOJHOX03ANCTBEHHO
3K TEBHOCTH. ]
(bd)ﬂpnmeﬂme.nbﬂo K OOpEeReleHmi0 TPAHAI[ OTKPHITHX cﬂpw?(il(v)la
% BooGme TPAHMI, PaspaGoTRU MeCTOPORACHIA RpuTepnil MaKe B yMI)I
IpEOELTE JOJKEH HCIOMB30BATHCHA KDAMHE OCTOPOJRHO, TaK 1\31 \H{HO
pMeeM M€J0 C HEBOCTIOJHHMHMIE CHPLEBHIMI pecypcaMm I H}};e 10
pasyMHO I HOJHO HX HCIOJNB30BATL. Jro B KOHEYHOM CUeTe Il?; od?a—
K pocty 3QQeKTHBHOCTH IPOMSBONCTBA B MacmTa6eecT§:§H};asp ;160“3
roT (aKT, YTO TOJ3eM
TOYHO OI[EHHBAETCHA. TaKkKe H ) !
BO MHOTHX CIVYafX BefeT K 3HAYHTENBHO 66AbMIM IOTePAM IIoJes
HOTO HCKOIIAeMoro.
Ilpm ompepjeleHmH IPAHHI KapbepoB HYy:RHO pyKoi%ii;ngxTabfi
2§ K :aK W OpH OIpefieeHnn 3
TAaKEMH ke coo0pasKeHIAME, K xT-
HEIX moJieii. HymHO mpOEKTHPOBATH COBPEMEHHOE, Bmcoxogaixzﬁﬁm_
poBaHHOE, SKOHOMHIECKH s(eRTHBHOE I pPEfIPHATHE, % eRI;quTBe
pomee Hamboxee IOJNHOe HCIOJL30BAHNMe HEXD 3EMIII.

~
n
KpuaTepusa B(X)(peHTHBHOCTI/I MOKHO HCOOJIb30BaThb y‘POBeHB Hp“gl;l[ilﬁ
n peHTa6e.TIBHOCTI/I, OKyIIaeMoCTh RAaOATAJOBIOReHu B HOopMATIT

CPOK.

§ 2. NPUHUHAII OIPEJEJIEANA TPAHUI KAPBEPA

Kak Gmo ckasano Bhiie, Hamboiee O6I]J;I/IM“HpI/ITeI§ZeM npnﬂon}IJTe(-)
JeJeHAH TPAHOI Kapbepa ABIAETcH KpaTepHiL . 6q§:§;enam.)pMa_
CpPOK CyIecTBOBAHU Kapbepa o6BYHO 3HAYHTEIHHO Om me Hopua-
THBHOIO CPOKA OKYHAeMOCTH KaIMTaXbHBIX 3anaT,TM . d)fox N
YIATHBATH OCTATOYHYI0 DeATHIyeMylo cromMocTh. TOrN P
(1.42) opumer BHJ

711‘!

5 ' (4.1)

BHIOJHEM .HEKOTOPHE YIPOMEHUA. IIpumem, 4TO HR ;\;(;L;f{}:{l;z
cpad@ Kapbepa B JKCINIyaTanuio KaOUTAJIbHEE 3aTpaT N
BaloTCH, A MoJe3Hoe HCKONaeMoe He BHHUMACTCH, TOrHa

T

fH TH H
ZKL-<Z(U;~—CL«) =2 (I, —c)Aps py6. (4.2)
—t 1 1 \
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rae I, ¢; — COOTBETCTBEHHO IeHA U ce0ecTOMMOCTD HO/183HOI0 HCKO-
maemMoro B i-M Topy, py6/r; A,, — NPOU3BOAUTENBHOCTH Kapbepa
B i-M TOLY, T/TOJ.

VI3 soipaskenms (4.2) cilexyer, 4To CymecTsyeT BepXHEI mpepex
ce0ecTONMOCTH MOJEe3HOTO HCKOmaeMoTo, TPH KoTopoMm cobmaiopaercs

a10 pasencrBo. Hazobem ero momycTmmoll ceGecTOEMOCTHIO HOJIE3HOTO
HCKOIIaeMOTO, T. C.

lime,=c,. . (4.3)

CebGecronMocTh [OJE3HOr0 HCKOIAEeMOTo oHpefetsercsi mo ¢op-
myae [5]

v Ag
cp =a- —1_)9* bO + _A? b7 pYG/MS, (4_4)

Iie a — 3aTparsl Ha p[ob6LIYy HONe3HOTO HCKoIaemoro 0es ydera
3aTpaT Ha BCKPBINHbie PafoTHl W aMOPTH3ALUIO I'0PHO-KAMHTAJBHEX
paGor, py6/m®; V, — o6beM ropuo-rKanmTadbHHX pabor, M%; P —
n3BleKaeMbll 06beM I0Ae3HOT0 HCKONAEMOT0 B KOHTYPAX Kaphepa, M%;
A,, A, — rofosad TPOUBBOJUTENBHOCTb Kapbepa IO BCKPHIUIHBIM
mopojiaM W TOJNe3HoMY Hckomaemomy, M3/roxm; b,, b — sarpaTH Ha
BLLEMKY BCKDHOIHBIX HOPOJ B IEPHOJ CTPOUTENBCTBA U PAaBGOTHI Kapb-
epa, py0/m3.

OrHomenne 7?— ABJAeTcA  UePBOHAYAIBHBIM  KOI(QPHUITHEHTOM

Ay

BCKPLLULK ng, a ~~ — 9KCINIYaTAlIOHHMM KO3QOWUAEHTOM BCL PHITIA
p
n. Torma

cp:a+b<n;,};_0+n>. ~
ITycro

b )
s = (4.5)

C yuerom Berpaskenun (4.3) H(;le‘IHM
¢y =€, =a-+ b(n,4n).
Orrypa

Cqg—a
ﬂb — =Ryt n.

Jlepas wacte gopmysas mpemcraBisier coGoil I'paHmYHHIL Kosddn-.
OHEeHT BCKPHINIHA

Cp—a
T’l=1x

o (4.6)
60

a3HOCTH OTKPHTHX
Takmm 00pasoM, OCHOBHOE yCJI0BHE enecoobp
paGoT mMeer B

4.7y
n,,=ne+n M3 /P, (

IAl

e Ny ; — rpaBAYHbIT xoa(duimuenT BCKPEHIIA nnﬂe}zljrroB &el?g&ia
paboTel Kappepa; M, — TepBOHAYANbHLIM Hoa(pd)nlrm Roa(pqume};n;
npusejlenubi mo CTOMMOCTH K BHCH.:TIya‘TaIlI/IOHHOng xoadmmeny
BCKpHIMN; 7, — pRCOAYATaIHORHEIN Koappuimen p

yepuopa paboTH Kapbepa.
meOBHe (4.7) MORHO BH[Pa3UTH B BIJE 5]

(4.8
ny ;= A — M (A — Dlney,
y b
MEDHOCTH IPOM3BOAICTBA BCKPBIMIHLIX
rue A, — KodQPUIUEHT HEPABHOMEPHO P o P
pabot; nep — cpepumil Kod(pQUIEENT BCKPHII, M3/m3; ”

oA BCKPHIIHEX TOPOX, BI)IHI/IMaeMBIXO é;TH;Iepuon CTPONMTEIHCTRA
a qeTOM HPHBEREHHUS MO CTOMM .

Hapﬁigdpgnge npennfmennme O PHHIAOE OIpeseleHIL r;;anggﬂﬂgﬁgl
epoB Ha OCHOBE MCIOJB30BAHUA TPAaHHYHOTO Road)(immirgrll aECHHp e
ABJAIOTCHA YACTHHIME cIydYasMO TPRHIANR (4.7 15, . Bem the-
HIIB! Kapbepa OUmpejieeHbl 10 MPHHIIIY (4.7), T0 B ggggll\\:oro 6y§e’r
0jioB paboThi Kapbepa cebecToMMOCTh TOJIe3HOTO HCKR e
paBHa JOLYCTHMOII, a BO BCE ocTajbHbEe TepPHOgbl — M

CTHMOIA.

§ 3. TPAHUYHDIN KOIOQUAUIIEHT BCKPBILIN

DroT KpPUTEpPHil OKasbleaeT OTPOMHOE BIMAHNE Ha I‘paHI/IIJJ)E5H€i%I]:—

epa. [lpejiylomeHo MHOTO PagIMIHbIX d)opM%rJI IR ero pacdera o, .
e D.

OcrmoBHbIe (OPMYJIE OpUBEfeHbl B Iias

PaccmoTpEM Bompoc O TOYHOCTH pacdera 9TOTO KpHTEPHA. gi
OCHOBE TEOPHH OMHOOK IIPefleibHYI0 abCONIOTHYIO uorpen(l:l(olJt 5
oTpeneleHNA I'PAHWIHOTO Ko3(rumenTa BCKPHIIIE IO ¢dopmyn .
MOFKHO PacCUHTaTh o QopmydIe [38]
h ons
dcg

014 2] 0] &

| Aeq |+

e Ac,, Ab, Aa — aGCoNIoTHbIe MOTPENTHOCTH BEJIHYAH Cg, b, a,
b

pyo/m3.
OTtHoCHTeIbHAA HOTPETIHOCTD

Bns 410
8, = (4.10)

N
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OTMernM, 9To:

ans |

G = | (4.11)
s  a—cy

. (4.12)
oy 1

oa b - (h.173)

, :Pfilc(():gOTpl%M IpuMep. Iycrs ¢, = 7,84 pyb/m®, a = 1,3 py6/a’

—— py6/m®. Torma n, = 6 wm®/m®. Horpemmocrn 711cx611111;n£

norpemHo::]TI;IHXeM OI%H}SIZR(())BEISMH U paBHEMEH ==15%. AGcoxwoTHsie
¢y = 1,84-0,15 = 1,18; Aa — 0,2; Ab — 0.16 ;

ITo dopmyne (4.9) maxommm, gro Aa = 0,2; Ab = 0,16 py6/u®.

Ap,=0,92.1,18 4 5,46.0,16 -+ 0,92.0,2 — 2.3.

Ilpenenvuas oTHocmTeNbHAS mOrpemHOCTH O, =— 23 g 384.-
Iorpe o Ny o
OCHOBaH;;I ;\14}10;{:(’1;11 OPOrHOBHHX SKOHOMUYECKUX DPacdeToB ¢ 6oJbuminm
oo oA pa}(i:{]:}[IO OTHECTH ¥ CAYYafHBIM BENHYHHAM, HMEIOMFAL
nopuammoe PefielleHMe, IS KOTOPOr0 MOKHO HCHOIB30BATEH
‘ Pex curm». A 3HAUNT, 3HAas OTHOCHTENBHYIO HOI'PEINHOCTD O
3

U CTemeHb :
ren o I};Iérl(zﬂa R, Mo:xHO ompepennTh 3HAYEHUA IPAHUIHOIO KO-
\ PHIIA B 3aBUCHMOCTH OT YPOBHA pucka (rabu. 4.1).
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3HaveHe noxasaf i
CcIICi Upu YPOBHE pucKad
Hanmenosanue moxasarejeit ’ ’ :

0 0,2 0,4 0,6 0,8 1

.

~

OTHOCHITeNBHAS  LOIPe-

IIHOCTD, O, . +384
3 R B eh +16,3 -+
Jlosepurenpuasn  ofnacts : =107 +6,6
3HAYeHHI N KOB(b(bmm-

CHTA Ny 3/m° 7 7
Ta 7y, M3/M3 .13,7—83(50-—-7.0(536—6,64|506—64]57—62] 6.0

I+
w
s
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§ 4. OHPEOEJEHUE TPAHIL KAPLEPOB

I8 ox
° cniaﬂﬂmgeii\ﬂaﬂﬂﬂ I'DaHuL KapbepoB Hamboee yiOOHHM ABIAETCH
dmmenta Bex puaume (4.8) METOX ROIYCIHMOTO CPEXHEero %03 b-
wpumy [5], ompenensemoro ma gopmyie
Na

n, e ———
PAT A—p(A—1)’ (4.14)

rme A — Koa
s (pg);;nem HEePaBHOMEPIIOCTIL 11POMBBOACTBA BCKPHIITHBIX
; I BCKDPHLIIIHBIX HOPO/{, BHIIMMAEMBIX B IIePHOL CTp(;-

uTeJabCTBa Kapbepa.

Tloppo6roe OMHCAHMe DTOr0 METOnA upusegeno B pabore [51.
Cyrp Merofia 3axiiodaercsa B clleyIoNmeM. 3jiech MBI OTPAHMTHMC
KPATKHM HBJO0JKEHHEEeM II0PALKA paor I HmpHBeeM IPAMep UCTONb-
30BAHIA 3TOTO0 METO/A.

1. Ha ocuoBe ToImepeYHHX PaspesoB (wa® TOrOPHBOHTHLIX MJAAHOB)
ompejiensiercs . PAlHOHANBHOE manpapiedme YriayOxum Kapbepa JiIA
OPUEHTHPOBOYHO NPHHATHX KOHETHEX rpagnm,.

9. Ha xapaxrTepHOM HJH CPeJHEeB3BEIICHIOM IO MECTOP 0K IEHIIO-
paspese /s OPHEHTHPOBOHYHO B3ATOM TJIyOWHB Kapbepa CTPONTCH
rpapuK H3MeHEeHHs (0 Mepe yray6KE) HApacTAOMUX o6neMoB IOJIes-
HOro MCKOIAeMOTo ¥ BCKDHIIHEIX HOPOJ. TIo proMy rpamKy oIpe-
neAwnTeA 3HaYeHNs K09 (hHEIIEHTOB A T .

e 710

230

Prc. 4.1. Vomepeunstii paspes PYIHOTO Kapbepa

3. Ha ocuose 9TuX K03QPHIACHTOB H pPaHEe OIIpefelIeHHoTo Tpa-
HIYHOTO Kod(QUumeHTa BCKPHIIN IO dopmyiae (4.14) omperenserca
[OmYCTAMBIA ¢ pefHuil Ko3(QUIEeHT BCKPLILH.

%. Ha kajioM HOTEPEYHOM paspese 1O MECTODOIRCHIIO ompe-
peasercss IAyOmma Kapbepa, OPH KOTOPO# CpeiHui K03 pPHIAEHT
BCKpOUIE PaBer JOIYCTHMOMY CpE/HEMY K02 QUIHEeHTY BCKPHIIIH.

5. Ha mpomodibBOM paspese HAHOCATCHA BCE ToJyYenHHe 3HAYeHIA
KoHeuHoit TAYOHHBI Kaphepa IO KajioMy MOTEPETHOMY paspesy.
3arem ¢ ydYeToM IPMHATOro BHJA TPAHCIOPTA, rexuolornu pabot
1 06BeMos TOPOJ B TOPIAX YTOUHAETCH npodmap jua Kapsepa. OKOH-
qatebHO TOJYYeHHLIH cpepmii Kos@@UinenT BCRPDLIII mo Bcemy
Kapbepy He JIOJeH TMPeBOCXO[ATEH [OmyCTAMOTO cpemnero Koadu-
uHeHTa BCKPBINH.

6. Jlna DoXydYeHHBIX KOHWTYPOB' Kapbepa OKOHYATEJIBHO OIpe-
JelifeTcs pALMOHAIbHOe HANDPABICHIE passaTEA pabor I KO3 oI~
nment Bekpwmum. ITpopepsiercs COOTBETCTRIE ppramuny (4.7).

Ilpoananmsmpyem, KaKme 0COGEHHOCTH IOABIAITCA OpH ydere
BEPOATHOCTHOTO XapaKTepa HCXOAHBIX manneix. PacemorpmM pPYAHEIHA
Kapbep, TOUePedHblil pa3pe3 KOTOPOTO HOKA3aH Ha pmc. 4.1. 3amace
PymH B Kapbepe 47,2 MIH. M3 pasBejaHbl MO KATeToPHAM B — 30%;
C, —50% u C, — 20%. OGmem Berpemurx mopor 164,6 M. M2,
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Cpepanit Koad@
HOUEHT BCKDPHIOE R, = 93,48 m3/m3
ep = 3,48 m3/m3, ; -
HI/IH,IIiI Rgpbepa Ha OCHOBe OpHHuMma (4.7) ’ Looeyent rpa
ToOH Ha#dTH Koddduume .
oOonn oMl X0 gg) HAeHTH Ny, U 1, PACCIUTHIBAEM H3MEHEHIe
POJi 1 PYABL B mporecce paGoTH Kaphepa IpH

V, Man. M3
- _275
0 = 290
2451
230 |
140 215 :
FZ[W ,
185 !
120 i
/’ -17d ——
|
s |
100 /j T r——'7
~140
|
80 '
~125 1
|
|
o ~110 |
|
-35 |
: |
A = *[“—~ —-lg
J —6‘5 L:E
20 B
=
g
8
o 24 52 47 BMan.mT

Puec. 4.2. T .
. 4.2, paduKR W3MeHeHHs HapacT 5

T ainero oopem c
nopor V o godpisacMoro ofbeMa pyAE P npi ¢ ?:ﬁyc“’“

rie Hax
zsnon-e?}\lzo}la paGogero Gopra ¢ = 12°. Tlocae aroro mo Meromy
AN
e Hsl;gﬂzﬂpatime [5], crpoum m amammsmpyem MHTerpanLHHiz’;
HA HaPacTamomero ofbpeM :
a BCHPHINHHX
B 3aBHCEMOCTH OT Hapa 3 o e
. CTAomEero ofmera 3
no Léepe yriay0Ku Kapwepa. T PYRRL P memmaensix
npefensieM OepBOHAYAILHBINE K
JBHHA Kod(QPUUUCHT BCKPEHL
; u
e ne pumu (puc, 4.2)

—=—=1{,88 a3/x3,

n,=—
TP A2

#%

Oupepensaem PKCILTyaTANMIONHb K0d(hYHUIUMenT BCKPHIII B TCP-
Bwit mepmoj paborhl Kaphkepa :

BC _ 68263 _ 4 vana

g == —— ==~y —
1 AB 17,11
Tlo dopmyrne (2.15) ompepeise
ommOKy mOjcYeTa 3aUACOB B 3aBUCHMOCTH OT 3HATEHIA AOBEPHT
BEPOATHOCTH ¢ HCUOJAb30BaHNEM NAHHKIX rabi. 2.2:

e, —(0,25- 0,30 -+0,45 0,50 40,75 -0,20) 100 = = 45%;
e000—(0,7-0,3--0,3-0,5-+0,5-0,2) 100 = % 30%;
6005 = (0,83-0,3-0,15-0,5--0,25-0,2) 100 = = 15%;
6,5 —(0,56-0,3+-0,10-0,5+0,17-0,2) 100 = £ 10%.

seM BO3MOJKHbIE H3MEHEHHs Kod(duuuenTta i, HpH usMe-
OpH pasIHYHHEX 3HAYCHHAX

M BO3MOMKHYI CpeHeB3BeIIeHHYIO
eJIbHOIL

Oxnpepen
HeHUHN TeoJIOTMIeCKHX 3a0acoB, T. €.

ommboK TOnICIeTA.
Bamacsl yBenmamBaoTea Ha 49%:

P = 68,44 mau. M3

_Vg__41,5___ PRNEYAE
ny=—p = 68,44_0’(3& M3 /3,

Bamachl yMembIIawTCA Ha 45%:

P =25,96 man. M

41,5
no = m—'——— 1,6 1\13/M3.

Samacs yBeamumpaiorcs Ha 30%:

P =614 vun. M3

- 41,5 3,3
Mo ="51% =0,68 n3/m3.

Bamacs ymembmaworea Ha 30%:
P =331 mam. %

L 4LD
07 7331

=1,25 wm3/m®

# owrmOoOK mojcdeTa 3aIacoB.

BuiupcasgeM BO3MOKHEE H3MeHeHIHA KoapPUIEenTa n,; ¢ VIETOM
CTeDeH: JOCTOBEPHOCTH 3aLacoB IepBoro srana HopMaabHO# paboTH
kappepa. Vs pme. 4.1 1 4.2 maxonuM, 9To oG’beM DY/ OepBoro meprn-
oxa pafoTHl Kapbkepa P = 17,11 man. M® COfeDKAT 3aUACHl 1o late-
ropusim B — 14,16 man. m®. (83%) m C; — 2,95 MIH. M (17%).
O6benm BekpbIIHBIX mopon V = 109,7625, V, = 109,7625 — 41,0 =

u T. B. LJIA BCeX 3HAYEHN

D Bakas 523
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= 68,263 mun. M. OOGwmem ropmoil Maccw V. = 85,372 wmuam. Mm3.

Torga cpemneBaBeniennas oMuOKa TOACYeTa 3aMACOB:
ey =(0,25-0,83+0,45.0,17) 100 = = 28%;
€096 = (0,1666 0,83+ 0,30-0,17) 100 = =+ 19%;
£g.08 = (0,0833-0,83 +0,15.0,17) 100 = + 10%:
£gs = (0,05-0,83 40,1011 0,17) 100 = =+ 6%.

Anajzormano HaxXoanMm I.[dBBpIITG.TIBHHB upepeiibl BeJIAYHHL 1.

3amace yBedqmdmBawrca Ha 28% :

P=1711(1+0,28)=21,9 man. m%

?

V =68,263—4,7908 = 63,472 mum. m3;

63,472

— 3 123
" =35 2,9 m3/m

¥ T. A. TS SHAYeHHH €p ), paBuBIX 19, 10 u 6%,
Tlosnygennse pesyapraThi MpuBenensl B Tabi. 4.2

Tabanma 4.2

HMurepransl snadenuit (M®/M3) npHu yposilie pUCKa
Kosppunucnt
0 0,04 0,32 0,5 1
no-+ ny 3,51—753 | 3,87—6,41 4.31—95,59 4.5—5,28 4 88
Rep 21—72 24554 29—43 3,08—3,98 3,48
o 5,36—36,5 6,4—19,54 | 7,78—13,32 | 838—11,96 9,89

ITpencraBiser mHTepec CpaBHEHWEe DPa3IMIHHIX OPUHIALNOB OIPC-
JleleHUA I'PAHAL Kapsepos (5] ¢ mosmuum HamgeKHOCTH MCIOJIL3YeMblX
re0JIOTMYeCKHX MaHHHX. PaccMoTpuM eme jipa UpmHOuma, Ipeyro-
smenanx A, 1. Cremenko (1927—1930 rr.) n M. ¥. ToGepmanom
(1927 r.) coorpercTBEHHO:

N, == N (4.13)
n, = i, (4.16)

Ifie n, — TPAHWYHEE Koddduipment sexpsuum, m*/M%; n., — cpepHmi
KooQdumument Bekpumm, M3/M3%; n, — KoHTYpuei#  Ko3ddunmenT
BCKPHITH, M3/mM3.

Haxr mssecrmo |5, 10], oTu mpuununer sBAAIOTCA YaCTHHIMA CIY-
YagMH OpHHOomOa (4.7). ‘

Ha npmmepe pypgHoro Kapeepa (cM. pme. 4.1) paceMoTpHM IIpHH-
nun (4.15).
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Bamack yBeamamBaoTca Ha 45%:
P =472 (140,45) = 47,2+ 21,24 = 68,44 man. M%
V — 164,6—21,24 = 143,36 wrm. M

143,36 _ 0 4 1.
Tep = 768,46 ~ 7 /

Bamacsl yMeHbIIAOTCA HA 45%:
P =472 (1-0,45) = 47,2—21,24 = 25,96 MuH. w3
V = 164,6 - 21,24 = 185,84 min. M3;

L A8%8% g9 wd/we,

ep == 755,96

Samace ysemmausaorcs ma 30%:
P=—41,2-1,3=061,4 mou. M
V =211,8—61,4=150,4 man, m%

150,4 3 /03
Nep="51 7 = 2,40 M%/M5,

3anacer ymenpmaworea Ha 30%:
P =472-0,7T=233,1 man. M
V =211,8—33,1=178,7 yau. Mm%

78,7 .
Rep = 1331 = 5,4 M3/M®
¥ T. L. AJA OCTANbHBIX HOBEPUTENHLHBIX peposATHOCTeH. PeayapTaThl
pacueroB OPEBEEHE B taba. 4.2.

Ina opuanzna (4.16) moxyduM

Ny = AI/”_AI‘,PAV" _ 8,7?8&;9,5 =9,89 1\13/1\13.

Q6meM ropHOI MacChl
AV, = 8,788 + 9,5 +1,85 = 20,138 . 3.

Tax xax obmem pymsr AP cocromt us 15% samacos RaTerogrm 2(] é
v 85Y% samacoB kareropum C,, TO M3 (GOpMYIEL (2.15) m Tabu. 2.
AOBepHTEIbHEE BEPOATHOCTH:

e, —(0,45-0,15+0,75-0,85) 100 = = T1%;

606 = (0,300,151 0,50 0,85) 100 = = 47%;
£pes = (0,15 -0,15 40,25+ 0,85) 100 = £ 24%;
£qs = (0,1011-0,15 40,1685 0,85) 100 = = 16%.

n*
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OnpenenmM 3HAYCHHSA 7, [UIA BCEX JOBEDHUTEILHBIX BEPOATHOCTEH.
damack ymenbmaoTes Ha 71%:

AP —1,85(1—0,71) = 1,850,290 — 0,537 mam. m5;

AV=V,—AP =20,138—0,537 = 19,601 man. M3

_ 19601

OV 3 173
e T 36,5 m3/m8,

damach yBeamumsaioresa Ha 71%:
AP=1,85(1+0,71) = 1,85+ 41,3135 = 13,1635 muan. m3;
AV = 20,138 —3,1635 = 16,974 man. M3

AV 16,974

" =3P = 31635

= 0,36 a¥/m3

¥ T. [. VI OCTAIbHHX KOBEPUTENbHBIX BEPOSTHOCTEH.
Pesyabrathl pacueroB mpusemenbl B Tabl. 4.2. OGo6menmbie HaH-
Hble TUpWBeJeHH HA puc. 4.3, e IJA COHOCTABHMOCTH BEeIHUNHEL

9,
g, Nep, Mo+ Ny 7o
T

160

€0
Pue. 4.3. O6aactnm mosepHTCHbHB X

140 MHTCPBAJOB  IIpM  OIIpejeJeHHk
KO3PUINMEHTOB BCKPHINN B 3aBH-

120 CHMOCTH OT YPOBHA pHcka R;
1—1’, 2—2’, $—3’ — OpH HCOOIbZO-

100 Bauuy NPUHIMNOB Ny > Ny ny > Nep;
Ny 2 Ny -F N COOTBETCTBEHIIO

a0

60

40

0 0z 0% 0fF 08 R

BRIDA;KeHH B TporeHTax. Hak BugsHo ns pme. 4.3, npmanun (4.7)

TO3BOJAET HMCHONB30BATH CAMYI0 HAJE:RHYI0 YACTh Ie0J0THYeCKoi
O PMAIAN.

§ 5. YUET VPOBHA PHCKA IIPU OUPEJEJEHUII
TPAHNL] KAPBLEPA

PacemoTpmm RpuBYIO pacmpesenienus sHaueHmH IPAHEYHOTO K03~
¢unmenta BexpemE (puc. 4.4, a). Ilpunatue B wagectne pacueTHOR
BOJUYWHN MATeMATHYECKOTO OMMAAHHA N,; CONDSKEHO € pPHCKOM
50%. B mpomecce pacueroB onacmo 3aBHIIATH BEAWIHHY 7,. Hosromy

68

H N, = R
Ji5 CHIGHEHHS DHCKA EY/KHO UPHHATH n,,; < nyy. 1pm ns 30

JICK PaBeH HYIIO. n
,T_[J?a caIy4asi HOPMAJBHOTO 3AKOHA pacmpeieJleHusa NOILy

R=0; Ty = Mg
R=23%; n,=ng(l+40);
R=159%; n,=ny(1+20); (4.17)
R=25%; Ny =Ny (1 + 30— E);
R=50%: n,=n,(14-30).

BpemeM BeIWUNHY OTHOCKTEJLHOrO MPHPAICHH TrpAHEYHOTO
koohUIEenHTa BCKPHIE (0O CPABHEHWIO C KO2PPHIUCHTOM  Tisg)

a

§, = 220 (4A8) fmy)

t N30

3uagenus §,, MONyYeHHHE
Ho rnAHHRIM Tabx. 4.1, mpu-
Befensl B TaGI. 4.3.

Onpeperenne pPar@oHAIb- o
HOTO YPOBHS DUCKA CBA3AHO  f[g)
¢ OIEHKOM BO3MO/RHBIX IO-
caencrBmit oT pucka. B raase 1
MEL TPUBOAHIYW  YPABHEHUSA
GYHKOUA HOJE3HOCTH B 3aBH- i
COMOCTH 0T KCHXOJOIHYECKIX 4, 4 4 4
Gaxropos. Puc. 4.4 Tpagur pacnpeneiiemnst Bos-

np]Z[MeHHTeJIBHO K paCC]\la— MOYRHLLX 3HA49CHHHU I‘p‘dHI/I‘IHOI‘O KOS(I)d(i)E
TPEBAEMOMY BONPOCY INOME3HO  pjresra BCRPEIIU ns (a) M CYMMBL &=
BBECTH B paccMoTpeHme QYHK-  ==ng - 7y (6)

uio I1 (8) onmacennsa nocueq-
g’rnm‘i 3(7B)6JIK‘IGH]Z[H pucka, KoTopag o0paTHa IO Sulﬁ:;}:; Kou;);;gg;
$yEKIUE MoaesHocTH. Torfa IpH OCTOPOKHOM OTHO

(4.19)
I,(0)=a(e®—1).
0() ( TaGnuma 4.3

KoadguiucHr RHaueHHe TPH pUCKe, %
o ero
OTHOggzenb- 4] 2,3 15,9 25 50
npupameHae
6,00
447 5,24 5,48 0
8 o 0.208 0416 0,482 0,623
t
28 4,88
Ln 7.53 6,41 5.59 3,
n0§ " 63 0,149 0,258 0,299 0,352
i
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IIpn poBHOM OTHOMEHUH

I, (8) =ad. (4.20)
Ilpr cmemom oTHOmEHUHT
@) =a(l—c), S (4.21)

Hblefglignn;{)(b%iﬁingg (8) mpm @ = 1,5 moxasaH ma puc. 4.5 (cmioni-
o -k O 62?)p CMeJIOM OTHOHIeHWH upTh Ha pmck 50%, T. e.
UPUHATE % = 0, (Touxa 3), To HOPMAINBHLE YPOBeHb (VHKIHE

a1 Oymer pasem [I, = 0,7. Ilpu pommom oTHomemmm §, =
= 0,47 (rouka 2), mpu ocroposraom 8, = 0,38 (Touxa I). HOJIV‘IGH‘;H)I—G
upr II, = 0,7 3HageHus rpa}mtmoro
Koa(QUIMeHTa BCKPHINE I PUBCIEHE
B 1abx. 4.4.

IlepefimemM K pPaccMOTPEHHIO CYMMBI
ny + ny = d, xpuBas pacupemeseHns
KOTOpOH moKaszaHa Ha puc. 4.4, 6.
B mpomecce pacueros omacHo 3aHE-
marb BenamumHy d. Ilostomy mas cam-
JReHUSA PHCKA MBI JOKHH NPMHIMATH
d, >d,. Hpu d = d, puck pasen
BIH GJIA30K K HYINO.

Bregem BenwdmHy OTHOCHTEIBLHOLO
CHIKCHHSI CYMMH d b

ey

10

a2 04 a6 d
Puc. 4.5. Tpadmr ¢ dy—d;
. VHEIITH 207 2!
OIIAaCCHUA IOCAENCTBHR YBeall- o = do ° (4'2‘2)
9eHHA TPAHHYHOTO KOIPPHIIH- 7
SHT : i
MHaHH) }i[%p:;mn (crorommpe . 3navenus §;, nodydeHable mo NaH-
Pt ® YMEHBIICHAA CYMMb  HBIM Tabx. 4.2, npusegeHs B Taba. 4.3
0 1 (IITPAXOBRIC JTHHTI) YUrobu mepediTm K nocm‘poém.m;
QyHKIUE onacenu s HocAenCTBRI pr
CKa
gg;i:;zﬁnMo paccMoTpeTh 3HaYeHHA Kod(dmumenTa Hpong puno’—
AR T];Ze a. B macrosmee Bpemsa HeT MeTO[0B OLIPEIEIEHHS 3TOFO
Kosg KOI;@;T& UPEMEHHTENIbHO K pPasiamyebM obvextaMm. Ilo cmbicay
orot 102l H?IHHGHT npencTaBisger coboll MeHy egUHWIE OTHOCHTEb-
‘ y eHNsl (CHW/KeHMA) BeNWIMHBL DPACCMATPHBAEMOr0 Iapa-

Tadamua 4.4

OTHOmenNe K
MCK n
DHCKY 5. R, % s o0 & R, ny +n,,
M3/ M3 v /e M3 /md

erpa 6. OueBmpHO, 9TO DTA MeHA PAaBIUIHA [ PASHEIX TapaMeTpoR .,
PaK KaK PA3IMIHBL DKOHOMHYECKME M ICHXOJrHIECKHIE HDOCHECTBUA
ymu6ox. MOpMATHHO BO3MOGKHBL [Ba OYTH ONPEACICHHA Ko3QPm-

UHeHTA .
1. Benmunna (yHKINE ONACEHHs DPH CMEIOM OTHOLICHUE K PHCKY

OPUHEMAETCSH OFUHAKOBOH. Torna mpm O¢ = 0,32 (cM. TabiI. 4.3)
gmeem I1, = 0,7. Orcroza mo popmyde (4.21) HasigeM, 9TO

0,7 5 o

-
=7 o-t.esz i

a

.

2. Ompepensercss KaKAM-TA60 METOOM (HampmMep, METOf SKCIepT-
Holl ONEHKH) OTHOCHTEJbHOE YBEeINIeHHE (cHWKeHUe) DEHH DHCKA
IpH YCTAHOBJIEHUR CYMMBL 7o < 72y L0 CPABHEHUIO © KospdummeH-
TOM N, KEcim, HApHEMED,

Y14 to @ = 1,5% fou /o

a

x1,4 = 2,1. Torpa Hop-
MaJabHHE ypoBeHEb QYHRIMY
omacemmsa OypneT PpasHLIM
IIIS PACCMATPHBAEMBIX IBYX
napaMmeTpoB.

Nua yroumenus A BTHX
BOLPOCOB HEOGXONUMEL §0JIb-
mue mecaefosanusa. B mep-
BOM D pHOIMKCHUE MBI IpH- - ] 4 g
HuMaeM [OepBLI# IyTh ompe-  Puc. 4.6. T'paduru pacupenereHs 3MavCHAR
neneHus rosdunuenta a, rpaHEnYHEOTO  KOd(@UIMeHTa  BCKPHINA I
r. e. a-— 2.37. Ipaduk I CYMMH ny -~ n; (2) A%A PYHHOTO Kapbepa
$ynunmu  [7 (8') moxaszaH
Ha pme. 4.5 (MTPHXOBHIC aumunm). IIpnm  cmedoM  OTHOMIEHHHA
g pucky m [I, = 0,7 (roina 8') mmeem & = 0,352. IIpw poBHOM
ormomennn K pucky Op = 0,3 (Toura 2) m mpH 0CTOPORHOM 8§, = 0,26
(rouxa ). lloaygennbie 3HAYCHUA CyMMBl o - By TPHBEJCHLL

B Taba. 4.4.

[lpnEEMaey pPoBHOE OTHOUICUHE K PHCKY. CoBMecTHELL rpaduk
pacnpefeTeHns yRA3anHHX BEIHINH IHOKASAH HA puc. 4.6. Ilpn
pucke 23,5% NPUHIMACM 72, == 5,44 m%/wm® (Toura By), a mpm pUCKe
16% npmEEMaeM n, - 1y = 9,27 m¥/M® (tToura Bj). Wa puc. 4.6
BUIHO, 4TO HpHHNWN (4.7) WpH TaKoM YypOBHE pucka 06e3yclI0BHO
BHILOJTHAETCH.

Ecam opHeHTIPOBAThCA HA CMeN0e OTHOUICHHE K DUCKY 50%,
O N, =6 W ng+ Ry = 4,88. B atom cayuae ray0uHA PYAHOTO

kapbepa Mosker OHTb Goiee 990 ». OnHAKO OpW HANWYHE B HIGKHeH

PP
/JU+/7,,//J,M/M

MaxcrMambabIii puck 0,63 )

h 6 50 6 0,352 S

Plggz(())tz 0,623 50 6 0,352 28 222
‘O croposruoe 8% %gg 2 058 1 e
OrcyreTBIie prcka O" 0 ;% 8&0 13 ?gg
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YyacTH Kapbepa 3amacos, pa3BeJaHHBIX IO Kareropuu Cz, cMeJI0e

OTHOTIEHUE K PHCKY BPAN 1

W ONPAaBJAHO.






§ 6. IOBTAIHAA OTPABOTKA KAPLEPHOT'O IIOJHA

Ouendb pacmpocTpaHeHHEM cIOCOGOM MOBHINENWS addekTHBIOCTH
pabor sBigeTca pasbuBra MECTODOMEHNS HA 049ePeNH pa3paGoTK.
JTHM JOCTHTAeTCH 3HAYMTENLHOC DACIIHPEHNC OBJACTH HAZEMHBIX
paGoT U yseawuenme riayGmHH Kapsepos. Ilpnm pasbuBKe Ha ouepex:
OOBINHO CTPEMATCA BRIIOYATH B IEPBYIO ogepenb paspaboTKH 3amach
PYAH, ofbeenedmBaromme paboTy RKaphepa B TedeHHe HODPMATHBHOTO
CPOXA AMOPTHSANUUH, A TAKie CHUBHTDH KOd(YPHUMERT BCRpHIM mep-
BOTO IepHofia PabOTHL W OTHECTH BHIEMKY 9ACTH BCKDBILIHBIX oopox
C mepBoro meproxa ma mocienyiomue. Ilo sToil mpoGieme mposenent:
UHTOpeCHHEe nccaefoBanusa. Haumbomee 3HAYMTENbHLIMEA W3 HUX
ABIATCS mecaenosanns B. C. Xoxpsaxosa ¥ ero YYeHuKOB [34, 48].
OcroBHaA wWmes 9THX HCCNETOBAHHA COCTOMT B OTHOCOHWH Ha Goiiee
OT/IANIEHHHH CPOK Hambolee TPYXHOTO (IO BRCILTYATAMORHBIM KO3~
dunmenTam BCKPHILK) mepHofa paboTH Kapbepa. lIpu sTom cumraercs,
UT0 34 CHeT YROHOMAM, MOYYEHHON B NEPBHIH NePHO/, MOKHO OKYIUTH
nepepacxonsl mociexyomux nepumofos. Ho, ecam raprep B maxom-To
U3 DePUOJOB HAYHET BLIJABATL DPYRAY IO HEHOMEDPHO BHICOKOM cefe-
CTOMMOCTH, BPSAA JH €My 3aYTyT DPaHEe NOJNYYEHHYIO BHICOKYIO MpH-
6np. OueBwpHO, GyZeT MOCTABIeH BOIPOC 0 IpeKpameHum paboT.
IlosTomy Becerma Bo Beex nepuofax TOMKHO coOJIIOfATBCA YCIOBHE

For = i (4.23)

Ho ectp omma ocoGemmocts mosrammoit OTpaboTRY, KOTOpas IOKa
IJIOX0 oTpaeHa B MeTojax pacuera. Hm ogma owepens kapnepa me
ROJKHA 0TPAGATHBATLCS [0 KOHIA. 3am0iro JO BTOTO HY;KHO HAYH-
HATb pasHOC BPeMeHHOro HepaGouero Gopra. Ilostomy mpm sxomomm-
JECKUX  pacdeTax HEIb3s OPHEHTHPOBATHLCA HA 3amachl owepener
NePBOH, BTOPOH W T. /., a CIEIyeT PaccMaTpPUBATE Iporece THHAMU-
JeCKH.

Pemnts sty mpo6aemy Bosmommo rpaQoaHaIHTHYECKAM MEeTO-
mom [5, 34). Cxema pasGmBrE KapbepHOro mOJA HA 3 aTalA MOKA3AHA
ma pue. 4.7, a, a mpomecc pasBUTHSA IOPHHIX paboT — Ha rpaduke
pysrnun H = f (T) (cm. pume. 4.7, 6). Ilommxemwe pgma Kapbepa
mzobpakaerca ma rpagure H = f (T) nunmeit Oa,a,a;. Cropocts
HOHMKEHNA XapaKTePU3yerTcA TAHT@HCOM YIia HAKIOHA DTOM JWHWI
k ocu T. Korna gHo kapbepa omycrures ma rayouny H{ B Touky a,
HAUMHACTCA (HOPMUDOBAHHE BpPEMEHHOro Hepabouero Gopra a,b
HepBoro arava (¢M. pmc. 4.7, 6, AuHna c'ay). llpw poctwsiiennnm mm
BLICOTH H'| HYX)HO HaumHATB pasHOC GopTa ("uBHA c@,), KOTOpHI
BaroHumMTCA Yepes IT'; Jer, m paGoumit GopT safiMeT MOMOREHME a,b,
YiKe B mpeiesax BTOPOro sTama oTpaGoTKH.

Hpopommurensrocrs ocranoskm 6opra (em. pue. 4.7, 6)

Tyy=T1—T1, romm. (4.24)
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— T ner ® ero
Ha pasmoc Gopra 0 TIyGHALI H, ocraerca T T

HY#KHO BECTH CO cpepHeil CKOPOCTLIO

Hy

= —, M/TOL,
hyy = T

oro HEpabo-
Ha BropoM drame oTpaboTKH dopMEpoBaHTE Bpeln}(?HHHa - ;Ei)m{e
gero 6opra a,b, HauHeTCA LIpH ray6uHe Kappepa If,.

ax

Hy

Pue. 4.7. Cxema passuTHs Kapbeépa B 3 osrana (a)
u rpadur Qymsmmr H = | () (6)

HO
a,. Pasmoc Gopra (IUHEA fa,) mHym®

23 14
utea sgunuei f
ey I KITeTHHOCTD OCTAHOBKE 60pTa

maanaaTh sepes 15 mer. lpomo
) . ‘
Ty Ty — T3, TORLL

TACT — T, ner @ ero
Ha pasmoc Gopra fio IJyOuHbL H, ocracrea Ty — T
HY/KHO BECTH CO cpeaHell CHOPOCTDIO
I[-) ey (4.27)‘
By = —— gy M/TO,L.
P2 T T._,
3afiMeT [OJO;KEHNe @yby IPH I‘le6@?
H;, pabounit 6opT BHiijier HA KOHETHBII
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Yepes T, aer paGounit 60pT
paGor H,. lipu riay6une Kaphepa






KOHTYp Kapbepa (1og ’
Ka by) m = .
6 . K agHercd $OpMHEPOBA
OpTa morameHnd @by (IWHWA qa, Ha rpa@m&g) POBAIIC xomeduoro

nenglg;:g; 1;%Iécq;:36;6'bemon padoT mo m3BecTHOH MeTo
e aBnamTc;n}ﬁi\me mapaMerpel pa6or. Becbma cepnesuoit
R ot o OPOCH BHOOPa PANMOHATLHON TEXHOIOINE
1O pasHOCY BPeMeHHOro Hepabodero Gopra

?

a TAKKe ero DKOHO
MHUIECKHEe aCOeKTHl
eIe cyelanbl mepBHe INATH. - B orou mampanmermn nowa

muxe [5] ompe-

03MOFKHYI0 CKOPOCTB

pasHoca BpeMe
MOKHO HHOTO Hepabou
NOfICIATATD 110 METONMKE, IPUBEJCHHON B paGIz)Te [gll“o Gopra

TaaBa O

OMPEAEJIEHAE TPAHNIY KOAIMBUHCKOT'O
AIATHTOBOTO KAPLEPA '

§ 1. OBOCHOBAHUE TEX HUKO-5 KOHOMNYECKHIX
HOKA3ATEJIEN '

[OpHO-TE0JOTHIeCKAe YCIOBUA MO3BOIAIOT IPOU3BOJATL BHEMKY
BLITEIEHHHX (OraThlX amaTHTOM PYAHBIX T [JIA MONYyYeHUA W3 HUX
ADATHTOBOI0 KOHIIEHTPaTa WM OZHOBPEMEHHOIO TMOJy9IeHHS AHATH-
ToBOTO ¥ HEeeJMHOBOTO KOHIEHTPATOB. BosMoskHa TaKKe orpaboTka
PYAHELX TeJl B BMEIAIOMUX I0POL BanoBEM crocobom. Ipu aToM 100H-
Tasg pyna OymeT copep:Karh rIaBHEIM o6pazom HedeJInH I B MeHbIIei
CTONEHE ANATAT. OKOHOMHYECKHWe IOKa3aTe/d paspabOTKH MeCTo-
posjienns OyIyT 3aBHCETh OT MPUHATOTO cmocofa paspaboTKE U CyM-
MapHON CTOMMOCTH IOJIYIAEMOTO CBIPBA. ['panmansie KodQPAIHEHTHE
BCKPHILE AJA KaKLOTO CIYyIad 6yayT pasiImIHBIMU.

BamoBas paspaboTka auamm-ne(beﬂnnmsoﬁ py/bl ¢ IPEmOIO KA~
renbEBIM KauecTBoM (comepsamme P05 X Al,0; paBHO COOTBET-
crsenao 10,14 m 16,49%) B Hacrosmee BPEMs He paccMaTpuBaercd,
raK KAK 3A0acH DYXH HE [JAHBI, KOHAWIUU /14 [ojCcUeTa 3amacosB.
He COCTaBIEHB, NOTPeOHOCTH HAPOJNHOTO xosaticTea B HedeawHe Maja
I COMIIKOM HUSKA TeHA He@eJImHoBOI0 KOHIEHTpaTa (B 4 pasa MeHbIIE
fieHbl ANaTHTOBOTO KoOHIIeHTpaTa). 1109TOMY PACCMATPUBACTCA TOLLKO
cmoco6 O0TpaBoTKE MeCTOPOKIEHHA C NEeIbIo HOJyYeHHs ANATHTA.

CymecTBeHHHM IpH SKOHOMEUECKOH OIEHKE W OKOHTYPHBAHUI
MECTODO/K/IeHIA ABIAETCA BOIPOC HCHOIH30BAHUA nobbBaeMod PYABL
IS TONyYeHHWs M3 pYAB Locie oforamenns TOIBKO AUATHTOBOTO
KOHI[eHTpaTa MJIN alaTHTOBOro 1 He(eIHHOBOI0 KOHIECHTPATOB. pu-
geyM TOCTeNHEEI IPeANoNaraeTcs IOAydaTh M3 XBOCTOB oborameans
amaTHTa 0e3 JOIOJHUTEJbHBIX 3aTpaT Ha no6Huy pymH Kak mede-
auEoBoro cupba. Caegyer oTMETHTD, 4TO norpebEOCTH B He(eITHOBOM
KOHI[EHTpATe, SBIAIOUINMCS BTOPOCTEHOHHLIM AMIOMHHAEBLIM CHPHEM,
orpanmiena. llomydeHne ero u3 XBOCTOB oGoramenns anaruta B 6and-
sraiimeit mepcHeKTHBe ciejyeT CYHTATDh HepaNEOHATbHEM HA KomMbu-

. gate «AmaTury. 1looroMy JAHHHH BapWaHT HE paccMaTpHEBAeTCsA .

[Ipm pacueTe MCXOAHEX JAHHBIX IO KoamBHHCKOMY MECTODOEHE-
HITIo TeXHIKO-9KOHOMITECKHEe IIOKA3ATeNH ONpeeIAilnch o aEaIoraM
B YKPYIHEHHEM pacderaM. AHAJOraMu HPH pACHETAX DpAHSATHL:

IUIA OTKPHITOTO CI0CoGa Pas3paboTHH MECTOPORACHIA — OpPOeKTHOE
3iaHme [0 Kapbepy (lenrpanpubiiy KoMOEHATA «ADATHTY;
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AN 060raTHTENBHOTO MPOIEcta — HPOEKTHOE 3TaHme mo (abpuke
AHOO®-1;

sl MOJ3eMHOro cmocoba paspaboTKH — INPOEKTHOe 3anaHie IIo
monszemMHOMY pPYRHEERY «Pacsymaopp-Ilmpksy.

GebecToumocTh To6GBIMH PyAB OTKPHTHM cmocoGom (6e3 moramenus
BCKPHIIHLIX pabor)

0,4-1,05 40,05 = 0,47 py6/r,

rge 0,4 — satpaTel Ha BhieMKy 1 T rOpHOI Macchl Mo aHaLoOry (kaprep
«llenTpanbHEIfY) ¢ yUETOM KOPPEKTHPOBKE HA PHXJAYI0 BCKDHIIY
A Goisee OiarompHATHHE KIAMATHIeCKHe yciosus, py6/r; 1,05 —
KooQPUIUeHT, YyIATHBAIOMMH AAIBHOCTb TPAHCIOPTHPOBAHUS TOpHOH
maccrt; 0,05 — 3aTpaTH Ha oCylIeHHe MECTODPORICHNA, TIPUX OFAMMNESCH
Ha 1 T pynm1, py6/T.

3arpaTh Ha paspaGOTKY BCKPHIUHBIX HOPOT

0,4-1,05=0,42 py6/r.
3aTpare Ha A00HMY DPYEH IOE3EMHHM CIOCO6OM
1,41-1,15.0,97 4 0,27-- 0,31 4+ 0,07 = 2,21 py6/,

rge 1,41 — sarpaTs Ha ZOGHYY pyAbl IO aHAIOTY (pyzuur «Pacsym-
qopp:[[np}{»), py6/1; 1,15 — ynopomaromuii Ko3@@uIEenHT, yIATHBA-
oy npuMenenue 6oxee Joporoi cueTeMbl Pa3zpaboTRE MO CPABHEHUIO
¢ amaxorom; 0,97 — Roosdduument, yunTHBAOMEE GOMBIIYI0 TPOU3-
BOJZUTEJNbHOCTh [0 CPABHEHWIO ¢ NPOM3BOJAHUTEIBHOCTHH) W0 AHAIOLY;
0,07 — sremIyaranMoOHHBIE 3aTPATH HA OCYIIEHHe, IPHXOXALNIHECH
Ha 1 T pymet, py6; 0,27 — sarparst Ha mogbem 1 T PYHH 1o AHAIOIY
(pymEEK M. KHpoBa) ¢ KOPPEKTHPOBKOM HA MEHLINWI 06beM M0GHMH,
py6; 0,31 — saTpaTs Ha mepeBosky 1 T pymH ma paccTosmme 4,5 KM
(ot cTBOMA RO OboraTHTENBHON PAGPWKE), WCXONA W3 3aTpar HA 1 THM
6,8 rou., pyo.

CpaBruTenbHble KaNATAaIbHbE 3aTPATH OPH OTKPHTOM ¥ IIOI3eM-
HoM cmocobax mno HoallBHHCKOMY MeCTODOSKIEHMIO IIDHBECHH

B Tada. 5.1.
Tacauma 5.1
3arpartel, Mal. pyo6.
OOBCKTHE
OTRPHITHI IIon3eMHBIi

crnocoo croco6

Pypawmw . . . . . . e e e e e e .. 478 35.1
OGoratureabHas QGabpuwa . . . . . . . . . . 51,7 499
O0mexoMOuHATCKAE OOXW . . . . . e e 129 11

Bruemnmne oGberrst (3.-1. IIyTh, aBTOXOpOTA, '
JB mwr. ) ... 19 12,3
Nroro . . . 1314 108,4

76

TaGauua 5.2

HanMenonaHme Ioxasareneil

Hapsepsl

«IleHTpaldh-
HEIT»

«ATIaTNTOBHIIL
IMnpx»

«HoamBiH-
CcCRuit»

CebecToMMOCTE ¢ PYABI, HAOOGHTOM ITOM-
3eMHBIM cnocoGoM, pyG/T (py6/m3)
CeGecromMocTs b pymbl, JOOHTOH
OTEPHITEIM Ci10C0OG0M (63 moTamennst
BCKpHLIHLIX pabor), py6/r (py6/m3)
CpenensBenieHHEe 3aTpaThl ¢ Ha yaa-
JdeAme BCKPHIIHBIX JIOPOX B IEPHOJ
HOPMAJNBHON ®KCITyaramyn, py6/T
(py6/m3)
3aTpaTthl ¢g HA O0OTallicHHE IIepemena
TOJe3HOTO HCKOIAaeMOro, moOHTOTO
OA3eMHBIM ¢110coGoM, pyo6/T
(pyG/M3) . . . . ...
3arparsl ¢ Ha oforaileHwe pyabt, 10-
OBITOII OTL PBITBIM cIocoGoM, pyo6/T
(PyG/M3) . . .. ..
BsIxog KoHmeHTpara Yy {pH Ilepepa-
GoTke pymH, AOGHTON IIOA3eMHBIM
cuocofom, %
BHxon woHIEHTPAaTa Yo HpU Iiepepa-
Gorie pynel, H0GHTON OTHEPHITHM
crocofoM, %
Kangranpmble 3aTpaTe k, Ha XOOHTY
Pymsl  upi  IIOE3CMHOM  CIocobe,
pyo/T (py6/M3) . . .. . ... .
KanuraaLEbE 3aTPaThl kp Ha (OOHIYY
PYABL IIpu OTKPHITOM crocobe (0es
yuera BCKpHLIMHEIX paGoT), pyod/T

(py6/M3) . . . . oo
Kanmranspune 3aTparhl k. Ha ypate-

HUe H3 Kapbepa BCKPHIUIHEIX IIOPOX,

py6/r (pyd/M3)
KanmraauHBe 3aTpatel k; Ha oGora-
meHne pyLb, TOGHITOM IIO/3EMHLIM
cnocoboMm, py6/T (py6/m3) .
Kanuraasune sarparsl kg Ha ofora-
meEne pPyas, Ko6BTON OTRPHITHIM
cmocoGoM, py6/T (pyos/m3) .
OGBeMubIdl BeC pyabl, /M3 .
To ’Ke, BCKPBIIHBIX ITOPOX, T/M3

0,49 (1,42)

0,47 (1,32)

1,20 (3,48)

2,46 (7,15)

1,11 (312)

0,83 (2,41)

0,55 (1,54)

1,20 (3,48)

441

245 (74)

1,59 (4,45)

2,21 (6,6)

0,47 (1,41)

0,42 (1,18)

1,42 (4,25)
1,38 (4.13)
39.6

431

’

5.4 (16.1)

1,5 (4,49)
1,49 (4,16)
7,68 (22,9)

7,39 (22,1)
295
2.8

CpaBHHUTENbHLE ¢ AHATIOTAME HOKABATeNH ce6eCTOMMOCTH W y/eb-
HHIX KAOHTAJLHBIX 3aTpar, NPWHATHE 1A pacdeToB TI'DAHHUHOIO
kosddumimenta BCKpbiuE HoamBHHCKOro Kaphepa, NPHUBETEHEl
B Ta6x. 5.2. Ocrambabe BXogAMue B pacueThl IMOKA3ATEIM DPHHATH
M0 JAHHBIM TI'€0JIOIMYeCKOro 0TCYeTa, NPOEKTa KOHNUIUWHA H HOPM
IpoeKTHpoBaHAA I'HIpPOpPY/AE, 4 TAKKe NPEHCKYPAHTOB HAa AHaTHTO-
BHH KOHIGHTPAT M XMMAYECKYI0 HPOAYKIHIO HA ero OCHOBE.
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§ 2. ONPEAEJIEHUE TPAHNYHOTO KOBDOUUMEHTA
BCHRPBIIIN HA OCHOBE CPABHEHNSA OTKPBITOTO
N HOJA3EMHOIO CHOCOBOB PA3PABOTKH

Hambonee npocTo rpaHANE Kapsepa yCTaHABIRBAIOTCA II0 IPAHMI-
HOMY KO3()QUIMEeHTY 7, BCKPHINK, oNPefesIeMOMY U3 YCIOBUA PaBeH-
cTBa cebecTomMOCTH fo0HuyM 1 T Pymbl UPH HA3EMHOM ¥ IONBEMHOM
cnocobax paspaborku,

n,= ; (5.1)

2,21—0,47

WA e=4,15 a/r, wim 4,37 M3/h13.

n,=

Ycaosunie o6o3HaueHnd B popmyde (5.1) 1 sHaYeHHA HoKasaTeek
OpHEBeJEHH B Tabx. 5.2,

C yyeroM HepaBeHcrBa 3arpaT Ha uepepaGoTHyY B KOHIEHTPAT
1 v pyas, gob6rTOR NoN3eMHEM H OTKDPHITEIM cuocofamMn, TpaRTIRHIE
K09(pOUIHEHT BCKPHIINA ONPEReIAeTCA M0 BH Pa;KeHHI0

Yo (aten)—(bico) .
o Ny p ; (5-2)
i‘gé [(2,21 4 1,42) — (0,47 4 1,38)] ‘
3 r =4
7, = = 1/ wan 5,25 m3/M3,

0,42

TI'pasmausii Ko3(QQuImeHET BCKPHINE LPH CPABHEHHWH 3aTpPAT Ha
nepepaborky B KoHumeHTpaT {1 T pymel (¢ yueTom 3ddexTuBHOCTH
KAIOATAJABHBIX 3aTPAaT) ompepeasdercs o Qopmyte, IpemsioKeHHOR
T'aupopypoii, :

% (e+Ffha—cnrThy)—(b--Tkn - co-!'-Tko)

e} 5.5
n, T ; (5.3)
431, -
396 [(2,21+-0,10 - 5,4-+1,424-0,10 - 7,68) —
 —(0,47-+0,10-1,5-4-1,38--0,10-7.39)| _ , .
n,=— 073 1010 1,99 = 4,67 T/7 B
4.9 m3/M3,
rge [ = 0,1, — HOPMATHBHEIA Ko3(QPUIEEHT >PPEKTABHOCTH KAUH-

TAIBHHX 3aTPAT JJI8 XOMHIECKOHR NPOMBIIIEHEHOCTH.
Roadpdunuenr n, ompemenserca ms yc/loBUsA paBeHCTBA NpubHIT
I pPA IOB3eMHOM M OTRPHTOM cuocobax [5]

o= {1 (L= 03 ol — (b - dg)l— 5

X [oe (1 — pi) oLl — (2" + dn)l}. L (5.4
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rie o — cojiepskaHEe (DO Macce) DTOJNEe3HOIo KOMIIOHEHTa (P,05)
B mcxopmmEoil pyme (o = 20,02), %; p¢ B p; — Koa(PUIEEHTE Kade-
CTBEHHOT0 pPa3yboHBAHHS DPyHEl COOTBETCTBEHHO NPH OTKPHITOM
¥ Iof3eMHOM cHocobax;

a—0g]  20,02—16,73

Po="4"="20,02 0,16; o
,  G—og o 20,02—16,4 )
pn = o - 20’02 - 07181

d, = 16,73 7 d; = 16,4 — comepsxaHme (IO Macce) HONE3HOTO KOM-
noHeHTa B OGHTON PyIe COOTBETCTBEHHO P OTKPHITOM W LO[B3EMHOM
cuocobax, %; €,  €&; — HBBIETCHNE P,0; ®m3 pymel, pmoGmToil mpm

OTKPHTOM H Woj3eMHOM cmocobax (#a kombmHATe «AmatuTy €, =

— ko3 pUnEenTH

} 1—No 1——'Yln
= en = 935), %; A, =q—p> B Av=—

TIepexofia OT IeoJOTrMIeCKHX 3aIacoB K IKCINIYyATd MUOHHEIM COOTBET-
.CTBOHHO HpPHE OTKPHTOM H IofzeMHOM cumocobax; m, = 0,04 m 1, =
= 0,1 — x03QPHUMEHTH HKCIOAYATAAOHHEX IOTEPH PYAE COOTBET-
CTBEHHO IpH OTKPHTOM W mojidemHOM cmocobax; p, = 0,04 7 p, =
= 0,10 — xosdPummenTH 06HEMEOI0 PasybosKUBAHAA PYABL COOTBET-
CTBEHHO IPH OTKPHTOM W HOJ3EMHOM cIoco0ax;

1—0.04 4. 1040 _ 4 na. Do 4 0n.
Bo= 1—0,04 L Ae= 1—0,15 1,06; Ay 1,06;
a @ b’ — cebectommocTh 1 T PyALl COOTBETCTBOHHO IpPH NOA3EMHOM

7_oTKpHTOM cuocobax, pyo; d, m d, — saTpaTsl Ha TPAaHCHOPTHPO-
BaHme W IepepaboTKy pyHbl COOTBETCTBEHHO HPH OTKPHTOM H HOJ-

. 3emHOM cmocobax, py6/T. ,

TocKoxbKy 3aTpaTsl Ha TPAHCIODPTAPOBAHWE BKIIOYEHH B ceGe-
CTOIMOCTE PYOs Ppamro-Pabpura, ompenersem:

(b +d))=b+co=0,47+1,38=1,85 py6/r;
(@ +d)=atcy=2,2141,48=3,63 py6/rs

3mauenus a, b, ¢, w ¢, B3ATH u3 Tabx. 5.2. IJ, m IJ,, — onromas
nena 1 T P,O; B xonuenTpare (¢ copepskanmem 39,4%) ompepensercs,
W|CXOmA W3 ONTOBOM IeHH Ha ANaTHTOBHIA KOHIEHTPAT

[

14,8
304 = 37,6 pyo/T,

rae 14,8 — omTuyckmas meHa 1 T KOHIEHTpaTa, pyo.

Tak KaKk KauecTBO KOHIEHTpPATa W3 pPYME, HKOOHTOH OTKPHITHM
¥ Tof3eMHEIM clocofamu, opunHaKoBo, upmHEmMaem I, = IJ, =
= 37,6 py6/r.
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TlopcraBusaa 3H :
aueHNs OPHHATEIX IOKAa3aTenei
HOJTYyIHM P saréneit B dopmyny (5.4),

1
n, =575~ {10,20 (1—0,16) 0,935 - 37,6 —1,85] — 1,06
10,20 (1—0,18) 0,935 - 37,6 —3,63]} = 4,26 /7, mm 4,5 m3/m®.

§ 3. TOIIPEJIEJIEHIu/IE TPAHUYHOTO RO3GOUIUEHTA BCHRPBIITH
o ,SOHYC"IU’I/IMOM CEBECTOUMOCTHA PYJIbI C YUETOM
OTOYCHKHOM TIEHBI HA AMNATHTOBBIA HKOHHIEHTPAT

cnglnoE 3TOMy HPHHIHUUY ROSQ)Q)EUILEBHT BCKPHIOIA oOLpenesigerca us
y : H/l paBeHCTBA pmomycTEMoM u QarTHuecKodl cebectommocTn
mobuiam 1 T pymsl Ha Kapsepe [5, 10]

n, -— . b
? ’ (5.5)

¢

. Jouycrumas ceGecTomMOCTh FOOBYE PYAHL ¢, B 3TOM CJydae oupe-
(I}[qﬂ'HETCH ¢ yd4eToM OTOYCKHOM IEeHEl HA TOBAPHYI0 NPORYKIMIO W pac-
¢ EeI‘BIBaETCH gepes3 OLyCTAMYH cebGecTOmMOCTh KOHIEHTPATa ¢4

) ) .K»

cll:VKCJJ.K—(.fp+ tp)7 (5.6)

rie Y, — BHIXOJ KOHIEHTpaTa u3 1 T moOuTOR
PYHBI = 43,1), %;
f, — sarpatst Ha oboramerue pyas (f, = 1,38) p(;rvg/'r; ; —)~ 3/0a’
TPATH HA TPAHCILOPTEPOBAHEE PYIH OT Ka bepa 1 r i
)
@aﬁgm«n, ey psepa 1o oboraruresbHOR
aK KAaK 3aTpaThl Ha TPAHCIODPTHPOBAHKE BKJIIOUE
HH B cebecto-
mMocTh pobwam 1 T pyns gpaEro-gabpura (0,47 py6/r), opmenTupo-
f{(é‘;ﬂble 32TpaTH a TpaH%nopTI/IpOBaHI/Ie ompeneIuM Kark PasHocTh
say cebecrommocTbio nobeay 1 T pynH # saTparaM
1 T BCKPHIIHHX HOPOX, T. €. P b o R

t, = 0,47—0,42=0,05 py6/r.

Houycrumas ceGecTouMoCTh KOHIEHT
paTta ¢ y4eroM OKyIaen
Kanmralabusix saTpar [5, 10] Y yracHoT

i Ky
Can=H—z7 ; (5.7)

H

o ()
i=1

rje Il — mema Ha anarmroBHE koHmesrpar (L] = 14,8), py6/T;
K, — obheM KanuTaJbHHX 3aTPaT Ha CTPOHTENHCTBO Kaprzep’a vy =
= 131,4), mam. py6.; A,, — mIaEEpyeMas npomBonnTenLch'rL
Kaphepa Mo amaTHTOBOMY KOHIEHTPATy (Ac; = 3), mam. t/rof; T, —
HOPMATHBHELL CPOK oxymaemocTs KamuTaxbHeiXx sarpat (7 ' H10)

] ?
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TOMHI;

= 0,1 — HOpPMATHBHBIA roadpdummenT 3PPeKTHBHOCTH Kallll-
TaJpHEHX 3aTPart;

§=1+4+f=11

Torma
=148 —

— 131,4 : =8,32 py6/T;
S ()

¢y —0,431-8,32— (1,38 +0,05) = 2,15 py/m;

Cn

2.15-0,47 _ 1,68 _, s 3
n= S gm T 0A 4,00 T/T, WA 4,22 Mm%,

3paueHus TI'PAHMYHBIX K00(PUIEEHTOB BCK PHIIIT, ToICIATAHHELE
¢ y9eToM  PasIHmIHBIX sroHOMHIECKIX ~ (PaKTOpoB, IPHBEICHbI

B Taba. 5.3.
TaGauia 5.3

MeTo acueTa Ry MeTonx pacdeTa ey
nop M3 /M? p M? /M

Ha ocHOBe CpaBHEHU 3arpart

MocTu moObiTH 1 T PYHARl MO~ ¢ yaeroM QPeRTHBHOCTH Ka-

3eMHEIM H HAa3eMHBIM CIIOCO- n@TaJbLHEHX 3aTpar . . . - - 49
GaMU . . . . e e e e . 437 || Ha ocHOBE monyeTnMoR cebe-

Ha ocmEoBe paBeHcTBAa 3aTpat cTomMocT mobnam 1 T pyAp,
ga pofH49y W nepepaboTKy paccumraEmoii ¢ yderoM oI~
{4 g pyas Upu IJOA3EMHOM TOBOl TYCHH Ha KOHICHTDAT 4,22

7 OTKpHTOM cmocofax . . . 529

Ha ocmoBe paBemcrsa cefecToli-

Kag m3BecTHO, OTIYCKHAd IieHa Ha amaTHTOBHIM KOHIEHTPAT
H3MEHAETCH BO BPEMEHH W He ABIAETCH copepmierHoil. IfoTomMy paceTst
mo popmyiam (5.4) u (5.5) HeNB3A UPHBHATH CAMBIMH HaJe/RHBIMH.
Ham6oabiTeii HATE/KHOCTHI0 OTIHYAIOTCA pacteTsl Ha 0CHOBE CPaBHE-
Hus 3aTpPaT UPH MOJ3EMHOM H HA3CMHOM cnocobax. YUmUTHBAg 3TO,
UpHEEMaeM INA panbHemuX pPacueToB rpaHHYHEA Ko3(QUITenT
pexpemm 5 M%/MP. OTKIOHEHUS noJdydeHHEX HaMH 3HAQYEHUN 7N,
(cM. Tabx. 5.3) oT UPHHATOTO SHAYEHHA COCTABIAIOT OT +O 0 —15%,
YTO CBHIETENLCTBYET 0 JOCTATOUHOH CXOMUMOCTH UOJYYEHHBX JAHHBIX.

§ 4. BBIBOP METOJA ONPENEJEHHA TPAHUL KAPBEPA

Kax m3BecTHO, OTMpefeleHue TPAHUI] Kaphepa Ha oCHOBe IIDHH-
§uma n, = ny -+ 1 MOMeT oCymeCTBIATLCA aHATATAYECKEM METOOM,
MeTOOM BAaPHAHTOB I METOZOM HCIONb30BAHUA [HOIyCTEMOr0 CPeHero
rRoo(¢AIEeRTa BCKPBIIH [51.

AnainTHUecKHi MeTON ompemeneHud KOHEUYHOH rAyGumHH Kaphepa
pazpaboral TOJBKO LA MeCTOPORIeHH npocrefimei opMel, K TACTY
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Koropuix HoamBumcroe MecTopossmenne we otHOocHTCA. Meton Bapuan-
TOB UPMMEHUM JIA PYAHHX TeJ I060# OpMEI, HO OH OYEHD TpPYIO-
emMkuid. MeTonm mcmosnb3oBaHEA HOIYCTHMOTO cpegHero Kosdguuumenra
BCKPBIINHE 7., 5 ABIACTCH CAMBIM WPOCTEIM W J(OCTATOUHO HANEHKHBIM.
B ocmose sToro meroma gemmr ypasmerme (4.14). Bxopamuit B sro
ypaBHenme Kodduument A oxasplBaeT CHIBHOC BiANAHKE HA BeTH-
9AHY Ry 5. OH 3aBHCHT OT GOPMHI PYNHOTO Tela, ero MOTIHOCTH,
YIia OmajoHHA, II0 CPABHUTEIHHO MANO 3aBHCHT OT TIYGHHB MECTO-

posiieHus.

§ o. OHPEJALJEHHUE HOHNYCTHUMOTO CPEIHETO
KO9QOUIIUEHTA BCKPBIIIHN

Hopsanox pacueror npum ompegenenun ray6unn Kaphepa To dToMy
METOAY PAacCMOTPeH B riase 4.

YumreiBas cioxHOe cTpoeHme sadem: HoamBmmcxoro MeCcTopo-
JKOCHHHA, GBIO DemeHo WOCTPOUTSH rpaduru V = f (P) u onpemennrs
KOD(PUIMEHTH A M | 0 HECKONBKEM MOMEPEYHSIM paspesam ¢ npeu-
HoxaraeéMboiM KOHTYypoM Kapbepa (paspesst VI, VII, VIIIA, VIII,

Pue. 5.1. Honepeunsiit pazpes Kapbepa

X4). Ha puc. 5.1 moxasan oxue u3 paspeson, Ha KoTopoM mHanboice
ABHO BHIPAKEHH O0COGEHHOCTH CTPOCHHA 3a/1€KH B XapaKTepPHLIX
ydacTRax MeCTOpO:ICHNUsA. [luf 3THX DaspezoB ¢ OPHEHTHPOBOUHLIM
KOHTYPOM Kaphepa Gsiim mocTpoens: rpagunu V = f (P) (puc. 9.2)
TP HanpaBJAeHUAX YIIyOKH, ONPeNCdeHHBIX IO METOHLY, M3JI0;KeH-
gomy B raase 3. Ilpw arom 6euim pacemorperir 2 Bapmamra orpaboTRA
MECTOPOIKICHIA:

¢ MUHUMAJbHBIME pabouuMu miomagkamu B, ;. = 52 M (TpuHsATO
0 HOpPMaM TeXHOJOTHIECKOTr0 TPOCKTHPOBAHMSA);

¢ MAKCUMAIBHEIMY PabOuYMME WToMagKaMi, 00yCI0BICHIBIMA TO-
clofuoil oTpaboTroil.
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i oOsemMa mopox V
2. T'padrr wn3MeHEHUs HapaCTalomer‘o 2
ﬁzl(gﬁfema p)?;(g P gas nonepeyHOro paspesa Kapnepa (em. puc. 5.1)

Th
JlaA moNydeHHs 3HAUCHHE A @ p HeoOXoxAMO 61;1):1%1{0;?(;?:033;?157_
en
5y HIIA O OPOH3BECTH YCP
eqanil KodPPUIMEHT BCKP  oxeny-
(;'Ir)ainonﬂmx q)lcoaq)qmnneHTOB BCKPHIIE IO HEePHOJAM paai%nEOHHEI -
epa [5]. Ilpamas mepBoro IepHOIA pa650;1;1 cp H?\Z;C:;HZB) morr
eM. puc. 5.2, U

WOACHTOM BCKDBIIE 70y . eract

ﬁgag?n ]z‘)p;ul/lHaT otpesok OA, T. e. HeoGxonuMbi 00'beM IOPHO-KA
ApHEEX padot V. » -
" s oxll)pep;enelmﬂ [OTTyCTAMOTO CPETHEro ho:«)@tbnunem;o;cxg)wm
ACCMATPEBACTCA IEPHOT ¢ CAMBIM HAIPAKCHHEIM pe'ﬁmmm]a ,
11‘) . ¢ HAmGOTBIIAM YCPEHEHHIM KOOQPUIUeHTOM BCKD N
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Tad £
abamna 5.4 Mexay YCPeHCHHHM OKCIIYATAMOHHEIM K03QPUIECHTOM Ak~

Omersa @=14°407 =00 goro mepmoiia PaboTsl 7, CPEHEM Nlep T TOPBOHATAIBHEIM g Ko3¢-
ropmsor- HamepeHnan THOMAnD, u° JmmenTaMI BCKPEIIE CymecTByeT B3aUMOCBASE
s M 3MepeHHaA NIoMazh, M? n, = A; (n o n ) (5 8)
obman 10 Topone 0 pyze p i i Ve WA .
obmax | mo mopone | o pyme rae A, — Ko3QHuIUeHT HepaBHOMEPHOCTH [pOM3BOJCTBA BCKPLIITHEIX
305 7300 7300 pabor JHis i-ro Hepuona paboTE Kapbhepa; (nep — n,) — cpenne-
275 20 820 19700 — 31 350 31 350 . axcnnyafraunonﬂmﬁ KoaPuimerT  BCKPHIIHA 3a Bech IEpHOH
%g 41020 37 390 §%§8 (5%1) %8 49 620 1500 paGorH Kapbepa, M3 Mo,
185 gg 828 75200 6760 85 640 67)2 géo 4260 ‘ Pemmp BHpaKeHNE (5.8) OTHOCUTEAbHO A W CTeJIaB COOTBETCTBY-
155 99 220 ;g (1)90 9920 100270 87 738 1; éﬁo jomze TOACTAHOBKH, HAXOIIM ero sHagenme. JLaHHBLE, IOIYTCHHELE
125 104 400 9 958 14200 113 180 95 240 17 940 g3 rTpaduKoB H paccydmTaHHEE IO BEIIIEN PABEIEHHEIM dopMynaM,
255, 128 360 106 440 %i} 35238 gg 350 103 670 20 688 npuBeeHE B raba. 9.0.
3% ﬁ)g ébO 111 240 23920 144 238 }%1 830 21 880 3uaueHHe TPAHEYHOTO xoopmmmenTa BCKPHIIIT OPEHATO N5 =
5 151 438 i;f '{'20 27 160 147 690 11{7} 358 34 120 = 5 m3/mM3. Jiusa moINyueHHOTO aHAUeHTA Tep, x = 2,19 M3/M3 OBLIT
21100 30 380 151 480 121 100 3(7) ;;8 onpefeaeHnl IpPAHANBEL Kappepa ga Bcex 10 monepevHBIX paspesax.

§ 6. OKOHTYPHUBAHUE KAPLEPA

B co0TBETCTBHA C I‘OpHO-I‘BOJIOI‘E‘IeCKEME yCJIOBEHME n @EBEKO-

TaGrwma 5.5 MeXAHWIECKAMIA cpoitcreamm mopoy HoamBAHCKOTO MECTOPOMAECHAS

o Tomepeuntie paspess yros moramieHus GopToB Kaphepa B KOHETHOM HOJOKEHAH OBLI MPH-
Koabdunnentst gar 50, 48 m 45° mpH raybure Kaphepa 120, 240 m 300 M coOTBET-
VI VII VIIA VIt l <A subemne creenmo. lllmpuHA JiHa Kapbepa mpHEEMazach He MEHee 30 m. Oxon-

< TypuBaHme Kaphepa Ha Kasi oM TOIEepedHoM paspese IPOU3BOTHIOCH

ncpi:TK 2 63 198 497 . METOOM II0CHeoBATeNhHbIX mpubNHKReHNT. B KoHTypax Kapbepa
o ’ ’ 2 3,57 2,78 3.59 [epBOro HPHGIIICHIA samepAnEcH 00meMbl DPYAE 1 BCKPHIIHBLX

no v g mopoy,_E BEMUCIANCA CPelHuy KoohdUNmenT BCKPHIIL. Ecam moc-
P 0 0,4 0.32 025 0.32 menEEi He cOBHAmAI CO cpeHegoNuyCTIMEIM, TO JHO Kapbepa OIyCKa-

' 0,26 Jloch WM TOFHUMAJIOCH B COOTBETCTRAN ¢ PAI(MOHAJHHSIM HAPABIC-

gmem yray6rm. 1Ipm paBeHCTBE k03 UIMEHTOB TPAHTILE! CUMTAJNCDH

Ne 3= Rep—HR B
P 2,63 3,58 4.60 3.32 246 333 yCTaHOBICHHBHIMI.
’ Tlocae HAHECeHHA KOHTypa Kaphepa Ha BCe IIOTIEPEYHEE Paspestl

ny 6,11 6,72 73 ~ 34 OTMETKE [HA IO KKAOMY paspesy OBLIM HAHOCEHH HA TPOIOIBHEIA
o 3,82 16,26 paspes. B pesyabTare HIBeNUPOBKE JHA Kapbepa yueToM TPaHC-

L N 5 22 HOPTHHX orpaRuYeHu, KkoHQUIypPAEA PyjHbIX Tel W KOJNOKEHHA
Rep— Mg 404 1.88 1,57 2,21 1,55 1 7HA HA COCEHEX paspesax LM MOTyYeHH OTMETKH HIDKHEX IODI-
’ ' 88 sonTOB Kapbepa. Iipome TOro, fEini TONYYeHEl OTMETKHE IPOME:y-

0.00 o1 0.06 TOUHHX ILIOMAOK 35, 50, 110 = 140 m. @opma gHA Kaphepa 6r1Ia
' : 0.07 0,12 0.07 ompefenena A 0TMETOK 920 u 35 M HCXOAA ¥3 Kongurypamuy pyHbEX

Texl HA COOTBETCTBYIOMAX IOrOPU3OHTHEIX MJIaHax. Jlansaeiimee
ep. & 2,16 2,8 395 5 59 e mocTpoeHme INIaHa Kaphepa Ha KOHET, 0TPafOTKA BEIOCH UEpes 30 m
’ - 338 | 275 ¢ yderom Konpurypamum 1HA p yria TafeHEs 3aAeKI. Nemaunit

OTkIOHEBHS  OT GopT xapbepa B OCHOBHOM copmamaer ¢ JIeRAIAM GoKOM BaNEHIH,
CpepEero 3Eave- ‘ TaK KaK HA OOJBIIEHCTBE Pa3pesos yroit pafieHHA PYAHEIX Tel MEHDIIE
BOA nep. g % | —214 | +1.8 1182 iy N yria oTKoCa YCTORYMBOTO GopTa Kaphepa. Bresunmit GopT HapoCHICA
s : , 1229 0 B COOTBETCTBHH C UPHHATHIME yriaMg 1o yCAOBHIO yCTONYMBOCTH.
\ C mnoxydeHHOro IIaHA Kapbepa Ha Komer oTpaGorkn (pHC. 5.3)
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nososkenne GOPTOB lepeHeceHo HA MOLEPEYHEIe paspessl. llocme uero
KOHTYP Kapbepa B IVIaHe W HA Paspe3ax OKOHUATENbHO KOPPEKTHPO-
Banca. IlpmasaTsie pasmepn
Kapbepa: [JIWHA IOBEPXY
2200 M, mmpmma moBepxy
800 M, roy6mma mo 3aMK-
HYTOMY KOHTYDPYy 260 w,
riy6uHa ¢ yueToM Harop-
Ho#t vactm 480 M. B rpanm-
Iax Kapbepa o0beM pyIH,
BCKDBIIHHX IIOPOX @ TOpP-
HOA MAaccH COCTaBHI GOOT-
BeTcTBeHHO 31,52, 106,43
u 138 wmau. m®. Cpegamit
Koa¢puueHTt BCKPBIITH
3,38 m3/M3,

3aTeM AIA BCEro Kaphe-
Pa Ha OCHOBE TOTOPHB0HT-
HEIX ITaHOB GBI HOCTPOeH
rpapu V = f (P) m ompe-
HelleHbl yCpenHeHHHIC 3HA-
9eHUSA Ko3pduumenton
BCKpHmE (pme. 5.4). Us
rpapuka V = f (P) Bugro,
4To Koapdunuent A = 1,38,
a nov@dumment p = 0,1,
T. €. IepPBHH# yMeHbLIKICH,
a BTOpOi yBeamumiIcs To
CPAaBHEHHIO ¢ TPHEHEMAB-
WHMHECA A OUpeeeHnA
TpaHuII.

B pesyamsrare yepen-
HEHHA JKCIITYATAIHOHHOTO
Kodddumuenta BCKDBOLH
(ny = 4,22) no uepmopam
IJIA BCETO Kapbhepa yBend-
9micA 00beM TrOpHO-Kamm-
TAIBHHIX pabor ¢ 6 gno
10,4 mau. m3. Ha atom ke
OCHOBAHUK  CPETHEIKCTLIY-
ATAUUOHHEIT KOdQAMEeHT
BCK PBIIITI YMEHbINUICH
¢ 3,33 mo 3,05 m3/m3, a me-
PBOHAYANBHNEA  Ko3ddunn-
enT ysenmumica ¢ 0,26 o
0,33 M3/m3.

Cpemruit  ®osdpdumment
BCKDHINK 110  Kaphepy

Pme. 5.3. Tlnam rapbepa ma noHer 0TpaboTRI (IMTPHX-IYHKTHPHOH NHHIeH mokazaHa cxema BCKPHITIA)

3,38 m?/mM3. OTRIOHEHHE
OPUMEHSABIIET0CH I

or cpegmemorycrEMoro (2,75 MS/Mj),
pH OUpPEJeNeHAN TI'PAHMI, COCTABIACT +22,9%.

i i CHPEIIIHA ACCUMTAHIBINA
JlomwycTAMBIH CpeHAM K03QYEOACHT BCKD , P

mo Qopmyie (4.14) Ha oCHOBE HOJNYIEHHHX [IAHHHIX,

5 = 3,73 m3/m3
Tep. = 71,38-0,10 (1,38—1)

IIpm sTom omubKa

33837 100=—9,4%.
o<

CyMMa mepBOHAYAIBHOIO I Hanboabliero yCPeTHEBHOTO JKCILIY-

aTallnoOHHOTO H()Bil)(l)[/]”ﬂeﬂ]“B B III)EHHIB]X lpaﬂﬂllaX n n, =
0 1
’3 ? ? / ? 3 =

= n, + n.
Y moic m® .
B Ji W
— b= 2
120 ,
1.
715 me )
s S
B A CIEn)
9 s
AV
Ji7 !
U " Vi 2 snvie m7
Puc. 5.4. I'padux Qywxnmm V= f (P)
OTHoCHUTENLHOE OTKJIOHEHHE OT TPAHUYIHOTO KodQdpuiEenta

BCOKPHIIE, TIPUHMMABINEroCA 1A OKOHTYPUBAHUA,
(rot-m)—ns (0= 4’555‘5 100 = —9%.

ns

Ecam yuecrs CIHOMRHYIO CTPYKTYDPY HoamBuHCKOTO MGCTO[;(;}(I)\I[;:
BOA, MONYYCHHBE PesyIbTAaThl MOKHO CUHTATh BIOJHE YROBIETBODP
k]

TeTBHEIMI. DTO CBHIETEIHCTBYET 0 HOCTATOYHOM HATERHOCTI METO/@A

.
HCIOAb30BAHAA NOTYCTHEMOIO CPEIHCTO 10> (PPUIIEHTA BCKPBL
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§ 7. OIEHKA HALEXHOCTH PE3VYJIBTATOB
IIPW OIPENEJIEHUM TPAHHUI] KAPBEPA

3amacH pyAbl B TPOEKTHHX KoHrypax Hoamsmmckoro xapbepa
P = 31,52 man. M3u (8 ToM uwmcae mo rarteropmam B — 52% m C, —
48%). Ycpenuennsiit I caMoro FIARHAOTO (IT€PBOTo) IEePHOfia paﬁt)TLI
Kapbepa DKCONYaTALUOHHLIA Ko uimeHT BCKPLIIN 72, = 4,22 m3/m3
O6beM BCKPHINHKIX IOPOA, BHANMaEMHX B IICPHOL CTpoleTeJII:CTBE;

Kapsepa, V, = 10,4 man. m®. OTHOCHTENbHAS MOTPEIIHOCTH mOACYETA
3amacoB JJA BCero Kapbepa:

g, = (0,25+0,52+ 0,45+ 0,48) 100 = =+ 35%:
£.06=(0,17-0,52+0,3-0,48) 100 — =+ 23%;
£g08 = (0,08-0,52 +0,15.0,48) 100 = =+ 119%:
€05 = (0,06+0,52 +0,10.0,48) 100 = = 8%

Brrumenmym Bo3mosxHEe H3Menenus Koo(dunmenta n,:
3amachl yBeAWImWBawTea Ha 35 %
P =31519,5-1,35 =42351,3 hic, M3;

Vo 10400

o= = Tty — 2k M

3amackl yMeHbINAKTCA Ha 35%
P =31519,5.0,65 = 20487,7 Thic. M3;

10400 ,
W= e = 0,51 m3/m3

B T. . A7d BceX 3HAYeHMI HOBePHTENbHON BEPOATHOCTH.

Brraucanm Bo3aMoskHBe M3MeHeHHA Koodduitmenta 7,.

samacH yMeHbInanoTcsa Ha 35 %
P, =19,5(1—0,35) = 12,68 mun. M3
V,=289,03 man. m%

n,=17,0 m®/m?%
B T. . JiA BCeX 3BHAUEHNHA JOBEPHATENHHOM BEPOATHOCTH.,
PesyabraTsl pacdeToB IpEBefeHsl B TaGax. 9.6.

Wexons ma mammmix Ttaba. 5.6 Ha pmc. 5.5 MOCTPOEHE obxacrm
CyMMEI

H3MEHEHUHA [OBEPHTENbHHIX WHTEPBAJNOB KopPPHIEEeHTOB
Bexphinm. TaM ;e HaneceHs! joBe- )
pETenbHBIE WHTepBajabl TpaHud-
HOTO Kod(miimenTa BCKPHINW,

paccumranHoro no $opumyae (4.6),

By, Ny+Tig, M%/M9

‘ o 10
.

|

65

‘70 gz G4 05 06 R 0 az 04 ar &
Puc. 5.5. O6macrn jopepurensHnX  Pme. 5.6. Tpadux dyaramm  omace-

B nmepsom mepuome paGorhl Kaphepa 06BHCM BEHEMAEMBIX mopox
Vy, = 82,21 mun. m®, obbem pyast Py = 19,5 man. m® (B Tom wmene
10 KaTeropuaM B —43% um C; —52%), obbem ropHOH wmaccH
101,71 man. m®. Torma oTnocHTeNbHAS MOIPENIHOCTD:

£, = (0,250,484 0,45+0,52) 100 = = 35%;
€905 = (0,17-0,48 1-0,30- 0,52) 100 — = 24%;
€8 — (0,08-0,48+0,15-0,52) 100 — = 129%:
€950 = (0,05 0,48 + 0,10 +0,52) 100 — + 8%

Boramenum BosMOKHBIE HBMeHeHMA Kopduimenta n,:
3amacH yBeNIWYABAOTCA Ha 35 %

Py =19,5(140,35) =26,3 man. m3;
V,="17541 mnr, M3

Vi
Py

ny= = 2,86 M3/m3;

88

WHTEPBAJOB BEIHYAH ns ¥ Ry + 7y
IJA Kapbepa B 3aBHCHMOCTH OT yPOBHA
packa R

HHs TOCHEICTBAN yBeIMueHHAA Koog-
mmuenTa ns  (CIJIOIIHEE  JIVIFMN)
0 YMEeHBUIEHUSI CYMMBL ng = nq (WITpHA-
XOBBlE JUHUM) [J# Kapbepa

n, = -7—'3—1—1%41— — 5 m3/u®. Ha ocrose gopmyd (4.9) —(4.13) maxoxmm
npeuensa&m abCOMIOTHYI0 TOrpemHocTs Ac; == 7,3.015 =11,

Ab = 1.18.015 = 0,18; Aa = 0,21, An, = 0,85-1,1 + 4,24 X

x 0,18 4 0,85.0,21 = 1,38.

Ta6auwa 5.6

3uadeHUA KO3PEHUIMEnToB mpyA ypPOBHC PHUCKaA
HosdpdunumeHTH
i 0,5 0,32 0,04 0
ng 0,33 0,31—0,36 | 0,30—0,37 | 0,27-—-0,43 0,24—0,51
ny 4 22 3,82-—4,67 3,65—491 32 —587 | 2,86—7
no+n 455 413—503 | 395528 | 347--63 | 31 —751
s 5 - 458—542 | 4371563 | 374—626 | 311689







1,88

Torpa 0= "= 0,63. Ilpemenbmas ormocuTennHas morpemm-
1,88
HOCTH 6, = W—O,?ﬂﬁ.

Hannsie OTHOCHTEALHHX TpHpamenuit (yMeHDIeRMIL) B 3aBECH-

MOCTI OT yPOBHA PHCKa, PacCINTaHAbE 0 Popmynam (4.18) m (4.2),
upuBefieHH B Taba. 5.7,

TaGauma 5.7

Koaddumment 3HAYCHUE MPH pucke, %
W CI'0 OTHOCHUTENE -
HOe UpupalieHue 0 2,3 15,9 25 50
ny 3,11 3,74 4,37 458 5,0
6 0 0,202 0,405 0,473 0,608
g ~-ny 751 6,30 5,28 5,03 4,55
6’ 0 0,161 0,297 0,330 0,394
U'padur dynrumit omacenma mpm ¢ = 1,5 u ¢’ — 2,09 ooxasam

Ha pmc. 5.6. Ilonyuennsie snadenns n, u n, + n, B 3aBHCEMOCTE OT
OTHOIIEHNH K PHCRY mpuUBemeHsl B tabn. 5.8.

Tabamua 5.8

OTHOMCHEE K PUCKY ) R, % M:L/aii" 6 R, % T,Lv‘,’s—}_;a"
Makcumanbnosiii  pmes .| 0,608 o0 ) 0,394 50 455
Camesmoe . . . .. .. .| 0608 50 5 0,394 50 455
Posmoe . .. . ... .| 0455 23 453 0,325 24 5,07
Ocroposkmoe . . . . .| 0375 14 428 0,28 14 54
Orcyrersue pucka . . .| 0 0 3,11 0 0 7,91

Tarkum ob6paszom, mpmaUED (4.7) coGmomaercs IPA CMEJOM OTHO-
IICHAY K OUPefieIeHnIO CyMMH i, + Ny B POBHOM OTHOMEHHE K ONpe-
AeneHN0 Kodddunmmenra n,, m maobopor. Puck HenoxTBeP:KIeHn s
npuamuna (4.7) cocrasmser 23—509%.

T'masa 6

PASBUTUE PABOUEN 30HBI KAPLEPA
PV MAKCHUMAJLHON WHTEHCHBHOCTH I'OPHBIX
PABOT (ILIJIOCKAST BAJIAUA)

§ 1. OBIIUE IIOJOMREHNNA

Hponece go6HYA MONE3HOTO MCKOMAEMOTO W HM3BIACUEHHs IYCTHIX
mOPOJ, XapaKkTepuayeTcs JBYMs OCHOBHHIMH B3aHMHO NEPOEHIWKYIAP-
HHIME HAOPaBIEHUAME pasBUTHA POPHHX pPaGoT: B BEePTUKAAbHOM
(8 rny6HHy) W rOpHB0HTAXbHOM Hampapienmax. [las mocrosimHOTO
MAKCHMaJAbHOT0 W3BICYEHWA MNOJAE3HOT0 HMCKOIAeMoro HeobOXoamMo
AATEHCHBHOE pasBuTHe pabor B ob6omx Hampaemermax. Mexmy
CKOPOCTAMM PpasBUTHA TOPHHX paboT B 0060HX HaOpaBIeHUAX

cymecTByeT MaTemMaTHYeCKas B3aMMOCBS3L, BHIpaKaemMad pPaBEHCTBOM

h

(1.16). Ecam ydects, 4r0 hr = 5, a hcetgyp = B + hectgo, TO
TOPH30HTARIAbHOE MOABUTaHMe YCTYIOB BBHIPA3MICSH COOTBETCTBCHHO:
l=vT = h(ctgptctgf), M : 6.1)
l= B+h(ctga+ctgh), M, (6.2)

rie k. — CKOpOCTh MOHIREHHS TOPHEIX pabor, M/rof; v — CKOPOCTDb
OJIBATAHMS YCTYIOB B TOPH30HTANBHOM HAIPABAEHHM, M/Tom; h —
BHICOTA yCTyma, M; I — TOPH30HTaAbHOE NOJABATAHHe YCTYIOB MpPH
LOATOTOBKE HOBOrO TOPH30HTA, M; I — OPOJOMKUTEABHOCTH MOJ-
TOTOBKH HOBOTO TOPH30HTa, TOMH; (¢ — yTod oTKoca pabowero Gopra
Kapbepa, Tpagycsl; [ — yrod HampaBleHma YrayOKH, TPagycsl;
o — yrol oTKoca paGodero ycryma, rpagycsl; B — mmpura paboumx
MAOMAT0K, M.

B opuBejeHHNX B3aBHECHMOCTAX BHAK NOAIC OPUHEMAETCA OpH
OIpefeNeHNN MOJBUTAHNSA, COBIAJAONIEr0 ¢ HAPABAEHHCM yrayokm,
a 3HAK MUHYC — B Clly9ae HeCOBHAIeHHES HAIPaBJeHHH IOJBHTAHMA
m yrayoxm.

Pacemorpennsie B raaBe 1 3aBECHMOCTH CBUJETeNHCTBYIOT 0 HeoO-
XOAWMO# BelmYyHe MOoABUTAHWSA BHINENE;KANIX YCTYHOB IPW BCKPHI-
TAR ¥ OOArOTOBKE HOBHX TOPH30HTOB, HO He PACKPHBAIT HOAHOCTHIO
BO3MOKHOCTEH TOPW30HTAALHOTO NOABATAHUA YCTYHOB IPH MaKCH-
MaIBHOH CKOpPOCTM W HepeMeRHOM HampaBieHmH yrayokm. Iaa Be-
ABIEHAA DTHX BO3MOKHOCTEH pacCMOTPEM Ha HOmEPEYHBIX pa3pesax
Hanboree XapaKTepHbIe CIYIaW COUETAHNSA IapaMeTPoB U MoKasaTexen
cECTeMH pa3paboTKM ¥ HanpaBieAHs pasBATHS TOPHHX paGor.
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E Ieabl0 YUPOOIEHHA PacCys;kieHHi NTPHMeM TOMOBOE IOHUKEHUe
opHHIX paboT paBHHIM BHICOTE yeryma, T. €. A, = h. Ilpm sTom cko-
pocTh yray0KWm DPHHEMAETCH MaKCHMaiAbHOM.

§ 2. CHCTEMA PA3PABOTKH:IPOLOJbHBIMM 3AXONKAMUI

. ]?epTHRaJILHa}I yrayora. nf BCKPHTIHA ¥ OOATOTOBKM HOBHIX
PH30HTOB TPeOyeTCs ImofBUTaHUE BCeX Je;KaI#X BHIEe TOPH30HTOB
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Pue. 6.1. Cxema pasputus
POPHEIX PaboT Xpu MPOAOIE-
HOHM HOAr'OTOBKE TOPH3O0HTA:
) a — BepTHHKAJNbHAA Yrayoka; 6—
HAKJIOHHAA TI0 JIe)KadeMy OOKy

3aJICHKH; ¢ — ITAKJIOHHAA IO BH-
cauemMy 00Ky 3adie:xu

HILT WA IITIERARNIgNANe

ALY

S

E; g{é;{;ﬁ ;e(nénf;a BeIN9NHY, 06ecne‘1"nBalom;y10 MEHAMAaJbHBE pafodne
magKky MUAUMAAbHOR NIXPUHABL g8 OPUHATHX TEXHO-

J];?Imn ¥ CX6Mbl KOMIONEKCHOH MeXaHw3anud, o60CHOBAHHEE PACEeTOM
Haﬂ p];lgnféﬂfus H];;)( HOpMaM TEeXHOJOrMYeCKOr0 MmPOEKTHPOBAHNA).
. 6.4, asal CAydail BePTMKAaNbHOH yrayGkm TOpPHHIX
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pabot (B = 90°). Jins BCKPBITAA I IONTOTOBKM Top. 2 BCe AeyRamue
BB TOPM30HTH HY/KHO MOABHHYTH HA DacCTOARMA 1, u ly coorBer-
CcTREHHO CJieBa M cIpaBa OT JRHUH yray6kn OA. Ilpn BepTHRATLHOM

" HAUPABJEHRN HOHIKCHHS IOPHBIX paGoT HeobXxoguMOE (MaKCHMAaNb-

Hoe) ToPH30HTaIbHOE TOJBNUranlle yCTYIOB BO BCE CTOPOHBL OEMHAKOBO,
T. €. eCHH @3 = Py = Pmax B, = By = By, h = max, T0 L, =

= I,.
Tlogsuraame ¢ponTa paborT ompepeasercs Mo dopmynam:
__9 .
=iy M/TOK (6.3)
1=1,=1,=hctg Pmaxs M; (6.4)

rme ( — TMPOM3BOJUTENBHOCTH DKCKaBaropa, m3/ron; h — BHICOTA

yeryna, M; Lg — MUARMAQIbHAA JUIAHA pKCKasaTopHoro OJoKa, M.
HprpasHsAB mpaBble 9aCTH PABEHCTB (6.3) = (6.4), momyduM BHIpa-

JReAme AJA oIpPeesleRns yriaa 0TKoca pabouero 6opTa IPH BepTAKATD-

woit yraybxe ¢ MAKCHMANBHOA CKopocThiO (A = h):

(6.5)

= arcctg

Pmax h2lg

Takmy 06pasoM, TP BePTHKAILHOM yraybre ¢ MaKCHMaIbHOR
CKOPOCTBIO BOBMOJKEH JIMIIb OJUH BapHanT rOPU30HTANBHOTO MOBATA-
HEA yeTynoB, IPH KOTOPOM paboume ILTOMAAKE H YIIEL OTKOCOB
pa6ounx 60pPTOB OJMHAKOBEL BO BCEX panpapiesnax. OfHAKO, Kak
H3BECTHO M3 IPAKTHKH, KapbepHl B CHIY DPasImIHbIX 06CTOATETHCTH
(6omnpmias 06BOJHEHHOCTD, Li0Xad opraEm3anuA paGoT MO MPOXOAKe
mepBOHAYANBLHEIX BHPaboTOX U AP.) PeAKo JOCTHTAloT MAKCHMAJIbHO
BO3MOKHOME CKopocTH yrayOrm. B cBAsm ¢ oTHM paccMoTpIM, 4UTO
Hopieder 3a coboil 3agepskKa B IPOXO[KEe TPammen Ha rop. 2.

s oGecmeuenna MEAEMAJbHOM mEpEHE pabodmx IJIOMA/OK
BelMUMHA MONBATAHWS YCTYIOB JOJUKHA COXPAaHMTBCH Ha ypOBHE
savenmit [, u [,. 9T0 HeobXoamMOe MOABAraHNe yeTymoB MOJKeT GBITH
pEmonHeHo 3a BpeMa T, KOTOpOe, KAK yKa3blBaJoCh BHINC, opu-
mato pasmmim 1 ropy. Tam kax Bpems HOTOTOBKE TOPH3OHTOB IIO
mamiemy yeaopmio I > T iy, TO DOJBHTAHKE JE/RAMMAX BBIIIEe YCTYIOB

(cm. puc. 6.1, a)

R A (6.6)
nan
Iy=1,=hctgq'. ®.7)

Pa3HHU"a B I‘OpH3OHTaJIbHOM HOD;BHI‘&HHYI )
_ Q

B (6.8)

AT =T —T g






Iin

Al =h (ctg @' — ctg Qrmax). (6.9)

Ilpm aTOM paoume mIOMAmKM Ha TOPH30HTE, CMEKHOM C rOPH30H-
TOM TMOJTOTOBKHM, PACIIMPANITCA, T. €.

B’ = B_;, +AB. (6.10)
Yrabl otkoca paGounx 6oprom BHIDOJQKABAIOTCH, T. €.

’ T
¢ =arcctg2—§6. (6.11)

llepmom AT xapaxrtepenm TeMm, uTo Ha ero mavaso ¢poHT pabor
Ha BCEX rOPH3OATAX ysike OTOABUHYT Ha BeNMMUHY, 06eCTIedmBAILYIO
MUHMMAJAbHYI0 MUPHHY Paboumx ILIOWAL0K C yYeToM BBOZA HOBOIO
FOPUBOHTA, KOTOPHIU MO;KET GHITH IIOATOTOBJAEH K HKCILIYaTaium
TONbKO HA MOMEHT oKomyamusa nepwoia AT7. IlpoussogmTensmocTs
0 TOPHOM Macce HOIHEP:KUBAETCS B BTOT MEPHOT TONBKO 3a CYeT
FOPUBOHTANBHOr0 pasmoca. B mamem caywae sopaBo or aummm OA

Ha 6H39RI(OM I(06I)I‘1HOM yeTyme m3BJdexKaeTcd NOAE3HOe HCKomaeMoe
B 00bEME

- g L w0 ,
AP =AlhL, ,=AT i (6.12)
nIn
AP = h2Ln. H (Ctg o —ctg (Pmax); (613)

rae L, , — pauma $pomra pabor mo TIOJAC3HOMY WCKOIReMOMY
Ha ycTyme, M.

Ecau B 5T0T mepuos HeT HEOGXOLIMOCTH B H3BTCUCHNN BCKPBIITHBIX
HTOPOJ, TO MOABUTAHNC YCTYIIOB OT IUHUE YIAy6xm OA MoReT ocTaThes
Ha ypoBHE, ofecnevynBapmeM MWHMMAaNbHY INUPHHY IOMATKH.
Ecnm meo6xopmMocTs ecTh, To oGBmeM WM3BIEKAEMBIX BCKPBIITHEIX
HOopoj ¢ ofHOTO TopumdoHTa paBern AV (cm. pme. 6.1) m mosker GHITH
ompenenern mo gopmynam (6.12) u (6.13).

HaxaonRan yraydka mo KoHTaKTy ¢ aeka iy 60KOM PyaHOii 3aiesku,
IIpm uaxmoHEHOM manpasieHNE ToHWKeHus ropusix pabor (B < 90°)
Heo6XoMMoOe MOABUTAHHe Je/KAMAX BHIIIE TOPH3OHTOB, obecieyn-
BalOmlee BCKPBITHE M MOATOTOBKY HOBBIX T'OPH30HTOB, Pa3ImgHO
B PasHBIX HampaBlenusix. B mampasmennm, coBmajaiomeMm ¢ mampa-
BJIeHneM yrayoxm (cm. pme. 6.1, 6, caesa oT AuENR 0A4),

bLy=h(ctg ¢+ ctg p) (6.1%)
H B OPOTHBONONORHOM Hampasienmm (cupasa or aunun OA)
L=h (ctg g — ctgp). (6.15)

Ipn sToM momep:kmBaeTCs TOMbKO MEHHMATBHAS mupuHa pabo-

X DJIOMA/I0K, & 9HCI0 9KCKABATOPOB HA yCTymax JIeBOro W IPaBoro
6opTOB JOMKHO GLITDH PasHbIM.

U4

Ecnu aas neoro Gopra NPEHATh MEHEMAIBHYIO JJHWHY DKRCKaBa-
topaoro 6moxa Lg,, TO pms mpaBoro Gopra ee MO/KHO yBEIMIHTH

B k pas
k= ly — ctg (P1+Ctgﬁ — Lo X (6.16)
lz ctg Qo— ctg ﬁ [461

Heo6xognMoe 9HCIO DKCKABATOPOB HA Ka/KAOM yCTyHe COOTBET-
cTBEeHHO cieBa ¥ cmpasa oT junmm OA

N L. oy L (6.17)

1 L61 ’ 2 L62 ’
rge L, m L, — pamua GpoHTa pabor Ha ycryme COOTBETCTBEHHO CIeBa
z cupasa or nmaEE OA, M.

Ecam ma ofomx 6oprax OPHAATh MUHNMAJBHYIO AAHHY SKCKRaBa-
toproro Gaoka, To 3a Bpema I'niq (MEHMMAIBPHOe BPEMsI HOATOTOBKE
HOBOTO TOPH30HTA) BeIMYMHA NOABHIAHAS NPABOTO 6opra l, MOKeT
GhiTh yBeamdeHa A0 3HadeRmA Iy = I;. Ilpm sToM mmpmAa paboumx
MJI0mAanoK Ha TpaBoM GOPTY B 30l HOHMKEHHHA HOA YoM p opumer

3HaYeHNnEe

s =By AB;
upr By = Bmin.  ¢17= P25
By = Bpin -+ 2R ctg . (6-18)

Vrox orkoca padouero Gopra ¢, B paboucit 3ome ¢ yII0M yray6ru B
BHIIIOJIOKATCH HO 3HAYeHNA

o) = arcetg Bminh (2 c}fg protga) (6.19)

B paccmarpuBaeMoM carydae (IpH HROPaBJIeHNAN yriay0KH Mo JAe:Ka-
gemy GOKY BAe/RM ¢ MAKCHMAJbLHOHE CKOPOCTHIO) BOZMOFRHAA HMHTEH-
cudEKAIMA TOPH3OHTATBHOIO PasHOCa, ABJIANMAACA CHEICTBIEM
HAKJORHO# yTAYOKH, AacT NOMOJHHTENbHble 00beMbl BCKPEINHLIX

LOpOx Ha yCTymme
AV =2L_ h?ctg P, (6.20)

rme L, — namaa ¢poHTa paboT mo mopope HA yCTyme, M.

TpousBOgATEABHOCTS MO MOIEHOMY HCKOIAeMOMY HMEeT TOJIbKO
0lHO BSHAWeHHe, TAK KaK OHa obecmeunBaeTcs BeJMIMHOU NOZBHIA-
HHA [, KOTOpas ABIACTCA MAKCEMANBHO BOSMOMKHOM M OLPEMEIACTCA
OHOBHAYHO TPH MAKCHMaJbHOHE CKOpOCTH yIiy6KM. Taxum o6pasoM,
1PN TOHWKEHNH TOPHBIX PaGoT BAOIL Jemadero Goxa 3alemH C Ma-
KCIMaNbHOR CKOPOCTHIO HMeeTCA PesePB MPOH3BOAMTENBHOCTH TOJNLKO
mo mycTod mopoge.

Temeps paccMOTPEM CJIydail, Korja MepHof TOArOoTOBKA HOBOTO
ropusonTa GombNIe MEEEMAIbHO Heobxommmoro I' > T .:n- Ha Hag9ado
mepmoga AT = T — T, HOBHI TOPHBOHT eme HE TMOATOTOBIEH,
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Hii{ﬂﬂ;‘ﬁc?[%(l)wﬂsgogﬂTeJIBHOCTI: Kapbepa [oMKHA 00ecIeTnBaThCH Ipesk-
aboumx yerymon. Ha xone

o . 1, mepuosa AT ma nesom

6 PTY yCTyOmsl MOTYT OBITh oToABHHYTH Ha Bemwumny Alj. Ha sty e

CNMYNHY paclimpArcs pafoume maomiagKl v

B; =Bmin "{_AB;
nap
B; = Bpip 212
1 ln+ L6h . (6'21)

¥Yrox orkoca meBoro
DIEIJIORgX ompepienercs nop%?gﬁ;;eisgﬁp.ﬁ)?pn PACIpHIIIGR o-
- OT;:rbéglgnor:TMaccm (B mamieM caydae ImOJNIESHOTO HCKOMAEMOTO)
T aB}; yme sesoro Gopra Haxommm mo dopmyaam (6.12)
YCTYHOB.AZ"p— AZ9T gnfmn yraybrn OA 3a spemsa AT moasuranme
noanraHueg = Aly. oa mepuoy HOAroToBKH rop. 2 (cM. pme. 6.1, 6)
ycTymos npasoro 6opra ’

Iy =1, Al + AL, | (6.22)

B CBH:;I/I
I i (()JTBTI/IM mnpuHA pafounx MIOMAA0K Ha TOPU30HTC, CMek-
aBINBaeMbEIM TOPW30HTOM, pacmumpsercs Ao 3HaYyeHUHd

B} = By, -2 . ATQ
a2hctgp+SLL (6.2)

O6mve i

Reanor;\ayl;(;};ﬁgﬂﬂIggfﬂ (g HalleM caydae BCKPBIUHGBIX IOPOX) € OT
oro Gopra 3a Bpem
b1 n ), P pema AT maxopum mo opmynam
Haxaox
Eoms ymyg?c: y;‘é[;fﬁl{a 110 KOHTAKTY ¢ BHCAYNM GOKOM PYHHOM 3asieKN
IEeCTBIAETCA MO BHUCAYICMY O :
o y GORy Bajekm ¥ LIpH
o ;Mpﬁgnﬁeﬁmnwemﬁ MHUHHMajAbHag mupmHa pabounmx nnomangx
uog{yqenf;x;ﬂq ,H«;))I:I ;(; HE’;Hg:I‘IGHI/IH l, m l, amadorv9yHbl WX BHAYCHUAM.
Ke 1m0 KOHTaKTy C Jem ]

Oy ertr agaM GoKOoM Baje:ku
ncﬂons;eMozmy(SKn P opmrakxos. pouwssopuTensHOCTH O nonesﬂonq;
e ZBB BTOM ciay4dae ofecmednmBaeTCd BeIWYMHON HORBUTA-
nogro%ogxnp HOOB or nuHum OA). OJHAaKO OPE MEAHUMAJIBHOM BDPEMEHH
MORIOTOBKN H( OT0 TOPHB0OHTA BEANYMHY TOPH3OHTAJILHOIO MOJBHATA-
2 AOBECTH 1O BHAYEHMA [, 3a CYET MPHUBEJCHUA [IMHLI

IKCKaBAT
opHOro 610ka Ls; Ha mpaBoM 60pTy K MEUANMAIbHON (pacder- -

Ho#
B](;H) igﬁzlfl 1\?;133;{15?0[1'2’;61(; I§<0Topaﬂ mMeeT MECTO Ha JeBoM GOpTYy u3 YCiao-
et opocTr Yray0KWm M TOMHOrO HCHOIAb30BAHWA
A Homnfgfggqnoro 060py,t(01aaflmﬂ. IIpm »s710M BOpaABO
nomotom Ty i e paGouero Gopra I; = /; (32 aT0T K€ MEPHOJ,
o e npmr{ne;; .3Haqé)nna £§60qnx HIOWA0K B 30He HAKJIOHHOH
o o HHHE 2, & Yyroa oTKoca pabodero Gopra —
2 < Pmax- HoBble 3Ha9ennda MupUnRH pabodnmx ILIOmMAOK

JIa OTKoCa 360 ero 60})1& MOI'YT 6I)ITB OOJdYYEeHBI 0 O IIBeﬂ;eII}IbIN[
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Hexoms m3 PasHHUI JTMHS SKCKABATOPHHIX Groxon mpm HeobXo-
ammoit Lg, = MaKcuMaibHoH Lg, BeIWYWHe IIOABUT AN YCTYmoB
B HAIOpPaBIEHUH, TPOTHBONMOIOKHOM HAIpaBICHA yriyGKm (BpaBo
or mmammE OA), pabodme NIOMAIKH pacmimpsioTcs Ha  BEIHIUHY

A (Le—la | !
L\Bz——Alz- h ( Lgals1 ) (62_1)

. , Q ( Ler—Lay

By = Buin+ ABy = Bnin t 5 \ TIela /' (6.25)
O6beM MBBIEKAEMOIO MOJE3HOr0 MCKONAEMOro Ha RaRIOM ycTyme

npaBoro Gopra yBeamumTCA 3a TO ;e Bpema [ ;n 1O CPaBHEHMIO

¢ HeoGXONMMBIM TOoJBUIanNeM [, Ha

. Lgo—Le1 5.26
AP = QL , (L=t ) (6.26)

IlpmpenenHbie 3aBHCAMOCTH (6.24)—(6.26) moryr GHTH MCIIOIH-
BoBaHBl A7A XaPAKTePHCTHKA HM3MEHEHUA napaMeTpoB paboued 30HE!
B caydae yrayOKE mo JexadeMy GORY BaleKH.

Taxum obpasoMm, IpH HaKJIOHHOM HaIpaBJeHnN Pa3BHTHA paboTt
B TAyOHHY IO BECAUEMY GOKY saien OPOM3BOJUTENBHOCTE Kaphepa
10 DONEe3HOMY HCKOIaeMoMy IIpH MAKCIMAAbHOH CKOPOCTH yriyOKH
MOKET UMeTh 06IacTh 3HAYEHHI 3a CUeT pasIUYHONl BEIRYAHBL TOPH-
3OHTAJIBHOTO IOJBUTAHIA yCTYLOB B HAIPaBJIeHIH, OPOTHBOIIOJLOIKHOM
HampaBJeHN0 Yriay6KM.

[Ipn maJIRYEE OPHIMH, CAEP/KIBAIOMIIX OOJTOTOBKY HIepBOHATAb-
HOH BHpPabOTKI Ha HEKHEM TOPH30HTE, paccMoTpPeHHbie BHILIE c000-
paskeHHs MO HOJ/iePIRAHIIO TPOHBBOJNTENLHOCTH Kaphepa 1o ropHO’
Macce CIpaBeJJuBH I JJIA JAaHHOrO0 CAyHas yrayORu.

§ 3. CUCTEMA PASPABOTHKHU IIONEPEYTBIMU 3AXO0KAMN

B pabore [39] mposefen amaius ONTHMAIBHOTO COOTHOIICHHAA
TIAHE HOTePEUHOH 3aX0RKH 1O IOJIE3HOMY HCKOMAeMOMY ¥ MOIIHOCTH
‘zasesim. ABTOpHI DPHILAN K BBIBOAY, UT0 B KOHKDETHBIX yCIoBHAX
PasImYABIX MECTOPOKACHMIL [IIHHA IOLIEPETHOT0 pynsoro ¢porTta Ly,
I MOLIHOCTD BAJEKH M MOTYT HaXOAUTBCH B CJELyIONX COOTHOIIIE-
unax: L, >m, Ly, =m, L, < m. 911 cOOTHOIIGHUA XapPaKTepu3yIoT
B mepRy0 odepeib COCTaB maBIexaeMoil ropHoil Maccsl. lloaromy mpH
RESRICHIN BAMSAHNS HalpPaBjleHHs yrayOkH Ha BO3MOIOCTI ropu-
BORTAJBHOTO HOJBATaHHsA ycTymos Ges ymepba IS Hallero Hcclie-
[OBAHMA [BA HCPBHE COOTHOMEHNA MOIyT GpiTh O6LEIUHECHBI B OLHO
L, > m. B xasecTse mpmMepa paccMOTPEM BapPWAHT pPaBEHCTBA
JUEAM 3aXONKM IO DyAe W TOPUSOHTAILHOU MOIIHOCTH 3aJIe/KH
(pmc. 6.2, a). Ilpm omyckammm TOPHBIX pabor mo mmmmn (A mop
yriaoM o ¢ obecmedeHHneM MEHEMAJBHOHM INPUHE pabounx MA0LAJoK

7 3aras 523 o






B, =B, = B,;, wnogBuraus I, ®W I, OIpeeIAnTcs mo dop-

ly="h(ctg 8, - ctg o)
1, = h (ctg B, — ctg o), } (6.27)

rge h — srlcoTa yeryma, M; 0, = 0
» M; 0, = 0, = 0, — yram orroca pab
qero \ o).
Gopra mo mpocTHpaHNI (B HAHHOM CIydae MaRcumaJIbfme)
r

rpagycst; ® < 90° — yroxa
Tpajycul. YTOIL HANPABIERNA YIAYORN [0 IPOCTHPAHEI,
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IH(}. 6.2. CxeMma PA3BHTHA TOPHBIX
p pa60’1 HPH H()Hepel{m)ﬂ IoaATroTOBKE I()pﬂ‘

B0HTA JJA JJNUHL IO
: i peunoro HOI'O a, pe i i
TOPW3OHTAILHON MONIHOCTI 3aﬂ0;};<}1,f bpouma, pamioii (o) I sewpmet (0}

Kaxr yine §
{€ TOBOPHJIOCH B 2 HJAaHHOU I'JIaBH, BEJINUNHY OOABUTAHUA
B HanpaBJeHNH, OPOTHBOIOIOKHOM HanopaBJIEHUIO yI‘JIy6RI/I MOHHOQ
’

0BeCTH . =
;11_1 e ﬁoulsuMe !, (32 To ;e MUHNMATBFHOE BpeMsa HOATOTOBKE T )
HEBINNECA HapaMeTpsl npaBoro pabodero 6opra Mor;}lcrrl[c;

oI pemeIuT
pexn b 0 OpMyIaM, IPUBCHEHNLIM B § 2 HaHHOM IIaBH
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Peseps 10 IOJE3HOMY MCKONAEMOMY 32 CUeT HAKJIOHHOIO Olycra-
HHA TOPHHX PaGoT Ha OAHOM yCTYyHe MORET GeiTh oupepeneH mo Qop-
Myiie, TOAYIeHHOH HA OCHOBE BRIDATREHUHA (6.20),

AP =2mh*ctg o. (6.28)

TaxmM o6pasoM, mp:m pabore Kapbepa HoIepedHIME 3aX0fKaMI
Ho I0Je3HOMY MCKOTAaeMoMy HpOM3BORUTELbHOCTE MOKET nMeTh
oBIacTh 3HAYCHIE NP MAKCHMAIBHON CKOPOCTH yray6xku 3a c4eT
pasImIHON BEINIWHEI IOXBUTAHIA YCTYHOB B HANpaBIeHNN, IPOTHBO-
HoToskHOM Hampasienmo yrayOrm. Jlag ciaydad, Korjd HHTEHCHB-
HoeTh WTOATOTOBKE IepBOHAYATIBHLIX BHpPaboTOK (KOTIOBAHOB) HE
aBIgerTcd MAKCHMAJIbGHON M Kaphep B HepHoj AT = T — T_;, pabo-
taer 6es yray6rm, 06eM I0Ie3HOr0o HCKOTAEMOTO It m3MeHeHne mapa-
MeTpOB pabodeil 30HH AHATOTHIHE ONMCATHLIM B § 2 maEHOil TiABHL.
[losToMy OHM MOTYT GHTH OIpEJeleHbl 10 gopmyxram (6.12), (6.13),
B KOTODHX CJIefyeT 3aMCHHTH yrol P yrayGxm BKpeCT IPOCTHPAHMA
Ha Yyrod ® YIAyOKH IO IPOCTHPAHIIO, YIOL § orkoca pabodero 6opTa
BKpecT OPOCTHPaHUA HA Yrol 0 orkoca mo OPOCTHPAHNIO, MIWHY
$ponra pabor Ha ycryne L, Ha MOIHOCTH 3ATE/KH M.

Ecan pimea molepedHoll 3aX0JKH MEHbUIC rOpPH30HTATPHOL MOMI-
mocrn sanexu (oM. puc. 6.2, 6), To B dTOM CiIyuae IpH TOATOTOBKE
HOBOTO T'OPH30HTA 34 MUHEEMAJIBHOE BPEMsA T . (cKopocTh yriIyOKM
MAKCHMAIbHASL) MOABISETCA BO3MOIRHOCTH JOLOMHUTEILHOTO n3sle-
SeHms T0Le3HOro MCKOLAEMOTo 3a ¢4eT HAaKIOHIIOM yriyGKE He TOIBRO
0O IPOCTHPAumio, HO M BKPECT LPOCTUPAHIA. O61bembl ITOJIE3HOTO
meKOMaeMoro, W3BjJexaeMple [0 HIPOCTHPAWHIo, W COOTBETCTBYIOIEE
BM m3MeHeHWs paboueil 30HBI MOTYT GLITh OLPEJETEHb! IO 3aBHCH-
MOCTAM, OIMCAHHBIM BHIE A clIydas, KOraa L, = m. [ounonnu-
reTLHEE 06HEMH TODHON Macchl (B JACTHOCTH, IIOLE3HOTO HCKOHA-
eMOro0), W3BIEKAeMble BKPECT MPOCTHPaHNd, 0co6eEHO OPHU CJIOKIOM
CTPOCHNH 3aJI€/KH, SOMKHEL ONPE/IeNATLCSA ¢ TOMOILEIO HOTOPU30HTHHIX
mrapos. QUH W3 TAKHX CIydaes IOKa3aH Ha pHC. 6.2, 6, rje JOmoJI-
HETeILHEH 06HeM Ioae3goro mcxomaemoro AP, n3BJIEeRacMHI 3a cder
HaKJIoHHOM yrayORH, 3aIUTPUXOBAH.

§ 4. BIUAHUAE NEPEMEHLL HAOPABJIEHUA YTJIVBKHA
HA IIAPAMETPLI PABOYEN 30HBI KAPLEPA

Paccmorpennple B § 2 m 3 JaHAOl PIaBH CIydan pasBITHA TOPHBIX
pabor B raybmmEy ABIAIOTCA HpocTeImMU U COOTBETCTBYIOT TOMBKO
oTpaboTKe TPABUWIBHHYX (BHICP/KAHHEIX 1O MOLIOCTH, TmajeHUIo
¥ IPOCTHPAHNIO) WM OUH3KHX K HHM saneseii. Tlpn clIomxHOE LpO-
CTPAHCTBEHHOH KOHQUIYpalnm gaje;ceil, a TawkyRe B B3aBUCHMOCTH
0T KpUTepHWsA OUTHMIBAIAN DalMOHATbHOE HANPABICHHC yrayorm
Mosker GHTh odeHp ciokmpM. Opmaxo moboe HampaBuenme LDPEN-
cTaBaseT co6oi KOMGHHAINIO I3 OrpamndeHHoro KoAmIecTsa CayIaes,
T. e. COUETAHWC LEPEXOJoB: @ — ¢ BEPTHKAIBHOIO HWAIpPABICHIA HA
HAKIOHHOE, 6 — € HAKJIOHHOIO Ha BepTuKalbHOE; 6 — C HAKIOHHOIO
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Ha HaKJIOHHOE OPOTHBOLOJIOKHOTO HANPABIEHHUA; ¢ — C HAKIOHHOIG
HA HARJIOHHOE ¢ §oJlee MONOTHM YIioM; § — ¢ HAKIOHHOTO HA HAKIOH-
Hoe ¢ Golee KpyThM yriom (puc. 6.3).

Pacemorpum, Raxmm 06pazoM WBMEHAIOTCA HapaMeTpPH, a ¢ HAMH
1 fopma paboueil 30HH IPM KaKI0M W3 yKABAHNLIX BHIULE KoMOMHATM]
cMeHSl HAUPABJIEHUA yIIAyOKU, €CHM WHTEHCWBHOCTH FOPH3OHTAIBHOLO
pasEoca MaxcuManbHa. Ha puc. 6.3, a ropene paboTs HepBOHAYAIBEO
pasBHBAINCh B rIyOMEY BepTHKaIbHO B Haupamiennu /—2. B sTom
cllygae OPH MAaKCHMAIbHOH CKOPOCTH YILIYOKE BO3MOKEH TOIBKO
OfMH BapUaHT TOPU30HTAIHHOTO MOABWUTAHMA YCTYNOB, T. €. Iy, ==
= I}y = lg.x. 1lupmaa paboumx nmomanox B, = B, = B_;,-
¥Yrame oTkoca pabodero 6opTa @, = @, = @ ax- llo FoCTHEHeHHH
Top. 2 pa3BuTHEe PAaGOT M3MEHAETCs ¢ BePTHKAIHLHOro Ha HAKIOHEHOE
B Hanpasiaennn 2—3. Bpems moproroBku rop. 3 OyHeT onpemenaThCA
Heo0XO0/(MMEIM IOABATAHEEM $POHTA PAGOT HA TOP. 2 ¥ BCEX JerKAamIX
BHIE TOPW30HTAX B HANpPAaBIeHWN, COBHANAMOUEM ¢ HampaBlIeHHeM

yray6ku — l5 ;- B mpormBomono;kHoM HaupaBlIeHmE HeoGXoRuMoe

Hopsuranme l_, (IOKA3aHO IITPUXAME) MEHLIIC IOABUTARHS [y_.
Ecnm B aToT mepmon Heo6XoAuMO H3BAEYh HOIOJHHTEIbHEE 00DHEME!

TOPHOH MAaCCH, TO 5TO MOKHO CHelaTh, YBeINYWB LOJABWTaHEe [s_,

‘o BeamamAsl l,_; = l5_,. Ilpm ~ aToM BpemMs HOAroTOBKE Top. 3
ocTaeTcss MHUHHMAJNBHBEIM, a CKOPOCTh YrIyOKE — MaKCcHMAaJbHOIA.
IHMuprua paGoueil NIOmMAXKE Ha IeBoM 0OPTY Irop. 2 yBeIHIMBAETCH
go 3HaueHusa B_,,, a yrol orkoca pabouero GopTa yMEHbIIAETCA HO
3HAYEHUA ¢,. ¥ BelndeHne HOJBUTAHKA HA IOP. 2 BO3MOJKHO TOIBKO
B TOM cCiydae, ecIM HofBHranme (poHTa pPaboT Ha Beex JeKAMUIX

BBINIE TOPU30HTAX GyjeT Tak:;e yBeJndeHno o 3Ha4eHusa [ ., B mpo-
THBHOM CJIydae INIOoMafKa Ha rop. 1 crameT MeHbIIe pacdeTHOH (MHHH-
ManxbHON). Oppako yroXx oTroca pabodero Gopra or rop. 2 m BHIIe
COXPAHMTCA IO BelIRUYMHE, T. €. OCTAHETCH DABHBIM @, = Q. (KK
I OpH BepTHKaAbHOR yriaybwre). Jlesmit paboumit Gopr nprMeT BOTHY-
Ty ¢opmy no dzomaHoit M KN, a npaBelil ocTaHeTCs UPAMOINHEAHERM
(mpamaa ED). Tarkum o6pasom, Opm mepexofe ¢ BePTHRATILHOTO
HampaslenusA YIAYyOKM HAa HAKIOHHOE H MaKCHMAJILHOW WHTEHCHB-
HOCTH paboT B rOPH3OHTAIBHOM HANOPABICHNU B 30He HAKIOHHOH
yray6km yrod oTkoca paGodero Gopra yMeHbpIIaeTcs B HATIPABIEHWH,
OPOTUBOIONIOKHOM HANpaBIeHWI yraybru (cM. pme. 6.3, ¢, caepa
ot nuEnE O0—2—A). ¥Yroax oTrkoca TPOTUBOMOIOKHEOT0 GopTa CoXpa-
HACT CBoe 3HAYEHWE NPH HepeMeHe HANOpaBlIeHHA pa3BUTHA paGoT
B ray6mry. CoxpaHAoTesa o BeJANIHHE U YIJiH oTKoca pabounx 60pTOB.
Ha y9YacTKe BepPTURAIbHOH yraybrm I—2, HecMoTps Ha yBeImdeHUE
nojsuranud ¢poura palor.

Pac. 6.3. CxeMbl paspmus TOpHHEX palOT NpH OCHOBHEIX KOMOHHAIMAX
W3MEeHCHUMI HAIPaBIeHHS yIayOKU
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[Ipu mepexope ¢ maxiorHoTO HaNpaBIeHUA YTIyOKA HA BEPTHKANb-

Hoe (cM. puc. 6.3, 6) na6Togaerca crepyiomas TpancdopManUsa 30HE.
Ha yuacrre yrny6rm 1—2 npm MakcuMaibHoit WHTEHCHBHOCTH paboT
B IIyOMHY W TOPH30HTAILHOM HANPABIEHHH MUHWMAJIBHOE BpeMs
HOATOTOBKM TOP. 2 oHpefelserca HeoOXOoIIMEIM OOABUTAHUEM [] ,
B HANDPABICHHH, COBIARAOWEM € HANpPaBICHAEM Yriy6rum (Brpaso
ot awamm O—2). IT1o obecuednmBaer pacdeTHyw WHpHHY pabodmx
WIomanok By = B_;, U MaKCHMAJIbHHH Yroa oTKoca pabodero Gopra
©n = Q.x. Ha upormBomorommom 60pTy ¢ menpl U3BIEYCHINS
MAKCHMATBHEX 00BeMOB TOPHO Macchl MOIBHTANIe ¢ponra I}, =
= Ii-, (momoskemme pabor, COOTBETCTBYIOIee HEOOXOAMMOMY IONBH-
raEmio Ii_, mokasamo mrpuxamu). IMlnpwna paGogeit MI0MANKY Ha
rop. 1 mMeeT MAaKCEMAJIBHOE 3HAUEHIE B .x, @ yrox otkoca pabodero
bopra — MmEEMaTBHOE @ — ©Pmin- 1lIpm omyckamum ¢ rop. 2 ma
rop. 3 HampaBieHme yIIyOKE W3MCHAETCH Ha BepTHRadbHOe. Bpeus
HOATOTOBRE rop. 3 ONpenersieTca HeoOXOIMBIM LOXBUTAHTEM Iy 5 =

= l;_3. Illmpuna paGounx nIIOMafoK Ha obomx Goprax pasma B, =
= By = Byin. YTIs 0TKoCOB paoumx GopToB @, = @, = Prax-
B aror e nepmon ma yuacrke 7—2 mopsmramue YCTYIOB TaKoe sue,
Rak ® Ha y4JacTre 2-—J. PasencrBo momsmramuit YCTYOOB HAa yYacTke
1—2 oGecneanBaeT COXPAHEHWE 3HAYCHUA YIIIOB OTKOCOB paboumx
6opTOB, OIPUBATHX NpPH HAKIOHHOM yraybKe, T. e. yroa ¢, s mpa-
BOTO W YToyl ¢, Jus aesoro Gopra. llosTomy ma yuactre 1 —2 coxpa-
HAT MPEeAHIONn NMpPUHY W paboune nmiuomanku. Jlesmii paboumit Gopt
npyuobperaer BHLOYKIYI (opmy (tomamaa MKN), upassit paboumit
GOPT COXpaHAeTCsa WpPAMOJUIEHHbIM (mo ED). Tarkum obpasom, npn
[epemMene Hanpaplenus yriy0KH ¢ HAKIOBEOIO HAa BCPTHKATBIOE
I MAaRCHMAJIBHOU HHTEHCHBHOCTH PAaGOT B OPH30NTAILHOM HanpasJe-
HUH yTox orKoca paGodero Gopra, ompeensomero BpeMsa LOJITroTOBKH
HOBEIX TOPHU30HTOB (cM. pme. 6.3, 6, BUpaBo oT JWHOE 0—2-—.1)
CoXpaHder ¢Boe 3HAUEHUE (P, = @,,.,). Ha mporuBomoxo:xHOM Gopry
yrox yeenmumBaerca (@, > qj).
Ha pue. 6.3, 6 moxasano usmemenme mapaMerpoB pabodedl 30mHbI
UPH repeMeHe HAKIOHHOTO PAasBHTHA DPaGor B LIY6HHY ¢ oxmOro
HalpapJlenns Ha HAKIOHHOe HPOTHBONOIOKEON0 HALPABIEHHI. Yua-
CTOK [—2 aHANOTHYCH COOTBETCTBYMMEMY Y4acTRy pmuad caydas,
nmoxasaHHoro ma pme. 6.3, 6. Orcoma w Bce mapaMerpsl WMEKT aHa-
J0TMYHOE 3HAUEHNe: DOABHIAHNE YCTYIOB HA IPABOM U JTeBOM paGo-
anx Goprax paBEm [}, w 7. COOTBETCTBEOHNHO; IHHPHHA padodmx
IIOMANOK Byy; B,  COOTBETCTBEHHO Ha LPABOM I JeBoM Goprax;
YIOJI OTKOCA LPaBOro pabodero 6opra ¢, = @, .., YIoA 0TKOCA JIEBOTo
$s = Pnin- Ha yuacrke 2—3 manpasienne yray6wm menseres. Ilpn
9TOM BDEMHA TOATOTOBKN FOPH3OHTOB OUPCHENAETCS JeBHIM 6opTon.
Hpu omyckasmm ma rop. 3 dporT pabor ma rop. 2 BIEBO OT NEHUE

0—2—A crengyer oTogBuHYTH Ha Beruquuy ly_,. Ilpm stom pabouas
Hiomagka opuMer suadenne By, a yrol orkoca pabodero Gopra
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Pmc. 6.4. - .
HEeHHUE Pa6gqxe?asgpxl;§bllil}l)nnﬁep%elmm paspes Raphepa, HILIOCTPUPYOIELR HaMe-

MEHHOM HAIIpaBJ " o "
UHTEHCHBHOCTH BEIGHUA TOPHHIX pafor PABTEHII YIAyGRn i MaKCHMATbHOIL

‘I[ - o o
ym§[6 1?1/1 }\;gm;;[e;cmon OLCHKN BJWAHNA LEPEMEHHOro HAIpaBJICHUA
03MO/RHOCTH TOPHU30HTAIBHO
B )r'0  pasHoca 6OpT
MeTpH pa S
Hongpe é)H S%qeissonbx H ee o0y d)ppmy paccMoTpuM CxeMa'l:H‘IHIIZIﬁ
Honepex: 1/13;;1 v H}:ngRapbepa (pI/Ic6 6.4). B ocmoBy ero HOCTPOCHHUA
ble BHINE ¢O000pasKeHUA u
tatel. ['opHBie paGors S rAOf 1Oy
OOHWKAIOTCA ¢ MAaKCH i
Hos | obae MaNbHOH CKOPOCTHIO
HUA 00 KaKAOMY Hampa :
BICHHAK YIIYOKE
OJMHAKOBHIM. [\InHa sKCRa y tmpaa
. BATOPHEIX GIOKOB I MEHT
pabounx mICIAKOK HA Bech o, TLpa wrie
meproj oTPaboTKU WoCTos 1I
yCooBUAX MopsuUranme §p D Raaoro
OHTA yCeTyHoB 3a mepmon 1
HalpaBleHus ONMHAKOBO [y_, = [,_, = P E l min A7 Il{aH{JIOI‘O
BpemA K < i repron Gyner -
BpaamIC ax BeJANIMHA onyCcKaHuA H B RasKjusll mepmox Oyner pa’sﬂnqna
EMOCTH 0T yria yray6xu f (cm. pme. 6.4):
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7
=

o ! . 1 _ane.
Hy.= ctgg--ctgh, ctgo’ By =907

! o.
Hyo=Ggromp < 90%

_ l ol ane.
Hyy= ctgp ctghs  ctgq’ f=90%

l l °
ctgg-rctghro  cige’ b= 90"

PaccMOTpHEM IOCIe0BATEIbHO PasBUTHE pabor wo auHEE [—2—
8— . ..—11. Ha yuacrke H,_, nampasienme yIIyOKu BepTHRAILD-
Hoe. IlogBuragne yeTymoB [ Ha 000mx GOpTax ABJIAETCA O[IHOBPEMEHHO
MAKCHMAIBHO BO3MOKHBIM 1 HeobxoammeM. ITpu sToM obecneansaeTca
MEHEEMAIBHAA mpHHA paboumx miromajok. CiemoBaTeNbHO, YL
OTKOCOB 06GomX pabounx GOPTOB MAKCHMAIBHEL @ = Qpax- Ha yuga-
crke H,_, HampaBileHme YriayGru HAaRIOHHOE. Ina pmocTHKEeHHS
TOYKE & mopBHrapmme [ cupaBa of TOUYKE 2 ABIAETCA HeoOX O EMbIM.
Vrox orkoca paGodero 6opra @ = Qpax. CJ€Ba OT TOIKH 2 weobxo-
MEMOE IOBUTAHNE HOJKHO OHTH MeHbIIe [, HO B CHIY yCIOBHA MAKCH-
MALBHOM WHTEHCHBHOCTH pPaGoT NPUHEMAETCH PABHEIM [. ¥TOJI OTKOCA
3TOro 60pTa BHILOJA;KWBACTCA L0 3HAYCHHA Q.

Vaactre H,_, u H,_g cOBMECTHO IPECTABIAKT IEPexXon ¢ Bep-
THKATBHOTO HANPABIEHNA pA3BUTUA HA HAKIOHHOE. Nas cuaydad,

Hlo—ll =

' pokasamHoro ma pmc. 6.3, a, AeBHil GopT mpuHEMAET OPMY BOTHY-

Tyl0, @ OpaBHIl ocTaercs npaMonnneiinpM. Yuactkn Hy g o H, ,
HPeCTaBIA0T CoGOH 30HY HEPexojd ¢ HAKIOHHOTO HANpaBJIeHN
Ha Beprmradbmoe (cM. puc. 6.3, 6). Jleswrit pabounit GopT TpEHEMAET
gopMy BHIIYKJYHO, a MPABBIF 0CTAETCA npaMonuHeiHHM. Bo Bced
paboueil 30He OT IIOBEPXHOCTH [0 TOIKH 4 nepuit Gopt BOTHYTO-BHI-
HyKAHi, a TPaBHil — HPAMOTWHERHEIA.

Crexys falee Lo JHHEN YrIyOKHE, paccMaTpuBas PpasImdHble
coueTAHNs HANpPABICHMA pas3BuTHsA paGorT B rIyGuEy W CpaBHEBAA WX
¢ pasoGpaHEEMEI caydaAMHE (cM. puc. 6.3), HOTyYMM KapTHHY H3ME-
menna QopMbt pabouell 30HEL HO Mepe paspaboTKA MeCTOPOkICHE
¢ MAaKCHMAJIbHOH HIITEHCHBIOCTHIO (CM. pumc. 6.4).
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I'masa 7

PA3BUTHE PABOYE! 30HBEI KAPLEPA
IMPM MAKCHUMAJILHOW MHTEHCHUBHOCTH T'OPHBIX
PABOT (OB'bEMHASI 3AJAUYA)

§ 1. OBIUE IIOJIOJKEHUSA

Ja amamamsa pasBuTus pabodeil 30HH Ha MOTOPH3OHTHLIX IJIaHAX
paccMOTpmM HEKOTODHE o0Iue NOX0/ReHNd, KaCAIIKUecHs B3amMo-
CBA3U CKOPOCTEH YriyGKH U TOPH30OHTANBHOIO IONBUTAHWS YCTYIOB
B TIPOCTPaHCTBe, & TaKyie B3ANMHOIO PacLoio;KeHHA GPOHTOB pabot,
OTBEYAIOIWNX IPAHMIHLIM 3HATCNUAM HOABUTAHUA YCTYIOB IIPN MAaKCH-
MaJbHOH CKOPOCTH YIIYyOKH,

Ha pmc. 7.1 norasan cxemMarmiecKUH WiaH W paszpes ABYX CMe-
HHX ropuzonToB (rop. 1 u top. 2). I'op. 2 BexpwBaeTes m Ha HeM
IPOBOANTCA ToproToBUTENbHasg BHpaborka. 'op. 1 paspabarwipaercs
C [eNbl0 oOCCICYCHNA BO3MO/KHOCTH IIOATOTOBKH JIEMKAIETO HEDRE
ropusonra. IloproroBka rop. 1 BakaBINBaeTcs LPOBECHUCM BBHIpA-
Horku ¢ yearpoM B Touke O,. Ha rop. 2 uposopures BripaboTKa ¢ 1eH-
TpoM B Touke 0,. [luaa ee npoeefenns HA rop. 1 Tpebyerca mogBIraHue
dponra pabor ma Beamunny, oGCCUCYMBAIOUIYI0 PACIOTHYIO (MUHM-
MaibHyl0) MHpPHEY paboded unomagku B, = B, = By;,. Ilpn
OpUHATOM HaUpaBleHuy yriayOkum wapsepa (cm. puc. 7.1, crpeaxa
B maunpasiennu O,0,) naunboxbmee mopsuranue Qporra pabor I, -
= [ ax Ha rop. 1 HeobXoxmMo OCYHIECTBUTH B HANPABICHUH, COBMA-
JA0IeM ¢ HAlPaBIeHHEM pasBnTHA paboT (omo w GymeT onpemeisarh
BpeMA LOATOTOBKM HOBOI'0 TOPH30HTA), a HaWMEHbIICe MONBHTAHNE
ly = l;n — B TpornBomodo:kHOM. Ha ppyrmx yuacTkax ¢ponTa
BeJIMYAHA MoABMranug [, Oymer HAXOAUTHCA MEKAY TI'PAHIYHBIMU
3HAYEHWAMM, T. €.

lminglxglmax- (71)
Ecnm paccmarpmBarh mappep Kark NPaBHABHEIA KOHYC, CKOJIb3S-
nu# cBoCH BepMHHON [0 JMHWH HampaBjienma yrayokum [26], To
CKOPOCTh HOJBUTAHWA DPa3iNINLIX yYacTKOB YCTYyDAa B 3aBICMMOCTH
OT CKOPOCTH W HAOpaBleHUSA yriIy0uW (uiAW CKopocTh WONBHTAHKA

pPasiuYBRX Y4acTKOB YCTyDa LPH BCAUYWHE OUYCKAHMA h, — h
7 TaKJI0HHOM HalPaBJleHUH YIyOKM) BLIPasuTCA B Bmje

Le==h; (ctz P cos -1/ ctg?p— ctg? P sin? V), (7.2)

rge he. — omyCKamme ropHHX paboT, M/rox; f — yrom HampapieHus
yray6ru, rpagycs; \p — yroa OTKIOHENUA HalpaBJeHHS paGor ¢ Be-
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JWYMHON TMOABUTAHUA [, 0T HATPaBIeHHA C [ .., TPAAYCH; ¢ — Yroxk
oTkeca pabGodero GopTa, rpagych.

MounsraemMca TpancpopMupoBath Brpaykenme (7.2) s Goxee
obmero caydad, KOrfa Kapbep IpPEejicTaBleH YCeYeHHHIM KOHYCOM.
Pacemorpum tpeyroasauk O,MO, (cm. pme. 7.1). B mem cropona
0,0, = hctg p. OTo ropumdoHTaNbHAS IPOCKIMA CMEIIEHAA IepBo-
HA9aIBHHX BHPaGOTOK OTHOCHTEIBbHO APYT APyra WU FOPH30HTAILb-
Hag mpoekunA HanpaBuemus yraybkum. Cropoma O,M = R, = r +
-+ h ¢tg @ — TOPH3OHTANB-

HOE paccToAEmEe OT IeHTpa A-A

BCKpHBaIomeir  BrpaboTRE |
Ha rop. 2 Ha MOMEHT OKOH- I C— 7 R
9aHHA ee IOATOTOBKM JI0 Vi —— ; 7
TOMOEHNA TOPHHIX paboT

Ha rop. 1 Ha »BTOT Ke Mo-
menr. Cropoma O,M =
= r 4 l, — paccroauue or
meHTpa BCKPHIBAIOMEA BHI-
paborkm ma rop. 1 mo mo-
J0eHnsa TOpHHIX pabor HA
BTOM jKe TOpH30HTE Ha MO-
MEHT OROHYAHNA MOJAro-
TOBKEK rop. 2 B Haupapie-
HOH, OTARYAIEMCH OT Ha-
upaBiennms yrayorm ma
yroa ¢ (r — papumyc 1epBo-
HavalbHOU BHIPAbOTRI;
!, — monsuranne  ¢QpoHTa
paGor Ba rop. 1 B Haumpa-
BICHUM, OTANIAIOMEMCA 0T  pyc. 7.1. (XCMa IONOKeHHIl TOPHBIX pabor

HaupaBJieHHA yriyOKE Ha  Ha rop. 1 mpu Heo0xopuMoM (CILIOMHAS JH-
yrox o) HO) U MaKCUMAJIbHO BO3MOMKHOM (IUTPHX0BAs

. . InHEAA) [OABHraHms QpoHTAa B Ipomecce
ITo Teopeme }OCHHYCOB BCKPHITHA H HOATOTOBKH TOP. 2
HaxoauM, 4TO

(0.M)? = (0, M)+ (0,0,)* —2 (0, M) (0,05) cos }. - (7.3)
[loxcraBisgeM 3HaYenisl CTOPOR TPEYTOMbHUKA, HAMjeM, IT0

(r - h ctg )2 = (r+1,)* -+ h*ctg?p— 2(r+1,) hctgfcosiy. (7.4)
Pemns Bupaskense (7.4) OTHOCHTEABHO [, HOAYIHM
l,=hctgPcosp—r- V (ko ctg @+ r)*— h ctg? p sinp. (7.9)

Mpm ¢y = 0 m ¢ == 180° BesudauHa I, mpunmmaerT Kpailmme 3Ha-

9eHUA Loy A i )

OdeBHAHEO, 9YTO pacUImpPeHme NePBOHAYAILHONW BHPabOTKH Ha
rop. 1 MosKeT OCYIIECTBIATHCH DPABHOMEPHO BO BCeX HAIPABICHUSIX.
[TosToMy CKOPOCTL THopBUTAHNA QPOHTA 3aBHCHT OT UIC]IA pasMemen-
HLIX Ha HeM NOUPY30dYIblX MamuH. Torfa K MoMenTy OKOHYAHHA
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HOATOTOBKE rop. 2 rop. 1 Mosker GBITH BHPabOTAaH MO IOMOKEHHS,
{EKCHpOBaHTOrO CTpeJKaMP ¥ INTPHXOBoi aummeir (cm. pmc. 7.1).
Ilogo6HOE pasBuTHE MOKHO KIACCHPUUMPOBATH KAK MAKCHMAIBHOE
u3BIeYeHEE TOPHOH Macchl. OHO WMEET CMBICI, €CJIH MEKTY TPAHD-
maME HeoGX0ZUMOro 7 BO3MOKHOTO (MaKCHMATBHOTO) IIOBHIAHZS

Puc. 7.2. Ilnam ropmsonra 1 ¢ IOMQKEHUAMA TOPHHX PaboT, COOTRET-
CTBYIOIMMH HCOOXOAUMOMY NOABHTABHI0 YCTYIOB (TOHKHE CILIONIHLE
JUHMM), MAKCHMAXLHOMY HOZBHTALMIO (TONKHEE IUTPUXOBHE JINHHN)
M MaKCHMAJILHOMY M3BJETCHMIO PYAR (FKUDHHE CIUIOIIHLE JIMHEOH)

HAaXOJUTCA MOJIeBHOE HCKomaeMoe, ofecueuuBajomiee ero IOIQJIHHA-
TeALHEYI0 00Ty, W ecTh HeoOXORUMOCTH YBEIWUYEHWS IPOU3BONA-
TeIbHOCTH Kapbepa 'I0 TOPHOH Macce 6e3 yBeIWYeHMA CKOPOCTH
ONyCKa#®HsA roPHHX paGor. B mpormBmoM ciaydae mpaBmabHee ocTa-
HOBUTHCA HA HeoOXOmuMOM NIOfABMraHmm ¢porTa pabor. Torma: mo-
‘ABAAETCH BOBMOKHOCTH BHICBOOOAUTE MOTrPy3odHoe obopymoBamme
BO BCeX HAUPaBJIEHHAX, KPoMe HaupaBleHHA ¢ HamboJBLIIEM HOIBU-
TaHUEM.

IIpn meoGxomumoil BenWdInHe MOABHTAHUA YCTYIOB (cm. pme. 7.1,
CIJlOmHAA JNHHUA) o0beM H3BIeKaeMo#l TopHOH maccw Ha rop. 1
MOKHO BHIPa3UTh B BHAE '

V,=snRih —nr2h = sth (R, — r). (7.6)
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Tpnm MakCEMAIbHOM ToPHBOHTATHHOM MOJBATAHAY YCTYHOB 06heM
@3BIeRaeMoil TOPHOA MacCH BHIPAasUTCA B BHJE

Vaw=n(,-+r)?h—nrh. (1.7)

TomosauTeIbHHA 06beM ToPHO#E MacCh, KOTODPHI MoOer OLITH
u3BledeH 3a MAHAMAaJIbHOEe BPeMs HOJTOTOBKE (cM. pme. 7.1, samTpm-
XoBaHHAA UYaCTh), ONPEeNACTCH W3 BHIPAJKEHHA

AV =V, —V,. (7.8)

Pamc. 7.3. Ilaan. rop. 2 (oGo3HaYeHUA cM. Ha puc. 7.2)

TaxuM 06pa3oM, ME TOXyIwiIn ofIee TpPeficTaBIeHAe O JHHEHHHX
® 00BeMHBIX BO3MOKHOCTAX TOPH3OHTAJIBHOr0 HMONBUIAHHA YCTYHOB
B mpefelax TOPHBOHTA IPH MAKCHMaTbHOW CKOPOCTH yrayoru.

Temeps TepeiileM K aHajn3y pasBuTHsA pabouedl 30HH Kapbepa
¢ yderoM HepeMeHH HaIpaBIeHMA DPasBUTHA Kak B riaybmuy, Tan
¥ B wiage. [LJIf PeleHAA 3afavn HCIOJIB30BATACH 23 INOTOPHIOHTHEIX
WiaHa, B3 KOTOPHX 3 mokaszambl Ha puc. 7.2, 7.3 m 7.4. Hanpasneune
passuTms pabor IPHHATO IPOMBBOJIBHEIM, HO IDPH BTOM IpEyCMAaTp-
BaJIOCh HAJIWIHe BCEX OCHOBHEIX ROMOWHaUWH CMEeHH HalpaBJIeHWH
yrayOku., BeprukadbHad pasBePTKa HaupaBJeHHA yray6rnm Ha mIo-
CKOCTh, TpoXofamyio duepes immamio O,0,, mOKa3aHa Ha pHC. 7.9,

109






Pmc. 7.4. Ilnam rop. 3 (oGo3mauenusa cM. Ha puc. 7.2)
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8 IPOEeKIAA HalPaBIeHAA yray6KE Ha TOPH3OHTANBHYIO MIOCKOCTD —
ga pmc. 7.6. Omyckanme paboT ¢ MOBEPXHOCTH OCYIIECTBJIACTCA Bep-
THKAJBHO, & ¢ Top. 2.0 rop. 3 (B CeBepo-3amaiHOM HampaBlleHnH) —
HarsionHo. CoBMECTHO 3TH [Ba HaIPaBIEHHA HPEACTABIAIT HEPEYIO
KOMGEHATINIO, PACCMOTPEHHYIO B § 4 TJIaBHI 6. Ilpu monm;keHnu ¢ rop. 3
10 TOp. 4 HampaBJICHNe MEHACTCH HA 3alajHOE M yroll yray6xm ymeHb-
wmaetes. Ha rop. 5 yriyfKa HAeT Ha J0T0-33NaJ ¢ yBEIMICHHBIM yIIOM.
C rop. 5 ma rop. 6 HoHM;KeHHe HAKJIOHHOE, 1O I POTHBOLOJIOKAOTO
nampaBieHusa (Ha cesepo-BocTok). C rop. 6 ma rop. 7 uwoHWKEHHE
BePTHKAILHOC.

Kax Buano ©n3 H3JI0SREH-
goOTO, LPYW PAa3BATHH TOPHHIX
pabot ¢ MOBEPXIHOCTH /IO TOP. 7
BCTDEYAIOTCH BCE  OCHOBHBIE .
KoMOHHALAA CMeHbl HALpaBJIe-
HAA yriayORHA.

MQopma  mePBOHAUAIBHOM 045
HOATOTOBATeIbHOM BHpaborkm  Prc. 7.6. IIpoexiis HAILPABIEHAS YIIy6-
OPHHATA prrﬂoﬁ (ROTJIOBaH). KE Kapbepa Ha TODPHU3OHTAJBHYIO ILIO-
Tlpz sToM mpemyCcMaTpPHBaAETCA CROCTL
BHYTPEHHEE 3aJl07ReHHEe Bpe-

MEeHHBEIX CHe30B IO B30PBAHHON ropuoit macce. Cumraem, 410 momo0-
Hoe NONYIEHMe He CKayKeTcd HA pesyiblarax, HO BHAYATEIBHO
VIOPOCTHT DPAaCCy;KeHHS M Cpejiaer HX fosee HarsTHBIMHA.

PaccMoTpEM IOCIE[0BATEIBHO DAasBUTHE paboT B Rapsepe C€O-
rJacHO TpeM BapHaHTaM UHTCHCUBHOCTH TOPU30HTAIHHOIO MOJBUIA-
auA GpoHTOB PaboT Ha yCTyIax € MAaKCHMAJBHON CROPOCTBIO YIIyOKH,
COOTBETCTBYIONIeH MHINMAIbHON IAPHHE pabounx MIIONAf0K, MaKCH-
MATBHOMY H3BJICUCHUIO I0JIESTIOT0 HCKOIAEMOTO.

§ 2. PABBATUE PABOUYE 30HEI IIPU OBECHEYEHNWNA
MIHUMAJBHEIX PABOYHX IIJIOMALOKR

HonroroBka Top. 1 OCYMECTBIACTCA KOTIOBAHOM ¢ HeHTPOM
B Toure 0, (cM. pue. 7.2, WOTOIREHIE TOPIBIX paboT OTPaKREHO HILK-
Heii GDOBKOil yCTYIIOB). Onycranne TOPHLIX pabor Ha Top. 2 Bep-
raxabaoe. IlonroronTensHas Bhpaborka Ha rop. 2 pacloIaraercs
CTPOTO HOJ KOTIOBRHOM T& IOP- 1. Upoexnum nx menTpos O, M 0,
copmanalor. Jas ofeciedeHus WOATOTOBKI TOD. 2 ¢pour pabor Ha
rop. 1 moiKen GHTH OTOABAHYT PABHOMEPHO BO BCeX HalpaBIeHUsX
Ha BeamwumEy [ _, = hctg @ (cM. puc. 7.2, obgacTb MERAY JIUHI-
avm I/n 1 2n).

Ilpn panpHeiuieM pasBUTHU pabor B raybmmy (¢ rop. 2 Ha rop. J)
HampaBleHme MeHfercd ¢ BEPTHKAIbUOIO Ha HaKAOHHOE. Y TOIl
YrIyORE yMEHBIIAEeTCs 10 18°. TlemTpoM HOATOTOBHTEIBHON BbLIPa-
Gorkm ma rop. 3 ssagerca Touka Oj. Haxaanspaem IIaH Top. 2
Ha mwiam rop. 3 (em. pue. 7.3 1 T.4). Ha mrase rop. 2 HAHOCHM IOJIO-
;repme ropEmWX paGot, ofecmeumBaoiee pacueruyio (MAHUMAJIBHYIO
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mupury pabodnX mIomamoK UpE o0pPA30BAHHE IOATOTOBHUTEIBHOM
phipaforku Ha rop. 3. Qbaacrs, mopiemamasn pa3paborke Ha rop. 2,
3aKi0UeHA MEKNY mojdoxkenmem ¢ponra pabor, obecHedmBaomyIM
TOATOTOBKY rop. 3 (AWHHA $n) W rpaHWNAMH KOTJIOBaHA Ha rop. 2 (2n).
MaxcumanibHoe HeobXonmMoe mofBHTaHME PPOHTA YCTYHA lpayx (o3,
Ha rop. 2 copmafaer ¢ maupasienmeMm yrayorm O,0,. MuammazpHOC
HofBUTaHNe COBUANAET C MPOTHBOLOJO0;KHBIM Hampanienmem. Bo Bcex
OCTaJbHHX HaUPaBJIEHHAX [, o_s3,, NOKABAHHEIX Ha pmC. 7.3, Belm-
YHHA TOJBATAHHA BBIPA3HTCH 3aBUCHMOCTBIO (7.D).

Hopswranme ¢ponra pabor Ha rop. 2 BO3MOKHO TOJBKO IpH
yciosum obecmeuennsa ero ma rop. 1, T. e. paGoTh Ha TOP. 2 FOMKHEL
BECTHCH IPHW PACIeTHOH (MHHUMAIBHON) IHUPHHE PaboglX MIOMATOK.
s ompenenenms moliokenmsa ropHBIX pabor Ha rop. 1 Ha MoMeHT
OKOHYAaHHA HOATOTOBKA TOP. 3 COBMECTUM HOTOPM3OHTHHEE ILJIaHbl
rop. 2 m rop. 1 (cm. pume. 7.3 m 7.2). Mckomoe moloskeHre BHIDa3HTCH
aumnmed Sn ma pue. 7.2, oTeryunanmei or mojoxkenus pabor Ha rop. 2
Ha MOMEHT OKOHUYaHHA HOATOTOBKM Top. 3 (iamums Sn Ha pumc. 7.3)
Ha peamumHy B - hctgo = hctg ¢. lloxyuenmas obmacts, mop-
deKamas BbeMKe, 3aKTI0UeHa MEKIY HMCKOMHEM HojoxenmeM paGor
Ha MOMEHT OKOHYaHHWA HONIOTOBKY rop. 2 (dmuma 2n wa puc. 7.2).
Tlpu sToM HampapiieHnme MaKCHMAJbBHOr0 HEOOXOIMMOTO HOJBHTAHHA
Ha rop. 1 ompepesiaerca maupamjennem yriyOwrm ¢ rop. 2 Ha rop. 3.
CoBMmemas moclefoBaTellbHO CMejKHbE HOTOPH30HTHLIE HJAHE M pac-
CyIKIad OUMCAHHKIM BHine oOpasom, HafizeM IOJOKEHHS TOPHHIX
paGor, o6'beMbl M3BIEKAEMOW TOPHOI MacChH WM BeIWYHHY HOABHTaHUA
DPa3NAYHHX y4acTKoB $pouHTOB paboT Ha ropmsoHTax 3, 2 m 1 (Mm-
umun 4n, 5n ma puc. 7.4, 7.3, 7.2).

Tarmm o6pazoM, B pesylbraTe PacCMOTPeHHSA Da3BHTHA Kapbepa
Ha TaAyOmEHY 7 YCTYNOB ¢ MAKCHMAaJBHON WHTEHCHBHOCTHIO B Bep-
TAKAJBHOM HANPaBJCHUN W IePEeMEHHOM HaupaBlleHHnm yriybxu
BHISICHeHO TWopgBHTanme pouToB paloT B DPa3nWYHHX HaOpaBICHHUAX,
HeobXoguMoe [JiA COXPaHeHHA MUHEMAIBHOH IIHDPHHHE pabodamx
WIOWAIOK, ¥ HofJesKamye W3BJIEYSHNI0 00TLeMbl TOPHOM MacChl.

AHalIn3 3aBHCHMOCTEH BEIWYMH TOJBUTAHUA YCTYIOB JIA pas-
JIAYHBIX KOHKPETHHIX CJIyYaeB I03BOJIMI MOIYIUTH BHPajKeHHA B 06-

meM BHUfOe: .
lmax (i-n) = h (Ctg ¢ + Ctg f’n); (79)
Lin (i—n)=h (ctg p—ctg f’n); (710)

Ly (i-n) = h [ctg l?)n cosp— (n_“l’— 1) ctg (P]—r -+

+ V(n—1i) h ctg ¢ + r]2— h¥ctg® B, sin? . (7.11)

rge P, — yroa HampaBleHHs pasBuTHA pabor B raybmmy ¢ mpepn-
mocleqHer0 Ha MOCJIeRHHHA paccMaTPHBaeMBi TOPHWBOHT, TPAJYyCH;
n (1, 2, 3,..., N) — HOoMep BCKPHBAEMOT0 FOPH30HTa IPH OTCUETE
" ceepxy; i (1, 2, 3, ... ., N — 1) — HOMED ropm30HTa, AAA KOTOPOTO
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onpefeasiercd BeJIWYWHa NOABWMraHHA ¢poHTa paboT mpE oTcdere
CBepXy.

3aas 3aBHCUMOCTD HOBUTAHMSA YCTYIOB OT HaOPaBieHus yriayOoKu,
MOKHO PeryimpoBaTh pacupefelieHue IOTPY309HOTO 000pymOBaHHSA
Aa ycrynax mo Mepe yraybxu. Eciam ydects, 9To B HaupaBienum
MAKCAMAJABHOTO HEOGXOJ¥MOro HOABHTAHUA NPHHUMAETCS PaCcIeTHSIR
(MMHAMAIBHE) DKCKABATODHHE O6J0K Lg, To B HaopaBIeHWY MHHIU-
MalbHOI'0 IOfBUTaHWA ero BeJIWIHHAa
ompefeTsAercd ¢ uoMombio  Kodphom- T

T
pmeara K, KOTODHIH HaXOZUTCA 110 ,'
dopuy:ze |

K — Imax _ ctg ¢ 4-ctgfn . (712) 3 /
Iy ctg g —cig fin

HNawaa  sxckaBaropuoro  Gioka
B HaUpaBIEHHH MUHUMAIBHOTO IOJ-

BHTAHHA P
, !
Le=KLg. (7.13) /2 A
Haa oupemeneuns AIMHE 3KCKaBa-
TOPHOro 6J0KAa B HMPOMEKYTOUYHBIX Ha- 4 y
OpaBAeREAX UpmMeHderca Koadpdu- !

‘uuenr K., Koropwii wuaxomurca mno G4 50 120 ¥epadyos
oOpPMYVIe . . )
bopry 1 Puc. 7.7. T'padur sasicumoctit
K, =2 = rooppunmenta Ky JIMHBL YKCKA-

Ly BATOPHOrO (JIOKA OT yrua Ha-
IPaBICHAA P rOPHHX padoT Ik

h(ctg gp+-clg Bn)

= YOPU30OHTE;

hicigPncos $—(n—i—1ctg@j—r p

- - —— 5 = —— 1,2,3,4,5,6 — upn yrae § yriry6-
+Vi(n—i)hctg g -r2—h2ctg? f, sin2 . KHI, DaBHOM COOTRCTCTBeHTO 15, 30,

(7.14) 45, 60, 75, 90°

JauHa sKCKaBaTOPHOrO GI0Ka B MPOMEKYTOYHBIX HANPaBJICHUIAX:
Lg —_ Kst..

Tpaguueckn sasmemmocts K, = f () upm yrie orxoca pabodero
Gopra ¢ = 15°, BHcore ycryma k2 = 10 M um pagmyce KoTJIOBaHA
r = 50 M mokasaHa ma puc. 7.7.

§ 3. PABBUTHE PABOYEN 30HBI TP MAKCUMAJIGLI{OM
W3BJAEYEHUU TOPHOM MACCHI

Hax roBopmioch BHINE, TOT BapWaHT HPETyCMaTDPABAET MaKCH-
MIbHYI0 METEHCHBHOCTH PafoT KaK B BePTHKAIBHOM, TAK W B TOPH-
BOHTAJBHOM HAIPAaBICHHUAX, YTo oOecHeunmBaeT H3BJICICHHE MaKCH-
MajibHO BO3MOKHEIX 00beMOB TOpPHOH wmacchi. MWcxopnHbie namHEE:
W HaOpPaBJeHHE Da3BUTHA PafoT HPUHHMAEM IO BapHanTy HeobXo-
AEMOTO pasHoca.

TloproToBka rop. 1 3akamumBaeTcss CO3ZaHEeM KOTIOBaHA C IETi-
tpom B Touxe O, (cuM. pue. 7.2). Hoarorosurensuas Bupaborka Ha
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rop. 2 (cM. pme. 7.3) OpE BEPTHKATBHOM OLYCKAHHM PaCIOIAraercst
ooy kordosanom ua rop. 1. poexmun ux nearpos O, u 0, coBnagaor.
CienoBarenbHo, ropusie paborsl Ha rop. 1 JiA mOZTOTOBKE Trop. 2
MOJKHLBI UPOM3BOAATHCH PaBHOMEDHO BO BCEX IIAUPaBICHUAX [Jis
obecrevennsi pacuersoll IMmpmubl pafoumXx udomamox (cm. puc. 7.3.
amnus 2nmp). ITo Heobxonumoe nopBuranme gponra pabor Ha rop. !
(0HO K€ W MAKCHMAJBHO BO3MOKHOE IPH UDPHHATHX OSAHAKOBLIM
TeXHUYECKUX W TeXHOJIOTrHICCKUX Uapamerpax M moKazaTexsx). ITor
daKT mopTBEp;KKAET WOJyYeHHEE pe3yabraTe (cM. § 2 riapel 6 m § 2
rAaBel 7) M CBHAETEILCTBYET O TOM, UT0 HPH YIiAyOKe B BEPTHKAIbHOM
HAIPaBJICHUE C MaKCHAMAJIBHOH CKOPOCTHIO BEJIWIWHA T[OPUICHTAIb-
Horo pasmoca (& ctg ¢) ofmosHavHa W B J11000M HaUpaBJIEHHH PaBHA.
-CilefoBaTellbHO, OfHO3HAYHA H 0GJIACTh HM3BJEUYEHHUST TOPHOHM Macchk
(cm. pme. 7.2, obnacTs meRpy JumauAMm Inmp m 2nmp), a, 3HAUMT.
¥ UPOM3BORMTEILHOCTD 110 TOPHOH Macce W mOJIE3HOMY HCKOIAEMOMY .

Pacnosionsenme korioBama Ha rop. 3 (cm. puc. 7.4) cmemaercs
B IUIalle 10 OTHOIIGHMIO K KoTjioBaHaM Ha rop. 1 m 2. Vmeer mecro
HakJIoHHOE ouNyckaume. Ero yrod W HaupaplieHHe aHaJOrWYHBL IIep-
BoMy Bapuantry. [{as caydas obecmedenns pacduerHoil WmpmHL pabo-
qUX HJIOMIAl0OK BEJINYMHA MOJBUTAHAA Pa3jIMIHHX yIacTKoB (POHTOB
paGounmx ycrymoB HeopmHakoBa. MakcmmaipHasg BeJIWUYHMHA pasHoOCA
coBIafaeT ¢ HampaBjienmeMm yriayOkm. B Apyrux nampaBIeHHAX oHa
ymenbuiaerca. OFAAKO rop. 3 MosKeT GHITH MOATOTOBJIEH TOJBKO B TOM
caydae, Korjga Oyjer OTONBHHYT Ha MAaKCHMAaJIbHO Heo0XomanMymo
BoMYEEY (poHT pabor Ha TOpP. 2 B HampaBIeHWH YrIyoKm. ITO
Happapienne W OymeT oNPefeldATh BpeMs UoaroroBxu rop. 3. Ecan
yUecTh, 4UTO0 HMCXOHbIE NOSHIUH HOrpy30uHoro obopymoBaHUA 10
nepumerpy ¢pomra paGor Ha rop. 2 PaBHOIEHHBE, TO BO BCEX Hallpa-
BICHNAX MOMKHO IPOABHHYTBCH HA BEIMIMHY liax (o-3)- OﬁJIﬂCTE
BO3MOJKHOTO H3BJIEUEHHA TOPHOH MaCCH 3a NEPHOJ LOATOTOBKHA TOP. I
3aKJIOUeHAa Ha FopP. 2 MEKAY IPAHAIAMHA €T0o IePBOHAYAIbHOTO KOTJIO-
BaHa (cm. pmc. 7.3, amuma 2rnmp) U QpoHTOM paboT, TOZBEHYTHIM
OT BTHX TPaHML, Ha DPACCTOAHHUMA [m,¢ -5, BO BCEX HampaBJIeHHAX
(urpmxopas Jmuua Jm). IlockoibKy B HampaBleHHAX, OTIHYHBIN
OT HampaBIeHHA YIIAyORW, BeJWIMHA WLOABHIaHEA Golbunie Heo6Xo-
AmMoit, To ImWpHHa paboumx IIOMAfOK YBEJIWMYMBAETCH, YTO BEACT
X yMeHBIIeHHUIO yria oTKoca pabouero Gopra.

CoBMecTne WIaHH rop. 2 # 4 (cm. pme. 7.3 m 7.2), ompegenmm,
Karoe HoJiojkenme 3aiimer ¢poHT paboT Ha rop. 1 Ha MoMmeHT oKoHYa-
{IAS HOATOTOBKE Top. 2. HKak BUpHM, HoJOKeHHE TOPHBIX pabor.
0ecIeunBamee MEEAMAIBHYIO MUPHHY pabodnx mIomamnoR (GIJIONI-
tas IHEAA 3n) AMeeT MaKCHUMaJlbHOe IOogBUraHme [ .. -5, B HaOpa-
BIIeHAH YriayOwm.

YunrHBag CKasaHHoe BHIIe II0 NePBOMY BAPHAHTY, HOJYYHM

lmax (1-3) = lmax (2-3) = h [Ctg P -+ ctg _6(2—3)}-

W3 yciopusa PapHONEHHOCTH PaslUYHBX YYaCTKOB IePBOHAYAND-
doro ¢poura A fAalbHeldledl paspaboTKA IPoBOZMM HA ILJIame
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rop. 1 Ha paccToAHHH Ilp.x (.3, OT WoJoxenma ¢poHra (InHHS
2nmp), COOTBETCTEYIOIEro OKOHIAHMUIO IOATOTOBRY I'op. 2, JUHUW In.
Tociepuas 6ymer CooTBETCTBOBATh MAKCAMAILHOMY HOLBHIAHAIO
ycIymos Ha rop. 1 Ha MOMEHT OKOHYAHHA HOATOTOBKHE rop. 3. Vspie-
KacMmule 06'6eMHBl TOPHOR MACCH 3aKJI0I€HB MEKIY OTHPABHHM W BHOBD
WOIYICHHEIM ILO0JOKeHIAMNA ropusix pabor. Ilo amasormm co crasau-
HbIM BBIHIE HAHOCATCH COOTBETCTBYOIMME IONOKEHUS TOPHLIX pabor
u onpexenadiorcss obbeMbl, UofeKRamue I3BICUYCHAID 3a MTCPHOIHI
HOJITOTOBKH ToP. 4,°5, 6 m 7 (em. pue. 7.2, 7.3 m 7.4, wITpuxOBHE
anuny dm, Sm, 6m u 7m).

AHalIn3 Ha MOTOPHUBOHTHBIX IUTAHAX B3AUMHOTO MOJIOREGHIS IO PHEIX
paboT Ipm HEeo6XONUMOR ¥ MAKCHMAJIbHOM HITEHCHBHOCTI KX BEISHUA
B TOPHW30HTAJTBPHOM HANPABJICHAM TO3BOJHET CHEJIATh CISLYIONHe
BLIBOJIBI:

MaKCHAalIbHOe U MUHUMAJIBHOE PACCTOSHEA MERNY IIONORKEHHAMIT
ropHAIX paforT UpH HEOGXOZHMOM H MaKkCHMAaJbHOM -pasHoce Habimo-
HalTCsl IO JIMHUY Pe3yIBTHDPYONMEro HaupaplieHds PasBUTHsS, mPO-
BeJlCHHORA dYepes LeHTPH IOATOTOBUTENBHMX BHPaboTOR paceMarpu-
BaeMOro M BHOBL BBOAUMOTO ropm3onToB. Hampmmep, mis moprora-
BJINBAEMOLO TOP. 4 Ha uIase rop. 2 (cM. puc. 7.3) OHM PACHOJIOFKEHEL
mo gmnen 0,0,;

MHHEMAJBPHOE pacxoxfenye (HaupuMep, di, (g-4, Ha DHC. 7.3)
HaOM0Aaercd B HaUPaBJIeHWH, COBUANANIEM € Pe3yIbTHPYIOIHM
HalpaBIeHHEM Pa3BHTHSA;

MaKCHMaJbHOE DPacXomaeHue do.y o-,, HabdOgaerca B Hampa-
BJEHEH, TPOTHBONOJOKHOM  PEe3YJbTHPYIOHIEMY  HAIPaBACHHMIO:
pa3BUTUA.

B obmem Bmue peroMEHIALMHA 0 IOCTPOSHHIO HA HOTOPH30HTHBIX
IJaHaX LO0JOKeHWH IropHbIX paGor, COOTBETCTBYIMUY MAKCAMAIbHONK
HHTEHCHMBHOCTH TOPH30HTAJBHOTO pasHoca IpH IepeMeHHOM Hampa-
BIEHAU YINYOKM, CIEYONHe:

OpH BCKPBHITAM ¥ TOATOTOBKE HOBHX TOPHB0HTOB OCHOBOM JJisf
LIOCTPOEHUA UOJIOKEHHH TOPHBEIX pPaboT, COOTBETCTBYIONUIX MAKCI-
MaJIPHOMY U3BJIEUEHHI0 TOPHOM MacCh, ABIAETCA MAaKCHMAABHOE
Heo0X0MMOe TOPUBOHTAIbHOE MOBUTaHTe Dabouero yCTyla, KOTOpoe
oupe/ielIfeTCA W3 BHDPasKeHHdA [, = A (ctg ¢ 4 ctg PB);

Ha BepXHeM TOpPH30HTe, CMCKHOM € TIOPEBOHTOM IIOATOTOBKH,
LICKOMOE TTOJOMeHNe HaHOCHTCA Ha PACCTOSHUN [,, OT TPAHHI, IEPBO-
HAYaIbHOTO KOTJIOBAHA;

Ha BCEX JICKAIIHUX BHINE TOPU30HTAX OTHPABHBIM SBJSCTCA HOJ0-
JKeHHe TOPHBIX pabor UPM MaRCHMa/lbHOM BeAUYMHC NOJBUIAHMA Ha
MOMEHT OKOHYAHHA MOATOTOBRN L PEIBIAYILETO I'0PU30LUTA, OT KOTOPOTO
OTKJIAJHBaeTCA MCKOMOC IONBUTAHAE HAa PACCTOSHEN [o,.;

ecall IIPH COCTAaBIEHHHW NPOEKTa Ha pa3spaborTRy cHavada NIaHHU-
poBaliach MUHMMaJbHaf (pacdermas) MUPHHA DaGoOYMX WIOMANOK
¢ HaHeCCHHEM Ha FOPHBOHTHHX MIaHaX COOTBETCTBYIOMKX MOJO:KEHMIt
TOPHHEX paboT, a MOTOM B CHJIy Heo0XOMUMOCTH ¢ HEKOTOPOTO MOMEHTA
pemterio DepeiiTH Ha MaKCHMaJbHYIO MHTCHCHUBHOCTD FOPH30HTAIBHOT(
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pasHoca, TO B BTOM cllydae JAJA HOCTPOEHMS NodoReHHi QpoHTa
pafor, OTBEYAIUX MAKCUMAJIbHOA HWHTEHCHBHOCTH, HeoBXommMO
moeTyuarh clIefylomuM o0pasoM: ecld PelleHo NePeXoguTh Ha MaKCH-
MaJbHYIO BeJIMIAHY HOSBACAHHES ¢ TOPH3OHTA, CMEKHOTO C [OPH30HTOM
HOATOTOBKH, TO HCKOMOE IOJIOMieHNe HAaHOCHTCH Ha PaCCTOAHHM [,
0T I'PaHHUl HepPBOHAYAJBLHOTO KOTJIOBAHA, €CIM BeJIMIYMHA HOABUTAHUA
MeHseTcs He Ha CME}KHOM TOPHM30HTE, TO MCKOMOE IIOJ0JKEHNEe TOPHBIX
paboT OTKIAAEBaeTCA OT IOJOKEeHHA, COOTBETCTEVIONEro HeoOXOomH-
MOH BenWYWHe IOIBUTAHUA;

HOOCKOJBKY IPH MaKCEMaJIbHOM HHTEHCHBHOCTU BECHh JPOHT TOPHBIX
pabor mofBHUraeTcs PaBHOMEPHO, TO 8T0 BOBMOKHO TOJBKO IPH PaBHO-
MepHOil paccraHoBKe 000PYNoBaHHWA; WPHA HTOM BeJNUNHA JKCKaBa-
ropHoTo Giloka MEHMMalpHa (OPHHEMAaeTcs HO HOPMaM WIN
pacCUnTHBAeTCA).

§ 4. PABBUTUE PABOUEM 30HBI [P MAKCHMAJIBHOM
HU3BJIEYEHUA IIOJIE3HOTIO HCHOIIAEMOrO

B §2 n 3 pawmoii riaBH PacCMOTPEHH fABa KPaWHHX TOMOKEHUA
TOPH3OHTAJHHOTO Pas3HOCA UPH MAaKCHMAaJBHOM CKOPOCTH YrayOKu.
IIpm srom ompepeldeHn BejlmYwWHA NOLBWraHus ropmEX pabor 3a 1e-
PHOAE HOATOTOBKM HOBHX T[OPH30HTOB W 00'beMH TOPHOHM Macech,
mojJieskamue wu3BledeHnio. VI3 sroro caemgyer, uTo BCe BOBMOMKHEE
BApPWAHTH IO W3BJEYEHUIO0 TOPHOE MacCH JOKHH HAXOTATHCHA B 00-
JIACTH, OTPAHHIEHHON HOJOKeHWAMH paboT mpm meoOXommMoH M Ma-
KCHMaJbHOH BeJIMIdHe NOABHTAHAA YCTYHOB. JTO OTHOCHTCH K Ba-
PHAHTY, IPH KOTOPOM I PETYCMATPUBAECTCH MAKCHMAJILHOE H3BICYCHHE
I0JIe3HOr0 MCKOIAeMOro.

IogroroBka rop. 1 sakio9aercs B UPOXoJKe KOTIOBAHA Ha DTOM
TOPHBOHTE ¢ HeHTPOM B Touke O,. MaxrcmMaJbuH#i 06beM MOAE3HOTO
MCKOIAaeMoro, KOTODHI IPE HTOM MOJKeT OBITH MBBJIEYEH, OTPAHMYH-
BaeTcsl HAJMIMEM €ero B JTOM KOTJIoBaHe. 3a NepPHoj LOATOTOBKH
TOp. 2 moJieaHoe MCKOIaeMoe W3BIERAETCH W3 KOTIOBAHA HA Top. 2
u m3 obijacrm pasmoca Ha rop. 1. Ilo mpmumue BeprmraibHOrO OIY-
cra"ma ¢ rop. 1 Ha rop. 2 mogBuragme ¢podra paGor Bo BCEX HaUpa-
BIEHMAX paBHOMEDHOEe M ofHOBDPeMeHHOe SMBIAETCH HEOOXO0IIMbIM
¥ MaKCHMaJibHO BO3MO;KHEIM. Ilosromy mapieraemsie o0beMbl ropmoil
MacCH M0Je3HOr0 MCKOIAaeMOro OHPEefeJAIoTCs OJHOSHAYHO (CM.
prc. 7.2). Takum o6pasom, moJoKeHWS TOPHHEX pPaGoT, COOTBETCTBY-
JOMMUe MOMEHTAM OKOHYaHMS HOJTOTOBKH I'op. 1 m rop. 2, COBmAgaiT
BO BCEX J paccMaTPHBAaEMHEIX BapHaHTaX B CHJY TOTO, YTO UPHM MAKCH-
MajibHOR CKOPOCTH YIAYOKM B BePTHKAJIbHOM HAaUPaBleHAT BO3MOMHA
TONBKO OfHA BeJWIMHa TOPUBOHTAIBHOTO MOIBHTAHHAA YCTYIOB.

Jia madpHeiimiero pacCMOTPEHHA DPa3BHUTHA IopHHIX pabor cdop-
Myaupyem OGojee KOHKDPETHO, YTO HOHAMAETCH LOJ MARCAMAJIBHEIM
UBBJIEYCHAEM HOJEe3HOI0 HCKomaeMoro. MaKcumMmajbHoe H3BIEYCHUE
TOPHOH MacChl JOoCTHUTaeTcd 3a C4eT 00JacTH, 3aRIIUCHHOH MEHAY
IIOJI0AMEeHHAME roPHBIX PaboT, COOTBETCTBYIMUX HeOOXOoREMOMY K
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MaKCHMAJIbHOMY IOABUTAHHKW YCTYHOB. B aToil obixacTE HaxonArcs
Kak I0Je3Hoe ACKoIaeMoe, Tak B BCKPHIHLe nopoxtl. lloamoe nasie-
YyeHHe W3 9ToH 00JaCcTH mOJEe3HOro MCKOIAaeMoro IpH oCTaBJIeHuHA
BCKPHEIOHEIX mopof ¥ GyAer COOTBETCTBOBATh MAKCHMAIbHOH Hobnrie
moAe3Horo ncKomaeMoro. OmHaKo clefyer YUYATHBATh, YTO 3ale:Ku
AMET CIOMHY IpocTpaHcTBenHyw (opmy, pasfeleHH IIPOMIa-
CTKaMHE BCEDBIIHBIX IIOPOJ, a4 BO3MOYKHOCTH LUPHHATOTO TEXHOJIOIH-
JeCKOT0 TPAaHCUOPTa OrPAHWYEHH B CHIY TeXHWIECKHX 0COOEHHOCTEM
(paGoumii pagmyc pasBopoTa W T. X.), MOBTOMY Hem30eHBI Kak He-
moJIHOe W3BJEUeHHe IM0JIe3HOT0 WCKOmaeMoro M3 »TEX oflacTeil, Tar
¥ YacTHUHOe HOHNYTHOe H3BJeueHHe BCKDHIIHHX mopop. Ecam jue
Y9ecTh, UT0 KaPhep B IEJI0M IIPeCTaBiser co00l KOMIIIEKC {o0hYHbIX
¥ BCKDHINIHGIX YCTYIOB, & TaKKe YCTYHOB, CJOKEHHBIX IOJE3HBIM
HACKOIAaeMBbIM I BCKPBIUIHEIMA HTOPORAMHA, TO MAKCHMAJIbHOE H3BJICYCHNE
10JIe3HOT0 MCKOUAeMoro B 30He JOOBYHEIX YCTYHOB IPHUBENET B CHIY
HE06X0oNEMOCTY ofecIeueNMA MWHMMAJGLHON ITHDPHHLI pabodymXx mio-
MafoK K YBeIMICHHOMY HOBATAaHMI0 (POHTA Ha BCKPHINHHX yCTyHaXx,
4 3HAYAT, W BHEMKE NONOJHUTEeXBHBX 00HeMOB BCKDHINHBIX IODOA.
Ucexopa ms manoaiednoro BHIIE, BapHAHTY MaKCHMANbIOTro W3BJIe-
YeHms H0Je3HOTO MCKOMAEMOT0 JOJJKHBL COOTBETCTBOBATH HOJOMKEHUA
TOPHHX PaboT B 06IaCTH MEKAY HOJI0KEHUAMA HeoOX0aHMOTo PasHoca
¥ pasioca o MaKCHMAaJbHOMY H3BJIEYSHUIO TOPHOH MacChl, IPH KOTO-
PHIX W3 9T0i 00acTH MOGHIBAETCA MAKCEMYM HOJE3HOI0 HCKOLAaeMOTo
¥ MUHEMYM BCKpHUIHRX mopox. Ilpm stom HeobXogumo cobiiomennme
OpaBAI TeXHWIECKOM BKCIIyaTalldH TeXHOJOIMYEeCKOro TPaHCIOPTa.

Ilpopomzmm paccmorpernme pasBurTua PaboT HPA MaKCHMAIBHOM
W3BJICICHUN MOJEe3Horo MCcKomaemoro. llpm omyckammu ¢ rop. 2 Ha
rop. 3 Haupasienume yriaybxkm mHarJonHoe. Ia miame rop. 2 (cm.
puc. 7.3) Ha MOMEHT OKOHYAHHA HOATOTOBKM rOp. 3 HMeeM 2 HoJlojKe-
AR TOPHHX pador (puc. 7.8, @, munnm Sn m Sm). B obiactm mempgy
STHMI IOJOKeHAAME HAHOCHM JHHHIO Jp, OTBEIaIOMIYI0 MAKCHUMAIb-
HOMY H3BJIEYEHHIO MOJE3HOT0 WCKOIAeMOro COTJacHo IPHWBeJeHHOMY
BHIIIEe ONpefeJeHni0. ¥YYaCTKA BCKPHIOHHX TOPOR, KOTOpHIE IIOIYTHO
W3BAEKATCHA, 3amTpuxopamH. HemoGmpaemble Y9aCTEEH IHO0J€3HOTO
HCKOIIAeMOTO MOKa3aHH IOTPHXOBKOH B KieTky. [JaA mocTpoenus
COOTBETCTBYIONEro mOJoMienusa ma rop. 1 HakigagbiBaeM IIaH rop. 1
(cm. pme. 7.2) wa miaam rop. 2. (em. pue. 7.3). Ilomyuennas xapruua
npueopuTcs Ha puc. 7.8, 6. B roii wactm obnacrm MeRRy JuHAAMA Sn
u Sm, rjge TOJBKO BCKPHINHEE OPOAH; THHNA Sp HAHOCHTCA OT I0J0-
JKEHMA MaKCUMAaJBHOTO M3BICUGHHSA MOJe3HOr0 NCKOomaeMoro Ha
rop. 2 (wrpuxosad gumuus 3'p) Ha paccrogumm B - h ctg o; 9robh
obecmeunTs MmuuMaidbaeie paGoume miomankm (yiacrku AB u EF),
Ha yuacrrke CD mmeercsi noldesHoe HCKomaeMoe. 3Jech HOBHUTaHIe
$poHTa yBeJIWMYMBAEM [0 MAKCHMAaJbHO BO3MOKIIOTO 3HAUYEHHS
Imax (2-3, = P (ctg ¢ - ctg P,_;) ¥ BHIXOAHM Ha YOJIOMKEHHE, 'COOT-
BETCTBYIOMEe MaKCHEMAIbHOMY U3BJIEUEHHIO TOPHOM MaccH (AwHaA Sm).
Paccympas amasormumbim ofpasoM, HAHOCHM IOJOMKeHHA TOPHAIX
PadoT UPH MAKCHMaJIbHOM M3BJEUCHWH IO0Je3HOTO MCKOIAaeMoro Ha
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BCeX IOTOPH30HTHBIX IITaHAX HA MOMEHT OKOHUYAHHSA IOATOTOBKI
Ka{oro ropmsoHTa (cM. pme. 7.2—7.4, ;xApHas AAHAA).

B obmem Bmme MeTogWKa mOCTPOGHHA HA TOTOPHSOHTHHIX ILTAHAX
I0JI0KeHNE TOPHHX paboT, COOTBETCTBYIMX MaKCAMAILHOMY H3BJIe-
YeHHIO T0Je8HOr0 NCKOIaeMoro, clegyomas. Ha ropusonre, cMeHOM
¢ TOPH30HTOM IIOJTOTOBKH, CTPOATCSA IOMOMEHHS TOPHHX pador.
oTBevaomue 06eCeUeHA0 MEHAMAIbHONR MAPHHK PadouuX II0MAL0L
H MAaKCHMaJIbHOMY H3BIEH9eHHUIO rOPHOIH Maccsl. B monyuenmnoh o6nactu
10 NPHBEJEHHOMY BHIIE ONPEeNeHAI0 CTPOUTCS IOJOMKEHUE TOPHBIX
paboT, COOTBETCTBYIOMEe MAKCHMAJBHOMY W3BICHEHHUIO II0JEBHOTO
mcromaemoro. VexomaeM g moCTpOeHAA HCKOMOTO HOTO/KEHAA Ha

Prne. 7.8. CxeMa NOJOREHUE TOPHHLX paborT, OTBOYAIOUWX YCIOBHIO
MARCHMAJIBHOIO U3BJCHCHUS PYAbl, HA MOMEHT OKOHYAHUS HOJTOTOBKH
rop. 3 (MuEusa 3p):

a — Ha Top. 2; 6 — Ha rop. 1

JIe;KamieM BHIIIE TOPUB0HTE ABAAETCS QHATOTHUYHOE HA CMEAKHOM C HHAM
JeKameM HUKe Topm3oHTe. KpoMe TOTo, CYUIECTBEIHBIM BIIHSIONIAM
$axropom sABIAsieTcs fopMa 3adekm B 00JIACTIH, OrpaHNICHHOR I10/10-
MEHAAME TPW HeoOXONHMOM M MAKCHMATBHOM HOABUIAHHHM YCTYHORB.
Ilpu mocTpoenn: ciaegyer yYATHBATL, ITO MAKCUMAJLHUAfA BEIHUHHA
TMOBATAHAA N1060T0 YdHacTKa PpoHTA He MoMKHa OBTL GOJbINe BEJIN-
anEs £ (ctg ¢ + ctg B,) (tme P, — yroa yrayOku Ha HOBHH TOpH-
30HT) W MeHBbIIe BeIWUYHHHE HOABUTAHNS Ha DTOM YYaCTKE JeyRaulero
HmKe yeryna. Beam aToro me cobmwpanoch, To uan OyayT 3allaHu-
poBaHH 00LEMBI, KOTODEIE He MOTYT OBITH UBBIEUCHB 32 PACCMATPABA-
eMblii HepHof, Wi GymeT YMEeHbIIeHA MEHHMAAbHas Mupana pabouwx
MI0IATOK.

llepexon ma marcmManbHOe HBBJAEUEHNE HOJE3HOTO HCKOMAEMOICG
MOKHO OCYIIeCTBHTH B JI060# Iepmoj u ¢ Jawboro ropusoura. Bumue
mepedncaenHble PEROMEHJAUAN II0 IOCTPOCHUIO COOTBETCTBYIOMIHX
TMOJOMReHTH TOPHHX pafoT oCTATCA B cuire.
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§ 5. AHAJIU3 TTAPAMETPOB PABOYEN 30HDLI KAPLEPA
IIPU PA3JAAYHBIX BAPHAHTAX PA3SBUTHA TOPHBIX PABOT

Ha puc. 7.9, 7.140 m 7.11 moxasafel COBMEIICHHbIE ITAHA IOPTIHIX
paboT HA MOMEHT OKOHYAHHA HOATOTOBKHU TOP. 7 s 3 DPaCCMOTPEeHHHX
BAPHAHTOB Pa3BETHs ropHEX pabor. CpaBHUTENLHEM aHAIH3 ATUX
O7aHOB ¢ TOYKH 3penus HoJTydeHHHIX pasMepoB Kapbepa B ILIaHE,
pasMepos paboumx HIONMANOK, yI7I0B OTKOCOB I gopmE pabodux 60pTOB
HOKa3biBAET, UYTO MAaKCHMalbHble JTHHEHHBE pasMepel B IUTANC Ha

Puc. 7.9. COBMeIICHHDII ITTAH TOPHBIX paboT Ha MOMEHT
- QHONYAIMA IOATOTOBKHE Iop. 7 TpU MIHIMAaJILHBIX
paboumx mIomajgKax

MOMEHT OKOHYAHHOs IIOATOTOBKE TOp. 7 Kapbep mMeeT IIPA MarCH-
MAIBHOM H3BTeueHwm ropuoit Maccel (cMm. puc. 7.10), mempmme —
OPE MAKCHMATBHOM If3BICUCHMA IIOME3HOr0  ICKONAEMOro {cm.
prc. 7.11), MuHuMajibHbe — NPA 00eCIeTCHAN PACTETHON (MEHEMATB-
HOji) MUPHHEE PabounX MIOMAL0K (CM. pHC. 7.9). B cuny mocranies-
HOTO yCioBHA paboume INOMAZKN Ha PHUC. 7.9 opmHAKOBHL Ha BCEX
ropH30HTAX ¥ Bo BeeX Hampaniemuax. lIpm MarcumanbHoM H3BIEUE-
HEE ropHOi Macch (cm. puc. 7.10) mupmua pabouux IJIOMAMIOK Ha
rOPH30HTAX HM3MEHACTCH B 3aBHCHMOCTH OT HANpaBIeHHA yrayOoKrd.
Ha rop. 1 muprna paGounx HIOMa0Kx BO BCEX HallpaBIEHUAX OJM-
HaxoBa M paBHa pacueTHoMy suadenuio. Pabowme mromagiun copmu-
POBAIHCH B IEPHOJ BCKPHTAA H TMOJ[rOTOBKY Top. 2, KoIJia OIyCKanme
TOPHHIX PaboT OCYMECTBIATOCH BEPTARATBHO H YCTYHB IO/BHrATUCE
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BO BCeX HAIPaBIEHUAX PaBHOMEPHO. B janxpHelmeM MHEPHHA MLAOLLA
OK He M3MEHHJAch, HeCMOTPH HA H3MEHeHNe BEeIHYMHB TOJABHTAHMH
¢porTa paboT B pasaAmuHLe Hepmoabl. llpm HaKIOHHOM HOHEKEHMIt
Ha Top. 3 paoude ILIOMAKHA 10 MEepPEMETPY rop. 2 chopMmpoBaTHC!:
HmepeMeSHHMH 10 IIApHHe. B HampasleHnd. passutua pabor (cm.,

Prc. 7.10. CoBMELIEHHH# INIAH TOPHAIX PA0OT HA MOMEHT OKOHYAHHA
TOATOTOBEA TOP. 7 MPH MaKCHMAIBHOM W3BJIEYCHHA TOPHOI_ MACCHI

puc. 7.10, nusug O0,0;) 0oHE NPHHAIHA pacdeTHoe (MEHOMAJIBHOC)
sgauedne Bgpy,, 8 B MPOTHBONONOKHOM HAIPABICHAH MAKCHEMANb-
H0e B,on.. 1IpE DoclepyiomeM HOHWKEHWR TOPHBIX paboT no rop. 7
pafouwe TAOMAAKE Ha TOP. 2 COXPAHWINCE N [0 INHPHHE, H 0
¢ponry. Ha rop. 3, 4, 5 mo npruuHe HAKJIOHHOTO IOHWAEHNA TOPHBIX
paboT UIOMAAKA HMEIoT HepeMennyo mupnuy. Ilpmuem maxcmmant-
Had MApHHA IJI0MIANOK Pa3Hasd BO BCEX J TOPHBOHTAX W3-3a Pa3imd-
HHX 3HaueHmi yriaoB yraybrm. Mecrtomonosxenue pabodmx MIOMIAKON
MaKCAMAalibHoM IMHpPUHAK [0 QPOHTY 3aBACHT OT HANPABIEHHAS pas-
paTASA paboT B niaHe IPH NOJTOTOBKE CMEKHOI'O C HMMH TOPH30HTA.
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LIad FOpHHX paboT Ha MOMEHT

(CHME -
OROHUAHAS 110JTOTOBKI Top. 7 Ipu MaRCHMAIBHOM 1{3Bﬂi¥;-
HWH HOJC3HOr0 MCKOIACMOro (CIJIOUIBLIC nuBUA) M OpHU
GIIHBIPOBAHHON TTPOUBBOMTCALHOCTI (I TPIXOBbLIE JUHAY)

o amunn AB (em. puc. 8.7)

Puc. 7.11. CoBMeICHHDI T

&Y

Puc. 7.12. YciaopHHI paspes rapbepa © HOHMOIREHIAMM ropnzuzﬂggoorro xlxgﬁ
MUBMMAJTLHHX padounx ILIOmajiRax (1), MaKGI/IMaJII)FHOI\‘I é{gf(;l é) Py
sacehl (2), MARCHMATIBLHOM T3BICHCHUIE 110JIE3HOTO HCKOIIAe






B naanmeit
AANBHEHIIEM DaboTme INOWAAKI He M3MEHSIOTCH HH [0 ITEPHHe

HA 10 Ha
mpasiesnio. Ha rop. 6 mupmma mnomagox pacuermas Be

BeEx .
H((:)e:.x %‘aa?;gfﬂggg;{;;ai ;{;HMI;(})\ICIH;KOHHB TOpULIX paboT BEPTHRAIL-
e , {CEMAIBbIION WHTEHCHBHOCTH
PadoT B BEPTHKAJBHOM H TFOPUBOHTANBHOM Ia ot
bador » I ; mpasiieHHsax pabounc
ToTOBNIL AOMATION Kb OLONEOLY Teuntama o sespirun 10
< OHTA K B TEUCHIiE ] i-
wero Heprona paboTH Kaphepa ocTAIOTCSH HemsN -
Hasg WHPHHA PaboYMX IIOMIANOK BaBHCHT OT MOH%IHMH. S e
nonoskenyue MNIOMIAT0OK MAKCHMAIBHON I T o A pac
noTome PHHEL Ti0 OHTY —
sty pioe por s wame, T Stentd o
foro n < 0 (cMm. pumc. 7.11) pabou
HHHgI Jl(iI)\JIp ;Hm;g;lcgg}\;l KOHKRPETHOM ClIydae (OPMUPYIOTCSH )11}));1 Bﬂ?ﬁ
ritew dopwis aad 1; " UBMEHFAOTCA Kak Mo WMUpPHHE (0T pacuernoi
R0 daKcIa T (bpngf M%KCI/IM&.HLHOIZ[ HHTEHCUBHOCTH DPabor), Tak
) acTRAM ponTa pabor ma ropusonte. lupuna paowux mio-
e o Honewmog afoFlIee BIUAHHE Ha Yrod oTroca palouero
Pacnm, HaI{I 1};1:1016 — Ha Qopmy paGouero Gopra Kapwepa.
g nHTech’mHocTn rafApsar paboune Gopra kapbepa HPHE pas-
T men BHHBHTropme paboT U MepeMeHHOM HaNmPaBIEHIs
HEH npn yraybxe, anoinﬁlﬁﬁiﬁgﬁo & comoni paBoTax vory-
OB 110 COOTBETCTBYIOMHNM HallpaBJIeHHHHI\er oy g YTy
non 1o ¢ passutns paboT u pas-
(COpOTBeTciB;IIiuli;ngHaﬂbHyfo nrockocTh (pue. 7.12). Paboume 6§pfra
ooy 3 e nogfnamy obecrmeueHHsl PACICTHHIX PaGoUAX ILIO-
) oo (TIHHHHOHZHCT?IOM pabounx MIONIAOK U YIIOB OTKOCOB
wzoers (st 2 ,H IIOH%). PA MaKCUMAaJubHOM H3BJEYENNH TOPHOK
PR o e H06I‘0 ACKONAeMOTO (JIHHHAS J) B 3aBHCEAMOCTH
Mot et T gmy KM 10 HaNPaBIEHAI W BCAMYAHE H3Me-
Hames paGem MAJKH, & ¢ HUMH H YTJIbl OTROCOB pafouero fopra.
yomay paspaborrm paboume Gopra mmelor aoMaryo Qopry

Taasa 8

OIPEJENEHUE JOCTIKIMON
TPON3BOIUTEILHOCTI KAPHEPA

§ 1. OBUWIIE HNOJOMEHUA

pa ompepelsercs II0 TOpHOTeXHHIE-

IIpon3BoUTeIBHOCTE KAPbe
pam. PaccMOTpEM HEROTOPHE obniue

CKEM ¥ DKOHOMHYECKUM (aKTo
BOIPOCH 5TOH TPOOIEMEL.
mpoKo M3BECTHO [BA
BOETENBHOCTH Ay, Kapbep
MOJRHON MHTEHCHBHOCTH PAa3BHTHS [OPHBIX
ypeny MOOBIYHBIX DKCKABATOPHBIX 3a60€B.
COOTBETCTBEHHO yPaBHEHHAMM!

Ay =he;S; 11:?; M3 /1O 8.1
(8.2)

— ’ 3 170
Ay =QKmy, M /Tox,

rge hg; — CROPOCTh HOHIKCHUSA nobpaHnX pabor B i-M IHEpHONE
paGoTsl Kapnepa (IpH pabore ¢ yrayGroil) B CKOPOCTH NMEPEMENICHAA
¢$ponTa TOOHYHBIX YCTYIOB (mpu pabore Ges yray6uu), m/rog; S; —
momayb 3aJeKA MOJTe3HOT0 HCKOIAeMOTo B i-M mepmope (TOPHU30H-
rasbHEAS — Tpr pabore ¢ yriayOmo#, BepTAKAIbLAA — LPH pabore
fes yraybru), Mm% 1;, P; — COOTBETCTBEHHO KO>PRIEEHTH TOTEPh
7 06beMHOTO pasyGosuBanus; @y — OPOMBBOAMTENbIOCTD 100BITHOTO
sKcKaBaTopa, M*/rox; K, — dUmCao NOOBIYHEIX YCTYNOB B {-M IEPIOTE;
m, — 9ECI0 AOGBIMHEIX DKCKABATOPOB 1la yeryre.

IIpomsBoAATETBHOCTE Kapbepa Mo ropioit macce A; BIpaiaeTcA
gepe3 Ko9(QQUIMEHT BCKPHINI 72, KOTOPBIL 0OHUIIO CTPEMATCA YCPe-
HATH IO IepHosiaM, T. €.

Ai = Apl (/1 —{'- 7Li), M:}/,FO}I. (8 3)

Ipxm MHOTOYCTYTHOR PadpaboTKe A0JAHO ¢006.110;1aThCA PaBLICTBO
cKopocTell MepeMemeHus paGoumx yCTYyHOB. JTOT HPAHHUI BLIPA-
saercd ypapHenwsimi (1.24) u (1.25). Hpu padore ¢ yray0Oroii kapsepa
CKOPOCTH YIIyOKH OrpaHMTHBAETCA CKOPOCTRIO nepemelieHIA BepX-
HHX YCTYIOB B COOTBOTCTBHMH C ypaBHEHMEM (1.27). Pemenne 3THX
BOTPOCOB CHTBHO YCIOKHACTCH fraronapa H3MEHYHBOCTH BO BPEMEHI
(mo Mepe pasBUTHsA TOPHBIX paGoT) BCceX paccMaTpEBAeMbIX Iapa-
meTpoB. YacTo IpHE IPOEKTHPOBAHAN 1 uceTe oBaHASX He VITITHRAWT
ICKOTOPHIX OCO6CHH()CTOﬂ BARANIUA yKi\SHHHI)IX BHIIC 3akoHeMep-
wocreir, Mayemenuc unpl poura 1 Hmpcia pabouux YCTYIIOB BeneT
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METOA OUPEMleNeHn s BO3BMOJKHOL IpOU3-
2 10 TOTe3HOMY HCKOIlaeMomy — IIO BOS-
paboT H MO BO3MORHOMY
Drm MeTonsl BblpajkanTcd







K Heo0XOoMEMOCTH MAaHEBPHPOBAHHAS SKCKABATODAaMH H IICperoHa HX
¢ yeryna Ha yeryn. Dpont pafor ma3MeHseTcd CPaBHHTENbHO ITABHO
a 9HCIT0 SRCKABATOPOB W YCTYMOB — CRaukoobpasuo. Ecam SRCKABA-
TOPOB MEHBINE, YeM pafouuX yCTYIOB, TO Heperomsl MOTYT 3HadIH-
TEJIbHO OTPA3HTHCH HAa MPOHSBONATEABHOCTH DSKRCKaBaTopoB. Ecam e
YBEIAYHBATH BHICOTY YCTYIOB € TEJIBI0 CORDAlleHmsl X Yuciaa, TO
MOIKHO CHM3HATH MHTEHCHBHOCTE OTPABOTKHA MECTOPOKIECHA, a sawwT
@ o ]1% M PON3BOTATENBHOCTD Hapbepa.’
HociefHee BpeMsa Habmofaercsa

CTpeMIeHne BCIOy UPAMEHATH
Hamfosee MOULHHIE DKCKABATOPHL

5
", ([‘P H BHICOKHE YCTYHmEl. JT0 B HEKO-
/ TOPEIX CAyYasX MOKeT IIPHBECTH
0 K yXygmeHEdo 5QPeKTHBHOCTH
20 4 pabor.
. W, WsmenunmBocts ¢porTa paboT
< Ha ycTymax BefeT K Heobxonm-

MOCTH pe3epBHpOBaHNA ITPOU3BO-
JATEIBbHOCTA JKCKAaBATOPOB [JIf

6{7 0 W & 90wl Hm ODECIeTeHEA HYKHOH CKOpOCTH
. TMOHMKEHAAA TOPHBEX pador. JTOT
=] daKTop He yUHATHIBAaeTCA B HOP-

MaX IPOH3BOJATEIBLHOCTH KCKA-

20 N~ BATOPOB, YTO BeHET HA KPYyLIHBIX

™~ Kapbepax K 3aHIKEHHIO pacyer-
; - HOTO UMCIa HKCKaBaTopoB. B To
60 90 120 Hm Ke BpeMdA IPH COBPEMEHHOM DPas-
Pue. 8.1. T'padur sapucuMocts oOmieii BUTUM MATEMATHICCKHX METONOB
JUTHTL PPOHTA PaboT Ly, wiena skera- 1 BHYHCIATENBHON TEXHHKH €CTh
Batopos N (a) W cKOpoCTH YrayGxm BO3MOKHOCTH §o0Jee TOYHO OIpe-
Kapbepa hr (6) ot ray6umsl H wapne- mexuTh MOTpedHOE
pa 1o xMepe yI‘JIyGKI’I B IIepRoJg CTpOoH- p © FHCTO DRORA®
TelbCTBA BATOPOB.
Caenyer ofparHTh BHAMAHHE
eme Ha OJHY BSaKoHOME
16€0T0paﬂ 0co0eHHO APKO UTpPOABIAETCS B nepnort;( }clTponTOen(lnnggorc;;-'
OKIX KapbhepoB M MOKeT HOBIHATEH Ha paboTy xKapbepa B SKCILTyaTa-
OuoHHbE nepuof. leno B T0M, UTo IPH CTPOHTENBCTBE Kapbepa PPOHT
pabor 1o Mepe yray6KN HeIPePHBHO yBeIWIMBAETCH, a YACHO YKRCKA-
BaTOPOB IIOCAE JOCTHIKEHAA IPOEKTHOTO Y POBHA 0CTAETCS TOCTOSH-
moiM. Habamopaercs TopMoskerne yraIyOKE, ecil MaKCHMaTbHOE YACIO
9KCKABATOPOB HE COBNAfAeT ¢ MAKCAMAJIbHON fimHOHE gponTa pabor
HI¥ Ke HapyllaeTcs mpaAMas MPoHopPrHOHAIBHOCTH ,

_ 1
1Vaj—L—6‘L¢,j, ‘(8'4)

rne ]V 37 Oﬁmee AACJI0 3IKCI:aBaIOPOB B ] M e pllolle1 L(b] Oﬁmajl
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Ha pme. 8.4 moxasas IpuMep yBeTmueHHs (QpoHTa pabor IpK
yraybre kapbepa Ha ray6umy 150 M. Ecax MakcuMalAbHOE UYHCIO
HKCKABATOPOB COCTABIAET 20, ToO JJIHHA DKCKABATOPHBIX 6I0KOB
namerseres ot 280 mo 1000 m. B cBsizm ¢ 9THM BO3MO/KHAA CKOPOCTD
yriy6KE TOCTENeHHO CHILKACTCH, cocTaBlAf B cpemueM 25,9 M/Tox.
Ecam npmuarh CPeHIO0 JTHHY Gnoxon 300—350 M, TOo CKOpPOCTH
yrayGKU COCTABUT 35 m/ron. A mocTHub ee He ynacred. OTH paHHBIC
IT0JIyYeHE! IPH JOBOIBI0 CXEMATHIHOM paccMOTpPEHHN BOIPOCA. Ecan
sRe mo ViaszaHHOM cxeme BeCTH Gomee HoApoOHBIe pacdeThl, TO BO3BMOR-
Hasl CKOPOCTD YITyOKM ORAKETCH ele MeHBIIe.

§ 2. CPABHUTEILHBIN AHAJIN3 OBLEMHBIX [IOKABATEJEN
PABOTHI KAPBEPA

B raape 7 paccMOTPEHH 3 OCHOBHHX BapHaHnTa PasBUTHA Rapbepa,
KOTOpHIE TIPH OJWHAKOBOM HANpPaBlEHIH pasBETHSA TOPHBIX pabot
¥ MAKCHMAJILHOH CKOPOCTH yraybrm oTaAYaInch BeIUUHHON TOPH-
30HTaIBHOTO HOABATAHAA (ponTa yCTYHIOB. Ipm sroM HA IpuEMEpe
ceMm BePXHHX TOPH30HTOB 1poaHATN3APOBaH0 POPMUPOBANHE AuHen-
HEIX IIapaMeTpoB Raphepa: INHAPMHEL pafouux ILTOMAOK, YTI0B
oTKOCOB ¥ (opMbl paboduXx Gopros. Temeph pPaccMOTPHM, KAKOBH!
ofbemMHBe moRasatesn paborThl Kapbepa, T. €. u3BIEKAEMBIE 00BeMBL
HOe3HOT0 MCKOTAEMOT0 ¥ BCKPHIIIHBIX MOPOJ, Terymuil KopdpuimenT
BCKPHIIE 3a BECh TEPHON pafoTE Kapbepa. Ha puc. 8.2 moxazaso
H3MeHeHue 00DHEeMOB IIOJNEe3HOr0 MCROMAEMOTo X BCKPHIIHLX IOPON
34 OEepHOJB OIyCKaHMs Ha KasRyblil W3 23 TOPM3OHTOB pasBUTHA
KapbepHoro MpOCTPAHCTBA IPU o6ecmeueHyH paCUYeTHOH IMTHPHHBL
paoumx NIOMajoK, MAKCHMAJBIOTO W3BJICUEHHAs TOPHOH MAaceht
I TOJe3HOTO0 MCKONAEMOro TMPH MEHEMYyMe BCKPBIIEBIX MOPOS.

Ha pumc. 8.3 st 00beMBl TORA3AHBL HApaCcTAlMEM HTOrOM IO
ray6mue oTpaGoTRA (KpHBBLE p,=fH), Pn=1 (H), P, =1 (H)
Ui TOJe3HOr0 WMCKONAeMoTo U KpUBHE V,=7H), Va= i (H),
V, = { (H) miA BCRpPBUMHBIX nopon). [uis ynoberea ananusa B Kape-
epe 1o IIyOuHE BBIJIEIEHO 5 som. B somax I, [I] m V npou3BojATC:
BEPTHKAILHAS yray6xa, B 30HaX JI u IV — HaxiomHas mepeMeHHasi.

B some I (rop. 2) yraybra pepruRajbLHadL. Jlas Bcex Tpex pac-
CMaTpHBAEMBX BAPHAHTOB 0OBEMEI TI0JI€3HOT0 HCKOIIaeMoro ¥ BCKPHITI-
HEIX TOPOJ OJMHAKOBBL, UTO HOJTBEPIR/AET manomennsle B raaBax 6
u 7 modoskenmsi. Ha pme. 8.2 opamHATHL II0JIE3HOTO HCROIaeMoro R
BCKPHWIIHEIX 1OPOA B BTOH i€ 30HE OJMHAKOBBL [UIA BCEeX BapUHaHTOB,
a Ha pmc. 8.3 TORasaHa OiHA KpHBAd HapacTamomux 06’peMOB KaR
o M0JIe3HOMY HCKoHaeMoMy, TaK H 10 IOpofe.

B aome II (rop. 2—O6) yriy0ka HarioHHAA C H3MEHAOMIMCSH IO
ray6ume yraom. OGDBeMb IOJTE3HOTO HCKOIAEMOTO ¥ BCKPHIIHHX
HOpofi, W3BAEKaeMbe IPU BCEX BAPHAHTAX oTpaboTKI, AIsl KA0TO
HoCAeIyIoIero Iepuoia MOJATOTOBKE HOBOTO ropuzonTa 0OJBIIE TI0
CPABHEHMIO C IIPENBLIYIUM, TAR Kak HpOHCXOAHT BoBJcUeHEE B Pas-
paboTKy HOBHX yCTYIOB, & KOHETHHX KOHTYpOB pabodad 3oHa HE
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Aoctiraa. Oprako caemyer OTMETUTH, UTO B BAPHAHTAX C MaLCHMAID-
HbIM HU3BICTICHEEM TOPHOH Macehl (B Gonbmieit CTeNeHA) H TOJe3HOTO
UCKoTiaeMoro (B MeHbINeit CTENEHN) HApAaCTAHHE 06bOMOB OPOUCXOIT
OpIcTpee, wey B Bapuanre ¢ obecmeveHmeM MEHmMAIbHOM TIAPUHDL
pabounx mmomamor. Yro o0bsicHsIeTCA MCIOTb30BaRTeN HMEIINerocs
-3 yeaed
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Pue. 8.2. I'pagun HIMCHCHIIS H3BJICKACMLIX 00BEMOB TOAC3HOTO0 HCROTaCMoro P

I nyeTeix mopog V mo MEpe UOHIKEHNA rOPHMX pador (Ha ocm abeumce gaHHI
HOMEpa  rOpPU3OHTOB):

Pll' Pm, Pp ~— 00'beMBL 110J1e3110r 0 HCKOHaeMoro COOTBETCTREILII0 IpU MUEIAMANbHbBIX padounx

ILIOMANKAX, MAKCUMAJIbLHOM UBBJICICHUN rOpHOH Maces u MAKCUMAJILHOM M3BJICIEIIY MoTe3-
HOTO HCKOmaemoro; Vir Vi Vp — 7o e, mo myctum nopopam

besepBa B TopH3OHTATLHOM HONBHTAHNA YCTYNOB NDPH HAKIOHHOLN
yrayore. Yrasamepe pPasimumda B o0bemax ma pme. 8.2 morazams
COOTBETCTBYIOIAME OPIMHAaTaMM, a Ha pme. 8.3 — PA3IHYHBIMNE yr-
JAaMHA HaKI0HA K ocH abcunmee RaCaTeNbHBIX B COOTBETCTBYIOMITY
TOUKaX B IePHOAH WOXroTOBKU R&KMOTO TOPUBOATA 3TOH 30HK., He-
baBHOMEpHOe Hapammsasme oGbeMoR HOJIe3HOro WCKOMABMOTO W Has:e
HEKOTODOE CHEMeHme ny Upu omyckammm 1a rop. 5 B BaPHAHTAX
¢ MAKCHMAJIBHBIM H3BJETeH@eM TOPHOH MAaCCHI IT I10JE3HOTO ACKoIla-
eMoro  o0bacHseTCH, CHopee BeCero, CHOMKHOCTHIO dopmst  3amesxu.
CymeCTBeHgOﬁ 0COBEHHOCTHI0  30HE Il gmagercs BO3MOMIHOCTE
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aguru sasucuMocTeil Pnp = f (H), Pm = f(
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HOCTH}REHUA [PU BapHAHTE C MAKCHMAJBHBIM H3BIEUEHUEM OGBHEMOB
110JIE3NON0 UCKOLIAGMOTO, LHOYTH DPABHHX IO BeIHYHHE 00BEMAaM LpH
BapuaHuTe MAKCUMANBHOTO W3BIedeHHA TopHOi wmaccw. Ilpm srom
00beME BCKPHIDHHX HOPOJ, CYMIECTBEHHO OTIHIAIOTCH.

B some /11 (rop. 6—11) onyckanue ropusx padoT BepTHLAAbHOE.
Ilpn ofecnevenwn MupmMaipiOH MEPHHE PafouuX IIIOMAAOK IIPo-
MOJRALTCA HapAMUBaHUE M3BICKAEMHX 00HEMOB [0JE3HOTO MCKONA-
©€MOTO M BCKDHIIHLIX IOPOJ C TeM ke TeMIlloM, uTo u B zome /7. 3a
RCKIIOIeHNeM NepUuonoB HoaroTosru rop. 9, 10 u 41, korma wacTuamo
AOCTHTAIOT KOHEYHOTO LoJoenua rop. 1 m 2 (em. pme. 7.2 u 7.3).
Ilpu MamcuManbHOM MBBIEYeHHN TODHON MACCH U NOLEZHOIO MCKO-
[aeMoTO ¢ NepexXooM Ha BePTUKAJIBHYI0 yIyOry B 30He /7] m3Biaera-
eMEle 00beMbl Pe3KO CHIJKAIOTCA 3a CUeT OTCYTCTBHS pesepBa B Io-
ABHTanmuy QpoHTa pafoT, MMEBHIEro MEeCTo Hpu HAKIOHHOIM yray0Ore.
Ha puc. 8.2 310 Mosno mpocieguts mo opAmMHATaM Ui TOp. 7, a Ha
puc. 8.3 — Do BHUIOJAKUBAHMIO YIJNOB HAKIOHA K OCH abenucee
[COOTBETCTBYIOMMX KPUBLIX HA ydYacTKaxX Messgy rop. 6 m 7. Ilpm
‘ommyckanuu ¢ 1Top. 7 g0 rop. 11 ofmeMH modesnoro mcromaeMoro
B 9THX BAPHAHTAX CHOBA BO3PACTAIOT 32 CUET BBOJA HOBHX TOPH30HTOB,
HO L0 CBOEMY 3HAYEHHIO UX DOCT MeHbINe, UeM IJi BapuanTte obecIie-
9eHMA MUAMMAJIBHOM IIMPUHBL PaouuX IUTOMIAKOK, YTO 00BACHAETCS
BHPabOTKOM 110Te3HOTO MCKONAEMOro Ha BePXHUX TOPH30HTAX 34 CYeT
HHTEHCABHOTO IO{BUTAHUSA yCTYIOB IPU HAKJIOHHOI yriayOKe B some 7,
OO6beMbl U3BIERACMBIX BCKPHITHEX 10POJ, IPOIOTHRAIOT YMeHBUIATHCH
B BapmaHTe MAKCHMAJIDLHOIO W3BJIeUeHUS TOPHOH MaCCH, Tak KAk
$pounr paGor ma rop. 1, 2, 3 MOJIHOCTBIO, & Ha TOp. 4 1 5 4acTHIHO
UPHXOMUT B KOHEYHOE moJiojkenue. B BapmaHnre ¢ MarCHMAJIBHBM
U3BJTEUCHUCM ILOJE3HOT0 HCKOIAeMOTO O0BeMH U3BIEKACMHX HOPOX
IPOROMKAIOT PACTH 10 MOMEHTA OCTIGKEHEA rop. 9, uTo ofbAcHACTCS
MCHBINel UHTEHCHBHOCTBIO OTPalOTRE IopPoj, B 30HE HALTIOHHEOIL
yray6ru.-C raybunoit (rop. 10 m 11) npu mocrmienuu yerymamm na
BCDXHNX rOPHU3OHTAX KOHEYHOTO IOJOKEHUA OOBEMHI U3BIERACMAX
[OpOJL B oromM BapuanTe cHmwaiores (cm. puc. 8.2 m 8.3). Cuenyer
OTMETHTH, 4TO, KaK ¥ B 30He [/, 00beMHI H3BIEKACMOTO IIOTE3HOIO
MCKONAEMOTrO B BAPUAHTAX MAKCHUMAJIBHOIO U3BJICUCHHUA TOPHON MaCCH
TQJIE3HOT0 UCKOIAeMOTo IIOYTH COBIANAIOT.

B sone I'V (rop. 11—19) Bepruraibnoe monmkenne TOPHEX paGoT
menAercA Ha mawiounoe. lpu ofecmedenun MuHEMANBHOM wimpHIiLL
paounx IIOmanoK U3BIEKaeMHe O0BEMB IONE3HOO HCKOIIAeMOIo
U BCKDBLIMIHKNX DOPOA IIPOJOJLKAIT YMEHBHIATHCA 11O HEePHOIAM [10.]-
TOTOBKM HOBLIX TOpu3oHTOB. {lpudnnoit sroro ssisercs ymeHbulenue
¢ riIyOnHOM PasMepOB OKOHTYDEHHHX CJ0eB B [LTAHE W YHeTa YCTyLOB
B pabodeit some. ckiodyenne cocraBiaser IepHo OUYCKaHUA Ia
rop. 12, rpe oppmHaTa BCKPBILIHBX IOPoJi BHIIE, 4eM A rop. 11
(cm. puc. 8.2). Bugmmo, B sror IIePUO)[ COOTHOLIEHUE TOJE3HOTO UCIO-
I1aeMOY0 W BCKPBIIIHHX 110pOf B paspabaTHBAeMOM CJ0€ M3MOHAETCH
B m0ab3y mocrepnux. OO0 orom cBujeresnscTByer M Golee peskoe cHII-
. JKeHHe B 3TOT LePHO/ OPAMHATH HOJe3HOTO HCKOIAEMOTO.
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B BapmapTax MaKCHMAaJNBHOrO M3BJIEYEHHA I'OPHOE MACCH I Hole3-
HOTO MCKOIIAaeMOTr0o IPHM HAKIOHHON yriayOKe IoABIAETCA pesepB
nopsuranus ¢ponra ycrynos. Ilosromy 3navenue oppunar Ha rop. 12
KaK Jis LOJe3HOIO MCKONAEMOTO, TAK M Ui BCKPBIMHLIX IOPOJL
pesko yBesuuuBaercs (cM. puc. 8.2), a KPHBHEe HapacTaIomMuUX 001Tey103
Ha puc. 10.2 B mpomesxyTRe Mesay Top. 11 m 12 PacIoIaraloTCs Rpyde
no oTHOmeEHRIO K ocu abcumuce. Hecmorpa Ha mMmeromiuiics peseps
B HDOJBUTAaHUE YCTYIOB IPH HARJIOHHOR yriIyOKe, m3BiIeKaeMsle 00b-
€MHl IOJe3HOTO HCKOMAEMOT0 ¥ BCRPHINHHX HOPOJ HAYMHAIOT YMeHb-
marbCA, a Ipu gocTHkeHuun rop. 14 u HIKE OIM CTANOBATCA Meublle,
4eM B BapmauTe olecliedeHus MEHUMANBbHOH ImmpuHbLl pabodunx mio-
MAanoK, TAK KaK 113-3a LOBHINMEHHON THTeHCUBHOCTH oTPalOTRII B mpe-
AHIYOEEe HOepHogbl Pe3K0 COKpAImaeIcs UYACHo yCTymoB B paboducit
30He KapbCpa, a 3HAYHT, U GpouHT pador.

B some /V 00beMH 10Je3HOTO BCKOIIAEMOT0, U3BIEKaeMble B 060ux
BAPHAHTAX MAKCUMAJIbHON KHTEHCHUBHOCTH, OJHBKH L0 3HAYCHUIO.
B srtoM merpyauo y0emuThcsa, cpaBHEBASA B 9TH MEePHOJH COOTBETCTBY-
IOIHe OPAMHATH Ha puc. 8.2 u yrod HawkiIoHa KpuBuX P, = f (H)
z P, = { (H) na puc. 8.3.

B sone V (rop. 19—23) yray6xa Bepruraibaas. [{ad Bcex Bapuad-
TOB XApaKkTepHo 3aTyXalime TOPHEX pafor. O6beMH LL0JIE3HOTO UCKO-
IaeMOr0 M HOPOJ YMEHBIIAITCA 3a CUeT COKpAIlleHHA Iucila yCTVIOB
B paboueit sone. Haumnas ¢ rop. 21 u 10 KoHIKAa 0TPabOTKI 00BEMBL
BO BCEeX BApUAHTAX COBIAJAIOT. H

IIpoananmaupyem paccMOTpPeHHEE BADHAHTH Pa3paboTRu o 1\03(13—
¢unumenty Bexpbimm. Ha puc. 8.4 IpHBejeHE 3HAYCHNA TEKYHIEIo
KoapPuImenTa BCKPHILIY 10 BapuaHTaM pa3paloTKM Ha MOMEHT OKOH-
YaHHA [IOATOTOBKE Ka:KJOTO TOPHU3OHTA. :

B 3sone I (BeprmrasnbHas yriIyOxa) Kod(@UIEEHTH BCKPHIIE BO
BCeX BapHAHTAX PABHHE BCJEICTBHE PABEHCTBA UBBIEKaeMHIX 00HeMOB
IOJE3HOTO MCKOIaeMoro I BCKPHIIHKX Hopod. B 3ome [/ (marioHHASA
yrayGra) B BapuauTte o0eCHeUeHMS MUHUMAIBHONR IMHMpHHH Pabodnx
NI0MATOK TeKYmMUN Ko3QPUIueHT BCKPHINIY 72, CHATAJIA YMer)HIaeTCH
mo mpruuHe Goliee aKTHBHOTO HapacTaHus PPOHTA JOORYHBIX S,CTYIIOB,
a 3aTeM YBETMUUBACTCA IO MEPe BHXOjia yCTYHOB M3 KOMTYDOB 3a-
deru. llpu makcumadbHOM u3BIEUEHHE TODHOM Maccw TEI\?[ILHIZ[
KoapPuueHT n, LOCTOAHHO Bo3pacraer, duro o0bAcmsaerca 0Oodaee
aKTHBHHM HapacTaHueM B Kapbhepe mopopHoro ¢gponra pafor. B Ba-
pHaHTe MaKCHMAJbHOTO H3BJIEYEHHA HOJIE3HOTO HCKOIAEMOTO BHH‘I%-
HUe Texrymero KobpdurueHTta n, HaXOJUTCA MEjly COOTBETCTBY-
OMIME 3HAYCHIAME IPH MAaKCUMAJbHON M HeoOXoguMoH IHHTeHCHB-
HocTH paboT. .

B some [I1I (BepruranbHas yrayOra) Opu Heo0XOXEMOM IIOIBHTA-
HUN YCTYIOB Ko3(QQUIMEHT BCKPHILU k2, LPOJOJKAET PacTH, a ?HTBM
B mepuoan HoxroroBru rop. 9, 10 u 14 crabunusmpyerca. 1lpn makcn-
MaJbHOII MHTEHCHBHOCTH TOPHHEIX pafoT B TOPU30HTAJIBHOM IlAiIpa-
BIeHUN RO3POHIACHT BCKPHIIE 12, HECKOIbKO yBeJIUYMBHINCH B Ie-
. PHOX TOATOTOBKHE TOp. 7, HAYHHAET YMEHBINATHCA 3a CUeT cpabaThi-
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BaHHWA BePXHHX BCKPHIUIHLIX YCTYIoB. B BapmanTe MaKcEMAJbHOrG
U3BJIEYEHWA TOJE3HOr0 MCKOIAaeMoTo yIiIy0Ka [0 cepenunnl 30HbL
CONPOBOKAACTCA MOBHINCHHEM TERYMero KoaggumuenTa n,. 3arem
UPOUCXOJIMT €0 CHE/KEHHE IIo TeM ke MPHYMHAM, 9T0 W B BapHauTe
MaKCUMAaIbHOIro u3BJIedesusa ropHod wmaccwl. llpum srom 3madenme
KooduumenTa B OCHOBHOM HAXOJUTCA B IpefesaX 3HAYEHHUI, COOT-
BETCTBYIOIIUX HeoOX0ANMOM 1 MaKCHMAIbHOR MHTCHCUBHOCTH BeJIeHMAS
ropHHX pabor (3a MCKIIOUEHHEM IIePHOAOB LOATOTOBKH Top. 8 m 9).
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Puc. 8.4. Tpadur musmenenms Texymux KoaddumuenTon
BCLPBIUIH 12y, Nm, Hp IO Mepe MOHIKEHWs TIOpHHX paboT
(Ha ocit afenuce Jallsl HOMEpA TOPU3OHTORB)

B 3ome IV (marmonnas yruayGra) ofmas TeHJCHINA HOBEIEHHS
TeKymero rod@@uUIneHTa BCKPHINIK IPH BCeX BAPHAHTAX OJUHAKOBA.
B maua:ie 30HH on yBenuuuBaercs. B BapuanTe Heo6XoaUMOro HOIBH-
rapus 7o o0bACHAETCA, KAK K B IDeAHAYINX 30HAX, HapacTalOMuM
npeobiajganueM mopojHoro QpoHTa Haj Ao0nMHLM. B BapuanTax
MaKCUMAJAbHOTO N3BJIEYEHHA TrOPHOM MacCChl M I0JIE3HOI0 HCKOoIa-
€MOTO UPHYMHOR 3TOMY ABIAETCA MOABUBIIUNCH Pe3epB B IoABUTAHAT
yeTynmoB 3a cuer HaraoHHOE yrayoru. Ilpu stom pumma nopopmoro
$poRTa IpeBOCXOAUT MINHY KOOEYHOro. 3areém BO BCeX BapHAHTAX
Ko3(QUIHEnT yMenbillaercs 3a c4eT cpabaThBanusa BePXHIX IO POIHKIX
ycTynos B paboueir some. B mmHedt wacru sount [V Texymue kosg-
$unuenTs Bo BceX BapHAaHTaX BO3PAcTamT, 4To MOKET OHTEH 00Bsfc-
HEHO YBEJIUYCHUEM CJI0CBOTO Ko3P@umumeHTa BCKPHIIM B HapPe3aeMbIX
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UIKEAX CI0AX. PasHHUA 3HAYEHUWH COOTBETCIBYIOMMX Koddduumen-
TOB B paccMaTpHBaeMBIX BapUAHTAX MeHAETCA Kak IO BeJHYHHE, Tak
I [0 3HAKY.

Tlpu mepexopme ma BepTERAIBHYI0 yIuyOKy B 30He V BricoTa palo-
4ell 30HH Kaphepa PE3KO YMEHBITAeTCH B CHJIY COKPADIeHHS pPasMepoB
rOPH30HTOB B Iiame, a ¢ rop. 21 paspaforra (QaKTHIecKH ocyHie-
¢TBIACTCA Docioiino. BeaepcTBue aroro msBlIeKaeMule 00beMul 1moges-
HOTO HMCKOLIAeMOro M BCKPHITHHX IIOPOJK BO BCeX BapHAaHTAX OFMHa-
KoBBl. IlopTOMY ONMHAKOBH ¥ TeRymue KOdQEOUUUEHTH BCRPHILLM.
Haxr ussectno, rexynmii Kos@uIMenT BCKPHIMIK XaPAKTEPH3YeT oLy
Y3 OCHOBHLIX vYacTeil 3KCILIyaTAIHOHHBIX 3aTpaT, OPUXOAALINXCH Iia
equHUIlY J00LIBaEMOrO IoNE3HOTO Hekomaemoro. Viasiexaembie sie
o0memnt om He xapaxrtepusyer. [losromy ;iis OIEHKH BapUaHTOB
paspaborTkn 10 usMeHenuio Kod3Q@AIIEeHTOB BCKPBHIIH Ba/KIIO OJHO-
BPEMEHHO COIOCTaBNTh U 0fbeMbl HONe3HOTO UCKOIAEMOT0 I BCKPbILL-
HHEX IIOPOJ.

B ra6n. 8.1 mpuseneno mpoleRTHoe COOTHOUIEHIE 00BEMOB HOJ03-
HOT0 MCKOIIAeMOT0 U BCKPHINHHIX I0pPOJ 3a MepuojH PafoTLl B Kajk-
ol 3ome yrayOKH, a TaK;ke COOTHOINEHME CPeAHMX 334 3TH HEepPAON!
KO?(PUIUEHTOB BCKPHIIM LDH KakJ0M BapmaHTe paspaboThH. 3a
100% npmHATH norazarenn npx o0ecHedeHAY MUHHMAJIBHON HPHHEL
pabounx nnomaynox. lax Bugno u3 Taba. 8.1, molHOE UCHONB30BaAHEE
pesepBa B [OABHTAHHEA (POHTA YCTYIOB IPH HAKJIOHHOM TOHHEHHAH
ropamx pabor (sona II) mosBosder yBeamduuThs AOOBIYY TOTL3HOTO
HCKOmAaeMoTo Ha 38Y% , a W3BieUYeHUe BCKPHINHEIX Iopox 6oTee dem
B 4 pasa. llpu prom KoddduitmenT BCKPHIIN 34 5TOT HePHOJ yBeIAIN-
BaeTci B 3 paza. B paapmeifinem unpu BeprurRajdbHOR YITyOKe
(3oma 1I1) msBieraemuic o6beMH Kak IOJE3HOIO UCKODAEMOTC, Tar
M OOpomnLl MEHBINe, YeM B BapuadTe o0ecuedeHHS MUHUMAIBLHOR
mupnHE pafodux IJICHIAJOK 3a CYeT HHTEHCHBHOrO cpalaTniBaHnsA
ropuzontos upum monwkenmu B 3o0He 1I. Menmbiie u rospdunmment
Bekpsimm. llepexopn na mawiaomHyilo yrayOry B sone 1V moasonser
MHTEHCAQPULUUPOBATH TOPHEE PAalOTLl B rOPHU30HTAIBHOM HAIDAB/ICHUN
¥ CPaBHATH BapUaHTH N0 H3BAEKAEMOMY IOTE3HOMY MCKOIACMOMY.
Q0beMB BCKPBINHHEX [I0poj] HECKOJILKO MEHBINE, OTCIONA II MeHLLie
roapuipment Berpeimu. lpu BepruransBoit yraybre B 30HE V HHTeH-
CHBHOCTH pafor B TOPM3OHTAJIBLHOM HAIPABIEHUYM OJHOBHAYHA, IO
pabodas 30HA B BapHAHTe MAKCUMAJBHOTO W3BJIEYEHUA TOPHOM MACCHI
B DTOT NEPUOJ] yAie MEHbIe, 9CM IIPH BAPHAHTE ¢ MEHIMAIBHON MIAPII-
Ho# paboumx mIOIAJOK. DBeiaemcrsre storo cokpamaercs dpour
paboT ¥ yMEHBUIAKTCA H3BJeKaeMble 00heMBI IOJIE3HOTO HCKOIALMOLY
M BCRPMIIHHX wmopop. llpum sToM Ko3pPUMUEHT BCKPHIIIN TaKme
MEeHbBIIe.

Eciaiu pesepp B HOABUraHHE YCTYIOB Ipu HARIOHHOE YrayGre
MCOOJB30BATE TOJBKO I MAKCHMAIbLHOTO H3BICICHAS M[O0/1e3HOLO
HCKOIIaeMoTo, To B 30HE I mMoyKHO yBeawduTh oObeM golmun i 36%
Y0 CPABHEHUI ¢ 00beMoM Mo0HYHM IPK HeOOXOIUMOM NOABUTAHIIN YCTY-
noB (MamHA 2% MeHbBIIE BO3MOKHOTO). IIpH 3TOM 06DHeM BCKPHIUHATY
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Tadauma 8.4

' - - Cpepanit Kosthduiuent
@ O3OBeM IIOJIE3HOTO O3UBCM BCKPBIIIHBIX . :
g 5 HCKOTIAEMOTO pagoT B A eproR
o
Hfe -
L)
ggg P, P, Pp V, Vi Vp n, N 1y
I 100 | 100 § 100 | 100 | 100 }| 100 100 100 100
11 100 | 138 136 | 100 | 423 | 221 100 306 163
111 100 84 85 100 73 94 100 87 1M
1v 100 100 100 100 90 92 100 90 92
v 100 95 96 100 85 97 100 89 101

Opumeuanue. Py, V,, n,—COOTBETCTBEHHO OGBEMH II0JIESHOTO MCKOMAEMOT O,

BCHPHIUHBIX TOPOX ¥ KOPPEOMIMCHT BCKPHIIM NpH OOCCHeYeHNHM MUHMMANBHON IIMpHHB!
patounX nuomanok; Pp, Vi, 1y, —To e, npu MaKCHMaJlbHOH WINITCHCUBHOoCTU; P_, V

pVp
ﬂp —TO ¥}¥¢, OpU MaKCHMaJBHOM H3BJICYEeHUU pyabl,

mopon, B 2,2 pasa, a Koddounment Berpeimu B 1,6 pasa Goxbmre,
qeM IpPH BapHAHTE ¢ MMHUMAJIbHON NIMPHHOR paboYmX NJIOMAJOK.

B sonax 111, IV  V norkasaTenu BapHaHTa ¢ MAKCAMAJIBHBIM H3BJe-
YeHneM I0JIe3HOT0 MCKOMAeMOTO OTIMJAIOTCA OT BApHAHTA C MaKCH-
MaJbHBIM H3BJIcUEHEEM TOPHOR MacCH (o L0JIe3HOMY MCKONAEeMOMY —
B IyUlyI0 CTOPOHY, & @0 Lopojge — B XyAmyio). Ecau sxe cypurhb
70 u3MeHeHuo Kos(PUIEeHnTa BCRPHIIA, TO B BapHaHTe MaKCHMAlb-
HBLIM H3BJeYeHHEeM II0JIe3HOTO MCRomaeMoro ofecmequBaercs 0OIbIIaA
PAaBHOMEPHOCTh U3BJEYeHUs BCKPHINHEIX Hopox Lo IiIybmme pas-
paGoTkn.

Ias Goaburell HArasjHOCTH IPOAHAIUZUPYEM BapHAHTH Trpagu-
YecKH IIo MerTofy, m3joykensomy B paborte [{5]. Husa sToit menm mo-
CTpOuM TPagUKU HapacTaoIUX 00beMOoB BCKDHIIHLIX NODOX B 3aBHU-
CUMOCTY 0T HapacTaHusa o0GEMOB II0JEe3HOTO ucKomaemoro (puc. 8.5)
JIA BCEX BapHWAHTOB, a TaKike JIA cilydas, Korja yrod oTkoca pado-
gero 6opra cTpEeMHICH K HYyJI0. 3ateM B Kampoit obiactm, orpanu-
gennoit wpusoit aia ¢ = 0 u KpuBoil HapacralmuX 00beMoB AJIA
Ka;kjoro sapmanta paspaborku [V, = f(P); Vu=Ff (L) V, =
= ] (P)], npousBopuM ycpeaHeHue TeKyMero KoadunuenTa BCKPHINA
mo mepuwosaM. B KasRmoM BapHaHTe medecoo0pasHo BHienuTh 4 Te-
puona yepennenus Roo@durmenta Bexpwimu. ColocTaBieHme 3HaYC-
Hiil nociepero (tabi. 8.2) mo3BossieT yTBEPHAATE, 9TO A BapHAHTA
paspaborku V, = f (P) usBievenue IOJE3HOTO HMCKONAEMOro HOYTH
aHAIOrMInO U3BIeUeHU Ayis Bapuanta V., = f (P). Ipu srom obec-
nednBaercs Hambojiee  pammoHANBHOE pacmpegernermne  00beMOB
Bekpbiny mo raydume paspaboTwm.

Tarxum o0pasoM, Ha ocHOBE aHaJN3a NOKa3aTelei paspaGoTsU
nio 3 BapHAaHTAM, KOTOPHE HPH MaKCHMAJBHOHM CROPOCTE yTIyORM
M NPOYHX PABHHX YCIOBHAX OTJMYAOTCHA TOJBRO HHTEHCHBHOCTLIO
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Puc. 8.5. T pa(i)m{ 3aBHCAMOCTH HAPaCTAMIIMX 00bEMOB IIYCTHIX Iopog 0T Hapa-
cragig OOBLEMOB IIOJE3HOIC HCKOIAeMOro:

V, == 7 (P) — npm yrlle OTKoca pafodero 6opra, GIMSKOM K HYmO; ¥V, = f (P) — ODK MMHE=
MJIbHKX PAGOYdX IIIOIMAuKaX; Vi, = f (P) — IpI MaKCHMAaJIbIIOM M3BJIedYeHUuN TopHOM
Macew, Vy = f (P) — IPH MAKCUMAIBION M3BIEYEHIH MOJIE3HOTO HCKOIACHMOro






Taoawmma 8.2

3Hauenne KoaPUITHENTa BCKPEIIIN 10 HCPHOEAM YCDCATCHH: |
BapHaHTH padoT
I JI 111 v
Va=f (P) 0,25/0—3 1,62/3—13 | 1,5/13—18 [2,68/18—23
Vim=F (P) 0,5/0—3 1,82/3—8 1,48/8—18 | 2,47/18—23
Vp=f(P) 0,4/0—3 1,55/3—10 | 1,64/10—18{2,82/18—23
Opumewanue B sHaMeraTele NAHB OTMETHHU TOPUBOHTOR, COBIIAZAOULT: C FIaTi-

JIOM W KOMILOM HCPHHOA YCPeTIIeHIs.

PasBUTUA TOPHHX pPAadoT B TOPH3OHTAILLHOM HAIPABAEHMI. MOJKHO
chenarh CIefyoIiue BHBOJIL:

1. llpn wHaxiomno#l yriay0Ke NOABIAETCA pe3ePB MOIBArAHUA
yCTyloB LPH COXPAHEHUH MAaKCHMAJABHOI cxopoctu yraybrm. Pac-
IIoJiosKkeHne pesepBa N0 (pONTY yCTylIa BaBHCUT OT HAIPABIETHs
yray0xu B mulaue, a BeIMYHHA PE3epBa — OT 3HAYEHHA yria YIayOru.
YeMm yrom yriayOkm MeHBIIe, TeM BeJIUYMHA pe3epsa 0onpie,

2. llonnoe wmcmonb3oBaHHE DesepBa MOJABUTAHUA YCTYIIOB npn
HaRJIOHHOM yray0ke m MakcuMaiabnoil ee cropocTn ofecmeumBaer
U3BJIeYeHNe MAKCHMAIBHHX 00HeMOB TODPHOM MAcCCH LOJIE3HOI0 MCKO-
HaeMoro, KOTophie, Oy/yun OTHCCEHILIME K LePHOAY HX H3BIEWeHuA,
AAI0T BePXHIOK I'DAaHUIy UPOU3BOAUTCIBHOCTH Kapbepa IO TOPHO-
TeXHEYECKUM (AKTODPAM B STOT IIepUOJI.

3. llpu pabore kapnepa ¢ MUHMMAJBHON TmIpmHoi pabowny mio-
majoK 6e3 HCIOIL30BAHUA Pe3epBa 3a cUeT HARJIOHNHOTO IIOHMLEHHS
FOPHBIX DaloT U3BIEKATCA MUHHMANbHBE OGBEMLI TOPHOM MAacChl
U II0Je3HOI0 HCKOLAEMOTO LDH MaKCHMAALHOH CKOPOCTH YIAyOKn.
Beawiuna ornomenus sTux 00be€MOB K NEPUOIY HBBIEMENUA COOTBET-
CTByeT HUGKHEH TIpanume LPOM3BOJUTEILHOCTH Kaphepa IO TOPHO-
TCXHHYCCKEM (AKTOPAM B HTOT LEPHUOJ.

4. B npomecce nmpoexrupoBatus pa3zpaGoTRA MeCTOPOIKCHUA crpe-
MATCA 00eCHeYUTh MAKCHMAIBHYK IIDOH3BOJHTENBLHOCTS KapbepPa 110
HOJE3HOMY MCKOLAeMOMY U Haubojee DaIUOHANBHOE pacIpefejeHie
00beMOB BCKPBIINM, Yamle BCETO BLIPAKAMMIEECH B OTHECOHHN HX
Ha Goxee mosgnUe mepuopst paspaforkm. C 3TOM TOYKM 3peHUs ouenb
Ba;KeH BAapUAHT pa3paloTKH, DPACCMOTDEHHBIA B § 4 riasm 7. opn
KOTODOM U3 DesepBHLIX o6dacTell HA YCTYIAX W3BAEKACTCA O0ODEM
IOJE3HOr0 WCKOIIAeMOT0, LOYTH DABHHIM BO3MOYKHOMY, 1T MHUHAMAIb-
HblA 00beM BCKPLIMINLIX mopox. Ilpu stoM ofccueumBaercs wauGoree
esecoo0pasHoe pPAcIpefeleHne 00bEMOB BCKPHILIL.

o. Brisiennas o6aacth ropUsonTaIBHOTO IOIBHTAaHUA YCTYHOB
IIpu HARJIOHHOH yray0re M MakcuMadbuHOl ec CROPOCTH CBHICTEb-
cTByeT 00 06JacTU 3HAYEHUIA NPOUBBOIUTENHHOCTIT Kapbepa IIo ropuoi
Macce B 9TOM Ciydae M, B GACTHOCTH, IO MOJE3IMOMY HMCKOIACMOMY
B TeX jKe YCJIoBUAX,
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§ 3. OIIPELEJEHUE ITOCTURUMOM IIPON3BOANTEILHOCTH
KAPLEPA II0 IIOJIE3HOMY MCHOIIAEMOMY

Uccaenyem rpagur ma puc. 8.3. Kpusasa P, = f (H) coorser-
CIByeT HApACTAmHUM ¢ riay0umnoli o0bemaM MOJE3HOTO HCKOIAEMOro
OpPE USBICYCHUN MAKCHUMAIBHHX 00heMoB TOPHOE MAcCH, KpPHBAs

P, = f (H) — mnapacralomumM o0beMaM HOJE3HOT0 UCKOMAeMOTro Ipu
13 .

MAHMMANBHOMR INHpHHE pafoduX ILTOMAMOK, T. €. IPH MAaKCHMAIbIoM

yrie orwoca paGodero Gopra, kpusaa P, = { (H) — mapacraomum

obbeMaM NpH NCIOAB30BAHUE pPe3epBOoB IOJBUTAHUA YCTYLOB OT
HARJOHHOTO OIYCKAHHA TOJBRO € LEIbI0 MAKCUMATLHOIO UZBIEIEIM
[OJe3HoTO HMeKolaeMoro. Jlibasd Iapa H3 YKasaHHHX KPHUBBIX Orpa-
HUYEBaeT o:acTh BapbHpoBaHmA o0mMuX 00beMOB H3BJIEYEHHOTO
HOTe3HOI0 MCKOMAEMOro HA MOMEHT JOCTH/KCHUA RaphepoM HeKOTOPOK
ray6une. Ilepnenmurynap, onymeHHLHE Ha oCb abcmuce u3 ol
TOYKH, OTCeRAeT I.Iy0uHy Kapbepa B oToT MomenT. OpAuHATH TOYEK
HepecedeHNs HePUEHAUKYIAPA C KPHBLIME COOTBETCTBYIOT I'DAHUIHBIM
SHAYCHHUSAM W3BIEKAaeMHX 005HEMOB IOJNE3HOT0 KMCKONAaeMoIo IpH
MakcuMadbHOH cropoctu yrayOru. IIpsmaa aunuma B obracTi MEKAY
KPUBEIMI COOTBETCTBYeT paBHOMCpHOH pmo0biue IoJIesHOTo HCKoOma-
eMOro To Mepe YLIYOKH, a BeInYuIIa UPOR3BOAUTETHHOCTH 32 e{UHUIY
YIyORE OHmpejensAeTcA TAHTeHCOM YIia HAKITOHAa HpAMoil K ocu abe-
muce  [5]. Oto cBoifictBo oGIacTH Mo:keT ODITh HEHOCPeACTBEHHO
HICNOMH30BAHO LIPI OIpeeTeNuy Ipou3BojuTeIsHoCTH Kapbhepa. Ho
IPe/KIe BCEIo BLIABAM B3aUMOCBSI3h MY YTJI0M YIIYOKH I Bpe-
MeHeM IIOTOTOBKH TOPH30HTOB. BpeMa moAroroBKy HOBBX FOPU30ONTOR
mexecoofpasHo oupepeaArs aubo rpaguiecku, T. €. C IOMOMBIO
rpagmros oprammsamun pabor L = f (T), ambo mo aHaluTHIECKOM
3aBUCHMOCTH

r=2> (8.5)
i
rge T — BpeMsa DOATOTOBKU HOBOTO TOPHU30HTA, TOALI h — BuICOTA

yeryma, M; R — BOBMOMHAS CKODOCTH IONIKEHMA TOPHLX pabor,
M/ronu.

Jlust ompepeiieHusA BO3MOJRIOHE CROPOCTI yIIyOKE OPUMEHUTENHHO
K NalieMy CJIyYarm MOJKHO BOCHOJL30BAThCA aHAIUTUYECKON 3aBHCH-
MOCTBIO, TOJyUeHImoif u3 o0o0meHIsx TpaguKoB yrayOKm Kapbepa
Opu aBTOMOBILIBHOM TPAICIOPTe M BPEMEHHHX chesfax (0]

he= 9 , (8.6)

s (hetgb+lat+1)

rae () — OpOU3BO;UITENBUOCTE BKCKABATOPOB, M3/Toji; Lg — paumHa
BRCKABATOPIOro 610kA, M; i — BHICOTA yCTYLIa, M; § — yroa yrayoxd,
IpagycH; /, — AAUHA IUTOMAJKE I PasBopoTa aBTOCAMOCBAIOB, M;
f — mWEpHHA HepBOHAYANBHOTO KOTIOBAHA, M.
" Topcrasue BHpamenne (8.6) B Bupascenne (8.5), morywum

I =255 (hetg 4Lt 1), o, 8.7)
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OdeBupno, 9YTo BpeMA HOATOTOBKU TOPU3OHTOB IIPH BEPTHKAIBHOMH
yray6re OymeT MUHFMAJBHGIM ¥ BHIPA3HTCA B Be
hLg o
TU = T (Zn +f), TOIbI. - (S-b)
Torpa npu HakgoHHoW yriayOKe Bpems HoAroroBku 7', MOMLTO
OLIPEleNIUTEL o opMmyire

T.=T.,, romm; (8.9)
Ty hetg B, r
g Tr o hotebs (3.10)

Ha puc. 8.6 pmorkasamo usmeneHue Ko3QdummenTa B 3aBUCH-
q

MoCTH OT yria yray6km opu A = 15 M u [, - f = 150 M (p1H Bean-

g 1 ] YHMHB IOCTOAHIBE UpH JH060M Ha-

14 B ! IpaBIeHHH YIAYORE 10 KOHIA oTpa-

j oorrm). Takum oGpasom, 3HAS BpeMs
L— ~—f =t -—— ~ —i  TOATOTOBRE TOPH3OHTOB IpH Bep-
THRAJIbHOR yriyOre, Bpemsa Doxro-
TOBKY TOPH30HTA HJid I000ro Apy-
TOT0 HalpaBJieHus, OTIUYHOTO OT
BePTHRAJIBHOTO, MOKHO HafiTn depes
g Jo 60 5, epadycs: roaddunuent ¢. Ilocuepmmit ompe-
Puc. 8.6. Tpapns sas q  ACIAETCA  mo. dopmyne (8.10) wmmin
pa K 3aBHCHUMOCT: ~
xoopdumnenra g or yraa p yrayoxn 1O rpadury, mogoGHOMY m300pa-
Kapbepa JHeHHOMy Ha puc. 8.6 pua Hamero
CIAyIas.

IIpumem BpeMs IOATOTOBKE TOPHM30HTA LIPH BEPTUKAIBHOR yIIyOKe
paBubiM 1 Toxy. IiiAa Bcex oCTaNbHHX TOPH3OHTOB OHO IPHBOTATCA
B tabu. 8.3. OcymecrBum Tpancdopmanuio rpagura P = j (H) sapa-
cralomux ¢ ray6mHoll oTpaboTku 00BHEMOB LIOJIE3HOTO HCKOILAEMOTO
(cM. pume. 8.3) B rpadur P = f (7) mapacraromux 06HeMOB HOJe3HOTO
HcKonaeMoro Bo Bpemenu (pue. 8.7). Has sroro mo ocm abemuce
fyneMm oOTHKJianbiBaTh HApACTAIOMee BpeMf NOATOTOBKE TOPH3OHTOB
3 Taba. 8.3, a U0 oCH OpPAUHAT — COOTBETCTBYHIIME eMy HapacTa-
omui 06beM moiesHOTo meKolaeMoro. Jua nanbHeinero mccaemosa-
HHsI OTCTpaumBalTcA ABe KpuBme: Kpupaa P, = f (T), coorsercry-
0Ias BapuaHTy paszpaboTku ¢ MUHEMAJIbHOH HIAPEHOR pabodmx
mIomAnoK, u kpuBag P, = f (I), cooTBeTCTBYOMAas MAKCUMAXbBHOMY
N3BJICUEHNIO JIOJe3HOTO HCKOMAEMOro W3 pesepBHHEX obgacteil mpn
HAKJIOHHOA yrayOre. JToT BapumaHT pas3paloThu, Kak DOoKasajg Lpu-
BeIeHHHHA BHIIe aHAJKU3, 00eClleunBasA IOYTH TAKOHU Ke M3BJICKAEMEIH
00beM [oIe3Horo MCKONAEMOI0, KaK WM IIpH BapHaHTe IIOJHOH BHpa-
GoTru pesepBa (MaKCHMAaTBHOTO M3BIEUEHMA TOPHOM MaCCH), BLIFOJHO
OTIAHYAETCSA OT HEro WO paclpepeleHuio o6beMOB BCKPHIIIH.

ITpoaranusmpyem CBOMCTBO KPHBHX W O0JACTH MEKAY HEMII
Ha HoBoOM rpagure. KacarenbHas, npoBemennas K Ja000il To4Ke DTIX
KPHBBIX, 00pasyer ¢ ocbio alcmuce yroJ, TaHremc KOTOPOTO COOTBET-
CTBYeT IPOU3ZBOAUTENBHOCTH Kaphepa B TAHHBIF MOMEHT BDeMEHH.
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YuutniBas coeMEQEYHOCT: BeEHHA FOPHHX pPaboT, 3aRIOYATOMYIOC;
B JIeTTEHWH IIPOIecca Ha IAKJIBL BCKPETHAA H IOATOTOBKE [JIA pasp:
60Tk CIOEB MOMHOCTBIO, PABHOM IPHHATOH BHICOTE YCTYIIA, KPHBhI:
 COCTOAT M3 y4aCTKOB HPAMBIX, COOTBETCTBYIOIIAX VEABAHHBIM IHAKJIA M.
Abcuyccsl HaYajga M KOHIA NMPAMBIX COOTBOTCTBYIOT BPeMEHH Hawa.l:
U OKOHYaHMSA IOATOTOBKHM TopmaoHTa. Hanmpmmep, ma orpesre 5—n
KPHUBLIX afcnmcca TOYKH § COOTBETCTBYeT HAYANY IOATOTOBKEA Iop. ¢
a abcmucca ToukM 6 — ee OKOHUaHMW0. Pasumila abcmuce — Bpei
TOATOTOBKM Topm3cHTa. PasHmila oppmHAT KOHCYHOR I HAYAJZBHOL
ToUeK — 00beM HONEe3HOr0 MCKONAEMOI0, W3BJIEKACMGLIH 3a Iepmo.|
MoATOTOBKE TropmaoHTa, Hacaremsmasi, npoBefeHHag K ONHOK 1
TOUEeK OTpeska, camBacTca ¢ HmM. CJefoBaTesbHO, TAHTENC yriu
HAKIOHA OTPe3Ka HPAMOH K ocm abcmuce ecTh MPOoM3BOAMTCABHOCT!.
Kapbepa B HEePHOA IOATOTOBKA ropm3onta. CoOTBETCTBYIOMEE YIACTRI
paccMaTpHEBAaeMBIX KPHUBBIX HMEOT pasHHe VIIL HAKJIOHA K och abc-
INCC B CUTY PA3HOIO 00HCMa IT0NE3HOTO BMCKOIACMOTO, M3BICKAEMOIO
32 OIHO B TO jKe BpeM#A IOTOTOBKHA T'OPHB0HTA, ITO MPOMCXOIUT 38 cUeT
PasHoro MCIOIb30BAHHA BO3MORHOCTEH TOPH3OMTAJNBHOIO pasHoCca.
lpm sroM MoryT mMeTh MecTO ABa cayuag: YIacTKM KDHBOM P, =
= f (T) xpyse, uem kpuBoit P, = f (I), u naoGopor. Ilepswit cayuwaii
XapaKTepeH [if HAKIOHHOH Yyraybxkm Mo Beixopa pabodeil 30HH W3
KOHTYPOB 3aJeKl, KOTAA YACHO MOOHIYHBIX YCTYIOB IMOCTOSHHO Hapa-
cTaeT W Ha KaykA0M W3 HHEX MCIOJIL3YeTCH Pe3ePB TOPHM30HTAILHOTO
HOABMTAHEA [JIf MaKCEMAalbHOTO WBBICUEHHA TOJE3N0r0 MCKOIa-
eMoro (cM. pme. 8.7, 3oHa II). Bropoit ciywa#i BosmoMieH Rak mpn
BepTEKaNbHOR yraybxe, ecam ef TnpefuIecTBoBaza HaKIONHAsA
yraybka (cm. pume. 8.7, soma []]), rak m npm Haxaounoit (soma V),
Korja npm paGore mo kpmBoit P, = f (T) BcaegcTBWe IOBBIIEHION
HHTEeHCHBHOCTH T'OPH30HTANBHOIO PA3HOCA YMEHBIIAETCH YIOJ OTKOCA
pabodero Gopra, COKpAmAeTCA 9HWCI0 AOOLIYALIX YCTYHMOB B DPYXHOMN
80HEC H, CIef0BaTeNbHO, CHE:kaeTcsa o6heM JOo0HYH.

Pasznpunbple yuacTKM KPHBHX HMMCIOT pasJipuHble YIIB HaRIOHA
K ocm abcmmcc, 9To 3aBUCHT OT (OPMBI 3AJEIKH, CIOEBBIX 3AaIacoB
m yraa yrayokm. CiemgoBareNbHo, TPH BCAGHME TOPHBEIX PaboT 1o
Rayk[IOMy W3 BapWMaHTOB Kapbep Oymer mMeTh HecTabHIAbHYIO HPOE3-
BOAWTENBHOCTD IO TOJIE3HOMY MCKOIIAeMOMY, H3MEHAKMYIOCH B MHAPO-
KOX Ipepenax.

Kax wmsBectno, pabora Kappepa XapaKkTepH3YeTCHA IePHOTOM
HapamMuBaHAS IPOMBBOAUTENBHOCTH 1O TOLESHOMY HCKONAEYOMY
N0 pacueTHOH (IPOEKTHON MIM BO3MOKHON), mepmopoMm cTabulbmoi
IIPOB3BORATENBIIOCTH W IEPHOIOM 3aTyXaHus ropaux pabor. Crabmiab-
Hasg NPOW3BOAMTEIHPHOCTh ~—- DTO BO3IMOKHAS II0 ITOPHOTeXHWYECKHAM
daxTOpaM IIPOW3BOAWTENBHOCTh WIH IPOM3BOTUTENLHOCTD, OIPEIe-
JeHHAA 10 HEKOTOPOMY KPHUTEPHWIo, OFHUM M3 OTPAHUYCHHH KOTOPOTO
OblIa BO3MOIKHAS 110 TOPHOTEXHEICCKMM (aKTopaM IIPOM3BOJHATENb-
HOCTh.

CormacHo TUHNOBOW METoguKe HOPMATHBHBIM Kodddmiuent ddder-
TOBHOCTE KAaIUTANLHBX BIOMKEHUH B I€JXOM II0 HAPOAHOMY XO3SHCTBY
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momxen cocrasaars 0,12, [las pasnmampix orpaciieit ropHogoOHBa-~
[OMel ITPOMBIIIJIEHHOCTH H3MEHseTcA B Ipefierax 0,4—0,15, uTo
B HepeBoJie Ha CPOK OKYIaeMOCTH KalHTaJibHBIX BIIO;KEHUII COCTABIALT
710 mer. B nadbHeHmHUX paccy:RAeHAAX OymeM IPEHUMATL [LIH-
TeNBHOCTD CTaGHIbHOTO TEPHOAa HC MeHee CPOKa oKymaeMoctn. Vlame-
HOHIIE TI0 KAKHM-7TH00 IpHYWHAM YKa3aHHHX CPOKOB HEKAK He CRa-
JETCH HA IPEAJAraeMoM MeTOJe ONPefeIeHHs IIPOM3BOAUTENDLHOCTH.
B paccyuaTpEBaeMbIX BOBMORHBIX BapHEalTaX PAasBETH Kaphepa Lph

.MaKCHMaJH)HOIK/'I CKOpPOCTH! yI‘JIy6I(H oTAeIbHbIe 3HAYCHUA O pOM3BO/ A~

TeIbHOCTH COOTBETCTBYIOT IEPHOAM BCKPLITHA W IOATOTOBKM TOPH-
30HTOB (IEKIaM), MAUTEJIBHOCTH KOTOPHIX B3HAYHTENBHO MEHbINE
HopMatnBHBIX. 1loaTOMY caegyer IpOU3BECTH cTabEAM3ANN0 3HAYEHNH
I POH3BOIATENbHOCTH TaKBM 00Pa3oM, qT00bl AIUTENBHOCTh IEPHOIOB
e6 MOCTOAHHBX 3HaueHmil 6u11a He Menee 7—10 ser, a camMy 3HAUCHNSA
nprEbAMKAIACh K MAKCHMAJbIO BOBMOKIBIM Ha KPABHIX P =i (1).
C oroft meanio IexecoobpPasHO BOCIOIB30BATHCH 00MacTeio MemIy
kpmeenm P, = f () u P, = f (T).

Jlobass mpamas B 00JacTH COOTBETCTBYET paBHOMepHO# HpPOoES3-
BOOMTE/ILHOCTH B I[ePHOJ BpEMeHH, ¢uKrcHpyeMblii ee KOHEeIHbIMHE
rourasm. Ho me jo6asg npaMasg B o0sacTk npaBoMepHa B Culy Cleny-
omux  obcrosrenbcts. OGe KpHBBIE COOTBETCTBYIOT HApPacTalOMnM.
06menad MOTe3noTo HCKOIABMOro IPH MakcEMaubHof yriaybre. B 10
se Bpemsa kpusasg P, = f (I') coorsercTByer IOABUIAHHIO dponra
VeTymoB ¢ MHHIMAJBHOH IMpuHoil paboumx MIOMAfoR, & KPHBAA
P, = [ (T) — nopsuranmio ¢poHTa yCTYIOB, obecreumBaoOmeMy Ma-
KCUMAIbIIoe M3BJIEGUEHHE IOJCSIOr0 MCKOHAEMOro. B 3aBECHMOCTH
0T HaIpaBJCHEs YINYOKU MW HOJOReHHA paGounx GOPTOB OTHOCH-
TenbHO KOUTYPOB saneskn (Gopra B mpepefaX BWIW 33 IpeneqaMmu
KOHTYPOB) COOTBETCTBYIOIMAE YYaCTKH KPHBHX B KRIHH IepHof,
HOJTOTOBKA HOBOTO TOPH30HTA EMEIOT PA3JIMYHBIM HAKJION K OCH abc-
muee. 'Ta KpHBas, yYacTok KOTOpo# Kpyde, obecmedmBaeT B 9TOT
HepHoJ| MPON3BOUTEIBHOCTh Kapbhepa 1O pyze He TOABKO T8 11a% )
TT0 ¢PaBHEHMIO ¢ PYrofl paccMaTpEBaeMoil KpABOI, HO I MAKCHMATLHO
BO3MO/RHYIO 10 TOPHOTeXHHYecKuM ParropaM.

Ecan BCOOMHHTH, YTO paccMaTprBaeMble KPHBBie HIIIOCTPUPYIOT
IBa KpalHUX 110 HHTEHCHBHOCTH Pa3BUTHA TOPHBIX paGor B 1'OPH30H-
TanbHOM HAIPABICHNY BapPHAHTA (BAPHAHT MAKCHMAJBHOI'0 H3BICHUE-
HOA ToPHOI Macch BO BHEMAHue Xe IPHHAMAeTCs), TO OTCIONA CIefyer,
9T0 KPHUBas, COOTBETCTBYONMAA HPH NPOYUX PABHBIX yCAOBUAX Baph-
aHTY Pas3BUTHA ¢ 11000l APYTof UHTEHCHBHOCTHIO B [OPUIOHTAJIBHOM
Hampas.1elun. A0JIFNIa HaxoguThCA B O6JIHCTI/I Menny HpI/IBLIMH
P, =7(Tyun P, = f(T) u npn oToM yToX ee HIKJIOHA e MOMET
OPeBOCXOAMTH MAKCUMATLHOIO 3HAWEHHWA HA YKa3aHHNN KPHBDIX.
Ilpu sToM CKOpOCTDH YIIYOKN NPHHAMAETCH MaKCHMATIbHOIL.

WcxonsA B3 MBJI0/EHHOTO BBHIUIE, MOKHO CHOPMYIAPOBATL METO-
ABKY CTabWnmM3auy IPOU3BOAUTENBLIOCTH HAa OCHOBE KPHBHIX P, =
= f(T)u Py = [ (I), cyTh KOTOPOH COCTONT B CIAEAYIOMEM. Crabmai-
BaIMI0 IPOW3BOJUTENBLHOCTH Clie[yeT IPOMSBOAMTH B [Ba Jralla.
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Ha nepsom srame Ha ocHoBe amaim3a W B3a@EMHOTO PaCIOIOHCHE 1
wpmBHX P, = f (T) u P, = f (T) BHABIAIOTCH HCXOHEE (TmoHepHbIC)
mepmoakl crabmamsanun. Ilpm sToM MoryT mmers Mecto nBa caydas
Ilpr nanmamm o6macTm Memqy KPHBEIME HCXOTHHIMH (umoHEe PHBIMY )
ABISAIOTCA TPAMBE CTalHIN3EPOBAHHON MPOWBBOUTENILHOCTH, npo-
BeflenHbie B 9T0M 06xacThm ¢ cobIIOfeHneM ClHefyIOmero yCIOBHA
YOl HAKMOHA HPAMBIX JOMKHB JIO BOSMOKHOCTE OBITH DPaBHBIMI
HO He IPEBOCXOARTD B J1060H MOMEHT MAKCHMANBHOTO YIia HA KPHBBIL
P,=f(T) m P, =f(T). Pacuernoe (MEHHEMATbHOE) BpeMs mO;i-
FOTOBKHM IOPH30HTOB He m3MeHserca. CKOPOCTh yIayOKm coXpamsercs
MakcmManbHoll. Ha yuactke cImAHmA KPUBHIX BLIENSIOTCH MCXOMHMC
30HE, B KOTOPHX IPOMSBOJABTENHHOCTH IO IIOJE3HOMY HCKOMAEMOM\
KonebleTcss He3HAUWTeNbHO. 3a CTalHIABHYI0 NDPOESBOABTENLHOCTE.
B 30He NPHHEMAETCH €6 MEHEMAZbHOe 3HAYeHHe, COOTBETCTBYIOME:
IePHOAY MOATOTOBKE OfHOTO W3 TOPH30OHTOB. B0 BCeX OCTANBHBIX
0eprofax IOATOTOBKHM HPOW3BOAATENLHOCTh MOMNKHA CHEBHTLCS
OPUHATOTO B 30HE 3HaTeHHA. COOTBETCTBYIOMME MM YYACTKH IIPSMBIX
BEIIOJIA/KABAJOTCH, BPeMs IOATOTOBKE ITAX IOPH30HTOB YBEIHUH-
BAeTCH, a CJIef[0BATeIbHO, YMEHbIMaeTC cKopocTh yray6um. 1loaronmy
Ipd BePTEKaNbHOR yraybre crafuimsanns OPOM3BOATEIBHOCTII
ROJKHA OCYMECTBIATHCA 3a CUeT YMeHbIeEHHs CKOPOCTH YIAYOKI.

Ha BTopoM sTame ocymecTBIfercs okoHYaTedbHAS crabmnmsanun
Ha OCHOBE HCXOAHHIX (IHOHEPHBIX) IepHoxoB crabmiumsanmm. Ilpn
BTOM HROJKHE COGJIIOFATHCS CIeNyIOmEe yCIoBHAA. B GolxbmmHCTBe
CIIy4aeB CTPEMATCA IPHHMMATH 3HAIC€HHE IPOM3BOIATENBHOCTH B KaK-
Jb DepAON PABHEIM Kid GOJBHIAM, eM B HmpeJIyImeM (3a mCKI0O-
4eHneM mepuofia 3aTyXaums). Heim 970 yeaosme cobmonars, To B me-
pEofiax ¢ HHMKOBOH NPOM3BOAMTENLHOCTHI0 CHEAyeT yMeHpaTh ee
BHAYCHHe /10 3HAYEHUS B IOCIEAYIONIeM MEPHOJe 3a cUeT YMeHbIEeHHH
cropocrm yrayGru. Honeamas Touka umpaMoi crabmimsmpoBaHHOM
HIPOU3BOAUTENBHOCTH HCXO/HOTO ePHOA IePEHOCHTCA BIIPABO mMapajl-
TeNBHO oCH abCIuce 0 Tex HOp, MOKa yroll HaKIoHAa ee He COBIajleT
C yrioM HakJIOHA HPAMOU IMOCHeAyOmero Hepuoma. PasHmma Tan-
FeHCOB YII0B HAKJIOHA COOTBETCTBYET YMEHBIIEHHWIO MPOM3BOXATENH-
HOCTH, a pa3sHENa abChmce MoJ0;KeHAH HePeHOCEMOl TOURE — YBeIrl-
YeHHe NIATeNbHOCTH mepmoaa. [ImreqpHOCTs IOCTefHETo H3 HepH-
O7IOB  CTa0MAN3APOBAHHON ITPORBBOAMTENBHOCTH, COOTBETCTBYIOMAS
pasHane adcumec KOHIOB NMPAMOM, FOMKHA OHTH He MeHee 7—10 Jer.
Ecan 210 ycmosne e cobumofaeTcs, To HAKIOH IPAMON BHITOTAMKEBAIOT
RO Tex Iop, HOoKa pasfdmia abcnmec ee KOHIOB He Gyer paBHa TpeOy-
emoil jumrenbHocTH. Ilpm sToM mpomopnmomanpHO yBeamueHmIO M-
TEJIBHOCTH YMEHBINAETCH CKOPOCTh YINYyOKE W NPOH3BOXHTENBHOCTH
Kapbepa 1o moJXesHoMy mcxomaemoMmy. Bmosne BosmomHO, 9To B 9TOM
ciaydae B MPeAHAYMEX NePHOfaX NPORM3BOABTENBHOCTD O0KAILETCH
Gompime, wem B mocaemHeM mepmofe. Tora B HTHMX mEPHOAAX HYKHO
CHUSHUTH NPOM3BOAMTEILIOCTD 10 3HAYEHHSA €€ B MOCHeIHEM IePHOje
33 CU9eT YMOHBIICHHA CKOPOCTH YINYOKH.

Ilpomspenem crabuimsanmo IPOE3BOAETENBHOCTH Ha OCHOBE KpH-
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gux P, = f(I) m P, = f (T), moxazamusix Ha pmc. 8.7, COTIAcHO
w3noyKentol metogake. Ha mepsoM srame B ob6macTa MeKAY KPEBLIMA
BHIIesIeM TPH HWCXONHHE Mepmofa cTalmamsmpOBaHHOM IPOU3BOAK-
TeABHOCTH, KOTOPHM COOTBercTBylor mpsamsie AB, BC n ‘CQ. Hom-
TeIbHOCTh TePHOJoB paBHa coorBercTBenno 6,05, 4,25 m 3,/? roﬁ;l/;
a IPOM3BOJMTENBHOCTH 10 IONe3HOMY MCKONAeMOMy — 111,
. ex./Tox.

: 1%6’?)63;;251 Jllcc{ Bﬁopomy pramy crabuimsanum, HeoOXOZHMO OTMe-
TATH, 9TO POCT IPOUSBOAMTEIHHOCTH B MCXOAHLIX IePHOAAX HE COOT-
BOTCTBYET €e POCTy B IOCHeJHMX IEPHOfiaX W AAHTEIbHOCTH LOCJHe-
11ero cTabGMIBHOTO IEePHOJA HE COOTBETCTBYET 7——19 rogam. Cremona-
TeNABHO, UMEET MecTo HecoGIofeHne 000mX YCIOBHAU, IPehABIIAEMbBIX
K PasBATHIO IPOMBBOAMTENBHOCTH Kapbepa IO TONE3HOMY HCKOIA-
emomy. IloaTomy mepeHocumM TouKy C IpAMOR cTa0mausAPOBAHHOMN
IPOm3BOARTENbHOCTE BC mapaiienbno oCh abcmuce BmpaBo 10 TeX
mop (rouxa C,), HOKa yroJ HaKJIOHA mpsAModl BC, He cramer paBHbIM
yray nakioma upamoir CD. Tem caMbiM MBI cobaonaemM yCJIOBE[re
HOCTOSIHHOTO POCTa TPOW3BOAHTETHHOCTH OT IepHoja K Iephoay.
IIposoKATEABHOCTD H3BJIEUeHHA 00HeMa IIOJIe3HOTO WCKOLAeMoro,
U3MePAEMOT0 Pa3HoCTbI0 opaumHAT Towek C m B, yBenunqngaeTcH Ha
ppemsa AT. Ilepenocum npsamyio CD mapannerxbHo caMou cebe B no.noé
smenne C,D,. Iloayuaem npsamyio BC,D,. Pasnrna abcumce 109ek
u D, cocraBuser 11,05 roma. Taxmm obpasoM, cobII0eHO W BTOpOE
HeoOXOoAmMoe YCIOBUE HIABTEIBHOCTH nocnep;HerQ cTa0WIBHOTO mHe-
profa. i

OxoHuATeABHO YCTaHaBIWBaeM 2 IepHofia CTalmIM3EPOBAHHOR
npomssopmarenbocrn: npsamas AB  (Tap = 6,05 roma; Pap =
= 111 yex. ep./ron) ®m mpamas BC.D; (I'se,p, = 11,05 roma,
Pgo,p,=114,5 ycu. ex./rox). JanrensHocTs paboTH kapbhepa 3a cHeT
crabmmmsanun yeeamumbaercas una AT = 3,05 roma. Ilpomopumo-
HaJpHO BenmdmHe A7 [OKHA YMEHBIIATHCA CKOPOCTH yraybxm.
Becp cpox paboThl kaphepa (EKCHEpYyeTCs IOMaHOH OABC.D.E,
(xpuBasi P, = f (T)). Jocruw;kmMO#l OPOMBBOAMTENHHOCTHI0 Kapbepa
I0 rOPHOTeXHEIECKHM QaKTopaM cliefyeT CYATATH IPOA3BOJHATENb-

. D1Ds
HOCTH BO BTOPOW IEPHOA, T. €. —Blb—:—- = 114,5 yca. en./rop.

§ 4, TIOCTPOEMUE NJAHA TOPHBIX PABOT, )
COOTBETCTBYIOI{ETO CTABUJIUSUPOBAHHON
IMPON3BOJUTEJNLHOCTU TIO HOJIESHO.MY HNCHOMAEMOMY

O6aacts mexpy xpmsoiva P, = f (T) m P, = f (') upu onmua-
KOBOIl MakcHMMaxbHo#l ckopocTH YIay6Kku obpasyercsa 3a c4eT Pa3HOTO
(MEHEMaJbHOTO W MAKCEMAJBHOTO) IIOABHraHMA (POHTa YCIYIOB.
TloaTomy m1060it pyTroil BapuaHT NPH TOf ke CKOPOCTH yrayOKm maer
KpHBYI0 B ob6mactm Mme:xpy kpmebimm P, = f(I) m P, =f (UT). 310
IOJI0)KEHAe CIPABE[IABO U [JIs KPHBOR CTalMIM3MPOBAHHOM MPOW3-
BOMATENbHOCTH. CIEOBATCILHO, IPH JOCTHKEHEM KapbepoM mioboit
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[JIyOUHBI OPEMHATEL TOYeK CTabMIM3EpPOBaHHOM wKpmBoil OymyT Ha-
XOAWMTECS MEKAY OPAWHATAMHE [IPAHAYHBIX KPHBHIX, T. €. O0BEM™M
B3BNEKAEMOTO, TMOJE3HOI0 MCKOIAeMoro II0 3TOMY BapHaHTy Oymyvi
60olIbIe BITH PABHEL COOTBETCTBYIONMM 06heMaM 1o IIy6HHe Ha KPHBOK
P, =7 (T) B wmeHble mAm paBHBI COOTBETCTBYIMHEM O00LEMAM Ha
kpusodl P, = f (7). Ecam Bcrnomumrh, 9To pasAmma B o0nmeMax Ha
FPAHUYHBIX KPUBBIX JOCTATAETCS 3a CUET PABHWIL IOABUTAHBA YCTY-
NOB, TO HOJMOKEHUA TOPHBIX pabor ana crabmamsmpoBaHHOR mpous-
BOJ\MTEIDHOCTE AOMKHL HAXONUTLCA ME:RAy rpanmddasiMm. llpu srowm
BeJWYAHA IHOABHTAHMSA YCTYHOB Ha Beamaupy Al MeHbuic, 4eM Ipn
pabore no xpusoii P, == f (7).

IIpu mpoexTEpoBaHUN BaskHO 3HATH He TOJNBKO BO3MOYKHOC 3HAUe-
HHM¢ IPOM3BOJMTENBHOCTH Kapbepa II0 HOJe3HOMY HCKOIaeMoMy, Ho
R karnuM o0pa3oM NPE 9TOM NIAaHUPOBATH pPasBUTHE TOPHHIX palort.
PaceaoTpum Ha monoskenne KPEBHX B NPAMONR cTalBIN3APOBAHHONR
npousBojuTebHOCTE AB B 06acTu MC/KIY HEMN Ha MOMEHT OKOHYA-
HAsI NOArOTOBKR Top. 7 (cm. puc. 8.7). OppmHATH TOYEK, COOTBET-
cTBypmue obheMaM W3BIEKAaEMOTO TONE3HOTo MCKOIAaeMoro Mo 3
BapHaHTaM, DpPacIoJO;KeHbl HA OfHOII BEpPTHUKaNbHOH JWHEM, HO-
CHOJBRY BPEMA IOATOTOBKIU TOPU30OHTOB BO BCEX CAYIafAX OMAHAKOBOE,
PasnocTs oppmmar touex Ha xpmBoit P, = f (T) m Ha npamod AB
npejcTaBiisger coboil pasmocts AP B m3BIeKaeMHIX 00beMax 1O 9TuM
BaPHAHTAM:

H

AP =R Ly, 8.11)
=1

rape k2 — BHicoTa yeryma, M; Al — pasHuIIa B HOABHTAIIAU YCTYHOB
nps padore mo kpusoit £, — f () u no KPUBOH CTAGHIR3APOBAHHOK
upousBopurensroctn £, = f (I') (B mamHom caydae mo npsamoirt AB),
M; 1 — 9HCJHO JoOHYHBIX YCTYIOB, HAa KOTOPHX €CTh PE3ePB B HONBH-
TaHMH 32 CYeT HaRJNOHHOU yray6km; L, ;, — niamma mobbramoro ¢ponra
Ha ycryme B 30He pe3epBa 3a CUeT HAKIOHHOM YyIayOKu, M.

Beawamna P mosker GhiTh ompepesiena mo rpagury (cm. pume. 8.7).
Benwuuna L, oupepensierca ¢ IIOMOmMBI0 KyPBHMeTPa Ha COBMEMEH-
HOM n/1aHe ropHBX paboT nus Bapmanra P, = f (T') mim Ha moropm-
30HTHBIX IJTaHAaX.

Pewus ypasuenne (8.11) ornocmrensuo Al, moryqum

A= AP (8.12)

n °
h Z Lp,'

=

Wz usiokeHHOTO BhME W3BECTHO, KAk ONPENEIRTh KamKAyIo
COCTABJIAIOMY MpaBo# dactu paBernctBa (8.12) m maittm Al. YMeHb-
MWB HOBUTaHEe A00BIYHOro (poHTAa YCTYIOB B 30HE pe3epBa Ha
COBMEIEHHOM INnaHe ropumx pabor naa Bapmanra P, = f (T) =Ha
BenuunHy Al Ha Bcex 7 yeTynax, IMOJYIAM COBMENICHHBIHA ITaH TOPHBIX
pabor, COOTBeTCTBYIMME paboTe 10 cra0MIM3EPOBAHHOE KPHBOMK
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P, = §(T). Cmemyer OTMeTATb, 9YTO COKDameHHe IOABHTAHUA I1d
BexpupHy Al MOKHO DPACIPOCTPAHHATh B HAa BCE BCKPHIIHBIE YCTYIIBI
B 30He pesepBa.

TaxkuMm 06pa3oM, METOANYECKHEE YKABAHAA IO IMOCTPOCHHIO MIAHOB
ropHHX PaGoT, COOTBETCTBYIIGNX CTaGmIM3HPOBAHHON (BO3MOMRHOI)
ITPOM3BONATENBHOCTH Kapbepa IO IIONE3HOMY HCKOIAeMOMY COCTOAT
B caexylomenm. A rayOmHBI Kapbepa, COOTBETCTBYIOMEH UCKOMOMY
NOJIOKeHAI0 TOPHBIX palor, ompeneidsiercs pasHmma AP B H3BIeKa-
eMHIX 006heMax IONe3HOT0 HCKOIaeMoro NpH paGore mo Kpubod P, -—=
= f(7) = xpusoit P, = f (T) (cm. pme. 8.7, pasuuna opAMHAT COOT-
BercTByOmMux touck). Ha coBMemeHHOM miaHe [jif BapmaHTa paborii
no kpupoil P, = f () mau Ha YNOropE30HTHHIX IIAHAX C HOMOWLIO
KyPBEMeTpa onpefelisercs oOMas pamHa go0bMHOTO $poHTa Ha BCex
YCTyIaxX B 30He NOJBATAHAA 3a CUET PesePBa OT HAKIOMHOHN yTayORm.
Ha coBmemeHHOM mnuiaHe ropubix pabor mms Bapmanra P, = f (T)
WIE Ha MOTGPH3OHTHHIX IIIaHAX YMEHBINAETCA MOJBHTAaHWE YCTYIIOB
B 30He pesepBa Ha Bexmumny Al. llomyuenunit nxan m Gymer coorser-
CTBOBAaTh COBMemeHHoMYy mnpm pabore 1o wpmBoit P, = f (T) nas
3ajaHEoll TIyOWHB Kapbepa.

B kadecTBe mpmMepa IMOCTPOEH COBMENIEHHBIR IIAH TOPHHX pabor
IS IpAMoit cTabmamsm poBaHHOR Ipon3BoguTedbHocTH A B Ha MOMCHT
OKOHUAHRA IOATOTOBKE rop. 7. COBMEmMEHHHHA MJIaH TOPHEIX paboT
aas kpmsoir P, = f(T) ma oTor momeHT mpuBesen na puc. 7.11
(cumommnsie sunum). Pasmmny AP B m3BIekaeMuiX o0BeMax IO 9THM
BapmaHTaM OIpenelnseM o IpaduKy (cM. pmc. 8.7, pasHEIa OPAUHEAT
toaku 7). Hypsmmerpom ofmepsaeM Hy;RHYI0 AAMHY AoOBIYHOrO GpoHTa
Ha TOPH3O0HTaX IaHa B 30HAX Dpe3epBa OT HAKJIOHHOH yraybkm Ha
puc. 7.11. 1To KakgoMy TOPH30HTY U B cymMMe OHa cocraBusger L,, =

5
= 0,8; Lyy = 3; Ly = 14; Ly, = 245 Ly5 = 20; X L,,; = 61,8.

1
IlopcraBus wHajifeHHbe B3HadeHHA B BHpakenme (8.12), monydum
Al = 0,7. YMeHomms nopgBuranue Ha Beamamuy A/ ma niame ¢ pas-
BuTHeM no KpnBoit P, = f(T'), mojyuynm mogosenne ropubx pabor
Ha MOMELT OKOI9aHIsl HOATOTOBKY Top. 7 npu pabore no npsaMoit AB
(cm. pume. 7.11 mMTpHUXOBLIE JUHNM).

Crabuinsanyss NPOM3BONTCIBHOCTH 3a CUYeT YMEHBIEHBH CKO-
pocTu yrayfRm CKRa3BIBACTCA TOIBKO Ha YBelIWIeHHH BPeMEHH ONyCKa-
HEA [0 TmaMevennoil ray6unbl, a MOJosKeHme TOPHHX pabor npm ee
JOCTUKCHULL 1 U3BJACKACMLIC IPH 9TOM OOBCMBI IIOJE3HOIO HMCKOMAa-
€MOT'0 COOTBCTCTBYIOT NOMNO/KCHUI0 U 06beMy PN ONYCKAHUI ¢ MaKCH-
MaJdbHOI ¢ropocThio. lloaroMy mpm ompepenenmm pasuurnsi AP B H3-
BIerkaeMbix o0bemax mo xpusot P, = f (I) m crabmamsupoBaHHOM
xpuBoit P, —= f (T), Beuuepmell m3 00MacTH Me;KAYy TPAHUYIHBIMA KDPH-
'BHIMH, CIefyCeT OparTh PasHONY OPAWHAT TOYEK HA HTHX KPEBHX, OTBC-
YaIOMHEX [OCTHELEHHWIO [0 raybmHe murepecyomed oTMeTkm (HAIpH-
Mep, Ha puc. 8.7 Ha MOMEHT HoCTHReHusa rop. 14 senmumua AP paBna
pasuune oppunat todex /4 Ha kpusmx P, = f(T) w P, = f (7).
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§ 5. ONPEREJEHUE JOCTURIMON IPOU3BOLUHTEINLHOCTH
KHAPBEPA TIPM NOMOIM MONEPEYHLIX PA3PE30B

Ha wmecropospennsx, mpencraBmenmsix BHITAHYTHMHA 3ajeRaMu
€O CPaBHETENLHO BEIEPIKAHHHIMU DIEMEHTAME 3aNeraHs, A ompe-
AEJCHIA BOSMOMHOU NPOUBBOJUTEABHOCTH TI0 WBJIO;KEHHOMY BRI
METO1y MOMKHO BOCIIONIb30BATHCSA XaPaKTePHHEM WM CPeXHeB3BEIler-
HHIMH paspesamB. Taro# mozxon K onpeneieHno IPOA3BOTHTENbHOCTH
0CO6EHHO BasyKeH Ha CTAJUM TIPEfBAPHTEIbHHX PENICHHIL (mampumep.
IpR BHIOTHEHEE TeXHAKO-DKOHOMEYECKEX 0GOCHOBaHMiL).

a 6,

Puc. 8.8. Homepeunsiii paspes kapbepa ¢ HONOMEHEIMI T'OPHEIX
pafor UpH pAacYCTHRIX paBOuMX ILTOMIA;KAX (a) B MaKCHMAJBHOM
H3BIEYEHHH II0JIE3HOTO MCKOmaeMoro (6)

Bospmem momepeunmit paspes o KOHKDETHOMY MEeCTOPOKIECHHIO,
Hanpasienme yrayowm O, O,, .. .» 0, (pmc. 8.8). Ilogroroska
POPH3OHTOB OCYMECTBIAACTCA TpaHmMeAMn (mWmEpnHa mo aHy 30 M).
Bricora yerynos 15 M. Yras otkoca pabounx yerymos 70°. Pacuernag
mApuna paboumx nromamok 52 M. MakcmMaabEBIL YTod OTKoCa
paGogero Gopra 15°. Ilomosmenms ropmbix pabor Ha Bech mepmo
OTPaGOTKE, COOTBETCTBYIOMEE BAPHAHTY C PaCYCTIION WBPRHOH pabo-
1BX ILTOmaNoK, mokasaHbel Ha pmc. 8.8, . Ha puc. 8.8, 6 moxasan
BAPHAHT Pa3paloTOR ¢ MaKCHMaJbHO BO3MOMKHLIM DPA3IIOCOM TIO MMOJIE3-
HOMY WCKOIaeMOMy. PesepB B mofBUTaHmE YCTYIOB 3a CYOT HAKJIOHHON
Yriiy6KHE MCIIONB3YeTCA B DTOM CIyYae TOABKO 110 TOCTHKENHS ppouTOoM
PaboT KOHTaKTa ¢ ILOJE3HLIM HCKOIIAEMBIM (cm. pmc. 8.8, 6,
Touka M).

Pesynbrati pacdero HapacTaomux 0065eMOB IOTE3HOro MCKOMA-
eMOro mokasanbl Ha puc. 8.9. BpemA HOATOTOBRM TOPH3OHTOB opy
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BEPTUKANBHOHR yrayOKe ompemelsiNoch aHANTATAYECKH 0 _33BHCHEMOCTH
A TYOHKOBOH CHCTEMH €BHe3floB [D]; a mMpm HaKIOHHOH yriuybre —
o zasmcuMocTE (8.9). Hosduument ¢ maxommrcs mo rpadury ¢ =
= f (B) (cm. pmc. 8.4). )

Texymume BsHaueHWs POA3BOJUTENLHOCTA Kapbhepa (OTHeceHme
o0weMa J0OHITOTO WONE3HOT0 MCKOMAEMOTO PYAH 3a IEPHON IIOATO-
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Puc. 8.9. I'padpuk ma3MeHeHHWs HApACTAOIMUX OOHEMOB
TOJIE3HOT0 HWCKOIAeMOro BO BpeMerm I IpH pacder-
HEIX paboudx ILTomAfKaX (7), MaKCHMAaJIbLHOM H3BIe-
YeHNTH TOJE3HOro HeKomaeMoro (2) m pabore co cralu-
JIM3NPOBAHHOR HPOH3BOAHMTENLHOCTHIO (J)

TOBKH KAMKIOT0 TOPH30HTA KO BPEMEHH €ro NOATOTOBKH) HOCAT He-
cTabmabHEM xapaxkrep. Crabmimsanus DPOW3BOJATEIBHOCTH OCY-
mecTBAANach no rpapmrky P = f (T) (cm. puc. 8.9) coriacno mero-
JUKe, M3I0KEHHOM B JaHHo riaase. B pesynbrare ompemeneno
pasBETHE OPOM3BOAUTENBHOCTH B 3 drana mo jumupn ABCEK [P, =
= 7 (T)]. 91an I, — napammBanme POBBBOMATENBHOCTH B TEUeHHe
2,7 roga. dran I, — pabora mo npamoit BCE co crabmIAsHpoBaHHON

A4

EE
nponsBogaTenbHocTbo 2790 TEIC, M3/rop ( 5 ) B Teuennme 12,2 rojna.

Jdran I, — saryxanme pabor (EK) B Tegenme 1,3 ropa.

Anairms o0LeMHBIX IIOKazareledl BapmantoB paboTH Kapbepa
¢ MAKCHMAIbHOH CKOPOCTHI0 YINYOKHW W Pa3ji@dHON HHTEHCHBHOCTBIO
mopBuranus ¢poHTa B TOPUBOHTAJIBHOM HAINPABJCHHM IIO3BOJIUI
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copMy THPOBATH METOS ONPeRedeHHA BOBMOMKHON IIPOW3BOJIATE.H
;gsm Rapbepa 1o 10IeSHOMY HCKOTACMOMY [Vl HAKJIOHHLX T ﬁpyTJH\t
: G?I(:}IT)O',II\HeHMH CG Juofion Popmoit sanerxkm. CyTh Meronma cocTout
Aytomem. (rpomrcs Kapbep B KOHEYHBIX KoHTypax. Ompeje-
JIHGTCHFPHD;I/IOHHJIBHOG HanpaBJenue pPasBUTHA Tropubix pabor. I'pa-
Iémf;agzgzipanananﬁocmcﬂ Ha XOTOPH3OHTHHIE IJAAHEL WM PA3pPesH.
OTOPH3OHTHRIX INIAHAX WIAH DPaspesax B COOTBET-

CTBHU ¢ HAUpaBIeHNEM pPa3BUTHA HAHOCATCA MOJLOMEHAA TOPHLIX
paboT Ha MOMEHT OKOHYAUMA MOATOTOBKE KAJKIOTO ropnaoHTap 5
JBYX rPalUYHbIX OO HNTEHCHBHOCTH WM3BICUCHUS MOJE3HOTO HCI(O'I}I g
CMOTO BAPHAHTOB: ¢ MAKCHMAJIbHLIM U3BICUCHWCM IIOJC3HOTO WC o
eMOTO M ¢ MunuMaldbHoll mupnmoil paoumx miomamok. C HOM;(OIII)H—
rpagukos L — f (T) mim 1mo aHAMHTHIECKUM 3aBI/ICIlI\‘IOCTHM olljll eI}O
AeJQAeTCA MIHUMAJBIIOE BPeMs HOAr0TOBKU TOPB3OHTOB Hc;ncqn'rl;ﬂ:
fgﬂifm 0‘6’1')8MBI IIOJIe3HOT'0 HCKOIAEMOTO, M3BICKAEMbIe Ta OTIeIbHBIX
ropﬂggﬂlaxg LCIOM IO KaphePy 3a IepHOy IOATOTOBKH KAKIOTO
pusonTa. Urposirca rpaguku P, = f(T) uw P, == (T) m Ha wx
??IIfOB% ¢ TOMOWIBIO MPEJII0KCHEOM METOJUKH CTPOUTCS KpuBag P, —
Kr (,)C(}I )563;;(?;01{@0};0101)0[1’ UMEIMUE HambodbmIuil yTrox HHKJISOHZ}
R oo abence, TBETCTBYET HPOMIBOTRIENLUOCTH Kaphepa, Bo3-
3 0 TOPHOTeXHHYeCKHM (QaKToPaM. 3HAYCHUIO IIPOU3BOIN-
TEJI‘bHOCTIl COOTBETCTBYeT TaHIeNnc yIia HaKJIOHa YKa3amHOTO l';a—
erra. llo npegnoskenmolr meropuie CTPOATCA 1I0NO0EHBSA 10 B1]11,1'
pabor, oTpevaiomue paboTe kaphepa To kpmeo P - f(T) pHv

I'masa 9

YYET JIOCTOBEPHOCTHI TEQJJOTMYECKUX JTAHHLIX
Py OUPEAEJEHNU MPON3BOAUTEJIBHOCTI

KAPBEPA
§ 1. TIOCTAHOBHA 3AAYMN

Kak B HayKe, Tak U IPAKTHIECKOH AXUBHM NOCTOSHHO IPUXO/ATCH
CTAIKHBATLCA € SBJIEHUAMI I HPOIECCAMH, ROTOPHIE MOTYT jaBarh
pasiimdHblC Pe3yIbTaThl B 6ynyuieM B 3aBUCHMOCTH OT 00CTOATENLCTB,
He morUlapImXcA TouHOMY pacdery. B GonpmmmcTBe TAKMX CIydaen
I pacueToB HamGolee MOCTOBEPHBIX HCXOZO0B MO0 HCIOIb30BAThH
BEDOSATHOCTHO-CTATACTHICCKUES METOZIbL.

IlpaBmipHOe OIpC/eNeHNe IPOM3BOANTENBIOCTH Raphepa B mpo-
mecce IPOEKTHPOBAHUS HMeeT Gonpiloe 3HAUEHHMe, Tak Kag OT Hee
3aBUCAT BCE TEXHHKO-DKOHOMHYECKHE IOKasaTelu paboTHL Kapbepa.
3apn;xeHne N POU3BOHTEIbHOCTH HAHOCHT yImepd HapojHoMy XO03si-
CTBy, @ B3aBbILIEHIC BEHIZHIBACT HANPKEHIOCTH B pafore Rapbepa.
B mpomecce paGorhl Kapbepa M3 Tero BHACTCA TIOTOK TOPHOHK
MACCHI, B COCTABE KOTOPOTO MMEETCS HONC3HOe HCKOIACMOE 1 BCIPHIHI-
Hbie TI0PofHEl. Bo3MosruEe 00T,eMbI rOPIOi MACCH BABUCAT OT MPUHATHIX
mapamerpoB paboueil 30HLI Kaphepa, THIOB M HHC/IA paborazomux
MamaH. COOTHOMEHRAE BCKPHINHEIX II0POJ U IOJEe3HOTO MCKONaeMOro
3aBHCUT OT I'€OMETPUYECKHX MapaMeTpoB 3ajeyRl, peabeda MECTHOCTH,
rpaHnL Kaphepa W NPHHEATOIO HAMPABIECHW PasBATIL TOPHBIX pabor.
Clref[oBaTeIbHO, HANEAHOCTL PaboTH Kapbhepa Kak CIOMHON CHCTEMBI
OLpC/ieNAETCA B3aMMOJefiCTBIEM HAJIeSKHOCTH HPUTATHIX B IpoeKTe
peienmii, CBA3AHHBIX C MAPaMeTPaMU CHCTEMEL paspaborsu m paboroit
o6opymoBanms (cyOHOKTUBHbIE darTops), B HaJEKHOCTH Te0JOrH-
QeCKNX NAHHBIX (0OBCKTHBHbIC (aKTOPH). S7€CH Mbl HMEEM caygai
ABYX 1C3ABHCBMBIX COOHITHIE, BEPOATHOCTD COBMECTHOIO oCymecTBIe-
HIESI KOTOPHIX PaBIta 1 POHBBC/CHITO BEPOATHOCTEI KaKZ0ro cobHTHA,

_T. €.

P(AQ)=P(4) P (Q), (9.1)

rae P (AQ) — BepoATHOCTH BBITNIOTHENAA 3a7aHofl IPON3BONBTENb-
HOCTH Kaphepa 110 HOJIE3I0MY HCKOHACMOMY; P (A) — BepoATHOCTH
BLIIIOJTHOHUS 3ajaHHoro o6bema paboT KOMILIEKCOM 060PyOBaHHASA;
P (Q) — BepOATHOCTH IOATBEPKACHHA 3alacoB [ONIE3HOT0 MCKOIa-

CMOTO.
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i 7 i Torna upu BepostHocTE P (8) = 1 0KmjaeMble MEHIMAIBHEE I Ma~
Torga BO3MOKHBIA PHCK HENOCTIIKEHHs LPHHATOH IIPOEKTHOM

eTCTBEHHO:
HPOH3BOJATENHHOCTH 10 PYJie KCAMAJIbHEE 3a0ackl PABHHE COOTB
Raq=1-P1(40Q) 9.2) P, —3.8375 X 0,74 =2,84 mum. M¥
| 3
i * Prngy = 3.8375 X 1,26 = 4,84 . u®,
RAO:i_a—RA) (1~_RQ):RA+RQ_RARQ7 (93) 2 pam pd

Tie R4 — DHECK HeBHIOJHEHH:S 00beMa, cBA3aHHENT ¢ paGoToit 0Gopy-
HoBammA; [, — pHCK, CBABAHHEIH ¢ HEOOATBE)KIEHHEM 3aOacoB.

§ 2. BJIUAHUE ,I[OCTOBEPHOCTI/I‘ TEOJIOTHYECKUX OJAHHDBIX
HA JITOBBIBAEMBLIE OBBEMBI I[IOJE3HOTO HCKOIIAEMOTO
B IMPOLECCE VINIVBKU KAPLEPA

<

Paccmorpum mpuMep pyAHOTO Kaphepa, yKasamHEHH mam#m B § 3
raase 4. Ecim mampasienne yriyGKi, Viasangoe cTpexkoi Ha puc. 4.2,
meT no ae;kademy Oopry Kapkepa, a yrayGka OCYIlecTBIAETCH
C LOCTOSAHHOH CKOpocThI0 15 Mm/rog mpm yrie orTkoca pabodero i
Gopra @ = 12°, TO MOAHO oupemeanTH Bce 0GBeMBl pyan (6e3 ydera ‘
ux pocroseproctn). Tak, HampuMmep, npn ornyckagum Ha rop. —140 m |
o6bem pymsl cocraBuT 3,8375 MiH. M®, B TOM UHCTe 3amMachl KaTero- i
pua B — 3,55 mun. M®, a Kareropmm C; — 00,2875 mau. m3. Tar wak !
3amacel Kareropuiz B cocraBasior 93Y%, a rarteropmn C, — 7%, mo
dopmyre (2.15) m namubim Tabn. 2.1 maitzeMm, dro:

Bro = (025 X 0,934+ 0,45 5 0,07) x 100 = 2= 264 ] . an 2w 20 A
N T : 7) =+ 18%; BOSMOIKFOF0 W3MeHemHs o0peMa pymi P
o m O DI X PO T = I8 ggcﬁe;?éi.yrg;g}?n Kaphepa H B 3aBACHAMOCTA OT BEPOATHOCTH
ORUAAEMEX OMHGOK B TEOJOTMYCCKHUX JAHHBIX. O0peM pYyAH
Foss 2(0’08 X 0,93+40,15 X 0,07) > 100 = = 9%: mpH BEPOATHOCTH:
1—0; g—2 —0,5; 3—3 — 0,68 4—4 —0,46; 5—5" — 1,00

80,50:(07056 X 0793_{_0’10 X 0-07) X 100 = = 6%.

TaGaunua 9.1

TpH IOBEPUTCIBHOU BECPOATIOCTI

= DEDOMBI DYRB (Mo, %3 P (—0.65 P (2)=0,5 P (e)=b

E | = P ()=t P (2)=0,96 . )=,

2 | &= | — - ) - x

2| ¢ B X = f: - Z y o = E % E z P

S| Eg E % E z E >< Z = g % E ~ S .

= | B2 : ol E S E ~ H = & z ch “a o 2 a W =

= o= = w1 = 2] ~ »1 B 2 _

: : 3 325 4625

3| 0,501 0.501] 0,435 0,435 0,488 0,{18&: Oébfg 0,()

1] —80 1 0347 | 0347 0578 | 0578 | 0384 | 12384 | 0540 | 0,340 %gg %3‘5’ (1)’8(8)2 2.383| 1,633 | 2,068] 1,835 %,dg.) é (/b(l)d 2;?88

21 =95 | 1303 1,650 | 2172 2750 | 1.442 1826 ] 2,027 2,067 2’:%5 48401 3315 5.6981 2,876 4,944 1 3,232 ;),505 ,%_r 31550

3 [ —11071 2,295 3,945 | 5.825 6575 1 2.540 4,366 | 3,570 6,137 3’565 84051 4198 9,896 | 3,643 8,587 4,092 .),Ejé? %‘S!’g" P

A1) 2906 1 0851 | 484G | 1LALY ) 8216 70821 4521 4 10,658 1505 | 95837 | 2581 | 47201 | 1714 | 37663 | 2415 | 45572 20035 ) 415200

12 | —245] 0537 | 24554 | 3.592 | 58,495 | 1.053 | 30,161 | 3.078 | 52.858 voan | 40093 2656 | 54345| 1764 | 42:373| 2483 |52,003|2,125 ,

15 | —290} 0,531 | 25973 | 3,719 | 68,426 | 1,063 | 33,00 3188 | 61,372 o ’ ' w0

i
iy
(o]






Ipu P(S) =0,96 oMoy M3
Prin=3,8375 X 0,82 =3,15 muu. m3;
Pmax:378375 X 1,18:4,5 MJH, M3;
Ilpn P(e) =0,68

Prax=3,8375 x 1,09 =4,18 mum. wm3;

Prin=3,8375 x 0,91 = 3,49 M. m%; g
IMpu P(e) =0,5
Priax =3,8375 X 1,06 =4,07 mum. m3;

PLin=38375 x 0,94 =3,61 man. mS,

‘60

2 1~

Taknm obpasom s pasmoit pmoBepurennnoi BEePOATHOCTH Ppac-
CUNTHBACM 3aWACH PH OTMETKEe JHA Kaphepa 11a BceX TOPUBOHTAX
W 1101y 9CHHBE Pe3yabTaThl cBofuM B Taba. 9.1 (gaerca B cokpamennom
Bupe). Ilo smagsenmunam P, m P,.., B3aTHIM u3 TaGi. 9.1, crpomm
BCDOATHOCTHBIE 80Hbl BO3MOKHOTO M3MEHEHHs 0GLEMOB PyIbl B Lpo-
mecce yray6km kaphepa (pmc. 9.1). Kar Bmgmo m3 puc. 9.1, npm
AOCTHREHNMA Iop. —170 M MHTEPBAT BO3MOMKHHKX OTKIOHEHMI 3aLacoB
AJLS BCEX BEPOATHOCTHEIX 30H MMCCT HAMGOJNBINYI0 AIMHY. JT0 06DbAC-
HAETCA TeM, 4ro paGoumii 60PT Kaphepa K BTOMY MOMEHTY OTCEKAeT
cambiit Goabwofi o6bem samacos pyam. Ilpmaem sth damach BXOAAT
B kareropmio C,. 3oma ke 50-mpomenTHol BEPOATHOCTH, HAYNHAA

¢ rop. —125 M m rayGme, coxpaHser wodTH OJMHAKOBYIO IJIMHY
HIHTe ppala.

G0

20 0 4o 50 Aran.md
§ 3. HIOCTPOEHUE TPAOUKOB U3MEHEHUA OBBEMOL OO0 HMOHOMIA HapACTAOULS 06HCON
BCKPLUIHBIX IOPOJ U PYJIE C YYETOM e T . o mamhaTatoote o Gnonton Pyt B
TOCTOBEPHOCTM TEOJIOTHYECKUX MAHHDLIX B OIS YUy KapEEpa.
Hro6wr moctpomts rpagur V == f (P) mas pyamoro Kapwepa, Bce Towt paese: 117 — At 2=2' = 320 00" = 50%; 4 —100%

MCXOMNBIE [AHHDIC NPeJCTABIANTCH B Tabamdamom Bmae (radr. 9.2,
LOKasaHa 9acTh ycrymos). Ilpu pacdere sTux jamuex yumTeBajzachk

TaGanma 9.2

gz . OGDBEMBI (M, M%) e e — nmopon, 1Ipy MOBCPUTEIBITON BOPOATIIOCTY P
o £z ; —0,68 =0,

;:g :g'.’.. P (e)=0,96 P (g) _ ; - 5 . - = - = » E
+ e E = E g E % E =] £ s ;E E B B | LB E|E| E| S E | F| £ =
EE ! a = s N a N 2 A 2 =

Sg 8."@:; NE ;\] »E E\I C.,E M >E E\] ,;E %\l ;E W Q (A - A 2] ~ ~
. : 74| | — (24| 274
7 7 7 ‘ 2741 — | — 1274 274 | — | — 1274 274 | 2ea) 2
_ 85 . _— — . — _— 4 > P ‘ ! Pte
~g6 112 04| 04 %g §§§ 05| 05 %(7)? 51 04| 04 f(7)§ 3821 051 051107} 3811 041 04 %(1)? 191 25) 212 |19 Mg'tls
—170( 164 | 41 |18" |123 {1255 | 777|280 | 87 [1153 | 50 | 205 | 114 12281 GBI LTI S 1S o6 (1537 | 0 1297 | 07 |1293
—1851 147 | 32 (212 115 [1370 | 59 |339 | 88 | 12471 | 39 1944 | 103 {13361 5213081 9511272 ) ALN S 100 1 een | 90 |05 | 56 [1570
—260| 59 09131 | 501742 | 2.7 {555 | 32 |14977 | 13 [370 | 46 16821 22 14941 3711558 L3 100 S aa | 50 14641 o5 Lidor
—275| 43| 09 |319 | 34 {1776 | 27 582 | 16 |1503 | 13383 | 30 frt2 ) 221516 2\ 15790 40 10001 o8 11yt | 35 |s1s | o [1con
—290| 24 |30 133 | 13 [1789 | 32 (6056 | o' 1513 | 176 399 | 03 1720 | 27540 | 0 |157,9 | 1,8 1423 | 0,6 [1696 | 2.5 |51, ,
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= 11,2 muua. M3, Torpa

JOCTOBEPHOCTE HMCXOAHOU TreolormdecKodl wmdopmanmu. B Kagec

OprMepa DOCMOTPHM, KaK pacCIMTHIBANUCH 06HEMEI .npn o'rme:::g

?:gn Ié&i)h&}}])a H_a rop. ——803 M ¢ BepoATHOCTBI P (g) = 0,96. Us
. 9. min = 0,4 maE. M® w P, = 0,5 mun M3 Pamee 6mI0

B ran s

&4

M)

4g

J2

2%

16

q

& 4 a2 /4 1% Lrem

[ L L

i n e 1
-65 -35 - 125 - 155 -165 =215 -245 =275 Hm

l\l;gc. 9.3. 3oEN HapacTalmUX O(HLEMOB pPyAsl P B sapucu-
CTH OT BpeMeHH OTpalorkm T ¥ rayCuesl Kapbepa H

Ipu pucre: 1—1" — 0%; 2—2 — 4%; 3—3° — 32%; 4—d4’ — 509,

HOOfiICYNTaHo, 4Yro o0beM TOPHOE MAacCH Ha Tropm3oHTe V, =
r

Vmin::Vr_Pmin: 11,2—0,4:10,8 MJH. M3,
Viax =V, — Pax = 11,2— 0,5 = 10,7 man. a3,

Tax oupenenawrca o6beMB! 115 BCeX rayOuH Kaphepa, IOCIe IETo

NOACYUTHBAECTCA HAPACTAMEUA HTOT,

Tadamrga 9.3

5 ;
Tlepuons TIpOR3RORMTCALHOCT, Kapbepa 10 PYRe (Mid. M°/TOR) Ipi CIElCHu

0TPafoOTKA pucka, %
Kapbepa 0 | 4 | 39 \ 50 100
1| 2.6--4,9/0 | 3—4,4/0154]3,4—4,2/0,308 [3,6—4,1/0,384 |  3,8/0,462
11 | 256—7/0 |33—6,3/0,27| 4—5,6/0,54 143—53/0.654| 4,8/0,847
I | 08—38 | 1,2—3,2/0,5 1,6—2,7/1 [18—25/125 | 2,2/1,75

OpAMedanne. B smamenarelie IaHO OTHOCHTEJbHOE YBeJuIeHNe HpOHSBO}IHTEJIbHOCTH.

Barem mo gamHbM Taba. 9.2 crpomm rpagui V = f (P) ¢ yderomM
HaJIeKHOCTH HCXOJHBIX Ie0JOImIeCKAX RaHHBIX (pmc. 9.2). Ilpm arom
BHIAABIANTCA 30HH 4-, 32- W H0-IPONEHTHOr0 PUCKOB. Touxu, 0003Ha-
Yajomme HOMepa TOPH30HTOB HA PasHHX I'PAHANAX 30HE PACKA, oynyT
Je;kaTh Ha onHod mpsamoil. Ilpmuem »Tm OpaAMBE Ha IPOTAKEeHAH

Puc. 9.4. Kpusas pacupejiefieHHs BOSMOKHOW IPOM3BOJUTEILHOCTH Kapbepa

pcero rpadura OymyT mapailelbHE MERAY coboit. o rpadury P =
= f (T) (pmc. 9.3), HOCTPOEHHOMY II0 JAAHHBIM taba. 9.2, HaxoguTcA
BO3MOYKHAas LPOM3BOJMTETILHOCTh Kapbsepa Io pyAe IO mepHOJAM
orpaborkm (rabmx. 9.3). .

Tax Kak LPOM3BOUTEIHHOCTH IO PyAe IPAMO LPOIOPIHOHAIBHA
H3BIeKaeMBIM 00beMaM pYMbl, TO OHA JOMKHA HONIHHATHCA TOMY K€
3aKOHY pacIpeeJeHnsd, YT0 W 3amachl PYHBL. [lnsa pasHOTO CiIy4as
9TO B3aKOH HOPMAIBRHOTO pacupejeleHus (PHC. 9.4).

Fcim npEEATE B KayeCTBe IPOSKTHOM BeIMIHHY LPOM3BOMUTEIB-
HOCTR, PABHYI0 MATeMaTHdeCKOMY OIJAINI0, TO PHCK HEXOCTIREHNA
PTOH IPOM3BOMHETEIABHOCTH COCTABUT 50%. VYwmeHbasg IPOU3BOJH-
TeTBHOCTH, Ml CHEKaeM DHCK, a mpm A,; = A, PHCK CTaHOBHTCA
pasanM Hysmo. Mexona mn3 3aKoHR HOPMAJBHOrO pacupeeleHns
(cm. pue. 9.4), mmeem:
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R=0; A,=A,;

. )
R=23%; Ap=A,=A,(1+ o); l
R=158%; Ay—A,—=A,(1420); | 9.4
R=25%;  Ay=A,=A,(1- 30— F) l .

R=50%; A,=A,=A4,(1+30).

BBGI.[GM LOHATAE OTHOCUTEABIIOTO I

opon
POMBBOJUTENBHOCTH A, ; 0 CPaBHEHMIO ¢ Bexuwanuofi A 0

(Si — Ap f—*/lo
B T (9.5

Haa pynmoro xa

2 111 nepmoge A prepa B I w II nepmogax 4, = 2,6 mum. u

o = 0,8 min. M¥ron.

36()11)1 apse LONYYUIHACH BHE]
/ ABHBIMU

Ap,#1a1.1rgd

0 0z 046, 05 08 10 79

Puc. 9.6. 3asucumocts MeKAY YpOB-
HCM pHCKa R W OTHOCHTeNLELM

IPHPAINCHNe)M IPOHBRO,
3BOTATENEROCT
Kapsepa § o

Pumec. 9.5. Obmactn BosMOKHOM po-
I3BOAMTENBIOCTI Kaphepa mo pyae Ap
B 3ABHCUMOCTH OT YPOBHs pHCKA R

[onywenurie pesymaprath n

: 3 pPuBesensl B Tabua. 9.3 m ma
Il‘?vblpamaﬂ AaHHBIC pruc. 9.5 wepes ¢ynkgmo R = f () %ﬁ%ygﬁ?\&
paduK pas Beex 3 mepmonon pabors kapsepa (puc. 9.6). ’

'[,I w o SR r
CMOTI;le(fI:(IE Egﬁiﬁ;ﬂ I nanm&mo Pemenns, Heo6X0 M0 BBECTH B pac-
OI'MYeCKHAe (KOHBIOHKTY PHEL
: ¢) coobpanienns UK
YHecTb 9MCTO IKOHOMHIeCKHe (ParTOPHL. ) b ) o ARe
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Pupamenna §, mnpunaaTOH

nax 3/rox,
> “ MOKHBIE MaKCHMAaJLHH
CIBHHE OMHUOKM TOACYCTa 3aLACOB o I, II, II1 nepnonalj

T
COOTBCTCTBEHO +31, +46

B raaBe 2 paccMoTpeHBl IpefloskeEHa  Jx. Tk, Kemensn
m Jlzx. JI. Tommcona [25] mo onenke mONE3HOCTH (spexmocri) omubOK
B peIleHNH.

Monesno BBecTH B paccMorpenme Qynkmmio omacenms II (8) mo-
CIeNCTBHH yBemW4eHHS IPOM3BOJMTENIBHOCTH Kaphepa, KoTopad
Apiserca oOparHOH QYHRIAH TONE3HOCTH (spepHocTH) OHMOOK (CM.
rnasy 4).

ATa GyHKIHA LPH OCTOPOKHOM OTHOLICHWH HMMeeT BUJ| '

[T, (8) = a (e3—1); . (9.6)

npn POBBEOM OTHOIIIeHN

1,(6) = ab; (9.7)
opa CcMeJoM OTHOIennn

I,(8) =a(1—e9), (9.8)

rge & — OTHOCHTEAbHOE yBeINd9eHHe LHPMHMMAeMOd MPOW3BOUTEIB-
HOCTH L0 OTHOIMeHmo K Bexmunmue A ,; @ — xoopdumument. Bup srnx
$yaxumii npm @ = 2,5 TOKasaH ma

puc. 9.7. n(é)

Tpr upnssarun Ge30mmGo4aOro pe-
IIeHNusi CledyeT OCTaHOBHAThCA BO BCeX
LHepHOJaX HA HPOUSBOAUTEIRHOCTH A o
VBeInInBasd pPUCK, MBL MOKEM HOpPHHH-
MaTth Bce 0OJbIINE 3HAUEHHA IPOM3BO- ¢
mureasHoctu.  [lpepmesom  ABiAerca
MaKCHMAJIbHO BO3MO;KHOe sHauemnme O,
CBA3aHEOE C JOCTOBGPHOCTBIO I'€0JIOTH-
gecknx gamppix, Tak, mo pmammem 08
puc. 9.6 HOIYCTHMBIH  MaKCHMYM
(6. = 0,462) ceszan ¢ I mepuogom.

Ilpm cmeroM OTHONIEHWH, LHPHHAB
8, = 0,462 (cm. pme. 9.7, toura 3), /4 02 44045, ¢
B I mepmojie MEI MJeM HA PHCK 50% Puc. 9.7. ®OyErpua omacenust
(cm. pmc. 9.6) u ypoBenb QYHKIMHM OLId-  pocieAcTBHi  OTHOCHTEJBHOLO
cenms cocrasur II, = 0,93. Ilpm pos- ymexmueEma  mpOH3BOAUTENH-
oM orHomermn 8, — 0,37 (Toura 2), mpm  HOCTH Kaphepa d
ocroposraoM orHomenmn 8, = 0,315
(rouxa /). B pmamnom caywae, y4MTHBAA GOIBINyH0 HaJeKHOCTh 3aLa-
€OB B BepXNeH YacTH MeCTOpPOKAeHHA W MalIylo B HIKHEH  (CM.
puc. 4.2), TpUHATHI yposeHb (yHKIUN OIACENNs ABJIACTCS panboliee
pasymimbiM. Boolme sie BermdanHa QYHKIUE ONACeHNs:d Tpebyer coe-
MUATBHBIX MCCHEAOBAHUN B KaiKJ0M OTHEIBHOM CIydae.

Toxyuenntie 3HaYeHUA HPON3BONUTEIFHOCTH DA I, = 0,93 opn-
Bemennt B tabia. 9.4.

Hpu II (8) = const Bo II u 111 nepmogax jasxe mpu CMEIOM OTHO-
MeHWE K PHCKY ypOBeHb mocieguero mesmadmreien. loaromy aud
Kasgoro mepmopa seawanny I1(0) menecooGpasHo mpHHAMATE ¢ TAKNM
pacderoM, 9TOGLL LPH CMEJOM OTHOMICHMN K PHCKY BO BCeX IEpHO/IaX
ypoBerb pucka cocranian 50Y%. ‘

A
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TaGaumma 9.4

Gosiee BEIMUMHEL €.

13
geamunE A mom A

Tlasa aroro Heo0XOfuMO OHpeJeIuTH OflHY H3

(9.12)

(9.13)

I nepuog II nepnon III gepuog
OTHOMIEHHC K PUCKY Ay, Ap, p
R, % ., mé/rox | By % | mow, wmd/ron | B, % MJITH . Ma/I:OJI

Maxcumad bHEHT : .

puck . . . .. 50 3,8 50 48 50 2,2
Cuemoe . . . .. 50 3,8 12 3.8 21 1,47
Posroe . . . .. 23 3,56 7 3,56 2 11
Ocroposknoe . . .| 16 3,42 4 3,42 1,5 1,05
Pucr orcyrcrsyer 0 2,6 0 2,6 0 0,8

BriGop Toro mam mmoro ormomenms k PUCKY 3aBUCHT OT MHOTHX
$arTopos; pocroBepHOCTH WEXOTHBIX AAHHBIX, COCTOAHWA (UHANCH-
PoBaumsl B aHHOH OTpPacim, HEOGXONMMEIX TEMIIOB pasBuTHA, gedu-
OUTHOCTH TOGHIBAEMOTO IONE3HOI0 HCKOIIAeMOI'0, BO3MOKHOCTeH mpH-
oGperenus oGopymoBaunsa m Ap. Pasmoe ormomenme K pucky Oymer
B MupHOe WIH BoenHoe Bpema. Ecim opmemTupoBathes ma posHOE
OTHOIIEHWE K PHCKY, TO CHIJKEHHWE LPOW3BOAMTENIHHOCTH IO cpas-
HEHMIO ¢ MAKCEMANbHO JocTWxmMo B I mepmoge ma 6,3% (¢ 3,8
Ro 3,56) mpusefier K yMeHbmeHH pucka B 2,18 pasa; Bo II me-
PHoje CHWKeHWe NPOU3BOAMTEIBHOCTH Ha 32,6Y% YMEHBIIaeT PUCK
B 7,15 pasa.

U3 puc. 9.4 Bmgmo, uro HHTEpBAJN 0omMHGOK B LOJCIETE 3anacoB
Ipa g, =

30 coorBercTBYyeT HHTEPBATY INPOM3BOAUTENLHOCTH O, =

= §,, T. e.
o
e —si::, | (9.9)

TA€ &y — BO3MOJKHAA MaKCHMANbHAA OMEOKA TLOJCYETa 3ATACOB;

g9 — QarTmueckas ommbra mopcuera 3amacoB; §, — MaKcEMalIbHOe

IpApamenne IPOU3BOTUTEIBHOCTH O0THOCHTENLHO BeJHINHE Ay 6, —

OTHOCHTEIbHOe NUPHpameHEne HPOM3BOAUTENBHOCTH HPH OIMOKe €q-

IlpoekTHas HpoMsBOIATENHHOCTD Kapbepa ¢ ydYeTOM BHIpasKeHWil

(9.4) m (9.5) mpmmer Bma: Ap, =4, 1 +8); 4, =
A, = A, nonydmm:

18

A, =A4,—"L: . (9.10

pi Mo ( )

ApizAM(i'_So)'

Ay
m . HPHH}IB

(9.11)

rae A, — DPOHM3BOAUTEIHHOCTE Kapeepa 1o pyfde upm pmcke 50%.

Ecan 3agano unm mo xaxmv-nn6o €000pa;KeHnsAM IPAHATO OTHOCH-
TeJIbHOe HELOATBEePIRICHAE 3aIIaCOB (T. e. 3aJjaHA BeJINTIHA £,) U W3Be-
CTHA BeJW4YMHA &, (Acxon#! ms Kareropmitmocrn 3aIacoB), TO Beerua
€CTh BO3MOMHOCTE yCTAHOBHTb PHCK HpeBHINeHHA OMNOKE MOfcdeTa
156

Op

o
Aﬂ=3(1—i§i—)-

:;al () T&0DJ] 9 cOoC HHOU A 3 OF
HUAA 3aMacoB nin HGBH]IOJIHBH]Z[H HPHHHIOH HpOHBB()JJ!‘dIe.[BH()(,[IZ].
474

Tagamma 9.5

0 CA R, % l INY R, %
AL A R, % ll FANYAN
. 13,57 2,1 1,786
0.1 a0 e 11,51 2.2 159
0,2 322{ 13 9,68 2.3 089
02 346 14 8,08 > 0,621
0.2 3085 15 6,68 X 0,466
92 57 1.6 5,48 o 0,347
0,6 27,,2 17 446 2.7 0,255
01 2119 18 359 28 0487
08 1841 1,9 287 37 0135
99 1581 2 2,28 ’ o







F'masa 10

OIIEHKA YPOBHA " HOCJEOCTBUN PUCKA

IIPU OTIPEJ[EJIEHI
KAPLEPA N [IPOU3BOJIUTEJILHOCTH

§ 1. OBIDUE TIOJIOKEHUA

3Be ¥ 0, aT0 K C T \ ‘; I CHACTe My KOT paﬂ

o eT C000 [¢)
ABJIAETCA CJ HHON BGPOHIHOCI‘HOH, Ixﬂ6epH€II/IquKOIA C I/IepOaOpK[ -
’ 1

9eCKUM YHpaBJeH

HHAEM, ¢ oGparHoil

B0BAHHOH, 3PTo " CBSIZBIO, JIMNAMHIECKOIT

" BKOHOM}/qu 0THAECKOU (yaacrme ropeir), MHOTOQYHK L obram
ecroit [29]. ame mpocroe mepe Y HRILIOHA L IO

cH - an .
CTeMBI-KapBep UOKA3BBACT TPYAHOCTL ee comie. ocoGermrocreit

. H3yd
poexTuposamust. llpoGiaema BzammopeiicTs Yt et Goace

BT POBAIIL U 9THX  ocole i
LI PeMA YCUICHHO HCCHENyeTesa U caciyer ommnafflzf;‘eeﬂ

p CHbIX p 3Y/ . p
0 OCTAHOBUM TOJIBK Ha Cl | BIX aciey
€CHbI e3yJIALTATOB IVII)I 0 HCK
|a)s, 4] ﬂeOH)IIII/IX OTHOIIIEeHe R IIPHHHII/IIO IIpOeK’.IHBIX peOmOQ]JI/II/I. '
I} “[) ccee s H H p Ba a[) pa TCHA [¢) FKHOM
0

B3auMOJIeiCTBAT
pa6orku. YtoGer J;:))(IJ)';;IO‘fb 0GopyfioBatne W mADAMeTPH CHCTeMb pas-
TOPHEIX MATIHE 11 poGiin BEICOKOTO WCHOIb30OBARMS BCETrO ICOMH.IIEP"
[oT0 TOXHOJ{orI/IqegﬂofTLCH HAJIe/KHOM PaboTH Kaphepa BHYTpEH K;‘Ca
BANHBIME  3BOHbAMIL 0 Hpomecca, Mely OTHeNbHHME ﬁzaHMO(;Bm—
snemenTh. Bee Boas Kapbepa  BKIIUAIOTCA pa3imduble f)e»e B o
0OBATE 10 Tpuamay 10;};111,10 PC3CPBHI B Kapbepe MOKHO macZ PBHEE
1 Y 00BenTa pesepsmposaHm 5 -
. Pesepenr quc s Ha O Tpynm.

Ja W OPUHATONR
npou .
B BCIOMOTaTeIbHOT0 0GOpPydoRanms POHBROMMTEALHOCTR  OCHOBIHOTO

2. Pesepr
. Bl 34112COB PYIE
U BCKDE :
TOTOBbIE K BHIEMKe: - P nopor:
onepaTuBHLIe
TOPOJIET);
]c?lma,u PyIOsT.
. Pes
qI/Icepm,l [IAPAMETPOB CHCTeM PAa3PaGOTKM 1 CHoco
; O BCKPBIBAIONIMNX BHIPAGOTOK;
THCJI0 yeTynos 1 PpouT paGor;
A IEII/I})I/III& padoInx miromamor
- Pesepser  Tpamcmo .
4 PTHHX 1 9HepTer X
:2)1. Pesepsur sanacumx wacrei premmeaiy
PYTEMA UyTaMU ,
YMEHbIe I 51 g
gy |y PHCKA B QYURIHOH
BJIeMeII:TOB it glzﬂ TAK/Ke yMeHbIIeHe qmcna(brssa;xlmocgg;); s
, B, TeXHOJTOTHIECKUX NeMOUcK (NyTeM mnpm orern
3 MEHeHH 51

GOHOG }\py Y p il
ITHOTO Ka bepHOI y g yBeJI[/Iqe HU BBICOTE
a ICOT BI

06be
( M MAacCcoOBOTO B3DHBA, 3a0AC B30PBAHHOMN

60B BCKPHITHUS:

ROMMYHUAKAIUY,

VCTYIOB ¥ COKpAIleHHA TuCIa paGoanx TOPHM3OHTOB) W TOBHINECHNE
HAEKHOCTH COCTABIAOMIUX dIEMEHTOB (raaBuBIM 06pa3oM OTAGIbHBIX
TOPHBIX MAIIHH).

TagmM 0OpazoM, yCHellHasd paboTa Kapsepa 00yCHABIMBACTCS KAK
a(PerTUBHOCTHIO QYTRUMOHUPOBAHIA OTHeldbHKX ©er0 3BeHLEeB, Tak
T HAMMIIeM HOCTATOYHHX 3AMACOB, MO3BOJAIONUIX VMORDIIUTH 3ABIU-
CHMOCTH 3BeHBCB ADYT OT IApyTa.

3a ceT pesepBHPOBANEA 0GOPYNOBARMA I OTIePesKeHHs! DIIeMEHTOB
CHCTEeMBI PA3PABOTEN 11 IPOIECCOB MOKIO M0CTHdb BEChMA BHICOROI
(npakTHICCKH J0GOH) CTCIeHN HaneRHocTn Kapbepa. OpHaxko IpH
aTOM OymeT MMCTh MCCTO sroFoMIIecKuiE yniepl oT cozmammg M HOM-
mepsanms pesepsos. lloTomy BaKmBIM BOIIPOCOM B yCTAHOBICHUN
pesepBoB 000PYAOBAHM 1 TOPHOI MACCH SIBJIAETCS OTHCRAHUE pemIc-
HEsT, TPH KOTOPOM OyjieT AOCTHraThed MIHIMyM gaTpar Ha HX CO3-
[aHWe U MONJepsKaHune, & TAKKe VOHTKOB 0T 0TKaza B pabore B3anMMO-
NeHCTBYI0IMUX 3BeHBEB Kaphepa. B oToM HAIPABICHUN HOKA ClleXatibl
Toxpko mepshie marm [29, 451

§ 2. CTPYHTVYPA CHUCTEMbBI — KAPBEP

3a DIICMERTH CHCTCMBl — Kaphep yA0GHO IPUHATH GypOBHC CTAHKH,
HKCKABATOPH W T. Jl., T. €. Te HEeJHMDIC B najrpHeiueM gacTu, Ha
KOTODHIC MOJKIO Da3JORUTDL CHUCTEMY [12]. 3pennpavu GypeM CINTATDH
TeXHOIOINTeCKIe Mporneccl — OypoBHe, B3PRBHLIC, DKCKABATOPHEIE,
TpAHCHOPTHHC, IyTeBbEe H OTBATBHLIE paboTH, & TaK/mKe TPHEMRY PYAH!
GyHKePOM 000TaTHTeq oM Ppadpurm [121].

OGIas cxeMa CTPYKTYDPhl CHCTeMBI-Rapbep HOKA3AHA ma pue. 10.1.
Owa myeer Reroropme ocofennoctH. Bo-epBuXx, OHa BRITIOTACT
B ceGs1 Gollee MEJKEE CTPYKTY DHbIe COeJIHCHUS 3BCHbER — TexHOIOI -
qecKHe MEeNOUKH Ha KajKAOM TOpPHU3O0HTe. Bo-Bropmx, TeXHOIOTHICCKUE
CTOTKE HA CMEKHHX TOPM3OHTAX M HEROTOPLHIE 3BeHbA B HHX CBs-
3AHH IPYT ¢ [APYTOM depes 3amach roproit maccs. Tax, MeRRY oypo-
BEMI ¥ B3DHBHBIMI DPAafOTAMH CO3JIAETCS 3AHAC oGypeHHoil TOPHOI
smaccer U7, MeyTy B3pbiBHBINMHE patoTamMm o DoTpy3Koil — 3amac

. B3OpBAHHON TOPHOME MACCH U7, a MesRay TeXHOJIOTHICCKIMU nenod-

raMu — oneperkcHUE HA CMEKHEIX yCTynax (I‘OTOBHG K BHeEMKe 3a-

macer ropuoit macest U, ;1) B-rpeThux, cHCTeMa-Kapbep BRJIO-
gqaeT B ceGs 2 HOJICHCTEMbl: TOGHIYHEE M BCKPHUIHHC paboTel, BHIA-
JoIme u3 Kapbepa 2 OTHOCHTEIBHO He3ABHMCUMEIX OOTOKA — MOTOK

HOTE3HOTO MCKONACMOTO 1 MOTOK BCKPBUUIBIX HOPOL [45].

Ilo omupepeienuio, JanHOMY B TOCT [22], namemHOCTH — 91O
CBOICTBO M3JedUA BHITOJHAITL 3AJaHHEE PyFKUEE, COXPAHAS CBOM
ARCUNYATANMONTBIC TOKA3ATENHN B 3aJIAHHBX npeferax B TedeHHe
TpeGyeMoro IMpOMEe;RYTKA BPCMEIN HITH Tpebyeoit BHPAOOTKA. Tlop
ARCIUTYATALIBOHHBIME TlOKasaTexrAMI 316Ch HOHWMAITCA IMOKA3aTeIn
POM3BOIATEIBIOCTI, YKOHOMIIHOCTH, penTadenbHOCTH M JP., & MO
TepMmHOM «Hapaborray — [POIORUTETBHOCTD  MIIH 00BeM PaboTH
wanenus. JIAA KOIWYCCTBCHION OMEHRH HALeRHOCTH MCIOIB3YI0TCs
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DA3IMIAbIe NOKa3aTeIl: BEPOATHOCTH Ge30TKA3HOM PaGoTH, HATeHCHB-

MeRIy OTKazamu,
rOTOBHOCTH
JIBYX BaJKHBIX OTie-
OKHOH  TOUYHOCTHIO
yCaoBEAX pPaboTH
CECTeMBIl, I HA pacueTe HANEIKHOCTH PasnmugbIX KoMOMHADWH »THX

OCHOBHO®), mapai-

HOCTL M apamMeTpsl MOTOKA OTKA30B, CpejIHee BpeMsA
a TaKme KOIPIUNUEeHTH Haue;RHOCTH (ucnonbzoBanua
¥ 1p.). Pacaer magmemmocts cmereMm ocmopam Ha :
PallMAX: HA ONpeJeNeHHA ¢ MAKCHMATBHO BO3M
HAJIOFKHOCTH JIEMEHTOB, MCIONb3YeMEX B TAHHRIX

ameMentoB [14]. Berpeuwatoren HOCJeNOBaTeNbHOE (
TeNbHOe (De3epBHOE) W CMellaHHoe COeTHHEHUA 3IeMEHTOB.

O HBG ]

[\

Pyda

Nopoda

Pue. 10.1. Crpyrrypa cmcremsr — Kapnep:

lg— 6ypqgrme CKBKUH, B — B3DBIBRBIE DPaloTH, O — BHCHE-
ngxém, —— TpaHcHopr, C — crIaguposanme pymsr; O — orBa~-
DasoBaHue; P — pasTpyska pPyRbI Yy motpedurtensa

Ecan [IpescTaBuTs paboTy Kapbepa Ges BCAKRUX CTPAxOBHX 3ama-
COB TOPHOU MACCHL M Pe3epBOB 0GOPYIOBAHMA, TO OTKag 1106010 a1e-
MEHTA CHCTeMHl (HaIpuUMmep, oJgHOro 9KCKaBarTopa) HpuBeleT K OTK;\E;Y
BCEM CHCTEMBI, Tak KaK OHA ye He Gy;leT BHIIONHATD 3aJaHHbIe
GYHRIMM, T. 6. COXPAHATD 3amaHHbie SKCILTYaTanMOHHEE MOKa3aTest

TOYRM 3DeHHs Hafe#HHOCTH CHCTEMAa-Kapbhep MoeT GHITH npeACTa:
BICHA B BHJe CXEMHl C NOCIO0BATENBHEIM COeTHHOHHeM 3JIeMeHTOB
Pacemarpusas orkass ormesnpmmx DIEMEHTOB KAK CIy9aiiHbie He3aBy-
CHMHe COGHTHA ¥ HCHONb3yA TeOpeMy YMHOMEHUsA BepoATHOCTel
MOIKHO OIpefienTh HajleKHOCTD (T. e. BePOATHOCTD 6@301‘1{331{0]‘&’

paGoTH B TedeHWe BpPeMeHM f) CHCTeME o nmocneloBATeILHNM COeNIHe-
HUOM 3JICMEHTOB mo $opmyiie

Pn (B =p, @ pa(t) ... P (9, (10'1)
Ie p; (£) — BepPOATHOCTH 6e30TKA3HOlM paboTH i-ro 3leMeHTa CHCTeME
B Te9eHUe BPeMEHM !; I -— WHCII0 DIEMEHTOB CHCTEeMEL,
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B pefictBuresibrocTH mpm BHIXOJie W3 CTPOA OXHON WM Jake He-
CKOJIBKHX TOPHHIX MAlInH, Kapbhep upopoakaer paboTaTs u B He-
KOTOPHIX cJydasfx Jaske YCHEITHO BHIOJHAET CBOKN IIPOM3BOJICTBEH-
HY0 NOpOTpaMMy. 9T0 NPOHUCXONUT NOTOMY, WIr0 33 CYeT Pe3epBOB
YMeHBIIAeTCsI TeCHOTa CBA3M MeKJTy OTHeJbHBIMI 3BeHBAMH M HX
pabora Ha BpeMs, ONpefieleHHOe BeJIMIMHOR STHX CTPAaXOBHX pesep-
BOB, CTAHOBUTCH He3aBUCHUMOH IPYT OT fipyra.

HomycTum, 970 Ha Kapbepe KpoMe 7 OCHOBHHIX 3KCKaBaTOpOB
HMEIOTCH ellle m Pe3epBHBIX, KOTophie pafoTaoT B TAKOM Ke DerKuMe,
KaK H OCHOBHBEI® HKCKABAaTOPH, WJH NPOCTANBAIOT B HEHAIDYIKEHHOM
pesepBe ¢ (Ge30TKA3HKEIM BKJIIOYEHHeM WX B pafory (meperiaiodaioniue
yCTpolicTBa cumraem aGCcomioTHo Hagexuemu). llpu nexome w3 crpos
A5060r0 M3 OCHOBHEIX 9KCKABATOPOB €ro 3aMelaer JioGoi pesepBHSIH.
Orrazom 9Toll pesepBUpPOBAHHONU cucTeMsl GymeM Ha3HBATL Iepexop
CHCTEMBI B TaKOe COCTOSHEE, KOITAa B Helt dmciio paboTarInux 3KCKa-
BaTOPOB CTaHeT MeHbIDe N. BepoATHOCTH ToTo, 90 m 3IeMeHTOB
OTKAXKYT, & 1 6yayT B paGorocnocoGHOM COCTOSHUM NIA He3aBHCHMBIX
cobutmit, paBra p® (I — p)*. Tak Kak N OCHOBHEIMH DJIeMEeHTaAMU
MOTYT OKasaThCa N0GHE m3 m -+ 1, TO YUCIO TAKHUX COCTOAHME Cm-

CTeMH PaBHO 4Yncay coderammit Cr.,. Hpome Toro, cmcTema emie
B Gonpleii Mepe paforocmocoGHA, KOTAA B Hell OTKaKyT MeHBIe m
3JeMEHTOB WM OHE BOBCe He OTKa)kyT. Umcio oTKazaBMONX 3JTeMeHTOB
MoxkeT OmiTh i = 0,1, 2, ..., m.

B cmny Teopemni cioskemmsa BepOATHOCTEH HCKOMAs BepPOSITHOCTH
06e30TKa3HON PaGOTH pPesepBHPOBAHHON CHCTEMB

m

Ppy= 3 Collap™ (1— pjnt, (10.2)

i=0

I'fie P — BepOATHOCTH 0E30TKA3HON paboTH OMHOI0 3IeMeHTa.

Hanpumep, mycrs n =8, p = 0,9. Jlerko onmpemeaurs, 4drO
HaJeKHOCTh HepesepBHpOBamHoi cuctemsl mo dopmyme (10.1) P, =
= (,9% = 0,43. Ilpm Bwaodenmum OFHOr0 pe3epBHOIO JSKCKABATODPA
HAJIEKHOCTD, oupenesennas wo gopmyae (10.2), nossicures po 0,772,
T. e. Gosmee dem B 1,3 paza. lpum m = 2 Hajue;KHOCTH CHCTEMbI ITOBH-~
cated o 0,927 u cramer Gonbulie, YeM HANEKHOCTEH OTACILAOLO. B~
menta, Tar Kak sKCKABATOPH OPECTAaBAAT CoGOE BOCCTAHABIMBA-
eMpie DIeMeHTEHI, B JAHHOM Clydae WMeeM CHCTeMY ¢ BOCCTAHABIWBA-
embiM pesepeoMm. Torma mHameKHOCTh NMOrpy309HOro 3BeHA Kapbepa,
ompepenenHasn o dopmyae (10.2), Gymer oamHAKOBON He3aBHCHMO
0T IPONOIKUTEIBHOCTH €0 pPaboTs.

TaxkuM o6pasom, mas pacdera Hame:KHoOCTH paboter GypoBoro,
MOTPY30YHOTO M TPAHCIOPTHOTO 3BEHbEB CHCTEME-Kapbep Heo0XoamMo
mpejKe BCEr0 ONpefe]nTh OCHOBHOE , I pesepBHOE UHCJI0 MAIIHH,
AMEIIMAXCs HA Kapbepe, aubo npmEATHX B npoekte. llojg ocropHBiM
YuCIOM MAIMWH 72 6y7eM MOHEMATH MUHHMAJBHOE IHUCI0, HeoGXoamMoe
I BHIOJHEHN:sI 3aMaHHOro o0beMa paboT mpu yeioBum 0e30TKasHOM
ero paboTH.
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[IpoBemerme npoPuIAaAKTHICCKUX U HOILUTAROBBIX peMOHTOB, 06ycio-
BICHIHEIX COGCTBEHHOM HEHaJEKHOCTHIO MANIMH, MX MPOCTOM IO Opra-
HU3AMWOHHEIM HPHIMHAM, & TAKKe BHINOJIHEHNe BCIOMOIATeJIhHBIX
paGoT CHWKAKT DRCINIYATANUOHEYI0 HANEIKHOCTL WX paGote 1,
CJIeTTOBATENBHO, YBEJMINBAKT OGnIee UHCIIO0 MAIUIMH, TPeGyeMmuX juis
BHIIOIHEHHS MPOW3BOZCTBEHHON LUPOrpaMMHl. OTo0 MOMOJHHTeIHLHOE
KOJIMICCTBO MAIIMH W IPefcTaBiisieT peseps m [42].

Omnpenenennass mo dopmyse (10.2) mapemmocrs paGots! zpera
OyIeT HMOTDh OJMHAKOBOE BHAYEHHE B KAIOH TeXHOJOTHIeCKoik

Henw, T. ¢. Ha KayKIOM TIOPU3OHTE, TAK
KaK OCHOBHOe T pe3epBHoe 0GOpymoBaHMe
daxTHdeCKE He 3aKpemlieHO 3a KAKEM-TO
YCTYOOM, a Takoe ero pasjielieHue sIBis-
eTCs IUCTO YCIOBHBIM.

§ 3. HAIEMHOCTD
OYHRIITMOHVNPOBAHU A
PABOYETO YCTVIIA

Kaskmag rtexmonormueckaa nemp wa
pabodem ycTyme BRIIOUaeT B cebs He-
CKOJBRO TeXHOIOTHIeCKUX 3BEHBEB.
Ofwamro mpn BEIeMIe KPeNKHX PYX M ImMO-
PON TAKUME 3BeHbAME ABJIAIOTCA GypoBbIe
7 B3pHBHBIe PAGOTH, BKCKABANMA M TPaH-
cnopTHpoBanue roproi maces (puc. 10.2).
C ToUKMm B3peHUs HaeIKHOCTH TEeXHOIO-~

. TH9eCKad Nenb SBIAETCH CUCTeMoM mocie-
Pue. 10.2. Cipyxrypa spenin-
en Ha paGowem yeryue (oGo- AOBATENBHO COEMHEHHHX 3BeHbeB. I'maB-
SHaYCHMA cM. pHc. 9.1) HOA ee 0COOEHHOCTLIO ABIAETCA TO, 4TG
MeKIy HePBBIMHA €€ J 3BeHbAMH CO37aeTCH
¥ UOJJeP;KUBAeTCs OTePATUBHHI 3anac
TopHO# Mmaccn (oOypemmoit m Bsopsammoii). Taxoil samac menaer
paboTy OTHX 3BeHLEB MeHCe 3aBHCHMON WM COBCEM He3aBHCHMOIT
ApYyr oT mpyra.

JKCIIYATANMOHHYI0 HAZEMHOCTD PAGOTH KaphePHOTo oGopymoBa-
HYST eecooGpasno pasyieluTh Ha TeXHUICCKYIO M omeparmBHylo [29].
Texandeckas HaflesKHOCTD CBA3AHA ¢ TEXHHIECKUM COCTOSHIEM 0bopy-
MIOBAHMA W er0 aBapUHHOCTHIO, ONMePATHBHAS HAJE;KHOCTD — C Opra-
HE3amuen padoT.

Roadpdpunumenr rexnndeckoil Haje;RHoCTH

24
K, = (10.3)

Z ti‘!"z Ty {
1 1
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KosddunuenrT onepaTHBHON HAMEHHOCTH

N2
L
1

Ky y=———>- (10.%)
Dtit D Toi
1
KooPuuuenT dKCIIYATANMORHON HAJIEKHOCTH
n
2t ]
KH R ntl N ) (10.0)
Dt DTt D To
1 1 1
K= : (10.6)
_ —1
Rew ¥ Kovn

B ¢opwynax (10.3)—(10.6) t, — spemst mcupaBHOH PaGOTH Me Ty
(i — 1)-» m i-M oTKazamm, I; T, — BPCMs BOCCTAHOBJIeHHHA I-TO OT-
Kaza, 9; p, — UNCIO aBapHil 3a PACUCTHHIA NEPHO]; My — TUCIO
OPraHN3aIUOBHEIX IPOCTOeB; 1 — 00MIee IUCIO OTKA30B.
Koadpdumument K, momHO OpejcTaButTh B 0oJee IMPOCTOM BH[e
[ (10.7)

T tp’f tll ’
rae t, — BpemsA Ge30TRA3HOM PaGoTH; f, — BPeMs Ha PeMORT M Opri-
HU3AIMOHHEBIE [POCTOM.

IloxazaTenm neaecoo0pasio UPHHEMATH 33 MeCan, TaK Kak ofle-
paTHBHBIe 3aIAChl HA Kapbepe YUHTHIBAIOTCA HA KOHeIl Kasykioro
Mecsma. 1

Onnaxko HaJeKHOCTHh paboTH JIH00r0 3BeHA ¢ YyYeTOM Pe3epBHOTO
qpeia MAIIMHE MORHO onpefeiuth mo dopmyne (10.2), KoTopaa nora-
2HBACT BEPOSATHOCTL TOroO, 4T0 B M060i IepHOJ KaJXeHIAPHOIO Bpe-
MeHE OyjeT paGoraTh TpeGyeMoe UHCIO MANIEH B 3BeHe, Tak Kak
9JIEMEHTH BOCCTAHABIHBAIOTCH.

Iis GypoBHX paGoT, KAk rolOBHOTO H BOCCTAHABIMBAEMOTO BeHA
Ha yCTyne, THCIEHTHC 3HAUCHES KODPPUIUEHTA MCONb30BANIA 0760—
pynosamma K, o M BepOSTHOCTH 0e30TKazHOW PaboTel pg 6y%1yT
omEHAKOBEME. Ha padory BCexX noCHenylomux 3BeHLeB OyAYyT ORashi-
BaTh BAWSHEE IpocTon upeipaymero 3sena. llooTomy oucruryara-
HUOHHAS HANEKHOCTH 00OPY/(OBAHWSA, BHPAKEHHAST KODPOAIUEnTOM
HCUOJB30BAHNA, W TeXHUTICCKAA HAJEKHOCTH, ONPEJeNCHHAN BEPOAT-
HOCTBI0 (e30TKA3HOH paloTht COGCTBEHHOTO 3BeHA, GYAYT OTJAMIATLCH

r oT ra.
pr}lﬂﬁ J?PFI?BI/II_[&HI/IH BO3JIEHCTBHA BPEMeNH NPOCToeB §yPOBOTO 3BT
Ha paboTy B3PEIBHOTO 3BeHA HA KaMKIOM yeryne coazaercst CTpaxoRoi
zamac oOypeHHoit ropmoii maccst V, , (pme. 10.3).
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Koaddmnuenr menonssoBanua 6ypoBoro 0GopyRoBaHms

. t '
AH‘GZ 2.6

tp.6+tn 6 (10-8)

Hanemxmocts npomssogcTBa BaphBHEIX paGoT Ha yeTyme 3aBHCHT
OT HaJle;KHOCTH PaboTH GypoBoro 3Bena, ofbeMa CO3IaBaeMBIX 3allACOB

, a TaKMKe CTelleHW MCHOJb30BaHUN I

00ypeHHo# TopHO# maccm V.
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Pme. 10.3. Pacmopeneneruc BpeMenn paGoIsl W mpoOCTOEB 3BEHHEB
TEXHOJIOTMYECKoll mennm Ha paboueM ycryie

TeXHUIECKMX U JIOJCKMX PeCypCoB B3pHBHOro 3Bena K, ,. Hamemx-

HOCTH HOATOTOBKM BSOPBHHHOﬁ MacCChl B
bIpasuM 4epe3 KO3 )5
ACHOJb30BaAHM I P (b(b et

Ip, B+t,. B
Ky, y=——7p", \ : (10.9)

rpe i, , u f, , — BpeMa paboTH B3PBIBHOI'0 3BEHA COOTBEeTCTBEHHO
B NepHOj| IPOM3BOACTBEHHOX pPaGoTsl 6ypoBoro 3BeHA W B CIyUae
€r0 nmpocToA IPHM HAJWYWW 3amaca o0ypeHHoH ropxoit maccm; I' —
KajJeHJapHoe BpeMA paboTH B TEeXHOJOTCMYECKOH IeIm 3a 1\’460}1[[

Brpasum o6a craraemuix B gopmyme (10.9) B Buge: .

,

tp. »n 0 ¢ t
-5 . p.B _ inm 0
T KH.GK.B’ T —"“T—KH.Ba
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e %, , — AOIOJIHATEJbHOe BpeMsA paBoTH B3PHBHOIO 3BeHa, 00-
yeaoBiaeHHOe 00beMOM  CO3NAHHOTO 3amaca oGypernoii TropHOHK
macesl Vi o

Benmauna £, , sasuemt or obmema V, ,u npr 0 <t 5 << I 6
IpAMO IpONOpnuOHa bHa emMy. Hpoye 5T0ro u3secTHo, 910 32 BpeMI T
TeXHOMOMTIeCKas Melb BHIIOMHACT 00BeM, PABHEIT MeCATHOMY 00%B-
emy Q ropmpix pafoT Ha [AHHOM TOPH3OHTE. Torma cupaBeIEBO
TOMIECTBO

t.ll. B Vo. 3

= 4 (10.10)
Hosromy dopmyna (10.9) mpumer Bup

> Vo 3 VO 3
AH.B:KHT6KSI.B Q gB:KgB(KHG"I‘ Q ) (1011)

Opu ty 5=ty 6 T- €. KOIWA co3maHHENT 3amac 0GypeHHOR
MACCHI IIOJNHOCTBIO JWKBHAHPYET BoafelicTBme MpocToeB GypoBOTO
3BeHA HA BCe IIOCIeAyIONEe 3BeHbA, HANEKHOCTH Iponecca MmO~
rOTOBKH B30PBAaHHOI rOpPHOM MAacCH 3aBUCHT TOJBKO OT HAjeHOCTH
pa6oTH 060pYAOBAaHUA, 3aHATOLO NPH NOIOTOBKE 06ypeHHHX OJ0KOB
K B3PHBY, ¥ HAJMTIA JIONICKAX PeCypPCOB HA BEPHBHOM yIacTKe, T. ©.

Ku.6+ VES - tP-G";tI’..B =1mn Kn.sz-KO.B-

Haunbolee Ba;KHBIME TO CTeIIOHH IOTOBHOCTH K BHEMHe ABIAITCA
3alAcH MoKy B3DHBHEIME M IOIPY30UHBIME paGoramm. Cpenxan
BeTIMHA DTHX 3aIACOB ABIAETCSH MepeXofaumM 06HeMoM B30PBAHHOMK
roproit Maccer V, ,. Cosnanme samaca B30PBAHHOH FOPHON MacCH
JMKTyeTcs Claefylomumu yeaosusamu. llepBuM ycaoBueM ABIACTCA
MEKJAIHOCT MOMOJHEHNs] CAMUX 32MacOB € HPelbABIASMBMH KOH-
KPeTHHMZ TpeGOBaHN AMH K TOUKe 3aKasa (IepuomIHoCTH B3PHIBAHMUS)
u pasmepy napruu (0GBeMy MacCOBOTO B3PEIBA Vi s)-

flcno, 4To BCerna coGII0faeTCA HEPABEHCTBO

Vg. .> OJSVM. B*

Bropoe ycaosme cocTomT B TOM, 9TO Heo6X0IuMO YMEHBIINTH
BIWANEG HePUTMUYHOCTH IIPOM3BOJICTBA GYypPOB3PHIBHHIX pafor Ha
nmpomecc NOTPY3Ku ropHoit Maccer. Haxomenm, TpeTbmM yCJI0BIeM
ABNAETCA TpefoBamie BHYTPHKApbepHOI0 YCPeJTHEHHs IION€3HOTO
HCKONAeMOTO IPH PA3paboTKe PYAHBIX MeCTODOMKIeHMI.

XoTa DOMNOTHEHNMe B30PBAHHKIX 3aMacoB IPOMCXOJUT IEPIOJUL-
weCKH uepes oIpe/lesleHHEle OPOMEKYTKM BPeMeHH, OJHAKO CaM Ipo-
gece MOAroTOBKE 6J0Ka K B3DEIBY ABIAETCA HeNPEPHIBHBIM. drcKaBa-
MAOHHEe PaboTh [0 OTHOIIEHMIO K GypOB3PEIBHEIM o61agaoT HEKOTO-
polf UHEePIMOHHOCTBIO BO BDEMEHH, DPAaBHOE NPONOIKUTENBHOCTH
0TPaGOTKE MMeIOIIEeroCsi 3amaca B30PBAHHON MacCH Vs oo Ilycrb
BpeMs A NOTPYsKu 3amaca V, , Oymer f (cm. pme. 10.3). s
AUKBUMAIME TEeCHOTH CBj3W Me)K1y B3PHBHEIME M MOIPYy30THHIMU
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padoramm HgOGXO,tho, YTOOH CO3]1A HHBIN B30PBAHHHIA 3amac oGe
YW PaboToll MOrpysodmoe 3BeHO Ha ropmaonTe 6Goiee weM Ha B ostn
OCTaHOBKM B3PHIBHEIX PaGor 3, ¢
OypoB3pHBHBIX pabor 1 — K
MATECS HepPaBeHCTBO

tl—‘[. 922’”“. B

B o6mem caydae mamessmocts HOTpy309nbIX pabor Ha yeTyme, kak
?
QYHKIHA HajieKHOCTH COBCTBOHHO 9HCKABaTOPHOr0 mnapxa K
H., 3

u Ka3 n y pO T erT (ib] 1 BBI K
u b pa eHa

pems
n. s, O0YCIOBIeHHO® HeHAERHOCTHIO
w5+ CieoBatensmo, mommmo co0i10-

PR "
KH s = p. 71 tp_a_f_tp. SH‘Ltp, 3
, 7 ; (10.12)
e , " .
T D. 31 ’p. 55 Ip. o 1p. s — BpeMsa HpousBoINTeNbHOR paboTk

nor

MeHIy)Iy:;oaqGHoro 06opysloBaENA Ha TOpu3OHTe, COOTBETCTBYIOIEe Bpe-
M DABOTH BIPHIBHOTO 3BeHA MM HAJMIAK BIODPBANHONO 3amaca

(cm. puc. 10.3). B csoro odepesp:

i
P.35 __ 770 0 0
5 Ky 6Ky n H. 3

o .
p.3 . B 0 Vo 3 0 0
= T KH.SZT'KH.BKH.a;

t’ t”
D.3+ P-> tn s K° Vi s 0
T T H.S‘TKH.B-

Torga mamemxmocTs NOTPYy309HLIX Pafor

K, =K (K} KO o+ Xospo . Vo
K (K KD S b ). (1G.13)

B cayuae ¢ h

_— aﬁym s ==ty s M by o = > b, , HATEIKHOCTD norpysod-
: P YHET ONUPenenaThesl TOALKO HANeKHOCTBIO COGCTBEHHO
OKCKABATOPHOIO WapKa, T. e. K

AHANUTHAYCCKN,

Hocaennum 3meron, 3AMBIKAIONMM TeXHOJOTHIECKYI0 MHenb Ha
gf;:});;le,a }ZBJIHQTCH TPAHCHOOPT. Hanemﬂocmu PaboTHl TPAHCHIIOPTHOrO
, JeJI0BATENIBHO, W TCXHOJNOIHIECKOR HeNM B meloM 3aBHCHT
;)If)cfenpepmmocm PaGoTH norpysouroro oGopyroBamms HATIEHi-
Ilaﬂel;IRHT)E:I})I;HOP?HOFO 060pyoBaHmA, KoTopas obycraBinBaercs
HATERIOCTLI CAMUX  TPAHCHOPTHEIX CpPENCTB M WHCIOM OCHOBHBIX
Mognﬂbpmﬁglxﬂﬁszfﬁ Ecmjx Ha Kapbepe MPUAMEHSeTC: TONBKO aBTO-
m DRO  7KCJIe3NHOMIOPOMKHBIA  BHI TPAHCIOPTAa, TO
;{(?HSH\?OCTB TPAHCIOPTHOTO 3BeHA OyHeT ONMHAKOBA HA BCEX r})pn-
3a§piﬁ~o§;§aﬁf{(zm§gm0: To}rgo, 10 KaKOMy HHKIY (OTKPHTOMY Wim
paprTOy) p Taer. CIydae MCHONb30BAHUA KOMOIHHPOBAH-
, p\ 1OPTA  HANEIKHOCTH ero paborTet OyfeT pasiamamoli mis
TOPHSOHTOB € PA3JIMYNBIM BUAOM TPAHCIOPTA W GyJeT pasanamoit I[H.JIH
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— 0
w. s = K, 5, 9T0 Jerko OPOBEPUTDH

BCEX TOPH30HTOB B ciiydae NPEMeHeHHS KOHBEHCPHOTO TPAHCIOPTA.
B xauecTBe KpmTepusi HAJeIKHOCTH PAabOTH OTHENIBHEIX MAMINH MOYKeT
OHTh TPUHAT KO3QPUIMEHT IOTOBHOCTH.

C TOYKH 3PCHMA HAJICKHCCTH NOTPY30dHOe W TPAHCHOPTHOE 3BCIIbA
TeXHOIOrHIecKoil emn Ha YCTyle COeTWReHBI MeyKIY c000H mocieno-
BaTenbro. I10aToMy HazieskHoCTh paboTH TpaHCHopTHOro 3Bema K, ;
I BCero Hpomecca MPOM3BOjICTBA TOPHHIX PaboT Ha ycryme, BHIpa-

jKeHHAA Ko3QPUIMeNTOM TOTOBHOCTH TEeXHOJOTWIeCKOH Ienu K?,
GyZeT OnpeeATLCs IPON3BeeHIeM HA/le:KHOCTH MOrpy309HbIX pador

" HAJEKHOCTU TPAHCHOPTHOTO O60pYﬂOBaHHH Kg T, T. €.
Kl(') —_ 1(11_ JKg Te (10'14)

B ciiy4dae, KOorja o0mem O1ICPATUBHEIX 3aMacoB HA Kapbepe Jocra-
TOIHO BeJdnK I IHOJHOCTHIO MCHRIAIOTaET BOSI[GfICTBHQ 6ypOB3pHBHOFO

3BeHA T2 6E30TKAZHOCTH PABOTHL BKCKABATOPOB, HAMEIKHOCTH PYHREH~
OHHPOBAHEA TeXHOJOTHYeCKoll memm Ha yeryme K, = K% KD .-

§ 4, HAIEKRHOCTDL OYHRIIMOHNPOBAHUA HAPLEPA

OcHOBHHIM HapaMeTpoM, 00yCIaBINBAOIINM TeCHOTY CBABHM MEMIY
CMEKHBEIME yCTyHAMH, SBJIAETCS pesepBHAg WIMpPHHA pabovuedn rmiro-
LANKA, TAK KAK TIABHBM O0PAzoM OT €e BeJNYMHB 3aBHCUT OOBeM
TOTOBHIX K BHEICMKe 3alacoB Ha Ka)REOM FOPHU30HTE, T. €. 3AMACOB
Mesxmy yerymamm [32].

KoagdunmeHt roTOBHOCTH TeXHOIOTHIECKOH Ienu, OTIpe e e HHbIH
no dopmyne (10.14), 6ymer coBnajaTh ¢ HAZEKRHOCTHIO PaboTH HA
TOPH30HTE TOJBKO s BepXHero yeryma xapoepa. [lms Beex e
OCTANBHHX YCTYNMOB OH OyAeT KOPPeKTHPOBATHCA B 3ABHCHMOCTH
OT HAJIEKHOCTH PaboTHl [IeKAIIETO BHIle yCTYyNa W 32TACOB MEKAY
HEAMH.

TeopeTudeckn MOKHO IIpPeicTaBuTh cele paboTy Kapbepa ¢ MUHH-
MAJBHOM MEUPHHOH pabodmx ILIOMANOK HA Kaj;KI0M TOPU30HTE, T. €.
Ges TOTOBBIX K BLIEMKe 3allacoB TOPHO# maccsl. B arom caydae ocra-
HOBKA OJHOTO TOPH3ONTA NPHWBEAET K IpeKpaneHWio paboT Ha Beex
JeKAINX UUAe TOPH3ONTAX, 9T0, HECOMHEHHO, IPHBeJeT K OTHA3Y
BCell CHCTeMBI-KapLep, TAK Kak OCTaBiImecs B paGoTe BepXmme ycTyUbl
He CMOTYT BRITOJINTDL 33JaHHBIE 00bem paboTH Becero xapbepa. Io-
DTOMY C TOYRM BpPCIHs HAMCAHOCTH YCTYIBI MeKIy co0o0it HOIKHB
GHTD COCMMHENDb TOCTeHOBATeNBHO. Torga HaesKHOCTh padoTH 1-To
yeryma, Bhipaskenmas wepes Koddoumment rorosmoctm Ky, npmmer

‘BT

i=n

1 0
K} n = _[l K!‘ i
i=1
rie K2, — Kodpumuent roroBHOCTH TeXHOIOIHIeCKOW Helm Ha [-M
ropusonte (i =1, 2, 3,.. ., n).
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B peansmrx ycnoBmsX pPaGoTH Kappepa Mesmmy yerynamm 1o-
CTOSIHHO TOJJIeP;RUBACTCs OUpeJeNeHHHE 00heM TOTOBHX K BHeMKe
3amacos V;, KOTOPHIT ompefielisieT IPOLONKUTEIBHOCTh PAGOTHL yeTyna
B Caydae OCTAHOBKH JIeKAINEr0 BuINe ycryma. TarmM oGpasom, Ha-
AleKHOCTD  paloTH Kaskporo yeryma (pme. 10.4) Gynmer pasnm:moiz’[

B 3aBHCHMOCTH OT HAJEKHOCTH p’aﬁon Jdeamm|x BHIIE YCTYIOB
7 BeJHYWHBI 3aI1aCOB MEeXRIY HUMH.

f 7 ‘
| . 200 |
L 10 > 2 ¢ l
yemyn Krl 41 L2z 7 77 nt )
- T —
Hrs : 7YY |
v
4 I
. J to2 bt | I
o ‘ t Pg2 ;
gemyn| ¥ 2 @ IZ/ i i 1‘/; 77 t”yf N I
I
Hro I thong L 4't,,
Vs ' Vdong |
J A !
. It tos /o "
p3 tipgy ltpg | 1t |
m [ t i 295 |
yemyn Kt qQ; K22z JL’*/{f ,,'\m Lzl
7 7‘—,\
t:::_“::t_”yi—é*tw—t%" a3 Gins
K T T oo T T T
(s L 7
' donn
Vl‘l ' l
- Ztpy I 5t !
n-ul.g agn
yemyn|"ro - Qa 277 tin b Etngal
) : —
'
fen

Puc. 10.4. Pacupemenenme Bpem
. eHn paboTnt
Ha paloymx ycTyIax kaphepa P P " Hpoctoes

Has mepBoro yeryna
Krl = Kl“)l- i

Hast Broporo yeryna (B Teuenue r?\a—)\

M

_ tpaFlp g0 4 /
e Ly (10.15)

roe 7 — rofoBo# ¢oHA paGodero Bpememm, 9; ¢ o — Bpema 0es-
OTKa3HO# paboTH BTOPOTO yCTyma, d; ty ne 2 JOTIONHUTEIHHOe
Bpemsi Ge3oTKasHOW paGOTH BTOPOTo ycryma, '(:OOTBeTcTByIOmee 065~
eMy TOTOBHIX K BHEMKe 3aIIaCOB Ha 3ToM ycryme V,, u; Q, — romoBoit
o0beM TOPHEIX paGoT BTOPOTO yCTyna, m3/rop. v
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Ecanm 3a spems T Ha BTOpOM YCTyIe BHIIOJIHsAETCH 00bem pador Qs,
a cozjaBaeMplil mepBHM ycTymoM 3amac V, B cilyvae ero OCTAHOBRE
oGeceqmBaer paboTy BTOPOro YCTyNA B TeYeHUE BPEMEHH Ilj,no, TO

tpona _ Vo

T Q2
Onmaxo yBenmuerume oObeMa 3amacOB MeskAy ycrymamu Oyner
TIOBHINATH HANE;RHOCTH KX PA0OTH TOABKO [0 TOT0O MOMEHTa, IOKA
06eCIeYeHHOCT, 3allacaMH He OKaykeTcs OOIBIIe, YeM BpeMsi Ipo-
CTOeB #, Je;KAmMEro BHINe YCTyma. SHAYUT, GopMmyia (10.15) Gymer
cOpaBefiuBa UPU fpope << fny WK 63 <1 — K. B mnporuBHOM
2
CiIydYae HAle:KHOCTh PAGOTHL BTOPOTO ycTyma OyJMeT 8aBHCETh TOJBKO

OT HaJleHHOCTU TeXHOJIOTHYECKOR nenm, T. €.
Krz == K]('"Q .

Hane:xaocTs paGoOTH Tperbero ycryna

tpg+tl. b, 1T v
Kr3= Z P P AB P a3 nglng 23"{- K?z Klqs __g_+
Tron Q2
12 - Vs
”:" 1(-‘3 - :Al(“)?! (Krz‘l"“‘i) ('10,16}
Q3 Qs
npu
‘ 0
tuon 3= fnz T tnl"“ tnon 2Kr2
nJIn
tnoﬁ,g <1—KhKdH— {fmng K,
1 Trog
nJiIn
Vs _. 0 770 Vo -0
-2 =<1 K, ——= .
Os TR0, Krs

Paccy:kaas aganormdH0, HaKE;KHOCTH PAbOTH R-TO YCTYNa MOKHO
ApeiCcTaBUTh B BLJIE

i=n ) v, i=n v i=n ) Vn N
Kon= 111 K—(;—H KR+ Il Kfits ot K (10.07)
opu
Vn - 1 nl:[lKn VQ ’ﬁl V3 ’ﬁKo V(ﬂ——'l) K()
On = —i:1 1-1"—62—1=2 - Ei=3 ri— *""* ———0 (n—1) r(n-1)-

Ecan xosddunuerTH TOTOBHOCTH TeXHOJOTmIeCKOA menn Ha BCexX

yerymax opmEakoBH (K = K = - -+ = K?,), o

Koo (RO o2 (K2 b (D) o KR (10.18)

0
Ionyaennas sasucumocts K., = f(Kri, V; Q,) mo3BOxIAeT

mepeiitn K oOIpefieleAHI0 HANKHOCTH $yHKNEOHUDPOBAHUA BCEH CH-
CTeMH-Kapbep.
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Hanexo ne Bee 3ajgaum B TEOPUU HAIeKHOCTH MOKHO CBeCTH K IO-
CTeTOBATCJIPHBEIM U TAPAIICIBHBM  CHCTEMAM. [Ipu  onpeperennn
HAIC/KHOCTH PAGOTH OTHEIBHHX YCTYHOB GHUIO IPUHATO MNOCJIeN0Ba-
TeJLHOE MX COSIUHEHNE C PasMeHIeNMCM 3alacoB MEJRAy HHMH, Tak
Kar pabora moGoro ycryma (monBuramue YCTyIa) TecHO cBszana
C paforToi MpefHAYHNICro yeryna m 9Ty TeCHOTY YMOHBIIAIT TONBKO
CosnaBaemple samackl. OHAKO psa ompeXemernms HaJIe:KHOCTH PaboTH
BCETO Kaphepa Hedb3sA MOIb30BATLCA CXeMOM IIOCHe0BATeIbHO coenu-
HOHHEIX 3BeHLEB, TAK KAaK BHXOLHON Iapamerp Kapbepa (Ipom3BONM-
TeIBHOCTb) HE MCXOAMT TOJBKO M3 HUKHETO TOPH30HTA, & ABJAAETCH
PesyapTaToM paboTe Kamkporo yeryma. Ho mexnas IOIb30BATLCA
U CXeMOH NapanaelbEoro (Pe3epBHOTO) COeNMHEHHA, TAK KAK nmpu

g, [ ]

laman eqpmod maccer ¥ q;

.

Puc. 10.5. Cxema cMemauzoro COJIHCIIUA 3BedLEeB
B CHCTCMC — Kapbep

OCTaHOBKe O[HOr0 WM HECKOIBKHX YCTYNOB OCTABIEECH paGoTo-
CIOCOOHBIC YCTYNH He CMOTYT BLINONHATL (DYHKIHR BCeH CHCTeMbr
(omm, KaK NpPaBUITO0, HE ABIAIOTCS pesepBuposamndumu). Ciaenosa-
TETbHO, Kapbep MOMKHO HpPeJCTABUTL KAk CHCTEMY CO CMeMamHEM
coepumenuem sBewkeB (puc. 10.5). Hagmempocrn $YHEOHORUPOBAHUS
TaKoil cucrembl K, MOKHO ONpeNENHTh Kak CPeNHCB3BEUICHEYTO
BeJuYuny 1o gopmyaie

Z Kr z'()i

S L S S N R O 1 L

Ari= QutCzi- -] Qn Y ' (10-49)
S o

1

Homygennan ¢opmyna mosmoxster we Tombro OIIPeIeIUTL BANEK-
HOCTE PAGOTHI CYMECTBYONEro Kapbhepa WM CHCTeMbI paspaborkm,
UPUHATON B IPOEKTe, HO W CPABHUTH (C TOYKE 3peHnA HAJeKHOCTH)
Pa3JIUIHbIe BAPUAHTLI PA3MENICHUS HA TOPU3OHTAX CO3JABAEMEX
TOTOBRIX K BEleMKke 3anacoB. O0bem cO3gaBaeMHX B KAphepe TOTOBHX
K BHEMKEe 3aIlaCOB MOJRIIO PACHPE/eNUTL HA TOPH3OHTAX DA3IUTHO.

170

Ilpu opmmaxkoBoil Wupune pe3epBHOE HOI0CH pabouell ITOMIANKE
Ha BCeX TOPH30HTAX 3amacH ua HuxX OyayT MPOHODHMOHAI bHAIMU
rOJOBHM OGBeMamM NoGHYN TOPHOH MacCh (paGO‘II:IH fopT Kapwepa
umeeT mpaMoauneiinyio gopmy). Ilpm maxkcumarpHOM THpHHE pe3epB-
HOli IOJNOCH HAa HEKHEX FODU3OHTAX M MEHEMATBHOH I1a BePXHUX
06eClieYeHIIOCTD 3AIACAMH HUKINX FOPU3OHTOB HAMAyImasd, pagodui
Gopr Kapbepa BormyTHil. B ofparmom ciyuae paboumit GopT Kaphepa
HMeeT BHNYKIYIO GopMmy. ‘

Hapesxmoctd padoTH JeRaninX BHIE YCTYIOB BIKAeT Ha HAACHK-
HOCTb PaGoThl OCTAIBHHX YCTYHOB H BCero Kaphepa ropasyo 60.‘1LII}6‘,
geM HaeRHOCTh HiyxHnX yerymoB. [oaromy maxcmmannHas HaiesK-
HOCTL paGoTH Kaphepa OyAer B CIydae CO3NAHMA MaKCHMAaIbHOM
BOJMYUHEB 3aIacOB HAa BepXHHX YCTYNax, T. e. IPH BHIOYKIOH dopme
paGodero Gopra wapbepa. 3mech MBI mMeeM B BHAY pachopefelcHne
3al2COB, BeJUYHMHA KOTOPHX MCHBIOIe BepPXHETO IIpefeNa, OTPANUYH-
BaMICro JAJbHeiIee NOBHINCHKe HAICKHOCTH. JTO HOITBEPIR/IAeTCS

pacueramu (ragx. 10.1).

Tadamnua 10.1

BapuairTe
HanmeHOoBANUC TOKA3ATC A0 I - - v v Vi
HamesHOCTh TOXHOJOTHICCKOIL LG _ _ _ . _ _
(J;{gl:-lfggf* K& - A2y . . oL L ud 0.7 0,7 0,7 0,7 01
OGbeM OOBTH FOPHOH MAcch HA YC- . . .
Ttyme (Q1=Qo=Q3-=0y), Man. a3 , | 1 1 1
O6seM TOTOBBLIX I BRIGMEC B3alacoB . ‘
ropHoit Macest £=V; mad. M3 , .| 06 06 06 0,6 0.6. 06
B TOM 9IiCcJjIe: ) B
Ha BTOpOM yoeryme , . . . . . .0 06 O% 8; 85 (())% 0
Ha TperbeM ycryme ., . . . . .| — 0.3 1 03 03 0
Ha YeTBepTOM ycryme . . . . .| — — 0. . - .
CTh JHRIIIOI 1T POBARIA ) . )
Hiﬂ%ﬁégﬁ;m Dymrnomy 0558] 0.649{ 0.635| 0,614 | 0594 ] 0,543
| c - e e e e e e .
OrHocurenanbnas HAXEHKHOCTD 1o
.CPABHCHITIO ¢ HATeRHOCTBIY OpTN o )
(;Il) Bapiranrte - 0.86 1 098 |09 092 | 084

O60ocHOBAHIIC BOINYNIM pesepBa KaphepHOTO 00OpyA0BaAHEAsL, Kak
n A106as Apyras 3a1at%a 0 CTPAXOBHX 3al1acax, CBOANTCA K MHHHMH-
BaUMH 3aTpaT, CBASAHHLIX ¢ 9TWM pesepBom. llpm mammdnm pGBGPB-
HOTO 00OPYHOBaHES, BHAILIBAIOMICTO yMEHbIIeHHEe NPOCTOeB B OTJ.T:O.ILT
HHIX TeXHOJOTHIeCKHX IeNAX WK COXpaHeHWCe BHIXOHHX HapaM‘erp'omL
Kaphepa, CHIRAIOTCS dRCIUyaraunonusle 3arpate. Onmaxko B 1«)7,:\(3
BpesMa IOCJefHue. BO3DACTAioT Ha BCANUUHY, HCOOXOAHMYIC Lis
COleP/RANUsl PeaePBHOIO 0GOPYHOBAHMSI,
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OCHOBHEIM IIapaMeTpoM pesepBEPOBAHES ABIAETCS IO KPATHOCTS,
Ol KOTOpOM IOHKMAeTCsi OTHOINGHHE UHCIA /M PE3ePBHHX MAIINH
K YUCIY 7 Pe3epBUPYEMEX (OCHOBHHX), T. €.

m tpen |
e (1020
INe Ipe, — PE3EPBHOE BpeMs WJIH IPONOIKUTEIBHOCTb IPOCTOEB
BCeTro IapKa MAIIMH 10 yCTPAHUMEIM IpHIKHAM, 9; ' — KaldeHnapHsi
donp Bpemenu mapka oGopymoBaEUA (C BKIOTEHAEM IPOFOIRUTEND-
HOCTH PEMOHTOB), U. '

Tax, daxTudeckas KpaTHOCTH pesepBEPOBAHESA OypoBoro o6opy-
AOBaHWA HA jxejqe3opynHoM Kapbepe Hospopckoro I'OK 3a mepmop
4970—1974 rr. xomebadach B OTHebLHEE MeCANH B MIUPOKEX IIpeje-
aax (ot 0,01 o 0,56). 3a ToT xme mepuox IepexoiANUi 3a1aC B30pBaH-
HOH TOpHO# MaccH Ha Kapbepe cocrasisma 400—1800 trc, M?, a mepe-
XO[QAMUM 3a1mac B30pBAHHON pyasl — 148—615 tme. m*. B cpemHeM
HepexXOiANUil 3amac B30PBaHHON pyAH cocraBasa 35% 0b0mero
obGbema B3OpBaHHOH TOpHOW wmaccs. [loaTomy mpm onpefneleRuIt
HEOGX0ANMOTO pesepBa GYPOBHX CTAHKOB OLIIA BHABICHA 3aBUCH-
MOCTE MEKNY KpParHOCTLIO pPEe3epBUPOBAHUA GYpPOBOro 0GOPYHOBa-
HEA K u XepexopsniuM 3amacoM B3OPBaHHOH pymu V, [16]. das
YCIAOBHM 5TOI0 Kapbhepa NPU SKOHOMUYECKH NEIecoo0pasHOM ofbeMe
NepexonsAnIero samaca BzopBaHHOH pymsr V, = 300 — 360 Tmc. M®
Besqmunna K = 0,13 — 0,15. Tlpu n = 6 gucio m pesepBHEX CTAHKOB
C ODKOHOMUYECKOH TOUKK 3DeHHS HOMKHO OHTb paBmeM 1 cramky
CBII-250.

CrpaxoBoil pesepB IOrpy304HOr0 0GOPYNOBARHA HAa Kapbepe
00yCaaBInBaeTCH IPOLORUTEIHHOCTHIO IIPOCTOSE HKCKaBaToOpPOB IIO
yerpanuMeiM mpuampam. K arofl rpynme mpocroeB orHOCATCA pesepB-
HOe W ME;KCMEeHHOe BpeMs, IIPOCTOM M3-32 OTCYTCTBHS TPAaKCHODPTA
u np. Ilpu oGocHoBammm SKOHOMMIeCKH medCCOOGpPAsHOrO pesepBa
IOTPY309HOro 0GOpynoBanus Ha Kapbepe HeoGXonuMO yINTHBATD
u3MeHeHUE Npulhiim C; OT CBePXUJIAHOBOH M0GHYN PYAH 1O oGbemy,
youTEOB Cy OT TMOCTABKE PYHH C OTKJOHEHHAME IO KA4YecTBY, DKC-
WIyaTAiUOHHNX 3a1par Cj, CBA3AHHBIX C COHEP/KAHMEM pesepBHOTO
oGopynoBannsA, ¥ yGmTROB C, OT IPOCTOEB TPAHCHOPTHOTO 0G0Opy-
MOBAHUA M3-3& HENOCTATOTHOrO pe3epBa HKCKABATOPOB. OUTHMATbHBIH
pe3epB IOrDPY30YHOrO OGOPYHOBAHUA ONpeleaseTcd ARATHTHICCKI

Wi TpaduiecKu IOyTeM MUHMMHSANEN CyMMapHbIx sarpar 2, C. Ha-
npuMep, ONTUMAThHAS KPATHOCTbL pe3ePBHPOBAHHA IIOIPY30UHOIO
oGopymosanus ua kapbepe Hosgopckoro TOK moxywena B mpemenax
0,23—0,27 [16]. ARaTOTHYHO paccMOTPEHHOMY CaydYalo OIIpeHeIIsIeTC A
U DAMMONATBHAS KPATHOCTL PesepBUPOBAHUA TPAHCIOPTHOTO 0GOpPY-
flOBAHUSA, KOTOpas JJisA yciaoBuil Kapbepa Hospopckoro T'OK xaxo-
ourea B mpemenax 0,05—0,07.

Hocmeprmy sramom mpu pemleswn zafgaum ycraHOBIeHHS ypOBHA
pucka B paore Kapbepa ABIAETCH ONpPENENCHHe pANHOHAIbHOM
BeJMIMHN TOTOBHIX K BbIcMKe J OIePATIHBHEX 3aIIacOB TOPHON MAaCCH.
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[Tom TOTOBEME K BHEMKC 3alacaMu ClefyeT NOHUMATh 3aMachl,
WO3BOAIOIEEe HA KAKAOM HUGKHeM YCTYIe (kag [OGBAHOM, TakK
7 BCKPHITHOM) BeCTE PaGOTH IPY BHE3AIHOM 0CTAHOBKE WU CHUKE HIK
HHTEHCHBHAGCTE OTPaGOTKA KayKAOre BEpXHEIO yoTyma, HO € cOXpa-
HeHEeM MWHEMAJIbHOH MUpPHHEL PadOdIMX ILIONAOK. 3

OmepaTHBHHE 3allackl — 3TO HePeXOAIue 3aIacH ob6ypenrtoi
¥ B30DBAHHOHN TOPHOE MAaCCH. JTa KaTeropusa 3amacoB Heobxommma
s CHIGKeHMA BIUAHMA GyPOBHIX paforT HA B3PHBHBIE M B3PHIBHEIX
padoT Ha MOrpys0YHbIe NI JI00Or0 yerynua.

C pocToM HPOUBBOANTEIBHOCTH Kapbhepa yBeAUIHBAIOTCHA U 0G'Be MBI
gamacoB TropHo#t Macce. Copep:kamme GOJIBIIOTO o0beMa TOTOBBIX
K BHeMKe § OMepaTHBHEIX 3aHAcOB OTPUIATENBLHO CKAa3hBAeTCs HAa
SKOHOMHUECKUX IoKazaredsx paGorH kapbepos. Bompoc mpasmib-
HOro yIpaBleHHs OTHME 3allacaMm IpHOGpeTaeT ocoboe ?Haqefme
B yCIOBHAX HOBOH CHCTCMH INIAHWPOBAHUA H SKOHOMUYECKOIO CTH-
MYJAHpPOBAHKA, TAK KAK BHILIAYUBAEMHI 0anky CCYAHBIM IIPOLEHT
0T CpeJCTB, BJIOKEHHHIX B OTH 3&IIACH, COCTABJIACT HOJABIAILYIO
qacTh TWIATH 33 0GOpOTHBIE (OHJHE TOPHONOGHBATOMMUX IIPeIIPUATUM.
TxaBroil 0COOEHHOCYBIO OIEPATHRBHHIX 3aIacOB SIBIAETCHA JHCKpeT-
H0CTh PacxogoBanus 00ypPeHIoro 061,eM°a 1 IOTIOHeHUs B3OPBAHIOTO
oGpeMa ropHOE Maccs. 3amac 06y peHHOHN TOPHON MACCH HPefHA3HATCH
L5 TOTO, 9TOGHI IIOCTOAHHO 0GeCHeIHBaTL B3 PRI BHOU yIaCTOK dporTOM
paGorer. 1loaTomy ero BeaWdmHA JOJRHA OeITL B CpegHeM paBHa
00beMy MacCOBOTO B3PHIBA. .

Ha BejuwdmHy 3amacoB B3OPBAHHOIO MHOJIE3HOTO THCKOLACMOTO
OKAa3bIBaCT BAMSANUe MHOMKecTBO (artopoB. OIU M3 HUX BBI2BIBAIOT
yBeldudeHHe JTHX 3aMACOB, JPyrHe — KX CIIKEHHe. IpoBegennse
HCCAeTOBAHUSI W yIeT PARA AOIOJHUTETBHHX (AKTOPOB, OKA3HIBa-
JOUMX BIMAHUE HA BEINIMHEY IEPeXO[sAIlero 3alaca B30PBAHHOIO
[OJe3HOTO MCKONAeMOro, MO3BOJIAKT OIpefeduth ero obbem [16].
C usmeHeHHeM 0GBeMa IMePeXOJANIEro 3allacd B30PBAHHOTO IOJIE3TIOT0
HCKOIIAEMOTO W3MEHAITCH IOTepH HApORHOXO3sACcTBeHHOro dddexta
H3-32 CO3MAHUA U TOJJePHKaHusi TAKOTO 3amnaca, YOWMTKE 0T HOCTaBKU
[IOEe3HOr0 HMCKOIACMOT0 ¢ OTHKJIOHOHWAMH II0 KavyecTBY, IoTepm Ha-
poHOXO03AlCTBeHNOr0 dPPerTa H3-3a BHIEMKN NOIOJIHUTETBHOIO 00'b-
eMa BCKPHIINLIX TOpoj (BHB3BAHHOrO PACHEpeHmeM pafouux IonIa-
JOK Ha gOGHYHBIX TOPM30UTAX), SKCIUIyATAUMOHHHIE 3aTPATH  HA
coffepRanme  peacpBloro  GypoBoro 000pYHOBAHISA, HeoBXOaMMOT0
Ut 00CCHeMeHNsSt Kaphepa TAKHM 3alacoM, m YOHTRE OT MPOCTOCH
HOTpPY30YHOTO 0GOPYAOBAHNs M3-338 HeoGeCHeICHIIOCTH ero BiODBaN-
HBIM TIOJIe3HBIM HCKOIACMBIM.

Ha ocroBe 0GpaGOTKE CTATHCTHUECKHX JABHHX 0 pafore Kapnepa
Kospopekoro TOK moxyduenst sMumpudeckue BHDasKeHHs [JsA OHpe-
MejeHusA TepednciAeHHHX BHINE 3aTpaT. PamumoHajbHAA BEIUUHHA

HepexoaAero 3amaca B3OPBAaHHONO MHOJE3HOTO HCKOIACMOTO onpe:
HedfeTcs OTHICKAHWEM MUHEMYMAa CYMMEl sarpar 2, C. Jasn yciomuit
kapoepa Hoppoperoro TOR  oma pommma OuTh B Ope/lenax

300—360 Tmic. Md.
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HeoGxogumocTh B TOTOBHIX K BHeMKe samacax Ha Kapbepe BEI3E-
BaeTcs HAIMIMeM CIydaiinocTed i MOrpemHoCTel Ipn OKOHTYpUBAaHUHK
3RJICHKM TIOJEe3HOT0 MCKOIIAEMOTO 1 ONpe/leJeHHH ero KauecTBA o
AAHHBIM DPa3BefKM, HePABHOMEPHOCTLIO MO BUTANUA CME;KHBIX yery-
0B, 4TO OGBACHAETCA PAIWIHOH IIWHOM $ponTa paGor Aa ycrymax,
HECOOTBETCTBHEM YHCJIA HOrPY30YHOTO OGOPYHIOBAHHA U UmCIa pa6o-
TUX TOPU3OHTOB U Np., KOJeGamueM COpoca Ha FOTOBYIO TP OXYKIUIO,
BO3MOJKHOCTBIO YIYUIIEHUs YCIAOBUH PaGOTH, a TaKe IOBHINEHUS
Koodunnenra UCHOIb30BAHLA U IPOU3BOAUTEIBIOCTH OCHOBHOTO
KapbepPHOTO 0GOPYAOBAHUS, CO3AAHHEM YCIOBUil Iis  BEIGOpOuHOR
IoGHYH TOIe3HOT0 HCKONAeMOTO TpPeGyeMoro KadecTBa IpY BHYTPH-
KapbepHOM ycpefHeHun. llpm cosmamum roToBHX K BrleMKe 3allacon
pacmmpeHne pabounX ILIOWANOK HA NOOBIUYHHIX T BCKPHIITHEIX TOpH-
B0HTAX TpebyeT BHIEMKM ROIOIHUTENLHOIO 0ObeMa BCKPHIIHBIX TIOD O]
U IPUBORUT K 3aMOPA;RUBAHKIO CPeACTB, HeOOXOMWMBIX JIJIs CO3/AHU S
TAKOTO OIepe;KeHHA BCKPHLIHMX pafoT.

C yBenmvenuweM e mWHpuHE paboumx IUIOIAZOK COKpAmAeTCsH
pauna dpomTa PAGOT M YMEHBIACTCH THCIO pabouux TOPH3OHTOB,
910 HPUBORUT K YMEHBINOHUIO CKODOCTH YIIYGKH W IIPOU3BOTHATEN b
HocTn Kaphepa. Tawum ofpasom, B cBsisu ¢ mBosKUM BO3JieCTBUEM
WX PIHE paGodcit MIOmAaLKy HA TeXHUKO-DKOHOMUIECKHC TOKAZATONH
pafoThl Kaphepa 3ajava OIpeleleHHs BeJWUMHH TOTOBHX K BEIEMKe
SaIracon  110/1e3HOT0  UCKONAeMOT0 W BCKPHIIIHHIX TOPOJ CTAHOBUTCH
aTbTePIHATUBHON, YTO HO3BOJAET PONIATH e ma HKCTPEMYM.

Hony4ennsie pesynbrars mccnenosamuit ¢ LeJIBI0 OIIpefieIeHy s
OUTUMAJBHOT0 YPOBHs Pe3epBHPOBAHUA OCHOBHOTO KAPHEPHOTO 0GO-
PYAOBAHUA U 3aTACOB TOPHOH MAaccs! HO3BOSMIM PACUCTHHIM nyTeM
IPOBCPUTE  TeOpeTHIeCkue IOJOMKeNAs IO KOJNYSCTBOHHOH OleHKe
HAJesKHOCTH padoTel Kaphepa. OpumeHTHPOBOTHELe pacdeTs, Ipous-
BeJICHHbIe 110 MeTOAMKE, W3JIOKCHIOH B IpeIBIIyNIHX naparpagax
NAHHOH TUIABHI, IOKA3LIBAIOT, YTO VPOBEHD pucka B QYHKOHOHUPO-
Banuu OTAEdBHBIX 3BeHLCB Ia Kaphepe Hosmopckoro T'OR cynie-
CTBEHHO H3MCHACTCH B 3aBUCUMOCTH OT KPATHOCTH Pe3epBHPOBAHUA
ropuoro oGopyposanusa (raGa. 10.2).

Tadanma 10.2

Byponnie Horpysounwe | Tpanctopr-
HaumeBopanme nmapamerpos MgiI_IgIIIIXbl MANTTHE Hh{:} MaLHI/I;HBi
Hpartmocrn pescperpeBannsa Ky . .| 029/014 012/0.25 | 0.08/0.06
Huciro pesepsrpyemMbix Mammd r . . 6/6 12/12 97/97
Uycso pesepBHBIX MAIHH m ., . . . 2/1 1/3 7/6
IRCOMYATAUMOHHAS HATCKHOCTD Ma-
e po.o.L 0.0 ..o L L. 0,85/0,85 0.93/0,93 0,99/0.99
Hapemuoers gynruuonnposanns sne-
Ha Par . o o oo oo Lo L 089770718 | 0,766/0977 0.813/0,802
HDMMC‘IHHI/IC. B unciurene JXaibl d]aKTI/I‘iCCHHC 3IIaYeHIsTI, a4 B 3HAMCHAaTeJlIlc—

PEROMEHgYeMbie,
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B sasucnMocTu 0T 0GecneIeHIOCTH Kaphepa OIepaTHBHEIMYU I I'OTO-
BEIMH K BBICMKE 3aIaCaMi TOPIOH MACCH OBLI IOJZCIHTAH YPOBEHb
pucka B pafoTe OTeAbHOR TeXHOIOTHUECKOW Nel: Ha TOpHU30ITe
u B paGoTe KasyEQ0r0 YCTyHma ¢ YYeTOM HaJe;KHOCTH JTeKamiero BhIIIe
yeryna. B urore paccumran xkooduuent nageskHocTn B pabore BCero
rapbepa. Tar, gus ycmosuit mapbepa Hoppopexoro 'Ol oGmas
HageHocTh Qymknmonmposarma pasaa 0,08. Oma MokeT GHTH yBe-
augena go 0,74, eciu B Kaphepe GymeT OCYIIOCTBJIATHCA (odec paimu-
OHAILHOE Pe3epBUpPOBAMIE. 3

Ilpu paspaGorke kpyTouagaoUinX MeCTOPOKISHHUN ¢ YBeJIHYeHHACM
riyOuHb Kapbepa pacmnpenue palounx IVIOWANOK JIA DasMere s
TOTOBBIX K BHICGMKC H OllepaTUBHLIX 3allacOB TOPHOH Macchl morpebyer
Bce GONBIMEHX 3aTpaT HA WoNJep;KaHume TaKUX 3amnacoB. [ aTux ycxo-
BUAX 3aTPaTH HA pPe3epBUPOBAHUe OCIIOBHOIO KapbepHOTo 060pymAo-
Bagusa Oy/JeT BO3pacrarb MeHee WHTEHCHBHO. Ho:iTOMy cousMepenue
3aTPAT HA CO3IABHe U TOAJICP/KAHUE 3aIACOB TOPHOH MaCcCH U pe3epBOB
oGopymoBanua ga ray0oKkux Kapbepax ¢ GoabmuMy KoddPUIUECHTAME
BCKDHINE IPUBE/YT K I€JeCO00PAsHOCTH HMOBEIIEHNs YPOBHS pesep-
BAPOBAHUA OO0OPYIOBaHNS U CHIKEHNS 3aIIaCOB TOPHON MACCHL.

§ 5. OPOEKTITIAA NPOU3BOAUTEIDLHOCTL vRCHABATOPOB

-
"TomoBas UPOU3BOJUTEILHOCTh DKCKABATOpA B IIPOEKTE OOBITHO
onpegesAeTcs o Qopaygam:

QQZNCMQCM; (1U21)
Qs=EQ,, (10.22)

roe N, — qucno paGoumx CMEH HRCKaBaTOpa B TOAy; (., — CMCH-
HasT HIPOW3BONUTEIBHOCTH BKCKaBaTopa, M°; K — eMKOCTH LORIIA
prerasatopa, Mm% Qp — ymeabHas (Ha 1 M° eMKoCTH KOBIIA) UpOIs-
BOUTEILHOCTH 9KCKABAaTOPa, M®/roj;

3600 Ky

T Af , 10,23
Qeu= » k—pK“TE, M3 /cMeny, { )

e ¢, — HpONOIDKMTENbIIOCTh WmuKIa, ¢; k., k, — Roacb(bmu.meHTg
COOTBETCTRCHHO NANOIHENHA KOBIA U PA3PHXICHUsT HOPOTEr B KOBHIE;
K, — rosdpdunywent ucmosb3oBamms BpeMCHUW CMeHH; I — IIpopod-
JRAUTSIABHOCTT, CMEHBI, 9.

Ewvkocrs KoBma m OpofoIRATENBIOCTE CMEHBl OGEYHO U3BCCTITHI.
Ocraapasie aKTOpPHl ABIAIOTCH BEIUTHHAMIE BEPOATHOCTHBIMI 1 {fPU-
HUMAIOTCA B IIPOEKTe Ha OCHoBEe HOPM U aHAIOTHi.

B xagectBe mpumepa pacemorpum drcrasarop INRI-8H. llo arr-
HeIM [HIpOPYHH s CKAJIBHBIX TOPOA ¢ Ko3dPUIMmeHTOM 1cpen9cm .
f=95-"-20 upu E =8 m®, T = T, kH:O,§7, t,=40¢c, k, =
= 0,87, k, = 1,4 u paGore ma aBromoGmiBHHE Tpaucmopr (., =
= 2100 m*/emeny [32].






S

Onpepennv MaKCHMANBEYIO 1T POM3BOZUTENLHOCTE (), BKCKaBaTOpA.
IlpopomxurenbrocTs muKIa Moxier OHThH goBemena mo 29 ¢, Hamoa-
Henure KoBma g0 1. Maxcmmanpmelii KoaddUUUEAT KCIONB30BAHUA
BO BpeMeHH

r-—-T t
K. — il n , 10.24
" r (tn—+to) ( )
rge T, — Bpems - HA TOATOTOBUTEILHO-3AKIUNTEIbHLE OHEepAUK

K periJaMeHTHpoBaHHHEe mnepepuBel (7', = 35), mmm; {, — BpeMs
HOTPY3KH aBTocamocBala (mias 40—60-Tormoro aBrocamocBada t, =
== 2), MuH; t, — IIPOJOLKUTEIBHOCTh obMena aBrocamocBaia (tf, =
= 0,25), mun. Torga K, = 0,81 u

QM:—zﬁg(-SOT%?‘ %20,81-7-8:4 THIC. M3/CMeHy,

CornacHo CHpPABOYHEKY TO TeXHHIECKOMY HODMHDOBAHEI [41]
TIPOM3BONUTEIBHOCTE pKCKaBaTopa DWNI-8U pasra 1,8 the. m3/cmeny.

IlpumeHHTEIbHO K IPOU3BOJUTENbLHOCTH HKCKABATOPOB Hamboiaee
IpHeMJIeMHM ABIAETCA 3aKOH GeTa-pacupeneieHusi, KOTOPHH OMUCH-
BaeT Clydail BeJIUYMH, OTPAaHMYEHHHX C ABYX CTOpoH [46], T. e.

f(xv a, b) =zt (1 _x)b—l . (1025)
mpe O <z < 1; ¢ >0; b >0.

Hauonee mopxonur caygait, vorga @ >1 u & >1 [46]. Torma
pacupejelieHle SBIAACTCA OFHOBEPIIUHHEDIM,

JHucmepcus
2 o ab
MR e SR (10:26)
Marematuuecroe orumanue
a
E(x)= Pt (10.27)
Mona
a—1

Ecam m3pecTebl HWKEHIE o W BepXsmil y; IpeNeas H3MEHeHHA
BOJNMIUHE Z, TO MOMKHO IOABL30BaThest Qopmydaod (10.25), same-
HOB Z Ha °

Tl
= (10.29)

B mamem caydae MoHO WpUHATL p, = 4 THC. M3/cmenmy. Jas
MONYYEHHsl IEeCCHMHECTHIECKON OIEHKM IpPHMEM BCTpeYalomeecs
B npaxtuke sHavenme K, = 0,38 u torma pu, = 1,2 Thic. M3/cmeny.

Torma

,  x—12

=g

3a martematumueckoe oxupanme (pumc. 10.6, touwa K,) mpmmem

Qw = 2,1 thic. M3/cMeny, a 38a wmopy (rouka M) — Q. =
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= 1,8 tmec. M¥/cmeny. Torga us ypasuenuii (10.27) u (10.28) Haxomude
spagenus ¢ = 1,7 u b = 3,6.

OTEOCHTEdBHOE CPerHEKBaJpaTHUHOE OTKIoHeHWe paBHO 0,1.

Kpupas mimotHOCTEH pacmpefelendst nokasana Ha puc. 10.6 (xpu-
Bag [).

Ypmeno pabounx CMeH B rofy IO PasHHIM HCTOYHHKAM DPa3IudHO.
Tax, no pamgem Tunpopymsl, N, = 74D 1A ceBePHEIX KapbepoB.
lo mopmam Twumponsermera, N, = 830 cMem npu TpexcMmeHHoU
paborte. Ilo Mepe coBepIIeHCTBOBAHUM OPraHusanmMu paboT sra BeaH-
quHa Mosker BospacTE 10 N, = 900. llpnmeM bdKcmoHEHIHAXbLITHIE
BaKOH H3MEHEHUA BeJUIuHE Ny

t 4 J
Noe %L (e ) ] \ ~
(10-30) oK
] y
rage N, — umeidio paGodunx CMeH . //(5 5\ \\
yepes t aer; N, — To 3Ke, B HC- ‘ \ A
. i 123X WA\
XOEHOM Tromy; ¢, [ — woaddu- 9 \\
MUEHTH. yiVs // \\ \\\
Ecau cauTaTh, 9To yBeAHIOHHE ALl N W\
snavenusd N, o 900 cmen Gymer [ 22~ N
gocTurayro depes 18—20 umer, 0 02 432 45059084 z -

TO IOJIYYHM 3aBUCHAMOCTDH
t
Ny =750 [1 10,21 (1 — e‘?)].
(10.31)

3asucnmocts  (10.31) moxa-
sana na puc. 10.7.

12 16 21 26 26853 & mece¥meny
Puc. 10.6. HKpuswe pacupenereHnss

CMEHHOH IIPOU3BOJAUTENLHOCTH HKCKA—
BATOPOR:

1 —— B HCXOOHOM TOIYV; 2 — uepe3d 5 JieT:
8 — uepes 10 mer; 4 — uepes 15 S1er

Ilo mepe coBepmencrBoBaHWs oprammsanum pabor Oymer Tamxe
YBEIUTHBATLCH CpPeTHeCMEHHAs IPOH3BOAETENBHOCTh HKCKABaTopa,
mocTemenHo IpuOnwkasch kK 3Hadenuo Q. llpm astom, BeposaTHee
BCEr0, PasBUTUE MOHIET TAKKe II0 DKCIOHEHIHAJBHOMY BaKOHY

Qt:()o[lﬁ(l*e‘%ﬂ,

(10.32)

rae' ; — OPOUBBONMTENBHOCTL PKCKABATOpA 4epes [ JeT, m3/cmeny;
Q, — 71O Ke, B HCXORHOM TOAY; A, ¥ — Koo(hPUIEeHTH.

Ecnau mpusATh, 910 B Oamxafimue roghl yBeIHYeHUe IPOU3BOIMI-
TeJIBHOETH cOCTAaBUT O—0% , To dopmyila mpHEMeT BUR,

t

Q,=21 [1 40,5 (1 —e ?>] , THIC, M3/'cmeHy. (10.33)

3asmcumocty (10.33) mokasama ma puc. 10.7. llpepmososxurens-
HEIe 3aKOHHl DPacHpe/eseHUHs CMEHHOM IIPOU3BOAUTEILHOGIU DKCKABA-
Topa uepes 5, 10 m 15 1er morasanu Ha puc. 10.6 (kpuBHe 2, 3 u 4).

B cooTBercTBum ¢ HU3MeRenueM BeayunH QQ u N Gyper pacT rojonast
I POUSBORATEIbHOCTL sKCcKaBaTopa (puc. 10.8).

12 3aras 523
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IlpnBegennpl METOR MOJKET HMCIOJIb30BATHCS VISl OMEHKH IIPOM3-
BOJIMTEJBHOCTA 9KCKABaTOPa, KOTOPYIO Cleayer OPHHAMATH B IIPO-
exte. Ilpnm sTOoM pacuernbie GOPMYIB HOJKHH YTOYHATLCA HA OCHOBE
JOTOJHUTEIBHLIX MCCACTOBAHMI.

Nemen @ 1510 mTpmeny &, manm%rod
]
' &, riemdrod |
I
/ ////
800} 5 2t -
/K% r/?;
)
700l 2 /W/M‘ 11200 s
5 7 5 Lok 7 J 7 15 £ rody

Puc. 10.7. Uamemenme Bo Bpemennm Puc. 10.8. IHsMeHemne Bo BpemcHi
uncda pabouux cmeH N ¥ CMOHHOIT  TofoRoil Qs M yHeTbHOI ()y mpousso-

AIPOMBBOAMTENLHOCTH (e DKCKABATODA  JIMTENBHOCTH 3KCKaBatopa OKI-8I1
JRI-81

§ 6. YUET YPOBHA PUCKA HEBBIIIOJHEIINA 3AXAHHBIX
OB'LEMOB PALOT

O0muit motok A TOpHON MacCH W3 Kaphepa 3aBUCHT OT THCJHA
paboTalnImux 9KCKaBaTOPOB NV,

A=N,0,, m?*rop. : (10.34%)

Haxk moxasano Beilie, ycioBHs PaGOTHL 9KCKABATOPOB HA PaBHHIX
yeTynax HepaBHOLEHHbI 1 00MIy10 HAZEKHOCTS UX (YHUKIHOHN POBAHAA
MOSKHO ONPeReNnTh KaK CpeimeB3BemmeHHyio no Qopmysie (10.19).

W3 teopnu BepositHOCTEN mucmepcensi mMeer BUxp [46

n —
D (@i—x)?

02:—1 »

n

Hax BugHO M3 3T0fl (opMyisl, ¢ yBelmdendeM UHCIa 72 COGHTHI
BUCOEePCHsI yMEHBIIAETCH. JTO HOKA3HBALT, UTO ¢ YBENWICHAEM THCIA
BKCKABATOPOB Ha Kapbepe DaBHOMEDPHOCTH MMOTOKA rOPHOH Macchl
yIydimaeTcs M CHIKAETCSH BelImIAHa OOIIEro CpefHeKBagpaTWIHOTrO
OTRIIOHEHU S

oy=—n 10,35
N V. (10,53)

rlle 0y — OTHOCHTEJNbHOE CPEAHEKBA[PATHYHOE OTKIOHCHHE MPOU3-
BOJATENBHOCTH OFHOTO pPaloTamollero »KCKaBATOpa; Gy — TO e,
N, paboralommX SKCKABATOPOB.

Hanpmmep, mpmumenaTes sHo K PACCMOTPEHHOMY BBHIE SKCKABa-
Topy ORI-8U npm N, = 12 majigem, 910

04
— . 100 = 2,9%
Ve 9% .

Oyp ==
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WcciegoBanns, IpoBeennble Ha Kapbepax KMA [29], noxasann,
9TO mIOTHOCTH PACIPEEIeHNs CYTOUHOH MPOU3BOAHMICNBIOCTH Kaph-
epoB mMeer OAM3KMA K HOPMAJIBHOMY B3aKOH PpacIpejielienus, T. e.
MOHO CYATATH, UTO

1 N (x—w)2 o0
(@) = —=exp [ -5 (10.36)

e L — MareMaTHUecKoe OJKMAAHMe IPOM3BORMTENBHOCTH Kaphepa,
Tee. M3/CyT; O — CpeIHeKBaj[paTMUHOE OTKJOHEeHHe, THIC. M*/CyT.

BMecto mapaMeTpoB z m ¢ B aBCOMIOTHOM BBHIPAKEHHY Ieaeco-
06pas3HEo BBECTII OTHOCHATENbHYI BeJINIAHY

e (10.36a)
o}
TOraa .
1 2
](Z) = VE 7 *

OnpemennM BO3MOKHEL PHCK HEBHIIOIHEHAA PACCIATAHHOMN MPOU3-
BOAUTENBHOCTH  OKCKaBaTopoB. IlpmMeM  9mcio  BKCKaBaTopoB
6e3 pesepsa ‘«

A .

ne=-", (10.37)

Um
rge A — morpeGHLIH 06beM ropHO MaccH, M3/cMeHy; (Jy — BO3MOK-
Hasi MAKCWMAJIbHAA ITPOMBBOAUTENLHOCTH HKCKABATOPA, M®*/CMEHY.

Ecan mpmmars B mpoexte Quy < @y, TO 9TO SHAYUT UPEjLyCMO-

TPeTh oUpefeleHHBIT Pe3ePB M W MOKHO CYATATH, ITO

4 o ndm. (10.38)
QCM
OTcioa KpaTHOCTH Pe3ePBHPOBAHAA
m Owm P
Kyt — 1, (10.39)

IIpnmennreasno ¥ srexasaropy OKI-8W mpm Qo = 2,1 u Q, ==

8
= 4 toc. m*/cmeny KparHocTh K = 57 — 1= 0,906 A Torpa mo
dopuyne (10.2) BepositHOCTh BhImOJHenmsa oGbemoB mpm p -- 0,81

8 .
Ploigy— 2 €17 0,8101F (1—0,81)81 ~ 1.
i} .

Ecam npmmars ¢ = 15 der u Q. = 3 twe. wm%/cmeny (car.
4 13
puc. 10.7), To K, = - — 1=0,33 = T=5-
Torga

3 .
Ploigy - 3 C50,819+ (1 —0,81)31=0,86,
[
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TaknM 00pasoM, BEPOATHOCTH BHIIOJIHEHHs DKCKABATOPAMI 3a/iaH-
HOH mpomsBoguTeabHOCTH B Amamasone Q., ot 2,1 mo 3 Twic. M*/cueny
Onm3Ka K euHMIE X PACK He npepumaer 14% . Ciegyer uMeTh B BULY,
gto ¢dopmyna (10.2) mosyuena mis mMOCIAEHOBATEABHOIO COEIHEHMS
9J7ieMeHTOB. B feficTBuTeNbHOCTE DKCKABATOPH paboTaoT MO CMelIaH-
HoH cxeme (cM. pmc. 10.5), Hame;RHOCTH KOTOPOH BHIIIEG, 4eM HOCTe-
JIOBATEJIHHONA CXEMH.,

Boseparnmess ® gammuM Ttaba. 10.2 m moaydenHoit mias Rapopepa
HKosgopcroro I'OX mapesxHOoCTH dymrmmonmposamma 0,74 m ydrem,
yto $akTmueckad ypenpHas (Ha 1 M® eMKoctm KoBma) mpomssopgm-
TeIbHOCTE HYKCKABATOPOB cocTaBiisier Ha Kapbepe 130—160 teic. M3/rop,
9T0 cooTBeTCTBYeT Koddduumenty mcnoabzopanmsa 0,45 OpHE BO3MOIK-
HoM sHauemmn 0,74.

3HagnT, ¢QaxkTmuecKas KPATHOCTD PesePBUPOBAHMA MHPON3BOLH-
TeapHoCTH K, = %% — 1= 0,64 %i, T. €. B DpesepBe OKOJIO
5 9KCKaBaTOPoB. ITO 00ECHEIMBAET KAPHEPy BHICOKYI0 HAEKHOCTD
BLIDOJHEHMA IJiaHA TOPHHX paborT.

CnenoBaTenbHO, Ha Kapbepe NPAMEHHTENBHO K paGore 06opymoBa-
HOA HEoOXORHMMO pAa3AHYaTh HAAEKHOCTh (YHKIMOHHPOBAHUA CH-
CTeMB-Kapbep, BaBWCHANIYI0 OT CTPYKTYPH Kapbepa, 9Umcia MAaimH
¥ 3aIacoB, W HAAEKHOCTh BHINOJTHEHNA 3afaHHON IIPOM3BOIUTEINb-
HOCTH 110 TOPHOH Macce, BABHCAILYID 0T HPHHATHIX HPHU IPOSKTHPO-
BAHAM MM OJIAHAPOBAHMHM HOPM Ha KOKAYIO MammHy. 910 coobpa-
JKEHNE TOMOKeT HaM OIEHHTL o0muil ypOBEHH PHCKA, CBA3AMHEIL
¢ paboToil cmcrembl-Kapbep.

Kax m3BectHOo, mpm 3aKome HOPMalNbHOTO pACHpeeNeHms s
OPAaKTAYECKNX IleJiedl MOKHO OrPAHMYATHCH WHTEPBAJIOM BEIWIHH
+30. CiegoBaTelibiio, MOKHO OPHHATD

Ag=N,NuQs Ag=N,NeyQ¢ Ay=N.N_0,, Man. m3/ron,
Ilpm sTom

Ou=0c(1+ 30)7}

Qo = Qc (1 - 30)7
rae Q, @y — COOTBETCTBEHHO MAKCAMAJIbHAS W MEHAMAJIbHAA HPOM3-
BOAMTEIbHOCTHA SKCKaBaTopa, M3/cMeny; (. — MaTeMaTHUECKO® OMiM-
JiaHne NPOM3BOJATENBHOCTH DKCKaBaTopa (CpegHee mo rapbepy),
m3/cmeny; N, — cpefHee 4ucio paboumx CMeH BKCKABATOPA B TOAY;
O — OTHOCHTEIbHOe CcpefHeKBaZpaTHIHOe OTKiIoHenme. B ofmem ciry-

9ae B IPOEKTe CPeAHAf NPOM3BOAMTENBHOCTD BHKCKABATOPa OIpe-
Jensiercss mo Qopmyiie

0 = Qe (1 —Acy). (10.41)
Ilpn sakome HOpMambHOrO pacmpesicllenus Mexnyy BeIMIHHOA A
n puckom R (A) HeBHIOJHEHNs 3ajaHHON I POU3BOANTENBHOCTH CYIIe-

CTBYeT LpOCTad B3amMocBA3hk (cM. Ttadia. 9.5), r. e. mma sajgamEmoro
YPOBHA DHCKA MOKHO OUpPEfeJATh BeJHIUHY A, u TOTha ¢ yYeToM
a4
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(10.40)

dopmyast (10.35) mponsBOANTENBHOCTD Kaphepa IpH 3aJaHHOM ypOBHE

pHCRa
———0 J 3 1042
AR(A)~N9N(:)\;|QC(1 l/ ) ] MIAH, M /TOI_L ( )

Ny

PaccMoTpnM mpHMep € SKCKaBaTopaMu BHI‘-SI/IU opm ¢ = 10 JIE%:I‘
I BajaHHOH  [POM3BOJWTENBHOCTH [0  TOPHOM Macce5 i =
— 32 yum. M/rox. llpmmem R (4) = 20%. Ilo tabi. 9. *{)—i—
= 0,843, Q. = 2,85 whic. M*/cmeny, N, = 890 cmer/rom, 0, = U,1.

Torga .
A 0,843 - 0.1 ) (10.43)
Ay, =N.890-2,85 (1 — =)

DPHOCTH
Pacuers MOKA3HBAIOT, UTO A 00ecHedeHnA NPOUSBOANTENL
A = 32 ymm. wm3/rog ¢ pmckom 20% meobxogmmo 13 SKCKaBaTOPOB

IRI-8U.

§ 7. IPUHATUE PEIIEHNA 10 IPOEKTHONU
OPOU3BOJMUTEJILHOCTHA KAPBEPA

HpmerymaM K Hambosee OTBETCTBEHHOMY OJTady -— TIPHHATAIO
pemenns. BosMoixHAas IPOUBBOJATENBHOCTD KAphepa o0 TOJie3HOMY
HCKOTAeMOMy TPWHATA Ha OCHOBE MOCTOAHHON ]:[pOPI3BOI_LHTeJ[BH(30TP[
sKcKaBaTOpa. IIpm oTOM CJemyeT YUHTHBATEH BIMAHNE Texmmec‘ho;;
mporpecca. OTO BIMAHAE MOKHO TalyKe YIATHBAT X Ha c;a;; 0‘
OIpeJiesieHIs BO3MOJKHON IIPOM3BOJMTENBIOCTH KAPLEPa, BBY(?IVI, g
mpaBoYHEE K0d(YQUIIEHTH B PACICTHHE 3HATCHNS CKOpOCTHI§1,‘1§ KH.

Paccmorpmu Ta6a. 9.4 m pme. 9.3. TIpomoisRATEeABHOCT mvpn'o;la
okroxo 5 ner. B pacuere mpegyCcMOTPEHBE SKCKABATOPHL 9HF3—4,6 © lﬁOB—
MoM eMKOCTBIO 4 M° W IPOA3BOJUTEIbHOCTHIO 0,8 MIE. M /r(;g.. pu
DOBHOM OTHOIIGHWM K PHCKY MOKHO TpmHATE Ay, = 3,0/()-3 =
— 10,7 mum. 1/rog. Ilpmmem ¢ OKpYyTrIeHHEM 10 mam. T/TO7
== 3,33 mun. M3/rog. Otcioma (cM. tadi. 9.3)

3,33—2,6 .
8, = 2522 0,28,

o (1228 s,

J— 0,

ITo Ta6m. 9.5 ompenensem R, (Q) = 12%. y )
Ilia 11 mepmoja mpmumMaeM (CM. PHC. 10.8) mpousBoATE1HHOCTD
skekaBaropa 1,1 MiH. M%/TOf, T. €. IPOMSBOAMTEIBHOCTL yBEIMMM-
BaeTcs B L 1,375 pasa. Tak Kak [WHTEHCHBHOCTH otpaborim
0‘8 ) ” RO
MECTOPOKeHMA TPAMO [POIMOPIMOHATbHA TPOM3BOAUTENBROCTI DKE
KaBaTopoB [5], TO MOIKHO CIATATDH, ITO OPH COXPAHEHHH THC/IA Jl\Cl\il—‘
BATOPOB Ha Kapbepe IPOM3BOAMTENBLHOCTH Kapbepa BO %II e projie
: = " ALACM

MOWeT COCTABHTL A, == 3,56 -3-1,375 = 14,7 s, v/rog. Hpmiisa
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Apy = 14 vam.  1/rog = 4,67 wman. wP/rox. Jas oupenenenms
YporHsl pucka OepeM 3HaueHme mpomssopuTensbmocTH 3,56. Torpa
fe oo
6. 3:96—2,6

Cam ar 0.37
o P = 0,37; A= 3 (4 — o) = 1,60,

Ilo ra6n. 9.5 ompemensiem R, (Q) = 4,6%. Ilpomomnurexsnoctd
IT mepmopa oxoiso 5 xer.

Hasa 111 mepmoma npomsBopmrensmocth sKckasatopa SHKI-4,6
(cm. puc. 10.8) mosHO mpmuEsATs paBHOi 1,27 MaH. M%/Ton, T. €. B 10—33—7 =
= 1,59 pasa sbune, gem B I mepnoge. 3uaumr B III mepmoze MOJKHO
RoCTHYb  HPOM3BOJMTENBHOCTH Kapbepa A,y = 1,1-3.1,59 =
= 5,25 mun. 1/rog. Ilpnanvaem Benmammy A3 paBHOA 5 MIH. T/TON =
= 1,67 mun. m*/rog. Torga

8y =108 _ g 975, Az (1 — 037 ):2,36.

0,8 1,75
o Ta6n. 9.5 ompemensiem Ry (Q) = 1%.

HpomsBogmTenbHOCTh Kaphepa Mo BCKPHILE Ompe/eisier Ha 0CHOBE
YCpeHEeHHHNX KO3(QQHUIMEHTOB BCKPHINM 0O HepmojaM. Pmck mpu
QVHKIMOHMPOBAHMA CHCTEMHL — Kaphep Opmusr R (4) = 20%.
Ionyuennsie ganusie npusegent: B ta6i. 10.3.

Tadamma 10.3

ITepuonsl paGoTHr
HauMeHonaie moRasaTe ek
1 11 111
ITpoerTHas IPOUBBOANTCIBHOCTD
Kapbepa 10 HOJC3HOMY HCKOIA-
eMOMYy, MJIH. T/Foj (MuH. M3/rox) 10 (3,33) 14 (4,67) 5 (1.67}
Hoadpunment sekpeimm, m3/m3 4 2 0,5
ITponspogurenbHOCTH  Kapbepa o ,
BCKDHIITe, MJIH, M3/Top .. 13,32 9,34 0.84
HponusBonnTem,Hocu Kapbepa 1o rop-
HOIl mMacce, MaH. M3/rox . . . . . 16,65 14.01 2.51
Puck, cBABaHHBA ¢ reoJOrHYCCKUMNT -
Jagabv, R (Q), % . . . . . . . 12 4,6 1
Obupuit puer R(AQ), % . . ... . 30 24 21
Ilotpedmoe  wicno  orCKaBaTOpOM
IKT-46 wpu R(A)=20% . . . . . 22 13 3

Ompenenmm moTpebHOe 4MCIO DKCKaBaTOPOB mpy pmcke 209 .
B coorsercrBum ¢ gopmymoit  (10.42) mpm N,.0Q.
= 0,8 mun. m®/rog, A, = 0,843, 0, = 0,1 mus | mepuosa

0,843 - 0,1
Aroay =N 0,8(1 ~—_:) MIIE, M3/T0)
( 3 VNg /rom,.
Horpe6uas mpomspogmrensrocts A, = 16,65 mim. m3/rop.
182 P

MetomoM ToOACTAHOBKM ompemesseM N, = 22 (pacueTHoe N, =
= 21,3).
s 11 mepmopa
0.0843
AR(‘A) = N21.71 (1 —"'—_l/'—lf
Tpu 4, = 14,01 muu. m®/rop smagemme N, = 13 9KCKaBATOPOB.
st 111 mepmopa

Ap iy =N, 1.27(1

) , MIH, M3/ Tom.

0,843-0,1 )
VN,

Tipm A, = 2,51 mun. m3/rog 3Hagenme Ny = 3 9KCKaBaropa.

Caexyer ¥MCTh B BHmy, YTO C yBeImdeHAEM IPOA3BOAMTENbHOCTH
9KCKABATODOB IIPH COXPaHeHHWH HMX UHWCia TpefyercA yBeIMIuBarDh
pesepBbl 3aacoB 00y ol , B30PBAHHOH W FOTOBOM K BIeMIie TOPHOH
Macch. JT0 moBJeueT 3a co6oil HeoOXOHMMOCTh pacHImpeHNA pabodux
UIOMIAOK, 9TO BHI30BET YBEIMUCHAe DKCILTYyaTalHOHHOTO KOd{hHu-
mimenTa BCKpHT. COKPATATCA TaisKe UHCJIO0 PAGOYMX YCTYHOB U 06-
muii Qpour pabor. IlosToMy npm oOKOHYATEIHHOM Yy9UETe BIMANAA
mporpecca HYRHO OHTH 0CMOTPATEIBHEM I TIIATETHHO 060CHOBHBATH
mu@pyl, BBOJA TOOpPABKY Ha H3MeHeHHMe Kod(QQUIUEHTOB BCKpPHIIIM
U COKpalenie YuCia DKCKaBaTopoB, B 0c060 OTBETCTBEHHLIX CiiydasfX
CHIEyeT TO0 KAMKOMY M3 MePWOJ0B CTPOMTH PAsBUTHE TOPHBIX paGoT
¢ YIIMPCHHHIMA MIIOMLAKAMI.

§ 8. BO3MOJEHBIE HOCIAEACTBHA PHCKA

Ilycrs npoexTomM HOPHIATA IPOM3BOAUTENLHOCTh Kaphepa OO II0-
ZIesmoMy uckomaemoMy A, ¢ pmckoM HegocTmenma ee R (AQ),
KOTOopas ™o mnepmomaM OyAer HMeThb OTHOCUTEIBHHI pe3epB
{cM. pme. 9.4) [5, 9]

r=t e (10.4%)

C yuerom Bhpaskeruit (9.4) m (9.5) HaigeMm, qro

Ay— Ay (1] 8 A
=222 10,40
Ag (1 -0) * ( )
Cienyer uMeTh B BIAy, 9T0 Beimumra A, — BTO ycpejucnnas
o ICPUOTAM JOCTH;RUMAs NPOM3BOAWTCIAPHOCTh M B Hell B OT/C/BLIBIC
MOMENTHI Tal;ke ecTh HeROoTOPHe pesepssl (cM. riaBy 8) [5]. Tewyumit
pesepB MORIIO OIPECANTH T0 PopMyiIe

Amax—AD AR
F,= i , (10.416)
rge A, .. — MaKCHMAJbHHE 3HAYEHMA MPOM3BONUTEALIOCTH TIPK
yray6Ke Kapsepa Ha - roph30HT.

Hepnocrmxenne TponsBopuTeIsHOCTH MOMKET TPOM3OUTH JMGO 11K
HEmOATBEP;K/ICHUN 3amacoB, JAW00 IpPHW HEeBHIOJHEHWH HeobXojuMoit
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cKopocTn yriy6ku raphepa, Eciu samacH He moATBe pAANHECH ¢ MUHY-
COM, TO IIpH COXpaHeHHMn pPaHee NPHHATON MHTEHCHBHOCTH YIIyOKW,
IPOU3BOJUTENBHOCTE 10 TIONEe3HOMY mCcKomaeMoMmy cumsurca [9], 1. e,

Ap=A4,(1—¢,), (10.47)

e &, — QaKTu4ecKkas oTHOCUTEbHAA OommOKa HOACYeTa 3amacoB.
IlponsBoanNTEIPHOCTh 1O BCKPHITHHEM TOpPOJZaM Bo3pacTeT, T. €.

V4eP
T Anteody, (10.48)

AL =
rge V, P — cooTBeTCTBEHHO 00'BEMB BCKPHITHHX TMOPOXK M MOJIE3HOTO
HCKOIaeMoro, Mogiesaniue BreMKe 3a mepuof 7.

Texkymumit Kos()PUIAEHT BCKPHIIYN YBEIUIATCH, T. €.

ro__ _A-_i'l___ n+80
n = 4, T ! (10.49)

rge n = V/P — Terymuii KosPPuIimenT BCKPHIIA B cIydae TOATBEp-
ympeuns samacoB (upm g, = 0).

Ecau mpomsBognTeIbHOCTh Kapbepa IO HOIE3HOMY HCKOMAEMOMY
HeoGXoAMMO TOAZePKMBATh HA HPOEKTHOM ypoBHe A, To Tpous-
BOJNMTEINBHOCTh 1O BCKDHIIE BO3PACTET, T. e.

Ay =Aplnted) (10.50)

Bospacrer n mpoH3BOAATENBHOCTE Kaphepa IO TOPHOH Macce, T. e.

A" = AptAn (10.51)
1—ego

Torna OIPHPOCT ITPOM3BOAUTEIBHOCTH

A = ldptAn) ©(10.52)
1—¢€o

B caydae mpmpocTa 3amacoB Ha BeImImHY &, B (opmynax (10.47)—
(10.52) 3mak mepep €, ciegyeT mOMeHATH Ha ofparHmil. Torma Koo -
¢UIpenT BCKPHIIM CHUSATCH M IPOM3BOANTENBHOCTH IO TOPHOIL
Macce MOMKeT ObITh yMEHBIIeHA.

Ilpn HemopTBep:keHMU 3amacoB HA BCKPHIIHHE PaboThl Hy/KHO
IOCTABUTH FOLOJIHUTENBLHHE DKCKABATOPH, UNCIO KOTOPHX oIpe-
pensiercss mo QopMyIe

AN, =24, (10.53)
Us
rne Q, — TPOM3BOAHUTEABHOCTh BCKPHIIHOTO HKCKaBaTopa, M®/Tof.

Kpome »ToTO0 pmossxua OHTH yBeimdeHAa CKOPOCTH IOHMKEHAA
no6HgEHX paboT, T. €.

By = (10.54)

1—50 '
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VaeamueHa poiKHA GHTH TAK/Ke M CKOPOCTH MOHUMKEHHA I'OPHBIX
pabor, T. €.
hr
h —

1—‘80

(10.55)

rie hy, h, — COOTBETCTBEHIO CKOPOCTH MOHMKEHMs FOOLIUHBIX PafoT
u yrayOxnm Kapbepa upm g, = 0, m/rox.

Paccmorpam mpimep. Ilpepmosiosxum, 9ro samacel PyAsl He TOM-

e

TBEPAMINCH, HA BEJIUYAHY CPEIHEKBARPATHYHOTO OTKJIOHEHHA 0 — Tt

(pmck 15,9%). Torpa gaxTugeckoe oTHOCHTENbHOE OTKIOHeHMe B | me-

pmonie g4 = LS 0,1, Bo I mepnope g,, = 046 = 0,45, B IIT me-

3
puope &, — 064 = 0,21. Ioxasarenu pa60TH Kapbepa W3MeHATCs

(rab. ‘10.4).
Tabanma 10.4

Tlepronsl paboThL

HanMenoBauune nmokasarcmei .

I 11 111
lpomasognrenpraocth M0 HOME3HOMY

MCKOHAEMOMY, MJH. T/TOX . . . . 10 14 5

Llloagdnument BCKpHiI, M3 /M3 , , 455 2,53 0,9
TipoussojuTeabHoLT, TIO0  BCKpHIIIe,

MIH. M3/rog . . . 15,15 11,82 1,5
IIpon3BoINTeNHHOCTD o’ mpuoﬂ ‘Mac.

ce. at". m3/rog . . . . 18.48 16,49 347
CKOpuCTh  yrayorm Icupr,epn npn
NOATBED:KAGHUN  3amacuk  (£5=0),

M/TOE o v v v v v e e v e e e e 13,2 14,6 11.3
To e, npr HemooTBEp:HAEHMII 3ala-

COB (60—0') M/rom . . . . 147 17,2 14.3
PacuerHoe 4mca0 peseprHHX BCI{prm—

HBIX DHCKABATODOB ., . . . . . . . 2.3 225 0,52

Hu corywail nemojrBepskIeHNA 3alIacoB FRENATEILHO AMETh B pe-
3epBe 2 BCKPBINIHLIX HKCKABATOPA ¥ HPESYCMOTPETH BO3MOKHOCTH
yBeJIMIeHEA cropoctd yraydru. OpHako cilemyer HOPOBEPUTH BO3-
MOKHOCTH yBEJIUYEHHS WHTEHCHBHOCTH pPafoT MMEIIMHMCH HapPKOM
sxkcraBaropoB (tadu. 10.3). Tar, pasa I mepwmopma cpepmHIO Ipous-
18 45

22
— 0.84 € aa3/n o ldot
= U, maet m*/ropn, Bo Il mwepmome — o @, = T -
= 4,08 wmum. w~%rom, B III  nmepmome — pmo @, = —'—ﬁ ==

BOJTHTCABHOCTD HKCKAaBATOPOB 11CO0X 07IuMO foBectn o (., =

=0,84 mam. M3/roj, 4ro Buoane peagbo. Tanum o6pason, nanm‘oo
IACI0 HKCKABATOPOB MMEET DE3epB IPONU3BOJUTENHHOCTH, CIoOCOOHLI
CIIPABHTHCA ¢ BO3MO3IHbIM 1ICLIO(TBCP/LCHIIEM 3aIaCOB.
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Nannsie T1a6i. 10.4 HOKasHBAlOT, 4TO €CJIM 3aMACH IHONESHOIO
JICKOIIaeMOro He LONTBEPAATCA Ha BEINIHHY &, = O (94TO COOTBET-
cTBYyeT prcky 15,9%), To Opu 3anpoeKrnpoBaHnoi B I mepmojie MaKcu-
MaTBHON CKOpocTH YIayGrm 15 m/rom (meobxommmo 14,7 m/Tom) Gymer
ofecmeTeria TPOeKTHAA MPOU3BOANTEIBHOCTh. OHAKO B CBASH C TeM,
qT0 K0(PQUUHEHT BCKPHIIN B HPOEKTe PACCINTAH HA MOATBED;KAEHUE
reonormdecKnx 3amacoB (g, = (), 170 OpH X HENOJTBED:KIECHHHA OH
VBEJIHUNTCA W TOTPefyercsi yBenwdmTh 00beM BCKPBIIHBIX pabor.

Ecnm samacsl He mOATBePAATCA Ha &, == 20 (4TO COOTBETCTBYeT
paexy 2,28%), To mo ¢gopmyue (9.41) mpm e, = 0,207 smagenme
Ap = 3,8 (1—0,207) = 3 man. m®/rog = 9 maH. T/TOf, T. €. TPoN3-
sopuresibHOCTH cumanrea Ha 10%. Ho “BepoarHOCTH TAKOTO COGHITIEA
0YeHb Masa.

Hanuame ompenesieéHHOr0 ypPOBHS PHCKA, AOMYMEHHOr0 HPH UpPH-
HATAN Pemenns, e 03HATAeT, UT0 KaPbeP MO/KeT IPeKPaTuTh g0y .
JTo CBUETENLCTRYES, YTO CYIIECTBYeT OIPEfIeIeHHAas BEePOATHOCTE
MeJOCTIREHNS 3AIPOKTUPOBAIIINX ToKasaTeneir paboTe Kapbepa,
T. €. CHUKCHES TPOM3BOTUTCHBbUHOCTH Kapbepa. CHuaenne ypoBHA
PHCKa BO3MOFNHO 32 CUET CHUM{CHHA IPOCKTHOW IIPONBBOAMTENbHOCTH
Kapbepa 10 CPaBHEHMIO C MAKCUMAJBHON BO3MO;RLOIN II 38 cYer pesep-
BUPOBAHNA YMCJA 1 IPOU3BOAUTENLHOCTH MAUIMK Jt COTOBBIX K BhlEMKe
oGbemoB ropuoit Maccel. CospaHue 3amacoB (pe3epBoB) B Kapbepe
CBABAHO ¢ [OOONHATEHbHEIMH pacxomaMu. CHuskeHue ;e HPOH3BOMU-
TeJIBHOCTH Kapbepa BeleT K HeoGXOoJUMOCTH CTPOHTENBCTBA APYIUX
OPeANPAATAA [Jif KOMIEHCAIME 00hEMOB IOJE3HOTO HCKOIAEMOro
W ¥ yXYAIIEHHUIO IOKasaTesell paboThl Kaphepa B CBA3M ¢ yMEHbITCHHeM
Macmraba mpemnpmATma. llpmnsarme ke B3aBLIIICHIOM HPOH3BOJH-
TeIBHOCTH Kapbepa BefieT K CHCTeMATHIeCKOMY CpPBIBY TJIaHa JoObIdm
¥ K yOHTKaM mo BCefl LeIM MCIOJIb30BAHMA MOJE3HOro HCROMAEMOro
(oGoramenns, ArJoMEepAUN, METAJUyPIUIECKOro Lepefesa U T. A.).
B ofmeM ciayuae B coorsercTsmm ¢ (opuynoit (2.18) meobxomumo
CTPeMUTBCA K MURTNMH3ZAIUT o0meH CyMMBl O/RufiaeMbiX yOHTKOB,
3aBOCAMAX OT OPHUHATOro ypoBHs pucka. Meropuwa pacuera 5TUX
yOBITKOB IOKa emle He co3jilaHa. B cBA3W ¢ HTUM BO3HHKAET He06xo;m:
MOCTP HAJbHEANINX mceaefoBaumii B 9ToH HHTepecHoi 06ractu ropuoi
HayKa.

FTaasa 11

INPUMEP OOPEALJEHU ITPOEKTHON
HPON3BOJUTEJNBHOCTU KOAIIBMHCHOTO KAPHBEPA

§ 1. OBUIUME ITIOJIOIKEHNUA

AmaruroBoe MecroposkgeErme NoamBa pacmososxkeno B Mypmam-
croit oGaactu. llo mamHEIM meranbHONl pasBe KM PyKHAA 30HA IPO-
cilesieHa 0 IPOCTHPAHNIO B CEBEPO-BOCTOTHOM HalPaBIEHHN HA 3 KM,
Ha raybuuwy 1 kM mpu cpemueit mMomuoctm 165 M. Oma caoskenma de-
THPBMA rOPHBOHTAMU AMATUTO-HEQEIWHOBHX PyJ CJIOKHOH iJiacTo-
o0pa3soit fopmur cpegmeil MomHOCTBIO 25—40 M. PynHbie Topu3oHTHE
magapT B ceBepo-zalagHoM HampaBienmum mox yfaom  15—30°
(pme. 11.1). Kopenubie mopofsl mpefcraBieHbl MHTPY3HBILIMU KPH-
CTAJIMIECKAMA II0POJaMH THOA He(eIMHOBHIX CHEHATOB. YersepTud-
HBle OTJIORCHYWS — JeJHWKOBAs MOpeHa, IepeRpHTas TopdaHo-
00 TOTHCTEIME B AJAIOBAAIBHEIMY o6 pasoannavu. CPefHAA MOIHOCTH
getBepTuYHbIX oroKenuid 30—50 M (2—10 M ma criomax m 80 M
B ZO;IWHE).

B pesyanrare pacucroB (CM. riaBy D) [JA oUpefeideHms TPAHMIL
OTHPBITHX Ppabotr Obll DOJYICH rPaBEAINBIA KO3QOUIHEHT BCK DB
5 m3/x%. Ilpm ofocHoBapmu KOHAUTMA HUKHEe GOPTOBOE COREPsKalme:
P,0; B n3Brexaemoit pyne 6sii0 Buauasie npuaATo 69 , B gaabgeniem
0HO 6blii0 cHMeHO 110 4% . 'mopopymoit Ipon3BOANTEIHHOCTD IO PYyTE
OPARMMANACE ¢ K O MIH. T/TOL B COOTBETCTBHHA C HEPCIEKTWBHBIME

| IJIaHAMP Pa3BUTHAA KOMOWMHATa «AOATHTY U MPOBEPAIACh HA BO3MOK-

HOCTL ee obecmeuerns mpd pabore rapbepa. BosMomiHAs OPoU3BOIU-
TenLOCTh Kaphepa N0 pyie He ompelensiiach.

B cBasu co caHo;RHNME TOPHO-Te0JOTHIECKIIMEA YCTOBHAME MECTO-
POLIEHNS, DPa3HDLIMH B3IJIAGAMH TEOI0TOB M HEKOTOPHIX VUCIIHX
Ha ero MOpdoioruio, a Takyke Ge3yCIOBHYIO JABHHIIYIC OUACHOCTL
npu pabore OyjyImero kaphepa Obllg IIPOBeieHbL MCCIHEOBATINA
C ILE/1b1) ORPCICIICHEA TABHCHINIX TapaMeTpoB OTKPLITOR paspaboTKn
Roawgunckoro mecroposkgennst. Heproit oran meeaepopannii (1968—
1970 rr.) 11083BOJIM) YCTAHOBUTH IPABWYIHBLIE KOdHPRNHENT BCKPHINRA
(6 Mm3/M%) m rpanunn kapnepa Ipm Goprosom comepskanin PO,
paBuoM 6% , BoIOparn cicTemy paspaboOTKM IOLIEPETHAIME 3aXOKaMU
¢ aBTOMOOHMIBHBIM TPAHCHOPTOM, a TaK;ke IOTPyaouroe u OypoBoe
060pyRoBaHMe, ONpENeNNT., HanpaBileHNe pPA3BUTHA 10pHHX pabor
B I'PaHMIAX Kapbepa (CM. IMaBy 3). Bblri OpuHATLE DICACHTH CHCTEMBI
paspaboTKkm: BBICOTa ycryma 15 M, nanpaBiacane passurus paGor
Mo pyAe — JABYXCTOPOHICE IO ITPOCTHPANIIO DPYIHLIX TeJN, WPl
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Puc. 11.1. Tlomepeunwmit paspes HoamBEECKOTO aImaTHTOBOTO
Kappepa (KUpHAs JUHEA — HampapleEne yIiyOxm)™
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Pre. 11.2. T'padux msMemeHHA HApacTalMuX 00HeMOB P
pPySiu Bo Bpemeru I

ABEML — AuHUA DEKOMEHIYEMOr0 HapacTauua o0bCeMOB HOOHITON
PYIE OpU BeICOTE ycTyna 15 M

paboumx IUIOMAfOK HO IPOCTHPAHMI0 W BKPECT NPOCTHPAHMA PaBHA
cootserctBerro 52 m 200—400 M (B 3aBMCEMOCTH OT MOIOHOCTA PYH-
anx Tex). Ilorpysoumoe obopypmosamme — dkckaparopw JKI-8U
(Q = 1,32 man. m3/rop). [lpomsBoguTe bHOCTS HOrpPy309HOro 0GOPY-
710BaHWA NPEHEEMANACH TO HOPMAM TEXHOJOTHIECKOTO IPOEKTHPOBA-
Ens Tmopopyasl. Bpemsi HOATOTOBKA TOPM30HTOB OLPEAENSIOCH IO
rpadumram oprammsanuu pabor L = f (T) ¢ mociepyomeil KoppeKTH-
POBKOM 0 CKOPOCTH TOPH3OHTAIBHOTO pasnoca [51.

Pue. 11.3. Ilman KoamBmHCKOro kapbepa Ha KOHEN OTPabOTKE A YCTYHOB
BHCOTOH 10 M (sKmpHas JMHUA — HAOPaBIeHHe YIIYOKH)

Tlocie ompefesnennst o6beMOB W3BIEKAaeMO# PYAHW IPH BapuaHte
¢ MAKCEMAIBHOR CROPOCTHI0 YIAYyOKA 1 MAHNMAJILHOR MupHBoi pabo-
9uX IUTOMAJ0K W BapHAHTe MAKCWMANBHON CKOPOCTH YIIyOKHM W Ma-
KCHMAIbHOR mHTeHCHBHOCTE pPabor B rOPHM30HTAJILHOM HANPaBICHWH
6rutE moctpoenst kpushie P = f (T) HapacTaomux BO BPeMeHM 06b-
eMoB PyaH mo Mepe paborh kapbepa (puc. 11.2). Ilocue crabunnsanuu
U3BIeKACMBIX 00heMoB Ha Tpaduke 10 MeTOAUKe, M3JI0KEHHOR
B rlJ;aéBe 8, 6nlIo HaHeceHo 3 mepmofa: I crabmupHEHI mepuon (A,, =
= ac

~ b _ 1,95 wmum. m%/rom, wim 5,76 wmam. 1/rog), III mepwox

BD
(Ap3 = %ij! = 3,8 man. m3/rop, nim 11,2 Mam. T/ronj .

= 1,250 mun. M3/rox, mmm 3,7 mam. 1/rom), II mepmon (4,, =

Ha Bropom stane mccaegosammit (1970—1972 rr.) 6pumm ycoBep-
IMEeHCTBOBAHE MCUOJb30BABINAECH PAHEE METOIMKHE [Jisl OIPEecIeHnsT
HaIpaBleHns yIIyOKu, IMapaMerpoB cHCTeMbl Pa3paboTKH W TPAHAL
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rapsepa. Ilpm pacuere mapamMerpos 1o BHOBH CO3TAHHBIM METOIMKAM
OBlIM y9TeHBl HOBHE CBEACHHS [eTAIHHON PABEEIKH 0 CTPOCHAR H 3a-
macaXx MeCTOPO/KAEHMA, a TaKKe CHHKeHHe KoHuunmumit Ha GopToBoe
copep;xanme P,0; B napinexaemoit pyzme mo 4% . [lpm pacuere rpapmu-
HEI# Koa@uOueHT BCKPHIDE OB cHuseH Jo 4 M%/m%. ['pasmpms Kaps-
epa, onpejeeHHBIe METOJOM HCIOJIH30BAHMS NOIYCTAMOTO CPEJHero
KodPOHIAenTa BCHPHIUE [, 3aTeM KOPPEKTHPOBAJHCH METONOM
BapHaHTOB ¢ Hcmodnp3osapdeM IBM. OpHoBpemenuo onpegensiioch
ONTHMAaNbHOe HAUpaBleHHe YIUYOKM H HapaMerphl CHCTeMbl pas-
pabork: (YyriBl orkoca pabodgero Gopra BKPECT W 0 HPOCTHPAHNIC

5Py -

400

Jao

| yiw

Pne. (1.4, llpoponersii paspes HoamBHHCKOro Raphepa ¢ MPOERLUCH Hanpa-
BJIICHIISI YLIYORH P BBICOTC yeTynoB 10 M

3aJesd) Mo Mepe paboTsl Kaphepa. B oCHOBY onrMMHU3anuym HAUpaBIe-
HUs yriaybrw OblI ToJoMeH KpuTepuil MHHAMAJIBHOTO CPEIHEro
KopdduimenTa BCKPHIUE oT Hadajia paspaborrm. Iliam xaprepa ma
KoHeL, 0TpaboTKM @ MPONONBHHIA Pazpes Kaphepa ¢ OUPEHeNeHHbM
HanpaBjieHueM yrayOokd mokasans Ba puc. 11.3 u 11.4. Xapaxrepuniii
ITolepednbld paspes moxkasad Ha pme. 11.1. PasMepn wapwepa: nouaa
nosepxy 2520 M, mmprHa moBepxy 925 M, TIybwHA T0 3AMKHYTOMY
KoHTYypy 360 M, riybmma ¢ yuerom mHaropuoél mactu 670 a. O6bem
PYABI B KOHTypax Kapbepa 47,2 mnH. M®, a ob0beM OyCTHIX
nopof 164,6 mun. m3®. Cpemauil KosddunueHT BeRponm 3,48 m3/m3.
Yrox orkoca pabodero Gopra To mpocTHPAHUK mamensierca or 1,5
no 4,5°, a pepecr mpocrmpaHdsa o pasen 15°. Paboune miomagxa
IO TPOCTHPAHAIO B BKPECT HPOCTHPAHMSA COCTABIAIOT COOTBETCTBEHHO
123—377 1 35 M.

Ha noropmsournsix miaHax, HOCTPOCHHBIX ¢ HHTEPBAIOM HO TIY-
Omue, paBHBM BHCoTe ycrymoB (2 = 10 M), ¢ ydYerom OLTEMH3HPO-
BAHHBIX TAPAMETPOB CHCTEMH pa3paboTkm W ONTEMH3UPOBAHHOTO
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HAIPABICHHs PasBUTHSA, OHIIM HAHECEHbI LOJOKEHAS TOPHHX pabor,
€OOTBETCTBYIOIME OKOHYANUI0 HOAFOTOBRHM K&KA0T0 TOPHBOHTA
(puc. 11.5).
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Puc. 11.5. Mmam ropizontTa  -—110 M ¢ 1NOJGKEHTIAMIL JOPIWMX  PadoT

©UPH pacueTHLX paloilX ILIOMGRRAX (CLAOIIHBIS JUIHHT) 1L MAKCUMAIL-
HOM H3BIEUCIHN PYy/ibl (MITPHXOBLIE JIIHAI)

§ 2. OHPEABJENIUE HPOLOIMUTEILIHOCTH
IICJroToBR TI'OPI30HTOB

B mporecee mccieosaliuii 66010 yOTaHOBICHO, YT0 PAMIMONAMBHAL
BHicoTa veryvia s 1oamsuickoro xapeepa A = 10 M, a COOTBET-
CTBYWIICC CH 10orpyaodiioc odopyloBaHie — DBKCRABATOD K-S
(Q = 915 rme. m*/ron). BsammocnAsi MEHILY CKOPOCTBIO yrayORu,
TPOUBBOJMTCABHOCTBIO DRCKABATOPOB M BLICOTOM YCTYIIA [5] mo3Bo-
JUIH YCTAHOBUTH, IT0 LPOAOIRUTEIBHOCTH LOATOTOBKE TOPH30HTA
B cpegaem cocrasuger 0,06 roga, a omyckanme ropHBIX pabor ¢ rop.
4600 mo rop. 490 M BRINYHTENBHO MOKHO OCYIIECTBATH 34
0,72 roma. IlogroroBKy 3aMRHYTHX IO KOHTYPY TOPA30HTOB 1IPEL-
TOTATACTCS TPOWBBOJANIH KOTIOBAHAME IMHOM 100 M ¥ IIMpDHOM
60 M npu BHYTPEITHEM 3aJI0/KCUIH BPEMEHHBIX CHe3/0B. Pacuoiome-
H@e C¢LC3A0R JPYr OTHOCHTEABII0 APYyTa TYMUKOBOE MM IOCTYITd-
TENBIIOC, B BABMCUMOCTH OT HAIPABIEHEs DPasBUTASL pabor. YKIoH
BpPeMeninix ¢nesnod 8Y . AUaMu3 HAa MOTOPH30HTHBIX MIAHAX (10J10-
JKCHAM 10PHIX paGoT, 0TBEIAI0IAX OKOHYAHNUIO TOJITOTOBKH CMC/KTIOrO
HIGEHETO TOPH30HTA, TO3BOJIILL BBIIENNTL 2 Xapawrepiunx scerpeda-
jommxca cayyaa (puc. 11.6). IIpumepom wmepBoro cCirydasi MOKET
CHYMATH TojAroroska rop. 230 M (eM. puc. 11.6, @); vroporo —
moproroBka rop. --130 a (pme. 11.6, 6). Jaa srmx 2 npumepon 10
merojuke [5] mocTpoeHH rpadmrM opraHmsamun pabor L (1)
u ompejeiedo Bpemsa moproroBkm (puc. 11.7, a, 6). Tpounssogmresn-
Hocth skcrasatopa OHI-5 mpmuara mo Hopmam TeXiojoruaccroro
HPOCKTAPOBAaHASA UPH paGore B TPAHUICHIBIX YCJIOBUAX 11 I PUMCLOTTHI
aBTOMOGTIBIIOrO TpaHcmopTa 53 Thic. M¥/mec, min G40 tue. mP/rox,

191






npu $poHTaisHOE padore 76 Thic. M3 /Mec, mim 915 twe. m3/rox. Cpex-
HAA IIAHA 3KCKaBaTopHOro 6iaoka 100 M. O6bem pabor Mo moxroToBke
rop. +330 M crmampBaercss W3 ofbeMa IO pasHOCY TOP. +340 m
B ofbeMa I0 FpPOXofKe BLESJHOH TPaHIIEM W KOTIOBAHA HA rop.
-+330 M. B moaroroBre mpwEEMaoT yuactme 2 aKcKaBaropa. O6imee
BpeMs moarorosku 0,23 roma. OGbem pabor mo HOxTOTOBKe rop-

Q

/‘\r

Puc. 11.6. ConMemeRHEe NIABW TOPHHX pabor [ByX HIDKHEX TOPH30HTOB
xapeepa 4-330 (a) 1 130 M (6) Ha MOMEHT OKOHYAHHA HX MOATOTOBKH

+130 M craagmBaercs mo pasmocy rop. --140 M m ofmema 1o mpo-
Xoflke BHe3AHOM TPaHIIEd M KoTdoBaHa Ha rop. --130 M. B moaro-

TOBKEe NIPHHEMAIOT ydacTue 3 akckaBaropa. Ofmee BpeMa MOATOTOBKE
0,46 roga.
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. I'paduxn opraHMsanmu TrOPHEX paloT MO MOAYOTOBKE TOPUBOH-
(e) m 4130 ™ (6)

Tatbanuya 11.1

g(- S L) Co'seM pyaB
. % b= oo npu moaro- Hapacraio- Bpewmsa
= = o = o B TOBKE e o6heMbl OArOTOBRHU
R = -] @ g8 .| ormemsHOTO DPYEH, FOPUBOHTOB,
g B £E e 29 ¥ ropusonra, THIC, M3 rome!
- 5 nEE] 25 =S E THIC. M3
Eg 8 | 55| 5g8| EE~
EE | =B | §%m|zo8| 558
EE | BE | ZED|REE[2SE| T [ Fo [P Pa | e |TaTe| T
(++600)—
(4-490) — — — — — — — - 0,72 | 0,72
-+480 336 | 15 15 52 — — — — 0,09 1 029
470 33,6 1 15 15 521 — — — — 047 | 0,29
-+460 26,6 | 20 15 57 12 12 12 121 0,23 | 0,12
4450 751 75 45 202 25 25 37 371 0251 025
4440 951 60 4.5 187 58 58 95 95§ 02 0,2
+4-430 2181 25 15 62 105 105 | 200 200} 0,28 | 0,28
-+420 3361 15 15 52 119 1197 319! 319 | 03 0,3
—+410 1131 50 4.5 177 | 158 178 + 477 | 497 { 027 | 027
+400 75175 4.5 202 | 184 236 | 658 | 7331 027 027
-390 751 75 1,5 457 | 330 | 325| 988 | 1058 028 | 0,28
4-380 125 | 45 1,5 427 | 383 | 434 | 1371 | 1492 0,28 1 0,28
+-370 751 75 1,5 457 | 380 | 399 | 1751 | 1891 | 0.3 03
+4-360 631 90 1,5 472 | 303 | 331 | 2054 | 2222 | 026 0,26
-+350 26,6 | 20 15 ST} 429 | 277 | 2483 | 2499 025 | 0,24
-+340 45 10 15 471 456 | 440 | 2939 | 2939 0,22 | 0,22
4330 336 | 15 15 52 1 437 | 437 | 3376 | 3376 0231 023
—60 33,6 15 1.5 397 77 77 (47218 {47248 | 0411 | 014
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TIpOUBBOIUTENBHOCTD TI0 PYHaE,
THIC. M3/rom (THIC. T/TOMN)
Hapacralomee CKOpPOCTh
BpCMH, TOMBI YrayoKu, M/rom
P=1T) | P,=1(T) | P=HT)
S Ty by
= T‘; 2 TS hrp hrs
0,72 072 | 167 167 e e e I
0,81 081 | 111 11 = e e e
’ it i o Tl | el .
121 (1)3? 435 | 435 | 521 53| 52| 153, 52| 153
1,46 146 40 40" | 100 | 295| 100 | 205 | 00| 295
1,66 1,65 50 50 290 | 895 | 200 ) 835 ) 290 855
1,94 194 158 | 858 | 375 11100 | 5751 1100 | 875 | 110
224 2,24 334 | 834 | 397 | 1170 | 397 | 1170 | 397 4170
2,51 2,51 37 37 585 | 1725 | 666 | 1965 | 585 | 1725
2,78 2,78 37 87| 670 | 1950 | KI5 | 2580 | 670 | 1955
3,06 3,06 358 | 358 | 1180 | 3490 | 1160 | 3430 | 1180 | J490
3,34 334 358 | 358 | 1370 | 4050 | 1550 | 4580 | 4370 | 4050
3,64 3,64 334 | 834 | 1265 8740 | 1330 | 5930 | 1265 ) 3740
3.9 3.9 385 | 385 | 1160 | 3430 | 1270 | 3760 | 1160 | 3430
414 4,14 M8 | 418 | 1785 | 5280 | 1150 | 3400 | 1785 | 5280
4,36 4,36 455 | 455 | 2070 | 6100 | 2000 | 5900 | 2070 | 6100
459 459 | 435 | 4355 | 1900 | 5600 | 1900 | 5600 | 4900 | 5600
16,84 | 201 91 91 700 | 2060 | 700 | 2060 | 700 | 2060
o:
13 3akas 523 193






Hoprotosra ropmsomros --850, --340, --320, 310, -+-300,
-+290, +280, +270, +180, —50 1 —60 M OCYIIECTBISACTCS aHANO-
rmyno rop. -+330 m. Bee ocranpuBble TOPH30HTH TOATOTABIHBAIOTCS
apajormano rop. +130 M. Bpems moprorosxm ormenbHbx TOPHA30HTOB,
Hapacraiomee BpeMss PaboTH kKaphepa, CKOPOCTh NOHUKEHHS rop-

HBIX DaboT, COOTBETCTBYIOMASA BpPeMEHM TMOJrOTOBKY, WPHBEEHEE
B Tabx. 11.1.

§ 8. HOCTPOEHHUE IOJOMEHUII TOPHBIX PPABOT,
COOTBETCTBYIOUIUX BAPUAHTY
MARCUMAJIBHOTO UW3BJIEYEHUA PYAbI

OcHoBo#l A TOCTPOEHHA WMONOJKEHAR TOPHBIX pabor, orBeda-
IOMUX BAPUAHTY MAKCHMAIBHOTO W3BIETEHHS DYAM, CIYKAT HOJO-
JKEHIA TOPHBIX paGoT, oTBEdANMmile ONTHMH3MPOBAHHEIM PabogmM
mwromankaMm. HaxnappiBas moropmsoHTHHE IIaHEL Apyr Ha apyTa,
OLpEeZeJsIeM DACCTOAHMe MEKAY KOTIOBAHAMM Ha 2 CMEKHEIX I0pPH-
B0HTAX WJIM OfHY M3 COCTABIAKMAX MAKCHMAJIBHOTO HEOGXOTHMOTO
HOABUTAHUA YCTYHNOB, 3ABUCAMYI0 OT yria yrilybKW, T. €. COCTABIA-
omyw ki ctg . CymmupyeMm ee ¢ Bexmummoi h ctg ¢ uopBHTaHAS
YCTYIOB, ONMpefelisieMoll PacueTHHM TyTeM orTkoca pabouero 6opra,
H moJryJaeM HeoOXofuMoe NOfBATAHAE YCTYNA IPH MOATOTOBKe HOBOTO
FOPABOHTA Iy = h (ctg ¢ + ctg P).

Hanee B HanmpapiemAsX, OTIMIANMUXCA OT HANDABIEHMS MAKCH-
MaJIpHOTO HeoOXOIMMOTO MOJBUTAHUSA, CTPOMM PPOHT pabor, BoBiiexRasn
MaKCHMAIbHbIe 00BeMBl PYALl I CIIefisl IIPH HTOM 3a TeM, 4To6bI B MecTax
MaKCHMATHHOTO BOBJIEYEHHsl PY/bl MOABUIAHEE YCTYIOB He MPEBOCXO-
AHI0 MAaKCAMAIBHOTO BOBMOKHOTO [ ..

IlepssiM pypmsiM ropusoETOM ABIAETCA rop. —+460 M. Ho rop.
+420 M yray6ka kaphepa OCymeCTBIAETCA MO 10;XHOMY KOHETHOMY
Gopry. loaromy BosmoxHOCTH W3BIeueHWS py[As B HANPABJICHWH,
HPOTUBONOIOHOM HANIPABIEHWI) ONYCKAHHsi TOPHHX pafor, d@cuep-
uanpl. lloxomenus ropubix paGor mpm obechmegenmE pacueTHBIX
PaGouuxX IUIOMAZOK M MAKCHMAIBHOM WM3BIEYGHAN DPYIH COBIALAIOT.
O0Dbembr uaBIeKAEMOM PYIH ONPEAEIATCS OHOIHATHO.

Hanpasnenne passmrust pabor mpm omyckammm Ha TOPH3OHTH
4410 u 4400 M cesepo-BocTounoe. IloABinerca BO3MOKHOCTH A3BIIE-
TeHYI sl IONOJIHATENBHHX 06'beMOB Pyjbl B I0TO-3aTIaHOM HAMPABICHAH
0 TPOCTHPAHAI @ B CeBEPO-3aNAHOM HANPABIEHHN BKDECT IMPOCTH-
panua pypmor sanesku. G rop. +390 0 rop. +360 M yray6ra ocy-
MEeCTRAACTCSI B 3allaflHOM HAUPaBJICHAH. B03MOKHOCTH OTONHATEIb-
HOTO N3BJeYeHds PYAM HMETCA B BOCTOYHOM HAIPABIEHHHM IO IPO-
CTHPAHUIO K B CeBePHOM HANPABIEHUM — BKPECT HPOCTAPAHMA.
C rop. 4350 mo rop. 280 M yriay6ra OCYMIECTBISIETCH 10 KKHOMY
KouevHOoMy Gopry. BosMmoskHOCTH HOMONHETENLHOTO H3BIETCHTS PyIILE
orcyrersywr. G rop. +270 u o rop. 220 M HarpaBieHne yraybxm
MeHsIETCA HA CeBePO-BOCTOTHOE BJIOJb IOJKHOTO KOHEYHOTO 6opTa
Kapbepa. Bapmaut MakcHMAlbHOTO M3BIeUeHAS PYAH 0CYIMECTBIAETC
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3a cder JOMOIHHTEILHBIX 06HEMOB DYLH B CeBEPO-3alajiHOM Hampa-
BICHNY BKPECT WPOCTUPAHUA H B IOT0-3aIaJHOM HATPABICHUN lifo
upocrupammio. C rtop. -+210 mo rop. 180 m yraybra ocymeeT-
BJSCTCA TI0 CeBePHOMY KomeuHoMy Gopry. VisBieuenme pyAM Mpant-
YeCKH BO3MO;KHO TOJALKO TpPH BapHaHTe MUHHMAIBHEX paGouux
rwromagok. C rop. +170 po rop. 100 M pabors pasBWBAOTCA B Ce-
BEPO-BOCTOUHOM  HATpaBJeHNH. M%Kcnmanbnoe UBBICTEHHE  PYL
JOCTHTACTCS 30 CUCT JLOMOTHATEIFHOM BOBMOKHOCTH TOPHBOHTAILHOrO
DOJBHTAHIA PY/LX YCTYIIOB IPH MAKCHMAJILHOM CKOPOCTH yIIYOKH
B I0TO-33T4/(IION UalpABJEHNAI 110 TPOCTAPAHA H B CEBEPO-3IAK-
HOM I I0P0-BOGTOUIOM 1IallPABIEHHM BKpect mpocrmpanusa. Haammas
¢ rop. -1 Y0 M w jo sma kapoepa (—60 M), pasMepsl TOPH3OHTOB orpa-
HUYeHB B Nialle, HaupapjicHue yriyordm 6Im3Ko K BePTHKAIBLHOMY,
a pPyda ITa ropU3OHTaX lpaKTHIECKN BHpaGarTeiBaerTcs mpi obecnie-
geEnn paGounx MIOIMAJ0K. e

Jua warvaagmoct Ha puc. 11.0 morasam maam rop. 140 M
¢ TONOsKeHMAMH PaboT AnA BapuaHtTa MAHHMANBLHEIX PaboTmx Iio-
majgok (CIUIOIELE JAHAN) I BADHAHTA MAKCUMAIBHOIO M3BIlETCHNUS
PyAst (MITPUXOBBIE THHUM).

§ 4. OMILI;LEINLIUE JIOCTIKAMOU TTPOU3BOJUTEJILHOCTUH
KAPLEDPA TIO PYIOR

Ilo mawmeim ta6a. 11.1 crpodM rpaguKH HapacTaloIUX 00DHEMOB
PyjH B 3aBMCHMOCTII 0T HAPACTAIOMEro BpeMeHn oTpaboTKe (puc. 11.8?
A BapuWauTa MHIMMAJBHBIX paGoudx ImIomagox (KpuBasa P, =
= f(T)) B BapumagTa MaKCAMaJIbHOTO WH3BJEYEHHUA pYAE (KpUBas
P, = f(T1)). llpoamajnsupyem monydYeHHEHE KpPUBHE C [eIbI0 VCTa-
HOBJIEHASI HA X OCHOBE BO3MOKHOM TpPOM3BojATe ] bHOCTH IoaImBmH-
cxoro Kapbepa mo pygme. Ha rpadumre orcuer BDCMCHI HATHHACTCH
¢ 1 rosa, 9T0 OPHHATO B CBA3HW ¢ j00BIUell NepBOA Py ibi TONBKO B 1T€-
paox moaroToBkH Top. --460 M. Ilpa omycwammn ¢ Top. —-406U no
rop. 420 M oObem mH3BIexaeMoil DPyAbl OUPENENACTCSA OFMO3HAUNO
(ma rpaduure opua xpupas). Ob6bacusAerca 5TO TeM, 9T0 VI.IVOKa
OCYHIECTBIISIeTCH BKPECT IPOCTHPAHUA 1O KRHOMY KoledHoMmY Oopry
¥ BO3MOKHOCTH M3BISUEHUSA JOMOIHATEIbHNIX 00BHEMOB PYUB OTCNT-

CTBYIOT.

C rop. --410 go rop. --360 M HaupasJemie pasBHTUN FOPIINX
paBoT UICT 10 TMPOCTAPAHMIO BJOIE H3kHOTO Kouewmoro Gopra. Bos-
MO;KHOCTH  AOUOJHUTCIABHOTO UBBIEUEHWS  PYAL  UCAHAUNTUbIBL

B OCHOBHOM BLKpecT Hpocrupanmsi. B pesyasrare DTOLO MMCCT MCGTO
HE3HAYMHTEJIbIIOE PACXOKNEHHAe KPHEBEIX U HATHTUC 004aCTH MCEAY
mama. C rop. 350 mo rop. 280 M ropumbie pabori ouycralored
0 10;HOMY KOHETHOMY GOPTY Kapbepa BRPECT HPOCTHPAIIML PYALIOM
3aJieKU. B 910T mepHoj OpPHE MaKCHMAJIbHOI ckopoctu yrayOrlt Bos-

MOMKEH TOJBKO OJAH Bap@aHt pasBUTAA PaGor B FOPH3OLUTAILIIOM
HAaIpaBIeHMH. a CAeTOBATCTILIO, 1T PAsBUTHA  HPORBBOLITCIHITOCT
no pyxe. PocevartpuBas Jadtee B3alMIOe HOJOLCHLC KPUBLIN, MO/KIG
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-OTMETHTH, 9TO PACXOjiJieHNMe WX OUeHh HeSHATMTENbHOEe B CHIY Ha-
3BAHHMX BHING IPWIMH, T. €. B CHIy HALPABJICHAA YINIYOKH M0 KOHEY-
HBEIM Oopram Kaphepa (c rop. +-270 po rop. +180 M) H orpaHHIEHHHX
BO3MOJRHOCTEHl JOMONHATENHHOrO M3BIETEHAS DYNH BRDECT MPOCTH-
paHusA pyjaHoi sanesxu (¢ rop. -+-170 M o rop. +100 m). Haumnast ke
¢ rop. +90 M 7 HIKe Wo IPUINHEe HEZHAYHTENHHHX PAZMEPOB TOPH-
BOHTOB M PY/HOU 3aileKA 00eMB! M3BICKAEMOE PY/H IPH MAKCEMAJb~
HO# CKOpPOCTH YrilyGxH ompefensiTcsa ofHosHadHo. Taxum obpasom,

b mnn.
50
, SiE “50F,
e
40&___7—_?/*0’
V) ar)
w 7 // i
90,4 4%
‘ 0 bl .
J0 ’ é P -f-(f) //
149 _ﬂ__?;%”_._drﬂ__ o
/4
150 /,5/0 BFT L ar
20 Fo=r(7)1 Z -
nolf €
Pl b
220 .
-
0 = £
20 7 .
330 8 d
b — ar g
b0 42035 (] -t
¢, J 5 7 9 1" 13 15 17 19 Tesiy

Puc. 11.8. I'padux usmemerms Bapacramux o0neMoB P Dy BO BpeMeRm 7
aas JoamlBHHCKOIO Raphepa:

OABCDE, — nuEna HapacTaBHA 00beMOB DY IPH cTaGUINBMPOBABHOM mpO-
U3BOJRMTEILHOCTH (BHCOTA yeTymos 10 M) ’

UPH NPHHATOM HAUPABJIEHAM PASBHTHS TOPHHX PaloT M MaKCHMAIb-
HOM CKOpOCTH YrIyOKM BO3MOKHOCTH TOPH3OHTAJILHOTO PpasHOCA
o0 MAaKCUMAaJIbHOMY M3BIEYeHHIO DYAH IOYTH IOJHOCTHE) HCYePIIH-
BAalOTCA NP BaPUHAHTe MUHAMAJNHHLIX PaboudX IJIOMAToK.
Texymee sHazenme msBiexkaeMHX 065eMOB DYAH W COOTBETCTBY-
WIlee eMy 3HadeHme NPOM3BOAUTEIHLHOCTH Koiellercd B IMHPOKAX
apegesaX, 910, KaK YKa3pBaJoCh BHINe, HENPHEMJeMO IPH paspa-
00TKE MEeCTOPOs:IeHMIl. IoaroMy mpomssefeM CTADHIH3ATAI0 MPOW3-
BONUTEILHOCTH. :
Cy;a mo xapakrepy KDHMBHX, MOKHO BHIEIATh HECKOIBKO BOH
(cy. puc. 11.8) mo ray6mme paspaBoTKm, B KOTOPHX IPOM3BOLATENb-
HOCTL HO PyAe IO CPABHEHAIO CO CBOMMH MMEMIUMHACH 3HAYCHAAME
KoreG.iercsi He3HAUMTeNMbHO. MakcuMalbHNE M MEHUMAJIBHEIE BHA-
HYeHHds NPOU3BOAUTENBHOCTA B 9THX 30HAX LpHBefeHH B Tabu. 11.2.
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Taoaumuya 11.2

IIpOoH3BOAUTEIBHOCTD Kapbepa,
THIC, M3/TOI

3uHa Hureppan no raybune P= T B = #T)
max min max min

I Top. -+ 320 - - rop. -} 280 m 2620 2410 2620 2410
I7 Top. -~ 270 — rop. 4- 220 M 4000 3430 4100 3150
11 | Top. - 210 —rop. - 180 u 3170 2670 3260 2530
v Top. |-170 —rop. -+ 140 M 8450 6630 8850 6500
A% Fop. |- 130 — rop. 4- 40 M 4230 3390 4600 3320

OrcyrerBue 06racty Mesly KDPHBHME IIpejjompepenser crabmim-—
3alMI0 NPOH3BOAUTENBHOCTH TOJIBKO 3a CUeT CHHKEHAA CKOPOCTH
yray6xd. 3a mCXoJHHe IePHOAH CTabHAM3amuA NPUHAMAIACH Ilepn-
onbl paGoTH B 3oHAaX, mpuBegenHux B Tabi. 11.2. Ilpm srom B 30He [
IPOMBBOAUTENBHOCT, IpEHEMAiach pasHoit 2410 Teie. mP/rom (mop-
roroBxa rop. --290 m), B zome IJ — 3430 teic. M?/rop (mOAroTOBKA
rop. +260 »), B some [I] — 2670 teCc. M°/Tom (mOAroTOBKA TOD.
~+200 m), B 30me [V — 6630 THC. M3/rop (moAroToBKa roOp. +170 M)
u B zome V — 3390 mhic. m3/rop (moproroska rop. -+50 m). Ecre-
CTBEHHO, UTO B Kaikjlof 30He IPOW3BOTATENBHOCTH B IEPHOJH IO~
FOTOBKH BCEX OCTAJBIIBIX TOPH30HTOB JOJKHA CHEBHTHCSA 0 IPHHATOR
3a cdUeT yBEJNWYEHMs BPEMEHH HOATOTOBKH, T. €. 3a CYeT CHIIKCHEHA
cKopoctH yriaybxm. Ecud jke ydecth, 9To HPOX3BOIUTENBHOCTE B KaM-
LB TocIe YOt Tepuofl, ToJHA 6Nt Goabile, geM B MPeBy I,
TO HNPOW3BOJATENHHOCTH B 30He [ ciemyer CHUBMTH RO 3HATCHHSA €€
B BoHe JII, a B 30me JV — po sHauenwms B 30He V. B KomegnoMm urore
YCTaHOBJIEHO, Ur0 BO3MOKHOe pasBmTHe TopHHX pabor Ha Ioam-
BUHCKOM Kapbepe BKJIKTAET IePHoj HAPAMMBAHNA LIDPOMBBOJMTENb-
HOCTH, 3 IepHoja cra0miabHOH Ho0HIH ¥ MepHoj 3aTYXaBUA TOPHAIX
pabot (ca. pme. 11.8, xpusas OABCDE)).

Ilepwmoy, mapan(mpamus MPOU3BOJAWTENHIOCTH [JINTCA 4,6 roma
7 3aKaHUMBAETCS! Iipu AOCTIKeHmH rop. -+330 M.

Jdaa mepsoro mepaofa cTamibHOW AOOWIH BO3MOKHAA IIPOH3-
BommreapocTh no pyde 2410 tre. M3/ronm, mim 7100 trc. t/rop. Hum-
TexpHOCTh mmepumona 1,23 rofa. Ymeimdemme BpeMeHH OTPAGOTKA 3a
cuer crabnnmsanuz pasHo 0,05 roma. llepmop samkamumBaercsa Hpn
mocrmmenna rop. -t 280 M.

Jaa Broporo mepmoga cTabmibHOM MOOHTM BO3MOJKHAA IIPOM3-
BoOfETEIbHOCTE o pyde 2670 Thc. M3/rox, mim 7870 Twic. t/rox. MAnm-
TeslpHOCTD Iepmojia 3,97 rofa. YBeimdeHdme BPEeMeHH OTPafOTKH 3a
cuer crabuiamsanmm pasuo 0,76 roga. 3axamdmBaerc IePHoOj| IPH
poctmerna rop. +180 m.

Jas Tpernero mepmofa CTAOMIBHOH MOOHYH BO3MOKHAA IPOU3-
BOLATeNHHOCTs o pyme 3390 teec. m3/rom, mam 10 000 Twic. T/rof,.
Ilmarensiocts mepmopa 7,67 roja. Ysenmuenme BpeMeHsm oTpaborkm
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3a cuer crabmimsanuu pasHo 2,45 rofa. 3akapgumBaeTCsa HEpHOX OpPH
nocrmkernu rop. 40 M.

Ilepn 6
‘ puoj saTyxammsA TOpHHX pador pasen 2,64 roma. Ilpopmomku-
TeabHOCTh pador 20 ser.

Bosmokmas wmpomssofurennHOCTh HoamBmHCKOTO Kapnepa 1o
g)}fgre 8(1)/?136,1(6.7161{& IJid BApHaHTa € MCHOOXL30BAHMEM HKCKABATOPOB

- I})pI/I BrICOTe yerymoB 15 M m Goprosom copmep:wawmu P,O;,
paBEoM 6Y%, a Tak:Ke TiA BApMAHTA MCIOAb30BAHMA JKCRABATODPOB

IHRT-5 npm suicore yerymos 10 M m Gopros
pasmoy 4,5% (rada. 11.3). prosoxt conepnaammt 0.

Tao6anmga 11.3

B03MOKHA: TTPOU3ROIUTEIBUOCTD I10 pyic

BricoTa (MJIII. T/rom) o IePUomad:

OKCKABATOD VCTyuos, M
,

1 | I | TI
I 1{1‘—§M (1320) 15 3.7 5.76 1.2
b 1 . o. 2
IKT-5 (915) 10 71 7,87 10.0
M”/ronn. purnMedanne, B CKOGKAX nana HpoOH3BORMTCNLHOCTI, BKCKABATOLA B8 1hIC.

aI{aIc BuHO m3 Tabx. 11.3, 3a cueT yMeILIIeHMA BHICOTHI YCTYHOB
VAQIIOC), 3HAYMTENPHO MHTEHCHQUUAPOBATH FOpHbe PaGoTH I J[OCTHYE
BHICOKOUl NPOM3BOTUTENLHOCTH B IlepBhie 2 Iepumoga paloTHL.

§ 0. YUET JQOCTOBEPIIOCTH TEOJOIMYECKIX JIAHILIY

Meropnuky ydera mocroBepHOCTH AAUIHIX MPOMILIIOCTPHPYEM HA
mpuMepe BapHaHTa € HMCHOJB30BAHUEM DKCKABATOPOB AKI-SII 1npu
BpicoTe yeTynos 15 M. Bwagase paccuurwiBaioTcs oGbeMBI PYHLL 110
uMepe yrayOkm xapnepa ot rop. --440 mo rop. --20 M m IIOJI):‘IBIIIIBIS
pesynprarthl cBofaTcs B rabi. 11.4 (raumma upmBeficna B CORPAMICH-
HOM BHAE). ’

QunOGBI OoUpefeNinTh, KaKk BJIHAET BePOATHOCTHBIE Xapawrtep Cay-
4ajiloll BeIMYMHBEI € HAa BO3MOMKHYIO HPOU3BOJUTCIBHOCTD Koanmn-
CKOTO Kappepa 10 pyje, GbuIa COCTaBieHA TabAMIA PacYernsX sna-
qennit  BeposrHocTH P (8) W HPOMBBOFUTEILHOCTH Kapbepa IO
nepmopam orpaborku A,, A,, A; Upum 3HAYCHMAX KIS OMIOKH &
or 1 po 45% (rabu. 11.5). 3uavesma Bepoarmoctu P (g) Bo BTOpOIL
rpage PACCUNTHBANMUCE 1O (OPAMYIe, MSBECTHOW W3 Kypca Teopunm
BepoarHoctedl [20]. Bepostnocrs nonapanyst caydafimoil Bedsuunnl &
fla y9acToK oT o 10 B olperensiercs mo Hopmye )

P(a<s<ﬁ)"’ﬂ@<ﬁzm)«—® (&), (11.1)

o
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Jla pacgera BePOATHOCTH IO

EHA CIy9aiinodl BeAMYHMHBI Ha

YYACTOR, CUMMETPHIHHE OTHOCHTENBHO MEHTPA paccemBaHma m,
doparyaa (11.1) mpeobpasyercs B dbopmyTy .

. l ’ .
Ple—m|<)=20 ()1, (11.2)
rae 21 — pgamHa yUacTKa;
e
D (&) == —1—1: g e 2dt (11.3)
Q20 .
{ .- & i ,
g
e m = 0 — MareMaTHICCKOC ORHJAHME MM IEHTP paccemBaHU sl

ciydafiHoll BeJHIMHBL €; ¢ — CPCAHEKBALPATHIHOE OTKJIOHEHWe BeJil-

ypre & (oA samacos kar. (; 0 -=
= 13), %.

Jlas  pacdgera  BOCIOIbL3YEMCsd
TAONMYHLIME  3laucinisaMi  QYHR-
unu @ () [20]. Spmavenus TPONU3BO-
mureapnoctn (. ragax. 11.5) pac-
cauTHBAIUCL o dopmysre

‘4 i =~ ’ (11°/})

: 1+¢

rpe A, — MaKCHMaILHA (rmHn-
MaJIpHAH) OPOMBBOAMTENBHOCTL IO
POPHHEIM BOBMOYKHOCTAM, ThHIC. T/POT;
A, — upmHATas B [AHHOM NepHONe
IPOM3BONUTENHHOCTh 1O IIOJe3HOMY
HCKOTACMOMY, THC. T/I0f; €-— OTHO-
curesibnad IIOI‘pE‘ﬂ[HOCT}) noacueTa
34TIACOB.

Wexogsa w3 pacyeTHHX  JlaH-
HBIX, HAHZeHB 00JIACTH BO3MOMKHBIX
uaMeHeRnd [POU3BOANTEI BHOCTH
Kapbepa B 3aBHCHMOCTH OT CTeIeHn
puUCKa o;Kmiacmoii ommGK:m B TOA-
cuere zamacos mig I, 1T u 111 mepu-
070B  HOPMAJILHOM  BKCINTyaTanuu
u puc. 11.9 Bumpmo, 4TO, pesepBUPYA
= 45Y% ., MBl TeM CaMBIM UPHHEMAaeM
Vyempas OKHJaeMyl OMHKOKY, M

A, man.r /200

|

: . — [
20 40 57 50 R%

Pie. 11.9. TI'padur 3aBLCHMOCTH
wponssopmTeabEocTH A4 Hoamsun-
CKOI'0 Kaphepa IO PYAE OT Cremcin
pucKa OyKUAaeMOi OITHOTH B [eomo-
TUYECKUX 3amacax:

1,2, 8 —mua 1, 11 nm IlI iepuonon
HOPMAJILHOH DHCIKTYaTdallii Kaphepa

(puc. 11.9). Mz radm. 11.5
IPOM3BOUTEABIIOCTL 1PU & =
pemmerne 0es BCAKOIO PHCKA.
AreM Ha ONPelesiCHABI PHCK.

Opmako »TOT PHCK BO3PACTAaeT HAMHOLO MeJUIeIfice MO CPABICIIMO
¢ YMeHBIIEHUEM OKHRAeMOi omm6ku. Tar, ymenpurenne omubra 1Ha

14% (c 45 mo 31%) BEAYART HAC 110

#itn Ha puck 4% . Ho mpu 2TOM
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Taonnuya 11.4

O6BeMBI DYIB (ThIC, M?) HpH YPOBHEe PHCKA, % -
100 50 5o 39 %
2 Hareropun

;’ 3amacor, % y _ ) - . - .

g =P - 2 x £ = F X D*E £ E 5 £ £ B : E

E i i Q*E : "*E : 'LE : Q,E A ol A [ W A W [ 2
5,8 2.8
+440 | — [ 100 4 4 36| 36| 44 2,4 34 34 4.6 22 2.8 % 2 52 gg 22 gg , 28
425 | — 1100 | — 4 — 3,6 — Al — 34 — 4 — 2 <22 10 s “3 ;

: 31 63 658 986 1038| 541 , 7,

-+335 | 58 42 88,8 84,8 74,3 779 873 91,7 71,9 75,3 89,7 9i,8 S 8/0 Slisiall 1es| erodl 70 |10 L i

+290 | 43 | 57 (1058511433 | 9738 10517 | 11432 1234'9| 9315 10068 11855 1 1279, ‘ . 77030 2504 | 37619 5314.8
: 20 o : 43778 | 21022 | 2972'5|3430" | 48463 | 17703 ol bt B
4275 | 47 | 53 |2766,1(3909.4 |25448) 35065 |29874| 42223 |24349| 3441 398§ o | stri7| 5507 | 5232|8797 57260| 472 | 2076 | 9584 62732

260 | 56 | 44| 7152146246 | 658 | 42545 | 7724| 4924.7| 636,5 40775 . 7
i245 56 | 44| 61921534358 | 5697| 45242 ] 6687 56634 | 5511) 46286 6373 | 5859 | 4768 | 4000 | 7616 64%;,8 ggg,g 2323’8 13%‘;5 gzgzg
4230 | 47 | 53 [10083]62521 | 9276/ 57518 |1089 | 67524 887.3] 55159 11293 | 69883| 7663 | 47663 | 12503 caor sl 1ol saond | 29695 10743 4
+215 | 48 | 52 |16809|7933 | 15464| 72982 | 18154 85674 |14792] 69951 1882,6 | 88709 | 1277,5 | 6043820843 Jea22 | 10020 e | teers| 194942
+200 | 48 | 52 1245 |9178 | 11454| 844316 |1344,6] 9912410956 8090.7 13944 | 102653 | 9462 | 6990 15438% 364 093] 09819 10808 124582
480 | 54 | 46 |2352 |28730 |21638| 265618 | 2540.2] 30897 8 | 2093'3| 25511 7 2610,7 | 319224 | 1811 | 223752 | 2895 | 851848 1018'1] 204301 | 2020'9! 40369
<65 | 58 | 42 [1519,2]30249,5 | 1397.9| 27969.7 | 1641 1| 32538'9 | 1352 4! 268641 1686,7 | 336088 | 11852 234604 | 1853,8( 370386 018,11 20150.1 | 20203 4056¢
50 [ 56 | 44 | 897 |311465| 1252|287849| 968.8(335077| 7953 27662,4 995,7 | 34604,5 bgq,; %o% 12(2)2133 gg}éé? 5)782 509003 | 469 8| 42040 8
+35 | — 1100 | 324 |31470,5| 291.6(2007655| 35614 338641 | 275.4] 279378 3726 | 349774 220, 24,412:2 o e i B e B e

20 | — | 100 | 49 |315195| 441|201206| 53.9(33918 41,7)27979'5 56,4 350335 343

Ta6anmuma 11.5 Tadamnupa 11.6

= 11DOH3B OAWTCILHOCTD KAPheDa o pyme A, W mivna Bo3MOMKIIAA 1POM3BOANTENLIOCT (MIH. T/IOM) DU DHUCKe, %

s tc;: HOBCPATEJIBHOTO MHTEPBana ! (THC. T/ro;) Ilepmoan

b g A 00 HepHOgaM oTpadoTKI OTpaboTKH 0 L 14

g Eg I 11 111 <

= RS % -

g gs g 3—5.37 (0 2,55—4.85 (0,25) 2,89—4,51 (UA14;

° | A= 1 1 ot Bl R B I 396855 ((o)) 755 (022h) 449703 (0427]
I 6,16—16,24 (0) 7,73—14,67 (0.255) 8,74—13 66 (1 4103

010 3700 0 5760 0 11200 0f 100

3| 016 | 3589—3811 222 | 5587—5933 | 346 [10864—11536] 672 84 . anr. 416

»E 0,26 | 3515--3885 | 370 | 5472—6048 | 576 |10640—11760 1120] 74 Hpopomuenme Tadr. 1.6

{

0.36 | 34413959 . 518 | 53576163 | 806 |10416—11984! 1568] 64

10 | 05 | 3330—4070 | 740 | 5184—6336 | 1152 |10080—12320| 2940 50 z BOOMOMIMAR NPORS IONITENPROOTS (M, T/TOM) D PHOTC,

121 058 | 3256—4144 | 888 | 5069—6451 | 1382 | 985612554 26081 49 g = ’

15 | 068 | 3145—4255 | 1410 | 4806—6624 | 1728 | 9590128801 i 59 82 2 50 sk Lt

18 1 0177 | 3034—4366 | 1332 | 4723—6797 | 2074 | 918413916 4uxzl 23 EES

22 | 086 | 2886—4514 | 1628 | 44937027 | 2534 | 8736136641 4928 14

25 | 091 | 27754625 | 1850 | 4320~ 7200 | 2880 | 8400—14000| 3600 9 o

%i% 0,94 2664—4736 2072 | 4147-—7373 | 3226 | 8064—14336] 62721 6 I 3,15—4,26 (0,544) | 3,33—4,07 (0 ,633) 3,59—3,3:13 (8,;% 3_.(?(.{5:)@))

31| 096 | 2553—4847 | 2294 | 3074—7546 | 3672 | 71814672 G944l 4 o6 (2 ()2 5'18—6.34 (0 5.50—5.93 (0, 76 10

5 098 2435 4995 | 2500 | 37447776 | 404 §é80—}5120 7840 2 i 3’?)2_6’16%3’{)05?45) 10(5,1088—1’3 50 (0(337) 10086—11,5(4(0,764) 15 (5185)
099 | 2294—5106 | 2812 | 3571—7949 | 4378 | 6944— 15456 $519| 1 ’ oo ()

45 1,00 1 2035—5365 | 3330 | 3168—8352 | 5184 6160—16240] 10080; 0

OpuMeuanlie. B CKOOKAX Mplseiledbl 3UAUCHUH BCIIIHHL O.
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BpOU3BOMUTENILHOCTE 1O pyze ans III mepmoma Mosker 6niTh yBean-
deHa 10 CPaBHEHHIO C Pe3ePBUPOBAHMEM 0e3 NIPUHATHA BCSKOIO
pucka Goxee wem Ha 1,5 MmH. T/ron (¢ 6,46 mo 7,73 mumn. t/Tox). lpn
9TOM HEIOATBEPIKNEeHMEe 3alACOB VUYHWTHIBACTCH TONBKO B CTOPOHY
mredpuunra. B peficTBuTenpHOCTH UPpE TAKOM DpuCKe BapbUpoOBaHHe
IPOUSBOLUTENBHOCTH B 3aBHCHMOCTH OT TOTO, B KAaKYK CTODOHY
TONTBEPAATCS 3aUACH (B LOMOMHUTENBHYI WM OTPHLATENLHYI0 CTO-
POHY), GyfleT BOBMOKHO B MHTEPBAJe OT 1,73 no 14,67 mum. t/rof.
£% - Peayaxprars pacueros mpusefenn B Tag.
5 11.6 w ma puc. 11.10.

3 B cBasm ¢ Tem, gro Bce szamace ma
; Kapwepe orHeceHnl K rKareropum C,, mim
j BCeX HepuofioB KpuBasi R = f (8) opmHa-

25

g - KOBa.

Ay 20 40 60 @p A%
Puc. 11.10. Basucumocts § 6. YCTAHOBJEHUE IIPOEKTHON
MERNY YPOBHeM pucka R IIPOU3BBOJUTEJILHOCTH KAPLEPA
¥ OTHOCHTEJIBHHM IIPHpalme-
HHEM  NpOoH3BOAHTENBHOCTH HOGTpOI/IM (bYHI{III/IIO onaceHHs mO-
Kapbeepa 0 . cAelCcTBAA YBedndeumsa HOPOM3BOANTENDL-

HOCTH Kapwepa 1o dopmyram (9.6)—(9.8).
Idra $ymrums nUpusepmena wa puc. 11.11. Ilpn markcumaisHOM 3HA-
wernn &, = 0,82 Beimupmma I, =14,

Ilpa posrom orromerun K pucry 8, = 0,56 u pmer pasem 17%
(cm. pme. 11.10), mpm ocroposkmoM oTHOmeRWE K pucry &, = 0,44
W puck pasem 8% .

SHAYeHNS NPOM3BOMMTENIBHOCTH B 33BHCHMOCTH OT OTHOMICHH
K PUCKY OpWBeJeHH B rtadnm. 11.7.

Ham6omnee menecootpasmo OPHEeHTUPOBATHCA HA BAPMAHT C YCTY-
Hamm Bricorot 10 M, oGecneunBarommuit Gosee NHTEHCHBHYIO OTPalOTRY
MECTOPOCHNA, B HA POBHO® OTHOLIEHWE K PUCKY.

Tabawma 11.7

PuCK (%) ¥ NpON3BOUUTEIBHOCTD,
BricoTa (MJIH, T/T0J) HO Uepuogam
Omonienue K pucky yery-
0B, M I II 111
_ R Ap R Ap R Ap
Cyesoe (Maxcumym pucka) 15 50 3.7 50 5,76 | 50 11,2
10 50 71 50 786 | 50 10
Porproe 15 17 3,48 | 17 493 | 17 .6
10 17 6,1 17 6,75 | 17 8.6
Ocropomuoe 15 8 293 8 4.55 8 8.9
10 8 5,62 8 6,22 8 7,93
Pucx oreyrersyer 15 1 0 2,04 0 3,16 0 6,16
10 0 3,9 0 4,32 0 5,5
Peromeriayemuii Bapuamt 10 16 6 13 7 16 12

202

VYarem Texmmueckuil mporpecc. llpmmem B mepmon chomenbc'rBa_l
¥ OCBOGHnms, a Tar:e B | mepmof paGoTsl Kaprepa Hp@m313,01111'11‘{(”161;\,l
Hocrh axcrasaropa DKI-5 0,915 mam. m3/ron. Torpa ¢ oxpyraenn
B I mepmome A,y = 6 mun. t/rox, a Ty = 1,5 r(;na. T

Bo II mepuopme npummmaeM Qsp = {1 mum. M%/rop, T. e. ¥ H oy
B 1,09 pasa. Torma Ap;; = 6,75+1,09 = 7,36 mum. t/rop. llp

maeM Appr = 7 MAT. T/TOR i

n Ty = 5 ner. v mm
B III nmepmoje B cooT-

BEeTCTBUM € PHC. 1(}.8 1Hpu- 15

mmmaev (o - 1,37 mon.

M3/rog, T. €. YBCAWIUM
B 1,5 pasa (1o cpasHenUIo
¢ T tepuonon). Torpa

100y

it/
A’ -
d.o 0w W A

05

0 b, 0206 0

: : — D Soani-
Puc. 11.41. Dynumus onacennss  Pue. 11.12. Tpadnr V == [ (P) gq;;l‘h(\"nu
4 KoamBHUCKOrO Raphepa BIICKOTO Kaphepa. Bapuamr /2 = M

R ©) -

Ao = 1,00-8,6 = 12,9 mom. v/rog. Hpuwmmmaem Appr = 12 moan.
t/rop m T, = T ger. N

Jlas onpegesieHusi LIPOM3BOAMTENLHOCTH Kapbepa 1O  BCRPHIIIE
moctponM rpaduk V = f (P) mapacraomero ofnemMa IOPOJ B 3aBHCI-
MOCTH OT HAPACTAINEro ofbeMa PYABL L0 Mepe ymy6}<n/1 }éapx.,epa
(puc. 11.12) u ormerum wHa Hem zomm I, II u III (cm. pme. 11.8).

Bpemsa srcIuiyaTauup Kapbepa H0 UPOM3BOAUTENBHOCTH AeJUTCHA
Ha 6 mepmopoB: o

CTPOMTEJHCTBO Kaphepa W OCBOGHWE LPOUBBOXUTEINBHOCTL 10
rop. 330 u; | .

sremnyaranua B8 1 mepmope ¢ rop. +330 mo rop. T2‘808M)7 |

orenayatangs Bo 11 mepmoge ¢ rop. --280 go rop. --180






srcunyaranua B- 111 A mepmome ¢ ro
p. +180 mo ;
skcunyaranua B 111 B mepmope ¢ rop. 490 mo roli) :?20 %'_90 "
JII)0p360TKa ¢ rop. 40 mo rop. —60 M ' "
accmorpuM cHauana 11 mepmo ' i
o KOnGON Do puop. PagGora nne.T mo upamoir BK

oo _ 1103
O AT Y 3,73 M3 /M3,
IIpomaBomurensHoCT®s 1O pyme A, = 2%5 = 2,37 wman. w¥rog
. N ’ ) !
Ho ropHod macce Ay = 2,37 (1 + 3,73) = 11,2 man. m3/rom; mpo-
HAOJKUTENABHOCTD, mepmoma Ty = 21—:; = b nxer ,

B III A nepuope (upamasn KC) KO?QPUINeHT BCKPHIOE Rrypg =
= ny. Ilpomssommrensmocrs mo pyme  Apm 1—2—‘9‘ =
= 4,07 man. m%/rom; mo ropHoii Macce Arrrs = 4,07 (1 xz3g;3) =
= 19,25 MaH. M%/TOf; UPOROIIKUTETBHOCTD Tepuofa A s = 20 _

407

= 5 xer.

B III B me
_ip i 3none (upsamaa CE) wooPuumenT BCKPHIOE Ry =
= = = 1,81; |umpomssomurensnocts [mo .ropmoit Mmacce

mepnona Typ = ~ 2 ropa.

84
B1 \ o

o ;ﬁ)go,zgao MOMKHO pa6oTaTs ¢ KOPPUIMEHTOM BCKPHIIE My

, HO MMeeT CMHCI K Hagany 1 mepmoja BHATH Ha pacder-

HYIO HpO]?I3BOé1]Z[Te.TIbHOCTb mo roproit macce muaa Il mepuwopma. Torma
npn A = e = ’
P A = 50z 2,03 mam. M%/ropl KOSPPUIMEHT BCKpPHIMI

11.2
=gy — =40 M

910 Hmo3BO
orimoc L”;QT Pagmam no suamm VB (cm. pume. 11.12). Hpopmomxu-
T e SR —
=503 = 1,5 roma. Ilepmop crpomresscrTBa [Kapbepa

Ila]eg]c;éoeﬂnﬂ élpOHal}OJII/ITeJIbHOCTI/I T.= 4,5 roga (mmams A, MN)
I jopagorku 7', = 3 roma i 1 :
opd L ghegor X na. O0muit CpoK CymecTBOBANNA Kaph-

O6beM ropHO-KaUMTANBHHX paBoT IelecooGpasHO HPHHATH pPaB-

HEM V, = 04 = 11,3 3 9
0 13 MJIH. M°, HepBOHAYANLHEINA Ko3ddummenT

BCKDRION — 2 = o
' 164 : 0= z73 = 0,24 M\, cpepmmit xospdumment BOKpEIIH
Rep = =7 = 3,48 m®/m3.
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KoadduumenT HepaBHOMEPHOCTH BCKPHIIHEIX PaboT

n
J -
-t 115
Nep~—Tg

[Iposepuy TPABUILHOCTE ompefieieHNs TpaBmi Kapbepa upm

HOIYIeHHHX BSHAUCHUAX Ry M RII
BCKpHIIN 1, = 4 m?/m*. Torga

4,0=0,24 1 3,73 3,97, 1. e. ny= Nyt NIl

T |

b By s myrod
I

1

7

.ti.%

7z 4 A b wor 1% /A T, rodet

1
Pue. 11.13. Tpadux passu
MBHECKOIO Kapbepa Lo pyae Ap € o
MeHEH 1"

OM — cTDOUTCIBCTBO Kapbepd;
BOAMUTEIBHOCTI

THS IPOW3BOMATENHHOCTH Hoa-
pHOiT Macce A BO Bpe-

MN — ocsoeHHe MpPOEeKTHON Ipous~

¥ TpaHmIEOM KOdpuIHeHTe:

OcuoBEHe [OKagaTexn paGoTH Kapbepa OpuBejieHH HA PHC. 11.13
z B Tabn. 11.8.
Tacauma 11.8
TlepuofB paGoTH
HanncioBanie nokasaredcl
1 I IILA s
[IpoekTHas 1POHBBOJNTEILHOCIL 1O
pyne, MIH. T/TOf (arm. m3/rog) . . | 6 (2,03) | 7(2,37) {12 (4,07) |12 (4.07)
KoagduiliteaT BCRPHIMIL M3/M3 L L. 45 3,73 3,75 1,81
[Ipon3BORNTEIABHOCTE  TIO BCKPHILE, _
MITH. M3/TOT . o o« o o o o o o = 917 8,83 15,18 7,37
Ilpou3BoAnTEABHOCTE 11O ropuoil Mac- B
ce, MAH. M3/TOMl . . « « « o = + « 112 112 1925 11,44
Puex, ¢Ba3aEHML € TCOTOTATECRIMII )
magBEME RQ, % . - . - .- . - 16 13 16 1()
O6mmit puck npn Ra =02Raq, % 33 30 & 33
Yyeso sxcraparopos IRT-5 .. 13 13 15 Y
205






Onpepennm motpeGHOe gmedo srewasarTopor JKT-5 mpm ypoBHe
packa 20% (A, = 0,843; 0 = 0,1). B I mepmome N0, =
= 0,915 man. m3/rox. Torma

Ar (A>=N30,915(1” O’VO? .

Hpm worpeGmoit upomssopmressmocrn A4 = 11,2 man. m3/rox
ameio  sKckaBaropoB N, = 13. Bo II wmepmoge N,Q. =
= 1 mas. m/rox. Torma mpnm 4 = 11,2 mum. M¥/rom gueamo NV, = 12.
Hpuammaem NV, = 13. B IITA nepmope N.,Q. = 1,37 »um. M3/rog.
Torma mpm A = 19,25 muta. M3/rop wmesno N, = 15. B IIIB nepuope
npu A = 11,44 mum. »®/rop wmeno N, = 9.

Ecan samacsl me HOATBepAsTCs HA BeJNYMHY CpefHEKBAXPaTHI-
HOro OTKIOHeHWA &, == ¢ = 0,15 (maa wareropmm GC,), Torma mis
CoOXpaHeHHsi UPOM3BOAUTEALHOCTH 10 PyJe HEOOXOAMMO YBeJnanTh

CKOPOCTE YyriayOKm Kaphepa B 1_1

-~ = 1,18 pasa, a npomssopmTedn-
0

HOCTSH 110 BCKPHIIIe B cOOTBeTCTBUE C opmysioi (10.52) B I nepmoge —
=
Ha A4 = 9—%01—1152— = 1,98, 8o {11 mepmoge — ma 11,98, B IIIA me-
puoge — ua 3,4, 8 I1IB mepmome — ma 2,02 wrm. M3/rog. B arom
ciydae 9YuCI0 BCKPHIIHEX HKCKABATOPOB HEOOXOAMMO YBeIMUUTH
Ha 2. Beposrnocrs Taroro coGrrna 15,9% . Ecan amemo BekpRITEBLY
DKCKABATOPOB He YBeJINYMBATL, HEOOXOAMMO YBEJAWUHTH CPeNHIOI
11.2 -+ 198
13
= 1,01, Bo II mepmope mo 1,01, B ITTA nepuope o 1,51, B IIIB me-
puoge mo 1,5 mam. m3/ropm.
Oupepennm BO3MOSKHHE HOKa3aTeiinm PAGOTH Kapbepa IUPH yBeII-
degnn pucka o 50%. llo ¢opmyme (Y.3) onpememm JomycTmmslit
YPOBEHb PHCKA, CBA3AHHHIU € HEMOJTBCPACHHEM 3aIACOB (Ry =

MPOUBBOAMTENBHOCTE BKCKaBaToOpoB B 1 mepmome o

» ,

Rq—U5=0% (375

1—0,.2
Has aroro yposusa pmera mo ta6n. 9.5 maxogmm A’ = 0,32, Pemus
ypasHenme (9.13) orHocmrensHO §;, HOLYIHM
A’ -
8,=8, (1__3_). (11.5)

Torpga ¢ ywerom Tadm. 11.6 maitnem, wro
0,32
6,=-0.82 ( —22) =073,
Ho ¢opmyse (9.10) upomssopmrensrocts B 1 mepmone
A —T71 1~{—0.7.",_(. 75 ,
pI =4, '1—7)‘—1 =O.() MOH. T/'TOX.
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1+073 = , T/TOX Mjanm ¢ y4e-
Bo 11 nepuoje APH = 7,86 m 7,47 MJIH ] s

{ TexmmIeckoro mporpecca Ay = 1,09 7,47 = 8,14 »um. T/TOH.
B 11 A = 10 44073 95 ygm. T/rop mam ¢ yIeTOM
one 1l — ! 39 ’

e T 1,5+9,5 = 14,3 man. 1/T0f.

cca Aprin = )
eXHUIeCKOT0 Iporpece o a R
T Veenudenme ypPOBHH PHCKA B 1,6 pasa (c 30 3?{0;112{]‘5;(;/1)121}0.
BOJsET YBEXMIATD LPOR3BOANTENIHLHOCT Kaphepa TONB

4 Mar, TO
Ecam ydecTh CHOFKHHC YCIOBHA 3anera})fma, cypomﬁ ;{;1814 ,
BpAJ JH 1ejieco00pasno uATH HA PHCK 50% B gAaHHOM Clydae.
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EMEJILSHIOB B. M. Texmosorua 0yabjaos3epHoii paspadoTkn Bed-
somepaamx pocenineit. 19 a. 1 p. 15 w.

i3 Kmure m3NOKeHAa TeXHOJNOTHA GOyibgo3epHOH paspaloTair
BCTITOMCD3IIEX pocchiedt. IlpuBejeHbl O0I{He CBEJEHHA O POCCHIII-
HLIX MecToposijcHUsX. HKpatrho onucam Oyibrozepnbii Cciocod
paspadoTEy, ero 0co0eHHOCTH UPE PAa3palOTHe BETHOMEP3JLIX POC-
cermieii Cesepo-Boctora U myTtn mamxbHeWNero cOBepIIEHCTBOBAHHA.
OcpemeHbl BOMPOCH IIOATOTOBKE POCCHIIeH K OKCIIyaTamuu, Cro-
co0B TO/JTOTOBKH TODOJ K BHEMKe., PaccMOTPEHN TeXHOJOTHA
M MEXaHM3als BCKPHITHKX u ROOBMARX pabor. MaixoskeHE Bn-
TPOCH  TeXHOJOIMICCKOTO BOTOCHAGMKeNUs, TPAHCIOPTHPOBAHIIA
mopod. Ofpscmens TepMuHE Ipn Oy/IbxosepHoil paspaboTke poc-
ChIlIeLE.

{unra gpejnasnadeHa JUisi CHEIIIAJHMCTOB MPOU3BOJCTBA, IIPO-
SKTUMX Il HCCHAC/OBATCABCKIX OPTaHM3anuil, & TaK:Ke MOKeT ObTh
HOMC3TTR  UPCHOABATCIAM U CTy[eHTaM T[ODHHMX BY30B 1T TeXHU-
HLyMOB.

JIBIKOB . @. limBask ¥ ero BIMSHWE HA XApPaKTEp O0pyleHIl
mopon. 17 x. 1 p. 94 x.

B kaure mpusefeHH OTANIUTEIbHEE O0COGSHHOCTH TPELLHO-
BATOCTH W KINBa’)Ka, HA OCHOBAHUE OIPOMHOTO QAKTHIECKOTO MaTte-
prasa YCTAaHOBJICHA IMIOGANBHAS 3aROHOMEPHOCTh TMpPOCTPAIICT-
BeTMIOH O PHENTHPOBKY KINMBAKA B YrOMbHBIX MJIACTaX T BMCIIAOINX
MOPOJIaX BCCX TEONOIMEECKNX BO3PacToB. PaccMOTpeHA B3aWMO-
cnsish Xapakrepa oOpyCHHg MODPOX OT WOMOMKEHHA JUAUM 3a00:
OTHOCHTCJIBIO POCTHPANMA KIANBAKA U HATPABISHUA TIOABIITIN
346051, 1pUBCAEH TeXHUKO-9KOHOMHYECKNEe [MOKA3aTeNm pasiIit-
HLIX BADUAIITOB M OMpEJIeIeHs HyTH COBEPIICHCTBOBAHUS CHCTCM
paspadorrir,

JLatn Textmdeckiae peKOMEHAAUT M0 WCHOMb30BAHUIO TIIBN:L
HpH petreiil TaknXx 3ajgaq I‘OpHOI‘O Acia, Kayr gerasanmusa miaciron,
HoprHil ¢ BIIATITEMA BEOpOCAMI yINIs W Tasa, IPeAnTBpauieni:
TOPHLIX Vjlapon i JIPHTOKOB BOAM U Ap. I13JI0/KEHH ocioBLGLIC 1fa-
OpABJCHy M MCTOAMKA [AJBHEHIINX WCCHACHOBAHMIT  IKIHE
B HaTypPHHX YCIOBHIX.

Kuura gpejnasiadcna (A THKCHEDHO-TEXHUTECKIX PAGOTiHI -
KOB UPOCKTIHX M TaydHo-UCCHACAOBATENBCKIX HHCTHTYTOB M FO-
HoAoOMBUOUMX T PC/UIpHsTH.






