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BBEJIEHHE

[To meiicteyromemy B CCCP BOmHOMY 3aKOHOAATENBCTBY MpecHbie NMOA3EM-
HbI€ BOJBI BCJIEACTBHE JNyHIlied IO CPABHEHHI0 C TNOBEPXHOCTHHIMH BOIAMM
JAMMINEHHOCTH OT 3arpA3HeHMA W MEHbIUEeH MOIBEeP)KEHHOCTH PEecypCoB H HX
K4auecTBa CE30HHBIM M MHOTOJIETHMM KOJ1eDaHHAM NOIKHBI MCHOJIb30BATHCA
B [1EPBYIO OYepeb IS XO3AHCTBEHHO-MHTHEBOTO BOOCHADKEHH!A.

[Mo3ToMy HCNONB30BaHHE MOJ3EMHBIX BO[ NMUTHEBOIO Kauecrsa [VIA LEJew
OpOLIEHHA 3eMeTs MOXeT OBbITh [ONMYLIEHO OpPraHaMH IO HCMOJIB30BAHHIO M
OXpaHe BOJHBIX PECYpPCOB TOJIBKO IpH HAJIMYHM CEPbe3HOro 000CHOBAHHA.

B CCCP, cornacHo CJIOKMBUIEHCS NMpaKTHKe, paspellieHHe Ha MCHONIb30BAHUE
MpecHsIX MOO3eMHBIX BOJ MHTHEBOr0 KaueCTBa [VIA OPOIUEHHA HAeTCA JIHIID
B TeX C/y¥asX, KOrjla B JIaHHOM paiioHe OTCYTCTBYKT B HEOOXOOMMOM KOJIH-
YeCTBE pecypchl MOBEPXHOCTHBIX BOJ, @ MMEKIWMECH IKCIUIyaTalHOHHbIE pe-
Cypchl MOO3EMHBIX BOJ TMHTBEBOTO KayecTBA MNPEBLILAT NEePCNeKTHBHYO
noTpebHOCTs B BOJE XO35MCTBEHHO-MHTHEBOrO HasHaueHus. [locnennee obcToA-
TEJIBCTBO BEChMa 4YaCTO MMEET MECTO M B YCIOBHAX, KOr[a pecypchl MOBEpX-
HOCTHBIX BOJI BNOJIHE MOCTaTOUHbI WA obecrnedeHuss MOTPEeOHOCTEN OPOLIEHMA.
Tem He MeHee MCIONB30BaHME UIA STOH LETH YaCTH PeCcypcoB MOO3EMHBIX BOJ
MOJKeT 0Ka3aThCA MNpeanoururensHee. 310 OObACHAETCA HECKONBKHMM MPHYH-
namu, [Ipexcae Bcero Tem, YTO B pAsle paHOHOB MHTCHCMBHBIA OTOOP noaszem-
HbIX BOJ Ha OPOLICHHE MOXET CYLIECTBEHHO YJIYUIIHTh MENHOPaTHBHOE COCTOA-
HHE OpOIUAEMbIX M COCETHHX C HMMHM 3emens Omarofiaps CHMXKEHMIO YPOBHsA
[PYHTOBBIX BOJL M YMEHBILUGHHIO B CBA3M C 3THM HMX PacXO[OBaHHs HA HCmape-
HHe, JTO HE TOJBKO NpHBENET K MPEKPAIECHHI0 eCTeCTBEHHOTO 3aCOoJIeHMs
3eMeIb, XapaK TePHU3YIOIMXCA 3aTPyJHEHHBIMA YUIOBUAMH OTTOKZ I'PYHTOBBIX
BOMl, HO M TO3BOJIAT NpeyNpeauTs BTOPHYHOE HX 3aCOJIEHHe, CBA3aHHOE C
O pOLLIeHHEM.

[Ipn 21oM MenmmopatHBHbIH 3bdexT Oyner ocoGeHHO BBIpaXKEH, KOHEUHO,
NpH IKCIUIyaTaUMH IPYHTOBBIX BOJ, HO M NPH BOJOOTOOpe M3 HamopHBIX BO/,
MOMAMATHIBAIONIMX B ECTECTBCHHBIX YCIOBMAX TPYHTOBBIE, €CJIH 3TO IMPHBENO
K CMeHe 3HAaKa pasHOCTH HamopoOB, MEMHOpPaTHBHbIH 3(PDEKT OKasbiBaeTCH
JI0CTaTOYHO 3aMEeTHBIM.

BropbiM BaXXHbIM apryMeHTOM B [I0JIb3Y HCIOJIb30BAaHMA MOJA3EMHBIX BOM
Ha OpOIlIEHHE NpPH JOCTATOYHOCTH PEeCcYpcOB MOBEPXHOCTHBIX BOJ MOXKET Ciy-
)KUTh 3aMETHBIH BBIMIPBHI B [IOMAOH OPOLICHHMA, TaK KaK MPH 3TOM MOXET
omnacTe (WIH CYHUIECTBEHHO COKPpaTMTbCa) HafoOGHOCTH B CO3[MaHWM IOPH30H-
TAIBHOTO J[ApPeHaKa, OTHMMAIOILErO 3HAYHTEIbHbIe IUIOIIAMH LEHHBIX 3eMellb.

HakoHeu, HCMOJb30BaHHE MOM3EMHBIX BOJA Ha OpoilleHHe, 0coGeHHO ecnu
IT0 TPYHTOBBIE BOJBI, PACXOMYIOWMECH B €CTECTBEHHBIX YCIOBHAX Ha HEmpo-
NYKTHBHYI0 3BarnoTPaHCIHPALMI0, IPHBOJUT K YBEIHYEHHI0 OOuIero Koju-
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YeCcTBa pacmnoliaraéMbiX BOOHBIX PECYpPCOB — MOBEPXHOCTHBIX M MOA3ZEMHBIX —
32 CHYET COKpaumeHMA M [Jae [OJHOTO MNpeKpalleHHa HeNnpooyKTHBHOIO
HCIIapeHus. ,

HecomHérHO, 94T0 M NpH OrpaHHYEHHBIX Ppecypcax MNOBEPXHOCTHRIX BO[,
H npi KX H30BITOYHOM KOJHYECTBE IUIA CYXJISHHMA O BO3MOXHBIX MacluTabax
HCMONB30BAHNA MNMOO3EMHBIX BOJ IMTHEBOr0 KauecTBa /UIA LE&IEH OpoLIeHHA
3eMeNb Kakoro-imbo padoHa mpexae BCero HeoOXOOMMO OLEHHMTh IKCIUIyaTa-
IMOHHbBIE PECYpPChl NMOA3EMHEBIX BOJ B 3TOM palOHEe M CPaBHHTh MX C MEpCiex-
THBHOH MOTPebHOCTRIO B BOMIE 1A XO3AHCTB CHHO-MMTHEBBIX 1IEN1EH.

[lopg 3xcmiyaTauMOHHBIMH pecypcaMH NOM3E€MHBIX BOJ INOHMMAETCA TO HX
KOITHYECTRO (pacxon), KOTOopoe MoXeT ObiTh MONYYEHO PpAlMOHATLHBIMH B
TeXHHUKO-3KOHOMHYECKOM OTHOILUCHMH BO/103aDOpHBIMHM COOPYXEHHAMH IpH
3a[laHHOM peXXHMe IKCIUTYaTalMH W NpH COXPaHEHHM KOHOMIUMOHHOTO KayecT-
Ba BOJIbI B TEUCHME BCETO PacueTHOIO cpoKa BOJONOTpebiieHus.

Ilo npunaton B CCCP npakTHKe K OIEHKE BEIHYMHBI IKCIUIYaTalMOHHBIX
pecypcoB cymiecrByer aBa mnoagxopga. CornacHo mepBoMy MOAXONRY 3KCIUTyarta-
IMOHHbBIE PECYPCHI OLUEHMBAWTCA NMPHMEHHTEIBHO K KOHKPETHOMY BOONOTpE-
Oureniio. B 310M cniyuae 3ajiaya CBOJIMTCA K ONpENeIeHHI0 BEIHUMHBI NOHMKE-
HHA YPOBHA, BbIZBAHHOTO BOIOOTGOPOM, PaBHBIM 3afBIIEHHOH MOTPebHOCTH,
M CPaBHEHHI0 3TOr0 MOHWXXEHMA C [pelesibHO [ONYCTHMOH BeTHUHHOM.
Ecnu pacuetHOe NMOHMDKEHHE MeHbIle NOIyCTHMOTrO, pecypchl cuMraiorcs obec-
NeueHHEIMH M IPHHHMANTCA PaBHEIMHM 3aABIEHHOM NOTPEeOHOCTH,

CornacHo nonxofy, Oonee oTBevailieMy [OHATHI ~ IKCIUIYaTalHOHHBIE

pecypchl”, OUEHMBACTCA Ta NPOH3IBOAMTENBHOCTH BOM03abopa, pH KOTOpOH
BbI3BaHHOE ero paboroit NMOHIKEHHWe YpPOBHSA Ha KOHEl] pacyeTHOro cpoka crTa-
HeT PaBHBIM JIOMyCTHMOMY.

Taxum oOpazom, 3apag9a OUEHKHM IJKCIUIYATaUMOHHBIX PECYPCOB TOH3EM-
HbIX BOJ CBOJMICA B OCHOBHOM K 3ajiaye YCTaHOBJIEHMA NPOCTPaHCTIBEHHO-
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BPEMEHHBIX 3aBHCHMOCTEH MOHIKEHHS YPOBHA I3KCIUIYAaTHPYEMOTO TOpPH30H-

Ta OT NPOH3BOIMTENIBHOCTH M pexuma paboTel Boao3abopa. [Ipu 3TOM OCHOB-
HbIM GaKTOpOM, JUMHTHPYIOIMM BETHUHHY 3KCIUIyaTalHOHHOTO BOA0OTOOpa
NpU NPOUMX paBHBIX YCIOBUAX, ABJIACTCA, KaK OTMEYEHO RBILIE, BElIMUMHA
OOIMYCTHMOTO NOHWKEHHA.

[MocnenHee ONpeaenAeTCA KOHKPETHBIMH T'HIAPOTEOJIOTHYeCKHMH YCIOBMA-
MH H TEeXHMKO-JKOHOMWYECKHMH CcoODpaxeHHAMH. Tax, npu BosIblIoON MoOLI-
HOCTH BOJIOHOCHOTO TOPHM30HTa WiIH DOnBiIOH riyOHHE ero 3aneraHyds OONyCTH-

MO€ MOHWKEHHE YPOBHA, €CNIM 310, KOHEUHO, IKOHOMHWYECKH ONpaB[aHO, HE

JOIDKHO TIPEBBINIATE MaKCHMAIIBHYIO BBICOTY MNOTbeéMa WMEHLIETOCA HAaCOCHO-
ro o0OpydOBaHHA NMpPH COXPaHEHMH TaKOro cI10/1Da BO/BI B CKBaMMHe, NpH KO-
ropom obecniewnBasiace Opl HOpMalibHads paboTa Hacoca ¢ TpeDyemMOH MPOH3BO-
JAHTEIBHOCTBIO.

[TpMMEHHMTENBPHO K UEIAM HMCNOJIb30BAHNA TOJA3EMHbBIX BOJ IJI OPOIUCHUA

0c000¢e 3HaYeHHe B NNPHBELIEHHOM BhIllle ONpelelIeHHH MOHATHA = IKCIUTyaTalHOH-
HBle pecypcel”’ npHoOperaer TtpeDOBaHME COXpaHEHMA 3allaHHOTO peXHMa
axcruiyataumi. [lpu opowienuu pexum 0TDOpa HOM3EMHBIX BOJ ONpENENAETCH
TeM, ABJAITICA JId OHH OCHOBHbBIM WIN [IOTNONHUTENBHBIM K [TOBCPXHOCTHBIM
BOJIaM HCTOUYHHKOM O POIIEHHUA.

B nmepBoM ciydae, T.e. KOrja NojseMHbie BOJBI MpeacraBiigioT coboH Oc-
HOBHOH HMCTOYHMK OPOCHTEIIEHOM BOJBI, P&XUM MX 0TOOpa XapaKTepH3yeICH
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BBIPOKEHHOH CE30HHOH IMKJIMYHOCTBIO, ONpeAeNIAeMON YCIOBHAMH BereTaluyy
OpOIIAEMbIX KYNBTYp, HEOOXOMMMOCTHI0 RIIArO3apfAKOBhIX H MPOMBIBHBIX
NnNoJIHBOB .

B oiyuae ke, KOrja Moj3eMHble BO[bI HCIIONB3YIOTCA KaK [OMOJIHHTENb-
HbIl K pecypcaMm MOBEPXHOCTHBIX BOJ MCTOYHHK OPOMICHHA, PEXMM HX 0TDOPpa
Oyper nperepneBarth ciydvaiiHeie KoneDaHHsA, CBA3aHHBIE CO CTOXACTHYECKHMM
XApaKTepOM KOJIeDaHHH CTOKa ¥ BOJAONOTPeDIIeHHA Ha OPOLLIEHHE,

YuuThiBag, YT0 KaK B MEPBOM, TaK ¥ BO BTOPOM CJly4ae OJIHOBPEMEHHO C
0160pOM NOJ3EMHBIX BOJ, HAa OPOLIEHHE OHM, KAK IMPABHIIO, IKCIUTYaTHPYOTCA
H JUIR XO3AHCTBEHHO-IMTBEBBIX HYXKI, KOT[a pexuM 0TOOpa NMpaKTHYECKH He
M3MEHACTCA BO BPEeMEHH, NPH OlEHKE IKCIUTYaTalHOHHBIX PECYypCOB [O/3€EM-
HBIX BOJA B 3THX YCIOBHAX [JOJKHO MpefyCMaTpHBaTbCA KOMIUIEKCHPOBaHHE
pPeXHMOB BoZlooTDOpa.

MetouKa OHEHKHM 3KCIUTYaTalMOHHBIX peCypCOB MOJ3EMHBIX BOMI Ul Ta-
KMX yClnoBMil paspaboTaHa eumie HeIOCTaTOYHO, H O/THOH , M3 BaXKHBIX 3a/1ay,
CTOALIMX [epell FHApOreoJIOrHYeCKOH HAYKOH B Hacrosuiee Bpems, ABJIACTCA
pa3paboTKa TeOpeTHYeCKMX OCHOB M NMpaKTHYECKHX METO[OB TaKOHW OLEHKH.

Opna W3 3afad HacToAwieH paboThl — paccCMOTPEHHME OCHOB THAPOTEONIOrH-
HECKHMX PpAacueTOB [JIA OUEHKH JKCIUTYaTauMOHHBIX pECYpPCOB Noa3€MHBIX BOJL
B pa3sHBIX TPHPOIHLIX YCIOBHAX C YYeTOM pAalIHYHBIX pexMMOB MX orbopa.

Bropo#t BakHO# 3ajayed, BO3HMKAIOLUEH MPH PpeIIeHHH BOMPOCOB HCHOJIb-
JOBAHMA MOI3EMHBIX BOA [JIA OpPOILUEHHA, ABJIACTCA ONEHKA TeX HM3IMEHEHMH,
KOTOpbie TMPOM30HAYT C pecypcaMH NOBEPXHOCTHBIX BOJ NpH orbope ruipas-
NMYECKH CBA3AHHBIX C HMMM NOJA3eéMHbIX BoM. [lpH mwiaHMpoBaHHM pa3BHUTHA
BOJIHOTO XO3AWCTBAa, B TOM YHC/Ie NMPH MPpOEKTHPOBAHMH OPOCHTENIBHBIX CHC-
TeM, 0DA3aTe/IbHO MPEeABapHTEIbHO COCTABIAKTCA IEPCHEeKTHBHbIE BOJOXO-
IAHCTBeHHbIe Ganaschl, B KOTOPBIX CONOCTaBIAKTICA IEPCHEKTHBHbIE NMOTPED-
HOCTH B BOJE VIA BCEX OTpaciied HapoJHOTO XO3AHCTBA ¢ CYyMMAapHbLIMHM BOJ-
HBIMM pecypcaMM paccMaTpuBaemoll TeppHTOpHH (paioHa, peuHoro DaccerHa
u 1J.). loonennwe cnaraloTCs W3 PecypcoB MOBEPXHOCTHOIO CTOKa 3aflaH-
HOH oOecnedeHHOCTH (C y4eTOM MEpONPHATHH MO €ro peryJMpoBaHHI, €CIH
OHM WIH OCYLUECTBJICHBI, WIM HPOCKTUPYIOTCA), H IKCIUIYaTAUMOHHBIX pe-
CYpCOB noazeMHbIX BoA (OLEHEHHBIX C yueTOM pexuma BonooTbopa, onpene-
JIAEMOTO BHAOM BOJONOTPeOMTENA) 3a BBIYETOM TOTrO COKPALUEHHS TOBEpPX-
HOCTHOTO CTOKa, KOTOpPOEe MPOH3ORACT B pe3ysibTaTe 3IKCIUIYaTaUMOHHOIO OT-
fopa noa3zemMHBIX BOJL.

[Ips onpeneneHur BeTHUMHBI 3TOrM0 COKPAILUCHHA [I0/DKHA, KOHEYHO, YUMThI-
THIBATBCA, MOMHMO NPHPOJHBIX YCIOBHH H pexHma 0TDOpa MoA3eMHbIX BOJ,
CTeNEHb CYUIECTBYHIOUICH WIM NPOEKTHPYeMOH 3aperyMpOBaHHOCTH MOBEpX-
HOCTHOTO CTOKA.

JIeHCTBHTENbHO, €CJTH HAa peKax HeT W He NpPOeKTHpyeTcA COo3[laHHe BOJO-
XPaHMITHIL HMOKE MO TEeYeHHI0 OT BO03abopoB MOM3eMHBIX BOMA, BIIHAHHE
IKCIVIYATAUHH TNOCTEOHHX HAa MOBEPXHOCTHBIM CTOK BbIPasHTCA B BHMIE onpefle-
JIEHHOI' 0 M3MEHEHUA ero pacxoIoB B JT0OOH 3aJaHHbI MOMEHT BpEMEHH. ITH H3-
MCHEeHHS, YYHTbIBaA, 4YTO OHH MOrYT HMeTh PA3THYHBIM 3HAK, B HACTOALICH
paboTe mpe/iaraeTCA Ha3biBaTh 'peflyKuMed” TMOBEPXHOCTHOrO CTOKA.
Ecnu e pexH 3apery/iMpoBaHbl WM NPOSKTHPYETCH MX 3aperyiMpoBaHKHe HHXe
0 TeYeHHI0 BOIO3abOpPOB MOM3EMHBIX BOMI,NPH COCTABJIEHHWH MepPCleKTHBHBIX
BOJOXO3AHCTB eHHbIX OanancoB, BepHee, NMPH olieHKe OBUMX BOOHBIX pecypcoB
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TePPUTOPHH, BIHAHKE 0TOOpa MOO3EMHBIX BOM HA MOBEPXHOCTHBIH CTOK Bhipa-
3UTCA B M3MEHEHHH 00beMa CTOKA B BONOXPAHWIMILE B PE3ynbTaTe pelyKiuH
33 TOT OTPE30K BPEMEHH, Hd KOTOPbIH PACCUYMTBIBACTCA PEryiHpoBaHHE BOIO-
XPaHW/IHLIEM (Ce30HHOE, rofloBOe, MHOrojerHee). IT0O H3IMeHeHHe oDnema B
HacTofiLleH paboTe MpeIaraeTcs Ha3bIBaTh ~MHTEr paJIbHOH pellyKiMei' nosepx-
HOCTHOTO CTOKaA.

MeToaMxa onpeeneH|sa STHX BEIUYMH, BeCbMa Ba)XKHBIX MpH OlEHKE 06nmx
BOJIHBIX PECypcOB, [0 HAacTOALIETO BpeéMeHM pazpaboTaHa eule HeJOCTATOUHO,
[loatomy B Hacrosuwen pabore ypenaercs DONbLIOE BHHMaHHE PACCMOTPEHHIO
TEOPETHYECKHX OCHOB M MNPAaKTHMYECKHX METOHOB pacuera peiyKUHH W HHTE-
TPaNbHOM PeAyKIMH MOBEPXHOCTHOIO CTOKA, :

[1pu paszpaboTke Teo peTHUECKHX OCHOB M NMPaKTHYECKHX METOMIOB KaK OlICH-
KH 3KCIU1yaTallMOHHBIX PECYpPCOB MOM3EMHBIX BOj, TAK M ONpEOeIcHHA Bell-
YHHB] PeAYKIHMH NOBEPXHOCTHOTO CTOKA IPH HX O0TOOpE HCMONTB30BAHBI METO/IbI
TEOPUM JIHHEWHBIX CHCTEM, MO3BOJIMBIIHE paspaboTaTh €OHHBIR MOAXOH K M3Y-
YEHHIO reo(MHITBTPAlMOHHBIX MPOIECCOB MPH pa3HBIX pexMax orbopa noazem-
HBIX BOJ M JUIfi PAVIMYHBIX NPHPOAHBIX yCnoBHH. OH OCHOBaH Ha TOM, YTO
YHUBEPCANBHOH XapaKTEepHCTHKOH peakiMH reoQMIbTPalHOHHOM CHCTEMBI Ha
BO3MYI1lIEHHE, BBI3BaHHOE BOAOOTGOpPOM, CAYXHT mNepedaroudas GyHKIMA
CHCTEMBI, CBA3BIBAKWIUAA M300paxenua no Jlammacy BO3MylIeHMs W peakImH,

[Tpr paszpaboTKe METOJHKM OLUEHKM OJKCIUIYaTALMOHHBIX PeCcypcoB IO/-
3eMHBIX BOJ PpaCcCMATPHBaeTCs reo(HIbTPAIMOHHAA CHCTemMa BoOJ03a00p—
BOJOHOCHBIM TUIaCT, peakIMeH KOTopoH Ha BO3MYyUIEHHE BomoorBopom saAB-
NAETCA NMOHMKECHHE YPOBHS MOHA3EMHBIX BOJ B IKCIUTYaTHPYEMOM TIOPH3OHTE.

AH2IOTMYHO NpY PELICHWM 3a/1a4 METOIMKH OLEHKH.BIHAHHA oTBopa noj-
3EMHBIX BOJI Ha MOBEPXHOCTHbIM CTOK paccMaTpuBaercsa IeodMIbTPanUOH-
Hafg CHCTeMa BoM03ab0p—BOIOHOCHBIN TUTACT—NOBEPXHOCTHBIH BOJOTOK, B KO-
TOpPOH peakiHeHd Ha BO3MYILUEHHE, BbI3BAHHOE BOICOTOOPOM, ABNIACTCA  PEdyK-
LIHA MOBEPXHOCTHOTO CTOKA, |

Kak yxe oTmedanoce Bbillle, YHWBEPCAJIbHOM XapaKTEPUCTHKON peaxluMi
reoQUIbTPAIMOHHBIX CHCTEM BOJ1032060p—-BOJIOHOCHBIA TIMacT M Boje3abop—
BO/IOHOCHBIH IUT2CT—NOBEPXHOCTHBIM BOMOTOK CIyXaT MePelaTOuHBIC (YHK-
MK, PaccMaTpHBalOTCA METOOHKA MOJYYEHHS M KOHKPETHbIE BBIpRXKEHUs UIA
NepeJaTouHbIX (PYHKIMH, CBA3bIBaloumx wu3obpaxenna no Jlammacy noxHmxe-
Hih WIH PEyKIMH C H300paXKeHHAMM BO3MYILEHHA (BETWUMHBI Bopootbopa)
AJisi pasiuyHBIX [IPHPOOHBIX YCIOBHA H Pa3sHbiX THNOB BoN03abopos.

Kaxpas w3 3THX nepelarounsix (yHKIMH SBNsieTCA, B CYIHOCTH, OCHO-
BOW [UIA pa3paboTky a/ITOPUTMOB U YHCIEHHBIX pacueroB uHa IBM Bri3Ban-
HBIX BOMOOTDOPOM NOHWKEHMH YPOBHA M PeOyKIMH MOBEPXHOCTHOTO CTOKA
Ha n1000# 3a/1aHHbIA CPOK.

[lpy 2TOM Wis 3HAYMTENBHOW YaCTH pacUeTHBIX CXeM H THIOB BOA03360-
pPOB TpEeACTaBMIIOCh BO3MOJXKHBIM NEPEUTH OT H300paeHMsi K OpHIMHAlIam
M TIOJTyMHTbh [OCTATOYHO MPOCTbIC aHAIMTHYECKHE 3aBMCHMOCTH JUIS OmNpenene-
HHA COOTBETCTBYIOLUMX peaKIMH reoMIbTPaUMOHHBIX CHCTEM Ha BBI3BaHHOE
IKCIUTYaTalMOHHBIM BOOOTOOpOM Bo3myuienue. Bce Bxomsume B mosyueH-
HbIe 3aBHCHMOCTH (QYHKIHM TabynupoBaHbl, U B paboTe NMpHBEEHBI COOTBET-
CTBYIOUIME TabNMU1IbI U rpadpuKH




I’'naBsa 1

OBUWME BOINPOCH METOIHWKH
OLIEHKH PECYPCOB MNOI3EMHBIX BOJ
U UX YUYETA B BONOXO3AWCTBEHHBIX BAJIAHCAX

[MaporeoNOrHYecKHe pacyershl MO OlEHKEe 3SKCIUTyaTallMOHHBIX PpeCypcoB
MOM3eMHBIX BOJ M BIMAHMA MX oTOOpa HAa MOBEPXHOCTHBIR CTOK CBOJIATCA
K YCTAaHOBJIHHI0 NpPOCTPAHCTBEHHO-BPEMEHHBIX 3aBHCHMOCTEH MEXIy BelmH-
UHHOM JKCIUTyaTalMOHHOro BOM0o0TOOpa H peakuHAMH COOTBETCTBYIOLIMX
reoGUIBTPALMOHHBIX CHCTEM — MOHH)KEHHA YPOBHA 3KCIUIYaTHPYEeMOro ropH-
30HTA M W3MEHEHHWA Pacxoja MOBEpXHOCTHbIX BOJOHCTOYHHWKOB, TH/paBIIH-
YeCKH CBA3AHHBIX C 3THM 'O pH3OHTOM.

Benwumbl NOHMKEHHA YPOBHS M M3MEHEHHA MOBEPXHOCTHOIO CTOKa mepe-
MCHHLEI BO BPEMCHH H ONpeAeIAlICH MHOTOYHCIIEHHbIMH (PaKTOpaMH — INpH-
POHBIMH M XO3AHCTBeHHBIMH. K HUM OTHOCATCA GaKTOpbI IIHTAHHA H Pasrpys-
KM [0JI3eMHBIX BOJI, YCIOBHA HX 3aieranua M QWIbTPalHOHHbIE MapaMeTpbl
BOMIOBMELIAIONMX MMOpOJl, FpaHHuUHBIE YCIOBHA M KoHHrypauus ofbimacrei
GuUIBTPAIMK, a TAKXKE pasMemieHHe U pexum paborthl Bomo3abopos. B HacTos-
ieH rj1aBe PacCMAarpHBalOTICA POib 3THX PaxkTopoB B (GOpMHPOBAHMH IKCIUTYA-
TAIMOHHBIX PECYPCOB MO3ZEMHBIX BOJ M MOCTaHOBKE 3a/1ay reo(HJIbTpalHoH-
HBIX PACYETOB, BLIBOJIbI OCHOBHBIX YPaBHEHWH H COOTHOLUCHHH, ()OPMYIIHPOB-
Ka OCHOBHBIX TOHATHI (TaKMX, Kak nepefatouHsle (QyHKIUMH reodunsrpa-
UHOHHBIX CHCTEM H [p.), MIrpauMX ONpedeiaAlulylo pojib BO BCeM HOCIenyio-
mem wanoxenwu. PaccmarpHBaerca TakKe METO/IMKA MOCTPOEHMA [epefaTou-
HbIX hyHKIMH B o OLemM BHJE.

1.1. MOCTAHOBKA 3A/IAYM TEOOHIIBTPALIHOHHBIX PACHETOB.
MPHPOAHBIE H XO3AHCTBEHHBIE ®AKTOPBI
GOPMUPOBAHHA 3KCIUIYATAUHOHHBIX PECYPCOB NMOA3EMHBIX BO

[Ipy NOCTaHOBKE rHAPOJAHHAMHYECKHX 3a/lay, CBA3aHHBIX C reoWIbTpalHoH-
HbIMH pacueTamu, MPHHIMIMATBHOE 3HAYEHHE HMEIOT IIPHPO/IHBIE H XO35HCTBCH-
Hbie YCnoBMa (GOpPMHpPOBaHMA NOTOKOB M OacceiiHoB monsemubix BoAd. K mpu-
poHbiM  daKkTOpaM OTHOCATCA THIPOreoNorHYecKHe YCIOBHA  3alleraHMs
NOJ3EMHBIX BOJI, PaCnpOCTpaHeHHe, COCTaB H (PHIbTPaUMOHHbIE CBOHCTBA BOJIO-
BMEIAIUMX NOPO/l, a Takke (PaKTopbl ECTECTBEHHOIO MHTAHWA W pasrpys3KH.
[lo XapakTepy pacnpoCTpaHeHHs NoCIefHue nonpasaensiorca [59] wa mio-
wagHpie (pacnpepdeneHHble) H JloKalbHble. JloKaibHOEe MMTaHME MNOMA3CMHBIX
BOJi MPOMCXOMMT nyTeM (WIbTpalMK K3 MMOBEPXHOCTHBIX BOJOTOKOB H BOMIOE-
MOB, & TAK)X€ NepeTeKaHMeM M3 COCeHHX [UIACTOB 10 30HAM TEKTOHHYCCKHX
HApYIICHHI WIH uepes dammanbhbie “rHAPOreoJIOrMYECKHE OKHa''. Jlokamb-
Hasi pasrpy3Ka MOM3eMHBIX BOJ OCYIUECTBJIACTCA IJIaBHBIM OOpasoMm B pycna
BOJOTOKOB, B BoJoeMsl, 60JI0Ta W COJIOHYAKH B BHJIE MCTOYHHKOB. Eciu 310
HATIOPHBIE NOJI3EMHBIC BO/bI, K NMEPEYHCIICHHBIM BH/IAM JIOKAITBHOH pasrpysku
no6aniIAETCA nepereKaHHe B CoCeJHME CJIOH M0 30HaM TeKTOHWYECKMX Hapylue-
HHH WIM Yepe3 "'THAPOreosIOrHyecKHe OKHa' ',



PacrnipepieneHHOe NMTAaHHME MOA3EMHBIX BOJ[ B €CTECTBEHHBLIX YCIIOBHAX pealu-
3yercs B BH/I¢ MH(HNBTPalMH arMOCHEpPHBIX OCaAKOB (ecsiM 3T0 IPYHTOBbIE
BO/IbI) M B BUJIe MEpeTeKaHWs W3 COCEMHUX IoeB, PacnpeenenHas pasrpyska
MOO3EMHBIX BOI MOXET NMPOHCXOIHMTh B BHIE NMEpeTeKaHWA B COCeHHE CIIOH,
a B Cl1y4ae PYHTOBBIX BOJl — M 33 CYeT JBanoTpaHCIHpaIiH.

B Banance noA3eMHBIX BOM, CIIOXKWBIUEMCH MOM BIIMAHHEM nepeqﬂcnermmx
($aKTOpOB ECTECTBEHHBIX IMIAHMA M PasTpPy3KH, CYILECTBEHHbIE H3MEHEHMsA
BHOCATCA [pH XO3AMCTBEHHOM BMEIUATENbCTBE, JIKCIIYATAMA MOMO3EMHBIX
BOJ, CO3[aHHe CHCTEM HMX HMCKYCCTBEHHOIO MOMNOJIHEHHN, OPOLUEHHE 3€MeNb,
HCKYCCTBEHHbBIH [IPEHAX — TOPHAOHTA/IbHBIH M BepTHKATBHBIA, BOAOOTIIHE M3
[IaXT W KaphepoB NMpH pa3paborke MECTOPOXKIEHMH MOJIE3HBIX HCKOMAaeMBIX —
BCE I3TH XO3AHCTBEHHbIE MEPOMPUATHA HE TONBKO BHOCAT BEChbMd 3aMETHEIE
W3MEHEHHA B XapaKTep M MacluTabGpl NepeuMcCIeHHbIX Bbillle (aKTOPOB €CTECT-
BEHHBIX NHMTAHHUA H Pasrpy3KH, HO M NPHBOIAT K BO3HHKHOBEHWIO HOBBIX BH-
[IOB MHTaHMsi W PA3rpy3KH IMOA3eMHBIX BOO (JIOKAIBHBIX WIH [VIOIIAJHBEIX B
3aBUCHMOCTH OT paclojiOXeHHs BOA03a00pPHBIX COOPYXKEHHH, MPPHUTaLHOHHO-
[PCHAXKHOH CeTH, OpOLIaeMBIX IUIOINAJIeH, CHCTeMBI BOJONMOHWKEH!S WIH HCKYC-
CTBEHHOTO  mNOHMXeHus). IIpu 3TOM MOryT M3MeHMTHCA KaK NPHXOIHBIE H
pacXOJiHble XapKTepHCTHKH OayaHca, TAK M pa3mepsl COOTBETCTBYHOLMX obnac-

Teii, npuueM 00TaCcTH MATAHHA MOTYT [IEPeXOMTh B 00acTH pa3srpysKH, H Haobo-
por. Tak, npu otOope MOI3eMHBIX BOJ HMEBIIMH MECTO B ~ €CTECTBEHHbIX YCIIO0-
BMAX® TION3eMHBIH CTOK B IOBEPXHOCTHYIO THAPOrpadpHUYEecKym CEeTh MOMXKET,

M3IMEHHMTBCA Ha (QUIBTPAIMIO NMOBEPXHOCTHBIX BOA B BOJOHOCHBIE I'OPHIOHTHI;

geciu oT0Op MOA3EMHBIX BOJ BeeTCA B LENAX OPOIUNEHWUsS, HHOHIBTPAUMA MO~

JIMBHBIX BOJ Ha MOJAX MOYET NPEBBICHTh ECTECTBCHHYI0 BENHYHHY HCHape-
HWA, YTO BBIPA3UTCA B BO3ZHHKHOBEHMM HOBOro GaxkrTopa WIOWAJHOTO NHUTa-
HHA MOJA3E€MHBIX BOH; pacnojioXeHHble nmoOnu3ocTM 0T BOAp3abopoB pomHK-
KH, KaK NpaBuI0, HCCAKAT K T.11.

HecMoTpa Ha Takyw OTHOCHMTENIBHOCTE ONpeleineHHMs (PaKTOpPOB NHTaHHA H
pasrpy3KH 1o OTHOLICHHI0 K YC/IOBHAM HapylIEHHOTO pPeXXuma MOJI3eMHbIX BO,
B ECTECTBEHHOM COCTOAHMM OOBIMHO MOTYT OBITE HETKO BBIAE&TEHBI COOTBET-
CTBYIOIME XapaKTepHbie ofinacty, a Taxxe obnactu tpansuta. Hanbonee pensed-
HO 3TH ofnacTH BRIITIAMAT B YCIIOBUAX NOTOKOB NOA3EMHBIX BOJ, XapaKIepH-

3yA MX NMTaHHE, NEepeMeIleHHe M pasrpy3Ky B yBsi3Ke C 0OIMMA rHApPOTreoso- |

TMYECKHMH H THIPOJNIOTHYECKMMM YCHOBHAMH paitoHa, HaubGornee mouiHbie u
BOM0ODOWIbHEIE BOJOHOCHBIE TOPM30HTHI MPECHBIX M CIa0OMMHEPATH3OBAHHBIX
NoA3eMHBIX BOA 00bHO B OONBIIEH WM MEHbIIEH CTENeHM CBA3aHBl MMEHHO
C YCIMOBHAMM [OTOKOB MOJA3€MHBIX BOM, 1.€. IPHYpPOYEHbI K 30HE aKTHBHOIO
BOJ0OOMEHa B OTIHUME OT FOPU3OHTOB 30H 3aTPYIHEHHOIO M BechbMa 3aTpy/l-
HEHHOTO BOJIOOOMEHA, XapaK TEPH3YIOLUMXCA 3aCTOMHOCTRI0 peXHMa,

Ina [OCTaHOBKHM TreodUNbTPAIMOHHBIX pacyeTOB IMpaKTHUYECKH BO BCex
CriyuasiX NpUXoJurcA npuberates K CXeMaTU3alW¥ MPHPCOHBIX YOIOBMH, UTO
OOyCIOBJICHO NPHHUMIHAIBHOH HEBO3MOXXHOCTbI0 HONMYYEHHA MCUYepIbIBal0-
mied uHGopmaimH 06 ycnoBHaAX QOPMUPOBAaHUA M [OBMKEHHS IOTOKOB IO[-
3eMHbIX BOH. OCHOBHBIM HCXOOHBIM MOJIOXKEHHEM IPH JIOO0OH CXeMaTH3aLMK
ABJIACTCA TMPEANOChUIKa O BO3MOXKHOCTH MpeAcTaBlieHHs KOMIUIEKCA BO/IO-
HOCHBIX FOPU30HTOB B BMe €OHHON (U3IMUECKOH OoOIacTH OABMIKEHHA [I0O[3EM-
HBIX BOJ, — oBnact GpwisTpalpu, K KOTOPO# MPUMEHHUMBI METO/bI MOJ3EMHON
rufpouHaMUKH, [IpH 3ToM 33aKOHOMEPHOCTH M3IMEHEHUA HanopoOB H CKOpOC-
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Tel MOTOKOB CYMTANTCA NOMYMHEHHBIMH YPAaBHCHMAMM OMHAMHKH NOA3€MHBIX
BO/1 M BIIOJTHE ONPEeATICA 3a[laHHeM HaYallbHbIX M I'PAHMYHBIX YCIOBUH.

OpsaHM M3 nepBhIX BONMPOCOB, peliaeMBIX IMPH CXEMATH3AINM, CIYXKHT BOH-
poc 0 pasMepHOCTH 3afiawv. B HambBosnee obuiem cnyuae MOTOK MOJI3EMHBIX
BOJI MMEET MPOCTPaHCTBEHHYI0 (GopMy,. ONHAKO OCHOBHBIM CTPYKTYDHBIM TH-
NOM NMOTOKOB MOJA3EeMHBIX BOJ CIYXHT ABYMEpDHBIH IDTaHOBRIH noTok. Hepen-
KO 0Ka3bIBaeICA BO3MOXKHBIM emle Dojiee YNPOCTHTh PacueTHyI0 CXeMy, a HMeH-
HO [MPHMHATH PpacyYeTHHIA MOTOK OJHOMEDHBIM — IUIOCKOMAPaUIEIbHBIM HIH
pagHalbHO-CHMMETPHYHBIM. YTO Kacaercs TpEeXMeEpHbIX MOTOKOB, BCTpeuaro-
IMXCA [OCTAaTOYHO PpeaKo, TO HX aHaIH3 . ABJIAETCA BeChbMa CHOXHBIM H
3/1eCh HE pacCMAaTpUBACTCA.

CnepyromM nocie ycTaHOBJICHMS PpacyeTHOW pPa3MEpPHOCTH I3TalloM SBJISA-
eTCA 3a/laHHe pacYeTHOW 00nacTH QUIBTPALMH, T.6. YCTAHOBNIEHUE I'PaHMIL IUTOC-
KOW ofnacTH, BHYTPH KOTOPOH MCCIEeayeTcs ABHXKEHHEe MOTOKAa MOMA3EeMHbIX
BoA. HojapobHocTh 3a0aHMsa rpadul, ofmacTd 3aBMCHT oT MaciuTaba nmpoBomH-
MBbIX MCCIIE[IOBAaHHHA; NpPaKTHKa 000CHOBaHHMs THIAPOTEOJIOTHYECKHX MEPOIIPHS-
TMH [0Ka3ana, YTo MiA LETeH NMpaKkTHYeCKHMX pacueroB HOOCTATOYHOH ABJIACT-
CH TaKad CTEMEHb [ETAIM3alMH B ONpEdeCHHM FEOMETPHYECKHX XapaKTepuc-
TMK obOnacred, ¢ KOTOpOH nepedawtcsa Hawboee BaXHble ee¢ 0CODEHHOCTH,
HANPUMEP CBASHOCTH, HETATH (OpPMbI, CPaBHHMbBIE MO paszMepaM C IHaMETPOM
obnactH, 1 1.1, HecMoTps Ha OTMEYEHHYIO CPaBHHTENbBHO MY YyBCTBH-
TENBHOCTD PEe3yNIbTaTOB PAacyeTOB MO OTHOMICHHIO K M3MEHEHHAM (opmsel pac-
yerHoW ofiiacTH, HeoOXOOMMO OTMETHTh, YTO B PpAfe CIYYaeB, HANpUMEpP B
YUIOBHAX Ppe3KoH (UIBTPAIMOHHOR HeOoIHOPOOHOCTH o6nacTH, yBENIHYEHME
JACTANM3IANMH B 32JaHMH TEOMETPHM MOXEeT NPHUBECTH K 3aMEeTHOMY YTOuUHe-
HHMIO pPacyeToOB; [M03TOMY B NOCIENHEE Bpemsa HApAly ¢ aHATHTHUECKHMH Me-
T0/laMH ILIHPOKOE PAacipOCTpPaHEHHE NONYUMIIH BCEBO3MOMXKHBIE METOJIbI MOjIe-
nuposanua (uame Bcero Ha ABM n 31IBM), nossonsioume npoBoauts moio6-
Hbie CpaBHEHMSA.

OnroBpeMeHHO ¢ ompefenenyeM (GOPMBI pacueTHON OBITACTH Ha3HAYAWTCAH
IpaHMYHBIE YCIOBHA Ha ee KOHTypaX M pacnpefeneHue reoduisTpalMOHHBIX
lapaMeTpoB. ['paHnuHBIE YCIIOBHA XapakKTepu3yioT (aKTophl JIOKAIBHOIO MH-
TAHWA M Pasrpy3KH M BCTPEUAIOTCH TPeX OCHOBHBIX POJIOB:

1) rpaunusoe ycnoBHe 10 poja, YCNOBHE COBEPUIEHHOTO NMTaHMA, WIH
YCIOBHE NOCTOAHHOTO Hanopa (YpoBHA) |

2) rpaHHYHoe ycnoBHe 2-ro poja, Mpeanojaraimiee ycioBHe NOCTOSHCTRA
pacxojia Ha rpaHMlie WIH B YaCTHOM ClIyuYae — paBeHCTBO Pacxoda HyJl NpH
HEeIPOHHLIAEMOH I'paHK1IE,

3) rpaHuyHoe yCNOBHME 3-ro pojia, WM YCIOBHE HECOBEPIIEHHOrO IMHTAHHUA.

®axkTopel pacnpele/IeHHbIX NMMTAHWA W Pasrpy3KH NOJA3€MHBIX BOJ MOJYYa-
0T OTpaXeHWe B BeNHYHHAX M MPOCTPAHCTBEHHOM PpacipefelieHHH CYMMapHBIX
BEJIHYHH HWX MOQOYNeH — HHPWIBTPAUMOHHOTO TMTaHHA €, W pacupelelleHHOH
pa3rpy3kH €,. B COOTBETCTBHH CO CKa3aHHBIM BbIIlIE 3TH BETHYMHBI MOTYT ObITh
MpeacTaBlieHbl B BHAE

€n=esterter, (1.1)
€ ~€pt T, (1.2)

rae €, — MOOyNlh MHOWIBTPAUMH aTMOChEpPHBIX OCAaKOB, €7 - MOJY/Ib HH-
(UNIBTPalMK OPOCHTENIBHBIX BOJ K 3KCIUIyaTUPYeMOMY TOPH30HTY; €7 — MO-
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Aynb NCPETEKaHHA; €g — MOMYNb IBANMOTPAHCIHPALUMH IPYHTOBHIX Bom; T —
Moaynab 0TBopa moasemHbIX Bod. Koweudo, cootwomrenus (1.1) u (1.2) sammu-
CaHbl B camom oOuem Buje. [Insa HanoOpPHBIX BOJ, HaNpHMEpP B COOTHOIICHHH
(1.4}, peur Moxer uuTi Jmumk o neperexanmu. Jns THAPOreoOTHIECKUX pac-
UCTOB NEPBOOUEPEHOE 3HAYCHHE HMECT M3YYCHHE M3MEHEHHs peXxiima [IBHKe-
HHA MOMA3EMHBIX BOJ 10 CPaBHEHMIO C ’eCTECTBEHHBIM~ PEKUMOM, CYIIECTBO-
BABIIMM [I0 HAY&l1a 3KCIUIyaTallWM, MO3TOMY BETHYMHA MOMYNA HH(pHIBTPAIMH
aTMOC(EPHBIX OCAIKOB, CPABHHUTENBHO HE3HAUMTENIBHO H3MEHSIOIASNCH pH
IKCIVIYaTalli, MOXET GbITh MCKITIOUCHA M3 paccMoTpennsa. Moayns nHHIBTpa-
IHH OPOCHTCIIBHBIX BOJl 3aBHCHT OT BEJIMUMHBI OpPOCHTENIBHOM HOPMBI, MOLU-
HOCTH M CBOHCTB 30HBI a’pamyu, Bo MHOrux crnyuasx npu oT6ope 1moi3eMHbIX
BOJ Ha OPOMICHHE 3aBUCHMOCTE MOJYJIsi €7 MOSKET 3a/1aBaThCA B ONPENETEHHOM
OTHOLUCHHM OT BEJIMYMHbI 0 TOHpaemMoro Bogp3abopaMu pacxofa BOIbI:

e;=ks O/A, (1.3)

TAe Ky — KO3G(HUIMEHT BO3Bpara, T.€. AONA BObI, 0TOHpaemMoi Bodo3abopom,
KOTOpas . BO3BPAlACICA K CBODOJHOH NOBEPXHOCTH TPYHTOBBIX BOJ; O —
BE/IMUMHA pacxolia "BO/looT6Opa, MAylIero Ha opomienue; A — mIowags opo-
UIaemMoro yuacrka. s HageXHOTo ONpeleleHMs BeTHUMHBI Kk, HEoGXOmMMO
NPOBEACHHE BOAOOATAHCOBBIX HCCIEHOBAHMH; OUEHKY 3TOro KodbduimenTta
MOJKHO NONYYHTh TAKXKeE C OMOLBIO O PMyIIhI

kn_ =Ko Me n*r.n,kf: (1-4)
rae Ko — KO3QHUMEHT HCIIOJIB30BAHMA NOA3EMHBIX BOJL, T O POIICHHUs (uacTh
OTOOpaHHBIX NOM3EMHBIX BOJ MOXeET MHCIONB30BaThCA WIA [PYFHX Hesnen) ;
Ne — KOo3hpHIMEHT NMONE3HOro NeHCTBHSA OpPOCHTENIBHOH CHCTEMBI, Trp —

KOIDMUIMEHT [OJIE3HOTO JIeHCTBHA TEXHHKH OPOMIEHWs, MOKA3BIBAIOIMIL,

Kakag 4acTb o6beMa BOMBI, MOJAHHOW Ha [ONA, MOMajaeT B 30HY a3paili;

kr — Kospduiment MHOWIBTPAUMH, YKa3BIBAWIMI, KaKas 4acTh BOJbI, IO-
MaBIIEH B 30HY ajpauyH, AOCTMraeT TPYHTOBBIX Boi. Ilocnemmmit koabdu-
HHMECHT 3aBHCHT OT MOLIHOCTH M THAPODM3IUYECKHX CBOMCTB 30HBI aspanym.
OuennBaemas BenuuHa xo3ddmimenta k, cocranger obbruso 0,1-02 1 pen-
KO MpeBbIIlIaeT 3TH 3HATCHMUA .

Monynb nepereKaHHs €; B npeHeGpeXeHHH YIPYTMM PEXHMOM B pasjie-
TMAMMAX CIOAX MOXET BBITh NpefcTaBiieH B Buae [59]

EL=bLﬂ'H= (1*5)

N

roe &7 — KOIPQHUMEHT IIEPETeKAHUS, MMEIONM pPasMepPHOCTh, o6paTHYIO

pasmepHOCTH BpemenH [53, 54]; AH — pasHOCTb HANOPOB B JKCIUTyaTHpYe-
MOM H CMEXHOM C HHM ropusoHtax. Cnemyet oTMeTHTh, YTO HECMOTPS Ha TO,
4TO BEIMYHHA MOMYIIA €7, OTHECEHa K (aKTOpaMm NMHTaHUs B ypaBHenun (1.1),
BAanM OT BONO3aDOPOB MOA3EMHBIX BOJ OH MOXET MrpaTh posib (aKIoOpoB
Pa3rpy3KH, UTO OTPasUTCH B OTPHIIATEILHOM 3HAKE B e/IHYMHBI €7

Benwmna MOAyNA €x ONpPENENACTCA CIOXKHBIMHA [POIECCaMH BJIAroNepeHo-
Ca B 30HE ajpalMH, a TaK¥e (PUIHONOTHYECKHMH OCOOEHHOCTAMHM TpaHCIHpa-
UMM pacTeHMd. Jlnsi OmMMCaHWA OCHOBHBIX YepPT ITHX MpPONECCOB NMPHMEHAITCH
3MIHpHYeCKHe (OpMyTibl, CBA3BIBAKLIME BEIHUMHY € C rnyOuHOR 3amera-
HUf TpPyHTOBBIX Boj. Haubonee pacmpocrpanenHoi dopmynoit atoro popa
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ciyuT 3aBucumocts C .0, ABeppaHoBa [26]

Eﬂ(l “ﬂfr&.ﬁp)ﬁ fipH ﬁéﬁ}:p:

Gl 1.6
# 0 npn A>A,,, u8

rae Eg — McnapaeMocTs; A — riny6GuHa 3a1€raHnus IpyYHTOBBIX BOJ; Ayp — KpH-
THUYeCKas TnyOHHa 3aneraHHs TPYHTOBBIX BOJ, MO JOCTHXKEHHM KOTOPOM pac-
X0 I'PYHTOBBIX BOJ, B 30HY a’palMM NPaKTHYECKH NPEKpallaercs; K — IMIIK-
pHUECKHMH NoKazarens, BenwuMHa k MaMeHserca B npefenax or 1 mo 3; B ycno-
BHAX COBMECTHOTO 3((peKTa HCNapeHHs W TpaHCIHMpalUMM OHa OIM3Ka K eJIMHH-
ue. MsBectHe! ¥ npyrue 3asucumMoctd Tuna (1.6) (C.U. Xapuenxo [55] u ap.),
OJTHAKO MX MCIIONIb30BAHME CBA3AHO C PAMIOM pPaCYEeTHBIX HEyHoOCTB.

Kak noxaseBar dopmynsl (1.5) u (1.6), BenHuMHBI MOnyfei 3Barno-
TPaHCTMPAlMK ¥ TepeTeKaHWsi HAXOHOATCA B NPSMON 3aBUCHMOCTH OT YpPOBHS
(Haropa) MOA3EMHBIX BOJA B KAXKAOW TOUKe UIBTpauMOHHOTo mons. [lpu
0TOOpe MOMA3eMHBIX BOJ B 30HE [enpeccHu OyjieT MpOMCXOOMTH CHM)KEHHE pac-
X0/Jla TPYHTOBBIX BOJ Ha MCNapeHHe M TpaHCIMpauMio (eciu, KOHEUHO, HX
YPOBEHb B ECTECTBEHHBIX YCIOBHAX CTOMT BBILIE KPHTHUYECKOW rniyOMHBI), a
TAKIKe CTaHeT NMPUBNIEKAThCA [OTMONHHUTENBHOE NMHTaHHE 3a CYET MEXaHW3Ma fepe-
TCKaHHA M3 COCeJHMX IUTACTOB, NMPHYEM CYMMapHasg BEIIHUMHA NPHBIIEKAEMOTO
IMTaHHA OKa3bIBaeTcA Te€M OONBILEH, YeM 3HAYMTENIbHEE MOHMKEeHHe, JTo Jaer
OCHOBAHME [UIA BbIILNICHHUS 3BANOTPAHCNMPALMH H IepeTeKaHHA B 0coObyio
KaTeropuio (akTopoB OanaHca NMOA3EMHBIX BOJ, B HAPYLUCHHBIX IKCIUTYaTa-
IMeH YCIIOBHAX, 2 HMEHHO B KaTeropHIo TaK HA3bIBAEMOTO ''KOMIIEHCAIOHHO-
ro MMTaHus”. 310 Ha3BAHME NOMYEPKHBAET TOT aKT, UTO MEPETEKAHHUE W YMEHb-
IUEHHE 3BANOTPAHCIMPAUMHM TOPMO3AT POCT NMOHMXKEHMA, KOMIGHCHPYA [0 He-
KOTOPOH CTeleHH NENpeccHio, Co3/1aBaeMy10 BofooT6opom, B otnmume ot aByX
BbIIIEHHBIX (PaKTOpPOB WHWIBTPAUMA OPOCHTENBHBIX BOJ Ha TOJIAX HE TOJb-
KO He BO3pacTaeT ¢ yBeJIHYEHHEM NMOHIKEHHA, @ MOXeT [aXe HECKONBKO yMEHb-
UmMThcs, T.e. Oymer obnafate KOMMNEHCALMOHHBIM [EHCTBUEM B 3HAUMTENBHO
MeHblIEH mepe. [I03ToMy BKIIIOYEHHE €r0 B KaTErOpHi0 KOMIEHCALMOHHOTO
MMTaHHA, KaK IIPaBHIIO, HEOTIPAB/IaHHO,

Mopyns Bopgoor6Gopa T 3aBHCHT OT pasMelleHHs W pexuma paboTsl BOJO-
3aDOPHBIX COODPYIKEHWH, T.€. OT KOOPAMHAT ¥ BpemenH. [lo npusHaky npocTpal-
CTBEHHOTO pAacHONIOXKeHHA OCHOBHbIMH BHIAaMH BO/03a00poB SABIAITCA OJIH-
HOYHbIE, JIHHEHHbIE W Wwiomwaaxsie [6]. B cnyuae wiomanroro Bojao3abopa Mo-
ayns T (M, t) npeacraBiser coboi GyHKIMIO KOOpAWHAT Touku M B oBnactu
BofooTbopa (A); B Ciyyae MMHEHHOro Boao3abopa pacmpeneneuus moayns T
COCpefoToueHO Ha NIHHMK 0TOopa (Z) M MoKeT OBITh MpeICTaB/IeHO B BH/IE

TM, 1)=qM, 1)6 (p(M)), (1.7)

rae g (M, t) — nunelHas WIOTHOCTS OTOOpa Ha munuu (Z); 8(z) — nenbra-
bynxmms Jlupaka [11]; ¢ (M) =0 —HesBHOe ypaBHenue nunmu (Z). Opunoy-
HbIH BOJ033a00p XapakTepHayeTca Mofynem T, npeacTaBisommm coGoit mpoua-
Be/leHHE OenbTa-DyHKIHHA:

TM, t)=Q(1) 8 (x —x0)d (¥ - yo), (1.8)

rae Q(f) — 3aBUcALMA OT Bpemenu Hebut otbopa; (Xg, Vo) — KOOPOHHATHI
TouKH My, B KOTOPO#H pacnosnoxen Boao3abop.
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Cpeny NHHEAHBIX BOM03a6OpOB uenecoobpasHO BBIAENHTD NPAMOJIMHEHHbIE
Mo KOHGHrypalMH, a CPeaH IUIOIIAJHBIX — Tpanelen/IaibHble, H B YaCTHOCTH
npAMOYyroJibHbIe M Tpeyrosbabie. Ocoboe 3HaueHWe yKasaHHBIX THIMIOB BOJO-
3a60poB 0OyCnOBNHBaeTCA T€M, YTO Ha OCHOBaHHM MPHHIINA CYyNepro3xIMH
H oOUMX Teopem MHTErpaibHOr0 HMCHHMCIEHMs JIMHEHWHbIC H MWIOIMA/AHbIe BOMO-
3a60pbl IPOU3BOJIBHBIX KOH(HUI'YpalUHH M paboTajollMe C MPOH3BOJIBHBIMU pe-
MMaMH MOryT ObITh C 3aJaHHOW TOYHOCTBIO NMpPEACTaB/IeHbl B Buae KoMOHHa-
MY HEKOTOPOTrQ UHC/IAa CHHXPOHHBIX NPAMOIHHEHHBIX NHOO TpaneneHmanbHbIX
Y4aCTKOB,

CHHXpPOHHBIMH Ha3bIBAIOTCH BONO3abOPbI, OTHOCHTEIbHBIH 1eOHT BIEX YacTeH
KOTOPBIX H3MEHAETCA BO BPEMEHH 10 O[ITHOMY H TOMY e 3aKOHY, T.e.

T(M, 1) =To () fo (M), (1.9)

rme To(t) — enwHBIA [UiA Bcero Bomo3abopa monyns, fo (M) — ero npocrpan-
CTBEHHaA TUIOTHOCTh, BBOJA B PACCMOTPEHME CYMMAPHbIH [eOHT

Q(r)ﬁf}T(M t)dA, (1.10)
ypasHenue (1.9) MOXHO NpHBECTH K BHIY

T(M, 1) = Q1) f(M), (1.11)
rme

M) = fo (M)/A, (1.12)

A — momwans obnactu (A); byuxuma f(M) moxer GbiTh Ha3BaHa MPOCTPaH-
CTBEHHOH IVIOTHOCTBI0 AeOHTa CHHXPOHHOTO BO/103aD0opa. AH&IOIHYHO IUIOT-
HOCTh [eOHTa CHHXPOHHOTO JIHHEHHOro BOJ03ab0opa onpenenAeTrcas Bbipa-
KEeHHEM

TM, 1)=q(1)5(pM)), (1.13)

rae neGHT Ha egMHMIY UTHHBI Bopo3aGopa (moronHei me6ut) g(f) 3aBMCHT
TOJIBKO OT BPEMEHH; HaKOHeH, B Clyuae miomajHoro soao3abopa, paBHOMEp-
HO pacrpeie/ieHHOTO B npefienax obnact (4),

TM, )=T(), ME(A). (1.14)

Pexxrimbl 0TOOpa MO/A3eMHBIX BOA MOTYT OBITh MOJipazfieiieHbl Ha TPH THMA.
PexciM mepBoro THma XapaKTepH3yeTcsi NOCTOAHHBIM MWIH IUTABHO M3IMEHHMI0-
IMMCA BO BpeMEHH [AeOHTOM, peXHM BTOPOTO THMA — MEPHONMYECKHMH 33KO-
HOMEPHBIMH KOJeDaHuAMH NeDuTa, peXkHM Tperbero THIa — JebMTOM, CI1yuai-
HbIM OBpazoM BapepHpylolMM BO BpemeHH. [IepBeiil M3 pexHMOB XapakTepeH
A YUI0BHH 0T6Opa MOM3eMHBIX BOMN WA NeNeH XO3AHCTBEHHO-IIHThEBOro
BOOOCHAOXeHMs, NEePHOOMYECKHH pEXWM — [PH HPPHrallHOHHOM HCIHOJIb30-
BaHWM TIO[3€MHBIX BO, €CIIH OHM [pEACTaBNAKT coBOH OCHOBHOH HCTOUHMK
BoooBeECeUeHHA, CTOXACTHYECKHE PEXHM HMMEeT MECTO B YCIIOBHAX COBMECT-
HOTO MCTIOJIb30BaHHA MOBEPXHOCTHBIX M NOJ3EMHBIX BOM, KOrfa MNo[A3eMHBIE
BOJBI BRICTYNAaWT B KauecTBE HONOJIHHTIBHOIO HCTOYHMKA OPOCHTEIbHOMN
BOJIBI,

B 38BMCHMOCTH OT K@XJIOT0 M3 MEepewnCIieHHBIX THIOB BOHXOOTOOpa pelaer-
CA M 3a[a4a OUEHKH 3KCIUTyaTalMOHHBIX pecypcoB noa3zemMHbiXx Boa. HauBonee
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YHMUBEPCAIBHBIM CPEICTBOM M3YUEHHA Ie0(PHIbTPAaUMOHHBIX MMpPOIECCOB B yC-
IOBHAX BCEBO3MOXHBIX PEXHMOB BOJOOTOOpa cnyxaT nepeatouHbie (yHK-
MK reoHIBTPAIMOHHBIX cHCTeM. [IpuMeHeHMe I3T0ro ammapara ONpPaBAHO
TeM, 4TO0 B GOJIBIMHCTBE CliyyaeB re0MIbTPALMOHHBIC CHCTEMBl OMMIKHM K
NHHCHHBLIM, UIf KOTOPBIX MPHHIMII CyNEpro3dIMM CNpaBeUIMB BO BCEX €ro
BApHaHTaX.

Mamenetive Hanopa nomsemusix Bon H (M, t) nom BnMsHMeM COBMECTHOTO
ACHCTBHA (PAKTOPOB NMMTaHWA M Pasrpy3KH OIMChIBaCTCA AnddepeHImanbHbIM
ypasHenueM GuiIbTpaMu Buna [58]

oH
M -‘; =div(TgradH) +e; +e; —€x — 7T, (1.15)

rpe p — xosdpduumenr sopoorgau; I — xoaddHUMEHT BOAONPOBOIMMOCTH
(00 apnsorca GpyHKuMamu TouxkH M); t — Bpema. Jlo wauana axcruyaraimm
B ofnacT WIBTPAIMH CyWIECTBOBAN PEXMM, KOTODBIH . YCIOBHO HA30BEM
CCTECTBEHHBIM, IMOIYHHEHHBIN YPAaBHEHHIO

oH
u é}f = div(T grad H,) + € + €f) — €@, (1.16)

tne He(M, t) — Hanop nMoON3emMHbIX BOZ B “eCTECTBEHHBIX YCHOBHaX” 0 Ha-

wwia otbopa; ES?}, E}“}, E}f’} — MOJIy/TH COCTaBJIAIOUBIX NMATAHHA ¥ Pa3rpy3KH
B ecrectBeHHoM’” pexmme. BBoas B paccMoTpenMe DYHKIMI0 MOHMIKEHHS
5= H,~H w sormras nowienno ypasuenue (1.15) u3 ypaeuenus (1.16), no-
NYYHM

d8
M “E;' = div (7 grad §) — Ae —A€e,—Dep+T, (1.17)
medeg = eff)—ex, Aey = ¢ —€'®), Ae; = ¢,—€(*) — uamenenusn mony-

el IBANOTPAHCITMPALMM, TIEPETeKAHHA W MHOHUIbTPALIMH,
['y6uHa 3anerauusi rpyHTOBBIX BOL A CBA33HA C BENHUMHOH NOHIDKEHHS
S ypaBHeHHeM

A=A, +35 (1.18)

e A, — miyGMHa 3@IeraHMsi IPYHTOBBIX BOH B “ecTECTBEHHOM™ pexume;
B CHly HenuHeHHOH 3aBHcHMOCTH (1.6) mexnmy A€, u S ypapuenue (1.17)
HellMHeRHoe (kBaswnHHeiHoe) [11]. AnanwtHueckoe pewenme I10ro ypaBHe-
HHA TIpH OOWMX NpPEANOChUTKAX HEM3BECTHO, W 1A ero peleHHa cieayer iubo
IPHMEHATL YUC/IeHHBIE MeTONpl, nUBO nuHeapu3oears ypaBHeHue. Paccmor-
pHM OJMH W3 BAPHAHTOB JIMHEApH3aUMH, JUiA 31010 noactasum (1.18) B (1.6)
W Ofpenenum BEIMUHHY A€.; MNpOU3BOOA 3N1eMEHTapHbie NpeoGpasoBaHus,
HMeeM

1 — (A, +5)/A K
Ae, = e Iy -[ G ) ““'] ]; (1.19)
LIS I = Ae/Axp
BBO/A BEJIMHMHHY KPHTHYECKOTO MOHUXKEHHA 110 dopmyne
Sl{p - ﬂup"ac: {1'2[}}
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nocne Mpeobpa3OBaHHH MOJTYUYHM

Ae, =€) . k (S/S¢p), (1.21)
rae
R NS T 1
e = V1, 2>1. (1.22)

JIuneapusaumio 3apucumocts (1.21) reneps MOXHO GbUIO Gbl OCYLLECTBHTD,
HCNOJIB3YSA NMPHOTHIKEHHOE paBEHCTBO

ke(@) = ko(zo) + k(o) Z-20), (1.23)

KaK 370 [enanoch B HEKOTOpbIX paGorax [26, 47). Cpasy ke HeoBxomumo
OTMETHTH, OJIHAKO, YTO OGNacTh MPUMEHMMOCTH JTOTO BAPHAHTA JIMHEAPH3ALHH
CIeAYyeT CUMTaTh BECbMa Yy3KOHM, TAK KaK IIpH 3TOM HTHOpHpYyerTcs TO obcros-
TEJIbCTBO, YTO 3BANOTPAHCIMPALMA NpEKpallaercs Mo JOCTHXEHHH KPUTHYECKOH
DIyOHHbl 3aieraHus. IIpH ONyckaHWM YpOBHS HMXE KDPHTHUECKOH [1yGHHBI
dopmyna nuueapuszaumu (1.23) pgaer oTpuuaTenbHple 3IHAYCHMA Ae., 1.6
pasrpy3ka Kax Obl CMeHAETCH MUTAHHEM, YTO INPOTHBOPEUHT (DHIHYECKOMY
CMBICITY paccMaTpHBaemMOoro ssieHus. [lis Bomnee NpaBWIBHOTO yuyera 3TOrO
‘OBCTOATENBCTBA B 3aBHCHMOCTH K (2) npemiaraercss KOppeKTHpOBaTh JHAYCHHE
EEF}, BhIOHpas €ro B pacyere MeHbIIMM, uem B medcTBuTeNbHOCTH. Heobxomu-
Masl pacueTHad BeJIMUMHA e_,(:..” NpH 3TOM MOXET BbIOMpaThCAA Ha OCHOBe Danau-
COBBIX coOOpaxeHuit. OCHOBHBIE NPEANOCEUIKH 3TOr0 MeTOJa M KOHKPETHbIE
pacyeTHbiC 3aBMCHMOCTM [UIsi HEKOTOPBIX INPAKTHYECKH BaxHBIX C/1yyaeB
MpHBENCHDI B |.3 HacTOALIEH [T1aBBI. |

B pesynbrate nureapu3auMH 3aBHCHMOCTH A€.(S) nonyuaercs mpubimikeH-
HOE paBeHCTBO Bu/la

Ae. = b5, (1.24)

rae b, no aHaioruu ¢ KoIbPULMEHTOM b, B popmyne (15) moxer Gbith.
HazBaHa KO3pdHUMEHTOM 3BanoTpaHcmHpauuu, B cootserctBuM ¢ dopmysoit
(1.5) n3meHenue MOOyns MNepeTeKaHUs Ae, pasio Ae, = b,(S-S.), rne
S — mMOHMXeHHE B CMeXHOM Tacre. Eciii MHOroc/ioiHoe CTpoeHHe miacTa
He YYHTBbIBaCTCA, NpuHUMaerca S, =0 u

Ae, = b,S. (1.25)
[TopctaBum Buipaxcenua (1.24) u (1.25) B (1.17), nonyuum

05 |

u 't'_;; = div(TgradS)—58 + T - ﬂE!, (1.26)

roe KoapHumMeHT
b=b, +b, (1.27) 3

MOJKeT ObiTh Ha3BaH CyMMAapHbIM KOIPPHUMEHTOM KOMIIEHCAUMOHHOTO MHTA-
HHA IKCIUTYaTHPYeMOTO TUIacTA.

Kak ykaspBanoce Bblue, MHGUIBTPAUMIO OPOCHTENBHBIX BOJ, Ha NOMAX
UEeTIeCoOOpa3sHO He BKJIOYATE B KOMIMEHCAUMOHHOE MMTaHWe, BJIMAHME ITOrO
$aKTOpa NHTAHMA NO3EMHBIX BOJ] YUHTHIBAETCA C NOMOLIBIO BBE/ICHHA B PACYET |

|
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ofiacTell IUTOIATHOIO HarHeTaHWsA, PaclioNIOKEHHBIX HA YYacTKax, COOTBETCT-
BYIOUMX OpOINaeMbIM MACCHBaM, MpHYeM MOMY/b HArHeTaHWA ONpENeIACTCA
dopmyno#n (1.3). IloatoMy, yuuThIBas TIPHHLMII CYNEpPNO3MLMH, IS pELICHUA
ypasHenust (1.26) cnedyeT mait cHavana ero peuienue npu A€, = 0, 3arem
npu T = 0 1 nony4yeHHbIE NOJIA NOHWKEHHH HAIOKHTL. Y UHTBIBAA aHATOTHIHOCTD
JICHCTBHA B TOM H B OpYroM CJyuasax, MOXKHO D3 OrpaHMuYeHHA OGIIHOCTH MpH-
wath A€, = 0. OxOHUATEIBHO TOJVIeXKalIee aHAH3Y YpaBHEHWE MPHMET BHA

0S8
,u; =div(Tgrad §) - bS + T. (1.28)

Ypaesenue (1.28) — nuHeiHOe ypaBHeHHe B YACTHbIX MPOU3BOJHBIX Mapabo-
JIMUECKOrO THMA, TIPH OUEBH/IHBIX HY/IEBBIX Haua/bHBIX W OJHOPOHBIX FPaHHY-
HBIX YCIOBMAX €ro pelleHue Buipaxaercs uyeped ¢ynxkimo puna [11], xoro-
py1o, KaK fpe[cTaBiserca, uﬁnecﬂuﬁpasﬂu MCKaTh B of1acTi M300paxeHHi 1o
Jlannacy 1o BpeMeHHO#H NepemenHoi. UMeHHO, nonaras, uto

SM.p)=[ e P S(M, 1)dt (1.29)

0

H300paxeHue HCKOMON dYHKUMH, 2

Y M. p) = [ e-P'T(M, 1) dt (1.30)
/ .

~ wsoGpaxenHe MOy BOMOOTOOP3, MONYUMM YpaBHEHHE JUTHITHYECKOIO
rMna

up8 = div(TgradS) —pS+ 1. (1.31)

Heim G (M; E; n;p) — peluenne ypasrenns (1.31) npu 3ananuu Momysis oT6opa
WACTHOTO BMAa, a MMEHHO OTDOpa, COCpeNOTOYEHHOrO B TOYKE C KOODIOHHA-

tami (£,7m) (910 COOTBETICTBYET CKBaXKMHE MAaloro paauyca, pacriojioKeH-
HOW B YKa3aHHOM TOuYKe)

YMp)= TMp)s x-£)6(p-n), (1.32)

petiienwe ypaererus (1.31) B ciyuae momyns o16opa obuiero BHIa CTPOMTCA
¢ NOMOLIBI0 HHTErparna CBepTKH

SMp) = Te' [7 GM:En;:p) V(& mp)dEdn, (1.33)
(A)

rne T, — xapakTepHoe 3HaueHWe KOdduumeHTa BOOONPOBOAMMOCTH, (A4) —
obnacrs BopooTboOpa.
B yacTHOM crllyyae, KOT[a BOJOOTOOpP OCYUIECTBIIACTCA CHHXPOHHO,

YM.p) = 0()f(x ) (1.34)
W pagencTBo (1.33) moxeT ObiTh NEPENMCAHO B BH/IE

S$M,p) = (Q(p)T,) UsM,p), (1.35)
rne

UsM,p) = [ G M; & n;p)f(En)dEdn. (1.36)

A)
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J
A
Oyuxunsa Ug(M, p) B COOTBETCTBHM ¢ TEPMHHOJIOTHEH TeO PUH JIHHEHHBIX CHCTEM
[8] masmBaerca nepeparouHoM QyHKUMEH NOHMKEHHs, TOYHEE, OHA NpENCTaB-
nAeT cobol mepegarouHyw GYHKUMIO JIMHeHHOH cACTEMBI, B KOTOPOH BXO[-
HBIM BO3MYLIEHHEM ABJIACTCA NeOHT CHIHXpOHHOTO BONO3a60pa Q(f), BHIXOMHOH
peakiHei — nouwkerue S (M, r) B Touxe M pribTPALHOHHOTO MOJIA.
Boipaxcenne (1.35), cBaswBammee wiaobpaxeHHe no Jlariacy NOHHXKEHHA
C H300paxeHHeM BeIHYHHBI CHHXPOHHOrO BOZOOTDOPpAa, MO3BONAET MNOIYUHTH
38BHCUMOCTD MEXCIY MNOHMKeHHeM YPOBHA 3KCIUIYATHPYEMOIO TFOpPM30HTa H
BBISbIBABIIMM I3TO MOHWXKEHHEe IKCIUIYATAUHMOHHBIM BoooTGopom. Jlna storo
HeOBXOIMMO BBINONHKTE OOpaTHOe npeoGpaszonanue Jlamwraca o1 M306paxkeHnH
K OpUrHHanam.
OKkoHuaTeNibHas# 3aBMCHMOCT: B OOlleM BH[e 3aNMCHIBAETCA [YIA HaNOPHBIX
YCIIOBMH KaK

Q (1)

*
H U1 Oe3HanopHbBIX YCIOBHH — KakK

S(M, 1) = R (M, 1) (1.37)

.

sor0=H - u2 29 rotn, (1.38)

¥
rae R(M, 1) — ruapaBnuuecKoe CONpOTHBJIEHHE IUIA TOUKH C KOOpPAHHATaMH
M, npencrasnsuowee coboit oGparnoe npeobpasosanme Jlamiaca or nepefa-
T04HON DYHKUMU TOHWKEHHA, ks u H, — cooTBercTBeHHO KOIPHIMEHT
GHNBTPALMH H MOLIHOCTH BE3HANOPHOIO BOJOHOCHOTO FOPH30HTA.

Kak ynomMmHaIOCH Bbllile, NOMHMO 3a[auy MO OIEHKE IKCIU1yaTallMOHHBIX
pecypcoB 1O3eMHBIX BO[, APYrof BaKHEHIUCH 3a/laueH, BOSHHKAKUIEH B CBAM
€ HCTIONB30BAHMEM TOI3EMHBIX BOJl, ABJIAETCA 3a/auya MO OleHKE HM3MEHEeHWH
MOBEPXHOCTHOTO CTOKa NpH 0T6Ope MOa3eMHBIX BOM. JT4 3a0aYa yauie BCEro
BO3HMKaeT MPH COCTaBJICHHH BOJOXO3AHCTBEHHbIX BanaHcoB, KOTA3 HeODXOIH-
MO OLEHMTH ODIuMe BO/HbIE peCypChl TEPPHTODHH — MOBEPXHOCTHRIE H TIO3EM-
upie, [Ip¥ IKCIUTyaTaUMOHHOM OTOOpPE NMOM3IEMHBIX BOM NpETepNeBaKT H3MEHE-
HHA BeMYMHA, 3 MHOTHA ¥ 3HAK pacxo/ia Mo/I3¢MHOI0 CTOKA B Ha3eMHYI0 PeYHY0
ceth, @ TAKKE XAPaKTEPUCTHKH POIHHKOBOrO M [ipeHa)Horo crtoka. Pacxon
MON3EMHOTO NPHTOKA—OTTOKA Yepe3 rpaHMily TMHTaHUS OIpe[esigercd, Kak
XOpONIO M3BECTHO, WHTEIPATOM OT NpOH3BeleHHs KOdpHUUMEHTA BOAONPOBO-
[MMOCTH Ha 3HayeHMe I'pajMeHTa NOoTOKa, B3ATOro BOONG rpaHuusl. [lostomy u
M3IMCHEHHE PAcXOfa TNOBEPXHOCTHOTO CToKa, OOyCHOBIEHHOE IKCIUTYaTaieH
NOI3eMHBIX BOJ, ONpeesiAeTCA HHTEer paiom BH/A

W)y =4 T —5.4d7, (1.39)

(T) an

rpe (I') — rpanuua matakus (ype3 BOAOTOKAE WIH BOJOEMa) ; 11 — HanpasJieHKe
BHYTpeHHe# OTHOCHTENbHO 06NacTH QUIBTPALMK HOPMATH K HeH.
[TpeoBpasys paseuctso (1.39) no Jlamwtacy, nmeem

i

08 '
Wp)=f T— dr; (149)
(M an
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lojcrasnas papescTBo (1.35), monyyaem, 4To B ClIy¥ae CHHXPOHHOFO oT6opa

W) = 0@) U, (D), (1.41)
e OYHKUHA
Uy ) = Bl i W (1.42)

(ry T, Bn

~ MOXKeT OpITh Ha3BaHa NepeJaTovHCH (QYHKUMEH penyKUMH. AHATIOTHUHO IOHH-
KCHHIO U1 HAXOXKOAEHUA 3aBHCHMOCTH pPENyKUHMH MOBEPXHOCTHOIO CTOKA OT
IKCINTYATAHOHHOTO BofjooThopa npu Q () =y =const cneyer BBINOIHUTH
B (1.41) obparHoe npeobpazosanue Jlannaca oT H306paXeHHUA PEAYKUMHU K OpH-
rMHary. Mcxkomas 3aBUCHMOCTh MOXeET BbiTh IPELICTABIICHA B BHIE

W(r) = Qo wol?), (1.43)

e wo(7) - OYHKUHSA OTHOCHTENIBHOM peMyKUMH, ABIAIOMWAACA OGPATHBIM
npeoGpasopanuem Jlannaca nepegatouHoi GyHKUMM PETYKIMH.

Kax yxe oTmeyanoce BO BBEIEHHM, KOITIa B HIDKHEM CTBOpE y4acTKa Haxo-
JIMTCA BOIOOXPAaHWIHINE MITH 03€p0, YacTO OKAa3bIBaeTCA HeOOXOOMMEIM Ofpe-
JICJTATH BeTHYMHY MHTEr pAIbHOM PENYKUMH NOBEPXHOCTHOIO cToKa V(1) .

JTa BeNWUMHA PABHA MHTErpATy OT PEeNyKIMH TI0 BPeMEHH

V() = [ war)dr, (1.44)
0

1€, IUIAd HaxXOXNEHHA HHTCIPATBHOH pedyKUHMH Tpebyercs 3HaTh BENHUHHY
peyKUMH WK, BEpHEe, NIePeNaTOuHyI0 PYHKUMIO pefyK UMK,

Qopmynsr (1.35) u (1.41) naior Beipaxenwe uzobGpaxenuit no Jlamracy
HCKOMBIX XApAKTEPHCTHK TOHHMXKEHWA M PeyKUMH uepe3 M300pakeHHs BeJiu-
"MHbL BOpooTGopa O(f); Takum OGpa3OM, OINHOH M3 OCHOBHBIX 3a[a4 CTAHO-
BUTCS NMOJTyueHHe NepeJaToYHbIX DYHKIHA NOHWKEHHS U PEOYKIHH,

1.2. METOAWMECKHH ANNAPAT HMCCIENOBAHMUA PEAKILIKHE
FEOOHITATPALIMOHHBIX CHCTEM

B 1.1 6sum monydenst opmyner (1.35) u (1.41), ceAsprsaronme n306pa-
wewus ro Jlamtacy Boamyuenus reoubTpaHOHHBIX CHCTEM, BbI3BaHHbIE BOJIO-
orbopom O(f), ¢ H306PAKEHHAMA UX PEAKUMI — TOHWKEHHS YPOBHA (nanopa)
S(M, 1) u pepyxkumu nopepxHoctHoro cios W(f) — pmns oBuero ciyuas 3aBy-
CHMOCTH HebMTa CHHXPOHHOTO BONO3a60pa OT BpemeHW. B Hactosuiem mapa-
(pace Ha OCHOBAHMM YTIOMAHYTHIX (POPMYN KOHKpPETH3UPYETCA METOqHuec-
KMH anmnapar yccieHOBaHWA TPeX THNOB BOMOOTGOpAa B  reodHIbTPalHOHHBIX
CMCTEeMaxX, OXapaKTepu3OBaHHbIX B 1.1.

Tak, B cnyuae pexxuma nepBoro tuma, T.e. npu Q(f) = Q, = const, u3o6pa-
JEeHHE BETHUMHBI BOJOOTOOpa HMEET BU]]

O(p) = Qo/p. (1.45)

Lemd BBEeCTH QYHKUHIO OTHOCHTENBHOH pemykumu wo(f) no dopmyne (1.43)
wo(t) = W(1)/Qo, (1.46)
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ec H306paskenne Mo Jlatwiacy Wo(p) onpeensercs paBeHCTBOM
W{I{p) =P o Uw(P) L] (1 4?)

rae U, (p) — nepepatounas byHxunua pemyxumu. BakHO#W XapaKTepHCTHKOM
W3MEHEHHA TMOBEPXHOCTHOTO CJOs MO BIWAHHEM OTOOpAa NOM3EMHBIX BOJ, C
NOCTOSHHBIM [eOHTOM CIYKHT BeMYMHA OTHOCHTEIBHON pe/lyKIWH, ONpefe-
fisemas Kak

= lim wy(?). {1.48)

CornmacHO mpepmensHBIM TeOpeMaM OIEPAMOHHOTO Hcukcnenns [9], 3Ha-
YeHHe Y MOXeT OBITb ONpPENeNeHO ¢ MNMOMOUIBI0 BBIPAXKEHHA NepeHaToOYHOH
byHkuwan penykuun U, (p), a uMeHHO -;

Y= U,,(0). (1.49)

HeoGxogMMOCTh B ONpENENeHHMM BeNTMUHHBI IpPeNeTbHOH OTHOCHTEIIBHOH
PEOYKUMU BO3HMKAET [OCTaTOYHO HYacTO, OCOGEHHO B YCNIOBUAX pA3BHUTOTQ
KOMITGHCALMOHHOTO NHTAHMA, KOT[A BEJHUHHA 7y COCTAaBIifieT HE3HAYMTEbHYIO
[0JI0 OT eJMHHLBI. B TaKuX ciiyyasx MHOr[Ia BO3MOXHO OTpPaHHUMTHCA BEPXHHM
[IpefieNioM BO3MOXKHOW BEJIHUMHBI COKPALUEHHsi CTOKA M OTKAa3aThCs OT pacuera.
ero NUMHAMHKH, |

Ecnu 0160p MOA3eMHBIX BOJ, OKa3bIBAET BIIMSHHE Ha CTOK HECKOJIBKHX BOZIO-|
TOKOB, MOJXKHO ONpEeNeNHTh 1A KaKAOr0 W3 HUX NepefaTouHble (QYHKIWH
pﬂuj'lclﬂﬂi Uy Do) n fpefieNibHbIe  OTHOCHTENbHBIE DENYKUHH 7;, THe

=1,2,..., r;r— oBlllee yMcI0 BOOOTOKOB. BemwuuHel IpeaeIbHbIX OTHOCH- |
renaHHx pEI.[}rKI.[HH 7Y; ONpEdENANT IPH ITOM paciipesieyiennHe peyKiuH memyi
pexamu. 4acTo B TAKHX YCIOBHAX TONBKO O[HO-ABA 3HAYCHUS 7Y; OKA3BIBAOTCA
CYLIECTBEHHBIMH, B TO Bpems KaK OCTalbHbIC QIIH3KH K Hym0. 310 06CTOA-.
TENIBCTBO MOXKET CNIY>KHTH [JIsl YIPOLIEHUsS] PacyeTHOH CXeMbl: BOROTOKH, [UIA
KOTOPBIX 7Y; HE3HAYHUTEITBHBI, MOTYT OBITh HCKITIOYEHBI H3 PACCMOTPEHHA.

BenuyuHa MHTErpabHOM peflykimu cornacHo (1.44) u (1.46) npu nocross-
HOM IO BeJTMUMHE 0TOOpe MOM3EMHBIX BOJ ONIPe/IeNINTCA H3 BhIPAJKEHUA

V(t) = Qo [ woelu)du. » (150)
0

1s HarNAMHOCTH M yAOOCTBA pacyeTOB BBOAMTCA (DYHKUMA HHIErPATbHOMH OTHO-
CHTEJIBHOH peIyKIMH

u(t) = V(t)/Qqt. (151)

Cornacuo gopmyne (1.50) ona pasua

' 4
u(f) = t7 [ wo(u)du. (152)
; |

L

B 0o0meM cnyyae, xorfa nepefatouHas QyHKUMS pelyKUWHM W3BeCTHA, M)
HAXOXXOeHHA OTHOCHTEIBHOH pelyKLUMH W, HEOBXOOMMO OIlpeenuTs oOpaT-
Hoe npeoOpazoBanke Jlamwaca or u3o6paxeHns (1.47). Hecmorpsa Ha 10 HTO
JOBOJIBHO 4YaCTO yHaeTcsA NMOJYYHTh TOUHOe oOpauieHue nmpeobpazosanus Jlarma-

ca, ewle yYamie NpHXOAWTcA NpuberaTh K YHUIEHHbIM MeETONaM OOpalieHus.
if |




Tadbnuua 1l

Inavenua GyHKuMi Ak{r} ang gucneHdHoro obpawenna npeobpaiosanua Jlannaca
no merony JILK. FoxGepra

1At | 2 3 4
N =4
1,0 ~1,481 4,790 ~2.825 0,525
1,5 2,122 5,285 ~2,585 0,424
2,0 2,225 4,841 ~1,871 0,253
2.5 ~2,075 3,997 —0,998 0,072
3,0 1,796 2,981 -0,091 ~0,100
3,5 ~1,450 1,905 -0,792 ~0,254
4,0 1,074 0,828 ~1,625 -0,385
4,5 ~0,688 ~0,218 ~2,392 -0,493
5.0 ~0,304 ~1,211 ~3,087 -0,578
55 0,069 -2,141 ~3,707 -0,639
6,0 0,425 —3,002 ~4,253 ~0,679
6,5 0,761 ~3,791 4,724 ~0,697
1,0 1,075 ~4,505 5,123 ~0,695
1,5 1,365 ~5,145 5,452 ~0,673
8,0 1,631 ~5,710 5,712 -0,633
N =t

I -3,236 9,775 ~8,077 2,952 ~0,414
2 -2,014 4,244 ~1,243 -0,038 0,050
3 ~0,706 —0,117 3,173 ~1,610 0,257
1 0,241 -2,.912 5,564 2,206 0,310
§ 0,870 —4.547 6,601 ~2,201 0.277
6 1,252 —5,355 6,732 ~1,825 0,195
7 1,451 -5,574 6,250 -1,216 0,089
B 1,512 -5,371 5,355 —0,467 ~0,028
9 1,469 4,862 4,180 0,359 -0,146
10 1,349 4,137 2,826 1,221 ~0,259
11 1,170 -3,257 1,365 2,088 ~0,363
12 0,952 ~2,279 ~0,153 2,937 ~0,454
13 0,702 +1,234 ~1,689 3,753 ~0,531
14 0,432 ~0,154 ~3,210 4,525 -0,593
15 0,150 0,938 —4,696 5,245 ~0,638
16 ~0,137 2,022 6,122 5,903 ~0,665

bubnuorpadgusa no uMcIeHHbIM MeTolaMm Ob6pauienus npeobpazosanua Jlamnaca
MacuMTLIBACT COTHH HanmeHoBanud [28, 62]. B knacce MHTepNONMALMOHHBIX
Metonon ¢yrkuus-usoGpaxenue Y(p) opurunana y(f) HHTepHONHpYeTCs B
YUIAX Py, BoiDHpaeMbIX OOBIUHO Ha BEUICCTBEHHOM OCH, MO CHCTeMe Da3HCHBIX

pymemmit {w, ()}, :

N
Y(p} = E EIJ ml-'(p)!

e KoadduimeHTsi @, 3aBHCAT OT YIJTOB HHTEPHNOJIAINM W 3HaueHHH DyHKUUH
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Y(p) B Hux. CymecrByer MHOMXECTBO HaCTHBIX MHTEpPIONALMOHHBIX MET{III.DEI!:
ofpamenna npeoGpasosanus Jlamnaca, cpej KOTOpbIX NMPeCTAaBNAeTCA BO3-
moxHBIM oTMeTHTh Metopd JILK. I'oxGepra [15]. B stom merone ucnons3osana
cucrema dymxmmi wy(@)=p ATy =1,2 ..., N JIna npuMeHeH:s MeTO-
1A c/ieflyeT BBIYMCIIHTH 3HavueHua opuruxana Kapcona p Y (p) B yanax

PR E 20y k=20 N,

roe A 1 — BpibpanHbid MaciiTaCG Bpemenn. Popmyna oDpalleHHa UMeeT BHE

i N g
y( = Z p,Y(p)A, 1), (153)
k=1

rae dyraxumu A (1) wia N=4 u N= 5 tabynupoBana [15]); ux suavenus npu-
pefiedbl B 1afn. 1. [IpakTHka pacueToB MOKAa3piBaeT, 9T0 NpPHMEHEHHe METONA
JLK. ToxBepra ofecneudBaeT TOYHOCTb, COOTBETCTBYIOMIYI0 OTHOCHTEJIBHOK
oumbke He Gosee NepBhIX NPOUEHTOB OT HCTHHHOIO 3HAYCHHA. ‘

B wiyyae pexuma BOZOOTGOpa BTOPOTO THNA peaKilus reodHIsTpaluHOHHOR
CHCTEMBI BOJI03a00p—BONOHOCHBIH IUIACT HA MEpHOAMUYECKOE BO3MYIUIEHHE
npeacrasnsercs B sune [2) :

S(M, 1)=So(M, 1)+ 5, (M, ) +5, (M, 1), (154)

rae S(M, t) — noHM)KeHHe YpOBHA (Hanopa) nom3eMHsIX BOJ B Touxe M ¢H.m.r!
PALHOHHOTO IO, | )j
So (M, 1) = (Qo/T,) Ro(M, ¥) (1.53)

— anepHOAMYECKas COCTABNIAOLIAS NOHWXEHHA B MOMEHT BpeMeHH ! INpH
NOCTOSHHOM Cpe/IHerofnoBoM aebute BonooGopora Qy; Ro(M, 1) — rupgpasnu
YecKoe CONpOTHBIIEHHE; SP(M. ) — NepHOHYECKasA COCTABNIAIIAA nnﬂnmemq
ypoBHA (Hanopa), Bpi3biBaemas KoJieGaHMAMH [ebHTa OKOJIO ero CpeHeroao-
poro 3xauennsa O,. Huxe, B mase 4, 0GOCHOBBIBAETCA BO3MOXHOCTH MPEICTaB-
neHuA MepHomHueckoro nebuta Q(r) B BHAe OTpe3ka pAna Pypue:

N 2nnt |

Q) =Q +Z (Qpcos = (156)
n=1j i

1

rne Q, — aMIIMTYNa; ¢p — ha3a n-i rapMOHMKH palioXeHHs; T — MepHOJ,
paBHbIA ofHOMY roay. [lepHOIMuecKas COCTaBNAMINAA TNOHWXEHHSA NPH 3TOM
MOkeT OBITE NpeficTaBleHa B BHJe OTpe3Ka psaaa Oypse BHOA

N
SJ_::-' M. 1) = Z (@n/T,) Rn(M) cos ( > ‘Pn"‘wn(M}) ; (1.57)

n=1]

2mnt

-

rae Benwunna R, (M) Ha3bBaeTCA rapMOHMYECKHMM COMPOTHBIICHHEM M-i rapMo-
aaku; yron V,(M) — ee ¢a30BeiM CIOBHIOM.

Mocnenusa cocrasssomas B dopmyne (1.54) S"[M, {) — nepexomHas,
oBycnoBlieHHaa NeppOHAYAIbHBIM BHIBEEHHEM CHCTEMBl H3 COCTOAHHA MOKOA.
C nomousio 6osiee NOAPOBGHOTO AHATH3a MOXHO MOKa3aTh, YTO IHAYCHHA ITOM
KOMIIOHEHTBI NOHHXEHHA 3aTYXaloT B TeYeHHe NMepBhIX OJIHOrO—Tpex JieT Mpak-
THYeCKM B 7No06bIX TIMOPOTeONOTHYECKHX H JSKCIUIyaTalHOHHBIX YC/IOBHAX.
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[losToMy npH OUEHKE SKCIUTYATAUHOHHBIX PEeCYpCOB JONYCTHMO CYHTATh, 4TO
S(M, 1) = So(M, t) + S,(M, 1) .

AHaTOTHYHO BhipaxeHnio (1.54) MOXHO NpelCTaBMTh . M3MEHEHHe pacxoia
BOI0TOKA MOl JeHCTBHEeM MEPHOANYECKOTO BO3MYLIEHUA

W(t) = Wo(r) + W, (1) + W, (1), (1.58)
r'ae '
Wo(t) = Qo wol?) (1.59)

anepHOIHYECKAs COCTABNIANWINAA PelyKLMH, Wo(f) — (PyHKUMA OTHOCHTENIBHOH
penyKiuH, '

N 2 wnt
Wplt) = Z Qp wy ":'DS( “¥Yn — ’J-‘n) (1.60)

n=1 1

- NepHOMYeCKaA COCTABNAIOILAA H3MEHEHHA MOBEPXHOCTHOIO CTOKA MO BITHA-
liMem oTGOpa NMOM3EMHBIX BOM; W, H Y, — COOTBETCTBEHHO KO3 HIMEHT BITUA-
WA M (pa3oBbpif COBMI pedyKIWM Ha vacTore n-# rapmonumku; W, .(r)
(lepeXo/iHasa COCTaBAMOIIAA H3IMEHEHHA pacxoa, OTHOCHTENbHO KOTOpOH BEpHO
NCe CKA3aHHOE BBILIE MO MOBOMY NepeXOaHOH KOMNOHEHTH! NOHHKEHHA,

BenuunMHel TApMOHHYECKHMX CONPOTHB/IEHMH M KOIDPUIMEHTOB BIMAHHUA B
popmynax (1.57), (1.60) onpenensiiorca Ha OCHOBAHMM TaK Ha3blBaeMBbIX
WICTOTHBIX XapaKTepHCTMK cucTemsl [2]. YacToTHOH XapakTepHCTHKOW Ha3bl-
maerca koMmiekcHas dyukuna U(iw), nonyvaomancs nNpH NoaCTAHOBKE YHCTO
MHHMOTO 3HAYEeHHA P = iw B BhipaxkeHue nepepatoyHor pyuxumu U(p) . Pasme-
JINA MOJYJIS M apryMeHT Bblpa)keHWA [UIf YaCTOTHOH XapaKTepHCTHKH NOHMXe-
HMs, NOJTyYaem

UM, iw) = R (M, w)e™ "V M:@) - (1.61)
i JUIS YACTOTHOM XapaKTepHCTHKH peayKi[HH

Uy (iw) = w(w)e V), (1.62)

pMiYeM MOJYJIH 3THX BbIPaXKEHMHA HA3bIBAIOTCA aMIUIMTYIHO-YaCTOTHBIMH, a
nanruie ¢ 0GpaTHBIM 3HAKOM aprymMeHTsl — (pa30-4acTOTHhIMM XapaKTepHCTHKA-
M cucrem, [Mpd 3T0M B COOTBETCTBHH C Ppe3yNnbTaTaMH TEOPHH JIHHEHHBIX
gmerem |2, 8] rapmonmueckue conportuBiieHHA R,(M) u kodppHuMeHTH

WINMMMA W, BLIPAXKAKTCA Yepe3 COOTBETCTBYIOIIHE YaCTOTHbIE XapaKTepHC-
IMKH cnienyroiM obpasom:

Ry (M) = R(M, n w,), (1.63)
W, (M) = ¥ (M. nw), (1.64)
Wp =W (1 w,), (1.65)

n=y¥(nw), (1.66)

fe w, =2m/T — OCHOBHAs - 4acToTa KOJNebaHuil.

Buipaxenua 1A YACTOTHBIX XapaKTEPHCTHK NMOHHXKEHHA W pedyKIMH, COOT-
percreyloume HaubGonee pacnpoCTpaHEeHHBIM FHPOTeO0JIOTHIECKHM  CXeMaM,
NpPMBEIeHb B IM1aBax 4 u 5.
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B ciyuae pexxuma Tpethero tHig Aefut Rogosatopon Q(7) npejacrasiser |
cOBOH CnyuaiHylo QYHKUHIO BpeMeMM, KOTOPAM Momer Ounirs npesicraBieHa
B BWE CYyMMb! JIBYX COCTABJISIONMX — MATEMATMMOUKOrO ommianus Q(f) u
LEHTPATH30BAHHOIO OTKIIOHEHMUS! 0°%1¢): :

Q) = 0@) + Q°0). (1.67)

Peakiuma reodwIbTPALHOHHOH CHCTEMBI HA BOIMYUIEHME HTOIO THITA ¢ 10CTATOY-
HOM TOYHOCTBI) MOXET ObITh NpEACTaBNICHA B BHAC HWIOKEHHA PCAKUMA Ha
mMaTeMaTHUecKoe oxupanue aebura O(I) M HA €ro UCHTPHPOBAHHYIO KOMIIO-
nenry 0°(1):

SM, 1)=SM, 1) +5° (M, 1), (1.68)
W(t)=W()+ W M, 1), (1.69)

rne S (M, t) — nouwkenne ypoBHa (Hanopa), W(Z) — H3MeHeHue pacxopa no-
BEPXHOCTHOrO CTOKAa TpH JerepMHHupoBaHHom nebure Q(t); S° (M, 1),
W?®(£) ~ cOOTBEICTBEHHO UEHTPMPOBAHHbIE OTKJIOHEHHA MOHHXKEHHA U PeayK-
W 110/1 IeCTBHEM LEHTPHPOBaHHO# cocTaBnsmiomei nebura Q° (7).

M4 BEposTHOCTHMX XAPAKTEPUCTHK HEHTPHPOBAHHOIO CIIYYaHHOro mpouecca
Q(f), NpeAnONAraeMoro CrauMoHapHsiM (B MIMPOKOM CMBbICIE) , HaHOOJIBLUNHA
HITEPOC NpeCTAmINOT antokoppenausontan gynxumun K, (§) u ogHoMepHas
moTHOCTE pacnpenenenmn [ 4 (Q7) . Ecnu 91a mioTHOCTS HOPpMAIbHA, OTKJIOHE-
wn S (M, 1) w WO (1) raioke pacnpeesnennl o HOpMaIbHOMY 3aKoHY. Ecnu
we f A (Q°) He sBnseTCs HOPMATLHOM IWIOTHOCTLIO pacnpenenenus, S * (M, 1) u
WY (1) rakxe we pacnpejieneHsl 10 HOpMaJIbHOMY 3HakoHy. bonee Toro, onpe-
JIEJINTh 3aKOHbl HMX pacupefiefieHusa NMPAKTHYECKH He MNMpecTaBAeTCs BO3MOX-
#biM. OHAKO B CHIY ONpe/leIEHHOR WHEPUMOHHOCTH reo(uIbTPalHOHHbIX CH-
cTeM, KOTOpas yCHIMBAeTCA 1A TOYEK QHILTPAIHOHHOrO monsA, bonee ypane-
HbIX OT BO/03a0OpPOB, MPOABIATCA HOPMAIK3YIOUIHE CBOHCTBA 3TUX CHCTEM,
BBIPAXAKILHKECA B TOM, YTO paclpefesieHHa OTKIOHEHHH peakiui Griike K HOp-
MATBHOMY 3aKOHY, HEXENH pacrupefieNienne BosmyiueHns (44,

CornacHo TEepMHHOJIOTMHM TEOPHH CTalHOHAPHBIX CIYYaHHBIX MPOLECCOB,
CHeKTpaIbHOW (QyHKUMEH OTKIOHEHHMA BOOOOTOOpa HasbIBaeTCA KOCHHYC-Tpe-
oOpaszosanua Oypse aBToKOppenAuHOHHOK byHKUHH K 5 (£)

La(w)y=1" z Ka (£)cos wEdE. (1.70)

AstokoppenaiuponHaa ¢yHkuua K, (£) BblpaXaercs NpH ITOM HEPE3 CBOMO
CNeKTPAIbHY I PYHKIIHIO HHTET Pa/ioM

Kp (8)= IJ“La (w) cos wk dw, (1.71)

C noMoOuBH AHATOIMYHBIX NPEoDPAIOBANKMH CHAIANLL UNTOKOPPEINIHOHHDbIE
GYHKUMH H CNEKTPAIbHBIE (PYHKIMH TOHMKCEHHA M PEILY KILMM

Kg (M, E)=2£L3 (M, w) cos widw, (1.72)
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K“.r (.E) =2 ﬁrme (Eﬂ} Cos wE dm, (l .?3)

rae Kg (M, £) u Ky () — COOTBEICTBEHHO ABTOKOPPENIAUMOHHBIE DYHKIMH
noHwkeHus M peaykunu. Cnexrtpansheie dyHKumu noHwkenus Lg(M, w) u
pedykusH Ly (w) BbIpaxamTcs yepes creKTpaibHyw (yHKIMIo BojooT6opa
C MOMOILBIO YACTOTHBIX XapaKTEPUCTHK CHCTEM

Ls (M, w)=R* (M, w) Lp (w), (1.74)
Ly (w)=w? (w) La (w), (1.75)

rae amIVIMTY[HO-4aCTOTHBIE XAPAKTCPUCTHKH TOHWKEHHS M peAyKIWH Bblpa-
XKAKTCA COOTBETCTBEHHO opmymnamu (1.61) u (1.62).

Bsaumubie koppensuuoHubie QyHKIMU K o(M, £) MexIy oTKIOHEHHAMHM
MOHWXKEHHA H AeOHTa, a Takke K g(f) Mexiy OTKIOHCHHAMH pelyKIMH H
AecOHTa CBA3aHbI C COOTBETCTBYIOMMMH CHEKTPaTbHLIMH GYyHKIHAMM:

Kas (,9=2 Las (4, ) cos ot do, (1.76)

Kaw ©=2] Law (@) c0s 0k do, (1.77)
riae

LasM, w)=R M, w)cos ¥ (M, w) L, (w), (1.78)

Law (w)= w(w)cos ¥ (w) Ly (w). (1.79)

s aHanmMsa OTKJIOHEHUH BBIXOOHBIX BEIMYMH HAHOOJIbIIEE 3HAYECHHE HMEIOT
MX Cpe[HEKBa[IDATHYHbIC OTKIOHEHHMA H KOIQ(DHUMEHTH KOPPENALHH MENIY
OTKJIOHEHHAMH BO3MYyIUeHNs W peakuui. CpemHeKBafpaTHYHOE OTKJIOHEHME
MOHWXKEHHS YPOBHA (Hanopa) NOA3eMHbIX BOL B Touke M (pWIbTPAalMOHHOIO
NOJA PaBHO

os (M)=+/ Ks (M, 0); (1.80)
CpedHeKBallpaTHYHOE OTKJIOHEHHE PEAYKIHH —
ow =V Kw (0). - (1.81)

KospduuneHnT Koppenaun Mexay OTKIIOHEHHAMHA JIeDuTa U NOHWKEHHS YPOB-
HA (Hanopa) NojzeMHbIX BOJ B TouKe M onpeaenserca paBeHCTBOM

ps (M)=Kas (M, 0)og (M) 04, (1.82)
ric
ga =v Ka (0) (1.83)

— CPeJHEKBaJIpaATHYHOE OTKJIOHEHHE BeJIMUMHbI BOJI00TOOpA.
AHajIOrMyHO KO3 DHUHEHT KOPPeNAlMH MEXIY OTKIOHEHUAMH pelyKIlNH
M JebuTa py ONpeaenaAecTCA PaBEeHCTBOM BHA

pw=Kw (0O)ow o4 . (1.84)
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Kparko omnucaHHblt B Hactosiuem maparpadpe maremMatMueckuii - anmapar
MO3BOJIALT, KaK OyHer MOKa’jaHo MIKe, KOMKPeTHIHpoBath obuine cQOTHOME-
HHA [UIA THITHYHBIX THAPOTCONIONMYECKMX CXeM M 10/1y4aTh pacueTHbie 3aBHCH-
MOCTH [UIA HUX WIH B aHTHTHYeCKOMH popme, win B Gopme anroputmos, yaob-
HBIX iA peanu3anuu Ha IBM. |

1T

1.3. NMOCTPOEHHE NEPEJATOYHMIX OYHKUMA NMOHUXEHHSA

H PEAYKIMH JJIA YCITOBMA OrPAHHYMEHHBIX X
B NJIAHE BOJIOHOCHBIX MIIACTOB L

Orpatuyensbie B wiaHe BOJAOHOCHbIC TOPH3OHTHI LIMPOKO PACTIPOCTPAHEHBI

B npupoje. bonee Toro, roBops crporo, mobbie NPHUPO/IHBIE GacCeHHbI H MOTOKH i
TNOJ3EMHbIX BOJ OrpaHuuerbl. CXeMbl HEOI DaHUYEHHBIX IUIAaCTOB, BCTPEYAlONIAe-
Ci B TMIPOTEONIOTHYECKHX Ppacyerax, NPENCTaBNifioT coboi npubnuxennus,
CIpaBe[UIHBbIC JIMIIL B TOH Mepe, B KaKo# B KOKIOM OT/IETHHOM CITY4Yae MOKHO
npexedpeynb BIHAHHEM I'PaHMLL. e
_ Ypapuenne GpuwibTpauyMy NOA3EMHBIX BOJI B IBYMEPHO# o6acTi GunbTpammu
(£2) moxer OuiTh 3anMcano B BU/e, IKBHBATIEHTHOM ypasHenuio (1.28) : R

b

(1.85)

o
By
e
b

gl

™ |
wonE R

= 0
i i

| "WW' ONpese/iCHHLIR BRIpaKEHHEM fie
(1.86)

ST WS TRPAMETPR IPUIOIArAI0TCH NePEMEHHBIMH 110 OGTacTH
TRIEMI, HPHUOM BRHY TP Hoe RuoIoTon yenosus u> 0,720,520,
JUH yAoBCTI WIS BPOICTUIINCTCH 1eNecOOBPAIHBIM BBECTH OTHOCH-
TOTRHRIR Macirat oo, MUmenno, subnpas xapakTepusii JTHHeAHbIA paamep
LW xupakropuoe  (onoproe) amavenue kodQpdHIMEHTa BOONPOBOMMMOCTH
1L, ocywectnanem macuirabusie npeobpasosanus X =x/L, y =y/L. Ucxoauas
obnacts pwivtpauum (D) Ha mwiockocty (x, y) nepeiaer npx 1om B upeoﬁpa-ﬂ;;j
soBannylo obnacts (D') Ha miockoctu (X, ). BBoms, Kpome TOro, Xapakrep-
HbIC 3HAYCHHA KOIPQHUUHEHTA yPOBHENPOBOIHOCTH @4 W BONOOTIAUA o=To/dy,
monaraeM K= (/pe. B Kauectse XapaKTepHOro 3HaueHHs BpeMeHH BbiGHpaeM
BEITHYHHY

r=L/a, ¥

u nonaraem I = /7,

Bripaxast BO BBE/ICHHbIX OTHOCUTENbHBIX emuax ypanHenue (1.85), nony- -
yaem :

o 2 Fo§=—1 1
M '5; 0 o , (1'87}

riie onepatop Fg jeiictByer no dopmyme 1

Fo u=—div (? grad u) + bu, (1.88)
B KOTOpPOH 1
b=1/u., © (1.89)
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4 B3ATHE IPAJMEHTAa M JHUBEPreHIHHY NPOU3BOMATCA MO OTHOIIEHHIO K HOBBIM,
Be3pa3MepHBIM KOOPAHHATaM X, J.

[Tonaras, Kak oDbIMHO, 4TO BenHuHMHA KO3 DHIHEeHTa BOOOOTOaYH He 3aBHCHUT
OT BPEMEHH, a TaKkKe 4to > 0 Bo BceH obnacTH QUIbTPALMHA, Pas[IENIHM YeHbI
ypasHenus (1.87)wa i 1 npeobpasyem no Jlamiacy mo OTHOMIEHHIO KO BPEMEH-
HOH NepeMeHHOI

S +F§ = (rue) BT, (1.90)

rje S u T COOTBETICTBEHHO npmﬁpaannammle no Jlanmacy Bpemeuume 3aBHU-
CHMOCTH NOHWKEHHA H MOIYJIA BOZooTOOpa; P — napamerp npeobpazoBaHus
Jlamnaca, cOOTBeICTBYOLMIH Ge3pasMepHoMy Maciiitaby Bpemenn; F — onepa-
TOP, AEHCTBYIOLIMH COrfiacHo popmyrie

FH'—"IA‘.-IFQ Uu. -

Oneparop /' cranMoHapeH M HOMOXUIE/IBHO OnpepeneH; OyayuH 3alaH Ha
MHOXECTBE (PYHKIHH, HMEIOLLHX obnacThi0 oNpenereHns npenﬁpaanBaHHym
ob6nacts dwistpanun (D'), OH UMeeT AMCKPETHYK MOCHEI0BATENBHOCTs CO6-
CTBEHHBIX 3HAYEHMH Ay M [OJHYH OPTOHOPMHPOBAHHYI0 [OC/IEIOBATENIBHOCTD
COOTBETCTBYIOIMX MM COBCTBeHHBIX GyHKMH e (M), rne M' — Touka ¢ Ko-
opaunatamu (X, ¥) B obmactn (D'). 372 mocnenosateNbHOCTh XapaKTEpH3Y-
eTCs CIIefyroluMH coicTBamu [43] :

Fey = N e, }
(ex, €7) = by;

rie ckanApHoe npomssenenne (4, v) dbynxmmit u(M') u v(M') npencrasuser
co6oit HHTErpan OT KX Mpou3BeneHHA 1o obnactu (D) :

(w, v)=Jf uvdxdy ;
(o)
§xj — cumBon Kponexepa [14].

ITon#ora cucrembl coOCTBEHHBIX QPYHKIMIT O3HA¥aeT, YTo Kaxpas GyHKIMA,
oupepeneHHas no obnactu (D), B TOM YHCJIC H DEUICHHE YPaBHCHHA (1.90)
S (M, p), a TaKXe TMPOM3BEHEHHE L~ ?{Aff‘ P), MOTYT ObITh MpENCTABIEHHI B
BMJIE Pa3NOXEHHH IO CODCTBEHHBIM (QPYHKIHAAM

kji=1,2, .., (191)

Sormiz 22, ony; (1.92)
k=1 *
BTG, p)= B [QBYL] Xk ek (O1), (193)
rie koadhuumeHTs X; OonpeaenawIca GopmMyIon
Xk =@ f ex), (1.94)

npuuem GespasmepHaa dyHkuua f(X, ¥) xapakrepusyer paclpenelieHHe Mo-
nyns BofooT6opa no npeobpazoBanHo# o6nactu (D'); Ko3bbHUMEHTbI ) He-
M3BECTHbI, H HX OIpeJeNneHue cocTaBnaeT copepxauue 3ajgauu. Iomcrasnsas
pasnoxenus (1.92) u (1.93) B ypaeuenue (1.90), nﬂn}ruaem

s I - o O T Q(P)
b — e MY B e liM Y= =l e (M 1.95
= p T (M) ol x (M) TR ke ke (M), (1.95)
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Oy p e
KoaddumpenTtsl — NOJ 3HAKOM BTOPOM M3 CYMM B JIEBOM YacCTH MOCHIEOHEro

BBIPaXKEHUs 'MOTYT ObiTh BBIHECEHbI NEpel CHMBOJIOM ONepaTopa, H, MONb3yACH
nepsbiM U3 pasencTs (1.91), nonyyaem

O

— ; Op —
F(—)e, (M)=—Fe, = A €.
(T,.,) k(_ ) = k Kk €k

Cobupas Ko3dduiientsl npu cobeTBeHnHbiX GyHKmsax e, (M) B (1.95), Haxo-
MM, UTO

L=

5 {M’)[(ﬁﬂk}

k=1

ch T
Ti itk

é@xk]ﬂ. (1.96)

Ionb3yACh JTMHEHHOM HE3aBUCHMOCTbIO pyHKuMA e, (M), T. e. Honaras WieH
B KBaJpaTHbiX CKOOKax BeipakeHua (1.96) paBHbIM HyNI0 H YYMTbIBasA paBeH-
cteo (1.87), onpenensem, 4to

ox ()= 0 (7)

i (1.97)
Dt A
[onctaBnsas, HakoHen, (1.97) B (1.92) u cpaBHuBas pe3yJybTaT C BhIpaKEHHEM
(1.85), ycranaBnuBaem, 4T0O nepefaToyHas QYHKIHMA MOHIKEHHA B pacCMarpH-
BaeMOM ClIyyae UMeeT pas3jloKeHHe BH/IA

el € '
UsM,p)= Z — e (M). (1.98)
k=1 p+ A _

PasnoxkeHue nepenatouHod GyHxumuuM noHmkeHus Bupa (1.98) BBupy ero yHuM-

BepCAJIbHOCTH B YCIOBHAX OTPaHHYEHHBIX BOJOHOCHBIX IUTACTOB MOXET ObITh
HA3BAHO KAaHOHMYECKHMM DAa3JIOXKeHHeM IepefiaToyHOu (PYHKUHH TNOHMKEHUA.

Ha ocHoBanmu pasmoxenus (1.98) moryt ObiTh OIpefelieHbl BbIPKEHHA
BPEMEHHbIX 3aBHCHMOCTEH TOHMKEHMA, COOTBETCTBYIOIIHX pPAa3/iMYHbIM PEXKH-

mMam BomooTbopa. Tak, npu Q(f) = Qp = const uMeeT MECTO PaBEHCTBO BHAA

(1.37), roe ruppaBnuyeckoe conportuBieHue R (M, ) Belpaxaerca B BHIE
COOTBETCTBYIOLIEr0 KAHOHWYECKOTO Pa3JIOKEeHHsA
Ro (M, )= = ixi'i (A —e ™Y e, 01). (1.99)
k=1 k

Tins ycnopuit nepuoauyeckoro Bogoorbopa Q(7), npeAcTapnaemMoro B BHOE
orpeska pana ®ypse (1.56), yacTOTHaA XapaKTEepPHCTUKA NepefaTOYHOH (QYHK-
IIHH TOHIDKEHU MOXKeET OBITh BhIPaXKeHa B BHAE KOMIUIEKC A

UsM,iw)=4,M', @) —id; M, @), - (1.100)
rje
w=L* wia.,
o0 A
L. D=3 . ) (1.101)
k=1 A tw
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AWM, @) = S E”L_ ey (M'). (1.102)
k=1 A + @
AMIUIHTYIHas U ¢a30Bad YaCTOTHAsA XaPAKTEPHCTHKH NOHWKEHHA ONpenNeNnATCs
TPH 3TOM KaK MOYJb U aprymeHT komiutexca (1.100)

RM, w)=v/AZM', @)+ A} (M, ), (1.103)
tg VM, w)=4; M', D)4, M, B). (1.104)

Qopmynsr (1.100) —(1.102) ssnawTcA CNeACTBHEM MNOMACTAHOBKH P =i G B Bbl-
paxenue (1.98) u mocnenmyiowiero pasjeneHus BeIECTBEHHOW H MHUMOM YacTeH,

HMcnosnb30BaHHE KAaHOHUYECKOTO Pa3jIoKEHUA NepedaTouHON QYHKUMH [IOHH-
KEHHA A THAPOrEOJIOTHUECKHX pPacueToB IpPeACTaBNACTCA MNEepPCleKTHBHbLIM
BBHJY YETKOTO pasrpaHdyeHHMs NPUPOMHBLIX M HCKYCCTBEHHBIX (aKTOpOB B
ctpykrype dopmynsl (1.98). Tak, or pasmenieHus Bolo3abOpHBIX YCTPOHCTRE
no obnactu (D) 3aBucAT nump KO3 UUHEHTBI Xi, B TO BpemMa Kak IlapaMer-
pbi A u bynkumn ex (M), obycloBieHHbIe NpApPOIHbIMK GaKTOpaMH, mpef-
CTaBAKT CODOH NOCTOAHHBIE XAPaKTEPHUCTHKH paitoHa U MoryT ObITh ompee-
JIEHBI OIWH pa3 HaBcerga. JTo ODCTOATENBCTBO OCOBGEHHO CYILECTBEHHO IPH
CO3[JaHHMH TOCTOAHHO [OEHCTBYWIUMX MOened reo@WwIbTPaUHOHHBIX CHCTEM,
TaK KaK MpHMEHeHHe [IIA 3TOro, HalpHuMep, PasHOCTHBIX METOHOB [IPH OLEHKE
IKCIUTYATAMOHHBIX PECYPCOB TMOM3EMHbIX BO[ NpeAnojiaraeT HaIWUME JIeTallb-
HOM HHGopMauuu 060 BCEX MONAX TUAPOTEOJIOTHYECKHX MapaMeTpoOB M reoMer-
puH obnacti QWIbTPaUMH Ha KaXKIOOM l0are 110 BpeMeHH, uTo 0cobeHHO obpe-
MEHHTEIILHO NIPH NEPHOAMYECKOM peXxuMe 0TOOpa, IPH pacuerax IO ONTHMH3a3-
IIHH pa3MenieHHa BO[03aDOpOB M MX peXHMa, a TaKXe NPH WMHTAIMOHHOM
MOEITHPOBAHHH TeoHIbTPAMOHHBIX cHcTem. HMcnons3opaHue KaHOHMYECKHX
PA3JIOJKEHMH MepefaTouHbIX (QYHKUMHA npejcrasnsgercs 0Oosee 3KOHOMHUYHbIM,
HECMOTPs Ha HeoOXOMMMOCTH 3aTpaThl OOJIBIIMX YCHITHH Ha NMpeBapUTelIbHOM
JTane, TaKk Kak IoCjie BBIYHCIIEHHA COOCTBEHHBIX JIEMEHTOB olnepatopa puib-
TPauMH JaJIbHEHIIME PacyeThl CTAHOBATCH JOCTAaTOYHO HPOCTBIMH. Tak, HanpH-
Mep, npH () = const BbIpa)KeHWE THUAPABIMYECKOTO CONPOTHBITEHHMA OMNpEe-
nsercs no mnpocroit dopmyne (1.99). CxomHbie pasiioXeHHs JEACTBHTENbHBI
JUIA YaCTOTHBIX X4PaKTCPHCTHK IOHHKEHHA, HeOGXOOMMBIX TNPH pacyeTe MepHo-
[IHYECKOTO peXXHMa BOH00TOOpa M OUEHKE BEPOATHOCTHBIX CBOMCTB peakiMi
reoQuibTPaIMOHHbIX CUCTEM (BBIPAKEHHA 1A YACTOTHHIX XapaKTePUCTHUK NpH-
pefieHb: B 1.2 Hactosuel rasbl) . HakoHeu, npu BapbMpOBaHHH PACIIONIOMKEHMA
BO/103200poB B o0nacTi QuibTpauHu B pasnoxenuu (1.98) Gynyr U3MeHAThCA
TONIBKO KOIQOHIUMEHTB! X, YTO NO3BOJIAET CBECTH 3Ty 3ajayy K mnpobreme
BbIOOpa HaWwiyulllero B OTNpefeleHHOM cMbicrie Habopa 3tux K03 UIHEHTOB.

Kak nmoquepkHBaioCh BBILLIE, TTTaBHAA CIIOXHOCTE MIPH MCNONTB30BaHHH METONA
KaHOHMYECKOI'0 Pa3yIONeHHA NepefaToYHOH QYHKIHM [MOHIDKEHHA 3aKITI0YaeTcA
B TOM, YTO ONpeHeieHHe COOCTBEHHBIX 3JIEMEHTOB oliepatopa GUIbTpalHK
AOBONTBHO 3aTPYOHHTE/IBHO M B AHAIMTHUYECKOH ¢Gopme BOIMOKHO B OTPAHH-
YUEHHOM KJlacce NpoCcThIX Momenen obnacreu. [lodToMy oCHOBHAA 3ajaya COCTOMT
B paspaborke NpHBIOKeHHBIX METOHAOB MOCTPOeHUA COOCTBeHHBIX IEMEHTOB,
MPUIOOHbIX [UIA NPAKTHYECKOr 0 HCMOIb30BAHUS .

3ajaun Ha oupejienieHHe cODCTBEHHbIX 3HAYSHHI H QYHKIMHA THdpepeHIHab-
HBIX OMEepPaTopoB, HOXOOHBIX Omepatopy punsrpanuu F, MHPOKO H3BECTHHI B
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PA3NHYHBIX (PUIHYCCKHMX M TEXHMYCCKHMX JcumminHax [25]. HauBonbizee pac-
NPOCTPAHEHUE TONIYYHIH CETOUHbIC M BaPHALMOHHBIC METO/bl PELUCHMS ITHX
3aa4. He yMansAA HECOMHEHHBIX /IOCTOMHCTB CETOUHBIX METOOB, OTMETHM,
4TO NPHMEHCHHE BapHallMOHHBIX METOMOB MpeficTaBiAeTcH Bce e Domee mep-
CIEKTHBHBIM [UIA HENEH rHApPOreo/IOrHYeCKHX pacyeToB, Tak KaK IpH 3TOM 0Ka-
3bIBACTCH BOIMOXHBIM YUYHTBIBaTh MHOT0OOpa3HyI0 anpHOpHyio HHOpMalHio
0 reoQHIbTPALHOHHBIX YCHOBHAX M OXKMIAeMbIX pe3yllbTaTaX pacyera, 4T Mo-
3BONACT CyIMECTBEHHO MOBBICHTH €r0 3ppeKTHBHOCTD. [1aBHBIM NpenATCTBHEM
Ha MyTH NPHMEHEHWA KJIACCHYECKHX BAapHalMOHHBIX METOHOB V1A pelICHHA
3afiay MaTeMaTHyeCKOH QU3MKH Oblla HEBO3IMOXHOCTL yueTa reomerpuu obna-
CTEH M CIIOXKHBIX IPAHHYHBIX YCJIOBHH; B HACTOAIICE BPEMSA MOABHIHCH [ei-
CTBEHHBIC CNIOCODBI, NO3BONAILIME JAIABATh HA AHATHTHYECKOM YPOBHE HHPOP-
MAUHI0 O CKOJb YrOAHO CJIOXHOM XapakKTepe rpanul oGnacTi QWIBTpauMH W
[10J1eH rHIPOT eONIOTHYECKHX napamerpos [49].

BapHauMoHHbIe METO[blI MaTeMaTHYeCKOH (H3MKH OCHOBAaHBl Ha 3aMEHe
PellICHHA MCXOMHOro ypasHeHHa Bufa (1.90) Ha IKBHBaneHTHYI0 3a/1ayy MHHH-
MH3aIHH KBaJIpaTHYeCKOoro GyHKuHoHana

B - L .

A A AA T AR T
I(S)=(FS+pS,8)-2—@S, 7). (1.105)
He

Jns NpUONIKEHHOTO PEIiCHHA 3TOH BapHANMOHHOM 3aJlayu MPUMEHACTCSA U3BECT-
Heiff Metox Putna. [lna 3T0r0 moc/ieOBaTeNbHOCTh KOOPAMHATHBIX (yHKIMIA
Vi (M), onpenenennbix Ha obnactu (D') M yHOBNETBOPAWOMMX TPIHMUHBIM 4
YCIOBHAM, U MHHHMYM (yHxumuonana (1.105) paseickuBaloTCA cpend NnuHeR-
HbIX KOMOHHAUKHK BH/a
P e

N

S'H B E_f‘.'g T S U (). (1.106) i

Ly k=1

:
i

B HamGonee obiueM cnyvyae eQMHCTBEHHOE YCJIOBHE, NMPEIbABIAEMOE K CHCTE-
me dynkumin Y (M), — ee nonxota. OfHaKo oT BeIGOPa KOOPIHHATHHIX DYHK-
UMH BO MHOTOM 33aBHCHT 3pPEKTHBHOCTh pelucHua 3aiaus. HauGonee sakubie
acnexTbl BbIOOpa KOOpPAMHATHBIX (yHKuMH ocBemieHbl B paGore [42] u Bo
MHOTHX Apyrux. Teoperayecikoe MojoKeHne MaiaraeMoro HWKe MeTosa, Kpome
TOro, BBIINIANMT BOJice KOMNAKTHO H B Clyuae OPTOHOPMHPOBIHHOCTH KOOp-
AHHATHOH MOCNCAOBATENBHOCTH QyHKUMHA. YCIOKHEHHA, BHOCHMBIE B TEOPHI

MPH HEOPTOrOHATbHBIX QYHKIMAX Yy (M), HOCAT TexHuueckHii xapaxrep. [lo-
- CKONBKY OT J0BOH MOMHO#M CHCTEMBI KOOPAHHATHBIX DYHKIME ¢ MOMOILBIO
npouefypbl oproHopmanusauun ['pama—Illimuara [14] moxwmo nepertn k Ik-
BHBAICHTHOH €H OPTOHOPMHPOBAHHOM CHCTeMe, HiDke 0e3 orpaHmyeHus o6m-
HOCTH TpeAnonaraercs, 4ro QyHkumH Yy (M) yaOBIETBOPAKT YCIOBHAM
OPTOHOPMHPOBAHHOCTH (W, ¥;) =84;.

[loncranoBka Sy, onpejaencHHoro pasnoxenuem ([1.106), B dpynxumonan
(1.105) npespamaer ero B KBagpatuuiyio hopmy N nepeMeHHBIX §1,53, ..., S
OrBpacbiBanHe HECYIECTBEHHOro OOGIIEro MHOXMTENA NPUBOOMT 3Ty dopmy
K BUJLY

N N
IN:‘L;;: 1 (2% + 8k P) Sj Sk “‘ZEI 8k Sk (1.107)
.Fl —_— sy

0



e
;= (F Vi, ¥); (1.108)

gk 2 (p'—:lﬁ Il']'l'l.llif):l k:}: 11 2.1 sesy N* I (1 .109)

Kax ussectro [25, 42, 43], munumym dopmsl Iy focturaercs npu Koaddu-
IMCHTAX Sp, YHOBNCTBODAIOIIMX CHCTEME JIMHEHHBIX aIrebpauueckux ypas-
HEHHMH, NONYYalOUMXCA, €CITH NPHPABHATH K HYJI0 YaCTHbIE NPOM3BOMIHbBIE OF
{;y 1O BCEM 8.

BRois BeKTOpHO-MarpuuHbie 0603HaUCHNS,

N
2 =(~Qkfﬁ.f= 13 65 @) k=15 X ={3k)‘}:4_-]:
YHOMAHYTY!0 CHCTEMY YpPaBHEHHH MOXKHO KOMIAKTHO 3aMHCATh B BHIE

(Q+pE)X=G, (1.110)

raoe E — equMuMuAas MaTpHIA.

Cummerpuynas martpuua 2 MMeeT MNONMOXHTENbHBIE COOCTBEHHBIE UYMCHA
Ai, A2, ..., Ay ¥ COOTBETCTBYIOLME HM OpPTOHOPMHPOBAHHBIC COBCTBEHHBIE
BexTopbl Zy, Z,, ..., Zy, oOpasyiowme Gasuc B N-MepHOM apudmerHueckom
npoctpancTee. Bextop G 3 370r0 MpOCTpaHCTBAa MOXET NO3ITOMY GbiTh Mpen-
CTABJICH B BH/IE PA3JIOXNKEHHA

N

GC=3 BT (1.111)
K=1] i

KO PUIMEHTBI KOTOPOro CyTh CKalApHbIE NPOU3Be/ieHHs BekTopa G Ha OpTHI
Gasuca. Bektop X moxeT ObITh NPEACTABACH C NOMOLIBIO AHAIIOrAYHOTO pasjio-
KEHHS, HO C HEM3BECTHBIMH NMOKa KO3 PHUMEHTaMH

N
X='% %7, (1.112)
k=1

Moncrapnsa pasmoxerus (1.111) u (1.112) B ypasuenue (1.110) u nonsayscs
paBeHcTBOM Q2Z; = A Z; , HaxonuM, yTO

(G-Z
Xp = — K (1.113)
Pt Ag
KomnonenTsl 55 BekTOopa X NMPH ITOM BBIPA3ATCH KaK
N
i e 2 ;;r}l'f] (1114)
j=1
rae z}k} — k- KOMIIOHEHTa BEKTOpPA Z;. Nlogcrasnan (1.114) B Boipaxenue
(1.106) , nonmyunm :
!
Q@) 2 AG-Zy)
Sy = ?) bl s VS (1.115)
Tr k=1 p'!'ﬂk
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rae

N
&M= 2y, (M), | (1.116)
j=1

Cpaenusan seipaxenus (1.115) u (1.35), ycranasiusaem, 410 Cymma

N G- Z:) :
Uéﬂ}zgl :'%I-k—é'};[ﬂ{) (1.117)
= K

npeacrasnser cobon N-e npubiiMKeHHe NEpelaTOYHOH (YHKUMH TOHWKEHHA.
[Tpu N = oo coberBeHnbie Ynena Ay CTpeMATCH K COOCTBEHHBIM 3HAUCHHUAM Ay
oneparopa F, dynxkuun &, (M') — x cooTBercTBylonmM cOGCTBEHHBIM QYHKIH-
am ey (M) . Taxum o6pazomM, conoctasnas Gopmynst (1.117) u (1.98), 3axiio-
yaem, uto ckanspHeie npoussefeHus (G - Z,) cooTBeTcTBYI0T KO3IQDHIMCHTAM
Xx B pasnoxenuu (1.98).

OnpepgesneHHbM  HEAOCTATKOM OIMCAHHOro Bbille meropa Purua pacuera
cOGCTBEHHbIX IEMEHTOB oOmnepaTtopa GWIbTpauMH H TepefaToyHoR (GyHKIMH
[HOHMKEHHs ABJIACTCA HeNOCTaToyHO ObicTpas cxoaumocts. OryacTH 310 0DYC-
JIOBJIEHO TeéM ODCTOATENLCTBOM, UTO €ro pacyerHnie (hopmMyJibl He 0DECNCUHBAIOT
BBINTONHEHKE DanaHca BewlecTsa.

B npenataraeMon Huxe MoaMduxauuu MeToa, rfi¢ 3TOT HeOCTaTOK ycTpa-
HCH, flocTturaerca Bonee BoicOKas 3 (PEeKTHBHOCTb pacyeToB. Y paBHeHHE BOIHO-
ro Baianca IKCILUTyaTHPYEMOTO IU1acTa HMEET BHI

as s . 4
Q(r)= jj’p—dDﬂ' I —dI'+[f bSdD (1.118)
at (r) an (D)

rae (I') — rpanuua nuranus obnactu (D); 1 — BHYTPEHHAS HOPMaIb K HeM,
Ustennt B npaBoit wactu (1.112) mpejcrasnsaior coBOA COCTaBNAWLME pacxoaa
B0OJ100T60pa, 06YCIIOB/IEHHBIE COOTBETCTBEHHO CPabOTKOM CTATHUECKHUX 3al1acoB,
COKpAILEHHEM TOBEPXHOCTHOTO CTOKA M NMPHBIEKAEMbIM (KKOMIEHCAUHOHHBIM)
matauuem. [IpuBous (1.118) x GespasmepHomy MaciuTaly COMHHML M OCymect:
BIIAA npmﬁpmaaﬂue Jlamnaca no BpEHEHHﬂH NepPEMEHHOH, HMEeM '

ol $)=0 (@)T., - (1.119)

/€ =, — IHHCHHbIA YHKIHOHAN, ONPCAENAEMBbIH PaBEHCTBOM

=y (u)= II (Hpu+buydD' +f T ~a—dl" (1.120)
(T) Ny

8 kotopom (') — wacts rpakuub! o6nacTy (D'), Ha KOTOpOH 3a/1aHbl YCIOBHS
MHTAHHUA, Mo — BHYTPEHHsAS HOpMaTh K HEi.

B cCOOTBETCTBMM ¢ METOMOM MHOXHTeneH JlarpaxXa U pelledMs 3anad Ha
YCIIOBHBIH JKCTpemMyM BmecTo ynxkumonana (1.105) npw 310M paccmaTpuBa-
eTca QYHKUHOHAI

P Y

f*(§)=f(§)-zp.$.(§. ; zp(:’{*)), (1.121)

roe v — 0e3pasMepHbii, HEH3BECTHBIH NMOKAa MHOXHTENb JlarpaHka. [lopcraBnas
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B (1.121) pasnoxenne (1.106), nomyumm BMecTO KBaJpaTHUHOH GOpPMBI
(1.107) mopuduumpoBaHuyio ¢opmy BHIa

N
I‘,T, =In-2v(1 —Z &),
k=1
rac
Ex =Ep{'pk)' (1122}

[IprpaBHMBaA K HYJiI0 YaCTHDIC MPOMIBOMIHBIE OT /T, 1O BCEM Sy M V, NONIYYaeM CH-

cremy N+ | iuneiHoro areGpanyecKoro ypaBHeHHA OTHOCHTEIBHO ITHX HEH3Be-
CTHBIX,a HMEHHO

(2+p E)>:+u“£"=c.]
(£ X)=1,
rae £ — BeKTOp ¢ KoMNoHeHTaMu £, , €4, ..., Exn.

Peimenne 310H CHCTEMBI KOMIAKTHO 3alMCHIBACTCA B TEPMHHAX COOCTBEHHBIX
aneMeHToB MatpHlbl . Ucnoneays pamtoxenua (1.111) u (1.112), nonyvaem
anannorwuHo dopmyne (1.113), 9ro

(1.123)

G-Z
v Ll 8 (1.124)
P Ay
riue
G=G -k,

4 MHOXHTENDb Jlarpanika v onpeensaeTca paBeHCTBOM

N — —
P+ A G ZOE-Z) -1

(1.125)

P =

? Al —
Z(p+tA)E-Z)
k=1
Muoxwmrens ¥, a BMeCTe ¢ HWM KOMIOHeHThI BekTopoB G u X cranyT npu
ITOM PAUHOHAIbHBIMH (PYHKUMAMH NapamMerpa p, npuueM GYHKIHAMH JOBOJIb-
HO CJIOXHOK CTPYKTYpsI. [Ipn HamauuM B pacuerHOH CXeme rpaHMIl COBEpLUICH-
HOTO HWIH HECOBEpLUEHHOro NHUTAHHA, a4 TAKXKE B YCJIOBHAX IUIOWIAIIHOTO KOM-
NEHCAUMOHHOr O MMHTAHHA IKCIUTYATHPYEMOTr0O MOPH30HTA NMOJ3EMHBIX BOJL VB €ITH-
'ICHHEe BpeMeHM IKCIUTyaTalHH MOXET NOoBJeYsb 3a coboi cTabuH3aumo 3HaYeHHH
TOHWXKeHHS, eCITH, KOHEUHO , THIPOreoJIOrHiecKHe YCIIoBHA, H B NEPBYI0 OYEPEb
BETMYHHA JIOIYCTHMOrO NMOHMMKeHHA, MO3BOJIAT 3T0. B 3THX ycnoBMAX Bce H3-
NOXEHHbIE BbIIIE Pe3ybTarbl MOTrYT ObITh IHAUMTE/IBHO YIIPOLIEHBI, EC/TH Orpa-
HHUHTHCA TpeDOBAHMEM BBINOIHEHHA BOAHOro OGanaHca B CTAUMOHAPHOM pe-
KHME, COOTBETCTBYIOILIEM IIpefieTy TipH [ = ©© WIIH, uT0 TO Xe camoe, npu p =0
B COOTBEeTCTBYIOLMX H30Dpaxennax Kapcona-Jlamnaca. Ilpu 21om » = g, e

N ==l

k—El AR (G- Zi)( k- Zy) - |
Vo = % ‘ (1.126)
EAY (E-Z)

2

k
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a BeKTOp _E}, COOTBETCTBYET (PYHKIMOHANY =, TOMyyaeMomy nipd p = 0 Ha
OCHOBaHWH Bblpaxenua (1.120):

_ Ou | = :
Eo)= [ T —dTl" + [ budD'. (1.127)
(f") = 9ng (D")

[lpu Bo3pacTaymm NV BelwmHa MHOXHTENA ¥ yOBIBaeT mo abCOMIOTHON BeH-
yaHe. CIporoe MNOKa3aTeNbCTBO 3TOrO NOJMOXEHWS BHIXOIHT 3a pPaMKH Ha-
crosmei pabots: ¥ GyHer NPOWUIOCTPHPOBAHO Ha mpumepax. M3 cxomumocTy
K HYJH0 BEIIMYMHEI Vg TIpH [V = % criegyer CXOAMMOCTh MATOXEHHOr0 cOaNaHCH-
poBaHHOro MerTona Purma. _

st nonyueHMs: KaHOHMYECKOrO pasjiONEHMS NepeIaTOYHOM byHKIMH pe
AyKiuH Bocnonbayemcs dpopmynamu (1.42) u (1.98). Yuursmsas, yro B (1.42)

T/T, = T, nuddepenumponanme no HopManu A k obnacti (D) SKBHBATEHTHO

1 o
B MPUHATOM Maciutabe Onepaiin 7 5w TR Mo — HanpaBjieHWe HOPMATH K
My

rpamuue mpeoGpasopamuoit obmact (D'); anement nmusi rpammmst dI° co-
- orBercrByer Bemmunne LA T, Tax yto pasencrso (1.42) npumer Buj

b ; s ~ ol
e ("
e )f © Fpaua nurasms o6nactu (D). Mopctasnas dopmyny (1.98) B

HAXOIMM, Y170 KAHOHHYECKOE passioxkenue epefaTouHoi GpyHK-
dmn HMETH WAL

ey wat] | (1.129)

kst P+ Ay
I 110 .
od
o Pk ar. (1.130)
(r" aHu 1
Tax kax opurunan maobpaxenns _l paBeH -L (1— e 2&") nupaxmé |
P+ \) Ak
AVTA KAHOHHYECKOrO pasIOKeHHA OTHOCHTETbHOM PEny KIMK TIPUMET BHL
oo Xk x i
Wolt)= = =—(1—-e"M ) (1.131)
k=1 :"k

[Ipy ¢ ~> °© HKCTIOHEHTHI B NMPABOH YaCTH TOro BBIpaXeHHMAa 0OpaiuawTcs B
HYJIb H NIPEAE/IbHOE SHauCHHEe PYHKUMM OTHOCHTENBHOM PEIYKIIHH PaBHO

®  Xko
. ®Wo(oe)m ¥ — :
St Lo bl A (1.132)

Ilulmmy HAMEONOIME PAOXO/IE MO MOXET MPEBLICHTH 10 aBCONTIOTHON BeNH-
U L DT TR HOAOOTOO P, NPees ¥ CYIIECTBYET BCErIa: OH MOJXCT GBITh Ha-

La

T md[". (1.128)

;

:

i



3BaH Mpe/e/ibHOM OTHOCHTEIBHOH pedyKIilMeH, IpHYeM CTIpaBeIHBO OUeBHIHOE
HEpaBEeHCTBO ¥ < 1. B yc/10BUAX KOMIMEHCAUMOHHOIO NMUTAHKA ITO HEPABEHCTBO
crporoe: ¥ <.l; B YCIOBHAX OTCYTCTBHA KOMIICHCAUHOHHOIO NMHTAHHA HMeEeT
MecTO paBeHCTBO 7y = 1. OBGo3Havan

Cp == (1.133)

dopmyny (1.122) ¢ yuetom (1.125) MOXHO nepenucars B BHIIE
-] ?Lk

Uw@)=7-7 = G , 1.134

W0)=1-B2 Gt (1.134)
dopmyny (1.124) — B Bupe

Wolt) =7 — ki Cie "®% (1.135)

[TpubnuxeHHoe Beipaxkenue g obuiero wiena C; B paanoxenuu (1.134) B npo-
iecce Purua ocyuiecTiifAe 1CA MO OYeBHAHBIM OpMYysiaM:

G-Z i
G = ( k) T (1.136)
Ak
rae %
e p— k [
op = [ = dI', (1.137)
() 0

4 ocTaTsHbIe 0B603HAYECHHA — NpeXkKHHe.
OyHKIMA HHTErpaJbHOH OTHOCHTEIBHOH PelyKIHH U(f) [UIs 3THX YCIOBHH
MOeT ObITh NMpeCcTaBlIeHa B BH/E

w)=7 - - T Che ™, (1.138)
rie
Gy 2V S ¥ (1.139)
Vo = ~ = , :
s dp L=ﬂ k=t %
.C: =C_l:/}ik' (1.14{]}

Jnsa cnyvas nepHOAHYECKOro BoAooTBOpa BhIpaXKeHHA V1A YACTOTHOM Xapak-
TEPHCTHKM peyKuuH Ha ocHoBanuu (1.132) ananoruyno (1.100) moryr Geith
JaITHCaHBbl B BH/IE KOMIUIEKCA

w(w) = wy(w) - iwi(w), (1.141)
roe

o Cg\

wi @)=y +&* T f :-:_1 , (1.142)
k=1 }"k_ + W

ol . CR}L‘I:
wi(@)=@ I ; 1.143
vi(w) x=1 }l.i + 32 { }

| 3. 3ak. 257 33



aMIUTHTYHas H $a30Bas YaCTOTHBIE XAPAKTEPUCTHKH PeyK LUK TIPH 3TOM Ollpe-
IEMAITCA KAK

w(w) =vVw? (@) + w} (@), (1.144)
tgP(w) = wi@)/wp(®). | (1.145)

PaccMOTpPEHHAA METOIMKA CPAaBHUTENBHO JIETKO peau3yeTcs [UIA YCIOBMH
IUTOCKOMNAaPaiyIeIbHOTO WIH OCeCHMMETPHYHOIO NMOTOKOB, ONUCBHIBAEMBIX OJHO-
MEPHBIM ypaBHeHHeM (wisTpauuu. g ycloBMH ABYMEPHOTO MOTOKA MOA3EM-
HBIX BOJ 337ada CYUICCTBEHHO YCIOXHAeTcA, 0cOBeHHO MIA YCIOBHH HEOMHO-
pomHbIX TU1acToB. BMecre ¢ TeM Bce OCHOBHBIE IIPHHIMIIBI OCTAKTICA TEMH XKe,
33 MCK/IOUYEHHEM BOIpOca O BbIOOpE MCXOOHOH KOOPOHHATHOM IIOC/eI0OBaTelb-
HOCTH, TAK KAaK BO3HHKAaeT HEOBXOOMMOCTD Y4eTa CJIOKHBIX TeoMeTpHM 06I1acTeH,
FPaHHYHBIX YCIOBHUH, a TAK KE HEOTHO POHOCTh NoJied GuIbTPALMOHHBIX [TapameT-
poB. B nocneaHee BpeMs MOABHIHCH 3P PEeKTUBHbIE CNIOCOODI y4eTa BCeX Ha3BaH-

y

10

05 Puc. 1.1. ®opma L-o6pa3Hoit
oBmacTi

I 4 -

MO TAK Baanmnemon reopun R-pynkumin [49]. Jra
e MIRPRRIN, OHNERIBATE G0N YTIO/IHO CIIOXKHBIE TIO reOMeT-
U Ilm SIMNOOOPAANLIX ANAIHTHIECIKHX Y PABHEHHH; BO-BTO-
LD R N YR 01 TIOAROJIeT KOHCTPYMPOBATh CTPYKTY-
WA WO S, HomcHum ckasannoe Ha npumepe. PaccMoTpum
AP O tacrn i pue. T, Ona cOCTOMT M3 TOYEK KBapata ¢ eOWHWYHOM
CTOPOMON, 1Y MHOMOCTRE KOTOPBIX HCK/II0YEHBI TOUKH ¢ KOOPOMHATAMM, OTBE-
NBROME Hepanoncrsam X > 0,5; ¥ = 0,5. Kak nerko y6enursca, GyHKIMA,
ONPOGINEMAN Y PaBHEHHEM

wy (X, y) =xp(1 —x) (1 -y), (1.146)
MOJIOKHTENbHA BHYTpM KkBajpata 0 < x, ¥ < | u oOpaiuiaerca B Hy/Ih Ha ero
rpaHuuax. OyHkuus w, (X, y), MOJIIOKHTEIbHASA BHYTPH YIJIOBOH 06nacTd X =

= 0,5; ¥ 2 0,5 u obpamaromasca B HyNb Ha ee rpaHunax, Moer GbITh ompesie-
NIeHA, HATIPUMED, B BU/IE

mi(irj'?]=f+}_ l _\X(EE_D!S}E +(.;_ D!S}j

Cornracno pesaynbratam Teopuu R-pyHKIMA HCKOMOE YpaBHeHHe GyHKIUH
w(X, V), MONOXHTENTBHOW BHYTpW HcxomHou L -06pasHoll ofnactu H PABHOM
HYJII0 Ha ee rpaHuIax, olpeaenaeTca GopMyIon

WX, ¥) = wy +w, —vw} +wl. (1.147)
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EcnM rpaHHuHble YCTOBHA 3a/JaUd 3aKJTIOYAIOTCA B PaBEHCTBE HYJI0 TNOHH-
KeHHWsl B/IOJIb BCEro KOHTypa obnactd, MOXHO YTBEpPXJIATh, YTO CTAIlHOHApHOE
pelIeHHe ypaBHeHUs QWIbTpalHd MOXKeT ObITh Npe/ICTABIEHO B BUE

S(x, y) = w(X, ) ®(X,»), ~ (1.148)

rae $(X, ¥) — Hew3BecTHasd Noka GyHKUMA, KOTOpasdA, O[JHAKO, HEe [IONKHA yxKe
YOOBIIETBOPATh HHKAKHM TPaHHYHBIM yClnOBHAM. OnpepeneHue 310H GyHKIMH
MOXeT ObITh CBEIEHO K BapHAalHOHHOMH 3ajave Ha MHHMMYM QYHKIMOHAIA THIIA
(1.105), xoTopas MoxeT ObITh peleHa NMpPAMBIMH METOJAMH MaTeMaTHYeCKOH
dbu3uxH, npuueM pyuxkmma P(x, ¥) npeacraBnsAercA B BHIE JIHHEHHOH KOMOH-
HauMu QPYHKUMHE, 0OpasylolMX MOMHYI0 MOCIEI0BATEIBHOCTD (OPTOrOHAIbHbIX
MOJTHHOMOB, TPUrOHOMETPHYECKHX (PYHKIHH H T.11.) .

®opmyna (1.148) HaspiBaeTca CTPYKTYpOH pellleHuA 3ajayd. B cinyvae 3apa-
yu Jupuxie (ycnoBus nmepBoro poja BAOJb BCEro KOHTYPa IPAHMIIbI) OHA HMeeT
BECBMA MpO3pauHbii BHA. B ciyvasX yClOBHH BTOPOrO H TPETHEro ponoe, a
TAK)Ke CMEIIAHHOHW 3a/jayd (KOrja Ha 4acTH rpaHMubl 3a[iaHbl YCIIOBUA MUTAHMA,
4 Ha JOpyros — yCIOBHA MOCTOAHHOIO pacxofa) CTPYKTYPbl pellueHHH TaKXKe MO-
ryt ObITb BBIPaXKeHBI C MOMOLILI0 QYHKIHH (X, V), onpeaensioiei ypaBHeHHeE
ofjiacTH, ¥ ee mNpou3BoaHbIX [49], OAHAKO COOTBCTCTBYMILUHE BbIpaXKeHHsA
HMMEIT [JOCTATOYHO FPOMO3JIKHH BH/ W He SBJIAITCA CTO/Ib OYEBHIOHBIMH, KaK
crpyxtypa (1.148). B paGore [49] onmcaHa Takxe METOMKA IOCTPOCHMA
CTPYKTYD pellleHHH M IS YCJIOBHH YeTBepTOro poja, T.e. [UTA cllyyaeB IUIaHOBOH
¢wIBbTpauHOHHON HeonHOpOAHOCTH. U3oxeHHe Beex 3THX BOMpPOcoB (akTHyec-
KM O3Hauano Obl MOBTOpEHHE 3HAUMTE/IBHOM YacTH YNOMAHYTOH MOHOrpaduM
[49], noatomy Ham mpencraBngerca Hanbonee uenecoobpa3HbIM OTPAHHIHTHCA
BhIp@KEHHEM MHeHHs O HepcleKTHBHOCTH NMpHMEHeHHA TeopHH R-QyHKUHH K
pellieHH0 3ajay reodwIbTpallHH, B YaCcTHOCTH K TMOCTPOCHHIO MepeiaTOYHbIX
(hYHKUHH TIOHMXXEHHA M peflyKLHMM, KOTOpPOE CTAHOBHICA BO3MOXHBIM, TAKHM
06pa3oM, PaKTHYECKH B J1100bIX peaibHbIX NPHPOAHBIX YCIIOBHSAX.

B xavectBe NpuMepa paccMOTpPHM NMpHMEHEHHE MpeylaraéMoH MeTOHKH Oll-
pe/le/ieHHA TiepeJaTOuHbIX (DYHKUMA IS cyyas IHHeHHOTO M IUIOLIATHOTO BO-
no3abopos, paboTawIMX B YCIOBHAX PEYHOH MONHHBI H IKCIUTYaTHPYIOLIMX
HEOTHOPOAHEN B (QHIIBTPAUMOHHOM OTHOLIEHWH AJTIOBHATbHBIH BOTOHOCHBIH T'O-
PH3OHT,

[lpamep 1. ['eodmnbpTpaumorHHbIe MapamMeTpbl — HENpepbIBHbIE QYHKIHH KO-
OpJHHAT.

['HaporeonornyecKre paspessl [OJMH pAfa peK, OCODEHHO NMPOTEKANIMX B
rOPHCTHIX PafiOHaX, YaCTO XApPaKTepPHIYITCA MOCTENEHHBIM YMEHbILIEHHEM MO -
HOCTH H EbiﬂIthEII,HG}[I-[b[}E CBOHCTB BOJOHOCHBLX OTJIOAKEeHHH IIPpH OTOAJIEHHH OT
ype3a peKH, YTO BbIpAXaeTcA B 3aBHCHMOCTH Ko3¢ddHiMeHTa BOLONPOBOAHMOC-
TH OT PACCTOAHMA OO pexH. 3[ech paccMOTpeH Clydal, KOrga 31a 3aBMCHMOCTD
HOCHT JIHHEHHBIN XapakTep:

I(x)=To(1 —x/L),

rne Ty — 3HaveHne KodddmimenTa BoAonpoOBOAHMOCTH BOH3KH pekn; L — mm-
pHHA OOJMHBI, X — paccTofHHe oT ToukH M 1o ype3a pexu. BennuuHa xoaddu-
UMEHTa BOMOOT[AYH IPHHATZ MOCTOAHHOH, M = Mo = const; Ko3dduumeHr b
Mpeamonaraercd paBHeIM HynMio (KOMICHCAIHOHHOE MHTaHHE OTCYTCTBYET).
TpeByerca OLEHHMTb BE/IMUMHY IKCIUIYAaTAUMOHHBIX PECYPCOB TNOO3EMHBIX BOM
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MpH ¥X OTOOpe mapa/uieNbHbBIM peKe JTIMHEHHBIM PAZIOM CKBaXHH, 8 TAKXE [IPH _{i
paBHOMEPHO paclpefieNIeHHOM B [IO/THHE IIOMmaaHom oTbope. 3
Jlna peureHHs 3afauM CHauana onpejenMM CoOCTBEHHBbIE JJieMEeHThbl Onepa-

TOpa (WIBTPALMM, COOTBETCTBYIOUIErO rpPaHHYHbIM YCIOBMAM 3ajaud. B xa-
YecTBe XapaKTepHOro JTHHEHHOro pasmepa WIA 3TOro NpHHUMAEM LUIMPHHY [10-
yMHB! L, B KaYecTBe OMOPHOTO 3HaYeHHA KO3 PUIHEHTA BOLONPOBOAHMOCTH —
aqavenne To. [Nockonbky HMeeT MeCTO IUIOCKOMAapaule/IbHbIA MOTOK MOM3EM-

HbIX BO[, oneparop GWibTpalHH OJIHOMEPCH H ONIpefie/IACTCA BhIPAKCHHEM
Fi £ (1 -%) s (1.149)
e % e 3 e .
dx dx
['paHHYHOe yCNOBHME COBEpLUICHHOrO NMHTAHMA HA JIEBOW rpaHuue mwiacta (ype3
pEeKH) HMeeT BH]

5(0, 1) =0; (1.150)

Ha TMpaBOH IpaHHUe IUTACTA 3aJaeTCA YC/IOBHE OTCYTCTBHA pacxo/a uepes Hee:
lim T(x) = 0 (15 1)
m I(x) — =0. :

. dx

AHATHTHYECKHE BBHIPAXKEHHA JUIA CODCTBEHHBIX 3JIEMEHTOB OIl€paTropa MOTYT
BbITh MONMYYeHbl C IOMOUIBIO peleHHA KpaeBOH 3ajaud if OObIKHOBEHHOTO
e peHIHANBHOTO YpaBHeHus BHa Fu = \u 1 MMET BHIL

1
Ap = P j :
in Uun \/l_"‘-?) | ('LISZJ
s Uom) | :

(e fon — net nonoxmTesbibiit nyms dynkian Beccena Jo (2).

CoOcrmenmnie anementst oneparopa (1.149) npu rpaHMYHBIX YCIOBHAX
(1.1580), (1.151) ouenum cornacko merony Purua. B xauecre CHCTEMBI
KOOPAMKATHBIX QyHKUME BoiGepeM NOC/TEIOBATENIBHOCTD OPTOHOPMHMPOBAHHBIX
NONHHOMOB, YAOBJIETBOPAKIUKX IPAHHYHBIM YCIIOBHAM:

lh(}] =\/§f,
X gt
V2 (%) =J‘sﬁ(x’ = )
¥ @ = VT575 (33_ %5? ' 3.1-),
5

Ve ®) = 163(1*‘ R TN _E)Hm.

ep(X) =

8 14 28

Koabduumentsr 2 j; onpefensorcs mno gopmyre (1.108), xotopaa B pac- |
CMATPUBAEMBIX YCIOBHAX MOXeET GbiTh mpeficTaBnena » puge [43]
v dyge dy;

ﬂkj=_r$ d% d,i'- d.x

¥
o B T
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TaGnuua 2

Mpubavwennna coBCTBEHHMX 3HAYECHHE onepaTopa (HALTPANMM B YCNOBMAX MNpumepa '
no meroay Purua

N A, A, A, A,

1 1,5000 - - -

2 1,4460 9,2206 i =

3 14458 76780 28,3762 -

4 1.4458 7,6187 19,5578 67,3777
TouHble 3HAYEHHA 1,4458 76178 18,7216 34,7599

CermeHT MaTpHUbI YeTBEPTOro MOPAIKA HMEET NPH 3TOM CIIeYIOIINE JIEMEHThI:

1,5000 —0,6455 0,3819 —0,2598
-0,6455 9,1667 —5,4231 3,6895

2 =10,3819 -5,4231 26,8333 —18,2557
—0,2598 3.6895 —18,2557 58,5000

flpn N = 1 npubnuxenuem nepBoro cOGCTBEHHOro 3HAYECHUN CIYXHUT ie-
MeHT marpuubi 21y = 1,5000; cooTBeTcTBYIOUMA €My COGCTBEHHbIH BeKTOp
COCTOMT M3 eJMHCTBEHHOIO YMC/la, PaBHOTO eOMHMIE, 4 COOTBETCTBYIOLIAA
cobcrBeHHaAs QyHKUMA npubIHKaeTCs TMHERHOM 3aBHCHMOCTHIO BHaA 2 () =
= V3 - X llpy N = 2 npuonuxeHns nepBbix ABYX COBGCTBEHHBIX YMCEN Olpe-
NENAWTCA H3 XapaK TePHCTHYECKOIO YPABHEHUA

1,5000 — A 10,6455 :
—0,6455 046671 Al =V

u cocrasnar AP =1,4460; AP = 9,2206. Hopmuposanubie cobcTBeH-
HpIC BEKTOpPLI, COOTBETCTBYHIIUME 3THM COOGCTBEHHBIM YHCIIAM, PABHBI COOT-
serctBeHHo  Z, = (0,9965; 0,0833); Z, = (-0,0833; 0,9965). lpu6nu-
KEHMSA NEPBBLIX NBYX COOCTBEHHBIX QYHKIMHA oneparopa OlpeHeNnsioTcs TIpH
ITOM BhIpaKeHH AMH

E.] (j:) < []',9965 1"] (i'} L 0,0833 l;r'-z (.i*)

€2(X) = 0833y, (%) + 09965 ¥, (¥)

WK NOCsie NpHBeaeHHA MOA0OHBIX WIEHOB
e, (X¥) = 0,7451 ¥ +1,1672 %,

€2(X) = 89130%* — 6,8920%.

AHAJIOTHYHO MPOBOOATCA BhlyHcheHHs npu N = 3. [lpubnnxeHus coBCeTBeH-
HbIX 3HaueHHH ofeparopa [, cooTBeTCTBYioumMe 3Hayemusam | < N < 4,
4 TAKKC TOYHBIE 3HAYEHHA, NpPHBEOCHbI B Tabn. 2.

B pesynwrare yerseproro npubnuxkeHus liepBoe coGCTBEHHOC 3HAYCHME
ONpPENeNeHO ¢ TOYHOCTHIO /10 YeTBCPTOrO 3HAKA BIJIMHTENBHO, OluMbKa B onpe-
AC/ICHHH BTOpOro coberBeHHoro 3uaveHusa cocrapnaer 0,01%, Tperbero —
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Puc 1.2 I'paduxku nepsbix Tpex

cobcTReHHBIX QYHKUKA B YCTORHAX
mpaMepa 1 u ux npubmoxcHuft mo
meTony PaTtua

I — e, (X); Il —e,(X); HI - e, (X);
I — Tounusic 3HaveHunA; 2 — nepeoe
npubnuxenne; J — TpeThe NpHoIN-
wKeHHe

P u c 1.3. I'pabuxu BpeMcHHOR
JAPMCHMOCTH THAPABIMYECKOI0 CO-
NPOTHBIIEHHA B YCTOBHAX NMpHMepa
1 w ee mpubmukenuit nmo PuTuy

] - N=1;2-N=2:3-N=13;
4 — TouHOoe pelleHHe

HETBEPTOro 3HAYEHHA HEYIOBNETBOpPHUTE/IbHA. Xapakrtep Mpuo-

JIHKEHHA COBCTBEHHBIX QYHKUMM oneparopa WUTIOCTPHpYeTCs rpadHUKamMu Ha
puc. 1.2. B peaynbrate uernipex NpHONMIKEHHH [epBasi W BTOpas cOGCTBEHHbIE
QYHKIMH annpoKCHMHPOBaHbI ¢ GONBIION TOUHOCTBIO, MAKCHMATHHAA oumMbKa
B OLEHKe IHAYeHWH TpeTeedl coGcTBeHHOH GQYHKUMH coctaBnfer okoio 20%
HCTHHHOTO 3HAYCHHA.

B ycnoBMAX mIOCKONapannensHOro JBMIKEHHA MOA3EMHBIX BOJ. KOId
ABYMEPHbIH ONEparop puibTpaliMi 3aMEeHAeTC Ha OIHOMEepPHbIH Buga (1.149),
BEJIHYHHBI, XdPaKTEPH3YIOLHE KOJHYCCTBO OTOMpaeMbiX BOQo3abopom nomsem-
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HBIX BOA (pacxoi BOAoOTGOpa, ero MOMY’b), NPUBOLATCA K eMHHIE NPOTH-
KeHHOCTH YYacTKa (OTCYMTHIBACMOMH B YCTOBHAX NpHMepa BoJb pexu). [lpw
ITOM, KaK HEeTpyAHO M0Ka3aTh, C MOMOLUBI0 3NEMEHTAPHBIX AHATHTHYECKHX
lpeobpa3oBanui nepefarouHas QyHKUMA TOHHKEHHA W FHAPABITHYECKOE COMpPO-
THBIIEHHE MOTYT ObiTh BhIpaXkeHbl B BHIE

. L' f LR
Us(M,p) = i Us(M.p). Ro(M, t) = = Ro(M, 1), (1.153)

roe XapakTepHCTHKH ffg (M, p):  Ro(M, t)onpenensiorcsno ycnoBHAM
OTHOMEPHOH cXembl, HO B Boipaxenuax (1.35), (1.37) durypupyer npu 3tom
MONTHasA BEIHUHHA BOJOOTOOpa no yuacTky. B ycnosusx npumepa npu otGope
OI3¢MHBIX BOM JIMHEHHBIM PANOM CKBaxwuH GyHKuMA f(X) Oymer HMeTs BHA
f(x) = 8(x—d), rne d — OTHOMIEHME pPAaCCTOAHMA MEXAY BOH03a6OPOM
W PDEKOH K HMpHHE AO/THHBI. 3HaueHHs KOIphHUMEHTOB F . onpefeneHHbIe
1o JP”Y"“ (1.109), B 31oM cnyuae cocranswot gx = Vi (d). pumem,
YTo = 0,4, Torpa BexTop yerBeproro nopaaxka G Gymer HMeTh UHCIOBOE
Beipaxenne G = (0,6928; -1,2522; 0,4233; 0,9408). Herpyaso yGemuts-
CA, 4YIO NMpH OTBOpE MOM3EeMHBIX BOM JIMHEHHBIM pANOM CKBAaXHH 3HAUCHHSA
€x(M ), rme Touxka M' pacrionoxeHa Ha THHHM Blo3abopa, cOBHAmAlT coO
JHAYEHMAMH KO3DPHUHEHTOB £ .

flpu N = 1 cormacxo dopmyne (1.117) npubnuxenue nepenaroyHon GyHK-
LUHH NOHHXEHH A I::;“} byner umeTs BHA -

0,6928 0,48

8’;” Sy . 0.6928 = :
p+15 D+1,5

COOTBETCTBYIOLIAA BPEMEHHAA 3aBUCHMOCTb IHIPAaBIHYECKOTO COMPOTHBJIEHHA
(3) wumeer Bun
0,48

B

=
R

ﬁ“’{éj arf (1 _E—I.SF) = 032 (1 _e—1:5 F)

llpw N = 2, BBINONHAA CKANAPHBIE YMHOXEHHS COGCTBEHHbIX BeKTOPOB Z ; M
Z;, NONyueHHBIX BO BTOPOM TIPHUOITHKEHHH, Ha BEKTOpP, COCTABIICHHbIA U3 fep-
BbIX ABYX KOMTOHEHT BekTOopa G, nonyunum, uro (G - Z;) =0,5861: (G .
« Z,) = —1,3055: npu atom

) 0,58612 (—1,3055)2 0,3435 1,7043
U = + - + ,
3 1,446 + p 92206 +p 1446 +p 92206 +p

;E:I} = 0,23?6 (] _E—~l.44ﬁﬂr) + 'D.lﬂ‘i-g (I _t,-'?,ilﬂﬁ f-}

AH@IOMHYHO NMPOBOJATCA U BCC BbIYMCIIeHuA npu N > 3. Ha puc. 1.3 nao6pa-
KeHbI rpaMKH BPEMEHHBIX 3aBHCHMMOCTE#H ﬁu (1) B nepsomM—yeTBepTOM NpPHE-
JIMKEHHAX, 3 TAKXKe rpadHK TOUHOH BPEMEHHOMN 3aBUCHMOCTH. OTHOCHTEILHAS
OUMOKA ONpeleleHHs 3HAYCHHA THPaB/IMYCCKOrO CONPOTHBACHHUA COCTABJIA-
€T 110 YeTBepTOMY MpHOITHMNKeHuio oKoso 10%.

[lpu o16ope nonsemMHBIX BO/ MIOLIAJHON CHCTEMOM, PaBHOMEPHO pacnperie-
JICHHOH B I07IMHE peKH, pyHKuna [(X) paBHa eauHHue B npomexyrtke 0 <X <



< 1, H03TOMY KOI(@PHLUHEHTh! £ B COOTBETCTBHM ¢ dopmynoit (1.109) bynyr
OHPENEATLCA PABEHCTROM

i = {; Vi (X) dx.
Bextop G uerBeproro mopagka OygeT Npd 3TOM HMETh YWACIIOBOE BbIpaskeHHE

BUIA
G = (0,8660; --0,3727; 0,2205; —0,1500).

B ormnuue or ciyuas orGopa HOA3eMHBIX BOI JIMHEAHBIM PAIOM TIONOKEHHE
TOUKH, COOTBETCTBYIOLUEH HeDOJIBILIOMY NMOHMMEHH0 YPOBHA, OYIeT M3IMEHATHCH
C TeueHHeM BpeMeHM. B HavualibHBIM MEpHOO 3KCIUTyaTalldM 3Ta TOMKA JIOKAalH-
3yeTca BONN3M CepelMHbI IOJMHBI, IEPEMEILIAACh 3aTEM K €6 MpaBoOH rpaHuIe.
AN ynpouweHHs pe3ynsTaToB, HOCAIMX B OCHOBHOM M/UTIOCTPaTHBHBINA Xapak-
Tep, OTPaHHUYMMCA HCCTIeOBAHMEM BPEMEHHBIX XapaKTePHCTHK TONMBKO B OJHOH
TOUKe, a UmeHHo mpu X = 0,5. B nepBom npHGMMOKEHNH CKaJIAPHOE MPOU3-

Begenve (G -Z;) pasHo 0,8660; 3HaYeHWe COOTBETCTBYIOLIETO TNpHOIHKe-
HUA cobeTBeHHOM dyHKIMM onepatopa paBHO € (0,5) = +/ 30,5 = 0,8660.
Hpubnuxenne nepegaTouHol GYHKINK NOHMKeHUs U .,E,”- pH 3TOM DyIeT HMeTh

BHO

~01) 0,8660 0,75
US = —— . 0,8660 = -,
15+p 1.5 %9

a NpUbNHEeHHE THAPABIIHYECKOr0 CONPOTHRIIEHHHA
RUI=(075/1,5) (F—e'7 %) = 05 (1—e~15F),

Bo sropom npubnvxenun, npuy N = 2, sHaueHHs CKATAPHBIX NPOH3BEIEHHH

cocrapmaor (G Z,) = 08320; (G-Z,) = -0,4435; 3Havenus npubu-
MENMBIX coBerBennnix gyuumit npu X = 0,5 — coorsercrBenno €7 (0,5) =
= 07699, ¢,(0,5) = —1,1863: coorBercTByioiee NpHEIMKEHHE NepeOaToOy-
HOH hYHKIHM NOHMKEHHA ONPEJIENTHICA PaBEHCTBOM
3 0,8320 —~0,4435 0,6406
Ut = ———0,7699 + — (—1,1863) = =
‘ 1,446 +p 9,2206 + p 1,446 +p
0,5261
+  §
92206 + p
a TIpHOJIHiKeHHEe THPABIIHYECKOTO COMMPOTHBIIEHHA — BhIPAKEHHEM
R(2) = 0,6406 (1 el ARGy 4 0,5261 (I_E-—g',ilﬂﬁ?} <.
0 1,446 9,2206

='0,4430 (1 — e ~1446T) 4 0571 (1 — ¢ ~9:22067)

Ha puc. 1.4 npencrasiensl rpadMKH BpeMeHHBIX 3aBHCHMOCTEH rHapaBIIM-
YECKMX CONpOTHBIEHHA R B NpHOTHKEHHAX, 4 Takke rpadguK TOYHOH 3a-
BUCHMOCTH. ['paduKM HOKa3pIBaWT, YTOB OTIMYHE OT YCIOBHH 0TGOpa nop-
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P u c. 1.4. TpadrKyi BpeMeHHEIX 3aBHCHMOC-
Tehk THOPAaBIHYECKOTo CONpPOTHBIEGHHA mpPH
orbope NMOA3eMHEBIX BOI IDIOIANHEIM BOHO-
3abopoM (kpuBaf 2) W ee npHOGMMXeHUS
no Patuy mpu N=1 (xpuBax /) u mpu |
N =2 (TeMHBle KPYXKH)

Puc.l.5

Puc 15 Tpabuxku dyHKimME penyKUuM B
YCIIOBHAX mpHmMepa (KpuBasa 5) H ec MNpH-
briskennit no PRy

1 —-N=1;2-N=2;3-N=3;4-N=4

P u c 1.6, P'pabuxu dyuxouu penyKIHH
(kpuBasg 3) H ee mpubmaxeHwuit, monyyeH-
HEIX ¢ MOMOIIEXY MOTHDHUINPOBAHHOTI'O METO-
na PuTna

1 —-N=1;2- N=12;33uepHeHnbiec Kpy¥x-
KH—N=3 g Y 40 qg

Puc.l6

3EMHBIX BOJ JIMHEHHBIM pPAZIOM CKBaXMWH B Cllyyae IUIOMANHOTO OThOpa yike
BTOpOE MpUOIHKEHHE MPUBOMMT K NMPAKTHYECKH TOYHBIM pe3yibTaTaM.

Ilpv npakTHYeckHX pacueTax C NMpHMeHeHHeM MeTona PuTna Hauxymuas
CXOAMMOCTh COOTBETCTBYET YCIIOBHAM OTDOpa MOM3eMHBIX BO[, OIMHOUHBIMH
CKBOXHHHBIMH BOJ03ab0paMM, HaWyulllas — IUIOIAOHOMY OTOOpY C Hempe-
PLIBHOH dyHKumed mwiotHoctH nebuta f (M), a cinyuai nuHeiHOTO Boo3a6opa
Bymer 3aHMMaTh MPOMEXYTOYHOE MOJIOKEeHHE. YXYIIIeHHEe CXOOMMOCTH Pa3nio-
KeHMH NepelaTOuYHOH QYHKIMH NpH yMeHslllenun rnapxkoctd dyekuuu ' [ (M)
HMEeT AHATOTHUHYK MAaTeMaTHYeCKY NpHPOAY C YXYAIIeHHEM CXOJWMOCTH
TPHFOHOMETPHUECKHUX PALNOB QPypbe IpH YMEHBIICHUM ITIAIKOCTH pasiiaraeMoi
dyuxuun. Ilostomy npumenenne mercna Putuna npencrasnserca HauGornee
3pPeKTHBHBIM  [UIS IPOBEICHUA PACYETOB NPH PErMOHATEHON OLGHKE 3KCIUTY-
aTAUMOHHBIX PECYpCcOB MOA3EMHBIX BO/.

UTo KacaeTcs pacyeTOB CKBaXXKMHHBIX M JIHHEHHBIX BOI03aBOpOB, TO [UIA
AOCTHIXXEHHA HeOOXONMMOH TOYHOCTH INpH MCMONB30BaHMH MeToda PHTHA Hamo
YUMTBIBAaTh JOBOJIBHO GOMBIIOE YHCIIO WIEHOB pa3noxeHwus. Tak Kak NpuBeeH-
HbIH Bbillie AITOPHTM [IONYCKAeT NPOCTYI0O HHTEPNPETALHNI0 B BUJIE MPOrPaMMbl
wig IBM, ynomsnyTsie pacueTsl Bcerfia MOryT GbITh IPOBEHEHDI C HCMOJB30-
BAHMEM CpE[ICTB BBHIMMCIUTEIBHOH TeXHHKH. [IpH astom moryt nHaimi mnpume-
HeHHe W TaKHe 3 (eKTHBHbIE MaTeMaTHYECKHE METOMbI, KaK acCHMIITOTHYECKHE
OUEHKH CODCTBEHHBIX 3JIEMEHTOB OIEpPaTOpPOB, a TAKXKe METOJIBl BO3MYIICHHI,
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Creptyer, HaKoHew, OTMETHTh M TOT (aKT, YTO MPUGTHKEHUs BpeMEHHOH 3aBH-
CHMOCTH THIpPaBIHYECKOro COMpPOTHBIIEHHA B YCIOBHAX pPacCMOTPEHHOrO
NpHMepa XapaKTepH3YWTCHA HECKOJIbKO MEHBIIMMM 3HAYCHHAMH, YeM TOUHAA
3aBMCHMOCTb. JUIs enel NMpaKTMYEeCKUX PACYETOR 3TO OBGCTOATENBCTRO, BOODIIE
FOBOp#A, HEXeNnaTelpHO, TAK KdK OHO NPHBOOMT K HEKOTOpO# MepeoleHKe
JKCIUTYaTallHOHHbIX peCYpCOB NOA3eMHBIX BoH. PaccMarprHBaeMblit  HEIOCTATOK
TECHO CBA3aH CO CBOHCTBOM MeTofa Purtua maBath B mpuGIMKeHHAX 3aBbI-
LIEHHBIE 3HAYEHHA CODCTBEHHBIX WMCENl ONEpaTopoB. Bmecre ¢ Tem MMEWTCH
BBIMCITHTENBHBIE METOMRI, JaluMe [JiA COBCTBEHHBIX 3HAYEHHH OLEHKH CHH3Y
[16]; mpH KCNONB30BAHMM HTHX METONOB 3HAYEHMS BPEMEHHBIX 3ABMCHMOCTEIl
TMAPABIIMYECKUX CONPOTHBIICHHH B NMPHOIMXKEHUAX OYIYT MPEeBOCXOMMTH COOT-
BETCTBYIOLLME TOYHBIC 3HAYCHHA.

Hns ompenenenna KodIpPUIHEHTOB pa3okKeHHs TepeaaTOuHOI OYHKIHH
PEAyKIHH BOCTONb3yemca Gopmynamu (1.130), (1.133), (1.134). B ycnoBusx
IIpAMEpA NIPOU3BIHBIE OT TOYHBIX COOCTBEHHBIX (DYHKIMHA onepatopa dhumbTpa-
maH pasubt  [S2] (=1)" " ! j;,/2; mockonbky MHTErpan mo rpaHMie MHTAHMS
B paccMaTpUBAaeMbIX YCIIOBHAX paBeH 3HAYeHHIO MPOU3BOJHOH B Touke X = ()

(B kotopoit T = 1), KOIDDHIMEHT @, OKOHUATEIIBHO paBeH
a, = (-1)"7 al2.

B coorBerctBuM ¢ ¢opmymamu (1.94), (1.133) npu or6ope momzemHBIX BOJ
ITHHEHHBIM PAIOM CKBa KHH

3 Jo (on V1 —d)
i A R
3 Jo (fon vV 1 -d)

Jon Vi Uon) |

Ch = (_1)n+ ;

Uucnossie anavenus nepepIx YeTbipex Ko3hdHIMEHTOB TakoBb: C| =0,4862;
C; =0,3887; C3 =0,2430; C, =0,0890.

B xone ypenuuenua pasmepsoctH N no metomy PuTtiia nomyvanrcs cnenyio-
ue pesynprater. flpy N = 1 & (0) = +/3 = 1,7321; wucnons3ys nonyyes-
HbIe Bbile 3HAYeHAA npubmwkenudt Ay u (G - Z), onpepensem

C, = (1,7321/1,5) 0,6928 = 0,8000.

IlepBoe npHGITHKEHHE DYHKUHH OTHOCHTENBHOM PeLyKIHH Byier pH 3TOM
HMeTh BH]I

W{El} [:f) i 0‘8 (I _E-—I,S‘F}*

Mpa N =2 & (0) = 1,1672; & (0) = —6,8290; C; = (1,1672/1,4460)-
0,5861 = 04731; C, = (—6,8290/9,2206) - (—1,3055) = 0,9669.

w'f:l (#) = 144 —0,5731 e ~ 14467 _ 09669 ¢ —9:2206 7,
AHAMOTHYHO IMpOBOOATCA BBIVMCIICHHA H IPH N =2 3: ux pe3ynsTaThi MpHBeE-
oeHn! B T1abn. 3.

Ha puc. 1.5 usoGpaxens rpaduxu pacuerHsx npubmokernii w§) () u rpa-
(MK TOYHOrO peIIEHHS, aHATU3 KOTOPBIX CBHIETENBCTBYET O TOM, YTO B OT/IH-
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Tatnuuwa 3

KoadduumenTsl pasnoweHnd QYHKUHH OTHOCHTebHOH peayKiHM, MONYYAeMbIE B XOOe
ofsiuHoro meroaa Purua

N C o ¢, C,
1 0,8000 - = —-
2 04731 0,9669 ~ -
3 0,4866 0,3332 0,4540 =
4 0,4862 0,4151 0,1599 -(0,2788
ToyHple 3HAYCHUH 04862 0,3887 0,2430 0,0890.

qMe OT YHAOBIETBOPUTENBHOM TIocnenoBarensHoctn R &™) (t) mpu 1< N<4
B ciyyae mocnemgoBarenshoctH  w (Y (¢) o1o He Tak. Bonee TOro, HanpuMep,
BTOpOE ¥ TpeTbe NpHOIHMIKEHHs Al 3HaUYeHHUA QYHKLMH OTHOCHTENBHOH pPeayK-
I[HH, TIpEBbILLAIOIIME EAHMHHIY, YTO JIMIIEHO (H3HYSCKOrO CMBICHA. YKazaHHOe
ABJIeHHe OOBACHAEICA TEM, UTO MpH MOCTPOEHWHW TPHOIHXKEHHH HCHONIBR30BAII-
cA ODBIMHBIM meTofl Putna, T.6. 6e3 orpaHMueHMi, HAKITa[lbIBaeMbIX HA YCITOBHA
Ganmanca Bewlectsa. B cBanaHcHpoBanHOR MomudHKauMH Beerma Gyner cobnio-

IaThCA YCIOBHE 2 C':N} = 1 ¥ pacuetHple 3Hauenua w§") (¢) He npe-

k=11
BBICAT 3TOH BEJH'HHBL. [lpp N = l [pacuemﬂe MpUbIHUKeHHE wil) (1)
6ymer umers Bum w'}) (r) = , @ BeKTop £, COCTABJICHHBIN
U3 3HAYCHHH ti)ym-.:unnﬂana Zo,B paccmarpunaemrx YCINOBUAX — M3 BEJIMYMH
CRURP
Ex = T dr’
(r'y dng
WIH, YYMTRIBAA IUIOCKOMAPaUIeNIbHOCTh JBHXKEHMs M TO, yTo npd x = 0
T =1,
!
Ek > wk (0]:

a UMeHHO: £, = 1,7321; E;: 6,7082; §a —158745 £4 =-30.Ipn
N = 2, onpepensas 3nauenna (&0 - Z;) = 1,1672, (En -+ Ly) = —6,8290
H KCTONB3yA BbIUMCIeHHbIE Bhiule BennunHbl (G - ZI] =0,5861, (G - Z,) =
= —1,3055, mo qm%myne (1 126‘! Haxomum 3Hauenne v = 0,0733. Borumcnss
3aTeM 3HAUEHHSA - Z,) — vp {’.;',:, Z,) =0,5861-0,0733 -
- 1,1672 = 0,5005. (G - Zi} (G.Z;) - P.;,'i:_’qf'n - Z,3) = —1,3055-
0,0733 (—6,8290) = —0,8047, onpenensaeM NpuOMMKeHHs 118 KOO HUIHEHTOB
pasNoKeHu A

., 0,5005
CiF= . 11672 =.0:4040;
1,4460
c@ = D80T . . 63790) = 0.5960.
9.2206

PacuetHOE mpub..MkeHHEe DYHKIMH OTHOCHTE/TBHOH pedyKUHH NPHMET BH]
ngj ([] =l 0’4{]4 E—1:445’ﬂf — 0,596 e —9.2206!_
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WBnmnun 4

KON T PRISORENHA DYHKIHH OTHOCHTENTBHOM PEAYKIMH, NONYyYaeMbie B Xoje

COanamcnponannoro meroas Prria
N ; G & 3
| 1.0000 e 2 i
2 0,4040 0,5960 - -
3 0,4632 0,3180 0,2188 L
4 04970 04272 0,1640 - -0,0882
TouHble 3HAYCHHUH 04862 0,3887 0,2430 0,0890

AHANOTHYHBI pacueTsl KOIQDHUHEHTOB pasnoXxeHHa U npu N = 3; B 1a6n1. 4
npHBeficHbl WX peaynbTarel. Ha puc. 1.6 H300paxeHsl rpadHKH 3aBHCHMOCTEH
wi™ (¢), nocrpoeHmbie ¢ HCNONB3OBaHKEM MOMMHIMPOBAHHOTO MeTona Put-
ua. Yxe BTopoe npubimmxkeHHe obecneuwBaeT HEOOXOMMMYH TOYHOCTH pacdeTa;
JHAYECHHA TPEThero NMpHONHXKEHHA NPAKTHYECKH COBMNANAKT CO 3HAYEHHAMH TOY-
HOrO pelleHHs. AHATH3 NIPHMEpPa NPHBOMT K BBIBOAY O MPENOYTHTEILHOCTH
c6anaHCUPOBAHHOrO MeTofla PUTuUAa MO CpaBHEHHI0 C ero OGBLIMHOH MOmMbH-
KallMeH, a TaKKe [eMOHCTpPHpYeT ero 3p(peKTHBHOCTh B YCIHOBHAX, aHAJIOTHY-
HbIX YCIOBHAM MIpHMeEpa.

Mpumep 2. TeodunbTpanMOHHBIE NMapamMeTPbl U3MEHAKTCA CKAYKOODOpPasHo.

VenoBus 3aNieranMsa MOA3eMHBIX BOJ B pa3pese n3obpaseHs! Ha puc. 1.7, B mna-

HEé BOMNOHOCHBIH TUTacT MOXeT ObITh CX€MATH3HPOBAH B BH/E IUIACTa-MONOCKHL C
ONHOM rpaHHIedl MUTaHMA (ype3 peKH) H OJIHOH rpaHHIeH HYJEBOro pacxopa
(TMHMA KOHTAKTA C KOPEHHBIMH OTNOXeHMsAMH) . BogonpoBogumocTs B npefie-
nax obnactu | cocrasnser T, = 200 m?/cyr, B mpenenax obnacru2 T, =
= 1000 m*/cyr; sHaveHMs KOI)OHUHEHTOB YPOBHENPOBOMHOCTH: &1 =
= 2000 m*/cyt, a, = 10000 m*/cyr. ['nnpaBnuueckas cBA3b MeXIy peKoM
W noasemMHbiMi Boamu HecoBepiennas, AL = 300 m. KonkperHbie 3Haue-
nun  pasmepos Ha puc. 1.7 rakoBei: L = 5000 M, x; =1500m, d =
= 2000 m. B nonoce nmMpHHO# X; —X; =500 M NMPOHCXOOMT WHTEHCHBHAA pas-
rpy3Ka TIpyHTOBBIX BOJ NyTeM 3BANOTPAHCIHPAlUMH, MOAYNTh KOTOPOH [0
Hayana IKCIUVIyaTauHH MOA3eMHBIX BOMA COCTaBIIAJ E, =2.107° wm/cyr.
Kputnueckoe nonmxenne Sy, =2,5 M. Tpebyercs paccuMTaTh BpeMeEHHbIE
JABHCHMOCTH THAPABJIMYECKOTO COMPOTHBJIEHHA B TOUKE Ha JIMHHH BOMO3a-
Gopa ¥ M3MEHEHHA pacxo/ia peKH.

Pemenme 3amawm. Jlns nonyueHus pellieHHH Mpene Bcero BpibepeM Xapak-
TepHbIC 3HAYEHWS pAcCTOAHMA W BojonpoBogMmocTH. Ilpumem, uro L =
= 5000m, T,= 1000 m?/cyr, p, = 0,1. Torma a _ = 10%m%/cyT, 7 =
= 5000%/10* = 2500 cyr.

B kawecTBe KOOPHMHATHBIX GYHKIMA Vi (X) BpiDepeM HOpMHpPOBaHHbIE
cobeTBeHHbIEe PYHKIMH clleflyiomied KpaeBoH 3aadM:

d [~ du
—_ —(T -—-:):'" }AH,

dx dx
1-u'(0)= u(0), | (1.154)
u'(1)=0,

1

b BT

;
1
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P w c. 1.7. CxeMaTH3IHPOBAHHBLIA MpureolorMYecKHil paspes K npumepy 2

rae yepes ! ob6o3Havwewo znavenue AL/L, a T =T, =T,/T, npu 0 <x<
< X;; T =1 npe X, <X < |.Oneparop 310ii 3a[ja4¥ OT/IMYAETCHA OT Ofie-
paTopa MCXOIHOH 3aJaud TONBKO OTCYTCTBHEM KOMIEHCAUMOHHOIO MHTAHMA,
MO3ITOMY MpH TaKkOMm BeiBope Yy (X) MOXHO OXHMIATH YIOB/IETBOPHTEIbHBIX
pe3ysibTaToR,

Hopmuposauusie cobcrBennsie dyHKkUMM Kpaesoit 3agawi (1.154) umeror
CeAYIOLIMH BH

- Z X z -
Iﬁ,,{si.n B G Sl L g

)0 < E A,

A TR PEGREY & o

YO8 Zafl =X), Xy S X K],

Enlx). > (1.155)

rge z, — KBaapaTHbie KOPHH H3 COOTBETCTBYKWILIMX COOCTBEHHBIX 3HAYEHHN
sanaud  (1.154); f,. Yn — HOPMHPOBOUHBIC MHOXHTEIIH. SHAUCHHA Z ,,
Bns» Yn UpuBenensl B Tabn. 5. [lockonbky, KaK ye yKa3siBalock, ofepa-
TOp 3a/lay¥ OTJHYaeTcst OT onmeparopa BCnoMorareabHOM 3anaud (1.154) nuum
HATHYHEM B ypaBHEHHH (QWIbTpauMH WieHa, ONMHCHIBAKLLErO KOMIEHCAUMOHHOE
MTaHHe, KOIQOPHUHMEHTh {2;;, KAK JIerKo MoKaszarts, MOryT OwiThb ompene-
NeHbl no dopmyle

l L r— sl e——
Q= 2k by + J;f-'(x) V() y(xdx, (1.156)

3uavenne b(x) OTIMYHO OT HyNA JHIIB B WHTEPBANe X; < X < X;, [/l€ OHO,
cornacio ¢opmyne (1.156), papro 2500 - 8 - 107*/0,1 = 20 (3navenue b = E,/
[Sxp = 2-107/2,5 =8 - 107 cyr™"). Nosromy Buipaxenne mis £ x; 3aNUCHIBa-
eTCA B BHUIE

Quj= 23 bxj+b [ VulF) YA¥) d¥, (1.157)

re 3aBHCHMOCTH Y i (X) 1 Yy (x) 3ananst dopmynoit (1.155).

rFY .l



Tabnuupa s

n 1 2 3 4
Zn 0,7809 3,4390 4,8754 7,7932
Bn 1,6964 1,7301 1.4795 1,4979
Y 1,1734 ~1,0052 1,1936 —0,7855
En 1,0469 0,4754 —1,1658 0,0286

Ta6nuua 6
CobcTrennbie YHCNa H BEKTOPHI CErMEHTOB MATPHUBI {2 BO3IPACTAIOILErO NOPSAKA

CoGcrBeHHBIe YHCnIa

N 1 2 3 4

" 2,1598 1,7846 1,7743 1,7039

A, i 15,8417 15,8139 15,3029

Ay - = 24,5252 24,5110

A, = z 5 67,6693
CofcrReHHBIE BEKTOPHI:
N=1 N =4
Z, = (1) Z, = (0,9878; —0,1505; 0,0208; 0,0333)
N =2 Z, = (0,1455; 0,9833; 0,0472; 0,0986)

; _ Z, = (~0,0269; —0,0422; 0,09986: 0,0176)

Z, = (0,9866; -0,1634) Z, = (-0,0480; —0,0932; 0,0123; 0,9944)

, = (0,1634; 0,9866)

(0,9865; —0,1626; 0,0212)
(0,1612; 0,9853; 0,0565)
(-0,0302; —0,0523; 0,9982)

NNN >N
e

]
[ TR Y

CermenT 4-ro mopaaka MarTpHubl $2 mpuoOpeTaeT MOCHE BBINOTHEHHA BBbI-
YMCNIEHUH ClefyoLUMH BUL:

2,1598  2,2658 —0,5577 —2,9395
2,2658 15,4665 —0,4059 —4,7793
Q= -0,5577 —2,9395 24,4871 0,4703
—2,9395 —4,7793 04703 67,0738

3HaueHnA KoMIoHeHT BekTopa G, BbluMcneHHsie no dopmymne (1.109), pas-
Hbl 3HaYeHMAM Vi (X) npu X = d; MX BenMuMHBI TaKOKe MpHBENeHHI B Tabn. 5.

B 1abn. 6 npuseneHs! coBCTBEHHEBIE YMCTIa U BeKTOPBI CErMEHTOB MATpHILbI §2
pasmHYHBIX MOpAOKoB. Mcrone3ya 31M [JaHHBIE, MOXHO ONpeHendTh Ko3bdH-
UHEHTHl pa3’NioXNEHUA nepefarouHodl GyHkuMH nommxenua (1.117). Tak, npu
N = 4 3navenmna (G - Z ) cnemyioume: (G - Z;) = 0,9393, (G-Z,) =05675,
(G-Z;) = 1,2129, (G- Z,;) =—0,0804. 3navennsa GyHKUHH ek{fj'} B TOYKE,
COOTBeTCTBYIOMEA Bomo3abopy, Kak 310 cnemyer M3 dopmynsl (1.116), cos-
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Puc. 1.8. Tpadmky BpeMeHHEIX 3aBHCHMOCTeH K pEMepy 2
@ — rHIPABJIMYECKOro conpoTHENeHHA; O — DYHKUHH penyKiuHH
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P uc. 1.9, P'padux crauMoHapHoTro pacnpefeneHnd 3HauyeHHH FHOpPaBITHYECKOrQ CONPOTHB-
TIeHUS B yenoeusx npEMepa 2 (1) u ero npubmakerus (2)

nafator co 3HaueHusivu (G - Z ;). Ilosromy npu N = 4 uicnoBoe BhipaXkKeHue
rMIPaBIIMYECKOTO COTPOTHBIIEHUA HMEET BH[

Ro() =0518 (1 —e~ 17947y 4+ 0,021 (1 — e 15:3%) + 0,060

; (1 ik 6—24,5F}_

Ha puc. 1.8, @ u3obpaxen rpapuk ﬂpeme:ﬂﬂf;ﬁ 3aBHCHMOCTH R, (), mocTpo-
€HHBIH M0 3TOMY BhIPAXKEHHIO.

IIpubrmmxeHss BpeMEHHOM 3aBHCHMOCTH G(YHKIMH pPeOyKIHH HAaXOmHM
Ha OCHoBe BbipaxeHus (1.131). 3Hauermsa xoddpduumenta ap B YCNOBHAX
npHMepa, OYeBHIHO, PaBHBI

e T—l E'._:;(O)

Ecnu BBECTH BEKTOP % 3HAYeHHH IPOM3BO/IHBIX KOODIHHATHBIX (yHKIMH
np ¥ = 0 (B ycnoBHAX npEMepa ero KOMNOHEHTH! c¢yTh W x (0) =6z« / \KTI)
MOHO 3ammcath Ha ocHoBe (1.137)

2t il e
Qx =?‘1 (zk' wu)-
47



TaGnuua 7
3navennn xoapduumenron ¢ i (1), ap u Ck

K . 1 A 3 4
v (0) 2,9621 13,3042 16,1291 26,1026
N =1 N=4
a, = 29621 C, =0,2872 a, =2,1283 C, =0,2347

ay =16,8488  C, =0,1250
@y =—15,0047 C, = -0,1485
@, =24,7732  C, =0,0059

N=2
o, =0,7485  C, =0,0801
a, =13,6099 €, =0,1100

N=3
@, =1,1009 €, =0,1155

a, =144977 C, =0,1048
@ =153149 C, =-0,1524

SHaI:emm Vi (%) | ap m Cy, Haitgernse no (1.133), npusenenst B tabn. 7. Bpe-
MEHHAA 3aBHCHMOCTB yRKuMH penykumu ans N = 4 Byger uMers Bhipaxe-
HMe

Wo (£) =0,235 (1 — e~ 17%47) 40,125 (1 —e 15:37) _

— 0,149 (1 — e =2%57) _ 9,006 (1 —e~677).

Ha puc. 1.8,6 u3oBpaxen rpaduk 310 3aBHCHMOCTH.

Ouennrs TOMHOCTH COBMAJCHHA MOTYYEHHBIX npememmx 3aBHCHMOCTER C
MCTHHHBIMH  3aTPYJIHHTEIBHO, MOITOMY ISl CYXKHEHUA O KauecTBe IOCTPOEH-
HBIX NpHOmOKEHHI  HCTIONMB3yeM CTAUMOHAPHBIE 3HAYEHMS TIMPABIHYECKOTO
conpormsnenua U GyHkumu pepykunu. IIpu ¢ — ° 3aBHCHMOCTH FHIOPABIHYEC-
KOT'O CONPOTHUB/IEHUA OT PACCTOAHHA X  CTPEMHICHA K CTAlMOHAPHOH, BbIpaXeH-
HOM opMysilamMHu

1,0873 + 0,06 (x+0,06), 0<x <0,2:

0,1087 sh10(¥-0,2) +0,2827¢ch10(x¥-0,2),0,2 <x<0,3
Ro(*) =) % +0264,03<x<04:

L 0,664,044 <x< 1.

Ha puc. 1.9 H3oOpaxenn rpaguk 3T0d 3aBHCHMOCTH M rpadMK CTauMOHap-
HOTO pacrpejie/ieHHA THOpaBIMYeCKHX CONPOTHBIIEHUH, MONYYEHHBIX HA OCHOBE
Pe3YNIbTATOB HYETBEPTOro NpHOIMXKEHWA. AHaNH3 rpadHKOB NMOKA3BIBAET, YTO
YeTBEPTOE NPHO/MIKEHHE NaeT YIOBJICTBOPHTE/IBHOE COBNANEHHE C TOYHBIM
peuieHHeM; oumbka B 3HAYEHHWM THIPABJIMYECKOTO CONPOTHBICHHUA HA JIMHMH
Bofio3abopa cocrabnser (0,664—0,6)/0,664 =0,096, 1.. okono 10%. 3nHavye-
HHE CTAUHOHAPHOIO H3MEHEHHA PacXoja PeKH B 4eTBEPTOM npubMMeHHH OKa-
3aniocs pasHbiM 0,205 mpotuB TouHoro 3Hauenus 0,217 (oumbka menee 6%).
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1.4, IHHEAPU3ALUMA 3ABHCHMOCTH
IBANOTPAHCIHPAITHH M'PYHTOBBIX BOA

OT I'TYBHHbBI HX 3AJIETAHHA

TA HCNOJIB30BAHUA B YPABHEHHAX OHWIIbTPALIHH

JxcnnyaTallMOHHBI 0T60P NMOA3EMHBIX BOJ NPUBOOHT K CHHXKEHHMIO pacXo-
12 BOCXOMAMICr0 JBIDKEHHA TPYHTOBBIX BOM B 30HY ajpauMH, BBI3BAHHOTO
IBANOTPAHCIIHPALHEH, €CIH B €CTECTBEHHBIX YCIIOBUAX YPOBEHb [PYHTOBBIX BOA
Haxomwica Ha riyOMHe, MeHbIICH KPUTHYECKOH. BenWuMHa CHWKEHMS MOJLyJA
pacxofia IPYHTOBBIX BOJI Ha MCIApeHHe TIPH 3TOM ONpejieNineTcs GopMyIon
(1.6). HenmHewHbIH XapaKTep 3TOH 3aBMCHMOCTH 3aTPY/HACT 10N yUeHHE TOYHBIX
peLrenuii ypapHernsa (1.17), nodroMy B uensx ynpoumeH1s pacueroB HeJIHHed -
Hoe ypaeHenwe (1.17) 3amensercs mumeapu3oBanbiM (1.128), B KoTopom
koaddumment ucnaperuna bg Moxer GbiTh BpIOpaH HECKONBKHMH criocoBamH.

[Ipocreiiumit cnoco® nuHeapu3aimu 6e3pasMepHOH XapaKTepUCTHKH MClia-
PEHWSA, MPH KOTOPOM OHAa CYMTAeTCH NPHOIMKEHHO JIHHEHHOH C YIJIOBBIM KOI)-
buuKeHTOM, ONmpejeNnsieMbIM [0 3HAYCHHI0 TPOH3BOAHOM XapaKTEPHCTHKH
B Hayasie KOOPAMHAT, obiajgaer CywecTBeHHbIM HefocTarkoMm. [Ipu 3tom crio-
cobe nHHeapu3auMM He YUHTHIBACTCA NMPCKPALUCHHE MCIAPEHHA 110 JOCTHKEHUH
cBOBGOIHOR MOBEPXHOCTHI0 KPHTHYECKOr0 YpOBHA 3aneraHnsA. bonee peamuci-
YeCKMe pe3yNbTaThl JOCTHIAIOTCA B C/ydae TNPUMEHEHHA METOMOB T PAMOH
mureapusammu’”’ [2]. OpHako, Kaxk MoOKa3anw NPOBEPOYHbIE PacyeTshi, B 3ajadax
OLEHKHM M3MEHEHHA NOBEPXHOCTHOro CTOKA, a8 TAKKEe IKCIUTYaTAUMOHHBIX pe-
CYpcOB TOAJEMHBIX BOJ TNpH HamAwH crabunmsupylommx ¢akropos (rpa-
HAIL TMTaHWH, (akTopoB KOMICHCauuu) Haubonee npueMIeMbiM METONOM
HHEAPH3aUMH CITYXWT MNpe/UlaraeMblil HoKe crnioco® “npuBeneHus’ WHCmape-
HW A, OCHOBaHHbIH Ha BanaHCOBBIX COOTHOLLIEHHAX.

CyTh 3TOro MeTofla 3aK/I0YaeTCH B TOM, YTO HeJIHeHHoe ypaBHenwe (1.17)
3aMEHSeTCA JMHEeapu30BaHHBIM YypaBHenueM (1.28), B koropom K03 dHIM-
eHT McnapeHHs bg BhIOHpaeTca TakuM o6pa3om, YT0ObI NOCTHIaNOCh PABEHCTBO
onpefenswouMx crated GanaHca NMOM3EMHBIX BOJ, MONYY9aéMbIX B pe3ynbTare
PELIEHHA HEJIMHEWHON M JIHHEAPH3OBAHHOM 3aj1a¥ B CTALMOHAPHOW MOCTAHOBKE.
B ycnoBHAX BAMAHMA rpaHMIl IMTAHWA B KaYeCTBE TAKOH CTAThH Dajanca MoXert
ObiTh BbIOpaHa pefyKiHsA MOBEPXHOCTHOTO CTOKA, B YCIOBHAX KOMIIEHCAIMOH-
HOrO NMHTaHUA — BEIHYMHA €ro CyMMAapHOro pacxoja H T.1. 3[eCh paccMaTpH-
BAETCA TONBK(O NEPBHI BApHAHT, 2 HMEHHO CiyyYail oTbopa MoO/3eMHBIX BOJ,
IMIPABJIHYECKH CBA3AHHBIX C NOBEPXHOCTHhIMH. PeleHue CoOOTBETCTBYIOICH
HeJIHHEHHONW CTaUMOHAPHOM 3a[aY¥ NPOBOOHTCA B 3HAJMTHYECKOM BHIIE JIH1Ib
B OUEHb Y3KOM KNacce rMAporeojiorMyecKMX yCloBHi, moIroMy B obmem cny-
yae IR TMONnydYeHHs peunleHMi HeoOXoaMMO MpHBIICYEHHE YMCIIEHHBIX METOMIOB
pacuera.

Ec/m nonyueHo (aHaMMTHYECKM HIIM WACTIEHHO) PeleHHe CTauMOHaPHOW HEJH -
HeMHOHN 3a/lay ¥ HAWJeHa BeNHYHHA NpeaenbHOH OTHOCHTENIBHOH peyKLHH
v, @ TAKXKC H3BECTHA TEOPETHYECKAA 3aBMCHMOCTD IIpe/ielIbHOH OTHOCHTE]TBHOM
peayKIMH y* o1 BenMuMHbl Ko3hduimenTa by B TMHEAPU30BAHHON MOCTaHOBKE
jafa4, mocneaHAAs Moxer ObiTh NomyueHa B pe3ysibTaTe pPeILeHHA YpPaBHCHHA

v*(bg) =7. (1.158)

Huxe paccMaTpuBaeTCA MPHMEHEHHME 3TOTO NPHHIWNE B OJIHOM BAXKHOM HacT-

4. 3ax. 257 - 49
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Pm c 1.10. Cxema K pacueTy CTallHOHApHOTIO peXHma QHILETpauMH npu NuHedHON 3aBUCH-
MOCTH Pacxojia FPYHTOBEIX BO/ Ha 9BANOTPAHCIMPALMIO OT IMYyOHHEl HX 3aneraHHA

] — pomoTOK; 2 — MIOmMAOHOoe HarHeTaHme; J - ckpaxmHA; 4 — YPOBeHb IPYHTOBBIX
BOA A0 HAYANA MX IKCIVIVATAUMH; J — YPOBEHb FPYHTOBLIX BOI B CTAUHAHAPHOM JKCIUTYaTa-
UHOHHOM peXxume; 6 — KpuTHueckKas rnyGuHa janeraHwd rPYHTOBmX BOO; 7 — KpoBnA
BOHOYnopa

P u c. 1.11. 'padbuxu 3apHcumocTelf ¥, OT MapaMeTpOB § H X, pH or0ope MOA3EMHBIX
BOJl NMHHeHHBLIM PANOM CKBAXHH.
YUncna ¥ KPpHMBBIX — 3HAYCHHEA X

HOM CJIyYae MIOCKONapauiensHoro JABMKeHna TpyHToBmX Boj. Ha puc. 1.10
H300paxeHa ofHOMEepHaA cXemMa (WIBTPAIMOHHOrO MOTOKa B OJHOPOOHOM
Ge3HANOPHOM TUIACTE Y COBEPLUEHHON peKH, CO3[1aBaeMoro JAeHCTBHEM JIHHEH-
HOFO PANA CKBaXKHMH, OTCTOALICTO OT PeKH HAa PacCTOAHME d, W IUIOLIAZHOTO
HArHETAHMA, PABHOMEPHO pacrpelieNIeHHOro B MOJIOCE MEXIy PEeKOH M JIMHEeH-
HpIM pAgoMm, TTocnenHee BBOOMTCA B pacuer JUis yueTa [eHcTBHA oBpaTHOH MH-
bwnsTpauMH oOpoCHTENBHBIX BoJ Ha monaX. [Ipedmonaraercs, YT0 MNeperexa-
HHE OTCYTCTBYET, a BE/JHUAHA KPHTHYECKOro MOJIOXKEHHA Sy, TONOXKHTEIbHA
H paBHa KOHCTAHTEC [IVIA BCETO H3y4acMOro Yy4acrtka. B atux YCIIOBHAX YpaBHE-
HHEe (PWIBTPAUMM JUTA CTAUHOHAPHOTO NOTOKA MMEET BH]L

TS" —Aeg +qd(x -d)—¢€ [l —8(x -d)] =0, (1.159)
rie ¢ — noroHHsnt neGuT ymHelHoro Bopo3abopa;
€ = ksq/d (1.160)

— MOJMYNb IUIOIIAJHOrO HAarHeraHus; Kk — Ko3g¢uuuenT Bo3ppara. I'panuy-
HBIE YCIIOBUA:
S(0)= lim §(x)=0. (1.161)

x —+oo
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Jins ynoberea peleHus 3agauM lipuBeeM ee K Ge3pasmepHomy BHAY, MONA-
ras

X = x/d; y(i'}é S(%) [Sx p. (1.162)
YpaBueune (1.159) c yuerom popmynst (1.21) npumer Bup

V' = xake()+ qOE - 1)-€[1-0(x—1)] =0, (1.163)
rie

%o = d ~f el TSkp (1.164)
— "eCTECTBEHHBIN  MapamMeTp UCTIapeHH A,

q = qd{TSy,, (1.165)

€ = ed’[TSxp = knq. (1.166)

B cnyuae, xorga nokasaresnb kK B gopmyne C. 9. AsepbanoBa (1.6) pasen
eOMHULE, 3aBUCHMOCTh kg () NpMHMMAaeT BMJ KYCOUHO-NHHEHHOH (yHKUMM,
re.ipi y <lkg(y)=yp,anpuy>1kg (y)=1. CnepoBarenbHO, MOJIYOCH
0 <x< ° MOXHO pa3buTh Ha TpH YyYaCcTKa B 3aBHCHMOCTH OT 3HAaUCHMH,
IPUHHMAEMOr0 Ha KaXJioM M3 Hux dyHKumedn y (X) : Ha yuactke 1 (0 <x <x)
umeem 0 < y; () < 1; Ha ywactke 2 (x, < x <Xx;) umeeM y, (x) = 1; Ha
yuactke 3 (X 2 Xx;) — y3 (x) < 1, npuuem nuHeiiHBIH BOI03a60D, 0YEBUIHO,
BCer[la pacrnojioxKeH B npefenax Broporo yuactka. CaenanHoe pa3OueHne mo3Bo-
JISieT NpeacTaBuTh ypaeHeHMe (1.163) B BMIE JKBMBaJIEHTHOH CHCTEMBI YpaBHe-
HUH ¥ TPaHUIHBIX YCIIOBHIA:

Yi = X2 1 =E, (1.167)
ya-x2+gd(x -1)—€[l-0(c —-1)] =0, (1.168)
¥y = x2y3, (1.169)
11(0)=0, y, G )=py2(x1)=r2(x3)=p3(x3)=1, (1.170)
lilTl [ A o et B P

Tisaed K3 (X)=0, i (xXy))=m (X ) »n(X,)=y;3(x,),

X = oo,

Pemenue 3amamm (1.167)—(1.170), monyyacMoe METOIaMH TEOPUH OOBIKHO-
BeHHBIX anddepeHmpoBaHHbIX ypaBHeHnH [23], iMeeT BHI

shye (X —X)+tshxe X

Fl{f)=shxﬁff5h}{e.l_'1+6*[ = 1], .{1.17])
shxex;
rgec ;
' el (1.172

y2 @)= 144, ® -%1)+05(x2 +82)(F -F, ) —G(F — 1)6(F — 1)
_GEDFE-1PoFE-1), (1.173)



ra€ NoNnoxKcHO
A3 =05€ (x,— 1P?)(¥s =X )+ (X2 - AX; -X,) 05X (1.174)
x (x2 t€),
vs (F)=exp{- xe (¥ - X2)}. (1.175)

HeussecTHbie abcuMcesl Xy, X; OMNpedenATcs NOJCTAHO BKOH BblpaXKCHHM
(1.171), (1.173), (1.174) B ycnosuax (1.170). B pesynbrare jis onpepene-
HUA aBCHMCCBI X MOJIYYaeTCA TPAHCUEHIEHTHOE YPaBHCHHE

e (- H{eE)-x'lg-e(1 -D)? = (1.176)
=1+2q(1-%,).

roe
p(X)=cthxe X, +e*thx. X/2. (1.177)

Peienne ypapuenus (1.176) Moxer NMpOBOAMTILCA C MOMOLIbI0 KAaKOro-imbo
gucneHHoro meroga [29, 52] u mgp.; no coorHouwenuio (1.177) onpenensercs
3HaueHue ¢ (X, ), o HeMy B Clyuae HaJOOHOCTH — 3HAYEHHE X ; :

X2 =1+x2 [ -x(+g)—(€+x)A X))l (1.178)
[IpenensHas OTHOCHTENIbHAA PeJlyKIHA paBHa
y=T75"(0)/q;
B cuity Beipaxkenua (1.171) #u ¢ yverom dopmyn (1.162) arto maer
Y=Xe § '(cosech Xe X; — €* th ), X,/2). (1.179)

C ppyroi CTOpOHbBI, BENHYMHA TPEETbHOH OTHOCHTE/IBHOH peayKUMH Ui
CXeMBbl OJHOPOMAHOTO IUIACTa, OrPAHHYEHHOTIO C OHOH CTOPOHBI COBEPLUICHHOH
PEeKOii, PH COBMECTHOM [EHCTBHH 0T0OpPa MOJA3EMHBLIX BOJI JIMHEHHBIM PAJIOM
CKBOKHH W IUIOIIAJHOrO HarHeTaHHs, NpH JIHHeapH30BaHHOM Mo dopmyie
(1.24) mMojryne ucnapexusi, MOXet ObITb BhipaeHa B Buie [64]:

Y*=e™ — ky (1 —e7¥)/x, (1.180)
rie

x = d/bg|T, (1.181)

— "NIHHEapH30BAHHBIH, WIM “IIPHBEJICHHBIH , TAPaAMeETp lcﬂhmermam Bei-
uHcnAs BelMuHHy 7y no dopmyne (1.179) u npupaBHHBaA ee K 7y ¥ HaxomHMm
3HaueHHe Napamerpa X C NMoMouibio pellenus ypasHeaus (1.180) c nesoi ua-
cThi0, paBHo#t 7. Ilpu w3BecTHOW BenwumHe X no ypaeHenuio (1.181) moxer
OBITH HAH/IEHO IKBHBAIEHTHOE 3HaUYeHHe K0dhPHIMEHTa IBANO TPAHCTIMPALMH

br =T (x/d)*. (1.182)

Kpajipar OTHOLUEHMA NapaMeTpoB KOMIICHCALMH B MPHBENEHHBIX K JIH-
HeAHBIM K eCTECTBEHHBIM YCIIOBMAM MoXeT OBbITh HadBaH KOIPPUIHEHTOM
IpHBEIEHHA

Ce = (X/xe)*. (1.183)
9Ta BeJIMUMHA MMEeT CJIE[YIOIUHH CMBICII: €C/IM TPHHATh YMEHBblIEHHOe 3Have-
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HHE MOMY/IA Ppacxo[a TPYHTOBBIX BOJI Ha JIBANOTPAHCIMPALMI0 B ~eCTeCTBCH-
HBIX' YCIIOBHAX, @ HMEHHO B3ATH

eEi:j =Cg €l?, (1.184)
TO KYCOYHO-IHHEHHAsA XapakTepHCTHKa wucnapenusa kg () moxer ObiTh 3a-
MEHEHa Ha JIMHeiHyw BHja kg, (¥) =y, npuueM 31a 3ameHa GyjieT acHMnTO-
THUECKH TOYHOH IIPH [ —> °° B CMBIC/Ie 3Ha4YeHHH pelyKIHH pacxoia peKH.

JacTHbIH Cliy4all OTCYTCTBMA IUIOLIAIHOTO HATHETAHMS B pacCMAaTpHBaeMbIX
YCIIOBMAX JIErKO BbIBecTH H3 obumix dopmyn, nonaras B HEX € = 0 win &y =
= 0. [Ipu 3ToM 18 onpejieneHua abCIMCChi X | MONyvaeM ypaBHEeHHE

2
2&*{1 "-‘.-:l':-'|)=(i —Etth;I) ‘—l; . : {]-IBS)

Xe
abcumcca X ; MoXeT DbITh ONpefieNneHa ¢ NOMOUIBI0 PABEHCTBA,
X2 =X +X 2@ - X (1+cthyx X,). (1.186)
Ha puc. 1.11 nokazana cepus 3aBuCHMMOCTeH abcuMcchl X; OT NapamMeTpoB

Xe U G . JInHeapu30BaHHBIH KO3(DODHIMEHT MCHapeHHA NPH 3TOM MOXET Olpe-
[IENATHCA MO hopmyrie :

bg=d? TIn? (xeq 'sh xe X,), (1.187)
k03¢ HuLHeHT MpHBEAeHHA — 1O hopMyTie _
Ce=XgIn* O, 7 shxeXx 1) (1.188)

Ha puc, 1.12 n3aobpaxeHna cepus rpadpHKoB 3aBHCUMOCTH K03 duuHeHTa npHUBe-
JIeHHs OT MapaMeTpoB § W Xe. EciiM BennurHa xo3¢pQHUHEHTa BO3BpaTa He
npesbiiraer 0,2, yuer BAMAHWMA HHPWIBTPAUMH OPOCHTENIbHBIX BOI IPH Onpe-
feneHn Ko3(ppHIMEHTa NPHBELCHUA MOXKET OCYHIECTBIATHCA 3aMEHOH BeTHIH-
uel ¢ Ha (1 —k;) G B coorBercTBYIOIMX dOpPMYIaX H NPH MOJIB30BAHHH IpagH-
KaMH.

[IpH 3HaYeHHAX ¢ , YAOBJIETBOPAKOILMX YCIIOBHIO

g S2X% (e — 1), (1.189)
WIH NPaKTHYECKH

Xe ZVq[2. (1.190)
3navenue abcumcecsl X | MokeT ObiTh NPUGITHKEHHO ONPEeIesIeHO B BHIIE

X1 %X @~ Tup)lTxp, (1.191)
rie

Txp = e (1.192)

2 Xe eXp (—Xe) sh Xe — kg (1 —exp (— X))
[1pu ManbIX 3HaYeHUAX X¢» @ HMEHHO TIPH
03q

= .
Xe 140,32 —1

(1.193)
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P u c. 1.12. I'padpuxu zasucuMOcCTeH
KoaddumenTon npusepedus Cp oT
NapaMeTpoB § H X,

I — U =052, 2 = %Xa = 0,5; I—
e=10.4 — Xa2=20;5 — Xg=5;
Xe =10
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A P uc. 1.13. Tpaduxu 3asucumocTelt
¥ 5] |7 | 14| X, ornmapamMeTpoBTH ¥, npu orGope
MoA3eMHBIX BOJ IDIOIJAOHBIM BOIO3a-
Gopom

Uucna ¥y KpuBBIX — 3JHAYCHHHA X,

43 P u c. 1.14. I'paduxn 3apucHmocTelt

: ko3dduimenra npreenerns Cr oT na-

g2 pameTpoB T M X npu or6ope moa3eM-

HBIX BOI ITIOHMANOHBIM Bopo3abopom

1 ~ Xa= 0,82~ =1,0:3 =

M Xe T2 4—Ne=3i5 - Ng=4,6—
Xg= 55 T—Ne=T8—%Xe=9

2,0 0 20 100
Puc.1.13 r

MMEET CHITy NpubnmKeHne

12T+ Vi t2qg-1. (1.194)
Haxonel, B ycnoBuax, Korna HepapeHcTBo (1 .189) He BRIMONHAETCH, HO

q/Ticp <0,25(4 —q cpe™Xechye) ™", (1.195)
abcuMcca X | npubnvwikKeHHO HAXOOMTCA 110 BbIp@XKEHHH)

%1~ 1—x"1thy +7 'sech xoeXe. (1.196)
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YacTHBIN Clyyad IWIOWAQHOro BOJI03abopa, paBHOMEPHO pachpeeeHHoro
B nonoce 0 <x < d, o4eBHHO, MOXeT BbiTh BbIBEIEH U3 obliero cnyyas, ecllH
gesne B popmynax nonoxure ¢ =0; € =—(1 — k;) T, rae

T =T d*|TS«p, | (1.197)

T — momynb 0160pa NOA3EMHBIX BOM IUTOMIA/HONH CHCTEMON CKBAKWH. Y paBHe-
nue (1.176) npu stom npuoBGperaer BHN

(L= )T (1 -F P +[eGE )+ (0 —ka) X T (1 -F)]2=1, (1.198)
BhIpaXKEeHHE MpeaesibHON OTHOCUTENIBHOH PELYKIHH —

Y=%e [(1 —kg)T] 7" (cosechx 23, +T*(1 —kg)thxe ¥ /2), (1.199)
rae

T =Tl (1.200)
YpaBHenue (1.176) 3amenserca Ha

7 =(1 k) (1 — eX)/x. (1.201)
'pacdMKM 3aBMCMMOCTEH KOOpPIMHATHI X; OT mapamerpoB (1 — k) T u Xe

uzoBpaxenbl Ha puc. 1.13, a 3aBucMMOCTh KO3 dHuMeTa IPUBEICHHA OT 3THUX
K€ napaMeTpoB — Ha puc. 1.14.

[Ipn ompejieneHHBIX COOTHOLICHUAX MEXIY BeIWYHHAMH BOJo0TbBOpa, HH-
(bUNBTPALMM M [AapaMeTpaMH HCIIApEeHHA TPYHTOBBIX BOJ B peXHME JKCIUTya-
TalMH YPOBEeHb IPYHTOBBIX BOJ HM B OJHOM TOUKE HA OIYCTHICA HWKE KpH-
THYECKOH OTMETKH; OUEBHAHO, MpH 3ToM Ko3dduimenT npuseerus Cp = 1 u
X = Xe. J1g Toro uro6bl HAHTH KPUTHYECKHE YCIIOBUA, IPH KOTOPbIX cBODOAHAA
MOBEPXHOCTh TPYHTOBBIX BOJI HAaYHHAET MEpeceKarb KPHUTHYECKHUH YPOBEHb,
cneayeTr peulnTh ypaBHenue (1.163) mpH NMHEHHOH XapaK TEePUCTHKE HCIApeHHA
ke (7)) = kppp (V) = y ¥ NpHPaBHATH K e[IMHUIE MAKCHMAaTbHOE 3HaveHue ' (X) .
B cnyuae nuHEHHOToO BO03abopa MCKOMOE KPHTHUECKOE YCIIOBUE HMEET BHII

7 <Tup: (1.202)

rjle 3HaueHWe ¢, onpefenaerca Gopmynon (1.192). B cayuyae mwiolagHoro
BoAo3abopa MokeT DbITh LONYYCHO CXOHOC KPHTHYECKOE YCNOBHE Ha MOOYJb
0TbOpa

T (1.203)
riac
Tin = (1 —k,) ! X
o % | —eXeq/2 eXe — ]

(1.204)

W3noxeHHble pe3ynbTaThl OTHOCATCA JIMLIE K MpocTod cxeme Ha puc. 1.10.
MHorHe peasbHble KOH(HUIypaluuu NPHBOAAT Y€ K BEChbMa CJIOXKHBIM Ppacuer-
HbIM cxemam. Bmecte ¢ TeM ONBITHBIE pacyerbl MOKa3aJiM, YTO BIOJIHE YJAOBJIET-
BOPHTENIbHBIE Pe3y/IbTaThl MOTYT ObITh MOJIy4eHbI C MOMOLLBbIO GOPMYIT TIpHBEJIE-
HHUA U1 cXeMbl Ha puc. 1.10, eciii BHIUHCIATD MApaMeTP Sy p MO BHITEKAMLIEH H3

(1.6) u (1.20) dopmyne
Syp = Bxp (€2? IE) ¥, (1.205)
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P u ¢ 1.15 Tpadux 3aBHCHMOCTH
294 ' Kg(y) mpu k=3 (xpupas I) u "ne-
48 dopmupoBanHof” 6GeapasmepHoft Xa-
PAKTEPHCTHKH  -3BANOTPAHCTHPAIH
a6 mns k = 1 (xkpupasg 2)
.Q'EI'
g2

0 Gz 84 GF 86 10 Lz 19 16 g

B stoi dopmysie Benmumupl Ay, g M K onpeensiioIcs KIMMAaTHIECKHMHU
H FRAPOTe0IOTMYECKUMH YCIOBHAMM panoHa, a MO/YJib MCNIAPEHHA B CCTECTRBEH-
HBIX YCIIOBHAX — Ha OCHOBE pe3yJIbTATOB BOA0DANIAHCOBBLIX MCCIENOBAHHH —
AIENICHHEM pacXo/jia rPYHTOBBIX BOJL Ha MCHapeHHe Ha NMOJHYI0 IUiolians obmacty
duwibTpauuu. _

Uro xacaerca mpumeHneHus ¢opmynst C.O. AseppanorBa (1.6) npu 3Haue-
HMAX MOKAa3aTelIA K, OTIHYHBIX OT eHHHULBI, GOPMYNbI IPHBEICHUA, aHANIOTHY-
Hpie BbipaxkeHuio (1.184), moryt Gbith monyueHs! u B 9ToM cnyuae. Coorser-
CTBYIolME Gopmyibl OYAYT, OGHAKO, BECbMa FPOMO3IKUMMU O CBOEH CIPYKTY-
pe, ModToMy /Ifi IIPAKTHYECKOTO YUeTa BO3MOMKHOIO OT/IMYMUS 3HAYCHHA K OT
COHHHIBI, KaK MpeficTaBliAercs, Bojee uenecoobpasHo BOCHONB3OBATHCH NpHE-
MOM pegopMaiii’  6e3pa3MEpHOH  XapaKTepPHCTHKH JBANOTPaHCTIMPALNK
kp (). Hod 3THM NOAPasyMeBalOTCA MPOMUIEHHE TOPH3OHTAIBHOIO YHacTKa
XapaKTepHCTHKH BIICBO M COOTBCTCTBYIOLUIAA 3aMCHAa KPUBOJIMHEHHOTO Hayalib-
HOI'O YMaCTKd XapaKTepHCTHKH HPAMOJIMHEMHOH C YITIOBBIM KO3hdHUMEHTOM,
QrnpefeiAeMblM W3 YCIIOBHA PaBEHCTBA WHTErpaJioB B MpeHeNaX oT HyJA [0
TOUKH nepenoma ~edopmupoBanHon” xapakrepuctuxu. Ha puc. 1.15 npusenen
rpaduk 3aBucuMocTy kg (¥) npn k = 3 (3710 3nadenHe ONU3KO K MaKCHMAJIBHO
BO3MOXKHOMY) , a Taioke rpaduk “HedopMupoBaHHOl’ XapaKTepUCTHKH. AHa-
JIH3 3TOr0 PHCYHKA MO3BOJIAET NPHHATH K BRIBOJIY O BO3MOXHOCTH 3aMeHbI [1eH-
CTBUTE/IBHON XapaKTePUCTHKH Ha “eOpMHpPOBaHHYI0” B TpefeiaX TOUHOCTH,
CPABHUMOM C TOYHOCTHI0 MCXOIHOH MHGOPMAaLMH.

YpaBHenue "nedopMHPOBAHHOHW XapaKTePHCTHKH, OMpENe/ieHHOe Ha OCHO-
BAHHH NPHBENEHHBIX BbILIE COODPAXEHHH, HMeEeT BU/L

y)jyﬂi yg,i’ﬂ:
kX (») = S E1206)
I, y 2y,

rae vo = 2 (1 +k)7'. OueBHaHO, HCMONb30BAHUE ITOW XaPaKTEPUCTHKH IKBH-
BJICHTHO YMEHbLIEHHI0 NApaMeTpa Sy p MO CPaBHEHHIO C PacYeTHOM BeTHYHHOIM,
T.C. IPHHATHIO BMECTO NOCHeHeH 3HaUeHUA

St =2 Supll 4k). - (1.207)

UncsieHHbIe pacueThl N10Ka3bIBAIOT, YTO ONMCAHHBIH PHEM IPHBOLHT K XOPOILHM
pe3yJibTaTam B CMbICTIE NPHOIKEHUA XapaKTEPHCTHK PeIy K MM,

WanoxenHsiit GanaucoBblii METON JIMHEAPH3aUMU ypPaBHEHHA (WIBTpAIMHK
Dojlee mpuewsieM Ui 3a[lay 1O ONpPEJENCHUI0 M3MEHEHHA NOBEPXHOCTHOTO
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Puc. 1.16. Pe3aynbTaThl WMCIEHHOTO pelleHHS HelHHeHOTO HecTallHOHapHOIO ypaBHcHuS
(mneTpanuy (crnollHble NMHHUH) M FpadHKH aHATHTHYECKHMX pellleHHl MTHHeapH3IOBAaHHOTO
YypaBHeHHA (MYHKTHPHEBIE JIWHHH)

Ha puc. ¢ — 38BHCHMOCTH TOHHMeHHMA YPOBHA FPYHTOBBIX BOJ OT PAaccTOHHMA 10 rpa-
HEI Bl MUuTaHua (YHCHA HAaj KPHBBIMK — 3IHAYeHWS f), HA puc. § — 33BMCHMOCTH OTHOCH-
TeJNEHOH peayKUHH OT T

CTOK4, OJHAKO YIAOBIETBOPHTEIbHbIE PE3Y/IbTAThI MOJIYYEHBI H TPH €ro MCIHOb-
30BaHHH UIA PacyeTOB NMOHIKEHMA YPOBHA FPYHTOBBIX BOI M IPH HX 3KCIUTya-
taiui. Ha puc. 1.16, a n3obpaskensl rpaduku pacupeXeeHHi OTHOIIEHUA TOHH-
KEHHA YPOBHA K KPHUTHYECKOMY 3HaueHHI0 NpPH oTOOpe rpyHTOBBIX BOJ B YCIIO-
uunx cxems! (puc. 1.10) npd pa3nHuHBIX 3HAYECHHAX BpPEeMEHH HKCIUIYaTalHH

= at/d* . CinlOIHbIMH IMHUAMN HAHECEHB! KPHBbIE, COOTBETCTBYIOLIME Pesyiib-
TATAM YMC/TEHHBIX PacyeToB C NOMOILUBI0 METOJa KOHEYHBIX Pa3HOCTEH, IYHKTH-
pOM — KPHBBIE, MONYYCHHbIE aHATMTHYECKHMMH pacye€TaMH I10CII¢ BBINOJIHEHHUA
nuneapu3auuu. Ha puc. 1.16, 6 n3obpaxens: COOTBETCTBYIOLIME rpadpuxu na
byHKUMI OTHOCHTENBHOM pelyKuMH npu Xe = 2,0; § = 20, koTopeie MOryT
OTBEYATH, HANIPUMED, TAKHM THIMUHBIM }rcnnnum T = 1000 m*[cyt; be =
= 103 cyr~!, d = 2 km, ¢ = 10 m*[eyT; Sip = | M. paduky OKa3BIBAT, YTO
chunhfmnaﬂne NPeUIoXEeHHOTO ME:TGJI& Hnnﬁapnzauﬂﬁ B paccMOTPEHHBIX
YCIIOBHAX MPHBOAHT K HEKOTOPOMY 3aBBIIIICHWIO pacyeTHbIX 3HAUCHWH PEOYKIHH
MOBEPXHOCTHOTO CTOKA, YTO ABJIAETCA JKeJlaTelbHbIM B LENAX obecrneueHus
HEKOTOPOTO ~'3anaca Ha[leXXHOCTH .

Ha puc. 1.17 npusencHa cepua TpaQMKOB 3aBHCHMOCTEH OTHOCHTEJIBHOW
BEJIHYMHBI TIOHMXKEHMS YPOBHA IPYHTOBBIX BOJ HA JIMHHH BOM03a00pa mpH Xe =
= 2,0 ¥ nepemMeHHOM 3HauCHMHM OTHOCHTENIBHOHW BenHuMHbI Bomoorbopa ¢. I'pa-
dbuKKM MOKA3bIBAKT, YTO MPH M3MEHEHHWH BeNHYMHBI ¢ B LIMPOKHX npejenax
COXpaHAeTCA YOOBJETBOPUTEIbHAA TOYHOCTbH PAaCueTOB INOHH/KEHHWA YPOBHA Ha
JIMHHK BoHo3abopa, 3a HCKIIOYeHHeM Bechbma OoJIBIIHX BeJIHYMH BpeéMEHH
IKCIUTYATALMK, PH KOTOPBIX pacyeTHOE 3HaueHWe MOHWKEHMA MpH JTHHEeapu3a-
MM TIPEBOCXOHUT NMOJIYUeHHOE B pe3yJibTaTe YHCIAEHHOTO HHTEr pHpPOBaHHA.

MeTom nuHeapm3alMM 3aBUCHMOCTH M3MEHEHHUA MOMYJIA 3BANOTPAaHCHHPALMK
OT rayOWHBI 3aeraHus TPYHTOBBIX BOJl MOXeT OBbITh WCIOJIB30BAaH [UIA yuYeTa
BIIMAHWA ellle OHOW crathd DajlaHca MOM3EMHBIX BOI — HMX pasrpy3kH B KOJl-
EKTOPHO-[IPEHAXHYX) CETh BBICOKOH IUIOTHOCTH. J10T IMIMPHYECKHH cnocob
3aKJI0Y4CTCA B JIMHEAPH3allMK 3aBMCUMOCTH MOJYJIA JAPEHaXHOro CTOKa OT Iy -
OWHB! 3ajieraHys FPYHTOBBIX BOJI H OCHOBAH Ha BHEIIHEH aHAJIOFHH MCXAHH3Ma
cTabMIU3HPYIOILETO [IEMCTBHA TOPH3OHTAIBHOrO [IpeHaXa BbICOKOH IUIOTHOCTH
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P uc. 1.17. I'padukH OTHOCHTE/IBHBIX BETHWMH NOHIDKEHHA YPOBHS TPYHTOBBIX BOJ HA JTH-
HHH BoOo3abopa npu x, = 2

Yucna y xkpusnix — 3navenmn {. CHolIHsie JIMHMM — De3yABbTAT YHCIEHHOrO Pacyers,
MYHKTHUPHBIS — AHATHTHYCCKHE PELUICHHS IHHEeapHIOBAHHOTO YPABHEHMA

Ha MOJIOXKEHHE YPOBHA rPYHTOBBIX BOJL C MEXaHH3IMOM [CHCTBHMA IBANOTPAHCITH-
pauuu. JeHCTBUTEIBHO, W HHTCHCHBHAA 2BANOTPAHCHHPAIMA TPYHTOBBIX BOJL,
M MX [pE€HaXHadA pasrpy3ka MpPOHMCXOHAT B YCJIOBMAX Herllybokoro Mx 3anera-
HHA, T.. IUIOWIA[H pacmpocTpaHeHUA 0BoMX (GaKTOpoB NMPUMEpPHO COBMAIAIOT.
Kak HerpynmHo yGenMTbCs, paccMaTpHBasi M3BECTHBIC PELICHWS ypaBHEHMIl
AMHAMMKH TDYHTOBBIX BOMd, B MEXIPEHHOM NPOMEXYTKE BeTHUMHA JIpeHax-
HOro CTOKa NpPOMNOPUHOHATIBHA CpeaHer TiyOHHe 3aieraHHst rpyHTOBbIX BOJI
mexy apeHamu [47, 59]. 1o xe nonoxeHue MONTBEPKIAETCA M HEKOTOPBIMH
HaTYpHBIMH HaGnofeHuaMu 24, 46] . [Tpu onyckaunn cBoGOIHON MOBEPXHOCTH
HHKE OTMETKH [IHa JIPeH MX CTOK, OYEBHIHO, CTAHeT paBeH Hyjw. ITH coobpa-
KCHHA 130T BO3MOXHOCTh NMPEHCTABHTH BEJIHYMHY MOy NPEHAXHOro CTOKa

B BH/IE
Enp.n “ 'M‘ﬂn)- A<A »

E —
10,434,

(1.208)

FAC €np.o — BEJIMUHMHA MOJYNA [APEHAXHOTO CTOKA NPH CTOSHHM I'PYHTOBBIX BOJI
Y AHEBHOW MOBEPXHOCTH; A, — rnyOwHa [Ha apeH, A — riybGHHa 3aneraHus
IPYHTOBBIX BO/I.

AHanorus gopmynst (1.208) ¢ popmymnon (1.6) npu pomyuenun B nocne-
Her K = 1 ouepnHa. [loatomy 3aBHCHMMOCTB CYMMAPHOTO MOJLYJISi HCNIAPCHHA H
JAAPEHAXXHOTO CTOKA OT rNyOHHBI 3alIeraHHA IPYHTOBBIX BOJL MOXET ObITh JIMHea-
PH30BaHa C MOMOLLBK ONMCAHHOIO BBILUE MeTOMa NpuBeleHns. Ero npoiuenypa,
Tpebyer, O/IHaK0, HEKOTOPBIX YC/IOXKHEHMH, CBA3AHHBIX C Pas3/iMYMEM CBONCTE
xapakrtepuctuk (1.6) u (1.208). Onmako, ecin nonoxuts K = 1 1 A, = Axp
(BBHAY NMPHOIHKEHHOCTH METO/A 3TO He [OJIKHO BHOCHTH KAaueCTBEHHOI'O HCKa-
KEHHA Ppe3yJIbTATOB), YKA3aHHbIE OCIIOXHEHHA CHHMawTca. B atom ciyuae
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BMECTO BEJTHUMHBI MCTIApAeMOCTH £y JOMKHa (UTYypHpOBaTh CYMMapHas BeJlu-
qHHa

e')) =Eg texp.o, (1.209)

a BMCCTO BeJIHYMHBI MOOYNA pacxola IPYHTOBLIX BOJl Ha 3BanOTPaHCIHPALMIO
B €CTECTBEHHBIX YCIIOBAWX — CyMMapHasa BeJIHYMHA

rae mocjie[iHee CaraéMoe paBHO MOAY/IK0 [APEHAXHOro CTOKa [0 Havana
IKCIDIyaTalHH HOo/3eMHbIX BO/.

[To aHamoruu ¢ dopmynoit (1.24) MOXKHO 3amucars, YTO. COKpaLleHHe CyM-
MApHOTO MOMAYJIA HCHApPeHWA M JPEHAKHOTO CTOKA B PEeXUME 3KCIUTYaTauMH
PaBHO

Aex =bgpp S, (1.211)
e
benp = E‘SLPISEP (1.212)

— [pUBEICHHAA BenHUHHA KO2)PHUMCHTE KOMINEHCAUHOHHOrO NMHUTAHHA, BKJIIO-
yafg COKpAleHHEe KaK pacXxoda Ha JIBanoTPaHCIMpaudi0, TdK M [OPEHaXHOTO
croka. CokpauieHue MOIY/IA OJHOrO JpeHaXHoOro croka (6e3 3BanoTpaHCIH-
palMK) MPH ITOM COCTABHT

A€yp =bpp S, (1.213)
rae
bap = (€') [e3)) b np: (1.214)

BenwuuHa W3MeHeHMs JIPCHAXHOTO CTOKA MPH IKCIDIYaTallMH MNOA3EMHBIX BOJ
MOXKeT BbITh OXapaKTepPH30BaHa HHTErPaJIOM BHIA

Wap (1) =Dbyp JJ S(M, 1) dxdy; (1.215)
(D)

¢ yuetoMm opmynsl (1.35) msobpaxenne no Jlamnacy Bpemenuﬁﬁ 3aBUCHMOCTH
Wap (1) MoxeT OBITh IPECTABIEHO B BUJIE

Wap @) = Unnp ) Q (1), (1.216)

rjge mnepeiarouHas (l)}’HK[[HH PEAYKUHH OPEHAXHOI0 CTOKAa BhIpaXKacTCa B BHIE

I
U ap ()= — I bap Us (M, p) dx dy. (1.217)
s (D)



Fnmasa 2

OLIEHKA JKCIUIYATAUMOHHBIX PECYPCOB MOJA3EMHBIX BOI
MPU TIOCTOAHHOM BO BPEMEHHW OTBOPE

Bonpochl METOIHKH THAPOTe0IOrHUECKHX PacyeToB MO OleHKe IKCIUTyaTalH-
OHHBIX PECYPCOB MOJ3eMHBIX BOJ pa3pabarbiBaloTCs B TeyeHHe MOJyBeKa:
nepsble pabotbl C.Taiica oTHocaTea K Havany 30-x ropos. K Hacrosiemy Bpe-
MEHH 7Ta OTPac/ib FHAPOTe0/IOrHYeCKOH HAYKH NMpecTaBnaeT CoboH AOCTaTOUHO
chOpPMHPOBABIUIYIOCA HAYUHO-TEXHHYECKYIO JUCLUMIUIHHY, XapaKTepH3YIOLIYI0CA
KOMIUIEKCOM CJIOXMBLMXCA B3MJIA/IOB HA MpefMeT HCCIICOBAHHH — JIBHXKEHHE
MOA3EMHBIX BOM B YCIOBHAX HX IKCIUIYaTALHH, 2 TaK)Ke NMPWHIHNOB PEIICHHA
COOTBETCTBYIOILUMX THApoAMHaMuuecknx 3amau. Hambonee monuoe npeacrasiie-
HHE O COBPEMEHHOM COCTOAHHH METOOMKH OlEHKH IKCIUIYaTaUHOHHbIX pecyp-
COB MOM3EMHBIX BOJ AT MOMYUMBIME IIMPOKYI0 W3BECTHOCTh MOHOTpaduH
u yuebunxku OM.Bouenepa [6], BM.llecrakopa [59], M.CXautyma [64],
B.C.Yontona [76] u mp. OmHaxo, yuuTsiBas OTICYTCTBHE CKOJIbKO-HHOYIp
MOJIHBIX CHcTeMaTHuecKux Oubimorpaduveckux ob630poB no 3Tomy BONpOCY,
IpeCTaB/IACTCA BEChbMa XeJlaTe/IbHbIM HM3JiaHHe ODIMMPHOro CHpaBOYHMKA TO
pacucTaM IKCIUIYyaTalHOHHBIX PeCypCOB MOJ3eMHbIX BO/I.

Hacrosimasa rnasa npecieflyeT B OCHOBHOM METO[MYeCKHE 11eJIH, HE MPETCH-
Oys Ha TIONHOE H3JIOXEeHHe COOTBETCTBYIOIUHX PacyeTHLIX 3aBHCHMOCTEH, 4TO
0GYCTTOBHIIO OTIPEMieIeHHOe CYXKeHHe pacCMATPHUBAIOIIMXCA B HEH TMIpPOTeoJIo-
THYeCKHX YCTIoBMi. PaccMaTpHBaloTCA CXeMbl, KOTOPbIC MOI'YT DbITh NpHUKCITE-
Hbl K Haubosmee mpocThiM. ITO CXEMbI OHOPOHBIX B (PHIBTPALMOHHOM OTHO-
[IeHHWH [UIACTOB — HeorpaHMyeHHOro, ¢ rpaHHIeH MMTAHKA, @ TAKXKe CXeMbl IUlac-
ToB-nosioc. Bosee crnoxHble KOHQHrypaiMH obnacred (QHIBTPAIMH, a TaKXxe
BOIPOCHI, CBA3aHHbIe ¢ (DHIbTPALHOHHOW HEOJHOPOIHOCTBI0O BOJOHOCHBIX IOpH-
30HTOB, NOOpoOHO He paccMarpuBarTcA. BMmecTe ¢ TeM pacCMOTpeHHasA B Iria-
Be 1 (1.3) meromuka onpeneneHus NepefaTouHbIX GYHKIMH 1A Or paHHYeHHbIX
B [UIaHe ¥ HEO[HOPOIHbIX B GHIBTPAIHOHHOM OTHOIIECHHH BOJOHOCHBIX IU1aCTOB
[OABOMNAET BHIMONMHKT HeoOXOMHMBIE pacyeThl H JUIA 3THX YCIOBHi. B Hacros-
el raBe B KayecTBe NpHMepa TaAKMX pacyeTOB NpHBEMEH Ciyuad JIMHeHHOro
M IUIOIIAJIHOTO BOH03abopoB, paboramuMX B peuHOM [ONTHHE, XapaKTepH3yio-
[eHCH TONOCOBOH (HIBTPAUMOHHON HEOMHOPOMHOCTbIO IKCIUTYaTHPYEeMOro
rOPH30HTA U HA/IMYKEM HCIIAPEHUA B ECTECTBEHHBIX YCIIOBHAX.

Cnenyer OTMETHTb, YTO PaCCMOTPEHHBIC THIAPOre0JIOrHYeCKHe CXeMaTH3alHH
OXBATHIBAIOT [OBOJIBHO IMPOKWHA KPYTr peajbHO CYILEeCTBYILMX TPHPOIHBIX
YCIIOBHH, 4To 00yClOB/IMEBAET U ONpeieleHHoe NPaKTHYeCKOe 3HAYCHHE H3Tlarae-
MOro MaTepHasia. ABTOPHI BKIIIOYAIM B HACTOAULYI0 INaBY HEKOTOpbIe HOBBbIE
pe3yJIbTaThl, a TaKke TaGmHIBl M rpapuKH, YT0 O0CODEHHO BAXHO NpH NMPAKTH-
YeCKOM MPUMeHeHHH pacueTHBIX hopMyIl.

Kax yiwe coobmanocs Bo BBE[ICHHH M rjiaBe 1, oUeHKa IKCIUTyaTalMOHHBIX
pecypcoB CBOIMTCA K YCTaHOBJICHHIO MPOCTPAHCTBEHHO-BPEeMEHHOH 3aBHCHMOC-
TH MeXOy IKCIUTyaTalMOHHBIM BO/IOOTOOPOM H BbI3BAHHBIM HM MOHHXEHHEM
YPOBHA B 3KCIUIyaTHpyeMoM ropusonte. [l 31oro Heo6XomMMO M JI0CTATOUHO
ONpeNe/THTh HAIPaBIHYeCcKOoe CONpOTHRIIeHHe Rq (M, 7) M mOACTaBUTH €70 B OC-
HOBHBIE pacyetHble 3aBHcumocty (1.37) wm (1.38).
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2.1. CXEMbl HEOI'PAHMMEHHBIX OJHOPO/HBIX IMIIACTOB

CxeMa HeOrpaHMYEHHOr0 OJHOPOOHOro MO (MWILTPAUMOHHBIM TapamMerpam
[U1acra ABNAETCA Haubonee NpPOCTON A M3YYCHHS, BhipameHHA MepelaToyHoH
OYHKIMA HOHWKEHMS M THPABIMYECKOTO CONpPOTHBIEHMA NpH OTbOpe
MOJ3eMHBIX BOI OOMHOYHBIM Bomo3abopom mnonyveHst M.C.Xantymem |[64]
H UMEIOT BH/1 COOTBETCTBEHHO

! B &
Us (M, p) = z—ﬂKu(" —i’rg’), _ (2.1

2

]
Rﬂ {M, f} = 4_-;1- W(‘;;r 3 gr), (2‘2}

rie Ko (z) — dyukuusa Maxponansga [52]; W, a) — dyskuma XaHTylua,
1abymMpoBaHHasA MOYTH BO BCEX PYKOBOMCTBAX MO IMIPOTEOIOTHYCCKHM pacye-
tam, Hanpumep B pabote [53]. [lpu 3tom B dopmynax (2.1), (2.2) r — pac-

cToAHMe oT TouykH M pno meHrpa Bomo3abopa, g = —T- — fapameTp, KOTOPbLH

[IPHHATO Ha3kiBaTh KommneHcaimoHHeIM 3bdextom. B ycnoBusAx orcyrcrBus
KOMIIEHCAIMOHHOro nuTaHusa dopmyna (2.2) nepexoduT B BelpaxeHue, TIONY-
ueHHoe Brepsoie C.Tawcom:

2

RiGHELF Ei(— - ) (2.3)

4 da t

rine Ei (z) — unTterpanbHag nokasarenbHaa dyukuua [52].
[lpn t = o, korpa g # 0, ruapasnuyecKoe conporueneHue (2.2) crabuimau-
pyercs, Oyayud Of paHHUEHO CBEpXY BeTHUHHOMN

1
RoM, t) = -;;Kﬂ (gr). (2.4)

Ecnu komMrneHcauMOHHOE MHMTaHHE OTCYTCTBYET, CTAOWMM3aiMy 3HaYeHWH THapaB-
JIMYECKOr0 COMNpPOTHBIIEHHA He OYNeT HH B O/IHOH TOUke 00nacTH (pUIbTPAIMH.
[Mpu 3HaueHWAX BpeMeHM, npesbruanommx (2,5...5) r?/a, bopmyna (2.3) ympo-
IL@eTCA MPH ITOM [I0 BU/IA

225 at

) 7

|
Ro(M, t) = — In

47 r

(2.5)

KOTOPbIH 0ObIYHO ¥ NPUMEHASTCA [UTA pacueTa MOHUKEHHHA.

B ycnosusx, korga o100p nof3eMHbIX BOJL BEAETCA NPAMOIHHEHHBIM PALOM
CKBaXXHH 3HAUMTEJIBHOM MPOTAXKeHHOCTH B, nepefarouyHas GpyHKUMA MOHUKEeHUA
OnpeieNAeICA PaBeHCTRBOM

— [3r
&
Us M. p) = — . (2.6)
rae 3aBHCHMOCTH
RS
JF'J
MM=J?+f (2.7)
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HOCHT XapaKTep onepalMoHHOro KomreHcaiuoHHoro agdexta. CooTBeTCTBYIO-
mee NepenarodHod GpyHKIMM (2.6) rHApaBIHYECKOE CONPOTHBIIEHHE HMEeT BHI

| ¥
Ro(M, 1) = o= D (wa?; gr), (2.8)

rae hyaximpa D* (z, &) onpesieniena BhpakeHHEM

1 o - o
D*(z,a) = -—-[E““’erﬂ:(z — ——) —e“erfc(:—: + -—-)], (29)
2 2z 2z

erfc z — MONOMHATENbHBIN HHTErpall BeposATHOCTeH [S2], 3HaYeHHA 3TOH PYHK-
i npuseneHs: 3 Tpuioxenun 1. 3Havenns dynxmun D*(z, ) npHBeneHs!

-

I 2d _|

B Ilpunoxennn 3. [Ipy OTCYTCTBHMM KOMICHCAUMOHHOTO MHTaHHA BhIpaXeHHe
(2.8) npuobpertaet Gonee NPOCTOM BHIL:

P u c. 2.1 Cxema womagn-
HOI'O MONOCOBOMQ BONO3a-
Bopa B HeorpaHHYEHHOM
OIHOPOMHOM ITIacTe

r

2+Jat

rae ierfc z — MOBTOpHBIN HHTErpas BepoATHOCTeH [S52], 3HaueHHs KOTOPOToO
rake npuseaeHsl B [Ipunoxennn 1.

Ecm ot6op nof3eMHbIX BOJ BeASTCA MIIOMIAAHbIM BO03a00POM, paBHOMEP-
HO pacrpe/ie/ieHHbIM B Tonoce wmputon 2d (puc. 2.1), nepefaTouHas yHKIUHA
MOHMKEHH A HMEeT CIeAYIOUIKA BUIL:

[
Ro(M, 1) = i;_ ierfc (2.10)

(1 — e Pdch Bx
- — [AJIA TOUYCK, HAXOANIHXCA BHYTPH
2p°dB nosiocel oTbopa,
UsM.p) =\ | (2.11)
A el L ) fd — pand Touek BHe Mosiockl 0Tbopa.
| 2(%dB

COOTBETCTBYIOUIME BpeMeHHbIEe 3aBHCHMOCTH THIPABIMUECKHX CONPOTHBIICHH
BHIPAXKAWTCA (POPMYITAMH :
WIA TOYEK BHYTPHU Moockl otbopa

RoM, 1) =~ 170" - D (d"“m- @) -

S e Tl CH R
1 d+ |x|

= - : 512
ZDu(Zﬁ.g{del))}. | (2.12)
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JUIA TOYeK BHe 3TOH [10JIOCHI

Ro(M, 1) = [Du(m_d' g(hl—d))—Dn(le.d'
4dBg? 2\/at 2+/at’
g (Ix] + d}) ] ] (2.13)
e 3
Do (z,@) =D(z,a) —e 42° erfcz, (2:14)
7 1 T o < o
D(z,a) —?[e erff:(z - -2—2-) t+e erfr.:(:a + 2—2)] (2.15)

3uavenus pyukiuu D (z, ) npusenensl B [punosxenun 2.
B yCrnoBHMAX OTCYTCTBHA KOMIECHCAUMOHHOrO mHTaHWs dopMyns (2.12)
i (2.13) nepexofAT COOTBETCTBEHHO B BBIPAXKEHHSA

RAM D) [ g yFirte ) O (2.16)
. e e — 21 8T1C — &1 €ric 3 %
: 2Bd | 2/at 2\Jat
at x| —d x| +d
Ro(M t)= — ] i%erf — i’erf ; 217
o ) Bd%I cthzr l chfﬂf } ( )

B Touke Ha oceBo# NMHMM BONO3abopa BeNMYMHA THAPABIMYECKOrQ COTPO-
THBIIEHHS MOXET OBITh onpefieneHa no popmyiie

Ro(M', 1) dF $ d 2.18)
yI) =— ; ; i
i B (2\/;;: £ (
rjae. 2
-2 % LDilza
F(z,a) = - 0 (2,2) ; (2.19)
2a
npug =0
1 — 4di‘erfcz |
F(z,a) = a3 (2.20)
A

Pacuer moHMxeHHs ypoBHA (Hanmopa) Mof3eMHbIX BOM MPH KX oTBOpe IuIo-
AHBIMH BOHO3a00paMH Gosiee ClIOXHON GOPMBL B YCIIOBMAX OJHOPONHOIO
HEOrpaHHYEeHHOr'0 IUIacTa pacCMaTpuUBAJICA MHOTMMHM aBTopamu [6, 47, 59,
64 ¥ [ip.] , AABUMMM pereHus [UTA CITyYaes NPAMOYTOIBHBIX H KPYTOBBIX 06Mac-
Ted BOA0OTOOpa. 3[ech NPUBOAMTCA NpUOIMIKeHHOe pellleHHe ITOH 3aauu
s Jiobon KoHdbuUrypauuu obacti BogooTdopa.

[lycth obnacte paBHOMEpHOro BON00TGOpa MMeeT GoOpMY, H30OpaKeHHYIO
Ha pHc. 2.2, [loHwxeHne YpOBHA I[O/I3eMHBIX BOJ B TouYKe M, HaxXomAmeics
BHe obmactu (A) (puc. 2.2, @), cOrnacHo IPUHUMITY CYNEPNO3MIMM PABHO pe-
3yIbTaTy BIMAHWA BCEX TOYEK, COMAepKamuxcs BHYTpU obmactu (4), npuyem
Kax/ast TouKa 3Tou obnacTu BbhI3pIBaeT B Touke M anemeHTapHOe MOHMKEHUE,
nepegaTouHas GYHKIMA KOTOpPOro, Kak u3BecTHo [2], ompenensercs dopmyroi

|
Us (M, p) :;Ku Br). (2.21)
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Puc, 2.2. Cxemsl k BeiBoay dopmyn (2.24) u (2.25)

4 — B cnyuae, Korma touxka M paxonwrca BHe obnacTu BomootrGopa, NpW paaMyce Oy-
ru r = MK yron 6(r) pasen L KML; npu panuyce nyrur =K'M yron 0(r') pasen LK'ML’;
6 — B cnyuae, Koraa Touxka M maxopurcd BHYTPH obnacru sonooTbGopa, yroin, noji KoTopsiM
BHIIHA YACTH AYTH paamyca r, nexamas suytpu obnactu (A), pasHa cyMme Yrios L KMLwu
L K,ML,

[lpu 7TOM OYEBHAHO, YTO TOYKH, JIEXKalHe OT TOYKH M Ha paBHOM paccTos-
HWM 7 , BHI3BIBAIOT B TOYKe M OMHHAKOBYIO peakuyio; TaKHM 0Opa3oM, ecili Mbl
npoBesieM U3 TOYKKH M nyry okpyxsoctu KL pammyca 7, BCe TOUKH W3 00JIacTH
(A), nexampe Ha 3TON Myre, IKBHBAJICHTHbI B OTHOIUICHHH MOHHKEHHA, BbI3bI-
BacMoro MMH B Touke M. Pazobbem Teneph obmacts (A) ceTKoH OKpyX)HOCTEH
¢ ueHTpoM B Touxe M. B mpemenax manoii ofnact, OrpaHHYeHHOH Ayramu
6IM3KOTO PAfMyCa Iy _ | M Iy C TOYHOCTHIO 10 GECKOHEWHO MATbIX BETHYHH
Gorlee BLICOKOrQ TOpPATAKA, ueM Ar, = Fp — Iy _ 1, 3HaUeHHE TEpPeNaTOYHOH

GYHKIHHA NOHWKEHHA MO OTHOUEHHIO K Touke M GysieT paBHO o Ko (Brn),
&N
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merp— 1% Fn <. [T03TOMY 3HaYeHHE I€MEHTAPHOTO TIOHWKeHUA, 06yCoB-
JICHHOT O BJIMAHHEM Masiol obnacTH Mexny AyraMu pajiiycoB 7, _ | H Iy,
Gymer pagHo (IpH MOCTOSHHOM IUIA Beeit o6mactu momyne BomootGopa T)

— AAK, (BT ), rme AA, — niomasns onpe/e/ieHHOM BbIiie Masioi o6macTH.
&

[lo hpopMyniaM 3MeMEHTapHOH FeOMeTPHH C TOYHOCTBE) JI0 DECKOHEYHO MalibixX
foJiee BBICOKOTO NOPAIKA, yeM A7 ,,

i

AMy=— (h=ri_1), (222)

rae 6§ — yron (B pamMaHax), MOJ KOTOPHIM BHHA JyTa pajMyca r, M3 TOY-
ki M. Ilpeobpasya (2.22), umeem

P N o
AA, =0 - 2" l ary;

JUIS OTIpee/IeHHs MepeJaToyHOM (PYHKIMH NOHUKCHHA, YUHTBIBAIONIEH BIHAHKHE
pcex Toyek o6macTi pogo3abopa, cocTapiisieM Tenepb CyMmy

K BAr,,. (2.23)
n=1 27 2

Yerpemnas BemMuHHbl Ar, K HyJ0, B ipedesie mojyyaeM BbipaKeHHe [UIA nepe-
JIATOYHOH DYHKIIMH NMOHMKEHHA B BHOE :

r‘

1
Us (M, p) = —";;A—; Ko (Br)0 (r)rdr, (2.24)

rpe A — mnomwanms obnac Bomoor6opa (A); ro u r* — 3HayeHMA pagMycoB,
pH KoTopsiX BemunHa 0 (r ) oOpaugaercs B HyJIb.

Ilist Touex BHYTpH obnactu Bopoorbopa (puc. 2.2, 6), oueBuaHo, 8 (r) =2m
npu 0 <r < ry, 003TOMY [UIA ITHX TOYEK CNPABEUTHRO BhIpAXKEHHE V1A Nepea-
TOMHOM YHKIMH MOHHKeHHA BH/IA

o 1 r
Us (M, p) =Us (M, p) + o { Ko (B)0 (r)rdr, (2.25)
rge
; e 0 A° K, (Brs) '
US (M, F‘) > A ﬂ'fi ({ l{ﬂ (ﬁf}rdf = 4 [ ﬂﬁzri — —'-"BT-"'] : {226}

A" = mrg — miowans Kpyra paamyca rs.
['MapaBiiHyecKHe CONPOTHBIICHHA UIA HAXOXKIEHHA NMOHWKEHHH ONpeleNaioT-
CA MO AHATOTWYHBIM dopMynam:

a7 3
Ro(M, 1) = EI W(% - gr)&(r)rdr (2.27)

E Amus HEM



Tabnuna 8
3navennn dpyuxunn F, (o)

G F, (a) u v F, (o) l] a F, (o) o F,(a)
0,0001 0,7666 0,006 0,4410 0,20 0,1694 7,0 0,0114
0,0002 0,7114 0,007 0,4288 0,30 0,1408 8,0 0,0099
0,0003 06792 0,008 04182 0,40 0,1215 9,0 0,0088
0,0004 06563 0,009 0,4089 0,50 0,1072 10 0,0080
0,0005 0,6385 0,01 0,4005 0,60 0.0960 20 0,0040
0,0006 0,6240 0,02 0,3457 0,70 0,0870 30 0,0027
0,0007 06118 0,03 0,3139 0,80 0,0795 40 0,0020
0,0008 06011 0,04 0,2914 0,90 0,0732 50 0,0016
0,0009 0,5918 0,05 0,2740 1.0 0,0678 60 0,0013
0,001 0,5834 0,06 0,2599 2,0 0,0383 70 0,0011
0,002 0,5283 0,07 0,2480 3.0 0,0262 80 0.0010
0,003 0,4960 0,08 0,2378 4,0 0,0198 90 0,0009
0,004 0,4732 0,09 0,2288 5,0 0,0159 100 0,0008
0,005 0,4555 0,10 0,2208 6,0 0,0133

— [JIA TOYeK BHe obnacty Bogoorbopa,
o R F
RoM,t) =ReM, t) + — [ W(—— , gr)ﬁ'(r)ra’r (2.28)
_ 4m4 r_ dat :
— IU1A TOYEK BHYTPH 3TOH 0BnacTu, mpuiemM
o Aﬂ ] — E’_ﬂg t J"i
Ro (M, 1) =— = F(—; r 2.29
A ng*ri dapt 2 (2:2)
r/ie MoJIoXKeHo
:{1
s el it A
T e S = . (2.30)
4n a z

[Ipu g = 0, 4TO COOTBETCTBYET YCIOBHAM OTCYTCTBHA KOMIIEHCALMOHHOTO MUTA-
s, Bce (OPMYyJibl yIPOLWIAKOTCA; TAK, 1A ONpe/ieieHns BeIMUMHbI THAPAaBIIH-
HECKOro COMPOTHBIICHMA, OTHOCALLErocs K Touke M BHe obGnactu BonoorGopa,
HClonb3yeTed opmyna

1 re .,.‘2
Rﬂ (M, f} = m,{' [-E-l(— E)]ﬂ{r)fdf; (2.3])
mis TouKku M BHYTpu obnactu — dopmyna
o [ re '
RoM,t) =Rg(M,t) + — [ [‘ Ei (— ——)]ﬂ{r]rdr, (2.32)
4n 5 , 4at
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TaGnuma 9
3HaveHHMA Y300B Xg H BCCOB wy KBaapartypsoil dopmynei l‘yycﬂ NPH HEKOTOPBIX 3HAa-

yeuuax NV
k g Wk "7 k Xk Wi
N=4 N=6
i - 0,8611 0,3479 | - 10,9325 0,1713
2 — 0,3400 0,6521 2 - 00,6612 0,3608
3 0,3400 0,6521 3 —0,2386 0,4679
4 0,8611 0,3479 4 0,2386 0,4679
5 0,6612 0,3608
6 0,9325 0,1713
N=§ N=10
1 — 0,9603 0,1012 1 - 0,9739 0,0667
2 — 0,7967 0,2224 2 - 0,8651 0,1459
3 — 0,5255 0,3137 3 — 0,6794 0,2191
4 —~ 0,1834 0,3627 4 —~0,4334 0,2693
5 0,1834 0,3627 5 — 10,1489 0,2955
f 0,5255 0,3137 6 0,1489 0,2955
7 0,7967 0,2224 T 0,4334 0,2693
8 0,9603 0,1012 8 0,6794 0,2191
9 0,8651 0,1495
i 0,9739 0,0667
rae [6, 45, 56]
o * ]"i
R.MD=—"F —-) (2.33)
o(M, 1) i ( e
| i :
Fo(@) = —={ 1—e*—aFRi(-a)}. (2.34)
4o

Jnavenna bynxmn Fo(a) npusoparca B Tabm. 8; mnpH 3HaueHHAX « <
< 0,15...0,25 oHa MmoxeT onpeaenATses no popmyne [6]
Fy () l % 153
) = :
o ( 4n
Unrerpansr obuwero Bupa B dopmynax (2.24), (2.25), (2.27), (2.28),
(2.32) MOryT BHIUHCIIATHCA C MOMOIIBI0 KBaapaTypHoii dopmynsl lNaycca [52]

(2.35)

r¥_—_pr N
Us (M, p) = > % wiKo (Bri)0 (rx) 7k, (2.36)
4dnAd k=1
e
253 e & 2
i PLLER R (2.37)
2 2

X) — y3nbl; Wx — Beca KBajpatypHo# hopmynsi I'aycca N-ro nopanka, HEK0To-
pbleé 3HAYEHUs KOTOPbIX NpHBedeHsl B Tabir. 9.
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®opmynna (2.36) uMeeT MPOCTYI0 CONEPXATENbHYH TPAaKTOBKY: BIIMAHHE

Bomo3abopa cnoxHo#i dhopMbl Ha NOHMeHMe B Touke M cuMTaercs JKBUBANIEHT-

HbIM CYMMapHOMY BIHAHKIO N OIMHOYHBIX BOM03aB0OPOB, KaXK/Ibli U3 KOTOPBIX

OTCTOHT OT TOUKK M Ha PaCCTOSTHUM 7 ;. ¥ MMeeT HeOUT B pasmepe
*

Ok =

- ® k0 (re) wi 0, (2.38)

rae 0 — cymmapHsiid nebGuT wiomanHoro Bomo3abopa. [Iisa pacyera MOHMKeHHA
B TOYKE BHYTpPH obnact BOHooTOOpa IpH ITOM ClefyeT [oJiaraTh, YT0 OHO
dopMHpyeTcA KakK CyNepro3uuuA YacTHYHBIX IOHMIKEHHH, OOYCIIOBJIEHHBIX
IKCIUTyaTalMen OMHOYHBIX BOJ03a00p0oB, ONpee/ieHHbIX BhIllle, H  [UTOLAIHO-
ro Boposabopa xpyropoil ¢opmbl, LIEHTPp KOTOpPOro COBNanaeT ¢ Touxkod M,
a neOUT onpeneNnsaeTCA BeJIMUMHON
Al}
Onp =? Q. (2.39)

TIpumep pacuera. Ha puc. 2.3 uso6pakeHa KoHOUrypamysa IUIOMATHOTO BOIO-
3abopa cioxHO#K (hopMBbI B HeOrpaHHYeHHOM OOHOPOOHOM IUtacte; Tpebyercd
OnpelieMTh BPEMEHHbIE 3aBHCHMOCTH MOHMKeHHsA B Toukax M; u M,. Touka
M; HaxomMTCA BHYTPH BOJ03abopa; BenHYMHa paJMyca s OKPYXHOCTH, Kacaio-
meiicst Gimokaitier K Touke M; rpaHuMust obrnactu Bomootbopa, cocTaBifeT
ry = 1400 m; paccroanme r* ot T0ukM M, [0 HanboJsiee yDaleHHOH OT Hee rpa- .
HuLBI 00671acTH BOIOoOTOOPA paBHO +* = 4000 m. :

I'maporeoniormieckue napamerphbl: Ko3gguumeHr Boponposogumoctd I' =
= 1000 m? [cyT; Ko3hduument yposHenposomHocTH a = 10* m*/cyTt; monmycm-
MO€ TOHWXeHue coctaBnger 50 m; KOMIICHCALMOHHOE NHTaHHE OTCYTCTBYET. |
BopooTGop paBHOMepHO pacnpenencH mo obnactd (4), BenduuHa ero Mnnynﬂ
cocrasnser T = 0,008 m/cyT, yro npn wiowanyu obnacra (A4), pﬂBHﬂH 17,64 xm?
COOTBETCTBYET CyMMapHoMy aebuty Q = 141 120 M /cyr.

PaccmoTpum Touky M; BHyTpu 06nact# Boaoot6opa. COracHo CKa3aHHOMY
BBIllIE, BIMsAHHE BOJ03a60pa CIIOXKHOH KOHQUIypaluuu NpHOIMKEHHO 3KBHBA-
JIEHTHO BJIMAHHIO IUIOLIAAHOTO Bof03abopa Kpyroeo# popmMel pajiHyca 7, C IeHT-
poM B Touke M M BiUaHHKIO [V OHHOYHBIX BOOO3a60pOB, pACCTOAHHA KOTOPBIX
or Toukd M onpenensiorca popmynou (2.37), a nebuter — dhopmynon (2.38).
[Tpunumas N = 4, B yonoBuax npumepa umeem: r; = 1580 m, 7, =2258 m,r3 =
= 3142 M, r, = 3819 M. BoiueptvB Ha miaHe 00macTH OKPYKHOCTH 3THX pafHy-
COB M OTMETHB TOYKH MX MepeceuyeHMs ¢ KOHTYpamu rpaHuiibl ob6nactu (4),
coe[IHHAEM 3TH Touku M; W 3aMepsieM BEeHYUHBI YTJIOB, O] KOTOPbIMH BHIHbBI
YACTH YT OKPYXXHOCTEH, nexalue BHyTpH obnactd. [IpH 31o0M cneyer Umers
B BHIY pas’pbiBbl BCeX AYT, PaMyC KOTOPHIX MpeBsilllaer r;: BHYTpHU 06macTd
(A) OHM MMEIOT NO [IBE YACTH,; COOTBETCTBYIOLUME YIJIbI ClI€yeT CYMMHPOBATh.
U3amepennsie 3Hauenua yrioB @ (r;) Ha puc. 2.3 cocraBwnu: 8 (r;) = 5,39 pan,
8 (ry) =271 pag; 0 (r3) = 0,75 pam; 6 (r4) = 0,19 pan. B cootBercTBHH C
dopmynon (2.38) onpepenseM HAarpy3KH KaXOOro M3 YeTbIpeX OHMHOYHBIX
BO/103a60POB:

40001400

@, = 1580 -5,39 -0,3479 - 141120 = 30813 M’ /cyT
2-1764-10°




P u c 2.3 Kouburypamus oGmacm
nogooTbopa B YCIOBHAX NpHMepa

P uc 2.4, Peaynbrarsl pacyeToB TIOHH-
WEHHA C [OMOLIEBK PA3lIHYHEIX METOIOR
B YCIIOBUAX NMpHMepa :

I: xpuBaa ] — rpaduK 3aBHCHMGLTH
NOHWHEHHA B Touke M, oT Bpemenw,
NonyYeHHbIA RO opmynam (2.40) npu
N=4: xkpusaa 2 — 10 ¥e, [INA TOUYKH
M,: II— pe3aynpTaThl COOTBETCTBY-
I0IHX pacueToB NpH N =6 LIA TOYKH
M,; HI— To0 xe¢, mna Touku M, ;
'V — pe3ynbTathl PACYeTOB MOHWKOHHA
B TOuKe M, npH 3aMeHe MCTHHHOH

thopmbl  Bomo3abopa paBHOBENTHKOM
KpyYroBo# a 1800 2000 m
S m

T

60

40

20

1ag | 1000 16000
£ cym

W, aHANIOTHYHO, O, = 41 499 M’ /cyt, Q3 = 15 981 M3 /cyr, Q4 = 2625 m3/cyr.
llebur romansoro Bomo3zabopa cornmacio dopmyne (2.39) cocrasun O, =
=50 202 m? [cyr. :
Tenepp ocTaercsas TONMBKO CNOKHTH TMOHWKeHHs, 06ycloBIeHHbIe BIHAHHEM
10 LWagHoTo BOA03ab0opa, paccunThIBaemMoro 1o gpopmyne

s gy, gy = Lonp (i) 2.40
1 T 0 4{1! E { : H::l'

C BIIMAHUAMH KAXKIOIr0 H3 Yerbipex OJIHHOYHBIX BOJ103aD0pOB, paccuYHThIBaCMbIX
Mo H3IBECTHOH 3aBUCUMOCTH

| 2
5 Bl —Ei(— J'i)] (2.406)



Ha puc. 2.4 npuseneH rpaduk 3aBHCHMOCTH MOHIWKEHHA OT BPEMCHH B TOUKE
M, 1OCTpOEHHbIH ONHUCHIBAEMBIM COCOBOM.

Ilisi pacueta HMOHHXeHUs B Touke M, oupegensem ro = 500 m, r* = 4000 m;
coriacHo dopmyne (2.37) 3HaueHMs PacCTOSHME F, paBHeI: r; = 743 M, 7, =
= 1655 m, r3 = 2845 m,r4 = 3757 M; COOTBETCTBYIOLIME 3HAYCHHA YIIIOB, Olpe-
nejieHnbic no miany obnactu, cocrawiu 0 (ry) = 2,83 pan, 0 (r,) = 4,01 pan,
0 (r3) =2,06 pan, 6 (rq) = 0,37 pan.

BenvuMHa Harpy3ku Ha TNepBblH U3 OAMHOYHBIX BOJ03a6opoB 1o dopmyse
(2.38) pamHna

4000500
Qs = = 743 -2,83-0,3479 - 141 120 = 10 241 m° [cyT;
2-17,64-70

aHanorwuno: (0, = 60588 M3,"cyr, Q3 =53505 m?/eyT, @4 = 6771 m®/cyr. Ha
TOM e pHc. 2.4 npusefeH rpaduk 3aBucumoctd S (M,, t), MONYUYCHHBIH KaK
pe3ynbTaT CyNeplno3MUMH BIHAHMA YyeTbipex Bomo3abopor. Ha puc. 2.4 nmokasa-
Hbl TAK)KE B BH/IE CEpHH OIMHAKOBLIX TOYEK [PAPHUKH COOTBETCTBYIOLINE YCIIO-
B0 NV = 6 B xBajipatypHoit dopmyne I'aycca, kak wia Touku M, Tak v ansa
Touku M, . Bunso, 4to yro4yHeHue, NOJIYYEHHOE B pE3yJIbTaTe YBE/IHUEHUA YHCIA
¥3/10B, HE3HAYMTENIBHOE, H B PAacCCMaTpHBAEMOM NPHMEPE MOXHO DBUIO OrpaHH-
YHTHCS KBaJparypHou dopmyiion ¢ N= 4.

Hakonen, Ha tom ke prc. 2.4 COOTBeTCTBYMIOIIHMH TOYKaMH HaHECEeHbl pac-
yeTHbie 3Hauenus S (M,, {) npu 3ameHe oGnacT BoA0OTOOpPA paBHOBEIUKHM
KPYrom ¢ LHEHTPOM B LIEHTPE TAXECTU BoHo3abopa.

MoxxHo BHIOETh, YTO OHH BechMa OIIM3KH MO BeJIHUMHE K 3Hauenusam S (M, 1),
[IpMBEAEHHBIM Ha KpHUBOH. 3TO 0OCTOATENBCTBO [AENIaeT AOCTATOUYHO ODOCHOBAH-
HbIM TIPHMEHAEMbIH B THIPOrecJIOrduecKOod MpPaxKTHUKe pacueTHbId TpuUem, IO
KOTOpOMY [UTOMIA[iHbIE BO03a0Ophl YaCcTO PacCMAaTPHBAKTCA C MOMOLIbIO 3aMe-
Hbl MCTHHHOH KOH(QHUrypauuu o0Gnacti paBHOBEIMKOH OKPYKHOCTBIO, LEHTP
KOTOPOH pacrioyiodxeH B LEHTpe TAXECTH Boo3abopa.

Cnenyer otMerurts, ut0 BooOIle B TOYKaX, pacnosioweHHbIX BHe obnactu
BOJI03ab0pa, NpUMEHEHHe METONA PABHOBENUKOTO Kpyra NpakTHYeCKH Bcerja
MPHBOIKT K XOPOIHM pe3y/ibTaTaMm.

KocBeHHbIM CBH/IETe1bCTBOM TOI O, AOMYCTHMA JIM 3aMeHa 001acTu BogooTO0pa
Kpyrom i BHYTpeHHeH TOYKH OOIacTH, MOXET CHYXHTh XapaKTepHCTHKa
0 (r) ¥ ee CpaBHEHHME C XAPAKTEPUCTHKOM [JIsi BHYTPEHHEH TOUKH OKPYXHOCTH,
HMELLIEH BH]L

roe r = rfr¥, ro = ro/r*, npuyem rgo —paccrosnue ot Touku M 10 HauGonee
Gnuakoi, r* — 10 e, 1o HauboJsice NaneKkol TOYKH OKpYxXHocTH. ['padukn 3a-
BHcHMMOcTeH 0 (r) mns pasnuuHBIX 7'g TIpHBENEHHI Ha puc. 2.5. Moxio BHOETS,
9T0 XapakTepuctHku O (r), nocrpoeHHble, HaNMpHUMeEp, Wi oDIIacTH, H300paxKeH-
HOM Ha puc. 2.3 (3Ta XapaKTepuUcTHKA NPHBOJMTCA Ha puc. 2.6}, AOCTATOUHO
OANM3KH K COOTBETCTBYIILHM XApaKTEePUCTHKAM KpPYTOBBIX B0/03a00poB.
HexoTophie pacxo[IeHHs XapaKTePUCTUK HpH OONBIMX 3HAUEHHAX F Mo
BJIMAT Ha pe3y/ibTaThl B CHIY CBOEH OTA&TEeHHOCTW OT Touku M; B T0 Xe Bpe-
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Puc. 2.5 3asucumoctu 0(r) nns BHyTpeHHeH (Bepx-
Hisl CepHs KPHBhHIX) H BHellHell (HHKHAA cepHA) 4
TOYeK MO OTHOLISHHI® K Kpyroso# obnacma. I'parnua
M@Ky CepMSMH — KpuBasa 7 , = 0; undpsl HaI Kpa- \
BhIMH — 3HAYEHHA Fq — 7y /r* -]
q
3 $
! b
2 "p\
"1 c. 2.6. YINOBBIe XapaKTepHCTHKH 6(r) 1A  To4- p 7\
ku M, (cxema Ha puc. 2.3) \
I - I{{.‘THHH&HL 2 - COOTBETCTEBYHIUIAA KpPpYIro-
woH obmactu apu Yo = 0,35 0 -Q.E T QE 78 D
k] =

MSI COBTafleHHe XapakTepHCTHK MpH MabiX 7, KOTOpbIE H GOPMUPYIOT B OCHOB-
HOM 3HaYeHUA IHAPABIIMYECKOrO CONPOTHBIICHHA, BEChMa XOpO1LICe.

HUto kacaercs 1oveK, NexXalKx BHe oOnactu BOX0OOTOOpa, WIS HHX, KAK YKe
OBOPHIIOCH BBILLE, 3aMeLUeHHe HCTHHHOM (OpMBI ITOH OOJACTH  KPYrom
ObiBaeT, KaKk MpPaBWIO, 4Yaiie ONpaBAaHHBIM. 3aBUCHMMOCTb O (7 ) s BHelMHMX
TOYEK KpYroBbIX 001acTed HMeeT BH[L

2 47,

f(r) =2 arccos (2.41)

F(l+7,)

rae F = rfr¥; Fo = ro/fr¥, re, r* — cooTBeTCTBEHHO Haubonee Bnuzkoe u Hanbo-
jiee panekoe paccroaHHs oT Touku M. Ha puc. 2.5 nocrpoens: rpadpmky 3aBHCH-
MocTel (2.41) (ceMelcTBO KpHBBIX, PACTIONOXEHHBIX HHXe KpUBOil 7y = 0).
s touex, pacnojiokeHHBIX BHe ofmacti (A), otnuuks xapakrtepuciuk 0 (r)
Wi obnacted 0oOLLEro BHIa OT XapakTepucTHK (2.41) B oBuiem menslile, yem

1



DA BHYTpeHHHX ToyeK. C yyeToM OTHOCHTENIBHO GOMNbLIeH OTOAIEHHOCTH BHOU-
HHX TOYeK OT of/acTH BOgOOTGOPa MOJKHO C/Ie/IaTh BBIBOJL, O Dosiplueii cnpaBesi-
JIMBOCTH TPHHLMIIA 3aMeHBI MCTHHHOH OOIacTH Ha pPaBHOBENHKYI0 KPYTOBYIO
JUIA BHELIHMX TOYEK, YeM [U1A BHYTPEeHHMX :

2.2. CXEMBI OJIHOPO/IHBIX TUIACTOB
C IPAHMIIEA NMHTAHHA B IUIAHE

Ha puc. 2.7 u3obpaxenpl cXeMbl OHOPOJHOTO IUIACTa, HMEKILIETO B IDIaHe
rpaHylly THTAHHA IIPHMDIIHHEHH-DH $OopMEI, IKCITTyaTHPYEMOTO COOTBETCTBEHHO
OMHOYHBIM (4), NuHelinbiM (6) ¥ WiomamHeIM Bojo3abGopom nonocosoi (6)
u obweit (2) cdopmbl. Beipaxenus s NepefaToOYHbIX (GYHKIMH MOHMKEHHS
JUIA BCeX ITHX CXeM MOTryT ObiTh MOJyYeHBb! ¢ MOMOIUbI0 MPHHIMIA OTPAKCHHA,
COTJIaCHO KOTOpOMY BiiMsAHUWe BoIooTOOpa HA MOHWKEHHE YPOBHA NOI3€MHBIX
BOJl B YCIIOBHAX CXeM Ha pHC. 2.7 IKBHBWIEHTHO COBMCCTHOMY BJIHAHHMIO HC-
THHHOro BOJI03a00pa M 3€pKAIBHOTO OTPAXEHHA OTHOCHTEIIBHO I'PaHHIlbl aHa-
JIOTHYHOTO 10 (GOPME H MPOM3BOIMTENIBHOCTH HCTOYHMKA HarHeTaHus, paboTao-
KX B YCIOBHAX CXeMbl HeOTpaHWYeHHOTO wiacTa (pc. 2.8).

B COOTBETCTBHM C 3THM TIPHHUMIIOM BhIpa)KeHHEe I NepefaTouHoOH (byuxmm
NOHWXEHHA Uia ycnoBuil orGopa MOA3eMHbBIX BOJl OJHHOUYHBIM BOI03abopom
Oyrder umeTs BHI

1
Us (M, p) = o (Ko (78) —Ko (0B) ], (2.42)

rge r — paccTosHMe OT Touicu M Ji0 neHTpa Bono3abopa; p — paccTosHHE OT TOY-
K M [10 ero oTpaxeHus OTHOCHTE/IbHO rpaHnubi, COOTBETCTBYIOIEE NTEpeaTOYy-
HOH PYHKIMH (2.42) runpasnMYECcKOe COTIPOTHBIICHHE ONpeHesfeTCs Bhlpaxe-
HHEM

Ro (M, r]——-[ ( . ) W(ﬁ;;gp)]. (2.43)

B ycnoBHAX OTCYTCTBHA KOMIIEHCALIHOHHOTO MUTAHUA

2
Ro (M, :)=.l_[_5i( g )+E1( ﬂ)] (2.44)
4 dat 4at

[Mpu t > o W g # 0 3HayeHHs I'MAPABIIHIECKOrO CONpPOTHB/ICHHA B BBIPAKCHHH
(2.43) crabGUIM3HpYIOTCA:

1
Ro (M, =) % [Kolgr) Ko (pg)], (2.45)
anpug =0
1 p
Ro(M, )= — In—, (2.46)
0. SIS o

JU1st YCIIoBMit 0TOOpa TIOA3eMHBIX BOJI JIMHEHHBIM PALOM CKBaXuH (pHc. 2.7.6)
nepefarouHan GyHKUMsA MOHWKEHHA HMeeT BH]I

U, (M, p)= ﬁ(f’r ¢ Py (2.47)
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P wu c 2.7. Cxemsl Bono3abopos B omHopon:- a 3
HOM BOJOHOCHOM IDIACcTe C rpaHHLEH IATAaHHA
B IU1aHe

g — omwHouwHlA Bomo3aGop; 6 — nuHEeR-
MLl PAA CKBAKHH; 6 — UIOWANHOH BOIO-
wlop B BHIE MNONOCHI; 2 — MUICIWLAIHOA Bo- - 5 d
nosabop npousponsHOl PopmMbl

P uc. 2.8. Cxema, HIIIIOCTPHPYIOLIASA ITPHHIIAT
1P KANTBHOTO OTPAKEHHA . MOHMXEHHE B TOYKe
M, dopMupyIOLIEecH 10J] BIHAHHEM BOOO3a
flopa npousponsHoit dopmel, paborawmero B
YCIOBHAX OOHOPOOHOTO IMACTA C MPAMONH-
nefiHoHt rpasEHelt MITAHWA, SKBHBATEHTHO COB-
MecTHOMY HelcTBHIO BOmo3abopa W Hardera
WM, pacToNnoXeHHO0 CHMMETPHYHO OTHOCH-
TOIBHO JIHHHH IpaHMikl B YCIIOBHAX Heorpa-
HHIMEHHOI'O InacTa

I — rpasrua nuTaHuA; 2 — [UIOWATHOR
nonoszabop; 3 — obDmacty GUKTHBHOrO MO~
IATHOTO HATHETAHHUA

! ——

-
A\

& &

UTO COOTBEICTBYET BbIpAXKCHHI [UIA THAPAaBJIHYECKOro COIIpOTHBJICHHA BHOA

o ol (G} o

B ycnoBHAX OTCYTCTBHA KOMIIEHCAIHOHHOTO MUTAHHUA

— ierfe

p
T m) : (2.49)

[Ipu 1 — o0 npeenbHbie 3HAYCHHA MHAPABIIMYECKHX CONIPOTHBIICHHH PABHbI

Ro(M, t)= JE} (mrfc

e 87— o8P (2.50)
Rﬂ {Mr m) - ®
2Bg
B YCTIOBHAX OTCYTCTBHMA KOMIEHCALUMOHHOTO MHTAHKA
Ro (M, ) = (p—r)/2B. (2.51)

[lpn orbope moA3eMHBIX BOJ TOMIAAHBIM BOMO03abopom B Qopme NOOCH
(puc. 2.7,8) nepeparouyHas GYHKUMA NOHMXKEHMA WIA TOUKH M, HaxomAuewcs
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MEXIIY rpaHUiel U NoJ10col BogooTbopa,
e—Bd, _ ,—Bd,

UM p)= shfx; .
A TOuKH M BHYTpPH nosiocei BoooT00pa
e Fdy . o= Pd, chf(x—d,)-1
UM, p)= — shfx - iy 2.53
*'*‘ 28dp* 2Bdp? (22
[Uig TOYKH M, Haxo[Amencst Jansille OT rpaHuliLl, YeMm Mojioca BoaooTbopa,
~pd —pd
€ 1—¢ 4 Ehﬁ(x'—dl )—‘Ehﬁ(x—dz}
UM, p)= shfx — . 2.54
< 2Bdp? 2Bdp? o

IIe X — PACCTOSHHE OT rPaHulipl 10 Touku M. BpipaxkeHus UIsl CONPOTHBIICHHH,
COOTBETCTBYIOIME NepefaToubiM (yrxuuam (2.52) —(2.54), HOBONIBHO rpo-
MO3/IKH, YTO [1e/IaeT MX TPYIAHOIPUIOIHBIMH [UIA TIPAKTHYECKHX BBIYHCIIEHUH,
MO3TOMY YISl PAacyeToB MOHIKEHHA YAoOHee BOCNONb30BAaThCA PACCMOTPEHHBIM
B 2.1 mpHONMXKCHHBIM METOJIOM, YYHTBIBAIOLIMM COBMECTHOC BiMAHHE (B yC-
NOBHAX HEOTPAHHUYCHHOTO TUIACTa) PEewIhHOrc IUIomanHoroe Bojgosabopa W 3ep-
KAIBHOTO OTPa)KEHHs OTHOCHTE/IBHO IPAaHMIBI aHATIOTHYHOTO eMy 1o (opme H
MPOM3BOAMTENbHOCTH HarHeTanusi (puc. 2.8). Ilpu 3TOM B KaXJIOM KOHKpeET-
HOM CiIyyae Mepejl pacuyeToM ClieflyeT TpOBEpHTh, Hellb3s JIH BOJ03aDOp, HITH

ero OTpaxeHwe, WIH TO W [ApPyroe BMeCTC pPacCMaTpHBaTh KaK PaBHOBEIMKHE
WM KPYTH.

Pacuertbie GOpMyIbl IS CONPOTHB/ICHHA CTAHOBATCA MNpoille B HacTHOM

cnyuae, xorma d; = 0, dy = 2d. B 910M cyuae nepefaTtouHas yHKIMA NOHHE-
uuA [Uia Touku M BHyTpH Boao3abopa npuHMMaeT BHL

{l u.ﬂx ‘Iﬁdshﬁx
2BdB?

Tl onpejieNieHus IKCIUTYaTAUMOHHBIX PECYpPCOB MOM3eMHBIX BOML Heo6Xommumo
BBIMHCIIATD MOHIKEHHE HX YPOBHA B Haubonee rnyBGoKo# TOUKe AeNPeCCHOHHOH
BOPOHKH; B OT/HYMe OT YCIOBHM nrﬁnpa MOM3eMHBIX BOJ CKBAXXHHHBIM HIIH
NHHEHHBIM BO03a60POM NOJIOKEHHE ITOH TOUKH MpH paboTe MIOIA/HON CHCTe-
Mbl CKBaXWH Oy/leT H3IMEHATHCA CO BpeMEHEM; MPH MIbIX 3HAYCHHAX BPEMCHH
ono GNM3KO K cepedauHe Nonocet 0160pa, a ¢ TeYeHHeM BPEMEHH €€ MONOXKEeHHE
fiepeMeIiaeTca B HanpaBJIeHHH OT TPAHHIbI MHTAHHMA. [pu OTCYTCTBHH KOMIIEH-
CAIMOHHOTO MUTAHMA 5TO [lepeMelleHne ITPOUCXOMMT B ONpe/IesIEHHBIX YCIIOBHAX
nocraroyHo gonro. [ockonsKy BhIp@KEHHE [UIA IHOPaBJIHUECKOTO COMpOTHBIIE-
HHA [PH PaCCMATPHBACMBIX YCIIOBHAX OTOOPA MO/3EMHBIX BOTI HMEET BHIL

Us(M, p) = (2.55)

Ro (M, 1) Y11 4iterfc — —2ierf xBTS Mﬂ}
LB T 1° eric — 217 eric 1 eric :
: 2Bd [ 1at 2\/at Wat

(2.56)
rme ilerfc z — BTOpOi TOBTOpHBI MHTerpan BeposiTHocted [52] (BHELIEIIHJI
1oit dyHKumu npusenens: B [Ipwioxenun 1), mns ONpeneseHUA BpEMEHH{JH
3aBHCHMOCTH 110JI0KEHHA TOUKH HanbonbiueH rmy6HHb! 1eNpeCCHOHHOH BOPOHKH
cnenyer npomuddepenuupoBats Bhipaxenue (2.56) 1o X, NPHPABHATE K HYIIIO
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(8/d) R,(M,,2); z, [2d
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P uc 2.9. 3aBHCHMOCTH OTHOCHTENHHOIO 3HA4YeHWA abcicchl TOYKM MaKcHMaibHOro Io-
HIKeHHA (KpHBad [) M COOTBETCTBYIOIIErO 3HA4YeHHA THAPaBIIHYECKOTO CONPOTHBIIEHHA
(kpupas J) OT BpeMeHH B YCIOBHAX oTOopa MoO3eMHBIX BOM MONMOCOBBIM IDIOMAIHEIM BO-
no3abopomM, B CXxeMe O[HOPOOHOTO TUIACTa C IpaHHIlel IMTaHHUA B IaHe

MOJIy4yeHHOE BbIpa)KeHHWe W, pelMB MOJYYCHHOE YPaBHEHHE OTHOCHTEIBHO X,
OMNpe/IeNIiTh UCKOMYI0 3aBMCHMOCTh. Pe3ynbrarThl 3THX fAeHCTBUH -- rpaduKk 3a-
BHCHMOCTH BEUYHHBI Xo/2d OT napaMeTpa d/\/a rae xo — abcuucca Hanbonee
r11y0OKOH TOUKY BOPOHKH, MpUBeneH Ha puc. 2.9 (xpurpas 7). Ha puc. 2.9 uzo-
OpakeHa TaKXe 3aBHCHMOCTb BOJIMUMHBI THPABIMYECKOro COTIPOTHRIIEHHS B
ITOW TOUKE OT TOro xe mapamerpa (kpusas 2). B 1abn. 10 3ta undopmauus
NnpUBEgcHa B YHCIIOBOH dopme.

[Ipamep pacueTa 3KCIUIYaTALHOHHBIX PECYpCOB TON3EeMHBIX BOI C Y4eTOM
nepeMellieHns TOYKH HanGoblero NOHWKEHHs B Npouecce aunonrﬁufa. I'uppo-
reoJIOrMYecKHe YCIOBHs Onpefensiorcs napamerpamu: 7' = 10° M*/cyr, a =
= 10* m? [cyT, nonynmpuna nonockl ot60pa d = 5000 M, KOMNEHCALHOHHOE 1TH-
TaHWE OTCYTCTBYET; CIIeAyeT ONpeNeNHTh BEJIMUMHY 3KCIU1yaTallHOHHBIX pecyp-
COB noa3eMHbIX BOA Ha cpok £ = 10* cyr, ecnim npoTmkennocTs nonocer 0160pa

Tabnuuyga 10
3Havennn X,/2d W rHAPABAMYECKOro CONMPOTHBAEHHA B TOYKe X, OT mapamerpa d/\/at

d/\far 0,01 0,02 0.04 0,06 0,08 0,10 0,20
xq/2d 0,9944  0,9887 0,9775  0,9663  0,9552 09442 08914
(B/d) R, 1.9749 1.9504 1.9110 1,8668 1,8238 11,7816 1,5808
d/\Jar 0,30 0.40 0.50 0,60 0.8 1.0 12
x,/2d 0,8433  0,8005 0,7631 0,7307  0,6787 06406 06126
(Bld) R, 1,3998 1,2386 0,9714 09744  0,7669 06108 04917
d/\Jat 1.4 1.6 1,8 2.0 2.5 3.0 4.0
xo/2d 05920 05765 0,5646  0,5554  0,5393 0,5294 0,5181
(B/d) R, 0,4002 03293 0.2739  0.2301 0.1550 0,1099

0,0624
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8 = 20 000 M, ponycTMMoe MoHWKeHue cocrasnseT 50 M, a cxema 0T60pa OTBe-
yaert pHc. 2.7,6.

BHauaie BpIYMCNIAEM 3HAYEHHE d/\ﬁ_= 5000/+/10* - 10* = 0,50; no raéun. 10
HAXOIMM, UTO BelIMUMHA Xo/2d paHa 0,7631; BenHuYMHA rUAPABIHYECKOTO CO-
POTHBJICHHSA, COOTBETCTBYIOMIAA ITOH Touke, cornacko tabn. 10 pasua (d/B)
1,0964 = (5000/20 000) 1,0964 = 0,2741; BenuuuHa pacxofa BoiooT6opa, KO-
TOPbIA MOXET ObiTh OCYIECTBIIEH B 3THX YCIOBHAX, PaBHA

10° - 50
0.2741

= 182415 m?* eyt = 2,11 M [cyrT.

Ecnm cunTars, 4ro nojoxeHue HaubGonee rnyGOKOH TOYKH HENpecCHOHHOI
BOPOHKH JIOKaNnu3yerca B Touke M, @3 cepenuubl Honocsl otdopa, T.¢. NpH
x = 5000 m, cornacho gopmyrne (2.56) nonyyaem

Ro (M, 1) e {1 i 2i%erf
= = —4 17 eric — LZ17 EriC
T 2 .10 - 5000 2/10° - 10°

2:5000-5000 ., z-aoomsuou] L T
1° eric e, 1 ]
24/10% . 10* 23/10%* . 10*

4TO COOTBETCTBYET pacxoiy BomooTbopa B pasmepe Q = 2,37 M’ /c.

Ecnn npuuATh, 4r0 Hanbonblliee MOHHXKEHHWEe COOTBETCTBYET TOuKe C abclmc-
cor x = 2d = 10 000 m, no popmyne (2.56) nonyuaem, 4TO BENHIHHA COTIPO THB-
JieHus cOCTaBHT Ry (M,, t) = 0,4436, uto COOTBETCTBYET pacxony Bojoorbopa
B paamepe O = 1,30 m?/c.

Takum oBpasom, NpHBENEeHHBbIA NpHMEp NOKAa3bIBaeT, YTO MEPEHOC MOOXKe-
HHA TOYKH Haubomplluero MOHWKEHMA K UEHTPY Bono3abopa NpHBOMMT K 3aBbi-
LIEHHI0O BEJIMYMHBI JKCIUTYaTAlHOHHBIX pPECYpCOB MOA3EMHBIX BOA (B YCIOBHAX
ipiMépa Ha 12’%), a MepeHoc TOYKH K Haubonee JaibHeMYy OT peKkH ypesy Mo-
JIockl BOMOOTOOpa — K HeompaBfaHHO GOJIBIIOMY 3aHHKEHHI0 JKCIUTYaTalHOH-
HBIX pecypcoB (Ha 38% B yCNOBHAX NpHMepa), YTO FOBOPHT O lLienecooBpasHoc-
TH Y4€Ta HCTHHHOTO PACTIONIOXKEHHA TOYKH MAKCHMANIBHOTO MOHIDKEHHA.

Cxemer miacToB-nonoc u3obpaxensl Ha puc. 2.10,a, 6. [Ipu or6Gope nopzem-
HBIX BOJ OJHHOYHOH CKB&XMHOH B YCITOBMAX IUIACTA-NOJIOCHI C JBYMA rpaHHLa-
MH nHTaHHA (¢) mepepatouHas GYHKUHA NOHMXEHHA B Touke M ¢ KOOpaMHATa-
MH X, ¥ MOXeT ObITh NMOJIYYEeHa B BH/le

U. (M, p) = f sinmnx o - sinwnx
b L R < . .

rae X = x/L; ¥ = y/[L; p = pL*/a, x = gL. Tunpasnnueckoe CONpOTHBIIEHHE,
COOTBETCTBYIOlIee nepenaroyHoi pyHkuun (2.57), onpenenserca BoIpakKeHHEM
w sinmX g - sinmn¥ i .

Ro(M, )= X D*(——-* |/ n? + ), 2.58
oty L L b @)

rae T =at/L?. Nockonsky npu z = 0 D*(z, @) = ™% npeaenbHOe 3HAYEHHE W/

e I}'IJw’n’ﬂ’+§" (2-5.}.)
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I' 1 c. 2.10. CxemBl [U1aCTOB-NIONOC C ABYMA IPAHMIAMH P /3
MUTAHHA (g) H ¢ pajsHOpPOOHBIMM TIpaHMuamH (6)

! — rpaHMUa MOCTOAHHOrC Hamopa; 2 — rpadxnoa
NOCTOAHHOTO pacxona

P w c 2.11. M307MMHEM IMIPABIHYECKOTO CONPOTHRIIE

ius npr orBope MON3EMHEIX BOM OJMHOYHBIM BO/I038- z z
GopoM B Iacre-nonoce ¢ NBYMA TPaHHUAMH ITHTAHUA 5
py paccroganu Bopozalopa ot rpasmust 0,25 (2) w®
0,5 (6) nmMpuHSE IacTa el M
3 a i b
Y Y
g6 g6
i & :
g - q
g2 g2 =

M T YV Sy WY o AT 7 BT Ry I 0y e 7
X £Z

PABNHYECKOTO CONPOTHBIIEHHA , COOTBETCTBYHOILIEE g o5, HMEET BHII

w SINAXgn -SINAXN T 7 3
Ro (M=) = 3 ~lyi/n®n® +x 2.59
[pu x= 0 pay (2.59) cymmupyeTcs B KOHEUHOM BHE:
1 chmy — cosm(x +x
Ro(M, )= — In ( 0) (2.60)

4w chry —cosm(x —X,))

Ha puc. 2.11 npusefens! uzonuuuu Ry (M, =) npu x, = 0,5 u x, = 0,25, koto-
puie MOKa3bIBAIOT, YTO NMpH GONIBIMX 3HAYEHHUSIX CONMPOTUBIIEHUA COOTBETCTBYIO-
e W30JIHHWK MPUOIMKAIOTCA K OKPYXHOCTH; 2TO [laeT OCHOBaHHE B BBIp@Xe-
uuax (2.57), (2.58) pnsa pacuera NMOHM KEHWH Ha CKBa)KMHE HONarath X = X,
Yy =Tg, TOC Fﬂ = ro/L, ro — pamuyc ckBaxunpl. Takum oBpa3omM, U1 TOUKH
M, Ha cTeHKe CKBaXXHHbBI HMeeM

sin® mx

Us(Mo, P) = ,El Vrint +32 +p il +E_‘ (2.61)
Yo 2
Ro (Mo, t) = n:l % (zf Fo TR +x) (2.62)
Ro (My, ) = n_ni = ﬂ:x:xi eEN I (2.63)
B yactHocTH, ipu x = 0,
Ro (Mo, =)= 7= In 2T (2.64

Y i



WK npakTiueckH [6]

1 2sinaz,
Ro (Mo, %)= — In — (2.65) |
2 r o j

B ciyuae cxeMsi ¢ pa3sHOPOAHBIME rpaHHIIAMH AHATO MY
1 ]
simrél—— X o -sinmfn——|)x 5 1\2
- 2) (l Z)X o5 I]"' i.dﬂ'i —— FT, 2 n
UM, p)= Z — ¢ ( 1) L RaL
n=] 1y2 -s (2.56)
2
- ( 1)_ . { 1)-
sinmjn—— Xo -SINMn——J}x 23 )
o 2 2

Ro (M, 1)= 3

(2.67)
MpH OTCYTCTBHH KOMIIEHCALHOHHOTO ITHTaHHSA

) ™ ) - g i
ch it +cos—(xp—X) ﬂhiy cnsE{xu X))

1 2 2 2
R'ﬂ {Ml “)= e 1]'.[

4 < -
my A my Aok
ch — —cos —(xg—x) ch— +cos—(x, +x
5 2( 0—X) > 5 o )

(2.68)
MpH ONpE/IC/ICHHH THIAPABIIHYECKOTO COTIPOTHBIIEHHS HA CTEHKE CKBAXHHBI

- 2 1 —
sin"mw (ﬂ*—E)xu

D*( Te. iafa +-.-r=(n_ }-)2 (2.69)
n=1 ; 1\2 2\}‘?—* o/ 2 :
Vel-3) e

B YCIIOBHAX DTC}I’TCTBHH KOMIIEHCAIITHOHHOTO NMUTaHHA
nx
1 12T

Ro (My, ) ~ — In 23 (2.70)

2w To

[Ipn orBope nmopsemHBIX BOA NMUHEHHBIMHM BO/103a00pamu, Mapayuie/ibHbIMH
TPaHHLaM [HTaHHA BOAOHOCHBIX IUIACTOB, GPUIBTPANHOHHBINA NOTOK OHOMEpeH
¥ OTpaHHCH; NOITOMY B 3THX YCIOBHAX MPUMEHUMBI METOMIBI, NPHBECHHbIE
B 1.3.

Boibupaa B kauectse xapaktepHoro pasmepa notoka L — UIHPHHY TONOCHI,
B Cllydae CXeMbl C ABYMs IPaHMUAMH NHTAHHA 3aKI1I0MAEM, YTO 1A Onpenesne-
HHSi COBCTBEHHBIX ITEMEHTOB ONEpaTopa GHIbTPaUMKH HeOBXOIMMO pelMTh
3ajlauy Ha coOCTBeHHBIE 3HAYEHUA BH/A

e 2.71
dx? gl

NpH rpaHKvHBIX yoloBHAX #(0) = u(1) = 0. AHaNOTHYHO, IR CXeMBbI IU1acTa-
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I0JIOCKHI C pa3HOPOOHBIMH TpaHullamMH (6) crnedyer onpedcnuTs CODCTBEHHBIE
VIeMEHTBl OIeparopa, 3ajaHHOro Hﬂ¢¢EpEHHHHﬂh}mIM paBeHcreoMm (2.71)
M rPaHHUHBIMH YCITOBHAMM

u(0)=u'(1)=0.
Mckomble cODCTBEHHbIS 3TTEMEHThI HMEIT B
= k2 +32, ex(M)=/Zsinknx, k=1,2.... (2.72)

U1A }"‘:H{}B['ﬂ""l CXCMbI C IBYMH I‘pﬁlﬂﬂiﬂmﬂ IHTAHHA H
1\ 2
:"Lk = ‘.‘Tz ( — —é—) + f i

1
e (M) = \/Z—sin(k—g) ax, k=1,2,.., (2.73)

rae x = x/L; x =gL; x — paccTtosiHMe OT JIeBO# rpaHuiibl Ha cxeme. Takum 06pa-
30M, TIpH JIHHeHHOM Bofo3abope, korma ¢yHkima f(X) pasHa 6 (X—Xp), Koad-
(puuMenTs1 X5 B opmyne (1.94) paBHBI \/E'T sin k7X ¢ ¥ BbIpaxKeHue NepenaTou-
HOW hYHKIMH NOHHXKEHHA B IPOM3BOJIbHOM TouKe M npHOOpeTaeTr BHI
U (M p)=2 L E sinkmx o - sinkmx (2.74)
N 7 k? +)2 +p :

INpH CXeMe C IByMA 'paHHIIaMH MTHTAHHA H

sin( _%)ni—'ﬂ . sin (k- %)mc_
syl

B CXEME C OJJHOPOOHBIMH IrpadHHlldMH.
Coo TBETCTBYI1OILINE EhIpﬂHEEHHH INA THApaBIHYECKHX EDHPGTHBH’EI*HH? HME-
10T BHIO

||t_‘dE

L
Ug(M,p)= 2— (2.75)

Ry (M. £) = 2L E sin kmx - sin knxg
.1_" = T
) B k=1 KkKu*+vy

1)1 CX€MBI C IBYMA I'PaHHUAMH MUTAHHA U
5 P 1

PO o - i g O 201

B k=1 1y2
(k—g) o+ 2.77)

U1 CXeMbI C Pa3HOPOIHBIMM I'PaHHILAMH.

IIpu ¢ — °° rugpaBIMUYECKHE CONMPOTHUBIIEHUA CTADWITH3HPYIOTCH, CTPEMSCH K
COOTBETCTBYIOLUIMM CTALMOHAPHBIM 3HaueHHAM. [Insa touxu M, Ha THHWUM BOJO-
3abopa

[1—e— (K =% +x)T 3 (2.76)

L shxd -shx{(1-d)
Ro (Mg, )= — (2.78)
B yshx
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P u c. 2.12. 3aBucHMOCTH NIpefleNnbHOTO 3HAYCHHA I'MIPABIIHYECKOT0 CONPOTHBIICHHS HAa JTH-

HHH Boo3abopa mpH orGope NMOA3eMHBIX BOJ MHHeHHEIM PAIOM CKBAXHH B IDIacTe-TIONOCE

C ABYMSH TPaHHIZMH IMTaHHA OT OTHOCHTEIBHOIQ IHAYEHHMA PACCTORHHSA OT NeBoft rpaHAILI
Uudpsl ¥ KpHBBIX — 3HAYeHHA X = &L

(L18) R, (M, <o)
10

g8 3
g6
a4
g2

0 92 24 96 08 0
Pu c. 2.13. 3aBHCHMOCTH MPeIeNIbHONO 3HAYSHHS I'MAPABIHYECKOT0 COMPOTHRIICHHS MO JTH-
fHH Boflo3abopa nOMIEMHBIX BOM NHHeHHEIM PANOM CKBaXHH B IUIACTe-TIONIOCE C pasHOpOI-
HBIMH I'PaHHIIAMH OT OTHOCHTE/TBHOTO PaccTOAHMA BOpo3abopa No rpaHuibl IMATAHKS
Undpst ¥ xpHBLIX — 3HaYeHHs X = gL

IJIA NePBOH H3 pacCMATPHBAEMBIX CXEM H

L shyd -chy (1-d)
Ro(Mp, ) =—
B X - chy

(2.79)

mwis BTopor. Ha puc. 2.12 1 2.13 nokasaHsl rpadMKH 3aBHCHMOCTEH, NOCTPOLH-
HBIX 1O BpipaxeHuam (2.78), (2.79).

Panpl B dpopmynax (2.76), (2.77) obnagaior OblcTpOi CXOOMMOCTBIO) UIA
NpaK THYECKHX PacyeTOB [I0CTAaTOYHO HECKONbKO MepBbiX uX wieHos. [Uis ynob-
CTBa BbluMC/IeHMH B Tabm. 11 ¥ 12 mpHBeneHsl BeMUHHEI THAPABIIHYECKHX CO-
NPOTHBJIEHHH, COOTBETCTBYIOIWMX Touxke M, Ha nuHuM Bono3aBopa, B 3aBHUCH-
MOCTH OT BPeMEHM COOTBETCTBEHHO B [IBYX pacCMATPHBAeMbIX CXemMax NpH
x=0.

[locnemHmH B HacTosinem naparpade paccMaTpHBaloTCA YCoBHs OoTbopa
MOJ3eMHBIX BOJL B IUIaCTax-mojiocax, Co3faiollMecss TIpH 3KCIUTyaTauMH IUIo-
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Tabnuua 11

: *  sin®nnx Lol
EHMHnd)yﬁxmleﬁ:"mf]=% HEIE : A et .r)

t X o=0,1 0,2 0,3 0,4 0,5
0,001 0,0180 0,0180 0,0180 0,0180 0,0180
0,002 0,0254 0,0254 0,0254 0,0254 0,0254
0,004 0,0352 0,0352 0,0352 0,0352 0,0352
0,006 0,0422 0,0438 0,0438 0,0438 0,04 38
0,008 0,0474 0,0504 0,0504 0,0504 0,0504
0,010 0,0514 0,0564 0,0564 0,0564 0,0564
0,020 0,0632 0,0780 0,0798 0,0798 0,0798
0,040 0,0730 0,1028 0,1112 0,1126 0,1128
0,060 0,0776 0,1168 0,1324 0,1370 0,1378
0,080 0,0804 0,1262 0,1480 0,1560 0,1580
0,100 0,0824 0,1330 0,1596 0,1714 0,1744
0,200 0,0874 0,1502 0,1916 0,2146 0,2218
0,300 0,0890 D,1564 0,2032 0,2306 0,2396
0, 40U 0,0896 0,1586 0,2074 0,2364 0,2460
0,600 0,0900 0,1598 0,2096 0,2395 0,2494
c0 0,0900 0,1600 0,2100 0,2400 0,2500

MuIHBIX Bogo3abopor nonocoBod ¢opmbl. Ecnu monoca orbopa 3aximioyeHa
MoKy abcoHccaMH X; W Xy, dyHkuus f(X, ) paBHa egMHHIE BHYTpH ITOM
O/I0CHI ¥ HYJII0 — BHe ee; 3HAYECHHs xnacpq:umaemﬂn X cornacHo dgopmyne

(1.94) onpenmenswTCa BhIpOKEHHEM X = f e, (x)dx , 1., yuwmrtbiBasg Gopmy-

mm (2.72), (2.73), X,

o —\:—i—(cns kmx | —cos kmx ;) (2.80)
IV CXeMBbI NJIacTa-NoJIoChl C IBYMA rpmmuahﬁ NATAHUSA U

X, = V2 [cqs (k— é—) X | —COS (k— *15) '.'T:Eg] (2.81)

-3)-

JUISL CXeMBI C PA3HOPOHBIMH IpaHHIIAMH. BeIparkeHus s mepesaTouHbX PyHK-
IMIT NOHMKEHHA 3aMULIY TCA COOTBETCTBEHHO B BHe

U (M, p) = 2 m sin kmx cos knx, —cos knx, (282)
£ nk=1 k pHE2m +xt '
1, & | 5 o
sin {k—— ) mx Gﬁs(k——)ﬂxl—ﬂﬂﬂ k——])mx,
2 2 2 2
UM, p)=— X 3 (2.83)
Tk=1 % 1 =+ 1) 2 4.2
B, Caers — -k T X
2 R ( 2

6. Jax., 257 81



TaGnuma 12

2
3uavcnun Gyukumn f(x,, 1) = i
" 9

o s:in‘r:(ri -
r 1y

1Y_

2

n=1 1\2
n— —
2

—wl{n- %)t
(]—e )

i X, =0,2 0,4 0,6 0,8 1,0
0,001 0,0179 0,01 79 0,0179 0,0179 0,0179
0,002 0,0253 0.0253 0,0253 0,0253 0,0253
0,004 0,0357 0,0357 0,0357 0,0357 0,0714
0,006 0,0437 0,0437 0,0437 0,0437 0,0874
0,008 0,0504 0,0505 0,0505 0,05 05 0,1009
0,010 0,0563 0,0564 0,0564 0,0565 0,1129
0,020 0,0781 0,0798 0,0798 0,0815 0,1596
0,040 0,1 028 0,1126 0,1130 0,1229 02257
0,060 0,1169 0,1370 0,1394 0,1595 0,2764
0,080 0,1263 0,1563 0,1628 0,1929 0,3192
0,100 0,1331 0,1724 0,1845 0,2238 0,3568
0,200 0,1521 0,2281 0,2760 0,3600 0,5 041
0,300 0,1630 0,2663 0,3469 0,4502 0,6132
0,400 0,1711 0,2956 0,4023 0,5267 0,6979
0,500 0,1 775 0,3184 0,4455 0,5865 0,7640
0,600 0,1824 0,3363 0,4793 0,6332 0,8116
0,800 0,1892 0,3611 0,5263 0,6982 0,8874
1,000 0,1934 0,3763 0,5550 0,7378 0,9313
1,200 0,1960 0,3855 0,5725 0,7620 0,9580
1,400 0,1976 0,3911 0,5832 0,7768 0,9744
1,600 0,1985 0,3946 0,5898 0.7859 0,9844
1,800 0,1991 0,3967 0,5938 0,7914 0,9905
2,000 0,1994 0,3980 0,5962 0,7947 0,9942
= 0,2000 0,4000 0,6000 0,8000 1,0000

B uactHOCTH, ecnu nonoca orbopa 3aHHMAaeT BCe NPOCTPAHCTBO MEX/Y FpaHHIA-
MH, T.e. e X; = 0, X, = 1, BoIpaXKeHHs NepeaToyHpIX (PYHKIUHH NOHHKEHHA
YIPOILATCS COOTBETCTBEHHO 10 BH/A

e )_4 = sin(k-1) 1
A 7+ + (2107

B 1-m cniyuae (2.84
W=ty 2k—1 v ( )

- BO 2-M. (2.85)

B ycnoBusx OTCYTCTBHA KOMIEHCAUMOHHOTO NMUTAHUA IIPH 3TOM 3aBUCHMOCTH
FUIPaBIIMYECKUX CONPOTUBIIEHHUIA MOTYT OBITh BBIPaXKEHb! B BHJIE

Ro(M.1)=G (¥,7) (2.86)

82



e .. Lo L

TaGbnuua 13

Juavenun pynkuuu G (x, 7)

r Xs = 0.1 0,2 0,3 D4 0,5
0,0001 0,0000 0,0001 0,0001 0,0001 0,0001
0,0002 0,0001 0,0002 0,0002 0,0002 0,0002
0,0004 0,0004 0,0004 0,0004 0,0004 0,0004
0,0006 0,0006 0,0006 0,0006 0,0006 0,0006
0,0008 0,0008 0.0008 0,0008 0,0008 0,0008
0,001 0,0010 0,0010 0,0010 0,001 0 0,0010
0,002 0,0019 0,0020 0,0020 0,0020 0,0020
0,004 0,0035 0,004 0 0,0040 0,0040 0,0040
0,006 0,0049 0,0059 0,0060 0,0060 0,0060
0,008 0,0061 0,0077 0,0080 0,0080 0,0080
0,01 0,0072 0,0094 0,0099 0,01 00 0,0100
0,02 0,0116 0,0170 0,0190 0,0198 0,0199
0,04 0,0180 0,0288 0,0346 0,0374 0,0382
0,06 0,0229 0,0380 0,0473 0,0521 0,0537
0,08 0,0269 0,0456 0,0576 0,0643 0,0664
0,10 0,030l 0,0517 0,0661 0,0743 0,0769
0,15 0,0359 0,0627 0,0813 0,0921 0,0956
0,20 0,0395 0,0695 0,0005 0,1030 0,1071
(,25 0,0416 0,0736 0,0961 0,1096 01141
0,30 0,0429 0,0761 0,0996 0,1136 0,1183
0,40 0,0442 0,0785 0,1030 0,1176 0,1225
0,50 0,0447 0,0795 0,1042 0,1191 0,1241
0,60 0,0449 0,0798 0,1047 0,1197 0,1247
0,70 0,0450 0,0799 0,1046 0,1199 0,1249
0,80 0,0450 0,0800 0,1050 0,1200 0,1250
" 0,0450 0,0800 0,1050 0,1200 0,1250

JUIN CXEeMBI THIACTa-NOJIOChl ¢ ABYMA rpaHHIlaMKy IUTaHWsA, TTIE
X 4 o sin(2n-—1)nax g d—=
Gx,t)=—(1-%)-— Z ( 3) g=Ehs N (2.87)
P - n=1 (2!1 -1 )
H —
X t
Ry (M, I)=2G(—; ! T_{) (2-33}

JUIA CXeMbl IU1acTa-MoNOChl ¢ Pa3HO pOAHBIMH I'paHHIIAMH.

Inavenns pyuxiun G (X, 1) npuseaeHs! B Tab. 13.

B ycioBMAX KOMIeHcalumoHHOro mnmtanus B dopmynax (2.82) —(2.87)
Bee pAABI CXOOATCA OYeHb OBICTPO, W NIA MONYYEHHA COOTBETCTBYIOIIHX HHC-
NOBBIX 3HAYEHHH NOCTATOYHO NMPOCYMMMPOBATh HECKOJIBKO NMEPBBIX UX WIEHOB.

B3



I’'mapa 3

OUEHKA PEOYKUMH NMOBEPXHOCTHOI'O CTOKA
[P NMOCTOAHHOM BO BPEMEHH OTBOPE
[MOJ3EMHBLIX BO/

BriepBrie BONpPOCHI H3MEHEHHs MNOBEPXHOCTHOIO CTOKA MOJ| BIIHAHHEM OT-
Gopa mopsemHpix Box Gbuid M3yueHbl C. Taiicom [75], xotopsiii paceMoTpen
cnny4yad paboOThl OOWMHOYHOH CKBaXHHbI C NOCTOAHHBIM [ebutoM BOIM3H CO-
BCPIMEHHOH peKM B MpPENNONIOKeHHH OJIHOPOOHOCTH IUIacTa H 6ecKOHETHO-
ro ero MNpOCTHpaHHA B HanpamieHHH oT pexkH. Cama pexa B mnane Gvuia cxe-
MaTM3HpOBaHa B BMjie NpAMOH IHHHH. [lo3xe peurenue 3T0H 3apaud, mpose-
penHoe P. I'masepom u Ik, Banmepom [63], ommmuanocs Gomee umpoxo#
TPAKTOBKOH M3y4YaeMbIX BOTIpOCOB M Goliee COBEpIICHHbIM MATEMAaTHYECKHM
annaparom, MHOrHe BONPOCHI B3aAMMOCBA3H TMO/3EMHBIX H TOBEPXHOCTHBIX
BOJ ObUIH BrHepBbie TeopeTwyecku obocHoBambi M.C. Xautymem, omny6nu-
KOBaBIUKM cepHio paboT, NMOCBAIMICHHBIX ONEHKE COKpALIEHHA TMOBEPXHOCT-
HOTO CTOKAa MOJ BIIHAHHEM IKCIUIyaTalMu NMoj3eMHeIX Bom [64—66 u np.].
B stux pabGotax YuUMTBIBAIHCh BIMAHME rpaHHl IuiacToB, 3ddexT KoMIeH-
CAIlHOHHOIO NHTaHHA (NepeTeKaHusa W3 COCEeJHEero BOJIOHOCHOTO FOpPH30HTA),
OfpefeeHHBIM - 00pa’joM YUYHTRIBAIOCHE HECOBEPILEHCTBO TIHMIOpaBIIHYECKOH
CBA3H BOJIOHOCHBIX TOpPH30HTOB ¢ BOOOTOKamHM. [LiA BcCeX paccMOTpEHHBIX
CyyaeB MM ObUTH ONpejeseHsl pacueTHhie 3aBUCHMOCTH, B BONBILUMHCTBE CBO-
eM ynoOHble [UIA HeMOCpe[ACTBEHHOro Hcnomp3oBaHua. Bo @PpaHuum Benuch
paboTel MO pa3spaboTKe METOJAMKH M OIEHKH H3IMEHEHHA NOBEepXHOCTHOIO
CTOKa NpH 3KCIUIYaTanMH MOA3eMHBLIX BOJI PAIOM THIPOTECNIOroRB, HalpUMep
A. ¥Ynait v K. ne Mapcunu [67].

Borpocer yuera Takux ¢axTopoB, KaK H3IMEHCHHE MOMYJIA IBanlOTPaHCIH-
PAlMH TIPYHTOBBIX BOJI, APCHAXHOTO CTOKA M POMHMKOBOH pA3rPYIKH TIpH
IKCIUIYaTallHH TNOJI3€MHBIX BOJ, 3 TAKXe NEepHOMYecKOro Xxapakrepa MX OT-
OOopa npH HPPHrallHOHHOM Ha3HAYeHHH OTOMpaemMpiX BOJI, y4YeT HeCOBepIleH-
CTBA THAPABIIHYECKOH CBA3H BOJIOHOCHBIX FOPH30HTOB ¢ BOJOTOKAMH H MPOCT-
PaHCTBEHHOTO pasmMelleHHsa Boao3abopos, GeuiH paspabortaHst EJI. MuHku-
HeiM [32-37], BrepBhie yOeNMTEIBHO MOKA3aBIIHM, YTO 63 HalIeXHOH OLeH-
KH peayKUHH MNOBEpXHOCTHOrO CTOKa NpaBWIbHLIH Y4YeT pecypcoB NO3eM-
HBIX BOJL B BOJIOXO3AHCTBEHHBIX DanaHcax HEBO3IMONKEH.

Bompochl METOMKM ONeHKH BETHUHHBI PeAYKIHMH TIOBEpPXHOCTHOTO CTOKA
cTaiM OcoGeHHO axTyaisHnl B 70-X rojax, Korjga fepep ruaporeosioraMu M
CTICIHATMCTAMHM 10 BOJHOMY XO3AHCTBY pa3HBIX CcTpaH Obula MOCTaBjieHAa 3a-
maya O HeoOXOOMMOCTH y4era pecypcOB MO[3E€MHBbIX BOJ] B BOOOXO3AMCTBEH-
HpiX OaraHcax. [losromy B 70-e romsl nmosaBwiock Bonplioe yHEio paGor mo
3TOMY BOIpPOCY, BKIWYaA yxe ynomuHaBumecs [32—37], a taxke crareu
P.4D. Jlensespa, I1. lloacepda, I1. Mpiogoma [69], B.J1. Ba6ymixuna, H.H. Baub-
koBoit u Ap. [3], P. Caxcenst u Yannpa [73]. Yuery nonocoBoit punstpanu-
OHHOH HEO/IHOPO/JHOCTH BOJIOHOCHBIX IUIaCTOB MpH OlEHKe pelyKIHH MOBepX-
HOCTHOTO cTOKa nocesuleHsl paGotst EJI. Munkuna u C.A. KosueGoscko-
ro [38, 39, 40].

BHegpeHHe cpeicTB AaHaIOroBOTO M LMGPOBOTO MOIETHPOBAHMA B METO-
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HMIKY  IMApPOreoJIOTHYECKHX pacyeToB OOYCIOBWIO pa3sBHTHE CIOCOGOB OLeH-
Wi pepyKunK NOBepXHOCTHOrO cToKa ¢ momomwpio 31IBM u ABM. Tak, B pa-
Bote P. fura u Dx. Bpupxedra [77] omucana umudposas mopmens Bacceiina
p. Cayr-lInarr B npemenax mrara Konopano, npennasHaueHHas IH HCOITENo-
WM pa3THYHBIX TYTeH MOBLILICHWS BONOOGECNEYeHHOCTH 3TOTO pailOHa ¢
IPMIWICUCHHEM pPECYpCOB NOM3EMHBIX BOJI, FHPABITHYECKU CBA3AHHBIX C pe-
oM, Pacuer OMHAMMKH TIOH36MHBIX BO MPOH3BOJIMTICA ¢ YYeTOM HEOHOPO[I-
NOCTH  (DWIBTPALHOHHBIX MApaMeTpOB. AHATOTHYHOE MCCIIeNOBaHMe OacceiiHa
p. Tpyxn (umrar Hesama) mpoBepmeno A. Kaumwmrxomom [61]. [Ipu 31oM [BH-
AMOHME BOABI B pyclie peKH MOJMENHpOBaiOCh ¢ NOMOUIbI0 ypaBHeHWH CeH-
Belana, a gBIKeHHE NOM3EMHBIX BOL — ¢ MOMOLIBIO JABYMEDHBIX YpaBHeHUH
(hwinTpammu.

OpuenTHpoBaHHble Ha TpuMeHeHne 3LIBM cnoco6bl rHApOreoorHuecKux
PUCIETOB DEperoBRIX BOJO3a6OPOB ¢ OUEHKOH W3 RIMAHUA HA BO/HBIH PEXUM
MOJIOTOKOB ¥ BOIOEMOB HcCNe[iOBaHs! B paGorax [1, 7, 20, 21, 22]. B pabo-
ax |18, 19] npemioxeH anroput™M UIa pacueTa OMHAMMKH MON3eMHBIX BOI
{ YNETOM X rHOpaBITHYECKOH CBSA3M C pyCi1aMHM BOJOTOKOB. UncieHHas mo-
_ AGiIy  IBIDKEHMA TIOA3EMHBIX BOJI BO B3aHMOJEHCTBHM ¢ MOBEpPXHOCTHHIMH
| NOlUMH, COCTABJIEHHAA HAa OCHOBE METOJd KOHEYHBIX 3JIeMEHTOB, NpHBe/e-
| it » pabore [72].

MeTonyka HCCneNOBaHHA M3MEHEHWS MOBEPXHOCTHOIO CTOKA MpPH IKCILTY-
ATHUNH MOI3EMHEIX BOJM, OCHOBaHHAA Ha NMpPHMEHEHHH aHAINOTOBOH BBIMUUIU-
IILHOM TeXHUKH, pa3pabaTsiBanace B paborax [5, 27, 57, 60, 68] .

1.1, PEAYKIIHA NOBEPXHOCTHOI'O CTOKA
B YCIIOBHAX OOHOPOAHOIO BOOOHOCHOIO rOPH30HTA
C NPAMOJIMHEAHBIM KOHTYPOM NHUTAHUA B INJIAHE

BhipakeHue misa NepenaTouyHo# GYHKUMM pelyKUMM TpH paGoTe OFMHOY-
HOTO WIM NapamIeNbHOro pexe (rpaHMlla MWTaHWA) JIMHEHHOro BO03a6opa
HasectHo [64] u MMmeeT BuUL

Uw w)=exp(4]/ 2 +gﬂ) 3.1)
a

dnecs npuBOpmTCA ero Kparkuii BeBon. [Ipu omHOpOAHOCTH HIBTpany-
OMibIX MapamerTpoB (M H T) no Beemy nomwo ypasHenue (1.31) mosxer Gbith
IPECTABJICHO B BUIE

oY L et =& i ¥ .
a ax? oy? i (
rae S (x, ¥) — wuzoBpaxenne mo Jlamiacy BpeMeHHOH 3aBHCHMOCTH TOHH-

KCHHA YpOBHA (Hanopa) nopgseMHbix BoO B Touke M (x, ¥); T — woabdu-
IlMeHT BOofompoBomumocTH, T (x, ¥, p) — M3oGpaxkenne mo Jlammacy momy-
A Boaoorbopa. YpasHenue (3.2) nonyweno u3 (1.31) nenenmem Bcex uie-
HOB TocieHero Ha T |

g°=b/T, (3.3)

rjae § — KOMNEeHCAUHOHHbIN 3hdexT.

a5



[IpeoGpasyem ypaBHenue (3.2) no Qypse no NepeMeHHON p, nojaras
o A
S*X, w,p)= f e VS, p p)dy. (3.4)

ﬂaynpame nupdepeHMpoBaiie Mo y (MpH YOIOBHM, YTO 3HAYEHHA NpoO-
M3BOOHOH yObIBAIOT MO MOAYMIO MpH ¥ ~* ©) IKBHBISHTHO YMHOXEHMIO Ha
(—=w?). Torga 0BGBIKHOBEHHOE unr]:dmpeuuuanmne ypaBHeHMe 1A (YHKIHH
5% (x, w, p) npumeT BUA

sz* ES' q* ﬁ{ 35} .
b O A el 2
2 = d), (
rie 4
U;VE +2* + w?, (3.6)
a
g*=g% (w. p) :

A :
— H300paxenue no Pypve 3aBUCHMOCTH £ (¥, p). Penienue ypasuenus (3.5).
yaosnerBopswuiee yonoBuaMm 5* (0) = 0 u S* (x) = 0 npu x —> °°, ymeeT BHL
qil i .

S*(x)s — e %9 shox (3.7)

o

(npu x < d). llna onpepneneHus BelTMUUHBI PEAYKIUHH HEOBGXOHMO BBIYHCIIUTD
3HAYCHHWE TIpaJMEHTa IOHWXKEHMA BOIHM3M TIpaHHlBl NMUTAHHA, T.e. QYHKUMIO

dsS* (x)

. Cornacno dpopmyne (3.7) ona paBHa
dx x=0

@*T)e . (3.8)

Bmecto 1O0ro, urtoBer nmepexojuTh HA OCHOBAHHH TNOC/EHEro paBeHCTBa K OIl-
PEIENCHHIO 3aBUCHMOCTH TrpajiMeHTa NOHMXXEHHA BOIH3M rpaHHlUsl OT ¥, OCy-
lecTBNAA OobOpatHoe mnpeoGpazoBaHue Dypbe, 3ameTuM, YTO COrNacHO Bhipa-
KeHHI0 MpeobpasoBaHHA Oypee, Hanpumep, (3.4), HHTErpan OT Kakou-IHGO
byHKUHH B EpEﬂEﬂﬂI OT —°° /10 ° paBeH 3HaYeHMIo NMpeoGpa’OBaHus Dypne
OT Hee nNpH w = 0. Ilosromy npeoBGpazosanmne Jlamnaca apemem-mu 3aBHCH-
MOCTH pedyKUHM Monyvaem, NOACTaBifAsa w = 0 B MOJNYYeHHOEe BhILIE paBeH-

crBo (3.8) mua M3oOpaxenus no Dypse pacnpe/ieNeHHs TpajHeHTa NOHMNKE-
HHA BOVIM3M rpaHHIb] MHTAHHA M, YMHOas Ha T,

[?-’(p):.?tiuﬁp}f-—d\z pla +E’1* (3.9)

e A
Hockonsxy ¢* (0, p)= [ $U,p]dy=Q(p) — u3006paxenue mo Jlamacy
CYMMapHOro faebura Boaoorbopa,
A A
Wip)=Uy (p)Q (p),
rae nepeparouHas (yHkumsa peaykumu Uy (p) Beipaxaercs Mckomon ¢op-
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Mynou (3.1)
-.f +g

Uy (p)=e 2V a : (3.10)

lonyyeHHpiH  pe3ynsTaT O3Hayaer, YTO BpEMEHHasA 3aBUCHMOCTD pe1y KIHH
IOBEPXHOCTHOrO CTOKA2 HE 33aBHCHT OT pacrpejienieHHA oTbupa B Hampasie-
HH, NapaieJibHOM TIpadHHIle NMHTaHMA. JTOT BHIBOO OCTaeTcH clipaBeyTUBLIM
W B Gomee OOWIMX YCIOBHAX, HANpPUMEp MpH TUTAHOBOH (MOMCCOBON) dwwis-
[PAUMOHHOHW HEOQHOPOJHOCTH. B YacTHOCTH, OJMHAKOBO BIIMAIT HAa noBepx-
HOCTHBLIH CTOK CKBLKMHHBIA (OJMHOYHBIH) BO03a60p M JNUHeHHBII pAd, yia-
/ICHHBIC OT peKH Ha OIHO M TO e paccrosiHHe. KoHeuHo, Bce ckazaHHOe Bep-
HO TOJIBKO B TOM Cilyyae, KOrja rpaHMIy MUTaHWA H rpaHHIlbl MOMOCOBOH hHiIs-
[PAIMOHHOH HEO[HOPOJHOCTH MOXHO CYHTaTh NpPAMOJIMHEHHBIMH M JIOCTa-
TOUHO NPOTAKEHHBIMM (TEOpETHYECKH — GECKOHEUHBIMH) .

(DyHKUMA OTHOCHTENTBHON pPelyKUMM, COOTBETCTBYIOLLAs nepesaToyHoM
pynkumn (3.1), umeer BUA

d
Wo (1) = D(‘z_\/‘;—r“-?'{), (3.11)

rne x =gd, ¢pyakumsa D (z, @) onpepenena Bpipacenuem (2.15), a ee 3Ha-
enna npusencHnr B llpwnoxennu 2. Ilpu 1 — oo ycranaBnMBaercs npemens-
HOE 3JHAYeHHe OTHOCHTENIBHOH peayKIMM, paBHOe, KAaK 93T0 JIerKO BBIBECTH
Wy opmynbr (3.2), NpuMeHsAs K Hell NpeenbHYI0 TeopeMy ONepanuoOHHO-
10 MCYHCIIEHHA,

y=e X, (3.12)

JI0 O3Hayaer, YT0 B YCIOBMAX KOMIIEHCAUHOHHOTO MHTAHHA BETHYHHA pe-
AYKIIHH B MpHHIHIE HE MOXET CTdTh PABHOH BeJIMYMHe BOmOOTGOpa. 310 yT-
WEPAKIICHAE TpeNCcTaBifAeTCA BMNOJIHE OYEBMIHBIM, OoJlee BaXKHBIM HBJIAETCH
HOTIPOC O KOJTHYECTBEHHOM OLEHKE BEMHYHHBI MNMpPENEeTbHOrO 3HAYEHMsT OTHO-
CHTC/IBHOH  pelyKUMH 7Y B PpAVTHYHBIX YCIIOBHAX. XapaKTepHbie 3HAUCHHA
KOypduumenra neperekanua b; cocramngior 1072 .. 107° cyr™ [6, 53,
59|. Ilpu xapakTepHOM 3HaveHMH KO3hdHUMEHTA BOIONPOBOJHMOCTH

I' = 10° M’/cyT M UpH OTCYTCTBHM WMCNIADEHHS BETHYMHA KOMITEHCALMOHHO-
ro apdexra npu nepereKaHUH COCTABHUT
E* bL){T:

-

re. or 107 pmo 107 m™'. Mpu paccrosHum Bono3aGopa OT peKH, paBHOM
2000 m, BennumHa 7y Oyner cocTamiATe coorBercTBeHHo 0,14 u 0,81. B ycno-
BHAX 3BalNOTPaHCNHPALMK [PYHTOBBIX BOJ XapaKTepHOe 3HaYeHMe MOIYJIA
IBANOTPAHCIIMPALHH TIDH NOHMXEHHH YpPOBHA Ha 1 M cocraBnser 1 mm/cyr,
UTO J1aeT BewuHHY be B pasmepe 1072 cyr™', wro npu T = 10® u npu orcy1-
CTBHH NepeTeKaHHa NPUBOOHT K 3HaveHuio g, pasHomy 1072 m™'. llpu d =
= 2000 m X = 2,0 u v = 0,14. OtmeTHM, 4TO [aKe CPABHHTENBHO MaJibie 3Ha-
ICHHA KOI((pHIHeHTa IBANOTPAHCIHpAlHK be TNPHBOAT K 3aMeTHOMY yMeHb-
UICHHIO BEJIHYMHDBI Y TIO0 CPaBHeHHI0 ¢ epuHnueil. Tak, Bemnumnay bg = 107 m/cyr
MOMKHO CUMTaTh HE3HaUMTeNbHOHW (OHA COOTBETCTBYET H3MEHEHHI0 MOMIYIIA
)BanioTpaHcnupauny Ha 0,1 MM/CyT mpH M3MEHEHMM YPOBHS 3a/IeraHus rpyH-



ToBbiX. Bog Ha 1 m; mpu 7 = 10° m*/cyT BenuumHa KOMIEHCAUHOHHOTO 3¢-

dexra coctaur 0,632 102 M, u npu d = 1000 m BenHuMHA MpemenbHOM

" OTHOCHUTETbHOM pelyKUMH OKaxercs paBHOM e 3% = (0,53, 1.e. 3HaunTenp-
HO OTNTHYAIOILEHCA OT eqHHHILBI.

[Tpu OTCYTCTBHM KOMIMEHCAUHOHHOrO NMTaHuA, T.e. Mpu X = 0, dopmyna
(3.11) npuoGperaer Gonee npuBbHbI BH [35] :

d
'2—:/——; : (3.13)

QyHKIMA HHTErpaibHOH OTHOCHUTENIPHOM peayKIMH B paCcCMATPHBAEMBIX
ycnoBuax onpegeneda M.C. Xaurymem [64] u Bripaxkaerca dopmynoi

2 B
U(f)=D( z !x)_ .2_ __d_ D*( d rX)'r (3.14) E
at :

wo (2) = erf

2/ at x 4at 24/

roe ¢ynkmua D (z, «) onpemeneHa BsipakeHuem (2.15), a yHkuma
D*(Z, a) — suipaxennem (2.9). IIpH OTCYTCTBUM KOMIEHCALMOHHOLO MH-
TaHuA ¢opmyna (3.14) mepexomur B 6onee H3BecTHYo (GOpMYIy, COOTBET-
cTBYIoulyio yonouam npu x =0 [12] : -

v (r)=4 ierfc (3.13)

d
2 at
PaccMOTpUM YeIOBHA OJHOPOIHOrO IUIACTA-TIONYIUIOCKOCTH IpH OTGOpe
NOJ3EMHBIX BOJ MOJIOCOBRIM IUIOINAMHBIM BOHo3abopom (puc. 3.1). Ilepe-
NaroyHaa GYHKUMA pegyKOMM IS J3THX YCIOBHH MOXeET ObiTh IMOJyYeHa HC-
kopma W3 BeipaxceHMs (3.1), eciM NpPOMHTErpHMpOBaTh €ro MO IepeMeHHOH d
B Mipefieiax OT X; HO X, H pa3genurs Ha (x; — Xy ). B pesynsrare nonyuaem

e Pxy _ g=Px,

L TR G5

D
rne ﬁjﬁ— +g°.
a

[lepegatounon ¢yukuun (3.16) cooTBercIBYeT (YHKIMA OTHOCHTEIBHOM
PEAYKIMH CJIeQYIONIETO BHIA:

1 X1 Y
Wo (t}_ ;’(3 Y [D (Eﬁ :XI) - D (zﬁr—r)&)]a (3.1?]

roe X = gx;,J = 1,2. IIpenenbHoe 3HaueHHe 3TOH PYyHKIUHM PaBHO

E"xj.,_ E':‘:g

§ th . (3.18)
X2 =-.X1

QyHKIHA OTHOCHTENbHOH MHTErpajibHONW peaykmuM uMeeT Bonee cioXHOe

&8




NhIpasKeHHe:

v (1) =~1—[A A xl)—ﬁ*( =L 156 xz)] . (3.19)
e -x| \MVart Nat
e :
A*, @) = D*(z, n)( -?.i)-r Z e, a)+12e-(z’+};). (3.20)
a’ a o ¥

I} yenoBMAX OTCYTCTBHA KOMIIEHCAHOHHOTO MHTaHHUA @ﬁma (3.17) npeo®-
peraer Bojee mpoCTOM BHA:

Wo () = 2\/’_(1

Xq — X3

erfc —— — ierfc ——) 3.21
oy ot U2l

B 91ux e yoToBHAX NpEeAcTaBIIAeTCA BO3MOXKHBIM BBIPasuTh M (PYHKUHMIO

P u c. 3.1. Cxema miomagHoro BOOO-
3abopa nmonocosBo#f ¢opMbI B TIONTYyOT-
paHKYeHHOM OIHOPOOHOM IDIACTe

Qb6nacty BomootrGopa  3aIUTPH-
X OBaHa

OTHOCHTENIBHOH HMHTErPaibHON pedyKUMH, KOTOpas XapaKTepu3yeTcA BhIpajxe-
HHeM BUIA

8/ at - X X
V() = (iaerfc ~ _ Perfc — ), (3.22)
X3 — X

e i”erfcz — TpeTHit mOBTOPHBIH MHTErpan BepoATHOCTeN [52], 3Hauenus xo-
roporo nporabynuposassl B [Ipwioxenns 1.

enu nomoca BomooTOOpa HAYMHACTCHA HENMOCPEICTBEHHO Y ype3a peKH, T. e.
npu x, =0,x, =d, popmynst (3.17), (3.19) —(3.21) =He onmpenenensi. B pesyip-
TUTC NpenenbHOTO Mepexona MojiydYaeM, UTO MpPH TAKOM PacroJIOXKeHHH BOJO-
wmbopa ¢GyHKIHA OTHOCHTENIBHOM peOyKIHH B YCIOBHMAX KOMIEHCAIMOHHOTO
NTAHHA UMeeT BHJL

1 d
wo (1) —;[erf (gv/at) —D (W; x)] (3.23)

X*= gd,aB yClOBUAX €ro OTCYTCTBHA

atf 1 d
wo (1) = z (\f'}_ ier cz\[_) (3.24)

DyHKIMA HHTErpaibHOM OTHOCHTENIBHOM PElYKIHMH B YCIOBHAX KOMIIEHCAITUOH-

a0



HOTO MHTAHWA MMEET MpPH 3TOM BBEIPAXCHHC

\f{i f — -gtat
v (1) =?1{'[Erf(g\fa__t} AN erf (gv/at) _(E\/E‘)e

—

ag*t

d

d B YCIIOBHUAX OTCYTCTBHA KOMIIEHCAITHOHHOTO MHTAHHA

_ 8Varf 1 4 d)
v(t) = d(éﬁﬂieﬁcw.

JInA WUTIOCTpauMH MPHMEHEHUs BbIBEIEHHBIX (GOPMYNI M BHIPXKEHMH PaccMOT-
PEH IIpHMCD. :

Mpuamep. Or6op MOA3EMHBIX BOJ, MOJIYOr PAHAYEHHOr0 B IUIAHE TUIACTA BEACT-
Cfl TIOJIOCOBOH IUIOHIAMHOM CHCTEMOH CKBaXXKHH, OMMOKHHMI U JATBHHA IO OTHO-
LIEHHI0 K peKe KpadA KOTOpOH yHaneHbl OT Hee Ha PacCTOAHMA COOTBETCTBECHHO
Xx; = 1600 m u X, = 4000 m. Tpebyercs onpe/ieiinTh 3HAYCHUA PelyKIMH pacXo-
na pexu H obbemMa ee CTOKa, ec KOIPOHIMEHT 'YpaBHEIIPOBOIHOCTH. IKCIUlya-
THPYEMOTO  AJUTIOBHABHOTO BOMOHOCHOTO TIOpM30HTA (2 ) COCTaBiIACT
2500 M?/cyr, a BelTMuMHA KOMIEHcauMoHHOTO 3ddekta g = 0,5 « 107 m™'.
OueHKy pefyKiuH TpebyeTcs NpoBecTH A 3Hayenus Bpemend ¢ = 10000 cyr;
pacxoz Bofo0T6opa coctasser 6,00 M fc = 518400 m>/cyT.

Pepemme, CHayana ONEHUMM BETWYMHY OTHOCHTENIBHOM peayKIMH pacxoia,
none3ysack Gopmynoi (3.17). Ilis 5T0ro HaxoAuM 3HAYCHNA

X1 i 1600 = 046 Xa 4000
Nat 2/2500-10000

(3.26)

= = 04;
wat 24/2500- 10000

Xy = 055 . 1[]_3 - 1600 = U,B; X2 =0,S . 10_3 - 4000 = 2,0.

[MomcTaBus nonyyeHHsie 3HaueHus B popmyny (3.17), nomyuum

wo (f) = [D*(0,16; 0,8) —D*(0,4; 2,0)] =

2,0-038

= (1/1,2) - (0,4489 —0,1350) = 0,262.

YMHOXafA Ha BenWUMHY pacxolia BoJooTCOopa, HaxOOMM BeJIHYMHY peayKIHH
pacxona pexu: W=0,262-6,00=1,57 »’ [c.

3HayeHne (GYHKUKMH HHTErpajibHOH OTHOCHTENIBHOM pelyKIMH omnpeelnseM
no dopmyne (3.19). Jlis 3T0ro BBMMCIMM 3HAYeHMST BXOMAIIMX B Hee QyHK-
uuit A* OT HaiileHHbIX BbIIIE apryMeHTOB, UCTIONB3ys npuioxerus 2, 3, Umeem

A*(0,16; 08) = (1 — 2+U.16210,82)D"(ﬂ,1f; 0,8) — 2:0,16%/0,8 x
D(0,16; 0.8) +2-0,16/08 .¢~(0:16" +0,87/4-0,167) - (3850,

an




aHaToruyHo onpenensieM, uro A¥ (0.4; 2,0) =0,1032; mo dopmyne (3.19) Ha-
xomum, aro v (¢) = (1/1,2) - (0,3850-0,1032) =0,2348. YMHOXasA Ha BbIpa-
KCHHBIA B M [CYT pacxof, BOAOOTOOpa M Ha UHMCIO CYTOK, B TeUeHHe KOTOPBIX
[IPOMCXOOMT BOAOOTOOP, HAXOOUM, UTO CYMMAapHOe COKpalleHHe ofbemMa CToKa
N MWKHHIA CTBOP 3a CYET SKCIUIyaTalMM MOM3eMHbIX Bod cocTaBMT 0,2348 X
X 518400 - 10000 = 1,22 - 10° M = 1,22 xm? . CymmapHBiIit 5ke 0160p nomzem-
JhIX BOJ COCTAaBHT 33 3TO Bpems 5,18 km°.

3.2. PEAYKUHA NMOBEPXHOCTHOI'O CTOKA
B YCIIOBUAX IMJIAHOBOH OH/IbTPALLMOHHON HEOJAHOPOJHOCTH

MerogiKa OIEHKH pedyKIMH MOBEpXHOCTHOrO CTOKa [JIA YCIIOBHH IUTacTa-
NONYIUTOCKOCTH C MapajUIejibHBIMM peKe IpaHuiaMy QWIbTPaLMOHHOH HEo/:
WOPOHOCTH OmHchBanack B paborax [39, 40|, npuyem B HMX paccMaTpHBa-
INCh YCTIOBHA, KOIJa B CXE€Me MPpHCYTCTBYeT TOJIBKO O[Ha TaKas IpaHHIA.
JIH YCIIOBHA XOTA W ABNIAITCA Haubolee MpOCThIMH, TEM HE MEHEE OTPaXKAKT
JOCTATOYHO IIMPOKHIl KPYT BCTPEYalIIMXcA NMPUPOAHBIX YaIoBHil. Tak, B BHJe
(1A CTA-TIONYIUIOCKOCTH C NMapaniesibHOM peKe rpaHHIeH HeOJHOPOJHOCTH Ipen-
CIUMIAITCA YCIOBHSA aUTIOBUANBHBIX OTIOXEHHWH PpEuHbIX Teppac, Bpe3aHHbIX
n Dojiee [peBHUH AUTIOBUM KAK B KOPeHHbBIE OT/IOXNEHWs OeperoB; YCIOBHH
KPYNHBIX KOHYCOB BBIHOCA M MPEATrOpPHBIX HDIEH(OB, XapaKTepH3YIOMHKXCA BbI-
PAYKEHHOH IpaHuIeH CMeHb! danyi, U 1. 1,

PaccMOTpPHM cXeMy IUIACTa-MONYIUIOCKOCTH ¢ MapaIelIbHOH TrpaHUlle THTa-
i rpaHMIeld HeomHopoaHoctH (puc. 3.2, a4, 6). Kak BHaHO U3 pHCYHKa, NPH
J1OM BO3MOJKHBI [IBa BapMaHTa pa3meileHHA Bojo3abopa: B nepBoH, DimwkHen
K pexe obnacT HEOOHOPOJHOCTH M BO BTOPOH 00nacTH, Bojee yaasieHHOMW OT
PEKH.

PaccMoTpuM CHavania pellieHMe 3afaud [ida yCIOBHH pa3sMellleHHs Bo/I03a-
(opa Bo BTOpoM OoByacTH. EciiM oT0OpP MOMA3EMHBIX BO[[ COCPeOOTOYEH BHIOIIH
PAMOM, Mapa/Ie/ibHOH peKe, TO, KaK ObUI0 MOKAa3aHo B NpelbylyileM Iapar-
pahe, pasmellieHie ¥ MPOH3BOIWTENBHOCTD CKBaX@MH BJI0JIb 3TOH MPAMOH NIA
POHICHHA 3aJaud OLEHKH PeOyKUIWH HeCyllleCTBeHbI: MOXHO MOJIaraTh, 4To OT-
(op noj3eMHBIX BOMA Befercsd DeCKOHEUHBIM 0 MPOTAXKEHHOCTH JIHHEHHBIM
oM paBHOAeOeTHRIX CKBaXMUH. B 3THX yQIOBHAX NOTOK CTaHOBHTCA IUIOCKO-
ApWUIEeNbHBIM, @ COOTBETCTBYIOIIHE YPABHEHHA —OOHOMEpPHBIMM:

108 925, 4

P T O o =T giSI:

i at a.l'2

b aSa | d%S, ; q

=, —~ S, — —b(x—4d), 3.2
Y 352 8292 T, (x — d) ( )

rjie S;(x, t) — NOHWXXeHHWe YPOBHA (Hanopa) NOMA3EMHBIX BO/ B Touke M  06-
NacTH J, mpuyem 'abcipicca 3TOH TOUKM X OTCUMTBIBAETCA OT Ype3a peKH. a4, —
WWIHYMHA KO3hQUIMEeHTa YPOBHENPOBOMHOCTH j-if obnacti; 7; — BenHyMHa
KO3 PHUKMEHTA BOIOIIPOBOAMMOCTH /- O0NAacTH; £ — KOMIEHCAUMOHHBIA 3¢-
(peKT j-i 06GNAacTH; § — BEJIMYMHA NTUHEHHOU MIOTHOCTH oTbhopa. Ha ypeae pe-
KM CTABUTCH TPaHHYHOE YCUJIOBHE COBEPLICHHOTO MM TaHUA

'S, (0,8) =0; (3.28)
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P uc 3.2. Cxema mwiacTa-nonock! ¢ rpaHuielt HEOAHOPORHOCTH B IUIaHe, KOITIA TMHEHHBIR

PAJL CKBaXHH pacronaraerca B OGmikHefl ot pexu nomoce GHIBTPAUMOHHON HeoOHOpPOO-
HOCTH (4) M B OTHATeHHOR oT pexu obnacw HeomHopomHocTH (6) .

I — monoca MOCTOAHMCTBA PHUNBTPAUMOHHBIX napameTpos, GmoxHEA K pexe; 2 — yna-
JCHHAA OT peKH 00/IACcTh HEQMHOPOOHOCTH; F — IPAHHUA HEOOHOPOOHOCTH; 4 — NHHeHHbIR
PHI CKBAaXHH

MpH X ~* ©° JIOJIXKHO BBINOJIHATHCA YCUIOBHE OTPaHHYEHHOCTH PeHIEHH A -
S205 1) > 0, x> o (3.29)

Haxomell, Ha THHHM X = X; (rpaHHlia HEOJHOPOIHOCTH) HOJKHBI BHIONHATHCH
YCUIOBHA YeTBEPTOr0 poJia, BBIPAXAWIIHE HENpephIBHOCTE HAMOpa H pacxona:

N B (330)

S1@, 1) = vS5(%, 1), (3.31) |
rje WTPHX O3HauaeT HddepeHIMPOBaHHE 10 KOOP/IMHATE, a |

v=T,/T;. (3.32)

[peoGpasosannbie no Jlamnacy Bo BpemeHHOH 06MacTM ypaBHEHMS HPHOO-
PeTaloT BUAL : :

:S'; "ﬁilg'i: 0, , (3.33) .
2 — % S; =- (EXTI)S(x—d},

rae q{p} — H300paxeHue BPeMEHHOH 3aBHCHMOCTH JIMHEHHON IUTOTHOCTH OT-
6opa, f; =/ p/a; +gj — onepauMOHHBI KOMIEHCAUHOHHBIA IPdeKT j-ii 06-
JIACTH.

OBbwee pemieHHe CHCTEMbI OOBIKHOBEHHBIX NN(PepeHIMANbHbIX YPaBHEHHH
(3.33) moxeT ObITh 3aMHCAHO B BHIE

Sy =Ayshpyx + B,chBsx

A

51 = Agshf; (x— xy) +B,ychf, (x—x;) — t?_T shfi; (x—~d)0 (x—d),

2 (3.34) |

TIle KOHCTAHTbl MHTErPHPOBAHMA A; B; ONpefensiOTCA HCXONA M3 rPaHHYHBIX
ycnoBHi. Tak, u3 ycnosua (3.28) cnemyer, uro B, = 0; u3 ycnosus (3.29)
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CliefiyeT, 4To

A

] Ay + By = —— e-Pa(d=%) (3.35)
BT,
Ycnosue (3.30) npHBOOMT K COOTHOLICHHIO
frA chfix; = vfaA,. (3.36)
venosue (3.31) — K COOTHOLIECHHIO
A,shpfx;, = B,. (3.37)

| PapercrBa (3.35)—(3.37) npencraBnsoT coboii cucteMy Tpex anreGpau-
HOCKMX YpaBHEHHMH OTHOCHMTENIBHO Tpex Heu3BecTHmix: Ay, A,, B,. Penias ee,
OlipeiensaeM BoIpaKeHHe A KOHCTAHTBI A |

& E"ﬁg{d‘—'xl}

Ty Bychfyxy + vBychfx,

Cornacso nepeoMy M3 ypasHeHHH (3.34), u3obpaxenue nmo Jlamacy rpajmenra
noumxeHna B6u3n pexH 6yaeT HMeTh BUJ

.;"1 - ﬂ,Al. (339)

YMHoxas ero Ha T; M NMpUHHMas BO BHAMaHue pbipaxenue (3.38), monmyuum
NhipaxkeHHe A H300paxeHHA pellyKUHH pacxoa peKH B BHIE

e ﬂztd" I].}
chfyx; + v(B,/By)shp,x, ‘

O1KY/a CeflyeT BhIPaXeHHE [U1A MePeIaTOUHOM PYHKIMM PEyKIUMH B BHJIE
e fy(d=x,)

chfy x, + (vB2/ B, ) shBix; :

Huxoxienne opuruHaia or u3oOpaxennna (3.41), 1. e. GYHKUMH OTHOCHTENID-
HOH peaykuyH, B obwemM cnyyae npefcrasnfgeTr coboi oueHb CIOXKHYIO 3a/1avy.
HlodtoMy pna ycnoBHE pacCMaTpHBaeMOM CXEMbI, €C/IM KOMIEHCALHOHHOE
IMTAHHEC MMEeT MECTO, JUIA OMpe/e]eHHA BPEMEHHBIX XApaKTepHCTHK peayK-
MM MOXHO MOPEKOMEHIOBATH HCTIO/Ib30BaHHE YHCIIEHHBIX METOIOB OOpalleHns,
wanpumep cnocoba JI.K. 'oxGepra.

H ycioBHAX OTCYTCTBHA KOMIEHCAUMOHHOIO MUTAHKA QYHKUHH OTHOCHTENb-
| HOW PelyKUHMH H OTHOCHTENIBHOW MHTErpajibHOM pedyKuMH MoryTt ObiTh mony-
) Wenn B asHoM Buae. Ui storo cneayer npeictaBuTh runepbosinueckue QyHK-

i B 3Hamenatene (3.41) B BHAe KOMOMHauUMH IKCMOHEHT, MPHBECTH Monob-
| HLe WiCHb! ¥ BbIpasuTh (3.41) B BMIEe cCyMMb! WieHOB BeCKOHEYHOH reoMeTpH-
i WOCKOH 1TPOTPECCHH, @ HMEHHO

(3.38)

"'11 -

W=gq

(3.40)

Uy (p) = (3.41)

Uw{p}=¢—(d'h)\*'?fﬂz X1 VPla1y F (_ 1yt (3.42)

L n=1

l ,fl ¢ ~(2n—1) x, \/p/a, _E-{znﬂix.\fﬂfﬁ]}* (3.42)
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e nojoXeHo

I -ﬂﬂ..m:h&.ﬂ:r.-hﬂ-

e

€= i, - (3.43)
1+ n

n= v /E_E‘ , (3.44)
2

[locne atoro oGparHoe npeobpazosanme Kapcona s H300pa’keHHA HAXOOUT-
CA IOWIEHHBIM Npeo6pa3oBanueM popmynsl (3.42):

wo () = 43!(27;——:}; €; p). (3.45)

rjge - : (d ) "__
p = \H R k. l ] ; :
dqa VN e

Pz, e;0) =erfc(l+ p)z + T (=D le"[erfc(2n+ p~ 1)z =

n= |
—erfe(2n+ p+1)z]. (3.46)

3naueHuA pynxumu P%(z; €; p) npuseseHsi B Tabn. 14,
Byipaxkenne miA GpyHKUMM WHTErpasbHOM OTHOCHTETBHON PEMyKLMM OueBH]l-
HbIM 00pa3oM BeITEKaeT H3 BhIpaXxeHus (3.45)

v(t) = cb';’"( o y 85 p), (3.47)
Z\JEII

rae

Pi* (@2, €; p) = diferfc(1+p)z +42 (1) e [i2erfc(Mm+p—1)z —
=1

— i%erfc(+ p+1)z]. (3.48) .

AHIOTHYHO pelliaeTCA 3aJaya MO OINpesie/IeHHI0 XAPAKTEPHCTHK peyKIHH
U B Cllyvyae pasMelleHHA JIMHEHHOTo Bo/103abopa B nepBo# o6nactn HeOoHOpol-
HOCTH (puc. 3.2, @ ). JleficTBYs B TOi e NOC/EI0OBATEBHOCTH, YTO H B PACCMOT-
PEHHOM BBILLIE ClTyyae, MONYYHM BBIPOKEHHE V1A NepenarouHoN dyHKuMM pe-
OVKUMH B BHJIE

_ (vB2/By) shBy (x; — d) + chp; (x; — d)
Up(p) = — .
(¥B2/B2) shByx, + chg,x,

(3.49)

B omnue 0T paccMoTpeHHOro Bhle Ciyuas, Korja Bofo3abop pazmeruan-
Ca B npegenax BTopou obnactd HeoOHOPOOHOCTH (cXema Ha puc. 3.2,a ), ABHOE
BBIpAXCHHUE 1A QYHKUMH OTHOCHTENTBHOH pPeIyKUMH MOXET GbITh MONY4YEHO
MpH HeCckonbkO DoJiee OBUMX YCIOBHAX, 2 HMEHHO HEOBXOIMMO BHITOJIHEHHE

@181 = a,85 . (3.50)
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[1pu sTOM

D )+ I 1"+1”D(2ﬂxl_d )
= ” LL: e
(anl +d
D
NJat

2nx; tX (3.51)

( A( 4 ) 3 iyt (M‘_d n )
uit) = ; 4= -r—-; =in} )
T P L st

2.".1'1 +d )
A » 2y, + : 3.52

e x =g1dix: = 21X, bynkuuaA(z, @) onpenensercs BuipaxeHueM (3.14).
[Ipu OTCYTCTBHM KOMIEHCAMOHHOTO NMuTaHus BhipaxeHud (3.51).u (3.52)
YIIPOIAKTCSA [0 BHIA COOTBETCTBEHHO

X, d)
()= B " g 3.53)
e £ b ;
"
X3 d
v(r)=®,*"* (—-—-—- ;E;-—-), _ (3.54)
2 aqy! X1

e
bi(ziesa)=etfeaz+ T (1)1 € [erfc (2n - a)z — erfe(2n+ a)z],

n=1

. (3.55)

bt (z;e;a)=4ierfcaz +4 T (—-1)""1e"[ierfc (2n — a)z -
n=1

i*erfc (2n + @)z]. (3.56)

Juavenvs byuxiuu @ *(z; € ; &) npuBenens! B Ta6mn. 15.

[Ipu orBope moazeMHBIX BOJ IIOAOHBIME CUCTEMaMH CKBA)KHH NepeaToy-
Hpie Gyukoun peaykuxm Buaa (3.41) u (3.49) Heobxonumo NpOHHTErpHPOBATH
110 mepeMeHHo# d mo oGnactu BoooTbOpa KM pasfesinTh Ha ee miowmans. Tak, npx
o16ope NOA3eMHBIX BOJL MONOCOBLIM IUIOMIAAHBEIM BO03a00pOoM, IIEINKOM pac-
[10J10KeHHBIM B TpefieNiax nepBoi ofnacru HeogHopoaHoctd (puc. 3.3,4), nepe-

JaToYHas QYHKOUA peayKuuy Oyaer nMeTh BH]
shB;(x, —&;) +nchfi(x; —&;) — [shB,(x, - £2)+mchpy(x,—£2)]

U =
it (2 — £1)B, (nshPyx; +chfyx,)

(3.57)
(‘0oTBeTCTBYIOMAA GYHKUNA OTHOCHTENIBHOM PeNYKIHH 3alMChIBAETCA B BHlE

2afayt X1 'EI) ( X1 €2 )]
wo(l) = & €5 —~Cy! & —J | 3.58)
ﬂ(} Ea — €1 [ I(ZVIIIF X1 1 2va it X1 (

Ci(z € a)=ierfcaz + E (=1)** e [ierfc (2n —a)z — ietfc (2n +  (3.59)
n=1
+a)z]. '
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Tatnnua 14
Suavenun pyaxumn O*(z, ¢, p)

p=40
! 5 e=10,2 0,5 0,8 —0.,4 —0.,6 —0.,8
0,10 0,8850 0,2024 0,9074 0,8582 0,8224 0,7240
0,15 0,8430 0,8540 0,8614 0,7892 0,7386 0,6103
0,20 0,7916 0,806 1 0,8158 0,7224 0,6599 0,5146
0,25 0,7410 0,7587 0,7707 0,6584 0,5872 0,4350
0,30 0,6915 0,7122 0,7262 0,5975 0,5207 0,3687
0,35 0,6431 0,6665 0,6825 0,5402 0,4604 0,3133
0,40 0,5961 0,6219 0,6397 00,4865 0,4060 0,2669
0,50 0,5068 0,5362 0,5570 0,3904 0,3136 0,1946
0,60 0,4245 0,4561 0,4789 0,3091 0,2403 0,1426
0,70 0,3502 0,3823 0,4062 0,2416 0,1826 0,1046
0,80 0,2842 0,3155 0,3395 0,1865 0,1376 0,0767
0,90 0,2268 0,2559 0,2791 0,1421 0,1028 0,0560
1,00 0,1778 0,2039 0,2254 0,1070 0,0761 0,0407
1,20 0,1035 0,1222 0,1387 0,0582 0,0404 0,0210
1,40 0,0559 0,0675 0,0783 0,0300 0,0205 0,0105
1,60 0,0280 0,0343 0,0404 0,0146 0,0098 0,0050
1,80 0,0130 0,0161 0,0191 0,0066 0,0045 0,0022
2,00 0,0056 0,0070 0,0083 0,0028 0,0019 0,0009
2 =0429

0,05 0,9567 0,9699 0,9787 0,8922 0,8311 0,6772
0,10 09133 0,9395 0,9572 0,7908 0,6883 0,4842
0,15 0,8697 0,9087 0,9353 0,6996 0,5756 0,3685
0,20 0,8257 0,8773 0,9129 0,6194 0,4873 0,2928
0,25 0,7813 0,8448 0,8898 0,5493 0,4172 0,2398
0,30 0,765 0,8110 0,8655 0,4883 0,3607 0,2006
0,35 0,6912 0,7755 0,8395 0,4349 0,3142 0,1705
0,40 0,6455 0,7377 0,8110 0,3880 0,2754 0,1466
0,50 0,5542 0,6546 0,7420 0,3099 0,2144 0,1112
0,60 0,4654 0D.5634 0,6545 0,2478 0,1686 0,0861
0,70 0,3824 0,4702 0,5549 0,1975 0,1331 0,0673
0,80 0,3079 0,3819 0,4547 0,1563 0,1048 0,0526
0,90 0,2432 0,3029 0,3623 0,1224 0,0818 0,0410
1,00 0,1886 0,2354 0,2821 0,0945 0,0631 0,0316
1,20 0,1076 0,1345 0,1614 0,0538 0,0359 0,0176
1,40 0,0573 0,0716 0,0859 0,0286 0,0191 0,0095
1,60 0,0284 0,0355 0,0426 0,0142 0,0095 0,0047
1,80 0,0131 0,0164 0,0196 0,0065 0,0044 0,0022
2,00 0,0056 0,0070 0,0084 0,0028 0,0019 0,0009

3navenun yuxkumu C, (z, €, o) npusBeneHsl B T1abn, 16. CooTBercTByMOILAA
(PYHKUMA MHTErpajibHOTO OTHOCHTE&IBHOIO H3MEHEHHMA CToKa OyldeT MMeTh BHIO

8vat | . f X 21) *( X £, )] |
v T A G 60
Eﬂ o El [Cl ( 2 ﬂ'lf : € I! Cl 2\/&'1_!! €, X1 3 {3 'ﬁ ]

v(t) =
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» | d . Seocamm o

0,2 0,5 0,8 —0,4 ~0.6 ~-0.8
0,9060 0,9247 0,9372 0,8165 0,7362 0,5566
| 0,8591 0,8869 0,9056 0,7320 0,6292 0,4330
| 0,8124 0,8489 0,8738 0,6546 0,5396 0,3468
| 0,7658 0,8106 0,8416 0,5845 0,4651 0,2840
| 0,7195 0,7720 0,8091 05214 0,4028 0,2365
0,6736 0,7330 0,7759 0,4650 0,3503 0,1995
0,6281 0,6936 0,7421 04145 0,3058 0.1699
0,5392 0,6131 0,6716 0,3289 0,2349 0,1259
0,4544 0,5309 0,5959 0,2603 0,1816 0,0950
0,3753 0,4486 0,5146 0,2051 0,1408 0,0725
0,3038 0,3694 0,4309 0,1605 0,1089 0,0555
0,2411 0,2965 0,3500 0,1245 0,0839 0,0424
0,1876 0,2324 0,2764 0,0955 0,0640 0,0322
0,1075 0,1340 0,1604 0,0540 0,0360 0,0180
0,0572 0,0715 0,0858 0,0286 0,0191 . 0,0096
0,0284 0,0355 0,0426 0,0142 0,0095 0,0047
0,0131 0,0164 0,0196 0,0065 0,0044 0,0022
0,0056 0,0070 0,0084 0,0028 0,0019 0,0009
i o =0
! 09623 09811 0,9937 08712 0,7885 0,6003
| 0,9242 0,9618 0,9873 0,7561 0,6291 0,4095
0,8852 0,9416 0,9804 0,6591 05158 0,3077
(,8448 0,9198 0,9730 0,5786 04334 0,2449
0,8027 0,8954 0,9642 0,5115 0,3711 0,2023
| 00,7585 0,8669 0,9524 0,4549 0,3224 0,1714
| 0,424 0,8327 0,9339 0,4067 0,2832 0,1479
0,6646 0,7919 0,9051 0,3649 0,2508 0,1293
0,5673 0,6940 0.8148 0,2959 0,2000 0,1014
0,4728 0,5860 0,6974 0,2403 0,1611 0.0810
0,3859 0,4811 0,5757 0,1940 0,1296 0,0649
0,3093 0,3863 0,4632 0,1549 0,1033 0,0517
0,2437 0,3045 0,3654 0,1219 0,0813 0,0406
0,1888 0,2359 0,2831 0,0944 0,0629 0,0315
0,1076 0,1345 0,1614 0,0538 0,0359 0,0179
0,0573 0,0716 0,0859 0,0286 0,0191 0,0095
0,0284 0,0355 0,0426 0,0142 0,0095 0,0047
0,0131 0,0164 0,0196 0,0065 0,0044 0,0022
0,0056 0,0070 0.0084 0,0028 0,0019° 0,0009
I'J1¢
CY @z e;a)=ierfcaz+ T (—1)"e" [iPerfc (2n — a)z -
iferfe(2n +a)z]. e (3.61)

[Ipr pacronokeruu Monockl oTBOpa 3a rpaHNlLeH PHIbTPAIMOHHON HEO IHO-

*
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Tadbnuuwa 15
3HayeHHA hyuxuun 7 (Z; ¢; a)

a=0,2
z e=0,2 0,5 0,8 0,4 ~0,8 ~1,0
0,10 0,9848 0,9924 0,9974 0,9511 0,8817 0,8000
0,20 0,9685 0,9837 0,9945 0.9149 0,8485 0,8000
0,30 0,9500 0,9722 0,9899 0,8891 0,8333 0,8000
0,40 0,9284 0,9541 09774 0,8695 0,8244 0,8000
0,50 0,9040 0,9281 09515 0,8535 0,8182 0,8000
0,60 0,8782 0,8974 0,9165 0,8392 0,8129 0,7996
0,70 0.8521 0,8657 0,8792 0,8249 0,8067 0,7976
0,80 0,8268 0,8354 0,8441 0,8094 0,7979 0,7921
0,90 - 0.8024 0,8075 0,8125 0,7923 0,7856 0,7822
1,00 0,7791 0,7818 0,7845 0,7737 0,7701 0,7682
1,20 0,7347 0,7353 0,7360 0,7335 0,7326 0,7322
1,40 0,6922 0,6923 0,6924 0,6920 0,6918 0,6918
1,60 0,6509 0,6509 0.6509 0,6509 0,6508 06508
1.80 0,6107 0,6107 0,6107 0,6107 0,6107 0,6107
&= 0,7
z €=0,2 0,5 0,8 —0,4 —0,8 —~1,0
0,10 - 0,9468 0,9732 0,9910 0,8290 0,5863 0,3000
0,20 0,8906 0,9434 0,3809 - 0,7036 0,4704 0,3000
0,30 0,8279 0,9047 0,9657 0,6150 04182 0,3000
0,40 0,7571 0,8466 0,9271 0,5491 0,3878 0,3000
0,50 06802  0,7668 0,8501 0,4969 0,3672 0,3000
0,60 0,6019 0,6753 0,7477 0.4525 0,3509 0,2995
0,70 0,5264 0,5834 0,6401 0,4119 0,3352 0,2966
0,80 0,4562 0,4979 0,5395 0,3727 0,3170 0.2891
0,90 03924 04217 0,4509 0,3340 0,2950 0,2755
1,00 0,3354  0,3551 0,3749 0,2959 0,2693 0,2563
=120 0,2403 0,2485 0,2567 0,2239 0,2130 0,2075
1,40 0,1678  0,1708 0,1738 0,1617 01577 0,1557
1,60 0,1139 0,1148 0,1158 0,1119 0,1106 0,1099
1,80 0,0750  0,0752 0,0755 0,0744 0,0740 0,0738
2.00 0,0478 0,0478 0,0479 0,0476 0,0475 0,0475
2,50 0,0133 0,0133 0,0133 0,0133 0,0133 0,0133

pomHOoCcTH (cM. cxemy Ha pHc. 3.3,6) BbIpaeHWe MJIA NepelaTOuHOH (QyHK-
MK peayKIHH Terko moayyaeTcA; g

e“ﬂ;(k;'*"‘]) i E“ﬁz(fr‘xi}
Uw (p) = :
fa((; — &, )nshp x, +chfx;)

[Tpn aToM GYHKIMA OTHOCUTEIIBHOM pedyKIMH UMEET BbIpaKeHHE

Z'VEI ) ( X1 )]
e - Cy| ——=—; ¢€; ; 3.63
= P 2 > '_le P2 ( )

S

(3.62) |

Wo (£) =
98




a=0,>5

0,2 0,5 0,8 ~0,4 -0,8 ~1,0
0,9620 0,9809 0,9936 0,8778 0,7044 0,5000
0,9216 0,9594 0,9863 0,7878 0,6214 0,5000
0.8760 0,9312 0D,9751 0,7238 0.5839 0,5000
00,8236 0.B877 0,9456 0,6758 0,5618 0,5000
0,7655 0,8266 0,8855 0.6371 0,5466 0,5000
0,7051 0,7553 0,8049 0.6032 0,5342 0,4993
,6454 0D,6826 0,7197 0,5708 0.5209 0,4959
10,5886 0.6141 0,6396 0,5376 0,5036 0,4865
0,5355 05519 0,5683 0,5026 0,4807 00,4697
04862 0,4962 0,5063 0,4661 0,4527 0,4460
00,3983 0,4016 0,4049 0,3918 0,3874 0,3853
00,8228 0,3237 0,3246 0,3210 0,3198 0,3192
00,2580 0,2582 0,2584 0,2576 0,2573 0,2572
0,2031 0,2032 0,2032 0,2030 0,2030 0,2030

@=1,0
0,2 0,5 0,8 —0,4 0,8 ~1,0
00,9242 09618 09873 0,7561 0,4095 0,0000
0,8448 0,9198 0,9730 0,5786 0,2449 0,0000
(,7585 0,8669 0,9524 0,4549 0,1714 0,0000
0,6646 0,7919 0,9051 0,3649 0,1293 0,0000
0,5673 0,6920 08148 0,2959 0,1014 0,0000
0,4728 0,5860 0,6974 0,2403 0,0810 0,0000
0,3859 0,4811 0,5757 0,1940 0,0649 0,0000
0,3093 0,3863 04632 00,1549 0,0517 0,0000
00,2437 0,3045 0,3654 0,1219 0,0406 0,0000
00,1888 0,2359 0,2831 00,0944 0,0315 0,0000
0,1076 0,1345 0,1614 0,0538 0,0179 0,0000
0,0573 0,0716 00,0859 0,0286 0,0095 0,0000
0,0284 0,0355 0,0426 0,0142 0,0047 0,0000
0,0131 0,0164 0,0196 0,0065 0,0022 0,0000
0,0056 0,0070 00,0084 0,0028 0,0009 0,0000
0,0005 0,0006 0,0007 0,0002 0,0001 0,0000
Ie .
pj = E(i—l)*, =12
dz \X;
Cy(z; e p)=ierfc(l +p)z+ = (=1)* e [ierfc(Rn+p— 1)z —
n=1
ierfc(2n +p + 1)z]. (3.64)

IHaveHUA byuxman C; (z; € p) npusejienst B Tatn. 17. QyHKIMA OTHOCHTEIb-
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P u c. 3.3. Cxema IUIacTa-1nosocsl ¢ rpaHuiiell HeoHOPOJLHOCTH B IUIaHE, SKCIUTYaTHpyeMolt
NONOCOBLIM INTOIIAAHLIM BoJlo3alopoM, pasMellleHHBIM B npefenax OmuxHedl k pexe no-
JioCkl HeoMHOpOAHOCTH (@) ¥ yoaneuHo#l oT peku obacTv HeoaHopoHocTH (6)

Obo3HaAYeHHA T XKE, YTO ¥ Ha pue. 3.2

TaGnwuua 16
3uavenun pyuxkuun C, (2561 a)

a=0,1
z e= 0,1 0.5 1,0 l 0.2 0,5 -1,0
0,10 05528 0,5486 0,5454 0,5579 0,5663 06010
0,15 0,5474 0,5416 0,5369 0,5539 0,5633 0,5916
0,20 0,5422 0,5352 0,5291 0,5494 0,5589 0,5823
0,25 0,5372 0,5293 05220 0,5447 0,5537 0,5733
0,30 0,5324 0,5241 05157 0.5397 0,5480 0,5646
0.35 05277 0,5194 05105 0,5345 0,5420 0,5502
0,40 05230  0,5152 0,5063 0,5293 0,5359 0,5477
0,50 0,5140  0,5078 0,5003 0,5188 0,5236 0,5318
0,60 0,5051 0,5008 0,4955 0,5084 0,5116 0,5157
- 0,70 0,4963  0,4936 0,4902 0,4983 0,5003 0,5037
0,80 0.4874 0,4859 0,4840 0,4886 0,4897 0,4916

Mpumeuaune, lpuz > 0,8 ansuerma bymcunn C, (2; ¢ ; a) MOTYT GbITE IPUHATHE

paBHbive 3HAYeHHAM ¢ yHKUunM ierfc oz

a=0,3
z e=0,1 0,5 1,0 -0,2 —0,5 -1,0
0,10 05304 0,5177 0,5081 0,5456 0,5709 0,6751
0,15 0,5146 0,4972 0,4831 0,5340 0,5624 0,6473
0,20 0,4997 0,4785 0,4601 0,5213 0,5498 0,6202
0,25 0,4854 0,4617 0,4395 0,5078 0,5350 0,5940
0,30 04718 00,4468 0,4216 0,4937 0,5189 0,5687
0,35 0D,4587 00,4339 0,4069 0,4794 0,5020 0,5443
0,40 00,4461 0,4225 0,3955 0,4650 00,4850 0,5208
0,50 0,4220 00,4031 0,3802 0,4365 0,4513 0,4765
0,60 0,3990 0,3857 0,3691 0,4091 0,4192 0,4362
0,70 0,3767 0,3682 D,3575 00,3832 0,3896 0,4003
0,80 0,3551 0,3501 0,3437 00,3589 0,3627 0,3690
0,90 0,3341 0,3313 0,3279 0,3362 0,3383 0,3418
1,00 0,3139 0,3124 0,3106 0,3149 0,3160 0,3178
1,20 0,2757 0,2754 0,2750 0,2759 0,2762 0,2766

Mpumenanue. [puz > 1,20 suavenna Gynaxkuun C, (z; € ; o) MoryrT GeiTe NpuHA-
Thl PABHEIMH 3HAYEHHAM PyYHKIMH ierfc az. :
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HOH MHTErpajisHOM pefyKUMH Ui ITHX YCIOBHH MOXeET ObITh 3anMcaHa B BHIE

u(r) = SE:/E [Ci" (22? €5 .01)— Ci"'(z x;lf; €, pz)], (3.65)
rjie

Cy(z; ¢ p)=i’erfc(l +p)z + % (=1)'e"[Perfc(2n+p— 1)z -

—ivetfc(Qn+p+ 1)z]. i (3.66)

Eciu obnactes BomoorGopa 3axBateiBaer obe 06nactv HEOINHOPOIHOCTH,
COMIACHO NPUHUMITY CYNEpNO3HUHM criefyeT pa3dbuTh ee Ha JBe 4acTH, Jiexa-

|

a=0,2
0.1 0,5 1,0 -0,2 —-0.,5 -1,0
0,5415 0,5331 0,5267 0,5517 0,5686 0,6380
0,5309 0,5193 0.5099 0.5438 0,5627 0,6193
0,5207 0,5066 0,4944 0,5351 0,5542 0,6193
0,5110 0,4951 0,4804 0,5259 0,5440 0,5833
0,5016 0,4849 0,4682 0,5162 0,5329 0,5660
0,4925 0,4760 0,4581 0,5063 0,5213 0.5493
0,4837 0,4680 0.4501 0,4962 0,5095 0,5332
0,4667 0,4542 0,4390 0,4762 0,4859 0,5025
0,4501 0,4414 0,4306 0,4567 0,4633 0,4744
04338 0,4283 0,4215 0,4380 0,4421 0,4490
04178 0,4146 0,4106 10,4202 0.4225 0,4265
a=0,5
0,1 0,5 1,0 —0,2 ~0,5 ~1,0
0,5084 0,4873 0,4713 0,5338 0,5760 0,7498
0,4828 0,4537 0,4302 0,5152 0,5625 0,7042
0,4589 0,4235 0,3930 0.4950 0,5427 0.6604
0,4363 0,3967 0,3598 0,4737 0,5193 0,6183
04151 0,3734 0,3313 04520 0,4941 0,5781
0,3951 0,3354 0,3083 0,4300 0,468 0,5395
0,3761 0,3363 0,2908 0,4082 0,4420 0,5028
0,3408 0,3083 0,2689 0,3658 0,3913 0,4348
0,3083 0,2846 0.2552 0,3262 0,3442 0,3744
0,2779 0,2620 0,2422 0,2899 0,3019 0,3218
0,2496 0,2396 0,2271 0,2571 0,2647 0,2772
0,2232 0,2172 0,2098 0,2277 0,2322 0,2397
0,1988 0,1954 0,1911 0,2014 0,2039 0,2082
01556 ° 0,1547 0,1535 0,1564 0,1572 0,1584




Ta6nuua 16 (oKoH4YaHHE)

a=0,8
z e=0,1 0,5 1,0 —0,2 -0.5 -1,0
0,10 0,4762 0,4425 0,4169 0,5169 0,5845 0,8631
0,15 0,4371 0,3904 0,3528 0,4888 0,5648 0,7926
0,20 0,4010 00,3443 0,2954 0,4590 0,5358 0,7258
0,25 0,3678 0,3041 0,2450 04282 0,5019 0,6627
0,30 0,3374 00,2690 0,2024 0,3972 0,4659 0,6032
0,35 0,8084 0,2414 0,1684 0,3666 0,4293 0.,5474
0,40 0,2837 0,2178 0,1433 0,3367 0,3933 0,4952
0,50 0,2379 0,1819 0,1145 0,2810 0,3252 0,4011
0,60 0,1985 0,1579 0,1012 0,2314 0,2646 0,3205
0,70 D.,1644 0,1324 0,0926 0,1885 0,2126 0,2529
0,80 0,1351 D,1124 0,0842 0,1520 0,1690 0,1974
0,90 0,1099 0,0944 0,0749 0,1216 0,1332 -0,1527
1,00 0,0886 0,0782 0,0651 0,0964 0,1042 01172
1,20 0,0558 0,0515 0,0460 0,0591 0,0623 0,0678
1,40 0,0337 0,0321 0,0300 0,0350 0,0362 0,0383
1,60 0,0195 0,0190 0,0183 0,0200 0,0204 0,0211
1,80 0,0108 0,0107 0,0104 0,0110 0,0111 0.0113
2,00 0,0058 0,0057 0,0056 0,0058 0,0058 0,0059

Mpumeuwanue. [pu z > 1,80 3navenna GyHKUMH COBNANAIT CO SHAYEHHAMK (DYHK-
mas erfe @2z ¢ TOUHOCTEIO OO0 YeTBEPTOre 3HAKA BKIIYHTENRHO,

Tabnuuwa 17
3navenna pyuxuun C,(2, € p)

p=0,0
¥ €e=0,1 SeleS 1,0 -0,1 —0,5 —{,8
0,02 0,5477 00,5568 0,5631 0,5404 0,5098 0,4253
0,04 0,5311 0,5478 0,5697 0,5179 0,4660 0,3493
0,06 0,5144 0,5373 0,5541 0,4966 0,4315 0,3090
0,08 0,4975 0,5254 0,5464 0,4765 0,4045 0,2880
0,10 0,4805 0,5122 0,5368 0,4575 0,3834 0,2776
0,15 04382 04742 0,5045 0,4142 0,3472 0,2714
0,20 0,3968 04312 0,4631 0,3757 0,3230 0,2718
0,25 0,3572 0,3862 0,4157 0,3406 0,3025 0,2691
0,30 0,3201 0,3421 0,3663 0,3082 0,2824 0,2611
0,35 0,2859 0,3011 0,3189 0,2779 0,2613 0,2481
0,40 0,2546 0,2644 0,2762 D,2496 0,2393 0,2314
0,50 0,2005 0,2039 0,2081 0,1988 0,1953 0,1928
0,60 ,1562 0,1572 0,1584 0,1557 0,1547 0,1540
0,70 0,1201 0,1204 0,1207 0,1200 0,1198 0,1196

lNMpumeuanrnuye [lpuanaveHunax z > 0,70 3HaueHne GyHKUHHE CORTIAOET CO IHAYEHHA-

M pyHKwn ierfc (p + 1) z.

3
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0,1 0,5 1,0 -0,2 —-0,5 —1,0
1,4553 0,4132 0,3812 0,5063 0,5908 0,9396
0,4078 00,3495 0,3024 0,4726 0,5677 0,8537
0,3646 0,2936 0,2324 0,4373 0,5338 0,7732
00,3285 0,2455 0,1715 0,4014 0,4945 0,6982
0,2902 0,2051 0,1203 0,3659 0,4532 0,6284
0,2584 0,1720 0,0798 0,3313 0,4118 0,5639
0,2298 0,1452 0,0502 00,2984 0,3716 0,5043
0,1806 0,1063 0,0171 0,2382 0,2973 0,3993
0,1406 0,0798 0,0049 0,1867 0,2333 0,3119
0,1082 0,0605 0,0012 0,1440 0,1800 0,2402
0,0821 0,0457 0,0003 0,1094 0,1367 0,1823
0,0614 0,0341] 0,0001 0,0818 0,1023 0,1364
00452 0,0251 0,0000 0,0603 0,0754 0,1005
0,0234 0,0136 0,0000 0,0313 0,0391 0,0521
0,0114 0,0063 0,0000 0,0152 0,0190 0,0253
0,0052 0,0029 0,0000 0,0069 0,0087 0,0115
0.0022 0,0012 0,0000 0,0030 0,0037 0,0049
0,0009 0,0005 0,0000 0.0012 0,0015 0,0020

p=0,25
0,1 0,5 1,0 —-0,1 -0,5 -0,8

0,5428 P,5518 0,5581 0,5355 0,5051 0,4821

0,5215 (2,5380 0,5498 0,5085 0,4574 0,3426

0,5003 0,5228 0,5393 0,4830 D,4194 0,3003

0,4792 0,5063 0,5268 0,4589 0,3894 0,2774

0,4583 0,4887 0,5123 0,4362 0,3655 0,2652

0,4070 0,4405 0,4690 0,3847 0,3229 0,2536

0,3582 0,3891 04179 0,3393 0,2927 0,2478

0,3128 0,3376 0,3632 0,2987 0,2666 0,2386

0,2715 0,2892 0,3090 0,2619 0,2312 0,2243
0,2344 0,2459 0,2595 0,2283 0,2158 0,2059
0,2014 0,2083 0,2168 0,1979 0,1906 0,1851
0,1468 00,1489 0,1514 D,1458 0,1437 0,1421
0,1050 0,1055 0,1061 0,1047 0,1042 0,1038
0,0735 0,0736 0,0737 0,0734 0,0733 0,0732
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Tadbnuua 17 (mpomonkenne)

Fpmi ..r.-.'".n.i'.-inﬂ....h CL it e L ki

p=1,0
z e =0,1 0,5 1,0 —0,1 -0,5 ~0,8
0,01 0,5463 0,5508 0,5540 0,5423 0,5260 0,4760
0,02 0,5283 0,5371 0,5432 0,5212 0,4914 0,4093 ;
0,03 0,5108 0,5233 0,5322 0,5007 0,4601 0,3580 R
0,04 0,4935 0,5093 0,5206 0,4810 0,4321 0,3231 -
0,05 0,4765 0,4951 0,5086 0,4619 0,4070 0,2957
0,06 0,4597 0,4808 0,4963 0,4435 0,3845 0,2751
0,07 0,4433 0,4633 0,4836 0,4258 0,3643 0,2595 '.
0,08 0,4271 0,4518 0,4705 0,4087 0,3462 0,2473 7
0,09 0,4112 0,4371 0,4572 0,3922 0,3299 0,2378
0,10 0,3956 0,4244 0,4435 0,3763 0,3151 0,2301 ;
0,15 0,3286 0,3494 0,3725 0,3050 0,2572 0,2048 ;
0,20 0,2584 0,2802 0,3010 0,2454 0,2138 0,1842 '
0,25 0,2037 0,2187 0,2345 0,1954 0,1768 0,1609 A
0,30 0,1583  0,1672 0,1773 0,1536 0,1435 0,1355 * e
0,35 0,1213 0,1260 0,1316 0,1189 0,1139 0,1100 *
0,40 0,0917 0,0940 0,0967 0,0906 0,0883 0,0866

Ipumedanue lNpuinavenuaxz > 0,40 snaverne HYHK MK COBMAMIAET CO INAYEH HAMH

dyuxumm ijerfe (1 + p)z.

0,0086

p=04

£ e=0,1 0.5 1,0 -0,1 —-0,5 —0.8 .1
0,01 0,5173 0,5217 0,5248 0,5136 0,4979 0,44 98
0,02 0,4728 0,4810 0,4867 0,4662 0,4387 0,3638
0,03 0,4309 0,4420 0,4498 0,4220 0,3864 0,3001
0,04 0,3914 0,4047 0,4143 0,3809 0,3404 0,2528
0,05 0,3544 0,3692 0,3801 0,3428 0,3002 0,2171
0,06 0,3198 0,3355 0,3473 0,3077 0,2650 0,1896
0,07 0,2875 0,3037 0,3160 0,2754 0,2343 0,1678
0,08 0,2576 0,2737 0,2862 0,2458 0,2073 0,1500
0,90 0,2300 0,2456 0,2581 0,2188 0,1886 0,1350
0,10 0,2045 0,2194 0,2315 0,1941 0,1627 0,1221
0,15 0,1075 0,1164 0,1246 0,1020 0,0879 0,0737
0,20 0,0513 0,0549 0,0587 0,0492 0,0446 0,0406
0,25 0,0222 0,0232 0,0244 0,0216 0,0204 0,0195
0,30 0,0087 0,0089 0,0092 0,0083 0,0082

IHEe COOTBCTCTBCHHO B KaXaoH M3 obnacrted HEONHOPOOHOCTH, M CIIOXHTH
YaCTHYHbIE BETHYMHBI peyKiuH, obycnoBnHBaembie paboToH KaxHo# H3 vac-
Tel Bomo3abopa.

[Ipu oueHKe XapakTepHCTHK PpeAYKUMH B YCIOBHUAX KOMIICHCAIIHOHHOTO
MUTAHHA TIONIe3HbIMH OKAa3bIBAKOTCA OLEHKH 3HAYEHHH NpeJesIbHBIX BelTHYHH
GYHKIUHHE OTHOCHTEIILHOHW peaykuxH. Yacto okaswiBaeTcs, 4TO COOTBEICTBYIO-
LLIME Mpene/ibHbIe 3HA4YeHHA HACTOJIBKO HE3HAYHMTEJIbHBI, YTO pacyeT BpeMEeHHBIX
3aBHCHMOCTEH H3IMEHEHHA MOBCPXHOCTHOTO CTOKA B TAKHX YC/IOBHAX He mnpef-
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p=12,33

0,1 0,5 1,0 ~0,1 -0,5 —0,8
|
(0,5332 0,5377 0,5409 0,5294 05134 00,4662
0,5032 0,5117 0,5176 0,4962 0,4675 0,3886
0,4742 0,4860 0,4944 0,4646 0,4263 0,3323
(0,4462 0,4608 0,4713 0,4345 0,3895 0,2903
00,4192 0,4361 04484 0,4060 0,3567 0,2586
0,3932 04118 0,4256 0,3789 0,3275 0,2342
0,3682 0,3781 0,4030 0,3532 0,3014 0,2151
0,3442 0,3649 0,3807 0,3290 0,2781 0,1997
0,3213 0,3423 0,3588 0,3061 0,2571 0,1869
0,2994 0,3111 0,3372 0,2845 0,2382 0,1760
00,2049 0,2220 0,2372 0,1939 0,1650 0,1346
0,1342 0,1448 0,1554 0,1281 0,1136 0,1005
u,0843 0,0895 0,0952 0,0815 0,0753 0,0703
0,0508 0,0529 0,0553 0,0497 0,0475 0,0457
0,0294 0,0301 0,0308 0,0290 0,0283 0,0274
0,0163 0,0163 0,0167 0,0162 0,0160 0,0158
: p=9,0
0, o . : = _

0,1 0,5 1,0 J- -0,1 -0,5 —0,8
04714 0,4756 0,4785 0,4679 0,4532 0,4084
0,3892 0,3963 0,4013 0,3835 0,3597 0,2961
0,3174 0,3262 0,3225 0,3104 0,2826 0,2172
0,25355 0,2651 0,2720 0,2481 0,2199 0,1618
00,2030 0,2124 0,2194 0,1957 0,1698 0,1223
0,1590 0,1677 0,1744 0,1524 0,1301 0,0936
0,1227 0,1304 0,1364 0,1171 0,0990 0,0720
0,0933 0,0998 0,1050 0,0888 0,0747 0,0556
0,0699 0,0751 0,0794 0,0693 0,0553 0,0427
0,0515 0,0556 0,0590 0,0488 0,0413 0,0326
0,0088 0,0094 0,0101 0,0084 0,0076 0,0068
0,0010 0,0010 0,0011 0,0010 0,0009 0,0009
0,0001 0,0001 0,0001 0,0001 0,0001 0,0001
0,0000 0,0000 0,0000 0,0000 0,0000 0,0000

— —

CTaBIAeT HMKAaKoOro MHrtepeca. llna ycnoBuH orbopa nmoj3eMHBIX BOJ JIMHEH-
HbIM pAAOM CKBOXHH B npeienax mepBoH ob6macTH HEOOHOPOAHOCTH (CM.
cXeMy Ha puc. 3.2, a)

= (vg2/8:1)shgy(x,— d) + chg, (x,~d)
(vg2/81)shg x, +chg,x,

: (3.67)

Ina ycnosui orGopa nmoa3eMHBIX BOA JHHEHHBIM HIH OJIMHOMHBIM BOJ03a60-



pOM B Mpefienax BTOpo# 061acTH HEOMHOPOAHOCTH (CM. cxemy Ha puc. 3.2, )

E_Eltd -y )
(3.68)

T o
chgyx, +(vga/g, )shg, x,

[Mpu otGope 10/13eMHBIX BOJL NOJIOCOBBIM IUTOLIAHBIM BO/L03a00pOM, LETHKOM

PAclIONIOKEHHBIM B NEepBOH 0ONACTH HEO/IHOPOMAHOCTH (CM. CXeMy Ha pHC.
33,a),

vg
e Shgl(xl_zl}+gE:‘:hgi (x;—&,)—| shg,(x1—&2) "‘E—zﬂhgl{xl_sz )‘{
— LT | I

(52— £))8 (:;—h shg x; + Ehg.x,)
1

(3.69)

NPH YCIIOBHAX CXeMBbI Ha puc. 3.3, 6

E"‘E-: (£:—X,) _# E—E;(t; — )
e | (3.70)

V&2
g2(&2 —E}l(_g'l_"'ﬁhglxl + Ehgl-’ft)

3.3. CXEMBI MNTACTOB-NONOC

Huxe paccMaTpHBAIOTCA XaPaKTEPUCTHKH pelly KIMM NOBEPXHOCTHOrO CTOKA
B YCIOBHAX cxem Iuiactos-nonoc (cm. puc. 2.10): nnacra-nosocel ¢ AByMA
rpaHMIA@MM THTaHMA (2) M IUIACTa-1OJIOCHl ¢ PasHOPOIHBIMH rpaHuiamu (6).
Kak oTtmMe4anoch Bbillle, XapaKTEPHCTHKH pPEAYKUHM B YCIOBHAX OIHOpPOA-
HBIX IUIACTOB C Napa/UiejibHBIMH NPAMOIHHEHHBIMH IpPaHHIAMH OJIHHAKOBBI
[, ycnoBui oT6opa MOA3eMHBIX BOJ OJIMHOYHBIMH BOIM03abOpaMH M JIHHEH-
HbIMH BoJl0o3abopamm, mapannensHsiMH rpaHuuam. [loaroMy /s Hccnenosa-
HHA COOTBETCTBYKIIMX 3aBHCHMOCTEH, OTBEYAIOIUMX YCIOBHAM OJIMHOYHOrO
Bo/103a60pa, OTCTOAWIErO OT PEKH HA PACCTOAHMM d, WIH YCIIOBHAM Mapaniesnb-
HOTO peKe JIHHEHHOro Bo[03abopa, HaXOIALErocA Ha TaKOM Xe OT Hee paccTo-
AHUM, JIOCTATOYHO HCCIeI0BaTh OOHOMEPHYIO CXeMY (PHIbTPALMH,

PaccMOTpHM OJTHOMEpPHYI0 CXeMy QWIbTPAlHH, COOTBETCTBYHILYI YCIIO-
BHAM IUIACTA-NONOCH C JBYMA rpaHHuaMH nutaHua. [lockosisky obnacts
buIbTpaLMK ABNACTCA OrpaHHYEHHOM, IUVIA MTCITEIOBAHHA XapaKTEPHCTHK pe-
IyKIMH MOXHO BOCMO/Mb30BATHCA pe3ynbraTame, nmpusefeHabiMM B 1.1. [lpn
BOf1I00TOOpe, COCPEJOTOYEHHOM HAa PACCTOAHMH d 1OT JIEBOH I'DaHH LB M TAHUA,
byukuua f(X) umeer Bux 8 (X—d); noaromy no dopmyne (1.94) xorpdu-
UMEHTBI X WMEIT BbIPaXEHHE Xjx =€k {c_ﬁ. B ycnoBuAX HacTOAILEH CXeMBbl,
yXe paccMaTrpuBaBuIeica B 2.3, BblpaXeHHA UIA COOCTBEHHBIX IJJIEMEHTOB
6buTH monyueHbl B BAme (2.72); B COOTBETCTBMM C 3THMH pPaBEHCTBaMH Ha-
X0luM Ko duumeHT ax B Bupe (1.130)

ax =2 -nk,

Fry.Ti
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a koapdunment Cp — B Buae (1.133)
_ 2k -sinknd

O =
k ﬂ.lkl +x1

(3.71)

Cymma xo3dpduimentos Cy cornacHo dopmyne (1.132), mact BerHyMHy lpe-
le/IbHOM OTHOCHTE/IBHOH PEdYKLUMH M0 OTHOIUEHMI0O K JIEBOH TIpaHHUe 7.

COOTBETCTBYIOUIMH PpAll B PAacCMAaTpHBAcMbIX YCIOBHAX CYMMHpYeTCA, MpH-
yem [48]

sh(x—x1)
= : 3.72
Y ho ( ]

rie X =gL, X, =gd. AHaJOrWYyHO NpelenbHas OTHOCHTE/IbHAA PeAyKUMA [0
OTHOLLIEHHIO K TPaBOH IrpaHHle HMeeT BHUIL

shy
Yo B (3.73)
shx

Ux cymma paBHa oOuled Be/IMYMHE MNPEAEIBHOH OTHOCHTENIBHOW pElyKUMH,
d HMEHHO

i
Y= Eh(f_] 2) : (3?4]

ol

chE
2

Ha puc. 3.4 npuseneHbl rpapukd CyMMapHOH mnpefebHOM OTHOCHTENbHOH
penykuu. [Ipy OTCTYTCTBHH KOMICHCAUMOHHOTO NMHUTAHHA BETMMHHA NpENENb-
HOH OTHOCHTEJIbHOH PedyKUMH 7Y ; N0 OTHOWICHHIO K JICBOH rpaHHle NHTaHua
paBHa 1 —d; no OTHOUICHWIO K MpPaBOH OHA paBHa d; CyMMapHasA BeJIHYHHA,
oueBMIHO, Gysler paBHa emuMHMie. PYHKUMA OTHOCHTENbHOH peayKuuH B 06-
leM CiTydae 3aBHCHT OT Tpex Ge3pa3mepHbIX MAPAMETPOB: BPEMEHHU [, paccTos-
i d ¥ MapaMerpa KOMIIEHCALMOHHOTO MHTAaHUs, 4TO [enaer Taby/MpOBaHHe
JTOH 3ABUCHMOCTH 3aTPY/IHHTENbHbIM; 3HaueHWA GYHKUMM Wo (f) uiA wacT-
Horo ciayuas g =0 npupenenst B 1abn. 18.

3HaueHHA (PYHKIMH OTHOCHTENIHOW HHTErpalbHOH PpeAyKuuH (MO OTHO-
IeHHI0 K MpPaBON TIpaHMIle IMTaHWA), onpepeneHHsie no dopmyne (1.138)
JUIAl YCTIOBHII OTCYTCTBUA KOMIIEHCAITHOHHOTO TIHTAHMKA, NpuBeeHs B Tabn. 19.
BejiwuMHa acHMITOTHYecKoro xoddgdmuiumenta vy (1.139) B obmem cayuae
OKa3bIBa€TCA paBHOH

% 35"1}("311{?( — X1) — shy,
szh?x

4 NpH OTCYTCTBHH KOMIEHCALIHOHHOTO MHTAHHA

Vo

: (3.75)

Vo =%u —d)(2=d). (3.76)

AHANOrHYHO PACCMATPHUBACTCA M CXeMa IUIACTA-NONIOCH C Pa3sHOPOAHbIMH
rPAHWLAMM; BBIPaXEHMA JUIA COBCTBEHHBIX JNIEMEHTOB onepatopa (HnbTpa-
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P wuc 3.4. N'padHKH 3aBUCHMOCTH BeMHUHHBI NpelenbHOrN0 OTHOCHTENBHOI'O COKpALUEHHA
pacxoma peKH OT napamMeTrpa KOMIICHCAIMOHHOTO IMTAHKA B YCINOBHAX ONHOPOOHOTO NMony-
orpaHMueHHoro miacta (/), nmacTa-monockl ¢ ABYMA rpaHHuamMH maTaHus (2) W macra-
MONIOCK! ¢ PASHOPOJHBIMK TpaHKLaMu ()

Undper y kpupsix — suavenus d = d/L

UMH VIR 3TOro Ciydas onpemenswrtcsa gopMmynamu (2.73), BenHuMHbi K03d-

(unuenToB Cy
i L
cnsw(k - —) d
2

Cr =n(Zk-1) : (3.77)

2 l ? 2
n k- —) +
( 2) 5

BbIpaAKEHHE [UIA HPBHEJ'ILHGH OTHOCHTEJIbHOH PEOYKIUHH B YCJIIOBHAX KOMIICH-
CAUHOHHOIO NUTAHHA HMEET BHI

_chlx—x1)
chy '

(3.78)

I'padux 3aBHCHMOCTH 7Y OT. HapaMeTpa KOMIMEHCAUHOHHOTO MMTaHWA TIpHBe-
JiecH Ha puc. 3.4, 3HavueHuA QYHKUMH MpenesibHON OTHOCHTENBHOM pENYyKIHH
B YCIIOBMAX OTCYTCTBMA KOMIEHCALMOHHOIO NMUTaHMA cBefeHsr B Tabm. . 20.
OyHKIHMA OTHOCHTEIIBHOH MHTErpajibHOM pefyKIMH, KaK M B ~ Ipeblayuem
cnyyae, omMceiBaeTca dopmynoit (1.138), npuuem ko3hdHIMEHT U, HMEET B
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00X YCIOBHAX BhIPAXKEHHE

S shy; + ﬂTSh(x — X Jehx (3.79)
5 2xch? ¥
d NNpH UTCFTETBHH KOMMEHCAIHOHHOIO NMHTAdHHA
uﬂ=£;.(2_&“)_ (3.80)

3HaueHua (PYHKIMH OTHOCHUTEJIBHOM MHTErpajibHOH pPENyKIMH MPHU OTCYTCTBUH
KOMIIEHCAIMOHHOT O TIMTaHUA [IpHBe/IeHbI B Tabn. 21.

Ecnu orGop mMOp3eMHbIX BOJI Befercs MIOMAAHBIM Bo/lo3abopoM, HMelo-
muM  GopMy TOJNOChl C TpPaHWUAMW, MNApAIENbHBIMH [PAHHIEAM NHTAHUA

g

P w c. 3.5. Cxemnl mmouagHoro somoorbopa

B YCIOBHAX IDIACTOB-MONOC C NBYMH I'DaHHLIAMH

MTAHHUA (@) W C pa3HOPOMHEIMY IPAHHILAMH (&)
[Tlonoca sonooTDupa 38I0TPHXOBAHA

(puc. 3.5, @, 6), T0 B Cilyyae MUIACTA-TIONIOCH C TPAHHUAMH MUTaHUA QYHKIMA
OTHOCHTENbHOH peflyKIMH MO OTHOIIEHHIO K JIeBOM I'DaHHKIIE MoXKET ObITh mpell-
CTaBJIEHA B BHIe

= ) coskmXx,—cosknx, _, -
Wo(D)=71—2 —— 2 e B2
S U s ) e X2~ X4 d (3.81)
e % =% =
Xy— Xy +X
w2l 222
¥, = % : (3.82)
xshx(X2—X;)

B yacTHOM cnyuae, KOrga KOMIICHCAIMOHHOE MMTaHHE OTCYTCTBYET, MPEHellb-
Had OTHOCHTENbHAA pPefyKIMA IO OTHOLUGHHI0 K JIEBOH TI'paHHMIIE CTaHOBHTICS
PABHOH

X, + X,
vy =1 = 5 —. (3.83)

Fenu monoca BOAooTOOpa 3aHMMaeT BCl 0OnacTh QWIBTpaUHH, TO X =0,
¥,=1 u ¥; =0,5. I'padbuxu yHKIMH OTHOCHTEJILHOH peNyKUMM i 3TOTO
cnyuas mpwBesieAsl Ha puc. 3.6, a. Ha puc. 3.7 npusenenbl rpabuxu QyHk-
(Mil OTHOCHTEJIBHOH HMHTErpajisHOM PENyKIMHK JUIA Tex Xe yCIoBud (T.e. Koraa
KOMIIEHCAIMOHHOE THTaHHE OTCYTCTBYET, a IUIOLWANHON BOAOOTOOpP 3aHHUMAET
BCIO MOJIOCY, COCTABIIALIY I 06/1aCTh PWIBTPALMH) .

AHANMOTHYHO paCCMATPUBAKTCA YCIOBUA IutowagHoro orbopa B yCrnoBHAX
(U1aCTa-OMOCKIC PasHOPONHBIMH rpamuuamu (puc. 3.5, 0). Tlpu atom, Kax
NerKo yoeauTsecA, MpoBeasA HeoOX0JUMBIC BRIKJIaKH, NpefleibHad OTHOCHTE/IbHASA
B. 3ax. 257 113
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P u c. 3.6. 'padMKy BpeMeHHKIX 3aBHCHMOCTeR (DYHKIMH OTHOCHTETHHON PellyKIMH B yC-
NOBHAX, KOTTa NolaaHoit Bofo3abop 3aHHMaeT BCIO NONOCY >
| — ciywail NNacT2-NoNocH! ¢ ABYMA FPAHMOAMH OMTAHWA; 2 — CAYYad MIACTA-MONOCHI C
PAIHOPOIHBIMH T DAHHILAMK ;

ar G2 0Y Q604810

P u c. 3.7. I'padmxu ap-nueunﬁx 3aBHCHMOCTell DYHKIIMM OTHOCHTENbHON WHTerpanbHON
PEAYKIMH B YCIOBHAX IUIONRAHOTO Boflo3abopa, 3aHHMAOINETO BCIO TEPPHTOPHIO IUTacTa-
TOJOCHI 3

1 = ¢ AnyM=a rpaHHUAMM MATaHuA; 2 — ¢ PA3HOPOOHBIMM TPAHMIAMH

i

peflyKIMA MMeeT BblpaxeHue Bua (3.84) '
; 1
2xchx(¥-%;)

MpH OTCYTCTBUH KOMIEHCAUMOHHOTO TMHTAHHA 3TO0 BbIpAXKeHHE yipouaercs,
KA4aK H J0JI%HO DObiTh, 10 BHOA

Y = | {3.85)

Ha pwc. 3.6 npuBeseH rpaguK BpeMEHHOH 3aBUCHMOCTH (DYHKIMM OTHOCHTEb-
HOH pefyKIMM VI YCIOBHH, KOIJd KOMIIEHCAUMOHHOE IMUTaHHE OTCYTCIBYET, |
a ofnacte BOmoOT6Opa 3aHMmaer BCio oGnacrs QuabrpauMM; Ha puc. 3.7 mpH-
BefleH COOTBETCTBYIOUMA 3THM XKe YCIOBHAM TpaduK BpeMeHHOH 3aBHCHMOCTH
OTHOCHTE/IBHOR HHTETPAIBHOM PEIYKLMH. '

y [sh2X(1-%)—sh2x(1 —%)]: (3.84)
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I'napa 4

OLEHKA 3KCINIYATAUWOHHBIX PECYPCOB
MOA3EMHBIX BOI
MPA NEPUOOHUYECKOM PEXUME WX OTBOPA

[TepuomMueckuii pexcdm OTGOpa MOJ3eMHBIX BOJ XapaKTepeH I YCIOBHH
WX MCTIONb30BaHUA B OpoineHun, [Ipn ruporeoioruyecKux pacuerax BoJio3abo-
pOB TOM3EMHBIX BOJlI MPPHIrallHOHHOTO HasHAYeHWA TPaAHUIHOHHO HCIONB30-
BATHCh CMOCOOBI, CBA3aHHBIE C NpeNCTaBJIEHHEM pacyeTHOro rpadMka BoOIO-
orbopa B cryneHyarom Bupe [6, 31, 41, 59|, npuuem peaxums reoguwisrpa-
IIHOHHOHW CHCTeMbI Ha BO3MYIICHHE TaKOr0 BHA HaXOJMTCA C NOMOILLbIO NpPHH-
UMIa CyNnepnosuiim, CIOXKEeHHeM peakiHH OT BIHAHHA KaXIOH M3 CTyneHeH
B OTOENBHOCTH.

OueBHIHO, CTYNeHYaTblH rpaduk BOAOOTOOpa HICATHIHPOBAH M CIYXHT
WCKITHOUMTENBHO IUis yHobcrBa NpOBEIEHHA pAacyeToB C HCNONB30BAHHEM
IW/IpaBIIHYECKHUX CcONMpOTHBIEeHHH. H3BecTHn MOIMOPHKAUMH, YTIpOLLAIolHe
nnpUMeHeHne ykasanHoro cnocoba [30, 31]. MoxHo npencraBuTh cebe, 4TO B
KKOOM OTHENBHO B3ATOM rogy ¢opma rpadmxa BopgooTbopa HNeHCTBHTETBHO
MOXKET MpHOTHXKATBCA K CTYNEHYaTOH, OJHAKO OT rofila K rojly KakK BelHYHHBI,
14K M CPOKM Hayala ¥ KOHIA KAXIOH CTYyNeHH NOJBEpXEHBI B JIWOBIX NpH-
POJIHO-XO3AHCTBEHHBIX  YCJIIOBHAX CIYYaHHBIM Konebanuam, OOYCIOB/IEHHBIM
MHOTOYMCJIEHHBIMH  €CTECTBEHHBIMM M JKCIUTYaTAUHOHHBIMH  (paKTOpamH.
[loaToMy B OT/IHYME OT CYIUECTBYIOUIEH MPAKTHKH pPacuyeTOB MPOH3BOIHTENb-
WOCTH BOJO3a0DOpOB Ha OCHOBE [IeTepMHHHpOBAHHOro rpaduka nebura, coot-
BETCTBYIOLIENO0 XapakTepHOMY peXHMy OTOOpa MoA3emMHBIX BOJA B MHOrOJIeT-
HeM pa3spe3e, pasfe/ibHBIH Y4eT ycpeOHeHHOro ruiporpacda ux orbopa u ero
(W1y4yaiHbIX KoJieGaHHA B OTEIbHBIC rObI JOJDKEH NPHUBOOHTH K Gojiee 06OCHO-
WAHHOH OLEHKE IKCIUTYaTAUMOHHBIX PECYPCOB NMOA3EMHBIX BOJL.

Ycpennenunit rpaduk orfopa nomzeMHbIX BOJI, TIOHHMAaeMbii KaK CpEIHMH
10 pANY KOHKPETHBIX JIET, T.6. KAK MaTeMaTHYeCKOe OXHI3aHHEe, HMEeT MNpH
JIOM  CITIAXEHHBIH XapakTep, YTO CBA33HO CO CJIYYaHHbIMH BapHAUMAMH
HAMATT H KOHUOB Kax/1o# crynedHu. Kak uiBecTHO, 3pdeKTHBHBIM CpeACTBOM
ONMCAHHA ITIAKUX BpPEeMEHHBIX NMEepHOOHYECKHX 3aBUCHMOCTEH CIIYXaT paio-
KCHHA B TpuroHomerpHuyeckue psambi Oypse [29]. Meroasr Takoro aHanusa
ICPHOMIMYECKHUX MPUPOMOHBIX W TEXHHYECKHX NPOUECCOB LUMPOKO NPHMEHAOTCH
[2, 29, 51]. Ucnons3oBanue psanoB ®ypbe NO CpaBHEHHK C METOOM CTyMeH-
UATBIX THAPOTPadOB aeT psAll NpeHMYLIECTB

1) cokpaimaercas oGbeM HEOOXOOHMBIX BBIYMCIIEHHH, OCOOEHHO eCiiM Tpe-
fyerca TONMBKO pacyeT XapakTepHbIX (IKCTpPEMAIbHBIX) BEJIHYHH peaxkuHH
reOQHWIBTPALMOHHBIX CHCTEM Ha MEPHOIHYECKOE BO3MYLLIEHHE,

2) ofineruaeTcA TeOPeTHYECKHMH aHA/IU3 MONyYaeMbIX 3aBHCHMOCTEH OT
OT/IEIbHBIX (PAKTOPOB M NapaMeTpOB;

3) Mano3HauMMbie JIOKANbHBIE OCOGEHHOCTH H Ciy4yaHHbIe TOMEXH, CONIep-
AKalllHecs B MOJNydaemblX Ha NMpakTHKe ruaporpadax soaooT0opa, B Cyilect-
NCHHOM CTeMeHH NoKaTH3ywTca B obeproHax painoXeHWs W INpH OTOpachiBa-
HHH MOCITeIHHX HCKITHYATCA.

Pasno)enue NepHOAMYECKOH BpPEeMEHHOH 3aBHCHMOCTH BOHOOTOOpa ObUIO
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npuBesieHo B riase | B Bume (1.56). CXoguMOCTh 3TOTO psfia, T.e. XapaKTep
yObiBaHHA BeNHuMH KO HIMEHTOB (), NPH BO3PaCTaHUH HOMEpa rapMOHHKH
H, CBA3aHA C XapaKTepUCTHKaMH rnagkoctd ¢gyuxkuuu Q(r) [29]. Benencreie
TOTO YTO0, KaK YKasbIBATOCh BBIIIE, peajlbHble CpelHEMHOTOJNIETHHE rpadMKH
BOJOOTOOpa XapaKTepH3YHTCA [OCTATOYHO BBICOKOH TINaJAKOCTbI0, OCHOBHYIO
HHPOpMaLKI0 06 H3MEHEHHN BETMYMHBI BOJOOTOOpP2 BO BpeMeHM HECYT IepBBIE
[IBe—YeTbIpe rapMOHUKHU pasnoxxenusa (1.56). FapMOHHKM BBICIHMX MOPANKOR
BCI/IE[ICTBHE CPAaBHUMOCTH BEITHYHH HX aMIUIHTY C BeJIHYMHAMH MOIPElTHOCTEH
HHOOPMALIMK O pexuMe BOHOOTOOpa HEIOCTOBEpHBI, a UX PONb B (GOPMHUPOBA-
HHM 3HauYeHHH (yHKuMKM ((f) HeBenHka, MOITOMY FAapMOHMKH BBILLIE TPETHETO —
YETBEPTOTO NMOPAAKA MOTYT ObITh MCKIIIOYEHBI U3 PACCMOTPEHUSA.

~ Hockonbky 4ucio OHEH B rojly NpaKTHYECKH COBNAAET C KOJIMYECTBOM
rpadycoB B TiepHojle TpUroHomeTpuueckux dymxuuit (360°), npencrarnserca
yHAOOHOH rpamycHas Mepa yrmiOB, OIMH rpafgyc YrjlOBOH Mepsi IpH 3TOM INpaK-
THYECKH JIKBHBAICHTEH O[IHHM cyTKaMm. C yueTom 3TOro 3amMeydHMs pacyeTHas

3aBHCHMOCTh BENMYMHBI OTGOpa MNOMI3eMHBIX BOO OT BpPEMEHM MOXET ObITh
ApeJCTaBlieHa B BUIE

N

Q) = Qs + Z Q,cos(nt—y,), (4.1)

n=1

rae N — 4HCII0 yYHThIBaeMbIX FapMOHHK; BpeMsA H3MepsAeTcs B cyTKax, a daszo-
Bble YIJIBI o, — B rpagycax.
Ilpu olleHKe 3KCIUTyaTAHOHHBIX PECYpPCOB MOI3€MHBIX BOI B YCIOBHAX
NepHOOHYECKOTO peXuMa BOHOOTOOpa BCTPEYAOTCA 3alauyd [BYX THIOB:
1) u3pecreH rpaduk BopacorGOpa; TpebyeTcs YCTAaHOBHTH, OyHeT AW MAKCH-
MAIbHOE 3HAaUeHHe NOHHIKEHHs YPOBHs (Halopa) NMOJ3eMHBIX BOJ| NpEBbILIATH
NpeesibHO HOTIYCTHMOE B MOCIEIHHHA IOl M3 pacyeTHsIX JieT; 2) 3apmaHa ¢popma
rpadmka BONOOTOOpa, T.6. rpaMK OTHOUIEHHH €ro 3HaUeHWl K CpeHerofo-
BOMY; TpeOyeTcs OnpedenuTs BeIHYHHY CpelHerogoBoro fgebura sono3abopos,
pH KOTOPOM MAaKCHMAJIbHOE MOHWKEHHE B MOCTENHUA IO U3 pacueTHBIX JIeT
PaBHO MpeJielIbHO JOMYCTHMOMY., ,
B rnase 1 (1.2) oBocHOBBIBaeTCA Mpe[CTaBlieHHe BpeMEHHOH 3aBHCHMOCTH
MOHW)XXCHHA B BHOE CyMMbl alCPHOIMYECKOH M IEPHOIMYECKOH KOMIOHEHT.
PaccmoTprmM NepHOIHYECKYH) KOMIOHEHTY NMOHHKEHHS, OonpeaenaemMyo hopMy-
noit (1.57). Tak kak S,(M, t) — nepuopuueckas GyHKUMA BpeMeHH, CyLIecT-
BYeT TaKoe 3HaueHue ! =1, (0<1,, <7 = 365 cy1), NpH KOTOPOM KOMIIOHEHTAa
Sp (M, t) nocruraer cBoero HauGONBIIErO 3HAYCHHA Sy, - B

N ]
S i Rnfm%ms{nrm+wn—wn(M). 42)

n=1

AllepHOJiMYeCKas COCTaBIIAKIIIAA N0 CPaBHEHHI0 C NMEPHOJHYECKOH M3IMEHAETCA
MEIJIEHHO, TO3TOMY MOMHO CUMTaTh, YTO HauboJibllee 3HAUEHHE TIOHM)KCHHA
KaX/IbId rof NpUXOOHTCH Ha OIOHY M TY Ke [ary, 3 HMEHHO COOTBETCTBYIOILY0
3HAYEHHIO I, . [IpH 3TOM Cymma

V) — v
S{ ) = S‘S] + Spm

n

LEFS




L

npencraBnfer cobon OUEHKY HauOONBLIErO NOHHKEHUA B v-i 1010 IKCIUTyaTa-
LLMH S}”} = So((y—1) 7 +1,) — 3HauUeHHEe anNepHOHIECKOH COCTABNAIOLLCH NO-

|MCHAS B Vi rojl Ha JaTy, COOTBETCTBYWLIYI0 BpemeHu [, .JLia peulenus
(lepBOi U3 TOCTABJIEHHBIX 3aiay, TAKHM 00pa3om, HeoOXOOUMO CPABHHTD BEIIHYH-
Wb Sf”"} W S gon — NPeesibHO AONYCTHMOE NOHHKCHHE YPOBHA (Hanopa) nom3em-

HLIX BOJII.
?]J‘IH pellieHuA BTOPOH W3 3ajau nNpeacrasum (4.2) B Buae

Q

RH‘I: 4'3
e (4.3)

Spm =
e
N ) N (44)
Rpm = X Rp(M)Q,cos(nt,,—p,—V,(M)), Qn=0,/Q.

n=1

B cootBerctBuu c dopmynon (1.55) cymmaphaa BevYHHA MaKCHUMAJIBHOIO
NOHHKEHHA B V-H roJl MOXKET ObITh

(v) — Qﬂ

{
Sm _T' Rr:}‘ {45]
I'Jie
R\ = Ro((v=1)7 + 1) + Rppm. : (4.6)

IUist pelieHHs BTOPOH M3 cHOpMYIHPOBAHHBIX 3a/1a4, TakuM 06pa3zom, noy-
Waem popmymy
TS
Qo = —% . (4.7)
v
Ri"ﬂ

Huxe paccmaTpHBawTCA METO/IbI FAPMOHHYECKOTIO aHAIM3a rpadHKoOB BOJIO-
01bopa (T.e. MeTOMBI BBIYMCIIEHHA NapaMeTpoB (,, H ¢,) ¥ ocoGeHHOCTH dop-
MMpPOBAHKA NEePHOIMYECKOTO IKCIUTyaTANMOHHOTO peXXHMa MO a3eMHbBIX BOJL B He-
KOTOPBIX KOHKPeTHBIX THAPOTe0/IOrHYeCKHX Y CITOBUAX.

4.1. TAPMOHHYECKHIA AHAJIH3
I'MJAPOT'PA®A BOJOOTBOPA

BuMcieHHe XapaKTepHCTHK pasnokenua (4.1) — senuunH O, M @, — win
KONKpeTHBIX rpadukKOoB BOOOOTOOpa MOXKET OCHOBBIBATHCA HA MHOTOYMCIIEH-
WX MeToax MpaKTHYeCKOTro rapmoHMveckoro aHanmusza [29, 51]. [lockonsky
i DONBIIHHCTBE C/TyyaeB 3aJlaHWe CpedHeMeCAYHbIX 3HAUCHHH BEJIHYMHBI BOJO-
orlopa npexacraenser coGol OOCTATOYHO HETANBHYI0 XapaKTepUCTHKY pexuma
poponorTpebnenua, npemanaraetca cnoco® onpenenenus BeMMYHH O, H ¢,
iMaornunsii u3BecTHbIM cxemaM K. Pynre [29, 51] u nonyuMBumii HasBaHue
"OXeMbl cpelHemecAvHbiX 3HaueHMH''. IlpW pacuerax mo 3TOH cxeme 3HAYEHHUA
CpeiHeMeCAUHbIX BeJIMYHH BOA0OTOOpa Q;‘(l <j< 12) BpINuCHIBAOTCA B IO-
pujike, nokazaHHom B taGi. 22. [locne >T0ro0 Han o6pazoBaBLIMMMCA MapaMM
IMUNeHHH MPOM3BOOAT CNOXEHHWA W BHIMHTAHMA, pe3yibTarbl KOTOPBIX -
COOTBETCTBEHHO BEJTHYMHBI U; M U; — BBINHCHIBAIOTCH B mocnenyiomme rpadgol

4 4%



Tabnuua 22

Cxema cpeaHemMecaYHbIX 3RaYeHHH AR onpegenesus KodpduuuenTor Oypse

(OnpenelenHe NepBHYHBIX CYMM H pa3HOCTH

oy o7 03 o3 o3 4
2 OF, o 03 (ZH LS
T —— -~ e
CyMMbI W, i, u, u, U, i,
Pa3snoctH v, L L Uy Uy Ug
Ounpenenenne BTOPHYHBIX CYMM H pa3HocTei

t, Uy U, U, Uy Uy

U, i, u, Vg v, U,
CymMMEl L=EI—T-~=E,' T#‘T_'T:: Cymmbl
PasHOCTH : A, A, L 8, 8, Paznoctd

pacqemnﬁ Tabnuupl. [locne BrinmosiHeHMs Ha[l HUMH MOCNEJOBATEIBHBIX C10XKe-
KOTOPBIX
BHIMMCNIAIOTCA KO3 hHIMEeHTHI paanﬂmerﬂm (4. 1) dypve Qo, Or, On:

HMA M BHIYMTAHHNA HaxOOAT BETHYMHBI E , 4, 0;, E

1 .
—(Z; +2Z; +Z3),

Go = >

Q) = 0,1592 A, + 0,1165A, + 0,0427 A,;
£, = G378 (3 —53);

Q3 = 0,1061 (A; — 4, — Ay);

04 =0,0689 (£, —2 2, + 33);

Oy
Q) =
03 =
Qi =

AMIUTHTYIBI ¥ (pa30BbIe Yribl pasnoXeHus (4.1) onpepgenswTcsa KaK MOAYITH H
apryMeHTsl KoMIUlekcos (), +

=VOy +

Yn =

= 0,0427 6, +0,1165 g, +0,1592 03;

0,0796 (6, +2 6, +63):
0,1061 (0, + 0; — 03);
0,1194 (5, —5,).

"
n

arctg  0/Qn, eciu 0, > 0O
180° +arctg 0,,/0,, ecnin 0,< 0.

MECAYHBbIX 3HaYeHUH. BenwyuHBI Q}" B YCIOBHAX
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iQ, (i — MHAMasA eIUHUHA)

npumepa

48)

(49)

[Ipumep 1. Onpepenenue napamerpos panoxenus (4.1) no cxeme cpenHe-
MpuUBeeHsl B
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Tadbnuua 23
3HavyeHnA CpeAHEeMECAYHBIX BeTHYMH 0TOOPA NOA3EMHBIX BOJ B YCIOBHAX mpuMepa, M’ [c

| 2 3 4 5 6 i 3 9 10 11 12
1,20 0,00 1,11 481 811 952 969 9,14 815 688 523 329
Tabnuua 24
Cxempbl cpeaHemMecAYHBIX 3HAYEHHE A YCHOBHIE npuMepa
IepBuyHbIe cXeMbl W Pa3IHOCTH
1,20 0,00 1,11 4,81 8,11 9.52
3,29 5,23 6,88 8,15 9,14 9,69
4,39 5,23 7,99 12,96 17,25 19,21 Cymmer (1)
-2.,09 —5,23 -5,77 -3,34 -1,03 | -0,17 PasdocTH (v)
Bropuanblie cyMMBI H PA3HOCTH
4,49 5,23 7,99 -2.09 ~5,23 -5,77
19,21 17,25 12,96 -0,17 -1,03 -3,37
L——_—_zﬁ:ﬂ' i
Cymmer (Z;) 23,70 22 48 20,95 -2.,26 ~6,26 -9.11 Cymmsl (o)
Pasnocrw (Aj) -14,72| -12,02| —4,97 -1,92 | 4,20 | -2,43 | Pa3nocty (§))

Ta6bnuna 25

Inavenua KoapdHuMeHTOB Dyphe, aMIHTY A # (PA3OBLIX YTIOB FAPMOHHK 10 YCIOBHAM
npumepa |

n 0 1 2 3 4
Qhs m'[c = ~4,64 0,38 0,24 0,002
n» Mfc - ~2,28 -1,02 0,006 0,006
On, M*[c 5,59 5,17 1,08 0,24 0,007
n & 206 290 1 71

SRR

rabn. 23, a pacueTsl IO CXeME CpeNHeMecHYHbIX 3HaYeHHA — B Tabn. 24. 3Ha-
ienns KoadpouurentoB Dypee, HaHeHHbIe ¢ NOMOUIBI TNOJCTAHOBKH BeJIH-
wmH X, A 05, 0; B dopmynsr (4.2), npuBesiensl B T1abn, 25. B 310 Xe T26-
ULE NAaHbI 3HAUEHHA AMIUIHTY[ TApMOHHK W (a30BBIX VITIOB, BhIYHUCIEHHBIE
o ¢opmynam (4.3). Ha puc. 4.1 npusepensl rpadMkH  CpefHeMecAYHBIX
JaueHud BopooTBopa M ero npubmwkeHUA pasnoxenuem (4.1), B KoTopom
yiepxkaHsl TpU rapMOHMKH. CreneHs NpHONHMicEHHS HCXOIHOTO CTYNEHYaTOro
I'pachHka BIOJTHE OOCTATOYHAfA, YBeNWueHHe pacueTHbIX 3HAYEeHMH BOHOOTOHO-
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Puc.4.1. I'padukn cpegsemecAYHBIX 3Ha4YeHWH BeJTHUMHBI BOOOTGOpA MO NAHHEIM npH-
mepa 1 (xpusas 1) u ero npubmnkenne pasnoxelmeM (4.1) c yueTom Tpex nepBBIX Irapmo-
HUK (KpHBas 2)

pa 1Mo BTOpOMY rpaduKy OTpasHrcd B HeGONBIIOM YBEITMUCHHH pAacueTHBIX
3HAYeHWH TMOHWKEHWs, YTO YNYULlaeT HAJeXHOCTh pacuera. HeBombirwe OTpu-
UATeNbHBIC 3HAUEHHWA pacyeTHOH BeJIHUMHBI BOOOOTOOpa B deBpae, Kak Oyner
MOKa3aHO B MOCHEOYIOWMX MpUMepax ¢ UCIOIb30BAHHEM ITOTO rpaduKa, npaK-
THYEeCKH He OTPAKAKTCA HAa pAacueTHBIX 3HAYCHMAX ITOHHKEHHA.

4.2. PACYET NEPHOOHYECKOH COCTABIAIOMEA MNMOHWKEHUA
B YCIIOBHAX HEOI'PAHUMEHHOIO OJHOPOOHOTO IUIACTA

Kak yka3eiBanocs B 1.4, peakius reo GrIbTPaIHOHHOM CHCTEMbI BO03a60p—

BOJOHOCHBIA [UlacT MOXeT ObIThb npefcraBrneHa B Buae (1.54), rme pacuer

anepHOIMYCCKOH cocTaBiasiomwen So (M, 1) omdcan B rnaee 2 HacTosieH pabo-
Thl; IepexojiHas KOMIIOHEHTA, KaK NOKa3bIBaeT aHallu3, BecbMa BBICTpo 3aTyXa-
eT (He mOo3Xe, 4eM B MEPBbIC OWH—TPU TOJa FKCIUTyaTalMK), H, TAKKM 0Opa-
30M, OCHOBHOH 3afjaueii pacueTa SKCIUTYaTAHOHHBIX PECYPCOB MOA3EMHBIX
BOJ [IPH MEPHOIMYECKOM peXHME BO0OTDOpa ABIACTCA, NOMMMO PaccMOTpeH-
HOH B [JlaBe 2 amepHOJHYECKOW COCTaBIIAOMIEH NOHHXEHHS, OTMpeerneHue
NEPHOAHUECKUX KOMIIOHEHT noHvkeHus. Kaxk ykaswiBanoce B 1.4, 31a 3amaua
CBOJMTCH K ONpe[e/IeHHI0 rapMOHMYECKHX CONPOTHBIIEHHH H (Ha30BbIX COBHIOR
B BhipaXenny (157), 4o NpHBOAMT, B CBOK OuYepels, K 3aHaue Mo HaXoXjie-
HHI0O YaCTOTHBIX XapaKTePUCTHK Ieo(WIbTpalMOHHBIX cHcTeM. Ofmiee Bhipake-
HHWE [Uig YacTOTHOH XapaKTepHCTHKH npelcTaBnser coboit dopmyna (1.57).

B namBosiee mpocTom ciiyyae IKCIUTyaTali TOMA3EMHBIX BOJ HEOIPaHWYEH-
HOrO OJIHOPOJHOTO BOJIOHOCHOIO IUIacTa OJMHOYHBIM Bofdo3abopom npu OT-

CYTCTBMH KOMMEHCAIMOHHOIO NHTAaHWA NepedaTouHas QyHKIMA NOHHKCHHUA
onpenensercas Gopmynoi (2.1). [loacrapinss p = iw B 370 BEIpaXKEHWE, HAXO-
[IAM Ha OCHOBAaHMM onpeneneHns Gyukumi Kenssuna [52], uro

R0t 0= MY/ 2) von o =of /) (4.10)

rae V(z) 1 ®(z) — MOJyNs W B3ATHIH C NPOTHBONOJIONHBIM 3HAKOM apryMeHT
3asucumoctelt N(z) n ®(z) — npuBonsATcA Ha puc. 4.2,
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Puc.4.2. Tpaduxn 2apucmocteft N (z) (kpusanl) u @ () (xpuBan2),z = rjw/a

Kpymapii 0630p NOA3eMHBIX BOJ [UIA Uejell OPOIUSHHs OCYLIECTBIIAETCHA,
KaK MpaBWiIo, He OJMHOYHBIMH BOJ03a00pamMH, a JIMHERHBIMM WIH TUIO IAH0Y-
HbIMH CHCTEMaMH CKBaXHH. PaccMOTpHM ciyyait oT60pa nofizeMHbiX BOJI OHO-
POOHOrO TUTacTa JIMHEMHOHW CHCTEMbI CKBAXKHH HEOTpPaHMUEHHOH ITPOTsKEeH-
Hocti, IIpH BRIBOAE pacyeTHBIX COOTHOIUEHWH Y4T€M BO3IMOXKHOE BIHAHHE
BaXKHOTO (haKTOpa, OKa3pIBAIOMIEro CTabWIM3MpYWILEe BO3[EHCTBHE Ha M3Me-
HCHWA BETHYMHBI TOHMXKEHMs MOA3EMHBIX BOJ, 2 HMEHHO KOMIIEHCAIMOHHOIO
IMTaHUA IKCIUTYaTHPYEMOTO TOPHIOHTA.

BoipaXkeHHe nepenaTouHod (QYHKUMM NOHWKEHHs JUIA 3THX YCIOBMI WMeeT
Bra (2.6), a COOTBETCTBYIOLIEE THAPABIINUECKOE COTPOTHBIIEHHE BhIPaXKAETCH
(popmynon (2.8). lMoncrasnsas p = iw B popmyny (2.6) u npouasoss anrebpan-
eckne mnpeoOpasoBaHMsA, HaXOJMM YaCTOTHBIE XaPaKTEPHCTMKH MOHHXEHHs
b TouKe M, yjiasieHHOM OT JIHHUK BONOOTOOPa Ha PaCCTOSTHHE F B BUe

ST
5 2

r o 4.11
RM, w)=— 37 oy
1 w '
VM, w)=—arctg —, (4.12)
2 ag

(J

rue z =rV—-; X = gr.
a
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Purc.4.3. Tpaduky yacTOTHLIX XAPAKTCPHCTHK MOHHXeHHA B Touke M HeorpaHHueHHOro

OHOPOHOTO BOEOHOCHOTO M1AcTa, SKCIUIYATHPYEMOTC MPOTHEXCHHEIM JIMHeAHbIM pDALOM

CKBaXHHbI :
@ — amnawutyaasie, § — dazosnie, UHena y KpHBbIX — 3HAYCHHAA NMapaMeTpa X = gr

B 4acTHOCTH, Ha CaMOW JIKHMH BOJIOOTBOPA, T.¢. NpH » = 0, Npe/IeIbHbIi Iepe-
XOM AaeT

1

RMo,, w)= = (4.13)
o 757 e 3
LBONE Y 1

a
1 W .
¥ (Mo, w)=—arctg —; . (4.14)
2 ag |
Ha puc. 4.3 nsobBpaxenbt cepud rpadHKOB 3aBUCHMOCTEH YaCTOTHBIX Xapak-

r—
w :
TEPHCTHK PacCMaTpUBAEMON CXeMbl OT Mapamerpa rV-—, XapaK TepH3ylouero
a b

pacctosHMe OT ToukH M [0 nuuWH BoficoTbopa M 4acToTy, H OT Mapamerpa
X = £r, XapakTepH3yollero BeIHUAHY KoMmIleHCaimoHHoro 3¢dexra. I'paduxn
AMIUIHTY/IHO MACTOTHBIX XAPAKTEPHCTHK NOKA3bIBAOT, YTO MpH (GHKCHpOBaH-
HOM 3HAUYCHMM KoMINeHcauMoHHoro 3ddexta yBeTHuUeHME 4HacTOTHI NEPBOHA-
YaJIbHO BJieueT 3a Co6OH JIMIIL He3HAUMTENbHOE YMEHbIUCHHE aMIUIMTYIHO-
YaCTOTHOM XapakTepHCTHKH, H, TaKk¥WM o0pazom, B 3THX YCIIOBUAX aMIUTHTY/IbI
NMepBbIX FApMOHUK He DyIyT nperepneBars yMeHslleHHA. B 1o ke Bpemsa da3pr
ITHX TApPMOHMK, KAK MNOKa3bpiBaeT aHaIM3 (a30yacTOTHLIX XapaKTepHCTHK,
IHAUHTENIBHO YBE/IHYMBAOTCA NPH yBEnWucHuM uactoThl. Tak, B Xapak TepHBIX
ycnopuax, korga g=2-10 M wa=2-10* m?*/cyr, ma Touku M, pacno-
NOXEHHOW Ha pacctosudu r =500 M or Bomo3abopa, 3HayeHMA NHapaMeTpoB
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o aodliis ieooaam o @ o aam B

fe
r1/— u x paBHbl cootBercTBeHHO 0,467 u 1,0. 3Hauenne aMIUIMTYIHO-4acTOT-
a

WOl XapaKTEePHCTHKHM coriacHo dopmyinie (2) pasHo R = (500/20000)0,362 =
%« 0,0036 (nmpuuaro, uro B =20 xm). 3Hauenne Pa3oBoH XapaKTepPHCTHKH COC-

fw
TaBJseT npH 3tom W= 12°, 4; Ha yacToTe BTOpPO# rapMOHMKHM napamerpa r |/—
a

craHoBuTcs paBHoM 0,66; mo dopmynam (4. ll] (4.12) 3HaueHHA YaCTOTHBIX
xdpaKTepucTHK pasubi: R =0,0034 u ¥ = 24°. Ha yactoTe Tperbeil rapMOHHKH
cootBercreento R =0,0032 u W=34° 5. Takum 06pazom, BeIHWMHA AMIDIH-
[y/ibl BTOPOH rapMOHHMKH }rmeul-ummn B 1,06 pasa, tperseit — B 1,12 pasa
(10 CPAaBHEHHIO C AMIUVIMTYJIOH NepBoi rapMOHMKH. Jlnia ToukH, pacnunumermnﬁ
Il NOJYKHIOMETpE OT BO/032DOpa, B YCIIOBHAX OTCYICTBHA KOMMEHCAUHOHHO-
[0 IMTAHWA HA YaCTOTE MEpPBOH rapMOHHKH [OMTYHM: R=0,0154 u ¥=639;
14 4aCTOTe BTOPOil rapMOHMKH R = 0,0095 n W =71°, 8.

Jlpyrasg BaXHas 0coBGEHHOCTb 4aCTOTHBIX xapal-c'repncﬂuc paccMaTpHBaeMOH
(XeMBI, YCTAHABJIMBAEMasA C MOMOMKIO aHanu3a puc. 4.3 u gopmyn (4.12) u
{4.14)} — HaIHYMe HeHyleBOoro ¢a3oBOro CABHra Mexiay BoAoo1bopomM H
OHMKEHHEM HEMOCPENCTBEHHO B TOUKAaX Ha JNHWHMM BoJiootGopa. Qopmyia
(4.14) yxassiBaeT Ha YMEHbIICHME BETHYHHBLI 3TOr0 CABHIa MpH YBETHUCHHM
KOMIEHCAIHOHHOIO 3@ ¢exKTa; B YCIOBHAX OTCYTCTBHA KOMIICHCalMOHHOT O
(IMTAHMA T3 BETHUMHA MAKCHMATbHA M COCTaBnfer 45°, 4TO COOTBETCTBYET
N0JIYTOP2MECAYHOMY C[ABHMTY [0 BPEMEHH, thuamlecrmn CMBICJT YKa3aHHOTO
AnJleHMs, a TakKe crnocoDbpl €ro OHEHKH H MPaKTHYCCKOE 3HAYCHME B pPasiiHy-
HBIX YCIIOBHAX PaCCMATPHBAIOTCA B 11. 4.4.

PaccMoTpuM yCNnOBHa oTOOpa MOA3EMHBIX BOJI HEOTPAaHHYEHHOIO OHOPO/:
§Oro BOJOHOCHOTO TOPH30HTA IUIOHIAJHOH CHCTEMOH CKB@X¥(MH, PaBHOMEPHO
pacnpenenentol B nonoce umpuHoM 2d (M npoTskeHHOCcTsi0 B). Bripace-
Jie [UIs TIepeaTouHoi GyHKIHMH TIoHWKeHHs B No6oi Touke ofnactu ¢uisTpa-
MM [aeTcs Win ITMX yoloBuit dopmynoit (2.11). Ecim nmoAcTaBuTh B Hee
p = iw, ByoyT nNOJNyYeHbl BRIPAXCHMA JUIA YAaCTOTHBIX XapaKTEPHCTHK MNOHKKE-
s B 1000l Touyke obiacTH. JTH BBRIpaXKEHHA, OHAKO, OT/IHYAKTCH 3HAYHTEN b-
WO rPOMO3AKOCTHIO, NOITOMY NPEACTABNIACTCA UeENeco0OpasHbIM OTPAHHIHTD-
(Al 3[1eCh MCCIENOBAHHEM TOJNBKO YaCTOTHBIX XapaKTEePHCTHK MPH OTCYTCTBHMM
KOMITEHCAIMOHHOTO [MTaHMs W JUIA TOYKH B IeHTpe Bofo3abopa, T.e. npu x = 0.
[l0[ICTAHOBKA P = iw W BbiNOJIHeHWe anrebpanuecKHx npeoOpasoBaHMH NMpPHBO-
JIAT NPH 3TOM K CJTEAYIOLIMM COO THOLUCHHAM:

1
R(M,, w)= = A(d‘/;%) , (4.15)
4B ]/*
i

F( r"‘:) (4.16)
W (My, w)=45"|12 - Fldl/ — )1 4.1
(M, w) Vl*:
e 3
A(z)=z l/ (1 —2e*coszte ] (4.17)
\
sinz
F(z)=— arctg 2 ‘
T e — cosz 3
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A(z), F(z)
o

g6

qr 10 z
Puc. 4.4 Tpaduku dyrxumit A (z) (kpusas 1),F (z) (xpusas 2)

3uavennn Qynkuwi A4 (z), F(z) npusepens: B 1abm. 26. Mpu 2 < 0,1 ¢ Tog-
HOCTBI0 10 TPETHEro 3HAKA CrpaBe[UTHBLI MPHENMKeHus
s

AR ~VT=7; FE)~1 - iﬂf; (4.18)
mpH 2 > 5

1 |

A(z) = :;7:2.; F(z)=0. (4.19) ;

I'padmiu saBucumocreit A (), F(z) npencrabrens Ha puc. 4.4.
=5\
M3 gopmyn (4.11) u (4.15) cnenmyer, uro npu g=0 (pyﬂﬁmm‘q(d‘/q.;_)

npeacTaBnAer cobOH yABOEHHOE OTHOLICHWE AMIUTHTY/IHO-YaCTOTHOM XapakTe-
PUCTHKH NOHMXEHHA VI TOYKH, HAXOOAIIEHCA B HEHTPE IUIOWAMHOrO BOMO-
3ab0pa, K aMIUIMTY[IHO-YaCTOTHOH XapaKTepHCTHKE NOHMKEHHH UIA TOYKH,
HAXO[IAWEHCA HA JIMHHWH JIMHEHHOTO BOJ03a060pa 3HAYMTENBHON MPOTANKEHHOC-
™. [loaromy ananus rpaduxa ¢pyuxiumm A (z) na puc. 4.4 nosBonger 3aKio- __
‘HTb; UTO YCIIOBHA HPOXOXACHMA KONEGAaTEeNIBHOrO BO3MYILECHHS Yepe3 reo-
PWIBTPAIMOHHYI0 CHCTEMY C IUIOLIA/IHBIM BOH03abopoM, BOOGWE rosops,
XyAume, 4eM npi otbope. nO/I3eMHbIX BOJL JIMHEHHBIM PANOM CKBaxHH. Tak,
mpi d=2000 m 1 @ = 10° m*/cyT Ha ocHOBHO# yacToTe KoneGansii mapamerp

fw
d|/— pasen 1868, u no rpaduxy Ha puc. 4.4 3aximouaem, uTo aMIDTHTY /12
2 :

KOJIcDaHWHA TOHMXEHUA B HEHTpe BO03abopa cocTaBHT Menee 40% AMIVIHTY [1b1
B CXeme C JIMHEHHBIM BO/I03abopom. Pa30Basn XapaKTePHCTHKA, HAYHHAIOIEAACA
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PH ManBIX @ OT 3uadeHus 45°, mpH pocre ITOTO napaMeTpa yB&THUHBAETCH
o 90°, uro coorBETCTBYET rpexmecﬂlmnmy OTCTABAHHI0 IMKOBBIX 3HAYCHHH
nmmxce.rma OT MaKCHMyMa pacxoja BofiooT6opa (Ha 4acToTe OCHOBHBIX KOJe-
Dunmit) .

4.3. CXEMA MNMOJIYOIPAHHYEHHOTO TUIACTA
C KOHTYPOM NMHTAHMUA

iia toro 4robbl MONYYMTh HaCTOTHBIE XAPAKTEPUCTHKH CXEeMbl MOJNYOrpa-
WHUCHHOTO BOMOHOCHOIO IUIAcTa MPH PasiIMYHbIX YCIOBMAX BoooTbopa (omu-
HOYHOTO, JIHHEHHOro, IUIOWWANHOTO), BOCHONB3YEMCH BBIPaXEHMAMM mnepefa-
TOMHBbIX pyHKIMA noHwkenHs (puc. 2.7,a, 6, ), a *MeHHO dopMynamu (2.42),
(2.47), (252). ToncraBnAa B HHX p = iWw M OCYLIECTBIAA alrebpanuecikne
lipeobpasoBanKA, HAXONMM HaCTOTHBIC XapPAKTEPHCTHKH NOHHMXKEHHs NpH 0T6O-

e 10/13eMHBIX BO /I OAMHOUYHBIM Boo3a6opom B BHAE *
. IR e e
R(M, w)= E; ( erz — EI*E-) ( eiz — EI-‘E) . (4.20)

-2 )
kei — — keiz
(M, w) = arctg f: ) (4.21)
ker; - Kerz

e Kerz, keiz — dynxkuna Kensuna [52]; a=r;’p; z =r|/% , ' — pacCros-

e or Toukn M po weurpa eopozabopa; p — paccTosinMe oT ToukM M mo ero
ICPKATBHOIO OTPaXEHHWA OTHOCHTENbHO pexH. [Ipu onpenereHMM 4YacTOTHBIX
MIPAKTEPHCTHK MOHIKEHHL Ha CAMOM Boflo3abope wiewn! Gopmyn (4.20),
(4.21), comepxalme apryMeHT z M apryMeHT z/a, Kak [IpaBHAO, PpaBHO-
panHel: 3HauyeHHa dyuxkumit KenbBuHa oT (z/a) B 3TOM Cityuae BymyT 3HAUM-
[@IBHO MEHBLUMMH N0 abCONIIOTHOW BETMYMHE, YeM 3HAUCHMA JTHUX (YHKUMHA
01 aprymeHTa z. Qu3MYeCKH 3TO 03HayaeT, YTO Ha 4acTOTe OCHOBHbIX Korneba-
HWH (C roOBBIM MEPHOOOM) BAMAHME IPAHHIBLI IMTAHHA 4YYBCTBYETCA TOY-
KiMH B OKpPeCTHOCTH BOJio3afopa Tonbko B cnyuae, eC/IH OH BeckMa OIH3I0K
K I'paHMile IMTaHHA, YTO CTy4YaercA cpaBHWTensHo penko. [lostomy mna on-
POIICTIEHHA 4aCTOTHBIX XapaKTEepPHCTHK Ha camMoM Bojo3abope B GONBLUIMHCTBE
(iyuaeB MOXHO Nonbk3oBaThca gopmynamu (4.10), oTHOCANMMHCH K YCIOBHU-
WM HEOT PAHWYEHHOTrO IU1acTa. :

Jin ycnoemi orBGopa MO3EMHBIX BOJ JHHEHHBIM BOj03aBopoM, maparn-
ACIILHBIM FPaHKIE W OTCTOALWMM OT Hee Ha PAacCTOAHMH d, YacTOTHbIE Xapak-
[EPHCTUKH NOHYXKeHUA B Touke M Ha Bono3abope onpenenaoTca BhlpaxeHHAMH

d N
RiMy, w)= — Ald}/—
2B 2a

fw
WMo, w)=45°]1 - F(dVT) ;
= :

e pyuxumu A (2) , F(z) onpenenensi paseHcTBamu (4.17).

(422)
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Puc.45. Ipadukn YacTOTHRIX XAPAKTEPHCTHK NOHIKEHHA B CEpefHHe NONoCH BOJO-
orbopa NpH IKCTUTYATAUMK HOA3EMHBIX BOIL NONYOTPAHHYEHHOTO OIHOPOMHOTO acTa
MoNoCoBOH NMOIAAHON cHCTemMON ¢ KBa®XdH

I — ammunwrymnan; 2 — dasosan

Ilns ycnosuit 0160pa NOA3EMHBIX BOJ B TI0/1yOTr paHMYEHHOM IUTacTe 110 iajl-
HBIM BOJI03a00pOM, NpEACTABAUMM coBOH MoJIOCY, OfHa 3 CTOPOH ICDI’DPDH
COBMafaeT ¢ IpaHHMUed NWTaHMA, a Jpyras NapaUI&ibHa el ¥ OTCTOMT OT Hee
Ha paccToaHMM 2d, nepeflatounas (pyHKIMA NOHMKEHHs B Touke M nonocel un- |
pefeneHa BuipaxkenueM (2.55). Kak ormeuanocs B 2.2, TONKa MAKCHMAaIBHOTO
NOHMKEHWs NPH 0TOOPE NOMI3eMHBIX BO/L IVIOWIAAHBIM Bofl03abopoM B npoiecce
IKCIUTyaTalMH MEepeMeLaeIcsa OT Cepe/MHbl nosjocel oTfopa K Ja/ibHeMY
OT rpaHHubl MHTaHHA Kpaw. [lockonbky nepHoa ocHOBHBIX KofeOaHMi paBeH
OIHOMY rojiy, 4ro B OOMBUIMHCTBE CIIYYaCB MOXET CYMTAThCA MalIbIM [0 CpaBs
HEHHI0 C OOUMM CPOKOM 3IKCIUTYaTAlMM, MOXHO MPEINO/IOKHT, YTO MCHOMb-
30BaHHE B pacueTaX JKCIUIyaTalHOHHBIX PECYpPCOB MOA3EMHBIX BOJL Y4CTOTHBIX
XapaKTCPHCTHK, COOTBETCTBYIOIMX TOUKE B CepeflnHe mofiockl oTBopa, npHpe-

Tabnuma 26
Jnavenns pyukuui A(z) w F(2)

z A(z) F(z) I ! z ’ A(z) [ F(z) l!—
: bt B il i S N L) W : | 3 ;
0.1 0,9512 0,9374 1,1 0,5781 0,4280
0,2 0,9048 0,8769 1,2 0,5504 0,3887
0,3 0,8607 0,8186 1,3 0,524 0,3514 _
0,4 0.8188 0,7623 1.4 0,4992 0,3163 .
0,5 0,7789 0,7082 1,5 00,4757 0,2832
0.6 0,7410 0.6562 1.6 0,4534 0.2521 |
0,7 0,7049 0,6064 46 04324 0,2230 -
0.8 0,6707 0,5586 1.8 0,4125 0,1960
09 0,6382 0,5130 1.9 0,3937 0,1709
1,0 0,6074 0,4694 2,0 0,3760 0,1477
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JIET K 3aHIDKCHHIO PaCYETHLIX PECypCOB, T.e. NOCHYHUT CO3MAHMIO 3aMaca HaIeK-
HoctH pacuera. Iloatomy B Hactosuieit pabore NPHBOAATCA TONBKO CBeICHMUSA
1) WACTOTHBIX XapaKTEPHCTHKAX MOHMXEHHWA B CepelMHE MOJIOCHI BOAOOTOOpa.
JIM XapaK TEPHCTHKH UMEIOT BBIPa)KEHHUA

1 @
R(M,, w)= = A(a']/;;), , (4.23)
28\ — ¥
a

W
VM, w)= 45"[.’2 - F(d ]/;—)]' (4.24)
al |
L)
e z=d 'f —_ .
2a

I'padKH YaCTOTHBIX XapaKTePHCTHK TNOHWKCHMSI B CEpeIHHe MOJNOCHl OT-
(0 pa H306pakensl Ha puc. 4.5,

4.4. OCOBEHHOCTH PEXMMA 3KCIIYATAUMOHHBIX KONNEEAHHI
YPOBHSI (HAMNOPA) NMOA3EMHBLIX BOI
NPH HX NEPHOOHYECKOM OTEBOPE

[ TOUKM 3peHMA NPAKTHUYECKHX TMIAPOTEONTOrHYECKHX pPacyeToB npH mepHo-
fitieckoM Boi0oTOOpe, MOMHMMO oOnpefeieHns OOIIEro MOHMKEHHUA YPOBHA,
HPE/ICTABJIAKT MHTEPEC OUEHKA BBIPAXKEHHOCTH BHYTPHIOAOBOIO XOJa NOHMKE-
WA B paiioHe BO/I03a60POB M BpemeHHGH CHBHT MEXIY MHKOBBIMH 3HAYCHMHS-
MW BO3MYLUCHHA Ha BbIXO/le Ie0(HIBTPAIMOHHOW CHCTEMBI NEPHOAMYECKOTO
HoJI00TbOPa U €€ peak MH — TOHHKEHHA ,

B KauecTBe XapaKTEPHCTHKH BHYTPHIOJOBOTO H3MCHEHHS [OHMXSHHS YPOB-
N NOA3EMHBIX BOJ uETeCOOOpa3sHO NPUHATH OTHOIUEYHE MAaKCHMAIBHOTO
IMaNeHHA TIOHMXKEHHA K cpeaHerofoBomy. [lockonsky pone Bropoit u Gonee
WHICOKHX TAPMOHMK B (JOPMHPOBAHHH NMHKA NMOHHKEHHA OTHOCHTENIBHO HEBEIH-
Wil, @ amMIUTHTY/1a NepBOH rapMOHKMKH rpaduka BofiooT6opa GiH3Ka K ero cpefl-

H : ~[ A(2) Jr £(z) . A(z) L F(z)
LR o RO %
2.1 0,3593 0,1263 3.2 0,2300 0,0029
2,2 0,3436 0.1068 3.4 0,2147 0,0105
2.3 0,3288 0,0891 3.6 0,2012 0,0150
2.4 0,3149 0,0730 3,8 0,1894 0,0171
25 0,3018 0,0586 4.0 0,1789 0,0174
2.6 0,2895 0,0458 4.2 0,1696 0,0165
2.7 0,2779 0,0345 4.4 0,1613 0,0148
2,8 02671 0,0245 4.6 01539 0,0127
2.9 0,2569 0,0159 48 0,1472 0,0104
3.0 02473 0,0085 5,0 01412 0,0082
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HEroJOBOMY 3HAYEHMI0, B KayecTBe Mepbl BbIPAXEHHOCTH BHYTPHIO/IOBOTO
H3MEHEHHS NOHMKeHHs MoXeT ObiTe npuHaT napamerp R, (M)/Ro(M, 1), rjue
Ro(M, t) — rupgpaBnmuecKoe CONPOTHBIIEHHE CXEMbl, XapaKTepMaywllee ee
OTKJIMK H4 NocToaHHs Boaorbop; R (M) -- rapMoHMuYeCKOe CONMPOTHBIICHHE
Ha YacToTe [IEPBOH rapMOHHKH. 4
Ha xapakTepHCTHKY BBIPaXEHHOCTH BHYTPHIOHOBOIO XOMa [MOHHKEHHSA
OKa3blBalOT BIIMAHHE MPAKTHUCCKH BCC MPHPOJIHBIE H XO3AMCTBEHHBIE (PAKTO-
pbl, ONpeaeigoune ABMKeHHe MOA3eMHbIX BO/. OHH H3 HHX YCHIHBAIOT BBIpa- |
KEHHOCTB KOJNeDaHMii MOHWMKEHNA , [IPYTHUE — CTTIaKHBAKOT HX. |
PaccMOTpHM BIIHAHHME I'PaHMIbl MOCTORAHHOTO HANOPa H KOMIEHCAUMOHHOTO |
MATaHAs Ha BBIPAXEHHOCTh BHYTPHIOMOBOIO XOIa MOHMWXEHHs YPOBHA MOJMI-
3EMHBIX BOJI. :
I'paduku 3aBHCHMOCTH BETHWHHBI OTHOWIEHHS R,/R, Wis yCIOBHH CXeMbI
¢ TpaHMIEH NMOCTOAHHOTO YPOBHA OT NMapamMeTpoB f/7 (BpemMeHH JKCIUTyaTaluu,
BbIPaXKEHHOTO B TOMAaX) W d/+/at w3obpaxensl Ha puc. 4.6, AHaTH3 THX Tpa-
¢HUKOB CBHCTENBCTBYET O TOM, 4YTO CTENeHb MPOABIEHHA BHYTPHUTOJIOBBIX |
KonmebaHui NMOHMXKEHHA B PACCMATPUBACMBIX YCIOBHAX OKAa3bIBACTCA CYLUECT-
BCHHOM JIMUIb NpH HeGONBIIMX 3HAYCHMAX PACCTOAHWA MEXy PEKOA H BOJO-
3abopoM. Tak, mis BemonHeHMs ycmoBua R;/Re > 0,25 npu ¢ = 50 net monx-
HO BBIIEPAMBATECA HepaBencTBo d/+vaT <09, KOTOpOEe NpPH XapaKTepHOM
sHavenun @ = 10° M?/cyr paBHO3HauHO HepamenctBy d < 1720 m. IlpH yBenu-
YEHHH PAacCTOAHHA MeXIy Boao3abopom M peKoH BeIHuMHA oTHOWeHHst R /Ry
ObICTpO yMeHbllaercs ¥ npH d 2 5 KM cocraBaser He Gonee 0,06. ;
BnuaAnne rpauKubl MOCTOAHHOIO Hamopa Ha pexuMm mmnyaraunnﬂuhm |
wonebaHnit  ypoBHA MOMA3E€MHBIX BOJI MOXHO NPOM/UIIOCTPHPOBATH MpHBE/IEH- |
HBIM HHXE PHMEPOM.
Ipumep 1. OpHOPOIHBIA BONOHOCHBIH FOPU3OHT B JOJIHHE PEKH arcr:mlya- |
THpyeTCa Jis Lened 'OpOIUCHHMA JIHHEHHbIM mmaaﬁopou N POTAXKEHHOCTBIO
B=40000 m; xoMIIeHCAMOHHOE THTaHHE urcy*rr:mye*r (g=0), q;unyrpammn—
Hbi€ Napamerpbl TopH3oHTa criegyioume; 7 =500 m%/cyr, a =4000 m }eyT,
I'padix BopooTGOpPa COOTBETCTBYET YCIOBHAM, PACCMOTPEHHBIM B IIpHMEpe.
B 4.1. Tpebyerca onpenenuts BIIMSAHHE I'PaHMIBI MOCTOAHHOIO ypoBHA (ype3s
PeKH) HAa NPOABJIEHHMs BHYTPHUIOJOBOIC XO/a JKCIUIYaTaUMOHHBIX KoJeDaHWH
NOHHXEHHA Ha JIMHUK Bomo3abopa B 5044 roa ero paborel. .
3apgaiuMces KakWM-TUb0 3HaueHMeM paccrosHMsa d Mex/1y peKoH H BOJO- ]
saBopom, Hanprimep d = 1000 M. Mo popmyne (2.28) onpenensem BelTHUMHY
rHApaBINYecKOro conpotTuBnequs npu f = 50 ner = 18 250 cyr: |
/4000 - 18 250 1000

| — jerfc ) =(,02335.
40000 (ﬁ /4000 - 18 250

3HaueHHe anepHOAHYeCKOH cocTaBiAwileH noHnxenus B 50-# roa skcmiyarta-
uuu cornacHo dopmyne (1.55) Gyner pasHo

5,59 . 86 400 :
Sﬂ. (_Mu. r) . 5{][} U,GESSS = 22,35 (M) :

Ro(M,, 1) =

3ajaBasich OCHOBHO#M YacTOTON Konebanui wy =2m/360=001751 cyr ', Bbrumcns-

[w'
€M 3HaucCHHe napamerpa z=d 5 KoTopoe paBHo z = 1000+/0,01721/2 - 4000 =
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I*u . 4.6. 3apHcHMOCTE BENTHYHHBI OTHOlIeHKA R, /K ,, XapakTepHayelleA CcTeneHb BbIpa-
welocTH Konebamudt NoHWKeAHA YPOBHA NOM3eMHLIX BOJA Ha JIHHWH Bopo3abopa B ycno-
BUMX BITHAHWAS muuu [OCTOAHHOTO HATIOpA, OT MApaMeTpoB /7 (BpeMs 3KCIIIYaTALHH
B ropax) wd/«J ar

Unene y KpHBBIX — 3Havenna d/ \JE

“ 14667 u no dopmynam (4.22) c nomoupio Tabn. 27 HaXOIHM 3HAYCHHA
WCTOTHBIX XapaKTePHCTHK

1000
) - 05 A(I 466?}-‘-0006{14,
KiM,, =R, (My)= ) »
0 ‘-'-*Jl) 1( u) 5 . 40000

WM, w;) =¥ (M) =451 — F(1,4667)] = 32°,

(‘ornacwo Beipaxeruio (1.57) ammiMTya mepBOH I'apMOHMKHM HOHMMKEHWS
Byper pasHa (5.17 - 86400/500)0,00604 = 5,40 (M), a ¢aszoBbid yroa cocra-
pit 206°+ 32°=238°. C moMOmBI aHAIOIHYHBIX PacyeToB Ha YacTOTax Mo-
(IOlYIOIMX FapMOHHK ONpefeNseM COOTBETCTBYIOUIME BEIWUHHBI TAPMOHH-
HOCKMX CONMpOTHBIIeHMA M (a3zoBeiX caBHMros, Mx 3HaueHns NpHBOMIATCA B
miin, 27. Onpepenentoe Ha ocHoBauuu dopmynsl (1.57) BeipaxeHite BpeMeH-
O 3aBMCHMOCTH TIEPHONMUECKOH COCTABJIAIOUIEH NOHHKEHHA HMeeT BUA (4eT-
BepTas rAPMOHKKA C aMIDIMTYION MeHee 1 cM HCKITIoueHa) :

S, (Mg, t)=540cos (r — 238%) + 0,85 cos (2t — 329°) +
+ 0,15 cos (31 —44%) (m).

Ila puc. 4.7 u3oGpaxeHsl rpadUKH BPEMEHHBIX 3aBHCHMOCTEH MOHMKEHMS Ha
MMM Bopxo3abopa B 504t roa JKCIUTY4aTallMM [UTA YETBIPEX 3HAUCHHH paccTos-
imn . EcaM XapakTepH30BaTh CTEMNEHb BLIPAXKCHHOCTH NPOABJICHHA BHYTPH-

[OJIOBBIX JKCIUIYaTallMOHHBIX KONEeDaHHH NOHWXKECHWA YPOBHA MNOA3EMHBIX
Bia " . . s B ol | 1ﬂ



TaGnuua 27

3H3ueHHn THAPABIHYECKOIO COMPOTHB/ICHHA, TAPMOHKYECKHX COMPOTHBIEHMI H (ha3o-
BBIX CABHIOB MOHIXEHHA B YCIOBHAX NpuMepa |

"

d, m 500 1000 1500 2000
R, 0,01208 0,02335 0,03381 0,04346
R, 0,00433 0,00604 0,00644 0,00640
R, 0,00373 0,00454 0,00445 0,00430
R, 0,00332 0,00371 0,00354 0,00347
R, 0,00302 0,00317 0,00302 0,00300
24 o 32 40 44

) 34 25 39 45 46

) % 29 43 46 45

b B 32 44 46 45

iy

BO/l BEJTHUMHON OTHOINEHUS MAKCUMATBHOIO 3HauYeHHs NMOHMKXEHHA K €ro cpef-
HErOJIOBOMY 3HAUEHMIO Spax/So, T0 mpu d =500 M 3Ta BeIMYMHA COCTABHMT

15,2/11,7=1,30. Ilpun d = 2000 M 310 oTHOLIeHHe cocraBnser 47,1/42,0=1,12,
‘T.e. TIPH OTHIEHHH JIMHEHHOTo BOJo3abopa OT KOHTypa COBEpUIEHHOTO IHTa-
HMA CTENeHb BBIPAKEHHOCTH BHYTPHIOAOBBIX KOJeOaHWHA MOHM)KEHHA CHM-
JKACTCH. :

Mpamep 2. HeorpaunueHHpiit 0THOPOIHLIH BOJOHOCHBIA IOPU3OHT 3KCIUTYa-
THPYETCA [JIA IeNeH OpOIUeHHMA JIHHEMHBIM BO03a6G0pOM NMPOTAKEHHOCTHIO
B=40000 m; dunbTpallMoOHHBIE MapaMETPbl TE€ e, YTO M B PacCMOTPEHHOM
seinte npumepe: 7= 500 m*/cyr, ¢ = 4000 m*/cyr. I'padmi BomooTbopa ompe-
IeleH ycnoBHaMM npumepa 1. 4.1 (nmapameTpbl NEPBBIX TAPMOHHK Pa3lioKeHHsA |
B pan Oypse B 1abn. 25). Tpebyerca npocneauts BIUAHHE KOMIIEHCALMOHHOTO
MUTaHMsA (XapaKTepH3yemoro BeTHYMHOH KoMmeHcamoHHoro s¢dexkra g)
Ha MPOABJSHHA PEXHMMa JIKCIUIYAaTAUMOHHBIX KOMeDaHWH NMOHMXKEHHMA Ha mimmj
BoJi03abopa B 50-# rox pabotel. :

3amaguMcs 3HaUeHHWeM KoMMeHcamuoHHoro addexta: g= 107> m™!. Io nep-
BOW M3 cdopmyin (2.8) ompepenseM BeNWUMHY TMAPaBIMYECKOTO CONPOTHBIIE-
HHA MpH ! = 50 et = 18 250 cyr:

Ro M, 1) = erf (10734/4000 - 18250)=0,0124.

2-107% - 40000
3HaueHHe aNepHOIMYECKON COCTaBIIsIOLIeH NoMMkenHs B SO41 rof 3KcIulyata-
MK corntacHo opmyne (1.55) cocraBnser

5,59 - 86400

500

Ha ocHoBHOM uacroTe KONMEDaHHMH w = w; 3HAYECHME MapamMeTpa 0 = wlag? 8
dopmynax (4.23), (4.24) pano o =0,01721/4000(107)% =4,3025; Benn-
YHHA rapMOHHYECKOTO COINPOTHBIEHHs Ha 3TOH YaCTOTE COCTaB/AET .

1
2.1073. 40000 *\/1 + 430252

SoMy, 1) = 0,0125=12,07 (m).

R(My, wi)=Ry = = 0,00595,
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Fnc 4.7, Epemcﬂﬂhﬁe JABHCHMOCTH MOHW)KEHHH HA NTMHMH Bomo3abopa B ycllOBHAX BIHA-
HMM 'paHH bl HOCTOAHHOTO YPOBHA

/ FABMCHMOCTh BENTWUMHBL BOQOOTOOpa OT BpeMenH; 2—5 — 3aBHCHMOCTH MTOHMKEHHA
U1 BPEMEHM NIPH PANTHYHBIX 3HAYCHHAX PACCTOAHMA MEXAY BOa03abopoOM M ypedoM pexu:
o d =500mM, 3 -d=1000mM, 4 -d=1500M, 5 —d=2000m

BetHuMHa (pasoBOTO CABHIa -

|
WMy, w ) =¥, = = arctg 4,3025 = 38°.

AMIUIHTY/Ia TEpPBOH rapMOHMKH NOHMMKEHHs COITIacCHO BaipaxeHuio (1.57)
cocrasur (5,17 - 86400/500)0,00595 =532 (m), dasoBbit  yrom -
206"+ 38° = 244°,

[|poBO /1A aHATOTHYHBIE PacueThl HA YACTOTAX BLICILMX FAPMOHHK, OTIpeNleTAeM
WIHYMHBI FaPMOHMUECKHX CONMPOTHBIIEHHH M da3zoBeix caBuros. Mx 3Hauenus
fpuseeHsl B TaGn. 28, BpeMeHHbIe XapaKTEpPUCTHKM MOHHKEHMA B TOYKE
i JIMHMH Bomo3abopa B S04 rog 3KChnyaTaiiH, NOCTPOEHHBIE MO YHCIIOBBIM
napamerpam 1abn. 28, n3oOpaxensl B BHae rpacdukoB Ha puc, 4.8. Ux ananus
OKA3IBIBACT, YTO C POCTOM BETHYMHbI KOMIMEHCAIMOHHOTO 3ddexTa creneHs
BLIPAXKEHHOCTH KoONeDaHMH NOHHXEHHA Bo3pacTaer. Tak, ecliM npu g =
“05:107 M ormHowmenne Spax/So cocraBnmer 29.,0/24.1= 1,20, to npu
g=2-107° m ' BenMuMHAa JTOrO OTHOLIEHWA paBHa yxe 10,2/6,0 = 1,69. I10
(OIBOJIAET CMAENaTh BHIBOA O 3HAYMTEIBHOM BJHAHWH KOMITEHCAIMMOHHOTO ITH-
TUHHMA HAa BHYTPHTOHOBbIE KOJIeDaHMA NOHHXXEHHS YPOBHA I[ID[3EMHbLIX BOJ.



TaGnuna 28

3HAYCHWA THAPABIHYECKOTO COMPOTHBIICHHA, TAPMOHHYECKHX H (PAJOBHIX CABMIQB NO-
HIOKeHUS B YCIOBUAX NpHMepa 2

M [ Es - 107 | 1007 203070 1 310t |4 enee ] 5100 1057 7 ’
R, 0,02500 0,01250 0,00625 0,00417 '0,00313 0,00250 0,00125
R, 0,00602 0,00595 0,00516 0,00396 0,00307 0,00248 0,00125
R, 0,00426 0,00425 0,00406 0,00354 0,00293 0,00243 0,00125
R, 0,00348 000347 0,00340 0,00315 0,00276 0,00236 0,00124
R, 0,00301 0,00301 0,00297 0,00284 0,00258 0,00227 0,00124
vy 43 38 24 13 8 5 1 3
L 2 44 42 33 22 14 9 2 4
4 S 43 36 28 19 14 4 i
9 4s 43 38 31 24 17 5 4

|

Tak e KaK ¥ B CJIy4a¢ CXeMbl C paHHMIell IMTaHHA, CTENCHb BbIPaXKeHHOC- |
TM BHYTPHIOJIOBOIO XO/ia NMOHMXKEHHA YPOBHA MOJ3EMHBIX BOJ [PH HATHWAM
KOMITEHCALMOHHOTO [HTaHUs MOXeT ObITh 0XapaKTePH30BaHa BENHYMHON OTHO- |
werna R,/Rq. Tpadukn 3asucumoctn OTHOUICHUA R, /Ro mis pacCMaTpHBae-
MbIX YCIIOBHH OT Napamerpos ¢/T u g\/a—'.r X TpHBeneHsl B puc. 4.9. AHaTHI

Sm a m%e
kg f@ﬂ' -'.-'-' :
i
n ;
' 75
Jo _ 3 ;
20 \ 50 |
J \
7 L\ 28
]
I T o' Y W Y ix I Xr X
Mecayes

Puc.4.8. BpemeHHple 3aBHCHMOCTH HOHMKEHMH HA JIMHHM Bofo3alopa B YCJIOBHHX KEHF
MeHCAUHOHHOTO MHTaHUA i

1 — sapucumocTs Q(7) BenwyHHBI BOMOOTOOpPa OT BpemeHH; 2—8 — 3aBMCHMOCTH nﬁ-
HHXCHUA OT BPEMEHIMIDH PABIMIHBIX ﬂuanlenuax B &JTHYHHEI Hnmnmcammuunm ad EHH'
2~ g=0,5": 10"3 b ot BRGS0 ¢y Ll '*4—g 2-10"% S5=g=3-10" '8
6—-g=4-10"3 16" M= 8~ g=10" ™
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Puc. 4.9, 3apHcHMOCTh BelTHYMHEL OTHOWIEHUA R, /R,, XapakTepHIyIOWEero cTelnéHb BhF
PAMeHHOCTH KofMebaHMA NoOHHecHHS YPOBHS NoAJeMHBIX BOA Ha ITWHWMH Bopno3labopa B
YONOBHAX KOMIIEHCAUMOHHOIO THTAHMA OT [NapameTpoB f/r (BpemsA 3KcIUIyaTallku B [O-

HAX) M x =gvJar

Uncna v KpHBBIX — IHAYEHHWN Napamerpa X

JTOH IABHCHMOCTH CBH/IETIBCTBYET O 3HAYMTE/IBHOCTH GaKTOpa KOMICHCAHOH-
HOTO TMTaHWA JUIA (OPMHMPOBAHHA peXvMa IKCIUTYyaTalMOHHBIX KoJteGaHuii
yporHa nopsemuslx Bop. Tax, mia coGmomeHus ycnopus R,/R, = 0,25
npw =50 ser HeoOXoiMMmO BbINOJIHEHHe HepaBeHcTBa X =2 0,6, Kotopoe
IpM  XapakTepHom 3Hauewnn @ =10° Mm?/cyT, JKBUBANEHTHO *HepaBeHCTBY
g 03-107 m™'; nna pocTkeHMA BeNMuHH OoTHoueHMs R,/R,, npepbi-
wmoumx 05 npH Tex Xe ycIOBHAX, HEOOXOAMMO BBINIOJTHEHHE HepaBeHCTBa
g 06107 m™'. Kak npu 9KCIUIYATAIMM CIOHCTBIX BOJOHOCHBIX TOPH30H-
10N B YCTOBHAX NEPeTeKaHHA, TAK M IKCIUIyaTallMM rPYHTOBBIX BOJ, pacxojio-
WUBIIMXCA 10 Havala oTOOpa Ha 3BanoOTPaHCIMPAUWIO, YKAa3aHHbIE HEepaBeHCT-
il BBINOJTHAOTCH BO MHOTHX CITYyYasix.

Biausuue crabuwnusupyoumx ¢axkTtopos (rpaHMubl MOCTOAHHOIO YPOBHA,
KOMIEHCAIMOHHOTO IMMTAHMA) Ha KosieBaHWuA NOHHXKEHHsA YPOBHA NOJ3EMHbIX
WOJI, KaK ObUI0O MOKa3aHO, BbIPAXAETCA B YBE/IHYEHHWH CTCIEHH NpOABIEHUsA
KOieOaHHA NpH YCWICHHM CTabWiIM3Mpylowiero BO3JIEACTBHA, KOTOpOe Bemer
K OcrnabneHnio HHEPUMOHHBIX CBOMCTB CHCTeMbl, Tak, NpH MOCTOAHCTBE BETH-
UMM BO3MYLWICHHA BO BPEMCHH peakiuMA reouIbTPalUMOHHOM CUCTEMBI, NOJ-
NEPIKCHHOW BO3JAEHCTBHIO crabwiMaMpywonmx ¢akTopoB, CHmyCcTs HEKOTOpOe
WpeMA Mocie Havyanla BO3MYIUEHHMA CTAHOBHTCA NPaKTHYECKH. TMOCTOAHHOM.
J1an BenwuMHa BpEMEHH, KOTOPYK YMECTHO Ha3BaTh CPOKOM CrabWnM3aumu,
M MEHBLIE, YeM CWIbBHee NMPOABNACTCA JSHCTBHE CTabwiH3upyloumx dakro-
pon, BenHuWHa rapMOHHYCCKOIO CONPOTHBI/ICHHMA Ha 4YacTOTE MEpBOH rapmo-
HHKH ONPeeNACTCA [OBEICHHEM CHCTEMBI MPHU 3HAUEHUAX BPEMEHHM l0OPAOKa

133



OCHOBHOTO MepHOfa KosebGaHWH, MOITOMY B TeX CIyuasX, KOrJa 3TOT NMEpPHOL
0KAa3bIBACTCA CPABHHUMBIM [0 BEJIWYMHE CO CPOKOM CTaBWIM3allMH, 3HAUCHHE
raPMOHMYECKOTO COMPOTHBIIEHHA MepBOi rapmoHHkH Oymer npubinmxarsea
K 3HAYEHWIO THAPABIIMYECKOIO COUPOTHBIEHHA Ro (COOTBETCIBYIOLIErO pac-
YeTHOMY CpOKY I3KCIUIyaTalMy, OOBIMHO 3HAYMTEIBHO NPEBOCXOMALIEMY Tro/10-
Boil mepmop, 7). B KOHeuHOM WTOre, KaK YXKe yKa3blBaloCh, yCHIEHHE CTabM-
NTH3HPYIONMX BO3JEHCTBUH MNOJYEPKHBAET BHYTPUIOJIOBBIC IKCIUTYyaTalMOH-
Hble KoJieDaHus y pOBHA MOJA3eMHbIX BO/,
NHepIMOHHOCTD Te0WIbTPAMOHHBIX CHCTEM OOYCIOBIMBAET €IIe O[IHY
Ba)KHYI0 OCOBEHHOCTh PeXMMa 3KCIUIyaTAUMOHHBIX KOJIeDaHHWH YPOBHS TNOA-
3eMHBIX BOJI — BPEMEHHOH CHBMI MEXIy 3KCTPeMalbHBIMH 3HAUYCHHAMH BeJH-
YMHBI BOJIOOTHOPa M MOHMXKEHMs B paioHe BOa03a60pa. AHWIM3HPYA TpaguKn
Ha puc. 4.7 u 4.8, MOXHO OTMETHTb, YTO 3alla3/IbIBaHHE MaKCHMyMa NOHMKe-
HMA MO OTHOLIEHMI0O K NMKOBOMY 3HAUEHMI0 BOAOOTOOpa MOXET HOCTHIaTh
cymiecTBeHHbIX BemuumH, Tak, B YCIOBHAX CXeMbl ¢ IPaHMIECH HOCTOAHHOTO
ypoBHs npu d =2000 m (cm. puc. 4.7, xpuBag 5) MaKCHMTbHOE 3HAYCHME
NMOHWXEHHA MOCTHTaeTCs B NEepBOW [exale CeHTaAOps, B TO Bpems KaK MaKCH-
MyMm [ebuTa BOMO3a6Opa MMEET MeCTO B Hauasie uio/ia. BpemeHHOW CHBHMr B
OMMChIBAeMbIX YCIIOBHAX COCTaBIAET, TakMM obpasom, Bonmee ABYX MECAILEB.
VMEeHbIIIEHHE HWHEPUHOHHOCTH reoQWIbTPaUMOHHBIX CHCTEM [PH YCWICHMM
cTaBHIM3MpYIOUMX BO3/ICACTBHH BBIPaXAeTCd, B YaCTHOCTHM, B CHMIKEHHU BE-
MUMHBI BpeMeHHOro cisura. Tak, mpu paccrosmmu d =500 M B YCIOBHAX
CXeMBbI C TpaHMIe MOCTOAHHOIO YPOBHS OHA COCTaBJIAET yXKe He bonee mecd-
1a. V3MeHenne BeTHIMHBI KommeHcamonHoro addexra ¢ 05107 mM' 1o
3.107* m! TaxKe MPHBOMMT K YMEHBUICHWIO BETHUMHBI BPEMCHHOTO CABH-
ra ¢ ABYX MecAles JIo AByX Aekan (cm. puc. 4.8, kpusbie 2—3) .
B cnyuasx NOJAB/IAIOIETO MpeoOiajaHnus NepBod FAPpMOHMKHM B pasiioxke-
i (4.1) BenWuwdiHa BPeMEHHOro caBHra Oypaer OnpenenAThCsA IMOJIHOCTBI0
3HaYeHMeM (Da30YACTOTHOH XAPAKTCPHCTHKH NOHMKEHMA Ha OCHOBHOHM HacTO- |
1e. CornacHo Buipaxenmio (4.12) npu g=0 MakCHM@IbHOE 3HAaYEHME yIia
W (My, w) mia Touku My, pacmonoeHHOW Ha JiMHHA Bopo3abopa, cOCTaBIA-
eT 45° M He 3aBMCHT OT Y4aCTOThi. JTO 3HaueHHe (pa30BOTO CHABHIA, COOTBETCT-
BYIOLLEE MONYTOPAMECSYHOMY 3ana3/IbIBaHWI0 MAKCHMYMa MNOHWKEHHA 33 IH-
KOM BOJOOTBOpa, MOCTUraeIcsi B CydasX OTCYTCTBMA CTaOHIM3MpYIOLHX :
Bo3peiiCcTBIEE B cucreme (d—>, g=0). fBnenne BpemeHHOTO CHBHTA TPH
o160pe NMOA3EMHBIX BOJ JIMHEHHBIMH BONI03abopamu MoXeT ObiTh 0OBACHE-
HO OCODEHHOCTAMM B3aMMOJEACTBHMA CKBaXKHH BOJI03a0D0pa B NEPHOIHYECKOM
pexaime paBoThi. [IOHWKEHME B OTAENBHO B3ATOH CKBaXMHE JIMHEAHOTO PAfa 3
CKNaNbIBAeTCH B KaX(Ibil MOMEHT BPEMEHH W3 ABYX claraeMeix: nepsoe obyc-
NOBJIEHO OTGOPOM MOJ3EMHBIX BOJ HENOCPEICTBEHHO W3 paccMaTpuBAacMOH
CKBaXHHBI, BTOpOE BIAMAHHEM COCEIHHX M B MEHbIUEH Meépe Y/IaJIeHHBIX
CKBaKMH JIMHeiHOro psga. O6pamasce K rpaduxy (puc. 4.2) H3IMEHEHHA
BelIMUMHBI (ha30BOr0 CABUTA CKBHXHHHOTO BOJ03a6Opa B 32BMCHMOCTH OT |
pacCTOAHMA [0 UEHTpa CKBaKMHBI, MOXKHO YCTaHOBHTDb, YTO MPH 3HAYEHHAX F
MOPANKA pPAIMYCa CKBMKMHBI (M XapaKTepHBIX 3Hauenmsx a ~ 10* m%cyr)
BCINDIHA (DA30BOTO CHBUra MpeHeBpexyumMo Mand — MNOHIKEHHe B CKBaKHMHE.
NOBTOpPAET XOJ JebWTa BO BPEMEHHM NpaKTHYECKM Oe3 3alla3/ibIBaHMA. Uro
KacaeTCA BIIMAHMA COCE[HMX CKBAXKHMH, PacnoJiOKeHHBIX OT paccMaTpHBacMOH
Ha pAacCTOSHMAX MOPsAIKa AECATKOB -COTEH METPOB, To, KaK I3T0 CIEAYeT U3
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rpadpuka Ha puc. 4.2, BenuuMHa $a3oBOro CABHIa BTOPOro CJ1araeMoro MOHH-

AeHHA OKaxerca 3aMerHoi. Tak, npu r=100 M, a=10* M¥cyr n w =

=001721 cyr ' BenwumHa r+/w/a paeua 0,131 u comnacHo rpaduxy BeTHYM-
: Ma ¢a3oBOro CABMIa COCTABJAET OKOIIO 20“, Gnaropgaps ueMy BIHAHHE COCel-
| HHX CKBAKMH CKa3bIBaeTca ¢ MABYXJIEKaJHbIM 3ama3fibiBanueM. Bnusanue Go-
jee yHoaneHHBIX CKBaxWH pana Oyler XapakTepu3oBaTeCid euie OOIbLUMMH
JHAYCHHAMH BpeMeHH 3anas/ibiBaHua. lIpH yMEHBIIEHHM PacCTOAHHA MEX]LY
COCE/IHMMH CKBAXMHAMH JIHHEHHOIO pAfa, ¢ OJHOH CTOPOHBI, BIMAHHE CKBa-
WHH ApYT Ha ApYra yCWIMBAeTCH; C ApPYroi CTOpOHbI, BIHYWHHBI COOTBETCTBYIO-
uMx ¢a3oBbIX CABHroB ymeHsmawrtca. Korga BeIMYAHAa pacCTOAHHMA MEXAy
COCEJIHIMH CKBa)XMHAMM CTPEMMTCA K HYJIO, T.e. JIMHEHHBIH PAJ lIpeBpalaer-
Cfl B rajiepero, JOCTHTaeTcAa YKa3laHHas Bbillie BeiMuHHa ¢a30BOro C/IBHMra, pas-
nas 45°.

Peansubie Tpaduxn BopooTBopa, Kak NpaBWwio, XapaKTepU3YHOTCA CYIlecT-
NEHHOCTBIO BTOPOH, 3 HHOT/A W TpeThell rapMOHMKH pawioxenus (4.1). Benn-
HHA BPEMEHHOTO CABHTa MEXAY MUKOBBIMH 3HAUEHHSMM BOJOOTOOPA U MOHMU-
HCHUA B TAKMX YCIIOBHAX MOXET CYLIECTBEHHO OTIMYATLCH OT NONYTOpa MeECs-
(en . PaccMOTpHM BITHAHME BTOPOH FaPMOHHKH HA BOIMYMHY BPEMEHHOIO C/ABH-
4 B olyyae, KOrja rMOpOreosIorHYecKue ycJIOBHA CXeMaTH3HpOBaHbI B BHIE
' HCOPraHMYeCKOro OIHOPOMHOrO [UIacTa, IKCIVIyaTHpyeMoro 6eCcKOHEeYHOH
rwiecpeed (KOMMEHCANMOHHOE NMHIaHWE OTCYTCTBYeT) . Benuwina ¢gazoBoro CIBH-
[d B OTHX YCIOBHSX, KAK YXe OTMEYaIOCh, Ha BCEX YACTOTaX COCTaBJIAET 45°
IPMOHHYECKOE COTIPOTHBIIEHHE R, Ha yacToTe BTOPON rapMOHMKH B /2 pasa
Menbine BemHuMHbl R, (cmencreue M3 dopmynsl (4.13) npu g = 0). [Nockons-
Ky rpadux BogooTHOpa ONMMCHIBAETCA BbIPaKEHHEM

Q()=Qot+ Oy cos(t — ¢ )+ Qs cos(2f ~ vr) (4.25)

(rapMOHHMKH TpeThero M 4eTBEpTOro nopsajxa OTOpOmIeHbI), 3aBMCHMOCTD
(ePHO/IMYECKOR COCTABIAIOMIEH TNOHMXXEHMA OT BPEMEHHM CcorylacHo dopmyie
(1.57) Oyaer HMeTh BH/L

0, 0,
S, (Mg, 1)= — R;cos(t — — 45%), (4.26
p\Mo ) T 1 ( 1 T \/— Y2 ] { )
F Boepem B paccmotpenue ¢(yHxkuuio M({, =), onpeaeneHHyw YCIOBHUEM:
mpucumocts f(z) =cosz + {cos(2z + Z) mocturaer HanGOsTBIErO 3HAYEHHA

pu z =—M(§, ). Tabn. 29 copepxur 3xaveHus ¢pyHkunn M ({, =) npH Hexo-
[OpBIX 3HaueHusAX mapamerpoB ¢ u E, Hpu Z> 180° cnemyer Hcnomb30Bath
. CHOHCTBO aHTHCHMMeETpHYHOCTH pyHKuME M (, =) :

M(t, 180° + Z) = —M (£, 180° — ). (4.27)

llonaras B Beipaxennu (4.26) r — ¢, =z, NONYYHM, YTO MAKCHMANbHOE 3Ha-
uenHe Bopoorbopa Oyner JOCTUraTeCs NMPH 3HAYEHUM BPEMEHH

(O max —¥1 —M(§,5), (4.28)

e § =02/Q,,Z=2¢; — ;. TouHo TaK Xe, paccMaTpuBaa Bbipaxenue (4.26),
IPUXO/IMM K BBIBOJY O TOM, YTO MAKCHMYM NEPHOAMYECKOH COCTABIANLICH
HoHMxeHUA ByoeT UMeTh MECTO NMpH [ = {S gy FHC

T e
18,4y =01+ 45° M(E,;Ms). (4.29)
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Puc.4.11. BpemcHHEe 3aBHCHMOCTH BoaooTOOpa (KpHBad /) M NOHHXeHWA HA NHHUH

Bopo3abopa {xpun&s: 2) npu pasnmmm 3IHaYeHH X yrnaH ;
T =500 M J’L‘:}'T a=4000m* fcyT; g =0,5 - 107°M™!: B =40 xm. 3uavenun Z: 4 —

120°; 6 — 150°; 6 — 210°: 2 — 360° :



e

T e

BpemMeHHOM C/IBUI COCTABNIACT, TAKMM 0DpPa3oM, BETHIHHY

A=ty e ~ om0 M, S _M(% 21 45")* (4.30)
Ha puc. 4.10 n306paxens: rpadMiKH 3aBHCUMOCTH BeJTHYHHBI Af OT NapamMeTpoB
% w t. Mpu ¢t <0,25 31a 3aBucHMOCTs HenpepbiBHa, npu { > 0,25 oHa HMeeT
Jlba pa3pbiBa — MpH = = 135° u npu = = 180°, uto 06yC/IOBNEHO 0COOEHHOCTBIO
pynkman M(L, Z). 'paduxnu Ha puc. 4.6 CBHJIETE/ILCTBYIOT B MOMb3Y BO3MOX-
HOCTH TTOCTHOKEHMST BEChMa OOJIBIINX 3HAUCHWI BPEMEHHOTO CHBMra IOJL BITHA-
{HeM BTOPOH raPMOHMKH PATOXKeHHA rpaduka BofooTbopa. Jlaxe NpH CpaBHH-
renHO HeBGONMBILIOM Bece BTOpOo# rapMoHHKH, npu § = 0,25, moxer HabmiopaTh-
cn Gonee yem TPeXMECAYHBIH COBUI BO BPEMEHH, €C/IH TOJIBKO 3HAUCHME yTiia
% cocrapnser 150—170°. Tpu yBenuueHun Beca BTOPOH TapMOHHKH BE/IMYHMHA
UPEeMEHHOro CABMTA MOXKET BO3DACTaTh MOUTH /10 nonyrona (crmyuad { = 1,0).
Ha puc. 4.11 npuBefeHsl COBMEUICHHbiC rpapHKH BPEMEHHBIX 3aBHCHMOCTEI
pojooTbopa M MOHWKEHHMs NpH oTOOpe MOJA3EMHBIX BOJ HEOrPaHHUCHHOTO
OJIHOPOJIHOTO TUTACTa ¢ KoahdumienTom Bogonposonumocth T =500 m*/cyT #
Ko duuEerTomM yposrenpoBoaumoctd @ = 4000 M?/cyT B yCIOBHAX KOMIICH-
CAIMOHHOTO THTAHHA, XapaKTepH3yemoro BennuuHoi g =0,5 - 10™ M. Benu-
WMHB! CONPOTHBIEHMK ¥ (a3’0BHIX CHABHIOB IA 3THX YC/IOBHH NPHBENCHLL B
rafin. 28. OTHOLICHHE rapMOHMYeCKHXx cohpoTuBnenuit Ri/R,; 6mmakok V2,4
(hazoBbie yrisl — K 45°, O3TOMY BCe BIBOJbI, C/IEMaHHBIE V1A YCIIOBUH OTCYT-
CTBMA KOMMEHCAUMOHHOTO IMTaHHA, OCTAITCA CNpaBeTHBBIMH H B YCIIOBHAX
upumepa. C  [pyro#i CTOpOHBI, KAK OTMEYaOCh Bbillle, HAIHYHE KOMIICHCA-
IMOHHOrO TNHTAHWA TMOJYepKHBACT BHYTPHrO[OBBIE KONEeOAHHA NOHIKEHHA.
[lpu moctpoenun rpadukoB Ha puc. 4.11 G6puio npuuaAto, yto B =40 000 M, a
rpadux BogoorGopa sanas B suge Q(f) =5,25 + 3,50 - cos(t — 210°) +
+ 1,75 - cos(2f — ¢2) (M> [c), rie BenHuMHa Y, HA3HAYATAch HCXOJIA H3 COOTHO-
menmst @, = 2 - 210° — E = 420" — E. AHanusupys rpagHxu Ha puc. 4.11,
MOXHO TIPHHTH K BBIBOJLY, 4TO BEJIMYMHA BPEMEHHOTO C/IBUTA 33BHCUT OT COOT-
HOLIEHHA BEITHYHH MaKCHMyMOB BoJIo0oTOOpa M NPOAOIKHTE/IbHOCTH HHTEPBAIA
WpeMeHn Mexay HuMH. B ciyuae @ (cm. puc. 4.11) BTOpo# MaKkCHMyM BOIIOOT-
fopa BelpakeH cnabo H MAKCHMaIbHOE 3HaYCHHE NOHWKECHHA ONPEAENnsACTCA
(1aBHbIM THKOM Bofoorbopa. I'paduk BomooTOOpa B cryuae O Ha NEpPBBIK
WAL OT/IHYaeTca oT rpaduka B cryvae @ HesHauuTenbHO. OOHAKO HanHuMe
§TOPOro MAKA, CEAYILIEro NOCie NepBoro, NPUBOANT K NEPeCTPOHKE XapaKTe-
Pl KPHBOM TIOHWKEHNA: €€ MAKCHMYM Cle[yeT yXe 34 BTOPbIM IHKOM BOJIO-
orbopa. EcnmH BropocTemeHHBIH MHK BOXOOTOOpa MpeAlIeCTBYeT IIaBHOMY,
KAK 9TO HMEeT MECTO B CIIy¥asx 6, 2, MAKCHMYM [OHIKEHHMA Cie[lyeT 3a IJiaB-
HLIM MHKOM BOOOTOOPA, 2 BEJIHUMHA BPEMEHHOTO CABHIa NMPH 3TOM HEBEJIMKA,
Takum 06pazom, CYIECTBYIOT YCIOBHA, PR KOTOPbIX ‘BIHsAHHE BTOPOH rapmo-
WMKK Tpaduka BOJOOTOOpa TPHBOMMT K PE3KOMY YBENHUCHHI0 BPeMEHHOro
C/ABHra MeXOy MHKaMH BOAOOTOOpa M NOHIKEHHM:A. JTH YCIOBHA B Cllyyae
JKCIUIYATAlMA [OJ3EMHBIX BOJ JIMHEHHBIM BOJ103200pOM ONpENeNAioTCs He-
pasercrBom 135° < Z < 180°. I'paduxn BomooT6OpPa, BHIIBIBAIIIETO IHAYM-
Te/bHBIE BPEMEHHbIE C/IBMIM, B KaYeCTBEHHOM OTHOIUEHHH XapaKTepH3yHTcs
HATHYHEM [IOMOTHHTEIBHOTO MAKCHMYMa, CIIE[YIONIEr0 338 OCHOBHbIM.

'padMxu 3TOro BMA MOrYT BCTPEYAThCA B PEATBHBIX YCIIOBHAX. 3HAUYCHUA
Op/IMHAT rpadMKa B MEPHOL C ANpeJiA MO CeHTAOPb COOTBETCTBYIOT MPH ITOM Bere-
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[IUMOHHBIM MOJIHBAM, B OCCHHC-3HMHMH [IEPHOJ — NMPOMBIBKAM 3€MeNb, €CIIH
JTOro TpeOyIT MeTHOpaTHBHbBIE YCIOBHMsA, a B ¢eBpane W MapTe — Ipe/liIoceR-
HbLIM BIIATO3apAAKOBBIM MOITHEAM.,

BpemeHHbIe COBHUIM MEXIY NMHKOBBIMH 3HaYeHHAMM BOAOOTOOpAa H [OHMKeE-
HIts, JIOCTHraKIMe B ONPE/ICHEHHBIX YCIOBMAX HECKOJIDKMX MECAIEB, MOTYT
(1K43dTh CYIICCTBEHHOE BIIHAHHE Ha OLECHKM SKCIUTYaTaAUMOHHBIX PECYPCOB
NO/I3EMHBIX BOJ [JIA UENeH OpolleHusa. BenmuuuHa JONyCTHMOIO NOHWKEHHA,
Ha3HayaeMas HCXOAA M3 MOIUHOCTH BOIOHOCHOIO FOPH30HTA, HE ABJIAECTCA TOY-
HO OTpE/IE/ICHHON KOHCTAaHTOH, a BapbUpyeT B OIllpelieieHHbIX mnpenenax [6].
lak, ju1s Ge3HaNOPHLIX IUTACTOB OHA [I0JKHA cocTaBiaTh oT 50 no 70% oT Molu-
WOCTH TlacTa. BeiOMpas TO WIH HHOE KOHKpETHOE 3HaYeHHMe B 3THX Npejenax,
ClIe/lyeT PYKOBOICTBOBATHCA COODPAKEHUAMH TEXHHKO-IKOHOMHYECKOro Xa-
PaKTepa. Y4eT CMelleH!s MMKOBBIX 3HAUCHUH OHIDKEHUA [0 OTHOLISHHI0 K MaK-
CHMYMY BOJIOOTOOpa MOJXKET BbIPA3UTHCA IIPH OLEHKE 3IKCIUIyaTalMOHHBIX pe-
CYPCOB NMOA3EMHBIX BOJ, B YBE/IHYEHHH PACUETHOI O 3HAYeHHUA JOMYCTUMOTO NMOHU-
ACHHA [10 €€ BEPXHEro npefesa. B HeKOTOPBIX CIIyYasxX, BO3MOXHO, OHO MOXKET
Hd3HaYaTbCA eme OOJbIMAM, YYHTbIBasd, YTO KPATKOBPEMEHHOE TpPEBHILIEHUE
IOHHKEHHEM [JONMYCTHMOrO 3HAYeHHA NPOH30HIET B MEpPHOM, KOrja BeTHYMHA
#0/100TOOpa CyILIECTBEHHO MeEHbIlle MUKOBOH M BEPOATHOE OTKIIIOYEHHE YacTH
CIKBaXHH HE MPHBEAET K CTOJIb CYIIECTBEHHOMY OC/IOXHEHHI0 BOJIOXO3AHCTREH-
HOH ODCTAaHOBKH, KaK €cid 6bl 3TO NPOH3OLUIO B pasrap BEreTauMOHHbIX IIO-
IIHBOB.,

PaccMoTpeHHbie Ha NpUMepe NMPOCTBIX HAPOreONIOTMYECKHX CXEM XapakKTe-
PHCTHKH IHKIHYECKHX 3KCIUIYAaTallHOHHBIX KOJIeBaHuH YPOBHA MOJA3E€MHBIX BOJ
I HX B3aHMOCBSI3H C HEKOTOPbIMH (HaKTOPAMH NMUTAHMA U PASTPY3KH COXPAHAIOT
Choe 3Ha4YeHHE M B DoJiee CIIOKHBIX MHAPOTe0/IOTHYECKHX H BOJOX03ANCTBEHHBIX
YCIOBHAX, @ TAKKE MPHU YCIOKHEHHON KOHMUT ypalyu Bofo3a60pos.

4.5. CXEMbBI [TJTACTOB-ITOJIOC

B Hacrosmem mnaparpage paccMaTpUBAlOTCA YacTOTHBIE XAPAKTEPUCTHKH
HOHIDKEHHA B YCIOBHMAX OOHOPOJHBIX IUIACTOB-MIONIOC — C ABYMSA ['PAHUIAMH
IIHTAHHA H € pasHOPOOHBIMH rpaHuuamu. [lepegarounsie QYHKUHM NOHMKEHHSA
[y1si CXeM IUIaCTOB-MosIoc OBlIH monyuens: B 2.3,

[Ipu oTbope moasemMHbIX BOA B IUIACTax-Mojiocax 0BOHX BHOOB OAMHOYHBIMHU
BO03aD0OpaMH 3TH NEpefaTOYHbIE PYHKUMU BRIPDKANTCA COOTBETCTBEHHO op-
Mynamu (2.57) u (2.66); COOTBEICTBYIOLIME BhIPAKEHHUA [Jisi YACTOTHBIX Xd-
PAKTEPHCTHK, TIONTYyYaeéMble [PH NOACTAHOBKE P =iw, UMEWT, OJIHAKO, JaXe B
Ciyuaax OTCYTCTBHA KOMIICHCALUHOHHOIO IMTaHMA BHI TPYIHOCYMMHpPYEMBIX
KOMIUTEKCHBIX paAfoB. Mecte ¢ TeM, BCIOMHHAf, YTO 3HAYEHHWA YACTOTHBIX Xa-
PAKTEPHCTHK Ha YaCcTOTe OCHOBHBIX KoyieOaHul M DONee BBICOKHX YacTOTax CO-
OTBEICTBYHOT 3HAYEHWAM TIHIPABIHYECKOTO COMPOTHBIIEHMA MpPH 3HaUCHHAX
BPEMEHH INOpAAKA HECKOJIBKHUX MECALEB, MOXHO HPeanoiokKHTb, 4TO B B0JIb-
IIMHCTBE Cly4YaeB, Korfga BoJ03abop He cnMumiKomM ONM30K K IpaHHlaM, HX
BIIMAHKE 33 pacCMaTpHBaeMblH MHTEPBAJI BPEMEHHM HE CKa3blBACTCS B 3HAYMTE/Ib-
HOH cTeneHy. [losTomy Wis uened NPaKTHYECKUX PacyeTOB MOXHO PEKOMEHI0-
BATh HMCIIONH30BATh B TAKHX YCIIOBHAX BMECTO MCTMHHBIX YaCTOTHBIX XapakTe-
PHCTHK COOTBETCTBYKIIHE 3aBMCHMOCTH JUIA ONMHOYHOro Bofdozabopa B ycio-
BUAX HEOr pAHMYEHHOTI' 0 ONHOPOIHOrO TUIacTa.
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Puc.4.12. I'padukn 4acTOTHLIX XApaKTCpHCTHK [Nd YCNOBHA cxembl MIACTa-MOJNOCH €
ABYMA FpaHHUAMM NHTAHKA

CHnollKLIE THHWH — AMIUTHTYIHBIE, MYHKTHpHbIe — (asonbie. YHena y KpHBBIX — 3HA-
YeHHH OTHOCHTENBHOID pPAacCCTOAMMA d MeXOy NHHEHHMbLIM BOAO3aBOPOM H JIEBOH pexKOoR

IIpu o16ope MOA3eMHBIX BO/ OJHOPOHOTO IUIACTA-TIONIOCH! JIMHEHHBIM PAJIOM
CKBAXHH TIPH YCIIOBHH PaBEHCTBA HYJK KOMIEHCalMOHHOro 3jdexra gactor-
Hbl€ XapaKTEePUCTHKH MOHWKEHHWA B TOYKE Ha JIMHHH Bo[o3abopa HMeET BMIL
(1.103), (1.104), riue BbipaxeHHs 1A COBCTBEHHBIX MEMEHTOR Ay M e (M)
onpe/ielieHbl COOTBeTCTBEHHO hopmynamu (2.72) s yclOBHH IDIACTa-MONOCKL
¢ pasHopojHbimMK rpaHunamu. Ha puc. 4.12 1 4.13 npuBenenb! rpapuKy 4acToT-
HbIX XapaKTepPHCTHK JUIA PAacCMaTPUBAEMBbIX YCIIOBMH, NpHYeM I ciyvas
IU1acTa-NoJIOChl ¢ TPaHUIAMHE NTMTaHHs NPHBeEeHbl ToNbKO rpadpuku npud <0,5,
TAK KAaK 3HAYEHHS YACTOTHBIX XAPAKTEPHCTHK HE H3MEHAKTCA OT 3aMEHbl B
COOTBETCTBYIOIMX BblpaxeHusax Ha | —d. .

B yCnoBHAX IUVIACT4-NONOCHI C FPAHMIAMH MHTAHUA AMIUIUTYHO-ACTOTHRIE
XapaKTEePHCTHKH TpeTepIieBaT NpH YBeIHUYeHHH YacTOThl 3aKOHOMEPHOE YMEHb-
[IEHHEe CBOMX 3HAueHMH; ()a3ouaCTOTHBIC XapAKTEPHCTHKH YBEJTHUMBAIOTCH OT

3HayeHui, GMU3KMX K Hy/Mo, 0 NONOBHHBI MPAMOrO YIJIa ¥ MOTYT HECKOJIBKO

NPEBOCXOMMTH 3TO 3HaueHHe (Ha 2—3°), npHuem MpH w —°° 3HavYeHHA dasoua-
CTOTHbIX XapPaKTEPHCTHK CTpeMATCA K 45 He3aBMCMMO OT BeiwuMHbl d, AM-
IJIHTY/IHO-YACTOTHBIE XAPAKTEPHCTHKH TIOHWKEHMS B CJ/iydae IUIacTa-lonochl ¢
Pa3HOPOIHBIMH TPAHHIAMH TAK)XKe MCIbITBIBAIOT 3aKOHOMEPHOE yMEHbILEHHEe
IPH BO3PACTAHHHM YaCTOTHI; YTO KacaeTcs (a3’0yacTOTHBIX XAPAKTEPHCTHK,
TO OHH HCHBITHIBAIOT 3HAYATENIBHOE BIMAHME CO CTOPOHBI TPAHMIBI MOCTOAHHO-
ro PACXOfia, BBIPAKAIOWICECA B MOAB/CHMH JHAYMTENBHBIX MUKOB (as Haj mpe-
esTbHBIM 3HaueHHeM, paBHbiM 45°. YBemnuenme ¢assr mocturaer 15° u maxe
Gosnbllie, TAK 9TO CyMMapHbie 3HaueHMs (a30BbIX cauros 60° npu 3HaueHHAX
d nopsapgxka 0,7-09; npu d = 1,0, xak MoxHO BHAETh K3 rpaduka (puc.4.13),
npeBbillleHHe 3HaueHHs (asbl Hajl NpelenbHbIM IHAUEHHEM CHOBA HE NPEBOCXO-
mar 3°. 910 sABneHe MOXeT GbITh MCTONKOBAHO C TpPHBJIEYEHHEM IIPHHUMIIA
OTPaXeHHA OTHOCHTEIBHO rpaHuubl. IIpH OoTHOCHTENBHO GITH3KOM pacnonioxe-
HHM JIMHEHHOrO pAfia Y I'PaHHIBl MOCTOAHHOTO PACXOL3 PEeXHM MOHHKEHHS B
TOYKe Ha JIMHUK oT6opa popmMupyeTcsa riaBHbiM o6pa3omM nop BIMAHHEM BOJO-
0T6Opa M3 CKBaXKMH JIMHEHHOrO psfla H €ro oTpakeHus (CO CBOMM 3HaKOM)
OTHOCHTE/TBHO TpaHHUbl., BnHAHHeM ocCTanbHBIX (HKTHBHBIX BOM03abOpOB,
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Puc.4.13, 'padMKH vacTOTHRIX XapAKTCPHCTHK UTA YOIOBHR CXeMBI TDIACTa-NONOCK] C
PAIHOPOIHBIMH T'PaHHULAMM

i Cnnoumsie MHHEH — aMIVIMTYQHBIE XBPAKTEPHCTHKH, MYHKTHPHbIe — dazoewe. Yncna
l ! KPHBBIX — OTHOCHTE/IBHOE paccTOAHME Mexny NHHEHHBIM BOXO3a6OpOM M rpaHHIten
NNTaOHMA.

Fuu. 414, Fpaduxkn dykuuf 4 (2) (kpuBas /) u ® (z) (kpusas 2)
NOSHHKAIOUMX [PH OTPaXXEHHAX OTHOCHTENILHO IpaHMIbl MHTAHWA M NPU KpaT-
IbIX OTPWKEHHAX, MONHO MpeHeOpeub, TaK KAK B CHIY OTHOCHTENBHOM OTHa-
IEHHOCTH HX BJIHAHHC CKa3bIBaeTCA B 3HAUHTENIBHO MeHbLUCH cTemeHn. B yeno-
WHAX CYUIECTBEHHOCTH BITHAHHA HKTHBHOrO BOJ03abOpa, pacnoNoXeHHOro
Wl IPaHMUEH MOCTOAHHOTO p4CXOlld, ero jedcTBue Gymer NPOABIATHCA [BOS-
KO. NpH yBE/IMUEHHH 3HauYeHHs d OHO OyJeT BbIpaXaThCs CHayaNla B yBelHye-
WK (pa30BOTO CABHMIa, YTO CBA3AHO C YCHICHHEM BIIMAHMA Golee nanexo pac-
IIDJIOPKCHHOIO OTPaXeHHA; INpH [JaNbHEHLIEM YBEIHUYCHHH BenHuMHbl d, B 06-
NacTH, Onu3kol K d = 1, CABHr, [laBaeMbIH OTPAXKEHHEM, CTAHOBHTCA He3HAYH-
IC/ILHBIM M CyMMapHaa BeJIHUMHA (a30BOM XapaKTePHCTMKM CTAHOBHTCA MEHB-
iew; B mpenene, npu d = 1, puKTHBHBIE BOHO3a6Op-OTpaKEHHE nmpomnapaer
COBCEM, HCUE3AaCT M JIOTIONTHMTENbHBIA (a30BeIil cABUT M (a3ouacToTHANA Xapak-
ICpHCTHKCa NMpHOOpeTaeT BHWJI, MOKa3aHHbIH Ha pHc. 4.13. CrnoxHsii Xapakrep
(pA3IOYACTOTHBIX XAPAKTEPUCTHIC PACCMOTPEHHONW CXeMBbI MOXKET BbIPasHTLCH B
JHAUHTENIBHOM HCKQ)KeHHMM TpadHKa NOHWXKEHHA YPOBHA NOA3EMHBIX BOA Ha
/IHHHH BON03a60pa M B KOHEYHOM HTOTC Ha BEJIHYMHE 3KCIUTYaTaUMOHHBIX pe-
cypcoB. C [pyroit CTOPOHBI, CABMI MAKCHMYMa NMOHMXEHHA HA [Be Helead B
PACCMOTPCHHBIX YCIIOBMAX MOXET OK23aThCA JKEJIaTEe/IbHBIM NMpH 0B60CHOBaHHH
KpynHOro oTOOpa No[A3eMHBIX BOJI JTA OPOLICHHA.

Ilpu orBope NOA3EMHBIX BOA OHOPOIHOrO IUTACTA-HOMOCH C IPAaHHLIAMM 1H-
TOHHS TUIOLIA/IHBIM BOMNO3aDOPOM, PABHOMEPHO pacnpele/leHHbIM no o6/1acTH
(pHIBTPAUMH, YACTOTHbIE XAPaKTEPHCTUKHU MNOHWKEHUA B UEHTPAILHOH TOYKe
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[wiacTa mMoryT GeiTh Takke onucansi popmynamu (1.101) -(1.104), rje ko3~
pHuHEeHTBI X ByayT, Kak 66110 Mokaszano (2.80), BripakaThCsi paBeHCTBAMM
)
xx =—[1 - (=1)¥].
km

Ha puc. 4.14 npuseseHst rpadMkM 4acTOTHBIX XapaKTEPHCTHK ILIOLIAZHOTO i
BOJ/103a00pa, npuyem

R (%MF%A (), 431)

¥ (M, w)=F (2), (432)

e z =L/ w/2a. :
AHAIOTHYHO MOTYT OBITh HOJIYYeHBI YaCTOTHBIE XdPaKTePHCTHKH M B Clyuyade
[1aCTa-NOJIOCHI C pasHOpOMIHbIMK rpanHuamu. Herpyano mokasats, yto B 510M
CiTy4ae 4aCTOTHBIC XaPAKTEPHCTHKH MOHMKCHHA B TOYKE Ha FPaHMIle TOCTOAHHOTO
pacxoja mMoryT ObiTh BbIPOXKEHbI YEpe3 YaCTOTHBbIE XAPAKTEPHCTHKH TOHHKEHHS

B CCPEIMHE IUTOLLAIHOTO BO/103a00pa, paboTalomero 3 mwiacTe-nosoce ¢ rpaHuila-
MH [IMTAHHA, 3 UMEHHO :

R (M, 0)=—44(22), (433)

VY (M,g)=F(2z2) (4.34) :
z=L~ wf2a. :

IFnasa 5

OUEHKA PEOYKUHH NMOBEPXHOCTHOI'O CTOKA
NPU NMEPHOOHYECKOM PEXHME OTBOPA
NOA3EMHLIX BOA

[epuomyeckuit peXxuM BOMOOTOOpa NPH ONpECTEHHBIX YCIOBHAX MOXET
BBI3BATh BHYTPHIOJIOBbIE W3MEHEHMA DeNyKUHH NOBEPXHOCTHOrO CTOKa. 310
ODCTOATENILCTBO HE BCET[a MIPAeT PELUAuIyl0 POfb, HO HacTO, OCOBEHHO B yc-
MOBHAX BaccedHOB HeGONBUMX peK, BHOCHT CyIIECTBEHHbIE KOPDEKTHBBI B
PEXHM H BE/IMYHHBI 0TOOpa nMoaseMHbiX BOA. [UIA OLUEHKHM BIMAHMA TICPHOIH-
4ECKOro oT60pa NOA3EMHBIX BO/I HA PEXHMM NOBEPXHOCTHOTO CTOKA HEOBXOIHMO
CPaBHHBATh IHMAPOTPagbl NOCIE/IHEro ¢ rpadMKoM BHYTPHIOHOBOIO XONa pe-
AyKUMH. B 3aBUCHMOCTH OT pacriosioxeHus: Boj03a6opoB N0I3eMHBIX BOJ OTHO-
CHTE/IbHO BOJOTOKOB, (PWIbTPaUHOHHBIX YCITOBHA M JIPYIMX THApPOTE0/IOrHYe-
CKHX (GaKTOpOB, a TAKXKe OT pexuma BO/100TOOpa CC30HHBIH MaKCHMYM pelyK-
LHH MOXKET COBMAcTh ¢ pa30i MONOBO/AbA, MEXEHH WIH IIPOMEXYTOUHOM ¢ason.
OueBHaHO, HanBGonee cepbesnbiMu ByjayT NOCNEICTBMSA pPeayKUMH NOBEPXHOCTHO-
ro CTOKa B C/lyyae COBIA/ICHHA €€ Ce30HHOrO0 MAaKCHMYMa ¢ MEXEeHbI0 Ha pexax,
OCOBEHHO eC/IH XapaKTepHas BeJIHYMHA MEKEHHOTO pacXoja PEK CpaBHMMA C
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MUKCHM@IbHOH BEITHUMHOH pellyKkuMd. B MeHbllleH CTeNeHH pellyKlMs MOBEpX-
HOCTHOIO CTOKd NPOABMTCA NMPH COBMEIIEHHH ee MaKCMMyMa C HOJIOBOIBEM.

[lockonibKy BHYTPUrOAOBOH PEXHM MOBEPXHOCTHOTO CTOKa MMEeT CTOXa-
CTHYECKYI0 TIPHPOJY, TaK € KAK ¥ pedyKIUs NOBEPXHOCTHOTO cToKa (M3-3a
NEPOATHOCTHOTO XapakTepa oTbopa moa3emMHbiX BoM), T0 Haubomee mociienoBa-
IeIbHBIM Oy[ieT cpaeHeHHWe BEPOATHOCTHBIX XapaKTEPHUCTMK ruporpadom 1o-
NEPXHOCTHOI'O CTOKA M PelyKIHH. BMecTe ¢ TemM Kak TeopHs ClyuYaiHbIX BHYTPH-
[O/IOBbIX KONeDaHH¥ NOBEPXHOCTHOTO CTOKA, T4K H OIEHKA DelyKIHH TpH
(JIy4aMHOCTH BOJo0TOOpPa B HacTOsfilliee BpeMsl pa3paboTaHbl HEAOCTATOYHO,
09TOMY AJIA NPAKTHYECKHMX PacyeToOB MpeCTaBiAeTcA HenecoobpasHbiM orpa-
HHYNTBCA CPaBHEHHEM XapakTepHeIX THAporpagos (Hanpumep, rupporpada
CTOKa 3alaHHOH ofecreyeHHOCTH NpH rpadguke pefyKIWH, PACCUMTAHHOTO IO
CPeIHEMHOTONIETHEMY T'HApOrpady BomooTHopa) .

Teopernyeckoe HccnegoBaHUe BHYTPHIOMOBOTO XO[a pelyKIMH MOBEPXHOCT-
HOIo cToKa upu oTOOpe MOA3EMHBIX BOJ HEODXOOMMO Takke M npu oBocHOBa-
HHH MEPOTIPHATHH IO YBEJHYECHHIO BOJIHOCTM PEK B MEXEHHbIH MEPHUOf MyTEM
MKAYKH TIOA3€MHbIX BOJ B BOAOHOCHBIE FOPHU3OHTHI, TMPAB/IUYCCKH CBA3aH-
Mble ¢ ITHMHA pekamu [69, 70].

B HacTOAINCH TIjlaBe PAacCMOTPEHbI METO/bl HCCIENOBAHMA MEPHOIHUECKHX
KOMIIOHEHT PEAYKIHH [UIA HECKOJIbKHMX Haubonee MpOCTHIX W B TO e BpPEMA
PUCIHPOCTPAHEHHBIX B IPAKTHKE THOPOTCONIOrHYECKHX CXEM OOHOPOIHLIX IUIa-
CTOB C rpaHMLeH MUTaHHA B IUIaHe, a Takxke Mnacro-nonoc, PaccMoTpeHo Bius-
HHEe KOMICHCAUMOHHOTO THTAHHA, a TakKe oOpaTHOM HHPWIBTPalMK OPOCHTENb-
HbIX BOJ] HA MOJIAX HA PEXHUM peryKIHH.

5.1. OQHOPOOHBIA BOOOHOCHBIH IUIACT
C MPAMOJIMHEAHOW TPAHUMUEH NMUTAHMUSA B MJIAHE

[lepenaTtoyHas GyHKIMA pelyKUHMH OJIA YCIOBHH OTGOpa MOM3EMHBIX BOJL
O/IHHOYHBIM HIH IApAUIE/IBHBIM BOAOTOKY JIMHEHHBIM PAIIOM CKBIKHH MMeEET
wu (3.10). MopcTaBnas B 3TO BHIpaXEHHE P = [, NOMYIMM, YTO B YCIIOBHUAX
KOMIIEHCALHOHHOTO MHTAaHHA YaCTOTHHIE XAPAKTEPUCTHKH peayKuMu OymyT
HMETE BHIO

w(w)=eXP°% § (w)=ypsinb, (5.1)
rue

1
p=*/1+0%, 0= ?arctg 0, 0= wlag?

[Ipeacraenserca uenecooOpa3sHbIM NPOBECTH aHANTH3 OCHOBHBIX OCOOEHHO-
CTEH Ce30HHBIX KOJiebaHui BeMYMHbI H3IMEHEHHS TMOBEPXHOCTHOTO CTOKA MpH
JIKCIUTYaTaluMH NOA3eMHBIX BOJ, ¢ IPUBJICYEHHEM YMCITEHHBIX TIPHMEPOB,

llpumep 1. HM3meneHwe NOBEPXHOCTHOrO CTOKa mpu oTGOpE NOM3EMHBIX
BOJI JIMHEMHBIMHM BOJ03a0OpaMK C yYeTOM [IepHO/IMYECKOr0 Xapakrepa BOJIO-
oTbopa.

AJUIIOBUAITbHBIH BOJAOHOCHBIH TOPH30HT ¢ KO3(DQHLUKEHTOM YPOBHEIPO-
soaocTH @ = 12 000 m*/cyT HameyaeTcs K SKCIVTyaTallMy B MENsAX OPOILE-
HusA. BenuunHa kommeHcamHoHHOTO 3(deKTa, OUEHeHHad HA OCHOBAHHU IaH-
HBIX OTBITHO-GWIbTPAUHOHHBIX paboT, coctasnset g =048 - 107 M. Bpemen-
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Mec aiyor Mecrgo:
Puc.5.1 Puc.5.2 g
Puc.5.1. BpemeHHbIe 3aBHCHMOCTH BeTHM-
Hbl 0TOOpA MON3EMHBIX BON H cnupammm::
w, ¥ PACXONA PEKM B YCTIOBHAX MpHMepa 1 -
10 Gt I — 3asscumocts @(f); 2—6 — s3aBucH-
gzs MocTH W (7) mpH pasIMNHBIX 3HAYEHMAX
79 -~ MENAY NHHeAHBIM BOXO3a00pPpOM H YpeaoM
! peku d: 2 — d =500m, 3 - d = luﬂﬂm._‘
08 7 4 -d=1500m, 5 —d=2000m,6 —d =
' - = 3000 m
07 H—BAL- g P c.5.2. Bpemerisie 38BUCHMOCTH B eMii-
3 S X Hpl 0TOOpA MOA3EMHEIX BOA H COKpAlUCHHA
06 ay | f | 256 | [|  pacxoma pexd NpH 0T6Ope NOHMIEMHBIX BOI
: A NuHeHHBIM  BoMo03abopoM, OTCTOALAM OT
05 I8 ypesa pexku-Ha paccrosHud d = 1000 m npn
el 5 ¥ i PAATHYHBIX BHAYCHHAX KOMIMEHCAUHOHHOTO
J2f | 124 \n adpdexra g _
a4 o | ] — ageucumocts Q(r) (M3 npumepa 17 ;
g 4 128l ' 2—6 — sapmcumocTa W (r) mpu 3navemusx
A3t LT ' g:.‘ZfE'DJ £=0510"" M=, 4 -
1 4 g=l+lﬂ' u' 5 —g=2.-70"% "
qz ¥ -5 =4 lﬂ- =1
i P u c 5.3 3aBucHMOCTS OTHOWeHHS W, [
a1 s oT mapamerpoB ag’/w w dvJw/a npu or-
4 3 1; Gope moO3eMHBIX BOL JNHHeAHLIM BONO-
3a6opom. Uncna y KpHUBRIX — 3Havedus
REQEAR & %" 0§ 890 iﬂ Jo napamerpa d
ag®/w
Puc 3.3

Has 3aBHCMMOCTh (KpwBas / Ha puc. 5.1) BogooTGOpa ONpeNeeHa BIpAXeHHEM
Q()=108+154cos(t — 192°) + 7,45 cos (21 — 23°) +
+0,85cos”(3t — 205°) (m%/c).

Tpebyercs OlpenenuTh BpeMEHHEIE 3aBHCHMOCTH H3MEHEHWA PacXofa PeKH
VIR pANa 3HAYEHHH PACCTOAHMA MEXYy peKoH H Boao3abopom B HEeCATbIH IOl

IKCIUTYATALHH,
3apagumcs Kakuma1ubo 3Hauenuem d, Hanpumep d = 1000 m. [dns pacuer-
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Tabnuua 30

Mimenennn KodpODHOHEHTOB BAHAHMA M (DA3OBHIX CABHUIOB B PasNONCHHH TiepHOAH-
weeKoil cocTaBnmoniell H3MeHeHHA PACXOAa PeKH No YCIoBHAM npumepa |

o, M 500 1000 1500 2000 3000
W, (0,7866 0,6187 0,4866 0,3826 0,2353
W, 0,6321 0,3996 0,2526 0,1596 0,0638
W, 0,5361 0,2874 0,1511 0,0825 0,0237
Wy 0,4708 0.2216 0,1043. 0,0491 0,0109
W, ° 22 45 67 G0 134
Wa® 33 66 ¢ 99 132 198
Vs 41 82 123 164 245

woro amaucHus spemenn f = 10 ner = 3650 cyT onpeaenAeM BeIWUMHY napa-
metpa df2+/ at = 1000/2 4/ 12000 - 3650 =0,0755; 3navenue napamerpa X co-
crapnsier 1000 - 048 - 107 =0,48; 3nauenne PyHKUME Wo () cornacHo Gop-
myne (3.11) pasHo

wo (£)=D (0,0755;0,48)=0,6187.

o dopmyne (1.43) BenuunHa amepHOAMYECKOH COCTAaBIIAIOLIEH H3IMEHEHHH
pacxopa Gymer pasua 0,6187 - 10,8 =6,68 (M’ /c).

JanaBasch 3HAYEHHEM OCHOBHOW uacTOThl KOJIEDaHMH W= w; = 27/365 =
= 0,01721 (cyT!), onpemensem COOTBETCTBYIOIIHE i 3HAYEHMUA UaCTOTHBIX
xapakTepucTuK. Haxopum mma 31010 0= 0.01721/12000(048 - 107°)? =
= 6,226, o dopmynaMm (5.1) BLIYHCIIAEM P =%/ 1+ 6,226T=2,5 11; 8 =0,7058
{p.’iﬂ); Wy = W(Wj) = E‘U,ﬂlﬁ‘i.ﬁllﬂﬂ!ﬂﬁﬂﬁﬂ = 013996; ‘q.fl =1I:(w1) ={}}43}(
%2511 sin 0,7058 =0,7818 (pan) ~45° . AMIUIATY/ja NePBOi FapMOHUKH KOJie-
GaHMi W3MEHEHHA pacxoja PEeKH COIJIACHO BBIPAXKCHUIO (1.60) 6ynmer parHa
154 - 03996 = 6,15 (m’/c); coorBercTBylomMi (ha3OBBIA YTON COCTABUT
192° + 45° = 237°. HeiicTBys aHANOrWYHO, ONpefe/iseM 3HAYCHHA KOIPPH-
HEHTOB BIIMSHHA H (a30BBIX CABHIOB HA 9YacTOTaX W; = 2wy M w3 =3 Wy
KoTopbie TipuBerieHsl B Tabn. 30. Bripaxkenue wisA BpPeMEHHOH 3aBHCHMOCTH
W(t) Hyper UMETh BHJL

W)= 6,68 +6,15 cos (t—237")+ 2,14 cos (2t — 89°) +
+0,19 cos (3¢ — 287°) (m*/c).

['paduk 3TOR 3aBMCHMOCTH NnpuBefieH Ha puc. 5.1 (kpusas 4) . Ha atom e pH-
cyHKe 306pakensl BpemeHHbie 3aBHCHMOCTH W (), COOTBETCTBYIOIIHE IPYTHM
3HAUCHMAM PAcCTOsHHA d. AHanH3 ITHX 1'PahUKOB CBHUAETENBCIBYET 0O yMEHb-
IICHHH CTENeHH BHIPAKEHHOCTH BHYTPHIOJOBBIX H3MEHCHHH pacxoja peKH,
BbI3BAHHBIX TEPHOJMYECKHM BOJOOTGOPOM MpH YBEIMuEHHH pacCTOAHMA d.
Eciu XapaKTepH3OBaTh 3Ty CTENEHb BETHUMHOH OTHOLUCHHA Wmax/Wo, MaKcH-
Ma/TBHOrO 3HaueHus dyHkimd W(f) K ee cpefHeroJOBOMY 3HaueHHI0, TO TIpH
d =500 M Wgax/Wo = 22,5/8,50 = 2,65, B 10 Bpems Kak npu d = 1000 m
Wax/Wo = 15,1/6,68 = 2,26, npu d = 3000 M Wyyax/Wo =3,60/2,54 = 1,42.

W3meHeHMe XapaKTepa BPEMEHHOH 3aBUCHMOCTH COKpAIlEHMA pacxoja
PEKM MO BIUAHHEM OT6Opa MOJA3EMHbBIX BOJ, NMPH U3MEHEHHH BEJIMYHMHBI KOM-
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neHcanMonsoro 3ddexTa WUIIOCTPHPYETCA CcepHeH rpadHMkKoB Ha pHC.
[Ip4 MX NOCTPOeHUH ObUIO NMPHHATO, YTO PACCTOSHHE MEXIY Ype3oM pekH
u BonosaGopom pasHo 1000 m, dwisTpaumoHHble NapameTpbl H rpaduK BO-
noot6opa Te XKe, YTO H B PacCCMOTPEHHOM BBl TIPHMEpE, @ BEIMUHHA KOMITEH=
cammonHOro 3ddeKTa NPUHUMATACh H3IMEHAWIIEHCA B Tpejenax OT Hyjla HO
4 - 107 M. I'paduKH OKA3bIBAIOT CYIIECTBEHHOCTh BIIHAHWSA KOMMEHCAITHOH-
HOI'O MHTaHHA HA CTCNMEHb NPOABJIEHMSA BHYTPHIOIOBOIO pacnpefelieHHs H3me-
HeHua pacxona pexn W(t). Tak, npu g =0 BesnunHa OTHOLIEHHA Wi ax/Wo CO-
crapnser 19,8/9,88 =2,00; npu g =0,1 - 107 ™' BenuuMHA ITOrO OTHOLICHHA
pasha 10,7/3,97 =2,69; npug =2,0-107 m' —4,50/1,46=3,08. 1

Takum 06pasomM, yCWIEHHE KOMMEHCAUMOHHOIO NMUTaHUA NPHBOIHT K Gosee
pe3KOMYy NPOSBIICHHIO BHYTPHIOLOBOIO XOJa U3MEHEHHs pacxofa MOBEPXHOCT- |
Horo croka, C Jipyro# CTOpPOHBI, IPH 3TOM CYILECTBEHHO YMEHBIIAeTCA H Camo
MAKCHMAIbHOC 3HaueHue 3aBHCHMOCTH W(1). [ToCKONbKY B YCIOBMAX KOMIIEH-
CAIMOHHOTO TMTAHMA 3HAueHHA QYHKIMH Wo ({) ObicTpO CTAGWIM3HDPYIOTCH,
nocruras mpegena y = limwp (), a2 Ha GopMHPOBAHKE MAKCHMATHHOTO 3HaYye-

=+ oo

HMA M3MEHEHHA PACXO/la PEKH OCHOBHOE BIIMAHHE OKAa3blBACT NMEPBAA rApMOHH-
Ka ero pamtoxenus (1.60), crencHb BBIPaKEHHOCTH BHYTPHrOJOBOTO pacnpe- -
NeTeHHS H3IMEHEHUA NMOBEPXHOCTHOrO CTOKAa MOXET ObiTh KOCBEHHO OXapakTe-
PH30BaHA BETHYMHONH OTHOLIEHHS W[y, re Wy — KOIGOUIMEHT BIMAHUA B
pasnoxernn (1.60) , COOTBETCTBYIOLME OCHOBHOM YacToTe KoreGanmi. I'padnk
3aBHCHMOCTH BEJIMYMHBI ITOTO OTHOLUEHHA OT MapaMeTpos ag’/w n dv/ w/a
npuBeaeHbl HAa pHC. 5.3. 3HAaueHHE MEPBOrO M3 YKa3aHHBIX 3PryMEeHTOB OTpa-
JKAeT BEJTMUHHY KOMIEHCAUHOHHOTO ITHTAHHA; BEJIMYHHA BTOPOrO XapaKTepu-
3yeT YIAIeHHOCTh Bofio3abopa oT ypesa pexkH. I'padukn (puc. 5.3) wumocTpu-
PYIOT PE3KO BBIP@XEHHYI0 32BHCMMOCTh XapaKTepa BHYTPHro/IOBOrO pacmpe-
[e/ieHHA H3IMEHEHHA PAacXofia PeKH OT BeJIMYHHBI KOMMNEHCAUMOHHOIO MMTAHWA.
Tax, npu d = 3000 M, a = 10 000 mM*/cyT, w=w; =0,01721 cyrug =0,6 %
x 10 m! 3uauenme napamerpa d+/wj/a cocraBnser 3,94; 3HaveHyue napamerpa
ag?/w pasro 0,21. C momompio rpadpukoB Ha puc. 5.3 ompenernseM, YTo 3Ha-
yeHHe OTHOINCHHs w;/y mpH 3tom pasHo 0,275. [Ipx yBenHueHHH BETHYHHbBI
g B Bapasampu g =1,2 - 10 M Benuumsa napamerpa ag’/c) yBETHUHTCA B
yeTbipe pasa u coctaBHT 0,84, 3HaueHHe OTHOILGHHA W;/Y MPH ITOM COCTa-
BUT 0,625.

B cnyuae otO0pa NOA3EMHBIX BOJL IUIOIA/THOH CHCTEMOH CKBaXKHH, pABHOMEP-
HO pacrpefeleHHbIX B nonoce dy <X S<d,, napalesibHOW peKe, NepelaTouHan
dyuxmus penyxumn umeer BHA (3.16) . [losicTaBnssa B Hee p =iw, HAXOIMHM BbI-
PAKEHHA UTA YACTOTHBIX XaPAKTEPUCTHK PENPOAYKUMH B BUIE

w(w)=(xpy'v1-2 e X"PCO80 o6 (y p sin §) + e 2XPCOSE
eXP %8 gin @ — sin (0 + x p sin 6)

Y (w) = arctg ; (5.2)
e %P0 030 — cos (8 + x p sin 6)

rae X =g - d, a senuunesl p M 0 mawrtca popmynamu (5.1)

Benencrene Gonee GMM3KOro pacnoyniokeHHa CKBaKHH Bojosabopa k ypesy
peKH, 4eM B clyyae 0TOOpa NO[A3€MHBIX BOJ JIMHEHHBIM PANIOM, OTCTOALIHM OT
PEKH Ha PACCTOAHMM d, IUIOWA/HBIA OTOOP MPH MPOYHX PABHBIX YCIOBHAX OKa-
3pIBdeT CYIIeCTBeHHO Goriee BhIpaKeHHOE BIIHAHHE HAa BHYTPHIONOBOH pPEXHM
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Tubnwuua 31

Anavenna KOIQPHUHEHTOB BAMAHMA W (PAa30BBIX CABMIOB B Pa3sIOMEHMH 1ePHO/IH-
YOCKOH COCTAB/IAIIUCH H3IMEHEHHA PACXOAA PEKH MO YCIOBHAM NpHMepa 2

d, M 500 1000 1500 2000 3000
W, 0,8891 0,7944 0,7128 0,6428 0,5299
W, 0,7970 0,6386 0,5153 0,4196 0,2892
W, 0,7341 0,5429 0,4068 0,3115 0,2010
W, 0,6881 0,4784 0,3405 0,2523 0,1613
Vy° 10 19 26 31 39

¥,° 15 26 14 39 43

Uy© 18 31 39 43 44

L WIMCHEHHA TIOBCPXHOCTHOI'O CTOKA, 4YTO MOKAa3BIBaeT [IPHBEJIE.‘-HHEIﬁ HHXE -
| IPHMEP.
lipumep 2. M3MeHeHHEe MOBEPXHOCTHOTO CTOKaA IIpH IUIOLMAHOM BOJOOTGO-
P¢ M0/13€MHBIX BOJL C YYeTOM Ce30HHBIX KoneBGaHMi BOIOOT6OPA.
l'copunbTpaMOHHbIE YCTIOBHA M TpadHK BONOOTEOpPa TE ke, YTO U B.TIPH-
mepe 1.
3apapasch 3HaueHnem paccroguus d = 1000 m, onpenensem npu £ =3650 cyT
JHaueHue QYHKUMH Wo (7) , HCTIONb3YA [AaHHbIe npumMepa 1 :

wo ()= [erf (0,48 - 107 4/ 12000 - 3650) —

048 -1072 - 1000
- D* (0,0755;0,48)] =0,7944;

o dopmyne (1.60) BenuuuHa anepHOIMuecKOW cocTaBmsirowied pasHa 10,8 ¥
% 0,7944 =8,58 (m?/c).

Ha ocHoBHO#M wactoTe KonebaHuMi w = w; =0,01721 cyr’' BenuumHsl 0, p u
0 pruncriensl B npumepe 1. ITo dopmynam (5.2) Haxomum w(w;) =0,6386;
V(w;) = 19°, AMmiuryna nepgoit FApDMOHMKH pasllOXKEeHHA H3MEHEHHA II0-
BEPXHOCTHOTO CTOKa npu 3toM paeHa 0,6386 - 154 =984 (m>/c); dazonmrii
yron 1927 + 19° = 211°. 3uavenus x03pPUUMCHTOB BIMAHUA H (BA30OBBIX
C/IBHFOB Ha [PYTHX 4aCTOTaxX, a TaKXe [pPH [APYrHX 3HaueHHWAX d NpHBEIEHbl B
rabn. (3.1). I'pauKH BpeMeHHBIX 3aBHCHMOCTEH M3MEHEeHHs NIOBEPXHOCTHOTO
CTOKa MOJl BIMAHHEM IMOJ3EMHBIX BOJ IUIOWAAHBIMH BOA03abopaMM [aHbI Ha
puc. 5.4. CpaBHenne 3THX rpaMKOB C COOTBETCTBYIOIMMH rpapHKaMH Ha
puc. 5.1 obHapyxuBaer, BO-EPBBIX, CYLIECTBEHHO OGonbilee BIIMAHKE IUIOLLAJL-
HOro OoTBGOpa Ha pacxof, peKH; BO-BTOPHIX, MaKCHMATHHBIE 3HAYCHHA HM3IMEHE-
HHS pacXoj@ PeKH HACTyNawT NpH IUIOWAaaHOM 0T16Oope C ropasfio MEHbIIMM
3ana3[ipIBaHHEM BO BpPeMeEHH, YeM B Cilyyae JIMHeHHOro pama. Hampumep, mpu
d =2000 M mMKoBO€ 3HAYCHUE COKPAIIEHHs PacXO[a PEKH IpH OTGOPE NOMI3EM-
HBIX BOJL JIHHCHHBIM PAZICM HacTymaeT B KOHUE CeHTAOpsA, B cyyae IUIONIaj-
HOTO 0TOOpa — B Hayane aBrycra. CTeneHb BbIPAKEHHOCTH NMPOABIICHUN CE30H-
HBIX KOJIeDaHWH M3MEHEHMA MOBEPXHOCTHOTO CTOKAa B Clyyae IUIOLUAAHOTO OT-
Gopa Takke OGONblasg, YeM MPY NPOYMX PABHBIX YCIOBMAX B Clyvyae oT6opa
MOA3CMHBIX BO/ JIHHEHHbIM panoMm. Tak,npu d = 2000m otHOteHHE Wy ax /Wo

147



@ W, mfc

: -
Ja
2
B
J
20
¥
5
&
|
10T

I 0 W nN.Y YrwwaxlX X X
Mecrysr

Pmc 54 Hpeuﬂlﬂhﬁe 3ABHCHMOCTH BeNTHYHHBI oTOOpa MONIEMHBIX BOJ H COKpALUeH Wi
pPacxofa peKH B YCNIOBHAX MpuMepa 2

I — samucumocts Q@ (1); 2—-6 — sasucumoctn W (f) npu paymMuHBIX JHAYEHWAX IIHPHHE!
nonmocbet BopoorGopa d: 2 —d =500 M, 7 —d=1000 M, 4 —d = 1500 M, 5 —d =2000 m,
6 —d=3000mMm

B OIyuae IHHEHHOro Bopo3afopa cocrasmsno 6,90/4,13 = 1,67, B ciyyae
[wiomagHoro orbopa BeTMUYMHA JT0TO OTHOMIGHMs paBHa 15,8/694 = 228,

[locneguum M3 GaKTopoB, OKA3BIBAWIIMX BIHAHHE HAa BHYTPHIOIOBBIE
KonebaHHsA BeIMUMHBI H3MEHEHHMA MOBEPXHOCTHOrO CTOKa IpH OTHOpE Moa3em-
HbIX BOJI, paccMOTpeH daxTop oOpaTHOH MHGWILTPALMH OPOCHTENBHBIX BOJI Ha
nonax. Ecnu oBGo3naunts uepes Kk, koddduumenT Bo3Bpata — gomio otoOpan-
HbIX BO/103a60pOM INOJ3EMHBIX BOJI, KOTOpas BO3BPAIaeTCA K IKCIUTyaTHpYye-
MOMY TOPH30HTY, COTMIACHO MPHHIMIY CYNEpNO3HIMH, nepegarouHas QyHKIMA
H3MEHEHHA MOBEPXHOCTHOrO CTOKa OyieT HMeTh BHJ

Uw (p) =U" (p) — ks US™ (p), (5.3)

rae U“{,“}(p) — nepefarToyHas QyHKIHA H3IMEHEHHA MOBEPXHOCTHOTO CTOKA MO

BiMAHHEM oTOOpa mnofasemHbix Box 6e3 yuera obpaTtHol MHOWIBTPaUMH;
U“E“} (p) — nepenarounas GyHKUMA H3IMEHEHHA MOBEPXHOCTHOIO CTOKa MO

BIIMAHKEM OTOOpa MOJ3eMHBIX BOJ IUIOIAJHBIM BON03a60poM, pasmellleHHbIM
Ha MIomaasx opoinaeMbsiXx MaccHBoB. Ecnu o160p nomseMHBIX BOJ BefieTCs IUIO-
WAaAHBIMH BO/03ab0paMH, pa3sMEmICHHBIMHM HEMOCPE/ICTBEHHO Ha OpOIIaeMBbIX
IUIOIAAAX, /UIA yYeTa BO3BPAaTHOH HHOWIbTPALMH, OYEBHJIHO, IOCTATOYHO YMHO-
KHUTh 3HaUCHHs BoaooT6opa Ha BenuunBHy (1 — k,); TpH 3TOM XapakTep ce30H-
HbIX KOJICOAHHH H3IMEHEHHA MOBEPXHOCTHOTO CTOKA MOJ BIHAHKHEM oTBopa noj-
3€MHBIX BOJ He Dyner omiHuarsca OT oiiyyas mioiagHoro orbopa. B ycnosuax,
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P Hc 55, Epemeuﬂsfe XapaKTepHCTHKH BTMYHMHLI oTHOpa Noa3eMHBIX BOI H HIMeHeHHsA
pacxopa pexH npu orlope moa3eMHBIX BOA NMMHeHHEIM Bo03ab0opoM H ofparHolt MHGHWILT-
PAlHH OPOCHTENIBHBIX BOM B Mojioce MeXny pexof ¥ Bogo3abopom MpH pa3nmuuHBIX 3Haue-
H WA X UIHPHHEI 3TOR MONOCH! :

I — 3asucumocts @ (7); 2-6 — zasucHmoctn W (r) npu 3magenmax d: 2 — d = 500 m,
J=-d=1000mM,4 ~d=1500M,5 —d=2000M, 6 —d = 3000 m

KOTAa pasMelneHue Bo03afopoB He COBNANAeT ¢ PasMELIEHHEM OpOIIaeMBbIX
[UIOLAEH, XapaKTep BHYTPHUIOOOBBIX KoeDaHMM M3MEHeHUs MOBEPXHOCTHOTO
CTOKAa MOXET OKa3aThCH CWIBHO MCKaXKeHHBIM. JTO PacCMOTPEHO Ha NpHMepe
yCIOBHH 0TBOpa MOA3eMHBIX BOJ, OJIHOPOJHOTO BOJOHOCHOTO FOPH30HTA, Orpa-
HHYEHHOTO, ¢ OJHOH CTOPOHBI, MPAMOJIMHEHHOHM PEKOH, NHHEHHBIM BOI03a60-
poM, NpuuyeM oTDOp MOA3EMHBIX BOI, COIPOBOKIAeTCH MHOQWILTpauHeH opocu-
TeJIbHBIX BOJ B Mojnoce Mexay Boao3abopom u pexoin. [lepematounas dpyHxuus
UF'E,”} (p) B 31OM cCiniyuae onpepenserca Boipadkennem (3.10), mepematounas

bynkimnA Ué,“] (p) — Buipaxenuem (3.16), Ha puc. 5.5 u3oGpaxens! rpadbuxu

BPEMEHHBIX 3aBMCHMOCTeH W(f), MOCTPOEHHBIX MO YCIOBHAM npumMepos 1 u 2,
pHYeM MPHHATO, 410 ky = 0,25 (U3 opauHAT rpaMKOB HA PHC. 5.1 BBINHTAIMCE
yMHOXEHHbIE HAa 0,25 3HayeHHA OPAMHAT COOTBETCTBYIOWMX rpadHKOB Ha
puc. 5.4). WHTeHCHBHaA WHODUIBTPALMA OPOCHTETBHBIX BOO B INEPHOJ MAKCH-

MaJbHOTO OTBOpa, Kak MNMOKa3bIBalwT rpadukKH Ha puc. 5.4, oKasbiBaeT BIIHA-
HHE Ha pacxXodbl PeKH JIMIUL C HE3HAYMTEIbHBIM 3ana3[bIBAHHEM BO BpPEMEHH,

YTO BbI3BIBAET COOTBETCTBYIHOIICE YMEHBILUCHME BEJIMUMHBI W3MEHEHHsA pacxola
PEKH B 3TO BpemMsa. JTHM OObsICHACTCA TOT QAKT, YTO NMKOBBIE 3HAYEHHS 3aBH-
cumocTedr W(f) Ha pHC. 5.5 cylieCTBEHHO CMellleHbl BMpPaBO MO CPaBHEHHMIO C
rpapukamu Ha puc. 5.4. Bo3BparHas MHOHUIBTpalMA B psA/e CIy4yaeB MOKET
OOYCNIOBHTb JIOCTATOYHO CJIOXKHBIA XapakTep BoaooOMeHa MeXOy 3KCIUIYaTH-
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PyeMbIM BOJIOHOCHBIM TOPH30OHTOM M PeKOH, Korja BoireacTsue oTbopa momi-
3¢MHBIX BOJ| B T€UEHHE YACTH rofla BOAHOCTh PEKH YBEJIMUMBACTCA, 4 B OCTAIb~
HOE BpeMs — YMEHbLUACTCH. Takue ycnoBHa WUIOCTPHPYOTCA, HEIIPHME]J,,
KpuBO# 6 Ha puc. 5.5.

5.2. CXEMbI IUTACTOB-10J10C

[lepenatoynpie GYHKUHHM pelyKUHH Uis YCIOBHH CXeM IUIacToB-NoA0C Obl-
JIM TOJNy4YeHbl B IJ1aBe 3 ¢ MOMOWIbX KAHOHMYECKHMX pasnoxenui (1.129), B
KOTOPBIX COGCTBEHHbIC 3HAUCHHA oneparopa GuisTpauuu HmewTt Bua (2.72)
W1 Cllyvas M1acTa-Nojaochl ¢ rpaHHUaMH MuTaHuAa H (2.73) mns naacra-nonockl
C PasHOPOJHBIMH IDAHHUAMK;, BbIPAKEHHA WA TIPCACTIBHBIX OTHOCHTENIbHBIX
PeayKUMH ONpefleNnAlTCA CoOTBeTCTBEHHO dopmynamu (3.72) u (3.78), Beipa-
weHuA WA Kodppummentor Cx — dopmynamu (3.71) n (3.77). B coorBer-
CTBMM C NEPCYHCIICHHBIMHM BBIPAXKEHHWAMH [JIA NapaMeTpoB KaHOHUYECKOIO
pazoXeHHA NepefaToyHOM GYHKIMH pefyKiMu ObUIM MOCTpoeHb! rpadukH
(pHc. 5.6) mNA YaCTOTHBIX XapaKTePHUCTHK pPEeAYKIMH (Ha OCHOBAHMH Bbipade-
Huid (1.142) —(1.145). 31 rpaduxu npuBeneHs! Ha puc. 5.6. AHanuz ITOro
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P u c. 5.6. HacToTHBIe XapaKTePHCTHKH PEAYKUHH B YCIOBHSX [acta-noaynonocs! (@) W
U1ACTOB-MOJIOC C ABYMSA MPpaHHIlaMH MHTaHHA (0) M C pasHOPOAHLIME rpaHMuaMu (8)

I — aMILUITYIHEIE XBPAKTepHCTHKH; 2 — (a30Baa xapakTepMcTHKAS ONA YCTOBMA ITiac-
TA-MOMYTONOCH; J — (A3IOBbIe XAPAKTEPUCTHKM [UIA TUIACTA-MONOCH! ¢ OABYMS IpaHHiLAMM
MHTAHMA; 4 —TO XKe, IJIs IUTACTA-TIOIOCH]_C PAIHOPOAHBIMM TPAHMUAMM. YHCIa ¥ KPUBBIX —
IHANECH A OTHOCHTENIBHOIO PAccTOAHMA d mexay nuHelHBIM BOOO336OpOM U NeBoll rpa-
HMUeR
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" c. 5.7. YacToTHbIe XapaKTepUCTHKH PellYKIWH B YCIOBHSX MIACTa-MOMYIONOCK (a),
IUIACTa-TIOJIOCEL ¢ ABYMA I'paHHIIaMK MHTaHMA (6) ¥ C PasHOpPOAHEIMH I'PaHHIIAMH (8) upu
0T60pe NON3EMHLIX BOJ IVIOWANHEIM Bo03a6opoM B hopme Nonmock! IHpHHOH L

[ — aMIIHTYIHBIE XAPAKTEPUCTHKH; 2 — TO *e, da3ospre

PHCYHKA TOKAa3bIBACT, YTO BIMAHME IPAHHL IACTOB-NOJOC CKA3bIBAETCH [aB-
HbiM 0Bpa3oM Ha AMIUIMTY/IHO-YaCTOTHBIX XaPaKTEPHCTMKAX: COOTBEICTBYIO-
IHE  aMIUTHTYIHO-YaCTOTHBIE XapPAKTEPHCTHKH IUIACTA-ONIOCKl € TpaHMLAMHK
IINTAHHA MPOXOMAT B UEIIOM HHXE XaPaKTEPHCTHK IUTACTa C OJHOW I'DaHMIEH
IMTaHMA B IUlaHe M TeM Ooftee HIKE XAPAKTEPHCTMK IUIACTA-TIONOCKI ¢ PA3HO-
PONIHBIMM IpaHHUAMHK. Pasiinuua B 3HaueHHAX (asz0-9acTOTHBIX XapaKTepHCTHK
IUT4CTa-NOJIOChl ¢ rpaHHLaMH MHTAHHA M TOJYOT PaHHYEHHOTO IWIdCTa HauboIlb-

w
e 1pH doy EZ ~ 1,0 u cocrasasmor nopsagka 30°; uro xe xacaercs dazo-

YACTOTHPBIX XapaKTePHCTHK PEMYKLUMH IS IU1acTa-ONIOCHI C PA3HOPOAHBIMH
I'PAHULIAMH, TO OHK He npeBocxomar 10°,

B cnyyae oTGopa MOA3eMHBIX BOJI IUIAcTa-NOIOCH PABHOMEPHO pacnpeje-
JICHHBIM IUTOLAIHBIM BOJI03a60pOM MO BCEMY NMPOCTPAHCTBY MEXY IpaHHIA-
MW BBIP@KCHHC V1A NEpPefaTOYHOH QYHKIHM peNyKIMH TakKe MpeCcTaBiIgercs
B BHIE KAaHOHMYECKOTO pasnoxeHHs Bupga (1.129), roe suauenms npenens-
HBIX OTHOCHTENBbHBIX PEAYKLUMH COCTaBAT COOTBETCTBeHHO 0.5 misa ycioBwHid
IUT1acCTa-Moaocsl ¢ ABYMsA rpaHMiaMH NuTaHusa M 1,0 — mis mnacta-nmonocer ¢
Pa3sHOpOHbIMU TpaHUlam#., Kodpduumentst pasnoxenus C; 6GymyT umers
BHI coorsercTBeHHO (3.71) m (3.77). Pesynbrar pacueta 4acTOTHBIX Xapak-

151



TePHCTHK pPelyKIMM TpH 0T6Ope MOA3EMHBIX BOJ MIOWAAHBIM BOI03a60POM
NpuBesicH Ha puC. 5.7. AHaTU3 ITOr0 PHCYHKA MPHEOJMT K CIICAYIOLIMM BbIBO=
1aM O XapakTepe NMOBeJICHHMA YaCTOTHBIX XapaKTePUCTHK PellyKUMH npu oTOOpe
MO/[3eMHBIX BOJ, THIOWAIHBIMH BO[03aBOpaMH 110 CPaBHEHMI0 C YaCTOTHHIMH
X4paKTEPHCTHKAMH pPEeAyKUHM Ui YCIIOBHH [OTyOrpaHHYeHHOro IUTacTa, Bo-
NepBBIX, AMIUTHTYHO-YaCTOTHbIE XAPAKTEPUCTUKH MMEIOT BHIPAXKEHHOE [UIATo,
HAXOZAIIEECH B YCIOBHAX IUIACTA-ONOCH C ABYMS TPAaHMIAMHM NMMTaHHs B ﬂﬁ-

w

nactH 3HAYeHHH d Y He NpeBOCXONAIMX eOMHHILI, [UIA IUIACTa-NOJOCH {:-'u
a E

PasHOPOAHBIMH TIPAaHHIAMH [U1aTO AMIUIHTYIHOM XapaKTepMCTHKH OOpblBaeT-

w W
CA HAYMHAaA CO JHaYeHH#A d“/?-, pasHoro npumepto 0,5, Ipu 3naueruax d '
a

npesocxopaumx 1,6 ...2,0, aMITIMTY/THO-YaCTOTHBIE XapaKTePUCTHKH penylaunr
BCEX TpeX CHCTEM NpaKTHYECKH OJMHAKOBEI. @mqammxe XapaKTe pHCTHIY
BCEX TPeX CHCTeM MMEHT NMpefeioM 3HAYEeHHe 45° , opnaxo B clTydae rmacra—nn

JIOChl C PasHOPO/HBIMH TPAHHIIAMM 3TO 3HAUEHHE TOCTHTACTCA IpH d-wg = 1,& |
B TO BpeéMsda KakK B ClyvYasaX IUIacTa-nopocel ¢ rpaHHIlAMH [MHTAHHA H nu;lyurpa- :

HHYEHHOTO MTacTa — npu d T= 0,3.
a

Fnasa 6

'MAIPOrEOJIOTHYECKHE PACHETHI
CACTEM COBMECTHOI'O UCNOJIb30OBAHHA TNOI3EMHBIX
U NOBEPXHOCTHBIX BOI

[lop BAWAHMEM H3MEHUMBOCTH THIPOMETEOPOIOTHYECKMX YCIIOBHH BEJIHUM-
Ha BofonorpelrieHMA OpoluUaeMbIX KYNbTYP HMCIBIThIBACT OT rofla K rogy ciy- 4
yaitHpie Konebanma. EcnE B ycnoBuax sacyumusoro xkiumara Cpenmed Aswm
u Hxuoro KaszaxcraHa BenwudHa ko3d@HIMEHTa BapHALMM, XapaKTepH3yl-
mas CiyuaiiHble OTK/IOHEHHA CpE/IHEroJOBbIX BEJIHYMH BOJONOTpebNeHHA -
CeNBCKOXO3ANCTBEHHBIX KYyNnbTyp, cocrapnaer 0,1-0,2, T0 B 30He HEYCTOHYH-
BOIO YBIIAXHEHMA 5TH BEJIMUMHBI 3HAYMTE/IBHO BbIIUE H JOCTHraloT 3HaYCHWH
0,4—-0,5 BNONL rpaHKIBl CTENHON M necocTenHom 30H [13]. B cany HaszBaHHBIX
NPUYHH BeJIMYMHA 0TOOpa MOA3EMHBIX BOJ B TOM C/Tyyae, KOra OHH ABIAITCA
OCHOBHBIM HCTOUHHKOM OpOILEHHA, Taioke Oyaer mnojaBepikeHa CIyvadHBIM
papuaimaM. OOHAKO H3MEHYHBOCTh BEJIHYMHBI MONI3€MHOro BoooTGOpa mpo-
AIBMIAETCA B 3HAUMTE/IbHO GOJNBLICH CTENeHH, eclM MoJg3eMHbI€ BO/IkI BBICTYTAKOT
B KaYeCTBE HOMOJIHMTENBHOIO K MOBEPXHOCTHOMY CTOKY MCTOYHHMKA OPOCHMTENb-
HbIX BOJI, TaK KaK HM3MEHUYHBOCTh I'MIPOMETEOPONIOTHYECKHX YC/IOBHH CYILECT-
BEHHO yCyrybnaerca H3MEHUMBOCTbIO CAMOT0 MOBEPXHOCTHOTO CTOKA.

CoBMeCTHOC MCNONb3IOBAHHE PECYPCOB INMOBEPXHOCTHBIX M MOMA3CMHBIX BOJ
npoexTupyerca 3a pybexom (CHIA, WUnnus u mpyrue crpanni) [71] yxe muo-
rue necatwietusa, He aenserca 3ro HoBo# mpeern M mia CCCP: taxkue npemio-
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Menua BhINBHranuch emie B 50-e roapl M Jaxe paHee. Bmecte ¢ Tem 1eopeTH-
ecxkue ODOCHOBAHWA COBMECTHOTO WCIONIB30BaHHUA 3THX PECYpPCOB Kak 3a
pybexom, tak u B CCCP pa3paboTaHpl BIVIOTH [I0 HACTOSILLEr0 BPEMEHH He-
JIOCTATOYHO, YTO ODYCIOBJIMBaeT aKTYalIbHOCTH COOTBETCTBYHWIIMX HCCIeNOBa-
uui. [lpn 2T0M OOHHM H3 OCHOBHBIX CTAHOBHMTICA BOMNPOC O PAllHOHATLHOM pi3-
MEULIEHHM BO/I03a00PHBIX CKBAXKHH M ONTMMAJIBHOM PEeXXMME X JKCIUTyaTallHH.
KpurepreM 3¢deKTHBHOCTH paboTel CHCTEMBI COBMECTHOIO MCHOIB30BAHHA
PECYPCOB MOBEPXHOCTHBIX M NMOA3eMHBIX BOI MOryt ObiTh pasnHuHble MOKAa3a-
[e/iM IKOHOMHMYECKOIO, TEXHOJOTHYECKOTO, INIPHPOAOOXPAHHOIO M [PYroro
vapaxTepa. PaspaGorku, ocyuwlectBngembie cneuuanucramu CHIA, rae momo6-
Hbie MCCIE[IOBaHMA MOMYyYWIH HaMOOJIBIIIEE pa3sBHUTHE, OCHOBBIBAIOTCA, KaK IIpa-
W10, Ha dKoHOMMuecKHX [71, 74, 77] WIH TEXHONOTHUECKHX KPHTEpUAX.
lIpu 3TOM CllelyeT OTMETHTh, UTO Ha PeXXMM 0TBOpa NOJA3eMHBIX BOJ, 3HAYUTEITh-
HOC BIMAHHE OKAa3bIBAT INPABOBBIE OrpaHHuYEHUs, OOYCHOBNEHHbIE OCODEH-
HOCTAMM BOHOTO 3akoHofatenscra CIIA [71].

He npuHHXas 3HaYeHMA OJKOHOMHMYECKMX TOKazarened 3¢ ¢eKTHBHOCTH
pabOTB CHCTEM COBMECTHOW IJKCIUIYaTaliMd NOBEPXHOCTHBIX W MOM3EMHBIX
BOJI, HEOOXOIMMO 3aMETHTH, YTO HMX MCHOJIB30BAaHHE HE BCEr[a ONPABJAHO,
0CODEHHO Ha CTaOMH TPEBAPUTENIBHBIX pa3paboToK. JKOHOMMUECKHEe MOKa-
JATETH BEChbMa CWIBHO 33BUCAT OT OCOBEHHOCTEN Ka)AOr0 KOHKPETHOIO 0bnek-
(4, YTO He MO3BOJIAET CpaBHUBATh 3P PeKTHBHOCTE pabOThI CHCTEM, HAXOISLIMX-
Cd B pasNHYHBIX NMPHPOAHBIX H 3KOHOMMYECKHX ycioBHaX. [JostoMy mjia omgH-
K IQdexkTHBHOCTH (YHKIMOHUPOBAHHA CHCTEM COBMECTHOIO MCHOTb30BAHUS
IOBEPXHOCTHRIX M MOA3EMHbIX BOJ, [UIA OPOILUEHUA NMpeiaractcs Bosee mMpo-
KHH TIOKa3aTesib, @ UMEHHO HAMIeXXHOCTh, TOHUMAEMAas KaK BepoATHOCTh Ge30T-
Ka3HoH pabOThI CHCTEMBI B TeueHHe 3aiaHHOro cpoka. Bymyus no cpoeit npu-
pO/ie BEPOATHOCTHOH XapaKTepHCTHKOH paboTbi CHCTEMBI COBMECTHOTO ' Me-
IOJIb30BAHMUA, HAOEXKHOCTL OMNpeaenAeTcd COBOKYNHOCTbH BepPOATHOCTHBIX
XapaKTEPUCTHK BOJ0OOTOOpa M MMHAMMYECKHX XapaKTePHCTHK €MEHTOB pac-
CMAaTpHBaeMOH cucremsel. B rnase 1 Obut OXapakTepH3OBaHBI OCHOBHBIC Mapa-
METPbl reOQWIbTPALMOHHBIX CHCTEM, ONpPENENAKNIMX MX pPeaKlHH Ha CTOXa-
CTHYECKHH BOJ0OTOOp. B HacTosAmiel IMaBe pacCMaTpUBAOTCA BEPOATHOCTHBIE
XdpAKTEPHCTHKH BOMIOOTOOPA, @ TAKXKE AMHAMHKO-CTOXACTHYECKHE NapameTpsl
reo@uIbTPAUMOHHBIX CHCTEM B psijie KOHKPETHBIX CIY4aeB U BBIBOIATCH OCHOB-
Hbl€ pacyeTHbIE 3aBMCHMOCTH. g

6.1. BEPOATHOCTHBIE XAPAKTEPUCTHKH
CITYYAWHBIX NMPOUECCOB B FEO®HIIBTPAIIMOHHBIX CHCTEMAX

Hns# OUEHKHM HageXHOCTH paBoThl CHCTEMBI COBMECTHOTO HCIIONB30BaHHMA
NOBEPXHOCTHBIX M NMOA3EMHbIX BOJ HEOOXOIMMO NPEXKNIC BCEro 3aHaThCsi BEPOAT-
HOCTHBIMHM XapaKTepUCTHKaMKU BeJIMYMHBI BOA0OTOGOpa moazeMubix Bog. [bis
ITOTO, B CBOK OvYefe/lb, Ciie/iyeT yKa3aTh 3aKOH YIpaBJICHHA UX oTGOpOM, T. €.
paBHIIO, MO KOTOPOMY B KaXX[IbIH MOMEHT BPEMEHH B 3dBHCHMOCTH OT CJTOKHB-
HIEHCA CHTyallMH MOXHO OUpEeeNHTs HeoOXOMMMOE KONHYECTBO TOMZEMHBIX
BOI, KOTOPOE NOIEKUT OTKaUKe.

B wuacrosmee Bpema B CCCP BosmoxHoct orGopa nol3eMHBIX BOX Ui
OpPOILLEHHA PErIaMeHTHPYITCH JSHCTBYIOIMM B CTPaHe BOJIHBIM 3aKOHOIaTeNb-
creoM. Hanpumep, crarea 51 Bonuoro komexca ¥3CCP [12] rnacur: “Ucnons-
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30BaHHE MOJI3eMHBIX BOJI TMHTBEBOIO KayecTBa [UIA HYXI, He CBA3aHHBIX €
MMThEBbIM H OBbITOBBIM BOHOCHADXEHHeM, KakK [MpaBH/IO, He [OOMYCKaercs.
B paiionax, riae OoTcyTcTBYIOT HeoOXOOMMBbIE NMOBEPXHOCTHbIE BOMHBIC MCTOW
HHKH M MMEITCA [OCTaTOYHbIE 3anachl IOA3€MHbBIX BO NMTLEBOro KauyecTBa,
OpraHsl M0 pery;IHpOBaHUI0 MCMOJIB30BAHHA KW OXpaHe BOJ MOTYT paspelinTh
HCHOJIb30BaHKHe 3THX BOJ JUTA Lienel, He CBA3aHHBIX C MHTHEBbLIM H OBITOBBIM
BojlocHabxkeHnemM™”. B COOTBETCTBHM ¢ HWIIOXKEHHBIM MPaBOBbBIM OrpaHHUEHHEM
Ha 0T00p MOJ3eMHBIX BOJ IS OPOLUCHHA CIIEQYeT CYMTaTh, 4ro oTbOpP MX And
OPOIICHAA B MEPHO/BI, KOI/ia MOTPeOHOCT B BOJIE /i MPPHraliiH MOXKeT ObITh
YIOBJIETBOPEHA C MOMOLIBI0 PecypCcoB MOBEPXHOCTHBIX BOMI, HE MOXET HMETh
mecra. bonee Toro, oUeBHIHO, YTO M B YCNIOBHSX, KOI/la pecypchl MOBEPXHOCT-
HOIO CTOKAa Hé MOTYT MOKPBITh MOTPEGHOCTH B OPOCHTENILHONH BOAE, BE/IHUMHA
orbopa MoA3eMHBIX BOJ He [JOJKHA NpeBbruarh AeduiMIa BogonorTpebieHus.

Bonee crnoxHbBIM MpeCTaBiAeTCA BONPOC O TOM, KaKyl YacTh [JedHuUHTa
BoffonmoTpeOneHUs ClieflyeT MOKPHIBaTh 3a CYeT MOMI3eMHbIX Bofd. B cmbicine
HAJIeKHOCTH (QYHKUMOHHPOBAHHA HeENOKpbIThie AedMUHTEI BojponotTpebnends
PaBHOTPAaBHbI HE3aBHCHMO OT CBOEH TJ1yOHMHBI B TOM CMBICIIE, YTO JlaKe CaMblH
Marnbi AeduuT BogonorpebieHns, He NHKBHIMPOBAHHBIA C NOMOILBI0 CyMMap-
HbIX PecypcoB NOBEPXHOCTHBIX ¥ MOJ3EMHBIX BOJL, IPHBOMMT K CHTYallHH ' OTKa-
32" cHeTeMbl, T.¢. K YMEHbLIEHHI0 Ha/le)KHOCTH. [103TOMY C TOUKYM IpeHMA HalexX-
HOCTH  GYHKUHOHHPOBAHMA [UIA JOCTHKEHHA ONTHMAIBHOH B JITOM CMBICHE
CHTYalMH CIedyeT CTPEMMTHCA B JIoDOM Ciiyyae MOKPbIBaTh OTOOPOM NMOJ3EM-
HBIX BOJL BCIO BEMTHUMHY feHUMTa, OCTABUIYIOCA MOCTe HCNOJIB3OBAHHA PECyp-
COB MOBEPXHOCTHOTO CTOKA, HE YUMThIBAA BO3MOXHOCTH BO3HHKHOBEHHMA AedH-
ToB Bonpiied rnyOHHBI B Dyayiem. '

Pearomupysa Bce CKa3aHHOE, 3aKJIl0UaeM, Y4TO JUIA LeTed yIpaBJIeHHA CHCTe-
MOl COBMECTHOTO MCMOJIb30BAHHA MMOBEPXHOCTHLIX H NO/I3EMHBIX BOJL, C ITpHME-
HeHHEM B KauecTBe Mokasateiida 3PQPEeKTHBHOCTH KPHICPHA HAJCKHOCTH B
KauecTBe 3aKOHa ynpaBJlIcHHA j1eOuToM BOA03a60OpPOB MOKET HCHONIB30BATHCH
3aBHCHMOCTD ‘

Qn ~Q, ecnn Oy = Q;

(6.1)

Oa =) 0,ecin 0, <0, 2
rme O, — BeJIMYMHA oTOOpa noj3eMHbIX BOA; () — MrHOBCHHOE H/IM OCPEiHeH-
HOE 3a OMpe/ielieHHbIH NMepHo/l BpeMeHM, IUIA KOTOPOro HaXOJMTCH BC/IHYMHA
Q4 , 3HaYEHHE pacXo/la NOBEPXHOCTHOTO CTOKA; (J;; — BHIPpaXEHHOE B CJIHHHMIAX
pacxojia MrHOBEHHOe WIM aHATOrHYHbIM 00pa3zoM OCpe[HeHHOE 3HaueHWe 110T-
pebHoctH B Boje. B 3aBucumoctu (6.1) He yuMThIBaeTcs peayKIMA MTOBEPX-
HOCTHOTO CTOKa MNOJ BJIMAHMEM IKCIUTYaTallHOHHOIrO OoTDOpa Moa3eMHBIX BOA.
Heckonsko Huxe OyoyT paccMOTpeHbI YC/IOBHA, YUMThIBAOIIHME H PEeAYKIHIO
NOBEPXHOCTHOTO CTOKA.
3asucumocrts (6.1) uMeeT B KayecTBe clleICTBUA (PAKT, YTO BEPOATHOCTHBIE
XapaKTePUCTHKH BeNnHuMHbI 0T00pa nojizemMubix Boy OyayT 3aBHCeTb OT BEpPOAT-
HOCTHBIX XApaKTepHCTHK NMOBEPXHOCTHOrO CTOKa H BopomoTpetienusa. Eciu B
pacueT TPHHHMAIOTCH CPe/IHEroJiOBhIE 3HAYEHMA YKa3aHHbBIX BEJIHYMH, 3a/lauya
ONMpee/leHHAs BCEX BEPOATHOCTHBIX XapaKTEepUCTHK CIIYYaHHOH BeEJIMUMHDI
Qa To XapaktepucTHKaMm BeJIvuMH O W O moxer ObITh pellieHa ¢ NMOMOILBK
paspaBoTaHHbIX B TeopHnm BepoaTHOCTeH cnocobop [10]. B muoronernem
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P u e 6.1, Mpaduxn dyHkuuu pacupeleieHua nebuta, onpalengemoll Gopmynoi (6.2)
pH Pa3nUUHbLIX 3HAYEH HAX Mapamerpau
] —u =1,002 —u =003 —u = —1,0; 4 —rpabhyx GYHKUHH HOPMATLHOTO pacnpenene-
MMH C HYTTEBBIM MAaTEMaTHUYECKHM O3HMOAHHEM M e JHHHYHOH QM CIiepcHeH

paspese BIGOPKa CPeHETO[OBBIX BEIHYHH PECYPCOB NOBEPXHOCTHOrO CTOKA
H1YYaeMOro y4acTKa MOXeT ObITh OMMCaHa COOTBETCTBYIOIMM 3aKOHOM pacmpe-
nenexus BepoaTHocrei. Ctok GonbumucTBa pex apuaHo# 30Hbl CCCP, a raxoke
Cpe/IHErofioBble HOPMb! BOJONOTpeOneHHs Ha OPOLUSHME XapaKTepU3YIOTCA
HECBBICOKHMH 3HaYeHHAMH KOdddulMeHTa BapHalliyd CpeHero/ioBbIX pacXoioB,
e npesbinaoumMMi, Kak npasuno, 0,25-0,30. 3ro obCToATENBCTBO MO3BOIIACT
(IPUMEHATH HOPMAIbHBIA 3aKOH DPAaCIpeelieHHs K OIMMCAHHI0 MHOTOJIETHEH
M3IMEHUMBOCTH TOBEPXHOCTHOIO CTOKa M BojonorpeGmenust. Ecnu MpUHATH
HOPMAarTbHBIH 3aKOH pacnpefielleHuA JUIA Cy4YailHOH BeJIHUMHBI MOBEPXHOCTHOIO
croka, pyHxkuMs pacnpenenenus aebuta F 5 (Qa) BBIpasHICs B BH/E

1 — d*(u—Qalog),Qa =0,

e 0.0 7
y= e e (6.3)
UQ -

HOPMMPOBAHHAA BE/IHYMHA MOTpeQ/ieHHs B CHCTEME CIIYYaHHBIX BEJHYMH
OBEPXHOCTHOTO CTOKa M Bopomortpebnenusn; *(z) — HopmaibHas QyHKUMSA
pacupenenenns; O, O, — MaremarTuuecKHe OKUIAHWA COOTBETCTBEHHO PacXo/id
I0BEPXHOCTHOrO CTOKA ¥ BOONOTPeOIeHNSA,

oo =V o’ +0} (6.4)

- CpefHeKBafpaTHYHOE OTKJIOHCHHE PasHOCTH MEX/Ay BCJIHYHHOW MOBEPXHOCT-
HOTO CTOKa W BojonoTpebneHus (mpeanonaraerca OTCYTCTBHE KOPPCIIAUKH
MEXJly ITHMH BeJIHYMHAMM); ¢ — [HCMEpPCHs MNOBEPXHOCTHOIO CIOKA, Op —
NMCIePCHA BOAONMOTPeOICHHA.

Ha puc. 6.1 mzoOpaxenpt rpatuxu yHKIMM pacupefenenua Aedura 1pu
HECKO/IbKMX 3HAYEHWAX INapamMerpa «, MPHBE/IEHHBIC K HOPMHPOBAHHOHM CIY:

yaitoit Besmunbe QF = (Qa = Qa)/oa, tne Qp — MaTemaTHyeckoe
OXHJIAHUE, Op — CpPeNHEKBallpaTHYHOEe OTK/IoHeHHe ebura. JTH rpaduxu
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MOKa3bIBAIOT, UTO, HauMHas MpumepHo co 3uavenus OF = 1,0-1.2, pacnpene
nmeHue jiebura npuOIMAKAEETCs K HOPMATBHOMY NMPH BCeX 3HAUCHHAX MapaMer,
u. Kpome toro, uem Bblilie BeIMYHHa HOPMHPOBaHHOTO BOJONOTpeGIeHH:
TeM Jiyullee COBMaJeHHe ¢ HOPMATIbHBIM 3aKOHOM HabNIoNaeTCA Ha BCEM HHTEp
Bajle M3McHeHHs feGuta. TIpH: 3HaueHMAX napamerpa u, npesbiuaioumx 0,7=
0.8, pacnpenenenue nebuta, NpencTaBifOLICe MPAKTHUCCKHI MHTEPEC TOJibE
H uﬁnar.:m BBICOKHMX 3HaueHWH (J,, MOXET CUMTaTbCA HOpMaibHbiM. He yumth
BaeMble B PaCCMaTPHBACMOM MOCTPOEHHH (BaKTOPbI, KAK-TO: BO3MOXKHAA KOP:
PEIMPOBAHHOCTh NOTPEGHOCTH OpOLLAEMBIX KYJIBTYP B BOJIe € NMOBEPXHOCTHHIM
CTOKOM, HCKYCCTBEHHOE BOCIMOJIHEHHE 34 CYET MOBEPXHOCTHOrO CTOKAa B HEBe-
reTalHONHBIE TCPHOMbI 3alacOB IOA3CMHBIX BOJI, OKAa3bIBAKT ONpe/lelleHHOe
B/IHAHHE Ha moTpeGieHHe NebuTa, NposBNALLICECA TNaBHbIM obpa3zoM B pas-
MbIBE CKaYKa 3TOH pyHKuuu npu Q4 = 0.

MomeHTbI pacnipeneseHus ebura BhipaxanTcs ¢ noMoumo GopmMyJ

Os = 0pF; (1), (ﬁ.si
T A =UQF1{H}, (66

rjie Ja — MaremMaTHUeCKOe OXKMIaHUe, 0, — CpelHeKBaJpaTHIHOE urmuuem
iebHTa, a pyuxkuum F; u /', onpeneneHsl BbIpaXeHHAMH

I 7
Fi(u) =u+—ierfc —;
W2k

Fa(u) =F3 (W) - Fi@); (6.7)
u .
Fi@)=(1+1) ¢*(u) + —e ™ /s
2 .
3navennsn Qyuxumii £ (1), F, (1) npueenensr B [Ipunoxenun 4. Anrm:up-"‘

peNAuMOHHAA GYHKUMA [ebuTa, XapaKTepH3YIOLIETOCA CTYIIEHYAaTOH 3aBHCH- k-
MOCTBIO OT BpeMeHH, umeet Bua [S0]

3 ;.
Ka(¢) = oa (1 oo _'): (6.8)
T g =
a cnekTpanvHad GyHKUHA
2 04 7 /Sin wr/2)?
La(w)= ( ) . G e
i WT

[Ipu 3TOM npeanonaraeTCs, YTO BBICOTA KaXIOH CTYNeHbKH Je6MTa He3aBHCHMA
OT BbICOThI OCTAJIBHBIX CTYTIEHEK.

Ilockonbky pacnpejienedne BeJHUMHBI BoAooTOOpa MOA3EMHBIX BOJ—BXO[-
HOTO BO3MYIUEHHA JIHHEMHOH CUCTEMbI — OTJIHMHO OT HOPMAJIbHOIO, ITHM e
XapaKTepU3ylOTCA M pacnpe/ie/iecHHA OTKJIOHeHHH MONOXEHHS H PpPeAYKIHH
NOBEPXHOCTHOTO ¢TOoKa. OIHAKO CyIIECTBYeT HOCTAaTOYHO OGLUMpPHBIA Kiace
JAMHEHHBIX CHCTEM, B KOTOPBIX NMPOMCXOAMT TaK Ha3biBaeMasa “HOpManM3anuA
peakuMn’, NMPH KOTOPOH pacnpefesieHHe BbIXOQHOH BelMuMHBI Grike K HOp-
MaJIbHOMY, HeXe/lH pacnpenelieHHe Bo3MylleHAA. C KavyecTBEHHON CTOpPOHBI
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TUKHE CHCTEMBI XaPaKTEPH3YIOTCA 3HAYHTEIIBHOH HHEPIIHOHHOCTBIO, T.€. CYILECT-,
NeHHBIM  BIMAHMEM 3HAYeHHH BXONHOTO BO3MYIUEHHA, COOTBETCTBYIOIIMX
ipe/ibicTOpHU MoMeHTa. CBOHCTBO HHEPUHOHHOCTH B Pas/IHUHbIX KOHKPETHBIX
YCITORHAX MOXET OIpedeNnAThCA pa3/IMYHBIMH Or paHHYEHHMAMH, HajlaraeMbIMH
i XapaK TEPUCTHKH KaK CITyYaiHoro mpouecca sofoorbopa, tak u reopuisrpa-
MoHHOH cHcTeMbl. HeoGXouMbIM yClioBHEM HHEPUMOHHOCTH CHCTEMBI CllyXKat
P 3aJaHHOM BHJIE CHEKTPaJibHOM QYHKIMM [NeDHTA CYIeCTBOBAHME H KOHEY-
wus BenwuMHa uHTerpana (1.72) npu ¢ = 0, onpenensAwiuas JAMCHEPCHIO MpPO-
liecca Ha BBIXOOe CHCTEMBI.

B cnydae npHHATOM B paccCMaTpHBaeMOH MOJENM CTYNEHYATON 38BHCHMOCTH
nebuta BO BpeMeHH, XapaKTepPH3YIOUIEHCH CHeKTPAIbHOH OQYHKuUHEH BHIa
(6.9), Kak HeTpy[OHO MOKa3arth, HeoOXOAMMO CylLIeCTBOBAHME HHTErpaja B
(eCKOHeYHBbIX mpenenax OT KBajpata aMIUIMTYAHO-YaCTOTHOH XapaKTepPHUCTHKH
cucrembl. M3 pesynsratoB Teopuu npeoOpazosaHua Pypbse BhITEKaeT, YTO 3TO
peboBaHKHe B OCHOBHOM CBOMMTCA K YCUTOBMIO CTAGHIH3MPOBAHHOCTH CHCTEMBbI,
1.C. OrpaHHYEHHOCTH BE/TMYHHBI BHIXOOHOH PeaKlMH MPH NOCTOAHCTBE BO BpeMe-
HU BXOMHOI'O BO3MYyuleHHA. TeopeTHYeCKH BO3MOXHBI Cly4YaH, XapaKTepu3yio-
HECH HeorpaHWYEeHHBIM POCTOM pEaKIHH IIPH NOCTOAHCTBE BO3MYIUEHHA M,
HECMOTpPA Ha 37O, CYIIECTBOBaHWEM HHTEeTpaia B OecKOHEUHBIX Mpelenax OT
KBajipaTa AMIUIMTY/IHO-YaCTOTHOH XapaKTepHCTHKH, Taxkue ciyvyaH, OJHaKo,
10-BHAHMOMY, He PeaM3YICA Cpedd CHCTEM reoHIbTPalMOHHOH MPHPOIBI.
Uro Kacaerca cCHCTeM pPEIYKIMH, TO OHH OTJIMMAIOTCA 3HAYMTENbHOH WHEpPIIMOH-
Hoctelo W Tem Oosnee yaopnerBopAlr TpebDoBaHWI0 CTAOMIM3MPOBAHHOCTH:
COKpAaLLEHHEe [TOBEPXHOCTHOIO CTOKA IMPH NMOCTOAHHOM Jiebure oTrbopa orpaHu-
YeHO BeNTMYMHOH nocneHero. Ilpu paspeneHuu CHCTEM MOHHXEHMA Ha cTabuiu-
JHPOBAHHBIE W HECTaOMITM3HUPOBAHHBIE B UYWC/IE TOCHENHHX OKAXKYTCA TaKHe
pACIPOCTPaHeHHbIe CXeMbl, KaK CXeéMbl OOUHOYHOrO, JIMHEHHBIX, TUIOLIAHBIX
B0/103a00POB, IKCINYATHPYIOILHX HeOTpaHWYeHHble BOMOHOCHBIE . TUIACTBI B
YCIIOBMAX OTCYTCTBMA KOMMEHCAIMOHHOTO [TMTAHMA, a TAK¥Xe BCCBO3IMOMXHbBIC
CXEMbl MOTHOCTBIO H YACTUYHO OrPaHHYeHHBIX IUIACTOB, BIOJIb FPAHHIL KOTOPAIX
3a/1aHbl YCNIOBHA NMOCTOAHCTBA pacxopa. B cuiy cka3saHHOro Bbillle O CHCTeMax
1AKOro pojla NpPUXOOMICA KOHCTATHPOBAEh, UYTO pacnpejiesiecHHe OTKIOHCHHMH
NOHWKEHHA Ha MX Bbixojle Oyaer WMeTh HOCTATOYHO CIIOXKHBIH BHMIl, XapaKTepH-
IVIOWMHACH OTCYTCTBHEM [IMCHEPCHH, YTO CBHAECTEJBCTBYET O BO3MOXKHOH HEKOP-
PEKTHOCTH CTYNEHYaTOro MpeACTaBlieHHsA BpeMeHHOH 3aBMCHMOCTH [ebura
B TaKkHx cny4afx. Bo BcAKOM cnydae, 3TOT BONPOC CledyeT CYMTaTh MpeiMeTOM
JIAJIBHEHILIMX MCCITE1I0BAHMH.

Ecim, kak 310 OhiBaeT B DONIBIIHHCTBE Cly4Yaer, CTATHCTHKA CPe/lHErofoBbIX
JHAYCHUH PECYPCOB MOBEPXHOCTHOIO CTOKAa W BOMonorped/ieHHA He [aeT ajiex-
BATHOH KapTHHbI CHTYallMH B cucTeMe M TpeDyeTca yueT BHYTPHTOIOBBIX pacipe-
[Ie/IeHHH YKAa3aHHBIX BEJIMYHH, 3a7a4a mo onpeiec/leHH0 BEPOATHOCTHBIX Xapak-
TEPHCTHK TPOLECCOB B CHCTeMe CTaHOBHTCA Donee ClIOXHOH. 3/1eCh NPHHUMAET-
ca, uro Achuumr BogonotpebiieHuAs cnyvYaiHOH TNyOMHBI KaX/IbiH rofl UMeeT
MeCTO B TeYeHHe OrpaHuvYeHHOro mepuoaa BpeMeHH, Hayaslo H KOHEl KOTOporo
BAPLHPYET OT rofa K roay ciayuauHeim obpazom. [lockonbky B [eHCTBHTEIIb-
HocTH rwaporpad nmedwumura BogonorpedblieHus npefcrapifeT cobol pa3zHoOCTh
ruaporpaos BOOONOTPEDNEHHA M MOBEPXHOCTHOrO croka, abcimMcchl Havama
W KoHua neduumMtHOro nepuona Oyayt 3aBuceTb o1 ryOHHBI flehuumMTa: NpH
DONBLUIMX ee 3HAYEHHMAX, KOr[a BOJONOTped/ieHHe 3HAYHTE IbHO TNMPEeBOCXOMAHT
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pecypcbi NOBEPXHOCTHOTO CTOKA, Golee MPONOIKHTENbHbIM OyleT u ey
NepUIIHTA, KOTOPbIH B ITHX YCIIOBMAX HAYHHACTCH paHbllle, 2 OKOHUHTCH MO3K
H Haobopor. TakuM obpasom, Mexay rayOHHON NedHIMTa | ero nponnnﬁm 21Th
HOCTbI0 B pealbHbIX YCIOBHAX HaOmMOOAaeTCA MNONOXKHTE/NbHAA KOppens
3uavenua kodppUIMEHTa KOppPeNAIMH MeXay riybuHoi aeduirta u ero
JOIKHTEIBHOCTBI0 B peasibHbIX YCIIOBUAX COCTaBJIAWT, Kak npaswio, 0.4 .
0,6. 1M BenMuMHBEI CrieflyeT NPHU3HATH 3HAYAMBIMH, HO A NPHOTHKEHHBIX
PacuerToB MpelCTAaBNACTCA BOIMOXKHLIM HHOT/A npeHebpeub yKa3aHHOH KOPs
penAuMei. a

PaccMoTpum 3anady o6 onpenenieHHu aBTOKOPPeIAUMOHHON GYHKUMH BOJIO-
otbopa K5 (§) Ges yyera xoppensauuu mMexmy riyOuHol HeduuuTa H ero npo-
NOJIKHTENIbHOCTBIO, @ TAKXKe MeXx/ly 3HaueHHAMH NeGHUMTOB B CMeXHble TOMbL.
Ouepuno, 4T0 NpH GHKCHPOBaHHBIX CPOKaX Hauala M KOHIA NedHIMTHC J}.
NepHoa, {; U [, CCOTBETCTBEHHO, 3HaueHHe K 5 (;g} npencrenAeT coboi mpous
Be[leHHe BeJIMMMHBI [MCIepCHM BOHoOTOOpa 04 Ha BEepoOSATHOCTh TOrO, q:m‘
OTpe30K umaHbl § monmagaer o6oMMu KOHUAMH B NpoMexyTok [f,, f,]. Ioe-
negHAs no GopMyse reoMeTpHYecKoil BepoATHoCTH paBha 1 — &/ (f2-1,),
npu O < ¢ <71, — ;, uHymno npu £ >r, — ry. Ecnu Teneps gonycruts, 410
MPOAOIIKHTETbHOCTD AeHUMTHOTO Nepuona o = f, — fy npeacrasnaer cobom
CHyyaiiHyl BenwuuHy ¢ yHxuwen pacnpeneneHusi faf{r ), 3HaueHue K, (.*5}
Oyner pasHo

ln_'
=

£ 4
Ka(§) =04 ffa Ua)(l ———*)dfm (ﬁ-w}-‘,

IA

eCcliH NpH 2ToM Fu (£4) — uMHTErpaisHan QyHKUMA pacmpele/ieHus Lnyuauﬂuii
BCJIHYHHBIL [ 4 ,

dit 5 g

Ka(§) =04 [1 ~Fa@) - f falta)—~— (6:11)

i A :

Bonpoc 0 npeanodTHTENbHOCTH NMPHMEHEHHA TOr0 WIH HHOTO KOHKPETHOTO
pacmpefeNieHus U1 OIIMCAHHA BePOATHOCTHLIX CBOWCTB BPeMeHH Npe/ICTaBfeT-
CAl OTKPbIThIM. B KauecTBe npuMepa pacCMOTPHM ClTyyait paBHOMEPHOIrO pacrnpe-
JeJIeHHA BEJIHUMHBI [ o B MHTepBazne [f,, [ |, KOTOpOe MOXeET B psjie Cllytach =
I0BONMBHO DiM3KO COOTBETCTBOBATh peanbHbIM faHHbIM. Ilpu cienavHom mped-
nonoxeHuu Benmuuna K 5 (£) onpenienserca paeHCTBaMy '

£ ta
(oA 1 - In —| mpu 0<¢ <1,,
I
ta —ta A
T e 2 LA ] ”
Kﬁ(f): g A R RN 7 ln .“PHI&"SEQF&,
¥ 7R s R
o0l <k _ (6.12)

I'papuxu Ha puc. 6.2 nawT NpeAcTaBieHyHe O XapakTepe NMOBeleHHA QYHKIHH
KA (£) npu paBHOBMEPHOM pacripejiesIeHHH f 5 : paciumpenue o61acTH BO3IMOX-
HbIX 3HAYeHHH TPOLOIIKUTENBHOCTH [e(UIMTHOrO mnepHoda Bieuer 3a coboi
criaxuBaHHe GOpMbl ABTOKOPPEIAIMOHHOM yHK LHK.
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Lo
4] W
q U, o)
X
0y . Q-4
02 3 Puc. 6.4
i 100 200 300 P nc. 6.2. l'paduxn KOPPeIAUMOHHEIX HYHK-
T, cym uuit oTbopa Nog3eMHBIX BOI,
Puc. 62
I — Tpy ¢wccHpOBaHHOM IHAYEHHM Bpe-
g fﬂ*}‘/ﬁj meHu nedmmra, A = 180 cyt; 2 — mpu pap-
10 HOMEPHOM pacrpeeneHHH HPOAOTIKHTeITbHOC-
1 Th BomooTBopa, ' A = 160 cyT, rl = 200 cyT;

J — TO *e, TpH A=ED CYT, tﬁ=25ﬂ{:3r*r

20 P u c. 6.3. I'pahpuxy coekTpanbHEIX mWIOT-
HocTell oTGopa Nog3eMHBIX BON,

I — mnpM ¢HKeHpoBaHHOM BpeMeHH [e-
! dHMTa, f, =180 cyr; 2 — npu paBHOMEpHOM

= _ pacIpeIeneHHH  TPOMOIIKHT IbHOCTH BOJOOT-

10 \ Gopa i:,; = BD cyT, "E = 280 cy1. TemHRBIE KPY K-

KH COOTBETCTBYIOT PAaBHOMEpPHOMY pacripeie-

.l'I-EHH:Iﬂ BpemMeHu pediuTa pu a:_:.1L = 160 cyT,
= 200 cyr

1

0 Qor 9oz Qo3 oy qos Gos o7 P ¥ & 6.4. CIpyKTypHas cxema ciCTeMbl COB-
: : : MECTHOTO HCHONL30BAHNHA TOBEPXHOCTHBIX H

w cym '
B MOA3CMHLIX BOJT

Puc. 6.3

Borpaxkenne [na crnekrtpambHOM miotHocTH L 4 (w), cooTBeTCTBYyMOLIEH
ABTOKOppenAuuoHHoi pyHknun (6.10), uMmeer BUn

203 .. sin (02 2 /2)72
fﬂ{wj———Jfa(fa)[ ]'fadr:.‘.- (6.13)
‘II’ WI A '
Jlisi pacCMOTPEHHOI O Bblilie CIy4as paBHOMEPHOro pacnpe/iesieHus
Hzﬂ FE r I
I’.ﬂ {f.d} = i — + Cl{{dfﬂ) — Ci [m!‘ﬁ . (614)

mw® (th —tA)]  tA

rae Ci(z) — ¢yHkuua mHTerpanbHoOro Kocuuyca [52]. Ha puc. 6.3 u3oGpaxe-
HBI TpadUKH CHEKTPAIbHOH TUIOTHOCTH, COOTBETCTBYIOILUME PasNMYHBIM 3Have-
HUAM BPEMEH [ ), ! o. VIX CpaBHeHMe MOKa3bIBAET, YTO PAlNHUMA B 3IHAUCHHAX
pyakumui L 5 (w), ocobeHHO B HHM3KOYAaCTOTHOW 00NacTH, HMelomield HauGoIIb-
lliee 3HauyeHMe, ellle MEHbILE, YeM pasuuyuA B 3HaveHHaX dynkimi K, (),
W 1A OONBIIMHCTBA PEasibHO BCTPEYAIOUIMXCA CNYYaeB MOXHO HpPHHUMATD,
YTO fbymcuuﬂ L A (w) cOOTBETCTBYET YCINOBUAM (DHKCHPOBAHHOIO 3HAYEHMS
[ o ¥ BbIp2Xaerca hopmyroi (6.9).
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o

®opmyast (6.5), (6.6), rie BesMUMHA MAPAMETPa 1 BHIPAXACTCA C IOMOLIBI
pagenctBa (6.3), 1al0T, KaK GbUIO OrOBOPEHO, BHIPAXEHMS UIA BEPOATHOCTHBIX
XapaKTePHCTHK OTOOpa MOA3eMHBIX BOJ B YC/IOBHAX, KOTHAA pefyKuded I 0
BEPXHOCTHOTO CTOKA B MpeJie/iax CHCTEMbI MOXHO mpeneGpeus. Bmecre ¢ v
npaKTHdecKHe NOTPeBHOCTH ONpeNeNAlT AKTYaNbHOCTh PelleHHA ITOH 3alatw ‘ﬂ"
M C YYeTOM H3IMEHEHMA PecypCoB MOBEPXHOCTHOrO CTOKa mpu oTbope moa3en
HbiX Bojl. Ha puc. 6.4 npusegena obmas CTPyKTypHas CXeMa CHCTeMbl COBMECT- -
HOFO MCIO/Ib3OBAHMA [OBEPXHOCTHBIX W Mom3eMHBIX Boi. [lonoxmrensHas
ofparHas cBA3b, OTOOPAXKEHHAA HA CXeMe, BbIPAXAeTCH B YCHIICHHH PEILYKIIHE i
MOBEPXHOCTHOIO CTOKA MNPH yBe/lMuYeHHH 0TOOpa NOA3eMHBIX BOI H, KaK :nea-ﬁ
CTBME, MPH HeH3IMEHHbIX XapaKTePHCTHKAX BOAONOTpeb/eHHA M B BOIpacTaHWM
foTpeGHOCTH B fasbHejieM orGope nopsemubix Bof. Ciyvaiinas penwimHa X,
papHas cymme neduumta sononorpeGuenns (On — Q) ¥ H3MEeHEHHA NOBEPX- f
HOCTHOrO croka W, mocTynaer Ha BXOJ HeJTHHEHHOrO 3BEHA; BbHIXOJHAA BEJIH-
uMHa 9TOTO 3BeHa (0, TpencTaBnser coboi AebHT BOI03aBOPOB MOA3EMHBIX
BOI. OHA MOCTYNaeT Ha BXOjl JMHeiHoro Oiloka peoyKmmH ¢ nepenamm{ui
dyuxumeit Uy (p). Jlerko moka3sars, 4T0 MATEMATHUECKOE OXH/IaHHE M cpenHe:
KBAJIPATHYHOE OTKJIOHEHHe BeNWYMHbI 0TOOpa mo3eMHBIX BOI OyAyT H B 3TOM
ciyuae onpenenAtbes dopmynamu (6.5), (6.6), B KOTOPHIX napamerp u ﬁ}’.ﬂ,&t |
MMETh CJIellyloiliee BbIpaKeHue:

Qn = Q + W

u= : (6.15)
Oy E

a Cpe/lHeKBa/lpaTHYHOE OTKIIOHeHHe CIyYadHOH BeJMUMHBI X Onpe/ie/iAeTca ;
PAaBCHCTBOM

Oy = Vol o: t2poy vV 0% + o2 + oy (6.16)

B dbopmynax (6.15), (6.16) XapakTepHCTHKH PeAyKUHH W H Oy BHIPAXAIOTCA
yepe3 XapaKTepHCTHKH OoTOOpa TIOA3EMHBIX BOJ M XapaKTepPHCTHKH, CBA3AH-
Hbie ¢ NepefaTouHoH (PYHK UHEH PeAYKIMH, 3 HMEHHO ;

E=éﬂ. wo (1), (6-1?) :
Ow =04 ﬂ“.f, (613) .

rae wo (1) — GYHKIMA OTHOCHTENLHOM pedyKIHH HA KOHEIl pacYeTHOro cpoka;
Qw — KoabOHIMEHT TOYHOCTH Onoka pefyKIMH, NMpeICTaBIANLWIMA COGOH
OTHOIlLICHHE JMCTIePCHH peAyKUMH K mucrnepcHn Bogoorbopa. M3 ¢opmynsl
(1.81) criemyer, uro T2 Be/IMYMHA He 3aBHCHMT OT AMCNEPCHM BogoorOOopa mod-
3eMHBIX BOJl M NIPH CHEKTPabHOM IUTOTHOCTH YacTHOro Buaa (6.9) BBIPAXKAETCH
mnerpannm BH/1a -

/ :
o S, ,r( s ( ) (6.19)

rie wiw) — aMIDIMTY/IHO-YaC TOTHAA XapaKTepHCTHKA PeaYKUMH, b

YpasHenns (6.5), (6.6) ¢ yuerom paseucrs (6.15)— (6.18) mpeacrasisior
coBolt CHCTeMY ABYX YPaBHEHHHl OTHOCHTEIbHO Hem3BecTHbIX (a, 0. Pemas
Ity CcHCTeMy KakuM-iub6o npubmokeHHBIM cnocoboM, HEH]IEH BEPOATHOCTHbIE
XAPAK TEPUCTHK M CYMMAapPHOIro fAedHIITa B CHCTEME.
160




Boofiue ropops, NpeACTaBIeHHE Be/JIMYHH MaTEeMAaTHYECKOIO OXHIAHUA H
CpeHeKBaJIPaTHYHOrO OTKJIOHeHMA peayKimu B Bume (6.17), (6.18) coor-
BETCTBEHHO He ABMNAETCA CTPOrMM, TaK KakK OHO He OTpaXkaeT TaKoro ¢axra,
qTO K HHTEpeCcymllUeMy Hac MOMEHTY BpPeMeHH ! peayKUMA HOBepPXHOCTHOIO
CTOKA pa3sBMBAJIACH NMOJ [AEHCTBHEM NMEepeMEHHOI0 BO BpeMeHH MaTeMaTHUeCKOoro
OXHIaHHA Bomoorbopa, 4ro, B CBOK OYepe[b, ABJIAETCA CJIEICTBHEM HAJIHUHA
B CHCTEMe MONOXHTEenbHON oOpaTHOH CcBA3H (CM.cxemyHa puc. 6.4). Huaue
roBOpsA, pacCMarpHBaeMas CHCTEMa OTHOCHICA K HMCIly HeCTAUMOHAPHBIX HEJIH-
HelHbIX cHcTeM. Ilpomecchl B TaKMX CHCTeMax OTNnHualoTcd Oonbliiel ClIOX-
HOCTBIO [UIA AHANTH3a M PACCMAaTPHBAIOTCA, B YACTHOCTH, B pabore [44]. Bonpocs
4HAJIH34 CTOXACTHYECKOH = [MHAMHKH CHCTEM COBMECTHOIO MCITONB30BAHMA
NOBEPXHOCTHBIX H MOA3eMHBIX BOJ] C YYeTOM HMX HEJIHHEHHOCTH H HecTal[HOHap-
HOCTH ABIAKTICA MpeAMeTOM [ANbHEHIIHNX MHCCIIEIOBAHMH, KOTOpble NOJDKHBI
MPHBECTH K YTOYHEHHIO PE3y/IbTATOB, COOTBETCTBYIOIIHX DPaccMaTpHBaeMOMY
3/ieCh KBa3HCTAIHOHAPHOMY NPHOIMKEHHIO.

6.2. HAEXHOCTb CHCTEM
COBMECTHOIO MCMOIIb30BAHMS NOBEPXHOCTHBIX M MOJ3EMHBIX BOJ
W METO/IbI EE OUEHKH

Haje)HOCTBI0 CHCTEMBI B TeXHMYECKHX MQHCIMIUIHHAX MPHHATO Ha3bIBaTh
BEPOATHOCTH TOTO, YTO OHA BHINOJIHAET CBOH QYHKIMH B COOTBETCTBHMH C Mpeb-
ABJIACMBIMH TpeBOBaHMAMM B TeueHue 3afaHHOro spemeny [4]. IlpumennTesns-
HO K CHCTéMe COBMECTHOI'0 MCIOJIb30BAHHA MMOBEPXHOCTHBIX H MOMA3eMHBIX BOJ
MOJ HaJeXHOCTBI0 CJIeyeT NOHMMaTh BepoATHOcTh OesmeduumurHOH pabors
CHCTEMBI B TeYEHHe PAcueTHOro cpoxa f. Hane)xHocTs, OYeBHIHO, eCTh BEPOAT-
HOCTh JIOTHYECKOH CyMMBl [ByX COOBITHH, mepBOo€ M3 KOTOPBIX COCTOMT B
TOM, YTO HA NPOTAKEHHH BCEro PacyeTHOro CPOKa MOHWKeHHWe YPOBHA NOL3eM-
HbIX BOJl He IIPEBBICHT JOMYCTHMOrO 3HaYeHHA, BTOpOe — B MOKPHITHH MOTPe0-
HOCTH OpPOLIaeMbIX KYJIBTYP B BOAE 32 CYeT pecypCoB MOBEPXHOCTHOIO CTOKA.
OueBnpHO, cucTeMa (QYHKUMOHHPYeT 6e3 nedMUMTa, eCciiM peanu3yerca XoTd
6b1 oftHO M3 ITHX cobpithit. [lo popmyne cymmsr BeposTHocTel [10] BenwumHa
HAJIEXXHOCTH OKAa3blBAeTCSH PABHOM CyMMe BepOATHOCTEH YKAa3aHHbIX COOBITHH
33 BBIYETOM BEPOATHOCTH MX COBMECTHOIO OCYIECTBIICHHA.

B pamMxaxX NpHHATOrO B HacToAmIEH pabore HOPMABHOIO pacmpeeNleHHA
BEPOATHOCTh NepBoro u3 cobbrruit paBHa ®*((Spon— S)/0s); BepOATHOCTH
BTOpOro mnpeficTaBiAer cobOoH TrHIPONOrHYECKY0 oODecmeYeHHOCTh pacxofa
MOBEPXHOCTHOIO CTOKd B pa3Mepe pacxofia Bojonorpebienusa (,, T.e. vy =
= 1 — ®*(u). BepoaTHOCTh BO3MOXHOCTH OJJHOBPEMEHHOTO NOKPHITHA HOTpe6-
HOCTH B BOMe 3a cYeT oDOMX HMCTOYHMKOB Onpelensdercd Kak MpOoM3Be/leHHE
rHIPONOruYecKoit obecreyeHHOCTH Ha YCJIOBHYX BepoATHOCTh GecriepeboiHOM
pabotel Bomo3abopa MON3eMHBIX BOJ NPH_YCJIOBHH, YTO AeOuT 0TOOpa CTaHo-
BHTCA PaBHBIM HYJIIO, a8 HMeHHO vy, PriS 38 < S ronl @a = 0}. Mocnenuan Besn-
YHHA OLIEHHBAETCA HA OCHOBAHMH COBMECTHOM QyHKIMH pacnpeneneHud nebnra u
OTKJIOHEHHA NMOHIKeHMA. B paMKax NpMHATHIX YHNPQIUEHHH 3TO pacnpeneneHue
HOPMAaJIbHO M XapaKTepH3yeTcs, MOMMMO MOMEHTOB [eOMTa H OTKIIOHeHHA
NOHIKEHHUA, K03bOHIMEHTOM KOppeAlMH MeXay HMMH p. B 3tom cayuae,
pe3lOMHpPYA NpUBeJeHHbIe BBIBOMbI, HaXOMUM GopMyITy OjIfi HaJeXHOCTH CHC-
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TeMsl P;

/S m:_s' S nn—g 0
P=¢,( 7 )”n [1_4:.* ( . +p(as;aﬁm¢)]' ioh
g osvV1—p"

rae Spon — HONycTMMOe noHwxkeHue ypoeHA. [lockonsky npu BeiBone Gpopmy-
nbi (6.20) Obuls MCMONb3OBaHbI cambie OOUIME MPE/INONONKEHUs, OHA CTIpaBel-
JMBa B ciyvYae m00OH rMAPOTEONIOrHYeCKON CXEeMbl, KOI/ia MpUMeHeHHe HOp-
MIBHOIO 33aKOHAa ONpanjaHO; B MNPOMHX CHYY94afX, OUeBWIHO, HeoBxomumo
MCKAaTh JIPYTHe 3aBHCHMOCTH.

Bxonsiupe B popMyny HajeXHOCTH BePOATHOCTHbIE NapaMeTphbl OHIKEHHS,
4 HMEHHO €ro MaTeMaTHYeCKO¢ OXH[laHMe Ha 33a[JaHHbIH pacuyeTHbIH CPOK M
CPelHeKBafipaTHYHOE OTKJIOHEHME, a TaKXe KO3 PHUKEHT KOppeAlHl MeXITy
MOHIDKEHHEM W BeNIHMMHOH OTDOpa moj3eMHBIX BOM, ONPEAEAKTCA MO MeTo-
faM, KpaTko oxapakrtepusosaniniM B 1.2. Tlpu atom ¢popmyna (1.80), paromasn
BbIpaOKEHHE 1A CpeIHeKBANpPaTHYHOIO OTKJIOHEHUA NOHWKeHHA, MOoXeT ObITh
npeoOpasoBaHa K BHOY

Vs, (6.21)

vy =

rae g — K03pbHIMEHT TOYHOCTH MOHWKEHHA — BelWYHHA, aHAJIOTWYHafA BBe-

ACHHOMY B MNpeAbIlylueM naparpage KoI(pPHUHEHTY TOUHOCTH PeAYKIHH.
[Ipn cnexTpansHO# wioTHOCTH BHua (6.9) BeipaxeHue J].ml -3T0r0 Ko3hdHIM-
eHTa MPHMeET BHA

4 = [sinz/2\? z
Qs =— E'r( 2 ) R‘(-;)dz. (6.22)

TowHo Tak e M BbIpaXeHHe WA KOIDOUUMEHTa KOPPENALMH PAs MEXIY
MOHIDKEHNIEM H BE/THYHHOH BOIOOTOOpPa MoXeT BbITh BhIpaXkeHO B BHJE

Pas = F\/_ J(E“‘:ﬁ) R(:) cos xp( )dz (6.23)

KOTopsIi BeITexaeT u3 popmyn (1.82) u (6.9).

Hurerpanst B popmymnax (6.22), (6.23), a rakxe B dopmyse (6.19), Boipa-
XKAIOMIEH 3aBHCHMOCTh KOYhPHUMEHTa TOYHOCTH, MMEKT BeCchbMa CIIOXHBIH
BHA. IlJiA BBIYMCIICHHMS 3THX MHTErpajioB NpejularaercA NnpubimKeHHas Kpa-
ApatypHas ¢opMmyna, OCHOBaHHAA Ha cdopMylie uHTerpHpoBanua Iaycca—
Jlareppa [52] u BeipaxeHun (6.9) s CHeKTPanbHON TWIOTHOCTH CIIYYAHHOLO
npouecca BoaooTOopa mnomseMHbIX Bon. 3ta dopMynma A KodadduIMeHTa
TOYHOCTH NMOHIKEHHA HMeeT BHJL

Zi
Qg =~ > ¢; R? (,) (6.24)

i=1
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TaGnuua 32
3HaYeHHA NApaMEeTPOB Ziy € KBaApaTypHOi (opmy sl

N=4

| 1 2 3 4

zi 03225 1,7458 4,5366 9,3951
c; 02628 05023 0,1320 0,0936

N=6

zp  0,2228  1,1889 29927 57751 ' 98375 159829
cj 0,1818 0,3869 00,3196 0,0081 0,0616 0,0384

z;  0,1703 0,9037 2,2511 4,2667 7,0459 10,7585 15,7407 22,8631
¢i 01390 0,3073 0,3417 0,1190 0,0114 0,0290 0,0299 0,0178

rae
4 sin® z;/2
e (6.25)
T gy

Zi — Y3mel; w;— Beca KBajpaTtypHoi ¢opmynbl Taycca—Jlareppa [52]. B
Tabn. 32 NPHBOAATCA 3HAYEHMA TAPAMETPOB Z; U ¢; hopmynsl (6.24) mpn Heko-
TOpBIX 3HAYeHHAX V.

AHANIOTMIHO KOIPDHUMEHTY TOUHOCTH HOHIKCHMA BHIMHCIAAITCS TaKiKe
K03} PHUIMEHT TOUHOCTH PEAYKIMH H K03 PHUIHEHTI KOpPpPeAlMU:

N
Qw= Z c;w* (z401), : : (6.26)
i=1 '
Lo
pﬂg R ——— X CjR (E‘fT} COS ‘I"(th‘), {62?)
Qg i=1 '
| N ;
Paw = Z ¢;w(zi/t) cos ¥ (z;/1). (6.28)
Qg i=1

JnA OueHKH NPUMEHAEMOCTH HOPMAJIGHOTO paclipefeSicHUst K ONMUCAHMIO
PACHPCHCTICHAA IOHMKEHHA YPOBHA MOA3EMHBIX BOJI NpM CITYYaHHBIX BapHa-
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P uc 65. I'paduk aMIHpHUYecKoro pacnpeeneHnsd BETHYHHLI OTHOCHT IBHOTO MOHHXEHHA

g (kpuBas 1) ® rpadpux byHKUHH HOpmayibHOIO pachpelesieHHs ¢ mapamerpamm (0,
o5) (Kpupas 2)

UMAX BOAoOTOOpa OBUIO NMpEeNpHHATO CTAaTHCTHYECKOE MOJENHpOBaHHWE 3TOTO
npouecca. [Ipu 3T0M HUCNONB30BANKCH CINEAYIONIAE THITHYHBIE THPOTre0oruye-
CKHEe YCIOBHA: CX€Ma OJHOPOIHOrO IUlacTa, OrpaHWYEHHOTO TIPAMOJIHHEHHOH
DECKOHEYHOM TPAHMIEH COBEpUIEHHOTO IMTAaHMA H JKCIUIYaTHpPYEMOTO JIHHEH-
HbIM BOJ03abopoM Ha pacctogaud d = 1 kM oOT rpauvisl. [TpOTAKEeHHOCTH
nuHelHoro pama B =20 km; T =1000 m®/cyr; a@= 10000 m*/cyr. CTok pexu
ONMCHIBANICA HOPMANbHBIM paclpesielicHMeM ¢ mapamerpamu: O = 15 m?/c u
0 =3 M’/c; WIMHA TeHEPHPOBAHHOTO pA/a coctaswia 120 er. MaTemariyeckoe
O’KMIIaHWE BeJHUMHBI BOJIONOTpeGieHHA NMPHHATO paBHeIM 15,0 M°/c; cpenme-
KBaJIpaTHUHOE OTKIOHeHMe O, = 0. Ha puc. 6.5 m3o06paxeHa sMmupuyeckas
dbynkuma paciipenenenus Bemmuunsr S =(7B/opd)S° . Ouenka mapamerpos
3TOH BETMYMHBI MpHBeNa K 3HAYeHHIo BpiGOpOUHOTo cpemuero B pasmepe —0,184
(mp¥ TeOpEeTHYECKOM 3HAYEHHMH, paBHOM HYNI) H K 3HAYEHWI0 BHIGOPOYHOTO
CpeIHeKBAOPATHYHOTO OTKIIOHEeHHA B pasmepe 0,624 (npH Te0peTHYECKOM 3Ha-
yepuu 0,636). AHanu3 KpHBBIX Ha pHC. 6.5 NMOKa3biBaeT, YTO IMITHPHYECKOE
paclpe/iefieHde YIOBIIETBOPHTENIBHO COTTIACYeTcsi € HOPMAIBHBIM 33aKOHOM
¢ mapamerpamu (0,04) B ofnacTH 3HAYEHHH OTKIIOHEHHA NOHHXXEHHA, COOT-
BETCTBYIOUMX YCIOBHIO S ° 2 O, T.e. [IpH BEPOATHOCTH BecrepeBoiHO# paboTh
He Hwke 0,84; TakWe yCIIOBHE M IpPEACTABIAIT HAHOONBLIMH HHTEpeC NpH
OLEHKE HaJIe)KHOCTH.

B paccMOTpeHHOM IipuMepe OBUIHM MCHONB30BAaHBI YCIOBHA, OOBOJIBHO
HeGIaronpuATHLIE B CMBICIIE HOPMAIU3alMM paclipeeNieHus NoHwkeHuH. Ilpu
Bonbileit yOensHOH Harpy3ke Ha Nof3emMHbie BOMbI, Korga u ~> 0, a Takxke IpH
fonplemM yOoaneHHH Bonap3abopa OT peKH HOpMaIH3alMA NposBiigercs Oojee
penbedpHO. BnaronpHATCTBYIOT €H B CpPaBHEHHH C pPacCMOTPEHHOH CXEMOH H
YUIOBHS TUIOmAapHOTo oT6opa. Bompocs! 0 cBOHCTBAaX paclpeeNeHua NOHHXKe-
HHS B YUIOBHAX KOMIIGHCAIHOHHOTO NWTaHMA U B Clyyasx Oolee ClOXHBIX
KOH(QUTYypallMi FUAPOreONOTHYECKHX CXEM, OCTAIIMECH TOKa OTKpPBITHIMH,
TpeOyIoT CaMO CTOATENbHBIX NOAPOOHBIX pa3paboTOK.

Ha puc. 6.6 wmzobpaxkensl rpaduxy BpeMeHHbLIX 3aBHCHMOCTEH Hajex-
HOCTH pabOThI CHCTEMBI COBMECTHOTO HCIONIL30BAHMSA NMOBEPXHOCTHBIX M INMOM-
3eMHbIX BOJ] B YUJIOBHMAX pacCMOTPEHHOrO mMpumepa. B ciiyyae manoro paccros-
HHA MeXIy peKoH ¥ BOn03abopoM, Kak 3TO CJIEQyeT U3 rpadHKOB, MOCTPOEH-
HBIX IA cnydad d = 1 KM, HaJeXHOCTh CHCTeMB! YMEHbIIAeTCA BO ‘BpeMeHH
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I u c. 6.6. I'padmxcu 3aBHCHMOCTe#l HAIEKHOCTH OT BpeMeHHM IKCITTYATAIHA CHCTEMBI COB-
MECTHOIO HCTIONTB30OBAHHWA NMOBEepPXHOCTHBIX H MOA3EeMHBIX BOJI B YUIOBHAX NONYOrpaHHieH-
HOTO OHOPOOHOIO TUTAcTa
] —mpru=0,d=1KkM, 2 —mpru=—-04,d=6kmM; J—mpru=1,0,d=1Km; 4§ — npn
=0, d=6; S—npuu=1,0,d=6km; 6 —rpapux sasucumoctn (6.29)

B OYEHb MEJIEHHOM Temiie, TOT/Ia KAK TpH YJaneHWH Bojo3afopa Ha 6 KM
OT peKH COOTBETCTBYHIIHE KpHBBIE NpeTepneBaiT ObICTpOe HIMEHeHMe, 33 .
HCIJTIOYCHHEM CNyuYaeB MANOH HArpy3KH Ha MOf3eMHbie BOObl (KpHBas WiA
u = —0,4). 3asucumoctn P(7), aHanoruuHsle MpE/ICTABIIEHHBIM Ha pHC. 6.6,
[IAI0T BO3MOXHOCTh OLECHHTh TAKYH BAXKHYH XapaKTEpDHCTHKY CHCTEMBI, KaK
BpeMa ee paboThI, COOTBETCTBYIOINEEe 3aNaHHOH HanexHoctH P. KoHKpeTHBIH
BbIGOp BeNHYHHBI PAacUeTHOR HAJEXHOCTH B pasHBIX ycnoBHax Gyger ompe-
[eTATHCA pPANTHYHBIMH NpeabABIAEMBIMH K CHCTeMe TpeboBaHMaAmH. B kave-
CTBE OOHOTO H3 BapHAHTOB MOXHO MpPEIONHTE BHIGOP BETHUMHBI PACYETHOM
HAJIEXHOCTH, COOTBETCTBYIOIICH BEPOATHOCTH MosBneHns nedumhra He Gomee
OJTHOTO pa3a 3a pacyeTHbIH CpOK, T.e,

P=1-1/t (6.29)

rjge ! — BBIPaXEHHBIA B rofax cpok sxcmnyarauud. Hanoca Ha rpaduk 3asucu-
mocts P(f) u xpHBYI0, ONipefenseMyto ypaBHeHuem (6.29) , 1 Haxons abcumecy
TOYKH MX NepeceyeHus, YCTaHaBIIHBacM TeM CaAMbIM BpeMs HaJeXHOH paGoTsl
CHCTEMbI, B TEYEHHE KOTOpPOIO BO3HHKHOBEHME neduiMTa BepoATHO He Gonee
OmHOTO pasa. Tak, B YWIOBHAX PacCMOTPEHHLIX NMPHMEpPOB BpeMs HaNEeKHOM
paBoThl CHCTEMBI, XapaKTepU3ywlueica rnapamerpamMu u = 1, d = 6 xMm, cocras-
naer Beero 2,2 rofa. IlpH cHHXKEHHM HODMMpOBAHHOTO BOAOMOTpefNIeHHA IO
JHaveHHs ¥ = 0 Ta ke cMCTeMa Haen®HO PYHKUMOHHMpYyeT B TeueHwe 8,6 mer.
Ecnu xe BenuunHa 4 cocrasnfer —0,4, 10 COMacHo rpadukam Bpems HagexK-
HOH pabGOThI ITOH CHCTeMB! OoleHHBaeTca B 37 ner. Cucrema ¢ paccTosHHEM OT
peKH [0 Bopo3abopa, paBHbIM 1 KM, XapaKTepH3yeTcs BpeMeHeM HaJeKHOH
paboTel, onenuBaeMbiM 20 ster NpH « = | U yBeNTHUMBAIOIMMCA [0 Ype3BEIYAi-
HO DONBUIMX, H3MEpPAEMBIX CTOJIETUAMM, BENHYHH NpH #4 =0,

PaccMOTpeHHBIC TNpHMEpB! APKO [EMOHCTPHPYIOT NEpPCNeKTHBHOCTh IpH-
MEHEHHA CHCTEM COBMECTHOTO HCMOB30BAHMA OMHCAHHOTO BHOA. Tak, B cnyyae
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£ Puc. 6.7. 'padux 3aBHCHMOCTH HalleXKHOCTH or
100 MPOTAXEHHOCTH NHHeAHOMO BOgo3abopa B yono-
BHAX IMPHMepa b

Q9667

d=1 kM 4 u =0, xkorga cornacko rpagpHxam
Ha pHC. 6.6. BpeMs HameXHOM paboThl CHCTe-
Mbl YpE3BbUAHHO BEITHKO, HH ONHH W3 HC-
TOYHHKOB BOJbI, OYIYYH HCNOJB30BAH OT-
AENBHO OT Apyroro, He obecmeynt Beciepe-
GOHHOrO OpOIIEHHA: NpPUMEHEHHE OJHHUX
NOBEPXHOCTHBIX BOJl IIPH PABHBIX MO BETH-
YHHe BOJONOTPeO/IEHHH M CpelHeMHOIOJIeT-
HEM pacxolle pexu B paamepe 15 m’fe
HaleXkHoO nwumb Ha 50%: HamexHOCTs Xe
WCTIOJIB3OBAHUA OJHHX MOJ3EMHBIX BOJ B
ITHX YCIIOBMAX Ype3BbIYAHHO OBICTPO CTaHO-
BHTCA PAaBHOW HYJ0, TAK KaK yXe ueped
) 5 JIeT MOCIe HAyala IKCIUIYATALMH IOHK-
110 15 /20 OKeHHWe B paiioHe Bomo3aBopa focTHraer
Brxm 56 M (pH Spon =25 M). .I
Mcnonb3oBakne dopmyitel (6.20) maeT BO3MOKHOCT: PEILATE psijl BaXHbBIX 00-
P4THBIX 3ahay, KOrJa NpH3a]aHHOH HAJEXKHOCTH paboThl CHCTEMBI Tpebyerca
BbIOpaTh OIWH M3 ee napameTpoB. Hanpumep, npu 3agaHHOM PACCTOAHHH MEXIY
PEKOW H BOI03a60pOM ero MpoTsKeHHOCTs B ONpeenseT OpolaeMyso CHCTeMOR
miowans. B dopmyie (6.20) ot nporsmkeHHOCTH BO03a60pa 3aBHCAT MaTema-
THYECKOE OXMIaHHe f1e6uTa, OnpesieNiaeMasn Ha ero OCHOBE BEJTHYMHA S, 2 TAKKe
CpeMHEKBANPaTHIHbIE OTKIIOHEHHA 04, O¢ M THIPONOTHYECKAN OGECNeUeHHOCTh
Vg 33/IaBaACh PAOOM 3HAYCHWH MPOTMKEHHOCTH, MOXHO TOCTPOMTD rpathux
3ABUCHMOCTH HANIEXKHOCTH OT TOH BEMYAHBI; TOUKA ero MepeceueHMs C Npa-
MOH, COOTBETCTBYIOLIEH 3afaHHO# BeIHuHHE P, OTIpe/IENHT HCKOMYI0 BeiuuMHy B
Haitnem, Hanpumep, NpOTSXEHHOCTh TMHEHHO IO BOI03a60pa, o GecrnieunBaoiero
B TeyeHnue 30 met pa6oTy cHCTeMBI ¢ BenMuMHOM HamexHocTH P = 09667 npH
OpOLICHUH XIOMuYaTHHKA ¢ HOpMmo#t 10000 M’ /ra, ecn numeitneni BomO3a60p
OTCTOHMT OT pexH Ha 6 kM. Tlomoxwum B = 110 kM; BeWuHHA NOTPeGHOCTH B
BOJie COCTaBHT mpH s1om O = 20,9 M’ /c; u = 1,97; Benwunna rupasnuvec-
KOTO COMpOTHBIICHHA, HaXOnMMasd ¢ nomolupio Gopmynsr (2.8), cocrasnser
B 5TOM ciiyuae Ro = 0,0378. Haxopnsa ¢ nomomsio Mpunoxenss 5 3navenns O =
= 510600 M*/cyr 1 0, = 254000 m}/cyr, no dopmyne (6.21) HaXOIHM 3Ha-
ueHHe Og = 2,56 M. Ilockonsxy Benwyumna v npH u = 1,97 mana, OrpaHHYH-
BaeMca IepBbIM CnaraeMeiM (hopmynsi (6.261) o ¢*{(25-19,3) [2,56) =
= 0,987. Tloctynas aHanoruyHo npu OpYTHX 3HaAuYeHHAX B, onpenensemM HUcxom-
HBIE [IAHHbIC V1A MOCTPOCHHA rpaguKa, NMpHBENeHHOro Ha pHC. 6.7. 3amannas
BE/THIHHA HANIE)KHOCTH NIOCTHTACTCA NP 3HaueHmH B = 112 km; NONKOMAaH/IHAA
CHCTeME IUIOLAAb NpH 3TOM cOcTaBHT 67 200 ra. AHanoryHO MOryT GbITh peure-
HbI 3a[ia%4 7O ONPENEeNCHHI0 PAcCTOAHHMA BOMO3abopa OT pexu, Mo BHIGOPY
OPOCHTENIBHOH HOPMBI, T.e. B KOHEYHOM HMTOTe 3a/laya YCTAHOBIEHHS BO3MOXK-

HOCTH BBIPALUIHBAHHA TOH WIM HHOH KYNBTYPBl B VCIOBHAX CHCTEMBI COBMECT-
HOI'O MCTIOJIL30BAHMA.
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Kak noxasemBaer rpapuk Ha puc. 6.7, NOCTPOEHHBIH WIA YCIOBHH IIpH-
Mepa, BETTHYMHA HaISKHOCTH 0OHapyXHBAeT PE3KYI0 3aBHCHMOCTD OT ITPOTAKEH-
WocTi ygactka. Tak ke OGCTOMT [0 ¢ 3aBHCHMO CTAMM Ha[eXHOCTH OT JpYIHX
NUpaMeTpoB: BeTHYHHBI BOAOOTOOpA, reOMETPHYECKHX XapaKTepHCTHK BOJIO-
yubopa u Ap. 3HAYMTENBHAA YYBCTBHTEIBHOCTD HAMICKHOCTH K H3IMEHEHHIO Napa-
MCTPOB, €¢ OINpefensiolMX, NO3BONACT, C OJHOH CTOpPOHBI, MOBBICHTH HAIENK-
HOCTH pabOTHI CHCTEMbI UEHOH HE3HAYMTENIbHOTO H3IMEHeHHA TAKHMX MapaMeTpoB,
KaKx BomomoTpebnenne, opouaemMas IUIOMWAMb H T.4.; C APYTO# CTOPOHBI, BbICO-
KAt YYBCTBHTEIBHOCTE HANEHHOCTH NO OTHOLICHHIO K BEIHYHHE BoponeTpebne-
{1 IKBHBICHTHA HH3KOM UyBCTBHTEIBHOCTH PacYETHBIX BEJIHYHH BOZIOTIOTPEO-
JleHMA, TIONYYCHHBIX B pe3ynbTaTe pelieHHs oOpaTHOH 3ajauu, IO OTIOLICHHK
K 3aNAHHOM BelIMYMHE HANEXKHOCTH. JTO OTKphIBaeT MyTh K MPaKTHYECKOMY
(IPMMEHEHHIO pe3yJibTaTOB pelieHna OOpaTHBIX 3ajay, Aenas HX Mal033aBHCA-
MMM OT NMOTPELIHOCTeH HCXOMHBIX [IaHHBIX.

6.3, ONTHMAJIBHOE PACTIPEJE/IEHHE HATPY3KH
MEXQY MECTOPOXAEHHAMH NMOA3EMHBIX BOJ
HA OCHOBE NMPHHLIUMA MAKCHMYMA HAJIEHOCTH CHCTEMBI

B paccMOTpeHHBIX BbILE TEOPETHYECKHX MOCTPOCHMAX MPHHMMANOCh, 4TO B
¢HCTEME COBMECTHOTO HCHONB30BAHMA IPHCYTCTBYeT OJIHO MECTOpOXIEHHE
O[3eMHBIX BOJI, B TO BpeMs KaK NpencTaBislolume HaubOnbsUMH HHTEpEC C
TOUKH 3peHMs BOJIOXO3ANCTBEHHBIX OanaHCOB CHCTEMbI KPYIHBIX M CPeIHMX
pamMepoB OOBIYHO XapaKTEpH3YIOTCA HATHYHEM B HMX HECKOJNBKHX I'HOpaBiIH-
YeCKH HE3aBMCHMBIX [IPYyr OT Apyra MecToposkiaeHud. OHH CBA3aHBI MEXIY
coboit Tonpko paGoTOH B ONHOM BONIOXO3AMCTBEHHOH CHCTeMe, H NPH 3TOM
BCAKMI pa3 TpH COCTABNICHHH M aH&IHM3e BOJOXO3fiCTBeHHOro GanaHca Oyner
POIHHKATh BOmpoc OO ONTHMATBbHOM B TOM WIH WHOM CMBICIIE paclipenene-
WK HATPY3IKH MEXIY TAKMMHM MeCTOpOXIEeHWAMH NOY3eMHBIX BOA. B HacTos-
uem naparpade paccMaTpHBaeTCA BAPHAHT TAKOTO paclipeneneHMs, MpH KOTO-
pOM B KauecTBe KpPHTEPHA ONTHMAIBHOCTH BbICTYNaeT HAJeXHOCTh pabOTHI
CHCTEMBI B IETIOM.

Ilns mpocTOTHI MPEANIONONHMM, YTO, KaK 3T0 4acTo ObiBaeT, BETHUAHA BTO-
pOro WwieHa B MepBOH uacTH Gopmynsr (6.20) mpeHeGpexmMO Majia NpH IHave-
HMAX BEpPOATHOCTH, CIIM3KHX K EOHHHIIE, KOTOpbie B OCHOBHOM H MpENCTaB-
#1007 NpakTHYecKHiH uHTepec. Toraa HagexHOCTs paboThI / -TO MECTOPOXKIACHHA
of3eMHEIX Boa GyfieT onpenenaTsca GopMyioH

/ )

p St + Snunf = EI
P =@ : (6.30)
Si '

rje Pf — HapexHocTs paBGornl j-ro Bomo3abopa; ®*(z) — dyHKIHA HOpMaNb-
HOTO paclpeienenus; Spon; — AONYCTHMOE TOHWKEHWe YPOBHA B paHOHe
ITOT0 MECTOPOXICHHS; §, — MATEMATHUECKOe OXH/IAHHE TIOHIKEHHA B patio-
He BOJI03aBOPOB j-TO MECTOPOXKIEHHsA (MAKCHMAIIBHOE 32 IOJ1 3HAYEHHE) K KOH-
Ily pacyeTHOTO CPOKa 3KCIDIyaTalH; Og; — CPEIHEKBAIPAaTHYHOE OTKIIOHEHHE

MOHWKEHNA [-T0 MECTOPOXIeHMs, BenHunHa .5“f OmpenenseTca COrfIacHO Bbipaxe-
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2 ¥
=l (6.31)

rae TH. — XapakTepHOe 3HaYeHHe BOJONPOBOJMMOCTH IO j-My MECTOpOKIe-

R
HHIO; an — THpaBITUYECKOE CONPOTHBIIEHHE, OTPaXAKIuee MaKCHMATBHOS
3HAYCHHE peaKlMd BOJMOHOCHOTIO INAacTa Ha NEepHO[WYecKHH BOIOOTOOD; BelH-
YHHa O . Ompenensercd BblpakeHuem (6.21)

Si
: 7
LAl 1
T g oY e (6378
*j . ;: i
e 0,; — CPEJHEKBAIpPAaTHIHOE OTKIIOHEHHe BOHOOTGOpa j-rO MecTopodKies

Had, 2 ; — KOIQQUUHEHT TOYHOCTH TIO NOHIKEHHIO, OTIpefieNiAeMblii B mur
BeTCTBHH ¢ Gopmynoii (6.22). B

OntHManbHOEe B CMBIC/IE HaJIeXHOCTH paclipefiefIeHHe Harpy30K IO Mecm-
POXKJeHHAM OyJIeT, 0YeBUIHO, JOCTHIHYTO IIPHM BBHIMOJIHEHHH YUIOBHA '

1::“;12:: P, = max, (6.3323

=

nockobky ®*(z) — MoHOTOHHAs dYHKIMA; MOCTABNEHHANA 3aaya BHEIIBEIIEHT
Ha cnenymmeu E

mis 2o/ = Qu/T)R; (5.34)‘5-
1<j<n 0p;" ;’g“"'}Tﬁf E

BhIpasuM BeTHIHHY Qﬂf B BHOe 1onW oT obuiero BOmooT6Opa, 2 MMEHHO
TO710 KHM

Op; = Oale,; | (6.3535;;_

H OTpeIeliiM KO3 DUIHEHTHI ; TaKuM 06pasom, 4T06561 BEIIOIHAIOCH YCIOBHE "
(6.34) , a TaxKe OYEBMIHOE PABEHCTBO

ol |
i X 2 6.3 |
[Tockonsky npu Tako# MOCTAHOBKE 3a/iauM, OYEBHU[IHO, fj i é &fﬂ RO
=0, /., nonaras '
A=T 8010 Vg5 By=0,Ry o,V (6:37)

BMecTO ycinoBusa (6.34) nonmyuum
min Qd — B, ) = max. (6.38)
1€j<n s

Peurenne 3amaus (6.38) npu orpamwuenuu (6.36) nocrWraercs B CTyudae,
KOTZa Bce 3HaueHusas A, a, —B, paBHbI Mex(ry cOGOH; 3TOT pe3ysisTar U3BeCTeH

NOJ Ha3BaHueM npuHuMNa ypaBHuBaHua H).B. I'epmeitepa” [17]. Cmsich stor0
IPUHITHIIA COCTOHMT B TOM, YTO BCe MECTOPOXIIEHHS JOM¥HB QYHKIHOHMpOBATH
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U PABHOH HafexHOo cThio. OB03HAYasA B COOTBETCTBHM CO CKa3aHHbIM

A o, —B =, B 10 T B | (6.39)
TlK, 4TO
B; + A
@ = : (6.40)
Af
nenons3ys ycnosue (6.36), MONyYMM YpaBHEHUE [UIA ONpeleNIeHHs BETWUMHb! A
n A},
z — = l' {6.41)
j=1 1‘3]]F +A -

PCILMB €ro ¢ NOMOLIBI0 KAaKOr0-THHO YHCIEHHOTO METONa Ha OCHOBAaHMM paBeH-
¢rBa (6.40) HaxonMm Bce MCKOMBIE HATPY3KH ;.

[lpu cocrapneHdn M yBsA3Ke BOJOXO3AECTBEHHOTO OalaHCca 3a0a4a Yacro Cra-
BUTCA CTENyIOIM O0pasoM: 3aaiTCA pAIOM XapaKTepHbIX 3HAYECHHWH BOZO-
MOTpeGneHns, ONpefeNnsAITCs COOTBETCTBYIOMME XapaKTEPHCTHKH HeHIMTa
W HAa OCHOBE AHANH3A CIIOXKWBILUEHCA CHTYAaUMH ONpENENAIOTCA MepONpPHATHS
0 NOKpuITHIO Aeduumura. B CBA3M C 3THM WITOPHTM OMpeieieHus BelTHIMHbI
HAJIEXXHOCTH H HArpy30K OTHENbHBIX MECTOPOXJICHWH HpHOOperaer cienyio-
LMK BHIL;

1) sajaemcs KakuM-THGO HawansHBIM HA6OpoM KO3)UUHEHTOB pacipe-
[IeNICHHA O ;

2) Ha OCHOBAHWH [1aHHOTO Habopa KO3I(OHUMEHTOB Q; ONpenenseM 3Hadue-
HHA Wo ¥ 2, @ Takske KO3(PHUMEHTa KOPPENAUMH MeXIY BOHOOT60pOM M
pefyKIuel NOBEPXHOCTHOIG CTOKA 0, ., B LETOM 1O CHCTEME, KOTOphIE HAXO-
JIATCA TIO CliedyIoumM dopMyIam:

no W
Wo = Lii:, —iiony (6.42}
=1 o
J
w51
Wi
ﬂ - E » 643
W1 a? (64

1 paw;r V2,
e 2
'\,ﬂﬂw =1 ajr

e Ppyp; — UACTHBIE 3HAUCHHA KOIPOHUUMEHTOB KOPPENAIMH 1O OTHETEHBIM
MECTO DOXKIAECHHAM |
3) pewas ypasuerus (6.5), (6.6) c yuerom dopmyn (6.15) —(6.18), Haxo-
[AHM BCPDOATHOCTHBIE XapaKTEPHUCTHKH BeNHUMHL! OT1DOpa NOp3seMHBIX BOJ:
4) BRMMMIUIAA BETHYHHBI Af‘ Bj no dopmynam (6.37), pemaem ypaBHeHHe

(6.41); no ompeneneHHOH TakHM OGpPa’OM BENHUMKE A HAXOIUM CIEyIOLIce
NpHOTAXEHNHE HArPY30UHBIX KO3QQHIMEHTOR Q;;

5) BbMMCITAEM HaHGONBUIYID TO MECTOPOKICHMAM 2BCONIOTHYIO BENHUMHY
PasHOCTH MEXTY BeTHUMHAMH KOIDQUUMEHTOB paclipefieieHus, NoTyYeHHbIMH
Ha MpepbayIIes HTCPalUMH, H KO3(QODUUHEHTAMH O, BHOBb HAMNEHHBIMH; ECITH

; (6.44) -
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P u c 6.8. Cxema Bofioxo3AfcTBeHHOR CHC-
@ TeMbl B ipHMepe

1 — nuAeiHble BOAO3300pHI; 2 — pEKH M

KaHanbl; mHpPBl B KPYyKKAX — HOMEpa mMec-

TOPOXKACHHA TIDO3EMHBLIX BOMI )

@
o—t—o] == 2

3alaHHas TOYHOCTh MAOCTHTHYTA, pacueT CUYMTAeTcA OKOHUYEHHBIM, €ClIH HeT,
OCYLUECTBIIACTCA BO3BPAT K MYHKTY 2. |

OnMcaHHbIi ITOPHTM B CJIyyae HAIMYMA B PErHOHE 3HAYUTE/IPHOIO YMCIA
MECTO POXK/IeHHI MO3eMHBIX BOJI, THAPABITHIECKH He CBS3aHHBIX M1y CoGOM,
tpebyer Gonpumx 06BEMOB BBMHCIMTENBHON paboThI H, KaK NPaBWIO, NIONIXEH
peanusoBarbesa Ha J1IBM.

Ins WIMIOCTpAlMHE NOCIENOBATEIBHOCTH PACUETOB 31eCh HCMONB30BaH MpHMeEp
¢ IBYMA MECTOpPOXIEHHAMM, YTO OTBeyaer yCIOBMAM HEe KpYIHOIO, a CKOpee
cpefHero Maciuraba BOOX03sAHCTBEHHOH cHCcTembl. Mcrionb30BaHKe TaKHX yCI10-
BHH NpuMepa OTNpaBAbIBAETCH WCKITIOUMTETBHO CTPEMIIEHHEM K YMEHbUIEHHIO
06beMa pacyeTHBIX BBRIKIIAIOK.

[pamep cocraBneHHs BONOXO03AHCTBEHHON0 Danamca ¢ yweTOM pecypcos noj-
seMHBIX BOjx. CXemMa BOMOXO3MIICTBEHHOM cHcremsl H3obGpaxena Ha puc. 6.8.
VCTOWHMKOM MOBEPXHOCTHBIX BOJHBIX PECYpCOB CIIYXHT peKa, CTOK KOTOpOH
xapaKtepuayerca mapamerpamu O = 30,0 M°[c; 0= 6,00 M’ [c. [lns oponrenus
CENIBCKOXO3ANCTBEHHBIX KYNBTYp BOMABI pPeKH OTBOMATCH KaHAaMH — JIEBO-
GepexHbIMH H NpaBoOepexHbiMH. BereTalMOHHBIH NEPHO, COBHANAIIUMH C
nepuopom feduumra, mwrcs nojropa — ¢ 1 anpens oo 1 oxtabpsa. i moxpsi-
THA NehHIHTa OBEPXHOCTHRIX BOJ MpeanojiaraeTcs COOPYIHTh BJIONb KaXXaoro
Oepera pexH NTHHEHHBIE PAMbI CKBAXHH. I'MIpOreONOrHYecKHe YCIOBHA Xapak-
TepU3YIOTCH CIIEMyIOLIMMH apaMeTpamMut: TIo sieBomy Gepery T, =2000m’[cyT;
a, =2.10°fcyr; S . =60 wm; no npasomy Gepery T, = 1000 m* /cyT;

a,,= 10° m*[eyr; 'S, =40 m. Jituna oBoux NuHEHHBIX DANOB PaBHA

25 KM; pacCTOfiHMe I0 peKH OT JieBoGepexworo Bojo3abopa d, =8 kM, OT
npaBoBepexHoro — d; = 12 KM. :

Tpebyercs ONpeNeNuTs BEPOATHOCTHBIE XaPAKTEPHCTHKH BelMYMH 0TGOpa
MOJ3eMHBIX BOJ W H3MEHEHWA MOBEPXHOCTHOTO CTOKA KAK KOMIIOHEHT BOJO-
xoaaicTBeHHoro Gamanca OaccelHa, COCTABIACMOIO HAa IATHACCATHIETHION
nepcnekTHBY. [IpH 310M HEOGXOMMMO yHecTs BO3MOXHOCTH PazTHYHBIX YPOB-
Hell pa3BUTHA OpOLIAEMOTO 3emlefenua B OaccedHe, KaX[bld H3 KOTOPHIX
ompefieNiAeTCA BeJIMYHHOH MATeMATHYECKOTO OXNMJIaHHA BONOTIOTpeOICeHHs.
KoadduumeHT BapHamuu 3TOH BelMYHMHBI, 3aBHCANIMA B OCHOBHOM OT arpOKIIH-
MATHYECKHX YCIIOBHH, IPHHUMAETCA TIOCTOMHHBIM M paBHbIM 0,20,

Pemrenwe 1. OnpepenseM rUOpONMHAMHYECKHE XapaKTepHCTHKH BOJOHOC-
HBIX IUIACTOB, BEIMYMHBI THAPABIMYECKHX COMPOTHBIICHUWH, KOIDPPHUHEHTOB
TOUHOCTH, KO3()HIMEHTOB KOppensuMd H OGYHKIHA OTHOCHTENIBHOH pelykK-
mud, Kak yxassiBanocs Bbillle B r7naeax | W 4, NpH pexxume orbopa moasem-
HBIX BOJI, KOTr/ia OHM OTOMpalTCsa B Te4eHHe MONyroja, MoHHxKeHHe Dy/eT cKna-
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IBIBATBCA M3 [BYX COCTABIMIOLAX: ANEpHONHYECKOH, OOYCIOBICHHOH BIIMA-
HHeM MOCTOSHHOTO BO BpeéMeHH 0TDOpa, paBHOIO CpPeOHEroOBOMY 3HAYCHHIO
(B paccMarpMBaeMbIX YCTOBHAX OHO paBHO MONIOBHHE MAaKCHMATbHOH BesH-
HHbI) , H MEPHOIHUECKOH, BhI3BaHHON KoeGaHHAMH BOJ00THOpa OKOTIO cpefl-
HErOOOBOTO 3HAYCHWSA. BEIWYMHBI TI'MOPABIMYECKHX CONPOTHBIICHWH, OIpe-
NeNA0IHe peaKiWH IUIACTOB HAa ANepHOAHYECKYH0 COCTaBIAIIIYI0 BOJOOT-
G0pa, PACCUMTaHbI Ha KOHel S0JIeTHEr0 cpoKa mo 3aBUCHMOCTH (2.49) H paBHBI

R,, =02466; R, =0,2648.

MertogMka ONpeNeTeHHs peaKUHMu [UIaCTOB HA NEPHOIHYECKYI0 KOMIOHEHTY
pogooT6Opa MOAPOGHO paccMOTpeHa B TaBe 3; BIMAHHE ITOH COCTABIIAN-
el HA BENTMUMHY MAaKCHMAJIBHOTO TIOHW)KeHMA MOXeT ObiTh y4TeHO MpHGaB-
NeHHeM K 3HAYEHHI0 RWIZ (MOCKOMBKY CpPeJHEro/IoBas BeIHIHHA BoiooTBOpa
paBHA TMONOBMHE 3HaueHMsA ,) mompaBkH AR ; WACHCHHbIE 3HAYCHMA T1O-
NpaBOK B yCIOBMsX Tpumepa paBuni: AR, =0,0142; AR, = 0,0100; Takum
06pa3zoM, cCyMMapHbié Be/THUHHBI Rm‘ cocrapnsaioT R, =0,1376; an=0'1434'

3Havenuss QYHKIME OTHOCHTENILHOH pelyKIHH Woj IE paccMaTpHBaeMBbIX
YCIIOBUAX ONpeneNifioTca Mo dopmyne (3.13) Woj = (;)E‘f“ dj,fzm ’

rme ¢ =S507eT; UMCTeHHbIe 3HAUEHHMS TaKoBRI: W,, =0,384; w,, = 0,265.

OnpefeseHHBie ¢ NOMOLIBI0 YHCICHHOTO MHTETPHPOBAHHMA SHAYCHHA KOIPOH-
MEHTOB TOMHOCTH TOHIDKEHHs cocTaBwmu: (gy =1,825.107%; Q. =9,656 X
¥ 107%: koadduumenTsl ToysocTH peaykma: ., = 0,0115; Q. =4,644 X
X 107*. KoaduimeHTs KOPPENADMH MEXKIY BONOOTGOPOM M  peyKIHeH
BOTENCTBHE [A/IEKOro pacCTOAHHA BOMO3abOpOB OT peKH OKA3&THCh NMpPaKTH-
4ECKH HYJIeBbIMH. ;5 2

2. 3amapmMes Kakumammbo 3navenwem O, manpumep O =350 M[c; TOT-
la BeJIMUMHA CPe/HEKBAJPATHYHOIO OTKIIOHEHHs BOMOTOTpEONCHHA U COCTA-
sur 0,20 - 35,0 = 7,00 M’ /c. COIMNacHO ONMCAHHOMY BBIlle AITOPATMY IIOJO-
JUM CHauala @y = @, = 2; Torja cornacHo dopmynam (6.44), (6.45) Benu-
YHHBI OTHOCHTEIBHOH peiyKIMH M KO3(pQHUHEHTa TOYHOCTH COCTABAT: Wo =
=0,325; Q,, =0,0030. Pemerue ypaBHEHHH (6.5), (6.6), npoBeneHHOE Me-
10OM TOCEIOBATENBHbIX NPHEITIDKEHMUE, OTPENENWIO MapameTpbli BOJIOOT60-
pa B pasmepe: 0, = 890 m?/c; 0, =7,72m’ [c. Tlo popmynam (6.37) G-
JIM ONpefeNneHsl KO3puimenTs A, B},:

A, =4214: A,=1931; B, =3717; B,=5325.

Peiuas ypaBHenue (6.43) OTHOCHTENLHO BENHUMEHBI A, HAXOMM €€ 3HaUeHKWE:
A =2,004; 3atem no dopmynam (6.42) HaXONUM BETHIHHBI ko3 duMeHTOB
pacripenenenus: &, =1,358; &, =3,796.

[TepecuMTAHHBIE B COOTBETCTBHH C ITHMH 3HAYEHHAMH BE/THIHHbI dOYHKIMH OT-
HOCHTENTBHOM peayKIuH ¥ KO3((HIMEHTa TOYHOCTH COCTABHIIH: Wo = 0,353;
Q,, = 0,00630; pewas 3aHoBo ypasHenus (6.5), (6.6), ompenensieM BTOpoe
npuGIYKeHHe BepOATHOCTHBIX MapameTpos Bomootbopa: ¢, =9,21 Mlc; 0, =
= 7.80 M /c. 3Havenus ko3bduumenToB ypaBHenus (6.41) Ha BTOpOH HTEpauHH
COCTABWIH:

A, =4167; A,=1910; B, =3802; B, =5,447.
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P u c. 6.9. I'padnk HapgexHocTH QYHKUHOHHPOBAHMA CHCTEMBI B YCIOBHAX MpHMepa B 3a-
BHCHMOCTH OT BeSHUMHEI Oy .

P u c. 6.10. I'padprxn 3aBHCHMOCTel XAPAKTEPHCTHK ¥IeMEeHTOB BOJIOX03AHCTBEHHOIO

fanaHca B yCIOBHAX MpUMepa oT BeTHYMHEL (/1

1~ Ga;z- Opsd = W, 4 - Ound — 1fa;;6 ~ 1]y

Pewienme ypaBhenus (6.41) NpHBOIMT K CJIEMYIOIUEMY 3HAYEHMIO MAPAMETPA
A = 1,843; cooTBercTBYIOLIME BETHYMHBI KO3)(HIMEHTOB pachpeeNeHus Ha-
TPY3KH paBHbl: @; = 1.355; a; = 3,796, 1.e. 914 K03hDUIMEHTH HEIHAYHTEI b-
HO OTIMYAKTCA OT MONYYEHHBIX B Xope nepBo# mrepaumu. Hapexmocts dynk-
IHOHHpPOBaHMA cHucTeMsl, paBHas ®*(N), cocrasnser 96,7%, T.c. BEpOATHOCTH
BO3HHKHOBCHHA [eQHIMTHOH CHTYallHH B pacCMAaTpHBAaeMBIX YCIOBHAX paBHa
3,3%. Tpetsa ¥ nocnenylomme HTepaUuy He NPHBOIAT K YTOUHEHHK) pe3yiib-
TaTOB B paMkax TpeOyeMOH TOYHOCTH, NMO3ITOMY OKOHYATEe/bHbIE BEJTMMMHBI
CpeHEeMHOTOJIETHHX HATPY30K MECTO POX/ISHHH MOTy4aeM B pasmepe:

Q,, =9,21/1,355 = 6,80 M’ [c;
0,,=921/3818 =241 M [c.

BeflMuMHA MaTEeMAaTHUYECKOTO OXXHIAHHA H3MEHEHHA MOBEPXHOCTHOTO CTOKA
coctaBuT Mpd 3toM W= 9,21 . 0,353 = 3,25 M /¢ (1o mecTopoknermnsam: W, =
= 2,40 m’/c; W, = 085 m’/c). Taxum 06pa3om, NpH Cpe/THEMHOTONEeTHEIR
BenMyrHe JeduimTa BogonoTpetenus B pasmepe 5,00 M /c BenMyMHA MaTema-
THYECKOTO OXMIaHMa 0Tbopa nopg3eMHbix Bon paBHa 9,21 M /c; Pa3HOCTb MEWK-
ny stamu BenmuMHamH (4,21 M7/C) MPEBOCXOJMT BLIMHCICHHYH) BEeTHUMHY
COKpallieHUs peyHoro croka (3,25 M7 /c) . OTMeyeHHOE BIHAHME He HOCHT XapaK-
Tepa MOrpelHOCTH, HO OOLACHAETCA TeM, YTO BEJIHYHHA 0TOOpa NOO3eMHBIX BOL
MpefcTaBnAer cOB0H HeMHHEHHY0 PYHKUMIO OCTanbHBIX crareil Gamanca (medu-
UHTAa BOMONOTPeGiieHHA W PEAYKIMH), YT0 NPHBOMAT K CMEIUCHWI0 CPelHMX
BEJIWYMH, "

PaccMOTpHM Wi CpaBHEHHA YCIOBHMA, KOTMA XapaKTEpHCTHKH BOOOTOTpe6-
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eHHs COBNAAlT ¢ XapakTepuctukamu croka: O = 30,0 mfc; o =
= 6,00 M°/c. BhNHCTEHHBIE AHATOTHYHO XapaKTepHCTHKH OTBOpa IMO/I3eMHbIX
BOJ TOC/e BTOpOW MHTepaumu coctaBmwin: 0, =545 M [c; 0, = 5,45 M /c.
JHavyeHHe MaTEeMaTHYECKOIO OXHIaHHA JpeI{_'g'KIIHH TNOBEPXHOCTHOIO CTOKAa K
KOMIly IKCIDIyaTaumH coctaswio 1,92 m™/c, a MOCKONbKY CPeHEMHOTONCTHAA
peiHuMHa feduuMTa BOAOMOTpe@iIeHHA paBHa HYJi0, MAaTeMaTHUECKOEe OXHIa-
jHe BOEOOTOOPA NpeBBIN@ET CYMMY MAaTeMaTHYECKWX OXHIAHWH AeduiMTa H
pelyKIMH Ha BenumuuHy 3,53 M’ /c.

Ha puc. 6.9 n3o6paxen rpapuK HaEKHOCTH PYHKUMOHHPOBAHWA CHCTEMBI
COBMECTHOTO MCMONb30BaHMsA TMOBEPXHOCTHLIX M MOMA3CMHLIX BOX B 3aBHCH-
moctd or BenHuMEsl O . Tlons3ysce oTHM rpapuKoM, MOXKHO OMNpeeSiHTh
#e06X0OMMBIH ypOBEHb OCBOEHMA OpOILAEMBIX IUIOIANEH, COOTBETCTBYIOLIMH
JaAHHOMY 3HAYeHWI0 HajexHocTH. Tak, Hanpumep, uT0Gbl NOABIEHHE [HeULAT-
HOW CHTYalMH B cucTeme ObUIO BO3MOXHO He DOjnee OQHOINO pasa 3a pacuer-
ibtit SOJIeTHHI CPOK, CleMlyeT 3a[aBaThCcA BEIHIHHOH HAJEKHOCTH, paBHOH 98%.
JTOMy 3HauyeHHI0 Ha rpadMKe COOTBETCTBYET BOIOMOTpeQneHMe B paamepe
34,7 M’ [c. %

Ha puc. 6.10 w3oGpaxennl rpaduKi 3aBUCUMOCTH BETHIHH 05,0, 8500
a taxke oTHomleHw#H /oy M 1/e; o1 Q. C noMoumio THX rpadHKOB MOKHO
onpeenuTs, Kak OyayT M3MEHATHCA BEIIMYHHBI NIEMEHTOB BOMOXO3AHCTBEH-
Horo GanmaHca NpH H3MEHEHHMH MATeMAaTHYECKOIO OXHIOAHWA BOMNONOTpetile-
uust. Tax, ormeyenHOMy 3Hauenuio @ = 34,7 M’ /c COOTBETCTBYIOT BEHUHHBI
0,=120m[c n 0, =420M’[c.



JAKJIWYEHHE

HecMOTpA Ha psl MONOXHTENBHBIX ACHEKTOB HCMOJNB30BAHHA TNON3EMHBIX
BOJI [WIA BOAOCHAG)KEeHMSA, B TOM UMCNe V1A OpOILEHHS, OTMEYEHHBIX BO BBeE-
leHuH, Bce e pecypcs!l mopasemusix Boj B CCCP pmo Hactosuero BpeMeHH
HCTIONB3VIOTCH WIS OpOIleHHA HepocTaroyHo. ONHOH M3 NPHYHH ITONO ABNAET-
ca OuITylolIee Cpe/id 3HAYHTEIbHOM YacTH CICIHAIHCTOB MHeHHe O cirabol BOO-
XO3AHCTBEHHOH M  JKOHOMHYECKOH 3(P(PEeKTHBHOCTH HMX  HCHONB30Ba-
pua. Kpome TOro, mmMpokoe pacnpocTpaHeHHe TOMyUMIH B3rAAbl 00 OTpH-
DATEIBHOM BITHAHMM KpyNHOMaciurabHoro orbopa moi3eMHbIX BOJ Ha OKpY-
xajonryio cpeny. KOHeuHO, B KaXIOM KOHKPETHOM Cllyyae KaK BOIOXO3fH-
CTBEHHas M »KOHOMMYeckas 3¢@deKTHBHOCTE KpymHOMacuiTabHoro orbopa
MON3eMHBIX BOJI Ha OpOIleHME, TaK M BIMAHHE 3TOro orbopa Ha OKpyXaio-
myno cpemy Moryr Obite pasimunbivH, [is 0B0cHOBaHMA CyXJeHusa 06 3TOM
MpeacTaBigeTcA HEOOXOMMOH pa3paboTKa HayYHO-METO[IHYeCKOro anmaparta
OCHOB KpYNHOMACIUTAOHOMO MCHOJIb30BaHUA MOM3eMHBIX BOJI VI OpOLICHUA
C Y4ETOM KaK NOJIOKWTENbHBIX, TAK M OTPMUATE/IBHAIX aCIIEKTOB TAKOTIQ MCIONb-
30BaHHA. -

B 3710# MHOTOIDIaHOBOH, KOMIUIEKCHOH IMpOoGiemMe MOXHO BBIJE/THTD OTHENb-
Hble TPYNNbI 3amay (TIOACHCTeMBI) , OTpefiesieHHbIM 06pa3omM B3aHMO el CTRY0-
e mexay coboi. Cioa BXOOAT CIeAyolHe NMONCHCTeMBI: THIPOIOro-BojO-
XO3AHCTBEHHaf, THOPOTEONIOrHYecKas, TEXHMKO-DKOHOMMYECKas, MpHUpOHO-
OXpaHHas | Nojcucrema ynpasnenus, Crenens pa3paboTaHHOCTH METOMK peliie-
HHA 3a[0a4, COCTaB/IAIOUMX MOJCHCTeMSBI, CYLIECTBEHHO Pa3JIHYHA.

Tak, 3apaud, BXOIAINHE B THOIPOJIOTO-BOJOXO3AHCTBEHHYI0 TNOACHCTEMY,
ARIAINTCA TMpeMETOM NPOJOTIKHTENBHBIX CHCTEMAaTHYECKHX HCUIEN0BaHuH
MHOTOUHCTIEHHBIX HAYYHO-HCUIIEOBATEIIBCKHX KOJUIEKTHBOB H B HacrofAuee
BpeMA pa3paboTaHsl B [OCTaTOYHOH CTENMeHH. 3TO 3ajauM IO ONpeJiesieHHIo
XapaKTePHCTHK INOBEpXHOCTHOIO CTOKa, BOjenorpelneHdsa M [eduIMTa TIO-
BEePXHOCTHBIX BOJHBIX PECYpPCOB C YYETOM MHOIOJIETHEH M CC30HHOW H3MEH-
YHBOCTH ITHX XapaKTEpPHCTHK.

3ajauy, COCTaBIIAIOIIME THAPOTEONIOTHYECKYI0 IOJNICHCTEMY, HWMEKT Lelbio
onpeae/ieHHe peaKIMH BOJOHOCHBIX IUTACTOB M MOBEPXHOCTHOTO CTOKAa HA
orbop mogzemubix Bom, Ilpm 31OM Npemnonaraerca, YT0 HX pecypchl MOTYT
HCMONB30BaThCA B KAUYeCTBE KAK CAMOCTOATEIIBHOIO, TAK H [IONOJIHHTEIBHOTO
K TOBEPXHOCTHOMY CTOKY BOJOMCTOYHMKA. JU1A pelueHMs 3aja4, BXOAIIAX
B 3Ty NOACHCTEMY, MCIONB3YIOTCA AHATUTHYECKHE METOObl MU METObl MOJIEITH-
poBaHMA. Pe3ynbraTel MCOTeNOBaHWH, NpoBeleHHbIX B WHCTMTYTE BOIHBIX
npoGrem AH CCCP w HampamieHHBIX Ha pa3paboTKy aHATHTHYECKHX METOMOB
pelieHHs MepeYrCIIeHHbIX 33/1a4, COCTABWIIH OCHOBHYI0 YacTh HacTOALIEH paboThl.

TexHuko-93KOEOMHYeCKas NOJACHCTEMa BKIouaeT B ceba 3apaud IUIaHHpOBa-



HHs 9KCIDTYaTalHy MOA3eMHBIX BOJ, 8 HMEHHO pallHOHAIBHOE pa3MellieHHe BOIO-
3a60pOB M COOpPYXeHHWH HCKYCCTBEHHOIO MOMONIHEHHSA pPeCypcOB IO/3eMHBIX
BOJI, OLEHKY 3KOHOMHYECKHMX MOKa3aT&IeH JKCIDyaTallHd CHCTeM COBMECTHOIO
HCTIONb30BAHKA NOBEPXHOCTHBIX W MOJI3eMHBIX BOJ| HA CTa[IHH NMPOEKTHPOBAHWA
# CpaBHeHHe 3THX NOKa3aTeliel ¢ COOTBETCTBYIOLIHMH MOKa3aTeNAMHA alTbTepHa-
ruBHbIX Bapuau1oB. Heo6X0mMMo OTMETHTB, YTO CTeNeHb pa3paGoTaHHOCTH COOT-
BETCTBYIOIUMX 3KOHOMHYECKHX ONEHOK, HAaCKONBKO MOXHO CYAMTh MO JIHTEpa-
TYPHBIM MCTOYHHMKAM, HeocTatoyna. M3 mepeuncieHHsIX 3ajiay 3T0# Noycucre-
Mbl Gonee WIH MeHee pa3pabOTaHBl JIMUIL 3a/ja4yd pa3sMellleHHst BOM03abopoB
noazeMHsIX Boj. Pemenwe HOpyrux 3a[a4y 3TOH TOJCHCTEMbI JIONIKHO CTaTh
[pEeMETOM JIANbHEeHIIMX UCCIIeIOBaHHH.

3apaun NPHPOJOOXPAHHOH MOJICHCTEMBI, HMEIOLIME UeJibI0 OLUEHKY JKOJIOTH-
YECKHMX PeaKuui Ha KCIIYaTalUMio NOMA3EMHBIX BOJI, NPEACTABIANICA pa3pabo-
TAHBIMM B PasHOM cTemeHW. Tak, MeTOMKA ONEHKH BO3MEHCTBHA IKCIUTyaTallMy
(I0[13¢MHBIX BOJI HA YPOBHH NOJI36MHBIX BOJI ¥ Ha NOBEPXHOCTHEIH CTOK (0c0BeH-
HO MATBIX peK) pa3zpaboTaHa MOCTATOYHO XOPOLIO, 3a[Jayd MO OUEHKEe ApPYTHX
NpAMBIX M KOCBEHHBIX IKOJIOTHYECKHMX pEeaKilMH Ha IKCIUTYaTAUMI0 MOJ3eMHBIX
BOIl — [aJIeKQ He [OCTATOYHO. JTH 3aJauyM JOJKHBI TAKKE CTaTh NpeaMeToM
[anbHeHIIMX HCCTeN0BaHHH.

B nopcucreme ynpaBlieHHs ONpeNedioTca ONepaTtHBHbIE pelleHHs 0 0TBopy
MOA3eMHBIX BOI M MCKYCCTBEHHOMY MOIMOJTHEHHIO HX pecypcoB. ITa MoAcHCcTEMA
ABIIAETCA B HEKOTOPOM pOJe UEHTPAIBHOM: B KauyecTBE (PHIHYECKHX CBA3CH M
OrpaHHYeHHH B Hed MCIONB3YIOTCA pe3yNbTarhl pelieHHs 3a0ay, BXOAAUMX B
ipyrue NoacHcTemsl. Pe3ynbraThl MepBOTrO 3TaNa HCCIENOBAHMH NO paspaboTke
METO/THKH pelleHHs HEeKOTOphIX 3ajjay 3TOH MOMACHCTEMBI PACCMOTPEHBI B
HACTOAILIEH KHHUTE,



MPHJTIOKEHHUA

Mlpunoxenune |

3navennn Qyuxumii i erfc z
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z erfc z ierfe z i* erfe z iterfcz

1 2 3 4 5
0,00 1,00000 0,56419 0,25000 0,09403
0,01 0,98872 0,55425 0,24441 D,09156
0,02 0,97744 0,54442 0,23891 0,08914
0,03 0,96616 0,53470 0,23352 0,08678
0,04 0,95489 0,52509 0,22822 0,08447
0,05 0,94363 0,51560 0,22302 0,08222
0,06 0,93238 0,50622 0,21791 0,08001
0,07~ 0,92114 0,49695 0,21289 0,07786
0,08 0,90992 0,48780 0,20796 0,07575
0,09 0,89872 0,47875 0,20314 0,07370
0,10 0,88754 0,46982 0,19839 0,07169
0,11 0,88764 0,46100 0.,19374 0,06973
0,12 0,86524 0,45229 0,18917 0,06782
0,13 0,85413 0,44370 0,18469 0,06595
0,14 0,84305 0,43521 0,18030 0,06412
0,15 0,83200 0,42684 0,17599 0,06234
0,16 0,82099 0,41857 0,17176 0,060
0,17 0,81001 0,41042 0,16762 0,05890
0,18 0,79906 0,40237 0,16355 0,05725
0,19 0,78816 0,39444 0,15957 0,05563
0,20 0,77730 0,38661 0,15566 0,05406
0,21 0,76648 0,37889 0,15184 0,05252
0,22 0,75570 0,37128 0,14809 0,05102
0,23 0,74498 0,36377 0,14441 0,04956
0,24 0,73430 0,35638 0,14081 0,04813
0,25 0,72367 0,34909 0,13728 0,04674
0,26 0,71310 0,34190 0,13383 0,04539
0,27 0,70258 0,33483 0,13044 0,04406
0,28 0,69212 0,32785 0,12713 0,04278
0,29 0,68172 0,32098 0,12389 0,04152
0,30 0,67137 0,31422 0,12071 0,04030
0,31 0,66109 0,30756 0,11760 0,03911
0,32 0,65087 0,30100 0,11456 0,03795
0,33 0,64072 0,29454 0,11158 0,03682
0,34 0,63064 0,28818 0,10867 0,03571



NMpunoxeunne 1 (mpomomkexne)

1 y 4 3 4 5
0,35 0,62062 0,28193 0,10582 0,03464
0,36 0,61067 0,27577 0,10303 0,03360
0,37 0,60079 0,26971 0,10030 0,03258
0,38 0,59099 0,26375 0,09763 0,03159
0,39 0,58126 0,25789 0,09503 0,03063
0,40 0,57161 0,25213 0,09248 0,02969
0,41 0,56203 0,24646 0,08998 0,02878
0,42 0,55253 0,24089 0,08755 0,02789
0,43 0,54311 0,23541 0,08517 0,02703
0,44 0,53378 -0,23002 0,08284 0,02619
0,45 0,52452 0,22473 0,08056 0,02537
0,46 0,51534 0,21953 0,07834 0,02458
0,47 0,50626 0,21443 0,07617 0,02380
0,48 0,49725 0,20940 0,07405 0,02305
0,49 0,48833 0,20448 0,07199 0,02232
0,50 0,47950 0,19964 0,06996 0,02161
0,51 0,47076 0,19489 0,06799 0,02092
0,52 0,46210 0,19023 0,06607 0,02025
0,53 0,45354 0,18565 0,06419 0,01960
0,54 0,44506 - 0,18115 0,06235 0,01897
0,55 0,43667 0,17675 0,06056 0,01835
0,56 0,42838 0,17242 0,05882 0,01776
0,57 0,42018 0,16818 0,05712 0,01718
0,58 0,41208 0,16202 0,05545 0,01661
0,59 0,40406 0,15994 0,05383 0,01606
0,60 0,39614 0,15593 0,05226 0,01554
0,61 0,38832 0,15201 0,05072 0,01502
0,62 0,38059 0,14817 0,04922 0,01452
0,63 0,37295 0,14440 0,04775 0,01404
0,64 0,36541 0,14071 0,04633 0,01357
0,65 0,35797 0,13709 0,04494 0,01311
0,66 0,35062 0,13355 0,04358 0,01267
0,67 0,34337 0,13008 0,04227 0,01224
0,68 0,33622 0,12668 0,04098 0,01182
0,69 0,32916 0,12335 0,03973 0,01142
0,70 0,32220 0,12010 003852 0,01103
0,71 0,31533 0,11691 0,03733 0,01065
0,72 0,30857 0,11379 0,03618 0,01028
0,73 0,30190 0,11074 0,03505 0,00993
0,74 0,29532 0,10775 0,03396 0,00958
0,75 0,28884 0,10483 0,03290 0,00925
0,76 0,28246 0,10198 0,03187 0,00892
0,77 0,27618 0,09918 0,03086 0,00861
0,78 0,26999 0,09645 0,02988 0,00831
0,79 0,26390 0,09378 0,02893 0,00801
0,80 0,25790 0,09117 0,02801 0,00773
0,81 0,25200 0,08862 0,02711 0,00745
0,82 0,24619 0,08613 0,02623 0,00719
0,83 0,24048 0,08370 0,02538 0,00693

177



Ipunoxedue 1 (mpongonkerine)
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1 2 3 4 I 5
0,84 0,23486 0,08132 0,02456 0,00668
0,85 0,22933 0,07900 0,02376 0,00643
0,86 0,23390 0,07674 0,02298 0,00620
0,87 0,21856 0,07452 0,02222 0,00598
0,88 0,21331 0,07237 0,02149 0,00576
0,89 0,20816 0,07026 0,02077 0,00555
0,90 0,20309 0,06820 0,02008 0,00534
0,91 0,19812 0,06620 0,01941 0,00514
0,92 0,19323 0,06424 0,01876 0,00495
0,93 0,18844 0,06233 0,01813 0,00477
0,94 0,18373 0,06047 0,01751 0,00459
0,95 0,17911 0,05866 0,01692 0,00442
0,96 0,17458 0,05689 0,01634 0,00425
0,97 0,17013 0,05516 0,01578 0,00409
0,98 0,16577 0,05348 001523 0,00394
0,99 0,16149 0,05185 0,01471 0,00379
1,00 0,15730 0,05025 0,01420 0,00364
1,02 0,14916 0,04719 0,01322 0,00337
1,04 0,14135 0,04429 0,01231 0,00311
1,06 0,13386 0,04153 0,01145 0,00288
1,08 0,12667 0,03893 0.01065 0,00266
1,10 0,11979 0,03647 0,00989 0,00245
1,12 0,11321 0,03414 0,00919 0,00226
1,14 0,10692 0,03194 0,00853 0,00208
1,16 0,10090 0,02986 0,00791 0,00192
1,18 0,09516 0,02790 0,00733 0,00177
1,20 0,08969 0,02605 0,00679 0,00162
1,22 0,08447 0,02431 0,00629 0,00149
1,24 0,07949 0,02267 . 0,00582 0,00137
1,26 0,07476 0,02113 0,00538 0,00126
1,28 0,07027 0,01968 0,00497 0,00116
1,30 0,06599 0,01831 0,00459 0,00106
1,32 0,06194 0,01704 0,00424 0,00097
1,34 0,05809 0,01584 0,00391 0,00089
1,36 0,05444 0,01471 0,00361 0,00082
1,38 0,05098 0,01366 0,00332 0,00075
1,40 0,04772 0,01267 0,00306 0,00068
1,42 0,04462 0,01175 0,00282 0,00062
1,44 0,04170 0,01088 0,00259 0,00057
1,46 0,03895 0,01008 0,00238 0,00052
1,48 0,03635 0,00932 0,00219 0,00048
1,50 0,03390 0,00862 0,00201 0,00043
1,52 0,03159 0,00797 0.00184 0,00040
1,54 0,02941 0,00736 0,00169 0,00036
1,56 0,02737 0,00679 0,00155 0,00033
1,58 0,02545 0,00626 0,00142 0,00030
1,60 0,02365 0,00577 0.00130 0,00027
1,62 0,02196 0,00532 0,00118 0,00024
1,64 0,02038 0,00489 0,00108 0,00022

3
3




Mpunoxenne 1 (oxoHIAHHE)

1,66
1,68
1,70
1,72
1,74
1,76
1,78
1,80
1,82
1,84
1,86
1,88
1,90
1,92
1,94
1,96
1,98
2,00
2,05
2,10
2,15
2,20
2,25
2,30
2,35
2,40
2,45
2,50
2,55
2,60
2,65
2,70
2,75
2,80
2,85
2,90
2,95
3,00
3,05
3,10
3,15
3,20
3,25

0,01890
0,01751
0,01621
0,01500
0,01387
0,01281
0,01183
0,01091
0,01006
0,00926
0,00853
0,00784
0,00721
0,00662
0,00608
0,00557
0,00511
H,MH
0,00374
0,00298
0,00236
0,00186
0,00146
0,00114
0,00089
0,00069
0,00053
0,00041
0,00031
0,00024
0,00018
0,00013
0,00010
0,00008
0,00006
0,00004
0,00003
0,00002
0,00002
0,00001
0,00001
0,00001
0,00000

0,00450
0,00414
0,00380
0,00349
0,00320
0,00293
0,00267
0,00246
0,00225
0,00206
0,00188
0,00172

0,00156

0,00143
0,00130
0,00118
0,00108
0,00098
0,00077
0,00060
0,00047
0,00036
0,00028
0,00022
0,00016
0,00013
0,00009
0,00007
0,00005
0,00004
0,00003
0,00002
0,00002
0,00001
0,00001
0,00001
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000

0,00099
0,000%90
0,00082
0,00075
0,00068
0,00062
0,00057
0,00051
0,00047
0,00042
0,00038
0,00035
0,00032
0,00029
0,00026
0,00023
0,00021
0,00019
0,00015
0,00011
0,00009
0,00007

0,00005

0,00004
0,00003
0,00002
0,00002
0,00001
0,00001
0,00001
0,00001
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000

0,00020
0,00018
0,00017
0,00015
0,00014
0,00012
0,00011
0,00010
0,00009
0,00008
0,00007
0,00007
0,00006
0,00005
0,00005
0,00004
0,00004
0,00004
0,00003
0,00002
0,00002
0,00001
0,00001
0,00001
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
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Mpunoxenne 4
TaGmuus: snavennfi pynwwai F, (W), F, (1)

Oyuxumu F, (u), F, (u) 3amasst dopmynamn

1 % —uiﬁ

F, @) =u®d*@u)+ ; Fo)= JF, @)— F2 () »

2w
F,@)=ue™" 12/ /3 + (1 + u")O*@w):

IipuBeneHb! 3nauenud 3mHX GyHxuu# B unTeppane —2,00 < # < 2,00 ¢ warom 0,01, npuvem
YeTBePTRIM 3HAK B Tabnuuax okpyrnex no Gmxalimero nenoro 3HaYeHus,

Ilpu Gombumx sHavyeHusAx #, ¥ = 3,0 GYHKUMH MOTYT PACCYMTBIBATHCH [0 ACHMITOTH- :
4ecKUM opMmyniam: :

E—u“fl E-“ifz
F,.u)=u+ y Fou)y= 1—
O sus omnis £ i3

(TOYHOCTE [0 YETBEPTOro 3HAKA HauMHAeTCH CO 3HaYeHMA u > 3,40); npH Gonbumx mo

MOOYJII0 OTPHUATENMBHAIX 3HAYCHHAX U AHATTOTHYHO

(ToyHOCTE Do YeTBepTOTO 3HAKa NMpH .4 < —3,40).

e_ui-"z E-;ﬁ_.fq
—_— F R )
FI(H)H’ u"‘wﬁ_ﬁ ﬂ{u} |u|3ﬁ\fﬂ:

Inaverun dynxumii F, F,

190

u F : F 2 W 7y F, Fy
-3,00 0,0004 0,0142 -1,80 0,0143 0,1002
~2,90 0,0005 10,0171 -1,79 0,0147 0,1016
-2.80 0,0008 0,0916 -1,78 0,0150 0,1030
~2,70 0,0011 0,0245 -1,17 0,0154 0,1044
-2,60 0,0015 0,0292 -1,76 0,0158 0,1058
~2.50 0,0020 0,0346 -1.75 0,0162 0,1072
~2.40 0,0027 0,0408 1,74 0,0166 0,1086
-2,30 0,0037 0,0478 -1,73 0,0170 0,1101
~2.20 0,0049 0,0559 -1,72 0,0174 0,1116
-2,10 0,0065 0,0651 -1,71 0,0179 0,1131
-2,00 0,0085 0,0755 -1,70 0,0183 0,1146
-1,99 0,0087 0,0766 —1,69 0,0187 0,1162
—~1,98 0,0090 0,0777 ~1,68 0,0192 0,1177
-1,97 0,0092 0,0788 -1,67 0,0096 0,1193
—~1,96 0,0094 0,0800 -1,66 0,0202 0,1209
~-1,95 0,0097 0,0811 -1,65 0,0206 0,1225
-1,94 0,0100 0,0823 -1,64 0,0211 0,1241
-1,93 0,0102 0,0835 1,63 0,0216 0,1257
-1,92 0,0105 0,0847 —~1,62 0,0221 0,1274
-1,91 0,0108 0,0859 ~1,61 0,0227 0,1290
~1,90 0,0111 0,0871 ~1,60 0,0232 0,1307
—~1,89 0,0114 0,0884 -1,59 0,0238 0,1324
—1,88 0,0117 0,0896 -1,58 0,0243 0,1341
~1,87 0,0120 0,0909 ~-1,57 0,0249 0,1358
~1,86 0,0123 0,0922 —1,56 0,0255 0,1375
—1,85 0.0126 0,0935 —1.55 0,0261 0,1393




llpunoxenne 4 (DpoHonxeHwe)

u F, F, " u F, F,

-1,84 0,0129 0,0948 -1,54 0,0267 0,1411
-1,83 10,0133 0,0961 -1,53 0,0273 0,1429
-1,82 0,0136 0,0975 ~1.52 0,0280 0,1447
-1,81 0,0139 0,0988 -1,51 0,0286 0,1465
~1,80 0,0143 0,1002 -1,50 0,0293 0,1483
-1,49 0,0300 0,1501 -1,19 0,0573 0,2135
~1,48 0,0307 0,1520 -1,18 0,0584 0,2159
~1,47 0,0314 0,1539 317 0,0596 0,2183
~1,46 0,0321 0,1558 -1,16 0,0609 0,2207
—1,45 0,0328 0,1577 =115 0,0621 0,2231
~1,44 0,0335 0,1596 -1,14 0,0634 0,2255
-1,43 0,0343 0,1616 ~-1,13 0,0646 0,2280
~1,42 0,0351 0,1636 -1,12 0,0659 0,2305
~1,41 0,0359 0,1656 —-1,11 0,0673 0,2330
~1,40 0,0367 0,1676 -1,10 0,0686 0,2355
-1,39 0,0375 0,1696 -1,09 0,0699 0,2380
-1,38 0,0383 0,1716 —1,08 0,0714 0,2406
-1,37 0,0392 0,1737 -1,07 0,0728 0,2431
-1,36 0,0400 0,1757 —-1,06 0,0742 0,2457
~1,35 0,0409 0,1778 ~1,05 0,0757 0,2483
-1,34 0,0418 0,1799 —-1,04 0,0772 0,2509
-1,33 0,0427 0,1820 -1,03 0,0787 0,2535
~1,32 0,0436 0,1842 -1,02 0,0802 0,2562
-1,31 0,0445 0,1863 -1,01 0,0817 0,2588
-1,30 0,0455 0,1885 -1,00 0,0833 0,2615
-1,29 0,0465 0,1907 —-0,99 0,0849 0,2642
~1,28 0,0475 0,1929 -0,98 0,0866 0,2669
-1,27 0,0485 0,1951 —0,97 0,0882 0,2696
-1,26 0,0495 0,1973 —0,96 0,0899 0,2723
-1,25 0,0506 0,1996 -0,95 0,916 0,2751
—-1,24 0,0517 0,2019 -0,94 0,0933 0,2779
~1,23 0,0528 0,2042 -0,93 0,0951 0,2807
=122 0,0539 0,2065 —0,92 0,0968 0,2835
-1,21 0,0550 0,2088 -0,91 0,0986 0,2863
-1,20 0,0561 0,2112 —-0,90 0,1004 0,2891
~0,89 0,1023 0,2919 -0,59 0,1714 0,3835
-0,88 0,1042 0,2948 -0,58 0,1742 0,3868
~0,87 0,1061 0,2977 -0,57 0,1771 0,3900
~0,86 0,1080 0,3006 -0,56 0,1799 0,3932
~0,85 0,1100 0,3035 ~0,55 0,1828 0,3965
-0,84 0,1120 0,3065 -0,54 0,1857 0,3998
-0,83 0,1140 0,3094 -0,53 0,1187 0,4030
-0,82 0,1160 0,3124 -0,52 0,1917 0,4063
0,81 0,1181 0,3155 -0,51 0,1947 0,4096
0,80 0,1202 0,3182 ~0,50 0,1978 0,4129
-0,79 0,1223 0,3214 -0,49 0,2009 0,4162
0,78 0,1245 0,3243 ~0,48 0,2041 g,alpe
_0.77 0,1267 0,3272 -0,47 0,2072 0,4229
_0.76 0,1289 0,3302 ~0,46 0,2105 0,4263
_0.75 0,1312 0,3332 ~0,45 0,2137 0,4296

™



Mpunoxenue 4 (npoomkerne)

192

u ‘[ F, F, q u F, F,
-0,74 0,1335 0,3362 -0,44 0,2170 0,4330
-0,73 0,1358 0,3393 -043 0,2203 D,4363
-0,72 0,1381 0,3424 —0,42 0,2236 0,4397
-0,71 0,1405 00,3455 -0,41 0,2270 0,4430
-0,70 0,1429 0,3486 -0,40 0,2304 0,4464
-0,69 0,1453 0,3517 -0,39 0,2339 0,4498
-0,68 0,1478 0,3548 -0,33 0,2374 0,4532
-0,67 0,1503 0,3580 -0,37 0,2409 04566
~0,66 0,1528 0,3611 —0,36 0,2445 0,4600
—0,65 0,1554 0,3643 —0,35 0,2481 0,4634
-0,64 0,1580 0,3675 —0,34 0,2518 0,4668
-0,63 0,1606 0,3707 -0,33 0,2555 0,4702
-0,62 0,1633 0,3739 -0,32 0,2592 0,4736
-0,61 0,1660 0,3771 -0,31 0,2630 04771
-0,60 0,1687 0,3803 -0,30 0,2668 0,4805
-0,29 0,2706 0,4839 0,01 0,4039 0,5872
-0,28 0,2745 0,4874 0,02 0,4090 0,5906
-0,27 0,2784 0,4908 0,03 0,4141 0,5940
~-0,26 0,2823 0,4943 0,04 0,4192 0,5974
-0,25 0,2863 0,4977 0,05 0,4244 0,6008
-0,24 0,2903 0,5012 0,06 0,4296 0,6042
-0,23 0,2944 0,5046 0,07 00,4349 0,6076
-0,22 0,2985 0,5081 0,08 0,4402 0,6110
-0,21 0,3027 0,5115 0,09 0,4455 0,6143
-0,20 0,3069 0,5150 0,10 0,4509 0,6177
-0,19 0,3111 0,5184 0,11 0,4562 0,6211
-0,18 0,3154 0,5219 0,12 0,4616 0,6244
-0,17 0,3197 0,5253 0,13 0,4670 0,6277
-0,16 0,3240 0,5288 0,14 0,4725 0,6311
=0,15 0,3284 0,5322 0,15 0,4784 0,6344
-0,14 0,3328 0,5357 0,16 0,4837 0,6377
-0,13 0,3373 0,5391 0,17 0,4894 0,6410
-0,12 0,3418 0,5426 0,18 0,4954 0,6443
-0,11 0,3463 0,5460 0,19 0,5011 0,6476
-0,10 0,3509 0,5495 0,20 0,5069 0,6509
-0,09 0,3556 0,5529 0,21 0,5127 0,6542
-0,08 0,3602 00,5564 0,22 0,5185 0,6575
-0,07 0,3649 0,5598 0,23 0,5244 0,6607
- 0,06 0,3696 0,5633 0,24 0,5303 0,6640
-0,05 0,3744 0,5667 0,25 0,5363 0,6672
-0,04 0,3792 0,5701 0,26 0,5423 0,6704
-0,03 0,3841 0,5736 0,27 0,5484 0,6736
-0,02 0,3890 0,5770 0,28 0,5545 0,6768
-0,01 0,3939 0,5804 0,29 0,5606 0,6800
0,00 0,3989 0,5838 0,30 0,5668 0,6832
0,31 0,5730 0,6864 0,61 0,7760 0,7748
0,32 0,5792 0,6895 0,62 0,7833 0,7775
0,33 0,5855 0,6927 0,63 0,7906 0,7802
0,34 0,5918 0,6958 0,64 0,7980 0,7829




MpunoXeHHe 4 (UPOAOITIKEHHE)

u 3 ! W u F, F,
0,35 0,5981 0,6989 0,65 0,8054 0,78
0,36 0,6054 0,7020 0,66 0,8128 u.?agi
0,37 0,6109 0,7051 0,67 0,8203 0,7907
0,38 0,6174 0,7081 0,68 0,8278 0,7933
0,39 0,6239 0,7112 0,69 0,8353 0,7959
0,40 0,6304 0,7142 0,70 0,8429 0,7985
0,41 0,6370 0,7173 0,71 0,8505 0,8010
0.42 0,6436 0,7203 0,72 0,8581 0,8035
0,43 0,6503 0,7233 0,73 0,8657 0,8060
0,44 0,6570 0,7263 0,74 0,8734 0,8085
0,45 0,6637 0,7293 0,75 0,8811 0,8110
0,46 0,6705 0,7323 0,76 0,8888 0,8135
0,47 0,6772 0,7352 0,77 0,8966 0,8159
0,48 0,6841 0,7381 0,78 0,9045 0,8183
0,49 0,6909 0,7410 0,79 0,9123 0,8207
0,50 0,6978 0,7439 0,80 0,9202 0,8231
0,51 0,7047 0,7468 0,81 0,9278 0,8255
0,52 0,7117 0,7497 0,82 0,9356 0,8278
0,53 0,7187 0,7525 0,83 0,9436 0,8301
0,54 0,7257 0,7554 0,84 0,9517 0,8324
0,55 0,7328 0,7582 0,85 0,9600 0,8347
0,56 0,7399 0,7610 0,86 0,9685 0,8370
0,57 0,7471 0,7638 0,87 0,9771 0,8392
0,58 0,7542 0,7666 0,88 0,9859 0,8415
0,59 0,7614 0,7694 0,89 0,9949 0,8437
0,60 0,7887 0,7721 0,90 1,0004 0,8459
0,91 1,0112 0,8481 1,21 1,2650 0,9041
0,92 1,0185 " 0,8502 1,22 1,2739 0,9057
0,93 1,0261 0,8523 1,23 1,2882 0,9072
0,94 1,0337 0,8544 1,24 1,2917 0,9088
0,95 1,0416 0,8565 1,25 1,3006 0,9103
0,96 1,0496 0,8586 1,26 1,3095 0,9118
0,97 1,0578 0,8606 1,27 1,3185 09133
0,98 1,0661 0,8627 1,28 1,3275 0,9147
0,99 1,0746 0,8647 1,29 1,3365 0,9162
1,00 1,0833 0,8667 1,30 1,3455 0,9176
1,01 1,0917 0,8687 1,31 1,3545 0,9190
1,02 1,1002 0,8706 1,32 1,3636 0,9204
1,03 1,1087 0,8725 1,33 1,3727 0,9217
1,04 1,1172 0,8744 1,34 1,3818 0,9231
1,05 1,1257 0,8763 1,35 1,3909 0,9244
1,06 1,1342 0,8782 1,36 1,4000 0,9257
1,07 1,1428 0,8800 1,37 1,4092 0,9270
1,08 1,1514 0,8819 1,38 1,4183 0,9283
1,09 1,1600 0,8837 1,39 1,4275 0,9296
1,10 1,1686 0,8855 1,40 1,4367 0,9309
1,11 1,1773 0,8873 1,41 1,4458 0,9321
1,12 1,1859 0,8890 1,42 1,4551 0,9333
1,13 1,1946 0,8908 1,43 1,4643 0,9345
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TMpunoxenne 4 (okoH4aHHe)

u F, F, r u F, F,
1,14 1,2034 0,8925 1,44 1.4735 0,9357
1,15 1,2121 0,8942 1,45 1,4828 0,9369
1,16 1,2209 0,8959 1,46 1,4921 0,9381
1,17 1,2296 0,8976 1,47 1,5014 0,9392
1,18 1,2384 0,8992 1,48 1,5107 0,9404
1,19 1,2473 0,9009 1,49 1,5200 0,9414
1,20 1,2561 0,9025 1,50 1,5293 0,9425
1,51 1,5386 0,9436 1,81 1,8239 0,9693
1,52 1,5480 0,9447 1,82 1,8336 0,9699
1,53 1,5573 0,9457 1,83 1,8433 0,9705
1,54 1,5667 0,9468 1,84 1,8529 0,9712
1,55 1,5761 0,9478 1,85 1,8626 0,9718
1,56 1,5855 0,9488 1,86 1,8723 0,9724
1,57 1,5949 0,9498 1,87 1,8820 0,9730
1,58 1,6043 0,9507 1,88 1,8917 0,9736
1,59 1,6138 0,9517 1,89 1,9014 0,9742
1,60 1,6232 0,9526 1,90 1,9111 0,9748
1,61 1,6327 0,9535 1,91 1,9208 0,9753
1,62 1,6421 0,9544 1,92 1,9305 0,9759
1,63 1,6516 0,9553 1,93 1,9402 0,9764
1,64 1,6611 0,9562 1,94 1,9500 0,9769
1,65 1,6706 0,9571 1,95 1,9597 0,9774
1,66 1,6801 0,9580 1,96 1,9694 0,9779
1,67 1,6896 0,9588 1,97 1,9792 0,9784
1,68 1,6992 0,9597 1,98 1,9890 0,9789
1,69 1,7087 0,9605 1,99 1,9987 0,9794
1,70 1,7183 0,9613 2,00 2,0085 0,9799
1,71 1,7279 0,9621 2,10 2,1065 0,9841
1,72 1,7374 0,9629 2,20 2,2049 0,9876
1,73 1,7470 0,9636 2,30 2,3037 0,9904
1,74 1,7566 0,9644 2,40 2,4027 0,9926
1,75 1,7662 0,9651 2,50 2,5020 0,9944
1,76 - 11,7758 0,9658 2,60 2,6015 0,9958
1,77 1,7854 0,9665 2,70 2,7011 0,9968
1,78 1,7950 0,9672 2,80 2,8008 0,9977
1,79 1,8047 0,9679 2,90 2,9005 0,9983
1,80 1,8143 0,9686 3,00 3,0004 0,9988
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Crauncnas A koBneswy MMﬂ
Edwum JIsposns Munkun

PECYPChl MOA3EMHBIX BOJ
B BOAOXO3AACTBEHHBIX BAJTAHCAX
OPOWAEMBIX TEPPHTOPHH

Yraepmdeno Kk newaru
Hucruryrom aodumix npobaem AH CCCP

Penaxkrop JIIT. Jlaowiuyk
Xynoxsuk C.A. Pesnuxoe
XynoxecTs cHHBI pepaxtop H.H, Baacux

TexHuvYeckue peqakTo pbl
0.B. Apedosa, I'A, Petucosa

Koppexrtop 0.4, Pazymen ko

HaGop BuinonHed B H30aTE/ILCTB €
Ha HabGopHO-IMeYyaTaloLMX aBTOMATAX

Hb N 31712

IMonmicano k meuamw 14.03.86

T — 01543, ®opmar 60 X901/16

bymara odcerdas N° 2. Tapuutypa [lpecc-Poman
[levats odcerHan. Yen. mew-n. 12,5

Yen. kpotT. 12,7. Yu-u3n. n. 135

Tupax 1100 sx3. Tun. 3ak. 257

Hena 2 p. 10 k.

Opnena Tpynosoro Kpacsoro 3uamenu
HagarenecTpo "Hayka'', 117864 I'CIl-7
Mocksa B-485, lMpodcoroanas yn., u. 90

Opnea Tpynororo Kpacsoro 3uamenn
1% norpadus u3gatTenscrea “Hayka”

199034, Jlemunrpan B-34, 9-1 nunns, 12



