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NPEAUCNOBME

[IpoGaema GopbObl € 3acojeHHEM OpOLIaeMBIX 3eMEb
CYLIECTBYET CO BpeMeHH BO3HHKHOBEHHs OpOIIEHHA H, He-
CMOTPs Ha MHOTOBEKOBOH OMNBIT, OCTaercs akKTyaJdbHOH H B
HacTOsALlee BpeMH.

HeGuiBanwie Temnsl passuTHA opouienus B CCCP nocae
mafickoro (1966 r.) INnenyma LIK KIICC, cosnanne Kpyn-
HBIX TEXHHYCCKH COBEpUIEHHLIX OPOCHTENBLHLIX CHCTEM Kak
B CTApOOPOLIAEMEIX, TaK H B HOBHIX pailoHax TpeOyioT ruay-
Gokoro Hay4yHoro o00OCHOBaHHA MEJHOPATHBHLIX IPOEKTOB
H NPOTHO30B NMpeo6pas3yioulero BJAHAHHA MeJHOpPAalUHA HA
OKPYKaILYI0 Cpenry.

PaspaGotka 3Toli npobJeMbl — OAHO H3 HanpaBJeHHH
MHOTOrpaHHOH H NJOAOTBOpHON HayuHOH JAesATeJbHOCTH
akagemuka BACXHHJI C. ®. ApepbanoBa, KpynHefilero
cnenManueTa B 06aacTH OCYIUEHHS H OPOLIEHHS CeJbCKO-
XO3AHCTBEHHEIX 3€MeJib, BHECUICrO 3HAUHTENIbHBII BKAAJ B
TEOPHIO pacueTa OCYUIHTEJbHOTO H PAacco/fAIollero JAeHcr-
BHA JIpeHaa, MepolpHATHI Mo YCKOPEHHIO MOBEPXHOCTHO-
ro croxka, no Gopbbe ¢ (HALTPAIHEH H3 OPOCHTEJbHBHIX Ka-
HAJIOB H C 3acOoJieHHeM OpolIaeMbLIX 3eMelb, a TaKke B
pa3paboTKy MeTOJ0B COBMECTHOIO peryJHpOBaHHS BOAHO-
ro, BO3AYINHOTO, TENJIOBOr0, NHTATEJLHOrO H COJEBOro pe-
MHMOB MEJIHOPHPYEMBIX 3€ME/lb.

OTnuuyATENbHOR 4epToifi Bcefi Hay4yHOH JeATENbHOCTH
C. &. ApepnsiHOBa siBJsiJlack TNpaKTHUecKas HamnpasJieH-
HOCTh ero pafoT, KoTOphie Bcerga AOBOJAHJHCL J0 (popmul
NpakTHYECKOro PYKOBOACTBA H B HacTOflllee BpeMsa LIHPO-
KO HCMOAbL3YITCA NpPH MNPOEKTHPOBAHHH MEJHOPATHBHBIX
06 BeKTOB,

Onpeneasiomiee snauenne pabor C. @. AsepbsiHoBa B
obnactH GoprbBl C 3acoJeHHEM OpOlIaeMbiX 3eMesb COCTO-
HT B TOM, UTO HM BrepBble GblA BCKPHIT CJOMKHBIA nmpoiecc
J\BHKEHHA B OJHOPOAHLIX H HEOAHOPOAHHIX TMOYBOTPYHTaX
coJieBsX pacTsopos, (opMHpOBAHHA BONHONO H COJMEBOTO
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PEXHMOB OpolIaeMeIX 3emeNb. Buinosnennbie HM TEOPeTH-
JecKHe HCC/efloBaHHA, NMOATBEpKAeHHbIe OOJMbIIAM 3Kche-
PHMEHTAJbHBIM MaTepHaJoM, NO3BOJHJAH JaTh CTPOro Ha-
VUHYIO OLUEHKY OCYIIHTEJbHOH H paccoasioumiei posn Kak
rOPH3OHTAJABHOTO, TAK H BEPTHKAJBHOTO JIPEHAXKa Ha Opo-
ImaeMbBIX 3eMJAAX H PemHTbh HanGojee CJO0KHYI0 3ajady —
paspaboTKy METONOB COCTABJIEHHSA MPOrHO30B H3MCHECHHSA
MEJHOPATHBHOTO COCTOAHHS HE JIOKaJbHLIX YYacTKOB, a
KPYNHHX W upesBbluafino pasnooOpasHBIX B NPHPOLHOM OT-
HOMIEHHH PEerHoHoB.

PaGote C. ®. AsepbiHOBa mo Bonmpocam 6ophOBHl ¢ 3a-
CONEHHEM OpOlIaeMbIX 3eMeNib MOJYYHAH BLICOKYIO OUEHKY
B Hamell cTpase H 3a py6exoM. OHH OHAH YAOCTOEHM
nepsoii 3on0Toft Mexann mmenn axajaemHka A. H. Kocrta-
koBa, a taxke npemuit AH CCCP.

XapaktepHaa ocoGeHHOCTb AAHHON KHHIH 3aKJ04aeTcHd
B TOM, UTO H3JOMEHHLI B Hefi MaTepHal ompejiensieT NyTH
nanbHeliHX HeeaeloBaHAA B 061aCTH H3YHYEHHSA CJOMHBLIX
MPOUECCOB B3aHMOAeHCTBHS BOJBI, COJeH, MNOYBOTPYHTOB,
pacTeHHil H okpyxalouteil cpean (c y4eToM H3IMEHAIOUIHX-
csl NPHPOJHHIX VCJAOBHI) H 0G0CHOBAHHA KOHCTPYKUHH opo-
CHTeJBHLIX CHCTeM, 00ecneqyHBAIOIMIHX KOMIJIEKCHOE pery/iH-
pPOBAaHHe BHEIIHHX YCJOBHi MKH3HH pacTeHHH.

TeopeTHueckass H 3KCMepHMEHTaJbHadA pa3paboTKa ITHX
ponpocos npHobperaer ocobyi0 Ba)HOCTH B CBeTe MoCTa-
nopiaenns LIK KITCC u Cosera Muuncrpos CCCP <O naa-
ne Meanopanuu semeab Ha 1976—1980 roaw H Mepax mo
YAYHIIEHHI0 HCNOJL30BAHHA MEJHOPHPOBAHHBIX 3eMeb».

IMy6aukauns paGor C. ®@. AsephsiHOBa B BHJ@ MOHOrpa-
bup HMeeT HCKJKUHTENBHOE HayyHOe W NpakKTHUecKoe 3Ha-
yeHHe H JaeT BO3MOXHOCTh YUe€HBIM H NPaKTHKaM-MeaHopa-
TOpaM yBHAETH npobaemy GopbOH ¢ 3acojieHHeM opoluae-
MBEIX 3eMeJb B IEeJOM H HCHOJAL30BATH STH MOJOKCHHS 1
NPHHATHS NPaBHJbHLIX HHXKeHepHBIX pemenHil. Ona B pap-
HOM Mepe MOMKET CAYKHTH HACTOALHON KHHPOH JN# YUeHbIX-
MEeJHOPATOPOR, MPAKTHYCCKHM PYKOBOJACTBOM JJAA HHIKeHe-
POB-NPOEKTHPOBUINKOB ¥ METOAHYECKHM MOCOOHEM /s CTy-
JIeHTOB.,

B. B. lllymaxkos,
uaen-xoppecnondent BACXHHJI
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BBEOLOEHME

B nacrosmee Bpems okono 30—40% opomaeMmuex w
Gosiee MOJOBHHBI HAMCUCHHBIX K OCBO€HHIO B Guamkailiel
NepcneKTHBe 3eMeJb B Haulei CTpaHe CKJOHHBI K 3acoJe-
HHIO HJH 3aconensl. [losyueHHe BHICOKHX YPOXKaeB CeNbCKO-
XO3AHCTBCHHBIX KYJALTYP Ha TAKHX 3eMadAX 0e3 npoBejIcHHSA
cnenHaJbHBIX Mep no Gopobe ¢ 3acoJeHHEeM HEBO3MOKHO.
(Ocnosroe cpeacTBo O0pbOBl ¢ 3aCOJIEHHEM 3CMEJL COCTOMT
B NpoMbIBKE HX Ha Qomne apeHama. Taxkue paboTh mnpen-
CTOHT TIPOBECTH Ha IUIOULAJH B HECKOJbKO MHJJHOHOB
rektapos. OuesHato, uTo paspalboTKa H 06G0CHOBAHHE HalEHK-
HBEIX MeToA0B OOpbOLI € 3aCOJICHHEM IJf PasJiHYHBIX NpPH-
POJAHO-XO3AHCTBEHHEIX YCJIOBHH TNpPeACTaBaAIOT 3HAYHTENb-
HElE Hay4dHBIA HHTepec H HMeoT OoJblU0e NMpakTHYECKOE
3HavueHHe.

Boaplasi 3acayra B H3y4eHHH H aHafH3e NMPHYHH 3aco-
JIEHHS TOYB TNPHHAAJCKHT COBCTCKMM Y4yeHHIM. Takue He-
CJe/JOBAHHA HAYaThHl HECKOJLKO JeCATKOB JIeT Ha3al H
NpoaoJi;KaloTesd B HacTosimee BpeMs. Pa3ssuTHe rHiaporeo-
JIOTHUECKOH HayKH, OCOOCHHO B MNocjaejHee AecATHICTHE,
NPHMEHHTENBHO K MEJHOPATHBHHIM 3ajauaM MO3BOJHJIO
0000IIATE MaTepHaJbl MO PeXHMY H XHMH3MY NOJA3eMHBIX
BOJ, B TOM YHCJIE TPYHTOBBIX, B Pa3/NHYHBIX NPHPOJAHLIX yC-
JOBHAX, YTO TAKXKE HMEeT BayKHOe 3HauCHHe A5 aHaJH3a
NPHYHH H YCJAOBHH 3acCOJIEHHA OpPOHIAeMBIX 3eMeJb.

MeaHopaTHBHas HayKa, HCNOJbB3YyA JNOCTHIKCHHS CMEK-
HBIX OTpacheil, paszpaboTasna MeToJb 000CHOBAHHA ONTH-
MaJBEHBIX BOJHOrO H COJIEBOIO PEXXHMOB OPOIIAEMHX 3eMelb
HEe TOJBKO € KauecTBEeHHOH, HO H C KOJHYeCTBeHHOH CTOpo-
net, TlpuBieuenHe K peumleHHo nNpoGaeMbl ynpapieHHs BOI-
HBIM H COJIEBLIM peXHMaMH OpollaeMBIX 3eMesib TeOpHH
(pHALTPAaLHH, (QH3HKO-XHMHYECKOH THJIPONHHaAMHKH, (HIH-
HeCKOH H KOJMJIOHAHOH XHMHH NMO3BOJHJAO HAYYHO ODOCHO-

BAHHO TOAXOIHTE K COCTABICHHIO MEJTHOPATHEBHEX IIP'f]‘
I'Ho308,
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JHaueHHe MEAHOPATHBHLIX NMPOTHO30B H NpEeABABIAE-
MBIE K HHM TpeGOBaHHA PE3KO BO3POCJAH B CBSI3H C IIHPOKHM
PasBHTHEM OPOILIEHHH HE TOJBKO B TPaJHUHOHHLIX padoHax
Cpenneit Asux M 3axkaBKa3sbfi, HO H B €BpONEfcKoil 4acTH
CCCP. llposoanuMuie meqHOpaTHBHLIE paGoTH XapakKTepH-
8YIOTCA: OFPOMHBIMH MJIOLIAAAMH MEJHOPHPYEMBIX 3eMelb,
pasMellleHHBIX B pa3Hoo0OpasHBIX TNPHPOJAHBIX YCJIOBHAX, B
TOM 4HCJe B pafioHax, rjae He OBJIO LIHPOKOrO ONBITA MEJH-
opaunfi; ycTpoACTBOM TeXHHYECKH COBEpPUIEHHBIX MeJHopa-
THBHBIX CHCTEM; OXBAaTOM MEJIHOPaTHBHLIMH paboTaMmi
KPYOHBIX PErHOHOB H BO3HHKAIONHMH B CBA3H € 3THM BOI-
pocaMH BJHAHHA MeNHOpPAallHH Ha OKpPYKamwllyio cpeay
(MOYBEHHO-THAPOreOJOTHYCCKHE YCa0BHA, (aopa, dayua);
CTpeMJeHHeM CO03/aTh SKOHOMHYECKH HanOojee s(pdeKTHB-
HblE CHCTEMBI, 0GeCcneYHBaloliHe BHIX0J NMAaHOBOH CelbCKO-
X03AfCTBEHHON MNPOAYKUHH NPH MHHHMYME COBOKYIHBIX
3aTpar.

B nacrositilee BpeMsl MPOrHO3bl COCTAB/AAIT B OCHOBHOM
A TIPOEKTHPYEMBIX MEJHOPaTHBHHIX CHCTEM, a He JIJ4
MEJHOPHPYEMBIX PErHOHOB, H CBOAATCH OHH K pacueTry Bpe-
MEHH TNOof'beMa YpPOBHA TPYHTOBHIX BOA A0 KpHTHYe-
CKOTO 3HaueHHs, BLI3BIBAIOULEr0 3acoJeHHe H 3abonayn-
BaHHe 3eMenb. [IpH coppemMeHHOM ypOBHE 3HAHHH HeOOXOAH-
Ma H BO3MOXHa paspaboTKa MENHOPATHBHHIX TIPOTHO30B
B BHAC BapHaHTOBE C KOHKPETHBRIMH TEXHHYCCKHMH TMOoKa3a-
TeNsIMH OPOCHTENLHEIX CHCTeM, obecrneyHBaiomias BHGOP
MEeTo/0B HauGoJee MOJHOrO PperyJHpoBanus (onTHMH3a-
I{HH) BHeHIHHX YCJOBHA JKH3HH CENbCKOXO03AHCTBEHHBIX
pacTenuit (BOMHBINA, CONEBON H MHTATEJLHBIA PEXHMBI) 117
MOJyYeHHs] BHICOKHX W YCTOHUHBHIX ypoXaep B J1000# no
KAHMATHUECKAM YCJOBHAM roj (C y4yeToM 3SKOHOMHYECKOi
9 eKTHBHOCTH). i

Hns npaBaabHOl ONEHKH H3MEHeHHH YCJOBHIT cpeawl
o6HTaHHs pAaCcTEeHHil NMoA ACHCTBHEM MEJaHOPAUHl H BO3IMOXK-
HOCTH ynpapJeHHs 3THM npoieccoM Heob6xoaumo rayGokoe
H3yueHHEe 3aKoHOMepHocTell (GOPMHPOBAHHA BOJNOrO H CO-
JIEBOTO pEXUMOB MNOYB (JABHKEHHE BJarW, cojiefl W nura-
TeJLHEIX BeLIeCTB B CHCTEME MEJNHOPHPYEMBLIE 3eMJH —
CeNIbCKOXO3AHCTBEHHAR KYyJabTypa) H TEMNOB PAa3BHTHA H
craGUAH3alHK MOUBeHHLIX npoueccos. Pewenne stofi npo6-
neMbl TpeGyeT KOJMHUeCTBeHHOH XapaKTepHCTHKH Mpolleccos
(neTepMHHHPOBAHHKLIX HJH CTOXACTHYECKHX), YTO CBA3aHO
¢ IHPOKHM MpAMEHeHHeM MaTeMaTHUeCKHX MEeTO/I0OB B Ha-
VYHLIX HCCACNOBAHHAX M npoHasoactse (naanHpoBanue,
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NPOEKTHPOBAHHE, YyNpasJielHe, H3LICKAHHSA, CTPOHTENBCTBO,
9KCMAyaTaluHa).

[Ipn npoexkTHpOBAHHH H CTPOHTEJBCTBE OPOCHTENBHBIX
CHCTEM Ha 3aCONMEHHBLIX 3eMJAX HeoOXOAHUMO YYHTHIBATH TeC-
HYIO CBA3b PeXKHMa OpolIeHHs (BKJAKOYas NMPOMBIBKH), TEXHH-
KH opollenHs (cnocofbl MOJHMBA, K.ILJ. CHCTEMBI) H Jpe-
HAXa. DTH OCHOBHBIE [I0OKa3aTeJH H MapaMeTphl OpPOCH-
TeAbHBIX CcHCTeM OOYCJAOBJAHBAaIOT (B JaHHBIX NPHPOAHO-
XO3AHCTBEHHBIX YCJAOBHAX) BOAHBIA H COJIEBOH pPEKHMBI
MoYB, KOTOphIC SBJANTCA IMIABHEIMH KPHTEpPHSAMH mnoJyde-
HHS BLICOKHX H YCTOHYHBHIX YpPOXKaeB Ce/IbCKOXO03fHCTBEH-
HBIX KyJabTyp. Pa3spaboTka nmporHos3oB BOJAHOIO H COJIEBOTO
PEKHMOB 3eMeNb JoJKHA OHTH 0043aTeIBHOH B Kad{I0M
[IpOEKTEe CTPOHTENALCTBA HOBHIX H mepeyctpoiicrBa (HJH
PasBHTHS) CYNIECTBYIOIIHX OPOCHTEJbHBIX CHCTeM. Kaxy-
nuieecss Onaronojayyne MeJHOPATHBHOI'O COCTOSIHHA 3eMellb
B CYILECTBYIOIHX YCJAOBHAX HE JOJIKHO CAYXHTH MOBOJOM
/L1 OTKasa OT COCTaBJIeHHs NMPOrHo30B.

B naunoii monorpaduH o606mIEHE Pe3yJbTaTHl MHOIO-
JeTHHX HccJefA0BaHHA aBTOpa MO TeOPeTHYECKOMY OOOCHO-
BAHHIO MPHHIKNOB H MeT0L0B O0pLOLI C 3aco/ieHHEM Opolia-
eMEIX 3eMenb. TeopeTHdeckHe pas3palOTKH OCHOBaHBI Ha
BCECTOPOHHEM adHajiH3e TNPHPOAHLIX YCJIOBHI, MPOLECCOB
COJIEHAKOMJIEHHA H OCHOBHBIX €CTECTBEHHBIX H HCKYCCTBEHHHX
(pakTopoB, 06yc/qOBAHBAWIIHX (GOPMHPOBAHHE BOAHOIO H
COJIEBOTO PeHHMOB 3€MEJb.



YACTE |

TEOPETMYECKME OCHOBbI YMPABNEHMA
BOOHbIM M CONEBbIM PEXXMMAMM
HA OPOLUAEMbBIX 3EMNAX

Fnasal.

HEOBXOAMMOCTh BOPbBbl C 3ACONEHMEM
OPOLUAEMbBIX 3EMENDL

Hekoropbie BhIBOABI M3 NPaKTHKH Gopbbbi
€ 3aCoNeHMeM OPOLUAEMbIX 3eMenb

[IpoGaema GopeGHl ¢ 3acO/ICHHEM OPOLIAEMBEIX 3EMEJb B IyC-
THIHHOH, noaynycTeiHHOH B crenHo# 3oHax CCCP (Cpenussa
Asus, IOxneiit Kasaxcran, 3akaBkasee, [ToBoskbe, Ykpan-
na, Cepepuniii KaBkas) npu pasBHTHH OPOIUEHHS H NOBHIIIe-
HHH NPOAYKTHBHOCTH OpOlIaeMOro 3eMJeleJaHsa B NocjaciHHe
roasl npHobGperaer Bee GoJbllee 3HaYeHHE, TO OTHOCHTCA
KdK K CTapoOpolIaeMbiM 3€MJIAIM, H3 KOTOPLIX B 3THX 30HAaX
oxk040 50% mnoaBepeHo B TOH HJAM MHOH CTeNeHH yrpose
34COJIEHHS! HJH €ro pecraBpaldH, TaKk H K BHOBb OCBaHBae-
MbIM. MHOrHe H3 HOBBEIX 3eMeJib COfepaKaT GOJbIIHE 3amackl
JIETKOPAaCTBOPHMBIX cOJiefi B IPYHTaX H IPYHTOBEIX BOJAX,
4TO CO3JaeT ONACHOCTh PasBHTHA IPOLECCOB COJIEHAKOMJIe-
HHSI B NOYBAX MNOCJE CTPOHTEJLCTBA OPOCHTEJBHLIX CHCTEM.
Takne azemnn B Cpeanenn Asud sanumalor oxkono 60—709,
obuied nuaolaa, HaMeyauelcsa K OcBoeHHI0 B OGanKalimed
nepcnextuse, OcTpoTa, ¢ KOTOpoH CTOHT npobGaema GopbOnl
C 3acOJICHHEM OpolIaeMBIX 3eMeJib B HacTOsMIEe BpeMs, 06h-
SICHSICTCS HE TOJIbKO PACNpPOCTPAHEHHOCTBIO TAKHX 3eMeb,
HO H HeJIOOLeHKON 3HaueHHs 3ToH NpoGJaeMbl B MNMPOULIOM.
Jta HenooueHKa Oblia BhI3BaHAa OGIIHM COCTOAHHEM CeJib-
CKOr0o X03fHCTBA H OTCTAJIOCTBIO OPOLIAEMOro 3EMJIE1eHA —
cinaboil sHepreTHYecKOH OCHAUIEHNOCTBIO, HEAOCTATOYHOMN
MeXaHH3auue#, XuMusauneit u 1. A. (ABepbanos, 1965).
CrpemyieHHe K 3HAYHTEJLHOMY pAacUIHPEHHIO OpoLIaeMbiX
naomajgeil Oea obecneweHHs HeoOXOAHMOr0 TEXHHUYECKOTO
YPOBHS OPOCHTEJNBHEIX CHCTEM NMPHBOANIO B KOHEYHOM CUETe
K HEAOCTATOYHO BLICOKHM H YCTOHYHBBIM YyPOMKAAM CEJbLCKO-
XO03AHCTBEHHBIX KYJABTYP Ha NOJHBHBIX 3eMJAX M K BHBOAY
H3 CeJbCKOXO03sHCTBeHHOro ofopoTa 3THX semenb. [lpu ot-
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HOCHTE/IbHO HeGOJIbIIHX YACAbLHBIX 3aTPATAX HA CTPOHTEND-
CTBO OPOCHTe/ILHHX cHeTeM Tex jeT (npumepro 1000 py6/ra)
JOMOJHHTEbHBIE 3aTpPAaTHl Ha MepolpHATHA no Gopnlbe ¢
saconennem (300—500 py6/ra) mpeacraBasiAHCh NJAaHHPY-
IOIUM OpraHaM 3HAaYHTCJbLHLIMH M He ¢GHHAHCHDPOBAJHCH.
B cBsI3H ¢ 5THM Y HEKOTOPHIX JHIL, pafoTaBIIHX B MeJHopa-
THBHOH HayKe, TOABHAHCH «000CHOBaHHA» Oe3apeHa)KHOH
GopuOBI € 3acoJelHeM OpollaeMBIX 3eMeJlb IIPH MOMOMLH Tpa-
BOCEAHHA, HCMONMB30BAHHS YacTH 3eMeJb NMOJ OpolleHHe NpH
34COJICHHH OCTANbHOH MJOLAAH H APYTHE 3aMaHYHBEIE H3-33
KaxKyLlelHca SKOHOMHH CPeACcTB npefjoxenduda. B 1o xe
BpeMa OMBIT, HAaKOMJIEHHHH oTeyecTBeHHO# (Myranckasn
OMC AsHHHWI'uM B AsepGaiimxane, Ok-antuinckas OMC
CoosHHXH B Yabexucrane u np.) H MHPOBOH NnpakTHKOIA,
H TeopeTHYecKoe o0OCHOBaHHE MeponpHATHII no Gopsnbe c
34COJIEHHEM OpOLIaeMBbIX 3€MeJib ¢ NOMOIIbI0 NMPOMBIBOK Ha
(poHe ApeHa)Ka OTBeprajHch. JTO NPHBOAMIC K TOMY, HTO
NPOCKTHPOBAJH M CTPOMJIH CHCTEMBI, crnocoOCTBYIOUIHE 3a-
COJIEHHIO OpOLIaeMBIX 3eMenb. B cBfA3H ¢ 3THM nocsie HaAYaJ a3
HX 3KCMAYyaTaluHH NPHXOJHJIOCH 3aTpavyHBaTh ropasio 60/b-
e cpejIcTB Ha CTPOHTEJNLCTBO JpeHama, veM 3To HeoOX0aH-
MO OLIJIO MPH CBOEBPEMEHHOM ero ycTpoilcTae.

HuauTesbHOe BpeMsi B HAy4YHBIX HCCJACAOBAHHAX He yie-
JAN0CH JA0JKHOrO BHEManua 6opsbe ¢ 3aconenHeM opollae-
MBIX 3eMeJb ¢ TOMONILIO IPOMBIBOK H JpeHaria.

[Tpobnema GopbGLl ¢ 3acoJIeHHEM OpOIIAeMEIX 3eMeb
Obiia BCecTOpOHHE OOCYIKAEHA Ha COCTOABIICHCA B AHBape
1964 r. B r. Tawkente Bcecolo3Ho#t HayuHO-TeXHHYeCKOH
kKoH(epeHUnH no BonmpocaM GOpbOBI C 3aCOJICHHEM M YJyH4-
INEHHST MEeJHOPATHBHONO COCTOSIHHS OpOlIacMBIX 3eMefhb
Cpeaneit Asun, IO:xnoro Kasaxcrana u AsepGafigxkana. Ha
Heit OLIJIH pacCMOTPEHL! MPaKTHYECKAasa H HayyHas CTOPOHB
970l mpoOaeMBl H HaMeyeHbl OCHOBHEIE 3a/ayd B obaacTti
GopsOBI ¢ 3acojienHeM OpoLIaeMbiX 3eMelb, ITaBHEM ofpa-
aoM B CpenHeii Asuu M 3akaBkasbe. [IpuMcHeHHe pasjiHy-
HBHIX TTPOMBIBOK H NPOMBIBHBIX PeXHMOB C HCOOJB3IOBAHHEM
TEXHHYCCKH COBepIIeHHBIX THMOB ApeHaxa (3aKpLITOro ro-
PH30OHTAaJBHOTO, BEPTHKAJAbLHOIO) B COYETAHHH ¢ HOBeiiuieH
TEXHHKOH OpOIICHHA TNPH3HAHO OCHOBHBIM MEPONPHATHEM
lpu GoprbC ¢ 3acoJieHHeM OpOlIaeMBIX 3eMesb B IenAx yc-
T0iYHBOrO, HEOGPATHMOTO PACCOJICHHA BepXHEH TOJILH moi-
BOTPYHTOB.

B nocaiennne rofbl B CTPaHe UIHPOKO NPOBOAATCA paloTh
0 CTPOHTEJBCTBY JIpEHAXKA HA OpOlIaeMBIX 3eMaaX (B ToM
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yHcJe 3aKPHITOr0 TOPH3OHTAJLHOTO W BEPTHKAJALHOrO), a
TaKKe ONMBITHO-HCCAeNoBaTeNnbekne paboTel B 3T0i o6nacTu.
[1pu 3TOM, KaK MOKa3LIBALT NPAKTHKA, OTCYTCTBHE A0CTATOY-
HOTO ONLITA B CTPOHTENLCTBE JPEHAXKa H NMPOBeJeHHH Mac-
COBBLIX MPOMBIBOK BBI3BAJO PsA TpyAHOCTEH (KOHCTPYKTHB-
HBIX, B OPraHH3alMH W NpoH3BoacTBe paboT U Ap.). Mmeior-
¢ CAyYaH HeyAOBJCTBOPHTENbHOH paloTHl NMOCTPOEHHBIX
apeH (B ocob0 TAMKENBLIX TPYHTax), MJOXOro KauecTsa pa-
60T, BBOJIA 3eMeNib B SKCIIYaTalHio 10 CTPOHTENLCTBA Jpe-
Haxa, 4T0 YacTo TPHBOAHJIO K HX 3acojieHHio, H T. 1. Onnako
B GOJBIIHHCTBE CJAyYaeB MPH NPaBHALHOM YYEeTe BCeX MecT-
HLIX VCJAOBHH NPH NMPOEKTHPOBAHHH W NMpPH XOpOlleM Kaye-
CTBC CTPOHTENBLCTBA JpeHa)ka OH HOPMAJIbHO BHINOJHAET
CBOH (DYHKIIHH,

B cBA3H ¢ MaCCOBHIM CTPOHTEJNBLCTBOM JIpeHaKa OpPraHu-
30BAaHO 3aBOJCKOE H3rOTOBJEHHEe NPEeHAMHLIX TPYD, co3iaHl
npenaxiuele KoMmOafiHbl, HCOHITHIBAIOTCH B NMPOH3BOJACTBE
HOBBEIC JPeHaXKHBIe MaTepHalk, MOCTPOEHHI ONBITHO-TIPOH3-
BOJACTBEHHLIE YUACTKH H CHCTEMBl BePTHKAJNLHOrO JApeHaxka
(Fononnas crenk U Apyrue o6bEKTH ).

Hayuuwie ucenenopanns B sToft obaacTH MeJHOpauHy 3a
nocjaefiiHe rojlkl COCPeIOTOMEHL rMIaBHLIM 006pa3oM Ha ofoc-
HOBAHMH PacCOMAIONIEro MENCTBHA PA3HHIX THNOB JpeHaxa
B COYCTAHHH C PA3THUYHBIMH NMPOMBIBKAMH H TIPOMBIBHBIMH
pexXuMaMH, 9TO TECHO CBA3aHO C TeXHHKo# opomenus. [lo-
Ny4YeHL HHTEepecHbe pe3yabTaThl N0 TaK HASLIBAEGMBIM (op-
CHPOBAHHLIM TNMPOMBIBKAM Ha done rayGoKoro BpeMeHHOro
otkpuitoro apenaxa (AsHHUHMI'uM), ropusontanbueiM npo-
MEIBKaM (¥Y36Gekckuii HayuHO-HCCAENOBATENLCKHA HHCTHTYT
MOYBOBENEHHA H arpoXHMHH), TIPOMBIBKAM MOJ PHCOM HA
tone szakpwitoro npenaxka (BHUMIuM), pacconsiomemy
neficrerio ropusontansioro (MI'MH, Tamxukeknit nayuno-
HCCAGMOBATENLCKHAN HHCTHTYT MOUBOBENEeHHA) H BePTHKADL-
woro (CAHHUHMPH) npenaxa, NPOMBIBHOMY pexHMY
(CotosHHUXH). Tem e menee 5TH paboTH HENL3f CUHTATH
3aBepPUICHHEIMH, H, NpeXXae ueM PEeKOMEeHJI0BaThH HX And
BHEJIpEHHST B NPOH3BOACTBO, HEOOXOHM THIATENbHEIH aHaTH3
H YUeT VCJIOBHIT, B KOTOPHIX MOJYYEHHl TOJOMXHTEJbHHE pe-
ayabTatel. Fmeiommnfica npousBOACTBEHHBIA W HayuHBIA
onuT 6opLOL ¢ 3acoseHHeM opolnaeMHX 3ement B Cpennefi
Asun u 3axaBkaswe AoaXeH GHITL YUTEH NPH OCBOSHHH HO-
BHIX PafioHOB OpPOIIEHHS KaK € HEraTHBHOH cTOpoHE (cepb-
e3nwifl yuiep6, naHeceHHH HAPOAHOMY X03AHCTBY H Hayke
B peayabTaTe HMeBiIel ANHTeNIbHOe BpeMs HeIOOUEeHKH 3TOol
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npoGremMul), TAK H ¢ NO3HTHBHOM (opraHH3auHsAs H NPOH3-
BOJICTBO [ApPeHaxHBIX paboT H NMPHMEHAIOUIHECH MallHHLI H
KOHCTPYKUHH, 060CHOBaHHEe THNOB M NapaMeTpoB JApeHarka
H NPOMBIBOK 3aCOJIeHHbIX 3eMenb). Cheayer, olHAKO, OTMe-
THTh, YTO B CHJY NPHPOAHBLIX H HCTOPHYECKH CJOMHBIIHXCH
YCJOBHA, a TakiKe HCJAOOUCHKH B npowaom G6opbbul ¢ 3aco-
JICHHEM opouraembix 3emedb onuT CpefHei A3nn u 3akas-
Ka3bsg OTHOCHTCS TJIaBHBIM ofpa3om K Gophbe C yxKe HME0-
HHMCA 3acoJieHHeM MOYB HJAH pecTaBpalueil 3aco/ieHus Ha
BPEMECHHO ONPECHEHHBIX MOUBaX H B 3HAYMTEALHO MeHbIIeH
cTeneHH K MpeaynpexjenHio saconenns. llocaennee xe, ¢
Halueil TOYKH 3DEeHH#, SABASETCS [VaBHbBIM JJIf HOBHIX paH-
OHOB OPOLIEHHS.

HeobxoaMMoOCTL COCTAaBNEHMS NPOrHO30B BOQHOro
M CONEBOoro peXMMMOB gNA Kamaoro obrexra
opoLUeHHS

IIpuponnsie n Xo3gficTBeHHbIC YCJOBHA PAiOHOB, rle yiKe
NPOBOJINTCA OpOLIEHHE, BeJIeTCA HAH HAMEYaeTCs CTPOHTE/Ib-
CTBO OPOCHTENLHLIX cHeTeM (MJIH BOJOXPAaHHJIHIL), BecbMa
pasnooGpasnel. Pa3nuyHbl H npHMeNAIOUHECH HIH TPOEKTH-
pyeMble npHeMbl H TeXHHKa opowenns. [lostomy sapanee
ONPEACTUTE 3€MJH HJIH OOBEKTH, ONaCHLIE ¢ TOYKH 3PEHHS
BO3MOKHOIO 3acCOJIEHHA H NOJATOMJEHHSA, HeNb3d Ge3 THIA-
TC/IBHOTO aHaJ/H3a CYHIECTBYKOLIHX BOJAHOr0 H COJIEBOTO pe-
AKHMOB 3eMeJib H, UTO caMoe rjasHoe, Ge3 cOCTaBJACHHA NpoO-
rHO30B 3THX pexnuMoB. B nekoropuix paitonax (Ilpuracnuii-
CKasa HH3MEHHOCTb, YKpaHHcKoe nobepexbe Yephoro mops,
Cepepubiii Kppim H ap.) sanacul cosieil B °rpyHTax, rpyHTO-
BLIX BOJAaX HAH NMOYBaX HACTOJNLKO BEJIMKH, YTO HAa TAKHX
semaax 6e3 NMpeABapHTEJBHOTO HX PacCOJICHHS NPHMEHATh
OpolleHHe Heab3d. [lanee no cTeneHH ONacHOCTH 3aCOJIEHHS
HAYT AOJHHBI H NMOHMBI I0XKHBIX peK (ocobenHo o0BanoBaH-
Hole moMbl pex [Mluecrpa, Mynasa, Boarn n ap.). 3eman,
pHJerapniie K KPYNHBIM BOAOXPAHHJHILAM HA I0MXKHBIX
pasiuHHEIX pekax ([lwenp, Boara, [lon), o6uiuHO noaeep-
MECHBI MOATOIJIEHHIO, HO HHOTAA H Ha 9THX 3eMJAX MOrYT
MPOABAATLCA nNpouecchl 3acodieHds. BopopasaenbHble H
CTENHbBIE NPOCTPAHCTBA NPH HEYMEPEHHOM OPOIUEHHH MOryT
ObITe H3OBITOUYHO YBAAXKHEHbLl, @ B HEKOTOPBIX Cjyuafx 3a-
COJIEHBl HJAH OcoNOHUOBaHb., Hakouen, HMmewTcs 3eMJIH C
TAKHM €CTeCTBEHHBIM MOA3€MHBIM OTTOKOM, 4TO HX OpoOlie-
HHEe He CO3JaeT Yrpo3bl 3acO/eHHA HJH NOATONJIEHHS.
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Bo Bcex caydanx (B pasHblX NMPHPOAHBIX YCJIOBHAX) HH-
TEHCHBHOCTEL MHTAHHA I'PYHTOBLIX BOJ NPH OPOLIEHHH B 3HA-
YUTENLHOI CTEeNneHH 3aBHCHT OT TEXHHYECKOro YpoOBHA Opo-
CHTeNLHOH CHCTEMBI, TO €CTh 3aCOJieHHe H NMOATONJEHHe 3e-
MeJb CYLIECTBEHHO 3aBHCAT OT TeXHHKH opoumenus. [Ipuuem
BCErjla, 4eM cOBeplieHHee TeXHHKa opolueHud, TeM 60Jbuiasn
nons BOABI, 3abupaeMas H3 HCTOYHHKOB OPOLICHHS, NOJE3HO
HCIOJb3YeTc Ha NOJsiX, 4 MeHbllas €e yacTbh HAET Ha IH-
TalHe MOA3EMHBIX BOJ. Yrpo3a 3acofeHHA H NOATONJEeHHSA
3eMeJb NPH 3TOM CHHMKACTCH.

Takum oGpazoM, XapaKTepHCTHKA CYILECTBYIOIErO BOIL-
HOrO H COJIEBOTO PEXHMOB 3€MeJib (/10 OCYIIECTBJICHHS HOBO-
ro OpOLUEHHS MJH CTPOHTENLCTBA BOJOXPAHHJHLL, a TaKHKCe
Ha OPOCHTCJLHBIX CHCTeMaX B IepBbie rojibl HX IKCIJyaTa-
UHH H Jaxe dyepes JecATKH JICT) cOBeplIeHHO HEJ0CTATOYHA
ISl ONpejiesieHHs YrPosbl 3aCOJEHHA H NOJATONJICHHS 3eMeb
B Omwpkaifimem Oyaymem. OnpeaenenHe HeoOXOJHMOCTH
(pOBefeHHs JIPEHAMKHBIX MEpPONPHATHH, YCTaHOBJEHHe HX
THNOB H NMapaMcTPOB JIOJKHO OCHOBHLIBATHCS Ha MpPOrxHosc
BOJAHOTO H COJIEBOTO PEXKKHMOB OpOLUIAEMBIX H NpHJIEraiouiHx
K OpOolIaeMbBiM MacCHBAM H BOJIOXPaHHJHILAM 3€Medb.

C nameii TOYKH 3peHHA COCTaBJEHHE TAKHX NPOrHO303
spaAfercs o0f3aTeNbHBM JAJf KadAoro NpoeKkTa OpoLIeHHS.
Ha ocnoBanuu pacueToB B NPOrHosax AOJMAKHB OblThb AOKa-
3aHBl OTCYTCTEHE YTPo3bl 3acOoJieHHs M NOJATONJICHHS 3e-
Melb H HeHYIKHOCTh (B TOM YHCJEe B NEPCHEKTHBE) CTPOH-
TeALCTBA JIPeHa)a HiaN ero HeoOGXOoAHMOCTh H OCHOBHLIE Ma-
paMeTpel.

¥V MHOrHx noyBoBeAOB H THAPOreoJoOroB, KOTOPBIE 1al0T
JAKJIOYCHHEe O TIPHIOAHOCTH 3eMedb AJAsd OpOLIeHHA H CO-
CTABJSAIOT HX XapaKTePHCTHKH, NPOYHO YKOPEHH/JIOCH OLUH-
HoYHOe MHEHHEe, YTO ONHCAHHE CYUIECTBYIUIHX /10 OpOLIeHHSA
YCJIOBHIl ABJASACTCA BROJHE JA0CTaTOUHBIM JJisi OOOCHOBAHHSI
npoexra. Ilo aTHmM MaTepualaM NpPOBOAAT pailoHHpOBaHHE
3eMeb H MO HHM KaYeCTBEHHO OLEHHBAKT MEJNHOPATHBHOE
cocTosiHMe HX (XOpoilee, y/IOBIeTBOPHTeAbHOE W T. 1.), TO
ecTh XapaKTepHsyercsi TO, UTO ecThb, NpHYEM OOBIMHO TOJL-
KO KauecTBeHHO, a He To, uTo Oyiet. [TosTOMYy 4acTo CO3/a-
eTcq BrevatJeHHe 0 MHHMOM 6Jaronoay4Hd MeJHOpaTHBHO-
r0 COCTOAHHS 3€MeJh, 4TO NMPHBOJAMUT K CEPLE3HBIM OLIHOKaM
H HeoOX0AHMOCTH B JajbHCHIIeM HX HCTPAaBIEHHA.

HauGonee pacnpocTpaHCHHLIM 3a0JYXKACHHEM SIBAACTCA
MEJHOPATHBHAS OIEHKA 3eMeJb MO CYLLECTBYIOUIEH 0 0pO-
eHHA rayGHEEe 3ajieranus ypOBHA TPYHTOBBIX BOJ 0e3 KO-
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ANYECTBEHHOTO yueTa Moj3eMHOro ortoka. Beap ecnu ycno-
BHI JJisg OTTOKA HET, TO NPH K. M. Ji. OPOCHTE/JEHHX CHCTEM
(B 3eMAsIHEIX pycJax H camoTreuHoM moJamuse) okoqo 0,5 B
FPYHTOBLIE BOAL B roj nocrynaet (npu Boposabope OpyTTO
8—12 Tnic. m3fra) caoit Boas 0,4—0,6 M. Ilpn ceoboxuoi
nopo3noctd okojo 0,4 370 HeH30EKHO BeUET K NOABEMY
YPOBHAI TPYHTOBLIX BoJX Ha 1—1,5 M B roj, uTo noBceMecTHO
H HaOJiojaeTcss NPH BBOJE B 3KCIJyaTalHi) HOBHX CHCTEM
opouwends. Tak Kak B NepBHE rojbl KCOJyaTauHH OpOCH-
TEJbHBIX CHCTEM MO OpPraHH3alHOHHBIM H APYIHM NPHYHHAM
pojo3abop ObiBaer Ooabllle pacyeTHOro, a HCNOJb30BAHHE
BOJILI HeRocTaTouHo 3 eKTHBHOE, TO I'PYHTOBLIE BOJABLI MO1-
HHMAIOTCA elle Bollie, ocoOeHHo BOJH3H KPYMHBIX KaHA/IOB
B 3eMJSHLIX pycaax.

Takum ob6pa3zoM, HalpHMep, HCXOJAHEIH YPOBeHb IPYHTO-
BLIX BOJ JIO OPOLICHHs B 15 M NMpH OTCYTCTBHH YCJOBHH AJISI
eCTeCTBEHHOrD MoA3eMHOrO OTTOKa He BCerjla mo3Bojser Jie-
NaTh BHBOJABL 0 HEHYKHOCTH HpeHarka, Tak Kak B Oammai-
mHe 8—10 get (uaum GuicTpee) PYHTOBLIE BOAB MOTYT MOM-
HATBCH JI0O TAKOTO YPOBHA, NPH KOTOPOM OHH Ha4YHYT
MPHAHMATh HENOCPe[CTBEHHOe YydYacTHe B MOYBOOGpasoBa-
teapHoM mpouecce. Campie HeGaaronpusTHbE YCJIOBHSA
CKJAJBIBAIOTCA NpH HAJHYHH COJIEH B NoOuBax, rpyHTax H
PYHTOBHIX BOJlaX.

Ecan rpyHTsl H IPpYHTOBBIE BOJABEI 3aCOJEHBLI, HO MOYBH
onpecHeHbl ocaAikaMu (Tak HasbiBaeMble IyOOKOCOJIOHYA-
KOBaTHIC MMOYBLI), TO NOAHHMAMIIHECH TPYHTOBhIe BOJBI,
paCTBOPAA COJH, COjJeprallHecs B FpyHTax, TpPaHCOOpPTH-
PYIOT HX K NOYBEHHOMY CJIOIO, YTO TaKie BejleT K ero 3a-
conennio. Takag KapTHHa HadJI0JaeTcss Ha OCBaHBaeMbIX
3eMJIAX B ApHJHONR H CTenHOH 30HAaX.

Taxum o6pa3om, HHKaKHe OTAENbHO B3ATHIC XapakTepHC-
THKH BOJHOTO H COJICBOTO PeMHMOB 3EMEJb, CYLIEeCTBYIONLHE
N0 OpollleHHs (HJAH TMocJie NEPBHIX JeT SKCIJyaTalHH opo-
CHTe/IbHBIX CHCTEM), HE MOTYT CAYIKHTb OCHOBAHHEM JIJIfl yT-
BePXAEHHA OTCYTCTBHS Yrposbl NMOJATOTVIEHHS H 3acoJieHHd
3eMeJb H B CBA3H € 3THM SABAATHLCHA MOTHBHPOBKOH Jid OT-
Kasa OT NPOBEACHHA JPEeHaMHBIX MEpPONpHATHI.

PaznooGpasne NMPHPOJAHEIX H XO3AHCTBEHHLIX YCJAOBHH H
TEeXHHYCCKHX IIPHEMOB OPOIUCHHSA B CTENHOH 30HE, a TaKiKe
MaJblii MPAaKTHYECKHHA ONBIT OCBOEHHHA OPONIAEMBIX 3eMeNib
Ha 3HAYHTENBHHIX MJAOIAAAX He NO3BOJAIOT pacnpocrpa-
HATH pPe3VJbTATH .OTAENbLHLIX, OOLIYHO KPATKOBPEMEHHBIX
nabaioneHuil 3a MeJHOPATHBHLIM COCTOSHHEM 3eMeJb H pa-
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GoToil ApeHaXHBX CHCTEM Ha ApYyrHe OOBEKTH HJAH 3HAYH-
TeJbHBIE TIOmAaAH Ge3 cneuHanbHOro o60OCHOBAHHA JjoOmMyc-
THMOCTH Takoro npuema. [lo-BHAHMOMY, CO BpeMEeHeM, NOC-
Jié HaKOMJIEHHA MPaKTHYECKOro ONbiTa H HCC/EI0BATENAbCKHX
MaTepHaJoB, BO3MOXXHOCTb HCNOJB3OBAHHA METOAA aHa-
norui yeeanunted. Mrak, Heo6X0AHMOCTb HJH HEHYMKHOCTD
Apenaxa, ppifop €ro THna H napamMeTpos 0GOCHOBHIBAIOTCH
pacdeTaMH — COCTABJIEHHEM MPOrHO30B BOJHOINO H COJICBOTO
peykHMoB 3emesib. OCHOBOH HX COCTABJEHHS JOJKHLI ObITh
HajJeKHbe JaHHBIE, XapaKTepH3yloUlHe CYLIeCTBYIOLIHE BOA-
HBLIfl B CONEBOH peKHMDI.

HapeMHoCTh H TOUHOCTh AAHHLIX MNOYBEHHBIX
M TMAPOreonorHYecKMX HecnesoBaHmi

B sonpocax BuGopa XapakTepHCTHK BOAHOTO H COJIEBOTO
peHMOB 3eme/Jib H OCOOEHHO OUEHKH HAaAEKHOCTH HCXOA-
HLIX JaHHBIX JJAd 0G0CHOBAHHA NPOEKTOB €lile HET €1HHOro
mHenus. JeficTByroline HOPpMATHBL, ONPEACAAIONIHE COCTaB,
o6beM H JAETaJbHOCTbL MOYBEHHBIX H IHAPOre0JOrHYecKHX
H3bICKAHHH H HCCJAeJoBaHHi, npakTHYeckH 6e3 ocoOLIX H3-
MEHEHHIl MOBTOPAIOTCA B HOpPMax B TeueHHe HECKOJbKHX
JCCATKOB JICT, HECMOTPS Ha W3MeHHBUIHecs (MOBHIIEHHbIEC)
TpeGOBaHNA K HHM B CBAI3H C HHTEHCH(HKauHel CeabCKOXO-
SANCTBeNHOro NpPOH3BOACTBA. 3ITOT BONPOC 3acaykKHBaeT
BHEMATCJALHOTO H3yueHHs Aas o60CHOBaHHS cocTaBa H 00D
eMa H3BICKATeNLCKHX H HCCJe0BaTeNLCKHX MaTepHasos.
[MpakTHka noKasbBaeT, uTO HEJOCTATOUHOE H3YUeHHE HCXOA-
HBIX MOYBEHHO-THAPOTeo/IOrHYCCKHX YCJOBHI NPH NMPOEKTH-
pOBaNHH OPOCHTENBHBIX CHCTEM HHOTAA NPHBOAHT K COBEp-
MIEeHHO HeOMHAAHHBIM pe3yabTaTaM: [OCTPOEHHLIE CHCTEMBbI
paGoTaloT HeyAOBJCTBOPHTE/bHO H NPOH3BOJAHMBIE B JaJb-
HefeM KpynHbie 3aTpaTul Ha HX NeEpejiejiKy BO MHOro pas
npeBBIILAloT Te CPeJACTBa, KoTophie Hajxo Guno O cBOeBpe-
MEHHO H3pacxoA0BaTh Ha H3LICKAHHA H HCCACAOBAHH.
B kauectBe npHMepa MOMKHO NMPHBECTH HEKOTOpLIE opollae-
mble Maccaenl B lonoanoit erend. Tak, B coBxoae Ne 5 cpei-
Huii koapduument QuALTPAUHK NOYBOTPYHTOB, ONpeaeJeH-
HBIH mocJjie CTPOHTENLCTBA JIpeHaka, 0Kas3aJcs 3HAYHTeNbHO
MEHBIIHM, YeM 9TO TPHHATO B NMpoeKTe, a B comxose Ne 4,
Hao0opoT, B HECKOALKO pa3 Goabme mpoektHoro. Tak kak
B OCHOBEe NPOCKTHPOBAHHA APEeHANKA JIEHKHT XapaKkTepHCTHKA
BOIONPOHHILIAEMOCTH MOYBOrPYHTOB, TO, OYEBHAHO, 4TO MpH
NPOEKTHPOBAHHH JPEHAMHBIX CHCTEM B STHX COBXO3aX Obl-

14




AN AOnyHieHsl OIMHOKH. JT0 H BHIACHHJIOCH NMOCJAE OKOHYaHHS
CTPOHTENBLCTBA JpEeHaKa.

Muuman SKOHOMHA CpejicCTB I][IIH H3BICKAHHAX TIPHBOJH-
Ja K ropasao OOALIIHM pacxofaMm NpH cTpoHTeabcTee. ITo
HaleMy MHEHHIO, TOYHOCTh HCXOAHBIX NOYBEHHO-THIPOTEOD-
JIOrHYeCKHX JAaHHBIX AOJXKHA OBITh He HHXKEe BepoATHOCTH
(oGecneyennocTH) paGoOTHl OPOCHTENBHON HJAH OCYUIHTEMb-
HOIl cHCTeMBI, NPUHATON B npoekTe (5Ta OGECNEYEHHOCTD,
KaKk H3BEecTHO, 0OOCHOBBIBAETCH TEXHHKO-3KOHOMHYECKHMH
pacuyeraMHi). B cBA3H ¢ HHTEHCHBHLIM HCNOJL30BAHHEM OpO-
IaeMBIX H OCYIIAEMBIX 3eMeTh HanGoJiee THNHYHON B HACTO-
aulee BpeMms cuuraercs obecnedeHHocts B 90%. Crnenosa-
TeJbHO, MPHOAHSHTENbHO MOMKHO NPHHATb, 9TO BEpOATHAA
OIHOKa CPeHHX HCXOANBIX NMapaMeTpoB, MOAYYCHHBIX B pe-
3YMNbTATE H3ABICKAHHA H HCNOJAb3YyeMBIX B KayecTBe pacuer-
HblX B OOOCHOBAHHH CHCTEM, N0 KpaiiHeldl Mepe He A0JKHA
Obith Gonee 10%. Xors ato ofmee noso)KeHHe Tpelyer
KOHKPETH3alHH, OHO MOMKET CHVKHTb onpejlefeHHOd npu-
JEpPHKOil NPH YCTAHOBJEHHH o00BbeMa H3BICKATEJAbCKHX
pabor.

Kak m3BecTHO, MOYBeHHBIE H THAPOTEOJNOTHYECKHE MaTe-
pHannl, coliepxauiHecd B IPOCKTAX, COCTOAT OOBIYHO H3
OMHCaHHsA OONHX YCJAOBHI, NOYBEHHLIX M THAPOTEOJOTHYE-
CKHX KapT (C BblaeneHHeM THNHYHLIX obxacreil, pafioHOB,
YyUaCTKOB) H OTAeNbHHIX nokasateneid. Heo6xonumo cocras-
JATh TaKKe BOANBIA H coneBofi GanaHcel 3eMenb, MOBEpX-
HOCTHHIX BOJ, NMOYB H FPYHTOB 30HBI aspalHH H TPYHTOBLIX
BOA. DTH OGanancel (ocoGeHHO coJieBoii), Kak NpaBHJO, He
COCTABAAIOT HJIH COCTABJAIOT YacTHUHO,

PalionnpoBanie OOBYMHO OCHOBAHO HA KAUECTBEHHOM
aHaJH3e NOYBEHHBIX HIH FHPOreosiorHUecKHX yenoBuit. [Tpu
panOHHPOBaHHH, MNOMHMO TIeHeTHUYEeCKOro, KauyeCcTBEeHHOIO
nojAXoAa, KOTOPEH, KOHEYHO, HeOOXO0AHM, HYKHaA AOCTATOUHO
ofocHoBaHHas KOJHYECTBEHHAS XapaKTepHCTHKA TeX CBONCTB
HJIH TOoKasaTtesied, KOTOpHIE KAaAyTCH B OCHOBY TPOEKTA.
IIpu 3TOM HeOOXOAHMO HCHOJBL30BATL H3BECTHHIE NPHEMHE
CTATHCTHUECKOH OlIeHKH H TeOpHH BeposTHOCTeCH, yeM H om-
pefesnTca (npH 3ajanHofl TOuHOCTH) o6beM Habjl0neHH
(Pone, 1965, n np.).

OcHoBHBle MOKasaTeNH BOJHOrO H COJEBOTO PEKHMOB
(HanpuMep, NOJIHBHEE H NPOMLIBHBIE HOPMBI, KPHTHUECKas
rayOHHa TPYHTOBHWX BOA H Ap.) B3aBHCAT He OT OAHON Ka-
KOI-NH00 MOYBEHHOH HJH I'HAPOreoJIOrHYecKOfi XapaKTepHc-
THKH, 8 OT HEeCKOABKHX. B Takux ciyuasiX, KaKk H3BECTHO, OT-
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HOCHTeNIbHAasi ownOKa pacderHoro napamerpa (y) Oyaer

paBHa:
ﬂﬂ/tﬁ”3¢+(@.ﬂf+_. (1)
y Iy Y o g ’

rne y=f(x, X3 ...): €, 8g— OWHOKH B ONpeleleHHH X1, X3, ...

[Ipeanosoxum, 4To NMPOMBIBHYI0 HOPMY ONpelensioT [0
tdopmyne B. P. BosnoGyesa (1959):

S
N=pn2t, )
So
rae N — mpoMbiBHas HOpMa Ais 1 M NOYBERHOTO cJodA, M CjAos BOJM,
S1, Sp— ucxoanoe n fAonycTMoe cofepianue conefi; Pp=a/2,3 — Koad-
(HOAENT, 3apHCALKA OT THNA 3aCOJICHHA.
CunTass AONYCTHMON BepPOATHYI0 OTHOCHTEJNLHYIO OIIHO-
Ky B onpejaejeHHn wHopmul N, pasnyio 10%, u npunnmas
TOUHOIl pacueTHYIO BETHYHHY ONPEcHeHHA Sp, MOJYYHM:

=V g5+ (53 -

7 2
7 g\ i) 5 b oo
(¢) H{1p S0 S,
Sa
31ech
N Bp v oN Lol 2o Lnlng
-l
5 Ep p Es

Orciona MOJIYHHM:

o _EL R i e |
g = Hi S0 }/gi__%:lﬂ 5, ]/ﬂ,ﬂl—sﬁ-

B uacTHOCTH, eclIH CYHTaTh, 4TO caMa ¢dopmyna (1) TouHas
(e, =0), 10 &, =0,1 In §,/S;= 0,23 1g S/S,,.

S.
Tak, npu _SJ-ZEU HeoOX0/HMaA  OTHOCHTEJbHA

L]
omuOKa B OnpejeNieHHH CyMMapHOro KoJHYecTBa coJeld B

cioe 1 M (npH NMOYBEHHBIX HCC/CAOBAHHAX) AOJKHA OHITh

£,<0,3, a npu cnaboil 3aCONEHHOCTH (—3—‘— = 5) E,-s;:ﬂ,lﬁ.
B
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HTFES

Ecan nanpumep, ans paifiona HAH yyacTKa H3MepeHHbIe
B ABYX TOUKaxX 3Ha4YeHHA S; OKa3a/MHCbh paBHEIMH 2 u 49
Macchl cyxofl mo¥BH, TO BeposATHasA OWHOKa CpPeAHEro 3Ha-
uenun (3% ) Gyaer;

e, = 0,674 ﬂ” = 0,674 l/ = = 0,674,

n(n—
4 OTHOCHTeNbHAs BepoATHAs OmMHGKA CPEAHEro 3HAYEHH:

;,-—= 9? = 0,22, uTo B cayuae St =90 AaeT A0CTATOM-
St

Hylo ToyHocth (S;=340,67), a B caywae = =5 — He-
o
JOCTATOUHYIO, H 4YHCJA0 HaOMOACHHA Haj0 YBEJAHYHTH 0

el B —of0:2¥ _ag. .
nl—n(ah ) =2 (22 38~4.

ANHasorHuHO MOMKHO BHYHCAHTL HeOoOXOLHMYIO TOUHOCTh
noaesoro onpefeneHna kosddmunedta (uALTPALHH M 4HC-
A0 ero HiaMepeHHH npH o00CHOBAHMH NPOEKTa ApeHarka.
B atom cayuae, Kak MOKa3bBalOT BHIYHCAEHHS, BBHAY 3aBH-
CHMOCTH pacCTOAHHA MEMLY JpeHaMH HC OT OAHOrD, a OT
paaa noxasateseldl AonycTHMas BeposiTHad owKOKa B onpe-
nenennn kosdhduunenta duavTpaunn cuuxaercs ao 5—7%.

Bee 310 cBHAeTeNbCTBYET 0 HeOOXOAMMOCTH NepecMoTpa
JAEHCTBYIOUHX HOPMATHBOB MMOYBEHHO-THAPOre0A0THYECKHX
H3BICKAHHIT B CTOPOHY HX peskoro yeeandenus. Cokpaienne
STHX paGoT MOA NMPeasoroM SKOHOMHH CPEICTB Ha NMPOEeKT-
HO-H3LICKATEJbCKHE paboTH oWHG0YHO H YOLITOYHO AMAfA ro-

CyfapcTBa.

XapaxrepucTHka CYLIECTBYIOWEro BOAHOTO PeXWMa;
BOAHLIN BanaHc

Merox Boanoro Ganamca, WIHPOKO NMpHMEHSIEMEBI B rHapo-
JOrHH (rnaBHpiM o6pasoM JAAA onpefesNeHHd HCOapeHHs ¢
NOBEPXHOCTH GaccefinOB MO PasHOCTH MeX Ay OocaikaMH M
CTOKOM peK), OBl npeanoxeH AN HCNONbL30OBAHHA B CeJlb-
ckoxoascreennoi mennopaunn A. H. Kocrakoswim (1960,
1961). Oanako MeTox BojanOro GajsaHca B YCJAOBHAX MEJHO-
PAIHH CYIIeCTBCHHO OTJHYaeTCcs OT MeToja BojaHoro Gaja-
ca, npuMeHsieMoro B rujposornd, CocraBieHHe BOAHOIO
fGanaHca MeJNHOPATHBHON CHCTEMB OCAOMKHSAETCHS 1O PALY
MPHYHH. 3
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Bo-nepBiX, OCHOBHEIMH COCTABJAAIOIIEMH BOAHOrO Ga-
JIAHCA MEeJHOPATHBHEIX CHCTEM SIBIAIOTCS HCKYCCTBEHHAdA MO-
fava BOAK (Ha opomeHHe) H OTBOJA H3OHITOYHEIX BOA (NMpH
ocyieHnn uau Gopblbe ¢ 3aconeHneM).

Bo-BTOpLIX, MEJHOPATHEHEIC CHCTEMB! 0GLIYHO pa3Melna-
[0TCA He Ha BceM GacceifiHe pekH, a 3aHHMAalOT oOnpejefeH-
Hble reoMOpQOJOrHYecKHe 3/1eMeHThl (JIONHHEL H HX CKJOHHI
H T. A.), uTo 00OLIMHO He MO3BOJSACT HCKJIIOUHTL H3 GanaHca,
KaK 9TO AenaeTcs B THAPOJIOTHH, MOBEPXHOCTHBIN M MojaseM-
HBIH TMPHTOK Ha MAacCHB.

B-tperenx, B ycJIOBHAX MeJHopauu# neoOXOAHMO pac-
yJeHerHe MOBEPXHOCTHOrO H TOA3EMHOr0O OTTOKa (B rHapo-
JIOTHH TAKOro PacyJieHCHHS paHblle He AenajiH, H 3TOT BO-
MpoOC HeAaBHO HavaJH H3yuYaTh B CBA3H C ONpeneseHHeM
PECYpPCOB MOA3EMHLIX BOM), TAK KAK MEJHOPATHBHOE BO3JEH-
CTBHE CKa3LlBaeTcsl HMEHHO NPH peryJHpoBaHHH 5THX ¢ak-
TOPOB.

B-veTBepTHIX, IAA leaell MenHOpaUHH HEIOCTATOYHO CO-
CTaBAATE OOIIHH BOJAHEBIA GanaHc, HeOOXOJAHMO COCTABAAThH
GanaHcH MOBEPXHOCTHBIX BOJ, BOJ 30HLI aspaunn (mouBeH-
HEIX) 1 noaseMubx (Asepnsnos, 1959). Toasko npu cocras-
JIEHHH YacTHBIX Oa/laHCOB BCKPLIBA€TCS BaXHeHIUHil moxa-
3aTeNlb BEPTHKAJLHOTrO BOA0OGMEHAa MEMAYy NOBEPXHOCTHHI-
MH H MOJ3eMHEIMH BOIaMH, KOTOPHIA HemocpelCTBEHHO
BJHfAET Ha nouBooOpasoBaTeNbHLIH npollecc (BOcXoAsllee
HJIH HECXOHASIee NBHKEHHe BJATH H conelt B noysax). B o6-
ueM BoaHOM OanaHce 3eMeJib B3AHMOJEHCTBHE MOYBH, 30HH
aspallHH H NOJ3EMHBIX BOJ B3aHMOHCKJIIOYAETCHA H HE MOXET
GHITH YUTEHO,

Hakonen, B yc/loBHAX MeJHOpalUHH wacto TpebyeTca
SHaThk He TOJLKO CpelHHH MHOroJeTHHd Oananc, Ho B Ga-
JIJAaHC B TOJALI ONpejesiecHHOH oGecneyeHHOCTH H, 4YTO elle
C/I0¥KHEee, B OTAeJbHBIe (KPHTHYECKHe) MepHOJAH (Ce30HH)
roja.

Bce 9T0 CHNLHO 3aTpPYAHSET NPHMEHEHHE METo/la BOAHO-
ro 6anaHca B mMenHopaund. OJnako, HECMOTPA Ha TPY/AHO-
CTH, 3TOT METOA (NpH ONpefeNIeHHBIX AONYIIEeHHAX H YNpo-
MEeHHAX) COBEPIIEHHO HEOOXOAHM JIJISl OLEHKH CYIIeCTBYIO-
mero H TMepcnekTHBHOTO  MEeJMHOPATHBHOTO  COCTOSTHHSA
MAacCHBA,

B nannoii paGote HeT BO3MOMKHOCTH NoApo6GHO OCTAHAB-
JHBAThLCA HA METOMHKE ONpe/eseHHs OT/ASNbHBIX 3JIeMeHTOB
BoaHoro Gananca, NOTOMY OrpaHHYHMCS TONBKO HEKOTOPLI-
MH cO00paKeHHAMH 1O STOMY BOnpocy.

18
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Pue, 1, CxeMa coCTABAAKIHX BOAHOTO
GaJiaHca:

¢ — ocapgkn; H — Henapenne wacTH ocapn-
KOB, He BOHTHBAKUIHXCE B mowsy (¢ nmoeepx-

nocTH cHera, ayx); 7 m 0 — nosepxrocTuwf
NPHTOK H OTTOK; Bn — BOATHBaHHE B MOUYBY;
f—rpan:nnpaunﬂ H ACoapeime H3 O0MBLI;
fl m O — nopaeMABA APHTOK H OTTOK, =g —
DEPTHEAIBAWA BOomooGMeH MeXRAY novysofl B
MofAseMuLIME BOAAME (3HAK NAKE — NOCTYN-
Jenle rpyHTODRIX BOA B OOYBY): +=p — Rep-
THEAALHLIA BogooOMEH FPYHTORLX BOA C© GoO-
nee rayGoKo3ANEramHME NOAIEMARMH RO-
AAMH (3HAK AAKE — AETAHHE FPYHTORLIX BOA
cuuay); ¥I'B — ypoeBeHs IPYHTOBHX BOMA.

[Ipn onpenenenHu 3/eMEHTOB CYIIECTBYIOUIErO BOJAHOIO
fGajanca MaccHBa, HAMEYEHHOIO K OPOIUIEHHIO, TO ecThb Oa-
JlaHca B NPHPOAHBLIX, HE H3MEHEHHLIX OPOLIEHHEM YC/IOBHAX,
No-BHAHMOMY, MOMKHO OTFPaHHYHTLCA CpeAHEMHOTOJIeTHHMH
JIAHHBIMH, TAK KaK NPOrHo3 BOJHOTO peXHMa COCTABAAIOT
Ha pajl JieT BHepel, H, CJeAOBaTe/NbHO, OTKJOHEHHSA B OT-
JleJIbHBIE TOJBl 3JeMeHTOB BoAHOro Gananca OT HX CpPeaHHX
aHaueHHH MaJio OTpasATcs Ha o6lIeM nepexoJHOM npolecce,
HeknoueHHe cocTaBasioT Cayuad, KOrja nepexoiHsiil mpo-
uecc Henmpojosxutenern (Hanmpumep, npu GJH3KOM 3anera-
HHH TPYHTOBHIX Boj). [IpH 5TOM NPHXOAMTCA COCTABAATH
GanaHnc Takxe M AJf roja pacuetHoii ofecnedeHHocTH. Ko-
HEYHBIH BOAHBIA pexHM, MOJyUeHHBIH B pesyJjbTaTe NpoOrHO-
3a, JoJxeH OBITh pacCMOTpPeH KaK JAAd CpPeAHHX YCJOBHIl,
TaK H AaA pacyeTnoil oGecrneyeHHoCTH.

Cxema cocraBaAwlHX BOJAHOro GanaHca nokasaHa Ha
pHCYHKe 1,

Ecnn uepes AW,, AW,, AW; o6o3naunTh H3MeHEHHe 3a-
NacoB COOTBETCTBCHHO MOBEPXHOCTHRHIX, MOYBEHHHIX H TPYH-
TOBBIX BOJ, a depes AW —obuice H3MeHeHHe 3anacoB BO-
J\bI, TO YypaBHeHHs BojHoro GaJsanca ﬁ}r,u;y*r CAeAYIONIHMH:

JJIsl MOBEPXHOCTHEIX BOJ

L

AW, = Oc— H + 1 — O — Bn; (4)
JJi51 NOYBEHHEIX BOJT |
AW, = Bn—Tp + g; (5)

JJ1Sl TPYHTOBBIX BOJL

AWy=+g+1—0+p

—

(6)
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oblHil GanaHc
AW = Oc— (H + Tp) + (1 + 1) —(0+ 0) £ p. (7)

Caenyer OTMETHTH, 4TO 3a NMOYBEHHBIN CJOH, I10-BHJH-
MOMY, uesecoofpasHo NPHHATL 30HY MeMAYy NOBEPXHOCTHIO
[OYBLI H YPOBHEM IPYHTOBEIX BOJ NPH HX BLICOKOM CTOSHHH,
IIpu rayGokom sajieraHHH TPYHTOBBIX BOA MOMKHO NPHHATH
CJIOH, B KOTOPOM OTPAXKAIOTCH CE30HHBIE H3MEHEHHS BJIaN-
HOCTH; 3TOT CJIOH B pasHBIX 30HAX pasJiluyeH H MOMET J0CTH-
ratb 3 M H Gojee. B nocaeaneM caydae BeJHuYHHA ¢ NpH-
HHMAaeTCs MOCTOAHHON, NMPOXOJALLCH TPAaHSHTOM YEpes 30HY
aspalHH OT HOYBLL A0 IVIYOOKO PacnoJIOEeHHBIX FPYHTOBLIX
BoA (uaH HaoGopoT). OTMETHM 3jech BeCbMa pacmpocTpa-
HEHHYI0, K COMaJIeHHI0, OLIHOKY — HrHOPHpOBaHHE BepTH-
KanbHOro BoAoOOMeHa MeXAy noyBoH (0OHYHO HMeeTcH
B BHAY nouBeHHBIH caoi 0,5—1 M) H nmKedemxauleil 30Hoj
aspalHi H OTHOCHTe/NbHO IVIYOOKO PAacioJOMeHHBIMH IpYH-
TOBBIMH BOJAAaMH. JTO OTHOCHTCSI K cmoco0y onpejefeHus
cymmapuoro ucnapeuus (H-+Tp) B JeTHHe NepHOABL IO H3-
MeHeHHAM BJIAXHOCTH B mouBeHHoM cjoe 0,5—1 m. Caenyer
TAKM¥e OTMETHTb, YTO NMOCTOAHCTBO BJAAMKHOCTH B KaKOM-JIH-
6o caoe ceuaereibCTBYeT 00 OTCYTCTBHH PE3KO BHIPaXKeH-
HOr0 HeyCTaHOBHBUIEIOCS [BHXKeHHS, HO He 00 OTCYTCTBHH
ABHKeHHsI BooOle (HanpHMep, BJAXKHOCTL PHTHJISI ropaliei
KepOCHHOBOH JiaMnsl ObiBaeT NOCTOAHHOH, a pPacxoji Kepo-
CHHa Ha ropeHue oueBHjeH). Takoe ABHMKEHHe BJArH B 30He
aspauHi (HJAH ero OoTCyTCTBHe) HauboJee YETKO BHIABJISET-
CA NpH BBEeJAEHHH PaJlHOAKTHBHOIO HJIH HHOro HHIHKATOpAa
B BHJE BOJOPACTBOPHMBIX coJieli (Mano copOHpyeMBIX CKe-
JIETOM TPYHTa) H NPOCJAEKHBAHHH €ro NnepeMelieHHs.

IIpn oTcyTCTBHH Ha MaccHBe 03ep H BOAOEMOB AJs Cpejl-
HEMHOTOJIETHHX JAaHHBIX MOXHO npHHHEMaTh AW, =AW,=0.
O6sneannue opmyast (4) u (5), noayunm:;

+g=0c—(H+ Tp)+H1—0, (8)

Qopmyna (6) ocraercs 663 HIMEHEHHS.

Jlanee Bosnukaer Bompoc 06 YCTOHYHBOCTH (B MHOTO-
JIETHEM pa3spese) BeJHYHH, BXOAfALIHX B ypasHenus (8) u
(6) (mo meamopauun). Bonpoe 3TOT BechbMa CJ0XEH, H JHC-
KyCCHS 1O HeMy, IiaBHBIM 0GpasoM mo NoBojdy PpevyHoro

CTOKa, TO ecTh B OTHOWeHHH cymmbl (O+0) aas Gacceii-

HOB PeK, B FHJIPOJIOTHYECKOM JIHTepaType BEAeTCA B TeueHHe
MHOrux Jer. Ilpn srom ykasmBaercs Ha KojeGanus (B MHO-
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ronerneM paspese) suauennit Oc u (H4Tp), cBasauHbie ¢
NEePHOARUHOCTBIO COMHEUHOH AesATeNbIIOCTH, H HA H3MEHEHHA
B CTOKEe BCJEJCTBHE XO3AHCTBCHHOH [ACATeNbHOCTH 4ea0Be-
Ka (pacliHpeHHe NJOILAAH NaXOTHEIX 3eMeJb, HHTeHCH(H-
KallHf CeJIbCKOro X03aicTBa, CHErosajiepiKaHue, 3akjajxa
JEeCHBIX 10JIOC B CTeNnHHX pafionax u jp.). JeiicTBHTENALHO,
yBeJIHUCHHE FAYOHHLI BCNAIKH, CHerosallep:xanHe H JApy-
rie MeponpHATHS AOJMKHBI YMCHBLIUATH HOBEPXHOCTHLIH OT-

ok (0) u yBennunBate (H-Tp) H nHTaHHE TIPYHTOBBIX
BoJL (g). DTo NONMOJHHTENbHOE NHTAHHE MOMKET pacxoio-
BATLCSI HA YBEJMYCHHE 3anacoB rpyHToBhIX BoJ (AW3) wH
noasemuoro orroka B peku (0). TakoBa obmas cxema H3-

MEHEeHHs 3JIEMEHTOB BojHoro GajaHca TeppHTOpHH (H B
TOM YHCJE PeYyHoro CToKa) Noj BAHAHHEM PasBHTHH CeJb-
CKOr0 X03fificTBa. IT0 HaMeHeHHe ocCODCHHO MOJMHO CKa-
3aThCd B CTENHBIX H JecocTennblXx obyacTax — 30He pa3BH-
THA opoinenusa esponeickoii 4acth CCCP.
MHorouHcnennsle HaOJI0JieHHs, NpPoOBe/eHHbIe Ha He-
GOJBIUIHX CTOKOBHIX IJONMIAaAfAX, TMOATBEpIKIAIOT 3aBHCH-

mocTh O OT XapakTepa CeNbCKOX03AHCTBEHHOro HCMNOJb30-
BaHHA. OJlHAKO NONBEITKA MPSAMO NEpPeHecTH 3TH JAaHHLIC Ha
CpeiHHE W KpPyIHBIC peyHble OGaccefiHbl OKasajach 0es-
yenewnoii, Henocpenersenunie HaGnioeHHA 32 PeYHLIM CTO-
KOM KDYIHHIX peK, BO-NEpPBHIX, HEC MNOKa3LIBAIOT OXHAAB-
IHXCS CYLICCTBEHHLIX H3MeHeHH{l cTOKa, BO-BTOPHIX, 3TH
H3MeNeHHsi TPYAHO OTJICJAHMBI OT MHOTOJETHHX KoJseDaHHil
croka. Bo BcaKoM cayuae B HacTodAllee BpeMs NOKa HET
060CHOBAHHONH METOJMKH yuyera HM3MEHCHHH CTOKa Moj BJH-
SIHHEM Pa3BHTHA CEJAbCKOXO03AHCTBEHHOrO NPOH3BOACTBA B
KpynHbix OGaccefinax. Mmeomupecs Ha 3TOT CHeT peKOMeH-
nauud (JIbeoruu, pun, Hpeiiep, 1963) ommnbGounsl no ps-
Jly TIPHUHH: NMpHHSATHE paBeHcTBa +g=0 aaa oAHoro H

TOTO e roja, YUHTHBad HHEPIHOHHOCTL MNOJA3EMHBIX BOJ
BCEr'o pevYHOro bacceiina, HCBEPHO; NpHHATHE NOCTOAHCTEA

(151 OGLIX JIeT) OTHOWIEHHS ——— W aAHAJOTHYHBIX eMY
0c:—0

TaKKe OmHHOUHO H T. N

Bosppamasice K BONPOCY O BO3MOIKHOCTH NpPHMEHEHH:H
Cpe/lHeMHOTOJIETHHX XapakTepHCTHK 3/JeMeHTOB BOJHOTO
Gananca B ypasiHeHHsix (8) u (6) Kak ocHOBH 144 cOCTaR-
JICHHS NMPOrHOSa BOJHOrNO H COJICBOTO PEXMHMOB 3eMelb Moc-
JIE OpOIIEHHS H YYHTHIBafd, YTO BO3JACHCTBHE OpOIIEHHA HA
BOJHBIH OanaHC JaHHOrO MacCHBa 0e3yCcJIOBHO 3HAYHTENb-
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HeH, 4eM BJHAHHE HA HEero APYruX CTOPOH CeNLCKOXO3AHCT-
BeHHOH JEeATeJIbHOCTH, a TAKIKEe HMedA B BHAY TOYHOCThL Oa-
JIAHCOBLIX PacyeToB H TO, YTO HCXOJHLIH BOAHLIN Oananc
JIONKEeH XapakTepH30BaTh CYULECTBYIOULEe NOJOMKEHHE, TO
€CTb H3IMEeHeHHe cseoBajo OBl yuecTh JAJS NPOUIBLIX JICT,
AJNS JAHHOrO cJay4as MOMHO NPHHHMAaTh CpeAHEeMHOI0JeT-
HHE 3HAYCHHS SJIeMEeHTOB BOJHOro (aJiaHca 3a pacyeTHble
XapakTepHCTHKH cyluecTByloulero pexuma. Peun mujger o
BoAHOM OanaHce ANA HOBBIX, HE OpOlUaeMbIX B HacTodAllee
BpeM# 3eMeJib, HO MpeAHasHaYeHHBLIX MIA opolleHus B Gy-
ayueM. Torga B ypaBHeHHH (6) MomHo npHEATE AW;=0
H 3anHcaTrbh ero B BHJE

+g=[0—0=p, (9)
4YTO BMecTe ¢ ypaBHeHHeM (8) Jaer ypaBHenue (7) npu
AW=0.

Onpegenenne BXoAAIWHX B ypaBhenus (7), (8), (9) no-
KasaTeseil H HX B3aHMHAaHA YBA3Ka H ABJAIOTCA 3ajaveil co-
crapjends Boauoro OGananca, 3uayenHs Oc oOwiyno
XOpPOLIO H3BECTHB, H YCTAHOBAEHHE HX He BLI3LIBACT TPYA-
Hoctedl. IIpn aToMm, olHaKO, HAMO 3HATH HE TOJBKO cpejue-
MHOTOJIETHHE KOJIHYEeCTBa OCaJKOB H HX KO3((PHUHEHTLI
BapHauHH, HO H MecsiuHble, H JACKaJHbIe OCajlKH, KOTOpLIE
HCOOXOAHMBl AMA AanbHEHAIHX pacyeToOB NepClneKTHBHOrO

pexkuma. [loBepxnocTunii nputok [ 4acTo OTCYTCTBYET
(paBHHHBEI, BOAOpa3/ieNbl), HO B HEKOTOPHIX CAyYasx sBJs-
€TCA BecbMa CYUIECTBEHHLIM (3aTONMsEMble MOHMBI, CTOK B

HH3HHLI C OKPY}KalOUHX BO3BLILIEHHOCTeil). 3Hauenme [7,

Kak B O, onpefensioT Mo rHAPOJOrHYECKHM JaHHBIM, JyH-
e secero (pakTHYECKHM, a €C/IH HX HeT, TO [0 CHpaBOYHH-
KaM HJH KapraMm. 9TH JaHHblé KOPPEKTHPYIOT C YYeTOM
reoMop@oJIOrH4ecKHX H APYrHX YCJAOBHA CTOKA METOAOM
aHaJIoros,

HaunGosee cloXKHBM ABASETCA ONpefeneHHe BeJHYHHbL
(H+4-Tp). B kauectBe nepsoro NpHGJHMKCHHSA OHA MOXKeET
6biTh B3ATa ¢ CHApPOJOTHUeCKHX KapT BoAHoro OaJiaHca
(Tpouuknit, 1948). IIpn sToM caenyer HMeTb B BHAY, 4YTO
NpH HX cOCTaBJeHHH B ypaBueHuu (7) He yuntwmsasau AW,
{H+H} H =+p, a (ﬂ+£}} Gpann Jas CTBOpA PeKH, rje
H3MEepAAH CTOK. JlaJee CpaBHHBAIOT MOAYYEHHLIE 3HAYCHHS
(H4Tp) c BoiuHcaeHHLIMH anaauTHueckuM nytem (Kon-
crautusos, 1963; Twopk, 1958; IUapos, 1959, u ap.). Ha-
KOHell, BecbMa KejlaTe/ibHo noJjesoe onpejpencuune (H--
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+4Tp) meromom TenioBoro Gajanca (NpH H3LICKAHHAX),
KaK 95TO HenaioT B HacTosiee BpeMs HA MHOTHX METeO-
crannuax. OnpeneneHHe BeNHYHHBI —£g BXOIHT B 3ajavy
W MOYBOBEeNOB, W THaporeoaoroB. IloutH Becerga mo THOY
MOYB MOKHO ONpeleJHTb KavyecTBeHHOE HampabBJeHHE Bep-
THKaJAbHOro ob6MeHa, TO ecTh mpeobaajaHHe BOCXOAALLEro
HAH HHcXoasmero Toka. lanee rnyOOKHEe noYBEeHHBIE pas-
pessl (0 rPYHTOBBIX BOA NPH HX GJIM3KOM 3aJieraHHH H Ha
rayGuny 5 M u Gosee npH rayGoKOM 3ajeraHiu) u HabJio-
NIEHHS 3a BJaXKHOCTBIO MOYB, PACHpENiesIeHHEM CcoJieif H HX
JHHAMHKON B TeueHHE rofa, a TAaKXKC HCMNOJh30BaHHE HH-
AHKATOPOB MOTYT NoMmoub onpefeants —kg. Ilpn nmomonn
ReJIHYHHBEl =g ypaBHeHHe (8) saMbiKaeTcs ¢ ypaBHEHHEM
(9), rne 3HaueHHe -+g onpeaendiOT He3aBHCHMBIMH THIPO-
reolorHYecKHMH MeToaami. Omnpejenenue  MOA3EMHOTO
nputoka IT u orroka O, BXoAAUMX B ypasHeHHe (9), noc-

TATOUHO XOpOIIO H3BecTHO rHaporeogoram (Kamenckni,
1947; Cuann-Bekuypun, 1958; Bepurun, 1962, u ap.).

[lpn onpejeneHHH HaAEXKHOCTH 3THX JAaHHBIX clenyer
NPHMEHATL CTATHCTHYECKYIO OleHKY. BeHAY GoabmoH CTO-
HMOCTH pasBeflouHoro GypeHHs, a Takie cnoco0oB onpese-
nenusi kKosthduuHenta GHABTpPANHH METOAOM OTKaweK
BeChMAa TEPCNEeKTHBHO KOCBEHHOE OmnpeliejenHe napameTpon
BOJIOHOCHBIX NJIACTOB NMPH MOMOIIH PEXAMHBIX HaOMIONEHHI
3a HeycTaHOBHBIIHMCSE ABHxennem. O6paboTKy maTepHa-
JIOB MOMKHO BECTH pa3JHYHLIMH MeToJaMH — aHaJIHTHYe-
CKHM, METOJOM KOHEUHHIX pas3HocTeil, MOJenHpPOBaHHEM
(Kamenckuii, Tapuy, Msicuurosa, Cemenora, 1960).

Ocofo caeayeT NOAYEPKHYTH HeoOXOAHMOCTh HCCaeo-
BAHHA H ONpelesieHHs BO BCEX CydYasix HAaNHYHA (HJAH OT-
CYTCTBHA) BojooOMeHa TPYHTOBHIX BOJ C HHMKeJEXKaluMmH
MIacTaMH MOA3¢MHBIX BoA. Jlns 3TOro HeoOXOAHMO MbE3O-
METPHPOBaHHE H oONpejeNenHe rpaiHeHTOB BOCXOAAUIHX
HAH HHCXOAAIIHX TOKOB H YCTaHOBJAeHHe KO3(Q(HUHEHTOB
dHALTPAHE B BepTHKAJbHOM HanpaeneHHH. Takum oGpa-
30M, pas/iefibtHoe H COBMECTHOE pelnenne ypaBHeHHi (8) n
(9) nosBosifieT KOHTPOJHPOBATH NMPABHIBLHOCTE COCTABJEH-
HBIX BOJHBIX 6ajaHCcOB JINA CYUIECTBYIOINHX YCJOBHH C npH-
BJICUEHHEM JaHHBIX METCOPOJNIOTHH, THAPOJOTHH, TMOYBEH-
HBIX H THApOreonorHyeckux wccnenopanuil. Kaxanii H3 co-
CTABJSIONHX 3JEMEHTOB Boanoro Oananca HeoOXOLHMO
ONpefessaTh HEe3aBHCHMBIMH  MeTolaMH. IHejpomycTHMBle
HepAsKH B 0anaHCOBHIX YPAaBHEHHAX YKAXKYT Ha HeLOCTATO"-
HYI0 HAJeXHOCTh MaTepHaNoB H HeoOXOAHMOCTBR HX YTOU-
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Henna. [IpakTHKyOUleecs OnMpejesenHe OJHOro0 HEH3BeCT-
HOTO 3JeMenTa BojHoro Gananca, No KOTOPOMY He MPOBO-
JAHAH HaGaoaenns, u3 6anancoBOoro YpaBHCHHA BeleT K
HEONMpPeaeACHHBIM OmHOGKaM H He MoMeT OwiTh NPH3HANO
ob6ocHoBannuiM, Hepaska B ypasHeHHAX BofHoro Ganamca,
KaKk HaM npeacTaBasercd, MoxeT OuTh Jjonymena B 10%
no coobpa:eHnaM, YKa3aHHBIM BhIIIE,

[Ipn BBICOKOM CTOAHHH IPYHTOBHIX BOA H npH naGaonae-
HHH 3a HX ypoBHeM GaJaHCOBBIE pacudeThl 06Jerdaiorcs
TEéM, UTO CVIIECTBYIOT  JONOJHHTENbHBIE 3aBHCHMOCTH
CYMMapHOro HcCnapeHHs OT IMIYOHHH TPYHTOBHIX BOJ, CBfi-
3H 3amacoB BJAarH B TOJNIE NOYBOrPYHTA ¢ TAYOHHAMH
FPYHTOBLIX BOJ H HMEeTCs BO3MOXKHOCTb COCTaBJICHHS ce-
30HHOro MJAH Mecawnoro OajaHca TPYHTOBBIX BOJ NpPH H3-
pecTHRIX AWs B ypasuenun (6). Ilpm XxapakrepHcTHKe He-
cTaGHAH3HPOBAHHOIO BOJIHOTO PeKHMa ACHCTBYIOUIEH Opo-
CHTeAbHOIl cHcTembl ypasuenns (8) u (9) HenpHMEHHMb H
OCHOBHBIC BBIPAXKCHHS JIOJMHH OLITb H3MEHEHH € Y4YeTOM
BojionoAaun ¥ uabTpanHonnuXx noteps (Asepbsros, 1959,
Illapos, 1959; JleGenes, 1957; Kan, 1963, n ap.). Ilpu co-
cTaBNeHHH BoaHoro Gananca AeficTBYIOUMIHX CHCTEM HC-
MOAL3YIOT JAHHLIE SKCMIYATAUHOHHOH CAYXKOB H MaTepHa-
JBl MONOJHHTENLHEX NMOYMBEHHBIX H THAPOTCOJOTHYECKHX
HeeaeNoBaHHi, KOTOphe OOLMHO NPOBOAAT BBHAY HeJLOCTa-
TOYHOCTH HAH HEHAJECHHOCTH ISKCIJIYaTaUHOHHBIX MaHHBIX,
Bonpoc 3TOT HMeeT CBOH OCOGEHHOCTH, KOTOpLIE 3/leCh pac-
cMaTpHBaThCH He OyayT.

L

Fnasall
CESi3b BOQHOrO M CONEBOrO PEXXMMOB

Ecan cocrapaende poanoro Gananca W XapakTepHCTHKA
CYUIECTBYIONIEro BOAHOTO peiHMa JUIs NpegnasHavennbix K
OPOLICHHIO WJH YK€ OpollaeMbiX 3eMenb B OnpelejeHHON
ctenenu paspaboranul, To Hayyenne Gamanca coneit — Go-
Jiee CAOKHBI BOnpoc, H Hee/IeJoBaH OH ABHO HEJOCTATOMHO.

B nactosuee spema coGpan # oGobuieH orpoMHbH ak-
THUECKHIT MaTepHaJ Mo THNAM 3acCOJeHHA NOYB, pacnpene-
AeHHI0 coseil B nmousax (H HHOrNA B TPYHTAxX) AAA THIHY-
HBZ ycaosril, paspaGorana MeTojAWKa noJeswx u Jabopa-
TOPHBIX HCCAETOBAHNI, NONYUEHH HEKOTOPLIe NPpaKTHUYeCKHEe
peKoMeHJaluH N0 TAK HA3HIBAeMBIM KPUTHYECKHM T1yOHHAM
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3ajieraHns TPYHTOBBIX BOJ HA 3aCOJICHHBIX 3eMJAX, Npo-
MBIBHBIM HODMaM, peKHMAaM OpPOIUEHHS H JAPYrHM BaXKHeli-
uriM Bonpocam (Kosaa, 1947; Posos, 1956; Eropos, 1954;
Jlerocraes, 1953a; Bonobyes, 1959; Kau, 1963, u np.).

He ymansa snaueHHs BbillcHa3BaHHBIX palot, omepe-
AHBLIHX MO CBOeMY YPOBHIO 3apyOlexuble HOCTH:KEHHA B
370l o06JyiacTH 3HaHHH, OTMETHM, 4YTO ¢ KOJHUeCTBeHHOI
CTOPONLI IpoLecC ABHMEHHA cofiell B 3THX paboTax MOYTH
He satparuBaercda ([peHax ceJbcKoXo3sficTBCHHBEIX 3e-
Meab, 1964), Onnako Gea anaHusi 3akoHoMepHOCTell JBHIKe-
HHSA COJIeH TPYAHO OOBACHHTH CJAOMKHBIIUICH CONEBOI PeIKHM
NOYB H OCOOCHHO CJ0XKHO OGOCHOBATH LejecoobpasHbie Me-
PBI 00 HX YAaJeHHIO (HanpuMep, ¢ NMOMOIIBIO NPOMBIBOK H
apenaxa). Cuepyetr oTMETHTB, 4TO [0 BOIPOCAM PacTBOpe-
HHA H NepeMeuleHHs BeEUICCTB B NMOPHCTOH cpejie HMEIOTCH
Hechaegopanns pusukoxumukos (Jlesuu, 1952; Bepurus,
1953, n np.).

ONBITACMCA XOTA OBl MPHOJHIKEHHO YCTAHOBHTL CBA3b
MEIY BOAHBIM H COJIEBLIM PEKHMaMH IOUYB IPH PaccMoT-
PEHHH COBMECTHOTO JABHiKEHHS BOAB H coJiell HpH NOJHOM
HACBIIUECHHH MOYBOTPYHTOB (C PaCTBOPHMBIMH COJSIMH).

Has mpocreiiluero cayyas ocHoBHOe ypaBHeHHe IBHIKe-
His coaell Oyner caenyiouium (Bepurun, 1953; Pacreope-
fIHE H BLILIEJAYHBAHHE FOPHEIX mopof, 1957, u ap.):

dn d*n dn

— =D*= _ v 1 B(n.—n 10

at a’:! a.t ﬂ( o }‘I { }
FAE i — KOHUECHTPANHA MOYBEHHOTO pacTBOpa, rfm; ! — BpeMs, cyT; X —
PAcCTOANHA, M; V — (AKTHICCKAs CKOPOCTb ABHXKEHHS BOAH B Nopax
rpyura, pashas V=Vo/m; Vo— ckopocts ¢mastpauun, m/cyr: m — no-
POSHOCTE, Fflx — NpefeabHAS KOHUEHTPAUNA HachILEHHA; — K03 -

uuent pacreopenud, l/eyt; D* — kosdpduuuent konsexTHBHOR (duAbLT-
paunonnoii) arpdysnE, M3fcyT,

IT0 ypaBHEHHe NpeAnoJaraer JHHeilinoe (onnoMepHOE)
JABHKEHHE COJIeH H BOJABI BJOJIb OCH X, NOCTOAHHYIO CKO-
pocTh puAbTpaunH Vo= const n He3aBHCHMOCTL HHTCHCHB-
HOCTH pACTBODEHHA cOJep:Kalluxca B TBepaof dase mouswl
coJieii OT X oObema u mosepxuoctd. ITpn  HecoGmioneHHH:
STHX yc/ioBHiH ypasHenue (10) ycaomusierca (Pacreopenue
i Bhlllle1auHBanHe ropHeix mopoa, 1957). Hs ypapnenns
CJACLYET, uTO H3MeHeHHE BO BPeMeHH KOHLEHTPALHH coJel
B KakoH-nu00 Touke PaBHO NOCTYNJEHHIO cofeil B pe3yJib-
TaTe pasHOCTH KOHUEHTPALHH MOYBEHHOro pactsopa (HHG-
(pysHoHHBI usieH), nepeHoca coJeil ABHXYLICHCA BOMOH
(KOHBEKTHBHHI 9JieH) H BCJIEACTBHE pacTBopeHHs TBepuof
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¢assl coJieit H MOCTYMJeHHA HX B pacTBop. B cayuae cop6-
UHH coJjiefi (BHImajieHHsi HX B TBepayio ¢asy) nocaeanui
yjaeH ypapHedus (10) moneH GeiThb HHBIM H HMeTb o6part-
HBEIH 3HAaK. P TeopeTHYecKHX H SKCHEpHMEHTaJbHHIX HC-
caegopanuit (Aseposinos, Llss [a-aun, 1960; Apepbanos,
AGpyparumos, Paunnckuit, 1963; Brenner, 1962, u ap.) no-
Ka3aJ, uTo NpH HaJHYHH claGopacTBOPHMBIX coJieil (HanpH-
MEp, THICa), HaXONALUIHXCA B SHAYHTENBHEIX KOJHYECTBAX B
IPYHTax H MOYBax, H 3HAYHTEJbHBIX CKOPOCTAX (HILTpa-
LHH, MO-BHAHMOMY, INIaBHOe BHHMaHHe cjeayeT obpaiarhb
Ha nmocjaefAnni yjex ypasHenus (PacrBopeHme M BHLIeJayH-
BaHne ropuwix mopoi, 1957). Ilpu xopouo pacTBOpHMBIX
COMIX H MaJOM HX cOfiep:KaHHH B TBepioil ¢ase (Hampu-
mep, xyop) ypapHende (10) ynoBJAETBOPHTENBHO ONHCHIBA-
eT HaOJiofalomieecs B HATYpe H SKCIEPHMEHTax pacnpeje-
JieHHe coqieH Oes mocJeHero 4jieHa, To €cTh

B _pe T8 _yon (11)
ot a _ ox "

L]

B stom cayuae oco6o Hafo nofuepKHYTh, 4TO0 KOS((HUHEHT
KOHBeKTHBHOH AH(p¢Py3un D* yunrbiBaeT 0coGeHHOCTH [BH-
JKeHHs1 pacTBOPOB B NMOPHCTOH cpele (TaK HasbBaeMEle
NPOLOJbHBEIE H IONepeyHble 3(pdeKTH) H He paBeH oGbIUHO-
My Ko3(pduuneHTy auddysan D B nokosuieMcs pacTBOpe.

PaccMoTpHM HeKoTOpHe NPOCTHE NpPHMEpH pelleHHs
ypaBHeHHs (11) aJaa RJMIOCTPALHH CBA3H BONHOTO H coJie-
BOro pexHMOB. B 3TOM oTHOIleHHH HHTepecHa pabora
(Brenner, 1962), rpe ortmeuaercsi poJb maudysuu coseil
B MOYBAX H BaXHOCTE ee yueTa.

YcraHOBHBLUMECH BOAHBLIA M CONEBOH PeXXMMBI

ITpeanosioxkuM, YTO B T€UEHHE MHOTHX JieT (B €CTeCTBeHHBIX
YCJOBHAX HAH YCJAOBHAX [JHTEJNBHOrO OpolleHus) Habuaio-
JAaercd YCTOAUHBOE 3a4cCOJIeHHE TOYB HJH HX YCTORYHBOE
paccodieHHe (B NaHHOM NpHMEpe MBI CUHTAEM BO3MOMKHEIM
npeHeOpeyb CE30HHBIMH OTKJOHEHHSAMH OT ofllero Hampag-
JeHus mpouecca). Ilpumem, 4TO Ha NOBEPXHOCTH TNOYBH
eXeroiHo mocrynaer cnoit Boasl M, (B M) ¢ MuHepajH3a-
uueii n, (ona moxer OGBHTB, B YaCTHOCTH, papHa HYMI0),
a ucnapsercs ¢ Hee caoit oas M; (B M) (ecrecTBenHo, uTO
npH HcnapenHH Beerga n=0). Cpejnerojosbie HHTEH-
CHBHOCTH (HJH CKOPOCTH) NOCTYIJIEHHS H pPacXOlOB4HHSA
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Puec. 2. Cxema K pacueTy nepesBHMeHHA CO- ll*}r#,:l flﬂ}fﬂ-ﬂj

Jiell B MOYBEHHOM caoe. _n__
H
]

BoAbl Oyayr cooteerctBenno Ve m V)
(8 mfcyr). Hafinem pacnpenenenue
cojieii B MOUBEHHOM cJoe x; (puc. 2),

MpH4YeM H3BECTHO, YTO MHHEpaJiH3a- Ty
IH NOUBEHHOTO pACTBOpPAa HA Tay- _
6uue x; pasha n;. Ilpn sTux momy- i"'? 2

lieHHAX B ypasHeHHH (11) Moxno g
pHEATL —— =0, V=-Y1—Vs
ot m
(m — CKBa)KHOCTb MOYBHI, MJH CpPeAHAA OOBEMHAS BJIAXK-
HOCTE CJIOH X;).
[Tpumem V; > Vi, TO ecThb HMEET MecTO MOMITHTHIBAHHE
rpyntoBeiMH Bofiamu. Torjga ypasuenue (11) mpumer BuA:

d*n dn
mﬂ*&;hl_(vl_vi} E =ﬂ':

r/ilc 3HaK IJOC Yy BTOPOro 4JeHa B3fAT MO0 YCJOBHIO 3aJlauH.
Ilocsie nuTerpupoBauus monyunm:

d
D‘E”+W1—V2} i=c‘ (12)

BuiicHHM yC/I0BHSI HAa NOBEPXHOCTH MOYBHI (x = 0).
3/ech N0MKeH cOXpaHaAThbes GadaHe coJieli, To ecTh

D*E“I‘ {FI—Vg}i—I'in tn! (13}
dx m m
rae n’— MHIEpPAJIHIAUNA MO NOBEPXHOCTH noussl (x=0).

naV
Orciofga Haxoaum, uto C=— 22

. C yuerom ycaoBHA

X=Xi, n=n, NPH HHTErPHPOBAHHH ypaBHenus (12) moxy-
yaeM:

(x,—x) (V;—V.)
naVs ( aVg ) mD*
R —- P00l fpay mVe Y, . (14
TS AR e 19
Beenem oGo3nauenns:
Vy ny ny xy



¢ 1 2 J 4 § 6§ 7 & Pnc 3 Cxema pacnpeaenenns cojedt
X ;}/ N —T_ | B nouseHHOM ciA0e NPH Pa3THYNBIX
L L'
T il {4 / COOTHOLIEHHAX  CKOpoOCTEel  BEpTH-
- kaavtioro  sogooGmena V=V /V:
II/I/;H/ npy Pe=1, ng=0.
. )7 napamerp ITekne
V=05
iﬁ e F‘ﬂ? 1 x l.l'
gV Y
R e ) B 63 s omp* '
5 \ Torjia ypasHenne (14) nmeer .

P g e T . BRR

2 Pe (I— -:F— (1—%)

?;=——_i=—+(1+ ny )e . (15)

[
Anaausupysn ypasnenne (15), MoXKHO caenaTh HEKOTO-

pEIE 3aKAI0UEHH.
Ha pucyuxke 3 npeacrapieHo pacnpejieneHue cojel npH
v

Tr 1
Pe=1, HO NpH pasHOM COOTHOLICHHH CKopocTeil V= "7" »
|

Hs paln:/yﬂxa 3 BH/IHO, 4TO TOJALKO AAs cayyaes V << 1 uan
V, << V. wmuBepajanzauus mnouyBeHHoro pacresopa Oyjer
MCHbBIle MHHepaaH3allHH TPYHTOBHIX BOJ (ny).

Mnaue rosopa, ecan rojlopoe HeMapeHHe NMpepulacT ro-
JIOBOE NOCTYMJEHHe BOJAH HA MOBEPXHOCTb NOYBH (OCajKH
N5 HeopollaeMulX 3eMesb HJIH OCaJIKH IJTIOC NOJHBHAA BO-
la a8 opollaeMbIX 3eMelb), TO ecThb HMEeTcs MOCTOSHHOe
MHTAHHe T'PYHTOBHIMI BOJAAMH, TO NpH Ji060M cofepaHHH
PAacTBOPHMHIX CcOJiell B IPYHTOBHIX BoAax (m;) MHHAepaan3a-
KA NoyseHHoro pacrteopa (ocobenno GaniKe K MOBEPXHO-
CTH NMouBH) Beerfia GyleT BuILE MHHEpaJH3alUHH TPYHTOBHIX
BO. Bo3aMoOmHO, KOHEuUHO, cCe30HHOe OIlpecHeHHe, HO OHO
GyaeT BpEeMeHHBLIM, TAK Kak B obuieM npouecc HanpaepJjeH
Ha 3acojenue. 3acoseHHe MOYBH HEFHBJIF[ETCH Gecnpenedb-

1

HBIM, @ 3aBHCHT OT COOTHOLUEHHHA

|
U0 BHAHO M3 pHCYHKa 3, COCTABJAEHHOrO JJIf Mg = Dn

Pe=1. Tak, aaa cayuas V=15, To ecTh aas YCJOBHH,
KOrila Ha Henapenye pacxojyercs %3 ocajlkoB H NOJHBHOM
BOABI H !/3 TPYHTOBHX BOJ, MOBEPXHOCTh Moushl (npH Pe =

, Pe H ng, uTO XOpO- .




= 1, n; = 0) 6yaer comepxats npuMepHo B 2 pasa 60Jb-
uie coJieif, 4eM I'PYHTOBHE BOJH, HECMOTPS HA OTCYTCTBHE
cojieii B ocajlkax H noJHBHON Boge (ng = 0).

Bansinne napamerpa Ilekme (mas cayuas V= 1,5,

ny=0,2) na pacnpenenenue coseif NMOKazaHO HA pHCYH-
5V
ke 4. Tax gax Pe = Elﬁ:' TO TNPH YMEHBUICHHH Ko3(dH-
IHEeHTA KOHBeKTHBHOH AHpdysnn D* 3acoscHue yBeanyura-
ercda (MpH NMPouHx paBHbIX yenoBusax). Ha pucynke 5 noxa-
3aHO BJIHAHHE MHHepaJH3alUHH TNOJHBHOH BOAM (B NpH-
MOpCKHX pafioHax BJAMAHHE NPHHOCA coJieil BEeTPOM) Ha yCH-

JeHHe npoiuecca saconeHua (npu V = 1,5, Pe = 1).

Kpusbie pacnpenenenns coseii npu V>1 xapakTepHml
JIg cOJIOHYaKoB, o6pa30BaBIINXCA NPH ABHOM pacXojoBa-
HHH TPYHTOBHIX BOJA Ha HcmapeHune, Takoe pacnpenenerue
coned HabOmonanock B Tosoanoit crenn  (Jlerocraes,
1953a, u np.), Kpuimy (Hosukosa, 1962) u B Apyrix pafionax.

[Mpusenem eme manusie (M. A. Enryaatos, JI. M. Kan
H Jp.) MaccoBHX HabatoneHuii 3a cofepKaHHeM coJeli B
MOYBaX opollaeMueix padonos Pepranst H Byxapn npn 6/1H3-
KOM 3aJieraHuH rpyHToBHX BojA (Enryaaros, Epewmen-
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Puc. 4. Banawne nmapamerpa Puc. 5. Bananne Muuepa-
ITexne ma pacnpenenenmne co- JH3AUHE NOAHBHOA BOAM
neft npu V=15, na=02. HAa npouecc 3acoleHHA

npn V=15 Pe=10.



Puc. 6. Coaepmanne coacii B
nounax  opolaeMux  pafionos
Qepranckofl foamast #  bByxap-
CKOINo 0Oa3iHca I'I]}I'I ﬁJTHEKﬂH J4-
Jeranin I.'E}"HTQBHI poa (Enry-
JaTon, pesmenko, YcMaHOB,
1964):

a — paflon  PeprancEofl  AoAHHB
(. A, Enryanaton); 6 — Hedafipas-
Mlaxumapgan (H. A. Enryaarton):
8 — Byxapexuft oasme (JI. M. Kan).
TCayGHHa FPYHTORKX DO

fF—1 m; — 156 M 3=2 m; 41—
26 m; §—3 M F—305 m,

H]

ko, Ycmamos, 1964). Ounn
nepesefieHbl HaMH B OTHO-
CHTEJNBHBE BeJHYHHB H IO-
Kasansl Ha pHcynke 6,

oL : - rje 1o OCH X OTJIOKEHO OT-
— 7 77— HOCHTE/IbHOE  paccTosiHHe
OT MNOBEPXHOCTH 3€MJH B
poasx ot rayOHubl 3aJleraHHs rPYHTOBHIX BOJA, a Mo
OcH abclHCe — OTHOCHTEABHOE cofepiKanne coseil 1Mo ropH-
30HTAM B JIOJIAX CPE/HEro cojlepyKannda coJiei s Beel ToJ-
IlH OT NOBEPXHOCTH 3eM/IH 10 FPYHTOBHX Boj. HecMoTps Ha
paafpoc ToueK, uTo BnoJHe o6LACHHMO MacCOBHIM Xapakre-
poM HaGJaIOfeHHI H pa3jiHYHeM MeCTHHX yCJAOBHH (pa3Hbie
ray6HHL TPYHTOBBIX BOJI, CTENEHH 3acojends M T. J.), BCe
¥e Ha pHCyHKe 6 IcCHO BHAHO NMOATATHBAHHE COJIeH K NOoBepXx-
HOCTH NMOUBLI, H XapaKTep OcpelHeHHOH KpHBOH OJH30K K
TeopeTHYecKoil (o CpaBHECHHI0 C PHCYHKaMH 3—5).
Boabuoit uutepec npeacrasasier onpeneieine Koadopu-
uHeHTa KoHBeKTHBHON auddysnn no noseswiM Habaone-
HHAM 3a pacnpejejeHneM coneil. 3nanne storo Koshou-
IIHeHTa MO3BOJAECT MOAOATH K pelleHHI0 3ajaud CBA3H BOMA-
HOTO W COJICBOTO peXKHMOB H, uTO HaunboJjee CyIIeCcTBEHHO,
K COCTABJCHHIO MPOTrHO3a CONECBOTO PeXHMa H 060CHOBAHHIO
MeponpHaATHHA Mo 6opbOe ¢ 3acoJieHHEM 3eMeJb.
[Toabaysack dopmyaoit (15), MoKHO onpefleanTh cpen-
Hee cojepaHne conefl B cjoe NMOUBH OT FPYHTOBEIX BOA M0
NMOBEpPXHOCTH 3eMJIH:

1 : 1
=5 e M F{F-—|+i.]_[""("'r‘] ]
"“”_,Sw T—1 | am—1 L T
(16)

0



M3 dopuyan (15) cieayer Taxke, uro npu x =0
1
ope( 1— —
R (S
2 _ﬂs _]_ l-"'?l-l' g e ; [1?}
V—1 V—1)?
O6beaunns dopmyan (16) u (17), noayunm:

L Vin'—1) 8
NPT 0 R R o

HJIH
Paainate g A1) ns (19)
E{I"'—-l) V—1- ng
- e B ~ Mep
TAg N ==") Ngpg=""a
ny ny

CaenoBatenbio, 3Hasi pacnpefejeHue coJeii (n', ny,
necp), Boauufl Gaaauc (V;, Vi), nopossocts (m) H rayOHHY
rpyHTOBEIX BOL (X), Moxuo onpenenuts Pe n D* Ecan
n3BecTHn kos(pduuuent D¥, pacnpeneierdne cosieii H BONO-
nojavya, To MOXHO HAHTH CyMMapHOe HcnapeHHe H yuacTHe
B HeM I'PYHTOBBLIX BO/I.

Hcnonb3ys nanHble, NpHBejeHHble HA pHCYHKe 6, onpe-
neaum D*, Ilpuaumas npuGaHXKeHHO ocpeHEeHHOH KPHBYIO
Ha pHCYHKe 6, moayunm fiep = 1, ny = 0,6; n’ = 1,6; cpen-
HeB3BellleHHas rayOHHA TPYHTOBHIX BOA X = 2,1 M.

IMpeanonoxkum, uto CpeiHss OpPOCHTEJBHAA HOpPMA
(nmioc ocaaku) 6umaa 8000 m3/ra, a nuUTaHHe TPYHTOBHIMH
BofiaMu cocrasasio 209 cymmapHoro ucnapenna. Cpen-
HIOW OOBEMHYIO BJAAMHOCTL B CJA0E OT IPYHTOBHIX BOJ M0
NOBEPXHOCTH NoYBHl NMpHMeM pasHo# m = 0,30, a muHepa-
JIH3A1HIO NOJAHBHOMN Bolbl np = 0,1 n,. Torna

8000
S .o a0 S sieyn Ve Ve 802 V5
Vi= 1,25V V= 125, w = 0267,
] ol L et
ey = 5= 1,67.
[To ypasuenuio (18)
Pe= 1-25*1.'&? g2 2'[]2ﬁ2'

2-(1,67-0,25+4 0,1)
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[To dpopmyae (19) anasorHuHO mMOAyIHM:

1 .19 2,67.0,254-0,1
Pe=—.2=2 e =
e 20 ,31% 0. o 1,97,

uyTo GJH3KO K HalileHHOMY 3HayeHHi0 no Gopmyae (18).
Torna

== Fl-’:; ot 1125"2,2*“}4 = “ —3 2
D ——— Tovs 2,1 = 4,8-10 m¥/cyT.

Hmepuinecss HeMHOrOuHCJICHHBIE NaHHHE M0 OIpeaeJe-
HHIO Ko3(pdHuHenTa KOHBEKTHBNOH (pHALTPAaUHOHHOM)
naddysun D* nokasaam, uTo ero 3HaueHHs HaXOAATCS B
npeaenax (0,1 < 10)-10-° m*/cyr. Tak, npu nepeHoce B
noyse TpHTHA Habalopaanauck sHavyeHus D* = (0,8=-3)-10-3
m?fcyT (JI. A. JleHckuii).

Jaabuefine HecaeloBaHus MO3BOASAT GoJsiee onpeesieH-
HO YCTAaHOBHTH 3HaueHHsa D¥* gasi THONHYHBIX YCJAOBHH, HO
yiKe ceHyac MOXKHO FOBOPHTB O TOM, YTO AHANasoH H3MeHe-
HAA D* ne Goablue, yeMm AHANA30H H3MeHEHHI Takux obuie-
IPH3HAHHBIX KOHCTaHT, Kak Kosgduuuedtr uabTpauuu
moyporpyuros. Koneuwo, onpenenenne D*, kak 0 Ko3pdu-
IHeHTa (PHALTPALMH, B MOJEBLIX YCJOBHAX — HaunboJee Ha-
JNeHHBIH MeTOA.

PacemoTpenHass npocteiillas cxemMa JBHXKeHHSA coJed
uMmesia pan yejaosHoctedl. [Ipuaumanoce, uTo Hemapenue
MPOHCXOAHJIO HENoCpPeJACTBEHHO ¢ NOBEPXHOCTH MOYBH, TOT-
Ja KaK cymMMapHoe HcmapeHHe (c y4eToM pacXof0BaHHA
BJArd KOPHSIMH pacTeHH#) OXBaThiBaJ0 KOpHeoOHTaeMyl0
30HY, TO eCTh nNoYBeHHHI ca0i 1o | M u Gosee. [IpuGanKeH-
HO yuyTeM H 3ToT ¢hakrop. B nmepsom npubaumxenun Oynem
CYHTATh, 4TO, HAYHHAs ¢ KaKoH-TO IJayOHHBI X;, KOPHH pa-
CTEHHH HCMOJB3YIOT BJary Ha TPaHCOHPAIHIO, NpHYEM HH-
TEHCHBHOCTb HCHNOJb30BAHHA BOJALI B 3ToH 30He (oT x =10
a0 x=ux;) —nocroannaa peauunnal, Torpa B 30He
0 < x << x; ckopocTh (HABTpauUHH OyleT H3IMEHATHCA JH-
HefiHO Mo 3aBHCHMOCTH

V - Uli' e V’- (20]

L

{ Momno sagathes APYrofl 3aKOHOMCPHOCTBIO, HAMPHMEDP CYHTATH
HATEHCHBHOCTh NOTpelicHHA KOPHAMH pacTeHHA BJAarH H3 DOYBW  MPO-
MOPUHONAJLHOM pacnpefeNenHio MACCH KOpHefl; pacuer NpH 9TOM yCIOX-
HACTCH, He HAMEHSACH NPHHIHIHAJLHO.
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Ilpu x =1, 10 ectb ray6iKe 30HE pacHpoCTpaHeHHSI KOp-
Hel, IpPHHHMAaeM, KaK H B npenuayileil sanave, V=V,—V,.
Toraa ocHoBHOe ypaBHense (11) npumer BHI:

D L (Vyx—Vy)n =0, @1)

Haiinem pemenne ypasuenns (21) mpu 0<<x<C1:
8) x=xg; n=ny

6) D* L2t L (V,x — V) = —Vyny,
pe(1-%) [143— = cpdfz " e
e b ( v]+ﬁ£¢, ( v).21;Pe %

=) e
rae [(u) = —il%:m[m}; @ (u)=-eri(4) — HHTErpan BepOATHOCTH.
HMuaue ropops,

H -
f(a)=[e* dz,
0

npHYeM
3 uﬁ HT

I
F=s+—r+ o5 T a7

T FO =0 f(—u)=—]{v).

Jlasi 30HB X == | 1IpH coxpaHeHMH YCJOBHS Ha rpammie
30HBEI, TO €CTh NPH X == 1, u umen B BHAY obmuit GanaHc

conedt, moxno sanucate V=V,—Vs uto naer pelensue:
- 1
—2pe(x—1) (]_'T')
V

i e A ng
. {F_1>+(I+F_1)*’ s

QopmyJiBl CyLIECTBEHHO YIPOLLAIOTCA JJISl YaCTHHX CJYy-
yaes, HanpuMmep npH ny=0 (Ho V25=0!), To ecTb NpH He-
NOJb30BAHHH JJIsl MOJAHBA HEMHHEPAJH30BAHHHX BOI,

OGumuit xapaxkrep pacnpenesieHusi coiefi B IIOYBeHHOM
Brare (ans np = 0) mokasaH Ha pucyHKe 7, H3 KOTOpPOroO
BH/HA pe3Kas 3aBHCHMOCTH }LHBHHTEPE 34COJIEHHSl MOYB OT

COOTHOIIEHHS cKopocTell V = '.-'_I 3necy V, — cpeanero-
2
JIOBasi MHTEHCHBHOCTh TpaHcnupauuu, Vs, — cpeianeronopas
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Puc. 7. 3aencumocts pacnpefeae-  Pue, 8, Bananwe Munepanszauuu
HHA cOIeH B N0o4Be OT COOTHOIIEHHS NOJIHEHBEIX BOA HA 3acojJecHHe
CKOpocTell BepTHKa/ApHOro BoA0o06- mouB (AAR cXeMul puc. 7) npn

meHa V ¢ yuerom pacxofopamns Pe=2, V=2
BOAH KOPHAMH pactennfi npe V=

=F;|I—F_g, PE=]. uﬂ,=ﬂ, Fﬂ
= Vi/ Vs, n=n/n,,

HHTEHCHBHOCTh OCafikoB (IJIOC MOJHBHOH BOAH NpH opolie-
HHH), OTMeTHM, YTO eC/IH B NpeAHAYIIeM TNpHMepe MH
MPHHEMAJIH HCIapeHHe NPOHCXOAALLHM TOJbBKO ¢ IOBepX-
HOCTH MOYBLI, TO 3/leCh CYMMAapHOE HCIApeHHe Onpee/serT-
¢l TOJBKO TpPaHCOHpauuel; B NPHPOAHLIX YCJOBHAX COOTHO-
[IeHHe TPAHCHHPALUHH H HCMapeHHA ¢ MOBEPXHOCTH MOYBLI
HAXOJHTCA B 3THX KpaHHHX mnpefeaax. Ilpn nocreneHHoM
PACXOMOBAHHH PACTEHHAMH BJAarl H3 HEKOTOPOro CJof
(puc. 7) onmacHocTh 3acCOJIEHHSI TTOYB MeHBIIE, YeM NpPH He-
napeHiy BJarn ¢ NOBepXHOCTH MoYBH (pHc. 3).
Makcumanstoe zaconenHe nMoupbl HaGJIOJAaeTCH Ha TOH

HJAH HHOH '['JI}’E'HHE B 3aBHCHMOCTH OT cooTHomenua V =
= 1
H COOTBETCTBYET 3HAYEHHID Xy = E— HIH Xy =

]

L it

Va
Va

= X3 — (npH n; = 0).
Vi

Takum ﬂﬁpﬂaﬂh{} ¢CJIH COrJTACHTLCHA C HPHHHTE}}'{ CXeMOH,
TO, 3Hafg OTHOCHTEJLHOE pa3MellleHHe MaKCHMyMa 3acoJe-
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HHA MOYB, MOM(HO CYAHTH O COOTHOLIEHHH KOJHYECTBa MO-
JAuBHON BoAM (MAlOC OcafKH) H CYMMapHOro HcnapeHusd,
npHYeM TpH GAH3KUX TPYHTOBHIX BOfAaX X, — 3T0 IMyOHHA
HX CTOSIHHSA, a NpH TAyGOKHX — MakcHMasabHas rayOHua
NPOHHKHOBEHHS OCafikoB W moausHok Bonw. llocaennee

obbacHAeTea TeM, uto cayuait V=1, to ects V, =V,
COOTRETCTBYET YCAOBHAM NOJHOr0 HCMONh30BANHA MOCTYNA-
OIIHX Ha TnoBepXxHocTh 3eMan eoa (Vi) Ha cymmaphoe Hc-
napenne (Vy) m orcyrerBusa BofmooGMena HHMKE CHIOA X=X,
rak Kak npa 3ToM V =V, — Vo = 0 m1a x = x,.

Ina BHACHeHHA BJHAHHA MHHEpaJH3alUMH TOJHBHBIX
BOJ Ha 3acojeHHe noys Ha pHcyHKe 8 moetpoen rpaduk
(mpu Pe = 2, V = 2), u3 KoTOoporo BHAHO, YTO NPH >0
MAKCHMYM 3acoJieHHd npubamkaercd K MOBEpPXHOCTH NO4-
BB 10 Mepe YBeNHUeHHs Mg, 9TO, KOHEUHO, BIIOJHE ecTecT-
peHHo. AHAaJOrHYHO TOMY, Kak 3T0 OBIJIO NMpeanoXeHO BH-
e, nodb3yack dopmynoii (22) wau ee YNpPOLIeHHLIMH Ba-
PHAHTAMH, TIO JAAHHBIM MOJEBHIX HaOMIONEHHH MOXKHO On-
penenste mnapamerps Pe n xoshduuueHT KONBEKTHBHOM
nuddyann D*. Tlpu sToM, oAHaKO, BO3HHKAIOT HEKOTOpHIE
3aTPYIHEHHA B CBA3H C TEM, 4YTO KpHBag pacnpejcieHHs
coneii uMeer Makcumym. Ilostomy mpocreiiter chopmMyaoH,

BhiTeKatouleli u3 ypasHenus (22), npu x=20, ny, =20
D* — % (2Vy —V5) {24}

2m !n-—]l:-
n

MOXHO NoJab3opathes Todbko npu V<<V, 1o ecte 1ad
cAyuas, Korna uMeloTea rayonHabie noTepH.

BuuHcAeHHe fep JJIA CJI0A OT NOBEPXHOCTH 3eMJH  JIO
X = X; MOMHO NPOH3BECTH NO (popmyJie:

o= T (i)

e+ L - e
Y 9V pe

+0 g : (25)

3necs ® — unTterpan BeposiTHocTH. 3nauenns V, figp H n’
npu Pe = | npunenens B Tabanne 1.

ITH naHHBe (CM. TakXe MJOILajlb, OrpaHHYeHHYIO KpH-
BHIMH 3acojieHH#, Ha PHCYHKe 7) HarasfHO NOKasHBAIKOT,
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TaGauuma 1. 3uavenna V, E.;., W on' npu Pe=1

V s U O 8 A R e R R
nep |203 | 1,62 |1,18/1,00 |0,73 0,61 10,45 [0,282] 0,121
2 |272 | 1,8211,00(0,717|0,368|0,223| 0,097 |0,018| 0

YTO CCJIH IIOJAHB NMPOHCXOAHT 6e3 NonoJHeHHs FPYHTOBBIX

Boag (V =1), Ho camu rpyHTOBHIEe BOALI MHHEpPAaJH30BAHLI
H pacnoiodkKeHbl OJH3KO K NMOBepPXHOCTH 3CMJIH, TO B CHJY
KOHBEKTHBHOH AH(p¢y3un noupa Oyaer zacoqena. Hanpu-
Mep, CpellHee ee 3acoJieHHe COCTaBHT oKoqo 739% MHnepaau-
3allHH TPYHTOBHIX BOA npH Pe =1, npn ymenemenun D*
H yBeqHueHHH Pe BJAHAHHe TPYHTOBHIX BOJ Ha 3aco/icHHE
YMeHBIIAGTCHA, HO B TOH HJAH HHOH Mepe ocTraercd. ITo no-
Ka3blBaeT BCIO TPYAHOCTL OopLOE ¢ 3acoJeHHeM NMo4ys NyTeM

V
NMPOMBEIBOK, TO €CThb YBeJHYeHHEM OTHOLIEHHS ?’i- npu
1

BBICOKOM CTOAHHH MHHEpPAaJH30BAHHEIX TPYHTOBHIX BOJL.
Otciona BHAHA TakKe BCA ONACHOCTb NOABEMA TPYHTOBBIX
BOJ (BHauaJe 3ajerapiinx rayGoko), Korja B HHX HJIH B
TpyHTax 30HB aspauliH, HJH B NOYBaX HMeEKTCHA JierKopac-
TBopHMBble coqu. CopepuieHHo HeoOOCHOBAHHBIM SBJAACTCA
pacnpocTpaHeHHblil cpeil NMOYBOBEAOB B3MJIAL O MeJHOpa-
THBHOM Ojiaronojiyuuu ray0oKOCOJOHYAKOBEX (HJAH COJOH-
YaKOBAaTHIX) MOYB NPH Yrpo3e NoAbeMa FPYHTOBHIX BOJL.

HeycraHoBMBLUMECS BOAHBIH M CONEBON PEMMMBI

[Tpenwayuine npuMeps OTHOCHAHCE K YCTaHOBHBUIEMYCH B
NMpHPOAHOH OOCTAHOBKE HJAH HA CTApPOOPOIIAEMBIX 3€MJX
pexumy. Ilpu stom paccmatpupasnch raasHeiM o6Gpasom
YCAOBHA 3acoJieHHsi noys. Tenepb paccMoTpuM oGpaTHB
mpoliecc — Mnpolecc pacco/ieHHd, B TOM UHCJAe NPH nojaue
BOIL HA IOBEPXHOCTh IOYBLIL, 4 TAKKEe NPH BHIOALEHHH
OCaJIKOB, KOrjla TNpPOHCXOAHT PpacTBOPeHHE H BEITECHEHHe
paHee HaKOMJCHHBIX coJied B ray0b MaccuBa. AHAJOTHUHYIO
cxeMmy, NO-BHIAHMOMY, MOMHO NPHHATE H JJIA €CTECTBEHHBIX
YCJIOBHi, KOrjla paHee 3acojieHHBIE TPYHTH B peayiibTaTte
MOHHKEeHHs Gasuca 3po3nd M ONYCKAHHSA TIPYHTOBHX BOJ



MOABEPraloTca NMOBEPXHOCTHOMY ONPECHEHHID BLINAAAMONIM-
Mi ocankami, Takne rayOoKo3acoJieHHBIE IMOYBE HMETCH
Ha NeJHHHBIX 3emyigax TonoiHoli cCTenH H B ApPYrHX panoHaXx.

s ynpolieHus npuMeM, YTO HCXOJHOE 3acoJieHHe Iie-
pel NMpOMBLIBKOH ONHM3KO K NpeleJbHOMY, TO €CTb Mg==/llwm,
a COJIH B [OYBE HAXOAATCH B pacTBope, TBepnoH ¢ase, a
TAK}Ke BHYTPH NouBeHHHX arperatoB. [lpm mnocrynaeHuy
GoJlee MpPecHoil BOALI ¢ KOHUEHTpauHei np < fig ¢ MOCTOSH-
HOH CKOPOCTBIO ABHMKEHH:® V' OyaeT MPOHCXOAHThL BBEITECHE-
HHEe 3aCOJIEHHOTO pacTBopa, pacTBopeHHe coJjeil TBepLOH
dbasu 1 nuddysHonHoe asuiKeHHe (oOpaTHOe HanmpaBJAeHHID
JIBHF{EHHH BOJLI).

B sToM cayuae JABHMKeHHE cogeii MoiKeT OBITh ONHCAHO
ypasuenneMm (10) npu ycjaoBHH, uTO Ny = ng. [IpuMem cie-
AVIOUIHE HAYAAbHBEIE H TPAHHYHBEIE YCJOBHA:

1) a=n, t=0, 0<x<I;

2) i i
dx

3) n=ns, x=0, =0, Koropee MnpeinoaaraipT, 9TO
onpecHeHKe NOUBCHHOTO CJI0S MOLLHOCTLIO [ HIH OTPEecHeHHe
MOHOJHTA AAuHoH [ paccMaTpHBaercst B 1a60PATOPHEIX YCJIO-
puax. [IpHHATO TaKKe, 4TO HA MOBEPXHOCTH NOYBLI KOHIEH-
TpalHsa MICHOBEHHO yMeHbIIaeTcd ¢ rfp /10 Mz H OCTAeTCH I0-
CTOSHHOM. YC/OBHE Ha HHXKHeHR rpaHHne x==[ npeinoKeHo
H. H. Bepuruusim (1953), ono caefyer u3 6ajianca BelleCTs
Ha BLIXOAHOH IPaH¥ MOHOJIHTA.

Pemenne ypasHenua (10) npH yKazaHHBIX TPAHHYHBIX
yeaoBHAX Oblio  noayueHo coBMectHo ¢ Llas da-nmunom
(Apepesinos, Llas Jla-aun, 1960) onepauHOHHLIM METOAOM
(Ha BHEKJaAaKax He ocraHaeaupaemcs). OHO HMeeT ciaeny-
FOLLHH BHJ:

Bo— P —exp (Pe'x) X
flg— Na

sh(1—®)Pe' V14a04+Vi1+nc(i—=x)pPe’Vi+n

X o 2
shPe' Vi+m +Vignchpe' Vi+n
4+ 2exp[— (17 4 1)F,Pe’]l X
= sin®p, sinp, xexp (— F, pn2)
X ¥ — ’ } (26)
=i (S10 iy €05 Py — o) (1 + 17 €0S% i

ar



v
2p* '

rie Geapasmepuuie Kpurepun — Ilekne  Pe’ = [MpasaTas

fi2 D*{
Pd =F , Dypre Fo= F— .

AHANN3 NOKA3AN UeaecooSpasHocTh BBEACHHA HOBOTD KPUTEpHA «npo-
Pd 4pD*
PR
XapaKTepU3YIOUIEro CTEMelb OTHOCA BELIECTB OT MECTa PAcTBOPennd;

MuBKH» [T = HEe 3aBHCAIEro OT JAHHeAHBIX pPasMepoB H

Wy — KOpHH ypasicitid, (g Hs= — % (raGyanposano A. B. Jluko-

R
BHM); :=T, MoskHo nokasaTh, uto pewmende (26) yAOBJeTBOpAET

ypapHenuio (10), rpadHyHEM B HauaJbHEIM YCNOBHAM.

U3 ypapuenus (26) BHAHO, 4TO NEpBHIi wieH B CKOOKax
OTpaykaeT cTalHOHApHHI npouece (Fpo— o), a BTOPOH
BAHSIHHE TlepexoiHoro nepuofa. CyllecTBEHHO OTMETHTD,
yto ypapHeHHe (26) omuchiBaeT mpouecc 10 TOro, Kak moJj-
HOCTBIO PACTBOPEHBl COJH TBep/oH (hasbl, TO €CTh OTHOCHT
¢l K TMepHOLY BBITECHEHHS] W PACTBOpPEHHA cojeld TBepoi
(haspl H He ONHCHBAeT MOJHBI BEIHOC COJIEH H ONpecHeHHe
nousbl. B npakTHKe H NpHpoje TaKHe ABHXKEHHH BCTpeda-
joTest uacTo. YpapHenne (26) sisasiercss HanGojee oOGIUIHM,
H OHO ONMHCHIBAET YACTHHIE CJAYYaH NPH OTCYTCTBHH PacTBO-
pernst (p=0), aucppysnn (D* = 0) nau nepenoca (V =
= 0). JTa 3aBHCHMOCTL NO3BOJSET TaKXKe OUCHHTH BJIHA-
HHe IJHHHE MoHoJHTa [ Ha Xoj mpolecca, YTO BaxKHO A3
OLEHKH Pesy/JbTaToB JabopaTOpHHIX Hccaenopaunii. Pemre-
uue ypasuenns (10) npu Tex ke HayaJbHBLIX W FPaHHYHBLIX
VCJA0BHAX, HO npH [—-oco MoxeT OLITH NMOJYYeHO TaKike C
NMOMOIIBIO OnepauHoHHoro Heuncaends. OHO HMeeT ciaeny-
IOLIHA BHIL:

=2 _ L[5 L5 T

iy 2 2p* 2D*

i v b
xerfcl[ ; D.( 1411 w)]+

_|.E,p( s VI_-FI_T) erfc [El]/% (Vr-‘ﬁn-%)]] 27)

rne erfc(e) =1—erf(u); erf{¢) —uuterpan BepOATHOCTH, pPABHHI
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2
erf (u}=F£ eV dy (s1a dyEKuUMA M3BecTHa M JMETANBLHO MNpOTA-
n

Gyanpopana — cm., nanpumep, Jiukos, 1952).

Comocrapam pemenus (26) B (27) npH  AJHTEABHOM
duapTpaunn, O6osnayas H3IMEHEHHA KOHLUEHTPAIHH HA BHI-
XO/le H3 MOHOJHTA KOHeyHO#H AAHHH [/ wepe3 (ng—n): H
aHaJIOTHYHYIO BeJHYHHY H HA 5TOM Ke PacCTOAHHH, HO MpPH
MOHOJINTE BechbMa GOJBIIONH ANHHBL (fg—MN)x MOJYUHM:

=S LBl “hel SN T %
o—m) m‘“"( AL )

Vi T Vi
Ml AL i |.
X [shor VIFIT +VIF M eh g VTFTT | (28)

Gopmyay (28) moxHO NpeACTaBHTbL B BHAE:

o [V1+n+1 +V:+n—a i
2 Vitn Vid+n

x exp(— LY 11 )] (29)

Orciofia BHAHO, 4TO AJA NEepBOH CTajgHH MNPOMHBIBKH HaH-
GoJiblliHe OTKJOHEHHs MPH AJHTeJbHOH (HABTpALHH MOJaY-
YalTCA NpH AJHHHBIX MOHOJHTAX, NpHYeM n < 1.

ITOT BHIBOJ MOHfATEH, TAK KaK HaMH paccMaTpPHBaeTcs
nmeppas crajHs NPoMbIBKH. MakcHMajbHOe OTKJIOHEHHE A0
509% Oyaer HMeTh MecTo NpH GOJBIIHX napaMerpax npo-
MBIBKH, TO €CThb NPH MaJhX CKOPOCTAX JIBHMKeHHS H 060/b-
wnx Kospbuuuentax aubdysun H pacreopenud. Jlaa He-
M0JB30BAHHA B YCJAOBHAX NMPAKTHKH MeJHopanHH OGojiee
cooTReTcTBYIOUleH nelicTeHTeNbHOCTH (M Gosee mnpocToM)
siaferca Qopmyaa (27), KoTopyio, MO-BHAHMOMY, H BO3-
MOJKHO pacCMAaTpPHBATh KAaK ONMHCHIBAIOULYIO NEPBYIO CTaAHIO
MpOMBIBKH.

OTtMeTHM ee HekoTophe ocobennocTH. Tak Kak CKOPOCTh

. V
JIBHXKeHHS BOAL MPHHATA NOCTOAHHON, paBHOM F-:-m—' |

TO 3a BpeMs { mepBHe MOPUHH MpecHOoil BOJAH MPOABHHYTCH
HA BeJHYHHY ;,=w=-fir. Tak xak Hac HHTEpecyeT
m
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paccoseHne mousorpyHTos B 3oHe 0 << ¥ < X, TO Beeraa

P e o Ch | s <)

b

Xo Vi i

U3 dopmyanl (27) suano, yro npu x=0 n==ny, TaK
Kak erfc(—u) =1 —erf(—u) =1-+4-eri(u).
[IpuBejaeM yacTHble ciayuad dopmyant (27) npu {-—»oo
i el

(anuTenbHas GuabTpaLH):
(V140 — 1]] : (30)
Ng — My

B YACTHOCTH, NpPH D¥E—0 MOJAYUHM (Vl + s | ‘_]__,_.'g_

xV
Dl

= 8Xp [—- ;

npu Manwx f1):

:!__’;“n = exp(— i) . (31)

dta Qopmyaa oOLYHO HCNOAL3YETCH B KHHETHKe pac-
teopenns. [IpH Majaux ckopoctsx V H GOJIbIIHX 3HAUECHHAX
IT 6yneM HMeTh:

n—1"nn, {3e) - ._ﬁ'_
T exp ( X ]/- o ) (32)
Otciofa Sty
R WA LR el 1 (33)
] g —n

HuTepecHo OTMETHTB, UTO NPe/l/IOKeHHaA SMIHPHYUECKas
dopmyna (BonoGyes, 1959) ansn onpeieseHHs NPOMBIBHEIX
HOpM B BHJIE

N = 10000 Ig (%)“ (34)

B OCHOBHOM COBNAajaeT (¢ TOYHOCTLIO /0 MOCTOSHHBIX) C
dopmyaoit (33), KoTopasa BLIBeAeHa C PALOM JOmyLieHHi,
OTMEUeHHHX BHIIC, H OTHOCHTCA He K MOJIHOH NpoMbIBKE, 3
K [IepRoii ee CTajiuH.

PaccMOTpHM ellle OJHH cjydaH paccolieHHs, Korja B
noyBe MPHCYTCTBYIOT TOJBKO JIETKOPacTBOPHMBIE COJH, KO-
Topbie NMEPexXOAfAT B pacTBOP MTHOBEHHO NPH YBJAAXKHCHHH
noussl. Ilpounece paccosenns OyAeM paccMaTpuBaTh B CJoe
Goablofi MouiHoeTH ([/—-co) npH YCJOBHH NOCTENEHHOTrO
ONpecHeHHs MOBEPXHOCTH NOYBHI
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B 3sTom cayuae npouecc onuceipaercs ypasHernem (11)
MpH CAeNYIOUHX HAaYaJbHBIX H IPAHHUYHLIX YCJAOBHAX:

1) n==ny, {=0, 0=<x=<Coco (mcxojHOe 3aco/ienHe);
dx
x ON
JVin—ny) =D = x=0, {>0.

[lonyuennoe peutenne Hmeer BHA:

& i
n=10,>5 [erfc z,+ e ! 2(ericz; — 4 aierfc z,) I, (35)

L f = - i X
rlie r:=-—?—: zi=all4+x); mz=al(l —x); x=-—;
Hy — Mg *o
v vV v
xﬂzl-"c‘:-?-f;azL__;?aﬂ=P&= 0%o .
EVD‘ Eﬂtﬂ*
jerfcu = L erfc udu.

W

3navenua Pynxuuy ierfe 4 cmorpn B paGorax A. B. Jluxosa (1952)
H Ap.

Tax xak npapas cropoHa ypasHeHus (35) saBAseTcs

(pYHELUHCH TOABKO ABYX NMepcMeHHBIX (@ u X), TO 3TO mo3-
BOJISIET MOCTPOHTH ee rpatuk (pue. 9).

Hasg npuHATHX o6o3HaveHuii («MOABHKHAA rpaHHLA» —
¥o) mapamerp Ilek.ne He sBaseTCA NMOCTOSIHHBIM, @ YBeJH-
yHpaeTcsa co BpemedHem, Muorma cuuralTt nocrosunsiM Pe,
a fnepeMeHHoll — pesHyHHY D¥, uTo MeHee ylayHo, TAK KakK
D#*, no cyumecTBy, ABAAETCH KOHCTAHTOM.

Taknm obGpasoM, KpHBble, MOMeYEHHLIC PA3HEIMH 3Haye-
HHAMH @ Ha pHcyHKe 9, MOKasWBalOT pacnpefeende coJeil
B KaKOH-TO OIlpejle/IeHHBI MOMEHT BPEMEHH, a He MocJelo-
BATCJALHEIH XOJA npouecca (BBUIY MOABHIKHOCTH Xo H H3Me-
HCHHS MapameTpa @ ¢ TeueHueM BpeMenn). OGumui xapax-
Tep KPHBHIX pacnpeie/iCHHA cojell, TOKa3aHHLIX HAa PHCYH-
ke 9, DuH30K K HabmojaomiMes B HAType (Kak mpH npo-
MBIBKAX, TAK H IIPH ECTECTBEHHOM olipecHeHHH). OnpecHeHHe
1IUEEI}Z{HDCTI[ [IOYBE TPOHCXOIHT He MIrHOBEHHO, a mocTe-
eHHO. JTO CBA34HO ¢ HavaJbHHM ycaoeHeMm (3) Ganamca
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conefi. Hakonen, uto, noxaayi, HanGosee BaXHO, rpaHHLa
npeckoii (BbiTecHslomeit) H 3aconeHHoli (BHTeCHAEMOI)
BOAL HHKOrja He GhiBaeT pe3koit (Kpome HepeasbHOro

cayyasn @ = oo, 10 ectb D* = 0). B 10 XKe Bpems cpenusn

Ve N
rayGHHa TNPOHHKHOBEHHA TMPECHOH BOAMW Xp=—— [ = —
m

m
(N — npomuiBHas HoOpMa, M; OTHOCHTeJbHafd KOHUEHTpa-

uHs Ha 3Toft rayOusde n = 0,5). 3HaunT, AAA ONpecHeHH:A

MmouBs N0 3ajaHHoro yposusi (o6munHo mnopaaxa n < 0,1)
Ha onpejeseHHOl rayOHHe BCerja Hauo AaBaTth BOAB 00Jb-
mwe (pue. 9), yem HyxHO, 4ToObl BOJAA NPOHHKNIA HA STY
rayGHHY.

OGuiuo npHHHMaeMoe B (usnueckoit xumuu (Tonec,
Pauunckuit, 1955; Paunnckuit, 1957, u ap.) mojoxeHHe o

NPOABHKEHHH TOUKH TOJOBHHHONH KOHUEHTPauHH (n = 0,5)
co cpefHell CKOpocThlo, BooOLle TOBOPSA, HCTOYHO H CTAHO-
BHTCSI BEPHBIM TOJIBLKO NpH AJAHTeAbHON ¢uasTpanus. Ilep-
BHA ujeH B npapoii yacTH ypasHenus (35) kKak pas oTse-
y4eT OTMCUeHHOMY YNpPOIINEHHIO; BTOPOH B TpeTHil uieHu OT-
pajkaioT AONOJHHTEJAbHOC BJHAHHE YCAOBHH MNOCTYMNJCHHS
NMPOMBIBHBIX BOJL HA MOBEPXHOCTH Mounsl. PacemoTrpenue pe-
3YNBTATOB NMOKa3blBaeT, 4To yhpolleHuas ¢opmyJa

n~05erfca(l —x) (36)

NPHroHa ToAbKO npu @ == | (M TONBKO NpH STOM YCJOBHH).
Jlaa moab3oBaHus ynpoulcHuod dopmynoii (36) nmke

NpHBeJeHbl 3aBHCHMOCTH @ (1 —x) ansa XxapakTepHHX Be-
auuna n (taGa. 2).

TaGanna 2. 3asucumocts a (1—x) AA8 XAPAKTEPHWX BEAWUMH 1l

n 0 |0,001|0,005|0,01|0,02|0,04|0,06|0,08{0,10| 0,12

a(1—x) | o |2,19 [1,82 [1,65|1,45(1,24|1,10/0,99]0,91 0,83

= |o,14 0,16 |0,18/0,20(0,25(0,30|0,35|0,40| 0,45 0 50

a(1—x) 0,76 | 0,70 |0,65|0,60(0,48|0,37(0,27]0,18(0,09] 0

He ocranasampasck nojapo0HO Ha METOAHKe pacyera
NPOMHBOK, OTMeTHM, 4To dopmyna (35) n ee rpaduueckoe
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0 ﬂfﬂﬁﬁdﬂ&f,ﬂﬂ'

FAVAVE
| 3
d G
5 g6 A
LR\
00— Pic. 10, CxeMa K pac-
Rt
] g.q.;“‘\.. HETY KoapHuHenTA
- 10} KOHBeKTHBHON Anddy-
g £, SHH.
14
16 é o
! Pre. 9. Kpupue pae-
\ npejeenus coaei npu
18 HCKYCCTBEHHHWX  npo-
E&l MERBEKaX,
=

nzo0pakeHHe Ha pHcynke 9 MO3BOJSIOT paccYHTATh NpPO-
MBIBHYIO HOPMY, €CJAH H3BCCTHB HeoGXOAHMOC ONmpecHeHHe
Ha sajaumuyro rayOouny, &xosddguunentr D* u  cKopocTh
(puabtpannn V,, koTopas oTBeuaer ycJaoBHAM oTToKa. Ecan
3Ta CKOPOCTh HEHAOCTATOYHA, TO Ha NEPHOA NPOMBEIBOK
VCTPAHBAIOT APCHAXK, KOTOPBLIA JA0OJMKEH co31aTh HeoOXOMH-
Mylo ckopocthk Vg (eM. nuxce).

Mpumep. Ecan TpeGyerca yMenblnTh Copepxanne JeTKOPacTBo-
pEMBIX conell na ray6une x1=2 M n 10 pas no cpasHcHNO ¢ HCXOLHBIM
H H3BecTHM 3uaucnun D¥=1.10-* m?fcyt, m=04, Vo=0,01 m/cyT, 7o,
noau3yncs tabanueli 2, naxoanm, uro npn n=0,1 a(l—x)=091. Tax

| ﬂ__l.l/ Voo
KaK - 9 mD*
TO

| "'rn v Xy

: ]/mﬂ‘ V % (l— 3 )_n,m.
Orciona xo=2,6 m.

N=mxyg=1,04 m= 10400 m3/ra.

N
Bpema npomuskn = =iy 104 cyTok.
o

I 0,01-2,6
Tak kak @ = — ey

=4 >1, H no
2 0.4-0.001 4 TO JAONYCTHMO NOAL30BATHCA
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pupaxennenm (36). [Mpomepra no rpaduxy (puc. 9) noarsepikiacr npa-
BHAbNOCTE pacderon: npu n=0,1 a=4, x=0,77, 0 ec7b x;,=26-0,77=
=2 M.

Ecan no ycaosnaM o1Toka ckopocts V, OGuaa 6w B 10 pas MeHb-
we (Vo=0,001 m/cyr), 70 anasormunnie paciers aawt: xo=45 m; N=

=922 500 M¥ra; tex6 aer; a=1,67; x=0,44, Orciona HarAsAHO BHAHA
poak pacconsmiomiero AcficTBua Apenaxa B obecneveMd  HeoGXOAHMON
ckopoctit V.

Takum oGpaszom, ans 0GOCHOBAHHS PACCONCHHA TIOMB,
NOMEMO HaJHUHMA JaHHBIX O COCTaBe M pacnpellejeHin co-
Jeil, a TakKe ckopoctd duabtpamud Vo, Hago 3HaTh KO3(-
tbunHeHT KOHBCKTHBHON Jiiddy3un Aas AaHHOTO THNA TPYH-
TOB H coJiefl. Bullle yXe ropopujaoch 0 BO3MOMKHOCTH I10-
JICBOTO onpejcsaeHns 3Havenns D* p ycjaopHsax 3acoieHHs
nous. Huxe npupefieHs aHajorHuHbie npHeMsl A5 YCJIOBHH
paccoicHis (ONBITHBIE TPOMBIBKH).

[pubauKenno npaMemM aeiicteuTensroil gopmyay (36)
H GyleM CYHTaTh, YTO Ha OCHOBAHHH MOJCBHIX HCCJAEAOBA-
HHIi HeCJ0XHO OnpefeanTsh rayGuny X, Ha KOTOPOH HMeeT-
cia 50% conelt (oT MaKcHMaJbHOr0), a TaKiKe PaccTOAHHE

Ax (puc. 10) mexay ropusoHNTaMH C 3acojieHHeM n H
(1—n) (uanpumep, n=0,1. u 1—n=09). Torga no
dopmyse (36) moayuum:
n.=0,5 [1 —erf (0,5Axa)]
HJH
n, = 0,5erfc (0,5A xa). (37)

Takum nyteMm dopmyaa npuseaena K BHAY, aHAJOTHYHO-
My Beipaxenuio (36), uro noasoager NOAbL3OBATLCA JAHHBI-
Mu Tabanus 2. [Ipuuas, nanpumep, Ase napL 3HaYCHAH
ne=01, (1—n=09) n n,=02, (1—n,=08), MOxK-
HO NOAYuUHTE aaa ny=0,1; 0,5Axa = 091; ne=02;
0,5Axa = 0,60.

YuuteiBasd BHIENpPHBCAEHHBIE BHIpaMKEHHA g a, Ino-
JYUHM:

Dy, = 0,076 L — 0,076 25 Ye (38)
" f x‘m
D = 0,174 8L _ o,174 £3 1
a { Xgrm

N
HJAH dHAJOMHYHBIC CBA3N C YUCTOM 3ABHCHMOCTER X5 = ._.r.'r_i‘ '

N
Vo= gt Orciona, 3naa Ax, xo 1 § (nan Vo, nau N), MoxHO
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onpefeauts D* OTMeTHM, 4TO 3TH paccyXIeHHs cnpaBel-
JHBL TOJBKO NMPH YCJAOBHH MOJHOTO ONpecHeHHA NMOBEePXHO-
cTH nouBe (Hanpumep, ciaogd 0— 10 cM), TaK KakK TOJABKO
B 9TOM cAyuae MoxHO NpHHATL a@ = l. Ecau sto yenaosHe
ne cobaiofeHo, nodab3yiores dopmydaon (35) uan rpads-
KoM Ha pHcyHke 9. Ilo-suaumomy, ykasanssle coobpaike-
HHA TpHeMJeMbl H MPH ecTeCTBEHHOM oNpecHeHHH (X; —
rayOHHa HHOHABTPaUHH ocafkos). Tak, Henoab3ysa AaHHBIE
HaOmonenuit A. B. Hosukopoii (1962) sza pacnpenenenunem
cojieil Ha fore YKpauwHbl B YCJOBHAX ONPECHAIOLLEro AeicT-
BHS OCAJKOB, MOMHO NOJYYHTH (B 3HAYHTENLHOH CTeneHH
VCIA0BHO) cedyioliHe pesy/ibTaTH.

ITo rpajuxam na pucyske 11 (Hopuxosa, 1962) ana
COJIOHYAKOBATOrO coMOHLA (BecHa 1953 r.) HmeeMm Xo== 0,0 M,
Axp=0,4 m. [lna Becubl MOXHO TIPUHATH 3HMHHe oOcaj-
KH N=100 mMm, uto naer npu {=90 cyToK, m=%= g—’;-——
=0,2 (20% ob6nema) u no ypasHenHio (38) :

D* = 0,076 99%-’ — 1,4-10~* m¥eyT (mo x7I0DY).

IHaa paspesa 117 (ayroso-crentoii rayGoKocoJoHYaKoBa-
THH coqoHen) Xo= 110 cMm, Axsy =70 cM, 4TOo J[aer no
xaopy D* = 4-1 -10~* m2/cyT.

Hecmotps na rpy0yio npuGaHKeHHOCTh TAKHX PacyeToB,
BCe JKe MOXHO OTMeTHTb, uTO 3Hauenus D* nida pasJHuHEIX
paspesoB HaxousaTca B npepenax (1= 100)-10-* m?/cyrT,
4YTO cOrjacyerci ¢ JaHHBIMH APYrHX HccJaeloBaTesed.

Mpouecc pacconeHmus npu pabore
rOPM3OHTanbHOro JApeHama

Buitie OBIIH paccCMOTPEHH! CJAyuyaH paccofeHHsl NMoYB TPH
MOCTOAHHOH MO rayOHHE CKOPOCTH JABHIKEHHA NPOMBIBHBIX
BOJ, uTo 00BIYHO HabJuiofaeTcs, KOrjla NPOMBIBKH NPOBOIASAT
npu OGoabllol HayaabHOH rayGuHe TrpyHTOBHIX BoA. Ecian
Me nepen NPOMBIBKOH TPYHTOBLIE BOJEI 3a/1eraloT HerJyGo-
KO H HAa MacCHBC MOCTPOEH H JIeHCTBYET TOPH3OHTAJbHBINA
lipeHax, To B 9TOM cJydae CKOPOCTh (PHABTPALHH IO BEpTH-
KaJH yiKe He MOCTOAHHA, a yMeHBIIaeTcsi ¢ rayOHHOM,
Jlia HecoBepleHHOTO TOPH3OHTAJBHOrO JipeHa)ka TpH
KOHEUHOH IIPOH3BOJBHOH riayOHHe 3ajieraHHsi BojJoynopa
BEIpaXeHHs IJs pacnpefiefleHHa cKopocTell (QHJILTpaLHH MO
rnybune nmeiotea B paborax II. §l. Iloay6apunosoii-Koun-

45



noit (1952), B. B. Besepnukosa (1948), H. Hammad
(1957), C. ®. Asepbsuosa u Lloit Cun-e (1957) u ap.

HauGonee noiaxoAsiliuM AJs JaHHOro cJyuyasd ApBjIseTcd
pemenne, noayuennoe C. @. Asepbanopuim H Llioit Cuu-e
(1957), H3 KOTOPOro MOXHO MOAYUHTL pachpeje/eHHe cKo-
pocted mo rayOHHE MOTOKA MOCpelHHEe MeMAy JpeHaMi
(nJst yeranoBHBLIerocs ABHiKeHHsA), rae u OyjaeM HcC/eno-
BAaTh NAHHAMHKY TNPOJABHIKEHHA (PPOHTA paccofienHs .

[Ipu sTOM MPHHHMAEM, 4TO KOI(Q(QHIHEHTH (PHABTPALHH
JIJIS 34COJEeHHBIX M NpecHBX TPYHTOBHIX BOJ CYLIECTBEHHO
He oTaHualoTcst, Kak moxkasanu necaenopanus H. H. Bepu-
ruga (1953), npH pacTBOpeHHH H BhIHOCE H3 TPYHTa 9%
coJiell 0T HayaJbHOH Macchl CKeJieTa rpyHTa NpOHHIAEMOCTD
rpyHTa H3MeHseTcsi HesHauHTeabHo. Ilpn MuHepaaH3aLHH
oAl 1o 60 r/n M BO3MOMKHEIX H3MeHEHHSIX BOAOPACTBOPH-
MOI'O COJIEBOr0 KOMILJeKca B rpyHTax mo 5%, uTo vame
BCero BCTpeuyaeTcs B MeJHOPATHBHOH NpaKTHKe, BA3KOCTD
H MJOTHOCTL BOJBI, 4 TAKXKe NPOHHIIAEMOCTb IPYHTA MOXKHO
CuMTATh He 3aBHCAIIHMH OT BpeMeHH H Koopaunat. Toraa
IBHIKEeHHe MHHepaJH30BAHHOH BOAHLI B TpyHTax Gy[eT OnH-
CHIBATBCA TEMH JKe ypaBHe-
HUAMH, UTO H JIBHXKeHHE Ipec-
Ho BoAH. CJeloBaTeNbHO,
NONYCTHMO NPHHATE BHIpaMKe-
HHe IJA CKOPOCTH JBHIKEHHS
MOCpeAHHe MeKAy JpeHaMH
Mo YIOMSHYTOMY pelLieHHIO B
Buae (puc. 11)

JT

—KE (¢, ) —K®] + g,
(39)

rae F, E(L, %) — saauntudecKne HH-
Terpans 1-ro u 2-ro pofa npH MOALY-

Pre. 11. Cxema K pacueTy paccoJe-
HHA npH paboTe ropH3OHTAALHOTO
ApeHaa.

t Hcenenopanua BHnoJnens aesropoM coBmectHo ¢ T. A. AGaypa-
rumoBHM (Asepbsinos, AGayparumos, 1963).

46




aax #; K, E — aHanoruyHue MOJHHE HHTErpajsl NpH MOAYAAX ¥; BeJH-
unny @ onpenensor no gopmyae

o tV1i=0 -Vi—wp

L2 — 2 &

E=E+4in — KoMnaekcHue KOOPAHHATH BCHOMOraTe/MbHOR  MOJYNJOCKO-
ct; V=Vy+iVs— KoMnickcuas ckopocrTs.

C drarTHyeckofi o6nacTei0 MOTOKA KOOpAMHATH { cBA3aHW ypapHe-
HHEM: -

(40)

L =sn (2—;{ z, u): (41)

sN — sATHNTHYecKH cuuyc HxoluH; % — moayab; suavenua K, E naxo-
AHATCH H3 COOTHOLIEHHA

Al oY
K (42)

q — HHTEHCHBHOCTL HHODHALTPaUMH;, B — MeXJpeHnoe pacCTOsHHE,

B cepsa3n ¢ o6xonom ToukH 6 (pue. 11, 8) nas mcenemo-
BAHHSA CKOpPOCTH Ha yuactke 0—6 copmyay (39) caexyer
HeCKOJIBKO H3MCHHTL:

Vmilg— %q[EF — KE (&, %) — K®). (43)

HroOul OnpeieNHTh BEJHUYHHY Yy, BXOAALLYI0 B dopmyay
(40), npumem (puc. 11)

z=—§-+i(h,m+ %),

TOrja
r-al 5[5 s 2]}
) 1
= Q1] = 4 e - "
3 [K_] lﬁK‘HI dn(.&, K, %)
d
= hnp‘l'?
3nech hET , IPHYEM, OYEeBHIHO, UTO B 3aBHCHMOCTH
C

ot raybuns apens 0<<h<<l. Tak Kak HaM HaJ0 HallTH CKO-
POCTh MO MeXApeHb V., To Heo6XOAHUMO NMPHHATHL BO BCEX
BhIpaMKeHHAX L=in(0Sn=<o0), 2=ix(0<x<<H,) u HaliTH
dynknan M (L), F(E, %), £(L, ) OT 4HCTO MHHMBIX apryMeH-
TOB:
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ol
§=sn[—ﬂa :'.r,:u:]=i : =i
cn (H_ K', :-r.‘)

x
Has cokpamenHs o603HAUYHM 1=H—H’, npuuem 0=S

c
sA<<K'.
GHFCHHH BHKJAAKH, 3anHIIeM OKOHYATEJbHOE BhIpaMKEe-
HHe JAJid H3MeHeHHs CKOPOCTH JIBHMCHHA Ha MeEHRAPCHLE.

Vw='?[1 —‘“:—‘[ME—K)'FKE{E, x') —

— Ksn(h, %yen(d, ®)- dn (A, #")»"2sn(k, »’) “
1 —x'2sn(h, »')sn? (L, %)

Buipaxenue aas V. (44) cylecTBeHHO yNpolaercs JJist
YACTHBIX CJyuaes.
a) llpu 6auskom sodoynope.

ol
B stoM cﬂ}rqaei‘}i}; x—1; o =de ey K =1,
H, 5
K=28,p=2.FE=1; sn(h, %)=sink=sin 2= ;
4H, 2 2H .

cnh = cos — |, dn= 1.
2H

MoxHo nokasaTh, 4To npH Manux ', E(k, »') =A, Tor-
na

Ve=g{1l— 2 IME—K) + KN} = g (1— 24 =

X
o)
[TpuaumMasa npubGAHKEHHO CXeMy BLITECHEeHHS OJHOH JKHJ-
KoctH apyroft no C. ®. Asepeanosy (19596), mosayunm:
d
Ve=m -&fi i (46)

[TpupaBuupas npaswie uyactH (45) u (46), paspensas nepe-
MEHHbIe H HHTErpHpYyH, OyaeM HMEeTh:

e Mile gy o ltei (47)

q He—2x
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Mgpl noayunan gopmyay Aas onpeieseHHs BpeMeHH pac-
coneHus { Ha rayOHHY X B 3aBHcHMoOcTH oT H., m, g npH
GJAH3KOM 3ajieralHH Bopoynopa.

6) ITpu eaybokom sodoynope.

H
B stom cayuae £ <3 K=-"2;0>1;n=4e ki
H, 2
PR 5 T n ' - Y —
= - E=—; E'=1; sn(A, &) = th— = thx;
K=, po X pat o, ¥)=thT
dn(h, »') =cn= — = ]u ;
chﬂ—x chx
# d 3
X th? (Agp+— | =
sn? (.IFI, H"} £ ( 2 J
; B
[Tomxcrasum 3TH 3HauYenus B popmyay (44):
V=g [1 —E@, %)+ ] (48)
. sh® h-th x
- 7 _hpp+d/2 ;, m d
i R s T Bip -—-H=—( —-—]
e - He % B : He B h'm—l_ 2

Ilas onpenenenus suauenus E(A, »') mpu »—1 Boc-
MOJAb3YEMCS PasJOMEHHeM 3TOro BbipareHHs; MOcje HeKo-
Topuix npeobpasosanuii Oy1eM HMeTh:

P oo e BER T
~ Arl , .
E (A, #') = Arthx + T Ty

[Topcrapum mepewiil unen psjga B gopmyay (48), sropbim
yJieHOM TpeHeOperaeM BBHAY MaJOCTH W OKOHYATEJNbHO NO-
JIYUHM:
k1 r 2 hi_ hE-
V=g(1—Arthx + *‘:“_“‘). (49)
sh® i-thx
Tak e, Kak H Ans caydasd npH  OGJaH3IKOM BOJoynope,
NnpHpaBHABAaeM NpaBeie 9acTH ypasHenuit (46) n (49), pas-
fleasieM nepeMeHHbe H HHTerpHpyeM:

x —

oA mbB dx [5[:']
nq g{ aacs I_-:rhﬂﬁ—l—shﬂi -
Pr— [" .

0 sh® fi-th x
4—288 49




[ToaniaTerpanbHoe BHIpaXKeHHe — CAOMKHAS TPaHCIEH-
NeHTHAs QYHKUHA, KOTOpas He BHIPAMKAETCA Yepes sjeMeH-
TapHbIe (YHKIHH, TOITOMY NS pelieHHss WHTerpaJja TpH-
MECHHM YHCJeHHBIH MeToJl.

Ananus pemeHus TNO3BONHA  npeHe6peus  YJIEHOM

h? i -4 sh? x
- h'fs _x-l MOABLIHTErpaJbHOr0 BuipamKenns (puc. 12) u
shih-thx |
npuHATL Arthx ~ x, 4To nocne uHTErpHPOBaHHA NaeT:
B 1
f= "2 1n 51
W R o)

. JLx
d TdK KaK I=—E- , TO OKOHYaATeNLHO
mBi " 1 i
ﬂq X

[

B

. (52)

Ira dopmyna anajsoruuna (47), Ho TOABLKO ANfA cayuas
ray6ogoro Bogoynopa. OueBHAHO, OHA JAefiCTBHTENbHA A
¥

b &

[Tonyyennbie 3aBHCHMOCTH GBIIH TPOBEPEeHLl HAa MaTe-
pHalax OMLITOB MO PAacCOJEHHI0 TPYHTOB NPOMBIBKON Ha
tone apenaxa. Mccanenosanne mpoBeleHO ¢ MOMOIIBIO Me-
TOMla PafHOAKTHBHBIX WHJAHKaTopos (AsepesinoB, AGnypa-
rumos, Paynnckuit, 1963).

CnoxuocTs pafoThl ¢ H30TOMAMH, Tpebyioulas MCnoJb-
30BAHHS HAHMEHBUIETO KOJHYECTBa HX, JHMHTHpPOBaJa pas-

Mephl MHAPAaBAHYECKOrO JIOTKA, UYTO H ONPeNeNHI0 BO3MOMK-
HocTh oTHomenus B : H,.

Puc. 12. Cpasnenne awauennii WH-
terpanor B dopmyae (50) npu h=
=0 —kpusag I npn =05 — kpu-
pafd 2 W npuGanmxennofi dopMyne
(52) (xpmueas &) ans onpenenenns
BpeMeHH pacconenns (npn rayGo-
KoM Bogoynope).

©Of 82 43 49 45 G5 47 Qi%
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OTHOlIEHHE L-:'l 6LJ10 BHIOPAHO ¢ YCAOBHEM BO3MOXMKHO-
c
CTH TIPOBEPKH (JOPMYJ, BHIBEJEHHBIX Kak A OJH3KOro,

TaK W AAs ray6okoro saneraHus Bojoymopa., OnbiTsl mpo-
BOJIHJIH TIPH HCXOAHOH KOHUeHTpaumu pacteopa 30 r/m, sa-
noxennn apensl hgp=15 u 25 cM, AKTHBHOH IOPO3HOCTH
m=0,4, mexkapennom paccroauud B=12m, T=0,5 1 0,4 M,
d—6 MM [pH TpeX HHTEHCHBHOCTAX NpOMBIBKH: §1=21;
g2=42 u g;=84 mm/u.

PesysabTaThl CpaBHEHHs MPHBEAEHH Ha PHCYHKax 13 #
14, Cpasuende npoBeAeHO A TAYOHHE NPOABHIKEHHHA
dponta 50% -Hoit Konuentpaunn. Kak BHAHO H3 rpadHKOB,
MoJyUYHJOCh XOpOIIee COBNAaJeHHE TeOpPeTHUECKHX H SKCIe-
PHMEHTAJbHBIX 3HA4YeHHII BPeMEHH paccosieHHd mo (opMmy-
Jie npH GJH3KOM BOIOYHNOpE.

CpaBHHTEJIBHO Xy/uiee COBNajfieHHe pe3yJbTATOB, NOJY-
yennbix no dopmyne anas rayOboKoOro BoAOyNopa, ¢ ONBITHEI-
MH DAHHBIMH OODLACHAETCH TCM, HTO ONBLITLI MIPOBOAHJAH MPH
ABHO OJH3KOM 3ajieraHHH MOBEPXHOCTH BoAoynopa, a ¢op-
MyJy BBIBOAHJH A5 BecbMma Iyy0OKOro ero 3aJjieranms.

CyliecTBeHHBI HHTEpec NpejicTaBiserT Nposepka Qop-
MYJI 110 JaHHBLIM TPOH3BOJCTBEHHBEIX ITPOMBIBOK 34COJIEHIBIX
seMesnb Ha (oHe apeHax<a. C 3TOH 1e/bi0 BOCTOJB3YEMCH
nagusiMa 3. C. Bapynusana (1962). OnuiT npopofniics Ha
Myranckoit OMC AsHHMTuM. Tloyssl yuacTka miomansio
36 ra ofGpaszoBasHCh Ha AJNJMIOBHAJBHHEIX CcylecHaHO-TJIHHH-
CTHIX OTJoxeHHAX Apakca. Bpemennnie rayGokHe (3—
3,5 M) npens noctpoensl yepes 220 m.

JZ.LH 2 ey
' Wy, I@} |
¥ walrd B AW .
Jﬂ? rﬁ' “"'ﬁr =T
20 A
10} e
g L 5
70 200 00 400 500 907 00 90720 mecdit i

Puc. 13. CpaBHenHe TeoperThue- Puc. 14, CparHeHHe TeopeTH4e-

ckux (kpupaa J) W sKcnepHMes-
tanbAuX (Kpueas 2) AaHHHX 7O
PACCOJNIEHHI0O TOYBOrPYHTOB TMpH
GJAH3KOM BOAOYNOpe.

4.

CKHX W SKCMEPHMCHTANBHLIX AaH-
HHX N0 PaccoJICHHIO NMOYBOTpYH-
TOB NpH rayfoxkoM BOAOYMOpE:

[ — onuTHAR XpHpas; 2 — TOo4HASR
TEOpETHRCCKAA KpHpaf; 3 — mo OpH-
Ganmennof dopsMyne.
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Ha gamnuii rekrap Oviio nogano 39,8—62,7 Teic. M* BO-
ael (B cpeasem 50 Toic. M%), Cpeiusis HHTEHCHBHOCTb HH-
¢guasTpaunn B stoM cayyae ¢==0,07 m/cyr. AKTHBHAA TO-
posiocth npumepio 0,45 npu noanoii nopoanocru 0,55,

Tak xak B npeanaraemyio Qopmyay BXOAHT ryiybHHA
pacconenusa npu n==0,5n; (n; — HCXo/[Hafd KOHUEHTpaLHA
rpyHTOBBIX BOA), TOo no Ttadauue 2 (Bepepuuxos, 1939)
npuHHMaeM rayOuHy pacconenus x==10 M. Ilopcrasasem
AaHHbie B npeinaraemyio (opmyay no OnpeaeaeHHio Bpe-
MEHH ONpecHeHHH:

gl BB b oT ARy, : = 68 cyr.
ng w3007 3,1410

B 220

(mo nanunim 3. C. Bapynusua, {=72 cyr).

OTHOCHTENLHOE pacXoXKeHHe TeOPeTHYECKOro H Inpak-
THYECKOro 3HaueHui ! cocrasiaser 5,5%, To ecTh TOUHOCTD
BMOJIHE AOCTATOMHASA JJIA NPAKTHYCCKHX ILeJed.

IDTH HCCJAEJOBAaHHA MOKA3LIBAIOT, 4YTO JIpeHa) Ha 3aco-
JIEHHBIX OpollaeMblX 3eMIAX CrnocoOCTBYeT HHTEHCHBHOMY
paccoJeHH) NOYBOrPYHTOR., DTO NO3BOJSET B OTHOCHTENLHO
KOPOTKHE CPOKH (B 3aBHCHMOCTH OT HHTEHCHBHOCTH JApPEHH-
POBAHHA) BBOAHTL 5TH 3e€MJH B  CENBCKOXO3AHCTBEHHLI]
obopoT.

pOME TOro, ApeHa COAeHCTBYET OlNpPEecHeHHIO TPYHTO-
BEIX BOJ, NMPHYEM NMPH AJHTENbHLIX HAH (OpPCHPOBAHHBIX
NMPOMBIBKAX rayOHHA ONpecHeHHs 3HAYHTENbHO MNpeBHIIIaeT
rayOHHY 3ajoKeHHA ApeH (NMpH  OTCYTCTBHH HaNOPHBIX
BOA). DTO CO3AAET YCJAOBHSA ANA YCTOHYMBOIO ONPECHEHHHA
aemelib.

Takum oOpasoM, npuBeleHHBIi MaTepHaJ JIOCTATOYHO
HaMIAAHO NOKasbiBaeT (QOPMBI CBA3H BOJHOrO H COJEBOro
PEKHMOB MOYB H JlaeéT BO3MOMXKHOCTh, XOTS H B MEPBOM
NPHOJMHIKEHHH, TIPOBECTH pacueT KOJHUYECTBeHHOH CTOpPOHLI
nmporecca.

Baxuefimeli 3anauell nansHeHIIHX. HCCNEAOBAHHNA ABJIA-
eTcs HakonJenue (pakTHUYeCcKOro matepHasa Mo BOJHO-coJe-
BLIM KOHCTAHTAaM, H Npexjie BCEro Nno rnoJeBLHM onpejiene-
HHAM KO3(D(HIHEHTA KOHBeKTHBHOH JHDdy3uu D*.

Caenyer Takme OTMETHTbL ONpelejieHHEIE YCJIOBHOCTH M
JONYLULEHHS, NPHHATHEIE HAMH NMPH TEOPETHUECKOM HCTOJKO-
BaAHHH BOMpOCa, YTO CBHAETEJbLCTBYET O HeoOXOJAHMOCTH
AanbHENIIHX HCCJEe0BAHHA W BO3MOXKHOCTH noJiyueHus 6o-
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Jiee TOUHBIX pesyabTaTton. Tem He MCHee JlaikKe B mpejJjarae-
MOM nNpHGIMKeHRHOM BHAE pacueT nepeMelleHHA Jerkopac-
TBOPHMEIX coJiell B NOYyBOrpyHtax H oDOCHOBAHHE MPHEMOB
6opL0LI ¢ 3acoJieHHeM OpolllaeMbIX 3¢MeJib MOTYT OKa3aThb-
¢ nojsesHuiMH. [Tosb3ysick sTHM pacueToMm, MBI yXKe OTXO-
JUM OT UHCTO SMOHPHYECKHX peKoMeHalwii M npHOAHIKA-
eMcsi K TAKOMY pacueTy, KakiM, HanmpHMmep, B HacTosllee
BpeMsi NOJbL3YIOTCA NMPH OGOCHOBAHHH OCYIUMTENbHBIX Jpe-
HaKHBEIX YCTPOMCTB.

Fmasalll

NPOrHO= BOAHOIO H CONEBOro PEXMMOB
M TPEBOBAHMA K QPEHAY

lporkos BogHOro M CONEBOro pPeXHMoBn

Pacemorpennas XapakTepHCTHKa 3JCEMEHTOB BojHoro Oa-
JlaHCa B YCJOBHsAX, CYUIECTBYIOIUHX [0 OpouleHHs (CM.
ctp. 19—24), sipasercs ocHOBOM AJA COCTaBJAEHHS NMPOTHO3a
BoAHOro pexkuma. Ilocsie Bposa B feficTBHE OPOCHTENBHLIX
CHCTEM HEOOXOAHMO OMpeflesIuTh Teé H3IMEHCHHS B STHX 3Je-
MCHTAX, KOTODbie BHI30BET OpollleHHe (H/IH CTPOHTENLCTRO
pofloxpannanut). Camo ypasHcHHe BojiHoro GaJsaHca, ecau
H3MEHHJCA XOTS OLl OAHH H3 €ro JIeMEHTOB, elle He aaer
BO3MOMHOCTH COCTaBHTH NPOrHo3 pojAHoro OaJaHca, Tak
KaK HeCOXOAHMO 3HATH B3aUMOJCHACTBHE 3JeMeHTOB Ganau-
ca, a 3T0 TpeOyeT HecJielOBAHHIT NPONECCOB JBHMEHHS BO-
Abl. Tak, nojgannas Ha moasi Bojla MOMKeT GLIThL IEJNHKOM
HCNOMIbL30BANA pacTeHHAMH, a MOMKEeT. YacTHYHO NONATH Ha
OUTAHHE IPYHTOBHX BOJA;, 9TO JIOMOJHHTENLHOE NHTAHHE
FPYHTORBIX BO/Jl MOXKET pacXofoBaThCfl Kak Ha YBeAHYeHHe
3anacon rpyHTOBEIX BOJ, MOABEM HX NMOBEPXHOCTH, TAK H Ha
VBeJHYeHHe nojiseMHoro orroka. Yro6Gel oleHHTb H3MEHe-
HHAl SJEMEHTOB BOAHOro Gananca, HAa/l0 3HATH HX KOJHYECT-
BeHHbIE CBA3H, BHITEKAIOUIHE H3 CYLIECTBa npolecca. Ypas-
HeHHe BOJANOro 0OaZaHca NO3BOJSAET TOJABKO NPOKOHTPOJIH-
poBaTh IPaBHJALHOCTL paclieToB, HO HE CAYKHT cnocobom
onpefeneHns OT/AeJbHLIX 3JIEMCHTOB.

PaccemoTpuM ocHoBHble dopMmbl VpasHeHHiT BojaHoro 6a-
JaHca A YCHOBHH, H3MEHHBIIHXCA NOJA BJAHAHHEM OpOIle-
HHS 3eMe/ib (MJAH CTPOHTENLCTBA BOJAOXPAaHHJIHNINL).
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[Tpu moaTONJIEHHH B pe3yabTaTe JNeHCTBHA NOCTPOEHHBIX
BOJOXPAHHJIHLL HJH KPYNHLIX Kanagop (0e3 HenocpeactBeH-
HOrO OPOILICHHA HA paccMaTpHBaeMoll TeppPHTOpPHH) ypas-
Henua (4), (6) npumyTt Bua:

AW, + AW, = 0c—(H + Tp) +11—0—g,  (53)
AWg=-+g-+ 1—0 * p, (54)
rje Bee ofo3HaYennd NpeiHie.

[Tpu rmyGoOKHX IpyHTOBLIX BOJAAX BBOJ B JAEHCTBHE KaHa-
Jid HJAH BGRGKPEHHJIHUIH BHd4YadJile HE H3IMCHHT 3JIeMeHTOB
GaJsiaHca NOBEPXHOCTHBIX H MOYBEHHBIX BOJ H, CJAEA0BATENb-
10, HHCXOJMALIEro TOKa BJArH, NMONOJHAIOIIET0 T'PYHTORHIE
Boibl (—g). Onrako sneMenTh GanaHca PYHTOBLIX BOJ B
ypaBHeHHH (54) CYUICCTBCHHO H3MEHATCS: B NEPBHI ne-
PHOJ pe3Ko Bo3pacTeT pasHocTh ([I—O0), npuueMm ansa se-
MCJIb, PACTIOJIOMKEeHHBIX Bhillic BOJAOXPAHMJHIL HJIH KaHajaon,
pesko ymenbiintca O, uTo npH HeH3MeHHLIX g u [ (Gynem

CHHTATE 3IecCh F:ﬂ} BRIZOBET HaKOMNJeHHe I‘P}-’IIT{]HEJH BOJL
(AW3=0), 1o ectb nogseM HX nosepxHocTH. B apyrnx
cayuyasax (QuUALTPAUHH B CTOPOHY HHIKEJCHKAIIHX 3eMedb)
PEEKG BDEPHETET .I,_T HDH HCHIMCHHOM HJAH MaJOMeHAIOIIeM-

cA O, 4TO Take BBI3OBET MOABEM I'PYHTOBHIX BOA. B pajb-

HelllleM MOABEM YPOBHA TPYHTOBBLIX BOJA YMEHBIIHT IpH-
TOK B MepBOM CJyYae H YBEJHYHT OTTOK BO BTOPOM, a pas-
HocTh (//—Q0), neproHavwanbHO 3HAYHTENBHAS, OYAET cO

BpeMeHeM yMEeHbIIAThCH, NMoKa OanaHc He ¢TaOHIH3HpYeTes |
NPH HOBOM, NOAHABHIEMCH YPOBHE IPYHTOBLIX BOJ. ;

3To npejelbHOe N00XKEHHE, XapaKTepH3yolleecs: B ro-
AoBoM nepHoae ycaoeHeM AWs;=0, MoxKeT OhiTbh AOCTHIHY-
TO 3a cueT paBeHcTBa g-+//=0 npH A0CTATOYHO NIyGOKOM

YPOBHE TPYHTOBHIX BOJ, TO €CTb NMPH OTCYTCTBHH BJHAHHA
HX Ha BE&JHYHHY H 3Hak g. Ho Bo MHOrHx cayuasax 3Toro
HE MPOHCXOJHT, MOALEM TPYHTOBHIX BOJ NPOAOMKAETCH M
GanaHC 3aMBIKAaeTCA B pPesyJbTaTe YMEHbUIEHHA £, a 3aTeM
B pe3ynbTaTe H3MeHeHHA ero sHaka. Muaue rosop#, rpyH-
TOBLIE BOJAB TOJAHHMAIOTCA TaK BBICOKO, To NOYBa H30LI-
TOYHO YBJaykKHsercss H yBenuuupaerca H-}Tp. Torpa yxe
HaMenserca Gananc (53) W BMecTo HHCXOAALIEro TokKa (g)
MOABAAETCA MOCTOAHHBIH BOCXOAALLMI TOK, 4TO BEJAET K H3-
MEHEHHIO HanpasjeHHs MouBoo6pPas0OBATENILHOTO TpOIEC-
ca — H3OBLITOYHOMY YBJIAMKHEHHIO NOUYB, a MPH HAJHYHH CO-
Jed B rPpyHTax HJAH FPYHTOBBIX BOAAX — K 3aCOJIEHHIO NMOYB.
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Bee stH npocThie coofipaiKennsa fianexko He Beeraa yum-
THBAIOTCA NMPH NMPOTHO3e MOATONJEHHS H NMPOBEAEHHH Ape-
HaXWHX MeponpuaTuii. O6HYHO OrpaHUYHBAIOTCS PACCMOT-
peHHeM TOJNLKO JIHHAMHKH YPORHSI IPYHTOBHIX Boj Ges yue-
Ta H3MeHeHHA sneMeHTOBR Boaworo Gaaanca (ocoGenno
=+g), uTo npUBOAUT B paAne cayuaer K omuGkam. Metonuka
NMPOrHO3a PeKHMa IPYHTOBHIX BOJA MPH NOATONJAEHHH B A0C-
TaTouHOi cTeneHn paspaGorana. CymiecTBYIOT pasJnuHbIe
CMOCOGH! MPOrHO34: AHANHTHUCCKHE, BKJIOUAA METOJ KOHey-
HEIX pasHOCTefli; MaTeMaTHUeCKOe MojAc/aHpoBaHHe (aHano-
rosoe — DI A, ruaponnterparop JIykbanora; uudposoe —
¢ momomso DIIBM) u apyrue (Kamencknii, Tasnu, Msc-
HHkopa, Cemenona, 1960; Asepsanos, 1956; JleGenen, 1957;
CnpaBouHHK 1Mo Meaunopalmd M ruapotexuuke, 1945; A6pa-
mos, Bunaeman, Bouesep, Bepurun, 1960; Mpy:xunun, 1956;
Apaenn, 1963, n ap.).

ITonsem rpyHTOBLIX BOJA B CTOPOHY OT BOMOXPAHWIHINA
HJIH KaHana OOLIYHO PACNPOCTPAHAETCHA MeNNeHHO (HHOTrAA
JecATKH M jaxke coTHH Jer). M sty ckopocTh pacnpocTpa-
HEHHS] PacCUHTHIBAIOT VKa3aHHHIMH cnocofamu. Bpems no-
CTHIXEHHS HOBOro Oojee HJW MeHee CTAUHOHADHOrO COCTOS-
HHA — «BpeMms cTabunnzanuns» (Asepbsanos, 1956) nas cno-
6OAHOr0 MOTOKA TPYHTOBLIX BOX MOMET OHITh onpegeneno
no cdopmyne (B cyt):

= O 8%
T_Eﬁﬁﬁt' (55}

rae X — pacCTOAHHA OT Kanana HAHW BOAOXPaHMAHLLA, M; k—nnith:]:n-
nHenT puasTpanun, M/cyt; He — cpennsa MommocTs RogonocHOro naa-
cra, M; § — koadduument croboanoil noposHocTH.

IIpa pacmpocTpaHenun moimnopa no rayGOKHM 3aKpH-
THIM HAMOPHEIM niactaM KosdduumeHT § cneayver saMennThb
kosthguumentom ynpyroii somoornaun §', npuuem § < 8.

Crabunn3anns HAMOPOB B 3aKPLITOM BOJIOHOCHOM Ifia-
CTe NMPOHCXOAHT GuicTpee, yeM B csoboaHOoM noroke. Onna-
KO TMOABEeM YPOBHS TPYHTOBHEIX BOJ B BEPXHEM NOKPOBHOM
FPYHTE NPH 3TOM OTCTAET OT VBeJHUEHHs HAMOpOB. DTOT
BOMpOC TpeGyeT NONOAHHTeNbHOro pacemoTpenus (Asepns-
nos, 1956; Bepurun, lllecraxon, 1954).

Ckasannoe noiuepKHBaeT BaXXHOCTh COCTABJEHHS MPOr-
HO30B BOJHOTO PEXHMa NMPHJAEraloMHX K ROAOXpaHHJIHILAM
H KaHajnaM seMenb Ha NJHTeABHBLIA cpoK, TAK Kak 30Ha NOM-
nopa ¢ rojlaMi oxBaThiBaer Bce GoJblllie Tepputopun. Baa-
ronoJayaHoe MOJIOXKEeHHe C PeXHMOM TPYHTOBHIX BOJ uepes
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1—2 roga n naxe 5 ner u GoJjee nocJe yCTPOiCTBa KaHa/0B
(H BOMOXPAHHJHIL) He rapaHTHpyeT 6JIaronpHATHOrO MeJiH-
OPaTHBHOTO COCTOAHNA 3eMedb B Gamkalimem GyayiueM.

BoJjee CNOMKHHM SBJIAETCH MPOrHO3 BAHAHHS OpOLICHHA
HA BOMHBII peXHM 3eMelb HJIH COBMECTHOro BJHAHHA BOJO-
XPAaHHAHLL, KPYNHEIX KAHAJOB H OPOLIEHHS HA BOJAHBIH pe-
JKHM Y4acTH WJAH ncero opoluaemoro Maccusa. Ecrecrsenno,
cpasy e Mocje Hawyajga OpollleHns H3MEHSETCH BOJAHLIA pe-
HM TOBEPXHOCTHHIX M TMOYBEHHBIX BOJ H OIHOBPEMEHHO
(rAM HECKOJBKO MO3/Hee) TPYHTOBBIX BOJL.

Vpasuenus sofHoro GanaHca AJisl OPOUIAEMBIX MACCHBOB
MoryT GuiTh 3anucansl  caeayloutdM obpasom (Koctsaxos,
1960; Bepurun, 1962; JleGeaer, 1957, u ap.):

a) 1A MOBEPXHOCTHHIX H NOYBCHHBIX BOX (Ha nonsx)

Mﬁ’1+Mﬂzﬂp—l—ﬂc—{H+Tp}+(l—c:}¢l-—{_3${gﬁh}

6) aas rpYHTOBLIX BOJ
AWy=+g+N1—0+aP,— 1+ p, (57)

B) oOwHi 6GaaaHc
AW =B+ 0c—H-+Tp)+ (I1—0)—C—HA +p, (58)

rae, kpode obo3pavdeHHH, BBeJeHHWX BHIIE, NPHHATO! Op — opocHTe b

Hag HopMma (MerTo), mofasacMas na Noas w3 ceTH; L — noBepxHOCTHHE
clpocd HenocpeAcTReHHO ¢ nogefl;, Py — QUALTPANEA H3 KanajoB BCex
MOPSAKOB; & — A0JA (HABTPALHH H3 KAHANOH, WAYIlAA Ha nHTaHHe
rpyHTOBHX BoA; M — ApeHakHw# cToX (npW HAAMuMM Apenawa); B—
pojgosalop ¢ YyeeToM MoBepXHOCTHOrO NpuToKa W cGpocon:

B=B,+ 11 —Cyx=0p+ Py (59)

=

By — ronopnoft ponosatop;, I/ — nopepXHocTHE TNPHTOK €O CTOPORHLL,

HONajAoAfl B CHCTEMY OpOCHTENEHLHX Kananos; Cx— TpaHanTHHE H
apyrae cGpocH H3 OPOCHTCALHHWIX KAHAAOB, MHHYIOUHE NOA.

Conocrapass ypassenns (56)— (59) masi yeaosnuit opo- .5;'
meHus ¢ ypapuenuamu (4)—(7) naa neopomaembix 3eMedb,

BHAHM HX CYUleCTBEHHOC OTJAHYHE H YCAOMKHCHHC BOJAHOIMO

Gajiaca NpH OPOLIEHHH, YTO BLI3BAHO HEOOXOAMMOCTBIO |
yuyera psjia HOBHX (haKTOpOB, KOTOPHIX He OblIO j0 Opolle- |

HHSI.

Vpasuenus (56)—(59) sanucanbl B JOCTATOYHO 06ULEM
BHAE H MOTyT GBIThL HCMOJIL30BAHBI KAK AJA KPYNHBIX MacCH-
BOB, CHCTEM, TaK M AJa# ux uacrteil. B sapHcHMOCTH OT KOH-
KpeTHuHX YCJAOBHI OHH MoOryr ObiTh ynpoiuens. Tax, ecqu
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MACCHB 3aHMMaeT BOAOpAa3leJbHOC NOJOMEHHe HJH Orpaix-
JleH HATOPHBIMH KaHajaMu, cOpachbiBalOliHMH BOJLY, MHHYS

MacCHB, TO MOKHO cuyHtaTth [/=0; na noiiMmeHHHX 3aTONJA-

eMblx 3emasnx snauenne fI Gyner onpejensoulaM. B page
CAYYACB HANOPHOE NHTaHHe NMoJA3eMHBIMH BOJAMH OTCYTCTBY-
eT, nosromy npuHHMalor p=~_0; npu BLICOKOK TexnHKe MOJH-
Ba Cx=0H T A

Takum obGpasoM, Bonpoc ob yuere 3JieMeHTOB BOJHOTO
GaJjiaHca JOJIJKEH pellaThesl KOHKPETHO B 3aBHCHMOCTH OT
NPHPOMHLIX YCJIOBHHA, cXeMbl H TeXHHKH opowenns. Heemor-
pa Ha pa3HooGpasue STHX YCJOBHI, BCE e MOJKHO OTMETHTh
HEKOTOpPHIE CYLLECTBEeHHBE yepTh BoAHoro GajnaHca opouae-
MEIX MacCHBOB, OTJHYalOUlHe ero OT BojJHOoro GaJjaHca He-
OpollaeMblX 3eMellb.

FBEJIH‘IEHHE EGﬂﬂHﬂTPEﬁJ’IEHHH EEHBEKGK[}BHﬁETBEHHHI
KYJbTYP C LeAblo MoJyueHus OoJiee BHICOKOTO ypoxasa Ao-
CTHIraeTcs CD{]TBETCTE}“IULI.{HM PE}HHMDM C!I}DHIEHHH C noaa-
yeil opocuTenbHOH nopmel Op, Kotopas HMeeT Mo KpaHHe#
Mepe Takoif ke nopanok seJuuHH, 4to H Oc, a aaa Oojee
3aCYUIJIHBBIX PaHOHOB H OCOOEHHO B OTAEJAbHBIE NEePHOMH
Op>>Oc. TloaToMy no cpaBHEHHIO C HEOpOIlaeMbBIMH 3eM-
JAMH 3TOH e 30HH MOYBLI OpoOllaeMHIX 3eMelb BCerja B
IeJIOM SHAYHTEJNLHO CHJAbHee yBiaxHeHbl. Tak Kak Biaaras
NoYBe HAXOIHTCHA B NMOCTOAHHOM JBHMKEHHH NMOJ JeHCTBHEM
CHJ THAMECTH H TNOBEPXHOCTHBIX <«KAaNHUJAJAPHHIX® CHJ, TO
yeM Ooablle BAAXKHOCTE, TeM OoJblle CHJIL TPaBHTALMH,
TeM ray0me BJaara onyckaercs.

[Ipu OGAH3KHX TPYHTOBHIX BOJAAX NPOHCXOAHT HX HENo-
Cpe/ICTBeHHOe THTaHHe, TAK Ha3blBaeMblii KanHJAJAPHLIH
cOpoc (JleGepes, 1936, u np.), a npH raybOKHX FPyHTOBBIX
BOJAAX INPOHCXOAHT ONycKaHHe BJard Kak MOjA AeficTBHeM
cua taxectH (ocobenno uepes XoILl 3eMJepoes, TPELIHHE,
KOPHH OTMepPHIHX pacTeHHil B CTEMHLIX paHomax), TaK H
BCJEACTBHE IPAJHEHTOB BAAMKHOCTH (pasHOCTH MOTEHIIHAJIOB
cHA cpoGOAHOH NOBEPXHOCTHOH 3Hepruu). ITOT MNpolece,
KOHEYHO, TeM CHJ/IbHee BEIpaKeH, yeM GoJibie OpOCHTeIbHbe
H ocobenno noaneHble HopMbl, [locsieanHe e B NMpakTHKe
NpUMeHSIoTe AoctaTouno OoabliuMH, uToOB H36eXKaThb
YpesMepHOro yBeJAHYEeHHS YHCAA NOJHBOB H MOCJCNOJHBHBIX
o6paboTOK H COKPaTHTh HENPOH3BOHTENbLHEIE IOTEPH Ha HC-
mapeHHe ¢ MOBepPXHOCTH nmouBl (M) npu MeakoMm yBJaaxKHe-
HHH. Onyckaiomascs nocjae NoJHBOB BJara mocTenenio He-
NONbL3YETCA KOPHAMH pacTenHH, HO He B TaKOH CTENneHH,
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yTo0H NMOJAHOCTBIO MPEpPBATH HHCXOAAUIMN TOK. 9T0 00bsic-
HAETCHA TEM, UTO OCHOBHAS Macca KOPHEeH ceJbCKoXossicT-
BEHHHIX KYJBTYP pasMmellleHa B BEPXHHX rOpPH30HTaX MOYBH,
Ile OHA HCNOJL3YET BJArY H NHULY B NEpPBYIO Ouepeib. ITH
FOPH3OHTBEI CTAHOBATCA CYXHMH CpaBHHTE/IbHO OBICTPO, 4YTO
BEIHYIKJAA€T NPOBOAHTH HOBLIH NOJMB JI0 TOrO, Kak pacre-
HHA CMOTJIH IOJHOCTbIO HCIOJAb30BATL BJALY, ONYCTHBIIYIO-
¢ ray6oko. Hosulii noauB poccranaBamsaer mnpoliecc HH-
(uaAbTpaUuH, H Blara OMyCKAeTcs y:Ke B FOPH3OHTH, HELO-
CTynHBe JJIA ee HCnoab30BaHuA. Muave nporekaior nponec-
Chl TOJBKO NPH pe3KO BLIPAXEHHOH CJAOHCTOCTH TPYHTOB.
Ilpusenennsie cooGpakeHns NO3BOAAIOT YTBEPHKAATH, UTO
€C/IH JI0 OPOIIeHHS B CTENHOH HAH 3acYIUJAHBOH 30He HMe-
J0Ch HHQHALTPAUHOHIIOE MUTAHHE TPYHTOBHX BOJ, TO MOC/]e
OpolUEeHHN (He3aBHCHMO OT €ro TeXHHKH, naxe Ges y4era
Py) 9710 NHTaHHE Beerja Gyner GoJble.

Tak Kak B opomaeMmoil 30He MOA3EMHbIE BOAB OGHLIUHO
MHTaIOT peKH (a He HaoGOPOT), TO MOCJE OPOLIEHHS KaKOii-
AH00 NJIOUIaAH TNHTaHHE TFPYHTOBHIX BOM C 3TOI MJIOILALK
(npu 1060i rayGune CTOSHAA IPYHTOBBLIX BOL) BO3PACTAET.
[Toka eme Tpyano aath oGocHOBAaHHBI pacuer 3Toil BeJH-
YHHBl H3-338 HEJOCTATOYHON H3YUEHHOCTH BOINPOCOB JBHIKE-
HHA BJard B 30HE aspalluH, HO BO BCAKOM cayuae (BBHAY
POCTa BAAXKHOCTH MMOYBOrPYHTOB H KallHAAAPHON IPOBOAKHMO-
CTH) 3TO yBeJHYEHHE NHTAHHS TPYHTOBHIX BOJ OGynper He

MEeHblIe g‘g—’u. Tak, ecan g=30 MM B rog, Oc=
4

=300 MM, To npn Op==4500 m*ra (450 MM) HoBOe 3Have-

4 e
HHE g.__.“:-:SD—I—BD-E—ﬁg:rS MM B roa. Hmesa B Buay, urto

OpH OpOLICHHH NOTEPH HAa (QHALTPAUHIO H3 CeTH KaHaJOB
OOBIYHO 3HAUHTEALHO GOJbILE g, K TOYHOCTH e onpeaeseHHs
HE MOTYT NPeALABAATLCA BLICOKHE TpeGoBaHus.

OCHOBHBIM  JIONOJHHTENbHHIM  HCTOYHHKOM  THTAHHS

FPYHTOBEIX BOA NpPH OPOLIEHHH SABJAAIOTCH (PHALTPAUHOHHBIE |

MOTEPH H3 BCEX SJEMEHTOB OPOCHTeJabHOMN cetH (a®y). Tak
KaK K.IL Ji. CHCTEMB 1==1; )2 13, I'/lle HHAeKcH 1, 2, 3 oTHO-

CATCA COOTBETCTBCHHO K MATrHCTPAJbHLIM, MEXKXO3fHCTBEH- |

HbIM W BHYTPDHXO3SHCTBEHHLIM KaHaJaM, TO, NPHHUMAan
Op=2B8 (Ges yuera [l u Cy), nonyunm:

Ea¢,=”ftalu—ml + 0y 1y (1 — 1) + &gy 1 (1 — 1))
| (60)

68

-\._ _H- 5

:.. I---..Lr-.-_ g



3HauenHsa o, 1); 3aBHCAT OT psafa (paxkTopoB H HpexKie
BCEro OT TeXHHUecKoro copepuieHcTsa cucrembl. Ilpumene-
HHe 3aKPHITEHX TPAHCTOPTHPYIOIHX TPYyOONPOBOAOB, MOKPHI-
THil KaHaJ0B, JOTKOB H APYTrHX NPOTHRO(HILTPALHOHHBIX
MEPONPHATHA NO3BOJISACT JIOBECTH K.I.JA. CHCTeMBI A0 M=
—0,9: ond ceTH B 3eMJAHOM pycae 1.23=0,7=0,9 npu
n=0,4-=-0,6.

Onpegenense noreps Ha (UALTPALMIO H3 CETH OPOCH-
TeJLHEIX KaHaloB H Mepbl GopbOl ¢ Heill pazpaboTaHbl B
goctatouHoit crenesu (Asepbanos, 1956; IlocsaaBckuH,
1957, u ap.), W Ha HHX 3[leChb OCTaHABAHBATBCA He OyAeM.

KosddHuneHTs ¢ 3aBHCAT OT IyOHHBl CTOSAHHSA TPYHTO-
BeIX BOA. IlpH BBHICOKHX TPYHTOBRIX BOJlaX, €CliH HeT cime-
HHANBHBIX TEPEeXBATLIBAIOULHX APeH, JIECHBIX N0J0C H APYTHX
CpeNCTB JIOKAJNH3aUHH (HALTpaUHH H3 KaHaJ0B, MOMKHO
OpHHATL oy —ae=—03=1. [IpH raybOKHX rpyHTOBHIX BOJaX
3HAYEHHA ¢ MOTyT OBITH MEHLUIe, HO TaK KaK B TAaHHOM
caydae HaC MHTepecyeT NMporHo3 BoJAHOro HajaHca, TO eclin
naxe GuAbTpaUHOHHLIE BOABI (HanmpHMep, H3 HeOOJBUIHX
KaHaJoB) He MOCTHTHYT TPYHTOBBLIX, TO BCE pPaBHO OHH TOH-
OYT Ha YBJIa)KHEHHE 30HBI aspallHH, MO3TOMY H B JaHHOM
cAydYae MOXKHO NPHHATH o) =0y=03=l.

ITpu npornose BOAHOrO peXHMa YacTH CHCTEMBI 3Ha4e-
HHA 1) HAJ0 NPHHHMATL ANS KaHAaMOB, PasMEIIEHHLIX B nipe-
nenax 6anaHcORO MuomAnu (MCKI0YAd, HANPHMEDP, X0J0-
CTYI0 YacTh MaructpanbHoro kawana). ChenosaTenbHo,
aHauenHe 2P, H3IMEeHseTCA B UIHPOKHX TMpeaenax — OT
(0,10—0,20) Op npn BeicOKO# TexHuke opowenns no (0,6—
1,0) Op n naxe BBHINIC JAAA CHCTEM KaHAaJOB B 3eMJAHLIX
pycnax. Boaspamasick x ypaesnenHio (57) n obfo3nauas HH-
nekcom 1 BeNHYHHEI 9JEMEHTOBR BojHoro OaJjanca B nep-
CNEKTHEE, MOJYYHM:

AWy =+ g+ 11, — Oy + aPy — (H) + p1. (61)

Hpenaxuuii ctok () nokaszan B ckoOkax, Tak Kak jape-
Hay MoMeT OBITb H He OBITh. UTOOLI CcpaBiHTL H3MeHeHHA
B BOMHOM GanaHce MOC/AE Hauasisa OpOUICHHA, BHYTEM H3

ypapHenua (61) ypasuenne (9) (Aad ycTaHOBHBLIErocs
pexxuMa o opomenna). Toraa

AW, =+ (g, —g) + (,— 1) — (0,—0) +
-+ Eﬂﬂ“— {ﬂ) e (7, — p).
(O6Go3HaulB H3MEHEHHA 3JE€MEHTOB BojJHOro GajaHca CHM-
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soJioM A Asas yeaosuil ray6oKOro sajerands rpyHTOBLIX
BOJ, MOJYUHM:

AW, = g+ AT— A0+ ad— (1) + 4p.  (62)

B CBA3H € TEM UTO NMPH AOMOJHHTENLHOM HHTAHUH rPYHTO-
BHIX Boja nocnae opomenns (Ag-+oa@®>=>0) n noaseme rpyH-
TOBHIX BOJ BCErja yMeHblIaeTcst nojzemuutii npurox (/1<
< [T; py<<p) W yBeauuupaercs noazemusii orrox (0(=>0),
anavenna All, Ap 6yayT oTpunateabhbimi. Obosnauns /=

=A(O—II—p) (c yueToM 3HAKOB), NOAYUHM:

AW, + T + (1) = Ag -+ o, (63)

U3 ypasuenns (63) caenyer, 4yTo AOMOJHHTEALHOC HH-
TaHHE TPYHTOBHX BOJl MOCJe OCYLIeCTBJEHHS OpOIICHHS
(npaBasi yacTb ypaBHEHH#A) pacXoAyeTcs Ha YypeJHUeHHE |
sanacos rpyHToBbiX BoJ AWj, yBenuuenne pasHuibl Mexay -
MOA3€MHBIM OTTOKOM H MOJA3eMHBIM npHTOKOM (I7) M B Aaab-
Heilmem Ha apeHax (JI), ecan oH HEOGXOIAMM HIH cylle-
CTBYET.

AHanoruuno AJs KOHEYHLIX BEJHYHH

AW 4+ {91 o I_TJ + F’l} + (M) =a+ q.lﬁ“_j (64)

M3 ypaprennii (63) u (64) BHaHO, YTO NOo Mepe NONb-
eMa YPOBHS TPYHTOBHEIX BOJ MO¥eT OBThH JOCTHIHYT TAKOH
ycranopupuniica pexum (AWz=0), npu kotopom

I = Ag+ ab, 65)

;

HIH JKe i
(O — Iy — py) = g + aPy. (66)

Ecan npu 3TOM rpyHTOBBIE BOJAB NOAHAMANCH HE TaK BbI- |
COKO, 4TOGH H30BITOMHO YBAAMHHUTEL HJAH 34COJHTHL NOYBY, TO |
HCKycCTBeHHBIH ApeHax (/) ne nymeH. Ecam e rpynto-|
8Bl€ BOJbI MOJHSANHCD BBICOKO H HAYHHAIOT HHTEHCHBHO pac-,
XOJOBATLCSl HA HCNADEHWe, TO €CTh He TOJALKO AgZ, HO H g
MEHSIIOT 3HAKH Ha oOpaTHBIe, TO HAI0 ONPEAeJNHTh, HACKOAbL-!
KO BpeJHO 9TO JJs NMOuBO0Opa3oBaTeNbHOro npouecca, H
ecqH Habawojgaercd H3OGBITOUHOE YBJaXKHEHHE H 3acoJieHHe
moye, To Heobxomum japenax (). Huaue rosops, apexax
HYHEH, eclnu IJs npelenbHbIX (HAHGOABIIHX NO YCJAOBHAM
noakeMa rpyHToBeX Boa) 3Hauenuit Iy n (O—Ii—p;)e

OyAyT HMeTh MecTo  HepaseHcTsa: o< (Ag+ady);
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(O—1ITi—p))o<< (g1+aPx). Tak Kak TpYHTOBbHIE BOJBI
NPH 9TOM TOJANHSAAHCE BHICOKO M YCJAOBHA NMHTaHuA (g1, aPx)
MOTYT H3MeHAThCH, TO npumenenue dopmyn (65) u (66)
Moxer BHecTH omHGKH. TTosToMy ansl onpeaeacHus HArpyas-
KH Ha ApeHax CACAVET NOAL30BAThHCA (hOpPMYNOi:

M = ady + gy — {E‘.l_gi_f-’l]m (67)
3nech mTpux ofo3navaeT H3MeHHBIIHECH YCJOBHS.
Takum obpazoM, gas cocTapjJieHHA IPOrHO3a BOJHOTO

peXUMa OPOLIAEMEIX 3eMellb, TOMHMO XapaKTepPHCTHKH BOJ-
Aoro Ganamca A0 OpPOIIEHHHA, HALO 3HATh Py, g1 0 (01—

'—Hi—pI); O MnepeHIX JABYX BEJHYHHAX TORODHJAOCE EBIIIE.

EcrecTrennmii moasemuuiit cTok (TouHee, pasHOCTb MEJLY
OTTOKOM M MPHTOKOM) 3aBHCHT OT reoMopdosiorHieckux,
FHAPOreoJOrHYecKHX YCJAOBHA H CXeMBI OpolleHHA (pa3me-
eHHe W pasMepbl miollaaeid opoureHHa). Onpenenennbix
PEKOMEHIANMH To0 3TOMY BONpOCY AJA BCEX OCHOBHBIX TH-
MOB OPOIIAEMBIX MACCHBOB TOKA AaTh HeJbas, HO AJA HEKo-
TOPBIX THIHYHLIX YCJOBHA OHH HMeiotca (Apepbsanos, 1959,
1956, 1959a; Tlony6apunoea-Kounna, 1952; Apasun, Hy-
mepos, 1953, u np.).

Ypaenenna (62)—(66) u onpeagencune Iy u (O—IT—
—pP1)o MOXKHO OCYIIECTBHTh PA3JHYHBIMH METOXaMH — aHa-
JTHTHYCCKHMH, YHCAEHHBIMH (B KOHEYHLIX pasHOCTAX), MO-
EEJIH[JGEEHHEM H .EP}F['HMH, AHAJOTHYHO T'D-M"'f, KaK 3TO ne-
JlaeTcs MPpH COCTABJEHHH TPOTHO3a MOJATONJIeHHS.

Takum oGpasom, MPOrHo3 BOAHOTO PEXHMA JJA 3eMeb,
MpeAHA3HAUCHHLIX K OPOLIeHHI0 HJIH HeJaBHO OpOIIaeMHIX,
CBOJHTCSA K CJEIYIOLUEMY:

- onpelesIeHHI0 HaJeKHBIX XapaKTepPHCTHK NMOYB W THApO-
re0JIOTHYECKHX YCIOBHIi;

COCTABJEHHIO CyllecTBYomero 6GanaHca TIOYBEHHBIX H
NOJA3eMHBIX BOJX (pa3siensHo);

onpefieJIeHHI0 B CBA3H ¢ HaMeyaeMoH TeXHHKOH opoiue-
HHA AONOJHHTENLHOTO THT@HHA FPYHTOBHIX BOA (Nno cpas-
HEHHIO ¢ HCXOMHEBIM)

HAXOXKNEHHIO NPEAeNbHOr0 3HAYeHHs BO3IMOMHOCTEH ec-
TecTBeHHOro mopzemuoro orroka Iy, (O—ITi—p;);

000CHOBAHHIO HeoGXOAHMOCTH HIH HEHYIKHOCTH JIPEHAN-
HEIX MEepONnpHATHI; ;

pacueTy XxapakTepa H3MEHEHHsi BO BpPeMeHH peXHMA
FPYHTOBBLIX BOJ H TeéM CaMbBlM YCTaHOBJIEHHIO CPOKOB OCY-
IMECTBACHHSA [PeHAaKHDBIX MEepPONPHATHH; B nepBoM npuGaH-
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JKEeHHH K ONpenefeHHI0 HarpyskH Ha JpeHaX H THma Ape-
HaMKa.

OcTaHOBHMCA Tenepb KPaTKO Ha MPOrHO3e COJeBOro pe-
JKHMa MNOoYB, MCNOML3YA HEKOTOphIe pesy/bTaThl, MOJYyYeH-
Hele B npeawayuiem Haaoxennu. Ipexae scero HeoGXonH-
MO HMeTh HajJeXHble HCXOAHLle MaTepHanabl MOYBEHHBIX H
FHAPOreoJOTHIeCKHX HCCNe0BaHnil no cofepxaunio (H BH-
naM) conefi B mouBax, FPyHTax W TrpPYHTOBHX BojAax Anf
BCEX THMHYHBIX MOYBEHHO-THAPOreoJOrHYecKHX pafioHoB
HWAH ydacTKoB. Mcnoab3ys AaHHBIE NMPOrHosa BOJAHOIO pe-
WHMa, 3HAA HCXOAHYIO TYOHHY H MHHEPaJaH3aNHI0 TPYH-
TOBHIX BOJ, a TaKXe COJlepXaHHe JEerkopacTBOPHMBIX
conefl B rpyHTax Bhille YPOBHA TPYHTOBHIX BOJ, MOXHO ONpe-
Ne/IATH PACTBOPEHHE cOJeplKallHxXcH B TBepaofi dase co-
nefi ¥ OPHEHTHPOBOYHO OMPENEJHTh Npeanojaraemyio MH-
HepaJH3allHi0 FPYHTOBBIX BOA TNPH MOABLEME HX YPOBHSA,
a 3aTeM M HX BJAHSAHHE Ha 3acojeHHe MoYB,

NMpumep. HonycTAM, NporHO3 peXHMa IPYHTOBLIX BOJA TMOKA3aTd,
yro or HexoaHoft rayGuns 10 M rpyHTOBHe BoAW 3a 10 JeT NOAHHMYTCS
Ha 7 M W NOCTHTHYT rAYGHHM 3 M OT MOBEPXHOCTH 38MJH, MPHYEM YCJI0-
pifi AAA ecTeCTBEHHOrO MOM3CMHOrNO OTTOKA HeT. Toraa NpH MOPO3HOCTH
rpyata m=04 ofvem noansBmefica poam Oyler 7X04=28 m® ma
| % BTo 3anoapeHHe NPOHCXOIHT B OCHOBHOM CHH3Y BBepX, TaK KakK
raasiofi cocrapaswomell MHTAHEA TPYHTOBHX BOJA sBAAeTcA (HALTpalHA
#3 xaHanon, a He ¢ nodedlt. [Myers w3 Ganamca H3aBeCcTHO, WTO MOTEpH C
opomaeMux nodefi coctasuau go=y nutanns, GuabTpanua H3 Kawanop
a®, =%, Torna emxocts 2,8 M* Guna na ¥y, 1o ectp 2,1 M3, 3anoanena
nogoft cHnsy, a 0,7 M? — ceepxy. Ecan ncxoanas MEHepanHsauHMs rpys-
ToBWX Boa (¢} Gwuina 1 r/a, a 3acoaeHHOCTh TPYHTOB JerKopacTBOPH-
mpimMu conamu 0,2% no macee (y=1,6 1/u?), 1o, vunTHBAs AANTedRHH
cpok (10 mer), mocraTounnft AR BHIPABHHBAHHA KOHUEHTPaUHH, B CYH-
Ta®, uTo B pacteop nepefiner 50% conefi, a MmuHepaamsaums noansHof
roAL PaBHAa HYMO, MHHEPAJH3aUHA NOAHABIINXCH TPYHTOBHX BOA cO-
CTABHT:

y 91.14085:7-1,8.0.2.10"%.1000
ST e

Hancvueftwee nepememenne conelt B nousy Gyaer 3aBACETh OT COOT-
Homenusn cropoctelt npocaymnanns (V:) u nocxonsmero roka (Vi—Va).

OTtMeTHM, 4TO ecH WABECTHHl CPeIHAA CKOPOCTh MOALEMA VPORHSA
rovaToBsX Boa (v wac 0,7 M 8 roa) W cooTHoOWeHHe noTepr ¢ moach W
GHABTPANNE W3 Kanadon, TO MoXHO onpeneants 3unavennsa Vi n Vo npn
OTHOCHTEAEHO FAVGOKHX TPVHTORLIX BOIAX.

Iag yveaoBrii npHMepa TH BeTHYHEH PABHE:

0,7

Yy 1,82.10~2 m/eyr;

=Erla,

1
Ve == =0,48.10~2 m/cyr,



4T0 CcoOTBeTcTBYeT mnoTepAM ¢ mnoned  Vam=0,19-10-% m/cyr=
=0,1% MM/cyr=70 MM B rog H NOTepAM Ha (PHALTPALHID {lﬂ—'/{] ==
=210 MM B roz,

Takum oOpa3zoMm, ec/iH CHHTATL, 4TO NOTEPH Ha (QHALTPAUHID B pe-
SyJbTaTe NoAbeMa TPYHTOBHX BOA CYUIECTBCHHO He H3IMEHATCH [IDHH
YMEHBIIAKTCA NPH noAneprod GUALTPALHE, H 3T0 MOMeT OLTH YYTEHO
(Apepeanos, 1956)], To yepes 10 JieT rpyHTOBHE BOAW NPH MHHCpaaH-
3auun S5 r/n AOCTHCHYT rayOHHH 3 M OT NOBEPXHOCTH 3eMaH H OyayT
HMETB TEHAEHUHIO AaibHefiwero noabema. Ecam npu stom rayluna 3 m
ABAAETCA TAKOR rayOHNOR CTOAHHA MOBEPXHOCTH IpyHTOBHX BOA (Kau,
1963; Kosna, 1947; Posos, 1956; Eropos, 1954; Jlerocraes, 1953a), upn
KOTOPOH FPyHTOBLE BOAL HAYHHAKT 3aMETHO YYacTBoBaTh B nousoolpa-
30BaTeNILHOM Mnpouecce, To faiabHeAwHAA HX noaseM (ecam ue Gyder
yCTpOeH [peHaX) Bu3oBer 3acosende moue. IlpH mogreme rpyRTOBHX
BOJ, Bule 3TOH rayGHHL OHH PAacXoiYHOTCA Ha HCNapeHHe M TpaHcnHpa-
iHio. OpHEHTHPOBOUHO 3aBHCHMOCTb HCnapeHHs (e) or rayOHHB cTOA-
HHS TPYHTOBRIX BOJA (A) Moxer OuTh BuipaxeHna Qopmynoii (Asepwna-
HoB, 1956, 1959):

e
e=¢g(l——| |
A
rie eg— HCNAPAEMOCTb; Ag— KpHTHUecKas rayfHHA IpPYHTOBHX BOJA;
. — Nokasate/b cTeMeHH, o0WYHO JeXalUlHid B npelejax |l<<n<<2,

Toraa momxno cuHTaTh, 4TO cpefiHee yCTOHYHBOE NOJOMKeHHe rpyH-
TOBBLIX BOJ HACTYOHT B TOM CJy4ae, eC/lH HCNapenHe ¢ NOBEPXHOCTH TPYyH-
TOBHX BOA (e) Gyaer papHO NPHTOKY cHH3Y, TO ecTh e=m(V,—Va).
B nawen npumepe m(Vyi—V3y)=210 mm B rog, By=3 mfi. Ecam eg=1000 mx

A \1.B
B Iofl H cpeanee 3Hayenmwe n=1,5 noayyum 210 = 10&(1—?) ;

Orciona A=196~2 u. CieloBaTennso, ypoBeHs TPYHTOBHX BOA CTa-
ﬁlﬂl}ﬂl;p}'ﬂmﬂ Ha rayGuHe okono 2 M (KOHeuHO, ¢ Ce30HHEMH KoJjela-
HHAMH) . -

Paccmotpum Tenepn, Kakoe Oymer pacnpefienende conefi B nouse
NMpH OpoOlIEeHHH, NPHHAB 34 OCHOBY cXeMy, H300paXdeHHYIO HA pHcyHKe 7.
Cunras, 4ro ma raybuse x=2 M n=D5 r/a, H npHAHMasg X=X, BHLHM,

4T0 pacnpeienenue conedl B nouse Gyner 3aeucets or D* u V. Kosdpdu-
HHEHT KOHBeKTHBHOH AHDPysHK goaked OublTe H3BecteH (mojieBhle cro-
co0OH ero onpeflesenna paccMotpensl  Boie). [lpumem D*=2X
XK 10=3 m*leyr. 3navenus ckopoctelt Vi w Vi npm moausBmmxcs Ao
rAyGHEE 2 M TPYHTOBBIX BOJax HaMensioTcA. CunTas HEeH3MECHHHM NOJ-
nuThBande Vi—V:=210 MM B rog u HMea B BHAY, 49To OpOUIeHHE H
OCAJKH B CYMMe 3a roj AOCTHTalT BEAHYHHL HcOnapAeMmocTH (YCJADBHO
1000 MM B roa), npumem ocaaxi 300 MM B rog H opomenue 490 MM B
rof, 4T0 B cymMe ¢ noAnHTHBanweMm (210 MM B roa) maer 1000 MMM
B rof. Torga » 3oHe 2 M (0T MOBEPXNOCTH MOYEH A0 FPYHTOBHX BOJ)
ameeM: Ve=T790 MM B rog; Vi—V,=210mm B 'rog; Vi=1000 mm B rog.

Cornacuo cxeme, npusefennofi Ha pHCYHKe 7, H COOTBETCTBYIOUIHM
pacyeTHuM (opMyaM MOJYYHM:;

1 =
V:—aﬁﬁ—- 2,75-10° m/feyT;

V- 2:2.78007°
2mD*  9.0,40.2.1073

Pe = 3,45;



Torna mo dpopmynam (22) u (25) mosmywmm:

i ny EPe{l-z,rﬂ ity o 8.45(1—2/1,265) _ 0,13n.

Makcumansioe zaconenne Oyaer na rayGuue
1 i 2
V 1,265

) 2
My == 04 E,Pe(l-—l,ﬂ"} = 1, 502 _ [ 16n,,

= 1,58 m:

Cpeamolo MHHepaAH3auMw Ans Beel Toawu 2 M Hafgem no dop-
Myae (25):

s lms A bygeanl S oaVak o
d 2 Vi35

+¢(@)] 0,750,

1,26

CrenoBatennlio, HECMOTPA Ha 3HAYHTEALHOE NOCTYNJAEHHE NPECHBIX
BOJ Ha NoBepXHocTb nouskl {ocaaxu 3000 m*/ra-+opowenne 4900 m3/ra),
BB HANMYHA HAa rayOHHe 2 M MHHEPa JH3OBAHHBX TPYHTOBHIX BOA
(5 rfa) cpeandas MHHepaJH2aLHA NOYBCHHONO pacTBopa no Beefi ABYX-
MetpoBoit Toauwe Oyaer oxkaio 0,75:-5==4 rfa, npruem B cace 0—I1 M
cpennss MHHepanuzauus Oyaer okono 3 rfn, a B choe 1—2 M — oKoAO
b rfa ¢ makcamymoMm (1,16-5=58 r/a) Ha ray6unc =~ 1,6 m. B paccmar-
pHBaeMOM MNpHMepe ME NPHHEAAH KoHeyHoe (npejensHoe) pacnpemenc-
HHe coJieft B novBe.

Cpokn, 3a KOTOpPHIE STOT NpPOUECC 3aBCPIIHTCH, MOKHO ONpPCASNHTDH
BeyMa npHemaMH. Bo-nepemix, npHOAHMeHHO 3TO BpeMA MOXHO HAHTH
no Ganaucy conefi. Tak, Ana ycnoeufi npuMepa, cuuTaf, YTO B JABYXMET-
POBOM €A0E HAKONHAOCH codeH U=fcpXim (B Kr), H 3HAA HX CHero-
noe nocrynaeuune cansy AG=(Vi—Vz)ni, spemsa { momno npubanxern-

HO onpeaenuTs no gopmyne:

G ﬂnp .-":l i - I‘l m
r - —_ =] T g T ﬁﬂ
AC  m(ly—Va . Py (e

Jas npuMepa nMeem: r!:p=l],75; =2 u; m=040; Vi—Vo=021 u
B roj.
0,75-2:0,40

S 0,21

= 3 roja.

Bo-BTopuX, NpoAoIKHTEAbHOCTE MEPeXoAHOro mpolecca MOMHO onpefe-
JHTL N0 BpeMeHH CTaGHAM3AUME — NOHATHIO, AHAJOTHYHO BBEACHHOMY

HAMH AN FPYHTOBEIX BOJ.
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Jlan polleccop 3aco/ieHHA AHAJOMHYHAA DeJAHYHHA AAf OrpaHHycH-
WX NOTOKOB HMCCT DHO:

D* D* m*
fo= = —r (70)
V p'u

rae V— KoHBEKTHBHAA CKOpOCT: nepememenss coqefi; Vo — ananoray-
Haf Beanynna Aaf ckopoctd Quastpaunn (V= Ve/m).
Mas rawero cayyas

_ 2-107%.0,4* (365)
T 0,212

Te = 970 cytok = 2,7 roja.

310 6.143KO K Hafitennomy no Gasaucy coseft Bpemenn f==3 rogam, Orme-

THM, 4TO AfIA NOAYOrpaHHYEHHHIX NOTOKOB (HanmpHMep, AJS NPOMBIBOK)

Te (aHajormyuo QHALTPAUHOHHEIM MOTOKaM) nNpHGAH3HTeABHO OyAer
PaBHO:

95D* m?
sl
Vo

- (71)

370 BpEeMA COOTBETCTBYeT 3HAUCHHIO paHee NPHMEHABUIErocs mapa-
Merpa a=25. H3 pucynka 9 xopowo BuAHO, uTO NpH a=2,5 HeycTaHO-
BHBILHIACSA NpOllece pacco/icHug B OCHOBHOM 3apepluaeTcs,

Hrak, ans paccmotpensoro npumepa nocae 10 Aer opomesnus rpyw-
TOBWE BOAMW ¢ HayajsHofl rayGuew 10 M goctHruyT rayGups 3 M m,
PacTBOPHB HaxoAflUHecs B 30HE ASPAuUHH COMH, YBEJHWAT CBOIO MHNe-
Paﬂsniaﬂumu or 1 ao 5 r/fn. B Tewenne npaMepHO elle Tpex Jer

mﬁﬂ rofia) OHH AOCTHTHYT rAYOGHHE 2 M OT NOBePXHOCTH W HE
Lo

sTOM ypoBne crabuausnpyores. Bocxogsmnfl Tok OT HHX B NOYBY B pas-
mepe 210 MM B roa npH ocaakax 300 mM H opowernn 490 Mm B roa
(Bcero 1000 MMBroA) B TeuenHe NOCASAYIOUIHX Tpex JeT 3IACOAHT
paHee ONPECHCHHYIO NOYBY A0 KONUEHTPALHH NOYBEHHOrO pacTBopa 3 r/a
B BepxfieM MCTPOBOM CJioé H & r/n BO BTOPOM METPOBOM CJ/0e MOYBHI,
Caenosatensno, ofWas crTaOHAHIAUHS BOSHOrO peXHMa noup Gyaer
JAOCTHIHYTA NpHMepHo 3a 13 Jer, a coneBoro pexnMa — 3a 16 aert. INo-
AYyYeHHEE Pe3yAbTaTel CAGAYET OUEHHTH C YWETOM cocTapa codefl, BHAA
CeJALCKOXO3ANCTBEHHWX KYALTYP H ApYrHX Yycaobhii. Oanako MomxkHO
NPeANnONOKHTL, ¥TO MHHEPANH3AUHA JErKOpacTBOPHMEHX colefi Heno-
CpeACTBEHHO B NoYBe B KOoAHuecTBe 3—5 r/a cKaXerca oTpHuaTeNbHO Ha
ypomanx cenbCRoXosfficTeennbix kyawtyp. IMostomy Gynyr neobGxonm-
M apenax W npoMuiBkH. [IpHueM Apena’x Hajo NOCTPOHTH NpHMEpPHO
Yepes 7 sieT nocie Hayana OpOWIEHHH, NOKA BHICOKHE PYHTOBbeE BOAH
lie NpenaTcTBYIOT NPOBEACHHIO ApenaXKnuXx pador.

[IpuBenenunii npuMep, No HameMy MHEHHIO, NOKA3LIBAET
BOSMOMHOCTh COCT2BJIEHHA [POrHO3a COJEBOTO pexuma
noup B nepsom npubanxennu. EcrecTBenno, uto npennara-
€Mas MeToAHKa TpeOyeT AajibHeAIIEro YTOYHEHHA H Pas3BH-

THA H OCOOEHHO SKCNEPHMEeNTAJLHON NPOBEPKH B IOJEBHIX
YCJIOBHSAX.
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Tpe6oBahns K OCYLUIMTENbHOMY
M pacconsoeMy AeHCTBHIO ApeHaKa

[IpH NPOEKTHPOBAHHH H CTPOHTEIbCTBE JI0GOro THHA Jpe-
HAMKHLIX YCTPOHCTB NMpexKje Beero AONKHO ObITh YeTKO Of-
pefieJieH0 NX HazHayeHHe, a HCXOMAs H3 3TOrO, oGocHoBaHE
THII M napaMerpel Apenaxka. boabuioe, a HHOTAa pema-
uiee 3HaueHHe JIA ycnemiHolt paboThl ApeHaMKHBIX CHCTEM,
0COGEHHO 3AKPHITHIX, HMEIOT Ka4eCTBO HX CTPOHTEJNLCTBA H
npapnabHas sxcrmryatauus. He saTparusas 5THX BONPOCOB,
OCTAHOBHMCS Ha o0OOCHOBAaHHH NapaMeTpoB JipeHaka.

HMagecTHo, UTO OCHOBHBIM KavecTBOM BCAKOrO JApeHarKa
SIBJAETCSA ero cnocoOGHOCTh NPHHHMAaTh H OTBOJAHTBL 3a lpe-
fesbl MeJHOpPHpYeMoii mjollaid H3OETOYHBIEC TIPYHTOBLIE
BOABI, Oaarojapsi 4eMy KOPEeHHBIM 00pasoMm mnepecTpansa-
eTcst HX Gajanc H cospaercs GJaronpHATHBI BOHBIN H CBA-
saHlble ¢ HHM TEmI0Boil, BOSAYLIHBI H MHTATEAbHEIH PEIKH-
MBI ouBbl. OGIIENpHHATHI KPHTEPHIT OCYIIHTCIBHOTO JACH-
CTBHSl JipeHa)<a — TaK HaswlBaeMasd HOpPMa OCYIIeHHS
(A. H. Kocrakos), a nmpu GopbGe ¢ 3acojeHHeM — KPHTH-
qeckast IayGuna crosuns rpynrosex oA (B. b. IMoaunos).
HMeloTesl pasHOBHIHOCTH 3THX NMOHATHIH (KpUTHUECKHH pe-
#HM H Jp.), OAHAKO BCC OHH OCHOBAHBI HAa IJIaBHOM TNOKa-
saTesec — IAyOHHE 3ajeraHis NOBepPXHOCTH I'PYHTOBHIX BOJL.

[lpusuasasi GoJablioe 3HaYeHHe 3THX MOHATHIH AJA HaY-
KH H NPAKTHKH H OTAaBasi JOJJKHOC NIPOrPECCHBHON POJIM,
KOTOPYIO OHH B CBOC BpeMs HIpafiH, HEJIb3s HC OTMETHTD,
yTO B HACTOSINIEE BPEMSH, B YCJAOBHAX HHTEHCH(HKAUHH Celb-
CKOro X03fficTBa, cofepiKaHHe, BKJajbiBaeMoe B 3TH Tep-
MHHBI, H, BO3MOXKHO, CAMH TOHATHA, ¢ Haweil TOUKH 3pe-
HHSA, A0A#HB OLITH MEPECMOTPEHEL.

[MonsTHs HOpMa  OCYIIeHHS H KpHTHUecKas riyGnHa
FPYHTOBBLIX BOJ C(OPMYAHPOBAHB NPHMEHHTENBHO K YCJIO-
BHAM, 0GECHeYHBAIOIIHM Olpe/e/IeHHBIH NPHPOAHLIH MOYBO-
06pa3oBaTeaLubll npoiecc Jyroporo (rHAPOMOpdHOTo) xa-
pakrepa (Kosaa, Jlerocraes, Moposos u jap., 1956), npu
KOTOPOM B3HAUHTE]bHAs YacTh TPYHTOBBIX BOA HCIOJbB3YET-
¢t JIIA BOAONOTPEGIEHHS CeTbCKOXO3AHCTBEHHBIX KYJbTYP.
ST0 BO3ZMOKHO TOJILKO MPH BHICOKOM CTOAHHH YPOBHA TPYH-

TOBHX BOJ, HE CONepKalllHX Bpe/INLIX JJis PacTeHHil Jierko-
PACTBOPHMBIX COJeif, ¥ NPH BEICOKOH BAAXKHOCTH NOYB. Ha

OCylIZeMBIX 3eMJIsIX, HanpHUMep HH3HHHBIX 60J0TaX, NpH Ta-
KOM MEJKOM OCYIICHHH HCKYCCTBEHHO OrpaHHYHBAETCH 30-
Ha aspallil, YTO YMEHbIIAET BO3MOKHOCTE Pa3IOMKEHHA Op-
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FAHNIECKOr0 BEHlecTBa NOYBHI, NPenATcTBYeT GoJiee MogHO-
MY pasBHTHIO KOPHCBOH CHCTeMBl, VXYAIIAeT HCMNOAL30OBAHHE
BHOCHMHX B MOYBY yAoOpennii H B KOHEYHOM cuCTe chep-
Mupaer pocr ypomxaes. Teopueit m npaxkruroil joKasaHa
lienecoobpasHocTs Gosee rayGoOKOTO OCYIIEHHS 3eMelb TpH
HHTCHCHBHOM CEJIBCKOXO3AHCTBEHHOM mcnoabsoBanun (Illa-
pos, 1954; Ckoponanos, 1961; Asepwnsnos, IOHesnu, Hr-
natsena, 1960, v ap.).

Ha opouraemuix semiax nojiep:KaHie NOCTOAHNOTO BLI-
COKOro YPOBHSl ONPECHEHHBLIX FPYHTOBBIX BOJI NPHBOANT K Ne-
pepacxoiy BOJAB Ha €AHHHIY ypoxag. D10 olbiAcHAeTCH
TEM, UTO Yrpo3a pecTaBpalMH 3acojienns Tpebyer nojiep-
KAHHA MOCTOSHHOTO HHCXOASUICIO ONMPECHALLCIO TOKAa BO-
JIbl, HHTEHCHBHOCTD KOTOPOro Tem GoJibLIe, YeM BLIle I'pyH-
TOBHE BOAL. Kpome Toro, mpm BHICOKOM CTOSIHHH TpYHTO-
BHIX BOJ yBeJAHUHBalOTC GecnojesHsle noTepH Ha dHaHTeC-
KOEe HCrapeHHe ¢ MOBEPXHOCTH NMOYBHLI, Ha Nepesaorax m T. .
[TpakTHKa noka3eIBacT, UTO XOTA TPH JYrOBOM lpoIecce
NOJAY4aioT 3HAYHTOILHEIE YPOMKAH, HO 3TO JOCTHTACTCH Ie-
HOM orpoMHBIX 3aTtpaT Boabl (20 Teic. M¥ra u Gonee), B 2
pasa W GoJiec MpeBLIMIAIOIHX BOAONOTPEGJEHNE CEAbCKO-
XO3AHCTRBEHHBIX KyabTyp. OueBHIHO, UTO ITOT METO/, CBOIi-
CTBEHHLIH HH3KOIl TEXHHKE OpolIeHHA (Ty3eMHoe oOpolie-
HHE), AONYCTHM KaK BpeMCHHBII, BLINYMKACHHHIH (10 pe-
KOHCTPYKLUHH OPOCHTEALHKIX CHCTEM).

Taknm oGpaszoM, ¢ Halell TOYKH 3pPECHHA KAaK NOHSTHA,
TAK H KOHKPETHLIC PEKOMCHAAUHH N0 HOPMAaM oCYIIeHus H
KPHTHYECKHM rAyOHHAM 3aneranusi rPYHTOBREIX BOJ Hy¥KAa-
10TCA B HX TepecMOTpe npH nepexoae na Gosee BHCOKHMN
YPOBCHb HATEHCH(PHKALUHH CeAbCKOro XosslicTna.

[ToMHMO yKa3aHHBIX COOGPaXKEHHN, eCTh elle OIHO BaK-
HOe OOGCTOATENBLCTBO, 3aCTABAAIONICE KPHTHUCCKH OTHECTHCH
K paccMatpuBaemsiM nonatuaM. deso B ToMm, 4To H HopMma
OCYWCHAA, H KPHTHUeCKAad TMyOHHA 3aBHCAT OT OYEHb MHO-
X (akTopoB: KAHMaTa, MOYB, KYJABTYP, PEXKHMa Opolle-
HHSI, cOfiepiKaHHA coJieii B TOYBAX H TPYHTOBBIX BOAAX
i T, . ITonuiTkE yuecTh Bce 3TH GaKTOPH HJH JlaKe riaBHLle
H3 HHX MPHBOAAT K TOMY, UTO NMPaKTHYECKH HOPMY OCylIe-
HHA M KPHTHYECKYI0 TJYyOHHY HeoOXOAHMO ONpeiensiTh B
KaXKJ10M KOHKPeTHOM cJyuae B HaType, TO €cThb OHH nepe-
CTAl0T GHTb KOHCTAHTAMH — TEPSIOT CBOE TJIABHOE CROMCT-
Bo. B kauecTse onpenensiowux TPeGOBAHNIT NPH OCYILCHHH
jemenb H 6opu0e ¢ 3acoscHneM Gonee 0GOCHOBAWHO NPHHI-
MATH PEIKHM BJAXKHOCTH MOYBH (MO ropH30HTAM H CTaJHAM
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pasBHTHA KyJbTyp) H JONycTHMOe B Hefi cofepxanue co-
neii. TnyOHHa e 3aneraHds NOBEPXHOCTH TPYHTOBHIX BOJ
IGBAACTCS OJIHHM H3 NOKasaTeseil BOJHOTO H COJEBOTO pe-
JKHMOB, CYIIECTBEHHBIM, HO HEe OJHO3HAYHO ONMPEeaessouniHM
MeJqHopaTHBHBIe TpeGopanna. IIpuBejennsie 3jnecs coobpa-
JKEHHST HOCAT JAHCKYCCHONNBII XapakTep H H3/JO0MXKeHH B MO-
pAnKe o6cyKAeHHS.

Paccmatpupaa TpeGoBaHHA, MPeAbLABIAAEME? X JpeHa-
Ky, CHeAyeT YeTKO pasrpaHHYHTh CJAYyYaH OCYIIHTENLHOTO
H pacconsiomero ero jeiicreus. [lepewiii oTHocHTCA K ye-
JIOBHAM, KOTJla B NMoYBaX, TPYHTaXx H IPYHTOBBIX BojaXx
NPaKTHUECKH HET JIerKOPACTBOPHMBIX coJieli M Ha3zHaueHHe
JipeHarka COCTOHT TOJbLKO B NMpeAyNpeXJeHHH H30HTOUHOrD
YBJAXMHEHHA HJAH Oophbe ¢ HHM.

M3 nporuosa BOAHOrO peXXHMa H3BECTHO KOJHYECTBO H3-
GBLITOYHONH TpPYHTOBOH BOJBI, NMOJUIEXKAIUEH OTBOAY JApena-
Kem, npu obecneyeHHH Ha BCeH OOCAYKHBaeMOil ApeHazKeM
TEPPHTOPHH HeoGXoAHMOro (C YYeTOM NPHBEAEHHLIX BLIIIE
coobpakennil) NOHMXKEHHS YPOBHA I'PYHTOBHIX BOA. BuiGop
THNA OCYHUIHTEJbLHOro JApeHama H ob6oCHOBaHHE ero mapa-
METPOB OCYLIECTBJASIOT Ha OCHOBE PACU€TOB €ro OCYIIHTEJb-
HOro HefCcTBHA M TEeXHHKO-IKOHOMHYECKHX [lOKasaTejef
pasAHYHBIX BapHaHToB., B uenax GOpuOLl ¢ NMOATONJIEHHEM
GONbIIHX TePPHTOPHIl OT BOAOXPAHHIHIL M KPYMHEIX KaHa-
nos Gosee nenecoofpasusl ronoBnsle (Geperoswie) ganneil-
Hble CHCTeMBl TAYOOKHX JApeH HJAH JHHeHHbIe CHCTEMBI Bep-
THKAJbHEIX CKBaKHH (TOH HJIH HHOH KOHCTPYKuHH). OTAeNb-
Hble OOBeKTHl MOMKHO 3allHINaTh KOJBIEBBIMH CHCTEMaMH.
BoamoxHO Takke NpPHMEHEHHEe CHCTeMAaTHYeCKOro ropHsoH-
TANBHOTO HWJH BepTHKaJbHOrO JpeHaxka. Ha opomaemmix
MAaCCHBAaX, rje HCTOYHHKH H3GLITOYHOro MHTAHHA MO TLIO-
IHajH pacnpeaenedsl fojee HIH MeHee pPaBHOMEpHO, HaH-
Gonee uenecoo6pasHBIM OKA3LIBACTCH NMPHMEHEHHE CHCTEeMa-
THYECKOTO TOPH30HTANLHONO 1 BePTHKAJNBHOTO JApeHazkei.
Cnoco6ul pacuera OCYWHTENbHOTO AeACTBHA PA3HLIX THMOB
Apenaa B JOCTATOYHON cTeneHH paspaboTamwl.

[Mpu paccmoTpeHHH NpPOTHO3a BOJAHOrO PeMHMA 3eMCJb
B pe3yJbTaTe MOJATOMJEHHS HX NMPH SKCOAVATAUHH KDPYMHLIX
KaHaJIoB H BOJOXPaHHJHIL HJIH TOCje opomenus GuaH ye-
TAHOBJEHHEI HATPY3Ka Ha JIpeHax» H MPHMEpPHLIE CPOKH ero
CTPOHTENBLCTBA (MO MPOTHO3Y NMOABEMA TIPYHTOBLIX BO).
BriGop THMa ApeHa)a H ero napaMeTrpoB (NpHM HM3BECTHBHIX
TpefoBaHHAX K HeMY H Harpy3ke) fIBJAfETCH HHIKeHepHOI
sajlaueii ¢ SKOHOMHYECKON OLEHKON BapHAHTOB H B AaHHO
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paGore paccmartpusathen He Gyaer (Koceraxos, 1960, 1961;
Awvepuanon, 1959; Asepbanos, Ycenko, 1961; JIpeHax cens-
croxossiicTeeHHbXx 3emenb, 1964, Iloaybapunosa-KounHa,
1952; Apannn, Hywmepos, 1953; A6Gpawmos, Haitdeann,
Ckuprensno, 1954; Boratwpes, 1958; AGpamos, Heapnura,
Pomanon, Cemok, 1961, u np.).

bonee cAoXHLIMH H MeHee pa3paGoTaHHBIMH SABJIAIOTCA
BONMPOCH OGOCHOBAaHHA NMapaMeTPOB PacCOASIOIIEro JApeHa-
Ja, YTO TECHO CBA3aHO C TeOpHell H NMPAaKTHKON NPOMBIBOK
H MPOMBIBHEIX PEXHMOB 34COJIEHHEX MOYB OpOLIAEMEIX 3e-
Menb. Beiine yiKe oTMeuasnch AOCTHIKEHHA MeNHOPATHBHO-
ro nousopefeHHss B o6JacTH HAKONJEHHSs H aHaJH3a JaH-
HEIX 0 QOPMHPOBAHHH 3aCOJIEHHBLIX MouB B 0Go6lIeHHs ONHI-
Td MPOMLIBOK rJapHbBIM o6pasoM B GesipeHa’KHLIX YCJOBH-
ax (Kocrakos, 1960; Kosna, 1947; Posos, 1956; BoaoGy-
e, 1959; Kau, 1963; Eropos, 1954; Jlerocraes, 1953 a;
[Tenckoil, 1955, u ap.). 3anaua paccoasomero aeficTeHsA
Jipenaxa Ha opollaeMbiX 3eMJafX BrnepeBsle GHJa nocrasie-
Ha corpyannkamu IlousenHoro muceTHryTa nM. B. B. Io-
Kyuaesa mof pykosojcteoMm B.A. Kopaw B 1956 r., mann-
Helllee pasBHTHE STH HCCJEJAOBAHHA MOJYUHJAH B paAje pa-
ot (Baagumupos, 1960; [leuckoit, 1955; Munaes, 1957:
Apepovsinon, Llsa Ha-nun, 1960; Apepsnanos, 1959; Bex-
oynos, 1962; PaGoues, 1957; Pemerknna, fdky6os, ¥Ymapos,
bapon, 1962; Asepbanos, AGayparumos, 1963), a Takxe
aocTaToOYNHO fACHO chopMmMyaHpoBansl B pemennsax Bceco-
I03HOH HAYYHO-TEOPETHYECKO!i KOM(pEPEHIHH TO BOMpoOcaMm
GopbObl € 3aCO/eHHEM H YJAYUIIEHHS MEIHOPAaTHBHOIO CO-
CTORHHSA opomaeMbix 3emens Cpennefi Asum, [Qxuoro Ka-
saxcTtana W AsepGafinxana.

[TpakTHueckHe BHBOAB H3 OGUIMX PEKOMEHMANHHi MpH-
MCHHTEJIBHO K OGOCHOBAHHIO PaccofsioUlero AefcTBHS Ape-
HaXa, KaK HaM MpeJCTaB/feTcd, MOTYT OHIThH CJEAYIOILHE.

B OCBOGHHH 3aCONEHHBIX H MOJBEPIKEHHBIX 3aCOJCHHIO
OpOLIAEMBIX 3eMeNb CACAYET YeTKO pasfHuyarTh iBa NepHo/a:
nepeuiit KpaTKoppeMennufi (1—3 roma) — KanHTaABHBIX
MPOMLIBOK H OMPECHEHHA TNOYB B CJIO€, J[AOCTATOYHOM MO
MOLIHOCTH AJA NMONHOH JHKBHAAUHH Yrpo3bl pecTaBpanun
3aCONIEHASA, H BTOpOIl — nocaeayiomufi (Ge3 orpanHueHHA
CPOKa), SKCIJIyaTauHOMHHI, B KOTOPHil MONNepKHBAETCS
ONpecHeHHe, NOCTHTHYTOE B NepBHIfi MepHOL.

Heo6xonuMOCTs 5KOHOMHOrO pPacXONOBAHHA BOXB Ha
CAMHHLY NPOAYKUHH 00A3LIBAET OCYLIECTBJATL CTPOHTENh-
CTHO TEXHHYECKH COBEpINEHHLIX CHCTEM H B ITOM XK€ Ha-
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NpaBJIeHAH PEKOHCTPYHPOBATH cymiecTsyonine. CHCTEME
HH3KHMH K. 1. Jl. H K.3.H. — BpEMEHHOe fIBJIeHHE.

B macrosmee Bpemsa w B OmuKaiimei nepcrekTHRe oc-
HOBHBIMH THIAMH JIpeHaXKa SBAAIOTCA 3AKPLITBIH rOpH3OMH-
TaNbHBII H BEPTHKAJBHBIT Kak Haubonee copBepluicHHHE,
DTH KanuTajJbHLE MOATOACHACTBYIONINE COOPYIKEHHA Heol-
XOIHMO HCMONbL30BATH B TeUEHHE BCEro cpoxa caymont (me-
CKOJILKO JECATKOB JeT) ¢ MakcumaJabHofi Harpyskoii. Ilo-
STOMY TNOCTOSHHBIA 3aKpPBITHI JpeHa)@ paccYHTHIBAIOT Ha
HATPY3KY SKCHmiyaTtaiuHonHoro nepuona. Pacuer ero mpo-
NYCKHOH CnocOGHOCTH, OCYUTHTENBHOTO H pPaccosiioulero
NeficTBHA HAa KPATKOBPEMEHHBIH NMepHOA KanHTaJlbHBIX Ipo-
MBIBOK HelnejecoobpaseH M TPHBOAHT K OMEPTBIEHHIO
CpPeACTB TpPH MOCAEAVIONIEM ero Hcmoab3osaHHH. Besxoe
OrpaHHYeHHe AeHCTBHA JIPEHAXA B IKCIIVATAUHOHHBIN me-
PHOM W HEMOJHOE HCNOJIL30BAHHE €r0 BO3MOMKHOCTEH, mepe-
PHBH B JCHCTBHM H T.J. SKOHOMHYCCKH HenenecooOpasibl.

B nepHoa KanHTaJAbHBLIX NPOMBIBOK TOCTOSHHBIA 3aKpHI-
THIN JApeHak BBHAY GOALIIMX HATPY30K HJIH YCHIWBAIOT, HIH
NOMOJNHSAIOT BPEMEHHBIM JApeHaykeM, JHKBHAHPYEMBIM TO
NOCTHIKEHHH HeoOxojuMoro onpecHennsa. Cnocobul Bpemern-
HOTO VCHJIeNHA AefCTBHS 3aKPhITOro rOpH3OHTANRHOTO H Bep-
THKAJLHOTO JipeHaXka MoOTyT ObITh Pas3iHuyHLIMH (BaKyyMH-
pOBaHHE TOPH3OHTAJLHOTO APEHAIKA H MPHMEHEHHe YCHIH-
Tejiell, BpeMeHHOC YBeJHUeHHe TOHHIKCeHHH H 1e6HTOB Bep-
THKAJBHOTO JApeHa}a CBepX pacueTHwlX H T. JL.).

HanbGoaee nageXuuM JIAs 3THX ledell B nacroslilee Bpe-
M5l ABJASACTCH BPEMEHHBIH OTKPHITHI JipeHax. CTPOUTeNLeTRO
MOCTOSTHHOIO 3aKPHLITOTO JAPEHa)Ka NpPH OCBOCHHH NEJHHHBIX
34COJEHHBLIX 3eMeJlb OJMKHO NPellleCTROBATh CTPOHTENLCTBY
OpPOCHTEJBHOM CeTH B 1leJIAX ylelleB/ieHHA NPOH3BOACTBRA Ape-
HaXKHEX paGor npu Gojee rayboKoM 3ajeraHHH FPYHTOBLIX
BOI.

Taxum oGpasom, paccoasiiollee JAeHCTBHE ApeHama joJi-
KHO paccMaTpPHBATLCHA Pa3eNbHO — Ul 3aKPLITOro ropH-
30HTAJBHOTO MJH BEPTHKAJABHOIO JpeHa)ka B sKcmavara-
NHOHHBII MEpHOX M IS TEeX Ke THNOB ApeHaxa, YCHJICH-
WBIX BpPeMEHHLIMH OTKDPBITHIMH JpeHaMH, B NepHON KamnH-
TaNbHLEX NPOMBIBOK.

OcTaHOBHMCS CHauala Ha pacdeTe JApeHaxa B 3KCIJIy-
ATAlHOHHBLIT TIepHOJN. 31ech CHOBA MPHAETCA BEPHYTLCA K
BONIPOCY O TOM, Ha Kakoil ke rayOHHE cleiyeT Nnojuiepi-
BATh ONpecHeHHe MOYB, FPYHTOB H IPYHTOBHIX BOA. Ilpuse-
JNeHHBIE BHUIe coofpameHHs o HeuenecoofpasHOCTH NoOj-
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Puec. 15. Cxema pacnpeflesenus codeil B NOYBe B YCJIODHAX ONpecHsio-
nero geficTpas ocajlKoB.

JIep¥KaHusl BLICOKOTO YPOBHS ONPECHEHHBIX TPYHTOBBIX BOJL
npu obuieii TCHACHUHH 3eMeJb K 3acCOJeHHI0 MOryT OBITh
NOJAKpPeneHsl CAeAyOIHMH AaHHLIMH.

PaccmaTpuBas cBf3b BOAHOTO H COJIEBOTO  PEIKHMOB
MOYB, Mbl IIOKAa3aJH, YTO TpeJieJibHOe PaBHOBECHOE COCTOS-
HHE JITKOPACTBOPHMBLIX COJICHl B NOYBE 3aBHCHT KakK OT cO-
cTaBa cojJell M HX NOJBHIKHOCTH, TaK M OT COOTHOIIEHHS
CKOPOCTEH MNBHMKEHHS BJATH HHCXOJAMLIEro H BOCXOJALIEro
Tokos. Henoanays ¢opumyanl (22)—(23) u pannasie Ha pH-
CYyHKe 7, MOCTPOHMM [Jifi HArJsJAHOCTH rpadHKH, H300paKeH-
ieie Ha pucynke 15. Ha nmem mokasano npenenbHoe (paBHO-
BECHOE IPH CTALHOHAPHOM OCPEJIHEHHOM peXKHMe) pamnpene-
JieHHe coJieli B TOYBE JI0 YPOBHA MHHEDAaJH30BAHHBIX TPYHTO-

BLIX BOA (n=1) npH pasHbX COOTHOLIEHHsX CKOPOCTEH HHC-
xonamero (V:) u pocxomsuiero (V) TOKOB, nmpHuem 30HA
pacnpocTpaHCHHs KOPHEROH CHCTEMBl CeNbCKOXO03sHCTBEH-

HBIX KysabTyp npuHAta x==1. Ha pucynke 15,a noxasan
clly4yai, Korjia BCe NMOJIHBHBIE BOJAB H OCa/IKH HCIOJb3YIOTCH
PACTEHHSIMH H HeT HH HCIOJb30BAaHHA, HH NMHTaHHS IPYyHTO-

Vs

BLIX BOJ, TO ecTh V = —* T ?—1. M3 pucyHKa BHIHO, UTO €CJH
1

PYHTOBLIE BOJABI MHHEPAJH30BAHBI, TO, XOTA H HET HX JBH-

KEHHS BBEPX, COJH B pe3y/bTaTe cBOeil NOJBHIKHOCTH H
(puabTpaunonHoii Audpy3HH nepeABHraloTCHA, H 3acOJIeH-
HocTh KopHeobuTaemoro caos gocruraer 40—709% wmunepa-
JIN3AIHMH IPYHTOBHIX BOJA. ITO CBHAETENLCTBYET, BO-NIEPBLIX,
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0 HeoOXoAHMOCTH Gosee ray0OKHX KanHTaJbHLIX MPOMBIBOK
B NepBHHA MEepHOJ OCBOEHHS H, BO-BTOPHIX, 0 HeoOXOHAHMO-
CTH NMOCTOAHHOIO HHCXOAMULEr0O TOKA B SKCIJYATaLUHOHHBI

nepuoa. Ecan npumem smuauenue V=08, 10 ecth Gyiem
CUHTATb, HTO HHCXOAAUHA nocToaunblit Tok V—V,=
=0,2V,, 10 npu pa3snoii ray6uHe CTOAHHA MHHEPAJH30BaH-
HBIX IPYHTOBHIX BOJ CXeMBlI paclipefefieHHfl coJiefl B nouse
Gyayt caeayiomue. Ha pncynxe 15,6 suano, uro rayGuHa
FPYHTOBEIX BOJA COBNAjaeT ¢ rpaHHued kKopheoGHTaeMoro
¢Jiofl, Ha pHCcyHKe 15,6 oHa B 1,5 pasa, a ma pucyske 15,2
B 2 pasa ray6xe ero. Takum o6pa3oM, TOJbKO CO3laHHe
HHCXOAAIIEro TOKa H HCKYCCTBEHHOE ONycKaHHe MHHepaJiH-
30BAHHBIX TPYHTOBHIX BOA (HJH YCTOHYHBOH rpaHHUB HX
ONpecHeHHs) cnocoO6CTBYIOT GAaronpHATHOMY COJAEpHKAaHHIO
JIETKOPACTBOPHMBLIX COJIefi B MoyBe (Tak Kak, MO-BHAHMOMY,
npakTHYecKHe 3HavyeHHs KpHTepHa [lexkne Pe»2). Xorsa
STOT BONpOC TpebyerT KOHKPETH3aUHH ANA PasNHUYHBIX KyJb-
TYp, Onpefe/ieHHBIX THIOB 3acCOJIEHHA M CTENeHH MHHepa-
JIH3AUHH FPYHTOBLIX BOJ, NPHOJHMKEHHO MOXHO NPHHATH:

rayCHHY NPOHHKHOBEHHA OCHOBHONH Macchl KOpHeBO# CH-
CTeMB I/ OOJIbIIHHCTBA CEJNbCKOXO3AHCTBEHHBIX KyJAbTYP
1,62 M (c yyeroM yBesHueHHsI AKTHBHON 30HH NpPH HH-
TeHCHPHKAUHH XO3AHCTBA);

rayOHHY MOBEPXHOCTH IPYHTOBHLIX BOA (C y4eTOM Henoj-
TONJIEHH KODHEBOH CHCTEMbl MPH CE30HHLIX KosieGaHHSX)
2,6—3 m;

riyOHHY MOJHOrO ONpPecHeHHsl FPYHTOBHIX BOA 3 M

rAyOHHY 3aMEeTHOro ONpecHeHHs NPHONH3HTeAbHO 4 M.

B cOOTBeTCTBHH C 9THM TPeGOBAHHA K NOHHIKEHHIO YPOB-
HA 3aCOJICHHBIX TIPYHTOBHIX BOJ OOLIMHO CBOAATCA K cCJe-
AyloLeMy:

B MEPHOA HHTEHCHBHOrO HCMAPEHHS M TPaHCNHPAaUHH
TpebyeTcsl NOHHSHTL IPYHTOBLIE BOALI Ha TAYOHHY, MPH KO-
TOpOH He OyHerT NPOHCXOAMTB NOCTYIJIEHHSA 3aCOJMEHHBIX
BOJ B MouBy. B 3aBHCHMOCTH OT MHHepaJH3alHH IPYHTOBLIX
BOJ, XapakKrepa rpyHTOB, KJIHMAaTa, Xo3AHACTBEHHOrO HcC-
NoJAb30BAHHA OHA M3MeHSeTca B mpeaenax Ayp=15—35 M,
o6uiuo 2—3 m (Kosna, 1947; Jlerocraes, 1952):

K OKOHYAHHIO NPO(HAAKTHYECKHX NPOMLIBOK FPYHTOBBIE
BOJbl He JOJIUKHHI cTOATHL Gamxe wem Ha 0,5 M oT mosepx-
HOCTH 3€MJIH;

K Hayajy CeJbCKOXO3AHCTBEHHHIX paGoT rpyHTOBHIE BO-
AH ROJKHB ObiTb Ha rayGnue 1,3—1,8 M, a K navany no-
JIHBOB — Ha raybune 2,56—3 M.
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[MTpn stom nomxen GuTh ofecrmeyeH HHCXOASMIHA TOK
(p cpeanem 3a ron), cocrasasomuil okono 10—209% cywm-
Mapuoro BomonoTpebneHus kyabTyp. llpr cobaonennn
9THX YCAOBHA NOCTHTHYTOE NPH MOMOIILH COOTBETCTBYIOUIEro
peiKHMa OpOIIeHHA H JpeHa){a oNpecHeHHe B MEPHOA Ka-
NHTANbHLIX TPOMBIBOK GyIeT NOANCPKHBATHCA H pecTaB-
pains 3acojieHHs HCKa0Yaercda. B ykasannyo BenHuHRY
npomuisHoro Toka Ha noasx 0,1--0,2 (H4-Tp) ne Bxomar
noTepH Ha (HABTPAUHIO H3 KaHAJNOB H BOCXOASMIHA TOK
noAseMHbLIX BOMA, €clH OH ecTh. Kak mokasawmo Ha CTpaHH-
ne 61, marpyska na cHcTeMaTHUCCKHIl JipeHa)K pasHa:

A = a®y+ gi—{{?:—_{h—ﬂl}u, (72)

rac g1 2=02(H+Tp).

Takum o6pa3om, Harpyska Ha JApeHa) Ha paHee 3aco-
JEeHHHIX 3eMJAX B 3SKCIJIYaTAlHOHHBIA TNepHOA Aaxke NpH
GnraronprATHHIX yeaosuax (py=0,0,—/1;=0) ne momer

6LTh Menbmie aP.-4-gf; npHIeM COBEpIIeHHO OYCBHIHO

jHauenue NPHMENCHHA COBEPINEHHON TeXHHKH OpPOIIeHHA H
BCAUECKOTO YBeJqHUeHHA K.M.A. Ecaum cunmrate, utro I, mo-

AeT OHTb CHAT 3aUHTHEIMH cucTemMamH, O, Hepennxo (Ha

3ACOJNICHHBIX 3eMJIAX 9TO 0OBIYHO TAK H €CTh), TO CpeaHero-
JIOBAA HArpyska na jpeHak GydeT H3IMEHATHCA NMPHMEPHO
oT {l':r.3+ﬂ,53 Op (Op — opochTensHas HOpMa HETTO s 3a-
CYUIIHBHIX 30H) NPH OTHOCHTELHO BHICOKOM TeXHHKe Opolle-
s (n~0,8) no (0,5+-1)Op npu uu3Koi Texwnxke opomre-
ins (n==0,6—0,6). B cnyuae pocxoasiiero HanopHoro Toxa
p1 HAarpyaka eute 6oabile yBe/JHYHBAeTC H TOPH3OHTAILHHI
IpeHazx CTAHOBUTCHA Helejecoo6pa3HHIM; B TAKHX CJAyuaax
Iy7KeH BepPTHKaJbHBIA Apenax. Tak Kak yCJOBHsS 3KCnayaTa-
ILHOITHOTO NMepHoia Yy4HTLIBAIOT TpeOOBaHHA K NMOMIepIKaHHIO
pacconsiontero neficTBHa Jpenaxka (B Buae g, rayGHHB

YCTOHUHBOrO OMpEecHeHHA H rAyGHHL TPYHTOBHX BOA), TO
00OOCHOBAHHA €ro NnapaMeTpPoB CYLIECTBCHHO He OTIHYAIOTCS
OT pacyeTa OCYUIHTeJALHOTO JAefiCTBHA pasJHYHOrO THMA
Jipenayka, MOSTOMY 3leCh HAa HHX OCTAaHABJAMBATHCA He Gy-
nem (Koctaxon, 1961; Apepranos, 1959; IIpenam cenbcko-
X03AHCTBEHHBIX 3emenb, 1964: T[lony6Gapunosa-Kounna,
1952; Apasnn, Hymepos, 1953; A6pamos, Hafidenann, Crap-
reano, 1954; Asepwsnos. Ycenko, 1961, n np.).

Ilepexons x pacuery paccoasiouiero neficTeas JpeHaxa
B NEPHOX KanmHTaJbHBIX MPOMBIBOK, NMpPHMEM, YTO HeobXo-
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AHMas rayOHHAa YCTOHYHBOTO ONpPECHeHHS TOYB H TPYHTOB
sanaHa (Hanpumep, X, =23 M), npHueMm TpebyeTcs MOHH3HTH
KOHUCHTPALHID NOYBEHHOTIO pacreopa pily

- f n
ded U
g

rie 7y — KOHEYHafd KOHUEHTPAUHS NOYBEHHOrO pacTBopa; fo— ero He-
XOAHAA KONUeHnTpauua (AJA NETKOPACTBOPHMMX cosiel, TAKHX, KaK XJo-
PHAHEE, 3TH BeJHYHHBl MOTYT OBTh 3aMeHeHbl KOHEUHBM H HCXOLHEIM
3aCOJEHHEM M0 CONCPMAHHIO Macch cosedt),

Briule paccMaTpuBanachk CBA3b BOJAHOTO H COJIEBOTO pe-
JKHMOB TIPH pAaccosieHHH H OLIIO  YCTAHOBJAEGHO, 4TO JIIA
NMPHOMHIKEHHOrO pacueTa MOMHO BOCOOJABL30BaTbCA dopMy-
Jgoi (36) u TabGauuen 2:

n=0,5erfca(l —x) (npu a > 1).

[Ipn a<<1 cneayer noawzoBathes gopmysoi (35) u pu-
CYHKOM 9, uTO YCJO0MKHSAET pacuer, HO He MEHSeT ero OCHO-
Bul. Ilpexkpae Bcero ofpaTHM BHHMaHHE Ha TO, 4TO 3ajaH-

HOE ONpecHenHe n Ha 3afamnyio raybumny x; npu onpeie-
JeHHHX D* H m Momer OLITh OCYLIECTBJACHO pPa3nbIMH
HOpMaMHu, nNpHYeM 4YeM Bbllleé CEKOpPOCTh Vﬂ-} TéM MeHhIIe
HopMa N, xoT1d Bcerga ocraetcd GoJblle, UeM mx;, TO eCThb
MOYMBY HaA0 MPOMOYHTL AaJibile zKeqaeMoil riayOHHBLI of-
pPeCHEeHHH.

Onpejesenne oNTHMAJBHLIX CPOKOB KanmHTAJBLHEIX TIPO-
MLIBOK (OTYaCTH HOPM) H HHTEHCHBHOCTH APEHHPOBAHHA
HOCHT TEXHHKO-9KOHOMHYECKHH M OpranH3alHOHHO-X03fii-
CTBEHHHIH Xapaktep (CPOKH OCBOCHHSI H CTPOHTENLCTRA
H T. A.). Moxuo, oanako, onpeseacHino cKkasarh, 4To NpH
O0ABUIHX CKOPOCTAX (HABTPALHH HE TOJLKO YCKOPSETCSH
MPOMBIBKA H MNOABJAAETCA BO3MOMKHOCTH OBLICTpEE BBECTH
FEMJH B CGJLCKOXO3AHCTBCHHHH obopot, nHo H 6GoJee 3Ko-
HOMHO pacxojyercs Bofa (NpH OAHHAKOBOM PacCofionieM
spdexre). 3anaua panwHeiiero pacuera JpeHaxa CBOJHT-
Csl K OMpeaeJeHHio TAKHX ero napaMerpos, 4ToGH JApeHax
B MepHOJ MPOMBIBOK o0ccneyun B HauGoJee TAMKENHX Me-
crax (MemjapeHne) HeoOXONHMYIO MU PacCOJNEHHS TIOUB
Ha 3ajlaHHyl0o ryOHHY X) B JaHHBIE cpok { ckopocTh V.
Cyutectsyiouiie cnocobsl pacuera ropH3oHTaJAbHOTO H Bep-
THKAJNBHOIO JApeHaa nospoasior 3to caenartb. He ocra-
HaBJAHBafACh MOAPOOHO Ha 3TOM BONPOCE, YKAXKEM TOJbLKO
Ha OPHEHTHPOBOYHBLIN pacYeT COBMECTHOro JAeficTBHS TOPH-
JOHTANBHOI'O ﬂpEHHEH—HDETEHIIHH[‘D JAKPLITOro I'J'I}rﬁﬂﬁﬂ'
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r0 W BpeMCHHOIO OTKpHITOro. Eciiim JipeHax pacCUHTaH Ha
HuuabLTpallnoOHHOe, paBHOMEpPHO pacnpeejieHHoe no Imnjio-
maan nuranne (cxemn Kene, A. H. Kocrsikosa, C. ®. Ase-
pLAHOBA H JAPYTHX aBTOPOB JJ1A TOPH3OHTAJBLHOIO JpeHaxa,
cxema C. @. Apepbanosa, B. C, Ycenxko u Apyrux jans sep-
THKAJbHOTO), TO CpeAHAss HHTCHCHBHOCTb 3TOr0 NHTAHHHA
(npu ycTaHOBHBUleMcsl pexuMe) M OGyneT BepTHKAJIbHOH
cocTaBnsiolleit cxopocTH (UALTPAIHH Ha MNOBEPXHOCTH
PPYHTOBHIX BOJ. Bo3Mmoxken y4eT yMeHbUICHHA BePTHKANB-
HBLIX COCTABMAOWINX CKOpOCTell NpH ABHMEHHH HHIKE ypOB-
na rpyHTouix Boj (Apepbsnos, A6ayparumos, 1963), HO
970 UMEET 3HAYEHHEe NPH KOHEUHOM 3ajJeraHHH Bo/oyrnopa
n aas naGoparopHuix yeaosmii, Takum oGpasom, poas 06-
el CKOpOCTH, CO3/aBaeMOH MoJ BJIHSHHEM NOCTOSHHOTO
Jpenazka, OeiBaer m3BecTHoi. CpasHuBad HeoOXOJAHMEIE
(10 yCJOBHAM paccoJieHus) ckopocTH Vi M CKOpPOCTH, CO3-
JlaBaeMble TOCTOAHHEIM ApeHaxkem V), MOKHo ONpefeNHTh
pasnocts Vo—V; 1 no meii paccuuTaTh PaccTOAHHE MEXKAY
BPEMENHEBIMH ,.LI,]IJFCIHEIMH.

Hanbonee nenccooGpasHblii BapHanT onpeaeasercs HH-
JKEHEPHLIMH TeXHHKO-IKOHOMHYCCKHMH pacueTaMH ¢ yue-
TOM CPOKOB HNPOMBLIBOK, NPONYCKHOH cnoco0HOCTH COOpY-
JKeHHIl, CTOMMOCTeH M Apyrux nokasareief. AHaJOrHYHO
MOrYT OBITH PACCYHTAHBI H JPYrHe cOYeTanHsa APCH Ha OC-
HOB2HHH BO3MOMKHOCTH CJOMKEHHS CKOpocTell (CBA3aHHBIX
¢ YCTpPOHCTBOM pas3HLIX JipeH) Ha MOBEPXHOCTH TPYHTOBBIX
BOJA NPH JOCTATOYHOM YAAJCHHH paccMaTpHBacMOH TOUKH
oT ApeHbl. Hanpumep, MOHO YCTANOBHTHE PEe3yJbTAT COB-
MECTHOI0 JACHCTBHA BepPTHKaAbHOTO H IMOCTOSHHONO HJAH
BpEMEHHOrO FOPH3OHTAJLHOIO JipeHaa H HEeKOTOPBIX JpYy-
rux koMOHHaupii. B ocHOBe 3THX pacyeToB, Kak ObLIO NO-
Ka3aHo, JOJIKHB JiexKaTh TpeGopanHA cOo3JAaHud HeoOXoH-
Mbix ckopocteii Vy M nojaun mpombiBHbiXx HopM N B omnpe-
neaennsie cpoku £ (Vy, N, t cBszaHn Memxay coboH) pjadA
ofecneucHHst YCTOHYHBOTO ONPEeCcHEHHs IOYBOTPYHTOB Ha
rayOHHy oKoJio 3—4 M, KoTopas HCKJIOYAeT MOocjenylo-
Y10 pecTaBpallHi0 3acoJieHHs B SKCIJIYaTAllHOHHBIH TMCpPH-
O NyTEM CO3MAHHA HeoOXOJAMMOro HHCXOJAUIEro TOKA.
[lepeas sajaya pewlaeTCA COBMECTHLIM JIeiicTBHEM Bpe-
MCHHOTO M MOCTOAHIOrO JApena)a B NMepHot KanuralbHBIX
POMHBOK, BTOpas — COOTBETCTBYIOIMHM  00OCHOBaHHEM
IIHPHMETPDH NOCTOAHHOTO ﬂptﬁHaH{H —I‘leﬁﬂﬁﬂl‘ﬂ S3dKPBITO-
r0 rOPH3OHTAJABHOTO WJH BEPTHKAJLHOIO NPH HNOCTOAHHOH
€ro SKCIAyaTauHH.
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HACTb |I

MEPOTPHUATHA NO BOPLEE C 3ACONEHMEM
OPOLUAEMBIX 3EMENDb

OcHOBHBLIM MeTOJIOM GOpbOHI € 3aCOJICHHEM OpOlIAeMbIX
3eMenb SIBJAETCA AKTHBHOE peryJjHpoBaHHe BOJHOTO H cO-
JICBOIO PEKHMOB NyTeM CTPOHTeNLCTBA JpeHaka, npopeje-
HHS KaNHTaJbHBIX NPOMBLIBOK B MEpHOJ] OCBOEGHHST M HED-
NylLieHHe BTOPDHYHOINO 3acOJICHHS B 9KCNJAYaTAUHOHHBI
nepuoa. Ilocneanee pocturaercs ymesblilenueM (uaLTpa-
UWHOHHBIX MOTEPb, YNOPsAAOUYEHHEM peXHMa IOJHBOB H
CO3JlaHHEM [POMBLIBHOIO pexXHMa opowennsa Ha ¢oue ape-
Haxa.

HeobGxoauMoCTh CTpPOHTENLCTBA JipeHaxka Ha BHOBb
OpolaeMblX MaccHBAaX ONpejendacTCs HaJlHYHEeM 3acoJcH-
HLIX MO0YB, 'PYHTOB H TPYHTOBHIX BOJ; THN ApEeHa)ka H ero
MapaMeTpsl yCTaHaBJHBAlOTCA HA OCHOBE AHAJH3a BOJHOTO
H coseBoro (pacu/seHeHHbX) GanaHCOB, NPOTHO30B H TexX-
HHKO-3KOHOMHYECKHX PacueToB.

Las sToro HeoGxojauma opranHsauus BogoGajaHCOBLIX
HCCAENIOBAHHH HA CTPOSIIHXCS CHCTeMax.

O6bem H cocTas MOJEBBIX HCC/EJOBAHHI JNOMKHLI Ha-
3HAUaTLCA HAa OCHOBAHHH SKOHOMHKO-CTATHCTHYECKHX pac-
qeToB. [IpH H3Mepennn kKakoi-nHGO pacyeTHON BeJHYHHBI
B IOJIEBHIX YCJAOBHAX HEAOCTATOYHO 3HAThb €e cpejHee 3Ha-
YeHHe, Hal0 YCTaHOBHTb ce KoJebaHHfA, BapHAlMI0 H BbLI-
OpaTh pacueTHOe 3HaYeHHE oOnpejgencHHOl obecneyenHo-
cTH. YUncao HamepenHil JOoAxKHO OBITb JAOCTATOMHBLIM LIS
obecneveHHsa HeoOXOAHMON TOYHOCTH PAacYETHOrO 3HAYCHHA.

O6Gocrnopanne 3pPeKTHBHOCTH AeHCTBHSA paccosfiouero
ApeHaxKa H YCTAaHOBJAEHHE €ro napaMerpoB BO3MOMKHO
TOJIBKO B Pe3yJbTaTeé aHaJiH3a [poueccoB HaAKONJEHHS
JIerKOPAcTBOPHMBIX, BPCAHBLIX M5l CEJbCKOXO3SICTBeHHBIX
KyJAbLTYP coJefi B MouBax, rpyHTaX H TPYHTOBbIX Bojax,
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HX pAacTBOpeHHS IPOMBIBHOH HJH NOJHBHOH BOAOH H KOH-
BeKTHBHOrO NepeHoca (BBITECHEeHHs) ¢ yueToM Aubpdy3H-
onnoro nepemellenus. Ecau aasi  aHadH3a ACHCTBHA
OCYIIHTEALHOTO JipeHa)ka B OCHOBHOM J0CTATOYHO 3SHAHHA
9J¢MEHTOB PeMHMA TPYHTOBBIX (HJAH IiHpe — NOA3EMHLIX)
BOJI, NOJAVYCHHLIX METOXAMH TeopHH (PHALTPaUHH — rHAPO-
MEXaHHYECKHMH, THADABIHYECKHMH, YHCJEHHBIMH, rpagu-
UECKHMH, MOAENHpPOBaHHEM H Ap., TO AJs pacCMOTpPeHHHA
JelCTBHST PACCOJSIONIEro ApeHarka 9THX JAaHHBIX HejocTa-
TOYHO, XOTSl OHH H HeoOXOJMHMH JfA onpejeseHHs KOH-
BEKTHBHOIO nepenoca. 3Jech cJaefyeT [MpHBJEKaTbh M0-
NOJHHTCABHO METOAbl (PH3HYeCKOH XHMHH, ONHCHIBAIOIIHE
34KOHOMEPHOCTH JIBHXKEHHsI coJiei B MOPHCTHIX Cpe-
nax.

AHajJu3 CcyIecTBYIOUIHX MeTO/I0B pacuera OCYUIHTeJb-
HOro JApeHaxa (ropH30HTaJNbHOrO H BEPTHKAJbHOrO) NOKa-
abiBaeT, 4To JJisi OOOCHOBAHHS pacco/aloliero AeicTBHs
ApeHaja MOXKHO HCIONb30BATb TOJIBKO Te METOAbl, KOTO-
pLie MO3BOJSAIOT ONPCIC/AHTL 3JIEMEHTH 10TOKa B JIOGOM
mMecTe ofsacTH ABM#eHHst (0COOEHHO 3TO KacaeTcsi CKOpO-
creit), WIH, HHave ropopsi, 'HApPOMeXaHHYECKHE, HJIH METO-
JIbl KOHeYHBIX pasHocreil. Meroa BojHoro OaJiaHca, Oco-
Genno obllero, Js 3TOTO  HENpHrofeH. 3HaHHe M[0JA
cKOpocTeli JIBHMKCHHSA, BLISBAHHOTO NPOMBLIBKaMH, NoJiiBa-
MH H ApeHa)keMm Jioboro THnAa, AAeT NPHHUMIHAJLHYIO BO3-
MOJKHOCTh ONHCATb NPOLCCC paccoJieHHsi, CBA3aB TeéM ca-
MLIM mapaMeTpbl JApeHa)a co cpokaMHd H rayOHHaMH OI-
pecHeHHs.

OcylnTensHoe jAeidcTBHe JpeHaxka oObIYHO Onpefensior
JI  YCTAHOBMBIIErocs H HEYCTAHOBHBIIENOCA  PEXXHMOB.
JlpeHaxk pasMmeliaoT Tak, YToObl B KPHTHUCCKHE NEPHOABI
MOHO OBLJIO NOHH3HTH IPYHTOBHIE BOJL HAa HYMKHYIO Iay-
Guny.

Hasi oGocHoBanusa meponpuaTHH no Oopbbe ¢ 3acode-
HHeM opollaeMblX 3eMesb GoJibHIOE SHAUYCHHE HMEET Aadib-
Helllee pasBHTHE TEOPETHYECKHX, ONBITHBIX H [MPOH3BOJCT-
BEHHBIX HccaepoBaHuH. B cocras nochaeHHX MOIYT BXO-
JIMTh KaK Maccopble (craTHCTHYeckHe) oOchae/l0BaHuA H
oGolllenHe pesynbTaTos, Tak H Gojee rayGoOKHe noJieBbie
HCC/IEOBAHHA Ha NOCTPOCHHLIX YuyacTKax CHCTEMBl C
eAbl0 NPOBEPKH H KOPPEKTHPOBKH IPOEKTHBIX pelleHHH
(ABepbsanos, 1967).

B cBfA3H C onpejlencHHLIM OTCTaBaHHeM HayKH OT Tpe-
GopaHHi IPOH3BOACTBA HeOOXOAHMMO YCHJAHTbL TeopeTHue-
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CKHE HCCJACJ0BAHHA 3aKOHOMEPHOCTEeH JBHIKEHHS BJarH,
coJjied H yIpaBJEHHs 3THMH IIpolleccaMH, NpHYEM He TOJILKO
¢ KayecTBeHHOl, HO H ¢ KOJNHYECTBEHHOI CTOPOHBL. DTH HC-
CACNAOBAHUA AOJKHEL OBITH  CBA3aHB ¢ OGHOJOrHYCCKHMH
TpeboBaHuAMH KyabTyp. HeoGxonumbl Takme paspaboTka
H BHejpeHHe HOBOH COBEpILUIEHHOR TEXHHKH H TEeXHOJOrHH
ApeHa¥ubix padoT (HOBble KOHCTPYKLHH, CHOCOOBI, MaluH-
HbI, MATECPHAJLL).

Fnaga IV

rOPHM3OHTAMNBHLIA JPEHAM
HA OPOLUAEMBIX SEMNAX
NPH BOPLEE C SACONEHHEM

MHyorosekoBas HCTOPHS OpOUIEHHSI TMOKAa3BIBAET, UTO MNPH
HeGJaronpHATHRIX NPHPOANBIX YCIOBHSIX (BLIIAPHBAaNHE B
30HaX BHKJIHHUBAHHA H paccesaHHs B OoJbliell HJAH MeHb-
HieH cTeneHH MHHCPAJH30BAHHBIX NOJ3EMHBIX H MOBEPXHO-
CTHHIX BOJ, MOCTYMAIOUIHX €O CTOPOHBI IOBHILIEHHHX 3J€-
MenTos  peaseda H apyrHx obGaacteit  nUTaHAA) M
HelpaBHJbHOM opolleHHH (H30HTOYHBIH BOA03a00p, HH3-
KHH YPOBCHL SKCIIYATALUHH OPOCHTEJLHHBIX CHCTEM, HH3Kasf
ArpOTEXHHKA) 3HAUUTEJbHBIE MAOLULAJLH OPOIIAEMBIX 3€Me/ib
MPHXOAHAH B HEroJHOCTh H3-3a BTOPHYHOTO 3aCOJEHHA.
OcoGeHHO CHJBIHO OHO TPOABJSNIOCH B TeX caydasx, KOrja
B IEJMAX NOJYYEHHA MAKCHMAaJAbHOH NpPHOBIH KanuTada
HHTEHCHBHO BKJalblBajcs B opowacmoe XossiicTeo, Tax
6u1o B Erunte Bo Bropoit nonoeude XIX B, a » HMunun,
Poccun n CIIA HeckonbKO MNO3JHCe — B Hauajae XX B.
(/Terocraes, 1957).

Ha npoTs:KenHH MHOTHX BEKOB 3eMJieleNblly NpPH Opo-
LUIeHHH B He0JAronpHATHBIX TMPHPOAHBIX YCJAOBHAX NPHXO-
AHA0ChH CYHTATHCA C BO3MOJKIOCTBLIO 3aCOJIEHHA MOYB H IO
Mepe cua Goporbesi ¢ HHM, Eme ¢ JpeBHHX BpeMecH B
Erunte, Mugun n crpamax Cpenneil A3HH NpHMeHSJIHCh
npocTeiiuine NpHeMbl OpOUIeHHs, YUYHTHBAlOUHE paccoJie-
Hue mnouys. B ocHope GOJLIIHHCTBA STHX NPHEMOB JeXKajo
pacTBOpPCHHE H BHITECHEHHe coJell H3 MOYB IIPH NOMOINH
foJce NpCeCHBIX  OPOCHTENBHHIX HJAH  (DHALTPAIIHONHBIX
Boa. Cioga momer OBTh OTHECEH METO[ NEepPHOAHYECKOTO
3aTONNedns nojeil AonuHul Huna, suMuni «apats B Ascp-
Dalif:kaHe, NOCeBLH Ha ONPCeCHCHHBIX 30HaX BOJH3H
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Kananos npm «dawmeyHoM» pesbede B pailoHax JpeBHero
opomennss 8 Cpeaneit A3un, HCNOAbL30BaHHE NOA3EMHBIX
ROJL Jnst opolueHHs 3emedb B Cpeaneit Asun, a TakiKe B
Huun n Kurae. Bee 370 cnoco6CTBoBano yBesHuyenuio or-
TOKA TPYHTOBHX BOJ H B pAle cAy4YaeB MNpPHBOAHIO K
YMCHBLUICHHIO HCOAPCHHSA ¢ HX NOBCPXHOCTH M YJAYYLIANO
YCAOBHA NPOMBIBKH HHCXOAAILHMH OPOCHTEJLHBIMH BO-
JLaMH.

[lpeaynpexnenne 3acoseHHs OpolIaeMHX 3eMelb M
Oopbba ¢ ero NOCHEJCTBHAMH B HACTOALLEE BPEM#A CBOJHT-
Cil K CeAyIoleMy:

COKpalleHHI0 MHCMapeHHa ¢ MOBEPXHOCTH MOUBLI, YTO
YMEeHbIIAET MepeHoc COJMeH H3 TPYHTOBBIX BOJL B NOYBY;

YMEHbIICHHIO MHTAHHA TPYHTOBLIX BOJ, 4TO IIPH HAaJH-
HHH HEKOTOpPOro IOA3eMHOr0 OTTOKa MNPHBOANT B psue
ClydaeB K ONYCKaHHIO YPOBHA TPYHTOBBIX BOJ A0 IJyGH-
HLI, NMPH KOTOPOH npexpamlacTes HX HHTEHCHBHOC HCHa-
peHne;

NPHMCHCHHIO HCKYCCTBCHHBIX MEpPONPHATHH IO yjaane-
HHIO coJiel (MPOMBIBKH) M XHMHYCCKHX Mep BO3/eficTBHS,

YCTPOHCTBY JApeHaxa JJIA  OTBOJA TIPYHTOBHIX BOX M
coneit.

[Tpumenenne mep AAA  COKpamicHHS HCHAPCHHA € NO-
BEPXHOCTH NOYBHI HEOOXOJIHMO BO BCeX CJyyafiXx, Tak Kak
3TO TpeAynpexAaeT 3acoseHHe H CIOCOGCTBYeT 3IKOHOM-
HOMY PAacXOAy BOJHI,

[IaTanue rpyHTOBEIX BOJ MOYKHO COKPATHTH NPOBEJCHH-
€M MeponpuaTHit no Gopnbe ¢ ¢gmuaAbTpauHeR U3 KaHajaoB,
YAYUUCHHEM SKCIMIyaTallHH CHCTEM (MOBBILCHHE K. 1. [,
CHCTEM) H pEeXHMAa OpolleHHs (yMeHblleHHe NHTAHHSA
rPYHTOBHIX BOA npH noauBax). Ecam ykasauusie wmepo-
NPHATHA He NPHBOJAT K HEOOXOANMOMY CHHMKEHHIO TPYH-
TOBLIX BOJ H YMEHBLIICHHIO 33aCOJIeHHSI MOYB, TO npuderaoT
K 0oJiee KanuTaJibHLIM HHMKEHEPHBIM MCPONPHATHAM MO
6oppbe ¢ ¢uabTpauneii 3 KaHajsoB (OJCKAMW, SKPAHHI
 T. I.), K MPOMLIBKAM 3aCOJCHHHX NOYB W YCTPOICTBY
JipeHaxka.,

Hns ycnemHofi NpOMBIBKH 3acONEHNLIX 3CMedb HeoGX0-
JAUM uan obecneveHHHH ecTecTBeHHLIl OTTOK FPYHTOBBIX
BOJL Ha COCEJINHEe HeopollaeMble 3eMJH, HJAH HCKYCCTBCH-
L OTTOK 3a CYET yCTpOiicTBa JApeHaa.

Hcnonbsosanne uactn ofaphiMeNHBIX 3eMeJb 10JT opo-
INCHHE H OCTaBJICHHEC JIPYTOH HacTH JJA NpHeMa Nnoj3eMHO-
ro OTTOKa ¢ OpomacMbiX 3eMeJb H HCHAPCHHA STHX BOJ He
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MOTYT CYHTATBHCA NpPHEMJAEMBIMH MPH NJaHOBOM BelCHHH
xo03ficTBa, TaK KaK MYCTYIOllHe 3eMJH, OyIyuH ecTecTBeH-
HEIMH GaccefiHaMH HCMapeHHs MHHEpPaJH30BaHHLIX TPYHTO-
BBIX BOJ, CPABHHTENbHO GLICTPO JOCTHraiOT BLICOKHX CTele-
Hell 3aCONEHHA H NPHXOAAT B HEroJAHOCTb, 8 BOCCTaHOBJE-
HHE HX NJOJOPOAHA CTAHOBHTCA HWJAH HEBO3IMOMKHBIM, HJH
BecbMa TpyaubiM. [losTomMy OCHOBHBIM cnoco0oMm yBeJuwe-
HHS TOA3eMHOro OTTOKAa HBJAAETCH YCTPOACTBO JipeHaxa
(Anepranog, 1959).

OnHT CTPOMTEILCTBA H SKCIMIYATalHH JApeHama opo-
maembix semeab B CCCP u gpyrux crpamax mupa (APE,
Huaua, CHIA u ap.) cBHAETeNLCTBYET 0 uejecoobpasno-
CTH €ro NpPHMCHeHHSA KakK KOPEHHOro MEpPONpHATHSA 1O
Gopnbe c 3acoseHHeM opomaemblx 3emeqb (becennos,
1935: Basunos, 1958; Baaaumupos, 1957; Jlerocraes,
1957, 1952; Tlenckoii, 1955; PaGouep, 1950; Posos, 1956;
Handa, 1954, u ap.).

3nementsl DanaHca FrpYHTOBRIX BOJ
B YCNOBMAX APeHaMa

Jlna onpenenenus Harpy3ku Ha JpeHax panee Obina Bhl-
BefgeHa (Qopmyna (67), B KOTOpo# yuTeHa BO3MOKHOCTH
H3MEHEHHN OT/eJBHBIX CTaTedl BoAHOro OajaHca B pesyilb-
TaTe peryaHpoBanHs rAyOHHB TPYHTOBHIX BOJ JIpeHaxKeM.

Huxe npuBeieHE HeKOTopLle cnocoObl OnpeaesieHHs Co-
CTABJAIOMINX BHIpamenun (67), HeoOxoauMble AJA pacycTa
HATrpysKH Ha JpeHax,

OTMeTHM, 4TO NPHTOK IPYHTOBHIX BOJA co cTopoHbl [7,

KaK MpaBHJO, NEpexBaThiBAeTCH JIOBYHMH KaHaJaMH, ro-
JOBHHMH JpPeHaMH H T. M., H €ro JeficTBHe Ha CHCTEMaTH-
YeCKHIl JpeHa JIOKaJH3yeTcH.

Bonee onacHblM H CcepbC3HLIM fABJASAETCH NOANHTLHIBAHHE
HANOPHEIMH BOAAMH CHH3Yy H3 Oojee rAyGOKHX BOJIOHOC-
HBIX IJacTtos. A MuorHX opouiaembix maccHeoB (Ionon-
Hag cTenb H Jp.) Xapaktepno, uto mnox Toamed B 10—
100 M cpaBHHTENBLHO IJOX0 NMPOHHIAEMBIX TPYHTOB, npei-
CTABJIEHHBIX TJHHAMH HJIH CYIJIHHKAaMH C JHH3aM# H npo-
CJAONKAMH TECKOB W cynecel, saneraer MOIUIHBIA BOJOHOC-
HLIH [JACT rajeuydikoB HAH neckoe. Hanop B BonoOHOCHOM
MAACTE HAH COBNAfaeT ¢ CYUIECTBYIOUIHM YPOBHEM rpyHTO-
BBIX BOJ, HJH HECKOJIbKO BBIIE ero. Torja npH NOHHACHHH
VPOBHA TPYHTOBBIX BOJ JApeHa)keM Ha Beanuyuny Ah=I]—
2 M ofpa3yeTcd TOCTOSAHHOE BOCXOJAfANLEe JABHMKCHHC H3
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Pue, 16. Cxema pacuera pacTeKanHf
PYATOBEIX BOA OT OpPOWI2EMOro
MACCHRA B CTOPOHY HeopolllaeMbiX
aeMess NpH MOANEPTOH YCTAHOBHB-
medicd GpHAbTPALHH.

BOJIOHOCHOIO IJacra, HHTEH-
CHBEHOCTL KOTOpPOro mnpHMEpHO
paBha

Ah
= k— 73
P k.T._ (73)

Tak, npuaumasa k=0,01 m/cyt, Ah=1,5 M, T=100 M,
noayaum p;==0,00015 m/cyTr~55 M B ron=>550 M3/ra B
rog =0,02 afc-ra, To ecTb BeNHYHHY, NOCTAaTOYHO 3HAYH-
TeJLHYIO, ¢ KOTOPOii HeoOXOAHMO CUHTATHCA.

IMopsemubiit oTToK. Tak KaKk HaMH OTAENbHO BHIJIEJEH
npeHaxHL oTTOK J[, B KauecTse mojasemHoro otroka O

paccMaTpPHBAeTCH OTTOK TPYHTOBHIX Boj no mnepudepHH
OpOLlIaeMOro MaCCHBA B CTOPOHY HEOpOIaeMbIX 3eMefb.
Becbma BaXXHO Take ONpejelHThb OTTOK CO CTOPOHHI OpO-
IaeMBIX YYacTKOB BHYTPH MacCHBa B CTOPOHY NepesoroB
(Tak HasbiBaeMoOe pacTexKaHHe IPYHTOBBIX BOA). Ympoilas
sIBJIcHHEe H OTBJIEKasfAch OT HEYCTAHOBHBIIEroCs ero Xapak-
Tepa, MOMKHO NPEeNJOKHTh CXeMY, MPHBEACHHYI0 Ha DHCYH-
ke 16.

3aech NMPHHATO, YTO OrpaHHYcHHad Mo pasMepam nJjo-
mank F opomaercda Tak, 4TO C €QHHHUB NJOLLAJH NMPOHC-
XO/INT MUTaHHe TPYHTOBLIX BOJA HHTeHCHBHOCcTHIO g. Iloety-
nalilHe Ha NMHTaHHe TPYHTOBHIX BOJA NOTEPH OT OPOIIEHHSA
g BBI3LIBAIOT TIOJBEM YPOBHA TPYHTOBHIX Bol. BeaepcreHe
9TOr0 YBeJHUYHBAETCH HCMADEHHE C TOBEPXHOCTH TPYHTOBHX
BOJ B MpeAenax OpollaeMol NAOLIAAH H OTTOK TPYHTOBBIX
BOJ. B CTOPOHY HEOPOUIAEMEIX 3eMElb.

JaMeHss opollaeMyio ILJIOLUIaAb PaBHOBEJIHKHM KpPYyrom

pagnyca
F

NpHMEM, 9TO CYMMapHasa HHTCHCHBHOCTL pacxojla TpYHTO-
BLIX BOJA Ha HCNMapeHHE H TpaHCNHpPAUHKO € 3aBHCHT OT

rAyOHHE CTOAHHA FPYHTOBBX BOX A corsnacHo BbhIpaiKe-
nuw (68).
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O6pamasics k cxeme (puc. 16), moxxem sanncaTh BLpa-

MEHHE 1A pacXoja pajiHalbHOrO TJOTOKA TPYHTOBHX
BOJL:

Q,~—2nrHyk ™, (75)

dr

rie r— paccTosiHHe OT UeHTpa opowmaemoro Maccupa; He— cpeansa
MOIHOCTL MOTOKa TPYHTOBLIX Bof (cunTaeTes 3HAuUMTeNbHO OGonbumed,
geM MOABCM YPOBHA TPYHTORHX BoA); fi — moAmeM YPOBHA IPYHTOBHIX
B0/l HA PACCTOANHK 7' OT LEHTPa MaccHea.

Onyckasa pemeHne ypasHenusa (75), npueenem HHTepe-
cylollee HAC BHIPAMKEHHe U pacxojla paauajbHOTO [O-
TOKa TPYHTOBLIX BOJ, OTTCKAIOUICro 3a Npeaejasl opoliae-

moro maccusa (Qg). IIpn nokasaTene cTenmeHH B BhIpamKe-
nun (68) n=1 noayunm:

Qr=0Q, W, (76)

rie Qo=qnR?=gF — cymMapnoe nmTanme rpyuNToBHX BOA B Tpefenax
opolraeMoro Maccuea; Kos(gumorent ¥, NOKAHBAKIHA, KaKaqd JAoad OT
CYMMADHOTO NHTAHHS TPYHTOBHX BOJ OTTEKAeT 3a npeledsl MaccHBa
B CTOPOHY HCOPOIIACMEIX 3EMEIb:

¥ = 2K, (YR) I (vR), (77)

Ky n Iy —unannapuveckne ¢yukunn sroporo K, m nepporo I, poaa,
MHHMOTO apryMcHTa, NEPROro nopAafkd, 3dBHCHIUIIHC TOJBKO OT mapaMer-
pa yR, papnoro

i s S i
it ]/kﬂuau I/nkh': A

Hu:ke npupefeHn 3HavcHHst Kos(pdHuHeHTa ¢ B 3aBH-
CHMOCTH OT napamerpa yk,

YR |n,1 |n,2 |n.3 ]n,-: | 0.5 [n,ﬁ In,a

" ] n,937| u,gﬁu[ 0,97 | U,BQIJ 0,854 | u.ma' 0,746
fTpodoaxenue

v R | 10 | 15 ] 2,0 | 3,0 4,0 | 5,0

¢ 0,680 ] 0,545 | 0,445 | 0,318 | 0,244 | 0,197

lMpuuveganue Ipr yR>0 nocraToudo Toudo §=1/yR.

CyluecTBeHHBIE HMHTEpec TNpejicTaBiferT onpejeneHHe
MO/A3¢MHOTO OTTOKA B CTOPOHY HEOPOIIAEMBIX 3€MEJb, BO3-

HHKAWIEro BCJAEACTBHE TaK HasBBAEMOro pacTeKanHs
Gyrpa rpyHTOBLIX BOJ.
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Ecnun na opomaemoit niomana, nmeiouteii GpopMy Bbl-
TAHYTOH NoJock WHpHHOE 2/ (pue. 17), nponsoumea noab-
€M YPOBHA IPYHTOBHIX BOJ B pe3y/ibTaTe [0OJHBOB Ha Be-
anunny Hy, To nocne NMpekpanieHHs NOJHBOB TPYHTOBHIE
BOJIBI HAUHYT PacTeKaThbesi B CTOPOHY HEOPONIAEMBIX 3e-
MeJIb, TIPHYEM YPOBEeHb HX IOJ OpOlIaeMBIMH 3eMasmu Oy-
JeT ONyCKaThCsl, KAaK 35TO MNOKasaHo Ha pHcyHre 17
nyukTHpoM. Jlasa takux yeaosuit [1. H. Ilony6apunosa-Ko-
quna (1952) namwia Boipa:kenne s unanopa h B BHAE

p=H,-Llof1=* +m(’+5)], 78
| 2[ (zﬁ) 2V 7 i

rie x=x/l; { — oTHOCHTCALNOC BpeMA, pashoe I={Jv; f — BpeMaA oT na-
Hana pacrekanms; T— Bpesma crabunusaund; @O — dyHkona omuboK.

Jnsi onyckaHusa NOBEPXHOCTH TPYHTOBHIX BOJ B IEHTpE
macciBa (x==0) noay4nM BrHIpa:KeHHE:

%:an:,m=1—m(—‘—_). (79)

o} ¢

[lepronayanpuufi o6beMm Gyrpa TPYHTOBHIX BOJI pPaBeH:
Wo=2[LH,,

rae L — aHHa opollaeMoro yuacTKa.

OO6beM IPYHTOBBIX BOJ, BHITCKAIOWIHX 3a Npejennl yua-
CTKa 3a BpeMs {, onpelesiioT no gopmyne

dx

f
W, = EJ"Q Ll Q= kHcL(ﬁ) ;
x=]

0

Haijizem snauvenme (E{E) H3 opmyanl (78) H noc-
dx [x=I

Jie HHTCCPHPOBAHUS MOJYUHM:

==

1
Wi= W7 ?=1—'I'(-L__)+ —f—(l-——e 5). (80)
| Vi 3
Hz dopmyant (79) BHAMM, 4TO OnyckanHe TPYHTOBHIX
BojL Ah paBHO HauanbHOH Bhicote Gyrpa H,, YMHOMKEHHOR
Ha KO3(HUHEHT ¢, 3aBHCALMIA TOJBKO OT OTHOCHTEJILHOTO

spemenn £, ITo dopmyne (80) ob6wem noaseMHoro oTTOKAa
Ja npeieil  opoulaeMoH IJIOLWlaaHd  paBeH HavaJdbHOMY
00bemy Wy, ymHOMKEHHOMY Ha KO3((HUHEHT v, 3aBHCA-

ULHH TaK:e OT OTHOCHTEJBHOIO BpEMEHH f.
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Huxe npuBefieHn 3nauenna xospduunentos ¢ u y B
3aBHCHMOCTH OT OTHOCHTEJBLHOIO BPEeMeHH.

T |0 0,1 |0,2 |08 |o4 |05 |06 |07 |08
¢ |0,000/0,025/0,114|0,197|0,262|0,317|0,360|0,397| 0,428
¥ |0,000/0,178]0,253(0,308/0,353|0,391]0,422| 0,450 | 0,474

Mpodoamenue

[Ilg !l'ﬂ 115 Elﬂ 2:5 3.“ 31.5 4,"] O

-

P 0,455)0,480| 0,563 0,617 | 0,654 | 0,683 | 0,706 {0,724 | 1,000
¥ 0,495|0,514|0,584 | 0,630 0,666 |0,690|0,712|0,729( 1,000

Haunsie nokaselBalOT, 4TO ONYCKAHHE TPYHTOBLIX BOJ
NPOHCXOJHT CHavajna MeJNeHHO, 3aTeM OLicTpee H CHOBA
Meaaeddo. OTTOK onepexaer najensHe ypoBHeii M manGo-
Jiee HHTEHCHBEH B Havaje NBHMKEHHA.

Hanoxennsie cnocoGul NM03BOAAIOT NPHOAHMKEHHO Olle-
HHTb NOJA3eMHBIH OTTOK O B CTOPOHY HeOPOIIaeMBIX 3CMEJb

H, B YaCTHOCTH, pOoJb K. 3. H. B OaJsance TPyHTOBLIX BOJ.
luTanue rpyHTOBBIX BOJ 3a cyeT QUABTPALHH H3 KaHa-
AoB. OHo MoxeT OLITbL OnpefeseHo N0 Bepaxennio (60).
Jlnsa pacuera Apenaxa, CéTb KOTOPOro MOKPBIBAET BCIO
naollazb OpPOLIEHHS, Npex/e Bcero HeoGXOAHMO YYHTHI-
BaTh (QHALTPAUHIO H3 KaHAJNOB, pPACNOJOXKEHHHX Ha ToIl
XKe mJjollaad, 4To H Apenam. [lotepm n3 marncrpanbHBIX
H MEXXO03AHCTBEHHBIX KaHAaJOB YYHTHIBalOT yacTHuHo. Ec-
JH B Oe3ipeHaHHX YCAOBHAX (HABTPAUHA H3 KPYNHBIX
KaHaJoB pacnpocTpaHsieTcss Ha 3HAYHTeJbHLIE PACCTOSHMS,
|¥
KNawgn §¢€

y U | i -i
o 0o Al R o

Pl
1. ]
Win‘ ! T etk st

H,

£ P
Prc. 17. Cxema pacrexanna Oyr- Puc. 18. Cxema x pacuery noa-
Pd rpyHTOBRIX BOA. neprofi (pUALTPAUMH H3 KaHaja.
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ocoOeHHo npH GJH3KOM 3afleraHHH MEXIJIacTOBOrO TOpPH-
sonra (Kosna, 1947; Kocrakos, 1960; Asepnsanos, 1956),
MOJKHO NPEANOJOXKHTb, YTO NPH HAJAHYHH JIPEHa)a NOABLEM
FPYHTOBLIX BOA Oy/eT yCTpanaThes GAHMKaAIIAMH K KaHady
JpeHaMi, ecii NocjejHHe MPOXOAAT NapanneabHO KaHamay
(pacuer Geperosmix japen — AbGpamos, Haideaba, Cxup-
resasao, 1954; Hammad, 1957), wau pacnpocrpanarbes [0
OGaniKafiuero KoJJeKTopa, €c/qH ApPeHH NPOJOXKEeHH mnep-
NEeHJAHKYNAPHO K KaHaay. Jlns nmepexsara wactH ¢uabTpa-
IHOHHLIX BOJ H3 KPYNHBIX KaHAJOB MOMKHO MpeayCMOTPETh
OTCEYHYI0 JApEeHY, pacnojioeHHyl0 He CAHIKOM OJH3KO
K KaHaJay, WIH HCNONL30BATL JAs1 STOTO JIECHYIO MOJOCY.

Haa onpenenenns aoan( l—a;) duALTpaUHOHHBIX mO-
Tepb, INepexBaTHBAEMBIX JecHOH mnoJsocofi mupuiof 2/
(puc. 18) B ycaoBuaAX mnoaneproii duabTpauHH, Koraa
FPYHTOBBIE BOJLI PACXOAYIOTCA TOJNBKO Ha HCNapeHHe H
Tpancnupannio (ApepbsinoB, 1956), MOMHO HanHcaTh cie-
Jiylolilee BuipayKeHHe AJf pacxoja NoToKa TPYHTOBHX BOJ

Ha paccTOAHHH X OT KaHaja: Q, =—anExy- '
[Ipunsie  3aBHCHMOCTb MHTEHCHBHOCTH HCNAPEHHA OT

rMyOHHBL  TPYHTOBBIX BoA A no dopmync (68), npu n=1
MOJYYHM:

rae A=Ay—y; y, He — cM. pucynox 18,

Ho nameHeHHe pacxojia no AJHHC N0 YCJAOBHAM 3ajlayH
PABHO HHTEHCHBHOCTH HCNapeHHs, MO3TOMY

dQ d®y v {EI]

— T — a— =_'EI'.I_"

Haa ycnosrii cXeMbl, MpHBeAeHHOH Ha pHcyHKe 18,
NoJAYYHM YpaBHeHHe NMOBCPXHOCTH IPYHTOBLIX BOJ

y= B,V A, A=kl::ﬂ. (82)

I pacxojla NOTOKAa rPYHTOBBLIX BOA Ha PacCTOAHHH X OT Ka-
Hana

Qe =—kHo L =V RH Bge, e~V 4, (83)
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B uactHocTn, npu (puALTpallHOHHOM pacxole¢ H3 KaHaJja
(B o0e cTOpOHK)

Qo = 2V kH, Ay, (84)
Jons pacxopa, NocTynamwuLero 3a npefensl MoJOChl LIHPH-
Hoit 2 [, pasuna:
ot = %ﬁ S E—c.:fp’kﬁ,:nﬁ ‘ (85)
b

a yacTe QHIALTPALHONIOND pacxoja, HCMoJb3yemasn JecHOH
nojiocoH, pasHa (l—a).

Mpumep. Onpeleanth, Kakyio uacTh (QHABTPALHONNLX 10TCph
HCNOJAB3YET JecHad nojaoca npe cacywomuy aapHmx: 20=80 m; k=
=00 Mfeyr; He=10 M; Ay=3 m; ey=10 mum/feyr. Haxoaum snavenne

=P {
.lf-kH; -’:in. €y

H no (85) wi=e—1."=0,357. CacpnosarensHo, okonao 64% duasrpanu-
onporo pacxofa Gyner HCNONL3IOBAHO necHoll noiocoli B okomo 369
NpoiAeT B CTOpONY moJeil.

=] ,03

lIHTanHe rpyHTOBBIX BOA NMPH NOJAHBAX W NOJANHTHIBAHHE
TPYHTOBBIMH BOJAMH MOYBOTPYHTOB 30HLI a3pauun. llnrta-
HHe TPYHTOBBLIX BOJI IPH BCrCTALHOHHBIX NMOAHEAX 4 {lie-
MOCPE/ICTBCHHO Ha NOJsIX) NMpH cnocode nmoaneBa no 00po3-
JaM H riay00KoOM CTOAHHH IPYHTOBBIX BOJ HE3HAYHTENBHO,
TaK Kak NpOjIBHKEHHC BJar#l BHH3 NOCJAC BEreTallHOHHOTO
HelpeyBeJiHMeHHoro noJHBa B OTHOCHTE/ALHO CYXOM IMOYBO-
PYHTC NMPOHCXOAHT MejacHHO, YacThk ee HACT HA YBJaK-
HEHHE NOYBLI, H OHA YCICBAET «MOJXBATHIBATHCS® BOCXONS-
IMHMH TPAJLHCHTAMH /IaBJIEHHS, BLI3BAHHBIMH NPOCHIXaHHEM
BEPXHHX TOPH30HTOB TNOYBBL H TPaHCHHPAaUHCH CEJbCKO-
XO3AHCTBEHHBIX KYJALTY].

IIpn OnHskoM 3ajeraniH ypPOBHS TPYHTOBBIX BOJ NO-
JHBHAA Bojda HapymaeT paBHoBecHe (0oJiec HIH MeHnee
CTAUHOHAPHBIH pPEXHM) B KamuaJaapHoii sone. [Ipoucxoaut
KanuaisapHelit c6poc  (JeGeges, 1936), To ecTh cpaBHH-
TeJbHO OBICTPOC BLITeCHEHHE TMOJHBHOH BOJON BJjaru
Kanuanapuoit kafimer, ITostoMy dacth HaXxojuBlieics B
9TOH 30He BJATH TOCTYNAaeT B IPYHTOBHEe BoAul. B rpys-
TOBBIC BOJIBI BHITecHsieTcsl cQopMHpoBaBIAsCA Kanuaasp-
nasi kKaiima, oOpasoBanHas 3acOJCHHHIMH pacTBOpaMi,
€CJIH IPYHTOBHIE BOJAB MHHEpaJH30BaHb (HO HE NOJHBHAA
BOJla, KOTOpad, Kak NPaBHAO, npecHas). 1o NPHBOAMT K
cBoeoGpasHoll nmpomuiBke nous. ITocne okoHuaHHA NOJHBA
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Il YBJIAMHEHHS MOYBBI TPAHCHHpPAIHNS pacTeHHii H Hcmape-
e ¢ MOBCPXHOCTH MOYBH CO3/1AIOT TOK BOJL B 06paTHOM
BOCXOJAILCM HANPAaBJIeHHH, MPHYEM NpPU BLICOKHX TPYHTO-
BLIX BOJIAX OHH TAKMKe YUAaCTBYIOT B 3TOM Tpouecce.
Jlns naniocTpaudH H KOJAHYECTBEHHOH OlEHKH
NpHBEJCHB HEKOTOPHe (haKTHUECKHE JaHHEe,

IlocTynacHEe OpOCHTEALHOH BOAHE B IPYHTOBYIO 34 BereTalHOHHBIN
nepHoa NpH pasHofl raAyOHHe 3aieraHHs TPYHTOBBIX DOJ, MO JAHHLIM
B. M. Jleroctaepa (Kosaa, 1956), 6mao caciyiomee,

HHKE

CnyGnna rpynToseix oA, v . . 08 1,0 2.0
INMocrynacnne opocHTENLHOR BO-
AL B TPYHTOBYIO Boay, m3fra . 703 320 8

IMpouent or opocurensnux wopm 12,0 5,5 0,14

Onuite nposoanar Ha Pepranckofi ofinactnofi ceabcKoxosnHcTBeH-
ol onuTHON CTaNIHH B JH3HMETpax; KyJAbTypa — JIONCpHA; OPOCHTE/Ik~
nas nopma — 5865 m¥ra.

Pacxonn noanpnofi H rpynToBOfl BOAE HEKOTOPHIMH KYABTYpaMmH,
no nanuwmM B. M. Jlerocraesa (Komna, 1956), npusegenw s taGrane 3.

Tatanuma 3. Pacxop BOAW nNpH pasanuuoii ray0GHre rpyHTOBLIX
son, %

Cay6HaA rpynToODHX
BOg, M

I'pyuToRas

[Tonuenan Boga DO Ocagkn

Jwoyeprna (byxapckas onsirHas cranyus CoosHHXH)

1 69,0 26,3 4.7
2 81,0 13,8 0,2
3 99.5 - 0,5
Xaonwarnux (ITaxra-Apasscras onsitnan cranyus CowoslHHXH)
I 30,7 69,3 —
2 62,8 37,2 —
3 80,0 20,0 | -2
Xaonuarnux (Yapdaoyckan onwTHan cranyua)

| 38,5 61,5

2 89,8 10,2 ‘ —
J 91,5 8,5

B paGore I'. H. llnanmma (1957) npusefens gamnwe M. B. Bapa-
HOBCKOTO N0 pacxXoJOBAHHIO TPYHTOBHIX BOJ HA TPAHCOHPAILLHKD H HCna-
penne AnA ApeHHpoBaHHofl maowmagn (Myranckas ONHTHO-MeJHOPATHE-
nan cramgua AsHHHIuM), sanatoit xaonuatHnkoM, monepnofi, sume-
neM, Tak, Anf moas, 3aHATOrO XJAONYATHHKOM, MNOJYUeHbl CACAYIOULHC
FHAYEHHA PacXOfoBaHHA rPYHTOBRIX Boj e (M*/ra B CYTKH) mo mecauam:

w|v|w[vu wn||x|x

94 | 4—7 ’ 7—12 ‘ 1232 32—34} 347 | 7—4
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Puc. 19. Pacxoa rpynToBRIX BOJA Ha He-
7o\ napeHne W TPAHCIHPAILMIO X/IOMYATHH-
28 KOM:
26 / I — 1SIVHT—10/1X; 2 — I/NTI—IS/VIT  =®
24 I0/1X—20/1X;: 3 — IG/VI=UVII u 20/1X—1/X;
EE z i — lWlf?E‘N[ n H}E—Eﬁt: 5— |5N—1NI
o BX—20/X; &§—1N—-15/V u 20/X—1/XI;
fg N ’ 7— 1IV=1/V.
™ .
6 RN -
141-5 Q&.\ 4
2518
10 7 Ha pucynke 19 npupescn rpadu
) NE | H. A. Hynaposa (Llnanun, 1957),
& H306paKaoNIH 3aBHCHMOCTS Pacxoio-
P
4 _ BAHHA TPYNTOBHX BOJ HA TpaHCOHpa-
f‘.l T g umo H Henapenne (e, M¥ra B CyTKH) OT

; KafieHAapHEIX CPOKOB H  MOJOXKEHHS
B3 70 45 &0 25 90 AN YPOBHS TPYHTOBHX BOJ,

Takum oGpazoM, noche YCTpoHCTBa NPEHAXKa, TO €CTh
NMpH ONYCKaHHH YPOBHA TPYHTOBHIX BOA Ha raybuHy 2—
3 M, no-BHAHMOMY, [AOMOJHHTENbHOE NHTaHHE TPYHTOBBLIX
BOJ. NPH BereTalHONALIX TMOJAHBAX YYHTHBATh He cleayer.

lMuranne rpyHTOBLIX BOA TPH NPOMLIBKE 3aCOJAEHHbIX
noue. Lleanio npomMEIBOK siBAfeTcs ylajenHe H3 MOUBHL
BPENHBIX JIS CEJNLCKOXO3ANCTBEHHBIX KYJBLTYD PacTROPH-
MBIX cOJIeli MyTeM PacTBOPEHHA H BHITCCHEHHT HX B HHIKe-
Jexaniue rpyHTH NPOMEIBHOH BONOH H IOCJAEQYIOHIETO OT-
BOJIa JipeHaKeM 3a mpejenkl MaccHBa. AHajaH3 JHTepaTyp-
HEIX JaHHEIX B O6GJACTH MNPOMBIBOK 3acOJeHHBIX MOUB
MO3BOJIIET CJAGMAaThL CJAefyIolmlHe BBIBOAE OTHOCHTEJbLHO
NHTAHHS TPYHTOBHIX BOJ B ycjJoBHsax japenaxka (Basunos,
1958: Honaroe, Cyxenko, 1954; Konna, 1947; Kosna, Jlero-
craes, Moposos u ap., 1956; Kocrakos, 1960; Jlerocraes,
1953a; IMenckoii, 1955; PaGowes, 1950; Posos, 1956; llna-
nuH, 1957, v np.).

1. Daa yerofiunsoro onpecuenns sepxuux (1—2 M) ropeaoHTOB
NOYBH B YCJHOBHSX CPCOHEr0 H CHALHOTO 3aCOJeHHA TpE;ﬁ:glﬂTEH SHATH-
TeJLHLE KOJH4YecTEa npoMuiBpod Boawl — 10—15 Twe. mifra. Omu ne
Beerna MoryT OnTh NPHESTH NouBOfl BBHAY OrpaHHYEHHOCTH EMKOCTH
cpoGoaHofi MOPO3HOCTH NMPH BLICOKOM CTOAHHH TPYHTOBHIX BOA W OTBe-
Aens 33 2—3 Mecaua (nmepHoj NPOMBIBOK) JAaye NpH HHTEHCHBHOM [pe-
HHPOBAHHH.

2. B cBA3N ¢ 9THM MPAKTHKYETCH TOCTeNMeHHOE pacco/eHHe BepXHHX
ropH3ONTOB NOYBOTPYHTOR B Tewenne paga jer ¢ pasGuekofi ofmed npo-
MBBHOH HOPMEI Ha pPAJ CE30OHHBIX.

3. CesonHan HOpPMa, ¢ OANOA CTOPOHH, onpeiesserca crofoanof eM-
KOCTBIO PPYHTZ OT HCXOJHOrO YPOBHA TPYHTOBEIX BOA /10 NOMYCTHMOTO
YpOBAA K KOHUY NPOMHBKH H MOHHMEHHEM STOro YpPOBHA K Havany
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ceapckoxosnficTRednux paGor. C apyroit cTOpOHH, cé3oHHAR HOpMA A0A-
HHA PACTBOPHTH COJIH H BHITECHHThR HX, A8 Yero cuHTaercd, YTO OHA
AONMHA COCTOATL H3 PACTBOPAIOUICH YACTH, PaBHOH HENOCTATKY Hachl-
HieHHA A0 npedeibHOl BAArOEMKOCTH, H TPAHCNOPTHPYIOLLEH HacTH, pas-
noll npejenbHOR BAATOEMKOCTH AA4 pacdeTHoro choa (obumguo 1 M).

MoMHO CYMTaTh, 4TO HA NHTAHHE FPYHTOBHIX BOA HIOET TPaHCNOp-
THPYIOULAS YacTh CE30HHOA HOpMLL, H3MEHAWUlAACHE OpHMEpHO OT
2200 m*ra aas serkux nmous go 3500 m3fra gaaa tameawx. Oanako no
npejieibHOMY NOALEMY TPYHTOBLIX BOJI TPaHCMOPTHPYIOUAd YacTb Ce-
30HHON HOPMH MpH elHHOBpeMeHHOfl ee nMojade W OTCYTCTBHH NOA3IeM-
HOMo OTTOKA, NMO-BHAHMOMY, He AOAMHA npepnmaTts 1500—2200 m¥/ra.
HefictBuTeNBHO, CUHTANA, YTO B pe3yabTaTe [APEHHPOBAHHA [PYHTOBLIE
ROAL K WaYany NpoMBIBKH CTOAT Ha rayOndHe 2,0 M, H JonycKas HX

noakeM Ha 2 M, To ectk 0.5 M OT MOBEPXHOCTH 3eMJIH, MONYYHM npe-
AeJbHOE NONOAHEHHE FPYHTOBLIX BOA:

AW = Ay, (86)
rae & — ceoGoAEas MOPO3HOCTH AAA CPeNHEro NoJOMeHHA YPOBHS TPYH-
TOBHX BOA Yep= %' Ay = yy—ys — NOALEM YPOBHA TIpyHTO-

DBRX BOJ.
3navenne § npH Yep<Thx (hx — MakcHManpHAS BHCOTA KanuAasp-
HOTO NOAHATHA) onpefeasatT no dopmyne (Asepbanos, 1956)

==

rie Wy H Wo — NOJHAN H MEAHMANBNAN BJATOEMEQCTH; Wy==M—py, M —
NOPO3HOCTE; Po— OOBEM 33XKATOr0 BOSAYXAa HA YPOBHE IPYHTOBHIX BOZ
{wh W, Pﬂl m, 'ﬁ' EEF’}FT B N0NAX ﬂﬁ"hEH.ﬂ T-PFHT'B}-

JnA THNHYUHHX YCAODBHE — TAMeNwX cyrauHkos: m=0,55; p,=0,05;
w;=05; wo=03; hsy=3 m. Tornz no dopmyae (87), ecan Yep=(2,5+
+0,0) : 2=1,0 M, noAyuHM:

e

4 KOJHYeCTBO HM3IMEHeHH: 33anacoB IPYHTOBHX pof HafileM no dopmy-
ae (86):

AW = 0,18 m = 1800 m¥/ra.

Ananornunsie pacuerw AJAA APYTHX THOHUHHX suaveHnfi GpHIHUECKAX
ceoficts rpyntoB H HaGuiogeHHA NoOKa3WBaloT, 4To cBofofHas mopo3-
HOCTb CBEpX MOMEBOM BJA2roeMKocTH (M3 STHX YCIOBER onpejenena
TPaHCNOPTHPYOWAA YacTh NPOMLBHOA HOPMH) B KanWaaapHol some
mMana n cocrasaser 0,05—0,15 or ofbvema nouewl.

I'. H. llnauns (1957) npuBoAHT 3aBHCHMOCTE KosddpHuHenTa Bo-

AOOTAAYH OT NPOHHIACMOCTH NOYBOTPYHTOB, H3 KOTOPOH NOJAYYeHH cJae-
AYIOULHE COOTHOIIEHHA:

Kosdpunrent  duab-

Tpanuu &, mfeyr . . | - R SR R
Kosdpdnument sopoor-
Aaw, 6. . . . ., 0,08 0,05 0,07 0,09 0,11 0,12 0,13



Puc. 20. Copepxarue BJAr#" B
HeTRIPEXMETPOBOM CHO¢ TO4YBO-
rpyHTa B 3aBACHMOCTH OT ray-
OHHEE 33Jeranid rPYHTOBLIX BOJ:

1 =Toaognan crens; 2 — AH3OBRLE
AMYAEPLU.

0 2 AHAaNOrHYHEE BEAHYHHE, HO
1213 14 15 16 17 186 1900 Wil,m¥%g B $OPME CYMMApHLX 3amacob
BOAK B MOYBEe H IPYHTOBHX BO-
rax (W) B dernHpexmerpopofi
TOAIIE MOYBOrpyHTa (B M3/ra) B 3aBHCHMOCTH OT rAyGHHL CTOAHHA I'PYH-
T0BEX Bod (A) npuseidenw A, I1. Bapuaosmm (1958) (pme. 20).

CkaszaHHOe NO3BOJAET CYHTATH, YTO MO YCAOBHAM eMKOCTH FpyHTa
BHIIE YPOBHA IPYHTOBHWX BOJ NHTaHHE FPYHTORLIX BOJA NpH NpOMBBRAX,
TO €CTb Tpaatuﬂp%yrﬂman MACTh NPOMLIBHOM HOPMBH, OObYHO HE MO-
#er Ot Gogee 2 M3fra. Ecan x sToft pennHunHe npuGaBHTE pacTBo-
pAKOMYI0 yacTk B KoaHyectse 500—1000 M%/ra, TO nMOJAy4YHM CE3OHHYIO
HopMy— 2500—3000 m%/ra, 4To, Kak NPaBHIO, H pPeKOMeHAYeTCH,

4, [IpoMEBKH chefyeT NPOBOAHTE Kak MOXHO paHblle (OCEHBID),
uTo0H FPYHTOBbE BOAW 33 AAHTEALHHA NepepuB A0 HAYaJa BECEHHHX
CeNLCKOX03AACTBEHHEX paloT ycmeaH ONYCTHTLCA Ha TpebyeMywo ray-
Guny. Hcxoms W3 sToro, mouBsl NPOMBIBAKOT B TedeHHe 2—3 Mecsues
H sakanynsawT (Aas yeaopaft Cpeamedl Asun) okoao 1 ausapa. B sum-
Hufl DepHOA CHCTEMb! 3AKPHITH, OHTAHES TIPYHTOBLIX BOA He NPOHCXO-
AHT, HHTEpecH BoAocHAGMeHHA NMpH STOM MoOryt OuTh YAOBJETBOpEHH
npoBeleHHeM ChNenHaNbHEX Mep (HCMOoAL30OBAHHE NPECHBX NOAIEMHHX
BOJ, YCTpOCTEO HANHBHLIX BOJOEMOR),

. IlpoMuiBHEE ce30HHEE HOPMB pPeKOMEHAYETCH [NABATH He O4HO-
BpeMeHHO, & 3aTonAAs AeasHkd maowaasw 0,15—025 ra caoem Boal
10—20 cM ¢ mepepuBaMH MeXAY saTonaeHusMp 3—8 cyrok. YunTeBas,
4TO IJoMadb, obcaymusaeMas Apenofl (npn cpaBHHTEAbHO peiaKoM pac-
CTOAHHH MEXIAY ApeHaMH), NpakTHYeckH OyAeT NpoOMBIBATLCH HEOAHO-
BpeMeHHO, MOMHQO NDHHATE B KAYeCTBE NHTAHHA TIPYHTOBHX BOA MNpo-
MBIBHEMH BoZaMu mopmy 2000 m3fra, pacnpefeseHHylo papHOMEpHO B
Teqerne 2—3 mecsilep. 310 AAeT HHTEHCHBHOCTE NHTAHHA OKOJAQ Qup==
=0,26—0,58 afc-ra.

PHCCMGTPEHHE saeMenToB OaJsaHca 'PYHTOBBIX BOMA IIO-
3BOJIAET HaNHCAaTh:

- _ AW
qm=ﬂ+a¢+¢np—qm—ev'f, (88)

re Gup — MOAYAbL APEHAXKHOrO CTOKa, HeoGXoAWMEA 4718 OTBOAA B OT-
AeAbHLE MEPHOAN; P — MOAY/b NOA3EMHOIO NPHTOKA (MOANHTHBAHHE H3
rayGOKHX BOJOHOCHHX NJAAcTOB); §¢ — HUTEHCHBHOCT NHTAHHA TPYH-
TOBHIX BOJ 3a cueT (QHALTPAUMH H3 KAHANOB, §op — HHTEHCHBHOCTH INMH-
TAHHA TPYHTOBHX BOJ 33 CHeT NPOMBIBOK; §or — HHTCHCHBHOCTL MOMA3EM-
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HOro OTTOKa 3a CYET pPAcTéeKaHHda B CTOPOHY HEeOPOIIACMBIX 3¢MCIb, € —
HITCHCHBHOCTE  HCMOJB30BAHHA TPYHTOBHEIX BOA HA TPaHCNHPAILHIO;
FAW, — namecuenne 3anacop FPYHTOBWX BOJ; Af — npoAOUKATCILHOCTL

nepuona.

Ypannenne (88) oTHOCHTCH K JpeHHPOBaNHONH opourae-
MO NJIOIA/K, a BAHSHHC HCOPOLIAeMBIX NJOIIAEH OIeHH-
BACTCHA clnaraeMBIM gor.

B raGaune 4 nokasaH MOPANOK BCJAHYHH HHTCHCHBHOCTH
NMUTAHHA H PacXoJi0BawHsl TPYHTOBLIX BOJ, BXOAAUIHX B
thopmyay (88).

Pacrekanne rpyHTOBBIX BOJA B CTOPOHY HEOPOINAEMBIX
aeMeNib 3aBHCHT OT K. 3. H. H THAPOTeoJOrHYecKHX ycJao-

BHH.

Tabanumwa 4 HATEHCHBHOCTE NMHTAHHS W PACXOJ0BAHHA TFPYHTOBLIX
BOJL AR THNHYHBIX THAPOTEONOTHYECKHX YCIOBHA npm K.3.H, Goaee 05

Um;'::::-m- MNpoAoAMHTEILHOCTE (OPTCATHROBOYRD) Hﬂpnnﬂclﬁnuqﬁn.

p Kpyrauit roa ~0,02

i Bereraunonuuil B npoMuBiOil nepHoiH 0,08—0,16
(1/IV—1/T)

Fnp [Mpomeisroit nepuoa (1/X—1/1) 0,26—0,58

Jor Bonec HHTCHCHBHO B TeUeHHE opoiie- 0,02—0,08
nus (1/IV—1/I)

e Bereraunonnnit nepuox (1/IV—1/X) 0,05—0,14

M3 npusefenHbIX AaHHLIX MOMHO CA€IaTh HEKOTOpHE
BLIBOAE 00Ilero Xapakrepa.

. Ecain MuHepanu3oBaHHbie TPYHTOBLIC BOABLI Ha Mpe-
[oJIaracMoOM K OpPONIEHHI0 MaccHBe croar rayGoko (10—
20 m), To caeayeT BCeMepHO COKpAllaTh IIHTAHHE TpyH-
TOBBIX BOJI, NPOBOJAA NPOTHBO(MHILTPANHOHHBIE MEPONpPHS-
THA. B npoTuBHOM cJayyae MnpepbllleHHe THTAHHA TPYHTO-
BLIX BOA Hanl HX oTrokom mnopaaka 0,10—0,15 afc-ra

(6=0,15=-0,30) pnizoper nHx noabem (ypennuenne AW;)

. 10- 86 400
OKOJO B;10 366=1—2 M B roxa, uto oOBIYHO H HaBMIO-

&1000- 10 000
naercd. ITOoT pocT OyAeT NMPOHCXOAHTH 0 TeX Top, NOKa
He cOasancHpyeTcd NMPHTOK IPYHTOBBIX BOJ H pacxog HX Ha
HClapeHHe ¢ MOBEPXHOCTH NOYBH], YTO H BHI30BET 3aCOJEHHE
3eMeJh,
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2. Ecan rpyHTOBble BOAB B HACTOsllEEe BpPEeMA CTOAT
6JM3KO K MOBEPXHOCTH 3eMJIH M HHTEHCHBHO HCTapAloTCs
H Heab3d JONYCTHTH HX €MEerofiHoro moakema [To ecTb
npunate B ¢Qopmyae (88) AW=0], nouss saconeHbl H
TpebyioT MPOMBIBOK, TO B OGBIMHBIX YCAOBHAX caabo ecre-
CTBEHHO-APEHHPOBAHHBIX OPOCHTEJbHBLIX CHCTEM MHTaHHe
TPYHTOBBIX BOJI NpeBHIIaeT HX pacXoll, Tak Kak cpejHe-
B3BEIIeHHOE MNHTAaHHe TpHOAH3HTEeABHO ¢=(12-0,024
+49.0,1243-0,42) : 12=0,21 a/c-ra, a cpeaHerojopoe pac-
xonosanHe = (0,05-9-+4+0,095-6) : 12=0,09 n/c-ra.

31ech HeoGXOAHM JApPeHa), MNOCKOJBKY MNPOTHBOQHILT-
palHOHHEIE MEPONPHATHA CHHXKAIOT TMHTAHHE TPYHTOBHIX
BOJL He B Tako#f creneHH, urtolbl cOajaHCHpPOBaTh HX C OT-
TOKOM, H BGJHYHHA — §==¢ NPH 3aCOJeHHBIX TPYHTOBBIX
BOJIaX BpeJAHA H BelleT K JajbHefillieMy 3acOJIEHHIO MOYB.
VMenbllleHHe K. 3. H. BEAET K 3aCOJNCHHIO HeEopolulaeMbiX
seMeNlb, YTo B OOJNBIIHHCTBE CJAydYaeB HEAONYCTHMO, OCO-
GeHHO 3eMeNb BHYTPH MaccHBa.

3. CpenneronoBoft ApeHaKHBIH CTOK MOMKET, TMO-BHJIH-
MOMY, XapakTtepusoeaTb wmoayab ¢==0,15—0,25 njc-ra,
npHYeM OH pPe3Ko H3MeHseTcd B TeueHHe rofia (raba. 5).

TaGauma 5. BayrpurogoBoe pacnpeneneiine MOAYAA ApPEHAMHOrO
CTOKA

Mepuopg, BRA nETaHEA g, afe-ra
1/IV—1/X P+ qy—Gor—e 0,05—0,15
1/X—1/1 ﬂ“l‘li"q:‘l"?np—fh‘r 0,30—0,60
1/1—1/IV p ~0,02

OueBHAHO, 4YTO YCTpaWRaTh JApeHa), paboTaomHi
KpaTKOBPCMEHHO B TEpPHOJ TPOMBIBOK C HHTCHCHBHOI Ha-
rpy3koii 0,3—0,6 n/c-ra, na oTBOA B OCHOBHOM NPOMBIBHBIX
BOJ HelenecoobpasHo. JKenmaTenbHo HCMOAL30BaTh CBOGOJ-
HYI0 €MKOCTB TPYHTA BhilIe 3aj0eHHs ApeH [wien=AW,
B ypaBuenun (88)], kak csoero pofia peryJqHpyIoOllyi0 eM-
KOCTh, BMELIAIOULYI0 H30LITOUHEIE 3aNachl B MEepHOJ| HHTeH-
CHBHOrO NMHTAHHA H OTHAIONIYIO HX B MEHee HanpsamKeHHbIe
neprioasl nutaHuda, [Ipm sToM Hamo co3jaTh Takoe YCTO¥H-
YHBOE MOHHMKEHHE TPYHTOBHIX BOJ, KOTopoe ofecrneunao Ol
koneGaHus HX YPOBHS B JONMYCTHMBIX mnpeaenax. Awuajo-
THYHBIE paccyXJeHHs MoJoXeHbl HaMH B ob6ocHOBalHe
pacueTa OCYIWIHTENbHOro JAeHcTBHA raybOKHX KaHanns
92,
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(Apepbanos, 1957a, 1956). Ecnn npHHATH TakoH MOAXOA,
T0 pacueT OCYUIHTEJNbHOr0 JAEHCTBHA JAPeHa)Xa CBOAHTCA
K pacueTy ero Ha CcpeiHerojoBoe MNHTaHHE C NpOBEPKOH
NONYCTUHMOCTH MOABEMA YPOBHA TPYHTOBHEIX BOJA B OTHeNb-
fibie NepHOMAH.

Pacuer oOCYWMTENbHOTO [AEHCTBMA

rOpH3OHTaNbHOro JpeHama
B OJHOPOAHLIX FPYHTaxX [YCTAHOBMBIUMHCH PeMMMm)

OcHoBHAas pacueTHasi CXe€Ma OCYLIHTeJbHOro MeHCTBHA ro-
PH3OHTAJbHOrO JpPeHaxka XapaKTepH3yercd MepHOAHYECKOM
paGoTofi B TeueHHe rofaa H OoJiee HJH MeHEe MOCTOAHHBIM
JJISl OTAENBHBEIX MEePHOJOB NHTAHHEM CO CTOPOHHI MOYBHI,
KOoTOpoe MpHOJHKEHHO MOJKHO paccMaTpHBAaTh Kak paBHO-
MEPHO pachnpejejeHHoe Mo MiolmajnH, obcayKHBaeMoil ape-
naxem. [ToMumMo 3TOoro, MoOXKeT HMETh MECTO HaMOpPHOE
NUTaHHEe H3 rAyOOKHX MOA3EeMHBLIX NJAacTOB.

XapakrepHble H HeoGXOAHMHIE ISt pacueTa 3JCMEHTH
HEYCTAHOBHBIUErOCH NBHXEHHSA (pacXojb, YPOBHH) MOTYT
ObITH MOJMYYEHEl Kak TMPOH3BEeJEHHA COOTBETCTBYIOUIHX
5JIeMEHTOB AJNA  TNpeleabHOro
CTANHOHAPHOrO JBHMKEHHA Ha
Koa(hhHITHEHTHI, 3aBHCALLIHE
TOJBLKO OT OTHOCHTensHOro (6Ges-
pasMepHoro) spemeHH. 210 00-
CTOATEALCTBO BO MHOTHX Ciy4a-
X 3HAUYHTEJLHO yhnpolllaer pac-
qeT H JeJaeT ero BnoJjHe JOCTyI-
HBIM AJI TPaKTHUECKOTO HCIOMb- !
sopanna (ABepbsinoB, 1957a, Awrrrrrrrrrrrrrrprr
1956). OcHoBHEIE pacyeTHEHIE }[__ﬂ. L%
cXeMBl H TIPeANOCHIIKH NMpPH pa- g g
GoTe ApeHaxKa B YCTAHOBHBIIEM-
csl pesKHMe CaeAyloLiue.

Pue. 21. Cxemn paGoTH ropH3onTajb-
HOro ApeHama:

il = MpH AAAHTIAH HAEQHATRAOROHRHOTO NHTA-
A H KoHegHofl rayOHNE sajeraHHs NMOBREpX-
WOCTH BonoYmopa; O — npH COBMECTHOM NH-
THIHA HH¢JHHI-TP-IIIH'¢HHHHH H HAAOPHEMH
B EBMH,




C TOYKH 3peHHA TIHAPOTeQJOTrHYeCKHX YCJIOBHH MOTYT
ObITh BHIIEJEHB! JBEé OCHOBHBIE CXEMBI:

GoJiee HAH MeHee OJHOPOAHLIH TPYHT, HHOrJla 3HaYH-
TEJLHOH MOUIHOCTH, 3aJeraiouiHii Ha MeHee MPOHHUACMOM
rpyHTe (MOCJENHHIl YCAOBHO Ha3BaH BOJOYNOPOM);

OJHOPOJAHBIT TPYHT, NMOJCTHIAEMBIH BOJAOHOCHBIM Hanop:-
HbIM maacroM (puc. 21,a u 6).

B nmepeoM caydyae HCTOYHHKOM [HTAHHA CJAYXHT HH-
dbuabTpaUHOHHOE NHTAHHE §=¢¢+Jmp—for—€; BO BTO-
pOM — K HH(QHILTPaUHOHIOMY NHTaHHIO npubaBaAAeTCS
rayOHHHOE TNOANHTHIBaHHE, oOnpeleasieMOe HJIH HanopoM
BOJAOHOCHOTO myacTta f, Wi MoOAyJieM NPHTOKa HATIOPHBIX
BOJ p. JTa CXeMa paccMOTpeHa HHIKe.

[Ipn  pabGore JpeHaxka B OAHOPOAHOM  TPYHTE
(puc.21,a) XapakTepHOo: HaJH4YHC YPOBHA TPYHTOBHIX BOJ,
06pa3oBaHHOr0 MHMHJILTPAIHOHHEIM NHTAHHEM; HaJHUHE
yyacTKa «HaBHCAHHA» HajJ JIPEHOH fp; 3ancraHHe Ha HEKO-
TOpoii TyGHHEe MOBEPXHOCTH BOJLOYIIOPA.

B ycnoBHsSiX opollaeMbIX MacCHBOB BOJIOYNOp 3aJjera-
eT, Kak npasmao, rayBoko (T=30—100 m u Goxee), o-
HAKO M JPeHL MOTyT pasMellaTbCsi OTHOCHTENbHO PeAKO

(B=50—700 m), oryero o0OmIYHO OTHOLIEHHE —;; T

He TO3BOJIAICT CYHTATh BOAOYNOP 3ajerarniM <«Gecko-
Heuno» rayGoKo, Kak 5TO HHOrAa MNPHHEUMAIOT B pac-
yeTax.

YuacToKk <HaBHcaHHA» OOBYHO OO0BACHAETCA: TNOANO-
pOM B JipeHe, Korja nasjenne B Hell P> Pary; HELOCTATOU-
HBIM pasmepoM apeH (d<<dyp); HaJHYHEM JIOMOJHHTEJb-
HBEIX COMPOTHBJICHHH Ha BXOJ BOJALI B [PEHY 4Yepes CTLIKH,
oTBepcTHA W T. A. IlocnefHuii BHA CONPOTHBJICHHH 3aBHCHT
OT THMA JIpeH, NMPOHHUAEMOCTH 3aCHIIKH TPaHIICH, 4YHCIAA
H pPasMepOB CTLIKOB H oTBepeTHii u T. A. Onpit pa6ors sa-
KPLITOro jpenaka Ha MyraHckoii ONbiTHO-METHOPATHBHOM
crauuuun AaHUHUTuM (Becennos, 1935) nokaswiBaert, 4To
cyMMapHasi BeJHUYHHA Yy4YacTKa <«HaBHCAHHS» JOCTHraja
0,5 m u Oonee.

B OTKpHITHIX JpeHax YYacTOK <«HABHCAHHA®» MpeicTas-
nsieT coboil «BBHICOTY BBHIKAHHHBAHHA®» H pacCMaTpHBacTCH
K4K Pa3HOCTh OTMETOK MEXKIY TOYKOH BHIXOAa MOBepX-
HOCTH TPYHTOBBIX BOJ HAa OTKOC KaHajla H YPOBHEM BOJHI
B HEM.

B psane ruapomexannueckux pewenuii (Apasun, Hyme-
pos, 1953; Benepunkos, 1939, 1948) maa secbma riyGoke-
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Pie, 22, Cxema K pacuety ropHson- : : g
TAALIOrO JpeHaXka NpH  BaaHuEME 2, f* jj_j'_i_Lt ifi2 2
@i &

ML TpaLLHH. S SRE
:I,I % J [
L lei|
a
I'0 3aJieraHHs BOJOYHOpa IMo-
JYUeHb cAeAyoliHe 3Hade-
HHA BBICOTHl BBIKJIHHHBAHHSA
(B ™m):
ho= (0,17 +0,26) =,
rae Q —npHTOK K JApeHe ¢ JIBYX
cTopod, m¥/cyt Ha 1 m. EEUTII01 25456
[Ipy Gauskom 3ajeraHmu o = -
nojoynopa, mo ganueim I1. 5. -

[Moay6apunosoii-Kounnoii ﬂi
(1952), npubauKeHHO MOMKHO & »l -
npuisate hy=0,37 Q/k.

YuHTHIBAas#, YTO MHTEHCHBHOCTb MNHTAHHA TPYHTOBHIX
BOJ AJ5 JpPeHa)Ka Ha OpolllaeMbIX 3eMJAX JEKHT OOBIYHO
p npegenax ¢=0,1—04 n/c ¢ 1 ra, 4T0o COOTBETCTBYET

[},] ﬂi‘l
q= T HEMEIE}ET ¢ 1 m% npunsas B=300—400 m, moay-
YHM CJACAYIOIHH MNOPAAOK OXKHAAEGMLIX BeJHUYHH BHICOTHI
BolkaHENBaHHA (Q=¢gB):

0,5

on

k, mfeyr

hy, M 0,01—0,10 | 0,04—0,51 | 0,09—1,02

s nnoxonponunaemsix rpyntos (k<<1 m/cyr) BoIcOTa
BLIKJIHHHBAHHA MOXCT OLITh 3HauyHTeabHol (Mo 1 M), 4TO
clefyeT HMeTb B BULY,

PaccmoTpum ofuiee peuicHue, KOTOpoe ONHCHIBaeT pa-
00Ty rOpH3OHTAJILHOrO Apenax<a npH HH(QHILTPALHOHHOM
nuranun (Asepbsanos, Lok Cun-e, 1957). Ilpumem caenyio-
nine gonyiieHHsa: 1) ¢naGoH3OTHYTYIO NOBEPXHOCTb FPYHTO-
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BLIX BOJ 3aMEHHM OCpefHEHHOW MPAMOMH JHHHEH, BCJAeACT-
BHEe Yero oGsacTb (HIbTPAlLHH TpeBpallaeTcs B NPAMO-
YyronbHHK; 2) BMecTo YycsaoBua JlssrHcona-Benepunkopa

(1948) na csofojHOii NOBEPXHOCTH MpHMeM Vy=-gq, npa-

yeM Vy=const (puc. 22). Anasornussie JONYIIEHHS NPHHH=

pucyHke 22,6 —ronorpagp ckopoctH V=V.}iV, u Ha pH-
CYHKe 22,8 — BCIOMOraTe/ibHasi NOJYNJIOCKOCTh {=E-}-i.

Otobpaxenne o6nacty V Ha HHXHIOW NOJYMAOCKOCTD JaeT
BbIpaxKeHHe:

].-"= ‘qf (tﬂ_ui}{zz_gi}dt -|-E
P le—-wVa—pa—en

npu x=1/p’, ero MoxKHO 3anHCaTL B BHJE

V=—;i;f+ﬂ, (89)
rie I =1y aly+ bl,,

4

"‘:f % = F (. %)
: V=t —=ty
t dt

I,=f ;
J @ —1v) V=) (1 —=2 )
(4

f==j : i :
: C—yV (=1 —%2py

a=2p—al—PB'% b= —a?)(y'—e).

v
Maanch H. H. Bepuruueim 1 ap. Ilpu sTux monyuieHHsx Ha
pHcyHKe 22,a nso6GpaxkeHa o6aacTb MOTOKa z=x-}-iy, HA

f

Onnaxo [y, Iz u I3 moryr OHTh CBS3aHBl Yepe3 peKyp-
peHTHYI0 (pOopMyJy, KOTOpas B NAHHOM CJlyyae Aaer BhIpa- |

HeHHe:
(1—2 1, —E (G, 6 =®@Q+Cl,+Dl,, (%)

tVi—pVi1—wp
£ —y? :
+3p8x% D =2¢ (1 —¢*) (1 —*y?).

rie O (f) = C=1—29(1 4+ %%+
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M3 pucynka 22,6 BupHo, uto HHTerpan [ ypaBHEHHS
(89) Brosab JauHHE 0—I1—2 ot TouKH A0 TOUKH 2 HOJIXKEH
JaTh HYJb, KAK H HHTErpaJ BAOJL JuHHH 4—5—6. DTH ycC-

JOBHS PHBOJAT K CAEAYIOUIHM BhIpaKeHHAM (npejedsl Ho-
CTABJEHB! AJ15 NepeMeHHoH ) :

af,L+m,L T

L] oo

+ bl J =+K, (91)
1/%

1/%

HurerpupoBanie B TexX iKe npefenax Boipaxenus (90)
Jaer:

1 1

Ol +DI.L = (1 —»%®y) K — E;

0

cl, | +Di, L: E — K(1 —x%29%). (92)
1/% 1

Bropoe BupaxeHune dopMmyan (92) moayuaercs B CBA3H
€O C/AeAYIOIHMH paBeHCTBAMH:

I L=£K1—(K+IK.}=—K; E (K + iKy, %) =
1

= E + i (K;— E)).
__ cJsnih, w)dn(A, %) . i
E (i, %) = i[ s E (&, x,}+?h], @ (1/%) =0,

[Tpu {=sn(iA, %) moayumum:
D) = isn (A, %) dn (A, %) '
it cn (A, %) [sn? (A, %) + y* en® (A, %)]
ITepeiins k npeneny A—K,, Gynem HMeThb:

[E (%, %) + @ (A) |, . x, = i (Ky— E).

Cao:xuB nousenno pasencrsa (91) u (92) u pasnenus
CYMMBbl ONHa Ha JPYTylo, HaiileM ycJOBHE MPOMOpPILHOHAJb-

HOCcTH Koaduunentros C/D=a/b, nocse uyero ypapHeHHe
(90) npumer BHA:

aly+bly= = I(1— ) F—EQ, 0 — L (93)
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[lopcraBus STO BHIpaxenwe B ypasHenwe (89), Oyaem
HMETb:

! i e 2 A — @] -
Vm-ﬂ,{F+D[{1 K) F—E(C,»)—Ol| +B. (94)

YyuTHIBAHA, UTO
b K

D 50 AL i

a TaKkKe HCNoAb3ys H3secTHoe paseHctBo EK-+KE,—
—KKj=n/2 1 HaX0lf NOCTOAHHHE H3 COOTBETCTBHA TOYEK,
OKOHYATEJNLHO MOJYYHM:

Yt %q[EF-KE &, %) — K] + g. (95)

3HaK MJI0C 3[ech OTHOCHTCA K ydacTky 0<Z{<Iy, 3HaK MH-
HYC — K y9acTKy y<<{<Cco (B cBf3H C BhlYyeToM npH obxone
nojaipca {=vy).

B npusenentom Bripaxkennn (95) mas cogpalleHHs NpH-
HATH oOosHauenusi: F, E({, ») — aanunTHYeCKHe HHTErpa-
aul I u II ponos npn moayae »; K u E— ananornunsie moJ-
HBle HHTerpajasl mpH monynae %, a K; u E,—npa moayJe
%1; O=0(f) —cm. dopmyay (90). Ceasp ob6aacTH noroKa
Z CO BCIOMOraTeNbHOH NOAYIJOCKOCTBIO § oObiMHas JiA
oroGpaKeHHst NPAMOYTOJbHHKA:

e EK._ * _..E =£
L=l (T ) = (96)
Orciona
1 = 1 = T — h
= (T, %) e T = K o,

Hdas GyHKuUHH TeyeHHs HajileM cjefyiollHe BHpPaXXeHH::
naa auHan 0<Sx<<1/,B, y=0

s jv, d, (97)

rae Vs — ropHaoHTaALHAs COCTABJAKINAS CKOPOCTH HA Y4acTKe OX.
pﬂﬂ}iﬂﬂ, HaHaercs Kak

Pp= [ V, dx = gx. (98)
1]



(. yuerom Boipamxenus (95) dopmyna (97) npumer BHA:

0 x
TP#“{?\II—IE—G (99)
i L]
Anecp
Iy = | EFde; Iy= j‘ KE (L, wdx; Iy= f!(mdx.
0 0 0

3amernm, uto {=E-}in, a E=sn(2xK/B, %), npu n=
«=(); BBeieM o6Go3HaueHHe:

uziffx; i o i, - 9 .
u 2K K Vi—gVi—ep
Torna
1
EB EB u*
— — Hdu _—e—— o — "
h 2K Jl g n (A00)

fic & +1n‘i':'fﬂ], (101)

IE=KJE{HMIE g[x 2 9 (0)

rae sanuntuaeckut murerpan 11 pona Bripaxen depes TITa-(PyHKUHIO
() [H:I Eﬁq {H}

x £
13=ﬁ:fm{g}dx= E Y R _ B 2= 02

2' E_E—E 2
. ﬂ[ﬁ ) ¥

Coenunne dopmyam (100), (101) m (102), nomcrasus
Hx B BeIpaxkenue (99) npun p=—~kh (k2 — xoadduuuenT
(uabTpamuK; h— Hamop), mMOJAyYHM TalleHHe Hamopa oOT
MexapeHsa (Touka x==(0) B CTOpOHYy JIpeH:

R oryn ln'ﬂﬁh ) V1 —snt (z, %) dntl(ie+9), %)
R 8(0, %) ;
9

= xK. (103)

5 g —-

Ypasueune (103) momer paccMaTpHBaThCA KaK ypaBHe-
liHe TOBEPXHOCTH rPYHTOBHIX BOA. B uacTHOCTH, majenue

Ay ad



Hanopa ot Mexapesba (Touka O npu x=0) no crsopa ape-

HH (Touka 2 mpu x= 1? B) Gyner pasuo:

HHim By . (104)
kn Y oasnl(ie+d), %]

Dro BHpaxkenHe noayueHo c¢ yderom papencrea 0(0,
%)=V %0(K, »). Bupaxenne (95) aas V, ma yuacTke
2—3 nocJie NOJACTAHOBKA B Hero suauenHsa z="'B--iy npu
0<<y<<h. naer:

Vy=2-q{h(E—K) + KE(\, ) — Koy

sn (A, w)en (A, %) o~ &
x d'“[j‘ftx:[} {1 + 1—?‘{[“!{1‘ ::1} ]+‘-‘?1 “PH U{:k_
__“E!‘F:KI{:H‘}:_: K:[. {IU5}

Muterpuposansre supaxenns (105) B npepenax ot A=0
/0 ). NPOBOAHTCA AHAJOTHYHO HHTErPHPOBaHHIO (QOpPMYJIH
(97) u npaer caenyiollee BhpaXKeHnHe AJ1 NajJleHHs Hanopa Ha
y4acTKe OT NOBePXHOCTH TPYHTOBBIX BOJA Haj ApeHOH (TOY-
Ka 2) jo rayOHHH Y:

T S - 1A N L\ ok e i
o iz et 2(H¢)+ky+knx

0, #1) dn® (A, ;) sn "E‘.‘l"’ E)r 1III':1] / {"]E}
0(0, %) V snt[(he +d), %, ] —sn?(1, %)

B uacTHOCTH, pasHOCTh HAMOPOB MEXAY NOBEPXHOCTbHIO
FPYHTOBBIX BOA Haj japenoft My u BepxHeil KpoMKOl ape-
HH 14, TO ecTh BBICOTA HaBHCaHHA, OyAeT papHa:

¥ In

B L he) LB
by = Hs—h, k(1+u.5ﬂg)+mx

s 1 — 8 (o, %) dn? (A, #y) sn (Ao + d), 4}
00, %)V snt[(fg + ), 2] — sn® (e, )

[Tonnoe nmajeHHe Hanopa OT CepefiHHbl MeXJApeHbs JI0
BepXHell KDOMKH JPeHH ONPEJeNHTCA C/NOXEHHEM BHIpaie-
unft (104) n (107):

100
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ﬂH:H&—.&dzg%(l—i-{hE;—:j—t—% X

L L . (108)
0 (0, %) 'I"fxl Vs l(ae 4 d), %] —sn® (he, %,)

[Ipin ueyuere BuicoTel naBucanus (ho=0) dopmyna
(108) npunumaet Bug ypapHenus (104).

[TocTagacHHAaA 3ajada MOTJNia CYMTATLCS pPeIIeHHOH, ec-
A Gl He HeKoTopas HeomnpejeNieHHOCTs B BuiGope fie. B cH-
jy naGpanHoii pacueTHOi cxeMbl (pHe. 22) 3a BeJNHUHHY e
npUHEMaNoch cpefHee Jisi Beeit ob6sacTH mpeBbllIeHHE MO-
BEPXHOCTH TPYHTOBHIX BOJL Haj BepXHeH KpoMKOH ApeHH, B
CBA3H ¢ 9eM caeaoBao Obl ee NOACYHTATh Kak

1 g e
He= Ot ————— (Ho— hs) dx,
(Hﬂ — H,) h" ]

Onnako 5T0 3atpyamuTeabno. IlpakTHueckn ke BHIGOP
he B GOJBIIHHCTBE caydaeB OoJAbIIOro 3HAYEHHA HE HMEET.

3ajapadch oxujaemoin pennunHoi AH (npH pacuerax
oHa OGLIMHO ABJASETCS 3aJaHHON MO YCJIOBHAM ryOHHBI MO-
IHJKeHUs] TPYHTOBHIX BOA), MOXHO HasHauath fe~'[AH,
A 3aTeM, YTOUHHB MO {pnipmynam (104) u (107), npHHHMATH
npubanKento he=ho+"fs (Hy—I12).

@opmyant (104), (107) u (108) cnoXHB AnA NpaKkTHYE-
CKOFO HCNOJNb3OBaHHs, XOTA BXOAAIIHE B HHX (QYHKIHH s,
dn mam TaGynHPOBAHB!, WM HAaXOAATCA MO XOPOWO CXOAA-
mumes pagam [0(u)].

Huxe paccMoTpennl mnpefenbHble (YacTHER) caydaH.

a) [ayboxoe sasezanue nosepxrocTy odoynopa.

B stom cayuae npuuumaem /oB/He<C0,5, uT0o ¢ yueToM
papencrsa K/K,="2B/H. nossojsier npHHEMATH

#y~ 1, K ~Yyn, Ky~ nH /B,
% = dexp (—-— ”g“), sn (u) = thu, dn (¥) ~cn {u}f-n-L :

chu

®opumyaa (103) aaa nosepxHOCTH IPYHTOBHIX BOJA HpH-
MET BHIA:

Ha__hx=qﬂ 7 ch (e 4 d) : “Dg]
ATV ch? (g + d) —sint x
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3ameTHM, 4T0 Ae=mnhy/B, d=nd/2B npH x=nx/B;Buacr-
HOCTH, AJaa x=B/2

R S el (110)
A% th (he -+ d)

Bocnosbayemcsi pasnomenHeMm:

0 (g, %) ~2 ]/EHI exp [-— 2K, (% -1 uf)] ch (2K, u,).

Ilpn stom u=u,2K,, rae aprymenr
he

Bhy == —K = — 1.
1 H, 1 A

Torna dopmyana (107) npumer Bra:

ko—_ n_l__';'ﬂ Sf'ﬂ-!c“l—m - (111)
kY e ) — i
he H,E= d L) |

npH hy = —=< e,
e S B 2

Ias cymmapHoro majieHusi Hamnopa no dopmynam (110),
(111) nonyuaem:

ﬂH:-——ﬁ G-y chke+d) - 4{112'}‘E
k% Y sn2 (e + d) — sh o :

®opmyna (112) Gumaa panee moJgyyeHa HemocpeacTBEH- i

Ho nna cayuasn /s B/[H.<<0,5. YunrbiBasg MajocTb BeJHYHH
he u d, Bupaxenne (112) moxHO 3anHcaTh B BHIE

18 |z L (he+d)*+ 1 113 F
Ecan npunats he=0, T0 A1 pacxoia MOJyuHM: |
knAH
= . 114
Q In (2B /nd) (114)

Hpyroe kpaifinee npeanonoxenne he=AH npu d<AH
naer

o PO, Ty (115)
In (B/x V AHA)
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_': i, AJA 3HaueHHsa fe=10s(d+AH) npu d<AH

EnAH
Q~

n (28/n )V 2aHd)

: JpMyJia MOXKeT GHITh peKOMeHJoBaHa jJis onpeje-
AH npu naHHmix &k, q, d, B. qn1a Haxoxnaenua B npu
INX R, g, d, AH; npu maabix oTHoweHnsnx d/B, AH/B:

_ kmAH
B= o (117)

a ) 2AHd

® STOro e cjayyas HsBecTHO pewleHHe B. B. Begep-

2 (1939), koTopoe AaHO As1d BecbMa riyGOKOro saJe-

‘BmosepxHocTH Bojoynopa T/B>>3 u nauamerpa ApeHHl

Be KPHTHUECKOTO d > dyp:

et £ )
q

(116)

Bl (118)

ln-{z—-

. q
'IPEBH]I]EHIE ¥YPOBHA BOABR Ha MCRIPCHLE Hal YPOBHEM BO-
e

% HaXoxJeHHs dyp B. B. BenepHHKOBBHIM JaHH CI0XK-
HCIEHAeHTHHE ypaBHeHHA, TabaHUa H rpadHkK, aHa-
DTOPHIX MOKaseiBaeT, 4T0 dopmyna (118) nmeficTBH-
E IpH AHaMmerpax ApeHsl d>dyp, NpHueM npuOAHNeH-
=02 Q/k (Q — npHTOK BOAH K JPEHE ¢ ABYX CTOPOH
).
meape C. H. HymepoBa (1953) ans Toft e 3amaud
rex xe gonymenuax (I'—oo; d>dyp) HMeeT BHA:

an (1)

B= 4 : (119)
‘..:, In ttg%
£ =0,26 iq.
ssyaa A. H. Kocrsikosa (1960) npu T—oo
| _ __ knAH
~ g(mnBld—1) " (20

¥ B no opmyae (120) naxoast noaGopom.
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dopmyaa H. Hammad (1954) npu rayboxkom 3aJera-
HHH BOJOYNoOpa

P T (121)

2B
glIn (1 —1—-;)

6) Bauskoe sasezanue nosepxHocTu odoynopa.
[Npeunman Yo B/He>2, umeeM:

nB )11(1'-"%:K~

nB
4H, '

w—1, %~ 4&1{3(—— T

sn (u, #,) ~ sinu,
[IpeBhillieHHe Hamopa Ha MeXKApeHbe Haj HAamopoM B

crBope apennl mo ¢opmysae (104) ¢ yyerom NPHHATHIX A0-
nymeHHi OyLeT paBHO:

o L L | e, 122
: * 8kHe Rkt 2sin (ke 1+ d) (Lt
AP e L L RO
“pH h,n_""-_'-'Hﬂ 9 ¥ d H_u_ 4 -

@opMysa Ajas ONpejieieHusi BHCOTH HABHCANHs BMECTO
(107) npumer BHA:

hn:ihc(1+n.5ﬁ)+ 98 1 sinetd _ (193)
k He | k% Y/ gint (i + d) — sint fig
Ona noay4yeHa ¢ y4eToM 3aBHCHMOCTEH:

H (12,%) 2
8(s, ) = .E(U,xﬂ=]/—ﬁf#-
V wysn (1, %) Y

3nech Tora-pyuxuna H(u, %) =4 moxer OBITh NPHHATA
paBHOH:

. K B
H (u, ;) ~ 2q\/4sinu; g, = exp (— ;—1] = exp(— 2%;':—) =t

[TonHoe majenie HANOpPa OT MeXApeHbs A0 ApeHnl AH
GylleT paBHO:

+98 1n : (124)
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Ecan yenosno npuuste =0, To dopmyna (124) npu-
MET BI:

oy gB ]
pix 8kH 2z kn e 9 sin sd/4H, ' (129)

Yunreisas, uto Benuuuna H, ecTh cpeiHsAs MOUIHOCTD
L
OTOKA TPYHTOBHIX Boja, W npuHumas H.=05(Hy-+ h,)

(Hy w hg orcunTaust oT moBepxHOCTH BOAOYMOpa), dopmy-
ny (125) moxHO mpeicTaBHTH B BHje

K (Hy —n3) (126)
Q= BT T

rne L=1,B — gauna noTtoka or ApeHn A0 Boaopasjena; Qo — pacxof,
npuTexawoluini K apede;

4 |

24 - lnEain(ndHH.;} ; =9

hopmyna (126) oranuaercsa ot opmynsl Kene Tem, uto

K nnune notoka L npubasaserca unen H.b,, KoTopwii yun-

THiBACT NONOJHHTENbHLIE CONPOTHBJACHHA, BO3HHKAIOUIHE B

NOTOKEe MPH 3aMeHe BepTHKAJBHOTO oTKoca B cxeme Kene

apenoit auamerpa d. Popmyay (126) moxno sanucate B
HHOM BHIEG:

1
Qﬂ = GQKE“!: &= o . {IZE]
R

M3 dopmyanst (124) M0MKHO nonyunTth BHIpaXKeHHe s
Olpe/ie/ieHHs MeX/JPEeHHOTr0o pacCcTOsIHHUN:

B=g)/ WA 4 MY, g

q 2H o

rae @ — KoshGHUHeHT €BHCAYECTH®, YUHTHBAKOUIHA NONONHHTEALHLIE CO-
IIPOTHBJACHHSA TPH CYMXCHHH NMOTOKAa H MOCTYNJEHHWH ero B JApeny, 0o
CPABHEHHID C KANAAOM, I!pﬂp'EEEIDl]lHH BeCh H['l,-'l.DHﬂCHhIFI nmAacT.

[Ipn pacueTe ONHHOYHLIX JApeH, JOBYHX KaHaJOB H ApY-
FHX OCYUIHTEJbHBIX YCTPOHCTB, paboTalolMX B NOTOKE IPyH-
TOBBIX BOJA (NPH OTCYTCTBHH HH(MHALTPALHH), BHIpaKeHHE
M Kosh(HIHEHTA «BHCAYECTHY o MOMHO NPEJCTABHTH B
BHE:

1
2He . g
B

o=

(130)

B 3
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npuueM aas B/H.=3

B ociinigey s (131)
T - nd
1 W e

2H¢

JIng MeHBIUHX 3HAYEHHH FB- BEHIpazkeHHe AJs onpeje-
L4
nenua KosbdHuHeHTa BHCAYECTH, NpeJCTaBJIcHHOE Ha pH-

cyike 23, umcer Goaee caoxuslii suja (Asepbanos, 1956).
O 3TOMY PHCYHKY MOMKHO HAaXOAHTb 3Ha4YcHHE KO3(QHIH-

eHTa O I'IIJH H3BeCTHHLIX OTHOLU@HHAX —di H —E, T[PH‘[EH ’
Ht H-l:‘.
=2
2
L/He
- i 500
e -
1240
') i
f..l'f ﬂﬂ
200
1 j:ﬁ
o0z i P
1 t .@-'
.- e e o [
oo Ao
— qo2 7é_,’!.'__lﬂfﬂ'
Lmz i e 7 -
4 & $“":
-1*-—7?-/ = \;}/ =145
7/
Vi
4 02

¢ O 42 437 G4 G5 OF 47 498 43 o

Puc. 23. I'padux ann onpenenenns koaddmunenta
BHCHYECTH ApeHaxa a:

LiHo — OTHOCHTEABHOE  PACCTOAHME  MeMAY  ApeuHanMH;
dfH o — otHocHTeAbHWR auamerp apen (L=Bf2 — npw nos-
aux Aapenax; L=B/{ —npu cHCTeMaTHYECKOM JpeHAXeE).
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Mopmyay (129) MoKHO NpHBECTH K BHAY, HCKJOUaloLle-
My nopbop npH onpenenennn B, a wumenHo (ABepbd-
non, 1957a):

B=HG(EI/EMH(1+-$)+EJE—51). (132)

qH g c

Jlns storo e cayuyas umeercs dopmyna A. H. Kocrsa-
wova (1960), BuaoH3MeHEHHAA ABTOPOM KHHIH:

b I/ 20AHET o/ AH o 14+0,8InB/2T  (jq)
T In (B/d) —1

Pacuer npoBoJHTCs NOAGOPOM.

ITpeanoxenue S. B. Hooghoudt (1940) maxomuTt mmpo-
Koe npuMeHeHHe 3a pyOexom.

Pacuernaa dopmyna umeer Buj (oOo3HAYeHHS NPHHATH
o pHcyHkry 21, a):

B'= 8- H.(AH —ho) + 4 (AH"—Hi),  (134)

rae B, k, g, AH, hy nmeor npexune oGosnadenns; . — seqnunna, Ko-

TOPYH) MOMHO TPAKTOBATE KAK €AKTHBHLIA C/A0H FPYHTOBHMX BOA», YYacT-
NYIOUIHH B ABHMENHH BX K ApeHaM (panec nmoaobnoe noHATHe npeana-
rasocs E. A, 3amapHHbBIM M JPYTHMH aBTOpaMH NPHMEHHTEAbHO K JABH-
WCHHIO FPYHTOBLIX BOJA BOJIH3H CKBaMHH).,

Jlna onpeneaeuus seanunnw H, S. B. Hooghoudt coc-
TapicHbl TAGJHIB, npuyeM snauenwe H_ 3aBHCHT OT pac-
CTOAHASA MEeIKAY ApeHaMu B, paauyca ApeHH ry (ro=d/2) H

MOULIHOCTH BOJOHOCHOTO MJacTa.
B kauecTBe NpHMEpAa NPHBEAECM BLIICPIKKH H3 TaOJaHLUB,

cocraBnednoii S. B. Hooghoudt (1940).
Tab6auna 6 cocrapneHa aasa ro=03 dyra H 3HaAYEHHH
10==B =300 ¢pyroer; 1 ¢yt npubanxxenno papex 0,3 M,

TaGanna 6. 3naveHns H;{H} npu d=0,18 m

. T M

@ | 0,60| 1,20 1,80 | 2,40 | 2,70| 3,75 | 1.5 6,0 7,5 |9.0 | 12.0]15,0]18,0] =

12 | 0,56] 0,92 l,lcrit I,EDII,EE — =] =] =|=]=]—=1126
15 0,57/ 0,96 1,20 1,34} 1,38] 1,48 — —|=]|—=|—=1]149
30 | 058! 1,07 1.44] 1,73 1,84 2.13. 2,2?;2,43 251l — | — | — | — 1253
0o | 0,59( 1,13 1,60 2,01| 2,19 2,73, 3,03 3,47| 3,78/ 3,99 4,26/ 4,38 — | 4,4]
0o u.59 1,15| 1,67 2,131 2,34'I 3,00 3,39 4,05 4,56 4,91| 5,42 5,76( 5,94 6,14




Axruusnii ciofi H yseanunBaerca ¢ pocToM (pakTtH4Yec-

koit rny6nusl 3aneranus sopoynopa (T), umes, oAHAKoO, He-
kotopuifi npenen Ty npn T—oco. [1pn sTom orrowenune H /T
BCCI/la MeHblle eHHHIIB H YBeJHYHBaeTCA ¢ Bo3pacTanneM B.
Ta6Gauua 6 3anoanena asTopom Ao snadennii B/T<4, npH

B/T>4 panvuefimee sarnybaenne BOJAOYNOpa He cKasblBa-
#
erca u H, cranosutcsa GAH3KHM K To.

B d¢opmyne (134), kak ykasmpaior M. Maasland,
G. Haskew (1957), oOuiuno Gepyr ho=0, T0 ecTb He yuH-
THIBAIOT BLICOTY HABHCAHHA, YTO NO3BOJfAET HANHCATb ec B

BHOE
il k 1/ EH; :
B = 2AH ]/T 1 4+==, (135)

3nech H. HaxoAT TaKkkKe IO cnenHanbHLIM TaGJaHIAM, YTO

saTpyAnsier Hcnosb3oBahne mnpeanoxenns S. B. Hoogho-
udt, Herpyano nokasats, 4TO NpH BBEAEHHH «aKTHBHOH 30-
Hpl» pewenns (129)—(132) nospossioT ee ONpeesHTh B
BH/lE

H.= Te, ana BIT > 8/n = 2,65 (136)
npu a— no gopmyiaam (130), (131) nan pHCyHRY 23.
H;=Tu=u—’LEB,ma BIT < 2,55. (137)
8ln—
nd

ConocTapjenHe pesyabTaToB pacuera mo (Qopmynam
(136) n (137) ¢ paunsimu TaGauust S. B. Hooghoudt naer
BMOJINE YAOBJETBOPHTENbLHYIO cXoAuMocTh. CneloBaTesbHO,
PACCTOAHHA MEXKAY APCHAMH MOMKHO ONpejensTh no (op-
myJe (135) ¢ HaxoKjaeHHEM «aKTHBHOH 30HbI» aHAJHTHYE-
cki no ¢opmyaam (136), (137), uro ynoOHee, HeM INOJb-
soBanHe TaOJHIaMH,

B) 3aaezanue dpensl Ha nosepxnocTu godoynopa.

Ilas sToro cayuas umeerca Gopmynaa Kene:

E=2|/%{H‘-—h’], (138)

rae H — npeadinenie ypoBHs IPYHTOBHX BOA NOCpeAHNe MemXAy Ape-
HAMH Had NOBEPXHOCTLIO Bodoynopa; A — ypOBeHb BOLG B KaHnane NAH
ApeHe, AHO KOTOPHX NPEANO/araercs 3a/eraioliuM Ha noBepXHOCTH BO-
poynopa. C. H. Hymepor (19563) nokasan, 4to BHCOTY HaBHCAHHA ywH-
THRATL NPH 3TOM HE CACAYCET.
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PacemotpiM  nospoGHee 3Ty cXemy, NpPHBEACHHYIO ~Ha
pucynke 24, IlomMHMO paHee nNpPHHATOrO MAOMyHIEHHs /o
B/Hc>2, naa s1oil cxXeMBl ACHCTBHTENBHO ycaoBHe H,=
wahe+-1fed, ¢ yuerom xotoporo dopmyana (122) npumer BHA:

H;+Hg=ﬂH—hg=Biiﬂ +:i lﬂ; . (139)
c

®opmyna (123) ynpoctures, yuntwmsas, uto sin (ke
+1/2d) =1, no Buaa:

PR (1 ﬂﬁ-—"“——)_ﬂ L
L + 0, sy = 1“51"4{ac+d;2} . (140)

[onuwit nanop AH onpeaenntes dopmyaoi:

__ gB* gB . nd
 8kH. kn 1"{2 sm4(a¢+dm ]+
q h
24 (1 gl
1 I:,,.( 40,5 nc+dm)' (141)

B paccmaTtpupaemom cayuae dopmyaa (103) mas Kpu-
BOH JlenpeccHd Moxer OLITH YNpoLieHa A0 BHAA:

My, 80,8

B
Sk 00 Dkt X e

Hecmotpsa wa 10, 4T0 %—-1, nonyuenne dn(u, x) ~sch u
HeloCTaToYHO To4YHO aJaa Gopmyas (103), nosromy Boc-
NOJAL3yeMCA 3aBHCHMOCTSIMH

dn (x, %) 0 (x, x) = V.0, (x, %); 00, %) = |/ - Koy

H paznoxeHHeM npH x—-l.

0 (g, %) ~ 1/ % e [1 4 26K o (4Kuy)),

rae = x/2K =x/B, K = nB/4H,.

aH-T T

Pue. 24. CxeMa K pacyety ropHiomn-
TANRHOrO JApeHaXa MpH HAJHIHH
unrAbTpauUMH (3ajeranme ApeR Ha | '
noaoynope). PR

L s
i o




ITocne HCMONB30BAHHS YRKA3AHHBIX 3aBHCHMOCTe ¢op-
mysa (103) npumer BuA:
LRy e o r)l_ [ L (___ :'I:B) m:'l}
Hy—hy, =22 {2 E(E In {1+ 2exp(— 2> )ch 2= |l
(142)

OtmetuMm, uto npH x="'/2 B (touka 2 nan apewxoil) pe-
gyapratr no gopmyae (142) ToyHo coBnangaer ¢ MoJyueH-
HBIM panee Beipaxennem (139) ans snauenus Hjy —H,, Ho
npu x=0 (Mmexapense) peayabrat no dopmyne (142) paer
He HyJib, KaK 3TO AOMXKHO OLITh, a BeJIHYHHY A:

ﬂ=-—‘§ln[l -]-Eexp{—;;i )] (143)

C yyeToM NpHHATOro HaMu yenosus ! B/H.>2

|A] < 2798 _ 0,0037
kn kn

H, c/lefloBarte/ibHo, BeipaxenHe (142) moxer ObBITH HCHOJD-
30BanO JNIA NOCTPOeHHA KpHBOII AenpeccuH. B ¢opmynax
(139) —(142) nasi onpeACACHHOCTH PELICHHA CJAEAVEeT NnpH-
HATb Kakoe-nuOo 3HauenHe Ans fig, KaK 310 OBLIO CAeJIaHO
MpH paccMoTpenHu cayuas T—-oo,

Pacemorpum xpaiinue caydan he=0, he=AH, a Taxmxe
cpennee snauenne h.="/(d+4-AH) (puc.24). Torna no ¢op-
myae (141) npn he=0 nafigem:

knAH
Q_nﬂfdd-—lnﬂ' (e

Has npyroro KpaitHero ponyuieHusi he=AH, noaarasg
Wad<< AH, nonyuum:
Q ﬁknﬁﬁ (1—1 ,th?] : (145)
nB/8AH — In [2 sin(nd [4AH)]

Hakonen, npuuumasn sHaueHuss he=![o(AH4-d), naiigem
pacxoj

Q=

kmAH (1 —1,59/k) (146)
B/4 (AH + 2d) — In {2 sin [nd/2 (AH + 2d)]}

H AJ9 BHICOTLI HaBHcanud fg

e Al e
by« L (AH + i) — 2 Insin

(147)

AAH -} 2d)
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OTMeTHM, 9TO B NPAaKTHKE MEJHOpPAUHH 3HaYeHHe g/k
nOpuno mensuie 0,01,

Mpumep. Onpeaesnth paccToANHe MCHIY FOPHIOHTANLHLIMH fpe-
IIMI HA OpollaeMOM MAaccHBe TpPH CPeAHeroJioBOM MOAVJe HHTAHHA
rpyntonux Boa ¢=0,12 afc-ra. Bogoynop saneraer ma rayOmne He=
« 20 m; nanopuocts orcyrcreyer; k=05 mfcyr. Hpenw npeanonaraer-
UM CTPOHTL B BHAE OTKPHTHX KapajioB rayOnHofi 3,5 M, mupumofi no
any bo=0,5 M u raySuxolt soas Ay=0,2 M. Cpeanss KpHTHUeCKas ray-
fiia 3aseraHis 3acoJieHHBIX FPYHTOBBIX BOO Ap=2 M.

PaccTonnne Mexiay JpeHaMH onpejiesfeM, HCXOAA W3 Tpex MNpHHA-
TMX XapakTepos 3ajeranus Bogoynopa: He=0— dopmyaa [1333: Ho=
woo opmyan (117) — (121); He=20 m — dopmynu (129}, (131) —
(133), (135), (136) u pucynok 23.

PeaynbTaTH pacueros NpHBecHH B Tabauue 7.

TatGanua 7. Onpeneaenne PaccTOAMHA MEMIY TOPHIOHTAJLHLIMMN
JApenamMu no GopMyaaM pasaHYHLIX ABTOPOR

IpimaTeft xapak- | p, dop- Paceroanne
Tep saNeramHe MY ApTop MeXIY Ape-
BOAOYTIOPA HAMMW, M

He=10 (138) | Kene 65
He = o (118) | B. B. Benepuuxon 320
He=o00 - (119) | C. H. Hymepos 308
He = oo (120) | A. H. Kocragos 350
He = oo (121) | IL. Hammad 327
He = o0 (117) | C. ®. Asepeanos, LA Cun-c 368
He=20 (133) | A. H. Kocraxon 202
He =20 M (129), 248

(131),

(132)

Pucy-| C. @. Apeppanos B Lol Cun-e

HOK
He =20 m (135),| S. B. Hooghoudt — 261

(136) | C. @, Arepeanon

Han peancuofi rayOunel saneranns pofoymopa He=20 M neyder
JBHACHHA B 30HE HHMe pasMclleHHs IpPeH BefeT K ABNO AenpabBHIbHBIM
pesyastataM (dopmyna Kene), Ilpanatne Ho—-oco npeypeinuuBaer poib
sroft 30mb, Aapan OJH3kHe spavenns B no pazumM dopmynam B npene-
nax B=308—3068 m. Hakonen, yuer peasnbHofi rayOHHE 3ajeranHg mo-
pepxuocTH Bofoynopa no dopmynam (129)—(137) paetr npoMexyrou-
iwe sHavenns B=202—251 w, npuuem dopmyaad (129) ¢ onpenenern-
eM @ no pucyRKy 23 v (132) ¢ maxompennemM b mo smpamxennio (131)
CAeiyeT OTAATL, NO-BHAHMOMY, nOpeinoyMTCHHe, TAK KAK OHH MNOKa3anH
Jyqilee copnajeHie ¢ AAHHEIMH MHOrOYHMCHEHHHIX Ja00paTOpHHX ONE-
ros, nposefienasix 8 MTMH,

Ecan HCXOAHTH H3 3aJaHHOTO TOHHMKCHHS YPOBHA TPYHTOBHX BON M
HIUJ&]:!S%I‘H,EGBDI‘E NHTAHHA, B JIAHHOM OpHMepe clefoBano O NPHHATE
== M.
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Pacuer OCYLUMTENLHOro [AeHCTBMA
rOPHM3OHTaNkHOro ApeHaMma

B YCNOBHMAX HanMopHOro MNHUTaHMA
[ycraHOBMBIUMHCR PEeMHM)

Hna pana KpynmHBIX OpPoOIIaeMBIX MAacCHBOB XapakTepHO Ha-
JIHUHE BOCXOAAIIHX TOKOB MHHEPANH30BAHHHIX TOJ3€MHBIX
BOJ, MOCTYNAOWHX MOJA HanopoM H3 TrayboKo 3aJjeraio-
IHX BOJOHOCHHX mymacroB. Ha  3Hauedne Takoro
NOAMHTHIBAHHA Ans yceaoBHit TonogHoH crenH ykaswiBajiH
H. B. Makpunun, B. M. Jlerocraes, A. I'. Baannumupos,

A. HU. 3arymennntit, A. [1. BaBunos, pas wacTH Tep-
- puropun Kypa-Apakcuuckoit Huamennocth — A, I'. Bananu-
MHPOB H JIp.

[TpakTHKa OCYIUEHHs TaKM¥e MoKasaJja, 4To HeydeT Noj-
MUTHIBAHHA OCYINAEMLIX 3eMeslb HamnopHLIMH TPYHTOBBIMH
BOMaMH TMPHBONHT K HELOCTATOYHOMY ocyuienHio (TophaHkie
maccuBel Ilonosepckoe, UYucroe-Bopckoe, wacTte NOHMH
p. SIXxpoMul 1 1p.).

OaHH H3 BO3MOXHEIX MeTOA0B GOpbLOEI € 3acoJICHHEM
OpolaeMBLIX 3eMesab H H30LITOYHBIM YBJaXKHeHHeM — ycTpa-
HeHHE BOCXOASANIMX TOKOB HAMOPHLIX MOA3EMHBIX BOA ITyTEM
CHHMKEHHSI HamoOpHOCTH (Nbe3oMeTPHYeCKOH MNOBEepXHOCTH)
HAMOPHOTO BOJOHOCHOTO NJAacTa, H3 KOTOPOro MNpPOHCXOMHT
NMOANHTHIBAHHE NOKPOBHBIX, MEHCEC TPOHHIACMBIX no4ypo-
TPYHTOB. TO AOCTHraeTCA BPe3KOH JAPCHHPYIOMIHX cOOpYiKe-
Hull (rayGoKHAi rOpPH3OHTANBHBIAI JpeHa)X, BePTHKAaNbLHBIH
ApeHax, KOMOHHHPOBaHHLIE CHCTEMBI) B OCHOBHOH Hamop-
HEII BoAoHOCHHI maact. OnHako npu TakoM crocofe, 0co-
GenHo mpH GosbluOf MOLIHOCTH MOKPOBHBIX MOPOJ, BO3HH-
KaeT pAA TPyAHOCTefi: HeoOXOAMMOCTh MeXaHWYecKod oT-
KaukH, co3JlaHHe YCTOMYHBBLIX NMPOTHB OMOJ3AHHA IIYOOKHX
OTKPBITHIX KaHnaJoe H T. 1. BanAnHe HanopHOro BOIDHOC-
HOTO IJIACTa YCTPAHseT O6GHYHE, OTHOCHTENIBHO HernyO60KHi,
CHCTEMATHUECKH pasMCUleHHBIH TOPH3OHTAJNBHBI ApPCHANX,
PacnoNoMeHHbIfi B NOKPOBHBIX, IJIOXONPOHHIUAEMEIX MOYBO-
rPYHATAX NPH HAJHYHH HApAAYy C NHTAHHEM €ro co CTOPOHBI
MOBEPXHOCTH 3eMJIH NMOCTOSHHBEIX BOCXOJALIMX TOKOB H3 Ha-
NOPHOTO BOJOHOCHOTO MJacTa.

Ecan Takofi ApeHa)k MpHMeHsIOT AAsA 60pbOHI ¢ 3acoJe-
HHEM OpOUIaeMbIX 3eMeJjb, TO NMHTAHHE CO CTOPOHLI MOBepX-
HOCTH 3eMJH GYIEeT COCTOATH H3 MPOMBIBHHIX BOA H (PHALT-
pPalHOHHBEIX MOTepb NpH opomendH. Ecin xe oH npeiHasHa-
ueH AJis OCYLIeHHs 3eMeNb, H B YacTHOCTH GOJIOT, ero mnHTa-
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Pue, 25. Cxema K pacuéTy TOpH3OH-
pAjLioro Apenaka, paGoTaiomiero no
GTBOAY BOCXOAAIHX HANOPHBIX BOA
(MnduaLTpaLHA OTCYTCTBYET):

I = nheaoMeTpHHECKAR MOBEPXHOCTE OO OCY-
mennn; oo — OoopeEpXHOCTE FPYHTOBLIX BOI

npn pafioTe ApeRama; 688 — oCpeNHeHAas
NOREPXNOCTE MPYHTORMX RO,

lii¢ CO CTOPOHLI MOBEPXHOCTH 3EMJH HAET 3a cueT 4YacTH
armocdepHbIX OCANKOB, KOTOPLIE NPOCAYHBAIOTCA JO MPYHTO-
nuix Bof. B oGoHX cayyasx B KauecTBe NMEpPBOTO NpHOMHIKE-
HHA MOKHO CYHTATH HHOUIBTPAUHOHHOE NHTAHHE paBHOMEp-
HO pacnpefeseHHBIM M0 MJOWAAN H NOCTOAHHLIM MO BEJH-
qiHe, TO €CTh paccMarTpHBaTh cJhaydail cCcTalHOHApPHOTO
pexxuma (Asepbsinos, 1960).

Muranue apenHaxa sa cuer HanopHeix BoA. OcnoBnas
pacueTHas cXema JJsf paccMaTpHBaeMoro cayuas usobGpa-
#ena Ha pueyHke 25. 31eck NpHHATO, 4TO Hanop B BOAOHOC-
wom naacre A pasen H=T-+AH, nan AH, npu orcuere ero
Ha YPOBHEM BOJALI B CHCTEMaTHYECKHX JApeCHAaX.

[TopsemHas BOJAa, NOAHHMAACH MNOJ HANOPOM CHH3Y
pRepx uepes naact b, KOTOPLIA MPHHHMAaETCHA 3HAYHTENLHO
MeHee BOJAOMPOHHIIAEMBIM, ueM mjaact A, noctymaer B Ape-
nut [, o6pa3ya NOBEPXHOCTb FPYHTOBLIX BOMA aagd.

Tounoe pemenne TakoH 3aiaun NPHBOAHT K Pe3ynbTa-
TaAM, KOTOpBIE TPYAHO HCMOJAL30BATh B NPAKTHKE BBHAY HX
CJIOIKHOCTH, OTUEro 3Jech MNPHMEHAIOT HEKOTOpHie YMpo-
[IICHHA.

Pemenne M. Mackera., M. Macger (1949) same-
naer obaacTh (uUALTPAUHH NPAMOYTrOJLHHKOM C866C, TO
eCTh cAaboH30rHYTYIO NOBEPXHOCTh MPYHTOBBIX BOJA aaa ro-
PHBOHTANBHON MJ0CKOCTbIO 866. IlpH 3TOM, MO-BHIHMOMY,

NPpHHHMaeTCsd, XOTH H He OropapHeaeTcd apTOpOM, YCJIOBHE

e

B arofi 3ajaue mojanexart onpenesnennio pacxon Q, mo-
cTynaiolluit B ApeHbl, H Hanmop Ah B cepelnHe Mexay Ape-
namna. Jas ux onpenenenHa M. Macker npHBOAKT CleAylO-
e popmyas (B HawHX 0603NaUEHHAX)

o dnk (AH — Ah) (148)
% Inch Teh [T (1 4 4ha/T
4 ch#
8—288 113




Ah

AH—AR
A 2_{2 lnul_:hhﬂ— in {’s_h d sh 2h.)] £ (149)
Inch TchlT (1 4 4h/T)] —2In2ch? b,
rae T=29aT/B: h.= nh./B; d= nd/2B.

B npuBefleHHOM peIIEHHH HMeeTcd HEeKoTOpas Heompe-
Aenennocth B BbiGope he — cpellHero npeBLIIeHHA YPOBHS
IPYHTOBBIX BOJ HaJ ypOBHeM BOjAHl B ApeHax. Tak kax 3Ta
BeJIHYHHA JIeKHT B npenenax d/2<"h.<<Ah n zapaHee He-
u3Bectna, To dopmynamu (148), (149) noawnsylores nyrtem
noabopa. Tak, 3Hasi HANop B BOROHOCHOM mjacte Af, nna-
MeTp ApeH d, paccTosHue MexKay HHMH B u rnyGuny saje-
rannsa BojponocHoro racra T, no dopmyne (149), sana-
BafACh BeJHYHHON A, HanpuMmep f.=d/2, MOXXHO HAHTH HA-
nop mocpeanne Mexay npenamu Ah, mociae uero pacuer
VTOYHSIOT, NPHHAMaA ycaoBHO he==0,5(d/24-Ah). Tloan3ay-
ACh YTOUHeHHLIM 3Hauennem Ah, mo dopmyne (148) moxHO
onpeleauTs pacxon apensl. Gopmynn (148) n (149) cnoxk-
HEl JAJ MPaKTHYECKOro HCMOJb30BAHHA, YIPOCTHM HX, YUH-
THIBasi Majocth Bennuun d/B<1, he/B<l, h./T< 1. Ilpu-
HATHIE JAOMYIUIEHHS NMO3BOJNAIOT CUHTATH

chT ~chT (14 44/T), chh,~ 1, shd ~d = nd/2B,

sh 2 h, ~ 2nh,/B.
Torna gopmynnt (148) m (149) npuMyT BHA:
ST
In[ﬂ*EEhT]
Al In (1/2d he ) (151)

AH—AR  1n(057)

[IpuMepsl pacueToB NOKA3LIBAIOT, YTO HAaJHYHE HAlOP-
HOro mJaacTa Aaxe na Goabiioit rayGune (T7=50 m), He-
CMOTPA Ha MJAOXYI0 NPOHHIAEMOCTb MOKPOBHLIX OT/IOMKEHHH
(k~0,2 m/cyr), cosjaeTr TsKeJble YCHAOBHA Jis paboTh
JpeHaka.

®opmyana A H. Kocrtakosa. PemenueA. H. Ko-
crakoBa (1960) umeer Bua:

Al (T + AH) ky (152)

= (AH— AR [In(B/d)—1] kg
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rae ki, ks — xosddumients GRALTPANNE MAOXONPOHHIASMOr0 MOYBO-
ipynta B, B KOTOPOM 3aJI0¥EHH APEeHbl, H HaNOPHOTO BOAOHOCHOrO nJja-

¢rn A {cm. pue. 25).
Popmyny {]52] MOX{HO HAMHCATbL B BH/E
2n (T - AH k
T2 M (159)
l~|—1F B[2,31g(B/d)—1] ks
Pemenue B. M. Apapuuna. PaccmorpenHe npHro-
KA 13 TAYOMHHOrO HANOPHOTO MJAacTa K CHCTeMe «iieded
. E. Xykosckoro» (Apasnn, 1936; Apasun, Hymepos,
1963; Ilonybapuuona-Kouuna, 1952) npHBOAHT K cJje-
JYIOLLHM pacyeTHHIM (opMysaM:

__B(14P) mip
AHIT = ﬂ[l = lnsmﬂl+ﬂ}] (154)

Qi = BB, (155)

Bp np
= ——Inctg ————. 156
= 7t 4(1+ ) (1)

Ha ypaenenus (154) noabGopom HaXolsAT BeNHIHHY [, a
satem no dopmynam (155) u (156) onpepeasior pacxon
ApeHsl Q) ¥ Hamop mocpeanHe MeKAY ApeHaMH Ah.

Pemrenns (154)—(156) npeanonaraloT WHPHHNY JApe-
HaXKHOM LieJH NPH MaJbiX 3HaueHHaAX P pasnoii (IloayoGa-
putosa-Kounna, 1952):

d*~0,26%L, (157)

UTO JNA NJIOXONPOHHIIAEMBEIX TPYHTOB 00BIYHO He colmiofa-
CTCH.
PeayabTaTH pacueToB no gopmyaam M. Mackera n

3. M. ApaBuna GJH3KH.
[Tpn manwix snauenusnx <1 ¢opmysn B. M. Apasuna

yrnpouiamoTea H NPHHAMAIOT BHAC

Mﬁr=ﬁ(1 - ilnﬁ), (158)
Ay 20 1 & (159)
Tt ap

ITO cJAeAyeT H3 NPHOMHIKEHHBIX PaBEeHCTB:
1+p~1; Insin L SRR P
L AR Pt

2(14+8) g2’

4(1-+P) i
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[Ipn stom Q,=fkB.
®opmyna (159) c¢ yuerom Bmipakennsi (158) mowmetr
ObiTE npeoGpasoBana: :

S B 2 B e o AH eyl .
Ah =2 In -+ “EIn2 = AH ﬁ(:r g !ni). (160)

Pemenune B, H. ApaBiHa noJiyueHO MNpH YCJIOBHH IJiy-
60KOro 3ajeraHHs HanopHoro mJacra, TO €CcThb NpH 0O0JAb-
moM otHowenun T/B. 9710 puano u3 Qopmyas (160), no
koropoit otnowenne I'/B pomxno ObiTe GOJbLIC In2/xn=
=0,22 (npu T/B=0,22 noayyaercsi HeBepHHiii pPesyabTaT
Ah=AH, To ecTb JpeHaK He CHHMKAET YPOBHH TPYHTOBHIX
Boj). [lpaBHABHEIM YycjOBHEM  NpPHMeHEHHS  (GoOpMya
B. K. Apasuna sBasercs cobaionenne nepapenctsa 27/85=
=1 uau T/B=0,5, uro peako ObBaeT B peajbHBIX yCJOBH-
ax (manpumep, T=20 M, B=200 m).

Huxe npupefieno obliee pelleHHe [Jisi NPOH3BOJIBHOTO
otHowenna I/B.

PemeHHe ANS NPOH3BOABLHOM TrAyOHHB
aaJeraHHs BOJAOHOCHOro mnaacta. 3a o0Onaactb
ABHKEHHA NPHONHMKEHHO MOXKHO NPHHATL MPAMOYTrOJAbHHK
casgeac (puc. 25), orpanHYe€HHbLIH CHH3Y BOJOHOCHBIM Ha-
HOPHBIM MJACTOM C NOCTOsHHBIM Hanopom H=T-+AH (mo-
BEPXHOCTb €C), H3 KOTOPOr0O MPOHCXO/AHT BOCXOAsflLee JBH-
JKeHHe HanopHeIX BOA K apenam ([); ceepxy 3a rpanuuy
NoTOKa MoxKeT OuITh NpHHATA, Kak 310 jAenaer M. Macker,
ocpefHeHHAas MOBEPXHOCTb TPYHTOBBIX BOJX (MJIOCKOCTE
g88). BepTHKa/ibHBIMH TIpaHHUAMH NOTOKAa CJAYMKAT MJaoc-
KOCTH €aé, OTAeAsMiollHe paccMaTpHBAEMBIH MOTOK OT CO-
cejJlHHX C HHM aHaJOrHYHLIX TeYeHHH K JpeHam, Haxojs-
mHMCS CJeBa M chnpaBa (paccMmaTpHBacTcsl BecbMa Goalb-
[IOe YHCAO JIPEH).

Byaem cuHTaTh, UTO AaBjeHHe B ApeHaX PaBHO aTMO-
cpepHomy. Toraa NOAHBIM AEHCTBYIOLUIHM HaNOPOM, 3a CHET
KOTOPOrO NPOHCXOAHT JBHJKEHHE CHH3y BBepX, Oyaer pas-
poete (T4+AH)—T=AH, 7o ecTb npeBblllIEHHE CTATHYE-
CKOTO HAamopa B BOJAOHOCHOM IHamopHom mnaacre A Haa
YpOBHEM BOJIbI B JIpEHaX.

AHanornusas 3ajaua, HO AaA cayuas JABHMKEHHS TPyH-
TOBHIX BOJ C 3aTONJEHHOM NOBEPXHOCTH 3eMJH Oblna pemie-
na B. B. BenepuukoBum (1939) H HECKONIBKO BHAOH3MeE-
nena B. U. Apapunsim n C. H. Hymeposuim (1955); npu
h.=0 Takas e 3ajaua pewanach aptropoM (ABepbsiHOB,
19496).
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[Tpnuse 3a OCHOBY yKasaHHBIe pellieHHs, Hocjie HeKOTO-
WX npeoGpasoBaHHil MOJYYHM cAeAyiOUlHe COOTHOIIEHHS!.
Pacxom npuToka K OHOl npeHe:
ntkAH
Q= o e e (161)
cn (he - d/2) dn e
dn (e + d/2) cn kg

ﬂpc&mmcmm Hanopa nocpeiHHe Mexay JApeHaMH Han
YpOBHEM BOABI B ADCHAaX paBHO;

Arth

AR = AH — 91 Arth [xl cn ho ] (162)
ke dn e
he X d
|'j||{,'l'1¢1'=llr +TK“ d= T Ky, Arth — pynxkuua, obpathasa ru-

fiepoanyeckoMy TaHredcy; cn, dn— saauntHdeckne ¢ynrnar fkobn

npu aprymentax he Hin he4df2 u moayae %i. Mogyas ®; W cooTBer-
Cruylouin saaunTayecknii unterpan 1 poga Ky HaxoZATca H3 COOTHO-
wenns

K/Ky = B/2 (T +ho); (163)

K — noanuii samunTHYecKHi nHTerpan mpr Moayae k=) 1 _HEL .

Beipaxenna (161)—(163) sBasioTcs OOLLHM pelleHHeM
4a/auH, KOTOpOEC He OrpaHHYeHo, Kak JAJs NpHBEAEHHBIX
panee 3aBHCHMOCTel, ycjoBHeM raybokoro HAH HerayGo-
KOTO 3ajieralds HanopHOro rOpH3OHTA.

Tak Kak BHIGOpD BeNHYHHB! fig HE CHJIBHO BJHAET Ha pe-
Ay/abTaTHl, NMPHBCACM YaCTHBIE 3aBHCHMOCTH npH As=0.
B stom cayuae gopmyan, anamoruunsie (161) m (162),
NPUMYT BHI:

nkAH

Qo IEAE S (164)
Art hcn d/2
dnd/2

Ah — AH — fl Arth . (165)

Qopmyasr (164) m (165) choxub AAS NPAKTHIECKOro
HCNOJAL30BAHHA, [M03TOMY pPaccCMOTPHM 4YacTHBIe cJay4aH
rny6okoro H GAH3KOro 3ajieralis BOJOHOCHOrO MJjacTa.

a) layboxkoe aarecanue 8000HOCHO20 NAACTA.

B sToM uactHoM cayuae npH B/2(T+h:) =<0,5 nocra-
TOYHO TOYHO C yueToMm paseHcTBa (163) MOMKHO NPHHATH
(Apaeun, Hymepos, 1953):
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(T +he)
K==2; K1=“‘T:“'=’, ot i de B

Buinumem Bxoasiae B gopmyant (161) n 162) snaue-
HHSI JJISl paccMaTpHBACMOro cayuas:

ho = rthy/B, d= ndlB.

SDMNTHYECKHe (YHKIHH NPH MofyJe %; ~ | BHpoxKaa- ?
IOTCH B runepOonHTecKHE: :

cn(u,x) = l/chu; dn(u,%;) = l/chu; sn(u, %)= thu.

Henocpejcreennana mojicTaHoBKa INPHBENEHHBIX 3HAUE-
HH B popmysinl (161) n (162) He maeT kenaeMEIX pesyJih-
TaToB. [losToMy BocCmonbL3ycMes 3aBHCHMOCTBIO:

Arthuy = ; nl L2

| —pg'

nocjyie psaa npeoOpa3oBaHui Haiiaem:

A
o 9k 4H i
? W [sh? (e - @/2) — sh*ig]
EAH
— 166
T+ he 4 ] I 1 : Gk
i % 2}/ shd/2-sh (% + d/2)

rhe he=nhe/B, d= nd/B.
Ilpu he=0 noayuum (yurs manaocts d<<1):

RAH RAH
Qlﬂ 1 1 it 1 ] {Iﬁ?}
T/B - o ]ni*shﬁfﬂ Tj'ﬂa{—?lnﬂ,f:m‘

9T0 MOXKHO HalTH HenocpejicTBeHHO mo dopmyae (164),
[PHHAB NONYLIEHHS, BBEITEKAIOLIHe H3 coOoTHOWeHHA Bf2T <<
= 0,5.

Hansi Haxoxpuenus BenHuHHE Ak Bocnoabayemcs Gop-
Mmynoi (162), koTopas nocsae papa npeobpasoBanuii ¢ yue-
TOM YNOMSHYTHIX JONYLICHHH NPHMET BHJ:

Afes Seqhe oo iNe g (168)
kn ) shd/2-sh (2he + d/2)
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Ipu he=0 HMeeMm:

et Ql I 1 .-..._.E!. E 9
g e ™ lﬂmi 2 ()
Jasucumoctn (166), (167), (168) n (169) mnecaoxubie

il BNOJHE AOCTYMHBIE AJS MPAaKTHUYECKOro HpPHMEHEeHHS.
6) Heeayborkoe sanezarue 8000HOCHO20 naacTa.
[Tpun B/2(T+he) =2 ¢ ygetrom ¢opmyan (163) moxuo
HAnHCaTh:

nB
= ~ Sl 58 e AR
o 1, K;[ :-":ilrz, K 4 {T-!—h{:] ’ Hy de ¥

cn (&, ®x) ~cosu, dn (¢, #,)~ 1, sn(u, )~ sinu.

[loncrapnssa 9TH 3HaveHHa B opmyay (161) H Henoabaya
pABEHCTBO

1 1 |-

Arthg=—Inlt%

2 | —u
nocJae HeKOTOPEIX npeoOpasoBanHil MOJY4YHM:

2nkAH

Q= . , (170)

tg%tg(ﬁt+~j—)

In

|‘AE 'Ecz ﬂ & hc : ]! i d :
2 (T4ho 2 " (T+ho
[Tpu h.=0 dopmyna (170) umeer BHA:
o nkAH Mnkﬁﬁ .

H

(171)

In

Bropoe Buipaxenne dopmyant (171) noayueHo mpu ycnio-
BHH d< 1.

AHaJIOTHYHO JJA NPEBLIICHH] HANOpa Ha MexIpeHbe
HaJ YPOBHEM BOJAH B JipeHax, noabayack ¢opmyaoi (162),
HaHaeM:

I i i g
T(T+h) -
A ARy S50 e : coshe b
i e e o BT o A
o - d
L te ¢-te(fet )
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TaG6arnpa

. PeayasTats BouHCACHKA

suauennit Q mo PAIAHMHBIM |

thopmyaam
B B/d
T o i 10 100 1000
1 (171 0,968 | 0,567 | 0,410
¥ (164 0,730 | 0,476 | 0,353
(167) 0,730 | 0,476 | 0,353
2 (171) 1,065 0,598 0,416
3 (164) 0,604 | 0,540 | 0,387
(167) 0,804 | 0,540 | 0,387
(171) 1,237 | 0,648 | 0,439
I (164) 1,152 | 0,624 | 0,428
(167) 1,150 | 0,623 | 0,428
I (171) 1,471 0,706 | 0,466
Lo (164) 1,446 | 0,701 | 0,463
(167) 1,427 | 0,697 | 0,461
171) 1,697 0,755 0,486
2 164) 1,691 0,754 | 0,486
(167) 1,617 0,739 0,479
[pu he=0 dopmyaa (172) npumer BuA:
1B s
AT AT
M=AH|1—% — |~aH[1—=—— . (73
& 8T
- ln —
g L d
4

C 1e/bl0 BLIACHENHS TOYHOCTH NPHOJHMKEHHBIX (opmya
B HuTeppase 0,5<B/2T<2 npn T=10m AH=2wm, k=
=0,3 M/cyT BLIMHCAHM 3Ha4YCHHs NPHBENEHHLIX PACXOAOB
Q=Q,/kAH no dopmyaam (164), (167) u (171) (raba. 8).

[IpHBeneHHBIE AaHHBIE MOKA3HIBAIOT, 4YTO /A OOLIYHO
BCTPeuAlONIHXCSl B NPakTHKE cyuaeB ¢ OWHOKOH menee
90 nns B/d=10 n menee 1% ans B/d=100 MOKHO NOJb-
30BaThCs ynpoumennwivu gopmynamu (171) n (167), ue
npuberas k Gosee TOUHOH H CJA0XKHOH (Gopmyae (164). I'lpn
9TOM MOKHO CUHTATh BOJOHOCHBIA MJACT 3ajeraiouliMm or-
nHocurenbHo ray6Goko, ecanm cobai0faeTcs HepaBEHCTBO
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TaGawuwa 9 Conocraenenne pacueros @y u Ah aan HecKoAbKHX
npumMepos

Yenonn Q. | AN,
u;:I:::p: AsTOop Ne qopumyan :;ﬂfy- M [MpeMey anHe

B=20m, M. Macker | (150)—(151) | 0,124| 0,58

d =50 M,
k=02 wmjcyr,| A.H. Ko- (153) — | 1,06
CTAKOB
d=0,3 M,
AH=2 m, | B. W. Apa- |(154)—(159)|0,112]| 0,68
B12T = 0,2 BHH
Ilpepnarae- | (166)—(169) | 0,125 0,57
MEE pelenHs

B=100 m, | llpemnarae- |(170)—(173)|0,172| 1,97
T=20M, |Muepemenys

k==0,1 m/cyr, (167), (169) |0,126] 2,03
d=0,4 M, OmnGounnie
AH=2 wm, pesyasTaTel

BJ2T = 25 | B. 1. Apasus| (158), (159)|0,142| 2,03

B =20 m, | Ipennarae- | (164),(165) |0,330| 1,69 Boaee Toy-
T=10 m, |mpe pemwenns HEe pellieHHs
k=03 m/cyT,
dﬁ==.; :' (167), (169) |0,330| 1,70 } NpnGamxes-
B=2T (171), (173) | 0,341| 1,70 | ) "me peinenns

B/T<3, a pacuernl BecTH mo opmynam (166) —(169); npu
B|T=3 BbIYHC/IEHHA C JOCTATOYHOH /LISl NPAaKTHKH TOYHO-
CTbIO NMpoBOAAT no ¢opmynam (170)—(173).

B taGauue 9 conocrapieHsl pe3ysbTaThl PacueTos, Npo-
BEJICHHBIX AJST HECKOJBKHX NMPHMEpOB.

[Ipoenennnii aHanHs norpelwrHocTed peKoMeHAyeMBIX
ynpouienHblx Qopmysn MoxeT GbiTb PacnpocTPaHeH TaKKe
u Ha popmysns B. H. Apasuna m M. Mackera, 4T0 nosBo-
NfieT MX CYHTATh AOCTATOYMHO TOYHBIMH nNpH cobGJal0AeHHH
nepapencrsa BT <C3.

PaccmorpuM Gosiee CJaOXKHBIN cayyadl COBMECTHOTO MNH-
TAHHA JApPEHa)ka 3a CYeT HaNoOpHHIX BOJ, MOCTYNAIOUHX H3
HHMKEJeXAlHX BOAOHOCHBIX MJIACTOB H HHQHALTPALHOHHO-
ro NETaHHA (MPOMBIBKH, YacTb MOJHBHEIX BOX).
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Pre. 26. Cxema X pacueTy TrOpH30HTA/b-
HOI'O JpeHaka npH HanopHoM H HHHALT-
PalHOHHOM NHTAHHH:

[ — NOBEpPXHOCTS PAjeNa ONYCKAKMHXCA HHe
'd?'H.l'Ih'l'pﬂIlE{ll'lﬂﬂl H BOCKOLANNAE HAMOPHKEX BOO.

CopmecTHOE NUTAHHe ApeHAKa 3a
CYET HAMOPHBLIX MOA3EMHBIX BOJ H
HHpHABTpauun. [Isa pemenun aTof
3ajaui MPHBENEHE HHIKE,

Pemenue B. B. Benepuukxosa (1948). B. B. Be-
JIEPHHKOBLIM COCTaB/€HbI CAeAyiOllHe ypasHenus (puc. 26):

2 K Q a,
B= = (Host— -+ %), mpu Hy=H 174
T (o PRET IpH 11y +he (174)
rae fix — BHICOTA KanwiApHOTO MOAHATHSA; g=q/k; K, Ki— noauue 54-
AHNTHYECKHE HHTErpajsl npH Huﬂ}'ﬂﬂx?ﬂ=lf{ﬂ-g'—ﬁ'=} (c* — 1) M
31=V1—H-"; a4 — SAAHNTHYECKH HETErpaj NpH MoAyJe X H yrae

Vn:r.‘ —1
= Xy

@ = arcsin
Hanop n4y Ha BepxHeli KpOMKe ApeHH paBeH:

iy i Q Oy [n(u—a)/2K, %] |
e K +k2n i Oy [ (e + a)/2K, %] (175)

_H_H P 4 Q  %x(a—p)/2K,x]
by 4 d = Het Hoel kgt Son mpt  (1%6)

rhoe i H p— SAJAHOTHYECKHE HMETerpass | posa npum moayae ® H yraax
COOTBETCTBEHHOD

Vear—1 Var—1

@ = arcsin H ¢ = arcsin .
V@ —8 Y @+
[ — i -
T [::[&H—hd—l—ET —Ed}k] :
Q
to= - ; (177)

ch [.,"".i‘_i. + Arcsh E—]
Q o
# — 1oTa yHEIHM,

Hapucanne H Hamop Mexiy JApeHaMH ONpPeAessioT co-
OTBeTCTBEHHO MO (GopMyam:
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A il =R =

Ahy — hy = I_E(H-i—h, 2 Archa.) T (18

M—h.‘z—l—_(H—lﬂh,—iArchi)—T—h,. (179)
1—gq kn p*

[Ipr OTCYTCTBHH HaBHCaHH#, TO €CTb MNpPH AHaAMeTpe
npensl d>dyp, Heyvere Kanuaasapueix cua ‘(hy=0) u pap-
ACHHH ¥ BepxHell KPOMKH JIpeHbl, paBHOM aTMocdepHOMY
(he=0), dopmyan (174)—(179) ynpouiajores:

Ak =-—‘_-.( —ﬁ_m;:hi)-?;
1—g kx pe*

p Q O4[n (a — p) /2K, %]
dma (I K ) iz k2n nﬂ‘lln (a + p)/2K, %]

x= (@—p*) @—1); a= ch’{g‘—mﬂ +97),

rie p— sasunTHaecknft murerpas 1 poma npm Momyae X ® yrae @=

e arcsin ———— ; a — snnuntHueckufl waTerpaa I pofa npH momynae

@’ +ny
. V::‘—l
¥ M Yrie g=arcsin % s
nk =
dI'E“{ﬁH+¢ﬂ
™= nk - 3 2
sh FMH + qT — qd)
e i3l (H*‘_"L_i.i).
2 l—g K kE 2K

IMocne ynpouleHHsi pelleHHe oOcTaercd TPYAHBIM ANdA
MPaKTHYECKOTO HCNOABL30BaHHA, TaK Kak napamerp f*
BXOJAHT K4aK B BEJHUYHHY MOAYJA %, TAK H B QYHKIHH @ H p.

Pemenne C. H Hymeposa. Ono npeanoaaraer
pecbMa ray0okoe 3ajeraiHe HamopHOro BOJAOHOCHOrO mJjac-
ta (Apasun, Hymepos, 1953; Beaepunxos, 1939; Hymepos,
1948).

- 5 180
it ak(l —q) I"dgﬂwﬁ*}‘ v )
Q=0Q,+¢B, gB=2Q,, (181)

; Q B
sl v G e ba)
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_QIT Q f
AH=32 + =0 @), (183).

1 : ap’ .
OPB)= ——(1 +p')Insin ——— 184

#) —(1+P) e DY (184)

roe Q — nonuufi pacxol ApeHH, MPHYEM H3 BOAOHOCHOTO HaNOPHOTO

naacta nocrynaet pacxod @i, a OT HHHIALTPALHH — Pacxoa Qu=gh;

g=gfk; B’ — napamerp, HaXONAUIHACA H3 COBMECTHOIO pelleHHA ypabHe-

wufi (180) — (184).

Henocpencreennoe mnoaszopanne ¢opmyaamu (180) —
(184) cBsizaHO ¢ HEKOTOPHIMH TPYJAHOCTSAMH.

Ynpomenunne pewenna C, H HymepoBa.

IIpu rayGokom 2ajeraHHH BOJIOHOCHOIO mJjiacta BBHAY

yMeHbllenHa @, 3nauenne B’ nepennxo. [Ipu g=qlk<1
npHOAMKeHHble (GOPMYJIEI HMEIOT BHA: '

KR P IR e S § PETE Re
mk ln:tﬂ' P LB’ OF) | Innﬁ' ;
DTH ynpolleHHs MO3BOJAIOT HANHCATh 3aBHCHMOCTH:
% 4T ([ —-% In2 )
A== BEZSE ), ——, (185)
T n(l-—n—lnz) nt (AH — Ah - gT)
kB — Ab4-qT
Q:T.W" Lt al) (186)
l——In2
aT
Buipaxenns (185), (186) npuroansl mjaa ApeH pasMepoM:
d}u,ﬂﬁi—a. (187)

[MocnenoBarenbHocTs pacuetoB mno dQopmyaam (185),
(186): npn mapectux &, B, T, g, AH — nogbopom 1o
dopmyne (185) onpeapenswT Ah, 3sateM N0 YpaBHEHHNO
(186) — moamblii pacxox apenaxa @Q; MNOANHTbLIBAHHE M3
HanopHoro naacra Haxoaat no dopmyae (181).

Gdopmyant (185) m (186) npurognsl JAMsi OTHOCHTEJBHO
rayGOKOro 3aleraHus BOJOHOCHOro mjacra (y4HTHIBas mo-
NoMuTeNbHOCTE uneHa 1—B/T-In2/n=1—0,22 B/T).

Pemenns C. H. HymepoBa gocTaTouHo TOUHBI NpH col-
NiojleHHH HepaBeHcTBa B/T<C3; caenyer Takke yuecThb
orpaHHuYeHHe, Buipaxkennoe Gopmymnoi (187).

Mpamep. OuenuM pausnHe HEDHALTPAUHOHHOTO NUTAHHA HA MO-
NOMEHHE YPUBHA TPYHTUBHX BOJ Ha APEHMPUBAHHOA nmaCMany npm cng-
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ToaGanma 10. Bamsnne unduasrpaumn na pabory npenaxa
npn nanopuom nuranum (no dopmyaam C, H. HyMepora)

g. Afc-ra
[TorasaTenn
0 0,1 0,2 0.5
Ah, m 1,690 1,860 2.030 2,540
(AH—AR), M +0,310 | 40,140 | —0,030 | —0,540
), M¥eyr ma |l M 0,222 0,253 0,286 0,382
Gy, M¥eyr Ha 1 M 0 0,086 0,173 0,431
i, M¥eyTrHa I m 0,222 0,167 0,113 | —0,049
o/ Q 0 0,340 0,600 1,130
(1/Q 1,000 0,660 0,400 | —0,130

aywoinx yeaopuax: T'=50 m; B=100 m; AH=2 m; d=030 M; k=
«0,2 wmfeyr. TlpuMeM HHTEHCHBHOCTh HEQGHIBTPAUHOHHOrO NHTAHHA
B npenenax Moayaa ¢ or 0 ao 0,5 afe-ra.

Tak rak B/T=2, npeMensnem dopmyau C, H. Hymeposa (185) —
(187) (raGa. 10).

[To mepe Bo3pacTanda HHGHALTPAUHOHHOTO NHTAHMS NOBHLIAETCH
nanop mexiay Apenamn Ah, ctanoBsck npH ¢>=>0.2 afe-ra Goaelre, yem
HANOp B BOACHOCHOM MNAAaCTe, HECMOTPH Ha paboTy Apenaxka. 3HaucHHA
(Aff—AR) npr 3TOM cTaHOBATCA OTPHIATENLHLIMH, TO €CTh BMECTO MO-
liKenns navansHoro Hanopa AN naGmojaerca sa cuer YCHJACHHOA HH-
(MALTpalHE NOBHIleHHe YPOBHA TPYHTOBHX BOJ HA MEXPCHLE.

IlpeacTagnamwT HHTepec TaKiKe HaMeHeHHs PAacXOAOB — MOJHOrO Q
i undnasTpanuonsoro Q.

Ecam npn otcyTeTBHH HHQHABTPAUME Bech PACXO] H3 BOAOHOCHOIO
nanopHoro njaacra (y nocTynaer B ApeHH, TO MO Mepe YBElHYEHHA HWH-
(HALTPANHONHOrO NHTAHKA kak alcolloTHoe 3mauenne Qu, 13K H ero Ho-
A B ApeniaxmnoM pacxome (Q4/Q) napawor, a npr g=0,5 nfc-ra pac-
xon Qi cTAHOBHTCH OTPHUATENBHHHIM, TO €CTh HAYHHAETCA NHTAHHE BO-
NOHOCHOTO NAACTa 34 c4eT HHOHABLTPALHOHHLIX BOI.

[Iposenennoe namu ynpomerne pemwenns C. H. Hymeposa TpeGyer
olenkn norpemoctd. OcHOBHME JONYMEHHS, NPHHATHE HAMH: M3JOCTB

napametpa B’ u orHowenns g=g/k; Kpome Toro, cama dopmyna
C. H. Hymepopa BHiBeZena npu ycAOBHH rayGoKoro 3ajeranns BoJOHOC-
Hore naacTta.

Ins yenoenfit npuwepa p’ = Q =—— H3MeH#/JaCh B Npefenax
kB(1—gq)
or fp'=00111 po B =0,0195 npu T/B=0,5 n g=0-=0,0215,
[MpobenemM noacyeTsl No OCHOBHHIM MynaMm (180) — (184) nanm

nanfiosee neGaaronpuaTHoro cayyas g=05 afc-ra., Pewas conMecTHo
ypasuenus (181) u (184), Gyaem nmers:

T i Y3 atn T
0,0633 = B [l 2 {I+ﬂ}lnsln2[]+ﬂr]].

[TonGopom Haxopnm: B'=0,0193; Q=0,375 M%cyr Ha | M; Qi=0Q—
—Qy=—0.087 u?cyr; Ak=258 w. : {epr ki
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Conocrapenne NOJYYEHHBIX PE3YJBTATOB C paHEE Npo-

BEAECHHBLIMH BLIYHCJACHHAMH 10 NpHONMMKeHHBIM dopMyaaM

MOKasbplBaeT, 4TO jlaxe A HauOoJiee HebOJaronpHATHOrO

caydas npubGaHxKeHHsle (OPMYJLl OKAa3ajJHCh JOCTATOYHO

tTouHbiMH, Tak kak orHouenne g< 1 (name nana Hebaaro-

HPHATHLIX 3HaveHuii g=1 afc-ra, £=0,1 m/cyT, E-‘vﬂ,l},
napamerp B’ TakKe HEBEJNHK, TO OCHOBHBIM TPENsITCTBHEM
IAA WHPOKOTO NpHMeHEeHHsA npubaH:KeHHBIX Gopmya (185),
(186) apnserca orpanuvenne B/T=3. 310 ycnosHe o6BIY-
HO He cobJmofaercd, B NOrPeMIHOCTh, BHOCHMANA IPHMEHe-
naeM ¢opmya C. H. Hymepopa, B aToM chnyuae Heonpeje-
JICHHA.,

Huxe npupeneno npuGiHmKeHHOe pelleHHe, cBOGOAHOE
0T YKa3aHHOTO OrpaHuYCHHS.

PemerHe and nNPOHIBOABHOH TAYOHHBE
salleraHusgs BOJOHOCHOro naacta. Bocnoabsy-
eMCA NPHOJHKEHHEIM cnocobfoM, pPeKOMeHJIOBaHHLIM TPH-
MEHHTeJIbHO K JIpeHa)Ky aBTOpPOM H paspaboTaHHBIM ANH
pelleHHs psja JpeHayKHbIX 3ajiay coBmectHo ¢ Lloi Cun-e
(AepbsinoB, 1ol Cun-e, 1957); panee H. H. Bepuruueim
OLIJI0 YKA3aHO Ha BO3MOMXKHOCTB HCMNOJBL3OBAHHA aHaJOrHY-
HBIX MPHEMOB JJiA PeUIeHHd 3a-
Jlay mo pacuery JBHIKEHHS I'DYH-
TOBEIX BOJ MNpPH NOATONJCHHH
SeMellb,

[lnocko-H3orHyTas  NOBEpX-
HOCTb TPYHTOBHIX BOJA aaa (pHE.
27, a) 3zaMmeHsieTcA TNJAOCKOCTBIO
32 |23 unpn HalHYHH HH-
GHALTPALHOHHOIO THTAHHA TOY-
nele yerosus B. B. Benepuukosa
(1939) zamensaioTca NpHOJHMKEH-
HEIM YCJIOBHEM:

V}" T (IEB}

Puc. 27. CxeMa K pacuery JApeHaxa
NpH OAHOBPEMEHHOM HAMOPHOM H HH-
llJIlth‘i'pﬂll.Hﬂl-lHDH IMMHTANHH.

@, 0 —obpacTy MOTOKA Z MW KOMOJAEKCHOR
ckopoctn | V; @ — scnoMoraTtenssas  moay-

I, el N Y TR N e

4,_

i
.1
|
J



TO eCTh NPHHHMAaeTcdA, YTO BepTHKajbHadA COCTABAAIOLLAA
CKOPOCTH Ha cBOOOAHON MOBEPXHOCTH paBia HHTEHCHBHO-
ctH HEQUAbTpauHH. IIpHHATHE AONYLIEHHS MO3BOJSAIT CO-
ctaBHTh rogorpad ckopoctH V=V.+iVy, nan xkomnaexc

V=V,—iV, B Buge npamux nunmii, OtoGpaxas 061acTh
KoMIIeKca ¥V M 061acTh NOTOKa 2=x-}iy na BCIOMOraTeb-
HYI0 MOAYNJAOCKOCTh {==E-}in, wnaxoaum cBass V=F[(2),
nocje yero NOTeHIHaJ TeueHHS w=q¢-|-ip onpejensieM no
opmysie o= _ff (2)dz, yro u aBAfeTcs pellleHHEM 3afauH.

[IpuMennTenbio K cXeMme ABHIKeHHsi, H3oGpaKeHHOH Ha
pucyHke 27,a, cocrasied rogorpad ckopocrei (puc.27,6).

OrobGpaxenne obnacTH 2 Ha { NMpoOBOAHM, Hcnoab3ya ¢op-
myay Kpucroddenn—Illisapua:

dt
-4 S B = A%F (v, B, 189
3 j Vo=@ —py 2= AF@x+s, (189

rae F(@, ») — sanmnTtadecknit wuterpan I popa mpm wmoayie x, ¢=
==arc sin L.

Ilpn {=0; F=0; B=0.
[pu  §=Pp*=1/x; 2=B[2+iH.=(K+iK))A; A=
=B/2K=H[K,, uto paer yciiosue:

B/2H, = K/K;, (190)
rae K u Ky — noanwe saamnTEveckne HaTerpans I posa mpe moayasx
M= 1—x2

OxkonuaressHo cesask (189) npuunmaer BuA:
o R e
g =sn(Ky 2o n)=sn (%5 %), (191)

rae sn(u, %) — snaunTEyeckuil cuuyc SAKoGH.

OroGpaxense 06JacTH KOMIJekca V Ha moJaymJjoc-
KocTh §, HMes B BHAY COOTBETCTBHE TOYEK, NOKa3aHHOEe Ha
pucyHKe 27, 8, npHBeJeT K 3aBHCHMOCTH:

|

- Alf (EVISK LB AT-B. $H105)
5 [;i _ui}a I,f 1:;2 L ﬁiri

Hurerpan I Geperca noacranoBkol {?=p*?—h,, uto macr
pelnieHHe:
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e (28% —at—v) l/ﬂT
2 (p** — a?) [ ]f’rﬂ.ﬂ_u: ﬂﬁ:tg B2 — ot +

T _ B
re—n R ]
IOas touku 3: {=-1Pp*, Ve=0; Vy=—¢q; V=ig, 3na-
yeune /=0, otuero B,=iq. |

—

Ll i DL C R e ) ot
Ins TougH [: {==00; [= g 26— V,=1K

Vy=—q. CaejloBaTeJnHo,
n! (@B2—al—y)_ o
4 ﬁ#l_u‘l}

Orciona noaydaem: y*=2p*?—a? C yyeroM 3TOro yCJOBHH
HHTEerpaa [ cTaHOBHTCA paBHBIM

=)
gt —a
i (opmyna (192) ynpouiaercs A0 BbipameHHs:
V== e bl (5
Jlns ToukH 6: E=0; Vie=0; Vy=+4Vs V=—iVg
—iVg= L:f. +1q,; A|=_'gj; (g+Ve)=un(g+Vs)a®

Cnenopareansto, dopmyaa (192) npumer BHA:

V= xm’{q+V.JVP === -+ ig. (194)

Iasn Toukn 4: [=aq; z—BJ2+LT. Ilo dopmyae (191)
HMEeeM:

n=sn(f(+ sfflﬂl .:-r.)= Vdn(T, %), T = E-Kl.
a a

|

C yuerom Buipaxkenna (191) moayumm:

dn (z, %)
1 S - -+ ig, (195
LR iy i )

E
L.

=H—K.: dn — saaunTHYecKkas (YHKUHA, dnu=} 1—x2sa'a
a



[lpoBepum 3Hayenne CKOpOCTEH H ONpefedHM H3MeHe-
HHS HX BeJHYHH mo yuactkam (cm. puc. 27).

Yuactok 6—>5 (noBepxHoOCTh HAaNMOpPHOro mJjaacra): 2=x;

& dn (x, %) - 2K
V=—i V +ig; x=2x—,
i 1—dn*(T, %,) en? (x, %) i B

rae -:In[f #;) H3MeHgerca oF 1 no %;. PyHKUHA sn x H3MeHFeTCA B npe-

Aeaax ot 0 mo 1 H, caenoBaTeaAbLnO, 3HAMeNATeND — NOJOMKHTENLHOE Jefl-
CTBHTEJBHOE YHCAD MeHBwwe 1.

Oynxuus dn (x, %) HameHsercss oT 1 mpu x=0 0 %
npi x=»B/2, o ectb npu x=K. Caenosare/bHo, Ha yyact-

ke 6—5 xomnseke V uamensiercsas or V=—iVg BToOuRe § N0
| S B s S
#; 502 (T, %)

Tak xKak » anE{?_". %) <<1, TO A1 TOUKH 5 HMeeM
Vi: {q_l_vij —“}'::'Fa-

L sn? {Tt xl}
Urak, ans yuactka 6—5:

Ve=0, V,=_U3TIAEY __ . (g5
1 — dn® (T, %,) sn? (x, %)

Yuactok 5—4: z=B/(2+iy, npuyem 0<<y<T. Tak Kak
dn[K+iL K, x|= u;anE,‘HJ* R P
A e~ rrall St A

a dyukuus sn(K-+4-iy, ») =1/dn(y, %1), TO Nocjie HeKOTOPHX
npeoGpasosanuii no dopmyae (195) nosyunm:

V= —jtVoon@.x)dnG.x) 4 .
%y [sn* (T, #;) —sn? (y, %))

310 paBHOCHALHO PaBEHCTBAM:

p:: = 0; VH e (g + Vi) en [?-'. %) dn [E- #y) g. {197]

#y [sn2 (T, %;) — sn? (g, %)]

B wactnocty, npu y=0 (10 ecTb Aas ToukH 5) HMeem:
Vi= (g + V) —q
]

Hlm"{fr “.I.}
4TO COBNAJAET ¢ HAHICHHHEIM paHee 3HaYeHHEM.
9—288 129




Has Toukn 4 noayuum Vi=oo0, npuuem npu y<<T nme-
eM Vi=-o0, a npn y=T Vy=—00, yT0 H JONKHO GLITE
MO CMBICJYy 3alauH, TaK Kak ckopocts Vy menser manpas-
JqeHHe Ha obpaTHoe.

Yuacrok 4—3 (T<<y<<H.):

1,-7#:0; V'= 5 (g4 V) en {Eu ¥1) dn {Erﬂ']} g, “ga} |

% [sn® f;. *y)] — 51‘1‘3{?, 1)

Mpn y=H,, y=K, naiinem Vy=—¢, Tak kak cn (K, %) =

_—

Yuactok 6—1:z = iy; dn(iy, x) = —dﬂs_i . sn (iy, x)=
cn (y, %)
_ %)
cn (y, %)
Iopcrasaas B dpopmyay (195), moayuuwm:
Vo i s g Vi) G, wdoilg ) 0y
cen? (y, %) + dn® (T, %;) sn? (v, %)
Tagkum oGpasom,

Ve=0; V= _(tHGmabm __, (g9 ;
cn® {H: HI] + dﬂ"{T. “1} Eﬂa{y. Hl:l

B uacraocrs, npu y=>0 (rouka 6) Ve=gq+Ve—q=

=+-Ve; npu y=H, (rouxa /) y=K,, cn(y, %) =0, V,=

— l:—q_

[Toabaysacs ¢opmynodi (199), muaiimem Ttouky pasmena
ABYX MOTOKOB — BepXHEro MHOHIBTPALHOHHOTO H HH)KHEro

HanopHoro. ¥caosHe V=0 npH noacTaHOBKe B BHIpaKEHHE
(199) nmaer:

(g4 Ve) dn (gg, %1) cn (%o, #1)
en? (yo, %) 4 dn® (T, %) sn? (v, ®1)

OTKYAa MOXHO HaiiTH KOOPAHHATY gy, NMPHUEM Y= ﬂiﬁl.
L]

(200)

31y (opMyJy MOKHO 3amHCaTh HECKOJbKO HHAYe, BBe-
A nepeMenny a=H,—yy:

fd (94 Vi) %2 sn (a, 1) 9
L (T, %)) —={sn® (a, %) e (T, %) ° (@)

MpH Ez% K; He=T++h,.
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“”:';’;mc"rmc 1—2—3: 2z=x+iH,. Wcnoaeaya dopMyay
05), nmeen:
' (g 4 Vi) %% cn (x, %) sn (x, %) +1g,

dn? (T, %;) — ¥2sn2 (x, )
ipn x= %K; 0<x<BJ2.

LIrciona HaxXOmHM:
(g - Vs) %2 en (x, %) sn (x, %)
VF =—1 i _ﬂ_ _{_ . (2‘]2}
dn? (T, ;) — %*sn? (x, %)
Ckopocts V. yBeanunpaerca or V.=0 npu x=0 no
(KOTOPOTO MaKCHMaJbHOTO 3HaueHHsa Vo, M 3aTeM CHOBA
yOupaer no Ve=0 B TouKe 3.

Haiins npoussomnyio or V. mo dopmyrae (202), ompe-
ACAHM KOODAHHATY Xo, TJle CKOPOCTh Vy MaKCHMAaJbHA:

dn® {T, Hl} : (2{}3}
2dn? (T, %) — ®*
[ToncrasHup sHauenne xs H3 dopmyas (203) 8 (202), no-

AyUHM MaKCHMaJbHOE 3HaueHHe TOPH3OHTaJbHOH CKOPOCTH
A NOBEPXHOCTH TPYHTOBHIX BO:

Fﬂ A (g + Vo) x*
Eﬂlm (T. HI} dn {T, HI}
Ilasi onpefeneHHs KOMMVIEKCHOTO MOTeHIHAna TeueHH:
w==@-ip, KaK yKa3aHO BHIIe, CcJAelyeT HCOONL30BATDH

hopmyay

sn? (x,, ®) =

(204)

©= § Vdz. (205)

LA

Kak M3BeCTHO, HHTErpaJ Mo KOMIJIEKCHOMY IepeMeHHO-
MYy BAOJbL JHHHH MOKeT OBITH BhHIpa’keH uepes JBa neicT-
WHTEAbHEX KPHBOMHHEfIHHIX HHTerpajia cieaylomum obpa-
WM.

_Yfl’z} dz= Sudx—u-:i'y-k i judx+ udy,
[ G €

rae H{z) =u+iv.

Yuntwipan, uro V=V,—iV,, noayunm clenyioiiee BHI-
paJKeHHe JLIS KOMIJIEKCHOro NMOTeHIHana:

W = ¢+ = Elfxdx+V,,dy+£j1’:dy—1’,dr+£'. (206)
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CrenoBaressHO, noTeHUHAT CKOPOCTH paBelr:
9= [Vede+V,dy-+C, (207)

a dynxuus Toka naiinerca no gopmyae:

b= (V.dy—V,dx+C, (208)

3nas no yuactkaMm BHpaxenuns Aas ckopocreii Vi n Vy,
noactapasa HX B dopmyanm (207) u (208) u npoussopa
HHTErpHpOBaHKe, onpeaeaumM QyHKUHH ¢ H ). '

Yyactok 6—5: Vi=0; V, onpeneaserca dopuynolt
(196). Huterpupyem mno sumun y=0; 0==x=<<B/2. Taxk
Kak Vi =0, dy,=0, to no dopmyne (206) naiinem:

x

mn_ifyy¢;=_;" [ (g 4 Vi) dn (x, %) &
0

; 1 —dn? (T, %) sn® (x, %)

—qldx+c.

Yuntoisasn, uro d(snu)=cnu-dnu-du n oBozuauun
p=sn(x, »), m=dn(T, »), noayuum:

:

- . H dp
w=igx—i(g+ V)= +
K, t! (1 — m*p?) ];’fT_:p:
= P
+C=£qx—i{q+F,}H“ , arclg pV_I_mH -+
Il‘{':I. | — m2 I__pi 0

+C=qu— i(g - Ve) He chtg “lSn{E1x}5n{T_: ) L5 g
%, sn (T, %) Ky en (x, %)

Tak kaxk norennsan ckopoctH (pHALTPAUHH paBeH @=
=-—Fkh (kR — koapduuuenr ¢uaprpaunu, h — nanop), T0
npHHEMaeMm 3Havenwe C=-—kH (H — nanop B BojOHOC- i
HOM mJacre).

CaenoBareabho, (DyHKIHA TOKa 1§ Oyjer paBHa:

(g~ Vi) He arc:tg 3515“{;- “}Snﬁ:t “1] .
#ysn (T, %) Ky en (x, »)

= gx —
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la yuactke 6—5 x menserca B npemenax 0=<x=<K (}:
4%
H - -
i

#) >0 n Beipaxenue apryMmenra arctg naMensiercs or HyJs
npn x=0 no +oco npu x=A5/2. Torna aaa Touku 5:

1|}=*?E___ (g -+ Va) He = BT, s

f()* H, caejgoBatenbHo, (0<<sn {E, e l}cn{E.

= P = ,»  (209)
2 mam(T, ) K& 2 2
[ T f.é"|--Pﬂ.EJI].I[ NpHTOKA K ApeHe H3 HANOPpHOrQ MJaacTa, 3nakK MHHYC
liicrasaen B cooreercrBun ¢ npasuiom H. E, JKykoeckoro (1936).

Yuactrok 5—4: Ve=0; V, npunumaem no dgopmyie
(197), npu d§r=gi—dyq

C
[Toxcrasasa anavenus Ve u Vy B dopmyay (206), no-
JYUHM:

—

4 y i -
) = ’Vpdy_l_{:'l: (9 4+ V) 'Hcicn(y,m)dn{y,ul]dy_.

Hy Ky ) sn? (T, ) —sn(y, %)

gy L Ci= UtV He ppnGow) | o4 m Y
i : %y sn (T, %) K1 sn (T, ) LT }-

Jnece Cy =kH—£ﬂ.
2
B uactHOCTH, AN NHIKHCH KPOMKH ApPEHB, B KOTOpON

HANOP CYHTaeM paBHBIM flg, OJAYYHM:

‘P=—kh£=-—kH_q(T_ d)+ (g + Ve) He ¢

2 #q Ky sn (T, )
i sn(‘.‘r_"-%, H:)
t ~
- : X Ar A - (211)
rae d= E.,: Kp
Orciona naiigem, obosanauns AH=H—h,:
d
kRAH —- T ——
AE ':‘?‘I‘Fﬂ]Ht Ba ; q( 2 ] (212]
ﬂ1ﬁnﬂﬂﬁ-ﬁ1] (-— d ) .
sn T_'_’.E_" 1
Arth o (7. %)
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[To popmyne (212) naxonum Vg n pacxon Q.
Hna ydactka 4—J3, npousBelis aHaJOTHYHBIE pacyeThl,
noAy4yHM (BhiueT TOukH y=7T naet mi): :

o=AArth™ %) _ oo ep BB (913
SN\, ¥ 2
Has Toukn 3 oTclofla MOXKHO HAfTH HAMOP HAA ApPEHOI
k(AH — Ahy) + gH, = AArth [sn (T, )], (214)
rae Ahy=hy—h,.
Yuacrok 6—1I: Vy=0; V, naiizem no (199) u, npousse-
JAs HHTErpHpPOBaHHE AHAJIOTHYHO NpeAbayllemMy, TOJYYHM:

_ @+ Ve H, . e S
@ ik s Arth [, sn (g, %,) sn(T', %)l — gqy—kH. (215)

Ias mexapenss (touxa I): y=H,; y=K;: Hanop — i
k(H—h)+qH, = AArth [xn (T, x)].  (216)

Brinumem pacuerhsie (opmyss:
1) nmoanmnii pacxon, nocTynaoumui B ApeHH:

i nk[ﬁH+E(r-—%)] ' i :
m(?—-%—. “j)
sn (T, %,)

Arth

rae AH=H—h;

2) pacxop HHQHALTPaUHOHHOrO NMUTaHuA: Qu=¢gB;
3) pacxol, NocTynamowMii H3 HANOPHOTO NJACTAa:

Q=Q—Qu (218)
4) mpeBHllIeHHe HAMOpa Ha MEXAPeHbe HaJ YPOBHEM
BOAM B apene (Ah=h,—h,) papno:

Ah = [aH—I-E (T—%]] (1—®,) + ?g(h,., L —‘;-) (219)

npH
O, — Arth [, sn (T, %,)]

Pl Sl
sn(T—--E—, H[) :

sn(T, %) |

st il e i L

Arth
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5) npesHilieHHe HAnNopa Haj JAPeHOH Haj ypOBHEM BO-
W B JpeHe: :

Ahy= [aH+ E(T—-:—-)] (1—®,) + E[aﬁ + %) (220)
E Arth [sn (T, ‘Hﬂl__

Dy = 7 .
o(r-.1)
T )
B npuBegeHHBIX opMyJsax
& it K
AT+ he) K1

[IpH OTCYTCTBHH HH(HJIBTPALHOHHOIO NHTaHHA B (op-
mynax (217)—(220) caepyer npunate g=0; eciau, Kkpome
toro, npaGamxenno npuHaTe T~ Hg, 10 ects he=0( cMm.
pue. 27), aHaNOTHYHO TOMY, KakK 5TO JAeajioch Aas caydas
qHCTO HANMOPHOro MHTaHH:A, To Qopmyns (217) v (219) ne-
peXOASAT B paHee BbIBEJeHHbIE (OPMYJBl COOTBETCTBEHHO
(164) n (165). AL

Neficreuteasno, npu T~ He, T~K;, sn(Kj, %) =1.

(E |

cn ., ¥y

- 2

d /

Eﬂ(ﬁl'—?, ‘)ﬂl)= E \ !
dn(—g ; Hl;

(popmyna (217) coenanaer ¢ dopmysioii (164), a dopmyaa
(219) nepexoaur B (opmyay (165). Popmyna (220) B
9TOM clyuae He MMeeT MecTa, Tak Kak Ahg COOTBETCTBYET
BepxXy APeHH, TOrfia Kak mpH gonyileHHH he=0 cuHTalOT-
¢a paboTalOUIHMH NOJYApPEHH.

Gopmyan (217)—(220) pemaioT NocTaBJCHHYIO 3a/a-
Wy, TaK KaK 1o HHM, sHas &, ¢, T, B, AH, moxno HaiTH Q,
Q, Ah, Ahs.

VnpocTHM mnoayyeHHBE (OPMYJILL

a) Ipu eayGoxom sasezanuy 8000HOCHO20 naacra.

nfy

B - ,HIWI,!J{W‘!E_T,

Ky 2H,

il
B

<0,5, K~ % , Ky~
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O6oanauns T=H.h., nMeem:
S H:)K‘_ il
3aecs

== h
o = £ ;
0 T+h.;ﬁ:1

Torna

sn (T, #,) = sn(K; — Em %) = o {_E',;, #1) :
dn (he, '1""-1)

L Arch Moy U:‘ )

Arth by sn (T, )] = Arth %250 ie. )

dn (e, %,)

Tak Kak MOAyJb % O4MCHbL MaJj, NMPH %~ | MOXKHO MPHHATD!
I

Archu ~ In2u, dn (hg, %) ~

chhe
CaenopaTtelbHo,
Arth b sn (T, )] ~ "= — In2ch ¢, (221)
Arthlsn (T, )] ~ ¢ — In2sh ™. 222)
Tlocae npeoGpasopaiua MOJYUHM:
25 e
sn (T-—-?, Hl) I
A — —
rth T %) Arch - : -
il am e (?’W "z‘)
:mi."-
T ]

4]/3(L+ —‘;-) 21 ]/ f==+ j

B ¢opmyse (223) BBHAy MajoCTH OTHOLICHHH he=rnhe/Bn
d=nd/B npuusro shu~u.

VuuThiBas NpHBEJEHHLIC YNPOILCHHA, NOAYYHM OCHOB-
HBl¢ pacueTHble (POPMYJH:

|
!
" J



Q n(Tthe) | ; &)
5 d
on Vd (hg-i- T)
pan e
In
<Y/ aftot 2
[&H-i' q( : ]] Tk, - :
2n l/d he + T)
(225)
Q=Q—Qy, Q=9B, ¢=glk (226)

Herpyano mokasaTe, YTO NPH OTCYTCTBHH HH(PHABTPAUHOH-
o nuradAs (g=0) dopmyan (224), (226) nepexoiaT B
popmyast (166) u (168), a npu g=0 1 h,=0—B popmy-

aw (167) m (169).
6) Mpu Gauskom 3aae2anuu 8000HOCHO20 NAACTA.

B sToM cayyae MO¥KHO MPHHATD:

K e
S E e £ 4H
ﬂ"l l Kl K 4HE Hy 4E cy
Be R 1 he
fig = He K R
sn (u, #,) ~ sinu, cn (¥, x,) ~cos4, dn (4, #;) ~ 1.
Arth [, sn(T, »,)] = Arth 2= Eh“‘ %)
dn (hﬂ !ﬂl.)
_ 7B
~ Arth [, cos k] ~ Arth [4.9 e cos Ec].
all (T e rne Hl) -
Arth - Arch Gl ~



N b T T e . ]

e cos g Vs % 4H, cos Rg

]/ uin—gfsin (2&.+ “EF) "]/-"("“‘*"{_)

Pacuernsie ¢opmy/bl IpHMYT BHA:

wfonssfr—4)
mthe e
2(T + he)

Vs

M=[AH -I-E(T—%:] X

nB - i
Arth [{.-. T(TF) cos ——“—""—]
2(T 4 h.)

Q- 227)

4(T -+ he) cos

In

| —

X] 1—

[ 4(T -+ he) cos
In

- d
.= +q (h, + T)‘ (228)
2 (T + he)

Vs

Otmetnm, uto ecain g=0 u T=H,, TO ecTb B nmpaBHIX
yactax dopmyn (227) u (228) npuHath he=0 H g=0, TO
OHH MpHOAHMeHHO GYAYT COOTBETCTBOBaTH (hopMmynam, pa-
Hee BHIBENEHHBIM Aas OJH3KOro 3aJIeraHusi BOJLOHOCHOIO
n.l:at]:'ra (171) u (173) (npu manwx u, Arth u~u, cosu~
~1).

PaccmoTprum BaxHBEIA Anf BLIICHEHHA PaccoJAIONIEro
AEHCTBHA [pEeHa)a BONPOC O MOJOXEHHH pasjieNia Mexuy
ONyCcKalouHMcA HHOHALTPAUHOHHBIM H NOJAHHMAIOUIHMCSH
HAaMOPHLIM MOTOKOM, TO CCTb MOJIOMEHHE TOYKH € Ha pH-
cynke 27.

Buimie, npH paccMOTpeHHH H3MEHEHHs CKopocTell Ha
yuacTke 6—/, 6u10 Haiileno ycaosde (201), w3 kotoporo
MOXHO HafiTH KOOPAHHATY Yo WIAH TAYOGHHY ONYCKaHHA HH-
OrAbTpauHOHNBX BoL a=H.—yy,.

YuuteBasa o603HaYCHHA

s -'Ig "_ T el {a
b= i o T=5- K o= =K
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il uenonbsyda pasencrsa (212) wu  (217), dopmyny (201)

MOMHO 3anHCaTh B GAeAVIOUIeM BHAE:

Q ¥y -It‘:j cn {Ec. xl} dn {ECH xl} sn ['E' Hl_] {229]

TT R T 1= (i, ) a0 (3, )]

[Ipn rayGoxom 3ajeraHHH BOJOHOCHOTO mJacTa x;~ 1H

en (g yg)~dn (hg, 2%,) ~ h‘ﬁc , sn(a, %) ~tha,

C

T+ he)
K =E( .
- B
llojicTasuB 3TH 3HaueHHs B Buipaxkenue (229), Hajigewm:
gB _ tha

Q  ch'h.—sh® e thta

YUHTLIBAsE MaJocTh Mg, NMOJYy4HM:

e "E' Arthg*, (230)

B
ipnuem g* =12 — S €CTh OTHOLIEHHE HHQHALTPALHOH-

G.' Q
Horo pacxosa Qo K NOJHOMY JpeHaXKHOMY Q.

H3 gopmyam (230) puaHo, yto yem OGoJblle AOJS HH-
(pHALTPAUHOHHOIO NHTAHHA B o0IleM pacxoje, TeMm rayGxe

NpOHHKAaT HHll'.lf]HIIthE.ll'.HDHHHE BOJHI,

I1pu 6aH3KOM 3aJeraHHH BOJOHOCHOTO I[JacTa aHaJjo-

FHYHBIC BRIKNAAKH TAKOBEL:

5B
4H 1 nB
m~4de ¢, Ki~—, K~
1 ¥ 1 0 4H|: ]
Ho= 11 Hh
Q coshe sina — i
- - “12 cg-— . 0= , IpH a4 = ’
2H ¢ [I-—ﬁlsin h, sin ﬂJ 2H
oo 2 Wl
2(T -+ he)
Pelnenne KBaJApaTHOrO ypaBHEHHs 1aer:
i /14 42—
ulslnas:nh,::l 4; oy

4 WG
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TaGanwuna 1. Bawanme wuduasrpaumn na pabory npesmama
npu nanopiom nuTankm (no dopuyaam C. H. Hymepona

n C. @. Asepranona)

HutercHplocTs BRGHALTPANROEHOND MTHTA-

T Cnocol HEHA §, A/c-ri
Ki3aTesn pacueTa
0 0.1 0.2 0.5
Ah (185) 1,690 1,860 2,030 2,540
(224)—226) | 1,630 1,810 1,990 2,520
Q, m¥/cyr 186) 0,222 0,253 0,286 0,382
(224)—(226)| 0,252 | 0,281 | 0,310 | 0,403
Qo, M¥/cyT 0 0,086 0,173 0,431
Q,, m¥/cyr (181) 0,222 0,167 0,113 | —0,049
(224)—(226)| 0,252 | 0,195 | 0,137 | —0,028
a, M (230) 0 10,100 | 20,000 =50

VuuTHIBAg MAJOCTh BEJMHUHHBI A, HNPHOAHMKEHHO MOMXHO HA-
nucats J 14-4A2~ 14212 oTKyaa moayuHM:

3

* ~ & (T+h

S A [-?Me w w]ﬁ_,
n 28 cos he

__2H .. [q*H, nd
: arn:sm[ 2e sh w:}. 231)

Ha ypasnenus (231) MoxHO HaliTH NpPEICJIbHOC COOT-
HOIIEHHe HHPUALTPAUHOHHOTO H  TOJAHOTO JIPCHAXKHOIO

pacxoja (q"‘= %), NpH KOTOPOM HI(pHALTPALHOHHBIE BO-

A6 JofiAyT A0 BOAOHOCHOrO NAacTa H HA4YHYT €ro NHTaTh.
Hnsa storo, npuuas a=T (npn he~0), naiiiem:

2 —g*sh ™2 232
Hanpuwmep, npu B/T=4  ¢*=0,346; npu B/T=8 ¢*=
=0,030.

CpaBHHM JAs YCJAOBHI pacCMOTPCHHOrO paHee npHMepa
petHuUMHBl AR, Q, @Q,, BruHcaeHHEE no  Qopmysam
C. H. HymepoBa u no ¢opmynam, npHBeJeHHBIM B HACTOM-
uem pasaene.
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[Tp pasGope npumepa OBIJIH NPHHATH CjeAyloulHe HC-
xofnsie nannsie: B=100 Mm; T=50 M; AH=2 m;, k=
w02 mfeyr; d=0,30 M; Moayab HHQHABTPAIHOHHOIO IH-
fanns npuuaT or §==0 no §=0,5a/c-ra. Bepnunuu Ah, Q n
Q; onpeneanm, nonb3ysick gopmynamn (224) —(226), ray-
iy onyckaHua HHQHJIBTPAIMOHNLIX BOJ Ha MeMapenbe
nafiiem no gopmyae (230), Tak kak ortHowenune BfT pas
yenosuii npumepa pasHo 100/60=2<3, uto yaA0BAETBOPII-
¢r TpeGoBaHHAM TAyGOKOro 3ajieraHus BOJIOHOCHOTO MJac-
ta (Taba. 11).

ComocraBaenie nokasuiBaer, uto ¢opmyas C. H. Hy-
meposa u (224)—(226) JaalOT NpakTHYECKH CXOJHBIE pe-
ayapratel. Tak Kak paccmoTpeHnnie panee Qopmyail
M. Mackera, B. M. Apasuna, C. @. AsepbsnoBa npejyc-
MOTPHBAIOT HaJHuHe TOJILKO HAaNopHOro NHTaHHA, TO
AN ydeTa  COBMECTHOIO JIeHCTBHAL HAMOPHBIX M HH-
(pmabTpaunoHnpx Box ocrtaiotes ¢opmyas C. H. Hy-
mepopa u astopa. Caoxuble AJisi NOJb30BaHHA Qopmy-

am (180)—(184), (217)—(219) OGman ynpoulensl asToO-
POM KHHIH.

B ¢popmysnax C. H. HymepoBa npuusto:
g=glk <1 u p’=fga'§j 1.

O6LyHO 9TH  ychoBHg coGaiojawporesi. B BoiBoje
C. H. HymepopuiM OB NPHHATH  «/PEHANKHBIE LLENH
JKyKOBCKOTO®», 4eM ONpejleferTcs KPHTHYeCKHH pasmep

jpen, paenblii dyy, = 0,26

b’ 4TO JlafeKo He Beeraa cob-

mojaercsa B natype (rem GoJiee jia TAMENBIX TPYHTOB), a
TaKse JlocTaTouHo rayfokKoe 3aneraHne ROJIOHOCHOrO nJac-
ta (B/T=3).

B cesasu ¢ npunstiem C. H. Hymepoum <«uieneii JKy-
KOBCKOTO®» B KauyecTBe JIpEeH AHAMeTp ApPeHLl B pacueTHHIE
(opMyanl ne XoanT. Jonyuwenns, NpHHATHE aBTOPOM KHHTH
(ipn BeiBoe 061X Gopmya (217)—(219), saknouanuch B 3a-
mene yenoepns B. B. Benepnnkosa na cBoGOAHOH NOBEPXHO-
¢tH yenosHeM Vy=-—g u ynpouieHnem obsaacTH (QHALTPA-
. Kak nokasanm Apyrde HallH Hccjae/lOBaHHs, TpoBe-
pennsie copmectao ¢ Lliofi Cun-e (1957), Ans APYrHX cXeM
pacuera JIpeHaX<a yKasaHHbe JIONyILEHHsA He BHOCAT cylle-
CTHCHNOII TMOrPelHOCTH, UTO MPOBEPEHO Ha JaHHHX Aaco-
paTopHbx oneiToB. B cmAsw ¢ aTHM obumue QOPMYJb
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(217)—(219) MOXKHO CUHTaTh AOCTATOYHO TOUHLIMH, [le-
pexon oT 3THX (GOpMYJ K YNpPOUIEHHLIM NMPOBEJACH AN ABYX
cayuaes: ray6Gokoro (B/T=3) u Gausxoro (B/T=3) saxe-
raHfii BoAOHOCHOTO njacra. B o6oHX caydyasax NpPHHHMA-
Jaock d/B<<1 nnu d/T<1, uro o6Guuno colbilofaercs, Kpo-
Me cayuas oveHb OJH3KOro sajeranyis BO/IOHOCHOrO IJiac-
Ta. :
Jns npakTHYECKOr0 HCNOJb30BaHHA MOXKHO PEKOMEH-
JOBATh NPH pacyeTe OCYWHTEJAbHOro JAeHCTBHA JpeHaxa,
[HTaoLEerocss OAHOBPEMEHHO HAaNOPHLIMH H HH(pHAbLTPaUH-
OHHBIMH BOjJlaMH, NpH raAyGOKOM 3aJjieralHH BOJAOHOCHOTO
nnacra (B/T=3) ynpowennne ¢popmyan C. H. Hymeposa
(185)—(186) u ¢opmyan aBtopa Kunrd (224)—(226), a
ans 6auskoro 3saneradna (B/T=3) — ¢opmynnl aBTOpa
(227)—(229). TayOuHY NPOHHKHOBEHHS HHQHALTPAIHOH-
HBIX BOJA (6e3 yuera pasHOCTH B yAeJbHOM Bece HHQHJIb-
TPAUHOHHLIX H HANOPHHIX BOJ) Ha MEXKIAPEHbE MOMKHO Hak-
TH, TNOJAL3yACL JAaA ray0oxoro 3zaneranHda BOJAOHOCHOrO
nnacra dopmyqoit (230), a mas Oanskoro — GopMyJIoH
(231).

O pacuere pacCcTOAHHA MEXAY JAPEHAMH NPH HANHYHH
HANMOPHOTro ¥ HHOHALTPAUMOHHOTO NMTanus. Boiwe npeano-
Jaaranoch, 410 Koadduuuent ¢QuabTpaunu (k), HHTEHCHB-
HOCTH HHGHALTPAUHONHOrO nuTanus (¢), rayObuHa sanera-
HHA BOJOHOCHOro naacra (T), npessilleHHe Hanopa B HeEM
Haj ypoBHem Boaunl B apeHax (AH), nuamerp apen (d) H
paccTrosiHHe Mexuy Jjpenamu (B) H3BecTHd, TpeOoBaJoCh
onpefeyiTb nNpeBblllEHHEe YPOBHA TPYHTOBHIX BOL Ha
MeXJipeHbe Haj YpoBHeM Bojilnl B Apenax (Ah) n npa-
TOK BOAB K JApenam (cyMmapHblii Q H H3 BOJOHOCHOrO
nnacra Q).

OnHako B NpakTHKe NpoekTHpoBanus Tpebyerca omnpe-
NCAHTL paccTofHHe Mexay ApeHamn (B) mnpH 3ajaHHBIX
senuunnax Ah, g, B, T, d. Jonycrum, yto AH u3BecTHO Ha
OCHOBaHHH JaHHBIX TMJPOTEOJIOrHYECKHX HCC/e/l0BaHHH.
BrinuueM paccMOTpeHHbIE Bhille (opuMyJsbl Hnpeobpasyem
HX Aas Gojee NpPoOCTOro OnNpeaeeHHsi PacCTOAHHA MeXy

apenaMu B.
a) Ornocureasio 2ayGokoe 3aaezaiue 8000HOCHO20 NAA-

cra (BIT<3).
®opmyan C. H. Hymepora (185)—(186) ne yaaercs
H3MEHHTL T4k, uToOb BeaHulda B Objla BhIpa)ieHa B fAB-

Hoit dopme, oTuero 3ajgauy NPHXOAMTCS pewarts noabo-
poM.
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[Tepenumem dopmyast (185) u (186) B BHae
T L AR — Dt

T*—In2
== ___ 4T -
=2+ (AH—1)In AR —T) (233)
_ hmAR(AH —1)
S ey e

.‘Lr'[l"['tl : 5
Te 3T . AH=BH+JT
i AR

B npaeoit wactH dopmyast (233) Bce BeJIHYHHBI H3BECT-
i, 3 neBoi yacTH noabopom Haxoaum T*, aatem onpene-
nfem paccrosHne mexay apenamMu B=xT/T* u pacxon
() no gopmyne (234).

Qopmyanl (224)—(225), yuutnipas HepasencTso BT <
«.J H NpHHHAMAa BBHAY MaJoCTH oTHOWmeHHR h./B, h./T,

chnh/B~1, T+ho~T, E(ﬁ.,+-‘if-) & Ah, wanuwes B
CACAVIOUIEM BHIC:

2 2B
[AH + qT]In ——

d*
dbres e B 5
T_I_lnnd'

QT S (236)
B e

Jiech
d*=d npn hy=0; d*=2}) dAh npu h, = Ah;
d* =V 2d (AR +d) npu an=n,5(ah+§).

Broas ornocureasnbie 3HAYCHHA, KaK 3TO CAeJaHO BHI-

we aas ¢opmya C. H. Hymeposa, noayuum smecro (235)
i (236) caeayioliHe BhIpa)<eHHA:

Ts 4 {aﬁ—nlnr*={aﬁ—1}ln§+ In2, (237)

nkARAH  _ skAR (AH — 1)

Q=T"-’—ln T _In2 '

(238)

nd®
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410 coenagaer ¢ ¢opmyacii C, H. Hymeposa (234) aas
onpejaesneHHs pacxoja.

ITo dopmyne (237) noaGopom HaxoauMm 3Hauenue TF,
mocjie 4ero ONMpefesyfacM PaccTosiHHe Mexy jApeHamu B=
=nxnTl(T* u no upaxennio (238) Bnuncasem pacxoa Q.

Npumep. TpeGyerca onpefeanTs paccTOAHNE MeXAY ApeHaMn
rayGusofl 2 M, KOTOpHE TPEANOAAracTcA OCYHIECTEHTE B BHAE OTKPHTHX
KaHaJ 0B mHpnEoN no any bg=05 m. Hasecrno, wto na rayGuae 40 m oT
MOBEPXHOCTH 3eMAH H Ha rayGuue T=38 M or Ana apen 3aneraer BoAO-
HOCHHII MJacT ¢ HanopoM =39 M, TOeLTh npepsllleAne 3TOr0 Hanopa
HAl oTMeTKoil ana Kavanoe (apen) Aff=1 m.

HatencuerocTs  uEGHABTPAUHOHNOTO (CPEHET0AOROT0) TNHTAHHS
g=0,2 afc-ra. Tpefyerca, uyTolul NpH HAJAHYHH KAk HHQHUALTPAIHOHHOTO
NHTAHWA, TAK B HAMNOPHOrO NMOANHTHBANHA TPYNTORME BOAW HE MOJHH-
ManaHch Ha Mexjpense Gosee wem Ha 1,0 M OT MOBEPXHOCTH SCMJAH
(Ah=2—1,5=05 M, cuntan rayGuuy poaH B Kananax fi;=0); xospdn-
HEHT %I-H‘ILTPEII.I!'H rpynta k=0,2 m/cyT.

1. n?;MJIHH paccTofHHe MeXAy ApeHaMH M HX pacxoa no dop-
mynam C, H. Hyueposa (233) — {234;’. i)

- P o 9 66

Haxonn BcnoMoratensHule Beamunuul AH A

(E .=_1_ =ﬂ.ﬂﬂ3&4]. no Gopuyae (233) nondopom naxonum T*=T25,

orkyna B==16,6 m. TTo dopmyne (234) mafinem noauuf pacxon NpHTO-
Ka K apene Q=0,0795 m*/eyr Ha 1 M.

TMonuuit Moiyas Apenaxnoro croka §xp=056 afc-ra.

Ha oGutero koauuectsa 0,56 afc-ra 3a cuer nadHALTPaNHOHHOTO
nuranna noctynaer 0,2 afe.ra W 3a cueT NOANHTLIBAHHA HAMOPHLIMH BO-
namu 0,56—0,20=0,36 afc-ra.

2. Tposejem anajorHuHee pacyeThl, Moab3yack dopMyaamn (237)—
(238).

Iaa seawanns d* npuMeMm cpeanee smavende d*= ) 2d(Ah-+d),
cooteercTByollee fe=05(Ah+d(2). B cayuae, Korna pgpenam npea-
CTABMEN KAHAMOM, NMPHGIHKENHO B pacueTHEX (OpMyJax BMecTo AMa-
MeTpa Apentl d Moxno npaunMats d=0,5b0-fo.

Ina ycaosuit npuvepa d=0,25 m; d*=0,64 u; AH=266,

Moacrasaaa p popMyay (237) sHawcHwa N3BeCTHHIX BCANYTHH, MOJ-
Gopom naxoaum T*=571, otkyaa B=20,9 m. Pacxoa apess onpeneanM
no topmyae (238) Q=0,104 m¥cyr na 1 m. IMonuuth moayns Apenax-
HOro cToka gap=0,005 M/cyT=058 afc-ra, npHyeM W3 HanopHoro BOAO-
Hocmoro naacra noctynaer 0,38 afe-ra.

CayGuny nponukanua HEQHALTPAUHOHNEIX BOA HA MeXpeHse a on-
peseany no dopmyne (230) a=2,4 M.

I'pannpga pazfnena HRHCXOAAUHX HHOHILTPAUHOHHLX H BOCXOASMMLHX
HATIOPHBX Noj GYAST HAXOAWTHCH HHM(E MOBEPXIIOCTH 2eMAH HA 3.9 M u
HHXE AHa xananoB-apen na 1,9 m.

Taknm ofpaszom, HecMOTpA Ha rayGoxKoe 3ajerasue BOAOHOCHOrO
naacra (T=38 M) u orHocHTensno ueGonpliylo ero Hanopnocte (H=
= | M), nazEuHe BOCXOASLIHX HANOPHHX TOKOR CYLUECTBENHO YBeAH4YHBA-
T ApeHAMHHA MOAYAL H BHHYMI3ET YHACTO pasMeulats ApeHn AAA
obecnegennd HeolXOANMOTO TONHMEHHSA YPOBHA TPYHTOBBIX BOA.
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0) OrHocuresvro HGAu3KOe 3are2aHlUe BOOOHOCHO20 NAQ-
ora (B/T=3).

[Llast 3TOTO Cayuan GuAM nNpeanoXensl popmyan (227)—
(228). [lpuseseM HX K BHAY, YAOGHOMY JJiS HENOCPELCT-
WEHHOTO ONPENENCHHS PACCTOSHHA MEX(y JIPCHAMH.

Tax gak 05d<T, he<T, a q<l, T0 npHGAUIKEHHO
MOMHO NPHHSATE:

Tthe ;
co§ ————~1; T—06d~T: T+ h,~T.
AT + he) tha
BeoanMm, Kak u jaas cayyas rayGoKoOro 3saneraHus Bo-

NONOCHOTO IIACTa, OTHOCHTeNALHBIe Beauunusl AH u d*.
Dopmyant (227) u (228) umeoT BHJ:

A
Q= E‘EE%._’L : (239)
In——
Hd-
AH Arth (46 ™817) — (AH — 1) In g . (240)

Jdnech

d* =V 2d (Ah + d).
Hs dopmyast (240) noayuum:

B—ln 2 =

1 ¥ 7
th ( H_‘ 1) In 8T
o AR nd*
4T 4
In _ :
T lh[an_'”kMiJ
Q

dasa cnyuas oTHocHTeNBHO GAH3KOrO 3aJieraHHs BoOJLO-
HOCHOrO TWiacTa yiAasoch B fIBHOM BHJE BHIPA3HTb paccTos-
e mexay apenamu B. Ilo dopmyne (239) onpenensior
pacxoxn ), a satem no gopmyne (241) nHaxomaaT paccrosi-
e B.

PaccMoTpennele  cmocoGbl  ONpE/esIEHHsT  PacCTOAHHI
MCXKAY ApPeHaMH mpeanojiaraJH orpaHuyeHHa B CMBICJAE OT-
HOCHTEJIBHOH TAYOHHBL 3aJcraHug  Bojoynopa. PopMyasl
(234), (235) n (237), (238) neiicreuTensHsl npu B/T=3,
0 Qopmyant (239) u (241) — npu B/T=3. Ilpu onpene-
JCHUH paccTOAHHS MeXAy ApeHamu B ortuowenue BT sp-
JSICTCs HEH3BECTHEIM, BHauaje Haxoidar B mo oAHOH H3

(241)
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rpynn ¢GopmyJ, a 3aTeM YCTAHABAHBAIOT NPHEMAEMOCTD HX.
Onpexenenue paccTOSHHH Mex Ny ApeHa-
MH MPH H3BECTHOM TNOJHOM MOAyJe aApe-

HakHoro cTtoxa. IlomHas HHTEHCHBHOCTb BHYTPEHHE-

ro NHTAHAS (gp COCTOHT H3 HHTEHCHBHOCTH HH(HALTpaLH-
OHHOTO NMHTAHHA ¢ W WHTEHCHBHOCTH NHTAHHA HANOPHBLIMH
soramu ¢;. Ilonuwiit pacxom moxker GHTHL 3anHCaH B BHIE

Q=(g+qg)B=qyB. (242)

[TopcrasuB 3nauenHe pacxona B BHAe Gopmyanl (242) B
paHee NMPHBOAHBIIHECH (OPMYALI, NOCAe HEKOTOPHX Mpeol-

pa3oBaHHil NMOJYYHM CAeAyiolllHe Pe3yabTaThl.
a) OrHocureasHo 2aybokoe sarezanueé 8000HOCHO20 NAG-

cra (B/T<3).

Gopmyasl C. H. Hymeposa (185) n (186) npumyT BHJL
P MO (243)
= Wap

[Tpu stom AH yxe He MoxeT GHITD NPOH3BOJIBHO 3aJaHa,
a onpejensercd H3 ypaBHeHHA:

2k
In
. § S .
AH z T+ AR e (244)
ap
C yuetom Bmpaxkenus (242) dopmysan asTopa (235) B

(236) mocne HEKOTOPHIX mpeoGpa3oBaHEli NPHMYT Cjaedy-
IOUWHH BHI:

In

A e D222y 25 (245)

nk mnd*

Paccrosnie B 3jaech  HaxoaaT noaGopom; d¥*=
=} 2d(Ah--d).
Hanop B BOAOHOCHOM NJacTe YCTAHOBHTCH PaBHBIM:

]n i
nd*

28
I“mu

AH=9LT 4 A —%i7_ 2 124 An (246)
k k nk

6) OrHocureasho Hezaybokoe 3sareanue 6000HOCHOZ0
naacra (BfTZ=3).
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Gopmyns (227)) u (228) npumyT BHI:

8T ik | _ 4 —ABAT
th[lnm_ aamﬂl_-ie : (247)

e

Yupteigas, uto npu B/T =3, e -* =0,061, thx —x,
s x=<0,25 ¢ Tounoctblo 2%, MOMHO HANMHCATD!

8T mtk —nB/AT
In ~ Ah - i 248
ad* qap B 5 i
OTKy/la nmoabGopoOM ompejenseTcs paccroanue B.
Junayenne AH Gyaer paBHO:

AH = Ah— 9T 4 Y08 —=BiT _dapB 1 8T 4 7 (949
k nk ik mid® k

Yyer HeOAHOPOAHOCTH (CAOHCTOCTH) IPYHTA H CHHIKEHHS
MANOPKOCTH BOJOHOCHOTO naacra, PaccMoTpenHbie BhIlIe
¢nocoGbl H MpHMEpH pacueToB HArAsJAHO MOKasHBAIOT, Kax
TPYAHO AOGHTLCA HEOOXOAHMOr0 OCYLUHTENbHOTO [AeHCTBHSA
ApeHaka NpH HaJHYHH HANOPHBIX TNoA3eMHLIX BoA. Ilas
ofecneyeHHs pacdeTHOl rayOHHB I'PYHTOBBIX BOJ IIPH OT-
nojle HHQHUABTPAUHOHHEIX H HANOPHBIX I0J3€MHLIX BOJ
ApeHBEl MPHXOMHTCHA pasMellaTh 3HAuYHTeJNLHO 4alle, HeM
pH OAHOM HHOHJALTPALHOHHOM TNHTAHHH.

[lpu sTHX pacyerax He yuTeHbl jJBa OOCTOATEJLCTBA,
WHOrja CYLIECTBeHHO OGJIEryaiomiHe OCYUIHTENbHOe IEHCT-
Wie ApeHa)<a NPH HANOPHBIX NOJ3EMHEIX Bojax: 1) HaJH-
He TOPH3OHTAJILHOH CJIOHCTOCTH IPYHTOB; 2) CHHXKEHHE
ANOPHOCTH BOAOHOCHOTO IJIACTa TOJ BJHAHHEM YCTPOM-
CTBA JIpeHaxKa.

Yuer HEOJAHOPOAHOCTH (cnoucToOCTH)
rpyHTa. Tonma rpydToB o6uuHO GHBaeT CJAOHCTOH, NpH-
HeM CIJIOMIHBIE HJIH JHH3000pasHbie NPOCAOHKH HMEIOT ro-
PH3OHTANLHOE NMPOCTHPAaHHE, YTO NPENnATCTBYET BEPTHKaJb-
HOMY BOCXOAfLLEMY TOKY HanopHuix Boj. Ilpum stom xosd-
(pnuneHTs (PHABTPANHH, BXOASLIHE B pacyeTHble (GOpPMYJIH,
0OLIYHO ONpeAensiioT (HJIH NPHAHMAKTCA MO aHaJOTHH)
IyTeM OTKaueK HJAH APYyrHMH cnoco0aMH, OCHOBAHHBIMH Ha
yuere B OCHOBHOM TOPH3OHTAJLHOTO [ABHIKEHHS MOJA3EMHBIX
nojt K BeipaboTke 1o Gosee NpoHHUACMBIM clI0AM. B cBA3H
¢ 9THM B pacueTHble ¢GopmyJasl HeoOXOAHMO BHECTH IIO-
paBKH.

Mo panamm TI1. $1. TlonyGapumnosoii-Kounnoft (1952),
I'. H. Kamenckoro (1943), npoHHuaeMOCTb CJOHCTHIX I'PyH-
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TOB NpH JABHMKEHHH [MONEPeK Hanpas/JeHHA NPOCTHPAHHA
N1acTOB BhipaxaeTtca (POPMYJIOI;

L

Uk lfky ol
rie ko — npupescunnit xosduument ¢uasrpaunn; L — panua notoxa, :
NPOXOAAUlero uepes maacTl Mowmoctsio [, ly, ..., In, wveiolne xosdhu-
umenT! PHALTPAUnA &, By, ..., En.

Ilostomy BMecTo akTHUecKol rayGHHB 3ajleraHus Bo-
fonocroro njacta I' MOJXKHO BBeCTH NPHUBELEHHYIO rayGHHy
Ty, paBuyo:

(250)

ku=

To=I+ =+t 21, (251)
| §

A
rae k— gosdpduunent GUALTPALME OCHOBHOrO nJacTa MouwHocTsio [,

Haxe ncbonbiine NPOCAONKH THKENHX CYIMHHKOB, a
TeM 0oJiee IVIHH MOTYT BCChbMa CYIECTBEHHO YBCJAHYHTDH
UpHBEJNCHHYI0 rayOHHY 3ajeraHusi BOJOHOCHOTO MJacTa,
4TO YMEHBLIUHT BJAHSAHHC HANOPHHIX NMOA3CMHBIX BOJ H NO-
3BOJIHT pexe pasMeluiaTh ApeHsl.

YYyeT CHH¥KEHHS HaNOPHOCTH B BOJMOHOC
HoM naacte. IlpH puiBojie BHILIENPHBEAEHHBX (GopMyS
HPEANONarajocs, 4To HANOp B BOJOHOCHOM IJlACTe OCTa-
CTCHA HCH3MEHHHIM IOCJIC YCTPOHCTBA JApcHama. 10 noJo-
#CHHC OCHOBAHO Ha TOM, YTO NOTOK B NOJ3EMHOM, OTHOCH-
TEJILHO IIy0GOKO pacnofioKeHHOM BOJOHOCHOM  [JIacTe
(opmupyeTcs rjie-10 B cTopoe (Hanmpumep, NPUTOK € OKPyIKa-
IOILHX BO3BLINCHHOCTEH H T. J.) H €ro Hanop M pacxoj He
3aBHCAT OT TAKHX JIOKAJbHLIX COOPYJKCHHil, Kak ApeHax.
910 MOJIOKEHHE CNPABCAINBO JNA OMHHOUHBLIX APECH  HJIH
HeGOJbIIOro HX uHena. B Tom cayvae, korjla ipennpyiorcs
SHAYHTCAbHBIE NJIOIAAH, HEH30CKHO CKa3bhiBaeTCA BJHAHHC
APCHHPOBAHHA Ha NOA3EMHOM HanopnoM notoke. Ono cHH-
/AEEeT ero Hamop 3a cuer cpaboOTKH YacTH 3aNacoB 5TOro
N0TOKa. BosHHKaeT BOMPOC: CMOKET JIH NPHTOK MOA3eMHBIX
BOI MO HamopHOMY nJjacty obccneuHTe KOJHYECTBO BOJIH,
noctymaiouiee B Apenni? B Tom caywae, koria 3to He Gy-
AcT obGecniedeHo (B GOJNbIUMHCTBE CAYYaeB, 9TO TAaK), HANMOP
B BOAOHOCHOM IJIaCTe HAYHET NajaTb M NOCTYIJICHHE Ha-
MOPHBLIX BOA B ApeHbl GyjAeT yMEeHbIATBCA A0 TeX mop, mno-
Ka pexHM He crabuinsnpyercs. CiaeaosaTennHo, npH ape-
HHPOBANHH 3HAUHTEJNBHBIX njowaneil HeoOGXOAHMO YYHTHI-
BaTk o0lIHe sanachl NMOJ3EMHBLIX BOJ H BO3MOMHOCTb HX
HCTOLIEHHA (B TOM YHC/IE€ HAMOPHBIX OTHOCHTCJLHO TayGO-
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e, 28, Cxema K pacuery cHHMe-
N MANOPHOCTH B BOJOHOCHOM nMa-
UTe NoaA BAHSHHEM YCTpOHCTBa To-
HAONTAILHOTO ApeHaka.

RO JaJCTramniliix FBPIIEGIIT’DE],
¢ TeM yToOBl PACCYHTLIBATH
JipeHaX He TOJNLKO Ha Havalb-
MLl MOMeHT ero paGorul (npH
I1a1bHOM Hanope 5 BOJOHOC-
nwom nnacte Aff), Ho H Ha cTa-
OuansupoBaiuyy paboty (B
VOJIOBHSX CHHXKEHHOro sHaueHus Al noj BosjleHCcTBHEM ape-
Haxca).

PaccMoTpHM pacueTHy0 cXeMy, TNpPHBEIECHHYI0 Ha pPH-
cynke 28. Homyctum, uto cyuiecTByeT GacceilH HamopHBIX
MOA3EMHBIX BOJ, TNpeicTaBAcHHDLIE BOJOHOCHBIM NJAacTOM
mMoltHocTeio Ty, kosd@HUHEHTOM (PHALTPAUHH Ry H HANO-
poM . BoponocHrll naacT NpHKPLIT CBEPXY 3HAYHTENIBHO
MeHee NPOHHLAEMLIM TPYHTOM, HalnpHMEp JIECCOBHIHBIM
CYIJIHHKOM, ¢ Koa(hguuuenToM (HAbLTPaUHH R, npHueM k<K
< fy. MOXKNO NPHHATb, YTO JIO0 YCTPOHCTBA JpCHAaXKa Mbe-
JOMETpHYCCKAA IOBEPXHOCTE 3aHNMana NoJOXKeHHe, nokKa-
sannoe na pHeyHke 28 nyHxTHpHoi# Jauuued /1111, npn
YTOM TOJILA CYFMHHKA HHMKE NLC30METPHYECKOH NOBEPXHO-
CTH MOJAHOCTBIO Oblia nacklllleHa Bojok. Ecan naTaHHe
FPYHTOBHIX BOA OT OpOCIIEHHA HJIH JPYrHX HCTOUHHKOB
(ocasks W T. ) OTCYTCTBYET, TO (paKTHUYECKas MOBEpX-
HOCTh TPYHTOBBLIX BOJ ]'JEEITGJIEI[‘EIETCH HECKOJNIBKO HHMKC
NLE2OMETPHYEecKOH MOBCPXHOCTH, TaAK KaK 14acCTh TPYHTOBLIX
BOJ pacxojlyeTcs Ha TpaHCnHpauuioo H Henapenhe, B sToMm
cllyyae HMEeTCS MOCTOSNHHLIH BOCXOAALIMH TOK H3 BOJAOHOC-
HOTO TTacta B TOJULY CYIVIHIKOB, MPHUEM HHTEHCHBHOCTD
5TOTO TOKa OMPEeeNnTCeA Kak

e, =R

an
b

rpe A — npepnimenye nwezoMerTpiucckofl nosepxuocTH Hax (danTHue-
Ckoil MOBePXHOCTLIO FPYHTOBBIX BoOfd; b— paccrosHHe OT BOAOHOCHOTO
NJ8cTa A0 ypopld TPYHTODRIX BOA.

[TpH uHTENCHBHOM OPOMIEHWH HJIAH HHOM YCHJICHHOM TTH-
TaHHH TPYHTOBHIX BOJ €O CTOPOHBl NOBEPXHOCTH 3€MJH
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(akTHUYECKHH YpOBEHb TPYHTOBHIX BOJ MOXeT OGLITh BHILIE
Nbe30METPHYECKOH noBepXHoCTH. B aToM ciiyuae BO3MOKeH
HHCXOAAMWHHA TOK FPYHTOBLIX BOA H MNHTaHHe NMOA3CMHOIO
BOJAOHOCHOTO MJIAcTa 3a CYET ONYCKAalOWHXCS Macc TpyH-
TOBEIX BOJI.

Ecan n0 yerpoiierBa apenaka uMesncs ycTaHOBHBINHII-
CA PCHHM, NPH KOTOPOM CYILECTBEHHOrO IOANHTLIBAHHA CO
CTOPOHBI BOJOHOCHOrO nJjacra He OLLIO, TO MbBE3OMETpPHYE-
CKasi MMOBEPXHOCTH JI0 CTPOHTEJLCTBA JpeHa)ka MaJo OTJll-
qajach OT (pAKTHYECKOH TNOBEPXHOCTH TPYHTOBBLIX BOJ.
3TOT pexcHM J0JXKeH CYLIeCTBEHHO H3MEHHTLCH MOCJe YCT-
poHcTBa JipeHa)ka HA HEKOTOpOM OrpaHHYeHHOH NJaollafH.
HeficTBHTCABHO, ApeHaX ONYCTHT (akTHUECKHil ypOBeHb
FPYHTOBHIX BOJ, YTO HEH3GCHHO BHLI30BET BOCXOJAUIHI TOK
H3 BOJAOHOCHOTO MJacra. Pacyer Apenaka ¢ YY€TOM 3TOrO
BOCXOJfALIEro TOKa NpHBejeH BHIIUE, MNPH 3TOM JONyCKa-
JOCh, YTO HAMNoOp B BOJAOHOCHOM IJACTe HE H3MEHHTCHA HOC-
TaHercs paBHeEM /.

JlefcTBATENLHO, €CIH PACCMOTPETH NPHTOK MOA3EMHBIX
BOJ 0 BOJAOHOCHOMY IJIACTY B 30HY YCTPOiiCcTBa JipeHazKa,
TO NbE3OMETPHYECKAs MOBEPXHOCTEL He MOMET OoCTAThCH He-
H3MEHHOH, a 3aiiMeT HOBoe, GoJee MOHHMKEHHOC MOJOMKe-
HHe, NMOKaszaHHoe Ha pHcyHKe 28 aunneir 22222 Hogoe
MOJIO}KEHHE Nbe30METPHYECKOH NOBEpPXHOCTH ONperesHTCH
YCJAOBHSIMH JBHIKEHHS NOJAZeMHLIX BOJ B BOJAOHOCHOM MNJac-
Te, NPHYEM Ha YYacTKe YCTpoHcTBa JApeHaKa Oyier ocy-
WECTBAATECH BOCXOAANIEE JBHMEHHE [0J3€MHBIX BOJ, a
BHE NpeJenoB ApeHaxa — HUCXOASLIEe.

Cunrasi, 9T0 ApeHa OCYIIECTBJIEH Ha TWIOLIAAH pajHy-
ca R M npHHHMAas NOHH/KEHHe YPOBHA TPYHTOBHIX BOA HAa
3TOH MJIONIaAH NoJ JeficTBHeM JpeHa)a paBHhM AH (pue.
28), nas obnactn 0<Ir=_R MOHO COCTaBHTbL CJEAYIOLIHE
npHGIHIKEHHBIE BHIPAXNKEHHS,

Pacxoa nojiseMHOro pajHajBHOTO NOTOKA, NPOTEKAIO-
[ero mo HHXHEMY BOJOHOCHOMY IJIACTY uYepe3 moneped-
HOe ceueHHe naowlaiabio 2nrly, Gyaer pagen:

dft
Q. = 2wT\k, —, (252)
dr
rAe ft — neesomerpuyeckuii HANOp B BOAOHOCHOM NAACTE HA PACCTONHHH
r OT HeHTPa ADEHHPORAHHOMN MAOLLAAH,

IlpameM, 4TO M3MeHeHHe pacXoja B paiAHadbHOM HA-
NpaBJeHHH HAET Ha NHTaHHe JApeHaxa, NMPHYEM HHTEHCHB-
HOCTBL BOCXOAAILILEro TOKa onpenenurca rpagiestom (h—T) /T,

150



[0 eCTh B 30He JpeHa)a cyHTaeM (aKTHYeCKHR ypoBeHb

[PYHTOBBIX BOJ OMYIIEHHBIM 0 [IJIOCKOCTH 3aKJajKH ApeHa-

#a, 4 B BOJIOHOCHOM TJ1acTe Hamop Bulle W papen h.
Toraa MOMHO HATIHCATH:

W9 g B=T)
= =k -~ 2nr. (253)
CoeannuB pasencrsa (252) u (253), moayumm:
d*h 1 : dh e e PRI
7 5 b SR h—T)=0,02= T (254)

Pemenne ypasnennsa (254) B ¢ymxuunsx Beccensa (ITo-
nybGapunoBa-Kounna, 1952) umeer Bua:

h—T = Cy(or) -+ C,K, (ar), (255)

e [y — nHaMnApHYECKAR QYHKUNA MHHMOro aprymedra HyJAeBOro no-
puAKa nepeporo poaa, HaMengerca s npelenax 1<<[o(x) <<oo npu HIMe-
newnn aprymenta 0<<x<<oo; Ky — coorBeTcTBylomas QYHKIHA BTOPOro
pona msmMendercs B npeaeanax oo>K,(x) >0; C;, Ci:— nocrosneue,

Mna wmaxoxnenus nocrosunux C; H C; Bo3bMeM TIpoO-
HIBOAHYIO OT BeIpaxeHns (255):

%r’i = Cyal; (ar) — CoK, (ar), (256)

rae [y, Ky— unamsapideckie @yNKUHH MHAMOTO apryMenTa NepBoro
NopajfiKa Nepsoro H BTOPOro poja, npHIeM

dll d
[ ::fw” il (b} _l*‘ﬁfﬂ — —ak, (o).

[1pn msmenennn aprymenta (ar) B npepenax (0<<ar<<
<Z 0o (pyHKuHH [y(ar) u K,(ar) npuaumalor snavenns 0<
< I1<<oo 1 0 >K;>0. Tak kak npa r=0 (uedarp ApeHu-

pyemMoi miomagM) A0OAXKHO GHTh = =0, u3z dopmyan

(256) Bmamo, uto caeayer npuuath C,=0. Toraa Bmpa-
wenne (255) npumer BHA:

h—T = Cyl, (ar). (257)

OGosnauas nbe3soMeTPHYECKHIl Hamop B HEHTpPe JpeHH-
pyeMoii miolaan 4epes hy u yunthiBaf, uto [o(0) =1, no-
nyuum Cy=ho—T, nocne wero ypasHenne (257) moxio
janHcaTh Kak:

h—T = (hg—T) Iy (o). (258)
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[TonoxeHnue NbE3OMETPHUECKOI MOBEPXHOCTH HA TPaHH-
ue ApeHHpyeMmofi mjowmwaan moayurMm u3 Qopmyas (257),
npuHsAB r=R.

hy—T = (hy—T) I(@R). (259)

Pacxon, npurekaouuil mo BOAOHOCHOMY NJIacTy €O CTO-
POHH JpeHHpPOBAHHON MJIOMIaAH, HaiiieM no dopmyne

Qg = 2Rk, T, (gri) = 2nRIT; (hy—T) ely (aR). (260)

[Tpusegennsic GopMysBl 1O3BOJSIIOT ONPELEANTh IM0J0-
JKeHHe Mbe30MEeTPHUECKON NOBepXHOCTH B LEHTPE JPCHHPY-
eMoft maomanu (hg) ¥ ma ee rpannue (hg), ecH H3BECTEH
pacxoji NPHTOKA MOMA3EMHLEIX BOJ CO CTOPOHBLI HEAPEHHPO-
BaAHHLIX 3EMEJib.

[MpoBenemM aHaNOTHYHLIC BBHIKJAAKH An8 30HH r=R
(puc. 28). Ilpn HanHYHH NHTAHHS BOJAOHOCHOrO mJaacTa
HHCXOAALHAMHE TOKAMH MOXHO HaNHCATh BhipaKenHe s
pacxofia pajHajJbHOrO MOTOKA B BHJE

Q, = 2ark,T, -3’;'-. (261)

a yBeJIHYEHHE pacxojla B pajiHiajbHOM HanpapiacHHH, Npo-
HCXOJAsilee 3a cuYeT NOCTYIJIEHHA TPYHTOBBIX BOJ H3 BepX-
HEro TJIOXONPOHHLACMOTO MJIACTa B HHXXKHHIl BOJOHOCHBIA,
onpeaesHM BeJHYHHOI

W __p—n) |
< k o 2nr. (262)

31eck HavYaabHBIA HANOp, COOTBETCTBYIOUIHH YPOBHIO rpyH-
TOBHIX BOJ| 0 YCTpoificTBa ApeHaxa, TMNPHHAT pPaBHBEIM
(em. nunmio /1111 na puc. 28), a Hanop B BOJOHOCHOM
mjacre, CHHMKEHHBII 3a cuYeT JIelcTBHA JIpeHaa, paBeH
h (cMm. aunuio 22222 na puc. 28).

Beuay Toro, uto H=T--AH n o0ubuno AH HeBeNHKO
no cpasHeHHio ¢ [ u T, npuGanenHo npHMeEM B 3HaMeHa-
tene ypasuenns (262) H=T. Torpa, yuntosaz (261) w
(262), noayunm:

i O S TS T\
- S (h—H)=0. (263)
3aech
" pgaa Sl
kyTTy
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Pemenne ypaphenus (263) mMmeer BHA, aHaJOTHUHBI
pemennio (255):

h— H = Gyl (ar) + C K, (cir). (264)
Tak kag npH r—-co, Ig—o00, h—H, 10 C3=0, nocne ye-

I'o ypasHenne (264) npHMeT BHA:
h— H = CK, (aur). (265)

B uactHoCTH, npH r—>oco Ky(oe) =0, hi=H, uTO H N0JH-
o Guite. I[Ipn r=R (rpaHnua jpeHHpyeMOH TJIOULafH)

hy— H = CyK, (@R). (266)
Lrkyna

R hoH )

h—H = (g —H) 22 0 (267)

[IponasosnHas OoT MbE30METPHYECKOrO HAIOpa no ypas-
nennio (265) paBHa:

dh
Eﬁ—ﬂchl{ﬂr}.
B yacrnocTH, npH r=R noay4um [c yueToM ypaBHeHHs
(266) |
N i  (H—h) o Ki@R) o
( .::,-LR aC.K, (uR) = (H —hg) o X oL (268)
Utciona BeEIpamenue (261) nna pacxopna, NPHTEKAIOUIETO

No BOAOHOCHOMY NJIaCTy 4Hepes BHEIIHHH TNMepUMeTp ApEeHH-
poBanHOfl naolanu (r=RK), OpUMeT BHUJI:

Qu = 2nRk, T, o (H — ) % (269)
1]
(B manbHeiimem aprymednT R y ¢ynxumn DbBeccens omyc-
Kaem).
CpaBnenHe BbipaxKeHHl [AJs pacxojla Ha rpaHHue Jape-
HHpoBaHHOTO yyacTka no dopmynam (260) v (269) naer:

IK
H—hy= (hg—T) ;5> (270)

Onnako H—hp=T-+AH—hpg, oTuero uMeem:

s e A
ho—T = 1 Ko * (271)

 IoKy
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Yuntnipas pasenctBo o (x) Ki(x) 41 (x) Ko(x) ="/
wafigem c yuerom dopmya (259), (260) u (271):

h,—T =AHo, @p=0Rl,(aR) K, (xR).  (272)

ho—T=AHgs @=aRKi@R). (278)
Q=Qy= "Ly, y=20 @R Ky (aR). (274)

INpuBeaennsie GoOpMyabl NMOSBOAAIT NOJHOCTRIO PEIUHTDH
sanauy. Us dopmyn (272) u (273) caeayer, 4TO MNbe3o-
METPHYECKHH Hanop Ha rpaHHle JAPeHHPOBaHHOrO ydacTka
(hg—T) ®m nocpeause ero (hp—7T) cocraBasier JoJio OT
HayaJabHOTO NBesoMerpHyeckoro Hanopa AH=H-—T, npu-
qeM KO03(QHUHEHTH YMeHblIEHHs Hanopa B BOJOHOCHOM
njaacTe B CBA3H ¢ YCTPOMCTBOM JipeHaya ¢p H (o 3aBHCAT
TOJbLKO OT napamerpa aR, UTO IIO3BOJIIET COCTABHTb HE-
cHOM¥HEe TaOJHIEL.

Ha dopmyanl (274) BHAHO, YTO E€CJH HE YYHTHBATDL
CHH3XeHHS HANOPHOCTH B BOJIOHOCHOM njacTe, TO Pacxoj,
npHTEKalouel K JpeHaXy H3 BOJIOHOCHOro InJjacra, onpe-

AeauTca Kak nR?k %, a Ko3pdHuuent Pp=<1 noKas3LIBaeT,

HACKOJIbKO YMEHBIIHTCS STOT PacXoj B CBA3H C NajleHHEM
Hanopa B BOJOHOCHOM NJacTe, MpHYeM P 3aBHCHT TaK Xe,
KaK Qo H Qr, TOJABKO OT napamerpa ak.

[Mapamerp aR GBI NPHHAT PaBHBIM

k
==

aR =R BT (275)
H MOXET H3MEeHAThCA B WHPOKHX npeaenax. OH Tem GOJb-
we, yeMm OGosblue IJOMlAAb JpeHHpoBaHHA H 4YeM OoJee
NPOHHNAEM BepXHHi NOKPOBHLIA maacT (CYTJHHOK), H
YMEHbIIAETCA € YBEJHUEHHEM MPOHHIAEMOCTH, MOLIHOCTH H

rAyOGHHE 3aJleraHds BOJOHOCHOrO MJjacTa.
HuTepecHHM SBJAETCS HCC/eJ0BaHHE DEIleHHH JJIA Ma-

Ablx ¥ GONBIIAX 3HaYeHuil mapamerpa aR.
[IpH ManbIX 3HaYenHsx aR AeficTBHTE]bHBE NPHOIHIKEH-

HHE QOPMYJLI:
x8 x x3
fn‘ﬁ)"‘"‘"‘“:- 11{1}’“’"2—(|+—B—):

Ky () ~—1, (c +In %) C = 0,5772,
Ke(®) ==,
X
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loria B cooTBeTcTBHH ¢ (opmynamu (272) —(274) HMmeem
IS BecbMa MaJibX 3HauYeHH# aR:

P~ Pr~P~1, (276)

10 €CTh NPH MaJblX NJOLAAAX APEHHPOBAaHHA H rIyOOKOM
WIIEraHHH MOILHOTO BOJOHOCHOIO NJacTa He CHAeLYeT O¥KH-
ANTH CYHIECTBCHHOr0 CHHXKeHHA Hanopa AH B BOJOHOCHOM
iacre. Jlas Gonbluux 3HauYeHHH aR NPHrOAHE Takue MpH-
(JiHiKeHHBIC (POPMYJIBI:

o)~ =1+ o], h~—=[1-2],

V 2nx & 2nux i

K, (x) ~ ]/ge""[l — Bix -
Ky (%) ~ V%e“{l + fﬂ

YuuTeIBas 9TH (OPMYJH, MONYUHM AAs GOJBIIHX 3HA-

NCHHH o R cneayioniHe BHpaMeHHs A8 KO3(D(HUHEHTOB B
hopmynax (272)—(274):

—

- R
wﬂh-;-[1+h—-'&”1 +?jﬁ . (278)
¢~—m—;7[1—ﬁ4jﬁs]. e

Hs npupeseHHBIX GOPMYa BHAHO, YTO npu sBecbMa 60Jib-
WX 3HAYEeHHAX aR KOSQQHUHEHTH @y, Pr M P CTPEMATCH

K npenenam @o—0, pR—0,5, y ~ o \TO MOKasbiBaeT Ha

ANAYHTeIbHOG CHHMK€HHE HANOPHOCTH BOJOHOCHOrO NJAcCTa
Il c1yyae GONBUIHX BEHYHH napamerpa aR.

[TpuGnnKeHHBIMH (OPMysNaMH MOMKHO NONB3IOBATHCH
s aR>5.

llpr aR<C5 roapdbuuMenTH @, gp u Y AAA pacuera
CHHMEHHA HANOPHOCTH BOAOHOCHOTO MJIAacTa TOJA BAHSHHEM
APEHHPOBAHHA TEPPHTOPHH MOXKHO ONPENeNHTh C MOMOIIBIO
pHcyHKa 29.

Ormeram cobaiofleHHe HepaBeHCTBA Po<P<<pr. Ko-
Jpuunent pacxona P Momer GHTL HCTOJNKOBAH TaK Ke,
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Purc. 29. 3uaycnua xospduiHeHToB
CHHMCHHA HAMOPA B UEHTpe ApCHH-
pycMoro MacCcuea (g, HA €ro mepH-
(epun @r W cpefvee 3HAMEHHE AIA

BCCI'O MACCHBA ¢ 0 3ABHCHMOCTH OT
napaserpa aR.

Kak Ko3(p(pHLHeHT cpeaHero

~+=—  panopa ¢. DTO BHAHO H3 BH-
pakenus Jasl CpeLHero Ha-
mopa:

4 o

R
(h—T)ep = Y(h—u?’}ﬁnrdn

e 1
nR? ,
0

[Moncrasass suavenne (h—T) no popmyae (258), no-
JYIHM:
2 (he aR
(h—T)ep = 2012 | (er) o (o) d (or) =
0

= —(he—T) 11 (aR).

C yuerom Beipaxennii (273) u (274) umeem:
(h— T]np = AH2I, (2R) K, (2R) = AH,

OTKYAA @=1).

ITonbaysick npHBeAeHHLIMH (POPMYJIaMH, MOXKHO NPHOJIH-
KEHHO yYeCTh CHHIKeHHE HalnOpHOCTH B BOJIOHOCHOM IMJacTe
3a CYeT JAeHCTBHA JIpeHaxa.

e i

=

. o mpape— .

e o = e ohes bl p sl i

Hna sroro B pacuerHble (OPMYJH, NpHBEAeHHEBle HA
crpannuax 151—152, BMecTo HavaJLHOTO LPCBHILICHAHA Ha-
mopa B BOJAOHOCHOM IJacTe HajJ YpOBHEM BOJALI B JApeHax
AH BBOAAT aHajJorHuHyio Besuunny AH* c yuerom cHHmKe-
HHSI ee noj jeifcTeHeM ApeHaxa. Ee MoMHO onpelesHTh |

no gopMyne
AH* = gAH, (280)
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Kosdriument ¢ saBHCHT TOAbKO OT mapaMerpa:

aﬁ::ﬁ,f : w]/ﬂ——, (281)
leTl ﬂleT]
o F— naowans apesuposanna, Mm% T u Ty — rayGuna sanerands Bo-
ABNOCHOTO NAacTa HHMKe ypoBH# pasMeutenna apen (T) H MomHOCTS
noflonocnoro maacra Ty, M; & H ey — koshduuneHTH GHABTPALAN TO-
Wponnoro (ocyllaeMoro) mJaacTa, B KOTOPHE 3an0MeHH APeHH, H BOAD-
locioro naacra, Mfeyt. Kosdguiuent ¢ Haxoast no preyhky 29 wan no
hopmynam (277) — (279), npruem aas nepudepHiinbiX JApeH NpHAAMA-
PTCH 3HaNCHHE (Pr, AJA UEHTPANLHBIX ApPeH (g H AR Beell MAOIIAAH mpe-

Wipobanua (cpenHee snavente) =1,

B cayuae, ecnn HeoGXOAMM TakKKe YUeT CJOHCTOCTH
(HCO[HOPOAHOCTH) TPYHTA, B pacueTHble (HOPMYJIBI BBOAAT
uMecTo QaxrtHYecKoil rayOHHBEL  34aJeraHHs  BOJAOHOCHOIO
imacra T npusefennyio peauunny Tp, onpenensieMyio To
jopmyne (251).

Mpumep. Onpeneants paccToAnMe MeiAy OTKPHITHIMH JApeHaMu
faytunoft 3,5 M, mupunoii no mny bo=1 M, ecAm H3BecTHO, 4TO B Ha-
CTOHILEE BPEMA JacOMeHHLIe FPYHTOBRE BOIEI HAXOMATCH HA PACCTORHHH
I,h M oT nosepxmocTH 3eMaH, a HX neofXOAHMO CHH3HTB MO rayOHHE
45 m. Ha ray6une 30 M oT noBepXHOCTH 3eM/AH 33JeracT BOAOHOCHEI
laer MomuocTeid 20 M ¢ Kosdpuunentom rabTpamun k=40 Moy,
llhl'.HJMETpH'IEEHEH IlﬂI-IEpIHDETh i KOTODOM COBNMAJAET C CYIIECTBYHOIIHM
vpomies rpynTopnx BoA. Kosddmiument dwuasTpausm cyriHEKa, B Ko-
oLl saknafmbaoT Apensl, k=05 M/cyT; oIHaKe HUMe HMeIOTCH ro-
[INIOHTANLHLE NPOCIORKH TAMENOro cyrinHka ¢ k:=0,02 mfeyr obmefl
MOILHOCTEIO B M; HHTeHCHBHOCTL (CpeaHerofoBan) HHPHABTPALLHOHHOTO
MNTanna (NOTEpH H3 KaHaJOB W NPOMBIBNLE RO, NpHBeAeHHbIE K cpel-
leronosoMy mutanko) =020 afc-ra. Maomane ppennposanna 500 ra,

|. OnpepensieM enpuBefennyo» rAYGHEY S3ajeranid  BOAOHOCHOIO
AaCTa ¢ Y9eTOM IOXONPOHHLAEME X I'If!ﬂCJIDE‘!'F{- DT Ana APCHE BOAOHOC-
i naact saneracT Ha rayGune T=30—35=265 m.

«[Tpupenennas» rayGuna saneraiss BOAOHOCHOrO NA3cTa MO dop-
Myae (251) Gyner pasna To=218.5 M.

OnpenensieM Hanop s BOAOHOCHOM MAACTE ¢ YHETOM €ro yMelb-
IieHs Mocie CTPORTENLCTBA ApeHaka.

Mo yerpofictea apenaxa manop AH=30—15—265=2 u.

Cpeannfi paguye Aas APEHHPOBAHHOA MJOMAanu (NPHBOAAT ee K
Kpyry) Gyner papen R=1v Fjn=1265 u.

[Mapamerp aR onpenenny no dopmyne (281):

o ].f LAl
aR =R X 2,14,

Juan napamerp aR=2,14, noassyacs pHcynkoM 29, HAXOHM 3Haye-
Hin KosgduarerTOD HAlOPOB AN UCHTPAALHBLIX ApeH ¢p=0,25, B cpen-
WM Juns Beero maccupa @=0,42 w nan nepadepuuecknx apen Pr=0,63.
CooTBeTcTEYIOIIHE 3HAYEHHA Hanopa B BOAONOCHOM MJACTE ¢ Yywe-
IOM Mo CHHAeHHA NoM BARTHHCM }’BT]]-GﬁE’II]E ApPeRasa onpeieJHM No
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dopmyne (280): mavanapEmii wanop (Ges yuera cHuXenua) AH=2 w,
oas ne JeHBIX Apen AH*=025-2=05 M, B cpenHeM AJa MaccHpa
ﬂH*EEﬂA -2=084 M 1 gnd meprdepuuecknx aApen AH*=0,63-2=
=], M.

3. Onpeneanm paccTOAHHS MeXKAY ApeHAMH, moaarast, gro Oyier

HMeTh MecTo Hepapenetso B/To=3, 10 ecTs npEMenaa d¢o LB'JIH ANR

OTHOCHTENLHO raybokoro saneranus sogoymopa (233) — ( .
Pacuernuie gannsie: k=05 m/cyt; ¢=02 afe-ra; g=9/=0,00345;
To=218,5 M; gTe=0,75 m; AR=3,5—25=1,0 u.
BcnomoraTeAbHEE BeJHYHHB, NpHMenseMHe B ¢opMmyaax (235)—
(238), caenyomue:

i i;: 0,5M, d*= ' 2d(Ah+d)=122m,

AR= -2k T _ A+ 40,75,

npuueM Gea yuera cHmenns HanopHoetd AH=275, Aas nentpaibHbix
apen AH=1,25, p cpeanem pan maccuea AH=159 u gns nepudepuue-
CKux apen AH =201,

Mogcraens 8 gopmyay C. H. Hymeposa (233) namectHHe BeaHauHH
Gea ywera cummenus nanopuoct (A =275), nonGopom nafimem 3ma-
qe:_;_geﬁi""zﬂ,&!; PACCTOAHHE MEXAY Apenamu Gyner paBho B=nTy/T*=

Aﬂgagn;rmuu I8 NeHTpaflbHHX JApeH {.-5.:‘?=I,2.5} HMeeM T*=235 B=
= M.

B cpennem Ana MaccHuea {ﬂE:'=I.59} Haxolnm T*=42], B=163m
H ana nepudgepuuecknx apen (AH=201) T*=6,23, B=110 m.
Hns conocrabnenna onpefeiHM paccTONHAE MeXIY APEHAMH, MOk

aysce topmynoit asropa (237). bes ywera CHEHXEHHS HaNOPHOCTH

(AH=275) nmeem T*==7,46, B=92 m.

Takue e pacueThl LA HEHTPAJEHEX ApeH jAalor T*=199, B=

=345 M, B cpefHeM Aas MaccuBa 1*=3,42, B=201 M v ana nepuipepn-
yeckHx apen I*=498; B=138 m.
Bo Bcex cnyyasx HalIeHHsle PacCTOAHHS MeXAy ApeHaMu (ot 72

Do 345 M) YHOBNETBOPRIOT HepaBeHCTBY T =3 (npu To=2185 w),

NTO NMO3BOJAET NOAB3OBaATHCA (QOpPMYyNaMy 1?233} — (238) mam oTHOCH-
TeJABHO rAYOOKOro 3ajeraHHs BOAOHOCHOTO MJAAcTa.

4. Haxoanm npHTOK BOAB K APEHAM H MOAY/b APeHaXKHOTO CTOKA.
Ionssyncs dopmynoi C. H. Hymeposa (234), maxoamm anma cayuas,

KOPJd CHHXKeHMe wanopa we vyunteibactes (AH=2,75 u%, Q= §

=0,311 m%eyr na 1 M apenw npu k=05 wmfeyr, Ah=1 m, T*=954
(rafifeRo npH onpejefeHHH paccTosHHA MemAy ApeHaMu). STOT NPHTOK
ROAH NPH PACCTORHHH MEXAy ApeHaMu B=72 M COOTBETCTBYET cyMMmap-

HOMY MOLYJK APeHaMHOLo cToka np=—— =0,5 afc-ra.
P A

H3 obmero xosmyectea 0,5 afc-ra WHGHIBTPAUHOHHOE NMHTAHHE CO-
craBaner §=02 afc-ra H noAnHTHBaHWE HAMOPHEIME BOAaMH gi=05—
—0,2=0,3 nfc-ra,
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lnfaruwa 12 Baxmanse CHHMenws Hanopop ma pabory ApeHaxa

XapaxTepucTEKS Y s v ,,L‘?,-:. . 1
lhes ywera cmuxkenun mamopa | 2,75 0,410 0,52 0,32
Llenrpansine apedu 1,25 0,302 0,10 —0,10
I} cpennes AaR maccusa 1,69 0,340 0,20 0
Hepupeprgeckne apeHs 2,01 0,370 0,31 0,11

Auanorsusble pacyernl A4 LUEHTPaJbHEIX Aped jJawr: Q=
« 0,236 Micyr Ha | M, gap=0,09 afc-ra, gi=—0,11 afc-ra.

B cpeaneM Ans MmaccHBa noaydaem 3navenus Q=0,263 m%/cyr ua
| M, §ap==0,19 ajc.ra, g;=~—0,01 afc-ra ¥ ana nepu?epmecuux Apen
Q=0286 M3ra va 1 M, gup=0,30 afc-ra u ¢1=0,10 ajc-ra.

Pesyabtatel BuuscaeHH@l no ¢opuayae astopa (238) npHBeAeHH B
rabanue 12,

B npusefeHHHX pacuerax obpaimialoT BHHMaHHe Ha cebA oTpHUA-
[eiblible 3HAYCHHA MOAYJAA NHTAHHS HanopHLIMH BOAaMH (¢i) AAA HEKO-
(UPHX cay4aes, 9T0 TOBOPHT O MOCTYMAelHH HHQHALTPAUHOHHWX BOJ
W HHMHHA BOAOHOCHBIA MAACT ¢ MPOMEIBKOR TOJUH NOKPOBHHLX FPYHTOB
(o KkpafHef Mepe No BEPTHKAAH MedAY ApeHaMH).

5. [Ipexae wuweM CONOCTABAATL pPe3V/bTAaTH PACYUETOB, ONpefenHM
PACCTOANHME MEXAY ApeHaMH H HX pacxoil Ges yqera CAOHCTOCTH rpyH-
T4 M CHHMEHHA HANOPHOCTH B BOLOHOCHOM nJacre.

B srom caydae nMeem I'=26,5 m, k=0, Mmfcyt, AH=20 u, ¢T=

0,08 M, AH=2,09, Ilo ¢popmyaan C. H. Hymepona (233)—(234) nah-
new: T*=4,23, B=19,6 M, Q=0,484 m3/cyr na | M, 9eMy cooTBeTCTBY-
eT ApeHaXKHEA MOAYAb §ap==2,87 afc-ra M MoAyAbL NMOANHTHBAHHA Ha-
NopHEIMK BoflaMu ¢1=267 afc-ra,

Ananorsunbie pacyetrsl no ¢opMyaasm asTopa {23?}—&233} AaT
snavenns T*=3,08, B=27 m, Q=0,6562 m¥*/cyr na 1 M, gxp=28] a/c-ra,
di=2,61 afc-ra,

ConoctanieHHe pe3yAbTATOB pacdeToB AN paccMaTpHBAEMOro
NpuMepa npHBefedo B TaGauue 13.

KpoMe padee BLIYHCAEHHHX BCJAHYHH, B TabJHUe [AHH 3JHAYCHHS
rayGunn npoHHKaHUA HHQHALTPALHOHHEX BOJ 4, onpefencHnnie no op-
wyae (230). Ha ocnopammn pavumx taGanuus 14 aas ycaosHiA npesepa
MUKHO cAeaaTh HeROTOPHE BHBOAM, HOCALLHE B HEKOTOpOA cremeHH of-
WiNE xapakTep:

4) ycnoBHMA npHMepa BHOpaHH THOHYMLE AN NPHMEHEHHA JApeHa-
Wi Kak cpeactea Oope0H ¢ 3aco/eHHeM OpollaeMuX 3eMelb (R=
«0,5 sfcyr, HHTeHCHBHOCTE HHHALTPAUHOHHOIO CcpejiHeroAoBoro nHTa-
in ¢=02 afc-ra, nonHxenne rpyHTOBHX BOA Ha rayGuny 2,60 M npm
rayOune apen 3,5 m).

TAKHX YCNOBHAX Jaxe OTHOCHTeARHO rayloxoe 3ajeranHe BOAO-
pocworo naacta (30 M OT NOBEpPXHOCTH 3eMAH) C HE3HAYHTEALHHM MO-
CTOAHHLEM HECHHMAKIUHMCA HaNoOpOM, NPeBLILUAKINHM YpOBEHL BOAH B
Apenax ToabKo Ha Aff=1 M, cosfaer HACTO/IbKO HHTEHCHBHOE BOCXOAA-
liee ABHXEeHHe HANOPHWX BOA, 4TO AAA YAOBJETBOPEHHA MOCTABJEHHHIM
TpefopauuaM ApeHaM NPHXOAHTCA pasMellaTs BecbMa wacto (B=20--
30 m). ITpx sToM ApeHaxHuift MoAyAb coctaBager 2,829 afc-ra, wa
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g roasko 0,2 afc-ra npUXoANTCA HA NpoMbiBHbe (HUPHALTPAUHONNKE)
poua (Apesax 8 ocHoBHOM Oyler oTBOANTL rayOuHHLe, oOHYHO 3aco-
ACHIG HANOPHBE BOAL H3 BOAOHOCHOrO naacta). l'ayOmea norpyienns
OTHOCHTEALHO MpPCCHBX HHQUALTPAUHOHHLIX BOJ HA MEXJApCHbE COCTaB-
amer a=0,6 M, 94T0 co3AaeT Yrpo3y pecTaBpalHH 3acOoJeHHA.

B TakHx cayvyasx ycTpoHCTBO ropH3OHTAJNBHOrO ApeHANa Helene-
coofpasio, 3T0T BLHBOM OCHOBAH HA TNPEANOJNOMKEHHH OAHOPOAHOCTH
NUKPOBHOTO OCYLIAEMOro IpyHTa B HEH3MEHHOCTH Hanopa b BOAOHOCHOM
HARETe; JNA NoCAeAHero ycaosis neolXofusa pecbMa Goabllan MpPOHH-
IIEMOCTE H MOLIHOCTh BOAOHOCHOTO HAMOPHOIO NJAcTa;

6) ycnopus paGoThl MOpPH3OHTANBHOrO ApeHaXa 3HAYHTENBHO YAYY-
WaoTCH NPH HAJAHYHH TFOPH3OHTAABHLX NPOCAOEK IJIOXONPOHHIAEMBIX
FPYHTOB MEeXAYy ApenaMH M BOAOHOCHLIM maacTom (4as ychnobeA npame-
pil MX MowHoCcTs npunaTa 8 M npu k3=0,02 m/cyT), 4T0 YacTo BCTpeya-
eTcd B NpakThke (Baupusep, AAA YCAODHA JApeBHEANNOBHANLHHX OTAO-
mennfi), Hecmorps Ha Momubif pofoHocHEA naact (M HeCHHAKAWUIHACH
HANOp B HeM), PaccTOSHHE MEXKLY ApeHaMH MoxeT OLTh YBeJHYEHO A0
(080 m, npuueM cymMMapHuifi ApenaHHA MOAY/Jb CTOKAa yMeHbIIacTCH
no 0,5 ajc-ra, n3 Koropux 40% cocTapAT NpoMHEBHHE (HHQHALTPALHOH-
ne) u 60% uHanopaule BoAW, npefenpuas rayGHHa onpecHenHs Bospa-
craer npubansnreasino go 12 M.

B sTO0M Ccayuae, XOTA TFOPH3IOHTAALHHEA Apesax Gonee uenecooGpa-
Jen, Hem AAS OfIHOPOLHOIO TPYHTA, BCe e ero s¢@eKTHBHOCTH CHHMKA-
CTCH  OTHOCHTE/bHO OJH3KEMH paccTOAHHAMM MexAy Apenamn (70—
90 M) u TeM, 9To ApeHaxkHuf cTok Gosee wem Hanoaosuuy (60%) Gyaer
COCTOATHL H3 FAYOHHHBIX HANOPHLIX BOCXOAALLIHX BOJ,;

B) KOrZa nponyckHas cnocoGHOCTH HANOPHOTO BOAOHOCHOTO MAACTa
OrpaHHYenHa, TO, NOALSYACH NpejaaraeMbiM NPHOAHMCHHHM cnocofom,
MOMHO Y4eCThb CHHMKeHHe HanopHOCTH B BojOHOCHOM naacre, 3aeck 00-
paumtaer Ha ce0f BHHMaHHe pe3koe pasaHqne B paboTe LEHTPAJAbHLIX H
nepudepnuecknx Apen. Ecam B cpemnem i maccnBa (Aas ychosHi
pUMEPA) MOXHO NPHHATH PACCTOAHME MeKAY ApeHamn B=160--200 m,
[0 AN UEHTPANBULIX ApeH OHO yBeduunBaeTca Ao 290--350 M, a aas
nepudepuuecknx cEmXaercda go 110140 M. 310 obcTOATENBCT-

N0 B NMpaKTHKE NPOEKTHPOBaHMA M CTPOHTEILCTHA YacTo He  yWH-
LB aQETCH,

Cymmapuufi Moayib APeHAXKHOTO CTOKa B HEKOTOPHX CAy4asx pa-
pel NpoMBBHOMY (HHPHALTPAUHOHHOMY) NMHTAHHIO, 3 B HEKOTOPHX MeHb-
we ero. Tak, 448 npeMepa B cpefHeM A8 MaccHBa JpeHax OylAer oT-
BOAHTE B OCHOBHOM HH(QHILTPALHOHHLIC BOAL, XOTA NepHpepHYECKHe
apers Oyayr paboTars TakXe No oTBOAY ray0HHHEX BOCXOASALIHX BOA,
0 Aad pafloHa uenTpajasibX ApeH XapakTepHo faXe NOoCTYNJeHHe B Bo-
ponocHBi naacT HEQHALTPALHONHHX BoA. 3T0 ABJenHe OOBACHAETCH
TéM, 9TO B COOTBETCTBHH C ocHOBHO# pacyetHofi cxemofi (puc. 27) umeer-
CA JARAa BCTPEUAUIAXCH MOTOKA — HHCXOARIIHA NMOTOK HH(PUALTPAaLHOH-
X BOJA H BOCXOAAINMA NoTOK HanopunwXx soA. OGa noToka BCTPeqalOT-
cq, o0pasyioT AHEHI pasiena, 3aTeM 3aBOPAYHBAIOT B CTOPOHY ApeH,
Kyla H noctynaioT. B 3aBHCHMOCTH OT HHTEHCHBHOCTH 3THX NOTOKOB
IPpAHKIA MeXAY HHMH HA MexApenbe MoxeT OblTh pacnonoMeHda Buile
I HHEKe {ﬂHH olleHHBaeTCA BeaHuHHOR ﬂ} H B TOM YHCAE NMPpH MaJOM
ianope B BojoHocHoM naacte AM, Gonswofl METEHRCHBHOCTH HHGHALTPA-
IHOHHOrO MHTAHHA H 3uaunTesbnofi Benwynne Ah MOXET OnycTHThCA He-
NOCPEeACTBEHHO A0 BOAOHOCHOIO IIACTA, TO €CTh MOCPEAHHE MeXAPeHbs
MomeT o6pasoBaThCH CNACIWHON, ONYCKAaOMMHCA B BOAOHOCHL NAACT HH-
pnasTpauHoHELE NOTOK.
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[Noayuennsie AAS OpHMEpa PACCTORHHA MeXAY ApeHaMu € yucToM
HeOAHOPOAHOCTH CTPUSHHS MOKPOBHOTO TPYHTA H CHHIKCHHA HATNOPHOCTH
GyAyT npHeMjeMbiMu Ans npakteim (1604200 M), xoTa sToT BOMpOC
AOAXEH PEIATLCH HA OCHODE TeXHHKO-SKOHOMHYECKHX pacueTos; ;

r) u3 pHcyrka 29 BuaHO, ¥TO 3HAYEHHA KOS(QQHUHEHTOB @, (Po H P
PE3KO CHHMAKWTCH NPH yBejH4YenHW mnapamerpa oR, 4710 IHAYHTENbHO
yay§maeT ycaosus paGotw apenama. Tak kak napasmerp aR nmo dop-
Myae (281) pasen aR= _fk_. TO BPEAHOS AAA JApeHaxa BAH

wkyTTy

H¥ME HanopHHX FPYHTOBHX BOA ocaalepaeT ¢ POCTOM NAOCLIAAH ApeHH
panus (F) u yMelibllenneM nponyckuoll cnocoGHOCTH BOAOHOCHOrO N4~
cra (kyTy); onennts BAHAHHe rAyOHHL 3aJIeraHHsA BOAOHOCHOrO nJjac
(To) B Kosdpuumenta (UALTPALHH NOKPOBHEIX TPYHTOB (k) clhoxkmee,
TaK KaK STH BEAHUHIE BXOAAT He TOJLKO B NapaMeTp GR, HO H B OCHOB-
Heie pacueTHule Gopmyanl, .

oJce TUlATEAbHHA AHAJAH3 MOKasLIBAET, WTO YBeJHYEHHEe MOLLH
nokpopibx mopoa (I') cyulecTBeHHO CHHIKAeT BJAHAHHE NANOPHOCTH.

HeycranoBuewmica pexxum pabortsl fpeHara

Brllre yKaswiBajoch, 4T0 HEAOCTATOYHO PACCUHTATL ApPCHAM
Ha OTBOJA CpejHerojloporo nuTasHuda. Hajao nokasaTb, 4TO
BHYTPHIOJIOBbIE KOJeGaHHA yPOBHf I'PYHTOBLIX BOJA HE Gy-
IyT BEIXOAHTL 3a AONyCTHMbie npefeabl. Heobxoaumo pac-
CMOTPETh HEyCTAHOBHBIUHIACA PEXHM, XapaKTepH3YIOIIHACS
yCHJICHHLIM NHTaHHEM TPYHTOBBLIX BOA (MEpHOAB MPOMBIBOK
H OTYACTH BereTalHOHHLIA) H cpabOTKOH HAKOMJIEHHBIX 3a-
MaCOB TPYHTOBBIX BOJA B NepHOAH OCAa0JEHHOro NMHTAHHA
(rnaBubiM o6pasom 3HMofl). BaxHo OTMETHTh, 4TO B NEpH-
Ofibl VCHJICHHOro MHTAHHA TPYHTOBLHIX BOJA 4acTbh NOCTyna-
joulei Bojs OGyAeT pacXxo/OBATbBCA HAa yBeJHUEHHE 3amacon
FPYHTOBLIX BOJI, Ha MOABEM HX YPOBHA, a 4acTb — Ha Ape-
HAa)XHBIH CTOK, NPHUEM MO Mepe noibeMa YPOBHS TPyHTO-
BHIX BOA CTOK OyAeT yBEJHYHBATHCA, NOKa MPH AJHTEb-
HOM TIHTAHHH He HACTYNHT PaBEHCTBO NMPHTOKA H OTTOKAa H
fic TMPeKpPaTHTCA MOABEM YPOBHA rpyHTOBHX BOA. [lomy-
CTHM, YTO nHTanHe (NPOMBIBKH H T. JI.) NpekpauiaercH.
Torna Gyner NpoHCXOAHTE PacXo/JOBaHHe paHee HAKOMJEH-
HOil BOAL HAa ApPeHaXKHHI CTOK, cHayaaa OoJjee HHTEHCHB-
Hoe, 3aTeM no Mepe CpalOTKH 3amacoB TPYHTOBOIl BOJH
same/siennoe. B oboux cayyasx, TO €CTb H NPH TOABEME
FPYHTOBHIX BOJL H IIPH HX cnaje, npoaosKHTeNLHOCTE NepH-
OZI0B MOJKeT OKa3aTbCA HEeNOCTATOMHOH AAA HaCTYNJeHHA
pefiesibHOro cocTosinus. B aTHX cayuasx cAeaylontHi nepH-
0JL MOXKeT HauaTbCsd, «HacJaHBafach® Ha NMpeAbIAyIlHE.
Mepuos noAbEMa YPOBHA TPYHTOBBIX BOA (MEpPHOAL
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yenaennoro nutanuA). Bosppauiasch K cxeme (pHuc. 21,a),
ipHMeEM, 4TO B HadaiabHblii MoMeHT BpemeHu (f/=0) ypo-
§eitL TPYHTOBBIX BOJ COBMajaja C YPOBHEM BOAB B ApeHaXx,
O fagiee HavaJd0Ch PABHOMEPHOE MO NJOLLAAH NOCTYIJEHHE
(Tanus uHTeHcHBHOCTRIO ¢. Tora npu T=const caenyer
pACCMATPHBATL IJIOCKYIO 3afavy HeyCTaHOBHBIIErocs JBH-
WOelA, YTo IS AAHHON CXeMBl MpejCTaBJfieT 3HAYHTEJb-
ue TpynHoetn (Apasus, Hymepos, 1953; Asepbsnos, 1956;
[losyGapunopa-Kounna, 1952; Dumm, 1954; Hammad,
1067). ITpuBeaem npuGanKeHHbie PEIIEHHSA, COOTBETCTBYIO-
Wine Gauskomy H rayGokoMmy 3ajieraliio NOBEePXHOCTH BO-
foynopa.

4) Bauskoe aaneeanue nosepxHocTu sodoynopa.

Cumrasi, YTO OTHOCHTENLHHWI MOABEM TOBEPXHOCTH

[PYHTOBLIX BOJ HEBEJAHK (% & 1), MOHO BOCMOJAbL30BaTh-

¢ AnneapHanpoBanusM ypasHenem Byccuuecka (Apepbs-
won, 1957 a; Apasmn, Hymepos, 1953; AsepbsaHoB, 1956;
[oayGapunopa-Kounna, 1952):

oh _ . T
ﬁ—af—_ kH = +q. i (282)

Beenem GeapasmepHsie napamerpbi: y==x/L; L — aaHHa
woroka (na pue. 21,a L=B/2); h=nh/Ho; Hy — npenenp-

Wil NOJBEM TOBePXHOCTH TpyHTOBWX BOj; f=f/t (v—
npems craGHAH3AINN).
OTHocHTeNbHAS WHTEHCHBHOCTh NMHTAHHA v PaBHA:

2
PEEEE (283)
kH, Hy
Torna ¢opmyaa (282) npuMeT BHA:
L e (284)
at Ox®

Pusmenias KoopAHHATH: ¥=0— apeHa; x=z=1— Bojo-
pasaen mexay Apenamu (L=B/2), noayuuMm peuleHHe
ypasuenus (284):

% - X 16 _
s "‘(1_' ?]_thﬂn—w %
1

(2n — 1) nx _[ﬂ?‘ﬁi ]].

¥ sin @

(285)
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Pre. 30. 3asucumoctsn kosddhuumentor nanmopon
1—ip;, pacxogor Y 1 KosdpHUHEHTa HCNOJAB3IOBA-
HHA CROGOANON CMKOCTH IPYHTA y OT OTHOCHTE&IL-

HOrO BpcMenH f.

HITH
hy 3 =Hy(l1—q), (287)

gL?

oRH. — Hauboaewmil nofsem no Kene:

rie H;=

32 ! 1 —ni
1—m1=1—;;[alf‘—§q§“ -I-E'E'}'EEH“"']- gy=e""".
(288)

Caenoparenbio, Kos(phHUHENT ¢, 3aBHCHT TOJBKO OT
OTHOCHTEJBHOTO BPEMCHH, YTO MNO3BOJASET COCTABHThL rpa-
(UK, npuBefenHnit Ha prcynke 30. Ha mem mnsobpaxen
MOABEM MOBEPXHOCTH FPYHTOBHIX BOJA Ha MEXApPEHbe B I10-
AAX oT HanGoJybmero nogbeMa M, onpenenennoro no Kene.

B navane nurtanus noabLeM NPOHCXOAHT JIMHENHO, TPH-
yeM l—q@;=2f, To ectb h=gl/5. D10 yKaszHpaer Ha TO,
4TO MHTaHHE BHaYaJjie pacxojyeTcsi Ha NPOCTOE 3aMOJHEHHe
cBOGOAHON NMOPO3HOCTH H POJb JApeHa)ka He CKAa3hIBAETCH.
B nanebuefimem mpu HapacTAHMM BJAMAHHA JPEHAXKA NOABEM
TPYHTOBHIX BOJl 3aTyXaeT H y¥e npu f=1, 1o ectb no no-
CITHMEeHHH BpeMmeHH crabHaH3auuH, nocturaer Goaee 90%
cpoero HaubGoabulero 3HaYeHHS,
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Onpenenss ApeHakKHBI CTOK Mo (opmye

= kH ( dx ).:-.-EI
noayanm Q=1,Qy.

Jnecs Qo=2gL=¢B, a
b, ul——[q”" — g
. 2"

I paduk P, (puc. 30) moxaswipaer, 4yTo ApeHAMHEIH pacxond
NojpacTaeT co BpeMeHEM. YYHTHIBaf <«BHCAYECTb» JipeH,
¢JiejlyeT BBECTH MONPaBKY B BCJHUHHY BpeMeHH ctraOHaH3a-
i, cunTad ero no gopmyae

g (290)
kH - o
e o — KOMpPHUHCHT «BHCAYECTH»,

Ecan mapeerno pasmenienne apeun (B), To onpenenenne
JANHAMHEH NOALEMa MOBEePXHOCTH TPYHTOBHIX BOJ H Jape-
HAXKHOrO CTOKa NHe NMpefCcTaBafgeT TPYIHOCTEH.

Jas HaxoxeHus pacCTOAHHA MeXAY JApeHaMH B mo
AONYCTHMOMY ~ TOAbeMY cpaBHHM (opMyas Hy=gv/25 u
fte=Hy (1—q;), oTKyna mosyunm

g+ J . (289)

{
h = %?, (291)

I — @y
Pae y=—"=—" — Ko3(pHUHEHT, 3aBHCAMHT TOALKO OT OTHOCHTENABLHO-
2t

ro npement (puc. 30).

CJoe/10BaTeNIbHO, NMOALEM MOBEPXHOCTH TPYHTOBEIX BOJ
IpH HAJHYHH JpeHarka MoXeT ObTh OmpefeNeH Kak Npo-
iaBejeHHe nojgbeMa MOBEPXHOCTH TPYHTOBHIX BOJA 0e3 jape-
naxa gt/d va koappuUHEHT Y, NOKa3LIBAIONIHA, KaKas LOJA
MHTAHHA TPYHTOBHIX BOJ HAET HA NOJABEM HX MOBEPXHOCTH;
KostppunrenT (l—y) nokaswiBaeT, KaKyio JOJI0 «CHHMAET»
JpeHax.

Kospguunent y nsmensercs or y=1 npu =0 no y=0
inpn {=oo.
[lepenumenm popmyay (291) B suze

ye (292)

e i — nonycTEMHEA NOABEM MOBEPXHOCTH IPYHTOBHWX Bod; & — ceolon-
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Had NOPO3HOCTb, § — HHTCHCHBHOCTE H f—npﬂﬂM}ﬂH'IEﬂhHﬂETh nHTAa-
HHA TIPYHTOBHX BOA.

Uncantens B npapoii yactu dopmyan (292) nokaswisa-
eT ACMyCTHMOE yBenHYeHHe 3anacoB TPYHTOBBIX BOJ 3a
cYeTr moAbeMa HX nopepxHocTH hd, a aHamMeHaTenb — IOJ-
HO€ NMHTAHHE IPYHTOBBLIX BOA §f, oTYero KoadpHUHEeHT 7
MoXerT OHTL Ha3BaH KO3(Q(HUHEHTOM HCHOJLIOBANHA CBO-
Gonnoit emMKocTH rpyHTa, a kKospduument (1—y) xapaxre-
PH3YET cTeneHb HCNOJIb30BaHHA JpeHaxa. Tak kak npasas
yacTb ypasHenus (292) nasecTna, TO, ONpejesHB y 1O PH-

cyHKy 30, maxonum OTHOCHTeJIbHOEe BpeMms { H BpeMsi cra-
6unu3auHu T; saTeM onpeseasieM B no dopmyne

ﬂ:ﬂl/*”;““. (293)

6) [aybokoe aaaezanmue sodoynopa.

B sTom cnydae paccrosHHe MexAYy ApPEHaMH HaxXoAAT
noAGOPOM, TO €CTh 3a/aeTCA BeJHYHHA B U XapaKkTepHayer-
¢Sl IHHAMHKA noAbema. Ecam sTa aunaMHKa ya0BJETBOpS-
€T NMOCTABJEHHBIM TPeGOBAHHAM, To NPHHATOE paccTosHHE
OCTABJIAIOT, €CJH HeT, TO H3MEHAIOT B HYJKHOM HanpasJe-
HuH. IIpn sTHX pacyerax MoryT GHITH HCHONB30BAHHL CJle-
Ayioune GopMynsl,

HanGoapmnit noabeM nOBepXHOCTH IPYHTOBHIX BOM MO-
CpefiHHe MexJy JApenamn f;, NpH yCTaHOBHBLIEMCA HH-
(GuABTPAUHOHHOM NMHTAHHH oNpefeasioT noxGopom H3 ¢op-
myab (117) npu AH=H:

i (294)

S

Bpemsa £, 3a koTopoe rpyHTOBEE BOAH NMOAHHMAIOTCA Ha
BeJHYHHY h, onpepensioT nmo dbopMyae

§o 6B 28
nk

Hl‘
— In—"—,  (295)
aVo. Y Hy(Hog—h) o—h

In

llepuwon cmama rpyntoBBIX BOA. ITOT MEpHOA BechbMa
Ba)eH IJs pacueTa JApeHaa, TaK KaKk XapakTepH3yeT pa-
00Ty ApeHaxa MO OTBOAY NPOMBIBHHIX BOJ TOCJE OKOHYA-
HHA NMPOMBIBEH H CBOEBPEMEHHOMY {I{ Havyady MoJieBHX pa-
GOT H BereTauHOHHLIX NOJHBOB) MOHHMKEHHIO YPOBHA I'PYH-
TOBBIX BOL.
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PacemorpuM HanGosee XapakrepHufi caydail, korjga Hc-
IipeHHe ¢ TMOBEPXHOCTH TPYHTOBEIX BOA H HX NMHTaHHE OT-
CYTCTBYIOT, a JApeHaxk paGoTaeT Mo OTBOAY paHeée Hakon-
ACHHBIX 3aMacOB PYHTOBRIX BOJ.

a) Koweunoe sarezarnue nosepxnoctu sodoynopa.

Ilpumem 3a HauaAbHOE NMOJIOXKEHHE NIOBEPXHOCTH IPYHTO-
BX BOJA TOJIOXKEHHe, COOTBeTCTBYIOIllee YCTaHOBHBIIEMYCSH
ADMIKEHHI0 NPH HHOHABTPALHOHHOM NHTAHHH, pacCMOTpeH-
WOMY NpH NOAbEMe I‘p}FHTﬂEHI BOJl, MPH 3TOM MOXHO 3a-

mcars: {=0; h=— (1 — —)H'.
JIpa npyrux ycﬂnBHﬂ naot: h=0 npn x=0 u x=2_;

oh B
= = () npH x = g *

Penas ypasHenHe DByccuHecka ans storo caydas, mno-
Ayunm (Asepbanos, 1956, 195?’3}:

s!n" —

35 e (-, e

I} wacTHocTH, AaA x=B/2 nMeeM:
, 32 | o Pk nxan
h—H, ﬂ—,[ M gl s -—| —H;q,. (297)

Anajoriuauo

Qup = Qo (1 — Py, (298)

tie Qo=gB; rxosdduunent ¢, onpeneasor no dopuyne (289),

Cnaj noBepXHOCTH IPYHTOBHIX BOJX H JApPeHaXHHIfi OTTOK
nocsae npexpauleHdsa NMHTAHHA TPYHTOBBIX BOJ XapaKTepH-
yiwores Koa(ppHUHEHTaMH @ H 1—;, 3aBHCALIHMH TOJLKO
0T OTHOCHTeJIbHOTO Bpemenu (puc. 30).

[IppuBenenHpiMH  QoOpMyJaMH HECJ0MKHO M0Jb30BATHCSA
IR onpeaesieHHs PacCTOAHHA Mexay apenamu. Ias srtoro,
Mias HeoOXOAHMOE ONyCKaHHe MOBEPXHOCTH TIpPYHTOBBIX
Wop A=Hgi—h B 3ajanHble CPOKH f, C/eyeT ONpeAesNHTE

Himt:-qmuHEHT @1=h/H;, no KoTopoMy, noJb3yfACh PHCYH-
KoM 30, HaiiTH OTHOCHTeNbHOE BpeMs f.

Jnan {, Haxoaum HeoOGXoAuUMOe BpeMsi CTaOGHJIH3AIHH T
it no gopmyae (293) paccrosnue mexay ApeHamH B, npu-
I'M 3HaveHHe ¢ CHavuaja NMpHHHMaeTrca B npeaenax 0,0<<

« u<_l, a sarem nocse onpenenenna B yTouHsercs no pH-
CYNKY 23,
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0) I'ayboxoe sanczanue sodoynopa (T—o0),
Dopmyna aas 9TOro cjayyasi NPHHUMACT BHJL

t=Ln—2 o | (299)
" oalVau 1f hHy, B '

Pacuer KOMOHHMPOBAHHBLIX APEHAMHBIX CHCTEM |
B YCNOBHAX HanNOpPHOro NMTaHMs ':

HaGanonenus B nosieBbIX yCJA0BHSIX, a TaKxKe JaGopaTopHble.
Heeaegopanust (Pycramos, 1962) npu HaauuHH HaNOpHBIX
BOJ| NOKa3saJiH, YTO JeHCTBHE rOPH3OHTAJbLHOrO JpeHaxa
MOZKHO YCHJIHTb NYTEM YCTPOHCTBA BJOJb APEH OTHOCHTEJb-
HO MEJIKHX CaMOH3J/IHBAIOUIHXCS BEPTHKAJBHHIX CKBAMHH,
He JOCTHraiolHX O4eHb ray0G0Ko 3ajeraiolllero OCHOBHOIO
BOMIOHOCHOTO miacTa (Asepbsanos, Pycramos, 1963). |
Cxema pewenns. Paccmatpupaercs cucTeMa mapal-
JIeJBHBIX OTKPHITLIX JipeH (KaHaJoB) rayGuHOil A, pacnojo-
HEHHBIX HAa paccToaHHH B oaHa ot apyroi. Ha rayGune
I moA AHOM KaHAJOB HAXOAHTCH HAMOPHLIH BOLOHOCHHIH
NI4aCT C NpeBHILICHHEM Hanopa Haj YPOBHeM BOAL B KaHa- |
ne S,. B nne xanana npoGypenbl BePTHKAMbHBIE CKBAMKHHBL

pajHycoM ry H ray6unoi ly, npuuem ly<<T; B cBoell HHMKHEel
qacTH (/) onu mmeioT ¢uaAbTp. o ANHHe kKaHa/na CKBaXKH-
HBl pasMelleHbl yepe3 2R. 'pyHTOBLie BOJAB NHTAIOTCA KaK
CO CTOPOHBLI MOBEPXHOCTH 3eMJH (IPOMLIBHLIE BOXE, NOTEPH
OT OPOIUCHHA), TAK H CO CTOPOHLI HANOPHOTO BOJOHOCHOTO
njaacra (puc. 31).

CJIOXHOCTL paccMaTpPHUBAEMOii KAapTHHE JBHMKEHHs 3a-
KJIIOYAETCSH B HAJHYHH TPeX Ted4eHHii: NOTOKA ONMyCKAIOUIHX-
CA H NOCTYNAaWIIHX B JPeHY HHQHABTPALHOHHLIX BOJ; MO-
TOKa HANOPHEIX BOJ, NMOCTYNAKOWHX B CKBaXKHHBE. NOTOKA
HANOPHEIX BOJ, MOCTYNAIOIMHX B ApeHul. COBOKYNHOCTh 3THX
NOTOKOB H co3jlaer ofulee ABHXKeHHe HMH(OHALTPALHOHHLIX
H HANOPHHIX BOJ K CKBaXXHHaM H japene. CepbesHmnM 3a-
TPYAHEHHEM B pellleHHH 3alayH ABJAAETCH TO, YTO rpanHLbl
MeX1y 3THMH norokamu (/—/—[f—] 2—2-2—_2. 33—
—dJ—3 Ha pHcyHKe 31) 3apaHee HEH3BCCTHBI.

I[Ipn oTcyTCTBHH CKBaXWH 3aj1aua O NPHTOKE HAMOPHHIX
H HHQHABTPAUHOHHBIX BOJ K ApeHaMm pemena C, @, ABepb-
AHoBBIM (1960). Moxno noayunTe peiienHe AJs MPHTOKA
BOABI K CHCTEME CKBaXKHH (0e3 yuyera paGoTwl ApeHsi).
CkaanpiBas 9TH TeYeHHA H YUHTHIBAS (sKCrepHMeHTANIBHO)

168




ix nurepdepennuio, GyneM HCKaTbh pe3yJbTaT COBMECTHOH
||HI"|{1TI:I JIpeHbl H CKBaX<HH,

PaccMoTpenne HauHEM C CHCTeMBbl BEPTHKaJbHBEIX CKBa-
M, X

Kax suaHo mo pucyHky 31, Tpebyercsi HaliTH MPHTOK
BOJAL K CHCTéMeé BepPTHKAJBHEIX HEeCOBEepUIeHHBIX CKBaMHH,
[[AIMELICHHBLIX PAfaMH C PACCTOSIHHAMM MEXKY CKBaXKHHa-
Mt B paay 2R u mexay pagamu B, npauem B> 2R.

4a BepxHIO0 PPaHHIy MOTOKAa MPHMEM TOPH3OHTAJIbLHYIO
iockoets A—A: HHXKHEH rpaHHIel sBIAeTcsS NOBePXHOCTh
WinopHoro muacta; sa OOKOBHIE T'PaHHIBLI MOTOKA MPHMEM
finpajjenbHbele BepTHKANbHEE TJIOCKOCTH, MPOXOMslUIHEe Ha
puccrosnusax 2 R, u Apyrywo mapy mJjockocTeii (mepneHjH-
Kyaspuyio K nepsoii) na paccrosiuun B, npuuem Bo<<B.
(jenoBaTenbHo, ANA Mapanjejienunena, HMeEUIero OcCHO-
pime 2RX By u BHcoty T(T=C,+I14-Cy), nano HafiTh
(pHTOK K HecoBeplieHHOH CKBa)KHHe, OCh KOTOPOH coBma-
AeT © BepTHKaJdbHOH Ochio Mapajjenenunega, a GuABLTP

82 L G 8/z

NRRARIRAARIL]
A0 TRt - T

—

e, 31, Cxema x pacuety KOMOHHUPOBAHHOIO JpeHama B YCJAOBHAX
ihnopuoro nutanna., Paspes vepes ckBasKHubl neprneHJHKYJASpHO K Ape-
oM (a) u Broae apex (6).

169



Puc. 32. Cxemul oToGpaKeHHS
pul AHHeAHBIX CTOKOB.
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: I n . =35 -l-l.l-.Il ] :-‘I-I.:f ‘:-.
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a wd O (295
Puc. 33. Cxema K pacuery npH- < -
TOKA E ﬂﬂ]lHﬂqHﬂﬁ CHBAXMHHE: 7 ' %
s :
I — ¢cTok; 2 — RCTOUHNK. 1

pajliycoM ro H AJHHON [ OTCTOHT OT BepxneH (yCJAOBHO He-
npoHnnaemoii) rpauHusl Ha C; W OT HHXKHEH Ha paccTod-
aun C, (puc. 31,06).

C. K. A6pamos u B. JI. Ba6ymkuu (1955), I'. M. Jlo-
muse u B. M. Hac6epr (1946) pemusn ananorsunblie, ofi-
Hako OoJjee npocTeie 3aja49M C HCNOAb30BAHHEM METOAA
nuHefinbiX cTokoB. Tak, Aas  OXHHAOYHOM <«MOAPYCAOBOMH»
CKBAaMHHBI, TO €cTh NPH ycAoBHAX 2 R—+oco, Bg—-co0, npHBO-
nar pewenne C. K. A6pamos u B. JI. baGywkun. Pemenne
noAoOGHHIX 3afa4 NPHBOJAMT K CYMMe pPfAIOB, CXOAHMOCTL H
yao6CTBO MOJL3OBAHAA KOTOPBIMH B 3HAUATENbHON crere-
HH 3aBHCAT oT ¢dopMb 3anucu u npeobpasopansil. IlosTo-
My NpHBejlleM 3TO pelueHHe B (oJjee yJ0GHOM s HCMOJb-
30BaHHA BHIE.

NMputok K oaHHOYHOA cKBamuue. [Ipumensas meron JH-
HefiHBIX CTOKOB, AJas HX mnapsl (puc. 32) HMeeM BbIpa-
eHHe:

170



= -t S )dﬂ. (300)
. (Vr=+-:z~=u= Vitet+a

fie S — majenne Hanopa; go— NPHTOK K OAHOMY CTOKY; [ — AAHAA AH-
Helnoro cToka; & — RospPuusesT PUALTpaLHH.

Pasmenmias KOOPAMHATH, Kak MNOKasaHO Ha PHCYHKe
43 (cnpapa), uepeayss mnonapHo JIHHEHLIC HCTOYHHKH H
1ok (4To oTpa)Kaercd Ha 3HaKax nepej COOTBETCTBYIO-
WIMMH YJCHAMH), HHTErPHpPYSA KaM/Ablii 4ieH B npejgenax
OT )==2; A0 =22 H T. . H CYMMHpYSl BCe YJICHHI, IIOJIY-
HitmM [‘HE,E[}'}DIH’EE BHPA M CHHE JNAa NMOHHKCHHA HEI’I{}PE:

g it e [Arsh T—Cy—z2+4T(n—1) i
T 4nkl E r

n=l
R T—Cy+2z+44T(n—1)
r

T—Cy—l—2z+4T(n=1)
r

T—-L‘,—I-{*z+4?’{n—l}]_

— Arsh

— Arsh

r

B E [A‘“h 2:r~::1-—=r+ T (1) o

fi==]
OT —Cy+z+4T(n—1)

r

-+ Arsh

-—ArshET_'C“"_rH' AT (n—1)

— Arsh T =Ci—l+2+4T(a—1) ]_

r

r

X i [Arshar-c.—w AT(—1)
n=|

4 Arsh T —Catz+4T(n—1)
r
— Arsh ST —=Ca—l—2+4T(a—1)
r
— Ay T —=Ca—itz+4T(a—1) ]+

I
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r
=]
4T—Cy+ 2+ 4T (n—1)
r
 Arh AT =Ci—l—2t4T(a—1)
r

— Arsh {T=Ci—l42H4T (a—1) ] } _ (301)

r

-+ Arsh

3ameHaeM JHHelHL CTOK peadbHLIM  QHALTPOM TaK,
qTO0Ll  SKBHMOTEHUHAaJbLHAA NOBEPXHOCTL  MEpecexkana
GHALTP CKBaXKHHBI pajHyca ro Ha paccrosunn 2,=C;+al,
raie 0<<a<<l. YuutniBas, uro no dopmyne (301) npn
r—=0 S—co H 1pn r—>oo S—0, B supaxenne (301) cneny-
€T MOJACTABHTE YKasaHHEIE KOODAMHATH 2Z=2y N r=/y,
4yT0 OyJeT COOTBETCTEBOBAThH NOHHMKEHHIO Hanopa B CKBa-
MHHE Sp.

Hmesa B Buay, uto obwiuno 1/3<<a<I2/3 H, cneposa-

al
TeJbHO, — 3> 1, IJig nepBEIX 4eTHpex YieHOR u Tem Gojee

Fo
octanbHbX (Tak Kaxk T[ro>>1) mMoxHO saMmcHAThL Arshu~
~|n 2u, uTO Moche TPYNNHPOBKH YJAEHOB Jaer chelyiolliee
BHIpaKeHHe:

R Y 2

S — {lndI’{l—-u]ﬂ:_l_
To

2{31-!—!{1+u‘_|__ e .
+In 2t 00 2 (f, + fu mm}. (302)

3neck fi, fa, fa, [4+— yHRUHH onHOro BHAa GecKOHEUHLIX

NPpOH3BEAEHHI:
: {1—-#}(1+—:‘;-u)(l——%u)(l :——1—“]
b 2 L I 1 A - (303)
[]"f"u}(i—--i-u)(l {'_ﬁ_" (I—Tu)
MpHUEM Uy = ;, u,={l_:H. n:3=ff‘,+%;
=3 : I S
ﬂ.-—cl l u -[-EE}I ' ']'I":_'f'_l G]= F-
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Tak kak Bcerfa u<<I, To, norapadMHpys Bbipa)KeHHE
(303), npeacranasa OGecKOHeuHOe TNpoOH3BeAeHHe B BHJIE
CYMMBI, packfiaabiBas KayAablH 4jaeH 3Toid CyMMBI THNa

In (14=x) B pAL U CyMMHpPYH BCE YJeHBl, NOJYYHM TaKOe
WMpaxkenne aas QyHKUMI:

ol ‘j[l—¥+~3la—-...]+
+‘;i[l —é—fa—]ﬁ— } B (304)

JTO MOJKHO 3alHcaTh B BHJe

21 i ”-F{"I—l i
LS 2 [2::-12 K1 J G

K=l

Bropas cymma pasua:

R AR T
?-_‘1 o = 1=27)10). (306)

Aneen L(p) — dyukuns Pamana.
OxoHUATENBHO TOAYYHM:

E —1
f—~2 T [1-9¥D] g 2n—1). (307)
2n — 1
=1 1
Haxons snavenns {(2n—1), umeem nanst BHLIYHCAEHHH
L

f = |u1n2+”—’ +-§-I,Eﬂ21—l—i‘i . iﬁTl,DBEB-{-i %

_ MID[}B3+—B-? -|—i glﬂﬂﬂﬁ-i- ] (308)

Jlerko sameruts, uto pan (308) xopouwo cxoautca yie
s u=<0,9. Torna pacyernyio jopMyay npejicrasim B BHJE

. o 42l —a)e , 1. 20 E[llcﬂj g
S, .dﬂmlln e EfJ. (309)

o

Popmyna ans onpeneneHns AeGHTa ONHHOYHON CKBAYKH-

Nl [IPHMET BHJ:
2?:&3‘3;.
= 310
- In—Lz}’ m{l-—cu}+-*1- lnﬂf;"l‘ a0 f i
o 2 EE: ‘-I—GE-E
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H ’ Pue. 34. Tounue (I) u npuGanseH-
13 Bue (2) anauennsa cymm dyasuna fo
(7 e

10 -

7 1A 2H

a3

§|_ Puc. 35. Cxemnl  pacnoiodeHHs

HALTPA CEBAXHE B BOJAOHOCHOM
0 577 0203 04 05 06 07 G609 (50U Taaen? ,,

Ak Bam

G'E'.'f:'ﬂl ﬂ'r ﬂr'f'?}?.;&‘ﬁ r.'l-"ﬂ:frﬁ

Ecan npuuats, no pekomenganun H. M. Pemerknuoil
(1960). =0,5, popmyaa ynpoctutes:

2akIS,

q“=|“ L7 Gy L (@18
P B VYT
Ilna wactHoro cayuasn C;=0 noayunm:
2nklS
e, (312)
In—} 8 —j
fo
' L T
e f=fi+ [, Tax xak fg = fy; uy = —"1 I g = TI-

Hakoneu, ecaH orpannyuTbes B pasnoxenun (308)
NepBbLIM WiIeHOM paja (4T0 ¢ TOYHOCTBLIO, Ooableir 5%,
MOZKHO caenaTh npH u<<0,3), OKOHYATEALHO MOJYUHM:

2nklS,
e i (313)
lm— ¥V 3 ——1In2
o 1
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Jlna nonbaoBanna Gonee TouHo# dopmynodft (309) na-
Mt (nprn a==0,5) mocrpoen rpadux ¢ynxuun f(u), rae
LI CPARHEHHS MOKA3aHO NPHOMHIKEHHOe 3HaUYeHHe

[ = -In2 (puc. 34).

llpuTok Kk pagy cksamuH. Iasg pemenns zagaud HeoO-
LOHMO YYecTh HHTephEepeHIHI0 CKBaXKHH B JBYX MNepreH-
ANKYAAPHBIX HANpaBACHHAX — BAOJADL KaHana H ME}KHF Ka-
naamu. Beuay Ttoro, uto Beernpa B>2 R, 6ynem paccmar-
pUBATL B3AHMOJEHCTBHE CKBaMHH, pasMelleHHHIX B OJHOM
oy, PaceMOTpPHM BO3MOMKHOCTH YIPOINEHHST pacyeTHOMN
exempl, OueHHM, NONbL3YACh NOJNYYEHHBIMH pe3yJabLTaTaMH
A OAHHOMHON CKBAXXKHHE, BAHAHHE BeJHUYHHH C (n, cne-
nopatensHo, 3naveHHa T) Ha neGuT ckBamuHu, PaccMmort-
pHM 1Ba KpaifiHux caydyas (cxemul / H 2 na pHc. 35), nas

kotopulx Cy=0 u C;—oco. Jlna yaobGcTBa 3anuineM BHIpa-
wenne (310) B BHAe

2 klS
Go = EA >
Torna nas cxemws (puc. 35,1) npu C,=0; [=1/2; u;=1/8:

1 | 3 3
===} ==ty = ,ﬁ(?)-—*[},ﬂ??;

. (314)

h(—H —0,087; f, = fai f = 0,277 4 0,087 = 0,364;

A= 4 m3—0,364=In-L + 0,136,
Fa 2 o
Jlna exemul (pue. 35,2) npu C;—-co propoil uaen 3na-

menatens gopmyas (309) crpemHTes K HYJ0. 3HaueHHA
ty=»0, us—0, otuero f—-0, fa=0.

3navenne f=f,—fs npHHHMaeT BHI HeompeaeJeHHOCTH
00-—00, pACKPHIBAs KOTOPYIO, NMOAL3YACE TeM, uTo pal (304)

oo
MOXHO NPeACTaBHTL B BHAE [= (—1)"" Arth £ noayunm
1 fl

DL paXKenHe:

o Cy+(1—a)l’ S
Henoabays Koropoe, uMeeM (npu a=0,5):
o o 1 e G54 0,751
A= i B I“c:‘,+n,251 ! 219)
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nau aaa yeaosHi npumepa (Co==I)

et Ll 0168
AL L o

Awanoruunsle peluHcaenns aas cxem (pue. 35,3, 4 n §)
aloT

A=In-1 —0454; A=1n- —0,532; A=1In-10,549.

Fa Fo Fa

ConocraBjicHie TOKa3blBaeT, uTO AAf KpafiHHX cAY4YacB
(C;=0 u C;—o00) npu Co=0 (cxemun 3, 4 n 5 na puc. 35)
OTKJOHECHHs 3HaucHuit ne6HTOB cocrapasior okono 2%, ec-
JTH NPHHATL oObuHEe 3nagenns [/ro=>100. [Ipn yBennuenun
C, pacxom/ienns BoapactaioT, focturas 7% npn Cy=l
(cxemul / H 2 Ha pHc. 35). |

Has yvera uHTepdepeHUHH BMNOJHE JONYCTHMO CAOM-
nyio cxemy (Cy==const) samenurs Gonec npoctoii (C,—
—-o00, pHC. 3D, cxema 2). Torpa, npAMeHsifi AJS OUEHKH
B3AHMHOIO BJHAHHS CKBaX{HH METON JIHHEHHBIX CTOKOB,
MOJYUHM CJAeAYIOUHiH pe3ysibTar.

Jlns oHHOYHOIl CKBAaXKHHBI HMEEM:

3=i‘n(Arsh?‘"_ﬂ3+Ar5h [+Co—2z
dnkl r r

— Arsh 1ECE2 | prgh 2 . (317)

il

npu 3amene z=zy=~C¢+al, r=r;, S=S8; =05 noay-
yuM (opmyay (316). s ydera untepdepeHuny CKBaMKHH
caeayer K Buipaxenuio (317) npubGasuth aHaJOrH4Hb
yseH B BHIAC CYMMEI, TAC IpHHHMAThL KoopiauHatel z=Cy-}
4al, r=2Rn—ry, n=1, 2, 3... dror aobGaBovHbI 4YJCH
npuMeT BHA (npn ro<<2 R):

_ 9o\ [ Arsh a—at
S; = 4::.&!2 E[Arsh o -+ Arsh

2Rn
— Arsh Xat (el 4 ppep Eﬂ_aiﬂ], (318)
2Rn 2RB-

CunHTaeM BO3MOMHHM [IPHHATH B3ANMHOE BJAHAHHC
CKBAAHH TaKHM, KaKHM OHO 'ﬁ'}?ﬂET JJaa psaja CHRBaMHH,

HMeloumx Cy—o00, TO ¢CTh VUHTHIBATE ero 1o QopmyJae
(318).
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[IpuaHMasn, KaK H paHblle, a=0,5 u oGosnauas [*=
2R, C;=C,/2R, nonyanm:

= g
s Y 2F. (319)

3necs F— cymua B dopmyne (318), pasuasn:

J_ [EA hﬂﬂ! -!—Arsh—uizﬂ'ﬁ—ﬂﬁf*l—

iy ArshT (2C,+ 1,5 Pﬂ . (320)

[pn Co=0 AMeem:

=]

Fo=Y) [3 Arsh2:2
1

n

‘*i"]. (321)

Hami Boluncaens nekotopbie sHavenuss Fy (npn Cp=
s ()) 4
l

'ty 0 0,20 0,40 0,60 0,80 1,00

F | 0 0,005 0,033 0,008 0,202 0,334

b ppn [*=1, C;=0,5, F=0,774 (puc. 36).

YUHTLIBAS TAKHM crnoco60oM HHTephEepeHnHI0 CKBAaXHH,
OKOHYATEBHO MNOJYYHM TPHTOK BOAB K OJAHOH CKBa)XHHE
YK wa 1l M (no AJHHE ApPeHbLl) B BHJE

. DR i‘u,f; 751 ; (B2
de=s fomerin <2 —f+F
| o Cy+0,251

ine f— kosdpdunment, onpenensemsift kag f=2fi—fs-+fi, npuuem fy, fs,
[y (puc. 34) B saBucHMocTh oT wy=I/4; us=Ci+I/4; u=Ci+l;
|« lIT: Cy=Cy/T; xosppduupent F—no dopmyre (320) mam pHCYRKY
A6 npn napectHwx I*, Ca.

CoBMECTHBIH MPHTOK K CHCTEME CKBaXXHH H apene. [Ipo-

NeJCHHBIE MHOTOYHCAEHHBIE 3SKCMCPHMEHTH N0 COBMECTHO-

MY JIefICTBHI0O OTKPHITHIX JIPEH H CHCTEM BepTHKaMbHBIX

- kpaxnn  (Pycramos, 1962) B COOTBETCTBHH €O CXeMOH,
puBe/lcHHON Ha pHeynKe 31, nmokasajsH caeayiollee,
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1. TIpHTOK BOAE K CHCTEME CKBAMKHH NPAaKTHYECKH He
3aBHCHT OT pacxofia OTKPHITEIX JApPel H HHTCHCHBHOCTH
HHOHALTPALHH,

2. Ilputok BOAB! K JApenam HECKOMBKO CHHXKAETCS NpH
yBeJIHYCHHH NnebuTa CKBaXKHH (NMPH YBEeNHYCHHH HX 4HC/a
H T. A.), IPpHYEM 3TO BJAHSHHE HCBEJHKO M, MO JAaHHBIM
ONLITOB, MOMET OHITH OUCHEHO CJAeAyIollNM o6pasoM:

Qu= Qi 1—0,072%x), (323)

Qy
rae Qg — pacxoll ApeHw npH pafioTe CKRBAMHK] QA“—-TD e, Ges ckpa-
MHH, Qew — pacxon ckBaxuu (puc. 37).

3. TloHuKenue YPOBHA TPYHTOBLIX BOJL MOCPEHHE MEK-
ApeHbA B PABHOI CTEMEHH 3aBHCHT OT JIeGHTOB [APCHHL H
CKBAXKHHBI, TO €CTh ONPEALNAETCA CYMMAaPHBIM JPeHaXHBIM
CTOKOM cHcTeMEL. [IpH 3TOM OKazanock BO3IMOMKHEIM TOJ-
TBEPAHTL ONBITHHIM NMyTeM NPHEMJACMOCTh pacueTHHIX ¢op-
myan C. ®. Asepbsinosa (1960) ana ouenkn pabGoTsl Apen
MPH HANOPHOM MNHTaHHH. YKazaHwHLEC CBA3H O0Ka3ajuch
JICHCTBHTENILHEIMH HE TOJBKO /s paGoTH JIpeH, no H Jjs
COBMECTHOH paboThl ApeH ¢ YCHAHTeNAMH. DTO NO3BOJAET
MPeJJOXHTL CHeAYIOmHHA cnocob pacdera KOMOHHHpPOBaH-
HOro JpeHaxka B paccMaTtpuBaeMblX yeaosuax. [lpu us-
BecTHBIX ¢, R, T, AH, Ah, d MOXHO OnpeneaHTh paccTof-
HHE MeXAy OTKpPHITHIMH Apexamy (B). Tak, ang oTHOCH-
TeNbHO TrAy0OKOro  3ajieraHHs  BOAOHOCHOTO  NJacTa
(B/T=3) moxno pocnoabsoBaThes Gopmysoit (237), u3
KoTopoii noxbGopom Haxomsat T* u B. Hance paccroanue
MEeM/AY OTKPBITHIMH JPEHAMH YBeJHYHBACTCS A0 NPaKTHUe-

CKH NPHEMJIEMOr0 paccTOSAHHA

0 Bi>B. Torna npn HoBOM

16 ; pacCTOAHHH MEMAYy ApeHaMH

14 y. MoJABbeM TPYHTORBIX Boa Ahly

12 Gyaer Goablile 3anaHHON Be-

JIHUHHBI, KOTOPYIO MNOACUHTHI-

17 "&’;" e B210T no popmyne (235).

08 % j“i — [TorpeGoBap  cHHMKEHHSA

o 7 —F snadenus Ak, no neobxoau-
A fﬁx’f MOl BeJHUHNL A, BO3JIOKHM

e I i

47 ff___.f"" T‘.{E

a0 C > Puc. 36. Tpadux ana pacuera HH-

gz g« of 48 1¢" Tepepening CKBAMKHHHEL
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= 0
a5 40 45 20 25 304u/Gy

Pue. 37. 3nauenns kosdpHupenta YMeHblleHHA pacxola
Apesl B 3ABHCHMOCTH OT OTHOCHTC/ABNOIO PACKOAA CHBa-

FEHH.

yTy paGoTy Ha BepTHKaJbHLIE YCHJIHTeJNH. YUHTbIBAs H3J0-
JenHoe Bhille, IPHHEMAaeM, YTO PacXoisl NPONOPIUHOHAIbHbI
nonuacennaM. Toraa uacth oOllero pacxo/ia, [OCTynaiouias
I Jipensl, Oy/leT paBHa:

o e ST (324)
28,
mn—
:‘I‘Ed’
i pacxoj, KOTOpblii HeoOXOAHMO OTBCCTH CKBaXKHHAMH,
Quw = 1,08 AL =20, (325)
1
lnﬂd_

Kosdduunent 1,08 noayuen no dopmyae (323) [1/(1—
0,072) ~ 1,08].

3uas pacXoj cHcrembl CKBaKHH (Qcx), HX Napamerphl
(I, 2R, ry) moxbupaem Tak, 4TOOB NPUTOK HA | M JUIHHH
Kaasa Obln paBeH jae0OHTY cCHCTEMbl CKBAXKHH, ONpPEAC/ICH-
oMy no Hrorosoii gopmydne (322).

NMpumep. TpeGyerca obecneuuTs paccosiende OpollaeMEX 3eMehb
ppoMuBKol Ha QoRe NpeHama. MuvepanusoBaHHbE TPYHTOBHE BOAN Ha-
\oNsiTea Ha paccrosmmH 1,5 M or nopepxuocth 3emad. Ha raybume T =
w 100 M maxofaTcd Nof3zeMmuEe Hanopuue Boas. Hanop wx coBnajgaer
¢ CYIECTBYIOHM ypoBHeM rpynToBux Bof. Koshduunent QuALTPAIHH
ppyntos k=05 M/cyT, MOAYAL RHOHALTPALHOHHOrO (NPOMBIBHOTQ) NH-
vains g=0,2 afc.-ra. Heobxonumo obecneylts YCTOHUHBOE NOHHMKEHHE
| PYHTOBEIX BOA Ha 2 M OT NOBEPXHOCTH 3eMJH.

| papnanT — pafota OTHPuTHX Apen. [ayGHRY JApeHn npHARMaeM
panuoft 3,5 M, WHpHAY N0 AHY bo=2 M H rayGHHY BOABM B HHX fg=
w05 m. [lan onpefesenist paccTOAHHA MeXAY JAPEHAMH BOCNOJAbIYeMCH
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dopuyaoit (237). lloaGopom naxoaum I'* =338, B=03 m. Orciona sua-
HO, 4YTO pEEETﬂ'H“HH MeRILY .D.F'EHHHH IIEHPEEHHEHH MaJihkl.

Il papmantT — ¢ npumenenuem ycuauteneh. I[lpmvem B,=200 .
Toraa no gopmyae (235) Ahi=1,5 M npn Af=13845.

[punuMaes, 4to suavense Ah=1 M OGyaer obecneseno paboToil
apen, a Ahi—Ah=0,5 m — paGoTofi ychanTeqell CRBaMHH,

IPnt:;u.q ckBaXue uaiinem no gopmyne (325) Qewx=0,22 wm¥eyr
Ha 1 m.

Hameuaem ckpaxuan ray6umoft 25 m (nanma duawtpa (=20 M),
paanycoM ro=~0,1 M na paccroauns 2R =50 u. Toraa no dopmyac (322)
noaysu (mpi Cy=0) Qex=0,31 m¥cyr na 1 M. 3aect BHHLY MaJ0ro

[=I{T=0,2 npuusro f=11n2=0,14. 3navenne F=045 Basn1o no pucys-

Ky 36 npn Ca=14, I*=04.

Pacxol cKBajKHH, Kak BHAHo, Goabute, wem tpebyerca. [lostomy
CReAyeT YMEHBUINTL WHCJIO CKBAXHE HAH COKPATHTL MX Aanny. Boasmo-
MeH TaKMe BAPHANT AanpHefinredl pasABHMKH Kauanon, 3feck TpelywT-
Cfl TEXHHKO-3KOHOMHUECKHE PACUCThI.

PaccmaTpiBaeMsic cHCTeMB 0CoGenHO SPQPEKTHBHE NPH  HAJHYHN
XOpOLIO TPOHHUAEMBX NPOCACEK IPYHTAa HA HEKOTOPOH OTHOCHTEALHO
peGoapiuoi rayGuHe, B KOTOPHE BBOAATCA (QUILTPH CKRANHIL

MpHBnieHHas OUEHKAa PONH (PHALTPALMM
B 30HE KaNMANAPHOM KaAMbl

[Ipn paGore apenaxka QOpMHPYIOTCH NOTOKH, JUISl KOTO-
PHIX XapaKTepHO HaJH4YHE MEMAY MOBEPXHOCTBIO 3EMJIH H
MOBEPXHOCTBLIO I'PYHTOBBHIX BOJA 30HL HEMOJHOTO HaChILE-
HHSI, 0 KOTOPOH BJara nepejBHraercs OoJjiee HJAH MeHee
napajJeibHO OCHOBHOMY NOTOKY IPYHTOBLIX BOJ.

Ha anaveHse KanuJJasipHOH 30HLI Jiisl TeopHH (uabTpa-
uuH BnepBbie oOpatuan BHHManne H. E. JKykoBckui B
cBOHX paboTax Mo ABHXKCHHIO TpyHTOBHIX Boja (1889—
1890 rr.). B 1923 r. oH ke NpeAJIONKHJ NPHHHMATL 3a
«MOBEPXHOCTh OCYIICHHS» [MOBEPXHOCTb € JlABJIEHHEM,
MEHbIIHM aTMOC(EPHOr0 Ha BeJHYHHY BBICOTHI Kanwaasap-
HOoro mnojHaTHA. Tagkum oOpaszoMm, B 00JacTb JABHXKEHHA
rPYHTOBHIX BoJl Oblla BRJANOYEHA KanWwaafpHas 30HA, NpH-
geM 3aKOHLI NepelABHXKeHHA BJArH B Hed ObWIH NPHHSATH
TEeMH JKe, YTO M JIIA 30Hbl 'PYHTOBBIX BOJA, H OTJIHUHE MCIK-
Y STHMH 30HAMH OLJIO CBeJCHO K PasiHYHIO B BeJHYHHE
AaBiedunA; 30HA c jasaenHeM P = Pyyy ODpHHHMAJNAach 3a
061acTh TPYHTOBHIX BOJA, 30HA ¢ P<TPar — 32 Kanuuisap-
HYI0O 30HYy. B jpanbeeiilleM, HCXOASl H3 STHX e NOJIOMKe-
uuil, pagom astopos (Benepuukos, 1935, 1940, 1947; Be-
puriH, 1949) ObliH moaydYeHbl PEUIEHHs AJS OnpeieseHHsd
(buABTPAaLHOHHBIX NOTepPb H3 KaHajaoB. HekoTtopbie Hccae-
JoBaTe/lH CUHTAAH BO3MOMHBIM mpeHebperath BBHAY
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MAJIOCTH pacXojAoM BOALI B KaNHJAMAPHON 30HE H NPHHH-
MaTh 3a rpannny oOJacTH JIBHXKCHHA NOBEPXHOCTh TPYHTO-
nux sox (Ilony6apunosa-Kounna, 1942; XpHcTHaHOBHY,
Muxnun, Ilssucon, 1938; Henwcon-Cxropuskos, 1947). [Tpu
HEPEABHAKCHHH BJIArH B KanWAJAPHOH 30HE OIEHHM KOJIH-
UCCTBEHHO €€ y4JacTHe B OOLleM TMNOTOKe TIpPYHTOBHIX BOJ
(Apepbsinos, 19494, 19506).

PaceMOTpHM mNepeiBHIKeHHe B 30He KaNHJJSPHON Kaii-
MBI, TO €CTb B CJy4ae NepeiABHKCHHA KanHJAJfpPHOTO To-
I0Ka napaajieJbHO OCHOBHOMY TMOTOKY TIPYHTOBHIX BOJL.
Pacxoj, mpoBoAMMBIi NJIABHO H3IMEHSIOUIHMCA YCTAHOBHB-
INHMCST MOTOKOM TIPYHTOBBIX BoOjJI Ge3 yuera JBHIKCHHS B
KANHANAPHOH 30HE, MOXET OBITH JOCTATOYHO TOYHO OMNpe-
lt/iel BeTHYHHON ¢o (HA €AMHMIYY IIHPHHH TOTOKA):

g =k “Hh (326)

W cp?

tie ky, — Ko3pGHuHEHT BOAONPOHHUAEMOCTH I'DYHTA NPH NojHOfl ero

WAArOEMKOCTH @) C yueToM 3alleMJAcHHOro Bo3ayxa; AfM — nagenne

Nanopa nHa anune L unpn cpeaneit rnyGuee norToka ma sToft Manke fep,

Hy+ Hy
2

Pacxon 30MB KanuaaspHoii KaiiMB Jis 06ILeTro cJIy-
a5, KOrjla paccTosiiue Yo OT YPOBHA IPYHTOBEIX BOJ JIO I10-
BNCPXHOCTH 3€MJIH MCHBIIE HJH PABHO MaKCHMAaJbHON BHI-

COTE KaNHWIASPHOTO NOAHATHA [y, Mox<eT OHITH OlpeaesicH
KakK

lpH obbunoM cnocobe ocpednenns hep =

G = 'ﬁTH-Y "I%!F dy, (327)
0

Ife ky— nepeMeHHas Kanuajaspias NPOHHUAEMOCTh HA BHCOTe 4 oT
YPOBHSA IPYHTOBEIX BOJ, 3aBHCAINAA OT BJAMKHOCTH.

[IpuMeM, YTO NpPH KaNHAAAPHOM TONHATHH BJAXKHOCTD
pacnpefensieTcd Mo BucOTe napaboJHUCCKH, 9TO JAOCTATOY-
10 XOpOIIO MOATBEPIKIAETCS ONBITHBIMH AaHHBIMH (JleGe-
nes, 1936; Kosna, 1947, u ap.).

Torna
w, = w, 1/ o (328)

e Gy, Wy, Wy — BAAXKHOCTE COOTBETCTBEHHO Y NOBEPXHOCTH TPYHTO-

WX BOJ, HA BLICOTE Y H NPH MAKCHMaJbLHOR BHICOTE KaNH/AJIAPHOrO No/-
HATHA,
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Jins BHISICHEHHs 3aBHCHMOCTH BOJONPOHHUAEMOCTH
OT BJIAJKHOCTH PACCMOTPHM NepejlBH}KeHHe BJATH B nopax
rPYHTa NMPH HEMOJHOM BJaroHachuleHHH.

[lo saBucumoctn JapcH pacxop xuAkoeTH Qp, npoTe-
Kalollleli uepes NOCTOAHHOE Nomepeyhoe cevenwe (GpyTTO)
rpyHTa npH pasHocTH HanopoB AH ma aansHe Al, onpeaes
JsieTes Kak

= p 2 = %8l
Q,=k = F wnn k i (329.].

B dopmyne (329) npuuuMaeTcs, 4TO KHAKOCTh 3amMoj=
HAET MOJHOCTbIO BCC NOpHl rpyHTa, TO €CTh JABHKEHHE
NPOHCXOAHT B AByX¢pasuoii cHCTeMe CKEJET rpyHTa — HKHA-
KOCTb; AHAJOTHYHO CO3Jlal0TCHA H YCIOBHA ONLITa, TO €CTh
€10 BO3MOMHOCTH» npH GHALTPALUHH H3 NOp rpyHTa yAa-
asierca Bosayx. Ho B sao6oM rpyHre, HACHILEHHOM ut::-,m:-l‘»i,|
HMeeTCsl BoJla, He y4acTBYiollad B ABHMKEHHH, NPOYHO H
peiXJ0 cessaHHas (Anapusanos, 1946; KauHHCKHH, 194?'}1
COpOUHOHHBIMH CHJIAMH €O cKeneTom rpydra. [as pasiny-
HLIX TPYHTOB BeJHUHHA CBA3AHHOH BOJBI H3MEHsETCs B
OYeHb IIHPOKHX npepenax — ot 3—5Yp And nNeckos A0
NOJHOH NOPO3HOCTH AJH HEKOTOPHIX I/HH. B mocaeanHX |
NBHKEHHE MHJIKOCTH BO3MOMHO TIpH INPHJAOKEHHH CHJ,
NPEeBLILAIOIHX CHJIbI COPOIHH, KOTOpbE HHOrAA JAOCTHIalOT
NecATKOB H coTedH artmocdep. B aTHX cayuasax rosopsar o
BOJIOHENPOHHIAEMBIX TPYHTaX (AAf OOBIMHBIX YCIOBHH).

Jlpyrofi BaMHBli (aKkTOp — HaJHYHE B rPYHTOBOH BOjAE
H30JHPOBAHHLIX IIY3BLIPLKOB BO3/yX4a.

OGo3HaYHM TNOJHYI0 MOPO3HOCTL WJH PaBHYIO € 1O~
pHcTOCTE rpyHTa uepes m (IlonyGapunoBa-Kounna, 1942),
CBA3aHHYIO BOAY B JoasAX oT o0beMa TIpPyHTa uYepes wy,
MOJAHYI0 BJArOEMKOCTh B NPHPOAHBX YCJAOBHAX, TO €CTh
C yuYeTOM HEKOTOpOro KOJH4YeCTBa 3aj)<aToro BO3jiyxa, 4e-
pea w; (rakke B moasx or o6bema rpynra). Toraa
m=w) =wy.

Hs dopmyan (329) caeayer, uro Ko3pPHUHEHT (PHABLT-
paliH — YCJOBHAA CKOPOCTb JIBHJKEHHA JKHAKOCTH, HJIH
TaK HaskiBaemasi CKOpOCTh (PHABLTPalLHH NPH pacxoje, pas-
HOM CAHHHIE, Yepes IoJiHOe nonepeykoe cedenne (OGpyTTO)
rPpyHTa, paBHOe eJHHHIE, NPH eJiHHHYHOM NajeHHH Hanopa
Ha eAHHHUY JJIHHBI,

Hernnuoe 3HaueHHe CKOPOCTH JABHIKCHHS JKHIAKOCTH B

9THX yCJOBHAX OyJAeT paBHO:
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Ol (330)
y — o

[Tpn HemosaHOM HACHIUIEHHH TMepejBHiKeHHE JKHIKOCTH
HPOHCXOAMT B YcAOBHAX Tpexdasuoii CcHCTEMB: CKeJer
I'pyHTa — MHAKOCTh — ras.

BoponponuunaeMoctTe B 5TOM ciaydae GyleT 3aBHCETH,
floMiMo ¢akTopoB, onpefenfiniiHx Ko3DPHUHEHT (PHALT-
pALHH, TAKXKE H OT BJAaXKHOCTH (CTENEHH HACHIICHHA) w.

Ananoruuno dopmynae (329) manHuem:

wy

@
k"'"_F

AH '

e Ry — KO3(MAHUHENT BOJLONPOHHIAEMOCTH NPH HEMOJAHOM HACHIUEHHH,
Wian ﬂﬂ:—‘l{deHI‘.I.H-EHT Hal'lHJ'IJ'IHPHDE NPOHHUAEMOCTH TPH BAAXKHOCTH W,
NpnueM wo<stw<-wy; Qp— pacxoj MHAKOCTH yYyepes noaHoe ceqenne F
npn BraxeoccTH w. OueBHAHO, UTO Rp=0 npu w=wy,, ky=»F npr w=mm.

W. Gardner u J. Widstoe (1921), a nmosnnee W. Gard-
ner, Collin m Farr (1934) cuntanu BO3MOMKHEIM TNPHHATH
JBHCAMOCTD Jsi (haKTHUYECKOH CKOPOCTH JIBHXKEHHS BJard
(IpH HemoJHOM HachlllleHHH V=—awA¢p (W — BAAKHOCTD;
@ — Ko3((HIHEHT, He 3aBHCALIHHA OT BJAaXKHOCTH, CKOPOCTH
Il JlaBJIeHHA).

Ilna cnyuas ropusoHTadasHoro 1Toka Apg=APf/w (AP —
rpannenTt gasnennd). Orciona, mo W. Gardner, kanuanap-
as  TMPOHHLAEMOCTb MPONOPUHOHAJAbBHA TNEPBOM CTENCHH
NJ1aXKHOCTH, TO ecTb ky,=aw.

JI. C. JlefiGenson (1947), paccmaTpHBasi ABHIKCHHSA ra-
AHPOBAHHOR MKHAKOCTH, MOJYYHJ 3aBHCHMOCTb - pacxoja
JHAKOCTH OT NPOLEHTAa HACBLILICHHSA, KOTOpafd MOXKeT OLITh
JANMHCaHA

ko= k(2. (331)

JI. C. JleiiGenson oGpaboTKoli ONBITHHX JaHHHX Ha-
imeJs, uro n=3,67.

PaccMOTpHM NepefiBHKeHHe JKHAKOCTH TPH HENoJHOM
HACBLIEHHH TPYHTA KAk ABHMKEeHHe MO YaCTHYHO 3aMOJIHEeH-
HOMY KanmHansipy (y ero cTeHok).

OcHoBaHHEM K TAKOH YCJIOBHOH CXEMC MOMXET CAYKHTEH
10T (akT, 4TO BHe 3aBHCHMOCTH OT (opMB MNOpP rpyHTa
IpH HaJHYHH B HHX BO3/lyXa H BOAL HENOCPEeACTBEHHO K
CKeJeTy NpHMBIKaeT BOJA, a BO3AYX 3aKJII0YEH, TaK CKa-
44Th, BHYTPH BOJHI,
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Kak uapectno (Jlanaay, JIngwmu, 1944), cxopocTh
TeyeHHsi BSASKOMN KHJKOCTH N0 WHJAHHApHYecKo#i TpyOke Ha |
PACCTOSHAW 7 OT TPOJLOJLHOA OCH TPYOKH npH PasHOCTH
nasaennii AP, NpHJIOKeHHHX Ha paccTosHud Al, pasua:

Ve—22 ;24 alnr+ b, (332)
dn Al

rie 1 — knAeMaTHYecknfi KOsPHUHCHT BAIKOCTH.

[Tpumem jansi Yactuunoro sanoanenns, uro V=0 npH
r=R, (rpannua cBfi3aHHOM BOAH), a npn r=R; CKOPOCTh
AOCTHraeT HaH6OJblUIEro 3HavYeHHa (HAa rpaHHle c BO3JY-

av
xom). Torna | —

or /r=R,
Haxoass 3WaueHHsi NOCTOAHHHIX H NOJACTaBAAA HX B

dopmyay (332), noayunm:
=A% 21n L
Vo s [Rn -+ 2R} In - ] (333)

M3 suipaxenna (333) caeayer, 4To CKOpPOCTb NMpH JABH-
JKeHHH TO HeNOJHOMY KalWJASiPy MEHbIIe CKOPOCTH JBH-
JKeHHs BOABI TNPH TNOJHOM 3aNOJHeHHH, Tak Kak r/Ro<<l H
In(r/Ro) <0, Torna xak R;>0. Pacxoa OGyaer paben:

R,
Q=2np ! V rdr.

3nauende V npuapMaerca no dopmyne (333), uto

JaeT.
e TR 3 2 ___and 11,. o ‘
Q= ""‘*“: [[R., R}) (R} —3R}) 4-4RiIn o ] , (334)

TO €cTh PAacXoj HENOJHOrO Kanwjispa MeHblIe pacxojia
(PH MOJHOM €ro 3anoJHeHHH. |

ITpu R;=0 dopmyan (333) u (334) nepexonar B Qop-
myasl [lyaseins:

lim R In%‘— 0, npu Ry, 0.

Brons o6osnauenne po=R/Ro, no dopmyne (334) no-
JYUHM BHIpayKeHue Jid pacxosa TPyOKH NpH HENMOJAHOM 3a-
MOJAHEHHH

apAPR; |

Qtﬂ = 8nAl R = Qﬂl"’* {3’35] |
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dnech Qo — pacxon TpyOKH NMpH MNOJHOM 3aNoJHEHHH; p—
Kos(pdHUHEHT, 3aBHCAILHH TOJBKO OT 3alONHEHHS Karuji-
nspa (TO €CTh OT BJAXKHOCTH) M paBHbIMH

w= (1—p3) (1—3p3) -F~4p;.§ln~;]—. (336)

Hcexona W3 onpefeneHHs KospdHUHEHTa KanHAJsPHOH
npoununaemoctH mo Qopmynam (329), (331) m (339),
HMEEeM:

kw P I.I.II, (33?)

rae k— kosdpduunenT GUALTPALHA NPH NOJHOM HACHIIEHHH rgyl-:‘ra;
i — kosddHIHeT 3anoJHeHHA, onpefenneMuifi no dopmyae (336).

PaccmaTpiBas NOPHCTYIO Cpely, KakK NyYoK KanmHJis-
pOB, TOJNYYHM CBSI3b MEXAY BeJIHYHHOH HamoJHEHHA Ka-
NUAJsipa pg H BJAAXKHOCTBIO:

" RS
p=1=1/ 2== (338)
Ru M— by
[Mopcrapassa Bupamxenue (338) B (336), mmeem:

n= (3w’ —2) — 2(1 —w?ln(l —w"), (339)

ffie W°— OTHOCHTE/NBHAS BJAAXHOCTE C YHEeTOM CBA3aHHON BOAH:

W — Wy
IE-I“'= -
Ml — W

dbopmyna (339) daer 3aBHCHMOCTh KanHJAJSIPHOH MpO-
HHIIAEMOCTH OT BJaXKHOCTH nousorpynra. [ns npakrthue-
CKOr0 HCNOJAb30BaHHA BHpaxenHe (339) neynobHO, H ero
lesecoobpasHo 3aMeHHTh CBA3bIO THNA

L (340)

Cpapnenne ¢opmyan (339) u (340) nokaswiBaer, 4TO
npu n==4 aHaueHHs fiazp NO opmyne (339) Bo BCceM HH-
reppaje 0<<w%<] MeHbllle 3HAYEHHH Y40 1O Gopmyne
(340), Torla Kak psao) > ase) OPH n=3,

[Ipu 3<<n<C4 KpHBBIE g4 H Jaz0) NEpPeceKaloTcsd, NpH-
qeM JUIs 3HadYedHil OTHOCHTeAbHOI BiaaxHocTH @ GJAH3KHX
K eJlHIHIe, OTKJAOHeHHA A=p@w)—pnesy=>0, a naa w°
Oanakux K Hyqmo, A<<0. C yueroM Haayyuero mpHGAH-
wennsn sapucHmoctH (340) k sapucumoctH (339) pewaem
ypaBHEHHE:

N=no"""—4(l —w’)n(l —ow’)—4u’=0 (341)
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AN PasAHUHBIX n OTHOCHTeJbHO w’ B HAXOAHM MO dopMy-
nam (339) u (340) coorBercTByIOllHEe 3HaueHHs HaHOOJAb-
IIHX OTKJOHEeHHH A.

PesyabTatsl BbiuHC/JAeHHI npHBelenn B Tabanue 14.

TaGauua 14, Cpasnenwe 3navenwit KosduuwenTa 3anoJHeHHA
mop ji, BuuucAennbix no 3asucumoctam (339) u (340) '

uw® & = B(340) — H(339)

9 Aaa—A | gas4 A —4 +A A
3.0 0 0,80 0 40,0633 0,0633
3.2 0,10 0,83 —0,0001 -+0,0418 0,0419
3.4 0,40 0,88 —0,0034 -+0,0232 0,0266
3,0 0,50 0,90 —0,0082 —+0,0155 0,0237
3.6 0,58 0,93 —0,0145 | -0,0093 0,0238
3,8 0,64 0,96 —0,0299 <-0,0012 0,0311
4,0 0,68 1,00 —0,0468 0 0,0469

Hauayumam npHOMHKCHHEM | K ysse) OYIAeT cay-
yait pasenctBa |+A]|=|—A|=~0,012 npu n==3,56.

Iasi yao6eTBa NPaKTHYCCKOrO NOJb30BaHHA (opMyJo#
(340) moxKHO NpHHATH n=3,0; OTKJOHEHHH MexA1y NpH-
6nmxKeHHuM 3HauenHeM no ¢opmyne (340) u Goaee TOU-
ueiM 1o gopmyae (339) me Gyayr npesnimats A=1,6%.
OkoHYaTeJBHO

b = k ("' =t )‘”, (342)

m— 1y

4TO MW NMOKA3LIBAe€T 3aBHCHMOCTb KamWAAsipHOH TpOHHIAEe-
MOCTH OT BJAa)XHOCTH NMOYBOrPyHTA.

CpapnuM 3HavyeHHs KO3((HUHEHTa KanHAJspHOA mnpo-
HHIlAaCMOCTH, BHYHCJAeHHBe no dopmyae (342), ¢ HEKOTO-
pbiMH ONMYyGJHKOBAHHBIMH ONBITHBIMH JAAaHHBIMH.

B pab6ote R. E. Moor (1939) nphHBeaeHbl ONbITHLIE 3HA-
qYeHHs KanuuispHo#d NPOHHLAEMOCTH NPH pasjiHYHBIX Be-
JHYHHAX <«[OTEHNHana JaBJeHHs» H CBA3b MOTEHUHAJA
HaBJeHHs C BJAMKHOCTBLIO ANS PasjHYHLIX MOUB.

[Monbaysick 3STHMH KPHBLIMH, A5 pAjla 3HaYCHHH BJaXK-
HOCTH rpaduuecKkH HaxXOAHM COOTBETCTBYIOUIHE 3HAYeHnHd
kanuanspuoit nponHuaemoctd. R. E. Moor B onmTax
BhIpAXKAeT KanWIJAApPHY0 NPOHHIAEMOCTh B JA0JAX OT
MPOHHIIAEMOCTH TNpH JAaBJEHHH, paBHOM aTMochepHOMY;
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Tatanuwa 15 Peayavrarmt obpalorkn ONuTHRX H3MepeHni
NANMAARPHOH NPOHHLAEMOCTH MOMBOTPYHTOB, Bunoanewnsix R. E. Moor

TonknR necuynnnf Jlerkas rampa
nelSE oo | g x| L feoon B | meshe oo
Byt.3, smdi3 | it 2, om18.] | W=t 8 ots.0 | T=23:2, sm283
i w o’ 1 w o’ n w o’ 1) w o’
0003 6,3(0,19 ﬂ,lﬂ 26,3|0,48|0,10(30,0/0,42(0,10|29,4| 0,49
0.o0l5| 7,3/10,28(0,15/126,7{0,57|0,15/31,8]|0,566|0,15|30,8{ 0,59
no3 | 86(0,40(0,20|27,1(0,66|0,20|33,0|0,65]|0,20(31,6| 0,66
1,0 (15,011,00(0,25|27,3|0,70(0,25|33,8|0,71({0,25|32,2| 0,70
0,30(27,5/0,75]10,30|34,5|0,77(0,30)132,8( 0,75
0,40|27 7|0,80|0,40|35,2|0,82(0,40|33,2| 0,78
0,50127,9|0,84(0,50|36,0/0,88|0,60]33,8| 0,83
1,00|28,6(1,00/0,76|36,6]0,93|0,76|34,4| 0,88
1,00137,6(1,00)1,00]|36,0] 1,00

lpumedanue m—BIaKuocTE, COOTECTCTDYIOUAR noAHGA NOPOAHOCTH,
% OF Macch cy¥XOof OOYRM; @ — BAAMHOCTE, NpH KoTopofl B ONLTAX npoMMIE-
MocTh OGuaa HauGoabmied; @y — BAAMHOCTH, COOTBETCTEYWIAR casaanHofi soge
(onpeacackia npH oOpaGoTke ONMTHWX AaNNLX); & — SKBHDAACHT DAAKHOCTH, On-
pencacHnufil - UenTpuQyYrEpoBanEeM; W — BARMHOCTB, NpH KoTopoll samepanach
fpoliiacMocTe Ryl B= ml’lt,l—-n'rnmueuun Kanuanapaofl nponMUaéMOCTH OpH

BAAMHOCTH I K NPpONHUAEMOCTH NMPH RAIAMHOCTH W,

0/HAKO H3 JaHHBLIX €ro € ONbLITOB CJAeAyeT, uTO BJaX-
lOcTh MOYB MPH STOM MeHbUIe NMOPO3HOCTH (3a cueT 3a-
ulemaendoro Bosayxa). IlosToMy npH cpaBHEHHH ONBITHBLIX
AOHHBIX npHHHMaeM no ¢opmyne (342) Bmecto oTHOLIe-
nn Ry/k oTHOWeHHE Ry/ky, , TPHIEM 3HAYEHHE W), TO €CTh
I1aJKHOCTH, COOTBETCTBYIOILEiT aTmocdepHOMY [aBAeHHIO,
fiepeM TO ONBITHBIM AaHHWIM (w;<Zm). BnaxuHocts, cooT-
BETCTBYIONLAA HA4YaJly HHTEHCHBHOrO ABHKCHHS BOAW (W),
npn oGpaboTKe AaHHBIX B3ATAa TMPOH3BOJbLHON NOCTOAHHOM,
nauayqmwnM  o6pasomM  yaoBaeTBopswmell  ceasb (342).
Hajitennsle TakuM obpa3oM 3HaueHHS ANAA Pa3sAHUYHBIX
(pynTOB GJH3KH K «9KBHBAJIEHTAM BJa)XHOCTH®», YKAa3aH-
uwm R. E. Moor.

Ananornyno O6GuH  oO6paGoTaHbl  JaHHBIE  ONBITOB
[.. Richards (1936), npuyeM 3mecLb BCTpeTHAHCH 3aTpyiie-
Wi, TAK Kak AaBTOPOM He YKa3aHel 3HauYeHHHA W, m, k;
WAMH YCJIOBHO NMPHHATO, 4TO MakcHmaiabnas Habnonas-
Wasici B ONBITAX NPOHHIACMOCTH COOTBETCTBYET BJIAXKHO-
CTH w;.

B rabauuax 15 u 16 npHBeseHnl jaHHble 06paBoOTKH
ONLITHBIX H3MePeHHH, MOJNYYEHHBIX Pa3jHYHBIMH aBTOPaMH.
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TaGanma 16, Pesyapratel o6paGoTky ONBITHWMX H3MEpeHHi
KAMHANAPHON NPOHHUAEMOCTH NOuBOrpyHTos, nposenennsix L. Richards

Mecok Tnnna
w = |3.0; w,=43,2 my = 63,3; w,=39,0
18 w w? Jt w w’
0,0075 5,4 0,22 0,0071 42 .2 0,13
0,0176 6,3 0,32 0,293 59,0 0,82
1,0 13,0 1,00 1,00 63,3 1,00

Ha pucyHke 38 HaHeccHBl JaHHBIe ONBITOB C rasHpo-
BaHHo# xuAKocTbio JI. C. Jlefibensona u ONBITOB C NOYBa-
mu R. E. Moor u L. Richards npn @= (w—w,)/(w,—w,).

ConoctaBjeHHe TEOPETHYECKHX H OMbITHHIX AaHHBIX MO-
KaselBaeT, 4YTo cBA3b (342) MOXKeT CAYIKHTb NMEPBHIM TNpH-
OaM¥KeHHeM JJIs OUEeHKH [ABHXKCHHS BJAarH B MOYBOrPYHTaX
NPH HeNOJHOM HX HachilllenHn, a npeanosoxenne W. Gard-
ner (1924, 1934) o auueiinoii cBa3n p=aw’ He coOOTBET-
CTBYET ONMBITHBIM JIAHHBIM.
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Prc. 38. Cpasnenne onutHuEx (/) B paccuwran-
nex (2) no dopmyne (342) anauwcHuil Ko3hdu-
IIHeHTa HEHHJ‘IJ‘IHPIH}ﬁ np{IIII:'I'IJ,HEHWTIL
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Puc. 39. 'padux ana onpepeieHns pacxoma Ka-
MHAASPHON 30HL

[ — wyfwy=0; 22— wpfun=0,1; 33— wfo,=02; 44—
oy =03 § — wofuy=04; 6§ — wy'u=0,05.

Henonssysa peipamxenda (328) u (342) u uHTerpupys
no (327), noayuum:

Ge= "7 by, UoB. (343)

Anech
b — 4 |1T—u) {l + 2/9w,) [

(11— (1 +w)
npH w=w/w, Wo=Wo/w@,.

Buipaxenus (528), (342) n (344) noxaseiBaioT, 4TO

JHaueHne f 3aBHCHT TOJMBLKO OT OTHOLIEHHH Wo/w; M Yolhx
(puc. 39).

[pu yo/hx=0 p=1; ecan yo/hx=1, T0 P onpenenserca

raK: 1
P BT wy [0 ; (345)

CyMMapHBlii pacxoj, NMOTOKa TPYHTOBHIX BOJ C YYETOM
KAMAJAJASIPHON 30HLI paBeH:

- % ky b, h=h_,+ By, (346)

[Ipn yo<<hy p Haxoautrcsi mno ¢opmyae (344), a npu
fo=hy p onpeneasiior no seipaxkenuio (345). B npenenax

Ui ca_@mMm@J (344)
kg, (1—tp) (14-2/9 w,)
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#an6Gosee uacTo BeTpedalowmxes spavenndt 0,1 <wofw) <<
<< 0,5 snayenna p=0,27-+0,36 npu yo=hx.

[TIpoBepkoii npaBHALHOCTH NpeAnaraeMoro yyera pac-
X0Ja B KanHAAApHON KafiMe MOryT cayxuTh JabopaTtop-
ALe onpejaencnHst Kospduuuenta uALTPAUHH TIPYHTA,

APOBOAHMBIE s M'OPH3OHTANLHOrO NMOTOKA FPYHTOBHIX BOJK.
[Tpusejem pesysabTaThl HeKOTOpHX HaOmogenud'. Jlo-
TOK mHpHHoit B=70 cm u aaunoit L==298 cM Hacwinajax

rpyaToM B npenenax I'=12—70 cM no Buicote. I'pyHToM
cayxun  mobepeuknil necox ¢ JeACTBYIOUIHM JHAMETPOM,
no E. A. 3amapuny, d.=0,16 MM, BHCOTOlI KanH/I1JAspPHOrO
noauaTHa h,==35 cM, wy==0,035, w,=0,350, m=0,415
(8 monsx or oOwema). [Ilpm pasanunbix yposHax H,
BepxHero Obedpa ¥ H, HHEKHero Obeda 3aMepanH pacxof
¥ BouHcAAAH KOG PHUHEHT BOJONPOBOAHMOCTH: MO
dopmyae (326) B ¢ yueToM NPOBOJHMOCTH KANHIJIAPHOH
301kl no opmyae (346) (raba. 17).

Bes yuyera pacxofa B KANHAAAPHON 30He cpegHee
aHaueHHe Rq, =0,0386+0,0117; ¢ yyerom pacxoja B Ka-
NUANAPHOH 30HE Ry, =0,0252--0,0016. BepoatHas omub-
Ka Cpe/lHero 3Ha4YeHHs TPH Y4YeTe pacxoja B KanwJjasp-
HOMl 3ome cHH3mjack B 5 pas, pocrurays 6,1%. Ecau
fes yuera pacxolla B KANHAJAAPHON 30He OTKNOHEHHHA

anaueHnil kw, OT CcpeiHero 3HaueHus jpocrurator 93,6% 4

NpH CpeiHeKRajpaTHYHOM OTKIoHeHHH o0=44,9%, 10 C
yueToM pacxoja KanuAAfApHOH KaHMBl OTHeNbHBIE OTKJO-
HeHHs He mnpessimawT 18,4% npw ¢=9,1%.

YunthiBas, 4TO ONBLITEI NPOBOAHJAH B UIHPOKHX MNpeje-
nax HameHenwi Yo/l (otT 0,24 no 0,83) u npouenra pac-
Xola kanganspHoid sonsl (or 11 no 63,8), moxuo cuH-
TaTh, 4TO NPHOAHMKEHHAA cBA3b (346) VYAOBJAETBOPHTEAD-
HO OTPaXKaeT OnLITHLIC AaHHBIE,

Takum o6Gpasom, pacxol no KanuwaaspHOA KalimMe npH
NJaBHO H3MEHAWIIEMCS N0 IJHHE NMOTOKE TPYHTOBBIX BOJ
HHOTAA MOKET HrpaTh CYUIeCTBeHHYI0 poib B olulem pac-
xome moToka rpyHTOBhIX Boa. Cuntas 3amernhiM 5%
KanuiJAsipHOro pacxofla, MoxHO NpHOAHKEHHO (npn f~=
~0,3) npHHATH, 4YTO JABHMKeHHe B KanHanspHofi 3omHe
Heueaecoo6pa3Ho YYHTHIBATL TOJABKO B TOM cJayuae, €c/H
cpennsaa rayOGHHAa NOTOKAa TPYHTOBHIX BOJ NpeBHIIAET
Gonee yeM B 6 pa3 MakCHMa/JbHYIO BHICOTY KanMIIspHOTO
MOAHATHA. DTH cpeaHHe rayOHHBI MNOTOKOB TIPYHTOBHIX

! PaGora punonnena 8 MTMH M. H. Kanausckum nox pyxoson-
creoM A. H. Kocraxosa w aptopa xuary npu yuactus b. M Kusosoil,
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'nGanua 17. CpasHende oNWMTHHX W PACCHHTAMHBIX IHAYEHMA
wospHuHenTa BOAORPOBOIHMOCTH

Hasepenntie BeaHqHHL BuuyMcaeHEBE anayenHn
M no - | mo -
m‘|‘:- T,em | Hy, ecm | H;, em | Q, cue “:"u%} uyaze (346) ﬁﬂfl::::#
1 Begs, *u, nofl somHb

I 70,0 | 64,5 55.5 3,7 0,0299 | 0,0265 11,2
2 |70,0] 63,2 556.5 3,23 0,0300 | 0,0266 11,6
d | 70,0] 63,7 55,6 3,12 0,0275 | 0,0244 11,3

4 | 70,0 63,8 40,8 8,24 0,0292 | 0,0244 16,6
h 70,0 | 63,4 34 .4 10,38 0,0312 | 0,0254 18,5
6 | 70,0 61,2 34,6 9,93 0,0331 0,0269 19,0
7T |70,0| 64,3 | 56,0 | 3,12 | 0,0266 | 0,0237 11,0
8 | 70,0]| 63,8 55,7 2,98 0,0262 | 0,0232 11,3
9 (70,0| 63,9 54,7 3,42 0,0267 | 0,0236 1,8
0 | 37,0 28,9 23.9 0,861 0,0278 | 0,0215 22,6
i1l | 37,0 | 28,9 26,7 0,436 | 0,0303 | 0,0242 20,1
12 |137,0] 27,0 23,7 0,589 | 0,0299 | 0,0227 24 .4
13 | 37,0 10,3 5.0 0,665 | 0,0747 | 0,0299 59.8
14 | 37,0 10,3 8,2 0,281 0,0616 | 0,0272 55,8
iI5 | 37,0 10,3 9.0 0,190 | 0,0645 | 0,0291 54,8
6 | 12,0] 6,6 0,9 | 0,340 | 0,0677 | 0,0246 | 63,8

noj moryT OHTh BecbMa rpy6o oxapaKTepH30BaHBI: mecda-
lule rpyaTH 3—6 M, cyranHucTeie 6—12 M, ranHHcTHE 12—
24 M. Ecan rny6HHa noToka rPYHTOBBIX BOJ MeHbLUE MPH-
NeJIeHHBIX 3HaYeHHH, TO Yy4acTHe KaNHJAJAAPHOTO JBHIKe-
s CYLleCTBEHHO OTpasHTcA Ha ofumeM pacxoje TrpyHTO-
NWX BOA, H [JIi MHOIHX CJlyuaes pacyera ydyeT KanHJaasp-
HOIo NOTOKA HeoOXOMNM,.

Yuer pacxosma B cBOGOAMON KanMAAApHOH  Kaime
IKJlOYEeHHEM ee B 30HY JBHMEHHA ¢ NPHHATHEM TPOHH-
ILAEMOCTH, PaBHOM NPOHHIAEMOCTH HACHIIEHHOTO IPYHTA,
MOMET MpeyBeJHYHTL 3HAYeHHe KanUuAJAPHOH 30HBI MPH-
MepHo B 3 pasa.

B cayuae noameprofi KanuAJApHON KalMbl oOcCpeiHeH-
a5l NPOHHIAEMOCTb HeHachilleHHOH 30HB TeM OJHMKE K
IPOHHIIAEMOCTH 30HBI MOJHOrO HachilllenHs, 4YeM MeHblle
BeicoTa noaneprofi KaHMel (cM. 3HauenHs B Ha puc. 39
A Maasx yolhg), B B Kam/JA0M KOHKPETHOM cJayuae
MOXeT GuiTh npubauxenno onpeneaena no dopmyae (346)
N pHcyHKY 39.

HanGoabiime ownOKH npu onpeledeHHH (UABTpaLH-
OIHOTO pacxojia BOSHHKAIOT IIPH pacyere PeryJHpyloumHX
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3JIeMEHTOB MEJHOPATHBHHIX cHcTeM (opocHTeaH, 00po3-
Ibl, CHCTeMaTHYecKHe JApeHB) H3-3a OOJIBIIOro B 3TOM
c/iydae OTHOIUEHHS BBICOTHl KaMHAJAPHOrO NOAHATHA K

JeficTBylOLEMY Hamopy.

fnasa V.
BEPTHKANBHBIA APEHAMY HA OPOLUAEMBIX ZEMNAX

OcobeHHOCTH BEPTHKANbHOro ApeHama
M ero HasHaueHKe

Hna CoppOl ¢ 3acoseHHeM OpOlIaeMBIX 3eMelb B pas-
JHYHBEIX YCJOBHAX MoxKeT OHITb NPHMEHeHa cHCTeMa jpe-
Ha)xka Jio6oro THna, M 3ajaua sakaouaercs B 00OCHOBa-
HHH uesecoo6pasHOCTH YCTpoOHCTBa JpeHa)ka TOro HiaH
HHOro THna. BepTHkaabHBli ApeHa)< OOBIMHO CTPOAT B BH-
Ae ray0OKHX AOJrOBEYHLIX CKBaXKHH, cTouMocTh 1 M KO-
TOPEIX HaMHOro BbIIIE CTOHMOCTH | M rOpPH30HTaJbLHOrO
ApeHaxa Jwo6oii koHcTpykuuH. Kpome TOro, sarpaTbl Ha
SKCIVIYATalHI0 TAKHX CKBAXKHH OTHOCHTeAbHO BeaHkH. [lo-
9TOMY NpPHMEHEHHE BePTHKaJbHOrO JApeHazka 3SKOHOMHYE-
CKH neaecoofpasHO TOJLKO B TeX Caydasx, Korja yiesnb-
HEIf IPHTOK BOAB Ha 1 M ero ANHHH 3HAYHTeNbHO OoJblIe
VIEeJbLHOro NPHTOKA B TFOPH3OHTalbHEE JpeHsl (ABepbs-
HoB, CypHkoBa, 1966). :

B ycaosuax I'onoaHol cTenu BepTHKaJNbHas CKBaX<HHAa
ray6unoit 60—100 m o6caymusaer okono 100 ra opouuae-
MBIX 3eMedb. [as Takoro s(¢eKTHBHOrO J[AeHCTBHA TOPH-
30HTAJIbHOTO JIpéHa)<a €ro yiejJbHasd MNPOTAMKEHHOCTh
noaxHa 6uTh 20—50 M/ra, To ecth B 50 pas Goabiue. [1pn-
6H3HTENBHO B TAKOM JKe, HO o0paTHOM COOTHOILIEHHH
HaX0AATCA CTPOHTEJNbLHLIE CTOHMOCTH: YCTPOHCTBO BEpTH-
KaJabHOro apenama c obopylosanuem obGxoautca B 400—
500 py6/m, a ropH3oHTanbHOro JApeHaxa — B 12—15 py6/m
(Bapon, flkyGoe, 1964).

Bropasa oco6eHHOCTE BepTHKaJLHOTO JipeHa)ca — CIo-
cob6HocTb ero 3abupath BoAY H3 ryGOKO 3ajeraioiiHx BO-
JIOHOCHBIX HAMOPHBLIX TOPH3OHTOB, MNEpPeKpHITHIX caabonpo-
HHLIAEMBIMH MOpojaMH. DTHM CcHHMaeTcs HM30OLITOUHLIA
Hamop H JHKBHIHPYeTCA BOCXOAALIHH K MNOYBE TOK TNOA-
3eMHBIX BOA. ['opH3sOHTaNBHBI ApeHa B TaKHX YCJOBHAX
cjAelyeT JenaTth rayOOKHM M 4acThiM, YTO SKOHOMHYECKH
HEBHIrD/1HO,
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Iperbss OcoGeHHoCTh BePTHKAJbHOrO jApeHaxka 3aKJio-
YACTCHd B BO3MOMHOCTH HCNONBL30OBAHHA JJA OpPOWIEHHA
CANOOMHHEPAJIH30BAHHBIX TMOA3EMHBIX BOJ, OTKauHBAaeMBIX
I SHAUHTEJILHOM KOJIHYecTBe,

Obaacts uenecooGpasHoro NpPHMEHCHHS BEPTHKAJIBLHO-
IO JpeHaka onpejesisieTcsi B OCHOBHOM TIHAPOreoJioruye-
Cikiimi yeaoBusimi. Bompoc ke o Boifope THma M nmapamer-
[)OB JipeHaxka pelaercs TeXHHKO-3KOHOMHYECKHMH pacue-
[iMH, B OCIIOBE KOTOPBIX J0JIKHBI JIC}KaThb pacueTsl OCYIIH-
[JILHOro, pacco/fAlOmlero H OPOCHTEJBHOTO JeilcTBHH
Jpenaxa,

I'peGoBanns Kk ocymIHTeIBHOMY ACHCTBHIO APEHa}a CBO-
JUTCA K NOJJCPIKaHHIO HA OpPOLIAEMOM MAacCHBE H NpHJe-
FIIOLHX K HeMy 3eMJAX YPOBHS TPYHTOBBIX BOJ Ha TAakoOf
fAyOHHe, NpH KOTOPOH He OlLyllaeTcsi OTPHUATE/LHOrO
WIHAHHA TPYHTOBBIX BOJ Ha nouBooOpasoBaTesibHBIA Mpo-
llece (MpH CeNbCKOXO3AHCTBENHOM HCNOJb30BAHHH 3CMENb)
Wil Ha YCTOHMHBOCTb TPYHTOB KaKk OCHOBaHHIl cOOpy:Ke-
Wi (V1 TOPOJOB, NOCENKOB H T. A.).

YuuThiBas, 910 npu Gopble C 3acosieHHeM OpOIIAEMBIX
CMEJIb BHIIENACTCA JiBa NepHoja paboTel jpeHazka, Bep-
THKANbHBIH ApeHasK uesecoo6pasHo ycTpaHsaThb B paclere
Nl SKCTITYaTaUHOHHBIA TNEPHOJ MPH BO3MOMHO MOJHOM H
WUPHEeKTHBHOM HCHOJIL30OBAHHH YCTaHOBJAeHHOrO o6Gopyao-
wanus. IIpH npoBefeHHH KanHTaJbHBIX MPOMBIBOK €ro
CACAyeT JNONOJHATL BPEMCHHBIM OTKPHITEIM TIOPH3OHTAb-
lbiM apenaxceM. CTPOHTENbCTBO H Hayvano paGoOTH BEpTH-
K@JILHOrO JApeHax<a JO0JIKHO Onepexarh CTPOHTENLCTBO
OPOCHTC/IBHOH CETH Ha BHOBb OCBaWBaeMBIX 3aCOJCHHBIX
HEMJTAX,

OcHoBHOe TpefoBaHHE K BEPTHKAJbHOMY JPEHAKY B
JKCNAYaTAUHOHHBIH NEPHOJ| — NMOHHIKEHHe YPOBHS TPYHTO-
BHX BOA 10 3—4 M c ofecnedeHHeM MOCTOSHHOIO HHCXO-
JUILLIErO  TOKa CPeJHerojioBoil HHTeHCHBHOCTH ~ (0,1
+0,2) Op (Op — opocHTesibHas HOPMa IIIOC OCAJIKH).
Mas cpepnux ycnoBrfi  opomraeMbix MaccHBoB Op =5—
10 TeiC. M%ra, uTO COOTBETCTBYeT BOMOOGMEHY MNOYBEHHBIX
I rpyHToBRIX BOA g==0,0005—0,002 M/cyT. ¥Ykaszauuas
rnybusa 3—4 M, 6Goabie, yeM oOOGBIYHO pekoMeHayeTcs
(2—3 M), mo TOfl mNpHUHHE, 4YTO HEOGXOAHMO CO3NATH B
'PYHTE HEKOTOPYIO PE3epBHYI0 E€MKOCThb Ha NEepPHOAH YCH-
JICHHOTO NMHTaHHA PacTEHHI.

bnraronpuaThbie ycnoBHA ANA NpHMEHeHHS CHCTeMATH-
IECKOr0 BepTHKaNAbLHOrO JApCHAXKa HMEWTCH B Psile Opo-
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waemuix paitonor CCCP, nmoasepmennbix 3abonayHBaHHIO
H sacoqciunio. Tak, pesyabTaThl ONLITHEIX paGoT, npoBe/leH
HBIX PASAHYHBIMH [POH3BOACTBEHHBIMH M HAaYYHLIMH Opra-
HusauusamMu B pafionax [lonoaunoit crenn H Baxuwickoil
aoaunsl, Myranckot W ApasgasHckoll crenefl, wory
ABHTBCS pallHOHANbHON OCHOBON AJfl BHEApPEeHHA 1M000HO-
ro THNOA JpeHa)Ka B NMPAKTHKY OCYIIeHHA CeJibCKOXO3fAHCT=
BEHHBIX YTOAHMH. -
Beprukanbhbifi JpeHax NpHMEHHM HE TOJNbKO B OJIHO-
pPOAHBLIX, XOpOWIO MPOHHUAEMBIX MJacTax, HO H HPH CJOH-
CTOM CTpPOE€HHH TrpyHTa. Jlna o0OGBEKTOB nNpHMeHEeHH
BePTHKAJILHOrO JApeHaxKa XapakTepeH cJeAyIollHi rHipo=
reojiorHueckHii  paspes, [lopepxHocTHHl cnofi  oObluHO
NpeiCTaBJeH MeJKO3eMaMH ¢ IJIOXOH NPOHHIAEMOCThIO.
CHH3Y OHH NOACTHAAIOTCH XOPOLIO NPOHHUAEMBIMH NOpoOAA-
M. HHorsa HHMXHSA ToJjla XOpOLIO NPOHHLACMLIX MJa-
CTOB HEQH,H'EIFICIII;HH H HMCEET BEKJAKYCHHHA II]][I[!JIHETHE'I
[AHH H cyrauikos. OnHako B neaoM KosddrunedT PHALT-
pauuy Takoil TOJMMM BEJHK H SHAYHTEJNLHO NPEBOCXOAMT
KO3(pPHLHeNT GUALTPALHH NOKPOBHBIX MENKO3EMOB.

mﬁ GanaHc opollaeMbIX MaccHBOB —
OCHOBa ANs pacyeTa BEePTHKANLHOrO ApeHaMwa

CTpoHTeNLCTBO BePTHKAJLHOTO [ipeHa)ka, Kak H TOPH30H-
TajlbHOro, KOpPeHHWM 00pa3oM MeHfeT BOJHbIA peKHM
MEJTHOPHPYEMBIX 3eMeJsb H BCIO CTPYKTYPY BojHOro Oajan-
ca. INlostomy obocHOBaHHe M pacueT BepTHKaJlbHOTO jipe-
Haxa chelyer NPOBOAHTL ¢ YYETOM BCeX COCTaBAAIOLIHX
BOAHOrO OajiaHca H HX H3MEHEHHi M0J BJAHAHHEM Jpe-
Hama.

B raGaunue 18 pacemorpennl OCHOBHEE YPaBHEHHS BOJL-
HOro Oajlaica JAJif MaccHBa [0 OpOINCHHs, NPH OPOLIEHHH
C INOPH3OHTa/JbHBIM JIpEHa)keM H NpH paboTe BEPTHKaJ/b-
Horo apenaxka (Asepwanos, 1959, 1965; Asepbsnos, Cy-
pHKOBa, 1966).

B ypasnenHax nNpHEATH cheayomHe o603HAMEHHS:

H=H+Tp — cymmapHoe HcnapenHe (HCnapeHHe ¢ NMopepx-
HOCTH NOYBH H Tpancnupanus); J — CTOK m0 ropH3oHTab-
uomy apenaxy; Hs —or6op BOAH BepTHKabHLIM Jipe-
HAXCM.

Berutem nocnenopatentHo ypasuenus (348) us (351)
(348) ma (354), (351) u3 (354), obo3nHauas H3IMEHEHHS
IEMEHTOB 4Yepe3 A M NPpHHHEMAf AAA CPejHHX MHOroJjer

-
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HEX yoioBHii AW;=0. Hamenenns B Gajance rpyHTOBH
ol GYAYT CAEAYIOULHMH,
[Mocae opomenus (351)—(348):

O, =A0—AO+®, T Ag + Ap. 3

OnHoBpeMEHHO
H1=£l_91+¢;,$.€|ipr (35

[Mocne yeTpoilcTBA BEPTHKAJLHOrO JIpeHa)Ka Ha BHO
opomaeMuix semanx (354)— (348) |

Hy=All— A0+ AP, T Ag + Ap— (M) (357
HJTH
A,=1,—0,+ P, F g tp,— (k) (8

[Ips CTPOHTEJALCTBE BEPTHKAJLHOTO ApeHaka Ha cTapo
opoiaeMux semasnx (354)—(351)

H,=All—AO—AL+ AP, T Ag = Apf (3

Conocraenenne ypasnenuit (353) n (350) nupu Heu
MeHHOCTH TNoBepxnocTHoro npurtoka /7 u c6pocos H3 Kana

noB (Cx, = Cy,) naer:
AOp=AB—A®, = AH+ AC T Ag. (3

[TonyuyeHHble pPe3yJAbLTATH NO3BOJAIOT CANATH caeiny
IOlIHe BHIBOJLLL.

. Harpysky Ha ApeHa) MOXKHO OMpPEJAe/NHTb Henocpes
CTBEHHO N0 JaHHBIM NepcneKTHBHOro BojiHoro OGajaHca
ypasuenns (351), (354) u no AaHHBIM H3MEHEHHH 3JEeMeH=
TOB BojlHoro Gajnanca — ypasnenue (356) anas ropusonTtab
Horo apeHaia, (357) mist BepTHKaJbHOrO0 Ha BHOBb Op
maeMmblx semasx H ypashenne (358) ans BepTHKAJLHOT
JpeHazka Ha CTapoopollaeMbliX 3eMJIAX.

2, OCHOBHLIM TNOKasaTeseM MEJHOPATHBHOLO COCTOSHH
3eMenb ABJAAETCA 3HAYeHHe H 3HAK —4-g. YjaaneHue BOCXO-
AALero TOKA — moJespasi 4acTh HArpy3KH Ha JIpeHax
TOUKH spenusi paccoJcHus nous. OcrajibHBEle BOJALI MPHXO-
IHTCA OTKauHBaTh Mo HeoOXOAHMMOCTH H B TOM cJjytuae, ec
JIH OHH He HCNOJbL3YITCA HA OpPOLUEHHE. '

3. CTpoHTeNLCTRO BEPTHKAJNLHOrO JIpEHaMa H H3MeHe-
HHe 3HAKa YV BeJH4YHHL ¢ Ha oGpartunlit [ypasuenne (359)]
npH nocrosHcTBe BoAosabopa (AB=0) npHBeRyT K Hem0-

MYCTHMOMY yMenbluennio sogonorpebaenns AH, uTo BHI3BI-
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WoeT HeoOXOLHMOCTE TPHMEHCHHS MNPOTHBO(QHALTPALHOH-
WX Mep HJIH HCTOJb30BaHHA HA OpOIIEHHE OTKaYHBaeMOH
poan. MMeHHO T1oOSTOMY CTPOHTCALCTBO BepPTHKAJNbLHOIO
Apenaz<a Ha CTapoopomiacMbiX 3eMsX AONYCTHMO TOJbBKO
ipn coOJIOAEHHH STHX YCJOBHH.

4. Ha BHOBB opoliaembix semasix [ypaBHeHHs (354) H
(467)] npH MCXOJHBIX BBICOKHX YDPOBHSIX TPYHTOBHIX BOJ
¢TPOHTENBCTBO TEXHHYECKH COBEPIICHHBIX OPOCHTC/bHBIX
eierem (Manoe sHauenue Py, ), a Takke YCTPOHCTBO OT-
ceunnix apen (ymensienue 1) moapoasar usbexath Oec-

[I0JIe3HO TepexaukH BOAbLl H NPHOJH3HTHCA K OCHOBHOH
JBjlaue — pacCoJIeHHIO 3eMeJlhb.

OcHoBHLIE pacyeTHble cXeMbl

Mexons w3 Boauoro Gajanca, Bee pasnoofpasHe BO3MOXK-
HLX CXeM pasMelleHHs BepTHKaNLHOIO JpeHarka Ha Opo-
jaeMBIX 3eMJASX MO UEeNeBOMY HAa3HAYCHHIO MOMKHO CBECTH
i ABYM THIAM: CHCTEMBI, MepexBaThiBalollHe HJIH yMeHbIIA-
OlLHe TOJ3eMHBIl NPHTOK €O CTOPOHBI; CHCTEMaTHYeCKHH
NePTHKANBHBIN JIpeHa, pasMelleHHHH Ha OopollaeMoH
Wiolasd H OTBOASIIHI o0pa3oBaBuikecs 3iech H3OBLITOY-
Hbie BOJBL.

[TepexBaThiBalOWHI ApeHaK KaK CAMOCTOSTENBHBIH THI
PACCONAIONIErO JPEHa)ka mpHMensaTb He caeayeT. CHcere-
MATHYECKHH ApeHax MAEHCTBYET HENoCpeACTBeHHO Ha pac-
COJIeHHe 3eéMenb H fABJAAeTCH OCHOBHBIM THHOM JpeHaxda.
Boamoxna KoMOMHANHA oOrpai/laloniero BepTHKAJBHOTO
¢ CHCTEMATHYCCKHM TODH3OHTAJbHLIM JIPCHAMKEM.

MeToauKy pacueTa nepexBaTeBalouleli JHHeHHOH CH-
CTCMBI BEFTH[{HJHJIHJIE. CKBaX¥HH JLJIH }?CTHHDBHBI[IETDCH
npuxkenua paspabGateiBaan  Ttakwke C. K. A6pawmos,
B. [1. Hexpura, A. B. Pomanos u ap. (1961). 3ananubiMu
9JeMEHTAMH NpH pacueTe JHHEHHOH CHCTEMB BepTHKaNb-
HLIX CKBAMKHH SIBNIAIOTCA YPOBCHL IPYHTOBBIX BOJ Ha 3a-
IHuraeMoM MACCHBE H NoJI3eMHBIH MPHTOK CO CTOPOHBI C
yUETOM OPOLUCHHA BRIIIEJCHAIIHX 3cMedk, a PpPacueTHBI-
Mil — PacCTOSIHAA  MEMAY CKBaXXHHaAMH, HX rIyOHHB H
nonmkennd., Takue cHeTemsl HauOonee 1enecooOpasHO
pasMemarh BOJH3H TPAHHUB OPOIIAEMOrO MAacCHBA Ha me-
peJioMce }-’[{J'IUHEI MeCTHOCTH, Trae ITE-ESGMETI}H'-IEEKEH no-
PCPXHOCTL HAXOAHTCA OJHMKEe K NOBEPXHOCTH 3eMJH HJH
niiime ee. Ecan 3alHTHYIO CHCTEMY CTPOSIT MOcJe noabema
[PYHTOBBIX BOJ Ha MacCHBe, TO HeoOXOAHM YUeT HeyCcTaHo-
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Puc. 40. CxeMa K pacyery CHCTEMaTHYECKOTO BepTHKaJb-
HOTO ApeHaxa.

BHBIIErocs pexuma. O Moxer OGBHTh NpoH3BEJAEH N
npepnoxennam P. M. Bouepepa (1961), ®. M. Bouesep
H H. H. Bepurnna (1961) mam ynpomenno, kak ans co-
BepuUIeHHOro kKauana (Apepbsinos, 1949) ¢ npusenenne
pala cKBaXkHH Kk Kanaay mo B. M. [llecrakosy (1965).
PacueTtnas cxema /A CHCTEMaTHYECKOrO BepPTHKAJb-
HOro JpeHaxa npueelieHa Ha pHcynke 40. OcHopHele Ga-
JIAHCOBBHIE YpaBHeHHA Aaa 3Toi cxeMul (354) aas Aw6LIX
yenoBHi ycrpoficTea Apenax<a u (358) npH coopymennu
€ro Ha CTapoopoIaeMbiX 3eMAnX.
HauGonee caoxubim B ypasuennn (354) spasercs on-
penenenne py. O6BHYHO NMPHHHMAETCA:
H—h,

ps = —T-—F Ry, (360)
1

rae H—mnanop B noAnHTHBaOUeM HANOPHOM MAACTE, OTCYHTHBAEMHIN
OT NOACUIBL MOKPOBHEIX OTA0MEN .

[Ipn sTom mpeanonaraeTcs NMOCTOSAHCTBO Hamopa B MOJ-
MHTHBAIONIEM BOAOHOCHOM IJIACTE, YTO HE BCErja CoOTBeT-

CTBYyeT JeicTBHTesqbHOCTH. [IpH Gosee Tounom pacuere
NPHHAMAIOT:

H—=h
Ty

Pa = k:h

Tae h — nepeMeHHan BeAMYHEA.
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Taxum obpasom,
I ~®, +8g+p, o (381)

_" ”pll 91oM BesiHuHHA (P, +g2) Hamensercs ot (0,55—
- 0U5) Op nns TexHHYeCKH HeCOBepIUeHHBIX CHCTEM JIO
NG 0,50) Op pna cuctem ¢ BHICOKHM KO3(OdHUHEHTOM
eanoro peiictsus (0,8—0,9).
Jan ypasnenna (358) HyKHB He aGcoJIOTHBIE 3Hadye-
N waeMeHTOB BoAHOro GanaHca, a HX H3MEHEHHA noja
WANMeM ycTpoiicTBa JIpeHa)a H MOHHMKEHHS YpOBHS
. urﬁrnmaux BOJ OT @; A0 ds. YBeJHUeHHEe MPHTOKA MOJA3EM-
X nop no apenupyemomy nuacty Afl MOXKHO Ompeje/HTh

i OcHOBAHHH BeipaxeHuit (272)—(274):

Al = 2nR, kT (ay — ay) =20, (362)

UGS ]/ kif;' i Ry - npusesenusfi paanyc ApesHpyemofi nuoimna-
iy K, Ko — mmuﬁnpnqmme dyuxnun Becceas.
Bupaxana nNpUTOK Ha eJHHHLY APEeHHPYEMOH IJOLLafH,
HOAYUHM:
AT &y 2 Ki(oR)
=g g} et . (363
P o Al e K )

ke npupesensl 3HaueHHs [ NpH pasiAHYHLIX 3HAYEHHAX

uhy

@ 'r'l'ﬂ ﬂ-l ﬂ'.ﬁ 1 2 E lu

! 81 Ty 2.9 1,23 0,44 0,21

Orciojla sicHO BHJAHA Uenecoo6pasHOCTb JAPEHHPOBAHHA

foabmnx miaomajed. [Ipn mepexsaTe NpHTOKAa €O CTOPOHBI
8ll=0; AO=0.

 Bennunna A®y, uMeeT SHAUeHHe s CHCTEM C SeMJIfi-
WM pycnamu. Taxk kak npH noaneproii ¢puALTpPaLHA

(Anepbsanos, 1956) Px~AV a, 1O

Ecan ay~15—2 M, as=3—4 M, To ADPy=~0,4P,, =
w (0,2—0,3) Op.
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[pu ob6anuosannux Kanasax A®Py=0. Beanunny Ap
onpeaensalnT no Gopmyae

Ap =k, 2 ';1“1 : (36

Age=|g:1|+|gz|, npuuem go= (0,10—0,25)0p, a g, opu-
EHTHPOBOYHO HaXxoAAT no (opmyne

a=H (1 = ﬁ-)”. (366)

ag

Ecau npunate Ha~O0p-+g, 10 £=~030p, Ag=

= (0,40—0,55) Op.
Torpa ypasnenue (358) npumer BHA:
J,~A®, + Ag + Ap. (367)

[Tpn stom (ADPy+Ag) u3amensercs or (0,60—0,85)Op pas
CHCTEM C KaHaJaMH B 3eMmaanbix pycaax jgo  (0,40—
0,50)Op nas Gojee TeXHHYECKH COBEPHIEHHBIX CHCTEM,
Ypapuennsa (361) u (367) naor GiH3KHE pe3ybTaThL.
YTounuM HeoGXojMMOe TOJIOXKCHHE Nbe30OMeTPHYECKOH
MOBEePXHOCTH Mexay ckBaxkuuaMmi. [Ipn 3azanHom cpei-
HeM 3ajeralHH TPYHTOBHIX BOJA @z H TNpocayHBaiHH g
(unu gotPy, uTO OnpeesnseTcs KOHKPETHLIM pasMelleHH-
eM KaHaJOB) JONOJHHTEJLHEIC TNOTEPH NpPH JBHIKEHHH BO-
JIHl uepe3 BePXHHil NJacT paBHBL:

Ah = i'—: (hep + AR). (368)
Toraa
T -
h’dp e {TII aﬂ] ( kﬂ )r (
UPH hcpﬁu,g h
ol 24 -
h~1,1(T, a,)(l k,)' (370

otkyaa Sp=h—IL.

3nas cymMMapHulii AeGMT JApeHa)a H HeoOX0AHMOE TNo
JN0¥eHHe NbE30OMETPHYECKOH MOBEPXHOCTH, MOXKHO, 3aja
BasiCh PasAHYHLIMH TNOHHMKCHHAMH, HAXOJAHTb PaccTOAHH
MEMCAY CKBaXKHHAMH M HX YHCI0. Y4eT HecOBeplIeHCTB
CKBaMXHH NPOBOAHTCA 00LIMHBLIMH criocobaMH.

Bce BhIIECKAa3aHHOE OTHOCHTCS K CTalHOHApPHOMY pes
MHMY FPYHTOBLIX BOJL B KCIJIyaTaUHOHHLIH NMEPHOA. B pa
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I e cayyaeB HeOOXOAHMO pacCMOTpPeHHE HEecTauHOHap-
HOIO pemuma, yueT mepexofHOro nporecca.

[1pn cTpoHTenbCcTBE BePTHKAJNBNOrO ApeHa)a HA HOBBIX
OpolIaeMBIX 3eMJAX C OTHOCHTENbHO TJIYGOKHM 3ajeraHu-
UM I'PYHTOBBIX BOJ IpefesbHOE CTalHOHAPHOC COCTOsSHHE
HIWBICTCA HAHXYAWHM, NOCKOJBKY 3jleck O6yIeT NpPOHCXO-
ANTH MOCTENEHHBIH MOABEM TPYHTOBLIX BOJA. YHeT Heycra-
HOBNBLIErocsl peKHMa B 3TOM caydae He Hy:KeH. [IpH He-
AOJUILIX BHICOKHX YPOBHAX TPYHTOBHIX BOJ (10 OpOLIEHHS
Wi Ha AEeHCTBYIOILHX OPOCHTENBHBIX CHCTEMAaX) OLeHKa
Hpemenn ctaGuansaliy npouecca Heo6XoAHMa, TAK KaK npe-
AfALHOe CTALHOHAPHOE COCTOSIHHE 3/1eCh SBJASETCA JYYIIHM.

lIpn pacuere HecTauMOHAPHOTO peXHMa T'PYHTOBBIX
WO/l B 3aKPHITHIX HaNOPHBIX MJlacTax BajKHeilloeld XapakTe-
PHeTHKOM sBNfAeTCA KO3(MQHUMENT NLE3ONPOBONHOCTH, H3-
MENSTIOUHACA B IHPOKHX mpefeiax — a=105—108 mZfcyr,
IOrla KaK JAJisi TPYHTOBBIX NOTOKOB aHAJOTHYHEIH Ko3(dH-
IHenT  ypoBHemposoiHocTH a;=102—10¢ m2fcyr. Taxoe
a4 HE B BEJHYHHAX 4 M @) TOBOPHT O GHICTpO#l crabu-
JN3AIHH IBHXKEHHA I'DYHTOBHEIX BOJ B HaNMOPHHIX mJacTax.

Jlo HenasHero BpeMmeHH 3HaucHHS Ko3(phHUMEHTA Ibe-
IONPOBOXHOCTH OWHOOYNO NPHHHMANH JAs JIOGHX Hanop-
X notokos. Hccaejpopanns B3auMOJENCTBHSI HATIOPHOTO
y1acTa H (PaKTHUYECKOrO0 yPOBHA TPYHTOBLIX BOJ B BepXHEM
chnabonporniiaeMom mokpoBHOM rpynte (B. M. Illecrakos,
. M. DBoueBep) noxasanH, 4YTO NpH OTHOCHTEALHO JUIH-
Ie/ibHol QHALTPANHH KO3 (PHUHENT BOXOOTILAYH CACAYET
HpHHHMaTE OJH3KHM K Koah(pHUHEHTY BOIOOTAAYH BEpXHe-
0 nyracta. DTOT BLIBOA HMCET BAXKIOe 3HAYCHHe, TAK Kak
NOKA3LIBAET, YTO NMPH XOTs H ocnabjieHHON, HO HMewmeiics
CDASH MeXAY HanopHBIMH H TPYHTOBLIMH BojaMH cralu-
JU3AUNA HATOPHBIX NOTOKOB [IPOHCXOAHT HECKONMBLKO GHICT-
pee, uem cBofOAHDLIX, HO He B COTHH pas, KaK 3TO NPHHHMA-
JOCh paHee.

B stom cnayuwae jas  paccMaTpHRAacMOH HaMH  CXeMEI
NCPTHKAALHOrO ApeHa)a VAoOHO HCOOJBIOBATE MOHATHE
peMEHH cTaGuiHsauun. AHaJgH3 NOKasad, YTO € TOUHO-
¢rbio 10 5% npu Rfro=100 u mo 3% npu R/ro=1000 pa-
JHANBAEIH NOTOK KOHEYHBLIX PasMCPOB  JOCTHFEeT HOBOIO
CTAINHOHADHOIO peéXHMa 3a OTHOCHTeJIBHOEe BpCM#, paBHOE
NOJIOBHHE BpeMeld craGHAH3aUHH, TO eCTh

P> 0,55-;, (371)

e & — kosdpdAuNenT BOAOOTAIYH BEPXHEr0 NAACTA.
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®opmyna (371) nossoafer BecbMa NPOCTO OMPEAESHT
BpeMs, 3a KOTOpPOE B OCHOBHOM O6yJIeT NOCTHIHYTO CTalH
HapHOE MPOEKTHOE COCTOSIHHE MOCJe CTPOHTeNLCTBA BEPTH:
KaJbHOTO ApeHaXa npH HenpepuiBHO# ero pabore. [To ma
Tepuanam ! ana ycnoenii ApeHaxa opomlaeMulX 3eMesb

6~0,03 k5", (37
l"I::_E ko — xoadpdrnnent GUABTPANEA BEpXHEr0 TOKPOBHOrO rPYHTA
M/fCYT.
Conocrapnss BpeMs, noaydennoe mo ¢opmyne (371)
¢ JONYCTHMBIM TIO YCJOBHAM CTPOHTENLCTBA CHCTEMBl H O
BOGHHA 3eMeJlb, MOXHO CJeJIaTh BHIBOAB O NMPHEMJEMOCT
NPHHATOrO BapHAHTA.

Pacuer OCYWHTENbHOro OelcTBMA CHCTEMaTHYECKOro
BepTHKanbHoOro APeHaXa

[Ipn pacuyere CHCTEMATHYECKOrO BEePTHKAJNLHOINO JApeHam
OCHOBHBIM BONpPOCOM SBJSAETCA ONpejeseHHe MPHTOKA rpyH
TOBHIX BOJ K CKBAYKHHAM H HX OCYUIHTEJbHOro AeficTBHA,
TO €CTh NMOHHYKEHHA YPOBHS TPYHTOBLIX BOJ NMpPH HaJAHUHI
HHQHALTPaUHOHHOTO mNHTanHA. BBHAY H3MEeH4YHBOCTH HH
duabTpauun apeHax O6yaer GpyHKUHOHMpPOBATL NPH HecTa
uHonaproM pexkume (Asepbsinos, Ycenko, 1961).

Teopernueckue pemieHHs MO OCCCHMMETPHYHOH (PHALT
palHH NPH HAJAHYHKH HHGHALTPAUHH OCBelleHn B pabota
[1. 0. Tac6ora (1940) u 0. JI. Cokonosa (1955) n ap.

B pabGore «/lpenax ceabCKOXO3SAHCTBEHHLIX 3eMesb
(M., «Konoc», 1964) pexomenayercs BecTH pacueT MOHH
JEeHHA TPYHTOBBIX BOJA /U1 OAMHOYHON CKBa)KHHH (6e
yuyera HHTepdepenuHH) npH nocrosnHoM aebure. B 3T0
cayuae (Macker, 1949) nonmkenue NOBEPXHOCTH TPYHTO
BBIX BOJ S HAa paccTOANHH r 3a BpeMs { NpH  MOIIHOCT
nnacta H., xoapdunncnrax duasTpannn & B BogooTAaY
6 csasano ¢ aeGutoM Q dopmynoil

Sl AN QU
i 4::5-&.:&( ﬁﬂcs)""mmc( . Bt {},5‘??)_

3necs Ei(—x) — uuterpanvHas nokasatenbHas GyHKUHA
[MTounmxkenne S B caMoil CKBaXXHHE HAXOJHTCA Mo 3TOH XK
dopMyne npH r==rp. YCJOBHOCTL TAKOI0 pacyeTa, NOMHM

! MartepHaas K TCXHHUECKHM YCJAOBHAM M HOPMaM NpOCKTHPOBAHHA
OpOCHTENLHBEX cHeTeM.— «[ opH3oHTAALNEf  JApeHAX 3aCONCHHEX 3
meas». M., [unposoaxos, 1957.
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! {=00 Puc. 41. CxeMu Kk pacuery meycra-
1 ¢ HOBHBIIEACH UABTPALMH K CKBa-

o HHHE:
F::r;I'k @ — cpaGoTKA YPORHS TPYHTORKIX BOA B
f= -]l PaamanBHOM MOASCTE foOA BAHSHHEM OT-

e
|
|

Ka9KkH; O — NpHTOK TpyHNTORMWX BON K

CERANHHC Iog BAHAHHEM wHavaswelca

F;__ i 7 R T T H“-II]".HLTPH TMH: I — -E]:I'llﬁl}'l'H! YpoBaHA

4’, K FPYHTOBMX BOA B pPALIHANBHOM naacTe
h . ; 2 opH HaaudeH HHQHALTPATIHA,

HEYUeTa B3AHMHOTO BJAHAHHA CKBaxun (HHTepdepeHuuu),
M09 aeTesi TAKHKEe H B TOM, YTO BMecTo 0ObI4HO cTabHIH-
HIPYIOLIErocs ¢ TEeUCHHEM BPEMCHH NMOHHMKCHHA YDOBHA BO-
Il B caMoll CKBaxHHe rojyvaercsi (NpH MOCTOSHCTBE Jie-
(ira Q) GeckoHeuno Goablioe 3HauveHHe S, GoJblLiee, yeM
CiMA MOIIHOCTh TPYHTOBHIX BOJA [, uTO He COOTBETCTBYET
lCHCTBHTEILHOCTH.

PaccMOTPHM OCHOBHLIE BO3MOJKHEIE CXeMbl PaGOTH Bep-
IIKaJbHOTO CHCTCMAaTHYECKOro JpeHaxa, KOTOpble mnpe-
Crapiensl Ha pHcynke 41. Cxema a coorBeTcTBYeT pabore
WePTHKAJNLHOrO JApeHaka TPH yaaJeHHH 3amacoB Noa3eM-
WX BOJ; cxeMa 0 — cIyvyaio NojibeMa MOBEPXHOCTH FpyH-
TOBLIX BOA MOJi BJAHAHHEM HavuaBlleicsd HHOUIbTPALHH;
CXCMa 8 — pe3ysbTaT CJAOMKCHHS JBHIKeHHH, COOTBETCTBYV-
IOMIHX cXemaM @ H 6, ABASCTCA OCHOBHOH /sl pacyera cHe-
ICMATHYECKOTO BEPTHKAJNBHOTO JpeHaxa, YYHTBIBAIOLLCH
IKAK OTBOJ, 3aMacoB IPYHTOBLIX BOJ, TAK H NHTaHHE C IIO-
HCPXHOCTH 3€MJH. 3amHileM ypaBHeHHe OCecHMMETPHYHOI
(puabTpauHn B BHAE

oh _ kH. [1 oh | %)

ot 8 ;

i
£y o ar=1+ ok (a7

e h— Texyuiee noswiuente (AR cnaj) NOBEPXHOCTH TPYHTOBEIX BOA;
i HHTEHCHBHOCTE ]!H@IHJ’ILTPEIH_HII,
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PaccMOTpHM onyckaHHe rpyHTOBWX BOJA NOA JAelicTBH-
€M OTKa4YKH H3 BEPTHKAJBIIOr0 CHCTCMATHUECKOTO JipeHAaMKa
(nuuabTpauus orcytcTByer — pHe. 41,a). Has  storo
cayqas caeayer peuminTs ypaeHenue (373) npu ¢=0 u cae-
AYIOLAX TPAHHYHBIX H HAYAJLILIX VCIOBHAX:

dh
h=H, npu =0 ana re=r=R; o =0 npu r=R pan moGoro f;

h=0 npu r=rg nan {=0.

Takoe pemenne MOMKHO TOJYYHTH, BOCHOJL3OBABUIHCH
obuwei dopmynoit M. Mackera (1949) uan JI. C. JleiiGen-
soHa (1934) nng cayuas, Korjla ¢ OJAHON CTOPOHKl LWHJAHHI-
PHYECKOro mJiacta (CKBa;kHia) 3aJaHO JlaBJIeHHe, a ¢ Apy-
roii — pacxoa (B nawewm caywae pasuuii nyawo). [loche
COOTBETCTBYIOUIMX npeoOpasoBaHuii noJyvaeMm BelpazkeHHe
Ui MPEBLIICHHsA NOBEPXHOCTH IPYHTOBHIX BoJl h Hal ypoB-
HeM BOJB B CKBAXXHHE B BHJE:

h=H o .
3nech
(5] = g
p=—n YA, exp(—M1), (374)
1
rae f— ornocuTensioe Bpems, {=f/t: T — BpemMa CTalHaH3aNHY,
To (rha) 1y (Aa) 1 (7 An)
An= : : (375)
T 1 (rohy) — 17 (Ag)
u (rdn) = Iy (rhn) Y1 (Aa) — Iy (An) Yo (An), (376)
rae fo, fl—IlITﬂHIlAE)lI't{:EHIIc (YHKUHH Nepsoro poAa HyJACBOro W nep-
BOro nopsakos; Yg, ¥; — 10 He, Broporo poaa; A, — KOpPHH ypaBHeHHS!

/ 0 (Fu ‘1"11) Y, {JL‘n} —f 1 (?"n] Yo (;n 1:1] =0, {3?7}

rae r=r|R, ro=rofR.

Hekoropuie kopun ypasuesnsa (377) Ansl pasiHuHBIX ro
npuBeaenbl B pabore JI. C. JleiiGenzona (raGa. 19).

TaGanma 19. 3uavenns A, xopueii ypasnenns (377)

Homepa o

i T [T T Y 0.001 0.0001
1 1,42 1,10 0,717 0,569 0,486
2 5,68 4,97 4,29 4,11 4,03
3 9.69 8,50 7,00 7,32 7,23
4 13.70 12,10 | 10,80 10.50 10,40
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Honnsysce TaGauuamu gyaxunii Beccens, MoKHO BHI-
ety kosphuukentsl A, Ag8  KOpHA Ay, Az — Ang Ao
T, A “L’[’!EMHGH{EH sHauenuss A, Ha COOTBETCTBYIOLLEE

sanenne exp(—»int) u CYMMHPYSl 3TH 4I€HBbl, MOJKHO OII-
PUACINTE MOJOKEHHEe MOBEPXHOCTH TI'PYHTOBHIX BOJ B JIO-
Aol momenT ppemens. Ilposepka dopmyan (374) nokasbi-
BAET, UTO OHa YJAOBJACTBOPAET HAYAJNBHBLIM H TpPaHHYHBIM
YEJOBHAM.

Hanbonee BakKNLIM SABAAETCH ONpeleeHHE MOJOMKeHHHA
HONCPXHOCTH TPYHTOBHIX BOJ Ha rpaHHie njaacra (mocpe-
e mexay ckpaxkuHamu). s storo cayuas B Qopmy-

jnx (374) —(376) namgo npHHATL r=1, uTO AaeT:

4 (he) = Yy () Iy () — 1y (W) Yo (By) = — ——,
To (ro An) Iy (Mg 5=
0= 22 il e (). G

JList NpaKTHYCCKH BaXKHBIX 3HaueHuit ro==0,01, roh<<

0,01, otuero Jy(roh;) & 1; snauenne BTOpOro KopHs B6—
H pas Goaplue nepeoro H pabHo Ax=—4,03—4,29 npu A=

w0 0,486—0,717. Tlpn 5THX 3HAYeHHAX apryMenta (QyHKIHA
!.{l,}zﬂ,?S—G,BB, a I,(h:) =—(0,08—0,17).

Ecnu Y4€CTh, UTO ?f, CTOHT B TOKasaTesje CTeneHH
0xXp (—Axt), TO B dhopmyne (378) nmpu £=0,20 ¢ TouHOCTHIO

-3 'lp MO¥KHO OrpaHHYHTBLCS MEPBBIM UJEHOM.

10 NO3BONAET HanHcaTh NPpHOJHMeHIIoe paBeHCTBO:
i
p~exp(—Ai (379)

MK
—A2f
Hims fle, 1, (380)
YuntnBasi pasnoxeHHe (pyHRUHH DBeccens ana  apry-
Menra x<€1, MoKHO HaliTH HPH'EI.T]HH{EHHDE PAaBEHCTBO
(Yeenko, 1958):

lﬁ.:ilni.
?..f 2 9

Pasencrso (380) moxHO npeicTaBHTh B VIOOGHOM s
pacHeTa BHAE.

ek B oy g B
J et 7 Jchrﬂln = lnﬂr,' (381)
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Mo Bennunnam R, ro, k, He, & onpesensiior noumsxenue.
B ckBaxkuHe ffp, xotopoe oGecmeunBaerT HeoGXOJHMOE MO
HH}KEeHHE MOBEPXHOCTH TpyHTOBHIX BOX (H,—[H) B 3anan-
Hoe BpeMA [; aHAJOTHYHO MOMKHO BapbHpOBaTh, YYHTHIBA
Hamop HacocoB, BEJHYHHOH R, TO ecTh pasMellenueM CKpa-
HHH.

[IpHTOK rPYHTOBHIX BOJ K CKBaXKHHE BHIMHCIHM 1O (GOp-

MyJie
Q=2mrfHo(50) (382)

npHyYeM -gi noayuaem no dopmyaam (374)—(376).
'

CﬂﬂTBETﬂTH}’][ﬂHHE BHIKJAJAKH TIPHBOJUAT K BhipaKCHHAM
Q = 2nkH H, ¥, (383)

v= Y. B,exp (—int), (384)
1

217 (A,)
IE [;ﬂj‘n} '_"'? f"’n] -
3uauenns xosdpouuuenros B, nanwl J1. C. JlefiGenso-

Hom (1934), wo yunteiBas ckasannoe Bwiwre (npu {>0,2),
orpaHHYHMcA nepBbiM uieHoM paga (384). [locae HekoTo-
PHIX BHIKJAAOK H YNPOILEHHH C HCNOAb3OBaHHEM (hOPMYJibl
(380) moanyuum npuGanxkenHyo dopmyay pacxona:

(385)

onkH.Hy =M f  9nkH.}
e i ol R
THE lnﬂf—-n

[Ipi nogbeme rpyHTOBHX BOJ noj AeiicTeHEM HHOH/b-
TpauuH (pHc. 41,6) B ypasHeHHH byccuuecka (373) co-
XpaHsercs cBoGoanblii unen ¢/6. Bseaem HoOBoe nepemen-
noe h*:

ﬁ*=h—i;'ﬁ'ﬁ. {33?]
[Toacrasnsas snauenne h=h*4-qi/6 B ypasnenne (373),
MOJYUHM:
oh* kH. [0*h* |
a8 [aﬂ 13 . -ﬂrli (358}

TO €cTb OOBYHOE JHHeapH3HpOBaHHOe YypasHeHHe DyccH-
Hecka Ges cBoGoAHOro ujeHa (CM. aHaJOTHYHBIA NpPHEM
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Wan annefinoft 3agaun — Asepbsinon, 1956). Ypasnenne
(I88) nas paccmarpusaemoii 3anaun (puc. 41,06) pemaer-
(M NP CAEAYIOUIHX IPAHHYHBIX H HAYaJbHBEIX YCJIOBHAX:

=0, h=0, h*=0;
ah dh*

"I'=‘E1_"'= — =,
r=ry h=0, h* =—qt/d npn £ > 0.

‘ [Tpu wanuupy HHGHABTPALMH 3ajada CBOAHTCHA K 3aja-

| ye Oes naGHABTPAUHH, HO NMPH JIHHEHHOM ONMYCKaHHH YPOB-
Wi pons B ckeaxkpne. Bocnonb3oBasliHch OOIIHM pelleHH-
em M. Mackera ¥ npoBeis COOTBeTCTBYIOIIHe npeoGpaso-
WANNS, NOJYYHM BbIpaykKeHHe IJAA MOABEMAa MOBEPXHOCTH
IpyHTOBLIX BOJ B BHAE

: he=— qﬂ‘ﬁ Ay i
kH ]
e
o — Folrodn) Iy (An) u (7 3e) (390)

" [ (rer) =B ()]

[TogbeM NOBCPXHOCTH TPYHTOBHIX BOJA Ha rpaHHIE No-
roka B J1060if MOMENT BPEMEHH paBeH:

; e
H= :f;: Z}Dﬂ(l—e “"'), (391)
e Dy GG (oo
Ay [15 (rohe) — 1 )
2D,l= 3in———(1—7), (393)
|
roraa H=Hy(l—q). (394)

[IpenesbHbiil NoABEM NOBEPXHOCTH TPYHTOBHIX BOA My
HaHAeM No BbipaXeHnHlo

—__:qﬂ“l'll__l At
Ho= 40 lna 7 (1 r.,]]. (395)
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Orpannunpasc, aasa >>0,2 meppeHiM ujaeHOM psia, Mo:
JYIHM:

—a2F
Ppp=e =1—u0. (39€
Bripaxkenune ans pacxona Haigem mo gopmyae
dh
Q — 2ﬂfnkHu (F:ir_)r-:r,' {3

rae % GepeM u3 opmyanst (389) u nonysaewm:
r

o —Af
Q=R N E, (1—¢ )
npu
2] 417 (An)
U R [1 (o) — 1 (A)]
BriuHCcIeHHS NOKAa3LIBAIOT, 4YTO ?“Eﬂ=l. Torna uMeeMs

Q = Qo (400)

rie ﬁ;=nR=q-—- pacxofl WHOEALTPAUHOHHOrO NHTAHHA NO BCel NJOLLZ
am, oGeaymuBacMoil 0/HOR CKPAXKHHOM,

g iE " (401)
g = . e .
, It
OrpauHuHBasch NEPBHIM YWICHOM PALa, HMEeM:
~L;*'f_ .
Ppp~1l—e  =gq. (402)

Gopmyasl Aad pacyera NOHHMKEHHS TPYHTOBLIX BOJ TPH
HaAHYHH HHHALTpaunu (pHe. 41, 8) MOMKHO NOAYYHTE, CKJId=
ABIBAsi COOTBETCTBYIOLLHE pelleHHd JIis cXem a H 6 (pHC:
41). |
Tak, cymmupys puipaxkenus (374) u (389), moxHO no-
AYyuHTh obllee BhHIpa)KeHHe AJS H3IMEHCHHS TNOBEPXHOCTH
CPYHTOBHIX BOJ MOJ BJAHAHHEM OTKaukH H HHQHIbTpaLHH
(Takoe cjoMXeHHe MOXKHO IPOBOJAHTbH BBHLY JIHHCHHOCT
ypaBHeHHa DByccunecka). Huxe mnpuseacm ToJbKo NpH
oamxennpie dopmyanl. CkaaawiBas Beipawenus (380) H
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(494) ana H3IMeHeHHOH NMOBEPXHOCTH TPYHTOBBIX BOJ, IMO-
AYUHM:

L s —A%7
1 =0H,+ (1 —q@)Hy=Hy— {HU_HEI] gy (403)
1 I R
YunTeBag, 4To ~ —In , TIOJYYHM:
R
tow L SRy R 4 Ho—H, (404)
E kHﬂ Ern Hﬂ'_hl

[Tonnsift pacxon Oyaer paBeH:

0 = Qu® + Qs = Qo + (Qo— Qo) 2= . (405)
Hy — Hy

B sToM BHipa:kenuH yutena popmysa (403).

B dopmynax (403)—(405) npuaate cacayiouiHe obo-
JHAYCHHHA
fly — npeBhIMEHHE MOBEPXHOCTH FPYHTOBLIX BOA Ha rpaHHue noToKa Hanl

VpoBHeEM BOJLI B CKBAXXHHC 23 BpEMHA t or navana oTkaukH; Hy— no-
HIMEHHE TPYHTOBRX BOJA B CEKBAXKHHC, OTCUHTAHHOE OT ﬂ}'ﬂlﬂﬂﬂ}'ﬂlllﬂﬁ

nx nosepxuoctH; Hy— npefenpioe NpeBHIUCHHE NOREPXHOCTH IPYHTO-
pLIX BOJ HAa TPaHHlle NOTOKAa NpH YCTAHOBHBIICMCH pexHMe Haj ypos-

ileM BOAH B cKBaxuue; Hy onpegensitor no gopmyne (395);
2nkH . Hy
2ro

Qo

In

Qo — TOAHB pacxol HHQHALTPANHOHHOTD NHTAHHSA Qo=mngR2,

[IpuBejeHHBle npHONHKeHHBIe (OPMYJAB IO3BOJAIOT
IPOBECTH TNOJHHINA pPacuyeT OCYUIHTeNLHOTo AeficTBHs  (mo-
HHKEHHE TPYHTOBHIX BOJ) M AcOHTAa BEpPTHKANbLHOH CKBa-
WUHB, 3Hasi XapakTepHCTHKH BHIMYCKaeMbIX NPOMBILLICH-
HOCTBI0O HACOCOB, MOXKHO, H3MeHssl pasMellleHHe CKBaXuH
H ray6GHHY oTKaukH, nojxobpaTth lenecoobpasHoe pelneHHe
B OTHOLICHHH OCyIIHTenbHOro spdexra ¢ yUeTOM CTPOH-
TeAbHBIX M SKCHAYyaTalHOHHBIX 3aTpar.

INvHekHbie pAabl CKBAXKH BepPTHKaNkHOro gpeHama

PaceMoTpuM OCyILIHTEAbLHOE JeifcTBHE [OCTATOYHO JLIHH-
HOrO psAfla BePTHKAJBHEIX CKBa)KHH, 3arJyOJeHHLIX B Ha-
MOPHBII NOTOK TPYHTOBBIX BOJA, NMPH PACMOJOMKEHHH HX LeH-
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TPOB B NJaHE MO NpPsAMOil NHHHH HAa OAHHAKOBOM paccTod-
HHH OJMH OT APYroro.

JI. C. JlefiGenson (1934) npuBoaHT pacueTHyio dopmy-
ny Ans 3TOro cayuas npH OGecKoHeyHO JajJeko pacmnojo-
MCHHBIX HCTOMHHKAX NMHTAHHA H NPH CHMMETPHYHOM MpH-
TOKE C ABYX CTOpPOH.

Hamu ncenenopana paGoTa pafa CKBaXKHH B HANOPHOM
MOTOKE FPYHTOBHIX BOJA KOHeuHoil JAHHE (ABepbsHOB,
19496).

CuMMeTpHUHBI NPHTOK BOALI K paAay CKkeBamuu. Pac-
CMOTPHM CHCTEMY [I0CTATOUHO OOJNLILOrO UHCAA CKBAXKHH
pamHyca ro ¢ paccrosanneMm 2R mexay nx menrpamu. Pac-
noJio}KEeHHe KOOPAHHAT npeiactaBaeHo Ha pucynke 42, [1pu-
HATH caeaymoune odo3HaYennsn:

He — MolllnocTs BOJAOHOCHOTO ca0d, M; K — kosdpuinenT QUILTPaLLEH,
Mfe; Q .:.-—nu.n.ﬂul'fl I]EI['I‘DH BOAL K OANOH ckBaxuHe (pacxom), m?fe:

h—HHllDl], M —-—!IHI'Iﬂ'I.'.lH HA TpPaHHUAX MNOTOKA MNpR Y=
=L, y=LiynB EI'I_BHH-IHIH‘ M.

Ilna caydas CHMMETPHUHOrO NMPHTOKa, TO €CTh AAdA
Li=Ls=L u h=H, npu y=-L ceaAsb Mexay o6JacTblO
MoToka 2=x-Fiy H o6AacCTLI0 KOMMJEKCHOro NOTeHIlHaja

=@¢-+ip Momer OuLITb noayvyena KoHpoOpMHBIM oTOGpa-
WEHHEM B BHAE '

|
® S0 (szRr H} s m »

Ry 2K
Lo TR (19

rae ¢=—~kh — noreHunansHan
dynkuna wanopa; P — pyHKUHA
Toka; K u K, — noanue SiIWmO-
THUECKHE HATErpain NepeOoro po-
Aa NPH MOAVAAX X H M=

"I‘r‘-

"ffffﬁﬁﬁ K
]

rl = 3 1—x?; g, — pacXoa cKpa-
e s — wun npu k=1 n H—hy=1
| / - (Mapaopckrd, 1955).
Y =
By 7 I[Tonumi pacxon cksa-
| [ HHHH
L5 | 1 Qﬂ= i -

ch
% 50 (rgK/R, %)
Puc. 42. CxemMa K pacuety npu- 40
TOKA DOABI K PAAY CKBAMKHH. (407)
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Ananornunsie mnpeobpasoBanust Ans  ciayyas OYeHb
Aannnoro notoka, pacemorpennoro JI. C. Jleiisensonowm,
MOIYyT OLITH MpeJCTaBNERB B BHE

ARG R L A S 408
: A 21 3 sinrgy’ ".1' 2R - (499)
! I1pn sTom moJiHbii pacxoj OVAET papeH:
2aH ok (H — ho)
= : 409
Q In (sh Lv/sin rev) (399)
Hanop h=H ycraHoBien Ha paccTOAHHH y==zL npH

1 ¢we0. ITpn x==R B popmyne (409) sh Lv 3amensercs Ha
¢h Lv. 3nak MHHYyc B BhipaxeHuH (408) npHHAT B COOTBET-

r ¢ronn ¢ npasunom H. E. JKykoeckoro (1936) m ykassiBaet
Il CTOK BOABI K CKBajKHHE, TO ecThb uTO | H3MeHserca oT 0
A0 —qo. Paznensns BelllecTBeHHHE M MHHMBlE YacTH B ypas-
uenun (408), monyvyHM BhIpaXKeHHe AN JHHHA TOKa H JiN-
Il paBHOrO Hamopa:

__tgﬂmp= thyv:lp___ﬂmain’rv—!—sh“yvl (410)

o lg xv 2n sin® rgv

B o6iacTH KOMMJEKCHOro noTeHlHana (opme CKBAaXH-
Il COOTBETCTBYET OKPYKHOCTb. JIerko ycTaHOBHTb, UTO B
pOnacti notoxka ¢opMa CKBaXKHHB Mano OTAHYaeTCA OT
okpyxuoctn. U3 Broporo ypasrenusa (410) nmeem:

npu ¢ =0, y=0, x=ry;

y 2R

npi o=0, x=0, 2 g e arsh sin ryv.
L] o

B npakTHKe NpPHMEHSAIOT CKBa:KHHLI jHaMeTpoM OOBIYHO
e Gonee 50 cM NpH paccTONHAH MEXKAY HHMH He MeHee
6 m. [Tostomy aas ro/R=0,1 6yaer y=0,992 ro, 9T0 OTANH-
yaercss OT paauyca OKPYXHOCTH meHee uem Ha 1%.

Ilpn manoM x

'—ﬂ-llflz 1 o I""Vf—ﬂ:“._’- ﬂt_
A 8 i T R M L

reK 2 foTt
SN K|~ SN —— = TIG¥.
(H‘ ) SRS

g =exp

[lostomy B Hamem caydyae npu L>R u ro/R<0,l

HMeeM: _
o By _oEL g R jneas0in Saleed
Ing X B 2In L X TR
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e 2= ~lnsh X~ 4 i=
2R 2R 2 2R

[Mosb3ysice 5THMH cooTHOlIeHHsAMH, dopmyan (407) u
(409) MOMHO 3aMeHHTL MPHOJHKCHHBIMH:

Qo L 1+ BRIL Q*p. the
3nech Q* — pacxoj Kanaja.
I R
= + B= log—.
il T BRIL b5 = 1,47 log P (412)

Jas oneHkn ownGOK OT NPHHATLIX JONYUICHHH [IPHBO-
AHM pe3yJbTaThl BLIYHCJACHHA KO3((HUHEHTOB PacxojloB
go mo dopmyaam (407) n (409) n no dopmyae (411) ans
pasanunbiX snauvenuii L/2R npn ro/R=0,1. Ilpa stom Osi-
a0 npunaro He=1, k=1, H—hy=1 (ra6a. 20).

TaGanpa 20. Manwsse pacyera Kos3ddHuHEHTOB PACXOROB g,
no PasaHuHbiM (popmMysam

MRl Do 1o dopuyna Myaa dopuyna

fy = [

g | cme | @ | D | om
0,25 3,37 2 84 3,66 3.23
0,50 2,30 2,26 2,34 2,30
1,00 1,46 1,46 1,46 1,46

Ilpu BuiBoje dopmyant (407) mnoTok mnpeimnojara’acs
KOHe4HOil JnHHE Y=L ¢ Hanopom Ha rpanuue /1, a mpu
suiBoie (opmyant (409) GeckoneyHOH JUIMHLI C HAaNOPOM
H wa paccrosinun y=-+L.

[IpuBejcHHBIC JlaHHLIE MOKA3BLIBAIOT, YTO 3KBHMOTEHIH-
aJil HauyHHAIOT H3rHGatbes aas y/2R<<0,5. Jlnd noToKoB
AOCTATOUHO JUIMHHHX, TO ecTh ¢ orthoweHuem L[2R=0.,5,
3a TPaHHIy MX MOMeT OBITb NpPHHSTA INIOCKOCTb y===L,
saMensonias cJaGoOH30THYTYH SKBHIOTEHHHAJABHYIO NO-
pepxHoctb. ITpun stom andA ro/R<<0,1 omndka B BHITHCIC-
HHH pacXojoB He Gyjer npesuimats 3,5%. ITO NO3BOJACT B
nafbHEIEM TIPHMEHHTDL ¢nocol cJI0MKeHHs NOTOKOB.

Jlns cCHMMETPHYHOTO TMPHTOKA BOABI K CKBAaXKHIE TpH
LI2R>0,5 n ro/R<<0,1 pacxoj, NpUTEKAOWHE K MNPAMO-
JHHeHOi CcHCTEeMC BCPTHKaJLHOrO JipeHa)ka, CcorjacHo
dopmyne (411), paBen pacxody, NpHTEKaloUleMy K KaHa-
Ay, KOTOpHIfi mpopesaeT Bech NJACT, YMHOXKCHHOMY Ha KO-

s uunent f.
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Eean npuusate p=1, to us dopmyaut (409) mnmeem
I 2uin rov=0, 10 ectb ro="/3R. CaegoBaTteanno, paccMar-
WiieMas cHeTeMa CKBaxKuH paBHoaddexkTHBHA  OCYyIIH-
L.m.numy JICHCTBHIO TIOJIHOTO KaHajla MpH  YCJAOBHH, YTO
ANAMETp CKBaXSKHH paBcH !f3 paccTosiHHA MexJLy HHMH R
YPOUN BOALI B KaHaJe M CKBaXKHHAX OAHHAKOBHL ITOT
WMNOJL HEeCKONIBKO OTAHMAaeTcs OT npeaaoxxennoro @. Popx-
fefimepom (1935) nns sddekTHBHOCTH psAfa CKBaXKHH B
enof0/lHOM NOTOKE TPYHTOBBIX BOJL.

[puseaem npubGamxennsie gopmyant npu LIR>1 n
P/ <= 0,1 nns onpepenenus Hanopa.

Hanopst B Toukax (x=0, y/R=1) u B Toukax (x==xR,
YK ==1) moryr 6uiTh onpefenent no gopmyne

h=H— (H—hg) (1 —yIL)B, (413)

e M n o — Hanopw COOTRETCTREHHO MPH y=+L W B cKBamxHHE;
B wnxoaat no popMyae (412).

OOosnauns vepes S NOHHMKEHHE NMbE3OMETPHUYECKOro Ha-
flopa, BHI3BAHHOE COOPYXKEHHEM CKBaXKHH, OyIeM HMEThb:

S = (1—y/L)BA, (414)
e A= H—hy — noanxenne HaNopa B CKBaXHHAX.

Hanoput aaa Touek BONH3N CKBaXKHIBI OYAYT:
npun x=0

h:H—{H-—ha)(l—-TE 1,47 Ig 2sh y-.r)p; (415)
npn x==4R
h= H—(H—hy) (Ia-% I,4?ln2chy\r)ﬂ, (416)

B uacthocTH, ansa y=0, TO ecTb B TO4YKE NOcCpejHHE
MCHIY CKBa)KHHaMH B CTBOpPE CHCTEMBLI, M3 TOCJaEJHEH
(hopMySIBl HMEeeM:

h— H— (H —hy) (1 —0,44R/L)B. (417)

HecummerpruHblii NTPHTOK BOAM K psay CKBaXuH. Pac-
CMOTPHM CXeMy NOTOKa, H300pameHlyio Ha pHCyHKe 42.

Jlas pelieHns aToff 3ajauH BOCNOJb3yeMmcs crnocoGoM cJio-
JKEHHS [10TOKOB.

CxkaaapiBasi MOTOK, HanpaBJeHHLII K CKBayKHHE, AJIA
KOTOPOr0 KOMIVIEKCHBLIH MNOTEHNHan TeyeHHs BhIpaxkaeTcs
popmynoit (408), ¢ npaMoaHHeHHHIM NMOTOKOM pacxoja g%,
rekymum ot Hy, k Hy (npn H,>H;) nupn cobGaiojieHHn yc-
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nosuit Li/R>1, ro/R<0,1, peipaxenne Aasi KOMIJICKCHOTO
NOTeHIHAAA CYMMAPHOrO MOTOKAa MOJYYHM B BH/E |

. sin zv ig*z
L= 2n B sinrgv T 2R ° (418)

Pazneass BelulccTBeHHBe W MHHMBIE YacTH, HMeeM:

WeAth ] ch®*yv —cos*xv  yg* 4
% *'l:n:ln sin® rgv 2R ’ (18
o e L ey SOV, X 420
N 25 arg tgxv ’r 2R !

[lepexons B 3THX YPaBHEHHAX OT €JAHHHYHBIX PACcXol0B
Go M @* K Hanopam H,, he, Hy 0 HCOAB3YA JONylleHHS, Bbl-
TeKalolHe H3 pasMepos NOTOKAa, HMeeM:

pacxof NPHTOKAa BOJALI B CKBAMKHHY

Q¢T=2RH¢|‘E(HI_}!4 ¥ H:—‘ﬁn) 2P, B2 = Q* BB

L 4By (By -1 Ba)
FEEHD,E, B CCYEHHH H[ B CTOPOHY CKBaAHHBI
C ] — .
Q= i g e e
.It.l Eﬂl
pacxoa B ceuenun [y B cTopony CKBamKinu!
9RH. k 1=
Q= 2E (H—h) —Q L. (23
3aech
o I 78 1
b 1+ R5/L, ° s 1+ RE/Ly °

npuuem b onpegeanior no gopmyne (412).
[Ipp nonnoM nepexeate NOTOKa CKBaXXHHAMH, TO eCTh
npH Q»==0, B cevennn f{; ycTaHOBHTCA HAMOpP, pPaBHLIN '

(Hy— o) = (Hy— ho) {4 (424)

Pﬂﬂlﬂ]ﬂ NpHTOKa BOJAL K CKBaMXHIHC HalijgeM mo Bblpa#ie-
HHIO

__ 2RH:k 2p,
Qo‘=Q1— L (Hl_hﬂ} {I"I-ﬂl]' {425]

3HaKH y pacxonoB Q; #H Q: 3aBHCAT OT COOTHOLUEHHSA
HANIOPOB H JAPYTHX 3JeMEHTOB NOTOKAa H Moryt OBITh MoJiO-
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WHTeALHBIME  (IBHXKeHHe BOJAE B CTOPOHY CKBaXHHBI) H
OTpHIATEIbHBIMH,

Jlas «ponopasnensHoii» Toukn A (puc. 42) us dpopmyan
(419) maiiieM KOOpAHHATY:

(426)

y=—arth[1— 258 """*”E"f*],

1+ h*Ly/Ly

e

Hy—hy

[lpn noanom nepexsarte motoka y=L» H3 dopmyas
(426) noayunm Buipaxkenue (424).

Cnepopatenbto, Hanop Hs, onpejenenubiii no dopMmyne

(424), siBnsieTcA B H3BECTHOM CMBICJE «PaBHOBECHLIM».

[Tonvaysacy dopmyaoil (419) nocne noaACTaHOBKH COOT-

WETCTBYIONIAX KOOP/AMHAT, a Takike 3nauendii go H ¢*, mo-
AYMUM NPHOGJIHKEHHLIE BhIpaXKeHus:

A HAMOPA MOCPENHHE MEXAY CckBaxkunamm (¥=zkR,
y=0):

o = ho+ 0,11 2.(1 +2,35); (427)
Ans Hanmopa Ha ydactke Ly >y>R:

! g RE\.
Hy=ho+ i+ (4-':3'14-13.5“‘-'3.Elr - ) (428)

nis wanopa na yuactke (—Lp) <y<<(—R):

£ y RB
Hy=h+ 5= (Q+05Q 7). (29)

Jlsis mpoBepkH noayuyeHHHX 3apucumocteii B MIMH
(IpOBOJMAHCh JabopaTopHble HenbiTanud. B onbiTax H3y-
yaJioch OCYHIMTENbHOE AefiCTBHE JHHEHHO pacrnojoKeHHoMH
CHCTEMbl BEPTHKAJbHBIX CKBaXKHH B HAamopHOM NOTOKE
rpyHTOBHIX BOA (pHc. 42).

B notke aannoi 400 cm, wupHuoil 160 cM H  BHICOTO
00 cm co3AaBajcs HANOPHHIA MOTOK IFPYHTOBLIX BOJL. Inna
9TOll 1eNH HAa KOHUAX JoTka OblJo YCTPOCHO JiBa KapMaHa
TaK, 4To JAJHHA noToka paBHanack 280 cm.

B kauecTBe (pHABTPYIOULEr0 MaTepHana B3AT JiobGepert-
KHil mecok, Ko3(p(HUHEHT (HALTPAUHH KOTOpOro MpH HC-
(LTANHH HEMOCPeACTBEHHO B JOTKe paBHaicad k=
=0,015 cm/c. Cnoit mecka BBHICOTOH 5D CM CBEpXy NpPHIpY-
JKEH ¢JI0eM FAHAB 15 cM. YCenoBHA ONLITA NO3BOJAIH H3ME-
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HATb Hanop H,; B BepxHem kapmare oT 55 g0 75 cM H Ha-
mop H» B HHHeM Kapmane — ot 55 mo 70 cwm.

B HanopHuIfi MOTOK, Tekywuii or BEPXHEro K HHMKHEMY
Kapmany, ObIH BBENEHH TPH TPOH3IBOJBLHO BK/IIOMaeMble
JHHEHHBIE CHCTEMbI BePTHKAJbHEIX CKBajyKHH Ha paccTosl-
anax 80, 160, 240 cm or Bepxuero xapmana. B kaxuofl
CHCTeMe GBUIO B3ATO MO 7 CKBaXKHH HAa PaBHLIX PAaCcCTOAHH-
AX Mexnay ueHtpamMH 2R=23 cM. B mocaeaneil cucreMme,
TO ecTh npH L,=240 cM, uMenach BO3MOMKHOCTh BKJIIOUATh
7, 3 u 1 ckBaxHHY, TO €CTb NOJAYYaTh PACCTOAHHA MEMIY
HX LleHTpaMH, paBHule 23, 53, 160 cm.

CkBaxHHE cevenHeM do==10 MM NpOXoaHJH yepes Bech
BOIXOHOCHHEIH mnacT. Kaxknasa cHcTeMa CKBaXKHH oObenHHSA-
Jack BBIBOJAHON rayXoii TpyGoii, N0 KOTOPOH caMOTEKOM OT-
BOJHJIACH BOJAA.

HenocpeacTeennbie H3MEPeHHSI HAmopoB 3a CTEHKON
CKBAaXKMHBI, YPOBHEH BOAL B Tpy0e H MOJACYETH FHAPABJIH-
YeCKHX NMOTePk Ha BXOJ 4Yepe3 CeTKY, MOJAbeM M0 CKBayKHHe,
nosopor Ha 90° m cTOK nMo TpyGe mokasanW, YTO HANOp 33
CTEHKOH CKBayXMHBI GblJl BHILIE YCThA TPYOH Ha BCJIHUHHY
Ah, 3aBHCANIYIO OT pacXoja CKBaKHH.

Pacxon ckBaxuH, cm?/c J 1 | 3] | 10 l 15 } 20

Totepn manopa Ak, ou | 0.8 | 1,0 ‘ 1,4 | 2,0 | 2.9

Hanop, meficTBylolwnii B CKBaKHHe, NPHHEMAJACA Kax
OTMeTKa ycTes TPyOH mimioc notepu Ak, Hanopwl uameps-
JId MPH MOMOLIH NbE3OMETPOB, PACXOAB — 00BEMHBLIM CIIO-
coBGoM,

[TopsAfox npoBefeHns IKCIEPHMEHTOB: B BepXHEM Kap-
MaHe yCTaHaB/JIHBAJIH NOAAYeH BOAW OTMeTKH M|, paBHhle
75, 70, 65 cm, npu HamopaX B ckBawmuHe hg~61—62 cw,
KOTOpbl€ TOMACPIKHBAMH NMOCTOAHHLIMH. 3atem B pabory
BKJIIOYA/JIH OJHY H3 CHCTEM BePTHKAMBHHEIX CKBAaMKHH M 10C-
THra/JACs CTAUHOHApPHBIH peXHM (nmo GanaHCy pacxolos H
noxasanHAM nbesoMeTpoB). [Tpu sToM B HiKHeM kapmane
HJIH NPeKpallanca HCKYCCTBEHHO OTTOK Q:=0, T0 ecTh
OXHAAJNCHA «YPOBeHb paBHOBecHdA» s, HAH zajapanca on-
peneneHHbli Hanop H, u uamepsancs pacxox Q. mnocryna-
IOUHH H3 HHMKHEro KapMmaHa B Notok (--) WiH BhTekaio-
UHA U3 NOTOKa B KapMaH (—). 3amepwr yporueit H,, H.n
Eacxn.n,ﬂn CKBaxKHH Qo M KapMaHOB Q) B (Q; npH H3BECTHLIX

1, Lo, He, 2R, ry, k nO3BOMHAH NPOBEDPHTH TPHBCACHHBIE

hopMyJIbL.
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Pacxoan Qo, Q,, Q2 onpenensinu no dopmynam (421) —
W) NpH H3BECTHHIX 3HA4YeHHAX Hanopos hy, M, u Hy. las
INOro nepexsarta notoka, To ecTh npa Q.=0, pacxoa
ancns Qo=Q, U «ypoBeHb paBHOBCCHA» B HIKHEM Kap-
lie ff; suiuncasan no dgopmynam (424) n (425).
CpaBHEHHE ONBLITHLIX H TCOPETHYECKHX [AAHABLIX MOKAa-
dBAET XOopoliee COBNaJeHHE MOJYYEHHBIX ONBITHHIM NYyTeM
BUMHCIEHHBIX YpoBHeil n pacxoaos. Cheayer oTMETHTb
Yiulee copnajenne snaveHni Q) u Qp n xyawee aaa Qg
DesieiHee o0bsAcHARTCS TeM, 4TO Qa CHILHO 3aBHCHT OT fip
i, TOYHOCTL onpejesieHHs KOTOpBbIX HepenHka. OpHawo
eanuiHa Q: neGoabiuas no aGbCOJIOTHOMY 3HAUEHHIO H B
[IMTax BCerja MoJyyaercss OAHOTO 3HAKA € BHLIYHCJAEHHBIM
HHEM.
~ lopsimox pacueros auHefHbIX psjaos ckpaxuH. Bepero-
i CHCTEMAa CKBayKHH npH Gopwlbe ¢ noATonJeHHeM cxema-
[HYecKn u3oOpaxena na puHcyHke 43. [Ipu stoM o6bupO
JABECTHL YPOBEHL BOJBI B BojfoXpauuanute ff;,, mMouHOCTb
BojloHoCHOrO ca0s He, ero kosdduument dQuasTpauun k,
# nanop Ha noiime f, sagaercs.
~ Onpenenenne ocymaiomero ACHCTBHSA MOXKHO BECTH MOJA-
DopoM. 3ajaBasich pacCTOAHHEM CHCTEMbl OT BOAOXpaHH-
JIHla, pacCcTOSHHEM MEX1y CKBa)KHHaAMH, HX JIHAMETpPOM,
¥poBHEeM BOALI B KaHane hy, onpeneasior Hp. Ilpu nesoc-
TATOYHOM NOHHIKCHHH YBEIHYHBAIOT TrayGHRY KaHaJa,
YMEHBILAIOT pacCTOAHHE MEXAY CKBaxXHHaMH H T. 4., 10-
MBasfick TpcOyemoro sHavenHa Hy Ilopafok seuHCHAeHHI
[IPH 3TOM MOXKeT OBIThb CJeLyIOULHil.
1. lna cayuasi Q;=0 HaxoasT BCIOMOTATEJbHLIE BEJIH-
fis 5 u By no dgopmyne (412), pacxox oaHOM CKBaXKHHH
Qo no popmyae (425), yposens Hy (ans |y| >R) no supa-
xennro (424) u Hy no dopmyne (427).
- 2. lna cayvan Qe>0, xenasn HafiTH Hanop My Ha mpo-
- H3BoJibHOM paccroanuu, B Gopmyan (421) n (423) noax-

s

s

L ‘__é"?” "?f:, -ggﬁﬁf{ffffff#“"-“ ::
=g A s, |

-

S R ¥
=1+

F 43. Cxema k pacuery Gepero- Pue. 44, Cxema k pacuery JOB-
BOro ApeHaa, Yero ApeHama.
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ctapasiior anauenns Hy, hy, B, Ly, R, ry #, 3uaa Q., pema-
T HX COBMECTHO, onpenenss My Ypoeenb ff; cpaBHHBAIOT
C 3ajlaHHHIM H Jo0HBaloTcad TpeOyemoro nouwxenus. Jns
NPHHATOH CHCTEMB! BhIYHCAAIOT Qg mo dopmyne (421), sza-
rem Hy no Beipaxenuio (427) m Hy no ypapnenuam (428)
H (429) coorsercrBenno A R<y<<L, u (—R)>y>
> {—Ls).

Ananornynas cxema MoXKeT OGbITb NPHMEHEHA TpH
Oopnbe ¢ ¢uAbTpanMeli H3 KPYNHBIX OPOCHTEJbHHEIX Ka-
HaJI0B.

IlepexBaT HanopHoro NOTOKa MNPH TNOMOWH CHCTEMH
BEPTHKAJBHHIX CKBaHH, MNOCTYNAIOLICr0 CO CTOPOHH KO-
peHHoro Gepera Ha nofimy, H3o6pakeH Ha pHCyHKe 44,
O6wiuno GeiBaeT H3BecTHa TpeGyeMas OTMETKa NMOHHIKEHHS
rPyHTOBHIX Boj M, Ha HeKoTOpOM paccToAHHEH L, H He J0-
MyCKaeTcd MOCTyIJIEHHe MOTOKa Ha MNoiMy, To ecTh Q=0
H Qy=0Q,. Pacxon Q, GuiBaeT H3BECTeH IO FHJPOTeoJori-
YeCKHM H HHBEIM JaHHBIM. |

Pacyer cBojgHTCcsl K TAKOMY NojA0Opy 3JIEMEHTOB CHCTeE-
MBI, 4TOOb Q9=0. Hnasa storo B ypaBuenun (429) npunu-
MaioT Q:=0, y=L; u onpenensiior Qu=Q,. Jlns Haiijgen-
HOrO 3HaueHHA noabHpalT hy, ro, R. ¥poseur Hy BeIUHCHS-
0T no ¢opmyne (427), a ypOBHH BuIllle CHCTEMBl Aas Y>>
=R —no ypasHenno (428). Ecan yposenn H, tuxcupo-
BaH DeKoH, MarHcTpaJbHbIM KaHaJOM, 03€pOM H T. 4., TO
Q:5=0, u pacueT NPOBOAAT AHANOTHYHO H3JIOKEHHOMY Bhl-
we, IIpn onpenesieruy pacxoj Q; MOXKET OKa3zaThes H IO-
JIOXKHTEJNBHBIM, H OTPHHATENbHLIM, TO €CThb 4YacTh pacxoja
Q) cHCcTeMa MOXKET MponycKaTh, He mepexBaThiBasi, H MO-
T NPHHHMATL B cels PacXoj ¢ MOHMEL

[Mpeanoxennsie NpHeMbl pacdeTa NMPHIOJHB IS MOIL-
HOTO TOTOKa TPYHTOBHIX BOJ €O CBOGOAHON MOBEPXHOCTHIO
(HeHanopHoro), npHHEMas 3a H; ray6HHY TpyHTOBOro mo-
TOKa B CTBOpPE CKBayKHH, TO €CTb pPasHHIY OTMETOK BOJLI
B CKBayKHHE H MOBEPXHOCTH BOJAOYMOpA.

r nasa Vi
PACCONSIOLLEE JIEACTBME ®OUILTPALLMM
M3 KAHANOB

PacemoTpuM BAHAHME TPAHCOOPTHPOBKH GOJLIIHX KOJH-
4ECTB BOABI AJA OPOLIEHHA H 0OBOJAHEHHS Ha PeMHM 3aco-
JIEHHBIX TPYHTOBBIX BOJl NpHJEralulHX K KaHaJaM 3e-
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MEJIL ¢ uenbio paspaGoTKH MEpONPHATHI N0 Npeaynpexie-
IO BOIMOKHOTO YXYAIIEHHS HX MeJHOPATHBHOTO COCTOfA-
N, a TakyKe BO3MOMKHOCTH HCNOJNL30BAHHA ONpecHEeHHOI
Wl BO6au3H KananoB. IlpH He3HAUHTEJBHOM MNOJA3EMHOM
OIToKe (GHAbTPauUHs H3 KPYNHBEIX KaHaJOB, ocoGeHHO mHpH
H‘l'{‘}"rt’.TIHIH H[]'DTHB{JI:]'JHJIhTPEl[HIDHHHK H ,El.[.'ll"_",-’['HJ{ HEP, BhiI-
AMBAET pe3KHil MoAbeM FPYHTOBHIX BOJ KakK MOJ caMHM Ka-
HAJIOM, TAK H B CTOPOHE OT Hero, ocoOeHHO B NepBbie rofnl
PROOTH KaHana.

[lpn pnutenvHOl. QHABTPAUMH CPABHHTENLHO NpecHBIE
(pabTpauHOHHBIE BOABL MOCTYNAOT B Gacceiil MJAH MOTOK
JNCOJICHHBIX TPYHTOBLIX BOJ, oO0pasyst npH AJHTEJBHOM
OpOIICHHH 30HY onpecHeHHda BOAH3N xkaHanoB. CouaeHble
IPYHTOBHE BOJABI OTTECHAWTCA HJAH B CTOPOHY Heopollae-
MIWX 3eMelb, HIH B MECTHBIE TIOHHIKCHHA H CTOKH.

[lo nasueim B. A. Koaw (1947), na 3emasax coBxosa
«llaxraapan» (Fosomnas crens), opomaeMuix ¢ cepeHHE
20-x roaos, Baoab pacnpegenntens K-20 sa 15 ner npou-
10010 YMCHBLIEHHE MHHEpanH3alMH IPYHTOBHIX BOX ¢ 5—
10 1o 0,8—1 r/n Ha 40—50 M B ofe CTOPOHH OT KaHaja H
I MeHblIel cTeneHd Ha 250—300 m.

B  3oHe Taasroro I'onopnocrenckoro KaHaJa
M. C. M. Kaposa 3a 30 ¢ JMIIHHM JieT OpPOLICHHA ONpec-
HeHne ckasanock B noaoce mHpHHoit 800—1000 m B ofe
CTOPOHBEL OT KaHajla, MpHYeM MHHCPAJH3AlHA TPYHTOBBIX
noj ymeHblmnaace ¢ 7—I10 g0 1—5 rfn, B To Bpemsi Kax
MHHEPaIH3aUHs] TPYHTOBHX B0J OECCTOUHEIX M MyCTYIONUIHX
reppuTopui T'osoaHolt crenu (Bnaauuel Capao6Ga, Ilypy-
wik, Jxerm-Cail) noeeicunace mo 25—30 r/a.

[lo narnpim T1. A. Kepayma u O. A. I'paGoeckoii, pac-
COJIEHHE BAOJIB HEKOTOPHIX APEBHHX KaHagoB Baxuickoii
OPOCHTEJbHOR CHCTEMH cKasajoch Ha 300—500 M B obe
CTOpPOHBL. SIpKO BBIpaxKeHo paccosieHHe 30HLI BOJH3H KaHa-
JIOB H YCHJIEHHE 3acoJienHsa nepHdepHH oasucos B Peprau-
cKkoii goanHe. Tak ke OTYETVIHBO CKa3BIBACTCH OMNpPeCcHIo-
lee MEHCTBHE peK H JUTHTENBHO JeHCTBYIOUIHX KAaHAJOB Ha
Myraun. B ByxapckoM oasuce KpynHele JpeBHHE KaHanhbl
[ITaxpyn u BankeHnT co3nand BOAH3H ceGs 30HLI ONPECHEH-
HBIX TPYHTOBHIX BOA — 1—3 rfn, Torma Kak Ha GOJbLIeM
ylalCHHH OT HHX MHHEpAaJH3alHA TPYHTOBHIX BOJ JOCTHT-
Jga 15 rfn, a Ha mepudepun oasuca — 75 rfn.

[TIpuBeneHuble BhILIE JalHbBIe OTHOCATCS K BechMa JJH-
TeJbHO JAefCTBYIOUIMM KaHajaMm M cucTemMaM. OaHako pac-
CYHTHIBATD HA OMPECHCHHE 33COJIEHHBIX TPYHTOBHX BOJ
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GOJIBIIHX TEPPHTOPHI OPOIIAEMBIX MACCHBOB IPH MOMOLLE
(rAbTPAUHH H3 KanaJoB Heaw3a. Bmecrte ¢ tem HeoGxo/M-
MO H3y4YEHHE YKa3alHOro BOMNpPOCA C KOJHYECTBEHHON CTO:
POHBl € 1EeNbI0 NPOrHO3a peMHMa rPpYHTOBLIX Bog BOAH3H
KPYINHEIX OPOCHTENBHBIX KaHaMOB, NMPOXOJAUIHX N0 3eMJAM
C BBLICOKHM CTOAHHEM 3aCOJICHHLIX TPYHTOBBIX BOJ, AJA pe-
FyJAHPOBANHA Npolecca ONpPecHeHHs, YAYIUIERHS MEIHOPas
THBHOIO COCTOAHHA 3€ME&Jb H IJA HCMNOAL30BAaHHA NMpecHbLIX
PYHTOBHIX BoX (ABepbaxos, 19596).

O ABMKEHMM rPYHTOBBIX BOJ
Pa3snHYHOH MHHEpPanM3aumm

MHoOrse KpynHble ropojia pacnoJoyKeHsl Ha MOpPCKOM node-
pexbe H Ha Geperax GOJBIIHX 3arPASHEHHHIX PeK, H ecaH
BoJlocHa0XEeHHe ITHX ropojoB OCHOBHIBATB Ha JA00LIME MO
3eMHBIX BOJI, TO BO3HHKACT BONPOC, KAaK OCYUIECTBHTL 3a
XBAT NMPECHBIX YHCTLIX FPYHTOBBIX BOJ CYLIH, HE AONYCKES
MOCTYNJIEHHA B CKBAXHHHI COJIEHHIX MODCKHX HJH 3arpas-
HEHHBIX PEeYHLIX BOJ. |

M3 ucTopHH M3BecTHBLI cay4aH, Korjla BoaocHabiKeHHE
MPHMOPCKHX TOPOAOB, OcyulecTBAsieMoe Ge3 ydeTa THAPO-
reoJIOrH9ecKHX yCIoBHil, oKaHuHBajaoch Heylauei, H CKBa-
KHHBI, JaBaBIIHe B Haya/je SKCINYATaUHH MPECHYIO BOAY,
3aTeM 3aXBaTHBAJIH 3aCOJIEHHYIO MOPCKVIO HAHM 3arpasHeH-
HYIO peunyio BoAy. B Takux cjayuasx npHXoAHJ0ChH Nepexos
IHCb HA JApyrHe HCTOYHHKH BosocHadkenus. Ocobo ocTpo.
BOMpOC BOAOCHAOMKCHHA NpecHOH NOA3CMHON BOJAONH CTOHT
AN OCTPOBOB M JUOHHLIX MOpCcKHX mnoGepexkuit (Hunepnan-
nel, cepepHoe noGepexbe OPI, I'IIP, ®panuuu). Tak, B
Jloc-Anjkenece pabGoThi, NPOBOAHBIIHECS! MO HCKYCCTBEH=
HOMY PEeryJHPOBAHHIO pPeKHMa TPYHTOBHIX BOA B LEJAX
COXpaHeHHsA, TMOMNEpPXKaHHA H HCNOJb3OBAHHA 3anacoB
MPECHEIX TPYHTOBEIX BOJ, NPeiyCMaTPHBAJH BhITECHEHHE
MOPCKHX COJIEHBIX BOJ IyTeM HarHeTaHHs 4epe3 cHCTeMY
CKBaXKHH NMpPeCHBIX BOJ B paiioHe nobepexba H CO3JaHHE
TEM CaMBIM «3aBechl», MPENATCTBYONICHT MNPOABHKEHHIO
Mopckoil Boasl B rayb6n matrepuka (Todd, 1955; Baumann,
1955).

Hnsa Takux yceaosuit (puc. 45), HCXoAd M3 paBeHcTBa
naeaeHniit no anuuu paspena (Kocrakos, 1960; CaeBHHOB,
duannnosa, 1940), amMecm:

po (A + H) = p,H,



Pue. 45. Buitecnenne 3acoJieHHBIX
fpyNTODBX BOA B YC/AOBHAX OCT-
(LI

OTKYyLa

H=h P __ (430)
P1—Peo
e o, Py — NAOTHOCTE COOTBETCTBEHHO NpecHoli W MOPCKOfl BOAH, NpPH
== 1,027 u pe=1 H=3Th, uto ofu4xo u nabaofaercs.

[ToaoGuoe onpecHeHHe OCTPOBHBIX BOJ OTMeueHo [
[Innynnckoro muica M. E. Xenanse n B. A. HBanunkam
(1931). lInpoko masectuwm pabotet @. I[1. CaBapenckoro
(1950) B 3aBojbe, JIOKA3aBllIHe ONpPCCHEHHE TPYHTOBBLIX
NOJL B TIOHHMXEHHHEIX 3JeMeHTax pejbeda 3a cueT HX NHTA-
ISl TPOCAYNMBAIOIHMHECA NPECHLIMH BOAAMH.

Ha onpecHenne rpyHTOBLIX BOJ B CTCMHBIX MOHHKEHHAX
yikasuiBaan eue B. B. Hokyuaes (1949), A. A. Hamauab-
cikmit. (1949) u I'. H. Buicouxnii (1938).

PaccmaTpuBasi JBHKEGHHE TMpPecHOH TPYHTOBOH BOJbI
(pc. 45) W yunTHiBas, YTO BepxHefi rpaunueii moToka Oy-
JICT MOBEPXHOCTh TPYHTOBBIX BOJ, a HHKHEH — JHHHA pas-
feja MpecHoil H cOJIeHOH BOABI, TMOJYYHM BhipaiKeHHE A4
pacxona no [iomion (Popxreiimep, 1935):

Q dz Py dz,
it SO 5 ok
2 i dx FI—Puzi’f

4TO mocse HaTerpupoeanus (cunras Q==const, To ecTs npH
COCPEIOTOYCHHOM ITHTAHHH) JaeT:

T_EE1=_C_i_ 2 : p1+ Po X, (431)
P1

rae X — paccroanne ot Oepera mops; Q — pacxon cocpeloTOYEHHOrO
nHTANNSE (CHMMETpHUHO cTexaiommfi K JesoMy A npapomy OeperaM Mo-
ps, TO ecTh B OAHY CTOPoHY TeueT pacxofl Q/2); k— kosdduunent
(pHABTPaAIHH.

Taxk xak npu x=0, 2o=0, To npu x=L, To ectb a4 ce-
pellHHE OCTPOBa, NOJYUHM:

hﬁ:Vi"—;;P-! ]/‘?—: (432)
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HJIH NPH CPaBHEHHH C BuipaxienneMm (431)

z20=h) xIL, (433)

TO eCTh ypaBHeHHe KBajpaTHuHOR napaloJisl JJa NOBepX-
HOCTH TFPYHTOBBIX BOJ,

Jas nHHHH pasjesia npecHol H COJIeHOH BOALI, YYHTHI-
pas Bepaxenne (430), moayuum:

z,=—P )/ xlL=H) L, (434)

Pi—Po
TO €CTh TO e ypasHeHHe napaboJel, oOpallleHHOH BBIMYK-
JOCTBIO BHH3.
JLis HHGHABTPAlIlHOHHOrO MHTAHHA CPelHEH HHTeHCHBHO-
CTbI0 ¢ MOMKeM HAaMHCaTh: :

F g AL | ™M 2 dznl
, 1 ; pL—py © dx
OTKYyza
=D 9 0r —y), (435)
P k

B uwactHocTH, npu x=L, zo=h umeem:

he=L l/ —P‘;“" ]/ % (436)

YuurhiBasg (opmyant (435), (436), noayuaem ypapHeHHe
FJAJHICA: |

Ry o I e e T (437)
Haaee mnMmecem:

2==h PIF"F V' 1—( —x/Lp =Hy 1—(1—x/L)?, (438)

4TO TAKMKE SABJSICTCS YpaBHCHHEM 3JIJIHIICA.

. Ilpn 3apanueIx HemOJBHIKHEIX rpaHHuax orroka (Gepera
MOp#fl) H npH u3BecTHoM nutaHuu (Q uaH g) B oOMACTH
(hOpMHPOBAHHA NPECHBIX TPYHTOBBIX BOJ MPOHCXOAHT BHI-
TECHEeHHe coJieHBIX BoJ H obpa3syercsi (NpH YCTaHOBHEIIEM-
cA ABHIXKCHHH) 3HayHTeJbHas JHH3a npecHwmix Box. Ham-
6oJblIee NPeBLIMICHHE YPOBHSA MNPECHLIX BOJ Haj YPOBHEM
MOpSA TPH COCpPelloTOUEeHHOM NHTaHMH no dopMmyne (432),
a npH HHQHUALTPAUHOHHOM No dopmyae (436) Tem Gonbuie,
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E

WEM JaJIbIIE PACNOoMeHb FPAHHLBE OTTOKA (TO eCcTh WIHpE

I' OUTPOn), MeHee BOJOMPOHHILAeM TPyHT, GoJjblle NMHTaHHE H

BUlie pasHOCTb MJIOTHOCTH MPECHOH H COJIEHOH BOJBI.
HanGoabinas rayGHHA JIHHSBI TpPecHHIX BOJA  (HHXMKe
yponus Mopa) s COCPEAOTOUEHHOrO NMHTAHHA paBHA:

{=h—L_ =V QLIt -V oJo; - Po__ (439
H=h—te =)/ QUE -V odps - |/ Py (439

i III[[I'IHJIhT]}EIIHﬂHHﬂM MHTAHHH ONpPEACJHTCH Kak

£d alk - . il 44
H=LV gk -Volon-]/ —2—. @40

O6nem (Ha 1 M AJAHHB OCTPOBA) JIHH3BI TPECHBIX BO
L

MokeT ObiTh onmpeneneH kKak 62 ( (2+4=zp)dx, yto paer Aas
0
COCPENOTOYCHHOTO NMHTAHHA

4 T IE "
W= 8L ]/QLH:-]/——— (441)

P1— Pe :
0 NN HHEIJHJ'I]:-T]JH[I,HGHH{)FI} NnoToxra

W= =58 T{-If a2t i) 442
2 qu P1—Po i

rjie & — ceoGoanan noposHocTh B Aoasax ofueMa rpyHTa.

[Tonb3ysach BbllleyKa3aHHbIMH CBA3AMH, MOXHO YycTa-
NOBHTL 3amackl NpecHofi BOAK H JHHHIO pasjiesa MExAy
npecnoit 1 coJeHoit Bojoil npH (PHKCHPOBAHHBIX IpaHHUAX
OTTOKa H MOCTOSIHHOM MOCTYNJEHHH NMPECHOH BOJHL.

[IpuBenennsie pacueThl OTHOCHJAHCL K YCTaAHOBHBLIEMY-
5l peKHMY, H BpeMs, HeOOXOAHMOE JJA BHITECHCHHA cOJe-
WO BOJALI H JOCTHIKEHHS CTalHOHAPHOrO COCTOSIHHA, He
onpenensanoch.

[lo nanumm H. K. 'mpunckoro (1951), cayuafi ycrano-
WHBIOErocsa JABHMKEHHA NMPEcHOll BOALI MO COJCHOM sIBJASIETCHA
MACTHBIM H BO3SMOXKHBEI JABHMCHHSA NMPECHBIX H COJIEHLIX BOJA
KAK B OIHOM, TaK H B pPa3HbLIX HanpaBJeHHsX, H, B YaCTHO-
CTH, MOXXET HAXOAHTLCH B NMOKOC BEpPXHAA NpecHas Boja,a
ABHraTbCa MOJACTHAAOLIAR ee cojeHad, H HaoOOpOT.

[Ipn ABHXKEeHHH ABYX HeCMeUIHBAIOUHXCA NMOTOKOB MO/-
GCMHBIX BOJ Pa3fiHYHOH MHHEDAJH3alHH aBTOpP NMPHHHMAaET
BePTHKAJNbHBIE COCTABJAAIOIIHE CKOPOCTEH paBHBIMH HYJMIO,
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TO ecThb TpHuHMaer cxemy J[lionmion mas ropu3oHTaIBHO
NOBEPXHOCTH BOAOYHIOPA. _

Torpa ans €HHHYHLIX PACcXOAOB NMOTOKOB TIPYHTOBE
BOJ MOMHO HamHCaTh: 3

= — ?1 dhl — Y d'r"‘l J-r
qy k'up Yo y T2 kﬂp s H, de

rae miAeKe | OTHOCHTCR K BepXHEMY MOTOKY, 2 — K HHIKHEMY: H—- A
OuHB NOTOKOB; A — HX HANOPH; Rap — KosQOHUHENT NPOHHIAEMOC

Aptop, caeays paGoraM B 06aacTH NOA3EMHOI] rn,u,p
JuKH HedTH (Macker, 1949; llleaxaues, Jlanyx, 1949; Jlei
Genson, 1947), npuHHMaer, 4TO NPOHHUAEMOCTh Ky, HMEE]
pasmeprocTs naomanu. Ceask Ryp ¢ KosdduuHEHTOM DHA

TpalHH k& TaxKoBa:
k = kap v/p,

rae y —obbeMuan macca; p— Ko3¢HUHENT BAIKOCTH.

«[IpoHHILaeMOCTL® TPYHTOB JIIA MpecHoi H mnennﬁ" 1]
Abl ABTOP CYHTAET OJHHAKOBOIN, a KOS(OHUHEHTH! (HALT
panuH — pasHBIMH, OTPAMXKAIOUIHMH pasHbleé BAIKOCTH
naoTHocTH KuAakoctedi. [Ilpm 3naueHusx MHHepa.H3aLl
FPYHTOBBIX BOJ, BCTPEUAIOIHXCHA B NpPaKTHKe OpPOLIEH
rJIaBHYIO PoJib B H3MEHEHHH BOJONPOHHIIAEMOCTH Hrpa
(hH3HKO-XHMHYCCKHE NPONecch — KOarviAuHsa H JHcnepeas
UHA TPYHTOB MO/ BJAHAHHEM coJiell, a He H3MEHEHHe
HocTel H Kos(uumenta BaskocTH. [losToMy npaBHJbK
AJNS YCJOBHII OpPOINACMBIX MAacCHBOB NMPHHHMAaTL 3a xap
TEPHCTHKY BOAONPOHHI@EMOCTH KOI(p HUHEHT (PHABTPA-
UHH, CYMMapHO OIeHHBAIOUIHA mnepevyHcacHHEe (aKTOPH.

3naueHnsT HanNopoB AJf BEpPXHEro W HHKHEro noTo <on

hy=H, + Hy; hy = p,/p. H, + H,.
CpaBnenne ypasuennit (444) u (443) naer:
i 8 dH, + dHy
knp Hl dx F

/ dH
QImwkIrp‘_h' H‘ﬂ Ptd':i"}' I_

Hnurterpupysa Bupaxcenuc (445), noayuaewm:

e SO g B S 2l[(p1HE+
th': s ‘F:lenp o1 1

* fﬂ!f“ a, +H31)_(%H:22 T %MIEHEE + HE{. '
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L/

e sropas unppa mugexca oGosua-
‘MAeT HOMep cedeHns, a L — paccros-
e MEXAY CeYeHHAMH.

‘tl':!.l‘

[lonbsyscs  ypaBHeHHeM
(445), aBTOp ycraHaBaHBaeT
CACYIOlUIHEe BO3MOXHEE CaAy-
WOH IBHIKEeHHS,

I. KHAKOCTH ABHXKYTCSA B OAHY CTOPOHY:

PlfPIﬂHI“l‘ﬂ.H.{,ﬂ,

rae AHy, AHz— npupamenna Hy u H: wa moGoM KoHeunoM paccros-
Wik x (pKAiowan X=L); npH 3TOM 33 NOJOMKHTENLHOE HanpaBieHde X
npuHuMaeTca nanpapienne yMmenswenns Hy+Hs (pue. 46),

2. JKHAKOCTH ABHKYTCH B NPOTHBONOJOXKHBLIX Halpas-
NCHHAX:

Puc, 46. Cxema K pacdery mno
¢opuyaam H. K. T'mpunckoro.

Flrﬁ]. ﬂHl + ﬂHI - i
J. HuxHAA MHAKOCTh HAXOJHTCH B MOKOE:

pr/pa AHy + AHy = 0; py/p,H, + H,y = const.
4. Bepxusas MXHAKOCTL HAXOAHTCA B NOKOe:
HI. + H = Eﬂ'ﬂﬂt.

Hnsa 3-ro cayuas:

H} —
- ¥ . PP 2l 121 =N
I Ry < il (447)

Has 4-ro cayuas:

¥ H2 —Hi
=0 g, = Ya Pa—Pp1 "2 22
dy Gy = kyp oL

Has 3-ro eayuaa dopmyna (447) cosnapaer ¢ pamee
lipuBeneHHON cBA3blo (431) npu Hyp=0.

B coorsercTBHH ¢ paHee NPHHATHIME 0603HAYEHHAMH
fi-H=H,, (MOmMHOCTL MOTOKA MpPECHHIX BOA B CEYCHHH
x==L) npu nojacranoBke B ypaBHenwe (447) sHaueumit N
no qopmyne (436) u H no dopmyne (439) npu H,p=0
HMeeMm:

. (448)
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s b 3 ke L« ot . O L 00, 30
d1 km;P'1 . oL

il Oy o

=t R =
OcTaHOBHMCH Ha BO3MOMHBIX cAy4Yafx JABHIKEHHS AB
MOTOKOB pas3HOil MHHepaJH3alHH, TaKk Kaxk npuMmeneH
kpurepues H. K. I'mpunckoro o HanpasJjenii Teuenms Ol
pPaHHYEHO CJaydacM yMeHbUIalollencs cyMMapHOil riayOHE
(H+H;) notokos, uto ne Bcerja ObiBaer. PaccMaTpHBi
ypaBHeHnHe (445), BHAMM, YTO i OJHHAKOBOrO Hampa
JeHHS TEYCHAS JIByX NOTOKOB JOJIKHBI OJHOBPEMCHHO €O
JIIOJaThCH YCAOBHA:

AH, + AH, < 0, 1
Pl"’lpﬂﬂﬂl + AHy < 0

HIH
EH].-J_.J&'HE}G! } ﬁ
pr/peAH, + AH, = 0.

Jlas mamocTpalud Ha pHCyHKe 47 npHBe/leHs Cay
TeyeHHs npecHoii Boaw no coJsenoil (p;=0.9p.). Hanpap
NIeHHsl TeueHHH NMoKasaHbl crpenaxamu. [pHiKeHHe BepXHEro
MOTOKA TPYHTOBHIX BOJ TNPOHCXOAMT BCerja B CTOPOHY MOs
HHJKeHHs HX mopepXxHoctH. JIBH)KeHHe HHMKHEro noToKa
CPYHTOBLIX BOJA MOXKET MPOHCXOAHMTh KaK B HanpasjieHHH
najlcHHst MOBEPXHOCTH I'PYHTOBHIX BOJA, TaKk H B 06paTHYIO
CTOPOHY; MajieHHe NOBCPXHOCTH Pasiesnia MCKAY NOTOKaMI
TAKKE HE MOMKET CAYIKHTL IIOKa3aTejeM HamnpaBJeHH:A ABH=
#EHNsi HHKHEro NOTOKAa FPYHTOBBIX BOX. a

Cxemnt 4 ¥ 10 nokasupaloT, 410 INPH HEAOCTATOUHOM
rayGuie 3aJlOXKeHHs ApCHa)Ka OH MOXKeT NPHHAMAaTh H OTs
BOANTL TPCCHBIE NMPOMBIBHLIE BOJABI, TOTJa KAaK JexKallHe
NoJA HHMH 3aCOJICHHEIE FPYHTOBBIE BOIALI MOTYT IBHraThCH
B NPOTHBONOJOMXKHOM HANPaBJICHHH, it

B paccMmaTpupBaeMbiXx cxemMax ypopuu Boaul Hy u Hp 3a-
Jafbl KAK B HauaJbHOM, TaK H KOHCUHOM CEYCHHH; B Jell-
CTBHTGALHOCTH NMPH NPOMBIBKAX H (HALTPAUHH H3 KaHAJIOB
JHHHA pasjiesia MeXAy MNOJCTHAAIOMHMH CHJABHO 3aCONeH-
HEIMH FPYHTOBEIMH BOJAMH # HaKJAaALIBAIOUHMHCA Ha HHX
GoJee NPECHBIMN HIMEHSETCH BO BPCMCHH M 3aBHCHT OT KO-
JHYECTBA MOCTYIAWHX ONpPecHeHHbLIX BOJL.

Ecnu 30Ha onpecHenys 1noj KanaloM H3BecTHa (HanpH-
mep, aas cxem 1—6 f,), To MHEHMaabnas ryyOHHA 3aA0-
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WieMg  apedaXka, YCTaHABNHBAWOIIAA TOK SacOJIEHHHX
IPYNTOBLIX BOJ B €ro CTOPOHY, MoXeT ObITb OnpejeseHa
M) nepapencTBa (cM. cxemy pHc. 47):

. hap > (AH, — AHp) = AH, £2—P)
P2
Hpn AH,=H, umeem:
hy > H, Ps—p) (449)
Pa
Jlns o6blYHO BeTpeualo- G
IHXCA B YCIOBHSX OpO- 1
Wenns  MHHepaJsH3auHil Cewa. |0 0Rel g N | 9 | %
~ IPYNTOBLIX BOJi OTHOIICHHC T s
ig/py ne npeswiwraer 1,05, |/ ?‘3 <1 |- |=2 [-19]»0] 20
fostomy ycnoeue  (449)  —
cobaoaaeTc. 2| s Lol L09)50]50
| Ipupresennan  paGora Th |
1. K. I'mpurckoro (1951) = I
it OcHOBanHLle Ha Hedi coo6- | 9| 7 4 he| ! [H0101) 0 |20 0
paXKEHHS  NPEJACTaBASAIOT  — '
WiTepec A5 pasbCHeHHS |4 | 2= | |/ Lowstamsband 0| <o
HeKOTOPHIX  ocoOeHHOCTEN

JABHIKEHHA JABYX MNMOTOKOB
I'PYHTOBBIX BOJL PasHOH MH-
HepanH3alMHd, HO OHA He
NO3BOJISET PeuHTh NocTaRn-
JICHHYIO HaMH 3aaavy o AH-
HaAMHKEe 30HBLI ONPeCHeHHA
BONH3H KPYNHBIX OpOCH-
TeJbHBIX Kalalos.

Bonpoc o nepemertenun
IOBEPXHOCTH pasfena mno-
TOKOB TPYHTOBLIX BOA pas-
JHYHOH NJOTHOCTH pellan-
ca I §1. IlonybapuHoBoii- -
Kounnoit (1952, 1942, 1949, || =
1951, 1947). B pat6ore «He-
KOTOpEIE 3ala4YH TJIOCKOIo

2
K
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=
=
Y
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Pic. 47. Cxemul ABWKeNHA NOTO- |40 | o
Ka npecHofl rpyHTOBOR BOAW MO
COJEHOMH. —_— .
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ABHXKeHHA rpyHTOBHIX BoA» (M., nan. AH CCCP, 1942)
CMOTPEHO BJAHAHHC (UALTPAUHH NOJ THAPOTEXHHYECKHN
COOPYXEHHAMH Ha NepeMelleHHe TMOBEePXHOCTH pasjied
NpecHbIX H 3aCOJCHHBIX IPYHTOBLIX BOJL,

Meton [1. §. TIoayGapunosoii-Kounuoii nosponser af
YCTaHOBHBILIErocs JBHMKEHHA TPYHTOBHIX BOJ Olpenensl

H NpecHoH I'PYHTOBOH BOJOH AJA Pa3siHYHLIX cXeM (HAB]
PauHH MoJ THAPOTEXHHYECKHMH coopyeHHAMH. HeoOX
AHMO 3HaThb He TOJBKO NpeAesbHOEe NOoJOXKeHHe NOBepXHE
CTH pasjena, HO H AHHAMHKY Mpolecca BO BpPeMeHH. !
[TIpusenennoe B pabore I1. 5. INonyGapunosoil- Kounno
(1942) peiwenne B BHAe paga BecbMa cjaoxuo, OHo cogep
JKHT HEKOTOPHIE AONYHICHHA, B TOM YHCJE MPHHATHE He3a:
BHCHMOCTH TFOPH30HTaJIbHBIX CKOpPOCTEHl OT BePTHKAJbHOIE
MONIOKEHHA TOYKH B NMOTOKe. TO AONYLIEHHE BIOJHE BOJ
MOJKHO NPH PacCMOTPEHHH CPaBHHTENIBHO JJIHHHBIX H B OC-
HOBHOM TODH3OHTaJIbHBIX NOTOKOB TpPYHTOBHX BOjJ; NpH
_ (HABTpALHH e H3 KaHaja, Koraa GpHAbTPALHOHHBIA NOTOK
HMEET B OCHOBHOM BepPTHKaJIbHOE HanpapJjleHHe (10 BCTPE:
YH C FPYHTOBBIMH BOJAAMH), Takoe JONylleHHe sIBJAAETCH
nerounbiM (IToanyGapunosa-Kounna, 1951). :
H. H. Bepurun (1953) nHHaye moOAXOAHT K H3y4eHHIO
nepeMenieHHs MPecHHX (GHABTPAUHOHHEIX BOJ Yepe3 3aco-
JIeHHBIE TPYHTLL. ABTOp, YYMTHIBas pacTBOpeHHe cojedl o
Auddy3nio, cocTapaser ABe CHCTEMBl VPaBHEHHI JIBHKe-
HHA. -
[Teppas cucremMa OTHOCHTCH K JABHMKEHHIO MHHepaJins30-
BaHHoft Boakl. IlpH He3HAYHTENBLHBEIX HIMEHEHHAX BA3KOCTH,
MJIOTHOCTH H MPOHHUACMOCTH B 3aBHCHMOCTH OT -BCTpeya-
JOUIHXCA B MPaKTHKe 3HaYeHHH MUHEpPaNA3alHH IPYHTOBBLIX
BOJ OHA NepexoAHT B OOBIYHLIE YpaBHEHHA QHALTpPaUHH
NPEecHBIX 'PYHTOBBIX BO.
Bropada cHcTeMa ONHCHLIBaeT nepemMcllcHHe cojieii B
FPYHTE H NPHBOAHTCA K YpaBHECHHIO, COAEpIKalleMy B Kaue-
CTBe HCKOMOro (Mo 3ajaHHBIM HayalbHBIM M TPaHHYHBLIM
YCAOBHAM) NEepeMeHHOro KOHUeHTpauuio coneil —n(x,y, f).
[lpn He3sHauyHTenbHOCTH AHGMQPY3IHOHHBIX CHJ JAAA JHHEHHO-
ro [BHMeHHs aBTOp Npejjaraer ypaBHeHHe:

npH 4, = —nV,,

ceB



e Vi— ckopocts GHALTPALHH; U — MACCOBAR CKOPOCTb  ABHIKEHHS
UOIER, My — KOHUEHTPALHA colefl B NMOrPaHHYHOM cJ0e (C 3aCOMeHHLIM
IPYNTOM); M — NOPO3HOCTL TPYHTA; Y — KosddHUHEHT coseporo ob-

M,

IH. H. Bepurun, nonb3ysick pekOMeHAYeMHIMH VpaBHe-
WIMH, DEIIAET 3a/laui O PABHOMEPHOM ABHMKEHHH BOALI B
JNCOJIEHHOM TPYHTE, NMPOMBIBKE 3AaCOJIEHHLIX IOYB H CoJie-
WOM peXXKHMe IPYHTOBBIX BOJ BOJIH3M HOBBIX KaHajoB, OH
liccMaTpHBaeT 3ajauy O nepeiBHIKeHHH 30HH ONpecHeHH:
O BAHSHHEM (HALTPAUHH M3 KaHala IPH BHE3aNHOM
nojLeMe ypoBHA BOAL B HEM.

[IpunaMan a8 3afgadf ¢ NPECHHIMH IPYHTOBLIMH BOJA-
Ml H3BECTHOE pelleHHe Jad 3Toro cayyas (ABepbaHOoB,
1956, 1950, 1950a; TlonyGapunosa-Kounna, 1949, 1952),
H. H. Bepuran (1953) cmauana yuurtsiaer aud(py3HoH-
Hbie¢ CHJABLI, HO MPH 3TOM PEsyJALTAT NMOJyYaeT BechbMa CJIOMK-
luiil, TpebylolHi NPHOJHMXEHHOro HHTerpHpoBanus. [Ipe-
neGperas cHnaMi nHGY3HH M NpHHEMAaS, YTO B BOJOHOC-
HOM IpyHTE HE MPOHCXOAHT COJEBOro o6MEHa MEeMKAY rpyH-
TOM H BOJOH, aBTOP MPHBOAHT ypapHenHe (450) k BHIY:

Vie" on dn
. =0 npH v=0, 451
T s g (451)
| loncTaBasgga 3HaYeHHe
231
e ax

H. H. Bepurun npuxoaut Kk dopmyne 1as onpefejeHus
iepeMelleHHs rpaHHllEl 30HBl PACCOJIEHHA B BHAE

x=%V at; a=2ETH  gp

m

— I . H
Ve Hth)' (452)

rie ho — mavanbHas MOMMOCTE MOTOKA rPYyHTOBWX BoA; H — nomsem
YPOBRHA BOAM B KaHaje.

[Ipunumas B ypasuennn (450)y=0, antop nonyckaer
n==const, Tak Kak, npuHAB B ypasHenun (451) H3BecTHOE
COOTHOLIECHHE

NONYYHM:
o X+ 2 dy = dn =0, 453)
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ABTOpPOM NpPHHHMAaETCs NOJHOE 3aMCUICHHE COJICHON BO

Abl TIPECHON, & CKOPOCTh TOPH3OHTAJALHOrO TepeMelleHHs
pasjena Mex/Jly HHMH HaXOA4T M3 H3BECTHOro ypaBHEHHS

([lonyb6apunopa-Kounna, 1952):

V——ka

MpubnMenHoe onpegeneHMe 30HbLI ONPeCcHEHUS

X

B6nNM3M OpoOCHMTENnbHBIX KaHanos
B YCNMOBMSX YCTAHOBMBIUErOCA ABMIKEHMS

BhifcHHM, HACKOJBKO CHJABHO B YCJOBHAX OPOLIEHHS OTAH-
qyalorcsa (H3HUecKHe cBodcTBa Oojee mpecHBX (HALTpaUM-
OHHBIX BOJI OT aHAJIOTHYHLIX CBOHCTB

TOBLIX.

[TnoTHOCTL pacTBOpPOR cosieil 3aBHCHT HE TOJLKO OT MH-

HepaJii3alui, HO H OT cocTaBa coJiel.,

[InoTtnocTh OKeaHncKodl BOALI NPHOJAH3HUTENBHO paBHa

p2=1,028 (Anekun, 1953).

A. H. Cunun-Bekuypun (1951) npuBoaut rpaduk 3aBu-
CHMOCTH IJIOTHOCTH PACTBOPOB OT OGILEro CcojAep:KaHHsa co-
aeit (mo A. M. KysHenosy), H3 KOTOporo BHJIHO,
CBA3b MOXeT OhITh 3anHcaHa B BH/e

p. = 1,000 +- 0,00078 n,

FAC P2 — MAOTHOCTE, KT/M¥; n — cogepmanne coach, r/a.

YuurwiBaf, 4TO MAOTHOCTH BoAm 1npn 20°C p30°C =

=0,9982 u uro A=n/10p; (A — uMca0 rpaMmoB pacTBO-
pennoro Bemtectsa B 100 r pacTBopa; n — 9YHCAO TPaMMOB
pacTBOpEHHOro BeulecTBa B | J1 pactBopa), MOJYYHM cre-

AYIOILHE AaHHbie,

3aCOJMIEHHBIX TPYH-

9TO 3Tas

(455)

Mmunepanuaa-

wist NaCl, | | 2 | 10 [ 20 | 40 | 60 | 80 | 100
r/a

P32 C/pi®°C [ 1,001 | 1,002| 1,008 1,015|1,029|1,042|1,055| 1,068

3a HCcKJAWw4YeHHeM ocolGmX CJiyyaep, KoOrjla KaHaJbl TpoO-
KIaALBAOT B rpyHTax ¢ HCKJAOYHTEJABHO 3aCOJEHHBIMH

FPYHTOBBIMH BOoAamu, oOwuluno npu 10<<n<<50 r/a,

nexuT B npeaeaax 1,01 <<p./p)<<1,04.
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BsiskocTh MHHepanH30BaHHLIX TPYHTOBBIX BOA MPH yBe-
JIMYEHHH KOJIHYeCTBa PacTBOPEHHLIX coJieil Bo3pacTaer, HO
pH MuHepaau3auuH menee 50 r/a 9TO yBeaHUEHHE He3HAa-
unreasnoe. Ilpn {=20°C Bs3kocTs pacTBopa H3IMEHAETCA
01 0,95 cantunyas aas npecuoii Bojul jgo 1,01 cantumyas
s n=>50 r/a.

Kosdduuuenr ¢puaprpaunun rpynToB B CBA3H ¢ HX 3ac0-
JennemM yBeJHYHBaeTcs, B IIHHHCTHIX IpPyHTax 3TO NMPOHC-
XO/IMT 33 CYET KOaryJasuHH MCEJKOAHCHEPCHBIX YAacTHIL.
YV neckoB M mecyambiX [10YB R YBEJHUYHBAJCA HE3HAUHTENb-
o, Tak, B HalIHX ONMBITAX MO 34aCOJEHHS NECOK HMea k=
«=0,025 cMfe, a nmocaie sacojieHHs M nocaeayiomeli mpo-
MLIBKH  OpecHOH BOAOH Kos(puuHenT QuABTPAILHHA
vaconednoit (40 r/fa) m  mpecHoli Boabl  paBHAJCH
0,03 em/e.

CropocTh KanHMIAPHOTO NMOAHSITHA PACTBOPOB COJMH B
IpyHTax MeHblle, yeMm uHcToil Boanl. [Mlas mnecka nocae
poBeleHHs B HEM ONLITOB HAMH NOJIYYeHbl MPHMEPHO OJH-
HAKOBLIE 3HAYEHHS MaKCHMaJbHOH BBICOTHI KaNMHAJAPHOTO
nojHATHA Kak anas pactsopa NaCl xonuentpauun 40 rfm,
T4K H A48 YHCTON BOAMI, paBHBEE fix~ 30 cM.

YUHTEIBas HEJA0CTAaTOYHYIO H3YYEHHOCTL BOmpoca o6 ua-
MCHEHHH BOJAHO-(PH3HUYECKHX CBOHCTB TPYHTOB B 3aBHCHMO-
CTH OT CTENMEHH HX 3acofieHid, NpHOJHMKEHHO MOMKHO CYH-
T4Th, YTO B OJHHX H TeX e rpyHTax (CpaBHHTCJBHO Jier-
KOro cocraBa) mpecHole (HABTPAUHOHHBIE H He CAHIIKOM
CHABHO MHHEpaJH30BaHHBIE IPYHTOBBIE BOAL OYAyT mepe-
JIBATaThHCHA, MOAYHHAACH NPHMEPHO OJHMHAKOBBLIM KOJHYECT-
BCHHBIM CBfI3AIM, TO €CTh JAJA H3y4YeHHA MOLIHBIX NOTOKOB
FPYHTOBBIX BOA MOXHO NPHOJHXKEHHO NpPHHATE &)=k
he~hx, B 8,208, (8 — kKoapduuHEeHT BOmOOTAAYM, HHJEK-
cl 1 oTHOCSITCA K ABIDKeHHIO GoJsiee mpecHBIX (GHALTpaILH-
OHHBIX BOA H 2 — K ABHMXEHHIK He CJHIUKOM CHJILHO MHHe-
panH3oBaHHBIX IPYHTOBHIX BOJ). Toraa MOMKHO paccMaTpH-
BaATbh AHHAMHKY MOTOKA I'PYHTOBBIX BOJ B LEJOM, HE pa3-
jenss objacTH npecHuX (HALTPAUHOHHBIX H 3aCOJCHHBIX
'PYHTOBHIX BOJI, H JIA H3yueHHs (HJIbTPAIHH H3 KaHaJOB
NPHMEHATh 3aBHCHMOCTH, YCTAHOBJIEHHBIE IS OJHOPOLHO-
0 NMOTOKa I'PYHTOBHIX BOJ.

3Has JAaA HCCJAEAYeMOro NMOTOKAa CKOPOCTH JBHIKEHHS,
MOJKHO ONpPEAeJHTh CPOKH TepeMelleHHs 30HbLl ONpeCHeHHS
KaK rpaHunsl (poHTa NpoABHramoueics (HAbTPaUHOHHON
poasl. ITpu Takom nonymenund npenebperaior auddysnei
pPACTBOPOB H YCJOBHO NPHHHMAIOT, UTO npecHue (HAbTpa-
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LHOHHBIE BOALI MOJIHOCTBLIO 3aMenalorT 3acofieHible rpyn'r
BEIE BOJiH. :
B f#eficTBHTEJIBHOCTH TIPH BLITECHEHHH 3aCOJICHHBI!
TPYHTOBBLIX BOJ NPECHbBIMH MHHEPaJN3ANHs H3IMEHSIeTCH Mo
creneddo. Beuay oTHOCHTEAbHO HeGOJNBIIOH WHPHHABL NEpe:
XOJAHOM 30HB B KayecTBe MEpPBOro NMpHOAHMKEHHA 3a rpa:
HHILY 300kl ONPECHEHHS MOMHO CUHTATh MNOBEPXHOCTb HA-
4asia YMEHbLIEHHA MHHCPaJH3aIHH, ;
HOpyrium caefCTBHEM NPHHATBIX HAMH AONYILEHHIT ABAS-
eTcA HeydeT H3MEHEHHA JAaBJeHHii H NOTEeHUHAJOB CKOpPO=
cTel B CBSI3H ¢ PasJHYHBIMH NJOTHOCTAMH NpecHOH (HAbLT-
PalHOHHONR H 3acOJeHHON IPYHTOBOH BOJBL.

Kak yrasumBanoce Bbiwe, H. K. Iupunckuam
[1. f. IMonyGapuuosoii-Kounnofi yctaHOBAeHB YCJAOBHA HA
MOBEPXHOCTH pasfiesia KHAKOCTCH pasaHqHOi NAOTHOCTH,

ToyHoe ruapoMexaHHYecKoe pelleHHe NJAOCKHX sajay
NpH STHX YCJAOBHAX I YCTAHOBHBLIErocs H Tem Oojee
A5 HEYCTAHOBHBIUEroCH peHMa BecbMa 3aTPYAHHTENLHO
JAaxe AAd npocTeHllHX cJaydaeB H CBOAHTCA K CJIOXKHBI
MaTeMaTHYeCKHM BHIKJIAJKaM.

MoOKHO NPennoNOKHTD, YTO BOJH3H KaHAJOB H NpH HE
O4eHb JUIHTENbHON (HALTPAUHH CAeJaHHBIE HaMH AOMNylie-
HHS AajayT He cToJb 60JbliHe NOrpelHocTH,

[Ipunumas ynoMmsHyThle jonyulenHs, Oyaem onpeme-
JNATH nepeMelleHHe (poura 30HBE ONpPECHEHH:A, MOJbL3VACH
dopmynaMu s COCTaBAAIOIHX CKOpocTeli NpH MAOCKOH
¢uabTpauHn B BHjE .

r,t‘x dh :

— —_— —-—k-——-‘ ¥ ; E

Vi mo — =5 (456)
dy oh "

— m ——— N S .'
Vymmysl = —b-2, (457)

rae Vi, Vy — cootpercTBenHo ropu3oNTansnas H BePTHKAJLHAN COCTaB-
JAKUIHE CKOPOCTH (QHABTpaUNW; My — cRoGOAHAR NOPO3HOCTE (32 Be-
YeTOM 3alleMJeHHOTO BO3AYXA P H CBA3AHHON BOAH W,), PABHAR Mge==
=m—p—w, (M — NoJRas NOPOINOCTD). -

[Tpn nanpapiieHun OCH y BHH3 HANOP paBeH:
h = Pf? — ¥,
rae P — pasaciuc,

Henoabays HMelolHECs peIIeHHS AAA THOHYHHEX CAY-
yaes (GpHALTPAUNH H3 KaHaJ 0B W NPHHHMAafA No HHM 3Have-
uusa h(x, y, {), HHTerpHpoBaHHeM ypaBHenH#d (456) H
(457) naxonauM mnepeMelleHHe TPaHHIL 30HBI ONPEecHeHHA,
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BufcHenHe MHHAMHKH ONpeCcHAIIECro AEHCTBHA KaHa-
JOD BaXKHO AJs pafiOHOB C BHICOKHM CTOAHHCM 3aCOJEHHBIX
[PYHTOBLIX BOJA, MOSTOMY paccMaTpHBaeM cJyyaH moanep-
10f (pHALTpAaLHH,

OanHOUHBIE HaHANLI

K oannoYHBIM KaHajaM OTHOCHM TakHe, (QHAbTpPaUHA H3
KOTOPHIX He OKasblBaeT B3AHMHOTO NOAMHPAIOULEro Jef-
CTBHA,

Jlns unpeneavHoro cayuas ycraHopupueiics ¢uAbTpa-
M mopnepras (pHUALBTPALAS H3 KaHAJOB NPOHCXOAHT, Kak
w10 nokaszano B paGore C. ®. Asepbanosa (1956), npm
HAJAHYHE paBeHCTBa (PHALTPALHOHHLIX NMOTEPsL H TNOA3EM-

: woro orroka. [TonzeMHBIH OTTOK MOMET peajH30BaTbCA

| OTTOKOM TPYHTOBBIX BOJL B CTOPOHH OT MacCHBa, B MECTHHIE
NOMMIKEHHS] HAH JipeHax M pacXofoBaHHEM TIPYHTOBHIX
HOJ Ha HCMapeHHe W TPAHCNHPALMIO pacTeHHAMH. PaccMoT-
pHM HEKOTOPHC THMNHYHLIE CJAYy4aH, COOTBETCTBYIOLlHE pas-
JHYHBIM YCJAOBHAM MOJA3€MHOrO OTTOKA.

a) Iodsemubili OTTOK 6 CTOPOHGL OT KaHaaa 3a npe-
deavt opoutaemulx 3semeas; sodoynop 3anezaer BecoMma
eayboKo.

Jlnsg OAHHOYHOrO KaHaja NPH OTTOKE MOJ3EMHBIX BOJ
94 npefeabl OpollaeMBIX 3eMelb B YCJOBHAX MOANEpTOH
¢uabTpaunn H raybokoro saneraHHs BOAOYMOpPa HMeEIOTCs
pelleHHs AAA  cXeMbl, H300paMeHHOH Ha pHCYHKe 48
(Asepbanop, 1956; IToayGapunopa-Kouuna, 1952, u ap.).

Jlna ycnoBuit, naoGpaxeHHsX Ha pHcyHKe 48 B palo-
rax Koseunn, Pusenkamnda, C. I1. Hymeposa (1953), nail-
JIeHbl 3aBHCHMOCTH:

—x = He™ %in 'Eé-p— + P/Q, (458)
g= Hemmcusn—;- + @ik, (459)
e Q — pacxoa Ha GHABTPALMIO. B2 B:/2

15’

Puc. 48, Cxema K pacyery QuabTpa-
UMK H3 OHHOYHOrO KaHajaa.
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Q =k (Bx— 2H);
KOMILTEKCHH T TIOTEHUHAA TedcHHs Y=g@-ip; ( — noTeHUNan CKOPOCTH
(p=—*kh; nanop h=Pfy—y (ocs y Banpasiena BHA3).

ITOBEPXHOCTh TPYHTOBBIX BOJ HaXOMHTCH W3 ypaBHEHHM
(458) n (459) npu p=—Q/2: :

x—QI2k = Hé™'?, 4y — olk, (461)

Beoas oGosnauenna x=ux/H, Bp=By/H, E:yﬂf. 33;1'
meMm ypaeuenne (461) B Buje r

‘=—:?(ﬂ—2}1n(}+1-ﬁ;2). (4

Bocnosnesyemes ypasnennsamu (456) m (457) ans om-
penefieHus JHHAMHKH TIepeMelleHHs 30HB ONpecHeHHs .
Tak kak B paccMaTpHBaeMOM C/yyac NOBEPXHOCTH FPYHTO=-
BHIX BOJ ABJfeTCS JIMHHel TOKa, TO B/OJIb Hee JIefiCTBH-
TeAbHO BHIpaKeHHe mJist ckopoctn  ([TaBaosckmil, 1955;
Benepuukos, 1939):

T T : _ (463)

VTR

C apyroii cropons, ckopocers V, papna:

dt dx | dt
YuutmBas ypasnenns (461), nafinem:
0. ." = __________:I'I |‘.‘."l";”"Ill"l'!'-_ﬂ1|
NP = e
] 1
dyldx = — (f — 2 :
yidx 7 ¢ ) (x+1—p/2)

[Toxcrasans ypashenns (467) B (464), (465) n (466)
B (463) m npupaBHHBaa BHpaKenHe A CKopocrefi, mocje
HEKOTOPHX npecOpasoBaniil MoJyuHM:

my drx __ L ﬁ:l— 1—p/2) . (468)

dt  B—2)l14+a2 (e 1 —p/2)*/p—2)
Hurerpupys ypasuenne (468), npunumaeMm Hauaibbe
ycaoBus (=0, x=f/2, Torna
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nimgH

2 =
o Ek{ﬂ—i'][:rr.‘ (ﬁ——E]‘ln(x-}—l—ﬂfE)-’,—
+ (x—p/2) (x—p/2 + 2]]. (469)

[loabsysich ypasnesnem (469), MOXKHO onpeaenadTb
npems f, 3a KoTopoe npoiBHHeTcss (POHT paccoJeHHs B
IOPH3OHTAJBHOM HanpaBJelniH Ha pacCTOSIHHE X OT OCH
Kanana,

[IpoBepuM, Hackoabko Beanka Oyaer omHOKa, eciH B
PACCMOTPEHHOM CJAYy4ae 3aMeHHTb CKOpPOCTb NepeMelleHHs
110J1b TIOBEPXHOCTH FPYHTOBBIX BOJ Vs ¢e ropu3oHTaNAbHOH
cocrapasioweir V. dra npoBepka BaXkHa JUIA PEelICHHA
fofiee c/I0KHLIX 3afau, TakK Kak nojgb3osanne ¢dopmynoi
(163) n psige cay4daeB 3aTPyAHHTENLHO,

[Ipuunmas npubankenno

,. Vo~ Vo= my-% = dglox (470)
Il 10ACTaBAsS BHIpa)kenue dg/dx, HaiiieM:
dx _ k(Bp—2) I
= : 471)
o el (x4 1—p/2) :

HirerpupoBanne ypapnenns (471) npun HauaisHoM yc-
aopnn t=0, x=p/2 naer:

§ o T e
ﬂﬂ(ﬂ-—ﬂi[x p/2) (x —p/2 + 2), (472)

NTO H OyAeT MpHOMHKCHHLIM Pelleiem 3a1aui.

JIHHAMHKY BepTHKaJBHOIO NepeMelueHus (PPoHTa 30HH
paAccOMeHHS MOJ AHOM KaHaja MOMKHO ONHCaThb, NOJb3YSCh
tpopmynoii (457) ans onpegenenns V.

[Ipunsas B dpopmyae (459) =0, x=0, noayuum:

y = He" %t glk. (473)
Hanumem dopmyay (457) B suue
RLBERSEL . SERL mn(ﬁ.)’d¢=df. (474)

dt ®dp " df  dy' °\dy
Haxoxsn dy/op n3 dopmyast (473), noayunm:
d ;drz[m L RN
% (7p=y oY )] WI5)
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Hurerpupys npu nadajibtoM ycaosuu {=0, ¢=0, y==:.
={1, nainem:"

f = "’—;i"{(e“”‘?— 1) [2 +F;?§;,"(Emm+”] + q:fkﬂ}. (47

Qopmyna (476) B mnoabsoBamuu Heymobua, MOITOMY,
BBO/A MNPHBEJEHHOE JaBJieHHe

P = PlyH = %rg—wk} — y— q/kH,
HamuileM puipaxeHue (476) B Buae

2moH | aP+1), 6—2 . p :
f=—"3=(P—1)|1 P 477
ol J[ e ] 1)

rae P onpefeasior B3 ypasHCHuS:

ﬁ+—::$+-2}1nﬁ=§. (478)

3ajapasch pasAHUHLIMH  AYGHHAMH  TCpeMClCHHA
(ppoura pacconenns y, no Qopmyne (478) HaxoaHM NpH-
BeJienHoe Aasiaenne P H no gopmyae (477) cooTBeTcTBY-
olee Bpems.

Pacyers! no STHM 3aBHCHMOCTAM MNOKa3LBaloT 3aTyXa-
IO XapakTep nepeMelieHNs 30HB PACCOJEHHS, YTO ecTe-
CTBEHHO B CBA3H ¢ yMeHbIUCHHEM CKOpPOCTeH npH ypanie-
HHH OT KaHaJja. \

Henocratok npeawiiyiueii cxeMBl pelleHHsI COCTOHT B
TOM, UTO HMIHpHHA Kanaja no ype3y Boaw By u ray6una
BOJbl H onpejensiioT NMOJOMeHHe YPOBHA TIPYHTOBHIX BOA
[dbopmyna (461)]. B npaxTHKe GLIB2eT H3BECTHO MOJIOMKe-
HHe YPOBHA I'PYHTOBBIX BOJI, KOTOpOe onpeaeasiercs oOuium
GanaHcoM TPYHTOBLIX BOJA OpOINAEMOro MaccHBa, a HEH3-
BECTHBIM SIBAAECTCA pacxoj) Ha ¢uabTpaumio. Jlns storo
cayuas (pue. 48) asropom (ApepessoB, 1956) npeanoxe-
HO GoJiee MpoCTOE pelieHHe:

P+ x=— -;— (B, — Q/k)chng/Qsin mp/Q,  (479)

y—olk = - (B, — Q) shag/QeosmpiQ.  (480)
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Brepem o603HavYeHHA:
Xo = XIBy; Yo = Y/By; o= QIQo,

fhe @ — KosduurenT, NoOKaskBAOWMKA yMeHblicHne RILTPANHOHHBX
NoTepL 3a cqeT noAnopa rpyHTOBEX Bold; Q — pacxoa ma dHALTpaUHIO

B yenosuax nofnopa; Q4 — norepH n yenobnax ceoboaxofl duabTpanun,
Jnsa p=—Q/2 (noBepXHOCThH TPYHTOBLIX BOJ) HMeeM:

Uy =~ ayeh =4 (481)
n l—a

r Ilo ypasnennio (481), snas nojoxenHe MNOBEPXHOCTH

|' IPYNTOBBIX BOJA Yo HA NPOH3BOJBHHOM pacCTOfHHH OT KaHa-
A0 Xp, MOXKHO onpefenuTs KO3Q@HUHEHT o H pacXxoj] Ha

| (PHAbLTPALHIO.

- Onpenennss BpeMs nNepeMellCHHA 30HBI ONpecHEeHHA
NIAJIOTHYHO TOMY, Kak 5TO CIeJaHO B Mpeablayileii saaa-
He, NOJYYHM AJA rOPH30HTAAbLHON CKOPOCTH:

kagldx = 2. . : — my dxldt. (482)
£V (2x—Q/k)* — (B, — Q/k)®

Hurerpupya ypasHenne (482) npH HauaiAbHBIX YCa0-
wax (=0, xo=1/;, HMeem:

o M 28U o0F [u Vu'—-l —ﬂar-:hu]; o 20 0 (483)

8ka l—a
Win ¢ yuerom dopmyant (481)
# My “-B;E&i_‘ a)? [Sh E’:I’u = 21;#!] ] {434}

s BepTHKAJLHOrO MPOJABHIKEHHS HCMOJAb3yeM (opmy-
ay (474);

yldep = [1 8 A - —% ¢h qu] : (485)

HMurterpuposanne Bupa)eHHs

My n(l —a)
el mp!Q] do = dt
npu yeaopnl (=0, y=0, ¢=0 naer:

) .:";_:[¢+L"§Qshﬂ¢fQ+ﬂlii—uFQu shﬂgfl’ +’:?‘F)].

(486)
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YTO MOXKHO 3alHCaATh B BH]C

me By (- 4 B 4 Bl —a)?f Ej‘___
=" [y+P+ = Lshax

x G—P)+ 2 G—P)]).

—
Ba
- TS

i 1 2
rae npupepennoe Aasaenne P=PjyBy i (y—q/k) naxopdTcs H3 CO
K

OTHOLWEHH

% 9F LTS
O y; y= y/Bx.

) (1l —a)

6) PuabTpayuonnsie noTepu  PacxodyloTca TOALKO HE
ucnapeHue ¢ NOBEPXHOCTU 2PYHTOBLIX 600 U  TPAHCALE
payuio. ]

Ilast cayuas nognepToil  (pHABTPALHH H3 OAHHOUHONO
KaHajia NpH pacXo/JIOBaHHH [OTEPL TOJAbBKO Ha HenapeHHe
¢ NMOBEpXHOCTH rpyHTOBHIX BOA (Asepbanos, 1956, 1950,
1950a) GHJIO NPEANONKEHO THApaBAHUECKOC pelleHHe, YYH:
THIBAIONIEE 3ABHCHMOCTb HMCMapeHHsi IPYyHTOBBIX BOJL OF
ray6HHE HX CTOSHHA: =

e =gy (1 —A/A)". (488)
[Ipu yuetre ¢opmyast (488) npum n=1 nosepxioc
rPYHTOBBIX BOJL ONHCHIBAETCS YPABHEHHEM: )

A=A [l —exp(—xe/V i Apey)], (489

rie X — paccTofHHe OT Kanana, M; A-—raybuna CTOAHHS FPYNTOBHX
BOJA OT MOBCPXHOCTH, M. '

Pacxon na ¢uABTpauHioO B OJAHY CTOPOHY paBeH:

Q. =V Bty

de ,dA  Aghe, v
mﬂgf——kdx_ o exp ( xear'Qm).

WuTerpupoBanie npH HAYANbHEX yeaoBuax (=0, x=0
naer ppeMs lnepeMellenus (poHTa 30HBI PacCONCHH: 3

o
My Qm

t e
2

[exp (IED:’QW] - l]. (4 "j
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Yunteisan solpaxenusn (490) u (489), gopmyna (492)
MOoXeT OBRITH 3anmHcaHa B BHIe

A A e LB (493)
e Ay (1-A/4y)

Ananoruunble pacyeTsl NpH n=2 faror:

|
s aﬂ[i —T ] : (494)
Q.= V 23V kH,Aqe,, (495)
iy Q'Z:; :
{ = 1+ 1], 496
Hﬂ'ﬁﬂ Eg [{ KEJSQ“&} ] { )

P dmoHe A (2—A/A,)
feg A (1—-8/80)*"
rie A onpesensoT no gopmyae (494).

Tax kak sapmaua pewajsach rHApaBJAHYECKH, Kak JIHHCH-
llast  (nosarajiock, 4UTO KaHaJX MNpope3acT BOJOHOCHBI
I1acT [0 BOJAOYNOpa), TO BpeMsi BePTHKAJBLHOIO ONpecHe-
s B 3TOH TOCTAHOBKE He MOXeT GHTh HaiieHO,

JononunTeNbHEIE NOTEPH HA NOBOPOT NMPH BHIXOAE €ro
I3 Kanajna MoryT OBITB Yy4YTeHBl YMHOMKEHHCM pacXojia
()~ Ha xo3puument B (B<<1) (Asepbsnos, 1956).

His oanoro n3 KoHkpeTneix cayuaes (Bx=10 m; H=
=2 M; k=0, m/cyr; my=0,3) npu Tpex pasAHYHBIX yc-
JOBHSIX OTTOKA M PAacXO/OBAHHS FPYHTOBLIX BOJ, Ha PHCYH-
ke 49,a HaHeceNB TOBEPXHOCTH TIPYHTOBHIX BOJ H Ha
pucynke 49,6 rpaduku ropH3OHTANLHOrO nNepeMelleHHs
(ppoHTa 30HBI paccoeHns.

CpasHenne nosepxHocTefi rpyHToBHX BOx (pHC. 49,a)
NOKAa3BIBAET, 4TO OHH CYLICCTBEHHO OTJHYAIOTCH OJHA OT
Apyrofi. Camoe HH3Koe mojoxerie (kpupas 1) 3aHuMalioT
PYHTOBEIC BOABI 1PH obecneyeHHOM OTTOKE 3a Npeieisl
MaccHa (npn He—o0). Korna noasemusiit ortok satpyj-
HCH, MOBCPXHOCThH TPYHTOBLIX BOJ (KpHBas 2) cyulecTBeH-
HO NOAHHMETCA (NPH YPOBHC TPYHTOBHIX BOJ A=5 M Ha
pacctoauun x=1000 M ot xamasa). OcHoBHOe najgeHHe
NOBEPXHOCTH TPYHTOBBLIX BOJ NPOHCXOAHT BOJH3M Kanaja:
OJIOBHHA NajenHsa wHamopa, To ectb Ah=205 M, ocyme-
cTBAfETCA Ha paccroanun 50 M oT KaHajaa, a apyras no-
JOBHHA — Ha OCTaJbHBIX 950 M, B CBSI3H C 4YeM YKJIOHHI
NOBEPXHOCTH TPYHTOBBLIX BOJA H CKOPOCTH JBHIKEHHS OYeHb

(497)
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Puc. 49. TMopepxnocts rpyHTO
80 07y BHx Boa (@) W AMHAMHKA TP
P apmKenna GporTa onpecHeHd
(6) npu duabTpaunn M3 OAl
HOYHOTO KAHAJNA M pa3THYHE
=]  yecnoemaX OTTOKA.

pe3Ko 3aTyxalT npH yAd
JeHHH oT Kauanaa. DBoae
BLICOKOE IOJI0XKeHHe 3aHK
MaeT NOBEPXHOCTE TPYHTO
BHIX BOA (KpuBnie 3, 4) npl
| OTCYTCTBHH 110/13¢MHOTO ".?
ey ; ronmo 88 nenapell
(mpr Ao=5 M; ep=

=0,005 m/eyr; H,=20 m). 310 ocobenHo 3amMcTHO BOJE
3H Kapaja, UTO eCTeCTBEHHO B CHJY YNPOUIEHHOH CXeMBl
NPHHATON AJA pacuera STHX chaydaep (NHHEHHOE NBHZKEHHE
H HEy4YeT NoTeph Ha MOBOPOT MOTOKA NPH BHIXOJE €ro H3
Kanana). OG6Gpauiaem BHHMaHHe, YTO [OKasaTellb CTeNeHl
n He OKasbBAeT CYUIeCTBEHHOrO BJIMAHHA Ha NOJOMKEIHHE
MOBEPXHOCTH TPYHTOBHIX BOJ, XOTsl NpH n=2 (KpHBasd
OHH CTOAT HECKOJAbKO Bhllie, yem npu n=1 (kpuBas
UTO H AO0NAMHO 6GHTH H3-338 MEHbIIEero HCNapeHHA NpPH n
[opmyna (488)].
OGpamanach K pHCYHKY 49,6 W conocraeasifi spems ros
PH3OHTAALHOTO TPOABHXKeHHA ¢poHTa paccosicHHs, BH
JIHM, Y4TO 3aKOHOMEPHOCTH {(X) COOTBETCTBYIOT XapakTe
paM MOBepXHOCTeH I'PYHTOBHIX BOA: OBICTPOe NPOABHIKEHHE
BOJH3H KaHaJOB ANA CAY4aeB HAJHYHSA NOA3CMHOIO OTTO-
ka (kpupbie [ ® 2) W 3aMeljieHHe JIBHMKEHHS INPH yjajes
HHH OT KaHaja, uTO BHAHO NPH 3aTPYAHEHHOM OTTOKE
(kpuBasi 2). Bosnce pasHOMepHOe JIBHIKEHHE 30HLI pacco
JeHHsA, XOTH TOMXe 3aMeijeHHoe, HabGJaOAACTCHA JIas cayda:
eB PAacXOJOBAHHS I'PYHTOBHIX BOJA TOJNBKO Ha HCNapeHH
¢ HX TMOBEpPXHOCTH, NpPHYEM CYUIECTBEHHOr0 OTAHUHA JJF
cayuaeB n=1 (kpupas 3) u n=2 (kpusas 4) ne Hab;IO
JaeTcs. :
M3 pucynka 49 BHAHO, YTO NPH OJAHHAKOBOM MOJIOME:
HHH NOBEPXHOCTH TPyHTOBHX BoA npH x==100 M (KpHBHIE
2 u 3, puc. 49,a) BpeMsa NMPOABHMKEHHA 30HLI PaccOJEHHS
(kpuBbie 2 u 3, puc. 49,6) ornAHyaercs nNouTH B 2 pasa

2000

S0

P W

A B
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(1=2060 n 3550 cytok). 310 oOBACHACTCA TeM, YTO AJA
cJaydyas OorpaHHYeHHOro orroka (kpusas 2, puc. 49,6) cko-
POCTH IBHMKECHHS, 3HAYHTEJbHBIC B HENOCPeJCTBEHHOH GJIH-
30CTH OT KaHaJia, yKe Ha paccrosaHHH x=20 M cTaHOBATCH
MEeHbllle CKOPOCTEelH ABHMEHHS [Jsi cJydasa pacXolOBaHHdA
'PYHTOBLIX BOJ TOJNBKO Ha HCHapeHHe; 3TO e XOpOollIo
AHJIHO M3 COMOCTaBJEHHN NMOBEPXHOCTEH I'PYHTOBBLIX BOJ HA
picynke 49,a. Ecan CYHTATL M3BECTHHIM NOJOXEHHE
MOBEPXHOCTH I'PYHTOBBIX BOJ § Ha pACCTOSIHHH X OT Ka-

HaJda H OnNpeiciiaTe CPEAHI0 CRKOPOCTE [MABHAEHHA KakK

x
F.:pzkimmﬂt—, TO MOXKHO HAMHCATh:
X

T

o (498)

Tak, npunag H3gecTHEM y=23,15 M npu x=100 m (kpH-
pole 2 ®H 8, pHC. 49,a), nonyuum no dopmyne (498) (=
=1900 cyrtox, 4TO GJAH3KO K pe3yabTaTy AJA pacxojoBa-
HHA TPYHTOBBIX BOJ TONbKO Ha HcnapeHHe (kpuBas 3,
pHc. 49, 6).

ITO coBnafienue oObsiCHAETCA TEM, WTO AJsI paccMaTpH-
BAEMOr0 CAy4as Ha ydacTke BOAHSH KaHana (KpuBas 3,
pHC. 49,a) NOBEPXHOCTh TPYHTOBHX BOA GJH3KAa K JIHHEH-
HOH.

[Tpu x>100 M sTO pacxoxjieHue, oueBHAHO, Oymer
Oonee 3HauHTeNbHBIM. Tak, npu x=500 M ans cayuas
pacxoja TOJbKO Ha HcnapenHe (kpuHBasi 3) no dopmyae
(489) y=A=4,97 m u Bpema no dopmyae (493) {=178 Tric.
CYTOK, TOr/la KaK TO e camoe Bpems no ¢opmyne (498)
paBuo f~30 ThIC. CYTOK.

Beuny Ttoro, yrto npu nopneprtoit duabTpauuHH BOIH3H
KAHAJOB TOBEPXHOCThL FPYHTOBHIX BOJ BCErja HOCHT BO-
rHYTHIH XapakTtep, onpeieneHHe BPEMCHH NOPH3OHTAJBLHOIO
nepeMelieHds (poHTa 30HE ONPECHEHHA mo NpHOJHMKEH-
Hoit ¢opmyne (498) Bcerfa maeT 3aHWKEHHBIE Pe3yJb-
TATHL.

CHcrema KaHanos

B sTOM chydyae NMOTOK TPYHTOBHIX BOJI HMEET OrpaHHYEH-
HYIO JUTHHY, KOTOPYIO NMPHOJIHIKEHHO MOXKHO NPHHATH paB-
HOH MOJOBHHE PacCTOAHHA MexJAY KaHajlaMH, 4TO chnpa-
BE/NIHBO H JIs JPEHHPOBAHHOW CHCTeMBl, TAK KaK pa3sMe-
leHHe JpeHar)a ¢ TOUKH 3PeHHSA OTBOJAA 3aCONEHHEIX I'PYH-
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Pue. 50. Cxema x pacuery ¢uasTpa-
IHH W3 CHCTEMB KAHANOB NPH HA-
JANYHH  HcnapeHust ¢ NOBEpXHOCTH |
rpYNTOBLIX BOIL.

e

TOBBIX BOJA Haubosee uwesecooGpasHo NPOBOAHTL TaKiie
nocpeiHHe PacCTOAHHI MeX1y OPOCHTEJbHLIMH KaHalnaMi.
@uAbTpaLHOHHBIE NOTEPH B paccMaTpHBaeMOM cJayvae
MOTYT PACXOLOBATLCA KaK LENHKOM Ha HCnapenue c 1o- -
BepXHOCTH FPYHTOBHIX BOJA W TpancnHpauuio (NpH MOAHOM
OTCYTCTBHH YCJHOBHA JId NMOA3EMHOr0 OTTOKA), TaK W Ile-
JHKOM Ha NOJA3CMHBII OTTOK HJH 4YacTHYHO Ha HCMIapeHne -
H 4aCTHYHO HAa OTTOK.
PaccMOTpHM HEKOTOpble THOMYHBIC CAy4YaH (HABTPALHH
H3 CHCTeMBl KaHAJOB MNPH YCTAHOBHBINEMCS pexHMe H
ONpefe M IS HHX NepeMelicHie 30Hb PacCoJIeHH.
a) IHodsemusid oTToK u OpeHamc OTCYTCTBYIOT, PuabT-
PayuoHHble NOTEPU PACXOOYIOTCA HA UCNAPCHUE. '
Ilnst cxembl ABHIKCHHA, H300paxeHHoil Ha pHcyHKe 50,
NpEMEM NPHOGAHMKEHHOE T'HIAPaBJHYCCKOe pCUIeHHe, HMEH-
mee npH n=1 (Tak Kax BAHAHHE MOKAa3aTeJs CTCNEHH 7
B dopmyae (488) He CTONb BENHKO) BHIL:

1

L—x=VkH AJe,arch el ; (499) 1
1 —A/A, !

npH y==A—A.
Brenem obosmauents: f=zx/L: Qo=tol: On=3

= V kH.Apeo (pacxon na pUALTPALHIO H3 OJIHHOUHOIO Ka-
Hajla B OJHY CTOPOHY) H HX oTHowenHe p=Qq/Q..
Torna dopmyna (499) npumer BHA:

A = Ayl — (1 —A/Ag) chpp (1 — ), (500)

rae A — ray6HHA FPYHTOBHX BOJ NMOCPe/iNHe paccTOSHHA MeMAY KaHa- 1
aamm: A= Ag[1 — 1/chp]. (501)

YpaBHeHHe MOBEPXHOCTH TPYHTOBHIX BOJ MOKHO 3amnH-
caTh TAakHM o0pasoM:

o N i (502)
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Pacxon Ha duabTpaumio (B 0fHY CTOPOHY) papBeH:
Q=Q.thp; p=el/Q.; Q.=VEkHAg,. (503)

[Toan3ysace BeipaxendeMm (491) nas onpejleneHHs CKo-
pocteii ¢ yyetoM dopmyan (502), nmeem:

o - ﬂy= Aok shp (1 — x) a dx
dx Lchp di

Huterpupys npu Hauaabnux yeaoBuax =0, x=0, no-
JIVUHM:

§ — Molfchp [chp(—x) 4 1)(chp—1) _
2Aqkp? [chp(l —%) — 1] (chp+1)

i mgl th n/2 =
ey il th(l—x)p/2 ’ o)

YTO MOMHO 3aNHCaTh B BHE

- mgH ¢ [ ] In {'l-l-ﬁ{l—-ﬁ} : {Eﬂﬁ]
el 2 (m—m(1+n
rae n=ylA,= 1—A/A; n=1—AA,.

Tak kak Bcerna thpu<<l, 10 Q<<Q, B yem ckasbiBaer-
cA NnojAnHpawllee jgelicTBHe cocelHHX KaHahaoB [dopmyaa
(503) ]. l

H3z dopmyan (500) caeayer, uro npu x=L, n=n H
[—00, TO CCTh paACCOJCHHE MAacCCHBA B YCJAOBHAX OTCYTCT-
BHA NMOJA3EMHOr0 OTTOKA HCBO3IMOMKIIO,

Pacuetnl nokasbiBaloT, 4TO 3aMejJIeHHE pacCoJeHHs,
BLI3BAHHOE HAJHYHEM COCeANHX KaHaJOB, He3HAYHTE/IbHO,
HO OHO BO3pacraeT ¢ YyjiaJeHHeM OT KaHajaa (mo me-
pe npHONHMKeHHS K cepelHHe pPAacCTOSHHSA MexJly KaHa-
JIaMH).

Hananuue cocelHHX KaHaJOB H MX NOAnHpaloulee [ed-
cTBHEe BH3LIBaloT OoJiee BHICOKOE CTOSIHHE TPYHTOBHIX BOJ,
YMEHbWAT (GHALTPAUHOHHLIC NOTEPH H 3aMEAJAIT pac-
COJICHHE,

6) Cucrema Openuposana. Pusrbrpayuontsie noTepu
Pacxo0yOTCA HACTUNHO HA OPEHANCHOLL OTTOK, YACTUYHO Ha
ucnapedue,
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Prc. 51. Cxema x pacqery

(pHALTPALHN H3 CHCTEMB KaHa-
JIOB 0OpH HAAWYHH [ApPEHAXA H
HCMAPEHHH € NOBCPXHOCTH TPYH-
TOBHIX DOA.

Hns cxemsl, H3006paxkenHoli Ha pHcyHKe 51, ﬂpHﬁJIH}REH-‘I_
Hoe peinenne umeeT BuA (ABepbsinos, 1956, 1950, 1950a):

o=V 1—+e: chp=0=0. ,_pmite sopnl
B, n+e
rae 9= Q/Qp; #=Q/Q.; &= 0Q;/Qu; Qo= eli Qu. =)/ kHAoesi

Q, Q;-—-u;.nn_gmpnunue pacxofil Ha HALTPALHIO H3 KaHANa M JpeHax- 3
Hufi pacxon; M=1— hyp/Ae; hgp — rayGuHa 3aN0XKeHHS JApeHANKA.

3uas k, He, Ao, hap, €0, L, onpeneasior Qp, Qo, p, n H,
peliag cosmectHo ypapHeHua (507), HAXOAAT 3HAYCHHS @
H €, YTO H fABJAETCHA pemeHHeM 3ajaud. ¥YpaBHeHHe MOBepX-
HOCTH FPYHTOBLIX BOJA B JaHHOM cJyuae HMeeT BHJL: ;

1 = chpx — @sh px, (508)
npu x=x/L; n=1—A/Ag=y/ho. "

Ilpn orcyTeTBHH ApeHa)HOro crtoka, To ectb npu e=0, ."_
ypaBHenne (508) nmepexomut B Bbipaxkense (502). B stom

ciaydae Q== VI —n% n=chp— Vl—ﬁ‘shl.l.; n=
— l/chp; ¢ =thp; n=(chpchpx —shpshpx)/chp=
= chp (1 — x)/ch p.
YpapHenune (508) moxer GuTh npeacTabJdeHO B BHIE

pr=In—U+® (509)
n+V w49 —1

HJAH
— kdyldx = — kAgdn/dx = mydx/dt = medx/dy-dyldt,
OTKYZAa, BOCHOJb30BaBIHChL Gopmyaoit (509), noayuaem: |
— BB (0 4 2 1) = du/dt. (510)
my L2 h

Ilpu unterpuposanun ypasHenusa (510) caeayer pas-
JIHYaTh TPH cayyas: ¢<<l, To0 ectb PHABTPAlLHA H3 KaHaJa
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MeHBLIE, YeM H3 OJJHHOYHOTO, UTO BO3MOXKHO NpH HerayGo-
KOM 3aJ0KeHHH ApeHaxa, 2) ¢==I1, xorna Q=0Q; 3) ¢=>
=1, Korpa apeHaxX 3HAYHTEJLHO YBeJHuHBaer QHIALTpA-
IIHOHHBIE TOTEPH, UTO MPHBOAHT K HepaBeHCTBY Q= Q.

Cayuait ¢<<1. Huterpuposante ypasuenHs (510) npu
nauanbnoM ycaosun {=0, n=1 naer:

folemg, 1 g U—aVi—e gy

RV ioe n—(1—¢)

IT0 XKe BhIpameHne MoxeT OHTL NpelcTapjeHO B BHJE

(_Hem 1 1, (+V1—9) (1—Vi—g)

© Vi—g 2 (—Vi—¢)(1+Vi—¢)
(512)
O6a sTH BEIpamenHs AanT Bpems [ Kak QYHKUHIO ray-
OMHB TPYHTOBBIX BOJ y=mnAo, NpHYeM BeJHUHHY 7 HAAO0 Of-
pepeasnts no gopmyne (508).
[Tpun e=0 puipaxenus (511) u (512) nmepexoasT B ypas-

nenne (500). Ilomcrasasa u3 ypasHenus (508) 3HaueHue
n(x), noayuum:

I.=!ir'.,.vﬂ|.,. f 1
& Vi—g
o Ly (enpr—pshpr+V1—¢2) (1—V1—¢) (513)
2 (chpr—gshpr—Vi—g) 14V 1—¢)

rie y#e B asHoR gopMe Aaxa sapHCHMOCTH X(f); npu e=0 ypapHenue
(513) nepexoant B ypasucaue (505).

Cayuait ¢=1. [laa storo ciayyas ypaBHEHHE NOBepXx-

HOCTH TPYHTOBHIX BOA BMmecTo YypasHeHua (508) npumer
BHA: i

Pt

1 =chpx—shpx, (514)

npuueM e=1, p=In 1/e.
[Iponssojis aHaJOTHYHLIE MpeAbIAYIIHM BHKIAAKH,

HMEeM BhIpayK€HHE JIJd nepeMelicHHA 30HBl paccoJieHHA B
BHAE

t=HeM (hux+shpx—1)="2eM (=0 (55
e € 1
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Cayuait ¢>1. [Ipoussoas uuTerpHpoBanve ypapHeH
(5610) nnsi storo caydas npu HavaanHoMm yeaosun (=0,

n=1, x=0, noayunm:

HJIH

t=HI‘.‘mﬂ . 1 B.ﬂ:tg (l—ﬁh]u-i—l{'.'shf.“] V‘Fz‘_‘] 2 (5
. S | TP ch px — @ sh px 4 ¢* — 1

—

Qopmyaut (516) u (517) He mMoryT mepeiTH B qlﬂpuy.u
(905) u (506) ana wactHoro cayyas e=0, Tak Kaxk npH
STOM Beerja ¢<Z1 (BJAHAHHC MNOJIOpAa KaHaJOB). ;

Ecan Ges apenaxka BpeMsi NOJHOIO PaccoJeHHA MacCH-
Ba OLIJIO PABHO [—~00, TO CCTh IOJHOE paccoJieHHe¢ HeBO3-
MOMHO, TO NPH HAJHYHH [ApPCHaA)Ka OHO HMEET KOHCYHOe
aHauenue fy. Ina onpeneneHus sroro spemenn B Qopmy-
asl (511), (512), (515) n (516) caeayer mojicTaBHTh 3HA-
qenne n=n=I1—fyu /Ay nan B dopmyam (513), (515),"
(517) — snaucnne x=1, -

Pacuetsl nokasnIBAlOT, YTO NOJHOE pPaccoJieHHe MaccH-
Ba NPH NOMOUIH BHTECHCHHA 34COJEHHEIX TPYHTOBLIX BOMA
(pHABTPALIHOHHBIMH BOJAaMH H3 KaHaJIOB NPOTEKAeT Mel-
JIelHO, OoTYero H npuberawT K ApyruM Mepam GopsOLl €
3aconenueM (npoMbiBKH Ha ¢oHe apenaxa H ap.).

B) Cucrema dpenuposana, ucnapeHue ¢ NOBEPXHOCTU
2PYHTOBHLX 800 HEIHAYUTEALHO. '

[Ipy BHICOKOM CTOSIHHH TPYHTOBLIX BOJ Ha OpOlAeMBbIX
3eMJIAX HCNapeHHe ¢ MOBCPXHOCTH TFPYHTOBHIX BOJA CYINECT-
BENHO OTpaxaeTcd Ha MX peKHME H TOUYHOC peuicHHe Tmiao-
CKOH 3ajlayH NMPH KOHCYHOM 3aJCTraHHH TOBCPXHOCTH BOJO-
ynopa (puc. 51) saTpyAnHTENbHO. 1

sropoM (Asepbanos, 1950, 1950a, 1956) paunce Gnuna
npejjiokeHa NpH (GUALTPAalNHH H3 Kahaja 3aMmMeHa obaa-
CTH [OTOKa cO CBOOOJAHON NOBEPXHOCTBID NPAMOYTOJbHH-
KOM, 4TO MO3BOJIHJIO CPaBHHTEJLHO NPOCTO (BBeAeHHEM KO-
3 QHUHEHTOB) YyyecTh JAONOJHHTENbHBE (HALTPAUHOHHLIE |
MOTEePH HAaIlopa IPH BLIXOJe M3 KaHala H [pH BXOJAE B
npenax (Koapduurenr <sHcauectH») (Apepnanos, 1948).

Ilpn sTom paccmaTpHBajsack HecoBeplICHHAs JipeHa,
pacnoJioKeHnas Ha MOBCPXHOCTH Bojoynopa.
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Puc. 52. Cxema K pacuery (pHILT-
pallHH H3 CHCTEMH KaHajoB MpH
HANHTHA HEeCOBepIIeHHBIX IpPeH.

Ha pucynke 52 (a — 00-
Jnacth OBHMKeHHS Z; 6, 8 —
penoMoraTtejbHele  MoJay-
naockoctH £ H §; ¢ — HOp-
MaJIbHBIH NPAMOYTONb-
HHK Z) mnpueegeH 0oJee
oOuHiA caydail nmoaBelleH-

HOH IpeHBbl. G T I 'Fﬁ:j

[Tponssoas  Koudopm- | 7 z
Hole oTtobpaKeHus, TMOJaY- 8 ST,
YHM  CJAeAYIOlLYH 3aBHCH- - BT A
MOCTh: g
MOC {r}:r ..-:.rr!]!F g_',__x

E€ I 7
sn [(K2/(B/2); =)l =L, g, 2
(518) B AL

rie K/K = (B/2)/Te; K, K| — noande SAAHNTHYCCKHe HHTerpajs OpH

MOAYAAX X H :-uza-p’r 1—x2: sn — sanunTHYeCKHH chiyc, KoopiuHaTH
touek B oGnacth & B=1; a=sn(KB«/B, x); y=1/dn(Kihzp/To, #1);

,-_=|fdn[% (hap+d); #i1]; d=1/%; dn— neapra aMnauTyAHL,
o

CBfizb MeXIY MOJYIJOCKOCTAMH { H { NpHHHEMAaeM:

E=_g. (519)

Orobpaxkas HOPMAJbLHLIA NPAMOYroJLHHK Z Ha MOJY-
MJOCKOCTD [, HMeeM:

Z=sn? (% ]/E“*f_; % ) : (520)
P—%

3neck sn—' — (yHKIHsA, obpaTHad Sn:

x= 1/”:::;”. (521)
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C yuerom peipaxenuii (518)—(520) nmoayumm pemer
B BHOe

e[l n-ianl{.z.ﬂ]] =5n=(K—5-;u].
(o B/2
0 sn* (2, »)
Tak Kak HemoCPeJCTBEHHOE HCMOJAB30BaHHEe (BOPMYJIH
(522) saTpyaunTe/NbHO, YNPOCTHM €e AAA CAyYas JJAHHHHEX

NOTOKOB ¢ oTHOWwenuem (B/2)[Ty>2.
Torpa mocraTouno TOYHO MOMKHO NPHHSTS:

x~1; Ky~n/2; K=~n(B/2)/2Ty; #~ 4expl— n(B/2)/2T,.
BBuay BecbMa MaJoro »; MOXeM HaNHCATH: I

a=thnB/4T,; p=1; y= 1 il dg
V]—-Hfsinifm
WA g
+o-sinthy,;  dnu= V' 1—x*sn*y,
rae EAII:“hp.meni b= : *‘UI+§;

Vi-x
2

e=1+Lsin (g +d); d=nd2T,

[loacrasass sTh BhIpakenns B gopmyay (521) aas mo-
AyAs %, HAXOAHM JONOJHHTEALHBEI MOAYIL X,

%y = %, sh nB,/4T, V sin (EEH, -+ d)sind .

BHuaHo, uTO %, HMEET TOT Ke NOPAAOK MAJOCTH, 4TO H.
%1, MOSTOMY MOXKeM HamHCaTh Bolpa;enwe jasa Kos3hdHux-
eHTa pacxoja:

- 7t
e ta i v 2in4/%

= Tu ® 1
B2 [ 2T, nBy

B2 In(sh EVE“I (2 higp -+ d) sin d)]

. (524) _

i
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Pacxoyn Ha GHABTpAUMIO H3 KaHada (H ApeHadHLIR pac-
X0/l) MpPH 3TOM CTaHeT PaBHBIM:

9LHT,
Q=20 = Qb (525)
rag H— pa3HOCTE HANOPOB B KAHAJAC H APEHE,

I
e 14 To/(BI2)[B+ A+ D)’

Kosdduunenr, yuursiBalouiii noTepH Ha nosopore MO-
TOKA NPH BLIXOJE H3 Kanaja:

1
=1,4 : 5
i sh By /4T, (229)

KosdduunenTt, yauThBaOUIHI NOBOPOT NOTOKA NPH OIyC-
KAHHH €ro K JpeHe:

(526)

! : 28
A= ﬂmgﬂmmm+ﬂ‘ (528)
Kosddunuent, yuHTHBAIOIWHA «N0JBEIIEHHOCTE? JPEHbL:
(529)

[Ipu hyp=0

A+D=1471g——,

YTO COBMAJAET ¢ paHee MOJYUYCHHBIM Pe3yabTaToM.
IlpunuMas pasnocTs Hanopop H mocTrofAHHOH, BHIAHM,
YTO NpH 3arAayOJIeHHH ApeHEl PacXofi cHayaja BO3pacraer

(oH ;EHﬁﬂﬂE[HHH npa  2hgptd=n/2, 2hpt+d=T,,
® . TO eCTb NOCPENHHE MOUIHOCTH TOTOKa), a 3a:

hyp=

TeM yObiBaeT [0 BeJIMYHHH, paBHOH pacxomy mpH Axp=0,

TaK KakK npH apene Ha Bopoynope hg,=T,—d u, cienosa-
TEJIBHO,

Ein[i{n d]n‘. ] sln[n (o --smE
2T, ﬂn o 9T 2Te

ITpoctora dopmya (525)—(529) H ux HarAAAHOCTH ro-
BOPAT O NPEHMYIIECTBe H3JIOXEeHHOro crnocoba, MpHMeHs-
eMOro paHee NpH pacyeTe OCYIUHTEJALHOTO AEHCTBHA JpPeHa-
#a u ckBaxud (Asepbanos, 1948, 19496); stor cmocob B
HECKOJILKO HHOM BHJE NOJYYHJ Ha3BaHHe «CYMMHDOBaHHA
MECTHLIX CONPOTHBJAECHHA® H HAXOMAHT LIHPOKOE NMPHMEHeHHe
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B QHABTPAUHOHHEIX pacyeTax rHAPOTEXHHYECKHX COOP
HHH. 3

Ho nmoayuenusi Gojiee TOUHBLIX peweHHfi CYMMapHYIO MO-
npaBKy P, yUHTHIBAIOULYI0O MeCTHBIE CONPOTHBJEHHA NPH BHl
XOlle MOTOKA H3 KaHaja M BXOJE €ro B APEeHa), MOMXHO pe=
KOMEH/10BaTh BBOAHTL B opmyay Jlionion uiAH aHaJorHY=
Hble (oOpMYJibl, MPHHHMAIOLUIHE MOCTOSHCTBO CKOpOCTell mo
BLICOTe TOTOKA, TeKYLIEro mnapajliejgbHO NMOBEPXHOCTH BO=
Aoynopa, Hanpumep s GopmyJbl, NpHBEACHHLE BLILIE. 1

Onpenennm ppems NpoABHIKEHUST GPOHTA 30HH Paccoes
HHS JLAA paccmaTpusacmoii exemul, Henocpenersenioe nosb=
30BaHue (opmynoii (522) saTpyaHHTEIBHO, paccMOTPHM 6O-
Jaee npocroit cayuai: figp=0, d=To, Torna apenupyoummi
CTOK NPCACTaBJIeH NPOPE3aloldM Becb BOMOHOCHOH mMaacTt
KaHaJIOM. =

Tak Kak pBrxenne 30HH onpecHenns Gymem paccMaT-
PHBaTL BOJH3H KaHaja, H3 KOTOPOTO MPOHCXOAHT (QHJAbTPA~
lIH#, TO TAKas 3aMeHa He JI0JJKHA BHECTH CYUIECTBeHHO# Mo-
rpemuoctd. IlIpn hyp=0, d=T,, y=1, e=1/x=5 ocHoB-
Hoe ypaBHenHe (522) npumert BHI:

1 —sn?(Z, %)
% —sn®(Z, %)

= sn*[Kz/(B/2); x]. (530)

Yanthisas, uro 1—x?sn’u=dn%; 1—sn®u=cn, ¢op-
myay (530) moxkem 3anHcath B BHe

s (Z.%) = 5 [T_: ; “) 531)

a(Fe %)
e
rae Z=X-+iY; X,Y — koopausaru nopMaasioro npaMoyroibHHKa (pue.

52,2); z=x+iy; x, y— xoopamnatu motoka (pue, 52,a); % — MOAYAb
MOJHOTO SAMMNTHYECKOro uuTerpasa K, KoTopuil HAXOAKTCH M3 COOTHO-

LiCHHA E
KIK, = BI2T,, (532)

Ky — noanmifi sanmnTwucckuit mnrerpan npn  soayre =y 1 —nt
Monyns % Moxer Guth Hafiien no ¢popmyae

s (533
% dn(KIBx : ) ..'
2T,
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Hanopw B moGoii Touke NOTOKa MOryT G6HITH ONpeaeseHbl

Mno 3aBHCHMOCTH: oo
h = HX/K, (534)

rae Ho— npepsiiienpe YPOBHA BOAM B KaHAJE HAJ HAYAJLHLIM YpODIHCM
IPYHTOBBIX BOJ.

Jlns yecraHOBHBINETOCS JABHMKeHHA H3 OCHOBHBIX BBIpaKe-
uiii (531)—(534) moxHO OnpenesHTb HATOPH H YacTHHE
IPOH3BOJAHLIE OT HHX.

Jlas yuactka [—2 nmeeM:

z=x(%‘-cix{ %): Z=X+iK,,

npuuem Xo<<X < K.
[Toncrasass B GopMyay (531) Bupaxenus ans 2 H Z,

MNOJYUHM:
= - 1
MPC ) = xsn (X, %)

OTKyAa
(7o i)
5 i C~—— 1 ¥
sn(X,%x)=—- e A (539)
" dn ('.ﬁ n)
s Ry
Jlas yuactka [—2 ¢ yuerom dopmyan (534):
m(ﬂ. H)
e | SR ST AR € (A S WY
K K # (Ifﬁ
dn|—; %
L]
rae sn—! — 3ANHNTHYECKHA HHTErpaa mepeoro poaa.

[To dopmyse (536) MOXHO Onpefe/uTh HANOP JJIA y4a-
crka I—2. Ot pupamxenus (536) Bo3pbMeM 4YacTHYIO NMPOH3-
BOJAHYIO:

M sl AU : . (537)

Hs dopmyan (537) Buaum, uto npH x=By/2 dhjdx=

en? KBy - u)
T,

H] K )‘
3 ._‘E__.
dn ( 2T, * %

YTO M JMOJHHO ObITh.

=—00, TAK KaK »*=
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oh
C ‘YBeJHYEHHEM X 3HaA4YCHHC E VYMECHBIIAeTCA H TpPH

= B/2 cranopuTCca paBHBLIM!
) _He Ky 1
9x x=B/2 KGR Ty

[rak kak cn(K; ») =0; dn(K; =) =ux]. 1
[Toncrapnsas maijiieHHoe BhpaxeHHe dhf/dx B dopmyay
(456), nmeem: o

LI l/ ** dn? (ﬂ;ﬂ)—ﬁn‘* (ﬂ;—l:n) dx=H,,dt.--

kR % K, Ty [
[lofcraBasisi 3HAYEHHE % H HHTEIPHPYS, MOJYIHM:

K 1
Hie S0 tn X
o k Kj i dn[ﬁr:fﬁ. ”‘)

2T,
X
x 1/ (e ) —sne (2K ) a.
BHIE (1] ]
X ;
Hurerpan j BHIpaXaeTca uepes JJAHOTHYECKHH
B /2 :

HHTErpaJj TpeThero poja, uTo 3aTPyAHseT NPaKTHYECKOe HC-
noJib30BaHHe pe3yabTaToB. [loaTomy, yY4ATHBASA, 9TO HAC HH-
TEpecyloT CKOPOCTH rJaBHHIM of6pasoM BOJM3H KaHala H
uTo O6buHO cobaofaercs cootHouenne B/2T,>2, moxeM
MPHHATH:

w—1; Ky~n/2; sn(u,x)~thy;

0¥
dn (e, %) = L + 4¢ %, .
chu

Tak kak K/K,=B/2 Ty, T0O MHOXKHTENb
nB
de 3 4 = (),007.
Hanmumem dn(u, %)= == (H—fle oT, chu ) , IpHUeM &

=nBgf4 To; unen (14+4e—**chu) Gyner mamenAThCA [
B[2 To=2 cnepyomum obpasom:
BelThe 5. 0.2 08
140,007che 1,007 1,007 1,008
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Haa peanvnnix yeaosuit Bf2Ty>2 n Bx/Ty<<0,5 omut-
ka B 3amene dn(u, ») Ha 1/chu Gyaer Menpire 1%.

VuuTelpasn BHIPONKAEHHE IJJIHNTHYECKHX (QYHKUMA B TH-
nepGoJHUeCKHEe, HANHIIEM:

4 nB

P — ® i, 4 ﬂ:B,l"‘!Tn:
K In i AT, y -
s B AT, = e~ s B AT,
K~In= =22 _inshaB, /4T,.
¥y 4TU

Huaue BennuuHy K MOJKHO 3alHcaTh B BHJE

= @B 4T, " 1 _mB 1 (eag
N [1+ w8 shnB.,;HTnJ o O

rie B onpesensior no gopmyae (526) npy A=0, D=0 u 5 —no dop-
myne (627).

Yuurteias ynpoulenus, gopmyay (538) moxuHo mnpen-
CTABHTh B BHJIE

B BRI S (540)
il 4T,
X
B
£ th* == tht 0% gy,
e d ) V oT, AT,
K
Muterpan / npusoaurcs NOACTAHOBKOH y=sh§ H hp=
o
nB
=sh —E K pHAy:
4T, y
Jix it /yzmki” dy
mch HE“HTnsh it (14 o) -
K i

V —ne
[Iponssons HOBYI0O IOACTAHOBKY 7a hep = ¢, © nony-
yaem:

i
oT . At
s " [, — (148 5 .
n ch By /4T, Ak T
h
EVI+AP
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3 dz 1 I-I-hipl-]‘-z
f== : " In
JUth—2 o)1 ViR, —
{

g = ’
' 2 2
V' hgptt

OTKRYlld HMCCM.

3. .l ar []n sh ¥+ )/ sh*x — sh? By 27
" ach nBy /4T, sh B,
S i ch By sh x+V sh?x —sh? B, :,
> shBgchx :
OGo3nayuM
g: sh x . E: E.—. EH=4B“

P gpa 4T,

Toraa ¢popmyana (540) npumer BuA:
_EMH‘HIE‘ITE‘I T_
P S [m{;ﬂfﬁ )
‘:Ehﬁx'i'l’-tﬂ—l] {541
chx 15

—chB,In

—

ch x
BriuicienHs noKasspBaloT, uToO CBA3L In

- ¥

ch 'BH

01451 BLIpAa)KeHHe, CTOsllee B KBAJAPAaTHHX ckobkax, jae
Pe3yAbTATEL ¢ JOCTATOUHON AN NPAKTHKH TOYHOCTHIO B LUH-
POKHX mpejefax. i
OxoHuaTenbHO nMoJayuaem GopMmyay Las pacuera Bpeme-

HH MPOJABHKEHHA 30HH ONPEcHEHHSA Ha 3aJlaHHOC PacCTos-
HHE B YCJOBHAX IPEHHPOBAHHONH CHCTEMBbI:

3aMeHA-

f}__‘_‘mn : {BI'IE'_] Tn 8 E In :hi
LH_-"_ ke -Hiﬁ T Ehﬁﬂ

[lpu Gosbwux suadeHuax x=AHB[/2 u wMaauwx nBy/4T,
NPHOJIHAKEHHO TIOJYIHM:

B/2)  [1—0,44T,/(B/2)]
Hy p ;

t~T (B/2)- - (543)

Tak Kak B hopmyae (542) Hof (Bf2) =i — cpeaHuii yKnoH no--
954



TOKa PYHTOBBIX BOJA; Bf2—pajuia mnoTtoka, 1o dopMyay
(543) MoXKHO 3anHcaTh B BHJE

LB, (544)

s
ki

i

npHYeM KO3PQHUHEHT 7] yYHTHBaeT 0CoOeHHOCTH NOTOKA
FPYHTOBHIX BOJ NIPH (HABTPALHH H3 KAHAJOB:

- —;-[1—0,44 To ]=

(B/2)
iolasd iy /4 1

rie B/2 — paccrosnHe or kamaja o Apesama (cToxa), Kos(hprunenT
N ans Byf2F,<0,2 u B/2T,=2 Gonwwe 1, T0 ects Y30CTh KaHaJja 3a-
MELARET ABHAMEHHE H YAJIHHAET BpeMa paccoichiud. B xosdpduumenre f
MOJKHO YHECTh BHCAYECTH ApPeHaXa, Kak 970 nokaszaHo B dopuyae (526).
B stom cayuae npu manux By, d W Kopotknx notokax n>1. Has
OPHEHTHPOBOYHLIX PACYETOB MOM(HO NPHHHMATL T ~1 H NOJb30BATLCA
BechMa npocTol dopMynoii (544), noMus, uTo A yenoBHA  cROGOAMOI
(pHALTPAUHNA OHA BCCrAa AACT 3aHHMEHHME PesyJbTaTH,

Eciin BBecTH «BpeMs cTabuau3auun» noToka TPYHTOBBIX
BOJX, TO hopmyny (544) MOKHO 3anHcaTh B BHJE

=", 1o, (546)

rae f—ﬂTHl}EHTEfI_hIIﬂE BpeMa, ?=ﬂ1:; T— BpeMf cTabHIH3aUHK NOTOKa
FPYHTOBRIX Bof; To— OTHOCHTE/BLIAN MOUHOCTH TMOTOKA To=To/(B/2):
i mé:;mr' (B/2) — cpeannit ykaoH (npu riyGOKHX IDPYHTOBHX BONAX Mg~

Onpegennm ckopocTH onyckanns GHALTPALHOHHONA BOLK
[0j KaHaloM JJjs paccMaTpHBaeMoll cXeMB. YUYHTHIBas
ypasHeHue (456), mns cxeMml pucynka 52 ompefiennm 3Ha-
teHHst 0h/dy B yCNOBHSAX YCTAHOBHMBIIEIOCH JBHIKCHHS,

s IPOH3BOJBLHOI TOUKH ¢, HaXoxamielics Ha paccrosi-
HHH 4 OT JHa KaHaJa, mpHMeM KOOpAHHATH 2=iy(0<<y<
<Iy); £Z=X (K>X>X,.

Toraa saBucumocts (531) mpumer Bux:

sn (X; %) = dn(yg?,—‘;xl). (547)
o

YuutuBas, uro h=HX/K, us Gopmynn (547) nadigem
anavenue dh/dy;
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— Y — = - - x . 1
dy Jo K % W2 32
I- t _-_l
T (o7, )
(548)
[lpn =0
oY ). Hy “Kyiig s
(ﬂy)p-u, AR, R TaK Kak cn(0,%) = 1;

sn (0;x) = 0.
[Ipn Goawwinx sHaucunax B/2To>2 no npeasiayiemy:

e P WA nBy
Kl‘"‘-‘ﬂ:m, = Hlﬁh ﬂE“ "hiTﬂl -I'{ 4T‘ ]nEh II.TQ .

l
CropocThb HABTPANKY B IEHTPE AHA KaHajda NpAOJHAEHHO
paBHa: :

H I
Tl W |
i (B/2) P sh By /4Ty =19 |

rie P — koadHUHENT, YYHTHBAKUIAA «MECTHRIE CONPOTHBICIHAS. i

[Ipn y=T, no dopmyne (548) noanyuaem oh/dy==0, rax
Kak cn(Ky; »#) =0.

Boaspaniasich K NOCTapJCHHONH 3ajaye, HAXOAHM: 4
v =
» *y %' K |
3 | g— s
h : V{+ ,—.:? sn (HT' ,H-;)I .
S WL dy.
Hat kK : *y m(yﬁ_l " )
¥ 1 '
0 To _
(550) -

Haa aavanasix notokos npi B/2 Ty >2 umeem:

sﬂ(y%;ﬂ;)wsinfi: tn(yx—‘;xa)mms 3

9T, T, oT,
()
Hg ks 2o Ko 1=5V il e Ll B
G . R o W
o e ol T o
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siny

V shlﬁ_ﬂ +- sin%y

[Tponspoas MOACTAHOBKY 2= , NOJYyYHM

- T et inach B S e B snfl o
i - Mgy K (ETn) o [Ch B, ]ns!nychE“—[—} sh .E],.;-I-sm =
k [ sh By cosy

iy SV sh¥B, + sin’y .‘ (551)
sh B '
[Tpu manwix By/To nmeem:
m (BE) 2Ty 1 L5
3 k Hy 1 ] in cos nty (2T (B8
HJH
oot _ mkHp
y= = armsexp[ 2 (BI2) T r]. (6553)

Ha dopmyan (553) Mo3KHO onpefejHTh 30HY ONpecHe-

HHsl MOJ KaHaJoM IPH He CJHIWKOM JAJHTeJbHOH (HALTpa-
N,

O npepgenshoi rnybuHe onpecHeHHs
NPH YCTAaHOBMBLUEMCH pPeXMMe

Buiwe paccmaTpuBa/iocs nepeMelienne rpaHily 30HBl onpec-
nepHsi Oe3 yyera pasjJHuHs NJAOTHOCTEd HCXOOHBIX 3aco-
JIEHHBIX I'PYHTOBHIX BOA H (HABTPYIOUIHXCS HA HHX H3 KaHa-
Ja npechbix poll. MoXHO NpeAnoJoXuTh, YTO Takoe Aomy-
uienHe ne pHeceT O0O0JBLIOH TNMOrpeliHOCTH B ONpeAelieHHe
nepeMellenHs rpaHHllbl ofnpecHelss B rOPH3OHTAJBHOM Ha-
npasiaedun, Kak nokasana [1. §. Iloayb6apurosa-Kounna

(1952), na rpanuue pasaena KHAKOCTEH pasJHUHBIX IJIOT-
HoCTell IeHCTBHTeNLHO YCA0BHE:

PR, @y — po/Ry @y = (ps—p1) 4, (654)

riae mupaeke | ormocHTcA K npecubiM GUALTPALHOHHLIM BOAAM, a RH-
JWEKCE 2 — K 3ACOACHHBM,

Jlns paccmarpuBaeMBIX cAyuaes onpecHsIomero Aefict-
BHA OPOCHTENbLHBIX KAHAAOB OTHOWEHHE pa/p; OOBIMHO JIEKHT
B npeaenax 1,01—1,04, M3 ypasuenns (554) BuAHO, uTO B
YCAOBHAX nmoANepToll QHALTPAIHH NPH MAJBX 3HAYCHHAX
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y (npeBbllleHHe YPOBHA BOJLI B KaHaJje Hajl ypoBHEM TpyH-
TOBHIX BOJI) NMpaBas 4acTh ypaBHEHHs BecbMa MaJja, 4TO
no3poJisier nNpHOJMIKEHHO NMPHHHMATeL ¢~ . Ilpn paseH-
CTBe ky =Ry, yUHTBIBasA ycJa0BHEe Ha CBODOJHOH NMOBEPXHOCTH
(p=—~Ry, u3 ypapHenus (554) moayuHm ¢;=qs. &
IIpuBesieHnble coo0OpaxeHHs MNO3BOJAAIOT CYHTATH, 4TO
NpH onpefesieHHH rOPH30HTa bHOM (MJAH BJOJIb OBEPXHOCTH
IPYHTOBHIX BOJ) rpaHHIlL 30HB ONPecHeHHsT MOMKHO NpHOIH- =

XEeHHO NPHHHMATh p1~pP2 H paccMaTpHBaTe NoTok GoJjee

NMpEeCHbIX q}l{.l'lLTPE NHOHHBIX H 3aCOJICHHBIX T'PYHTOBEIX BOJA
KadK ellHHOE LeJaocC.

Huule yc0BHS BO3HHKAIOT IIPH ONMpe/CJeHHH nepeMenies

HHA rpaHHlbl 30HL ONpPEeCHEHHA B BEPTHKAJBHOM HalIpaBJe-
HuH, [lo mepe yBeanueHHs rayGHHLI PAcCOJCHHA pacTeT Y
H HAYHHaeT CYLIECTBEHHO CKA3BIBATHCHA YBCJAHUYCHHE MaBJE-
HHA 34 cueT pasHocTH NJotHocreil. EcAH npH jaonylieHHH

p1=pz A BecbMa ray0GoKoro sajerafnds BOJOYNOpa riay-

6uHa npo/jsHKeHHs GpoHTa QUALTPAUHOHNOH BOABI (ECKO= |
Ae9HO BeJHKa (NpH {—-00), TO € yU€TOM PA3HOCTH AABJEHHHA,
BO3HHKAIOILEH BCJeJCTBHE PA3MYHBEIX NJOTHOCTeH (Ooxee
TAXEble 3acOJeHHBle TPYHTOBHE BOAM), 3Ta ray0HHa om-
pecHeHHsi HMeeT npejed, COOTBETCTBYIOUIH{ ycTaHOBHBUIEH- =
ca duabTpauun npu cobaiofenny ycaosus (554) na rpaHu-
llax pasfeJa ¥XHAKOCTEH pas/iHYHbIX JIOTHOCTEH. g

Tak Kax HCTOYHHKA NMHTAHHA 3aCOJIEHHBX TPYHTOBBIX |
BOJ HET, TO JJIAl YCTAHOBHBIUEroCcs COCTOAHHS HHMKHAS MHJL-
KOCTb (TO €CTh 3dCOJICHHBle IPYHTOBLIe BOJALI) J0JAKHA Ha-
XOAUTLCA B nokoe. B 3ToM cayuae no rpaHuile pasaena XKHuL-
KOCTeil NeHCTBHTEJNBHO YCJIOBHE:

@y —py = const; p =k (py/p, —1I). (555)

310 ycAOBHe aHaJOTHYHO YCJAOBHIO Ha cBoboanoil mo-
BEpPXHOCTH TPYHTOBHX BoA. M3 mero ciaeayer, uro rpaxuua
pasaesa siBAsieTcs JHHHel ToKa Ans BepxHedl KHIKOCTH.

B Takoii nocTaHOBKC BO3MOJKHO I'HAPOMexalHuccKoe pe-
lLIeHHe 3a/laul NPH ycTaHOBJEHHH ycaoBHil orToka. Tak, nan
cay4as (uAbTpalHH H3 KaHaJoB NpPH HaJHYHH JpeHaxa,

pasMellcHHoOro mocpeanine MeaAy KaHnajgaMmH, OoJHa H3 BO3-

MOJMKHBIX KapTHH TeueHHsi H3o0paxKeHa Ha pHCYNKe H3.

I'pannunsie ycJaoBHA:

Kanan (0—/J, p=consit; noBepxHOCTL TPYHTOBLIX BOJ
(I—2 ¢ ysacTkoM HaBHcanus H /—3 0Ge3 HaBHCaHHA),
¢—ky=0; pnpenax, B3ATHH B BHIEe TOUEUNOr0 CTOKA,
P==—00;
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yuactox (—6, ¢==const; rpannua pasnena XHIKocTei
(65 nan 6—4), p—py=const (3Ty NocTOAHHYI0 HaJ0 On-
peneanThb);

yuactok (5—3 wan 4—3), p=-const.

I'njapoMexanniueckoe peuieHHe TaKOH 3ajlayH 3aTPyAHH-
TeJibHO, TaKk Kak HHBepcHA rojlorpada CKOpPOCTH He Jaer
ofiaacT, orpanHyennoi NPAMBIMH JHHHAMH; TaKXe He yaa-
CTCA MPHMEHHTL 31eCh KoMmaeke JKyKOBCKOro BBHAY Heco-
OJI0CHHA OJIHOBPCMEHHO nocTosincTBa O,=@—Rky=0 Ha
cso00AHOR noBepxHocTH H 0= C\,4 (p—£~) ys=const na rpa-
HHlLIe pasjesia XHAKocTedl,

Ynpoutaem cxeMmy ABHMKeHHS, KAK 5TO NMOKa3aHO Ha pH-
cyHke 54, TO ecTb NMPHHUMAaeM, uTO JAJs ONpeiefeHHs TO-
TePh N0 NYTH ABHMKEHHS NOTOKA (GHALTPAIHOHHBLIX BOJ MOX-
HO DPHOJHIKEHHO 3aMCHHTbL KPHBOJHHEAHYIO I'paHHuy pas-
lena JKHAKOCTel pasHoil nJaotHocTH 5—6 npamoit 5'—&6.
Mas Takoii cxemm peweHse npHBefeHO BHIE, [0 HeMY
MOJKHO HaHTH 3HauYeHHd NOTEHUHaJa CKOpPOCTeH ¢ B TOUKaX
O u 5, oTKyla HaliTn nocrosinnyio B ycjaosun (555). Ilpu
JITOM OKasuBaercsi HeoOXOAHMBIM 3HAHHC HAYaJbLHOrO IO-
JOMKCHIS 34COJCHHLIX TPYHTOBBIX BOA. [TpuMem ero paBHBIM
[o=>hap-d.

Bocnoassopapmwncs pewennem (522) ans Touks 6, no-
JNYUHM:

2=1i1,; sn(iK;;%x)=ioco=17,.
Ho 5T0 BO3MOXKINIO TOJALKO NPH cOGJAIONEHHH paBeHCTBA

1 —e¥y®sn? (X; %) = 0,

4
N T e
I K
¥
Puc. 93. Cxema K pacuery ABmAe- Puc. 54. Cxema x pacuery Asn-

A npecnux QHALTPAUHONALX BOA  MelHa (RABTPANHOHHOrO NOTO-
(/) no sacosecHHBIM TPYHTOBHM RO- Ka:

aawm (11). | — mpeciue GUALTPANHONEME BOLL:

{1 — asconennue,

17* 959



UTO Ogdaer:
i, Gt

h
dn? (K: '% H Hl)

Baded.
(K‘ Ty “1] 2

h
dﬂ(l‘r{l "';L iﬂl)

0

sn®(X; %) = y¥e? =

Xg=sn (556)

Yuntupas, uro ¢g=—kh: h= %"— X, noayunm:
7o = — k=22 X, (567)

rae Xs— KOOPAHHATA B NAOCKOCTH HOPMAABNOrO NPAMOYrOABINKA.
[Ipamem ponyienue (B/2)/To=K/K,>2 u o6Goznaunm:
hyp = 7hy /2T, d = ndi2T,.
Torna nmeewm:
w,—=0; K,—mn/2:

hap +d

T :“1] vy g v R -
2 — ~ ¥ 1 —ux; sin (Ehm-l-d}smd. (558)
dn [Hl -?‘: - H,J .

4 [KI

Tak kak npn »—1; sn(u; 1)=thu, n3 conocrasnenns
ypapHenuit (556) n (558) noayunm:
th® X, = 1 — i sin (2h,, --d) sind,
Xg = arch : :
w1 V' sin (2 - d) sind

npHUYeM
#y = dexp [-— nu (B/2)/2T,).
Torna

R = a(B12)2T, — Insh B.V sin (2 + d) sind:
Be = nB,/AT,,
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Hasn (B/2)/Ty>2 ¢ tounoctsio 10 0,3% momeMm HamHcaThb
archu~~In2u; [u=n(B/2)/2T,], uto npusomuT K paBeH-
crBy:

Xo __ w(B/2)/2To—1n2 V sin (2hzp+ d)sind

2 . (559)
K xB2/2T, —nsh B, Vsin (@hg + ) sind

Bupaxenue 1a noreHunana CKOPoSTH B TOYKe 6 HMeeT
DU

B =—kHo %5 9= Bo/Be, (560)
I 1
rae B, = — ; Be=147Tlg -
___Tﬂ-___ ﬂhﬂBuf"Tn
|+ 5 e 1A+ B+ D)
b= — ' : E,=—2-En—;—=—ﬂ,44l;
| 4+ —2—[A 4 By D) =

(B/2)
A, D—cm. Builite,

Oruoutenne Bo/Ps mokassigaeT Ty 010 OT NOJHOrO Ha-
nopa Hp, KoTopasi TepseTCs NPH ABHIKEHHH PYHTOBOH BO-
A OT TOUKH 6 10 ApeHHl (TaK KaK Hamop B KaHaJe NpHHH-
Madca pashueiM Hy, B spene Hy=0 H COOTBETCTBEHHO

li-T_'-—fr:Hu H Ip:ﬁ]}.
[Tocne amanoruuneix npeoGpasopanuii aJs ToukH 5 no-
JYUHM:

2= (BI2) +iTy: sn(K+ iKy x) = “i =4,

Torna
(Aap—+d)
sn (Xg; %) = ° [8r—1 _ [Hl T '“1]
bl 1 =y ‘/ﬁzf'l.':—l = h e
cn [Kl —Aap. ' -""':'1]
T,
Uk C0s {ﬁnn_‘i‘_ E} Ao th X
c0s liim ¢
Orciona
X, = arth =+ d) (561)

Cos Ir@
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[locae wekoropeix npeoGpasopanuii popmyay (561) mo-
HHO NPEJCTABHTL B BHJE ;

Xem o
. 2 tgd/2tg (hyy - d/2) L

H :
YuurteiBan, uto q:15=——-k}7_:5X.H NPHHUMAA TO TpefIyLe-

My sHavenue K, mOJyuHM BHIDANKCHHE NS (5 B BHJE

05 = — kHyus; (563)

o= BoBs; By = 282 l
7 ET L =,
t e 4
:n.shm,
HJIH
_ a(B/2) 2
Bs = DTG I

" g d/2tg (g -+ 4/2)

Popmyan (563)—(565) nokaswiparT TY JAoJio obuiero
Hanopa Hy, Kotopas TepseTcs NpH JABHMKEHHH EI)HJIBTPEII.HG
HBIX BOJ OT MOBEPXHOCTH BOJOynopa (TOYKa J) A0 JApeHH
[Ipn npene, pacmo/oKeHHON Ha NMOBEPXHOCTH BﬂI[D},FlIDP

L e e A P YT :
Moot d = To hp = 2T, i BT .

cos (h,+d) =0; By=o0; @5=0,

YTO H JIOJIZKHO ObITh BBH/LY COBNAJIeHHA TOYeK 5 H 4 npH ape-
He, JieKalllei Ha Bojoynope. :
Aa 9TOro 4acTHOro cayuas s HMeeT KOHeuHoe 3Haye

HHe 0<<@g<< 1, uto BHAHO M3 hopmya (560) H 3aBHCHMO
Ans xosdduunuentos A u D [l:]m]:-my.rm (528), (529)].
[Tocne onpenesieHns 3HaueHuil MOTEHUHANa CKOPOCTH ¢
A5 TOMEeK 5 H 6, HCXOAA M3 YCIOBHA HENMOMABHIKHOCTH HHMK-
HeH JKHJKOCTH, MOMHO HANHCATL paBeHcTBo (555) B Bii,t[ei
TOYKa 6 (ochb Yy —BHH3)

{PJH+{TH "1"113]:{:1; ( ii":;

TOUKAa & ; |
@/ + (To—hy) = C,.
969



Buunras dopmyay (567) us (566), noayunm:
o+ by = ~— (0a— 9, (568)

rae pe=(pg/p—1)k.

Hanee caneposaso Gbl npHpaBHATL 00beM BHTECHEHHOH
JUCOJICHHOH TPYHTOBOH BOJIbI HHX{e IOPH30HTAJBLHON JIHHHH
('—5" (puc. 54) obbemy noAHsABLIEACA 3aCOJEHHOR BOJAMI
nbite sTol auHHH. [IpuMeM npubaniKeHHo, KaK 3TO ¢clejJaHo
[l. 51. [loay6apunopoii-Kounnoit (1952) npu pewennu 3ana-
"1 O BEITECHEHHH 3aCOJIEHHBIX IPYHTOBBIX BOM MO MJIOTHHOH,
l’!n -""-"n‘l;...

Torna

hg ~ hy ~ “‘E']l % (P — @s). (569)

C yuerom ypapHennii (560) u (563) noayumnm:

ho~ by~ 5t BufBe — BB, (570)

NTO W ABJASAETCS pelIeHHeM 3a/1a4H.

Juavuenusn Po/fs o0buHO Jsexkar B npemenax 0,6—0,9, a
ornowenue fo/ps=0—0,4. CrenopatesbHo, pasHOCTbL OTHO-
eHHH Ko ¢UUHCHTOB, cTOALLAA B CKOOKAaxX, HAXOILHTCA B
npepenax 0,2—0,9.

Yunteipas, uto s yejaosuii opomenns 1,04 > 8 5 1,01,
"

liMeeM mpejleasl 3HaveHui fig u hg:
hg ~ he ~ (2 - 50) H,,

T0 ecTh rayOHHA paccofieHHd NojJ KanaJoM MeHAeTCA B IIH-
POKHX npeaesax u Tem GoJblle, yeM MeHee 3aCoJieHH TpyH-
rosbie BoAL. B cooTBeTcTBHH ¢ TNpHBeAeHHBIM pelleHHEM
npu oOBMHOI rayOHHe 3ajoXenns jApenaxa (3—4 M) ray-
OuHa nepeMecllleHHsl FPAHHUB 30HH ONPecHeHHs MOJ KaHa-
JIOM MOXKET JIOCTHraTh OOJBIINX BeJHYHH — NEeCHTKOB M na-
e COTeH MeTpOB.

PaccMoTpenHoe pemenne npeAnoaaraso CymecTBYOMHI
YPOBEHb 3aCOJIEHHBIX IPYHTOBLIX BOJ, 3aJeraliollHii Ha ray-
Oune To>hy+-d, To ectb ray6xe, yeM 3af0XKeH APEHANK.
lIpn aToM ecam pemenue naer pesyabTaT hs > To— (hxp+
{-d), T0o 970 O3NAUAET, UTO 3ACOJCHHBIC FPYHTOBLIE BOJK Bbi-
recHensl (QHABTPALUHOHHBIMH BOJAAMH NOJ KaHaJOM BHH3 H
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NnoAHAJAHCh HaA APEHOil HACTOJLKO, 4TO CTalH MocTynaTh B
ApPeHy M OTBOJHTLCA JIPeHaXKeM, H PacCMOTPEHHOE pelleHHE
TepsieT CHAY, Tak KaK hs5= fs. :
Ins npakTHKH MPeACTaBIACT HHTCPeC pelulenne sajaun
B TakKoii mocTaHOBKe. MuHepaan3oBaHHBe TPYHTOBLIE BOAB
naxoaares 6an3ko (1—2 M) or nosepxnoctd seman. Coopy-
JKACMBIfT JIpeHayk HauHHaer OTBOAHTL 3acOJIeHHbIC TPYHTO-
Bhle BOJBI; OJHOBpeMeHio OJaarofaps (pHABTPAUHH H3 Ka-
HAJIOB NPOHCXOANT ONpecHeHHe 30Hbl BOJN3H KaHaJOB.
Jlasee HacTYNHT MOMEHT, KOrjla B ApPeHak, NnOMHMO 3a-
COJIEHHBIX TPYHTOBHEIX BOJ, HAuYHyT MOCTYNath (QUABTPalH-
OHHBe BOAL Bce B OOJbLICM KOJHYECTBE M, HAKOHCL, NMPH.
yCTaHOBHBIIEMCH perHMe jJpeHaxk OGYleT OTBOAHTh TOJBKO.
(UALTPAUHOHHBEIE BOJILI, TOr[Aa KaK 3acojeHiiple rpyHTOBBHIE
BOAKLI OYyJIYT HENOJABHIKHEL. ;
TpebyeTcs onpejaeuTh npeiejbHylo ray6uHy onpecHe-
Hi5l, COOTBETCTBYIOLLYIO CTALHOHAPHOMY cOCTOsIHHIO. Pe-
WHM 3ajlavyy npHOJHMKeHHo, 3aMeHAB o6jacTh QHALTPaALHH
NpSIMOYTOJILHHKOM, KaK 3T0 H3o0pajkeHo ma pHcyHKe 55,
NPHHSAB CPEAHION MONIHOCTL PHJABLTPAUHOHHOrO NOTOKA paB-
HOH 8

oy 4+ o

B cBfisH ¢ TeM, 4TO paccMaTpHBaercs npejebHblH Ciys
yail, MOXKeM HampcaTh ycJopHsa (555) B caeayiouicMm BHJE.
Touka 5: 9=0; y=hyp+d; Ci=p(hp+d);
TouKa 6: gg=—hkiogps; y=hup1-d-+hs;

— kHy 95 4 1 (hyp 4+ d + hg) = 1 (Agy, -+ d);
e Sy T 579)
e (pa/pi—1)  Be (72

rae Bo, Pe — KosppuUHEHTH, oOnNpelesanembie NpPH CPeiHEM SERET
He no ypasuenuwo (571).

Puc. 55. Cxema K pacueTy npcaeabnod
ray0HiE onpecHeHHs:

I — duasTpagnonne Boaw; f/ — mAHepAAH
anRaHEReE FPYHTOBREC BOA.




3anaua pemaercs nogAGoOpoM MyTeM COBMECTHOrO pemies
nus ypapuenuit (571) u (572).

[Ipupenennnie npubanAieHHBEe pPeIIeHHs TOKa3LBAIOT,
UTo npefefibHas ray06una paclpocTpaHeHHsI 30HBI OmpecHe-
HHA NOA AJHTENLHO NeACTBYIOILHMH OPOCHTCJBLHBIMH KaHa-
JAAMH NPH HAAHYHN NPeHaKa MOMKeT NOCTHrATh HeCKOJNBKHX
necaTEop merpos, [lpubGanKennue peluenHs npeanoJgarais
OTCYTCTBHE HAMOPHOTO NOANHTHBAHKS MHHEPAJIH3I0BAHHBEIMH
MOJASEMHBIMH BOJAMH, B 1IOCHAeHEM caydyae riayOMHE onpec-
Henus Oyayt mMeubuie. [Ipouece onpecHeRHs HOCHT 3aTyxalo-
Uil xapakTep H mpoTekacT pechMa MeaaenHo. ITpH KoHeu-
HOJi rayOune 3ajieraHHa NOBEPXHOCTH Bojoymopa npuG.amH-
HCHHO MOMKHO CYHTATH, UTO N0/l KAHAJOM, H3 KOTOPOTo npo-
HCXOAHT (PHABTPALHSA, MONHOC ONPecHeHke /0 MOBEPXHOCTH
pOfOYNopa NPoH30fieT Npu colaI0eHHH HepaBeHCTBAE

To < iy +d + b, (573)

rae he onpeneasior no opmyae (572); Te — dakTuveckas raybGuna 3a-
JICTANHA NOBEPXNOCTH DOAOYNOPA, OTCYMTANNAN OT YPOBHH BOAH B Ka-
nane.

B npupscieHHBIX NpHGAHMKEHHBIX pCLIEHHSX HE YYTCHO
MHTaHHe (PHALTPAUHOHHEIX BOJL € MOBEPXHOCTH 3eMin (npo-
cauiBaHHe MPH NOJAHBAX), HcnapenHe ¢ NMOBEPXHOCTH TPYyH-
TOBHIX BOX, @ TAKMKe H3MeHCHHe MHHepaJH3aIHE TPYHTOBBIX

BOX IIPH BBHITECHENTHH HX NPCCHBIMH (DHABTPALHOHHBIMH BO-
TaMH.

Onpechsiiomiee paelicteme (PMNBTPAUMM K3 KaHanoBs
B YCNOBMAX HEYCTAHORMBIUETOCH PeXHMa

OauHoOuYHEIe KaHank

a) Hcnapenue ¢ nosepxuocru epynrossix 8od u nodaem-
Hbill OTTOK OTCYTCTRIIOT.

Jlas npocrefiweit cxemel, nzo6paskennodi na pucyuxe 56,
H3BECTHO pellieHHe, KOTOpoe NpH GHICTPOM BO3pacCTaHHH Ha-
nopa B cTBOpe KaHaJga uMeer Bun (Asepwsinos, 1956, 1950,
1950 a; Tlony6apunosa-Kounna, 1952: Apasun, Hywmepos,
1953; Macker, 1949; ®opxreiimep, 1935):

E{x,f):l—m(—'—-_-], (574)
o V't

rie h="Hhflly;, Hy— nogbesm ypopus rpynToRux Bog B CTBOPE KaHana
AL CYUICCTRYIONHM NX MOA0Menncs; i — 10 e, HA paccToAHMH X (M),
uepes speMa ¢ (cytkn); ©(u) — pysakuna omnbok:
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D (1) = 2_ E‘e_‘:dz.
V L]

Ilna onpejeneHHs nepeMelleHHs 30HH PAacCOJeHHA

mpua:ﬁuﬁr}anbuuu HANpaBJeHUH BOCMOJb3YEMCA YpPaBHeHH:
eM : |

axoas H3 pasenctBa (574) npomssomnyio 0h/0x, mo:
NYUHM: :

oh Hy ] ditin A0
e 17 'x}/?ﬂp( -u')' (o7

dx k Hy 1 1

_ ® ¥ ® :'E.xp (_ _T)
L 0TI -
Hy V ks i g\t

mnVi;fE VT

Orciona

Beoaa ofo3nadcnue 2= H pasjiendd B YpaBHCHHUH

—
—

2Vt
(576) nepeMeHHBIe, MOAYYIIM:

1 dd dz
Fe—— g e T ' 5 i.
9 ! J‘Iﬂ' E—E“_z ( b
rae A= Hqy R a' = 8

S : kHe

[TponHTerpupyemM npasywo uacth ypapHenus (577)
yactaM, o6oznaune B=~Aa%

2 L =~ Ppe. 56. Cxema K pacuery nepe:

W 7’ 5
7 L MENleHHA  30HW  ONpecHeHHR
Ty BOAMAN Kanana b ycAOBNAX es

YCTaHOBABIICTOCH ABMAKCHHA,
NOA3EMHBIl  OTTOK  OTCYTCTBYeT. — NOBCPXHOCTL [PYHTOBHX  BOR
—— — — OBEPXHOCTD Faancna 3ACONCHNLIX TPYHTORBX H NpecHbiX GBS
Tpaunonnux wvoa; I, 2, §— nocacaoBareabHbe NOAOMKEHNA BO BpeMeHll
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[, = = — = =
B — z¢* B — z¢* (B—z&)?
i du I B
- g e 2 S % DY) e ;
—u : l (B —u)* B—u R
U= 2%,
[Tocneanee ycaoBie BOIMOMHO TOJBKO TIPH paBeHCTBL
2
F
ty=— =R (678)
YunTsiBas, 4To
l ax
F == e - — Sy
2 ¢ o) ¢
NOJY4YHM pelieHHe B BUAE
4 I
x=2 ke , VT, (579)
8
rae 2o HAXOMHTCR M3 ypanHeuun (578) npu
o P
. .._-._.P.. — . (580)
mn.H.: Vﬂ

Hasa yrob6erea noassosanua gopmynamu (579) u (580)
HiKe TIPHBCIEHEI MAAHHLIC 3HaueliHd Zg B 3aBHCHMOCTH OT
B (taba. 21).

3xaueine B ofbyuo mensuwe 0.2, tagk xkax HofH:<<0,2,
&/mg=<1, oTuero sameHa z; uepes 5 He BHeceT CYIIECTBEH-
HOi omHOKH H ypasHeine (D79) mpumeT BHJ:

o V kb /-
x= 5 Yy (581)
mg V nHe
TaGauuwa 21. 3naveHuna 2; B 3aBpHCHMOCTH oT B
P 2 | = ] T [ B
0,01 0, 01000 0,10 0,1010 0,40 0, 4694
0,02 0,02001 0,12 0,1217 0,45 0,5510
0,03 0,03002 0,14 0,1428 0,50 0,6414
0,04 0,04007 0,16 0,1641 0,55 0,7439
0,05 0,05012 0,18 0, 1859 0,60 0, 8600
0,06 0,06022 0,20 0,2080 0,65 0,9918
0,07 0,07038 0,25 0,2661 0,70 1,1308
0,08 0,08051 0,30 0,3283 — —
.09 0,09073 0,35 0,3956 — —
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3aBHcHMOCTE (581) mokassiBaeTr nepemelienHe ropH3oH-
TaJbHOJi TPaHHUBl 30HLI paccoenus BOMHIH KPYNHOro OiM-
HOYHOro KaHaja B YCJAOBHSX NOANEPTOl (QHALTpAIUNH NMPH
OTCYTCTBHH HCIIAPEHHA H NMOA3eMHOTO OTTOKA.

G) [Ipyunirossie sodol pacxodyroTcs Ha ucnapenue ¢ ux
NOBEPXHOCTIL; NOOJ3EMHBLL OTTOK OTCYTCTBYET.

PaceMoTpim cayuait, korja QHALTPalUHOHILIE BOAH H3
OJIHHOYHOro KaHaJja PacxoyloTesl Ha HCOapcHHe, KOTOpoe
3aBHCHT OT rAyOMHBI HX crosiHHs. IIpu yuere wHcnapeHHA
Aupdepenunalbioe ypaBHeHHe HEYCTAHOBHUBLUETOCA JBH-
HeHHs MOMeT OHTh 3allHCaHO B BHIEC

ORIE = PRIORE— . (582)

rae h=h/Ho; x=x/L; L. — npoussoashan gunna; =elkH.Hy; e — nu-
TEHCHBHOCTE HCMNAPeHHT C NOBEPXHOCTH IPYHTOBLIX Boj, 3aBHCHILAN OT
ravOune ux ctosuna (488). :

[IpiMem, uTo HauyaJbHOE CTOSHHE MOBEPXHOCTH TPYHTO-
BHIX BOJlL cOBHAajaer ¢ rAyOHHOH, NpH KOTOPOINl HAauuHAeTCH
ux Henapedne (1,5—4,0 M); yposeHb BOAB B KaHajie CuH-
TaeM OJH3KHM K MNOBEPXHOCTH 3€MJIH; MOKA3aTe/lL CTCUCHH
n=1. Toraa yparrenue (H82) umeer pua:

o *h =
== e =gl (583)
at ax?
TaK KAK /I 3THX YCJIOBHH
h=0g—A; h(x,0)=0; 2(0,7) = 1; k(0,7 =0;
E=Mﬁul |'I

Pemasi ypasHenne (583) Mcroaom cuepallHOHHOTO HC-
THCJACHHSH, TTOJYTIAaeM:

et i b ey

+e-m’a‘ 1—@ (m +y/ n_:)“ (584).

[Tpu oTcyrerBun ucnapenua (ne=~0) dopmyna (584) ne-
pexonuT B ypaeuenne (574). MurepecHuim spasiercs Bbisic-
HeHHe TNpeJeNbHOTO TOMOMKENHs MOBePXHOCTH IPYHTOBBHIX

BOJl, TO €CTh IIPH { =00 :
(%, 00) = e=*V'm, (585)
rak Kak ®(c0)=1; O (—u) =—=0(u). :
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®opuyna (585) cosnagaer ¢ (opmyJaol, mOAYYeHHOI
panee ruapasiuueckdm cnocobom  (Apepnsnos, 1956).
Pacxon ma ¢uabTpaunio us kasana B obe CTOPOHH ompe-

JeJIHTCS (}”—IHTI:]H&H, UTO %— = —i“; . % no dopmyae
ah 2R A o= e
Quug=—2kH(-3) =01, — 2V EH, By,
(586)
OnpejiesnM, nexoasa H3 opmyas (584), 3Hatreuueif—:
ax
= VT [ 1—0( X4y g7 )] 4
dlx 2 . 2V §
w0 o G AT
: o)/t
2 ¥t Lk 1
———exp [ — = —nurj - (587)
V 4 |
Wz qopmyan (587) BHAUM, 4TO NPH {—-oco
b (588)
o
n]'.iH T'H}:{]
M —— L% [em. dopuyay (575)].
dx Vn:
[pn x=0
2 f s ¥ 1 ‘
(&—f)_ =— [lfﬂuﬂl'(lf ﬂnf]-l-Fe "“]- (589)
dx [x=0 V' i

Takum oOpasom, MMeeM TpH BHIpaKeHus s oh/dx:
(087) ¢ yueToM M paccTOsSiHMA OT Kawajla, H BPCMEHH;
(088) — mpm ycraHosuBHmIeMcs pekume, (589) — p6an3u
KanaJja, HO ¢ YUeTOM H3MCHCHHS BO BPEeMEHH.

Bosspaiiasch K OCHOBHOMY YpaBHEHHIO TOPH30HTAJABHOM
CKOPOCTH mnepemerienna 30nbl onpecHenua (456), nuaum,
4TO peinenne ero npu samene dh/dx mo dopmyne (587) aa-
TPYAHHTCIBHO,
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[losToMy npHBejeM pellieHHs A4 JABYX clydaen: .
1) pas cTauHOHApPHOTO NOTOKA, PACXOAYIOUICrOCs HA HC-

napenne, npuHuMan oh/dx no gopuyae (588);

9) Aasi 30HB BOJAM3H Kanauia, mpunumas 0h/dx no gop-
myJae (589).

Ona l-ro cayvyas mpH yCTAHOBHBIUEMCSl pexcHMe Buiiue
NpHBEAEHE HGOPMYNLl, HMEIOIHE BHJL:

f=""T”'“[Hp'[;Ve,;—w--;}_l]; (590)
x =V EHAgleg In (1 + e, timy H.), (591)
HJIH TIPH MaJaslx el /mpH s npnbanxento .
x--em—l V kegA/H, 1. (592)
Haa 2-ro cayyas comocTapjiende ypasHenuil (456) M .'
(589) naer: i,
x= tv keghy/Ho I, (593)
i
rjie I—J [ (V ﬂﬂg) E"“‘*‘-I df.
2 1‘1-1 ;

OGo3snauan }/ Nol=y W HUTCTPHPYA NO YACTAM, MNOJY-
qHM:

=—'——[y'w{y1+ e

e {y:]

OxonuartensHo no ypasnennio (593) mmeem:

ey He

rie y=V§z ]/%

YyuTLIBan pasjoxKeHHe

SR SR VAL T [u+2y’}mm}_+—2—
iy z

it g el 1 1-3
O =1—2="~ (1 e o),
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aas =3 ¢ omu6GKoii Menee 5% moxem npuOJAHAKEHHO Ha-
HcaTh:

- [u +29=J~rn+{.-,r:~+ﬂ-_«r‘“‘]wsf‘.:r:---fL ]/m' b
. V
(595)

TO ecTh cosnajaaer ¢ gopmynoi (H92).

JIas pacueToB cAacAyeT nojib3oBaThCsi 0GoJee TOYHLIMH
dpopmynamn (591) n (504), rak Kax 3apucnMoctH (592) n
(595) nalpT BecbMa NpHOJHKCHABIE PE3YabTATLI.

[pu onpesnescHun NepeMelilents 30Hb onpecHenns BOAH-
34 KPYIHOro Kanaja B caydae BLICOKOTO HayaJbHOTO CTOA-
HHA !‘P}’HTDHHH BOl, KOrjia OoHH PEEIGH}'I‘ETL‘H Ha HEHE]}EHHE
C MOBEPXHOCTH, MeJecoofpa3no B HavalbHLie MepPHOALL
noas3onathes dopmyaoii (594), a npu aanrtenpHolt pabore
KaHanla — 3aBHCHMocCTbIO (D91).

Jlns noayueHHs KpUTepHS, MO3BOJAIONIEr0 NOJb30BaTh-
ci opMyaamu (591), (594), caeayer paccMOTpeTh ycJo-
BHA JOCTHMAEHHA moTokoM GoJiee HJAH MEHee CTallHOHapPHOro
pexuma,

OGpamascsy K obuemy pewenno (584), rae namop mno
JJIHHEe MOTOKa JlaH Kak (yHKIHA paccTOAHHA OT KaWaja H

BPEMEHH, BO3LMCM INIPOH3BOAHYI0 Oh/OI, uTOOB BHISICHHTD,
KOPJla M Ha KaKOM PaccTOAHHH 3aTyXaeT HeyCTaHOBHBINee-
e JIBHMKenue, NpuONHKaACh K CTAUHOHAPHOMY. YUHTHIBAS
opmyay (584), noayuum:

oh _ L X _exp (— x¥4f —ny1), (596)
a 2Va Vi
npuueM h=Hh/A.

M3 dopmyan (596) suano, 4T0 NpH x=0 dh/0t=0, npu

{00 dh/0f=0.
[Tpeacrasum dopmyay (596) B Takom BHIe:

T e s 43_e_ﬁ-ﬂ:z=i.-’21ff;y=naf-.
at 2 9V=x y

I

4z
Ho dyuguua — _—f:e ecTh TabyaHpoBaHHAn BTOpad

1
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MPOH3BOAHAA OT QYHKUHH OlIHOOK.

R Y NCT AR “"; ) 2 ),

rae fy(2) =— ?'1‘"' (2) u fy(y) =

INpouseenenne f;(2)f:(y) Bcerna wmense 0,05 (10%
sHauenus ep/6) mpH y>2 (yuHTBHIBas, UTO MAKCHMAaJbHOE
3Hauenne f;(2)=0,44). Orciona noayuaem OAHH H3
BO3MOXMHLX KPHTEPHCB, MNO3BOJIAIOUINT YCTAHOBHTL Bpe-
MA JOCTHKEeHHA GoJiee HAH MeHee CTallHoNapHOro periHMa
(B OTHOIIEHHH CKOPOCTH NMOALEMa HOBEPXHOCTH TPYHTOBHIX

BOJL).

gy =gl > 2, ny= e, BilkH, A,,

oTKyaa {>>2f; In=ﬁ—:l : (897) =
CaenosaTeNbio, ¢ TOYKH 3peiHs 3aTYXaHHS CKOPOCTH
noj'beMa NOBEePXHOCTH IPYHTOBLIX BoA AAsA {<C2{, Gonaee ne-
Jecoobpasno noabsoBathesn dopmysnont (594), a npu
t>2f,— Buipaxenuem (5H91).
Jpyroit BO3IMOMKHONH OUEHKOH MOCTHMKEHHH TPYHTOBHIX
BOJIL CTAIHONAPHOTO COCTOAHHA MOMKeT CHAVKHTH CpaBHeHHe

—

3HA4YeHHH NOABEMa MOBEPXHOCTH TPYHTOBHIX BOJL hx, 1)

mo dopmyae (584) u npenensrEoOro nogbeMa h ' x o)
no ¢opmyae (585). INoaneM NMOBEPXHOCTH TPYHTOBHIX BOMX
B paccMaTpuBaeMoil 3ajlaue BHIpaXkaem B JIOJNSAX OT KPHTH-
yecKoi rayOGHHLI rpyHTOBHIX Boa Ay OGo3nauad npenenb-

HEl TOABEM MOBEPXHOCTH rpyHTOBHX BOA A(X, co0) uwepes
ho W ucmoNb3ya nas ero onpenenenna gopmyay (585), MoOK-
HO 3amMHcaTh BuipamcHHe (584) nas noabemMa MOBCPXHOCTH
B M1000i1i MOMENT BPeMeHH B cAeVIOuleM BHE:

RGBT L T Sl ) :
T 2{_1 fh( e V y -‘4
+-ﬂ-[1_m(—i”iﬂ—+v )“ (598)
h o} y

rae y="tfto.

H3 dopmynn (598) Buano, 4TO OTHOCHTEJNBHLIH TOAB-
eM NOBEPXHOCTH IPYHTOBEIX BO4 B AOJIAX OT I'[]]E,"I.E-l'lhllfurﬂ
MoabeMa NpH f=o0 3aBHCHT He TOJbKO OT OTHOCHTEJNBHOIO
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Puc. 57. Cxema k pacuety mepe-
MELIeHHA  30HBI  ONpPECHEHHA
pOAN3A  OpPOCHTENLHOTO KaHala
(IPH HAAHYHH JIPpeHAXKA B yeCho-
BHAX HCYCTAHORNRINEroCs MBHIKEHHA; — MOBCPXHOCTL IPYHTORHX BOA;
- — — MOBEPXNOCTE padlena 3acoNeilHLX H NpecHHX FPYHTOBHX BOMA;
I, 2, 3— noaoXcHUA BO BPEMEHN,

BPEMEHH, HO H 0T aBCOMIOTHOTO 3HAYEHHA NpPefeIbHONH BBLICO-
TH MObeMa fip (HIH OT KOOPANHATH X).

Cucrema wananon

Asropom kuurn (Asepbauos, 1956) moayuenst npu6an-

AeHHble 3aBHCHMOCTH JJI1 HEeCTAllHOHAPHOTO JBHMXKEHHS
(puc. 57).

Qﬂ i Qy P, iﬁ'gﬁ]

raec Q¢ — pacxon wa GUALTPAUMO M3 Kanana kepes speMa [ nocae Ha-
qana ero patorsly, Qy-— upencasitoe (MHHHMAALHOE) aHauenne QHALT-
PAUROHHOTO pAacXofda WPH YCTAHOBHBIUCMCH peikume; wosddumnent )

3ABHCHT TOJIBKO OT OTHOCHTCALHOTO BRpeMmens £,

C yuetom pacuwippeHusi H NOBOPOTA NMOTOKA NMPH BHXOJE
3 KaHajla H CYCHHH TMPH MOCTYMJCHHH B JIPeHLI BpeMsA
crabuansauun 6yaer Goablie:

Ty = /. (600)

Koadduuuenr fp yunreiBaer mectuble nmoTepn B MOTOKE
NMPH MOCTYNJEHHH €ro M3 Kanaaa B Gaccelin rpyHTORHIX BOA
H NIPH MOAXO/e K japeHaM. 3T1oT kodd(uuHeHT onpefessior
no Qgopmynam (526) —(529).

Koapuument 1, yunrthBamomnii neycraHoBHBIIHiiCA
PeXKHM AJf pacCcMaTPHBAEMOro CAyuas, PaBeH:

=142 Ne*T=142,+2% +., (601
1

rnen=1,2,3...: q.=-e""‘”.

JpenamHulil OTTOK BLUHCAAWT o dhopmyae:
Qrp = Qy . (602)
3nech Y= 1—-2¢g, + 24 —2¢. + ... (603)
15—288 273



[Ipu oTCYTCTBHH yCJOBHIl A/ MOA3EMHOTO OTTOKA MPJ
pHABTPANHH H3 KaHa/JOB MPOHCXOAHT TaKXe ONpPECHeHHE
HEeKOTOpoil 30HHE BOJAH3H KaHala H NOALEM 3aCOJNeHHBIX
TPYHTOBHIX BOJ B cTopoHe. OT/iyne B 9TOM ciayyae OT pac-
CMOTpPeHHOH cxeMBl (pHC. BT) 3aKJ04AETCH B TOM, UTO €CHH
NMPH HaJHYHH TOJ3EMHOIC OTTOKA, XOTSl H B peayJhsTaTe
BECbMa JJIHTeJIbHON (DUALTPALNHH, TPOMCXOANHT PACCOJECHHE
BCEMO MAacCHBa, TO, NMPH OTCYTCTBHH IOJ3€MHOrO OTTOKA
npecibie GHALTPAUHOHNEE BOAB 3AHHMAIOT KOHEHNyIo 06-
aacte BOMN3N Kanana, 4

B stom eanyuae astopom (Asepsanor, 1956) nas onno-
POJAHOH JHJKOCTH NOJYUEHO CAeAyIoNnlee peleHHe:

Qo= Qy¥s, (604)

npuueM Qy=QmonwnPo, KospOUUHEHT By HMCET TOT H{E
CMBICJI, YTO H JIJIf CXCMbl C OTTOKOM, HO YYHTHBAET TOJLKO
MECTHBIE MOTEPH NpPH BHIXOJAC MOTOKA H3 KaHajaa, TO ecTh B
popmynax (526)—(529) npunumaerca A=0, D=0. Il

ITpu onpeaenenun Qup npuauMaercs Hanop Ho, panuuﬁ B
NpeBLIIEeNHIO YPOBHA BOJAK B KanaJe Haj YPOBHEM rpyn'ra-
BEIX BOJI B CTBOpE KaHajaa 0 nayaJjia paboThl.

Kos¢duunenr pacxona pasen: e
Lt . 5/4

s =2 (g + ¢ + 2 L. (605)
B ycnoBHAX HEYCTAHOBHBLIErOCH peXHMa NOXBEM TO-

JpeHaKa ompeaeasioT Mo BhpaKennio:

" %l A e x el
(s 0) = Hy(l— o) 1 —g= 1 ——

o ! NRX _endi -
= ot (oo

KOTOpPOe HCMOJAB3YeTCs sl MPHOIHIKEHHOTO yueTa NPONBH- |
JKeHHA 30HBI ONpecHeHH .
Ilo ypapuennio (456) u ¢ yyetom (606) maxoanm:

dh Hy s T —n'n't -'.-
et 1-[-212::.::5(;1 o )e . (607) :

YuuTHIBAs, uTO HCCHAeAyeTCHd onpecHsionee gelicTBHE '.,.
KPYIIHLIX KaHANOR B YCJAOBHAX JJAHHHBIX IIOTOKOB, W CYHTAaH, e, ¢
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X
qTO IR 30HH BOJAHAH KaHaJoB OTHOLICHHE —— MaJo, MOMK-

B/2
X
HO MPHHATH COS ~1. Torna nag MajJHx 3HAYeHHHE — :
P (B/2) 5 B2
Bl 608
ax (B/2) V1. i

M3 ¢opmya (607) u (608) suano, uTo mpu (—-co NpH

N1060M —— coGI0AACTCS yc.ﬁﬂﬁﬁeﬂ=— fo . o yaerom
B2 dx B/2

HCKPHBJCHHA TIOTOKA MBI HMEJIH JIJI51 YCTaHOBHBINErocs JABH-
JKenus Bupamenne dh/dx, sapucduiee oT X H OTJHYHOE OT
Hq
B2
(IpH HeycTAHOBHMBIIEMCH IBHIKEHHH MOTYT OblTh NpeacTaB-
JeHBl B BHAE Npousseienna Kospguuuenta P, y4HTHBAKO-
lIlero HeyCTAHOBHBUIHIICA XapaKrep JBHIKEHHA, HA Ipefeb-
oe 3HAYenHe TPajHeHTa Jif CTAUHOHAPHOrO peXHMa.
Torna, yuuthipas pemende (542), MOXKHO HamHCATh:

¥
. . El Tn Tu E -l Eh J'I.Ifﬂ'i:u_
éwld{' 8 TH‘D[{BIE}]( H.,) T ch nB, /4T, '

. TTpumem yCAOBHO, YTO YKJOHB NMOTOK2 FPYHTOBBIX BOJL

foa=nfie 3]
0

6 1 e
TﬂEHIZIH—FEFE ‘n"t_ [E‘ﬂg}
1

Ilpu =0 n1=0; npH =00 m=1.
[loayuHM 3aBHCHMOCTB:

Tl Ta My 2 ln ch FM:.I'IETQ
Wl 8w chabg/AT,

E+%m= . (610)

10 KOTOpOii, 3HasA Bpem# [, MOMKHO YCTAHOBHTL AaJIbHOCTD

ONpecHAUIEro AeHCTBHS KaHaJja.
YuuTHBaf paHee MoJyucHHoe pelleiHe AJs ONpEeCHEHHA
nox AHoM Kanana, Oviaem HMETb:
Ty To My

S A 2 !
td g, =t : .—In
F 3 "h B2 H, V. i cos 7ty /2T,

. (611)
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CXeMHl, MOJYHMHM:
I
1 ﬂjﬁtﬂ = Tg, M,
0

2n—1)* o

e - R e
ree M= 1 = 2{2'1__]}3 e
1

Las GesoTTounoii cxeMbl BhPaiKenHe A OlpejejeHus
NPOJABHKEHHS 30HLI OIPCCHCHHS B TOPH3OHTAJBHOM Ha-
NpaBIenHy HMeCT BHA:

RSP T o8 ch stx /2T,

i e sl s (612)
8 Bl2 * Hy 4t ch nB, (AT, a4

B yacrHocrH, HauGoJBWIYI0 I[IHPHHY ONPEecHsIOLIEro
JNEHCTBHSI KaHajJa B CTOPOHBLI HPH OTCYTCTBHH OTTOKA Hai-

Ap ==

feM, NpHHAB {=o00, {=00, y=1:
. n6H . (B/2) ]
%o = 218 5ras [g M078 oh uB, M'rn]. 613)

X g
A1 KOHEUHBIX sHaueHWH ppemenu f a0 HAXOLHTH t,
MO 3HAYEHHIO ! — KO HUIKHEHT 1 U Jalee ¥ 1o dopmynae
% n:H..II:::E] &

x=-T% archle °°° chnB, /AT, |- 614)

T

Has npoABHIKeHHA 30HB ONPECHEHHA N0 KaHAJIOM:

Rt w8 HiKBIY)
= armﬁ{exp[ B m]} (515)__

H HaHOoJbIuAs IJiyOHHA OonpecHeHHs npr =1

AT w8 He(BI2)
to=— arm{exp[ T “ (616)

[Ipupenennsie npudamxKeHHsie (GopMyas mo onpejpene-
HHIO XapakrTepa IepeMelleHHs 30HB onpecnentst pOAM3H
KaHaJOB IPH HeYCTAHOBHBLIEMCS JABHMKENHH JJ4 I0TOKAa OT-
pPaHHYCHHOH AJHHBI N rayOkHL OblJiH NposBepeHs B Jabo-
patopumix ycaosuax (MI'MHM) u nokasanm ynosaersopu-
TeJIbHOE COBNAJCHHE ONBITHBIX AAHHBIX H BHYHCJIEHHHX MO N
TeopeTHuecKuM GopMyaam. ‘
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